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INTRODUCTION 

, , . 

Intersil, Inc. is a forward-integrated multi-technology com
pany involved in the design, development, manufacture and 
marketing of large-scale integrated circuits, analog devices, 
microsystems, and systems for computers, computer· related 
equipment, and a wide range of other digital and analog ap
plications. 

The company produces analog and digital integrated cir
cuits, using CMOS/LSI, MOS/LSI, low-power CMOS and 
bipolar LSI technologies. Applications arid markets include 
data processing, industrial process control, portable ,and fixed 
instrumentation, R F and telecommunications and data ac
quisition, conversion and processing. 

Our sYstems division is a major manufacturer. of add·on 
memories for upgrading IBM's 303X series computers and 
the mid·sized 370 mainframes. This group manufactures a 
number of custom and standard microsystems and memory 
expansion boards for numerous micro and minicomputer 
applications. 

Significant new semiconductor products introduced in 1979 
include: I 

• VMOS Power FETs - A major breakthrough in power tran
sistor technology, with ultra·fast 2 nanosecond switching 
times and direct digital logic I drive. The product line 
includes 2 amp, S amp and 13 amp families with break
downs to 400V for excellent linearity and reduced cost/ 
size, for applications including pulse generator, power 
supply switching, and RF equipment. 

• CMOS Multiplexers - One·01-16, 2-of·8, 1-of-8 and 2·of·4 
, single ended and differential analog multiplexers which 

feature very low power consumption and'iow error terms. 

• CMOS Micropower Op Amps- A complete family of 
high-performance op amps - sil')gles, duals, triples, and 
quads - which .feature rail·to·rail and output voltage swings, 
at Vs from ±O.SV to ±8.0V. ' 

• ICL7112 Monolithic MOS D/A Converter - Employs 
laser trimming and absolute matrix positioning for im,. 
proved performance at low cost. 

• ICL7109 Monolithic 12-Bit A/D Converter - Specifi
cally designed for direct interface with most popular 
microprocessors for data-logging operations. 

• ICL7600/ICL760S CAZ Amps - A family of revolu
tionary new ultra-stable operational and instrumentation 
amplifiers, in which a unique cOl)1mutating auto-zero 
principle virtually eliminates Vas and drift with tem
perature and time. 

• ICM7217/ICM7227 Multipurpose Up/Down Counters -
The first four:-digit devices to incorporate five counting 
functions on a single ~h ip. 

• ICM7216/ICM7226 Microprocessor-Compatible Coun
ters - A family of universal counter chips capable of 
dramatically improving the design and performance of 
portable and laboratory counting in:strumentation. 

• IM6653/IM6654 CMOS EPROMs - A series of ultra
violet eras~ble and reprogrammable 4K read-only'mem-

" I 

ories. 

• 2147 4K Static RAM - A random access memory chip 
featuring access times of less than 100 nano$econds and 
employing IntersH's exclusive Selox™ fine-geometry 
process technology. . 

• IM87C48/87C41 8-bit Monolithic CMOS Microproces
sors - Pin-and-function. compatible with the NMOS 
8748/8741 microprocessors, but which employ an advanced 
high-density technology for reduced power dissipation and 
improved noise linearity. ' 

Intersil's full range of quality integrated circuits and dis
crete ,devices is available through a worldwide network of 
stocking distributors. Field sales offices are located in all 
major market areas of the United States and Canada to pro
vide a high level, of product'support. A complete listing of 
these distributors, Sales Representatives and Company Sales 
Offices is included at the end of this publication.' . 
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HOW TO USE THIS PUBLICATION 

BASE NUMBER INDEX 

If you have only the basic part number of a device on which 
you seek further information, use the Base Number Index 
as a locator aid. The Base Number Index is organized in 
numeric-al pha sequence, with prefix letters appearing in 
bold type. Devices are arranged in this index according to 
the numeriC value of the first digit on the left, then the value 
of the second digit, then the third, and so on. For example, 
device number ICM 7218 precedes ICL 741. No package/ 
temperature/pin number suffixes are included, but may be, 
obtained from the specific product data page to which you 
are directed. 

FUNCTIONAL INDEX 

Provides an index- ofl ntersil device types categorized by 
product grouping and function. The first major subsection, 
DISCRETES, is further subdivided into categories for JFETs, 
MOSFETs and special function devices. VMOS, the. next 
major subsection, is arranged according to device character
istics for rOS(ON)' All remaining major subsections (ANA
LOG SWITCHES/MULTIPLEXERS, DATA ACQUISITION, 
LINEAR, TIMERS/COUNTERS, MEMORIES, MICRO
PROCESSORS/PERIPHERALS and DEVELOPMENT SYS
TEMS) are organized alphabetically by function within each 
grouping. The Functional Index appears in its entirety in 
the front matter section of this publication, and an appro
priate sub-index appears at the beginning of each major 
product subsection. ' 

CROSS-REFERENCE GUIDES 

Two cross-reference guides are provided, including one for 
discrete devices and one for integrated circuits. 

The discrete device cross reference indicates whether Intersil 
can provide the industry-standard type, or an Intersil;preferred 
part instead. 

The IC alternate source cross-reference lists competitive 
manufacturer device types for whichlntersil makes pin
for-pin replacements. In the left-hand column, the com
petitive device part number is organized alphabetically by 
manufacturer. The Intersil pin-for-pin replacement appears 
in the right-hand column. 

SELECTOR GUIDES 

Selector guide tables appear at the front of each major 
product category subsection, and provide a quick-refer
ence of key parameters for the devices contained in that 
section. 

DEVICE FUNCTION/PACKAGE CODES 

Diagrams which provide decoding information' for device 
prefix and suffix codes are provided as rear matter. material. 

DIE SELECTION CRITERIA 

Many of Intersil's semiconductor products are available in 
die form. This section contains general information on 
criteria for transistor and integrated circuit die selection, 
including physical parameters, packaging for shipment, 
assembly, testing, and purchase options. 

HIGH-RELIABILITY PROCESSING 

Defines Intersil's committment to 100 percent compliahce , 
with MIL-STD-883, MIL-STD-750, MIL-M-38510 and 
MI L-S-19500 specifications. Also outlines Intersil's pro
grams for quality conformance, quality testing and limited 
use qualification, and includes a glossary of military/aero
space Hi-Rei terms. 



BASE NUMBER INDEX 
TYPE # PAGE TYPE # PAGE TYPE# PAGE TYPE # PAGE 

LH 0042 5-131 IT 132 1-93 DG 183 3-60 HA 2525 5-149 
ID 100 1-96 DG 133 3-52 DG 184 3-60 HA .2527 5-154 
IT 100 1-20 DG 133A 3-52 IH 184 3-72 LF 255 5-116 

LM 100 5-254 G 1330 '3"143 DG 185 3-60 LF 256 5-116 
ICL 101ALN 5-57 DG 134 3-52 IH 185 3-72 LF 257 5-116 

ID 101 1-96 DG 134A 3-52 DG 186 3-60 U 257 1-66 
IT 101 1-20 G 1340 3-143 DG 187 . 3-60 HA2600 5-143 

AD lOlA 5-50 G 1350 3-143 IH 187 3-72 HA 2602 5-143 
LM lOlA 5-50 IT 136 1-94 3N 188 1-79 HA 2605 5-143 
LM 102 5-223 G 1360 3-143 DG 188 3-60 2N 2606 1-43 

LM 105 5-258 IT 137 1-94 IH 188 3-72 2N 2607 1-43 
LM 107 5-69 IT 138 1-94 3N 189 1-79 HA 2607 5-147 
ICL 108ALN 5-57 IT 139 1-94 DG 189 3-60 2N 2608 1-43 
LM 108 5-71 LM 139 5-215 3N 190 1-79 2N 2609 1-43 
LM 108A 5e71 LM 139A 5-215 DG 190 3-60 2N 2609JTX 1-43 

LD 110 4-45 DG 139 3-56 IH 190 3-72 HA 2620 5-143 
LM 110 5-223 DG 139A 3-56 3N 191 1-79 HA 2622 5-143 
DG 111 3-40 DG 140 3-52 DG 191 3-60 HA 2625 5-143 

J 111 1-17 DG . 140A 3-52 . IH 191 3-72 HA 2627 5-147 
LD 111 4-45 DG 141 3-52 LM 194 1-88 J 270 1-22 

LM 111 5-207 DG 141A 3-52 VCR 2N 1-99 J 271 1-22 
D 112 3-30 DG 142 3-56 IH 200 3-78 LM 2901 ' 5-215 

DG 112' 3-40 DG 142A 3-56 IH 201 3-81 LM 2902 5-75 
DG 143 3-56 IH 202 3-61 VCR 3P 1-99 J 112 1-17 DG 143A 3-56 LM 202 5-223 VN 30AA 2-5 D 113 3-30 

J 113 1-17 DG 144 3-56 LM 207 5-69 VN 30AB 2-11 
LD 114 4-45 DG 144A 3-56 LM 206 5-71 LM 300 5-254 

G 115 3-135 
DG 145 3~56 LM 210 5-223 AD 301A 5-50 
DG 145A 3-56 LH 2101A 5-65 LM 301A 5-50 DG 116 3-44 DG 146 3-56 LH 2108 5-67 ICL 301ALN 5-57 

G 116 3-139 
M 116 1-72 DG 146A 3-56 LH 2108A 1 5-67 LM 302 5-223 
G 117 3-139 DG 151 3-52 LM 211 5-207 U 304 1-47 

DG 3-44 DG 151A 3-52 LH 2110 5-228 LM 305 5-258 118 DG 152 3-52 LH 2111 5-213 U 305 1-47 G 118 3-139 DG 152A 3-52 2114 7-4 U 306 1-47 G 119 3-139 
D 120 3-30 DG 153 3-52 2147 7-6 LM 307 5-69 

DG 120 3-48 DG 153A 3-52 LM 224 5-75 ICL 308LN 5-57 

IT 120 1-82 DG 154 3-52 LM 224A 5-75 J 308 1-42 
DG 154A 3-52 LH 2301 A 5-65 LM 308 5-71 IT 120A 1-82 LF 155 5-116 LM 308A 5-71 D 121 3-30 LH 2308 5-67 

DG 121 3-48 LF 155A 5-116 LH 230BA 5-67. U 308 1-40 
IT 121 1-82 LF 156 5-116 U 231 1-65 J 309 1-42 

IT 122 1-82 LF 156A 5-116 LH 2310 5-228 U 309 1-40 
LF 157 5-116 LH 2311 5-213 J 310 1-42 D 123 3-34 LF 157A 5-116 LM 310 5-223 DG 123 3-44 U 232 1-65 

G 123 3-135 3N 160 1-73 U 233 1-65 U 310 1-40 
IT 124 1-83 3N 161 1-74 U 234 1-65 LM 311 5-207 

IT 124A DG 161 3-56 U 235 1-65 U' 311 1-40 1-64, DG 161A 3-56 SU 2365 1-64 LM 324 5-75 IT 124B 1-85 DG 162 3-56 LM 124 5-75 SU 2365A 1-64 LM 324A 5-75 
D 125 3-34 DG 162A 3-56 SU 2366 1-64 MC 3302 5-215 

DG 125 3-44 3N 163 1-75 SU 2366A 1-64 2N 3329 1-44 

G 125 3-143 
DG 163' 3-56 SU 2367 1-64 2N 3330 1-44 
DG 163A 3-56 SU 2367A 1-64 2N 3331 1-44 IT 125 1-86 3N 164 1-75 DG 126 3-52 SU 2368 1-64 LM 339 5-215 

G 126 3-143 DG 164 3-56 SU 2368A , 1-64 LM 339A 5-215 
IT 126 1-87 DG 164A 3-56 SU 2369 1-64 VN 35AA 2-5 

DG 126A 3-52 3N 165 l e76 SU 2369A 1-64 VN 35AB 2-11 
3N 166 1-7:8 LM 239 5-215 VN 35AJ 2-7 G 127. 3-143 3N 169 1-70 IT 127 1-87 LM 239A 5-215 VN 35AK 2-13 

G 128 3-143 3N 170 . 1-70 2N 2453 1-80 LF 355 5-116 
IT 128 1~87 IT 1700 1-77 2N 2453A 1-60 LF 355A 5-116 
D 129 

3N 171 1-70 HA 2500 5-149 LF 356 5-116 3-38 3N 172 1-76 AM 2502 4-123 LF 356A 5-116 DG 129 3-52 3N 173 1-76 
G 129 3-143 HA 2502 5-149 LF 357 5-116 
IT 129 1-87 J 174 1-21 AM 2503 4-123 LF 357A 5-116 
G 130 3-143 IT 1750, 1-71 AM 2504 4-123 2N 3684 1-25 

J 175 1-21 HA 2505 5-149 2N 3685 1-25 IT 130 1-93 J 176 . 1-21 HA 2507 5-154 2N 3686 1-25 IT 130A 1-93 J 177 1-21 HA 2510 5-149 ' G 131 3-143 2N 3687 l c25 
IT 131 1-93 DG 180 3-60 HA 2512 5-149 2N 3810 1-90 
G 132 3-143 OG 181 3-60 HA 2515 5-14S 2N 3810A 1-90 

IH 181 3-72 HA 2517 5-154 2N 3811 1-90 
DG 182 3-60 HA 2520 5-149 2N 3811A 1-90 

IH 182 3-72 HA 2522 .5-149 

A-5 



BASE NUMBER INDEX 

TYPE # PAGE TYPE # PAGE TYPE # PAGE TYPE # PAGE 

2N 3821 1-26 2N 4351 ;',""1-69" IH 5015 3-92 2N 5267 1-45 
2N 3821JTX 1-26 DG 439A 3-68 IH 5016 3-92 2N 5268 1-45 
2N 3822 1-26 2N 4391 1-10 IH 5017 3-92 2N 5269 1-45 
2N 3823 1-27 ITE 4391 1-16 IH 5018 ' 3-92 2N 5270 1-45 
2N 3823JTX 1-27 2N 4392 1-10 IH 5019 3-92 SU 536 5-140 

IJ" 3824 1-28 ITE 4392 1-16 IT 502 1-62 2N 5397 1-36 
2N 3921 1-48 2N 4393 1-10' IH 5020 3-92 2N 5398 1-36 

, 2N 3922 1-48 ITE 4393 1-16 IH 5021 3-92 2N 5432 1-12 
LM 394 l e88 DG 440A 3-64 IH 5022 3-92 2N 5433 1-12 
2N 3954 1-49 DG 441A 3-64 IH 5023 3-92 2N 5434 1-12 

2N 3954A i 1-49 2N 4416 1-33 IH 5024 3-92 2N 5452 1-51 

2N 3955 1-49 2N 4416A 1-33 IH 5025 3-98 2N 5453 1-51 
2N 3955A 1-49 ITE 4416 1-38 IH 5026 3-98 2N 5454 1-51 
2N 3956 1-49 DG 442A 3-68 IH 5027 3-98 2N 5457 1-37 
2N 3957 1-49 IH 5028 3-98 2N 5458 1-37 

DG 443A 3-68 2N 5459 1-37 
2N 3958 1-49 DG 444A 3-68 IH 5029 3-98 
2N 3970 1-8 DG 445A 3-68 AD 503 5-95 2N 5460 1-46 
2N 3971 1-8 DG 446A 3-68 IT 503 1-62 2N 5461 1-46 
2N 3972 1-8 MM 450 3-145 IH 5030 3-98 2N 5462 1-46 
2N 3993 1-18 IH 5031 3c98 2N 5463 1-46 

MM 451 3-145 2N 5464 1-46 
2N 3994 1-18 DG 451A 3-64 IH 5032 3-98 

VCR 4N 1-99 MM 452 3-145 IH 5034 3-98 2N 5465 1-46 
VN 40AF 2-15 DG 452A 3-64 IH 5035 3-98 2N 5484 1-38 
IH 401 3-130 DG 453A 3-64 IH 5036 3-98 2N 5485 1-38 
U 401 1-67 IH 5037 3-98 2N 5486 1-38 

DG 454A 3-64 MM 550 3-145 
U 402 1-67 MM 455 3-145 IH 5038 3-98 

1M .4027 7-12 VN 46AF 2-17 'IH 5040, 3-104 MM 551 3-145 
U 403 1-67 DG 461A 3-68 IH 5041 3-104 2N 5515 1-52 
IT 404 1-98 DG 462A 3-68 IH 5042 3-104 2N 5516 1-52 
U 404 1-67 IH 5043 3-104 2N 5517 1-52 

DG 463A 3-68 2N 5518 1-52 
2N 4044 1-81 DG 464A 3-68 IH 5044 3-104 
2N 4045 1-81 2N 4856 1-11 IH 5045 3-104 2N 5519 1-52 

U 405 1-67 2N 4856JTX 1-11 IH 5046 3-104 MM 552 3-145 
U 406 1-67 2N 4857 1-11 IH 5047 3-104 2N 5520 1-52 

2N 4091 1-9 IH 5048 3-104 2N 5521 1-52 
2N 4857JTX 1-11 2N 5522 1-52 

2N 409,lJTX 1-9 2N 4858 1-11 IH 5049 3-104 
ITE 4091 1~15 2N 4858JTX 1-11 IH 5050 3-104 2N 5523 1-52 
2N 4092 1-9 2N 4859 1-11 IH 5051 3-104 2N 5524, 1-52 
2N 4092JTX 1-9 2N 4860 1-11 IH '5052 3-114 MM 555 3-145 
ITE 4092 1-15 IH 5053 3-114 NE 555 6-26 

2N 4861 1-11 IH 5101 5-63 SE 555 6-26 
2N 4093 1-9 2N 4867 1-34 
2N 4093JTX 1-9 2N 4867A 1-34 IH 5110 5-234. 2N 5555 1-13 
ITE 4093 1-15 2N 4868 1-34 IH 5111 5-234 NE 556 6-30 
2N 4100 1-81 2N 4868A 1-34 IH 5112 5-234 S'E 556 6-30 
1M 4116 7-20 IH 5113 5-234 2N 5564 1-23 

2N 4869 1-34 2N 5114 1-19 IMF 5564 1-24 
2N 4117 1-29 2N 4869A 1-34 
2N 4117A 1-29 2N 4878 1-81 2N 5114JTX 1-19 2N 5565 1-23 
2N 4118 1-29 2N 4879 1-81 IH 5114 5-234 IMF 5565 1-24 
2N 4118A 1-29 2N 4880 1-81 2N 5115 1-19 2N 5566 1-23 
2N 4119 1-29 2N 5115JTX 1-19 IMF 5566 1-24 

VCR 5P 1-99 IH 5115 5-234 1M 5600 7-79 
2N 4119A 1-29 IT 500 1-62 

U 421 1-68 IVN 5000A 2-23 2N 5116 I 1-19 1M 5603 7-83 
U 422 1-68 IVN "50008 2-19 2N 5116JTX 1-19 1M 5604 7-89 

2N 4220 1-30 IH 5001 3-84 2N 5117 1-92 1M 5605 7-94 
2N 4220A 1-30 2N 5118 1-92 1M 5610 7-79 

IVN 5001A 2-23 2N 5119 1-92 1M 5623 7-83 
2N 4221 1-30 IVN 50018 2-19 

562~ 2N 4221A 1-30 IH 5002 3-84 IH 5140 3-122 1M 7-89 
2N 4222 1-30 IH 5003 3-86 IH 5141 3-122 1M 5625 7-94 
2N 4222A 1-30 IH 5004 3-86 IH 5142 3-122 2N 5638 1-14 
2N 4223 1-31 IH 5143 3-122 2N 5639 1-14 

IH 5005 3-88 IH 5144 3-122 2N 5640 1-14 
2N 4224 1-31 IH 5006 3-88 

U 423 1-68 IH 5007 3-88 IH 5145 3-122 AD 590 5-240 
U ,424 1-68 IH 5009 3-92 2N 5196 1-50 2N 5902 1-54 
U 425 1-68 IT 501 1-62 2N 5197 1-50 2N 5903 1-54 

ICL 4250 5-160 2N 5198 1-50 2N 5904 1-54 

ICL 4250C 
IH 5010 3-92 2N 5199 1-50 2N 5905 1-54 

5-160 IH 5011 3-92 
DG 426A 3-64 IH 5012 3-92 1M 5200 7-145 2N 5906 1-54 

U 426 1-68 IH 5013 3-92 IVN 5200H 2-35 2N 5907 1-54 
DG 429A 3-64 IH 5014 3-92 IVN 5200K 2-27 2N 5908 1-54 
DG 433A 3-64 IVN 5200T 2-31 2N 5909 1-54 
n •• 4338 1-32 IVN 5201C 2-39 2N 5911 1-55 
""~ 
2N 4339 1-32 IVN 5201H 2-35 IMF 5911 1-58 
DG 434A 3-64 IVN 5201K 2-27 2N 5912 1-55 
2N 4340 1-32 IVN 5201T 2-31 IMF 5912 1-58 
2N 4341 1-32' 2N 5265 1-45 1M 6100 7-103 

2N 5266 1-45 1M 6101 7-156 
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1M 6102 7-175 ICM 7216A 6-56 ICL-'7631 5-163 
1M 6103 7-198 ICM 7216B 6-56 ICL 7632 5-163 
IH 6108 3-6 ICM 7216C 6-56 ICL 7641 5-163 
IH 6116 3-12 ICM 72160 6-56 ICL 7642 5-163 
IH 6201 3-147 ICM 7217. 6-84 p.A 777C 5-89 

IH 6208 3-18 ICM 7218 6-130 1M 80C49 7-137 
IH, 6216 3-24 ICM 7224 6-96 ICL 8001 ,5-203 
1M 6312 7-60 ICM 7225 6-96 ICL 8007 • 5-104 
1M 6316 7-64 ICM 7226A - 6-72 ICL 8007AC 5-110 
1M 6364 7-70 ICM 7226B 6-72 ICL 8007AM 5-110 

1M 6402 7-210 ICM 7227 6-84 ' ICL 8007C 5-110 
1M 6403 7-210 , j.t.A 723 5-262 ICL 8007M 5-110 
2N 6483 1-56 LM 723 5-262 ICL 8008 5-61 
2N 6484 1-56 p.A 723C '5-262 ICL 8013 5-230 
2N 6485 1-56 ' LM 723C 5-262 ICL 8017 5-156 

IMF 6485 1-60 p.A 733 5"185 ICL 8018A 4-129 
1M 6504 7~46 LM 733 5-185 ICL 8019A 4-129 
1M 6508 7-34 p.A 733C 5-185 ICL 8020A 4-129 
1M 6512 7-28 LM 733C 5-185 ICL 8021C 5-179 
1M 6514 7-52 p.A,740 5-136 ICL 8021M 5-179 , 
1M 6518 7-3,4 LM 740 5-136 ICL 8022 5-183 
1M 6551 7-40 

,LA 741 5-79 
ICL 8023 5-184 

1M 6561 7-40 ICL 8038 5-268 
VN 66AF' 2-17, AD 741 , 5-79 ICL 8043C 5-112 

AD 741K 5-54 ICL 8043M 5-112 " 
VN 66A.! '2-7 ICL 741 5-79 
VN 66AK 2-13 , ICL 741CLN 5-57 ICL 8048 5-32 
1M 6653 7-73 ICL 741HS 5-55 ICL 8049 5-32 
1M 6654 ' 7-73 ICL 8052 4-36 

IVN 16657 2-3 ICL .741LN 5-57 ICL 8052A 4-36 LM 741 5-79 
IVN 6658 2-3 p.A 748C 5~81 ICL 8053 4-36 

IVN 6660 2-9 ' LM 748C 5-81. ICL 8053A 4-36 
llYN 6661 2-9 AD 7520 4-51 ICL 8061 5-189 
VN 67M 2-5 ICL 8062 5-189 
VN 67AB 2~11 AD 7521 4-51 ICL 8063' 5-6 AD, 7523 4-57 ICL 8068 4-97 
VN 67AF 2-15 AD 7530 4-51 
VN 67AJ 2-7 AD 7531 4-51 ICL 806BA 4-97 
VN 67AK 2-13 AD 7533 4-61 ICL 8069 5-241 

6920 7-230 AD 7541 ' 4-65 
1M 82C43 7-219 

6970-IFOOS 7-229 ICM 7555 6-20 ICL 8211 '5-244 
VCR 7N ' 1-99 ICM 7556 6-20 ICL 8212 5-244 

1M 7027 7-12 ICL 7600 5-40 ICL 8240 6~4 

ICM 7038 6-3 , ICL 7601 5-40 ICL 8250 6-4 
ICM 7045 6-32 ICL 7605 5-22 ' ICL 8260 6-4. 
ICM 7045A ' 6-40 ICL 7606 5-22 ICH 8500 5-98 

ICM 7049A 6-3 ICL 7611 5-163 ICH 8500A ,5-98 
ICM 7050 6-3 ICL 7612 5-163 ICH 851.0 5-14 
ICM 7051A 6-3 ICL 7613 5-163 ICH 8520 5-14 
ICM 7051B 6-3 ICL 7614 5-163 ICH 8530 5~14 

1M 87C41 7-218 
ICL 7101 4-81 ICL 7615 5-163, 
ICL 7103 4-89 ICL 7621 5-163 1M 87C48 7-219 
ICL 7103A 4-97 ICL' 7622 5-163 VN 88AF 2-17 
ICL 7103B 4-97 VN 89M 2-5 
ICL 7104 4-4 VN 89AB 2-11 

ICL 7106 4-105 
VN 89AF 2-15 

ICL 7107 4-105 VN 90M' 2-5 
ICL 7109 4-20 VN 90AB 2-11 
ICL 7112 4-71 VN 98AJ 2-7 
ICL 7113 4-77 VN 98AK 2-13 

VN 99AJ 2-7 
1M 7114 7-4 

ICL 7116 4-115 ' VN 99AK 2c13 
ICL 7117 4-115 

1M 7141 7-56 
ICM 7206 6-140 

ICM 7206A 6-140 
ICM 7206B 6-140 
ICM 7207 6-114 
ICM 7207A 6-118 

,ICM 7208 6-42 

,ICM 7209 6-104 
ICM 7211 6-120 
ICM 7212 6-120 
ICM 7213 6-108 
ICM 7215 6-50 ' 
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Discrete MOSFET Analog Gates/ Data Acquisition' 
JFETSingle Switches/ Switches/ AJD Converters 
Switches Amplifiers Multiplexers ICL7104/8052A/8068 4-4 

Page N-channel Multiplexers 
ICL7109 4-20 

1-8 2N4351· 1-69 ICL8052/3 4-36 , 
-3;JTX 1-9 3N169-71 1-70 IH6108 3-6 LD110/111/114 4-45 

2N4391-3 1-10 IT1750 1~71 IH6116 3-12 OJ A Converters 2N4856-61 1-11 Ml16 1-72 IH6208 3-18 
2N4856JTX78JTX 1-11 P-channel 

IH6216 3-24 AD7520/21/30/31 4-51 
2N5432-4 1-12 ' 3N160 1-73 Analog Switch 

AD7523 4-57 
2N5555 1-13 3N161 1-74 AD7533 4-61 
2N5638-40 1-14 3Nl63-4 1"75 Drivers AD7541 4-65 ' 
ITE4091-3 1-15 3N172-3 1-76 ·ICL7112 4-71 
ITE4391-3 1-16 IT1700 1-77 D112/113/120/121 3-30 ICL7113 4c77 ; 
J111-113 1-17 D123, D125 3-34 

P-channel 
Dual P-channel D129 3-38 DVM Circuits 

2N3993-4 3N165-6 1-78 
Analog Switches ICL7101/8052 4-81 1-18 3N188-91 1-79 

2N5114-6;JTX 1-19 
Bipolar Duill 

with Drivers 
ICL71 03/8052 4-89 

IT100-l 1-20 ICL71 03/8068 4-97 
J174-177 1-21 Amplifiers 

DG111/112 3-40 ICL71 06/7 4-105 
J270,271 1-22 DG116/118/123/125 3-44 ICL7116/7 4-115 

JFET Dual Switches NPN DG120/121 3-48 
Successive 2N2453; 2N2453A 1-80 DG126A Family 3-52 

N-channel . 2N4044-5; 2N41 00; DG139A Family 3-56 Approximation 
2N5564-6 1-23 2N4878-80 1-81 DG180-191 3-60 

Registers 
IMF5564-6 1-24 IT120-2 1-82 DG426A Family 3-64 

IT124 1-83 DG439A Family 3-68 AM2502/3/4 4-123 
JFETSingle IT124A 1-84 IH181-185,187-191 3-72 

Amplifiers IT124B 1-85 IH200 3-78 Switches; Current 
IT125 1-86 IH201/202 3-81 

Switches for. OJ A 
N-channel IT126-7 1-87 IH5001/2 3-84 
2N3684-7 1-25 LM194/394 1-88 IH5003/4 3-86 'ICL8018/19/20 4-129 
2N3821-2; 2N3821 JTX 1-26 PNP 

IH5005-7, 3-88 
2N3823;JTX 1-27 IH5009-24 .3-92 
2N3824 1-28 2N381 0-1 ; 2N3810A-1A 1-90 IH5025-38 3-98 
2N4117-9; 2N4117A-9A 1-29 

2N5117-19 1-92 IH504G-51 3-104 
2N4220-2; 2N4220A-2A 1-30 . IT130-2 1-93 IH5052/3 3-114 
2N4223-4 1-31 1T136-9 1-94 IH5140-45 3-122 
2N4338-41 1-32 Special Function IH401/401A 3-130 
2N4416,2N4416A 1-33 Hi?th Speed Dual Diodes 

Analog Switches, 2N4867-9,2N4867A-9A 1-34 Dl00/l . 1-96 
2N5397-8 1-35 

Log/Antilog 1i"anslstors without Drivers 
2N5457-9 1-36, 
2N5484-6 1-37 IT404 le98 Gl15/123 '3-135 
ITE4416 1-38 Voltage Controller Gll6-119 3-139 
U308-11 1-39 Resistors G125-132, G1330/40/ 
J308-10 1-41 VCR2-7 1-99 .50/60 3-143 

MM450/550, MM451/551, 
- P-channel Analog Switches MM452/552, 

2N2606-9, 2N2609JTX 1-43 IT401/401A . 3-130 MM455/555 3-145 
2N3329-31 1-44 

(CMOS or TIL to higher 2N5265-70 1-45 
2N546G-5 1-46 levels) 
U304-6 1-47 ' VMOS Switch Dlgltal1l"anslator/ Analog 

JFET Dual Index Driver 
IH6201 3-147 

Amplifiers 
ros (on)= 2 ohms 

N-channel 
2N3921-2 1-48 IVN6657/1VN6658 2-3 
2N3954-8 1-49 VN30M/35M/67M/ 
2N5196-9 1-50 89M/90M 2-5 
2N5452-4 1-51 VN35AJ/66AJ/67 AJ/ 
2N5515-24 1-52 98AJ/99AJ 2-7 
2N5902-9 1-54 IVN6660/lVN6661 2-9 
2N5911-2 1-55 VN30AB/35AB/67 AB/ 
2N6483-5 1-56 89AB/90AB 2-11 
IMF5911-2 1-58 VN35AK/66AK/67 AK/ 
IMF6485 1-60 98AK/99AK 2-13 
IT500-3 1-62 VN40AF /67AF/89AF 2-15 
SU2365-9 1-64 VN46AF /66AF /88AF 2-17 
SU2365A-9A 1-64 IVNSOOO/5001 S series 2-19 
U231-5 1-65 IVNSOOO/5001A se'ries 2-23 
U257 1-66 

ros (on)= 0.4 ohm U401-406 1-67 
U421-426 1-68 IVN5200/5201 K series 2-27 

IVN5200/5201 T series 2-31 
IVN5200/5201 H series 2-35 
IVN5201C series 2-39 

A-8 



Linear 
~mplifiers 
lriver-AmplHier, for Power 
lI'ansiators 
CLS063 5-6 

)river; Power Driver for 
.cluators, motors 
CH8510/:;!0/30 5-14 

nstrumentation, 
;ommutetlng Auto Zero 
CL7605/6 5-22 

.og-Antilog 
CLS048/9 5-32 
lperatlonal, 
;ommutstlng Auto Zero 
CL7600/1 5-40 

)peratlonal, General Purpose 
m101A/201A/301A 5-50 
i0741/K 5-54 
CL741HS 5-55 
CL741LN 5-57 
CLS008 5-61 
H5101 5-63 
.H2101/2301 5-65 
.H2108/2308 5-67 
M107/207/307 5-69 
.M108/208/308 5-71 
M124A/224A/324A; 

LM2902 
.M741 , ,.A741 
.M748, ,.A748 
tA777' 

)peratlonal, FET Input 

5-75 
5-79 
5-81 
5-89 

10503 5-95 
CH8500/ A' 5-98 
CL8007-1/2/3/4/5 5-104 
1007C, M 5-110 
:LS043M/C 5-112 ' 
.F155/6/7; LF255/6/7; 

LF355/6/7; . 
LF155A/6A/7A; 
LF355A/6A/7A 

H0042 
.M74O, ,.A74O 
jU536 

)peratlonal, High' 
mpedance Bipolar 
lA2600/02/05/20/ 

5-116 
5-131 
5-136 
5"140 

22/25 5-143 
lA2607/27 5-147 

)pei'ational,High Speed 
lA2500/02/05/10/12/ 

15/20/22/25 5-149 
lA2507/17/27 5-154 
:LS017 , 5-156' 

lperatlonal. Low Power -
:::L4250,425OC 5-160 
CL7611-15: " 

iCL7621/22; 
iCL7631/32; 
ICL7641142 

:LS021 
CLS022 
CLS023 

/Ideo 

5-163 
5-179 
5~183 
5-184 

.M733,,..A733 5-185 

;amera ClrcuH 
CL8061/62 5-189 

Comparators 
Low Power 
ICLOO01 5-203 

Precision 
LM111/211/311 5-207 

Dual 
LH2111/2311 5-213 

Quad 
LM139A/239N339A; 

LM2902; MC3302 5-215 

Followers 
LM102/202/302; LM11 0/. 

LM210/LM310 5-223 
LH2110/2310 5-227 

Multipliers 
ICL8013 

Sample and Hold 

5-229 

11,,\5110·15 5-233 

Temperature Sensor 
AD590 5-239 

Voltege References 
1.2 Volt 

ICL8069 5-241 
Reference with detector, 

indicator and regulator 
ICLS211/12 5"243 

Voltage Regulators 
LM 1 00/200/300 5-253 
LM105/205/305 5-257 
LM723, ,.A723 5-261 

Waveform Generator 
ICL8038 5-267 

Timersl Counters 
Watch and Clock 
Chip Chart 
Timers 
ICL8240/50/60 6-4 
ICM7555/6 6-20 
NE555 6-26 
NE556 -6-30 

Counters 
ICM7045 6-32 
iCM7045A 6-40 
ICM7208 6-42 
ICM7215 6-50 
ICM7216 6-56 
ICM7226 6-72 
ICM7217/27 6-84 
ICM7224/25 6-96 

Oscillators and 
Clock Generators 
ICM7209 6-104 
iCM7213 6-108 

Timebases for Counters_ 
ICM7207 6-114 
ICM7207 A 6-118 

Display Drivers 
ICM7211/12 6-120 
ICM7218 6-130 

Touch Tone Encoder 
ICM7206/ A/B 6-140 

Memory 
RAMs 
7114/2114 
2147 
4027 
4116 
IM6512 
IM6508/6518 
IM6551/6561 
IM6504 
IM6514 
IM7141 

ROMs 
iM6312 
IM6316 
IM6364 

EPROMs 

7-4 
7-8 
7-12 
7-20 
7-28 
7-34 
7-40 
7-46 
7"52 
7-56 

IM6653, 6654 7-73 

PROMs 
IM5600, 5610 7-79 
IM5603/5623 7-83 
IM5604/5624 7-89 
IM5605/5625 7-94 
PROM Programming 7-101 

Microprocessors 
IM6100 7-103 
Sampler Kit·sa01 7-125 
87C48 7-129 
80C49 7-137 

FUNCTIONAL INDEX 

Peripherals 
IM5200 
IM6101 
IM61 02 
IM6103 . 
IM6402I6403 
87C41 
80C43 

Development 
Systems 
Intercep( Jr. 
Intercept 1111 
697()'IFDOS 
EPROM programmer 

7-145 
7-156 
7-175 
7-198 
7-210 
7-218 
7-219 

7-220 
7-225 
7-229 
7-230 

A·9 



IC ALTERNATE SOURCE INDEX 

E AMD Intersil EMM/SEMI Iniersil HARRIS Intersll 5331-1 IM5610 
5340-1 IM5605 

AM2502 AM2502 2114 IM7114 HA2500 HA2500 5341-1 IM5625, 
AM2503 AM2503 HA2502 HA2502 6300-1 IM5603 
AM2504 AM2504 HA2505 HA2505 6301-1 IM5623 
LF155 LF155 EXAR 'Intersll HA2520 HA2520 6305-1 IM5604 
LF156 LF156 I' HA2522, HA2522 6306-1 IM5624, ' 
LF157 LF157 XR2240 ICL8240 HA2525 HA2525 6330-1 IM5600 
'LF255 LF255 XA4741 LM148 HA2600 HA2600 6331-1 IM5610 
LF256 LF256 XA555 NE555 HA2602 HA2602 6340-1 IM5605 
LF257 LF257 XA556 NE556 HA2620 HA2620 6341-1, IM5625 
LF355 LF355 XA8038 ICL8038 HA2622 HA2622 
LF356 LF356 XAL555 ICP555 HA2720 ICL8021 

Intersll LF357 LF357 XAL556 ICL7556 HD6402 IM6402 Mostek 
LH2301 LH2301 HI5040 IH5040 
LH2311 LH2311 HI5041 IH50~1 MK4027 IM7027 
LM10l AD10l HI5042 IH5042 MK4027 
LM102 LM102 Fairchild Intersil HI5043 IH5043 MK4116 IM4116 
LM105 LM105 HI5044 IH5044 
LM107 LM107 /lAF155 LF155 HI5045 IH5045 

, LM108, LM108 /lAF156 LF156 HI5046 IH5046 Motorola Intersil 
LMll0 LMll0 /lAF157 LF157 HI5047 IH5047 
LMlll LMlll /lAF255 LF255 HI5048 IH5048 LF155 ' LF'155 
LM124 LM124 /lAF256 LF256 HI5049 IH5049 LF156 LF156 
LM201 AD201 /lA257 , ,t.' LF257 HI5050 IH5050 ' LF157 LF157 
LM202 LM202 /lAF355 LF355 HI5051 IH5051 LF255 'LF255 
LM205 LM205 /lAF356 LF356 HM6l00 ,IM6l00 LF256 LF256 
LM207 LM207 jiAF357 LF357 HM6l0l IM6l0l LF257 LF257 
LM208 LM208 /lAl0l AD10l HM6l02 IM6l02 LF355 LF355 
LM210 LM210 /lAl02 LM102 HM6l03 IM6l03 ,LF356 LF356 
LM211 LM211 /lAl05 LM105 HM6312 IM6312 LF357 LF357 
LM224 LM224 /lAl07 LM107 HM6508 ' IM6508 LM10l AD10l 
LM301 AD301 /lAl08 ',,'LM108 HM6518 ' IM6518 LM105 LM105 
LM302 LM302 /lAll0 LMll0 HM6551 IM6551 LM107 LM107 
LM305 LM305 /lAlll LMlll HM6561 IM6561 LMll0 .. LMll0' 
,LM307, LM307 /lA124 LM124 HM6900 ' IM6900 ,LMlll LMlll 
LM308 LM308 /lA201 AD201 HM7603 IM5610 LM124 LM124 
LM310 LM310 /lA202 LM202 HM7610 IM5603 LM201, AD201 
LM311 LM311 /lA205 LM205 HM7611 IM5623 LM205 LM205 
LM324 LM324 /lA207 LM207 HM7620 IM5604 LM207 LM207 
NE555 NE555 /lA208 LM208 HM7621 IM5624 LM208 LM208 
NE556 NE556 /lA210 LM210 HM7640 IM5605 LM210 LM210 
723, i LM723 /lA211 LM211 HM7614 IM5625 , LM211 LM211 
741 /lA733 /lA224 LM224 LM224 LM224 ' 
741 ICL741 /lA301 ' AD301 LM301 AD301 
748 LM748 /lA302 LM302 

Intel Intersil LM305' LM305 
/lA305 LM305 LM307 ' LM307-
/lA307 LM307 

2104A IM7027 LM308 LM308 
/lA308 LM310 

MK4027 LM310 LM310 
AMI Intersil /lA311 LM311 

2114 IM7114 LM311 LM311 
/lA324 LM324 

2116 IM4116 LM324 LM324 
S6508 IM6508 /lA3302 MC3302 

2141 IM7141 MCM2114 IM7114 
S6518 IM6518 /lA555 NE555 

3602 IM5604 MCM4116 IM4,l16 
/lA556 NE556 

3604 IM5605 MC1723 , LM723 
/lA723 LM723 

3622' IM5624 MC1741 ICL741 
/lA733 /lA733 

3624 IM5625 MC1748 LM748 
/lA740 LM740 

8049 IM80C49 MC3302 " MC3302 AD Intersll /lA741 /lA741 
/lA748 LM748 8741 IM87C41 

AD10l AD10l /lA777 /lA777 8748 IM87C48 
AD108 LM108 F16K IM4116 National IntelSll 
AD201 AD201 F4721 IM6551 
AD208 LM208, F4736 IM6508 Maruma" Inters'li AD7520 AD7520 
AD301 AD301 M4027 MK4027 AD7521 AD7521 
AD308 LM308 93417 IM5603 MIC2114 IM7114 AH5009 IH5009 
AD503 AD503 93427 IM5623 DM54S188 IM5600 

, AD590 AD590 93436 IM5604 DM54S287 IM5623 
AD741 'AD741 93446 IM5624 DM54S288 IM5610 
AD7520 AD7520 MlcroPower DM54S387 IM5603 
AD7521 AD7521 Systems Intersil DM74S188 IM5600' ' 
AD7523 AD7523 Fujitsu Intersil DM74S287' IM5623 
AD7530 AD7530 MP7520 AD7520 DM74S288 IM5610 
AD7531 AD7531 MBM4044 IM7141 MP7521 AD7521 DM74S387 IM5603 
AD7533 AD7533 MBM8116· IM4116 MP7523 AD7523 DM77S295 IM5605 
AD7541 AD75411 MB7051 IM5610 DM77S296 IM5625 

ICL7112 MB7052 IM5623 DM87S295 IM5605, 
MB7053 IM5624 DM87S296 IM5625 
MB7056 IM5600 MMI Intersll ' LF155 LF155 
MB7507 IM5603 LF156 LF156 

Datel Intersil MB7058 IM5604 5300-1 IM5603 'LF157 LI'157 
MB8114 IM7114 5301-1 IM5623 LF255 LF255 

AM4502 HA2505 MB8227 MK4027 5305-1 IM5604 LF256 LF256 
HA2525 MB8401 IMe508 5306-1 IM5624 LF257 LF257 

MB8411 IM6518 5330-1 IM5600 LF355 LF355 
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IC ALTERNATE SOURCE INDEX 

continued: Raylheon Inleroil LM101 AD101 DG185 DG185 
LM107 LM107 DG186 DG186 

LF356 LF356 LF155 LF155 LM111 LM111 DG187 DG187 
, LF357 LF357 LF156 LF156 LM124 LM124 IH5050 

LH0042 LH0042 LF157 LF157 LM201 AD201 DG188 DG188 

tI LH2101 LH2101 LF255 LF255 LM207 LM207 DG189 DG189 
LH2108 LH2108 LF256 LF256 LM224 LM224 DG190 DG190 ' 
LH2110 LH2110 LF257 LF257 LM2902 LM2902 IH5051 
LH2111 LH2111 LF355 LF355 LM301 AD301 -DG191 DG191 
LH2301 LH2301 LF356 LF356 LM307 LM307 D123 D123 
LH2308 LH2308 LF357 LF357 LM308 LM308 D125 D125 
LH2310 LH2310 LH2101 LH2101 LM324 LM324 G115 G115 
LH2311 LH2311 LH2301 LH2301 MC3302 MC3302 G116 G116 
LM100 LM100 LH2311 LH2311 NE555 NE555 G117 G117 
LM101 AD101 LM101 AD101 NE556 NE556 G118 G118 
LM102 LM102 LM105 LM105 SU536 SU536 G119 G119 
LM105 'LM105 LM107 LM107 8049 IM80C49 G123 G123 
LM107 LM107 LM108 LM108 , 82S123 IM5610 G125 G125 
LM108 LM108 LM124 LM124 82S126 IM5603 G126 G126 
LM110 LM110 LM201 AD201 82S129 IM5623 G127 G127 
LM111 LM111 LM205 LM205 82S130 IM5604 G128 G128 
LM124 LM124 LM207 LM207 82S131 IM5624 G129 G129 
LM200 LM200 LM208 LM208 825141 IM5625 G130 G130 
LM201 AD201 LM211 LM211 82S23 /' IM5600 G131 G131 
LM202 LM202 LM224 LM224 G132 G132 
LM205 LM205 LM2902 LM2902 LD110 LD110 
LM207 LM207 LM301 AD301 Silicon General Inlersil LD111 LDl11 
LM208 LM208 LM305 LM305 LD114 LD114 
LM210 LM210 LM307 LM307 I'A777 I'A777 SI452 MM452 
LM211 LM211 LM308 LM308 SG101 AD101 51455 MM455 
LM224 LM224 LM311 LM311 SG105 LM105 51552 MM552 
LM2902 LM2902 LM324 LM324 SG107 LM107 SI555 MM555 
LM300 LM300 RC555 NE555 SG108 LM108 
LM301 AD301 RC556 NE556 SG110 LM110 
LM302 LM302 RC723 LM723 SG111 LM111 
LM305 LM305 RC733 I'A733 SG124 LM124 

Synerlek Intersil 

LM307 LM307 RC741 ICL741 SG201 AD201 
LM308 LM308 RC748: LM748 SG205 LM205 SY2114 IM7114 

LM310 LM310 RM723 ' ' LM723 SG207 LM207 
LM311 LM311 RM741 ICL741 SG208 LM208 
LM4250 LM4250 RM748 LM748 SG210 LM210 
LM555 NE555 RV3302 MC3302 SG211 LM211 TI Intersil 
LM556 NE556 SG224 LM224 
LM723 LM723 SG301 AD301 I'A723 LM723 
LM733 I'A733 SG305 LM305 I'A733 I'A733 
LM740 ' LM740 RCA Inleroll SG307 LM307 1'741 I'A741 
LM741 LM741 SG308 LM308 I'A748 , LM748 
LM742 LM748 SG311 LM311 I'A777 I'A777 
MM2114 IM7114 CA101 AD101 SG324 LM324 LF155 LF155 
MM450 MM450 CA107 LM107 SG3302 MC3302 LF156 LF156 
MM451 MM451 CA111 , LM111 SG4250 LM4250 LF157 LF157 
MM452 MM452 CA124 LM124 SG555 NE555 LF255 LF255 
MM455 MM455 CA201 AD201 SG556 NE556 LF256 LF256 
MM5257 IM7141 CA207 LM207 SG723 LM723 LF257 LF257 
MM550 MM550 CA208 LM208 SG733 I'A733 LF355 LF355 
MM551 MM551 CA211 LM211 SG741 ICL741 LF356 LF356 

MM552 MM552 CA224 ' LM224 SG748 LM748 LF357 LF357 
MM555 MM555 CA301 AD301 LM101 AD101 
MM74C200 IM6523 CA307 ' LM307 LM105 LM105 

MM74C920 IM6551 CA308 LM308 Siliconix Inleroll LM107 LM107 

MM74C929 IM6508 CA311 LM311 LM111 LM111 

MM74C930 IM6518 CA324 LM324 DG111 DG111 LM124 LM124 

CA555 NE555 DG11,6 DG116 LM201 AD201 

CA723 LM723 DG123 DG123 LM224 LM224 
NEC Inleroil CA741 ICL741 DG125 DG125 LM2902 LM2902 

CA748 LM748 DG126 DG126 LM301 AD301 
I'PB403 IM5603 CDP1854 IM6402 DG426 LM305 LM305 
I'PB405 IM5605 CD4061 IM6523 DG129 DG129 LM307 LM307 
I'PB425 IM5625 DG133 DG133 LM311 LM311 
I'PD2114 IM7114 DG134 DG134 LM324 LM324 
I'PD416 IM4116 DG139 DG1,39 NE555 NE555 
I'PD6508 IM6508 DG140 DG140 NE556 NE556 

Signelics Inlersll DG141 DG141 SN54S188 IM5600 
DG142 DG142 SN54S287 IM5623 
DG143 DG143 SN54S288 IM5610 

Pleosey Inleroil I'A723 LM723 DG144 DG144 SN54S387 IM5603 
I'A733 I'A733 DG145 DG145 SN54S474' IM5625 

SC748 LM748 1'740 LM740 DG146 DG146 SN54S475 IM5605 
1'J.l741 I'A741 DG151 DG151 J SN74S188 IM5600 
I'A748 LM748 DG152 DG152 SN74S287 IM5623 
LF155 LF155 DG153 DG153 SN74S288 IM5610 

PMI Inlersll LF156 LF156 DG154 DG154 SN74S387 IM5603 
LF157 LF157 DG161 DG161 SN74S474 IM5625 

PM155 LF155 LF255 LF255 DG162 DG162 SN74S475 IM5605 
PM156 LF156 LF256 LF256 DG163 DG163 TMS4027 IM7027 
PM157 LF157 LF257 LF257 DG164 DG464 MK4027 
PM255 LF255 LF355 LF355 DG172 DG118 TMS4044 IM7141 
PM256 LF256 LF356 LF356 DG180 DG180 TMS4045 IM7114 
PM257 LF257 LF357 LF357 DG181 IH5048 TMS4116 IM4116 
PM308 LM308 LH2101 LH2101 DG181 DG181 
PM355 LF355 LH2108 LH2108 DG182 DG182 
PM356 LF356 LH2301 LH2301 DG183 DG183 ,Zilog Intersil 
PM357 LF357 LH2308 LH2308 DG184 DG184 
SSS741 ICL741 LH2311 LH2311 IH5049 Z6116 IM4116 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT -
100S 2N5458 233S 2N3956 2N3044 ITI22 
100U 2N3684 234S 2N3957 2N3045 !T122 
102M 2N5686 235S 2N3958 2N3046 !T121 
102S 2N5457 241U 2N4869 2N3047 ITI22 
103M 2N5457 250U 2N4091 2N3048 !T122 

, 
2N5459 251U 2N4392 2N3066 2N4340 103S 

104M 2N5458 2N2060 ITI20 2N3067 2N4338 
105M 2N5459 2N2060A ITI21 2N3068 2N4338 
105U 2N5222 2N2223 ITI22 2N3069 2N4341 
105U 2N4340 2N2223A ITI21 2N3070 2N4339 

-

106M 2N5485 2N2386 2N2608 2N3071 2N4338 
107M 2N5485 2N2386A 2N2608 2N3084 2N4339 

, IIOU 2N3685 2N2453 2N2453 2N3085 2N4339 
120U 2N3686 2N2453A 2N2453A 2N3086 2N4339 
125U 2N4339 2N2480 ITI22 2N3087 2N4339 

1277A 2N3822 2N2480A ITI21 2N3088 2N4339 
1278A 2N3821 2N2497 2N2608 2N3088A 2N4339 
1279A 2N3821 2N2498 2N2608 2N3089, 2N4339 
1280A 2N4224 2N2499 2N2609 2N3089A 2N4339 
1281A 2N3822 2N2500 2N2608 2N3113 2N26Q7 

1282A 2N4341 2N2606 2N2606 2N3277 2N2606 
1283A 2N4340 ,2N2607 2N2607 2N3278 2N2607 
1284A 2N4222 2N2608 2N2608 2N3328 2N5265 
1285A 2N3821 2N2609 2N2609 2N3329 2N3329 
1286A 2N4220 2N2609JANTX 2N2609JANTX 2N3330 2N3330 

- -- -

130U 2N3687 2N2639 ITl20 2N3331 2N3331 
1325A 2N4222 2N2640 ITl22 2N3332 2N3330 
135U 2N4339 2N2641 ITl22 2N3347 ITI37 . 
14T 2N4224 2N2642 ITl20 2N3348 ITl38 
155U 2N4416 2N2643 ITl22 2N3349 lTl39 

1714A 2N4340 2N2644 lTl22 2N3350 ITl37 
182S 2N4391 2N2652 lTl20 2N3351 ITl38 
183S 2N3823 2N2652A ITl20 2N3352 lTl39 
1975 2N4338 2N2720 ITl20 2N3365 2N4340 
1985 2N4340 2N2721 lTl22 2N3366 2N4338 

1995 2N4341 2N2722 ITl20 2N3367 2N4338 
2000M 2N3823 2N2841 2N2607 2N3368 2N4341 
2001M 2N3823 2N2842 2N2607 2N3369 2N4339 
200S 2N4392 2N2843 2N2607 2N3370 2N4338 
200U 2N3824 2N2844 2N2607 2N3376 2N3329 

201S 2N4391 2N2903 lTl22 2N3378 2N3330 
202S 2N4392 2N2903A lTl20 2N3380 2N3331 
203S 2N3821 2N2913 ITl22 2N3382 2N3994 
204S 2N3821 2N2914 ITl20 2N3384 2N3992 
2078A 2N3955 2N2915 ITl20 2N3386 2N3386 

2079A 2N3955 2N2915A lTl20 2N3425 lTl22 
2080A 2N3955A 2N2916 lTl20 2N3436 2N4341 
2081A 2N3955A 2N2916A ITl20 2N3437 2N4340 
2093M 2N3687 2N2917 ITl22 2N3438 2N4338 
2094M 2N3686 2N2918 lTl22 2N3452 2N4220 

2095M 2N3686 2N2919 lTl20 2N3453 2N4338 
2098A 2N3954 2N2919A lTl20 2N3454 2N4338 
2099A 2N3955A 2N2920 2N2920 2N3455 2N4340 
210U 2N4416 2N2920A 2N2920A 2N3456 2N4338 
2130U 2N5452 2N2936 lTl20 2N3457 2N4338 \ 

2132U 2N3955 2N2937 lTl20 2N3458 2N4341 
2134U 2N3956 2N2972 lTl22 2N3459 2N4339 
2136U 2N3957 2N2973 lTl22 2N3460 2N4338 
2138U 2N3958 2N2974 lTl20 2N3574 2N5265 
2139U 2N3958 2N2975 lTl20 2N3575 2N5265 

2147U 2N3958 2N2976 ITl20 2N3578 2N2608 
2148U 2N3958, 2N2977 ITl20 2N3608 3NI72 
2149U 2N3958 2N2978 ITl20 2N3680 ITl20 
231S 2N3954 2N2979 ITl20 2N3684 2N3684 
232S - 2N3955 2N3043 ITl21 2N3684A 2N3684 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

2N3685 2N3685 2N4018 IT139 2N4856JANTX 2N4856JANTX 
2N3685A 2N3685 2N4019 IT139 2N4857 2N4857 
2N3686 2N3686 2N4020 IT139 2N4857A 2N4857A 

-2N3686A 2N3686 2N4021 IT139 2N4857JANTX 2N4857JANTX 
2N3687 ' 2N3687 2N4022 IT139 2N4858 2N4858 

2N3687A 2N3687 2N4023 IT137 2N4858A 2N4858A ) 
2N3726 IT131 2N4024 IT137 2N4858JANTX 2N4858JANTX 
2N3727 IT130 2N4025 IT137 2N4859 2N4860 
2N3800 IT132 2N4026 3N163 2N4859A 2N4860 
2N3801 IT132 2N4066 3N166 2N4859JANTX 2N4860JANTX 

2N3802 IT132 2N4067 3N166 2N4860 2N4857 
2N3803 IT132 2N4082 SU2366 2N4860A 2N4857A 
2N3804 IT130 2N4083 SU2368 2N4860JANTX 2N4857JANTX 
2N3804A IT130A 2N4084 2N3954 2N4861 2N4858 
2N3805 IT130 2N4085 2N3955 2N4861A 2N4858A 

2N3805A I T130A 2N4091 2N4091 2N4861JANTX 2N4858JANTX 
2N3806 2N3806 2N4091A 2N4091 2N4867 2N4867 
2N3807 2N3807 2N409IJANTX 2N4091JANTX 2N4867A 2N4867A 
2N3808 2N3808 2N4092 2N4092 2N4868 2N4868 
2N3809 2N3809 2N4092A 2N4092 2N4868A 2N4868A 

2N3810 2N3810 2N4092JANTX 2N4092JANTX 2N4869 2N4869 
2N3810A 2N3810A 2N4093 2N4093 2N4869A 2N4869A 
2N3811 2N3811 2N4093A 2N4093 2N4878 2N4878 
2N3811A 2N3811A 2N4093JANTX 2N4093JANTX 2N4879 2N4879 
2N3812 IT132 2N4100 2N4100 2N4880 2N4880 

2N3814 IT132 2N4117 2N4117 2N4937 IT131 
2N3815 IT132 2N4117A 2N4117A· 2N4938 I TI32 
2N3816 IT130 2N4118 2N4118 2N4939 IT132 
2N3816A IT130A 2N4118A 2N4118A 2N4940 IT132 
2N3817 IT130 2N4119 2N4119 2N4941 IT131 

-
2N3817A IT130A 2N4119A 2N4119A 2N4942 IT132 
2N3819 2N5484 2N4120 3N163 2N4955 IT122 
2N3820 2N2608 2N4139 2N3822 2N4956 IT122 
2N3821 2N3821 2N4220 2N4220 . 2N4977 2N5433 
2N3821JANTX 2N3821JANTX 2N4220A 2N4220A 2N4978 2N5433 

2N3822 2N3822 2N4221 2N4221 2N4979 2N4859 
2N3823 . 2N3823 2N4221A 2N4221A 2N5018 2N5114 
2N3823JANTX 2N3823JANTX 2N4222 2N4222 2N5019 2N5115 
2N3824 2N3824 2N4222A 2N4222A 2N5020 2N2843 
2N3838 IT122 2N4223 2N4223 2N5021 2N2607 

2N3907 IT120 2N4224 2N4224 2N5033 2N5460 
2N3908 IT120 2N4267 3N163 2N5045 2N5453 
2N3909 2N3331 2N4268 3N160 2N5046 2N5454 
2N3909A 2N3331 2N4302 2N5457 2N5047 2N5454 
2N3913 IT132 2N4303 2N5459 2N5078 2N5397 

2N3921 2N3921 2N4304 2N5458 2N5103 2N4416 
2N3922 2N3922 2N4338 2N4338 2N5104 2N4416 
2N3954 2N3954 2N4339 2N4339 2N51.05 2N4416 
2N3954A 2N3954A 2N4340 2N4340 2N5114 2N5114 
2N3955 2N3955 2N4341 2N4341 2NS114JANTX 2N5114JANTX 

2N3.955A 2N3955A 2N4342 2N5461 2N5115 2N5115 
2N3956 2N3956 2N4343 2N5462 2N5115JANTX 2N5115JANTX 
2N3957 2N3957 2N4351 2N4351 2N5116 .2N5116 
2N3958 2N3958 2N4352 3N163 2N5116 J ANTX 2N5116JANTX 
2N3965A 2N3685 2N4353 3Nl72 2N5117 2N5117 

2N3966 2N4416 2N4360 2N5460 2N5118 2N5118 
2N3967 2N4221 2N4381 2N2609 2N5119 2N5119 
2N3968 2N3685 2N4382 2N5115 2N5158 2N5434 
2N3969 2N3686 2N4391 2N4391 2N5159 2N5433 
2N3969A 2N3686 2N4392 2N4392 2N5163 2N3822 

2N3970 2N3970 2N4393 2N4393 2N5196 2N5196 
2N5197 2N3971 2N3971 2N4416 2N4416 2N5197 2N5198 2N3972 2N3972 2N4416A 2N4416A 2N5198 2N5199 

2N3993 2N3993 2N4417 2N4416 2N5199 2N4416 
2N3993A 2N3993 2N4445 2N5432 2N5245 

2N3994 2N3994 2N4446 2N5434 ·2N5246 2N5484 
2N3994A 2N3994 2N4447 2N5432 2N5247 2N5486 
2N4015 IT139 2N4448 2N5434 2N5248 2N5486 
2N4016 IT137 2N4856 2N4856 2N5254 IT132 
2N4017 IT139 2N4856A 2N4856A 2N5255 IT132 
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DISCRETE ALTERNATE SOURCE INDEX 

/ 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL, INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

2N5256 ITl30 2N5561. 2N556'1 3N147 3N189 
2N5257 2N5457 2N5562 2N5562 3N148 3N189 
2N5258 2N5485 2N5563 2N5563 3N149 3N160 
2N5258 2N5458 2N5564 2N5564 3NI50 3N163 
2N5259 2N5459 2N5565 2N5565 , 3N151 ,3N190 

2N5265 2N5265 2N5566 2N5566 3NI55 .. 
~~t~~ 2N5266 2N5266 2N5592 2N3822 3N155A 

2N5267 2N5267 2N5593 2N3822 3N156 3N163 
2N5268 2N5268 2N5594 2N3822 ' 3N156A 3N163 
2N5269 2Ns269 2N5638 2N5638 3N157 3N163 , 
2N5270 2N5270 2N5639 2N5639 3N157A 3N163 
2N5277 2N4341 2N5640 2N5640 3N158 3N163 
2N5278 2N4341 2N5647 2N4117A 3N158A ' 3N163 
2N5358' 2N5358 2N5648 2N4117A 3N160 3N160 
2N5359 2N5359 2N5649 2N4117A 3N161 3N161 

2N5360 . 2N5360 2N5653. 2N5638 3N163 3N163 
2N5361 '2N5361 2N5654 2N5639 3N164 3N164 
2N5362 2N5362 2N5668 2N5484 3N165 . 3N165 
2N5363 2N5363 2N5669 2N5485 ' 3N166 3N166 
2N5364 2N5364 .2N5670 2N5486 3N16.7 3N161 
2N5391 2N4867A 2N5793 ITl29 3N168 . 3N161 2N5392 2N4868A 2N5794 ITl29 3N169 3N169 2N5393 2N4869A 2N5795 I n39 3N170 3N170 2N5394 2N4869A 2N5796 ITl39 3N171 3N171 2N5395 2N4869A 2N5797 2N2608 3NI72 3N172 

2N5396 2N4869A 2N5798 2N2608 3N173., 3N173 
2N5397 . 2N5397 2N5799 2N2608 3N174 3N163 
2N5398 2N5398 2N5800 2N2608 3N175 3N169 
2N5432 2N5432 2N5801 2N4393 3N176 3N170 
2N5433 2N5433 2N5802 2N4393 3NI77 3NI71 

2N5434 2N5434 2N5803 2N4392 3N178 3Nl~2 
2N5452 2N5452 2N5902 2N5902 3N179 3N172 
2N5453 2N5453 2N5903 2N5903 3N180 3N172 '. 

. 2N5454 2N5454 . 2N5904 2N5904 3N181 3N161 
2N5457 2N5457 . 2N5905 2N5905 ·3N182 3N161 

2N5458 2N5458 2N5906 2N5906 3N183 3N161 
2N5459 2N5459 2N5907 2N5907 3N188 , 

3N188 
2N5460 2N5460 2N5908 2N5908 3N189 ,3N189 
2N5461 2N5461 2N5909 2N5909 3N190 3N190 
2N5462 2N5462 2N5911 2N5911 3N191 3N191 -
2N5463 2N5463 2N5912 2N5912 '42T 2N4392 
2N5464 2N5464 2N5949 2N5486 588U 2N4416 
2N5465 • 2N5465 2N5950 2N5486 58T . 2N5457 
2N5471 2N5265 2N5951 2N5486 59T .2N4416 
2N5472 2N5265 2N5952 .2N5484 703U 2N4220 

2N5473 2N5265 2N5953 . 2N5484 704U 2N4220 
2N5474 2N5265 2N6441 2N6441 

705U 2N4224 
2N5475 2N5265 2N6442 2N6442 707U 2N4860 
2N5476 2N52~ 2N6443 2N6443 714U 2N3822 
2N5484 2N54 4 2N6444 2N6444 

734EU 2N4416 
-

2N5485 2N5485 2N6445 734U 2N5516 
2N5486 2N6445 751U 2N43.40 2N5486 
2N5515 2N6446 2N6446 752U 2N4340 2N5515 2N6447 2N6447. 2N4341 2N5516 2N5516 2N6448 2N644S 753U 

2N5517 2N5517 2N6451 U311 754U 2N4340 

2N5518 2N5518 2N6452 U311 . 755U . 2N4341 
2N5519 2N5519 2N6453 U311, 756U 2N4340 

2N5520 A192 2N4416 2N5520 
2N5521 2N6454 U311 A5T3821 2N5484 2N5521 2N6483 2N6483 

2N5522 2N5522 2N6484 2N6484 .. A5T3822 2N5484 

2N5523 2N5523 2N6485 2N6485 ' A5T3823 2N4416 
'A5T3824 2N4341 2N5524 2N5524 2N6568 2N54321 .2N3954 2N5545 2N3954 2N6656 2N6657 AD3954. 

2N3954A 2N5546 2N3955A 2N6657 2N6657 AD3954A 
2N5547 2N3955 2N6658 2N6658 AD3955 2N3955 

2N5549 2N5492 2N6659 2N6660 AD3956 2N3956 
~N5555' 2N.5555 2N6660 2N6660 AD3958 2N3958 
2N5556 2N3685 2N6661 2N666.1 AD5905 2N590S· 
2N5557 2N3684 3N145 3N163 AD5906 2N5906 
2N.5558 2N3684 3N146 3N163 AD5907 2N5907 
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DISCRETE ALTERNATE SOURCE INDEX 

I 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL' 
STANDARD ' EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

AD5908 2N5908 BFWll 2N3822 DN3066A 2N3821 
AD5909 2N5909 BFW54 2N3822 DN3067A 2N4338 
AD810 2N4878' BFW55 2N3822 ON3068A 2N4338 
AD8ll 2N4878 BFW56 I 2N4860 DN3069A 2N3822 

2N4878 BFW61 I. 2N4224 DN3070A 2N3821 AD812 

AD813 2N4878 BSV22 2N4416 DN3071A 2N4338 
ITl24 BSV78 2N48S6A DN3365A 2N4220 AD814 ITl24 BSV79 2N4857A DN3365B 2N4091 AD81S ITl20A 8SV80 2N4858A DN3366A 2N3686 AD816 ITl32 C413N 2N5434 DN3366B 2N4091 AD820 

AD821 ITl30A C6690 ' 2N4341 DN3367A 2N3687 
AD822 ITl30A C6691 2N4341 DN3367B 2N4091 

2N5520 C6'692 2N4339 DN3368A 2N4341 AD830 2N5521 C673 2N4341 DN3368B 2N4221 AD831 2N5522 C674 2N4341 DN3369A 21114339 AD832 

AD833 2N5523 C680 2N4338 DN3369B 2N4220 
AD833A 2N5524 C680A 2N4338 DN3370A 2N4338 
AD835 SU2365 C681 2N4338 DN3370B 2N4338 
AD836 SU2366 C681A 2N4338 DN3436A 2N4341 
AD837 SU2367 C682 2N4339 DN3436B 2N4222 

AD838 SU2368 C682A 2N4339 DN3437A 2N4340 
AD839 SU2369 C683 ' 2N4339 DN3437B 2N4220 
AD840 2N5520 C683A 2N4339, DN3438A 2N4338 
AD841 2N5521 C684 2N4220 DN3438B 2N4339 
All842 2N5523 C684A 2N4220 DN3458A .2N4341 

BC264 2N5458 C685 2N4220 DN3458B 2N4222 
BC264A 2N5457 C685A 2N4220 DN3459A 2N4339 
BC264B 2N5458 CM600 2N4092' DN3459B 2N4220 
BC264C . 2N5458 CM601 2N4091. DN3460A 2N4338 
8C264D 2N4416 CM602 2N4091 DN3460B. 2N4220 

BD522 VN88AF CM603 2N4091 DU4339 2N5397 
BF244 2N5486 CM640 2N4093 DU4340 2N5398 
BF244A· 2N5484 Ct<l641 2N4093 E100 2N5458' 
BF244B 2N5485 CM642 2N4093 .. El01 2N4338' 
8F244C 2N5486 CM643 2N4092 El02 2N5457 

BF245A 2N4416 CM644 2N4092 El03 2N5459 . 
BF245B 2N4416 CM645 ' , 2N4092 El06 2N5433 
BF245C 2N4416 CM646 2N4092 E107 2N5433 
BF246 2N5639 CM647 2N4091 E108 2N5433 " 

BF246A 2N5639 CM650 2N5432 E109 2N5433 

BF246B 2N5638 CM651 2N5433 EllO 2N5434 
BF246C 2N5638 CM652 2N5432 Ell1. lTE4391 
8F247 2N4091 CM653 2N5433 Ell1A lTE4091 
BF247A 2N4091 CM697 2N5433 E1l2 lTE4392 
8F247B 2N4091 CM800 2N5433 . E1l2A lTE4092 

BF247C 2N4091 CMX740 2N5432 E1l3 lTE4393· 
BF256A 2N5484 CP640 2N4091 E1l3A lTE4093 
BF256B 2N4416 CP643 2N5434 E1l4 2N5555 
BF256C 2N4416' .cP650 2N5432 E174 2N5l-14 
8F320 2N5461 CP651 2N5433 E175 2N5115 

BF348 2N5555 CP652 2N5433 ' E176 2N5ll6 
8FR45 2N4416 CP653 2N5433 E201 2N4338 
BFS21 2N5199 D1101 2N3821 E202 2N4340 
BFS21A 2N5199 D1102 2N3821 E203 2N4341 
BFS67 2N3821 Dll03 2N4338 E204 2N4339 

BFS67P 2N5459 Dll77 2N3821 E210 2N539Z 
BFS68 2N3823 D1178 2N3821 E211 2N5397 
BFS68P 2N4416 Dl179 2N4338 . E212 2N5397 
BFS70 2N3821 D1180 2N3822 E230 2N4340 .. 

BFS71 2N3822 D1181 2N4338 E231 2N4341 

BFS72 2N3823 D1182 2N4338 E232 2N4341 
BFS73 2N3821 D1183 2N4341 E270 2N5116 
BFS74 2N4856 D1184 2N4340 E271 2N5116 
BFS75 2N4857· D1185 2N4339 E'300 2N5397 
BFS76 2N4858 D1201 2N4224 E304 2N5486 
BFS77 2N4859 D1202 2N3821 E305 2N5484 . 
BFS78 2N4860 D1203 2N5358 E308 U308/TO-92 
BFS79 2N4861 D1301 .2N4222 E309 U309/TO-92 
BFS80 2N4416A D1302 2N4220 . E310 U310/TO-92 BFW10 2N3823 D1303 2N4220 £311 U31l/TO-92 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT ··STANDARD EQUIVALENT STANDARD. EQUIVALENT 

E312 2N5397 FMI210 2N3955A !T501P I T50lP . 
E400 2N3955 FMI211 2N3958 !T502 IT502 
E401 2N3955 FM3954 2N3954 IT502P IT502P 
E402 2N3957 FM3954A 2N3954A IT503 !T503 
E410 2N3955 FM3955 2N3955 IT503P IT503P 

E411 2N3958 FM3955A 2N3955A IT5911 !T5911 
E412 2N3958 FM3956 2N3956 !T5912 IT5912 
E413 2N5454 FM3957 2N3957 ITC2972 !T122 
E414 2N3956 FM3958 2N3958 ITC2973 ITl22 
E415 2N3957 FT0654A 2N5486 ITC2974 ITl20 

E420 IT5911 FT0654B 2N5486 ITC2975 ITl20 
E421 IT5912 FT0654C 2N4221 ITC2976 ITl20 
E430 2N5566 FT0654D 2N4221 I TC2977 I Tl20 
E431 2N5566 FVN2 VN67AB ITC2978 ITl20 FE0654A 2N4386 GET5457 2N5457 ITC2979 iTl20 

FE0654B 2N5485 GET5458 2N5458 ITC3347 ITl37 
FEIOO 2N3821 GET5459 2N5459 ITC3348 !T138 
FEIOOA 2N3821 HDIGI030 3NI63 ITC3349 ITl39 
FEI02 2N4119 IDIOO IDIOO ITC3350 !T137 
FEI02A· 2N4119 IDIOI IDIOI ITC3351 ITl38 

FEI04 2N4118 . IMF3954 2N3954 !TC3352 ITl39 
FEI04A 2N4ll8 IMF3954A 2N3954A ITC3800 ITl32 
FE200 2N3821 IMF3955 2N3955 ITC3802 ITl32 
FE202 2N3821 IMF3955A 2N3955A ITC3804 I Tl30 
FE204 2N3821 IMF3956 2N3956 ITC3806 ITI32 

FE300 2N3822 IMF3957 2N3957 ITC3807 ITl32 
FE302 2N3821 IMF3958 • 2N3958 ITC3808 ITl32 
FE304 2N3821 IMF5564 IMF5564 ITC3809 ITl32 
FE5245 . 2N4416 IMF5565 IMF5565 ITC3810 ITI30 
FE5246 2N5484 IMF5566 IMF5566 ITC38ll ITl30 

FE5247 2N5486 IMF59ll IMF5911 !TC4017 ITI39 
FE5457 2N5457 IMF5912 IMF5912 ITC4018 ITl39 
FE5458 2N5458 IMF6485 IMF6485 ITC4019 ITl39 
FE5459 2N5459 !TlOO ITIOO ITC4020 ITl39. 
FE5484 2N5484 ITiOI ITiOI ITC4021 ITl39 

FE5485 2N5485 ITI08 ITI08 ITC4022 ITl39 
FE5486 2N5486 !TI09 ITl09 ITC4023 ITI37 
FMIIOO 2N3954A ITIIO IrIlO ITC4024 ITl37 
FMIIOOA 2N5906 !Till I Till ITC4025 ITl37 
FMIIOIA 2N5906 ITl20 ITl20 I TE2453 ITl20 

FMII02 2N3954 ITl20A 1T120A ITE2639 ITl20 
FMll02A 2N5906 I Tl21 IT 121 ITE2640 ITl22 
FMII03 2N3955 !T122 1T122 I TE2641 ITl22 
FMII03A 2N5908 ITl24 ITl24 ITE2642 ITl20 
FMII04 2N3957 I Tl24A IT!'24A ITE2643 ITl22 

FMll04A 2N5909 I Tl24B ITl24B ITE2644 ITl22 
FMII05 2N3954A ITl25 ITl25 I TE2720 ITl20 
FMII05A IT500 ITl26 ITl26 I TE2721 !T122 
FMII06 2N3954A !T127 ITI27 I TE2722 ITl20 
FMll06A IT500 ITl28 ITl28 ITE2903 ; ITl22 

FMII07 2N3954 ITl29 ITl29 I TE2913 . ITl22 
FMll07A IT500 ITl30 ITl30 ITE2914' ITl22 
FMll08 2N3955 ITl30A ITl30A ITE2915 ITl20 
FMll08A IT502 ITI31 I Tl31 I TE2916 ITl20 
FMll09 2N3957 ITl32 ITl32 ITE2917 ITl22 

FMll09A 1T503 ITl36 ITl36 ITE2918 ITI22 
FMlllO 2N3955 !T137 ITl37 ITE2919 ITl20 
FMlllOA 2N5908 ITl38 ITl38 ITE2920. ITl20 
FMlll1 2N3957 ITl39 ITl39 I TE2936 ITl20 
FMllllA 2N5909 ITI 700 ITl700 I TE2937 ITl20 

FMI200 2N3954 ITl701 3NI72 ITE2972 ITl22 
FMI201 2N3954 I Tl702 3NI63 ITE2973 ITl22 
FMI202 2N3954 !T 1750 I Tl750 ITE2974 ITl20 
FMI203 2N3955A IT2700 3NI65 I TE2975 ITl20 
FMI204 2N3955 IT2710 3NI65 I TE2976 ITl20 

FMI205 2N3954 !T400 2N4392 ITE2977 ITl20 
FMI206 2N3954 IT404 1T404 ITE2978 ITl20 
FMI207 2N3954 1T500 IT500 ITE2979 ITl20 
FMI208 2N3955A 1T-500P IT500P ITE3066 2N3685 
FMI209 2N3955 1T501 IT501 ITE3067 2N3686' 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

I TE306B T~i~~? IVNS20lKND IVNS20lKND J3l6 U309 
ITE3347 IVNS20lKNE IVN520lKNE J3l7 U3l0 
I TE334B ITl38 IVNS20lKNF IVNS20lKNF J40l IT50lP 
I TE3349 ITl39 IVN5201 TND IVN520lTND J402 ITS02P 
I TE33S0 ITl37 IVN520lTNE IVNS20lTNE J403 ITS03P 

I 
ITE33Sl ITl38 IVNS20lTNF I VN520lTNF J404 ITS03P 
ITE3680 ITl20 JlOO 2N545B ' J40S ITS03P 
ITE3800 ITl32 JlOl 2N433B J406 ITS03P 
I TE3802 ITl32 JlO2 2NS4S7 J4l0 ITS02P 
ITE3804 ITl30 JlO3 2NS459 J4ll ITS03P 

ITE3B06 ITl32 JlOS 2NS433 J4l2 ITS03P 
I TE3807, ITl32 JlO5-l8 2NS433 J420 I TS911 
ITE3808 ITl32 Jl06 2NS433 J42l ITS9l2 
ITE3B09 ITl32 JlO6-l8 2NS433 , ,J430 2N5S66 

.!TE3810 ITl30 JlO7 2NS433 J43l 2NSS66 

I TE3811 ITl30 JlO7-l8 2NS433 K114-l8 2N5SSS ITE3907 ITl20 JlO8 2NS433 K2l0-l8 2NS397 I TE3908 ITl20 Jl08-18 2NS433 K211-l8 2N5397 lTE40l7 ITl39 JI09 2NS433 K212-18 2NS397 I TE4018 ITl39 JI09-18 2N5433 K300-IB 2NS397 
ITE40l9 ITl39 JlIO 2NS433 K304-18 2NS486 ITE4020 ITl39 Jl10-18 2NS433 K30S-18 2NS484 I TE4021 ITl39 Jill Jill K30B-lS U308/TO-92 ITE4022 ITl39 Jlll-18 JIll K309-lS U309/TO-92 ITE4023 ITl37 JlllA JIll K310-lS U3l0ITO-92 

ITE4024 ITl37 JlllA-lS Jill KE3684 2N36S4 
I TE402S ITl37 JlI2 Jl12 KE368S 2N368S' 
lTE409l ITE409l Jl12-lS J 112 KE3686 2N3686 
lTE4092 I TE4092 JlI2A Jl12 KE3687 2N3687 
ITE4093 ITE4093 Jl12A-18 Jl12 KE3823 2N3823 

ITE4117 2N41l7 Jl13 J 113 KE3970 2N439l 
lTE41l8 2N4118 Jl13-l8 JlI3 KE3971 2N4392 
I,TE4119 2N41l9 Jl13A Jll3 KE3972 ' 2N4393 
I TE4338 2N433B J113A-18 J1l3 KE4091 ITE4091 
ITE4339 2N4339 Jl14 2NSSS5 KE4092 I TE4092 

ITE4340 2N4340 Jl401 ITSOlP KE4093 ITE4093 
ITE4341 2N434l Jl402 ITS02P KE4220 2NS457 
lTE4391, I TE4391 J1403 ITS03P KE4221 2NS4S9 
I TE4392 I TE4392 J 1404 IT503P KE4222 2NS459 
I TE4393 ITE4393 Jl405 ITS03P KE4223 2N4223 

lTE4416 ITE4416 JI406 ITS03P KE4391 I TE4391 
I TE4867 2N4867 Jl74 J174 KE4392 I TE4392 
ITE4868 2N486S Jl74-l8 Jl74 KE4393 lTE4393 
ITE4869 2N4869 Jl75 J 17S KE4416 ITE44l6 
IVN5000AND IVNSOOOAND Jl7S.18 Jl75 KE4856 2N439l 

IVNSOOOANE IVNSOOOANE JI76 Jl76 KE48S7 2N4392 
IVNSOOOANF IVN5000ANF Jl76-IB Jl76 KE4859 2N439l 
IVN5000SND IVN5000SND Jl77 Jl77 KE4860 2N4392 
IVNSOOOSNE IVNSOOOSNE Jl77-l8 Jl77 KE4861 2N4393 
IVNSOOOSNF IVN5000SNF J20l 2N4338 KE5l03 2N422l 

IVNSOOlAND IVNSOOlAND J20l-l8 2N433B KE5l04 '2N44l6 
IVNSOOlANE IVN500lANE J202 2N4340 KE5l0S 2N44l6 
IVNSOOlANF IVN500lANF J202-1B 2N4340 KHS196 2NS196 
IVN500lSND IVN500lSND J203 2N434l KH5l97 2N5l97 
IVN500lSNE IVN500lSNE J203-lB 2N434l KH5l98 2NS19B 

IVNSOOlSNF IVN500lSNF J204 2N4339 KH5l99 2NS199 
IVN5200HND IVN5200HND J204-lB 2N4339 LDF603 2N422l 
IVN5200HNE IVNS200HNE J2l0 2N5397 LDF604 2N422l 
IVN5200HNF IVN5200HNF J211 2N5397 LDF60S 2N422l 
IVN5200KND IVN5200KND J2l2 2NS397 LMl14 LM114 

IVNS200KNE IVNS200KNE J270 J270 LM114A LMl14A 
IVN5200KNF IVN5200KNF J270-l8 J270 LMll4AH LMl14AH 
IVN5200TND IVN5200TND J27l J271 LM1l4H LM114H 
IVN5200TNE IVN5200TNE J27l-lB J271 LMllS LMllS 
IVNS20lCND IVN520lCND J304 2NS486 LMllSA LMl15A 

IVNS20lCNE IVN520lCNE J30S 2NS484 LMllSAH LMllSAH 
IVN520lCNF IVN520lCNF J308 J30B LMll5H LM115H 
IVNS20lHND IVN520lHND J309 J309 LM194 LM194 
IVNS20lHNE IVN520lHNE J3l0 J3l0 LM394 LM394 
IVN520lHNF IVN520lHNF J3l5 2NS397 Ml00 .. 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

Ml0l .. MEM517 3N172 MP350 ITl32 
Ml03 3N161 MEM517A 3N172 MP35~ IT130 
Ml04 3N161 MEM517B 3NI72 MP352 IT130 
Ml06 3N166 MEM517C 3N172 MP35B ITl30A 
Ml07 3N189 MEM520 3N160 MP3954 2N3954 

Ml08 3N191 MEM520C 3N164 MP3954A 2N3954A 
MIl3 3N161 MEM550 3N189 . MP3955 2N3955 
M114 3N161 MEM550C 3N189 MP3956 2N3956 
MIl6 MIl6 MEM550F 3N189 MP3958 2N3958 
MIl7 2N4351 MEM551 3N190 MP5905 2N5905 

MIl9 3N161 MEM551C 3N189 MP5906 2N5906 
M163 3N163 MEM556 3N172 MP5907 2N5907 
M164 3N164 MEM556C 3N172 MP5908 2N5908 .. 
M51l 3NI72 MEM560C 3N161 MP5909 2N5909 
M51lA 3NI72 MEM561 3N163 MP5911 2N591l 

M517 3N163 MEM561C 3N163 MP5912 2N5912 
M02974 ITl20 MEM562 2N4351 MP804 2N5520 
M02975 ITl20 MEM562C 2N4351 MP830 2N5520 
MI;>2978 ITl20 MEM563 2N4351 MP831 2N5521 
M02979 ITl20 MEM563C 2N4351 MP832 2N5522 

M03008 1T120 MEM560 3N161 MP833 2N5523 
M08001 ITl20 MEM806 3N163 MP835 SU2365 
M08002 ITl20 MEM806A 3N163 MP836 SU2366 
MEF103 2N5457 MEM807 3NI72 MP837 SU2367 
MEF104 2N5459 MEM807A 3N172 MP838 SU2368 

MEF3069 2N4341 MEM814 3N161 MP839 SU2369 
MEF3070 2N4339 MEM816 3NI72 MP841 2N5521 
MEF3458 2N4341 MFE2000 2N4416 MP842 2N5523 
MEF34.59 2N4339 MFE2001 2N4416 MPF102 2N5486 
MEF3460 2N4338 MFE2004 2N4093 MPF103 2N5457 

MEF3684 2N3684 MFE2005 2N4092 MPF104 2N5458 
MEF3685 2N3685 . MFE2006 2N4091 MPF105 2N5459 
MEF3686 2N3686 MFE2007 2N4860 MPF106 2N5485 
MEF3687 2N3687 MFE2008 2N4859 MPF107 2N5486 
~EF3821 2N3821 MFE2009 2N4859 MPFl08 2N5486 

MEF3822 2N3822 MFE2010 2N4859 MPF109 2N5484 
MEF3823 2N3823 MFE2011 2N5433 MPFlIl 2N5458 
MEF3954 2N3954 MFE2093 2N4338 ' MPFl12 2N5458 
MEF3955 2N3955 MFE2094 2N4339 MPF161 2N5398 
MEF3956 2N3956 MFE2095 2N4340 ' MPF4391 ITE4391 

MEF3957 2N3957' MFE2912 ~~~~~3 MPF4392 ITE4392 
MEF3958 2N3958 MFE3002 MPF4393 ITE4393 
MEF3959 2N3959 MFE3003 3N164 MPF820 U310lTO-92 
MEF4223 2N4223 MFE3020 3N166 MPF970 2N51l4 
MEF4224 2N4224 MFE3021 3N166 MPF971 2N5115 

MEF4391 ITE4391 MFE4007 2N3686 MTF103 2N5457 
MEF4392 I TE4392 MFE4008 2N3686 MTF104 2N5459 
MEF4393 I TE4393 MFE4009 2N3685 NOF9401 IT500 
MEF4416 ITE4416 MFE4010 2N3330 NOF9402 IT501 
MEF4856 2N4856 MFE4011 2N3330 NOF9403 IT502 

MEF4857 2N4857 MFE4012 2N3331 NOF9404 IT503 
MEF4858 2N4858 MFE590 S0306 NOF9405 IT503 
MEF4859 2N4859 MFE591 S0300 I'lOF9406 IT500 
MEF4860 2N4860 MFE823 MFE823 NOF9407 IT501 
MEF4861 ,2N4861 '. MFE824 MFE824 NOF9408 IT502 

MEF5103 ITE4416 MK10 2N4416 NOF9409 IT503 
MEF5104 I TE4416 MMF1 2N5197 NOF9410 IT503 
MEF5105 I TE4416 MMF2 2N3921 NF4302 2N5457 
MEF5245 I TE4416 MMF3 2N5198 NF4303 2N5459 . 
MEF5246 2N5484 MMF4 2N3922 NF4304 2N5458 

MEF5247 2N5486 MMF5 2N5199 NF-4445 2N5432 
MEF5248 2N5486 MMF6 . 2N3955A NF4446 2N5433 
MEF5284 " 2N5484 MMT3823 2N3823 NF4447 2N5433 
MEF5285 ' 2N5485 MP301 I Tl24B NF4448 2N5433 
MEF5286 2N5486 ' MP302 ITl25 NF500 2N4224 

MEF5561 2N55.61 . MP303 ITl24B NF501 2N4224 
MEF5562 2N5562 MP310 2N4045 NF506 2N4416 
MEF5563 2N5563 MP31l 2N4045 ' NF510 NF510 
MEM511 3N172 MP312 2N4044 , NF5101 2N4867 
MEM51lC 3N172 MP31B ITl20A NF5102 2N4867 
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DISCRETE ALTERNATE SOURCE INDEX 

NEAREST NEAREST NEAREST 
INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

NF5103 2N4867 S0306 S0306 TlS73 2N4391 
NF511 ' 2N4860 SOFI001 2N5432 TlS74 2N4392 
NF5163 2N4341 SOFI002' 2N5433 TlS75 2N4393 
NF520 2N3684 SOF1003 2N5434 TlS88 2N4416 
NF521 2N3685 SOF500 2N5520 TlS88A 2N4416 

NF522 2N3686 SOF501 2N5520 TlXS33 2N4392 
NF523 2N3865 SOF502 2N5520 TlXS41 2N4859 
NF530 2N4341 SOF503 2N5520 T1XS42 2N5639 
NF531 2N4339 SOF504 2N5520 TN4117 2N4117 
NF532 ~N4341 SOF505 2N5520 TN4117 2N4117 

NF533 2N4339 SOF506 2N5520 TN4117A 2N4117A 
NF5457 2N5457 SOF507 2N5520 TN4117A 2N4117A 
NF5458 2N5458 SOF508 2N5520 TN4118 ' 2N4118 
NF5459 2N5459 SOF509 2N5520 TN4118 2N4118 
NF5484 2N5484 SOF510 2N3954 TN4118A 2N4118A 

NF5485 2N5485 SOF512 2N3954 TN4118A 2N4118A 
NF5486 2N5486 SOF513 2N3954 TN4119 2N4119 
NF5638 2N5638 SOF514 2N3954 TN4119 , 2N4119 
NF5639 2N5638 SU2078 2N3955 TN4119A 2N4119A 
NF5640 2N5640, SU2079 2N3955 TN4119A 2N4119A 

NF5653 2,N4860 SU2098 2N5197 TN4338 2N4338 
NF5654 2N4861 SL'2098A 2N5197 TN4339 2N4339 
NF580 2N5432 SU2098B 2N5196 TN4340 2N4340 
NF581 2N5432 SU2099 2N5197 ' TN4341 2N4341 
NF582 2N5433 SU2099A 2N5197 TP5114 2N5114 

NF583 2N5434 SU2365 SU2365 +~~m 2N5115 
NF584 2N5433 SU2365A SU2365A 2N5116 
NF585 ,2N4859 SU2366 SU2366 Ull0 2N2608 
NP05564 2N5564 5U2366A SU2366A U112 2N2608 
NP05565 2N5565 SU2367 SU2367 Ul177 2N4220 

NP05566 ' 2N5566 5U2367A 5U2367A U1178 2N3821 
NP08301 2N3954 SU2368 SU2368 U1179 2N3821 NP08302 2N3955 SU2368A 5U2368A U1180 , 2N4221 
NP08303 2N3956, 5U2369 SU2369 U1181 2N4220 
PI069E 2N2609 SU2369A 5U2369A Ul182 . 2N3821 

P1086E 2N5115 SU2410 2N5097 U1277 2N3684. 
P1087E 2N5516 SU2411 2N5908 U1218 2N3865 
P1i17E 2N5640 SU2412 2N5909 U1279 2N3686 
P1118E 2N5641 TD5432 2N5432 U1280 2N3684 
P1119E 2N5640 TD5433 2N5433' U1281 2N3822 

PF5101 2N4867 T05434 2N5434 U1282 2N4341 
PF5102 2N4867 TD5902 2N5902 U1283 2N4340 PF5103 2N4861 T05902A 2N5902 U1284 2N4341 
PN3684 2N3684 T05903 2N5903 U1285 2N4220 
PN3685 2N3685 TD5903A 2N5903 U1286 2N4341 

PN3686 2N3686 T05904 2N5904 U1287 2N4092 
PN3681 2N3681 T05904A 2N5904. U1321 2N4860 
PN4091 ITE4091 T05905 2N5905' U1322 2N3822 
PN4092 ITE4092 T05905A 2N5905 U1323 2N3822 
PN4093 lTE4093 T05906 2N5906 U1324 2N3681 

PN4220 ' 2N4220 T05906A 2N5906 U1325 2N3686 
PN4221 2N4221 T05901 2N5901 U133 2N2608 
PN4222 2N4222 T05907A 2N5901 U1420 2N3821 
PN4223 2N4223 T05908 2N5908 U1421 2N3822 PN4224 2N4224 T05908A 2N5908 U1422 . 2N3822 

PN4342 2N5461 img~A 2N5909 U146 . 2N2608 
PN4360 2N5460 2N5909 U141 2N2608 
PN4391 ITE4391 T05911 I T5911 U148 2N2608 
PN4392 ITE4392 T05911A IT5911 U149 2N2609 
PN4416 lTE4416' T05912 . 1T5912 U168 2N2609 

PN4856 2N4856 T05912A IT5912 Ul714 2N4340 
PN4851 ·2N4851 TI S14 , 2N4340 U182 2N4851 
PN4858 2N4858 TlS15 2N3954 U183 2N3824 
PN4859 2N4859 Tl526 2N3954 I U1831E' 2N5486 
PN4860 2N4860 TlS27 2N3955 U184 2N5018 

PN4861 2N4861 i:~~~ . 2N4859 U1891E U1897 
PN5033 2N5460 2N5484 U1898E ~m~ 50300 S0300 Tl559 2N5486 U1899E 
50301 50301 TlS69 2N3955A U191 2N4339 
50304 S0304 TlS70 2N3956 'U198 2N4340 
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I 
NEAREST NEAREST NEAREST 

INDUSTRY INTERSIL INDUSTRY INTERSIL INDUSTRY INTERSIL 
STANDARD EQUIVALENT STANDARD EQUIVALENT STANDARD EQUIVALENT 

U199 2N4341 U329 .. UC754 2N4340 
U1994E 2N4416 U330 .. UC755 2N4341 

, U200 U200 U331 .. UC756 2N4340 
U201 U201 U401 U401 UC805 2N3331 
U202 U202 U402 U402 UC807 2N5115 
U2047E 2N4416 U404 U403 " . UC814 2N3331 U221 . 2N4391 U404 UC851 2N2608 U222 2N4391 U405 U405 UC853 2N2608 U231 U231 U406 U406 UC854 2N2608 U232 U232 U421 U421 Ilrf.3:"" 2N2609 

U233 U233 , U422 U422 I VCR ION 2N4869 U234 U234 U423 U423 VCRIIN 2N3958 U235 U235 U424 U424 VCR12N 2N3958 U240 2N5432 U425 U425 VCR13N 2N3958 U241 2N5433 U426 U426 VCR20N 2N4341 

U242 2N:;432 U430 2N5566 VCR2N VCR2N U243 2N5433 U431 2N5566 VCR3P VCR2P U248 2N5902 UCI00 2N3684 VCR4N VCR4N U248A 2N5906 UCII0 2N3685 VCR5P VCR5P U249 2N4903 . UC115 2N4340 VCR6P VCR6P 

~~;gA 2N5907 UC120 2N3686 VCR7N . VCR7N 
2N5904 UC130 2N3687 VMPI .. 

U250A 2N5908 UC155 2N4416 VMPll .. 
U251 2N5905 UC1700 3N163 VMP12 .. 
U251A 2N5909 UC1764 3N163 VMP2 .. 
U254 2N4859 UC20 ~~~~~: VMP21 .. 
U255 2N4860 UC200 VMP22 .. 
U256 2N4861 UC201 2N3824 VMP4 .. 
U257 U257 UC21 2N3687 VN30AA VN30AA 
U257/TO-71 U257/TO-71 UC210 2N4416 VN30AB VN30AB 

U?73 2N4118A UC2130 2N5452 VN33AJ VN35AJ 
U_.73A 2N4118A UC2132 2N5453 VN33AK VN35AK 
U274 2N4119A UC2134 2N5454 VN35AA VN35AA 
U274A 2N4119A UC2136 2N5454 VN35AB VN35AB 
U275 2N4119A UC2138 2N5454 VN35AJ VN35AJ 

U275A 2N4119A ~~~m ~~m~ VN35AK VN35AK 
U280 2N5452 VN40AF VN40AF 
U281 2N5453 UC2148 2N3958 VN46AF VN46AF 
U282 2N5453 UC2149 2N3958 VN64GA .. 
U283 2N5453 UC220 2N3822 VN66AF VN66AF 

U284 2N5454 UC240 mm VN66AJ VN66AJ 
U285 2N5454 UC241 VN66AK VN66AK 
U290 2N5432 UC250 ' 2N4091 VN67AA VN67AA 
U291 2N5434 UC251 2N4392 VN67AB VN67AB 
U295 2N5432 UC2766 3N166 VN67AF VN67AF 

U296 2N5434 .', UC300 2N2608 VN67AJ VN67AJ 
U300 2N5114 VN67AK VN67AK 
U3000 2N4341 UC310 2N2607 VN86HF .. 
U3001 2N4339 

UC320 ' 2N2607 VN88AF VN88AF 
U3002 2N4338 UC330 2N2607 VN89AA VN89AA UC340 2N2607 
U301 2N5115 UC40 2N2608 VN89A8 VN89AB 
U3010 2N4341 UC400 2N3331 VN89AF VN89AF 
U3011 2N4340 UC401 2N5116 VN90AA VN90AA 
U3012 2N4338 UC41 2N2608 VN90AB VN90A8 
U304 U304 UC410 2N3330 VN98AJ VN98AJ , 
U305 U305 UC420 2N3329 VN98AK VN98AK 
U306 U306 UC450 2N5114 NN99AJ VN99AJ 
U308 U308 UC451 2N5116 VN99AK VN99AK 
U309 U309 UC588 2N4416 W245A lTE.4416 
U310 U310 UC703 2N4220 W245B ITE4416 

U311 U311 UC704 2N4220 W245C lTE4416 
U312 2N5397 UC705 2N4224 W300 2N5398 
U314 2N5555 UC707 2N4860 W300A 2N5397 
U315 2N5397 UC714 2N3822 W300B 2N5397 
U316 U309 UC714E 2N4341 W300C 2N5397 

U317 U310 UC734 2N4416 W300D 2N5398 U320 2N5433 . UC734E 2N4416 WK5457 2N5457 U321 2N5434 UC751 . 2N4340 WK5458 2N5458 U322 2N5433 UC752 2N4340 WK5459 2N5459 U328 .. UC753 2N4341 
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JFETSingle 2N5457-9 1-36 P-channel 

Switches 2N5484:6 1-37 3N160 1~73 

ITE4416 .1-38 3N161 1-74 
N-channel Page U308-11 1-39 3N163-4 1-75 
2N3970-2 1-8 J308-10 1-41 3N172-3 1-76 
2N4091-3; JTX 1-9 P-channel 

IT1700 1-77 
2N4391-3 1-10 
2N4856-61 1-11 2N2606-9, 2N2609JTX 1-43 Dual P-channel 

2N4856JTX-8JTX 1-11 2N3329-31 1-44 3N165-6 1-78 

2N5432-4 1-12 2N5265-70 1-45 3N188-91 1-79 

2N5555 1-13 2N5460-5 1-46 
Bipolar Dual 2N5638-40 1-14 U304-6 1-47 

ITE4091-3 1-15 
JFET Dual 

Amplifiers 
ITE4391-3 1-16 NPN J111-113 1-17 Amplifiers 2N2453; 2N2453A 1-80 
P-channel N-channel 2N4044-5; 2N41 00; 
2N3993-4 1-18 2N3921-2 1-48 2N4878-80 1-81 
2N5114-6; JTX 1-19 2N3954-8 1-49 ' IT120-2 1-8~ 
IT100-1 1-20 2N5196-9 1-50 IT124 1-83 
J174-177 1-21 2N5452-4 1-51 IT124A 1-84 
J270,271 1-22 2N5515-24 1-52 IT1246 1-85 

JFET Dual Switches 2N5902-9 1-54 IT125 1-86 

2N5911-2 1-55 IT126-7 1-87 

N-channel 2N64S3-5 1-56 LM194/394 1-88 

2N5564-6 1~23 IMF5911-2 1-58 PNP 
IMF5564-6 1-24 IMF6485 1-60 2N3810-1; 2N3810A-1A 1-90 

IT500-3 1-62 2N5117-19 1-92 
JFETSingle SU2365-9 1-64 IT130-2 1-93 

Amplifiers SU2365A-9A 1-64 IT136-9 1-94 
U231-5 1-65 

N-channel U257 1-66 Special Function 

2N3684-7 1-25 U401-406 1-67 Hi~h Speed Dual Diodes 

2N3821-2; 2N3821JTX 1-26 U421-426 1-68 0100/1 1-96 

2N3823;JTX 1-27 Log/Antilog Transistors 
2N3824 1-28 MOSFET IT404 1-98 
2N4117-9; 2N4117A-9A 1-29 

Switches/ Voltage Controller 2N4220-2; 2N4220A-2A 1-30 
2N4223-4 1-31 Amplifiers 

Resistors 
2N4338-41 1-32 VCR2-7 1-99 
2N4416,2N4416A 1-33 N-channel AnalogSwitches 
2N4867-9,2N4867A-9A 1-34 2N4351 1-69 IT401/401A 3-130 
2N5397-8 1-35 3N169-71 1-70 

IT1750 1-71 
M116 1-72 



Switches---Junction FET ";; 
_ .Orderlng Information 

V, . .... BVGss ID10ffJ los •. "t.P CISS CASS Pralerrad. J ros (onl 

Part max mln/niax max min max minImax max max max 
. Number Package ohm V pA V pA rnA nS pt pt 

'0 
N-channel: Generally requires driver circuit to translate the popular logic levels to voltages required to drive the JFET. 

2N3970 TO-18 30 -4.0 -10.0 - -40 250 50 150 50 25 6.0 
.2N3971 TO-18 60 -2.0 -5.0 - -40 250 25 75 90 25 6.0 
2N3972 TO-18 100 -0.5 -3.0 - -40 250 5 30 180 25 6.0 
2N4091 . TO-.18 TO.-92 30 -5.0 -10.0 -200 -40 200 30 65 16 5.0 
2N4092 TO-18 TO-92 50 -2.0 -7.0 -200 -40 200 15 95 16 5.0 

2N4093 TO-18 T0-92 80 -1.0 -5;0 ,.-200 -40 200, '8 140 16 5.0 
2N4391 TO-18 T0-92 30 -4.0 -10.0 -100 -40 100. 50 150 '.55 14 3.5 
2N4392 TO-18 T0-92 60 -2.0 -5.0 -100 -40 100 25 75 75 14 3.5 
2N4393 TO-18 TO-92 100 "-0.5 -3.0 -100 -40 i 100 . 5 30 100 14 3.5 
2N4856 TO-18 25 -4.0 -10.0 -250 -40 250 50 34 18 ~.O 

2N485? TO-18 40 -2.0 "76.0 -250 -40 250 20 100 . 60 18 6.0 
2N4858 TO-18 60 -0.8 -4.0 -250 ,-:40 250 8 80 120 18 6.0 
2N4859 TO-18 TO-92 25 -4.0 -10.0 -250 -30 250 50. 34 18 8.0 
2N4860 TO-18 TO-92 40 -2.0 -6.0 -250 -30 250 20 100 60 18 8.0 
2N4861 TO-18 . TO-92 60 -0.8 -4.0 -250 -30 250 8 80 '.120 18 8.0 

2N5432 I TO-52 T0-92 5 -4.0 -10.0 -200 -25 200 150 41 30 15.0 

II 
2N5433 TO-52 TO-92 7 -3.0 -9.0 -200 -25 200 100 41 30 15.0 
2N5434 TO-52 T0-92 10 -1.0 -4.0 -200 '-25 200 30 41 30 15.0 
2N5555 TO-92 150 -10.0 -'1 nA -25 10nA 15 35 5 1.2 
2N5638 TO-92 3D, -12.0 -lnA -30 1 nA 50 24 10 4.0 

2N5639 TO-92 60 -8.0 -lnA -30 1 nA 25 54 10 4.0 
2N5640 . TO-92 100 -6.0 -lnA -30 1 nA 5 63 10 4.0 
ITE4091 TO-18 TO-92 30 -5.0 -10.0 -200 -40 200 30 65 11\ 5.0 
ITE4092 TO-18 T0-92 50 -2.0 -10.0 -200 -40 200 15 95 16 5.0 
ITE4093 TO-18 T0-92 80 -1.0 -10.0 -200 -40 200 8 .140', .16 5.0 

ITE4391 TO-18 TO-92 60 '-4.0 -10.0 -100 -40 100 50 150 55 ' 14 3.5 
ITE4392 TO-18 TO-92 100 -2.0 -10.0 -100 -40 100 ,25 75. 75 14 3.5 
ITE4393 TO-18 TO-92 30 -0.5 -10.0 -100 -40 100 5 30 100 14 3.5 
Jlll T0-92 30 -3.0 -10.0 1 nA 35 lnA 20 - - ,-

Jl12 TO-92 . 50 -1.0 -5.p 1 nA 35 1 nA 5 - - -
Jl13 T0-92 100 : -0.5 -3.0 1 n~ 35 1 nA 2 - - -

Pochannel: Can be used to switch into inverting Input of op-amps and needs no driver circuit; can ba switched diractly from TTL logic . 

2N3993 TO-72 150 4.0 9.5 1.2nA 
. 

25 1.2nA -10 16 4.5 
·2N3994 TO-72 300 1.0 5.5 1.2nA 25 1.2nA -2 16 ,4.5 
2N5114 TO-18 TO-92 75 5.0 10.0 500 30 500 -30 -90 37 25 7.0 
2N5115 TO-18 TO-92 100 3.0 6.0 500 30 500 -15 -60 ' 68 25 7.0 
2N5116 TO-18 TO-92 150 1.0 4.0 500 30 500 -5 -25 .. '. 102 . 25 7.0 

IHOO TO-18 TO-92 75 2.0 4.5 200 as 100 -10 35 12.0 
IHOl TO-18 T0-92 60 4.0 10.0 200 35 100 -20 35 12.0 
J174 TO-92 85 5.0 10.0 1 nA 30 -1 nA -20 -100 - - -
J175 TO-92 125 3.0 6.0 1 nA 30 -lnA -7 -60 - - -
J176 TO-92 250 1.0 4.0 1 nA 30 -1 nA -2 -25 - - -
Jl77 T0-92 300 0.8 2.25 1 nA 30 -.lnA -1.5 -20 - -
J270 TO-92 - 0.5 2.0 200 30 - -2 -15 - 20 5.0 
J271 TO-92 , - '1.5 4.5 200 30 - -6 -50 - . 20 5.0 

. - " . 

Switches and Amplifiers-MOSFET 
Ordering Information VaSllHI 

10 Ion) Pralerrad I ~;::,r:;:~ BV ... ' los. . "SS g,. rOSlon) 
. Part min max max min max min 
Number Package V V pA pA p.mho ohm rnA. 

P-channel Enhancement: Gan. used where max isolation btwn. signal source lind logic drive req'd: sw. "On" resistance varies w~h signal amplitude 

3N160 T0-72 -1.5 -5.0 -25 -10nA -50.0 3.5 - -40 -120 . 
3N161 TO-72 -1.5 -5.0 -25 -10nA -100.0 3500.0 -40 -120 Diode ProteCied 
3N163 T0-72 ·-2.0 -5.0 -40 .,.200 ~·10.0 2000.0 250 -5 -30 
3Nl64 'T0-72 -2.0 -5.0 ~30 400 10.0 1.0 '300 -.3 -30 
.3N172 TO-72 . -2.0 ~5.0 -40 -400 -10.0 1~00.0 250 "-5 -30 Diode ProtaCiad 

, 

3N173 T0-72 -2.0 -5.0 -.30 -10nA -500.0 - 350 -5 -30 
1T1700 TO-72 0.2 -5.0 -40 200 10.0 2.0 400 2 -' 

N-channel Enhancemant: Can switch pos~ive signals directly from TTL logic; gen. requires driver or translator clrcu~ to sw~ch bipolar signals 

2N4351 TO-72 1.0 5.0 25 10nA. 10;0 1000.0 300 3, 
3N169 T0-72 , .0.5 1.5 25 10nA '10.0 1000.0 200 10 
3N170 T0-72 1.0 2.0 25 10nA 10.0 1000.0 200 10 
3N171 TO-72 1.5 ,3.0 25 10nA 10.0 1000.0 200 10 
IT17~ TO-72 0.5. 3.0 25 10nA 10.0 30.0 50 10 100 

Ml16 TO-72 1.0 .' 5.0. 30 - 100.0 - 100 - -
.; . 
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Amplifiers~N-ChanneIJunctionFET 
Ordering Information 

loss . V, IGSS BVGss C1SS eRSS Preferred ,9FS e" 
Part min minImax minImax max min max max max 

Number Package ",mho' mA V pA V pf pf nvlvHz 

2N3684' TO-72 TO-92 2000 2.5 7.5 "'2.0 -5.0 -100 -50 4 1.2 140@100Hz 
2N3685 TO-72 TO-92 1500 1.0 3.0 -1.0 -3.5 -100 -50 4 1.2 140~ 100 Hz 
2N3686 TO-72 TO-92 1000 0.4 1.2 -0.6 -2.0 -.100 -50 4 1.2 140 100 Hz 
2N3687 TO-72 TO-92 500 0.1 0.5 -0.3 -1.2 -100 -50 4 1.2 140@100Hz 
2N3821 TO-72 , 1500 0.5 2.5 -4.0 -0.1 nA -50 6 3.0 200@10Hz 

2N3822 TO-72 TO-92 3000 2.0 10.0 -6.0 -100 -50 6 3.0 200@10Hz 
2N3823 TO-72 3500 4.0 20.0 -8.0 -0.5 nA -30 6 2.0 -
2N3824 TO-72 - - - -0.1 nA -50 6 3.0 - ,t, 

2N4117 TO-72 TO-92 70 0.03 0.09 -0.6 -1.8 -10 -40 3 1.5 
2N4117A TO-72 TO-92 70 0.03 0.09 -0.6 -1.8 -1 -40 1.5 

2N4118 TO-72 TO-92 80 0.08 0.24 -1.0 -3.0 -;10 -40 3 1.5 
2N4118A TO-72 TO-92 80 0.08 0.24 -1.0 -3.0 -1 -40 3 1.5 
2N4119 TO-72 TO-92 100 0.2 0.6 -2.0 -6.0 -10 -40 3 1.5 
2N4119A TO-72 TO-92 100 0.2 0.6 -2.0 -6.0 -1 -40 3 1.5 
2N4220 TO-72 TO-92 1000 0.5 3.0 -4.0 -100 -30 6 2.0 

2N4221 TO-72 TO-92 2000 2.0 6.0 -6.0 -100 -30 6 2.0 
2N4222 TO-72 TO-92 2500 5.0 15.0 -8.0 -100 -30 6 2.0 
2N4223 TO-72 3000 3.0 18.0 -0.1 -8.0 -250 -30 6 2.0 
2N4224 TO-72 2000 2.0 20.0 -0.1 -0.8 -150 -30 6 2.0 . 
2N4338 TO-18 TO-92 600 0.2 0.6 -0.3 -1.0 -100 -50 7 3.0 65@1 kHz 

2N4339 TO-18 TO-92 800 0.5 1.5 -0.6 -1.8 -100 -50 7 '3.0 65@1 kHz 
2N4340 TO-18 TO-92 1300 1.2 3.6 -1.0 -3.0 -100 -50 7 3.0 65~ 1 kHz 
2N4341 .TO-18 TO-92 2000 3.0 9.0 -2.0 -6.0 -100 -50 7 3.0 651kHz 
2N4416 TO-72 TO-92 4500 5.0 15.0 -6.0 -100 -30 . 4 2.0 
2N4867 TO-72 TO-92 700 0.4 1.2 -0.7 -2.0 -250 -40 25 5.0 10@1 kHz 

2N4867A TO-72 TO-92 700 0.4 1.2 -0.7 -2.0 -250 -40 25 5.0 5@1 kHz 
2N4868 TO-72 TO-92 1000 1.0 3.0 -1.0 ':'3.0 -250 -40 25 5.0 10@lkHz 
2N4868A TO-72 TO-92 1000 1.0 3.0 -1.0 -3.0 -250 -40 25 5.0 5@lkHz 
2N4869 TO-72 TO-92 1300 2.5 7.5 -1.8 -5.0 -250 -40 25 5.0 10@1 kHz 
2N4869A TO-72 , TO-92 1300 2.5 7.5 -1.8 -5.0 -250 -40 25 5.0 5@1 kHz 

2N5397 TO-72 TO-92 6000@1 mA 10.0 30.0 -1.0 -6.0 -100 -25 5 1.2 3db@450mHz 
2N5398 TO-72 ·5000 5.0 40.0 -1.6 -0.1 -25 5.5 1.3 
2N5457 TO-92 1000 1.0 5.0 -0.5 -6.0 InA 25 7 3.0 3dB@450mHz 
2N5458 TO-92 1500 2.0 9.0 -1.0 ~7.0 1 nA 25 7 3.0 3dB@450mHz 
2N5459 TO-92 2000 4.0 16.0 -2.0 -8.0 -1 nA -25 7 3.0 3dB@450mHz 

2N5484 TO-92 3000 1.0 5.0 -0.3 -3.0 -1 nA -25 5 1.0 120@1 kHz 
2N5485 TO-92 3500 4.0 10.0 -0.5 -4.0 -1 nA -25 5 1.0 120@1 kHz 
ITE4416 TO-72 TO-92 4500 5.0 15.0 -6.0 -100 -30 4 2.0. 
2N5486 TO-92 4000 8.0 20.0 -2.0 -6.0 -1 nA -25 5 1.0 120@lkHz 
U308 TO-52 TO-92 10,000 12.0 60.0 -1.0 -6.0 -150 -25 7typ. 4.0typ. 10@10Hztyp. 

U309 TO-52 TO-92 10,000 12.0 30.0 -1.0 -4.0 -150 -25 7typ. 4.0typ. 10@10Hztyp. 
U310 TO-52 TO-92 10,000 24.0 60.0 -2.5 -6.0 -150 -25 7typ. 4.0typ. 10@10Hztyp. 
U311 TO-92 10,000 20.0 60.0 -1.0 -150 -25 - - 10@100Hz 
J308 TO-92 8000 12.0 60.0 -1.0 -1 nA -25 - - 10~100HZ 
J309 TO-92 10,000 12.0 30.0 -1.0 -1'nA -25 - - 10 100 Hz 

J310 TO-92 8000 24.0 60.0 -2.0 -1 nA -25 - - 10@100Hz 

~mplifiers-p .. Channel Junction FET 
Ordering Information 

Preferred g" loss V, loss BVGss C1SS eRSS e" 
Part min minImax minImax - max min max max max 

Number Package ",mho mA V nA V pf pf nVlvHz 

2N2606 TO-18 TO-92 110 -0.1 -0.5 1.0 4.0 1 30 7 2 400@1 kHz 
2N2607 'TO-18 TO-92 330 -0.3 -1.5' 1.0 4.0 .3 30 7 2 400@1 kHz 
2N2608 TO-18 TO-92 1000 -0.9 -4.5 1.0 4.0 10 30 7 2 180@1 kHz 
2N2609 TO-18 TO-92 2500 -2.0 -10.0 1.0 4.0 30 30 7 2 180@lkHz 
2N3329 TO-72 1000@-lmA -1.0 -3.0 5.0 10 20 7 2 400@1 kHz 

2N3330 TO-72 1500@-2mA -2.0 -6.0 6.0 10 20 7 2 400@1 kHz 
2N3331 TO-72 , 200@-5mA -5.0 ~15.0 8.0 '10 I 20 7 2 400@1 kHz 
2N5265 TO-72 900 -0.5 -1.0 3.0 2 60 7 2 115@100Hz 
2N5266 TO-72 1000 -0.8 -1.6 3.0 2 60 7 2 115@100Hz 
2N5267 TO-72 1500 -1.5 -3.0 . 6.0 2 60 7 2 115@I00Hz 

2N5268 TO-72 2000 -2.5 -5.0 6.0 2 60 7 2 115@100Hz 
2N5269 TO-72 2200 -4.0 -'8.0 '. 8.0 2 60 7 2 115@100Hz 
2N5270 TO-72 2500 -7.0 -14.0 8.0 2 60 7 2 115@100Hz 
2N5460 TO-92 1000 -1.0 -5.0 0.75 6.0 5 40 7 2 115.@100Hz 
2N5461 TO'92 1500 -2.0 -9.0 1.0 7.5 5 40· 7 2 115@100Hz 

2N5462 TO-92 2500 -4.0 -16.0 1.5 9.0 5 40 7 2 115~ 100Hz 
2N5463 TO-92 1000 -1.0 -5.0 0.75 6.0 5 60 7 2 115 100Hz 
2N5464 TO-92 1500 -2.0 -9.0 1.0 7.5 5 60 7 2 .115@100Hz 
2N5465 TO-92 2500 -.4.0 16.0 1.8 9.0 : 5 60 7 2 115@100Hz 
U304 TO-18 -30 -90 5 .5 30 27 7 -
U305 TO-18 -15 -60 3 .5 30 27 7 -
U306 TO-18 -5 -25 1 .5 30 27 7 -
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Differential Amplifiers-Du~iI Monolithic N-Channel:JunctionFET~ 
Ordering Information 

BVGs~ Preferred VGS1 0 2 II. V •• 10 V, g,. loss eo 
Part max max max min, minimax minimax minimax max 

Number Package . mV p. vrc pA V V p.mho mA nV/YHz 

2N3921 TO-71 5 10 -250 -50 - -3.0 1500 7500 1.0 10.0 -
2N3922 TO-71 5 25 -250 -50 - -3.0 1500 7500 1.0 10.0 -
2N3954 TO-71 5 10 -50 -50 -1.0 -4.5 1 3 0.5 5.0 160@100Hz 
2N3954A TO-71 5 5 "'50 "'50 -1.0 -4.5 1 3 0.5 5.0 160@100Hz 
2N3955 TO-71 10 25 -50 -50 -1.0 -4.5 1 3 0.5 5.0 '160@100Hz 

2N3955A TO-71 10 15 -50. -50 -1.0 -4.5 1 3 0.5 5.0 160@100Hz 
,?N3956 TO-71 15 50 -50 -50 -1.0 -4.5 1 3 0.5 5.0 160~100Hz 
2N3957 TO-71 20 75 -50 -50 -1.0 -4.5 1 3 '0.5 5.0 160 100 Hz 
2N3958 TO-71 25 100 -50 -50 -1.0 -4;5 1 3 0.5 5.0 160@100Hz 
2N5196 TO-71 5 5 -15 -50 -0.7 -4.0 700@2oop.A 0.7 7.0 20@1 kHz 

2N5197 TO-71 5 10 -15 -50 -0.7 -4.0 700~200p.A 0.7 7.0 20@1 kHz 
2N5198 TO-71 10 20 -15 -50 -0.7 -4.0 700 2oop.A 0.7 7.0 20@1 kHz 
2N5199 TO-71 15 40 -15 -50 -0.7 -4.0 700@200p.A 0.7 7.0 20@lkHz 
2N5452 TO-71 5 5 IGSS-100 -50 -1.0 -4.5 1 4 0.5 5.0 20@1 kHz 
2N5453 . T0-71 10 10 IGSS-loo -50 -1.0 -4.5 1 4 0.5 5.0 20@1 kHz 

2N5454 TO-71 15 . 25. IGSS-loo -50 -1.0 -4.5 1 4 0.5 5.0 20@1 kHz 
2N5515 TO-71 5 5 -100 -40 -0.7 -4.0 1 4 0.5 7.5 30~10HZ 
2N5516 TO-71 5 10 -100 -40 -0.7 -4.0 1 4 0.5 7.5 3010Hz 
2N5517 TO-71 10 20 -100 -40 -0.7 -4.0 1 4 0.5 7.5 30@10Hz 
2N5518 TO-71 15 40 -100 -40 -0.7 -4.0 1 4 0.5 7.5 30@10Hz 

2N5519 TO-71 15 80 -100 . -40 -0.7 -4.0 1 4 0.5 7.5 30~10HZ 
2N5520 TO-71 5 5 -100 -40 -0.7 -4.0 1 4 0.5 7.5 1510Hz 
2N5521 TO-71 5 10 -100 -40 -0.7 -4.0 1 4 0.5 7.5 15@10Hz 
2N5522 TO-71 10 20 -100 -40 -0.7 -4.0 1 4 0.5 7.5 15@10Hz 
2N5523 TO-71 15 40 -100 -40 -0.7 -4.0 1 4 0.5 7.5 15@10Hz 

2N5524 TO-71 15 80 -100 -40 -0.7 -4.0 1 4 .0.5 7.5 15@10Hz 
2N5902 TO-99 5 5 -3 -40 -0.6 -4.5 70 250 0.3 0.5 lOO@1 kHz 
2N5903 TO-99 5 10 -3 -40 -0.6 -4.5 70 250 0.03 .05 100$1 kHz 
2N5904 TO-99 10 20 -3 -40 -0.6 -4.5 70 250 0.03 .05 100 1 kHz 
2N5905 TO-99 15 40 -3 -40 -0.6 -4.5 70 250 0.03 0.5 100 1 kHz 

2N5906 TO-99 5 5 -1 -40 -0.6 -4.5 70 250 0.03 0.5 100@1kHz 
2N5907 TO-99 5 10 -1 -40 -0.6 -4.5 70 250 0.03 0.5 lOO@lkHz 
2N5908 TO-99 10 20 -1 -40 -0.6 -4.5 70 250 0.03 0.5 loo@1kHz 
2N5909 TO·99 15 40 -1 -40 -0.6 -4.5 70 250 0.03 0.5 1oo@1 kHz 
2N5911 TO-99 10 20 -100 -25 -1.0 -5.0 5/10@5mA 7.0 40.0 20@10kHz 

2N5912 T0-99 15 40 -100 -25 -1.0 -5.0 5/10@5mA 7.0 40.0 20@10kHz 
2N6483 TO-71 5 5 -100 -50 -0.7 -4.0 1000 4000 . 0.5 7.5 10@10Hz 
2N6484 TO-71 10 10 -100 -50 -0.7 -4.0 1000 4000 0.5 7.5 10@10Hz 
2N6485 TO-71 15 25 -100 -50 -0.7 -4.0 1000 4000 0.5 7.5 10~10HZ 
IMF5911 TO-99 10 20 -100 -25 -1.0 -5.0 5/10@5mA 7.0 40.0 2010kHz 

IMF5912 TO-99 15 40 -100 -25 -1.0 -.5.0 5/10@5mA 7.0 40.0 20@10kHz 
IMF6485 TO-71 25 40 -100 -50' -0.7 -4.0 1000 4000 0.5 7.5 15@10Hz 
IT500 TO-52 5 5 -5 -50 -0.7 -4.0 700 1600 0.7 7.0 35@10Hz 
IT501 TO-52 5 10 -5 -50 -0.7 -4.0 700 1600 0.7 7.0.' 35@10Hz 
IT502 TO-52 10 20 -5 -50 -0.7 -4.0 700 1600 0.7 7.0 35@10Hz 

IT503 TO-52 15 40 -5 -50. -0.7 -4.0 700 1600 0.7 7.0 35@10Hz 
SU2365 TO-71 5 10 -100 -30 -3.5 1/2@2oop.A 0.5 10.0 15@lkHz 
SU2365A TO-71 5 10 -20 -30 -3.5 1/2~200p.A 0.5 10.0 5O@1 kHz 
SU2366 TO-71 10 10 -100 -30 -3.5 1/2 200p.A 0.5 10.0 15@lkHz 
SU2366A TO-71 10 10 -20 -30 -3.5 1/2@200p.A 0.5 10.0 50@lkHz 

SU2367 TO-71 10 25 -100 -30 -3.5 1/2@200p.A 0.5 10.0 15@lkHz 
SU2367A TO-71 10 25 -20 -30 -3.5 1/2@200p.A 0.5 10.0 50@lkHz 
SU2368 TO-71 15 25 -100 -30 -3.5 1/2~200p.A 0.5 10.0 15~1 kHz 
SU2368A TO-71 15 25 -20 -30 -3.5 1/2 200p.A 0.5 10.0 501kHz 
U231 TO-71 5 10 -50 -50 -0.5 -4.5 600 1600 0.5 5.0 80@100Hz 

·U232 TO-71 10 20 -50 -50 -0.5 -4.5 600 1600 0.5 5.0 80@100Hz 
U233 TO-71 15 50 . -50 -50 -0.5 -4.5 600 1600 0.5 5.0' 80@100Hz 
U234 TO-71 20 75 -50 ~50 -0.5 -4.5 600 1600 0.5 5.0 80@100Hz 

. U235 TO-71 25 100 -50 -50 -0.5 :"4;5 600 1600 0.5 5.0 80@100Hz 
U401 TO-71 5 10 -15 -50 -0.5 -2.5 2000 7000 0.5 10.0 20@10Hz . 

U402 TO-71 10 10 -15 -50 -0.5 -2.5 2000 7000 0.5 10.0 20@10Hz 
U403 TO-71 10 25 -15 -50 ..,0.5 -2.5 2000 7000 .0.5 10.0 20@10Hz 
U404 T0-71 15 25 \ -15 -50 -'0.5 -2.5 2000 7000 0.5 10.0 20@10Hz 
U405 TO-71 20 40 -15 -50 -0.5 -2.5 2000 

, 
7000 0.5 10.0 20~10HZ 

U406 TO-71 40 80 -15 -50 -0.5 -2.5 2000 7000 0.5 10.0 2010Hz 

U421 TO-99 10 10 0.1 -60 0.4 2.0 300 BOO 60-1 000 p.A 20@10Hz 
U422 T0-99 15 25 0.1 -60 0.4 2.0 300 BOO . 60-1000 p.A 20$10HZ 
U423 TO-99 25 40 0.1 -60 0.4 2.0 300 BOO . 60-1 000 p.A 2010Hz 
U424 TO-99 10 10 0.5 -60 0.4 3.0 300 1000 60-1 BOO p.A . 20 10 Hz 
U425 TO-99 15 25 0.5 -60 0.4 3.0 300 1000 6O-1BOOp.A 20@10Hz 

U426 TO-99 . 25 40 0.5 -60 0.4 3.0 300 1000 6O-1BOOp.A 20@10Hz 

2N5564 TO-71 5 10 - -40 -0.5 -3.0 7.5 . 12.5 5.0 30.0 10~ 10 Hz 
2N5565 TO-71 10 25 - -40 -0.5 ..,3.0 7.5 12.5 5.0 30.0 10 10 Hz 
2N5566 T0-71 20 50 - -40 -0.5 -3.0 7.5 12.5 5.0. 30.0 10@10Hz 
IMF5564 TO-71 5 10 - -40 -0.5 -3.0 7.5 12.5 5.0 30.0 10@10Hz 

IMF5565 T0-71 10 25 - -40 -0.5 -3.0 7.5 
I 

12.5 5.0 30.0 . 10~ 10Hz 
IMF5566 TO-71 20 50 - -40 -0.5 -3.0 7.5 12.5 5.0 30.0 10 10 Hz 
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)ifferential Amplifiers-Dual Monolitlii'c P-ChanneIMOSFETS 
Enhancement) 

Ordering Information 
Preferred VGS (TH) , BVoss los. Ia •• gf. mll~}~ax 'ros {on) VGSl _2 

Part minImax minImax max max min max max 
Number Package V V pA pA p.mho mA ohm mV 

3N165 TO-99 -2 -5 -40 -200 -10 1500 -5,0 -30 300 100 
3N166 TO-99 -2 ' -5 -40 -200 -10 1500 -5.0 -30 300 
3N188 TO-99 -2 -5 -40 -200 -200 1500 -5.0 -30 300 1 00 Zener Protected 
3N189 TO-99 -2 -5 -40 \ -200 -200 1500 -5.0 -30 300 Zener Protected 
3NI90 TO-99 -2 -5 -40 -200 -200 1500 -5.0 -30 300 

3N191 TO-99 -2 -5 -40 -200 -200 1500 -5.0 -30 300 

Differential Amplifiers-Dual NPN Bipol.ar Transistors 
Ordering Information I.,.,@ 

hfE @ le~10p.A 
Preferred VSE1_2 A V.E le~10p.A VeE ~ 5V BVCEo IceD Noise fi Cob' 

. Part mV p. V/'C VeE ~ 5V nA V nA dB MHz@l, pf 
Number Package max max min max min max max min max Structure 

2N2453 TO-78 3 10 80 30 5 7 150@1 mA 8 Junc.lsol. 
2N2453A TO-78 3 5 80 .6p.A@loop.A 60 5 4 150@lmA 4 Junc.lsol. 
2N4044 TO-78 3 3 200 5 60 .1 2 2oo~1 mA .8 Dielec. 1501. 
2N4045 T0-78 5 10 80 25 45 .1 3 150 1 mA .. 8 Dielee. 1501. 
2N41OO TO-78 5 5 150 10 55 .1 3 150@lmA .8 Dielec. lsol. 

2N4878 TO-71 3 3 200 5 60 .1 2 200@lmA .8 Dielec. 1501. 
2N4879 T0-71 5 5 150 10 55 .1 3 150@lmA .8 Dielec. 1501. 
2N4880 TO-71 5 10 80 25 45 .1 3 150@lmA .8 Dielec. 1501. 
1T120 TO-78 TO-71 2 5 200 5 45 1 2typ. 150@lmA 2 Junc.lsol. 
1T120A TO-78 TO-71 1 3 200 2.5 60 1 2typ. 150@lmA 2 Junc.lsol. 

IT124 T0-78 5 10 1500 .6AVeE ~ IV 2 .1 3 100 ~200p.A .8 Dielec. lsol. 
IT124A TO'78 3.2 15 1500 0.6AVeE ~ IV 2 .1 3 100 loop.A .8 
IT124B TO-78 5 15 4000 0.6A VeE ~ IV 2 .1 3 lOO@loop.A .8 
IT125 TO-78 1000 0.6AVeE ~ IV 2 .1 3 loo@loop.A .8 
IT126 TO-78 TO-71 1 3 200 2:5 60 .1 1 typo 250@10mA 4 Dielec. 1501. 

IT-127 TO-78 To-71 2 5 200 5 45 .1 1 typo 250@10mA 4 Dielec. 1501. 
IT128 TO-78 TO-71 5 10 100 10 45 .5 1 typo 250@10mA 4 Dielec. 1501. 
IT129 T0-78 TO-71 10 20 100 25 45 .5 1 typo 250@10mA 4 Dielec. 1501. 
LM194 TO-5 0.05 0.3 300 40 
LM394 TO-5 0.15 0.8 200 40 

)ifferential Amplifiers-Dual PNP Bipolar Transistors 
Ordering Information I.,.,@ 

h,,@ le~10p.A 
Preferred VBE1_:z 6. VeE le~10p.A VeE ~ 5V BVCEo leBO Noise f t C'obo 

Part mV p.V/'C VeE ~ 5V nA V nA dB MHz@l, pf 
Number Package max max min max min max max min max Structure 

2N5117 T0-78 3 3 100 10 45 .1 4 loo@.5mA . 8 Dielec. 1501 . 
2N5118 T0-78 5 5 100 15 45 .1 4 1OO@.5mA .8 Dielec. 1501. 
2N5119 TO'78 5 10 50 40 45 .1 .4 1OO@.5mA .8 Dielec. 1501. 
1T130 T0-78 TO-71 2 5 200 5 -45 1 2 typo 150@lmA 2 Junc.lsol. 
1T130A TO-78 TO-71 1 3 200 2.5 -60 1 2 typo 150@lmA 2 Junc.lsol. 

IT131 TO-78 TO-71 5 10 80 10 -45 1 2typ. 150@lmA 2 June. 1501. 
IT132 TO·78 TO-71 10 20 80 25 -45 1 2typ. 150~1 mA 2 Junc.lsol. 
1T136 TO-78 TO-71 1 3 200 2.5 -60 .1 2 typo 250 ,10mA 4 Dielec. 1501. 
1T137 TO·78. TO-71 2 5 200 5 -45 .1 2typ. 250@10mA 4 Dielec. 1501. 
1T138 TO-78 TO-71 5 10 100 10 -45 .5 2typ. 25Q@10mA 4 Dielec. 1501. 

IT139 TO·78 T0-71 10 20 100 25 -45 .5 2typ. 250@tOmA 4 Dielec. 1501. 

Specialty Items 
" 

ID-loo This product is a back to back diode combination used to protect P-channel MOSFET duals (non-diode protected). Their chief characteristic is < t pa 
ID-l01 leakage when voltage across them is less than 5 mY. If voltage across diodes is adjusted to OV ± 0.1 mV, leakage is less than 0.01 pa. 

VCR2N 
The VCR family consists of three terminai variable resistors VCR3P 

VCR4N where the resistance value between two of the terminals 
VCR5P is controlled by the voltage potential applied to the third. 
VCR7N 

'" 
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N-channel depletion mode JFET, single 
Leakage 
IGCmill() 

lpA 
2N4117A-9A 

Ig~!117_9 

• T092 Piastre case 
others metal can. 

Noise 
en@10Hzmax 

10nV/vHz 
2N4867A-9A 

• J308-111yp. 
U308-11 typo 

20nV/vHz 
2N4867-9 
2N4091-3 typo 
2N5432 

• ITE4091-3 typo 
• JIII-3lyp. 

Resistance 
ros (max) 

5-10n 
2N5432-4 

25-40n 
2N4391 
2N4856-7 
2N4859-60 

• 2N5638 
• ITE4391 
• Jill 

SO-BOn 
2N4092-3 
2N4392 
2N4858 
2N4861 

• 2N5639 . 
.• ITE4092-3 
• ITE4392 
.• J112 

loon 
2N4393 

• 2N5640 
• ITE4393 
• J113 

IS0n 
• 2N5555 

2N5397-8 typo 

P .. channel depletion mode JFET,Single 
ros (max) 9FS (min) 

1 OQ..499 I'm ho 
2N2606-7 

GO-BSn SOO-9991'mho 
2N5114 2N3330-1 
ITtOO-l , 2N5265 
J174 
U304 1000-2499l'mho 

2N2608 
100-12Sn 2N3329 

2N5115 2N5266-70 
• J175 • 2N5460-5 

U305 
2S00-7499l'mho 

ISO-180n 2N3993-4 
2N3993 

75OOl'mho 2N5116 
U306 2N5114-6lyp. 

ITloo-1 
2S0n-3oon J174-7 typ 

2N3994 U304-6typ 
• J176-7 

• T092 Plastic Case 

N-channel dual depletion mode JFET 
Low Leakage Low Noise 
10 (maxi en (max) at 10 Hz g(s(mlnl 

O.SpA 10nV/vHz 70-300 I'mho 
U424-6 2N6483-5 2N5902-9 

1 pA 
• IMF5564-6 U421-6 
• IMF5911-2 

2N5902-5 
.ISnV/vHz 

100-1S00l'mho 

3pA 
2N3921-2 

2N5520-4 2N3954-8 
2N5906-9 IMF6485 

, 
2N5196-9 

20nV/vHz 
2N5452-4 

2N5911-2 . 
2N5515-24 

U401-6 
IT500-3 
U401-6 

30nV/vHz S000-7S00 I'mho 
2N5515-9 2N5564-6 

2N5911-2 
• IMF5564-6 
• IMF5911-2 

IT5911-2 
U257 

• dielectrically isolated 

1-6 

gFSlmln) 

Breakdown Voltage 
BVGss (minI 

70-1ool'mho BOV 
2N4117A-9A 2N4338-41 Iyp . 

SOO-9991'mho 
• 2N5457-9lyp. 

2N3687 SOV 
2N4338-9 2N3684 

1000-14991'mho 
2N3821-2 
2N3824 

2N3686 2N4338-41 
2N4220. A 
2N4340 40V 

I 2N4868-9, A 2N4117-9,A 
• 2N5457 2N4867-9, A 

1500-24991'mho 
2N4091-3 
2N4391-3 

2N3684-5 ·ITE4091-3 
2N3821 • ITE4391-3 
2N4221, A 
2N4341 

• 2N5458-9 

2S00-49991'mho 
2N3822 
2N4222, A 
2N4223 
2N4416,A 

• 2N5484-6 

SOOO up 
2N5397-8 

• 2N5555 typo 
• J308-10 

U308-11 

BVGSSlmlnJ 

GOV 
2N5265-70 

• 2N5463-5 

40V 
• 2N5460-2. 

Offset 
fos (maxI VGS1-Z (ml~) 

loon SmV 
2N5564-6 2N3921-2 
2N5911-2 typ 2N3954, A 
IMF5564-6 2N3955A 
IMF5911-2lyp. 2NS196-7 
IT5911-2 typo 2N5452 

2S0-7SOn 
2N5515-6 
2N5520-1 

2N3921-2lyp. 2N5564 
2N3954-8lyp. 2N64B3 
2N5196-9 typo IMF5564 
2N5515-24lyp. U401 
2N6483-5 typo 
IMF6485 typo 
IT500-3lyp. 



N-channel single enhancement mode IVIbsFET 

ros (max) Protection 

50()"100n Diode protected 
IT175D M116 
M116 

No diode 
200n 2N4351 

3Nt69-71 3N169-71 

300n 
IT175D 

2N4351 

P-channel single enhancement mode MOSFET 

rOS (max) Protection 

250n Diode protected 
3N163 3N161 
3N172 3NI72-3 

300-400n No diode 
3NI64 3N16D 
3N173 3N163-4 
IT17DD IT17DD 

P-channel dual enhancement mode MOSFET 
/ Offset 

ros (maxi Protection VGSt-2 ,(mu) 

300n Diode protected 100mV 
3N165-6 3N188-9 3N165 
3N188-91 

No diode 
3N188 

3N165-6 
3N190 

3N190-1 

NPN Dual Bipolar Transistors 

hFE Imlnl Offset Breakdown 
I, = 10",A VSE 1-2 imuJ VCEO (minI 

5()"250 1 mV 60V 
2N2453,A IT120A 2N2453A 

• 2N4044-5 IT126 2N4044 
• 2N4100 2mV 

2N4878 
• 2N4878-80 IT120A 

2N6441-8 IT120 IT126 
IT120-2 IT127 

.. IT126-9 3mV 
55V 

2N41 00 
1000-1500 2N2453, A 2N4878 

1T124, A 2N4044 
IT125 2N4878 

2N6445-8 
4000 up IT124A 

IT124B 

PNP Dual Bipolar Transistors 

hFE (min) Offset Breakdown 
Ie = 10",A VBe 1-2 (max) 'fCEO (min) 

5()"250 1 mV -60V 
2N381 0-1 , A IT130A 2N381 0-1 ,A 

• 2N5117-9 IT136 IT130A 
IT130'2 

2mV 
IT137 

• IT136-9 IT130 
IT137 

• Dieleclrically isolated 
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FOR ANALOG SWITCHES, 
CHOPPERS AND AMPLIFIERS 

• ROS(on) < 30 ohms (2N3970) 
• ID(oll) < 250 pA 
• Fast Switching 

ABSOLUTE MAXIMUM RATINGS (25°C) 

2N3970,2N3971,2N3972 
N·Channel 

SiliconJ·FET 
PACKAGE DIMENSIONS 

.500 TO-18 
.210(5.33) (12.70) 

iJ-:-·170(4.32)-I- MIN-I 
~ -I ,- .030(7.62IMAX 

P) +=====H I .LL-f-cH--, 

.230(5.84) 

.209(5.31) 

1+-~_ 
.195(4.95) 
.178(4.52) 

" t 3 LEADS ~~ 
.019(.483) (2.54) 
.016(.406I D1A 

NOTE: All dimensions in parenthe'sis are metric. 

.048(1.22) 
~ .028(.711) 

~~6(1.171 '< .036(.914) 

0-
.--45-

Reverse Gate-Drain Voltage ............. :: .......................... -40V 
BOTTOM VIEW 

Gate-Source Voltage ................................................ -40V 
Gate Current ...................................................... 50 mA 
Total Device Dissipation at 25° C Case Temperature .................. 1.8 W 
Storage Temperature Range ................................ --65 to +200° C 
Lead Temperature (116" from case for 60 seconds) .................. 300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

2N3970 2N3971 2N3972 

CHARACTERISTIC MIN MAX 
BVGSS Gate Reverse Breakdown Voltage -40 

lOGO Drain Reverse Current 250 
500 

ID(off) Drain Cutoff Current 250 
500 

VGS(off) Gate~Source Cutoff Voltage -4 -10 

IDSS Saturation Drain Current 50 150 
(Pulse width 3001'5, duty cycle S 3%) 

VDS(on) Drain-Source ON Voltage 
1 

rOS(on) Static Drain-Source ON Resistance 30 
rds(on) Drain-Source ON Resistance 30 
Ciss Common-Source Input Capacitance 25 
Crss Common-Source Reverse Transfer 6 

Capacitance 

td Turn-On Delay Time 10 
tr Rise Time 10 
toff Turn-Off Time 30 

. RL " VDD - VDS(ONI 
. (D(ON) 

INPUT PULSE 

MIN MAX MIN 
-40 -40 

250 
500 
250 
500 

-2 -5 -D.5 
25 75 5 

1.5 

60 
60 
25 
6 

15 
15 
60 

SAMPLING SCOPE 
RISE TIME 0.4 ns 

MAX 

250 
500 
250 
500 
-3 
30 

2 

100 
100 
25 
6 

40 
40 
100 

UNIT 
V 

pA 
nA 
pA 
nA 
V 

mA 

V 

n 
n 

pF 

ns 

VD~ 
D VOUT 

VIN~ RG S 

RISE TIME 0.25 ns 
FALL TIME 0.75 ns 
PULSE WIDTH 200 ns 
PULSE RATE 550 pps 

INPUT RESISTANCE 10 M 
INPUT CAPACITANCE 1.5 pF 

50!!_ _ ' . 

TEST CONDITIONS 
IG = -lI'A, Vos = 0 

VDG = 20V, Is = 0 
150°C 

VDG = 20V, VGs=-12V 
150°C 

Vos = 20V, ID = 1 nA 

VDS = 20V, VGS = 0 

I ID - 5 mA 
VGS= 0 ,liD = 10 mA 

J ID = 20 mA 
VGS= 0, ID = 1 mA 
VGS - 0, ID - 0 f - 1 kHz 
VDS - 20V, VGS - 0 

VDS = 0, VGS = -12V 
f = 1 MHz 

VDD -10V, VGS(on)-O 
10(on) VGS(Off) 

2N3970 20 mA -10V 
2N3971 10 mA - 5V 
2N3972 5 mA - 3V 



FEATURES 
• rDS(ON) < 30 ohms (2N4091) • Fast Switching 

• ID(OFF) < 100 pA (JAN TX Types) 

DESCRIPTION: 
This family of junction F ETs are characterized for analog 
switching applications requiring zero dc offset voltage, low 
ON resistance and fast switching speeds. The JAN TX 
versions are fully tested to meet the specifications of 
MiI-S-19500/431. 

ABSOLUTE MAXIMUM RATINGS 
(@25°C unless otherwise noted) 

Maximum Temperatures 
Storage Temperature -55 to +200°C 
Operating Junction Temperature -55 to +1 75°C 
.Lead Temperature (soldering, 10 sec. limit) 300°C 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating (TO 18) 

Maximum Voltages & Currents 

360 mW 
10mW/oC 

VGS Gate to Source Voltage -40 V I 

VDS Drain to Source Voltage -40 V 
VDG Drain to Gate Voltage 40 V 
IGGate Current 10 mA 

2N4091 JAN TX 2N4091 
2N4092 JAN TX 2N4092 
2N4093 JAN TX 2N4093 

N-Channel Silicon JFET 

PACKAGE DIMENSIONS: 

50016 

TO-1B 
.00135 FULL RADIUS 
.00000,IDRAINI i'<:-+OO_"-rNO;CT.:.,E SUBSTRATE IS GATE 

i
~ ,230DIA 

195 .209 

T78D~A30~1 2\0 
MAX. 170 

L I r -I 
J LEADS---------~ D ~ 500MIN 

~DIA I 016 __ , 

100 _I 

t-I T 

012~ 

_L 
094~ )( 003~ 
0035 0026 

(SOURCE! 

ORDERING INFORMATION 
T018 

~~1~~~ 
2N4093---
JAN TX 2N4091 

WAFER CHIP 

2N4091/W 2N4091/D 
2N4092/W 2N4092/D 
2N4093/W 2N4093/D 

JAi{f)( 2N40~2 1--------1-----1 
JAN TX 2N4093 

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) 

2N4091 2N4092 2N4093 
Characteristic Unit Test Conditions 

Min. Max. Min. Max. Min. Max. 

BVGSS Gate~Source Breakdown Voltage -40 -40 -40 V IG ~ -1 ~A, VOS ~ 0 

Drain Reverse Current 200 200 200 pA 25 C 
lOGO (Not JAN TX Specifi,d) 400 400 400 nA 

VGO~ -20 V.IS = 0 
150'C 

Gate Reverse Current -100 -100 -100 pA 25"C 
IGSS (JAN TX Only) -200 -200 -200 nA 

VGS~ -20V, VOS ~O 
150C 

100 pA 25'C 

200 nA 
VGS~- 6V 

150'C 

JAN TX 100 pA 25"C 

Only 200 nA 
VGS~- 8V 

150"C 

100 pA 
VGS ~'-12 V 

25"C 

200 nA 150'C 
IO(OFF} Drain Cutoff Current VOS ~ 20 V 

25"C 200 pA 

400 nA 
VGS ~ - 6 V 

150C 

200 pA 25'C, 

400 nA 
VGS~- 8V 

150'C 

200 pA 25"C 

400 nA 
VGS ~ -12 V 

150"C 

Vp Gate-Source Pinch-Off Voltage -5 -10 -2 -7 -1 -5 V VOS ~,20 V, 10 ~ 1 nA 

lOSS I!)rain Current at Zero Gate Voltage 30 15 8 rnA 
VOS~ 20V, VGS - 0, 

Pulse-Test Duration = 2 ms 

0.2 I 10 ~ 2,5 rnA 

VOS(ON} Drain-Source ON Voltage 0,2 V V GS ~ 0 10 - 4 mA 

0,2 I 10 - 6,6 rnA 

'OS(ON} Static Drain-Source ON Resistance 30 50 80 n VGS - 0, 10 - 1 rnA 

Small-Signal Drain-Source 
30 50 80 VGS" 0, 10 ~ 0, f ~ 1 kH2 'ds(on) ON Resistance 

n 

Ciss Common-Source Input Capacitance 16 )6 16 pF VOS ~ 20 V, VGS ~ 0, f ~ 1 MH2 

I JAN TX Only 5 5 5 pF VOS ~ 20 V. VGS 0, f 1 MHz 

Crss Common-Source 
5 5 5 pF VOS ~ O. VGS ~ -20 V, f ~ 1 MHz 

Reverse Transfer Capacitance 
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FEATURES 

• r ON< 30 ohms (2N4391) 

• ID(oft) < 100pA 

• Switches ±10 VAC with ±15 V Supplies (2N4392,2N4393) 

GENERAL DESCRIPTION 

Most widely used solid state. switching element. Generally 
require a translator circuit to boost logic levels up to ±15 V 
levels. Ideal for S & H circuits, R/2R ladder network and 
high frequency switching. 

ABSOLUTE MAXIMUM RATINGS 

@25°C (unless otherwise noted) 
Maximum Temper"atures 

Storage Temperature -65'C to +200°C II Operating Junction Temperature 

. Lead Temperature (Soldering, 10 sec tim. e limit) 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating 

Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
IG Gate Current 

-!-200°C 
+300°C 

300mW 
1.7 mWtC 

-40 V 
-40 V 
50mA 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4391,2N4392,2N4393 
N-Channel Silicon Planar 

Epitaxial JFET 
ORDERING INFORMATioN 

T018 WAFER CHIP 

2N4391 2N4391/W 2N4391/D 

2N4392 2N4392/W 2N4392/D 

2N4393 2N4393/W 2N4393/D 

PACKAGE DIMENSIONS: 

TO-18 

MAXi. II 110 50018 1~o:,j ~.~.~ .t.~DIA 
L . t 00135 me RADIUS r -I - "00175 (DRAIN) .0072 NOTE- SUBSTRATE IS GATE 

~E:~:/~. ~ ~_T' t ·1 
,0045 X .0036 
0035 .0026 

(SOURCE) 

2N4391 2N4392 2N4393 
UNIT TEST CONDITIONS CHARACTERISTIC 

MIN MAX MIN MAX 

IGSS Gate\Reverse Current 
-100 -100 
-200 -200 

BVGSS Gate-Source Breakdown Voltage -40 -40 

ID(off) Drain Cutoff Current 
100 
200 

100 
200 

VGS(f) Gate-Source Forward Voltage 1 1 
VGS(off) Gate-Source Cutoff Voltage -4 -10 -2 -5 ' 

IDSS 
Saturation Drain Current 

50 150 25 75 
(Note 1) 

VDS(on) Drain Source ON Voltage 0.4 
0.4 

rDS(on) Static Drain-Source ON Resistance 30 60 

rd'(Dn) Drain-Source ON Resistance 30 60 
Ciss Common-Source Input Capacitance 14· 14 

Common-Source Reverse Transfer 
I~rss Capacitance 

3.5 
3.5 

td Turn-ON Delay Time 15 15 
tr Rise Time 5 ,5 
toff Turn-OF F Delay Time 20 35 
tf Fall Time 15 20 

NOTE: 
1. Pulse teSt required, 
pulse width = 300 p.s, duty cycle .; 3% 
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MIN 

-40 

-0.5 

5 

MAX 
-100 pA 

VGS=-20V, VDS=O 
-200 nA 150'C 

V IG- 1 IlA,VDS=0 
100 pA 

VGS = -5 V 
200 nA 150 C 

pA 
VDS~ 20V VGS=-7V 

nA 150°C 
pA 

VGS="12V 
nA 150°C 

1 
V 

IG -1 mA.VDS-O 
-3 VDS=20V,ID-1 nA 

30 rnA VDS=20V,VGS=0 

0.4 IID=3mA 

V VGS= 0 liD = 6 mA 
riD = 12 rnA 

100 n VGS=O, ID= 1 rnA 

100 n Vr,s=O,ln=O f = 1 kHz 
14 VDS = 20 V, Vr:s = 0 

3.5 IVGS=-5V 
pF VDS= 0 I VGS = -7 V f = 1 MHz 

VGS=-12V 
15 VDD = 10 V. VGS(on) = 0 
5 / ID(on) VGS(off) 

50 
n, 

2N4391 12mA -12 V 
30 2N4392 6 

=~ .2N4393 3 

INPUT P·ULSE SAMPLING SCOPE 

R!SE TlME<0.5.n5 
FALL TIME < 0,5 ns 
PULSE DUTY CYCLE 1% 

RISETIMEO.4ns. 
INPUT RESISTANCE 50 l! 



D~DIL 2N4856/JAN TX 2N4856 
2N4857/JAN TX 2N4857 
2N4858/JAN TX 2N4858 

2N4859 thru 2N4861 
N·Channel Silicon Planar 

'Epitaxial JFET Analog Switches 
GENERAL DESCRIPTION 

For anai,og switches, commutators and ch·oppers. 

ABSOLUTE MAXIMUM RATINGS 
@25~ C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature T018 -6Eioc to +200°C 
Operating Junction Temperature T018 +200°C 
Lead Temperature (Soldering, 10 sec time limit) +300°C 

Maximum Power Dissipation 
Device Dissipation @ Free Air ~emperatur~ 
Linear Derating T018 

1.8w 
10mW/oC 

Maximum Voltages & Current 

V GS Gate to Source 
Voltage 

V GO Gate to Drain 
Voltage 

I G Gate Current 

2N4856·7-8 2N4859·60-6l 
-40'V-30V 

-40 V -30 V 

50mA 50mA 

FEATURES 

• rDS(ON) < 25n (2N4856, 2N4859) 

• IO(off) < 250 pA 

• Switches ±10 V.Signals with ±15 V Supplies (2N4858, 
2N4861) 

PACKAGE DIMENSIONS 50018 
TO-18 1- .m.DlA . 

. 195 .209 

NO~:~I L 
Mr- .' "Trcr 
- I r -, 

JLEAOS/ ~ ~. ~T'N 
:!ll!OIA --
.016' . 

.00135 FULL RADIUS 
:00i75 lORAIN) 

.023 

I 
I ·····_·T .m~1.: 

.0127 

~x~~ 

. ~ P1!. _\ 

.0035 .0026 
(SOURCEI . 

ORDERING INFORMATION 

*ELECTRICAL CHARACTERISTICS (25°C unless othilrwise noted) 

CHARACTERISTIC 
2N4856.59 

MIN MAX 

BVGSS 
Gate-Source 2N4856-58 -40 
Breakdown Voltage 2N4859·61 -30 

IGSS Gate Reverse Curr~nt 
2N4856·58 -250 
2N4859·61 -500 

I o (oft) Drain Cutoff Current 
250 
500 

VGSloff) Gate·Source Cutoff Voltage: -4 -10 

lOSS 
Saturation Drain .Current 

50 
INote 11 

VOS(on) Orain·Source ON Voltage 
0.75 
(20) 

rdslonl' Drain-.Source ON Resistance 25 
Ciss Common-Source Input Capacitance 18 

Common-Source R~verse. Transfer 
Crss Capacitance 8 

6 
td Turn·ON Oelay Time (20) 

[-10J 
3 

tr Rise Time (20) 
[-10J 

25 
toff Turn·OFF Time (20) 

HOJ 

NOTE: 
1. Pulse test required, pulsewidth = 100 p.s, duty cycle';; 10%. 

2N4857,60 2N4858,61 
UNIT TEST CONDITIONS 

MIN MAX MIN MAX 

-40 -40 
'G'= 1 p.A, VDS = 0 

-30 -30 
V· 

-250 -250 pA VGS - -20 V, VDS = 0 
-500 -500 ''-riA YGs=' -15 V, Vos. = 0 150 C 
250 250 pA 

VOS=15V,VGS=-10V 
500 500 nA 150·C 

-2 -6 -0.8 -4 V VOS = 15 V,IO = 0.5 nA 

20 100 8 80. mA VOS= 15V,VGS=0 

0.50 0.50 V 
VGS ='0,.'0 = ( ) 

(10) (5) (mA) 
40 60 ohm VGS= 0,10=0 f = 1 kHz 
18 18 

pF VOS=O, VGS=-10V f= 1 MHz 
8 8 

6. 10 ns 46411 2N4856,59 
(10) (5) (mA) VOO = 10 V, RL = 953 11 2N4857,60 
[-6J [-4J IVJ 1910 n 2N4858,61 

4 10 ns VGS(on) = 0 
(10) (5) (mA) 
[-6J I-4J IV) 'O(on) = ( ). 

50 100 ns 
(10) (5) (mA) VGS(off) = ( ) 
[-6J I-4J IV) 

VDD 

RL = IOCONI 

D ~
VDD-VDSION) 

VIN. . VOUT IN~~;EP~~SEE 0.25 n. 
SAMPLING SCOPE 

RISE TIME 0.75 n. 
RG . S FALL TIME 0.75 
son I PULSE WIDTH 100 ns 

. ,:, .. ' ':' PULSE DUTY CYCL.E < 10% 

INPUT RESISTANCE 1 M 
INPUT CAPACITANCE 2.5 pf 
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FEATURES 

• rDS < 5 ohms 
• Excellent Switching.- Tur.n·On < 4 ns

Turn-Off < 6 ns 

• Low Cutoff Current - ID(off) < 200 pA 

GENERAL DESCRIPTION, 
Lowest rOS(on) for analog switches,commutators and choppers 

ABSOLUTE MAXIMUM RATINGS 
@25°C(unless otherwise noted) 

Maximum Temperatures 
. Storage Temperature -65°C to +200°C 

Operating Junction Temperature +200°C 
Lead Temperature (Soldering, 10 sec time limit) +260°C 

Ma·ximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating 

Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
IG Gate Current 
I D Drain Current 

300mW 
2.3 mW/oC 

-25 V 
-25 V 

100mA 
400mA 

*ELECTRICAL CHARACTERISTICS (25°C ~nless otherwise noted) 

2N5432 2N5433 2N5434 
N-Channel Silicon Planar 

Epitaxial JFET 
ORDERING INFORMATION 

T052 WAFER CHIP . 

2N5432 2N5432/W 2N5432/D 
2N5433 2N5433/W 2N5433/D 
2N5434 2N5434/W 2N5434/D 

PACKAGE DIMENSIONS 

TO-52 

5018 
~
_ n!!OIA . 

. 195 ' .209 

MAX. ' ~ t .115 
~ I 

miO.:30~1 I 

.0035 .0036 -I -1--

.0025 x ,0026 

3LEAOS/ ~ ~ ~5T'N r 
1 '------,-',..----' 

~OIA. --

PIN OUT 

1 S 
2 0 
3 G,C 

2N5432 2N5433 2N5434 
CHARACTERISTIC 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-200 -200 
-200 -200 

BVGSS Gate Source 'Breakdown Voltage -25 -25 

10(01t) Drain Cutoff Current 
200 200 
200 200 

VGSloffl Gate·Source Cutoff Voltage -4 -10 -3 -9 

lOSS 
Saturation Drain Current 

150 100 (Note 1) 

rOS(on) Static Drain-Source ON Resistance 2 5 7 

VOS(on) Orain·Source ON Voltage 50, 70· 

'dslonl Drain-Source ON Resistance 5 7 
Ciss Common-Source Input Capacitance 30 30 

Cr55 
Common-Source' Reverse Transfer 

15 15 
Capacitance 

td Turn·ON Oelay Time 4 4 
tr Rise Time 1 1 
toff Turn·OFF Oelay Time 6 6 
tl Fall Time 30 30 

NOTE: 1 .. Pulse test reqUired pulsewidth 300 !lS, duty cycle';; 3%. 

Voo 

~l-VD~~~g::ON) 
VIN 0 VOUT INPUT PULSE 

RISE TIME 025 os 
AG S FALL TIME 0.75 
50n PULSE WIDTH 200 os 

PULse RATE 550 pps 

MIN MAX 

-200 
-200 

-25 
200 
200 

-1 -4 

30 

10 

I 100 
10 
30 

15 

4 
1 
6 

30 

SAMPLING SCOPE 

RISE TIME 0.4 ns 

UNIT 

pA 
nA 
V 

pA 
nA 
V 

mA 

ohm 
mV 
ohm 

pF 

ns 

INPUT RESISTANCE 10M 
INPUT CAPACITANCE 1.5 pF 

TEST CONDITIONS 

VGS~ -15 V, VOS ~ 0 
I 
I 150°C 

IG ~ -1 !lA, VOS ~ 0 

VOS ~ 5 V, VGS.~-10 V 
150°C 

VOS ~ 5 V, 10 - 3 nA 

Vos~15V,VGS~0 

VGS ~ 0, 10 ~ 10 mA 

VGS - 0,10 - 0 I ~ 1 kHz 

VOS ~ 0, VGS ~.-10 V I ~ 1 MHz 

VOO - 1.5 V, 
VGS(onl ~ 0, 
VGS(offl ~ -12 V, 
10(onl ~ 10 mA 



FEATURES 

• Good Combination of rDS(on) [< 150n) and Low CGS 
« 1.2pF) 

GENERAL DESCRIPTION 

Makes· ideal sample and hold switch, Low CGS gi)les very 
low charge injection; low 10(0ff) produces super low S & H 
drift rate. VGS(off) less than 5 V allows switching up to 
±10 VAC with ±15 V supplies. 

ABSOLUTE MAXIMUM RATINGS 
@25°C (unless otherwise noted) 

Maximum TelT1peratures 
Storage Temperature . 

Operating Junction Temperature 
@ Free Air Temperature 

Lead Temperature (Soldering, 
10 second time' limit) 

Maximum Power Dissipation 
Device Dissipation 
Linear Derating 

Maximum Vciltages & Current 

VSG Source to Gate Voltage 
VDS Drain to Source Voltage 
V DG Drain to Gate Voltage 
IG Gate Current 

+125~C 

300mW 
3.l)mWfC 

25V 
25V 
25V 

'10mA 

2N5555 
N-Channel Silicon 

Planar Epitaxial JFET 
ORDERING IN.FORMATION 

PACKAGE DIMENSIONS 
TO-92 

.016 
\,019 .016 . .04.5. '. 

1\ ,,021 r.t-.055 _._ 
OJ': :1~5~-'~5II~'.\5 

I MIN. .105 I .205 

\ I = I_i_, .O~' I 
I. ~,115_1 I 1'-- ~O 

MIN. i I 50 L .105 
.170 If----'+MIN. >.125_ 

--.21q- . . .165 

sou 
1----. :~!~~ NOTE: SUBSTRATE IS GATE 

I .. 0110 I 

T~' .' D ,0036 X .0042 

.0100 ,11.rmTl . . . .0025 .0032 I, 
s :=: x ::~~ 

ELECTRICAL CHARACTERISTICS @ 25°(: (uniess otherWise noted) 
SYMBOL CHARACTERISTIC MIN 

V(BRIGSS Gate·Source Breakdown. Voltage , 25 

IGSS Gate Reverse Current -
-

10(offl Orain·Cutoff Current -
VGS(off) Gate-Source to Gate·Source Drain Cut-off Voltage' -
lOSS Zero·Gate Voltage Drain Current 

VGSlfl Gate-Source Forward Voltage 

VOSlonl Orain·Source "ON" Voltage 

rOS(onl Static Orain·Source "ON" Resistance 

SWITCHING CHARACTERISTICS 
~(onl Turn·On Delay Time 
t· r l;IiseTime 

td(offl Turn-Off Delay Time 

tf Full Time 
, 

SWITCHINGTIMES TEST CIRCUIT 

INPUT PULSE 
Ri .. Time< 1.0ns 
F.II Time < tOns 
Nominal V',lue of "on" Pul. WMkh • 400"5 
Duty Cycle <; 1.0'10 
GenerIl'Ol'SoI.!rc:elmpedll'lce"'SOOIwnI 

VDD 

I.Ok 

15 

-
-
.-

-
-
-
-

MAX UNIT TEST CONDITIONS 

- . Vdc IG = 10/lAdo:, VOS = 0 
1.0 nAdc VGS = 15 Vdc, VOS = 0 
100 pAdc VOS = 12 Vdc. VGS = 10 Vdc 
2.0 /lAde VOS = i2Vdc, VGS = 10 Vdc, TA = l00·CI 

5 Vdc @V OS =10V,@1 0 =lnA 

- mAde Ves = 15 Vdc, VGS = 0 
1.0 Vdc IG(fl = ".0 mAde, VOS = 0 
1.5 Vdc 10 = 7.0 mAde, VGS = 0 

150 Ohms 10 = 0.1 mAde, VGS= 0 

5.0 ns 

5.0 ns VOO = 10 Vdc, 1010nl = 7.0 mAde, 

15 ns 
VGS(onl = 0, VGS(offl = -10 Vdc 

10 ns 

t---Pu'U';;'Ih~ 

~.... . ... rr--_VG5'oo' 
',:," I . ~~. 

INPUT I I . I 1 ' ' VGSlotfl 
1 1 .... I 
~ I4-lnputPuI. --t ~lnput~lse I I Rise Time - I Fall Tllne 

1 I 
1 1 

_I I . ....., .. ,~) r- ---I 1--.. ,';,) 
OUTPur~'"' I 10\\ . 

I I 1 
SOl<. ....1 . --I~I-- ::::;.(~I+-

1·13 



1-14 

FEATURES 

For analog switches, commutator ~nd choppers. 

• Economy Packaging 

• Fast Switching':'" trise < 5 nsec' (2N5638) 

• Low Drain-Source 'ON' Resistance < 30 .n (2N5638) 

ABSOLUTE MAXIMUM RATINGS 

Drain-Source Breakdown Voltage 
Drain-Gate Breakdown Voltage 
Source-Gate Breakdown Voltage 
Forward Gate Current 
Total Device 'Di~sipation at 25°C 

Derate above 25° C 
Operating Junction Temperature Range 
Storage Temperature Range 

30V 
30 V 
30 V 

10 mA 
310mW 

2.82mWfC 
'-65 to +135°C 
-65 to +150°C 

ELECTRICAL CHARACTERISTICS (25°C unless other,wise noted) 

CHARACTERISTIC 
2N5638 2N5639 

MIN MAX MIN MAX 

BVGSS Gate Reverse Breakdown Voltage -30 30 

~SS G,ate Reverse Current· 
-1.0 1.0 
-1.0 -1.0, 

10(0111 Drain Cutoff Current 
1.0 1.0 
1.0 1.0 

lOSS Saturation Drain Current 50 25 

VOS(onl Drain·Source ON Voltage 0.5 0.5 

rDS on Static Drain-Source ON Resistance 30 60 

'ds on Drain·Source ON Resistance 30 60 

Ciss 
Common-Source InpuJ 

10 10 
CaplIcitance 
Common·Source Reverse Transfer 

Crss Capacitance 
4.0 4.0 

td on Turn·On Delay Time 4.0 6.0 

JL Rise Time 5.0 8.0 
Id Turn·OFF Delay Time, 5.0. 10 
II Fall Tif!l~ 10 20 

NOTE: 1. Pulse test. Pw <; 300 JJs, duty cycle <; 3.0%. 

2N5638 2N5639 2N5640 
N·Channel Silicon 

Epitaxial JFET 

PACKAGE DIMENSIONS 

2N5640 
MIN. ·MAX 
-30 

-1.0 
-1.0 

1.0 
1.0 

5.0 

; 0.5 

.100 
100 

10 

4.0. 

8.0 
10 
15 
30 

1.0KO 

.016 

NOTE: FOR DIE STRUCTURE, REFER TO 2N4391 FAMilY 

50018 

UNIT. TEST CONDITIONS 

V IG - IO IlA.VDS-O 
nA 

VGS"-15V,VDS~0 
IlA "fA +100 C 
nA VOS" 15 V, VGS" -12 V .(2N56381 

IlA VGS" -8 V (2N56391, VGS'~ ~6 V (2N56401 TA" +100'C 
rnA VOS - 20 V, VGS - 0 (Nol. 11 

VGS - 0, 10 12 rnA (2N56381. 
V 10" 6 rnA (2N56391.10" 3 rnA (2N56401 

n' 10 1 rnA, VGS-O 
VGS" 0.10 - 0 I 1 kHz 

pF VG'S" -12 V, VOS" 0 f"" 1 MH~ 

VOO -10V 10(onl" 12 rnA (2N56381 

VGS(onl" 0 10(onl" 6 rnA (2N56391 . 
os 

,VGS(offl" -10 V 10(onl" 3 rnA (2N56401 
RG " 50 n 

, VOO· 

s 10VOC ·O.1IJ.F 

~ T0500~M.SCOPE8 

+---+-----------0 TO 50 OHM SCOPE A 

SCOPE 
TEKTRONIX·567A 
OR EQUIVALENT 



FEATURES 
• rOS(ON) < 30 ohms (ITE4091) 
• 10(OFF) < 200 pA 
• Fast Switching 

GENERAL DESCRIPTION: 
This family of junction FETs are characterized for analog 
switching applications requiring zero dc offset voltage, low 
ON resistance and fast switching speeds. 

ABSOLUTE MAXIMUM RATINGS 
(@25°C unless otherwise noted) 
Maximum Temperatures 

Storage Temperature .. , .............. -55 to+200°C 
Operating Junction Temperature ..... : -55 to +175°C 
Lead Temperature (soldering, 10 sec. limit) ..... 300°C 

Maximum Power Dissipation 
Device Dissipation@ Free Air Temperature .. 360 mW 
Linear Derating (T092) .................... 16 mW/oC 

Maximum Voltages & Currents 
VGS Gate to Source Voltage ...................• -40V 
Vos Drain to Source Voltage ............. ; ..... -40V 
VOG Drain to Gate Voltage ..... :; ........ ,.... . .. 40V 
IG Gate Current .......... , ........ · ......... ; .. 10 mA 

ITE4091, ITE4092, ITE4093 
N-Channel SiliconJFET 

PACKAGE DIMENSIONS 
TO-92 

.205 (5.207) ~I 

.175 (4.445) r -
.210 (5.334) g'~ ----- .,170 (4.3181. 

.115 
(2.921) . 

~ ~ MIN ,.SOO (12.7) 
.019 (.483) MIN 
.016 (.406) 

.135 (3.429) 
MIN 

.105 (2.667) 

.095 (2.413) 

.055 (1.397) 

.045 (1.143) 

.105 (2.667) 

.080 (2.032) 

50018 

.00135 (.03429) FULL RADIUS 
.00175 (.04445) (DRAIN) 

.018 (.457) 
,014 (.356) 

. OUT 
S 
D 
G 

ELECTRICAL CHARACTERISTICS (@25°C unless otherwise noted) 

ITE4091 ITE4092 ITE4093 

Characteristic Min. Max. Min. Max. Min. Max. Unit Test Conditions 

BVGSS GatecSource Breakdown Voltage -40 -40 -40 V IG = -1I'A, Vos = 0 
lOGO Drain Reverse Current 200 200 200 pA VGS = -20V, Is = 0 25C 

400 400 400 nA 150C 
IGSS Gate Reverse Current -100 -100 -100 pA VGS - -20V, VOS - 0 25C 

150C 
10(OFF) Drain Cutoff Current 200 pA Vos = 20V 25C 

400 nA VGS =.~V 150C 
200 pA 25C 
400 nA VGS =-8V 150C 

200 pA 25C 
400 nA VGS = -12V 150C 

Vp Gate Source Pinch Off Voltage -5 -10 -2 -7 -1 -5 V VOS = 20V, 10 = 1 nA 
loss Drain Current at Zero .Gate Voltage 30 15 8 mA Vos - 20V,. VGS - 0, 

Pulse Test Duration = 2ms 
0.2 10 = 2.5mA 

VOS(ON) Drain Source ON Voltage 0.2 V VGS =0 10 =4 mA 
0.2 io - 6.6 mA 

rOS(ON) Static Drain-Source ON Resistance 30 50 80 n VGS =0; ID= 1mA 
rds(on) Small Signal Drain-Source 30 50 80 n VGS - 0,10 :;0, f -1 kHz 

ON Resistance 
Ciss Common Source Input CapaCitance 16 16 16 pF Vos = 20V, VGS - 0, f -1 MHz 
Crss Common Source 5 5 5 pF Vos - 0, VGS - -20V, f -1 MHz 

Reverse Transfer CapaCitance 
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~E4391,~E4392,ITE4393 

N·Channel Silicon Planar 
Epitaxial JFET 

FEATURES PACKAGE DIMENSIONS 
, • rOS(on) < 30 ohms (ITE4391) 
• IO(off) < 100 pA 
• Switches ±10 VAC with ±15V SuppUes (ITE4392, 

ITE4393). . 
GENERAL DESCRIPTION 
Most widely. used solid state switching element Generally 
require a translator circuit to boost logic levels up to ±15V 
levels, Ideal for S & H circuits, R/2R ladder network and high 
frequency switching. 

ABSOLUTE MAXIMUM RATINGS 
@25°C (unless otherwise noted) 
Maximum Temperatures 

Storage Temperature T092 " ....... -55°C to+125°C 

TO-92 

Operating Junction Temperature T092 .... , .. +125°C 50018 
Lead Temperature (Soldering,'10 sec time limit) +300°C 

Maximum Power Dissipation 
Device Dissipation @ FreeAir Temperature .. 300 mW 
Linear Derating T092 ................ : ... 3.0 mW/oC 

Maximum Voltages & Current 

.205 (S.207)~. I 

.175(4.445) 1- - -g." ~, ---:--T 
_____ . .210 (5.334) 

.170 (4.318) 

.115 • 

.019 (.483) 

.016 (.406) 

.135 (3.429) 
MIN 

.105,(2.667) 

.095 (2.413) 

.055 (1.397) . 

. 045 (1.143) 

.00135 (.03429) FULL RADIUS 

.00175 (.04445) (DRAIN) . 

(2.921) 

IT IT MIN .500 (12.7) 
U MIN 

.105 (2.667) 

.080 (2.032) 

OUT 
5 
a 
G 

VGS Gate/to Source Voltage .................... -40V ~--~~:~~~:t~~:;~x:~~;:t~:~: 
VGO Gate to Drain Voltage .......... ,.......... -40V 
IG Gate Current ......... , ..................... 50 mA 

ELECTRICAL CHARACTERISTICS (25~C unless otherwise noted) 

ITE4391 ITE4392 ITE4393 

CHARACTERISTIC MIN MAX MIN MAX MIN MAX 

IGSS Gate Reverse Current -100 -100 -100 
-200 . -200 -200 

BVGSS Gate-Sourceareakdown Voltage' --40 ~O --40 
100 
200 

10(011) Drain Cutoff Current 100 
200 

100 
200 

VGS(I) Gate-Source Forward Voltage 1 1 1 
VGS(olt) Gate-Source Cutoff Voltage --4 -10 -2 -5 --0.5 -3 

loss Saturation Drain Current (Note 1) 50. 150 25 75 5 30 

0.4 
VOS(on) Drain Source ON Voltage 0.4 

0.4 
ros(on) Static Drain-Source ON Resistance 30 60 100 
rds(on) Drain-Source ON Resistance 30 60 100 
Ciss Common Source Input Capacitance 14 14 14 

Common-Source Reverse Transfer 3.5 
Crss Capacitance 3.5 

3.5 
td Turn-ON Delay Time 15 15 15 
tr Rise Time 5 5 5 
totl Turn-OFF Delay Time 20 35 50 
tt Fall Time 15 20 30 

- < 0 NOTE 1. Pulse test reqUired, pulse Width 3001'5, duty cycle _ 3 Yo 

UNIT 

pA 
nA 
V 

pA 
nA 
pA 
nA 
pA 
nA 
V 

mA 

V 

n 
n 

pF 

ns 

.018 (AS7) 

.014 (.356) 

'. 

. (SOURCE) 

TEST CONDITIONS 

VGS = -20V, VOS = 0 

IG = 1J.LA, VOs=O 
VGS = -5V 

VOS = 20V VGS =-7V 

VGS = -12V 

IG = 1 mA, VOS == 0 
Vos - 20V, 10 - 1 nA 
Vos - 20V, VGS - 0 

10 = 3 mA 
VGS =0 10 = 6 mA 

10 =12 mA 
VGS = 0, .10 = 1 mA 
VGS - 0,10 - 0 
Vos - 20V, VGS- 0 

VGS =--5V 
"'os = 0 VGS =-7V 

VGS - -12V 
Voo = 10V, VGS(on)- 0 

10(on) 
ITE4391 12 mA 
ITE4392 6 
ITE4393 3 

150°C 

150°C 

. 150°C 

150°C. 

f - 1 kHz 

·f = 1 MHz 

-
VGS(oll) 
-12V 
-7 
--5 



,J1,11, J112,J113 
N·Channel J·FET 

DESIG,NED FOR USE AS 
• Analog Switches 
• Choppers 
• Commutators 

FEATURES 

PACKAGE DIMENSIONS 

TO-92 

, ,016(.4061 

• Low Cost 
• Automated Insertion Package 
.' Low Insertion Loss 

/ 
I 

,021(.5331 \\ 

.019(.4831 (3.431 

.016(.4061 ~ .135 MIN 

: '~ +-~-_+~-~I~~tr~~~,-, T, 

RDS(on) < 30n (J111) I .175(4.451 
\: CI ,20

1
5(5,211 o No Offset or Error Voltage Generated by Clqsed 

Switch, 
Purely Resistive 
High Isolation Resistance from Driver 

o Fast Switching , 
tD(on) + tr = 13 ns Typical , 

• Short Sample and Hold Aperture Time 
Cgd(off) < 5 pF 
Cgs(off) < 5 pF 

f-\ ......... :-+----r-~ 
I .115 l'095(2'41 1 
_(2.921_ .105(2.671 

MIN _ .500 MIN 

.170(4.321 (12.71 
-.210(5.331- r-;:c=-r-;;:-;:;:; 

. PIN OUT 
1 D 
2 S 
3 G 

"ABSOLUTE MAXIM~M RATINGS (@ 25°C) 
Gate-Drain or Gate-$ource Voltage ...•.•...•..•.....•.................... -35V 
Gate Current ........ : .....• , ................ , ..•...•.............. ' ...... ,50 mA 
Total.Device Dissipation. (TLEAD = 25°C) ..•......... ', ..............•... 625 mW 
Power' Derating (to +135°CI ...•...•. , ..•...•. , •.••.....• : ... :: .... 5.68 mWfOC 
Storage TempElrature Range ....................•..•........... -55°C to +135°C 
Operating Temperature Range .•..••.••.••.•••.•• ; ...•..•...... -55°C \0 +135°C 
Lead Temperature (1116" from case for 10 secondsl •.....••...•.•... , ..• +300°C . 

ELECTRiCAL CHARACTERISTICS, 
TEST CONDITION'S: ,25°C unless otherwise noted 

J111 J112 J113 
PARAMETERS MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT TEST CONDITIONS 

-J S IGSS Gate Reverse Current (Note 11 1 1 1 nA VOS-OV,VGS - 15V 

~ T, VGS(off) Gate Source Cutoff Voltage 3 10 1 5 0.5 3 V Vos - 5V, 10 - 1/lA 

~ A BVGSS Gate Source Breakdown Voltage 35 35 35 Vos -,. OV, IG - 1/lA 

~ T IDSS Drain Saturation Current (Note 2) 20 5 2 rnA VOS 15V; VGS OV 

~ I 10(0If) Drain Cutoff CurrentlNote 1) 1 1 1 nA Vos - 5V, VGS- 10V 
6 C rDS(on) Drain Source ON Resistance 30 50 100 n Vos O.1V/VGS - OV 

~D Cdg(off) Drain·Gate OFF Capacitance 5 5 5 
Vos = OV, VGS = -10V 

8 Y Csg(off) Source Gate OFF Capacitance, 5 5 5 
pF 

9N Cdg(On) Drain Gate Plus Source Gate 28 28 28 Vos - VGS - 0 f= 1 MHz 
-A Csit(on) ON Capacitance 

, 

10M Id(on) Turn On Delay Time 7 7 7 SWitch,ing Time Test Conditions 
111 tr Rise Time 6 6 6 J111 J112 J113 
12C Id(off) Turn Off DelayTime 20 20 20 ns VDO 10V 10V 10V 
13 tl Fall Time 15 15 15 VGS(off) ,12V , -7V -5V 

RL 800n 1,600n 3,200n 

NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse,Test duration 300/ls; duty cycle,:; 3%. 

1·17 
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2N3993,2N3994 
P-Channel Silicon 

Planar Epitaxial JFET 
FEATURES 

• Low rDS{on) - 150rl Max (2N3993) 

• High 'Yfs'/Ciss Ratio (High-Frequency. Figure-of-Merit) 

GENERAL DESCRIPTION 

Used in high-speed commutator and chopper applications_ 
Also ideal for "Virtual Gnd" switching; needs no ext. 
translator circuit to switch ±10 VAG. Can be driven direct 
from T2L or CMOS logic. 

MAXIMUM RATINGS 

@25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage 
Drain-Source Voltage 
Reverse Gate-Source Voltage 

-25 V 
-25 V 
+25 V 

Continuous Forward ,Gate Current -10 mA 
Continuous Device Dissipation at (or below) 

25°C Fre,e-Air Temperature {See Note 1) 300 mW 
StorageTemperature Range _65°C to 200°C 
Lead Temperature 1/16 Inch from Case 

for 10 Seconds 300° C 

PACKAGE DIMENSIONS 

TO-72 

1,168mm J-?'~ 
9T;r-m;n 711 mm 

NOTE: FOR DrE STRUCTURE, 
SEE 2N5114 FAMILY, 

*ELECTR ICAl CHARACTER ISTICS @ 25° C free-air temperature (unless otherwise noted) 

PARAMETER TEST CONDITIONSt 
2N3993 2N3994 

MIN MAX MIN MAX 

BVGSS Gate-Source Breakdown Voltage IG = 1 /lA, VDS = 0 25 25 
VDG=-15V, Is ., 0 -1.2 -1.2 

lOGO Drairi Reverse Current VDG = -15 V, Is = 0, 
-1.2 -1.2 

TA = 150°C 

IDSS Zero-Gate· Voltage Drain Current 
VDS = -10 V, VGS = 0, -10 -2 

See Note 2 
VDS - -10 V, VGS = 6 V -1.2 

VDS'" -10V, VGS = 6 V, 
-1 

TA = 150°C 
ID(off) Drain Cutoff Current 

VDS=-10V, VGS = 10 V -1.2 

VDS=-10V, VGS = 10 V, 
-1 

TA = 150°C 

VGS(offl Gate-Source Voltage VDS - '710 V, ID--l/lA 4 9.5 1 5.5 

rds(on) 
Small·Signal Drain-Source VGS = 0, ID = 0, 

150 300 
On-State Resistance f = 1 kHz 

IYfsl 
Small·Signal Common·Source VDS--l0V, VGS = 0, 

6 12 4 10 
Forward Transfer Admittance f= 1 kHz, See Note 2 

Ciss 
Common·Source Short·Circuit . VDS --10V, VGS - 0, 

16 16 
Input Capacitance f= 1 MHz, See Note 3 

VDS = 0, VGS=6V, 
5 

Crss 
·Common·Source Short·Circuit f = 1 MHz 
Reverse Transfer Capacita'nce VDS = 0, VGS = 10 V, 

f = 1 MHz 
4.5 4.5 

NOTES: 2. These parameters must be measured uSing pulse techniques. tp = 100 ms, duty cycle ~ 10%. 
3. This parameter must be measured with bias voltages applied for less than 5 seconds to avoid overheating. 

'Indicates JEDEC registered data. 

tThe fourth lead (case) is connected to the source for all measurements. 

5508B 

UNIT 

V 
nA 

/lA 

mA 

nA 

/lA 

nA 

/lA 

V 

rl 

mmho 

pF 

pF 

pF 



FEATURES 

• ON Resistance < 75, ohms on 2N51.14 

• ID(off) < 500 pA 
• Switches directly from T2L Logic (2N5116) 

GENERAL DESCRIPTION 

Ideal for inverting' switching or "Virtual Gnd" switching 
into inverting input of Op. Amp. No driver is required and 
±10 VAC signals can be handled using only +5V logic (T2L 
or CMOS). 

ABSOLUTE MAXIMUM RATINGS 
@25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
LeadTemperature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 

_65°C to +200°C 
+200°C 

Device Dissipation @ Free Air Temperature 500 mW 
Linear Derating 3.0 mW/oC 

Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Current 

30V 
30V 

50mA 

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) 

2N5114/JAN TX 2N5114 
2N5115/JAN TX 2N5115 
2N5116/JAN TX 2N5116 

P-Channel Silicon Planar 
Epitaxial JFET 

ORDERING INFORMATION 

. T018 WAFER 

2N5114 2N5114/W 
2N5115 2N5115/W 
2N5116 2N5116/W' 
JAN TX 2N5114 
JAN TX 2N5115 
JAN TX 2N5116 

PACKAGE DIMENSIONS 
TO-18 

~
_ ~DIA, 

~.1950IA ,I 178' --

, ,030 In12~0 
TlWT 

3LEADS/~ ~ ~T'N 
019 ---ms D1A 

55088 

r---- :~~~~' ~ 

CHIP 

2N5114/D 
2N5115/D 
2N5116/D 

:ft..: .mm~, s~~;:,~~;; 
:~~~ x :~~~~ 0 

NOTE: SUBSTRATE IS GATE 

2N5114 2N5115 2N5116 
CHARACTERISTIC 

MIN MAX MIN MAX MIN MAX 
UNIT TEST CONDITIONS 

BVGSS Gate-Source Breakdown Voltage 30 30 30 V IG - 1 /lA, VOS = 0 , 

IGSS Gate Reverse Current 
500 500 500 pA 25 C 
1.0 1.0 1.0· /lA· 

VGS=20V,VOS=0 i5QoC . 

-500 -500 -500 pA 2N5114 -12 V 
25°C 

10IOFF) Drain Cutoff Current -1.0 -1.0 -1.0 /lA VOS=-15V,VGS=2N5115= 7V 15QoC 
2N5116= 5V 

Vp Gate-Source Pinch-Off Voltage 5 10 3 6 1 4 V. VOS = -15 V, 10 = -1 nA 
2N5114 - -18 V 

lOSS Drain Current at Zero Gate Voltage c30 -90 -15 -60 -5 -25 rnA VGS = 0, Vos = 2N5115 = -15 V 
2N5116 = -15 V 

Pulse Test Duration- 2 ms 

VGSlf) Forward Gate-Source Voltage -1 -1 -1 V IG=-1 rnA,Vos=O 
2N5114 - 15 rnA 

VOSION) Drain-Source, ON Voltage -1.3 . -0.8 -0.6 V VGS=O,IO =2N5115=- 7 rnA 
2N5116 = - 3 rnA 

ROSION) Static Drain-Source ON Resistance 75 100 100 n VGS-O,lo--lrnA 
Small-Sign'al Drain-Source ON 75 100 150 n 

VGS = 0,10 = 0, f = 1 kHz rdslON) Resistance IJan TX only 75 100 175 n 
Ciss 

Common-Source Input 25 25 25 pF 
VOS = -1,5 V; VGS ,=0, 1.= ,I MHz 

Capacitance pan TX onl,y .: 25 25 27 pF 

Common-Source Reverse 2N5114 12 V 
Crss Transfer Capacitance 7 7 7 pF VOS ~ 0, VGS =2N5115= 7V 

f = 1 MHz 
2N5116 ~ 5V 
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FEATURES 

• Interfaces Directly with T2L Logic, Elements so that No 
Extra Driver Stage is Required. 

• RDS(ON) < 75n for 5 V Logic Drive 

• ID(OFF) < 100 pA 

GENERAL DESCRIPTION 

This P·channel JFET has been designed to directly interface 
with'T2L logic, thus eliminating the need for costly drivers, 
.in analog gate circuitry. Bipolar inputs of ±15 V can be 
switched. The FET is OFF for hi level inputs (+5 V or 
+15' V) and ON for low level inputs « 0.5 V forlT100 < 
1.5 V for IT101. 

ABSOLUTE MAXIMUM RATINGS 
@25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature (T018) 
Storage Temperature (T092) 
Operating Junction Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 

_65°C to +200°C 
_55°C to +125°C 

(T018) +200°C 
(T092) +125°C 

+300°C 

-Device Dissipation @ Free Air Temperature 
Linear Derating (T018) 

300mW 
1.7mWtC 
3.0mWtC (T092) 

Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GO Gate to Drain Voltage 
IG Gate Current 

35V I 

35V 
50mA 

IT1 00 .IT1 01 
P·Channel 

Silicon Planar Epitaxial 
JFET Analog Switches 

ORDERING INFORMATION 

WAFER 
T018 T092 FORM 

1Tl00 IT100·T092 ITlOO/W 
IT10l IT101·T092 IT101/W 

PACKAGE DIMENSIONS 
5514 

FULL RADIUS 
lORAIN) 

0019 
,0015 

CHIP 

IT100/D 
IT10l/D 

(SOURCE) 

:gg~j x :~g~; 

~ 
,00B6 ,015 
.0090 ']19 

~~~ 
rc~---:g;~~ --1 

TO-18 NOTE SUBSTRATE IS GATE. -I, 
"195DIA1~1 :~~OIA. .178 . 

'D3D~ "I'D MtX. -:T7if 

- i r -, 
3LEADS/ ~ ~ ~5T'N 
:~~:DIA. '100 __ --

TO-92 

.016 

.019 .016 
.021 

ELECTRICAL CHARACTERISTICS @25°C (unless otherwise noted) 

CHARACTE RISTIC 
IT100 IT10l 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX 

lOSS Max Dra.in Current -10 - -20 - mA VGS = 0, VDS =-15 V 

Vp Pinch Off Voltage 2 4.5 4 10 V 10 = 1 nA, VDS =-15 V 

BVGSS Gate-Source Breakdown Voltage 35 35 V IG = 1 fJ.A, VDS = 0 

IGSS Gate Leakage Current 200 200 pA VGS = 20V, VDS= 0 

gfs Transconductance -8 -8 mmho VGS = 0, VDS =-15 V 

gos Output Conductance -1 -1 mmho VGS = 0, VDS =-15 V 

ID(OFF) Drain (OFF) Leakage -100 -100 pA VDS = 10 V, VGS =-15 V 

RDS(ON) Drain·Source "ON" Resistance 75 6Ci n "GS = 0, VDS =-0.1 V 

Ciss Input Capacity 35 35 pF VDG =~20 V, VGS = 0 

Crss Reverse Transfer Capacity 12 12 pF VDG =-10 V, IS = 0 



O~UIb J174, J175, 
J176,J177 

P-Channel J-FETS 
DESIGNED FOR USE AS 
• Analog Switches 
• Choppers 
• Commutators 

PACKAGE DIMENSIONS 

TO-92 

FEATURES 
• Low Cost 

. .003(.076) 

1 -'1/- 50 (TVP) !I.013('330)R 

.175(4.45) ~~ 0 _ 

• Low Insertion Loss 
ROS(on) < 85n (J174) 

.185(4.70) 3/2.1! I . . .045(1.14) 

U,TT'TT-r-'- .085(2.16) .055(1.40). 
• No Offset or Error Voltages Generated by Closed 

Switch 
Purely Resistive 
High Isolation Resistance from Driver 

• Short Sample and Hold Aperture Time 
Csg(Off) < 5.5 pF 
Cdg(off) < 5.5 pF 

• Fast SWitching 
id(on) + tr = 7 ns Typical 

I .095(2.41)R~~~~~. 
LEADS TO FIT INTO 594 

. :~~~!::~~ll 0 n (;5.09) 
DIA HOLE (TVP) U [. 

_I 1~·045(1.14) 
. .055(1.40) 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage (Note 1) ................................ 30V 
Gate Current ........................................................... 50 mA 
Total Device Dissipation (25°C Free-Air Temperature) .................. 350 mW 
Power Derating (to +125°C) ............................. _ .......... 3.5 mW/oC 
Storage Temperature Range _ .................................... -'55 to +125°C 
Operating Temperature Range .................................... -55 to +125°C 
Lead Temperature (1/16" from case for 10 seconds) ...................... 300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

, J174 J17S J176 J177 
PARAMETERS MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX UNIT TEST CONDITIONS 

1 IGSS Gate Reverse Current 1 1 1 1 nA VOS - 0, VGS - 20V 

~ 
(Note 2) 

VGS(ott) Gate-Source Cutoff 5 10 3 6 1 4 0.8 2.25 Vos - -15V, 10 - -lanA 
S Voltage 

V ~T BVGSS Gate-Source Breakdown 30 30 30 30 Vos - 0, IG - l/,A 
T Voltage 

~A loss Saturation Drain .Current -20 -100 -7 -£0 -2 -25 -1.5 -20 rnA Vos - -15V, VGS - a 
T (Note 3) 

5 I IO(off) Drain Cutoff Current -1 -1 -1 ~1 nA VOS - -15V, VGS - 10V 
C (Note 2) 

6 rOS(on) Drain-Source ON 85 125 250 300 !l VGS = 0: VOS = -D.1V 
Resistance 

7 Cdg(Off) Drain-Gate OFF 5.5 5.5 5.5 5.5 
Capacitance 

Vos = 0, VGS = 10V 8 Cog(Off) Source-Gate OFF 5.5 5.5 5.5 5.5 
Capacitance pF f = 1 MHz 

D Cdg(On) Drain-Gate Plus Source 
9 V + Gate ON Capacitance 40 40 40 

N Cog(on) 
10 A td(on) Turn On Delay Time 2 5 15 

M 
11 I tr Rise Time 5 10 20 
12 C td(ott) Turn Off Delay Time 5 10 15 
13 tt Fall Time 10 20 20 

NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10nc increase in TA. 
3 .. Pulse test duration -300/,s; duty cycle ~ 3%. 

40 Vos = VGS = a 

20 Switching Time Test Conditions 
J174 J175 J176 Jl77 

25 ns Voo -10V -£V -£V -£V 
20 VGS(off) 12V 8V 6V 3V 
25 RL 560ll 12KlI5.6KlIl0KlI 

VGS(on) OV OV OV OV 
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J270,J271 
·P-Channel J-FET 

DESIGNED FOR USE AS PACKAGE DIMENSIONS 
• General Purpose Amplifiers 

TO-92 

FEATURES 
• Low Cost 
• Automatic Insertion Package 

.003(.0761 

T ~I ;_5°ITYPI It .013(.330I R 

• High Gain Amplifiers . 
.17514.45) , 
.18514,701 

, gls = .14,000 /-LmhO Typical (J271) j 
• Low Noise 

en = 6 nV/vHz at 1 kHz Typical 
-)- .08512.161 

.09~12.41)R 
r-:::7:"'''T''':=''' 

LEADS TO FIT INTO .594' ~7-+-'-;:':"-i 

, :~~~:::~~:~n n n,,11S,'091 
OIA HOLE ITYP) U U U j 

__ I 1_ .0451~141 
.05511.401 

ABSOLUT,E MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage INote 1) ................................ 30V 
Gate Current ........................................................... -50mA 
Total Device Dissipation 125° C Free~Air Temperature) ................ :. 350 mW 

, Power Derating (to +125°C) ........................................ 3.5 mW/oC 
Storage Temperature Range ..................................... -55 to +125°C 
Operating Temperature Range ................ ; ..........•..... ;. -55 to +125°C 
Lead Temperature (1/16" from case for 10 seconds) , ...................... 300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

J270 J271 
PARAMETERS MIN TYP MAX MIN TYP MAX UNIT TEST CONDITIONS 

--JcS IGSS Gate Reverse Current (Note 2) 200 200 pA VDS - 0, VGS - 20V 
2 T VGS(ott) Gate-Source Cutoff Voltage 0.5 2.0 1.5 4.5 

V 
Vos - -15V, 10 - -1nA 

3 A BVGSS Gate-Source Breakdown VDltaQe 30 30 Vos - 0, IG - 1"A '4T loss Saturation Drain Current (Note 3) -2 -15 1) -50 mA ,VOS - -15V, VGS - 0 
5C IG Gate Current (Note 2) 15 60 pA VOG - -15V, ID - IDSS(min) 

6 gt. CDmmon-SDurce Forward 6.000 15,000 8,000 18,000 

70 
Transconductance (Note 3) 

"mho 1=1 kHz 
gos Common-Source Output 200 500 

Y Conductance 
VDS = -15V, VGS = 0 eN Giss Common-Source Input 20 20 

A Capacita'nce 
pF 8M erss Common-Source Reverse 5 5 1=1 MHz 

I Transler Capacitance 
Toc en Equivalent ShDrt-Circuit 6 6 nV VDS - -10V, ID - IDSS(min) 1-1 kHz 

Input Noise Voltage .jHz 

NOTES: 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged, 
2. Approximately doubles lor every 1Qoe increase in TA. 
3. Pulse test duration = 2 ms. 



2N5564/2N5565/2N5566 
Dual Matched 

N·C:;hannel JFET 

FEATURES 
• Specified Matching Characterlst.ics 
• High Gain - ?500"mho Minimum 
• Low "ON" Resistance,- 1QOD Maximum 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 

Gate-Gate Voltage _ . . . . . . . . . • . . . . . . . . . . . . . . . . . . . .. ± 80V' 
Gate-Drain or Gate-Source Voltage .......... _ . . . .. - 40V 
Gate Current ...................................... 50mA 
Device Dissipation (Each Side), T A =25·C 

(Derate 2.2 mW/·C) ... _ ...................... 325mW 
Total Device Dissipation, T A=' 25·C 
, (Derate 3.3 mW/·C) .......................... 650mW 
Storage Temperature Range. . . . . . . . .. - 65.·C to + 200·C 
Lead Temperature 

(1/16"from case for 10 seconds) .•............ 300·C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25° C unless otherwise noted 

SYMBOL PARAMETERS 

IGSS Gate·Reverse Current 

S BVGSS Gate·Source Breakdown Voltage 

T VGS(off) Gate·Source Cutoff Voltage 
A 

VGS(f) Gate·Source Voltage T 
I lOSS Saiuration Drain Current (Note I) 
C 

Static Drain Source ON Resistance rOS(on) 
, . 

9,s 
Common-Source Forward Transconductance 
(Note I) 

0 
Common·Source Output Conductance y gos 

N Crss Common·Source Reverse Tra,!sler Capacitance 
A 
M Ciss Common·Source Input Capacitance 

I NF Spot Noise Figure 
C 

e;; Equivalent Short Clrcult'lnput Noise Voltage 

DESIGNED FOR USE AS: 
• Dual Matched Switches 
• Wideband Differential Amplifiers 

PACKAGE DIMENSIONS TO'"-71 
.195 4.951 1- :~;.\;:r,~DIA - .10012.541-1.:.-' \:::05011.271 
,175{4.45 OIA . GATE 1 LEAD NO.3' 

'1 1 DRAIN 1 LEAD NO.2 -. 
. SOURCE 1 LEAD NO.1 :0' .... , \. 

.150(3.81) - *' 
.030 I .115(2.921 \ \:><. ~ , 

f.702jMAX l I l .... / / '--- '0 . 
1. .04611.~~ 
.;211 .0361.9141 .048(1.221. 

~~~ ~ 

-Gll>-;1 ~--OG2 Jr. 
CONDITIONS MIN. MAX. 

VGS= -20V, VOS=O 
-100 

150·C -200 

!G= -I,.A. VOs=O -40 

VOS = 15V, 10 =·lnA -0.5 -3 

VOS=OV,IG.=2mA· 1.0 

VOS=15V, VGS=O ·5 30 

10=I'mA,VGS=0 100 

1=lkHz 7500 12,500 

1=IOOMHz . 7000 

1=lkHz 45 

VOG=15V;10=2mA 1=IMHz 3 

12 

1=IOHz, Rg=IM 1.0 

1=IOHz 50 

2N5564 2N5565 2N5566 
SYMBOL PARAMETERS CONDITIONS 

MIN. MAX. MIN. MAX. ·MIN. MAX. 

:g~~2 SatuJation-Orai(l Current 
VOS= 15V, VGS=O Ratio (Notes I· and 2) '0.95 1 0.95 1 0.95 1 

~ 
Differential Gate-Source A VGS1,VGS2 5 10 20 

T Voltage 
C TA=25·C. 
H .1.0 25 50 

I 
A VIa§1,Vlalii2 'Gate·Source Voltage 

VOS=15V,IQ=2mA 
TB=I25·C 

AT Differential Orilt (Note 3) 
TA= -55"C N' ·10 25 50 

G TB=25·C 

g'sl Transconductance Ratio 

(Notes I and 2) 
Vos=15V,10=2mA 1=lkHz 0.95 1 0.90 1 0.90 1 

9's2 

NOTES: 
1. Pulse test 'requlred, pulse width 300~, dutY.cycle s 3%. 
2. Assumes smaller value In numerator. 
3. Measured at end pOints, TAand TB' 

UNIT 

pA 

nA 

V 

mA 

Il 

prnho 

pF 

dB. 

!Y:!.. 
,Hz 

UNIT 

-
mV 

~V/·C 

-
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IMF5564/1MF5565/1MF5566 
Dielectrically Isolated Dual 

Monolithic Matched 

FEATURES 
• Low Noise (10nvt.y'Hz at 10Hz) 
• High Gain -7500 J.lmho Minimum 
• Specified Matching Characteristics 
• Low "ON" Resistance - 10QO Maximum 

ABSOLUTE MAXIMUM RATINGS 
(25° C unless otherwise noted) 
Gate-Gate Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ± BOV 
Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . .. - 40V 
Gate Current ........................ ; ............. 50mA 
Device Dissipation (Each Side), T A = 25 DC 

, (Derate 2.2 mW/oC) .......................... 325r,-.W 
Tot;!) Device DIssipation, T A = 25 DC 

(Derate 3.3 mW/DC) .......................... 650mW 
StoragE1 Temperature Range ...•.. ' ... , - 65·C to + 200 DC 
Lead T"mperature ' 

(1116" from case for 10 seconds) .............. 300 DC 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise n~ted 

SYMBOL PARAMETERS 

IGSS Gate·Reverse Current 

S BVGSS Gate-Source Breakdown Voltage 
T 
A VGS(oll) Gate·Source Cutoff Voltage, 

T VGS(f) Gate·Source Voltage 
I 
C IDSS Saturation Drain Current (Note 1) 

rOS(on) 'Static Drain Source ON Resistance 

Common·Source Forward Transconductance 
gls (Note 1) D 

Y gos ,Common·Source Output Conductance 
N 

Crss Common·Source Reverse Transler Capacitance A 
M Ciss Common·Source Input Capacitance 
I 
C 

NF Spot Noise Figure 

:en .' Equivalent Short 'Circuit Input Noise Voltage' 

I 

N·Channel ,JFET 
DESIGNED FOR USE IN: 
• Dual Matched'SWitches , 
• Wide band Differential Amplifiers 

I ' 

PACKAGE DIMENSIONS TO-71 
',10012.541 -.19514.95 -:~;~~~\DIA-

.1764.45 DIArr======tl--.- GATE 1 LEAD NO.3 

1 DRAIN 1 LEAD NO •. 2 
SOURCE 1 LEAD NO.1 

.15013.81 

.030 .']'5 2.92 
(.762)~AXl 

:?~:;=;:;::::;:;=~ ", r 1 
.500 

~ 
,Tf2.7T' 

MIN 

_I 
SLEADS n n 
:~~:I:~fDIA U U 

5' ~2 G,o--. . ~G2 

8, 82 

CONDITIONS 

'VGS;' -20V, vos=ol 
lSO~C 

IG= -1,.A, VDS=O 

VDS=15V,ID=lnA 

VOS=OV,IG=2mA 

VDS= 15V, VGS=O 

ID=lmA, VGS=O 

1=lkHz 

1=100MHz " 

1 =,lkHz, 

VOG = 15V, IO=2mA 1=IMHz 

.. ' 

1=10Hz, Rg=IM 

1=10Hz 

IMF5564, IMF5565 

MIN~ 

-40 

-0.5 

5 

7S00 

,7000 

MAX. 

-100 

-200 

,-3 

1.0 . 

30 

100 

12,SOO 

45 

3 

12 

1.0 

50 

IMF5566' 

D2 G2 
0, S; 

(ALTERNATE) 

UNIT 

pA 

nA 

V 

mA' 

n 

~mho 

pF 

dB 

.!!!!. 
"Hz 

SYMBOL PARAMET"RS CONDITIONS 
MIN. MAX. MIN, MAX. MIN. MAX. 

UNIT 

~ Saturation Drain Current 
IDSS2 Ratio (Notes l' and 2) VOS=15V, VGS=O 0.95 1 0.95 1 0.95 1 -

M Differential Gate·Source 
A IVGS1-VGS21 

Voltage 
5 10 20 mV 

T 
C TA=25'C 10 25 I SO, 
H 4 !VGS1-VGS2 I Gate.source Voltage 

VDS=15V,lo=2mA TB=I25'C ,"V/!C 
I 4T Differential Drift (Note 3) 

TA=-~:"C 
N 10 25 SO 

G TB=25'C 

9ls1 Transconductance Ratio' 
0.90 '1 

9ls2 (Notes l' and 2) 
VOS=15V,IO=2mA 1=lkHz 0.95 l' 0.90 1 -

NOTES: 
1. Pulse test required, pulse width 300ltB, duty cycle,s3%. 
2. Assumes smaller value hi numerator. 
3. Measured at ends pOints, T Aand TB. 



FEATURES 

• CGSS < 1.2 pF 

GENERAL DESCRIPTION 

• Exceptionally high figure of merit 

• Radiation Immunity 

• Symmetrical devices for low-level choppers, data 
switches,. multiplexers and low noise amplifiers 

• Extremely low noise and capacitance 

• High input impedance 

• Zero offset 

• High reliability silicon epitaxial planar construction 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unlessotherwise noted) 

Maximum Temperatures 
Storage Temperature 

. Operating Junction Temperature 
Lead Temperature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 

-65°C to +200°C 
+200°C 

Device Dissipation @ Free Air Temperature 
Li near Derati ng 

300mW 
1.7 mWtC 

Ma/<imum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
IG Gate Current 

-50 V 
-50V 
50mA 

ELECTI;IICAL CHARACTERISTICS (@25°C unless otherwise noted) 

PARAMETER 
2N3684 2N3685 

MIN MAX MIN. MAX 

BVGSS Gate to Source Breakdown Voltage -50 -50 
Vp Pinch· Off Voltage 2.0 5.0 1.0 3.5 

IGSS Total Gate Leakage Current ~0.1 -0.1 

IGSS Total Gate Leakage Current (150 C) -0.5 -0.5 
IDSS Saturation Current, Drain-ta-Source , 2.5 7.5 1.0 3.0 

IYlsl Forward Transadmittance 2000 3000 1500 2500 

Ciss Common Source Input Capacitance 4.0 4.0 
(Output Shorted) 

Gas Small Signal, Common Source Out- 50 25 
put Conductance (input shorted) 

Crss Small Signal, Common Source Short 1.2 1.2 
Circuit Reverse Transfer Capacitance 

Ron On Resistance 600 800 
NF Noise Figure (Spot) 0.5 0.5 

2N3684 2N3685 
2N3686 2N3687 

N-Channel Silicon 
Planar Epitaxial JFET 

ORDERING INFORMATION 

T072 WAFER CHIP 
2N3684 2N3684/W 2N3684/D 
2N3685 2N3685/W 2N3685/D 
2N3686 2N3686/W 2N3686/D 
2N3687 2N3687/W 2N3687/D 

PACKAGE DIMENSIONS 

TO-72 

1.168 mm 1.219 mm 
~ ~ 

lOa III (254 mm) 

.050 Ifl (1.27 mm) 

5010 
D(2) 

~
OO13FUlLR 

... ·~t' 
0025 X 0025 ~ 
0035 0035 ~ ::~~ NOTE SUBSTRATE 

IS GATE 
011 
015 

2N3686 2N3687 
UNITS TEST CONDITIONS 

MIN MAX MIN MAX 

-50 -50 V VDS - 0 V.IG -1.0pA 
0.6 2.0 0.3 1.2 V VDS - 20 V, ID - 0.001 pA 

-0.1 -0.1 nA VGS- -30 V, VDS-O 
-0.5 -0.5 pA VGS --30 V, Vos - 0@150"c; 

0.4 1.2 0.1 0.5 mA Vm; o V, VDS 20 V 
1000 2000 500 1500 J,iml)os VDS- 20V, VGS -OV 

1=1 kHz 
4.0 4.0 pF VDS - 20 V, VGS - 0, 

1=1 kHz 
10 5 pmhos Vbs - 20 V,VGS - 0, 

1=1 kHz 
1.2 1.2 pF VDS 20V,VGS 0, 

1=1 kHz 
1200 2400 Ohms VDS- 0, VGS-O 
0.5 0.5 dB 1- 100 Hz. RG - 10 MD 

NBW=6 Hz, VDS= 10V 
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FEATURES 

• Low Capacity 

• UP. to 6500 J.lmho Transconductance 

GENERALDESCRIPTION 

For small signal amplifier and osciUator applications. 

ABSOLUTEMAXIMUM RATINGS 
@ 25° C (unless otherwise noted) 

Maximum Temperatures 

Storage Temperature 

Operati ng Junction Temperature 

Lead Tempe~ature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 

-65°C to +200o C 

+200°C 

Device Dissipation @ Free Air Temperature 300 mW 

Linear Derating 1.7 mWtC 

Maximum Voltages & Current 

V GS Gate to Source Voltage 

V GO Gate to Drain Voltage 

I G Gate Current 

ORDERING INFORMATION 

T072 WAFER 

2N3821 2N3821/W 
2N3822 2N3822/W 

-50 V 
-50 V 
10 mA' 

CHIP 

2N3821/D 

2N3822/D 

2N3821,2N3822 
N-Channel Silicon 

Planar Epitaxial JFET 

PACKAGE DIMENSIONS 

.100 m (2.54 mm) 

1.168 mm 1.219 mm 
.9141'111'11 ~ 

.0035 .0035 50038 

lib}'"·'·' I j~_ 00.25 0025. 

r-~~~-l NOTE: ~SU~!~~ATE 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER 
2N3821 2N3822 

UNIT TEST CONOITIONS 
MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-0.1 -0.1 nA 

VGS=-30V.VOS=0 
-0.1 -0.1 pA 150°C 

BVGSS Gate·Source Breakdown Voltage -50 -50 IG--lpA,VOS=O 
VGS(off) Gate·Source Cutoff Voltage -4 -6 

V 
VOS - 15V, 10 - 0.5 nA 

VGS Gate·Source Voltage 
-0.5 -2 VOS -15 V, 10 - 50 pA 

-1 -4 VOS - 15 V, 10 - 200pA 
lOSS Saturation Drain Current 0.5 2.5 2 10 rnA VOS - 15 V, VGS = 0 (Note 3) 

Common-Source Forward 
1500 4500 3000 6500 1=1 kHz gls Transconductance (Note 1 ) 

IVlsl 
Common-Source Forward 

1500 3000 pmho 1= 100 MHz 
Transadmittance 

gas 
Common·Source Output 

10 20 VOS=15V,VGS=0 1= 1 kHz Conductan~e (Note 1) 

Ciss 
Common-Source Input 

6 6 
Capacitance 
Common-Source Reverse Transfer 

pF 1= 1 MHz 
Crss Capacitance 

3 3 

NF Noise Figure 5 5 dB 
VOS - .15 V, VGS - 0, 
Rgen =1 meg, BW ~ 5 Hz 

f = 10 Hz 

~ Equivalent Input Noise Voltage 200 200 .-!lL VOS = 15 V, VGS=O, BW= 5 Hz VHz 
NOTE: 1. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 



·2N3823 
N·Channel 

Silicon J-FET 

FOR VHF AMPLIFIER OSCILLATOR 
MIXER APPLICATIONS 

• Noise Figure < 2.5 dB at 100 MHz 
• Low Capacitance 
• Transconductance up to 6500 /-Lmho 

PACKAGE DIMENSIONS 

TO-72 

.500 
.21015.331 112.701 

1.17014.321-1- MIN -' I H- -I - .03017.62IMAX . 

.23015.841 

.20915.311 

-'---'---,'--rl~ 

1+ __ . __ "-4 LEADS ~ 
.19514.951 
.17814.521 

.0191.4831 12.541 

.0)6(.406IDIA 

NOTE: All dimensions in parenthesis are metric. ---

.04811.221 
~ .0281.7111 

~~611.171 '< .0361.9141 

4:> 
BOTTOM VIEW 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Source Voltage ................... , .......................... :........ -30V 
Gate-Drain Voltage ....................................... ,.............. -30V 
Gate Current ........................................................... 10 mA 

PIN OUT 
1 S 
2 D 

Total Device Dissipation at lor below)·2SoC Free-Air Temperature ........ 300 mW 3 G 
4 C 

Storage Temperature Range ..................................... 43S to +200°C 
Lead Temperature 1/16" From Case to 10 Sec ............................. 300°C 

ELECTRICAL CHARACTERISTICS (25°C) 

CHARACTERISTIC MIN MAX ~NIT TEST CONDITIONS 
-D.S nA 

VGS = -20V, Vos =0 I 
IGSS Gate Reverse Current -D.S J.l.A IS0°C 
BVGSS Gate-Source Breakdown Voltage -30 IG - 1 J.l.A, VOS - 0 
VGSloff) Gate-Source Cutoff Voltage -8 V VOS = ISV, 10 = O.S nA 
VGS Gate-Source Voltage -1.0 -7.S VOS - ISV, 10 - 400 J.l.A 
loss Saturation Drain Current 4 20 mA Vos = ISV, VGS = 0 INote 3) 
gfs Common-Source Forward 3,SOO 6,SOO 

f = 1 kHz INote 1) 
Transconductance 

IVfsl Common-Source Forward 3,200 
f = 100 MHz 

Transadmittance 
gas Common-Source Output 3S J.l.mho f = 1 kHz INote 1) 

Transconductance 
giss Common-Source Input 800 Vos = 15V, VGS = 0 

Conductance 
f = 200 MHz 

goss Common-Source Output 200 
Conductance 

Ciss Common-Source Input 6 
Capacitance I 

Crss Common-Source Reverse 2 
pF f = 1 MHz 

Transfer Capacitance. 
NF Noise Figure 2.S dB Vos = ISV, VGS = O· 

RG = 1 kfl 
f = 100 MHz 
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2N3824 
N-Channel 

Silicon J-FET 

FOR HIGH SPEED COMMUTATORS 
AND CHOPPERS 

• rds < 250 ohms 
• 10(011) < 0.1 nA 

PACKAGE DIMENSIONS 
TO-72 

.500 

I £~~_I_ll~~~I_1 050 -I - .03017.62IMAX I r-
.23015.841·1 
.20915.31I l I 
I ! 4~ADS .~~~O~~~· 

.19514.951 :~~~t:~:DIA 12.541 

.17814.52) 

.04811.221 
~ .0281.7111 

~~611.171 
~ .0361.9141 

0-
NOTE: All dimensions in pan!nthesis are metric. 

___ 45' 

BOTTOM VIEW 

'6-~.' D 

~1 

PIN OUT 
1 S 
2 0 
3 G 
4 C 

~BSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Source Voltage .................................... .... . . . ... . . ... ... ~50V 

Gate-Drain Voltage .......... ' ............ ; ........................ , . . . . •. ··50V 
GateCurrent ........................................................... 10 rnA 
Total Device Dissipation at (or belciw) 25° C Free-Air Temperature ....... 300 mW 
Storage Temperature Range ...................................... -65 to +200°C 
Lead Temperature(1/16" from case for 10 seconds)' ............ , ......... 300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

CHARACTERISTIC MIN MAX UNIT TEST CONDITIONS 

-0.1 nA 
IGSS Gate Reverse Current 

-0.1 : J.lA 
VGS = -30V, Vos = 0 

150°C 

BVGSS Gate-Source Breakdown Voltage -50 V I.G = 1 J.lA, Vos - 0 

0.1 nA 
10(011) . Drain Cutoff Current 

0.1 J.lA 
VOS = 15V, VGS = -8V 

150°C 

rds(on) Drain-Source ON Resistance 250 n VGS = OV, 10 = 0 f'" 1 kHz 

Ciss Common-Source Input Capacitance 6 pF Vos = 15V, VGS = 0 

Crgs Common-Source Reverse Transfer Capacitance 3 pF VGS - -8V, VOS - 0 
f = 1 MHz 



2N4117/A,2N4118/A,2N4119/A 
N·Channel Silicon 

Planar Epitaxial JFET 
FEATURES 

• Low Leakage - IGSS < 1 pA 

• Low Capacitance - Crss < 1.5 pF 

GENERAL DESCRIPTION 

Low leakage for low power avoid amplifiers. 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise. noted) 

Maximum Temperatures 

Storage Temperature 
Operating Junction Temperature 

-65°C to +200°C 

+200°C 
Lead Temperature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 

Device Dissipation @ Free Air Temperature 
Linear Derating 

Maximum Voltages & Current 

V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Current 

300mW 
1.7 mWtC 

-40 V 
-40 V 
50mA 

ORDERING INFORMATION 

T072 WAFER CHIP 

2N4117 2N4117/W 2N4117/D 

2N4117A 2N4117A!W 2N4117A/D 

2N4118 2N4118/W 2N4118/D 
2N4118A 2N4118A/W 2N4118A/D 
2N4119 2N4119!W 2N4119/D 
2N4119A 2N4119A!W 2N4119A/D 

PACKAGE DIMENSIONS 

1.168 mm 1.219 mm 
~~ 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4117. 2N4118 2N4119 
, PARAMETER 2N4117A* 2N4118A* 2N4119A* UNIT TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 

BVGSS Gate·Source Breakdown Voltage -40 -40 -40 V IG=-lpA,VDS=O 

IGSS Gate Reverse Current 
-10 -10 -10 

pA VGS'; -20 V. VOS = 0 -1 • -1 • -1' 

IGSS (+100°C) Gate Reverse Current 
-25 -25 -25 

nA VGS= -20V. VOS=O 
-2.5' -2.5' -2.5' 

VGS (off) Gate·Source Pinch·Off Voltage -0.6 -1.8 -1 -3 -2 -6 V VOS = 10 V. 10 = 1 nil 

lOSS 
Orain Current at Zero Gate 

0.02 0.09 0.08 0.24 0.20 0.60 mA 
VOS=10V 

Voltage (Note 1) VGS = 0 

Qfs 
Common·Source Forward 

70 210 80 250 100 ,330 pmho VOS- 10 V 
Transconductance (Note 1) f = 1 kHz 

91s 
Common·Source Forward 

60 70 90 pmho VGS = O. f = 30 MHz 
Transconductance 

gas 
Common·Source Output 

3 5 10 pmho 
VOS=10V,VGS=O, 

Conductance f = 1 kHz 

Ciss 
Common·Source Input 

3 3 3 pF VOS= 10 V, VGS= 0, 
Capacitance f =1 kHz 

Crss 
Common·Source Reverse 

1.5 1.5 1.5 pF VOS - 10 V, VGS - 0, 
Transfer Capacitance f = 1 kHz 

NOTE: 1. Pulse test: Pulse duration of 2 ms used during test. 
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2N4220/A,2N4221/A,2N4222/A 
N·Channel Silicon 

Planar EpitaxialJFET' 
FEATURES 

• Crss <2 pF 

• Moderately 'High Forward Transconductance 

GENERAL DESCRIPTIO'N 

. For small i signal applications' UHF amplifier, oscillator 
and mixer applications. 

ABSOLUTE MAXIMUM RATINGS 
@ 25~C (unless otherwise noted) 

Maximum Temperatures 

1 . ~;;~:t~n:e~~~~;~r~emperature 
_65°C to +200°C 

+200°C 
. Lead Temperature (Soldering, 

10 sec time limit) , 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating 

.Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Current 

ORDERING INFORMATION 

Ton WAFER 

2N4220 2N4220/W 
2N4221 2N4221/W 
2N4222 2N4222/W 

CHIP 

2N4220/D 
2N4221/D 
2N4222/D 

300 inW 
1.7 mWfC 

-30 V 
-30 V 
10mA 

ELECTRICAL CHARAClER'ISTICS (25.~C unless otherwise note<!) 

PARAMETER 
2N4220.A : 2N4221 ,A 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-0.1 -0.1 

'-0.1 -0,1 

BVGSS Gate·Source Breakdown Voltage -30 -30 

VGS(off) Gate-Source Cutoff Voltage -4 -6' 

VGS Gate-Source Voltage 
-0.5 -2.5 . -1 -5 
(50) (50) (200) (200) 

IpSS 
Saturation Drain Current 

0.5 3 2 . 6 
(Note 3) 
Common-Source Forward 

1000 4000 2000 5000 9ls T~ansconduct~nce (Note 3) 

IVlsl 
Common-Source Forward" 

750 750 
Transadmitta"nce 

gas 
Common-Soyrce Output 

10 20 
Conductance (Note 3) 

Ciss 
Comm~n·Source Input 

. 'Capachance 6 6 

Common-Source Reverse 
Crss Transfer Capacitance 

'2 2 

NF Noise Figure 
2.5 ("A" Versions Only) 2.5 

, 
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PACKAGE DIMENSIONS 

( 5010 012' 

."±!1i'~· 
002S)(OO2~ -.L 
0035 0035 

~ =~ NOTE: SUBSTRAT~ 
.01" • . ISOATE. 

, :on; 

2N4222.A 
UNIT TEST CONDiTIONS 

MIN MAX 

-0.1 nA 
VGS=-15V.VOS=0 . -0.1 p.A 150·C .. 

-30 
V. 

IG = -10p.A, VOS = 0 
-8 VOS = 15 V, 10- 0_1 nA 

2 ' -.6 .V 
VpS=15V,lo=( ) 

(500) (500) lilA) 

5 15 rnA VOS= 15V, VGS=O 
.. 

2500 6000 
, 1=1 kHz 

750 p.mho ,1=100MHz 

40 VOS =' 15 V, VGS = 0 1=1 kHz 

6 
pF 1=1 MHz 

2 

VOS = 15V, VGS = O. f=100Hz 2.5 dB 
RGEN = 1 MEG 



FEATURES 

• NF = 3 dB Typical at 200 MHz 

• Crss< 2 pF 

GENERAL DESCRIPTION 

For VHF amplifier and mixer applications. 

ABSOLUTE MAXIMUM RATINGS 
@ 25° C (unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 

Gate Current 

Drain Current 

-30 V 
'10mA 

20mA 

Total Device Dissipation at (or •. below) 25°C 

Free-Air Temperature 

Storage Temperature Range 

Lead Temperature 

(1/16" from case for 10 seconds) 

300mW 
_65°C to +200°C 

2N4223,2N4224 
N·Channel Silicon Planar 

Epitaxial JFET 

PACKAGE DIMENSIONS 

TO-72 

1.168 mm' 1.219 mm 
.914mm ~ 

NOTE: FOR DIE STRUCTURE, REFER TO 2N4416 5000 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER 
2N4223 2N4224 

.UNIT TEST CONOITIONS 
MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-0.25 -0.5 nA 

VGS = -20 V. VOS = 0 I 1500C -0.25 -0.5 IlA 

BVGSS Gate·Source Breakdown Voltage -30 -30 V IG - -101lA, VOS - 0 

VGS(off) Gate·Source Cutoff Voltage 
-0.1 -8 -0.1 -8 V 

(0.25) (0.25) (0.5) (0.5) (nA) 

-1.0 -7.0 -1.0 -7.5 V 
VOS= 15 V, 10 = ( ) 

VGS Gate-Sou rce Voltage 
(0.3) (0.3) (0.2) (0.2) (mA) 

lOSS Saturation Drain Current 3 18 2 20 mJ,\ VOS=15V,VGS=0 
Common-Source Forward 

3000 7000 2000 7500 Ilmho f = 1 kHz 9fs Transconductance 

Ciss 
Common-Source Input 

6 6 VOS=15V,VGS=0 
Capacitance (Output Shorted) 

Common·Source Reverse 
pF f = 1 MHz 

Crss Transfer Capacitance 
2 2 

IVfsl 
Common·Source Forward 

2700 . 1700 
Transadmittance 

giss 
Common-Source Input 

800 800 Ilmho 
Conductance (Output Shorted)' 

Common-Source Output 
VOS= 15V, VGS=O 

goss Conductance (fnput Shorted) 
200 200 f= 200 MHz 

Gps Small Signal Power Gain 10 
dB 

VOS- 15 V, VGS - 0, NF Noise Figure 5 
Rgen = 1 K 
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,FEATURES 

• Exceptiona"y high figure of merit 

• Radiation Immunity 

• Symmetrical devices for low-level choppers, data 
switches, multiplexers and low noise amplifiers 

• Extr~mely 10).'1 noise and capacitance 

• High input impedance 

.• Ze ro offset 

• . High reliability si'licon epitaxial planar construction 

ABSOLUTE MAXIMUM RATINGS 
@ 250 C (unless otherwise noted) 

Maximum Temperatures 
Storage Tem perature 
Operating Junction Temperature 
Lead Temperature (Soldering, .. 

10 sec time limit! 

Maximum Power Dissipation 

_65°C to +200o C 
+200°C 

Device Dissipation @ Free Air Temperature 300mW 
1.7mWtC Linear Derating 

Maximum Voltages & Gurrent 
V GS' Gate to Source Voltage. 
V GD Gate to .Drain Voltage 
I G Gate Cu rrent . 

:"50 V . 
-50 V 
50mA 

ELECTRICAL CHARACTERISTICS (25·C unless otherwise. specified) 

PARAMETER 
. 2N4338 2N4339. 

. . . MIN MAX' MIN· MAX 

IGSS Gate "Reverse Current 
-0.1 -0.1 
-0.1 -0.1 

BVGSS Gate-:Source Breakdown Voltage -50 -50 
, VGS(offl Gate-Source Coto(f Voltage -0.3 -1 -0.6 -1.8 

ID(off) Drain Cutoff Current 
0.u5 0.05 
(-51 (-5) 

lOSS 
Saturation Drain Current 

0.2 0.6 0.5 1.5 
(Not" 3) 
Co!'"mon-Source,Forward 

9fs 600 1800 800 2400 
Tran$conductance (Note 3) 

90s 
~mmon-50urce Output 

5 15 
Conductance 

rds Drain-Source ON Resistance 2500' 1700 

Ciss' 
Common-Source Input 

7 7 
Capacitance 
Common-Source Reverse 

Crss Transfer Capacitance 
3 3 

.NF NoiSti Figure 1 1 

2N4338,2N4339 
2N4340,2N4341 

N·Channel Silicon Planar 
Epitaxial JFET 

ORDERING INFORMATION 

T018 WAFER CHIP 

2N4338 2N4338/W 2N4338/D 
2N4339 2N4339/W 2N4339/D 
2N4340 2N4340/W 2N4340/D 
2N4341 2N4341/W 2N4341/D 

PACKAGE DIMENSIONS 

TO-1B 

::~:DIA'Clfi'~~DIA 
OJD 210 

MAX. "]'lif 

L I 

5010 

.0011 . 

, T "" In" .. 11 . f T 
3LEADS/~n ~ 1MIN 

•

0121,1l1lli1'UllR 

1il!J:015 
·OO2S x ·OO25 • ~ ... '" ... -... ~ 

:~~:DIA. --
. 100 

' . 

~:= NOTE: SUBSTRATE 
IS GATE . 

.011 . 
lmi 

2N4340' 2N4341 
UNITS, TEST CONDITIONS 

MIN MAX MIN MAX ,. . ., 
-0.1 -0.1 nA 

VGS" -30 V. VOS = O· hsrc---0.1 -0.1 J.l.A 
-50 -50 

V 
IG - -1 J.l.A. VOS = 0 

-1 -3 -2 -6 VOS -15 V: ID= 0.1 J.l.A 
0.05 0.07 nA: VOS.- 15 V 

, 

(-5) (-10) IVI VGs=.1 I 

1.2 3.6 3 9 mA VOS=·15V. VGS=O 

1300 
" 

3000 2000 . 4000 
pmho VDS=15V. Vm;=O 

. 30 60 • f = 1 kHz .. 

1500 800 ohm VDS=O. VGS 0 

7 ,7 . " 
pF ,VDS c 15V. VGS = 0 f= 1 MHz 

3 3 

1 1 dB 
.VDS=15V.VGS=0 f = 1 kHz 
'Rgen = 1 meg. BW = 200 Hz 



FEATURES 

• Silicon Planar Epitaxial Construction 

- Low Noise - NF = 2.0 dB max. @ 100 MHz 
NF = 4.0 dB max. @400 MHz 

• Low Feedback Capacitance - Crss = 0.8 pF max. 

,- Low Output Capacitance -:- Coss ,; 2.0 pF max. 

• High Transconductance - gts = 4000 pmho min. 

- High Power Gain - Gps = 18 dB min. @ 100 MHz 
Gps = 10 dB min. @400 MHz 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature T072 

Operating Junction Temperature 
Lead Temperature (Soldering, 

_65°C to +200°C 

T072 +200°C 

10 sec time limit) 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Dera'ting T072 

Maximum Voltages & Current 

V GS Gate to Source Voltage 
V GD (3ate to, Drain Voltage 

IG Gate Current 

2N4416 
-30 V 
-30 V 
10mA 

+300°C 

300mW 

1.7 mWtC 

2N4416A 
-35 V 

-35 V 
10mA 

2N4416/A 
N-Channel Silicon Planar 

EpitaxialJFET 
GENERAL DESCRIPTION 

For UHF amplifier and mixer applications 

ORDERING INFORMATION 

T092 WAFER CHIP 

2N4416 2N4416/W 2N4416/D 
2N4416A 2N4416A/W 2N4416A/D 

PACKAGE DIMENSIONS 

1.168mm ~ 
.914 mm .7" mm " 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER MIN MAX UNIT TEST CONDITIONS 

IGSS. Gate Reverse Current 
-0.1 nA 

VGS~-20V,VDS;0 
-0.1 JlA 150 C 

BVGSS Gate-Source Breakdown Voltage 
-30 

V IG; -1 pA, VDS; 0 
2N4416 

-35 2N4416A 

VGS(off} Gate-Source Cutoff Voltage 
-6 

VDS; 15 V. ID; 1 nA 
2N.f416 

-2.5 -6 
V 

2N4416A 
IDSS Drain Current at Zero Gate Voltage 5 15 mA 

gts Common-Source Forward Transconductance 4500 7500 pmho t; 1 kHz 
gas Common-Source Output Conductance 50 Jlmho 

VDS;15V.VGS;0 
Crss Common-Source, Reverse Transfer Capacitance 0.8 pF 
Ciss Common-Source Input Capacitance 4 

pF f; 1 MHz 
Coss Common-Source Output Capacitance 2 

PARAMETE.R 
100 MHz 400 MHz 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX 

9iss Common-Source Input Conductance 100 1000 pmho 
biss Common-Source Input Susceptance 2500 10.000 .pmho 

90ss 
Common-Source Output 

75 100 pmho 
Conductance VDS; 15V, VGS;O 

boss 
Common-Source Output 

1000 4000 Jlmho Susceptance 
Common-Source Forward 

4000 pmho 9ts Transconductance 
Gps Common-Source Power Gain 18 10 dB VDS-15V,ID-5mA 
NF Noise Fi9ure 2 4 dB VDS - 15 V, ID - 5 mA, RG ~ 1 Kn 
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FEATURES 

• Lowest Noise Voltage - en";;; 5 nV/y Hz 

• Low Leakage - IGSS ";;;0.25 nA 

• . High Gain - Y fs ;;" 1300 .,;;; 4000 /lmho 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 

Operating Junction Temperature 

_65°C to +200°C 

+200°C 
Lead Temperature (Soldering, 

10 sec time limit) 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating 

300mW 
1.7 mWtC 

Maximum Voltages & Current 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Current 

ORDERING INFORMATION 

T072 WAFER 

2N4867 2N4867/W 
2N4867A 2N4867A/W 
2N4868 2N4868/W 
2N4868A 2N4868A/W 
2N4869 2N4869/W 
2N4869A 2N4869A/W 

-40 V 
-40 V 
50mA 

. CHIP 

2N4867/D 
2N4867A/D 
2N4868/D 
2N4868A/D 
2N4869/D 
2N4869A/D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4867· 2N4868 
PARAMETER 2N4867A 2N4868A 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-0.25 -0.25 
-0.25 -0.25 

BVGSS Gate-Source Breakdown Voltage -40 -40 

VGSloff) Gate·Source Cutoff Voltage -0.7 -2 -1 -3 

lOSS 
Saturation Drain Current 

0.4 1.2 1 3 
(Note 1) 
Common-Source Forward 

700 2000 1000 3000 Qts Transconductance (Note 1) 

90S 
Common-Source Output-

Conductance 
1.5 4 

Common-Source Reverse 
Crss 

Transfer Capacitance 
5 5 

Ciss 
Common-Source Input 

25 25 
Capacitance 

20 20 
Short'Circuit Equivalent Input 10 10 

en 
Noise Voltage 10 10 

5 5 

NF Spot Noise Figure 1 1 

NOTE: 1. Pulse test duration =. 2 ms. 

2N4867/A 
2N4868/ A 2N4869/ A 

N·Channel Silicon Planar 
Epitaxial JFET 

PACKAGE DIMENSIONS 

1.168 mm 1.219 rom 
914mm ~ 

21\14869 
2N4869A UNIT TEST CONDITIONS 

MIN MAX 

-0.25 nA 
VGS=-30V,VOS=0 

-0.25 /lA 15Cfc 
-40 

V 
IG - -lIlA, VOS - 0 

-1.8 -5 VOS-20V,IO-1/lA 

2.5 7.5 mA VOS=20 V, VGS.= 0 

1300 4000 
J.lmho t = 1 kHz 

10 
VOS=20V,VGS=0 

5 
pF t = 1 MHz 

25 

20 2N4867 Series 
t = 10 Hz 

10 nV VOS= 10V, 2N4867 A Series 

10 YHz. VGS " 0 2N4867 Series 
5 2N4867 A Series 

f = 1 kHz· 

VOS = 10 V, VGS = 0 
1 dB R. _20K, 2N4867 Series f = 1 kHz 

gen -5 K, 2N4867 A Series 



FEATURES 

• Gps = 10 dB Typical (Common Gate) at 450 MHz 

• NF = 3.5 dB Typical at 450 MHz 

• Crss = 1 pF Typical 

GENERAL DESCRIPTION 

For UHF amplifier, mixer andosc.illator and video 'amplifier 
appl ications 

ABSOLUTE MAXIMUM RATINGS 
@ 25° C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 

10 see time limit) 

Maximum Power Dissipation 

-65°C to +200°C 
+200°C 

300°C 

Device Dissipation @ Free Air Temperature 
Linear Derating 

300mW 
1.7 mW/oC 

Maximum Voltages & Cuuent 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Current 

ORDERING INFORMATION 

-25 V 
-25 V 
10 mA 

2N5397 2N5398 
N-Channel Silicon Planar 

Epitaxial JFET 

PACKAGE DIMENSIONS 

TO-72 if91~ ~i~ :~ DIA 

5.842 mm 

19!:1 ," . , 5.308 mm 

~DIA- ---.-~ 
4953 mm I 
TI2tm;,' " ~_ .-_~ 

li~;O":';" MAX l~ ::: ::::~ :: 
T -+--

~ .500 on (',', } ',lIml O 0 MIN 
4 LEADS'-- , t 

. J!..lJLi..!l~DIA ' 
016 In ,406. mm , 

'.168 mm 
914 mm 

5011 
I--,Q!~Q~ NOT!::- SUBSTRATE'ISGAT~ 

I 0170 I . 

T~~:' 000'" X '00" c,',!Q!! :", '.' 0025 ,0032 0140 . 

l ' 
S OOJ!> X 0!?04Q!) 
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ELECTRICAL'CHARACTERISTICS (25°C unless otherwise noted) 

2N5397 2N5398 
PARAMETER .' MIN ,MAX MIN MAX 

UNIT TEST CONDITIONS 

-0,1 -0, T nA 
VGS ~ -15 V, VOS = a IGSS Gate Reverse Current 

-0,1 I1A 150°C -0,1 

BVGSS Gate·Source Breakdown Voltage -25 -25 
V VOS-0,IG-- 1 I1A 

VGS(off) Gate·Source Cutoff Voltage -'1,0 -6,0 c 1.0 -6,0 VOS - 10 V, 10 -1 nA 

lOSS Saturation .Drain Current 10 30 5 40, mA VOS - 10 V, VOS ., 0 

VGS(f) Gate·Source Forward Voltage 1 1 ' V VOS - 0, IG - 1 mA 
Common·Source Forward 6000 10,000 VOS -10V, 10 = 10 mA 

gfs Transconductance (Note 1) 5500 10,000 VOS = 10 V, VGS = a 
Common·Source Output, 200 

I1mho 
VOS 10V,10-l0mA 

f = 1 kHz 

goss Conductance 400 I VOS = 10 V, V c;s = a 
Crss 

Common-Source Reverse Transfer 1.2 VOS - 10 V, 10 = 10 mA 
Capacitance 1.3 Vos= 10 V, Vc;s = a 

pF f = 1 MHz 

Ciss Common·Source I nput Capacitance 
5,0 VOG-10V,10-10mA 

5,5 VOS=10V,VGS=0 
Common·Source Input 2000 VOG-l0V,10-l0mA 

9iss Conductance 3000 VOG = 10 V, VGS=O 
Common·Source Output 400 

/lmho 
VOG - 10 V, 10 - 10 mA 

90S5 Conductance 500 VOS= 10V, VGS=O 
Common·Source Forward 5500 9000 VOG = 10 V, 10 - 10 mA f = 450 MHz 

9fs ,Transconductance (Note 11 5000 10,000 VOS=10V,VGS=0 

Gps 
Common·Source Power Gain 

15 
(neutralized) 
Common·Source, Spot Noise 

dB VOG = 10 V, 10 = 10 mA 
NF 

Figure (neutralized) 
3.5 , 

Note 1: Pulse test duration = 2ms 
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SMALL-SIGNAL AMPLIFIERS, CHOPPERS AND 
CONTROLLED RESISTORS 

ABSOLUTE MAXIUMUM RATINGS 
(25°C unless otherwise noted) 

SYMBOL RATING 

VDS Drain-Source Voltage 

VDG Drain-Gate Voltage 

VGS(r) Reverse Gate-Source Voltage 

IG Gate Current 

PD 
Total Device Dissipation @ TA = 25°C 

Derate above 25°C 

TJ Operating Junction Temperature 

VALUE 

25 

25 

25 

10 

310 

2.82 

135 

2~5457,2N5458,2N5459 

N·Channel Silicon JFET 

PACKAGE DIMENSIONS 

UNIT 

Vdc 
.016 

Vdc ,019 ,016 
.021 

Vdc 

mAde, 

mW 
mWfC 

°c 

Tstg Storage Temperature Range -65 to +150 °c 

. NOTE: FOR DIE STRUCTURE, REFER TO 2N4338 FAMILV. 

6010 

ELECTRICAL CHARACTERISTICS (25°C unless othp.rwise noted) 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 
OFF CHARACTERISTICS 

BVGSS Gate·Source Breakdown Voltage -26 -60 Vde IG = -10 /lAde, VOS = 0 

IGSS Gate Reverse Current 
-1.0 

nAdc 
VGS - -15 Vdc, VOS-':O 

.05 -200 VGS = -15 Vdc, VOS = 0, TA = 100°C 

-0.5 -6.0 2N5457 
VGS(off) Gate·Source Cutoff Voltage -1.0 -7.0 Vdc VOS = 15 Vdc, 10 = 10 nAdc 2N5458 

-2.0 -8.0 \ 2N5459 
2.5 VOS - 15 Vdc, 10 - 100/lAdc 2N5457 

VGS Gate·Source Voltage 3.5 Vdc VOS = 15 Vdc, 10 = 200/lAdc 2N5458 
4.5 VOS = 15 Vdc, 10 = 400 /lAdc 2N5459 

ON CHARACTERISTICS 

Zero-Gate-Voltage Orain 
1.0 3.0 5.0 2N5457 

lOSS Current 
2.0 6.0 9.0 mAdc VOS = 15 Vdc, VGS = 0 2N5458 
4.0 9.0 16 2N5459 

DYNAMIC CHARACTERISTICS 

1000 I 3000 5000 2N5457 

/Vfs/ Forward Transfer Admittance 1500 4000 5500 /lmhos VOS = 15 Vdc, VGS = 0, f=,1 kHZ 2N5458 
2000 4500 6000 2N5459 

/Vos/ Output Admittance 10 50 /lmhos VOS-15Vdc, VGS-O,f-l kHz 
Ciss Input Capacitance 4.5 7.0 pF VOS - 15 Vdc, VGS = 0, f-l MHz 
Crss Reverse Transfer Capacitance 1.5 3.0 pF VOS - 15 Vde, VGS -O,f - 1 MHz 



GENERAL DESCRIPTION 

For VHF/UHF amplifier, mixer and oscillator applications. 

FEATURES 

• Specified for 400 MHz Operation 

• Can Be Used as a Low Capacitance Switch 

• Economy Packaging 

• Crss< 1.0 pF 

ABSOLUTE MAXIMUM RATINGS 
Drain·Gate Voltage 
Source Gate Voltage 
Drain Current 
Forward Gate Current 
Total Device Dissipation @ 25°C 

Derate above 25° C 
Operating Junction Temperature Range 
Storage Temperature Range 

25 V 
25 V' 

30mA 
10mA 

310mW 
2.82mWfC 

_65°C to +150°C 
_65°C to +150°C 

ELECTRICAL CHARACTERISTICS 125"C unless othe,w;se noted} 

PARAMETER 
2N5484 2N5485 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-1.0 ··1.0 
-200 -200 

BVGSS Gate-Source Breakdown Voltage -25 -25 

VGSloff} Gate-Source Cutoff Voltage 0.3 -3.0 -0.5 4.0 

lOSS Saturation Drain Current 1.0 5.0 4.0 10 
Common-Source Forward 

3000 GOOO 3500 , 7000 9f, Transconductance 
Common-Source Output 

90' COnductance 
50 60 

, Relyfs} 
Common-Source Forward 2500 
Transconductance 3000 
Common-Source Output 75 

Relyo,} Conductance 100 

Re(Yisl 
Common-Source Input 100 
Conductance 1000 

Ciss 
Common-Source Input 

5.0 5,0 
Capacitance 

C,ss 
Common-Source Reverse 

1.0 1.0 Transfer Capacitance 

Coss 
Common·Source Output 

2.0 2.0 Capacitance 

2:5 2.5 
NF Noise Figure 3.0 

4.0 
16 25 

Gp, Common-Source Power Gain 18 30 
I 10 20 

2N5484 2N5485 2N5486 
N·Channel Silicon 

Planar Epitaxial JFET 

PACKAGE DIMENSIONS 

2N5486 
UNITS 

MIN MAX 

-1.0 
nA 

-200 
-25 

V 
-2.0 6.0 

tl.U 20 rnA 

4000 8000 

75 

3500 
,umhos 

100 

1000 

5.0 

1.0 pF 

2.0 

2.5 

4.0 
dB 

18 30 
10 20 

TO-92 

.016 

.019 .016 
.021 

NO"(E: FOR DIE STRUCTURE, 
see 2N4416 

TEST CONOITIONS 

VGS = -20 V, Ves = 0 

IG - -1 pA, VOS - 0 

Ves 15 V,IO 10 nA 

Ves 10 v, VGS • U INote 

Ves = 15 V, VGS = 0 

.' 

VDS - 15 V, VGS - 0, RG - 1 Mil 
VDS 15V, Ie 1 rnA, RG 1 kn 

Ves 15V,ID 4 rnA, RG lkn 

Ves ··15V, 10'" 1 mA 

Ves - 15. V, 10 4mA 

5000 

T - +100"C 

f = 1 kHz 

f 100 MHz 
f 400 MHz 
f-l00MHz 
f - 400 MHz 
f - 100 MHz 
f" 400 MHz 

f" 1 MHz 

f - l"kHz 

f . 100 MHz 
f ~ 400 MHz 

f - 100 MHz 

f" 400 MHz 
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FEATURES 
• Silicon Planar Epitaxial Construction 
• Low Noise - NF= 2.0 dB max. @ 100 MHz 

" NF = 4.0 dB max. @ 400 MHz 
• Low Feedback Capacitance - Crss = 0.8 pF max. ' 
• Low Output Capacitance - Coss = 2.0 pF max. 
~ High Transconductance - 9f5 = 4000 Ilmho ' 

min. 
• High Power Gain - Gps = 18 dB min. @ 100 MHz, 

Gps = 10 dB min. @ 400 MHz 

GENERAL DESCRIPTION 
For UHF amplifier' and mixer applications 

ABSOLUTE MAxIMUMRATIN~S' 
@25°C(unless otherwise noted) 
Maximum Temperatures 

Storage Temperature T092 ",', .. '.. --55°C to +125°C 
Operating Junction Temperature T092 ....... +125°C 
Lead Temperature (Soldering, 10 sec time limit) +300°C 

Maximum Power Dissipation ' 
Device Dissipation @ Free Air Temperature .. 300 mW 
Linear Derating T092 .................... 3.0 mW/oC 

Maximum Voltages & Current ..... J •. ' .......... ' ITE4416 
VGS .Gate to Source Voltage' .~.................. -30V 
VGO Gate to Drain Voltage ... .... . .. . . . . . . .. .... -30V 
IG Gate Current ................................ 10 mA 

ITE4416 
:} J-J 

N·Channel Silicon Planar 
Epitaxial JF~T 

PACKAGE DIMENSioNS 

.019(.483) 

.016(.406) 

.135 '(3.429) 
MIN 

.105 (2.667) 

.095 (2.413) 

.055 (1.397) 

.045 (1.143) 

TO-92 

, ~ 105 (2.667) 
.080 (2.032) 

5000 

OUT 
S 
D 
G 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER MIN MAX UNIT TEST CONDITIONS 

IGSS Gate ReverseCurrenf -0.1 nA VGS = -20V, VOS = 0 
-0.1 p.A , 1500 G 

BVGSS . Gate-Source BreakdOwn Voltage .. ' -30 
V 

IG = ,"1p.A, VOS = O . ITE4416 
VGS(off1 Gate-Source Cutoff Voltage " 

(. ,-6 VOS - 15V; '10- 1 nA ITE4416 
loss .. Drain Current at Zero Gate Voltage 5 15 rnA 
gls Common-Source Forward Transconductance 4500 7500 p.mho 

f = 1 kHz 
gas Common-Source Output Conductance 50 .. Vos ~ 15V,JVGS= 0 

, Crss Con:tmon-Source Reverse Transfer Capacitance '0.8 ' 
Ciss Common-Source Input Capacitance '\ 4 pF f = 1 MHz 
Coss Common-Source Output Capacitance 2 

100 MHz 400 MHz 

PARAMETER' MIN MAX MIN MAX UNIT TEST CONDITIONS 

giss . Common-Source Input Conductance 100 1000 
blss Common-Source Input Susceptance 2500 10,000 
goss Common-Source Output 75 100 p.mho VOS ='15V, VGS = 0 

Conductance 
boss Common-Source Output 1000 4000, 

Susceptance 
, gls Common-Source Forward 4000 

Transconductance 
Gps ·CommoncSource·Power Gain 18 ' .10 

dB 
Vos = 15V, 10 = 5 rnA 

NF Noise Figure 2 4 Vos 15V, 10 5mA,RG 1 KO 



FEATURES 
• High Power Gain 

l5dB Typical at 100MHz, Common Gate 
10dB \ypical at 450MHz, Common Gate 

• Low Single Sideband Noise Figure 
, 1.5dB Typical at 100MHz, Common Gate 

3.2dB Typical at 450MHz, Common Gate 
• Wide Dynamic Range - Greater than 100dB 
• Offered in Wide Variety of Packages for Most Any 

Circuit Configuration. 

GENERAL DESCRIPTION 
This family of N·channel Junction FETs are designed and 
characterized for VHF and UHF applications requiting high 
gain and low noise figure; The forward transconductance 

PACKAGE DIMENSIONS 

TO-72 

TO-52 

U308,U309,U310,U311 
N·Channel Silicon JFET 

is relatively flat out to 1000MHz. Applications for these 
devices in military, commercial and consumer communica· 
tions equipment include low noise, high gain R F amplifiers, 
low noise mixers with conversion gain, and low noise, ultra 
stable R F oscillators. 

ORDERING INFORMATION 

T052 T072 T092 WAFER CHIP 
U30S U30S-T092 U30SIW U30S/D 
U309 U309·T092 U309/W U309/D 
U3l0 U3l0·T092, U3l0/W U3l0/D 

U3ll U3ll/W U3ll/D 

1--__ -+_230 
.209 

Gate is in electrical contact 
with case 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Gate·Drain or Gate·Source Voltage 
Gate Current 
Total Power Dissipation 
Power Derating Ito maximum operating temperature) 
Operating Temperature Rarige 
Storage Temperature Range 
Lead Temper~ture (1/16" from case for 10 sec) 

PIN OUT 

1 S 
2 0 
3 G 

TO·52 

-25V 
20niA 

500mW 
4.0mWt"C 

-65 to 150°C 
-65 to 200°C 

300°C 

'5021 

NOTE: SUBSTRATE 
IS GATE. 

TO-72 

-25V 
10mA 

300mW 
2.4mW/oC 

-65 to +150°C 
-65 to +200°C 

300°C 

TO·92 

-25V, 
10mA 

300mW' 
3.0mWfC 

-55 to +125°C 
1.:55 to +125°C 

300°C 
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U308,U309,U310,U311 

ELECTRICAL CHARACTER ISTICS FOR U308, U309 and U310 (25°C unless otherwise noted) 

CHARACTER ISTIC 
U308 U3Q9 U310 

UNIT TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

-150 -150 -150 pA VGS =-15V 

IGSS Gate Reverse Current 

-150 -150 -150 nA VGS = 0 T = 125'C 

BVGSS 
Gate~Source Breakdown -25 -25 -25 IG =-l/lA, VOS =0 Voltage 

V Gate-Source Cutoll V 

GS(off) Voltage -1.0 -6.0 -1.0 -4.0 ~2.5 -6.0 VOS = 10 V, 10 = 1 nA 

lOSS 
Saturatjo~ Drain Current 

12 60 12 30 24 60 mA VOS= 10 V, VGS= 0 (Note 1) 

VGS(I) 
Gate-Source Forward 

1.0 1.0 1.0 V IG =lOmA,VOS =O 
Voltage 

II 
Common-G'ate Forward 

, 
gig 10 20 10 20 10 18 mmho 

Transconductance (Note 1) 
VOS=·lOV, 

Common-Gate Output ID =lOmA I =1 kHz 

gogs Conductance 150 150 150 /lmho 

Cgd Drain-Gate Capacitance 2.5 2.5 2.5 

pF 
VGS= -10 V, 

1= 1 MHz 
C Gate-Source Capacitance 5.0 5.0 5.0 VOS= 10 V 

gs 

0 Equivalent Short Circuit 10 10 10 
nV VOS=lOV, 1= 100 Hz n Input Noise Voltage ¥Hz 10 = 10 mA 

Common-Gate Forward 12 12 12 , 1= 100 MHz 
gig Transconductance 11 11 11 ·1 = 450'MHz 

mrnho 

g09S 
Common-Gate Output 0.18 0.18 0.18 1= 100 MHz 
Conductance 0.7 0.7 0.7 VOS=10V, 1-450MHz 

Gpg Common-Gate Power 15 15 15 10 = 10 inA· 1= 100 MHz 
Gain 10 10 10 1- 450 MHz 

dB 

NF Noise Figure 
1.5 1.5 1.5 I = 100 MHz 
3.2 3.2 3.2 1- 450 MHz 

ELECTRICAL CHARACTERISTICS FOR U311 (25°C unless otherwise noted) 

CHARACTERISTIC 
U311 

UNIT TEST CONDITIONS 
MIN MAX 

IGSS Gate R eve rse Cu rren t -150 pA VGS - -15V, I 
-150 nA VOS=O 150'C 

BVGSS GateoSourceB reakdown 
Voltage -25 IG=-l/lA,VOS=O 

V GS(off) GateoSource Cutofl 
V 

Voltage -1 -6 VOS = 10V, 10 = 1 nA 

lOSS Saturation Drain Current 
20 60 mA VOS = 10V,VGS = 0 (Note 11 

VGS(f) GateoSource Forward 
1 V IG= lmA, VOS =0 Voltage 

gig Common-Gate Forward 
10,000 20,000 VOS =lOV, Transconductance (Note 11 

gogS Common·Gate Output /lmho 1= 1 kHz 

Conductance 150 10=10mA 

Cgd Gate-Orain Capacitance 2.5 
VpG =10V, 

CgS GateoSource Capacitance 5.0 
pF 

1= 1 MHz 10 = 5 mA 

NOTE: 1. Pulse test duration =2 ms. 
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• DESIGNED FOR USE AS 
• VHF/UHF Amplifiers 
• Oscillators 
• Mixers 

FEATURES 
• Industry Standard Part In low Cost Plastic Package 
• High Power Gain ' 

11 dB Typical at 450 MHz 
Common-Gate 

• ,Low Noise - 2.7 dB Typical at 450 MHz 
• Wide Dynamic Range Greater than 100 dB 
• Easily Matches to 75 n Input 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Gate Voltage ................................. 25V 
Source-Gate Voltage ................................ 25V 
Forward Gate Current ....................... ~ .... 10 mA 
Total Device Dissipation (TLEAD.= 25°C) ..... :". 625 mW 

Derate above 25°C ........... : ............. .5.68 mWfOC 
Storage Temperature Range ............... -55 to +150°C 
Operating Junction Temperature Range .... :"'55 to +135° C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

J308 
PARAMETERS MIN TYP, MAX MIN 

1 BVass Gale-Source, Breakdown -25 -25 

~S 
Vollage 

lass Gate Reverse ,Current 1.0 r--;;-
1.0 ~T 

4 A VaSloff) Gate-Source 'Cutoff -1.0 -6.5 1.0 
T VolI~ge -

r--sl loss Saturation Drain 12 60 12 

f-=-C Current INote 11 
6 VaSlf) Gate-Source Forward 1.0 

Vollage 
7 ,gfs Common-Source Forward 8,000 20,000 10.000 

Transconductance 
8' gos Common-Source 200 

0 Output Conductance 

J308,~309,J310 

N-ChannelSilicon J-FET 

J309 
TYP 

PACKAGE DIMENSIONS 

TO-92 

/ 
I 

\ 
\. 

.016(.406) 

.045(1.14) 

.055/iAOf 
.016(.406) \ .135 MIN 

.021 (.533) \\ 

:-019lAli3l =I \ (3.43) 

I: =0 J]_, '--1-+./..:.-+/ --b-~~.1Tt(4.45) 
.205(5.21) 

~1! 
_(2.92)_ .105(2.67) .. 080(2.03) I .115 'lOOP5(2'41) I 

. MIN _ .500 MIN .12~ .105(2.67) 1 
.170(4.32) '(12.7) -.165(4.19)-

. - .210(5.33) - r-:;P"'IN""'-;O~U"'T'" 
1 0 
2 S 
3 G 

J310 
MAX MIN TYP MAX UNIT TEST CONDITIONS 

-25 V la - 11'11, Vos - a . 

1.0 1.0 nil VGS 15V, 
1.0 -1.0 ~II Vos = a T - +125°C 

.4.0 2.0 -6.5 .V Vos - 10V, 10 - InA 

30 24 60 mil ';-;----;;-
Vos = 10V, Vas ~ a 

~.O 1.0 V-- VOS = o,-i f ; -~ 1 mA 

20.000 8,000 18.000 

200 200 

Vos = 10V. I 

9Y gfg Common-Gate Forward 13,000 13.000 12.000 
I'mhos 

10 =10mll 
f = 1 kHz 

N Transconductance' 
'To A gog ,Common Gate Output 150 i50 150 

,M Conductance 
'111 Cgd Gate-Drain 1.8 2.5 1.8 2.5 1.8 2.5 

C Capacitance pF Vos = 0, 
f= 1 MHz ~ Cgs Gate-Source 4.3 5.0 4.3 5.0 4.3 ,5.0 Vm; = -tOY 

'T3 
Capacitance 

en Equivalent Short-Circuit 10 10 10 nV VOS - 10V, 
f = 100 Hz Input Noise Voltage Jt-i-;- 10 = 10 mil 

14 Re(Vfs) Common-Source Forward 12 12 
I 

12 

~ 
Transconductance ---

Re(Vfg) Common-Gate Input 14 , 14 14 

~H 
Conductance mmho 

Re(Vis) Common-Source Input 0.4 0.4 0.4 
I Conductance f = 105 MHz ...,., 

Re(vos) Common-Source Output 0.15 0.15 0.15 VQS= 10V, 
I F Conductance 10 ='10mll 
"18R Gpg Common-Gate Power 16 16 16 

E Gain at Noise Match 
190 NF Noise FiQure 1.5 1.5 1.5 

dB f2Q ,Gpg Common-Gate Power 11 11 11 

~ 
Gain at Noise Match , f = 450 MHz 

NF Noise Figure 2.7 2.7 2.7 
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DESIGNED FOR USE AS 
• VHF/UHF Amplifiers. 
• Oscillators 
• Mixers 

FEATURES 
• Industry Standard Part In Low Cost Plastic Package 
• High Power Gain 

11 dB Typical at 450 MHz 
Common-Gate 

• Low Noise - 2.7 dB Typical at 450 MHz 
• Wide Dynamic Range Greater than 100 dB 
• Easily Matches to 75 n Input 

.ABSOLUTE MAXIMUM RATINGS (25°C) 

J308, J309, J310 
N-Channel Silicon J-FET 

PACKAGE DIMENSIONS 

/ 
/ 

\ 
\ 

TO-92 

.045(1.14) 

.055(1.40) 

II Drain-Gate Voltago ..... , ..........•................ 25V 
Source-Gate Voltage .... ~ ................•.......... 25V 
Forward Gate Curront ............................ 10 mA 
Total Device Dissipation (TLEAD = 25°C) .••..... 625 mW 

Derate above 25" C ........................ 5.68 mW/o C 

I 115j l·095(2.41) . _(2.92)·105(2.67) 

MIN _ .500 MIN 
.170(4.32) . (12.7) 

..,... .210(5.33) - .. 
PIN OUT 

I D 

.080(2.03) 

.105(2.67) 

Storage Temperature Range ............... -55 to +150°C 
Operating Junction Temperature Rarige .... -55 to +135° C 

2 S 
3 G· 

ELECTR ICAl CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted 

J308 J309 J310 
PARAMETERS MIN TYP MAX MIN TYP MAX ·MIN TYP MAX UNIT TEST CONDITIONS 

1 BVG';S Gate·Source Breakdown 25 25 -25 V IG IpA. VOS ~~ a 

'1Gs"ii -
Voltaou .. 

~S ~it'lVerse .Current· 1.0 1.0 -1.0 nA VG'; ·15V. 
':IT -1.0 -1.0 cl.0 _MA VDo; .. 0 T - +125°C 
f4A VG~jluU) Gate·Source C.utofl -1.0 -6.5 -1.0 -4.0 -2.0 -6.5 V. Vo,; tOV, 10 - InA 

T Voltaou rs, los~ 'satur'.-'tlOn Drain 12 60 12 . 30 24 60 rnA Vo" laV. VGS ~ 0 

I-s C f:-;-." .. ~ Cu'rront INote 11 

VG~I" ~50urce Forward 1.0 ·1.0 1.0 V VO,; 0, IG - 1 rnA 

... - Voltao" 
7 9" ~o".source.Forward B,OOO 20,000 10,OO~ 20,000 8.000 lB,OOC 

fa f-
Transconductance 

9o" Commc),,·50urce 200 200 200 
D Outpul Conductanco 

pmhos· Vo,; ." 10V, 1=1 kHz I--g y rg,g .-~'·('''-Gate Forwli·'d 13,000 . 13,000 12,000 ·10 lOrnA 

rw N r::- ._ 
A guu 

~Clnductance 
Commo" Gate Output 150 150 150 

f-;T 
MI=- _ ~clance .. 
I Cq " Gate-Drllin 1.8 2.5 1.8 2.5 I.B 2.5 

fJ2 C f=- .. Capac,t;Ulce pF Vos = 0, 1=1 MHz 
Cn'J Gate-Suurce 4.3 5.0 4.3 5.0 4.3 5.0 VGS = -10V 

f--;3 b- .-~~ltH1Ce " 

en Equivalunt Short·Circuil 10 10 10 ~ VOS - 10V, 
I = 100 Hz 

'14 I- r.;-. Input NOIse Voltage JRZ 10" lOrnA 
AUIY"I ComnwII·Source Forward; 12 12 12 

r;s Transconductance 
"-' Au;v"J) CommUlj·Gate Input 14 14 14 

i-;aH 
.. - Conductllnce mmho 

nOIVI"! ~oll:Source Inp·lll 0.4 0.4 0.4 
I .. - Conduc:tunce 1= 105 MHz 

f-r7 RUIVo'll ~oll.Source·OuIPut 0.15 0.15 0.15 VOS = 10V, 
F ..... - ~(:Iilnce . 10 = lOrnA 

r;aA G I ", Common-Gate Power 16 16 16 
E 

:flF.~== 
~! Noise Match. r,ga ~'!Jure . 1.5 1.5 1.5 

dB f20 Gpu Commun·Gate Power 11 11 11 

f2J NF'----~,I. Noise Match I =.450 MHz 
Noise I"nure 2.7 ·2.7 2.7 

1-42 



:GENERAL DESCRIPTION 

• Low-level Choppers 

• Data Switches 

• Commutators 

ABSOLUTE MAXIMUM RATINGS 
@ 25° C (unless oth~rwise noted) 

Maximum Temperatures 
Storage Temperature 
.operating Junction Temperature 
Lead Temperature (Soldering, 

10 sec. time limit) 

Maximum Power Dissipation 

_65°C to +2000 C 
+175°C 

.. 2N2606 
2N2607,2N2608 

2N2609/2N2609 JTX 
P·Channel Silicon Pla,nar 

Epitaxial JFET 

PACKAGE DIMENSIONS 

TO-1S 

1-. . ", '~~OIA .195 0IA. _I . 
. 17~ '03'0'~'" t' 

. .210 
MAX. -:TIif 

L . t 
r -t 

Device. Dissipation @ Free Air Temperature 
Linear Derating 

300mW 
2_0mWtC 

3LEAOS/ ~ ~ ~50rN 
:g~:OIA. --

Maximum Voltages & Current-
V DG Drain' to Gate Voltage 
VSG Source to Gate Voltage 
I G Gate Current 

30V 
30V 

50mA 

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise noted) 

2N2606 
Characteristic Test Conditions 

Min Max 

VGS=30V,VOS=0 1 

lGSS Gate-Source Cutoff Current t 
VGS= 5 V, VOS = 0, T A= 1500 C 1 

BVGOS Gate-Orain Breakdown lG = lilA, VOl> = 0 30 
Voltage 

Vp Gate-Source Pinch-Off V OS =-5V,l o =-IPA 1 4 
Voltage' 

I Drain Current .8t Zero Gate ., 
V OS=-5V, Vcis =0 -0.10 -0.50 

DSS Voltaae 

gfs Smal~Signal CommorrSource VOS = -5 V, V GS = 0, f = 1 kHz 110 
Forward Transconductance 

Ciss Gate-Source I nput Capacitance VOS = -5 V, V GS = lV, 6 

f= 140 kHz i : 
, 

V OS =-5V, RG = 10Mil 3 

NF Noise Figure VGS= 0, 
f = 1 kHz RG =- 1 Mil 

.100-j_ 

PIN OUT 
1 S 
2 G·c 
3 0 

2N2607 2N2608 2N2609 . 

Min' Max Min MaX Min Max Unit 

:3 10 30 nA 

3 10 30 pA 

30. 30 30 V 

1 4 1 4 1 4 V 

-0.30 -1.50 -.0.90 -4.50 -2 -10 rnA 

330 1000 2500 I.lmho 

10 17 .30 pF 

3 

dB 
3 3 
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GENERAL DESCRIPTION 

For • Multi-Purpose Amplifiers' 

• Analog Multipliers 

• Modulators 

ABSOLUTE MAXIMUM RATINGS 

@ 2SoC (unless otherwise noted) 

Gate-Drain and Gate-Source Voltage 
Gate Current ' 
Total Device Dissipation 'at (or below) 

2SoC Free-Air Temperatur~ 
Storage Temperature Range 
Lead Temperature 

(1/16" from case for 10 seconds) 

20V 
10mA 

0.3W 
-6SoC to +200°C 

*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER 
2N3329 2N3330 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
0.01 0.01 

10 10 

BVGSS 
Gate·Source Breakdown 

20 20 
Voltage 
Gate·Source Cutoff 

VGS(off) Voltage 5 6 

lOSS Saturation Drain Current -1 -3 -2 -6 
Orain·Source ON 

1000 800 rOS(on) Resistance 

9is\ 
PJmmon-Source Input 0.2, 0.2 
Conductance 
Common-Source Reverse 

0.1 0.1 9rs Transfer Conductance 
Common-Source Output 

gos Conductance 
20 40 

Common-Source Forward 1000 2000 1500, 3000 
915 ';-ransconductance'~' .900 1350 

Ciss 
Common-Source'lnput 

20 20 
Capacitance 

,NF Noise Figure 3 3 

NF Noise Figure 

2N3329 2N3330 2N3331 
P-Channel Silicon 

Planar Epitaxial JFET 

PACKAGE DIMENSIONS 

TO-72 

, 
NOTE: FOR DIE STRUCTURE, 

S~E 2N5460 FAMilY 

55038 

2N3331 
UNITS TEST CONDITIONS 

MIN MAX 

0.01 
J.lA 

VGS= 10V, VOS=O 
10 VGS= 10 V, VOS = 0, TA = 150 C 

20 IG = 10J.lA, VOS = 0 
V 

8 VOS=-5V,IO=-10J.lA 

-5 -15 rnA VOS=-10V,VGS-0 

600 n IO=-100J.lA,VGS=0 

0.2 

0.1 
2N3329: 10=-1 rnA 
2N3330: 10=-2 rnA 

J.lrnho liDS = ~10 V 
2N3331 : 10=,..,5 IT1A 

1=.1 kHz 
100 

2000 4000 
1800 .1 = 10 MHz 

20 pF VOS=-10V,VGS=lV 1 = 1 MHz 

4 dB 
VOS=-5V,IO=-1 rnA 

1= 1 kHz 
Rgen = 1 MU 
VOS= -5 V,IO -1 rnA 

1= 10 Hz 
Rgen = 10 MU 



GENERAL DESCRIPTION 
P-Channel junction depletion mode (Type AI field-effect 
transistors designed for general-purpose amplifier applica
tions_ 

MAXIMUM RATINGS 

SYMBOL RATING VALUE' UNIT 

VDS Drain-Source Voltage 60 .. Vde 
VDG Drain-Gate Voltage 60 Vde 
VGSlrl Reverse Gate-Source Voltage 60 . Vde 
ID Drain Current 20 mAde 

IGIIL Gate Current-Forward 10 mAde 

PD 
Total Device Dissipation @ T A = 25 C 300 mW 

Derate above 25°C' 2.0 mW/"C 
Tstg Storage Temperature Range -65 to +200 °c 
TJ Operatirig Junction .Temperature Range -65 to +175 C 

2N5265 thru·2N5270 
P·Channel Silicon Planar 

Epitaxial JFET 

PACKAGE DIMENSIONS 

TO-72 

NOTE: FOR DIE STRUCTURE. 
SEE2N5460 FAMILY. 5503B 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

PARAMETER MIN MAX UNIT TEST CONDITIONS 
OFF CHARACTERISTICS 

:V(BR)GSS Gate-Source Breakdwon Voltage 60 Vde IG =.10 /JAde, VDS =·0 
3.0 2N5265, 2N5266 

·Vm;(off) Gate-Source Cutoff Voltage. 6.0 Vdc VDS = 15 Vde, ID = 1.0 /JAde 2N5267, 2N5268 
8.0 2N5269, 2N5270 

IGSS Gate Reverse C~rrer\t 
2.0 nAde VGS = 30 Vde, VDS - 0 
2.0 /JAde VGS= 30 Vde, VDS = 0, TA= 150°C 

ON CHARACTERISTICS 

0.5 1.0 2N5265 
0.8 1.6 2N5266 

Zero-Gate Voltage Drain Current 
1.5 3.0 2N5267 

IDSS 2.5 5.0 
mAde VDS = 15 Vde, VGS = 0 2N5268 

4.0 8.0 2N5269 
, 7.0, 14 2N5270 

0.3 1.5 VOS - 15 Vd~, 10 - 0.05 mAde 2N5265 
0.4 2.0 

Vde 
VOS = 15 Vde, ID = 0.08 mAde· 2N5266 

VGS .Gate-Souree Voltage 
1.0 4.0 VOS = 15 Vde, ID ~ 0.15 mAde 2N5267 
1.0 4.0 VOS = 15 Vdc, 10 = 0.25 mAde 2N5268 
2.0 6.0 VDS = 15 Vde, ID = 0.4 mAde 2N5269 
2:0 6.0 VDS = 15 Vde, I D = 0_7 mAde 2N5270 

SMALL-SIGNAL CHARACTERISTICS 

900 2700 2N5265 
1000 3000 2N5266 

IVfsl Forward Transadmittanee 
1500 3500 

Ilmhos VOS = 15 Vdc, VGS = 0, f'; 1.0 kHz 
2N5267 

2000 4000 2N5268 
2200 4500 2N5269 
2500 5000 2N5270 
800 2N5265 
900 ·2N5266 

J 
1400 ~N526A· 

gfs Forward Tran~conductance 
1700 

/Jmhos VOS = 15 Vde, VGS = 0,1 = 100 MHz 
2N5268 

1900 2N5269 
2100 2N5270 

IVosl Output Admittance 75 /lmhos VDS = 15 Vdc, VGS = 0, f = 1.0 kHz 
.Ciss Input Capacitance 7.0 pF VDS:- 15 Vde, VGS - 0, f - 1.0 MHz 
Crss Re~erse Transfer Capacitance 2.0 pF VOS, 15 VClc, VGS -0, f - 1.0 MHz 

NF . Common-Source Noise Figure 2.5 dB 
VOS - 15 Vde, VGS - 0, 
RG = 1.0 M ohm, f = 100 Hz, BW= 1.0 Hz 

en Equivalent Short-Circuit Input 
115 

nVI VDS = 15 Vde, VGS = 0, 
Noise Voltage . v'RZ f = 100 Hz, BW = 1.0 Hz 
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MAXIMUM RATINGS 
2!,,5460 2N5463 

RATING SYMBOL 2N5461 2N5464 

2N5462 2N5465 

Drain-Gate. Voltage VDG \ 40 60 

Reverse Gate-Source Voltage VGS(r) 40 60 

Forward Gate Current IG(tl 10 

Total Device Dissipation @ TA = 25°C 
Pp : 310 

Derate above 25° C 2.82 

Storage Temperature Range Tsta .-65 to +150 

Operating Junction Temperature Range TJ -65 to +135 

PACKAGE DIMENSIONS 

55038 ,TO-92 

ELECTRICAL CHARACTERISTlCS·125'C unless otherwise noted} 

·PARAMETER MIN· TYP "!lAX . UNITS 

VIBR}GSS Gate-Source Breakdown Voltage 
40· 

Vde 
60· 

0.75 6.0 

VGSloff} Gate-Source: CU'i~ff Voita9~ .1.0 7.5 Vde 
1.8. 9.0 

5.0 na 
5.0 na 

IGSS Gate Reverse Current 
1.0 

~Ade 

1.0 na 

ON CHARACTERISTICS 

1.0 5.0 
lOSS Zero-G~te Voltage Drain Current 2.0 9.0 mAde 

4.0 16 
0.5 4.0 

VGS (jate-Source Voltage 0.8 4.5 Vde 
1.5 6.0 

SMAll-SIGNAL CHARACTERISTICS 

1000 4000 
9fs F'orward Transadmittance 1500 5000 tJmhos 

2000 6000 
90s Output Admittance 75 ,umhos 

Ciss Input Capacitance 5.0 7 pF 
Crss Reverse Transfer Capacitance 1.0 2.0 ·pF 
NF Common-Source" Noise FiQure ·1.0 2.0 dB 

en Equivalent Short-Circuit Input 
60 115 

nVI 
Noise Voltage ., JRZ 
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2N5460thrli .. 2N5465. 
P-Channel Silicon 

Planar Epitaxial JFET 

WNITS 

Vdc· . 

Vdc 

mAdc 

mW 
. mWfC 

°c 

C 

ORDERING INFORMATION 

T092 WAFER CHIP .. 

2N5460 2N5460/W 2N5460iD 
2N54.61 2N5461/W 2N5461/D 
2N5462 2N5462/W 2N5462/D 
2N5463 2N5463/W 2N5463/D 

. 2N5464 • 2N5464/W 2N5464/D 
2N5465 2N5465/W 2N5465/D 

TEST CONDITIONS 

IG = 10 !lAde, VOS = ci 2N5460, 2N5461, 2N5462 
2N5463, 2N5464, 2N5465 
2N5460, 2N5463 

VDSc 15. Vde, 10 = 1.0 !lAde 2N5461, 2N5464 
2N5462,2N5465 

. VGS .- 20 Vde, VOS - 0 
,. 

2N5460, 2N5461,· 2.N5462 
VGS = 30 Vde, VOS = 0 2N5463, '2N5464, 2N5465 
VGS = 20 Vde, "OS = 0, TA =. 100'C 2N5460, 2N5461, 2N5462 
VGS =·30 Vde, VOS = 0, TA = 100'C 2N5463, 2N5464, 2N5465 

. 2N5460, 2N5463 
VOS = Hi vdc, VGS = 0 2N5461, 2N5464 

2N5462, 2N5465 
VOS - 15 Vde, 10 - 0 .. 1 mAde 2N5460, 2N5463 
VOS = 15 Vde, 10 = 0.2 mAde 2N5461, 2N5464 
VOS = 15 Vde, 10 = 0.4 mAde 2N5462, 2N5465. 

2N5460, 2N5463 
VOS = 15 Vde, VGS =.0·, f = 1.0 kHz 2N5461, 2N5464 

2N5462, 2N5465 
VOS - 15 Vde, VGS = 0, f - 1.0 kHz 
VOS - 15 Vde, VGS 0, f 1.0 MHz 
VOS - 15 Vde, VGS - 0, f - 1.0 MHz 
VI1S. 15 Vdc, VGS 0, ~.G - 1.0 Megohm, f 100 Hz, BW .1.0 Hz 

VOS = 15 Vdc, VGS = 0, f = 100 Hz, BW = 1.0 Hz 

. 



U304,U305,U306 
P-Channel JFET 

DESIGNED FOR USE IN 
• Analog Switches 
• Commutators 

PACKAGE DIMENSIONS 
55088 
.019{.483) 

TO-18 

• Choppers 

(" r ~IT( ~' ,=::~: . ,014(,356). :gg~jrg:~~; 
1f1S(.457) 

.0035{.0889') 'r 
':::1::::: D ~I 

FEATURES 
• ON Resistance <85 ohms on U304 
• ID(off) <500 pA 

:;~~l;:~~~D'A 
.195(4.951DIAC-=--=:: 
.'7814.521 . ~:I .... · .• ,_1.· 

i . ' ,I~jgi;:~;l 
.030 ' ' . I 

(.7621MAX1 iii 
.... t 

I '5~O 
.0027(.0685) -'_L-_______ ---..J 3 LEADS -~ ~ ~ ~ . 1.' .. 2 .. 7. 1 ,019(.482) MIN 

.016{.4061 D1A _ -- j 

• Switches directly from T2l logic (U306) 

NOTE: SUBSTRATE IS GATE 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage (Note 1) ........................ 30V 
Gate Current ........................................................... 50 mA 
Total Device Dissipation, Free-Air 

(Derate 2.8 mW/OC) ................................................. 350 mW 
Storage Temperature Range ... , ................................. -65 to +150°C 
Lead Temperature 

'<1/16" from case for 60 seconds) ....................................... 300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25° C unless otherwise noted 

U304 U305 U306· 
Characteristic Min Max Min Max Min Max Unit Test Conditions 

r1 500 500 500 pA 
IGSS Gate Reverse' Current VGS = 20V, VDS = 0 

2 1.0 1.0 1.0 p.A 150°C 
~ BVGSS Gate-Source Breakdown Voltage 30 30 30 IG -1 p.A, VOS -.0 
'4 VGS(Off) Gate-Source Cutoff Voltage 5 10 3 6 1 4 VDS - 15V, ID - l"A r- S V 

T VGS = 0, ID = -15mA(U304), 
5 A VOS(on) Drain.-Source ON Voltage -1.3 -0.8 -0.6 10 =' -7mA (U305), 

T 10 =.~3mA (U306) rs I loss Saturation Drain Current (Note 2) -30 -'90 -15 -60 -5 ~25 mA VDS - -15V, VGS - 0 
'7 C -500 -500 -500 .Jl.A Vos- -15V, VGS -12V (U304), r-

ID(ott) Drain Cutoff Current VGS = 7V (U305), 

~ -1.0 -1.0 -1.0 "A VGs= 5V (U306) 150'C 
9 rOS(on) Static Drain-Source ON Resistance 85 110 175 f1 VGS - OV, 10- lmA 

~ rds(on) Drain-Source ON Resistance 85 110 175 !l VGS OV,lo 0 f 1 kHz 

~ D Ciss CommoncSource Input Capacitance 27 27 27 VDS ~. 15V, VGS. - 0 
y VOS - 0, VGS 12V (U304) f=lMHz 
N Common-Source Reverse Transfer pF 

12 erss Capacitance 7 7 7 VGS = 7V (U305), 
VGS = 5V (U306) 

U304 U305 U306 
13 S td(on) Turn-ON Delay Time 20 25, 25 r- W VDO -10V -6V -6V 

~ I tr Rise Time 15 25. 35 ns VGS(OII) 12V 7V 5V 
15 T td(off) Turn-OFF Delay Time 10 15 20 RL 580ll 743!l 1800n 
W- C tl Fall Time 25 40 60 VGS(on) 0 0 0 

H 10(on) 15mA 7mA 3mA 

NOTES: 
1. Due to symmetrical geometry these units may be operated with source and drain leads interchanged. 
2. Pulse test pulsewidth = 300p.S, duty cycle :'03%. 
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MATCHED FET PAIRS FOR 
DIFFERENTIAL AMPLIFIERS 
• IG < 250 pA (25 nA at 100~C) 
• 9055 < 20 /lmhos (ID = 700 /lA) 
• Matched VGS, !!.VGS, and 915 

ABSOLUTE MAXIMUM RATINGS (25°C) 

2N3921,2N3922 
Dual Monolithic 

Matcl:ied N-Channel 
J-FETS (Pair) 

PACKAGE DIMENSIONS 
TO-71 

.195(4.95) 

.178(4.521 

1 

" T 6 lEADS ~ 
.019(.4831 (2.541 
,016(.406)DIA 

NOTE: All dimensions in parenthesis are metric. 1-;;; 
BOTTOM VIEW 

.048{1.22) 

.028(.711) 

.046(1.17) 

.036(.914) 

Gate-Drain or Gate-Source Voltage ....................................... -5.ov S1 22 
Glo- ,",' -~G2 

Gate Current ............................................................ 5.0 mA 
Total Device Dissipation (Derate 1.7 mW/oC to 2.o.ooC) .................. 3.0.0 mW 
Storage Temperature Range ..................................... -135 to +2.o.ooC 

S, 52 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted . 

CHARACTERISTIC '., MIN MAX UNIT TEST CONDITIONS 
-1 nA I 

IGSS Gate Reverse Current -1 p.A VGS = -3.oV, VDS = .0 l.o.ooC 
BVDGO Drain-Gate Breakdown Voltage 5.0 ID = 1 p.A, Is - .0 
VGS(off) Gate-Source Cutoff Voltage -3 VDS = l.oV, ID = 1 nA 
VGS Gate-Source Voltage -0.2 -2.7 

V 
VDS= l.oV,ID = l.o.op.A 

-25.0 pA 
IG· Gate Operating Current -25 nA VDG "" l.oV, 10."", 7.o.op.A l.oQoC 

IDSS Saturation Drain Current (Note 1) 1 1.0 mA VDS = l.oV, VGS = .0 
gls Common-Source Forward Transconductance (Note 1) 15.0.0 75.0.0 p.mho '. 
gas Common-Source Output Conductance 35 

f= 1 kHz 
Ciss Common-SourCe Input Capacitance 18 

VDS = WV, VGS = .0 

Crss Common-Source Reverse Transfer Capacitance 6 
pF 

, 

gls Common-Source Forward Transconductance 15.0.0 
/lmho 

Common-Source Output Conductance 2.0 
VDG=.l.oV,ID =7.o.op.A f = 1 kHz 

goss 

NF Spot Noise Figure 2 dB VDS = l.oV, VGS = .0 
f = 1 kHz, 
RG = 1 meg 

2N3921 2N3922 
CHARACTERISTIC MIN MAX MIN MAX UNIT TEST CONDITIONS 

IVGS1-VGS21 Differential Gate-~ource Voltage 5 5 mV 
l>.IVGS1 cVGS21 Gate-So,urce Differential Voltage 

1.0 25 p.V/oC VriG = l.oV, 
TA -'aoc 

l>.T Change with Temperature 
ID == 7.0.0 p.A ts = l.o.ooC 

gls1 
Transconductance Ratio .0.95 1 . .0 .0.95 1 . .0 - f = 1 kHz 

gls2 



2N·3954 2N3954A.2N39552N3955A 
2N3956 2N3957 2N3958 
Monolithic Dual, Matched 

N·Channel JFETS (Pair) 
GENERAL DESCRIPTION 
Matched FET pairs for differential amplifiers. This family 
of general purpose FETs is characterized~for low and 
medium frequency differential amplifiers requiring low 
offset voltage, drift, noise, ~nd capacitance.' 

FEATURES 

• Offset Voltage < 5 mV • Drift < 5)J.vfc 

• Low Capacitance - Ciss = 4 pF Max 

• Spot Noise Figure = 0.5 dB Max 

• Superior Tracking Ability 

• Low Out~ut Conductance - 90S ,= 35 Jlmho Max 

ORDERING INFORMATION 

T071 WAFER CHIP 
2N3954 2N3954/W 2N3954/D 
2ri12954A 2N3954A/W 2N3954A/D 
2N3955 2N3955/W 2N3955/D 
2N3955A 2N3955A/W 2N3955AiD 
2N3956 2N3956/W 2N3956/D 

. ~. TO-71 ~:~~ DI~. 
~DIA ~I,' .175 . 

.030 . 2~0 
MU- Fa L . ,'. I 

T T 
6 LEADS ../ n n n .501 MIN. 

ABSOLUTE MAXIMUM RATINGS ~DIA. U U U __ '_ 
2N3957 2N3957/W 2N3957/D 
2N3958 .2N3958/W 2N3958/D 

@ 25°C (linl~ss otherwise noted) 
.Any',Case-Ta-Lead Voltage ±100 V 

Gate-D',ain .ar <?a.~e-Sour~~ Voltage -'50 V 
Gate-To-Gate Voltage . ±100 V 
Gate Current 50 'mA 

Total Device Dissipatian85°C (Each Side) 250 mW 
Case Temperature' (Both Sides) 500 mW 

Power Derating (Ea~h Side) . 2_86 mwfc 

(Both Sides) 4_3 mwfc 
Storage.Temperature Range _65°C to +125°C 
Lead Temperature 

(1/16" from casofar 10 seconds) 300°C 

ELECTRICAL CHARACTER1STICS 125'C unless otherwise nOledl, 

PARAMETER 

PACKAGE DIMENSIONS 
6017 ~ 023±.002 --{ 

±:~~ G1 t! I "G2 \~Ii ~' 1:.1 .. D2 

SOURCE J.6MtL 
DRAIN. 
GATE 3.3MIL 

.100 

Gate , Lead No.3 

Drain' Lead No" 2 • 

Source 1 Lead No.1 

Source 2 Lead N.o_ 5 
Drain 2 Lead No.6 

GaUl 2 Lead No.7 

IGSS Gate Reverse Current 
-100 -100 -100 -100 -100 100 -100 pA VGS - 30 V, 
-500' -500 -500 -500 -500. "-500 -500 nA VDS ~ a f.:T:-A:"'~-"'12=-=5:Oc::----1 

BVGSS 

VGSloff) 

VGS{f) 

Gate-Source Breakdown 
Voltage 

Gate-Source Cutoff 
Voltage 

Gate-Source Forward 
Voltage 

Gate-Source Voltage 

-50 -50 -50 -50 -50 -50 -50 

-1.0 -4.5 -1.0 -4.5 -1.0 -4.5 -1.0 '-4.5 -1.0 -4.5 -1.0 -4.5 -·1.0 -4.5 

2.0 2.0 2.0 2.0 2.0 2.0 

-42 -42 -42 -42 -42 -42 -42 
-0.5 -4.0 -0.5 -4.0 -0.5 -4.0 -0.4' -4.0 -0.5 -4.0 -0.5 -4.0 -0.5 . -4.0 

VDS~O 

IG~ 1 ~A 

VDS ~ 20 v. 
V. ID~lnA 

VDS~O 
IG= 1 mA 

ID ~ 50~A 
ID~200~A 

Gate Ope'rating Current r-_~-~5~0+-_+--~W~·~_-r2-5~0~_-r~-~50~_-+:...-~5~0-r_+-2~5~0~_~:...-~5~0+-~P~A~VDS"20V. 
-2W -250 -250 -250 -250 -250 -250 nA 'D ~ 200 ~A T A ~ 125'C 

IDSS 
Saturation Drain 
Current 

0.5 '5.0 0.5 5.0 0.5 5.0 0.5 5.0 0.5 5.0 0.5 5.0 0.5 5.0 ·m"A 

Common-Source Forward 1000 3000 1000 3000 1000 3000 1000 3000 1000 3000 1000 3000' 100'0 3000. 
Transconductance 1000 1000 1000 1000 1000 1000 1000 

1---~---~~~~~~--+~~-~r=~--~~r--~~r--~~+--~~~---+~~--4~mho 

VDS~20V. 

VGS ~ 0 

f,: 1 kHz 

f ~ 200 MHz 

f ~ 1 kHz gas Common·Sour~ Output 35 35 35 35 35 35 35 
r-_____ CO_n_du_c_ta_oc_e ____ +_-+_--r-+---+--+--+--+--+--+--~ __ ~ __ +_-+_-+-_-4.VDS=20V, 

Common·~urce Input 4.0 4.0 4.0 4.0 4.0 4.0 4.0 "VGS "" 0 

. Cdgo 

NF 

Capacitance 

Common, Source Reverse 
Transfer Capacitance 

Drain-Gate Capacitance 

Common·Source Spot 
Noise Figure 

Differential Gate 
Current 

1.2 

1.5 

.0.5 

10 

1.2 1.2 1.2 

1.5. 1.5 1.5, 

'0.5 0.5 0.5 

10 10 10 

1.2 

1.5 1.5 

0.5 0.5 

10 10 

1.2 pF 

1.5 
VDG ~IO v. 
IS ~ 0-

VDS ~ 20V 

1"= 1 MHz 

0.5 dB VGS ~ 0 f ~ 100 Hz 

10' nA 

RGe 10Mn 

VDS ~ 20 V. T ~ 125'C 
'D ~ 200~A 

'10551/10552 . ~:~:: Saturation cur,rent 0.95 1.0 0.95 1.0 0.95 1.0 0.95 1.0 0.95 1.0 0.90 1.0 0.B5 1.0 VDS "·20 V 
VGS"O 

Differential Gate-Source 
IVGSI,VGS21 Voltage _ 5.0 10.0 5.0 IS 20 25 

1-_+_.:.0.:;;8-r-+-'0...;.4-+--+-2-.0-+--+-1.=2+--+--4:.;..0-+--r-G".0'-+--I--8-4.0 mV VDS ~ 20 V. T ~ 25'C 10 -55'C 
Temperalure 1.0 0.5 2.5 1.5 5.0 7.5 10.0 'D ~ 200 ~A T ~ 25'C to 125'C 

1--~-SI-~-f-S2---T~r~an~~~n~~~ta-n-ce-R~~-t-iO-+-O-.9-7+--1-.O~0-.~91~-I-.O-+-0-.9-7+--1.-0+-0-.9-5+--,-.0+-O-.9-5+--1.-0+-0.-90-+-'.-O+-0-.8~5+--'-.0-r~-1 

Gate-Source Differential 
ANGS1-VGS21 ' Voltage Change with 

f = 1 kHz 
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2N5196 2N5197 2N5198 2N5199 
Low Noise Monolithic 

Dual Matched N-Channel 
JFETs (PAIR) 

ABSOLUTE MAXIMUM RA'TINGS (Note 1) 
@ 25°C (unless oth~rwise noted) 

Maximum Temperatures, 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature (Soldering, 

'-65°C to +200°C 
+150°C 

10 sec. time limit) , 

Maximum Power'Dissipation 
Device Dissipation @ 85°C Free Air Temperature 

One Side 250 mW 
Both Sides 

Linear Derating 
One Side 
Both Sides 

Maximum Voltages & Currents 
V GS Gate to Source Voltage 
VGD Gate to Drain Voltage 
I G . Gate Current 

500 mW 

2.56 mWtC 
4.3 mW/C 

-50 V 
-50 V 

50 mA 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise specified) 

PARAMETER 

IGSS Gate Reverse Cu'rrent 

BVGSS Gate-Source Breakdown Voltage 

VGS19ff) Gate-Source Cutoff Voltage 

VGS Gate-Source Voltage 

IG Gate Operating Current 

IDSS Saturation Drain Current (Note 1) , 

9fs Common-Source Forward Transco(lductal)ce (Note 1) 

9fs Common-Source Forward Transconductance (Note 1) 

gas Common-Source Output Conducta,nce 

gas Common-Source Output' Conductance 

Ciss Common-Source Input,Capa~itance 

Crss Common-Source Reverse Ti-ansfe'r Ca'pacitance 

NF Spot Noise·Figure 

en Equivalent-lnpu'i'Noise Voltage 

ORDERING INfORMATION 

T071 WAFER CHIP 6017 
2N5196 2N5196/W 2N5196/D 
2N5197' 2N5197/W 2N5197/D 
2N5198 2N5198/W 2N5198/D 
2N5199 2N5199/W 2N5199/D 

~~~023±007---j 5, 

020 Gl, ' , I 002 I G2 

I 52-
~ 07 

PACKAGE DIMENSIONS 
SOURCE 3)( G MIL 
DRAIN 3)( 3 Mil 

TO-71 GI\'TE 3)( 3 MIL 

:~ "'] ~ ~ ~'I~,-g '::,,, ,~'""" .030 ' ~ Drain 1 lead No.2 

"MAJ[" " 2.!E.., Source 1 Lead No.1 I '170 

== ' -L. \ \ X' , I 45' /,' 
, ~' 

6 LEADS J~ ~ ~ ,500 MIN. 04~ \'\1"048 
.019 DIA. j L-
.016 ' • __ .036 .028 

Gate 2 lead No.7 

MIN MAX UNIT TEST CONDITIONS 

-25 pA 
VGS = -30 V, VDS = 0, 

-50 nA 150'C 

-50 IG = -l/J.A. VDS= 0 

-0,7 -4 V VDS=20V,ID= 1 nA 

-0,2 -3,8 

-15 pA VDG = 20V, ID = 200/lA 

-15 nA' 125'C 

0,7 7 rnA VDS = 20 V, VGS = ° 
1000 4000 VDS = 20 V, VGS = 0 

700 1500 VDG = 20 V, ID = 200 /lA 
/lrnho f = 1 kHz 

50 VDS -20 V. VGS = 0 

4 VDG = 20 V, ID = 200/lA 

6 
pF f = 1 MHz 

2 

0,5 dB VDS=20V.VGS=0 
f= 100 Hz. 
RG=10Mn 

0,020 
/l 

f = 1 kHz 
20 ..;HZ 

2N5196 2N5197 2N5198 2N5199 
PARAMETER 

MIN' 

IIG1-IG21 Differential Gate Current 

IDSSl Saturation Drain Current Ratio 

IDSS2 (Note 1) 
0,95 

9fsl Transconductance Ratio 

(Note 11 
0,97 

9fs2 . 

IVGS1-VGS21 Differential Ga~e-Source Voltage 

ilIVGS1-VGS21 
Gate-Source D;fferenti~1 Voltage 

ilT 
Change with Temperature 
(Note 2) 

Igosl-gos21 Differential Output Conductance 

-NOTE. 1. Pulse test required, pulsewtdth - 300 J.1s, duty cycle,"';; 3%. 

2. Measured at end points, T A and Ta. 

MAX MIN MAX, 

5 5 

1 0,95 1 

1 0,97 1 

5 5 

5 10 

5 10 

1 1 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX 

5 5 nA 
VDG = 20V. 

125'C 
ID = 200/lA 

0,95 1 ' 0.95 1 - VDS=20V.VGS=OV 

0,95 1 0,95 1 - f = 1 kHz 

10 15 rnV 

20 40 
VDG =20 V, TA = 25'C 

/J.vi'c 
ID =2~O/J.A TB= 125'C 

20 40 
TA = -55'C 
TB = 25'C 

1 1 pmho f = 1 kHz 



FEATURES 

• Offset Voltage S mV 

• Drift SllVtC 
• Low Capacitance 
• Low Output Conductance - 1 JImho Max 

GENERAL DESCRIPTION 

Matched FET pairs for differential amplifiers. This family 
of general purpose FETs is characterized for low and 
medium frequency differ'ential amplifier applications 

. requiring low drift and low offset voltage. 

ABSOLUTE MAXIMUM RATINGS 
@ 2SoC (u~less otherwise noted) 

. Maximum Temperatures 
Storage Temperature 
Operating Junction' Temperature 
Lead Temperature (Solderi'1g, 

10 sec. time limit) 

Maximum Power Dissipation . 

-6SoC to +200°C 

+lS0°C 

. De~ice Dissipation @ 8SoC Free Air Temperature 
One Side 2S0 mW 
Both Sides. 

Linear Derati'19 
One Side 
Both Sides 

Maximum V~ltages & Currents 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 

SOOmW 

'2.86 mWtC 
4.3 mWfC 

-SO V 
-SO V 

ELECTRICAL CHARACTERISTICS 125°C unless otherwise noted I 

2N5452,2N5453,2N,454 
Monolithic D.ual Matched 
N·Channel JFETS. (PAIR) 

PACKAGE DIMENSIONS 

TO_71 

~
'~'230 OIA' 

.J.!! CIA _.1 .209 " .175 . 

• 03<1 . + .' 
'"'MAx. . ~, I .170 

- + 

T . T 
HEAOS.Jn n n ·50i MIN . 

:~~: DIA. U U U---1.. 

Source 2 Lead No.4' 
Drain 2 Lead No, 5 

Gate 2 Lead No. 6 

NOTE: FOR DIE STRUCTURE, SEE 2N5196 F~MILY 

6017 

PARAMETER 
2N5452 2N5453 2N5454 

UNITS TEST CONOITIONS 
MIN MAX MIN MAX MIN .MAX 

IGSS Ga~e Reverse Current 
-100 -100 -100 pA 

VGS=-30V.VDS=0 I 
-200 -200 -200 nA TA= 150 C 

BVGSS 
Gate-Source Breakdown 

-50 -50 -50 VDS =O,IG = -1 ~A 
Voltage 

VGS(olf) Gate-Source Cutoff Voltage -1 -4.5 -1 -4.5 -1 -4.5 V VDS.-20 V, ID" ,1 nA 
VGS Gate-Source Voltage 0.2 ~4.2 -0.2 -q.L -U.L -4.2 v DS ~ LU v, D . 50 ~A 
VGS(f) 'Gate-Source Forward Voltage 2 2 2 . VDS=O;ld='l mA 
IDSS' Saturation Drain Current 0.5 !i.0 0.5 5.0 0.5 .·5.0 mA VOS 20 V"VGS • U 

, Common-Source Forward' 1000 3000 1000 3000 1000 3000 1 1 kHz 
; 9fs Transconductance 1000 1000 1000 VOS =.20 V, VGS = 0 1= 100MHz 

Common-Source Output 3.0 3.0 3.0 
J.I~ho 

90S . Conductance 1.0 1.0 1.0' VDS 20V,ID=200~A 
1 = 1 kHz 

Ciss 
Common-Source Input 

4.0' 4.0 4.0 
Capacitance 
Common-Source Reverse 

VDS = 20 V, VGS = 0 
~ 

Crss 
Transfer ca~acitance 

1.2 1'.2 1.2 pF. 1 =.1 MHz 

Cdoo . Drain-Gate Capacitance 1.5 1.5 ·1.5 VDG ='10 V, IS - 0 ~, 

en 
Equivalent Short Circuit 

?O 20 .20 
nV 

VDS=20V,VGS=0 1 = l' kHz 
Input Noise Voltage y'RZ 

NF 
Common-Source Spot 

0.5 0.5 0.5 dB VDS 20 V, VGS 0 
1 = 100 Hz 

Noise Figure RG = 10Mf! 

IDSSli1DSS2 Dr~in Saturation Current Ratio 0.95 1.0 0.95 1.0 0.95 1.0 VDS = 20 V, VGS 0 

IVGS1-VGS21 
Differential Gate-Source 

5.0 10.0 15.0 
Voltage 
Gate-Source Voltage 

0.4 O.B 2.0 mV T = 2SoC to _55°C 
.LiIVGS1-VGS21 Differential Change with 

0.5 1.0 2.5 VOS = 20 ,V, ID = 200 ~A T=25 Cto+125 C 
Temperature 

91s.1/91s2 Transconductance Ratio 0.97 1.0 0.97 1.0 0.95 1.0 

190s 1-90s21 
UI erentla uutput 

0.25 
Conductance 

0.25 0.25 ~mhos 1 = 1 kHz 

I 

l-Sl 
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GENERAL DESCRIPTION 

Matched FET pairs for differential amplifiers. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@25°C (unless otherwise noted) 

! 

Maximum Temperatures 
Storage Temperature 

Maximum Power Dissipation 
Device Dissipation 

ONE SIDE BOTH SIDES 

@ Free Air Temperature 
Linear Derating 

250mW 
85°C 

3.85 mWfC 

500mW 
85°C 

7.7 mWfC 

Maximum Voltages & Current 

V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I q Gate Current 

FEATURES 

• Tight Temperatur~ Tracking - ~ V GS < 5/.NfC 

• Tight Matching
VGS <5mV 
IG< 10 nA@ 125°C 

gfs < 3% 
gOS5 < .1 tlmho 

-40 V 
-40 V 
50mA 

• High Common Mode-Rejection - CMRR < 100 db 

• Low Noise":' en < 15 nV f.YHz @10Hz 

ORDERING INFORMATION 

T07l WAFER CHIP 
2N5515 2N5515/W 2N5515/D 
2N5516 2N5516/W 2N5516/D 
2N5517 2N5517/W 2N5517/D 
2N5518 2N5518/W 2N5518/D 
2N5519 2N5519/W 2N5519/D. 
2N5520 2N5520/W 2N5520/D 
2N5521 2N5521/W 2N5521/D 
2N5522 2N5522/W 2N5522/D 
2N5523 2N5523/W 2N5523/D 
2N5524 2N5524/W 2N5524/D 

2N5515 thru 2N5524 
Monolithic Dual Matched 
N·ChannelSilicon Planar 

Epitaxial JFETS (Pair) 

PACKAGE DIMENSIONS 

6019 

G D\r-:~::~ .0035 .0080 
'~~-=--.:J,Sl.0025X .0070 
~~:N."-- 1-:'1 TVP, 2 PLACES 
.020 [~I ~~~~I .0037 ,0031 
030 fjl -t-G2 ,0027 )( ,0027 
~ _~'" TVP,2PlACES 

S v- ' ' D2 gg~~ X .gg~~ 
2 TYP. 2 PLACES 

TO-71 

~
_;:~DIA' 

~DIA ---. I· .175 . 

. 030· I 
MAX. ·ill 
I .115 

- I 

T T 
6 LEADS J~ ~ ~ ·50"IMIN

. 
:.!!.!2.. DIA .016' __ 

Gate 1 lead No.3 

Drain 1 Lead No.2 

Source 1 load No. , 

Source 2 lead No.5 
Drain 2 lead No.6 

Gate 2 lead No.7 



2N5515 thru 2N5524 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER MIN MAX UNITS TEST CONOITIONS 

IGSS Gate Reverse Current 
(+ 25 C) -250 pA 

VGS= -30 V, VOS=O 
(+150°C) -250 nA 

BVGSS Gate-Source Breakdown Voltage -40 V IG - 1 MA, VOS - 0 

Vp Gate-Source Pinch-Off Voltage -0_7 -4 V VOS - 20 V, ID --1 riA 

lOSS Drain Current at Zero Gate Voltage (Note 2) 0_5 7_5 mA VDS- 20 V, VGS= 0 

Common-Source Forward Transconductance 
1000 4000 Mmho' VDS=20V,VGS=0 f = 1 kHz 9fs (Note 2) 

goss Common-Source Output Conductance 10 Mmho VDS-20V,VGS-0 f - 1 kHz 

Crss 
Common-Source Reverse Transfer 

5 pF VDS'; 20 V,VGS = 0 f = 1 MHz 
Capacitance 

Ciss Common-Source I nput Capacitance 25 pF VDS- 20 V, VGS-O f - 1 MHz 

2N5515-19 30 nV/V!!z VDG - 20 V, ID- 200MA f 10 Hz 

en Equivalent Input Noise Voltage 
2N5520-24 15 nV/YHz VDG = 20 V, ID = 200MA f = 10 Hz 

2N5515-24 10 nV/YHz VDG = 20 V, ID =' 200MA f = 1 kHz 

IG Gate Current 
(+ 25 C) -100 pA 

VDG = 20 V, ID = 200MA 
(+125°C) -100 nA 

VGS Gate Sou rce Voltage -0_2 -3_8 V VDG - 20 V, ID = 200MA 

Common-Source Forward Transconductance 
500 1000 Mmho VDG = 20 V. ID = 200MA f = 1 kHz 9fs (Note 2) 

goss Common-Source Output Conductance. 1 Mmho VDG - 20 V, ID = 200MA 

MATCHING CHARACTERIST!CS (25°C unless otherwise noted) 

PARAMETER 
2N5515,20 2N5516.21 2N5517,22 2N5518.23 2N5519.24 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

IDSSl Drain Current Ratio at 0.95 1 0.95 1 0.95 1 0.95 1 0.90 1 VDS = 20 v. VGS = 0 

IOSS2 Zero Gate Voltage (Note 2) 

IIG1" IG21 
Differential Gate Current 

10 10 10 10 nA VOG = 20 V.IO = 200 pA 
(+125°CI 

10 

9fs1 Transconductance Ratio 0.97 1 0.97 1 0.95 1 0.95 1 0.90 1 VOG = 20 V. 10 = 200 pA 

9fs2 (Note 21 f 1 KHz 

190551 - 905521 
Differential Output 

0.1 0.1 0.1 0.1 0.1 pmho 
VOG - 20 v. 10 - 200 pA 

Conductance f = 1 KHz 

IVGSl -VGS21 
Differential Gate·Source 

5 5 10 15 I 15 mV VOG = 20,V.10 = 200pA 
Voltage 

LlIVGSl - VGS21 
Gate-Source Voltage Differ-

LlT 
entiat Drift (T A'" +2SoC to 5 10 20 40 80 pvfc VOG = 20 V. 10 = 200pA 
+125°C) 

LlIVGSl - VGS21 
Gate-Source Voltage Differ-

LlT 
entiat Drift (TA = +25 to 5 10 20 40 80 pVi'c VOG = 20 V. 10 = 200pA 
_55°CI 

CMRR 
Common Mode Rejection 

100 100 90 dB VOO'" ,10 to 20 V, 10'" 200j.1A 
Rafio (Note 3) 

NOTES: 

1 '. These ratings are limiting values above which the serviceability of any individu<,!1 semiconductor device may be impaired. 

2. Pulse duration of 28mS used during test. 

3. CMRR = 20Log1OtoV oo /tolvGS1 - VGS2 1. ltoVoo = 10VI 
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GENERAL DESCRIPTION 
Matched FET pairs for differential amplifiers. 

FEATURES 

• Tracking<5tN/C • IG<1 pa 

• Matched V GS,·Ll VGS/LlT , gfs' & goss 

ABSOLUTE MAXIMUM RATINGS 
@25°C (unless otherwise noted) 

Gate-Drain or Gate-Source Voltage 
Gate Current 
Device Dissipation (Each Side), T A =,25°C 

(Derate 3 mWtC) 
Total Device Dissipation, T A = 25°C 

-40 V 
10 mA 

367 mW 

, (Derate 4 mWtC) 
Storage Temperatyre Range 

500 mW 
_65°C to +150°C 

ORDERING INFORMATION 
T099 WAFER CHIP T099 WAFER CHIP 

~~- 2N5902/W 2N5902/D 
2N5903 2N-5903IW 2N5903/D 

2N5906 2N5906/W 2N5906/D 
2N590) 2N5907/W 2N5907/D 

2N5904 2N5904/W ' 2N5904/D 2N590B 2N590B/W 2N590B/D 
2N5905 2N5905/W 2N5905/D 2N5909 2N5909/W 2N5909/D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwi,e noted) 

2N5902 thru 2N5909 
Dual Monolithic Matched 
N-Cha,nnel JFETs (PAIR) 

PACKAGE DIMENSIONS 

6015 

0185 
0-'75 

I 

I , 

!-- :~~~ ,DIA'--l . STANDOFF 

_~D'A'~I~ TO-99 

PLANE ~ '165 c,----i-+-' SEATING" :~ ~ ,!s \, , ' t 
~D'A 7nn n nn500t'N, 
.016 TYP UU U UU ~ 

PARAMETER 
2N5902·5 2N5906·9 UNIT TEST CONDITIONS 

MIN MAX MIN MAX 

IGSS Gate Reverse Current 
-5 -2 pA 

VGS = -20 V. VOS = 0 
-10 -5 nA 125 C 

BVGSS Gate-Source Breakdown Voltage -40 -40 IG = -1 /lA. VOS = 0 

VGS(off) Gate:Source Cutoff Voltage -0,6 ' -4,5 -0,6 -4.5 V VOS-l0V.10-lnA 

VGS Gate Source Voltage -4 -4 

IG Gate Operati':lg Current \ -3 -1 pA 
VOG = 10 V. 10 = 30pA 

-3 -1 nA 125°C 

lOSS Saturation Drain Current 30 500 30 500 /lA 
Common-Source Forward 

70 250 70 250 91, Transconductance 
Common·Source Output Conductance 5 5 

I1mho 
VOS = 10 V. VGS = 0 

1 = 1 kHz 
90' 
Ciss Common-Source' Input Capacitance 3 3 

pF 1 = 1 MHz 
Common-Source Reverse Transfer 

, 
Crss 

Capacitance 
1.5 1.5 

Common-Source Forwa'rd 
50 150 50 150 91, Transconductance 

,90S Common-Source Output Conductance 1 1 
/lmho VOG= 10V.IO=30.A 

Equivalent Short Circuit Input /lV 
1 = 1 kHz 

en Noise Voltage 
0.2 0,1 7HZ VOS = 10 V. VGS = 0 

1 - 100 Hz 
NF Spot Noise Figure 3 1 dB 

RG = 10 M 

PARAMETER 
2N5902·6 2N5903·7 2N5904·8 2N5905·9 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX MIN MAX MIN MAX 

2,0 2.0 2,0 2,0 
VOG = 10 V. 

2N5902-5 
IIG1-IG21. Differential Gate Current 

0.2 0,2 0.2 0.2 
nA ID = 30/lA. 

2N5906·9 
TA=125°C 

10SSl 
Saturation Drain Current Ratio 0,95 0,95 0.95 1 VOS = 10 V. VGS = 0 

i 
IOSS2 

1 1 0,95 1 -

91,1 Transconductance Ratio 0,97 1 0.97 1 0.95 1 0,95 1 1 = 1 kHz 
91,2 
IVGS1-VGS21 Differential Gate-Source Voltage 5 5 .10 15 mV 

Gate-Source Voltage Differential 5 10 20 40 
VOG=10V. TA = 25 C 

AIVBS1-VGS21 Drift (Measured at end points /lvtc 
10 = 30/lA TB = 125°C, 

AT TA--55C 
TA and TB) 5 10 20 40 

TB = 25°C 

190,1-90,21 Differential Output Conductance 0,2 0.2 0.2 0.2 /lmho 1 = 1 kHz 



FEATURES 

• Track ing < 20 JlV t C 

• gfs <5000 Jlmho, 0 -100 MHz 

• Matched V GS' Ll. V GS/ Ll. T, I G' gfs' 

GENERAL DESCRIPTION 

Matched FET pairs for widetiand differential amplifiers. 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise noted) 

Gate·Drain or Gate·Source Voltage 
Gate Current 

Device Dissipation (Each Side), 
Linear Derating 

Total Device Dissipation, 

Linear Derating 

Storage Temperature Range 

ORDERING INFORMATION 

T099 WAFER 

2N5911 2N5911/W 

2N5912 2N5912/W 

-25V 

50mA 

367mW 
3 mW/oC 

500 mW . 
4 mW/oC 

-65°C to +200°C 

CHIP 

2N5911/D 

2N5912/D 

2N5911 2N5912 
Dual Monolithic Matched 
N-ChanneIJFETs(PAIR) 

PACKAGE DIMENSIONS 

TO·99 

6022 

~;;~DIA_~ 
! __ :~~~ DIA'_I 

SEATING :~.~ .li5 
PLANE l 165 

. ~ .0220-1 \ I --L I 
.0260 ~ -

~G ·JWll ,Qcm ~ I 
s m '.0027'0027 I I j 

Q!!lj) D~~:;: 2:0~~CESI ~ DIAl .500 MIN. 
0230 Gz . D1 :0027 l( .olrn .016 TYP ~~ ~ ~~ ~ 
~ ITYP. 2 PLACES) 

5 1 .0037 .. 0037 
.0027 x .0027 
(TYP. 2 PLACES) 

STANDOFF 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER MIN MAX UNIT TEST CONDITIONS 

100 pA 
IGSS Gate Reverse Current -250 nA VGS ~ -15 V, VDS~ 0 

150°C 

BVGSS Gate Reverse'Breakdown Voltage -25 IG ~ -1 /1A, VDS ~ 0 

VGS(off) Gate-Source Cutoff Voltage -1 -5 V VDS~10V,ID~lnA 

VGS Gate-Source Voltage -0.3 -4 

IG Gate Operating Current 
-100 pA VDG~10V,ID~5mA 

-100 nA 125°C 

IDSS 
Saturation Drain Current (Pulsewidth 300' /1s, 

7 40 mA VDS~10V,VGS~OV 
duty cycle <: 3%) 

9fs Common·Source Forward Transconductance 5000 10,000 f - 1 kHz 

9fs Common·Source Forward Transconductance 5000 10,000 
/1mho 

f ~ 100 MHz 

gos Common·Sourc.e Output Conductance 100 f ~ 1 kHz 

goss Common·Source Output Conductance 150 f ~ 100 MHz 

Ciss Common·Source Input Capacitance 5 
pF 

VDG~10V,ID~5mA 
f~ 1 MHz 

Crss Common-Source Reverse Transfer Capacitance 1.2 

en Equivalent Short Circuit Input Noise Voltage 20 
nV 

f ~ 10 kHz 
'y'HZ 

NF Spot Noise Figure 1 dB 
f ~ 10 kHz 
RG ~ 100K,Q 

PARAMETER 
2N5911 2N5912 UNIT TEST.CONDITIONS MIN MAX MIN MAX 

IIG1-IG21 Differential Gate Current 20 20 nA VDG-l0V,ID-.5mA 125°C 

IDSSl Saturation Drain Current Ratio 0.95 1 0.95 1 
VDS-1OV,VGS-0 

IDSS2 (Pulsewidth 300 /1S, duty cycle <: 3%) 

IV GS1-V GS21 . Differential Gate·Source Voltage' 10 15 mV 
, 

Gate-Source Voltage Differential 
TA~ 25°C 

Ll.IVGS1-VGS21 
20 40 

TB = 125°C 
Ll.T 

Drift (Measur~d at end points, /1vtc 
VDG=10V,ID~5mA TA = -55°C 

TA and TB) 20 40 
TB ~ 25°C 

9fsl -- Transconductance Ratio 0.95 1 0'.95 1 f = 1 kHz 
9ls2 
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FEATURES 
• Ultra Low Noise 

en < 10 nVIVHz at 10 Hz 

• High CMRR > 100 dB 
• Low Offset 

(I, I V GS1 - VGS21<SmV 

• Tight Tracking 
(I, I V GS1 - VGS21/(1,T<S;,vtC 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
(@ 25°C un,less otherwise noted) 

Maximum Temperatures 
. Storage Temperature 

Operating Junction Temperature 
_65°C to +150° C 

Lead Temperature (soldering, 10 sec. time limit) 
+150°C 
+300°C 

Maximum Power Dissipation 
Device Dissipation @ 85°C Free Air Temperature 

One Side 250 mW 
Both Sides 

Linear berating 
One Side 
Both Sides 

Maximum Voltages & Currents 
V GS Gate to Source Voltage 

V GO Gate to Drain Voltage 

V G 1 G2 Gate to Gate Voltage 

IG Gate Current 

500mW 

3.85 mWfC 
7.7mW/oC 

-50 V 

-50 V 

±50 V 

50mA 

2N6483, 2N6484, 2N6485· 
Low Noise Dual Monolithic 
Matched N·Channel JFETS 

GENERAL DESCRIPTION 
These N·Channel Junction FETs are characterized for ultra 
low noise applications requiring tightly controlled and 
specified noise parameters at 10 Hz and 1000 Hz. Tight 
matching specifications make these devices 'ideal as the 
input stage for low frequency differential, instrumentation 
amplifiers. 

PACKAGE DIMENSIONS 

.j TO-71 ~I_.~~~ DIA. 
.:.12§.'DIA -------'1 ".175 . 

030~! MAX. 2..!£. 
I 170 

- I 
T T 

o LEADS J n n n .SOOjMIN. 

'~~~ OIA - U U U __ 

Gate 1 Lead No 3 

Drain 1 Lead No 2 

Source 1 lead No 1 

NOTE: FOR DIE STRUCTURE, 
REFER TO 2N5515 FAMll Y. 

Source 2 lead No.5 

Dram 2 lead No.6 

Gatt! 2 lead No 7 

S019 

ELECTRICAL CHARACTERISTICS (@ 25°C unless otherwise specified) 

SYMBOL CHARACTERISTICS MIN. MAX. UNIT TEST CONOITIONS 

200 pA VGS 0 ·30V. VOS' O. TA ' '; 25 C 
,IGSS Gate Reverse Current 

200 nA VGS 0 30V, VOS = p. TA + ISO C 

BVGSS Gate Source Breakdown Voltage 50 V IG 0 1 PA.'VOS = 0 

Vo Gate Source Pmch Off Voltage 07 40 V VOS 20 v. 10 0 " nA 

lOSS Dram Current a1 Zero Gate Voltage 05 7.5 rnA VOS'o 20V. VGS = 0 (Note 2) 

g" Common Source Forward Transconductance 1000 4000 /.Ir.nho VOS 020 V. V GS = D, fool KHz (Nole 2) 

90S5 Common·Source Output Conductance 10 ,umho VOS 0 20 v. VGS '- 0, fool ~Hz 

Ciss Common Source Input Capacitance 20 pF VOS 020 V. VGS 0 0 •. 1" 1 MHl 

Crss Common Source Reverse Transfer Capacitance 35 pF VOS 0 20 v. VGS " O. I" 1 MHl 

100 pA VGO ~·20V.10" 200"A.TA " 125 ·C 
IG Gate Current 

160 nA VOG o20V. lo o 200pA.TA · 1150'C 

VGS Gate·Source Voltage 0.2 3.B V VOG " 20 V.,IO 0 200 "A 

g" Common Source Forward Transconductance 500 1500 pmllO VOG o.20V.10" 200pA. 1 0 1 KHI (Nole 2) 

gos Common Source Output Conductance pmho VOG 0 20V.10 0 200pA 

en Equivalent Input Noise Voltage 
10 nV/.jRl VOS 0 20 V. 10 ' 200pA. I 10 HI 

nV/..jF1z VOS' 20 V. 10" 200pA. I 1 KHI 



2N6483,2N6484,2N6485 D~DIL 

MATCHING CHARACTERISTICS (@ 25°C unlessotherwise noted) 

2N6483 2N6484 2N6485 
SYMBOL CHARACTERISTIC 

MIN. MAX. MIN. MAX. MIN. MAX. 
UNIT CONDITIONS 

IDSS1 Drain. Current Ratio at Zero 
0.95 1 0.95 1 0.95 1 

V OS = 20 V. V GS = 0 
IDSS2 Gate Voltage 

-
{Note 21 

IIGI -IG21 
-Differential Gate Current 

10 10 10 nA VDG = 20V.I D = 200j.lA 
TA = +125'C 

gfsl 
Transconductance Ratio 0.97 '1 0.97 .1 0.95 1 

VDG = 20 V.ID = 200 j.lA. 

ggs2 
-

f = 1 KHz (Note 2) 

1 gosl - gos2 1 
Differential Output 

0.1 0.1 0.1 j.lmho 
VDG = 20V.I D = 200j.lA. 

Conductance f = 1 KHz 

IVGSI-VGS21 
Differential Gate-Source 

5 10 15 mV V DG = 20 V. 10 = 200 j.lA Voltage 

I 

AIVGS1- VGS2 1 Gate·Source Voltage Differen· 

AT tial Drift 5 10 25 j.lV/'C VDG = 20V.I D = 200j.lA 
TA = +25'C to +125'C· 

A I VGSI - VGS2 I Gate·Source Voltage Differen· . I 

AT tial Drift 5 10 25 j.lV/'C ,V DG = 20 V. 10 = 200j.lA 

T A = -55'C to + 25'C 

CMRR Common Mode Rejection 
100 100 90 dB 

VDO = 10t020V. 

Ratio 10 = 200 j.lA {Note 31 

NOTES: 1. These ratongs are limIting values above wh ich. the serviceability of any individual semiconductor device may be impaired. 
2. Pulse duration of 2 ms used during test. . 
3 .. CMRR = 20Log lOAV O'O/AIV GSI - V GS21. (AV DO = 10 VI. not included in JEOEC registration 

TYPICAL CHARACTERISTICS OF 2N6483, 2N6484, 2N6485 
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. FEATURES 

• Tracking < 25 /-LV/DC 

• gls > 5000 /-Lmho, 0-100 MHz 

• Matched VGS, AVGs/AT, IG, gls 

• High Adjacent Signal Isolation 

DIE DIMENSIONS 

IMF5911/1MF5912 
Dielectrically Isolated Dual 

Monolithic Matched N·Channel 
JFETS (Pair) 

GENERAL DESCRIPTION. 

The IMF 5911. 5912 are dielectrically isolated matched 
n-channel JFETS ideally suited for wideband differential 

: amplifiers. The dielectric isolation virtually eliminates para
sitic leakage currents and capacitance between the matched 
pair which are present in conventional junction isolated 
pairs. The electrical characteristics of the 5911.5912 are the 
same as the popular 2N5911. 5912 type JFET's. with the 
exception of superior inter-device leakages and capacitance. 
The thermal matching of these devices is maintained by the 
common polysilicon substrate. 

PACKAGE DIMENSIONS 
TO-99 

1
--,·335 (8.51) DIA

.305 (7.75) 
~ ______________ ~' .027TYP ________________ ~~ 

(0.69 TYPI 

~:~;~ l:::~l DIA_1"4 

NOTE: Dimensions' in parenthesis are metric. 

ORDERING INFORMATION 

T099 ! CHIP 
IMF5911 IMF5911/0 

IMF5912 IMF5912/0 

1-58 

.020 
(0.51) 
TYP 

.200 (5.08) 

-.100 (2.54) 

STANDOFF 

\ 

NOTE: Dimensions in' parenthesis are ,metric. 



IMF5911/IMF5912 D~DIL 

ABSOLUTE MAXIMUM RATINGS @ 25°C (unless otherwise noted) 

Gate-Dra!n'or Gate-Source Voltage' •..................•......•.............. -25V 
Gate Current .......•.•.•............................... : ...•..•.......... 50 mA 
Device Dissipatio'n (Each Side) ... : •.. , .....•......•..••......•..•....•.... 367 mW 

Linear Derating .......•.•....... '.' ... '.' .............................. 3 mW/oC 
Total Device Dissipation .....•..•..•.............•............••...••... 500 mW , 
. Linear Derating •......... ' .........................................•.. 4 mW/o C 

Storage Temperatu.re Range .... '.' ............................... -65° C to +200° C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25° C unless otherwise noted 

PARAMETER MIN MAX UNIT TEST CONDITIONS 

IGSS Gate Reverse Current 
-100 pA 

. VGS = -15 V, VOS = 0 
-250 nA . 150°,C 

.BVGSS' Gate Reverse Breakdown Voltage -25 IG = -1 p.A, VOS = 0 

VGS(off) Gate-Source Cutoff Voltage -1 -5 V VOS = 10 V, 10 = 1 nA 

VGS Gate-Source Voltage -<l.3 -4 

IG Gate Operating C~rrent 
-100 pA Vo~ = 10 V, 10=.5 mA 

-100 nA 125°C 

loss 
Saturation Drain Current <Pulsewidth 300 p's, 

7 40 rnA Vos = 10 V, VGS = OV 
: duty cycle :53%) 

gfs Common-Source Forward Transconductance 5000 10,000 f = 1 kHz 

gfs Common-Source Forward Transconductance 5000 10,000 = 100 MHz 

Common-Source Output Conductance 100 
p.mho 

';'1 kHz gas 

90ss Common-Source Output, Conductance 150 = 100 MHz 

Ciss Common-Source Input Capacitance 5 VOG = 10 V, 10 = 5mA 
, 

Crss Common-Source .. Reverse Transfer Capacitance 
pF f = 1 MHz 

1.2 

en Equivalent Short Circuit Input Noise Voltage 10. 
nV 

y'Hz 
f = .10 kHz 

NF Spot Noise Fig'ure dB 
-10 kHz 

1 
RG = 100KO 

IG1G2 Gate to Gate. Leakage 2 pA VOG = 50V 

PARAMETER 
IMF5911 IMF5912 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX 

IIG1-IG21 Differential Gate Current 20 20 nA VOG = 10 V, 10 =5mA' 125°C 

10SSl 
Saturation Drain Current'Ratio 0.95 0.95 

Vos = 10 V, VGS = 0 -- 1 1 
IOSS2 (Pulsewidth 300 P.s, duty cycle:5 3%) 

IVGS1~VGS21 Differential Gate-Source Voltage 25 50 mV , . 

Gate-Source Voltage Differentiai 25 50 
TAd 25°C 

LlIVGS1-VGS21 Ta= 125°C 
Drift (Measured at end points, p.VloC 

LlT VOG = 10 V, 10 =5mA irA =-5SoC 
TA and Ta) 25 50 

Ira = 25°C 

91s1 
Transconductance Ratio 0.95 1 0.95 1 f = l' kHz -

gls2: 
, 

( 
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FEATURES 

• en < 10 nV / Hz at 10 Hz 

• CMRR >90dB 

• t:.lvGS1 =VGS2 1<2SmV 

• t:. Iv GSl = V GS2 I< 40 pV;o C 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
(@ 2SOC unless otherwise !10ted) 

Maximum Temperatures 
Storage Temperature -6SoC to +lS0°C 
Operating Junction Temperature . +lS0°C 
Lead Temperature (soldering, 10sec. time limit) +300oC 

Maximum Power Dissipation 
Device Dissipation @ 8SoC Free Air Temperature 

One Side 2S0 mW 
Both Sides SOO mW 

Linear Derating 
One Side 
Both Sides 

Maximum Voltages & Currents 
VGS Gate to Source Voltage 

V GD G,ate to Drain Voltage 

V G 1 G2 Gate to Gate Voltage 

IG Gate Current 

3.8Smwfc 
7.7 inwtc 

-SOV 

-SO V 

±SOV 

SOmA 

IMF6485 
Low Noise Dual Monolithic 
Matched N-Channel JFETS 

GENERAL DESCRIPTION 
This N-Chanriel Junction FET is characterized for ultra 
low noise applications requi ring tightly controlled and speci
fied noise parameters at 10 Hz and 1000 Hz. Tight match
ing specifications make this device ideal as the input 
stage for low frequency differential instrumentation am
plifiers. 

PACKAGE DIMENSIONS yTO_71 ~.~ DIA, 

~DIA --. I . .175 . . 

.030 2~O 
"MAX':'" ..:.....-
117~ 

- j 

T T 
6 LEADS J n n n ,500IMIN, 

:mOIA. U U U __ 

Gate' lead No.3 

Drain 1 Lead No.2 

Source 1 lead No. 1-

Source 2 lead No.5 
Drain 2 Lead No.6 

Gate 2 Lead No.7 

NOTE: FOR DIE STRUCTURE, 
RE~ER TO 2N5515 FAMILY. 6019 

ELECTRICAL 'CHARACTERISTICS (@ 2Soc unless otherwise specified) 

SYMBOL CHARACTER ISTICS MIN. MAX. UNIT TEST CONOITIONS 

-200 pA VGS = -3~ V, VOS = 0, T A = t25"C 
IGSS Gate Reverse Current 

-200 nA V GS = -30V, VOS=O, TA =.tI50"C 

BVGSS Gate-Source Breakdown Voltage -50 V IG =-1 ~A, VOS = 0 

Vp Gate-Source Pinch·Off Voltage cO.7 -4.0 V VOS = 20 V."O ='1 nA .. 
'OSS Drain Current at Zero Gate Voltage 0.5 7.5 mA VOS = 20 V. V GS = 0 (Not. 21 

Qt, Common,So\Jrce Forward Transconductance 1000 4000 }Jmho VOS = 20 V, VGS = 0, f = 1 KHz (Note 21 

9055 C?mmon-Source Output Conductance 10 .umho VOS = 20 V. V GS = O. f = 1 KHz 

Giss Common-Source Input Capacitance 20 pF VOS=20V.VGS·oO,f= 1 MHz 

Crss Common-Source Reverse Transfer Capacitance 3.5 pF V OS =20V,VGS=O,f= 1 MHz 

-100 pA VGO = 20 V,, '0 = 200~A. TA " .25 C 
'G Gate Current 

··100 nA VOG =20V,'o = 200~A, TA 0 .,50'·C 

VGS Gate·Source Voltage 0.2 -3.8 V VOG = 20V.'0 =200~A 

Qf, Common·Source Forward Transconductance 500 1500 }.1mho VOG = 20 V, '0 = 200 ~A, f, 1 KHz 'Note 21 

gas, Common-Source Output Conductance 1 J,.!mho VOG = 20V,'O = 200~A 

15 nV/.jHi VOS = 20 V, '0 = 200 ~A, f = 10 Hz 
en Eq'ulva.lent Input Noise Voltage 

10 nVI.jHz VOS = 20 V, '0 = 200 pA, f, 1 KHz 



IMF6485 

MATCHING CHARACTERISTICS (@ 250 C unless otherwise noted) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT COND.ITIONS 

IDSS1 Drain Current· Ration at Zero Gate Voltage 0.95 1 - V DS = 20 V. VGS = 0 (Note 2) 

ICSS2 

I IGl - IG2 I Differential Gate Current 10 nA V DG = 20 V. ID = 200 p.A 

TA = +125' C 

9fsl Transconductance Ratio 0.95 1 - V DG = 20 V, ID =·200 ,..A, 
-
ggs2 f = 1 KHz (Note 2) 

I 90s1 - gos2 I Differential Output Conductance 0.1 p.mho V DG= 20 V, ID = 200.p.A, 

f = 1 KHz 

I VGS1 - V GS2 1 Differential Gate·Source Voltage 25 mV V DG = 20 V, ID = 200 p.A 

LlIVGS1 - V GS2 1 Gate-Sourc.e Voltage Differential Drift 40 p.vf C VCG = 20 V, ID= 200 ,..A 

LlT T A = +250 C to +1250 C 

LlIVGS1 -VGS2 1 Gate-Source Voltage Differential Drift 40 p.vf C V DG = 20 V, ID = 200 p.A 

LlT T A = _550 Cto +250 C 

. 
CMRR Common Mode Rejection Ratio 90 dB V DD = 10 to 20 V, 

I D = 200 jlA (Note 3) 

NOTES: 1. These ratings are limiting values above which the serviceability of any individual semiconductor device may be Impaired. 
2. Pulse duration of 2 ms used during test. 
3. CMRR = 20L09l0LlVDDIt.IVGSl -VGS21, I.c.V DD = 10V) 

TYPICAL CHARACTERISTICS 
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FEATURES 

• 1<3 <5 pA@50VDG 

• Low Miller Capacitance (Crss ) 

• Low gos < .025 Ilmhos 

ABSOLUTE MAXIMUM RATINGS 
(@ 25°C unless othe'rwise noted) 

Maximum Temperatures 

Storage Temperature ...... : .. " .-65°C to +150°C 

Operating Temperature ................. +150°C 

Lead temperature (soldering, 10 sec time,limit).' +300°C 

Maximum Power Dissipation 

Device Dissipation @'85°C Free Air Temperature 

One Side. , ............... , . , , ... 250 mW 

Both Sides. : ................ , .•.. ,500 mW 

Linear Derating 

One Side ...... : .......... ;., ... 3.85 mW/C 

Both Sides, . : ................. , 7.7 mW/C 

,Maximum Voltages & Currents 

VDS Drain to Source Voltage ... : ....... , . , . 60V 

VGS Gate to Source Voltage ... ~ ............. 60V 
VGD Gate to DrainVoltage ................. 60V 
VGT G2 Gateto Gate Voltage ............... BOV 
IG Gate Current ......... '. ,,' ......... '. 50 mA 

NOTE: Due to the non-symetrical structure of ihes~ devices, 
the drain and source AR'E NOT interchangeable.' 

1-62 

IT500, IT501, 
IT502, IT503' 

Dual Monolithic 
N·ChanneIJFET 

, GENERAL DESCRIPTION' 

A low noise, low leakage' FET that employs a cascode 
structure to accomplish very Jow Ig at high voltage levels, 
while giving high transconductance and very high common 
mode rejection ratio. 

~,D' ,~2', ',' 
G". G2 

5, S, 

PACKAGE DIMENSIONS 

T052 

~g
"230DIA 

.1!J5 OIA, ' _, " " ",,'1 ,'209, ' 

,175' . 

,030 ,I 
MAX:" "~ I, ,115 

- I 
T'T 

6 LEADS J~ ~'~' '~OjMIN' 
.019 0IA. 

, :oT6 . __ 

Gate 1 lead No.3 

Drain 1 Lead No.2 

BONDING PAD DETAIL 

DRAIN 2 
.003 x .003 

SOURCE 1 
.003 x.OO3 

GATE 2 
.003 x .003 



IT500, IT501, IT502, IT503 

ELECTRICAL CHARACTERISTICS (@25°Cunless otherwise specified) 

Symbol Characteristics Min Max Unit Test Conditions 

IGSS Gate Reverse Current 
-100 pA 

VGS = -20V, VOS = 0 
-S nA +12So C 

(,) BVGSS Gate·Source Breakdown Voltage -SO IG = -·1 P.A, VOS - 0 
i= « VGS (off) Gate·Sou rce Cu toff Vol tage -0.7 --4 V VOS- 20V, 10 InA 
I-

VGS Gate·Source Voltage -0.2 -3.8 '" 
Gate Operating Current 

-S pA VOG = SOY, 10 = 200 JIAI 
IG 

-S nA 112SoC 

lOSS Saturation Orain Current (Note 1) 0.7 7 rnA VOS = 20V, VGS = 0 
Common·Source Forward 

1000 4000 VOS = 20V, VGS = 0 gls Transconductan~e (Note 1)" 

Common·Source Forward 
700 1600 VOG = 20V, 10 = 200 JIA 9ls Transconductance (Note 1) 

Common·Source Output JImho 
VOS = 20V', VGS = 0 

1= 1 kHz 
gos Conductance 

1 

gos 
Common·Source Output 0.025' VOS = 20V, 10 = 200 JIA 

(,) Conductance 

:E Cg lg2 Gate to Gate Capacitance 3.5 pF Vgl = Vg2 = 10V 
« 
Z 

Ciss 
Common·Source Input 

7 > Capacitance 1= 1 MHz 0 

Crss 
Common-Source Reverse 

O,S 
pF 

VOS=20V,VGS=0, Transler Capacitance (Note 3) 

NF Spot Noise Figure O,S dB 
f- 100Hz, 
RG=10Mn 

en Equivalent Input Noise Voltage 0.03S JIV 1 - 10 Hz 

0.010 ¥HZ 1=1 kHz 

Symbol Characteristics 
1T500 IT501 ITS02 IT503 

Unit Test Conditions 
Min Max Min Max Min Max Min Max 

PG1· IG21 
Oifferential Gate 

5 5 5 5 nA 
VOG =20V, 

+125°C 
Current 10 = 200 p.A 

10SSl Saturation Drain --- Current Ratio 0.95, 1 0,95 1, 0,95 1 0.95 1 - VOS = 20V, VGS = OV. 
C!l IOSS2 (Note 1) z 
:r: 9ls 1 Transconductance 

0.97 1 0,97 1 0,95 1 0,95 1 - 1=1 kHz 
(,) 9ls2 Ratio (Note 1) 
I-« Oifferential Gate· 
~ IVGS1·VGS21 Source Voltage 5 5 10 15 mV 

Gate·Source Oil· 
5 10 20 40 VOG = 20V TA - 2SoC 

"'IVGS1·VGS21 lerential Voltage 
iJ.V/"C 10=200JIA TB = 125°C 

"'T 
Change with 

5 10 20 40 TA = -55°C 
Temp, (Note 2) TB = 2SoC 

CMRR 
.. Common Mode 

120 120 120 120 dB '''' VOO = lOY, 10 = 200 JIA Rejection Ratio 

• JEOEC registered data •• CMRR = 20 \0910 "',vOol "'I V g51 . V g521. "'V DO = 101· 20V 

NOTES: 1, Pulse test required, pulsewidth .. 300 p.S, duty cycle <3%. 2. Measured at en? points. T A and T B' 

3. With case guarded CASS is typically <.15 pf 

TYPICAL PERFORMANCE CURVES 
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OUTPUT 
CHARACTERISTICS 

VGs·IOV 

/ VGS= -O.2V 

y Vas'" -O.4V 

r. VGS= -O.6V 

y VGS'" a.8V 
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10 
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D~DIb 

FEATURES 

• High CMRR 

• Low I nput Current 

• LoW' Leakage 

• Low Noise 

• Offset Differential Independent of Operating Current 

• Low Offset Differential 

• Low Offset Differential With Change in Temp, 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperatyre (Soldering, 

lOsee, time limit) 

Maximum Power Dissipation 

-65°C to +150°C 
+150°C 

Device, Dissipation @ 85°C Free Air Temperature 
One Side 250 mW 
Both Sides 500 mW 

Linear Derating 
One Side 
Both Sides 

Maximum Voltages & ,Currents 
V GS Gate to Source Voltage 
V GD Gate to Drain Voltage 
I G Gate Cu rrent 

2,56 mW/C 
.4,3rriW/C 

-30 V 
-30 V 
50mA 

SU2365/A 
SU23661 A SU2367 I A 
SU23681 A SU23691 A 

Dual Monolithic Matched 
N-Channel JFETS (Pair) 

PACKAGE DIMENSIONS 

:~~~ DIA. 

6tEADS 

:~~: CIA. 

Gate 1 lead No.3 

Drain 1 Lead No.2 

TO-71 

Source 2 Lead No.5 

Gate 2 Lead No. 7 

ELECTRICAL CHARACT,ERISTICS (25°C unless otherwise noted) 

SU2365/A SU2366/A SU2367/A SU2368/A SU2369/A 
UNITS PARAMETER 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

V(BRJGSS VDS - D,IG - -i.DIlA -3D -3D , '-30. -3D -3D V 

VGS(OFFI VDS ~ 15 V,ID - 1.0'nA -3.5 -3.5 -3.5 -3.5 -3.5 V 
VGS VDS ~ 15 V:ID ~ 200ilA -2.5 -2.5 -2.5 -2.5 -2.5 V 

IGSS VDS~O, VGS--2DV -50 -50 -50 -50 -50. -.!l.A 
VDS ~ 15 V,ID ~ 200llA, TA ~ 25°C -20 -20 -20 -20. -20. pA 

IG 
VDS ~ 15 V, ID ~ 20DIlA, TA ~ 125°C -15 -15 -15 -15 -15 nA 

IDSS VDS-lOV,VGS-D 0..5 10. 0..5 10. 0..5 10 0..5 10. 0..5 10 mA 
9t, VDG" 15 V,ID" 2DDIlA, f" 1.0. KHz 100.0. 20.0.0. 100.0. 20.0.0. 100.0. 20.0.0. 100.0. 20.0.0. 100.0. 20.0.0. ,umhos 
9f, VDS - 10 V, VGS - 0., f - 1.0. KHz 150.0. 150.0. 150.0. 150.0. 150.0. pmhos 
90S VDG" 15 V,ID ~ 2DDilA 2.0. 2.0. 2.0. 2,0. 2.0. .umhos 
Ciss VOG -15 V,IO - 2DDIlA, f - 0..14 MHz 16 16 .16 16 16 pF 
Crss VOG" 15 V,ID ~ 2DDIlA, f" 0..14 MHz 4.0. 4.0. 4.0. 4.0. 4.0. pF 

en VDS" 15 V, VGS - D. f - 1.0. KHz" '15 15 15 .15 15 nV/y'HZ 

i>VGS i>VOG - 10·20. V. 10 - 20.0. IlA 0..3 0..3 0..4 0..5 1.0. mV 
CMRR i>VOG."" 10.·20. V, ID" 20.0. IlA 90. 90. 88 86 80. dB 

(lGl· IG2( VOG-15Y,ID - 2DDIlA. TA-IODoe 0..5 0..5 0..5 0..5 5.0. nA 
91,1 

VOG" 15 V.IO" 2DDIlA. f ~ 1.0. KHz 0..95. 1.0. 0..95 . 1.0. 0..95 1.0. 0..95 1.0. 
91,2 

0..95 1.0. 

IVGS1,VGS21 VOG - 10. V, 10 - 20.0. IlA 5.0. 10. 10. 15 20. mV 

i>IVGSi'VGS21 VOG ~ 10. V, 10" 2DDIlA, 
10. 10. 25 25 40. Ilvre 

i>TA TA "Doe to lDDo e 
V(BRJG1G2 VOS ~ 0., VGS "0.,10" ±1 IlA ±30 ±30 ±30 ±30 ±30. V 

"Figures lor A versions only, Other en = 50 nV/,[HZ: 



DESIGNED FOR USE IN 
• Differential Amplifiers 
• Low and Maximum Frequency Amplifiers 

FEATURES 
• Good Matching Characteristics 

ABSOLUTE MAXIMUM RATINGS (2S°C) 
Gate-Drain or Gate-Source Voltage ................ -50V 
Gate Current .................................... 50 mA 
Total Device Dissipation at 25°C 

(Derate 1.7 mW/oC to 200°C) ................. 300 mW 
Storage Temperature Range ..•........... -65 to +200° C 
Lead Temperature 

(1/16" from case for 1 0 seconds) ................ 300° C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25°C unless otherwise noted. 

Characteristic 

1 
f--- IGSS Gate Reverse Currerit 

r-1-
~ S BVGSS Gate-Source Breakdown Voltage 

~ T VGSloll) Gate-Source Cutoff Voltage 

r-i-- A VGS Gate-Source Voltage 
T 

6· I IG Gate Operating Current 

r-:;- C 
IDSS Saturation Drain Current INote 1) 

U231, U232, 
U233,U234,U235 

Monolithic Dual N-Chann'el 

PACKAGE DIMENSIONS 

TO-71 

.100(2.54)--

.175(4.45jDIA ---- GATE 1 LEAD NO.3 
-.050(1.27) 

I DRAIN 1 LEAD NO. 2- ,t-.. 
SOURCE 1 LEAD NO.1 - 0'1--, \ 

.150(3.81) - *,' -

.195(4.95) 'll-:~jgl!.~~:D'A-

.115(2.92) \ \ \/ (j' 
.030 j ' 0 \,)'- .-' SOURCE 2 LEAD NO, 5 

(.762IMAX 1 45 '\.. /-..... 

r~::::;:;::::;:;::::::J, \v ~\: y 
/ .500 .046( 1.171 2'-J Ti'27T .036(.914) .048(1.221 

BLEADS ~ ~ ~~Mlj'N ,0281.711) .019(.482) 
.016(.406)OIA 

Min Max Unit Test Conditions 

-100 pA 
VGS = -30V, VDS = 0 

-500 nA 150°C 
-50 IG = 1J.LA, VDS = 0 
-{l.5 -4.5 V VDS - 20V, ID = 1 nA 
-{l.3 -4.0 

-50 pA VDG = 20V, ID = 200J.LA 

-250 nA 125°C 
0.5 5.0 mA VDS - 20V, VGS - 0 

1000 3000 f - 1 kHz 
8 gls Common-Source Forward Transconductance INote 1) VDS = 20V, VGS = 0 

r-g 0 1000 J.Lmho f = 100 MHz 

y gls Common-Source Forward Transconductance INote 1) 600 1600 VDG = 20V, ID = 200J.LA r;-o 
N gas Common-Source Output Capacitance 35 VDS - 20V, VGS- 0 f = 1 kHz 

f11 A gas Common-Source Output Conductance 10 'VDG - 20V, ID - 200J.LA 

~ M Ciss Common-Source Input Capacitance .6 
f--- I 

pF f = 1 MHz 

~ C Crss Common-Source Reverse Transfer CapaCitance 2 

nV 
VDS = 20V, VGS = 0 

14, en Equivalent Short Circuit Input Noise Voltage 80 y"Hz f = 100 Hz 

U231 
" 
U232 U233 U234 U235 

Characteristic Max Max Max Max Max Unit Test Conditions 

~ .IIG1-IG21 Differential Gate Current 10 10 10 10 10 nA VDG =20V, ID = 200J.LA \125°,C 
16 <lDSS1-IDSS2) Saturation Drain Current 5 5 5 10 15 % VDS = 20V, VGS = o. 

'T7 
IDSS1 Match INote 1) 

M 1 VGS1-VGS21 ,Differential Gate-Source 5 10 15 20 25 mV 
A Voltage 

t-- T TA = 25°C 
18 C DoIVGS1-VGS21 Gate-Source Voltage 10 25 50 75 100 TB = 125°C 
t-- H DoT Differential Drift (Note 2) J.LV/'C TA = -55°C 

~ 
I 10 25 50 ' 75 100 VDG ='20V, ID = 200J.LA TB'= 25°C 

20 N (9Isl-gls2) Transcond~ctance Match 3 5 5 10 15 % 
G ----gtS1 (Note 1) f = 1 kHz 

~ 1 gos1-gos2 1 Differential Output 5 5. 5 5 5 J.Lmho 
Conductance 

NOTES: 
1. Pulse test required, pulsewidth = 300J.LS, duty cycle ~ 3%. 
2. Measured at end points, T A andTB. 
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GENERAL DESCRIPTION 

Matched FET pairs for wideband differential amplifiers. 

FEATURES 

• gfs> 5000 pmho from dc to 100 MHz 

• Matched VGS' gfs and 90S 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C(unless otherwise noted} 

Gate-Drain or Gate-Source Voltage 
Gate Current 

-25 V 
50mA 

Device Dissipation (Each Side), T A = 85°C 
(Derate 3.85 mWtC) 250 mW, 

Total Device Dissipation, T A = 85°C 
(Derate 7.7 mWtC) . 

Storage Temperature Range 

ORDERING INFORMATION 

500mW 
_65°C to +150°C 

U257 
Dual Monolithic Matched 
N-Channel JFETS (PAIR) 

PACKAGE DIMENSIONS 

6022 fit,Gl :gg;,;,x :~g;; -.-------:- ' (TYP. 2 PLACES) 
I 5,-

'.!H~ °2 0037 .0037 
0230 G2 °1 ~OO21 x .0021 
~, (TYP. 2 PLACES) 

. Sl :gg;~ )( :gg;; 
(TYP. 2 PLACES) 

TO-99 

_~OIA'_~ 
, 1_~OIA_1 

SEAT,',NG ~~'~"1!5 PLANE ..L' ,l6!i 

, ~! t 
J!!.'!. 0IA,,7 nn, n nn 500t lN 

.016 TYP UU U UU---L 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER MIN MAX UNIT TEST CONDITIONS 

IGSS Gate Heverse Current 
,-100 pA 

VGS=15V.VOS=0 
I 

-250 nA I 150°C 
BVGSS Gate-Source Breakdown Voltage, -25 IG = -1 j1A, VOS = 0 
VGS(off) Gate-Source Cutoff Voltage -1 . -5 

V 
VOS - 10 V, io - 1 nA 

lOSS Saturation Drain Current (Note 1) 5 40 mA Vns - 10 V, Vr.;s - 0 
9fs Common-Source Forward Transconductance 5000 10,000 VOS = 10 V, 10 = 5 mA f = 1 kHz 

9fs Common·Source Forward Transconductance 5000 10,000 
j1mho 

VOG = 10 V, 10 = 5 mA f = 100 MHz 
gas Common-Source Output Conductan'ce 150 VOS-l0V,lo=5mA f - 1 kHz 
goss Common·Source Output Conductance 150 f=100MHz 
Ciss Common-Source Input Capacitance 5 

pF VOG=10V,lo=5mA f = 1 MHz Crss Common-Source Reverse Transfer Capacitance 1.2 

en Equivalent Input Noise Voltage 30 
nV 

f = 10 kHz 

IOSSl 
Drain Current Ratio at Zero Gate Voltage'(Note 1) 

I y'RZ"" 

IOSS2 
0.85 1 VOS= 10V, VGS=O -

IVGS1-VGS21 Differential Gate-Source Voltage 100 mV 
9fsl Transconductance ,Ratio 0.85 1 VOG=10V,10=5mA 
9fs2 
Igosl-gos21 Differential Output Conductance 20 j1mho 

f = 1 kHz 

NOTE: 
1. Pulse test required, pulse width"" 300 fJS, duty cycle:::;;; 30%. 



FEATURES 
• Minimum System Error and Calibration - SmV 

Offset Maximum (U401), 9SdB Minimum CMRR 
(U401-04) 

.• Low Drift with Temperature - 10/.LVrC Maximum 
(4~1, 02) 

• Operates from Low Power Supply Voltages -
VGS(off) <2.SV 

• Simplifies Amplifier Design - Output Impedance 
>SOOKO . 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-Drain or Gate-Source Voltage •.••••.•....•.•.• 50V 

Forward Gate Current •..••....•. J .•.••.•...•...... 10 mA 

Device Dissipation (each side) 

@ TA = 85°C derate 2.6 mW/oC •.•..•.••..•.. 300 mW 

Total Device Dissipation . 

@ TA = 85°C (deri;lte 5 mW/oC) ............... 500 I"f\W 

Storage Temperature Range ••.•..•..••.•.•• -65 to 200° C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25° unless otherwise r)oted. 

Characteristic 
U401 U402 

Min Max Min Max 
1 BVGSS Gate-Source Breakdown -50 -50 

Voltage 
2 IGSS Gate Reverse Current 25 25 

INote 11 
'"'3 S V9S(off) Gate-Source Cutoff 5 2.5 .5 2.5 

T Voltage 
4" f-A VGS(on) Gate-Source 2.3 2.3 

T Voltage lonl 
51 loss Saturation Drain Current 0.5 10.0 0.5 10.0 

C INote 21 
6 -15 -15 
7 IG Gate Current INote 11 -10 -10 
if BVG1-G2 Gate-Gate Breakdown ±50 ±50 

Voltage 
9 gl, Common-Source Forward 2000 7000 2000 7000 

Transconductance (Note 2) 
10 go, Common-Source Output 20 20 

Condut:tance 
11 D gl5 Common-Source Forward 1000 1600 1000 1600 

~ 
Y Transconductance 
N go, Common-Source Output 2.0 2.0 
A Conductance 

~ M C1SS Common-Source Input 8.0 8.0 
I Capacitance 

~ C Crss Common-Source Reverse 3.0 3.0 

r,s Transfer Capacitance 
eN Equivalent Short-Circuit 20 20 

Input Noise Voltage 
16 M CMRR Common-Mode Rejection 95 95 

'17 
A Ratio INote 31 
T IVGS1-VGS21 Differential Gate-Source 5 10 
C Voltage 

I-;aH .lIVGS1-VGS21 Gate-Source Voltage Differ- 10 10 
I .IT ential Drift INote 41 

N 
G 

U401, U402, U403, 
U404,U405,U406 

Monolithic Dual N·Channel 

DESIGNED FOR USE AS 
• Low Noise FET Input Amplifiers 
• Impedance Converters 
• Precision Instrumentation Amplifiers 
• Comparators 

PACKAGE DIMENSIONS 

TO-71 
210(5331 

,19514.95) - 170(432)DIA_~ 'OO(254)~I_ 
.175(4.45)DIA _ GATE 1 LEAD NO 3 

1 DRAIN 1 LEAD NO 2- ...... r 
SOURCE 1 LEAD NO 1 rY ...... , \ 

~~~g:~l \ ~ f;f~ t - J L 
.030 l)' \" -<. i ..... " SOURCE 2 LEAD NO.5 

t.762IMAX1_ 45,\: / ........ Y DRAIN 2 LEAD NO.6 
'"'=::;:;::::::;:;::::;;::::::J y ~ GATE 2 LEAD NO.7 

r~ T ~,,< . 

/ ~ :~j:l~~!: L':o4811.221 
6 LEAOSJ~ ~ ~ (12.7) ,028(.711) 
.019(.482) ~ MIN 

.016(.406)DIA __ I 

U403 U404 U40S U406 
Unit Test Conditions 

Min Max Min Max MIn: Max Min Max 
-50 -50 -50 -50 V VDS = 0, IG = -1}JA 

25 25 25 25 pA VDS - 0, VGS- 30V 

.5 2.5 .5 2.5 .5 2.5 .5 2.5 VDS - 15V, ID - 1 nA 

2.3 2.3 2.3 2.3 
V 

VDG - 15V, ID - 200}JA 

0.5 10.0 0.5 10.0 0.5 10.0 0.5 10.0 rnA VDS.- 10V, VGS - 0 

-15 -15 -i5 -15 pA VDG - 15V, 
-10 -10 -10 -10 nA ID = 200}JA TA- 125"C 

±50 ±50 ±50 ±50 V VDS - 0, VGS - 0, IG - ±l}JA 

2000 7000 2000 7000 2000 7000 2000 7000 
VDS = 10V, , 

20 20 20 20 VGS~. 0 
f = 1 kHz' 

1000 1600 1000 1600 1000 1600 1000 1600 /-L mho 

2.0 2.0 2.0 2.0 
f = 1 kHz 

VDG = 15V, 
8.0 8.0 8.0 8.0 ID ~ 200}JA 

3.0 3.0 3.0 3.0 
pF f= 1 MHz 

20 20 20 20 nV VDS - 15V, 
f = 10 Hz VHZ VGS = 0 

95 95 90 dB VDG -; 10 to 20V, ID - 200}JA 

10 15 20 40 mV VDG - 10V, ID - 200~A 

25 25 40 80 ~V;OC VOG 10V, TA -55"C, 
ID = 200~A TB=+25"C, 

10 = 200~A 
Tc = +125'C 

NOTES: 
1. Approximately doubles for every 10° C increase in TA. 2. Pulse test duration = 300"s, duty cycle'S 3%. 3. CMRR = 2010910 [1lIVG~;-~S21 ] 
llVDD = 10V. 4. Measured at end points, TA, Ts and Tc. 
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D~DIL Monolithic Dual Matched 
N·Channel JFET 

U421, U422, U423, 
U424,U425,U426 

DESIGNED FOR ... 
~ Very High Input Impedance 

Differential Amplifiers 
Electrometers 

• Impedance Converters 

FEATURES 

PACKAGE DIMENSIONS 
TO-99 

.370(9.40) ! .335(8.5";"1 D I A 

! .335(8.51) I' .305(7.75)DIA-

• High Input Impedance 
IG = 0.1 pA Maximum (U421-3) 

.185(4.70) 

.165(4.19) 

• High Gain gts = 140 }Jmho Minimum @ 
ID = 30 }JA (U421-3) 

• Low Power Supply Operation 
VGS(ott) = 2V Maximum (U421-3) 

• Minimum System Error and Calibration 
10 mV Maximum Offset 

· ·~:::;:;::;:;;:;:~i 
.019(.4~3) DIAl nn nn .500(12['7) MIN 

.016(.406) TYP UU UU 

90 dB Minimum CMRR (U421, U424) 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Gate-to-Gate Voltage ............................................. ±40V 
Gate-Drain or Gate-Source Voltage.......... ...................... ~40V 
Gate Current ..................................................... 10 mA 
Device Dissipation (Each Side), TA = 25° C 

(Der~ate 3.2 mW/oC to 150°C) .... ; ............................. 400 mW 
Total Device Dissipation, TA = 25°C 

(Derate 6.0 mW/oC to 150°C) ........... ; ... ; .................. 750 mW 
Storage Temperature Range ............................... ~5 to +150°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS' 25°C unless otherwise noted 

U421-3 U424-6 
Unit Characteristic Min Typ Max Min Typ Max 

--1, BVGss' Gate-Source Breakdown Voltage -40 -60 -40' -60 
V 2 BVG1G2 Gate:-Gate Breakdown Voltage +40 +40 

3 
S 

IGSS Gate Reverse Current (Note 1) 0.2 1.0 pA 
T 0,5 1,0 nA - A 0,1 0,5 

4 
T IG Gate Operating Current (Note 1) 

-100 -500 
pA 

5 I vGS(otf) Gate-!:iDurce Cutoff Voltage -0.4 -2,0 -0.4 3,0 
"6 C VGS Gale-Source Voltage 1.8 2,9 V 

-T IDSS Saturation Drain Current 80- 1000 80 1800 "A 

.4- gls Common~Source Forward Transconductance 300 800 300 1000 
"U Common-Source Output_Conductance 3.0 5,0 .fo- gos 

D Ciss Common-Source Input CapaCitance 3.0 3,0 
11 Y Crss Common-Source Reverse Transfer Capacitance 1.5 1,5 pF 

-&- N gls Common-Source Forward Transconductance 140 ~50 135 300 
-&- A gos Common-Source Output Conductance 0,5 1,0 "tJ 
-,-;j- M en Equivalent Short Circuit Input 20 50 20 70 

nVJ.../Hz I Noise Voltage 10 10 50 
15 C NF Noise Figure 1.0 1 .. 0 dB 

Characteristic 
U421,4 U422,5 U423,6 

Min Typ Max Min Typ Max Min Typ Max 
16 M IVGs,-VGs21 Differential Gate~Source Voltage 10 15 25 

17 A IVGs,-VGs21 Differential Gate-Source Voltage 

Ta-
T LIT Change With' Temperature (Note 2 10 25 40 
C CMRR Common Mode ~ejection Ratio 90 95 80 90 80 90 
H (Note 3) 

NOTES: .1. Approxtmately doubles for every 10°C Increase In TA. 
2. Measl.ired at end points TA, TB and Te. 

3. CMRR = 2010flO [ lIVOO ] lIVOO = 10V 
. ' 1IIVGs,-VGS21 

'-68 

.200(5.08)-

PI5D~ 
G1 

PIN 3 ()---+ 

S1 
PIN 1 

-.100(2.54) 

2
DI~6 . 

--o~1~7 
, CASE PIN 4 

S2 
PIN 5 

Test Conditions 

IG l~A, Vos 0 
IG - -l~A, 10 - 0, Is - 0 
T - +25°C 

VGS = -20V, Vos = 0 T - +125°C 
T - +25°C 
T _ +1250C.i VOG = 10V, 10 = 30~A 

Vos' 10V, 10 - 1 nA 
VOG 10V, 10 30"A 
Vos- 10V,VGS - 0 

f = 1 kHz 
Vos = 10V, VGs. = 0 

f = 1 MHz 

VOG = 10V, f = 1 kHz 

10 = 30"A f - 10 Hz 
f - 1 kHz 

f 10 Hz RG 10M II 

Unit Test Conditions 

mV VOG 10V, 10 3O"A 
VOG - 10V, 10 - 3O"A; . 

IAV/oC TA= -55°C, Ts = 25°C, Te = 125°C 
dB 10 3O"A, VOG 10 to 20V 



FEATURES' 

• Low On-Resistance - 50n 

• Low Capacitance - 1-7 pF 

• High Gain - 3,0.00 /-Imhos 

• High Gate Breakdown Voltage - ±125 V 

• Low Threshold Voltage - 3 V 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Operating Junction Temperature 

Maximum Power Dissipation 
Total Dissipation at 25°C Ambient Temp 0.375 W 
Linear Derating Factor at 25°e Ambient Temp.3 mWtC 

Maximum Voltages and Current 

VOSS Drain to Source and Body Voltage 
V GSS Transient Gate to Source Voltage 

ID(on) Drain Current 

ORDERING INFORMATION 

25 V 
±125 V 
100 mA 

2N4351 
N·ChannelEnhancernent 

PACKAGE DIMENSIONS 

TO-72 

1.168mm ~ 
~ 111mm 

1003 

NOTE: SUBSTRATE' 
IS BODY. 

.0025 X .0029 

.0035 .0039 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 

Substrate connected to 'source. 

PARAMETER 

OFF CHARACTERISTICS 

V(BR)DSS Drain'Source Breakdown Voltage 

IGSS Gate Leakage Current 

lOSS Zero-Gate-Voltage Drain Current 

ON CHARACTERISTICS 

VGS(TH) Gate-Source Threshold Voltage 

10(on) "ON" Drain Current 

VDS(on) Drain-Source "ON" Voltage 

SMALL SIGNAL CHARACTERISTICS 

rds(on) 

IYfsl 

Orain-Source Resistance 

Forward Transfer Admittance 

,Crss Reverse Transfer Capacitance 

Ciss Input Capacitance 

. Cd(sub) Orain-Substrate Capacitance 

SWITCHING CHARACTERISTICS 

Turn-On Delay 

Rise Time 

Turn-Off Oelay 

Fall Time 

MIN 

25 

1.0. 

3 

100.0. 

MAX 

10. 

10. 

5 

1.0. 

30.0. 

1.3 

5.0. 

5.0. 

45 

65 

60. 

100 

UNITS 

Vdc 

pAdc 

nAdc 

Vdc 

mAde 

Vdc 

ohms 

!Lmho 

pF 

pF 

pF 

ns 

ns 

ns 

ns 

TEST CONDITIONS 

10=10.!LA,VGS=0. 

VGS = ±30. Vdc, VOS = 0. 

VDS=,lo.V,VGS=o. 

VOS = 10 V, 10 = 10. !LA 

VGS;" 10. V, VOS = 10. V 

10 =2 mA, VGS= 10. V 

VGS = 10. V, 10 = 0., f = 1 kHz 

VOS = 10. V, 10 = 2 mA, f = 1 kHz 

VOS = 0., VGS = 0., f = 140. kHz 

VOS= 10. V, VGS=o., t= 140. kHz 

VO(SUB) = 10. V, f= 140. kHz 
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FEATURES 

• Low Switching Voltages - V GShh) ;;;;; 3.0 Vdc 

• Fast Switching Times - tr";;;' 10 ns 

• Low Drain-Source Resistance r ds(on) = 200 Ohms (Max) 

• Low Reverse Transfer. Capacitance Crss = 1.3 pF (Max) 

• Manufactured Using the New Silicon Nitride Process 

Resulting in a Stable V GS(thl and Gate O~ide Break
down Protection to Typical Transients-of ±150 Volts 

Peak 

HANDLING PRECAUTIONS 

3N169 3N170 3N171 
N-Channel Enhancement 

Mode MOS FET 

MAXIMUM RATINGS ITA = 25"C unless othecwise noted) 

RATING SYMBOL VALUE UNIT 

Drain·Source Voltage VOS 25 Vdc 

Drain-Gate Voltage VDG ±35 Vdc 

Gate·Source Voltage VGS ±35 Vdc 

Drain Current ID 30 mAdc 
Power Dissipation @ T A 25"C PD 300 mW 
Derate above 25°C 1.7 mWtC 
Power Dissipation @ TC -= 25°C PD 800 mW 
Derate above 25°C 4.56 mW!')C 

Operating Junction Temperature TJ 175 "c 
Storage Temperature Range Tstg --65 to +200 "c 

MOS field-effect transistors have extremely high input 

resistance. They can be damaged by the accumulation of 

excess static charge. Avoid possible damage to the devices 
while wiring, testing, or in actual operation, by following 

the procedures outlined below: 

. PACKAGE DIMENSIONS 

1, To avoid the build-uP,of static charge, the leads of the 
devices should remain shorted together with a metal ring 

except when being tested or used. 

2. Avoid unnece,ssary handling. Pick up devic~s by the' case 

instead of the leads. 

3. Do not insert or remove devices from circuits with the 
p.ower on because transient voltages may cause perman· 
ant damage to the devices. 

GENERAL DESCRIPTION 
Enhancement Mode (Type C) transistors designed for 

low-power switching applications. 

gg~; X Wo~ .0220 
.0260 

T',-------, 

ORDERING INFORMATION 

T072 WAFER CHIP 
3N169 3N169/W 3N169/D 
3N170 3N170/W 3N170/D 
3N171 3N171/W 3N171/D 

1003 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless otherwise noted) Substrate connected to source 

PARAMETER MIN MAX UNITS TEST CONDITIONS 

OFF CHARACTERISTICS 

V(BR)DSS Drain-Source Breakdown Voltage 25 Vdc 10= 10 !lAde, VGS=O 

'Gate Leakage Current 
10 VGS = -35 Vdc, VDS =0 

IGSS 
100 

pAdc 
VGS =-35 Vdc, VOS = 0, TA= 125°C 

10 nAdc VOS = 10 Vdc, VGS = 0 
lOSS 'Zero-Gate-Voltage Orain Current 

1.0 !lAde VOS" 10 Vdc, VGS =0, TA = 125°C 

'ON CHARACTERISTICS 

0.5 1.5 3N169 

VGS(th) Gate-Source Thresh~ld Voltage 1.0 2.0 Vdc VOS = 10 Vdc, ID = 10 !lAde 3N170 

1.5 3_0 3N171 

10(on) "ON" Orain Current 10 mAde VGS = 10 Vdc,VOS '" 10 Vdc 

VOS(on) Orai~-Source "ON" Voltage 2.0 Vdc 10 = 10 mAde, VGS = 10 Vdc 

SMALL SIGNAL CHARACTERISTICS 
.', 

rds(on) 'Orain-Source Resistance 200 Ohms VGS = 10 Vdc, 10 = 0; f = 1.0 kHz 

IYfs I Forward Transfer Admittance 1000 !lmhos 
VOS = 10 Vdc, 10 = 2.0 mAde, 

f = 1.0 kHz 

Crss 'Reverse Transfer Capacitance 1.3 pF VOS = 0, VGS = 0, f " 1.0 MHz 

Ciss 'I n put Capacitance 5.0 pF VOS =10 Vdc, VGS = 0, f = 1.0 MHz 

Cd(sub) 'Orain-Substrate Capacitance 5.0 pF VO(SUB) = 10Vdc, f ~ 1.0 MHz 

'SWITCHING CHARACTERISTICS --
td(on) Turn-On Oelay Time 3,0 ns 

tr Rise Time 10 ns 
VOO'" 10 Vdc, I O(on) = 10 mAde, 

td(off) Turn-Off Oelay Time 3.0 ns 
VGS(on) =10 Vdc, VGS(oft} = 0, 

RG = 50 Ohms 
tf Fall Time 15 ns 

.----"~ 

*lndicatesJEDEC Registered Data. 
",~,'~--.""'''' 



FEATURES. 

• Low On-Resistance - 50n. 

• Low Capacitance - 1.7 pF 

• High Gain - 3,000 J.lmhos 

• High Gate Breakdown Voltage - ±125V 

• Low Threshold Voltage - 3 V 

ABSOLUTE MAXIMUM RATINGS 
@ 25°C (unless otherwise noted) 

Maximum·Temperatures 
Operating Junction Temperature 

Maximum Power Dissipation 
Total Dissipation at 25°C Ambient Temp_ 
Linear Derating Factor at 25° C 

Ambient Temp. 

MaximumVoltages and Current 

VOSS Drain to Source and BodyVoltage 
V GSS Transient Gate to Source Voltage 
ID(on) Drain Current 

ORDERING INFORMATION 

0.375W 

3mWtC 

25V 
±125 V 
100 mA 

IT1750 
N·Channel Enhancement 

Mode MOS FET 

PACKAGE DIMENSIONS 

TO-72 

1.166 mm 1.219 mm 
~~ 

1003 

NOTE: SUBSTRATE 
IS BOOY. 

ELECTRICAL CHARACTERISTICS (TA = 25°C, Body connected to Source unless otherwise noted) 

PARAMETER MIN TYP MAX UNITS TEST CONDITIONS 
VGS(TH) Gate to Source Threshold Voltage 0.50 1.5 3.0 V VOS - VGS, 10 - 10 IlA; VBS - 0 

lOSS Orain Leakage Current 0.1 10 nA VOS= 10V,VGS=VBS=0 

IGSS Gate Leakage Current (See Note 2) 

BVOSS Orain Breakdown Voltage 25 V 10 = 10llA, VGS = VBS = 0 
rOS(on) Orain To Source on Resistance 25 50 ohms VGS=20V,VBS=0 

ID(on) Drain Current 10 50 mA VOS = VGS= 10 V, VBS = 0 

Yts Forward Transadmittance 3,000 Ilmhos 
VDS = 10 V, 10 = 10 mA, 
t = 1 KHz, VBS = 0 

Ciss :r otal Gate I nput Capacitance 5.0 6.0 pF 
lo=10mA,VDs=10V, 
t = 1 MHz, VBS = 0 

Cdg Gate to Drain Capacitance 1.3 1.6 pF VDG " 10 V, VBS = 0 
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GENERAL DESCRIPTION 

• Low IGSS 

• Integrated Zener Clamp Protects the Gate 

PRODUCT CONDITIONING 

Units receive the following treatment before final electrical 

tests: 

High Temp Storage: 24 Hours at 150°C 

25,000 Acceleration/Impact in the Y 1 Plane 

Thermal Shock: +100 to O°C for 5 Cycles 

Helium and/or Gross Leal Tests for Hermeticitv 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Drain·to-Source Voltage 

Gate-to-Drain Voltage 

Drain Current 
Gate Zener Current 

Storage Temperature 

Operating Junction Temperature 

Total Device Dissipation (Derate 

2.25" mW/C to 125°C) 

ORDERING INFORMATION 

30V 

30V 

'50 mA 

iO.l mA 

-65 to 150°C 

-55 to 125°C 

225mW 

M116 
Diode Protected 

N·Channel Enhancement 
ModeMOSFET 

PACKAGE DIMENSIONS 

1 

L 

q:L: 
4 

1003-Z' 

NOTE: SUBSTRATE 
ISBQDY. 

100 in (2.54 mm~ 

1.168mm ~ 
~ .111mm 

ELECTRICAL CHARACTERISTICS '(25°C unless otherwise noted) 

PARAMETER 
M116 

UNITS TEST CONDITIONS 
MIN MAX 

rOS(onl Drain Source'ON Resistance 
100 VGS = 20 V, 10 = 100 ,uA, VBS = a 
200 n VGS = 10 V, 10 = 100 ,uA, VBS = a 

VGS(th) Gate Threshold Voltage 1 5 V VGS = VOS, 10 = 10 ,uA, VBS = a 
BVOSS Orain-Source Breakdown Voltage 30 V 10 =1 ,uA; VGS = VBS = a 
BVSOS Source-Orain Breakdown Voltage 30 V IS = 1 ,uA, VGO" VBO'= 0 

BVGBS ,Gate-Body Breakdown Voltage 30 60 V IG" 10,uA,VSB = VOB= 0, 
10(OFF) , Oraln Cutoff Current 10 NA VOS = 20 V, VGS = VBS= a 
IS(OFF) SoiJrce Cutoff Current 10 NA VSO= 20 V, VGD = VBO = a 
IGSS Gate-Body Leakage 100 PA VGS = 20 V, VOS = VBS = 0 
Cgs or ,Gate-Source or 

2.5 pF 
VGB = VOB = VSB = 0, f = 1, MHz 

Cgd ' 'Gate-Drain Capacitance Body Guarded 

Cdb Orain-Body Capacitance 7 pF VGB,- 0, VOB - 10 V, f - 1 MHz 

Ciss Input Capacitance 10 pF 
VGB - 0, VOB - 10 V,VBS - a 
f = 1 MHz 



GENERAL DESCRIPTION 

ENHANCEMENT-TYPE METAL-OXIDE 
SEMICONDUCTOR TRANSISITOR 

For applications requiring very high input impedance, such 
as series and shunt choppers, multiplexers, and commuta
tors. 

• Channel Cut Off with Zero Gate Voltage' 

• Square-Law Transfer Characteristic Reduces Distortion 

• Independent Substrate Connection Provides Flexibility 
in Biasing 

ABSOLUTE MAXIMUM RATINGS 
@25°C free-air temperature (unless otherwise noted) 

Drain-Gate Voltage 
Drain-Source Voltage 
Forward Gate-Source Voltage 
Reverse Gate-Source Voltage 
Continuous Drain Current 
Continuous Device Dissipation at (or below) 

25°C Free-Air Temperature 

-25 V 
-25 V 
-25 V 
+25 V 

-125 mA 

360mW 
Continuous Device Dissipation at (or below) 

25°C Case Temperature 1.8W 
. _65°C to 200°C , Storage Temperature Range 

Lead Temperature 1/16 Inch.from Case 
for 10 Seconds 

3N160 
P-Channel Enhancement 

Mode MOSFET 

HANDLING PRECAUTIONS 

Curve-tracer testing and static-charge. buildup are common 
causes of damage to insulated-gate devic~s. Permanent 
damage may result if either gate-voltage rating is exceeded 
even for extremely short time periods. Each transistor is 
protected during shipment by a gate-shorting device, which 
should be removed only during testing and after permanent 
mounting of the transistor. Personnel and equipment, 
including soldering irons, should be grounded. 

PACKAGE DIMENSIONS 

230 Irl 

1----_-+--c""2'1i'9lil 01 A 
5 842 mm 
5308 mm 

NOTE: FOR DIE STRUCTURE, 
REFER TO 3N163 1503X2 

ELECTRICAL CHARACTERISTICS (25°C free-air temperatJre unle~s otherwise noted) 

PARAMETER MIN TYP MAX UNIT TEST CONDITIONS 

IGSSF' Forward Gate-Terminal Current 
<-1 -50 PA VGS ~ -25 V, VDS ~O 
-10 -50 pA VGS --25 V, VDS - 0, TA-l00C 

IGSSR Reverse Gate-Terminal Current <1 10 pA VGS~25V, VOS ~ 0 

lOSS Zero-Gate-Vol.tage Drain Current 
<1 -10 nA VDS~-15V,VGS~0 

-10 fJ.A VOS~ -25 V, VGS ~ 0 

VGS(th) Gate-Source Threshold Voltage ':'1.5 -5 V VOS ~ -15 V, 10 ~ -10 fJ.A 

VGS Gate-Source Voltage '-4.5 -8 'V VOS ~.':'15 V, 10 ~ -8 mA-, 

ID(on) On-State Drain Current -40 -120 mA VOS ~ -15 V, VGS ~ .,15 V, 

IYfsl 
Small-Signal Common-Source 

3.5 6.5 mmho 
Forward Transfer Admittance 

f.~ 1 kHz 

IVosl 
Small-Signal Common-Source 

0.25 mmho 
Output Admittance 

Common-Source Short-Circuit 
VDS~ -15 V 10 ~ -8 mA 

Ciss 10 pF 
I nput Capacitance 

f ~ 1 MHz 

Crss 
Common·Source Short-Circuit 4 pF 
Rever~e Transfer Capacitance 
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3N16.1 
Diode Protected P·Channel 

Enhancement Mode MOS 'FET 
GENERAL DESCRIPTION, 

DIODE-PROTECTED ENHANCEMENT-TYPE 
METAL-OXIDE~SEMICONDUCTOR TRANSISTOR 

, , , 

For applications requiring very high input impedance, such 
as series and shunt choppers, multiplexers, 'and commuta
tors. 

FEATURES 

• Channel Cut Off with Zero Gate Voltage, 

• Square-Law Transfer Characteristic Reduces Distortion 

• Independent Substrate Connection Provides Flexibility 
in Biasing 

Internally Connected Diode Protects Gate from Damage 
due to Overvoltage 

DESCRIPTION 

These devices are designed for applications requiring very' 
high input impedance, such as choppers, commutators, and 
logic switches. Each device~ is protected from excessive, 
input voltage by'a shunting diode connected from the,gate 
to the substrate. This' eliminates the need for most precau
tionary handling procedures, associated with unprotected 
MOS devices_ 

PACKAGE DIMENSIONS 

TO~72 

.230 io 

1----+-:5::;~ :m OIA 
5.308 mm 

1.168 mm 1.219 mm 
~ .711mm 

NOTE: FOR DIE STRUCTURE, 
REFER TO 3N172 1503ZX2 

ELECTRICAL CHARACTERISTICS (25°C f,ree-air temperature unless,otherwise noted) 

PARAMETER MIN TVP MAX UNIT' TEST CONDITIONS 

'Forward Gate-Terininal Current 
-0.1 nA VGS = -25 V, VJjS= 0 

IGSSF -1 nA VGS --25 V, VOS - 0, TA=100C 

V(BR)GSSF 
Forward Gate-Source Break-

-25 V IG -O.lmA, VOS='O, 
down Voltage ':, . 

- -10 nA VOS= -15 V, VGS= 0 
ioss Zero-Gate:Voltage Drain Current 

-10 IlA VOS= -25 V, VGS = 0 

VGS(th) Gate-Source Threshold Voltage -1.5 -5 V VOS = -15 V. 10 = 10llA : 

VGS Gate-Source Voltage" -4.5 -8 V VOS = -15V, io,'" -8.mA 

iOlon) On-State Drain Current -40 -120 mA VDS = -15 V~ VGS= ,-15 V, See Note4 

IYfsl 
Small-Signal Common-Source 

3501;> 6500 #mho " 
Forward Transfer Admittance 

Small:Signal Common-Source 
f = 1 kHz 

IYosl Output Admittance 
250 Ilmho 

Common-Source Short-Circuit 
VOS = -15 V, ID = -8 mA 

Ciss Input capacitance 
10 pF 

f = 1 MHz' 

Crss 
Common-SoiJr<:e Short:Circuit 

"4 pF 
Reverse Transfer Capacitance 



FEATURES 

• 'IIery High Input Impedance 

• High Gate Breakdown 

• Fast,Switching 

• Low Capacitance 

MAXIMUM RATINGS (@ 25°C ambient unless noted) 

3N163 3N164 

V GSS Static Gate to Source Voltage ±40V ±30V 
V GSS (ll Transmit Gate to Source Voltage ±125V ±125V 

Voss Drain to Source Voltage -40V, -30V 
V SDS Source to Drain Voltage -40V -30V 

Voo'o Drain to Gate Voltage -40V -30V 

ID Drain Current -50mA -SOmA 
PD Power Dissipation 375mW 

Derating Factor 3.0mW/'C 
T; Operating Junction Temperature -55 to +150°C 
Tsto Storage Temperature -65 to +200°C· 
T, Lead Temperature 1/16" from +265°C 

Case for 10 sec max 

(110ev,ces must not be tested <lt ~125V mOre than once or lor 
longer than 300 ms 

3N163,3N164 
P·Channel Enhancement 

ModeMOS FET 

PACKAGE DIMENSIONS 

LEAD 1: DRAIN 

LEAD 2 GATE 

LEAD 3 BODY· 

LEAD 4 SOURCE 

TO-72 

80TTOMVIEW 

ELECTRICAL CHARACTERISTICS (@ 25°C and 'II BS = 0 unless noted) 

IGSS 

IGm 

IGm 

BVoss 

BV SDS 

loss 

Isos 

rds(On) 

Yos 

C,~ 

c,~ 

Cou 

. 0ate Reverse Leakage Current" 

Gate Forward Current 

Gate Forward Current@ 125"C 

Drain-Source Breakdown Voltage 

Source Drain Breakdown Vol~age 

Threshold Voltage 

Threshold Voltage 

Gate Source Voltage 

Zero Gate Voltage Drain Current 

Source Drain Current 

Drain-Source on Resistance 

On Drain Current 

Forward TransConductance @ 1 kHz 

, Output Admittance @ 1 kHz 

Input Capacitance - Output Shorted 

Reverse Transfer Capacitance 

Output Capacitance I.nput Shorted 

3N163 

MIN 

-40 

-40 

-2.0 

-2.0 

-3.0 

MAX 

100 
-100 
-250 

-5.0 

-5.0 

-6.5 

200 

400 

250 

-30.0 -5.0 

2000 4000 

250 

2.5 

0.7 

3.0 

SWITCHING CHARACTERISTICS (@ 25°C and VBS = 0) 

t, 

Tur.n-On Delay Time 

Rise Time 

Turn-Off Time. 

SWITCHING TIME CIRCUIT 

12 

24 

50 

3N164 

MIN 

-30 

-30 

-2.0 

-2.0 

-3.0 

-3.0 

1000 

MAX 

100 
-100 
-250 

-5.0 

-5.0 

-6.5 

400 

800 

300 

-30.0 

4000 

250 

2.5 

0.7 

3.0 

12 

24 

50 

UNITS 

pA 

pA 

pA 

V 

V 

V 

V 

V 

pA 

pA 

ohms 

mA 

I1rnhos 

j.lmhos 

pF 

pF 

pF 

ns 

ns 

TEST CONDITIONS 

CDvGs:: 40V, @VGS :: 30V 

CDv GS :: -40V,@ V GS :: -30V 

CD vGS =-40V, 0 VGS ::-30V 

10:: -10j.lA, VGS 00 

Is:: -10j.lA, VGO:: 0, Voe = 0 

Vas:: VGS, 10:: -lOI1A 

Vas'" -15V. 10""' -lOI1A 

Vas:: -15V, 10 '" 0.5 rnA 

Vas = -15V, VGS -' 0 

Vso:: 15V, "vGs:: ;VOB '" 0 

V GS = -20V, 10:: -10011A 

Vas:: -15V, VGs:: -lOV 

Vas = -15V, 10 '" -10 rnA 

Vos=-15V.lo=-lOrnA 

Vos=-15V,lo""-10mA,f=lMHz 

Vas:: -15V, 10 = -lOrnA, f:: 1 MH_z' 

Vos = -15V, 10 -= -lOrnA, f = 1 MHz 

Voo=-15V 

10~onl :: 10 rnA 

SWITCHING WAVEFORM 
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O~OlL 

FEATURES 

• High Input Impedance 

• Diode Protected Gate 

MAXIMUM RATINGS (@ 2So C ambient uflless noted) 

JNl72 JN17J 
VGSS Gate to Source Voltage -40V -JOV 
Voss Drain to Source Voltage -40V -JOV 
Vsos Source to Drain Voltag~ -40V -JOV 
VoGa Drain to Gate Voltage -40V -30V 
10 Drain Current -50mA -50mA 
IG(f) Gate. Forward Current 10IlA . 10llA 
IGlr) Gate Reverse Current 1.0mA 1.0 mA· 
Po Power Dissipation J75mW 

Derating Factor 3.0mWtC 
Tj Operating Junction Temperature -55 to +150°C 
T,tD Storage Temperature -65 to +200°C 
T, Lead Temperature 1/16" from +256°C 

Case for 10 sec max 

3N172,3N173 
P·Channel Enhancement 

Mode MOS FET 

PACKAGE DIMENSIONS TO-72 

trr: 
,. 

LEAD 1: DRAIN 

LEAD 2: GATE 

LEAD 3: BODY 

LEAD 4: SOURCE 

19i
~:D'A . 

.196 OIA . 

. 178 

MAX. .210 

.L TIll 

T i 
.03~ 

~~~ADS n n n. MIN 

0f6 DIA. U U, u~ 

lS0J-Z 

NOTE- SUBSTRATE 
ISBQDY 

BOTTOM VIEW 

ELECTRICAL CHARACTERISTICS (@2So C and Vss = 0 unless noted) 

3N172 3N173 
UNITS TEST CONDITIONS 

MIN MAX MIN MAX 

loss Gate Reverse Current -200 -500 pA VGS = -20V 

IGSS Gate Reverse Current (+ 125°C) -0.5 -1.0 IJA VGS = -20V 

BVGss Gate Breakdown Voltage -40 -125 -30 -125 V lo=-lO IJA 

BVoss Drain-Source Breakdown Voltage -40 -30 V lo=-lOIJA 

BVsos Source-Drain Breakdown Voltage -40 -30 V Is = -fOIJA, Vo• = 0 

V aS1th) Threshold Voltage ~2.0 -5.0 -2.0 .-5.0 V Vos = VGS' 10 = -101JA 

V"SI"') Threshold Voltage -2.0 -5.0 -2.0 -5.0 V Vos =.-15V, 10 = -lOIJA 

VGS Gate Source Voltage -3.0 -6.5 -2.5 -6.5 V Vos = -15V, 10 = -5001JA 

loss Zero Gate Voltage Drain CUJrent -0.4 -10 nA Vos=-15V 

1505 Zero Gate Voltage Source Current -0.4 -10 nA Vso = -15V, Vo• = 0 

rdsConl Drain Source On Resistance 250 350 ohms VGS = ~20V, 10 = -1001JA 

101",) On Oraln Current -5.0 -30 -5.0 -30 rnA Vos = -15V, VGS = -10V 



FEATURES 
• Low On-Resistance :- TDS(on) "400 ohms, 

• High Gate Breakdown Voltage - VGSS ±125 V 

• High Gain - 91$;;' 2000 J,lmhos 

• High Input Impedance - 1Q15 0 hms 

• Low Leakage - lOSS ~ 200 pA 

• Low Noise Voltage -.en 150 nV/.jHz typical@ 100 Hz 

IT1700 
P·Channel Enhancement 

Mode MOS FET 

ORDERING INFORMATION 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25° C (unless otherwise noted) 

PACKAGE DIMENSIONS TO-72 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 
Lead Temperature {soldering, 

10 second time limitl 

Maximum ~o~er .Dissipatj~n 
Total DISSIpation at 25 C 

Ambient Temperature 
Linear Derating Factor at 25°C 

Ambient Temperature 

Total Dissipatiqn at 25°C 
Case Temperatt~re 

Linear Derating Factor at 25° C 

-6S0C to +200°C 

_55°C to +150°C 

0.375 W 

3mwtc 

1.25W 

Case Te~perature 10 mW/oC 

Maximum Voltages and Current . 
V DSS Drain to Source and Body Voltage -40 V 
VSDS Source to Drain and Body Voltage -40 V 
VGSS Transien~ Gate to Sou(ce Voltage ±125 V 

(Note 2) 

V GSS Gate to Source Voltage -40 V 
10(on) Drain Current 50 rnA 

1503 

NOTE SUBSTRATE 
IseDDV. 

ELECTRICAL CHARACTERISTICS (@25°Cunlessotherwise noted) 

PARAMETER MIN MAX 

. BVOSS Orain to Source Breakdown Voltage -40 

BVSOS Source to Drain Breakdown Voltage -40 

IGSS Gate Leakage Current 

lOSS Drain to Source Leakage Current 200 

lOSS (150°C) Orain to Source Leakage Current 0.4 

ISDS Source to Orain Leakage Current 400 

ISOS (150°C) Source to Orain Leakage Current 0.8 

VGS(th) Gate Threshold Voltage -2 -5 

ELECTRICAL CHARACTERISTICS (@25°C unless otherwise noted) 

PARAMETER MIN TYP 

ros (on) Static Orain to Source "on" Resistance 

lOS (on) Orain to Source "on" Current 2 

gf~ Forward Transconductance 2000 
Common Source 

Ciss Small Signal, Short Circuit, Common 
Source, Input Capacitance 

Crss Small Signal, Short Circuit, Common 

Source, Reverse Transfer Capacitance 

Coss Small Signal, Short Circuit, Common 

Source, Output Capacitance 

en ' Equivalent I nput Noise Voltage 150 

UNITS 

V 

V 

pA 

/1A 

pA 

JiA 

V 

MAX UNITS 

400 ohms 
mA 

4000 '/1mhos 

5 pF 

1.2 pF 

3.5 pF 

nV/y'HZ 

1.168 mm 1.219 mm 
914mm ~ 

QUT • 

D 
G 

Be 
s 

TEST CONDITIONS 

VGS ~ 0, 10 ~ -10 JlA 

VGS ~o, 10 ~ -10 JlA 

(See Note 2) 

VGS ~ 0, VOS ~ -20 V 

VGS ~ 0, VDS ~ -20 V 

VGS ~ 0, VOS ~ -20 V 

VGS ~ 0, VOS ~ -20 V 

VGS ~ VOS, 10 ~ -10 /1A 

TEST CONDITIONS 

VGS - -10 V, VOS-O 
VGS ~ -10 V, VOS ~ -15 V 

VOS ~ -15 V, 10 ~ -10 mA 
f~ 1 kHz 

VOS~-15V, 10~-10mA 

f ~ 1 MHz 

VOG ~ -15 V, 10 ~ 0 
f ~ 1 MHz 

VOS ~ -15 V, 10.~ -10 mA 
f ~ 1 MHz 

VOS~-15V, 10~-1 mA 

f ~ 100 Hz; BW ~ Hz 
. . .. 

NOTE: 1. These ratings are limiting values above which the serviceability of any semiconductor deVice may be Impaired . 

2. Actual·gate current is immeasurable. Package suppliers are <equired to guarantee a package leakage of < 10 pA. External package 
leakage is the dominant mode which is sensitive to both transient and storage environment,.which cannot be guaranteed. 
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FEATURES' 

• ,Very High Input Impedance 

• High Gate Breakdown 

,. Low Capacitance 

'MAXIMUM RATINGS (@ 25°C ambient unless noted) 

VGSS Static Gate to Source Voltage ±40V 
VGSS \11 Transient Gate to Source Voltage ±125V 

Voss Drain to Source V'oltage -4OV 
VGOS Source t~ Drain Voltage -4OV 

VGG Gate to Gate ±80V 
VG Any Lead to Case ±4OV' 
10 Drain Current 50mA 

Po Power Dissipation (each side) 300mW 
(both sides) 525 mW 

Total.Derating Factor 4.2 mWI"C 
T j Operating Junction Temperature -55 to + 150°C 
Tstg Storage Temperature -65 to +200°C 
T, Lead Temperature' 1116" from +300°C 

Case for 10 sec max 

(1 )Oevices must not he tested at ± 125V more than once or for 
longer than' 300' ms. 

3Ni6S 3Ni66 
Dual Matched P·Channel 

Enhancement Mode 
MOS FETS 

PACKAGE DIMENSIONS 
TO-99 

.. t=;:::~.. . 
MYI~r-" I .~ 

SEATING ' II 
1 7' PlANE~ - .04T X:r . 

J 'L .' lsooMIN '---'WLc" !\!Ill 0 00 I 
8 

LEAD 1 

LEAD 3 DRAIN 2 
LEAD'S SOURCE 

NOTE: FOR DIE STRUCTURE, 
REFER TO 3N1S8 FAMILY 

ALL DIMENSIONS IN INCHES UNLESS 
OTHERWISE NOTEO BODY {SUBSTRATE) 
INTERNALLY CONNECTED TO 
METAL CASE COMMON SOURCE AND 
SUBSTRATE CONNECTiONS BOTTOM VIEW 2506 

ELECTRICAL CHARACTERISTICS (@ 25°C and Vss = 0 unless noted) 

3N165 

MIN MAX 

IGSS Gate R,everse Leakage Current. 10 

IG(f) Gate Forward Leakage Current -10 

tG(f) Gate Forward Leakage Current (+ 125~C) -25 

loss Drain to Source Leakage Current -200 

Isos Source to Drain Leakage Current -400 

,10(on) On Drain Current -5 -30 

VGS(th) Gate Source Thres,hold Voltage -2 c5 

VdS(th) Gate Source Threshold Voltage -2 -5 

r ds(on) Drain Source On Resistance 300 

.,. Forward Transconductance 1500 3000 

." Output Admittan~e 300 

C;~ Input Capa.:itance 3.0 

C,~ Reverse Transfer Capacitance 0.7 

CO~ Output Capacitance Input Shorted 3.0 

RE{Y ts) Real Part Forward Transconductance 1200 

MATCHING CHARACTERISTICS 3N165 

Yfsl / Yfs2 

VGSl -2 

Forward Transconductance Ratio 

Gate-Source Threshold Voltage 
Differential 

Gate-Source Threshold Voltage 

Differential ,Change with T,emperature 

Ga~e-Source ThreshOld Voltage 
Differentia', Chan'ge' with Temperature 

MIN 

0.90 

3N166 

MIN MAX 

10 

.. 10 

-25 

-200 

-400 

-5 -30 

-2 -5 

-2 -5 

300 

1500 .3000 

300 

3.0 

0.7 

.3.0 

1200 

, 

MAX UNITS. 

1.0 

100 mV 

. 8 mV 

10 mV 

UNITS TEST CONDITIONS 

pA VGS "40V 

pA VGS == -40V 

pA VGs" -40V 

pA Vos ," -20V 

pA Vso = -2QV. Vos = 0 

mA Vos" -15V, VGs" -IOV 

V Vos" -15V, 10" -1O~A 

Y Vos =YGs. 10 = -10J.lA 

ohms VGs" -20V, 10" -1001'A 

J.lmhos Vos:" -15V, 10" -10 mA, t" 1 kH~ 

J.lmhos VoS "-15V,lo "-IOmA,t" 1kHz 

pF Vos" -15V.lo ~ -lOmA, t" lMHz 

pF Vo~" -15V, 10 " -10 mA, t" 1 MHz 

pF Vos '" -15V, 10" -10 mA, t" 1 MHz 

J.lmhos Vos" -lSV, 10 ~ "10 mA, t" lOOMHz. 

. 
TEST CONDITIONS 

Vos" -lSV,lo" -500I'A, t." 1 kHz 

Vos ." -15V~ 10" -500pA 

VOS "'-15V,ID " -SOOI'A 
T = _55°C to +2SoC, 

Vos" -15V,l o " -Soo~A 
T '" +25°C to +125°C 



3N188 3N189 3N1903N191 
Dual Matched P-Channel 

Enhancement Mode MOS FETS 
FEATURES 
• Very High Input Impedance • Low Capacitance 
• High Gate Breakdown 3N190-3N191 .Vg &(TH) Matched 
• Zener Protected gate 3N188-3N189 .Vg & (TH) Tracking 

MAXIMUM RATINGS(@25~C ambient unless noted) 
3N188 3N190 
3N189 3N19l 

V GSS Stat ic Ga te to Sou fee ±40V -40V 
Voltage 

VGSSllI Transient Gate to ±40V ±125V 
Source Voltage 

VDSS Drain to Source -40V -40V 
Voltage 

VSDS Source to Drain -40V -40V 
Voltage 

'D Drain Current 50mA 50 rnA 

PD Power 'Dissipation 
(each side) 300 mW 
(both sides) 525mW 

Total Derating Factor 4.2 mW/oC 

Tj Operating Junction -55to+150°C 
Temperature 

Tstg Storage Temperature -65to +200°C 

T, Lead Temperature +300°C 
1/16" from Case for 
10 sec max 

(1 )Oevice must not be tested at b125V more than 
once or for longer than 300 ms. 

2506C 

~~;~ ~ ~;~~ ~ :STSETRATE 

T~YP I~ =YP 1'5 BODY . 

GA TE 2 III I SID 1 0230 

- .~~
~~rS02 0190 

GATE 1 L ___ u ___ L 
SID 1 L BODY 

3N19013N191 ONLY 

LEAD 1 DRAIN· I 

LEAD 2 SOURCE 1 

LEAD 3 GATE 1 
LEAD 4 BODY 

LEAD 5 GATE 2 
LEAD 6 SOURCE 2 
LEAD 7 DRAIN 2 . 

LEAD 8 (NOT 
CONNECTEDI 

ORDERING 
INFORMATION 

T099 WAFER CHIP 

3N188 
3N189 
3N190 3N190/W 3N19010 
3N19l 3N19l/W 3N19l/D 

ALL DIMENSIONS IN I,NCHES UNLESS OTHERWISE NOTED 
BODY ISUBSTRATE) INTERNAl~Y CONNECTED' TO METAL CASE 

ELECTRICAL CHARACTERISTICS (@ 25°C and VBS = 0 unless noted) 

3N188 3N190 
3N1S9 3N191 

MIN MAX MIN MAX UN.ITS rEST CONDITIONS 

IGSS Gate Reverse Current 10 pA VGS = 40V 

IGlfi Gate Forward Current -200 -10 pA VGS = -40V 

IGlfi Gate Forward Current @ 125°C -200 -25 pA VGS = -40V 

BVDSS Drain-Source Breakdown Voltage -40 -40 V 10 == -10,uA 

BVSDS Source-Drain Breakdown Voltage -40 -40 V IS = -IO"A. VSD '" 0 

VGSlth) Threshold Voltage -2.0 - 5.0 -2.0 -5.0 V VDS=-15V.ID=-10"A 

VGSlth) Threshold Voltage -2.0 -5.0 -2.0 -5.0 V VDS = VGS. 'D = -10"A 

VGS Gate Source Voltage -3.0 -6.5 . -3.0 -6.5 .V VDS = -15V ID = -500 "A 

IDSS Zero GateVoltage Drain Current -200 -200 pA VDS=-15V 

ISDS Source Drain Current -400 -400 pA VSO = -1SV, VDS = 0 

rds{on) Drain-Source on Resistance 300 300 ohms VDS = -20V .. ID = -100"A 

'Olon) On Drain Current -5.0 -30.0 -5.0 -,30.0 mA VDS = -15V. VGS = -10V 

9ts Forward Transconductance 1500 4000 1500 4000 /olmhos VDS = -15V, ID = -5 mA, f = 1 kHz 

YOS Output Admittance 300 300 /olmhos VDS = -15V. ID = -5 mA, f = 1 kHz' 

Ciss Input Capacitan'ce Outpu't Shorted 4.5 4.5 pF VDS = -15V, ID = -5 mAo f= 1 MHz 

Crss Reverse Transfer Capacitance 1.5 1.0 pF VDS.= -15V, 'D = -5 mA, f = 1 MHz 

Coss Output Capacitance Input Shorted 3.0 3.0 pF VDS = -15V: 'D = -5 mAo f = 1 MHz 

SWITCHING CHARACTERISTICS (@ 25°C and Vas o unless noted) 
MIN MAX UNITS TEST CONDITIONS 

'Dian) , Turn-On Delay Time 15 ns VOO = -1 5V, 'D.~ -5 mA 

" Rise Time 30 ns RG=RL=1Akn· 

'all Turn Off Ti,me 50 ns 

MATCHING CHARACTERISTICS (@ 25°C and Vas o unless noted) 3N188 and 3N190 , 

MIN MAX UNITS 

Yts1 / Yls2 Forward Tl;ansconductance'Ratio '0.85 1.0 VDS = -15V, 'D = -500 "A, f = 1 kHz 
VGS1 _2 Gate Source Threshold Voltage Differential 100 mV VDS = -15V, 'D = -500 MA 
llVGS1 _2 Gate Source Threshold Voltag-e Differential Change 8 mV V DS =-15V,1 0 =-500"A, 

with Temperature T = -55°C,to,+ 25°C 

llVGS1-2 Gate Sou~ce Threshold' Voltage Differential Change 10 mV VDS = -15V, 'B = -500 "A, 
~ with Temperature T ':= +25°C to +125°C 
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MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING 
Collector-Base Voltage 

2N2453 VCBO 60· 
2N2453A 80 

, 
Collector-Emitter Voltage' I 

2N2453 VCEO 30 
2N2453A 50 

Emi.tter-Base Voltage VEBO 7_0 
Each Side Both Sides 

Total Device Dissipation 
@TA=25°C Po 0.2 0_3 
@TC=I00·C 0,35 0,7 
@TC=25·C 0,6 1.2 

Storage Temperature Tsto -65 to +200 
Junction Temperature T +200 
Derating. Factor above 25·C 

2N2453 1.14 
2N2453A 1.71 

2N24532N2453A 
Monolithic Dual Matched 

NPN Transistor 

UNIT 

V:olts 

Volts 

Volts, 

Watts 

: ·C 
·C 

mW/·C 

FEATURES 
• Closely Matched Current Gain 

• very Closely Matched. VBE 

• Low Differential Drift 

PACKAGE DIMENSIONS 
TO:78. PIN OUT 

_~DIA'_~ 
.040 ~1_.~DlA'_1 . 
MAX. . ,185 

-.L' W .-L 
8 LEIJ " sootN 
:g:: DIA. ~~ n~~ . 

c, ., 
E, 

E2 

~2 

C2 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
PARAMETER MIN MAX UNIT TEin CONDITIONS 

BVCBO 
Collector-Base Breakdow":l V~ltage 2N2453 60 

V IC= 1'0 "A, IE =0 2N2453A 80 
, 

BVEBO Emitter·Base Breakdown Voltage 7.0 V IC=O,IE=O.l"A 

VCEOlsusl" 
Collector-Emitter Sustaining Voltage 2N2453 3.0 . 

V Ic=10mA,IB=0 
2N2453A 60 

VCE~atl Collector Saturation Voltage 1.0 V IC = 5.0 rnA, la = 0.5 rnA 

VBElsatl Base Saturation Voltage, 0.9 V IC = 5.0 rnA, IB = 0.5 rnA 

Collector-Base Cutoff Current 2N2453 5.0 
nA 

IE=O, VCB=50V 

ICBO 
2N2453A 5.0 IE = 0, VCB = 60 V 
2N2453 10 IE=0,VCB=50V TA= 150·C· 
2N2453A .10 "A IE=0,VCB=60V TA= 150°C 

lEBO Emitter-Base Cutoff Current 2.0 nA Ic = 0, VEB = 5.0 V 

BO IC = 10"A, VCE = 5.0 V TA = _55°C 
" ,40 IC = 10 "A, VCE = 5.0 V 

hFE DC Current Gain I 
150 

600 
IC = 1.0 rnA, VCE = 5.0 V .. 

75 IC = 1.0 rnA, VeE ~ 5.0 V 
TA = -55°C. 

2N2453A only 0.9 1.0 IC = 100 "A, VCE = 5:0 Ii 
hFE1/hFE2' DC Current Gain Ratio Both Types 0.9 1.0 IC = 1.0 rnA, VCE = 5.0 V TA = _55°C to +125°C 

Both Types 0.85 1.0 IC = 1.0 rnA, VCE = 5.0 V 

VSE1-VBE2 BaseVoltage Differential 
5.0 IC = 1.0 rnA, VCE = 5.0 V 
3.0 mV IC = 10 "A, VCE = .5.0 V I 

\ 

I!.IVBE1-VBE211I!.T Base Vohage Differential Drift 
2N2453 10 

"V/oC IC=10p,A,VCE=5.0V 
. (I. 0 

2N2453A 5.0 
TA=-55 Cto+125 C 

hfe . Small Signal Current Gain 150 600 IC = 1.0 rnA, VCE = 5.0 V f= 1 kH2 

Ihfel High Frequency Current Gain 2.0 Ic = 5.0 mA, VCE = 10 V f = 30 MHz 

Cob Output eapa~itance 
. 2N2453 B.O 

pF IE'= O;VCB = 10 V f = 140 kHz 
2N2453A 4.0 

Cib I nput Capacitance 10 pF IC = 0, VBE = 0.5 V f= 140kHz 

hrb Voltage Feedback Ratio 5.0 xl0,.4 .IC = 1.0 rnA, VCE = 5.0 V f = 1 kHz 

hre Reverse Voltage Feedback Ratio 6.0 xl0-4 IC = 1.0 rnA, VCE = 5.0 V f=;'l kHz 

hib Input Resistance .. 20 30 ohms IC = 1.0mA, VCB = 5.0 V f= 1 kHz 

hie Input Resistance 5.0 kG IC = 1.0 rnA, liCE = 5.0 V f= 1 kHz 

hob Output Conductance 0.2 "mhos IC = 1.0 rnA, VCB = 5.0 V f = 1 kHz 

hoe Output Conductani:e 5.0 30 "mhos 'IC = 1.0 mA,VCB = 5.0 V f = 1 kHz 

f = lkHz 

NF Low Frequency Noise Figure 
2N2453 .7.0 

dB 
Source resistance = 10 kG. 

2N2453A 4.0 . Equivalent noi~e power bandwidth = 200 Hz 
IC = ,O"A, VCE = 5.0 V . ,. . = -The lower of the hFE.readings IS taken as hFE1. Pulse Test. Pulse Width 300 "sec, Duty Cycle 1%. 



FEATURES 
• High Gain At Low Current h FE;;;' 200 @ 10 /lA 

• Low Output Capacitance Cobo ':;; 0.8 pF 

• hFE Match hFE1 / hFE2 ':;; 10% 

• Tight V 8E Tracking ° 0' 

~(VBE1-VBE2)':;;3/lVfC-55 Cto+125 C 

2N4044, 2N4045, 2N41 00, 
2N4878,2N4879,2N4880 

Dual Monolithic Matched 
NPN Silicon Planar 

Transistors 

PACKAGE DIMENSIONS 

TO-78 TO-71 

• Dielectrically isolated matched pairs for differential amplifiers. 
,195 fl' ~~g~ DIA 

GENERAL DESCRIPTION 
Dual monolithic matched NPN silicon planar transistors 
used for differential ampl ifier applications. 

ABSOLUTE MAXIMUM RATINGS 
@ 25~C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 

. Operating Junction Temperature 

Maximum Power Dissipation 
TO-71 

-65°C to +200°C 
+200°C 

TO-78 

ONE SIDE BOTH SIDES ONE SIDE BOTH SIDES 

Total Dissipation at 25"C 
0.3 Watt a.5Watt 0.4 Watt 0.75 Watt 

Case Temperature 
Derating Factor 1.7mWt 2.9mWtC 2.3mW/oC 4.3mW/"C 

Collector to Base Voltage 
Collector to Emitter Voltage 
Emitter to Base Voltage (Note 2) 

Collector to Collector Voltage 
Collector Current 

2N4044 
2N4B7B 

50 V 
50V 
7V 

100 V 
10,'hA 

ORDERING INFORMATION 

T078 T07l WAFER 

2N4044 2N4044/W 
2N4045 - 2N4045/W 
2N4100 2N4.100/W 

2N4878 
2N4879 
2N4880 

2N4100 2N4045 
2N4B79 2N4BBO 

55 V 45 V 
55 V 45 V 
7V 7V 

100 V 100V 

lOrnA lOrnA 

CHIP 

2N4044/D 
2N4045/D 
2N4100/D 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

2N4044 2N4100 
PARAMETER 2N4878 2N4879 

MIN MAX MIN MAX 

hFE DC Current Gain 200 600 150 600 

hFE DC Current Gain 225 175 

hFE(-55°C) DC Current Gain 75 50 

VBE(on) Emitter·Base On Voltage 0.7 0.7 

VCE(sat) Collector Saturation Voltage 0.35 0:35 

ICBO Collector Cutoff Current 0.1 0_1 

ICBO(+150~C) Collector Cutoff Current 0.1 0.1 

lEBO Emitter Cutoff Current 0.1 0.1 

Cobo Output Capacitance 0.8 0.8 

Ti5DIA~30~1 . I I 
MAX. .210 
I . m-- , T -. I· 

6lEADS ~ ~ ~ .500 MIN. 

.&.!2. DIA. ~ .016 __ . 

PIN OUT 

4000 

.019 BASE =2 
~ L. TYP. 2 ~LACES .D03f! DIA 

EMITTER =2 .0040' 

C, ., 
E, 
E2 

·2 
C2 

r -~--i 
T~ggtt~gg= ~~ ,0030 .0030 
,O.1~ TYP. 2 PLACES' ~0040.X :0040 

BASE =1 , TYP, 2 ~lACES Jl03Q DIA 

EMITTER:l .0040 

2N4045 
2N4880 UNIT TEST CONDITIONS 

MIN MAX 

80 800 IC = 10 J.!.A, VCE = 5V 

100 IC = 1.0 mA, VCE =5 V 

30 I,C = 10 J.!.A, VCE = 5 V 

0.7 V IC= 10J.!.A, VCE = 5 V 

0.35 V IC = 1.0 mA, IB = 0.1 mA 

0.1" nA IE = 0, VCB = 45 V, 30 V" 

0.1" J.!.A IE = O,VCB = 45 V, 30 V" 

0.1 nA IC= 0, VEB = 5V 

0.8 pF IE'=O,VCB = 5 V 
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IT120lT120AIT1211T122 
Dual Monolithic Matched NPN 

Silicon Planar Transistors· 
FEATURES 
• High hFE at Low Current > 200 @ lOpA 

• Low Output Capacitance < 2.0 pf 

• IB1 - IB2 < 2.5 nA 

• TightVBETracking <3.0pV/C 

GENERAL DESCRIPTION 
Matched pairs for differential amplifiers. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 

Maximum Power Dissipation 

_ 65°C to +200°C 
+200°C 

TO·7S TO-71 

t-_______ t-0_N_E_S __ '_D._E-I-"B_O __ T_H-'-SIDES ONE SIDE BOTH SIDES 

Total Dissipation·at 2SoC 0.4 Watt 
Case Temperature 

0.75 Watt 0.3 Watt 0.5 Watt 

Derating Factor 

Maximum Voltage & Current for Each Transistor 
V CBO Collector to Base Voltage 45 V 

45 V 
7.0 V 
60 V 

V CEO Collector to Emitter Voltage 
V EBO Emitter to Base Voltage 
V CCO Collector to Collector VoltagE 
IC Collector Current 

ORDERING INFORMATION. 

T078 T07l WAFER 

IT120A IT120A-T071 1T120A/W 
IT120 IT120-T071 IT120/W 
IT121 IT121-T071 IT121/W 
IT122 IT122-T071 IT122/W 

50mA 

CHIP 

IT120A/D 
IT120/D 
1T121/D 
IT122/D 

ELECTRICAL CHARACTERISTICS (25"C unlessotherwise noted) 

PARAMETER 
1T120A 

MIN MAX 

hFE DC Current Gain , 200 

hFE DC Current Gain 225 

hFE(-55"CI DC Current Gain 75 

VSE(ONI Emitter·Base On Voltage 0.7 

VCE(SATI Collector Saturation Voltage 0.5 

ICSO Collector Cutoff Current 1.0 

ICSO(+150"CI Collector Cutoff Current 10 

IESO Emitter Cutoff Current 1.0 

COS . Output Capacitance 2.0 

CTE Emitter Transition CapaCitance 2.5 

CC" C2 CO,llector to Collector Capacitance 4.0 

IC" C2 Collector to Collector Leakage CUrrent '0 
VCEQ(SUSTI Collector to Emitter Sustaining Voltage 45 

IT 
Current Gain 10 
Bandwidth Product . 220 

IVSE 1-VSE21 Base Emitter Voltage. Differential 1 

IIS , -IS 21 Base Current Differential 2.5 

1t.(VSE,-VSE 2i1 
Base·Emitter Voltage Differential 

3 
Change with Temperature 

PACKAGE DIMENSIONS 

TO-71 TO-78 

A~
'230DIA 

.195 .209 . 

"T75 DI:30~1~1 I 
MAx' .210 

I 1""iO - , 
T .T 

6 lEADS. ~ ~ ~ .500 MIN. 

Jill!. orA ~ .016 __ _ 

--'- :~~~ DIA"'-~ 
.335 

.040 ~I .305 DIA·~.I , 

MAX. .185 

...L 165 _ J.. 
. t I 

B lEADSJ .500 MIN. 

g~: niA. ~~ ~ ~~.-l 

PIN OUT 

C, ., 
E, 

E2 

·2 

C2 

4003 

-T--;:;;;-;-;;;:;:;;;;-:;jr:.i1;;;:::;;~---ISOLATION .0045 J( .0045 
COLLECTOR .0035 .0035 

.0230 :t2 -TYP. 2 PLACES 

.0270 .0045 .0045 

I .0035 )( .0035 
BASE ::2 TYP. 2 PLACES 

--'--------ll,I---!---'~ :~~ DIA~ETER 

EMITTER #1 
i~~~J~~A~~S :~~~~ DIAMETER 

1T120 1T121 1T122 
UNIT TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 

200 80 80 IC=10J.lA, VCE =5.0V 

225 100 100 IC = 1.0 mAo VCE = 5.0 V 

75 30 30 IC = 10 J.lA. VeE = 5.0 V 

0.7 0.7· 0.7 V IC= 10J.lA. VCE =5.0V 

0.5 0.5 0.5 V IC = 0.5mA,ls = 0.05mA 

1.0 , .0 1.0 nA IE =0, VCS =45V 

10 10 10 J.lA IE = O. VCS = 45 V 

1.0 1.0 1.0 nA IC = O. VES= 5.0 V 

2.0 2.0 2.0 pF IE=0.VCS=5.0V 

2.5 2.5 2.5 pF IC = O. VES = 0.5 V 

4.0 4.0 4.0 pF VCC = 0 

'0 10 10 nA VCC - ±60V 

45 45 45 V Ic=1.0mA,ls-0 

10 7 7 MHz IC=lOJ.lA.VCE=5V 
220 180 180 MHz IC = 1 mA;VCE = 5 V 

2 3 5 mV IC = 10J.lA. VCE = 5.0 V 

5 25 25 nA IC = 10 J.lA. VCE = 5.0 V 

5 10 20 J.lV/"C TA = -55"C to +125"C 
'C = 10 .uA. VCE = 5.0 V 

NOTES (1) These'ratl.n~s are limiting values above which the serviceability of any semiconductor deVice may be Impaired. 
\2) The lowest of two hFE readin.gs is taken'as hFE, for purpcises of this ~atio. 



IT124 
Super-Beta Dual Monolithic NPN 

Silicon Planar Transistors 

FEATURES PACKAGE DIMENSIONS 
• Very High Gain - hFE 2: 1500 @ 1 and 10}lA 
• Low Output Capacitance - Cobo ~ O.S pF 
• Tight VBE Matching - IVBE1 - VBE2 I - 2 mV TYP. 
• High IT -100 MHz 
ABSOLUTE MAXIMUM RATINGS INote 1) 
@ 25°C lunless otherwise noted). 

Maximum Temperatures 
Storage Temperature .............. -65°C to +200°C 
Operating Junction Temperature ............. +200°C 
Lead Temperature Isoldering, 10 second 

time limit) ................................. +260°C 
Maximum Power Dissipation ONE SIDE BOTH SIDES 
. Device Dissipation @ Free Air 400 mW 750 mW 
Linear Derating Factor ....... 2.3 mW/o C 4.3 mW/o C 

Maximum Voltage and Current for Each Transistor 
Vcso Collector to Base Voltage .................. 2V 
VCEO Collector to Emitter Voltage ....... :........ 2V 

TO-7S 

VESO Emitter to Base Voltage INote 2) ............ 7V NOTES 

,370 (9.398) 

rF
335ci~A5.") 

.335(8.509) 

t·305ci~A747)1 

~.lr(4.191) 

.040~r 
~ 

.185(4.699) 

-1 MAX I 
6 LEADS ~ ~ IT~ 500 (12.7) 

019(.423) MIN 

016(.406) * 
Emitter 
Lead No.3 

.034(.864) 

.028(.711) 

.200 (5.08) 

Base 
lead NO.5 

Collector 
lead NO.6 

Veca Collector to Collector Voltage ... "., ...... :. 100V t!~:I~aer~s~oo~~_;r~~ec:~sovAR 
Ie Collector Current ....................... 10mA Package weight is 1.08 grams 

ELECTRICAL CHARACTERISTICS @ 25° C (unless otherwise noted) 

SYMBOL CHARACTERISTICS MIN MAX UNITS CONDITIONS 

hFE DC Current Gain 1500 Ic = l!,A, VCE= 1V 
hFE DC Current Gain 1500 Ic - 10!,A, VCE - 1V 

, hFEI-55°C) DC Current Gain 600 Ic = 10!,A, VCE = 1V 
VSEION) Emitter-Base "ON" Voltage 0.7 V 'Ic - 10!,A, VCE - 1V 
VCEISAT) Collector Saturation Voltage 0.5 V Ic = lmA, Is = O.lmA 
Icso Collector.Cutoff Current· 100 pA IE - 0, VCS - 1V 
Icsol+150°C) Collector Cutoff Current 100 nA ' IE = 0, VCS = 1V 
IESO Emitter Cutoff Current 100 pA Ic - 0, VES - 5V 
Coso Output Capacitance 0.8 pF IE = 0, VCS - 1 V 
CTE Emitter Transition Capacitance 1.0 pF Ic - 0, VES - 0.5V 
CC1C2 Collector to Collector Capacitance 0.8 pF VCC - a 
IC1C2 Collector to Collector Leakage Current 250 pA Vcc - ±50V 
IT Current Gain Bandwidth Product 10 MHz Ic - 10!,A, VCE - lV 

IT Current Gain Bandwidth Product 100 ' MHz Ic = 100!,A, VCE - 1V 
NF Narrow Band Noise Figure 3 dB Ic = 10!,A, VCE = 3V, 

f = 1 KHz, RG = 10 Kohms, 
BW= 200 Hz 

BVcso Collector-Base Breakdown, Voltage 2 V Ic = 10!,A, IE = a 
BVESO . Emitter-Base Breakdown Voltage 7 V IE = 10!,A, Ic = a 
VCEoISUST) Collector-Em[tter Sustaining Voltage 2 V Ic -,lmA, Is - a 

MATCHING CHARACTERISTICS @ 25°C lunless otherwise noted) 

SYMBOL CHARACTERISTICS TYP MAX UNITS CONDITIONS 

IVSE1-VSE21 Base Emitter, Voltage Differential 2 5 mV Ic = 10!,A, VCE = 1V 
IIVSE1-VSE2l1/o,C Base Ell\itter Voltage Differential 5 15 !,V/~C Ic = 10!,A, \fCE = lV 

Change with Temperature T = -55°C to +125°C 
Ils1~ls21 Base Current Differential .6 nA Tc -10}lA, VCE - 1V 

NOTES: 
1. These ratir.gs are limiting values above which the serviceability of any semiconductor device may be impaired. 
2. The reverse base-to-emitter voltage must never exceed '7.0 volts and the rEiver&e base-to-emitter current must never exceed lO"Amps. 
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IT124A 
Super-Beta Dual Monolithic NPN 

Silicon Planar Transistors 

FEATURES PACKAGE DIMENSIONS 
• Very High Gain - hFE :2: 1500 @ 1 and 10j.LA 
• Low Output Capacitance - Cabo::::: 0.8 pF 
• Tight VSE Matching - IVsE1 - VSE2 1- 2 mV TYP. 
• High IT - 100 MHz 
ABSOLUTE MAXIMUM RATINGS INote 1) 
@ 25° C lunless otherwise noted) 

Maximum Temperatures 
Storage Temperature .............. -65°C to +200°C 
Operating Junction Temperature ............. +200°C 
Lead Temperature Isoldering, 10 second 

time limit) ................................. +260°C 
Maximum PowerDissipation ONE SIDE BOTH SIDES 

Device Dissipation @ Free Air 400 mW 750 mW 
Linear Derating Factor ........ 2.3 mW/oC 4.3 mW/oC 

Maximum Voltage and Current for Each Transistor 
VCBO Collector to Base Voltage .................. 2V 
VCEO Collector to Emitter Voltage ................ 2V 
VEBO Emitter to Base Voltage (Note 2) ............ 7V 
Vcco Collector to Collector Voltage ........ ,... 100V 
Ic Collector Current ......... :............. 10mA 

TO·7S 

NOTES: 

Emiller 
Lead NO.3 

.034 (.864) 

.028(.711) 

All dimensions in inChes 
Leads are gold-plated KOVAR 
Package weight is 1.08 grams 

ELECTRICAL CHARACTERISTICS @ 25°C (unless otherwise noted) 

SYMBOL CHARACTERISTICS MIN MAX UNITS 

hFE DC Current Gain 1500 
hFE DC Current Gain 1500 
hFEI-55°C) DC Current Gain 600 
VBEION) Emitter-Base "ON" Voltage 0.7 V 
VCEISAT) Collector Saturation Voltage 0.5 V 
ICBO Collector Cutoff Current 100 pA 
ICBOI+150° C) Collector Cutoff Current 100 nA 
lEBO Emitter Cutoff Current 100 pA 

COBO Output Capacitance 0.8. pF 
CTE Emitter Transition Capacitance 1.0 pF 
CC1C2 Collector to Collector Capacitance 0.8 pF 
IC1c2 Collector to Co!lector Leakage Current 1.0 nA 
fr Current Gain Bandwidth Product 10 MHz 
fT Current Gain Bandwidth Product 100 MHz 
NF Narrow Band Noise Figure 3 dB 

BVCBO Coliector"Base Breakdown Voltage 2 V 
BVEBO Emitter-Base Breakdown Voltage 7 V 
VCEoISUST) Collector-Emitter Sustaining Voltage 2 V 

MATCHING CHARACTERISTICS @25°C lunless otherwise noted) 

SYMBOL CHARACTERISTICS TYP MAX UNITS 

IVBE1-VBE21 Base Emitter Voltage Differential 2 3.2 mV 
1 IVBE1-VBE2)l/oC Base Emitter Voltage Differential 5 15 jlV/oC 

Change with Temperature 
IIB1-IB21 Base Current Differential ,6 nA 

NOTES: 

.200(5.08) 

Emilter 
lead No.4 
Base 
Lead No.5 
Collector 
Lead No.6 

CONDITIONS 

IC = 1jlA, VCE = 1V 
Ic - 1O,.LA, VCE - 1V 
Ic - 10jlA, VCE - 1V 
Ic = 10!'A, VCE - 1V 
Ic = 1mA, .IB = 0.1mA 
IE - 0, VCB - 1V 
IE - 0, VCB - 1V 
Ic = 0, VEB = 5V 
IE = 0, VCB = 1 V 
Ic - 0, VEB - O.5V 
Vcc = 0 
VCC -±30V 
Ic - 10!,A, VCE - 1V 
Ic - 100jlA, VCE - 1V 
Ic =,10!,A, VCE = 3V, 
f = 1 KHz, RG = 10 Kohms, 
BW = 200 Hz 
Ic = 10!,A, IE = 0 
IE - 10!,A, Ic - 0 
Ic = 1mA, IB = 0 

CONDITIONS 

Ic = 10jlA, VCE = 1V 
Ic -10jlA, VCE.--: 1V 
T ~ -55°C to +125°C 
Tc - 10!,A, VCE - 1V 

1. These ratings are limiting values above which the serviceability of any semiconductor device may be impaired. 
2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base~to-emitter current must never exceed 1Ol'Amps. 



IT124B 
Super-Beta Dual Monolithic NPN 

Silicon Planar Transistors 

FEATURES PACKAGE DIMENSIONS 
• Very High Gain - hFE 2': 4000 @ 1 and 10MA 
• Low Output Capacitance - Cobo :::; 0.8 pF 
• Tight VSE Matching - IVSE1 - VSE2 I - 2 mV TYP. 
• High IT - 100 MHz 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25° C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature .............. -65° C to +200° C 
Operating Junction Temperature ............. +200°C 
Lead Temperature (soldering, 10 second 

time limit) ................................. +260°C 
Maximum Power Dissipation ONE SIDE BOTH SIDES 

Device Dissipation @ Free Air 400 mW 750 mW 
Linear Derating Factor ....... 2.3 mWrC 4.3 mWrC 

Maximum Voltage and Current for Each Transistor 
VCBO Collector to Base Voltage .................. 2V 
VCEO Collector to Emitter Voltage ................ 2V 

TO·78 

VEBO Emitter to Base Voltage (Note 2) ............ 7V NOTES, 

.370(9.398) 

.335(8.509) 
!-.305 (7.747)-1 I
F'''5 ci~;.50') 
1_ DIA I . 

.. 040~ 
~ .185(4.69') 

...L·'.r{.4.191) 

-1 M'Ax··'1 
6 LEADS ~ ~ ~~ .. soo (12.7) 

.019(.423) MIN 

.016 (.406) * 
Emitter 
Lead No.3 
Base 
Lead No.2 

.034(.864) 

.028(.711) 

.200(5.08) 

.100 (2.54) 

Emiller 
Lead No.4 
Base 
Lead No.5 
Collector 
Leild No.6 

Veca Collector to Collector Voltage ............ 100V ~!la~~maer:s~oo~~'~I~~~:~sOVAR 
Ie ,Collector Current ........................ 10mA Package weightis 1.08 grams 

ELECTRICAL CHARACTERISTICS @ 25°C (unless otherwise noted) 

SYMBOL CHARACTERISTICS MIN MAX UNITS . CONDITIONS 

hFE DC Current Gain 4000 Ic - 1!,A, VCE - 1V 
hFE DC Current Gain 4000 Ic - 10!,A,VCE - 1V 
hFE(-55°C) DC Current Gain 600 Ic - 10!,A, VCE - 1V 
VBE(ON) Emitter-Base "ON" Voltage 0-.7 V Ic - 1'0!'A, VCE - 1V 
VCE(SAT) Collector Saturation Voltage 0.5 V Ic -1mA,IB - 0.1mA 

ICBO Collector Cutoff Current 100 pA IE - 0, VCB - 1V 
ICBO(+150°C) Collector Cutoff Current 100 nA IE - 0, VCB - 1V 

lEBO Emitter Cutoff Current '100 pA Ic - 0, VEB -5V 

CaBO Output Capacitance 0.8 pF IE - 0, VCB - 1V 

CTE Emitter Transition Capacitance 1.0 pF Ic - 0, VEB - 0.5V 

CC1C2 Collector to Collector Capacitance 0.8 pF Vcc - 0 
IC1C2 Collector to Collector Leakage Current 250 pA Vce = ±50V 
tr Current Gain Bandwidth Product 10 MHz Ic -10!,A, VCE - 1V 

tr Current Gain Bandwidth Product 100 MHz Ic -100!,A, VCE - 1V 
NF Narrow Band Noise Figure 3 dB Ic -10!,A, VCE - 3V, 

f = 1 KHz, RG'= 10 Kohms, 
BW= 200 Hz 

. BVCBO Collector-Base Breakdown Voltage 2 V Ic = 10!,A, IE = 0 

BVEBO Emitter-Base Breakdown Voltage 7 V IE - 10!,A, Ic - 0 
VCEo(SUST) Collector-Emitter Sustaining Voltage 2 V Ie - 1 mA, IB - 0 

MATCHING CHARACTERISTICS @ 25°C (unless otherWise noted) 

SYMBOL CHARACTERISTICS TYP MAX UNITS CONDITIONS 

IVBE1-VBE21 Base Emitter Voltage Differential 2 5 mV Ic = 10!,A, VCE = 1V 
I(VBE1-VBE2)I/oC Base Emitter Voltage Differential 5 15 !,V/oC Ic -10!,A, VCE -.1V 

Change with Temperature T = -55°C to +125°C 
IIB1-IB21 Base Current Differential '.6 nA Tc - ·10!,A, VCE -1V 

NOTES. 
1. These ratings are limiting values above which the serviceability of any semiconductor device may be impaired. 
2. The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base-to-emitter current must never exceed 10I'Amps. 
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IT125 
Super-Beta Dual Monolithic NPN 

Silicon Planar Transistors 

FEATURES 
• Very High Gain - hFE 2: 1000 @ 1 and 10MA 

PACKAGE DIMENSIONS 
TO·lS 

• Low Output Capacitance - Cobo S 0.8 pF 
• Tight VSE Matching -IVsE1 - VSE2 1-2 mV TYP. 
• High IT - 100 MHz 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature. . . . . . . . . . . . .. -65° C to +200° C 
Operating Junction Temperature ............. +200° C 
Lead Temperature (soldering, 10 second 

time limit) ................................. +260°C 
Maximum Power DisSipation ONE SIDE BOTH SIDES 

Device Dissipation @ Free Air 400 mW 750 mW. 
Linear Derating Factor ....... 2.3 mW/o C 4.3 mW;o C 

Maximum Voltage and Current for Each Transistor 
VCBO Collector to Base Voltage .................. 2V 
VCEO Collector to Emitter Voltage ................ 2V 
VEBO Emitter to Base Voltage (Note 2) ............ 7V 
Vcco Collector to Collector Voltage ............. 100V 
Ic Collector Current ...................... .10mA 

EmiUI'r .200 (5.08) 
Lead No.3 

NOTES: 
All dimensions in Inches 
Leads are gold-plated KOVAR 
Package weigh I is 1.08 grams 

Emitter 
Lead NO.4 

Base 
Lea<l No.5 
Collector 

- Lead NO.6 

ELECTRICAL CHARACTERISTICS @ 25°C (unless otherwise noted) 

SYMBOL CHARACTERISTICS MIN MAX UNITS CONDITIONS 

hFE DC Current Gain tOOO Ic = I",A, VCE = IV 

hFE DC CUrrent Gain tOOO Ic - to",A, VCE - tv 
VBE(ON) Emitter-Base "ON" Vo.ltage 0.7 V Ic - 10",A, VCE - tv 
VCE(SAT) Collector Saturation Voltage 0.5 V Ic - lmA, IB - O.lmA 

ICBO Collector Cutoff Current 100 pA IE - 0, VCB - tv 
ICBO(+150° C) Collector Cutoff Current 100 nA IE - 0, VCB - tv 
lEBO . Emitter Cutoff.Current 100 pA Ic - 0, VEB - 5V 

COBO Output Capacitance 0.8 pF 'IE- 0, VCB - tv 
CTE Emitte.r Transition .. Capacitance 1.0 pF Ic - 0, VEB - 0.5V 

CC1C2 Collector to Collector Capacitance 0.8 pF Vcc - 0 
IC1C2 Collector to Collector Leakage Current 250 pA. Vcc - ±50V 

IT Current Gain Bandwidth Product 10 MHz Ic - 10",A, VCE - tv 
IT Current Gain Bandwidth Product 100 MHz Ic - tOO",A, VCE - tv 
NF. Narrow Band Noise Figure 3 dB Ic = 10",A, VCE- 3V, 

f = 1 KHz, RG = 10 Kohms, 
BW = 200 Hz 

BVCBO Collector-Base Breakdown Voltage .2 V Ic. = to",A, IE = 0 
BVEBO Emitter-Base Breakdown Voltage 7 V IE = 10",A, Ic - 0 
VCEQ(SUST) ColI.ector-Emitter Sustaining Voltage 2 V Ic - 1mA, IB .:.. 0 

MATCHING CHARACTERISTICS @ 25°C (unless otherwise noted). 

SYMBOL CHARACTERISTICS CONDITIONS 

Base Current Differential Tc- to",A, VCE - tv 



IT126, IT127, IT128, IT129 
Dual Monolithic NPN 

Silicon Planar Transistors 
FEATURES 

" High Gain at Low Current - hFE ;;;, 230 at 10 mA -5V 

o Low Output Capacitance '- Cobo < 3 pF 

-. Tight IB Match - 181-2 < .25 pA at 1 mA -5V 

• Tight VBE Tracking - ~(VBE1 - VBE2) < 3 pV fc 
-55°C to +125°C 

o Dielectrically isolated matched pairs for differential amplifiers. 

GENERAL DESCRIPTION 

Dual monolithic NPN Silicon planar transistors used for differential 
amplifier applications. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

@ 25°C (unless otherwise noted) 

Maxi mum Temperatures 
Storage Temperature 
Operating Junction Temperature 

T071 

_65°C to +200°C 
+200°C 

T078 

Maximum Power Dissipation OlliE SIDE BOTH SIDES ONE SIDE BOTH SIDES 
Total Dissipation at 25°C 

Case Temperature 0.3 Watt 0.5 Watt 0.4 Watt 0.75 Watt 
Derating Factor i.7 mWfC 2.9 mWtC 2.3 mW/'C 4.3mWtC 

Maximum Voltage and Current for Each Transistor IT126,7 IT128 IT129 

VCBO Collector to Base Voltage 60V 55V 45V 

VCEO Collector to.Emitter Voltage 60V 55V 45V 

VEBO Emitter to Base Voltage (Note 2) 7V 7V 7V 

VCCO Collector to Collector Voltage 70V 70V 70V 

IC Collector Current 100mA 100mA 100mA 

ELECTRICAL CHARACTERISTICS (@ 25°C u~less otherwise noted) 

ORDERING INFORMATION 

T078 T071 WAFER CHIP 

IT126 IT126-T071 IT1261W IT126/D 

IT127 IT127-T071 IT1271W IT127/D 

IT128 IT128-T071 IT128/W IT128/D 

IT129 IT129-T071 IT128/W IT128/D 

PACKAGE DIMENSIONS 
TO-71 

1. 
2.' Base 
3. Emitter 
5. Emitter 
6. Base 
7. Coli ector 

EMITTER 

BASE 

TO-7B 

4001 

EMITTER .~Q~ .OO?~ 
0039 )\ .0039 

TYP.2 PLACES 

TYP. 2 PLACES 

'. 

1T126 ' IT127 1T128 IT129 
UNITS PARAMETER CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN MAX 

hFE DC Current Gain 150 150 ,lOa 70 IC = 101lA. VCE = 5V 

hFE DC Current Gain 200 800 200 800 150 800 100 IC = 1.0 mA, VCE= 5V 

hFE DC Current Gain 230 230 170 115 IC= 10mA, VCE=5V 

hFE DC Curr~nt Gain 100 100 75 50 IC=50mA,VCE=5V 

hFE(-55'C) DC Current Gain 75 75 60 40 IC = 1 mA, VCE = 5V 

VBE(o~) Emitter-Bi~lse On Voltage .9 .9 .9 .9 V IC = 10 mA, VCE =5V 

1.0 1.0 1.0 1.0 V IC = 50 mA, VCE = 5V 

VCE(sat) Collector Saturation Voltage .3 .3 .3 .3 V IC = 10 m"A, IB = 1 mA 

.6 .6 .6 .6 V IC = 50 mA, IB = 5 mA 

ICBO Collector Cutoff Current 0.1 0.1 0.1 0.1' nA IE = 0, VCB = 45V, 30V' 

ICBO(+150'C) Collector Cutoff Current 0.1 0.1 0.1 0.1' IlA IE = 0, VCB = 45V, 30.V· 

lEBO Emitter Cutoff Current 0.1 0.1 0.1 0.1 nA IC=0,VEB=5V 

Cobo Output Capacitance 3 3 3 3 pF IE =0. VCB = 20V 
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LM194, LM394 
Monolithic NPN Transistor Pairs 

FEATURES 

• Emitter-base voltage matched to 50/JV 

• Offset voltage drift less than O.l/JV tOc 

• Current gain (hFE) matched to 2% , 

• Common-modenijection ratio greaterthan 120dB 

• Parameters guaranteed over l/JA to 1 mA collector cu rrent 

• Extremely low noise 

• Superior logging characteristics compared to conventional 
pairs 

• Plug-in replacement for presently available devices 

GENERAL DESCRIPTION. 

The LMl94 and LM394 are junction isolated ultra well
matched monolithic NPN transistor pairs with an order of 
magnitude improvement in matching over conventional 
transistor pairs. This is accomplished by advanced linear 
processing and.a unique new device structure. 

Electrical characteristics of these devices s!lch as drift versus 
initial offset voltage, noise, and the exponential relationship 
of base-emitter voltage to collector current closely approach 
those of a theoretical transistor. Extrinsic emitter and base 
resistances are much lower than presently available pairs, 
either monolithic or discrete, giving extremely low noise 
and theoretical operation over a wide cu rrent range. Most 
parameters are guaranteed over a current range of l/JA to 
1 mA and 0 to 40V collector-base voltage, ensuring superior 
performance in nearly all applications. 

To guarantee long-term stability of matching parameters, 
internal clamp diodes have been added across the emitter
base junction of each transistor. These prevent degradation 
due to reverse biased emitter current - the most common 
cause of field failures in matched devices. The parasitic iso
lation junction formed by the diodes also clamps the sub
strate region to the most negative emitterto ensure complete 
isolation between devices. 

The LM 194 and LM394 will provide a considerable improve
ment in performance in most applications requiring a closely 

CONNECTION DIAGRAM 

METAL CAN PACKAGE 

matched transistor pair. I n many cases, trimming can be 
eliminated entirely, improving reliability and decreasing 
costs. Additionally, the low noise and high gain make this 
device attractive even where matching is not critical. 

The LM194 and LM394 are available in an isolated header 
6-lead TO-5. The LM194 is identical to the LM394 except 
for tighter electrical specifications and wider temperatu re 
range. 

ABSOLUTE MAXIMUM RATINGS 
Collector Current ....................... 20mA. 
Collector-Emitter Voltage .............. " ... 40V 
Collector-Base Voltage .............. _ ..... 40V 
Collector-Substrate Voltage .................. 40V 
Collector-Collector Voltage ................ '. 40V 
Base- Emitter Current ................... ±10mA 
Power Dissipation ..................... 500lT!W 
Junction Temperature 

LM194 ................... -55°(: to +135°C 
LM394 .................... -25°C to +85°C 

Storage Temperature Range ...... " -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) ..... .300°C 



LM194, LM394 

ELECTRICAL CHARACTERISTICS (TJ = +25°C) 

CONDITIONS 
LM194 LM394 

UNITS PARAMETER 
MIN TYP MAX MIN TYP MAX 

Current Gain (hFE)(Note 1) VCB = OV to 40V 
IC= lmA 500 700 300 700 
IC = 100,uA 400 550 250 550 
IC = 10,uA 300 450 200 450 
IC = l,uA 200 300 150 300 

Current Gain Match (hFE Match) VCB = OV to 40V 
IC = 10,uA to lmA 0.5 2 0.5 4 % 
IC= l,uA 1.0 1.0 % 

Emitter·Base Offset Voltage VCB = 0, IC = l,uA to lmA 25 50 25 150 ,uV 

Change in Emitter-Base Offset (Note 1) 10 24 10 50 ,uV 

Voltage VS. Collector- Base IC = l,uA to lmA, 
Voltage (CMRR) VCB = OV to 40V 

Change in Em itter· Base Offset VCB = OV, 5 25 5 50 ,uV 
Voltage VS. Collector Current IC = l,uA to 0.3mA 

Emitter· Base Offset Voltage IC =10,uA to lmA 
,uV/~C Temperature Drift (Note 2) ICl = IC2 0.08 0.3 0.08 0.8 

VOS trimmed to 0 at +25°C 0.03 0.1 0.03 0.3 ,uV 1°C 

Logging Conformity (Note 3) IC = 3nA to 300,uA, VCB = 0 150 150 JJ.V 

Collector· Base Leakage VCB = 40V 50 50 pA 

Collector-Collector Leakage VCC = 40V 70 , 70 pA 

Input Voltage Noise le= 100JJ.A, VCB = OV, 1.8 1.8 nVlv'HZ 
f = 100Hz to 100kHz 

Collector to Emitter Saturation. IC = lmA,IB - 10JJ.A 0.2 0.2 V 
Voltage IC =lmA,ls = 100JJ.A 0.1 0.1 V 

Note 1: Collector base voltage isswept from 0 to 40V at a collector current of 1;,A, 10ltA, 100llA and 1 rnA. 
Note 2: Offset voltage drift with Vas = 0 at T A = +25°C is valid only when the ratio of IC1 to IC2 is adiustedto give the initial zero offset. 
This ratio must be held to within 0.003% over the entire temperature range. Measurements taken at +25°C and temperature extremes. 
Note 3: Logging conformity is measured by computing the best fit to a true 'exponential and expressing.,the error as a base, -emitter voltage 
deviation.' ' 

TYPICAL APPLICATIONS 

r-______________________ ~VVv--VREF 

R7 
1S.7h 
1% 

.VOUT 

C3 
300pF 

R8 
10h 

~T OF LABS TYPE 0.81 + 8.3%loC 
, VOUT" 1V PER OECAOE 

FAST, ACCURATE LOGGING AMPLIFIER, VIN =: lOV to O.lmV or liN': lmA to lOnA 
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, ! 

Monolithic Dual Matched 
PNP Silicon Planar 

Transistors'· 2N3810, 
2N3810~'2N3811', 2N3811A 

ABSOLUTE MAXIMUM,RATINGS 
Maximum Temperatures 

Storage Temperature .. ' ................................................ -6SO C to +200° C 
Operating Temperature ...... : ................................. ." ..... ." .......... 200°C 
Lead Temperature (10 seconds) ........... ' •............................... ' ...... ,. 230° C 

Maximum Power Dissipation ' ' 
Total Dissipation at •....................................... '. . . . One Side Both Sides 
2S~CAmbient Temperature .................................... SOO mW 600 mW 
Linear Derating Factor ..........•............................ ' .. 2.9 mW/~C 3.4 mW/oC 

Maximum Voltage and Current (One side) : 
VEBO Emitter to Base Voltage, ........... ~ ......................... : ............. ,-S,OV 
VCBO Collector to BaseVoltage ................................................. ,-60V 
VCEO Collector to Emitter Voltage ............................................... -60V 
Ic DC Collector Current .............................. :..................... SO mA 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: 25° C Ambient Temperature unless otherwise noted 

SYMBOL CHARACTERISTIC 

7.0 

3.S 



2N3810,2N3810A,2N3811,2N3811A 
PACKAGE D1MENSIONS 

.370(9.401 
--,-.335(8.51I DIA__ , 

TO-78 .200(5.081-

.040 
(1.021 
MAX 

-4- .305(7.75I DIA-I .335(8.511 

L.c:=;~:;::;:;;:~ 

ELECTRICAL CONDITIONS 
TEST CONDITIONS: 25° C Ambient Temperature unless otherwise noted 

2N3810A 2N3811A 
SYMBOL CHARACTERISTIC MIN. MAX. MIN. MAX. 

ICBO Collector Cutoll Current 10 10 
10 10 

lEBO Emitter Cutoff Current 20 20 
BVEBO Emitter to Base Breakdown Voltage -5.0 -5.0 
BVCBO Collector to Base Breakdown -60 -60 

Voltage 
BVCEO Collector to Emitter Breakdown "-60 -60 

Voltage 
hFE DC Current Gain 100 225 

150 450 300 900 
150 450 300 900 
150 450 300 900 
125 250 

" 75 150 
VBE(ONI Base to Emitter "On" Voltage -0.7 -0.7 
VCE(sa!1 Collector to Emitter Saturation -0.2 -0.2 

Voltage -0.25 -0.25 
VBE(sa!1 Base to Emitter Saturation Voltage -0.7 -0.7 

-0.8 -0.8 
hFEl DC Current Gain Ratio' 0.95 1.0 0.95 1.0 
hFE2 0.85 1.0 0.85 1.0 

IVBE1-VBE21 Base to Emitter Voltage Differential -5.0 -5.0 
-1.5 -1.5 

I ;l(VBE1-VBE211 Base to Emitter Voltage -0.5 -0.5 
. Differential Gradient 

-0.4 ,-0.4. 

Cob Output Capacitance 4.0 4.0 
C,b Input Capacitance 8.0 8.0 
Ihlel Magnitude 01 Common Emitter 1.0 1.0 

Small Signal Current Gain" 1.0 5.0 1.0 5.0 
hie Input Impedance 3.0 30 10 40 
hre Reverse Voltage Feedback Ratio 25 25 
hoe Output Conductance 5.0 60 5.0 60 
hie Small Signal Current Gain 150 600 300 900 
RE(hiel Real Part of Common Emitter 3.0 30 10 40 

Small Signal Input Impedance 
NF Noise Figure 3.0 1.5 , ',' 

2.5 1.5 

7.0 4.0 

3.5 2.5 

UNITS 
,)A 

IlA 
nA 
V 
V 

V 

V 
V 
V 
V 
V 

mV 
mV 
mV 

mV 

pF 
pF 

kll 
x 10 4 

Ilmho 

kll 

dB 

dB 

dB 

dB 

O~Oll 

PIN OUT 
1 . C1 
2 B1 
3 E1 
4 E2 
5 B2 
7 C2 

TEST CONDITIONS 

VCB - -50V, Ic - 0 
VCB - -50V, IE - 0, TA -150°C 
VEB - 4.0V 
Ie .:. 0, IE - 1 Oil A 
IE - 0, Ic - lOIlA 

Ie - 10 mA 

Ie - 10llA, VCE - -5.0V 
Ie - 100;0, VCE - -5.0V 
Ie - 500llA, VCE - -5.0V 
Ie - 1.0 mA, VCE - 5.0V 
le- 10 mA, VCE - -5.0V 
Ic - 100llA, VCE- 5.0V, TA- 55°C 
Ic - lOOIlA, VCE - -5.0V 
Ie - lOOIlA, IB - lOIlA 
Ic - 1.0 mA, IB ~ lOOIlA 
Ie - lOOIlA, IB - 10 IlA 
Ie - 1.0 mA, IB - lOOIlA 
VCE - -5.0V, Ic - O.l·mA 
VeE - -5.0V, Ic - 0.1 mA, 
TA - 55°C to +125°C 
VCE - -5.0V, Ie - lOIlAto 10 mA 
vCE - -5.0V, Ie - lOOIlA 
VCE - -5.0V, Ie - 0.1 mA 
TA - 25°C to 125°C 
VCE - -5.0V, Ie - 0,1 mA 
TA - -55°C to +25°C 
VCB ~ -5.0V, IE ~ 0, I ~ 100 kHz 
VEB - 0.5V, Ic -0, 1- 100 kHz 
Ic - 500llA, VCE - 5.0V, I -30 mHz 
Ic - 1.0 mA, VCE - 5.0V, 1- 100 MHz 
VCE - -10V,Ie -,1.0 mA, I -,1.0 kHz 
VCE - 10V, Ic - 1.0 mA, I - 1.0 kHz 
VCE - 10V, Ic - 1.0 mA, I - 1.0 kHz 
VCE - 10V, Ic - 1.0 mA, I - 1.0 kHz 
VCE - -10V, Ie -:- 1.0 mA, I - 1.0 kHz 

Ic - lOOIlA, VCE ~ -:-1 OV; I - 1.0 kHz, 
PBW ~ 200 Hz RG "= 3:0 kll 
Ic ~ lOIlA, VeE ~ -c10V, I ~ 10 kHz, 
PBW ~ 2.0 kHz, RG ~ 3.0 kll 
Ic - lOOIlA, VCE,~ -10V, I - 100 Hz, 
PBW ~ 20 HZ,RG ~ 3.0 kll" 
Ic - lOOIlA, VCE - -10V, RG - 3.0 kll, 
3 dB down at 10 Hz and 10 kHz 
PBW ~ 15.7 kHz I 
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GENERAL DESCRIPTION 

2N5117 2N5118 2N5119 
Dual Monolithic Matched PNP 

Silicon Planar Transistors 
ORDERING INFORMATION 

Dielectrically isolated matched pairs for differential amplifiers. T078 WAFER CHIP 

MAXIMUM RATINGS (25°C unless otherwise noted) (Note 1) 

2N5117 
CHARACTERISTICS' SYMBOL 2N5118 

2N5119 
Dissipation at 25°C Case Temperature 

Each side (Note 1) PD 0.4 
Both sides PD 0.75 

Derating Factor 
Each side 2.3 
Both sides 4.3 

Voltage 
Collector to Base VCBO 45 
Collector to Emitter VCEO 45 
Emitter to Base (Note 2) VEBO 7.0 
Collector to Collector VCCO 100 

Collector Current IC 10 
Storage Temperature TS -65 to +200 
Lead Temperature for 10 Seconds +300 

ELECTRICAL CHARACTERISTICS (25'C unless otherwise noted) 

2N5117 

UNITS 

Watt 
Watt 

mWfC 
mWfC 

Volts 
Volts 
Volts 
Volts 
mA 

C 
°c 

2N5117 2N5117/W 2N5117/D 
2N5118 2N5118/W 2N5118/D 
2N51H~ 2N5119/W 2N5119/D 

PACKAGE DIMENSIONS 

" ., 
c, 

C, 

4501 
E .0029 :.0029 

2 .0039 ~ .003"9 

8 .0030 .q030 
2.0040 K .0040 

TYP. 2 PLACES 

.0035 0034 

.0045,K'.0044 
TYP. 2 PLACES 

PIN OUT , C, 
B, ., 
'2 

B2 

C2 

PARAMETER 2N5118 
2N5119 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX 

hFE DC Current Gain 100 300 50 IC = 10 IlA. VCE = 5.0 V 

hFE DC Current Gain 100 50 IC = 500 IlA, VCE = 5:0 V 

hFE DC Current Gain (-55'C) 30 20 IC = 101lA. VCE = 5.0 V 

ICBO Collector Cutoff Cur'rent 0.1 0.1 nA IE=O,VCB=30V 

ICBO Collector Cutoff,Current f150°C) 0.1' 0.1 IlA IE =0, VCB=30V 

lEBO Emitter ~utoff Current 0.1 0.1 nA IC =0, VEB = 5.0 V 

IC1, C2 Collector-Collector Leakage 5.0 5.0 pA VCC= 100 V 

IT Current Gain Bandwith Product 100 100 MHz IC = 5001lA. VCE = 10 V 

Cob Output Capacitance 0.8 0.8 pF IE - 0, V CB - 5.0 V 

CTE Emitter Transition Capacitance 1.0 1.0 pF IC = 0, VEB = 0.5 V 

CCl C2 Collector·Collector Capacitan'C:e 0.8 0.8 pF VCC - 0 

VCEO(sust) Collector~Emitter Sustaining Voltage 45 45 V IC - 1.0 rnA, IB - 0 

... ' NF Narrow Band ~oise Figure 4.0 4.0 dB 
IC = 10 IlA, VCE = 5.0 V I 1~1 KHz, RG = 10 KG 
BW ~ 200 cps 

V(BR)CBO Collector Ba'se Breakdown Voltage 45. 45 V .IC= lOIlA,IE=O . 

V(BR)EBO Emitter Base Breakdown,Voltage 7.0 7.0 V le-10IlA; IC-O 

MATCHING CHARACTERISTICS (25'C unless otherwise noted) 

PARAMETER 
2N5117 2N5118 '2N5119 

UNIT TEST CONDITIONS 
MIN MAX MIN MAX MIN MAX 

hFE1/hFE2 
DC Current Gain Ratio 0.9 1.0 IC= 101lAt05001lA,VCE=5V 

(Note 3) 0.85 1.0 0.8 1.0 IC = 10llA, VCE = 5.0 V 

VBE,-VBE2 
Base-Emitter Voltage 3.0 rnV IC - 10 IlA to 500 IlA, VCE = 5 V 

Differential 5.0 5.0 IC = 10 IlA, VCE = 5.0 V 

IB1-182 Base Current Differential. 10.0 15 40 nA IC = 10 IlA, VCE = 5.0 V 

A(VBE1-VBE2) 
Base Voltage Differential, 

3.0 5.0 , 10 IlV I'C IC = 10 IlA,VCE = 5.0 V 
Change with Temperature 

Base·Current Differential 
, 

AIIB1-IB2) 
'Change. with Temperature 

0.3 0.5 1.0 nAtC IC = 10 IlA, VCE = 5.0 V 

1. Maximum ratings are limiting values above which devices may be damaged. These ratings give a maximum Junction temperature of 200 c. 
2, The reverse base-to-emitter voltage must never exceed 7.0 volts and the reverse base·to-emitter current must never exceed 10 JJA. 
3. Lower·of two hFE readings is defined as hFE,. 

TA = -55'C to +125°C 

TA = -55'C to +125'C 



IT1301 A, IT131, IT132 
Dual Monolithic Matched PNP 

Silicon Planar Transistors 
FEATURES 

• High hFE at Low Current > 200@ 10 /lA 

• Low Output Capacitance < 2.0 pf 

• IB1' - IB2 < 2.5 nA 

• Tight VBE Tracking < 3.0 /lvtc 

GENERAL DESCRIPTION 
Matched pairs for differential amplifiers. 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
@ 25°C (unless otherwise noted) 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 

_65°C to +200°C 
+200°C 

Maximum Power Dissipation 
TO·78 TO·71 

ONE SIDE BOTH SIDES ONE SIDE 

Total Dissipation at 2SDC 
0.4 Watt 0.75 Watt 0.3 Watt 

Case Temperature 
Derating Factor 2.3mWrC 4.3mWtC 1.7mWtC 

Maximum Voltage & Current for Each Transistor 

V CBO Collector to Base Voltage 
VCEO Collector to Emitter Voltage 
VEBO Emitter to Base Voltage 
VCCO Collector to Collector Voltage 
IC Collector Current 

BOTH SIDES 

0.5 Watt 

2.9mWrC 

45V 
45 V 
7.0V 
60V 

50mA 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

PARAMETER 
1T130A 

MIN MAX 

hFE DC Current Gain 200 

hFE DC Current Gain 225 

hFEI-55°C) DC Current Gain 75 

VBEION) Emitter·Base On Voltage 0.7 

VCEISAT) Collector Saturation Voltage 0.5 

ICBO Collector Cutoff Current -1.0 

ICBOI+150°C) Collector Cutoff Current -10 

lEBO Emitter Cutoff Current -1.0 

COB Output Capacitance . 2.0 

CTE Emitter Transition Capacitance 2.5 

CCJ'!<2 Collector to Collector Capacitance 4.0 

IC1,C2 Collector to Collector Leakage Current 10 

VCEoISUST) Collector to Emitter Sustaining Voltage -45 

IT 
Current G,ain 5 
Bandwidth Product 110 

IVBE,-VBE21 Base Emitter Voltage Differential 1 

IIB1-IB21 Base Current Differential 2.5 

1t.IVBE1-VBE211 
Base·Emitter Voltage Differential 

3 Change with Temperature 

ORDERING INFORMATION 

T078 T071 WAFER 

IT130A IT130A·T071 .IT130A/W 
IT130 IT130-T071 IT130/W 
IT131 IT131·T071 IT131/W 

IT132 IT132·T071 IT132/W 

PACKAGE DIMENSIONS 
TO-71 TO-78 

.'95 A~:~~ DIA. 

'TIS DIA~30~/----j I 
MAX. .210 . 1- "ill" 

T t 
6 LEADS ~ ~ ~ .~o M. I~ . 

. 019 DIA . I 

.016' -L 

4503 

CHIP 

1T130A/D 
IT130/D 
IT131/D 
IT132/D 

PIN OUT , c, ., 
E, 

E2 

·2 
c2 

-T--;:;;;-;-;~;;;-:~tiiiil;:_i----ISOLATION .0045 x .0045 
COLLECTOR #1 COLLECTOR .0035 .0035 

~ #2 TVP. 2 PLACES 

.0270 :~~ x := ! BASE #2 TVP. 2 PLACES 

-'----BA-S-, -.-', -..,......,.'--l,-...J ::~ DIAMETER 

EMlnER #1 
~~:~J~~A~~S·:= DIAMETER 

IT130 1T131 1T132 
UNIT TEST CONDITIONS 

MIN MAX MIN MAX MIN MAX 

200 80 80 IC = 10 /lA, VCE = 5.0 V 

225 100 100 Ir. = 1.0 rnA, Vr.F = 5.0 V 

75 30 30 Ic = 10 /lA, VCE ~ 5.0 V 

0.7 0.7 0.7 V IC = 10 /lA. VCE = 5.0 V 

0.5 0.5 0.5 V IC = 0.5 mA,lB = 0.05 rnA 

-1.0 -1.0 -1.0 ~A IE = 0, VCB = 45 V 
-10 .-10 -10 /lA IE = 0, VCB = 45 V 

-1.0 -1.0 -1.0 nA IC = 0, VEB = 5.0 V 

2.0 2.0 2.0 pF IE=O,VCB=5.0V 

2.5 2.5 2.5 pF IC = 0, VEB - 0.5 V 

4.0 4.0 4.0 pF VCC=O 

10 10 10 nA VCC = ±60 V 

-45 -45 -45 V IC - 1.0 rnA, IB = 0 

5 4 4 MHz IC=10/lA,VCE-5V 
110 90 90 MHz IC = 1 rnA, VCE = 5 V 

2 3 5 mV IC= 10/lA, VCE = 5.0V 

5 25 25 nA IC-l0/lA,VCE=5.0V 

5 10 20 /lVfC fA = -55"C t~ +l25°C 
Ie = 10/lA, VCE = 5.0 V 

.. NOTES. (1) These ratings are hmltlng values above which the serviceability of any semiconductor device may be Impaired . 
(2) The lowest of two hFE readings is taken as hFE1 for purposes of this ratio. 
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IT136,· IT137 
IT138,IT139 

Dual Mo.nolithic PNP 
Silicon Planar Transistors 

FEATURES 

• High Gain at Low Curr~rit"':' hFE ;;. 200 @ 1 mA 

• Low Output Capacitance - Cobo < 3 pf 

• Tight IB Match - IB1 _ 2 < .25 /lA @ 1 mA - 5V 

• Tight VBE Tracking - .<:l(VBEl -VBE2)';;; 3./lVI"C 
-55°C to + 125°C 

• Dielectrically isolated matched pairs for differential amplifiers. 

GENERAL DESCRIPTION 
Dual monolithic PNP silicon planar transistors used for differential II amplifier applications. . . 

ABSOLUTE MAXIMUM RATINGS (Note 1) 
. @ 25°C (unless otherwise noted) . 

1-94 

Maximum Temperatures 
Storage Temperature 
Operating Junction Temperature 

-65°C to +200°C • 
+200°C 

Maximum Power Dissipation T071 T078 
ONE SIDE BOTH SIDES ONE SIDE BOTH SIDES 

Total Dissipation @25°C 
Case Temperature oj Watt 0.5 Watt 

Derating Factor 1.7mWfC 2.9mWtC 
0.4 Watt 0.75 Watt 
2.3mW/oC 4.3mW/oC 

Maximum Voltage and Current for Each Transistor 

Collector to Base Voltage 
Collector.to Emitter Voltage 
Emitter to Base Volt~ge (Note 2) 
Collector to Collector Voltage 
Collector Current 

ORDERING INFORMATION 

IT136.7 
60V 
60V 

7V 
70V 

100mA 

IT138 
55V 
55V 

7V 
70V 

100mA 

T078 T071 WAFER ·CHIP 

IT136 1T136·T071. IT136/W IT136/D 

IT137 IT137-T071 IT137/W IT137/D 

(T138 IT138-T071 IT138/W IT138/D 

1'1"139 IT139-T071 IT139/W IT139/D 

.IT139 
45V 
45V 

7V 
70V 

100mA 

PACKAGE DIMENSIONS 

TO-71 TO-78 

:;; OIAo;~1 I~il: ", 1_ ~ :::-j~ 
T ~;~:.~ ~ .15 T -...L 165" . I I 

6LEADS- n n n.5001MIN T ~ T 
:~~~ orA U U U 8lEADS 500 MIN g:: OIA ~~ ~ ~~_. I . 

1. Collector 
2. Base 
3 .. Emitter 
5. Emitter 
6. Base 
7. Collectbr 

EMITTER 

BASE 

4501 . 

.003~ )(' .DOJA 

.0045" .0044 
TYP. 2 PLACES 

TVP. 2 PLAC¥S 



IT136, IT137, IT138, IT139 

ELECTRICAL CHARACTER ISTICS (@ 25°C unless otherwise noted) 

IT136 1T137 iTl38 IT139 
PARAMETER UNITS CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN MAX 

hFE DC Current Gain .150 150 100 70 IC.= 10"A, VCE = 5V 

hFE DC Current Gain 150 800 150 800 .100 800 70 800 Ie = 1.0 rnA, VCE = 5V 

hFE DC Current Gain 125 230 125 80 50 IC = 10 rnA, VCE = 5V 

hFE DC Current Gain 65 60 40 25 IC = 5.0 rnA, VCE = 5V 

hFE(-55°C) DC Current Gain 75 75 60 40 IC ~ 1 rnA, VCE = 5V 

VBE(on) Emitter· Base On V,lltage . .9 .9 .9 .9 V IC = 10 rnA, VCE =5V 

1.0 1.0 1.0 1.0 V IC =50mA,VCE=5V 

VCE(sat) Collector Saturation VQltage .3 .3 .3 .3 V IC=l mA,IB=.l rnA 

.6 .6 .6 .6 . V IC.= 10 mA,.IB = 1 rnA . 

ICBO Collector Cutoff Current 0.1 0.1 0.1 0.1' nA IE = 0, VCB = 45V, 30V' 

ICBO(+150°C) Collector Cutoff Current J.l 0.1 0.1 0.1 * "A IE = 0, VCB = 45V,30V' 

lEBO Emitter Cutoff Current 0.1 0.1 0.1 0.1 nA IC = 0, VEB = 5V 

Cobo Output Capacitance :i 3 3 3 pF IE = 0, VCB = 20V 

'. I ELECTRICAL CHARACTERISTICS @ 25°C (unless otherwise noted) 

PARAMETERS 
IT136 1T137 1T138. IT139 

CONDITIONS UNITS 
MIN MAX MIN MAX. MIN MAX MIN MAX 

BVC1C2 .Collector to Collector 'Br,eakdawn 
100 100 100 100 V IC=±l "A Voltage 

.vCEO(sustl Collector to Emitter Sustaining 
60 60 55. 45 V IC = 1 rnA, IB = a 

Voltage 
.~ 

BVCBO C~lIector Base Breakdown Voltage 60 60 55 45 V IC= 10"A, IE~O 

BVEBO Emitter Base Breakdown Voltage 7 7 7 7 V IE = 10 "A, IC ,,0 

MATCHING·CHARACTERISTICS@ 25°C (unless otherwise noted) 

IT136 1T137 1T138 IT139 
PARAMETERS 

MJi.X 
UNITS CONDITIONS 

MIN MAX MIN MAX MIN MAX MIN 

IVBE, - VBE21 Base Emitter Voltage Differential 1 2 3 5 mV IC = 1 ma', VCE = ,5it 

.1t.(VBE, - VBE2l1fc .. -B~se Emitter Voltage Differentia'i 3 5 10 20 "vtc IC = 1 rnA, VCE" 5V 

Change with Temperature TA = _55°C to.+125°C 

IB, -IB21 Base Current Differential 2.5 5 10 20 nA IC = 10"A, VCE =.5V 

.25 .5 i.o 2.0 "A IC= 1 rnA, VCE = 5V 
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1-96 

FEATURES 

• IR = 0.1 pA (typical) 

• BVR > 30 V 

• CTR ,,; 0.75 pF (typical) 

GENERAL DESCRIPTION 
The 10100 and 10101 are monolithic dual diodes intended 
for use in applications requiring extremely low leakage 
currents. Applications include interstage coupling with 
reverse isolation, signal clipping and clamping and protec· 
tion of ultra low leakage FET differential dual and opera· 
tional amplifiers. 

ABSOLUTE MAXIMUM RATINGS 
(@ 25° C unless otherwise noted) 

Maximum Temperatures 
Storage Temperature -65°C to +200°C 
Operating Junction Temperature 
Lead Temperature (solderin~, 10 sec. time limit) 

Maximum Power Dissipation 
Device Dissipation @ Free Air Temperature 
Linear Derating , , 

Maximum Voltages & Currents 
V R Reverse Voltage 

, VD1D2 Diode to Diode Voltage' 

I F Forward Current 

I R Reverse Current 

ORDERING INFORMATION 

T078 T071 WAFER CHIP 

+200°C 
+300°C 

30V 

±50V 

20mA 

100 tLA 

10100 ID100/W 10101/0 

10101 , 

ID100, ID101 
Low Leakage 

MonolilhicDual Diode 

PACKAGE DIMENSIONS 

r -~~i --I 4000, 

T~ggtt~g~g=, ~j .0030 .0030 
m~ , TYP. 2 PLACES :0(40)1 .0040 
.019 BASE ::2 

~ L TYP. 2 PLACES .O,03Q DIAMETER 
EMITTER =2 .0940 

BASE =1 TYP. 2 PLACES ,Q03Q DIAMETER 

EMITTER =1, .0040 

TO-78 . . 

~~"'.~ 

~~;~O'~T:P:;l 0"= t.~-::I~, -,~ "'. T ' ", ' -, MAX.. .210 
t ' "TID 

:~~:E~~: ~~ ',~ ~~ ~'N , ' T t 
6 LEADS ~ ~ ~ .500 MIN. 

.&.!! DIA. I .016 __ , 

1. Cathode 1 5; Not Used' 1. 'Cathode 1 5. N"t Used" 
2. Anode 1 6. Anode 2 2. Anode 1· 6. Anode 2 , 
3. Not Used' 7, Cathode 2 3. Not Used" 7. Cathode 2 

"These leads are not to be connected together 
nor connected to the circuit in any way. 

ELECTRICAL CHARACTERISTICS (@ 25°(: unless otherwise noted) 

PARAMETER 
10100, 10101 

UNITS TEST CONDITIONS 
MIN. TYP. MAX. 

VF Forward Voltage Drop 0.8 1.1 V IF = 10mA 

BVR Reverse Breakdown Voltage 30 V IR = 1 tLA 

IR Reverse Leakage Current 0.1 pA V R = 1 V, T A = 25°C 
2.0 10 pA VR = 10 V, T A = 25°C 

10 nA VR = 10V, TA = 125°C 
IIR -I R I Differential Leakage Current 3 pA V R = 10 V 

1 2 

<1-R Total Reverse C'apacitance 0.75 1 pF VR =10V,f=lMHz 



ID100, ID101 

TYPICAL CHARACTERISTICS OF 10100/10101 

REVERSE CURRENT-VOLTAGE CAPACITANCE vs. VOLTAGE 
12 1.0 

11 

10 

~ 
9 

.s- 8 

0.9 

0.8 
IL 
"-

0.7 

"- r---- ~ 
~ 

7 
0.6 

6 

5 

4 

3 

2 

/ 
/' 

.,/ V 

",./ V 

,../'" V 

0.5 

0.4 

0.3 

0.2 

0.1 
,." 

o 
o 5 10 15 20 25 30 5 10 15 20 25 30 

FORWARD CURRENT-VOLTAGE 
100mA --

~ ---+-. 

lOrnA 

_Uo 1 mA I 

II 

I 
I 

100 nA 
o 0.1 0.20.30.40.50.60.70.8 0.91.01.1 1.2 1.3 1.4 . 
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FEATURES 

Excellent log conformance over S decadades, 100nA-lmA. 

DESCRIPTION 

Four closely matched NPN transistors for multipliers, divid
ers, and other non-linear applications. 

ABSOLUTE MAXIMUM RATINGS 
(T A = +2SoC unless otherwise noted) 

Temperature II Storage Temperature .......... -6SoC to +200°C 
. Operating Junction Temperature ......... +20 .. 0°C 

Power Dissipation 
Total Dissipation ...... , ....... _ . . . . . .. 0.6W 
Derating Factor . _ .................. 3.4mW/oC 

1-98 

Voltage and Current 
VCBO Collector to Base Voltage ............ 20V 
VCEO Collector to Emitter Voltage ......... 20V 
VEBoEmitter to Base Voltage. . . ... . . . .. .. S.OV 
VCC Collector to Collector Voltage .......... SOV 
IC Collector Cu'rrent ................... 20mA 

ELECTRICAL CHARACTERISTICS(TA = +2SoC unless otherwise noted) 

CHARACTERISTIC TEST CONDITION 

h FE DC Current 'Gain 'IC =10.uA, VeE = S.OV 

h FE DC Current Gain IC = lmA, VCE= S.OV 

ICBO Collector Cutoff Current VCB =10V 

I EBO Emitter Cutoff Current VEB =4V 

BVCBO Collector Base Breakdown IC:= 10.uA, IE = 0 . 

BVEBO Emitter Base Breakdown IE = 10.uA, IC =' 0 

BVCEO Sustaining Voltage IC = 100.uA 

re (Note 1) IC = SOO.uA 

MATCHING CHARACTERISTICS (TA = +25°C) 

CHARACTERISTIC 

~re (Note 2) 

ISl • IS22 

IS3' IS4 

Note 1: re is defined by VBE ~ KT log.!.c. + Ie reo 
q To 

Note 2: Are ~ rel + re 2 - re3 - re4. 

TEST CONDITION 

IC = 500.uA 

ISl = IS2 = IS3 = 10.uA to lmA 

, 

IT404 
LOlJ/ Antilog 

Transistor Array 

'5 7 10 

9 

6 

MIN MAX UNIT 

100 

100 

100 pA 

100 pA' 

20 V 

5 V 

20 V 

1.2 1.4 n 

MIN MAX UNIT 

0.05 n 

0.097 1.03 



FEATURES 

Yoltage-Controlled 
Resistors YCR2N, YCR3P, 

YCR4N, YCR5P, YCR7N 

PACKAGE DIMENSIONS 
• Small Signal Attenuators TO-18 

.230(5.841 0IA 
.209(5.31) 

TO-72 
.230(5.841 0IA 
.209(5.31) 

• Filters 
• Amplifier Gain Control 
• Oscillator Amplitude Control . 195(4.951 0 IAtt:===!U-... .178(4.52) 

.195(4.951 D1A 

t 
.178(4.52) 

t 
.210(5.331 .210(5.331 
.170(4.32) 

.030 
.170(4.32) 

~ 
(.7621MAXl l r + 

.500 .500 

o~ 
~ (12.71 4 LEADS 

~ ~ 
~ (12.71 

MIN .019(.48210IA MIN _. 
VCR3P . 016(.4061 _ . 
VCR5P 0 

VCR2N 
VCR4N 
PIN OUT 

1 S 
2 0 
3 G-C 

ABSOLUTE MAXIMUM RATING (25°C) 

PIN OUT 
1 S 
2 G 
3 0 
4 C 
-----

VCR7N 
PIN OUT 

1 S 
2 0 
3 G 
4 CASE 

Gate-Drain or Gate-Source Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15V 
Gate Current ............................................................. 10 mA-

o Total Device Dissipation at TA = 25°C 
(Derate at 2.0 mW/oC to 175°CI ........................................ 300 mW 

Storage Temperature Range ...................................... -55 to +175°C 

ELECTRICAL CHARACTERISTICS (25° C unless otherwise noted) 
N-Channel VCR FETs 

VCR2N VCR4N VCR7N 
Characteristic Min Max Min Max Min Max Unit Test Conditions 

1 S IGSS Gate Reverse Current -5 -{).2 -{).1 nA VGS = -15V, VOS = 0 
2" T 

BVGSS Gate-Source Breakdown Voltage -15 -15 -15 IG - -1 jJA, VOS - 0 A a- T VGS(offl Gate-Source Cutoff Voltage -3.5 -7 -3.5 -7 -2.5 -5 V 
10 = 1 /JA, VOS = 10\1 

"4 16 rds(onl Drain Source ON Resistance 20 60 200 1100 4,000 8,000 n VGS - 0,10 - 0 f - 1 kHz 
5 D Cdgo Drain-Gate CapaCitance 7.5 3 1.5 pF VGO - -10V, Is - 0 f = 1 MHz 6" y. Csgo Source-Gate Capacitance 7.5 3 1.5 VGS = -10V, 10 = 0 

I 

P-Channel VCR FETs 
Characteristic VCR3P VCR5P Unit Test Conditions 

1 S IGSS Gate Reverse Current 20 10 nA "VGS - 15V, VOS - 0 
'2 T 

BVGSS Gate-Source Breakdown Voltage 15 15 IG = ljJA, VOS = 0 A V '3 T VGS(offl Gate-Source Cutoff Voltage 3.5 7 3.5 7 10 = -ljJA, VOS = -10V 
~ I 

Drain-Source ON Resistance 70 200 300 900 n VGS - 0,10 - 0 f - 1 kHz C rds(onl 

,.;... 15" Cd~o Drain-Gate CapaCitance 6 3 
pF 

VGO - 10V, Is - 0 f = 1 MHz 
6 y Csgo Source-Gate Capacitance 6 3 VGS - WV, 10 - 0 

I 
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r os (on) = 2 ohms 
IVN6657/1VN6658. 2-3 
VN30M/35M/67AAI 

89A,.A/90M 2-5 
VN35AJ/66AJ/67AJI 

98AJ/99AJ . 2-7 
IVN6660/lVN6661 2-9 
VN30AB/35AB/67 AB/ 

89AB/90AB 2-11 
VN35AK/66AK/67 AK/ 
.. 98AK/99AK 2-13· 

VN40AF/67AF/89AF 2-15 
VN46AF/66AF/88AF 2"17 
IVN5000/5001S series 2-19 
IVN5000/5001A series 2-23 

ros (on)= 0.4 ohm 
IVN5200/5201 K series 2-27 
IVN5200/520Hseries 2-31 
IVN5200/5201 H series 2-35 
IVN5201C series 2-39 

._ i 



V-MOS 
(N-Channel Enhancement) 

,. e",J • "!,,' 

JOlon) Vas (th) -c',: " , ,;j ,',BVoss.".-DRAIN:sbuRCE BREAKDOWN VOLTAGE 
ros (on) 

(ohms) (Amps) (Volts) 35Vml , ",::, -,(,;;!.{,,~,"}- ';40 ~mJn<' "u,~I. ~Vmln aovm1ni 
I 9OVm1n PKG 

max min peak min max Zener Non-Zener "Z,ener\" " No~;Zener Zener Non-Zener Zener Non-Zener Zener Non-Zener 

0.5 5.0 12 0,8 2.0 f' .::'::.< IVN5200KND IVN5200KNE IVN5200KNF 
0.5 5.0 12 0.8 3.6 

VN35AJ:\-1 {(5,·,,'::5,(>;':" IVN5201KND IVN5201KNE IVN5201KNF 
2.5 1.0 3.0 0.8 2.0 
2.5 1.0 3.0 0.8 - VN35AA I; 
3.0 1.0 3.0 0.8 2.0 IVN6657 VN66AJ 

TO-3' 3.5 1.0 3.0 0.8 - VN67AA 
3.5 1.0 3.0 0.8 2.0 VN67AJ 
4.0 1.0 3.0 0.8 2.0 IVN6658 VN98AJ 
4.5 1.0 3.0 0.8 - VN89AA 
4.5 1.0 3.0 0.8 2.0 VN99AJ 
5.0 1.0 3.0 0.8 - VN30AA VN90AA 

0.5 5.0 10 0.8 2.0 IVN5200TND IVN5200TNE IVN5200TNF 
0.5 5.0 10 0.8 3.6 IVN520tTND IVN520tTNE IVN520tTNF 
2.5 1.0 3.0 0.8 - VN35AB 
2.5 1.0 3.0 0.8 2.0 VN35AK 
3.0 1.0 3.0 0.8 2.0 IVN6660 VN66AK 

TO-39 3.5 1.0 3.0 0.8 2.0 VN67AK 
3.5 1.0 3.0 0.8 - VN67AB 
4.0 1.0 3.0 0.8 2.0 IVN6661 VN98AK 
4.5 1.0 3.0 0.8 - VN89AB 
4.5 1.0 3.0 0.8 2.0 \ VN99AK 
5.0 1.0 3.0 0.8 - VN30AB VN90AB 

2.5, 1.0 3.0 0.8 2.0 IVN5000SND IVN5000SNE IVN5000SNF TO-52 2.5 Hl 3.0 0.8 3.6 IVN5001SND IVN5001SNE IVN5001SNF 

0.5 5.0 12 0.8 2.0 IVN5200HND IVN5200HNE IVN5200HNF 
TO-66 0.5 5.0 ·12 . 0.8 3.6 IVN5201HND IVN5201HNE IVN5201HNF 

3.0 1.0 3.0 0.8 - VN46AF VN66AF 
3.5 1.0 3.0 0.8 - VN67AF 

TO-202 4.0 1.0 3.0 0.8 - VN88AF 
4.5 1.0 3.0 0.8 - VN89AF 
5.0 1.0 3.0 0.8 - VN40AF 

0.5 5.0 12 0.8 3.6 IVN5201CND IVN5201CNE IVN5201CNF T()'~O 

2.5 1.0 2.0 0.8 2.0 IVN5000AND IVN5000ANE IVN5000ANF 
TO-237 2.5 1.0 2.0 0.8 3.6 IVN5001AND IVN5001ANE IVN5001ANF 
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; .. :,;'( IVN6657, IVN6658' 
n-Channel Enhancement-mode 

FEATURES 
• High speed, high current SWit~hing'~ 

".)."~ . 
• Current sharing capability when paralleled 

• Directly interface to CMOS, DTL, TTL logic 

• DC biasing relatively simple 

• Extended safe operatin~ ar,ea 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN6657 ..................................... 60V 
IVN66[j8 .................. : ................. 90V 

Drain-gate Voltage . 
IVN6657 .................................... 60V 
IVN6658 .................. ' ................... 90V 

Continuous Drain Current (see note 1) ......... 2.4A 
. Peak Drain Current (see note 2) ............... 3:0A 
Continuous Forward .Gate Current ............ 2.0mA 
Peak-gate Forward Current .................. 100mA 
Peak-gate Reverse Current ...•............. ~ 100mA 
Gate-source Forward (Zener) Voltage .......... +15V 
Gate~source Reverse (Zener) Voltage' .......... -D.3V 
Thermal Resistance, Junction to Case ....... 5.0°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ......... ' ............. 25W 
Linear Derating Factor : .................. 200mW/oC 
Operating Junction 

Temperature Range ................ -55 to+150°C 
Storage Temperature Range .......... -55 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) .......... ; .. +300°C 

. Note 1. Tc = 25°C; controlled by typical Rosleni and maximum 
power dissipatiori, 

Note 2: Pulse widih 80!,sec, duty cycle 1.0%. 

".' . • f'i0'¥~' 

:;.y~:> VMOS Power FETs 
"~f'; ;:" REPLACEMENTS FOR 2N6657,2N6658 

PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN. 

J 
SOURCE~: . 

GATE ~ 

3 DRAIN GATE 0----"",""" 

SOURCE. 

Body Internally connected to source. 
Drain comm.on to case. 

PACKAGE DIMENSIONS PKG: JEDEC TO-3 

.. (~ .. !;~) MAX 

L . I 

t 
. SEATING 

PLANE 

. , 0.875 0.450 (11.43J 

I
'. (22.2251 I 1 0.250 (6.35) 

MAX I 

I II~ 
. 0 0.043 fI.092J t (~ .. ~~!) -0· 0.038 (0.9651 MIN 

1.197 (30.404) 
1.171 (29.896) . i:~: . ~i~~:;:::~~":-; t------'·I 

(~~~~ MAX 

BOTH ENDS 

0.440 "U16) 
0.420 (10.668) 

BOTTOM ~IEW \ 

Dimensions shown In inches and (mm). 
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I O~OIb IVN6657, VN6658 !;~~;~l~ 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise;nPl ?~?«0,st 

.~~, ~'""""" k 

2-4 

CHARACTERISTIC MIN L TYP LMA ~ /[1'1", ,tfIIIAX UNIT TEST CONDITIONS 

r-1- BV~ss Drain Source Breakdown 
60 JA "I} \? ~ 

~ ~"\ r2- VGS(lhl Gate Threshold Voltage ~, <,,~\2~A; 

~ Gate-Body Leakage '\ .. . . ·.\101) 

P-
IGss' \, , . \;\ 500 

r-L S I.~\P· I',';Y 10 

T ,-" ~<.i>W 7 A loss Zero Gate Voltage' Drain Current'i 500 
r-- T 100 ~ I 

9 C IOlon) ON-State Drain Current 1.0 2 

~ 0.3 
r'-'-

1.0 1.5 rD- , VOSlon) Drain-Source Saturation Voltage 

& 0.9 

~ 2.2 3.0 
Static Drain-Source ON-State 

14 rOSloni 2.2 3.0 
Resistance 
Small-Signal Drain-Source 

15 rdslon I 2,2 3.0 

'16 
ON-State Resistance 

gfs Forward Transconductance 170 250 

~ D Ciss Input Capacitance 50 r,a Y Cds Drain-Source Capacitance 40 

~ N 
10 r-- A Crss Reverse Transfer Capacitance 

r12- M 35 

& I tdlon I Turn-ON Delay Time 2 5 

22 C t, Rise Time 2 5 
r-
~ td{off) Turn-OFF Delay Time 2 5 

24 If Fall Time 2 5 

Note 1, Pulse test - 80!,sec pulse, 1% duty cycle. 
Note 2. Sample test. 

THERMAL RESPONSE 

o 0.5 

t, - TIME (msec) 

00;\'" ' 
"'b.8 

0.5 

100 
1.0 2 

0.4 

1.1 

1.3 
2.2 

2.2 

2.2 

170 250 

2 
2 

2 
2 

2.0 
100 
500 
10 

.500 

1.6 

4.0 

4.0 

4.0 

50 
40 
10 

35 
5 
5 

5 
5 

V 

nA 

~A 

nA 
A 

V 

!l 

mu 

pF 

ns 

VGS " 0, 10 = lO~A 
VGS = 0, 10 = 2.5mA 

VOS - VGS, 10 - 1mA 
VGS = 15V, VOS = 0 

VGS - 15V, VOS - 0, TA - 125'C (Note 2) 
VOS = Max. Rating, VGS - 0 
Vos = 0.80 Max. Rating, VGs=O, TA = 125'C 
(Note 2) 
VOS = 25V, VGS = 0 
Vos = 25V, VGS =10V 
VGS - 5V, 10 - 0.1 Amp 

VGS - 5V, 10 - 0.3 Amp 

VGS" 10V, 10= 0.5 Amp 
VGS - 10V, 10 - 1.0 Amp 

(Note 1) 

VGS = 10V, 10 = 1.0 Amp 

VGS = 10V, 10 = 1.0, f = 1kHz 

VOS - 24V, 10 - 0.5 Amp 

VGS = 0, VOS = 24V, f = 1.0MHz 

VGS = 0, VOS - 24V, f - 1.0MHz 
VGS - 0, VOS - 0, f - 1.0MHz 

(Note 2) 

POWER DISSIPATION vs 
CASE TEMPERATURE 

u; ... ... 
" lE 
z 
0 
>= ;.: 
iii 
0 
a: 
~ 
~ 

30 

20 

;0 

o 
o 

1\ 
INFINITE HEAT SINK 

'\,eJC = 5°C!W 

\ 
1\ 

40 80 120 160 200 
T c- CASE TEMPERATURE (OCI 

'DC SAFE OPERATING REGION 
Tc= 25°C 

~ 
~ ... 
~ 
a: 
a: 
:0 
U 
Z 

~ 
a: 
Cl 
I 

E 

10 

f= 

o. 1 

SOOms 
III . 

5ms~ms ~ 100", 

, , 
DC "', 

l~~~m+ 
10 

VDS - DRAIN·TO·SOURCE 
VOLTAGE (VOL TSI 

100 
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VN3.0A~,(.YN35AA, VN67 AA, 
", ..... ·;.::"o::;.:./Y VN89AA, VN90AA 

n-Chan'nel'('Enhancement-mode 
.. :,;(;~:;,(.c. VMOS Power FETs 

FEATURES 
• High speed, high current switching 

• Current sharing capability when paralleled 

• Directly interface to CMOS, DTL, TTL logic 

• DC biasing relatively simple 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

VN30AA, VN35AA ........................... 35V 
VN67AA .................. : ................. 60V 
VN89AA ..................................... 80V 
VN90AA ........................... ; ........ 90V 

Drain-gate Voltage 
VN30AA, VN35AA ........................... 35V 
VN67AA .................................... 60V 
VN89AA .................................... 80V 
VN90AA .: ..................... ~ ............. 90V 

Continuous Drain Current (see note 1) ......... 2.4A 
Peak Drain Current (see note 2) ............... 3.0A 
Continuous Forward Gate Current ............ 2.0mA 
Peak-gate Forward Current .................. 100mA 
Peak-gate Reverse Current .....•.............. 100mA 
Gate-source Forward (Zener) Voltage .......... +15V 
Gate-source Reverse (Zener) Voltage .......... -0.3V 
Thermal Resistance, Junction to Case ....... 5.0°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ..... .' ................ 25W 
Linear Derating Fflctor .................. . 200mW/oC 
Operl;lting Junction' 

Temperature Ral;1ge ................ -55 to +150°C 
Storage Temperature Range .......... ~55 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical RDS(on) and maximum 
power dissipation. 

Note 2. Pulse width BOl'sec, duty cycle 1.0% .. 

PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 
DRAIN 

,J 
SOURCE~' 2 

GATE 1 (!;) . 

. 3 DRAIN 
GATE 0---:-..--' 

~OURCE 

Body internally connected to source 
Drain common to case 

PACKAGE DIMENSIONS 

0.875 

l -----r2i~225i--1 
(~ .. ;;~) MAX MAX 

I I I 

PKG: JEDEC TO-3 

0.450 

0:250 

I 

(1143) 
-(6.35) 

===CI====~==~~I t . 0 t 0.312 
_0_0.043 (1.092) (7.925f 

S~~~~~G 0.038 (0.965) MIN 

1.197 (~----t 
1.177~ 

p.675 (17. 14Jj) 
0.655 (16.637) 

0.440 (11.176) 
D.4W-- (10.668) 

0.205 (5.207) 

BOTTOM VIEW 

Dimensions shown in inches and (mm). 

0.188 
(4.775) MAX 

BOTH ENDS 

O~,!.~_ 
0.151 (3.835) 

2-5 
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VN30AA, VN35AA, VN67AA,VN~~4A" VN90AA 
ii/, \ '",,>, "'" 'iIi" 

ELECTRICAL CHARACTERISTICS (25°C unless J~thet:W!senot~d}' 
'; ,,~", 01"" 

VN30AA 
CHARACTERISTIC 

MIN TVP MAX, 

1 BVDSS Drain Source Breakdown 35 I'A\' 
~ ':1:2· 
i-=-

VGSlthl Gate Threshold VOltage 0.8, .ii 

r2 S loss Gate·Sody leakage I:'. 'p.O' . 0,5 
T 

i" 4 A loss 
Zero Gate Voltage 

Iii;;' lii}[! 
r- T Drain Current 

I Drain-Source ON-State ·,i.' <;;ii' 6.0 
5 C ROSlon I 

'y Resistance (Note 1) 22 5.0 r-
ON-State Drain Current 

6 tOlon' 
(Nole 1) 

1.0 2.0 

Forward Transconductance 
7 gf, 150 250 

r- (Note 1) 

~ 
D 

CISS Input Capacitance (Note 2) '50 
V 
N Reverse Transfer 

10 9 Crss 
A Capacitance (Note 2) 

I--- M 
Common Source Output 

10 I Coss 40 
C Capacitance (Note 2) 

t-;;-
'00 Turn-ON Time (Note 2) 10 

I---
Turn-OFF Time (Note 2) 10 12 toll 

Nole 1. Pulse Test - aOJ.lS, 1% duty cycle. 

Nole 2. Sample Test. 

POWER DISSIPATION vs 
. CASE TEMPERATURE 

30 

1\ 
0 

INFINITE HEAT SINK 

~JC -5°Crw 

0 
1\ 

1\ 
\ 

0 
40 80 120 160 200 

TC- CASE TEMPERATURE (OCI 

~VI\1~i'~ 
" 

VN~7A~ '?;V' VN89AA VN90AA 
~V 

UNIT TEST CONDITIONS 
'"I,H' ,TYpi 'M.~~; iMIN ;ivp MAX MIN TVP MAX MIN TVP MAX 

,,~5; .• {,i' '.<", C 50 80 90 10':: 10,uA, VGS = 0 
V 

0.8 . j.~;, li;i 0.8 1.2 • 0.8 1.2 0.8 1.2 10 = 1.0mA, Vos ~ VGS 

ii, , " Jj'61 0.5 0.01 0.5 0,01 0.5 0.01 0.5 Vas = lOV, Vos = a 

:;Y eA 

10 10 10 10 Vos :: 25V, VGS = 0 

4.5 5.1 5.1 6.0 VGS - 5V, 10 :: 300mA 

2.2 
II 

2.2 2.5 2.2 3.5 2.2 4.5 5.0 VGS = 'lOV, 10:: 1.DA 

1.0 2.0 1.0 2.0 1.0 2.0 1.0 2.0 A Vos = 25V, VGS -:::; lOV 

150 250 150 250 150 250 150 250 mlJ Vos :: 25V, 10 = D.SA 

50 50 50 50 

10 10 10 10 Vas = 0, Vos :: 24V, 
pF 

f.::: 1.0MHz 

40 40 40 40 

10 10 10 10 
ns 

10 10 10 10 

THERMAL RESPONSE 

t, - TIME (msec) 

DC SAFE OPERATING REGION 
TC = 25°C 

10 

1 

O. 1 

500ms 
1ms~ 1'\100115 

t--'-t- Sm. 

, , 
111m" ' I 

r-- VN30AA, VN35AA-
VN67AA=1 I 
VN89AA-t 

[Ill lll19OAt::tti:lli 
10 

Vos - DRAIN·TO·SOURCE 

VOLTAGE (VOLTSI 

100 



FEATURES .\",:. ,;(I" 
• '?,,>-\o""',,"f.(::/' 

• .High speed, high current swltchli1fJ'~'" 

• High gain-bandwidth product 

• Inherently temperature' stable 

• Extended safe operating area 

• DC biasing relatively simple 

• Requires almost zero current drive. 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

VN35AJ ........................................ 35V 
VN66AJ, VN67 AJ .... ' .. , , ..................... 60V 
VN98AJ, VN99AJ ..... ; ...................... 90V 

Drain-gate Voltage . . . 
VN35AJ ..................... , ............... 35V 
VN66AJ, VN?7 AJ ............................ 60V . 
VN98AJ, VN99AJ ............................ 90V 

Continuous Drain Current {see note 1 r ..... , ... 2.4A 
Peak Drain Current (see note 2) . " ... ,: . '.' ..... ,3.0A 
Gate-source Forward Voltage ........... : .. : ... +30V 
Gate-source Reverse Voltage ................ : . -30V 
Thermal Resistance, Junction to Case •...... 5.0°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... 25W 
Linear Derating Factor .... ~ ....... , ... .' ... 200mW/"C 
Operating Junction' '. 

Temperature Range ........ , ....... -:55 to +150°C 
Storage Temperature Range .......... -55 to +150°C 
Lead Temperature 

(1/16 in. from case.for 10.sec) .: ........... +300°C 

Note 1. Tc :·25°C; controlled' by typical ROSlonl and-maximum 
power dissipation. ' 

Note 2. Pulse width. 80l'sec, duty cycle 1.0%. 

APPLICATIONS 
• High ,current analog switches 

• RF power amplifiers 

• Laser diode pulsers 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

SOURCE~:" . 

GATE ~ 
. . 

• 30RAIN 

SOURCE 

Body internally connected to source. 
Drain common to case. . 

PACKAGE DIMENSIONS PKG: JEDEC TO-3 

0.875 0.450 (11.431 

101 (22.2251 'I 0.250 (6.35) 

(~ .. ~~) MAX MAX ----.l 
L I I . ,1C::::::::::::;:;::=:::::::::J1 + 
r ,-R. 0.043 (LO~~) 

s:t~~~G u 0.038 (0.965) MIN 

I. 
0.440 (11,116) 
0.420 (10.668)'. 

f. 
',' 0.205 

" 1.197 (30.404) I 
.. 1.171 129.896) • 

BOTTOM VIEW 

0.188 
74~,;5j MAX 

BOTH ENDS 

0.161 (4.089) 
0.151 (3.835) 

(,~.S;i5J R MA~ 

Dimensions shown In inches~nd (mm). 
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+'1 ,".,,~.",". '~,,' ." , ' 

~~~~~~~S~' \\ /WN66A:f' VN98AJ 

CHARACTERISTIC "';>'\t,iINAJ VN99AJ UNIT TEST CONDITIONS ,",,", 

,"-, MIN; TYP . !<lAX MIN TYP MAX MIN TYP MAX 

~ BVDSS Drain-Source Breakdo:h~\~;'o :i5.,. ;'5> ;:;;\.'0 ' 60 90 VGS " 0, ID " 10~A 
Gate-Threshold Voltage .,. ,0;8. ,:\C 2.0 0.8 0.8 

V 
VDS - VGS, 10 " lmA 2 VGSlthl 2.0 2.0 

~ 
Gate-Body Leakage ~;~~, ,IS· 0.5 100 O.S 100 0.5 100 VGS " 1SV, VDS - 0 

'4 IGSS 
500 SOD SOD 

nA 
VGS - 1SV, VDS - 0, TA - 12SoC (Note 2) rs S 10 10 10 Vos - Max. Rating, VGS " 0 

I-- T Zero Gate Voltage ~A Vos - 0.8 Max. Rating, VGS - 0, TA -12SoC 
6 A loss 500 500 500 

'? T Drain Cwrent (Note 2) 

I .100 100 100 nA Vos 25V, VGS 0 ra- C ID'on I ON-State Drain Current 1.0 2.0 1.0 2.0 1.0 2.0 A VDS - 25V, VGS - 10V 
rg VN66AJ 1.0 1.1 VGS - 5V, 10 " 0.3A 

'To Drain-So'urce VN98AJ 2.2' 3.0 2.2 4.0 
V 

VGS" 10V, ID -1.0A 

~ VDS'on Saturation Voltage VN3SAJ 1.0 1.1 1.2 VGS - SV, ID - 0.3A 
(Note 1) 

~ VN67AJ 
2.S 3.S 2.2 4.S VGS - 10V, 10 - 1.0A VN99AJ 2.2 2.2 

13 gls Forward Transconductance 170 250 170 2S0 170 2S0 mll Vos " 24V, ID - 0.5A 
r,tD C'SS Input Capacitance 40 50 40 50 40 SO 
f-- Y 

Common Source Output 
15 N Coss 38 45 3S 40 32 40 pF VGS " 0, VDS " 24V, f" lMHz (Note 2) 

f;G 
A Capacitance 
M Crss Reverse Transfer Capacitance 7 10 6 10 S 10 

rn I ton Turn ON Time 3 8 3 8 3 8 r;s C ns 
toft Turn OFF Time 3 8 3 8 3 8 

_ Note 1. Pulse test - 80/,s pulse, 1% duty cycle. 

~ Note 2. Sample test 
THERMAL RESPONSE 

mED 0.5 1IIi;..--: IIIIIlII 
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POWER DISSIPATION vs 
CASE TEMPERATURE 

30 

1\ 
0 

INFINITE HEAT SINK NJC = SOC/W 

0 1\ 
\ 

o 
o a M 1~ ~ 200 

Tc-CASE TEMPERATURE (OCI 

tl - TIME (msec) 

DC SAFE OPERATING REGION 
Tc = 25°C 

10 

u; SOOms 

~ - Sm, 1 m, 1-':' 100", 
::; 
I-

15 
c: 
c: 

- - It I "', r--:r~ 
DC '" ' 

I, 
::> 1 

" '" ;;: VN35AJ 
c: 
0 
I VN66AJ, VN67AJ 
.2 

VN98AJ, VN99AJ 
o. 1 

1 10 100 
Vos - ORAIN·TO·SOURCE VOLTAGE (VOLTSI 



FEATURES 
• High speed, high current switching 

• Current sharing capability when paralleled 

• Directly interface. to CMOS, DTL; TTL logic 

• DC biasing relatively simple 

• Extended safe operating area 

., Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN6660 ..................................... 60V 
IVN6661 ..................................... 90V 

Drain-gate Voltage 
IVN6660 ..................................... 60V 
IVN6661' ................................... , . 90V 

Continuous Drain Current (see note 1) ......... 1.2A 
Peak Drain Current (see note 2) ............... 3.0A 
Continuous Forward Gate Current ............ 2.0mA 
Peak-gate Forward Current ................. , 100mA 
Peak-gate Reverse Current .................. 100mA 
Gate-source Forward (Zener) Voltage .......... +15V 
Gate-source Reverse (Zener) Voltage .. : ....... -O.3V 
Thermal Resistance, Junction to Case ....... 20°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature, ................... 6,25W 
Linear Derating Factor.: ................. . 50mW/oC 
Operating Junction 

Temperature Range ................ -55 to +150°C 
Storage Temperature Range ...... , ... -55 to +150°C 
Lead remperature 

(1/16 in. from case for 10 sec) ............. +300°C 

N.ote 1. Tc = 25°C: controlled by typical RDS(on) and maximum 
power dissipation, 

Note 2. Pulse width 80"sec, duty cycle 1 ,0%. 

REPLACEMENTS FOR 2N6660, 2N6661 
PRELIMINARY 

APPLICATIONS 
• Switching po~er supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

J 
GATE 0---""'--' 

SOURCE 

Body internally connected to source. 
Drain common to case. 

PACKAGE DIMENSIONS 

GATE 

PKG: JEDEC TO-39 

I--~~:~~:;;-~ -1---CII;o;~~';';~Oc-1 ~I BASE IS SOLID KOVAR (ALLOY 421 . 

I 
0370 
0350 
(940) 
(889) 

(6.60) MIN 
(6.10) 

BOTTOM VIEW 

Dimension's shown In Inches and (mm). 
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IVN6660, IVN6661 
(25"e "",." qt~~~:'A"~~~; ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 
IVN~,6~o,\;',j', ,},;",IVI\I~61 

MIN ,:rye; ,':MAX, ""MIN" CTYP 

1 
BVoss Drain Source 'Breakdown I <Jlf' ,e'l?' !\,,{j,~ 5l"C'gb 

'""2 TS' "/l0,,' ,0'" "", 90 

~ VGs('hl Gate Threshold Voltage,.< e:', :'O.~ Iii! .. "." 2.0 0.6 

4 '" I·"~,"'·" ,,0'5 100 0.5 
~ 

IGSS Gate-Body Leakage 
,',d:' , ,i':'" ~ 500 

6 S \'"'\'~, o;'ti.;'~" 10 -
T 

Zero Gate Voltage Drain C~¢~~t 7 A loss 500 

---s T 
I 100 100 

-'--9-- C IOron) ON-State Drain Current 1.0 ·2 1.0 2 

'1il 0.3 0.4 
,.." 

VOS(onl Drain-Source Saturation Voltage 
1.0 1.5 1.1 

~ 0.9 1.3 

'13 2.2 3.0 2.2 r-:- Static Drain-Source ON-State 
14 rOS(onl 

Resistance 
2.2 3.0 2.2 

Small-Signal Drain-Source 
15 rds(on) 

ON-State Resistance 2.2 3.0 2.2 

r--;-s-- gfs Forward Transconductance 170 250 170 250 
r-;-r D Giss Input Capacitance 50 r-;-a- Y 

Cds Drain-Source Capacitance 40 r,-g N 
A 10 

~ M 
erss Reverse Transfer Capacitance 

35 

~ I td(onl ' Turn-ON Delay Time 2 5 2 

~ C 
Rise Time, 2 5 2 tr r-=-

~ td(off) Turn-OFF Delay Time 2 5 2 

24 tf Fall Time 2 5 2 

Note 1. Pulse test ~ 80/lsec pulse, 1% duty cycle. Note 2. Sample test. 

THERMAL RESPONSE 

2-10 

1 

1 

______ r--

1 0.0 
0.Q1 

0-0.5 

IIIIII 
o 0.2_f-

D=O.~f.-

0=0 ./' 

0.1 

f.- ;.---

v 
/ 

r--u 
~I I '2-

Dlurl lilliE' Dr ti2 

10 100 1000 

t1 - TIME (msec) 

D~DIL 

MAX 
UNIT TEST CONDITIONS 

VGS : 0, 10 : 1O~A 

V VGs.: 0, 10 : 2,5mA 
2.0, Vos : VGS, 10 - 1mA 
100 VGS: 15V, VOS : 0 

nA 
500 VGS - 15V, VOS - 0, TA : 125'C (Note 2) 
10 VOS - Max. Rating, VGS : 0 

~A Vos : 0.60 Max. Rating, VGS : 0, TA : 125'C 
500 

(Note 2). 

nA VOS - 25V, VGS: 0 

A VOS - 25V, VGS - 10V 
VGS - 5V, 10: 0.1 Amp 

1.6 VGS - 5V, '0 - 0.3 Amp 
V 

VGS : 10V, 10 : 0.5 Amp 

4.0 VGS - 10V, 10 - 1.0 "'mp 
(Note 1) 

4.0 VGs: 10V, 10: 1.0 Amp 

II 
4.0 VGS = 10V, ID = 1.0, I = 1kHz 

mU Vos - 24V, 10 : 0.5 Amp 

50 

40 
VGS : 0, Vos : 25V, I.: 1.0MHz 

pF 
10 VGs: 0, Vos : 24V, I : 1.0MHz 

35 VGS : 0, Vos: 0, I: 1.0MHz 

5 
(Note 2) 

5 
ns 

5 

5 

POWER DISSIPATION vs CASE 
OR AMBIENT TEMPERATURE 

9.0 

~ 7.5 .... 
~ 
z 6.0 
0 
;:: 
;.: 4.5 

iii 
C 3.0 
a: 
~ 1.5 
2 

o 

r---. 
INFINITE HEAT.SINK-

~20°Ctl\l __ ---'----

~ 
I-----FREE A!R ~ 

~ 
I--------

f-- 208°CIW ' 

a +40 +80 +120 +160 +200 
T - TEMPERATURE' ('CI 

DC SAFE OPERATING REGION 
Tc= 2S.oC 

~ 
:; 
:! 
.... 
a\ 
a: 
a: 
:::> 
u 
z 

10 

~'ms 
tp -5ms 

: o. 1 
o 
I 

.E 

1 0.0 
.1 

" 
DC 

, 
250 ps:l00 IlS 10 

" 
'" 
'" 

o~ .. .. zz 
_2: 

10 100 
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FEATURES 

• High speed, high current switching 

• Current sharing capability when paralleled 

• Directly interface to CMOS, DTL, TTL logic 

• DC biasing relatively simple 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 

Drain-source Voltage 
VN30AB, VN35AB ........................... 35V 
VN67AB .................................... 60V 
VN89AB ..................................... 80V 
VN90AB ..................... : ........ ; ..... 90V 

Drain-gate Voltage 
VN30AB, VN35AB ... , ....................... 25V 
VN67 AB " .' ................................. 60V 
VN89AB .................................... 80V 
VN90AB ., ................................... 90V 

Continuous Drain Current (see note 1) ......... 1.2A 
Peak Drain Current (see note 2) ............... 3.0A 
Continuous Forward Gate Current ............ 2.0mA 
Peak-gate Forward Current .................. 100mA 
Peak-gate Reverse Current .................. 100mA 
Gate-source Forward (Zener) Voltage .......... +15V 
Gate-source Reverse (Zener) Voltage .......... -O.3V 
Thermal Resistance, Junction to Case ....... 20°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ......... : .......... 6.25W 
Linear Derating Factor .................... 50mW/o C 
Operating Junction 

Temperature Range, ..............• -55 to +150°C 
Storage Temperature Range .......... -'55 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical RDSien I and maximum 
power dissipation. 

Note 2. Pulse width 80l'sec. duty cycle 1.0%. 

APPLICATIONS 

• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

~ Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

J 
GATEo----.---..J 

SOURCE 

Body internally connected to source. 
Drain common to tab. 

PACKAGE DIMENSIONS 

GATE SOURCE 

PKG: JEDEC TO-39 

I---;;g~.~::;;-g -:I--;(-;o;~""~io;;-) - BASE IS SOLID KOVAR (ALLOY 42) 

1 
0370 
0350 
(940) 

(6.60) MIN 
(6.rO) 

BOTTOM VIEW 

Dimensions shown in inches and (mm). 
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VN30AB, VN35AB,VN67AB, .• VN89 N90AB D~DIl. 
.(?< !& 

ELECTRICAL CHARACTERISTICS (25°C 'unless othe " 'ii'1S' 
. ..;l ". 

VN30AB I VN3§~M ~l" vNRoIIb' ';}'"'" VN89AB. . VN90AB 
CHARACTERISTIC 

MIN TYP MAX I MIN. I~!,i I-MAX' MIl!!; I''I'Y~\ • MAX 
UNiT TEST CONDITIONS 

MIN TYP MAX MIN TYP MAX 

~ BVoss Drain Source Breakdown 

2 VGSlth! . !Jate Thresh~ld Voltage ra S IGSS Gate-Body. leakage 
l- T Zero Gate Voltage 

4 A loSS 
T Drain Current 

l- I Drain-Source ,ON-State 
5 C ROSlonl 

Resistance (Note 1) 
I-

,ON-State Drain Current 
6 IOlon) 

(Not. 1) 

7 91' Forward Transcon~uctance 

re- D Ciss Input Capacitance (Note 2) 
I- Y Reverse Transfer 

9 N Crss 

I- A Capacitance (Note 2) 

M Common Source Output 
10 I Co", 

f;';'C 
Capacitance (Note 2) 

ton Turn-ON Time (Note 2) 

~ Turn-OFF Time (Note 2) loll 
, 

Note 1. Pulse Test - BO~s. 1% duty cycle.! 

Nole 2. Sample Test. 
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...... C ''0.8 1.2 0.8 1.2 0.8 1.2 10 = 1.0mA. Vos =VGS 

) oI().S 0.Q1· 0.5 0.Q1 0.5 0.Q1 0.5 
.A 

VGS = lOV, Vos = 0 

10 10 10 10 \(os = 25V, VGS = 0 

4.5 5.1 5.1 6.0 VGS - 5V, 10 - 300mA 
n 

2.5 2.2 3.5 2.2 :4.5 . 2.2 5.0 'VGS = IOV, 10 - 1.0A 

1.0 2.0 1.0 2.0 1.0 2.0 A VOS = 25V. VGS = 10V 

250 250 250 mU Vos = 25V. 10 = 0.5A 

50 50 50 50 

10 10 10 10. VGS = O. VOS = 24V. 
pF 

f = 1.0Mtiz 

40 40 40 40. 

10 10 10 10 
ns 

10 10 10 10 
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FEATURES 

• High speed, high current switching 

• High gain-bandwidth product 

• Inherently temperature stable 

• Extended safe operating area, 

• DC biasing relatively simple 

• Requires almost zero current drive 

ABSOLUTE MAXIMUM RATINGS 
(2S0,C unless otherwise noted) 

Drain-source Voltage 
VN35AK .................................... 35V 
VN66AK, VN67 AK .......................... 60V 
VN98AK, VN99AK ........................... 90V 

Drain-gate Voltage 
VN35AK ..... , ........ ' ................. ~ .. ' .. 35V 
VN66AK, VN67 AK ........................... 60V 
vN98AK. VN99AK ........................... 90V 

Continuous Drain Current (see note 1) ......... 1.2A 
Peak Drain Current (see note 2) ............... 3.0A 
Gate-source Forward Vqltage .................. +30V 
Gate-source Reverse Voltage .................. -30V 
Thermal Resistance, Junction to Case ....... 20°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature .................... 6.25W 
Linear Derating F<l:ctor .................... 50mW/oC 
Operating Junction 

Temperature Range ........... , .... -55 to +150°C 
Storage Temperature Range ...... : ... -55 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical RoSioni and maximum 
power dissipation. 

Note 2. Pulse width 80!,sec, duty cycle 1.0%. 

APPLICATIONS 

• High current analog switches 

• RF power amplifiers 

• Laser diode pulsers 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

, DRAIN 

J 
,~~ 

SOURCE 

Body Internally connected to source. 
Drain common to case. 

PACKAGE DIMENSIONS PKG: JEDEC TO-39 

-i<'g:~~:ii-~ -I-'("',~~~~O;;') ~I BASE IS SOLID KOVAR (ALLOY 42) 

1 
0370 
0350 
(940) 

(6.60) MIN 
(6.10) 

BOTTQMVIEW 

Dimensions shown in inches and (mm). 
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VN35AK, VN66AK, VN67AK, VN98A , O~OIl, 

It '~ ELECTRICAL CHARACTERISTICS (25°C unless othe~i!!, }ri'o e.?~",' :5 

va6~~- \\~;;;i;V,!~~ VN35AK h;r1'~~~1K .& CHARACTERISTIC ",,,,~99AK UNIT TEST CONDITIONS 
MIN TYP l~ MIN" T,YP,. 'r.f~,lf;' MIN TYP MAX 

...1 BVoss Drain-Source Breakdown 3S 1.,<" ~::.,.\' 60,\ "" .... ~ \) 
90 VGS = 0, 10 = lO"A 

.2 VGSl'h l Gate-Threshold Voltage )l:!' " ~>;t 1"'2,0' ~O~8_ 7).\,"" 2,0 0,8 2,0 
V 

VOS = VGS, 10 = lmA 

~ IGSS Gate-Body Leakage 
\:.". O:S -'100, ,-<>~-' O,S 100 O'S 100 VGS = lSV, Vos = 0 

·~('f?;' ;,@Q SOO SOO 
nA 

VGS = lSV, Vos = 0, TA = 12S'C (Note 21 ...1 S 
2. T _'t\( " J.,.<j:' ·'10 10 10 Vos = Max, Rating, VGS = 0 

6 A Zero Gate Voltage 
~ .. ~ 

SOO SOO SOO "A VOS = 0,8 Max, Rating, VGS = 0, TA = 12S?C 

7 
T loss 

Drain Current (Note 2) 
I 100 100 100 nA VOS = 2SV, VGS = 0 

8 C 
10(on\ ON-State Drain Current 1.0 2,0 1,0 2,0 1.0 2,0 A Vos = 2SV, VGS = 10V 

9 VN66AK 1,0 1,1 VGS = SV, 10 = 0,3A 
1fj Draif1-Source VN98AK 2,2, 3,0 2,2 4,0 VGS = 10V, 10 = LOA 
11 

VOS(on 1 
Saturation Voltage VN3SAK 1,0 1.1 1,2 

V 
VGS = SV, 10'''' 0,3A 

(Note 1) 
VN67AK 

12 VN99AK 2,2 2,S 2,2 3,S 2,2 4,S VGS = 10V, 10 = 1,OA 

..!2. gf, Forward Transconductance 170 2S0 170 2S0 170 2S0 mU Vos = 24V, 10 ' O,SA 

~ D Ciss Input Capacitance 40 SO 40 SO 40 SO 

Y Common Source Output 
lS N Coss 

CapaCitance 
38 4S 3S 40 32 40 pF VGS = 0, Vos = 24V; f = lMHz (Note 21 

16 A 
Crss Reverse Transfer Capacitance 7 10 6 10 S 10 M ~ I ton Turn ON Time 3 8 3 8 3 8 

~ C tott Tu~n OFF Time 3 8 3 8 3 8 
ns 

Note 1.' Pulse test - 80l's pulse, 1% duty cycle, Note 2. Sample test 
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O~Olb VN4QAF,VN67AF,VN89AF 
n-Channer;Enhancement"'!mode 

FEATURES ,<.>':-" 

• High speed, high current switching "",:;\"'" 

• Current sharing capability when paralleled 

• Directly interface to CMOS, DTL, TTL logic 

• DC biasing relatively simple 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

VN40AF ...................... ; .............. 40V 
VN67AF ..................................... 60V 
VNB9AF ..................................... BOV 

Drain-gate Voltage 
VN40AF ................ ' ..... , ............... 40V, 
VN67AF ........................ : ............ 60V 
VNB9AF ........ : ... ; ........................ BnV 

Continuous Drain Current (see note 1) ... ~ ..... 1,7 A 
Peak Drain Current (see note 2) ............... 3.0A 
Continuous Forward Gate Current ............ 2.0mA 
Peak-gate Forward Current ............. " ... 100mA 
Peak-gate Reverse Current ................ t' 100mA 
Gate-source Forward (Zener) Voltage .... : ..... +15V 
Gate-source Reverse (Zener) Voltage.; " " .... -0.3V 
Thermal Resistance, Junction to Case ..... . 10.4°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... 12W 
Linear Derating Factor ................. '" 96mW/oC 
Operating Junction 

Temperature Range ............ , . " -40 to +150°C 
Storage Temperature Range .......... -40 to +150°C 

'Lead Temperature 
(1/16 in. from case for 10 sec) .' ............ +300°C 

Note 1. Tc = 25°G; controlled by typical RDSlon') and maximum 
power dissipation, 

Note 2. Pulse width 80l'sec, duty cycle 1,0%, 

:\\:t(;:;:;;1:1" VMOS Power FETs 
"i.)iYU~~·: 

PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

9 
~ 

GATE 

SOURCE 
0, TAB 

Body internally connected to source. 
Drain common to tab. 

PACKAGE DIMENSIONS 
0360 0400 -

(9,144 - 10,16) 

~'I .240 - 0.260 J 

,096-6604) I ° (6 

t 0 0,435 -- ".1", 111,0481 

_I f31!1' JJ!5Jj 

". 
1,210 

(30,734) 

REF 

.L 
1 

t 
0,060 

0110 - 0120 I (2194 - 3,048) 

0,095 - 0,10 
(2,413-2,66 

t t 
0,480 - 0.520 

(12.192 - 13.209 

---t 
0,285 - 0,315 

(7,239 - 8,001) 

~ 
0.405 - 0.425 

5 
7) 

PKG: JEDEC TO-202 

0.170-0.190 
(4,318 - 4,826) 

(1,524) (10,287110,795) 

REF 

0,047 - 0,048 
(1,194 - 1,219) 

TYP 

~ 

~·I-- -(0.610-0.6601 

0.373 - 0.377 
(9,474 - 9,576) 

TV. 

0,195 - 0,205 

(4,953 - 5,207) 

0.065 - 0,075 ~ - (1,651 - 1,905) 

° 
---I ~ 0,019 - 0,026 

,095 _ 0.105 (0,483 -: 0,660) 

(2, 413- 2.667) 

45
0J 

B Dimensions shown in inches 
and (mm). 
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18 M ~-~-=~~~~-=~---4--+-~+-~~-4-~~~-+--+~-+~-1--+----------~(Note2) 
,..gl 
Toe 
~ 

_Note.1. 
~Note2. 

0-0.5 

ns 

t, - TIME (msec) 
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VN4:6~F'AYN66AF,VN88AF 
n-Channe(Erihancemenl-mode 

; .... ; .. ;:,,;2:". VMOS Power FETs 

FEATURES 
• High speed, high current switching 

• Current sharing capability when paralleled 

• Directly interface to CMOS, DTL, TTL logic 

• DC bi.asing relatively simple 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

VN46AF ..................................... 40V 
VN66AF ..................................... 60V 
VN88AF ..................................... 80V 

Drain-gate Voltage 
VN46AF ..................................... 40V 
VN66AF ..................................... 60V 
VN88AF ............................. : ....... 80V 

Continuous Drain Current (see note 1) ........ ~ 1.7 A 
Peak Drain Current (see note 2) ............... 3.0A 
Continuous Forward Gate Current ............ 2.0mA 
Peak-gate Forward Current ...... , ........... 100mA 
Peak-gate Reverse Current .................. 100mA 
Gate-source Forward (Zener) Voltage ........... +15V 
Gate-source Reverse (Zener) Voltage .......... -0.3V 
Thermal Resistance, Junction to Case .. " .. 10.4°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ... " ................. 12W 
Linear Derating Factor .................... 96mW/oC 
Operating Junction 

Temperature Range ................ -40 to +150°C 
Storage Temperature Range .......... -40 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical RDSioni and mflximum 
power dissipation. 

Note 2. Pulse width 80jlsec. duty cycle 1.0%. 

PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current interface 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM· 

DRAIN 

J Body internally connected to 
source. Drain common to tab. 

GATEQ--_--' 

D. TAB 

PACKAGE DIMENSIONS 
0.360 - 0.400 

(9.144 - 10.16) 

0.240 - 0.260 1- 'I 
(6096 - 6 604) i1~ 

0.15 0 
""t", (11.048) 

L ,~ 

0" 

~ 

LID (30.734) 

REF 

1 2 3 

t 
0.060 

(1.524) 

REF 

0.110 -0.120 

1 
(2.194 - 3.048) 

0.095 - 0.105 
(2413-26671 

t t 
0.480 - 0.52 o 

09) (12.192 - 13.2 

~ 
0.285 - 0.31 

(7.239 - 8.00 

-t 
0.405 -0.42 

5 

11 

95) (10.287110.7 

0.024_0.026 

PKG: JEDEC TO-202 

r 
0.170 - 0.190 

(4.318 - 4.826) 

-1--0.047 - 0.048 ~ -(O.6'O-O.660J 

11.194 - 1.219) TV' 

--11-- 0,019 - 0,026 

0,095 _ 0,105 (0.483 - 0,660) 

TYP 

0,373 - 0,377 
(9.474 9,576) 

0.195 - 0.205 
(4.953 - 5,207) 

0,065 - 0,075 '<d (1,651 - 1,905) 

(2.413 - 2,667) 

45
0

} 

H Dimensions shown In Inches 
and (mm). 
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VN46AF VN66AF VN88AF U~UlL ~G 

ELECTlIICAI. 'C~ARACTERI;TICS we "01 ... Qth.:"'£:; 
. . VN46AF Y, ., " _ F: 

'. CHI\RACrERISTIC :..' MIN TYP J MAX • .Mft1I, l~'iY,Ii!?~~AI! ",,1'l'.'1f'VP 'MAX UNIT TEST CONDITIONS 

\f~); 
.,. 

~ if:"'", 
~ BVoss Drain-Source Breakdown 

40 

~ -4 40 : '60, ,\p :0)'" 
3 VGSlthl Gate-Th reshold Voltage 0,8.,' ., .ofa .• ·CT 

4' 
Gate-Body Leakage 

I<'!>,il' ,,> ,,~ ·\0 0.01 10 
-'- loss V;> 'lQO\: .' 100 ...;. S 

,'. 

~ T '\ ,>'/ :<'fO 10' 
Zero Gate Voltage ... " l,:(~' 

7 
A 

loss <i 100 100 T Drain Current 

'8 I 100 100 

9 .c 
1010n) ON-State Drain Current 1.0 2 1.0 2 

~ 0.3 0.3 
"""-

Drain-Source Saturation .1.0 1.5 1.0 1.5 1+ VOSlon I 

~ Voltage 1.0 1.0 

13 2.2 3.0 2.2 3.0 

J; ~J Forward Transconductance 150 250 \150 250 

~ D Giss Input Capacitance 50 50 

~ y C,s Reverse Transfer Capacitance 10 10 

N Common-Source Output 
17 A Coss' 

Capacitance 
50 50 

-:-:- M Turn'ON Delay Time 2 5 2 5 
.. ~ I 

tdlen] 

19· C t, Rise Time 2 5 2 5 
~ td(off l Turn-OFF Delay Time 2 5 2 5 
"f,- t. Fall Time 2 5 2 5 

~.' .Note 1, Pulse test -801ls pulse, 1% duty cycle. 

~ THERMAL RESPONSE' 

Note 2, Sample. test. 

0-0.5 

t, ~ TIME (msecl. 
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"80 

80 
0.8 1.7 

0.01 10 
100 
10 

100 

100 
1.0 2 

0.4 
1.4 1.7 
1.3 
2.2 4.0 

150 250 

50 
10 

50 

2 5 
2 5 
2 5 
2 5 

Vos ; 0, 10 ; lallA 

V Vos ; 0, 10 ; 2.5mA 
Vos; Vos, 10; lmA 
Vos; 10V, Vos ; a 

Vos ; 10V, Vos; 0, TA ; 125"C (Note 2) 

IlA Vos ; Max. Rating, Vos ;0. 

Vos ; 0.8 Max. Rating, Vos cO, TA ; 125"C 
(Note 2) 

nA : Vos ; 25V, Vos ; a 

A Vos ; 25V, Vos ; 10V 

'Vos " 5V; ID ; O.lA 
Vos ; 5V, 10 ; 0.3A 

V 
Vos ; 10V, 10 ; 0.5A 

(Note 1) 

Vos ; .1OV, 10'; tOA" 

mU Vos ; 24V, 10 ; 0.5A 

pF Vos ; 0, Vos ; 25V, 
f; 1.0MHz 

(Note 2) 

ns 

POWER DISSIPATION vs CASE 
OR AMBIENT TEMPERATURE 

8 

5 

2 
" IN~INITE HEAT SINK 

. '10.4"C/W. 
9 

.'\ 
6 

3r-FREE AIR '" lQ4°CIW 

0 
I\. 

. o· . +40 +80 +120 +160 .+200 
T - TEMPERATURE I"CI 

.DC SAFE OPERATING REGIO'N 
Tc = 25°C 

10 

= :::t 

1.0 ~ §D.C 

o. 1 
VOl. 

0.0 1 
1,0 10 100 

VOl - ORAIN-SOURCE VOLTAGE IVOLTSI 



IVN509q~,ND, IVN5000SNE, 
I\fN!$,()(),OSNF, IVN5001SND, 

C'.'." .1~t45001 SNE, IVN5001 SNF 
·~,:~.;n~'CHa<nnel Enhancement-mode 

.- .' ,,-J .{'*-' 

FEATURES 
• High speed, high current switching 

• High gain-bandwidth product 

• Inherently temperature stable 

• Extended Safe Operating Area 

• DC biasing relatively simple 

• Requires almost zero current drive . 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN5000SND, IVN5001SND ................... 40V 
IVN5000SNE, IVN5000SNE ................... 60V 
IVN5000SNF, IVN5001SNF ................... 80V 

Drain-gate Voltage 
IVN5000SND, IVN5001SND ........ ; .......... 40V 
IVN5000SNE, IVN5001SNE ................... 60V 
IVN5000SNF, IVN5001SNF ................... 80V 

Continuous Drain Current (see note 1) ......... 0,9A 
Peak Drain Current (see note 2) ............... 3.0A 
Gate~source Forward Voltage .... : ............. +30V 
Gate-source Reverse Voltage .................. -30V 
Thermal Resistance, Junction to Case ....... 40°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature .................... 3,13W 
Linear Der(j.ting Factor ..... " ............. 25r(1W/oC 
Operating Junction 

Temperature Range ................ -55 to +150°C 
Storage Temperature Range .......... -55 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical ROSl on I and maximum 
power dissipation. 

Note 2. Maximum pulse width 80llsec, maximum duty cycle 1.0%. 

'c' VMOS Power FETs 
PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• High gain, broad-band VHF/UHF Amplifiers 

• Line drivers 

• Logic buffers 

• Pulse amplifiers 

SCHEMATIC DIAGRAM 

SOURCE 

Body internally connected to source 
Drain common to case 

PACKAGE DIMENSIONS 

I 
0.230 
0.209 
(584) 

0.150 
0,115 0:50 
(3.811 1/2,70) 
(2.92) MIN 

G 

PKG: JEDEC TO-52 

BOTTOM VIEW 

Dimensions shown In inches and (mm). 

2-19 



2-20 

IVN5000$ND, IVN5000SNE, IVtt§@PO~NF, 
IVN50001 SND, IVN5001 SNE;J:I'N~j)d01 SNF 

" . ~r:~\ '$> ~y;- 1>\"'-'''' Q.'. 

'O~OIL . . 

ELECTRICAL CHARACTERISTICS (25°C (JnIIilS(Jfh~~ise/~Wted)~"'tBS = 0 
v;: .... , ....• } ;.- .. \:..·~I ,.., 

CHARACTERISTICS 

BVoss 
Drain-Source Breakdown 

1 
Voltage -

2 Gate IVN5000 Series 
f- VGSlthl Threshold 

3 Voltage IVN5001 Series 

'4 
Gate-Body Leakage r-s IGSS 

S 
's T 

,zero Gate Voltage I--" 
A loss ~ T Drain Current , 

8 rg I ON-State IVN5000 Series 

'10 C 1010nl 
Drain Current IVN5001 Series 

~ IVN5000SND 

~ Drain-Source IVN5000SNE 
VOSlonl Saturation IVN5000SNF 

f-;a IVN5001SND 

~ Voltage INV5001SNE 
IVN5001SNF r-

Static Drain-15 IVN5000 Series 
I- rOSlonl Source ON 
16 . Resistance IVN5001 Series 

17 Small-Signal 
I VN5000 Series 

I- rds(on) Drain-Source 
18 D ON Reslstanc.e IVN5001 Series 

f-;g Y gl. Forward Transconductance 

~ N Clss Input Capacitance 
'ff,' A Coss Output Capacitance 

122 M Crss Reverse Transler Capacitance 

~ I 
tdlonl Turn-ON Delay Time 

f24 C 
tr Rise Time 

~ tdloffl Turn-OFF Delay Time 

f26 tl Fall Time 

Note 1. Pulse test - 80"sec, 1% duty cycle .. 
Note 2. Sample test. 
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UNIT TEST CONDITIONS 

VGS =.0, Iti = 10"A 

V 

Vos = VGS, 10 = 1mA 

VGS = 15V, VOS'" a 
nA 

VGS =.15V, Vos = O,TA" +125·C 
Vos = Max. Rating, VGS = 0 

'"A Vos - 0.80 Max. Rating, VGS = 0, TA = +125·C 
nA Vos = 24V, VGS =.0 

Vos = 24V, VGS = 10V 
A 

VOS "24V, VGS = 12V 
VGS = 5V, 10 = 0.3A 

VGS = 10V, 10 = LOA 
V 

VGS = 7V, 10 = 0.3A 
VGS = 12V, 10 = LOA 

VGS = 10V 
(Note 1) 

10 = LOA 
n VGS = 12V 

VGS = 10V 10 = 1.0A 

VGS = 12V 1 = 1KHz· 

mU Vos = 24V, 10 =. 0.5A, 1 = 1KHz 

pF 
Vos = 24V, VGS = a 

(Note 2) . 
'1 = 1MHz 

See Switching Times Test 
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COAXIAL CABLE 
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IVN500PA,ND, IVNSOOOANE, 
IVN5~pOANF, IVN5001 AND, 
JVt4~\001 ANE, IVN5001 ANF 

:'::\' n.;Chan'neIEnhancement-mode 
," :;,., VMOS PowerFETs 

FEATURES 
• High speed, high peak current sWitchin{' 

• Inherent current s~aring capability when paralleled 

• 'Directly interfaces to CMOS, DTL, TTL logic 

• Simple, straight-forward DC biasing 

• Inherent protection from thermal runaway 

• Reliable, low cost plastic package 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN5000AND, IVN5001 AND ........ ' ........... 40V 
IVN5000ANE, IVN5000ANE ................... 60V 
IVN5000ANF, IVN5001ANF ....... , ............ 80V 

Drain-gate Voltage 
IVN5000AND', IVN5001 AND .................... 40V 
IVN5000ANE, IVN5001ANE ................... 60V 
IVN5000ANF, IVN5001 ANF ............. ' ...... 80V 

Continuous Drain Current (see note 1) ......... 0.7A 
Peak Drain Current (see note 2) ............... 2.0A 
Gate-sou,rce Forward Voltage .................. +30V 
Gate-source Reverse Voltage .................. -30V 
Thermal Resistance, Junction to Case ...... 62.5°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... 2.0W 
Linear Derating Factor .................... 16mW/oC 
Operating Junction 

Temperature Range ................ -40 td +150°C 
Storage Ter:nperature Range .......... -40 to +150°C 
Lead Temperature 

(1/16 in, from' case for 10sec) ............. +300°C 

Note 1. Tc = 25~C; controlled by typical ROSion I and maximum 
power dissipation. 

Note 2. Maximum pulse width 80l'sec, maximum duty cycle 1 .. 0%. 

APPLICATIONS 
• LED and lamp cirivers 

• High gain, wide,band amplifiers 

• High speed switches 

• Line drivers 

• Logic buffers 

• . Pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

J 
d y 

SOURCE 

Body iniernally connected to source 
Drain common to tab 

PRELIMINARY 

PACKAGE DIMENSIONS PKG: JEDEC TO-237 

.j 
--r 
0.105·0,095 

'~:~.~.~~ r----------, ·'1'''' L__ ~;l~ 
SEATING t . 

PLANE I 0.225 0.019·.0,016 
(5.72) (OAS'·OA I) 

~i~O~ n .0. Lu . t· f n 0.250 0.021*-0,016 U (6r. (O.53'OAI) 

0.185·0,175 
(4.70445) 

t ~ I (2. 67·2AI) 
O.145·0.13~ I 
(3.6S.3A3)~ tt---fFr--ffi---1ffi-

! 
·DIAMETER IS REQUIRED 
WITHIN THIS DISTANCE. 

NOTE 1: Leads solder dipped or tin plated. 
Dimensions shown in Inches and (mm). 
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IVN5000AND, IVN5000ANE, IVNU'l0ANF, 
IVN50001AND IVN5001 ANE IVNfOed1 ANF , r.lI\." .r'.' • 

f~.,,~},~,. . 0'V>~"O (>,1,' 
O~OIl, 

ELECTRICAL CHARACTERISTICS (25°C· unless;O 
~.'\ 'lj 

<,tl-dl'l:!q:ti~BS = 0 

.~ CIiARACTERISTiCS IVN5 . , 
MI 

Drain-Source Breakdown "-~ .: '0 
,1 B,Voss 40 --. • 

. Voltage c" •• ~; ~C -
2 Gate IVNSOOO Series 

- VGS!thl Threshold 
3 Voltage IVNSOOI Series· 

'4 
Gate-Body Leakage ~ IGSS 

S 
's T 

Zero Gate Voltage '7 A. loSS 
Drain Current 's T 

rg I ON-State IVNSOOO Series 

'iO C 1010nl 
Drain Current IVNSOOl Series 

~ 
Drain~Source 

IVNSOOOAND . 

'12 :VNSOOOANE 
VoSlon I Saturation IVNSOOOANF r,s IVNS001AND 

~ Voltage INVSOOIANE 
IVNS001ANF 

I--
Static Drain-lS IVNSOOO Series 

i- reS(on) ·Source ON 
, 16 Resistance IVNSOOl Series 

17 Small-Signal 
IVNSOOO Series 

I- rds(on! Drain-Source 
18 ON Resistance IVNSOOl Series 

D r,g Y gfs Forward ·Transconductance 

'20 N Ciss Input Capacitance 

'21 A Coss " Output Capacitance 

'22 M Crss Reverse Transfer Capacitance 

'23 I 
td(on) Turn-ON Delay Time 

'24 C 
t, Aise Time 

'2s td(oft/ Turn-OFF Delay Time 

'26 tf Fall Time 

Nole 1. Pulse test - 80psec. 1% duly cycle. 
Nole 2. Sample test. 
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27 40 
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THERMAL RESPONSE 
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,MIN' ,JY'" MAX 
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...... 
1 ...- """ o~ ..-
~ ,/ 

o=t,,..I--' 

1 ........... 

fTI 

" IVN5000ANF 

INV5001ANF UNIT TEST CONDITIONS 
MIN TYP MAX 

80 

0,8 

0.8 

0.1 

20 

1.0 1.9 

1.0 1.9 

1.S 

2.0 
1.2 

1.9 

2.0 
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2.0 

1.9 

170 280 

40 
27 

6 

J 

VGS = 0, 10 = 10pA 

2.0 V 

VOS = VGS, 10 = lmA 
3.6 

10 VGS - lSV, VOS = 0 

SO 
nA 

VGS = lSV, VOS = O,TA =.+12S·C 

10 Vos = Max. Raiing,Vas =·0 ' 

SOO pA Vos = 0.80 Max. Rating, VGS = 0, TA = +12S'C 

nA· VOS = 24V, VGS = 0 . 

'VOS = 24V, Vas :·10V 
A 

Vos = 24V, VGS = 12V 

VGS ~ SV, 10 = 0.3A 

2.S 
V 

Vas = 10V, 10 = 1.0A 
Vas = 7V. 10 = 0.3A 

2.S VGS = 12V, '0 = 1.0A 
(Note' 1) 

2.S VGS = 10V 
lo·~ 1.0A 

2.S n VGS = .12V 

2.S VGS.= 10V ' 10 = LOA 

2.S VGS = 12V 1 = 1KHz 

ri1U VOS = 24V, 10 - O.SA, 1 - 1KHz 
SO 

40 pF 
VOS = 24V. VGS = 0 

(Note 2) 
'I = lMHz 

10 , 
S 

S See Switching Times Test 
S 

ns 
Circuit 

(Note 2) 
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IVN5000AND, IVN5000ANE, IV"50.~9ANF, 
IVN50001 AND, IVN5001 ANE, IV~c$0001 ANF 
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SWITCHING TIME TEST CIRCUIT 
+24V 

+24V 

COAXIAL CABLE 
Zo = 52n KI 

~==~~-1... 

m1 
10Kn 

3 msec 

H 
15Vn r 
OV.J LJ 

KI 

220n 

SWITCHING TIME TEST WAVEFORMS 

j-PULSE WIDTH----J 

i:T90% 9~i 

o 

OSCILLOSCOPE 
TEKTRONIX 7904 
OR EQUIVALENT 

INPUT.....,;,;;,;10~.~·~I· '"j J-::=i 
OUTPUT--~l~o%~t'~~L I "J T'" 

90~ ¥SO% 



D~DIb IVN~2.0PKND, IVN5201 KND, 
"VN$~9GKNE, IVN5201 KNE, 

; ,: ',;IVN~200KNF, IVN5201KNF 
,<{{~"~~h.n;nel Enhancement-mode 

;:,:,,?);:;,;}'/ " ;:;> . VMOS Power FETs . , 

FEATURES 
• High speed, high current switching . 

• Inherent current sharing capability when paralleled 

• Extremely low drive currenis 

• Simple, straight-forward DC biasing 

• Extended safe operating area' 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN5200KND, IVN5201 KND ....•.........•.... 40V 
IVN5200KNE,IVN5201 KNE ................... 60V 
IVN5200KNF, IVN5201 KNF ................... 80V 

Drain-gate Voltage .' 
IVN5200KND, IVN5201 KND ................... 40V 
IVN5200KNE,IVN5201 KNE ................... 60V 
IVN5200KNF, IVN5201KNF ................... 80V 

Continuous Drain Current ..................... 5.0A 
Peak Drain. Current (see note 1) ................ 12A 
Gate-source ForWard Voltage .................. +30V 
Gate-source Reve~se Voltage ......•............ -30V 
Thermal Resistance, Junction to Case ...... ~ 2.5°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... SOW 
Linear Derating Factor .................. .400mW/oC 
Operating Junction 

Temperature Range ................ -55 to +150°C 
Storage Temperature Range .......... -55 to +150°C 
Lead Temper~ture 

(1/16 in. from case for 10 sec) .•..........• +300°C' 
.' 

Note 1. Maximum pulse width 80"sec; maximum dutycycle 1.0%. 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• CMOS and TTL to high current logic 

High current line drive~~ 

• Motor controllers 

• Power amplifiers . 

SCHEMATIC DIAGRAM. 

PRELIMINARY 

"SOURCE~~'~ • 

. GATE ~ ; 

'3 DRAIN 

SOURCE 

Body internally connected to source 
Drain common to case 

PACKAGE .DIMENSIONS PKG:JEDEC TO-3 

0.875 0.450 (71.43) 

I, (22.225) 'I 0.250 (6.35) 

(~:;~) MAX MAx t L' ,_--I. 
rei ==_=.;:;W='=0'043==(:J/092)f (~J;~) 

S~t:~NEG u 0.038 (0.965) MIN 

. 0.675 (17.145) 
0.655 (16.637) 

0.440 01.176) 
0.420 (10.668) 

0.225 
0.205 

1.197 (30.404) 
1.177 (29.896) 

80TTOMVIEW 

Dimensions shown in Inches and (mm). 

t 
0.188 

(4.775) R MAx 

BOTH ENDS 
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CHARACTERISTICS 

1 BVoss 
Drain-Source Breakdown 

Voltage - Gate 2 IVN5200 Series - VGSlthl Threshold 
IVN5201 Series 3 Voltage 

I--

~ Gate-Body Leakage IGSS 
5 S 

'Ii" T 
~ A loss 

Zero Gate Voltage 

'Ii" T Drain Current 

~ I ON-State IVN5200 Series 
f-;i C 10(onJ 

Drain Current IVN5201 Series 
f-;-;- IVN5200KND 
f-;2" Drain-Source IVN5200KNE 

IVN5200KNF 
~ VOSlon I Saturation 

IVN5201KND 

~ Voltage INV5201KNE 
IVN5201KNF I--

Static Drain-15 IVN5200 Series 
I- rOS(on J Source ON 

IVN5201 Series 16 Resistance 

17 Small-Signal 
IVN5200 Series 

I- rds(onl Drain-Source 
IVN5201 Series 18 ON Resistance 

f;g D 
Y gf, Forward Transconductance 

'20 N C.ss Input Capacitance 
IT, A Coss Output Capacitance 

'22 M Crss Reverse Transfer Capacitance 

~ I td(onl Turn-ON Delay Time 

~ C t, Rise Time 

~ Turn-OFF Delay Time td(off) 

~ tf Fall Time 

Nole 1. Pulse test - 80Msec, 1% duty cycle. 
Nole 2. Sample test 

"n /o~" "" 0° .P," 

IVNS2~ ~o IVNs2o~NIi ('o 
IVNS20 )o'I)I~i'KNi1 " 

MIN' ,N ,AX MIN ,:1;)'1> MAX 

1~~6 __ "',\ \~,S ~; !"il? 0 
,"~ 

e;~J4, :;,'~; \'2.0 0.8 2.0 

O.'Il:': , 3.6 ·0.8 3.6 

0.2 20 0.2 20 
100 100 
100 100 
5.0 5.0 

100 100 

5.0 10 5.0 10 
5.0 10 5.0 10 

1.5 1.5 
1.9 2.5 1.9 2.5 
1.2 1.2 
1.8 2.5 1.8 2.5 

0.38 0.50 0.38 0.50 

0.36 0.50 0.36 0.50 

0.38 0.50 0.38 0.50 

0.36 0.50 0.36 0.50 

1.0 1.8 1.0 1.8 
210 250 210 250 
160 200 160 200 
45 60 '45 60 

20 20 

20 20 
20 20 

20 20 

THERMAL RESPONSE 

-' ,,
::;0 
a: W 
w~" 

1 

..-
I--~ 

"-' >-" >-::; 
Za: we 
;:;;z Z, 
~~ 0 
>-u w';::w 
>-u 
uZ 

.1 

w" ~>-

~'" w;:;; 
IW 
za: 

"" 
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1 0.0 
0.01 

0-0.5 

III 
bl2 b1i j..-

I~ 
D-O/" 

0.1 

Y 
V 

JU 
~I I 'z-

DUTY CYCLE, 0 "" t,/t2 

1 L1Hill 11 
10 100 

t1 - TIME (msec) 

, ' 
".0IVNS200KNF 

INVS201KNF 
MIN TYP MAX 

80 

0.8 2.0 

0.8 3.6 

0.2 20 

100 

100 
5.0 

100 

5.0 10 

5.0 10 

1.5 

1.9 2.5 
1.2 

1.8 2.5 

0.38 0:50 

0.36 0.50 

0.38 0.50 

0.36 0.50 

1.0 1.8 

210 250 

160 200 

' 45 60 
20 

20 
20 

20 

1000 

UNIT TEST CONDITIONS 

VGS = 0, 10 = 100MA 

V 

VOS = VGS, 10 = SmA 

nA 
VGS - 12V, Vos - 0 

VGS - 12V, VOS - 0, TA - +125'C 

MA VDS - Max:. Rating. VGS' 0 
mA Vos - 0.80 Max. Rating, VGS = 0, TA - +125'C 

nA VOS - 24V, VGS - 0 

A 
VOS = 24V, VGS - 10V 

VOS = 24V, VGS - 12V 

VGS 5V, 10 = 2.0A 

VGS - 10V, 10 - 5.0A 
V 

VGS 7V, 10 - 2.0A 

VGS - 12V, hi - 5.0A (Note 1) 

VGS = 10V 
10 =5.0A 

!l VGS = 12V 

VGS = 10V 10 = 5.0A 

VGS = 12V I = 1KHz 

mho Vos 0= 24V, 10 = 5.0A, I = 1 KHz 

pF Vos = 24V, VGS = 0, 1= 1MHz (Note 2) 

See Switching Times Test 
ns 

Circuit 10 = 4.0A 
(Note 2) 

POWER .DISSIPATION vs 
CASE TEMPERATURE 

~ 60 
>-
~ 50 \ 
Z 
e 40 

~ 
ts'!NITE HIEAT SIL-t--

2SCIW 

ill 30 
i5 
ffi 20 

~ 10 
1 

.. 0 0 

r\ 
\ 

~ 
o +40 +80 +120 +160 +200 

T c - CASE TEMPERATU~E (OC)" 

DC SAFE OPERATING REGION 
Tc = 25°C 

100 

~ 
::; 
~ 
>-
i:l 10 

2[;OO~S 100ps= 
1m. 

tp= 5ms --- '-"'" 
a: 
a: DC 
::> 
u 
Z 
¢ 
a: 

1 ~N5200KNO 
I N5201KNO 

0 VN5200KNE 
1 IVN5201KNE 

_0 IVN5200KNF 

D. 1 
IVN5201KNF 

10 100 
Vos - DRAIN·SOURCE VOLTAGE IVOLTS) 



IVN5200KND, IVN5201 KND, IVN5200~KNJ!, 
IVN5201 KNE, IVN5200KNF, IVN~201~NF O~OIb 

TYPICAL PERFORMANCE CURVES 125°C unless other~ise~6t~~i;~: 

OUTPUT CHARACTERI!?TlCS\;' 

Vi 9.0 
<l. 

PULSE TEST BO~>cc. 1% DUTY CYCLE,I.·'· •• 

:ii 
~ 7.5 
f-
2 ~ 

~ 6.0 
0: 
::J 

~ 4.5 

~ 
~ 3.0 
2 
o~ 

I 1.5 
~" o 

II 

II 
(/ 

o ~ o 
o 10 20 

V····'=~BV:· Cs.\ .... · 
IV 71v 

I 
61V 

F "( 
4~ 

I 
3

1
V 

30 40 50, 60 

SATURATION CHARACTERISTICS 

en 
<l. 

~ :;;: 

9.0 

~ 7.5 
f-
2 
L1J 
0: 6.0 
0: 
::J 
U 
2 4.5 
~ 
0: 
o 3.0 
2 
o 
I 1.5 
g 
o 0 

PULSE TEST BOps 'c. 1% DUTY CYCLE I . 
~ VGs · 

r B1V 

lL I -I--1-7V 

/ V- I 

61v 

1£ V I 
W 5V 

lU V 41V 

--4~ ~ j 
II' 3V 

o 1.0 2.0 3.0 4.0 5.0 6.0 

VDS - DRAIN·SOURCE VOLTAGE (VOLTS) VDS - DRAIN'SOURCE VOLTAGE (VOLTS) 

NORMALIZED DRAIN
SOURCE ON RESISTANCE 

TRANSFER CHARACTERISTIC vs TEMPERATURE 

Vi 
9.0 

<l. 
I I I 

:;;: 
~ 7.5 
f-
2 
L1J 6.0 0: 

I-
Vos ·10V 

PULSE TEST / 80j1sec 

1% DUTY CYCLE 

0: 
::J 
u 

4.5 2 
II 

~ 
0: 

3.0 0 
II 

2 
0 
I 1.5 II 
] . ./ 

'" 0 
o 

V 
2 4 6 8 10 12 

VGS - GATE·SOURCE VOLTAGE (VOLTS) 

CAPACITANCE vs 
DRAIN~SOURCE VOLTAGE 

450 

_ 375 \ 
\ u. 

E-
L1J 300 u 
2 

\ 
\\ 

« 
f- 225 U « 
<l. « 150 u 
I 

u 
75 

~ 

"'- C'''i ..... 
\ r-I-I-c 

'1°"1_ - c,J--
o 

o 10 20 30 40 50 60 

VDS - DRAIN·SOURCE VOLTAGE (VOLTS) 

L1J 
U 2.0 
2 
« 
f-
en 
Vi 

l ~ VGS -l0j.. 
~ 1.6 

20 
OL1J 
L1JN ~ ~ =5V GS 
~ ~ 1.2 
::J:;;: .. 
00: 
Vio 
22 
~ - 0.8 
0: 
o 
I 

] 0.4 

V 
~ 

VGS = 5~ 

~ =10V 
GS[ 

;3 -80 -40 o +40 +80 +120 +160 
0: 

T - TEMPERATURE ('C) 

OUTPUT CONDUCTANCE 
vs DRAIN CURRENT 

o 100 
.<: 
E 
..s ::: 

-
-

Vos ·24V 
f 1kHz 

PULSE TEST 

80,Usec 
L1J 
U 
2 
;::. 10 =1% DUTY CYCLE 

u 
::J 
o 
2 
o 
U 
f
::J 
<l. 
f-
::J 
o 
I 
al0 0.1 

0.1 

"" 

10 

IDlon) - ON DRAIN CURRENT (AMPS) 
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IVN5200KND, IVN520.1 KND,IVN52.~N', . 
IVN5201 ~NE, IVN5200KNF,IVNI·.O~;JstF . D~DIb 

, DRAIN-SOURCE ON TRAN~f9~~~t!~«~~~'f' 
RESISTANCE vs . ~,eR~JN' CURR'.i€NT" 

GATE-SOURCE VOLTAGE ",,-,:;~;:; ;S:P', Z> ~"~~0\s'·' 

TRANSCONDUCTANCE vs . 
GATE-SOURCE VOLTAGE 

" . 'i!!!..,~:~t'F-; :,.;;:~::+,:~iio':~~;,.;~"";....,.;e'_"~r""r-T""""'''''''''''' . j 2.4 

~ Vi \'*~~~~: . i..--~ ~ 2.0 

!5 ~ 1\ .;~' 1/ i5 
5l Q g 1.6H--+i/.....,jo<~+-+-+-I-+-+-+--1 g 1.6 

~~ ~g 
~ ~ 8 1.2 H-JI4-f-I--!-+-+--+-I-+-H 8 1.2 
o I-' Ul Ul 
I ~ 2: 2: 
_Ul .« « 
.§ ~ 0.1 ~ 0.8 I Vos" lOV f- a: 0.8 
~ 2: .0 II PULSE TEST f- .~ 

a: 0 . «a: 0.4 II 200l1sec 0::« 0.4 
1% DUTY CYCLE l-s: I s: 

a: I I a: 
0.01 L---l...-L.J....J....l....U..Jcl.:....---l...;.;.J......L..J.J.J..W ~ 0 ~ 0 

1 10 .. 100 I 0 2 4 6 8 10 12 I 0 

~ 

1/ 
I 

1/ 
I 

17 '-Vos" lOV 
PULSE TEST r-

I 200psec 
:-

II 1% DUTY CYCLE 

1/ I I 
2 10 12 4 6 8 

VGS - GATE.SOURCE VOLTAGE (VOLTS) .;; 101001- ON D.R~IN CURRENT (AMPS) ii V~S - GATE SOURCE VOLTAGE (VOLTS) 
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COAXIAL CABLE 
ZO ~ 12.5rl 

3 msec 

H 
15V n r 

.. OV -:-1 L.J . 

SWITCHING TIME TEST CIRCUIT 

+24V 

10Krl 

KI 

220rl 

+10V 

2rl 

MERCURY REED 
RELAY. 

SWITCHING TIME TEST WAVEFORMS 

90% 

INPUT _,;,;;1 0-.% T,""" .' 10%' 

.9JO% 50% 

J:~- ' ~~I 

o 

OSCILLOSCOPE 
TEKTRONIX 7.904 

. OR EQUIVALENT 

OUTPUT ----.... I 
10% ~'Iiii ..... ___ · __ .JV-10% 



U~UlL IV~~~09TND, IVN5201 TND, 
IVN~,~OOTNE, IVN5201 TNE; 

" "I~~S200TNF, IVN5201 TNF 
n-C"~ri)nel Enhancement-mode 

F~ATURES 

• HIgh speed, high current switching 

• Inherent current sharing capability when paralleled 

• Directly interfaces to CMOS, DTL, TTL logic 

• Simple, straight-forward DC biaSing 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATIN,GS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN5200TND, IVN5201TNb ....... ; ....... : .... 40V 
IVN5200TNE, IVN5201TNE ................... 60V 
IVN5200TNF, IVN5201TNF .... : ............... 80V 

Drain-gate Voltage 
·IVN5200TND, IVN5201TND ... ," ............. 40V 
IVN5200TNE, IVN5201TNE ................... 60V 
IVN5200TNF, IVN5201TNF ................. ~ .. 80V 

Continuous Drain Current (see note 1) ......... 4.0A 
Peak Drain Current (see note 2) •............... lOA 
Gate-source Forward Voltage ..... , ............ +30V 
Gate-source Reverse Voltage ............ , ..... -30V 
Thermal Resistance,Junction to Case. . . . . .. 10°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature .................... 12.5W 
Linear Derating Factor .................. ,100mW/oC 
Operating Junction 

Temperature Range ................. -55 to .+150°C 
Storage Temperature Range ..... : .... -55 to +150°C 
Lead Temperature' 

(1/16 in. from case·for 10 sec) ............. +300°C 

Note 1. Tc = 25°C; controlled by typical ROSloni and maximum 
power dissipation. 

Note 2. Pulse width BOllsec, duty cycle 1.0%. 

VMOS Power FETs 
PRELIMINARY 

APPLICATIONS 
• High efficiency switching power supplies 

• Off-line switching regulators 

• High speed, high current switches 

• Line drivers 

• Logic buffers 

• High peak current pulse amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

. I J 
~1 

SOURCE' 

Body inte~nally connected to source 
Drain common to case 

PACKAGE DIMENSIONS 

GATE SOURCE 

PKG: JEDEC TO-39 

I----;~"":~~:~c---<·I--;(""~~~:o~) -001 BASE IS SOLID KOVAR 

(6.601 MIN 
16.101 

0.335 I 
0315 0.125_ 

18511 ~O,~ 
(8.001 (0.2291 

Dimensions shown in inches and (mm). 

BOTTOM VIEW 
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IVN5200TND, IVN5201 TND,IVN520q~~., 
IVN5201 TNE, IVN5200TNF, IVN520~YNFd:>~q, 
ELECTRICAL CHARACTERISTICS (25°C unles~:ql~I~~~~)~;;;El'~);~S = 0 

D~DlL 

CHARACTERISTICS 

1 BVoss 
Drain-Source Breakdown 
Voltage -

2 Gate IVN5200 Series 
- VGS!th) Threshold 

3 Voltage IVN5201 Series 

4 
Gate-Body Leakage --::- IGSS 

~S 
~T Zero Gate Voltage 

7 A loss 

~T Drain Current 

Sl ON-State IVN5200 Series 
'ltc ID(on) 

Drain Current IVN5201 Series 
T, 

Drain-Source 
IVN5200TND 

12 IVN5200TNE 
IVN5200TNF 

fa" Vost on t Saturation 
IVN520lTND 

-,;I Voltage INV520lTNE 
IVN520lTNF -

15 Static Drain- IVI~5200 Series 
- rOSlon 1 Source ON 
16 Resistance IVN5201 Series 

17 Small-Signal IVN5200 Series 
'--'- rds(onJ Drain-Source 
18 ON Resistance IVN5201 Series 

"19~ gl, Forward Transconductance 

20N Ciss Input Capacitance 

'21 A Cess Output Capacitance 

~M Crss Reverse Transfer Capacitance 
'231 tdlon I Turn-ON Delay Time 

"24 C t, Rise Time 

2s tdlof!) Turn-OFF Delay Time 

2s tl Fall Time 

Note 1. Pu'lse test - 80l'sec, 1% duty cycle. 
Nole 2. Sample test. 

IVN5200Ttt, ) r\rllN5~Jtf'lE'.~ 
IVN520~IV~.52011:N~c 

MIN, -TYP' N- T,VPi -MAX 

'~~-! I\~~V :""o ~ ~;!lO? l;t· 
~:~(I I:l}~;; i.\-2"0 0.8 2.0 

0.B;i 1.'1." 3.6 0.8 3.6 

0.2 20 0.2 20 
'100 100 
.100 100 
5.0 5.0 

100 100 
5.0 10 5.0 10 
5.0 10 5.0 10 

1.5 1.5 
1.9 2.5 1.9 2.5 
1.2 1.2 
1.8 2.5 1.8 2.5 

0.38 0.50 0.38 0.50 

0.36 0.50 0.36 0.50 

0.38 0.50 0.38 0.50 

0.36 0.50 0.36 0.50 

1.0 1.8 1.0 1.8 
210 250 210 250 
160 200 160 200 
45 60 45 60 

20 20 
20 20 
20 20 
20 20 

THERMAL RESPONSE 

-' ,,-
::;;0 
II:W 
wN ,,::; 
... " ... ::;; 

1 

f---

ZII: wo 
o;Z 

'Z I 

~~ o. 
"'u w'
~w 
.... u 
uZ w" ...... 

1 

... '" 
~~ 
"II: 

l;-

I 0.0 
0.01 

'-+-0-0.5 

101.IJ.~1 

101d!\1 

JI 

0.1 

~ ~ 

-...-:: 

'7 

V 

JLJ 
~I I ,,-

YDIIUr°j"'f' 
10 100 

t1 - TIME (msec) 

",)$IVN5200TNF 

INV5201TNF UNIT TEST CONDITIONS 
MIN TVP MAX 

80 VGS = 0, 10 = 100l'A 
V 

0.8 2.0 
Vos : VGS, 10 = SmA 

0.8 3.6 

0.2 20 VGS : 12V, Vos = 0 

100 
nA 

VGS : 12V, .yos : 0, TA = +125'C 
100 I'A VDS - Max. Rating. VGS "" 0 

5.0 mA Vos : 0.80 Max. Rating, VGS : 0, TA = +125'C 
100 nA Vos : 24V, VGS - 0 

5;0 10 Vos : 24V, VGS : 10V 
A 

5.0 10 Vos - 24V, VGS - 12V 
1.5 VGS - 5V, 10 - 2.0A 
1.9 2.5 VGs: 10V, 10 - 5.0A 

V 
1.2 VGS :7V, 10 - 2.0A 
1.8 2.5 VGS - 12V, 10 = 5.0A 

(Note 1) 

0.38 0.50 VGS = 10V 
10 = 5.0A 

0.36 0.50 n VGs: 12V 

0.38 0.50 VGs: lOV 10: 5.0A 

0.36 0.50 VGS = 12V f = 1KHz 

1.0 1.8 mho Vos: 24V, 10 : 5.0A, f = 1 KHz 

210 250 
160 200 pF VOS ,= 24V, VGS : 0, f: lMHz (Note 2) 
45 60 

20 
20 See Swilching Times Test 
20 

ns 
Circuit 10 : 4.0A 

(Note 2) 

20 

POWER DISSIPATION vs CASE 
OR AMBIENT TEMPERATURE 

1000 

15.0 

~ 
!;( 12.5 

IE. 
Z 10.0 0 

~ 7.5 
~ 
C 5.0 
'" ~ 
~ 2.5 

I 
,,-0 0 

0 

DC SAFE OPERATING REGION 
Tc = 25°C 

~ 
~ 

100 

~ 10 

II: 
II: 

'" " Z 

=500"" 100/-lsec 
-lmsec 10psec 

'p ~~ec 

~~O 
, 

.... 
« 1. o IVN520ITNO 

'" o 
I 

_0 

O. 

IVN5200TNE 
IVN520ITNE~ 
IVN5200TNF ' 

1 
IVN5201TNF ~ h 

1.0 10 100 

Vos - ORAIN·SOURCE VOLTAGE (VOLTSI 



,o:i 

IVN5200TND, IVN5201 TND, IVN520~f~,~f' 
IVN5201 TNE, IVN5200TNF, IV"!!2P'ftN,F . O~OIL 

<', " '\; "-' .,\c{." r<~cY" 

TYPICAL PERFORMANCE CURVES (25°C unl~ssother';;ise1n6ied)~ 
,. ~\,4'\~~\ ':;1: ¥\-v 

OUTPUT CHARACTERISTI~~','? SATURATION CHARACTERISTICS 
, . ' \,~ ,~", -",'" en 9.0 

a. 
:< 

PULSE TEST 80psec, 1% DUTY CYClEl., ')C 
I YGs~,,;,"8~!,:; 

~ 7.5 
I-
2 
~ .6.0 
ce 
:J 

~ 4.5 

~ 
~ 3.0 
2 o 
I 1.5 
C 
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II 

1/ 
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I-"" 

10 

{ji' :l 
7V 

I 
61V 
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SIV 
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4V 
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31V . 
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VDS - DRAIN·SOURCE VOLTAGE (VOLTS) 

TRANSFER CHARACTERISTIC 

en 9.0 
a. I 
:< 
~ 7.5 

VOS - 10V 
f- PU lSE TEST 
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~ 6.0 
ce' 
:J 
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BOj1sec 
1% DUTY CYCLE 
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VGS - GATE·SOURCE VOLTAGE (VOLTS) 

CAPACITANCE vs 
DRAIN-SOURCE VOLTAGE 
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VDS - DRAIN-SOURCE VOLTAGE (VOLTS) 

en 9.0 
c.. PULSE TEST 80psec, 1% DUTY CYCLE I 
:< 
~ 7.5 
I-

. I-- VGS = 

2 
w 
ce 6.0 
ce 
:J 
U 
z 4.5 
~ 
ce 
Cl 3.0 
z 
o 
I 1.5 
C 
o 

II 

/ 
/ 

I- '/ 
~ 

/J /' 
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V 8, 

_f--1-7V 

V I 
6l -I' 

I 
sv 

4~ 
'1' 
3V o 0 

o 1.0 2.0 3.0 4.0 5.0 6.0 
VDS - DRAIN·SOURCE VOLTAGE (VOLTS) 

w 

NORMALIZED DRAIN
SOURCE ON RESISTANCE 

vs TEMPERATURE 

u 2.0 
2 

I ~ 
« 
I-
CI) 

en v GS = 10~ 
w 1.6 ce 
20 
Ow 
w N 

~ ~ 1.2 
~ ~=5V 

:J:< 
Oce 
~O 
22 
~ - O.S 
ce 
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~ 

VGs=5'y" 

.?' vGS = 10V 

I 
'" Cl -SO -40 o +40 +SO +120 +160 

ce 
T - TEMPERATURE (OC) 

OUTPUT CONDUCTANCE 
vs DRAIN CURRENT 

B 100 
.r:: r= Vos 24V 

f- f 1kHz 
E ..s 
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u z 

~ PULSE TEST 
BOpsec 

j:! 10 l:::1% DUTY CYCLE 
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:J 
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I-
:J 
o 
I 
J 0.1 

0.1 

,." 

10 

IDlon) - ON DRAIN CURRENT (AMPS) 
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"\_~:l'~ ;\(.':: 
10 .I·o,t:. 

,.., r-
~ V 

1/ 
j 

II 

0.1 Vos ~ l0V f-
I PULSE TEST -t-

II 200llsec 
1% DUTY CYCLE t--

I I I 

VGS - GATE·SOURCE VOLTAGE (VOLTS) a; 'D(on) - ON DRAIN CURRENT (AMPS) 

COAXIAL CABLE 
20 = 12.5n 

3 msec 

H 
15V n r 
OV..J L-J. 

SWITCHING TIME TEST CIRCUIT 

KI 

220n 

+10V 

MERCURY REED 
RELAY 

TRANSCONDUCTANCE vs 
GATE-SOURCE VOLTAGE 

~. 2:4 
..§. 

~ 2.0 
z 
i'! 
g 1.6 
a 
z 
8 1.2 
U) 

z 
~ 0.8 
f
a 
~ 0.4 
s: 
a: 
it 0 

...... 1-""" 

/ 

V 
/ 

II VD~: lOV "-

PULSE TEST -
1 200llsec -

IL 1% DUTY CYCLE 

V I 
o 2 4 6 8 10 12 

a; VGS - GATE SOURCE VOLTAGE (VOLTS) 

o 

OSCILLOSCOPE 
TEKTRONIX 7904 
OR EQUIVALENT 

SWITCHING TIME TEST WAVEFORMS' 

-PULSE WIDTH-

INPUT 

OUTPUT 



,.' , 

IVN52bQHND, IVN5201 HND, 
IVN~,2C)bHNE, IVN5201 HNE, 
"IVNS'200HNF, IVN5201 HNF 

n-,C,hsl'lnel Enhancement-mode 
',' .' VMOS Power FETs 

FEATURES 
• High speed, high current switching 

• Inherent current sharing capability when paralleled 

• Directly interfaces to CMOS, DTL, TTL logic 

• Simple, straight-forward DC biasing 

• Extended safe operating area 

• Inherently temperature stable 

ABSOLUTE MAXIMUM RATINGS 
(25°C unless otherwise noted) 
Drain-source Voltage 

IVN5200HND, IVN5201 HND ... , .............. 40V 
IVN5200HNE, IVN5201HNE ................... 60V 
IVN5200HNF, IVN5201HNF ................... 80V 

Drain-gate Voltage 
IVN5200HND, IVN5201 HND .................. 40V 
IVN5200HNE, IVN5201HNE ................... 60V 
IVN5200HNF, IVN5201HNF ................... 80V 

Continuous Drain Current ..................... 5.0A 
Peak Drain Current (see note 1) ................ 12A 
Gate-source Forward Voltage .................. +30V 
Gate-source Reverse Voltage .................. -30V 
Thermal Resistance, Junction to Case ...... 4.1rC/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... 30W 
Linear Derating Factor ................... 240mW/oC 
Operating Junction 

Temperature Range ............ ; ... -55 to +150°C 
Storage Temperature Range .......... -55 to +150°C 
Lead Temperature 

(1/16 in. from Case for 10 sec) ............. +300°C 

·Note Maximum pulse width 80!-,sec, maximum duty cycle 1.0%. 

PRELIMINARY 

APPLICATIONS 
• Switching power supplies 

• DC to DC inverters 

• Logic buffers 

• Line drivers 

• Motor controllers 

• Power amplifiers 

SCHEMATIC DIAGRAM 

DRAIN 

. J 
,~~ ~

" 2 DRAIN 
SOURCE 1 3 

GATE <:l 

SOURCE 

Body internally connected to source. 
Drain common to case. 

PACKAGE DIMENSIONS PKG: JEDEC TO-66 

0.620 

'. 0.470 (11.938) I 
0.500 (12.700) 

C.050 MAX 1--"'---;-1-----'--
~ 0.250 (6350) 

0.19014.826) 
0.21015.334) 

==~.=~'=:c2~;:=~!:::::::J 10.34018.636) 

0.05~ 0.360 MiN t ' 
0.075 (1.905) 19.144) 

0.958124.333) 
0.962124.435) 

I--~~I ~;~~ ;;;;;:; 
0.145 
13.683) 

0.14213.601) 
0.152138611 

Dimensions shown in inches and (mm). 
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IVN5200HND, IVN5201 HND, IVN~~O~Mt!Ej 
IVN5201HNE, IVN5200HNF,ly.,~2qtt:!~F 

. ('('': if';:> Y/::' <,(\", }::"tr-

ELECTRICAL CHARACTERISTICS (25°C unl(ilssotner,wisenohid) Vss = 0 
,/" " ~ 

CHARACTERISTICS 

Drain-Source Breakdown 
1 BVosS 

I-
Voltage 

2 Gate I VN5200 Series 
f- VGS'th' Threshold 

3 Voltage IVN5201 Series 

I-:! 
f-s IGSS Gate-Body Leakage 

'"6 S 

~ T loss 
Zero Gate Voltage 

t--a A Drain Current 
T r-t I ON-State IVN5200 Series 

~ IO'on' 
C Drain CUrrent IVN5201 Series 

"11 IVN5200HND 

'12 Drain-Source IVN5200HNE 
Saturation IVN5200HNF 

f-;3 VOS, on IVN5201HND 

~ Voltage INV5201HNE 
IVN5201HNF 

I-
Static Drain-15 IVN5200 Series 

I- rOS'on' Source ON 
16 Resistance IVN5201 Series 

17 Small-Signal IVN5200, Series 
I- rds'on Drain-Source 

18 ON Resistance IVN5201 Series 

19~ gl, Forward Transconductance 

20N CISS Input Capacitance 

21A Coss Output Capacitance 

22M Crss Reverse Transfer Capacitance 

23 1 td 'on Turn'-ON Delay Time 

2'4 C t, Rise Time 

2s td1off' Turn-OFF Delay Time 

2e tl Fall Time 

Note 1. Pulse test - 80l1sec. 1% duty cycle. 
Note 2. 'Sample test. 

IVN5209/"iNQ: ,\ 
IVN520'i~ND 

IVr-IS20'°l:fNE 

"Ci'II'Ns20YHNE 
MIN TYP ,MAX ,MIN TYP MAX 

1'40 }" ,\ 
i':C\';; 60 

.,'" 
I\o,~: ;::;. 2.0 0.8 2.0 

0.8 3.6 0.8 3.6 

0.2 20 0.2 20 

·100 100 
100 100 

5.0 5.0 
100 100 

5.0 10 5.0 10 

5.0 10 5.0 10 . 

1.5 1.5 
1.9 2.5 1.9 2.5 
1.2 1.2 

1.8 2.5 1.8 2.5 

0.38 0.50 0.38 0.50 
, 

0.36 0.50 0.36 0.50 

0.38 0.50 0.38 0.50 

0.36, 0.50 0.36 0.50 

1.0 1.8 1.0 1.8 

210 250 210 250 
160 200 160 200 
45 60 45 60 

20 20 
20 20 
20 20 
20 20 

THERMAL RESPONSE 

D '" 0.5 . 

IVN5200HNF 

INV5201HNF 

MIN TYP MAX 

80 

0.8 2.0 

0.8 3.6 

0.2 20 

100 

100 

5.0 

100 

5.0 10 

5.0 10 

1.5 

1.9 2.5 

1.2 

1.8 2.5 

0.38 0.50 

0.36 0.50 

0.38 0.50 

0.36 0.50 

1.0 1.8 

210 250 

160 200 

45 60 

20 

20 

20 

20 

UNIT TEST CONDITIONS 

VGS = O. 10 = 100"A 
V 

VOS = VGS. 10 = SmA 

nA 
VGS - 12V. VOS = 0 

VGS - 12V. VOS - O. IA'- +125°C 

"A VOS = Max. Rating, VGS = 0 

mA VOS - 0.80 Max. Rating, VGS - O. TA - +125'C 

nA VOS = 24V, VGS = 0 

A 
VOS - 24V, VGS - 10V 

VOS = 24V, VGS = 12V 
VGS - 5V, 10 - 2.0A 

VGS - 10V, 10 - 5.0A 
V 

VGS - 7V, 10 - 2.0A 
(Note 1) 

VGS = 12V, 10 = 5.0A 

VGS = 10V 
10 = 5:0A 

!l VGS = 12V 

VGS = 10V 10 = 5.0A 

VGS = 12V f = 1KHz 

mho Vos = 24V, 10 = 5.0A, f = 1KHz 

pF VOS o 24V. VGS =0 (Note2) . 
f = 1MHz 

ns 
See Switching, Times Test 

Circuit ID = 4.0A 
(Note 2) 

POWER DISSIPATION vs 
CASE TEMPERATURE 

§ 36 

>-
~. 30 

'2 
o 2' 
>= ;,: 
~ 18 

Ci 
ffi 12 ,.' 
~ 
I 
o 

Q. 0 

\ INFI~ITE HLT SIJK 

'\ 4.17'C/W -

1--

~ 
\ 
i,\ 

o +40 +80 +120 +160 +200 

Te - CASE TEM~EA7'TURE (aCl 

DC SAFE OPERATING REGION· 
Tc = 25°C 

10 100 

t, - TIME (msec) Vos - DRAIN·SQURCE VOLTAGE (VOLTS) 



t: 
", u 

IVN5200HND, IVN5201HND, IVN5200~if~E, 
IVN5201 HNE, IVN5200HNF, IVt4~g~:(tt,~F 
TYPICAL PERFORMANCE CURVES (25°C nlessother0i§~"~9;~dr .. ' 

.. , ';';:~~'jfC\ 
, ",_,:~.'\-'f":" I'"' 

OUTPUT CHARACTERIST\C~\\~h ~:.;:~(,' 
l'- \j,">V 

.P;·:·.C 
Ci) 9.0 
<l. 

PULSE TEST 80~"c. 1% DUTY.Cy,CL~I;';: 

~ 
~ 7.5 
f-
2 

~ 6.0 
0: 
:> 

I.~ 4.5 

« :s 3.0 
2 
o 

1 1.5 
C 
o 

i/ 

'I 

" o y o 
o 10 20 

Vr;S"8V 

7~ 
I 

SIV 

T 
51V -I' 
4~ 
I 
Y 

30 40 50 60 

VDS -- DRAIN·SOURCE VOlTAGE (VOLTS) 

TRANSFER CHARACTERISTIC 

Ci) 9.0 
<l. 
~ 
~ 7.5 
f-
2 
~ 6.0 
0: 
:> 
~ 4.5 

« :s 3.0 
2 
o 

1 1.5 
c 
o o 

0 

I 
VOS - 10V 

r- PULSE TEST L r- 80J.lsec 
1% DUTY CYCLE 

J 
II 

I 

/ 
/ 

,/ 

o 2 4 6 8 10 12 
VGS -- GATE·SOURCE VOLTAGE (VOLTS) 

CAPACITANCE vs 
DRAIN-SOURCE VOLTAGE 

450 

_ 375 \ 
\ u. 

E-
w 300 u 
2 

\ 
\\ 

« 
~ 225 u « 
<l. « 150 u 

1 

u 
75 

~ 

"- C 
r--. iSS I 

\ r-~ -CoS5l_ 
~. 

r- C,J-
o 
o 10 20 30 40 50 60 

VDS -- DRAIN·SOURCE VOLTAGE (VOLTS) 

SATURATION CHARACTERISTICS 

Ci) 9.0 
<l. 

':;;0 
PULSE TEST 80""c. 1% DUTY CYCL~ I _ 

i.- VGS -
~ 7.5 
f-
2 
w 
0: 6.0 
0: 
:> 
U 
2 4.5 
« 
0: 
Cl 3.0 
2 
o 
1 1.5 
C 
o 

II 

/ 
/ 

1.0 '/ 
W 

IU V 
Ir? f-

V . Y 
-I-~7V 

V I 

S~ -I' 

I 
5V 

4~ 
'1' 

3V o 0 
o 1.0 2.0 3.0 4.0 5.0 6.0 

VDS -- DRAIN·SOURCE VOLTAGE (VOLTS) 

w 

NORMALIZED DRAIN
SOURCE ON RESISTANCE 

vs TEMPERATURE 

u 2.0 

I . 2 
« 
f-
CI) 

en ~ vGS = 10/ 
w 1.6 
0: 

25 
Ow 
w N # « =5V GS 
~ ~ 1.2 
:>:;;0 
00: 
"!O 
22 « - 0.8 
0: 
Cl 

1 

C 
2 0.4 

/ 
~ 

vGS = 5Y., 

~ 
V~s=10V 
~ I 

'" Cl -80 -40 o +40 +80 +120 +160 
0: 

T -- TEMPERATURE ('C) 

OUTPUT CONDUCTANCE 
vs DRAIN CURRENT 

~ 100 
.<= 
E 

.§. 
w 
U 
2 
~ 10 
u 
:> 
Cl 
2 
o 
U 
f
:> 
<l. 
f-
:> 
o 
1 

== 

Vos24V 
f 1kHz 

- PULSE TEST 
- 80/-lsec 

"=:1% DUTY CYCLE 

"" 

rr,0 0.1 
0.1 10 

I Dlon) -- ON DRAIN CURRENT (AMPS) 
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DRAIN-SOURCE ON 
RESISTANCE vs 

GATE-SOURCE VOLTAGE 

TRANSCONDUCTANCEvs 
GATE-SOURCE VOLTAGE 

~~;;II~~HI;r<'h";'~2.~ ] 2.4 
s.\ S 
"w~;'· , 

:0\'~\2iO ~ 2.0 

I---+-+H-H-H+---+-+-+++++H {;;;~ ~ 
g 1.6 g 1.6 
o 0 

". 

1/ 
L 

10 

z z 
8 1.2 8 1.2 
en en 
Z Z g O.B g O.B 

o 0 

~ 0.4 ~ 0.4 

a: ~ s: a s: a 
1 10 100 I a 2 4 6 8 10 12 I a 

I 
/ 

II 
Vos" 1L I-

PULSE TEST r-I 200,usec 
l-

V 1% DUTY CYCLE 

V I I I 

0.1 

0.01 
2 10 12 6 8 4 

VGS - GATE·SOURCE VOLTAGE (VOLTS)';; 1010nl- ON DRAIN CURRENT (AMPS) <i VGS - GATE SOURCE VOLTAGE (VOLTS) 

COAXIAL CA8LE 
20 = 12.5Q 

3 msec 

H 
15V n r 
OV.J U 

SWITCHING TIME TEST CIRCUIT 
+10V 

+24V 

220Q 

KI 

MERCURY REED 
RELAY 

SWITCHING TIME TEST WAVEFORMS 
"'---PULSE WIDTH--

90% 90% 

o 

OSCILLOSCOPE 
TEKTRONIX 7904 
OR EQUIVALENT 

INPUT--l°-"'J':'l=-~ J<:~I~I 
OUTPUT <It.~~-

10% ~, ______ JZ~ 90"A. 10% 



. ,,; .. r,~J,· IVN5201 CND, 

. ,,(IVN5~~001 CNE, IVN5201 CNF 
,n .. q,h~,n~el'· Enhancement-mode 

',' 'co',"';'> . VMOS Power FETs 

;.cf!,·o ,({. \\' ::{':" 

~\o""'I-. f1,."-

• ,High speed, high current SWltchlng\~",,,,,,,~~ 
FEATURES 

• Inherent current sharing capability when paralleled 

• Directly interfaces to CMOS, DTL, TTL logic 
, , 

•. Simple, straight-forWard DC biasing 

• Extended safe ,operating area 0 

• Reliabie, low cost plastic package 

ABSOLUTE MAXIMUM RATINGS 
(25°C. unless otherwise noted) 
Drain-source Voltage 

IVN5201CND ................................. 40V 
IVN5201CNE ................................ 60V 
IVN5201CNF ................................ 80V 

Drain-gate Voltage 
IVN5201CND ............ , ................... 40V 
IVN5201CNE ............... : ................ 60V 
IVN5201CNF ... ~; ',"." ........................ 80V 

Continuous Drain Current. , ................... 5.0A 
Peak Drain Current (see note 1) ................ 12A 
Gate-source Forward Voltage ................ , ; +30V 
Gate-source Reverse Voltage ....... , ....... ~ .. -30V 
Thermal Resis'tance, Junction to Case ...... 4.17°C/W 
Continuous Device Dissipation at (or below) 

25°C Case Temperature ...................... 30W 
Linear Derating Factor.' .......... : ...... 240mW/oC 
Operating Junction . . 

Te":lperature Range ... , ....... ; '.' .. -40 to +150°C 
Storage Temperature Range .......... -40 to +150°C 
Lead Temperature 

(1/16 in. from case for 10 sec) .......... , .,. +300°C 

Note 1. Ml1ximum pulse wid'th 80!,sec, maximum duty cycle 1.0%. 

APPLICATIONS 
• Deflection coil drivers 

• Off-line switch~ng regulators 

•. Power amplifiers 

• DC to DC inverters 

• Motor controllers 

• High current line drivers 

SCHEMATIC DIAGRAM 
DRAIN 

J 
,J~ 

D, TAB 

SOURCE 

Body Internally connected to source. 
Drain common to tab. 

PRELIMINARY 

PACKAGE DIMENSIONS PKG: JEDEC, TO-220 

0.100·0.120 

0.090·0.110 
(2.285·2.794) 

'0.012-0.025 
(0.305·0.635) 

plmenslons shown In Inches and (mm). 

0.230·0.270 
(5.842·6.858) 

0.OBO·0.115 
(2.032·2.921) 

2-39 



O~O[b IVN5201 CND, IVN5201 CNE, IVN529~,::Gt1I~& 
ELECTRICAL CHARACTERISTICS (25°C unless othersVi~~nbf~d~,cV~~ = 0 

",#,-."",., " ~',,, 

CHARACTERISTICS 

1 BVoss 
Drain-Sour.ce Breakdown 

I--
Voltage 

~ VGS(thl Gate Threshold Voltage 

~ Gate-Body Leakage S IGSS 
.-i T 
~ Zero Gate Voltage 
....§. 

A 
loss 

T Drain Current 
7 I 

8" c lOran) ON-State Drain Current 

~ V Drain-Source 
To OS(oni Saturation Voltage 
..:..::. 

11 (OS(on I 
Static Drain-Source 
ON ReSistance 

12 rds(on) 
Small-Signal Drain-Source 

ON Resistance 

S3 D gt, Forward Transconductance 

~ Y 
Ciss Inpul CapaCitance 

'1s N 
A Coss Output Capacitance 

'16 M Crss Reverse Transfer CapaCitance 

'17 I td(on I Turn-ON Delay Time 
f.ja C tr Rise Time 
f-fg- td(off) Turn-OFF Delay Time 

'fo' It Fall Time. 

• Note 1. Pulse test - 80~sec, 1% duty cycle. 
~ Note 2. Sample test. 

IVN5201CND· 1'lNS20lCNE. " 
MIN TYP M~' MIN ,TVP MAX 

40 "<:~: I~:} ::~O '. Is;~;v' I·::::' .. 
." 

.. 0.8 .'<:"' 3.6:: DO.ScI 3.6 

"<. r'/ ·'0.2' .. 20,\ .;s, .. 0.2 20 

I;' ,.': . .. 100' 100 

.~ ,,,,\1 100 100 
' .:,,> 5.0 5.0 
\' 100 100 
5.0 10 5.0 10 

1.2 1.2 
1.8 2.5 1.8 2.5 

0.36 0.50 0.36 0.50 

0.36 0.50 0.36 0.50 

1.0 1.8 1.0 1.8 

210 250 210 250 
160 200 160 200 
45 60 45 60 

20 20 
20 20 
20 20 

20 20 

THERMAL RESPONSE 

2-40 

.... .. -::;;0 
a: w 
wN 

1 

"':::; ..... ... ::;; 
Za: wo ooz z, 
~~ o. 
"'u w'--

I 

2:w 
... u 
uz 
w .. 
u. ... u.", Woo ,w 
",a: 

,!-

1 0.0 
0.01 

0-0.5 

1&1~~.2 

II,'J~.1 

UlJ11 vV 

0.1 

......- f-' 

V 
V-

JLJ 
, ~I I t2~ 

I' rmjillE
• 0 J"t 

10. ,100 
tl - TIME (msec) 

:):lyN$iCI1 C NF 

MIN TYP MAX 

80 

0.8 3.6 

0.2 20 
100 

100 

5.0 

100 

5.0 10 

1.2 
1.8 2.5 

0.36 0.50 

0.36 0.50 

1.0 1.8 

210 250 

160 200 
45 60 

20 

20 

20 

20 

1000 

UNIT TEST CONDITIONS 

V 
VGS =0, 10 = 100~A 

Vos - VGS, 10 = 5mA 

VGS = 12V, Vos = 0 
nA 

VGS - 12V, VOS - 0, TA - +125°C 

~A VOS = Max. Rating, VGS - 0 

mA Vos 0.80 Max. Rating, VGS - 0, TA = +125°C 
nA VOS - 24V, Vm; = 0 

A Vos - 24V, VGS = 12V 

VGs.- 7V, 10 - 2.0A 
V 

VGS 12V, 10 - 5.0A 

VGS = 12V, 10 =5.0A 
(Note 1) 

n 
VGS = 12V,lo ~ 5.DA f = 1KHz 

mho VOS 24V, 10 5.0A, f - 1KHz 

pF VOS = 24V, VGS = 0, f = 1MHz (Note 2) 

See Switching Times Test 
ns 

Circuit 10 = 4.0A 
(Note 2) 

POWER DISSIPATION vs CASE 
OR AMBIENT TEMPERATURE 

~ 
6 

... i 3 0 

z e 2 4 

~ 
ill o 
ffi 1 

B 

2 

, 

'J'l.INFI~1TE HJATSIN'K' 
~ 4.17°CIW-

I~ 

~ 6~FREEAIR 
\ 

70'CIW ~ 
, 

.. 0 0 
+40 +80 +120 +160 +200 

T - TEMPERATURE I'C) 

DC SAFE OPERATING REGION 
Tc= 25°C 

100 

E=FI500", 
100/-ls= 10/Js 

t;:+~~:=:b 
- - -I' ~ 

- OC 

IVN5201CND 

IVN5201CNE 
IVN520TCNF 

O. 1 
10 100 

Vos - ORAIN·SOURCE VOLTAGE IVOLTS) 



IVN5201 CND, IVN5201 CNE, IVN5201~~), 
" ' , -~-{ ~<;)~ 

o~nlL 

TYPICAL PERFORMANCE CURVES (25°C unless other":,,ise'nq!~q};:\0;\ 
, ,,' ' '''''',:~~S\t~:~~,\\,{>0' 

OUTPUT CHARACTERISTI~S (",)~,SATURATION CHARACTERISTICS 

Ci) 9.0 
Il. 
:;;: 
~ 7.5 
I-
2 

~ 6.0 
a: 
:;) 

~ 4.5 

<r 
~ 3.0 
2 
o 
I 1.5 

PULSE TEST BOpsec, 1% DUTY CYCLE, 

Vcs = 8V 

X 
~v. 
hi 

61V 

T 
I 5~ 

T 
I 4~ 
'L , 
:.-- 3~ 

. 

, .; "," fL~'/ 
<;;;>J f 

I· 

I:)····~·::'(:: 

Ci) 9.0 
Il. 
:;: 
~ 7.5 
I-
2 
UJ 
a: 6.0 

'a: 
:J 
(,) 

2 4.5 
<r 
a: 
'0 3.0 
2 

'0· 
. I 1.5 
g 
Ci 0 

PULSE TEST BOJ,1Sec, 1% DUTY CYCLE I . 
. ~ VGS ' 

; '" B1V 

/ _r-~7V 
/ ,.- , 

61V -I' 

Il IY I 
W 5V 

IU V l" 
~~ I--"' -I' 

3V 

o 1.0 2.0 3.0. 4.0. 5.0 6.0 

VDS - DRAIN·SOURCE VOLTAGE (VOLTS) VDS - DRAIN-SOURCE VOLTAGE (VOLTS) 

NORMALIZED DRAIN
SOURCE ON RESISTANCE 

TRANSFER CHARACTERISTIC vs TEMPERATURE 

Ci) 
Il. 
:;: 
~ 
I-
2 
UJ 
a: 
a: 
:;) 
(,) 

2 
<r 
a: 
0 
2 
0 
I 

u:: 
E-
UJ 
(,) 
2 

g 
(,) 
<t 
Il. 
<t 
(,) 

I 
(,) 

9.0 

" I I I / 
7.5 

vos - 10'1 
PULSE TEST / 80J.lsec 

6:0 
1% DUTY CYCLE 

4.5 
II 

3.0 / 

1.5 / 
./ 

o V 
o 2 .4 6 8 10 12 

VGS - GATE-SOURCE VOLTAGE (VOLTS) 

CAPACITANCE vs 
DRAIN-SOURCE VOLTAGE 

450 

375 1\ 
.\ 

300 I\" 
\1\ 

225 

150 

75 

I~ I, c. 

1\ ...... Issl 
\ r---r-Co;'I_ 

I'... - c"J-o 
o 10 20 30 40 50 60 

VDS - DRAIN·SOURCE VOLTAGE (VOLTS) 

UJ 
(,) 2.0 
2 
<t 
I-
CJ) 

I ~ VGS = 10/ iii 
~1.6 

.20 
OUJ 
UJN 

~ ~ 1.2 
:# ~s=5V 

5~ 
V10 
22 
<r - 0.8 
a: 
o 
I' 
-;; 
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Multiplexers OG126A Family 3-52 Analog Switches 
OG139A Family 3-56 without Drivers " IH6108 3-6 OG180-191 3-60 

IH6116 3-12 OG426A Family 3-64 .. G115/123 
IH6208 3-18 OG439A Family . 3-68 G116-119 
IH6216, 3-24 , IH181-185.187-191 ' 3-72 G125-132. G1330/40/ 

Analog Switch 
IH200 3-78 50/60 ' 3-143 
IH201/202 3-81 , . MM450/550. MM451/551'. 

Drivers IH5001/2 3-84 MM452/552. 
11:15003/4 3-86 . MM455/555 

0112/113/120/121 3-30 IH5005-7 3-88 
0123.0125 3-34' IH5009-24 3-92 ' (CMOS or TILlo. higher '. 

0129 3-38 IH5025-38 3-98 levels) 

Analog Switches 
IH504Q-51 3-104 Digitallhmsiatcr/Analog 
IH5052/3 3-114 'Driver . 

with Drivers IH5140-45 3-122, IH6201 
IH401/401A 3-130 

OG111/112 3-40 
OGl16/118/123/125 3-44 
OG1~0/121 3-!'I8 



Analog Switches with Driver, ", 
r ' . . 

Electrical Characteristics@ +25'C-Milltary Temperature Oevices 

Inlersll r05lonl IOloff)' I~ I", logic Input . I Power 
No. of 'Oevlce Swllch n' nA ,/Ls /Ls 

Logic Level 
Input Cons~;r'on 

lYpe Channels, No. Technology inax(l) max max max " " lYP(2) 

IH5001 N:-JFET 30 5.0 0.5 1.0 OTl, TTL, RTL ' 10' 175 
;IH5002 N-JFET 50 5.0 0.5 ' 1.0 OTL, TTL, RTL 10 175 
IH5021, P-JFET 100 . 0.2 0.5 0.5 TTL High Level 10 
IH5022 P-JFET, 150 0.2 0.5 0.5 TTL Low Level 10 

1 IH5023 P-JFET .100 0.2 0.5 0.5 TIL High Level 10 

IH5024 P-JFET' 0.5 
I 

TIL lOw Level " 150 0.2 0.5 10 
IH5037 , P-JFET ~gg , 0.5 0 .. 2, 0.2 TTL High Level ,', 10 
IH5038 P-JFET 0.5 0.2 0.2 TTLH~hLevei 10 
IH5040 CMOS 75 1.0 ,0.5 0.25, 'OTL, L, RTL, CMOS, PMOS hi .350 
IH!MO ,CMOS" .',75 1.0 O.OB 0.05 TTL,CMOS " hi 450, 

'DG111 'PMOSFET 450 " -,1.0 0.3 ' ,'.0 OTL, TTL, RTL 10 ' 330 
OGH2, PMOSFET; '450 -1.0 ,0.3 ,1.0 OTL, TTL, RTL 10' 300' 
OG133A N:JFET 30 1.0 0.3 ' O.B OTL, TTL, RTL hi 175 
OGI34A N-JFET BO 1.0 0.3 O.B OTL: TTL, RTL hi 175 
OG141A N-JFET 10 10.0 0.5 1.25 OTL, TTL, RTL hi ' 175 

OG151A N-JFET 15 10.0 0.5 1.25 OTL, TTL, RTL hi 175 .. 
OG152A N-JFET 50 2.0 0.3 D,S OTL, TTL, RTL hi 175 
OGI80 N-JFET '10 10.0 0.3 0.25 OTL, TTL, RTL 10 150 
OG1SI N-JFET 30 1.0 0.15 0.13 OTL, TTL, RTL 10 ' 150 
OG1S2 N-JFET 75 ';0 0.25 0.13 OTL, TTL, RTL 10 150 

OG433A N-JFET " j: 
35 5.0 0.5 ,LO DTL, TTL,RTL hi, 175 

OG434A N-JFEJ " SO ,5.0 0.5 1.0 ,OTL, TTL, RTL hi 175 
OG441A' 'N-JFET ',I 15 15.0 0.75 ,'1.25 OTL, TTL, RTL hi ·m OG451A N-JFET 20 15.0 0.75 1.25 OTL, TTL, RTL hi 
OG,452A .'N-JFET .. 100 5.0 0.5 1.0 'OTL, TTL, RTL hi 175 

IH1BI VaraFET , 30 0.1 0.25 0.13 OTL, TTL, RTL, CMOS, TTL High Level 10 . .350 
2 IH1S2 VaraFET 75 0.1 0.25 0.13 OTL, TTL, RTL, CMOS, TTL High Level 10 .350 

IH200 , ,CMOS 75 ';0 1.0 0.5 OTL, TTl,., RTL, CMOS, TTL High Level 10' .350 
IH5003 ' , N:-JFET 30 1.0 0.3 O.S OTL, TTL, RTL hi ", 175 
IH5004 N-JFET . 50 ' 1.0 0.3 . O.S qTL, TTL, RTL hi 175 

I 
SPST IH5OO5 'N-JFET 10 '10.0 .1.0 2.5 oTL,ni..,RTL hi 175 

IH5OO6 N-JFET 30 ' I " j.O 0.5 1.0 OTL, TTL, RTL hi 175' 
" , IH5007 N-JFET SO ' 1.0 0.5 1.0 OTL, TTL, RTL " f" hi 175 

iH5017 P-JFET 100 ' '0.2~ 0,5 0.5 ' TTL High Level 10 
IH501B P-JFET 150 0.2 0.5 0.5 TTL Low Level 10 

IH5019 P-:JFET 100 0.2 0.5 0.5 TTL High Level 10 
IH5020 P-JFET 150 0.2 0.5 0.5 TTL Low Level , 10 
IH5033 P-'JFET 100 0.5 0,2 0.2 TTL High Level 10 
IH5034 P-JFET 150 0.5 0.2 0.2 TTL High Level 10 
IH5035 P-JFET 100 0,5 0.2, 0.2 ' ,TTL High Level 10 

,;IH5036 PCJFET 150 0.5 0.2 0.2 ~t,H~t~~r; CMOS, PM6s" 
10 

IH5041 CMOS 75 1.0 0.5 '0.25 hi .350 
, IH5048 CMOS 35 1.0 0,25 0.15 OTL; TTL, RTL, CMOS, PMOS hi, .350 
IH5141 CMOS 75 1.0 O,OS ' ,0.05 TTL,CMOS hi 450 

,IH5013 ' P-JFET 100 0.2 0.5 0.5 TTL High Level 10 

IH5014 , P-,JFET 150 : 0.2 0.5 0.5, .. TTL Low Level I 10, 
IH5015 P-JFET 100 0:2 0.5 ' 0;5 TTL High Level. lei 
IH5016 P-JF.ET 150 0,2 0'.5 0,5 TTL Low Level " 10 

, 3' IH5029 P-JFET 100" " 0.5 0.2 0.2 TTL High Level ' 10 
IH5030 P-JFET' 150 ,',,0.5 ' ();2 0,2 ' TTL High Level 10 

,0.2 TIL High Level 
" 

/ IH5031 P-JFET ' 100 ,0.5 0.2, , 10 
IH5032 P-JFET' 150 0.5 0.2 ' ,0.2 TTL High Level 10 

, , OG116 P-MOSFET 450 -4.0 '0.3·, 1.0 OTL, TTL, RTL 10 600 
OGllS P-MOSFET 450 -,4.0 0.3 1.0 OTl, TTL, RTL ' .10 660 
IH201 CMOS 75 '1.0 0.5 ,0.25 OTL,TTL,RTL, CMOS 10 ' . .350, 

.,' IH202 CMOS 75 1.0 ' 0.5 0.25 OTL, TTL, RTL, CMOS hi .350 
,IH5009 P-JFET 100 0.2 0.5 . 0.5 TTL High Level .' 10 
IH5010 P-JFET 150 0.2 '0.5. ' 0.5 TTL Low Level, ,10 
IH5011 ' P-JFET, ,100 ' 0.2 0.5 0.5 " ,TTL High Level 10 

4 IH5012, ' P:-JFET 150 ,'0.2 0.5 '0.5 , TTL lOw Level 10 

IH5025 P-JFET 100 '0.5 0.2 0.2 TIL High Level 10 
IH5026 P-JFET 150 0.5 0.2 0.2 TTL High Level 10 
IHS027 P-JFET ,:,100 0.5 0.2 0.2 TTL High Level ' 10 
IH502B P-JFET 150 ,0.5 0.2 0.2· " TTL High Level 10 
IH5052 CMOS 75 1.0 ' 0.5 0.25 OTL, TTL, RTL, CMOS, PMOS 10 .350 :-:, 
IH5053 CMOS 75' 1.0 0.5 0.25 OTL, TTL, RTl; CMOS, PMPS hi ".350 

" " 5 OG123 P-MOSFET 450 -4.0 0.3 1:0 .' OTI-, TTL, RTL ' hi 750 
OG125 P-MOSFET,' 450 -4.0' 0.3 1.0 OTL, TTL, RTl- 10 ' ,B25 
OG143A N-JFET SO ,1.0 0.4 O.B OTL; TTL, RTL !~l '175 
OG144A N-JFET 30 1.0 0.4 0.8 OTl, TTL, RTl ' 175 ' 

OGI46A N-JFET '10 10.0 ,0.5 1'.25 , OTl, TTL, RTl 3), 175 
OG161A N-JFET 15 10.0 0.5 1.25 OTL, TTL, RTl ' 

I! 
175 

, OG162A N-JFET 50 ",2.0 0.4 O.B OTl, TTL, RTl- 175 
013186 N-JFET ' 10 ' 10.0 0.3 0.25 OTL, TTL, R17L BO 
OG1B7 N-JFET 30 " 0.1' 0.15 0.13 OTL, TTL, RTL 80 
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rOS (on I 10 (olll t,o tOfl 
Logic Input Power 

No. of Device Switch n nA flS fls Input Consumption 
Type Channels No. Technology max(1) max max max Logic Level Typ(2) mW 

DG188 N-JFET 75 0.1 0.25 0.13 DTl, TTL, RTl (3) 80 
DG443A N·JFET 80 5.0 0.5 1.0 DTl, TTL, RTl (3) 175 
DG444A N·JFET 35 5.0 0.5 1.0 DTl, TTL, RTl (3) 175 
DG446A N-JFET 15 15.0 0.75 1.25 DTl, TTL, RTl (3) 175 

1 DG461A N-JFET 20 15.0 0.75 1.25 DTl, TTL, RTl (3) 175 

DG462A N-JFET 100 5.0 0.5 1.0 DTl, TTL, RTl (3) 175 
IH187 VaraFET 30 0.1 0.25 0.13 DTl, TTL, RTl, CMOS, PMOS, TTL High level (3) .350 
IH188 VaraFET 75 0.1 0.25 0.13 DTl, TTL, RTl, CMOS, PMOS, TTL High level (3) .350 

SPDT IH5042 CMOS 75 1.0 0.5 0.25 DTl, TTL, RTl, PMOS, CMOS (3) .350 
IH5050 CMOS 35 1.0 0.25 0.15 ' DTl, TTL, RTl, PMOS, CMOS (3) .350 

IH5142 CMOS 75 1.0 0.08 0,05 TTl,CMOS (3) 450 
DG189 N·JFET 10 10.0 0.3 0.25 DTl, TTL, RTl (3) 150 
DG1910 N-JFET 30 1.0 0.15 0.13 DTl, TTL, RTl (3) 150 
DG191 N-JFET 75 1.0 0.25 0.13 DTl, TTL, RTl (3) 150 

2 IH5043 CMOS 75 1.0 0.5 0.25 DTl, TTL, RTl, PMOS, CMOS (3) .350 

IH5051 CMOS 35 1.0 0.25 0.15 DTl, TTL, RTl, PMOS, CMOS (3) ,350 
IH190 , CMOS 30 0.1 0.25 0.13 TTL, CMOS, PMOS, TTL High level (3) .350 
IH191 CMOS 75 0.1 0.25 0.13 TTL,. CMOS, PMOS, TTL High level 13) .350 
IH5143 CMOS 75 1.0 0.08 0.05 TTl,CMOS 3) 450 

1 IH5044 CMOS 75 1.0 0.5 0.25 DTl, TTL, RTl, CMOS, PMOS hi ,350 
IH5144 CMOS 75 1.0 0.8 0.5 TTl,CMOS hi 450 
DG126A N·JFET 80 1.0 0,3 0.8 DTl, TTL, RTl hi 175 
DG129A N·JFET 30 1.0 0.3 0.8 DTl, TTL, RTl hi 175 
DG140A N-JFET 10 10,0 0.5 1.25 DTl, TTL, RTl hi 175 

DG153A ,N-JFET 15 10.0 0.5 1.25 DTl, TTlRTl hi 175 
DG154A N·JFET 50 2.0 0,3 0,8 DTl, TTL, RTl hi 175 
DG183 N·JFET 10 10.0 0.3 0.25 DTl, TTL, RTl hi 150 
DG184 N-JFET 30 1.0 0.15 0.13 DTl, TTL, RTl hi 150 
DG185 N·JFET 75 1.0 0.25 0.13 DTl, TTL, RTl hi 150 

DPST 2 DG426A N·JFET 80 5.0 0.5 1.0 DTl, TTL, RTl hi 175 
DG429A N-JFET 35 5.0 0.5 1.0 DTl, TTL, RTl hi 175 
DG440A N-JFET 15 15.0 0.75 1.25 DTl, TTL, RTl hi 175 
DG453A N-JFET 20 15.0 0.75 1.25 DTl, TTL, RTl hi 175 
DG454A N-JFET 100 5.0 0.5 1.0 DTl, TTL, RTl hi 175 

IH184 Vara FET 30 0.1 0.25 0.13 DTl, TTL, RTl, CMOS, PMOS hi' .350 
IH185 Vara FET 75 0.1 0.25 0.13 DTl, TTl,RTl, CMOS, PMOS hi .350 
IH5045 CMOS 75 1.0 .0.5 0.25 DTl, TTL, RTl, PMOS, CMOS hi .350 
IH5049 . CMOS 35 1.0 0.25 0.15 DTl, TTL, RTl, PMOS, CMOS hi .350 
IH5145 CMOS 75 1.0 0.08 0.05 TTl,CMOS hi 450 

3 DG120 P·MOSFET 450 -3.0 0.3 2.0 DTl, TTL, RTl ' hi 150, 
DG121 , ' P-MOSFET 450 -3.0 0.3 2,0 DTl, TTL, RTl 10 165 
DG139A N-JFET 30 1.0 0.4 0.8 DTl.TTl, RTl (3) 175 
DG142A N-JFET 80 1.0 0.4 0.8 DTl, TTL, RTl l~l 175 
DG145A N·JFET 10 10.0 0.5 1.25 DTl, TTL, RTl 175 

DG163A N-JFET 15 10.0 0.5 1.25 DTl, TTL, RTl (3) 175 
DG164A N·JFET 50 2.0 0.4 0.8 DTl, TTL, RTl (3) 175 

DPDT 1 DG439A N-JFET 35 5.0 0.5 1.0 DTl, TTL, RTl ' (3) 175 
DG442A N·JFET 80 5.0 0.5 1.0 DTl, TTL, RTl (3l 175 
DG445A N-JFET 15 15.0 0.75 1.25 DTl, TTlQ, RTl (3 175 

DG463A N-JFET 20 15.0 0.75 1.25 DTl, TTL, RTl (3) 175 
DG464A N-JFET 100 5.0 0.5 1.0 DTl, TTL, RTl (3) 175 
IH5046 CMOS 75 1.0 0.5 0.25 ' DTl: TTL, RTl, CMOS, PMOS (3) .350 

4PST 1 IH5047 CMOS 75 1.0 0.5 0.25 DTl, TTL, RTl, CMOS, PMOS hi .350 . 
1018 IH6108 CMOS 400 10.0 1.5 1.0 DTl, TTl,RTl, CMOS hi' 5 

10116 IH6116 CMOS 400 10.0 1.5 1,0 DTl, TTL, RTl, CMOS hi 5 
MUX 2'018 IH6208 'CMOS 400 5.0 1.5 1.0 DTl, TTL, RTl, CMOS hi 5 

20116 IH6216 CMOS 400 5.0 1.5 1.0 DTl, TTL, RTl, CMOS hi 5 
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Multi-Channel FET Switches· 
Electrical Characteristics @ +25°C-Military Temperature Devices 

rDS (on) 

No. of Device Switch ohms ohms 
Type Channels .. No. Technology inax(4) maxI!) 

3 MM-455 P-MOS 200 
MM-555 P·MOS 200 
G-124 P-MOS 100 
G-125 N-JFET ·500 
G-126 N-JFET 250 

G-127 N-JFET 90 
G-12S N-JFET 45 
G-129 N-JFET 500· 
G-130 N·JFET 250 
G-131 N-JFET 90 

4 G-132 N·JFET 45 
SPST G-1330 N-JFET 20 

G-1340 N-JFET 10 
G-1350 N-JFET 20 
G-1360 N-JFET 10 

MM-451 P-MOS 200 
MM-452 P-MOS 200 
MM-551 P-MOS 200 
MM-552 P-MOS 200 

5 G-116 P-MOS 100 

G-117 P-MOS 100 
6 G-115 P-MOS 100 

G-llS P-MOS 100 
G-123 P-MOS 12S 

Oill 2 MM-4S0 P-MOS 200 

MM-SSO P-MOS 200 
SPST 3 G-119 P-MOS 100 

"These tImes are dependent on the driver used. 

Your too 
No. of Device Positive Negative ns 

Channels No. volts vollS max 

0112 +9,9 -19,2 2S0 
0113 +9,9 -19,2 2S0 

2 D120 +9,9 -19.2 250 
0121 +9.9 -19.2 250 
IH6201 +14,0 -14.0 200 

4 ·0129 Vee -19,3 250 
6 D:123 Vee -19,7 250 

D125 Vee -19.7 . 250 

NOTES: .. 
1, Switch Resistance under worst case analog voltage, 
2. Positive logic 10 ("0") orhi ("I") voltage at driver input necessary toturn switch on. 
3, Logic "0" or "I" can be arbitrarily assigned lor double-throw switches, 
4. Switch 'resistance under best case analog voltage, . 

VARAFET 
roo (on) V, Is (off) loss 

n V pA mA 
Type max 'max m~x min 

IH401 30 7,5 200 45 min 
IH401A SO S. 200 3Smin 

3-4 

600 
600 
450 
500 
250 

90 
45 

500 
250 

90 

45 
20 
10 
20 
10 

600 
600 
600 
600 
450 

450 
4S0 
4S0 
sao 
600 

600 
4S0 

toff 
ns 

max 

IS00 
IS00 
600 
600 
300 

1000 
600 
600 

t., 
ns 

max 

50 
50 

Iploft) too toft Logic Input 
na· ns ns 

max max*" max* Logic Level ' type 

0,2 50 50 P-MOS .10 
20.0 50 50 P-MOS 10 

2,0 100 100 P-MOS hi 
0.05 30 50 -5VPMOS hi 
0.05 30 50 -10VPMOS hi 

0.1 30 50 -5VPMOS hi 
0.1 30 50 -10VPMOS hi 
0,05 30 50 ,--5VPMO·S hi 
0,05 30 50 -10VPMOS hi 
0.1 30 50 -5VPMOS hi 

0.1 30 50 -10VPMOS hi 
0,5 30 50 -5VPMOS hi 
0,5 30 50 -10VPMOS hi 
0,5 30 50 -5VPMOS hi 
0,5 30 50 -10VPMOS hi 

0,2 50 50 P-MOS 10 
0,2 50 50 P-MOS 10 

20,0 50 50 P·MOS 10 
20,0 50 50 P-MOS 10 
-2,5 100 100 P-MOS 10 

-0,5, 100 100 P·MOS 10 
-10,0 100 100 P.MOS 10 
-3,0 100 100 P-MOS 10 

-10,0 100 100 P-MOS 10 
0,2 50 SO P-MOS 10 

20,0 SO 50 P-MOS 10 
-.1.S 100 100 P-MOS 10 

1'0 Power 
Lo Hi Logic Input Consumption 

mA(Max) !J,A(Max) . Level (mW) 

0,7 1.0 TIL 200 
' 1.0 1.0 TIL 200 
0,7 1.0 TIL 200 
1,0 1.0 TIL 200 

1.0!J,A 1.0 TIL .350 

-0,2 0,25 TIL!OTL 100 
1,0 1.0 TILJOTL 125 
0.7 1.0 TIL 300 

t~f VanalOll VinJect 
ns Package Vp_p Vp _p 

max 4 FETS/Pkg min max 

ISO 16 Pin Dip 15 10 
ISO 16 Pin Dip 20 10 



LOWEST QUIESCENT CURRENT HIGHEST SPEED , LOWESTrDSI,", 
I 

IHS040 FAMILY and 
IH200FAMILY 
Monolithic CMOS driver gate 
combination. 

Features 
1. Very low quiescent current 

resulting in very low power 
consumption. 

2. Lowcost. , , 
3. Good speed with moderate 

r oS (on) and leakage. 
4. Overvoltage protection to 

,,25V. 
5. Can switch up to ,,'3V 

signals with" 15V supplies. 

I rl--------------------Ir---------------------'I rj------------~~~--~--'I 

IH5I40 FAMILY IHIBI FAMILY DGIBO FAMILY DG126, DG126A FAMILY arid 

Monolithic CMOS driver gate 
combination. 

Features 
1. High speed switc!). 
2. Low quiescent current 

resulting in low power 
consumption. 

3. Low leakage resulting in 
low error term. 

A. Lower cost than the compar
able speed DGI80 Family. 

5. Can switch signals almost to 
the supply rails. 

CMOS driver and Varafet gate. 

Features 
I, Low charge injection. 
2. Almost as fast as 5140 and 

DGI80 Families. 
3. Very low quiescent current 

resulting in low power 
consumption. 

4. Ultra low leakage. 

Bipolar/MOS driver with N-JFet 
gate. 

Features 
1. Low ros ionl . 
2. As fast as the IHSI40 

Family. 
3. Moderate leakage 

IH500I FAMILY 
Bipolar driver with N-JFet gate. 

Features 
, .. Low rOS lon). 

2. Only switch with true chip 
enable pin. 

3. Lowcost 
4. Moderate leakage & quies

c~nt current specifications. 

Notes , Notes Notes Notes , Notes." , , 
1. TTL, DTL, CMOS and 1. TTL and CMOS compatibhi. '1. TTL, HTL, CMOS and I. DTL, TTL, RTL compatible I. "I\' selection devices have 

PMOS compatible. 2. Pin compatible with the more PMOS compatible. 2. DGI80,183,185 and 189 higheispeeds. 
2. 5048 through 5053 and the popular members olthe 2. Pin for pin compatible have 10 {). max on resis- 2. DG426/ A family is a slightly 

IH200 family are 2-chip DGI80 Family. with DG180 Family. tance but have higher leak- downgraded version olthe 
hybrid devices with 35{)' 5140 SPST IH181, 182 Dual SPST age than others in the family. DG126/ A series. See spec 

3 5rDS04~0\hmax<Wso25;~j, 5141 DualSPST IH184,185 Dual DPST 3. hDGI8310,~4,'87andI90 'tables for comparison. 
. roug ave 5142 SPDT IH187,188 SPDT ave "max ros (,",. DGI33,134,141, DualSPST 
75{).rDS(~,max@25°C 5143 DualSPDT IHI90191 D ISPDT 4. DGI82,185,188 and 191 151,152 

5040 SPST 5144 DPST " ua have75{).maxrDS(~" DGI26,129,140, Dual DPST 
5041,S048 DualSPST 5145 Dual DPST DGI80,181,182 DualSPST 153,154 
S042,SOSO SPDT' DGI83,184,185 Dual DPST DGI43,144,146, Diff.lnput 
S043,5051 DualSPDT DGI86,187,188 SPDT 161,162 SPDT 
S044 DPST DGI89,190,191 Dual SPDT DGI39,I42,I45, Diff.lnput 
S045,5049 Dual DPST 163,164 DPDT 
S046 DPDT IH5001,5002 SPST. 
5047 4PST IHS003,5004,5005 Dual SPST 3 
5052,5053 Quad SPST 5006,S007 
200 Dual SPST 

L-2_01~:_20~2 _____ Q_u_a_d_S_P_S_T __ -L __ ~ ______ ----------L-------------------~--________________ ~ ____________________ ~ 
Notes: 
I. Intersil continues to produce the older DGIII family of switches (DGIII through (DGI25). 

The most significant feature of this family is that it has the maximum number of switches per 
package. ' " ' 

2. Intersil also markets devices that consist of drivers only (D112 through DI29 and the IH6201) 
and gates only (G115 through GI35, MM450 through MM555 and the IH401). 

For switches whose outputs go into 
the input of an Op Amp: 

For switching positive signals only: 

5009 FAMILY 5025 FAMILY 
VIRTUAL GROUND SWITCH POSITIVE SIGNAL SWITCH 

Output of switch must go into the Can switch positive signals only 
virtual ground point of an Op Amp unless a translator driver is used. 
(unless signal is <0.7V). 

Features Features 
I. Very low quiescent current I. Very low quiescent current 
2. Does not need driver, can be 2. Does not need driver, can be 

driven directly by TTL. driven directly by TTL. 
3. Low cost. 3. : Low Cost 

Notes Notes 
I. All switches in 5009 family I. All switches in 5025 family 

are SPST. are SPST. 
2. Odd numbered devices are 2. All devices can be driven by 

driven by TTL open collector TTL open collector logic. All 
logic, devices can be driven by low 

3. Even numbered devices are driven ,level TTL logic if input signal 
by TTL low level logic. is less than I V. 

4. Commonly used for signals 3. Commonly used for signals 
going into the inverting input going into the non-inverting 
ofOp,Amps. input of Op-Amps., " 

4. Odd numbered devices have 
5009,5010 quad, compensated, 1.000 max ros (on) @ 25QC. 
5011,5012 quad, uncompensated 5. Even numbered devices have 
5013,5014 triple, compensated 150 max rOS (on) @ ~5°C. 

'5015,5016 triple, uncompensated 
5025,5026 quad, common drain 501.7,5018 dual"compensated 

5019,5020 dual, uncompensated 5027,5028 quad. 
5021,5022 single, compensated 5029,5030 triple, common drain 
5023,5024 single, uncompensated 5031,5032 triple. 

5033,5034 dual, common drain 
5035,5036 dual. 
5037,5038 single. 
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FEATURES 
• Ultra Low Leakage i 100pA (Total IDoff) 
• ron <400.ohms over full signal and temperature 

range 
• Power supply quiescent current less than 1 OO/-lA '. 
• ±14V analog signal range 
• No Latch up or uS.C.R." action 
• Break before make switching 
• Binary strobe control (3 strobe inputs control 8 

channels) 
• TTL and CMOS compatible strobe control 
• Pin - Pin with DG508HI-508 &AD7508 

FUNCTIONAL DIAGRAM 

Your 
t---O--Kl~-----<> 0 

S6o---o--+o---~ 

Eo 
SWITCH 

000 ' 
b I b ~ .! ~---o En (ENABLE INPUT) 

Au 

3 LINE BINARY STROBE INPUTS 
(1 0 1) AND En Ca) SV 
ABOVE EXAMPLE SHOWS CHANNEL 6 TURNED ON. 

ORDERING INFORMATION 
PART NUMBER 

IH610BMDE 
IH610BCDE 
IH610BCPE 

IH6108 
CMOS 8 Channel 

Analog Multiplexer 

GENERAL DESCRIPTION 
The IH6108is a CMOS monolithic .. one-out-of-8 multiplexer. 
T~e part is a plug-in replacement for the DG508. Three Une 
binary 'decoding is used so that the 8 channels can be 
controlled by 3 strobe inputs; additionally a fourth input is 
provided to use as a system enable; if the enabie input is OV. 
none' of the channels can be turned' on. When the enable 
input is high (5V) the channels are sequenced by the 3 line 
strobe inputs. The 3 strobe inputs are controlled by TTL logic 
or CMOS logic elements; a "0" corresponds to any voltage 
less than d.8V and a "1" corresponds to any voltage greater 
than 2.4V: however the enable inpui En must be taken to 5V 

.·to enable the system and less than O.BV to disable the system. 

DECODE TRUTH TABLE 

A2 A1 Ao En 

x x x 0 
a 0 0 1 
a 0 1 1 
0 1 0 1 
0 1 1 1 
1 a 0 1 
1 0 1 1 
1 1 0 1 
1 1 1 1 . 

Ao. A1. A2 
Logic 'T' ~ VAH 2': 2.4V 
Logic "0" ~ VAL' 0; O.BV 

PIN CONFIGURATION 

TEMPERATURE RANGE 

I,' ON SWITCH 

NONE 
1 
2 
3 
4 
5· 
6 
7 
B···· 

PACKAGE 

-55°C to +125°C 16 oin DIP 
O°C tolO°C 16 pin DIP 
O°C to lO°C 16 pin plastic 01 P 



IH6108 
ABSOLUTE MAXIMUM RATINGS 
VIN lA, Enl to Ground, ..................... -15V to 15V 
Vs or VD to Vcc ............................... 0, -:32V 
Vs or VD -Vcc .................................. 0, 32V 
+Vcc to Ground .................................. 16V 
-Vcc to Ground ..... : ........................... -16V 
Current (Any Terminal) .......................... 30 mA 
Current (Analog Drain) .......................... 20 mA 

ELECTRICAL CHARACTERISTICS 
NO MAX LIMITS 

CHARACTERISTIC MEASURED TESTS TYP 
TERMINAL PER 25"C M SUFFIX 

TEMP --55"C 25"C 125"C O"C 

8 180 300 300 400 350 

fDS(ON) S to D 8 150 300 300 400, 350 

S .lrOS(ON) 20 

W 

I 8 0.002 0.05 50 
T (S(OFF) S 8 0.002 0.05 50 

C 1 0.03 0.1 100 

H IO(OFF) D 1 0.03 0.1 100 

8 0.1 0.2 100 

IOION) D 8 0.1 0.2 100 

I IAN{ON) or Ail. A1 or A2 3 .01 cl0 -30 

N IAN(OFF) Inputs 3 .. 01 10 30 
p Ao A1 

U 12n A2 3 -10 -30 

T En 1 -10 -30, 

hransition D 0.3 1 

o topen D 0.2 

Y ton(En) D 0.6 1.S 

N toff(En) D 0.4 1 
A "OFF" (solation D 60 

M 
I CslOFFI 5 

C CoIOFF) 25 

Cos(OFFI 1 

S i13(+Veel 
U 

+Vee 1 40 200 

P i3(-Veel -Vee 1 2 100 

~ 113 Standby +Vee 1 1 100 

Y i3 Standby -Vee 1 1 100' 

NOTE 1: See Section I. Enable Input Strobing Levels. 

VA 
Ir < lOOns 

Current (Analog Source) .... ; ................... 20 mA 
Operating Temperature .................. -55 to 125°C 
Storage Temperature .................... --B5 to 150°C 
Power Dissipation (Package)' ................. 1200 mW 

• All leads soldered or welded to PC board. Derate 10 mW/o C above 
70°C. 

. TeST CONDITIONS 

UNIT (UNLESS OTHERWISE NOTED) 

C SUFFIX +Vee = 15V, -Vee = -15V, Ground = OV 

25"C 70"C YEn = +5V (Note 1) 

350 450 Vo = 10V. Is = -1.0mA -, Sequence each switch on 

350 450 11 Vo - -10V. Is - -1.0mA I VA(L) - 0.8V. VA(H) - 2.4V 

rOS(ON)MAX ~rOS(ON}MIN 
% ..lrOS(ON) = -10V';Vsl0V 

ros(ONIAVG. 

0.1 50 Vs - 10V. Vo ~ -10V 

0.1 50 Vs = ~10V. Vo = 10V 

0.2 100 NA Vo - 10V. Vs - -10V VEn - 0 

0.2 100 Vo = -10V, Vs = 10V 

0.4 100 Vs All - Vo - 10V Sequence each switch on 

0.4 100 VSIAII) = Vo = -10V VAIL) ~ 0.8V. VA(H) = 2.4V 
-10 -30 VA = 2.4V or OV 
10 30 VA = 15V or OV 

MA 
-10 -30 YEn SV All VA = 0 IStrobe pinsl 
-10 -30 YEn a I 

See Fig. 1 

See Fig. 2 

MS See Fig. 3 

dB VEn ~- 0, RL - 20011. CL - 3pF. Vs - 3 VRMS, 

f = 500 kHz 

Vs = 0 
pF Vo = 0 YEn ,.OV. f 140 kHz to 

1 MHz 

Vs = O. Vo = 0 

1000 

1000 VEil 5V 

1000 MA All VA - o OR SV 

1000 YEn 0 

3V 

tf < lOOns O.BV--1I----S0%------1I---

v," 
IH6108 

53 
54 
55 
56 
57 
58 

ltransitlon(8-1) 

-----il+l0V 

VOUT 
VSl = +10V 
Vis ~ -10V 

VOUT 
VS1 ~ -10V 
VS8 ~ +10V 

ttransltlOn( 1-8) 

ir-=;;;.;-;!9V:!..._-4I. -10V 

___ --'-lOV PROBE IMPEDANCE 
Rp 21M!! 

ttransltion(8-1 ) 

Figure 1. ltrans'llion Switching Test 
CP S 30pF 

t--Sl0N--l f--580N __ 
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IH61 08 
+15V 
+Vcc 

r--"'~~~--<>, -2V 

L~--i..,...;..,;J~:g:TE-::r:: Your 
35pF 

V2n J tr < loons· " , 
If < lOOns' , , ,O.BV 

Your Vs; ~ -2V 

51 ON 

3V 

\'-----'"=, O.BV 

Figure 2.' topen ,Break-Before-Make, Switching Test 

YEn 

:'.i 

+15V 
+Vee 

r--------~l-~5~1~~ __ 
• .....;,.",,0 VS1 

IH6108 
52 THRU 5B 

L.,..~ __ .:.;,...Jr--=~-r=-:C~'VOUT 
35pF, 

-Vee 

; VEn 

tr < lOOns 
If < lOOns 

O.BV 

Your OV 

. 5V 

,FigurE! 3. ton and toffSwitehing 'Test 

IH6108 APPLICATION INFORMATION 

I. Enable Input Strobing Levels 

The chip enable input ori the lH6,1,Oa. requires a mi,nimum of 
+4.5V to trigger it into the "1" state and a maximum of +O.BV to 

DM7404N 
TTL LOGIC 

14 +5V 1Kll 

+3V 

~ 

trigger it intothe ;'0" state. If the' chip enable input isbeing 
driven from TTL logic, a pull-up resistor is required from ihe 
gate output tq+5V supply. The value of this resistor is not 
critical and can be in the 1K to 3Kll range ,See Figure 4,. 

, \ 

Vour 

Figure 4. Enable Input Strobing from TTL Logic 
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IH6108 APPLICATION INFORMATION (CONT.) 

When the En input is driven from CMOS logic, no puliup is necessary. Fig. 5 shows the CD4009 driving the En input. 

Figure 5. Enable Input Strobing from CMOS Logic 

The Supply Voltage of the CD4009 does affect the switching speed of the IH6108. ,same is true for TTL Supply Voltage Levels, 
The chart below shows the effect, on ttransltlon times, of supply varying from +4.5V to+5.5V. 

CMOS OR TTL SUPPLY VOLTAGE 
+4.5V 

+4.75V 
+5.00V 
+5.25V· 
+5.50V 

TYPICAL ttransition @ 25° C 
400ns 
300ns 
250ns 
200ns 
175ns 

The throughput rate can therefore be maximized by using a +5V to +5.5V su'pply for the Enable Strobe Logic. 

The cases shown in Figures 4 and 5 deal with enable strobing when expandability to more than eight channels is required. In 
these cases the En terminal acts as a fourth binary input. If eight channels or less are being multiplexed, the En terminal can be 
directly connected to +5V logic supply which would "enable" the IH6108 at all times. 

3-9 
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IH6108 APPLICATION INFORMATION (CONT.) 

APPLicATIONS 

II. Using the IH6108 with supplies other than ±15V 

The IH6108 can be used with' power supplies ranging from 
±6V to ±16V, The switch rDS(ON) will il'1crease as the supply 

.voltages decrease. However, the multiplexer error term, the 
product of leakage times rDS(ON) will remain approx'imately 
constant since leakage decreases as the supply voltages are 
reduced. 

Caution must be taken to ensure that the chip enable' En 
, voltage is at least O,7V below Vee at all times.' If this is not 

done the binary:input strobing levels .will not function pro
perly, This may be achieved quite simply by connecting En 
pin 2 to tVee, pin 13 via a silicon diode as shown in Figure 

6. If the IH6108 is hooked up in this type of a configuration 
a further requirement must be met - the strobe levels at 
Ao and Al.must be within 2.5V of the En voltage'to define a 

binary "1" state, For the case shown in Figure 6 the En voltage 
is 11:3V which means that logic high at Ao and Al is = +8,8\( 
,logic low continues to be = O,8V '. In this configuration the' 
IH6108 cannot bedriven by TTL, +5V, or CMOS ;+5V, logic, 
It can be driven by TTL open collector logic or CMOS logic 
with +12V supplies, 

If the logic and the IH6108 have common supplies the 'En pin 
should again be connected to the supply through a silicon 
diode. In this case tying En to the logic supply directly will 
hot work since it will violate the O,7V differential voltage re
quired between +Vee and En on the IH6108 ,See Figure .7,. 
A1'l1f capacitor can ,be placed across the diode to minimize 
switching glitches: 

. Figur~ 6. IH61?8 Connection Diagram .lor less than ~ 15V Supply Operation. 
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IH6108 APPLICATION INFORMATION (CONT.) 

IN914 OR ANY SILICON DIODE 

Figure 7. IH6108 Connection Diagram with Enable Input Strobing lor less than' 15V Supply Operation 

III. Peak-Io-Peak Signal Handling Capabilily 
The IH6l08 can handle input signals up to i l4V actually 
-15V to +14,3V when it has of l5V supplies, The input pro
tection diode prevents, the handling of signa'is up to j l5V 

PACKAGE DIMENSIONS 

16 Pin Ceramic Dual-In-Line Pa~kage (DE) 

.060 (1.524) .110 (2.794) .070 (1.778) .023 (.584) 
:025 (.635) .090 (~.286) .030.(.762) .014 (.356), 

.320 (8.128) 

.290, (7 .~66) 

The electrrcal specifications of the I H6l08 are guaranteed 
for ; 10V signals but the specifications have very minor 
changes for; l4V signals, The notable changes would be 
slightly lower rDSlonl and slightly higher lea·kages. 

16 Pin Plastic Dual-In-Line Package '(pE) 

c:::::r+""'",, ... 
_I 1--~~.7781 ' 320'(8128) 

.030 (.762) ~ .130 (3.302) ~ 

';"i:~'l~"f AI' "-I' 
',I ----':;-25(3,175) 0, '0' 00 _0015 (.381) 
, . ~ NIIN . ---,' .OOB {.2031 

"-I 1--11- I 400 (1016;1 
:~~~ :~:~~cii ~~~~+;-ffi .330 (8.382) 
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O~OIL IH6116 
CMOS 16-Channel 

Analog Multiplexer (One out of 16) 

FEATURES 
• Pin Compatible with DG506, HI·506 & AD7506 
• Ultra Low Leakage :s100pA 
• :t 11Vanalog signal range 
• ron <700 ohms over full signal and temperature 

range 
• .Break before make switching 
• TTL and CMOS compatible strobe control 
• Binary strobe control (4 strobe inputs control 16 

channels) 
• Two tier submultiplexing to facilitate expandability 
• Power supply quiescent current less than 100ILA 
• No Latch up or "S.C.R." action 

FUNCTIONAL DIAGRAM 

s,~o~ 

S2~~ 
>--------

S3~~ 

S4~~ 

.~~ .~ . 
s,~ 'cr--

s, cY-" ' cr--

59' ,~ VOU,TIO) 

s,,~~U ,'cr--

·s,,~o---

S'2~O---

S'3~O---
I 

S'4~O---

s,,~o---
~ 

S'6~cr--
TO DeCODE LOGIC 
CONTROLLING BOTH 
TIERS OF MUXING 

0 [) 0 0 
! I I ! 1J 1, A~ a EN (ENABLE INPUT) 

AD .0 A1. 

'4 LINE BINARY STROBE INPUTS 
(0 0 0 1) AND EN @ 5V 
ABOVE EXAMPLE SHOWS CHANNEL 9 TURNED ON 

ORDERING INFORMATION PART NUMBER 
I IH6116MDI 

IH6116CDI 
IH6116CPI 
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GENERAL DESCRIPTION 
The IH6116 is a CMOS monolithic, one·out·of 16 multiplexer, 
and is a plug·in replacement for the DG506. Four line 
binary decoding is used so that the 16 channels can be 
controlled by 4 strobe inputs; additionally a fifth input is 
provided to use as a system enable; if the enable input is 
OV, none of the channels can be turned on. When the 
enable input is high (5V) the channels are sequenced by 
the 4 line strobe inputs~ The 4 strobe inputs are controlled 
by TTL logic or CMOS logic elements; a "0" corresponds to 
any voltage less tha·n 0.8V and a "1" corresponds to any 
voltage greater thaI) 3V; however the enable input (EN) 
must be taken to 5V to enable the system. and less than 
0.8V to disable the system. 

DECODE TRUTH TABLE 

A3 A2 A, Ao EN ON SWITCH 
x x x x a NONE 
a a a a 1 1 
a a a 1 1 2 
a a 1 a 1 3 
a a 1 1 1 4 
a 1 a a 1 5 
a 1 a 1 1 6 
a 1 1 a 1 7 
a 1 1 1 1 8 
1 a a a 1 9 
1 a a 1 1 10 
1 a 1 a 1 11 
1 a 1 1 1 12 
1 1 a a 1 13 
1 1 a 1 1 14 
1 1 1 a 1 15 
1 1 1 1 1 16 

Logic "1" - VAH 2: 3.0V 
Logic "a" = VAL :s 0.8V 

PIN CONFIGURATION 

v~ ~...-v- ~ D(VOUT) 
NC 2 2~ V2 
NC 3 2~ 58 
516 4 I 2~ 57 
515 1=., 2~ 56 

514 6 2~ 55 

513 ~ 1,:54 
512 8 21 53 
511 9 ~~2 510 10 r 89m 

GNOf12 17 AO 

NC [iJ 16 A1 
A3 [14 15 A2 

TOP VIEW 
V 1 COMMON TO SUBSTRATE 

TEMPERATURE RANGE PACKAGE 
-55°C to +125°C 28 pin DIP 

O°C to 70°C 28 pin DIP 
O°C to 70°C 28 pin Plastic DIP 
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ABSOLUTE MAXIMUM RATINGS 
VIN (A, EN) to Ground ........................ -15V to 15V CurrenUAnalog Source) ......................... 20 mA 
Vs orVo to V1· .................................... 0,-32V Operating Temperature .................... -55 to 125°C 

IVsorVotoV2 ..................................... 0,32V Storage Temperature ...................... -65 to 150°C 
V1 to Ground ....................................... 16V PowerDissipation(Package)* ................... 1200mW 
V2toGround ...................................... -16V 
Current(AnyTerminall ........................... 30mA • All leads soldered or welded to PC board. Derate 10 mW/o C above 

70°C. Current (Analog Drain) .............. '.' . . . . . . . . . .. 20 mA 

ELECTRICAL CHARACTERISTICS 
NO , 

CHARACTERISTIC MEASURED TESTS TYP 
TERMINAL PER 25'C M SUFFIX 

TEMP -55'C 25°C 

16 480 600 600 

rOSION) Sto 0 16 300 600 600 

S arOSION) 20 
W 
I .16 0.01 0.1 
T ISIOFF) S 16 0.01 0.1 
C 1 0.1 0.2 
H 10 OFF 0 1 0.1 0.2 

16 0.1 0.2 

1010N) 0 16 0.1 0.2 
I IANION) or 4 .01 10 
N IANIOFF) 4 .01 10 

P AD A, 
U IA A2 A3 4 -10 

T EN 1 -10 

ttransition 0 0.6 1 

o topen 0 0.2 .. 
Y ton(En) 0 0.8 1.5 

N 10illEni 0 0.3 1 

A "OFF" Isolation 0 60 

M 
I CsIOFF) 5 
C CoIOFF) 40 

CosIOFF) 1 

B h V, 1 55 200 

P 12 V2 1 2 100 
P h Standby V, 1 1 100 
~ 12 Standby V2 1 1 100 

NOTE 1: See Section V. Enable Input Strobing Levels. 

V,n 

":' ":' 

51 
S2 
53 
54 
55 
56 
57 
58 
S9 -=-

S10 
511 
512 
513 
51. 
515 

EN 516 

DF'-'-r---"-< 
....,--~--_r::_' RP:~ ;hcp 

~. 'I 

.... -':.!:-~ROBE IMPEDANCE 
-- Rp 2! 1Mn 

CP s 30pF 

MAX LIMITS TEST CONDITIONS 
UNIT (UNLESS OTHERWISE NOTED) 

C SUFFIX V, = 15V, V2 = -15V, Ground = 0 

125'C O'C 25'C 70'C VEN = +SV (Nole 1) 

700 650 650 750 Vo= 10V.ls=-1.OmA Sequence each switch on 
700 650 650 750 n vo= -10V.ls= -1.0mA VAIL) - 0.8V. VAIH) - 31i 

rOSION)MAX -rOSION)MIN 
% arOSION) = 10V SVs10V 

rosION)AVG. 
50 0.2 50 Vs - 10V. Va - -10V 
50 0.2 50 Vs - -10V. Va - 10V 
100 0.4 100 NA Va - 10V. Vs - -10V VEN = a 
100 0.4 100 Va = -10V. Vs = 10V 
100 0.4 100 VSIAII) - Va - 10V Sequence each switch on 
100 0.4 100 VSIAII) - Va - -10V VAIL) = O.BV. VAIH) = 3V 
30 -10 -30 VA - 3.0V 

30 10 ·30 VA 15V 
)l.A 

-30 -10 -30 VEN = 5V All VA.= 0 
-30 -10 -30 VEN = 0 I 

See Fig. 1 
See Fig. 2 

1'5 See Fig. 3 

dB VEN - O. RL - 200n, CL - 3pF. Vs - 3 VRMS. 
f = 500 kHz 
Vs ='0 

pF Va = 0 VEN = O. f = 140 kHz to 
1 MHz 

Vs = O. Va = 0 
1000 
1000 VEN = 5V 
1000 I'A All VA = 0 OR 3V 

1000 VEN = 0 

VA 3V 
tr < 100n5 
tf <: 100"8 O.BV --j~-- 50% ---\--

Itra.nSItlon(16-1) 

---"'+10V 

YOUT 
VSl "" +10V 
VS16 = ~10V 

Your 
VSt = -lOY 
VS16 = +10V 

1i"=;;;;.:-:!9V~_....!J "':10V 

___ ...... -10V 

1,,(ln!,I,on/16-11 

Figure 1 

I--S10N--1 

I 
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IH6116 

Vm 

Your VSl 

51 ON 

+lSV 
V, 

A3r------~~_,--~Sl~~~--~~ 2V 

L...,...--...,..':"-r-.t6-:-:?--J:-~ Your 
35pF 

v, 

3V 

\ 0.8V 
'------'--

2V __________________________________ ~ __ 

EN 
I,· 100ns 
I" lOOns 

O.BV 

Your 
OV 

VSl SY 

+15V 
V, 

O~OIb 

A3r--------~_,--S~1~~--~--~ v" 
52 THAU 516 

OUT 

L..,...------r-.t~-:-:~~-:l~ Your 
35pF 

Figure 2 Figure 3 

IH6116 APPLICATIONS 

I. lout 0132 channel multiplexer using 2 IH6116s, 

s, 

S" 
Ao 
A, 
M 
f<J 

EN 

Vour 

S" 
* TTL OR 

CMOS 
INVERTER 

S3' 
Ao 
A, 
A, ,,, 

A, 
EN 

'TTL gate must have resistor 
pullup to drive EN input. 

Figure 4 

DECODE TRUTH TABLE DECODE TRUTH TABLE 

A4 A3 A2 Al Ao ON SWITCH A4 A3 A2 Al Ao ON SWITCH 
0 .0 0 0 0 51 1 0 0 0 0 517 
0 0 0 0 1 52 1 0 0 0 1 518 
0 0 0 1 0 53 1 0 0 1 0 519 
0 0 0 1 1 54 1 0 0 1 1 520 
0 0 1 0 0 55 1 0 1 0 0 521 
0 0 1 0 1 56 1 0 1 0 1 522 
0 0 1 1 0 57 1 0 1 1 0 523 
0 0 1 1 1 58 1 0 1 1 1 524 
0 1 0 0 0 59 1 1 0 0 0 525 
0 1 0 0 1 510 1 1 0 0 1 526 
0 1 0 1 0 511 1 1 0 1 0 527 
0 1 0 1 1 512 1 1 0 1 1 528 
0 1 1 0 0 513 1 1 1 0 0 529 
0 1 1 0 1 514 1 1 1 0 1 530 
0 1 1 1 0 515 1 1 1 1 0 531 
0 1 1 '1 1 516 1 1 l' 1 1 532 
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'IH6116 APPLICATIONS 

II. 1 out of 32 channel multiplexer using 2 IH6116s; using an IH5041.for submultiplexing: 

s, 

S" 
Aa 
A, 

Vl VI 
+5V +15V .., 

A3 

~N 

YOUT 

S" 
• TTLOR 

CMOS 
INVERTER 

S" 
Aa 
A, 
A, 

A:! 
A, 

EN 
-TTL Inverter must have resistor 
pullup to drive EN Input. 

. Figure 5 

DECODE TRUTH TABLE DECODE TRUTH TABLE 
A4 A3 A2 Al Ao ON SWITCH A4 .A3 A2 Al Ao ON SWITCH 
0 0 0 0 0 51 1 0 0 O. 0 517 
0 0 0 b 1 52 1 0 0 0 1 518 
0 0 O· .1 0 53 1 0 0 1 0 519 
0 0 0 1 1 54 1. 0 0 1 1 520 
0 0 1 0 0 55 1 0 1 0 0 521 
0 0 1 ·0 1 56 1 O· 1 0 1 522 
0 O. : 1 1 0 57 1. 0 1 1 0 523 
0 Ii 1 1 1 58 1 0 1 1 1 524 
0 1 0 0 0 59 1 1 0 0 0 525 
0 1 0 0 1 510 1 1 0 0 1 526 
0 1 0 1 0 511 1 1 0 1 0 527 
0 1 0 1 1 512 1 1 0 1 1 528 
0 1 1 0 0 513 1 1 1 0 0 529 
0 1 1 0 1 514 1 1 1 0 1 530 
0 1 1 1 0 515 1 1 1 1 0 531 
0 1 1 1 1 516 1 1 1 1 1 532 
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IH6116 APPLICATIONS 

III. 1 out of 64 multiplexer using41116sand IH5053 as submultiplexer, 

TTU'CMOS" INVERTER 

=D-. _O[Y~ , 
INPUTS J.!! 

TTL/CMOS NOR GATE 
Ao IH6116 Ao 

A, 'v VL V, 
A, A2 MUX I T ...- A3 

A3 

J ENABLE 

I 
S, .... 

0, 
IN, 

I , 
" 

IN, 

ANALOG! -r , 
I 

S'~ 0, INPUTS· .lE 

U Ao IH6116 
A, 1 OUT OF 16 
A, MUX 

"" 
A3 

As 
,v J ENABLE 

I 
IH5053 ~ Your 

1'1:'-
ANALOG! T 

INPUTS ~ 

Ao IH6116 
A, 1 OUT OF 16 

A, MUX 

-- A3 

)/ 
ENABLE 

I 
S3.-:1fi. 

03 - I ,. IN3 i 
" 

IN" 

ANALOG! T 
, 
I 

541.-c 
'. .INPUTS. ~ 0, 

W Ao IH6116 

lVR bv, A, 10UTOF16 

A, MUX -15V 

~, 
A3 

ENABLE 

1 *TTL' gate must have resistor 
pullup to +5V to drive "EN" Inpul. 

Figure 6 
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IV. GENERAL NOTE ON EXPANDABILITY OF 
IH6116 

The IH6116 is a two tier multiplexer wherein sixteen input 
channels are routed to a common output in blocks of 4 
channels at a time. Each block of 4 input channels is routed 
to one common output channel; thus the submultiplexed 
system looks like 4 blocks of 4 inputs routed to 4 different 
outputs, and the 4 outputs are all tied together. Thus 20 
switches are needed to handle the 16 channels of 
information. The advantage of this scheme is lciwer output 
capacity . and· lower leakage than a system with all 16 
channels tied to one common output. Also the expanda
bility into 32, 64, 128,etc. is facilitated. Figures 4,5, and 6 
show how the IH6116 is expanded. . 

O~OIL 
Figure 6 shows a 1 out of 64 mux using 3 tier muxing (similar 
to Figure 5 application). The Intersil IH5053 is used to 
get the third tier of muxing. The Vout point will see 3 off 
channels and 1 on channei.at any time so that the typical 
leakages will be about 0.4 nA. Thruput channels resistance will 
be in the 550 ohm area and thruput switching speeds will be 
about 1.31's for on time and 0.81's for off time. 

The IH5053 was chosen as the third tierof the mux because it 
will switch the same AC signals as the IH6116 (typically plus 
and minus 11V) and break before make switching is 
guaranteed so that the muxing system remains a oreak
before-make. Also power supply quiescent. currents are 
typically 11'A from any supply, so that no excessive system 
power is generated. Also the logic of the 5053 is such that it 
can be. tied directly to the enable input (as shown in 'the 
figures) with no extra logic being required. 

V. ENABLE INPUT STROBING LEVELS 

Figure 4. shows a.1 out of 32 multiplexer using 2 of the 
IH6116s. Since the 6116 is itself a 2 tier mux the system as 
shown is basically a 2 tier system. Now the· four output 
channels of each 6116 are tied together so that 8 channels are 
tied for theVout common pOint Since only one channel Of 
information is on at a time, the common output will consist of 
7 off channels and 1 on channel. Thus the output leakage will 
correspond to '7 10(01Is) and.1 10(on); this should result in 
about 1:0 nA of typical leakage at room temperature. Thruput 
speed will be typically 0.81's for ton and 0.31's fortoff. Thruput 
channel resistance will be in the 500 ohm area. 
Figure 5 shows the same 1 out of 32 mux as Figure 4, except 
that a third tier of submultiplexing is added to further reduce 
leakage and output capacity. The IH5041 has typical on 
resistances of 50 ohms (max. is 75 ohms) so it only increases 
thruput channel resistance from the 500 ohms of Figure 4 to 
about 550 ohms for Figure 5. Thruput channel speed is a 
litlle slower by about 0.5l'sfor both on and off time. Output 
leakage is about 0.2 nA typical. 

The enable input(EN) acts as an enabling or disabling pin for 
the IH6116, when used as a 16 channel mux; however, when 
expanding the mux to morethan 16channels, the EN pin acts 
as another address input. As an example, we see in 
Figures 4 and 5 that the EN pin acts as the A4 input. 

PACKAGE DIMENSIONS 

. 28 Pin Ceramic Package 

Forthe system to function properly the EN input (pin 18) must 
go to 5V ±5% for the high state and less than 0.8V for the low I 
state. When using TTL logic, a pull-up resistor should be 
used to pull the outp. ut voltage up to 5V; this resi. stor should 
be 1k ohm or less. When using CMOS logic, the high state 
goes up to the power supply so no pull-up is required. 

28 Pin Plastic Package 

1113.87) 
fTnTTT1:rmTmrrrrm:rm:rrrlJ.005 (G.121) 

1 ___ 1.47~::338)_ 
D.6OD(152', D.GIO 0.130 (U02) 
O.uo(15.7",-"1 (1.524) ~_O'Oto(1'21) t 0.005 (O.1Z1) 

,t--'-~--I--
fL-::=:::::-'I-' Ji. o.oat (0.221), ----rT. 

O.o15(O.3l1)! 'j,".oz:'(o.5ae) 
I-- o.us ---I -11- -l l 0.100(1.1<', J~ 0.125 MIN. 

(11.1751 0.01l:!: o.D15 TYP. O.OllIUSJ) (3.175) . :::(t::::: (t.t05!.G..J") to.OD)(O.OTf) MIN. 

28 Pin CerDiP Package 

NOTE: This multiplexer does not require external resistors. and/or diodes to eliminate what is commonly known as a latch up or SCR action. 
Because of the elimination of external resistors in each channel the rOS(ON) of the switch is maintained at specified values. 
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FEATURES 
• Ultra low leakage:::; 100pA (TotaIIDoff) '. 
• . ron < 400 ohms OVer hill signal and temperature. 

range .. '. .' '. 
• Power supply quiescent current less tha'n 100ilA 
.±14V analog signal range , . 

' .• No latch up or, "S.C.R." action 

I 

3-18 

• Break before make switching , 
• Binary strobe control (2 strobe inputs controls 2 out 

of 8 channels). 
• TTL and CMOS compatible strobe control 
• Pin - Pin with i-U509, DG509 &AD7509 

FUNCTIONAL DIAGRAM 

. S1.0---+<0,---:---,--, 
. (' 

S2.~o--""" 

• S3.~C>' '---',-.. 
En SWITCH 
, ·1 ,,,:, 

'---0--;'-' -+0>------ 0, 

'S1b C>----.c)----, 

S2b~0------, 

S4b~o-' -,-,--".J 

g .... ~ .. . ~ . . 
,. ,. 

Ao' '. A, 
.' O. 

,En (ENABLE INPUT) sV 

2 LINE BINARY STROBE INPUTS 
(0 0) AND'En = SV (En = "1" FOR +sv, "0" FOR OV) 
ABOVE EXAMPLE SHOWS CHANNELS 1. & 1b ON: 

'ORDERING 'INFORMATION '. 
PART NUMBER 

IH620BMDE 
IH620BCDE 
IH620BCPE 

IH6208 ·CMOS 
4·ChanneIDiHere"tial 

Analog Multiplexet 

GENERAL DESCRIPTION 
The IH620Bis a 2 out of B CMOS monolithic multiplexer. The 
part is a plug-ip replacement for the DG509. Twq.line binary '. 
decoding is used so'that the B channels can be controlled. in. 
pairs by' the' binary inputs; additionally a . third. input is ' 
provided to use asa system enable; if the enable il)putis OV, 
none of the channels can be turned on. When the eriable 
input is high (5V) the channels are sequenced by the 2 line' 
binary inputs. The 2 strobe inpuis are controlled by TTL logic 
or CMOS logic elements; a "0" corresponds to'any voltage 
less than O.BV and a "1" corresponds to allY voltage greate'r 
than 2.4\/; however the enable input (Eri) must be taken to 5\1 
to enable the system and less than o,.BV to disable the,sY,stem: . 

DECODE TRUTH TABLE 

.ON 
Al Ao' 'En" SWITCH' 

PAIR, 

X X 0 . NONE 
0 0 1 1a,1b . 
0 i 1 2a,2b' 
1" 0 1 . 3a, 3b 

1 1 '4a; 4b 

Ao, Al 

LOGIC "1" '= VAH >2.4V 
, LOGIC "0" = VAL <' O:BV 

PIN CONFIGURATION 

".' , 't 

TEMPERATURE RANGE ' , PACKAGE' ' 
-.'i5°C to +125°C 16 pin DIP 

O°C to 70°C 16 pin DIP 
O°C to 70°C 16 pin Plastic'DIP 

" 

. ~', . .'" 

.,' 



IH6208 
ABSOLUTE MAXIMUM RATINGS 
VIN lA, En) to Ground """""""""""'" -15V, V1 

Vs or VD to Vee """"";"""""""""" 0, -32V 

Vs or VD to Vec "'''" •.• "."" •••••••• " .•. " O. 32V 

+Vec to Ground •••••••••••••••.••••••••• ;......... 16V 

-Vee to Ground "." .• "" •• "".".; •• ".".... "':16V 
Current (Any Terminal) ••••••••••••••.••..•.••.•. 30 mA 

Current (Analog Drain) " ..••. " ••••• " •••. " .••• 20 mA 

ELECTRICAL CHARACTERISTICS 
NO 

Current (Analog Source) •••••••• • • • • • • • • • • • • • • •• 20 mA 

Operating Temperature ••••.••••••••••••• -55 to 125°C 

Storage Temperature •••••••••••.•••••••• -65 to 150°C 

Power Dissipation (Package)' ••••••••••••••••• 1200 mW 

• All leads soldered or welded to PC board. Derate 10 mW/oC above 
70°C. 

TEST CONDITIONS 

CHARACTERISTIC MEASURED TESTS TYP MAX LIMITS UNIT (UNLESS OTHERWISE NOTED) 

TERMINAL PER 2SoC M SUFFIX C SUFFIX 
TEMP --5So C 2SoC 12S0C O°C 2SoC 70°C 

8 180 300 300 400 350 350 450 

fOS(ON) S to D 8 150 300 300 400 350 350 450 

S .lroslON) 20 

W 
I 8 0.002 0.05 50 0.1 50 

T ISIOFF) S 8 0.002 0.05 50 0.1 50 

C 2 0.03 0.1 50 0.2 100 

H 1010FF) D 2 0.03 0.1 50 0.2 100 

8 0.1 0.2 50 0.4 100 

10 ON) D 8 0.1 0.2 50 0.4 100 

I IAN(ON) or 2 .01 . -10 -30 -10 -30 

N IAN(OFF) 2 .01 10 30 10 30 
P 

U 12n Ao Al 2 -10 -30 -10 -30 

T En 1 -10 -30 -10 -30 

ttransition D 0.3 1 

topen D 0.2 
D 

ton(En) D 0.6 1.5 . 
Y 

toff(En) D 0.4 1 
N "OFF" Isolation D 60 
A 
M 
I Cs(OFFI 5 

e ColOFFI 12 

CoslOFFI 1 

S 1141+Veel +Vee 1 40 200 1000 

~ i3 I-Vee I -Vee 1 2 100 1000 

r 1,4 Standby +Vee 1 1 100 '1000 

Y i3 Standby -Vee 1 1 100 1000 

NOTE 1: See Section I Enable Input Strobtng Levels. 

SWITCHING INFORMATION 

3.0V 

1.4V 

O.BV !----..... I 

VSlb f-----~ 
O.9VSlb 

O.9VS4b 
VS4b 

Itransition 

Figure 1. ttransltlon Switching Test 

II 

% 

NA 

"A 

"s 

dB 

pF 

"A 

+Vee = 1SV. -Vee = -1SV. Ground = OV 
VEo = +5V (Note 1) 

Vo = 10V, Is = -1.0 rnA Sequence each switch on 
Vo = -lOV, Is = -1.0 rnA!VAIL)=0.8V, VAIH)=2.4V 

rOS(ON)MAX -rOS(ON)MIN 
.lrOSION) • 10V OS Vs 10V 

roslON) AVG. 

Vs - 10V, Vo- 10V 
Vs - -10V, Vo - 10V 
Vo = 10V, Vs = -10V VEn = 0 

Vo - -10V, Vs - 10V 

VSIAII)= Vo = 10V S~quence each switch on 
VSIAIII = Vo - -10V VAIL)=0.8V, VAIHI=2.4V 
VA - 2.4V or OV 
VA=15VarOV 

VEn = 5V All VA = 0 
VEn = 0 !IStrabe Pinsl 
See Fig. 1 
See Fig.,2 

See Fig. 3 

VE" = 0, RL = 200ll, CL = 3 pF, Vs = 3 VRMS, 
f = 500 kHz 

Vs = 0 
Vo = 0 

Vs. = 0,. Vo = 0 

VEo 0 5V 

VEn ::0 0 

Al 

Ao 

51. 
52. 
53. 
54. 

51b 
52b 

53b 

54b 

IH620a 

VEo = 0, f = 140 kHz to 
1 MHz 

All VA = OOR 5V 

-=-

C' ' :f Rp ~T: Cp 

~-~-~ PROBE IMPEDANCE 
Rp ? 1M!! 
Cp S 30pF 
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IH6208 
+15V 
+VCC 

l.~ ______ ~JI~~r:::~t::VOUT 
35pF 

Figure 2. topen I Break-Before-Make, Sy;itching Test 

YEn 
tr & tf:S 100';5 

+5V , I 

~------~~'-----:--\..,,-----..... ---
tOFF(En) 

OV ~----~~---t--~~----~--~~-----
O.lVo 

SWITCH OUTPUT 
Your 
(SEE FIG. 3), 

O.9VO 
V.o 

_SV 

Al 

'+15V 
+Vcc 

r---------.. ~~~S~l~b ______ -o-SV 

I) eo,,,, ,. '"" '"0'", ' .. ","m, ,,;0 

IH6208 APPLICATION INFORMATION 

3-20 

I. Enable Input Strobing Levels 

, The chip enable input on the IH6208 requires a minimum of 
+4.5V totrigger it il")to'the "1" state and a maximum of +0.8V to 

,D,M7404N 
TTL LOGIC 

lK' 
14 i"5V 

trigger it into the "0" state. ff the chip enable input is being 
driven from TTL logic, a pull-up resistor is required Tram the 
gate output to +5V supply. The value of this resistor is not 
critical and can be in the 1 Kta 3Kll range (See Figure 4>: 

Figure 4. Enable Input Strobing from TTL Logic 



IH6208 
IH6208 APPLICATION INFORMATION (CONT.) 

When the En input is driven from CMOS logic, no pullup is necessary. Fig. 5 shows the CD4009 driving the,En input. 

+5V 

CD4009 
CMOS LOGIC 

Figure 5 

The Supply Voltage of the CD4009 does affectthe switching speed of the IH6208 Iwith the same being true for Supply Voltage 
Levels I. The chart below shows the effect, on transition times, of supply varying from +4.5V to +5.5V. 

CMOS OR TTL SUPPLY 
+4.5V 

+4.75V 
+5.0V 
+5.25V 
+5.50V 

TYPICAL ttransition @ 25°C 
400n5 
300ns 
250ns 
200ns 
175ns 

The throughput rate can therefore be maximized by using a +5V to +5.5V supply for the Enable Strobe Logic. 

The cases shown in Figures 4 and 5 deal with enable strobing when expandability to more than four differential channels is 
required. In these cases the En terminal acts as a third binary input. If four channel pairs or less are being multiplexed, the En 
terminal can be directly connected to +5V logic supply which would "enable" the IH6208 at all times. 
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IH6208 I 
IH6208 APPLICATION INFORMATION (CONT.) 

APPLICATIONS 

II. Using the IH6208 with supplies other than ±15V 

The IH6208 can be used with power supplies ranging from 
±6V to ±16V. The switch rOS(ON) will increase as the supply 
voltages decrease. However. the multiplexer error term I the 
product of leakage times rOS(ON) will remain approximately 
constant since leakage decreases as the supply voltages are 
reduced. . 

Caution must be taken to ensure that the chip enable, En, 
volt(lge is at least O.7V below Vee alall times. If this is not 
done the binary input strobing level~ will not function pro
perly. This may be achieved quite simply by connecting En 
,pin 2, to +Vec ,pin 14, via a silicon diode as shown in Figure 
6. If the IH6208 is hooked up in this type of a configuration 
a further requirement must be met - the strobe levels at· 
Ao and Al must be within 2.5V of the En voltage. to define a 

IN914 

binary "1" state. For the case shown in Figure6 the En voltage 
is 11.3V which means that logic high at Ao and Al is = +8.8V 
dogic low continues fo be =O.8V,. In this configuration the 
IH6208 cannot be driven by TTL I +5V 1 or CMOS I +5V >.logic. 
It can be driven by TTL open collector logic 'or CMOS logic 
with +12V supplies. 

If the logic and the IH6208 have common supplies the En pin 
should again be connected to the supply through a silicon 
diode. In ihis case tying En to the logic supply directly will 
not work since it will violate the O.7V differential volfage re
quired between +Vcc and En on the IH6208 1 See Figure 7 I. 
A 1/,f capacitor can be placed across. the diode to minimize 
switching glitches. ' 

+12V' 

,,-~,~~,.~( ).~n~'~'~ 
A CHANNELS 

COMMON DRAIN OUTPUT ~ 0, 1 9 02 ~ B CHANNEL DRAIN OUTPUT .... _____ -1 (COMMON) 

-. ) 
Figure 6. IH620a Con~ection Diagram for less than ±15V Supply Operation. 



IH6208 
IH6208 APPLICATION INFORMATION 

IN914 

AO 1 

16~~-t----------------------------~E~nf2il 

CD4009A 

Figure 7. IH6208 Connection Diagram with Enable Input Strobing for less than ±15V Supply Operation. 

III. Peak-to-Peak Signal Handling Capability 
The IH6208 can handle input signals up to ±14V I actually 
-15V to +14.3VI when it has ±15V supplies. The input pro
tection diode prevents the handling of signals up to +15V. 

PACKAGE DIMENSIONS 

16 Pin Ceramic Dual-In-.Line Package (DE) 

.320 (8.128) 

.290 (7.366) 

Th, ,Iee<e;," 'p,ellI,,"'", of the IH6208 "" ,"",""",d 61 
for ±10V signals but the specifications have very minor 
changes for ±14V signals. The notable changes would be 
slightly lower rDS(on) and slightly higher leakages. 

16 Pin Plastic Dual-In-Line Package (PE) 

c:::::n-""~ 
~I I .070 (1.778) 320 (8128) . 
-I -- .030 (.762) .130 (3.302) ~ 

:::'.'t:::i~f AI" "I 
,I 1.12513.175) _.0151.381) 

~IN --- . .008 (.203) 

~I 1- -II-- 1".400 (1016; I 
:~~~ :~:~:~~ :~~~ t~:~~ .330 (8.382) 
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IH6216 
CMOS8·Channel Differential 

Analog Multiplexer 

FEATURES 
~ Pin Compatible with H1507, DG507 & AD7507 
• ± 11V analog signal range; 
• ron < 700 ohms over full signal and temperature 

range , 
• Break before make, switching 
'. TTL and CMOS compatible strobe control 
• Binary strobe control (3 st,robe inputs controls 2 out 

of 16 channels). 
• Two tiersubmultiplexing to facilitate expandability 
• Power supply quiescent current less than 100j.LA 
• No latch up or "S.C.R." action 
• Very low leakage :5 100pA 

FUNCTIONAL DIAGRAM 

5'. O--_+<>_-----, 

52.0---" 
saa 0---" 

S4.~ 

S6.~ ", " S5·~~b 
57.0---" ", ,', ~o, 
5a.~ ", ,~o----J: ' 

S5b~ 

S6b~ 
S7bo---" ' 

sab 0---" 

TO DECODE LOGIC 
CONTROLLING' BOTH 

TIERS OF MUX'NG 

0·00 
1 I l' '~ 1 ,~ 
Ao 

3 LINE BINARY STROBE INPUTS 
(0 0 0) AND EN 5V 

o· EN '5V 

ABOVE EXAMPLE SHOWS CHANNELS 1a & 1b ON. 

GENERAL DESCRIPTION 
The IH6216 is a 2 out of 16 CMOS monolithic multiplexer. 
The part is a plug-in replacement for the DG507. Three line 
binary decoding is used so that the 16 channels can be 
controlled in pairs by the binary inputs; additionally a fourth 
input is provided to use as a system enable; if the enable 
input is OV, nOne of the channels can be turned on. When the' 
enable input is high (5V) the channels are sequenced by the 3 
line binary inputs. The 3 strobe inputs are controlled by TTL 
logic or CMOS logic elements; a "0" corresponds to any 
voltage less than 0.8V and a "1" corresponds to any voltage 
greater than 3.0V; however the enable inp·ut (EN) must be 
taken to 5V to enable the system and less than 0.8V to disable 
the system. 

DECODE TRUTH TABLE 

A2 A, Ao EN 

X X X a 
0 a 0 1 
a a 1 1 
a 1 a 1 
a 1 1 1 
1 a a 1 
1 0, 1 1 
1 1 a 1 
1 1 1 1 

LOGIC "1" = VAH > 3V 
LOGIC "0" = VAL < O.BV 

PIN CONFIGURATION 

TOP'VIEW 

ON 
SWITCH 

PAIR 
NONE 

1 
2 
3 
4 
5 
6 
7 
B 

v., COMMON TO ~UBSTRATE 

ORDERINGINFORM~A~T~IO~N~ ____ ~ ______________ ,-__________ ~ 
PART NUMBER TEMPERATURE RANGE PACKAGE 

IH6216MDI -55°C to +125°C 28 pin DIP 
IH6216CDI DOC to 7DoC 28 pin DIP 
IH6216CPI 28 pin Plastic. DIP, 
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ABSOLUTE MAXIMUM RATINGS 
VIN (A, EN) to Ground .......................... -15V, V1 
VsorVotoV1 ................. ; .................. 0,-32V 
Vs or Vo to V2 .................................. , .. 0,32V 
V1toGround ....................................... 16V 
V2toGround ...................................... -16V 
Current!Any Terminal) ........................... 30 mA 
Current!Analog Drain) ............................ 20 mA 

ELECTRICAL CHARACTERISTICS 
NO 

Current(Analog Source) ...... ; .................. 20 mA 
Operating Temperature ................ ; ... -55 to 125°C 
Storage Temperature ...................... --65 to 150°C 
Power Dissipation (Package)" .................. 1200mW 
Lead Temperature (Soldering 10 sec) .............. 300 DC 

• All leads soldered or welded to PC board. Derate 10 mW/O C above 

70°C 

TEST CONDITIONS 
MAX LIMITS 

CHARACTERISTIC MEASURED TESTS TVP 

TERMINAL PER 25'C M SUFFIX 

TEMP -55'C 25'C 

16 480 600 600 

rOSION) S to 0 16 300 600 600 

S ArOSION} 20 
W 
I 16 0.01 0.1 
T ISIOFF S 16 am 0.1 
C 2 0.1 02 
H 10 OFF} 0 2 0.1 0.2 

16 0.1 0.2 

1010N} 0 16 0.1 0.2 

I IANION) or 3 .01 10 
N IANIOFF) 3 .01 10 

P Ao A, 

U IA A2 A3 3 -10 

T EN 1 -10 

ttransition 0 0.6 1 

D topen 0 0.2 

Y ton(En) 0 0.8 1.5 

N toff(En) 0 0.3 1 

A "OFF" Isolation 0 60 

~ CsIOFF) 5 

C CoIOFF) 20 

CoSIOFF) 1 

S I, V, 1 55 200 

~ 12 V2 1 2 100 

L Ii Standby" V, 1 1 100 

Y 12 Standby V2 1 1 100 

NOTE 1: See Section V. Enable Input Strobing Levels. 

SWITCHING INFORMATION 

UNIT 

C SUFFIX 

125'C O'C 25°C 70°C 

700 650 '650 750 
700 650 650 750 II 

% 

50 0.2 50 

50 . 0.2 50 
100 0.4 100 nA 

100 0.4 100 

100 0.4 100 
100 0.4 100 
30 10 30 

30 10 30 

~A 

-30 -10 -30 
-30 -10 -30 

~5 

dB 

pF 

1000 

1000 
1000 ~A 

1000 

(UNLESS OTHERWISE NOTED) 

V, ~ 15V, V2 ~ -15V, Ground ~ 0 

VEN ~ +5V (Nole 1) 

Vo = 10V, Is = ~ 1.0mA I Sequence each switch on 
Vo = -10V,ls= -1.0mA I VAIL}~0.8V, VAIH}~3V 

rqS(ON),MAX -rOS(ON)MIN 

ArOSION} ~ -10V:-; Vs10V 
roslON) AVG. 

Vs ~ 10V, Va = -10V 

Vs --10V, Vo - 10V 
Va ~ 10V. Vs ~ -10V VEN ~ a 
Vo ~ -10V, Vs ~ 10V 

VSIAII) - Vo - 10V Sequence each switch on 
VSIAII) - Va - -10V VAIL}~0.8V, VAIH}~3V 

VA - 3.0V 
VA ~ 15V , 

VEN ~ 5V All VA ~ a 
VEN - a I 
See Fig. 1 
See Fig. 2 

See Fig. 3 

VEN - 0, RL - 20011, CL - 3 pF, Vs - 31(RMS, 
f ~ 500 kHz 

Vs - a 
Va ~ a 

Vs - 0, Va - a 

VEN ~ 5V 

VEN ~ a 

5' 
52 
53 
54 
55 
56 
57 
58 

S'b 
S2b 
S3b 
S4b 
S5b 

VEN = 0, f ~ 140 kHz to 

1 MHz 

AIIVA~OOR3V 
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fA~" fit SWITCH OUTPUT "::j VD 
(SEE FIG, 2) 

Vs 

SWITCH OUTPUT 
YD 
(SEE FIG. 3) 

O.lYo 

O.9Vo 
Vo 

Vs 

n"6216 APPLICATIONS 

I. 2 out of 32 channel multiplexer using 2 IH6216s. 

IJ Sla 

S8a 

Sl. 

S8. 

A(i 
, A, 

AI 

EN 

S9a 

S16a 

S9. 

S16b 

AJ 
EN 

·TTL gale must have pullup 10 drive EN 

DECODE TRUTH TABLE 

A3 A2 A, Ao ON SWITCH 
0 0 0 0 S1a 
0 0 0 6 S2a 
0 0 1 S3a 
0 0 1 1 S4a' 
0 1 0 0 S5a 
0 1 0 1 SGa 
0 1 1 0 S7a 
0 1 1 1 S8a VOUTl 
1 0 0 0 S9a 
1 0 0 1 S10a 
1 0 1 0 S11a 
1 0 1 .1 S12a 
1 1 0 0 S13a 
1 1 0 1 S14a 
1 1 1 0 S15a 
1 1 1 1 S1Ga 
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, 15V 

Figure 4 

SV 

A3 A2 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 6 
1 0 
1 1 
1 1 
1 1 '. 
1 1 

A2 

A, 

Ao 

D~DI!,. 
OPEN +15V 

VAef V, 

51. 
-2V 

':' 

S8b 

YOUT 
Db 

35pF 

':' ':' 

Figure 2 

OPEN +15V 
YRel V, 

r~--------~~_S~l~b~~~~~ -SV 
ALL OTHERS 

Db L, __________ ,.Jr--o--r--r~·VOUT 
3SpF 

Figure 3 

Voun VOUT2 

DECODE TRUTH TABLE 

Al Ao ON SWITCH 
0 0 S1b 
0 1 S2b 
1 0 S3b 
1 1 S4b 
0 0 S5b 
0 1 SGb 
1 0 S7b 
1 1 S8b VOU'r2 
0 0 S9b 
0 1 S10b 
1 0 S11b 
1 1 S12b 
0 0 S13b 
0 1 S14b 
1 0 S15b 
1 1 S1Gb 



IH6216 

IH6216 APPLICATIONS 

II. 2 out of 32 channel multiplexer using 2 IH6216s; using an IH5043 for submultiplexing. 

A3 A2 
0 0 
Ci 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

51.-.--f'... 
58.-'------1 
51b-.,----I 

58b -'------I 
A, ---,-------1 
A, -.-.,...+-------1 
A, _-+-+---'-----1 

.EN 

S9.-.--f'... 
S16a -'------I 
59b -.,------1 

SlGb 

-TTL inverter must have re.sistor pullup to drive EN 

DECODE TRUTH TABLE 

A1 Ao ON SWITCH 
0 0 S1a 
0 1 S2a 
1 0 S3a 
1 1 S4a 
0 0 S5a 
0 1 S6a 
1 0 S7a 

·15V 

1 1 S8a Voun 
0 0 S9a 
0 1 S10a 
1 Q S11a 
1 1 S12a 
0 0 S13a 
0 1 S14a 
1 0 S15a 
1 1 S16a 

'5Y t15Y 

'------f---o-fl'--..----r--- VOUT1 

IN1 

IN2 

,----+--O~+-_----VOUT2 

Figure 5 

DECODE TRUTH TABLE 

A3 A2 A, Ao ON SWITCH 
0 0 0 0 S1b 
0 0 0 1 S2b 
0 0 1 0 S3b 
0 0 1 1 S4b 
0 1 O' 0 S5b 
0 1 0 1 S6b 
0 1 1 0 S7b 
0 1 1 1 S8b 
1 0 0 0 S9b 
1 0 0 1 S10b 
1 0 1 0 S11b 
1 0 1 1 S12b 
1 1 0 0 S13b 
1 1 0 1 S14b 
1 1 1 0 S15b 
1 1 1 1 S16b 

VOUT2 
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IH6216 APPLICATIONS 

/II. 2 out of 64, using 4 IH6216s and 2 IH5043s as submultiplexers. 

3-28 

Ao---.------/ 
A,---.--+-----/ 

TTLI"CMOS" INVERTER 

TTL/CMOS NOR GATE 
(TTL gale must have resistor 
pullup to drive EN) 

+15V 

Figure 6 

D~DIL· 

VL = +5V Vee = +15V 

VOUTl 

Vl = +5V Vee = +15V 

VOUT2 
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IV. GENERAL NOTE ON EXI:'A",DABILITY OF .. 
IH6216 

The'IH6216 isa two tier multiplexer wherein 8 pairs of input 
channels are routed to a pair of outputs in blocks of 4 
channels at a time. Each block of 4 input chann,els is routed 
to one common output channel; thus the submultiplexed 
system looks like 4 bloks of 4 inputs routed to 4 different 
outputs, and the 4 outputs are tied in pairs. Thus 20 switches 
are 'needed to handle the 16 channels of information. The 
advantage of this scheme is lower output capacity and lower 
leakage than a system with all 8 channels tied to one. 
common output. Also the expandability int02'outof 32, 64, . 
128,'..etc. is facilitated. Figures 4, 5, and 6show 'how th~' 
.IH6216 is expanded. 
Figure 4 'shows ~. 2 out of. 32 multiplexer using' 2 of the 
IH6216s.,Since the 6216 is itself a 2 tier mux,'tl1e system as 
shown, is. basically a 2 tier system. Corres'ponding output 
points ofE!ach of the 6216 are connected together, and the 
enable input strobe is used as the A3 input. Since each output· 
(pins 2 and 28) corresponds to an "on"fetand an "off" fet, the 

. overall system looks like 1 "on" fetand 3 "off"fetsforeach of 
the Vout1 and Vout2 outputs. Thus the output leakage will be 1 
10(on) plus' 3 10(01l)s Ot about 0.4 nA tYpical~ at room 
temperature. Thruput speed will be typically 0.8/ts for ton and 
0.3/ts for toll. Thruput channel resistance will be in the 500 
ohm area:. 

.. ' mMlIifiDIb 

. Figure 6 shows a 2 out of 64 mux using 3 tier muxing (similar 
to Figure 5 application>. Again the Intersi!' IH5043 is used to 
get the third tier of muxing. Each Vout pOint will. see 3 off 
channels and 1 on channel at any time so thaUhe typical 
leakages will be about 0;4 nA. Thruput channel resistance will 
be in the 550 ohm'area and thruput switching speeds will be 
about 1.3/ts for on time and 0.8/tsfor. off time. 

. The IH5043 was chosen as the third tier·oUhe mu'x because it 
will switch the same AC signaJs as the IH621iHtypicaily plus 
and. minus' 15V)··andbreak before make switching is 
guaranteEld'so that the muxing system remains a break
before-make. Also power supply quiescent currents are 
typically 1/tA from any supply, so that no excessive system 
power is generated. Also the logic of the 5043 is such that it 
can be tied directly to the enablE!' input: (as shown in the 
figures) with no extra I~gic b~ing required. 

v. ENABLE INPUT STROBING LEVELS 
The enable input (EN) acts asan enabling or disabling pin for 
the IH6216 when used asaioutof 16i:tiannel mux; however, 
when expanding the mux to more than 16 channels, the EN 
pin acts aiil another address input. As an example, we see in 
Figures 4 and 5 that the EN pin acts as the A3 input. 

Figure 5 shows the same 2 out of 32 mux as Figure 4, except, 
that a third tier of submultiplexing is added to further reduce 
leakage and output capacity. The IH5043 has typical on 
resistance of 50 ohms (max. is 75 ohms) so it only increases 
thruput channel resistance from the 500 ohms of Figure 4 to 
about 550 ohms for Figure 5. Thruput channel speed is a little 
slower by about 0.5/tsfor both on and off' time. Output 
leakage is about 0.2 nA typical. 

For the system to function properly the EN input (pin 18)' 3 
must go to 5V ±5% for the high state and less than 0.8V for the 
low state. Whe,n using TTL logic, a pull-up resis~orshould be 
used to pull the output voltage up to 5V; this resistor should 

PACKAGE DIMENSIONS 

28 Pin Ceramic Package 

[OJ! 
r----f.5iO---\ SEATING 

~~'-rl~Too 
~ ~~~O'2 I 

H; .J I-~ T'IP -j~'20 I 
'" 1 I"",,,,,,· 1---_--1 

M)N·ACCUMULATIV& 

be 1k ohm or less. When using CMOS logic; the high state 
goes up to the ppwer'supply so no pull-up is required. 

, !' , 

28 Pin Plastic Package 

JIG 113.171 

/T-TTTrTTTrTTTrTTTTTTTTTTTTTTTlJG.OO$ (0.127) 

___ U70(37.331I ___ _ ..... 

28 Pin CerDIP Package 

NOTE; This multiplexer does not require external 'resistors and/or diodes to eliminate what is 'commonly known as a latch up or seR action. 
Because of the eli"llination of external resistors in each channel the rOS(ON) of the switch is maintained at specified values. 
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• Two separate channels 

D112/D113/D120/D121 
2·Channel FET Switch Drivers 

Military ~eries - 55 0 C to +125° C 
• J-FET Collector Pull-up 

• Interfa~es 5V Lo~ic 
" " 

.•. Two switching speeds to choose from 

GENERAL DESCRIPTION 
This series contains 2 separilte channels each. with J- FET 
collector pull-up,.in one package, Two,switchir)g speeds are 
provided for speed-power ratios~lection_. 

ABSOLUTE MAXIMUM RATINGS 

P os. Supply to Emitter (V cc - VEE) 
Output to Emitter (V OUT - VEE) 

Logic Supply to Emitter (V L - VEE) 

Ref. to Emitter (V R - VEE) . 

SCHEMATIC AND lOGICDIAGRAMS 

01'-28. 0120 

+-+---0, .. 

'. ORDERING INFORMATION 

D 113 M FD 

33V 
33V 
30V 
31V 

1 T M..." ~ '''," '''''". x." x x." 
DO - 14 ~in,Her~etic Dip 

Temperature Range. 
M - -55°C to +125 c C 
I - -20'C to +85"C 
C - O'C to +70'C 

'-------- DeviceChip Type 

1.-_________ Analog Switch Driver 

. . 
Input to Ref. (V IN -VR) 
Ref; to Input (VR - V IN ) 

Logic Supply to Input, (V L -. V IN) 

Current (any pin) 
Storage Temperature. 
Operating temperature' 
Di~sipation (Note) 
Lead Temperature (soldering, 10sec_) 

" " 

2V 
6V 

±6V 
30mA 

_65°C to +150°C 
_55°C to +125°C 

750mW 
. 300°C 

NOTE: Dissipation',rating assumes device is mounted 'with all leads 
welded or' soldered to' printed circuit board in ambient 
temperature below +70-'C. For hi.gher temperatures, derate 
10mW(C.· ". . 

0113&0121 

" 

, "o."-t:::f>----.j 
+---+----0,,, 

'" 

PACKAGE OUTLINES 

14-Pin ,CeramIc Package Flat Package 

~''''~ 



D1.12/113/120/121 

PRODUCT CONDITIONING 

The following processes are preformed 100% in accordance 
with MIL·STD·883. 

Precap Visual - Method 2010, Condo B. 
Stabilization Bake - Method 1008 
Temperature Cycle -:- Method 1010 

ELECTR ICAl ,CHARACTERISTICS (per channel) 

Centrifuge - Method 2001, Condo E 
Hermeticity - Method 1014, Condo A, C. 
(Leak Rate < 5 x 10-8 atm eels) 

Test conditions unless (;therwisespecified are as follows: VEE = -20V, Vcc = +10V, lOUT = O,V L = 4.5 V, V R = O. 
Output and power supplymeasurernents based on specified input conditions. ' 

PARA!VIETER LIMIT 
CONDITION 

(NOTE) _55°C 25°C 125°C MAXIMIN UNITS 

NO 
IINION) 1.5 1.5 1.2 rnA V IN = O.4V 

_ N 

l- CC 
IINIOFF) 1.0 1.0 20 MAX p.A V IN = 4.1V ::> 

Q. 

z M_ 
VINION) '1.3 1.0 0.8 V liN = 1 mA - _N --00 IINIOFF) 1.0 1.0 100 p.A V IN = O.4V 

N M -- IOSSIOFF) -2,2 -1.8 -1,8 MAX -- -0.6 -0.4 -0.4 MIN rnA VOUT = ":20V 00 IOSSIOFF) 
I-

VEE = -20V ::> 0- IOSSIOFF) ~7.5 -5.7 -5.1 . MAX 
Q. NN 
l- CC IOSSIOFF) . .:.3.2 -3.0 -2.0 MIN ::> 
0 

..J VOUTIOFF) 9.9 9.9 9.8 MIN V lOUT = -10 p.A '..J 
<l: 

VOUTION) -19.2 -19.2 -19.0 MIN V lOUT = 1 mA 

ILION) 2.0 
N - .lccION) 1.8 -O. 

'IEEION) 3.8 

ILION) 2.0 
0 
N 

ICCION) 5.7 One channel -0 
>- IEEION) 7.7 MAX rnA ON 
..J 
Q. 

IRION) 0.5 Q. 

::> M 
III - ICCION)' 1.8 
II: 0 
w 

IEEION) 2.8 3:' 
0 

I iliON) 0.5 .. 
Q. , -N 

ICCION) 5.7 , -0 
IEEION) 6.7 

iLIOFF) 250 

..J . IRIO~F) 150 MAX p.A All channels 

..J 
<l: ICCIOFF) 50 OFF 

: 

IEEIOFF) 250 

NM 'tOFF 1.5 
t!l - -, z - - (See Switching -CIl 00 toN 0.25 MAX p.s 
::t:w 
U:2 0- tOFF 0.60 Times) 1-- N N 
~I- 00 tON 0.25 III 

NOTE: (OFFI and (ONI subscripts refer to the conduction state of the driver. 
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D 1121113/120/121 

TYPICAL PERFORMANCE CURVES 

~ 
w 
::;; 
>= 
w 
en 
ii: 
I-
=> ... 
I-

6 

10 

0.5' 

0.2 

0.1 

OUTPUT RISE TIME viS 
TEMPERATURE AND LOAD 
CAPACITANCE (0112.0113) 

Vee =+10V 
VEE' c20V 

~~:405V_ ~ licCL = l00pF 

,/CL = 50 pF 

_C~ -2J PF,,, 

CL = 10 pF 

I I 
-50 -25 0 25 50 75 100 125. 

TEMPERATURE ('C) 

,SWITCHiNG TIMES 
its TEMPERATURE 

1100 r--r--r-r-'-"'-':-V~ee-_ ~10~V:-' 
f-+-+-+-+-V EE = -20V 

900 f-+-+-+-+- VL = 4.5V 
~ VR =0 
W CL 0:: 10pF 

~ '700 f-+-+-+-+~-+-~~ 
",. 

~ 500 ~~-+-+-~-1-+-~~~ 
I- toffld.llvll--", 

~ 300 ~~-+-+-7"'9""-+--+:-l 
t::E1:.....I--""E1~t.E:"_~t--~· ±1-=1 

. 100 -
'-50 o 25 75 

TEMPERATURE (·C) 

IOUT(OFF) VS 
TEMPERATURE 

125 

10'~~ R VOUT = Vee = +10V 

5 

~ 
'w 
.::;; 

>= 
tll 0.5 ii: 
I-

'ir 0.2 l-
=> 
0 

0.1 

0.05 

OUTPUT R'ISE TIME'VS 
TEMPERATURE' AND LO: 
CAPACITANCE 10120, 012, 

Vee = +10V 
VEe = -20V 

CL ! l00lpF YL=4.5V "-
VR =0 , --CL = 50~F~ 

C( = 20pF-
'.. .-:t-. 

t- Cl;'10~F-
.~ ~ 

-50 -25 0 25 50 75 100 125. 

10 

0.1 

TEMPERATU'RE'I'C) 

10SSIOFF) VS 
TEMPERATURE 

Vee = +10V 

Vee - VOUT - ':"20V 

'r--
. ~ 

I-J20'r 121 ~ 

I=::::: ~DI12.DI13 

-50 -25 0 25 50. 75 100 125 

1.4· 
u 
~ 1.3 

. ~ 1.2 

~ N f.l 
::; 
~ 1.0 
a:: 
~ .. 9 
~ 

; . . 8 

.7 

T&MPERATURE I'CI 

RSAT VS 
TEMPERAT.URE 

./. 
........ v.-

1. 
V 

L 

-50 -25 0 25 50 75'.100 125 

TEMPERATURE I'C) 

" 



D112/113/120/121 

APPLICATION TIPS 
, Therecomm~nded'resisto,rs for interfacing with RTL. OTL. and T2 L' Logic is shown in figures 1 and 2. 

RTL 
Dll9ll, 9l2, 931 
948,949.961,963 

OTl 930, 936, 
945,946,962 

TTL 54174 
TTL 900J SERIES 
SUHl 

Enable Control 

'Figure 1. 0112 and 0120 
Interface 

.\ 

RTL 
D1l9l7.948, 
949,961,963 

OTL 930, 936, 945, 
. 946, 9ij2,931 

TTL 54174 
TTL 9000SERIES 
SUHL 

F i!1u,re 2. D 113 an~ 0,121 
Interface 

The VR and VL pins can be used as a STROBE or an ENABLE control. The requirements for the enable driver are as 
follows: IL(ON) X.no. of channels used for theD112 & 0'120 and IRION)'X no. of channels used forthe0113.& 0121. 
The voltage at V L must be greater than the voltage at V IN by at least :+4V. ' 

SWITCHING TIMES 

V;N' 
1,'< 50ns 

t.,<50ns ov 
0112: 0120 

5V 

.f~' 
0113.0121 

2.4\1 

ovI 

C,ircuit Diagrams 
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FEATURES 

D123/D125 
a-Cha'nne. FET Switch Drivers 

Military Series - 55 0 C to +125 0 C 
• Provides de level shifting between low-level 

Logicand,MOS-FET or J-FET switches 

• External Collector Pull-ups required 

• Direct interface with Gl16, G 117, G 119; G 115, 
and G123 MOS-FET switches 

GENERAL DESCRIPTION 

The 0123 and 0125 monolithic bi-polar drivers convert 
low-level positive signals (0 & +5V) to the high level positive 
and negative voltages necessary, to drive F ET switches. One 
,lead can be used to provide an enabling capability. 

ABSOLUTE MAXIMUM RATINGS 
Input-to-Emitter Voltage (V IN - VEE) 
Output-to-Emitter Voltage (Vo - VEE) 
Logic Supply-ta-Emitter Voltage (VL - VEE) 
Input-to-Reference Voltage (VIN - VA) 

, ' 

SCHEMATIC AND LOGI~ DIAGRAMS 

01.23 

. 
" 

ORDERING INFORMATION 

33V 
33V 
27V 
2V 

o 123 1 T h~ •• "" - ''''0 "" ,~. %"x ~" 
DO - 14 Pin Hermetic Dip 

Temperature Range: 
M -- -55°C to +125°C 
I - _20°C to +85°C 
C - O°C to +70°C 

L.-______ DeVice Chip Type 

....... --------- Analog Switch Driver 

InpuHa-Lagic Supply Voltage (V IN - Vd 
Reference-ta-Emitter Voltage (VA - VEE) 
Maximum Dissipation (Note) 

+6V 
31V 

750mW 
30mA 

_65°C to +150°C 
_55°C ta +125°C 

300°C 

Current (any pin) 
Storage Temperature 
Operating Temperature 
Lead Temperature (S?'dering, 10 sec) 

NOTE: Dissipation rating assumes device is mounted with all leads 
welded or soldered to printed circuit board in ambient 
temperature of 70°C. Derate 10 mWfC for higher ambient 
temperature. 

0125 

PACKAGE OUTLINES 
NOTE: All dimensions in inches. 

Fist PaCkSQ8 

FO Package 
TO-B6 

l"Atlfrlf,1 . 

Ceramic Di.J81~ln-Llne Package 

1fffim+." ,_ IOfO(;, 

m., .. -' L. ~~ T 000/>'0"." -11-, 

"Oil WWIJ 

DO Package 
TO 116 



D123/125 

PRODUCT CONDITIONING 

Units receive th"e following treatment 
before final electrical test: 

Thermal Shock 
+ 100 to 0° C for 5 cycles 

Centrifuge 
20,OOOg centrifuge in the Y. plane. 

Hermeticity 
Helium and gross leak tests. 

ELECTRICAL CHARACTERISTICS 

Test conditions unless otherwise specified are as follows: VEE = -20V, V L = 4.5V, lOUT = 0, V R ="0. Output and power 
supply measurements based on specified input conditions. 

PARAMETER 
_55°C 

M 

liN (OFF) 1 N 

I-
~ 

:;) Cl 
VIN(ON) 1.3 

c.. 
Z L!) IIN(oFF) 1 - N 

~ 

Cl IIN(ON) 1.5 

I-
ell IOUT(OFF) 0.1 

:;) 
c.. L!)M 

VOUT(ON) -19.7 l- NN 
:;) oQ Cl VOUT(ON) -19.2 

IR(ON)(1) 0.5 
M IR(OFF) (2) 1 >- N 
~ 

..J Cl I EE (ON) (1) 1 c.. 
c.. 
:;) I EE (oFF)(2) 2 Ul 
ex: IL(ON)(1) 2 W 
~ L!) 

I L(OFF) (2) 0 N 1 
c.. ~ 

Cl IEE (ON)(1) 2 

I flE (oFF)(2) 2 

M t(on) (!) N 

~Ul ~ t(oft) (4) 
J:W Cl 
(,):2; ell 

t(on) 1-- L!) 
-l- N 
~ ~ t(oft,-(5) Ul Cl 

NOTES: (1) One channel ON, 5 channels OFF. 
(2) All channels OFF. 

MAX LIMIT 

25°C 125°C UNITS 

1 100 I1A 

1 0.8 V 

1 20 MA 

1.5 1.2 mA 

0.1 10 I1A 

-19.7 -19.5 V 

-19.2 -19.0 V 

0.5 0.5 mA 

1 150 MA 

1 1 mA 

2 200 MA 

2 1.9 mA 

1 100 MA 

2 1.9 MA 

2 200 MA 

250 ns 

800 ns 

250 ns 

600 ns 

(3) Add 30 ns per pF for 1 rnA and add 8 ns per pF for 4 rnA for additional capacitive loading. 
(4) For Dual·ln·Line package add 1.20 ns to t(oH). 
(5) For Dual·1 n·Line package add 30 ns to t(off). 

CONDITIONS 

V IN = OAV 

liN = 1 mA 

VIN = 4.1V 

V IN = 0.5V 

VOUT =+10V 

lOUT = 1 mA 

lOUT = 4 mA 

louT=Ofor 
ON measureme"nts. 
VOUT = +10V for 
OFF measurements. 

lOUT = 1 mA COUT (3) = lQ pF 

(See Switching Times) 

lOUT = 4 mA COUT (3) = 10 pF 

(See Switching Times) 
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D123/125 

SWITCHING TIMES 

v,. 

:,,1 

TYPICAL CHARACTERISTICS 

t 1,8 

II '1.7 
~ 
~ 1,6 

~ 1.5 

':l 1.4 
« 
::;; 1.3 
a: 
~ 1.2 
I 

'off(delay) VS, IIN(PEAK) 
0123 

V 
L 

/ 
'V. = 0 

/ VEE = -20V 
Vee = lOV. ' 

L o <COUT $1000 pF 
0< lOUT :5; 4·mA 
TA = 2Soc V I 1.1 

j 1.0 , 
2 

liN (PEAKI (mAl 

1.8 

"< 
S 1.4 .... 
z 

'- ~R = a 
VEE = -20V 

I 
w 
a: 
a: 

125°C ,......~ 
:l 
U 25·C ;--if- -I .... 
:l -55°C ... 0.6 ~ I 
I 

~ 0.2 
I I 

V I/' ./ 
a 0.2 0.4 0.6 ' 0.8 

V,. - INPUT VOLTAGE (V) 

4 

0 

w 
::;; 
;:: 
C!l 
Z ;:, 
u .... 
3: 

'en 

1100 

900 

700 

soo 

300 

100 

0123 

0125 

SWITCHING TIMES VS 
TEMPERATURE 0'12:) AND 
0125 (SEE NOTES,4 AND 5) 

-.v. =0 J 
VEE = -20V 1 

-Vee = 10V 
toll (1 rnA) V _COUT = 10pF 

1-" 
...... 1-"" 1 -~ toft'(4mA,Y 

...... io""'"V 
~ ...... 1'10" (deloy) 

~ 1 
10" 

.,ov 

'on- 1mA14mAl 
0'" 

2.4V 

JL . 
t, < 10 ... 
1.<10 .... 

> ..... -+_-0 YOUI 

;.c ..... -+-... VO\l' 

n 
o t,<10ns 

t, <IOnl 

Circuit Diagrams 

VIN(ON) VS 
TEMPERATURE 0123 

1000 

:; soo 
S 
z 
51 
z 

:> 600 

~ ........ 

liN = 10mA 
V •• O· , 
VEE = -20V:-
lOUT -0 

......... r-... 
r--.... 

-50 a 25 75 125 
400 

-75 -25 25 • 75 

T,EMPERATURE (~C) 

125 

TEMPERATURE (OC) 

VSAT VS TEMPERATURE 
0123 AND 0125 

0.6 '--"T'"-""'--,--"'" 
0.5 

I,. = 1 rnA (0123) 
V,. = 0.5V (0125) 
V. =0 VL =4.5V 
VEE = -20V Vee = 10V 

0.21---+-

0.1 1-~==~:.:.!.!!!T=-1 
OL-_..L..._....L._-J._~ 

-75 . -25 25 75 125' 

TEMPERATURE (OC) 

IOUT(OFF) VS 
TEMPERATURE 
0123 AND 0125 

':'~~ 
25 45 65 65 105 '125 

TEMPERATURE (OC) 



D123/125 

APPLICATION TIPS 

I nterfacing the D 123 and D 125 

In order to meet all the specifications on this data sheet, certain requirements must be met by the drive circuitry. 

The D125 can be turned ON easily, but care must be exercised to insure turn·off. Keeping VL - V'N :::::; OAV is a must to 
insure turn-off. To accomplish this a shunt resistor must be added to supply the leakage current (ICES) for DTL devices. 
Since ICES = 50 /lA, a OAV/0.05 mA = 8k or less should be used. For T2 L devices using a 2k resister will insure turn-off 
with up to 200 /lA of leakage current. 

Using the ENABLE Control 

Device pins VR or VL, can be used to enable the D123 or D125 drivers. For the D123 the enabling driver must sink 
IR(ON) X no. of channels used. For the D125, IL(ON) X no. of channels used must be sourced with a voltage at least +4V 
greater than V IN' 

APPLICATIONS 

Using INTERSIL'S MOS-FET SWITCH G117 with either the D123 or D125 drivers provides a reliable means of providing 
up to 5 channels with a series block for multiplexing applications. 

'. 

~~& -;0 ---:=, ~ 0-;., 0'",'1-"""""," ~-I:"'" 
OToL~10V o-t=--i---;----;,----:-~ 

I I I I 

VOUT 

5·Channel Multiplexer 
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D129 
4·Channel MOS FET Switch 

Driver with Decode 

FEATURES 

• Quad Three-Input Gates Decode Binary Counter to Four 
lines 

• Inputs Compatible with Low Power TTL and DTL, 
IF = 200llA Max 

• Output Current Sinking Capability lOrnA 

• External Pull-Up Elements Required 

• Compatible with G 115 and G 123 Series Multichannel 
MOS FET Switches which include Current-limiter Pull
Up FETs 

ORDERING INFORMATION 
D 129 M DO 

GENERAL DESCRIPTION 
The 0129 is a 4-channel driver with binary decode input. It 
has been designed to provide the DC level-shifting required 
to interface low-level logic outputs 10.7 to 2-2V) to field
effect transistor inputs (up to 50V peak-to-peak)_ For a 5V 
input logic supply, the VEE terminal can be set at any volt
age between -5V and -30V: The output transistor is capa
ble of sinking lOrnA and will stand-off up to 50V above VEE 
in the off-state. . 

The ON state of the driver is controlled by a logic "1" 
(open) on all three input logic lines, while the OFF state of 
the driver is achieved by pulling anyone of the three inputs 
to a logic "O"(ground). 

L---_ ~~ ~!~:~~~~~;,;:,:;"I 
- Tomp""'""' Roo,,, The 4-chanriel driver is internally connected such that each 

~ ==~~:~ !~:l~;:i one can be controlled independently or decoded from· a 

11 T P"k"" 

I '------------ O"iooChipTvpo binary counter. 

_____ L_~_-_-_-_-_-_-_-_7_~_-_-_-_-_-_-_-_-~------------A-n'_'~~S_w_itc_ho_'_iye~, ______ ~ ___ ~~ _______ ~~ _______ _ 

SCHEMATIC AND LOGIC DIAGRAMS 
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IN3 O-:;-H--L----lr--' ..... ..-,~OUT 2 

IN, 
IN5 <>-"-H--r-... 
IN6 <>-"-H_-L----l 

PACKAGE OUTLINES 
\ 

14-PIN CERAMIC DUAL~IN-LINE PACKAGE 

D.'OOTYP 1: . 
MAX 

~ 
1-=-=.800 MAX=-=-! 

r-~-..-k- ~--L 

'. ~,~ ';T-1L~~ ~ ~-~tJ!~~ ~ TYP v ~U li U lUI U U urI .025 

10·--1. I--Jd~---j Tril-- .045 

OPTION~ f~~ .050 ' :gj~ 
NOTE 1 TYP 

36" 2.6K 

INPUTS 

(EACH DRIVER) 

FLAT PACKAGE 



0 

D129 

ABSOLUTE MAXIMUM RATINGS 

Current (any terminal) 
Storage Temperature 
Operating Temperature 

Power Dissipation (note) 
Lead Temperature (Soldering; 10 sec) 

50V 

33V 

8V 

±6V 

30mA 
-65°Cto +150°C 
-55°Cto +125°C 

750mW 
300°C 

U~UIb 

Note: Dissipation rating assumes device mounted with all leads welded orsolderedto pc board in ambienttemperatu;e of 70°C. Derate 10mW/oC 
for higher ambient termperatures. 

ELECTRICAL CHARACTERISTICS Test conditions unless otherwise specified VEE = -20V, V R =; OV, V L = 5V 

MAX LIMITS 

PARAMETER CONDITIONS D129M 01291 UNIT 
_55°C 25°C 125°C -20°C 25°C 85°C 

VO'L Output Voltage, Low 10 = 10mA I -19.3 -19.3 -19 -19.25 -19.25 -19 

U VOL OutputVoltage, Low 10= lmAj V IN =2.2V, V L =4.5V -19.8 -19.8 -19.75 V 

T IOH Output Current, High VO= l.OV, V IN= 0.7V 0.1 0.1 

I * Input t.;urrent V IN 5V Input Under I est, 
0.25 0.25 

I INH Input Voltage High V IN= 0 All Other Inputs 
N I nput Current, 

IINL * V IN= 0, V L= 5.5V -250 -200 Input Voltage Low 
T 
I ton Turn-ON Time 

See Switching Time Test Circuit 
0.25 

M 
E toft Turn-OFF Time 1.0 

S lEE Negative Supply Current 
One Channel "01\1" 

-2 
U 
P 

IL Logic Supply Current V EE= -20V 3 P 
L 

lEE' Negative Supply Current V L= 5.5V All ViN =0, -10 
Y 

IL Logic Supply Current All Channels "OFF'~ 0.75 

* Per gate Input 

SWITCHING TIME AND TEST CIRCUIT 

Vee =0 + 5V +10V 

IN "=::::j:::f-....\-f'»-l-~~-o OUT 

tf= lOOns 

tr = 100ns 

t pw = 11ls 

f= lOOK Hz 

'" .;:={ .. . OV 

ton 

+10V -----, 

20 0.2 0.2 

5 1 1 

-160 -250 -225 

0.3 

1.5 

- 2.25 

3.3 

-25 

1 

r OUT OV ------'t 
-20V ____ --'-1'-'7V4''"'9-''O%'--____ ~ 

10 iJ.A 

5 

iJ.A 
-200 

iJ.s 

mA 

iJ.A 

mA 
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FEATURES 

DG111/DG112 
2·Channel Drivers with 

MOS·FET Switches Military, Series 
'. Each Channel Completely Isolated 

• 20V pop Switching Capability 

• Zener Diode Protected Gates 

• MOS-FET Current-Source Pull-Up 

GENERAL DESCRIPTION 
This driver-switch series provides two completely isolated 
switches per package_Thecollector supply (Vecl may be 
operated at different voltages for each switch. Two driver 
input configurations are available' for inverting and non
inverting applications. For minimum propagation delay as 
well as optimum speed and power, a terminal is supplied for 
biasing the constant-current MOS-FET pull-up_ 

ABSOLUTE MAXIMUM RATINGS 
Collector to Emitter (Vee-Vee) 
Collec.tor to Pull-up (Vee '~'Vp) 
Drain to Emitter (V D .:.. Vee) 

DGlll 

. ORDERING INFORMATION 

DG 111 M FD 

33V 
33V 
32V 

L=PaCkage '. 

',' ". F,D - 14 pin Flat Package 
, DD - 14 pin Hermetic DIP 

Temperature Range 
M - Military (-55°C to +125°C) 
I - Industrial (-20°C to +8S0C) 
C '- Commercial (O°C to +70°C) 

'-------- Device Chip Type 

'----------- Analog Driver Switch Combination 

- 55 0 C to + 125 0 C 
Drain to Source (V D - V s ) 
Source to Drain (Vs - V D) 
Source to Emitter (Vs - VeE) 
Logic to Emitter (V L - VeE) 
Ref. to Emitter (V R -VEE) 
Ref. to Input (V R - V,N ), 

Logic tolnput'(V L ,- V,N ) 

Current (Any Terminal) 
Storage Temperature 
Operating Temperature 
Dissipation (Note) 
Lead Temperature (soldering, 10 sec_) 

28V 
28V 
32V 
33V 
31V 
+6V 
±6V 

30mA 
-65°C to +150°C 
-55°C to +125°C 

750mW 
300°C 

NOTE: Dissipation rating assumes device is mounted with all leads 
'welded or soldered 'to printed circuit board in ambient 
temperature of +70°C, Derate 10 mWfC for higher 
ambie'nt. temperature. 

DG112 

TRUTHTABLE 

DGl12 DGlll Switch 

V,N V R VON VL' Cond, 

L L L L OFF 
H L L H ON 
L H H L OFF 
H H H H OFF 

L=OV.H=+V 



DG111/112 

PRODUCT CONDITIONING' 
The following processes are performed 100% in accordance 
with MIL-STD-883. 

Precap Visual-Method 2010, Condo B 
Stabilization Bake-Method 1008 
Temperature Cycle-Method 1010 
Centrifuge-Method 2001, Condo E 
Hermeticity-Method 1014, Condo A, C 

(Leak Rate < 5 x 10--8 atm eels) 

ELECTRICAL CHARACTERISTICS 
Test c;onditions unless otherwise specified are as follows: V R = 0, V L = 4.5V, V cc = 1 OV, VEE = -20V, and P = -20V. 
Input ON and OFF test conditions are used for output and power supply specifications. 

PARAMETER 
MAX LIMIT 

CONDITIONS 
(NOTE) _55°C 25°C 125°C UNITS 

IIN(OFF) 10 10 20 IlA VIN=4.1V 
DGlll 

I- IIN(ON) ~0.7 -0.7 -0.7 mA VIN = 0.5V :;) 
0-
Z IIN(OFF) 1 1 100 IlA VIN = OAV - DGl12 

VIN(ON) 1.3 1.0 0.8 V liN = lJ"!ltX 

100 100 125 n Vo = 10V 

rOS(ON) 200 200 250 n Vo = 0 Is = -100 IlA 
I-
:;) 
0- DGlll 450 450 600 n Vo = -10V 
I-

IO(ON) :;) DGl12 1 1000 nA Vo = 10V, Is = 0 
0 

IO(OFF) -1 -1000 nA . Vs = 10V, Vo= 10V 

Is(oFF) -1 -1000 nA Vo = 10V, Vs = -10V 

DGll1 IL(ON) 3 

DGl12 IR(ON) -0.5 
>- mA One Channel ON 
..J DGlll ICC(ON) 3 
0-
0- DGl12 IEE(ON) '-6 :;) 
Vl 
cr: Icc(oFF) 10 
W :s: DGlll IL(OFF) , 10 0 
0- IlA All Channels OFF 

DGl12 IR(OFFI -15 

IEE(OFF) -20 

(!) 
300 ~Vl tON ns 

IW DGlll 
U:2 See Switching Times 
1-- DGl12 ~I- tOFF 1 . Ils 
Vl 

NOTE: (OFF) and (ON) subscripts refer to the conduction state of the MOS-FET switch .. 
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DG111/112 O~OIb 

APPLICATION TIPS 
The recommended resistor values for interfacing with RTL. DTL. and T2 L Logic is shown in figs. land2. 

RlL 
Oll 931, 932. 937 
948:949.961,963 

OT L 930, 936, 
945,946, 962 

'TTL 54114 
TTL 9000 SERIES 
SUHL 

+5V!'O% 

~ igure 1. 00.111 I nterfa~e 

Enable Control 

RlL 
Oll 931, 948, 
949,961,963 

OTL 930, 936, 945, 
946,962,931 

TTL 54174 , 
TTL9000SERIES 
SUHL 

+5V tlO% 

Figure 2. DG112 Interfa~e 

The VR and VL terminals can be used as a strobe or an enable control. The requirements for sinking current at VR or 
sourcing current at'VL are: I LION) x no. of channels used. for DG111, and IRION) x no. of channels used. for the DG112. 
The voltage at VL must be greater than VIN for VIN< 4V. VL must be at least +4V for VIN > 4V .. 

SWITCHING TIMES 

v .. 
!. < 0.1.,$ 
t( < 0,1.,$ 

OG112 
OUTPUT 

OG111 
OUTPUT 

DGlll 

+4.SV 

olL 

DGl12 

+2,4V 

O~o-~'V6K~~~; 

s, 
t--.,......,OUTPUT 

2K lOpF 

+IOV 

t--..--oOUTPUT 

lOpF 



D0111/112 O~OIL 

TYPICAL CHARACTERISTICS 

'os vs Vb OR Vs 

SWITCHING TIMES vs 
TEMPERATURE 
(OGlll.0Gl12) 

IINvsV1N 
(DGl12) 

lK 

~S" 
~..:; 

....... ! 100 

10 
-10 

Is=-1mA 

125°_ 
Vee - lOV 
VEe - -20V /r:;; 25°- Vp : -20V 

~-55O 
r---.I'--

o +10 

VD OR Vs IVI 

1100 

~ 900 

'" w 
::;; 700 
i= 

" z 500 ;: 
u .... 
~ 300 
'" 

100 

VR = 0 
VEE: -20V 
~cc = lOV 
COUT = 30 pF 
po -20V 

tOFF 
.".,., 

/' 

t--
tON 
~ 

-50 o 25 
I 

75 

TEMPERATURE 1°C) 

1.8 
V R =0 

" 
,VEE = -20V 

/ 
.s 1.4 
.... 
z 
w 
a: 

1~~:gH 
.~55°C I 'N 

a: 
::> 
u 
.... 
~ 0.6 
z 
-; 
z 

0.2 

II N 
II "I 

/ / 
J 

// V 
125 o 0.2 0.4 0.6 0.8 

·V,N -INPUT VOLTAGE IV) 

PACKAGE OUTLINES 

Flat Package 
Ceramic Dual-I n-Line Package 

I L 0';:~~'4i -C.J I I -0.464 ".183} -I 

~. [~ .~ ~ ~ ~I ~' j:::To:: .0.316 1..021 0.282 {all61 0.304 j'O.1l2J -1 I.- 0,092 IO.23j} 

,=-<="",,,~~=-=,-=,J~~=~=_---l_~ I I 0018 {O.198} 

r=-=-:=-=:-=-~:=1 

0.095 (ami -I I- ~ 
0.025 fO.(63) , 0,012 (a03O) 
0.011 (O.02l) 0,008 (0.020) 

NOTE:-AII dimensions in inches. 

0105(a26ITUm~h. t r"?f 
NOTE: All dimensions'in inches. 

FO Package 

0.055 (0. 139} ---.J L 0.265 (0.613) 

O,O:r: '41 -I 1~-O_250 /O.6J5J_ 

00:8(045l/=.~ DO i!! 
0.010 (a2541T~ 

j 
l==d.,c=:::;:l;:k:~~~ 
T 

0.007 10.1771 
0.004 /a'/O', 

0.088 (0.224) 
0.065 (0.1651 

DO Package 
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n~n~ DG116/DG1181DG123/DG125 
4 and 5·Channel Driver·MOS·FET 

Switch Combinations Military Series 
FEATURES - 55 °C to + 125 °C 
• Available With and Without Programmable Constant 

Current pull-up 
• Zene( Protection on All Gates 
• P-Channel Enhancement-Type MOS-FET 

Switches 
• Each Switch'Summed to One Common Point 

GENERAL DESCRIPTION 
This series includes devices with four and five channel 
switching capability. Each channel is composed of a driver 
and a MOS-FET switch. Two driver versions are supplied 
for inverting and 'noninverting applications. A MOS-FET, 
used as a current source provides an active pull-up for fa,ster, 
switching. 

An external biasing connection is brought out for biasing 
the current source for optimization of speed and power. 

ABSOLUTE MAXIMUM RATINGS 
Collector to Emitter (Vee - VEE) 
Collector to pull-up (Vee - Vp) 

33V 
33V 

OG".6 DGl18 
(One Channel) (One Channel) 

" " 
" . o. 

" . , I 

i I 
, , 

I 
I I I 

J I I 
I I 

I I 

___ J I 
I 
I 
I _____ J 

ORDERING INFORMATION 
DG 116 M FD C paCkage 

FD - 14 pin Flat Package 
DD - 14 pin Hermetic DIP 

Temperature Range , 
M - Military.(-55°C to,+125°CI 
I - Industrial (-20°C to +85°CI 
C - Commercial (O°C to +70°CI 

'-------- Device Chip Type 

Analog Driver Switch Combination 

Drain to Emitter (V ci - VEE) 
Source to .E:mitter (V s - VEE) 
Drain to Source (V o - Vs ) 
Source to Drain (Vs - V o ) 
Logic to Emitter (V L - V E E) 

Reference to Emitter (V R ..: VEE) 
Reference to Input (V R - V ,N ) 

Logic to Input (V L - V ,N ) 

Input to Emitter (V ,N ...: VEE) 
Current (any terminal) 
Storage Temperature 
Operating Temperature 
Dissipation (Note) 
Lead Tempertature (soldering, 10 sec.) 

32V 
32V 
28V 
28V 
33V 
31V 

6V 
±6V 
33V 

30mA 
-6SoC to +lS0°C 
-SSoC to +12SoC 

7S0mW 
300°C 

NOTE: Dissipation rating assumes device is mounted with all leads 
welded or soldered to printed circuit board in ambient 
temperature of 70°C. Dera~e 10mWfC for higher ambient 
tempera~ure. 

DG123 OG125 
(One Channel) ('In. Channel) 

" 

, I . · " , I , 
" " · " , I 

I I · I 
, I I 

I I I ! I I I 
I I I 

I 

J I I ! , I 
I : I 
I : I I ___ J 
I ! I , I ___ ' __ J 

I 
I 
I --------, 

TRUTH TABLE 

OGl16,OG123 OGl18, OG125 Switch 

V,N VR V,N VL Condo 

L L L L OFF 

H l. L H ON 

L H H L OFF 
H H H H OFF 

L ~ OV, H = +V 



DG116/118/123/125 o~nll 

PRODUCT CONDITIONING 
The following processes are performed 100% in accordance 
with MI L-STD-883_ 

Precap Visual-Method 2010, Cond_ B_ 

Hermeticity-Method 1014, Cond_ A,C_ 
Stabilization Bake.-Method 1008. 

ELECTRICAL cHARACTERISTICS 

Temperature Cycle-Method 1010. 
Centrifuge-Method 2001, Condo E.' 

(Leak < 5xl0-8 atm. eels) 

Test conditions unless specified otherwise are as follows: V L ~ 4.5V, V R ~ 0, VEE ~ -20V, and P ~ -20V. InputON and 
OFF test conditions used for output and power supply specifications. 

PARAMETER MAX LIMITS 
(NOTE) _55°C +25°C +125°C 

CONDITIONS 
UNITS 

DGl16 I'NIOFF) 1 1 100 IlA V ,N =' D.4V 

r 
=> 

DG123 V'NION) 1.3 1.0 0.8 V liN ~ 1 mA 
0.. 
Z DGl18 I'NIOFF) 1 - 1 20 IlA V ,N ~ 4.1V 

DG125 i I'~ION) '. -0.7 -0.7 , -0.7 mA V ,N e'D.5V .. .' '., 
" 

100 100 125 n • VD ~ 10V, Is= -lmA 

rOSION) 200 200 250 n Vo ~ 0, Is ~ -1001lA 
r 
=> All 450 450 600 n Vo~ -10V, Is~ -1001lA 
0.. r circuits IOION) 4 4000 nA Vo ~ 10V, ISlall ) ~ 0 => 
0 

':'4000 IOIOFF) -4 nA VSlall ) ~ lOV, V D = -10V 

ISIOFF) -1 -1000 nA Vo ~ 10V, Vs ~ -10V 

ICCION) 3 mA 

All ILION) 3 mA 
>- circuits 

One Channel (ON) 
-.J IRION) -0.5 mA 
0.. 
0.. 

, IEEION) -6 mA => ,. 

(f) 

a: ICCIOFF) 10 IlA 
w 
:s: AI,I ILIOFF) 10 IlA 0 All Channels (OF F) 0.. circuits IRIOFF) -15 IlA 

IEEIOFF) -20 IlA 

l:l z tION) 0.3 IlS - (f) 
J:w All 
u~ circuits 

See Switching Times 
r-
~r tIOFF) 1 Ils 
(f) 

NOTE: (OFF) and (ON) subscript notation refers'to the conduction state of the MOS-FET switch for the given test condition. 
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1)0116/118/123/125 

APPLICATION TIPS 

O~OIL 

The recommended resistor values for interfacing RTL, DTL, and T2 L Logic are shown .in Figures 1 and 2. 

RTt 
on 931, 93:1, 931 
948,949,961,963 

oT l 930, 936, 
945, 946. 962 

TTL 54114 
TTL9000SERIES 
SUHL 

+5V!10% 

Figure 1-. DG118andDG125 
Interface 

Enable Control 

RTt 
Oll 937,948, 
949, 961, 963 

OlL 930, 936, 945, 
946,962,931 

TTL 54/74 
TTL 91XXJ SERIES 
SUHl' , , 

Figure 2. DG116 and DG123 
Interface 

The VR and VL terminals can be used as either a Strobe or an Enablecontroi. The requirements for sinki~g current at VR 
or sourcing currenlatVL are: I L(ON) x No. of chari nels used, for DGl18and DG125, and IR(ON) x No. of channels used, for 
the DG 116 and DG 123 devices. The voltage at VL l11ust be greater than the voltage at VIN by at least +4 V. 

SWITCHING TIMES 

v" J. 1, < 0.' pS 

I, ..;: 0.1 "_' _..::ov,"-~ 50% 

OGIl6,I23 
OUTPUT 

DG118,125 
OUTPUT 

ov 

OG116,.123 

t]4V 

0~o-~'N·6K~~~~~~ 

DG118,125 

+4.5V 

oIL 

5, 

+--,,--oO~TPUT 

2K 

$, 

t--..-<>OUTPUT 

2K JOpF 



DG11'6/118/123/125 

TYPICAL CHARACTERISTICS.· 

1.8 

« 
.§ 1.4 
.... 
z· w 
a:: 
a:: 
::> 

" .... 
::> 0.& ... z ., 
~ .0.2 

liN vs VIN 
(DGll&,DG123) 

v. =0 
VEE = -20V , 

l~~:gN 
-SSOC' 'N 

II N 
II 

I 
I 

/1/ V 

'I 
1 

o 0.2 0.4 0.& 0.8 

V'N -INPUTVOLTAGE IVI 

PACKAGE OUTLINES 

L 
t 
.010 
.019 

Flat Package 

1 • 14 

,1100 

-;;; 900 
.s 
III 
W 
::;; 700 
;:: 

'" ~L 500 

" .... 
~ 300 

100 

SWITCHING TIME/> vs 
TEMPERATURE 

V. = 0 
VEE = -20V 
~ee = 10V 
COUT = 30 pF 
P = -20V 

tOFF 

V-

ION - I"---

/' 

-so o 2S 7S~ 

TEMPERATURE (OCI 

/ 

D~DIl. 

ros vs VD or,VS 

IK 

~;:-

~~ ...... ~ 
~ 100 .. 
o 

10 
-10 

12So-
VC 2So-

~-SSO ---
'0 

IS' ImA 
Vee '-10V 
VEE ~ -20V 
Vp = -20V' 

+10 

Vo OR Vs (V) 

Ceramic Dual-I n-Line Package 

I;;Q710~ [1.1I03} 

'---0.418 11.2'4}..-J 
,0.464 (r.1B3) ~I 

--I l- 0.092 ra233) 
-I I 0018(0.1981 

IT t [~ ~ ~ ] ]:I: O'..!.8021 0.282 (0.716) 0.304 (07121 

. ".~! ~ .. I {a762} 

.--l. '.240 .m T .~ 
~-bp 

(Q406) 

a.' .. ta2ti6l--! L, ~~ T, 0.095 (o.24U -I r 
. 0.025 (dQ63J 

0.011 (Q021) 

0.012 (o.03O) 
0.008 (0.020) 

NOTE: All dimensions in inches. 
F 0 Package ' . 

NOTE: All dimensions in inche~: 
DO Package 
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n~DlL DG120/DG121 
3·Channel Drivers with 

Differential Switches 
Military Se.ries:- 55,0 C to +.125 0 C 

... FEATURES 

• 3-Channel With Normally-Off 
'MOS:FET.Switches in One Package 

• ll.rOS(ON)Matched to Better Than 
· .30n. ....., 

GENERAL DESCRIPTION 
This series is composed .. of three channels in one ·package. 
·Each channel, is composed of two matched MOS-FET 
switches for differential input requirements.' Two driver -
configl(rations are -avail<ible for inverting and non inverting . 
applications. A MOS-FET used as a current source provides 
an active pull-up load for faster switching. 

ABSOLUTE MAXIMUM RATINGS 

C9"ector to Emitter (Vcc - VEE) 
Collector to pull-up (Vcc - Vp ) 

OG120 (One Channel) 

"vu , , 

7;": +-----.....; <>'-------'---..-+-<;0. 
,,"+-----1--1: <>--:-----i 
.~"+-----~-~-~ 

ORDERING INFORMATION 
DG 120 

. L=M. L Package . 

FD - 14 pin Flat Package 
. . DO - 14 pin Hermetic DIP 

Temperature Range 
M - Military (-5S0C to +125°C) 
I - Industrial (-20°C to +85°C) 
C'- Commercial (O°C,to +70°C) 

'-------- Device Chip Type 

1-_________ Analog Driver Switch Combination 

33V 
33V 

Drain to Emitter (V o - VeE) 32V 
"Source to Emitter (Vs - VEE)' 32V 
Drain.to Source (V O - Vs ) . 28V 
SOurce to Drain (Vs - Vo ) 28~ 
Logic'to Emitter (V L - VEE) ,33V 
Ref. to Emitter (V R - VEE) 31V 
Re(tolnput (V R - VIN ) +6V 
Logicto Input (Vt.: - VIN ) ±6V 
Currerit (any terminal) 30 rnA 
Storage Temperature -65°C to +150~C 
Operating Temperature -55°C to +125°C 
Dissipation (Note) 750mW 
Lead Terripertature (soldering, 10 sec.) 301tC 
NOTE: Dissipation rating assumes device is mounted with all leads 

welded or soldered to printed circuit board in ambient 
temperature of 70°C. Derate 10mWfC for higher ambient 
temperature. 

OG121 (One Channel) 

" ; .. 
.1>-' 4-'----__<>1" .... ----___ -I-<lo. 
',1>-' -1-----+_4 ... ---4 
'~-----+--4--vf 
~o.:. +---":"':--.vfo--,--i--'--l--'-rl~o .. 

• ,;,.' +-----,-4--,-i...::..-01 

TRUTH TABLE 

OG120 OG121 Switch 

VIN VR VIN VL Condo 

L L L L OFF 
H L L H ON 
L H H L OFF' 
H H ·H H OFF 

L'OV,H=+V 



DG120/121 

PRODUCT CONDITIONING 

The follQwing processes are performed 100% in accordance 
with MI L-STD-883. 

Precap Visual-Method 2010, Condo B. 
Stabilization Bake-Method 1008. 
Temperatu~e Cycle-Method 1010. 

ELECTRICAL CHARACTERISTICS 

Centrifuge-Method 2001, Condo E. 
Hermeticity-Method 1014, Condo A,C 

(Leak Rate < 5 x 10-8 atm. eels) 

O~OIl, 

Test conditions unless otherwise specified are as follows: V R = 0, V L =' 4.5V, Vcc = 10V, VE E = -20V. Input ON and 
OFF test conditions a,e used for output and power supply specifications. 

PARAMETER MAX LIMIT 

(NOTE 1) _55°C +25°C +125°C UNITS 

IINIOFFI 1 1 100 pA 
I-

DG120 
::J VINIONI 1.3 1.0 0.8 V 
<l. 
Z IINIOFFI 10 10 20 pA - DG121 

IINIONI -0.7 -0.7 -0.7 rnA 

100 100 125 n 
rOSIONI 200 200 250 " n 

450 45Q 600 n 
I-
::J ArOSIONI <l. Both n I- 30 
::J (Note 2) o· 

IOIONI 3 3000 

IOIOFFI -3 -3000 nA 

ISIOFFI -1 -1000 

DG120 IRIONI -0.5 

DG121 ILIONI 3 
>- rnA 
...J ICCIONI 3 <l. 
<l.. 
::J 
til 

IEEIONI -6 

ex: ICCIOFFI 10 
W Both s: IUOFFI' 10 0 
<l. pA 

IRIOFFI -15 

IEEIOFFI -20 

\.!) 

~tIl tON 300 ns' 
J:w 
u:2 Both 
1--
-l-s: tOFF 2 J.(s 
til 

NOTE 1: (OFF) and (ON) subscripts refer to the conduction state of the MOS-FET switch. 

NOTE 2: L>rOS(ON) is the resistance difference between differential switches. 

CONDITIONS 

V 1N = O.4V 

IIN=1mA 

V IN =4.1V 

V IN = 0.5V 

Vo = 10V 

Vo=O Is =-lmA 

Vo = -10V 

Vo = -10V, Is = -100pA 

Vo = 10V, Is = 0 

VSla1i1 = 10V, Vo = -10V 

Vo = 10V, Vs = -10V 

One Channel ON 

All Channels OFF 
, 

See Switching Times 
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DG120/121 

APPLICATION TIPS 
The recommended resistor values for interfacing RTL, DTL, and T2 L Logic are shown in Figures 1 and 2. 

RTL 
OTL 931, 9l2, 937 
948, 949, 961, 963 

DTl 930. 936, 
945. 946, 962 

TTL 54174 
TTL 9000 SERIES 
SUHl 

+5V'10% 

+5V!10% 

Figure 1. QG121 Interface 

Enable Control 

RTl 
Oll 937. 948, 
949,961, 963 

on 930. 936, 945, 
946,962.931 

TTL 54174 
TTL 9OCX)SERIES 
SUHL 

Figure 2. DG120 Interface 

D~DIl 

The VR and VL terminals can be used as a strobe or an enable control. The requirements for sinking .currentai: VR or 
sourcing current at VL are: 'LION) x No.. of channels used, for DG121 and 'RION) x No. of channels used, for DG120. The 
voltage at VL must be greater than VIN for VIN < 4V. VL must be at least. ... 4V for VIN >.4V. 

APPLICATIONS 

3·Channel Differential Multiplexer 



DG120/121 

SWITCHING TIMES 

v" 
r,.< O.ll's 
II <0.1,Is 

OG120 

.10V 

t2.411 

O~o-~'V6'~~~-r~ 

ov OUTPUT 

2K 30pF 

DG120 
OUTPUT -=-

DG121 
OUTPUT 

ov 

'10. 

TYPICAL CHARACTERISTicS 

'os vs Vo O,.VS 
lK 

~S 
~~ 

....... E ". Q 100 

10 
-10 

IS trnA 

125°_ 
Vee - lOV 
VEE =·-2OV. Vr:;:: 25° 

~-55O 
..... --

o +10 

VD OR Vs IVI 

PACKAGE OUTLINES 

,Flat Package 

NOTE: All dimensions in inches. 
. FD ,Package 

1400 

1200 
~ 
;;;,000 w . 
::;; 
;::800 

" Z 600 :;: 
U 
I- 400 
~ 

200 

o 

OG121 

+4.5V 

oS""L 

SWITCHING TIMES vs 
TEMPERATURE 

Vo = +10V 
Vee = +10V 

VEE = -20V :/ 
VL = 5V. VR;' 0 

Cout ". 30 P 7~OFF-I--
RL = 2k/""" 

... 

=- - tDN 

l/ 

-

-50 -25 0 25 50 75 100 125 

TEMPERATURE lOCI 

-20V 

:;{ 
.§ 
I-z 
w 
ex: 
ex: 
:::> 
u 
I-
:::> ... z 
t 
z 

",--..--oOUTPUT 

,. 3D" 

1.B 
VR =0 , 
VEE = -20V 

1.4 

'~~:~-:-..l 
_55°C I .~ 

/;-;, 
0.6 ~ I 1"/ 

J IL 
0.2 

1/ / 
V V 

o 0.2 0.4 0.6 O.B 

V'N - INPUT VOLTAGE IVI 

Ceramic Dual-in-Line Package 

'r;;(~:;~J~ 
L. 0.478 ('-"41-1 
r,-O.464 (I.I83} -1 

NOTE: All dimensions in inches. 
DO Package 

--' L 0.092 (0.233) I I 0.078 (o.l~J 

~T 
0.300 REF. 

I 
0.012 ro.ibo) 
0.008 (O.020) 
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U~Ulb DG126/A, DG129/A, DG133/A, 
DG1341A, DG140/A, DG141/A, 

DG151/A, DG1521A, DG153/A, DG154A 
2·Channel Drivers with 

SPST and DPST PET Switches 
FEATURES 
• Each channel complete-interfaces with most integrated logic 

• Low OFFpower dissipation, 1 mW ABSOLUTE MAXIMUM RATINGS 
• Switches analog signals up to 20 volts peak·to·peak 

• Low rOS(ON), 100hms max on DG140/A and DG141/A 

• Switching times improved 100%- 'A' Versions. 
GENERAL DESCRIPTION 
These switching circuits contain two channels in one pack· 
age, each channel consisting of a driver circuit controlling 
a SPST or DPST junction FET switch. The driver inter· 
faces DTL, 'TTL or RTL logic si9nalsfor multiplexing, 
commutating, and D/A converter applications, which per· 
mits logic design directly with the switch function. Logic 
"1" at the input turns the FET switch ON, and logic "0" 
turns itDFF. 

DUAL SPST 

Analog Signal Voltage (V A - V 2 or VI - V ~) , 30V 
Total Supply Voltage (VI - V2) ....... 36V 
Pos. Supply Voltage to Ref. Voltage (V 1 - V R) • 25V 

. Ref. Voltage to Neg. Supply Voltage (V R - V2). 22V 
Power Dissipation (Note) . 750 mW 
Current (any terminal) ................ 30 mA 
Storage Temperature .... . . . . . . . -65 to +150°C 
'Operating Temperature .... . . . . . • . .. -55 to +125°C. 
Lead Temperature (Solde~ing, 10 sec) •....••••• 300°C 
NOTE: Dissipation rating assumes device is mounted with all leads 

welded or soldered to printed circuit board in ambient 
temperature below 70·C. For higher temperature, derate 
at rate of 10 mwtC. 

OGI33/A('OS(ON) = 3011) 
OGI34/A(rOS(ON) = BO 11) 
PGI41/A('OS(ON) = 1011) 
OGI51/A('OS(ONI = 1511) 
OGI52/A('OS(ON) = 50 11) 

sw, 
"'"'i-~-<1 ~--f-+""sw, 

DUAL DPST 
OGI26/A('OS(ON) - BO.O) 
OGI29/A(rOS(ON) = 30.m 
OGI40/A(rOS(ON)= 10.m. 
OGI53/A(rOS(ON) ~ 15.m 
OGI54/A(rOS(ON) - 50.m 

10 
v. 

(ENABLE) 

12 
v, 

v. 

sw, 
~r-----~~---+~~~SW' 

SW, 
.,.:..r------1~--+-_1I-"-<>SW • 

. IN O--<--i"'-J 

VA (ENABLE) v, 

1. 
v. 

(ENABLE) 

v, 

" 

ORDERING INFORMATION PACKAGE DIMENSIONS 
Flat Packa'ga Ceramic Dual·ln·Llne Package 

DG . 1 26A DO 1 I T L_~"OOO"';~O~;",,1 
Device Chip Type 

. . Military Temperature Range (-55°C to 125°C) 

Analog Gate • 

FO Package 

mtm..k· 
''"'''-,-' I- II T 
009\ '0.1''' -I -II-

0011 room DO Package 



DO 126A/129A/133A/134A/140A/ 
141A/151A/152A/153A/154A 

, PRODUCT CONDITIONING 

The following processes are performed 100% in accordance 
with MI L-STD-883. 

Precap Visual-Meth. 2010, Condo B 
Stabilization Bake-Meth. l00S 

ELECTRICAL CHARACTERISTICS PER CHANNEL 

Temp. Cycle-Meth: 1010 
Centrifuge-Meth. 2001, Condo D 
Hermeticity-Meth. 1014, Condo A, C 
(Leak Rate <5 x 10-8 atm cc/s) 

Applied voltages for all tests: DG126/A, DG129/A, DG133/A, DG134/A, DG140/A, DG141/A (VI = +12V, V2 ,,; -,lSV, 
VR = 0) and DG151/A, DG152/A, DG153/A, DG154/A (VI· = +15V, V2 = -15V, VR = 0). Input test condition which 
guarantees FET switch ON andOFF as specified is used for output and power supply specifications. 

SYMBOL 
ABSOLUTE MAX. LIMIT 

(NOTEI CHARACTERISTIC TYPE UNITS TEST CONDITIONS 
_550 25' 125' 

I VIN ON Input Voitage-On 2.9 min 2.Smin 2.0 min Volts V, = -12V 
N , VINlOFFI Input Voitage-Off 1.4 1.0 0.6 Volts V2 = -12V 
P 

Input Current 
All Circuits 60· 

U IINIONI 120 60 IlA VON = 2.5V 

T IINIOFFI Input Leakage Current 0.1 0.1 2 IlA VON = O.BV 

OGI26/A 
80 80 150 n 

OGI34/A 

OGI29/A 
30 30 50 n Vo = roV.IS=1 rnA 

OGI33/A 

Drain-Source On Resistance 
OGI40/A 

.10 10 20 n VO= 10V, IS = -lOrnA rOSION) OGI41/A ". 

S OGI51/A 
15 15 30 n 

W OGI53/A 
V6 = 7.SV. Is = 1 rnA 

I OGI52/A 
T OGI54/A 

50 50 100 n 
C 

IOIONI:- 'SIONI Drive Leakage Current OGI26/A 2 100 nA Vo = Vs - -10V 
H 

'SIOFFI Source Leakage Current 
OGI29/A 

1 100 nA Vs = 10V, Vo= -10V 
0' OGI33/A 

U IOCOFFI Drain Leakage Current OGI34/A 1 100 nA Vo = 10V. Vs = -10V 

T lolON) + 'SIONI Drive leakage C~rrent 2 100 nA Vo - Vs - -10V 
P Source Leakage Current 

OGI40/A 
'StOFF) 10 1000 nA Vs = 10V, Vo - -10V 

U 
Drain Leakage Current 

OGI41/A 
T lotOFFI 10 1000 nA Va.- 10V. Vs = -10V 

'OIONI + 'SION) Drive Leakage Current· 2 500 ell Vo - Vs = -7.5V 

'StOFFI 
OGI51/A 

Source Leakage Current 10 1000 nA Vs = 7.5V, Vo = -7.5V 

Drain leakage Current 
OGI53/A 

1000 1010FFI 10 nA Vo = 7.5V. Vs - -7.5V 

IOIONI + 'SIONI Drive Leakage <;:urrent 2 500 nA Vo Vs = -7.5V 

'SCOFFI Source Leakage Current 
OGI52/A 

OGI54/A 
2 200 nA Vs = 7.5V, Vo = -7.5V 

IDIOFFI Drain leakage Current 2 200 nA Vo -7.5V. Vs = -7.5V 

IUONI 
Positive Power Supply 

3 mA P Drain Current 
0 Negative ower ,SupplY 
W 1210NI Drain Current 

-1.B rnA One Driver ON. V 1N '" 2.5V 

E Reference Power. Supply 
R IRION) Drain Current All Circuits 

-1.4 rnA 

·s 'HOFFI 
Positive Power Supply 

25 IlA 
U Leakage Current 
P 

1210FFI 
Negative Power Supply 

-25 Both Orivor.OFF. VON -O.BV 
P Leakage Current IlA 

L Reference Power Supply ~ 
Y IRIOFFI leakage Current 

-25 IlA 

NOTE: (OFFI and (ONI subscropt notation refers to the conduction state of the FET switch for the given test. 

&I 
)1. ' . 
\ 
t 

I ,. 
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D0126A/129A/133A/134A/140A 
141 A/151 A/152A/153A/154A 

ELECTRICAL CHARACTERISTICS PER CHANNEL (cont.) 

SYMBOL CHARACTERISTIC TYPE (NOTE I 

OG126,OG129 
OG133,OG134 

toN Tum.()n Time 
OGI52,OGI54 

OGI26A,OGI29A 
OGI33A,OGI34A 
OGI52A.OGI54A 

S OG126,OG129 
W OG133,OG134 
I OGI52,OGI54 
T toff Turn"()ff Time 

OGI26A,OGI29A 
C OG133A,OG134A 
H OG152A, DGI54A 
I 
N OG140,OG141 

G 
to .. Turn-On Time 

OG151,OG153 

OG140A,OG141A 
OGI51A.OGI53A 
OG140,OG141 
OG151,OG153 

toff Tum-Off Time 
OG140A,OG141A 
OG151A,OG153A 

P 
PON ON Driver Power 0 

W Ali/Circuits 
E' POFF OFF Driver Power 
R 

D~DIL 

ABSOLUTE MAX. LIMIT 
UNITS TEST CONDITIONS 

-550) 25° 125° 

600 n' 
See Below 

300 500 n' 

1.6 1" 

See Below 

O.B 1.2 1" 

1.0 1" 
See Below 

0.5 0.8 1" 

2,5 1" 
See Below 

1.25 1.8 1" 

175 mW Both InputsVIN =.2.5V 

1 mW Both I~puts VIN = 1V 

NOTE: (OFF) and (ON) subsc~ipt notation refers to the conduction state of the' FET switch for the given test. 

SWITCHING TIMES (at 2SoC) 

DG126/A,129/A, 133/A, 134/A, 
140/A, 141/A 

I'WV~._ ,.w,r-----,. 
t,<O.I,. 2..IV 
,,<0.1,. 

OUTPUT 
'tI,,-tOY 

'" 

'" 
OUTPUT 
v .. --lOY 

OFF MODEL 

IpF Ipf lOG 140,1"', I.U/A) 

--m~ 
ON MODEL 

'0. 

-~~-'. 

'-'~-r'~ 

DG151/A, 152/A, 153/A,154/A 

::w:~~: 2.5:'r-----" 
t,<Cllp 

'" 
OImUT 
v. -7.I5V 

'" 
OUTPUT 

V .. --7.IV 

OFF MODEL 

ISp' I.,FIOG 1111 .... 1131 ... ' 

$OU·~~T .. ,. ' "r I'.1. ~~~,;~.~ 
1.0pF ' 

-= ',,:, '=' 

ON MODEL 

'N $OU ... ~ ..... 

"-"Y"" ' 



DQ 126A/129A/133A/134A/140A 
141A/151A/152A/153A/154A 

TYPICAL CHARACTERISTICS (per>channel) 

OG126/A. 129/A. 133/A. 134/A. 140/A, 141/A 

VIN THRESHOLD 

~ 
9 
o 
ill 
w 
0: 
:z: 
I-

5 ... 
~ 
.1 

z 
:> 

~ 
~ 
o 
W 
N 
:::; 
« 
:I! 
0: 
o 
Z 
1 

~. 

vs TEMPERATURE 

VA -0 
V, • +12V 

~ ~ 
v,· -12V 

ON 
2 

OFF -~ 
1 

o 
-75 -25 25 75 

'TEMPERATURE tOC) 

roStON) 
vs TEMPERATUflE 
(Normalized to 25 C Value) 

2 
,I. I.!. r,YIN =2.5V 
V~ =0 
V," +12V 

125 

r-V, = -ISV 
1/ I' 

1 

o 
-75 

./ I' 

...... V 
I.-"" 

-25 25 75 125 

TEMPERATURE (oC) 

~ 

OG151/A. 152/A, 153/A.154/A 

VIN THRESHOLD 
vs TEMPERATURE 

VA = 0 

o 2 
..J ~ ~ 

V, = +15V 

ON 
V,=-12V 

o 
" II> 
W 
a: 

" .... 
.... 
:> ... 
z 

z 
:> 

~ 
'" .£ 
Z 
0 
;;; 
!! 

1 

o 
-75 -25 

OFF 

25 75 

TEMPERATURE (·CI 

rOS(ON) 
vs TEMPERATURE 

100 
OG152/A.154/A 

I-"'" 
i",.-o' 

10 
(,....-

re-

125 

t;;: 

r-
OG151/A.OGl53/A 

1 
-75 -25 25 75 

TEMPERATURE I·C) 

125 

ALL CIRCUITS 

« 
! 
.... 
Z 
W 
0: 
0: 
:> 
u 
>-
i ... 
:> 
II> 
z 
0 

2.6 

2.2 

I.S 

1.4 

1.0 

0.6 

0.2 

ON SUPPLY CURRENT 
vs TEMPERATURE 

- - I 
- - I~ 

- - I 

- - IllONI 

- - I A :ON1 -
-75 -50 -25 0 25 50 75 100 125 

TEMPERATUREt·C) 

« 
.5 

0 

~ 

IO(OFFI vs TEMPERATURE 

1000' i 

100 
--r-DGl40/A.141/A. ~~ ;;;;§!; §151/A.153/A 

10 ....t"" 

DG152/A, 
154/A ..t"'" 

DG126/A. 129/A.~ 
133/A. 134/A = 

0.1 
25 45 65 85 1~ 125 

TEMPERATURE I·CI 

10 

« 
.3 
.... 
z 
w 
a: 
a: 
:> 
u 
>-
..J ... 

0.1 ... 
:> 
II> 
u.. 
u.. 
0 

0.01 

OFF SUPPLY CURRENT 
vs TEMPERATURE 

~ 

I' 
25 ~ ~ ~ 1~ 125 

TEMPERATURE (·CI 

I 
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U~UlL DG139/A, DG142/A -DG146/A, 
' DG161/A'- DG164/A 

Drivers with Differentially Driven 
N.O.and N~C. FET'Switches 

FEATURES 
• Each channel complete-interlaces with most integrated logic 

• Low OFF power dissipation. 1 mW " 

• Switches analog signalsup to 20 volts peak-to-peak 
) 

• Low rOS(ON). 10\ohms max on DG145/A and DG146/A 

• Switching times inJproved 1 OO%-"A" circ'uits.125°C guarantee 

GENERAL DESqRIPTION 
Each package contains a ,monolithic,driver with differential 
input and 2 or 4 discrete F ET switches. The driver may be 
treated as a special purpose' differential amplifier wh ich 
controls the conduction state of the FET switches. The 
differentiar output of the driver sets the switches in opposi
tion. one pair open and the other pair closed. All switches 
may be opened by applying a positive control signal to the 
.v R ,terminal. 

SPoT 
11 

V, 

ABSOLUTE MAXIMUM,RATINGS 

V l -V2 '36V V l -VR ...... 17V 
Vs - V2 30V V l - V 1N1 or V 1N2 14V 
V l - Vs 30VV1Nl - V 1N2 ±6V 
Vs'--Vo ±22V V 1Nl -VR ±6V 
V R - V2 . 21V V 1N2 - VFi ±6V 
Power Dissipation (Note) 750 mW 
Current (an'y terminal) ........... 30 mA 
Storage Temperature " .. _ . _ " -65 to +150°C 
Operating Temperature •• ~ •••••• _ •• _ -55 to +125°C 
Lead Temperature (soldering. 10 sec) • __ •• _ •• 300°C 
NOTE: Dissipation rating assumes device is mounted 'with all leads 

welded or soldered to printed circuit board in ambient 
temperatu're below 70°C, For higher temperature, derate at 
rate of 10 mwtr;. ' 

DG143/A(rOS(ON) - som ' 
OG144/A(rOS(ON) - 30n) 
OG146/A(rOS(ON) - 10m 
OG161/A(r6S(ON) - 15m' 
OG162/A(rOS(ON) - 50m 

7 
i>--If---,----o-.r-----!---Ol sw, 

DPDT 
OG139/A(rOS(ON) - 30m 
OG142/A(rosiON) -,son) 
OG145/A(rOS(ON) - 10m 
OG163/A(rOS(ON) -' 15m 
OG164/A(rOS(ONI - 50m 

11 

V, 
12 

11 
V, 

SW, 

i>-[-_____ <>_r_r---+...;,7 sw, 
14 1 

5 SW3 
i>-1------~r--+--03 SW, 

~[-_----:---o-(':.---+--Osw. 

ORDERING INFORMATION PACKAGE DIMENSIONS 
Flat ~ackage 

DG '1 39A DD 111 L,~ .. ~, .. O""'~O","".' . 
Device Chip Type . 

, Military Temperature Range I-55°C to 125°C) 

Analog Gate ' 

FD Package 

Ceramic Dual-In-Line Package 
, , 

~""~ 
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DG139/A, DG142/A - DG146/A, DG161/A - DG164/A 
, \ 

PRODUCT CONDITIONING 

Thefollowing processes are performed 100% in accordance 
with MIL-STD-883_ 

Precap Visual-Meth_ 2010, Cond_ B 
Stabilization Bake-Meth_ 1008 
Temp_ CYcie-Meth_ 1010 

Centrifuge-Meth_ 2001, Cond_ D 
Hermeticity-Meth_ 1014, Cond_ A, C 
(Leak Rate < 5 x 10-8 atm cc/s) 

ELECTRICAL CHARACTERISTICS PER CHANNEL 

Applied'voltages for all tests: DG139/A, DG142/A, DG143/A, DG144/A, DG145/A, DG146/A (V, = 12V, 
V2 = -18V, VR = 0, V1N2 = 2.5V) and DG161/A, DG162/A, DG163/A, DG164/A (V, = 15V, V2 = -15V, V R = 0, 
V1N2 = 2.5V). Input test condition that guarantees FET switch ON or OFF as specified is used for output specifications. 

SV..,BOL ABSOLUTE MAX. LIMIT 

• (NOTE) CHARACTERISTIC TYPE UNITS TEST CONDITIONS 
_55 0 25' 125~ 

VINtON) Input Voltage-On 2.9 min 2.5 min 2.0 min Volts At Pin 9 and 13 See Figure 1 and 2, Pg. 4 

VINIOFFI Input Voltage-Off 1.4 1.0 0.6 Volt'> At Pin 9 and 13 See Figure 1 and 2, Pg. 4 

IVg- V131 Differential Voltage 0.5 min 
All Circuits 

0,5 min O.Smin Volts See Note 1, Pg. 4 

IINlIONI 120 60 60 "A VI~l 3,QV 
Input Current 

120 I jN2 (ONI 60 60 "A VI"'] 20V 

IINHOFFI 01 01 "A VI"l\ 2.0V 
Input Leakage Current 

01 'IN2(OFfl 01 "A V ,N ] 30V 

OG142/A 
80 80 150 " DG143:A 

vD=10V,IS=-lmA 
OG139/A 

30 30 60 " OG144:A 

D,.in-Sourc, On Resistance 
DG145,tA 

10 10 20 " Vo = tOV, IS = -lmA rOStONI DG146/A 

DG161A 
15 15 30 U' 

DG163/A 

DG162/A 
VO '. 75V,l s = lmA 

DG164/A 
50 50 100 " 

IOtON) + 'StONI Drive leakage Current DG139/A 100 nA Vo V, -lOV 

IStOFF) Source· Leakage Current 
DG142/A 

100 nA V, ~ lOV, Va 0 -lOY 
DG143/A 

IDIOFFI Drain Leakage Current DG144/A 100 nA Vo lOY, Vs = -lOY 

JOlON) + 'SION) Drive Leakage Current 100 nA Vo Vs ~ -IOV 

'StOFF) Source Leakage Current 
DG145/A 

DG146/A 
10 1000 nA V, lOY. Vo -lOV 

1010FFI Drain leakage Current 10 1000 nA Vo - 10V, Vs -lOV 

IOtON) + ISION ) Drive lea.kage Current 500 nA Vo ~ Vs = -7,SV 

IStOFF) Source leakage Current 
DG161/A 

10 1000 nA V, ~ 7.SV. Va ~ -7,5v 
DG163/A 

1010FFI Drain Leak .. Current 10 1000 nA Vo ~ 7 5V. Vs - -7.SV 

IOIONI + IStON ) Drive leakage Current 500 nA Vo ~ Vs = -7.SV 

IStOFF) Source Leakage Current 
DG162/A 

200 
DG164/A 

nA V, = 7.5V, Vo - :'7_SV 

1010FFI Dr.in luk .. Current 200 nA Vo " 7,SV, Vs -7.5V 

'HON) 
Positive Power Supply 

40 m.A 
Drain Current 

V IN1 = 3V 

12tONl 
Negative Power Supply 
qrain Current 

-2.0 mA 

Reference Power Supply All CirCUits 
V IN1 = 2V 

'FIION) Drain Current 
-2_D mA 

I1(OF~) 
Positive Power Supply 

25 pA 
leakage Current 

i2(OFFI 
Negative Power Supply -25 pA V IN1 = V IN2 = O.SV 
leakage Current 

Reference Power Supply 
IfHdFfI leakage Current 

-25 pA 

NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the aiven test. 

I 

3-57 



I 

3-58 

DG139/A, DG142/A - DG146/A, DG161/A - DG1641A O~OIL 
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A 

ELECTRICAL CHARACTERISTICS PER CHANNEL (cont.) 

SYMBOL ABSOLUTE MAX. LIMIT 

(NOTE) 
CHARACTERISTIC TYPE UNITS , TEST CONDITIONS 

-5SoC 26· 126· 

OG139.0G142 
OG143.DG144 O.B "' 

toN Turn·On Time 
DGI62,OGl64 

See Below 
DG139A.OG142A 

DG143A,OG144A 0.' 0.7 "' DG162A,OG164A 

DG139. D:G142 
DG143.0G144 1.6 "' OG162.0G164 

toFF Turn·Off Time 
DG139A.DGI42A 

See Below 

DG143A,OG144A O.B 1.2 "' OG162A,DGI64A 

DG145,DG146 
1.0 "' OG161.0G163 

toN Turn·On Time See B~low 
DGI45A,OG146A 
DG161A,DG163A 

0.5 0.8 "' 
OG145.DG146 

2.5 
, 

OGI6!,DGI63 "' toFF Turn-Off Time See Below 
DG145A,DG146A 

1.25 1.8 "' DGI61A,DGI63A 

PDN ON Driver Power 175 mW Both Inputs V IN o 2.5V 

All Circulls 
POFF OFF Driver Power I mW Both Inputs VI'" - 1.0V 

NOTE: (OFF) and (ON) subscript nolation refers to the conduction state of the FET switch for the given test. 

SWITCHING TIMES (25D C) 

DG139/A. 142/A, 143/A. 144/A, 145/A, 146/A 

~'~'O 1 ". 
1,<01". 

SW1&2 
OUTPUT 
v.' ·w.,. 

SW3&' 
, OUTPUT 

1,1.·101,1 

" 

OFF MODEL 

ON MODEL 

DG161/A, 162/A, 163/A, 164/A 

v,~, 

1, <01 ", 
t, < 0 1~. 

" 
SWI .. :t 
OUTPUT 
V.·7SV 

SWI&2 
OUTPUT 
1,1.--751,1 

V'~I 
t, < 0, 1 ~I 
t,<O,'", 

OFF MODEL 
5pF SpF (OGI6" •. 1631.( 

1,1pF 1 7pF (OTHERSI 

·"-~'i It-F F:-' 
ON MODEL 

.~""~. .... . ...... '"''' 

"'''LI'''' . 



D0139/A, D0142/A - DO 146/A, D0161/A D0164/A O~OIL 

o 

FIGURE.l 

A.CLUTE VOL.TAGE 
LEVII.S FOR S~ITCHING 
¥lITHONIE SIDE OPEN AND 
OTHER SIDE SWITCHED At 
25°C 

3 

VIN (Pins 9 or 13) 

4 o 

FIGURE 2 

VOL.TAOeATPLNI3 
NECESSARY TO SWITCH 
WHEN 81A$ AT PIN 9 IS 
+2.8\/ AT 2eoe ' 

3 

V 1N (Pin 13) 

4 

NOTE1: An example of Absolute Minimum Differential Voltage, IV, - V 1,1, is when V, = 3V and V I , = 2.5V, the V, side of the switch is 
ON and the V I' side of the switch is OFF at 25°C, Conversely, when V, = 2V and V I' = 2.5V, the V, side of the switchi~ OFF and 
the VI' side of the switch is ONat 25°C, . 

TYPICAL CHARACTERISTICS (per channel) 

DGI39/A, 142/A, 144/A, 14S/A, 146/A 

% 
t 
z 

;> 

o 

VIN1' THRESHOLD 
vs TEMPERATURE 

rJ». ~w I &2A~E ciN, 
Vh V..;;; 
~ 
I'({; Vh V....: -- co; 

fsw I & ! AFE o;'f" ~h 

"" ,·,·tT .. 

-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (OC) 

DG161/A, 162/A,163/A, 164/A 

% 

!: 
z 

;> 

VINI THRESHOLD 
vs TEMPERATURE 

OL-______ ~~~ __ ~ 

-75 -SO -25 0 25 SO 75 100 125 

TEMPERATURE rC) 

'DS(ON) vs TEMPERATURE 

100 

I1lGI42/A,143IA 

~ -roGt~ -10 
DGI45/A,146/A 

1 
-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (OCI 

ROS(ON) vs TEMPERATURE 

100 
DGI62/A, 1641~ 

./ 

~ -
DGI61/A,163IA= 

1 
-75 -50 -25 0 25 SO 75 100 125 

TEMPERATURE (OC) 

< 
S 

9 
.3 

1 
~ 
9 

.3 

ID(OF~) vs TEMPERATURE 

1000 

100 

F 
10' 

0.1 
25 

F DGI45/A,146/A ;i2 F == 
I--" 

EXCEPT -
DG1451A,1461A 

45 65 85 105 125 

IS(OFF) vs TEMPERATURE 

1000 

100 

F 
10 

0,1 
25 

DGI61/A,163/A 

....... 

DGI62/A, 164/A 

45 65 85 105 125 

TEMPERATURE (oC) 
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·FEATURES 
• Constant ON-resistance: 75n max. for ±10V signals, 

10n max. for ±7.5 signals. 
• ±15V power supplies 
• < 2nA leakage from signal channel in both ON and OFF 

states 
• TTL, DTL, RTL directdriv~ compatibility 
• ton, toff< 150ns, break'before·make action 
• Cross-talk and open switch isolation, > 50dB at 10 MHz 

(75n load) 

FUNCTIONAL DESCRIPTION 

PART RON 
NUMBER TYPE 

(MAX) 

DG 180 Dual SPST 
DG 181 Dual SPST 
DG 182 Dual SPST 
DG 183 Dual DPST 
DG184 Dual DPST 
DG .185 Dual DPST 
DG186 SPDT 
DG 187 SPDT 
DG 188 SPDT 
DG 189 Dual SPDT 
DG 190 Dual SPDT 
DG 191 \ Dual SPDT 

SCHEMATIC DIAGRAM (Typical Channel) 
ONE AND TWO CHANNEL SPOT AND SPST 

CIRCUIT CONFIGURATION 

10 
30 
75 
10 
30 
75 
10 
30 
75 
10 
30 
75 

DG186/1871188 SHOWN 

DG180 - DG191 
High-Speed Driver with 
Junction FET Switches 

GENERAL DESCRIPTION 
The DG180 thru DG191 series of analog gates consists of 
2 or 4 N·channel junction-type field-effect transistors 
(J-FET) designed to function as electronic switches. Level
shifting drivers enable low-level inputs (0.8 to 2V) to con
trol the ON·OF F state of each switch. The driver is designed 
to provide a turn-off speed which is faster than turn·on 
speed, so that break-before-make action is achieved when 
switching from one channel to another. In the ON state 
each switch conducts current equally well in either di
rection. In the OFF condition the switches will block 
voltages up to 20V peak-to·peak. Switch-OF F input-output 
feedthrough is> .50dB at 10MHz, because. of the low out· 
put impedance of the F ET-gate driving circuit. 

ANALOG GATE 
PRODUCT CONDITIONING 
The following processes are performed 100% in accordance 
with MIL-STD·883. 

Precap Visual - Method 2010, Condition B. 
Stabilization Bake - Method 1008. 
Temperature Cycle - Method 1010. . 
Centrifuge - Method 2001, Condition E. 
Hermeticity - Method 1014, Condition A,C. 
(Leak Rate < 5 x 10-7 atm eels) 

TWO CHANNEL DPST CIRCUIT CONFIGURATION 

DG183/184/185 SHOWN 



DG180 - DG191 D~DIl. 

MAXIMUM RATINGS Current (S or D) See Note 3 200 mA 
"':'65°C to +150°C 
_55°C to +125°C 

450 (TW), 750 (FLAT), 

VCC-NEE 36V VL -VIN 
VCC-VD 33V ' VL -V,R 
VD-VEE 33V . ' VIN-VR 

VD-VS ±,22V VR-'-VEE 
VL-VEE 36V VR-VIN 
Current (Any Terminal except S or D) See Note 3 

8V, 

8V 
8V' 

27V 
2V 

30m A 

Storage Temperature 
. Operating Temperature 
Power Dissipation* 

, 825 (DIP) mW 
"Device mounted with all leads welded or soldered to PC boar<:\. 
Derate 6mWfC (TW); 10mWtC (FLAT); llmWtC (DIP) above 

75°C. 
Lead Temperature (Soldering, 10 sec) 300°C 

MAXIMUM ELECTRICAL CHARACTERISTICS (VCC = +15V, VEE = -15V, VL\= +5V, VR = 0, Unless Other~ise Noted). 

ASERIES BSERIES TEST CONDITIONS PARAMETER DEVICE _55°C +25°c +125°e _20°C +25°C +85°C 
UNITS 

(Note 1) 

: DG181, 182, 184,,185 
1 100 5 100 Vs'~ .lOV, Vo = -10V, Vce = 10V 

187,188,190,191 nA 
(OG180, 183, 186, 189) (10) (1000) (15) (300) . VEE = -20V, VIN '='"off''' 

IS (off), OG181, 184, 187, 190 1 100 5 100 
nA 

Vs = 7.5V, Vo = -7.5V 
s (OG1~O,183, lim, 189) (10) ("000) . (15) (300) VIN'~ "off" 
w 

Vs = 10V, Vo = -10V 1 OG182, 185, 188, 191 1 100 .. 5 100 ' nA 
T VrN = "off'; , 
c 

OG181, 182, 184, 185 H I 

187: 188, 190,191 
1, . 100 5 100 

nA 
Vs = 10V, Vo = -10V, Vec = 10V 

10 (off) (OG180, 183, 186, 189) (10) (1000) '(15) (300) VEE = -20V, VIN' = "off" 
"1 

OG181, 184, 187, 190 1 100 5 100 
nA 

Vs = 7.5V, Vb = -7.5V 
(OGi80, 183, 186, 189) (10) (1000) (15) (300) VIN = "off" 

OG182, 185, 188, 191 1 100 5 laO nA Vs -10V, Vo - -10V 

'''IN = "off" 
OG180, 181, 183, 184, 

-2 -200 -10 -200 nA Vo = Vs = -7.5V, VIN = "on" 10 (on) + IS (on) 186,187,189,190 

OG182,183, 188, 191 -2 -200 -10 -200 nA Vo = Vs = -lOV, VIN = "on" 

,I IINL ALL -250 -250 -250 -250 -250 -250 JlA VIN = OV 
N IINH ALL 10 20 10 20 JlA VIN = 5V 

laO Switches 300 350 
ton 30n Switches 150 180 

0 750 Switches 250 300 ns See switching time .test circuit 
V 

lOn Switches N taff 250 300 
A 30n and 7Sn Switches 130 150 
M 
1 Cs (off) OG181, 182, 184, 185, 9 typical (21 typical) Vs =-SV, 10 = 0, f = lMHz c 

Co (off) 187,188,190,191 6 typical (17 typical) pF Vo = +SV, IS = 0, f = 1 MHz' 
COlon) + CS(on) (OG180, 183, 186. 189) 14 typical (17 typical) Vo = Vs = 0, f = 1 MHz 
Off Isolation Typically> SOdS at 10MHz (See Note 2) RL - 7Sn, CL = 3pF 

OG180, 181, 182, 189 
190,191 ,1.5 1.5 

ICC OG183, 184, 185 0.1 0.1 
OG186, 187, 188 0.8 0.8 
OG180, 181, 182, 189 

75.0 -5.0 
lEE, 190,191 

OG183, 184, 185 ,4:0 -4.0 VIN = 5V 
OG18.6, 187, 188 -3.0 -3.0 
OG180, 181, 18:1, 183 

s IL 184,185,189,190,191 4.5 4.5 
u OG186, 187, 188 3.2 3.2 i p 
p IR ALL -2.0 -2.0 mA 
L 

OG180.181.182,189, V 

190 .. 191 1.5 1.5 
ICC 

OG183, 184, 185 3.0 3.0 
OG186, 187, 188 0.8 0.8 

" 

OG180, 181, 182, 189,' 
190,191 -5.0 -5.0 

lEE OG183, 184, 185 -5.5 -5.5 VIN = OV 
OG186, 187, 188 -3.0 -3.0 

: OG180, 181, 182, 183 

IL 184, i85, 189, 190, 191 4.5 4.5 

OG186, 187, 188 3.2, ,3.2 
IR ALL -2.0 -2.0 

Nota 1: 
Note 2: 
Not!l3: 

See Switching State Diagrams for VIN "ON" and VlliI"OFF" Test Conditons. 
Off Isolation typically >55dB at lMHz for DG 180, 1'83, 186, 189. 
Sat~r~ion Drain Current for DG180" 183. 186; 189 only, typically 300mA (2msec Pulse Duration.) Maximum Current on aU other 
devices (any terminal) 3OmA. 
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DO 180.;.... DO 191 

ELECTRICAL CHARACTERISTICS (CONT'D) 
MAXIMUM ON RESISTANCES (RDSION) MAX) 

DEVICE 
ASERIES 

NUMBER -55Q C +25Q C +125Q C _20°C 

OG 180 1,0 1.0 20 15 
OG 181 30 30 60 50 
OG 182 75 75 100 100 
OG 183 10 10 20 15 
OG 184 30 30 60 50 

. OG 185 75 75 150 100 
OG 186 10 10 20 15 
OG 187 30 30 60 50 
OG 188 75 75 150 100 
OG 189 10 10 20 15 
OG 190 30., 30 60 50 
OG 191 75 75 150 100 

BSERIES 
UNITS CONDITIONS (Note 1) 

+25°C +85Q C 
VCC = 15V, VEE = -15V, VL = 5V, VR = OV 

15 25 n Vo =-7.5V 
50 75 n Vo =-7.5V 

100 150 n Vo = -10V 
15 25 n VO=-7.5V 
50 75 n Vo = -7.5V 

100 150 n Vo = -10V IS =-10 mA 
15 25 n Vo" -7.5V 
50 75 n Vo = -7.5V VIN = "ON" 

100 150 n Vo =-10V 
15 25 n Vo = -7.5V 

. 50 50 n Vo =-7.5V 
100 150 n Vo =-10V 

APPLICATION, HINT (for design only): Normally the minimum signal handling capability of the OG180 through OG191 family is 20V 
peak-to-peak for the 75n switches and 15V peak-to-peak for the 10n and 30n switches (refer 10 and IS tests above). For other Analog 
Signals, the following guidelines can be used: proper switch turn-off requires that VEE'; V ANALOG (-peak) -Vp .; 7.5V for the 10n and 
30n switches and Vp .; 5.0V for 75n switches, i.e., A -10V minimum (-peak) analog signal and a 75n switch (Vp .; 5V),requires that 
VEE'; -10V -5V = -15V. 

SWITCHING TIME TEST CIRCUIT 
Switch output waveform shown for Vs '", constant with logic input waveform as shown. Note that Vs may be + or - as per 
switching time test circuit, Va is the steady state output with switch on. Feedthrough via gate capacitance may result in spikes 
at leading and trailing edge of output waveform. 

lOGIC INPUT FOR "OFF" TO "ON" CONDITION (DG180/181/182 SHOWN) 

LOGIC 
INPUT 3V 

t r <10ns 
tf <10ns 

SWITCHING STATE DIAGRAMS 

DUAL SPST 
. DG180/181/182 

TEST CONDITIONS 

DG180/181/182 

VIN "ON" = 0.8V I All Channels 

VIN "OFF" = 2.0V All Channels 

SVI(ITCHSTATES ARE 
FOR LOGIC "I" INPUT = 2.0V 

DUAL DPST 
DG1831184/185 

TEST CONDITIONS 

DG 1 8311 84/1 85 

VIN"ON" = 2.0V I All Channels 

VIN "OFF" = 0,8V All Channels 

SWITCH STATES ARE 
FOR LOGIC "0" INPUT = 0.8V 

Metal Can Package 

" 

ORDER NUMBERS: 
DG180AA OR DG180BA 
DG181AA OR DG181BA , 
DG182AA OR DG182BA 

0. 

0, 

SWITCH 5, 
INPUT o--+-----<Y' 

, Flat Package 

ORDER NUMBERS: 
DG180AL OR DG180BL 
DG181AL OR DG181BL 
DG182AL OR DG182BL 

Flat Package 

" =::Ihr+--' 

TQPVIEW 

ORDER NUMBERS: 
DG183AL OR DG183BL 
DG184AL OR DG184BL 
DG185AL OR DG185BL 

ON, 

Vee 

SWITCH 
OUTPUT 

A-+-~~~-~--~VO 

(REPEAT TEST FOR 
ALL CHANNELS) 

V -v __ A_L_ 
0- SAL + ROS(ON) 

Dual-In-Line Package 

ORDER NUMBERS: 
DG180AP OR DG181BP 
DGi81AP OR DG181BP 
DG182AP OR DG182BP 

Dual-In-Line Package 

ORDER NUMBERS: 
DL 183AP OR DG183BP 
DG184AP OR DGI84BP 
DG185AP OR DG185BP, 



D0180 - D0191 

SPOT 
DG186/187/188 

~tal Can 'Package 

TEST CONDITIONS 

DG 186/187/188 

VII-.i "ON" .. 2.0V ' 'Channel 1 

VIN "ON" = O.SV Channei2 

, VI'N "OFF" = 2.0V Channel 2 

VIN "OFF" ·O.SV Channel 1 

ORDER NUMBERS: 
SWITCH STATES ARE 
FOR ,LOGIC "1" INPUT = 2.0Y , 

DG186AA OR DG186BA 
DG187AA OR DG187BA 
DG188AA OR DG18SBA 

OUALSPOT 
DG189/190/191 

'TEST CONDITIONS 

DG1S9/190/191 

VIN "ON" = 2.0V Channels 1 & 2 

, VIN "ON" = O.8V Channels 3 & 4 

VIN "OFF" = 2.0V Channels 3 & 4 

VIN "OFF" = O.SV, Channels 1 & 2 

SWITCH STATES ARE 
fOR LOGIC .,'" INPUT = 2.0V. 

PACKAGE DIMENsI6N~ 
16 PIN CERAMIC PACKAGE' 

I[I~~]J 
I. .80' MAX. .1 

r::~~~J-=r' . , I 

Fr~~~ 
JI .. "C I -i-fU 1_ :~~~TVP ~,700"OO' To5 .'JOTVP. 

FLAT PACKAGE 

.105 .155 

~f~--, ~lI 
.240 

L .005 .j 
.~~;;;;~==~~==~~~~'~04=5~~,.L 
:g~: :g:~.:..t ~ :~~g~. 

I ' TOPVIEW ~ 
===9 F=~ t L- .260.----.1 0060 

.090 r------ .240 ~ :oars 
,,067 

NOTE: ALL DIMENSIONS IN INCHES. 

~Iaf Package Dual·ln·Line Package 

v, 
fOl'VIEW TOPVIEW 

ORDER NUMBERS: ORDER NUMBERS: 
DG1S6AL OR DG186BL 
DG187AL OR DG187BL 
DG188AL OR DG188BL 

DG186AP OR DG186BP 
DG187AP OR DG187BP 
DG188AP OR DG188BP 

Flat Package , D~,I.ln~Line p~ckage. 

D,=:::Il-~..., 

5, C::::JJ.-+-l' 
1~2 ", 

VEE 

TOP VIEW 

ORDER NUMBERS: ORDER NUMBERS: , 
DG189AP OR DG189BP 
DG190Ap OR DG190BP 
DG191APOR DG191BP 

DG189AL OR DG189BL 
DG190AL OR DG190BL 
DG191AL OR DG191BL 

( 

14 PIN CERAMIC PACKAGE, D'DOTVP. T 
.290 
MAX 

o ..1 
~-.800~AX=-=-l 

-..1.. '.' ~ 

-ffi. ~~ ~~.J.J~ 
, .0'0 ';-r- ~ ~ ~-~ " TVP J .'30T~ TT 

310 ' ..1.Q ,O.-/I--NOM-J ' ~I- ,045 I-- 020 .049 
OPTIONAL TVP .~~ .073 

NOTE 1, 

TO·100 PACKAGE 

~'370DIA ~ ,335 

1:~~:DIA1 

'040~' ---r r MAX .185 

I' .'65 
- I 
~ . ,---r 

10 LEADS n n. n n n .500, MIN 

:~~: OlA U U U U U----.l 

3-63 



Il 

3-64 

DG426/A, DG429/A, DG433/A, 
DG434/A, DG440/A, DG441/A, 

FEATURES DG451/A, DG452/A, 
• Each channel complete-interfaces'with most integrated logic 'DG453/A"DG454/A 

2·ChannelDrivers with 
SPSTand DPST 

FET Switches 

• Low OFF power dissipation, - 1mW 

• Switches analog signals up to 16 volt~ peak:to-peak 

• Low rOSION), 15 ohms max on DG440/A and DG441/A 

• Switching timesiniproved 100%-','A" versions 

GENERAL DESCRIPTION 
These switching circuits contain two chann'els in one pack
age, each channel consisting of a driver circuit controlling a 
SPST or DPST junction F ET switch_ The driver interfaces 
DTL, TTL or RTL logic signals for multiplexing, com
mutating, and D/ A converter applications, which permits 
logic design directly with the switch function_ Logic "1 "at 
the input turns the FET switch ON,and logic "0" t~rns it' 
OFF, 

ABSOLUTE MAXIMUM RATINGS 
Analog Signql Voltage (V A - V 2 or V I - VA) 28V 
Total Supply Vol,tage(V , - V2) ',' , . . . . 32V 

DUAL SPST 
v, 

Pos, Supply Voltage to Ref. Voltag~ (V I - V R) 18V 
Ref. Voltage to Neg. Supply Voltage (V R, -V2) 21V 
Power Dissipation (Note) , , 750'mW 
Current (any terminal) ... , ..... , ..... 30 mA 
Storage Temperature , .... ,.... -65 to+150°C 
Operating Temperature ...... ;...... -65 to +150°C 
Lead Temperature (soldering, 10sec.) ........ 300°C 
NOTE: Dissipation rating assumes device is mounted with all leads 

welded or soldered to printed circuit board in ambient 
temperature below 70°C. 

'DUAL DPST , 
OG433/A(rOS(ON) = 35m 
OG434/A(rOS(ONI'=,8om 
OG441/A(rOS(ONI = 15!l1 
OG451/A(rOS(ONI = 20m 
OG452IA('OS(ON) = IOOlll 

sw, 
'o:::t------~ ~-~____,_+-'-csw, 

OG426/A(rOS(ON)= som 
OG429/A(rOS(ON) = 35m 
OG440/A(rOS(ON) = 15ll) 
OG453/A(rOS(ONI = 20ll) 
OG454/A(rOS(ONI = IOOlll 

IN 

IN 0-+-+-,,",-1 

V R (ENABLE) v, 

'10 
v, 

(ENABLE) 

v, 
12 

ORDERING INFORMATION 

DG 4 26A DO 

VA (ENABLE) 

111 L , ••. ~ "~o",,,", O'_;wl 
, Dovice Chip Type 

, Commercia) Temperature Range ,(OOP to 70°CI 

'Analog Gate 

v, 

v, 

10 
V, 

(ENABLE) 

PACKAGE DIMENSIONS 
Flat Package 

FD Package 

V, 
11 

< Ceramic Dual·ln-Line Package 

rr=;",,,~ 

DO Package 



DG426A/429A/433A 434A/440AI 
441 A/451 A/452A/453A/454A 

I 
N 
P 
U 
T 

S 
W 
I 
T 
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T 
P 
U 
T 

P 
0 
W 
E 
R 
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U 
P 
P 
L 
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ELECTRICAL CHARACTERISTICS PER CHANNEL 

Applied voltages for ali tests; DG426/A, DG429/A, 'DG433/A, DG434/A, DG440/A, DG441/A, (V 1 ; +12V, V2 ; -18V, 
VR ; 0) and DG451/A, DG452/A, DG453/A, DG454/A (VI; +15V,V2 ; -15V, VR ; 0). Input test condition wHich 
guarantees FET switch ON and OFF as specified is used for output. and power, supply specifications. 

ABSOLUTE MAX. LIMIT 
SYMBOL 

CHARACTERISTIC TYPE UNITS TEST CONDITIONS 
(NOTE) 

0" 25" 70· 

VIN(ONI Input Voltage-On 2.9 min 2.Smin 2.0 min Volts V, = -12V 

VINIOF.FI Input Voltage-Off 1.4 1.0 0.8 Volts V,- -qv 
All Circuits 

I'NIONI Input Current 150 100 100 ~A V IN - 2.5V 

')NtOFF) Input Leakage Current 4 4 10 ~A VIN :::: O.BV 

DG426/A 
80 80 130 n 

DG434/A 

DG429/A 
35 '35 50 n Vo '" BV. Is = 1 rnA 

DG433/A 

Drain-Source On Resistance 
DG440/A 

15 15 25 n 'OSION) DG441/A 

DG451/A 
20 20 30 n 

DG453/A 

DG452/A 
Vo = S.5V. Is ::; 1 rnA 

DG454/A 
100 100 140 n 

'OICN', + 'SIONI Drive Leakage Current DG426/A 5 160 nA Vo =Vs =-8V : 
DG429/A 

'SIOFFI Source Leakage Current 
DG433/A 

5 160 nA Vs =.SV.Vo = -SV 

IOIOFFI Drain leakage Current DG434/A 5 160 ' nA Vo =SV.Vs=cSV 

tOtONI + 'SIONI Drive Leakage Current 5 160 nA Vo ,.-Vs --BV 
DG440/A 

'StOFF) Source Leakage Current 
DG441/A 

15 500 nA Vs = SV. Vo - -SV 

'OIOFFI Drain Leakage Current 15 500 nA Vo - SV. Vs - -SV 

10lONI + IstON) Drive Leakage Current 5 ·100 nA Vo Vs - -S.5V 

'SCOFF) Source leakage Currem 
DG451/A 

15 300 nA Vs - 5.5V. Vo - -5.5V 
DG453/A 

IOIOFFI Drain Leakage Currel"!t 15 300 nA Vo - 5,5V. Vs - -5.5V 

'OlONI + 'SION) Drive Leakage Current 5 100 nA Vo - Vs - -S.5V 

IS(OFFI Source Leakage Current 
DG452/A 

5 100 nA Vs - 5.5V. Vo = -5.5V 
DG454/A 

IDIOFFI Drain Leakage Current 5 100 nA Vo - 5.5V. Vs = -5.5V 

/HON) 
Positive Power Supply 

3.5 . mA 
Drain Current 

Negative Power Supply 
12(ONI -2.0 rnA One Driver,ON;' V IN = 2.5V 

Drain Current 

IRION) 
Reference Power Supply 

-1.5 rnA 
Drain Current 

All Circuits 
Positive Power Supply 

IHOFF ) 
Leakage Current 

25 ~A 

1:210fF) 
Negative Power Supply 

-25 ~A Both Drivers OF F, V IN "" O.8V 
leakage Current 

IRIOFFI 
Reference Power Supply 

-25 ~A 
leakage Current 

NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 
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DG426A/429A/433A/434A/440AI D~DIL 
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441 A/451 A/452A/453A/454A 
ELECTRICAL CHARACTERISTICS PER CHANNEL (cont.) 

ABSOLUTE MAX. LIMIT 
SYMBOL CHARACTERISTIC TYPE 
(NOTE) 0° 25° 70° 

DG426. DG429 
DG433. DG434 1.0 

Turn-On Time 
DG452. DG454 

toN 
DG426A, DG429A 
DG433A, DG434A 0.5 0.7 
DG452A, DG454A 

DG426, DG429 
DG433, DG434 2.0 
,DG452, DG4S4 

toFF Tur"-Off Time 
DG426A, DG429A 
DG433A, DG434A 1.0 ' 1.3 

DG452A, DG454A 

DG440, DG441 
1.5 

toN Turn-On'Time 
DG451, DG453 

DG440A, DG441A 
.75 .1.3 

DG451A,DG453A 

DG440, DG441 
2.5 

DG451, DG453 
toFF Turn.()ff Time 

DG440A,DG441A 
1.25 1.B 

DG451A, DG453A ' 

PON ON Drive Power 175 

All Circuits 
POFF OFF Driver Power 1 

" 

UNITS 

ps 

ps 

ps 

ps 

ps 

ps 

ps 

ps 

mW 

mW 

NOTE: (OFF) ~nd (ON) subscript notation'refersto the conduction state of the FET switch for the given test. 

SWITCHING TIMES (at 25~C) 

TEST CONDITIONS 

See Below 

See Below 

See Below 

See Below 

Both Inputs V 1N = 2.5V 

Both Inputs V'N:: 1.0V 

DG426/A, 429/A, 433/A,434/A, 

440/A,441/A 

DG451/A, 452/A, 453/A,.454/A 

PWV~~5'" 3V,-____ '" 

1. <0 I lIS 2.51,1 
I, <O.'I'S 

'", 

outPUT 
v.' 81,1 

OUTPUT 
V.' -81,1 

"' 

OFF MODEL 

ON MODEL 

SO""'~, " '"''' 

""'LIDS,' , 

',. 
!'W"s'" 
to <0.1 ... 
t, <0,',.. ov 

OUTPUT 
V .. -5.51,1 

"' 
OUTPUT 

V .. ~ ·5.51,1 

OFF MODEL 

ON MODEL 

'" 

oo""'~, , . '"''' 

'''"'LI'''', 



DG426A/429A/433A/434A/440AI 
441 A/451 A/452A/453A/454A 

O~OIb 

TYPICAL CHARACTERISTICS (per channel) 

OG426/A. 429/A. 433/A. 434/A. 440/A. 441/A 

VIN THRESHOLD 
vs TEMPERATURE 

V. = 0 

~ ~;:~g~ 
9 2 /---;'l<:---/-----1----l 
o 
:I: 
U> 
w 
a: 
:I: .... 
~ ... 

OFF 

~ 1 1---+--+----1--, 
z 

;> 

(J 

l!l 
~ 
o 
W 
N 
::; 
« 
~ 
a: 
o 
Z 
I 

ALL CIRCUITS 

-25 

rOS(ONI vs TEMPERATURE 

(Nor~alized to 2SoC Value) 

75 

--V 
,-~ 

-25 o 25 50 75 

~ 
o 
...J 
o 
:I: 
U> 
w 
a: 
:I: .... 
.... 
:> ... 
~ 
I 
z 

;> 

I 

OG451/A. 452/A. 453/A. 454/A 

100 

VIN THRESH9LO 
vs TEMPERATURE 

-25 o 25 

V. = 0 
V 1 =+15V 
V,=-12V 

50 

TEMPERATURE (oCi 

IO(OFFI liS TEMPERATURE 

~DG152IA.154IA b-

...... 

75 

-:'10 
z 
o 

§ 

1 
-25 

DG1511A. 1531~::: 

o 25 50 75 

TEMPERATURE (oCI 

ON SUPPLY CURR,ENT 
vs TEMPERATURE rO'S(ONI vs TEMPERATURE 

OFF SUPPLY CURRENT 
vs TEMPERATURE 

2.6 

;{ .s 2.2 

!z 
~, 1.8 
a:: 
:> 
(J 

~ 1.4 

R: 
:> 
; 1.0 

- > -
12tONI 

. 100 

o 
.§ r- DG4521A. 4541A ~ 

<f: 
3 

10 

~ 1.0 
w 
a: 
a: 
:> 
(J 0.1 
>-
...J 

R: 
~ .01 L 

"HONI .-~ o 
r- DG4261 A. 4291 A. 4331 A. 4341 A 

... ... 
o r--'--

.6 0.1 
-25 o 15 50 75 25 50 

TEMPERATURE (oCI 

.001 
75 25 50 

TEMPERATURE (OCI 

75 
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DG439/A, DG442/A -DG446/A, 
DG461/A - DG4641A 

Drivers with Differentially Driven 
N.O. and N.C. FET Switches 

FEATURES 
• Each channel complete-interfaces with most integrated logic 

• ,Low OFF power dissipation,.,...1 mW 

• Switches analog signals up to 16 volts peak-to-peak 

• Low rOS(ON). 15 ohms max on DG445/A and DG446/A 

• Switching times improved 100%-"A" circuits 

GENERAL DESCRIPTION 
Each package contains a monolithic driver with differential 
input and 2 or 4 discrete F ET switches. The driver may be 
treated as a special purpose differential amplifier which 
controls the conduction state of the FET switches. The 
differential output of the driver sets the switches in opposi
tion, one pair open and the other pair closed. All switches 
may be opened by applying a positive control signal to the 
VA terminal. 

SPDT 
OG443/A(rOS(ON) = BOn) 
OG444/A(rOS(ON) = 35n) 
OG446/A(rOS(ON) = l5nl 
OG46l/A(rOS(ON) = 20n) 
OG:'I62/A(rOS(ON) = lOOn) 

11 

v, 
12 

ORDERING INFORMATION 

OG 4 :l9A OD 

Device Chip Type 

11 
v, 

11 v, 

11 T -c '~'''' ,,- O""'M "='''''' . 
" " , Commercial Temperature Range (O·C to 70"C) 

Analog Gate 

ABSOLUTE MAXIMUM RATINGS 
V 1 - V 2 32V V 1 - VA .. . . . . 16V 
Vs - V2 . 28V V1 - VIN1 or VIN2 14V 
V 1 - V S . 28V V IN 1 - V I N Z ±5V 
Vs - Vo ±21V VIN 1 - VA ±5V 
VA - V2 . 20V V IN2 - VA ±5V 
Power Dissipation (Note) . . . . . . . 750 mW 
Current (any terminal) .. ....... . 30 mA 
Operating Temperature ....... _ . . . .. -55 to +125°C 
Lead Temperature (soldering. 10 sec) ........ 300°C 

NOTE: Oissipationrating assumes device is mounted with all leads 
welded' or soldered to printed circuit board in ambient 
temperature below 70°C. For higher temperature, derate at 
rate of 10 mwtC. ' 

DPDT 

OG439/A(rOS(ON) = 35n) 
OG442/A(rOS(ON) = BOn) 
OG445/A(rOS(ON) = l5n) 
OG463/A(rOS(ON) = 20n) 
OG464/A(rOS(ON) = lOOn) 

V, 
12 

PACKAGE DIMENSIONS 
Flat Package ,Ceramic Dual-I n-Line Package 

·,ji::I;:,, " nD', '-," .L ' . .. 

;; · 'lJ'~ .L ' 
T .• 

-I.rJ- I;;~;;j 

B 
F D'Package DO Package 



N 

U 
T 

W 

H 

0 
U 
T 

U 
T 

P 

0 
W 

.s 
U 
P 

V 

DG439/A, DG442/A - DG446/A, DG461/A - DG464/A O~OIL 

PRODUCT CONDITIONING 

The following processes are performed 1 00% in accordance 
with MIL-STD-883_ 

Precap Visual-Meth_ 2010, Condo B 
Stabilization Bake-Meth. 1008 
Temp. Cyc1e-Meth. 1010 

Centrifuge-l\(Ieth. 2001, Condo 0 
Hermeticity-Meth_ 1014, Condo A, C 
(Leak Rate < 5 x 10-8 atm cc/s) 

ELECTRICAL CHARACTERISTICS PER CHANNEL 

Applied voltages for all tests: DG439/A, DG442/A, DG443/A, DG444/A, DG445/A, DG446/A,. (V1 = 12V, V2 = -18V, 
VR = 0, VIN2 ",. 2.5V) and DG461A, DG462/A, DG463/A, DG464/A (V1 = 15\1, V2 = -15V, VR = 0, VIN2 = 2.5V). Input 
test condition that guarantees FET switch ON or OFF as specified is used for output specifications. 

SYMBOL 
ABSOLUTE MAX. LIMIT 

(NOTEI CHARACTERISTIC TYPE UNITS TEST CONDITIONS 
_5So 25" .125° 

V1NlONI Input Voltage-On 2.9m.n 2.5 min 2.0 min Volls At Pin 9 and 13 See Figure 1 and 2, Pg. 4 

V'NIOFFt Input Voltage-Off I.' 1.0 0.9 Volts At Pm 9 a'nd 13 See Figure 1 and 2, Pg. 4 

IV9 - V131 Differential Voltage 0.5 min 0.5 min O.Smm Volts See NOle " Pg. 4 

IIN1!ONl 
All CircUIt,s 

150 100 100 "A VIN1 3 OV 
Input Cu'rrent 

tlN210Nl 150 100 100 "A V 1N2 - 20V 

IIN1~OFFl 10 
Input leakage Current 

"A V IN , 2.0V 

IIN2(OFFI 10 "A V 1N2 3 OV 

OG442/A 
90 80 130 " DG443/A 

OG439/A 35 
DG444/A 

35 50 " Vo" lOV,I s ~ 1 rnA 

Orain-Source On Resistance 
DG44S/A 

15 15 25 " 'DSIONI OG446/A 

DG461/A 
20 20 3. n 

DG463/A 
Vo ~ 7.SV, Is " 1 mA 

DG462/A 
DG464/A 

100 100 140 n 

IOION) + ISION ) 'Drive Leakage Current OG439/A 160 oA Vo - Vs '" -8V 

'StOFF) Source Leakage Current OG442/A 
OG443/A 

160 oA Vs - av, VO --8V 

1010FFI Drain Leak. Current OG444/A '60 oA Vo '" av, Vs '" -8V 

IOION) + 'StaN) . Drive Leakage Current 160 oA Vo-Vs=-8V 

IStOFF) I Source leakage Current 
OG44S/A 

15 
OG446/A 

500 oA Vs - av, Vo - -8V 

IOIOFFI Drilin Leakage Current 15 500 oA Vo - 8V, Vs - -8V 

IOION) + ISIONI Drive Leakage Current 5 100 oA Vo Vs -5.SV 

Source Leakage Current 
DG461/A 

15 300 oA Vs - 5.5V~"Vo - -5.5V ISIOFF} DG463/A 

1010FFI Drain Leak. Current '5 300 nA Vo - 5.SV, Vs - -S.5V 

IOtoN) + IStON ) Drive Leakage Current '00 nA Vo Vs -5.5V 

IStOFF) Source Leakage Current 
OG462/A 
DG464/A 

100 nA Vo - S.5V. Vs = -S.5V 

1010FFI Drain Leak. Current '00 oA Vo - 5.5V, Vs - -S.5V 

I HON ) 
Positive Power Supply 3.5 mA 
Drain Current 

V 1N1 "3V 

1210N ) 
Negative Power Supply 
Drain Current 

-2.0 mA· 

Reference Power Supply All Circuits 
V IN1 = 2V 

IAIONI Drain Current 
-1.5 mA 

IUOFF ) 
Positive Power Supply 

25 "A Leakage Current 

12tOFF ) 
Negative Power Supply 

-25 "A V 1N1 "V IN2 = O.BV 
Leakage Current 

Reference Powe~ Supply 
I AtOFF ) 

leakage Current 
-25 "A 

NOTE: (OFF) and (ON) subscript notation refers to the conduction state of the FET switch for the given test. 

I 
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DG439/A,DG442/A - DG446/A, DG461/A - DG4641A O~OIL 
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ELECTRICAL CHARACTERISTICS PER CHANNEL (cont.) 

SYMBOL 
CHARACTERISTIC 

~BSOLUTE MAX. LIMIT 
'UNITS TEST CONDITIONS 

INDTEI 
TYPE 

-5SoC 25° 125° 

DG439.0G442 
OG443,DG444 1.0 "' OG462,-DG464 

toN Turn·On Time See Below 
DG439A. DG442A 
DG443A. DG444A 0.5 0.7 "' DG462A. OG464A 

DG439.0G442 
OG443.0G444 2.0 "' DG462.DG464 

toFF Turn-Off Time 
DG439A. OG442A 

See Below 

DG443A. DG444A 1.0 1.3 "' DG462A,OG464A 

DG445,DG446 
1.5 

OG461.DG463 "' toN Turn-On Time Set' BfloW 
OG445A.DG446A 
DG4B1A.OG463A 

.75 1.3 "' 
DG445, DG446 

2.5 "' OG461,OG463 
toFF Turn-Off Time See Below 

DG445A.DG446A 1.25 1.8 "' DG461A.OG463A ' 

·ON ON Driver Power 175 mW Both Inputs VIN • 2.5V 
All Circuits 

POFF OFF Driver Power 1 mW Both Inputs V IN ~ 1.0V 

NOTE: (OFF)and (ON) subscript notation refers to the conduction state of the FET sWitch for the given test. 

SWITCHING TIMES (25°C) 

DG439/A, 442/A, 443/A, 444/A, 445/A, .446/A 

SWla2 
OUTPUT 
V. -IOV 

SWl&4 
OUTPUT 
V. -_IOV 

OFF MODEL 

ON MODEL 

',. 

V,~i 
I, < a 1~. 
I, < 0.1~. 

5pF (DG445IA,446!A) 
1.7pF IOTHERS! 

"'""'~ ... " ...... '"'" 
I,o~, t . 05pf 

\ " 

DG461/A, 462/A, 463/A, 464/A 

V, .. , 
I, <0.1 ~I 
1.<0.1", 

SW I a2 
OUTPUT 
V~. J.SV 

SW 1&2 
OUTPUT 
V.r_J.5V 

'" I, <0 Ij<I 
I, <0.1 ~I 

OFF MODEL 

5pf SpF IDG461fA.46JIAI 
I JpF 1.7pF IOTHERS) 

-:·f 11- F."f~-

ON MODEL 



DG439/A, DG442/A - DG446/A, DG461/A - DG464/A O~OIb 

a 

FIGURE 1 

ABOLUTE VOLTAGE 
LEVELS FOR SWITCHING 
Wln-iONE SIDE OPEN AND 
OTHER SIDE SWITCHED AT 
25"C 

V1N (Pins90r 13) 

a 

FIGURE 2 

VOLTAG'eATPIN13 
NECESSARY TO SWITCH 
WHEN BIAS AT PIN 9 IS 
+2.ISV AT :l5·C 

3 

V ,N IPin 131 

5 

NOTE1: An example of Absolute Minimum Differential Voltage, IV ,- V 1,1, is when V, = 3V and V I' = 2.5V, the V, side of the switch is 
ON and the V I' side of the switch is OFF at 25°C" Conversely, when V, = 2V and V I' = 2.5V, the V, side of the switch is OFF and 
the V I' side of the switch is ON at 25° C. . 

TYPICAL CHARACTERISTICS (per channel) 

DG439/A, 442/A, 443/A, 444/A, 445/A, 446/A 

z 
:>. 

a 

ViNl THRESHOLO 
vs TEMPERATUR~ 

"" .;.;"lill &2 ARE ~N_ 
:;.'.0: ~ 

r,;) 

if/ 0 
.... (u,; if/, V// 0 

'5W 1&!AfEO'F-
I'"« W, .... fl¥ 

... -" 

-75 -50 -25 a . 25 50 75 100 125 

TEMPERATURE (oCI 

DG461/A, 462/A, 463/A, 464/A 

% 
t: 
z 

-> 

a 

ViNl THRESHOLD 
vs TEMPERATURE 

"" . slil1 & 2ARE ON_ 

if/ if/, 
cu- if/ 

[5W 1.&!AfEO =-" W 
~ UZ .... ~ny 

-75 -50 -25 a 25 50 75 100 125 

TEMPERATURE 1°C) 

~ 
.£ 

rOSION) vs TEMPERATURE 

100 

DG442/A,443/A 

......-
-- ) 0'Z;439/A. 444/A - lJ-+-10 

DG445/A,446/A 

1 
-75 -50 -25 a 25 50 75 100 125 

TEMPERATURE (oCI 

ROSION) vs TEMPERATURE 

100 
OG462/A, 464/A~ -,/ 

Z 10 -f-

§ OG461 lA, 463/A = 

1 
-75 -50 -25 a 25 50 75 100 125 

TEMPERATURE (oC) 

2 
.3 

< .s 

0 

:§ 

iOIOFFI vs TEMPERATURE 

10~~ 
~ EXCEPT 

OG445/A,446/A 

0.1 '-'--'--'--'--'--'--'--'--'--' 
2~ 45 65 85 105 125 

TEMPERATURE (oC) 

iSIOFFI vs TEMPERATURE 

1000 

100 

F 
10 

0.1 
25 

: OG461/A,46:IIA 

,/ 

I-'" ~ DG462/A,:464/A 

45 65 85 105 125 

TEMPERATURE (OCI 
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IH181/IH182/IH184/IH185/ 
IH187/IH188/IH190/IH191 

Low-Power, High-Level 
Analog Gates * 

FEATURES 

• Switches 20 Vpp Signals 
• Quiescent Current Less than 100 /lA 
• Overv'oltage Protection to ±25V 
• Break-Before-Make Switching; tOFF 130 ns Max, tON 

250 nsec Max. 

• T2L, HTL, CMOS, PMOS C~mpatible 
• Low rDS (ON) - 30n 
• Construction includes CMOS high level driver circuitry 

combined with unique "VARAFET" switches. 

GENERAL DESCRIPTION 

This family of solid state analog gates is designed using both 
CMOS technology and a unique new J-FET technology. 
CMOS processing is used to make a driver or translator 
chip, which translates the TTL strobing logic into plus and , 

minus 15V. This driver chip draws extremely l.ow quiescent 
current from the power supplies; thus system power dissi
pation is reduced to nW typical. 

The actual switching element is a unique new Intersil 
design, called the Varafet. The Varafet is a monolithic 
combination of a varactor J-FET diode driving a conven
tional J -F ET. Strobing the solid state switch is accomplished 
by the TTL levels of a "1" being 2.4V or greater; a "0" is 
0.8V or lower.' The translator input circuitry will draw 
virtually no source or sin~ing current (typical pa of input 

'current) from the TTL logic output element,' and the 
effective fanout, if one were to drive only solid state 
switches, approaches millions. 

The family of analog gates is guaranteed to be "break
before-make" switching; The "off" time is faster thim the 
"on" time. Typical turn-off times are 80 ns and typical 
turn-on times ar'e 200 ns. 

* Note: The INTERSI L IH 181 /191 series is a low power version of the standard DG181/191 series. They meet 
or exceed the standard DG181/191 series specifications with the following exceptions: 

1.) VINH =,2.4 volts minimum. 
2.) Break-before-make switching requires tON to be 250 nsec maximum. 

See also IH5040, IH5140 series. 

SCHEMATIC DIAGRAM 
(Typical Channel) 

FUNCTIONAL DESCRIPTION 

PART 
TYPE 

NUMBER 

IH 181 Dual SPST 

IH 182 Dual SPST 

IH 184 Dual DPST 

IH 185 Dual DPST 

IH 187 SPDT 

IH 188 SPDT 

IH 190 Dual SPDT 

IH 191 Dual SPDT 

CMOS ANALOG GATE 
PRODUCT CONDITIONING 

RON 

30 

75 

,30 

75 

30 

75 

30 

75, 

The following processes arEi performed 100% inaccordance 
with MIL-STD-883. 

Precap Visual - Method 2010, Condo B. 
Stabilization Bake - Method 1008. 
Temperature Cycle - Method 1010 
Centrifuge - Method 2001, Condo E. 
Hermeticity - Method 1014, Condo A, C. 
(Leak Rate<5x 10-7 atmcc/s) 



IH181/182/184/185/187/188/190/191 

MAXIMUM RATINGS 

V1 - V2 36 V VL - VIN SV 

V1- VD 33 V VL - VR SV 

VD"':V2 33 V VIN - VR SV 

VD-' Vs ±22 V VR- V 2 36 V 

VL - V2 36 V VR - VIN 2V 

Current (Any Terminal) 
Storage Temperature 
Operating Temperature 

O~OIl, 

30mA 
-65°C to 150°C 
_55°C to 125°C 

Power Dissipation * 450 mW 
Lead Temperature (soldering,.10sec.) 300°C 
* Device mounted with all leads welded or soldered to PC 
board. Derate 6 mWtC above 75°C 

ELECTRICAL CHARACTERISTICS -IH 181 THRU IH 191 
(V1 = 15 V V2 = -15 V VL = 5 V, VR = 0, Unless Noted) , 
PARAMETER MAX LIMITS (Note 1) 

Note (1) 
DEVICE o '0 0 

_20°C +25°C +85°C 
UNITS TEST CONDITIONS 

-55 C +25 C +125 C 

SWITCH 
ALL 0. I 5 100. nA Vs - 10V, Vo - -10V V l - 10V 

50 
V2~-20V VIN~2.4V 

IH 181 IH 184 
0,1 50 5 100 nA 

Vs - 7.5V. Vo - -7.5V . 

IH 187 IH 190 VIN ~ 2.4V 

IH 182 IH 185· 
50 100 

Vs 10V, Vo 10V 
0.1 5 nA 

IS (OFF) IH 188 ·IH 191 VIN ~ 2.4V 

ALL 0.1 50 5 100 nA 
Vs - 10V Vo - -10V VI -10V 
V2 ~ -20V V IN ~ 2.4V 

·IH 181 IH 184 
0.1 50 5 100 nA 

Vs ~ 7.5V Vo ~ -7.5V 
IH 187 IH 190 VIN ~ 2.4V 

IH 182 IH 185 
0.1 50 5 100 nA 

Vs - 10V Vo - -10V 

10 (OFF) IH 188 IH 191 VIN ~ 2.4V 

IH 181 IH 184 -0.2 100 -10 -200 nA Vo ~ Vs ~ -7.5V VIN~0.8V 
IH 187 IH 190 

IH 182 IH 185 
-0.2 laO -10 -200 nA Vo ~ Vs ~ -cl0V VIN~0.8V 

10 (ON) + IS (ON) IH 188 IH 191 

IN IINL ALL I 1 1 1 1 1 ;tA VIN ~ OV 

IINH ALL 1 1 1 1 1 1 ;tA VIN ~ 5V 

OYNAMIC 
ALL 250 ton 300 ns See switching time 

test circuit Fig. 10 
toff ALL 130 150 ns 

CS(off) 9 typical pi VS~-5V,IO-O, f-lMHZ 

Co (off) ALL 
6 typical pi VS --5V,I O -0, f-lMHZ 

COlon) + Cs (on) 14 typical pi VO~VS~O 1~1MHZ 

Off Isolation Typ > 50 dB at 10 MHZ pf RL ~ lOOn, CL ~ 3pf 

Supply ICC 100 10 100 100 ;tA 

lEE laO 10 100 100 ;tA 80th VIN ~ OV 

IL 10 100 ;tA 

IR ALL 
10 100 ;tA 

ICC 100 10 100 100 ;tA 

lEE 100 10 lOa 100 ;tA BothVIN~5V 

IL 10 100 IJA 

IR 10 100 ;tA 

APPLICATION HINT (for design only): The minimum signal handling capability of the IH1Bl through IH191 family is 20V peak to peak for the 75n switches and 
15V peak to peak for the 30n switches {refer 10 and IS tests above. Proper switch turn off requires that Vee"'; V ANALOG (-peak) - Vp where Vp ,s.;;; 7.5V for 
30n switches and Vp < S.OV for 75n switches Le,. A - tov minimum (-peak) analog signal and a 75n switch (Vp .0;; 5VI. requires thatVee ,.;;; .-1 OV -5V ::: -lSV. 

MAXIMUM ON RESISTANCES -:- rOS(ON) MAX 
(V1 = 15 V, V2 = -15V, VL = 5 V, VR =0,15= 10mA, VINL = O.S V, VINH = 2.4V) 

MILITARY TEMPERATURE 
DEVICE NUMBER 

_55°C 25°C ·125°C 

INDUSTRIAL TEMPERATURE 

_20°C 25°C 85°<;: 
UNITS CONDITIONS 

IH 181 30 30 ... 60 50 50 75 n Vo = -7.5V 
IH 182 75 75 100 100 100 150 n Vo = -10V 
IH 184 30 30 60 50 50 75 n V O =-7.5V 
IH 185 75 75 150 100 100 150 n Vo = ,-10V 
IH 187 30 30 60 50 50 75 n Vo = -7.5V 
IH 1ee 75 75 150 100 100 150 n Vo = -10V 
IH 190 30 30 60 50 50 75 n Vo = -7.5V 
IH 191 75 75 150 100 100 150 n Vo = -10V 
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IH181/182/1841185/187/188/190/191 O~OIL 

lOGIC COMPATIBILITY 

The IH181/191 series has been designed to directly inter
faCe with the popular TTL, HTL, and CMOS families, but 
almost any logic family can be used. The fact that the solid 
state switch input current approaches zero (specification 
has 1 /lA maximum for either high or low input states) 

50r---r-~T---'---'----r---r---.---' 

40 

~ 30 

" ~ 20 �_--f----'::...::.+----l"i~4"~ 

10 I_~I_--+---+-

12 16 20 

ILOAD AND lOS- mA 

IH181 FAMILY 
LOAD LINE 

24 28 32 

FIGURE 1. ,CIRCUIT ANALYSIS AND CHARACTERISTICS 
OF SERIES 54/74 

r2L J1. 
LOGIC 

'5V 

r----...,----
I 
1 

1 
·1 

1 
I 
1 

1 

I 
1 
1 

1 

1 

1 

1 
1 
1 IN 

FIGURE 3. FOR INTERFACING WITH 
TTL LOGIC 

Voo 

vsJ1 

FIGURE 5. FOR USE WITH CMOS lOGIC 

means that one is operating along the zero load ,i::urr.ent, or 
zero source current· line for the TTL output voltage vs. 
Iload or Isource current. Thus the maximum output is 
obtained from the TTL gate. Figures 1 and 2 show the 
expected (typical) output of a TTL gate vs. load and source 
current's and plotted as a function of temperature and 
power supply. 

:i: 
o 

5.0,---,---,---,---.,----,---,---,---...., 

4.0 ..,....=-t-~+c---7=,.,--+----t----+---t---j 

> 2.0 1_--t---+--"-<d"-<2'--<""'""""':7I----,t----t---j 

1.0 I---+-~+---+---+""""'~'R~ ..... -+----I 

t 
. IH181 FAMILY 

LOAD LINE 

ILOAD A,ND lOS' rnA 

FIGURE 2. 

r-------------, +15V 
1 

1 
I 
1 

1 

,---'~----+-o-., REXT 

~
'0K 

lKUTO 
20Ki! 

VR 
IN 

r2L J1. , 
I 
I 
I 
1 
I 
1 

lOGIC 
INPUT LOGIC 

-= I 
C~2T':~~~ ______ J 

FIGURE 4. FOR INTERFACING WITH HTL OPEN 
COLLECTOR LOGIC 

Note: When using HTL or CMOS 'logic, a zener diode 
should be added between the VL supply (normally plus 5V) 

, and the V1supply (normally plus 15V). This zener is not 
critical. Any value between 2V and 10V will work fine, and 
no biasing resistor is needed to establish a current through 
the zener. In cases where the TTL logic level may go below 
2.4V, a pull·up resistor should be added betwl!en the TTL 
output and the plus 5V power supply. 



IH 181/182/184/185/18 7/188/t 90/191 

THEORY OF OPERATION 

Voltage Translator or,Driver Circuit 

The translator' part of, the 'IH 181 family takes the low level 
strobe input and com;ertsit to a plus and, minus 15\1 swing. 
These voltage swingS are necessary _ to drive the output 
Varafets so they -can switch the maximum analog input 
signal. As shown in Figures 6 and 7, this translation is 
performed without drawing any power supply quiescent 
current. Typical quiescent current is only the I D(off) 
leakage of the' FET - this is usually less than 1 nA. Whether 
the input strobe logic is in the "1" state or the "0" state 

2k 

makes no difference; the quiescent 'current remains leakage 
of FET in the off condition. 

The currents previously discussed are dc currents and the 
obvious result is low circuit power consumption. For ex
ample, with plus and minus 15V power supplies~ the specified 
maximum powe'r consumption is 3 mW. The typical power 
consumption will be, 30 nW. When strobing'from a particular 
duty cycle square wave, ac currents will be drawn 'and the 
magnitude of these are dependent upon the duty cycle and 
the plus repetition rate. Figure 8 shows tyRical ac current 
draw' as, a function of pulse repetition rate. 

2k 

+----+-__ -t-=-Q'--I-'5VI 

~1000 V 
/ 

V 

,I 
IV 

;: 
t 
i>! 
I 

, .. 
0 

'00 

, ,; 
VV 

10 100 lk 10k lOO1c. 

. LOGIC FREQUENCY .'0'lI0 DUTY CYCLE {Hzl 

FIGURE 8. POWER SUPPLY QUIESCENT 
CURRENT VS. LOGIC 
FREQUENCY RATE 

~
DRAIN 

FROM DRIVER . 

SOURCE 

FIGURE 6. DRIVER STATES WITH 

,T2L "1" INPUT 

FIGURE 7. DRIVER STATES WITH 

T2L "0" INPU,T 

FIGURE 9. OUTPUT VARAFET 

THEORY OF OPERATION (CONTiNUED) 

OutputJ-FE"I:' or Varafet 

The outputJ-FET is the actual solid state switch. The trans
lator circuit is, merely; a means t9, interface the low level 
TTL strobing logic into higher levels to drive the ou~pu't 
FET.,The varafet is a monolithically constructed combina-

, tion of a varact~r diode II, series with the gate of an N-charinel 
J-FET. The.driver dio,de (varactor diode) is needed to pre
vent forward biasing the output FET during normal switching 
applications. Figure 9'shows a schematic of the'complete 
varafe't. 

, Notice that the polarity of the driver diode is such that it -
forms a back·to-back diode combination, with the source· 
to·gate or drain-to-gate junctions of the FET. This makes it 
impossible to forward bias a source·to-gate junction during 
switching. The driver diode is a voltage variable capacitor 
whose G (capacity) vs. V (voltage across diode) plot is 
much greater than the C vs. V plot for either the 
source-to-gate or drain-to-gate FET junctions. In fact: the 
criteria for proper operation ofthe varafet is that the i'ntegral 
of the diode's C vs. V plot is at least equal to the sum of the 
C vs. V plots for the source-to-gate and drain'to-gate FET 
junctions. The integral of C vs. V is charge a. C = aN and 
a = C x V. Thus the varafet is really a charge transfer device. 
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IH181/182/184/185/187/188/190/191 
SWITCHING STATE DIAGRAMS 

DUAL SPST Metal Can Package 
IH181/IH182 . 

" " 
0, 

", 
Vee 

V, 
V, 

ORDER NUMBERS: 

'. Flat Package 

" 0, 

,", 
VEE' 

VA 

ORDER NUMBERS: 

IH181MTW OR IH181CTW IH181MFD OR IH181CFD 

Dual-hi-Line Package 

" " 0, 0, 

,", 
Vee V" 

V, VA 

ORDER NUMBERS: 

IH181MDD OR IH181CDD SWITCH STATES ARE 

FOR LOGIC "1" INPUT IH182MTW OR IH182CTW IH182MFD OR IH182CFD IH182MDD OR IH182CDD 

DUAL DPST 

IH184/IH185 

SPOT 

IH187/IH188 

DUAL SPOT 

IH190/IH191 

Metal Can Package 

v, 

ORDER NUMBERS: 

IH187MTW OR 

IH188MTW OR 

IH187CTW 

IH188CTW 

Flat Package 

'. " 
0. 0, 
0, 0, 

" " 
'", '", 

Vee v" 

VL V, 

TOP VIEW 

• ORDER NUMBERS: 

IH184MFD OR IH184CFD 

IH185MFD OR IH185CFD 

Flat Package 

0, 

" 

v" 
v, 

ORDER NUMBERS: 

IH187MFD OR IH187CFD 

IH188MFD OR IH188CFD 

Flat Package 

. ORDER NUMBERS: 

IH190MFD OR IH190CFD 

IH191MFD OR IH191CFD 

Dual-In-Line Package 

ORDER NUMBERS: 

IH184MDE OR IH184CDE 

IH185MDE DR IH185CDE 

Dual-In-Line Package . 

0, b, 

" " 
Vee v" 
V, VA 

ORDER NUMBERS: 

IH187MDD OR IH187CDD 

IH188MDD OR IH188CDD 

Dual-In-Line Package 

ORDER N4MBERS: 

IH190MDE OR 

IH191MDE OR 

IH190CDE 

IH191CDE 



IH:181/182/184/185/18.7/188/190/191 

SWITCHING ~IME lES.T CIRCUIT 
Switch output waveform shown for Vs = constant with logic input waveform as shown. Note that Vs may be + or - ~s per 
switching time test circuit. Va is the steady state output with switch on. F~edthrough via gate capacitance may result in spikes 
at leading and trailing edge of output waveform. 

LOGIC "0" ~ sw. ON 

'OG"2.4V~ INPUT 

1,< IOns 1.2V . . . 1/<10n. 0 -

S~~!~~-'~b 
SWITCH 09VO 
OUTPUT OIVa 

0, lon- 'olf-

PACKAGE DIMENSIONS 

16 PIN CERAMIC PACKAGE 

Ff 
~m ---11-

FLAT PACKAGE 

NOTE: All dimensions in inches. 

CL RL ......,,..--,---IJOPFI lItn 

VR VEe __ 

ov -ISV (Re;tt;:tfo, 
IN2ind$2 

Va • Vs RL + :~S(oN) 

FIGURE 10 

14 PIN CERAMIC PACKAGE 

TO-100 PACKAGE 

3-77 



O~OIb 

FEATURES 
• Switches Greater Than 20Vpp Signals With ±15V 

Supplies 
• Quiescent Current Less Than 10jLA 
• Overvoltage Protection to ±25V 
• Break-Before-MakeSwitching: tOFF 200 nsec, tON 

400hsec Typical 
• T2L,.DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn-Off 
• Complete Monolithic Construction 

IH200 
CMOS Analog Gate 

GENERAL DESCRIPTION 

The IH200 solid state analog gate is designed using, an 
improved, high voltage CMOS monolithic technology. This 
improved CMOS technology provides input overvoltage 
papability to ± 25 volts without damage to the device, and 
destructive latch·up of solid state analog gates has been 
eliminated. Early CMOS gates were destroyed when power 
supplies were removed with an input, signal present. The 
INTERSIL CMOS technology has eliminated this serious 
systems problem. 

Key performance advantages pI the IH200 are TTL compati
bility and ultra low-power operation. The quiescent current 
requirement is less than 101'A. Also designed into the IH200 
is guaranteed Break-Belore-Make switching. This is 
logically accomplished by extending the tON time (400 nsec 
TYPJ such that it exceeds tOFF time (200 nsec TYPJ. This 
insures that an ON channel will be turned OFF belore an OFF 
channel can turn ON. This eliminates the need lor external 
logic required to avoid channel to channel shorting during 

I r-____________________ ~--------------------~r_-S-w-it-c-h-in-g-.--------------------__ ~----------~ 
FUNCTIONAL DIAGRAM PIN CONFIGURATIONS 
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DUAL-IN-LINE PACKAGE 

12 (SUBSTRATE) 

TOP VIEW ' 

ORDER NUMBERS: 
IH200AP 
IH200BP 

FLAT PACKAGE 
,. 

IN, =~~~Jf~'Ta'::' IN, 
Ne He 

DUAL-IN-L1NE PACKAGE 

ORDER NUMBERS: 
IH200MDE, 
IH200CDE 

METAL CAN PACKAGE 

v, (SUBSTRATE AND CASE) 

. GND ~'UBSTRATE) 
He VL 

52 51 

02 01 

V2 VREF 
7 • 

TOP VIEW 

SWITCH STATES ARE FOR LOGIC 
"1" INPUT (POSITIVE LOGIC) 

ORDER NUMBERS: 
IH200AL 
IH200BL 

D, 
TOPV,EW 

ORDER NUMBERS: 
IH200AA 
IH200BA 



IH200 

MAXIMUM RATINGS 

Current (AnyTerminail 
Storage Temperature 
Operating Temperature 
Power Dissipation 
(All Leads Soldered to a P.C. Board) 
Derate 6 mW'·C Above 70·C '. 
Lead Temperature (Soldering, 10 sec) 

Vl-V2 <33V 
Vl-VO <30V 
VO-V2 <30V 
Vo-Vs <±22V 
VL-V2 <33V 
VL-VIN <30V 
VL-VR <20V 
VIN-VR <20V 

<30mA 
-e5°Cto+150°C 
-55°Cto+125°C 

'450mW 

300'C 

ELECTRICAL CHARACTERISTICS (@ 25°C, Vl = +15V. V2 = -15V, VL = +5V. VR = O.V) . 

PER CHANNEL 
MIN./MAX . .LIMITS 

MILITARY COMMERCIAL TEST 
SYMBOL CHARACTERISTIC -55°C +25~C +125°C 0 +25°C +70°C UNITS CONDITIONS 
liN(ON) Input Logic Current l' 1 1 1 1 1 jJ.A VIN =0.8 V 
liN(OFF) Input Logic Current 1 1 1 1 1 1 jJ.A VIN - 2.4 V 
rOS(ON) Drain-Sou~ce On 75 75. 100 80 80 100 0 Is -1mA. 

Resistance . VANALOG =:-10 V to 
+10 V 

rOS(ON) Channel to Channel 25 25 25 30 30 30 0 Is (Each Channell 
Ros(ON) Match = 1 mA 

VANALOG Min. Analog Signal ±11 ±11 ±11 ±10 ±10 ±10 V Is = 10 mA 
Handling Capability 

IO(OFF) Switch OFF Leakage 1 1 100 5 5 250 nA VANALOG = -10 V to 
Current +10 V 

IO(ON) Switch On Leakage 2 2 200 10 10 250 nA Vo = Vs =·-10 V to 
+IS(ON) Current +10 V 

tON Switch "ON" Time 1.0 1.0 jJ.s RL = 1 kO. VANALOG 
= -10 Vto +10 V 
See Fig. A 

tOFF Switch "OFF" Time 0:5 0.5 jJ.s RL = 1 kO. VANALOG 
= -10 V to +10 V 
See Fig. A 

Q(INJ.) Charge Injection 15 20 mV See Fig. B 
OIRR Min. Off Isolation 54 50 dB f -1 MHz. RL-

Rejection Ratio 1000. CL ::;5pF 
See.Fig.C 

IVl + Power Supply 10 10 100 10 10 100 jJ.A 
Quiescent Current 

IV2 -Power Supply 10 10 100 10 10 100 jJ.A Vl = +15 V. V2 = 
Quiescent Current -15 V. VL = +5V 

VL = +5 V. VR = 0 
IVL +5 V Supply 10 10 100 10 10 100 jJ.A Switch Duty Cycle 

Quiescent Current <10% 

IVR Gnd Supply .10 10 100 10 10 100 jJ.A 
Quiescent Current 

CeRR Min. Channel to 54 50 dB One Channel Off 
Channel Cross 
Coupling Rejection , 
Ratio 
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IH200 

TEST CIRCUITS 

ANALOG INPUT 

3V 

ANAL JOG i~:UT 

LOGIC ~', ovJL, -: 
3V r-ov~ -LOGIC~ " 

LOGIC INPUT. 

(NO~_ 

' VOUT INPUT h INPUT }-O, Your ~, Your , ' , 

10pF I 1kn .. 10,000pF J t oon 

,Figure A Figure B Figure C 

PACKAGE DIMENSIONS 
16' PIN CERAMIC PACKAGE (DE) 16 PiN DIP PACKAGE (PE) 

C:::::D:~:: 
. ~ ~ (;~~ ; :~~~) ".' .300 ± .010 

~ 760(1930)~ .130±.005 ,1(7.62±.254)I, . 

:g~~T~:770(10:55) "t±"27) A" " 
'-------.820 (20.82)~ .105 (2.66) 

.035 (.889) ! - .750 (19.05) \ .095 (2.41) 

.025(.635)~=t . 

3-80 

* ww \.135(3.42) 
-.l'25 (3.17) 
~ .011 (.279) ~ +.009 (.228) 

T ~35 (.343) . .010 ± .001 
~25 (3.17) -- ---(.254 ± .0254) 

"-I l-- '-I l-- '-11- I" "I ' ---j f-- ~I f-- I " , I 
,110 (2.79) 
~ 

,054 ± ,003 .020 (.508) 
(1.37 ± .076) :ol8l'AS7T 

.330 (B.38) 

~ 
.110 (2.79) .020 (.508) .325 ± .025 
.090 (2.28) ,018 (.457) (8.25 ± .635) 

r- .300 ----j 

'~ 
~ 

I .350 I 
\---(8.890)---1 

MAX. 

TO-l00 PACKAGE 

I ,335 (8.500)..j 
-- .305 (7.747) \ w:~~~ :::~~::h ' 

.040 (1.016) 
MAX, '~ .185 (4.699) -.-L. .165 (4.191) 

+ ", --r-OO' 0 DO (1:'~~0)MIN 
10 LEADS '" ~ 

:~~: t:~:~ iUA 

14 PIN CERDIP (JD) 

104" 8 
.265 

(6.731,) ,,", 
MAX. 

L" 7 

I U U L .725 -' LJ LJI 

.005 (.127) 
.045frn3) 

-.-L 
T 
-.-L 

FLAT PACKAGE (FD) 

1.14 

7 8 

.155 (3.937) 
~ 

11(6,604) , 
.240 (6.096) , 

Lf--('r::i~)--j .020 

~".' 
.. 019~1-~-t-----r:§:g !:~:l .0060 (.1524) 

~" ---L ~ 
(4.572) , tl ' 
MAX. 

.125 
(3.175) 

.100 I I II ~ 
(2.54)--1 I-- --11--(4.83) 

: + l.O9O (2.286) 
~ 

NOTE: Dimensions in inches (millimeters) 



FEATURES 
• Switches Greater Than 20Vpp Signals With ±15V 

Supplies 
• Quiescent Current Less Than 10ILA 
• Overvoltage Protection to ±25V 
• Break-Betore-Make Switching tOFF 200 nsec, tON 

400nsec Typical 
• T2L, DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn-Off 
• IH201 4 Normally Closed Switches 
• IH202 4 Normally Open Switches 
• Low Leakage Typical <100pA 

FUNCTIONAL DIAGRAM 

IH201/1H202 
CMOS Analog Gate 

GENERAL· DESCRIPTION 
The. IH201/2 solid state analog gate Is designed using an 
improved, high voltage CMOS technology. This improved 
CMOS technology provides input overvoltage capability to 
± 25 volts without damage to the device and the destruc· 
tive latch·up of solid state analog gates has been 
eliminated. Early CMOS gates were destroyed when power 
supplies were removed with an input signal present. The 
INTERSIL .CMOS teclinology has eliminated this serious 
systems problem. 

Key performance of the IH201 are TTL compatibility and 
ultra low-power operation. The quiescent current 
requirement is less than 10MA. Also designed into the IH201/2 
is guaranteed Break-Before-Make switching. This is 
logically accomplished by extending the tON time (400 nsec 
TYPJ such that it exceeds tOFF time (200nsecTYP.1. This 
insures that an ON"channel will be turned OFF before an OFF 
channel.can turn ON. This eliminates the need for external 
logic required to avoid channel to channel shorting during 
switching. " 

PIN CONFIGURATIONS 
DUAL-IN-L1NE PACKAGE 

13 tYee (SUBSTRATE) 

ORDER NUMBERS: 
IH201MDE OR IH201CDE 

SWITCH STATES ARE 
FOR !-OGIC "1" INPUT 

ORDER NUMBERS: 
IH202MDE OR IH202CDE 
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IH201/202 

MAXIMUM RATINGS 
Current (Any Terminal) 
Storage Temperature 
Operating Temperature 
Power D'issipation 
(All Leads Soldered to a P.C. Board) 
Derate 6 mW/·C Above 70·C 
Lead Temperature (Soldering, 10 sec) 

VI-V2 
VI-VO 
VO-V2 
Vo-Vs 
VL-V2 
VL-VIN 
VL-VR 
VIN-VR 

<33V 
<30V 
<30V 

<±22V 
<33V 
<30V 
<20V 
<20V 

<30mA 
-65· C to+150° C 
-55°Cto+125°C 

450mW 

300·C 

ELECTRICAL CHARACTERISTICS (@25°C, V1 = +15V, V2 = -15V, VL = +5 V, VR =; 0 V) 

PER CHANNEL 
MIN.!MAX. LIMITS 

MILITARY COMMERCIAL TEST 
SYMBOL CHARACTERISTIC -55°C +25°C +125° C 0 +25°C +70°C UNITS CONDITIONS 
IIN(ON) Input Logic Current 1 1 1 1 1 1 I'A VIN = 0.8 V (lH201), 

VIN = 2.4V (lH202) 

iJN(OFF) Input Logic Current 1 1 1 1 1 1 I'A VIN = 2.4 V (lH201), 
VIN = 0.8V (lH202) 

rOS(ON) Drain-Source On 100 100 200 150 150 200 0 Is = 1mA, 
Resistance VANALOG = ±10 V 

rOS(ON) Channel to Channel 25 25 25 30 30 30 0 Is (Each Channel) 
Ros(ON) Match = 1mA . 

VANALOG Min. Analog Signal ±11 ±11 ±11 ±10 ±10 ±10 V Is = 10 mA 
Handling Capability . I 

IO(OFF) Switch OFF Leakage 1 1 200 2 2 250 nA VANALOG = -10 V to 
Current +10 V 

IO(ON) Switch On Leakage 2 2 200 2 2 250 nA Vo = Vs =' -10 V to 
+ls(oN) Current +10 V 

tON Switch "ON" Time 1.0 . 1.0 I's RL = 1 kO. VANALOG 
=-10 V to +10 V 
See Fig. A 

. tOFF Switch "OFF" Time 0.5 0.5 I'S RL = 1 kO. VANALOG 
= -10 V to+10 V 
See Fig. A 

Q(INJ.) Charge Injection 15 20 mV See Fig. B 
OIRR Min. Off Isolation 54 50 dB f = 1 MHz. RL = 

Rejection Ratio 1000. CL :55pF 
See Fig: C 

IV1 + Power Supply 20 20 100 30 30 100 I'A 
Quiescent Current 

IV2 -Power Supply 20 20 100 30 30 100 I'A V1 = +15 V. V2 = 
Quiescent· Current -15 V. VL = +5V 

. VR=O 

!VL +5 V Supply 20 20 100 30 30 100 I'A Switch Duly Cycle 
Quiescent Current <10% 

IVR Gnd Supply 20 20 100 20, 20 . 100 I'A 
Quiescent Currerit 

CCRR Min. Channel to 54 50 dB One Channel Off 
Channel Cross 
Coupling Rejection 
Ratio 
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IH201/202 

TEST CIRCUITS 

ANAL)OG ~~':UT 

3V 

ovlL' '. "-
LOGIC o-Q-t>- . 
INPUT . h Your 

35pF 1_ 1kll 

Figure A 

LOGIC INPUT 

(NO~_ 

t::o"' 

51H 

ANALOG INPUT 

3V I"" ovlL -
~~~ r'o"' 

,10,ODDpF I 

Figure B 

Figure C 

PACKAGE DIMENSIONS 

16 PIN CERAMIC PACKAGE (DE) 16 PIN DIP PACKAGE 

[O]~ C:::::li::: 
--1 ~(;~~ ~ :~~) .300 ! .010 

I-- 760(1930)---1 .130<.005 (7.6L.254)1 
.025 (.635) :770 (19:55) __ u ~I (3.30 ± .127) I' . 1--.820 (20.82)----1 .105 (2.66) 

. 035 (.889) I .750 (19.05) . I .095 (2.41) 

.025 (.635) j * ~ .. 135(3.42) ~ ~ ~ ~ ~ ~ ~ ~ --1:nnmf A ,011 (.270) 
."0 (.228) 

~~jA-~ . . 
.135'(.343) , .010 ± .001 T .125 (3.17) (.254 ± .0254) 

-I I-- --I I-- --j I--
.110 (2.79) .054 ± .003 .020 (.508) 
~ (1.37 ± .076) :olTf.457) 

NOTE: Dimensions in inches (millimeters) 

·Nol avanable In pla.llc al Ihls lime. 

", ·1 -J f-- -Jf-- I· ·1 
.330 (6.38) 
~ 

.110 (2.79) 

.... (2.28) 

16.-PIN FLAT PAK (FE) 

1:· [' '] 
--r~ I, .1.280 (1.,,2) 

.019 (A83) .980 (24.892) ~ 
:at4l:m) ~ 
D06 ( 152) . .070 (1.778) 

~. --.:r' + : i 

.035 (.889) 

.010 (.254) 

-L 
t 

.020 (.508) 

.018 (.457) 
.325 ± .025 

(8.25 ± .635) 
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D~Dlb 
FEATURES 

• Gate Lead Available for Nulling Charge Injection Voltage 
• Channel Complete-Interfaces With Most Integrated Logic 
• Low OFF Power Dissipation, -1 mW 
• Low rOS(ON), 30n Max on IH5001 
• Switches Analog Signals up to 16 Volts Peak-to-Peak 

GENERAL DESCRIPTION 

These switching circuits contain one channel in one pack
age, the channel consisting of a driver circuit controlling a 
SPST junction FETswitch_ The driver interfaces DTL, TTL, 
or RTL logic signals for multiplexing, commutating, and 
Of A converter applications, which permits logic design di
rectly with the switch function. Logic "1" at the input 
turns the FET switch ON, and logic "0" turns it OFF. The 
gate lead of the F ET has been brought out to enable the 
application of a referral resistor for nulling offset voltage 
due to charge injection. 

IH500 i/1H5002 
i·Channel Driver with 

SPST FET Switch 
AND Gate Available 

ABSOLUTE MAXIMUM RATINGS 
Analog Signal Voltage (V A - V2 or V 1 - V A) 

Total Supply Voltage (V1 - V2 ) 

Pos. Supply Voltage to Ref..Voltage.(V 1 - V R) 

Ref. Voltage to Neg. Supply Voltage (V R - V 1) 

Power Dissipation (Note) 

28V 
32V 
18V 
21V 

500mW 
Current (Any Terminal) 
Storage Temperature 
Operating Temperature 
Lead Temperature (Soldering, 10 sec) 

30mA 
-65 to +150°C , 

o to +70°C 
300°C 

NOTE: Dissipation rating assumes device is mounted with all leads 
welded or soldered to printed circuit board in ambient 
temperature below 70o e. 

SPST 
IH5001(rOS(ON)= 30n) 
IH5002(rOS(ON)= 50[2) 

PACKAGE OUTLINES 

v, 

V, G 
2 6 

S~1-----------~-r---~-oD 
5 I 7 

'"04~~-;"'"""'\ _.J 

V, 
tENABLE} 

v, 

Plastic DIP 

1+~ 
~ U···8JT 

2 71 I 
.380 

+.. :::j 
~ 1Ut .06. 5 I' .250 . I. I I I r- LOO2--j . 

r·OJO 
~ .020 .310 .030 

. 1~~"+lSII} ~ . F9tLOOS j~ ~ 130 -. T 
I - ~ ,002 

l-. ~I--,~~ 
325 

f.02S , 

PA Package 

ORDERING INFORMATION 

IH 5 o Cll C PA 

1.' .. T .. ' T L.'· Package (See Outline D~aw .. ;ng) L Commercial Temperature Range 
(0 to +70°C) 

Type 

'--------------- Gate 

Analog 

Intersil Hybrid 



ELECTRICAL CHARACTERISTICS 
Applied voitages for all tests: V1 ;,; +12V,:V2 ';" -1SV,V R = O. Input test conditiori which guarantees FET switch ON or OFF 
as specified is used for output-and power supply specifications ' 

SYMBOL 
CHARACTERISTIC TYPE 

ABSOLUTE MAX LIMIT 
UNITS TEST CONDITIONS 

(NOTE) 0° 25° 70° , 
: 

I VIN(ONI Input Voltage-ON 2.9 min ,2.5 min 2.0 min Volts \/2 =: -12V 
N 

VIN(OFFI Input Voltage-OFF 1.4 1.0 0.8 Volts V2 = -12V p Both 
u 

' Circuits T IIN(ONI Input Current 150 100 100 '/-IA VIN = 2.5V 

IIN(OFFI Input Leakage Current 4 4 10 /-IA VIN = O.SV 

Drain-Source ON IH5001 30 30 50 n 
5 VOS(ONI Resistance Vo ~ SV,ls = 1 rnA w IH5002 50 50 85, n I 0 
T U 
C T IO(ONI+ls(ONI Drive Leak!lge Current 5 160 nA Vo= Vs = -SV 
H' P 
I u 

,IS(OFFI Sou rce Leakage Cu rren! 
Both 

Vs =SV, Vo =-SV N T 5 160 nA 
G Circuits 

IOIOFFI Drain Leakage Current 5 160 nA Vo =' BV, Vs = -BV 

)1 (ONI, 
Positive Power Supply 

3.5 rnA 
Drain Current 

12(ONI 
Negative Power Supply , 

-2.0 mA Driver ON, V IN = 2.5V p Drain Current 0 
w 

Reference Power Sup-E 
IR(ONI -1.5 mA R ply Drain Current Both 

5 
Positive Power Supply Circuits 

u 
11 (OFFI 25 /-IA p Leakage Current p 

L 
Negative Power Supply y 

12(OFFI -25 p-A Driver OFF, VIN = O.BV 
Leal$age Current 

IR(OFFI 
Reference Power Sup-

-25 /-IA 
ply Leakage Current 

s 
tON Turn-On Time 0.5 0.7 /-Is w Both I See Below T Circuits ~ tOFF Turn-Off Time 1.0 1.3 /-IS 

p PON ON Driver Power 
0 Both 175 mW VIN = 2.5V 
w 

Circuits E POFF OFF Driver Power 1 mW VIN = 1.0V " 
F 

VGS(fI 
Gate Source Both 

1.5 Volts IG = 1.0 rnA, "os = 0 E 
Forward Voltage Circuits T 

NOTE: (O,FFI and (ONI subscript notation refers to the conduction state of the FET switch for the given test. 

SWITCHING TIMES (at 25°C) 

OFF MODEL- ON MODEL 

""'""r~"T" "'1" D"" I'!O.~'" ., '.. '1010'" " ' rG.ISPF •• 

-: -: -: 

, '011 

~"'~D'''' 

'."~"'" 

3-S5 



I 

3-86 

FEATURES 
•. Gate Lead Available for NullingCharge Injection Voltage 
• Each Channel Complete-Interfaces With Most fntegrilted 

Logic 
• Low OFF Power Dissipation, ·-1 mW 
• Switches Analog Signals up to 20 Volts Peak-to-Peak 
• Low rDSION),30n Max on IH5003 

GENERAL DESCRIPTION 

These switching circuits contain two channels in one pack
age, each channel consisting ofa driver circuit controlling 
a SPST junction FET switch. The driver interfaces DTL, 
TTL, or RTL logic signals for multiplexing, commutating, 
and D/A converter applications, which permits logic design 
directly with the switch function. Logic "1" at the input 
turns the FET switch ON, and logic "0" turns it OFF. The 
gate lead of the FETs has been brought out to enable the 
application of a referral resistor for nulling out offset volt· 
age due to charge injection. 

IH5003/IH5004 
2·ChannelDrivers with 

SPST FET Switches 
AND Gate Available 

ABSOLUTE MAXIMUM RATINGS 
Analog SignalVoltage (V A - V 2 or V 1 - V A) 

Total Supply Voltage (V 1 - V2 ) 

Pos. Supply Voltage to Ref. Voltage (V 1 - V R) 

Ref. Voltage to Neg. Supply Voltage (V R - V2 ) 

Power Dissipation (Note) 

30V 
36V 
25V 
22V 

750mW 
Current (Any Terminal) 
Storage Temperature 
Operating Temperature 

30mA 
-65 to +150°C 
-55 to +125°C 

Lead Temperature (Soldering, 10 sec) 300°C 
NOTE: Dissipation rating assumes device is m·ounted with all leads 

welded or soldered to printed circuit board in ambient tem· 
perature below 70oe. For higher temperature, derate at 
rate of 10mW/oe. . . 

DUAL SPST 
IH5003 (rOSION) = 30n) 
IH5004 (rOSION) = 50n) 

PACKAGE OUTLINES 

V. v, 
ItNAlLll 

, 0-+--------_.., ... _+--osw. 
O-;-----~ ... _-~--+_-osw, 
" o. o--I--f""' . 

0.<'>-4--'-4"" .... 

v, 

1ififmok. 
'. '/1006' 

.. ""-,-' L~~ T """,,1),"'" -I r-
"""latIN, 

FD Package DO Package 

ORDERING INFORMATION 

IH 5 0 03 M FD 1 T L Pk .... is .. O"Hoo D~;",J L Military Temperature Range 
1-55°e to +125°C) 

. . Type 
L-______ Gate 

Analog 

I ntersil Hybrid 



IH500.3/5004 

ELECTRICAL CHARAcTERISTICS 

Applied Voltages for all tests: V, = +12V, V 2 = -lBV, V R = O. Input test condition which guarantees FET switch 
ON or OFF as specified is used for output and power supply specifications. 

SYMBOL 
CHARACTERISTIC TYPE 

ABSOLUTE MAX LIMIT 
UNITS TEST CONDITIONS 

(NOTEI _55° 25° 125' 

I VIN(ON) Input Voltage-ON 2.9 min 2.5 min 2.0 min Volts V2 = -12V 
N 
p VIN(OFF) 
u 

Input Vo_ltage-OFF Both 1.4 1.0 0.6 Volts V2 = -12V 

T IIN(ON) Input Cu rrent Circuits 120 60 60 jJ.A VIN = 2.5V 

)INIOFF) I nput Leakage Current 0.1 0.1 2 jJ.A VIN = O.BV. 

Drain-Source ON IH5003 30 30 50 n 
5 rDSION) Resistance 

Vo = 10V, Is = 1 mA 
we IH5004 50 50 85 n 
I u 
T T 
C p IOION)+ ISION) Drive Leakage Current 2 100 nA Vo=VS=-10V H u 
~ T ISIOFF) Source Leakage Current 

Both 
1 100 nA Vs = 10V, Vo = -lOY 

G Circuits 
IOIOFF) Drain Leakage Current 1 100 nA Vo = 10V, Vs = -lOY 

IHON) 
Positive Power Supply 

3 mA 
Drain Current 

1210N) 
Negative Power Supply 

-1.B mA One Driver ON, VIN = 2.5V p Drain Current 
0 
w Reference Power Sup· 
E IRION) -1.4 mA 
R ply Drain Current Both 
5 Positive Power Supply Circuits u IHOFF) 25 jJ.A p Le~kage Current 
p 
L Negative Power Supply Both Drivers OFF y 12(OFF) -25 jJ.A 

Leakage Current VIN = O.BV 

IR(OFF) 
Reference Power Sup· 

-25 jJ.A 
ply Leakage Cu rrent 

s 
toN Turn-ON Time Both 0.3 0.5 jJ.s '1 

T 
Circuits 

See Below 
c 

toFF Turn-OFF Time 0.8 1.2 jJ.s H 

P PON ON Driver Power Both 175 mW Both Inputs VIN = 2.5 e 
w 

Circuits I· E POFF OFF Driver Power 1 mW Both Inputs VIN = lV R 

F 
VGSlf) 

Gate Source Both 
1.5 Volts I G = 1.0 mA, Vos = a E Forward Voltage Circuits T 

NOTE: IOFF) and IO~) subscript notation refers to the conduction state of the FET switch for the given test. 

' .. ",.,-
I, <0.1 .. 
,,<0-1.,. ov 

OUTNT 
v.' IOV 

DUm" 
v. ·.IOY 

OFF MODEL 

SOU'''TUT'' "r" D .... ,.10,....· .. ,'"10'" 

':' .. 1"" ':' 

SWITCHING TIMES (at 25°CI +12V 

OUT 

\. 

ON MODEL 

SOU'''~''A'' 
'."~D'" 

3-87 



I 

3-88 

FEATURES 
• Gate Lead Available for Nulling Charge Injection Voitage 

• Expansion Capability Available 
• Each Channel Complete-Interfaces With Most Integ~ated 

'Logic 
• low OFF power dissipation, 1 mW 
• low rOS(ON), 10Q Max on IH5005 

GENERAL DESCRIPTION 
These switching circuits contain two channels in one pack
age, each channel consisting of a driver circuit controlling 
a SPST junction FET switch. The'driver interfaces DTl, 
TTL, or RTllogic signals for multiplexing,commutating, 
and D/A converter applications, which permits logic design, 
directly with the switch function. logic "1" at the input 
turns the F ET switch ON, and logic "0", turns it OFF. The 
gate lead of the FETs has been brought out to enable the 
application of a referral resistor for nulling offset voltage ' 
due to charge injection; Driver points are brought out to 
provide for the addition of external F ETs for expansion 
capability. ' 

IH5005 -IH5007 
2·Channel Drivers with 

SPST FET Switches 
Gate Available AND 

, ' , 

A,BSOLUTE MAXIMUM RATINGS 
Analog Signal Voltage (VA ~ V 2 or V ,- VA) 30V 
Total Supply Voltage (V, -V2 ) 36V 
Pos. Supply Voltage to Ref. Voltage (V, -V R ) 25V 
Ref. Voltage to Neg. Supply Voltage (V R - V2 ) 22V 
Power Dissipation (Note) 750 mW 
Current (Any Terminal) 30 mA 
Storage Temperature '-65°C to +150°C : 
Operating Temperature _65°C to +125°C 
lead Temperature (soldering, 10 sec.) 300°C 
NOTE: Dissipation rating assumes device is mounted with all,leads 

welded or soldered to printed circuit board in· ambient tem
perature below 70°C. For' ,higher temperature,' derate at 
rate of 10 mwtc, 

DUAL SPST 
IH5005 (rOSION) = lOn 
IH5006 (rOSION) = 30n 
IH5007 (rOSION) = BOn 

PACKAGE OUTLINES 

'. 
I{NABLEI 

0--t----~----<t1 ,,-_+--<>6 sw, 

o--t----'-,--o'l '-----+--1--6' '"' 

" 'N 0--1---(--... 

~I-.. "",.=----I-I ,--' roo""'"' I f-g:G. ",;~;-I I I 
I' 

L 
r~~rE~~~ 

NOTE: All dimensions in inches. 

FD Package 0.0 Package 

ORDERING INFORMATION 

IH, 5 o 05 M FD 

11~ ~ ... '~M", '-'"., 

Temperature Range 
M - Military I-55°C to +125°CI 
I - Industrial (_20°C to +85°C) 
C - Commercial (DoC to +70°C) 

L-_____ Type 

L-_______ -" Gate 

L-. __________ Analog 

L-. ____________ Intersil Hybrid 



IH5005 - IH5007 

PRODUCT CONDITIONING 
The following processes are performed 100% in accordance 
with MIL·STD·883. 

Precap Visual-Meth. 2010, Cond.B 
Stabilization Bake-Meth. 1008 

ELECTRICAL CHARACTERISTICS 

Temp. Cycle-Meth. 1010 
Centrifuge-Meth. 2001, Condo D 
Hermeticity-Meth. 1014, Condo A, (; 
(Leak Rate < 5 x 10-8 atm cc/s) / 

Applied Voltages for all tests: V, = +12V, V2 = -18V, VR = O. Input test condition which guarantees FET switch ON or 
OF F as specified is used for output and power supply specifications. 

SYMBOL ABSOLUTE MAX. LIMIT 

(NOTE) 
CHARACTERISTIC TYPE 

_SSO 2So 12So 
UNITS TEST CONDITIONS 

VIN(ONI Input Voltage-ON 2.9 min 2.5min 2.U min Volts V2 ~ -12V 
f-

VINIOFFI Input Voltage-OFF 1.4 1.0 0.6 Volts V2 = -12V => 
0- All Circuits 
Z IIN{ONI Input Current 120 60 60 f.lA VIN'~ 2.SV -

IIN{OFFI Input Leakage Current 0.1 0.1 2 f.lA VIN = O.BV 

IHS007 80 80 lS0 n 

rOS(ONI Drain·Source On 'Resistance IHS006 30 30 SO n Vo = 10V, Is = 1 mA 

f- IHSOOS 10 10 20 n 
=> 
0-

IO{ON) + ISIONI Drive Leakage Current 2 100 nA Vo = Vs = -10V f-
=> IH5006. 0 Is{oFF) Source Leakage Current 1 100 nA Vs ~ lOV, Vo = -10V 
::c IHS007 
U IO(OFFI Drain Leakage Current 1 100 nA Vo = lOV, Vs ~ -10V f-

~ IOION) + ISION) Drive Leakage Current 2 100 nA Vo = Vs ~ -lOV 
U'l 

ISIOFF ) Source Leakage Current IHSOOS 10 1000 nA Vs = 10V, Vo = -10V 

IO(OFFI Drain 'Leakage Current 10 1000 nA Vo ~ 10V, Vs ~,-10V 

I1{ON) 
Positive Power Sup'plY 

3 mA 
Drain Current 

12{ON) 
Negative Power Supply 

-1.B mA One Driver ON, VIN = 2.5V 
>- Drain Current 
...J 

Reference Power Supply 0-
IR{ON) -1.4 mA 0-

Drain Current => 
U'l All Circuits 
a: Positive Power Supply w I1{OFF) 25 f.lA 
~ Leakage Current 
0 
0- Negative Power Supply 

1210FF ) 
Leakage Current 

-25 f.lA Both Drivers OFF, V IN ~ O.BV 

IR{OFFI 
Reference Power Supply 

-25 f.lA 
Leakage Current 

(!) tON Turn·ON Time 1.0 1.S f.ls 
z IH5005 - tOFF Turn·OFF Time 2.S 3.7 f.ls ::c 
u 

Turn·ON Time O.S 0.8 
See Page 3 

f- tON IH5006 f.ls 
~ 

toFF Turn·OFF Time IHS007 1.0 1.5 U'l f.ls 

a: PON ON Driver Power 175 mW Both Inputs VIN = 2.5 w 
~ All Circuits 
0 POFF OF F Driver Power 1 mW Both Inputs V IN = 1.0 , 0-

f- Gate Source Forward w VGSlf) All Circuits. 1.5 Volts IG = 1.0 mA, Vos = 0 u. Voltage 

0 Peak·Peak Voltage +3V 
z V p.p at Expansion All Circuits 30 Volts VIN~~ « 
0- Outputs V, = +lBV,V2 = -lBV, X 
w RL 2': 10n 

NOTE: (OFFI and (ONI subscript notation refers to the conduction state of the FET switch for the given test. 
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IH5005 - IH5007 

SWITCHING TIMES (at 25°C) 

V.·.IOV 

OFF MODEL 

ON MODEL' ' 

'" 
SQ'"''~Q''''' 

'-'Lr . 

O~OIL 

TYPICAL CHARACTERISTICS (per channel) 

~ 
E 
.... 
~ 
0: 
0: 
:::> 
u 
>-
-' 
:t 
:::> en 
Z e 

, I 
z 

:> 

VIN THRESHOLD 
vs TEMPERATURE 

1 

o 
-75 

~ ~ 

-25 

ON 

OFF 

25 

VR = 0 
v, = +12V 
V,=-12V 

r-' 

75, 125 

u 
1!3 
e ..... 
e 
w 
N 
::; .. 
::;; 
:~ 
z 
I 
.~ 

~ 

TEMPERATURE 1°C) 

2-6 

2.2 

1.8 

1.4 

1.0 

0.6 

0.2 

ON SUPPLY CURRENT 
vs TEMPERATURE 

f--l- I 
f-- I- I,~ 

f-- I-
121

1
0NI 

f--I- IAIONI 

....-

I I 
-75 -50. -25 0 25 50. 75 100 125 

TEMPERATURE 1°C) 

ID(OFF) vs TEMP.ERATURE 

1000 

100 
~ .: 

10 
0 

-E 

0.1. 
25 45 65 85 105 125' 

TEMPERATURE 1°C) 

I 

rDS(ON) vs 
TEMPE'RATURE '. 
(N~rI1"!8Iized to 25°C :Value) 

I-~;N = 2.5V 
,VR = 0 

I-~:: ~:~~ 
V 

./ V-
V 

V 

.-25 25 75 125 

TEMPERATURE 1°C) 

.~ 

.: 
~ 

OFF SUPPLY CVRRENT 
YS TEMPERATURE 

10 __ 

I' . 1 ~~~~~~~~~~~ 
~O'l~mm~~ ::: 
e ~. 

0.01 .,..,''"-"'-''"--'--'--'-........................... 
25 45 65 85 105 125 

TEMPERATURE 1°C) 



IH5005 - 5007 

APPLICATION 

Expansion Capability I H5005 

+3V-, r IN 

OV L-J. 

+3V rI IN 

OV....J L 

5 

2. 

13 

9 

ENABLE) 

I 

IH5005, 

.-d. c_ 
~, 

10 

~ 

GI340 

5, 
I 
I 

52 I 
I I 

53 
I I 

5_ 
I 
I I 

IN3600 ~G, G2 

IN3600 

IN3600 

IN3600 

V, 

1B 

G, 

+15VYll r4 

6 

3 

I 
I 
I 
I __ J 

------

7 -15~b,2 
V2 

+~ 
5, 
~ , 
52 

53 
I ,I 
I I 

S. I I 
I 

: I 

IN3600 _~G, G2 

IN3,!-oo -'IN36oo -IN3600 -

.~ V 1N3 

D2 V 1N2 

C 
D3 V ,N 

I 
I D_ 

I 
I I 

G3 G_ lOOK 

lOOK 

lOOK 

lOOK 

5W, 

5W3 

Gl340 V INB 

D, V1N7 

D2 V 1N6 

D3 VIN 

I 
I D. 

I I 
I I 

G3 G_ lOOK 

lOOK 

lOOK 

lOOK 
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FEATURES 

.. Switches Analog Signals up to 20 Volts Peak·to· 
Peak . . 

.. Each Channel Complete..,. Interfaces with Most 
Integrated Logic . 

.. Switching Speeds Less than O.SItS 

.. IO(OFF) Less than SOOpA Typical at 70·C 

... Effective rds(ON) - 50 to 500 . 

.. Commercial and Military Temperature Range 

~92 

Operation . 

PACKAGE DIMENSIONS (Note 1) 

8-Pln Plastic Package (PA) 

14-Pln Plastic Package 16·Pin. Plastic Package 
(PD) (PE) . 

~ 
lL.,J 

."'~. ...L -1'.r=-:-:m'. ==i 
'" :T~ 
TV; ~.-;Jr..'.l'h-ih ~T 

~ .1120 .~n"'::JYi" 

NOTE 1. Board drilling dimensions will equal standard 

practices for .020 diameter lead. 

IH5009 - IH5024 
Positive Sig·nal 

Analog Switches 

GENERAL DESCRIPTION 

The IH5009 series of analog switches were designed to fill 
the need for an easy·to·use, inexpensive switch for both in· 
dustrial and military applications .. Although low cost is a 
primary desigri objective (less than $1/switch in volume), 
performance and versatility have not been sacrificed. 

Each package contains up ·to four channels of analog 
gating and is designed to eliminate the need for an exter· 

.nal driver. The odd numbered devices are designed to be 
driven directly from T2L open collector logic (15 volts) 
while the even numbered devices are driven directly from 
low level T2L logic (5 volts). Eac.h channel simulates a 
SPOT switch. SPST switch action is obtained' by leaving· 
the diode cathode unconnected; for SPOT action, the 
cathode should be grounded (OV). The parts are intended. 
for high performance multiplexing and· commutating 
usage. A logic "0" turns the channel ON and a logic "1" 
turns the channel OFF .. 

ABSOLUTE MAXIMUM RATINGS 

Positive Analog Signal Voltage. . . ... . . . . .. . .. . . . . . . .. 30V 
Negative Analog Signal Voltage................... -15V 
Diode Current. . . . .. .. .. .. .. .. . . .. .. . . . . .. .. . .. ... 10mA 
Power Dissipation (Note) ....... : ... 1. • • • • • • • • • • •• 500mW 
Storage Temperature"......... ........ -65·C to + 150·C 
Lead Temperature (Soldering, 10 sec) ......... : ... 300·C 
Operating Temperature 

5009C Series ............................. O·C to + 70·C 
5009M Series.. .. . .. . .. . . . . . ... .. .. - 55 ·C to + 125 ·C 

Lead Temperature (Soldering, 10 sec) ............. 300·C 

NOTE: Dissipation rating assumes device is mounled with all leads welded 
or soldered to printed circuit board in ambient temperature below 
7S'C. For higher temperature. derate at rate of SmW"C. 

FUNCTIONAL, DIAGRAM (Four Channel Switch) 

Figure 1 

COMMON DRAINS 

TT 
1Y 
1Y 
1Y 

UNCOMMITTED DRAINS 



IH5009 - IH5024 

ELECTRICAL CHARACTERISTICS (per channel) 

I' SPECIFICATION LIMIT 
SYMBOL CHARACTERISTIC TYPE -'55°C (M) 

25°C +125°C (M) UNITS TEST 
(Nole 1) O°C (C) +70°C (C) CONDITIONS 

MINIMAX TYP. MINIMAX MINIMAX (Nole 2) 

IIN(ON) Input Current·ON All 0.1 .01 0.1 100 pA VIN=OV,IO=2mA 

IIN(OFF) Input Current·OFF SV Logic Ckts 0.2 .04 0.1 10 nA VIN = +4.SV, VA= ",10V 

IIN(OFF) Input Current·OFF 1SV. Logic Ckts 0.2 .04 0.2 10 nA VIN = +11V, V A = '" 10V 

VIN(ON) Channel Control'Voltage·ON SV'Logic Ckts O.S O.S O.S V See Figure 6, Nole 3 

VIN(ON) Channel Control Voltage·ON 1SV Logic Ckls 1.S 1.S 1.S V See Figure 7, Note 3 

VIN(OFF) Channel Control Voltage·OFF SV Logic Ckls 4.S 4.S 4.S V See Figure 6, Nole 3 

VIN(OFF) Channel Control Voltage·OFF 1SV Logic Ckts 11.0 11.0 11.0 V See Figure 7, Note 3 

IO(OFF) Leakage Current·OFF SV Logic Ckls 0.2 .02 0.2 10 nA VIN= +4.SV, VA= ",10V 

IO(OFF) Leakage Current·OFF 1SV Logic Ckts 0.2 .02 0.2 10 nA VIN= +11V, VA= ",10V 
-

IO(ON) Leakage Current·OFF SV Logic Ckls 1.0 0.30 1.0 1000 (M) 
nA VIN=OV,IS=1mA 200 (C) 

IO(ON) Leakage Current·ON 1SV Logic Ckts O.S 0.10 O.S SOO (M) nA VIN=OV,ls=1mA 100 (C) 

IO(ON) Leakage Current·ON SV Logic Ckts 1.0 1.0 10 nA VIN=OV,IS=2mA 
'--'. 

IO(ON) Leakage Current·ON 1SV Logic Ckts 2.0 2.0 1000 nA VIN=OV,IS=2mA 

rOS(ON) Drain~Source ON-Resistance SV Logic Ckts 1S0.0 90.00 1S0.0 38S (M) n lo=2mA, VIN=O.SV 240 (C) 

rOS(ON) Orain·Source ON·Resistance 1SV Logic Ckts 100.0 60.00 100.0 2S0 (M) n IO=2mA, VIN=1.5V 
160 (C) 

--f---. 
I(ON) Turn·ON Time All 150.00 500.0 ns See Figures 4 & S 

.. ~ ---'"- r--- _ . 
t(OFF) Turn·OFF Time All 300.00 500.0 ns See Fig,ures 4 & S 

-.-

CT Cross Talk All 120.00 dB 1 = 100Hz 

NOTE 1: (OFF) and (ON) subscript nolalion refers to the conduction state of the FET switch for the given test. 
NOTE 2: Refer to Figure 3 for definition of terms. 

NOTE 3: V1N(ON)' ar:td V1N(OFF) are test conditions guaranteed by the following test respectively rOS(ON) and iO(OFF)' 

THEORY OF OPERATION 

The signals seen at the drain of a junction FET type analog 
switch can be arbitrarily divided into two categories: 
Those which are less than ± 200mV, and those which are 
greater than ± 200mV. The former category includes all 
those circuits where switching is performed at the virtual 
ground point of an op·amp, and it is primarily towards 
these applications that the IH5009 family of circuits is 
directed. 

By limiting the analog signal at the switching point to 
± 200mV, no external driver is required and the need for 
additional power supplies is eliminated. 

Devic~s are available with both common drains and with 
uncommitted drains. 

Those devices which feature common drains have another 
FET in addition to the channel switches. This FET, which 
has gate and source connected such that VGS = 0, is in
tended to compensate for the on-resistance of the switch. 
When placed in series with the feedback resistor (Figure 2) 
the gain is given by 

GAIN 
10kn + rOS(ON) (compensator) 

10kn+ ros (switch) 

10 K£! 

Figure 2. Use 01 Compensation FET 

Clearly, the gain error caused by the switch is dependent 
on the match between the FETs rather than the absolute 
value of the,FET on-resistance. For the standard product, 
all the FETs in a given package are guaranteed to match 
within 5011. Selections down to 5n are available however. 
The part numbers are shown in Table II. Since the absolute 
value of rOS(ON) is only guaranteed to be less than 1000 or 
1500, a substantial improvement in gain accuracy can be 
obtained by using the compensating FET. 
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IH5009,;;... IH5024 

DEFINITION OF TERMS 

Figure 3. 

SWITCHING CHARACTERISTICS 

VA = ~10V 

. ~.5K . 

+15V . S . .,EOUT'(CL' 10pFI 

DVn G ' 
Y,N . 0 , 

':" ':" '. 

V.N ,5V 
PW= 5~u 

7.SV 7.SV tr<O.l~s 
t,<O.1#o!s 

OV 

OUTPUT 
VA=lOV 

OV 

OV 

OUTPUT 
VA= -lOV 

Figure 4. High Level Logic 

LOGIC INTERFACE CIRCUITS 

r-----------, +5V 

1 
1 

t 
1 
I 

I ":" -=-: 

RE XT" 
12 K!! 

TO 
10 Knl 

~'!..T!!-.!!.AIE ______ ...J' 

ANALOG 
INPUT (VAl 

LOGIC 
INPUT 
(V,N) 

Figure 6. Interfacing with ±5V Logic· 

D~DIL 
NOISE IMMUNITY 

The advantage of SPOT switching is high noise immunity 
when the series element is OFF. For example, if a + 10 volt. 
analog input is being swiched by T2L'open collector logic, 
the series switch is OFF when the logic level is at +15 

· volts. At this time the diode conducts and holds the source 
: at approximately +0 .. 1 volts with an ACimpedance to 
ground of 25 ohms: Thus random nOise superimposed on 
the +10 volt analog input will not falsely trigger the. FET 

· since the noise voltage will be shunted to ground. 

When switching a negative voltage; the input further in· 
· crease the OFF voltage beyond pinch'off,so there is ,no 
danger of the FET turning on.. . 

. ·irVA;:'OV , 

5K . 

5V. 
.. . . '. EO~T (~. L " 10 PF( . , s ,', ' ' 

ovJL G 
Y,N 0 . . , .' . 

Y,N 5V r-------,.. 
PW:: 5ps 2.5V 2.5V 
tr" .O.l~1 tOFF 
ff' O.lJAI OV 

,OUTPUT 
V";'=lDV 

OUTPUT 
VA=-10V 

OV 

.OV: 

Figure 5~ Standard DTL, TTL, RTL 

ANALOG 
INPUT (V,N) 

r-----------, 115V 
t 
I. 
I·· 
t 
1 
I 
I 

t 
t 
1 

~5..Y!!'=-G~.T.~ __ ~ ..... ~...J 

REXT 
11 KH 

TO 
10KW 

lOGIC 
INPUT 
IVAI' 

Figure 7. Interfacing with +15V Open Collector Logic -



IHS009 - IHS024 

TYPICAL ELECTRICAL CHARACTERISTICS (per channel) 

V IS~~~-
~ '~L.5~~'.0~L-'~.5~~'~.0~~'~.5 

u 1.4 

~ 
o 
>- 12 
~ . 
::; i 1.0 

~ 
~O.8 

~ 

Is ~ SOURCE CURRENT (rnA) 

fDSION! VS. TEMPERATURE 
(NORMALIZED TO 25 C VALUE) 

v 
V 

V 
V 

10K ROSIONI 

- f-~ - f-

'DION) VS. TEMPERATURE 

z 
~ t=:S" 1 rnA 
~ 10k ~ ~A= -,~~~! 
a: a lk 

" ;l 
~ 100 

I 

~ '0 

-130 

-120 

-11 0 

-10 0 

-90 

-80 

-70 

25 50 75 
TEMPERATURE r c} 

CROSSTALK AS A FUNCTION 
OF FREQUENCY 

, 
[', 

I'\. 
'\ 

I'\. 
'\ 

'DO 

-60 

-50 
"-.., 

-40 

-30 a:: 0.6 
o 25 50 75 100 10 100 lK 10K lOOK 1M 

TEMPERATURE ( C) 

APPLICATIONS (Note) 

>---.--<> EOUT 

I 
I 
I , 
~ 

I 

2 10 K!! 

6 100 K!! 

9 1 Mn 

-=- : 13 10 Mn 

: , 

FREQUENCY (Hz) 

L ____________ J CHAAACTERISTlCSGAIN'" -E,OUT =RFB 
12 IN 

GAIN PROGRAMMABLE AMPLifiER 

ANALOG 
INPUTS 

i 
~ 1000 

o 
I 

>-

~ 
a: a 100 

" ;l 

~ 
~ 10 
Q 0 
E 

'OIOFFI VS. TEMPERATURE 

IDmF!~ 

.~ 
m 

-::->5V. ;-
+15V 

/ 
25 50 75 

TEMPERATURE ( C) 

== = = -

100 

CROSSTALK MEASUREMENT CIRCUIT 

10 K~! 

10 K!! 

10 K!! 

. 5V (5010 ETC) 
,SV (5009 ETC) 

; - - IH50c19nH5010 - - i 
: ' " , 
I , 
I 
I , , 
I 

6 : 
I , 
I , , 
I 

10 K!! 

.01 )JF 

10 Kn 

3-CHANNEL MULTIPLEXER WITH SAMPLE & HOLD 

NOTE: Additional applications information is given in Application Bulletin A004"The 5009 Series of Low Cost Analog Switches". 
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IH5009 - IH50,24 

DEVICE SCHEMATICS AND PIN CONNECTIONS 

, ." 

IH5009 (rosION):;; 1001l) 
IH5010.(rosION):S 1501l) 

14 PIN DIP 

IH5013 (rosloN)s1001l) 
IH5014(r~sION) s1501l) 

14 PIN DIP 

'0 

I H 5021, (r o~lciN) :;;1 001l) 
IH5022 (rosION):;; 1501l) 

8 PIN DIP 

IH5023 (ros(oN):;;1001l). 
IH5023 (rosION):;; 1501l) 

8 PIN DIP . 

2~4 

3 , 5 

TABLE I 

FOUR CHANNEL. 

THREE CHANNEL 

TWO CHANNEL 

SINGLE CHANNEL 

IH5011 (rosloNJ.:;; 1001l)" 
,IH5012 (rosION),:;; 1501l) 

16 PIN DIP . 

IT 
6 B 

IT. 
IT 
IT 

IH5015 (rosloN)s1001l) 
IH5016 (rOSION) S 1501l) 

16 PIN DIP 

3~' 

t.· b2 

"TIB 
"~9 

12 &10' . 

IH5017 (rosION):;; 10011) 
IH5018 (rosION)s1501!) 

8 PIN DIP . 

3+lr' 
t. b2 
"~B 

t5 b7 

IH5019 (ros(oN):;;1001!) 
IH5020 (rosldN):;;1501!) 

8 PIN DIP 

3Tr" , 
• 2 

D~Dn. 



IH5009 - IH$024 
ORDERING ,INFORMATION, 

1. BASIC PART NUMBERS: Tablell,shows part numbers corresponding to control logic levels, number of chan· 
nels, and ON·resistance requirements. 

TABLE II 

BASIC PACKAGE INPUT PART CODE lOGIC DRIVE DESCRIPTION 
NUMBER 

IH5OO9 XD High level 4-Channel.15V,Loglc 

IHS010 XD OTl, TTL, RTl 4-Channe,I. 5~ Logic 

ITS7318 XO High level 4'Channel, 15V logic 

ITS7319 XO 'OTl, TTL, RTl ' 4-Channel. SV logic 
ITS732O', .. 'xo High level 4·Channel. 15V Logic 

ITS7321 XO OTl, TTL, RTl 4·Channel, SV logic 

ITS7322 XO High Level 4oChannel, 15V logic 

ITS7323 XO OTl, TTL, RTl 4-Channel, SV logic 

IHS011 XE High level 4·Channel, 1SV logic 

IHS012 XE OTL. TTL, RTl · 4·Channel, SV logic 

IHS013 XO High level 3-Channel, 15V Logic 

IHS014 XO OTL. TTL, RTl 3·Channel. 5V logic 

ITS7324 XO .. High Level' 3oChannel, 1SV logic 

ITS7325 XO OTl, TTL, RTl 3-Channel, 5V logic' 

ITS7328 XO' .. High level 3~hannel. 15V Logic 

ITS7327 XO ' DTto, TTL, RTl 3·Channel. SV Logic 

ITS7328,- XO High level 3-Channel, 15V Logic 

ITS7329 " XO " OTl, TTl"RTl 3·Channel, 5V logic 

IHSOIS XE' , High Level .. 3·Channel. 1SV lalilc 

IHS016 ,XE, Oll, TTL., RTl 3·Channel, SV logic' 

IHS017 XA ~Igh level 2·Channel, 1SV logic 

IHS018 XA Oll, TTL, RTl 2·Channel. SV logic 

, 'llS7330 'XA High Level 2·Channel. 15V Logic 

ITS7331 XA OlL. TTL, RTl 2·Channel, SV logiC' 

Il~7332 XA High Level 2·Chsnnel. 15V Logic 

IlS7333 XA Oll, TTL; Rll - · 2'Channel, SV logiC 

IlS7334 XA High level 2·Channel, 15V logic 

IlS733S XA Oll, TTL. All 2·Ch.annel, 5V Logic 

IHS019 XA ,H,lgh level 2·Channel, 1SV logic 

IHS020 XA OTL. TTL, ATl 2·Channel, SV logic 

IHS021 XA High Level 1·Channel, 1SV logiC 

IHS022 XA !Ill, TTL; ATl · l·Cha""el. SV logic 

ITS7336 XA High Level '1·Channel, 1SV logic 

ITS7337 XA OlL. TTL. RTl 1·Cha""el, SV log,lc 

ITS7336 xA High level 1·Channel, 1SV logic 

IlS7339 XA Oll, TTL, Rll '·Channel, SV logic 

IlS7340 XA High Level I-Channel, 1SV logic 

ITS7341 XA OTL. TTL, RTl 1-Channel, SV logic 

IHS023 XA High level I-Channel, I SV logic 

IHS024 XA Oll, TTL; RTl 1oChannel, SV logic' 

2. ORDER NUMBER FORMAT' 3. PACKAGES 
BASIC PART 

NU,MBER PO 

PACKAGE 
(SEE OUTLINE DRAWING) 

TEMPERATURE RANGE 
Ie = COMMERCIAL, O"C to' +70"'C) 
1M = MILITARV. -55"C to +12S'~) 

PA - 8 PIN PLASTIC 
DA - 8 PIN CERAMIC 
PO - l' PIN PLASTIC 
DO - 14 PIN CERAMIC 
PE - 16 PIN PLASTIC 
DE - 16 PIN CERAMIC 

4 OR 6 DIGIT NUMBER 
F~~TABLEII 

EFFECTIVE 'DS(ON) 
JDS(ON) (OHMS) 
(OHMS) MAX. 

MAlt (25 "C) 

SO 100 ' 

SO '1SO 

2S 100 

2S ISO 

10 ,100 

10 ISO 

S 100 

S ISO 

NotAvallable 100 

Not Available ISO 

SO 100 

SO ISO, 

2S 100 

2S ISO 

10 ,100 

10 ISO 

S 100 

S ISO 

Not Ava!lable 100 

Not ,Available ISO 

SO 100 

SO ISO 

2S 100 

25 'ISO 

10 100 

10 ISO 

S 100 

S ISO 

Not Available 100 

Not Available . , ISO 

SO 100 

SO ISO 

25 100 

2S ISO 

10 100' 

10 ISO 

S 100 

S ISO 

Not 'Available 100 

Not Available ISO 

4. ORDERING EXAMPLE 

PACKAGE 
14 PIN CERAMIC DIP 

·55 C to 125.C 
OPE,RATING TEMPERATURE RANGE 

4 CHANNEL, 5V LOGIC CONTROL 
WITH RDSION.l EFfECTIVE ..:.5V . 
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IH5025" .l.; 'IH5038 . 
Positive Signal 

AnalogSw.itches· 
. ".,",'" :,:. 

FEATURES GENERAL DESCRIPTION 

• 

• 
• 
• 
• .. 

Switches up to + 20V into .High Impedance' 
Loads (i.e. Non~li1verting Input of Operational 
Amp.) , 

Driven from TTL; Open Collector' Logic 

IO(OFF)<50pA . 

rOS(ON)< 1500.. ' .. 

rOS(ON) Match < son Channel to C~annel 
Switching Speeds < 100ns 

. . 

ORDERING INFORMATION 

.. ,,', 

The IH5025 senesof analog switches were designed to fill 
the need. foran.easy-to·u~e, inexpensive sWitch for both in· 
dustrial and military aRplications. Although low cost is a 
primary design objective (less than $lIswitch in volume), 
performanc~ and versatility have not been sacrificed, 

Each package, contains, up to four. ,channels of analog 
. gating and is, designed to eliminate the need for an exter· 
nal driver. . 

The entire family is designed·to be driven :from TTL open 
collecto("loglc (15V), but can be driven f~om 5V logic if 

B~S~~::~T c PO signal input'is'less than W. Alternatively, 20V switching is I TL '. . ". 'readily obtainable if TTLsupplYvolfage is + 25V. Normally, 
: ..: PAI~~:~~TLINE D~~WINGI:. only positive signals can be switched;' however, up to 

. TEMPERATURE RANGE ", ± 10V can:'be handled by the addition' of a PNP stage 
.• " '. ,I' , ,", ~~ ~!~I~~~~I.~~OC~::~~5C~I" (FigureJ1).9r',by cap~C?it.~r is~lat!o~ (r::lg'ur~.10). Each chan-

, ..... 5DIGITNUMBER .' ... :' nel is a SPST sVv.itch. A 199ic "0" t!,Jrns the channel ON and 

3 a logic "l"turns the channel OFF. 

.....-----'-'~~~~-----. 

PACKAGE DIMENSIONS (NOTE 1) 

3-98 

II-Pln Plastic DIP (PAl 14:p1N Plastic DIP (POI 16·Pln PlastlcDfP (PEl r- .380~ 

£riaoo,"010 5 ~ .," 

t,002 
.085 1 . 4..,.1...·· -r-. .' 

--J ~:~~ 
T'6. 
.250 

~.1 8 
.130 

~+ ~' .. '.' ~~~"Ot 

I~ 
.-i~ 
1801~ - 760TVP ..... ~I 

,235-H....L Mir--:765MAX.71 !4-130 j~"30 

I :1 M!~OIU~I.760TVP ... _-, 
.235--r-1-.i -L~.765MAX.--1 

~~g·fl.· '. j04~~.UUIII .. 130 

7-/. , Tvp'7~~ -lh T 
n .' 065' =-r ,010 T' u.:. 

TVP I T 040~ . 

I .3..r11--,::f . . .. ~g..020 
J-.t.025~ '; ('~~~I 

7 -J TvP. 020 1--.060 TVP:-:'.~TVP T 
',300 NOTE 1: 

.020 . .~o TVP. 020 TVP' .300 .• 
NOM 

14·Pln Ceramic DIP. (DO). 

{1.8031. . • • '." lB;0'710~ 
. . 0 092 (a233} J~70.478 ".214J-1 :....J L.'-O·O~8 (0.1981 

~C~~II-rf I~I -+ 0.294 (4746) 0.316 (0.802} 0300 REF .•... 7°,304 r'21 .' I. 
, .;', + 0.012 (O.O3O} 

0.008 (Q02O) 

.. ~...L 
:'.': '.'. .... . 016ory, 
, \ • '," ,.. ", • (4406} 

0.10".2661--1 L~~ T 0.095 (42411 -, ,-

0.025 (G063) 
0.011 (0.021) 

NOM . . NOTE 1. 

III-Pin Ceraniic DIP (DE) 

•. 079<' flO'" ~0808120'2I~' 
0478112141 

r-041i6111831-1 ' I ' •• 

~[]~~~~I]~ 

~~ . 0160 TV:P 
/0.4061 

"05 ,.2661-1 L ~~ --r-O.()95 14241, -, r-
0025 (00631 
0011 la027) 

~ I-- 0 092 (0.2331 

I~I 001,8~;:. 
. o::mORE~ , 

, ,":L' 
Dab 10.0301 
0008 {DOlO} 

Note 1: Board "drilling requirements will equal standard practices for .020 diameter lead. 



IH5025 '- IH5038 

ABSOLUTE MAXIMUM RATINGS 

Positive Analog slg~al Voltage ........ ~: " • . . . . . . . .. 25V 
Negative Analog Signai Voltage ...... : . . . . . . . .. - 0.5VDC 
Drain Current .... ;: .... ;~ ....•..•... ': .. , .. ; ......... 25mA 

, Power DIsSipation (Note).' .. ' ..... ' ............. '~ " 500mW 
storage Temperature:.:............. - 65" eta' + 150·C 

ELECTRICAL CHARACTERISTleS(~e~ Chann~1) 
.. 

SYMBOL -55'C(M) 
(Note 1) 

, CHARACTERISTIC TYPE 
O'C(C) 

IIN(ON) Input Current.QN All 

IIN(OFF) Input Current·OFF All 

VIN(Ofl) Channel Control Voltage·ON All 1.5 

VIN(OFF) Channel. Control Voltage.QFF All 14.0.. 

10(Oi*) Leakage Current-OFF Ali, . , 
'IO(ON) Leakage Current·ON Odd Nos.' 

10(ON). Leakage Current·ON Even Nos. 

rOS(ON) Oraln·Source ON,Reslstance Odd Nos. 

rOS(ON) Orai'n·Source ON·Resistance Even Nos. 

rOS(ON) Orain-5ource ON·Resistance Odd Nos. 

rOS(ON) Oraln-5ource ON·Reslstance Even Nos. 

t(ON) Turn.QN Time All 

t(OFF) Turn·OFF Time 
, 

All 

Q(lNJ) Charge Inlectlon All 

VA(OFF) Cross Coupling Rejection All 

<l.rOS(ON) Channel to Channel rOS(ON) Match All 

Operating Temperature '.' 
5025CSeriel; ..... ,: ........ ',' " .... , ','" O·Cto.+ 70·C 
5025M Series ... ~ . . . . . . . . . . . . . . . . .. c;:. 55 ·C to + 125 ·C 

Lead TelT1perature(Soldering, 10 sec) : ' ...... .' ..... ' Mo·c 
" ":'" ',' ":.', '. . ". 

NOTE: Dissipation rating'assumes device is mounted with all leads welded 
or soldered to printed c,lrcuit board in ambient temperature below 
75 'c. ,F~~ h!~,h~f temperature, derate at rate ~f 5"1W/'C.' . 

SPECIFicATION LIMIT 
I 

, " 

+125'C (M) UNITS TEST 25'C 
+ 70'C (C) MINIMAX CONDITIONS 

TYP. MINIMAl( 

0..30. 
.. 

1.0. 
1CO(M) 

nA (max) ViN'=CV 
25 (C). 

0..20. 1.0. 
5C(M) 

nA (max) VIN=,15V 10. (C) 
;i' 

1.5 1.5 V (max) See Figu're ,1 

.1,4.0. 14.0. V (min) , See Figure 1 

0.:06 0..5 10.0. ("!) nA(max) Vli-.I=15V 
.10. (C) 

1.00 10..0.' 
5000. (M) 

nA (max) VIN =CV~ 250. (C) 

0..10. 1.0. 
500. (M) 

nA (max) VIN=CV 
25 (C) 

60..00 ' 100.0. . 250 (M) , !l'(max) VIN'=C.5V,'10 i:1mA· 
150. (C) 

.-

385(M) 
90.0.0. 150.0 

240. (C) 
!l(max) VIN=C.5V,10=1mA 

85.0.0. 160.0. 420. (M) !l(max) VIN=1.CV,IO=1mA 
250 (C) 

110..0.0. 200.0. 
400(M) 

!l(max) VIN=1,.CV,10=lmA 250. (C) 

0..10. 0..2: 0..4 pS (max) See Figure 2 

0..10. 0..2":' 0..4 ;,s(max)' See. Figure 2 

7.00 20..0. mVp.p (max) See Figure 3 

0..10. 1.0. mVp.p(max) See Figure 4 

25.0.0. 50.0. 50. !l(max) VIN=C.5V,10=1mA 

, NOTE1: (OFF) and (ON) subscript notation refers ,to the conduction state of the FET switch for the given test. 

TEST CIRCUITS 

VA~'FTOUT 

f i Kn 

V'N 

FET "ON" FOR VIN < 1.5V 
FET ''OFF'' FOR VIN > 14.0V 

Figure 1 rnVOUtoSCOPE 

.. .PROBEUOX) 

,-=' J '0.000 pF 

. .' 

+1SV 

OVn. 

Figure 3 

VOUT 

+'OV~TOSCOPEPROIiE . !lOX} 

10Mn 1 Kn 

., . 

.. ' ·:' .. "~I·"· 

+1SV 

ov.JL 

+15V 

OV~LOG'C 
~I I +'OV 

OV I 
II VOUT 

II .. , ,., II 

;!~F ' '" ~~, ' , 

Figure 2 

+5V 

,oon 
Your 

TO SCOPE 'PROBE'. 
!lOX} 

,ien 

~: '~,':~ 
@I +15V 

f·' KC 
":"', 

Figure 4 
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IH5025,~ IH5038 
THEORY OF OPERATION 

The' IH5025 series differs from the IH5009 seri~sin that 
floating outputs can bedriven bythe,IH5025 series. This 
family is generally used when operating into a non
inverting input of an operational,amplifier, while the 
IH5009 series is used in operations whereitfeeds into the 
inverting (virtual ground) input of an bpenitfollal amplifier. 

The IH5025 model is a basic charge area switching device, 
in that proper gating action depends upon the capacity vs. 
voltage relationship for the diode jUl;1ctions. This C vs. V, 
when integrated out, produces ,total charge Q. It is Q total 
which is switched between the series diode and the gate to 
source and gate to drain junctions. The charge area (C vs, V) 
for the diode has been chosen to bea minimum of four (4) 
times the area of the gate to source junction, thus providing 
adequate safety margins to insure proper switching action. 

If normal logical voltage levels of ground to +15V(open 
collector TTL) are used, orily signals which are between OV 
and + 10V can be switched. The pinch-off range of the 
P-Channel FET has been selected between 2.0V and 3.9V; 
thus with" + 15V at the logical input, and a + 10V signal in, 

LOGIC INTERFACE CIRCUITS 

O~OIl, 

put, 1.1Vof margin exists for,turn-off. When the IH5025 is 
used with 5V TIL logic, a maximum of + 1V can be switched. 
The gate of each FET has been b;~ught out so that a 

. ",~efemil resistor" ca'n be placed between gat~ and source. 
This is used to minimize charge injection effects. The.con
nection [s shown below: 

SIGNAL 
I~PUT 

10Mn 

"REFERRAL 
RESISTOR 

FROM 
TTL OUTPUT 

For switching levels> + 10V, the + 15V power supply must 
be increased so that there is a minimumof 5Vof difference 
between supply and signal. For example, to switch + 15V 
level, + 20VTTL supply is required. Up to + 20V levels can 
be gated. 

When operating with TTL logic it is necessary to us~ pull,up resistors as shown in Figures 6and 7. This ensures the 
necessary positive voltages for proper gating action. 

,"7"" -- ------'>5V 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 

I, , _ , .. " I 
L?'0T!;.. G~TE _____ ....J 

Figure 5. Interfacing with +5V Logic 

r - - - - - -1 >15V 

I 
I 
I 

I 
'I 

I _ -= I 
I22v2"T.!:....G~~ ___ ..J 

FigureS. Interfacing with +15V 
Open Collector Logic 

TYPICAL ELECTRICAL CHARACTERISTICS (per channel) 

IOiOFFJ VS. TEMPERATURE lolONI VS. TEMPERATURE 

100 nA 1t~f +10V + - -=- -
i---

r--- >15V .......-P""I--
...... V 

./' 
,/ 

1 pA 

lOOnA 

/ 
.......-

," /' 

ff / 
!/ 

lOnA 

u: lOnA 

j 
~ 1 nA 

, Q 
.. El00pA 

lOOpA 10 pA 

10pA 

-25 +25 +75 +125 -25 +25 +75 +125 
TEMPERATURE ('C) TEMPERATURE ( C) 

CROSS COUPLING 
REJECTION VS. FREQUENCY, 

14 +5V 

12 

lOO!! 
10 VOUT-f--t--t 

~ 8 

~ 6 

10 KC 100 KC 1 MC 
FREQUENCY 

ROSION) VS. VIN 

~ 200 

175 

150 

125 

100 

75 

50 

25 

I 

..... 

OV O.5V 1.0V 1.5V 
V,N 
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IH5025 - IH5038 

APPLICATIONS 

Figure 7. Multiplexer from 
Positive Output 
Transducers 

+3V 

ov..rL. 

·D~OIl. 

+15V 

ovn 

+lSV 

ov.n.. 

+3V 
OVn. 

r - - - - - - - - -l +25V 

I 
I 
I 

I 
I 
I 
I 
I 

.1 1 

~O~T~'!.A~_::' __ -_J 

SIGNAL 
INPUT 

OV TO +20V 

Figure 8. Sample and Hold Switch Figure 9. Switching up to +20V 
Signals with T2L Logic 

r-----------,+15V 

I 
I 
I REXT 

l~bK!! 

: 10K,,1 

I 
I 
I 
I 
I 
I· 
I 

- -= I 
l!.5Y....TI!:~ll. _____ .J 

+3V +3V 

"SHIFT' 1.0 @110Hz 
+15V .. SHIFT· O,16@100Hz 

Uov 

ov ~I....---..;O:.:v'-----J.c-.:=J_, m.~"""---. ~~~U~OGIC 

+15V TTL 
OUTPUT 

---1.IIf./"ffill/1J1If"V-Y -----~nf.J~II'tf1I1.pllffAIr__- ~~V OP. AMP. V lTv V , . VV lTv V c5V OUTPUT 

NOTE: TO SWITCH ~ 10 VAC (2DVpp):-(1I INCREASE t5V,SUPPLV TO +10V. 
(2) INCREASE TIL SUP,PL V FROM +lSV TO +25V. . 

Figure 10, Switching Bipolar Signals with T2L Logic 

UP TO +20V 

Your ~v 
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IH5025 - IH5038 
APPLICATIONS (Cont.) 

T2L 
+3V INPUT 

OV.r-t. 

r---------,+15V 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I __ 
L.!2V....!.T~A.!§ ____ ..J 

! lOV SIGNAL 
INPUT 

ADVANTAGES OVER FIGURE(NO. 10 METHOD DISADVANTAGES: 

10 KH 

GATE 
STROBE 

2N2907 
TYPE OR 
2NJ638 

A. DC LEVELS OF UP TO :!:o1DV CAN BE SWITCHED, AS WELL AS 
AC SIGNALS UP TO 100 KC; NO. 10 METHOD SWITCHES ONLY 
AC RANGE OF 10 Hz TO 10 kHz. 

A. PNP CKT DRAWS 3 rnA, WHEN ON; THUS ADDS 3 rnA X 30V = 90 mW 
POWER DI5S. 

B. CKT IS NOW BREAK BEFORe MAKE 
B. tON TIME WILL BE CONSIDERABLY SLOWED DOWN FROM lOa ns 

(BEFORE IN FIGURE NO. 10) TO 1- 2~s NOW. 

. Figure 11. Switching Bipolar Signals with T2llogic (Alternate Method) 

+3V 

OVrL.. 
T2L 

INPUT 

,------ 1+15V 

I I 
I I 
I I 
I I 
I I 
I I 
I I LOGIC 

I'NPUT 
II"IN} 

I 
I 

2R 

5" 

T2L 

OUTPUT ,- - - - - - i+15V 

I I 
I I 
I I 
I I 
I I 

lOGIC 
I'NPUT 
IIV,., 

13 

OV 
+15V 

-lOV 

O~OIL 

ws-1t+IOV .. 

-10V 

VOUT . 

T2l INPUT 
T2L 
OUTPUT 

LADDER 
VOLTAGE 

- - I 
L!.5V...!T!:.E'!!!' ..::. _ -=- --1 

I 
I __ I 
~'!.!.T!:.E.A~ ~ _~.J 

Figure 12. Using the I H5028 as a Dual SPOT to Drive 

A 

3-102 

FROM CONTROL 
LOGIC 

o 

ladder Networks for Bipolar Switching (up to ±10V) 

i.e, CHANNEL B. C.O. INPUTS = +15V; 
CHANNEL A INPUT = OV 

SIGNAL OUTPUT = 

Rf + RA X SIGNAL INPUT 
RA 

NOTE: 
WHEN SWITCHING (+) OR H SIGNAL INPUTS,A SCHEME 
SIMILAR TO FIGURES 10 OR 11 SHOULD BE USED. 

Figure 13. Gain Control with High Input Impedance 



IH5025 - IH5038 
D.EVICE SCHEMATICS AND PIN CONNECTIONS 

IH5025 (ROS(ON)S 1000) 
IH5026 (Ros(ON)S 1500) 

14 PIN DIP 

IH5033'(RoS(ON)S 1000) 
IH5034 (Ros(ON)S 1500) 

8 PIN DIP 

. 7 I 

, 8 

IH5027 (RoS(ON)S 1000) 
IH5028 (ROS(ON)S 1500) 

16 PIN DIP . 

'rr' 
2 4 

'rr' 
7 5 

'rr" 
10 '12 

"rr" 
15 13 . 

IH5029 (ROS(ON)S 1001l) 
IH5030 (Ros(ON)S 1500) 

14 PIN DIP. 

11 

IH5035 (ROS(ON)S 1001l) 
IH5036 (RoS(ON)S 1500) 

8 PIN DIP 

4 5 

n~oll. 

IH5031 (ROS(ON)S 1001l) 
IH5032 (ROS(ON)S 1500) 

16 PIN DIP 

IH5037 (ROS(ON)S 1000) 
IH5038 (RoS(ON)s1501l) 

8 PIN DIP 

'ff' 
3 1 . 

11 
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FEATURES',· 

IH5040·IH5051 Family 
High 'Level CMOS 

Analog Gates 

GENERAL DESCRIPTION 
• Switche~ Greater Than 20Vpp Signals With ±15V Supplies The IH5040 family of solid 'state analog gates are designed 

using an improved, high voltage CMOS monolithic tech
nology. These devices provide ease-of-useand perform
ance advantages not previously available tram solid state 
switches. This improved CMOS technology provides input 
overvoltagecapability to ±25 volts without damage to the 
device, and destructive latch-up of solid state analog gates 
has been eliminated. EarlyCMOSgateswere destroyed when 
power supplies wer.e removed with an input si9"1al present. 
The I H5040 CMOS technology has eliminated this serious 
systems problem. 

• Quiescent Current Less Than lilA 
• Overvoltage Protection to ±25V 
• Break-Before-Make Switching tOFF 200nsec, 

tON 300nsec Typical 

• T2 L, DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn·Off 

• Low rDS (ON) - 35n 
• New DPDT & 4PST Configurations 
• Complete' Monolithic Constructio~ 

IH5040through IH5047 

CMOS ANALOG GATE 
PRODUCT CONDITIONING 
The following processes are performed 100% in 
accordance with MI L-STD-883. 

Precap Visual - Method 2010, Condo B. 
Stabilization Bake -: Method 1008 
Temperature Cycle - Method 1010 
Centrifuge - Method 2001 ,Condo E 
Her;"eticity - Method 1 014, Cone!. A. C. 
(Leak'Rate < 5 x ,1 0-7 atm ec/s) 

FUNCTIONAL DIAGRAM 
v, 

4 

2k 

1k 

7 
v, 

FIGURE 1. TYPICAL DRIVER, GATE - IH5042 

Key performance advantages of the 5040 series are TTL 
compatibility and ultra .Iow-power operation. The quies
cent current requirement is less than lilA . .Also designed 
into the 5040 is guaranteed Break-Before-Make switching, 
which is accomplished by extending the tON time (300 nsec 
TYP.) so that it exceeds toFF time (200 nsec TYP.). This 
insures that an ON channel will be turned OFF before an' 
OFF.channel can tGrn ON. This eliminates the need for ex
ternal logic required to avoid channel to channel shorting 
during switching. ' . , 

. Many of the 5b40series improve upon arid are pin-far-pin 
and electrical replacements for other solid state switch~s. 

FUNCTIONAL DESCRIPTION 

PIN/FUNCTIONAL 
INTERSIL EQUIVALENT 
PART NO. TYPE RON' (Note 1) 

IH5040 SPST 75n 
IH5041 Dual SPST 75n 
IH5042 SPDT 75n DG 188AA/BA 
11-15043 Dual SPDT 75n DG 191 AP/BP 
IH5044 DPST 75n 
IH5045 Dual DPST 75n DG 185AP/BP 
IH5046 DPDT 75n 
IH5047 4PST 75n 
IH5048 (hybrid) Dual SPST 35n 
I H5049 (hybrid) Dual DPST 35n DG 184Ap/BP 
I H5050 (hybrid) SPDT 35n DC; 187AA/BA 
IH5051 (hybrid) Dual SPDT 35n DG 190AP/BP 

NOTE 1. See Switching State diagrams for applicable package 
equivalency. 

Pin'and functional equivalent monolithic versions of the DG181, 
DG182, DG187 and DG188 are available. See data sheet for 
this and also IH181 to IH191. 



IH5040-IH5051 Family 

MAXIMUM RATINGS VI-V2 <33V 

VI-VD <30V 

VD-V2 <30V 
Current (Any Terminal) < 30,mA 

Storage Temperature _65°C to +150°C 

Operating Temperature _55°C to +125°e VD-VS <±22V 

Power Dissipation 450mW VL-V2 <33V 

(All Leads Soldered toa P. C. Board) VL -VIN <30V 

Derate 6mW/oC Above 700 e VL-VR <20V 

Lead Temperature (Soldering, 10 sec) 300°C VIN-VR <20V 

ELECTRICAL CHARACTERISTICS (@25°C, V1 = +15 V, V2 = -15 V, VL '" +5 V, VR = 0 V) 

MIN.lMAX. LIMITS 
PER CHANNEL 

MILITARY COMMERCIAL 

SYMBOL CHARACTERISTIC 

IINIONI Input Logic Current, 

IINIOFFI Input Logic eu'rrent 

'DSIONI Drain-Source On 
Resistance 

A'DSIONI Channel to Channel 

ROSION) Match 

VANALOG Min. Analog Signal 
Handling Capability 

IDIOFFI Switch OFF Leakage 

Current 

IDIONI Switch On Leakage 

+ISIONI Current 

'ON 
Switch "ON" Time 

'OFF Switch "OFF" Time 

QilNJ.1 Charge Injection 

OIRR Min. Off Isolation 
Rejection Ratio 

IVI + Power Supply 
Quiescent Current 

IV2 - Power Supply 
Quie§cent Current 

IVL +5 V Supply 
Quiescent Current 

IVR Gnd Supply 
Quiescent Current 

CCRR Min. Channel to 
Channel Cross 
Coupling Rejection 
Ratio 

TEST CIRCUITS 

FIG. A 

-SSoC 

I 

I 

7S13S1 

2SI1SI 

±111±101 

1111 

2121 

1 

1 

1 

1 

ANALOG INPUT 
'lOV 

+25"C 

I 

1 

7S13S1 

2S 11S1 

±11(±10) 

1111 

2121 

50012501 

25011S01 

1SI101 

54 

1 

I 

I 

I 

54 

+12SoC 0 +2SoC +70°C 

I I I I 

I I I I 

1S01601 8014S1 8014S1 13014S1 

2511S1 3011S1 3011S1 3011S1 

±il (±lO) ±10(±101 ±10(110) ±10(±10) 

10011001 5151 5151 10011001 

20012001 101101 101101 10012001 

50013001 

25011501 , 
201101 

50 

10 10 10 100 

10 10 10 100 

10 10 10 100 

10 10 10 100 

50 

FIG. B 

ANALOG INPUT 

JL~ __ r . 
T'L ~J:h 

JL~ __ r-
T'L ~J.~ lOGIC LOGIC 

INPUT VO,UT INPUT ,vour 

10P'1 -="rl 1'0.000,,' 

UNITS TEST CONDITIONS 

"A VIN ':'.2.4 V Note 1 

,iA VIN '0.8 V Note 1 

" . OH5048 Thru IH5D51) 's == lmA. 

V ANALOG =-10 V ~o +10 V 

" OH5048 thru IH5051) 
'S (Each Channel) "" 1 rnA. 

V IS:O 10 rnA (lH5048 thru IH5051) 

nA V ANALOG'" -10 V to +10 V 
OH504~ thru IH5051 

nA VO =VS =-lOVto+l0V 
ilHS048 ,h,u IHS0511 

ns .R L '1 kll. V ANALOG" -10 V 

to +10 V See Fig, A 

ns R L '1 kn, V ANALOG' -10V 
to +10 V See Fig, A 

(tH5048 thru IH50Sl) 
mV _ See Fig, B 

ilHS048 'h," IH50511 

dB f· I MHz, R L ' 100ll. CL " SpF 
See Fig. C 

"A 

"A VI • +1S V. V2 '·1S V. VL • +S V 
VL=+5V,VR=0 

"A Switch Duty Cycle':;;; 10% 

"A 

dB One Channel Off; Any Oth,er 
Channel Switches as per Fig. E 

FIG. C 

NOTE 1: Some channels are turned on by high "1" logic inputs and other channels are turned on by low "0·' inputs; however O.BV to 2.4V 
describes the min. range for switching properly. Refer to logic diagrams to see absolute value of logic input required to produce 
"ON" or "OFF" state. 
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IH5040-IH5051 Family 

TYPICAL ELECTRICAL CHARACTERISTICS (Per Channel) 

3·106 

RDS (ON I vs v ANALOG SIGNAL 
100 r--r--r-,.--r--r-.,-....,..-. 

I-r- Monolithic' I 

~ 
iii 
~ 
!2 

'" > 

--I- Hybrid 

80r-1--+--r-~~--t--r~ 

+'26-1-~ 
60 1..-;\--,-..j.....-!--l"='F=1r-+---l 

, +25'0 _I-

40~J::t~t_;'_~_;_~~~~5'~:$:;-='=-r-~~'-1 
+;~ +~i':C ___ _ 

20~~~~~~~~~~~ :: --:-~ .. c'" -,;l'mA ---
OL-~~_T~~"_@_±_'5_V_S_UP_P_L1_ES~ 
-10 -5 -2.5 o 2.5 5 '7.5 -7.5 "'0' 

VANALOG (V) 

120 

100 

80 

60 

40 

'0 

CROSS COUPLiNG 
REJECTIONvs FREQUENCY 

",,- I I ! 

; , 

T'f,., ! 

II i I'i' i I ... 

i 
, 

i N-.-1 

il i II i 
, 

ceRA" 20LOG 2000mVpp , I 
Your (mVpp) 

10 loa lk 10k lOOk 1M 

FREQUENCY. 1Hz) 

OFF ISOLATIONvs FREQUENCY 
-120 

-100 

~ 
-80 

::: -60 
e 
'" > -40 

-20 

I'i\..! I I 

!'h.! 
! i [', I! 

II i J 
OIRR = 20lQG 

VOUT (mVpp) 

2000mVpp 

1Hz 10Hz 100Hz lie: 10k lOOk 1M 

, FREOlJENCY (Hz) , 

POWER SUPPLY QUIESCENT CURRENT 
VS LOGIC FREQUENCY RATE 

11000 

5. 
I:: 
iii I 100r-r-+-1-~~-+~-+~~ 
<r 
0 

<r 
w 
I 
>-
~ 
>-

g 
:; 
.9 

10 

1 10 100 lk 10k lOOk; 

lOuie FREQUENCY@'lO%' DUTY CYCL~ (Hz) 

S 
~ 

~ 

RDS (ONI vs 
POWER SUPPLY VOLTAGE 

CHARGE INJECTION vs V ANALOG 
(SEE FIG. BI CL = 10.000pF 

160 
1-:-- Monolithic 

140 

120 

100 

r= r-HYbridl 

"bv -
80 r-I-- "~v 
60 :!:1.5V 

40 

20 

I 

r-= ~ _ .. :l-:------'r 

f..-'" e--

-I-
>-

--f--

5 7.5 TO 

~ 

> 

40 

35 

30 

.s 2 5 

g 20 
Z 
a 

15 

'0 

, 0 

E E=;~OOI;~h;' -Hvbrid 

fo,- ...:..--

-10 -7.5 -5 -2.5 o 2.5 -10 -7.5 -5 -2.5 0 '2.5 

V AN:4~'OG (V) VANALOG ("." 

FIGURED 

I' I J 
. g~~NNEL~-}i1~'IO:-

I. I VOUT 

r2L LEVE:lS Jl... 
SWITCHED 
CHANNEL 

FIGURE E 

, ' 

: I ,', loon . 

I 10:-
I 
~I 

~,---'-1J . loon 

51n 

QFfSTATE, ~ . 

DEPEN,OSONPART~- ~,' , 

VOUT 

loon 

FIGURE F 

., LOGIC IN' ,-, 

T2LLEVELt±=-~ '~ 

FIGURE G 

51n 

" 

, 

--
5 7.5 TO 



IH504Q-IH5051 Family O~OIl 

SWITCHING STATE DIAGRAMS 
SWITCH STATES 
ARE FOR LOGIC "1" INPUT FLAT PACKAGE (FO) DIP (DE) PACKAGE (TW) PACKAGE 

v, v, 

SPST 
IHS040 ('OS (ON) <7Sn) 

" 

" v. v, " v. v, 

DUAL SPST v, v, 
·v, 

IHS041 ('OS (ON) <7Sn) v, v, v, 

51 
I 

0, 5, ~, S, 0, 

'N, _J 
'" 

IN, 

IN, 
'N, -, ON, , 

5, 0, 
5, 0, 

v. V, v. v, 
v. v, 

SPOT 
v, v, (OG188 EQUIVALENT) 

v, v, 
IHS042 ('OS (ON) <7Sn) 

5, 0, 5, 0, 

5, . 0, 

5, 0, 5, 0, 
5, 0, 

V. v, 
v. 

VA 
v, 

V;, 

(OG191 EQUIVALENT) 
OUALSPOT v, v, 

VL v, 
IHS043 ('OS(ON) <7Sn) " 

5, 0, 5, 0, 

5J OJ 5J OJ 

IN, '" 
0, 

5, 0, 0, 

0, 

v, v, 

v, v, 
OPST VL v, v, v, 

IHS044 ('OS (ON) <7Sn) 

5, 0, 5, 0, 
5, 0, 

5, 0, 5, 0, 5, 0, 

IN 

" 
v. v, " v. v, 

v. v'-

(OG18S EQUIVALENT) 

DUAL OPST v, v, v, v, 

IHS04S ('OS (ON) <7Sn) 
5, 0, 5i " 0, 
5J OJ 5J OJ 

IN, IN, 

IN, 

5, 0, IN, 

5, 0, 5, 0, 
5, 0, 

v. v, 

v. v, 
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IH5040·IH5051 Family 

APPLICATIONS 

ANALOG 
INPUT 

+15V 

IMPROVED SAMPLE &HOLD 
USING IH5043 

t15V 

>"'-t--o OUTPUT 

IH5043 

FIGURE H 

-15V 

10,000 pF J POLYSTYRENE 

LOGIC INPUT 

+3V" > SAMPLE MODE 
OV '" > HOLD MODE 

USING THE CMOS SWITCH TO DRIVE 
AN R/2R LADDER NETWORK (2 LEGS) 

, LOGIC 
STROBE 

.r-L 

2R 

ETC.~--'lM"';:"'''''-~'''''-''''-"",,>/'v---< ETC. 

FIGURE I 

EXAMPLE: If -V ANALOG = -10VDC and +V ANALOG = +10VDC 
then Ladder Legs are switched between ± 1 OVDC. depending upon state 
of Logic Strobe. 

T2c 
lOGIC 

STROBE 
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IH5040·IH5051' Family 

,THEORY OF OPERATION 

A. FLOATING BODY CMOS STRUCTURE 

In a conventional C-MOS structure, the body of the "n" 
channel device' is tied to the negative supply, thus forming 
a reverse b'iased diode between the drain/source and the 

,body (Fig. J). Under certain conditions this diode can 
become forward biased; for example, if the supplies are off 

,(at ground) and a negative input is applied to the drain. 
This can have serious consequences for two reasons. Firstly, 
the diode has no current limiting and if excessive current 
flows, the circuit may be permanently damaged. Secondly, 

,this diode forms part of a parasitic SCR in the conventional 
; C-MOS structure. Forward biasing the di.ode causes the 
SCR to turn on, giving rise to a "latch-up" condition. 

Intersil's improved C-MOS process incorporates an addi
tional diode in series with th~ body (Fig. K). The cathode 
of this diode is then tied to V+, thus effectively.floating 

,the body. The inclusion of this diode not only blocks the 
; excessive current path, but also prevents the SCR from 
turning on. 

B_ OVERVOLTAGE PROTECTION 

The floating body construction inherently provides over
voltage protection. In the conventional C-MOS process, the 
body of all N-channel FETs is tied to the most negative 
power supply and the body of all P-channel devices to the 
most positive supply (i. e., ±15V). Thus, for an overvoltage 
spike of > ±15V, a forward bias condition exists betWeen 
drain and body of the MOSFET. For example, in Fig. J if 

,the analog signal input is more negative than -15V,the 
drain to body of the N-channel FET is forward biased and 
destructiqn of the device can result. Now by floating the 

:body, usihg diode 01, the drain to body of the MOSFET is 
still forward biased, but 01 is reversed biased so no current 
flows (up to the breakdown of 01 which is;;' 40V). Thus, 
'negative excursions of the analog signal can go up to 'a 
maximum of -25V. When the signal goes positive (;;;' +15V: 
01 is forward biased, but now the drain to body junction 
is reversed for the N-channel FET; this allows the signal to 
go to a maximum of +25V with no appreciable current 
.flow. While the explanation above has been restricted to 
N-channel devices, the same applies to P-channel FETs and 

the construction is as shown in Fig. L. Fig. L describes an 
output stage showing the paralleling of an Nand P channel 
to linearize the rOS(ON) with signal input. The presence 
of diodes 01 and 02 effectively floats the bodies and 
provides over voltage protection to a maxi~um of ±25V. 
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-15V 

P MATERIAL 

ANALOG 
SIGNAL 0-----. 

INPUT 
,-----0 Your 

FIGURE J 

t15V 

ANALOG· 
SIGNAL 0-----. ,-----0 VOUT 

INPUT 

FIGURE K 

ANALOG 
SIGNAL o--~----, ,---...... --0 Your 

IN 

FIGURE L 



IH5040·IH5051 Family 

DIGITALLY TUNED 
LOW POWER ACTIVE FILTER 

100kS1 

,." 

Con$tant gain, constant Q, variable frequency filter which 
provides simultaneous Lowpass, Bandpass, and Highpass 
outputs. With the component values shown, center frequency 
will be 235Hz and 23.5Hz for high and low logic inputs 
respectively, Q = 100, and Gain = 100. 

fn = Center Frequency =_. _1_ 
21fRC 

LOGIC INTERFACING 

T2L.rL 
LOGIC 

,---
I 
I 
I 
I 
I 
I 

'SV 

100k.l1 

10,OOOpF 

68." 

f-'5V V L 

v, 
+15V OR +Vcc IVI TERMINALI 

10k.l1 

10,OOOpF , 
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IH5040·IH5051 Family 

FOR INTERFACINGWITH T2L OPEN COLLECTOR LOGIC . 

. r- - - - - -- - -, +1SV 

T'LJL 

LOGIC 

I 
I 
I 
I 
I 

l5V;. IIoD" 5V 
ov ;;!lVss ~-15V 

TYP. EXAMPLE FOR +15V CASE SHOWN 

FOR USE WITH CMOS LOGIC. 

IN 

U~UIl; 

+15V 

': I' 



IH5Q40·IH.5051 Family 
ORDERING INFORMATION 

TYPE 

IH 5040 

IH 5041 

IH5042 

IH 5043 

IH 5044 

IH 5045 

IH 5046 

IH 5047 

IH 5048 

IH 5049 

IH 5050 

IH 5051 

ORDER PART NUMBER 

IH 5040 MDE 
IH 5040CDE 
IH 5040 CPE 
IH 5040 MFD 
IH 5041 MDE 
IH 5041 CDE 
IH 5041 CPE 
IH 5041 MFD 
IH 5041 CTW 
IH 5041 MTW 
IH 5042 MDE 
IH 5042CDE 
IH 5042 CPE 
IH 5042 MFD· 

.. IH 5042 CTW 
. IH 5042 MTW 

IH 5043 MDE 
IH 5043 CDc 
IH 5043 CPE 
IH 5043 MFD 
IH 5044 MDE 
IH 5044 CDE 
IH5044 CPE 
IH 5044 MFD 
IH 5044CTW 
IH 5044 MTW 
IH 5045 MDE 

.IH 5045 eDE 
IH 5045 CPE 
IH 5045 MFD 
IH 5046MDE 
IH 5046.CDE 
IH 5046 ePE 
IH 5046 MFD 
IH 5047 MDE 
IH 5047 CDE 
IH 5047 CPE 
IH 5047 MFD 
IH 5048 MDE 
IH 5048 eDE 
IH 5048 MFD 
IH 5048 eTW 
IH 5048 MTW 
IH 5049 MDE 
IH 5049 eDE 
IH·5049 MFD 
IH 5050 MDE 
IH 5050 eDE 
IH 5050 MFD 

. IH 5050 MTW 
IH 5050 eTW 
IH 5051 MDE 
IH 5051 eDE 
IH 5051 MFD 

PACKAGE DIMENSIONS 

PACKAGE 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

TO·l00 
TO·l00 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16Pin Plastic DIP 
14 Pin Flat Pak 

TO·l00 
TO·l00 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16Pin Plastic DIP 
14 Pin Flat Pak 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

TO·l00 
TO·l00 

16 Pin. Hermetic DIP 
16 Pin Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

16 Pin Hermetic DIP 
16 Pin· Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

16 Pin Plastic DIP 
14 Pin Flat Pak 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

14 Pin Flat Pak 
TO·l00 
TO·l00 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

14 Pin Flat Pak 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

14 Pin Flat Pak 
TO·l00 
TO·l00 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 

14 Pin Flat Pak 

16 LEAD CERAMIC (DE) 16 LEAD PLASTIC 

NOTE: All dimensions in inches and I millimeters). 

TEMPERATURE RANGE FUNCTION 

-55~e to 12~oe SPST 
00e to 70 e SPST 
o et0700e SPST 

-55°C to 125'e SPST 
_55°C to 125°C DualSPST 

oOe to 70°C Dual SPST 
oOe to 70°C Dual SPST 

-55°e to 125°C Dual SPST 
oOe to 70°C Dual SPST 

_55°C to 125°C Dual SPST 
_55°C to 125°C SPDT 

oOe to 70°C SPDT 
oOe to 70°C SPDT 

-55°C to 125°C SPDT 
oOe to 70°C SPDT 

-55°C to 125°C SPDT 
-55°C to 125°C Dual SPDT 

oOe to 70°C DualSPDT 
O°Cto 70°C Dual SPDT 

-55°C to 125°C Dual SPDT 
-55°C to 125°C DPST· 

O°C to70°C DPST 
O°C to 70°C DPST 

_55°C to 125°C DPST 
oOe to 70°C DPST 

_55°C to 125°C DPST 
-55°C to 125°C Dual DPST 

O°C to 70°C Dual DPST 
O°C to 70°C Dual DPST 

-55°C to 125°C Dual DPST 
_55°C to 125°C DPDT 

oOe to 70°C DPDT 
O°C to 70°C DPDT 

-55°C to 125°C DPDT 
-55°C to 125°C 4PST 

O°C to70°C 4PST 
O°C to 70°C 4PST 

_55°C to 125°C 4PST 
-55°C to 125°C Dual SPST 

O°C to 70°C DualSPST 
-55°C to 125°C Dual SPST 

O°C to 70°C DualSPST 
-55°C to 125°C Dual SPST 
-55°C to 125°C Dual DPST 

O°C to 70°C Dual DPST 
-55°C to 125°C Dual DPST 
-55°C to 125°C SPDT 

O°C to 70°C SPDT 
_55°C to 125°C SPDT 
-55°C to 125°C SPDT 

O°C to 70°C SPDT 
_55°C to 125°C Dual SPDT 

O°C to 70°C Dual SPDT 
_55° C to 125° Dual SPDT 

TO-l00 (TW) PACKAGE 

f~o"h r~ DIA1 

~.~~.!" I .165 
- I . 1" 

10LEAD$ nn n nn .500 MIN 

:~DI~ uU'J UU~ 

14 LEADFLATPACK (FD) 
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FEATURES 
• Switches Greater Than 20Vpp Signals With ±15V 

Supplies 
• Quiescent Current Less Than 10J.La 
• Overvoltage Protection to ±25V 
• Break-Before-.Make Switching tOFF 100nsec, tON 

250nsec Typical 
• T2L, DTL, CMOS, PMOS Compatible 
• Non-Latching With Supply Turn-Off 
• IH5052 4 Normally Closed Switches 
• IH50534 Normally Open Switches. 

FUNCTIONAL DIAGRAM 

3-114 

IH50521IH5053" 
CMOS Analog' Gates 

GEtljERAL DESCRIPTION 
, The IH5052/3 solid state analog gates are designed using 

an improved, high voltage CMOS technology, This provides 
ease-of-use and performance advantages not previously 
available from solid state switches, This improved CMOS 
technology provides input overvoltage capability to ± 25 
volts without damage to the device, and the destructive 

, latch-up of solid state. analog gates has been eliminated. 
Early CMOS gates were destroyed when power supplies 
were, removed with an input signal present. The INTERSIL, 
CMOS technology' has eliminated this serious systems 

, problem, Key performance advantages are TTL compatible 
and ultra low-power operation. The quiescent current reo 
.quirement is less than 10pA. Also designed Into the 
IH5052/3 is guaranteed Break-Before-Make switching. This 
is logically accomplished by extending the tON time 
(400nsec TYP,) such that it exceeds tOFF time (200nsec 
TYP,): This Insures that an ON channel will be turned OFF 
before an OFF channel can turn ON and eliminates the 
need for external logic required to avoid chan~el to chan
nel shorting during switching. The IH5052 is designed tq 
have switch closure with Logic "0" (O.BV or less) and the 
IH5053 Is designed. to close switches with a Logical "1" 
(2.4V or more). 

PIN' CONFIGURATIONS" 
DUAL~IN-LiNE .PACKAGE 

. I 

ORDER NUMBERS: 
IH5052MDE OR IH5052CDE 

SWITCH STATES ARE 
FOR LOGIC "1" INPUT 

ORDER NUMBERS: 
IH5053MDE OR IH5053CDE 



IH505215053 

MAXIMUM RATINGS 
Current(AnyTerminall ••••••••••••••••••••••••••• <30mA 

StorageTeniperature : .. ~.~: : .•••• ,' .• < .... -65°Cto+150°C 

Operating Temperature • ',' • • • • • • • • • • • •• -55° C to +125°C' 

Power Dissipation' ••••••••••••••• .'; ••••••••••••• 450mW 

(All Leads Soldered to a P.C. Board) 

Derate 6 mW'·C Above 70·C 

Lead Te'!1perature (Soldering, 10 se~) ••••••••.•• : .300·C 

,VI-'h 
VI-VD 

VD-V2 

VD~VS 
VL-V2 

Vl-VIN 
VL~VR 
VIN-VR 

<33V, 

<30V 

<30V 

<±22V 
<33V' 

<30V 
<20V' 

<20V 

ELECTRICAL CHARACTERISTICS (@25°C, VI =+1SV, V2 = ":',5V, VL';' +5V,VR = OV) 
: 

MIN./MAX. LIMITS I 

PER CHANNEL 
MILITARY COMMERCIAL TEST CONDITIONS 

SYMBOL CHARACTERISTIC -55'C +25'C +125'C 0 +25'C +70'C UNITS . 
"N(ON) Input Logic Current I' I I I I I pA VIN = 2.4 V (I H5053) = O.BV II H5052) 

"N(OFF) Input Logic Current I I I I I I pA. VIN = O.BV (I H5053) = 2.4 V II H5052) 

rOS(ON) Drain-Source On 75 75 100 BO BO 100 n Is = ImA, Vanalog = -IOV to 
Resistance +IOV 

arOS(ON) Channel to Channel 25 25 25 30 30 30 !l Is lEach Channel) = I mA 
ROS(ON) M~tch' 

VANALOG Min. Analog Signal ±II ±II ±II ±IO ±IO ±IO V Is'= lOrnA 
Handling Capability 

IOIOFF) Switch OFF .Leakage 
CurrenI' 

I I 100 5 5 100 nA VANALOG - -IOV to +IOV 

1010N) Switch On Leakage 2 2 200 10 10 100 nA Vo = Vs = -IOV to +IOV. 
+ISION) Current 

tON Switch "ON" Time 500 500 ns RL = IkO, Vanalog = -IOV to 
+ 10V See' Fig. A 

tOFF Switch "OFF" Time 250 250 ns ,RL _lkO, Van.log - - .10V to 
+ 10V See Fig. A . 

QIINJ.) Charge Injection .15' 20 mV See Fig. B . , 
OIRR Min. Off Isolation 54 50 dB f - 1 MHz, RL = lOOn, CL '" 5pF 

Rejection Ratio See Fig. C 

IV1 + Power Supply 10 10 100 10 : 10 100 pA 
Quiescent Curent 

IV2 ~. Power Supply 10' 10 100 10 10 100 pA V, = +15V, V2 = -15V, VL = +5V 
Quiescent Current VL ';' +5V, VA:= O· 

IVL +5V Supply 10 10 100 10 10 100 pA Switch Duty Cycle <; 10% 
Quiescent Current " 

IVA Gnd Supply 10 .10 100 10 10 100 pA 
Quiescent Current 

CCRR Min. Channel to 54 50 dB One Channel Off; Any Other 
Channel Cross Channel Switches 'as per Fig. E 
Coupling Rejection 
Ratio 

TEST CIRCUITS 

FIG. A FIG.B'· , FIG.C 

ANAL JOG ~~:UT 

3Y 

OY -CL o---C)-{>--
LOGIC h 
INPUT . , ., Y, OUT ' 

lOpF I lko' 

ANALOG INPUT 

~-O- o---C)-{>--; 
LOGIC L 
INPUT . . 1 -VOUT 

. 10,ooOpF 1 

..... ' ffl' 

, 2Ypp @1MC 

T2L . . . ; : 510 

LOGIC INPUT .," 
(NO~_'. ,"::"": 

": ~yqUT: 
1'000 . 

.3-115 



IHS.05~5053 D~DIL' 

TYPICAL ELECTRICAL CHARACTERISTICS (Per Channel> 

I 
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IH505215053 

THEORY OF OPERATION 

A. Floating Body CMOS Structure 

In a conventional C-MOS structure, the body of the "n" 
channel device is tied to the negative supply, thus forming a 
reverse biased diode between the drain/source and the body 
(Fig. H). Under certain conditions this diode can become 
forward biased; for example, if the supplies are off (at 
ground) and a negative input is applied to the drain. This can 
have serious consequences for two reasons. Firstly, the 
diode has no current limiting and if excessive current flows, 
the circuit may be permanently damaged. Secondly, this ' 
diode forms part of a parasitic SCR in the conventional 
C-MOS structure. Forward biasing the diode causes the SCR 
to turn on, giving rise to a "latch-up" condition. 

Intersil's improved C-MOS process incorporates an addi
tional diode in series with the body (Fig, I). 'The cathode of 
this diode is then tied to V+, thus effectively floating the 
body. The inclusion of this diode not only blocks the exces
sive current path, but also prevent~ the SCR from tU'rning on. 

B. Overvoltage Protection 

The floating body construction inherently provides over
voltage protection. In the conventional C-MOS process, the 
body of all N-channel FETs is tied to the most negative power 
supply.and the body of all P-channel devices to the most 
positive supply (Le., ±15V). Thus, for an overvoltage spike of 
> ±15V, a forward bias condition exists' between drain and' '.-. 
body of the MOSFET. For example, in Fig. H if the analog 
signal input is more negative than -15V, the drain to body of 
the N-channel FET is forward biased and destruction of the 
device can result. Now by floating the body, using diode 01, 
the drain to body of the MOSFET is still forward biased, but 
01 is reversed biased so no' current flows (up to the 
breakdown of 01 which is 2: 40V). Thus, negative excursions 
of the analog signal can go up to a maximum of ;- 25V. 
When the signal goes positive (~ + 15V, 01 Is forward. bi· 
ased, but now the drain to body junction is reversed forthe 
N·channel FET; this allows'the signal to go to a,maximum " 
of +25V with no appreciable current flow. While the'ex· 
planation above has been restricted to N·channel devices, 
the same applies to P·channel FETs and the construction 
is as-shown in Fig. J. Fig. J describes an output stage 
showing the paralleling of an Nand P·channel to linearize 
the rOS(on) with signal input. The presence of diodes 01 and 
02 effectively floats the bodies and provides overvoltage 
protection to a maximum of ± 25V. 

ANALOG 
SIGNAL 
INPUT 

ANALOG 

-15V 

P-MATERIAL 

D 

1" 

, FIGURE H 

+15V 
(V+) 

D, 

FLOATING BODY 

VOUT 

RL 

SIGNAL 0-----, 
INPUT 

r-----~VOUT 

"'jG ! RL 

FIGURE I 

y, (+Vcc) 

ANALOG 
SIGNAL 0---1>----, ,..--""",-",?VOUT 

IN 

RL 

v, (+Vcc) 

FIGURE J 
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LOGIC INTERFACING 

T2L r---'I 
LOGIC.JL. 

+5V 

r----------, 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I I __ 

L:;.~.-'~!!._G~T~~ ___ -.....J 

IN 

+5V t' V, 

... . +15V OR +Vcc eV, TERMINAL) . 

10kH 

FOR INTERFACING WITH T2L OPEN COLLECTOR LOGIC. 

r----------, +15V 

I 
I 
I 
I 
I 

1 
Ll~.!.T~ <!.A.!.E~ __ ~-, 

ReXT 
(1kJ! TO 
20kl!) 

LOGIC 
INPUT 

IN 

10kP 

V, 

~ 
+ Vee 

..... .. 4-+isV 
IN914 

20kn 

. . 

TYP. EXAMPLE FOR + 15V CASE SHOWN 



IH5052/5053 

APPLICATIONS 

FOR USE WITH CMOS LOGIC. 

r-----------, 
I ·VDD I 
I I 
I I I{ I I I 
I 1 IN 

I ~-+--~~ 
I 
I 
I 
I I 

-I CMOS GATE Vss 1 L.. ___________ J 

15V > Yoo > 5V 
OV > Vss > -15V 

J. 
~ 

vss 

VL 

~----<>:'-__I .. --o 'VDD 

PROGRAMMABLE GAIN NON-INVERTING AMPLIFIER WITH SELECTABLE INPUTS 

VIN20-.. 1-----<,..,-""-+-+ 

VIN4 o---.I------cn 

CH. 

2kn 

-15V +5Y 

9.9k 
n 

100n 

lOOk!! 

100n 

ACTIVE LOW PASS FILTER WITH DIGITALLY SELECTED BREAK FREQUENCY 
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IH5052/IH5053 
APPLICATIONS (Continued) 

U~UIb 

4-CHANNEL SEQUENCING MUX 

SEQUENCER DECODER 
(2 BIT BINARY COUNTER) 

J-K 01;:2,,,",1-+-, 
MUX 

SEOUENCE o-t-----q 
RATE 

FLIP 
FLOP 

RESET o-h~--...J 

DUAL' J-K FLIP FLOP 
POSSIBILITIES 
TTL - SN5473 

CMOS - CD4027 

ENABLEo---------J 

3 INPUT NAND 
POSSIBILITIES 

TTL - 1 1I3SN54tO 
CMOS - 1 1/3 CD4023 

ANALOG SWITCH 

r------;:~f__..:s~'---<> VINl 

0, 

r--t-~s?-, ----r--<J VINJ 

r--t---<>--r--o VIN4 

0, 
~-t---<>---<>-<> OUT 

Truth Table (IH5052) 

M\.IX SEQUENCER SWITCH STATES 
ENABLE SEQUENCE OUTPUT (- DENOTES OFF) 

RATE 20 '21 SW1 SW2 SW3 SW4 

0 0 0 0 - - - -

I 
1 d 0 0 ON - - -
1 1 pulse 1 0 - ON - -
1 2 pulses 0 1 - - - -
1 3 pulses 1 1 - - - ON 

1 4 pulses 0 0 ON - - -

A Latching DPDT " 
The latch feature insures positive switching action in response to non-repetitive or erratic commands. The A, and A2 inputs are 
normally low. A HIGH input to A2 turns 8, and 82 ON, a HIGH to Artllrns 83 and 84 ON: Desirable for use with limit detectors. 
peak detectors, or mechanical contact closures. 
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+5V 

QUAD 2 INPUT 
NAND GATES 
TTL.- DM7400 

OR DM5400 
CMOS - CD4011 

or DM74COO 

+15V +5V 

12 

Tru~h Table (IH5052) 

COMMAND 
STATE OF SWITCHES 

AFTER COMMAND 

A2 A1 83 & 84 81 & 82 

0 0 same same 

0 1 on off 

1 0 off on 

1 1 INDETERMINATE 



IH5052/IH5053 
PACKAGEDIMENSIONS 

1,6, PIN CERAMIC PACKAGE (DE) 

" ~.12O (20.:)~ .105 (2.88) :: !:t:! I . " ' .750 (19. ) I ::± (2,01) 

* m11Mf11 J)~ ~1;1 
-l I- --11- -II--

.110 (2.79) .054 ±.G03 .020 (.501) 
:aID"{mj ~:mT.U"IT' 

"~,'" .011(.279) 

~ , ,+.009 (.228) 

I·' ·1 
.330 (1.38) 
~ 

16-PIN FLAiPAK (FE) , 

.oS5 1.397 , 

- ~T(1'1'3,i "11

, ~691 :T 
-Li [ : r 

.019 (AL) ,I ','~ ;24.I~J· ·1 ~:g ~:~I' I 
~~~----------~--~ 
.008 (.152) ;07~~776) .035 (.889) 
~ , , ---.i..' .010 (.254) 

==4===~~:E: ~~~~:!:: 
I t 

NOTE: Dimensions in inches (millimeters) 
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IH5140-IH5145 Family 
High Level"CMOS 

Analog Gates 
FEATURES 
• Super fast break before make switching 

ton 80ns typ, toff SOns typ (SPST switches) 
• Power supply currents less than 1JLA 

• "OFF" leakages .Iess than. 1 OOpA @ 25° C. 
guaranteed .. . 

• Non-latching with' supply turn-off 

• Single monolithic'.CMOS chip 
• Plug-in replacements for IH5040 family and part of 

the OG180 family to upgrade speed and leakage 

• Greater than 1MHz toggle rate 

• Switches greater than 20Vp-p signals with 
±15V supplies . 

:. T2L, CMOS direct compatibility 

CMOS ANALOG GATE 
PRODUCT CONDITIONING 
The following processes are performed 100% in ac
cordance with MIL-STD-883. E Precap Visual - Method 2010, Condo B 
Stabilization Bake - Method 1008 
Temperature Cycle - Method 1010 
Centrifuge - Method 2001, Condo E 
Hermeticity - Method 1014, Condo A, C 
(Leak Rate < 5 x 10-7 atm cc/s) 

FUNCTIONAL DIAGRAM 
+Vcc 

100n 
r'L ~NI.-+-I 

INPUT 

FIGURE 1. Typical Driver/Gate - IH5142 
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GENERAL DESCRIPTION 
The IH5140 Family of CMOS monolithic switches util
izes Intersil's.latch-free junction isolated processing to 
build the fastest switches now available. "OFF" leak
ages are guaranteed to be less than 100pA at 25° C. 
These switches can be toggled at a rate of greater than 
1 MHz with super fast ton times (80ns typical) and faster 
toll times (50ns typical) guaranteeing break before 
make switching. This family of switches therefore 
combines the speed of the hybrid FEY DG180 Family 
with the. reliability and low power consumption of a 
monolithic CMOS construction. . . 

No quiescent power is dissipated in either the "ON" or 
the "OFF" state of the switch. Maximum power supply 
current is 1 MA from any supply and typical quiescent 
currents are in the 10nA range which makes these 
devices ideal for portable equipment and military 
applications. 

The IH5140 Family is completely compatible with TTL 
(S\I) logic, TTL open collector logic and CMOS logic 
gates. Itis pin compatible with Intersil's IHS040 Family 
and part of the DG180/190 Family as shown in the 
switching state diagrams on page 8. 

ORDERING INFORMATION 
Order Temperature 

Part Number Function Package Range 

IH514D MOE SPST 16 Pin Hermetic DIP -55" C to 125" C 
IH514D CDE SPST 16 Pin Hermetic DIP D"Ct07O"C 
IH514D CPE SPST 16 Pin Plastic DIP D"C to 7D"C 
IH514D MFD SPST 14 Pin Flat Pack -55" C to 125" C 
IH5141 MOE Dual SPST 16 Pin Hermetic DIP -55" C to 125" C 
IH5141 CDE Dual SPST 16 Pin Hermetic DIP D"C to 70"C 
IH5141 ePE Dual SPST 16 Pin Plastic DIP D"C to 70'C 
IH5141 MFD Dual SPST 14 Pin Flat Pack -550 C to 125" C' 
IH5141 CTW Dual SPST TO-l00 0"Ct070"C 
IH5141 MTW Dual SPST TO-I 00 _55" C to 125" C 

IH5142 MOE SPOT 16 Pin Hermetic DIP _55" C to 125" C 
IH5142 CDE SPOT 16 Pin Hermetic DIP 0"Ct070"C 
IH5142 CPE SPOT 16 Pin Plastic DIP O"C to 70"C 
IH5142 MFD SPOT 14 Pin Flat Pack -55"C to 125"C 
IH5142 CTW SPOT TO-l00 O"C to 70"C 
IH5142 MTW SPOT TO-l00 _55" C to 125" C 

IH5143 MOE Dual SPOT 16 Pin Hermetic DIP _55" C to 125" C 
IH5143 CDE Dual SPOT 16 Pin Hermetic DIP 0"Ct07O'C 
IH5143 CPE Dual SPOT 14 Pin Plastic DIP O"C to 70"C. 
IH5143 MFD Dual SPOT 14 Pin Flat Pack -55" C to 125" C 
IH5144 MOE DPST 16 Pin Hermetic DIP -55" C to 125" C 
IH5144 CDE DPST 16 Pin Hermetic DIP O"C to 70"C 
IH5144 CPE DPST 16 Pin Plastic DIP O"C to 70"C 
IH5144 MFD DPST 14 Pin Flat Pack -55" C to 125" C 
IH5144 CTW DPST TO-l 00 O"C to 70"C 
IH5144 MTW DPST TO-l00 -55" C to 125" C 
IH5145 MOE Dual DPST 16 Pin Hermetic DIP -55" C to 125" C 
IH5145 CDE Dual DPST 16 Pin Hermetic DIP O"C to 70"C 
IH5145 CPE Dual DPST 16 Pin Plastic DIP O"C to 70"C 
IH5145 MFD Dual DPST 14 Pin Flat Pack -55"C to 125"C -. 



IH5140-IH5145 Family 
, 

MAXIMUM RATINGS 

Current (Any Terminal) ................. < 30 mA 
Storage Temperature .. : ........ -65°C to+150°C 
Operating Temperature ......... -55° C to +125° C 
Power Dissipation ....................... 450 mW 
(All Leads Soldered to a p.e. Board) . 
Derate 6 mW 1° C Above 70° C 
Soldering Temperature 

VI-V2 
VI-VD 
VD-V2 
VD-VS 
Vl-V2 
VL-VIN 
VL-VR 

. VIN--'--VR 

<33V 
<30V 
<30V 
<±22V 
<33V 
<30V 
<20V 
<20V 

ELECTRICAL CHARACTERISTICS (@ 25°C, Vl = +15V, V2 =-15V, VL = +5V, VR = 0 VI 

PER CHANNEL 
MIN.!MAX. LIMITS . '. 

MILITARY COMMERCIAL. 

SYMBOL CHARACTERISTIC -55'C +25'C +125'C 0 +25'C +70'.C UNITS TEST CONDITIONS 

IIN(O~) Input Logic Current 1 1 1 1 1 1 p.A VIN = 2.4 V Note 1 

ilN(OFF) Input Logic Current 1 1 1 1 1 1 p.A VIN = 0.8 V Note 1 

RDS(ON) Drain~Source On . 50 .. 50 75 75 75 100 n Is=-10mA 
Resistance VANALOG = -10 V to +10 V 

,lRDS(ON) Channel to Channel 25._ 25 .. 25 30 30 30 n Is (Each Channell = -10 mA 
RDS(ON) Match 

VANALOG Min. Analog Signal ±11 ±", ±11 ±10 ±10 ±10 V Is=10mA 
Handling Capability 

" 

ID(OFF; Switch OFF Leakage 0.1 0.1 20 0.5 0.5 20 nA VD = +10 V, Vs = -10 V 

IS(OFF) Current 0.1 0':1 20 0.5 0.5 20 VD =-10V, Vi> = +10 V 

ID(ON) Switch On Leakage I' 0.2 0.2 40 1 1 40 nA VD = Vs = -10 V.to +10 V 

+IS(ON) Current 

tON SWitch."ON" Time I' See pages 4 & 5 for switching time specifications and timing diagrams. 

tOFF Switch "OFF" Time 
-. 

Q(INJ.) Charge Injection 10 15 mVPP See Fig. 4. Note 2 

OIRR Min. Off Isolation 54 50 dB f = 1 MHz. RL = 100n. CL :5 5 pF 
Rejection Ratio See Fig. 5, Note 2 

IV1 + Power Supply 1.0 1.0 10.0 10 10 100 p.A 
Quiescent Current 

IV2 - Power Supply 1.0 1.0 '. 10.0 10 10 p.A V1 = +15 V, V2 = -15 V, 
Quiescent Current VL = +5 V.VR = 0 

IVL +5 V.Supply 1.0 1.0 10.0 10 10 100 p.A Switch Duty Cycle < 10% 
Quiescent Current See Fig. 6 

IVR Gnd Supply 1.0 1.0 10.0 10 10 100 p.A 
Quiescent Current 

CCRR Min. Channel to. 54 50. dB One Channel' Off; Any Other 
Channel Cross Channel Switches 
Coupling Rejection .' See Fig. 7, Note 2 
Ratio 

Note: 1. Some channels ar", turned on by high "1" logic inputs. and other channels are turned on by .Iow "0" inputs; however O.BV to 
2.4V describes the min'. lange for switching properly. Refer to logic diagrams to see absolute value of logic input required 
to produce "ON" or "OFF" state. '. 

2. Charge injection. OFF isolation. and Channel to Channel isolation are only sample tested in production. 
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IH5140·IH5145 Family 
90 

80 

IH~'4' D~TA 
70 

S 60 

Z 
Q 
~ 50 

a: 

40 

30 

0 

-
i""----r--r-- +12S'C 

- 2SOC 

-SS"C 

2 
+10 +8 +6 +4 +2 -2 -4 

ANALOG SIGNAL VOLTAGE (V) ,. .., 

-6 -8 

FIGURE 2. ROS(ON) vs. Temp., @±15V. +5V Supplies. 

flV'NJECT ' 

+1o1----t---tT---+---'-",..(-· ' 1 
O.Ol/l'I 2 

-=- VA 3 

Q +5r--+--.~---b--+ r---~ 
~ -'-a.olJ.1'I CD 
~ bo"'l<:-+--+---b---+- -=- 0 

1S 

14 -15V 

--
-10 

3 i -5 P--t---""?o'::::-+--+---+- ' ffi +V'NJEC' . 

~ NOTE: +VINJECT ~ 
, 

} -10f--+---1+-+-4--+-----t-- OmV 
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-VrNJECT'~ 
-vrNJECT 

-10 -5 

ANALOG SIGNAL VOLTAGE (V) 

FIGURE 4. Charge Injectionvs. Analog Signal. 

2.8 r--,.--,--,--r-r,..,.,,.---r----r-,.-r-rn-rr--r-rrT"TTTTl 

2.61--------+---_---.,_+--------; 

2.41--------+-------_+--.,------~-; 

2.2l--------+- ~ 

;+1SV SUPPLY ~ 

f--\-~_;-lSVSUPPLY ~ 

l'Kn = 
STROBE INPUT 

p = 400ns 

100 1000 

T - PERIOD OF PULSE REPETITION RATE (ps) 

FIGURE 6. Power Supply Current Draws VB. Logic 
Strobe Rate. . 
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Z --r- IHS141 DATA 
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0 2 
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FIGURE 3. ROS(ON) vs. Power Supplies. 
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FIGURE 5. "OFF" Isolation VS. Frequency. 
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-40 r----- (ONCHANNEI:!{a)' ~ ----1-------1 l' '10Vpp 

-201--__,-- lKn C=lJ.1f -=- , "'\.., :~:NE:~:NCV -11-------1 

1-____ -=- ~~~NEERJ?GROUND" -=- -11----_+----_; 

0,0~0~-L~"~III~L-LU~II~I-L~~~~~~llUlIlI~~~~W 
lK 10K lOOK 1M 10M 

FREQUENCY (Hz) 

. FIGURE. 7. Channel to Channel Cross Coupling 
Rejection VS. Frequency. 



IH5140·IH5145 Family 
SWITCHING TIME SPECIFICATIONS 
(ton. toff are maximum specifications and ton-toff is minimum specifications I 

Part 
Number 

IH5140-
5141 . 

., 

IH5142-
5143 

.IH5144-

.. 514.5 

FIGURE 8. 

FIGURE 10. 

MILITARY 

Symbol Characteristics -55DC +25DC +125DC 
tON Switch "ON" time 100 
tOFF Switch "OFF" time ·75 

. tON-tOFF Break-belore-make 10 
toN Switch "ON" time 150 
tOFF' Switch "OFF" time 125 
tON-tOFF Break-belore-make 10 

tON Sw'itch "ON" time 175 
tOFF Switch "OFF" iime 125 
tON-tOFF .. Break-belore-make 10 
tON Switch "ON" tima 200 
tOFF Switch "OFF" time 125 
tON-tOFF Break-balore-make 10 
tON Switch "O~" time 175 
tOFF Switch "OFF" time 125 
tON-tOFF Break-belore-make . 10 
tON Switch "ON" ti,me 200 
tOFF Switch "OFF" time 125 
tON-tOFF Break-belore-make ,0 
tON Switch "ON" time 175 

'tOFF Switch "OFF" time 125 
tON-tOFF Break-belore~make 10 
tON Switch "ON': time '200 
tOFF S,witch "OFF" time 125 
tON-tOFF Break-belore-make 10 

NOTE; SWITCHING TIMES ARE MEASURED@ 90% PTS, 

tON toFF 

'1OV. '1SV --+l r- --l t--
~NPUT~I 1·.'10V I' . .1 

-1SV " OV I 'I Vour' 

I II 
I '1SV I 

ovr-----l LOGIC INPUT 
+15V ~ r---

}--~. Ov i I II 
I II 

: -lOV I Vour 

II 
-II-- --1:'-

toN toFF 

COMMERCIAL 

ODC +25DC 
150 
125 
5 

175. 
150 
5 

25P 
150 

5 

300 
150 

5 
250 
150 
5 

300 
150 
5 

250 
150,. 
5 

300 
150 
5 

FIGURE 9, 

FIGURE 11. 

O~OIl 

Test 
+70DC Units Conditions 

ns' Figure 8 

ns Figure 9 

ns Figure 8 

ns Figure 9 

ns Figure 10 

ns Figure 11 

ns Figure 8 

.; ns Figure 9 

+3\1 

~ 
T2L INPUT 

16 '10V 

+3\1 

~ 
T2L INPUT 
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IH5140-IH5145 Family n~nlb 
TYPICAL SWITCHING APPLICATIONS SCALE: VERT. ~ 5V/DIV. 

: HORIZ. ~ 100ns/0IV. 

TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 81 

II II 
VA '" +10V VA '=+lQV VAil. +P,OV 

l1 
~ t.!I 

II II 
P,j TTL LOGIC II 

VA n-1OV 
• . pj 

TTL LOGIC ,J =- VA .. - -10V 
pj TTL LOGIC ,J 
1 VA - -10V J 

II .., II ~ II .., 
-55°C +25°C +125°C ' 

TTL OPEN COLLECTOR LOGIC DRIVE (Corresponds to Figure 91 

II 
VA. '" +lOV 

~ 

VA'" -lOV '1 
TTIIL LOUGIC 

II 

-55°C 

TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 101 

1111 
VA '" +10V 

1111 l1 

1111 
TTL LOGIC 

I~~ II II 
'1'1 VA -10V 11 

II II I~ 

+25°C 

II 
VA lli: +10V 

VA'" -1OV 

TTLULolIG IC 

• II 

+25°C 

II' 
D 

.J 

II 
VA __ = +l~V 

U l' 
~ 

rj 

VA :. -lOV 

TTL LOUGIC 

1111 

TTL OPEN COLLECTOR LOGIC DRIVE 
(Corresponds to Figure 111 

1111 
VA '" +lDV 

l. ~ 
VA - -10V 

TTL Lodlell Ii 

II II 

+25°C 



IH5140 .. IH5145 Family 
APPLICATIONS 

ANALOG 
INPUT 

IH5143 +3V = > SAMPLE MODE 
OV'" > HOLD MODE 

OUTPUT 

2R 2R 

ETC. <&-.wlr-~-'-vw-~-"-M--< ETC. 

SL 
T2L 

LOGIC 
STROBE 

SL 
T2L 

LOGIC 
STROBE 

EXAMPLE: If -v ANALOG'" -lQVDCand +V ANALOG';' +10VDC 
then Ladder Legs are switched between! 1 OVOC, depending upon slate 

of Logic Strobe. 

FIGURE 12. Improved Sample and Hold Using IH5143 FIGURE 13. Using the CMOS ~witch 10 Drive an R/2R 
Ladder. Network (2 Legs) 

lOOk!! 

1 k~l 

HI PASS 

OUTPUT 

68k~! 

680k~! 

100k~! 

CONSTANT o'A'IN. CONSTANT Q, VARIABLE FREQUENCY FILTER WHICH 
PROVIDES SIMUL TANEOUS LOWPASS. BANDPASS. AND HIGHPASS 
OUTPUTS. WITH THE COMPONENT VALUES SHOWN. CENTER FREQUENCY 
WILL BE 235Hz AND 23.5Hz FOR HIGH AND lOW LOGIC INPUTS 
RESPECTIVELY. Q = 100. AND GAIN = 100. 

f n :::; CENTER FREQUENCY:::: 21T lRC 

FIGURE 14. Digitally Tuned Low Power Active Filter. 
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IH5140·IH5145 Family 
APPLICATION NOTE 
To maximize switching speed on the IHS140family use 
TTL open collector logic (lSV with a 1 K or less col
lector resistor). For SPST switches, typical ton'" BOns 
and typical toft '" SOns for signals in range of -10V to 
+10V with this high level drive configuration. The 
SPDT and DPST switches are approximately 30ns 
slower in both ton and toft wi.th the same drive 
configuration. lSV CMOS logic levels can be used (OV 
to +lSV), but propagation delays in the CMOS logic 
will slow down the switching (typical SOns - lOOns 
delays). . 

When driving the IHS140 Familyfrom either+SVTTLor 
CMOS logic, switching times run 20ns slower than if 
they were driven from +lSV logic levels. Thus ton '" 
1 OSns typical, and toft '" 7Sns typical for SPSTswitches 
and 13Sns typical and 10Sns typical (ton, totO for SPDT 
or DPST switches. The low level drive can be made as 
fast as the high level drive if ±SV strobe levels are used 
instead of the usual OV-+3.0V drive. Pin 13 is taken to 
-5V instead of the usual GND and strobe input is taken 
from +SV to -5V levels as shown in Figure 15. 

The typical channel of the IHS140 family consists of an 
N-channel MOS-FET. The N-channel MOS-FET uses a 
"Body Puller" FET to drive the body to -lSV(±lSV sup
plies) to get good breakdown voltages when the switch 

. is in the off state (See Fig. 16). This "Body Puller" FET 
also allows the N-channel body to electrically float 
when the switch is in the on state producing a fairly 
constant Ros(ON) with different signal voltages. While 
this "Body Puller" FET improves switch performance, it 
can cause a problem when analog input signals are 
present (negative signals only) and power supplies are 
off. This fault condition is shown in Figure 17. 

Current will flow from -10V analog voltage through the 
drain to body junction of 01, then through the drain to 
body junction of 03 to GND. This means that there is 
10V across two forward-biased silicon diodes and cur
rent will go to whatever value the input signal source is 
capable- of supplying. If the analog input signal is 
derived from the same supplies as the switch this fault 
condition cannot occur. Turning off the supplies would 
turn off the analog signal at the same time. 

This fault situation can also be eliminated by placing a 
diode in series with the negative supply line (pin 14) as 
shown in Figure lB. Now when the power supplies are 
off and a negative input signal is present this diode is 
reverse biased and no current can flow .. 
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ANALOG OUT ffi 

o o 
CD 

ANALOG OUT ffi 
FIGURE 15. 

FIGURE 16 .. 

/ 
GND WHEN POWER 
SUPPLIES ARE OFF 

" 
FIGURE 17. 

FIGURE 18. 

O~OIL 

16 ANALOG IN (CHANNEL AI 

15;>---.., 

@-15V 

@-5V 
@+5V 

® +15V 

10 

+5V 

II CMOS 
~ LLEVEL 

INPUT 
STRonE 

o ANALOG IN (CHANNEL BI 

ANALOG IN 

-15V 

!15V FROM 
DRIVERS 

lN914 DIODE ADDED 
(ANY DIODE WITH 
BREAKDOWN> 15V 
MAY BE USEDI. 



IH5140·IH5145 Family U~UIL 
SWITCHING STATE DIAGRAMS SWITCH STATES ARE FOR LOGIC "l"INPUT 

F v, D v, F 
v, v, v, v, 

5, 0, 

'" 
'N, 
5, 

v, v, " v, v, 
v, v,. 

SPST 
IH5140(RoS (ON) <7511) 

F D C 
v, v, (DG188 EQUIVALENT) 

v, v, . 
5, V, 

, . 
5, D, 5, 

, 
-0 0 , 

5, D, 

5, D, ,5, 

I 
5, D] 

_J 

v, V, 
v, v, 
SPOT 

IH5142 (ROS(ON) < 75n.) 

F D C 
v, v, 

v, v, v, s, 

5, 0, 5, D, 
0, 

5, 5, .02 5, 0] 

OPST 
IH5144 (ROS (ON) <75n.) 

PACKAGE DIMENSIONS 

16 LEAD CERAMIC (DE) 16 LEAD PLASTIC 

. [0 3 ~.'.~! .. ~,,,,,,, 
l_ala{20'514)N"Jt~ISC2'921)G 

~T~J" lhh .. ~.f-.'." ""'.'" ~~ 
-I I- W -11- .200 (5.08) r------l 

Ma(I.$U) .110 (2.19() _010(U1I) .023 (.SM)·~ .320(1.128) 
.025(,635),090(2.2t6).D:m(.762).~ ~ 

NOTE: All dimensions in inches and (millimeters). 

v, D v, C 
v, v, 

5, D, 5, 
, 

0, 

>N, >N, 

ON, IN] 

5, " D, 

5, D, 

" v, v, ' 
v, v, 

DUAL SPST 
IH5141 (R OS (ON) <75n.) 

F D 

v, v, (DG191 EQUIVALENT) v, v, 

" 
5, D, 

SJ DJ 5, D, 

'N, SJ OJ 

'N, 
D, 

5, 
DJ 

D, 

v, v, 

DUAL SPOT 
v, v, 

. IH5.143 (ROS(ON) <7511) 

F D 

v, v, (DG185 EQUIVALENT) 

I 
v, v, 

5, 0, 
SJ OJ 5, 0, 'N, SJ OJ 

'N, 'N, 
5, 0, 
5, 0, ON, 

5, 0, 
5, 0, 

DUAL OPST v, v, 
IH5145 (R OS (ON) <7511) 

TO-100 (TW) PACKAGE 

14 LEAD FLATPACK (FO) 
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FEATURES. 

• rOS(on) = 25 .ohms Typical (IH401) 

• 10(011) of 10pA Typical 

• Switching Times of 25ns for ton and 75ns 
fortoff(RL =1 k!l) , 

• Built-In Overvoltage Protection to Plus or' 
Minus 25V 

• Charge Injection of 3mV Typical Into, O.01f.lF 
Capacitor 

• C'SS(on) < 1 pF Typical 

• Can Be Used for Hybrid Construction 

SCHEMATIC/CONNECTION DIAGRAM 

ORDERING INFORMATION 

DIP Package: IH401JE 
IH401AJE 

PACKAGE DIMENSIONS/PAD LAYOUT 

16 LEAD CER-DIP 

.I::::::]~ 
I" .800 -----j ~ .320--1 

t~J.;; PI 
-I I-- -I f- '..j ~ I-- .415 ----I 

.11 0 .023 .070 .305 

. 090 .014 ,030 
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IH401/1H401A 
VARAFET Switch 

, GENERAL DESCRIPTION 

The I H401 is made up of 4 monolithically constructed com
binations of a varactor ,type diode and an N-channel Junc
tion FET. The FET itself is very similar to the popular 
2N4391, and the driver diode isa specially designed diode, 
such that its capacity is a strong function of the voltage 
across it. The driver diode is electrically in series with the 
gate of the N-channel F ET and simulates a back to back 
diode structure; thi.s structure is needed to prevent forward 
biasing the source to gate or drain to gate juncti.ons of the 
FET when used in switching applications. 

Previous applications of Junction FETs required the addi
tion of diodes, in series with the gate, and then perhaps a 
gate to source referral resistor or a 'capacitor in parallel 
with the diode; therefore, at least 3 components were 
required to perform the switch function. The IH401 does 
this same job in one component (with a great deal better 
performanCe characteristics). 

Like a standard FET, to practically perform a solid state 
switch function a translator should be addea to drive the 
diode. This translator takes the T2 L levels and converts 
them to voltages required to drive the diode/FET system 
(typically aOVto -15V translation and a 3V to +15V shift). 
With ±15V power supplies, the IH401 will typically switch 
18Vp-p at any frequency from dc to 20M Hz, with less than 
30 ohms rDS(on). The IH401A will typically switch 22Vp-p 
with less than 50 ohms rDS(on). . 

Note: All dimensions 
in inches, ±.Ol 0 
unless otherwise 
shown . 

1-----26"2mil------J 
1 DRIVE ' I 

:~;~ x :gg;~ 

.OO37x.~ 

.0027 .0027 

.0035 .0037 

.0025 x .Ocm 



IH401/401A 
ABSOLUTE MAXIMUM RATINGS 

V·to V- ....................................... 35V Operating Temperature. . . .. . . .. - 55·C to + 125·C 
V· ........................................... 35V Storage Temperature ........... -65·C to + 150·C 
V- ........................................... 35V Lead Temperature (Soldering 10 sec) ......... 300·C 
v·to VIN .......................... , ........... 40V 
ELEC_TRICAL CHARACTERISTICS AT 25°C (unless othe~wise specified) 

SYMBOL CHARACTERISTIC CONDITIONS 
MIN 

RDS(on) Switch "on" Resistance 
VDRIVE -15V, VDRAIN - -7.5V 
ID = 10mA , 

Vp Pinch-Off Voltage ID-l nA,VDs-l0V 4 

ID(off) 
Switch ,"off" Current or VDRIVE = -15V, VSOURCE = -7.5V, 
"off" Lea kage VDRAIN = +7.5V 

ID(of!) 
Switch "off" Leakage at 

Same as Above 
125°C 

IS(off) Switch "off" Current VDRIVE - -15V, VDRAIN - ~7.5V, 
VSOURCE = +7.5V 

IS(off) 
Switch "off" Leakage at 

Same as Above 
125°C 

ID(on) + Switch Leakage 'when VD = Vs =-7X,V, 
IS(on) Turned "on" VDRIVE = +15V 

Vanalog 
AC I nput ,Voltage Range 

See Figure B 15 
without Distortion 

Vinject Charge Injection Amplitude See Figure C 

Diode Reverse Breakdown 
VD = Vs = -V, IDRivE = 1 /lA, 

BVdiode Voltage. This Correlates to ~30 

Overvoltage Protection VDRIVE = OV 

Gate to Source or Gate to 
VDRIVE = -V, VD = Vs = OV, 

BVgss Drain Reverse Breakdown 30 
Voltage IDRIVE = 1 /lA 

IDSS 
Maximum Current Switch VDRIVE = 15V, \IS =OV, 
can Deliver (Pulsed) VD = +10V 

45 

ton Switch "on" time (Note 1) See Figure A 

toff Switch "off" time (Note 1) See Figure A 

NOTE 1: Driving waveform must be >100ns rise and fall time. 

SIGNAL 
:!:.5V 

+15V-----J.-----,J90% 

ov---~H_---~ 

IH401 

Tvp 

20 

6 

10 

0.25 

10 

0.3 

0.02 

18 

3 

-45 

41 

70 

25 

75 , 

~'5V 
-15V---,-o,-i'. '---,--,--- STROBE INPUT 

+5\1 
r--t _-';,:S.:..v-KI_-'C -15V~ L.... 
STROBE 
INPUT 

trise< 10ns 

tfall< lOns 

1'---- +5V SIGNAL 

-5V SIGNAL 

FIGURE A 

MAX 

30 

7.5 

200 

50 

200 

50 

2 

10 

50 

150 

ovLS 
···-15V 

.. ~ 
I C=O.01$o!F 

FIGURE B FIGURE C· 

UNIT 

n 

V 

pa 

na 

pa 

na 

na 

Vp_p 

mVp_p 

V 

V 

mA: 

ns 

, ns 
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IH4011401A 

ELECTRICAL CHARACTERISTICS AT 25°C (unless otherwise specified) 

IH401A 
SYMBOL CHARACTERI~TIC CONDITIONS 

MIN TYP MAX 
UNIT 

rDSlon) Switch "on" Resistance 
VDRIVE - 15V, VDRAIN'-' -10V, 

35 50 ID = lOrnA .n 
Vp Pinch-Oft Voltage ID - 1 nA; VDS ~ 10V 3 4 5 V 

IDloft) 
Switch "off" Current or VDRIVE =-15V, VSOURCE = -10V, 

10 200 
"oft" Lea kage VDRAIN = +10V 

pa 

IDloft) 
Switch "oft" Leakage at 

Same as Above 0.25 50 l25'C na 

ISloft) Switch "off" Current 
VDRIVE - -15V, VDRAIN = -10V, 

10 200 pa 
VSOURCE = +10V 

ISloft) 
Switch "oft" Leakage at 

Same as Above 0.3 50 na 125'C 

IDlon) + Switch Leakage when VD = Vs = -10V, 
0.02 2 151 on) Turned "on" VDRIVE = +15V "a 

Vanalog 
AC:lnput Voltage Range 

See Figure B 20 22 N p_p 
without Distortion 

Vinject Charge Injection' Amplitude See Figure C 3 10 mVp_p 

Diode Reverse Breakdown 
VD = Vs = -V, IDRIVE = 1 jjA, 

BVdiode Voltage. This Correlates to -30 -45 V 
Overvoltage Protection VDRIVE ~ OV 

Gate to Source or Gate to 
VDRIVE = -V, VD = Vs = OV, BVgss Drain Reverse Breakdown 30 41 V 

Voltage IDRIVE = 1 jjA 

IDSS 
Maximum Current Switch VDRIVE'= 15V, Vs = OV, 35 55 rnA canDeliver IPulsed) VD =+10V 

ton Switch "on" time INote 1) See Figure A 

toft Switch "off" time (Note 1) See Figure A 

NOTE: Driving waveform must be >100ns rise and fall time. 

APPLICATIONS 
IH401 FAMILY 

In general, the IH401 family can be used inany application 
formally using a JFET/isolation diode combination (2N4391 

or similar). Like standard FET circuits, the I H401 requires 
a translator for normal analog switch function. The transla
tor is used to boost the TTL input signals to the±15V 
analog supply levels which allow the IH401 to handle ±7.5V 
analog signals (or IH401A to handle ±10V analog signals). 
A typical simple PNP translator is shown in Figure 1. 
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+15V 

ovSL 
FROM TTL 
OPEN COLLECTOR 
LOGIC 

-15V 

10HZ 

+15V 

FIGURE 1 

ANALOG 
SIGNALS 

IN 

25 50 ns 

75 150 ns 

, 
Although this simple PNP circuit represents a minimum of 
components, it requires open collector TTL input and 
t(off) is limited by the collector load resistor (approximately 
1.5ps for 10kQ). Improved switching speed can be obtained 
by increasing the complexity of the translator stage. 

A translator which overcomes the problems of the simple 
PNP stage is the Intersil IH6201.· This translator driving an 
IH401 varafet produces the following typical features: 

ton time of approx. 200ns } br~ak before make 

toff ti me of o·pprox. 80ns sWitch ".4V 

TTL compatible st~obing levels of oAvSL 

ID(on). + IS (on) typically 20pA up to ±10V analog 
signals 

ID(off) or 'S(off) typically 20pA .. 

Quiescent current drain of approl<. 1 OOnA' in either 
'''on'' or "off" case 



IH401/401A D~DIL 

APPLICATIONS (Cont.) 

*The IH6201 is a dual translator (two independent. translators per package) constructed from monolithic CMOS technology. 
The schematic of one-half IH6201, driving one-fourth of an IH401, is shown in Figure 2_ 

2.4V 

O.4V~ 
INPUT 

STROBE 
T~~g:1 

VR(GND) 

VL + SV 

~v, 

TRANSLATOR 

v, 

FIGURE 2 

+15V 

-15V 

+lSV 

O=-15vJL 
I I 
I I 
I I 

-0 I I 
=t15V~ 

-15V 

NOTE: Each translator output has 
a e and e output. e is just the 
inverse of e, i.e., (if output is 
180°' out of phase with respect 
to e outputl. 

A very useful feature of this system is that one-half of an IH6201 and one-half of an IH401 can combine to make a SPDT 
switch, or an IH6201 plus an IH401 can make a dual SPDT analog switch. (See 111.) 

I. DUAL SPST ANALOG SWITCH 

+3V 

ovSl.r2Ll 

. +3V 

o~Sl.T2L2 

NOTE: Either switch is turned on when strobe input goes high. 
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IH401l401A 

APPLICATIONS (Cont.) 

IJ 

3·134 

II. DPDT ANALOG SWITCH 

III. DUALSPDT 

IV. DUAL DPST 

+3V 

OV..JL.. r 2 l1 

O~OIL 



U~UlL 

FEATURES 

• Integrated MOS-FET Constant-Current Sources fOI 
tive Driver-Collector Pull-up 

G115/G123 
4 and a·Channel MOS FET 
Switches Industrial Series 

-20~Cto +85°C 
• Integrated Zener Diode Protection for Both Positive and 

Negative Spike Protection 

• P-Channel Enhancement-Type Switches 

GENERAL DESCRIPTION 
These switches may be connected directly to the INTERSIL 
switch-driver 0123 series withoutthe need of any interfacing 
components, and are internally protected by a Zener diode 
integrated on the silicon chip. A MOS- FET usedas a current 
source provides an active pull-up for faster switching capa
bility. The active pull-up FET can be disabled without sac
rificing the Zener protection of.the gates~ 

GllS 

15 
5, I 
" I 16 

5, 0 

13 

" 
" .s. 
" 5, 

ID 
5, 

ORDERING INFORMATION 

G 115 M _. FD 

ABSOLUTE MAXIMUM RATINGS (25°C) 

Sou rce Cu rrent (I s ) 
Drain Current (1 0 ) 

Gate Current (I G ) 

Pull-up Control Current (Ip) 
Body to Source (VB - Vs ) 
Body to Drain (VB - Vo ) 
Boqy to Gate (V B - V G) 
Body to Pull-up (VB :"Vp) . 

100 mA 
100 mA 

5mA 
100/-lA 

-2V to +25V 
-2V to +25V 

+35V 

Power Dissipation (derate 10mW/oC above 70°C) 
Lead Temperature (soldering, 10 sec.) 

+35V 
750mW 

30boc 

G123 

13 
5, 

.:' " 5, 

" 5, 

ID 
5, 

L=Package. 
FD - 14 p.in Flat Package 
DO - 14 pin Hermetic DIP 

Temperature Range 
M - Military I-55°C to +125°CI 
I - Industrial (-20°C to +85°C) 
C - Commercial (O°C to +70°C) 

'-------- Device Chip Type 

'----------- Analog Switch 
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G115/~23 

PRODUCT CONDITIONING 
Units receive the following processing before fihal electrical 
test: 

" 0 '0 

Temperature Cycle - '-65 C to +150 C, 5 cycles 

Hermeticity-Fluorocarbon Gross Leak, 100% 
Helium Fine Leak, 2% AQL 

ELECTRICAL CHARACTERISTICS (per chann,el unless noted) 

. LIMITS 

PARAMETER 
_20°C 

MINI 
25°C 85°C MAX 

125 125 150 

rOS(ONI ' 250 250 300 Max 
.. 500 500 600 

IO(OFFI -10, -500 Max 

IS(OFFI -5 -100 Max 
. IGBS -5 -100 Max 

IG(ONI 
-0.8 Min: 

Gl15 -2.4 Max 

and 
VGS(thl 

-2 -2 -2 Min 
G123 -6 -6 -6 Max 

BVoss -25 -25 -25 Min 

BVsos -25 -25 -25 Min 

BVGBS 
-35 -35 -35 Min 
-90 -90 -90 Max 

-35 -35 -35 BVPBS 
Min. 

-90 -90 -90 Max 

CGS,CGD 3(TYP) Typ 

Cos O.4(TVP) Typ 

Gl15 18 (TYP) 
I 

Typ - COB 
G123 9 (TYP) Typ 

Both CSB 3.5(TYP) Typ 

",( 

n~nlL 

CONDITIONS 
UNITS 

V BO ~ 0, V GO = -30V J Is = 
n VBO -+10V, V GO - -20V J 1 rnA 

VBO -+20V, V GO - -10V 

nA Vos = -20V, V BS = V GS = Vps = 0 

nA Vso = -20V, VBO = V GO = Vpo =0 

nA V GB = -20V, V OB = VSB = VPB = 0 

rnA' VGB = -30V, V PB = -30V, V OB = 0 

V Is =-10IlA,VOG =0, 
V BS = Vps = 0 

V 10 = -lOll A, V G B = V BS = V PS '" 0 

V Is = -10IlA, VGO = V BO =Vpo = 0 

V IG = -10IlA, V OB =VSB = V PB = 0 
V 

: 
V Ip = -10IlA, V OB = VSB = V GB = 0 
V 

pF V GB = O,VSB = 0, V OB =0, VPB =0 
pF f =1 mHz, Body Guarded 

pF V OB = -5V. VSB = VGB = V PB = 0 

pF f = 1 MHz 

pF VSB '; -5V. V OB = 0, VGB = \lPB = 0 
f = 1 MHz 



0115/123 

APPLICATION TIPS 
Description of Analog Switch Single Channel 

G-Terminal - This is the control terminal of the switch_ The voltage at this terminal determines the conduction state of 
Q2- To insure conduction of Q2when voltages between ±10V are switched, the gate voltage (VG) should be 
at least 10V more negative than the most negative voltage to be switched (-1 OVj. Therefore, V G should go 
to -20V_ To insure turn-off VG should not be less than the most positive voltage to be switched, +10V_ For 
convenience the same potential as the body could be used_ 

B-Terminal - This terminal is connected to the body (substrate) of the chip and must be maintained at a voltage that is 
equal to or greater than the most positive voltage to be switched_ This is to insure that the drain-to-body or 
the source-to-body junctions do not become forward biased_ 

P-Terminal - The potential, with respect to the body, at this terminal determines the gate-to-source voltage of Q, which 
determines the amount of drain current available for driver-collector pull-up_ Shorting terminal P to B 
prevents Q, and Q3 from conducting, but still allows the body-to-drain junction of Q, to act as a forward 
biased diode for positive gate voltages, and to act as a Zener diode for negative voltages which exceed 
BV DSS (-30 to -90V) for protecting the gate of Q2- ' 

D-Terminal - The common point of the MOS-FET switches (summing point)_ 

S -Terminal - This is the normally-open termmalof the MOS-FET switch and is normally used as the input. 

APPLICATIONS 

6-Channel Multiplexer 

'------TQCONlROL LOGIC-----.... 

Dual Current-to-Voltage Converter 

With Range Programming 

L..:...-TOCONTROL LOGIC---.J 
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0115/123 O~OIL 

TYPICAL CHARACTERISTICS 

w 
U 
Z 

" t;; 103 

ifj 
II: 
W 
U 
II: 

5 10" 
Ul 
Z 
<i' 
II: 
Cl 
I 10 

Vas = OV 

10~ ;---

15 it 

~ ~-

Is 100pA 
TA '" 2S"C 

iL: 
E 100 
w 
u z 
" .... 
~ 50 
"-
('l 
>
Cl 
Cl 

"' z 20 
<i' 
II: 
Cl 
I 

cJ 10 

VSB - VG8 - 0 

G115 

__ f-"" 

~ 103 

.9 
w 
u z 
;:: 
Ul 

ifj 
a:: 102 

w 
U 
II: 
:> 
~ 
Z 
<i' 
II: 

9 10 

-
-
-

-+85"C ~ AT 
- +25"C --+'.>. ~ 
~~~ 

'0 " 106 ~A-
Ves = 0 

-30 -25 -20 -15 -10 -5 o -30 ·-25 -20 -15. "10 -5' "~ -30 -25 -20 -15 -10 -5 
> 

VGs-GATE·SOURCE VOLTAGE (VI VOG - DRAIN·BODY VOLTAGE (VI VGS .. GATE·SOURCE VOLTAGE (VI 

PACKAGE OUTLINES 

Gl15 

16·Pin Ceramic Dual-in-Line Packagp 

I 
0325 

L''rr'ri'rnm,.::,-.,.:,-:jI 
9..Ql9 II-
0.030--1 

~ 0200~ ~ 
SEATING MAX U 

NOTE 2 PlANE-,- 0100 

Jt 0310 0.Q15 1.....- MIN 
15/ iffiij ~1--\'IOOO8 0023 QJ.!IJ I l--r, ---l 0015 O.090---i r-

NOTES: 1. Index to be visible trom 
bottom and/or top. 

2. Installed position of lead 
centers. 

3. All dimensions in inches. 

Flat Package Ceramic Dual-I "-Line Package 

G123 

I I -.l 
T\ ~I ~I ==:JF==--:-r 
.oos OOJ 
OJS g~g .006 

NOTE: All dimensions in inches. 

FD Package 

TO-86 

1K0'710~ ",B03) 

0.478 (1,214) 
r-0,464 (1.183J-1 

G123 

~ [ ~ ~ ~ J ] I: 03J'021 
0.282 (0.116) Q,3G4 (0.772) 

~ ~ 

~.' o~p 
~ ~ ~", ~ ~ ~ ~!o.406) 

g:~; ~g~;~ --I r ~~ T 
0.025 10.063) 
0.011 (0.0271 

-' l- 0 092 (0.233) 
"I I 0078 (0.198} 

~oIF 
(al62) 

~ 
0.012 (0.030) 
O.O~8 (0.020) 

NOTE: All dimensions in inches 

DO Package 

TO-116 



G116 - G119 
5 and 6';Channel MOS-FET Switches 

Military Series -55°C to' + 125°C 

FEATURES 

• P-Channel Enhancement-type MOS-FET Switches 

• Zener Protection on All Gates 

• With and Without Constant Current Source Pull-up 

GENERAL DESCRIPTION 

These switches may be connected directly to the I NTERSI L 
swiwh-driver 0123 series without need of any interfacing 
conil~onents_ These MOS-FET switches are internally pro
tected by a Zener diode integrated on the silicon chip_ A 
MOS-FET used as a current source provid~s an. active pull
up for faster switching, The active pull-up F ET can be dis
abled without sacrificing the Zener protection of the gates. 

G116 

G118 

ORDERING INFORMATION 
116 M FO 

ABSOLUTE MAXIMUM RATINGS (25°C) 
Source Current (Is) 100mA 

100mA 
5mA 

100/lA 
-2 to +30V 

750mW 
_55°C to +150°C 
- 50°C to +125°C 

300°C 

Drain Current (I D) 
Control Gate Current IG 
PUll-Up Gate Current Ip 
Body Voltage (V B) to Any Terminal 
Power Dissipation (Note) 
Storage Temperature . 
Operating Temperature 
Lead Temperature (soldering, 10 sec.) 

NOTE: Dissipation rating assumes device is mounted with all lead·s 
welded or soldered· to printed circuit board in ambient tem
perature below +70°C.For higher temperatures, derate 
10mWtC. 

e117 

G119 

"---1- '--+----,~r_---,-

" ,,0-__ +-__ -+--' L-f----t 

" "~--+----+--~r-~I . 
,----'I~--~---+---~--

.. • __ -----~ L __ +-__ --; 
, __ ---_____ -J 

~Lp"k, .. 
FO - 14 pin Flat Package 
DO - 14 pin Hermetic DIP 

Temperature Range 
M _ Military (_55°C to +12S0C) 

.

1 _ In.dUSUial ~_20°C to +85°CI 
C - CommerClallO"C to +10°CI 

DeVice Chip Type 

'-------- Analog SWitch 
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0116- 0119 

.ELECTRICAL CHARACTERISTICS (per channel unless noted) 

References to pul/-upgate P do not apply to G118_ 

LIMITS .... 
PARAMETER G116M Series G 116C. Series MINI 

UNITS 
CONDITIONS 

2SC 12S C 2SoC 12SoC MAX 

rO~iON) 100 125 125 , VBO ; 0, V GO ; -30V, VPB ; 0 Is; 

. (Note 1) 200 250 250 Max n VBO - +10V, V GO - -20V, VPB - 0 -lmA 
4S0 600 600 VBO - +20V, V GO - -10V, VPB - 0 

, ISCOFF) -0.5 -500 -1 Max nA Vso ; -20V, V BO ; VGO ; Vpo ; 0 

-2_S -2500 -5 Vos ; -20V Gl16 
-3.0 -3000 -6 Max nA VBO-VGO-VPO-O G~18 

'OCOFF) -1.5 -1500 -3 GH9 

-0.5 -,SOO -,1 Max nA 
V G1B to VG5B ; 0, VG6B ; -30V_ 

G117 
V OB ; -20V, VSB ; VPB ; 0 

BVoss -30 -30 Min 10 ;-10 /lA, V GS ; VBS ; Vps ; 0 

BVsos -30 -30 Min Is; -10/lA, V GO ; VBO ; Vpo .; 0 

-30 -30 Min 
IG; -10 /lA, VPB :' VSB ; V OB ; 0 BV GBS -90 -90 Max V 

BVPBS -30 -30 Min Ip; -10/lA, VGB ;VSB:; V OB ; 0 
-90 ':90 Max 

V GO'! 'h). 
-2' -2 Min Is; -10 /lA, Vos ; -10V, VSB ; 0 
-6 -6 Max 

'GCON ) 
-0.5 -0.3 Min 

(Note 2) -2 -2.5 Max 
mA VGB ;'-30V, V PB ; -30V, VSB ; V OB ; 0 

IGSS -0.5 -500 -1 Max nA VGB ,:-20V, Vos ; VBS ; Vps ; 0 

CGO or CGS 3 3 Max pF VPB ; 0, VBS ; 0, or VBO ; 0 

Cso 0.4 0.4 Max pF Body Guarded, f; 1 mHz 

CSB 3.5 3.5 Max pF VPB ; VGB ; V OB ; 0, VSB ; -5V, f; 1 mHz 

18 18 G116 
18 J8 Max pF VPB = VGB ; VSB ;0 Gl18 

COB 
10 10 V OB ; -5V,f; 1 inHz Gl19 

VG6B -: -30V, V PB =' VSB : 0 
.' 20 20 Max pF _ VG1B to V G5B ;0, Vos ; -,5V, Gl17 

f: l'mHz 

NOTE 1: For the G117 this is the resistance from each of the source terminals (5 terminals) and the one drain terminal to the internal junc
tion of the output MOS-FE1;" 

NOTE 2: Noi appCicabieto.G118_ 



0116- 0119 n~nlL 
APPLICATION TIPS 
Description of Analog Switch Single Channel 

Gr Terminal - This is the control terminal of the switch; the voltage at this terminal determines the conduction state of 
02- To insure conduction of 02 when voltages between ±10V are switched, the gate voltage (VG) should be 
atleast 10V more negative than the most negative voltage to be switched t-l0V). Therefore, VG should go 
to -20V. To insure turn·off VG should not be less than the most positive voltage to be switched, +10V. For 
convenience the same potential as the body could be used. ' 

B·Terminal - This terminal, is connected to the body (substrate) of the chip and must be maintained at a voltage that is 
equal to or greater than the most positive voltage to be switched. This is to insure that the drain·to·body or 
the source·to·body junctions do not become forward biased. 

P·Terminal - The potential, with respect to the body, at this terminal determines the gate-to-source voltage of 0 1 which 
determines the amount of drain current available for driver·collectorpull-up. Shorting terminal P to B 
prevents 0 1 and 0 3 from conducting, but still allows the body·to-drain junction of 0 1 to act as a forward 
biased diode for positive gate voltages, and to act as a Zener diode for negative voltages which exceed 
BVoss (-:-30 to -90V) for protecting the gate of O2 . 

D·Terminal - The common point of the MOS-FET switches (summing point). 

S ·Terminal - This is the normally-open terminal of the MOS-FET switch and is normally used as the input. 

APPLICATIONS 

5-Channe\ Multiplexer With Series Switch 3-Channel Differential Multiplexer 

I 0."-' t--+---<>'! ........ -----; 
ANALOG 

ol~~~;~ .,.:.:.t--t-~r-:--<>"'T 0----+>1 

L """+-+" --+---!---+---'T 
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0116--0119 

TYPICAL CHARACTERISTICS 

I· 10' TOO~A 
w =0 <J 
Z ..: .... 
en 
in 
w 
0:: 
w 
<J 
0:: 
:;J 
0 
~ 
Z' ;;: 
0:: 
0 
I 
~ 

:: -25 "20 -15 -10 -5 0 

VGS - GATE·SOURCE VOLTAGE (V) 

Vos - 10V 

Ves"" 0 

10-6 
-30 -20 -10 

Vos - GATE·SOURCE VOLTAGE (V) 

PACKAGE OUTLINES 

. Flat Package 

I 

L 
J:~;;~~=r-i~~~~~=-JL 
." 

. N9TE: All dimensions in inches: 

FD Packa'ge 

TO-86 

Vas - ORAIN·BODY VOLTAGE (V) 

u: 
.~ 

10030 -25 -20 -15 e10 -5 0 100 u: 
~ w 

U 
Z ..: 50 .... 
U ..: 
Q. 
..: 20 
U ,. 
0 10 
0 
'l' 
w 
<J 
0:: 
:0 

III 
I 

f -1 MHz 

VS8 =VOB =0 / 

SINGLE SOURCE. 
£. ALL TYPES ~ 

50 

20 

10 

we;; 
<J-

~; 
.... 0:: 

~~ 
Q.-l 
":w 
U-l 

~~ 
~: 
zen 
;j'z 
a:;j' 
Oa: 
Ie 

cJ 
VOt=Vis=O, 

1 1 '. o 
-30 ~25 -20 -15 -TO -5 0 

E 104 
':£ 

w 
U 
Z 

~ 103 

Ri 
a: 
w 
<J 

'a: 
~ 102 

Z 
;j' 
0:: 
o 
~ 10 

VS• - SOURCE·BODY VOLTAGE (V) 

Ves 7" OV 

I r--

15 

1..000II p 

Is -lOOp.A 
TA - 2SoC 

E! -30 -25 -20 -15 -10' -5 

Vos-GATE·SOURCE VOLTAGE (V) 

Ceramic DUal·ln·Line Package 

<J 

(1,803) 

L 0478 11,214) --.I ' IKO'710~ 
, 1- 0.464 (1.183) ~I 

..J 1-,' 0,',092 (0.2331 ! I. 0078 {D. 19B) 

~ [ ~ ~ ~ J]:I:" 0316 L02) 
0.282 (0.7161 0.304 (0.772} 

---.-L L 

mnn.o;&,p 
(0.4061 

0,10510,266).-1 L~~ ',T, " 0.095 (0.24/1 -, 1-
0025 (0.063) 
0-011 (0.027) . 

DO Package 

TO-T16 

~".'o,IF"" (0.752) 

--.L 
0.012 (0.030) 
0,008 (0.020) 



D~DlL G125- G132 
G 1330/40/50/80 

4·Channel Junction FET S""itches 

FEATURES 

• rDS(ON) < 10 ohms: G1340 and G1360 

• ID(OFF) < 50 pA: G125,Gi26. G129 and G130 

• COG, CSG < 2 pF: G125, G126, G129 and G130 

GENERAL DESCRIPTION 

ABSOLUTE MAXIMUM.RATINGS 
Gate·Drainor Gate·Source Voltage 
Gate Current 
Total Device Dissipati,~11 Free'ft..ir. (Note) 
Storage Temperature Range " 
Operating Temperature' " 
Lead Temperatuhii$0ldering,1Q secl 

-40V 
50 rnA 

500mW 
-65 to +150°C 
.,.65 to +150°C 

300°C 

These switches consist of four N·Channel Junction FETS in 
a single package, In the G129, G130, G13 .. 1, G132, G1350 
and G 1360 the drains are common to assist the designer in 

NOTE: Dissipation rating assumes deiti~e)s:moum~d with all leads 
welded' or. 'soldered to printed cficuit board in ambient 
temperature 'be,lo,W 75°C. For higher temperatures, derate 

'the devi~eat,th~'rate 01 6.7 mWI"C: ' applications such as multiplexing. ' , 

G125, G'126, 
G127, G128 

G1330 AND G1340 

2 ~D. 
G,OO-'"'"1I!Jr---___ S .•• , 

, 
0.0 

, " 
~o. .lis; 

" 

S.o-+--'-+-I--+--<>'1 

A, A. C\, A. 
G, GJ G) G. 

'ELECTRICAL CHARACTERISTICS per channel (25°C unless otherwise noted) 
" 

G12S G126 G127 G12S 
CHARACTERISTIC TEST CONDITIONS G129 G13D G131 G132 

I 2SoC -0,1 -0.1 -0.2 '-0:2 
IGSS Gate Reverse Current VGS = -20V, Vas = 0 1250C -0.1 -0.1 -0.2 -0.2 
BVGSS Gate·Source Break· 

IG = -1 JJA, Vos = 0 -40 -40 -40 -40 " 
down Voltage 

Vp Gate·Source Pinch-
Vos, = 10V, 10 = 0,1 JJA -5 -10 -5 -10 

Off Voltage , 
Vos - 10V 2SoC 0,05 0,05 0.1 0.1 

IOIOFFI Drain Cutoff Current 
VGS = -10V 125°C 0.05 0,05 0,1 0,1. 

Vso ,= 10V 25°C 0.05 0,05 0.1 0,1 
ISIOFFI Source Cu,toff Current 

VGO = -10V 125°C 0,05 0,05 0.1 0.1 

loss Drain Current at Zero Vos - 10V, VGS = 0 
D,S 2 5 10, 

Gate Voltage (Pulsed) 

ros Drain·Source ON 
VGS = 0,1 0 = 0, 1 ~ 1 kHz 500 ; 250 90 45 

Resistance 

COG + CSG Gate·Source plus Gate· 
VGS = 0, VOS = 0, 1 = I,MHz' 10 10 ,40 40 

Drain ON Capacitance,' 

COG Drain-Gate OFF 2' 2 7 7 
Capacitance, 

VGS = -10V, Vos' = O. 

CSG Source·Gate OF F f = '1 ,MHz 
2 2 7 7 

Capacitance 

0'129, Gi30, 
G131, G132 

G1350 AND G1360 

" ......-.,....--0. , " 
G,o--""t'"~-j._'" 5, . 
G;,O--..... ~--+_.., 5, 

. . G.o--..... ___ .o •. 

G133D GI340 
UNI'T 

G13SD G1360 

-S,O -5.0 nA 
-5,0 -5.0 JJA 

-30: " -30 V 

-5 -10 V 
" 

D,S 0.5 nA 

0.5 0.5 JJA 

0.5 0.5 nA 
D,S 0.5 JJA 

15 30 rnA 

20 10 n 

, ~OO 300 pF 

16 16 pF 

'16 16 pF 

' LIMIT 

Max 

Min 

Max 

Max 

Max 

" Min, 

Max 

Max 

Max 

Max 

.. 
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i}_ 
\';01.25 - 0132, 01330/40/50/60 

PRODUCT CONDITIONING 
The fol iowlng processes are performed.1 00% .in accordance 
with MIL·STD·883. 
Precap Visual-Meth. 2010, Condo B 
Stabilization Bake-Meth. 1008 

Tehlp.CYcle-'Meth.l0l0 
Centrifuge-Meth, 2001, Condo 0 
Hermeticity-Meth. 1014, Condo A, C 
(Leak Rate < 5 x 10-8 atm cc/s) 

:, TYPICAL CHARACTERISTICS ,.' 

3-144 

« 
~ -10 

w 
II: 
II: 

.;> 
u -1 
w 

'" II: 
w 
> w 

~ -0.1 
!{ 
CJ 

k .. 
--0.01 

G133O. Gl~.~ 
GI350 Gl:W E~g~:~:~~. 

1/ :/ 

:/ V 
G125. GI2~.: 
G129. G130 

VG~ = -20V 

V Vos =0 

.~ .~ ~ l00l~ ~~ 

!EMPERATURE I'CI 

ApPLICATION 
~~Channel Commutator Circuit 

I 
I IN4009 

2.0 

u 1.8 
:., 

1.6 N 
I-

1'.4 « 

VGS = 0 
10 =0 
t= 1 kHz 

[7 

Cl 
1.2 w 

N 
::i 1.0 « :;; 0.8 
II: 
Cl 0.6. z 

1:..--
V 

1/ 

~ 0.4 
~ 

0.2 

o 
-75 -25 25 75 125 

lOO~ lOOK lOOK lOOK 

TEMPERATURE I'CI 

>-~-o OUTPUT 

1 
r-~i--6INPUT 

CONTROL 
LOGIC 

I ~~I-O----~~----+-~~-+~4-~~ 
L ______ .., .---+--o 
I I 3 IN4009 

~+I~~ __ ~ __ ~ ____ ~ __ ~~ __ --Z 

I ~-+-~ 
I 4 

I. I 
.L· ___ ...:.._.:..-_J 

20112 DRIVERS WITH FET 
PULL·UPS INCLUDED . . . 

.. . INPUT RANGE: '·-10to.,0V 
GATE: LOGIC "I" FOR SWITCH ON 

LOGIC "0" FOR SWITCH OFF 

PACKAGE OUTlJNE 

Flat ~ack.ag'e·' 

, ::' 

NOTE: ,AII'dimensi'ons in inches. 

~DPackag~ 

·IN4009 

I L _____ ..J 
G129 

. _, ORDERING INFORMATION 

G 125 I FD L:L " . 
- . - ' . .' PaCkage; '. 

. . FD.- 14 Pin Fiat Pack 
. ' . %," x%''' , 

. .' .' Temperature Range: 
'M --55°C to +125°C 
I - _20°C to +85°C .. 

1-.,-__ .,-____ Device Chip Type 

L..:.. __________ Analog Switch . 



O~Olb MM450/MM550, MM4511MM551 
MM452/MM552, MM455/MM555 

MOS·FET Switches 
FEATURES 
• Large Analoglnput-±1.oV 
• Low Supply Voltage-VeuLK = +1.oV 

VGG = -2.oV' 
• Typical ON Resistance-V IN = -1.oV, 15.on 

VIN = +10V, , 75n 
• Low Leakage Current-2.oOpA @ Z5°c 
.• Input Gate Protection 

GENERAL DESCRIPTION 
The MM45.o, and MM55.o series each 'contain p channel 
MOS enhancement mode transistors. These devices are 
useful' in airborn'e' arid ground' support systems' requiring 
mUltiplexing, analog transmission, and numerous signal 
routing applications. The use of low threshold transistors 
(VTH = 2 volts) permits operations with large analog input 
swings (±1.o volts) at low-gate voltages (-2.0 volts). 

Each gate input is protect~d from static charge bLiild-upby 
the. incorporation, of zener diode protective devices con
nected between the gate input and' d~vice bu Ik. 

CONNECTION DIAGRAMS 
MM450. MM550 Dual 

D,ifferential .Swit~h 

TW Package 

, 
" 

MM451. MM551 Four 
Channel Switch 

" .. 0 ___ --' 

~ .. :------

TW Package 

ORDERING INFORMATION 

-1.1 T,' P"k"'(S"Outlin'D'~ngol 
I Device Type . ' 

" .' Temperature Range 
4 - (-55"C to +12!rC) 
5 - (-25"C '0 7a:CI 

'----:------ Analog Switch 

ABSOLUTE MAXIMUM RATINGS (Note 1) 

Gate Voltage (V GG), 
Bulk Voltage (VeuLK) 

Analog Input (VIN ) 

Power Dissipation 
Operating Temperature, 

+14.5V to -3.oV 
,+14V 

+14V to -2.oV 
2.o.omW 

MM45.o, MM451, MM452, MM455 
MM55.o,MM551, MM552, MM555 

Storage Temperature 
Lead Tempertature(soldering, 10sec.) 

-55°C to+125°C 
-25°C to 7.ooC 

_65°C to +15.oo C 
. 3.o.oo C 

NOTE 1: Dissipation rating assumes device is mounted with all leads 
w~lded or soldered to printed circuit board in ambient 
temperature below 70°C. For higher temperature, derate 
at rate of' 10 mW/oC for FD package and 6:5 mW/oC for 
TW Package. ' 

MM452. MM552 Four MOS 
~.Tran5istor Package. 

FD Package 

PACKAGE DIMENSIONS 

Flat Package 

FD Pack,age 

MM455. MM555 Three MOS 
Transistor Package 

'1 
. 

I 
I x. 

I , I I 
1-~ 

I I I 
I I I 

TW P,ackage 

10 Lead Metal Can Package 

Q 
~.= II11mltT 

"~"~' 
',' ,.~' 

.' - . Io~' 

\~~'1 . 
, '"I; 

TW Package 
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MM450/550, MM451/551, MM452/552, MM455/555 O~OIb 

3-146 

EL.ECTRICAL CHARACTERISTICS (per channel unless noted) 

SYMBOL CHARACTERISTICS TYPE 

250 

VIN ' ',' Analog Input Voltage All ±10 

1.5 
VGSITh) Threshold Voltage All 

3.0 

600 

rOSION) Drain·Source On Resistance All 
200 

IGas Gate Leakage Current All 5 

MM450. MM451 
0.2 

10COFF) Drain Leakage Current' 
MM452. MM455 
MM550. MM551 

20 
MM552. MM555 

MM450. MM451 
0.4 

ISCOFF) Source Leakage Current 
MM452. MM455 
MM550. MM551 
MM552. MM555 

Cae Drain·Body Capacitance All 10 

MM450. MM550 14 

MM451. MM551 24 
Gse Source-Body Capacitance 

MM452. MM552 11 

MM455. MM555 11 

MM450. MM550 13 

MM451. MM551 8 
CGa Gate-Body Capacitance 

MM452. MM552 9 

MM455. MM555 9 

CGS Gate-Source Capacitance All 5 

TYPICAL PERFORMANCE CURVES 

RON vs VGS RON vs VGS 

10,000 
V" +10V 

10,000 
Ves = +10V 

VIN=+1OV VIN .. ov 
.t\= 1 rnA 

.' 10 -1 rnA 

1000 : ITA' _5~oC ~ 

~ 
1000 

Til."" 8SQ C 

S ~~~::~~o~ ~ T ... -25°C 

I-- S TA - 55°C ; z 
0 ..... ~ '" .' . .~:::,. 

100 100 

10~~~~~~~~ 

o -8 -12 .-16 -20 

VGs(VI 

LIMITS 

700 850 1250 

600 

'. 
200 ' 

100 

40 200 

100 

40 400 

100 

RON vs VGS 

100,000 
Vas=+10V 
V IN " -lOV 
to = 1 rnA 

10,000 

§ 
0 

'" 1000 

UNITS 
MIN 
MAX 

Max V 

Min 
V 

Max 

Max n 

,Max n 

Max nA 

Max nA 

, Max nA 

Max nA 

Max, nA 

pF Max' 

pF Max 

pF Max 

pF Max 

pF Max 

pF Max 

pF Max 

pF Max 

' pF Max 

pF Max 

T..,= BSoC 

CONDITIONS 

VOG = 0 

10 = lO/JA 

V IN = -lOV 10 = 1 rnA 
Va= lOV 

V'N = +10V VGs",,-20V 

VGS = -25V.' Vas = Vas = 0 

Voe =-:-25V 
VGa = Vse~ 0 

: 

Vsa= -25V 
Voe= VGe = 0 

Voa = VGe = Vse = 0 
f = 1 MHz 

DRAIN CURRENT vs GATE 
TO SOURCE VOLTAGE 

10 vos = -20V 
V" • ov t'-H-+-I--I-+-,-II 

] 8.0 H-t-++-t-t-+-+--t+-l 
... 
z 
~ 6.0 H-t-++-H-t-+fH 
~ 

~ 4.0 H-t-++-H-t-7h-H 
~ 
~ 2,0 H-t-++-H-It-+H 
5' 

100 L-L-L-L.....JL.....J.....:.J.....:.J.....:.J 0 L....J.-.I....!-.!-t::l/..L.L..J....J...J 
-16 -17 -18 -19 -20 0 -1.0 -2.0 -3.0 -4.0 -5.0 

VGSIV) VGS - GATE TO SOURCE VOLTAGE IV) 



FEATURES 
• Driven direct from TTL or CMOS logic 
.' Translates logic levels up to :)OV levels 
•. Switches 20VACPP signals when used in conjunction 

with Intersil IH401A Varafet (as an analog gate) 
• tON ::;.300nS &. tOFF ::; 200nS for30V level shifts 
• Quiescent supply current::; 100ILa for any state (d.c.) 
• Provides both normal & inverted outputs 

GENERAL DESCRIPTION 
The IH6201. is a CMOS, Monolithic, Dual Voltage Translator; 
it takes the low level TTL or CMOS logic level and converts 
them to higher levels (Le. to ±15V swings). This tran~lator is 
typically used in making solid state switches, or analog 
gates. . 

BLOCK DIAGRAM 
+5V DRIVER 

OUTPUT 

", 
'-----81 

PIN CONFIGURATION 

ORDERING INFORMATION" 

DRIVER 
PUTPUT 

0, 

PART NUMBER TEMPERATURE RANGE 
IH6201CDE O°C to 70°C 
IH6201MDE -55°C - +125°C 
IH6201CJE O°C to 70°C 
IH6201MJE -55°C to 125°C 
IH6201CPE O°C to 70°C 

IH6201 
Dual CMOS Driverl 
Voltage Translator 

When used in conjunction with the Intersil IH401 family 
Varafets, the combination makes a complete solid state 
switch capable of switching signals up to 22Vpp and up to 
20MHz in frequency. This sllo!itch is a "break-before-make" 
type (i.e. toft time < ton time). The combination has typical tott 
~ BOnS and typo ton ~ 200nS for signals up to 20Vpp in 
amplitude. 
A TTL '''1''. input strobe will force the () driver output up to 
V+level; the 0 output will be driven dO,wn to the V-level. 
When the TTL input goes to "0", the () output goes to V- and 
Ogoesto V+; thus () and. 0 are 1BO° out of phase with each 
other. These complementary outputs can be used to create a 
wide variety of functions such as SPDT and DPDT switches, 
etc.; alternatively the complementary outputs can be used to 
drive an N and"P channel Mosfet, to make a complete Mosfet 
analog gate. 
The driv.ertypically uses +5V and ±15V power supplies; 
however a wide range of V+ and V- is pOSSible, however 
V+ > 5V is necessary for the driver to work properly. 

SCHEMATIC DIAGRAM (ONE CHANNEL) 

1k 

LOGIC 
STROBE' 

V+ 

DRIVER 
• OUTPUT 

~--o 

V-

DRIVER 
OUTPUT 
8 
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ABSOLUTE.MAXIMUMRATINGS 

V· to V"" ... ~ .. '., ........•... ':". ,;. .. . . . . .. .. . . . . . . . . .. 35V 
V· .................................................. 35V 
V- .................................................. 35V 
V· to VIN ...... ' ......... ' ............................. 40V 

n~ol!:. 

Operating Temperature. . . . . . . . . . . . . .. - 55·C to + 125·C 
Storage Temperature. . . . . . . . . . . . . . . .. - 65·C to + 150·C 
Lead Temperature (Soldering 10 sec) ......... : ..... 300·C 

ELECTRICAL SPECIFICATIONS, v+ = +1SV, V- =-1SV, VL = +5V, VR = OV 

, '. IH6201CDE IH6201MDE 

ITEM CONDITIONS -25°C +2SoC +8SoC ..:.sSoC +2SoC +12SoC UNITS 
o or '0 driver output swing v,"oQvA, fig,28 28 28 28 ' 28 28 28 Vpp 

VIN strobe level ('T') for o 214V 3,0 3.0 3.0 2.4 2.4 2.4 ,Vo,c, 
proper translation li:2: -14V ..... 

VIN strobe level ("0") fo~ 02 -14V 0.4 0.4 0.4 0.8 0.8 0.8 Vo,c, 
proper translation ., li 2 14V , 

liN input strobe current draw VIN = OV or +SV 1 1 1 1 1 1 J1.A 
(fOr OV - SV range)' " 

, ; 

tON time 3V 
. V'I~ ,;, DV J4;;L CL = 30pf 400 400 400 300 300 300 nS 

switching turn-on time 
. fig. 28 

tOFF time v,"oQvA CL = 30pf 300 300 300 200 200 200 nS 
switching turn-off time 

: 
" .' fig, 28 

1,,(\1+) power supply VIN = OV or. +SV 
quiescent current 

1- (V-) power supply VIN =cOY or+SV 
quiescent current 

IL (VL) power supply VIN = OV or +SV 
quiescent current 

APPLICATIONS 
I. INPUT DRIVE CAPABILITY 
The strobe input lines are designed to be driven from TTL 
logic levels; this means 0.8V- 2.4V levels max. and,min, 
respectively. For those users who require 0,8V to 2.0V 
operation, a pull-up resistor is recommended from the TTL 
output to +SV line. This resistor is not critical and cal') be in 
the 1 kO to 10kO range. 

When using 4000 series CMOS logic, the input strobe is 
connected direct to the 4000 series gate output and no pull 
up resistors, or any other interface, is necE!ssary. 

When the input strobe voltage level goes below Gnd (i.e. to 
-1SV) circuit is unaffected ,as long as V+ to VIN does not 
exceed absolute maximum rating. 

II. OUTPUT DRIVE CAPABILITY 
The translator output is deSigned to drive the Intersil IH401 
family of Varafets; these are N-channel J-FETS with built-in 
driver diodes. Driver diodes are necessary to isolate the 
signal source from the driver/translator output; this prevents 
forward biasing between the Signal input and the +Vcc 
supply. The IH6201 will drive any J-FET provided some sort 
of isolation is added i.e .. 

3·148 

100 100 100 

100 100 100 

100 100 100 

+3V 

~ 
T2L INPUT 

100 

100 

100 

REFERRAL 
RESISTOR 

Figure 1 

100 100 J1.A 

100 100 J1.A 

100 100 J1.A 

.-------'--, SIGNAL INPUT 

RL 

SWITCH 
OUTPUT 

You will notice in Figure 1 that a "referral" resistor has been 
added from 2N4391 gate to its source. This resistor is needed 
to compensate for inadequate charge area curve for isolation 
diode (i.e. if C vs. V plot fordiode:S 2 [C vs. V plotfor6utput J
FET] switch wo,:!'t fU[lction; then adding this. resistor 
overcomes this condition. The "referral" resistor is normally 
in the 100kO t01M!1 range and is not too. critical. 

III; MAKING A COMPLETE SOLID STATE SWITCH 
THAT CAN HANDLE 20Vpp SIGNALS 

, The limitation on signal handling capability comes from the 
output gating device. When a J-FET is used, it's the pinch-off 
of the J-.FET acting with the V- supply that does the 
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APPLICATIONS, CONTINUED 

limiting. In fact max. signal handling capability = 2 (Vp + 
(V-)) Vpp where Vp = pinch70ff voltage of J-FET chosen. 
Le. Vp = 7V, V- = -15V :. max. signal handling = 2 (7V + 
(-15V)) Vpp = 2(7V-15)pp=2(-8Vpp)=16Vpp. Obviously to 
get:::: 20Vpp, Vp:::: 5V with V- = -15V. Another simple way to 
get 20Vpp with Vp = 7V, is to increase V-to -17V. In fact 
using V+ = +12V or +15V and setting V- = -18V allows 
one to switch 20Vpp with any member of IH401 family. The 

D~OIl. 

advantage of using the Vp = 7V pinch-off (along with 
unsymmetrical supplies) over the Vp = 5V pinch-off (and 
±15V supplies) is that you will have a much lower ROS(ON) 

resistance fqr the Vp = 7V feULe. forttie 2N4391 fet 
ROS(ON) ~ 220, ROS(ON) ~ 350) . 
Vp = 7V Vp = 5V 

The IH6201 is a dual translator, each containing 4 CMOS FETs. The schematic of one-half IH6201, driving one-fourth of an 
IH401, is shown in Figure 2A. 

....J L... INPUT • ......., ~~g;l· 
STROBE 

. JeIGND} 

VL +5V 

---<>V, 

TRANSLATOR 

rc----l 
I I 
I I 

I 
I I 
I s I 
L....':'A~~-.:....J 

+15V 

1kll 

-15V 

Figure 2A 

+15V 

- 15VJ'
I I 
I I 
I I 

+15V-U
-15V 

NOTE: Each translator output has a 0 and (j output. 0 is just the inverse of 0. 

OV 

OV 

-15 

+15 

OV 

Figure 28 

A very useful feature of this system .is that one-half of an IH6201 and one-half of an IH401 can combine to make a SPOT switch, 
or an IH6201 plus an IH401 can make a dual SPOT analog switch. (See III.) 

I .. Dual SPST Analog Switch n. DPDT Analog Switch 

NOTE: Either switch is turned on when strobe input goes high. 
3-149 
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APPLICATIONS, CONTINUED 

III. Dual SPOT IV.· Dual DPST 

PACKAGE DIMENSIONS. 

16 Pin Ceramic Dual-In-Line Pack"!;Ie (DE) 16 Pin Plastic Dual-In-Line Package (PE) 

[:::::j:!~ 
--1 1--(1o:~! .~~~) .300 ± .010 

1-,820 (20.82)---1 .105 (2.66) 

I
:~:~t:~~l .750(19.05). j(2.41) * ~~ .. 135(3.42)· 

~125{3.17) 

-i f-- --If--. --j f--
A 'Oll (.279) 

. . .009 (.228) 

I I 

:760 frS.30)' .130 ! .005 (7.62 ± .254) 

.025 (.635) I-- .770 (19.55).---1 (3.30 - .127) I' 'I 

.015(.3'1)~j;, A-~ 
, .135 (.343) , .010 ± .001 T ' ,.125 (3.17) (.254 ± .0254) 

-i I-- ~II-- I· ,I 

3·150 

.110 (2.79) .054 ± .003 .020 (.508) 
~ (1.37±.076) ~ 

.330 ('.38) 
~ 

.110 (2.79)' 

.090 (2.28) 

16-Pin CERDIP (JE) 

I .780 (19.812) , I 
.680 (17.272) , r:::::] 

~.760 (19.304}------..,..j .110 (2.794) 
I MAX. I ]9Oj2.2B6j 

.020 (.50') -+-
~~-.L.200(5.0.) 
--r . [II +AX. 

"...J I- -I I- =-i _ .100 (2.54) 

.070 (1.778) .110 (2.794) .023 (.584) MIN . 
. 035 (.889) .090 (2.286) .01,5 (.381) 

.020 (.508) 

.018 (.457) 

r.310 (7.'74).~ .290 (7.366) 

i~~ 

k-.. .375 (9.525)--J I '- .325 (8.255) I 

.325 ± .025 
(8.2S ± .635) 



AID Converters 
·ICL7104/8052A/806S 
ICL7109 
ICLS052/3 .. 
LD110/111/114 

DIA Converters 
. AD7520/21/30/31 
AD7523 . 
A07533 
AD7541. 
ICL7112 
ICL7113 

4-4·· 
4-20 
4-36 
4-45 

4~51 
4-57 
4-61 
4-65 
4-71 

4-77 

DVM Circuits 
ICL71 01/8052 
ICL]103/S052 
ICL7103/S06S 

. ICL7106/7 
ICL7116/7 

Successive 
Approximation 
Registers 

4-81 
4-89· 
4-97 
4-105 

. 4-115 

AM2502/.3/4 4-123 

Switches; Current 
Switches for 01 A 
ICLB01S:/1!I/20 4-129 



Integrctting Analog~to-Digital Converters for Display 
Maximum Electrical Specilicatlon at 2S"C' unless otherwise noted 

Slngl.Chlp l'No Chip System 

'New New ICL8052/ ICL8052/ ICL8068A/ ICL8052A/ LDll0/LDII41 
Model ICL7106/ICL7,116 ICL7102llCL7117 ICL8053, ICL7101 ICL7103B ICL7103A LDII1-12 

Resolution ±31fidiglt ±31hdigH Depends on 
counter used 

:t31hdigit ±41hdlgH Hit. digit ±31hdigit 

Accuracy . 
±1 count 1!±1 count Nonlinearity ,±1 count ±0.002% :!'1,count. ±1 count ±1 count 

Zero Input Reading '1:0.000 ' ±O.OOO :to.OOOO' ±O.OOO ±O.ooo ±0.0000 ±O.OOOO 
Ratiometric Reading +1.000. +1.000. , +1.0000. +1.000. +'1.000:, +1.0000. +1.000. 

'watiometriC) ±1 cou'nt ±1 count ±1 count 1::!:::1 count ±1 count 
., 

±1 count ±1 count 
ollover Error, , +1 count +1 count > +1 cOunt +1 count '+1 coLint ±1 count +1 count 

Stability. " 
Offsetvs 

Temperature 1 p.V/"C lp.V/"C 5p.V/"C S,p.V/"C 2p.V/"C 2p.V/"C -
Galnvs, .i 

Temperature Sppm/"C Sppm/"C ISppm/"C ISppm/"C Sppm/"C Sppm/"C -
Conversion Rale 0.1 tolS 0.1 tolS 0.1 to 30 0.1 to 30 0.11030 0.1 to 30 0.3 to 12 

conY/sec conY/sec conY/sec conY/sec conY/sec conY/sec conY/sec 

Analog 'nRut 
±2V :t200 mit to ±2V :t200mVto:t2V Voltage ange ±200mVto±2V ±200 mVto,:t2V ±2V ±2V 

Impedance 10"n 10"n 10'n 10'n 10'n 10'n 10'n. 
Leakage Current 2pA 3pA 30pA 30pA 200pA 10pA 40pAtyp 
Noise (peak-Io-peak) ISp.Vtyp 1 Sp.Vtyp 20p.Vtyp 20p.Vtyp 2p.Vlyp 20p.Vtyp -

Digital Input Display Hold DIsplay HOla 

DI~ltal Outputs 
7 segment ,7segme", Depends on Latched MUHlplex MuHiplex MuHiplex ' ormat 
LCD display LED display " counter used Parallel BCD BCD BCD BCD 

Logic'Level AC:4.SV 11. Comm Anode Depends on TTL/CMOS TTL/CMOS TTUCMOS ,TTL/CMOS, 
downfromV+ DTL TTL CMOS counter used ., 

Power Supply 
±ISV;+SV ±IS;+SV Voltage' +9V ±SV ±ISV;+SV ±ISV;+SV ±ISV;+SV 

Current I.SmA I.SiIlA 12mA 17mA;2SmA 20mA;30mA lSmA;30mA 27mA;24mA 
,Package 40pinpiP 40 piODIP " ~lpl4 pin 16 pin DIP 

40 pin DIP 
16pin DIP 
24 pin DIP 

16 pin DIP 
24 pin DIP 

(2) IS pin DIP 

Integrating An~log-to-Digital COrlverters for' Data Acquisition II .... ...," __ ~ . .,.·c __ •• _ . . .. . . 
" 

Type Slngl.Chlp l'No-Chlp 

New ,ICL8068/ ICL8068/ 1"L8OS8/ ICL8052/ ICL8068A/ ICL8052A/ ICL8052/ 
Model ICL7109 ICL7104-12 ICL7104-14 ICL7104-16 ICL7101, ICL7103B ICL7103A ICL8053 

Resolution ±12-Bit ±12-Bit ±14-Bit ±1S-Bit 31h-Dlgit ' 41h-DigH 41h-Oiglt ±12-Bit 
Binary Binary Binary Binary BCD ,BCD BCD Binary 

p.P Compallble yes yes yes yes ' yes yes y,es' yes 
Output Programmable: Programmable: . Latched , 'Multiplexed ~~~pleXed Interlace 10 MOS, 

1. Latched carallel 1. Latched parallel 3 stale binary parallel BCD TTL,p.P 
3 slate B nary 2. Conlrolled32-SBitbyteforICL7104- BCD 

2. Conlrolled ,', 12/14, 3-S bit byte for ICL7104-16 
2-S bit byte , 

Control Lines Slart/Convert, Busy, Byte Enable, Mode, Load, Send Enable, Start/Convert., ' Start/Convert, Start/Convert Auto-zero, Signal , 
Out of Range ' .' ':' . ' Busy, Oul 01 Range Busy, Strobe, BusY, Strobe, ,Interpret Two Relerance, 

Out 01 Range Oul 01 Range' .Integrate, and' 
Underrange, Underrange Comparator Output 

UART Compatible yes I yes I yes yes no ye,s yes no 
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Digital-to-Analog· Converters * 
Maximum Electrical Specifications at +25'C unless otherwise noted 

New New New New New 
Model AD7523 AD7533 AD7520 (7530) ICL7113 AD7521 (7531) AD7541 ICL7112 

Resolution Bbit 10 bit 10bit 3 digit 12bit 12bit 12bit 
Accuracy J/K/L J/K/L J/K/L B/A J/K/L J/K/L J/K 

Linearity 0.2%/0.1 %/0.05% 0.2%/0.1%/0.05% 0.2%/0.1 %/0.05% 0.2%/0.05% 0.2%10.1 %10.05% 0.02%/0.01 %10.01% 0.02%/0.01 % 
Zero Offset 50"A 200nA 200 nA (300 nA) 200nA 200 nA (300 nA) 50nA 200nA 
Full Scale Reading 1.5% max 1.4%' 0.3%typ 0.3% typ 0.3%typ 0.3% O.3%. 

Stablilty 
10 ppm/'C Gain vs. Temp 10 ppml'C 10 ppm/'C 10 ppm/'C 10ppm-'C 10 ppm/'C 5 ppm/'C 

Linearity vs. Temp 2ppml'C 2ppm/'C 2ppm/'C 2 ppml'C 2ppm/'C 0.2 ppm/'C 0.2ppm/'C 
setting Time 

to ;:0.05% F.S. 150ns 600 ns typ 500nstyp 500 nstyp 500 nstyp I ItS 500 ns typ 
Input Code DTL/TTL/CMOS DTL/TTL/CMOS DTL/TTLICMOS DTLlTTLICMOS DTLlTTLICMOS DTL/TTLICMOS DTLlTTLICMOS 

Logic Com pat- Binary Binary Binary BCD Binary Binary Binary 
ibility option Offset Binary Offset Binary Offset Binary Offset Binary Offset Binary Offset Binary 

Power Supply 
Voltage +5to +16V +5to +15V +5to +15V +5to+15V +5to +15V +5to+16V +5to+15V 
Current 100"A 2mA 2mA 2mA 2mA 2mA 2mA 

Package 16pin DIP 16pin DIP 16 pin DIP 18pin DIP 18 pin DIP 18 pin DIP 18 pin DIP . R2R Ladder Multlplyong Type 

Successive Approximation Registers AM2502/2503/2504 
8 (2502/2503) and 12 bit (2504) successive approximation registers can be used as serial to 
parallel counter or ring counter. Contains storage and control for SAR A to D converters. 

Quad Current Switches ICL8018/ 8019/8020 
High speed precision current switches for use in current summing DI A converters. Can be purchased 
individually or in matched sets with accuracies of 0.01 % (ICL8018). 0.1 % (ICL8019). or 1.0% (ICL8020) 
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FEATURES 
• 16 bit binary three-state latched outputs plus 

polarity and overrange.Also 14. and 12 bit ve.r~ions. 
• Ideally suited for interface to UARTs, 

microprocessors, or other complex circuitry. 
• Conversion on demand orcontin'uously. 
• Handshake byte-serial transmis~ion synchronously' 

or on demand. . . . 
• Guaranteed zero reading for zero volts input. .. 
• True polarity at zero count for precise null detectio~. 
• Single reference voltage for true ratiometric 

operation. 
• Onboard clock and reference. 
• Auto-Zero; AutO-Polarity 
• Accuracy guaranteed to -1 count. 
• All outputs TTL compatible. 
• ±10V analog input range 
• Status signal available for external sync, A/Z in 

preamp, etc. 

I 
I 

ICLS052/1CL7104 Pair 
ICLS068/1CL7104 Pair 

. 16/14/12 Bit Binary A/D 
Converters for p,ProcesSors' 

GENERAL DESCRIPTION 
The ICl7104, combined with the ICl8052 or ICl8068, forms 
a member of Intersil's high performance. AID converter 
family. The 16-bit version, the ICl7104-16, performs the 

. analog switching and digital function for a 16-bit binary AID 
converter, with full three-state output, UART handshake 
capability,. and other outputs for a wide range of output 
interfacing. The ICl7014-14 and ICl7104-12 are 14 and 12-
bit versions. The analog seCtion, as with all Intersil's 
integrating converters, provides fullY precise Auto-Zero, 

. Auto-Polarity (including ±O null indication), single reference 
operation, very high input impedance, true input integration 
over a constant period for maximum EMI rejection, fully 
ratiometric operation, over-range indication, and a medium 
quality built-in reference. The chip pair also offers optional 
input buffer gain for high sensitivity applications, a built-in 
clock oscillator, and output signals for provi.dingan external 
Auto-Zero capability in preconditioning circuitry, synchro
nizing external multiplexers, etc: The basic schematic 
connections are shown in Figure 1. 

* NO 16 bit 
version shown; 
14 and 12 bit 
versions differ 
In pinout here. 

Figure 1: 8052A (8068A117104 16/14/12 Bit AID Converter Functional Block Diagram 

ORDERING INFORMATION 
Pari Temp. Range Package Order Number Part Temp. Range Package Order Number 

8052 O°C to 70°C 14 pin plastiC DIP ICL8052CPD 710412bit O°Cto 70°C 40 pin plastiC DIP ICL7104-12 CPL 
8052 O°C to 70°C 14 pin ceramic DIP ICL8052CDD 710412bit O°C to 70°C 40 pin ceramic DIP ICL7104-12 CDL 
8052A O°C to 70°C 14 pin plastic DIP ICL8052ACPD 710414 bit bOc to 70°C 40 pin plastic DIP ICL7104-14 CPL 
8052A O°Cto 70°C 14 pin ceramic DIP ICL8052ACDD 710414 bit O°C to 70°C 40 pin ceramic DIP ICL7104-14 CDL 
8068 O°Cto 70°C 14 pin plastiC DIP ICL8068CJD 710416 bit 0°Ct070°C 40 pin plastic DIP ICL7104-16 CPL 
8068A O°C to 70°C 14 pin plastic DIP ICL8068ACJD 710416 bit O°C to 70°C 40 pin ceramic DIP ICL7104-16 CDL 
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8052/7104 8068/7104 
ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) .................. , .... 500 mW 
Storage Temperature .................. -,65° C to' +150° C 

8052, 8068 . 7104 
Supply Voltage ................................... ±18V V+ Supply (GND to V+) ............................. 12 
Differential Input Voltage(8068) ................... ±30V V++toV- ... ; ............................ , .......... 32 

(8052) .................... ±6V 
Input Voltage (Note 2) ............................. ±15V 

Positive Supply Voltage (GND to V++) ............... 17 
Negative Supply Voltage (GND to V-I ......... , ....... 17 

Output Short Circuit Duration, 
All Outputs (Note 3) ......................... Indefinite 

Operating Temperature .................... 0° C to +70° C 
Lead Temperature(Soldering, 60 Sec.! 

Analog Input Voltage (Pin 32-39)(Note4) ...... ; ... V+toV-
Digital Input Voltage ........................... V++0.3V 
(Pins2-30)(Note5) ........................... GND-{).3V 

Note 1: Dissipation rating assumes device is mounted with all leads welded or soldered to printed circuit board in ambient tef(lperature below 
+70c C. For.higher temperatures, derate 10mW;oC. 

Note 2: For supply voltages less than ±15V, the absolute maximum input v'oltage isequal to the supply voltage. 
Note 3: Short circuit may be to ground or either supply. Rating applies to +70c C ambient temperature. 
Note 4: Input voltages may exceed the supply voltages provided the input current' is limited to ±100IlA. 
Note 5: Connecting any digital inputs or outputs to voltages greater than V+ or less than GNCl may cause destructive device latchup. For this 

reason it is recommended that no inputslrom sources not on the same power supply be applied to the ICL7104 before its powersupply 
is established. . . . 

~COMMENT: Stresses'above those listed under'''Absolute Maximum Ratings" may cause permanent 'damage to the devices. This' is a stress rating only and 
functional operation of the devices ~t these orany othercondit'i,ons above'those irid,~i:Hed in the operational s,ections of ,the specifications is not implied. Exposure to 

. absolu'te maximum rating conditions for extended periods may affect device reliability . 

.7104 ELECTRICAL CHARACTERISTICS (V+ = +5V. V++ = +15V. V- = -15V. Ta = 25°C) 

CHARACTERISTICS SYMBOL CONDITIONS MIN TYP MAX 

Clock Input CLOCK'1 liN Yin = +5V to OV ±2 ±7 ±30 
Comparator liP COMP IN INote 11 liN Yin - OV to +5V 10 ±0.001 +10 

Inputs MODE IIH Yin - +5V +1 +5 +30 
with Pulldown IlL Yin - OV el0 ±0.01 +10 

Inputs SEN. RIH IIH Yin - +5V -10 ±0.01 +10 
with LBEN. MBEN, } INote 21 IlL Yin - OV 30 5 1 
Pullups HBEN. CElLO , . 

Input High Voltage All Digital Inputs VIH· 2.5 2.0 -

Input Low Voltage All Digit,,1 Inputs V,L 1.5 1.0 

Digital LB EN 

) INote 31 

VOL 10L - 1.6 mA - .27 .4 
Outputs MB EN 116 only) VOH 10H 10MA 4.5 
Three-Stated HB EN VOH 10H - 240MA 2.4 3.5 
On CEILD 

BIT n. POL. OR 

Digital BIT n. POL. OR ILO 0::; \lout:5 V+ -10 ±.001 +10 
. Outputs 

Three-Stated Off 

Non-Three-State STTS VOL 10L = 3.2 mA - .3 .4-
Digital VOH 10H -400MA .2.4 3.3 
Output CLOCK 2 VOL 10L 320MA 0.5 

VOH 10H - 320MA 4.5 
CLOCK ~ 1-12, -14 ONLY) VOL' 10L 1.6mA .27 .4 

VOH 10H 320MA '2.4 3.5 

Switch1 RDsON - 25k 
Switches 2.3 RDSON - 4k 20k 

Switch Switches 4.5.6.7.8.9 RDSON 2k 10k 
Switch Leakage IDOFF 15 

Clock Clock Freq. INote 4) DC 200 400 

Supply +5V Supply Cu rrent 1+ Freq. - 200 kHz 200 600 
Currents All outputs high impedance .' 

+15V Supply Current. 1++ Freq. - 200 kHz .3 1.0 
-15V Supply Current I Freq. 200 kHz 25 100 

Supply Voltage Logie Supply . V+ Note 5 4.0 +11.0 
Range Positive Supply ,. V++ +10.0 +16.0 

Negative Supply V 16.0 10.0 

Note 1: This spec applies when not in. Auto-Zero phase. 
Note 2: These specs apply when these pins are inputs i.e. the mode pin is low, and the 7104 is not in handshake mode. 
Note 3: ,These specs apply when,these pins are outputs. i.e, the mod", pin is high or the 7104 is in handshake mode. 
Note 4: Clock circuit shown in Fig. 12 or 13. 
Note 5: V+ must not I),e more positive than V++. 

UNITS 

MA 
MA 

MA 
MA 

MA 
MA 

V 

V 

V 
'. V 

V 

MA 

V 
V 
V 
V 
V 
V 

n 
n 
n 

pA 

kHz 

MA 

mA 
MA 

V 
V 
V 

, 
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8052/7104 8068/7104 
8068 ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 

8068 806SA 
CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

EACH OPERATIONAL AMPLIFIER 
Input Offset Voltage VCM = OV 20 65 20 65 mV 

Input Current (either input) (Note 1) VCM = OV 175 250 80 150 pA 

Common-Mode Rejection Ratio VCM - ±10V 70 90 70 90 dB 

Non-Linear Component ofCotnmon-
, 

Mode Rejection Ratio (Note 2) VCM = ±2V ' 110 110 
, 

Large Signal Voltage Ga,in RL == 50k!l 20,000 20,000 V/V 

Slew Rate 6 6 V'//lS 
Unity Gain Bandwidth 2 ' 2 MHz 

Output Short-Circuit Current 5 10 5 10 mA 

COMPARATOR AMPLIFIER ' , 

Small-signal Voltage Gain RL = 30kfl 4000 V/V 
--

Positive Output Voltage Swing +12 +13 +12 +13 V 

Negative Output Voltage Swing -2.0 -2.6 ~2.0 -2,6 V 

VOL TA~E REFERENCE 

Output Voltage 1,5 1,75 2.0 1.60 1.75 1.90 V 

Output Resistance 5 , 5 ohms 

Temperature Coefficient 50 40 ppm/oC 

Supply Voltage Range ±10 ±16 ±10 ±16 V 
Supply Current Total c 14 8 14 mA 

8052 ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 

8052 8052A 
CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

EACH OPERATIONAL AMPLIFIER 

. lilput Offset Voltage VCM = OV 20 50 20 50 mV 

Input Current (either input) (Note 1) VCM = OV_ 5 50 '2 10 pA 

Common-Mode Rejection Ratio VCM = ±10V 70 90 70 90 dB 

Non-Linear Component of Common-
Mode Rejection Ratio (Note 2) VCM = ±2V 110 110 

Large Signal Voltage Gain RL == 10k!! 20,000 20,000, viii 
Slew Rate 6 6 V//ls C 

Unity GainBandwidth 1 1 MHz 

Output Short-Circuit Current 20 100 20 100 mA 

COMPARATOR AMPLIFIER 

Small-signal Voltage Gain RL =30k!l 4000 V/V 

Positive Output Voltage Swing +12 +13 +12 +13 V 
Negative Output Voltage Swing -2,0 -2.6 -2,0 -2,6 V 

VOLTAGE REFERENCE 

Output Voltage I , 1.5 1.75 2.0 1.60 ' 1.75 1,90 V 

Output Resistance 5 5 ohms 

Temperature Coefficient 50 40 ppm/oC 

Supply Voltage Range ±10 ±16 ±10 ±16 V 
Supply Current Total 6 12 6 12 mA 

Note 1: The input bias currents are junction leakage currents which approximately double for every loge increase in the junction tempera
ture, TJ. Due to limited production test time, the input biascurrentsare-meaSured with junctions at ambient temperature. In normal 
operation thejunction temperature rises abovelhe ambient temperature as a result of internal power dissipation, Pd. T J=TA +OjA Pd 
where OjA is the thermal resistance from junction to ambient. A heat sink can be used t6 reduce tem'perature rise. 

Note 2: This is the only component that causes error in dual-slope converter. 
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8052/7104 8068/7104 
SYSTEM ELECTRICAL CHARACTERISTICS: 806817104 

W++ = +15V, V+ = +5V, V- = ~15V Clock Frequency = 200KHz 

8068A171 04-12 8068A171 04-14 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN 

Zero Input Reading V;n = O.OV -.000 ±.OOO +.000 -0.0000 
Full Scale = 4.000V 

Ratiometric Reading (1) Vin - VRef. 7FF 800 801 lFFF 
Full Scale = 4.000V 

Linearity over ± Full Scale 
(error of reading from -4V S V;n S +4V 0.2 1 
best straight line) 
Differential Linearity 
(difference between worse -4V S V;n S +4V .01 
case step of adjacent counts 
and ideal step 
Rollover error (Difference in 
reading for equal positive & -Vin == +Vin ... 4V 0.2 1 
negative voltage near full 
scale) 

Noise (P-P value not V;n - OV 
exceeded 95% of time) Full scale = 4.000V 3 
Leakage Current at Input (2) V;n = OV 200 265 
Zero Reading Drift V;n - OV 1 5 

O'C S TA S 70'C' 
Scale Factor Temperature (3) llin - +4V 
Coefficient OSTAS50'C 2 5 

(ext. ref. 0 ppm/' C) 

SYSTEM ELECTRICAL CHARACTERISTICS: 805217104 
(V++ = +15V, V+ = +5V, V- = -15V Clock Frequency = 200KHz 

TYP MAX 

±O.OOOO +0.0000 

2000 2001 

0.5 1 

.01 

0.5 1 

2 

100 165 

0.5 2 

2 5 

8052/7104-12 8052A17104-14 

CHARACTERISTICS CONDITIONS MIN TYP MAX MIN TYP. MAX 

Zero Input Reading V;n = O.OV -.000 ±.OOO +.000 -0.0000 ±0.0000 +0.0000 
Full Scale = 4.000V 

Ratiometric Reading (3) Vin = VRef. 7FF 600 801 lFFF 2000 2001 
Full Scale = 4.000V 

Linearity'over ±'Full Scale 
(error of reading from elV.S V;n S .+4V 0.2 1 0.5· 1 
best straight line) 

Differential Linearity 
(difference between worse -4V S V;n S +4V .Ot .01 
case step of adja~ent counts 
and ideal step) 

Rollover error (Difference in' 
reading for equal positive & '-Vin == +Vin ... 4V 0.2 1 0.5 1 
negative voltage flear full 
scale) 

Noise (P-P value not V;n = OV 
exceeded 95% of time) 20 

Full scale. = 4.000V 50 30 

Leakage Current at Input (2) V;n = OV 30 80 20 30 

Zero Reading Drift V;n = OV 1 5 0.5 2 
0' <TA<70'C 

Scale Factor Temperature V;n = +4V 
Coefficient OS TA S 70'C 3 15 2 5 

(exi. ref. 0 ppm/' C) 

D~DlL 

8068A/71 04-16 

MIN TYP MAX UNITS 

-0.0000 ±O.OOOO '+0.0000 Hexadeci mal 
Reading 

7FFF 8000 8001 Hexadecimal 
Reading 

0.5 1 LSB 

.01 LSB 

0.5 1 LSB 

2 p.V 

100 165 pA 

0.5 2 p.V/'C 

2 5 ppm/'C 

8052A/71 04-16 

MIN TYP MAX UNITS 

-0.0000 ±0.0000 +0.0000 Hexadecimal 
Reading 

7FFF 8000 8001 Hexadecimal 
Reading 

0.5 1 LSB 

.01 LSB 

0.5 1 LSB 

p.V 
30 
20 30 pA 

0.5 2 p.V/'C 

2 5 ppm/'C 

Note 1: Tested with low dielectric absorption integr~ting capacitor... . 
Note 2: The input bias c~rrents are junction leakage currents which approximately double. for every 10" C increase in the junction tempera

ture, TJ. Due to limited production test time, the input bias currents are measured with junctions at ambient temperature. In normal 
operation the junction temperature rises above the ambient temperature as a result'of internal power dissipation, Pd. T J =TA +8jA Pd 
where OjA is the thermal resistance from junction to ambient. A heat sink can be used to reduce temperature rise. 

Note 3: . The temperature range can be extended to 70· C and beyond if the Auto-Zero and Reference capacitors are increased to absorb the 
high temperature leakage of the 8068. See note 2 above. ... .." . 

, . ~. 
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805.~/7104 8068/7104 

8052A/ 
8068A 

7104 
,-16 

CONVEflT 
CONTROL 

;;'18 

,.--.. . 
.! -:t: or CHIP SELECT 2 . 

'-----'-~-~-

Full 18 Bit Three State Output 

8052AI 
806BA 7104 

LSB 

CONTROL 

8052A/ 
B068A 

7104 

CONTROL 

·D~OIl. 

8052Ai 
8068A 

o. 

7104 

·CONTROL 

LSBI----/ 

OR 

POL 

Msa 

LSB 

AC CHARACTERISTICS (V++ =' +15V,.V+ = +5V, v- = '-'15V) 
Various Combinations of Byte. Disables 

CEILD 
AS INPUT 

flBEFj 
AS INPUT· 

lImEN 
AS INPUT 

um/ 
AS INPUT· 

HIGH BYTE 
DATA ------------'-------.-------

j tOAe 
MIDDLE BYTE' . '~ATA ' 
ENABLE . ,-------------------------- --------. . . , . VALID. . 

LOW BYTE. 
ENABLE ---------------------------------------. , 

------- .= HIGH IMPEDANCE 
. Figure 2: Direct Mode;Output Timing 

·TABLE 1'Direct Mode ·Timing Requirements 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

!sEA. XBEN Min, Pulse. Width 500 
,.Data Access Time , 

tDAB frorrl.XBEN 200 
.. Data Hold Time ;' 

I tDHB fromXBEN .. 200 ns 

tCEA CElLO Min. Pulse Width 500· 
Data Access Time 

tDAC from CElLO 200 
Data Hold Time 

tDHc from CElLO 200 



8052/7104 8068/7104 

NAME 

tMW 

tSM 

tME 

tMB 

teEl 

teEH 

teBl 

teBH 

teDH 

teDl 

tss 
teBz 

teEz 

CLOCK 1 (PIN 25) 

EITHER: 

MODE PIN 

OR: 

INTERNAL LATCH 
PULSE IF MODE "HI". 

H 

TABLE 2: Handshake Timing Requirements 

DESCRIPTION MIN TYP ·MAX UNITS 
MODE Pulse (minimum) 20 
MODE pin set-up time -150 
MODE pin high to low Z CElLO high delay 200 
MODE pin high to XBEN low Z (high) delay 200 
CLOCK 1 high to CElLO low delay 700 ns 
CLOCK 1 high to CElLO high delay 600 
CLOCK 1 high to XBEN low delay gOO 
CLOCK 1 high to XBEN high delay 700 
CLOCK 1 high to data enabled delay 1100 
CLOCK 1 low to data disabled delay 1100 
Send ENable set-up time -350 
CLOCK 1 high to XBEN disabled delay 2000 
CLOCK 1 high to CElLO disabled delay 2000 

.~~ __ ~ __ ~ ____ ~ __ ~.~~~ _____ D_O_N_'T_C_A_R_E ______ ~;~: ~)(~ __ -'~~ 
-----~Tr---,~--- -\ 
----C.iGNORED~-----~---I ~-----------

UART 
INTERNAL MODE 

NORM----~----£----JI 

'SEN 
(EXTERNAL SIGNAL) 

O/R,POLOl-14 

:r:.-.!:;·,.--------......;.'------':"""---------{/ ... --'......:--....... \\. ____________ (.~. ___ ....Ji":'"I:::"'J.-:': 

BITS 1-5 ----~~--~~----._----~------•• ~J.~J--.----.~(====~D~AT~A~VA~L~I~D~,S~T~A~B~t===>~----.----.~--~-
HANDSHAKE MODE TRIGGERED BY -:----OR--- THREE-STATE _ THREE-STATE W PULLUP ~ 

-14, -12 BIT VERSION SHOWN -16 HAS EXTRA (MBEN) PHASE 

FIGURE 3: Timing Relationships In Handshake Mode 

PIN ASSIGNMENTS 

-Vee 

COMP 
OUT 

REF 
CAP 

REF 
PASS 

REF 
OUT 

REF 
SUPPLY 

INTEGRATOR 
OUT· 

BUFFER 
(-IN) 

INTEGRATOR 
(+IN) 

INTEGRATOR 
(-IN) 

BUFFER 
(-IN) 

BUFFER 
OUT 

+Vcc 

V .. 
DIGGND 

STTS 
POL. 
O.R. 

BIT 16 
BIT 15 
BIT 14 
BIT 13 , 'ICL7104 
BIT 12 -16 
BIT 11 
BIT 10 

BIT 9 
BIT 8 
BIT 7 
BIT 6 
BIT 5 
BIT4 
BIT3 
BIT2 

V .. V .. 
DIG GND DIG GND 

' STTS STTS 
POL POL 
O,R. O,R, 

BIT 14 BIT 12 
BIT 13 BIT 11 
BIT 12 BIT 10 
BIT 11 , ICl7104 BIT9 
BIT .10 10 -14 N.C. 
BIT9 N,C, . 
N.C. N.C, 
N,C. N.C. 

BIT 8 BIT 8 
BIT 7 BIT7 
BIT 6 BIT6 
BIT 5 BIT 5 
BIT4 BIT4 
BIT 3 BIT 3 
BIT 2 BIT2 

V-
COMP IN 
REFCAP 1 
VREF 
AZ 
ANALOG GND 
REFCAP.2 
BUFIN 
4NALOG liP 
V+ 
CElLO 
SEN 
RIH 
MODE 
CLOCK 2 
CLOCK 1 

I PIN -16 -14, -12 
NOTE 23 MBETii RSrn 

LBEN 24 ~ CLOCK 3 

BIT 1 
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8052/7104 8068/7104 O~OIL 
TABLE 3: Pin Assignment and Function Description 

PIN SYMBOL OPTION DESCRIPTION PIN SYMBOL DESCRIPTION 
1 V(++) Positive Supply Voltage 25 CLOCK1 Clock input. External clock or oscillator. 

Nominally +15V 26 CLOCK2 Clock output. Crystal or RC oscillator. 
2 GND Digital Ground .OV, ground 27 MODE Input LO;Direct output mode where 

return CE/m, .HBEN, MBEN, and LBEN act as 
3 STTS , STaTuS output .HI during inputs directly controlling .byte outputs. 

Integrate and Deintegrate If pulsed HI causes immediate entry into 
until data is latched .LO handshake mode (see Figure 9). 
wheri analog section is in If HI, enables CElLO, HBEN, MBEN, and 
Auto-Zero configuration. LBEN as outputs. Handshake mode 

4 POL POLarity. Three-state out-
put. HI for positive input. 

will be entered imd daia output as in 
Figures 7 & 8 at conversion completion. 

5 OR ·OverRange. Three-state 28 RIH Run/Hold; Input HI-conversions con-

output. tinuously performed every 217 (-16). 

6 BIT 16 -16 
BIT 14 -14 (Most significant bit) 
BIT 12 -12 _.-

7 'BIT 15 -16 
BIT 13 -14 
BIT 11 -12 

8 BIT 14 -16 
BIT 12 -14 

215 (-14) or 213 (-12) clock pulses.' 
Inp~t La-conversion in progress 
completed, converter will stop in 
Auto-Zero 7 counts before input integrate. 

29 SEN Send-ENable: Input controls timing 
of byte transmission in handshake 
mode. HI indicates 'send'. 

30 CElLO Chip-Enable/LoaD. With MODE (pin 27) 

BIT 10 -12 

9 ,BIT 13 ~16 

BIT 11 -14 
BIT 9 -12 

10 BIT 12 -16 
BIT 10 -14 Data Bits; Three-state 
nc -12 outputs. See Table 4 for 

format of ENables and 
11 BIT 11 -16 bytes. 

La, CElLO serves as a master output 
. enable; when HI, the bit outputs and 
POL, OR are disabled. With' MODE HI, 
pin serves as a LoaD 'strobe (-ve 
going) used in handshake mode. See 
Figures 7 & 8. 

31 V(+) Positive Logic Supply Voltage. 
Nominally +5V. 

32 AN.IN ANalog INput. High side. 

BIT 9 -14 33 BUF IN BUFfer INput to analog chip 
nc -12 (ICL8052 or ICL8068) 

12 BIT 10 -16 34 REFCAP2 REFerence CAPacitor (negative side) 

nc -14 35 AN.GND. ANalog GrouND. Input low side and 

II 
nc -12 

13 BIT 9 -16 
nc -14 
nc -12 

reference low side. 

36 A-Z Auto-Zero node. 

37 VREF Voltage REFerence input (positive side) 

38 REFCAP1 REFerence CAPacitor (positive side) 
14 BIT 8 

15 BIT 7 

16 BIT 6 

39 CaMP-IN COMParator INput from 8052/8068 

40 V(-) Negative Supply Voltage. Nominally-15V. 

17 BIT 5 

18 BIT 4 

19 BIT 3 
20 BIT 2 ---'-----
21 BIT 1 Least significant bit . 

22 LBEN Low Byte ENable. If not in 
handshake mode (see pin 27) 
when LO (with CE/jJj, pin 
301 activates low-order 
byte outputs, BITS 1-8 
When in handshake mode 
(see pin 27), serves as a 
low-byte flag output. See 

CElLO 

HBEN MBEN LBEN 
7104-16 POL O/R 816 815 814 813 812 811 810 89 BB 87 86 85 84 83 82 81 

Figures 8, 9 and 10. 

MBEN -16 Mid Byte ENable. Activates 7104-14 POL alA 814 813 812 811 810 89 98 B7 86 85 84 83 82 81 
BITS 9-16, see LBEN (pin 22) 7104-12 POL O/R 812 Bl1 810 89 88 87 86 85 84 83 82 B1 

23 HBEN -14 High Byte ENable. Activates. 
-12 BITS 9-14, POL, OR, see TABLE 4: Three-State Byte Formats and ENable Pins. 

Cl3EN (pin 22) 

HBEN -16 High Byte ENable. 
Activates POL, OR,. see; 
LBEN (pin 22). 

24 CLOCK3 -14 RC oscillator pin. Can be' 
-12 used as clock output. 
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8052/7104 8068/7104 
DETAILED DESCRIPTION 
Analog· Section 

U~OIL 

Figure 4 shows the equivalent Circuit of the Analog Section 
of both the ICL7104/8052 and the ICL71 04/8068 in the 3 
different phases of operation. If the Run/Hold pin is left open 
or tied to V+; the system will perform conversions at a rate 

determined b'{ the' clock frequency: 131,072 for -16; 32,368 
for - 14; and 8092 for -12 clock periods per cycle (see Figure 5 

AN 
liP 

2 iVD t ... 

~~'"'; 

BD6 1 
9 7 -

_-="+ . ~VREF 

LiB ' 6 

'. 9-=" 7 

- + 

conversion timing). . 

CaMP. 

POL 

Figure 4A: Phase I Auto-Zero 

POL 
Figure 4B: Phase II Integrate Input 

POL 

Figure 4C: Phase III + Deintegrate 

POL 

Figure 40: Phase III - Deintegrate 
Figure 4: Analog Section of Either ICL8052 or ICL8068 with ICL7104 

ZERO 
CROSSING 

FF 

CL 

CL 

a 

o a 
'ZERO 

CROSSING 
FF 

CL 

CL 

o a 
ZERO 

CROSSING 
FF 

CL 

CL 

a a 
ZERO 

CROSSING 
FF . 

CL 

CL 
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8052/7104 8068/7104 
1. Auto-Zero Phase I Fig. 4A. 

During Auto-Zero, the input of the buffer is shorted to 
analog ground thru switch 2, and switch 1 closes a, loop 
around the integrator and comparator. The purpose of 
the loop is to charge the Auto-Zero capacitor until the 
integrator output does not change with time: Also 
switches 4 and 9 recharge the reference capacitor to 
Vref. 

2. Input Integrate Phase" Fig. 4B. 

During input integrate the Auto-Zero lo()p is opened and 
the analog input is connected to the buffer input thru 
switch 3. (The reference capacitor is still being charged to 
Vref during this time.) If the input signal is zero, the buffer, 
integrator and comparator will see the same voltage that 
existed in the previous state (Auto-Zero). Thus the 
integrator output will not change but will remain 
stationary during the entire Input Integrate cycle. If Vin is 
not equal to zero, an unbalanced condition exists 
cOiTlpared to the Auto-Zero phase, and the integrator will 
generate a ramp whose slope is proportional to Vin. At the 
end of this phase, the sign of the ramp is latched into the' 
polarityF!F. 

O~OIL 

Deintegrate Phase III Fig. 4 C&D 
During the Deintegrate phase, the switch drive logic uses the 
outPLJt of the polarity F!F ,in determining whether to close 
switches 6 and 9 or 7 and 8, If the illPut signal was positive, 
switches 7 and 8 are closed and a voltage which is Vr~f more 
negative than dLiringAuto-Zero isimprElssed on the buffer 
input Negative inputs will cause +Vref t6 be applied tei the 
buffer input via switches 6 and 9. Thus, the reference 
capacitor generates the equivalent of a (+) reference or a (-) 
reference from the single reference voltage with negligible 
error. The reference voltage returns the output of the 
integrator to the zero-crossing point established in Phase I. 
The time, or number of counts, required to'do this is propor
tional to the input voltage. Since the Deintegrate phase can 
be twiCE! as long as the Input integrate phase, the input 
voltage required to give a full scale reading = 2Vref. 

Note: Once a zero crossing is detected, the system 
automatically reverts to Auto-Zero phase for the leftover 
Deintegrate time (unless Run!Hold is manipulated, see Run! 
Hold Input in detailed ,description, digital section). 

POLARITY , ZERO CROSSING 
DETECTED' OCCURS ' 

INTEGRATOR 
, OUTPUT 

, " "I "'~~'"U~I "/'. ZERO CROSSING I 
, , I -,"---- I"'" ~ /DETECTED , 

hz PHASE I--I---INT pHASE II I ~;/ DEINTPHASE 111---1-AZ~ 
I I I," I 

INTERNAL CLOCK il..r ~ ...fl,JlJlI1., ,..I1llJ1.IU"" ~. 
" . I I I I ' I 
INTERNAL LATCH I I I n I 

I I I I I 
STATUS OUTPUT I I I I. I I 

I I I' 'I ' I 

NUMBER OF COUNTS TO ZERO CROSSING/ ~AFTER ZERO CROSSING, 

-16 
-14 
-12 

PROPORTIONAL TO V,N ANALOG SECTION WILL 
BE IN AUTOZERO 
CONFIGURJ\TION 

COUNTS 
Phase I Phase II Phase III 
32768 32768 65536 

8192 8192 16384 
2048 2048 4096 

Figure 5: Conversion Timing 

Table'5: Some Typical Component Values 

V++ = +15V V+ = 5V V- = -15V Clock Freq = 200 kHz 

ICL8052!8068 with ICL7104-16 ICL7104-14 ICL7104-12 

Full scale VIN 200 800 '4000 100 ,4000 50 4000 

Buffer Gain 10 1 1 10 1 10 1 

RINT 100 43 200 47 180 27 200 

CINT ',33 .33 .33 0.1 0:1 .022 .022 

CAZ' 1,0 1.0 1.0 1.0 1,0 .47 .47 

'Cref 10 1.0 1.0 10 1.0 4.7 4.7 

Vref 100 400 2000 ' 50 2000 25 200 
Resolution 3.1 12 61 6.1 244 12 980 

UNITS 

mV 

kfl 

/LF 

/LF 

/L F 
mV 

/LV 



8052/7104 8068/7104 
Component Value Selection 
For optimum performance of the analog section, care must 
be taken in the s.election of valuesforthe integrator capacitor 
and resistor, auto-zero capacitor, reference voltage, and 
conversion rate. These values must be chosen to· suit the 
particular application. 

Integrating Resistor 
The integrating resistor is determined by the full scale input 

. voltage and the output current of the buffer used to charge 
the integrator capacitor. This current should be small 
compared to the output short circuit current such that 
thermal effects are kept to a minimum and linearity isnot 
affected. Values of 5 to 40 J).Agive good results with a 
nominal of 20 J).A.The exact value may'be chosen by 

RINT = 
full scale voltage' 

20J).A 

'Note: If gain is used in the buffer amplifier then -

RINT = (Suffer gain) (full scale voltage) 
20J).A 

Integrating Capacitor 
The product of integrating resistor and capacitor is selected 
to give 9 volt swing for full 'scale inputs. This is a compromise 
between possibly saturating the integrator (at +14 volts) due 
to tolerance build-up between the resistor, capacitor and 
clock and the errorsa lower voltage swing could induce due 
to offsets referred to the output of the comparator. In 
general, the value of CINT is give by 

~3276S for -16 J 
(S192 for -14 X c.lock period) . X (20J).A) 

CINT= (204S for -12 . . 
Integrator output voltage swing 

Avery important characteristic of the integrating capacitor is 
that it have low dielectric absorptionto prevent roll-over or 
ratiometric errors. A good test for dielectric absorption is to 
use the capacitor with the input tied to the reference. 

This ratiometric condition should read half scale 100 .... 000 
and any deviation is probably due to dielectric absorption. 
Polypropylene capacitors give undetectable errors at 
reasonable cost. Polystyrene and polycarbonate capacitors 
may also be used in less critical applications. 

Auto-Zero and Reference Capacitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system, a large capacitor giving less noise. 
The reference capacitor should be large enough such that 
stray capacitance to ground from its nodes is negligible. 

Note: When gain is used in the buffer amplifier the reference 
capacitor should be substantially .Iarger than the auto-zero 
capacitor. As a rule of thumb, the reference capacitor should 
be approximately the gain times the value of the auto-zero 
capacitor. The dielectric absorption of the niference cap and 

. auto-zero cap are only important at power-on or when the 
circuit is recovering from an overload. Thus, smaller or 
cheaper caps can be used here if accurate readings are not 
required for the first few seconds,of recovery. 

Reference Voltage 
The analog input required to generate a full scale output is 
VIN = 2 VREF. 
The stability of the reference voltage is a major factor in 
the overall absolute. accuracy of the converter. The 
resolution of the ICl7104 at 16 bits is one part in 65536, or 

15.26ppm. Thus, if the reference. has a temperature 
coefficient of 50ppm/o C (on board reference) a temperature 
change of 113°C will introduce a one-bit absolute error. For 
this reason, it islecommended that an external high quality 
reference be used where the ambient temperature is not 
controlled or where high-accuracy absolute measurements 
are being made. 

Buffer Gain 
At the end of the auto-zero interval, the instantaneous noise 
voltage on the auto-zero capacitor. is stored, and subtracts 
from the input voltage while adding to the reference voltage 
during the next cycle. The result is that this noise voltage 
effectively is somewhat greater than the input noise voltage 
of the buffer itself during integration. By introducing some 
voltage gain into the buffer, the effect of the auto-zero noise 
(referred to the input) can be reduced to the level ofthe 
inherent buffer noise. This generally occurs with a buffer 
gain of between 3 and 10. Further increase in buffer gain 
merely increases the total offset to be handled by the auto
zero loop, and reduces the available buffer and integrator 
swings, without improving the noise performance of the 
system: The circuit recommended for doing this with the 
IClS06S/ICl7104 is shown in Figure 6. With careful layout, 
the circuit shown can achieve effective input noise voltages 
on the order Of 1-2J).V;allowing full 16-bit use with full scale 
inputs of as low as 150mV. Note that at ihis level, thermo
electric EMFs between PC boards,lC pins, etc., due to local 
temperature changes can be very troublesome. For further 
discussion, see App. Note A030. 

+15V ~15V 

rtll 
IS 8 7 1 

TO ICl7104 

Figure 6: Adding Buffer Gain to ICl8068 

ICL8052 vs ICL8068 
The IClS052 offers significantly lower input leakage 
currents than the IClS06S, and may be found preferable in 
systems with high input impedances. However, the ICl8068 
has substantially lower noisevoltage, and for systems where 
system noise is a limiting factor, particularly in low Signal 
level conditions, will give better performance. 

4-13 



8052/7104 8068/7104 
DETAILED DESCRIPTION 
Digital Section 
The digit~1 ~ection include~ the clock o~cillator circuit, a 16, 
14 or 12 bit binarycounter with output latches and TTl-
cOmpatible three-state output drivers,polarity, over-range 
and control logic and UART handshake logic, as shown in 
the E!lock Diagram Figure 7 (16 bit version shownl. 
Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels are defined under 
"ICL7104 Electrical Characteristics". For minimum power 
consumption, all inputs should swing frorn GNDOow) to V+ 
(high). Inputs driven from' TTL gates should have 3-5k!l 
pullup resistors added for maximum noise immunity. 

Mode Input 
The MODE input is used to .control the output mode of the 
converter. When the MODE pin is connectedto,GND or left 
open (this, input is provided with a pulldown resistor to 
eQsure a low level when the pin, is left open), the converter.is 
in its "Direct" output mode, where the output data is directly 
accessible under the control of the chip and byte enable 
inputs. When the MODEinput is pulsed high, the converter 
enters the UART handshake mode and outputs .the data in 
three bytes for the 7104-16 or two bytes for the 7104-14 and 
7104-12, then. returns to "d,irect" mode. When the MODE 
input .isleft high, the converter will output data in the. 
handshake mode at the end of every conversion cycle. (See 
section entitled "Handshake Mode" for fUrther details). 

Run/Fiold Input 
When the Run/Hold input is connected to V+ or left open (this 
input has a pullup resistor to ensure a high level when the pin 
is left open), the circuit will continuously perform conversion 
cycles, updating the output latches at the end oi every 
Deintegrate (Phase liD portion of the conversion cycle (See 
Figure 5), (See under "Handshake Mode" forexceptionJ In 
this mode of operation, the conversion cycle will be 
performed in 131,072 for 7104-16, 32768 for 7104-14 and 
8192 for 7104-2 clock periods, regardless of. the resulting 
value. 
If Run/Hold goes low at any time during Deintegrate (Phase 
liD after the zero crossing has occurred, the circuit will 
immediately terminate Deintegrate and jump to Auto-Zero. 
This feature can be used to eliminate the time spent in 
Deintegrate after the zero-crossing. If Run/Hold stays or 
goes low, the converter will ensure a minimum Auto-Zero 
time, and then wait in Auto-Zero until the Run/Hold input 
goes'righ. The converter will begin the Integrate (Phase II) 
portion of the next conversion (and the' STaTuS output will 
go high) seven clock periods after the high level is detected at 
RUnlHold. See Figure 8 for details. 
Using the Run/Hold inp'utin this manner allows an easy 
"convert on demand" interface to be used. The converter 
may be held at idle in Auto-Zero with Run/Hold low. When 
Run/Hold goes high the conversion is started, and when the 
STaTuS output goes low the new data is valid (or transferred 
to the UART - see Handshake Model. Run/Hold may now go 
low terminating Deintegrate arid ensuring a minimum Auto
Zero time before stopping. to wait for the next conversion. 
Alternately, Run/Hold can be used to minimize conversion 

STaTuS Output time by ensuring that it goes low during Deintegrate, after 
During a conversion cycle, the STaTuS output goes high at zero crossing, and goes high after the hold point is reached. 
the beginning of Input Integrate (Phase ID, and goes low The required activity on the Run/Hold input can be provided II 0, ne-halfC",IOCk per,iOd. afte, r new data from the conversion has by connecting it to theCLOCK3 H2, -14), CLOCK2 (-16) 
been stored in the output latches. See Figure 5 for details of Output. In this modethe conversion time is dependent on the 

J this timing. This signal may be used as a "data valid" flag input value measured. Also refer to Intersil Application 
(data never changes while STaTuS is lowl to drive interrupts, Bulletin A030 for a discussion of the effects this will have on 
or for monitoring the status of the converter. Auto-Zero performance, 
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8052/7104 8068/7104 O~OIL 
OPTION ·12 ·14 ·16 

MIN 1785 7161 28665 
MAX 2041 8185 32761 

~i'~:R6E~~b~~i~~ I i STATIC IN I-~~TASE I 
~TECTION '" I I HOLD STAT.E.. ' I INTEGRATOR 

OUTPUT - ...... ~ -"""""'---l\'! . I ,I,·· 1 ___ 
,~ ..... ---- -~ , I ' + f 1'-----7 COUNTS---I 

'l..n.Jl.fL Jlfl11Il..flfL. ~ ~ ~ 
I I I 

INTERNAL CLOCK V 

INTERNAL LATCH ____ ~----------------------------------~f1 I I r-. STaTuS OUTPUT 

~--~--------~I 
i I 
L.. __________ _ 

I 

RUN/HOLD INPUT --------'--------'L;--_--_--_-_--_--_---j ___ ______________________ _ 
Figure 8: Run/Hold Operation 

If the Run/Hold input goes low and stays low during Auto· 
Zero (Phase D, the converter will simply stop at the end of 
Auto-Zero and wait for Run/Hold to go high. As above, 
Integrate (Phase ID begins seven clock periods after the high 
level is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs[bits 
1 through 8 low order byte, .see Table 4 for format of middle 
(-16) and high order bytes]are accessible under control of the 
byte and chip ENable terminals as inputs. These ENable 
inputs. are all active low, and ·are provided' with pullup 
resistors to ensure an inactive high level when left open, 
When the chip ENable input is low, taking a byte ENable 

ZERO·CROSSING 

INTE~~~~~~ ----'t<,..---+.---

input low will allow the outputs of that byte to become active 
(three-stated on). This allows a variety of parallel data acces
sing techniques to be used, as shown in Figure 2, The timing 
requirements for these outputs are shown in Figure 2 and 
Table 1. 

It should be noted that these control inputs are 
asynchronous with respect to the converter clock - the data 
may be accessed at any time. Thus it is possible to access the 
data while it is being updated, which could lead to scrambled 
data. Synchronizing the access of data with the conversion 
cycle by monitoring the STaTuS output will prevent this. 
Data is never updated while STaTuS is low. Also note the 
potential bus conflict described under "Initial Clear Circuitry". 

For -16 MBEN sequence Inserted here. 

INTERNAL 
CLOCK 

INTERNAL LATCH _______ ~ ·~_+___r____+__+____t___t__I 
STATUS -----------------...... 

OUTPUT ~---+------------~----+-------------~--_+--------------r_--_r--------

CE/LOAD 

HIGH BYTE ______ _ 

DATA 

LOW BYTE 
DATA ----------

LOW BYTE . ' , DMA-----~-----------------------------
_ ~ DON'T CARE. ---- ~ THREE·STATE HIGH IMPEDANCE _.J.._~ THREE.STATE WITH PULLUP 

Figure 9: Handshake With SEN Held Positive 
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Handshake Mode 
The handshake output mode is provided as an alternative 
means of interfacing the ICL7104 to digital systems, where 
ttie AID converter becomes active in controlling the flow of 
data instead of passively responding to chip and byte ENable 
inputs. This mode is specifically designed to allow a direct 
interface between the' ,ICL7l04 and industry-standard 
UARTs (such as the Intersil CMOS UARTs,IM64(2/3) with no 
external logic required. When triggered into the handshake 
mode, the ICL7l04 provides all the control and flag signals 
necessary, to s,equence the' three (fCL7l06-16) or two 
(ICL7l04-14, -12) bytes of data into the UART and initiate 
their transmission in seriai form. This greatly eases the task 
and reduces the cost of designing remote data acquisition 
stations using serial data transmission to minimize the 
number of ,lines to the central controlling processor. 
Entry, into the handshake mode will occur if either of two 
conditions are fulfilled; first, if new data is latched (j.e; a 
conversion is completed) while MODE pin (pin 27) is high, in 
which case entry occurs at the end of the latch cycle; or 
secondly, if the MODE pin goes from low to high, when entry 
will occur immediately (if new data is being latched, entry is 
delayed to the end,of the latch cycle>. While in the handshake 
mode, data latching is ',inhibited, ,and the MODE pin is 
ignored. (Note that. conversion cycles will continue in the 
normal manner>. This allows versatile initiation of handshake 
operation without danger of false data generation; if the 
MODE pin is held high, every conversion (other than those 
completed during handshake operations) will start a new 

ZERO·CROSSING 

INTE~~~~~~ __ ~_*_ 

INTERNAL 
CLOCK 

INTERNAL 
LATCH __ -,._..1 

INTERNAL UART 
'MODE =::::.. ___ ~ 

SEN INPUT 
(UARTTBRE) 

CElLO OUTPUT -------1---1. 
(UARTTBRL) 

HIGH BYTE ' , 
, DATA --,-.,...--,-

MIDDLE~1:::! _______ _ 

LOW BYTE 
DATA ...,--:----.,...-

III = DON'T CARE 

-.,...--0011--

O~OR. 
handshake operation, while ilthe MODE pin is pulsed high, 
handshake operations can be obtained "On demand." 
When the converter enters the handshake mode, or when the 
MODE input is high, the chip and byte ENable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle. The Send ENable pin (SEN) (pin 
29) is used as an indication· of the ability of the external 
device to receive data. The condition of the line is sensed 
once every clock pulse, and if it is high; the next (or first) byte 
is enabled on the next rising CLOCK 1 (pin 25) clock edge, 
the corresponding byte ENable line goes low, and the Chip 
ENable/LoaD line (pin 30) (CElLD) goes low for one fuil clock 
pulse only, returning high. 

bn the next falling CLOCK 1 clock pulse edge, if SEN remains 
high, or after it goes high again, the byte output lines will be 
put in the high impedance state (or three-stated off). One half 
pulse later, the byte ENable pin will be cleared high, and 
(unless finished) the CEILD and the next byte ENable pin will 
go low. This will continue until all three (2 in the case of 12 
and 14 bit devices) bytes have been sent. The bytes are 
individually put into the low impedance state i.e.: three
stated on during most of the time thattheir byte ENable pin is 
(active), low. When receipt of the last byte has' been 
acknowledged by a high SEN, the handshake mode will be 
cleared, re-enabling data latching from conversions, and 
recognizing the condition of the MODE pin again. The byte 
a'nd chip ENable will be t!lree-stated off, if MODE is loW, but 
held high by their (weak) pullups. These timing relationships 
are illustrated in Figure 9, 10, and 11, and Table 2. 

-,.----11--- _.-1-.-1-0 ------

--,.. = THREE-STATE HIGH IMPEDANCE 

Figure 10: Handshake - Typical UART Interface Timing 
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Figure 9 shows the sequence of the output cycle with SEN 
held high. The handshake mode (internal MODE high) is 
entered after the data latch pulse (since MODE remains high 
the CE/LD, LBEN, MBEN and HBEN terminals are active as 
outputs), The high level at the SEN input is sensed on the 
same high to low internal clock edge. On the next low to high 
internal clock edge, the CE/LD and the HBEN outputs 
assume a low level and the high-order byte (POL and OR, and 
except for -16, Bis 9-14) outputs are enabled. The CE/LD 
output remains low for one full internal clock period only, the 
data outputs remain active for 1-1/2 internal clock periods, 
and the' high byte ENable remains low for two clock periods. 
Thus the CE/LD output low level or low to high edge may be 
used as a synchronizing signal to ensure valid data, and the 
byte ENable as an output may be used as a byte identifica
tion flag. With SEN remaining high the converter completes 
the output cycle using CE/LD, MBEN and LBEN while the 
remaining byte outputs (see Table 4) are activated. The 
handshake mode is terminated when all bytes are sent (3 for-
16,2 for -14, -12), 

Figure10shows an output sequence where the SEN input is 
used to delay portions of the sequence, or handshake, to 
ensure correct data transfer. This timing diagram shows the' 
relationships that occur using an industry-standard 
IM6402/3 CMOS UART to interface to serial data channels. 
In this interface, the SEN input to the ICL7104 is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the CEleb terminal of the ICL7104 drives the 
TBRL (Transmitter Buffer Register Load) input to the UART. 

O~OIb 
The data outputs are paralleled into the eight Transmitter 
Buffer Register inputs. 

Assuming the UART Transmitter Buffer Register is empty, 
the SEN input will be high when the handshake mode is 
entered after new data is stored. The CE/[O arid HBEN . 
terminals will go low after SEN is sensed, and the high order 
byte outputs become active. When CE/LD goes high at the 
end of one clock period, the high order byte data is clocked. 
into the UART Transmitter Buffer Register. The UART TBRE 
output will now go low, which halts the output cycle with the 
HBEN output low, and the high order byte outputs active. 
'When the UART has transferred the data to the Transmitter 
Register and cleared the Transmitter Buffer Register, the 
TBRE returns high. On the next ICL7104 internal clock high 
to low edge, the high order byte outputs are disabled, and 
one-half internal clock later, the HBEN output returns high. 
At the same time, the CE/LD and MBEN (-16) or LBEN 
outputs go low, and the corresponding byte outputs become 
active. Similarly, when the CE/LD returns high atthe end of 
one clock period, the enabled data is clocked into the UART' 
Transmitter Buffer Register. and TBRE again goes low. 
When TBRE returns to a high it will be sensed on the next 
ICL7104 internal clock high to low edge, disabling the data 
outputs. For the 16 bit device, the sequence is repeated for 
LBEN. One-half internal clock later, the handshake mode 
will be cleared, and the chip and byte ENable terminals 
return high and stay active (as long as MODE stays high), 

With the MODE input remaining high as in these examples, 
the converter will output the results of every conversion 

ZERO-CROSSING 
/OCCURS 

" ZERO·CflOSSING DETECTED 

::::~::a·· ~~1il'5:~:~-'~'" 
LATCH I_-+--I~----'" i--~"'"'"r=-""""""""" STATUSOUTPUT 1--+-+--- ill 

STATUS ~~ ••• mlmal UNAFFECTED BY OUTPUT ~ DEINT ~UA;;:R.:..:T+M~O:.:D~E _____ I__+-t __ _ 
POSITIVE TRANSITION CAUSES PHASE III 

MODE ENTRY INTO 'm ••• mmmmllmm.$mmmm='m •• mmmms~m=~ __ _ INPUT UART MODE fi. ~;.:. 

INTERNAL UART 
MODE ::;NO~R:::M::""'_J 

SEN ~mmm~_.L INPUT li:I 

HBEN ______ r-- --+-'iI. 
'--------t-f 

HIGH gZ~! --------... ~-
MBEN-----r--~~~------~-~~ 

~--__ ,I_-I___f 
• ---

MIDDLE gZ~! ---------I~- - -------11_- -

-~-

LOW gZ~! ---------I~- -------f~- - ------~~-

• ~ DON:T CARE --- = THREE-STATE HIGH IMPEDANCE . -~- ~ THREE-STATE WITH PULLUP 

Figure 11: Handshake Triggered By Mode 

4-17 



8052/7104 8068/7104 
except those completed during a handshake operation. By 
triggering the converter into handshake mode witha low to 
high edge on the MODE input, handshake.outputsequences 
may be performed on demand. Figure 11 shows a handshake 
output sequence triggered by such an edge. In addition, the 
SEN input is shown as being I,ow when the converter enters 
handshake mode. In this case,the whole output sequence is. 
controlled by the SEN input. and the sequence for the first 
(high order) byte is similar to the sequence for· the other 
bytes. This diagram' also shows the output sequence taking 
longer than a "Conversion cycle. Note that the converte~still 
makes conversions, with the STaTuS output and Run/Ho!d 
input functioning normally. The only difference is that new 
data ·will not be latched when in handshake mode, and is 
therefore ·Iost. , 

Initial Clear Circuitry 
The internal logic of the 7104 is supplied by an internal 
regulator between V++ and Digital. Grou.nd. The regulator 
includes.a low-voltage detector that 'will clear various 
registers, This is intended to ensure that on initial power-up, 
the control logic comes up in Auto-Zero, with the 2nd, 3rd, and 
4th MSB bits 'cleared, and the "mode:' FF cleared ILe. in 

, "direct" model. This, however, will also clear these registers 
if the supply voltage "glitches" to a low enough value: 
Additionally, if the supply v<;>ltage comes up too fast, this 
clear pulse may be too narrow for reliable clearing. In 
general, this is not a problem, but if the UART internal 
"MODE" FF should come up set, the byte and chipENable 
lines will become active outputs. In many systems this could 
lead to buss conflicts, especially in non-handshake systems. 
In any case, SEN should be high (held high for non
handshake systems) to ensure that the MODE FF will be 
cleared as fast as possible (see Fig. 9 for timing). ,For these 
and other reasons, adequate supply bypass is I recommended. '. 

~ Oscillator _ 
The ICL7104-14 and -12 are provided with a versatile three 
terminal oscillator to generate the internal clock. The 

4-18 

oscillator may be overdriven, or may be operated as an RC or 
crystal oscillatqr.·· . . , 

Figure 12 shows the ,oscillator configured for RC operation. 
The internal-clock will be of the same frequency and phase as 
the voltage on the CLOCK 3 pin. The resistor and capacitor 
should be connected as shown. The circuit will oscillate at a 
frequency given by f = .45/RC. An 100kU resistor is 
recommended for useful ranges of frequency. For optimum 
60Hz line rejection, the capacitor value sho'uld be chosen 
such that 32768 (-16), 8192 (-14), 2048 (-12) clock periods is 
close to an integral multiple of the 60Hz period. 

CLOCK 
1 

25 26 24 

CLOCK CLOCK 
2 3 

c 

lose = .45/RC 

Figure 12: RC Oscillator, 
Note that CLOCK 3 has the same output drive as the bit outputs. 

D~DI!" 
As a result of pin count limitations, the ICL7104-16 has only 
CLOCK 1 and CLOCK 2 available, and cannot be used as an 
RC oscillator. Tile internal clock will correspond to the 
inverse of the signal on CLOCK 2. Figure 13 shows a crystal 
oscillator circuit, which can be u!?ed with all 7104 versions.lf, 
an external clock is to be used, it should be' applied to , 
CLOCK 1. Tl:le internal clock will correspond to the signal 
applied to this pin. 

CRYSTAL 

• ~ ·CAPACITOR VALUE 
'..L DEPENDS ON CRYSTAL. 

-=- TYP 0-30pF. 

Figure 13: Crystal Oscillator 

POWER SUPPLY SEQUENCING .... 
Because of the nature of the CMOS process used to fabricate 
the ICL7104, and,tl:le multiple power supplies usedilhere are 
certain conditions of these supplies under which a disabling 
and potentially damaging SeR action can occur. All of these 
conditions involve the V+ supply (nOm. +5V) being· more. 
'positive than the V++ supply. If there is any possibility of this 
occuririg during 'start-up, shut down, under transient 
conditions during operation, or when insertil)g a PC board 
into a "hot" socket, etc., a diode should be placed between V
and V++ to prevent it. A germanium or Schottky rectifier 
diode would be best,' but in most cases a silicon rectifier 
di,ode is adequate. 

ANALOG AND DIGITAL GROUNDS 
Extreme care must be taken to avoid grourid loops,in the 

. layout of 8068 or 8052/7104 circuits, especially in 16-bit and 
high sensitivity circuits. It is most important that return 
currents from digital loads are rlOtfed into.the analog ground 
line. 'A recommended connection sequence for the ground 
lines is shown in Figure 14. 

Some applications bulletins that may be found useful are 
listed here: 

A016 "Selecting AID Converters", by Dave Fullagar 
A017 "The Integrating AID Converter", by Lee Evans 
A018 "Do's and DonI's of Applying AID Converters", by 

Peter Bradshaw and skip Osgood 
A025 "Building a Remote Data Logging Station", by Peter 

Bradshaw . 
A030 "The ICL7104 - A Binary Output AID Converter for 

Microprocessors", by Peter. Bradshaw 
R005 "Interfacing Data Converters & Microprocessors", by 

Peter Bradshawet'al, Electronics, Dec. 9, 1976. 
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14 Pin Plastic Dual-In-Line Package 14 Pin Ceramic Dual-In-Line Package 

I: : : : : : l (4~~2) .250 (6.35) 

~.765 (19.431) MAX.~. MAX •. 130 

1 '1 (3.302) 

~Ln=T 
TI ~ J ~ ~r- .130 (~.102) 

.110 (2.794) .070 (1.778) .023 (.584) 

.090 (2.286)' -.030 (.762) .014 (.356) 

14 Pin CERDIP [:::::] 
.110 (2.794) .070 (1.778) .023 (.584) 
.090 (2.286) mo (.762) .014 (.356) 

F --=.j 180 (4572) 

~6105\135:1~1 m7BO 
(1'.B12) MAX I 

~ '~--~II-

t II U = 00B(.203) 

-I 1- ~ -II- 200 (SOB) I 1 

:~~~ :~:~::: '~300 (:::2~1 :~~! g:~1·125 (3.17~ ::~~ ::~3!~1 r-

.320 (8.128) 

.290 (7.366) 

40 Pin Plastic Dual-In-Line Package 40 Pin Ceramic Dual-In-Line Package 

. 0520t(13.2) 
NOM. 

I 
• .060 (1.524) TYP. .160 .025 -I t- ±.OO2 (0.051) (4.064) (~~~~) 

lWWWWiN'?IJWI?I?I?WI(t.J . c::::lil .012 ± .001 ~ :t=f. ~~~~P. -r~y~~5 ± 0.025) 

L -jL -j L·100 .125(3.17) ~.650-1 . 1- 1- . r (2.54) MIN.. 1-- (16.5)1 
.070 .018 (0.457) . MAX. 

(1.77~) .020 (0.50B) 
TYP TYP, 

1 . 2.020 (51.308) 'I 
MAX . 

t 
0.540 (13.7) 

'NOM. 

j 
0.520 (13.208)'-----.1 . 

saUARE 1- -, 0.165 (4.191) 0020 (0508) 

O.O',"y~:21) -I I- MAX. 0:060 11:524) 

rninnmiTiilnnnnnn,lflilrcLi ·~r='T"T'1 I =s,-I1 0.006 (0.152) 

l1flflIlI1flflI1f1f1f1flf1f1f1f1f1fUlfU =r=f' ~ 0600 -+0.012 (O.30S) 

1 r- -u- -1 t- ~:~~ (3.175) t-(~5E~~)-l 
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(1.27 L254) (0.457 ± 0.051) (2.54 ± .254), 
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ICL7109 
12 Bit Binary AID Convener for 

'Microprocessor Interfaces 

FEATURES 
• 12 bit binary (plus polarity and overrange) dual 

slope integrating analog-to-digital converter. 
• Byte-organized TTL-compatible three-state outputs 

and UART handshake mode for simple parallel or 
serial interfacing to microprocessor systems. 

• RUN/HOLD input and STATUS output can be used 
to monitor and control conversion timing. 

• True differential input and differential reference. 
• Low noise-typically 15flV peak-to-peak. 
• 1 pA typical input current. 
• Operates at up to 30 conversions per second. 
• On-chip oscillator operates with inexpensive 

3.58MHz TV crystal giving 7.5 conversions per 
second for 60Hz rejection, o'r may be operated as an 
RC oscillator for other clock frequencies. 

• Fabricated using MAX-CMOST• technology 
combining analog and digital functions on a single 
low power LSI CMOS chip. . 

• All inputs fully protected against static discharge; 
no special handling precautions necessary. 

PIN CONFIGURATION AND TEST CIRCUIT: 
ISee Figure 1 for tYPical connection to.a UART or Microcomputer' 

GND 
r1""'G~N""D"...._T,;,.0"",P V11_EW_-V""+-4""'O 

+5V 
2 STATUS REF IN 391----------< 

GENERAL DESCRIPTION· 
The ICL7109 is a high performance, low power integrating 
A/D converter designed to easily interface to microproces
sors. 

The output data 112 bits, polarity and overrange) may be 
directly accessed under control of two byte enable inputs 
and a chip select input for a simple parallel bus interface. A 
UART handshake mode is provided which allows the 
ICL7109 to work with industry-standard UARTs to provide 
serial data transmission, ideal for remote data logging 
applications. The RUN/HOLD input al'ld STATUS output 
allow monitoring and control of conversion timing. 

The ICL71 09 provides the user the high accuracy, low noise, 
low drift, versatility and economy of .the dual-slope inte
grating A/D converter. Features like true differential input 
and reference, zero drift of less than 1 IlV/o C max., input bias 
current of. 10pA max., and typical power consumption of 
20mW make the ICL7109 an attractive per-channel 
alternative to analog\mUltiPleXing for many data acquisition 
applications. 

Note: A MIL·STD (883 processing) version of the ICL7109 will be 
available July 1979. 

PACKAGE DIMENSIONS 

40 Pin Plastic Dual-in-Line Package 

1---2.040 (51.816)---1 
t 

{ 

3 POL REF CAP - 38 EXTERNAL 
0~6~~ 4 OR REF CAP f 37 1"F REFERENCE 

BYTE 5 B12 REF IN+ 361--'--"1M"'I"C"' ---0 

OUTPUTS . ~ ::~ I~NL~ ~~ .01"F :~:~~ ~~~H 
8 B9 COMMON 33;t---...."CI~,ND.15"F 

I:::::::::::::::::::J .0520(13.2) 
NOM. 

I 
060 (1.524) TYP. .160 .025 

. -j 1-"' .002 (0.051) (4~ (~~!~) 

~_L.l~.012 .001 

{ 

9 B8 ICL7109 INT 3211--"'CA-Z-='-I"'= 

LOW :~:~ B~~~~~~~I~~.~3~3~"~F~~~VV~~ 
ORDER 12 B5 REF OUT 29t----'----, 

BYTE 13 B4 V- 28 . 
OUTPUTS '14 B3 SEND 27 

15 B2 RUN/HOLD 26 
16 B1 BUF OSC OUT 25 v' 
17 TEST OSC SEL 24 GND 24kl!. 

BYTE { 18 LBEN OSC OUT 231-----, 
CONTROL 19 HBEN OSC IN 22 

INPUTS L:2:::0..;:C:.:;E:.:/L:.;:O;.:;:A;;D ___ :::M;:;;:O:;:,DE~21:.1 

ORDERING INFORMATION 

~ 
Tt ... 5' _ (0.3050.025) -+ TYP. TYP. 

1- -11- ..J 1- .100 .125 (3.'" L...'so........1 -] (2.54) MIN. 1--(16.5)-l 
.070 .018(0.457) MAX. 

(1.776) .020 (a.50a) 
TYP TYP 

40 Pin Ceramic Dual-in-'Line Package 

1 
___ 2.020 (51.308)--1 

MAX. I 

O.5:g~~3R2:8)1-I 0.165(4.191) 00200508 0.006(0.152) 

O.OS:y~ .. 271-J f-- MAX. 0:060 ~':S24: O.Ol~ (0.305) 

~~ 
Part Package Temp. Range Order Part # 

-H- -11-- -i r ~:~~ (3.175) \-(~5E~~I-! 
0.050'0.0100.018-0.002 0.1000.010 
(1.27 .254) (0.4570.051) (2.54 .254) 

7109 40 pin ceramic DIP -25' C to +85° C ICL710910L 
7109 40 pin plastic DIP DOC to -t7DoC ICL71D9CPL 
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ABSOLUTE MAXIMUM RATINGS 

PositiveSupplyVoltage(GNDtoV+) ................................... , .. ' .. +6.2V 
Negative Supply Voltage (GND to V-, .. : ...................................... -9V 
Analog Input Voltage (Lo or Hi) (Note 1) ....... , ........................... V+ to V-
Reference Inp~t Voltage (Lo or Hi)(Note 1) ................. ; ..... , .. ;: .... V+ to V-
Digital Input Voltage V+ +0,3V 
(Pins2-27)(Note2) ................................................. GND-0.3V 

Power Dissipation (Note 3) 
CeramicorCerdipPackage .......................................... 1W@85°C 
Plastic Package ............................................... 500mW@70°C 

Operating Temperature , 
Ceramic or Cerdip Package .. : .............................. -25° CST A S 85° C 
Plastic Package ......................... , .......... , ........ 0° C :S TA S 70° C 

Storage Temperature ........................................ -55°C S TA S 125°C 
Lead Temperature (soldering, 60 sec) ............... : ...................... 300°C 

Absolute maximum ratings define stress limitations which if exceedeamay permaneritly damage the device, These ratings are not continuous 
duty ratings, Fo~ continuous operation these devices must be, operated under the conditions defined under "Operating Characteristic's," 

TABLE I OPERATING CHARACTERISTICS 
All parameters with V' = 15V, V 
Test circuit as shown on page 1, 

5V GND OV, T A 25°'C, unless otherwise indicated, 

ANALOG SECTION 
PARAMETER SYMBOL CONDITIONS MIN TYP 

Zero Input Reading VIN = O.OV 
Full scale = 409,6mV OOOOs ±OOOOs 

Ratiometric Reading VIN = VREF 3777s 3777s 
VREF = 204,8mV 4000s 

Non-Linearity (Max 
deviation from best Full scale = 409,6mV or -1 ±,2 
straight line fit) 4,096V -

Roll-over Error (dif-
ference in reading -1 ±.2 
for equal pos, and neg, 
inputs near full scale. 

Common Mode Rejection VCM±lVVIN=OV 50 
Ratio Full Scale = 409.6mV ! 
Noise (p-p value not VIN = OV 15 
exceeded 95% of time) Full Scale = 409.6mV 

Leakage Current at 
Input VIN = OV 1 

Zero Reading Drift VIN = OV 0.2 

Scale Factor Temperature VIN = 408.9mV => 7770s 
Coefficient reading 

Ext. Ref. 0 ppmfD C 1 

Supply Current V+ to IOL 
GND VIN = 0, Crystal Osc, 700 

Supply Current V+ to V- IDA 
3,58MHz test circLlit 
Pins 2-21, 25, 26, 27, 29, open 

700 

Ref Out Vciltage Referred to V+, 25kll 
between V+ and REF OUT -2.4 -2,8 

Ref Out Temp, Coefficient 25kll between V+ and REF OUT 80 

MAX UNITS 

Octal 
+OOOOs Reading 

4000s Octal 
Reading 

+1 Counts 

+1 Counts 

JJ.V/V 

JJ.V 

10 pA 

1 JJ.V/oC 

5 ppm/oC 

1500 JJ.A 

1500 JJ.A 

-3.2 V 

ppm/oC 

I 
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DIGITAL SECTION 

4-22 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Output High Voltage VOH lOUT = 1OO!LA 3.5 4.3 V 

Pins 2-16, 18, 19, 20 

Output Low Voltage VOL lOUT = 1.6mA 0.2 0.4 V 

Output Leakage Current Pins 3-16 high impedance ±.01 ±1 !LA 

Control I/O Pullup Pins 18, 19.20 VOUT = V+ -3V 
Current MODE input at GND 5 !LA 

Control 1/0 Loading HBEN Pin 19 LBEN Pin 18 50 pF 

Input High Voltage VIH Pins ,18-21, 26. 27 
referred to GND 2.5 V 

Input Low Voltage Vil Pi ns 18-21, 26. 27 
referred to GND 1 V 

Input Pull-up Current Pins 26. 27 VOUT = V+ -3V 5 !LA 

Input Pull-up Current Pins 17, 24 VOUT = V- -3V 25 !LA 

Input Pull-down Current Pin 21 VOUT = GND +3V 5 !LA 

Oscillator Output High OOH VOUT = 2.5V 1 mA 
Current Low OOl VOUT - 2.5V_ 1.5 mA 

Buffered Oscillator High BOOH VOUT = 2.5V 2 mA 
Output Current Low BOOl VOUT = 2.5V 5 mA 

MODE Input Pulse Width 50 ns 

Note 1: Input voltages may exceed the supply voltages provided the Input current IS limited to :±.lOOIIA 
Note 2: 

Note 3: 

-5V-

GND£ 
-5V-

-
-
-
-

-5V-

--'---
SERIAL 
INPUT 

SeiiiAL 
OUTPUT 

r5Y 

1 
GN 0-

-
-
-

Y-
Y-
Y-

+5 
+5 
+5 
+5 V-

GN 0-

Due to the SCR structure inherent in the process used to fabricate these devices, connecting any digital inputs or outputs to voltages 
greater than V' or less than GND may cause destructive device latch up. For this reason it is recommended that no inputs from sources 
not on the same power supply be applied to the ICL7109 before its powersupply is established, and that in multi'ple supply systems the 
supply to the ICL7109 be activated first. 
This limit refers to that of the package and will not be obtained during normal operation. 

V I 40 -+5V 
1 vcc TRC 40 f- GND- 1 GND REF IN 39 -GND 
2 OSC CONTROL OSC IN 17 25 BUF OSC OUT REF CAP 38 =:;::: l"F EXTERNAL 
3 GND EPE 39 

r'5V 
- 2 STATUS REF CAP, 37 REFERENCE 

4 RRD CLS138 REF IN t 36 
lMll 

.---<)-

5·12 CLS237 - 19 HBEN IN HI 35 
.01"F + INPUT 

RBRl-8 SBS 36 IN La 34 
PI 35 f-GND 3-8 COM 33 GND 

~ 
INTII·15.u F 

13 PE CRL 34 f- B9-B12,POL,OR INT 32 
IICAZ II 

14 FE 26-33 8 9-16 AZ 31 1I.33"F ,1\1\ J 15 OE TBRl-8 Bl-B8 BUF 30 
16 SFD TRE 24 f- - 17 TEST REF OUT 29 f- RINT 20kll 0.2V REF 

ORR 18 18 LBEN V- 28 I- -5V 200kll 2Y REF 
20 RRI DR 19 21 MODE RUN/HOLD 26 r- +5V OR OPEN 

TBRL 23 20 CE/LOAD OSC SEL 24 I-GND 
TBRE 22 27 SEND OSCOUT 23 

25 TRO MR 21 -GND OSC IN 22 ~ 3.58 MHz 
CRYSTAL FOR LOWEST POWER CONSUMPTION, 

IM6403 " ICL7109 TBR1 TBR6 INPUTS SHOULD HAVE 100k __ 
CMOS UART \, PULLUP RESISTORS TO '5V CMOS A/D CONYERTER 

Figure 1A. To transmit latest result, send any word to UART, 

r-t0~ 
2 3 +5Y-

XTALl XTAL2 GND-
1 TO -
4 RESET 21-24 

~IOTHER 5 SS 35-38 
6 INT P20-P27 

~,I/O 
7 EA 

31-34 

8 WR 
P14-P17 

9 PSEN P1330 
11 ALE P1229 
25 PROG Pll 28 

I 

26 YDD Pl027 
39 TL r-40 YCC 

12-19 
DBO-DB7 8 8 

20 YSS RDl0 

IM8748/8049 

40 v+ 
1 GND 
17 TEST 

26 RUN/HOLD 
2 STATUS 
18 LBEN 
19 HBEN 

3-8 
B9-B12,POL.OR 

9-16 
Bl-B8 
20 CE/LOAD 

REF IN 39 
REF CAP - 38 
REF CAP + 37 

REF IN + 36 
IN HI35 

IN LO 34 
COM 33 

INT 32 
AZ31 

BUF 30 
REF OUT 29 

Y-28 
SEND 27 

BUF OSC OUT 25 
OSC SEL 24 

OSC OUT 23 

[:5=l"F 

lMll 

= 
.01"F 

v 

GND 

E 

---GND 
XTERNAL 
EFERENCE 
+ 

R 

+ INPUT 

CINTII·15"F 
CAZ 

1I,33"F 

r-
f--5V 
r-
-
-GND 

II 

R~; 20k 
200 

II O,2Y REF. 
kll2Y REF, 

MODE 21 -, CRYSTAL 

ICL7109 

OSC IN 22 ~ ~.58 MHz 

CMOS MICROCOMPUTER C'MOS AID CONVERTER 

Figure 1B.Typical Connection Diagram Parallel Interface With 8748/8048 Microcomputer 



ICL7109 
TABLE 2 - Pin Assignment and Function Description 

r-PI-N~-S-Y-M-B-O~L-''-------D-E-SC-R-IP-T-IO-N----~--' PIN SYMBOL DESCRIPTION 
1 GND Digital Ground, OV, Ground return for all 

digital logic 

2 STATUS Output - High during integrate and deinte-
grate until data is latched. 
- Low when analog section is In Auto-Zero 
configuration. 

3 POL Polarity, Three-State Output 

4 OR Over-range, Three-State Output 

5 B12 Bit 12 IMost Significant Bill 

6 Bll Bit 11 

7 Bl0 Bit 10 

8 B9 Bit 9 

9 B8 Bit 8 

10 B7 Bit 7 

11 B6 Bit 6 Data Bits, Three-State Output 

12 B5 Bit 5 

13 B4 Bit 4 
14 B3 Bit 3 

15 B2 Bit 2 

16 Bl Bit 1 ILeast Significant Bill 

17 TEST Input High - Normal Operation. 
Input Low - Forces all bit outputs high. 
Note: This input is used for test purposes 
only. 

18 LBEN Low Byte Enable - With Mode 'Pin 21110w, 
and CE/LOAD IPin 201 low, taking thiS pin 
low activates low order byte outputs Bl-B8. 

- With Mode IPIn 211 high. thiS pin servesas 
a low byte flag output used In handshake 
mode. See Figures 7, 8. 9. 

19 HBEN High Byte Enable - With ry10de 1 Pin 21110w, 
and CE/LOAD IPIn 201 low, taking thiS pin 
low activates high order byte outputs B9-
B12, POL, OR. 

- With Mode IPIn 211 high. thiS pin serves as 
a high byte flag output used In handshake 
mode. See Figures 7, 8, 9. 

20 CE/LOAD Chip Enable Load - With Mode IPIn 21110w, 
CE/LOAD serves as a master output enable. 
When high, Bl-B12, POL, OR outputs are 
disabled. 

- With Mode IPln 2.11 high, this pin servesas 
a load strobe used in handshake mode. 
See Figures 7, 8, 9. 

DETAILED DESCRIPTION 
Analog Section 
Figure 2 shows the equivalent circuit of the Analog Section 
of the ICL7109. When the RUN/HOLD inputis left open or 
connected to V+, the circuit will perform conversions at a rate 
determined by the clock frequency (8192 clock periods per 
cycle). Each measurement cycle is divided into three phases 
as shown in Figure 3. They are (1) Auto-Zero (AZ), (2) Signal 
Integrate (lNT) and (3) Deintegrate (DEi. 

1. Auto-Zero Phase 

During auto-zero three things happen. First, input high 
and low are disconnected from their pins and internally 
shorted to analog common. Second, the reference ca
pacitor is charged to tt:Je reference voltage. Third, a feed
back loop is c~osed around the system to charge the auto-

21 MODE Input Low - Direct output mode where 
CE/LOAD {Pin 201, HBEN {Pin 191.and 
LBEN {Pin 181 act as inputs directly 
controlling byte outputs. 
Input Pulsed High - Causes immediate 
entry into handshake rl)ode and output of 
data as in Figure 9. 
Input High - Enables CE/LOAD IPin 201, 
HBEN IPin 191, and LBEN IPin 181 as out
puts, handshake mode Will be entered and 
data output as in Figures 7 and 8 at con
version completion. 

22 OSC IN Oscillator Input 

23 OSC OUT Oscillator Output 
24 OSC SEL Oscillator Select - Input high configures 

OSC IN, OSC OUT, BUF OSC OUT as RC 
oscillator - clock will be same phase and 
duty cycle as BUF OSC OUT. 

25 

26 

27 

28 

29 

30 
31 

32 

33 

34 

35 

36 
37 

38 

39 
40 

. 

BUF OSC OUT 
RUN/HOLD 

.' 

SEND 

V 

REF OUT 

BUFFER 

AUTOcZERO 

INTEGRATOR 

COMMON 

INPUT LO 
INPUT HI 

REF IN 

REF CAP 

REF CAP 
REF IN 

V 

- Input low configures OSC IN, OSC OUT 
for crystal OSCillator - clock frequency Will 
be 1/58 of frequency at BUF OSC OUT. 

Buffered OSCillator Output 

Input High - Conversions continuoLlsly 
performed every 8192 clock pulses. 
Input Low - Conversion in progress com
pleted, converter will stop in Auto-Zero 7 
counts before Integrate. 

Input - Used in handshake mode to indicate 
ability of an external deVice to accept data. 
Analog Negative Supply - Nominally 5V 
with respect to GND IPIn 11. 

Reference Voltage Output - Nominally 2.8V 
down from V' IPin 401. 

Buffer Amplifier Output 
Auto-Zero Node - InSide foil of CAZ 

Integrator Output - Outside foil of C'NT 
Analog Common - System is Auto-Zeroed 
to COMMON 

Differential Input Low Side 
Differential Input High Side 

Differential Reference Input Positive 

Reference Capacitor Positive 

Reference Capacitor Negative 

Differential Refer.ence Input Negative 
Positive Supply Voltage - Nominally' 5V 
With respect to GND IPln 11 . 

zero capacitor CAZ to compensate for offset voltages in 
the buffer amplifier, integrator, and comparator. Since 
the comparator is included in the loop, the AZ accuracy is 
limited only by the noise of the system. In any case, the 
offset referred to the input is less than 101'V. 

2; Signal Integrate Phase 

During signal integrate the auto-zero loop is opened, the 
internal short is removed and the internal input high and 
low are connected to the external pins. The converter 
then integrates the differential voltage between input 
high and input low for a fixed time 'of 2048 clock periods. 
At the end of this phase, the polarity of the integrated 
signal is determined, 
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REF CAP"t ,---
1 

1 

1 

I 

r-__ ~ ____ ~~C~R~EF __ ~ __ , 
RINT 

REF IN t REF IN - BUFFER 

INPUT HIGH 
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COMMONGr----~ __ ~----~ 

INT 

I~~ - FROM CONTROL 
6.2V - lOGIC 

DEINT, (+) - DIGITAL SECTtoN 
DEINT (-)- " 

INPUTLOGr~:~}----~----------------------------------~ 

134 

I 
I 
I 40 L _____________________ _ 

REF OUT 

Figure 2: Analog Section 

v+ 

POLARITY ZERO CROSSING 
, DETECTED----.. OCCURS 

I ' ~I" 1/ ZERO CROSSING I INTEGRATOR 
OUTPUT L...-- 1-, ,...--- r""f ~ /DETECTED I 

I--AZ PHASE I~INT PHASE" -4-- 4/2 DEINT PHASE 111-----1~AZ
INTERNAL CLOCK hr 1..fl.I1.fl.. ~ ~ ~ 

I I ,I I, " I 
INTERNAL LATCH I I I n I 

I I I I 
~ ___ ~I I II I 

2048 " I FIXED I I "I 
STATUS OUTPUT 

!---COUNTS I, 2048 .1. I 4096 COUNTS-----1 

I MIN. I' COUNTS I," I' MAX, I " I '~AFTER ZERO CROSSING, 
NUMBER OF COUNTS TO ZERO CROSSING ANALOG SECTION WILL 

PROPORTIONAL TO V,N BE IN AUTO ZERO 
CONFIGURATION 

Figure 3: Conversion Timing 

3. Deintegrate Phase 

The final" phase is deintegrate, or reference integrate. 
Input low is internally connected to analog common and 
inpyt high is connected across the previously charged 
(during auto-zero) reference capacitor. Circuitry within 
the chip ensures that the capacitor will be connected with 
the correct polarity to cause the integrator output to 
return tothe zero crossing (established in Auto Zero) with 
a fixed slope. Thus the time forthe output to returr. to zero 
(represented by the number of clOCK periods counted) is 
proportional to the input signal. 

Differential Input 

The input can accept differential voltages anywhere within 
the common mode range of the input amplifier; or 
specifically from 0.5 volts below the positive supply to 1.0 
volt above the negative supply. In this range the system has a 
CMRR,of86dB typical. However"since the integrator also 
swings with the common mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worst case condition would be a large positive common 
mode voltage with a near full-scale negative differential input 
voltage. The negative input signal drives the integrator 

positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica
tions the integrator swing can be reduced to less than the 
recommended 4V full scale with some loss of accuracy. The 
integrator output can swing within 0.3 volts of either supply 
without loss of linearity. 

The ICL7109 has, however, been optimized for operation 
with analog common near digital ground. With power 
supplies of +5V and -5V, this allows a 4V full scale integrator 
swing positive" or negative maximizing the performance of 
the analog section. 

Differential Reference 

The reference voltage can be generated anywhere within the 
power supply voltage of the. converter. The main source of 
common mode error is a roll-over voltage caused' by the 
reference. capacitor losing or gaining charge to stray 
capacity on its nodes. If there is a large common mode 
voltage, the reference capacitor can gain charge (increase 
voltage) when called up to deintegrate a positive signal but 
lose"charge (decrease voltage) when called up to deintegrate 
a negative input signal. This difference in reference for (+) or 
H input voltage will give a roll-over er!or. However. by 
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selecting the reference capacitor large enough in 
comparison to the stray capacitance, this error can be held to 
less than 0.5 count for the worst case condition (see 
Component Values Selection below). 

The roll-over error from these sources is minimized by 
having the reference common mode voltage near or at 
analog common. 

Component Value Selection 

For optimum performance of the analog section, care must 
be taken in the selection of values forthe integrator capacitor 
and resistor, auto-zero capacitor, reference voltage, and 
conversion rate. These values must be chosen to suit the 
particular application. 

The most important consideration is that the integrator 
output swing (for full-scale input) be as large as possible. For 
example, with±5V supplies and. COMMON connected to 
GND, the nominal integrator output swing at full scale is ±4V. 
Since the integrator output can go to 0 .. 3V from either supply 
without significantly affecting linearity, a 4V integrator 
output swing aliowsO. 7V for variations in output swing due 
to component value and oscillator tolerances. With ±5V 
supplies and a common mode range of ±1V required, the 
component vaiues should be selected to provide ±3V 
integrator output swing. Noise and rollover errors will be 
slightly worse than in the ±4V case. For larger common mode 
voltage ranges, the integrator output swing must be reduced 
further. This' will increase both noise and rollover errors. To 
improve the performan<;:e, supplies of ±6V may be used. 

1. Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with 1 OO!,A of quiescent current. They sup
ply20!,A of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 4.096 volt full scale, 200kll is 
near optimum and similarly a 20kll fora 409.6mV scale. 
For other values of full scale voltage, RINT should be 

. full scale voltage 
chosen by the relation RINT = ------"'-

20!,A 

2. Integrating Capacitor 

The int€!grating capaCitor CINT should.be selected to give 
the maximum integrator output voltage swing without 
saturating the integrator (approximately 0.3 volt from 
either supply!. For the ICL7109 with ±5 volt supplies and 
analog common connected to GND, a ±3.5 to ±4 volt inte
grator output swing is nominal. For7-1/2 conversions per 
second (61.72KHz clock frequency) as provided by the 
crystal oscillator, nominal values for CINT and CAl are 
0.15!,F and 0.33!,F, respectively. If different clock fre
quencies are used, these values should be changed to 
maintain the integrator output voltage swing. In general, 

the value of CINT is given by 

(2048 x clock period) (20jiA) 
CINT = ------------

integrator output voltage swing 

An additional requirement of the integrating capaCitor is 
that it have low dielectric absorption to prevent roll-over 
errors. While other types of capacitors are adequate for 
this application, polypropylene capaCitors give undetec
table errors at reasonable cost. 

3. Auto-Zero CapaCitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system; a big capacitor, giving less noise. 
However, it cannot be increased without limits since it, in 
parallel with the integrating capacitor forms an R-C time 
constant that determines the speed of recovery fro!Jlover
loads and more important the error that exists atiheend 
of an auto-zero cycle. For 409.6mv full scale where noise 
is very important and the integrating resistor small, a 
value of CAl twice CINT is optimum. Similarly for 4.096V 
full scale where recovery is more important than noise, a 
value of CAZ equal to half of CINT is recommended. 

For optimal rejection of stray pickup, the'0uter foil of CAl 
should be connected to the R-C summing junction and 
the inner foil to pin 31. Similarly the outer foil of CINT 
should be connected to pin 32 and the inner foil to the R-C 
summing junction. 

4. Reference CapaCitor 

A 1!,F capaCitor gives good results in most applications. 
However, where a large common mode voltage exists (i.e. 
the reference low is not at analog common) and a 
409.6mV scale is used, a larger value is required to pre
vent roll-over error. Generally 10!,F will hold the roll
over error to 0.5 count in this instance. 

5. Reference Voltage 

The analog input required to generate a full scale output 
of 4096 counts is VIN = 2VREF. Thus for a normalized 
scale"a reference of 2.048V should be usd for a 4.096V full 
scale, and 204.8mV should be used for a 0.4096V full 
scale. However, in many applications where the AID is 
sensing the output of a transducer, there will exist a scale 
factor other than unity between the absolute output I 
voltage to be measured and a desired digital output. For 
instance, in a weighing system, the designer might like to ~ 
have afull scale reading when the voltage from the trans-
ducer is 0.682V. Instead of dividing the input down to 
409.6mV, the input voltage should be measured directly 
and a reference voltage of 0.341 V should be used. Suit-
able values for integrating resistor and capacitor are 34k 
and 0.15!,F. This avoids a divider on the input. Another 
advantage of this system occurs when a zero reading is 
desired for non-zero input. Temperature and weight 
measurements with an offset or tare are examples. The 
offset may be introduced by connecting the voltage 
output of the transducer between common and analog 
high, and the offset voltage between common and analog 
low, observing poiarities carefully. However, in proces
sorcbased systems using the ICL7109, it may be more 
efficient to perform th is type of scaling or tare subtraction 
digitally using software. 

6. Reference Sources 

The stability of the reference voltage is a major factor in 
the overall absolute accuracy of the converter. The reso-

. lution of the ICL7109 at 12 bits is one part in 4096, or 
244ppm. Thus if the reference has a temperature coef
ficient of 80ppm/o C (on board reference) a temperature 
difference of 3° C will introduce a one-bit absolute error. 
For this reason, it is recommended that an external high
quality reference be used where the ambient temperature 
is not controlled or where high-accuracy absolute 
measurements are being made. 
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The ICL7109 provides a Reference Output (pin 29) which 
may tie used 'with a resistive divider to generate a suitable 
reference voltage. This output will sink upto about 20mA 
without significant variation in output voltage, and is 

. provided with a pullup bias device which sources about 
1 OI"A. The output voltage is nominally 2.BV b!3low V+ ,and 
has a temperature coefficient of ±BOppmfO C typo When 
using the onboard reference, Ref Out (Pin 29) should be 
connected to R!3f - (pin 39), and Ret+ should be connec
ted to the wiper of a precision potentiometer between 
Ref Out and V+. The circuit for a 204.8mV reference is 
shown in the test circuit. For a 2.04BV reference, the fixed 
resistor should be removed, and a 25kn precision poten
tiometer between Ref Out and V+ should be used. 

DETAILED DESCRIPTION 
Digital Section 

The digital section includes the clock oscillator and scaling 
circuit, a 12-bit binary counter with output latches and TTL
compatible three-state output drivers, polarity, over-range 
and control logic, and UART handshake logic, as shown in 
the Block Diagram Figure 4. 

Throughout this description, logic levels will be referred to 
as "low" or "high". The actual logic levels arE) defined in 
Table 1 "Operating Characteristics". For minimum power 
consumption, all inputs should swing from GND (fow) to V+ 
(high), Inputs driven from TTL gates should have 3-5kn 
pullup resistors added for maximum noise immunity. 

MODE Input 
The MODE input is used to control the output mode of the 
converter. When the MODE pin is connected toGND or left 
open (this input is provided with a pulldown resistor to 
ensure a low level when the pin is left open), the converter is 

inputs. When the MODE input is pulsed high, the converter 
enters theUART handshake mode and outputs the data in 
two bytes, then returns to "direct" mode. When theMODE 
input is left high, the converter will output data in the. 
handshake mode at the end of every conversion cycle. (See 
section entitled "Handshake Mode" for further details). 

STATUS Output 

During a conversion cycle, the STATUS output.goes high at 
the.beginning of Signal IntegratE) (Phase II), and goes low 
one-half clock period after new data from the conversion lias 
been stored in the output latches. See Figure 3 for details of 
this timing. This signal may be used as a "data valid" flag 
(data never changes while STATUS is low) to drive interrupts, 

. or for monitoring the status of the converter. ' 

RUN/HOLD Input 

When the RUN/HOLD input is connected to V+ or left open 
(this input has a pull up resistor to ensure a high levelwhenthe 
pin is left open), the circuit will continuously perform conver
sion cycles, updating the output latches at the end of every 
Deintegrate (Phase. III) portion of the conversion cycle (See 
Figure 3). In this mode of operation, the conversion cycle will 
.be performed in 8192 clock periods, regardless of the 
resulting value. . 

If the RUN/R005 input goes low (and stays there) during 
Integrate (Phase II) or Deintegrate (Phase III) before the zero 
crossing is detected, 'the converter will c9mplete the 
conversion in progress, update the output latChes, and then 
terminate Phase ,", jumping to Auto-Zero (phase I). If 
RUN/HOLD stays low, the converter will ensure a minimum 
Auto-Zero time, and wait in Auto-Zero until the RUN/HOLD 
input goes high. The converter will begin ttie Integrate 
(Phase II) portion of the next conversion (and the STATUS 
output will go high) seven clock periods after the high level is 
detected at RUN/HOLD. See Figure 5 for details. E in Its "Direct" output mode, where the output data IS directly 

acceSSible under the control of the chip and byte enable 
~ 

I HIGH ORDER ~ LOW ORDER I 
-BYTE OUTPUTS -BYTE OUTPUTS-

B B B B B B B B B B B B 
TEST POL OR 12 11 10 9 8 7 6 5 4 3 2 1 
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AT ZERO CROSSING~ PHASE I I STATIC IN I PHASE II 

~TECT. ION I MIN 1790 COUNTS I HOLD STATE INTEGRATOR 
OUTPUT 

_t-.----~ 
~ --...., I MAX 2041 COUNTS I . I I ~ 
~ J I If. 1+---7COUNTS--+t 

INTERNAL CLOCK tr ."1Il..JlJl... , , n r---f --u-u-tn.nJ1JU1 
..IUl1lIU1l1..; ~ ;-1."1 .. . I 

INTERNAL LATCH n I I ' 
STATUS OUTPUT ------.-.--------------' r---
RUN/HOLD INPUT I .... _-----

I 
I· 
I 

Figure 5: Run/Hold Operation 

Using the RUN/HOLD input in this manner allows an easy 
"convert on demand" interface to be used.The converter may 
be held at idle in,auto-zero with RUN/FfOD) low. When 

. RUN/HOLD goes high the conversion is started, and when 
the STATUS output goes low the new data is valid (or trans: 
ferred to the UART - see Handshake Mode). RUN/FfOD) may 
now go low terminating Deintegrate andensiJring a minimum 
Auto-Zero time before stopping to wait for the next conversion. 

If RUN/HOLD goes low at any time during Deintegrate (Phase 
III) after the zero crossing has occurred; the circuit will 
immediately terminate Deintegrate ,and jump to Auto-Zero. 
This feature can be used to "short-cycle" the converter by 
eliminating the time spent in Deintegrate after the zero 
crossing. The required activity on the RUN/HOLD input can 
be provided by connecting it to the Buffered Oscillator Output. 
In this mode the conversion time is dependent on the input 
value measured. Also refer to Intersil Application Bulletin 
A030 for a discussion of the effects this will have on Auto
Zero performance. 

If the RUN/HOLD input goes low and stays low during Auto-
Zero (PhaseD, the converter will simply stop at the end of 
Auto-Zero and wait ·for RUN/HOLD to go high. As above, 
Integrate (Phase ID begins seven clock periods after the high 
level is detected. 

Direct Mode 

When the MODE pin is left at a low level, the data outputs 
(bits 1 through 8 lciw order byte, bits 9 through 12, polarity 
and over-range high order byte) are accessible under control 
of the byte and chip enable terminals as inputs. These three 
inputs are all active low, and are provided with pullup 
resistors to ensure an inactive high level when left open. 
When the chip enable input is low, taking a byte enable input 
low will allow the outputs of that byte to become active 
(three"stated on>. This allows a variety of parallel data 
accessing techniques to be used, as shown in the section 
entitled "Interfacing." The timing requirements for these 
outputs are shown in Figure 6 and Table 3 .. 

Table 3 " Direct Mode Timing Requirements 

SYMBOL DESCRIPTION MIN TYP MAX UNITS 

tBEA Byte Enable Width 200 500 ns 

Data Access Time· 
fDAB from Byte Enable '150 300 ns 

Data Hold Time 
tDHB from Byte Enable 150. 300 ns 

tCEA Chip Enable Width 300 500 ns 

Data Access Time 
tDAC from Chip Enable 200 400 ns 

Data Hold Time 
tOHC from Chip Enable 200 400 ns 

CE!LOAO 
AS INPUT 

FIBEN 
AS INPUT ..................... 

UiEIii 
AS INPUT J.I.I,J.I.I.i.JJ-1.I 

HIGH BYTE _____ _ 
. DATA 

LOW BYTE ------------.--i.I 1-_ DATA 

.---- = HIGH IMPEDANCE 

Figure 6: Direct Mode Output Timing. 

It should be noted that these control inputs are 
. asynchronous with respect to the.c~nverter clock - the d. ata 4 

may be'accessed atany time. Thus It IS possible to access the 
data while it is begin updated, which could lead to scrambled 
data, Synchronizing the access of data with the conversion· 
cycle by mcmitoring the STATUS output will prevent this., 
Data is never updated while STATUS is low. 

Handshake. Mode 

The handshake output mode is provided as an alternative 
means of interfacing the ICL7109 to digital systems, where 
theA/D converter becomes active in controlli~g the flow of 
data instead of passively responding to chip and byte enable 
inputs. This mode.is specifically designed to allow a direct 
interface 'between the ICL7109 and. industry-standard 
UARTs (such as the Intersil CMOS UARTs, IM6402/3) with no 
external logic required. When triggered into the handshake 
mode, the ICL7109 prOVides all the control and flag signals 
necessary to sequence the two bytes of data into the UART 
and initiate their transmission in serial form. This greatly 
eases the task and ,reduces the cost of designing remote data 
acquisition stations using serial data t~ansmission to 
minimize the number of lines to the central controlling 
processor. 

Entry into the handshake mode is controlled by the MODE 
pin. When the MODE terminal is held high, the ICL7109 will 

. enter the handshake mode after new data has been stored in 
the output latches at the end of every conversion performed 
(See Figures 7 and 8). The MODE terminal may also be used 
to trigger entry into the handsha~e mode on demand. At any 
time during the conversion cycle, the low to high transition of 
a short pulse at the MODE input will ca~se immediate entry . 
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ICL7109 
into the handshake mode. If this pulse occurs while new data 
is being stored, the entry into handshake mode is delayed 
until the data is stable. While the converter is in the hand
shake mode, the MODE input is ignored, and although 
conversions will still be performed, data updating will be 
inhibited (See Figure 9) until the converter completes the 
output cycle and clears the handshake mode. 

When the converter enters the handshake'mode, or when the 
MODE input is high, the chip and byte enable terminals 
become TTL-compatible outputs which provide the control 
signals for the output cycle (See Figures 7, 8, and 9). ' 

. In handshake mode"the SEND input is used by the converter 
as an indication of the ability of the receiving device (such as 
a UART) to accept data. ' 

Figure 7 shows the sequence of the output cycle with SEND 
held high. The handshake mode (internal MODE high) ,is 
entered alter the data latch pulse (since MODE remains high 
the CE/LOAD, LBEN and HBEN terminals are active as 
outputs). The high level at the SEND input is sensed on the 
same high to low internal clock edge:On the next low to high 
internal clock edge, the CE/LOAD and the HBEN outputs 
assume a low level, and tile high-order byte (bits 9 through 
12, POL, and OR),outputs are enabled:The CE/LOAD output 
remains low for one full internal clock pedod only, the data 
outputs remain active'for 1-1/2 internal clock periods, arid 
the high byte enable remains low for two clock periods. Thus 
the CE/LOAD output low level or low to high edge may be 
used as a synchronizing Signal to ensure valid data; and the 

CLOCK 

INTERNAL . 

'. 
" 

byte enable as an output may be used as a byte identifi
cation' flag. With SEND remaining high the converter 
completes the output cycle using CE/LOAD and LBEN while 
tlie.low order byte outputs (bits 1 through 8) are activated. 
The handshake mode is terminated when both bytes are 
sent. 
Figure 8 shows an output sequence where the SEND input is 
used to delay portions of the sequence, or handshake, to', 
ensure correct data transfer, This timing diagram shows the' 
relationships that, occur using an industry-standard' 
IM6402/3 CMOS UART to interface to seriardata channels. 
In this interface, the SEND input to the ICL7109 is driven by 
the TBRE (Transmitter Buffer Register Empty) output of the 
UART, and the CE/LOAD terminal of the ICL7109 drives the 
TBRL (Transmitter Buffer Register Load) input to the UART. 
The data outputs are paralleled into the eight Transmitter 
Buffer Register inputs. 

Assuming the UART Transmitter Buffer Register is empty, . 
the SEND input will be high when the handshake mods is 
entered alter, new data is stored. The CE/LOAD and HBEN 
terminals will go low alter SEND is sensed, and the high 
order byte outPllts become active. When CE/LOAD goes 
high at the end of one clock period, the'high order byte data 
is clocked Into the UART Transmitter Buffer Register. The 

• UART TBRE output will now go low, which halts the output 
cycle, with 'the HBEN output low, and the high order byte 
outputs active, When the UART has transferred the data to 
the Transmitter Register and cleared the Transmitter Buffer 
Register. the TBRE returns high, On the next ICL7109 

ZERO CROSSING 

/
OCCURS 

_---'r __ "/'---Z_ERO CROSSING DETECTED 

INTERNAL~'. 

LATCH _-+--j----"'--_ --+---=r:::;:..;:;:=-'--......... __ +--+ __ _ 
STATUS ,m$mtiemmmll OUTPUT J2 

. 'POSITIVE TRANSITION CAUSES 

MODE ENTRY INTO ~ ,m.mtmmmmmm ,mijlmtmmmmam,mijI.L __ _ INPUT UART MODE JS ~ ~ 

INTERNAL UART 
MODE 'N",O",R;;;;M __ -J 

SEND ~mmm"'----Ji INPUT ~ 

HIGH~!j! -----'-----04 ~----
LBEN _.i_....1 __ V-- ~I ___ -1.. __ "'--,..-_-1 ~--+--l 
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l1li ~ DONT CARE ---:::: ~HREE~STATE HIGH IMPEDANCE _.1_ '" THREE-STATE WITH PULLUP 

Figure 9: Handshake Triggered By Mode 
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internal clock high to low edge, the high order byte outputs 
are disabled, and' one-half internal clock later, the'HBEN 
output returns high. At the same time, the CE/LOAD 'and 
LBEN outputs go low, and the low order byte outputs 
become active. Similarly, when the CE/LOAD returns high at 
the end of one clock period, the low order data is clocked into 
the UART Transmitter Buffer Register"and TBREagain goes 

,low. When TBRE returns to a high it will be sensed on the 
next ICL7109 internal clock high to low edge, disabling the 
data outputs. One-half internal clock later, the handshake 
mode will be cleared, and theCE/LOAD; HBEN, and LBEN 
terminals return high and stay active (as long as MODE stays 
high!. 

With the MODE' input remaining high as i'n these exam pies, 
the converter will output the res.ults of every conversion 
except those completed during a handshake operation'. By 
triggering the converter into handshake m'ode with a low to 
high edge on the MODE input, handshake output sequences 
may be performed on demand. Figure 9 shows a handshake 
output sequence triggered by such an edge. In·addition, the 
SEND input is shown as being low when the converter enters 
handshake mode. In this case, the whole output sequence is 
controlled by the SEND input, and.the sequence for the first 
(high order' byte is similar .to the sequence for the second 
byte. This diagram also shows the, output sequence taking 
longer than a conversion cycle. Note that the converter stili 
makes. conversions. with the ,STATUS output. and 
RUN/HOLD input functioning normally, The only difference 
is that new data will not be latched when In handshake mode. 
and is therefore lost. 

Oscillator 

The ICL7109 is provided with a versatile three terminal 
oscillator to generate the internal clock. The oscillator may 
be overdriven, or may be operated as an RC or crystal 
oscillator. The OSCILLATOR SELECT, input changes the 
internal configuration of the oscillator to optimize it for RC 
or crystal operation. 

When the OSCILLATOR SELECT input is high or left open 
(the input is provided with a pullup resistor), the oscillator is 
configured fOr RC operation, and the internal clock will be 
of the same frequency and phase as. the' signal at the 
BUFFERED OSCILLATOR OUTPUT. The resistor and 
capacitor should be. connected as in Figure 10. The circuit 
will oscillate at a frequency given by f = .45/RC. A lOOk!! 
resistor is recommended for useful ranges of frequency, For 
optimum 60Hz line rejection, the capacitor value should be . 
chosen such that 2048 clock periods is close to an integral 
multiple of the 60Hz period. 

24. 

-to~ 

I
SEL 

V+OROPEN~----~+-~ 

Figure 10: RC Oscillator 

25 

BUFFERED 
osc 
OUT 

When the OSCILLATOR SELECT input is Iowa feedback de
vice arid output and input capacitors are a.dded to the 
oscillator. In this configuration, as shown in Figure 11 ,the 
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, Figure 11: Crystal Oscillator 

oscillator will operate with most crystals in the 1 to 5MHz 
range with no external components. Taking the OSCILLATOR 
SELECT input low also inserts a fixed +58 divider circuit 
between the BUFFERED OSCILLATOR OUTPUT and the 
internal clock, Using an inexpensive 3.58MHz TV crystal, this 
division ratio provides an integration time given by: 

58 . 
T = (2048 clock periods) X (3.58MHZ) = 33.1Bms 

This time isvery close to two 60Hz periods or 33.33ms. The 
error is less than one percent, whi9h will.give better than 
40dB 60Hz rejection, The convert~r will operate reliably at 
conversion rates of up to 30 per second. which corresponds' 
to a clock frequency of 245.8kHz. 
If at any time·the .oscillator is to,be overdriven, th'e over
driving signal should be applied at the OSCILLATOR INPUT" 
and the OSCILLATOR OUTPUT shou.ld be left open. The 
internal clock will be of the same frequency, duty cycle. and 
phase as·the input signal when OSCILLATOR SELECT is left 
open. When OSCILLATOR SELECT is at GND. the clock will 
be a factor of 58 below the input frequency. 

When using the ICL7109with the IM6403UART. it ispo~sible 
to use one 3.5BMHz crystal for both devices. The BUFFERED 
OSCILLATOR OUTPUT of the ICL7109 may be used todrive 
the OSCILLATOR INPUT of the UART. saving the need for a 
second crystal. However. the BUFFERED OSCILLATOR 
OUTPUT does not have a great deal of drive. and when driv
ing more than one slave device. external buffering should be 
used. 
Test Input 
When the T~S 1 Input IS taken to a level halfway between V· 
and GND. the counter output latches are enabled. allowing 

. .J the counter contents to be examed·anYtlme. . 

,When' the TEST input is ,connected to GND, the counter 
. outputs are all forced into the high state. and the internal 
, clock is disabled. When the input returns to the 1/2 (V' -GND) 

voltage or to V' and one clock is input. the counter outputs 
will all be clocked to the negative state. This allows easy 
testing of the counter and its outputs. 

INTERFACING 
Direct Mode 
Figure 12 shows some of the combinations of chip enable' 
and byte enable control signals which may be used when 
interfacing the ICL7109 to parallel data lines. The CE/LOAD 
input may be tied low. allowing either byte to be controlled 
by its own enable as in Figure 12A. Figure 12B shows a 
configuration where the two byte enables are connected 
together. In this configuration. the CEiLOAD serves as a 
chip enable. and the HBEN and LBEN may be connecte~ to 
GND or serve as a second chip enable. The 14 data outputs 
will all be enabled simultaneously. Figure 12C shows the 

. HBEN and LBEN as flag inputs, and CE/LOAD as a master 
enable, which could be the READ strobe available from most 
microprocessors. 
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Figure 12: Direct Mode Chip and Byte Enable Combinations 

Figure 13 shows an approach to interfacing severallCL 71 09s 
to a bus, ganging the HBEN and LBEN signals to several 
converters together, and using the CE/LOAD inputs 
(perhaps decoded from an address) to select the desired 
converter. 

Some practical circuits utilizing the parallel three-state 
output capabilities of the ICL7109 are shown in Figures 14 
through 19. Figure 14 shows a straightforward application to 
the Intel MCS-48, -80 and -85 systems via an 8255PPI, where 
the ICL7109 data outputs are active atall times. The 1/0 ports 
of an 8155 may be used in the same way. This interface can 
be used in a read-anytime mOcle, although a read performed 
while the data latches are being updated Will lead to 
scrambled data. This Will occur very rarely, in the proportion 
of setup-skew times to conversion time. One way to 
overcome this is to read the STATUS output as'well, and if it 
is high, read the data again after a delay of more than 1/2 
converter clock period. If STATUS IS now low, the second 
reading is correct, and if it is stili high, the first reading is 
correct. Alternatively, this timing problem IS completely 
avoided by uSing a read-alter-update sequence, as shown in 
Figure 15. Here the high to low transition of the STATUS 
output drives an interrupt to the microprocessor causing it to 

access the data. Thls'appllcation also shows the RUN/HOLD 
Input being used to initiate conversions under soltware 
control. 

A Similar Interface to Motorola MC6800 or MOS Technology 
MCS650X systems IS shown in Figure 16. The high to low 
transition of the STATUS output generates an interrupt via 
the Control Register B CBl line. Note that CB2 controls the 
RUN/HOLD pin through Control Register B, allowing 
software-controlled initiation of conversions In this system 
also. 

Figure 17 shows an interface to the Intersil IM6100 CMOS 
microprocessor family using the IM6101 PIEto control the 
data transfers. Here the data is read by the microprocessor in 
an 8-bit and a 6-bit word, directly from the ICL7109 to the 
microprocessor data bus. Again, the high to low transition of 
the ~T ATUS output generates an interrupt leading to a 
software routine controlling the two read operations. As 
before, the RUN/HOLD input to the ICL7109 is shown as 
being under software control. 

The three-state output capability of the ICL7109 allows 
direct interfacing to most microprocessor busses. Examples 
of this are shown in the Typical Connection Diagram on 
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Figure 13: Three-stating Several 7109's to a Small Bus 
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Page 3 and in Figures 18 and 19. It is necessary to carefully 
consider the system timing in this type of interface, to be sure 
that requirements for setup and hold times, and minimum 
pulse widths are met. Note also the drive limitations on long 
busses. Generally this type of interface is only favored if the 

( 

~ 
I I 

( 
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r I tJ {} 
MODE CE/LOAD RD WR 07·00 
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V 
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memory peripheral address density is low so that simple 
address decoding can be used. Interrupt handling can also 
require many additional component,s, and using an interface 
device will usually simplify thesystem in this case. 
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Figure 14: Full-time Parallel Interface.to INTEL Microcomputer Systems 
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Figure 19: Direct ICL7109 - MC6800 Bus Interface 

Handshake Mode 

The handshake mode allows ready interface with a wide 
variety of external devices. For instance, external latches 
may be clocked by the rising edge of CE/LOAD, and the byte 
enables may be used as byte identification flags or as load 
enables. ' 

Figure 20 shows a handshake interface to Intel microproces
sors again using an 8255PPI. The handshake operation with 
the 8255 is controlled by inverting its Input Bultel Full (IBF) 
flag to drive the SEND Input to the ICL7109, and using the 
CE/LOAD to drive the 8255 strobe. The internal control 
register of the PPI should be set in MODE 1 forthe port used. 
If the 7109 is in handshake mode and the 82551BF flag is low, E th,e next wo, rd will,be st,robe,d into, the port. The strobe Wi,lI 

.i cause IBF to go high ISEND goes low), whi,ch will keep the; 
enabled byte outputs active. The PPI will generate an 
interrupt which when executed will result in the data being 
read. When tile byte is read, the IBF will be reset low, which 
causes the ICL7109 'to sequence into the next byte, This 
figure shows the MODE input to the ICL7109 connected to a ' 
control line on the PPI. If this oufput.iS left high, or tied high' 

ANALOG 
IN 

P~t~~ ,6 
ICL7109 

Bl-B8 8 

.CE/LOAD~----~~~P~ 

SEND PCs 

RUN/HOLD I----------f PC. 

MODE I--------f PC, 

INTEL 
8255 

(MODEl)' 

separately, the data from every conversion Iprovided the 
data access takes less time ihan a conversion) will be 
sequenced In two bytes Into the system, 

If this output IS made to go from low to high, the output 
sequenee'can be obtained on demand, and the interrupt may 

,be used to reset the MODE bit. Note thatthe RUN/HOLD 
input to the ICL7109 may also bedrlven by a bit of the8255 so 
that conversions may be obtained, on command' under 
software control: Note that one port of the 8255 is not used, 
and can service another peripheral, deVice. The same 
arrangement can also be used With ihe 8'-55. , 

'Figu;~ 21 shows a similar arrangeme~t with the MC6800 or 
MCS(350X microprocessors, except that both MODE and 
RUN/HOLD are tied high to save port outputs, ' 

The handshake mode is particularly convenient for directly 
interfacing to industry standard UARTs (such as the Intersil 
IM6402/6403 or Western Digital TR1602) providing a 
minimum component count means of serially transmitting 
converted' data, A typical UART connection is shown ,on 
page 3, I,n this circuit, any word received by the UART causes 

PC, .,.-----'--IINTR 

INTEL 
8008,8080 

8085, 8048 ETC 

Figure 20: Handshake Ihterface'~ 'ICL7109 to INTEL MCS-48, -80, 85 
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ICL7109 
- 5V - __ "7"'-"'" 

ANALOG 
IN 

ICL7109 

CRA 1--100-011 

MC6820 

i-----ICAl 

CA2 

ADDRESS DATA CONTROL 
BUS BUS BUS 

Figure 21: Handshake Interface - ICL7109 to MC6800, MCS650X 

MC6BOO 
OR 

MCS650X 

the UART DR (Data Ready) output to go high. Thisdrives the is used to select which converter will handshake with the 
MODE input to the ICl7109 high, triggering the ICl7109 into UART. With no external components, this scheme will allow 
handshake mode. The high order byte is output to the,UART up to eight ICl71 09s to interface with one UART. Using a few 
first, and when the UART has transferred the data to the more components to decode the received word will allow up 
Transmitter Register, TBRE (SEND) goes high and the to 256 converters to be accessed on one serial line. 
second byte is output. When TBRE (SEND) goes high again, 
lBEN will go high, driving the UART ORR (Data Ready Reset) 
which will signal the end of the transfer of data from the 
ICl7109 to the UART. 

Figure 22 shows an extension of the one converter - one 
UART scheme of the Typical Connection to several 
ICl7109s with one UART. In this circuit, the word received 
by the UART (available at the RBR outputs when DR is high) 

if IM6403 CMOS UART 

T-. 
TBRL ORR TBRE RBR1-RBRB 

U 11 I~ 

The applications of the ICl7109 are not limited to those 
shown here. The purpose of these examples is to provide a 
starting point for users to develop useful systems, and to 
show some of the variety of interfaces and uses of the 
ICl7109. Many of the ideas suggested here may be used in 
combination; in particular the uses of the STATUS, 
RUN/HOLD, and MODE signals may be mixed. 

SERIAL OUTPUT 

SERIAL INPUT 

TBR1-TBR8 

;,.. 

? 8-BIT DATA BUS ( 

I I I 
/':;0.. 

I I 
/,,?-

I I I 
/~ 

MODE CE/ SEND MODE CE/ SEND MODE CE/ SEND 
LOAD LOAD LOAD 

B9-B12 I-- B9-B12 - 69-B12 -
POL, OR 6 POL, OR 6 POL,OR 6 

ICL7109 0 ICL7109 ICL7109 ~ 
C 9 9 Bl-B8 B Bl-B8 B Bl-B8 8 

ANALOG 
IN IN IN 

-- --
RUN/HOLD +5V RUN/HOLD ,5V RUN/HOLD +5V 
-- -- -- -- --

HBEN LBEN HBEN LBEN HBEN LBEN 

I I I I I I 
Figure 22: Multiplexing Converters with Mode Input 
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FEATURES 

• Accuracy high enough for ±40,000 count instruments 

• Priced low enough to compete with 3\1, digit DPM/DVM 

pairs 

• One basic circuit for an entire family of DVMs 

• Auto-Zero; Auto-Polarity 

• 5pA input current typical 

• Single reference voltage 

• True ratiometric (scale factor of 1 ) 

CONNECTION DIAGRAM 

8053 Auto Zero Switch Network 

8052 Analog Signal Conditioner 

COMP 
OUT 

REF 
CAe 

"REF 
BYPASS 

REF 
OUT 

REF 
SUPPLY 

INTEGRATOR 
OUT 

BUFFER 
I+IN) 

BUFFER 
HN) 

BUFFER 
OUT 

ICL8052/1CL8053 
3 1/2 Digit Pair 

ICL 8052A/IC'L8053A 
41/2 Digit Pair 

GENERAL DESCRIPTION 

The S052/S053 'pair has been designed to "lock-in" the 
accuracy of a DVM and at the same time give the designer 
the freedom of using any output format his system requires. 
With reasonable care, the 0.001% linearity capability of the 
pair can be maintained in production instruments. The 
system uses time-proven dual-slope integration with all of 
its advantages: i.e., non-critical components, high rejection 
of noise and a-c signals, non-critical clock frequency and 
true ratiometric readings. At the same time it has reduced 
or eliminated many of the sources of error that have limited' 
dual-slope accuracy. With the S052/S053 pairs, critical 
board layout is no longer required to give low chargeinjec
tion by the switches, and elaborate ground planes are not 
necessary to keep clock pulse transients 'out of the com
parator circuitry. A further feature of these devices is that 
the DVM/DPM manufacturer can generate an entire family 
of instruments using only, one basic p-c board with 2 or 3 
jumper points. The family could include: 

±200.0 mV Full Scale 
±2.000 Volts 
±400.0mV 
±4;000 Volts 
±SOO.OmV 
±2.0000 Volts 
±4.0000 Volts 
±3.276S Volts (16 bits in 0.1 mV increments) 

ORDERING INFORMATION 
Part Temp. Range package Order Number 

S052 O°C to +70°C 14 pin plastic DIP ICLS052CPD 
Sb52 O°C to +70°C 14 pin ceramic DIP ICLS052CDD 
S052A O°C to +70°C 14 pin plastic DIP ICLS052ACPD 
S052A O°C to +70°C 14pin ceramicDIP ICLS052ACDD 
S053 O°C to +70°C 14 pin plastic DIP ICLS053CPD 
S053 O°C to +70°C 14 pin ceramic DIP ICLS053CDD 
S053A O°C to +70°C 14 pin plastic DIP IGLS053ACPD 
S053A O°C to +70°C 14 pin ceramic,DIP ICLS053ACDD 

PACKAGE DIMENSIONS 
14 Pin Plastic Dual-In-Line Package 14 Pin Ceramic Dual-In-Line Package 

[jJ'OOTYP' T 
.290 

. MAX' 

, .-i 
. ~.800MAX=-=-! 

ok--.i. 
" ,TYP ~~~J!~ 

, 0'0 1"30TYP ~ II ~ ~ ~TT 
l.I TYP v ~ I-- 025 

'~:;iJ:Jb~-i .! ~~~~~045g;~ 
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ABSOLUTE MAXIMUM RATINGS 

Pow,er Dissipation (Note 1) 
Storage Temperature 

8052 ONLY 
Supply Volt~ge 
Differential I nput Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration, 

All Outputs (Note 3) 

500 mW 
_65°C to +150°C 

±18V 
± 6V 
±15V 

Indefinite 

Note 1: Dissipation rating assumes device is mounted with all 
leads welded or soldered to printed circuit board in 
ambient temperature below + 70De. For higher ·tempera· 

. tures. derate 10mW/oC. 

Operating Temperature 
Lead Temperature (Soldering, 60 Sec.) 

Source Current (Is) 
Drain Current (lD) 
Digital Inputs 
V+ to V-
Digital Input 

8053 ONLY 

O~OIb 

O°C to +70°C 
300°C 

100 mA 
100mA 

5 rnA 
25V 

V- to V+ 

Note 2: For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 

Note 3: Short circuit may be to ground or either supply. Rating 
applies to + 70De ambient temperature. 

8053 ELECTRICAL CHARACTERISTICS (V+ = +5V, V- = -15V unless otherwise specified) 

8053 8053A 
CHARACTERISTICS CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

RonSwitch 1, 3 (each Switch) V7 = +4.5V 1000 2500 1000 2500 ohms 
V6 = Vg = VlO = +0.5V 

Ron Switch 2 Same as Switch 1,.2 2000 5000 2000 5000 ohms 

Ron Switch 4 Vg =+4.5V . 1000 2500 1000 2500 ohms 
Vs = V7 = VlO = +0.5V 

Ron Switch 5 VlO =+4.5V 1000 2500 1000 2500 ohms 
V6 = V7 =Vg =+0.5V 

Ron Switch 6 V6 =+4.5V 1000 2500 1000 2500 ohms 
V7 = Vg = VlO = +0.5V 

Total Leakage Sw 1, 2, 5 &6 V6 =V7 =Vg =VlO =+0.5V 10 ' 50 5 20 pA 
11 + 13 @most positive Voltage V4=-4V,V2=OV I· 

V1=V3=+4V 

Total Leakage Sw 1,2,5 & 6 Vs = V7 = Vg = VlO =+0.5V 10 50 5 20 pA 
11 + 13 @ most negative Voltage V4'=+4V, V2 =OV 

V1 =V3=-AV 

Total Leakage Sw3 & 4 V6 =V7 =Vg =VlO =+0.5V 10 50 5 20 pA 
112+ 113@ most positive Volt. V1 =Vll =-4V 

V12 = V13 = +4V 

Total Leakage Sw 3 & 4 V6=V7 =Vg =VlO =+0.5V 10 50 5 20 pA 
112+113@mostnegative Volt. V1 =Vll =+4V 

V12 = V13 = -4V 

Supply Current (V+ or v-I V6, 7, 9 or 10 = 0.5V 150 300 150 300 I1A 
(each of 4 drivers) 

V6 7 9 & 10 = 4.5V 1 10 
'. (all drivers) 

1. 10 I1A 

Switching .Time ton See Figure 1 75 75 nsec 

toff See Figure 1 ; 150 150 nsec 

~ 90, 

_m 

.<V, 
O.5V L 7 

FIGURE 1. TURN·ON SWITCHING TIME. TURN·OFF SWITCHING TIME. 
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8052 ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 

, CHARACTERISTICS CONDITiONs UNITS 

Input 9ffset Voltage VCM =O~ 20 50 20 50 mV 

l~p~tCurrent (either input) VCM = OV 5 50 2 10 pA 

Common-Mode Rejection Ratio VCM = ±10V 70 90 70 90 dB 

Nori-Lin~ar Component oi Common-
Mode Rejection Ratio * 

VCM = ±2V" 110 110 dB 

Large Signal Voltage Gain ' "! RL = 10kn 20,000 20,000 VIV 
, , 

Slew Rate 6 : 6 V//ls 

Unity Gain Bandwidth 1. 1 MHz 
-

Output Short-Circuit Cu'rren,t 20, 100 20 ' 100 rnA 

COMPARATOR AMPLIFIER 

Small-signal VO,ltage Gain, RL = 30kn 4000 , v!'iI 
Positive' Output Voltage Swing +12 +13 +12 +13 ,V 

" 

Negative Output Voltage Swing -2.0 -2.6 ,-2.0 -2.6 V 

VOLTAGE REFERENCE 

Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 V 

Output Resistance 5 5 ohms 

Temperature Coefficient : ,50, 40 ppmfC 

I I 61, 12 I 6 12 mA Supply Current Total 

'This i~ the only ~omponentthat causes error in dual-slope converter. 

SYSTEM ELECTRICAL CHARACTERISTICS 
(V++ = +15", '{+ = +5V, V_ = -15V Clock Frequency Set for 3 Reading/Sec) 

CHARACTERISTICS CONDITIONS 
S052/S053(1 ) S052Ais053A (2) 

MIN TYP MAX, MIN TYP MAX 
UNITS 

Zero Input Readirig Vin';O.OV -0.000 ±O.OOO +0.000 -0.0000 ±O.OOOO +0.0000 
Digital 
Reading 

Ratiometric Reading' Vin= VRef. +0.999 +1.000 +1.001 +0.9999 +1.0000 +1.0001 
Digital 
Reading , 

Linearity over ± Full Scale 
, .. 

Digital 
(error of reading from -2V';;; Vin.;;;+2V 0.2 1 0.5 1 Count 
best straight line) 

I 
Error 

Rollover error (Difference in " 

reading for equal positive & 
Digital 

-Vin = +Vin ~ 2V 0.2 1 0.5 1 Count 
negative voltage near full 

Error 
scale) , 

Noise (P-P value not Vin = OV 
0.2 

Digital 
exceeded 95%' of time) Full scale = 200.0mV I Count 

Full scale = 2~000V 0.05 " 0.3 I 

Leakage Current,into Input 'Vin =OV 5 30 3 10 pA 

Zero Reading Drift 
Vin=OV 

1 5 0.5 2 /lVrC O°';;;TA ';;;70°C 

Scale Factor Temperature Vin = +2V 
3 15 2 5 ppmtC 

Coefficient O';;;TA ';;;.70°C 
(ext.'ref.O,ppm/"C 

(1) Tested in 311. digit (2,000 count! circuit shown in Fig. 5 clock frequel)cy'12 kHz. 
, (2) Tested in 411.digii'(20,OOO cOUnt) circuit shown in Fig. 5 clock frequency 120 kHz.' 
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THEORY OF OPERATION 
Figure 4 shows a function diagram for an A-D converter 
using the 8052/8053 pair. In this circuit, each measurement 
cycle is divided into four equal parts by the state F/F. The 
first part, state 00, isthe auto·zero cycle. The switch driver 
decoder recognizes this state and turns on hex switches 
number 1, 2, and 3. Switches 1 and 2 impress a voltage 
equal to VREF across the reference capacitor. Switch 3 
closes a loop around the integrator and comparator. The 
purpose of this loop is to charge up the auto·zero capacitor 
until the integrator output does not change with time. 
During the second state, 01, switches 1,2 and 3 are opened 
and switch 4 is closed. If the input voltage is zero, the 
buffer, integrator and comparator will see the same voltages 
that existed in the previous state. Thus, the in'tegratorout: 
put will not change but will remain stationary during the 
entire signal·integrate cycle. If VIN is not equal to zero, 
an unbalanced condition exists compared to the auto-zero 
cycle and the integrator will generate a ramp whose slope 
is proportional to V1N . At the end of this cycle, the sign of . 
the ramp is latched .into the polarity F/F. The final cycle, 
reference integrate, includes states 10 and 11. The switch 
driver decoder uses the output of the polarity F/F in 
deciding whether to dose switch 5 or 6. If the input signal 
was positive, switch 6 is closed and a voltage which is VREF 
more. negative than during auto-zero is impressed on the 
buffer input. If the input signal was negative switch 5 is 
closed and a voltage which is VREF more positive than 
during auto-zero is impressed on the buffer input. Thus, the 
reference capacitor generates the equivalent of a (+) refer
ence or a (-) reference from the single reference voltage 
with negligible error. The reference voltage returns the 
output of the integrator .. to zero. The time, or number of 
counts, required to do this is proportional to the input 
voltage. Since the reference cycle can be ~ice as long as 
the signal integrate cycle, the input voltage required to give 
a full scale reading == 2 VREF. The circuit, as described to 
this point, is not new to this application. It has been used 
successfully for several years. However, this system makes 
three major contributions to the accuracy of this circuit. 
These are: (1) low charge injection, (2) junction FET op 
amp. and (3) zero·crossing flip·flop. 

FIGURE 2. 

INTEGRATOR OUTPUT NEAR ZERO~CROSSING. 

1. Low. Charge Injection. 

During auto·zero, there is no problem in charging the 
capacitors to the correct voltage. The problem is getting 
the switches off without changing this voltage. As the 

gate is driven off, the gate-to-drain capacitance of the 
switch injects a charge on the reference or auto-zero 
capacitor, changing its voltage. The designer, using 
discrete components, is forced into critical board layouts 
where charges of opposite polarity are injected to com
pensate or neutralize the driver injection. This balance 
will be upset by any unit-to-unit variation of switch 
capacitance so at best the final design is a compromise. 
In the 8052/8053 the critical layout has been done on the 
semiconductor chip and need not concern the user. 
Also, since a silicon-gate process is used for the switches, 
the unit-to-unit variation is. extremely low. The net 
result is to give an error due to' charge injection that is 
so low it is difficult to measure; but certainly less than 
51lV referred to the input. 

2. Junction FET Op Amps. 

Both the buffer and integrator use junction FET. inputs 
in a guarded circuit that reduces the voltage across the 
FET to 3 or 4 volts. At this voltage level, input leakage 
currents of 1 pA are typical. For typical component 
values 2 pA leakege contributes less than 21lV of error 
to the circuit. In theory, MOS FET's would contribute' 
less leakage but their increased noise would· swamp out 
any improvement by orders of magnitude. ' 

3. Zero-Crossing Flip Flop. 

The problem that the zero-crossing flip-flop is designed 
to solve is shown in figure 2. 

The integrator output is approaching the zero-crossing I 
point where the clock will be stopped and the. reading • 
displayed. The clock pulse feedthrough superimposed upon 
this ramp wiP cause a false reading by stopping the count 
prematurely. For a 40,000 count instrument, the ramp is 
changing approximately 0.25mV per clock pulse (1 0 ~olt 

max integrator output divided by 40,000 counts). The 
clock pulses have to be less than 1001lV. peak to avoid 
causing significant errors. The circuit layout to achieve this 
can be time consuming at best a~d impossible at worst. 
The suggested circuit gets around this problem by feeding 
the zero-crossing information into a J·K flip-flop instead of 
using it directly. The flip·flop interrogates the data once 
every clock pulse after the transients of the previous clock 
pulse and half-clock pulse have died down. Any false zero
crossing caused by clock pulses are not recognized. Of 
course, the flip-flop delays the true zero-crossing by one 
count in·every instance. If a correction was not made, the 
display would always be orie count too high. The correction 
is to change the four states of thfl converter one count 
early. In other words, instead of dliangi(1g states at the 
beginning of count 0000, the states 'are: changed at the 
beginning of count 9999. Since this pulse,li$ always available 
as "carry" from a synchronous counter, hcliextra decoding 
is required. A bonus feature of this circuit is that latching: 
the counter output becomes very simple with no potential 
race condition existing. The designer has one complete 
clock pulse to transfer the counter data to the latches and 
decouple them before a false reading will occur. The timing 
diagram for a signal"" 0 is shown in figure 3. 
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Specific Circuits Using the 8052/8053 

Figure 5 shows the complete circuit for a 4-1/2 digit 
(±2.000V full scale) A-D with LED readout and parallel 
SCD data lines. In addition to the B052/8053, this circuit 
uses 6 low-cost CMOS packages for control and 5 TI L 306 
as a combination LED readout, synchronous counter, and 
SCD latch. In this circuit, the clock runs continuously 
driving the 5. decade counters in the TI L 306's. The carry 
from the fourth decade is used to trigger the state F-F. 
Thus, each of the four states lasts for 10,000 counts. At 
the beginning of state 10, the 5th decade is cleared. None 
of the other counters need to be cleared since they auto
matically roll to 0000 at this point. When the zero-crossing 
F-F detects the end of the measurement, a latch pulse is 
initiated_ The R-C time constant of:this pulse is selected 
long enough (50nSec) to assure the latches turn on, but 
short enough (3,uSec) to assure that the latches are de-

~~<~------------

PACKAGE DESIGNATION 
1-C04tl27-0UALJK MASTER·SLAVE FLIP·fl.OP 4-C04070-aUAO EXCLUSIVE·OR GATE 
2-CD402S-TRIPLE 3-INPUT NOR GATE 5-74CI61-4-BIT BINARY COUNTER 
J-Cp4013-TRIPLE3-INPUT AND GATE 6-74L04-:HEX INVERTER v.e,D 

NOTE: FOR 3'h DIGIT USE 12KHz CLOCK FReQUENCY AND DELETE TIL.J06 FROM-MIDDLE. 

D~DI!.. 

coupled before the next clock pulse. Selecting a typical 
time constant of 400nSec assures proper latching with wide 
variance in component value. 

I n order to give a visual indication of overload, the LED 
displays are blanked during state 00 if an overload exists. 
If overloaded, the instrument will blink a reading 0,.,9999. 
A non-blinking reading of 19999 is a valid reading for the 
instrument. 

, Sy tying the clear terminals of the state flip-flop and the 
four decade counters to a common bus, the instrument 
can be synchronized to external events. If the bus is low, 
the instrument is held in auto-zero with the last measure
ment cycle' at the beg'inning of state 00. The data valid 
pulse indicates the end of measurement cycle. For free
running condition, the bus is held high at +5 volts. 

FIGURE 5_ GENERAL CIRCUIT FOR A FAMILY OF DVM's. 

Generating a Family of A-D Converters 

In figure 5, the lines marked (MSS) and (MSS-l) are 
connected to Os and OA of the 4-bit state flip-flop 
respectively; This forces a change instate for each carry 
pulse (10,000 counts) from the decade counters. ·If the 
lines were moved to Oc and Os respectively, two carry 
pulses (20,000 counts) would be requireci to change states. 
Since full-scale is two states long, the max count now 
becomes40,OOO; (actually 39,999). Similarly if OD and 0C· 
are used the max count is now 7,999 (one less . decade 
counter, would be used in this case). The ability to easil'i 
change max count (full scale) is.most useful where the A-O 
converter is measuring physical.constants such as tempera: 
ture, dis~ances, weight, etc. It allows designer to match 
the digital reading of the instrument to the analog range of 
the transducer. Since the analog input required to gelJerate 
full scale output is 2VREF in' every case, an almost endless 
variety. of scale factors can be generated easily from one 

basic design. Table I summarizes how the family of DVM's 
is generated. 

Total Number. 
Of Decade Connect ,Connect 

Full Scale VREF Counters MSS-1 to 'MSBto 

±200.0niV +.1000V 4 OA Os 
±2'.000V +1.000V 4 OA OS' 
±400,OmV +.2000V 4 Os Oc 
±4.000V -2.000V 4 Os Oc 
±800.0mV +.4000V 4 Oc OD 
±2.0000V +1.0000V 5 OA Os 
±4.0000V -2.0000V 5 Os .. Oc' 
±3.2768V +1.6384V 4* Oc °D. 
• Number of 4-,bit binary counters 

TABLE I 
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-0--~--(l}-------------

PACKAGE DESIGNATiON 
l-CD4027-0UAL JK MASTER·SLAVE FLW flOP 
2-CD4025-TRIPLE JINPUT NOR GATE 
3-CD4073-TAIPLE 3 INPUT AND GATE 
4-CD4070-QUAO EXCLUSIVE OR GATE 
5-74L04-HEX INVERTER 
6-10-74C161-4-BIT BINARY COUNTER 
11·14_CD4D42_QUAD CLOCKED 'D' LATCH 

d, (J, ii, 

FIGURE 6. l6-BIT BINARY CONVERTER 

Specific circuits demonstrating this principle are shown in 
figures 5 and 6. An 800.0mV full scale A-D can be obtained 
from the 2.0000V i':lstrument shown in figure 5 with the 
three' following modifications: 

1. Delete middle LED counter. 
2., State decode moved to OD and Oc, 
3. Reference voltage adjusted to 0.4000V. 

Figu're 6 is the specific circuit f~r a 16-bit bi'nary A-D. Here 
the decade counters and displays have been replaced by 
synchronous 4-bit counters and latches: To give a full scale 
reading of ±3.2768 volts the reference is adjusted to 
1.6384 volts. 

-0--~--0-------'-c.:..----' 

Figure 7 shows the circuit for a 40,000 count instrument. 
This circuit conforms to all of the "family" rules with the 
exception that it uses a -2.0000 volt reference. If a posi
tive reference was used, pin 3 of the 8053 would have to 
swing to +6V (+4 volt input +2 volt reference). Since this 
exceeds the +5 volt supply, the switch would forward bias 
into the substrate. It can easily accommodate the +2 to -6 
volt swing required of a negative reference. The only change 
required by a negative reference is that the drive to pin 6 
(+ Reference driver) and pin 10 (-, Reference driver) be 
interchanged. Also since the internal reference is not used, 
no connections are made to pins 3, 6, and 7 of the 8052. 

~~g~:£~~~~~~~~~~SriR.SLAVE:FL:;:IP;:'F~lO:P-------:--,-----;--t-~------.... -'~t::=::J 
2-C04025-TRIPLE 3·INPUT NOR GATE 
3-C0407J-TRIPLE 3·INPUT AND GATE 
4..cCD4070-0UAD eXCLUSlve·OR GATE 
5-74CI61-H'HT BINARY COUNTeR 

~of~?~o~~:' ~~~~TR~i: 16KHl ClOCI( F~EOlJENCY AND DELETE TIL306 FROM MIDDLE. 

FIGURE 7_ 4* DIGIT DVM 



ICL8052/8053 ICL 8052A/8053A 

Alternate Circuits 

In a 4% digit (20,000 count) instrument where the family 
generating capabilities of the' four bh counter is not re
quired, a dual D flip-flop can be substituted for this function 
with' some reduction in parts, costs. Also a "±1" LED, 
driven by a dual D,flip-flop, can replace the fifth TIL306. 
Figure B shows a circuit with these two substitutions made. 

If the Parallel BCD capabilities of the TI L306 are not 
required, a further reduction in' parts cost can be, achieved 
by using the circuit offigure 9. In this Circuitthe MM74C926 
performs the counting, latch and 7 segment decode function 
of the TI L306 such that it can be used with any LED dis
plays_ Some modification of the clock and latch circuit is 
required since the 74C926 uses a ripple counter with a carry 

--0---(;>--(;>----- --~----...!....-

PACKAGE DESIGNATION 
l-CD4027-DUAUK MASTER-SLAve fliP-FLOP 
2-CD4025-TRIPtE 3·INPUT NOR GATE' . 
3-C04073-TRIPLE 3·INPUT AND GATE 
4-C04010-QUAD EXCLUSIVE OR GATE 
5-74LD4-HEX INVERTER 
6-74L14-0UAL '0" FLIP-FLOP 
7-74L74-DUAL '0' FLlP.FLOP' 

at 0000 instead of a synchronous carry at 9999. When a 
zero-crossing signal is detected and the latch:enable 'is 
initiated, a signal is simultaneously fed to the clock drive 
circuitry to delay the clock and thereforll the count until 
the previous count can be hitched. The hitch time-constant 
is shorter than the clock-delay time-bonstant to assure that 
the latch is transferred and disabled before the clock re
sumescounting. A lJ.1S time delay in the output of. ,the 
clock (j'ri,ver assures that the slight delay (lOOnS) between 
the clock pulse and the clock-delay pulse does not clock' 
the counter. Blanking is provided to give a visual indication 
of overload., However, the, display will flash .0000 instead 
of 1.9999 due'to the nature of the ripple counter. 

~~~W~~~~~~~~~~~E~~~~¥r'~f! 
I ~u .. 

t _<> 

FIGURE 8. 4% DIGIT DVM (PARALLEL BCD) 

Component Select,ion 

Except fo~ .the, Reference Voltage, none of the component 
v,alues are first-order impQrtant in determining the accuracy 
of the instrument. While this is undoubtedly an advantage 

,of this ,approach, it does, make the selection of nominal 
component values 'ar\;litrar.y at best. For instance the refer
ence capacitor and auto-zero capacitor are each shown as 
1.0J.lF. These relative large values ar~ sele,cted to give,greater 
immunity to PC board leakage sinCe much smaller capacitors 
are, adequate for ,charge injection' errors or leakage errors 
from the 8052/8053. The ratio of integrating resistor and 
capacitor is selected to give 9 volt 'siNing for full' scale 
inputs. This is a compromise between possibly saturating 
the integrator (at ±14 volts) due to tolerance build-up 
between the resistor, capacitor and clock and the errors a 
lower voltage swing could induce due to offsets referred to 
the output of the comparator. Again the .22 value for inte
grating cap is selected for PC considerations alone since 

the very small I~iakage at 'the integrat~r input is nulled at 
auto-zero. A very important characteristic of the integrating 
cap is low dielectric absorption. A polypropylene ,cap 
(made by TRW)' gave excellent results in the application. 
In fact a' gooa test for dielectric absorption is to test the 
subjeCt cap inthis ~irc~it w.,ith the jnp'ut tied to reference. 
This ratiometric condition should read 1.0000 and any 
deviation is probably due to dielectric' ab'sorption. ' In 
this test poly-carbonate caps typically read' .9992, poly
styrene, .9997 and polypropylene, 1.0000. The increased 
temperature coefficient of polypropylene is of no con
sequence in this circuit. The dielectric absorption of the 
reference cap and auto-zero cap are only important at 
power-on or when the circuit is recove'ring from an over
IO,ad. Thus, smaller or cheaper caps can be used here if 
accurate readings are not required for the first few seconds 
of recovery. 
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PACKAGE DESIGNATlON I L.... __ ----,,_-------~-+---------J'___7'< 
l-C04021-QUAL JK MASTER·SLAve FLIP FLOP 
2-C0402S-TRIPLE 3·INPUT NOR GATE 
3-C04073-TRIPLE 3·INPUT AND GATE 
4-CD4070_QUAD EXCLUSIVE DR GATE 
5-74l04-HEX INVERTER 
6-74l74-DUAl'O' fLIP FLOP 
1-74U4-0UAl '0' FLlP,FLOP 
8-MM74C926-4·DIGIT COUNTER WITH MUl TIPLEXEO 

7-SEGMENT OUTPUT DRIVERS 

NOTE: fOR 3'1, DIGIT USE SAME CLOCK FREOUENCY AND DELETE LEAST ~IGNIFICANT lEO. 

FIGURE 9. 4% DIGIT DVM (20,000 COUNT MULTIPLEXED DISPLAY) 

The output of the comparator is clamped to the +5 volts 
supply to prevent the positive swing of the comparator 
from forward biasing the auto·zero switch to its substrate 
and injecting minority carriers that would be collected as 
leakage currents. In addition, a voltage translation network 
connects the output of the comparator to the auto·zero 
switch. The purpose of this network is to. assure that, during 
auto-zero, the output of the comparator is at o~ near the 
threshold of the CMOS logic (+2.5V) while the auto-zero 
cap is being charged to VREF (+1 V in the case of 2.0000 
instrument). Otherwise even with zero signal in, some' 
reference integrate period would be required to drive the 
comparator output to the threshold region. This would show 
up as an equivalent offset error. Once the divider chain has 
been selected, the unit-to-unit variation should contribute 
less than a few tenths-of-a-count error in the worse case 
(40,000 count instrument) and proportionately less in other 
instruments. For a .3% digit instrument, the error is un-
measurable. ., 

Finally, the back-to-back diodes are used to lower noise. I'n 
the normal operating mode they offer a high impedance and 
long integrating time constant to any noise pulses cliarging 
the auto-zero cap. At start-up or recovery from an over
load, their impedance is low to large signals so the cap can, 
becharged,inone auto-zero cycle. ' , 
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Max Clock Frequency 

The maximum conversion rate of most dual-slope A-O 
converters is limited by the frequency response of the 
comparator. Even though the comparator in this circuit is 
all NPN with an open-loop gain-bandwidth product of 
300MHz, it is no exception. The comparator output 
follows the integrator ramp with a 3pS delay. At a clock 
frequency of 160kHz (6IIS period) half of the first refer
ence integrate period is lost in delay. This means that the 
meter reading will change from 0 to.1 with 50lIV in,1 to 2 
with 150lIV, 2 to 3 at 250lIV, etc. This transition at mid
point is considered desirable. by most users. However, if the 
clock frequency is increased appreciably above this, the 
instrument will flash "1" on noise peaks even when the 
input is shorted. 

Some circuits use positive feedback or a latch to solve the 
delay problem. However, unless the comparator voltage 
swing, the comparator gain, and the integrator gain are 
carefully controlled, this circuit. can generate anticipation 

, errors that greatly exceed the 3IIS delay error. Also it is 
very susceptible to noise spikes. A more controlled approach 
for extending the conversion rate is the use of a small 
resistor in the integrator feedback loop. This feeds a small 
pulse to the .comparator to get it moving quickly, and 
partially compensate for its delay. 

The minimum clock frequency is establishedbv leakage on 
the auto-zero and reference cap. With most deVices, mea
surement cycles as, long as 10 seconds gave no measurable 
leakage error. 



LD110,LD111 
3-1/2 Digit A/D Converter Set 

LD114 
Multiple-Option. Digital Processor 

FEATURES 

• Accuracy 0.05% Of Reading ±l Count" 

• Two Voltage Ranges - 1.999 V and 199.9 mV 

• Sampling Rates up to 12 Samples/Second 

• FET Input for Zin > 1000 Mr2 

• Auto-Zero Minimizes Effects of Offset, Drift and. Tem-
perature 

• Auto-.Polilrity . 

• Multiplexed Para'ilel BCD or Serial BCD Output (LDl14) 

• Active High or Active Low Logic Outputs,' (LDl14) . 

• Overrange and UnderrangeSignals Available for AU,to
Ranging Capability. 

• -;-512 Output .Available for Phase Locked Loop Clock. 
(LQ1l4) 

• TTL Compatible Outputs 

GENERAL DESCRIPTION 

The monolithic LD111 analog processor contains a bipolar 
comparator, a bipolar integrating.amplifier, two MOS-FET 
input unity' gairi amplifiers, several P-channel enhancement 

mode analog switches and the necessary level shifting 
'drivers to allow the analog and digital processors to. be 
directly interfaced. A wide range of conversion rates (1/3 
to 12 samples per second) as well as two voltage ranges can 
be accommodated· using externally determined RC time 
constants. All amplifiers are internally compensated. 

The PMOS LDII0/LDl14 synchronous digital pro~essor 
combines thecoimting, storage a~d data .multiplexing 

. , fun~tions with the random logic necessary to c~ntr61 the 
quantized charge-balancing function of the analog processor .. 

. Seventeen static latches store the 3% digits bf .BCD data as 
'well as overrange, underrange and polarity information. 

In the LDII0, nine push-pull output buffers (capable of 
driving one standard TTL load each) provide th'esign~ digit. 
strobe and multiplexed BCD data outputs, all of which are 
active high. The digit scan is.an interlaced format 'of digits 
1,3,-2, and 4 .. 
I'n the LDi 14, ten push-pull output buffers (caPilble of 
driving one. standard TTL load) .prol/ide the clock fre
quency .+512, sign, digit strobe arid m'ultipl~xed BCD data. 
Four data output, format options allow the user to tailor. 
the BCD output to his ci rcuit requirements. 

LD111 
ANALOG PROCESSOR 

LD110 
DIGITAL PROCESSOR 

LD114 
DIGITAL-PROCESSOR 

HI·a GNO 

Mil 

U/D 

COMP 

TOPVllW 
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ABSOLUTE MAXIMUM RATINGS 

VIN . . . . . ±5.0V Operating Temperature. . . . . . . . . 0 to 70°C 
Vl-Vi(LDll1). 3,OV Storage Temperature ....... -65 to 150°C 

VSS . .. . . .6V 
VSS- V2 (LDll0/LDl14). 20V 

Power Dissipation (Package, LD 11 O/LDlll *. 750 mW 
Power Dissipation (Package, LD114)·. . . . 1200 mW 

Voltage on any pin relative to VSS (LDl14) 0.3 V to -20V 

VREF' ..... : . ,.:' ..... ' ,.' .Vl *Device mounted with all reads welded or solde[ed to PC 
Board, Derate 6.3mWtC above 25°C., 

ELECTRICAL CHARACTERISTICS V1 ;12 V, V2; -12 V, VSS; 5 V 

PARAMETER SYMBOL CONDITIONS 

Clock Frequency fiN 50% Duty Cycle 

I 
I nput Bias Current liN TA; 25° C 

, 
TA; 70° C N 

P Normal Mode Rejection NMR fL ; 60 Hz 
U Clock Input Current, Low ICL VCLOCK in = 0.4 V ' 
T 

VINL; -12V Comparator IINL 
Latch Inhibit, IINL VINL = -12 V 

Format Option Inputs IINH VrNH; VSS 

Measure/Zero Voltage, Low VOLl IOL=150/1A 

0 
Measure/Zero Voltage, High VOHl IOH ; -200/1A 

U Up/Down LogicVoltage, Low VOL2' IOL = 250/1A 

T Up/Down Logic Voltage, High VOH2 IOH ; ·200 /1A 
P Digits, Bits, SignVoltage,7512* VOL3 IOL; 1.6 mA 
U 

Analog Comparator Voltage VOH3 IOH = -100/1A T 
Data Bit Voltage, High VOH4 IOH,=;~200 /1A ' 

Digits, Sign Vbltage, 7512* VOH5 IOH = -800/1A 

S ON Resistance, AutoZero Switch rDS(on) V AZ(in) = -4.0 V,IS = -50 /1A 
W ON Resistance, Up/Down Switch , IS";,l mA I rOS(on) 
T Up/Down Switch Temperature 
C TC 
H CoeffiCient 

Supply Curreilt, L0111 11 ' 
S Supply Current, LDll1 12A 
U 
P 

Supply Current, LOll 0/,114 120 

P Supply Current,LOll0/114 ISS, 

L Power Supply Rejection Ratio, Vl PSRRl 
Y Power Supply Rejection Ratio, V2 PSRR2 

'Reference Current Rejection Ratio RREF; R2; 100KQ, VIN; 2V 

*7512'output applicable to LD114 only 

INPUT/OUTPUT SCHEMATICS 

OUTPUT BUFFERS 
(Digits. BitS, Sign. 512, MfZ. UfO) 

rvs~ 

"N t::;;:ll--v, ' 
-[""1 1>0-
r 

V'N 

..1 

. COMPARATOR, CLOCK, LATCH 
INHIBIT INPUTS 

MIN TYP MAX UNIT 

30.7 KHz 

4 

40 
pA 

40 dB 

-500 

-100 

180 -600 /1A 

25 400 

0.4 

2.4 

0.4 

2.4 V 

0.4 

2.4 

2.4 

2.4 

11 50 Kn 

650 3000 n 

0.20 0.50 %/oC 

2.2 3.5 

,1.8 -3.0 

-17 ·23 
mA 

17.4 24 

80 ,85 

60 65 
dB 

35 41 nA/LSB 

FORMAT OPTION INPUTS 
(Bit Phase, Digit Phase, Scan. Serial Bits) 
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DESCRIPTION OF PIN FUNCTIONS (LD110/LD114) 

VSS - 'Positive Supply. Voltage. Recommended level is 

+5 volts ±1 0%. 

V2 - Negative Supply Voltage. Recommended level is 

-12 volts ±1 0%. 

CLOCK IN - This input accepts a TTL or MaS level clock 

to drive the synchronous· digital circuitry. Acceptable duty 
cycles on the external clock range from '30% high, 70% low 

to 70% high, 30% low for clock frequencies from 2 kHz to 

75 kHz. Although any clock frequency between 2 kHz and 
75 kHz may be used, clock frequencies that are integer'divi
sions of 2048FL(FI N = 2048FL/n,n = 1,2,3,4, 5, F L = Line 

Frequency) provide measure and zero periods that are inte

ger multiples of the line frequency period (T zero = n/FL, 

T measure = 2n/FU. Line frequency interference is mini
mized by the selection of one of these 50 frequencies. 

This input has an active pull-up toVSS. 

M/Z - Measure/Zero Logic Output. This 0 to 5 volt logic 
output successively provides Autozero and Measurement 
intervals of 2048 and 4096 clock periods. resp.ectively. This 
output is compatible with CMOS logic and directly. inter
faces with the LDlll analog processor. 

+512 (LDl14) - This TTL compatible output (1 standard 

load) provides the necessary clockfreq\Jency division for a 

phase locked loop digital clock. The line frequency rejec
tion will be held at the maximum level (>80 dB) when 
locked to the line frequency. 

U/D - Up/Down Logic Output. This output has logic levels 

of 0 to +5 volts to provide pulse·width modulation of the 

reference current when .. used with the LDlll ana.log pro
cessor. This output is CMOS compatible. 

CaMP - Analog Comparator Input. This input has an active 

pull·up to VSS hl( a comparator "high" state,. This pin 

must be pulled down to V2 for a "low" compar~tor state. 

An End·of·Conversion Signal can be decoded from the three 

interconnecting logic lines (M/Z, U/D, Comp) using the·' 
following CMOS logic. 

M/Z + U/D + Comp = E.O.C. 

SIGN - Sign of A(lalog Input Polarity. This TTL level out

put is a static signal which is either 0 or VSS for a negative. 
or positive input polarity respectively. 

" 

D~DIL 

BIT PHASE (*LDl14) -: The bit outputs. will be active high 
(positive) logic if this pin is left open ~r connected~o V2. 

The applic~tionof VSS to this pin will give a complemented 
output (negative logic). 

DIGIT PHASE (*LDl14) - The Digit Strobe outputs will be 

of positive logic if. this pin is left open or connected to V2 

(an active pull-down is internally connected to V2) .. Ap
plying VSS to this pin will complement the outputs to 
give negative logic. Negative logic may simplify interfacing 

with Common Anode LED, Gas Discharge and Liquid 
Crystal Displays. 

B1. B2, B3. B4 - BCD Data Bit Output. B4 represents the 
most significant bit and Bl the least significant bit of the 

BCD output . .Bit 4 of digit 4 goes high for an underrange 
condition (less than 100 c,ounts). These outputs are cOm' 

patible with 1 standard TTL load. 

MUX Underrange = B4' D4 (5% ottull scale) 

D1, D2. D3, D4 - Digit Strobe Outputs. D4 is the most 
significant and Dl the least significant digit of the 3% digit 
output. The di gi t strobes are each selected if"' tu rn when the 
BCD data bits for that digit appear at the bit outputs. 

MU X Overrange = D 1 + D2 + D3 + D4 (100% oUull scal~, t'II.' 
count ~2000): ' __ 

SCAN (*LDl14) - Sequential/Interlace Digit Scan. The digit 

strobe format will be an interlaced format of digits 1, 3, 

2 and 4 if this pin is left open or is connected to V2. This 
format is useful for display digits packaged two to an 
envelope and which require an interdigit blanking period ego 
(Beckman Displays). By alternating from ·envelope, an 

interdigit blanking period is effectively pro~ided. 

The application of VSS to this pin will give a'sequential 
scan of digits 1, 2, 3 and 4. This format may be more 
useful in interfacing with data acquisiti'on equipment. 

LATCH INHIBIT (*LD1l4) --'.. Connecting this pin toV2 

will prevent updating of.- the internal static latches, thus 
providing a "hold" function. Leaving this pin disconnected 

will allow the latches to be updated once each sampling 

period. 
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DESCRIPTION OF PIN FUNCTIONS (LD110/LD114) Cont. 
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SERIAL BITS (*LDl141-Parallel/Serial Bit Output Format .. 

The BCD data bits for each digit will appear simultaneously 

with the digit strobe if the parallel bit option is selected. 

This format is useful for driving multiplexed displays. The 

parallel bit format is available when this pin is left open or 

connected to V2. 

The application of \Iss to this pin wi II put all of the BCD 

data bits in a serial order at the bit 4 output. 

Bit outputs 1, 2, and3 contain time markers. to identify the 

data. The most significant bit of the. last digit (04) is 

identified by a marker at the bit 2 output. The least signi· 

ficant bit of the first Digit (01) is identified by a marker at 

bit 3. Bit 1 shows a marker for the least significant bit of 
each digit. 

All output format options are independent of one another 

(i.e;, the serial bit output can have either sequential or inter· 

. lace scan, Positive or Negative logic). 

I'For LDll0, action is described for "pin lett open".) 

DESCRIPTION OF PIN FUNCTIONS - LD111 

BUF OUT - The output of this unity gain input buffer am· 

plifier is applied to the integrator summing node through 

a scaling resistor R2. The value of this resistor is typically 

10 Kn for a 200.0 mV full·scale and 100 Kn for a 

2.000 V full·scale. The digital output is inversely propor· 

tional to the value of this resistor, 

VIN Rl 
Count = --' - 8192 

VREF R2 

HI·QUALITY GND - This pin, typically connected to a 

High Quality Ground point for single ended inputs CAN BE 

USED AS THE INVERTING INPUT FOR 01 FFERENTIAL 

SIGNALS. The>digital output will be VIN - VH 1- Q. When 

using this "differential mode, it is:important that resistor R3 

equal Resistor R2 for proper operation. 

M/Z - Measure/Zero Logic Input. Internal level shifting 

drivers operate the PMOS switches in· response to this 
digital signal. 

UfO - Up/Down Logic Input. The logic signal applied to 

this pin operates a SPOT switch to provide Quantized 

pulses of charge to the integrator. 

CaMP - This analog comparator output is an. open col· 

lector configuration which goes to V2 when "low." 

V2 - Negative Supply Voltage. Recommended level is 

-12 V ±10%. 

GND - Analog Processor Ground. 

REFout - This voltage output of the SPOT U/D switch, 

converted to a current by resistor Rl, supplies the reference 

current to the integrator. 

INT. IN - Integrator Summing Node. 

VREF - A stable positive reference voltage (5 to 11 V) 

applied to this pin is the standard. to which the input 

voltage V IN is measured. Ratio measurements can be made 

by applying a variable to this input (1.0 to 11 V). 

~NT. OUT - The output of the integrating amplifier is 

made availabl~ for application to the Auto·Zero amplifier by 

means of resistor R4: 

'. 
AZ OUT - The output of the unity gain Auto·Zero Ampli-

fier provides a second negative reference current to the inte

grator through resistor R3. 

AZ FI LTER - The RC filter (R5 and CSTRG) connected to 
this pin stores. D.C. voltage components to balance ampli

fier offset and drift components. 

AZ IN - This input is switched into the AZ filter during the 

Zeroing interval. 

VIN - Analog Voltage Input. The A/D System digitizes the 

voltage appearing at this input. 

V, - Positive Supply Voltage. The recommended level is 
+12 volts ±10%. 
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APPLICATIONS LOlll/LOl14 

15 

F 
11 

r-- t-- ~a 3.' 

I 1 '~I l~ I nf=~: 'CD 
AJ~ ,l-R7 7 

-= 15011 
I SEGMENT 

T I 
- - - r-- - r.-----c:" DECODE A2 rt-1- /r-- I~' AND - r-- ~.~, PRIVE 

At r!--
7 DL.701 10 0(.702 Dl.702 Dl-702 2 14 9 19368) 

-----:-r.T4l "--rn2' -1"4.Ti"'""" -'"i"i'i"'"" AO 7 

~a,'N I" 15Ol! >5139 

~~ 
RlO Rl1 

510!! 7S!' 

4 -- 6 _2 __ ...!.2 _____ .2.0 -- • ,-- --- -, 
I I 

7416 I l~ l;> l l;> I 
I 

'-
3 ----5 - , --13 -----', --- ---9 --' C4 . 

O.OO,2,2/tf R12 

J " 1 
V'N 

1M!! 

1 [ , 
R,lOK!! J-, '-' 28 '-/. 16 , 27 r- , 1~ . R4 120 K!l , 

.----- 3 26 r- 3 14 ' . 

r----- 4 " 4 LOlll 13 
,-5 24 5 12 

r---- 6 lD114 23 6 11 R3 

.-- 7 22 7 lOr-- a, 100 KI~ 

, 21 

l 
, 

A~j 
'~~7 ~ C, 

9 20 ,~rrr22" r--- 1O 19 
R, 

11 18 -
12 17 I-- 75K 1! 10 Kl1 

I ic 13 

16 I---
L 14 

15 

~ 
NC , C, a, ' 0','1 C3 

5,' 
NATIONAL 

2N4274 

'5V ;512 CLOCK ! -12V 
':" , 

+12V 
INPUT 

3% Digit DVM (1200.0 mV) 

APPLICATIONS LOllO/LOlll 
R7 ..------,; .----- r---I--r-I-- ' A3~ 150~! 'CD + ICI-- ,-, = I-I ~ '-/~: 7 

SEGMENT 
~ DECODE A2 L 5~~!! R, -- - -- I-- --. r--" AND 

. 150~! 1 1= I~/~: DRIVE ~,~ 
~ 

193681 

2N5139 (F~ IF~ -(F~f--If~f--!l 
" AB' AO 

V'N '12V 

,- ------- -------1-,,------ -- -1 

: 4 

7416 
I 

R13 

:.. 'L :.. 'l 
~ HEX INVERTER 1. ;>' 5L :.. I 1M:, 

L_ ------- ------ ------- _J 
~ 

L-- , '-' '61--
,*022..' 

A, , '5r-----:- 100 K:: 
RIO 3 14 

a~ 
5.1K!! 4 LDllO 13 I 

5 12 , '-" ,. 
2N5139 (-'i '5VO--- • "I-- ~ , 15 R4 120K!! 

+li V CLOCKl>-- 7 10 3 14 

Rl1 INPUT 1 8 9 4 Lolll 13 

~~ 
1 3 K!! S 12 

~ B 'p -:-- . 11 R3 a G 
TIMER 

7 
ES07 3 S 

~7 ,or--
IN7~~ ~ 

7 'OOKO: 

'5V :1- R12 F' 91 
<, c, I 4 12 K~) VREF 

IN9~! L :.. T'O'M 
~ 

75K!! .. ~ 
C3 04 251'f 
0022l'f 2N4274 

·J6K!! R5 
-:-NATIoNAL fULL SCALE ADJUST 33 K!! 

':" (1.999V) 
o 1~~:C 

CLOCK CLOCK 245kHl REFERENCE VOLTAGE 
a T 4 SAMPL ES/SEC (6.8 VOL TS) ·12V VREF U PUT 

3% Digit DVM (±2.000 Volts) 
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ORDERING INFORMATION 

PART TEMP, RANGE 

LDll0 o°c to 70°C 

LDll0 0°Cto70°C 

LD111 O°C to 70°C 

LDlll O°C to 70°C 

LDl14 O°C to 700 e: 

PACKAGE DIMENSIONS 

PACKAGE 

16 lead DIP ceramic 

16 lead DIP plastic 
16 lead DIP ceramic 

16 lead DIP plastic 

28 lead DIP ceramic 

ORDER NO. 

LD110CP 

LD110 CJ 
LDlllCP 

LDlll CJ 

LDl14CR 

16 PIN DIP PACKAGE 

160TYP 
165MAX 

'~;~.~ .•........ "'"C 
J .__ ! 

, r" I 

_:'. ">om ~ ~ .,," 

28 LEAD DUAL·IN·LlNE PACKAGE 
(SIDE BRAZE) 

SEATING 

wmMmM1T~~j:oo 
l~~ ~~ l ~~;;;'C{~ . j 



AD7520lAD7530 
AD75211AD7531 

10 " 12 Bit Monolithic Multiplying 
DIA Converter. 

FEATURES 
• AD7520 (AD7530): 10 Bit Resolution; 8, 9 and 10 Bit 

Linearity 
• AD7521 (AD7531): 12 Bit Resolution; 8, 9 and 10 Bit 

Linearity ... 

• Low Power Dissipation: 20mW (Max) 
• Low Nonlinearity Tempco: 2 PPM of FSR/o C (Max) 
• Current Settling· Time: 500 nS to 0.05% of FSR 
• Supply Voltage Range: +5V to +~5V 
• DTLlTTLlCMOS Compatible 
• Full Input static Protection 
• 883B Processed Versions Available 

FUNCTIONAL DIAGRAM 
VREF 10KU 10KH 10Kn 10KU 

(.51171 

20Kil 

SPDT 
NMOS IOUT2 (2) 

SWITCHES Y----t---+-<f---_-_ ....... _----o·louTl (1), 
1 1 
1 1 

B~2 B~3 
(51 (&1 

(Switches shown for Digital Inputs ."High") 

PACKAGE IDENTIFICATION 

Suffix D: Cerdip package 
Suffix N: Plastic· DIP package 

ORDERING INFORMATION. 
Temperature Range 

Nonlinearity O"C to +70 -25° C to +85° C 

AD7520JN AD7520JD 
0.2% (II-Bitl. AD7530JN AD7530JD 

AD7521JN AD7521JD 
AD7531JN AD7531JD 

AD7520KN AD7520KD 
0.1'11> (9-Bitl AD7530KN AD7530KD 

AD7521KN . , AD7521KD 
AD7531KN AD7531KD 

AD7520LN . AD7520LD 
0.05'11> 110-Bill AD7530LN AD7530LD 

AD7521LN AD7521LD 
AD7531LN AD7531LD 

RFEEOBACK 

(.&1181 

-55°C to +125°C 

AD7520SD 

AD7521SD 

AD7520TD 

AD7521TD 

AD7520UD 

AD7521UD. 

GENERAL DESCRIPTION 
The AD7520 (AD7530) and AD7521 (AD7531) are monolithic, 
high accuracy, low .cost 10-bit and 12-bit resolution, 
multiplying digital-to-analog converters (DAC). INTERSIL.c. 
thin-film 01') CMOS process enables up tol0-bit accuracy 
Y.{ith DTUTTU.CMOS compatible operation. Digital inputs 
are fully protected against static discharge by compen-

. sating diodes to ground and positive· supply. 
Typical applications for the AD7520 (7$301 and AD7521 
(7531) include: digital/analog interfacing, multiplication and 
division; prQgrammablepower supplies; CRT character 
generation; digitally controlled gain circuits, integrators and 
attenuators, etc. 
The AD7530and AP7531 are identical to the AD7520 and 

. AD7521, respectively, with the exception of output leakage 
current and feedthrough specifications. 

CHIP TOPOGRAPHY 

loun IO~UT~' !!!!!!""'l"!!!!!!!!!R~FB!,V~RE~F ,.VDI~D . 

BITI BIT7 BITa .:. ".1 
2~::8~':..--~--l-. 

PIN CONFIGURATION 

TOP VIEW 

AD75ZO (AD75301 

loun 

loun 
GND S 

BIT' (MSBI 

.BIT4 

14 Voo (+) 

13 BIT 10 (LSB) 

AD.752'1,!'D753'1 

loun 

loun 2 

aND 
BIT. (MSa) 

BI"'2 

BIT 3 

BIT 4 

BITS' 
BIT 8 '"'"i. ___ .1'" 
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AD'l.520/7530/7521 17531 ,D~DIL 

ABSOLUTE .. MAXIMUM RATINGS .. (TA = 25° C unless otherwise noted) 
VDD (to GNDI :: ................... .': ... '. . . . . . . . .. +17V Operating Temperatures 
VREF.(toGNO) .. : .................• :., .............. : ±25V . IN;KN.LNVe·rsions ..................... O°Cto+70°C 
Digital Input voitage Range .. ' ...... ~ ... :: .:. VDDtoGND . ' JD, KD, LD Versions .................... -25° C t085°C 
OLJtpl!tVoltageCompliance .. ':, . •. i .. ; .... -100mVtoVDD SO, TO, UDVersions ................. -55°Cto+125°C 
Power Dissipation (package) StorageTemperature· ...........•...... -65°Cto+150°,C 

upto+75°C .................................. 450mW 
deratesabove+75°Cby .................. : ... 6mW;oC 

CAUTION: 1) The digital control inputs are zenerprotecled; however; permanent damage may occuron unconnected units under high energy: 
'. electrostatic fields. Keep umisei:f units ih conductive foam at all times, ' , 

2) Do not apply voltages higher than Voo or less than GND potential on any terminal except VREF. 

SPE'CIFICATIOHS (VDO::+15V .. VREF=+10V, TA=25° Cunless otherwise .specified)· 
" 

P.ARAMETER 
AD7520 AD752,l. 

(AD7530) (AD7531) UNITS LIMIT 
DC ACCURACY (Note 1) , 
Resolution 10 12 Bits 
Nonliri~~rity .J 0.2 (8-Bit) % of FSR Max' , 

S 
,I, ' 1 K' " 0.1 (9-Bii) % of FSR Max 

T " 

L 0.05 (10-Bill %of FSR Max 
U 

Nonlinearity Tempco '2 PPM of FSR/o C Max 

Gain Error (Note 2) ,'. 0,3' % of FSR· Typ 

Gain Error Tempco (Note 2) 10 PPM of FSR/o C Max 

Output Leakage Current 200 nA Max 
(either output) (3001 

Power Supply Rejection ;0.005 % 01 FSR/% Typ 

ACACCURACY 
Output Current Sellling 500 nS 'Typ, 
Time; .. .-
FeedthrouQ,h Error ." 

" 
10 mV PP Max 

REFERENCE INPUT 5K ~ 
Input R.esistanc~INote. 3i 10K n Typ 

',' 20K 
- ""Ma;-

ANALOG OUTPUT 
, 

Voltage Compliance See absolute max, ratings 
(both outputs) 

Output Capacitance lou:n 120 pF Typ 

IOUT2 37: i pF Typ 

IOUT1 37 pF Typ 
IOUT2 120 pF Typ 

Output N9ise I:' Equivalent to 10KfI : Typ 
(both outputs) Johnson noise 

DIGITAL INPUTS, 
Low State: Threshold 0.8 V Max 
High State Threshold 2.4 V Min 
Input Current 1 p.A Typ 
(low to high state) " 
Input Coding Binary/Offset Binary : 

POWER REQUIREMENTS' 
Power Supply Voltage +5 to +15 V 
Range , 

I 

IDP c, 5 nA .,Typ 

2 mA .. Max 

Total Power Dissipation 20 :mW Typ 
(Including the ladder) : ,. 

NOTES: 1. Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes, 
2. Using .internal feedback reSistor, RFEEOBACK.. . 
3. Ladder and feedback resistor Tempco is approximately -150ppm/oC. 
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TEST CO .... DITIONS FIG •. 

S, T; U:over -55° C to 1 
:l-125°C. '. 

~ -

-10V5VREF5+10V ~ 

-10VSVREF5+10V 

Over the specified 
temperature range 

2 

To 0.05% of FSR (All digital 6 
inputs low to hig~ and high 
to low) 

VREF ~ 20V pp, 100 KHz 5 
(50KHz) All digital inputs low 

All digital inpllts high .. 
IOUTl at g'round. 

All di~ital inputs high 4 , 

All digital inputs low 4 

.3 

. , ,. 
Over the specified temp 
range· 

See 'Fables 1 & 2 on pages 
4·and 5 

Alfdigitai inputs at GND 

All digital inputs high or'low ., 
i 

Specifications subject to 
change without' notice .. 



AD752017530/7521/7531 
TEST CIRCUITS 
NOTE: The following test circuits apply for the AD7520. Similar circuits can be us.ed for the AD7530, AD7521 and AD7531. 

1() BIT 
BINARY 

COUNTER 

.fUl. 
CLOCK 

VREF 

, , , , 
I BIT 10 13 

(lSB) 

A07520 

10K .01% 

Figure 1. Nonlinearity 

~11V (ADJUST FOR VOUT = OY) , . 

"d5V 

1k 

10011 

15~FI ' 

Figure 3. Noise 

VREF - 20 V pop 130 kHz SINE WAVE 

BIT 1 (MSB) 15 
4 

1-;---+15 

13 
BIT 10 (LSB 

t15V 

14 

10k 

Figure 5. Feedthrough Error 

DEFINITION OF TERMS 

1 MEG 

F = 1kHz 
BW = 1Hz 

aUAN 
TECH 

MODEL 
1340 

WAVE 
ANALVZER 

YOUT 

NONLINEARITY: Error contributed by deviation of the 
DAC·transfer function from abe~t straight line function. 
Normally expressed as a percentage of full 'scale range. 
For a multiplying DAC, this should hold true over the 
entire VREF range. 

RESOLUTION: Value olthe LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREFL A 
bipolar converter of n bits has a resolution of [2-(n-1)] 
[VREF]. Resolution in no way implies linearity. . 

SETTLING TIME: Time required fOrthe output function of 
the DAC to settle to within 1/2 LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. 

->-10 V 

BIT 10 

(lSB) 
" 

, 5. 

UNGROUNDED 
SINE WAVE 
GENERATOR, 
40Hz 2V pop 

Figure 2. Power Supply Rejection 

NC -15 

BIT 1 (MSB) 15 14 

h==:::14 16 
NC 

AD7520 lK 

13 

Figure 4. Output Capacitance 

·15V 

SOOK 

VREF 
·10V-"""-----, 51: 1% SETTLING (1 mY) 

EXTRAPOLATE Bt: 0,03% SETTLING 
~:---:':'1 t=rise time 

BIT 1 (MSB) 415 14 

.~~ JLf1Sl 1 5 AD7520 

DIGITAL INPUT 1 j 

~~(c;~1~3_~~ BIT 10 (LSB) 3 . 

GND 

Figure 6. Output Current Settling Time 

GAIN: Ratio of the DAC'soperatiqnal amplifier output 
voltage to the nominal input voltage value. ' 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF. 

OUTPUT CAPACITANCE: Capacity from IOUT1 and IOUT2 
terminals to ground. "\ 

OUTPUT LEAKAGE CURRENT: Current which appears 
on loun terminal with all digital inputs LOW oron iOUT2 
terminal when all inputs are HIGH. 
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AD7520/753017521/7531 

GENERAL CIRCUIT INFORMATION 
The AD7520 (AD7530l and AD7521 (AD7531) are 
monolithic, multiplying D/A converters. Highly stable thin 
film R-2R resistor ladder network and NMOS DPDT 
switches form the basis of the converter circuit. CMOS 
level shifters also enable low power DTLlTTLlCMOS 
compatible operation. An external voltage or current 
reference and an operational amplifier are all that is 
required for most voltage output applications. 

A simplified equivalent circuit of the DAC is shown in 
Figure 7. The NMOS DPDTswitches steer the ladder leg 
currents between IOUT1 and IOUT2 busses which must 
be held at ground potential or virtual ground potential. 
This configuration maintains a constant current in each 
ladder leg independent of the input code. 

VREF 10KIl 10KI! 10K!! 10K!} 

(15/17) 

SPOT 
NMOS lour~ (2) 

SWITCHES '-I---++--....... ----+---*"<t----o IOUTl (1) 

(Switches shown for Digital Inputs "High"l 

RFEEDRACK 

(16/18) 

Figure 7. 7520175211 Functional Diagram 

I APPLICATIONS 

UNIPOLAR BINARY OPERA nON 
The circuit configuration for operating the AD7520 
(AD75301 and AD7521 (AD75311 .in Llnipolar mode is 
shown in Figure 9. With positive and negative VREF values 
the circuit is capable of 2-Quadrant multiplication. The 
"Digital Input Code/Analog Output Value" table for 
unipoi~r mode is givenin Table 1: 

/ ..... , .. 

BIT 1 (MSB) 15 

DIGITAL : 
INPUT : 

13 
BIT 10 (lSD) 

t-15V 

14 RFEED8ACK 
16F=""-----, 

Fi!!ure 9, Unipolar Binary Operation 
12~Quadrant Multiplicat.ionl 

Zero Offset Adjustment 

Your 

1. Connect all AD7520(AD75301 orAD7521 (AD75311 
digital inputs to GND. 
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O~OIl, 

Converter errors are further eliminated by using separate 
metal interconnections between the major bits and the 
outputs. Use of high threshold switches reduces the offset 
(leakage) errors to a negligible level. 

The level shifter circuits are comprised of three inverters 
with a positive feedback from the output of the second to 
the first, (Figure 8). This configuration results in DTLlTTLI 
CMOS. compatible operation over the full military 
temperature range. With the ladder DPDT switches driven 
by the level shifter, each switch is binarily weighted for an 
"ON" resistance proportional to therespective ladder leg 
current. This assures a constant voltage drop across each 
switch, creating equipotential terminations for the 2R 
ladder resistors,resulting in accurate leg currents. 

OTL/TTL/CMOS 

) INPUT 

Figure 8. CMOS Switch 

2. Adjust the' offset zero adjust trimpot of the output 
operational amplifier for 0 V ± 1 mV at VOUT. 

Gain Adjustment 

1. Connect all AD7520 (AD75301 or AD7521 (AD75311 
digital inputs toVDD. 
2. Monitor VOUT for a -VREF(l-rn l reading. (n=10 for 
AD7520 (AD75301 and n =12 for AD7521 IAD7531-1l. 
3. To decrease VOUT, connect a series resistor, 10 to 500 
ohmsl; between the reference voltage and the VREF 
terminal. 
4. To decrease VOUT, connect a series resistor, 10 to 500 
ohms), between the reference voltage and the VREF 
terminal. 

TABLE 1 
CODE TABLE - UNIPOLAR BINARY OPERATION 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 -VREF (1 - 2-n) 

1000000001 -VREF 11/2 + 2-n) 

1000000000 -VREF / .2 

0111111111 -VREFl1/2 -2-nl 

0000000001 ' -VREF (2 -n) 

0000000000 0 

NOTE: 1.LSB=2-n VAEF 2. n=10 1121 for 75201752117530 175311 



AD7520175301752117531 
(APPLICATIONS, Cont'd.) 

BIPOLAR (OFFSET BINARY) OPERATION 
The circuit configuration for operating the AD7520 
(AD75;30l or AD7521 IAD7531) in the bipolar mode is given 
in Figure 10. Using offset binary digital input codes and 
positive and negative reference voltage values 4-
Quadrant multiplication can be realized. The "Digital 
Input Codel Analog Output Value" table for bipolar mode 
is given in Table 2. 

+15 
R3 

VREF -------1r---,---t-----~VVI\r---~----, 
10 MEGOHM 

BIT 1 (MSB) 15 " 16 RFEEDBACK 

DIGITAL f 
INPUT : AD7520 

13 
BIT 10 (LSB) 

Figuni'10. Bipolar Operation 
(4-Quadant Multiplication) 

A "Logic 1" input at any digital input forces the 
corresponding ladder switch to steer the bit current to 
IOUT1 bus. A "Logic 0" input forces the bit current to 
IOUT2 bus., For any code the'IOUT1 and IOUT2 bus 
currents are complements of one another. The current 
amplifier at IOUT2 changes the po'larity of IOUT2 current 
and the transconductance amplifier at IOUT1 output 
sums ,the two currents. This configuration doubles the 
output range but ,halves the. resolution of the DAC. The 
difference current resulting at 'zero offset binary code, 
(MSB="Logic1", All other bits="Logic 0), is corrected by 

POWER DAC DESIGN USING AD7520 
16 

15 VREF (-::10V) ,. +-15V 
INTERSIL 

. BIT - ! SWITCHES 

4 AD7520 13 
12 

11 

10 

LSB I B,'r 

SWITCHES 

lOOpf 

30pF 

15V 

using an external resistor, (10 Megohm), from VREF to 
IOUT2. 

Offset Adjustment 

1, AdjustVREFto approximately +10 V, 
,2. Connect all digital inputs to "Logic 1" 
3. Adjust IOUT2 amplifier offset zero adjust trimpot for 
OV±1 mV at IOUT2 amplifier output. ' 
4. Connect MSB (Bit 1) to "Logic 1" and all other bits to 
"Logic 0", 
5, Adjust IOUT1 amplifier offset' zero a'djust trirnpot for 
OV±1 mV at VOUT. . 
Gain Adjustment 
1. Connect all AD7520 (AD7530) or AD7521 (AD7531) 
digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1-2-(n-1) volts reading. 
In=10 for AD7520· IAD75301 and n=12 for AD7521 
IAD7531)1. 

,3, To increase VOUT, connect a series resistor, (0 to 500 
ohms), in the IOUT1 amplifier feedback loop. 
4. To decrease VOUT, connect a series resistor, (0 to 500 
ohms), between the reference voltage and the VREF 
terminal. ' 

TABLE 2 
CODE TABLE ~ BIPOLAR (OFFSET BINARY) OPERATION 

DIGITAL INPUT ANALOG OUTPUT 

1111111111 -VREF 11 - 2-ln-1)) 

, 1 00000000 1 -VREF 12-ln- 1)) 

1000000000 0 . 

0111111111 VREF 1.2-ln- 1)) 

0000000001 VREF (1 - 2 (n 1)) 

0000000000 VREF 

2. n ~ 10(121 for 7520 (752117530 (75311 

30KJI 

10KJl 

VOUT 

7.sKn 

Figure 11. The Basic Power DAC 

A typical power DAC designed for 8 bit accuracyand 10 
bit resolution is shown in Figure 11. INTERSIL IH8510 
power amplifier (1 Amp continuous output with up to +25 
V) is driven by the AD7520. 
A summing amplifier between the AD7520and the IH8510 
is used to separate the gain block containing the AD7520 
on-chip resistors from the power amplifier gain stage 
whose gain is set only by the external resistors. This 
approach minimizes drift since the resistor pairs will track 
properly. Otherwise AD7520 can be directly connected to 
the IH8510, by using a 25 volts reference for the DAC. 

An important note on theAD7520/101A interface 
concerns the connection of pin 1 of the DAC and pin 2 of 
the 101 A. Since this point is the summing junction of an 
amplifier with an AC gain of 5,0,000 or better, stray 
capaCitance should be minimized; otherwise instabilities 
and poor noise performance will result. Notice that the 
output of the 101 A is fed into an inverting amplifier with a 
gain of -3,.which can be easily changed to a non-inverting 
configuration. (For more information write for: INTERSIL 
Application Bulletin A021-Power D/A Converters Using 
The IH8510 by Dick Wilenken.) 
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AD7 520/7 530/7 521/7 531 
(APPLICATIONS, Cont'd.) 
ANALOG/DIGITAL DIVISION' 

With the AD7520 connected in its normal multiplying 
configuration as shown in figure 15,.thetransferfunction 
is 

. . (A1A2A3' An) 
Vo = -VINTl + 22 +'23 + ... Tn 

where the coefficients Ax assume a value of 1 for an ON bit 
and 0 for an OFF bit. 
By connecting the DAC in the feedback of an operational 
amplifiet, as shown in Figure 12, the transfer iunction 
becomes .. . 

... ~~) 

PACKAGE DIMENSIONS 

16 PIN CERDIP 

18 PIN CERDIP 

This is division of an analog variable (VIN) bya digital word. 
With all bits off, the amplifier saturates to its bound, since 
division by zero isn't defined. With the LSB (Bit-1m ON, 
the gain is 1023. With all bits ON, the gain is 1(±1 LSBL 

+15Y 

BIT-1 (MSB) 15 

::;::=:t: 
DIGITAL: 

,. 
16 YIN 

Your INPUT 1 

"B.;;'T -:fi,o;(uLsi.1it!.....;:...-:1 

16 PIN PLASTIC DIP 

18 PIN PLASTIC DIP 

Figure 12. Analog/Digital Divider 

BONDING DIAGRAM 

IOUT2 VREF 
\ faun RF B \ Voo 

~~g: •• ' •• -

2-. 3-. 

'. 

• 10-8' 

•• ••• • 9-8 

/ 5-. I 7-. \ 
4-8 6-8 8·B 

BONDING DIAGRAM' 

IOUT2 VREF c::::: ::}!::;;:: C:::::::Jj~jl' 
\ bun RFB IVoD 

~~g :.. •••• 12-8 
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32018131 
29011.37) 

- - _I , 

1. Lead no. 1 identified by dot or notch. 
2. Dimensions in inches (millimetersl. 

• 11-B 
~:: • 10-9 

- •••••. ,.9-9 

/ 5·. I 7-. \ 
4-8 6-B' 8-B 



D~DIb 

FEATURES 
• 8; 9and 10 bit linearity 
• Low gain and linearity Tempcos 
• Full temperature range operation 
• Full input static protection 
• DTLlTTL/CMOS compatible 
• +5 to +15 volts supply range 
,. Fast settling time: 100 nS 
• Four quadrant multiplication' 
• 8838 Processed versions available 

FUNCTIONAL DIAGRAM 

VREFIN 10K!! 10Kfl 10K!! '10K!! 

(151 

20K!! 

SPOT 
NMOS IOUT2 (21 

AD7523 
8 Bit Monolithic 

Multiplying AID Converters 

GENERAL DESC~IPTION 
The Intersil AD7523 is a monolithic, low cost, high 
performance, 10 bit accurate, multiplying digital-to-analog 
converter (DAC), in a 16-pin DIP. 
Intersil's thin-film 'resistors on CMOS circuitry provideS-bit 
resolution (8, 9 and 10-bit accuracy), with DTUTTUCMOS 
co'mpatible operation. . 
Intersil AD7523;s accurate four quadrant multiplication, full 
military temperature range operation, full input protection 
from damage' due to static discharge by clamps to V+ and 
GND and very low power dissipation make it a very versatile 
converter. 
Low nOis.e audio gain control, motor speed control,9igitally 
controlled gain and attenuators are a few of the wide number 
of applications of the 7523. 

PIN CONFIGURATION 

SWITCHES Y-..,---4-i-'---"-'4---....... '-'---+,r----1) lourl (11 
BIT 1 (MSBI 4 

., , 
I ".,1 
b . I. 

BIT2. BIT3 
(51 '(61 

RFEEDBACK 
(161 

(Switches shown for Dir;lital Inputs"High") 

ORDERING INFORMATION 

Temperature Range 
Nonlinearity O°C.to +70°C -2SoC to +8SoC -5SoC to +125°C 

0.2% 
(8 Bit) AD7523JN AD7523AD' AD7523SD 
0.1% 
(9 Bit! AD7523KN AD7523BD AD7523TD' 
0,05% 
(10 Bit), AD7523l:N AD7523CD AD7523UD 

11 BIT 8 (LSBI 

TOP VIEW 

PACKAGE IDENTIFICATION 

A07523 'N .. '", • 

L;~~ 
L-____ ....:.....-'--'-. NONLINEARITY , 

L-_-'-_______ GENERAL TYPE 

SUFFIX 0: CEROIP PACKAGE 
SUFFIX N: PLASTIC PACKAGE 
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AD7523 

ABSOLUTE MAXIMUM RATINGS 
(TA == 25°C uniess otherwise 'noted)' 
VDD(toGND) .; •...... : .... :,,; .. ; .. '. :.: ......... , .. +17V:, 
VREF (to GND) ...........•..... :................. ±25V, 
Digital Input Voltage Range. . . . . . . • . . . . . . . . .. -D.3 to VDD 
Output Voltage Compliance ............•.•.. -0.3 to VDD 
Power Dissipation (package) 
Plastic 

up to +70°C ....•......... ; .. : .' ..•.. ;' ... ~, .. : .. : 670rriW 
deratesabove+70°Cby .; ... ; ........... ; .. 8.3mW/~C 

Ceramic 
up to 75° C ................................... 450mW 
derates above 75° C by ....................... 6mW/o C 

Operating Temperaturlls 
IN, KN, LN Versions ..................... 0°Cto+70°C 
AD, BD, CO Versions: ................. -25°Cto+85°C 
SO, iO, UO Versions ................ -55°CtO+125°C 
Storage Temperature ....... ; ........ -65°Gto+150°C 
Lead Temperature (soldering, ,10 seconds) . ' .. ;'. '. +300° C 

CAUTION: 1. The digital control inputs are zener protected;however, permanent damage may occur on unconnected units underhigh energy 
electrostatic fields. Keep unused units'ili conduciive foam at all times. . ' ",,' , 

2: Do not apply voltages tligher than VDD af)d 10wer'thanGND to any terminal except VREF, 

SPECIFICATIONS (VOO = +15V, VREF = +10V unless otherwise specified) 

, 

,TA ' TA 
PARAMETER +25°C 'MIN-MAX UNITS 
DC ACCURACY (Note 1) 

Resolution 8 8 Bits 
Nonlinearity (Note 2) (±112 LSB) ±0,2 ±0.2 % of FSR 

(±1/4 LSB) ±0.1 ' ±0,1 %of FSR 
(+118 LSB) +O.OS +O,OS % of FSR 

Monotonicity Guaranteed 

Gain Error (Note 2) ±l.S, ±1.8 % of FSR 

Nonlinearity Tempco (Note·2 and 3) 2 PPM of FSR/oC 
Gain Error Tempco (Note 2 and 3) 10 PPM of FSR/D C 

Output Leakage Current (either outpUll ' ±50 ±200 nA 
AC ACCURACY INote 3) 

Power Supply Rejection (Ncite 2) ,0,02 0.0;3 ',% of FSR/% 

Output Current Settling Time ' , , lS0 200 nS' 

Feedthrough Error ±1/2 ±1 LSB ,\'" , , 
, ,. ~ , 

REFERENCE INPUT , 
SK 

Input Resistance (Pin' lS)' 20K 
n 

Temperature Coefficient (Note 3), -500 ppm/DC 

ANALOG OUTPUT (Note 3) 

Voltage Compliance (Note 4) ·-100mV to Voo 

Output Capacitance COUT1 100 pF 

COUT2 30 pF 

COUT1 30 ' " pF 

COUT2 100 pF 

DIGITAL INPUTS .,' 

" 

Low State Threshold (VINU 0.8 ' ' V 
High State Threshold (VINH) 2.4 V 
Input Current (per input) ±1 IlA 
Input Coding Binary/Offset Binary 
Input Capacitance (Note 3) 4 ; pF 
POWER REQUIREMENTS 

Power Supply Voltage Range +S to +16 ' " V 
IDD 100 , IlA 

, 

NOTES: 1. Full scale range (FSR)is 10Vfor'unipollir and ±10V for bipolar modes. 
2. Using internal feedback resistor, RFEEOBACK. 
3., Guarimteed by design; not subject to test., 
4. Accuracy not guaranteed unless outputs at ground potential. 

LIMIT 

Min 
Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 
Max 

Min 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Min , 
Max' 

',Max, 

'Max 

TEST CONDITIONS 

-10V $; VREF $; +10V 
; 

VOUT1 = VOUT2 = OV 

Digital inputs hi,gh. 

-10V VREF+l0V' 

, , 

,VOUT1 = VOUT2 = '0 

'Voo= 14;0;to lS.0V 
" 

To 0,2% of FSR, RL =:d jOon 
VREF = 20V pp, 200KHz sine wave. All 

digital inp'uts low:: " 

All digital inputs high. 10UT1 at ground. 

Both outputs, 

See maximum ratings. 

AII.digital inputs high (VINH) 
" 

All digital inputs low IVINU 

"",' .. " ;,' 

Guarantees DTLITTL and CMOS 10.S 

max, 14.S min) levels 

V;N~,oV,br+1SV 

See Tables 1 & 2 ' 

'. ' f: 
Accuracy is tested and guaranteed ,at 

Voo'= +lSV;,only: 

All digital inputs low or high. 

Specifications subject to 
change without notice. 



AD7523 

APPLICATIONS 
UNIPOLAR OPERATION 

:!:10V 
VREF 

Rl 
2k 

+15V 
Vop 

. NOTES; 
1: Rl AND R2 USED ONLY IF GAIN 

ADJUSTMENT IS REQUIRED. 
2. CRl PROTECTS AD7523 AGAINST 

NEGATIVE TRANSIENTS. 

R21k 

VOUT 

Figure 1. Unipolar Binary Operation 12-Quadrant Multiplication) 

BIPOLAR OPERATION 
~10V -15V 
VREF Voo 

R21k 

DIGITAL INPUT 

MSB LSB 

11111111. 

10000001 

10000000 

01.111111 

00000001 

00000000 

O~OIL 

ANALOG OUTPUT 

-VREF 

-VREF 

-VREF 

-VREF 

'. -VREF 

-VREF 

( 255) 
256 

(129) 
256 

C28) 
256 

C27) 
256 

(2~6) 
(2~6) 

= _ VREF 
2 

=0 

Note: 1 LSB = (2-8) (VREF)= (2~6) (VREF) 

Table 1. Unipolar Binary Code Table 

DIGITAL INPUT ANALOG OUTPUT 
MSEi . LSB 

11111111 -VREF C27) 
128 

10000001 -VREF ( 1~8) 
10000000 0 

01111111 +VREF C~8) 
00000001 +VREF 

+VREF 

C27) 
128 

C28) 
/ 

j 

NOTES; 3. R5-R7 USED TO ADJUST VauT ~ OV AT 
00000000 

128 
1. R3/R4 MATCH 0.1% OR BETTER. INPUT CODE 10000000. I 
2. Rl, R2 USED ONLY IF GAIN 4. CRl & CR2 PROTECT AD7523 AGAINST . ( 1 ) 

ADJUSTMENT IS REQUIRED. NEGATIVE TRANSIENTS. Note: 1 LSB = (2-7 ) (VREF) = 128' (VREF) ~ 

Figure 2. Bipolar 14-Quadrantl Operation Table 2. Bipolar IOffset Binary) Code Table ------
POWER DA~ DESIGN USING AD7523 

15 VRE' (±10V) 
14 +15V 

4 INTERSIL 13 NC 

- { AD7523 12 
BIT 

NC. 
5 11 SWITCHES } BIT 7 10 SWITCHES 

9 

0.58!! 

VOUT 
10Kli 

-35V ·0.68n 

7.5K!! 

Figure 3. The Basic Power DAC 

A typical power DAC designed for 10 bit accuracy and 8 bit chip resistors from the power amplifier gain stage whose 
resolution is shown in Figure 3. INTERSIL IH8510 power gain is set only by the external resistors. This approach 
amplifier (1 Amp continuous output with up to +25V) is driven minimizes drift since the resistor pairs will track properly. 
by the AD7523.· Otherwise AD7523 can be directly connected to the IH851 0, 

by using a 25 volts reference for theDAC. 
A summing amplifier between the AD7523 and the IH8510 is 
used to separate the gain block containing the AD7520 on-
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APPLICATIONS (continued) 
DIVIDER (DIGITALLY CQ~TROLL.ED GAIN) 

V,N 

>-4--OVOUT 

DEFINITION OF TERMS 

VOUT = - VINlo 
WHERE: 
0= BIT1 +' BIT2 + .•. BITS 

'2' 22 28 

( 0 < 0 < '255 )' , 
- -.256. 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer function'from a best straight line function. Normally 
~xpressed as.a perce(ltage of full scale range: For. a 
multiplying DAC, this should hold true over the entire VREF 
range. 
RESOLUTION: Value of the LSB. For examp,le, a unipolar. 
converter with n bits has a resolution of (2-n) (VREFL A bipolar 
converter of n bits has a resolution of [2~(n-l'J[VREF]. 
Resolution in no way implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital input 
stimulus, i.e., 0 to FJU S~ale. . 

PACKAGE DIMENSIONS 
16 , .. IN' CERDIF' 

.320 (8.128) 

~ .785 (19.94) --------.J 1;:;(7.36~ I 
.040 (1.02) ,- - ---- .750 (19.05) -------:----r 
.",-,~-r;.".~ .L .,. " J:.14Dl3.5m 

.. I I U ~ 1.200 (5.080) .015 (0.381), r i i. . .-l~ .008 (0.203) 

---I I-- ---I ~ . .070 (1.778) f-:400 (10.160)..j· 
.110 (2.794) .023 (0.584) .030 (0.762) .330 (8.382) 
~ .015.10.381) 

1. Lead no. 1 identified by dot or notch. 
2. Dimensions in inches (millimeter,s). 

MODIFIED SCALE FACT()R AND OFFSET 

VO~T = V~EF [(R,R:R2) - (R~:DR2)] WHERE: 0 = BI;' 1 +BI;;2 + ... BI;' 8 

(05D5~~:) 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value .. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all SWitches OFF. 

OUTPUT CAj:)ACITANC:.E: Capaci.ty from loun and IOlJT2 
terminals to ground. . 

OUTPUT LEAKAGE CURRENT: Current which appears on 
loun terminal with all digital .inputs LOW or o"n louT2 
terminal when all inputs are HIGH. 

. 16 pnil PLASTIC Dip 

C::::]!m 
--l ~(;~~; :~~~) , ,.' .300! .010 

.760 (19.30) ,.130 ± ,005 ~) 

::~'_1(3'30±'1~7) RI' . '1 
~ ".' 

T . .13S(.343} ~ 
. : .,' .125 (3.17) . (.254 ± .0254) 

'-1 f-- -If-- I· -I 
:110 (2.79) .020 (.508) 
.OBO (2.28) .018 (.457) 

I. .. 

.325 ± .025 
(8.25 ± .635) 



FEATURES 
• Lowest cost 10-bit DAC 
• 8, 9 and 10bit linearity 
• Low gain and linearity Tempcos 
• Full temperature range operation 
• Full input static protection 
• DTL/TTL/CMOS direct. interface 
• +5 to +15 volts supply range 
• Low power dissipation . 
• Fast settling time 
• Four quadrant multiplication 
• Direct AD7520 equivalent 
• 8838 Processeq versions available 

FUNCTIONAL DIAGRAM 

VAEFIN 10Kll 10KU 10K!! 10K!! 

(15) 

SPOT 
NMOS 

SWITCHES 
I I 
I I 
/, " MSB BIT2 BIT3 

(4) (5) (6) 

AD7533 
10 Bit Monolithic 

Multiplying D/A Converters 

IOUT2 (2) 
IOUTl (1) 

RFEEDBACK 
(16) 

GENERAL DESCRIPTION 
The Intersil AD7533 is a low cost, monolithic 10-bit, four
quadrant multiplying digital-to-analog converter (DACl. 

Intersil's thin-film resistors on CMOS circuitry provide 10,9 
and 8 bit accuracy, full temperature range operation, +5V to 
+15V power range, full input protection from damage due to 
static. discharge by clamps 'to V+ and ground and very low 
power dissipation. 
Pin and function equivalent to Industry Standard AD7520, 
the AD7533 is recommended as a lower cost alternative for 
oldor new 10-bit DA.C designs. ' 

Application of AD7533. includes programmable gain 
amplifiers, digitally controlled attenuators, function 
generators and control systems. 

PIN CONFIGURATION 

(Switches shown for Digital Inputs "High") 

. ORDERING INFORMATION 

..... 

Temperalure Range 

Nonllnearily DOC 10 +7DoC -25°C 10 +85°C -55°C 10 +125~C 

±O.2% AD7533JN AD7533AD AD7533SD 
(S-bill 

±O.1% AD7533KN AD7533BD AD7533TD 
(9-bit) 

±O.O5% AD7533LN AD7533CD AD7533UD 
(10-bitl 

. PACKAGE IDENTIFICATION 

A07533 

lL,~"" 
. NONLINEARITY 

L-___ ~~--~~ GENERAL TYPE 

SUFFIX 0: CEROIP PACKAGE 
SUFFIX N: PLASTIC PACKAGE 
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AD7533 
ABSOLUTE MAXIMUM RATINGS 
(TA = 25°C unless otherwise ~O\ed) , 

VDD (to GND) ............................... --D.3V,+17V 
VREF(toGND) ................................... ±25V 
Digital Input Voltage Range .................. -D.3V to VDD 
Output Voltage Compliance ................. -D.3 to VDD 
Power Dissipation (package) 
Ceramic " ' 

up to +75° C ' .... '; .............. ,.: ............•. ' '450mW 
derates above +75° C by ....... : ........ : .• : .. 6mW/o C 

O~O!b 

Plastic 
up to 70° C ................................... 670mW 
derates above 70° C by ...................... 8.3mW/o C 

Operating Temperatures 
IN, KN, LN Versions ..................... 0°Cto+70°C 
AD, BD, CD Versions .................. -25° C to +85° C 
SO, TO, UD Versions ................ -55°Cto+125°C 
Storage Temperature ................ -65°Cto+150°C 
Lead Temperature (solderinq, 10 seconds) ...... +300° C 

CAUTION:' 1. The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high ene'rgy 
electrostatic fields, Keep unused units in' conductive foam at all times, 

2. Do nof apply voltages lower than ground or higher than Voo to any pin except VREF and RFB, 

SPECIFICATIONS (VDD ';'+15\I,'VREF = +10V,Voun = VOUT2 = 0 unless otherwise specified) 

TA TA 
PARAMETER +25°C MIN-~AX UNITS LIMIT TEST CONDITIONS 
DC ACCURACY INote 1) 

Resolution 10 10 Bits Min 

Nonlinearity INote 2) ±0.2 ±0.2 ,% of FSR Max 
±0,1 ,±0,1 % of FSR Max -10V"; VREF,,; +10V 

±0:05 ±0.05 % of FSR Max VOUTl = VOUT2 = OV 
Gain Error INote 2 and 5) ±1.4 ±1.5 % of FS Max Digital Inputs - VINH 

Output Leakage Current leither outpUll ±50 ±200 nA Max VREF = ±10V 
AC ACCURACY 

Power Supply Rejection INote 2 and 3) 0.005 o.ooa % of FSR/% Max VOD= 14.0 to 17.0V 
Output Current Settling Time 600 aDO nS Max To 0.05% of FSR, RL - 100n 

INote 6) INote 3) 

Feedthrough Error INote 3) ±0.05 ±0,1 % FSR Max VREF = ±10V, 100KHz sine wave. 

Digital inp'uts low. 

REFERENCE INPUT 5K Min 
Input ReSistance IPin 15) 20K !l Max All digital inputs high. 

Temperature Coefficient -300 . ppm/DC Typ 
ANALOG OUTPUT Both outputs. 
Voltage Compliance INote 4) -100mV to Voo See maximum ratings. 

Output Capacitance INote 3) COUTl 100 pF Max All digital inputs high IVINHI 

CciUT2 35 pF Max 

COUTl 35 pF Max All digital inputs low IVINU 

COUT2 100 pF Max 
DIGITAL INPUTS 

Low State Threshold IVINU o.a V Max 
High State Threshold (VINH) 2.4 V Min 
Input Current ~liNI ±1 p.A Max VIN - OV and Voo 
Input Coding Binary/Offset Binary See Tables 1 & 2 

Input CapaCitance INote 3) 5 pF Max 
POWER REQUIREMENTS 

Voo +15 +10% +15 ±10% Rated Accuracy 
Power Supply VOltage Range +5 to +16 V 
IDD 2 mA Max Digital Inputs '- VINI_ to VINH 

100 100p.A 150p.A Max Digital Inputs - OV or Voo 

NOTES: 1. Full scale range IFSRI is 10V for unipolar and ±10V for bipolar modes. SpeCifications subject to 
2. Using internal feedback resistor, RFEEOBACK. change without notice. 
3. Guaranteed by design; not subject to test., 
4. Accuracy not guaranteed unless outputs at ground potential. 
5. Full scale IFSI = - IVREFI • 11023/1024) 
6. Sample tested to ensure specification compliance. 
7. 100% screened to MIL-STD-833, method 5004, para. 3.1.1. through 3.1.12 for class B device. Final electrical tests are: Nonlinearity, 
Gain Error, Output Leakage Current, VINH, VINL, liN and 100 @+25°Cand+125°CISD,TD,UDlor+25°Cand+85°CIAD,BD,CD!. 



AD7533 
GENERAL CIRCUIT INFORMATION 
The Intersil AD7533 isa 10 bit, monolithic, multiplying D/A 
converter. Highly stable thin film R-2R resistor ladder 
network and NMOS DPDT switches form the basis of the 
converter circuit. CMOS level shifters provide low power 
DTLlTTL/CMOS compatible operation. An external voltage 
or current reference and an operational amplifier are all that 
is required for most voltage output applications. 

A simplified equivalent circuit of the DAC is shown in Figure 
1. The NMOS DPDT switches steer the ladder leg currents 
between IOUT1 and IOUT2 busses which must be held at 
ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 

10K!> 10K!> 10Kll 10K!> 

(15) 

20K!> 

SPOT 
NMOS IOUT2 (2) 

SWITCHES 4----<l>-t---~+----:-~-~~--
I I 

~ ~ RFEE'DBACK 

,B1T2 BIT3 (16) 
(4) (5) (6) 

(Switches shown for Digital Inputs :'High") 
Figure 1 

APPLICATIONS 
UNIPOLAR OPERATION, 
(2-QUADRANT MULTIPLICATION) 

BIPOLAR 
ANALOG ±IOV Voo 

INPUT 

R21k 

NOTES: 
1. Rl AND R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
2. SCHOTTKY DIODE CRI (HP5082-2811 OR EQUIV) PROTECTS 

oun TERMINAL AGAINST NEGATIVE TRANSIENTS. 

Figure 3. Unipolar Binary Operation (2-Quadrant Multiplication) 

DIGITAL. INPUT NOMINAL ANALOG OUTPUT 
MSB LSB IVOUT as sh0:-vn in Figure ~~ , 

(~) 1111111111 -VR,EF 
1024 

1000000001 -VREF (513 ) 
1024 

1000000000 -VREF t 512 ) VREF 
1024 - ~ 

0111111111 -VREF, ' (2.J.1-) 
1024 

0000000001 -VREF (,0~4 ) 
0000000000 -VREF (,0024) ~ 0' 

NOTES: 
1. Nominal Full Scale lor the circuit 01 Figure 3 is given by 

FS = -VREF (1023) 
1024 

2. Nominal LSB magnitude lor the circuital Figure3 isgiven by 

LSB = VREF C 0~4) 
Table 1. Unipolar Binary Code 

The level, shifter circuits are comprised oHhree inverters with 
a positive feedback from the output of the second to the fi rst, 
(Figure 2). This configuration results in DTLlTTL/CMOS 
compatible operation over, the full military temperature 
range. With the ladder DPDT switches driven by the level 
shifter, each switch is binarily weighted for a'n "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for the 2R ladder 
resistors resulting in accurate leg currents. 

v+-----~-~---~--~--

DTL/TTLiCMOS 

,INPUT, 

Figure 2 

BIPOLAR OPERATION 
(4-QUADRANT MULTIPLICATION) 

ANI~~~~ ±IOV Voo 

'NOTES: 
1. R3/R4 MATCH 0.05% OR BETTER. 
2. Rl, R2 USED ONLY IF GAIN ADJUSTMENT IS REQUIRED. 
3. SCHOTTKY DIODES CRI AND CR2 (HP5082-2811 OR EQUIV) 

PROTECT oun AND OUT2 TERMINALS ,FROM NEGATIVE 
TRANSIENTS ' , " ' 

Figure 4. Bipolar operation (4-Quadrant Multiplication) 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 
MSB LSB (VOUT as shown in Figure 41 

'111111111 '.~VRE~ (.2.!"-) 512 

1000000001 -VREF (5~2 ) 
1000000000 ' 0 

01111111:11 +VREF (5~2) 
0000000001 ' +VREF (lli) 

512 

0000000000 +VREF (~) 512 

NOTES: 
1, Nominal Full Scale Range lor the circuit 01 Figure 4 is given b~ 

FSR = VREF (~) 
, 512 

2, Nominal LSB magnitude lor the circuit 01 Figure 4 is given by 

LSB = VREF (5;2) 

Table 2. Bipolar (Offset Binary) Code Table 
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AD7533 O~OIb 

POWER DAC DESIGN USING AD7533 

15 VREF (±10V) +35V 
30Kn 

14 +15V 
INTERSIL 13 NC 

- { AD7523 12 
BIT 

NC 
11 

SWITCHES } BIT 
7" 10 , SWITCHES 

,9 

10Kn 
'O.6an 

VOUT 

100pI 

-35V 0.6an 

7.5Kn 

-= -15V -= 
Figure 5. The Basic Power DAC 

A typical power DAC designed for 8 bit accuracy and 10 bit minimizes drift since the resistor pairs will track properly. 
resolution is shown in Figure 5. INTERSIL IH8510 power Otherwise AD7533 can be directly connected to the IH8510, 
amplifier(l Ampcontinuousoutputwith upto+25VI is driven by using a 25 volts reference for the DAC. Notice that the 
by the AD7533. output of the lOlA is fed into an inverting amplifier with a 
A summing amplifier between the AD7533 and the 1I-f851 0 is gain of -3, which can be easily changed to a non-inverting 
used to separate the gain block containing the AD7533 on- configuration. (For more information write for: INTERSIL 
chip resistors from the power amplifier gain stage whose Application Bulletin A021-Power D/A Converters Using The 
gain is set only by the external resistors. This approach IH8510 by Dick Wilenken.l 

10-BIT AND SIGN MULTIPLYING DAC 

.... 
a; 

. ±10V 
BIPOLAR 

ANALOG 'INPUT 

VOD 
VREF 

~ o-----------____________ -J 

iii 

PACKAGE DIMENSIONS 
16 PIN CERDIP 

10k 10k 

L-- .785 (19.94) -I 
.040 (1.02) !--,----- - .750 (19 05)--1 

m.,_~-r,;.'um 
~ £40 (3.556) ~ U U 1.200 (5.080) ~ I i -.l125lU75l .008 (0.203) 

--I I-- --II- .070 (1.778) /-:400 (10 160)-1 
.110 (2.794) .023 (0.584) .030 (0.762) .330 (8 382) 
.090 (2.286) .015 (0.381) 

PROGRAMMABLE FUNCTION GENERATOR 

CALIBRATE 
10k 

R1 
SQUARE 

WAVE 

y 

t ~ N .(aR" c,) 
R, ~ 10k!! 

TRIANGULAR 
WAVE 

0< N $ (1 - 2-10) 

16 PIN PLASTIC DIP 

[::::]~ 
__ I I~ ,060 ± .003 300~ + 010 
~ r-(1.S2 ± .076) 130 + 005 (i 62 ~ '254) 

760 (1930) -' ----.- ~ 
.025 (.S3S) r--- :770 (19:S5) ---l (3.30 ± .127) I,.....,.....,.. I 

~~~A-~ . 
• 135(.343) ~ T .125 (3.17) (.254 ± .0254) 

--j f-- -I f-- 1 . 1 
'1JO (2~9) 
• 0 (2 8) 

.020 (.508) 

.018 (.457) 
.325 ± .025 

(8.25 ± .635) 

1. Lead no. 1 identified by dot or notch. 2. Dimensions in inches (millimeters). 



O~OIb 

FEATURES 
• 12 bit linearity (0.01%) 
• Pretrimmed gain 
• Low gain and linearity Tempcos 
• Full temperature range operation 
• Full input static protection 
•. DTL/TTL/CMOS compatible 
• +5 to +15 volts supply range 
• Low power dissipation (20mW) 
• Current settling time: 1~s to 0.01% of FSR 
• Four quadrant multiplication 
• 8838 Processed versions available 

FUNCTIONAL DIAGRAM 

VREF IN 10KJl 10Kn ' 10Kfl It 10K!! 

(17) 

20Kn 20Kll 20KH 'OK!} > 'OKlI 1'OKlI 

3:.'(3) 
SPDT r': 1 r'h ~! ., ~ ., ~.,-

SWIT~~~: L: L-_#!I ~-++ !1 ........ ----1jl-~-J...--j~--<> IOUl2 (2) 

I ~.IOUT1(1) 
I :: 10KJl ! b 0 . . . . RFEEOBACK 

MSB 81T2 BlT3 (18) 
(4) (5) (6) 

(Switches shown for Digital Inputs "High'·) 

ORDERING INFORMATION 

Temperature Range 

Nonlinearity O°C to +70°C -25°C to +85°C -55°C to+125°C 
0.02% 
(ll-bit) 

0.01% 
(12cbitl 

0.01% 

AD7541JN 

AD7541KN 

(12-bit) AD7541 LN 

Guaranteed 
Monotonic 

AD7541AD AD7541SD 

AD7541BD AD7541TD 

AD7541 
12 Bit Monolithic 

Multiplying D/A Converters 

GENERAL DESCRIPTION 
The Intersil AD7541 is a monolithic, low cost, high 
performance, 12-bit accurate, multiplying digital-to-analog 
converter (DACl. 
Intersil's wafer level laser-trimmed thin-film resistors on 
CMOS circuitry provide true 12-bit linearity with DTLlTTLI 
CMOS compatible operation . 
Special tabbed-resistor geometries (improving time 
stability), full input protection from .damage due to static 
discharge by diode clamps to V+ and ground, large loun 

. andlouT2 bus lines (improving superposition errors) are 
some of the features offered by Intersil AD7541. 
Pin compatible with AD7521, this new DAC provides 
accurate four quadrant multiplication over the full military 
temperature range. 

PIN CONFIGURATION 

TOP VIEW --lOUT! [!. ~ lI!I RFEED6ACK 

IOUl2 [] lITJ VREF IN 

GND [2 lEl Vaa (+) 

BIT 1 (MSS) f"4 ~ BIT 12 (lSa) 
'L.:. AD7541 ~ 

BIT 2 [} ~ BIT 11 . 

BIT 3 [1 lIT1 BIT 10 

BIT 4 [I ~ BIT 9 

BIT 5' [! fTIJ BIT B 

BIT 6, [! tioJ ~IT 7 

PACKAGE IDENTIFICATION 

lL .. ~ 
~NONLINEARITY 

L.. __ -'--__ -'-_~_:.......__ GENERAL TYPE 

SUFFIX 0: CERDIP PACKAGE 
SUFFIX N: PLASTIC PACKAGE 
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AD7541 

ABSOLUTE.MAXIMUM RATINGS 
(TA = 25°C unless otherwise noted) 

. . 
VDD (to GND) ... : ......... ;: .. ; .. : ... : ........ '. .. +17V 
VREF (to GND) ................................... ±25V 
Digital Input Voltage Range ................. VDO to GND 
Output Voltage Compliance .............. -1 OOmV to VDD 
Power Dissipation (package) 

upto+75°C ............ , .. , .................. A50mW 
derates above+75°G by ... , ...... , .. ; ........... 6rn W/oC 

O~OIL 

Operating Temperatures 
IN, KN, LN Versions ..................... 0° C to +70° C 
AD, SD Versions ....................... -25° C to +85° C 
SD,TDVersions ., ........... , ...... , -55°Cto+125°C 
StorageTemperature ................ --B5°Cto+150°C 

CAUTION 1. The qigital contrOl inputs are zener protected; however, permanent damage may occur on unconnected units underhigh energy 
electrostatic fields. Keep unused units in conductive foam at all times. 

2, Do not apply voltages higher than VDD or less than GND potential on any terminal except VREF. 

SPECIFICATIONS WDD = +15V, VREF = +10V, TA= 25°C unless otherwise specified) . 

TA TA 
PARAMETER +25°C MINcMAX UNITS 

DC ACCURACY (Note 1) 
Resolution 12 12 Bits 

Nonlinearity (Note 2) S J ±0.020 ±0.024 % of FSR 

T K ±0.010 ±0.012 % of FSR 

L ±0.010 ±0.012 % of FSR 

Guaranteed Monotonic 

Gain ErrOr (Note 2) ±0.3 ±0.4 % of FSR 

Output Leakage Current (either outpull ±50. I ±200 ' nA 

AC ACCURACY INote 31 
Power Supply Rejection (Note 21 '001 ·0.02 % of FSR/% 

Output Current Settling Time 1 I'S 
Feedthrough Error 1 mV pp 

" 
REFERENCE INPUT 5K 
Input Resistance 10K !! 

20K 

ANALOG OUTPUT 
Voltage Compliance (Note 4) -100mV to VDD 

Output Capacitance (Note 3) COUTl 200 pF 
COUT2 60 pF 

COUll 60 pF 
COUT2 200 pF 

Output Noise (both outputs) Equivalent to 10K!! 
Johnson noise 

DIGITAL INPUTS 
Low State Threshold (VINU 0.8 V 
High State Threshold IVINH) 2.4 V 
Input Current ±1 flA 
Input Coding Binary/Offset Binary 
Input Capacitance (Note 3) . ' 8 ' . pF 
POWER REQUIREMENTS. 
Power Supply Voltage Range +5 to +16 V 
!DD 2 '. mA 
Total Power Dissipation (including the 20 ; mW 

. ladder) 

,NOTES: 1. Fuli scale range (FSR) is 10V for unipolar and ±10V for bip~Iar modes. 
2. U~ing .internal feedback resistor, RFEEDBACK. 
3. Guaranteed by design; not subject to test. 
4,.,Accuracy not guaranteed unless outputs at ground potential. 

LIMIT 

Min 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Min 
Typ 
Max 

Max 
Max 

Max 
Max 

Typ 

Max 

Min 

Max 

Max 

Max 

Typ 

, 

TEST CONDITIONS FIG. 

-10VoS VREF oS +10V 1 

VOUTl ~ VOUT2 ~ OV 

-10VoS VREF oS +10V 

VOUTl ~ VOUT2 ~ 0 

VDD ~ 14.5 to 15.5V 2 
To 0.01% of FSR 6 
VREF - 20V PP. 10 KHz. All 5 
digital inputs low. 

All digital inputs high. 
lOUTl at ground. 

Both outputs. 
See maximum ratings. 

All digital inputs high (VINH) 4 

All digital inputs low (VINU 4 

3 

VIN ~ 0 or VDD 

See Tables 1 & 2 on pages 4 and 5. 

Accuracy is not guaranteed 
over this range 

All digital inputs high or low 

Specifications subject to 
change without notice. 



AD7541 

TEST CIRCUITS 

12 BIT 
BINARY , 

AD7541 COUNTER , , 
I BIT 12 

15 
(LSD) 

I1.TL 
CLOCK -= -= -= 

Figure 1. Nonl.inearity 

+11V (ADJUST FOR Your'" OV) 

+15V ,. 

Figure 3. Noise. 

---15V 
YAEl' "'" 20V p.p 10kHz SINE WAVE 

BIT 1 (MSB) 17 

r=:;:::::=::j.4 

15 
BIT 12 (LSD) 

Figure 5. Feedthrough Error 

DEFINITION OF TERMS 

VOUT 

F = 1kHz 
BW = 1Hz 

aUAN 
TECH 

MODEL 
1340 

WAVE 
ANALYZER 

NONLINEARITY: Error contributed by deviation.of the DAC 
transfer function from a best straight line function. Normally 
expressed as a percentage of full scale range. For a 
multiplying DAC, this should hold true over the entire VREF 
range. 
RESOLUTION: Value of the LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREFl. A bipolar 
converter· of n· bits'. has a resolution of [2-(n-1)] [VREF]. 
Resolution in no waY'implies linearity. 
SETTLING TIME: Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital input 
stimulus, i.e.,Oto Full Scale. 

+10 V 
VREF-.... ---..... -......,--~IA"v--..... -+i 
(ADJUST 

~~!OR BIT 1 (MSB) 417 
~ OY.DC) 5 

81T12 
(LSB) 

Figure 2. Power Supply Rejection 

Ne +15 

: BIT 1 (MSB) 17 

+=;===:14 

16 
1. NC 

Figure 4.0utp·ut Capacitance 

~15V 

VREF 
·10 Y ='---, 

~~n..n.n , 
DIGITAL INPUT 1 

~BiC!-4~ 

100 mVp-p 
1MHz 

Figure 6. Output Current Settling Time 

GAIN: Ratio of. the DAC'soperational amplifier output 
voltage to the nominal input voltage value. 

. FEEDTHROUGH ERROR: Error .caused by capacitive 
coupling from VREF to output with all.switches OFF. 

OUtpUT CAPACITANCE: Capacity from IOUTl and IOUT2 
terminals to ground. 

. . . 
OUTPUT LEAKAGE CURRENT: Current which appears on 
IOUTl terminal with all digital inputs LOW or onlOUT2 
terminal when all inputs are HIGH. 
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AD7541 

GENERAL CIRCUIT INFORMATION 
The Intersil AD7541 is a 12 bit, monolithic, multiplying D/A 
converter. Highly stable thin film R-2R resistor ladder 
network and NMOS DPDT switches form the basis of the 
converter. circuit. CMOS level shifters provide low power 
DTLITTL/CMOS'compatible operation. An external voltage 
or current reference andan op'erational amplifier are all that 
is required for most voltage output applications. 
A simplifiedequillalent ~ircuit of the DAC is st:lown .in.Figure 
7 .. The NMOS DPDTswitc;hes steer the ladder leg ,currents 
between IDUn and IOUT2busses which must be held at 
ground potential. This configuration maintains a constant 
current in each ladderJeg:iridependent of, the input code. 
Converter errors are further eliiTiiril!ted by using wider metal 
interconnections between ,the' major bits and the outputs. 
Use of high threshold switches reduces the offset (leakage) 
errors tq a negligible level. 

VAEF IN 10Kn" 1DKll 10Kn 10Kn 

(17) 

20Kn 

SPDT 
NMOS IOUT2 (2) 

SWITCHES '-!---+--..... -'---+"'-----4>+----oloun (1) 
I 
I 

L 
Msa 
(0) , 

I 
, I 

& 
BIT3 
,,<6) 

(Switches·shown for Digital Inputs "High") 

Figure 7.AD7541 Functional Diagram 

APPLICATIONS 

General Recommendations ' 

RFEEDBACK 

(18) 

Static performance of the AD7541 depends on loun and 
,IOUT2 (pin 1 and pin2Lpotentials,being exactly equal toGND 
(pin 3), ;,,' " " 

The output amplifiar should be selected to have a low input 
bias current (typically less than 75nA), and a' iow drift 
(depending on the temperature range). The voltage offset of 
the amplifier should be nulled (tYpically less than ±200/lV). 

.:,\", '. '" 

The bias current. compenllation resistor in the. amplifier's 
non~invertirig i.,put' can' cause'a'variable'offset.· Non
Inverting input should be connected to GND with a low 
resistance wire. ' .' i' , 

D~DlL 

Each circuit is laser-trimmed, at the wafer level, to better than 
12 bits linearity. For the first ,four bits of the ladder, special 
trim-tabbed geometries are 1JsEjdt9 keep ,the body of the 
resistors, carrying the majority of the' output current, 
undisturbed. The resultant time stability of th'e trimmed 
circuits is comparable tpthat of untrimmed units. 
The level shiftercircuitsare comprised ofthree inverters with 
a positive feedback from the output of the second to the fi rst 
(Figure 8), This c;onfiguration results in DTuTTUCMOS 
compatible., operation over the full military temperature 
range:. With the ladder DPDT switches driven by the level 
shifter, each' switch is binarily weighted, ,for an "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential terminations for ,the 2R ladder 
resistors, resulting in accurate leg currents. 

Figure 8. CM'OS Switch 

Ground-loops must be avoided by taking all pins going to 
GND to a common pOint, using separate connections .. 

, 'The Voo (pin 18) power supply Sh'OUld have a low ~oise level 
, .!lnd should not,have any transients exce~ding +17 voils. 

Unused digital inputs must be c~nnected to GND orVoD for 
, proper operation.' " . 

.' A high value resistor (-1Mnl can be used ,to prevent'static 
" charge accumulation, when the.inputs are open-circuited for 
any;rel\son. '" . ;;, 

, When gain adjustment is required, lov<~em~co (app~O~i
mately 50ppm/OC) resistors or triiTi-'ilots should be selected. 



AD7541 

APPLICATIONS, Continued 
UNIPOLAR BINARY OPERATION 

The circuit configuration for operating the AD7541 in 
unipolar mode is :shown' in Figure 9. With 'positive and 
negative VREF values the circuit is capable of 2-Quadrant 
multiplication. The "Digital Input Code/Analog Output 
Value" table for unipolar mode is given in Table 1. Schottky 
diode (HP 5082-2811 or equivalenti prevents IOUT1 from 
negative excursions which could da'mage the device. This 
precaution is only necessary with certain high speed 
amplifiers" , 

,+15V .: 

BIT1 {MSB)'1"l1i:-7 --:!1S:"RFEEOBACK :::;:=::::1: 18t==.::::.:...----, 

DIGITAL 1 
INPUT ; 

~'12(i~1.!;15:"'~...;3 .,T 12 (LS.) 
Your 

Figure 9. ynipolar Binary Operation, (2,-Q~adr~nt J~ultiplication) 

BIPOLAR(OFF~ET BINARY) OPERATION" , 
The circuitconliguration for operating the AD7541 ih the 
bipolar mode is given in Figure 10. Using offset binary digital 
input codes and positive and negative' reference voltage 
values Four-Quadrant multjpliclltion can be realized. The 
"Di9i,~al Inpu,t Code/Analog Output Value" table for bipolar 
,mode ,is given in Table 2. , 

VREF +15V 

• ,T 1 :MS.) 17 11~1-_____ "'" 

I 
I 
I 
I 

DIGITALI 
INPUT: 

I 
I 
I 
I 
I 

AD7541 

ct::"-!'-::::-I15 
.,T 12 (LS.) ..... ..,.. ....... 

GND 

Note: R1 and R2 should be 0.01%, low-TCR resistors. 

R4 
soon 

Figure 10. Bipolar Operation (4-Quadrant,Multiplication) 

A ~'Logic 1" input at any digital input, forces the corres
ponding ladder switch to steer the bit current to IOUT1 bus. 
A "Logic 0" input forces the bit currentto IOUT2 bus. For any 
code the IOUT1 and IOUT2 bus currents are compleme.nts of 
one another. The current amplifier at IOUT2 changes the 
polarity of IOUT2 current and the transconductance 
amplifier at IOUT1 output sums the two currents. This con
figuration doubles the output range but halves the resolution 
of the DAC. The difference current resulting at zero offset 
binary code, (MSB = "Logie 1", All other bits = "Logic 0"), is 
co.rrected by using an external resistive divider, from 
VREF to IOUT2. _ 

n~nll. 

Zero Offset Adjustment 
1. Connect all digital inputs to GNp. 
2. Adjust the offset zero adjusttrimpotof the output opera
tional amplifier for OV ±0.5mV (max) at VOUT. 

Gain Adjustment 
1. Connect all digital inputs toVDD. 
'2. Monitor VOUT for a -VREF (1- 1/212) reading. 
,3. To increase VOUT, connect a series resistor, (0 to 500 
ohms), in the IOUT1 amplifier feedback loop. 
4. To decrease VOUT, connect a series resistor, (0 to 500 
ohms), between, the reference voltage' and the VREF 
terminal. 

TABLE 1 
Code Table .:-. Unipolar Binary Operation 

DIGITAL INPUT ANALOG OUTPUT 
111111111111 -VREF (1 -,1/212) 
100000000001 -VREF (1/2 + 1/212) 
100000000000 -VREF/2 
011111'.111'111 -VREF (1/2 - 1/212) 
000000000001 -VREF (1/212) 
000000000000 0 

Offset Adjustment , 
1. Adjust VREF to approximateIY+10V., 
2. Connect all digital inputs to "Logic 1". ' 
3. Adjust IOUT2 amplifier offset zero adjust trimpot for 
OV± 0.1mV at IOUT2 amplifier output. 4 
4. Connect MS~ (Bit 1), to "Logic 1" and .all oth~r bits to 
"Logic 0". ! 
5. Adjust IOUT1 amplifier offset zero adjust trimpot for 
OV ± 0.1mV at IOUT1 amplifier output. ' , 
6. AdjustR4 for OV± 0.2mV at VOUT . 

Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1 -1/211) volts reading. 
3. To increase VOUT, connect a series resistor, (0 to 500 
ohms), in the IOUT1 amplifier feedback loop: 
4. To decrease VOUT, connect a series resistor, (0 to 500 
ohms),' between the reference voltage and the VREF 
terminal. -

TABLE 2 
Code Table - Bipolar (Offset Binary) Operation 

DIGITAL INPUT ANALOG OUTPUT 
111111111111 " -VREF(1 -1/211) 
100000000001 -VREF (1/211) 
100000000000 0 
011111111111 VREF (11211) 

000000000001 VREF (1 -1/211) 
000000000000 VREF 
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AD7541 

VAEF +10V 

17 
BIT 1 (MSB) <>::;=:::::~4 

BIT 20-

BIT 12 (LSB) o-C--:-:j'!!'5~~!J 

Figure 11. General DAC Circuit with Compensation 
Capacitor, Cc. 

Your 

, ' 

, 5viDIV If 1 r 

Flgure12.'·AD7~41 Response with: A = Iniersil 741HS 

1/JslOIV 

SY/DIY 
J 1 { 

11 \' 'I I\, 

, "'Figure 13.' Ab7541 Response with: A = Intersil 25,15 
Cc = 15pF 

PACKAGE DIMENSIONS 

18 PIN CERDIP 

, I::::::: :~~~ 

,. I " _ , 

,1. Lelld no. 1 Identified by dot or notch. 
2. Dlmensions,in inches (millimeters), 

1~IIDIV 

.SV/DIV I " I 
I \ '/ \. 
" 

Figure 14. AD7541 Response'with: A = Intersil2520 
,', I,' " ~. .' ' , . 

DYNAMIC PERFORMANCE , 
The dynamic performance of the DAC, alsodepends onthe 
output amplifier selection. For low speed or static applica
tions, AC specifications of the amplifier are not very critical. 
For high-speed applications slew-rate, settling-time, open
loop gain and gain/phase-margin specifications of the 
amplifier should be selected for the desired performance. 

The output impedance of the AD7541 looking into loun 
varies between 10k!l (RFeedback alone) and SkU (RFeedback in 
parallel with the ladder resistance). 

Similarly the output cap,acitance varies between the 
minimum and the maximum valUes depending on the input 
code. These variations necessitate the use of compensation 
capacitors, when high speed amplifiers are used. 

A capa'citbr in pi!irallel with 'the feedback resistor provides the 
necessary phase compensation to critically damp the 
output; 

A small capacitor connected to the comp~l1sation pin of the 
amplifier, may be required for unstable, ~ifuations causing 
oscillations. Careful,PC board layout, minimizing parasitic 
capacitances, is also vital. '0 

Three typical circuits and the resultant waveforms are shown 
in Figures 11' to 14. A low-cost general purpose (lntersil 
741 HS), a low-cost high-speed (IntersiI2515) and shigh
speed fast-settling (lntersil 2520) amplifier cover the 
principal application areas. " 

. 18P.INPLASTIC DIP 

.310(7.17) 

I,'~~"'I . ~.12SI23."II)-----l ' 
1_. .115(23.241. I 

11':::::)I-~,'-"-"""'" -----10 .1,50.,005 L . ~3.'1·.127) 

S' f--.'~ ~ --jf--.=r:::::::;: 
.11012.7.). .010 !.OOJ .020(.501) 
.O!JOIUI, (U2~.D7S1 .01.,.457) 



FEATURES 
.. 12 bit linearity (0.01%) 
.. Low gain Tempco (5ppm/O C) 
.. Full temperature range operation 
• Latch-up free operation 
.. DTL/TTL/CMOS compatible 
.. +5 to +15 volts supply range 
.. Low power dissipation (20mW) 
.. Current settling time: 1J.Ls to 0.01% of FSR 
.. Four quadrant multiplication 
.. 8838 Processed versions available 
FUNCTIONAL DIAGRAM 

VREF IN 10K!l 10K!} 10K!l, 10Kn 

(17) 

20Kn 

SPOT 
NMOS IOUT2 (2) 

SWITCHES LJ---++--....... i------4~---+-..-----o lOUT' (1) 

I I 
I I 

ICL7112 
12 Bit Monolithic Multiplying 

D/A Converters 

GENERAL DESCRIPTION 
The Intersil ICL7112 is a monolithic, low cost, high 
performance, 12-bit accurate, multiplying digital-to-analog 
converter (DACI. 

Intersil's laser-trimmed thin-film resistors on junction
isolated CMOS circuitry provide true 12-bit absolute 
accuracy with DTLlTTLlCMOS compatible operation . 
Special tabbed"resistor geometries (improving time 
stability), latch-up free operation, feed-back . resistor 
compensation (improving gain tempco and power supply 
rejection ratio), large IOUT1 and IOUT2 bus lines (improving 
superposition errors) are some of the features offered by 
Intersil·ICL7112. 

Pin compatible with AD7521 and AD7541, this new DAC 
provides accurate four quadrant multiplication over the full 
military temperature range. 

6 b RFEEDBACK 

BIT2 BIT3 (18) 
(5) (5) 

(Switches, shown for Digital Inputs "High") 

CHIP TOPOGRAPHY PIN CONFIGURATION 

0:124 in 
3.'150mm 

BIT4 
BIT5 

BIT6 

1
81T7 BIT8 BIT9 BIT10 BIT11,BIT12I 

1+, ----- 3~O~~O~"m ----.j, 

GND 

GND 
IOUT2 

loun 

RFB 

IOUll 

VREF IN 

Voo 

ORDERING INFORMATION 

Temperature Range: 

Nonlinearity O°C to +70~C -25°C to +85°C -55°C to +125°C 

0.02% 
111-bitl 

0.01% 
112-bitl 

0.01% 
112-bitl 

Guaranteed 
Monotonic 

ICL7112JPN ICL7112JJN ICL7112SJN 

ICL7112KPN ICL7112KJN ICL7112T IN 

ICL7112LPN 

TOPYIEW 

PACKAGE IDENTIFICATION 
ICL7112 

[ ~, t,',' , , NUMBER OF PINS 

. PACKAGE 

. NONLINEARITY 

'--------'---'---- GENERAL TYPE 

SUFFIX J: CERDIP PACKAGE 
SUFFIX P: PLASTIC PACKAGE 
SUFFIX N: 18 LEAD DIP PACKAGE 

I 
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ICL7112 

ABSOLUTE MAXIMUM RATINGS 
(TA = 25°C unless otherwise noted) 
VDD (to GND) .................................... +17V 
VREF(toGND) ................................... ±25V 
Digital Input Voltage Range . . . . . . . . . . . . . . . .. VDD to GND 
Output Voltage Compliance ................... -5 toVDD 
Power Dissipation (package) 

up to +75° C by ............................... 450mW 
derates above +75° C by ............. " ; ....... 6mW/o C 

Operating Temperatures 
JP,KP,LPVersions ...................... O°Cto+75°C 
JJ, KJVersions ........................ -25°Cto+85°C 
SJ,TJVersions ...................... -55°Cto+125°C 
Storage Temperature .............. :. -65°Cto+150°C 

CAUTION: The digit<;ll control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy 
electrostatic fields, Keep unused units in conductive foam at all times. 

SPECIFICATIONS (VDD = +15V, VREF = +10V, TA ~,25°C unless otherwise specified) 

TA TA 
PARAMETER +25°C MIN-MAX UNITS 

DC ACCURACY (Note 1) 
Resolution 12 . 12 Bits 
Nonlinearity (Note 2) S J ±0.020 ±0.024 % of FSR 

T K ±0.01O ±0;012 %of FSR 

L ±0.010 ±0.012 % of FSR 

Guarariteed Monotonic 
Gain Error (Note 2) ±0.3 0.35 % of FSR 

Nonlinearity Tempco (Note 2 and 3) 0.2 PPM of FSR/oC 

Gain Error Tempco (Note 2 and 3) 5 PPM of FSR/oC 

Output Leakage Current (either output) ±50 ±200 nA 

AC ACCURACY (Note 3) 
Power Supply Rejection (Note 2 ::50 ±100 PPM of FSR/% 
Output Current Settling Time 1 itS· 
Feedthrough Error 1 mV pp 

REFERENCE INPUT 5K 
Input Resistance 10K n 

20K 

~NALOG OUTPUT 
Voltage Compliance (Note 4) -100mV to Voo 
Output Capacitance (Note 3) IOUT1 550 pF 

IOUT2250 pF 

IOUTl250 pF 
IOUT2550 pF 

Output NOise (both outputs) Equivalent to 10Kn 
Johnson noise 

DIGITAL INPUTS 
Low State Threshold 0.8 V 

High State Threshold 2.4 V 
3.0 V 

Input Current +1 itA 
Input Coding BinarylOffset Binary 
Input Capacitance (Note 3) 8 pF 
POWER REQUIREMENTS 
Power Supply Voltage Range +5 to +16 V 
100 2 mA 
Total Power Dissipation (including the 20 mW 
ladder) 

NOTES: 1., Full scale range (FSR) is 10V for unipolar and ±10V for bipolar modes. 
2. Using internal feedback resistor, RFEEOBACK. 
3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless ou~puts at ground potential. 

LIMIT 

Min 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 
Max 

Max 

Min 
Typ 
Max 

Max 
Max 

'Max 
Max 
Typ 

Max 
Typ 

Min 
Max 

Max 

Max 
Typ 

TEST CONDITIONS FIG. 

-10V:S; VREF:S; +10V 1 

VOUT1 = VOUT2 = OV 

~10V:S; VREF :s; +10V 

Voo = 14.0 to 16.0V 2 
To 0.01% of FSR 6 
VREF- 20V pp, 10 KHz. All 5 
digital inputs low. 

All digital inputs high. 
IOUT1 at ground. 
Both outputs. 
See maximum ratings. 

All digital inputs high 4 

All digital inputs low, 4 

3 

VIN - 0 to Voo 
See Tables 1 &2 on pages 4 and 5. 

Accuracy not guaranteed, 
over this range. 

All digital inputs high or low 

Specifications subject to 
change without notice. 
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TEST CIRCUITS 

12 BIT 
BINARY 

COUNTER 

.n..n 
CLOCKi ' 

YREF 

, , , 
I BIT 12 

(LSB) 

BIT 1 

(MSB) 
14 BIT 
EFg:~NCEf-_---' __ -.J 

Figure 1. Nonlinearity 

+11V (ADJUST FOR Your = OV) 

+15V 

1> 

Figure 3. Noise 

+15V 
YREF := 20V p-p 10kHz SINE WAVE 

Figure 5. Feedthrough Error 

DEFINiTION OF TERMS 

YOUT 

F"" 1kHz 
OW = 1Hz 

aUAN 
TECH 

MODEL 
1340 
WAVE 

ANALYZER 

NONLINEARITY: Error contributed by deviation of the DAC 
transfer fun.ction from a best straight line function. Normally 
expressed as a. percentage of full scale. range. For a 
multiplying DAC, this should hold true over the·entire VREF 
range. 
RESOLUTION: Value of the·LSB. For example, a unipolar 
converter with n bits has a resolution of (2-n) (VREF). A bipolar 
converter of n bits has a resolution, of [2-(n-l)] [VREF]. 
Resolution in no way implies linearity. 
SETTLING TIME:, Time required for the output function of 
the DAC to settle to within 1/2 LSB for a given digital input 
stimulus, i.e., 0 to Full Scale. ' . , 

UNGROUNDED 
SINE WAVE 
GENERATOR 
40Hz 2Y pop 

+10 v 
VREF~p---~p--+--""'./\r--~-+f 

SK 0.01% ~~iUST . r:1i;7--+':"I 
VERROA BIT 1 (MSB) 4 F=='---'''"'''i 
= OY.DC) 5 

BIT 12 
(LSB) 

-' -=-

Figure 2; Power Supply Rejection 

He +15 

BIT 1 (MSB) 417 

5 

16 
18 

ICL7112 

Ne 

1t--..."VV~ 

SGOK 

100 mYp-p 
1MHz· 

Figure 4. Output Capacitance 

"'I"15V 

-10 V .;.YR::::':...' __ -, 
EXTRAPOLATE =~ :~1~;~~t~NG 

BIT 1 (MSB) 1"'41*7-~16:"1 

~~ n.JUL 51CL7112 

DIGITAL INPUT 11---..... ----i 

Figure 6. Output Current Settling Time 

GAIN: Ratio of the DAC's operational amplifier output 
voltage to the nominal input voltage value. 

FEEDTHROUGH ERROR: Error caused by capacitive 
coupling from VREF to output with all switches OFF.. 

OUTPUT cAPA~ITANcE: Capacity from IOUT1 and IOUT2 
terminals to ground. 

OUTPUT LEAKAGE CURRENT: Current which appears on 
IOUTl terminal with. all digital inputs LOW or on IOUT2 
terminal when all inputs are HIGH. 

I 
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ICL7112 
GENERAL CIRCUIT INFORMATION 
The IntersillCL7112 is a 12 bit, monolithic, multiplying D/A 
converter. Highly stable thin film R-2R resistor ladder 
network and NMOS DPDT switches form the basis of the 
converter circuit. Junction isolated CMOS level shifters 
provide latch-proof lowj::>ower DTLlTTLICMOS compatible 
operation: An external voltage .or current reference and an 
operational amplifier are all that is required for most voltage 
output applications. .' 

A simplified equivalent 9ircuit of the DAC is shown in Figure 
7. The NMOS DPDT switches steer the ladder leg currents 
between IOUT1 and IOUT2 busses which must be held at 
ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 

Converter errors are further eliminated by using wider metal 
interconneclions between the major bits and the outputs, 
and by compensating the internal feedback resistor with a 
series switch. Use of. high threshold switches reduces the 
offset <leakage) errors to a negligible level. 

II 

VREF IN 10K!l 10KH 10KU 10KlI 

(17) 

20KO 

SPOT 
NMOS IOUT2 (2) 

SWITCHES 4---*'i---:-c-*+----,-....... ---.4-.----<>IOUT1 (1) 
I 
I 

b 
Bin 
(5) 

I ,. 
b 

BIT3 
(6) 

(Switches shown for Digit .. 1 Inputs "High") 

Figure 7. iCL7112 Functional Diagram 

RFEEDBACK 

(18) 

APPLICATIONS 

General Recommendations 

Static performance of the ICL7112 depends on IOUT1 and 
IOUT2 (pin 1 and pin 2)' potentials being exactly equal t,Q GND 
(pin 3), 

The output amplifier should be selected to have a iaw input' 
bias curren! (typically less than 75nA), and a low drift· 
(depending on the temperature range). The voltage offset of 
the amplifier should be nulled (typically less. thail.±200J.lV), 

The b'ias current compensation resistor in the amplifier's 
non-ihv'erting input can cause a variable offset. 'Non
inverting Tnput should be connected toGND with a low' 

. resistance wire. 
4·74 
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Each circuit is laser-trimmed, at the wafer level, to better than 
12 bits linearity. For the first four bits of the ladder, special 
trim-tabbed geometries are used to keep. the body of ttie 
resistors, carrying the majority 'of the output current, 
undisturbed. The resultant time stability of the trimmed 
circuits is comparable to that of untrimmed units. 

The level shifter circuits are comprised of three inverters with 
a positive feedback from the output of the second to the first, 
(Figure 8), This configuration rellults in DTL/TTLICMOS 
compatible operation over the fuU military temperature 
range. With the ladder DPDTswitches driven by the level 
shifter, each switch is binarily. weighted. for an "ON" 
resistance proportional to the respective ladder leg current. 
This assures a constant voltage drop across each switch, 
creating equipotential termina~ions for the 2R ladder 
resistors, resulting in accurate leg currents. 

DTl/TTlICMOS 
INPUT 

Figure 8 •. CMOS Swiich 

Ground-loops must be avoided by taking all pins' going to 
GND to a common point; using separate connections .. 

ICL7112 does not require any external protection diodes. 

The Voo.<pin 18)p~wer supply should h.av~ a'low noise level. 
and should not have any transients exceeding +17 volts. . 

Unused digital inputs must be connected to GND.or Voofor 
proper o'peration. .' . . ' .. 

A high value resistor (-,-1 Mnlcan be used to prevent static' 
charge accumulation, when the inputs are open-circuited for 
any ~eason; 

\ 

When gain adjustment is' required, low tempco (approxi
mately 50ppm/o C) resistors or trim-pots should be selected. 



ICL7112 
APPLICATIONS, Continued 
UNIPOLAR BINARY OPERATION 

The circuit configuration for operating the ICL7112 in 
unipolar mode is shown in Figure ,9: With positive and 
negative VREF values the circuit is capable of 2-Quadrant 
multiplication. The "Digital Input Code/Analog Output 
Value" table for unipolar mode is given in Table 1. 

VAEF ---.., 

BIT 1 (MSB) 17 

DIGITAL 1 

+15V 

16 RFEEDBACK 1. 

. INPUT ~ 

~mi:Ui~'~·~_~ BIT 12 (LSB) 
GND 

YOUT 

Figure 9. Unipolar Binary Operation (2-Quadrani Multiplication) 

Zero Offset Adjustment , 
1. Connect all digital inputs to GND. 
2. Adjust the offset zero adjust trimpot of the output opera
tionalamplifierfor OV ±O.SmV (max) at VOUT: 

BIPOLAR (OFFSET BINARY) OPERATION 
The circuit configuration for operating the ICL7112 in the 
bipolar mode is given in Figure 10. Using offset binary digital 
input codes and positive" and, negative reference voltage 
values Four-Quadrant multiplication can'be' rEialized. The 
"Digital Input Code/Analog Output Va,lue" table for bipolar 
mode is given in Table 2. 

YAEF 

BITI (MSB) 

I 
I 
I 
I 
I 

DIGITAL! 
INPUT I 

I 
I 
I 
I 
I 

181-------, 

Ic;L1112 

, I. 
,BIT 12 (LSB)L-...... --I 

GND 

Note: R1 and R2 should be 0.01%, low-TCR resistors. 

R4 
soon 

Figure 10. Bipolar Operation (4-Quadrant Multiplication) 

A "Logic 1" input at 'any digital input forces the corres
ponding ladder switch to steer the bit current to IOUTl bus.' 
A "Logic 0" input forces the bit currentto IOUT2 bus. For any 
code the IOUTl and IOUT2 bus currents are complements of 
one another. ,The current amplifier at IOUT2 changes the " 

,polarity of IOUT2 current and the transconductance 
amplifier at IOUTl output sums the two currents. This con
figuration doubles the output range but halves the resolution 
of the DAC. The difference current resulting at zero offset 
binary code, (MSB = "Logic 1", All other bits = "Logic.O"), is 
corrected by using an external resistive divider, from 
VREF to IOUT2. 

O~OIl. 

Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1-,1/212) reading. 
3. To increase VOUT, connect' a series resistor, (0 to 500 
ohms), in the IOUTl amplifier feedback loop. 
4. To decrease VOUT, connect a series resistor, (0 to 500 
ohms), between the reference voltage and the VREF 
terminal. 

TABLE 1 
Code Table - Unipolar Binary Operation 

DIGITAL INPUT ANALOG OUTPUT 
111111111111 -VREF (1 - 1/212) 
100000000001 -VREF (1/2 + 1/212) 
100000000000 -VREF/2 
011111111111 -VREF ,(1/2 - 11212) 

000000000001 -VRE'F '(1/212) 

000000000000 0, 

Offset Adjustment 
1. Adjust VREF to approximately+l0V. 
2. Connect all digital inputs to "i..ogic 1"; 
3. Adjust IOUT2 amplifier offset zero adjust trimpot for 
OV ± 0.1 mV at IOUT2 amplifier output. 
4. Connect MSB (Bit 1) to "Logic 1" and all. otheri;lits to 
"Logic 0". 
5. Adjust loLiT1 amplffier offset zero adjust trimpot for 
OV ± 0.1 mV at IOUTl amplifier output. 
6. Adjust R4.tor OV ±, 0.2mV atVOUT. 

Gain Adjustment 
1. Connect all digital inputs to VDD. 
2. Monitor VOUT for a -VREF (1 -1/211) volts reading. 
3. To increase VOUT, connect a series resistor, (Oto 500 
ohms), in the IOUTl amplifier feedback loop. ' '", 
4. To decrease VOUr, connect a se'riesresistor, (0 to 500 
ohms), between the reference voltage and the VREF 
terminal. 

TABLE 2 
Code Table - Bipolar (Offset Binary) Operation 

DIGITAL INPUT ANALOG OUTPUT 
111111111111 -VREF (1-1/21.1) 
100000000001 -VREF (1/211) 

100000000000 0 
01111.1111111 VREF (1/211) 
000000000001 VREF (1 - 1/211) 
000000000000 VREF 
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II 

VAEF +10Y 

BIT 1 (MSB) <>:;==~ 
BIT 20-

BIT 12 (LSB)()-!.----'-~15 

+15Y 

Figure 11. General DAC Circuit with Compensation 
, , 'Capacitor, Cc; 

20~s/DIV 

SVIOI v II 1 II 
II 

" 

Your 

Figure 12. ICL7112 Response with: A = Intersil741HS ,', 
Cc = 100pF 

1~S/DIV 

J 1\ I 
J \ I \ 

SV/DIV 

Figure 13" ICL7112 Response with: A ,= (ntersil 2515 
, , ' ,Cc = 30pF" ' 

!!. ' 

O~OI!;, 
1pa/DIV 

I Il I 
J It IJ t 

SViDIV 

Figure 14, ICL7112 Response with: A = Intersil 2520 
, Cc = 22pF 

DYNAMIC PERFORMANCE, 
The dynamic performance of theDAp also depends on the 
output amplifier selection. For low speed or static applica
tions, AC specifications of the amplifier are not very critical. 
For high-speed applications slew-rate, settling-time, open
loop gain and ga'in/phase-marginspecifications of the 
amplifier should be selected for the desired perfor~ance. 
The output impedance of the IcL7112 looking into IOUT1 
varies between 10kO (RFeedback alone) and 5kO (RFeedtiack in 
parallel with the ladder resistance>. 

Similarly the 'output capacitance, varies betwe,en th~ 
minimum and the'maximumvalues depending on the input 
code. These variations necessitate the use of compensation 
capacitors, when high speed amplifiers are used. 

A capacitor in parallel with the feedback resistor provides the 
necessary phase compensation to critically damp the 
output. 

" • " > '. 

A small capacit()rconnected tq the compensation pin of the " 
amplifier may be required for 'un~table situations, causing 
oscillations. Careful PC board, layout, minimizing parasitic 
capacitances, is also vital. 

Three typical circuits and the resultant waveforms are shown' " 
in Figures 11 to 14. A low-cost general purpose (Intersi'I 
741 HS), a low-cost high-speed (lntersil 2515) and a high
speed fast-settling (I ritersi I 2520> amplifier cover the 
principal application areas. ' 

--~--------------~~~----~--------------------------~~~----

PACKAGE DIMENSIONS 
\ 18 PIN CERDIP 

C::::::5~ 

,I. Lead no. ,I identified by dot or notch. 
2. Dimensions in'inches (millimeters). 
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18 PIN PLASTIC DIP 

C:::::::j~::~, 
'1--,' ',':l5(23.4'1~ 

I, , .• ,5 123..241 I 

.310(7.'7) . 

I,D:"'I 4·B 

BONDING DIAGRAM 

r--~~--~~GND 

GND 
IOUT2 
10UTl 
RF.B. 

IOUlt 

VREF IN 

. 8-8 9·8 10-8 11-8 12-8 



ICL7113 
3 Digit BCD Monolithic Multiplying 

D/A Converter 

FEATURES 
• .05% Linearity (ICL7113L) 
• Low gain Tempco (10 ppmfO IC) 
• Full temperature range operation 
• Latch-up free operation 
• DTL/TTL/CMOS compatible 
• +5 to +15 volts supply range 
• Low power dissipation (20mW) 
• Current settling time: 1 flS to 0.05% of FSR 
• 8838 Processed versions available 

FUNCTIONAL DIAGRAM 

1 DIGIT 0.1 DIGIT 0.Q1 DIGIT 

~ ~ '84"27 
VRE' IN 

17 

Voo 

16 

IOUT1 

~ ________________ ~~ ____________ ~2 

ORDERING INFORMATION 

Temperalure Range 

Nonline.arily O°C 10 +70°C -25°C 10 +85°C --55°C 10 +125°C 

0.2% ICL7113JPN ICL7113JJN ICL7113SJN 

0.1% ICL7113KPN ICL7113KJN ICL7113TJN 

0.05')'0 ICL7113LPN ICL7113LJN ICL7113UJN 

GENERAL DESCRIPTION 
The Intersil ICL7113 is a monolithic, low cost, high 
performance, 3 digit BCD, multiplying digital-to-analog 
converter (DAC)' 

Intersil's laser-trimmed thin-film resistors on junction
isolated CMOS circuitry provide :05% absolute accuracy 
with DTLlTTLICMOS compatible operation. 

Special tabbed-resistor geometries (improving time 
'stability), latch-up free operation, feed-back resistor 
compensation (improving gain tempco and power supply 
rejection ratio), large IOUT1 and IOUT2 bus lines (improving 
superposition errors) are some of the features offered by 
Intersil iCL7113. 

Typical applications include: Thumbwheel switch voltage 
dividers; digitally controlled gain circuits', attenuators, 
power supplies, etc. 

PIN CONFIGURATION 

TOP VIEW 

IOUTl 

, ",G" I 
0.1 DIGIT { 

V,REF IN, 

Voo (0) 

.01 (LSB) 

.06 

PACKAGE IDENTIFICATION 

}""' .'"" 
}0.1DIGIT 

ICL7113 TL __ t_ . ...:......_TN'-~~~~~~~~~~~= NUMBER OF PINS. l L... _______ PACKAGE 

NONLINEARITY 

SUFFIX J: CERDIP PACKAGE 
SUFFIX P: PLASTIC PACKAGE 
SUFFIX N: 16 LEAD DIP PACKAGE 

I 
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ICL7113 

ABSOLUTE MAXIMUM RATINGS 
(TA = 25°C. unless otherwise noted) 

VDD (to GNo) .................................... +17V Operating Temperatures 
VREF (to GND) ................................... ±25V JP, KP, LPVersions ...................... 0°Cto+70°C 
Digital Input Voltage Range. . . . . . . . .. . . . . . .. VDD to GND JJ, KJ Versions ........................ -25° C to +85° C 
Output Voltage Compliance ................... -5 to VDD SJ, T J Versions. . . . . . . . . .. . .. . . . . . . .. -55° C to +125° C 
Power Dissipation: Storage Temperature ................ -65° C to +150° C 

upto+75°C ................ , .................. A50mW 
deratesabove+75°Cby, ..................... 6mW;oC 

CAUTION: The digital control inputs are zener protected; however, permanent damage may occur on unconnected units under high energy 
electrostatic fields. Keep unused units in conductive foam at all times . 

. SPECIFICATIONS (VDD = +15V, VREF = +10V, TA = 25°C unless otherwise specified) 

4-78 

TA TA 
PARAMETER +25°C MIN-MAX UNITS 

DC ACCURACY (Note 1) 
Resolution 3 3 Digits 
Nonlinearity (Note 2) S J .20 .20 % of FSR 

T K .10 ;10 % of FSR 
.. U L .05 .05 % of FSR 

Gain Error (Note 2) ±.3 ±.4 % of FSR 
Nonlinearity Tempco (Note 2 and 3) 2 PPM of FSR/o C 

Gain Error Tempco (Note 2 and 3) 10 PPM of FSR/o C 

Output Leakage Current (either output) ±50 ±200 nA 

AC ACCURACY 
Power Supply Rejection (Note 2 and 3) ±0.05 ±0.1 % of FSR/% 

Output Current Settling Time (Note 3) 1 1 JlS 
Feedthrough Error (Note 3) 1.5 2 mVpp 

REFERENCE INPUT 5K 
Input Resistance 10K !! 

20K 
ANALOG OUTPUT 
Voltage Compliance (Note 4) -100mVto VDD 
Output Capacitance (Note 3) IOUT1550 pF 

IOUT2250 pF 
IOUT1250 pF 
IOUT2550 pF 

Output Noise (both outputs) Equivalent to 10K!! 
Johnson noise 

DIGITAL INPUTS 
Low State Threshold; 0.8 V 
High State Threshold 2.4 V 

3.0 V 
Input Current ±1 JlA 
V,N = 0 to VDD 
Input Coding BCD 
Input Capacitance (Note 3) 8 pF 

POWER REQUIREMENTS .. 
Power Supply Voltage Range +5 to +16 V 
100 2 mA 
Total Power Dissipation (including the 20 mW 
ladder) 

NOTES: 1 .. Full scal.e range (FSR) is 10V for unipolar and ±10V for bipolar modes. 
2; Using internal feedback resistor, ·RFEEDBACK. 
3. Guaranteed by design; not subject to test. 
4. Accuracy not guaranteed unless outputs at ground potential. 

LIMIT 

Min 
Max 
Max 
Max 
Typ 

Max 
Max 

Max 

Max 
Max 

Max 

Min 
Typ 
Max 

Max 
Max 
Max' 
Max 

Typ 

Max 
Typ 
Min 
Max 

Max 

Max 
Typ 

TEST CONDITIONS 

-10V:S VREF:S +10V 
VOUT1 = VOUT2 = OV 

-10V:S VREF :S +10V 

VDD = 14.0 to 16.0V 
To 0.05% of FSR 

VREF = 20V pp, 10 KHz. All 
digital inputs low. 

All digital inputs high. 
IOUT1 at ground. 
Both outputs. 
See maximum ratings. 
All digital inputs high 

All digital inputs low 

Over the specified temp range 

See Table 1 

Accuracy not guaranteed over 
.. this range. 

All digital inputs high or low 

Specifications subject to 
change without notice. 



ICL7113 

GENERAL CIRCUIT INFORMATION 
The IntersillCL7113 is a 3 digit BCD monolithic, multiplying 
D/A converter. Highly stable thin film R-2R resistor ladder 
network, interquad voltage dividers, and NMOS DPDT 
switches form the basis of the converter circuit. Junction 
isolated CMOS level shifters, Figure 2, provide latch-proof 

. low power DTLlTTLICMOS compatible operation. An 
external voltage or current reference and an operational 
amplifier are all that is required for most voltage output 
applications. 

v+----~------~----~-

DTL/TTL/CMOS 
INPUT -'v'V'''''''''' 

Figure 2: CMOS Level Shifter/Switch 

APPLICATIONS 
Genera'l Recommendations 

To inSure stability and prevent output ringing, a compen
sation capacitor of 10-100pF in parallel with the feed'back 
resistor will be needed for some applications. 

Unused digital inputs must be connected to GND or VDD for 
proper operation. 

ICL7113 does not require external schottky protection 
diodes at output. 

BCD MULTIPLYING DAC 
Intersil 7113 is capable of 2-quadrant multiplication with 
positive and negative reference values. The "Digital Input 
Code/Analog Output Value" table is given in Table 1. Figure 
4 shows a typical circuit. 

VREF---"" 

BCD 
INPUT 

MSB 

LSB 
15 

+15V 

16 
18r.-=F'----..., 

GND 

Figure 4: BCD Multiplying DAC Circuit 

Your 

O~OIb 

A simplified equivalent circuit of the DAC is shown in Figure 
3. The NMOS DPDT switches steer the ladder leg currents 
between IOUT1 and IOUT2 busses which must be held at 
ground potential. This configuration maintains a constant 
current in each ladder leg independent of the input code. 

Each circuit is laser-trimmed, at the wafer level, to better than 
.05% linearity. For the first MSB bits, special trim-tabbed 
geometries are used to keep the body of the resistors, 
carrying the majority of the output current, undisturbed. The 
resultant time stability of the trimmed circuits is comparable 
to that of untrimmed units. 

VREF 

I I . I 

'Lb~ _____ ~~_ Jill 8 

RFB 

IOUll 

IOUT2 

1 DIGIT 0.1 DIGIT 0.01 DIGIT 

Figure 3: ICL7113 CircuitDiagram 

Zero Offset Adjustment: 
1. Connect all digital inputs to GND. 
2, Adjust the offset zero adjust trim pot of the output opera
tional amplifier for OV ±0.5mV (max) at VOUT. 

Gain Adjustment:. 
1. Apply BCD Code .999 11001 1001 1001) 
2. Monitor VOUT for a -VREF 11 - 1/103) reading. 
3. To increase VOUT, connect a series resistor, 10 to 500 
ohms), in the IOUT1 amplifier feedback loop. 
4. To decrease VOUT, connect a series resistor, (0 to 500 
ohms), between the reference voltage and the VREF 
terminal. 

TABLE 1 
CODE TABLE - BCD DAC 

INPUT ANALOG OUTPUT 

BCD DECIMAL 
1001 1001 1001 999 -VREF 11-1/103) 

0000 0000 0001 001 -VREF (1/103) 

0000 0000 0000 000 a 
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APPLICATIONS (Continued) 
RFBr--;:;~./'v:=-.--------, 

R,2kl! 
r---------------------~--~ 

+15V 

R3 
2kl! 

VREF 17 

"ZERO" 
COMMON ______ _ 

0.1 DIGIT 

ICL7113 

0.01 DIGIT 0.001 DIGIT 

Figure 5: Thumbwheel Switch Attenuator 

The circuit in Figure 4 shows the ICL7113 used asa low-cost 
precision voltage divider, similar to 10-turn potentiometers. 

Low parts count, increased reliability, low cost, 0.1% VIN 
resolution an'd an excellent 0.05% of FSR non-linearity make 
ICL7113 a real advantage for the circuit designer. 

The BCD coded thumbwheel assembly (available from AMP, 
Harrisburg, PA; CHERRY, Waukegan, IL;.SAE, Santa Clara, 
CAl applies to BCD 'data to the ICL7113 inputs. A SPST 
assembly with pull-up or pull-down resistors can be 
substituted. 

PACKAGE DIMENSIONS 

Resistors R1, R2 can be used to adjust the gain, R3 to limitthe 
current if make-before-break switches are used; and R4 to 
adjust the offset voltage. 

A voltage reference and an Intersil IH8510 power amplifier 
can be used with this circuit to build a ±25V, 1 Amp 
continuous output power source. (For more information 
write for Intersil Application Bulletin A021 - "Power D/A 
Converters Using the IH8510," by D. Wilen ken.> 

It [:::':::~i:~ 
.320 (8.128) 

18 PIN PLASTIC DIP 

.310 (1.874) 

CO:36~)1 r---.,925 (23.495) .~AX---j 
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1~(7.366)1 r--.900 (22 860) MAX-------l 
.060 (1.524)i-________ ---i 
.015(0.381)~--r;80(4.572) L £40(3.556) 

! I I U ~ \.200 (5 080) .015 (0.381) 
I I ~~ .008 (0.203) 

~ f- -ll-- .070 (1.778) f-:'~~oo (~~3~~~~ 
.110 (2.794) .023 (0.584) .030 (0.762) 
.090 (2.286) .015 (0.381) 

.060 (1.524) ---. 

·"·j"~5""'" 
I, I! ~ ~ ~75)MIN . I---.l. 

-----l I- -----ll-
.110 (2.794) .070 (1.778) .022 (0.559) 
~ .030 (0.762) .018 (0.457) 

BONDING DIAGRAM 

1. Lead no. 1 identified by dot or notch. 
2. Dimensions in inches (millimeters). 

.8 

.4 

.2 """''---.,~''"'''' ___ --!-~ 

IOUT2 
IOUll 
Rio-B 

IOUT1 

VR!:F IN 

.VOD 

.1 .08 0.04 0.02 0.01 

I· 

.015 (0.381) 

.008 (0.203) 

.350 (8.890) 

.300 (7,620) 
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FEATURES 

• Guaranteed zero reading for 0 volts input 
• Auto-zero; auto polarity 
• 5pA input current typical 
• Single reference voltage 
• latched parallel (full-time) BCD output for lCDs or 

data busing 
• True polarity at zero count for precise null detection 
• On-board clock and reference 

ORDERING INFORMATION 

Part Temp_ Range Package Order Number 

8052 ODC to 70DC 14 pinplastic DIP ICl8052CPD 
8052 ODC to 70DC 14 pin ceramic DIP ICl805icDD 
7101 ODC to 70DC 40 pin plastic DIP ICL7101CPl 
7101 ODC to 70DC 40 pin ceramic DIP ICl71 01 COL 

CONNECTION DIAGRAM 

8052 Analog Signal Conditioner 

INTEGRATOR 
OUT 

COMP BUFFER 
OUT (+IN~ 

REF INTEGRATOR 
CAP (+IN) 

REF INTEGRATOR 
BYPASS (-IN) 

BUFFER 
(-IN) 

REF BUFFER 
OUT OUT 

REF 
SUPPLY 

ICL8052/1CL7101 
3 1/2 Digit AID Pair 

GENERALDESCRIPTION 

The 8052/7101A/D Pair, with its parallel BCD outputs, is 

ideally suited for data processing applications or interfacing 

J,ith 3Y:.-digit Liquid Crystal Displays_ No external circuitry 

is required to demultiplex the information_ In addition, it 

has a "start/reset" input and "busy" output that allows easy 

synchronization to system requirements_ The 8052/7101 

provides 4y:'-digit accuracy in a 3Y:.-digit format with typical 

system performance like 5pA input leakage, auto-zero to 

10pV with less ,than 1pV fc drift and Linearity to 0_002%_ 

The 8052/7101 A/D pair. also features conversion rates 

from 10 seconds to 30 per second, making them ideally 

su ited for a wide variety of applica.tions. 

CONNECTION DIAGRAM 

7101 Digital Processor I 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) 
Storage Temperature 

8052 ONL Y 

Supply Voltage 
Differential Input Voltage 
Input Voltage (Note 2) 

Output Short Circuit Duration, 
All Outputs (Note 3) 

500mW 
-,65°C to +150°C 

±ISV 
±6V 

±15V 

Indefinite 

Operating Temperature 
Lead Temperature (Soldering, 60 Sec.) 

7101 ONLY 

Source Current (Is) 
Drain Current (10) 
Digital Inputs 
V+to V-

Digital Input 

O°C to +70°C 
300°C 

100mA 
100mA 

5mA 
25V 

V- to V+ 

Note 1: Dissipation rating assumes device is mounted with all leads 
welded or soldered to printed' circuit board in ambie'nt 
temperature below +70°C. For higher temperatures, derate 

Note 2: For supply voltages less than ±15V, the absolute maximum 
input voltage is equarto the supply voltage. 

10mW;oC. .. Note 3: Short circuit may be to ground or either supply. Rating 
. applies to +70°C ambienttemperat-ure. ' " . 

7101 ELECTRICAL C.HARACTERISTICS (v+ = +5.0V, V- = -15V, TA = +25°C unless otherwise specified) 

PARAMETER 

Clock Frequency 

External Clock In 

External Clock In . 

Reset/Start 

Internal Counter Override 
External Counter Input 

BCD 

BCD 

Out·of·Range 

Out·of·Range 
--

Polarity, Apex, Busy, 1000 
--

Polarity, Apex, Busy, 1000 

Gated Clockout 

Gated Clockout 

Switches 1,3,4, 5, 6 

Switch 2 

+5.0 V Supply Current 

-15 V Supply Current 

Output 

SYMBOL 

fiN 

IINL 

IINH 

'INL 

IINH 

VOL 

VOH 

VOL 

VOH 

VOL 

VOH 

VOL 

VOH 

ROS(ON) 

ROS(ON) 

Icc + 

ICC-

CONDITIONS 

C = 1500 pF 

VIN = 0 V 

VIi\! = +5.0 V 

VIN = 0 V 

VIN = +5.0 V 

IOL = 1.6mA 

IOH = -200f.1A 

IOL= 3.2 rnA 

IOH = 400 f.1A 

IOL = O.S mA 

IOH = -200 f.1A 

IOL = 0.3 mA 

IOH = -200f.1A 

External Counter Input 
Iniernal Counter Override 

MIN 

2.4 

2.4 

2.4 

2.4 

TYPICAL INPUT/OUTPUT SCHEMATICS 

7101 
UNITS 

TYP MAX 

20 kHz 

0.35 1.0 mA 

0.35 1.0 .mA 

O.S 2.0 mA 

0.35 1.0 mA 

0.25 0.4 V 

4.5 V 

0.25 0.4 V 

4.5 V 

0.25 0.4 

·4.5 V 

0.25 0.4 V 

4.5 V 
- 400 n 

2500 n 
15 25 mA 

3.0 . 5.0 mA 

'5V 

6k 

Start/Reset 



ICL805217101 U~UI!. 
8052 ELECTRICAL CHARACTERISTICS (Vs = ±15V, TA = +25°C unless otherwise specified) 

CHARACTERISTICS CONDITIONS 

OPERATIONAL AMPLIFIER 

Input Offset Voltage VCM = OV 20 50 mV 

Input Current (either input) VCM = OV 5 50 pA 

Common-Mode Rejection Ratio VCM = ±1QV 70 90 dB 

Non-Linear Component of Common-Mode VCM = ±2V 110 dB. 
Rejection Ratio * 

Large Signal Voltage Gain RL = 10kD. 20,000 V!V 

VOUT = ±10V 

Slew Rate 6 V Ills 

Unity Gain Bandwidth 1 MHz 

Output Short-Circuit Current 20 50 mA 

COMPARATOR AMPLIFIER 

Small-Signal Voltage Gain RL = 30kD. 4000 V!V 

Positive Output Voltage Swing +12 +13 V 

Negative Output Voltage Swing -2_0 -2_6 V 

VOLTAGE REFERENCE 

Output Voltage 1.5 1.75 2.0 V 

Output Resistance 5 ohms 

Temperature Coefficient 40 ppm 

Supply Current Total 6 12 rnA 

*This 'is the only component that causes error in d~al-slope converter. 

SYSTEM ELECTRICAL CHARACTERISTICS 
(V ++ = +1 5V, V + = +5.0V, V _ = -15 V, T A = +25°C, Clock Frequency Setfbr 3 Reading/Sec) 

CHARACTERISTICS CONDITIONS 
8052/7101 (11 

UNITS 
MIN TYP MAX 

Zero Input Reading Vin = O.OV ~O.OOO ±O,OOO +0:000 Digital 
Reading 

Ratiometric Reading Vin == VRef. +0.998 +1.000 +1.001 Digital 
Reading 

Linearity over ± Full Scale (error off -2V" Vin " +2V 0.1 1 Digital 
reading from best straight line) Count 

Error 

Rollovererror (Difference in reading for -Vin == +Vin."" 2V 0.1 1 Digital 
equal positive & negative vol.tage near full 

... 
Count 

scale) Error 

Noise (P-P value not exceeded 95% Vin = OV 
of time) Full scale = 200.0mV 0.2 Digital 

Full scale = 2.000V 0.05 Count 

,Leakage Current into Input Vin = OV 5 30 pA 

Zero Reading Drift Vin = OV 1 5 Ilvfc 

0°" TA " 70°C .. 

Scale Factor Temperature Coefficient Vin = +2V 3 15 ppmfC 

0° "TA " 70°C 
(ext. ref: 0 ppmfC) 

(1) Tested in 3~ digit (2,000 count) circuit shown in Fig.'l clock frequency 20kHz. 
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ICL805217101 
CIRCUIT DESCRIPTION 

Figure 1 shows a typical circuit for a DVM. A minimum of 
external components is required since the chips have an on· 
board clock and a medium-quality (40ppmfC) internal 
reference. The circuit also shows the switching required for 
two_,scale factors: 2.000V and 200.0mV full scale. 

The system uses the time-proven dual-slope integration 
with all of its advantages; non-critical components, high 
rejection' of noise and AC signals, non-critical clock fre
quency and true ratiometric readings. At the same time, it 
eliminates one of the basic disadvantages of dual-slope con
version: separate positive and negative reference sources. 
In this system, the. negative reference is generated by 
charging the reference capacitor to the positive reference 
potential. and then switching it into the circuit inverted 
when a negative reference is required. Due to the very low 
leakage and charge injection of the F ET switches, the 
positive and negative references track each other to 10/LV 
over a wide temperature range. This assures a'very small 
error between positive and negative scale factor and, thus, 
excellent linearity from (+) full-scale to (-) full-scale 
(.002% typical). 

The measurement cycle for tI)e 8052/7101 has' three phases. 
These are auto-zero; integrate input, and integrate reference. 
At the end of a measurement the system automatically 
reverts to the auto-zero mode until a new measurement 
is initiated. If an over-load has not occurred in the previous 
measurement, 10 milliseconds of auto-zero is sufficient to 
null any offsets to 10pV. At power on, or after an overload, 
100 milliseconds is required to assure the auto-zero capaci
tor has charged to the correct value. 

Start Conversion 

Prior to conversion, the reset-start ,input must be held low 
to inhibit conversion (during auto-zero). Conversion is 

300I'F 

1 

initiated by q positive transition on the start-reset line. (It 
must therefore return to the low state prior to completion 
of conversion in order to allow proper auto-zero function.) 
The positive transition generates a clear pulse which resets 
all internal logic (counte'rs, etc,) and sets the clock enable, 
thus initiating the conversion sequence, 

Integrate Input 

During the first period, switch #4 is closed, (all others 
open), applying the input potential to the buffer: Since the 
amplifier offsets are stored on the auto-zero capacitor, the 
integrator's slope is determined solely by the input voltage. 
The input voltage is integrated for exactly 1000 counts, 
thus reaching an integrator output proportional to the 
integral of the input for a fixed time .. 

Integrate Reference 

At the end of 1000 counts, switch #4 is opened, the polar
ity flip-flop is set, and the irnegrate reference'period begins. 
Depending on the polarity;' switch #5 or #6 is closed, 
connecting the buffer input to ground or 2Vref. This causes 
the integrator to ramp towards its quiescent (auto-z,ero) 
point with a slope proportional to +Vref or -Vref. When 
the integrator crosses its quiescent auto-zero point, the 
comparator changes state, causing the.zerocrossing detector 
to generate a conversion complete signal which inhibits the 
clock and loads the logic information into' the output 
latches, Switch #5 (or #6) is opened,switches #1, #2, and 
#3 are closed, and the system returns to a quiescent auto
zero mode, awaiting the next initiate cor.wersion signal. If 
2000 counts are received prior to zero crossing,an out-of
range signal is generated which sets the "out-of-range" 
output and resets the system. 

Note 1: Internal reference out:::: 1.8V, reference input'" 1 ,QOO volts for 1.999 
volt scale and 10QmV for 199.9mV scale. 

Note 2: External components shown are suggested for 3 readings/sec. 
Note 3: Parallel BCD outputs and other latched outputs are strobed at end of 

conversion and retain data until compt~tjon of next conversion. 
Note 4: Start/Reset should remain Low during Auto-Zero. Conversion is 

initiated by a positive pulse on start pin .. (minimum width, 100nsec). 
Note 5: Component values ±20% typo 

BCD OUTPUT 
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7101 Digital Processor Controls 

Two pins are included on the7101 that allow the user to 
externally control the gain of the converter. The first pin, 
"Internal Counter Override", if held high, will inhibit the 
carry pulse from the internal counter that switches the 
converter 'from signal integrate to reference integrate. As 
long as this input is high, the converter will remain in the 
signal integrate mode. At the same time, it enables the 
other pin, External Counter Input, to supply this transition 
p~lse from external sources. One technique for changing 
the gain of the system'would be to hold "Internal Counter 
Override" high through the first N carry pulses. This would' 
increase the signal integrate time by a factor of N+l and, 
thus, the sensitivity of the system by N+l. Since the 
number of suppressed pulses could be controlled digitally, 
the system could accomodate signals, from ±2.000V to 
±200.0mV (or lower, if time permits) without c[langing 
the external analog scale factor components. By using 
more complex external logic and both inputs, the user 
could digitally set offset (tare) and scale factor to convert 
voltages to physical units such as "degrees centigrade", 
"pounds", or "feet". 

A "BUSY" pin is provided which permits interrogating the 
8052/7101 to determine the status of the conversion. 
During the signal integrate and reference integrate periods, 
the "busy" line is high until the conversion is complete, 
at which time "busy" line goes I()w. This transition can be 
used to signal "new data available". ' 

The "Apex" pin provides a digital signal which goes high 
during the reference integrate period. 

"OUT-OF-RANGE" is indicated by' a latched "row" on pin 
23 for counts over 2000. The BCD digital values are "h igh" 
(true), except 1000 which is "low". 

A positive polarity of the analog input signal is indicated 
by a "high" state at the output of the "polarity" latch on 
pin 22. 
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FIGURE 2. 

The 7101 has an internal clock which requires a single 
capacitor between Pins 25 and 28 to operate. Figure 2 
shows the typical capacitor .value required to give the 
desired frequency. 

During auto-zero, the clock is internally gated-off with 
Pin 28 high and Pin 25 low. When "start-reset'; goes high, 
starting a measurement cycle, the clock starts counting 
with Pins 25 and 28 immediately changing phase. The 
counting continues until the end of the measurement 
cycle, at which time the clock is returned to its auto-zero 
condition. 

O~OIb 
In a typical application where visual readings are required, 
three readings per second is near the optimum speed. Faster 
readings make it difficult -to resolve individual readings, 
while at slower rates the reader has to wait too long between 
measurements, In th is application, 40% ofthe time (133mS) 
could be allocated to auto-zero and 60% (200mS) to signal 
imd reference integrate. Since a measurement cycle consists 
of 3,000 clock pulses maximum, this dictates a clock 
frequency of 15kHz. Also, since the dual-slope technique 
of A/D conversion is no't ,first·order dependent on clock 
frequency, the ±20% variation of clock frequency from 
unit-to-unit would result in no measurable err'or. However, 
in some applications, a more precise clock frequency would 
be desired. For instance, if precise rejection of 60Hz is 
required, the signal integrate phase (1,000 counts) would 
have to contain an, integral number of 60Hz periods. For 
these applications, an external clock can be used by deleting 

,the capacitor .and connecting the external cloc;k to Pin 25. 
However, if the clock is run asynchronously with start/reset, 
there will be one clock pulse of uncertainty in the integrate 
signal time, depending on where in the clock pulse period 
the sta'rt/reset went high'. This will show up as' one cou~t 
of noise for signal near full-scale. This noise or jitter can be 
avoided by synchronizing the start/reset pulse to the 
negative·going edge of the external clock. Pin 33, Gated 
Clock Out, is a buffered output of the clock (internal or 
external) that is off (low) during auto-zeroand'in phase 
with Pin 25 during measurement. 

Component Selection 

Except for the reference voltage, none of the component 
values are first order important in determining the accuracy 
of the instrument. While this is undoubtedly an advantage 
of this approach, it does make the selection of nominal 
component values arbitrary at best. For instance, the I 
reference capacitor and auto-zero capacitor are each shown 
as 1.0tLfd. These relatively large values are selected to give ~ 
greater immunity to PC board leakage since much smaller 
capacitors are adequate for charge injection errors or 
leakage errors from the 8052/7101. 

The ratio of integrating resistor and capacitor is selected to 
give 9;volt swing for full-scale inputs. This is a compromise 
between possibly saturating the integrator (at ±14V) due 
to tolerance build-up between the resistor, capacitor, and 
clock and the errors a lower voltage swing could induce 
due to' offsets referred to the output of the comparator. 
Again, the .22tLfd value for the integrating capacitor is 

'selected for PC board considerations alone since the very 
small leakage at the integrator input is nulled at auto-zero. 
A very important characteristic 'of the integrating capacitor 
is low dielectric absorption. A polypropylene capacitor 
gave excellent results. In fact, a good test for dielectric 
absorption is to use the capacitor in this circuit with the 
input tied to reference. This ratiometric condition should' 
read 1.000 and any deviation is probably due to dielectric 
absorption. In this ratiometric condition, a polycarbonate 
capacitor contributed an error of approximately 0.8 digit, 
polystYrene about 0.3 digit, and polypropylene less than 
0.05 digit. The increased T.C.of polypropylene is of no 
consequence in this circuit. The dielectric absorption of the 
reference capacitor and auto-zero capacitor are only impor
tant at power on or when the circuit is recovering from an 
overload. Thus, smaller or cheaper capacitors can be used 
here if accurate readings are not required for the first few 
seconds of recovery. 4-85 
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The back-to-back diodes on the comparator output are 
recommended in the 200_0mV range to reduce the noise 
'effects. In the normal operating mode, they offer a high 
impedance and long integrating time constant to any noise 
pulses charging the auto-zero capacitor. At start-up or 
recovery from an overload, their impedance is low to large 
signals so the capacitor can be charged in one auto-zero 
cycle. If only the2.000V range is used, a JOOk resistor in 
place of the back-to-backdiodes is adequate for noise 
effects. 

Maximum Clock Frequency 

The maximum conversion rate of most 'dual-slope A/D 
converters is limited by the frequency response of the 
comparator. Even though the comparator in this circuit 
is all NPN with an open loop gain-bandwidth product 
of 300M Hz, 'it is no exception. The comparator output 
follows the integrator ramp with a '3pS delay. At a clock 
'frequency of 160kHz (6pS period). half of the first refer
ence integrate period is lost in delay. This means that the 

APPLICATIONS 

8052/7101 3% Digit LCD DPM/DVM 

O~DIb-
meter reading will change from 0 to 1 with 50pV in, 1 to 
2 with 150pV, 2 to 3 at 250pV, etc. This transition at mid
point is considered desirable by most users_ However, if 
the clock frequency is increased appreciably above this, 
the instrument will flash 1 on noise peaks even when the 
input is shorted. 

Some circuits use positive feedback or a latch to solve the 
delay problem. However, unless the comparator voltage 
swing, the conwarator gain, and the integrator gain are 
carefully controlled, this circuit can generate ,anticipation 
errors that greatly exceed the 3pS delay error. Also, it is 
very susceptible to noise spikes. A more controlled approach 
for extending the conversion rate is the use of a small 
resistor in the integrator feedback loop. Th is feeds a small 
pulse to the comparator to get it moving quickly and 
partially compensate for its delay. 

The minimum clock frequency iS'established bY,leakage on 
the auto-zero 'and reference capacitor. With most devices, 
measurement cycles as long as 10 seconds gave no measur
able leakage error. 

Figure 3 illustrates an application where the 8052/7101 Pin 23 (7101) can be used to drive Pin 7 on those display 
interfaces with a liquid Crystal Display_ The CD4054 and drivers via an inverter and level shift such as CD4009 or 
CD4055s are liquid Crystal Display Drivers (4-segment and 74C903 or another CD4054. Display applications requiring 
7-segment, respectively) which provide the level shifting a plus sign rather than a blank indication for positive analog 
(up to 30Vp_p at VDD-VEE = 15V) necessary to drive the input levels (i.e., +1.999 versus 1.999) need to invert the 
LCD. Overrange is indicated by a special character. If "polarity" logic output level which is normally high for 
blanking of any 'part of the display is required on overload, positive analog input signals. 
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8052/7101/6100/6101 Set 

The circuit in Figure 4 interfaces the 8052/7101 A-to-D 
converter chip set to an IM6100* microprocessor, using the 
6101 * Parallel Interface Element. Hex Tri-state Buffers 
(e.g., MM80C95*) are used to control bus access from the 
7101 during read operations. 

Conversion is initiated by activating the WR ITE 1 line 
(positive going). The converter pair will then convert the 
analog input to digital form, and latch the data in the 7101. 
The busy line will go low as the conversion ends, and this 
transition is sensed by the SENSE 1 line, triggering an inter
rupt. The interrupt routine should read the 12-line data 
word, and then the polarity, 1000 and out-of-range lines. 

Sufficient time must be allowed for the auto-zero loop to 
settle before retriggering a conversion. Ten milliseconds of 

lO~F \~ r ~--~~~~--------------~ 
""'r 

auto-zero is sufficient to null any offsets to·l 0 microvolts. 
At power-on or after an overload, 100 milliseconds is 
required to assure the auto-zero capacitor has charged to 
the correct value. This time delay may be implemented 
conveniently using the IM6102 (Memory Extender/Time 
Delay Device). 

Some skeletal service routines for this connection are given 
on page 7 and 8. 

* References: 

Intersil IM6100 CMOS 12·bit Microprocessor 
Intersil IM6101 Parallel Interface Element 
National MM80C95 Hex CMOS Tri-State Buffers 

:MMBOC%HEX1RISTATEBurFEAI3EAl 

16-26 
C, 

IM6100 

" 

FIGURE 4_ 3% DIGIT PARALLEL BCD DATA ACQUISITION SYSTEM 

8052/7101/6100/6101 APPLICATION PROGRAM 

A possible set-up and service routine for the connection is given below. 

/ASSUME PIE SELECT IS SET TO 54, INTERRUPT VECTOR TO 2000 

(OCTAL) 

/INITIALIZE ROUTINE: SET-UP FOR NO INTERRUPT 

1200 7200 CLA 

1201 1240 TAD SSCRA 

1202 6545 WCRA 54 /SET-UP CONTROL REGISTER A 

1203 7200 CLA 

1204 1241 TAD SSCRB 

1205 6555 WCRB 54 /SET-UP CONTROL REGISTER B 

1206 7200 CLA 

1207 1242 TAD SSVV 

1210 6556 WVR 54 /SET-UP VECTOR REGISTER 

1220 0000 CONVERT, I') /INITIATE CONVERSION SUI3ROUTINE 

1221 1243 TAD SSCRAI 
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80520101/6100/6101 APPLICATION PROGRAM (CON'T) 

1222 6545 WCRA 54 

1223 6541 WRITEl 54 

1224 5620 JMP I CONVERT 

1240 0040 SSCRA, 0040 

1241 0000 SCRRB, 0000 

1242 2000 SSVV. 2000 

1243 0041 SSCRAI. 0041 

0000 0000 INTRPT, £I 
0001 6002 IOF 

0140 0000 AD1. £I 
0141 0000 AD2. £I 
0160 0000 TEMP1. £I 

2000 5210 VV. JMP ATOD 

2010 3160 ATOD. DCA TEMPl 

2011 6540 READ1 54 

2012 3140 DCA ADl 

2013 6550 READ2 54 

2014 7040 CMA 

2015 3141 DCA AD2 

/ 
2020 1160 TAD TEMPl 

2021 6001 ION 

2022 5400 JMP I INTRPT 

/SET-UP CONTROL REGISTER A 

/THE WRITE PULSE STARTS CONVERSION. 

/RETURN 

/WP 1 SET HI. IEl SET LO 

/SL1. SP1 SET LP. NEGATIVE EDGE SENSE 

/VECTOR ADDRESS 

/WPI SET HI. IE1 SET HI 

/ENTRY POINT FOR INTERRUPT 

/DISABLE INTER RUPT. JUMP TO VECTOR ADDRESS 

/FIRSTWORD OF DATA 

/SECOND WORD OF DATA 

/TEMPORARY STORAGE 

/JUMP TO SERVICE POINT 

/SAVE AC 

/READ BCD LINES 

/AND STORE 

/READ POLARITY. 1000. AND OVERRANGE 

/COMPLEMENT TO TH~ TRUE 

iAND STORE 

/ANY OTHER WORK 

/RESTORE AC 

/RESTORE INTERRUPT 

/RETURN 

PACKAGE DIMENSIONS 
14 Pin Plastic Dual-In-Line Package 

40 Pin Plastic Dual-I n-Line Package 

14 Pin Ceramic Dual-In-Line Package 
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8052A/7103A 4112 Digit Pair 
8052/71033112 Digit Pair 

FEATURES 

• Accuracy guaranteed to ±1 count over entire ±20,OOO 
counts (8052A171 03A) 

• Guaranteed zero reading for 0 volts input 

• 5pA input current typical 

• True. polar,ity at zero count for precise null detection 

• Single reference voltage required 

• Over-range and under-range signals available for auto
ranging capability 

• All outputs TTL compatible 

• Medium quality reference (40ppm typical) on board 
/ 

• Blinking display gives visual indication of over-range 

• Six auxiliary inputs/outputs are available for interfacing 
to UARTS, Microprocessors. or other complex circuitry 

500 

300PF 

REF. COMP'I3 

I 
I 
I 
I 5 +8UF. IN 13 

~-!-----

hlF TYP. 

I--

lOOK O.22~F 

GENERAL DESCRIPTION 

The 8052A17103A with its multiplexed BCD outputs and 

digit drivers is ideally suited for the visual display DVM/ 
DPM market. Accuracy is outstanding with performance 
like.: 5pA input leakage, auto-zero to 10/lV with less than 
l/lVfC drift; linearity of 0.002%; scale factor temperature 
coefficients of 3ppmfC (with extern~1 reterence). The 
system uses the time-proven dual-slope integration with all 
its advantages, i.e., non-critical components, high rejection 
of noise and a-c signals, non-critical clock frequency, 
almost perfect differential linearity and true ratiometric 
readings. At the same time it has reduced or eliminated 
many of the sources of error that have limited dual-slope 
accuracy. With the 8052A17103A. pairs, critical board 
layout is no longer required to give low charge injection 
by the switches and elaborate ground planes are not 
necessary to keep clock pulse transients out of the com
parator circuit. 

The 8052/~103 (3% digit pair) features, conversion rates 
from 1 measurement every 10 seconds to 30/second, 
making them ideally suited for a wide variety of appli-

. cations. 

I 
I 
I 
I 
I 
I 
I 

R~~P~ _~~~p~ ~:-~T ___ ~~ \ 
REFERENCE 7 1 

ANALOG I SW3 I 
,NPUT 110 I 

~~ .- .-·.----.---';'--1------[- -- -- --- ------ --j 
GNO b DIGITAL RUN I CLOCK 4Y.! DIGITI OVER UNDER STROBE BUSV 

+5V GND -15V HOLD IN 3'1. DIGIT RANGE RANGE 

m 
FIGURE 1. FUNCTIONAL BLOCK DIAGRAM 

ORDERING INFORMATION 
3Y:. Digit Pair 

Part Temp. Range Package 

8052 O°C to 70°C 14 pin plastic DIP 
8052 O°C to 70°C 14 pin ceramic DIP 
7103 O°C to 70°C 28 pin plastic DIP 
7103 O°C to 70°C 28 pin ceramic DIP 

Order Number 

ICL8052CPD 
ICL8052CDD 
ICL7103CPI 
ICL7103CDI 

4Y:. Digit Pair 
Part Temp. Range 

8052A O°C to 70°C 
8052A 0° C to 70° C 
7103A O°C to 70°C 
7103A O°C to 70°C 

Package Order Number -----'---
14 pin plastic DIP 
14 pin ceramic DIP 
28 pin pla~tic DIP 
28 pin ceramic DIP 

ICL8052ACPD 
ICL8052ACDD 
ICL7103ACPI 
ICL7103ACDI 
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ABSOLUTE MAXIMUM RATINGS 
Power Dissipation (Note 1) 
Storage Temperature 

8052,8052A 
Supply Voltage 
Differential I nput Voltage 
Input Voltage (Note 2) 
Output Short Circuit Duration, 

. All Outputs (Note 3) 

500mW 
_65°C to +150°C 

±18V 
±30V 
±15V 

Indefinite 

Note 1: Di~ipation rating assumes device is mounted with all 
leads welded or soldered to printed circuit board in 
ambient temperature below +70°C. For higher temper
atures, derate 10mWf.C. 

SYSTEM ELECTRICAL CHARACTERISTICS 

Operating Temperature 
Lead Temperature (Soldering, 60 Sec.) 

7103, 7103A 
Source Current (Is) 
Drain Current (lD) 
Digital Inputs 
V+to V-
Digital Input to V+ 
Digital Input to V-

OOC to +70oC 
300~C 

100mA 
100 mA 

5mA 
.25V 

V-to V+ 
V+to V-

Note 2: For supply voltages less than ±15V,theabsolute maximum 
input voltage is equal to the supply voltage. 

Note 3: Short circuit may be to ground or either supply. Rating 
applies to +70°C ambient temperature. 

(V++ = +15V, V+ =+5V, V_ = -15V Clock Frequency Set for 3 Reading/Sec) 

CHARACTERISTICS CONDITIONS 
8052/7103(1) 8052AI71 03A (2) 

MIN TYP MAX MIN TYP 

Zero Input Reading 
Vin - O.OV 

-0.000 ±O.OOO +0.000 -0.0000 ±O.OOOO Full Scale = 2.000V 

Ratiometric Reading (3) Vin = VRel. +0.999 +1.000 +1.001 +0.9999 +1.0000 Full Scale = 2.000V 
Linearity over ± Full Scale 
(error of reading from -2V';;;' Vin ,;;;, +2V 0.2 1 0.5 
best straight Iinel 
Differential Linearity 
(difference between worse 

-2V';;;' Vin ,;;;, +2V .01 .01 
case step of adjacent counts 
an'd ideal step 
Rollover error.(Difference in 
reading for equal positive & 
negative voltage near full -Vin '" +Vin "" 2V 0.2 1 0.5 

scale) 
Noise (P-P value not Vin= OV 
exceeded 95% of time) Full scale = 200.0mV 20 

Full. scale = 2.000V 50 30 
Leakage Current at Input Vin - OV 5 30 3 

Zero Reading Drift Vin = OV 
1 5 0.5 

0°';;;'TA';;;'70°C 

Scale Factor Temperature Vin - +2V 
o ';;;'TA';;;' 70°C 3 15 2 

Coefficient 
(ext. ref. 0 ppmtC) 

(1) Tested in 3% digit (2,000 count) circuit shown in Fig. 3 clock frequency 12 kHz. Pin 2 7103 connected to Gnd. 
(2) Tested in 4% digit (20,000 count) circuit shown in Fig. 3 clock frequency 120 kHz. Pin 2 7103A open. 

(3) Tested with a low dielectric absorbtion integrating capacitor. See Component Selection Section. 

MAX 

+0.0000 

+1.0001 

1 

1 

10 

2 

5 

UNITS 

Digital 
Reading 
Digital 
Readin~ . 

Digital 
Count 
Error 

LSB 

i 
Digital 
Count 
Error 

/lV 

pA 

/lVfC 

ppmtC 
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8052 ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 

CHARACTERISTICS CONDITIOfllS UNITS 

j:ACH OPERATIONAL AMPLIFIER 

Input Offset Voltage VCM = OV 20 50 20 50 mV 
Input Current (either input) VCM = OV 5 50 2 10 pA 
Common-Mode Rejection Ratio VCM = ±10V 70 90 70 90 dB 
Non-Linear Component of Common-

VCM = ±2V 110 110 
Mode Rejection Ratio' 
Large Signal Voltage Gain RL = 10kn 20,000 20,000 V/V 
Slew Rate 6 6 V/I-I.s 
Unity Gain Bandwidth 1 1 MHz 
Output Short-Circuit Current 20. 100 ,20 100 mA 

COMPARATOR AMPLIFIER 

Small-signal Voltage Gain RL = 30kn 4000 V/V 
Positive Output Voltage Swing +12 +13 +12 +13 V 
Negative Output Voltage Swing -2.0 ':"'2.6 -2.0 "':'2.6 V 

VOLTAGE REFERENCE 

Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 V 
Output Resistance 5 5 ohms 
Temperature Coefficient 50 40 ppmfC 

.. 

Supply Current Total 6 12 6 12 mA 

*This is the only component that causes error in dual-slope converter. 

7103 AND 7103A ELECTRICAL CHARACTERISTICS (V+ = +5.0, V-= -15V, Ta = 25°C) 

PARAMETER SYMBOL CONDITIONS MIN .. TYP MAX UNITS 

I 
linL Yin = 0 .2 .6 mA 

N Clock In, Run/Hold, 4%/3% 
linH Yin =+5V .1 10 I-!A P 

U 
linL Yin = 0 .1 10 I-IA 

T Comp.ln 
linH Yin = +5V .1 10 I-!A 

S 

a 
All Outputs VOL IOL= 1.6ma .25 .40 V 

U 
T B1,B2,B4,B8 

VOH IOH = -1mA 2.4 4.2 V 
P 01,02,03,04,05 

U 
Busy, Strobe, VOH IOH = -101-IA 4.9 4.99 V 

T 
Over-range,. Under-range 

S 
Polarity 

S 
W 

Switches 1, 3, 4, 5, 6 ROS ON' 400 n 
I 
T 

Switch 2 RDSON 1200 n 

C 
Switch Leakage (All) 10 OFF 2 pA 

H 

S 
U 
P +5V Supply Current ICC+ 20 30 mA 

P -15V Supply Current ICC- 4 6 mA 
L 
Y 
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THEORY OF OPERATION 

Figure 1 shows a function diagram for .an AID converter 
using the 8052/7103 pair. In this circuit, each measurement 
cycle is divided into four equal parts. The first part, ph'ase 1,' 
is . the auto·zero cycle. The switch driver decoderrecog-· 
nizes this state and turns on hex switches number 1, 2, and 
3. Switches 1 and 2 impress a voltage equal to VREF across 
the reference cap~citor. Switch 3 closes a loop around the 
integrator and comparator. The purpose of this loop is to 
charge up the auto-zero· capacitor until the integrator 
output does not change with time. During the second part, 
Phase 2, switches ,1, 2 .and 3 arEi opened and switch' 4 'is 
closed. If the input voltage is zero, the buffer, integrator 
and comparator will see the same .voltages that existed in 
the previous state. Thus, the integrator output will not 
change but will remain stationary during the entire signal
integrate cycle. If VIN is not equal to zero, an ,unbalanced 
condition exists compared to the auto·zero cycle and the 
integrator will generate a ramp whose slope is proportional 
to VIN. At.the.end of this cycle, the.sign.of.the ramp' is 
latched into the polarity F/F. The final part,' reference. 
integrate, includes phases 3 & 4. The switch' driver decoder 
uses the output of the polarity F/F in deciding whether 
to plose 'switch 5 or' 6. I'f the input signal was positive, 
switch 6 is closed and a voltage which is VREF more nega
tivethan during auto-zero is impressed on the buffer 
input. If the input signal was negative switch 5 is closed and 
a voltage which is VREF more positive than during auto
zero is impressed on the buffer input. Thus, the reference 
capacitor generates the .equivalent of a (+) reference or' a 
(-) reference from the single reference voltage withnegli
gible error, T,he refere!lce voltage returns the output of the 
integrator to zero. The time, or number of counts, required 
to do this is porportional to the input voltage. Since the 
reference cycle can be twice as long as the signal integrate 
cycle, the' input voltage required to give a full scale 
reading == 2 VREF. The circuit, as described to this point, 
is not new to this application. It has been used successfully 
for several years~ However, this system makes three major 
contributions to the accuracy of this circuit. These are:· 
(1) low charge injection, (2) jun~tion FET op amp, and 
(3) zero-crossing flip-flop. '. 

1. Low Charge Injection. 

During auto·zero, there is no problem in charging the 
capacitors to the correct·voltage. The problem is getting 
the switches off withqut changing this voltage. As the 
gate is driven off, the. gate-to·drain capacitance of the 
switch injects a ,charge on the reference or auto-zero 
capacitor, changing its Voltage. The designer, using 
discrete components, is forced into critical board layouts 
where charges of opposite pola~ity are injected to com
pensate or neutralize the driver injection. This balance 
will be upset by any unit-to-unit variation of switch 
capacitance so at best the final design is a compromise . 
. In the 8052/7103 the, critical layout has been done on 
the semiconductor chip and need not concern the user. 
Also, since a silicon-ga~e process is used for the switches, 

D~UIL 

the unit-to-unit variation is extremely low. The net 
result is to give an error due to charge injection that is 
so low it is difficult to measure; but 'certainly less than 
5f-1V referred to the input. ' 

2. Junction FET Op Amps: 

Both the buffer and integrator use junction FET inputs 
in a guarded circuit that reduces the voltage across the 
FET to 3 or 4 volts. At this voltage level, input leakage 
currents of ,2 pA are typical.' For typical to'mponent 
values 2pA leakage contributes less than 2f-1V of error 
to the circuit. In theory, MOS FET's would contribute 
less leakage but their increased noise would more than 
swamp out any improvement. 

3, Zero:Crossing Flip Flop. 

The problem that the zero-crossing flip-flop is designed 
to solve is shown in figure 2. 

FIGURE 2. INTEGRATOROUTPUTNEAR 
ZERO-CROSSING 

The integrator output is approaching the zero-crossing 
point where the clock will be stopped and the reading 
displayed, The clock pulse feedthrough superimposed upon' 
this ramp will cause a false reading by stopping the count 
prematurely. For a 20,000 count instrument, the ramp is 
changing approximately 0.50mV per dock pulse (10 volt 
max integrator output divided by 20,000 counts). The, 
clock pulses have to' be less than 100f-lV peak to avoid 
causing significant errors. The circuit layout to achieve this 
can be time consuming at best and impossible at worst. 
The suggested circuit gets around this problem by feeding 
the zero-crossing information into a flip-flop instead of 
using it. directly. The flip-flop interrogates the data once 
every clock pulse after the transients of the previous clock 
pulse and half-clock pulse have died down. Any false zero
crossing cause~ by clock pulses are not recognized. Of 
course, the flip-~Iop delays the true zero-crossi.ngby one 
count in every instance. If a correction, was not made, the ' 
display would always be one count too high. The correction 
is to disable the counterfor one clockpulse at the beginning 
of phase 3. This one count delay compensates for the delay 
of the zero-crossing flip-flop and allows the correct number 
to be latched into the display. Similarly, a one count 
delay at the beginning of phase 1 gives an ,overload display 
of 0000 instead of 0001. No delay occurs during phase 2 
so that true ratiometric readings are possible. 
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APPLICATIONS 

Specific Circuits Using the 8052A/7103A 
Figure 3 shows the complete circuit for a 4% digit 
(±2.000V) full scale) AID with LED readout using the 
internal reference of the B052A. If an external reference is 
used, the reference supply (pin 7) should be connected to 
ground and the 300pF reference cap deleted. The circuit 
als~ shows a typical R·C input filter. Depending ~n the 
application, the time·constant of this filter can be made 
faster, slower or the filter deleted completely. The % digit 
LED is driven off, of the '7 segment decoder with a zero 
reading blanked by connecting ,a D5 signal to RBI input 
of the decoder. ' , " , 

A voltage translation network is connected between the 
compa~ator outPut of the B052A and the auto-zero input 
of the 7103A.The purpose of this network is to assure that, 
during auto-zero, the output of the comparator is at or 
near 'the threshold ,of the 7103A logic (+2.5V), while the 

,auto-cap is being charged to VREF (+1.0, vol~ for a 
2.000V instrumfilnt). Otherwise .. even, with zero volts in, 

NOTE: FOR 3% DIGIT 
TIE PIN 2 LOW AND 

CHANGE CLOCK TO 12KC r----f51 

4.7K 

7103A 

n~nlL 

some reference integrate period would be required to 
drive the comparator output to the threshold level. This 
would show up as an equivalent offset err'or: On~e the 
divider network has been selected, the unit-to-unit varia
tion should contribute less than a tenth of a cc;>unt error. 
A second feature of the network is that it holds the source 
of switch' 3 to "" +4V during the integrate and deintegrate 
cycles of positive input voltages. During this ,time, the 
comparator output is clamped by an internal diode on the 
7103A to "" +5.7 volts. Since the gate of switch 3 is at 
+5 veilts for this off condition, the +1 volt Vgs of the FET 
assures the switch is off to the 1 or 2' pA leakage level. 
Finally, the back-to-back diodes are used to lower noise. 
In the normal operating mode'they offer a' high impedance 
and long integrating time constant to any noise pulses 
charging the auto-zero cap. At startup or recovery from' an 
overload, their impedance is low to large'signals so that the 
'cap can' be charged up in one auto-zero cycle: 

100K 

+FOI finer resolution on'scale factor adjust, use a 
10, turn pat or a small pot in series with a fixed 
resistor. 

FIGURE 3_ 8052A/7103A 4% DIGIT A-O CONVERTER 
Component Selection 

Except for the Reference Voltage, none of the component 
values are first-order important in determining the accuracy 
of the instrument. While this is undoubtedly an advantage 
of this approach, it does make the selection of nominal 
component values arbitrary at best. For instance the refer: 
ence capacitor and auto-zero capacitor are each shown as 
1.0~F,. These, relative large\ialues are selected to give greater 
immunity to PC board leakage since smaller capacitors 
are adequate for charge injection errors or leakage errors 
from the B052/7103. The ratio of integrating resistor and 
capacitor is selected to give' 9 volt swing' for full scale 
inputs. This is a compromise between possibly saturating 
the 'integrator (at ±14 volts) due to tolerance build-up 
between the resistor, capacitor and clock and the errors a 
lower voltage swing could induce due to offsets referred to 
the output of the' comparator. Again the .22~F value for 

the integrating cap is selected for PC considerations alone 
since i:he very small leakage at theintegratori~put is nulled 
at' auto:zero. A very important characi:eristic of' the inte

, grating~ap is low dielectric absorption_ A polypropylene, cap 
gave excellent results in the application. In, fact a good test 
for dielectric absorption is to, tes't the subject cap in this 
circuit with ,the input tied td' 'reference. This rati~i'netric 
condition should read 1.0000 and any deviation is probably 
due to dielectric absorption_ In this test poly-carbonate, caps 
typically read .9992, polystyrene; .9997 'and polypropylene, 
1.0000. The increased temperature coefficient of' poly
propylene is of' no 'consequ'ence in 'this circuit~ The 
dielectric absorption of the reference ca'p and auto-zJro 
cap are only important,at power-on or when the circuit is 
recovering from an overload. Thus, smaller or cheaper'caps 
can be used here if accurate readings are not required'for 
the first few seconds cif,recovery. 

4-93 
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Max Clock Frequency 

The maximum conversion rate of most dual-slope A-D 
converters is limited by the frequency response of the 
comparator. Even though the comparator in this circuit is 
all NPN with an open-loop gain-bandwidth product of 
300M Hz, it is no exception. The comparator output 
follows the integrator ramp with a 311S delay. At a clock 
frequency of 160kHz, (611S period) half of the first refer
ence integrate period is lost in delay. This means that the 
meter reading will change from 0 to 1 with 50l1V in, 1 to 2 
with 15011V, 2 to 3 at 25011V, etc. This transition at mid
point is considered desirable by most users. However, if the 
clock frequency is increased appreciably above this, the 
instrument will flash "1" on noise peaks even when the 
input is shorted. 

For many dedicated applications where the input signal 
is always one, polarity, the delay of the comparator need 
not be a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, up to 500kHz clock 
rate may be used. For a fixed clock frequencY,the extra 
count or counts caused by comparator delay wi II be a 
constant and can be ,subtracted out digitally. 

The minimum clock frequency is established by leakage on 
the auto-zero and reference cap. With most devices, mea
surement cycles as long as 10 'seconds give no measurable 
leakage error-

AUXILIARY INPUTS/OUTPUTS 

The 7103 and 7103A include several pins that allow them 
to operate conveniently in more sophisticated systems. 
These include: 

1_ 4%/3% (Pin 2). When high (or open) the internal 
counter operates as a full 4% decade counter with a 
complete measurement cycle requiring 40,000 counts. 
When held low, the least significant decade is cleared and 
the clock is fed directly into the next decade. A measure
ment cycle now requires only 4000 clock pulses. All 5 
digit drivers are active in either case with each digit 
lasting 200 counts with .pin 2 high (4% digit) and 20 
counts for pin 2 ,low (3% digit)., The only difference 
between 7103A and 7103 is that they were tested with 
this pin high and lowrespectively. Actually, most 7103 
will operate satisfactorily in a 4% digit application. 
They simply have ndt received the more complex 
testing required to prove it. 

,2. Run/Hold (Pin 4). When high (or open) the A/D 
will free-run with equally spaced measurement cycles 
every 40,000/4,000 clock pulses. If taken low, the 
converter win continue the full measurement cycle that 
it l is in and then hold ,this reading as .long as pin 4 is 
held low. A short positive pulse (greater than 300ns) 

, will now initiate a new measurement cycle beginning 
with, 10,000/1,000 counts of auto zero. Of course if 
the pulse occurs before the full measurement cycle 
(40,000/4,000 counts) is completed, it will not be 
recognized and the converter will simply complete the 
measurement 'it is in. An external indication that a full 

O~OIL 

measurement cycle has been completed is that the first 
strobe pulse (see below) will occur 100/10 counts after 
the end of this cycle. Thus, if Run/Hold is low and has 
been low for at least 100/10 counts, the converter is 
holding and ready to start a new measurement when 
pulsed' high. 

3. Strobe (Pin 18). This is a negative going output pulse 
that aids in transferring the BCD data to 'external 
latches, UARTs or microprocessors. There are 5 negative 
going Strobe pulses that occur in the center of each of 
the digit drive pulses and occur once and only once for 
each measurement cycle starting 100/10 pulses after the 
end of the full measurement cycle. Digit 5 (MSD) goes 
high at the end of the measurement cycle and stays on 
for 200/20 counts. In the center of this digit pulse {to 
avoid race conditions between changing BCD and digit 
drives) the first Strobe pulse goes negative for Yo clock 
pulse width. Similarly, after 200/20 clock pulses, digit 4 
goes high and 100/10 pulses later the Strobe goes 
negative for the second time. This continues through 
digit 1 (LSD) when the fifth and last Strobe pulse is sent. 
The digit drive will continue to scan (unless the 
previous signal was over-range) but no additional Strobe 
pulses will be sent until a new measurement is available. 

INTEGRATOR 
OUTPUT 

AUTO, 1 SIGNAL I' REFEREN~E ZERO INT. INTEGRATE 
10.000/1000 10,0001 20,000/2,000 ' 

COUNTS 1,000 COUNTS MAX. 
COUNTS 

FULL MEASUREMENT CYCLE 
40.000/4,000 COUNTS ' 

BUSY~ 

UNDER·RANGE ~ " 
WHEN APPLICABLE "'~=='4. __ --'. 

I EXPANDED SCALE BELOW 

DIGITSCAN ~ 05 
FOR OVER·RANGE 
~D4 

~D3 

~D2 

~D, 

~ ... ~ , .. 
COUNTS 

STROBE I I I I I 

SIGNAL INTEGR-:'TE 

FOR o~~~~~!~~~ nL~;.::5 _____ --; >-----'1 

J1~D~4 ____ --;>--__ ~ 

-Jl~D~3 ____ ~~ __ ~~ 

FIGURE 4. TIMING DIAGRAM 
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4. Busy (Pin 28L Busy goes high at the beginning of 
signal integrate and stays high until the first clock pulse 
after zero·crossing (or after end of measurement in the 

, case of an over,·range). The internal latches are enabled 
(i.e., transferred during the first clock pulse after busy 
and are latched at the end of this clock pulse. The 
circuit automatically' reverts to auto·zero when not 
BUSY so'it may also 'be considered a A·Z signal. A very 
simple m'eans fo~ transmitting the data down a single 
wire pair from a remote location 'would be to AND 
BUSY with clock and subtract 10,001/1,001 counts from 
the number of ' pulses received (as mentioned previously 
there is one NO count pulse in each reference integrate 
(cycle). 

5. Over·range (Pin 14). This pin goes positive when the 
input 'signal exceeds the range (20,000/2,000) of the 
converter. The output F~F is set at the erid of Busy and 
is reset to zero at the beginning of Reference integrate 

,in the next measurement cycle. 

6. Under-range (Pin ,1,3). This pin goes positive when ,the 
reading is 9% of range or. less. The output F-F is set at 
the end of busy (if the new reading is 1800/1 SO or less) 
and is reset at the beginning of signal integrate of the 
next reading. 

7. Polarity (Pin 3). This pin' is positive for a positive 
input signal. It is valid even for a zero reading. In other 
words, +0000 means the signal is positive but less than 
the least significant bit. The converter can be used as a 
null detector by forcing equal (+) and ('-) readings. The 
null at this point shoufd be less than 0.1 LSB. This 
output becomes valid at the beginning of reference 
integrate and remains correct until it is re-validated 'for 
the next measurement. 

8. Digit Drives (Pins 19, 24, 25, 2Ei and 27). The digit 
drives are a positive going signal that each last for 200/20 
clock pulses. The scan sequence is 05 (MSD), D4, 
03, 02 and 01 (LSD). All five digits are scanned even 
when operating in the 3Y:z, digit mode_ The scan is 
continuous unl~ss' an over-range occurs. Then all digit 
drives are blanked frc;>m the end of the strobe sequence 
until the beginning of Reference Integrate when 05 will 
start the 'scan again. This gives a blinking display as a 
visual indication of over-range. 

9. BCD (pins 20, 21, 22 and' 23)_ The Binary coded 
Decimal bits BS,'B4, B2 and B1 are positive logic signals 
that go on simultaneously with the digit driver. 

INTERFACING WITH UARTS 
AND MICROPROCESSORS 

Figure 5 shows a very simple interface between a free
running ,a052A/7103A arid a.UART. The five Strobe pulses 
start the transmission of. the five data words. The digit 5 
word -is OOOOXXXX, digit 4 'is 1000XXXX, digit 3 is 
0100XXXX, etc. Also the polarity is transmitted indirectly 
by using it to drive the Even Parity Enable Pin (EPE); If 
EPE of the receiver is held low, a parity flag at the receiver 
can be decoded as a positive 'signal, no flag as negative. 

,------i EPE 

• NC 

L--_---1 POL 

SERIAL OUTPUT 
TO RECEIVING UART 

TRO 

. UART 
IM6402 

710317103A 

n~nlb 

TBRL 1------, 

STROBE 1-------' 

RUN/HOLD +5 

FIGURE 5. SIMPLE 7103/7103A TO UART INTERFACE 

A more complex arrangement is shown in Fig. 6. Here the 
UART cari instruct the A/D to begin a measurement se

.quence by a word on R R I. The Busy signal resets the Data 
Ready Reset (ORR). Again Strobe starts, the transmit 
sequence. A quad 2 input multiplexer is used to superimpose 
polarity, over-range, and under-range onto :the 05 word 
sinCE! in this instance it is known that B2 = B4 = Ba = O. 

r 1 I 
TRO RRI ORR 

DR 

IM6402 

r- EPE TBRL 

TBR . 
, Z 3 4 5 6 7 8 

,I II 
lV 2V 3V' 

ENABLE 

~ 74C157 I-

lA 2A 3A ~ 'B 28 38 

I I I 
04 03 02 01 81 82 54 B8 P 0 U 

0 V 'N 
,L E 0 

I R E 

- 05 7103/7103A ' R 

STROBE r--
RUN/HOLD 

I I lOOpf 

+5 
. BUSY 

'OK 

FIGURE 6. COMpLEX 7103/7103A TO UART 
INTERFAcE 

Circuits for the 7103/7103A to interface directly with 
three popular microprocessors are ,shown in Figures 7, a and' 
9. The main 'differences in the ,circuits are that IM6100 
with its 12 bit word capability can accept polarity, 
over-range, under-range,' 4 bits of BCD and 5 digits 
simultaneously where the aoao and the MC6aOO with a 
bits words need to have polarity,over:range and under-range 
multiplexed onto' the Digit 5 word. - as in the UART 
circuits. In each case the microprocessor can instruct the 
A/D when to begin a measurement and when to hold 
this measurement. 
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12 12 

~~-+-+-+~4---L-------------~READl 

IM6101 IM6100 

STROBEI-c-----------j SENSE 1 

7103/7103A 

RUN/HOLD I-c-----------j WRITE 1 

FIGURE 7. IM6100 TO 7103/7103A INTERFACE 

EN ,1Y PAD 

74C157 2v PAl 

3V PA2 
MeGSOa INTEL 

8080 
PA3 

Mc6B20 
8255 

{MODE 11 

PM 

PA5 PA5 

PA6 D3 PA6 

D, PA7 D, PA7 
RUN/HOLD STROBE RUN/HOLD STROBE 

FIGURE S. Mc6S00 TO 7103/7103A INTERFACE FIGURE 9. INTEL SOSO TO 7103/7103A INTERFACE 

PACKAGE DIMENSIONS 
14 Pin Plastic Dual·ln·line Package 

-i f--:m 

fCJ 
~ ~!~I- -_.760TY~ --I 
1- -I~ J...~ .765MAX~ 

~130 l~~ ~~~-U--~T 04o·]]l I11I ,130 

7 -I hool TY, M I- --I h -ih T. 
NOM 020 ~~ '~~T~\P " 

28 Pin Plastic Dual·ln'line Package 

14 Pin Ceramic Dual·ln·line Package n' 100TYP T, 
' .290 

MAX , -± 
~- .800 MAX -=--=-1 

ffi-ok-~ " TY' ~ --.i,130 

, _o10 \r130T~~ I ~-'~rr I.J TVI' .... .025 

10 -! r--J~~----j I?f-- i- ,00 
OPTIONAL TVI' .050 

NOTE 1 TYI' ,'~ 
.073 

28 Pin Ceramic Dual·ln·Line Package 



U~OIb ICL8068A/ICL 71038 4 1/2' Digit 
ICL8068/1CL 710331/2 Digit 

Precision AID Converter 

FEATURES 
• Typically less than 2p.V pop noise (200.00mv full 

scale) -
• Accuracy guaranteed to ±1 count over entire 

±20,000 counts (2.0000 liolts full scale) 
• Guaranteed zero reading for 0 volts input ' 
• True polarity at zero count for precise null detection 
• Single reference voltage required 
• Over-range and under-range sign'als available for 

auto-ranging capability 
• All outputs TTL compatible 
• Medium quality reference (40ppm typical) on board 
• Blinking display gives visual indication of over

range 
, • Six auxiliary inputs/outputs are available for 

interfacing to UARTs, Microprocessors,or other 
complex circuitry 

ANALOG 
GND 

90k lOOk 

BUF.OUT 
9---

AZOUT 
--1& 

O.22"F 

-INT.IN 
1:;-----
INTEGRATOR 

AZIN 
---17 

SW3 

ICL7103B 

ORDERING INFORMATION 
3-1/2 Digit Pair 
'Part Temp.Range 
8068 0° C to 70° C 
8068 O°C to 70°C 
7103 O°C to 70°C' 
7103 O°C to 70°C 

Package Order Number 
14 pin plastiC DIPICL8068CPD 
14pinceramicDIP ICL8068CDD 
28 pin plastic DIP ICL7103CPI 
28 pin ceramic DIP ICL7103CDI 

GENERAL DESCRIPTION 
The 8068A/7103B is the latest addition to Intersil's growing 
family of AID converters. With the 8068 low noise J3-FET 
process, is ideally suited for low voltage, low impedance 
applications. When used in a 200.00rriV full scale 
configuration, it will give lOIN Icount resolution with 2p. V pop 
noise. At the same time it has the dynamiC range'to handle 
signals as large as +3 volts or -5volts with excellent linearity. 
The system uses the time-proven dual-slope integration 
technique with all its advantages, i.e., n'on-critical 
components, high rejection of noise and AC signals, non
critical clock frequency, almost perfect differential linearity 

, and true ratiometric readings. 
When only 2000 coun'tsof resolution are required the 7103 
can be wired for 3-1/2 digits and give up to 30 readingsl 
second, making it ideally suited for a wide variety of 
applications. ' 

+' ,-, fJ ,-, B SEVEN 

I I 
SEG. 

I LI '-' DECODE 

POLARITY D5 D4 D3 D2 Dl ----- ----1 
3 19 24 25 26 27 _ I 

MSB LSB 20 I Bl 
21 B2 

MULTIPLEXER 22 B4 

4-1/2 Digit Pair 
Part Temp.Range 
806SA 0° C to 70° C 
806SA 0° C to 70° C 
7103B O°C to 70°C 
7103B O°C to 70°C 

23 B8 

Package Order,Number 
14 pin plastiC DIP ICL8068ACPD 
14 pin ceramicDIP ICL8068ACDD 
28 pin plastiC DIP ICL7103BCPI 
28 pin ceramic DIP ICL7103BCDI 

I 
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ABSOLUTE MAXIMUM RATINGS 
Power Dissipation INote 1) ....................... 500 mW 
Storage Temperature ......... :. . . . . . .... -65° C,to +,150° C 

8068,8068A ' 
Supply Voltage ................................... ±18V 
Differential Input Voltage.. . .. . . . . . . . . . . .. . . . .. . ... ±30V 
I nput Voltage INote 2) ............ : .. .. . . . . . . . . . . .. ±15V 
Output Short Circuit DUration, . 

All Outputs INote 31 .. : ............ :.......... Indefinite 
Operating Temperature ......... :, .......... 0°Ctp+70°C 
Lead Temperature ISoldering, 60 Sec,) ............... 300~C 

O~OIL' 

7103,71038 
Source Current lis) ............................... 100 mA 
Drain Current 110) •.••..•...•......•....••.•.•.•• 100 mA 
Digital Inputs . ' ..................................... 5 mA 
VttoV- ............................................. 25V 
Digitallnputto V+ .... '.; ............... : ........ V"to V+ 
Digital Input to V- .............................. '.' V+toV-

/' , ,.' " • I 

Note 1: ,Pissipati6n rating assumes dev,ice is mounted with all leads welded or soldered to printed circuit board .in .. ambient temperaturebelow 
+70°C. For higher temperatures. derate 10mW/'C. 

2: For sU'pply voltages less than :±.15V, the absolute maximum input voltage is equal to the supply voltage. 
3: Short circuit may be .16 gr9und 'or either supply. Rating applies to t 70' C ambient temperature. 

SYSTEM ELECTRICAL CHARACTERISTICS 
IV .. = +15V, V+ = +5V, V- = -15V, TA = 25°C; Clock Frequency Set for 3 Reading/Set) 

8068/7103(1 ) 8068A171038(2) 
CHARACTERISTICS ' CONDITIONS MIN TYP ... MAX MIN TYP MAX 

Zero Input Reading Vin = O.OV . -{l0.00 ±C)O.OO +00.00 -{l0.00 ±OO.OO +00.00 
I Full Scale = 200.00mV 

Ratiometric Reading(3) Vin = VRef. +0.999 +1.000 +1.001 +0.9999 +1.0000 +1.0001 
Full Scale ~. 2.000V 

Linearity over ± Full Scale 
lerror of reading from ~2V ::0 Yin :'..0 +2V 0.2 1 0.5 1 
best straight line) 
Differential. Linearity 

, Idifference between worse -2V S Yin ::0 +2V .01 .01 . 
case step of adjacent counts 
and ideal step) 
Rollover error IDifference in. " 

reading for equal positive & -Viii '" tVin ~ 2V 0.2 , 1 0.5 1 
'negative voltage near full 
scale) . 

Noise IP-P value not. Yin = OV 
exceeded 95% of, time) Full scale:", 200.0mV ~ 2 

Leakage Current at Input V,n."" OV 200 300 100 200 

Zero Reading Drift Yin =OV .' 1 5 , 0,5 2 
0° :S TA:S 50°C (4) 

Scale Factor Temper;:tture Yin =+2V 
Coefficient o :S'TA :S'50°C (4) 

, 
3 15 2 5 

lexL~ef. 0 ppml'C) 

N~te1: Tested in 3-1/2 digit (2,000 co~nt) circuit sh'own in Fig. 3 clock frequency 12 kHz. Pin 2 7103 connected to Gnd, 
2: Tested in 4-1/2 digit (20,000 counll circuit shown in Fig. 3 clock frequency 120 kHz. Pin 2 7103A open. 

UNITS. 
Digital 

Reading 

Digital 
Reading 

Digital 
Count 
Error 

LSB 

Digital 
Count 
Error 

/1V 
pA 

/1V/oC 

" 

ppm/oC 

, 3: Tested with a low die,lectric absorption integraiing capacitor. See Component Selection Section. 
4: The temperature range can be extended to t70'C and beyond as long as the auto-zero and reference capacitors are increasec;:t io 

absorb the higher leakage of the 8068, ' , ,. 

", !, 

',' 
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8068 ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwis(l specified) 

8068 I 8068A 
CHARACTERISTICS. CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

EACH OPERATIONAL AMPLIFIER 
Input Offset Voltage VCM = OV 20 65 20 65 mV 
Input Current (either input) (Note 1) VCM - OV 175 250 80 150 pA 
Common-Mode Rejection Ratio VCM - ±10V 70 90 70 90 dB 
Non-Linear Component of Common-
Mode Rejection Ratio' (Note 2) VCM;" ±2V 110 110 dB 
Large Signal Voltage Gain RL - 50kll 20,000 20,000 V/V 
Slew Rate 6 6 V/IlS 
Unity Gain Bandwidth 2 2 MHz 
Output Short-Circuit Current 5 10 5 10 rnA 

COMPARATOR AMPLIFIER 
Small-signal Voltage Gain RL = 30kll 4000 V/V 
Positive Output Voltage Swing +12 +13 +12 +13 V 
Negative Output Voltage Swing -2.0 -2.6 -2.0 -2.6 V 

VOLTAGE REFERENCE 
Output Voltage 1.5 1.75 2.0 1.60 1.75 1.90 V 
Output Resistance I 5 5 ohms 
Temperature Coefficient I 50 40 ppm/DC 

±15V Supply Range ±12 ±15 ±18 ±12 ±15 ±18 Volts 
Supply Current Total 8 14 8 14 rnA 

Note 1: The input biascurrents are jynction leakage currents which approximately double for every 100 C increase in the junction temperature, 
TJ. Due to limited production test time. the input bias currents measured are correlated to junction temperature. In normal operation 
the junction temperature rises above the·ambient temperature as·a result of internal power dissipation, Pd. Ti.~ TA + ")jA Pd where 
")jA is the thermal resistance from junction to ambient. . 

2: This is the·only.corilponent that causes error in dual"slope converter. 

7103 AND 7103B.ELECTRICAL CHARACTERISTICS IV+ = +5.0V; V .. = -15V, Ta = 25°CI 

··PARAMETER . SYMBOL CONDITIONS MIN TYP MAX UNITS 
I 
N Clock In, Run/Hold, .4-112/3-1/2 linL Vin =0 . .2 .6 rnA 
P linH Vin= +5V .1. 10 Ill'. . 
U 
T Compo In li~L Vin == 0 .1 10 IlA 
S. linH Vin = +5V .1 10 IlA 
0 All Outputs VOL IOL = 1.6ma .25 .40 V 
U B"B2,B4,B8 VOH IOH - 1mA 2.4 4.2 V 
T 0, ,02,03,04,05 
P Busy, Strobe, VOH , IOH :.- -1 Oil A 4.9 4.99 V 
U Over-range, Under-range 
T Polarity 
S 

S 
W. Switches 1,3,4,5,6 Ros ON 400 II 
I Switch 2 Ros ON 1200 II 
T Switch Leakage (AID, 10 OFF 2 pA 
.C .. 
H .. 

S +5V Supply Range +4 +5 +6 Volts 
U -15V Supply Range .-12 -15 -18. Volts 
P +5V Supply Current Icc+ . I 20 30 rnA 
P 15V Supply Current Icc-. 4 6 rnA 
L . 
Y 

4·99 
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THEORY OF OPERATION 
Figure'1 shows a function diagram for an AID converter 
usil)g the 8068/7103 pair: In this circuit, each measu~ement , 
cycle IS'divided into four equal parts. The first part, phase 1, 
is the auto-zero cycle. The switch driver decoder recognizes· 
this state and turns on hex switches number 1, .2, and 3, 

,Switches 1 and 2 impress a voltage equal toVREF across the 
r.eference capacitor, Switch 3 closes a loop around the 

, integrator and comparator. The purpose of this loop is to 
charge up the auto-zero capacitor until the integrator output 
does not change with time, During the second part, Phase 2, 

,switches 2,,3 and 3 are opened and switcn 4 is closed. If the 
input voltage is zero, the buffer, integrator and comparator 
wilJ se'e the same voltages that existed in the previous state. 
Thus, the integrator o'utpu\ will .not change but wiil remain 
'stationary during the entire signal-integrate cycle, ·If V,N is 
not equal to zero, an unbalanced condition exists compared 
to ihe auto-zero cycle and the integrator will generate a ramp 
whose slope is proportional 'to V,N. At the end of this cycle, 
the sign of the ramp is latched into the polarity F/F. The final" 

. part, reference integrate, includes phases 3 & 4. The switch 
driver decoder uses the output of the polarity F/F in deciding 
whether to close switch 50r6. If the input signal was positive; 
switch 6 is closed and a voltage which is VREF more negative 
than duringauto~zero is impressed on the buffer input. If the 
input signal was negative ·switch 5 is closed and a voltage 
which is VREF more positive than during auto-zero is 
impressed on the buffer input. Thus, the reference capacitor 
generates the equivalent of a 1+) reference or a 1-) reference 
from the single reference voltage with negligible error. The 
reference voltage returns the output of the integrator to zero, 
The time, or number of counts, required to do this is propor
tional to the input voltage, Since the reference cycle can be, 
twice as long as the signal integrate cycle, the input voltage' . IJ required to give a, full scale'readin'g = 2 VREF. The circuit, as 

. . described t,o this point, is not new to this application. It has 
i : be used successfully for several years. However, this system 

makes three maJor contributions to the accuracy of this 
circuit. These are: 111 loW charge injection, 121 low noise Bic 

:FET op amp, and 131 zero-crossing flip-flop, ' 

1. Low Charge Injection; 
During auto-zero, there i's no problem in charging the 
capatitors to the correct voltage. The problem is getting 
the switches off without changing this voltage. As the gate 
is driven off, the gate-to-drai'n ;capacitance of the switch 
injects a charge on'the reference or auto-zero capacitor, 
changing its voltage, The designer,· using discrete 
components, is forced into critical board layouts where 
charges of opposite polarity are. injected to.compensate 
or neutralize the driver 'injection. 'This balance will be 
upset by any unit-to-unil'variation of switch capacitance 
so at . best' the final. design is a compromise. In the 
B06817103.the critical layout has been.done on the semi
con(Juctor chip and nee.d not. concern the .. user. Also, 
,since a silicon-gate process is used lex the'switches, the 
uni.t~to-unit variati.on is extremely l.ow. The net result is to 
give an .error due to charge injection that is so low it is 
difficult to measure; but certainly less than 5p.V referred to 
the inpLit. ' 

2. Bi-FET 0" Amps. 
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Both the buffer and integrator use low noise Bi-FET 
, inputs in a configuration that minimizes the noise voltage 

generated. The main contribution to system noise is the 

O~OIb 
residual noise trapped on.the.a,uto-zero capacitor when 
the switch opens. With typically 2p.V of noise, the 'low 
noise of the Bi~FET 8068 keeps this error tO,a minimum, 

3 .. Zero-Cmssing Flip Flo~. 
The problem that the zero-crossing flip-flop is designed 

. to s9'veis shown in fi,gure2. , . , 

CLOCK 
~PULSES 

. /" 

. ' . . 
Figure 2. Integrator Output Near Zero-Crossing 

The integrator output is approaching the zero-crossing point 
where the clock will be .stopped and the reading displayed. 

. The clock pulse feedthrough superimposed upon this ramp 
will cause a false reading by stopping the count prematu'rely. 
Fora 20,000 count instrument, the ramp is changing approxi

. malt~IYo.50mV per clock pulse ho volt max integrator output 
d.ivided by 20,000 counts). The clock pulses have to be less 
than 100P.V peak to a\(oid' causirig significant errors'. The 
circuit layout to achieve'thi's can be time consuming at best 
and impossible at worsi. The suggested circuit gets around 
this,problem by feeding the zero-crossing information into a 
flip-flop instead .of using it directly. The flip-flop. inter~ 
rogates the data once every clock pulse after the transients 
of the previous clock pulse and half-clock pulse have died 
down. Any false zero-crossing caused by clock pulses are 
not recognized. Of course; the flip-flop delays the'irue zero-

. crossing by one count in every i.nstance, I(acorrectioh was 
not made, the display would always be.one count too high, 
The correction is to disable the counter for one clock pulse at 
the beginning of phase 3.niis one counfd~'ay compensates 
for. the delay of the zero-crossing flip~flop and allows the 
correct number to be latched into the,display: Similarly, a, 
one. count delay at the beginning of phase 1 gives an 
overload display of 0000' instead of oo01 .. No delay occurs 
during phase 2·so that true ratiometric readings are possible: 

APPLICATIONS 
Specific Circuits Using the 8068A17103B. 
Figure 3 shows the complete circuit for a ±4-1/2 digit 
1±200.0mV full, scale) AID with LED readout using the 
internal reference of the ,8068A: If an external reference is 
used, the refererice supply (pin 7) should be connected to 
g'rouhd and the 300pF reference cap deleted. The circuit also 
shows a typical R-C input filter. Depending 'on the applica
tion, the time-constant of this filter can be made faster, 
slower or the filter deleted completely. The 1/2 digit LED is 
driven from the 7 segment decoder with a zero reading 
blankeo by connecting a D5 sigl)al to RBI. input of the 
decoder. 
A yohage 'tran,slation network is connected between the 
comparator output of the 8068A and the auto-zero input of 
the 7103B. The purpose of this network is to assure that, 
during auto-zero, the output of the comparator is at or near 
the threshold of the 7103B logic (+2.5V) while the auto-zero 
capacitor is being ch~rged to VREF (+100.0mV for a 20o.0mV 
iristrumentl .. Otherwise, even with zero volts in, some 
reference integrate period would be required to drive the 
comparator output to the threshold level. This would show 
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up as an equivalent offset error. Once the divider network 
has been . selected, the' unit-to-unit variatio.n should 
contribute less than a tenth of a count error. A second feature 
of the network is that it . holds the source of switch 3 to 
approximately +4V 'during the integrate and deintegrate 
cycles of positive input voltages. During this time, the 
comparator output is clamped by an internal diode on the 
71.038 to approximately +5.7V volts. Since the gate of switch 
3 is at +5 volts forthis off condition, the +1 volt Vgs of the FET 
assures the switch is off to the 1 or 2pA typical leakage level. 
Finally, the back-to-back diodes are used to lower the noise. 
In the normal operating mode they offer a high impedance 
and long integrating time. constant to: any noise pulses 
charging the auto-zero cap. At startup or recovery from an 
overload, their impedance is low to large signals so that the 
cap can be charged up in one auto-zero cycle. Therefore the 
circuit is identical to the 2 . .oDDDV scale for the 8D52A(71D3A 
(see ICL8D52/1CL71D3 data sheet fordetailsl. However, there 
are three changes to operat~ theBD68A at 2DD.DDmV. 
1. The .. buffer is run at a gaif1 of 1.0 with the 9DK, lDK voltage 

divider inserted in the H input of the8D68A. The gain 
does nothaveto be sei prec;isely at 1 D·.since the gain of the 
buffer is used both in the integrate and c:leintegratephase. 

2. The reference cap is increased .tol0JlF. 'Since the 
reference voltage islDDmV instead of lV this capacitor is 
ten times .as sensitive to leakag.e droop o~ charge 
injec.tion. 

3 .. A low cost diode (lN914 or equivalentHs required to clamp 
the' comparator output fOr negative going. signals. 
Without this clamp, the thermal dissipation of the 
comparator would be different in. negative saturation than 
at auto-zero voltages., This would induce an offset in the 
comparator causing a different zero.crossing at the aoto
zero value and therefore an erro'r for minus input signal. 
This diode is used on 'all scales·of the 8068A. 

Other Circuits Using the S06sA. . . . 
For optimum performance, care 'must be taken in the 
selection of values fqr the integrating capacitor and resistor, 

~. 

··D~DIl. 
reference capacitor and conversion rate. These values rnust 
be selected to suitthe particular application; 
The most important consideration is that 'the Integrator 
output swing (for full scale input! beas largeas possible. This 
will reduce errors due to the comparator such as noise and 
thermal induced offsets. For ±15V supplies a ±lDVintegrator 
swing is recommended. For 100kHz clock (2-.1/2 reading/sec) 
a lDDKintegrating resistor and .22JlF capacitor should be 
used. For different frequencies the capacitor should be 
changed to keep a :±.lDV swing. For scale factors other than 
2DD.ODmV the gain of the buffer should be changed to give a 
J..2V buffer output. For 2.DDDDV lUll scale this means unity 
gain and for 2D,DDDmV dJlVresolutionl a gain of 1.0.0 is 
necessary. Not all. 8D68A can operate properly at a gain of 
1.0.0 since tt:leir offset should be less than 1DmV in order to 
accommodate ,the auto-zero circuitry. However, for dev.ices 
selected with less than lDmVoffset, the noise performance is 
reasonable with approximatelyD.7JlV pop noise around zero, 
Increasing.linearly to approximately 1.5JlV near./ull scale. On 
all scales. less than 2DD.DDmV, the volt;lge translation 
netw~rk ,sho.uld be made adjustable as .an off.set trim. 

The auto-zero cap should be lJlF for' al·l.scales and the 
reference capa'citor. should be lJlF times the gain of the 
buffer amplifier. At thiS value if the input 'leakages of the 
8D68A are· equal, the droop effects will cancel giving z.ero 
offset. This is especially important at high temperature. 
Finally the integrating capacitor should have lo-iv dielectric 
absorption, Polypropylene capacitors give n~gligible errors: 
at reasonable cost. A good test for d.ielectric absorption is to 
test the subject capacitor in this circuit with the input tied to 
~eference, This ;atiometric condition should read 1,DDDOand 
any deviation is probably due to dielectric ab~orption, I'n this 
test polycarbonate capacitor typically r!lad ,9992: 
pOlystyrene, ,9997 and poly'propylene, 1,.0.0.0.0, The increased 
temperature coefficient 01 polypropylene is' of no 4 
corisequence in this circuit. The dielectric absorptibn' of the 
reference capaCitor and auto-zero capaCitor are only 
important at power-on or when the Circuit is recoveringftom ' .. 

~ '~ ~, '~' 
, 
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Figure 3: 8068A/71038 4-1/2 Digit AcD Converter 
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an overload. Thus, smaller or cheaper capacitors can be 
used here if accurate readings are not required for the ·first 
few seconds,of recovery. 
Max Clock Frequency 
The maximum conversion rate of most dual-slope AID 
converters is limited by the frequency response' of the 
comparator. Even though the comparator in this circuit is all 
NPN with an open-loop gain-bandwidth product of 300M Hz, 
it is no exception. The comparator output· follows the 
integrator ramp with a 31's delay. At a clock frequency of 
160kHz 161's period 1 half of the first reference integrate 
period is lost in delay. Thismeans that the meter reading will 
change from 0 to 1 with a 501' V input, 1 to 2 with 1501' V; 2 to 3 
at 2501' V,' etc. This transition at mid-point is considered 
desirable by most users. However, if the clock frequency is 
increased appreciably above this, the instrument will flash 
"1" on noise peaks even when the input is shorted. 
For many ,dedicated applications where the input' signal is 
always one polarity, the delay of the comparator need not be 
a limitation. Since the non-linearity and noise do not 
increase substantially with frequency, up to 500kHz clock 
rate may be used, For a fixed clock frequency, the extra 
count or counts caused by comparator delay will be a 
constant and can be subtracted out digitally. 

The minimum clock frequency is established by leakage on 
the auto-zero and reference cap, With most devices. 
measurement cycles as 'Iong as 10 seconds give no 
measurable leakage error. 

AUXILlARY··INPUTS/OUTPUTS 
The 7103 and 7103B include several pins that allow them to 
operate conveniently in more sophisticated systems'. These 
include: " . 

1. 4-.1/2/3-1/2 (Pin 2). When high lor openlthe internal 
counter operates as a full .4-1/2 decade counter wlth.a 
complete measurement cycle. requiring AO.OOO counts. 
When hold low, the least significant decade is cleared and 

, the clock is fed directly into the next decad~.A measure
ment cycle now required only 4000 clock pulses. All 5 digit 
drivers are active in either case with each digit lasting 200 
counts with pin 2 high 14-112 digiti and 20 counts for pin 2 . 
low 13-1/2digitl. The only difference between 71038 and 
7103 is that they we\e tested with thiS pin high and low 
respectively. Adually, most 7103 will operate satisfac
torily in a 4-1/2 digit application. They Simply have not 
received the more cpmplex testing required to proveii. 

, . I 

2. Run/Hold (Pin 4). When high {or open 1 the A/Dwill free
run with equally spaced measurement cycles every 
40,000/4,000 clock pulses. If taken low, the converter will 
continue the full measurement cycle that it isin and then 
hold this reading as long as pin 4 is held low. A short 
positive pulse Igreater than 300nsl will now initiate a new 
measurement cycle beginning with 10,000/1,000 counts 
of auto zero. Of course if the pulse occurs before the full 
measurement cyclt;l140,000/4,000 countsl is completed, it 
w,ill not be recognized and the converter will simply 
complete the measurement it is in. An external indication 
that a full measurement cycle has been completed is that 
the first strobe pulse (see beloW) will occurl00/1O counts 
after t~e end of this cycle. Thus, if RunlHold islow .and has 
been low for at least 100/10,counts,the converter is 
holding and ready to start a new measurement when 
pulsed high, 

3. Strobe (Pin 18). This is a negative going output pulse 
that aids in transferring the BCD data to external latches, 
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UARTs or .microprocessors. There are.5 negative going 
Strobe pulses that occur in the center of each of the digit 
drive pulses and occur once. and only once for each 
measurement cycle starting 100/10 pulses after the end of 
the full measurement cycle. Digit 5 IMSDI goes high at the 
end of the' measurement cycle and stays on for 200/20 
counts. In the center of this digit pulse. Ito avoid race 
conditions between changing BCD and digit drives) the 
first Strobe pulse goes negative for 1/2 clock pulse width. 
Similarly, after 200/20 clock pulses, digit 4 goes high and 
100/10 pulses later the Strobe goes negative for the 
second time. This continues through digit lILSD) when 
the fifth·and last Strobe pulse is sent. The digit drive will 
continue to scan lunless the previous signal was over
range) but no additional Strobe pulses will be sent until a 
new measurement is available. 

4. Busy (Pin 28). Busy goes high at the beginning of Signal 
integrateahd stays high until the first clock pulse after 
zero-crossing lor after end of measurement in the case of 
an over-rangel. The internal latches are enabled Ii.e., 
transferred during the first clock pulse after busyand are 
latched at the end of this clock pulse. The cimuitauto
matically reverts to auto-zero when not BUSY so it may 
also be considered a A-Z signal. A very simple means for 
transmitting the data down a Single wire pair from a 
remote location would be to AND BUSY with clock and 
subtract 10,001/1,001 counts from the number of pulses 
received las mentioned previously'there is one NO count 
pulse in each referenCe integrate Icycle). 

INTEGRATOR 
OUTPUT 

~z~~g-I S',~~~L I ~~i~~~~~~J' '~~881 'f:8881 ., 20.000/.2,0.00 
COUNTS COUNTS COUNTS MAX. 

FULL MEASUREMENT CYCLE 
, 40,000/4,000 COUNTS 

BUSY ~ L-..:..-_--1r-

OVE'R~RANGE~ 
WHEN APPLICABLE ~ 

UNDER-RANGE ~ 
WHEN APPLICABLE :"~~~~=-::-::7:'-:! I EXPA~~c8JCALE 

DIGIT SCAN..., . ..., M· D 
FOR OVER-RANGE I '-----I '-----' L-- 5 

~D4 

~D3 

~D2 

~Dl 
L.....!f88~ . 
iCoUNTSl 

STROBE " I II 

SIGNAL INTEGRATE 
FOR o~~~'1~~~~n"D;.::5 ______ ....... _~...., 

Ji~D~4 __ ~~ __ ,~ ____ ~ 

-Jl~D~3 __ ~ __ ~~~ __ ~~--1 
~",,[)2,"--______ +-....I 

~,~'--~-4--~ 

Figure 4. Timing Diagram 
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5. Over-range (Pin 14). This pin goes positive when the 
input signal exceeds the range (20,000/2,000l of the 
converter. The output F-F is set at the end of Busy and is 
reset to zero at the beginning of Reference integrate in 

. the next measurement cycle. 

6. Under-range (Pin 13). This pin goes positive when the 
reading is 9% of range or less. The output F-F is set at the 
end of busy (if the new reading is 1800/180 or less) and is 
reset at the beginning of signal integrate of the next 
reading. 

7. Polarity (Pin 3). This pin is positive for a positive input 
signal. It is valid. even for a zero reading. In other words, 
+0000 means the signal is positive but less than the least 
significant bit. The. converter can be used as a null 
detector by forcing equal 1+) and H readings. The null at 
this point should be less than 0.1 LSB. This output 
becomes valid at the beginning of reference integrate and 
remains correct until it is re-validated for the next 
measurement. 

8. Digit Drives (Pins 19, 24, 25, 26 and 27). The digit drives 
are a positive going signal that each last for 200/20 clock 
pulses. The scan sequence is D5 IMSD), D4, D3, D2 and D1 
(LSD). All five digits are scanned even when operating in 
the 3-1/2 digit mode. The scan is continuous unless an 
over-range occurs. ThEm all digit drives are blanked from 

EPE 

, 
1 2 

i i 
04 03 

NC- 05 

'----- pal 

SERIAL OUTPUT 
TO RECEIVING UART 

I 

I 
TRO 

UART 
IM6402 

TBR . 
3 4 5 6 

i i i i 
0, D. B. B2 

7103/71038 

: 

TBRl 

, 
7 8 

i i 
B, Be 

STROBE 

RUN/HOLD 1---0+5 

Figure 5. Simple 7103/7103B to UART Interface 
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the end of the strobe sequence until the beginning of 
Reference Integrate when D5 will start the scan again. 
This gives a blinking display as a visual indication of over
range 

9. BCD (Pins20,21, 22and 23). The Binarycoded Decimal 
bits B8. B4, B2 and B1 are positive logic signals that go on 
simultaneously with the digit driver. 

INTERFACING WITH UARTS AND 
MICROPROCESSORS 
Figure 5 shows a very simple interface between a free
running 8068A17103B and a UART. The five Strobe pulses 
start the transmission of the five data words. The digit 5 word 
IS OOOOXXXX, digit 4 is 1000XXXX. digit 3 is 0100XXXX, etc. 
Also the polarity is transmitted indirectly by using it to drive 
the Even Panty Enable Pin IEPEI.lf EPE of the receiver is held 
low, the parity flag at the receiver can be decoded as a 
POSitive signal, no flag as negative. Circuits for the 7103 to 
IIlterface dir.ectly with three popular microprocessors are 
shown III Figures 7, 8 and 9. The main differences in the 
CirCUits are that IM6100 With Its 12 bit word capability can 
accept polarity, over-range and under-range multiplexed 
onto tre Digit 5 - as In the UART circuits. In each case the 
nilcroprocessor can IIlslruct the AID when to begin a 
measurement and when to hold thiS measurement. 

1 I I 
TRO RRI ORR 

DR 
IM6402 

r- EPE TBRl 

TBR , . , 
1 2 3 4 5 6 7 8 

111 
1Y 2Y 3Y ENABLE R: .... 
74C157 frl ... 

1A 2A 3A ~ 1B 2B 3B 

I I I 
04 03,02 01 B, 82 84 Ba P 0 U 

0 V N 
l E 0 

~ 05 7103/71038 R ~ 
STROBE r--

RUN/HOLD -5 
BUSY 

"100p! 10i<Y-< 

Figure 6. Complex 7103;7103B to UART ,Interface 

12 12 

~-+-r+-~-+--~------------~REA01 

B1 B2B, Be 6 ~ IM6101 IM6100 

l E STROBE 1-----------iSENSE 1 
7103171038 R 

R RUN/HOlOi-'------:---1WRITE 1 

7 

Figure 7. IM6100 to 7103/7103B Interface 

I 

4-103 



I 

ICL8088AI7103B 

EN 1Y PAO 

PAl 

PA2 Mc6800 
PA3 

Mc6820 

PA4 
!PAS 

PAS 
PA7 

CAl CA2 

Figure 8. Mc6800 to 7103,71038 Interface, 

PACKAGE DIMENSIONS 
'14 Pin CERDIP Dual-In-Line Package 

[::::]:f 
I - - .800 (20.320) - - I 
r---.750(19.050)~ 

rr
,310 (7.874) I 

~f?i!ln;;~t;~~' .,..",..-, ' , ' (.:35) ~, . ~ W W' ~ .011(.279)_ 
~.~ 

.110 (2.794) 14 _II- .135 (3.429) 1-.415 (10.541)-1 

.090 (2.286) ~ .020 (.508) .125(3.175) I .305 (7.747) I 
(1.524 .. OS1) ,018 (.457) 

28 Pin Plastic Duaf-ln-Line Package 

[::::::::::]f'~ 
I. . 1.~70 (37.338)' ',.1 

MAX. 

0800 (15 24) 0.080 0.130 (3.302) 

rr""~"~' ~j~''" 
0.009 (0.229) J ----r;;T.; 
0.015 (0.381) '---t ro?!.~ I-- 0.625 --J ,1- -I I- 0.100 (2.54) '-11- ' 0.12~0.~".:l. 

(15.875) 0.075 ± 0.015 TYP. 0.018 (OA57) (3.175) 
+0.025 (0.835) (1.905 ± 0.381) ± 0.003 (0.076) . MIN. 
-G.015 (0.381) . 
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Figure 9. Intel ~080to 7103171038 Interface 
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FEATURES 
• Guaranteed zero reading for 0 volts input on all 

scales. 
• True polarity at zero for precise null detection. 
• 1 pA input current typical. 
• True differential input and reference. 
• Direct display drive - no external components 

required. - LCD ICL7106 
- LED ICL7107 

• Low noise - less than 15~V pk-pk. 
• On-chip clock and reference. 
• Low power dissipation - typically less than 10mW. 
• No additional active circuits required. 
• Evaluation Kit available. 
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ICL7106 with Liquid Crystal Display 

ORDERING INFORMATION 

Part Package Temp. Range 

7106 40 pin ceramic DIP. O°C to +70°C 
7106 40 pin plastic DIP O°C to +70°C 
7107 40 pin ceramic DIP O°C to +70°C 
7107 40 pin plastic DIP O°C to +70°C 

Order Part # 

ICL7106CDL 
ICL7106CPL 
ICL7107CDL 
ICL7107CPL 

ICL7106/1CL7107 
3 1/2 Digit Single Chip 

AID Converter 

GENERAL DESCRIPTION 
The Intersil ICL7106 and 7107 are high performance, low 
power 3-112 digit AID converters. All the necessary active 
devices are contained on a single CMOS I.C., including 
seven segment decoders, display drivers, reference, and a 
clock. The 7106 is designed to interface with a liquid crystal 
display (LCD) and includes a backplane drive; the 7107 will 
directly drive an instrument-size light emitting diode (LEO) 
display. 

The 7106 and 7107 bring together an unprecedented 
combination of high accuracy, versatility, and true economy. 
High accuracy like auto-zero to less than 1 0J.LV,zero drift of 
less than 1J.LV/oC, input bias current of 10 pA max., and roll
over error of less than one count. The versatility of true differ
ential input and reference is useful in 'all systems, but gives 
the designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And 
finally the true economy of single power 'supply operation 
(7106), enabling a high performance panel meter to be built 
with the addition of only 7 passive components and a display~ 

) 
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ICL7107 with LED Display 

PIN CONFIGURATION 
{t} SUPPLY 1 
o (UNITS) '2 

C (UNITS) 
B (UNITS) • 
A (UNITS) 5 
F (UNITS) 7106 LCD 

7107 lED 

40 OSC.l 
39 OSC.2 
38 OSC.3 
37 TEST 
36 REF HI 
35 REF LO . 
3c4 -:- REF .. CAP. 
33 "REF. CAP. 
32 COMMON 
31 INPUT HI 
30 INPUT LO 

7106 Kit Evaluation kits contain IC, display. circuit ICL7106EV/Kit 

G (UNITS) 1 

E (UNITS) II 

o (TENS) 9 
C (TENS) 10 

B (TENS) 1 
A (TENS) 12 

F (TENS) 13 

E (TENS) ,. 
o (100',) 15 
B 1100's) 16 
F (l00's) 17 
E (l00's) 18 

29 AUTO-ZERO 
28 BUFFER 
27 INTEGRATOR 
26 (-) SUPPLY 7107 Kit board, passive components and hardware. ICL7107EV/Kii 

See page 10. 
AS (1000) 19 
POLARITY '20 

(MINUS) 

25 G (TENS) 
C (100',,) 

23 A (laO's) 
22 G (100's) 
21 BACKPlANE/D, IGITAL GND 

(7106) / (7107) 
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ICL710617107 O~OIL 

ABSOLUTE MAXIMUM RATINGS ICL 7107 
ICL 7106 Supply Voltage V+ ................................. +6V 

Supply Voltage (V+ to V-) ........................... 15V V- .................................. -9V 
Analog Input Voltage (either input) (Note 1) ...... V+ to V- Analog Input Voltage (either input) (Note 1) ...... V+ to V-
Reference Input Voltage (either input) ............ V+ to V- Reference Input Voltage (either input) ........... , V+ to V-
Clock Input .................................. Test to V+ Clock Input .................................. Gnd to V+ 
Power Dissipation (Note 2) Power Dissipation (Not~ ,1) 

Ceramic Package ............................ 1000 mW Ceramic Package .................. .' ......... 1000 mW 
Plastic Package .............................. 800 mW Plastic Package .............................. 800 mW 

Operating Temperature .................... 0° C to +70° C Operating Temperature .................... 0° C to + 70° C 
Storage Temperature .................. 0-65° C to +160° C Storage Temperature .. ,.............. .-65° C to +160° C 
Lead Temperature (Soldering,60 sec) .............. 300° C Lead Temperature (Soldering, 60,sec) .............. 300° C 

Note 1: Input voltages 'may exceed the supply voltages provided the input current is limited to ±IOOIlA. 

Note 2: Dissipation rating assumes device. is mounted with all leads soldered to printed circuit board. 

ELECTRICAL CHARACTERISTICS (Note 3) 

CHARACTERISTICS CONDITIONS MIN TYP' MAX UNITS, 
Zero Input Reading Vin - O.OV ) 

Full Scale = 200,0 mV -DOO.O ±OOO.O +000.0 Digital Reading 

Ratiometric Reading Vin = Vref 999 999/1000 1000 Digital Reading 
Vref = 100 mV 

Rollover Error lDifference in -Vin = +Vin ~ 200.0mV -1 :±;.2 +1 Counts 
reading for equal positive and 
negative reading near Full Scale) 
Linearity (Max: deviation'from Full scale - 200mV -1 ±.2 +1 Counts 
best straight line fit) or full scale = 2.000V 

Common Mode Rejection Ratio Vcm =' ±1 V, Vin = OV. 50 ,"VIV 
(Note 4) . Full Scale = 200.0mV. 

Noise (Pk - Pk value not exceeded Vin = OV 15 ,"V 
95% of time) Full Scale = 200.0mV 

Leakage Current @ Input Vin = OV 1 10 pA 

Zero Reading Drift Vin = 0 0.2 1 ,"V;oC 
0°< TA <70°C 

Scale Factor Temperature Vin = 199.0mV 1 5 ppm;oC 
Coefficient 0< TA< 70°C 

(Ext.Ref.Oppm/o C) 

Supply Current (Does not Vin = 0 0.8 1.8 mA 
include LED current for 7107) 

Analog Common Voltage (With 25Kfl between Common & 2.4 2.8 3.2 Volts 
respect to pos. supply) pos. Supply 

Temp. Coeff. of Analog, Common 25Kfl between Common & '. 80 ppm/oC 
(with respect to pos. Supply) pos. Supply 

7106 ONLY V Supply = 9V 4 5 6 Volts 
Pk-Pk Segment Drive Voltage 
(Note 5) 

7106 ONLY V Supply = 9V 4 5 6 Volts 
Pk-Pk Backplane' Drive Voltage 
(Note 5) 

, 7107 ONLY +Supply = 5.0V 5 8.0 mA 
Segment Sinking Current Segment voltage = 3V 
(Except Pin 19) 

7107 ONLY +Supply = 5.0V 10 16 mA 
Segment Sinking Current Segment voltage =3V 
(Pin 19 only) 

, .' 
Note 3: Unless otherwise noted. specifications apply to both the 7106 and 7107 at TA = 25° C, fclock =48kHz. 7.106 is tested in the circuit of Figure 

1. 7107 is tested in the Circuit of Figure 2. 

Note 4: Refer to "Differential Input" discussion on page 4. 

Note 5: Back plane drive is in phase with segment drive for 'off' segment, 180° out of phase for 'on' segment. Frequency is 20 times conversion 
rate. Average DC component is less than 50mV. . 
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TEST CIRCUITS 
IN 

+ -

Figure 1: 7106 

DETAILED DESCRIPTION 
ANALOG SECTION 

Figure 3 shows the Block Diagram of the Analog Section for 
the ICL 7106 and 7107. Each measurement cycle is divided 

CREF 
r-----~ 34 

v+ 

10/.;a 

35 33 

INHI~311-~~~ __ -r __ ~ __ -+ ______ ~ 
INT 

A/Z 

COMMON$=32~ ____ ~ __ ~ __ ~ ______ ~ 

I 
I 

Figure 2: 7107 

into three phases. They are (1) auto-zero (A-Z), (2) signal 
integrate (lNT) and (3) deintegrate !DEl. 

"""'-..~- TO DIGITAL SECTION 

6.2V 

INLO~30~~~ ____ ~ ______________ -r __ ~ __________ ~ 
liNT L_________________________ ~ ____________________________________ _ 

v-

Figure 3: Analog Section of 710617107 

1. Auto-zero phase 

During auto-zero three things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog common. Second, the reference 
.capacitor is charged to the reference voltage. Third, a 
feedback loop is closed around the system to charge the 
auto-zero capacitor CAZ to compensate for offset 
voltages in the buffer amplifier, integrator, and 
comparator. Since the comparator is included in the loop, 
the A-Z accuracy is limited only by the noise of the 
system. In any case, the offset referred to the input is less 
than 1D!,V. 

2. Signal Integrate phase 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
low are connected to the external pins. The converter 
then integrates the differential voltage between input 

high and input low for a fixed time. This differential 
voltage can be within a wide common mode range; within 
one volt of either supply. If, on the other hand, the input 
signal has no return with respect to the converter power 
supply, input low can be tied to analog common to 
establish the correct common-mode voltage. Atthe end 
of this phase, the polarity of the integrated signal is 
determined. 

3. De-integrate phase 

The final phase is de-integrate, or reference integrate. 
Input low is internally connected to analog common and 
input high is connected across the previously charged 
reference capacitor. Circuitry within the chip ensures 
that the capacitor wiU . be connected with the correct 
polarity to cause the integrator output to return to zero. 
The time required for the output to return to zero is 
proportional to the input signal. Specifically the digital 
reading displayed is 1000 (~;~f I. 
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Differential Input 

The input can accept differential voltages anywhere within 
the common mode range of the input amplifier; or 
specifically from 0.5 volts below the positive supply to 1.0 
volt above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, ,care must be 
exercised to assure the integrator output does notsaturate. 
A worse case condition would be a large positive common
mode voltage with a neai'full-scale negative differential input 
voltage, The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica
tions the integrator swing can be reduced to less than the 
recommended 2V full sCale swing with little loss of accuracy. 
The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 

Differential Reference 

The reference voltage can be generated anywhere within the 
power supply voltage of the converter. The main source of 
common mode error is a roll-over voltage caused by the 
reference capacitor losing or gaining charge to stray 
capacity. on its nodes. If there is a large common mode 
voltage, the reference capacitot can gain charge (increase 
voltage) when called up to de-integrate a positive signal but 
lose charge (decrease voltage) when called upto deintegrate 
a negative input signal. This difference in reference for (+) or 
H input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in 
comparison to the stray capacitance, this error can be held to 
less than 0.5 count for the worse case condition. (See 
Component Values Selection'below). 

! 

Analog Common 

This pin is included primarily to set the common mode 
voltage for battery operation (7106) or for any system where 
the input signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog common has some of the 
attributes of a reference voltage. When the total supply 
voltage is large enough to cause the zener to regulate (>7V), 
the common voltage will have a low voltage coefficient 
L001%1%), low output impedance (~15fl), and a temperature 
coefficient typically less than 80ppm;oC. 

The limitations of. the, on-chip reference should also be 
recognized, however. With the 7107, the internal heating 
which results from the LED' drivers can cause some 
degradation in performance. Due to their higher thermal 
resistance, plastic parts are poorer in this respect than 
ceramic. The combination of reference Temperature 
Coefficient (TC), internal chip dissipation, and package 
thermal resistance can increase noise near full scale from 25 
p.V to 80p.Vpk-pk. Also the linearity in going from a high 
dissipation count such as 1000 (20 segments on), t6 a low 
dissipation count such as 1111 (8 segments on) can suffer by 
a count or more. Devices with a positive TC reference may 
require several counts to pull out of an overload condition. 
This is because overload is a l.ow dissipation mode, with the 
three least significant digits blanked_ Similarly, units with a 
negative TC may cycle between overload and a non
overload count as ·the die alternately heats and cools. All 

D~DIL 

these problems are of course eliminated if an external 
reference is used. 

The 7106, with its negligible dissipation, suffers from none 
of these problems. In either case, an external reference can 
easily be added, as shown in Fig. 4. 

v· v· 

v· 

7106/7107 

1.2 REFERENCE 

REF LO 

COMMON 

v-
(a) (b) 

Figure 4, Using an External Reference 

Analog common is also the voltage the input returns to 
during auto-zero and de-integrate. If signal low is different 
from analog common, a common mode voltage exists in the 
system and is taken care of by the excellent CMRR of the 
converter. However, in some applications input low will be 
set at a fixed known voltage (power supply common for 
instanceL In this application, analog common should be t(ed 
to the 'same poirit, thus removing the common -mode voltage 
from the converter. The same holds true for the reference 
voltage. If reference can be conveniently referenced to 
analog common, it should be since this removes the 
common mode voltage from the reference system. 

Within the IC, analog common is tied to an N channel FET 
that can sink 30mA or more of currenUo hold the voltage 2.8 
volts below the positive supply (when a load is trying to pull 
the common line positiveL However, there is only 1O/-LA of 
source current, so common may easily be tied to a more 
negative voltage thus over-riding the internal reference. 

.Test 

The test pin serves two functions. On the 7106 it is coupled to 
the, internally generated digital supply through a soon 
resistor. Thus it can be used as the negative supply for 
externally generated segment drivers such as decimal points 
or any other presentation the user may want to include on the 
LCD display. Figures 5 and 6 show suchan application .. 

v+ 

7106 
INTERSIL 

1T1750 

1MIl 

TO LCD 
DECIMAL POINT, 

~---<>~~i;~lANE 
/ 

Figure 5: Simple Inverter for Fixed Decimal Point 
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v+ BP 

7106 ~""" [ POINT 
SELECT' 

rEST 

Figure 6: Exclusive 'OR' Gate for Decimal Point Drive 

The second function'is a "lamp test". When Test is pulled 
high (to +' supply) all segments will be turned on and the 
display should read -1888. Caution: on the 7106, in the lamp 
test mod,e" the segments have a constant d-c voltage (no 

'square-wave) and will burn the LCD display if left in this 
mode for several minutes. ' 

O~OIl. 

DIGITAL SECTION 

Figures 7 and 8 show the digital section for the 710El and 
7,107, respectively. In the 7106, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the 
reiative'large capacitive currents when the back plane (BP) 
voltage is switched. The BPfrequency is the clock freqiJency 
divided by 800. For three readings/second this is a 60 Hz 
square wave with a nominal ampljtude of 5 volts. The, 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases neglible d-c voltage exists across the 
segments. 

Figure 8 is the Digital Section of the 7107. It is identical 
except the regulated supply and back plane drive have been 
eliminated and the segment drive has been increased from 2 
to 8 mA, typical for instrument size common anode LED 
displays, Since the 1000 output (pin '19) must sink current 
from two LED segments, it has twice the drive capability or 16 
mA.' 

-------------,------------------------,--f--·---,--~-I++I-++--,+~,H1H_II--,-+H-~HH----=.·~-,---, 

TYPICAL ~EGMENT OUTPUT 
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Flgu~e 7: Digital Section, 7106 
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TYPICAL SEGMENT OUTPUT 

,. 
'b 

1-' ,-, - 1-' ,-, -
O~OIL 

--~~------~-'------------~---+--4---+------------$V' 

37 I TEST 

500 II I 

'---__ ~----+---_+_:-:---------------------------+-----21~1 DIGITAL ' 
3! ____________________________ ...1 GROUND 

aSC1 

Figure 8: Digital Section 7107 

System Timing 

Figure 9 shows the clocking arrangement used in the 7106 
and 7107. Three basic clocking arrangements can b'e used: 

1. An external oscillator connected to' pin 40. 

2. A crystal between pins 39 and 40. E 3. An R-C oscillator using all three pins. 
~ . . . 

I 7106/7107 
I . 
I 
I 
I 
I 
I 
I 
I 
I L _______ _ 

EXTERNAL 
OSCILLATOR 

TEST (7106) 
or GND (7107) 

Figure 9: Clock Circuits 

I 

I 
TO : 
COUNTERI 

I 
I 
I 

, I 
38 I _________ .J 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is then further divided to form the 
three convert-cycle phases. These are signal integrate (1000 
counts), reference de-integrate (0 to 2000 counts) and auto
zero (1000 to 3000 counts). For signals less than full scale, 
auto-zero gets the unused portion of reference deintegrate. 
This makes a complete measure cycle of 4,000 (16,000 clock 
pulses) independent of input voltage. For three readings! 
second, an oscillator frequency of 48kHz would be used. 

To achieve maximum rejection of 60 Hz pickup, the signal 
integrate cycle should be a multiple' of 60 Hz. Oscillator 
frequencies of. 240kHz, 120kHz, 80kHz, 60kHz, 48kHz, 
40kHz, 33,% kHz, etc. should be selected. For 50Hz 
rejection, Oscillator frequencies of 200kHz, 100kHz, 
66.213 kHz, 50kHz, 40kHz, etc. would be suitable. Note that 
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40kHz (2.5 readings/second) will reject both 50 and 60 Hz 
(also 400 and 440 Hz). . 

COMPONENT VALUE SELECTION 

1_lntegrating Resistor 

80th the buffer amplifier and the integratofhave a class A 
output stage with 100l'A of quiescent current. They can 
.supply 20l'A of drive current with negligible non-linearity. 
The integrating resistor should be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that undue leakage requirements are not 
placed on the PC board. For 2 volt full scale, 470K!l is 
near optimum and similarly a 47Kfl for a 200.0 mV scale. 

2. Integrating Capacitor 

The integrating capacitor should be selected to give the 
maxirnum voltage swing that ensures tolerance build-up 
will not saturate the integrator swing (approx. 0.3 volt 
from either supply). In the 7106 or the 7107, when the 
analog common is used as a reference, a nominal ±2 volt 
full scale integrator swing is fine. Forthe 7107 with ±5 volt 
supplies and analog common tied to supply ground, a 
±3.S to ±4 volt swing is nominal. For three readings/ 
seco~d 1(48kHz clock), nominal values for Cin! are .22 and 
.10I'F, respectively, Of course, if different oscillator 
frequencies are used, these values should be changed in 
inverse proportion to maintain the same output swing., 

An additional requirement of the integrating capacitor is 
it have low dielectric absorption to prevent roll-over 
errors. While other types of capacitors are adequate for 
this application, polypropylene capacitors give 
undetectable errors at reasonable cost. 

3. Auto~Zero Capacitor 

The.size of the auto-zero capacitor has some influence on 
the noise of the system. For 200 mVfull scale where noise 
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isvery important, a 0.47/LF capacitor is recommended. On 
the 2 volt scale, a 0.047/LF capacitor increases the speed 
of recovery from overload and is adequate for noise on 
this scale. 

4. Reference Capacitor 

A 0.1/LF capacitor gives good results in most applications. 
However, where a large common mode voltage exists (i.e. 
ihe reference low is not at analog common) and a 200 mV 
scale is used, a larger value is required to prevent roll
over error. Generally 1.0 /LF will hold the roll-over error to 
0.5 count in this instance. 

5. Oscillator Components 

For all rangEls of frequElncy a 100K!l resistor is 
rec'ommended 'and the capacitor is selected from the 
equation f = ~~. For 48kHz clock (3 readings/second), C 
= 100pF. 

6. Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: Vin = 2Vref. Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal 100.0 mVand 1.000 volt, 
respectively. However, in many applications where 'the 
A/D is connected to a transducer, there'will exist a scale 
factor other than unity between the input voltage and the 
digital reading. For instance, in a weighing system, the 
designer might like to,have a full scale reading when the 
voltage from the transducer is 0.682V. Instead of dividing 
the input down to 200.0 mV, the designer should use the 
input voltage directly and select Vref = .341V. Suitable 
values for integrating resistor and capacitor would be 
120K!l'and .22 /LF. This makes the system slightly quieter 
and also avoids a divider network on the input. The '7107 
with ±5 volts supplies can accept input signals up to ±4 
volts. Another advantage of this system occurs when a 
digital reading of zero is desired for Vin,;' O. Temperature 

TYPICAL, APPLICATIONS 
The 7106 and 7107 niay be used 'in a wide variety of 
configurations. The circuits which follow show some of the 

7106 
To pin 1 

40 

'-' CSC 1 
.A 100K!! 

CSC 2 
CSC 3 

,v- , Set.~ref l:oo.omv 
TEST 100pF • REF HI 

REF LO D----.---\;tV\ •. vc~-'VI "::,.I\r-. 
C REF r.----., lKlI 22KII 
CReF ~O.1$.!F 

It.11l COMMON':::: -

,~ L';; 1:=iJ-=,....--+---1" •. ~OI"'"F'--__ -t---<>'N 
AIZ D-~0.4.:.:7!:.:"F-I .. I--=;::-, .: 

, .UFF R-<--~"\J,,4=7K="'4 :=: 9Y 
INT 0--'-V/-l·'~h.;"2"CiF_l..J , ~ 
Y·D--~~--~---~ 

G, F i ~~ TO DISPLAY 

G'~ , 
--.....;.;;.P~21~ TO .ACK,PLANE 

Figure 11: 7106 using the internal reference. Values shown are for 
200.0 mV ful,I scale, 3 readings per second, floating supply yoltage 
(9V battery). ' 
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and weighing systems with a variable tare are 'examples. 
This offset reading can be conve'nienllY generated by 
connecting the voltage transducer betwee'n analog high' 
and common and the variable (or fixed) offset voltage 
between common and analog low. 

7. 7107 Power Supplies 

The 7107 is designed to work from ±5 volt supplies. 
However, if a negative supply is not available, it can be 
generated from the clock output with 2 diodes, 2 
capacitors, and an inexpensive I.C. Figure,10 shows this 
application. 

Figure 10: Generaiing Negative Supply from +5v 

In fact, in selected applications no negative supply is 
required. The conditions to use a single +5V supply are: 

1. The input signal cari be referenced to the center of the 
common mode range of the converter. 

2. The signal is less than ±1.5 volts. 

3. An external reference. is used. t'IIII 
possibilities, and serve to illustrate the exceptional versa- -
tility of these ,A/D converters. 

7107 
To pin 1 

40 

CSC 1 100KII 
OSC2LS-~~~~ 
OSC3[}---II--~ Set Vref = 100.amY 

/ 

0---'------.·' 
n---..---\;tV\r---'\I\/I~+-o +5Y 

1KII· 22KIl 

lMfl 

[}---+--~.n.01W"F~I\/Ir----<>'N 

Y' D--~~-~--+-----<>-5Y 

" , , , 
___________________ 4 

Figure 12: 7107 using the internal reference. Values shown are for 
200.0 mV full scale, 3 readings per second. IN LO may be tied to 
either COMMON for inputs floating with respect to supplies, or GND 
for sing'le ended 'inputs. (See discussion undE1r Analog Common on 
page 41. 
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TYPICAL APPLICATIONS (Contd.) 
7107 

C}----~~~------~------_ov-

Figure 13:7107 with an external band-gap reference (1.2V typel. IN 
LO is tied to COMMON, thus establishing the correct common mode 
voltage. If COMMON is not shorted to GND, the input voltage may 
float with respeci to the power supply and COMMON acts as a pre
regulator for the reference. If COMMON is shorted to GND, the input 
is single ended (referred to supply ground) and the pre-regulator is 
over-ridden. 

710617107 
To pin 1 

40 
aSCl 

100KIl 

Set Vrel = 1.000V 

0-------. 
/' 

24Kn 

1M!1 

D---.,-t--;!;-."'01;-,'F /\f\/\,,----<> IN 

[J------==~~------------_o~ 

Figure 15: 7106/7107: Recommended component values for 2.000V 
full scale. 

-,~~,-----------~v+ 
7107 

REF HI 0--------... 

I TO DISPLAY 

Figure 1-7: 7107 measuring ratiometric values of Quad Load Cell. The 
resistor values within the bridge are determined by the desired 
sensitivity. 

7107 
To pin 1 

40 

lOOK!! 

D----.~"VV\,.....-".;x,"v--c<r---<> +5V 

6.8V 

v- [J---="--,--------4>---o-sv 

Figure 14: 7107 with Zener diode reference. "Since low T.C. zeners 
have breakdown voltages - 6.BV, diode must be placed across the' 
total supply (10Vl. As in the case of Figure 12, IN LO may be tied to 
either COMMON or GND. ' 

7107 
To pin 1 

40 

G, 
C3 
A3 

G3 
GND 

[J---~-~~~~AlY_---o,N 

21 

Figure 16: 7107 operated from single +SV supply. An external 
reference must be used in this application, since the voltage between 
V+ and V- is insufficient for correct operation of the internal 
reference. 

7106 
To pin 1 

40 
eSCl 
asc 2 

100KJl 

DSC 3 [J.,..-----ilr-----' 
100pF 

Scale '.clor adjust 

/ 
REF Hln---==,-. lM!l 

Silicon NPN 
MPS 3704 or 
similar 

Figure 18: 7106 used as a digital centigrade thermometer. A silicon 
diode-connected transistor has a temperature coefficient of about 
-2mVlo C. Calibration is achieved by placing the sensing transistor 
in ice water and, adjusting the zeroing potentiometer for a 000.0 
reading. The sensor should then be placed in boiling water and the 
scale-factor potentiometer adjusted for 100.0 reading. 
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TYPICAL APPLICATIONS (Contd.) 

OtRange 

UlRange 

or 74Cl0 CD4077 
CD4023 
or 74Cl0 

LM339 
33Kl! 

Figure 19: Circuit for developing Underrangeand Overrange signals 
from 7106 outputs. 

Figure 20: Circuit for developing Underrange and Overrange signals 
from 7107 outputs. The LM339 is required to ensure logic 
compatibility with heavy display loading. 

7106 Scale factor adjust 
(Vref OC< 100mY lor AC to RMS) 

REFHlrt------------. 

Figure 21: AC to DC Converter with 7106. Test is used asa common 
mode reference level to ensure compatibility with most op-amps. 

I. 
I 
I 

Figure 22: Display Buffering for increased drive current. Requires 
four DM7407 Hex Buffers. Each buffers is capable of sinking 40 mA 
max. 
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710617107 EVALUATION KITS 
After purchasing a sample of the 7106 or the 7107, the 
majority of users will want to build a simple voltmeter. The 
parts can then be· evaluated against the data sheet 
specifications, and tried out in the intended application. 
However, locating and purchasing even the small number of 
additional components required, then wiring a breadboard, 
can often cause delays of days or sometimes weeks. To avoid 
this problem and facilitate evaluation of these unique 
circuits, Intersil is offering a kit which contains all the 
necessary components to build a 3'h digit panel meter. With 
the help of this kit, an engineer or technician can have the 
system "up and running" in about half an hour. 

Two kits are offered, the ICL7106EV/KIT and the 
ICL7107EV/KIT. Both contain the appropriate IC, a circuit 
board, a display (LCD for 7106EVlKIT, LEOs for 
7107EV/KIT), passive components, and miscellaneous 
hardware. 

APPLICATION NOTES 
A016 "Selecting AID Converters," by David Fullagar 
A017 "The Integrating A/D Converter," by Lee Evans 
A018 "Do's and Dont's of Applying AID Converters," by Peter Bradshaw and Skip Osgood 
A019 "4'h Digit Panel Meter Demonstrator/Instrumentation Boards," by Michael Dufort. 
A023 "Low Cost Digital Panel Meter Designs," by David Fullagar & Michael Dufort. 

PACKAGE DIMENSIONS TYPICAL CONNECTION DIAGRAMS 

40 Pin Plastic Dual-in-Line Package 40 Pin Ceramic Dual-in-Line· Package 

I ~~2~., I I 2.'" I 

I::::::::::::::::}·'" ! 
'" j 

-l t- ~~~2 TYP. .1SO ::: 

~:H---±~"2 ~ 
i 50 •. OQ1TVP. 

TYP. 

L.oro --.!L.018 TYp ...J L.1DO .160' ~.680.--.J 
'-TYP. -11-.020 -11-- MIN. ,---MAx-i 
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FEATURES 
• HOLD Reading Input allows indefinite display hold 
• Guaranteed zero reading for 0 volts input on all 

scales. 
• True polarity at zero for precise null detection. 
• 1 pA input current typical. 
• True differential input and reference. 
• Direct display drive - no external components 

required. - LCD ICL7116 
- LED ICL7117 

• Low noise - less than 15 }lV pk-pk typical. 
• On-chip clock and reference. 
• Low power dissipation - typically less than 10mW. 
• No additional active circuits required. 

GENERAL DESCRIPTION 
The Intersil ICL7116 and 7117 are high performance, low 
power 3-112 digit AID converters: All the necessary active 
devices are contained on a single CMOS I.C., including 

TYPICAL CONNECTION DIAGRAMS 
IN 

+ -

ICL7116 with Liquid Crystal Display 

ORDERING INFORMATION 

Part Package Temp. Range Order Part # 

ICL7116/1CL7117 
3 1/2 Digit Single Chip 

AID Converter 
with Display Hold 

seven segment decoders, display drivers, reference, and a 
clock. The 7116 is designed to interface with a liquid crystal 
display (LCo) and includes a backplane drive; the 7117 will 
directly drive an instrument-size light emitting diode (LED) 
display. 
The 7116 and 7117 have almost all of the features of the 7106 
and 7107 with the addition of a HOLD Reading input. With 
this input, it is possible to make a measurement and then 
retain the value on the display indefinitely. To make room for 
this feature the reference input has been referenced to 
Common rather than being fully differential. These circuits 
retain the accuracy, versatility, and true economy of the 7106 
and 7107. High accuracy like auto-zero to less than 1O/lV, 
zetodrift of less than l/lV/oC, input bias current of 10pA 
maximum, and roll over error of less than one count. The 
versatility of true differential input is of particular advantage 
when measuring load cells, strain gauges and other bridge
type transducers. And finally the true economy of single 
power supply operation (71161, enabling a high performance 
panel meter to be built with the addition of only seven passive 
components and a display. 

A, R5 
:Z4Kn 1MIl 

IN 
+ -

ICL7117 with LED Display 

PIN CONFIGURATION 
HlDR 

o (UNITS) 
C (UNITS) 3 
B (UNITS) .. 
A (UNITS) 
F (UNITS) 

7116 LCD 
7117 LED 

400SC.t 
39 aSC.2 
31 OSC.3 
31 TEST 
36 REFHI 

7116 40 pin ceramic DIP O°C to +70°C ICL7116CDL 
G (UNITS) 7 
E (UNITS) • 
o (TENS) 9 
C . (TENS) 10 
8, (TENS) 11 
A (TENS) 12 
F (TENS) 1 

E (TENS) 14 
D (100',) 15 
B (100's) 16 
F (l00's) 17 
E (tOO's) ,. 

35 (I)SUPPLV 
34 + REF. CAP. 
33 . REF. CAP. 
32 COMMON 
31 INPUT HI 7116 40 pin plastic DIP O°C to +70°C ICL7116CPL 

7117 4D pin ceramic DIP DOC to +70°C ICL7117CDL 
7117 40 pin plastic DIP DOC to +70°C ICL7117CPL 

AB (1000) 1 
POLARITY - 20 

(MINUS) 

30 INPUT LO 
AUTO-ZERO 

21 BUFFER 
21 INTEGRATOR 
26 (-) SUPPLY' 
2S G (TENS) 

C( 100'.) 
23 A (100'.) 
22 G (100'.) 
21 BACKPLANE/DIGITAL GNO 

(7116) / (7117) 
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ABSOLUTE MAXIMUM RATINGS ICL7117 
ICL7116 SupplyVoltageV+ ................................. +6V 

Supply Voltage (v+ to V~) ........................... 15V V~ .............................. : ... ~9V 
Analog Input Voltage (either input) (Note 1! ...... V+to V~ Analog Input Voltage (either input! (Note 1) ...... V+ to V~ 
Reference Input Voltage (either input! ............ V+ to V~ Reference Input Voltage (either input! ............ V+ to V~ 
Clock Input .............................. , ... Test to V+ Clock Input .................................. Gnd to V+ 
Power Dissipation (Note 2) Power Dissipation (Note 1) 

Cer'amicPackage .......... ,' ................ 1000mW Ceramic Package ........................... : 1000mW, 
, Plastic Package ." ........................... 800 mW Plastic Package ........................ : ...... 800 mW 

Operating Temperature .................... 0° C to +70° C Operating Temperature .................... 0° C to +70° C 
Storage'Temperature .................. ~65°C to +160° C Storage Temperature ....... .' .......... ~65°Cto +160° C 
Lead Temperature (Soldering, 60 sec) ... '" .. '" ... 300° C Lead Temperature (Soldering, 60 sec) .............. 300° C 
Note 1: Input voltages may exceed the supply voltages provided the input current is limited to ±1OOI'A 

Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board, 

ELECTRICAL CHARACTERISTICS (Note 3) 

CHARACTERISTICS ' CONDITIONS MIN TYP MAX UNITS 
Zero Input Reading Vin = O,OV 

Full Scale c= 200.0mV -000,0 ±OOO.O '+000.0 Digital Reading 

Ratiometric Reading Vin = Vref 999 999/1000 1000 Digital Reading 
Vref =' 100mV 

Rollover Error (Difference in ~Vin = +Vin '" 200.0mV '-1 ±.2 +1 ' Counts 
reading for equal positive and 
negative reading near Full Scale)' 

Linearity (Max. deviation from Full scale = 200mV ~1 ±.2 +1 Counts 
best straight line fitl or full scale = 2.000V 

Common Mode Rejection Ratio Vcm ~ ±1V, Vin - OV. 50 /lV/V 
(Note 4) , Full Scale = 200,OmV 

Noise (Pk - Pk value not exceeded Vin = OV 15 /lV 
95% of time) Full Scale = 200.0mV 

Leakage Current @ Input Vin = OV 1 10 pA 

Zero Reading Drift Vin = 0 
, 

0.2 1 /lV/oC 
0° < TA < 70°C 

Scale Factor Temperature Vin = 199.0mV 1 5 ppm/oC 
Coefficient 0< TA < 70°C 

IExt. Ref. 0 ppmfD C) 

Supply Current IDoes not Vin = 0 0.8 1.8 mA 
include LED current for 71171 

Analog Common Voltage (With 25kll between Common & 2.4 2.8 3.2 Volts 
respect to pas. supply) pas. Supply 

Temp. Coeff. of Analog Common 25kll between COmmon & 80 ppm/oC 
(with respect to pas, Supply) pas. Supply 

Input Resistance, Pin 1 (Note 6) 30 70 kll 

VIL, Pin 1 (7116 onlyl Test +1.5 Volts 

VIL, Pin 1 (7117 only) GND +1.5 Volts 

VIH, Pin 1 !Both) V+ ~1.5 Volts 

7116 ONLY V ~upply = 9V 4 5 6 Volts 
Pk-Pk Segment Drive Voltage , 
(Note 5) 

7116 ONLY V Supply = 9V' 4 5 6 ~olts 
Pk-Pk Backplane Drive Voltage 
(Note 5) 

, 

7117 ONLY +Supply = 5.0V 5 8.0 mA 
Segment Sinking Current Segment voltage = 3V 
(Except Pin 19) 

7117 ONLY +Supply = 5.0V 10 16 mA 
Segment Sinking Current ,Segment voltage = 3V 
(Pin 19 only) 

Note 3: Unless otherwise noted, ~peclflcatlons apply to both,the 7116 and 7117 alTA = 25° C, !clock =48kHz. 71161s tested In th,eclrcult of Figure 
1. 7117 is tested in the circuit of Figure 2. 

Note 4: Re,fer to "Differenti'al Input" discussion on page 4. 
Note,S: Back plane drive is in phase with segment drive for 'off segme'nt, 180° out of phase for 'on' segment. Frequency is 20 times conversion 

rate. Average DC component is less than 50mV. ' . 
Note 6: The 7116 logic input has an internal pull-down resistor connected from HLDR, pin 1, to TEST, pin 37. The 7117 logic input has an in

ternal pull-down resistor connected from HLDR, pin 1 to GROUND, pin 21. 
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TEST CIRCUITS 

IN 
+ -

Figure 1: 7116 

DETAILED DESCRIPTION 
ANALOG SECTION 

IN 
+ -

, Figure 2: 7117 

O~OIb 

r • • • 

Figure 3 shows the Block Diagram of the Analog Section forthe ICL711'6and 7117. Eact) measurement cycle is divided into three 
phases. They are (1) auto-zero (A-ZI, (21 signal integrate (INTI and (31 deintegrate ([)El. 

• CREF 
r------
I 3. 

: v+ 
I 
I 
I 
I 10~a 

I 

CREF 

REF HI CREF BUFFER 

3' 33 

I 
131 

INHI~1-~o-~---4---4~--+-----~ 
INT 

A/Z 

I 

RINT" 

·v· 

2' 35 

._..----- TO DIGITAL SECTION 

6.2V COMP~RAT~R 

I 
INLO~~~~~----~~--------------+-------------~~~ 

liNT L ________________________ _ 

v-

.Figure 3: Analog Section of 7116/71.17 

1. Auto-zero phase _ . 

During auto-zero three: things happen. First, input high 
and low are disconnected from the pins and internally 
shorted to analog -common. Second, the reference 
capacitor is charged to 'the reference voltage. Third, a 
feedback loop is closed around the system to charge the 
iluto-zero capaCitor CAZ to compensate for offset 
voltages in the .. buffer amplifier; integrator, and 
comparator. Since the comparator is included in the loop, 
the A-Z 'accuracy is limited only by the noise of the 
system. Ii, any case, the offset referred to ttie input is less 
than10j.lV. 

I I 

2. ISlgnaUntegrate phase 

During signal integrate, the auto-zero loop is opened, the 
internal short is removed, and the internal input high and 
lo,w are connected to the external. pins. The converter 
thim integrates the differential voltage between input 

high and input low for a fixed time. This differential 
voltage can be within a wide common mode range; within 

. one' Volt of either supply. If, on.the other hand, the. input 
. signal has no return with respect to the converter power 
supply, input low :can be tied to analog com'mon to 
establish the correct common-mode voltage. At the end 
of this phase, the polarity of the integrated signal is 
determined. 

3 •. De-integrate phase 

The final phase is de"integ'rate, or relerence integrate. 
Input low is internally connected:toanalog common and 
input high 'is connected across the previ.ously charged 
reference: capacitor: Circuitry within the chip ensures 
that the capaCitor will be cO,n nected -with the correct 
-polarity lo.cause the integrator output ·to return :to zero. 
The time required for the .output'to return to zero is 
proportional to the input signal. Specifically the. digital 
reading displayed is 1000 ( ~:~I I; . 
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Differential Input 
The input can accept differential voltages anywhere within 
the common mode range of the input amplifier; .or 
specifically from 0.5 volts below the positive supply to 1.0 
volt above the negative supply. In this range the system has a 
CMRR of 86 dB typical. However, since the integrator also 
swings with the common mode voltage, care must be 
exercised to assure the integrator output does not saturate. 
A worse case condition would be a large positive common
mode voltage with a near full-scale negative differential input 
voltage. The negative input signal drives the integrator 
positive when most of its swing has been used up by the 
positive common mode voltage. For these critical applica
tions the integrator swing can be reducedio less than the. 
recommended 2V fullscale swing with little loss of accuracy. 
The integrator output can swing within 0.3 volts of either 
supply without loss of linearity. 

Reference. 
The reference input must be generated as a positive voltage 
with respect to Common. 

Analog Common 
This pin is included primarily to set the common mode 
voltage for battery operation (7116) or for any system where 
the input Signals are floating with respect to the power 
supply. The common pin sets a voltage that is approximately 
2.8 volts more negative than the positive supply. This is' 
selected to give a minimum end-of-life battery voltage of 
about 6V. However, the analog common has some of the 
attributes of a reference voltage. When the total supply 
voltage is large enough to cause the zener to regulate (> 7Vi, 
the common voltage will have a low voltage coefficient 
C001%!%), low output impedance ("'15!ll, and a temperature 
coefficient typically less than 80ppm/o C. II Th. e limitations o. f. the on-chip .. reference .. ShOU.ld also be 
recognized, however. With the 7117,' the internal heating 

J which results from the LED drivers can cause some 
degradation in performance. Due to their higher thermal 
resistance, plastic parts are poorer in this respect than 
ceramic. The combination of reference Temperature 
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Coefficient (TC), internal chip dissipation, and package 
thermal resistance can increase noise nIJar full scale from 25 
jJ.V to 80 jJ.Vpk-pk. Also the linearity in going from a high 
dissipation count such as 1000 (20 segments on) to a low 
dissipation count such as 1111 (8 segments on) can suffer by 
a count or more. Devices with a positive TC reference may 
require several counts to. pullout of.an overload condition. 
This is because overload is a low dissipation mode, with the 
three least significant digits blanked. Similarly; units with a 
negative TC may cycle between overload and a non
overload count as thEl die alternately heats and cools. All 
these problems are of, course eliminated if an external 
reference is used, 

The 7116, with its negligible dissipation, suffers from none of 
these problems. In either case, an external reference can 
easily beadded~as shown in Fig, 4. 

Analo.g co.mmo.nis also. the voltage the input returns to. 
during auto-zero and de-integrate. If signal low is different 
from analo.g commo.n, a commo.n mo.de vo.ltage exists in the 
system and is taken care o.f by the excellent CMRR o.f the 
co.nverter. However, in some applicatio.ns input Io.w will be 
set at a fixed kno.wn voltage (po.wer supply co.mmo.n fo.r 
instance). In this applicatio.n, analo.g co.mmo.n sho.uld be tied 
to. the same point, thus remo.ving the commo.n mo.de vo.ltage 
from the co.nverter, 

O~O[b 

V' 

711617117 

7116/7117 

COMMON 

V· 
(.) (b) 

Figure 4: Using an External Reference 

Within the IC, analo.g co.mmo.n is tied to. an N channel FET 
that can sink 30mA Dr more of current to hold the voltage 2.8 
vo.lts below the positive supply (when a Io.ad is trying to pull 
the common line positive), Ho.wever, there is o.nly 10JlA o.f 
source current, so. co.mmo.n may easily be tied to. a mere 
negative veltage thus ever-riding the internal reference. 

Test 
The test pin serves two. functio.ns, On the 7116 it is co.upled to. 
the internally generated digital supply thro.ugh a soon 
resisto.r, Th us it can. be used as the negative supply fo.r 
externally generated segment drivers such as decimal po.ints 
or any o.ther presentation the user may want to. include o.n the 
LCD display. Figures 5 and 6 sho.w such an application. 

V+ 

7116 
INTERSIL 

1T1750 

1M!! 

TO LC~ 
DECIMAL POI.t~T 

FigureS: Simple Inverter for Fixed Decimal Point 

V+ 
BPI-:-----~i___\· 

7116 

TEST 

Figure 6: Exclusive 'OR' Gate for Decimal Point Drive 

The seco.nd functio.nis a "lamp test". When Test is pulled 
high (to. + supply) all segments wili be turned o.nand the 
display sho.uld read -1888. Cautio.n: o.n the 7116, in the lamp 
test mo.de, the segments have a co.nstant doc vo.ltage (no 
square-wave) ana will burn the LCD display if left in this 
mo.de fo.r several minutes. 
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DIGITAL SECTION 

Figures 7 and 8 show the digital section for the 7116 and 
7117, respectively. In the 7116, an internal digital ground is 
generated from a 6 volt Zener diode and a large P channel 
source follower. This supply is made stiff to absorb the 
relative large capacitive currents when the back plane (BPI 
voltage is switched. The BP frequency is the clock frequency 
divided by 800. For three readings/second this is a 60 Hz 
square wave with a nominal amplitude of 5 volts. The 
segments are driven at the same frequency and amplitude 
and are in phase with BP when OFF, but out of phase when 
ON. In all cases neglible d-c voltage exists across the 
segments .. 

Figure 8 is the Digital Section of the 7117. It is identical 
except the regulated supply and back plane drive have been 

eliminated and the segment drive has been increased from 2 
'to 8 mA, typical for instrument size common anode LED 
displays. Since the 1000 output Ipin 191 must sink current 
from two LED segments, it has twice the drive capability or 16 
mAo 

HOLD Reading Input 
The HLDR input will prevent the latch from being updated 
when this input is at a logic "HI". The chip will continue to 
make A/D conversions, however, the results will not be 
updated to the internal latches until this input goes low. This 
input can be left open or connected to TEST 171161 or 
GROUND 171171 to continuously update the display. This 
input has been implemented as a CMOS cO'mpatible input 
with a 70K typical resistance to either TEST 171161 or 
GROUND 171171. 

------------------------------------------~-------,H~-rH-t---i-t 

... 
TYPICAL SEGMENT OUTPUT 

osc 1 OSC3 

Figure 7: Digital Section 7116 

I 
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I· 1-' • '.1 1-' ,-, - '1-:-'. -,·,e • • 

O~OIL 

----~--------~~----------_4--~~_+--_r------------IDv+ 

37 TEST , 
500 n I 

211 DIGITAL 
L----+=---+----+=-~------------t.l~_-_-_--_-_-_-_-_-_4-_-_-_~_~~ GROUND 

HLDR 

. OSC1 DSC 3 

Figure 8: Digital Section 7117 

System Timing 

Figure 9 shows the clocking arrangement used in the 7116 
and 7117. Three basic clocking arrangements can be used> 

1. An external oscillator connected to pin 40. 

2. A crystal between pins 39 and 40. 

3. An R-C oscillator usmg all t,hree pins. ' 

, 
r 
r 
r 
r 
r 
r 
r 
r 
I L _______ _ 

EXTERNAL 
OSCILLATOR 

TEST (7116) 
or GNO (7117) 

7116/7117 

Figure 9: Clock ,Circuits 

, 
r 
r 

TO I 
COUNTERI , 

r 
I' 
I 
r 

38 . r _________ J 

The oscillator frequency is divided by four before it clocks 
the decade counters. It is ,then further divided to form the 
three convert-cycle phases. These are signal integrate' (1000 
counts), reference de-integrate (0 to 2000 cdunts) and auto
zero (1000 to 3000 counts). For signals less than full scale, 
auto-zero gets the unused portion of reference deintegrate. 
This makes a complete measure cyde of 4,000 (16,000 clock 
pulses) independent of, input :VoltElge. For three readings/ 
seco'nd, an oscillator frequency of 48kHz would be used. 

To achieve maximum rejection of 60 Hi pickup, the signal 
, integrate cycle should be a multiple 6f 60 Hz. Oscillator 

frequencies of 240kHz, 120kHz, 80kHz" 60kHz; 48kHz, 
40kHz, ' 33 % k Hz, etc. should be selected. For 50Hz 
rejection, Oscillator frequencies of 200kHz, 100kHz, 
66 213 kHz, 50kHz, 40kHz, etc. would be suitable. Nate that 

~120 ' 

40kHz (2.5 readings/secondl will reject both 50 and 60 Hz 
, (also 400 and 440 Hz)' 

COMPONENT VALUE SELECTION 

1. Integrating Resistor 

Both the buffer amplifier and the integrator have a class A 
output stage with lOOIlA of quiescent current. They can 
supply 20llA of drive current with negligible non-linearity: 
The integrating resistor shoulli be large enough to remain 
in this very linear region over the input voltage range, but 
small enough that-undue leakage requirements are not 
placed on the p~ board. For 2 volt fUll scale, 470k!l is 
near optimum and similarly a 47k!l for a 200.0 mV scale. 

2. "Integrating Capacitor 

'The integrating capacito'r should be selected to give the 
maximum voltage swing that ensures tolerance build-up 
will not saturate the integrator swing (approx. 0.3 volt 
from either supply). In the 7116 or the 7117, when the 
analog common is used as a reference, a nominal ±2 volt 
full scale integrator swing is fine. Forthe 7117 with ±S volt 

,supplies and analog common tied to supply ground, a 
±3.S to ±4 volt swing is nominal. For three readings/ 
second (48kHz clock), nominal values for Cint are .22 arid 
,10IlF, respec!ively. Of course, if different oscillator 
frequencies are (J'sed, these values should be changedin 
inverse proportion 10 maintain the same output swing. 

An additional requirement of the integrating capacitor is 
it have low dielectric absorption to prevent rOil-over 
errors. While other types of capacitors are adequate for 
this application, polypropylene capacitors give 
undetectable errors at reasonable cost. 

3. Auto-Zero Capacitor 

The size of the auto-zero capacitor has some influence on 
the noise of the system. For 200 mVfull scale where noise 

\ ' 
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is very important, a O.47,.,F capacitor is recommended. On 
the 2 volt scale, a 0.047jlF capacitor increases the speed 
of recovery from overload and is adequate for noise on 
this scale. 

4. Reference Capacitor 

A 0.1jlF capacitor gives good results in most applications. 
If roliover errors occur a larger value, up to 1.0jlF may be 
required. 

5. Oscillator Components 

For all ranges of frequency a 100kll resistor is 
recommended and the capaCitor is selected from the 
equation f = ~~. For 48kHz clock (3 readings/second), C 
= 100pF. 

6. Reference Voltage 

The analog input required to generate full-scale output 
(2000 counts) is: Vin = 2Vref. Thus, for the 200.0mV and 
2.000 volt scale, Vref should equal 1 00.0 mVand 1.000 volt, 
respectively. However, in many applications where the 
AID is connected to a transducer, there will exist a scale 
factor other than unity between the input voltage and the 
digital reading. For instance, in a weighing system, the 
designer might like to have a full scale reading when the 
voltage from the transducer is 0.682V. Instead of dividing 
the input down to 200.0 mV, the designer should use the 

and weighing systems with a variable tare are examples. 
This offset reading can be conveniently generated by 
connecting the voltage transducer between analog high 
and common and the variable (or fixed) offset voltage 

. between common and analog low. 

7. 7117 Power Supplies 

The 7117 is designed to work from±5 volt supplies. 
However, if a negative supply is not available, it can be 
generat\ld from the clock output with 2 diodes, 2 
capacitors, and an inexpensive I.C. Figure 10 shows this 
application. 

Figure .10: Generating Negative Supply from +5v 

input voltage directly and select Vref = .. 341V. Suitable In fact, in selected applications no negative supply is 
values for integrating resistor and capacitor would be required. The conditions to use a single +5V supply are: 

120kll and .22jlF. This makes the system slightly quieter 1. The input signal can be referenced to thecenterof the 
and also avoids a divider network on the ir,put. The 7117 common mode range of the converter. 
with ±5 volts supplies can accept input signals up to ±4 
volts. Another advantage of this system occurs when a 2. The signal is less than ±1.5 volts. I 
digital reading of zero is desired for Vin oF O. Temperature 3. An external reference is used. 

--'-------'---~-----,----- ~. 
TYPICAL APPLICATIONS 
The 7116 and 7117 may be used in a wide variety of configurations. Thecircuits which follow show some of the possibilities, and 
serve to illustrate the exceptional versatility of these AID converters. 

7116 

Set Vrel = 100.0mV 

D-t---~/ 
22Kfl 

1Mf} 

U-.=.--+-_---'e'-"·O-"'"ccF __ --:-+--<>'N 

: 9V 

Figure 11: 7116 using the internal reference. Values shown are for 
200.0 mV full scale, 3 readings per second, floating supply voltage 
19V battery!. 

7117 

Set Vret -= 100.0mV 

REF HI D-j------. 
,/ 

22KJI 

1MB 

U---.=.--~--+.c.·O-"""_F~t_---<>'N 

v- 0-----==-----+-.,----<> -511 
, 
: , , 

---------- ---------~ 

Figure 12: 7117 using the internal reference. Values shown are for 
200.0 mV full scale, 3 re!adings per second. IN La may be tied to 
either COMMON for inputs floating with respect to supplies, or GND 
for single ended inputs. ISee discussion under Analog Common on 
page 4!. . 
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ICL711617117 

7116/7117 

SeI.Vrel = 1.000Y 

REF HI nf-+----./ 

[]---~~-------~v-

f TO DISPLAY 

Figure 13: 711617117: Recommended component values for 2.000V 
full scale. 

,-------jl v+ 
7117 40 

REF HI D-------~ 
V 

} TO DISPLAY 

E G~~ 21 '-= . 

Figure 15: 7117 measuring ratiometric values of Quad Load Cell. The 
I .. resistor values within the bridge are determined by the desired 

sensitiv,ty. 

PACKAGE DIMENSIONS 

40 Pin Plastic Dual-in-Line Package 

t 
.520 (13.2) 

NOM. 

I 
.060 (1.5~4) TYP. .160 .025 

-i r- :!:.002 (0.051) (4~ (~~!~) 

~=H~.012'.001 
~ 

t '. 50 ''+ (0.305 7. 0.025) 
---t- TYP. TYP. 

1_ . ...JL ...J 1_ .100 .125 (3.17) ~.650~. -11--1 (2.54) MIN. 1(16.5}'j 
.070 .018 (0.457) _ MAX. 

(1.778) .020 (0.508) 
TYP TYP. 
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7117 

100.0mV 

REFHI~-+----~ 

IN HI ~----I--+-.~O-'"=F./\)\I\~--O'N 

v-rl---~~~~ 

21 

r TO DISPLAY 

I 

Figure 14: 7117 operated from single +5V supply. An external 
reference must be used in this application, since the voltage between· 
V+ and V- is insufficient for correct operation of the internal 
reference. 

7116 

Scale factor adjust 

h--I----'-~~/ 1 Mil 

Silicon NPN 
MP5 3704 or 
similar 

~ ___ -4-"-'-_t--'f-_2_2_0K_'_' -+-a-l _____ ~ 
zero adjust 

:::9V 

Figure 16: 7116 used as a digital cen,tigrade thermometer. A silicon 
diode-connected transistor has a temperature coefficient of about 
-2mVI'C. Calibration is achieved by placing the sensing transistor 
in Ice water and adjusting the ~eroing potentiometer for ·a 000.0 
r~ading. The sensor should then be placed in boiling water and the 
scale-factor potentiometer adjusted for 100.0 reading. 

40 Pin Ceramic Dual-in-Line Package 

I 2.020 (51.308) I I 
MAX. 

0.540 t(13.7) 
NOM. 

j 
. O.5;60~R2~B)1-I 0.165 (4.191) 

0.050 (1.27) ,- MAX. 0.020 (0.508) 

TYP. --II-- ' , . ~60 (1.524) 

Innnnnnnnnnnnnn- --.1. ~ I I ...Ji 0.006(0.152) l1flnnnnnnnnnnnnnnnnflflJ ~ 0600 -+-0.012 (0.305) 

11-, -il--. .., r ~~~~ (3.175) 1-(~5E~~)--1 
0.050::,:: 0.010 0.D18:<:: 0.002 0.100.:!: 0.D10 I 

(1.27 ::!:. .254) (0.457:. 0.051) (2.54 -<; .254) 



AM2502,·AM2503, AM2504 
Eight-Bit/Twelve-Bit Successive 

Approximation Registers 

FEATURES 

• Contains all the storage and control for successive ap
proximation A-to-D converters. 

• Provision for register extension or truncation. 
• Can tie operated in START -STOP or continuous con

version mode. 

GENERAL DESCRIPTION 
The AM2502, 2503 and 2504 are 8-bit and 12·bit TTL Successive 
Approximation Registers. The registers contain all the dig ital con· 
trol and storage nece ssary for successive ·approximation analog·to
digital conversion. They can also be used in digital systems as the 
control and storage element in recursive digital routines. 

The registers consiSt of a set of master latches that act as the control 
elements in the device and change state when the input clock is 
LOW, and a set of slave latches that hold the register data and change 
on the input clock LOW-to-HIGH transition. Externally the device 
acts·as·a special purpose se·rial·to-parallel converter that accepts data 
at the 0 input of the register arid sends the data to the appropriate 
slave latch to appear .at the register output ·and the DO output on 
th·e 2502 and 2504 when the clock goes from LOW-to·HIGH. There 
are. no restrictions on the data input; it can change state at any time 
except during the set:up time just prior to the clock transition.· At 
the same time that data enters the register bit the next less signifi
c~nt bit is set to a LOVli ready for the next iteration. . 

The register 'is resin by· holding the S (Start) ~ignal LOW during the 
clock LOW-to·HIGH transition. The register synchronously resets· to 
the state 0i(ll) LOW, (Note 2) and all the remaining register out· 
puts HIGH. The CC (Conversion Complete) signal is also set HIGH 
at this time. The 5 signal should not be brought back HIGH until 

LOGIC DIAGRAM/SYMBOLS 

o 

DO (2502, 2504) 

Q7(111 

• 100% reliability assurance testing in compliance with 
MIL-STD·883. . 

• Can be used as serial-to-parallel counter or ring counters. 
• Electrically tested and optically inspected dice for the 

assemblers of hybrid .products. 

after the clock LOW-to-HIGH transition in order to guarantee cor· 
rect resetting. After the clock has gone HIGH resetting the register, 
the S signal is removed. On the next clack LOW-to·HIGH transition 
the data on the 0 input is set into the 0,(11) register bit and the 
06(10) register bit is set to a LOW ready ·for the next clock cycle. 
On the next clock LOW-to·HIGH transition data enters the 0s(10) 
register bit and 0s(9) is set to a LOW. This operation .is repeated 
for each register bit in turn until the register has been filled. When 
the data goes into °0, the CC signal goes· LOW, and the register is 
inhibited from further change until reset by e Start signal. 

In ·order to allow complementary conversion the complementary 
output· of the most significant register bit is made available. An 
active LOW enable input, E, on the 2503 and 2504 ellows devices 
to be connected t~ethe r to form a longer register by ~necting 
the clock, 0, and S inputs together and connecting the CC output 
Of one device to the Einp'ut of the next less significant device. When 
the Start signal resets the register, the E: signal goes HIGH, forcing 
the °7(11) bit HIGH and inhibiting the device from accePting data 
until the previous device is full and its CC goes· LOW. If only one 
device is used the E input should be· held at a LOW logic level . 
(Ground). If a .. II· the bits are not required, th.e register may' be trun- 4 
cated and conversion time .saved by using a register output going 
LOW rather than. the CC signal to indicate the end of conversion. 

cc 

L __________ --l 

0,(11) 

I 
NOTE: \ 
,. ceLL LOGIC IS REPEATED FOR 

REGISTER STAGES. 
Os TO a, 2502/3 
OgTOO, 2504 

2:NUMBERS IN PARENTHESES ARE FOR 2504 

(2503) 1 

'0 

15 14 13 12 11 6 5 4 3" 

, (2502) 

Vee· PIN 16 
GND· PIN 8 

11' 14 

23 21 20 19 18 17 "'6 . 9. 8 1 6 5 4 
Vee· PIN 16" 
GNO" PIN 12 
Ne· PINS .10, 15,22 
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AM2502, AM2503, AM2504 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage to Ground 

Potential Continuous 
DC Voltage Applied to Outputs 

for High Output State 
DC Input Voltage 

-O.5V to +7V 

-O.5V to +VCC max 
-O.5V to +5.5V 

Temperature 
Range 

o to +75°C 

o to +75°C 

o to +75°C 

-55 to +125°C 

ORDERING INFORMATION 

AM2502 AM2503 AM2504 
Package Order No. Order No. Order No. 

Ceramic'DIP AM2502CJE AM2503CJE AM2504CJG 

Epoxy DIP AM2502CPE AM2503CP~ AM2504CPG 

Dice AM2502C/D AM2503C/D AM2504C/D 

Ceramic DIP AM2502MJE i AM2503MJE AM2504MJG Output Current, I nto Outputs 
DC Input Current 
Temperature (Ambient) Under Bias 
Storage Temperature 

30mA 
-30mA to +5.0mA 

_55°C to +12SoC 
~65° C to + 150°C 

-55 to +125° C Dice AM2502M/D' AM2503M/D' AM2504M/D 

4·124 

ELECTRICAL CHARACTERISTICS 
TA = O°C to +75°C VCC = 5.0V ±5% AM2502C 2503C 2504C 

AM2502M 2503M 2504M TA = _55°C to +125°C VCC = 5.0V ±10% (unless otherwise noted) 

PARAMETERS DESCRIPTION TEST CONDITIONS MIN. TYP. (Notel) 

VOH Output HIGH Voltage VCC = MIN.,IOH = -O.48mA 2.4 3.6 

VIN = VIH or VIL 

VOL ,Output LOW Voltage VCC = MIN., 10L = 9.6mA 0.2 
, VIN = VIH or VIL 

VIH ,Input HIGH Level Guar~nteed input logical HIGH 2.0 
voltage for all inputs 

VIL I nput LOW Level Guaranteed input logical LOW 
, , 

" , voltage for all inputs 

IlL Unit Load VCC ,;; MAX., VIN = O.4V -1.0 
(Note 2) Inp~t LOW C~rrent 

IIH Unit Load VCC=MAX., VIN = 2.4V 6.0 
INote 2) Input HIGH Currenf 

Input HIGH ,Current , VCC = MAX., VIN = 5.5V 

ISC Output Short Circuit Current , VCC = MAX., VOUT = O.OV -10 -25 

ICC Power Supply Current VCC = MAX. AM2502 M " 65 

C 65 

AM2503 M 60 

C 60 
, AM2504 M 90 

C 90 

NOTE 1:' Typical Limits are at VCC = 5.0V, 25°C ambient and maxlmumloading. 
NOTE 2: Actual input currents are obtained by' multiplying unit ,load current by input load factor ISee Loading Rules). 

SWITCHING CHARACTERISTICS TA = 25°C, VCC = 5.0V, CL ,: 15pF 

PARAMETERS DESCRIPTION MIN. TYP. 

tpd+ Turn Off Delay CP to Output HIGH 10 26 

'tpd_ Turn On Delay CP to putput LOW 10 18 

tslD) Set·up Time Data Input -10 4 

tsIS)' SeHlp Time Start Input 0 9 

tpd+(E) Turn Off Delay E toQ7(11) HIGH I (AM2503/4) 13 

tpd_IEI Turn On DelayE toQ7(11) LOW I Cp= H.S =L' 
16 

tpwLICPI Minimum LOW Clock Pulse Width 28 

tpwHICP) Minimum HIGH Clock Pulse Width 
,,-

12 

fmal< Maximum Clock Frequency 15 25 

MAX. UNITS 

Volts 

0.4 Volts 

Volts 

0,8 Volts 

-1.6 mA 

40 ),LA 

1.0 ,mA 

-45 mA 

85 mA 

95 
80 mA 

90 

110 mA 

124 

MAX. UNITS 

38 ns 

28 ns 

8 ns 

16 ns 

1$ ns 

24 ns 

46 , ns 

20 ns 

MHz 



AM2502, AM2503, AM2504 D~DIL 

2502/3 LOADING RULES (IN UNIT LOADS) 2504 LOADING RULES (IN UNIT LOADS) 
INPUT FANOUT INPUT FANOUT 

INPUT! PIN UNIT LOAD OUTPUT OUTPUT INPUT! PIN UNIT LOAD OUTPUT OUTPUT 
OUTPUT NO:s LOW HIGH HIGH LOW OUTPUT NO:s LOW HIGH HIGH LOW 

E (2503) 2 2 E 2 2 
DO (2502) 1 12 6 DO 2 12 6 
CC 2 12 6 CC 3 12 6 
00 3 12 6 

°0 4 12 6 

°1 4 12 6 
°1 5 12 6 

°2 5 12 6 
°2 6 12 6 

°3 6 12 6 
°3 7 12 6 

D 7 2 2 
°4 8 12 6 

GND 8 
°5 9 12 6 

CP 9 NC 10 
S 10 2 D 11 2 2 

°4 11 12 6 GND 12 

°5 12 12 6 CP 13 

°6 13 12 6 S 14 2 

°7 14 12 6, NC 15 

°7 15 12 6 
°6 16 12 6 

VCC 16 Q7 17 12 6 

Q8 18 1'2 6 

. MSI INTERFACING RULES Og 19 12 6 

EQUIVALENT °10 20 12 6 

INPUT UNIT LOAD Q11 21 12 6 
INTERFACING DIGITAL FAMILY HIGH LOW 

NC 22 
Advanced Micro Devices 9300/2500 Series 

°11 23 12 6 
FSC Series 9300 1 1 

VCC ·24 
Advanced Micro Devices 54/7400 1. 

9 TI Series 54/7400 NC = No Connection 
Signetics Series 8200 2 2 

National Series DM 75/85 

DTL Series 930 12 

INPUT/OUTPUT INTERFACE CONDITIONS 

. VOLTAGE INTERFACE CONDITIONS - LOW & HIGH 

3.0 

. 1.4 

I., 
1.0 

0.8 MAXIMUM LOGIC -~~E-
0.6 ·'L~~'~~~cJ:UT VOl l '~ii 

1---="::="'-- . NOISE 
0.2 IMMUNITY 

MAXIMUM LOGIC 
"LOW" INPUT ' 

VOLTAGE 

0.0 (Low levell 

DRIVING DEVICE DRIVEN DEVICE 

__ no v V~OH, ___ ~ ____ V,~. . .. 

'----fL' . V'~ 
DRIVING DRIVEN 
DEVICE DeVICE 

CURRENT INTERFACE CONDITIONS - LOW 
OUTPUT DRIVING 

"LOW" 
INPUT LOAD 

DRIVEN "LOW" 

. Vee --"'--1.------1----""""----

CURRENT INTERFACE CONDITIONS - HIGH 

vcc-:'~F---....;.;.+---_.,.---
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AM2502, AM2503, AM2504 

4·126 

SWITCHING TIME WAVEFORMS 

DEFINITION OF TERMS 

SUBSCRIPT TERMS: 

H HIGH, applying to a HIGH logic level or when used 
with VCC to indicate high VCC value. 

I Input. 

L LOW, applying to LOW logic level or when used with 
VCC to indicate low VCC value. 

o Output. 

FUNCTIONAL TERMS: 

Fan-Out The logic HIGH or LOW output drive capability 
in terms of Input Unit Loads. 

. Input Unit Load One T2 L gate input load. In the HIGH 
state, it is equal to I, H and in the LOW state it is equal to 
I,L· 

CP The dock input of the register. 

CC The conversion complete output. This output remains 
HIGH during a conversion and goes LOWwhen a conver· 
sion is complete. 

o The serial data input of the r!lgiter. 

E The register enable. This input is used to expand the 
length of the register and when HIGH forces the Q7(11) 
register output HIGH and inhibits convElrsion. When not 
used for expansion the enable is held at a LOW logic 
level (Ground). 

Q7( 11) The true output of the MSB of the register. 

07(11) The complernent output of the MSB of the 
register. 

Qi i = 7(11) to 0 The outputs ofthe register. 

. S The start input. If the start input is held LOW for at 
least a clock period the register will be reset to Q7 (11) 
LOW and all the .remaining outputs HIGH. A start pulse 
that is LOW for a shorter period of time can be used if it 
meets the set·up time requirements of the S input. 

DO The serial data output. (The D input delayed one bit). 

OPERATIONAL TERMS: 
,IlL Forward input load current. 

KEY TO TIMING DIAGRAM 

MUSTOE WILleE 
STEAOY STEAOY .. MA,YCIlANG£ WIll8E 

CHANGING 
FAOMHTOL fROMHTOL 

• "'A'" CHANGE 
WILL BE 
CHANGING 

FIIOM L TOH FROML TOH 

- DOfll'TCAAE CHANGING. 
ANY CHANGE STAlE 
P£RMITlEO UNKNOWN 

IOH Output HIGH current, forced out of output VOH 
test. 

10L Output LOW current, forced into the output in VOL 
test. 

IIH Reverse input .Ioad current: 

Negative Current Current flowing out of the device. 

Positive Current Current flowing into the device. 

V,H Minimum logic HIGH input voltage. 

VIL Maximum logic LOW input voltage. 

VOH Minimum logic HIGH output voltage with output 
HIGH current 'OHflowing out of output . 

VOL Maximum logic LOW output Voltage with output 
LOW current 10L flowing into output. 

SWITCHING TERMS: (Measured at the 1.5V logic level). 

tpd_ The propagation delay from the clock signal LOW· 
HIGH transition to an output signal HIGH·LOW transition. 

tpd+ The propagation delay from the clock signal LOW· 
HIGH transition to/in output signal LOW·HIGH transition. 

t d_(E) The propagation delay from the Enable signal 
;fIGH.LOW transition to the Q7(11) output signal HIGH
LOW transition. 

tpd+(E) The propagation delay from the Enable signal 
LOW-HIGH transition to 07(11) output signal LOW~HIGH 
transition. 

ts(D) Set-up time required for the logic level to be present 
at the data input prior to the clock transition from LOW to 
HIGH in order for the register to respond. The data input 
should remain steady betweents max, and ts min. before 
the clock. 

ts(S) ~t-up time required for a LOW level to be present 
at the S input prior to the clock transition from. LOW to 
HIGH in order for the register to be reset, or time required 
for a HIGH level to be present on S before the HIGH to 
LOW clock transition to prevent resetting. 

,tpwCP)' The minimum clock pulse width (LOW or HIGH) 
required for proper register operation. , 



AM2502, AM2503, AM2504 

AM2502/3 TRUTH TABLE 

TIME INPUTS OUTPUTS 

tn 0 S E DO Q7 QS Q5 Q4 Q3 Q2 Q1 no 
0 X L L X X X X X X X X X 

07 H L X L H H H H H H H 

2 D6 H L D7 D7 L H 'H H H H H 

3 D5 H L D6 D7 D6 L H H H H H 

4 D4 H L D5 D7 D6 D5 L H H H H 

5 D3 H L D4 D7 D6 D5 D4 L H H H 

S D2 H L D3 D7 D6 D5 D4 D3 L H H 

7 D1 H L D2 D7 D6 D5 D4 D3 D2 L H 

8 DO H L D1 D7 D6 D5 D4 D3 D2 D1 L 

9 X H L DO D7 D6 D5 D4 D3 D2 D1 DO 

10 X X L X D7 D6 D5 D4 D3 D2 D1 DO 

X X H X H NC NC NC NC NC NC NC 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = DOn't Care 
NC = No Change 

Note: Truth Table for 2504 is extended to include 12 outputs. 

CC 

X 

H 

H 

H 

H 

H 

H 

H 

H 

L 

L 

NC 

USER NOTES FOR A/D CONVERSION 

1. The' register can be used with either current switches 
that require a low voltage level to turn the switch on, 
or current switches that require a high voltage level to 
turn the current switch on. If current switches' are used 
which turn on with a low logic level the resulting digital 
output from the register is active LOW. That is, a logic 
"1" is represented as a low voltage level. If current swit
ches are used that turn on with a high logic level then 
the digital output is active HIGH; a logic "1" is repre
sented as a high voltage level. 

2. For a maximum digital error of ±%LSB the comparator 
must be biased. If current switches that require a high 
voltage level to turn on are used, the comparator should 
be biased +%LSB and if the current switches require a 
high logic level to turn on then the comparator must be 
biased -%LSB. ' 

3. The register, by suitable selection of resistor ladder net
work, can be used to perform either binary or BCD 
conversion. 

4. The register can be used to perform 2's complement 
conversion by offsetting the comparator % full range 
+%LSB and using the complement of the MSB Q7(11) 
as the sign bit. 

5. If the register is truncated and operated in the con
'tinuous conversion mode a lock-up condition may occur 
on power-on. This situation can be overcome by making 
the START input the OR function of CC and the appro
priate register output. 

AM2502/3 TIMING CHART 

'"'""I 

CLOCK 

START 1 
DATA I 

07 

06 

05 

0, 

03 

OUTPUTS 

02 

0, 

00 

CONVERS10N 
COMPLETE 

DO I 

I 
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AM2502,AM2503,~M25~4 D~DIL 

II 

AM2502/3/4 APPLICATION 
CONTINUOUS CONVERSION ANALOG·TO·DIGITAL CONVERTER 

A 
~E 

D 5 
AM2504 DO SERIAL DATA OUT 

~ CP 12-81T SAR 
CC CONVERSION 

011 0,009 08 • • • • Q3020, 00 COMPLETE 

Y 

PARALLEL 
DATA 
OUT 

.... 
COMPARATOR 

12·BIT D/A CONVERTER + 

ANALOG INPUT -------V 
This shows how the 2502/3/4 registers are used with a Digital-to-Analog converter and a comparator to form a very high-speed continuous cOrl

'version Analog-to-Digital converter. Conversion time is limited mainly bV the speed of the D/A converter'and comparator with typical conversion 
rates of 100,000 conversions per second. A 10-bit continuous conversion can be performed by connecting 01 to 03 and using Q1 as the con
version complete signal. 

2502/3 
16·PIN MOLDED DIP 

~ l--:Ws----i ,020 

. !~:i 
~f~.r T 
~ -j I- -II-W, 

2504 

1-.300-1 

0 .. 11 
~ -~-]09 
~~-I 

24·PIN MOLDED DIP 

TCJ'··13 .535 -, 
:525 -.J 

--L' 12 

:..!.§Q. 1.255---j 
.150 --'f"'24S .020 ±'.' MIN. 

~~.::c~-=+ 
,!2!!-jI. ~.:.JL_ 
. 090 r .01811 

f-~~ 
1,-,585-""1 

~"''!'! 
/-

,!l7!i _I .009 
.625~ 

PHYSICAL DIMENSIONS 

16·PIN HERMETIC DIP 

24·PIN HERMETIC DIP 

(0)' 13T 
.545 
:-515 

'I 12.1 

. ~ i:;;~=---i 
.'1giW --r16• TIO -LTIi) 
.125 ----, 

MIN -1 ~ +- .. ,. ',110:QIQ ~M1N . 
:090 .035 .015 

1---!1!'---I 
IF·590....,1 
~ ;>'1 I-------t- .009 

I g; I 
r--.625~ 

16·PIN FLAT PAK 

L 
T==""----'-"==== 
.055 .006 :l~ .. 035 

00])03 -1~ 
I ,----r 

24·PIN FLAT PAK 

CONNECTION DIAGRAMS 
Top View 

METALLIZATION AND PAD LAYOUT 

:~~gi: ~o ~;::;:;;U;?,,'i:J Vee 

cc Q7 

00 0, 

0, 
0, 
03 

GND C!:=:;"':=:!:Jep 

a-DE £; ~ 24 ;d ycc , "§;Ol1 cc 3 22 NC 
Co 4 21 all 
a, 5 20 010 
02 6 AM2504 19 Og 
Q3 7 {24'Pin) 18 08 

04 17 07 
as 16 00 
Nt 10 15 NC' 

o 11 5 
GNO 12 13 CP 

l--_---.J 

Die size 0.95" x 0.142" 

CP 

GND 

D 

4·128 



ICL8018A, ICL8019A, ICL8020A 
Quad Current Switch 
ForDI A Conversion 

GENERAL DESCRIPTION 

The Intersil ICLS01SA integrated circuit IS a high speed 
precision current switch for use in current summing digital
to-analog converters. It consists of four logically controlled 
current switches and a reference device on a single mono
lithic silicon chip. The reference transistor combined with 
an external source and precision resistorS determines the 
magnitude of the currents to be summed. By weighting the 
currents in proportion to the binary bit which controls 
them, the total output current will be proportional to the 
binary number represented by the input logic levels. 

The performance and economy of the ICLS01SA quad cur
rent switch make it ideal for use in digital-to-analog con
verters for industrial process control and instrumentation 
systems. 

CONNECTION DIAGRAM 

\ 

"SO , 

BIT23 
lOGIC, 

INPUTS SIT l ... 

BIT .. !i 

COMPENSATION\ E • 
TRANSISTOR 

C 1 

ORDERING INFORMATION 

Ie L 8018A M X DO 

lS~
· Package' 00-1' p," H.,me';t DIP 

PO -14 Pin PlastiC DIP 

Matched Set (Vbt Group)-

.. . . .. M - _5~OC. to .125QC Temperature Range 
C - O"C 10 +70°C Temperature Range 

Device ChiP Type 

L-_____ -'-_ linear Circuit 

'-------'--- INTERSIL Inc. Circuit 

ACCURACY 
MIL PART NO. COMMERCIAL PART NO. 
CERAMIC DIP PLASTIC DIP 

~ 

Individual Devices 
.01% ICL8D18AM-DD ICLB018AC-PD 
0.1% ICL8D19AM-OO ICL8D19AC-PD 
1.0% ICL8D2DAM-OO ICL8D2DAC-PD 

Matched Sets· 
.01% ICL8D1SAM-X-OD ICL801SAC-X-PD 
0.1% ICLSDI9AM-X-OO ICLSDI9AC-X-PO 
1.0% ICLSD2DAM-X-OD ICLSD2DAC-X-PO 

·NOTE: Units ordered in equal quantities will be matched such that 
with respect to the'Vbe of the compensation transistor of _the 8018 
quad, the Vbe's of the 8019 will be within ±10 'mY and the Vbe's of 
the 8020 will be within ±50 mV. 

FEATURES 
• TTL Compatible: LOW-O.SV 

HIGH-2.0V 
• 12 Bit Accuracy 
• 40 nsec, Switching Speed 

• Wide Power Supply Range 
• Low Temperature Coefficient 

APPLICATIONS 
• D/A-A/D Converters 
• Digital Threshold Control 
• Programmable Voltage Source 
• Meter Drive 
• X-V Plotters 

.TRUTH'TABLE 

Nominal' 
Logic Input Output 

Current (mAl 

0 0 0 0 1.875 
0 0 0 1 1.750 
0 0 1 0 1.625 
0 0 1 1 1.500 
0 1 0 0 1.375 
0 1 0 1 1.250 
0 1 1 0 1.125 
0 1 1 1 1.000 
1 0 0 0 0.875 
1 0 0 1 0.750 
1 0 1 0 0.625 
1 0 1 1 0.500 
1 1 0 0 0.375 
1 1 0 1 0.250 
1 1 1 0 0.125 
1 1 1 1 0.000 

SCHEMATIC DIAGRAM 

EQUIVALENT CIRCUIT 

1113 . IIT1 , 

TO PIIICISION "UISTO"S 

"'" 

III 1 , ,. , 
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ICL8018A, ICL8019A, ICL8020A 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Logic Input Voltage 
Storage Temperature . 
Operating Temperature ICL8018AM l' 
. " ICL8019AM 

ICL8020AM 

ICLS018AC} 
ICL8019AC " 
ICL8020A:C 

±20V Vo = VB to +20V 
-2to V+" 

-65°C to +150°C VB:" V- to +5V 

-55°C to +125°C Lead Temp (Soldering, 10 sec) 

O°C to +70°C 

':".;lj 

U~DIb 

. 300°C 

ELECTRICAL CHARACTERISTICS (4.5V';;; V +.;;; 20V; V-.= -15V. TA = 25°C. V @pin 6 = .:.5V) 

II 

4-130 

PARA~ETER 

Absolute Error 

ICL8018A 
ICL8019A 
ICLS020A 

Error Temperature Coefficient 

ICL8018A 
. ICL8019A 

ICLS020A 

Settling Time To ± %LSB. RL = 1 kn " 
~ BIT . 

.12 SIT 
SWitching Time To Turn On LSB" 
Output Current (No'minal) 

BIT 1 (MSB) 
BIT2 
BIT3 
BIT 4 (LSB) 

Zero Output Current 
Output Voltage R,!nge 
Input Coding·Complimentary Binary' 

(See Truth Table) 
Logic Input Voltage 

"0" (Switch ON) 
"1" (Switch OFF) 

Logic Input Current 
"0" 
"1" 

Powei'Supply Rejection 
V+ 
V-

Supply Voltage Range 
. 'V+ 

V-
Supply Current (Vs = ±20V) 

.1+ 
1-

MIN 

Vg + lV 

2.0 

4.5 
-10 

tvp 

±2 
±2 
±2. 

100 
200 
40 

1.0 

10 

.5 

.250 

.125 

1.0 
.01 

.005 

.0005 

5 
-15 

7 
I 1 

MAX 

" ±.01 

±.1 
±1 

±5 
£25 
±50 

50" 
+10 

2 

20 
-20 

10 
3 

.S 

.UNITS 

% 
% 
% 

ppm/OC 
ppm/oC 
ppm/oC 

ns 
ns 
ns 

mA 
mA 
mA 
mA 
nA 
V 

V 
V 

mA 
p.A 

%/V 
%/V 

mA 
inA 



Amplifiers 
D~lver~Ampllfler for Power 
Transistors 
ICLB063 5-6 

Driver; Power Driver for 
actuatora, motors 
ICH851 0/20/30 5-14 

Instrumentation, . 
Commutatlng Auto Zero 
ICL7605/6 5-22 

Log-Antilog - I 
ICl8048/9· 5-32 

Operational, 
Commutatlng Auto Zero 
ICL7600/1 5-40 

Operational, General Purpose 
A0101A/201A/301A 5-50 
AD741/K 5-54 
ICL741HS 5-55 
ICL741LN 5-57 
ICL8008 5-61 
IH5101 5-63 
LH2101/2301 5-65 
LH2108/2308 5-67 
LM107/207/307 5-69 
LM108/208/308 5-71 
LM124A1224A/324A; 

LM2902 5-75 
LM741 , !LA741 5-79 
LM748, !LA748 5-81 
!LA777 5-89 

Operational, FETInput . 
AD503 5-95 
ICH8500/ A 5-98 
ICl8OO7-1/2/3/4/5 5-104 
8007C,M . 5~110 
ICLB043M/C . 5-112 
LF155/6/7; LF255/6/7; 

LF355/6/7; 
LF155A/6A/7A; 
LF355A/6A/7A 

LH0042 
LM740, !LA740 
SU536 

- Operational, High . 
Impedance Bipolar 
HA2600/02/05/20/ 

5-116 
5-131 
5"136 
5-140 

22/25 5-.143 
HA2607/27 5-147 

Operational, High Speed 
HA2500/02/05/10/12i '. 
i 15/20/22/25 5-149 
HA2507/17/27 5-154 
ICLB017 5-156 

Operational, Low Power 
ICL4250, 4250C 5-160 
ICL7611-15; 

ICL7621/22; 
ICL7631/32; 
ICL7641/42 . 

ICLB021 
ICLB022 
ICL8023 

Video 

5-163 
5"179 
5-183 
5-184 

LM733, !LA733 5-185 

Camera Circuit 
ICL8061/62 5-189 

Comparators 
Low Power 
ICL8001 

Precision 
LM111/211/311 

- Dual 
LH2111/2311 

Quad 
LM139A/239A1339A; . 

5-203 

LM2902; MC3302 5-215 

Followers 
LM102/202/302; LM110/ 

LM210/LM310 5-223 
LH211 0/2310 5-227 

Multipliers 
ICL8013 

Sample and Hold 
IH511G-15 5-233 

Temperature Sensor 
A0590 . 5-239 

Voltage References 
1.2 Volt 

ICL8069 5-241 
Reference with detector, 

indicator and regulator 
ICL8211/12 5-243 

Voltage Regulators 
LM100/200/300 5-253 
LM105/205/305 5-257 
LM723, !LA723. 5-261 

Waveform Generator 
ICL8038 . 5-267 



Operational Amplifiers-General Purpose 
Vo, I, Avol GxB/W Icc T. , 

1\Ipe Description (mV) (nA) (V/V) (MHz) (rnA) (OC) Packages 
, 

Remarks 

lOlA Gen Purpose, Uncompensated 2.0 75 50,000 O.S' 3.0 -55,+125 J,F,T 
101ALN Guaranteed Noise lOlA 2.0 75 50,000 O.S' 3.0 -55,+125 J,F,T :;onV/v'Hz@ 10Hz 
107 Gen Purpose, Compensated 2.0 75 50,000 - 3.0 -55,+125 T 
lOS Low Level, Uncompensated 2.0 2.0 50,000 1.0' 0.6 -55,+125 J,F,T 

. 10SA Low offset .1 OS 0.5 2.0 SO,OOO 1.0' 0.6 -55,+125 J,F,T 

10SLN Guaranteed NOise lOS 2.0 2.0 50,000 1.0' 0.6 -55,+125 T 70nV/v'Hz@10Hz 
124 Quad, Compensated 5.0 300 100,000' 1.0' 2.0 -55,+125 J 
207 Low bias, Compensated 2.0 75 50,000 - 3.0 -25,+S5 T 

20S Low Level,Uncompensated 2.0 2.0 50,000 1.0' 0.6 -25,+S5 J,F,T 
20SA Low ollset 20S 0.5 2.0 SO,OOO 1.0' 0.6 -25,+S5 J,F,T 
224 Quad, Compensated 7.0 500 100,000' 1.0' 2.0 -25,+S5 J 

301A Gen Purpose, Uncompensated 7.5 250 25,000 O.S' 3.0 0,+70 P,T 
50nV/v'Hz@ 10Hz 301ALN Guaranteed noise 301A 7.5 250 25,000 O.S' 3.0 0,+70 P,T 

307 Low bias, Compensated 7.5 250 25,000 - 3.0 0,+70 P,T 
30S Low Level, Uncompensated 7.5 7.0 25,000 1.0' O.S 0,+70 F,J,p,T 
30SA Low offset 30S 0.5 . 7.0 SO,OOO 1.0' O.S 0,+70 J,T 

30SLN Guaranteed noise 30S 7.5 7.0 25,000 1.0' O.S 0,+70 T 70nVIv'Hz@10Hz 
324 Quad, Compensated 7.0 500 100,000' 1.0' 2.0 0,+70 J,P 
741 , Gen Purpose, Compensated 5.0 500 50,000 1.0' 2.S -55,+125 T 
741C Gen Purpose, Compensated 6.0 500 25,000 1.0· 2.S 0,+70 p,T' 
741HS Guaranteed Slew Rate 741 5.0 500 50,000 1.0' . 2.S -55,+125 J,T Slew Rate 0.7V/ILS 

741CHS Guaranteed Slew Rate 741C 6.0 500 25,000 1.0' 2.S 0,+70 P,T Slew~teo.7VltS 
741LN Guaranteed Noise 741 5.0 500 50,000 '1.0' 2.S -55,+125 J,F,T 50nVI Hz@ 1 Hz 
741CLN Guaranteed Noise 741 C 6.0 500 25,000 1.0' 2.S 0,+70 P,T 50nV Iv'Hz @ 10Hz 
741K High Accuracy 741 0.5 50 50,000 1.0 2.S Ot070 T 
74S General Purpose 1.0 SO 25,000 O.S 2.0 -5510125 P,T' 

748C General Purpose, Compensated 1.0 SO 25,000 O.S 2.0 Ot070 P,T 
777 General purpose comparator 0:7 25 150,000 O.S 2.5 -55,+125 P,T 
777C General purpose comparator 0.7 25 150,000 . O.S 2.5 0,+70 P,T 
SOOSM Low bias current, Compensated 5.0 10 20,00 1.0' 2.S -55,+125 J,T 
SOOSC Low bi~s current, Compensated 6.0 25 . 20,000 1.0' 2.S 0,+70 J,p,T 

IH5101 Ultra low noise 1;000 100,000 10.0 15.0 ~55 to +125 I 
LH2101A Dual high performance 2.0 100 25,000 O.S 2.5 -55to 125 D 
LH21 OS Dual super beta 2.0 .3.0 25,000 1.0 0.4 -55 to 125 D 
LH210SA Dual super beta 0.5 3.0 40,000 1.0 0.4 -55 to 125 D 
LH2301A Dual high performance 7.5 300 15,000 O.S 2.5 Ot070 D 

LH230S Dual supe; beta 7.5 10 15,000 1.0 0.4 Ot070 D 
LH230SA Dual super beta 0.5 10 60,000 1.0 0.4 Ot070 D 
LM2902 Quad, Compensated 2.0 45 100,000 1.0 0.7 -40toS5 P 

B Operational Amplifiers-Low Power Programmable 
Vo, I, Avol GxB/W Icc atlset at v, T. 

1\Ipe Description (mV) (nA) (V/V) (MHz) ".tA) (ILA) (V) eC) Packages 

.4250 Programmable, Uncompensated 5.0 10 25,000 - S.O 1 1.5 -55 to 125 T 
4250C Programmable, Compensated 5.0 10 25,000 - S.O 1 1.5 0,+70 T 

6.0 75 25,000 - 90 10 1.5 
a021M Programmable, Compensated 3.0 20 50,000 0.27 40 30 6.0 -55,+125 J,T 
S021C Programmable, Compensated 6.0 30 50,000 0.27 50 30 6.0 0,+70 T 

S022M DualS021M 3.0 20 50,000 0.27 40 30 6.0 -55,+125 J,F 
S022C DualS021C 6.0 30 50,000 0.27 50 30 6.0 0,+70 J,P 
S023M Triple S021 M 3.0 20 50,000 0.27 40 30 6.0 -55,+125 J 
S023C jTriple S021 C 6.0 30 50,000 0.27 50 30 6.0 0,+70 J,P 

• See package key, page 5-5 
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Operational Am plifiers--:-F.E. 1. Input 
Slew 

Vos I, Avol GxB/W Rate Icc T. 
~pe Description' (mV) (pA) (V/V) (MHz) VIS (mA) (~C) Packages', Remarks 

LH0042 General Purpos!, 5.0 10 50,000 6 2.3 -55to 125 T 

' .' 
LF155 BIFET, Compensated 5 '100 50,000 2.5· 5" 4 -55,+125 T 
LF155A BIFET, Compensated 2 50 50,000 2.5' 3 4 -55,+125 T 
LFl56 BIFET, Compensated 5 100 50,000 5' 7,5 7 -55,+125 T 
LF156A BIFET, Compe~sated 2 50 50,000 4 10 7, -55,+125 T 

LF157 BIFET, Compensated for Av '" 5 5 100 50,000 20' 30 7 -55,+125 T All BIFET ampilliers 
LF157A BIFEl, Compensated lor AVKIA• '" 5 2 50 50,000 15 40 7 -55,+125 T oller low nolse-
LV255 BIFEl, Compensated 5 100 50,000 2,5' 5' 4 -25,+85 T See data sheets 

'LF256 BIFET, Compensated 5 100 ' 50,000 5' 7.5' 7 -25,+85 T 
LF257 BIFEl, Compensated lor Av '" 5 5 100 50,000 20' 30 7 -25,+85 T 

LF355 , BIFET, Compensated 10 200 25,000 2.5' 5' 4 0,+70 T,P , 
LF355A BIFET, Compensated 2 50 50,000 2.5' 3 4 0,+70 T,P 
LF356 BIFET, Compensated 10 200 25,000 5' 12' 10 0,+70 T,P 
LF356A BIFET, Compensated 2 50 SO,OOO 4 10 7 0,+70 T,P 
LF357 BIFET, Compensated lor Av '" 5, 10 200 25,000 20' 50' 10 0,+70 T,P 

LF357A BIFET, Compensated lor Av '" 5 '2 50 50;000 15 40 7 0,+70 T,P 
AD503 High' accuracy, low ollset 20 10 50,000 3 7max 0,+70 T 
SU536 General Purpose ' 30 30 . 50,000 6 6 -55 to 85 T 
740M ' General Purpose 20 200 SO,OOO 3' 6' 5.2 -55,+125 T 
740C .General Purpose 110 2000 20,000 l' 6' 8.0 0,+70 T 

8007M General Purpose, Compensated 20 20 50,000 1.0' S' 5.2 -55,+125 T 
8007AM 8007M, Low I, 30 1.0 20,000 ' 1.0' 2.5 S -55,+125 T 
8007C General Purpose, Compensated 50 50 20,000 1.0' 6' 6 0,+70 T 
8007AC 80Q7C, Low I, 30 1.0 20,000 1'.0' 2.5 6 0,+70 T 
8007M-5 S007M, Low V"' I, 10 10 50,000 1.0' 3.0 5.? -55,+125 T 15p.V/"C 

S007C-4 S007C, Low V"' Ollset Null 10 10 50,000 1.0' 3.0 S 0,+70 T 10p.V/"C 
S007C-5 8007C, Low V ... Ollset Null 10 10 50,000 1'.0' 3.0 S 0,+70 T 15p.V/"C 

,S043M DualS007M ,20 20 50,000 1.0' 6.0' 6 -55,+125 J 
S043C Dual8007C . 50 50 20,000 1.0' 'S.O' S.8 -55,+125 J,P 
S500 .MOSFET Input, Compensated 50 0.1 20,000 0.7' 0.5' 2.7' -25,+S5 T 

SSOOA MOSFET Input, Super Low I, ' 50 0.01 20,000 0.7' 0.5' , 2.7' -25,+S5 ' T, 

Operational Amplifiers~High Speed 
Slew 

v .. I, AVDl GxB/W Rate Ice ' T. 
Pack8g~' ~pe Description (mV) (nA) (V/V) (MHz) V/p.S (mA) ('C)' 

HA2500 High slew rate, Compensated 5.0 ' 200 20,000 12' 25 S.O -55,+125 F,T,J 
HA2502 High slew rate, Compensated 8.0 250 15,000 12' 20 6.0 -55,+125 F,T,J 
HA2505 High slew rate, Compensated 8.0 250 15,000 '12' 20 S.O 0,+75 F,T 
HA2507 High slew rate, Compensated 5.0 125 15,000 12 30 4.0 Ot075 F,T 
HA2510 High slew r~te, Compensated 8.0 200 10,000 12' SO S.O -55,+125 F,T , 
HA2512 High slew rate, Compensated 10.0 250 7,SOO 12' 40 S.O -55,+125 F,T 
HA2515 High slew rate, Compensated 10.0 250 7,SOO 12,' 40 6.0 0,+75' F,T 
HA2517 High slew rate, Compensated 5.0 125 7,SOO 12 SO 4.0 Ot075 F,T 
HA2520 Compensated lor Av '" 3 S.O, 200 10,000 30' 100 6.0 -55,+125 F,T,J 
HA2522 Compensated lor Av '" 3 10.0, 250 7,500 30' SO 6.0 -55,+125 F,T,J 

HA2525, Compensated lor Av '" 3 10.0 ' 250 7,500 30' SO 6.0 0,+75 F,T,J 
HA2527 High slew rate, Compensated lor Av'" 3 5.0 125 7,500 20 120 4.0 -S5, 10 150 F,T 
B017M High speed, Inverting 5.0 200 25,000 10' 130' 7.0 -55,+125 T,F 
S017C High speed, Inverting 7.0 200 25,000 10' 130' B.O 0,+70 T,F 

Operational Amplifiers-High Impedance, 
Slew 

v .. I, AvoL Rate Ice T. 
~pe Description (mV) (nA) (V/V) (V/p.S) (mA) (.C) Packages 

HA2600 High Impedance, Compensated 4.0 10 100,000 4 3.7 -55,+125 F,J,T-
HA2S02 'High Impedance, Compensated 5.0 25 SO,OOO 4 4.0 -55,+125 F,J,T 
HA2605. High impedance, Compensated 5.0 25 SO,OOO 4 4.0 0,+75 F,J,T 
HA2607 ,High Impedance, Compensated 4.0 5 70,000 7 3.0 Ot075 P 
HA2S20 ' 2600 Co~ensated lor Av'" 5 4.0 15 100,000 25 3.7 -55,+125 F,J,T 

HA2622 2602 Compensated lor Av '" 5 5.0 25 BO,ooo 20 4.0 -55 .. 1:125 F,J,T 
HA2625 2605 Compensated lor Ay'" 5 5.0 25 BO,OOO 20 4.0 0,+75 F,J,T 
HA2627 2607 Compensated lor Ay'" 5 4.0 5 70,000 35 3.0 01075 P 

, Video Amplifiers 
" 

Gains Bsndwldths . ENiIN) Output loe , T. 
~pe Description (V/V) (MHz) ,.V(rms) Offset (V) (mA) ("C) Packages. ' 

733M Gain selectable video amp. 400,100,10' 40,90,120' 12 1.5 24 -55,+125 T 
733C Gain selectable video amp. 400,100,10' 40,90,120', 12, 1.5 24 '0,+70 T 

, See package key, page 5-5 
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Voltage Followers , 
Slew 

Va; I'N Av(MIN) 3dbB/W Rate 
lYpe Description (mV) (nA) (VI V) (MHz) OI/p.S) 

102 Voltage Follower 5 10 0.999 - -
110 Voltage Follower 4 3 0.999 - -
202 Voltage Follower 10 15 0.999 - -
210 Voltage Follower 4 3 0.999 15' 30' 
302 Voltage Follower 15 30 0.9985 ,15' 30' 

310 Voltage Follower 7.5 7 0.999 15' 30' 
LH2110 4.0 3 0.999 - -
LH2310 7.5 7 0.999 - -

Comparators 
Notes: Tpd measured for 100 mV step with 5 mVoverdrive. 

Icc measured for \!. = ± 15V 

Va; I, Av tpd I", 
lYpe Description (V) (nA) (V/mV) (nS) (mA) 

111 Precision Comparator 3 
211 Precision Comparator 3 
311 Precision Comparator 7.5 
8001M Low Power Comparator' 3 
8001C Low Power Comparator 5 

LM139 Quad. Comparator 5 
LM139A Low Offset 139 ,2 
LM239 Quad. Comparator 5 
LM239A Low Offset 239 2 
LM339 Quad. Comparator 5 

LM339A Low Offset 339 2 
LH2111 Dual Precision Comparator 3 
LH2311 Dual Precision Comparator 7.5 
MC2901 Quad. Comparator 2 
MC3302 Quad. Comparator 3 

Power Amplifiers 
Notel. Specifications apply at ±30V supplies. 

2 •. All units packaged in 8 lead T03 can. 
3. Fully protected against inductive current flow. 
4 Eldernallysettable output current limiting 

lYpe Description Use 

ICH8510M Hybrid Power Amp. ' Servo 
ICH18510C Hybrid Power Amp. and 
ICH8520M Hybrid Power Amp. Actuator 
ICH8520C Hybrid Power Amp. 
ICH8530M Hybrid Power Amp. 

ICH8530C Hybrid Power Amp. 
ICL8063C MonolHhic Power Amp. Power 
ICL8063M Monolithic Power Amp. Transistors 

Voltage Regulators 

100 200' 200' 
100 200' 200' 
250 200' 200' 
100 15 250' 
250 15 250' 

100 200' 1300' 
100 .200' 1300' 
250 200' 1300' 
250 200' 1300' 
250 200' 1300' 

250 200' 1300' 
100 200 200 
250 200 200 
25 100 300 
25 30 300 

, 'Output Output Vos 
eurrent(A) Swing (V) (mV) 

1.0 ±26 3.0 
1.0 ±26 6.0 
2.0 ±26 3.0 
2.0 ±26 6.0 
2.7 ±25 3.0 

2.7 ±25 6.0 
2.0 ±27 50 
2.0 ±27 75 

Input Output InputlOutput Load Load 
Voltage Voltage 

(V) (V) 
lYpe MIN MAX MIN MAX 

100 8.5 40 2.0 30 ' 
105 8.5 50 4.5 40 
300 8.0 30 2.0 20 
305 8.0 40 4.5 30 
723 9.5 40 2.0 37 

723C 9.5 40 2.0 37 

Sample and Hold 
"JYpe 

IH5110 
IH5111 
IH5112 
IH5113 
IH5114 
IH5115 

, See package key, page 5-5 
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VanilOG! 
(v ... ) 

±15 
±20 
±15 ' 
±20 
±15 
±20 

Differential Current ~~. (V) (mA) 
MIN MAX MIN MAX (.) 

3.0 30 3.0 12 0.5 
3.0 30 0 12 0.05 
3.0 20 3.0 12 0.5 
3.0 30 0 12 0.05 
3.0 38 0 50 0.15 

3.0 38 0 50 0.2 

Z" Vos 
(MII@10Hz) (mV) 

100 40 
100 40 
100 10 
100 10 
100 5, 
100 5 

6 
6 

7.5 
2 
2 

2 
2 
2 
2 
2 

2 
6 

7.5 
0.8 
0.8 

I, 
(nA) 

250 
500 
250 
500 
250 

500 

Line 
Reg' 
(./V) 

0.2 
0.06 
0.2 
0.06 
0.03 

0.03 

Swing Icc TA 
, (V) (mA) ('e) Packages' 

±10 4.0 -55,+125 F,T 
±10 - -55,+125 D,F,T 
±10 - ~25,+85 T 
±10 4.0 -25,+85 D,T 
±10 4.0 0,+70 T 

±10 - 0,+70 D,p,T 
±10 4.0 -55 to 125 D 
±.10 4.0 Ot070 D 

,VOL at 10L TA 
(V) (mA) ('e) Packages 

0.4 8 -55,+125 D,F,T 
0.4 8 -25,+85 D,F,T 
0.4 8 0,+70 D,F,J,p,T 
0.5 2 -55,+125 T 
0.4 2 0,+70 T 

0.7 4 -55,+125 D 
0.4 3 -55,+125 D 
0.7 4 ~25,+85 D 
0.4 3 -25,+85 D 
0.7 4 0,+70 D,P 

0.4 3 0,+70 D,P 
0.4 8 -55 to 125 D 
0.4 8 Ot070 D 
.25 4 01070 D,F 
.25' 4 01070 D,F 

Slew ' Quiescent 
Avol Rate Icc TA 
(VIV) (V//LS) (mA) ee) 

100,000 0.5 40 -55,+125 
100,000 0.5 50 -25,+85 
100,000 0.5 40 -55,+125 
100,000 0.5 50 -25,+85 
100,000 • 0;5 40 -55,+125 

100,000 0.5 50 -25,+85 
6 250 0,+70 
6 300 -55,+125 

Avg. 

~~'::~ Pdat 
2S'C Ti 

(.I'C) (mW) ('e) Packages 

0.005 500 -55,+150 F,T 
0.005 500 -55,+150 F,T 
0.03 300 0,+70 T 
0.03 500 0,+70 T 
0.015 800, -55,+125 T,J 

0.D15 660 0,+70 P,T 

Drllt 
Rate (mV/sec) Package 

5 D 
5 D 
5 D 
5 D 
5 D 
5 D 



Special Function Circuits 
Type Accuracy 

AD590 Temperature transducer-output linear at l/LA/oK :±:l Q C 
8013AM Four quadrant multiplier. Output proportional to, algebraic products ±O.S% 
8013BM of two input signals. Features ±O.S% accuracy; internal op·amp ±1.0% 
8013CM for level shift, division and square root functions; full ± 10V ±2.0% 
8013AC input/output range; 1 MHz bandwidth. ±O.S% 

8013BC ::!:.1.0% 
8013CC ±2.0% 
8038AM Simultaneous Sine, Square, and Triangle wave outputs T'L 1.5% 
8038AC compatible to 2BV over frequency range from 0.001 Hz to 1.0 MHz. 1.5% 
B03BBM Low distortion «1 %); high linearity (0.1 %); low frequency drift with 3.0% 

8038BC 'temperature (50ppm/oC max.), variable duty cycle 2%-98%), 3.0% 
8038CC External frequency modulation. 5.0% 
8048BC Log amp. lV/decade (Adjustable). 120 db range ±30mV 
8048CC with current input. Error referred to output ±60mV 
8049BC Antilog amp, adjustable scale factor. ±10mV. 

8049CC Error referred to input ±30mV 
ICL8061 The ICL8061 converts a wide,range of photographic variables 
ICL8062 to electronic signals from which f-stop, aperture, EV and BV may 

be obtained. The ICLB062 converts the signals from the 8061 into 
output drive voltages. 

8069 1.2V temperature compensated voltage reference 
8211M Micropower voltage detector/indicator/voltage regulator/ 
8211C programmable -zener. Contains 1.1SV micropower reference 
8212M plus comparator and hysteresis outpu\. Main output 
8212C inverting (8212) or non-inverting (8211). 

Notes: 1. All parameters are speCified at Vs ~ ± 15V and TA ~ +25 C unless otherwise noted. 
2. All parameters are worst case MIN/MAX limits except for those marked' which are typical. 

PACKAGE KEY 
D,-Solder lid side brazed ceramic dual in line. 
F -Ceramic flat pack. 
J -Glass frit seal ceramic dual in line. 
P-Plastic dual in line. 
T -Metal can (T05 size) 

Operational Amplifiers-CMOS 
Type Description Compensation Offset Null Vos Selection 

7611 Single, Selectable 10 Internal Yes 2,5,15mV 
7612 Single, Selectabte la, Extended CMVR Internal Yes 2,5,15mV 
7613 Single, Selectable la, Input Protected Internal Yes 2,5,15mV 
761.4 Single, Fixed 10 External Yes 2,5,15mV 
7615 Single, Fixed la, Input Protected External Yes 2,5,15mV 

7621 Dual, Fixed 10 Internal No 2,5,15mV 
7622 Dual, Fixed 10 Internal Yes 2,5,15 mV 
7631 Ttiple, Selectable 10 Internal No 5,10,20mV 
7632 Ttiple, Selectable 10 None No 5,10,20mV 
7641 Quad, Fixed 10 Internal No 5,10,20mV 

7642 Quad, Fixed 10 Internal No 5,10,20mV 

los 

0.5pA 
0.5pA 
0.5pA 
0.5pA 
0.5pA 

0.5pA 
0.5pA 
0.5pA 
0.5pA 
0.5pA 

0.5pA 

Vs TA 
(V) (0C) 

4to 15 -55to 150 
±15 -55,+ 125 
±15 -55,+125 
±15 -55,+125 
±15 0,+70 

±15 0,+70 
±lS 0,+70 

±Sto ±15 -55,+125 
±5to +15 0,+70 
±Sto ±1S -55,+125 

-±5to ::!:.15 0,+70 
±5to ±15 0,+70 

±15 0,+70 
, ±15 0,+70 
±15 0,+70 

±lS 0,+70 

5to 15 -55 to 125 
2t030 -55,+125 
2t030 0,+70 
2t030 -55,+125 
2t030 0,+70 

I. InputCMR Output Swing 

1pA VSUPPL Y - 100m V VSUPPLY -100mV 
1pA VSUPPLY + 3.00 mV VSUPPL Y - 100 mV 
1pA 
1pA 

VSUPPL Y - 100 mV 
VSUPPL Y - 100 mV 

VSUPPL Y - 100 mV 
VSUPPL Y - 100 mV 

1pA VSUPPL Y - 109 mV VSUPPL Y - 100 mV 

1pA VS~PPL Y - 100 mV VSUPPL Y - 100 mV 
1pA VSUPPLY - 100 mV VSUPPL Y - 100 mV 
1pA VSUPPL Y - 100 mV VSUPPL Y - 100 mV 
1pA VSUPPLY - 100 mV VSUPPLY - 100 mV 
1pA VSUPPLY - 100 mV VSUf>PL Y - 100 mV 

1pA VSUPPL Y - 100 mV VSUPfLY -100mV 

~nstrumentation Amplifiers-Commutating Auto Zero 
Vos avos Isupp Av IBIAS 

Type Description (/LV) (/LV/year) (pA) (dB) VSUPPLY (pA) Packages 

ICL7600C Compensated ±2 0.2 1 90min +5to +16 ±30 J,P 
ICL76001 Compensated ±2 0.2 1 90 min +5to +16 +30 J,P 
ICL7600M Compensated ±2 0.2 1 90min +5to +16 ±30 J,P 
ICL7601C Uncompensated ±2 0.2 1 90min +5 to +16 ±30 J,P 
ICL76011 Uncompensated ±2 0.2 1 90 min +5to+16 ±30 J,P 

ICL7601M Uncompensated ±2 0.2 1 90min +5to +16 ±30 J,P 
, . 

Operational Amplifiers-Commutating Auto Zero 
Vos avos Isupp Av IBIAS 

Type . Description (/LV) (/LV/year) (rnA) (dB) VSUPPLY (pA) Packages 

ICL7605C Compensated ±2 0.5 1.7 90 min 5tolO ±30 J,P 
ICL76051 Compensated ±2 0.5 1.7 90min' 5to 10 ±30 J,P 
ICL7605M Compensated ±2 0.5 1.7 90min 5to 10 ±30 J,P 
ICL7606C Uncompensated ±2 0.5 1.7 90 min 5t010 ±30 J,P 
ICL76061 Uncompensated ±2 ,0.5 1.7 90min 5to 10 ±30 J,P 

ICL7606M Uncompensated ±2 0.5 1.7 90 min 5to 10 ±30 J,P 

Packages 

H 
T 
T 
T 
T 

T 
T 
J 
P 
J 

P 
P 
J,P 
J,P 
J,P 

J,P 

Q 
T 
P,T 
T 
P,T 

Packages 

P,T 
P,T 
P,T 
P,T 
P,T 

P,T 
P,J 
P,J 
p,J 
p,J 

P,J 

TA °C 

Ot070 
-25 to 85 
-55t0125 

Ot070 
-25 to 85 

-55to 125 

T.oC 

Ot070 
'-25t085 
-55 to 125 

Ot070 
-25 to 85 

-55 to 125 

5·5 



5-6 

FEATURES: 
• Converts ±12V Outputs from Op Amps and other 

linear functions up to ±30V levels 
• When used in conjunction with general-purpose 

op amps and external complementary power 
transistors, system can deliver> SO Watts to 
external loads 

• Has built-in Safe Area Protection and short-circuit 
proof protection 

• Produces 2SmA typical quiescent current in typical 
power amp configuration while capable of delivering 
±2 Amps full output current 

• Has built in ±13V Regulators to power op amps or 
other external functions 

• SOOkO Input Impedance with RBIAS = 1MO 

GENERAL DESCRIPTION 
The iCLB063 is a unique monolithic power transistor driver 
and amplifier that allows construction of minimum chip 
power amplifier systems complete with safe operating area 
circuitry, short circuit protection and built-in voltage 
regulators, without adding extra power supplies. It is 
primarily intended for complementary symmetrical outputs. 

CONNECTION DIAGRAM 
-VREG. OUT 1 

FREQ. COMPo CAPAC. 5 

PNP BASE DRIVE OUTPUT ,6 

-!tSHORT CKT. PROT 7 

CHIP TOPOGRAPHY 

11 NPN BASE DRIVE OUTPUT 

10 CURRENT COMPo CAPAC. 

9 +RSHORT CKT. PROT 

5 ·6 ,_I 
1----~66 MILS-,---+j" " 

ORDERING INFORMATION 
ICL8063MJE - CERDIP, -55°G. TO 125°G. 

IG.L8063G.JE - G.ERDIP, 0° G. TO +70° G. 

IG.L8063G.PE - PLASTIG. DIP, O°C TO lO°C 

ICL8063 
Power -Transistor 
Driver-Amplifier 

Designed to operate with all varieties of operational 
amplifiers and other functions and two external powertrans
istors of any construction technique and B. to 10 passive 
components, the ICLB063 is ideal for" use in such applica
tions as linear and rotary actuator drivers, stepper motor 
drivers, servo motor drivers, power supplies, power DACs 
and electronically controlled orifices. 

The ICLB063 takes the output levels (typically ±11 'if) from an 
op amp and boosts the levels up to ±30V to drive any power 
transistors, (e.g. 2N3055 (NPN) and 2N37B9 (PNP) l. The 
outputs from the ICLB063 drive the external power transis
tors' base leads with up to 100 milliamperes of current. 

This amplifier-driver contains internal positive and negative 
regulators to drive an op amp, or numerous oth·er functions; 
thus, only. ±30Vsupplies are needed tor"a complete power 
amp. 

The ICLB063 provides built-in power supplies and will 
operate from inputs generated by most of the op amps in use 
today---regardless of technology---as well as many other 
linear functions, such as timers, comparators and waveform 
generators. And it will_drive almost all power transistors with 
~reakdown voltages up to 70 volts. 

SCHEMATIC DIAGRAM 

r----.--~--~---:---013 

L--Ir-+:-----O 11 



'ICL8063 
ABSOLUTE MAXIMUM RATINGS @ TA = 25°C 

Supply Voltage 
Power Dissipation 
Input Voltage (Note 1) 
Operating Temperature Range 

Storage Temperature Range 
Lead Temperature (Soldering. 10 sec) 

±35V 
500mW 

±30V 
ICL8063MJE-55°Cto+125°C 

ICL8063CPE O°C to 70°C 
ICL8063CJE O°C to 70°C 

~5°Cto+150°C 
300°C 

Note 1: For supply voltages less than ±30V the absolute maximuni input voltege is equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS (@ 25° C; Vee = ±30V) 

SYMBOL CHARACTERISTIC 

Vos Max. Oliset Voltage 

10tT Min. Positive Drive 
Current 

Id 
Max. Positive Output 
Quiescent Current " " 

,+ Min. Negative Drive 
lOUT Current 

10 Max. Negative Output 
Quiescent Current 

+ Regulator Output Voltages 
VREG Range 

ZIN A.C. Input Impedance 

Vee Power Supply Ran,ge 

10 Power Supply 
Quiescent Currents 

Av Range 01 Voltage .Gain 

VOUT(MIN) ,Minimum Output Swing 

hN Input Bias Currerii 

;-_-...... You; = 6 (y~s) 

.:.' Vas = V~UT 

MINIMAX LIMITS 

TEST CONDITIONS ICLBD63M 

-55°C +25°C +125°C DOC 

See Figure 1 150 50 50 150 

See Figure 2 50 50 SO 40 

' See Figure 3 500 250 250, 600 

See Figure 2 25 25 25 20 

See Figure 4 500 250 250 600 

See Figure 5 ±13.7 ±13.7 ±13.7 ,±13.7 
,±1.2V ±1.0V ±1.5V !±1.0V 

See Figure 6, 400 400 400 400 

,. ±5 to ±35V 

: . See Figure 7 
VIN =8Vp-p 

See Figure 7; 'Increase 
VIN until VOUT flattens 

See Figure 8 

10 6 6 

6±2 6±2 6±2 

±27 ±27 ±27 

100 100 100 

~ ....... --+ + lot-r ,OA loUT, 

" :rETEA 
AL 
loon 

FOR lour. YIN IS POSITIVE: INCREASE YIN UNTIL lOUT LIMITS 
FOR lour. YIN IS ~EGATIVE: If\lCREASE YIN UNTIL loui LIMITS 

12 

6±2 

±;!7 

100 

ICL8063C 

+25°C 

75 

40 

300 

'20 

,300 

±13.7 
±1.0V 

400 

7 

6±2 

±27 

1(iO 

UNITS 

+7D·C 

75 mV 

40 mA 

300 pA 

20 mA 

300 pA 

±13.7 V 
,±1.0V; 

400 kO 

V 

7 mA 

6±2 V/V 

±27 V 

100 pA 

Figure 1: Offset Voltege Meas~reme~t . Figure 2: Output Current ,Measurement Figure 3: Positive Output Quiescent 
Current 

(I 
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ICl.8063 

Figure 4: Negative Output Qulesceni 
Current 

Figure 5: On Chip Regulator Measurement 'Figure 6: A.C. Input Imp'edance Measurement 

Av"" .!2. 
V,N 

,Figure 7: Gain and Output Voltage Swing 'Measurement, 

APPLICATION 
A problem that lias been, studiously ignored by integrated 
circuit manufacturers as being too difficult is a dilemma 

, faced, alm'ost every day by circuit designers - interfacing the,,' , 
low voltage, low current output world (relatively speaking) of 
standard linear and digital devices to that of power trans~ 
Istors and darlingtons--hlgher by sevl'lral orders of 
magnitude. 

A low level op amp, for example, has a typical voltage range 
,of ±6 to ±12V and output current usually on the order of 
about 5 or so milliamperes. A power transistor with a ±35 , 
volt supply requirement and a collector current of 5 amperes 
or so, and witli a beta, or gain of 100 needs at least 50 
milliamperes to drive it. ' 

Quite a jump. 

For the majority of applications, cost considerations (among 
other things) mean that only one choice is possible: pain
stakingly building up a discrete circuit that performs this 
very necessary' power transistor driving and amplifying' 
function. But it's not just a matter of amplifying the current 
and voltage to the required levels. To protect the devices, all 
sorts of back up circuitry must be built in; such things as safe 
area protection and short circuit protection. It's also 
'necessary to build in a number of supplies; because of the 
varying requirements of the different co,,!ponents. 

Recently, Integrated power amplifier devices have been 
introduced, but these are still only partial solutions-and 
expensive ones at that. Moreover, these so-called solutions ' 
often require additional protection circuitry. So, whatever 

Figure 8:, Input Bias Current Measurement 

reduction in ,component count and circuit ,complexity 
achieved is lost due to these additional protection require
ments. 

What's' necessary is to integrate--totally---this, crucial 
portion, of almost every circuit' design. 

The ICL8063 is just 'such a total solution. It's a monolithic 
power transistor driver and power trimsistor amplifier. circuit 
on the same chip, has all the necessary safe operating area 
Circuitry and short circuit protection, and has on-Chip ±13V 
voltage regulators to eliminate the need for extra external 
power supplies. 

With the ICL8063 more time can be' spent on designing 
, systems-and less time designing circuits. Following are a 
few applications which Illustrate tnis clearly:, ' 

1. Using the ICL8063 to make Ii compleie Power 
Amplifier· 

As F!gure 9 shows, using the iCL8063 allows the circuit 
designer to build a power amplifier block capable of' 

, delivering ±2 amperes at ±25 volts (50 watts) to any load, with 
only three additional discrete devices and 8 passive 
components. Moreover, the circuit draws only about ±30 
milliamperes of quiescent current 'from 'either of the ±30V 
power supplies. A similar design using discrete components 
would require anywhere from 50 to 100 components. 

Sl,ew rate is about the same at that of a 741 opamp by itself, 
except that the output current can slew up to 2 amps at 
roughly lV1p.s (ttiat's a ,10 ohm load to ground and ±20V 
output across this reslstancel.lnput current, voltage offset, 

, CMRR and PSRR are also the same. Use of 1,000 picofarad 



ICL8063 
compensation capacitors (three in this configuration) allows 
good stability down to unity gain non-invertiJlg (the worst 
casel. This circuit will drive a 1000pF CL to Gnd, with no 
significant problems. In other words the circuit can drive 30 
feet of. RG-S8 coaxial cable for line driver applications with 
no problems. 

As Figure 10 indicates, setting up a current limiting (safe 
area) protection circuit is straightforward. The 0.4 ohm, S 
watt resistors setthe maximum current one can get out of the 
,output. The equation this SOA circuit follows is: VOUT + IL x 
0.40 = 0.7V + H24.Skl. When ILR3-IR2 = 0.7V safe area 
protection is achieved. 

-IN 

+IN 

0.40 
@5W 

Figure 9: Standard Circuit Diagram 

r--4r--oQ +30V 

+ 

EXTERNAL 
POWER TRANSisTOR 
REST OF CIRCUITRY 
IS INTERNAL TO 
ICL8063 

un@5W 
=Ib 

~ 
L-____ ..c:;._--<O-oQ Vour 

Figure 10: Current Limiting (Safe Area) Protection Circuit 

SHORl 
lOUT CIRCUIT LIMIT 

SOURCE CURRENT 
ONLY IS SHOWN. 
SINK CURRENT 
IS IDENTICAL WITH 
REVERSED SCALES. 

Solving these equations we get the following' 

YOUT I IL@25°C IL @ 125°C 
24V 1ma 3 amps 2.4 amps 
20V 83Ol'A 2.8 amps 
16V 67Ol'A 2.6 amps 
12V SOOI'A 2.4 amps 1.8 amps 
8V 3331'A 2.1 amps 
4V 1671'A 1.9 amps 
OV OI'A 1.7 amps 1.1 amps 

As these equations indicate, maximum power delivered to a 
load is obtained when VOUT 2: 24V, the optimum voltage one 
needs when driving any DC motor, actuator, etc. 

Often design requirements necessitate an unsymmetrical 
output current capability. In that case, instead oftheO.4 ohm 
resistors protecting the npn and pnp output stages, as shown 
in Figure 9, simply substitute any other value. Fo'rexample, if 
up to 3 amps are required when VOUT 2: +24V and only 1 amp 
out when VOUT 2: -24V, use a 0.4 ohm resistor between pin 8 
and pin 9 on the ICL8063 and a'1 ohm, 2 watt resistor 
between pin 7 and pin ~. Maximum output current versus 
VOUT for varying values of protection resistors are as follows: 

YOUT 0.40@25°C 0.680@25°C 10@25°C 
24V 3 amps 1.7 amps 1.2 amps 
12V 2.4 amps 1.4 amps 0.9 amps 
OV 1.7 amps 1.0 amps 0.7 amps 

The biasing resistors located between pin 13 and pin 14 and 
between pin 2 and pin 4are typically 1 M-ohm for Vee =±30V, 
which guarantees adequate performance in such 
applications as DC motor drivers, power DACs, 
programmable power supplies and line drivers (with ±30volt 
suppliesl. The table that follows shows the proper value for 
RBJAS for optimum output current capability with supply 
voltages between ±SV and ±30V. 

±Yee RBJAS 
30V 1 MO 
2SV 680kO 
20V SOOkO 
1SV 300kO 
10V 1S0kO 
SV 62kO 

If 30V and 1 meg ohms are used, performance curves appear 
as shown in Figure 11. 

ADJUST VIN UNTIL 
YOUT FLATTENS. THEN 

IMAX. "" Your 
100 -Vee 

OAn 
@5W 

1000pF Your 
IMAX -
100 

Figure 11. Typical Performance Curve of Max. Output Current VS. VOUT for Fixed' RSIAS = 1 MO 
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ICL8063 
When buying external power transistors, careful attention 
should be paid to beta.values. For 2N3055 and 2N3789 
transistors used in this Circuit, beta should be no more than 
150 max at Ie = 20m A and VeE = 30V. This beta value sets the 
quiescent current at less than 30 mA. when not delivering 
power to'a load. . 

The design in Figure 9 will tolerate a short to ground indefi
nitely, provide adequate heat sinking is used. However if 

+120 

+100 

+80 
iii 
~ 
.~ 
~ wiTHOUT CAPACITOR 

FROM COLLECTOR TO 
BASE ON 2N3789 , V 

:!!. 
~ 

j +60 
< 

~ 
oc( +40 

~~6~ 16~O~~ECTOR ~ ~~. 
,TO BASE ON 2N3789 . '. 

+20 

I ' I .... 

100Hz lk 10k lOOk 1M 10M 

VOUT is shunted to ±30V the output transistors (2N3055 and 
2N3789) will be destroyed. But since the safe operating area 
for both devices is 4 amps 8130 volts, the problem does not 
occur for Vee = ±15V. 

A typical bode plot of the power amplifier system is shown in 
Figure 12. Referring to Figure 6, the schematic for this bode 
plot is shown below: 

YOUT ""-1 
V,N 

AopE'N LOOP ::= 101 X Your 
Yo 

POWER AMP OF FIG. 9 

Figure 12: Bode Plot of Open Loop Gain of Above Schematic 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

lk 

J 

O.4tl 
@5W 

0.020 
./ ROUT =: Ei:~~~UT x 0.10 

10 100 lk 
I-(Hz) 

,Ok lOOk ~_-Jl"c::OO?OPc:.F ...... Y...:O.;..U'~\iO''\'',,1 ri'V 

ROUT 

Flgure .. 13: Typical Performance of ROUT vs'. Frequency of Power Amplifier System 

2. Designing A Simple Function Generator 
Using a variation of the fundamental power amplifier 
building block described in the previous section, the 
ICL8063 can be implemented in the design of a simple, low 
cost function generator (Figure 14), It will allow generation of 
sine waves, triangular waves and square waves at the output 
from 2 hertz to 20 kilohertz. This complete test instrument 
can be plugged into a standard 110VAC line for power. VOUT 
will be up to ±25V (50V p-p).acrossloads as small as 100hms 
(that's about 2.5 amps maximum output current). 

All capacitor working voltages should be greater than 50V 
DC. All resistors should be 500mW, unless otherwise. 

indicated. Keep the interconnecting leads from pin 2 of the 
741 to the 10k-ohm feedback resistor and ,10k-ohm 
amplitude adjust potentiometer as short as possible. Less 
than 2 inches long is best, since this pOint is the summing 
iunction of an operational amplifier. Failure to do so results 
in oscillation problems. Because of the slewing of the 741, 
the generator will not produce a 56V p-p amplitude all the 
way up to 20kHz. Full. output swing is possible up to about 
5kHz. Beyond this point slewing begins and undistorted p-p 
output will diminish. Due to this effect, amplitude at 20kHz is 
about 20V p-p (±10Vl. This could be remedied by using a 
higher slew rate op amp suc~ as the LF156 .. 
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vo 
FREO. ADJUST r--'"vV\r-~--..---,.---~---I-t--~-t-l 

R710k 

R, 
lOOk 

R20.5kn 
12k 

1 pF COVER RGE 2 - 20Hz 

12k 

ICl8D38 

O.1I-'F COVER RGE 20 - 200Hz 
O.01pF COVER RGE 200 - 2kHz 
0.00110' F COVER RGE 2kHz - 20kHz 

110VAC 

RJ 
15k 

R, 
lOOk 
SYMMETRY ADJUST 

BlK 

TRANSFORMER J 
IS TRIAD R82B 

2N3055 ON HEAT SINK 
r----_-.-"""\O,~----_, 

t-+--+-J02 
2N3791 

ONt'lEAT SINK 

0.40 
5W 

Rn 

O.4fl 
5W 

Cg 1000pF 

r--------r---r~--------~ 

-+ 10,OOOJ.lF 
C,~ .J @ 50 WVDC 

Figure 14: Power Function Generator 

3. Building a Constant Current Motor Drive Circuit 
The constant current motor drive configuration shown in 
Figure 15 is an extremely simple circuit to construct using 
the ICL8063. This minimum device circuit can be used to 
drive DC motors where there is some likelihood of stalling or 
lock up. If the motor locks, the current drive remains 
constant and the system does not destroy itself.· Using this 
approach two 6V batteries are sufficient for decent 
performance. A 10 volt input will produce one amp of output 
current to drive the motor. If the motor is stalled, lOUT 
remains at1 amp. 

For example, suppose it's necessary to drive a 24V DC motor 
with 1 amp of drive current into the motor. First make Vcc at 
least 6 volts more than the motor being driven (in this case 30 
volts). Next select RBIAS according to ±Vcc from the data 
sheet, which indicates anRBIAS = 1 M-ohm. Then choose R1, 
R2, and Ra for optimum sensitivity. That means making Ra = 1 
ohm to minimize the voltage drop across Ra (the drop will be 
1amp x 1 ohm or 1 volt). If 1 amp/volt sensitivity is desireable 
let R2 = R1 and choose R2 = R1 == 10 k-ohms to minimize 
feedback current error. Then a ±1V input voltage will 
produce a ±1 amp current through the motor. 

All capacitors should be at least 50 volts working voltage and 
all resistors 500 mW, except for those valued'at 0.4 ohms, and 
Ra. Power across Ra = I x V = 1 amp x 1 volt = 1 watt, so at least 
a 2 watt value should be used. Use large heat sinks for the 
2N3055 and 2N3791 power transistors. A Delta NC-641 orthe 
equivalent is appropriate. Use a thermal compound when 
mounting the transistor to the heat sink. (See Intersil 
ICH8510 data sheet). 

+Vcc 2N3055 

,OO1/.tF 0.40 
@5W 

Rs. 

"" 1°"'1 0.40 
@5W 

NOW ~ "" (-) R2/R1 X ~ 
YIN' Aa 

Figure 15: Constant Current Motor Drive 

4. Building A Low Cost 8 ohm per channel HI-fi 
. Amplifier. 
For about $20 per channel, it's possible to build a high fidelity 
amplifier using the ICL8063 capable of driving 8 ohm 
speakers. A. channel. is defined here as all amplification 
between turntable or tape output and power stage to drive 8 
ohm speakers (Figure 16t 

The input 741 .stage is a preamplifier with R.I.A.A. equal
ization for records (disc). Following the first 741 stage is a 
10k-ohm control pot, whose wiper arm feeds into the power 
amplifier stage consisting of a second 741, the ICL8063 and 
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the power transistors. To achieve good listening results, 
selection of proper resistance values in the power ampiifier 
stage is important. Best listening is ala gain value of 6U5kn + 
1knl/1kn = 6]. Don't go below3, since the first stage 741 
preamp puts out only ±10 volt maximum signals. So, if 
maximum power is necessary this value must be multiplied 
by 3 to get ±30 volt levels at the output of the power amp 
stage. .' 

Each channel delivers about 56 volts p-p across anB ohm 
speaker and this converts to 50 walts RMS power. This is 
derived as follows: 

Vrms2 56V p-p 
Power = B ohms' Vrms = ~ = 20V, 20V2 = 400V2 

200kn 

f1-
T-1~~~: 0 
~ 

30kn 

FM>-~5~'k-n~~~~~ 

DISC . 

D~DIL 
4002 -

:. Power =' -. -. - = 50 walts RMS Power. 
Bohms 

Distortion will be < 0.1% up to about 100Hz, and then it 
increases as the frequency increases, reaching about 1% at 
20kHz. 

The ganged switch at the input is for either disc playing or 
FM, either from an FM tuner ora tape amplifier. Assuming 
DC coupling (not capacitive coupling) on the outputs, there 
is no need for a DC refe'rence to ground (resistor) for FM 
position. To clear the signal in the FM position, place a 51 k
ohm resistor to ground as shown in Figure 16 (from FM input 
position to ground). . 

5kn 

0.4n@5W 

>-:-~+---f16 8n SPEAKER 
ICL8063 

1;] T~ .,," .l.1000PF 

-=- -= 50pF 

+16 

+12 

51 z+8 
(j1> 

" 
+4 

-2 

1----

+ 10,OOOI-'F -:r. @ 50 WVDC 

Figure 16: Hi Fi Amplifier 

r-~4r-,~~'-~~~~~~~~-+~13 
+30Y 

---1Y 1 RL ""' .. 

AL=lon ~\\ Cc=o~ 
\ 

\ 
\\ 

. ~\I\ 
16;o-~~~~-~-1 

cc~i;':'~~~ .\ 
\ 

" i 
100 lk 10k 

I-(Hz) 
lOOk 1M 

Figure 17: Typical Performance Curve of EOUT vs. Frequency For Typical Circuil Shown 
Y,N 
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500k 

400k 

300k 

~. 
z 
N 

200k 

lOOk 

" ~ 
~ 
\ , 

\ 
100Hz 1kHz 10kHz 100kHz 1M 10M 

.... (Hz' 

15u--.---... 
+13V 

10k 

tOOk x VA 
ZIN=--, 

YIN -VA 

, 13 
+3OV 

-13V 
In... ........ ----' 

-3OV 
~--~~~--~~+-~-+----------~04 

Figure 18: Typical Performance Curve of Input Impedance Versus Frequency for Typical Circuit Shown 

, NOTE: Intersil offers a hybrid power amplifier similar to the circuit'shown in Figure 9, the ICH8510: ICH8520, & ICH8530, 
"Power Amplifier, Motor & Actuator Driver". This hybrid circuit has the following features: 

• Capable of delivering '2.7 amps @24-28Yd.c.operatlon 
(30Y supplies) , 

• Protected against Inductive kick back with Internal 
power limiting 

• Programmable current limiting (short circuit 
protection) 

• Package Is electrically Isolated (allowing easy heat 
sinking) 

PAC~GE DIMENSIONS 
16 PIN CERDIP (JE) 

.320 (a.13, 

r-~~ '1;S(U7~ I 
'~mmil1'750 11. ~'75 US a' ~ ~Q ~ , ' 

T: II U :l:I~:I::A:,m:::1 
-I 1-' -II-~ .065 (1:!m '1-.385 (9.11'-1 

:~ g::1 ::: m::l .055 (1 .3215 (a.26, 

• d.c. gain> 100dB 
• 20mA typical standby quiescent current 
• Popular 8 pin TO-3 package 
• Internal frequency compensation 
• Can drive up to 0.1 horsepower motors. 

16 PIN PLASTIC DIP (PE) 

c::::]!u 
---I ~(1~ ~ :::) . + .300 ! .010 .. . 
~.7aO(II.3O)--l .130:;.005 (.82_.254)1 .. " :::1:::1 1- '.770(11.55) - ""l (3.30_.127) • , • I , 

~ Iru1ru-u-m.o.nJ ~ fL)), ' 
T U U U U U U 'U ~ Ji::'~~ ~ " ,+(:::::.) 

---l ~-II-- I· ,,' ,I ' 
.110 GI .020 (.501) .325 ± .021 
.GIG .018 (.457) (8.25 ± .83S) 
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D~DlL ICH8510/lCH8520/lCH8530 
Power Amplifier Motor 

and Actuator Driver 

KEY FEATURES: 
• Capable of delivering 2.7 amps' @ 24-28V d.c. 

operation (30V supplies) 
• Protected against Inductive kick back with internal 

power limiting 
• Programmable current limiting (short circuit protec

tion) 
• Package is electrically isolated (allowing easy heat 

sinking) 
.d.c. gain >100dB 
• 20mA typical standy quiescent current 
• Popular 8 pin TO-3 package 
• Intetnal frequency compensation 
• Can drive up to 0.1 horsepower motors. 

5-14 

PACKAGE CONFIGURATION: 
8 Lead TO-3 Melal Can 

0.770 
MAX OIA. 

0.344 1'1 
0.364 
-'--

+~. ;:'SEATINGPLANE 

0.085 
0.480 0.040-"/ 0.100 
0.500 'TYP. 

0.153 
0.159 

(2) HOLES 

~:~~:RAD. 

ORDERING INFORMATION:' 

ICH8510MKA' 
ICH85101KA* 

ICH8520MKA 
ICH8520lKA 

ICH8530MKA 
ICH8530lKA 

'(M) -55°C -+125°C operallon 
*(1) -25° C -+85° C operatIon 

\ . 

1 amp model 

2 amp model 

2.7 amp model 

DESCRIPTION: 
The ICH8510/8520/8530 is a family of hybrid power 
amplifiers that have. been specifically designed to drive linear 
and rotary actuators, electronic valves, push-pull solenoids, 
and d.c. & a.c. motors. 
There are three models available for up to ±30V power 
supply operation. One model will deliver up to 2.7 amps@24 
volt output levels, while the remaining models deliver 2 amps 
& 1 amp @ 24V outputs .. All amplifiers areprotected against 
shorts to .ground by the addition of 2 external protection 
resistors. 
The design uses a conventional 741 operational amplifier, 
a special monolithic driver chip (BL8063), NPN & PNP power 
transistors, and internal frequency compensating capaci
tors. The chips are mounted on a beryllium oxide 
substrate, for optimum heat transfer to the metal package; 
this substrate provides electrical isolation between 
amplifiers and metal package. 
Thel-C. power driver chip has built-in regulators to drive the 
741 @ typically ±13v supply voltages. 

CONNECTION DIAGRAM 
(TOP VIEW) 

SCHEMATIC DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS @ TA = 25o'C 

Supply Voltage 

Power Dissipation, Safe Operating Area 
Differential Input Voltage 

Input Voltage 

Peak Output Current 

Output Short Circuit, Duration (to ground) 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

Max CasE! Temperature 

Note 1: Rating applies to supply voltage> ± 18. 

±35V 

. See Curves 

±30V 
±13V (Note 1) 

See Figs. 9 & 13 (Note 2) 

Continuous (Note 2) 

M -55°C-+125°C 

I -25°C - +85°C 

-65° Cto +150.° C 

300°C 

150°C 

Note 2: Rating applies as long as maximum junction temperature is not exceeded (200 'C). See important note on power dissipation, 
page 3. 

ELECTRICAL SPECIFICATIONS @ TA = +25°C (unless stated otherwise) 

Vcc= +30V Vcc=+30V Vcc= +30V 
Description Conditions ICH85301 ICH8530M ICH85201 ICH8520M ICH85101 ICH8510M 
Max. Inpul Offsel Part Mid. on Wakefield 

4mv/w!att Change/Wall of Pdiss. 403 Heal Sink 4mv/watt 2mv/wall 2mv/watt 4mv/watt 2mv/watt 

Maximum 
Inpul Offsel Voltage RS210KH, Pdiss. <: 1 watt ±6mv ±3mv ±6mv ±3mv ±6mv :!3mv. 

Maximum 
Inpul Offsel Currenl Rs~IOKll. Pdiss. < I. wall 200na 100na 200na 100na 200na 100na 

Maximum 
Input Bias Current Rs~10Kn. Pdiss. < 1 watt SOOna 2S0na SOOna 2S0na SOOn a 2S0na 

Minimum RL =2011. f=IOHZ 
Large Signal Vollage Gain VOUT~67% Vee 100dB 100dB 100dB 100dB 100dB 100dB 

Minimum 
Inpul Voltage Range ±lOv ±10v ±10v ±IOv ±10v ±IOv 

Minimum CMRR Rs=IOKll. f=IOHZ 70dB 70dB 70dB 70dB 70dB 70dB 

Minimum PSRR Rs=IOKll. I=IOHZ '. 77dB 77dB 77dB 77dB 77dB 77dB 

Minimum '. CL =30Pf. Av= I 
Slew Rale RL =2011. VOUT267% Vee O.Sv/~s O.Sv/~s O.Sv/~s O.Sv/~s O.Sv/~s O.5vi,uS 

Minimum RL=2011; Av= +10 . IRL = 30m IRL = 30m 
Oulpul Voltage Swing IVswl f=IKC , ±25v ±25v ±26v ±26v ±26v ±26v 

Minimum 
Oulpul Current Capabilily(iMAxl VouT~24v Nole 3 2.7 amps 2.7 amps 2 amps 2amps I amp 1amp 

Max. ±Vcc Power Supply 
Quiescent Current Rl =0::, VIN::=OV SOma 40ma 50ma 40ma SOma 40ma 

Note 3: Output current and VSWING are. tedueed as power supplies are lowered. See Figures ,1,2, &9. 

ELECTRICAL SPECIi=ICATIONS @ TA = -55° C-+125° C(M) or TA = -25°C-+85°Cm 

Maximum 
Inpul Offsel Vollage Pdiss < 1 watt ±10mv ±9mv ±10mv ±9mv :!:10mv ±9mv 

Maximum 
Input Bias Current Pdiss < 1 watt I.S~a 7S0na I.S~a 750na 1.5~a 750na 

Maximum 
Inpul Offset Current SOOna 200na SOOna 200na SOOn a 200na 

Minimum Large RL =200. VOUT=67% Vec 
Signal Voltage Gain . f=IOHZ; wilh heal sink 90dB 90dB \ 90dB 90dB SOdB 90dB 

Minimum RL = 200, Pkg. Mid. on 
Oulpul Voltage Swing Wakefield 403 Heal Sink ±2411 ±24v ±24v ±24v :!;:24v ±24v 

. Maximum Thermal Resistance 
Junction to Ambient Without Heat Sink 40'C/wall 40'C/wall 40'C/wall 40'C/wall 40~C/wall 400 C/watt 

Maximum Thermal Resistanc.J 
Junction to Case 2.S' C/wall 2.5' C/wall 2.S' C/wall 2.S' C/wall 3.0' C/watt 3.0' C/wall 

Typical Thermal Resistance Pkg. Mid; on Wakefield 
Junction to Ambient 403 Heal Sink ,4;0' C/watt 4.0' C/watt 4.0' .C/watt 4.0' C/watt 4.5' C/watt 4.S' C/watt 

±Vec Range (Iypicall ." ±18Vlo±30V +18Vlo+30V ±18Vto±30V £18Vlo±30V ±18Vto±30V ±18Vlo±30V 

5-15 
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How To Set The Externally Programmable, Current LImiting Resistors:" 
The maximum output current is set by the addition of two 
external resistors-R+s.c. and R-s.c~ Because of the 
INTERNAL POWER LIMITING CIRCUITRY, the 
maximum output current is only available when Vout is 

-VOUT 

close to either power supply. As'Vout moves away from 
±Vee, .the 'maximum output current decreases in 
proportion to output voltage. 'The curve below shows 
maximum output current versus output voltage. 

R+S.C. 

I}-'----+ Vour 
+YOUT 

R-S.C . 

. FIGURE 1 Maximum Output Current for Given Rs.c. 

In general, for a given VOUT, I Isc limit, and case· 
··temperature Te, Rs.c. can'be calculated from the equation 
.below (VOUT in Volts): . , ' 

. . . .[600 +(24 X VouT)-2.2 (Te-25° C)I mV 
Rs.c. = Isc,limit ' , 

, i.e., If lout,(niaximum) =,l.5amps @Vaut=!25V, 

Te = 25°C 1200 mV ' 
Rs.c.,= 15 ps =0.8fi , , ,.' ,am 

When an.Rs.c. = 0.8!l'is used, lout @ Vout = OVwill be 
reduced to 750 mAo Except for Srnallchanges in the. "Vsw 
limi.t" area, the effects of changing Rs:c. on the lOUT vs 
VOUT characteristics can be determined by merely 
changing the lOUT sqale on Fig: 1 to correspond to the neW 
value. Changes in Te move the limit curve bodily up and 
down .. '· .'. . 

This INTERNAL POWER LIMITING CIRCUITRYhowever 
does not at all restrict the normal use of the d~iver. Fo'r any 
normal load, the,static load line will be similar to that 
.shown in Figure 1. Clearly, as VOUT decreases, the lOUT 
requirem~nt falls also, more' steeply than the lOUT 

available. For reactive loads; the dynamic load lines are. 
more complex; Two typical operating point loci are 
sketched here: 

~.".' 

& . ' , 

.. ' .. '.' . . v 

. . 

Capacitive l,oad 

·htrl 
\Inductive load 

(Note catch diode) 
, " " 

Thus the limiting circuitry protects the load and avoids' 
needless damage ,to tl)e driver during 'abnormal 
conditions. For any 24Vdc-28Vdc motor/actuator, the 
Rs.c. resistors m.ust be calculated to get proper. power 
delivered to the motor (up to a maximum of 2.7 amps) and 
±Vee set at ±30V. 'For lower supply and/or output 
voltages, the maximum output current will'follow graphs 
of Figures 1 and 10. 

IMPORTANT NOTE ON POWER DISSIPATION OF POWER AMPLIFIER 
The steady state power dissipation equation is: 

. TJMAX - TAMB 
Pdiss max = 9JC + 9CH + aHA 

Where: 
TJMAX = Maximum junctibn temperature 
TAMB = Ambient temperature 
9JC = Thermal resistance from transistor junction to 

case of package 
9CH = Thermal resistance from case to heat sink 
9HA = Thermal resistance from heat sink to 

. ambie,"t air 
Now: 

T JMAX = 200° C for silicon transistors 
'f)JC " 2.0 CIWATT for a steel bottom TO-3 package 

with die attachment to beryllia substrate to 
header ., 

9CH = .045°CIW for 1mil thickness of Wakefield type., 
120 thermal joint compound .. 
.Ogo C/W for 2mil thickness of type 120. 
.13° CIW for 3mil thickness of type 120 
.17°C/W for 4mil thickness of type 120 
·.21°:C/W for 5mil thickness of tYpe 120 
. 24°qJWfor.6mil thickness of type 120 

9HA The choice of heat sink that a user selects depends 
upon the amount of room available to mount the 
heat sink. A sample calculation follows: by 
choosing a Wakefield4Q3 heat sink, with free air, 
natural convection (no fan), .9HA "2.0° C!W. 
Using.4 mil joint compound, . 

. 200°C-TAMB' 
.. Pdiss MAX = 2.0° CIW+.170CIW+2.00C/W, 

_ 200° C-TAMB 
- 4.17° CIW 

,'. Pdiss MAX at TAMB = 25°C 

/ 

200° C-25° C . , . 
4.1r CIW = 42 watts' 

From Fig. 2 the worst case steady state power dissipation 
for an IH6520 (Rsc = 0.60l are about 30 Wand 18 W 
respectively. Thus this heat sink is adequate. The IH8530 
(Rsc = 0.40l would need a bigger heat sink (or a blower) 
giving 'about 1° C/W for' 9CA to maintain satisfactory 
junction and case temperatures with 25 W dissipation ani! 
TAMB = 125°C: .' . . . 
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TYPICAL PERFORMANCE CURVES 

ICH 8530 

TeASE 25°C 
Vee ±30V 

lOUT 

S'"''' 
'!t"'~.!'!!------

,.--------
.1 
1 
1 

-30 ·25 ·20 ·15 ·10 ·5 

Votf .. l(mv) 

'5 

'0 

3.oA 

0.5 

For ICH 8520. multiply 
lOUT by 0.67 

~ Rs«: = o.&n 
For ICH 8510, multiply 

lour by 0.33 
Rae = 1.2U 
Source Current 
only Is shown. 
Sink Current 
I, IdenUcal wllh 
Reversed Scal ••• 
De,.le Una.rly 
Between Curve. 
wllhTemp. 

10 15 20 25 aoy Your 

ICH 8530 

TeAsE 125°C 
Vee :!:30V 

lOUT 

·30 -25 -20 ·15 -10 ·-5 

Figure 2: Safe Operating Area; lOUT VS VOUT VS Tc 

D~DIl. 

3.0A 

1.0 15· ·20 25 30 Your 

'OK 

}---._.-.-.VOUT 

lon 

10 15 . 20 25 3D Pkg. Power DIu. (W) 
-Set ,wJtch on Vln 10 gel dalired Power 011 .. , then 
switch 10 Gnd. 10 read ollse, (Your = 11 x YoUset) 

Flgu~ 3: Input Offset Voltage vs Powe~. Dissipation' 

Input Impedance (Mn) 

30t-~RI_'_0_(~un~l~t'~Go=='n~) __________ _ 

Rf= 10Kn 
'0t---~~------__ ~ 

Rt::o lDOKn 

10Hz 100Hz 1 KHz 10KHz Free-. 

Figure 4: Input Impedance vs Gain vs ·Frequency 

4D 

20 

'0 

t au"scent current from • 
4~lIh.r +Vcc or -Vee (ma) 

20 25 30 35 

-they are appro •• equal Power Supply Voltages 
:::Vcc tVOLTS' 

-= 

'K 

Figure 5: Quiescent Current vs Power Supply Voltage 

Rt 
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. ICH851 01852018530 

TYPICAL PERFORMANCE CURVES, CONTINUED. 

Your power band width Your ~ j: 67% Vee 

100KHz 

10KHz 

,. 
1KHz 

Yln@f 

10 100 Closed loop. gain 

Figure 6: Large·Signal Power BandWidth 

t Closed loop ,Gain 

100 +-:R""I-o-:"99"'."'''--' 
CL + SOOOp' 

CL + 100pl 

10+-:R~'-=~9~.7,,---~~ ,. 
Rf == Oll 

Vln@t 

10Hz 100Hz 1KHz 10KHz 100KHz freq(Hz) 

'MAX AMPS 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

Tc=2S"C 
Rsc= O.39n 

Figure 7: Small Sign~1 Frequency 'Response 

Max. Output Current (Amps) @ Your = ±24Y 

3.0 'MAX = 
[(1200mV)+(2.2 mv)(25° C~Tc)] 

Rs.c. 

2.0 

1.5 

1.0 

0.5 

·55 ~25 +25 +5~ +75 +100 +125 

fY .. . ~'!f>' ... . ~ 
~~ 

\&5,\01 ---=--

Ca .. Temp. (Te) (DC) 

'figure 8: Maximum Output Current 
vs. Case Temperature 

::!:Vsw Volts 

Tc=2S"C 

25 

20 

15 

10 

RI 

'\-----..-4 ..... Your 

10Il 

RI 

/ ..... . .. 

:tYee Volts L....-f--f--II--I-I-I,---+-.:!: Vee Volta 

:t5 :2;10, :t15 ±20 ±25 :t30 :1:5 ±10 ±1S :!:2D :!:25 ::1:30 

Figure 9: Maximum Output Current and Voltage vs. Vee 
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BRIEF APPLICATION NOTES 
The maximum input voltage range, for ± VCC> ± 18V, is 
substantially less than the available output voltage swing. 
Thus non-inverting amplifiers, as in Figure 11, should 
always be set up with a gain greater than about 2.5, (with 
±,30V Vcc), so that the full output swing is available 
without hazard to the input. At first sight, it would seem 
that no restrictions would apply to inverting amplifiers, 
since the inputs are virtual ground and ground. However, 
under fault (output short-circuited) or high slew 
conditions, the input can be substantially removed from 
ground. Thus for inverting amplifierswith gains less than 
about 5. some protection should be provided at this input. 
A suitable resistor from the input to ground will provide 
protection, but also increases the effect of input offset 
voltage at the output. A pair of diodes, as shown in Figure 
12, has no effect on normal operation, but gives excellent 
protection. 

(S:!10V) 

Av = Rf+Ri 
R' 

Ri 

R', 

RI::::: 1.5 RI 

Figure 10: 
Non-Inverting Amplifier 

TYPICAL APPLICATIONS 

R' 

Figure 11: 
Inverting Amplifier 

I. Actuator Driving Circuit (24-28Vd.c. rated) 

9K 

lK 

VIN 

Figure 1,3: Power Amp Driving Actuator 

The gain of the circuit is set to +10, so a +2.4V input Yin 
will prClduce a +24Voutput (and will deliver up t02.7 amps 
output current), To reverse the piston travel, invert Yin to 
-2.4V and Vout will go to -24V. Diodes 01 and 02 absorb 
the inductive kick of the motor during transients (turn-on 
or turn-off); their breakdown should exceed 60V. ' 

O~OIL 

Power dissipation is another important parameter to 
consider. The current protection circuit protects the 
device against short circuits to ground, (but only for 
transients to the opposite supply) provided the d,evice has 
adequate heat sink. A curve of power dissipation vs VOUT 
under short circuit conditions is given in Figure 13. The 
limiting circuit is more closely dependent on case 
temperature than (output transistor) junction 
temperatures. Although these operating conditions are 
unlikely to be attained in actual use, they do represent the 
limiting case a heat sink must cope with. For fully safe 
design, the antiCipated range of VOUT values that could 
occur, (steady state, including faults) should be examined 
for the highest power dissipation, and the device provided 
with a heat sink that will keep the junction temperature 
below 200 0 C and the case temperature below 1500 C with 
the worst case ambient temperature expected. 

Source direction shown Pdiss 
For sink, reverse Your S:T,e. ___ _ 

,," 
.............. ·-:;ranslenls only 

. .",./ 

"'-....._.-. 
/.-. 

•• w 

3. 

2. 

,. 
-Your, 30V 25V 20V 15V 10V 5V l5V 

Figure 12: Power Dissipation under Short Circuit Conditions 

II. Obtaining Up To 5 Amps Output Current Capability By 
Paralleling Amplifiers 

,.K 

VOUT 

,.K 

lK 

Figure 14: Paralleling Power Amps for Increased Current 
Capability , 

This paralleling procedure can be repeated to get any 
desired output current. However, care must be taken to 
ensure that enough load is provided to avoid the 
amplifiers pulling against each other. 

5-19 
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III. Driving A 48VDC Motor 

A YIN'" +2.4V 
will deliver output 
of 48V 
across, motor 

9K 

1K 

+30Y 

+30Y 

~ Imax 

48VDC Motor 

Overcurrent Protection 
Circuit 

-,-------1 

L _________ _ 

I 
I 
I 

-For current protection Rl 0:: .!!.:!Y.. 
'max 

Figure 15: Power Amp Driving 48 VDC Motor 

IV. Precise Rate Control of an Electronic Valve 2. Simply vary the d.c. driving voltage to valve. Most 
To get very fine control of the opening of an orifice, driven valves obtain full opening as an inverse·of applied 
by an electronic valve, there are two ways to go. voltage., I.e., valve.s opens 100% in five seconds at 

1. Keep the voltage constant, I.e., 24Vdc or 12Vdc, and 2-"Vdc and in 10 seconds at 12Vdc. 
vary the time the voltage is applied, I.e., if it takes five A circuit to perform the second method is.shown below; 
seconds to completely open an orifice at 24Vdc, the advantage of this is that digit switches can precisely 
then applying 24V for only 2-1/2 seconds opens it set driving voltage to 0.2% accuracy (8-bit DAC), thereby 
only 50%. controlling the rate at which the valve opens. 

10K 

+5V rei 

electronic valve 

Figure 16: Digitally Controlled Electronic Value 

V. The circuit presented in IV is also an ex'cellent way to variable power supply can be made. Using a BCD 
get a precise power supply voltage; in fact, a precision, coded DAC with BCD Thumbwheel switches. 

+15V 

+5V reI. 

1 

4K 

+30V- +35V 
unregulated input 

digit swllches -30V--35V unregulated Inpul 

Your = :!5V (4K,~ lK) x dlglta' # set by SWI. and can deliver up to 3 ~mps. 

Figure 17: Digitally Programmable Power Supply 

20 21 22 23 24 25 26 27 o BIT Vout 
1 1 1 1 1 1 1 1 1 +25Vd.c. 
1 1 1 1 1 1 1 1 0 -25Vd.c. 
0 1 0 1 1 0 0 1 1 +15Vd.c. 
0 1 0 1 1 0 0 1 0 -15Vd.c. 
1 0 0 0 0 0 0 0 1 +O.098Vd.c. 

0 0 0 0 0 0 0 0 -O.098Vd.c. 
Etc. 

The power supply can be set to ±0.1Vd.c; 
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VI. There is great power available (no pun intended) in 
,the sUb-systems shown in IV and V; there the 0/ A 
'converter is shown, being set manually (yja digit 
switches) to get a precise analog output (binary # x 
full scale voltage), then the driver amplifier 
multiplies this voltage to produce the final output 
voltage. It seems obvious that the next logical step is 

ELECTRONIC CONTROL SYSTEM: 

, MUX = INTERSIL IH5060(1/16) Or IH5070 (2/16) 
S/H!tSAMPLE & HOLD) = INTERSILIH5111' 
O/A CONVERTER = INTERSIL 7520 or INTERSIL7105 

O~OIL 

to let a microprocessor (local) or C.P.U. program the 
O/A converter. Then total, pre-programmable, 
electronic control of an actuator, electronic valve, 
motor, etc., is obtained. This would be used in 
conjunction with a transducer/multiplex system for 
electronic monitoring and control of any electro
mechanical function. 

D/A 
CONVERT!!R 

POWER AMP=IH8510 (1 AMP) or IH8520 (2 AMP) or IH8530 (2.7 AMP) 
. NO CONVERTER= ICL8052/7103 or iCL8052/7104 
,. COMPUTER.= IM6100 family: 

. ~,', 

TO ,AID STROBE CNT.R~: 

F.ROM AJ~ C:f?NYERTER 

TO ~/A C.O~VERTER 

FOR OTHER APplicATIONS etc. see 
1) Intersil Applications Bulletin A021 , ."Power O/A 

Corivertersusing the IH8510" by Dick Wilenken 
• J .' .' 

HEAT SINK INFORMATION 
Heat sinks are available from Intersil. Order part number 
29-0305 ($10.00 ea.! with a (.) S/A = 1.3°C/watt. A 
convenient mating connector is'also available. Order part 
number 29-0306 ($4.50 ea.!. 

NOTE: 'ThiS product contains Beryllia. If' used in an ~pplication where the package integrity maybe breached and the internal parts 
crushed or machined, avoid inhalation of the dust. 
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FEATURES 
• Exceptionally low input offset voltage - 2,.N 
• Low long term input offset voltage drift -

0.2/.lV/year 
• Low input offset voltage temperature drift -, 

0.05/.lV/oC 
• Wide common mode input voltage range - 0.3V 

above supply rail 
• High common mode rejection ratio -,100 dB 
• Excellent low supply voltage - Down to ±2V 
• Short circuit protection on outputs for ±5V 

operation 
• Static-protected inputs - no special handling 

required 
• Fabricated. using proprietary MAXCMOS'M process 

technology 
" • Compensated (ICL7605) or uncompensated 

(ICL7606) versions 

SYMBOL 

+DIFF IN 

-DIFF IN 

OUTPUT 
AZ 

-INPUT 

PIN CONFIGURATION 

AZ -DIFF IN 
-INPUT +DIFF IN 

C4 C3 
C4 C3 
C2 C, 

C2 C, 
v- DR 

BIAS OSC 
v+ 

ICL760S/ICL7606 
Commutating Auto-Zero (CAZ) 

Instrumentation Amplifier 

GENERAL DESCRIPTION 
The ICL760S/ICL7606 commutating auto-zero (CAZ) instru
mentation amplifiers are designed to replace almost any of 
today's expensive hybrid or monolithic instrumentation 
amplifiers for low frequency applications from DC to 10 Hz. 
This is made possible by the unique construction of this new 
Intersil device, which takes an entirely new design approach 
to low frequency amplifiers. 

Unlike conventional amplifier designs which employ three 
opamps and require Ultra-high accuracy in resistor tracking 
and matching, the CAZ instrumentation amplifier requires 
no trimming except for gain. The key feature of the CAZ 
principle involves automatic compensation for long term 
drift phenomena and temperature effects. 
The ICL760S/ICL7606 is a monolithic CMOS chip which 
consists of.two analog sections - a unity gain differential to 
single-ended voltage converter and a CAZ op amp. The'first 
section serves to insure that at all times the differential input 
source is being sensed and applied to the CAZ amp section. 
The CAZ instrumentation amp section consists of an opera
tional amplifier circuit which continuously corrects itself for 
input voltage errors, such as input offset voltage, tempera-
ture effects, and long term drift: " 

The ICL760S/ICL7606 is intended for low-frequency 
operation in applications such as strain gauges, which 
require voltage "gains from 1 to 1000 and bandwidths from 
DC to 10Hz. Since the CAZ amp automatically corrects itself 
for internal errors, the only periodic adjustment required is 
that of gain, which is established by two external resistors. 
The no-adjustment feature, combined with extremely low 
offset and temperature coefficient figures, makes the .. CAZ 
instrumentation amplifier very. desjrable for operation in 
severe environments (temperature, humidity, toxicity, 
radiation, etc.) where equipment service is difficult. 

ORDERING INFORMATION" 

Order parts by the following part numbers: 

Compensated Uncompensated Package Temperature 
Range 

ICL7605CJN ICL7606CJN CERDIP O°C to +70°C 
ICL76051JN ICL76061JN CERDIP -25°C to +85°C 
ICL7605MJN ICL7606MJN CERDIP --55°C to +125°C 

Order die by the following part numbers: 

ICL760S/D 
ICL7606/D 



ICL7600/ICL7601 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Total Supply Voltage (sum of both positive and 

negative supply voltages, V+ and V-) ......... 18 Volts 
Positive Supply Voltage (GND to V+) ........... 18 Volts 
Negative Supply Voltage (GND. to V-) .......... 18 Volts 
DR Input Voltage ............•. (V+ +0.3) to (V+ -8) Volts 
Input Voltage (C1, C2, +INPUT, -INPUT, BIAS, 

OSC (Note 2» ............. (V+ +0.3) to (V- -0.3) Volts 
Differential Input Voltage (Note 3). ±(V+ +0.3) to (V- -0.3) 

Volts 
Duration of Output Short Circuit (Note 4) ..... Unlimited 
Continuous Total Power Dissipation at or below+25°C 

free air temperature. (Note 5) 
CERDIP Package ........................... 500 mW 
Plastic Package ........... ;................. 375 mW 

O~OIL 

Operating Temperature Range 
nCL7600/1CL7601/MJD) ............ -'55°C to +125°C 

Operating Temperature Range 
nCL7600/1CL7601/1JD) ............... -25°C to +85°C 

Operating Temperature Range 
nCL7600/1CL7601/CPD) .................. 0 to HO°C 

Storage Temperature Range ............. -'55 to +150°C 
Lead Temperature (soldering, 60 seconds) ....... +300°C 

Nole 1: Stresses above those listed under "ABSOLUTE MAXIMUM RATINGS" may cause permanent device failures. These are stress ratings 
only and functional operation of devices under conditions other than those indicated in the Table of Electrical Characteristics is not 
recommended. Exposure to absolute maximum rating conditions for e.xtended periods of time can cause device failures. , 

Nole 2: AnSCR structure is inherent in the CMOS process used in the fabrication of these devices. If voltages in excess of IV+ +0.3) to IV--{).3) 
volts are connected to either inputs or·outputs, destructive latchup can occur. Forthis reason it isrecommended that no inputs from sources not 
on the same power supply orsupplies be applied before thelCL7600/ICL7601supplies are established, and that if multiple supplies are used the 
ICL7600/ICL7601 supplies be activa.ted first. 

Nole 3: No restrictions are placed on the differentialinput voltages on either the inverting or non-inverting inputs, so long as these voltages do 
not exceed the power supply voltages by more than O.3V. 

Nole 4: Outputs may be shorted to ground IGNDl or to either supply IV+, V-I. Temperature and/or supply voltages must be limited to insure that 
the dissipation rating is not exceeded. ' 

Nole 5: For operation above 25° C free-air temperature, derate 4mW/o C from 500mW for CERDIP and 3mW/o C from 375mW for plastic above 
~~ , 
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ICL760S11CL7606 
OPERATING CHARACTERISTICS 

O~OIb 

TestConditions; v· = +5 volts,V- = -5 volts, TA =+25° C,DR pin connected to V· (teOM'" 160Hz, feoM1 '" 80Hz), 
C1 =C2=C3=C4 = 1JlF, Test Circuit 1 unless otherwise specified. . 

VALUE 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNIT 

Input Offset Voltage Vos Rs S lkll Low Bias Setting ±2 Jl.V· 
Med Bias Setting ±2 ±5 Jl.V 
High Bias Setting ±7 Jl.V 

MIL version over temp. Med Bias Setting +20 Jl.V 
Average Input Offset TCVos Low or Med Bias Settings 55° C > TA> +25~ C 0.01 0.1 " Jl.V/oC 
Voltage Temperature .+25°C > TA > +B5° C 0.01 0.1 Jl.V/oC 
Coefficient +25°C > TA > +125°C 0.05 0.15 Jl.VrC 
Long Term Input VOSlTime 
Offset Voltage Stability 

Low or Med Bias Settings 0.5 Jl.YlYear 

Common Mode Input Range CMVR 5.3 +5.3 V 
Common Mode Rejection Ratio CMRR Cose - 0, DR connected to V', C3 - C4 - lJl.F 94 dB 

Cose=l;.tF,DR connected to GND, C3 '" C4 = lJl.F 100 dB 
Cose=lJl.F.DR connected to GND. C3 = C4 = 10Jl.F 104 dB 

Power Supply Rejection Ratio PSRR " 110 dB 
-INPUT Bias Current INTB Any bias setting. fe - 160Hz 0.15 1.5 nA 

(Includes charge injectioncu'rrentsl " 

Equivalent Input Noise Low Bias Mode 4.0 Jl.V 
Voltage peak-to-peak enp-p Band Width Med Bias Mode 4.0 p,V 

0.1 to 10Hz High Bias Mode ,5.0 Jl.V 
Equivalent Input eiip-p Band Width 
Noise Voltage 0.1 to 1.0Hz All Bias Modes 1.7 Jl.V 
Voltage Gain Av Rl - lOOkl! Low Bias Setting 90 105 dB 

Med Bias Setting 90 105 dB 
Hiah Bias Settinq BO 100 dB 

Maximum Output VOUT Rt: = 1 Mil ±4.9 V 
Voltage Swing Rl ='100kll ±4.8 V 

Rl = 10kll Positive Swing +4.4 V 
Neaative Swinq -4.5 V 

Band Width of Input GBW C3-C4-1I'F All Bias Modes 10 Hz 
Voltage Translator \ 

Nominal Commutation feoM Cose - OpF DR Connected to V' 160 Hz 
Frequency DR Connected to GND 2560 Hz 
Nominal Input Converter. feoMl Cose,~ OpF DR Connected to V' BO Hz 
Commutation Frequency DR Connected to GND 12BO Hz 
Bias Voltage to define VBA Low Bias Setting V.-o.3 V'+0.3 V 
Current Modes VBM Med Bias Setting V-+l.4 V'-l.4 V 

VBl High Bias Setting V--o.3 V-+0.3 V 
Bias (Pin 8) Input Current IBIAS ±30 pA 
Division Ratio Input IDR V' B.OS VDR S V'+0.3 volt .' ±30 pA 
Current 
DR Voltage to define VDRH Internal oscillator division ratio 32 V' -0.3 V'+0.3 V 
Oscillator division ratio VDRl Internal oscillator division ratio 2 V'-B V'-1,4 V 
Effective Impedance of 
Voltage Translator RAs 30 kll 
Analog Switches 
Supply Current Is High Bias Setting 4 7 15 mA 

Med Bias Setting 0.6 1.7 5 mA 
Low Bias Setting 0.25 0.6 1.5 mA 

Operating Supply V'-V- High Bias Setting' 5 10 V 
Voltage Range Med or Low Bias Setting 4 10 V 
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SUPPLY CURRENT AS A 
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ICL7605/ICL7606 
DETAILED DESCRIPTION 
CAZ Instrumentation Amp Overview 
The CAZ instrumentation amplifier operates on principles 
which are very different from those of the conventional three 
op amp designs, which must use ultra-precise trimmed 
resistor networks in order to achieve acceptable accuracy. 
An important advantage of the ICL7605/1CL7606 CAZ instru
mentation amp is the provision for self-compensation for 
internal error voltages, whether they are derived from 
steady-state conditions, temperature, supply voltage fluctu-' 
ations, or are variable over a long term. 

The CAZ instrumentation amplifier is constructed with 
monolithic CMOS technology, and consists of three distinct 
sections, two analog and one digital. The two analog 
sections - a differential.to single-ended voltage converter, 
and a CAZ op amp - have on-chip analog switches to 
steer the input signal. The analog switches are driven from a 
self-contained digital section which consists of an RC 
oscillator, a programmable divider,· and associated voltage 
translators. A functional layout of the ICL7605/1CL7606 is 
shown in Figure 1. 
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-DIFF IN I 

DIFFERENTIAL 
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ENDED 
VOLTAGE 

CONVERTER 

Figure 1: Simplified Block Diagram 

-l 
I 
I OUTPUT 

The ICL7605!ICL7606 have .approximately constant input 
equivalent noise voltage, CMRR, PSRR, input offset voltage 
and drift values independent of the gain configuration. By 
comparison, hybrid-type modules which use the traditional 
three op amp configuration have relatively· poor 

. performance at low gain (1 to 100) with improved 
performance above a gain of 100. . 
The only major limitation of the ICL7605/1CL7606 is its low
frequency operation (10 to 20 Hz maximum), However in 
many applications speed is not the most important 
parameter. 

+INPUT 

AZ '--____ ~..::O..::UTPUT 

-INPUT 

CAZ Op Amp Section 
Operation of the CAZ amp section of thelCL7605/1CL7606 
instrumentation amplifier is best illustrated by referring to 
Figure 2. The basic amplifier configuration, represented by 
the large triangles, has one more input than does a regular op 
amp - the AZ, or auto-zero terminal. The voltage on the AZ 
input is that level to which each of the internal op amps are to 
be auto-zeroed. In Mode A, op amp #2 is connected into a 
unity gain mode through on-chip analog switches, and 
charges external capacitor C2 to a voltage equal to the DC 
input offset voltage of the amplifier, in addition to the instan
taneous low-frequency noise voltage. A short time later, the 
analog switches reconnect the on-Chip op amps to the con
figuration shown in Mode B. In this mode, op amp #2 has 
capacitor C2 (which is charged to a voltage equal to the offset 
and noise voltage of op amp #21 connected in series to its 
non-inverting (+1 input in such a manner as to null out the 
input offset and noise voltages of the amplifier. While one of 
the on-Chip op amps is processing the input signal, the 
second op amp is in an auto-zero mode, and charges a 

• capacitor to a voltage equal to its equivalent DC and low 
frequency error Voltage. The on-chip amplifiers are 
connected and reconnected at a rate designated as the com" 
mutationfrequency (fCOMI so that at all times. one orthe other 
of theon-chip op amps is processing the input signal while the 
voltages on capacitors C, and C2 are. bei ng updated 
regularly to compensate for variables such as 10)N frequency 
noise voltage and input offset voltage changes due to 
temperature, drift or supply voltages effects. 
Compared to the standard bipolar or FET input op amps, the 
CAZ amp scheme demonstrates a number of important 
advantages: . 

• 'Effective inputoffset voltages can be reduced from 1000 
to 10,000 times without trimming. 

• Long-term offset .voltage drift phenomena can be 
compensated and dramatically reduced. 

• Thermal effects can be compensated for over a wide 
operating temperature range. Reductions can be as much as 
100 times or better. 

• Supply voltage sensitivity is reduced. 

CMOS processing is ideally suited to implement the CAZ 
amp structure. The digital section is easily fabricated, and 

v-r __________ ~O~UTPUT 

Figure 2: Diagrammatic representation of the 2 half cycles of operation of the CAZ OP AMP. 
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Figure 3: Schematic of analog switches connecting each internai OP AMP to the external inputs at the output. 

the transmission gates (analog switches) which connect the 
on-chip op amps can be constructed for minimum charge 
injection and the widest operating voltage range. The analog 
seCtion, which includes the on-chip op amps, contributes 
performance figures which are similar to bipolar or FET input 
designs: CMOS structure provides the CAZ amp concept 
with open-loop gains of greater than 100 dB, typical input 
offset voltages of±5 mV, and ultra:low output leakage 
currents, typically 1 pA. 

The CMOS transmission gates connect the on-chip op amps 
to external input and output terminals, as shown in Figure 3. 
Here, one op amp and its associated analog switches are 
required to connett each on-chip op amp so that at any time 
three switches are open and three switches are closed. Each 
analog switch consists of a Pcchannel transistor in .parallel 
with an N-channel transistor. 
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DIFFERENTIAL-TO-SINGLE-ENDED 
UNITY GAIN VOLTAGE CONVERTER 
An idealized schematic of a voltage converter block is shown 
in Figure 4. The mode of operation is quite simple, involving 
two capacitors and eight switches. The switches are 
arranged so that four are open and four are closed. The four 
conducting switches connect one of the capacitors across 
the differential input and the other from a ground or 
reference voltage to the input of the CAZ instrumentation 
amp. The output signal of this configuration is shown in 
Figure 5, where the voltage steps equal the differential 
voltage (VA-VB) at commutation times a, b, c,etc. The output 
waveform thus represents all information contained in the 
input signal from DC up to the commutation frequency, 
commutation and noise voltages are added. Sampling theory 
states that to preserve the integrity of the information to be 
processed, at least two samples must be taken within a . 
period (1If) of the highest frequency of the signal being 

:~3 ~4 GND OR REFERENCE VOLTAGE 

-DIFF IN 

S5 

'; 56 

S7 

'---1 

158 

MODE 5, S3 54 55 
A CL05ED CLOSED OPEN CL05ED 
B OPEN OPENCL05ED OPEN C 
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Figure 4: Schematic of the differential to single ended voltage converter 
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GND OR 

O~OIL 
sampled. Consequently this scheme preserves information 
up to the commutation frequency, Above the'commutation 
frequency, the input signal is transferred to a lower 
frequency, This phenomenon is known as aliasing. Although 
the output responds above the'commutation frequency, the 
frequencies of the output responses have been aliased down 
to frequencies below the .commutation frequency, 

OUTPUT 
VOLTAGE I-__ -!~~~~~~~CE 

The example shown in Figure 4 for the voltage converter is 
fabricated with CMOS analog switches, which contain a 
parallel combination of P-channel and N-channel transis
tors, The switches have finite ON impedances of 30kfl, plus 
parasitic capacitances to the substrate. Because of the 
charge injection effects which appear at both the switches 
and the output of the voltage converter, the ~alues of 
capacitors Co and Co must be about 1JlF to preserve signal 
translation accuracies toO,01%, The 1JlF capacitors, coupled 

INPUT COMMUT"TION 
PERIOD (1/'COM1) 

Figure 5:' Input to Output Voltage waveforms from the differential to 
single ended voltage converter. For' additional information, see 
frequency characteristics in Amplitude Response of the Input 
Differential to single ended voltage converter graph on page 5. 

APPLICATIONS 

. with the .30kfl. equivalent impedance of the switches, 
produce a low-pass filter response from the voltage 
converter which is approximately 3 dB at 10 Hz. 

USING THE ICL760S/ICL7606 TO BUILD A DIGITAL READOUT TORQUE WRENCH 
A typical application for thelCL760S/ICL7606 is in a strain 
gauge system, sUch as the digital readout torque wrench 
circuit shown in Figure 6, In this. application, the CAZ 
intrumentation amplifier is used as a preamplifier, taking the 
differential voltage of the bridge and converting this voltage 
to a single-ended voltage reference to ground. The signal is 
then amplifier by the CAZ instrumentation amplifier and 
applied to the input of a 3-1/2 digit dual-slope AID converter 
chip for LCD panel meter display. The AID converter device 

'used in this instance is the Intersil ICL7106, 

In the digital readout torque wrench circuit, the internal 
reference voltage of the ICL7106 is used instead of the 
conventional external. reference source. In order to set the 
full-scale reading, it is required that, given a certain strain 
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v' 

gauge ,bridge with' a defined pressure voltage sensitivity, a 
value of gain for the ICL760S/ICL7606 instrumentation CAZ 
amp be selected along with. an appropriate value for the 
reference voltage. Th.e g'ain should be set so that at full scale 
the output will swing about O,SV, The reference voltage 
required ls about one-half the maximum outputswing, or 
approximately 0.2SV. 

In this type of system, only one adjustment is required. Either 
the amplifier gain or the reference voltage must be varied for 
full-scale adjustment. Note that the common toV+ voltage of 
the CAZ amp is about 2.8V, This voltage must therefore be 
divided by about 10 to provide the 0.2SV reference voltage. 
Total current consumption of all Gircuitry, less the current 
through the strain gauge bridge, is typically 2 mA, 

1.S Hz 

osc 140 
OSC 239o--...---"'VV'V1' 
OSC 338 
TEST 37 

REF HI" 
REF LO 351-----'--..JvIV\,.---'V\ry...-<>v' 

C REF34 
C REF33 

COMM32 

20kll 

10 IN H(31i-:---------:-' 

11 IN LO 301-:!~ii===;_--l 
12 I-' 
13 
14 
15 
16 

17 ,. 
19 

2<1 

ICL7106 24 
23 
22 
21 

rO.l "F 

LOW PASS -= ':' FILTER R,+ R2· 
Av = -R-, - = 101 TIMES 20 

LCD DISPLAY 

Figure 6: 3-1/2 Digit Digital Readout Torque Wrench 
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ICL7605I ICL7606 
SOME HELPFUL HINTS 

Testing the ICL760S/ICL7606, 
CAZ Instrumentation Amplifier 
Test Circuits #1 and #2 provide convenient means of 
measuring most of the important electrical parameters olthe 
CAZ instrumentation amp. The output signal can be viewed 
on an oscilloscope after being fed through a low-pass filter.,lt 
is recommended that for most applications, a low-pass filter 
of' about 1.0 to 1.S Hz be used to reduce the peak-to-peak 
noise to about'the same level as the input offset voltage. 

The output low-pass filter must be of a high-input impedance 
type - not a capacitor across the feedback resistor R2 nor a 
low-impedance type of around 1 kH - but rather must be 
rated at about 100kO and 1.0jJF so that the output dynamic 
loading on the CAZ instrumentation amp is about 100kH. 

Bias Control 
The on-chip op amps consume over 90% of the power 
required by the ICL76DS/ICL76D6 instrumentation op amp. 
For this reason, the internal op amps have externally
programmable bias levels. These levels are set by 
connecting the BIAS terminal to either V+, GND, or V-. The 
difference between each bias setting is about a factor ,of 3, 
allowing a 9:1 ratio of powe~ supply versus bias setting. This 
current programmability provides the user with a choice of 
device power dissipation levels, 'slew rates (the higher the 
slew rate, the lower the amplitude of commutation spikes) 
and' offset errors due to "IR" voltage drops and thermoelectric 
temperature gradients across the' chip and the higher the 
temperature gradients across the chip and the highe the 
input offset error)' In most cases, the medium bia's (MED 
BIAS) setting will be found to be the best·choice. 

Output Loading (Resistive) 
With a 10k!! load, the output voltage swing can vary across 
nearly the entire supply voltage range, and the device can be 
used with loads as low as 2kH. , , 
However with loads of less than SDk!!, 'the on-chip op amps 
will begi~ to exhibit the characteristics of transconductance 
amplifiers, since their respective output impedances are 
nearly SOkH each. Thus the open-loop gain is 20 dB less with 
a 2kH load than it would be with a 20kH load. Therefore, for 
high gain configurations requiring high accuracy, an output 
loading of 100kH or less is suggested. 
There is another consideration in applying the CAZ instru
mentation op amps which must not be overlooked, and that 
is the additional power dissipation of the chip which will 
result from a large output voltage swing into a low resistance 
load. This added power dissipation can affect the initial input 
offset voltages under certain conditions. ' 

GND 

OUTPUT 
VOLTAGE 

O~OIL 

Output Loading (Capacitive) 
In many applications, it is desirable to include a low-pass 
filter at the output of the CAZ instrumentation op amp to 
reduce high-freq'uency noise outside the desired signal 
passband. An obvious solution when using a conventional 
op amp would be to place a capacitor across the external 
feedback resistor and thus produce a low-pass filter. 
However, with the CAZ op amp concept this, is not possible 
because of the nature of the commutation spikes. These 
voltage spikes exhibit a low-impedance characteristic,in the 
direction of the auto-zero voltage and a high-impedance 
characteristic on the recovery edge, as shown in Figure 7.lt 
can be seen that the effect of a large load capacitor produces 
an area error in the output waveform, and hence an effective 
gain error. The output low-pass filter must be of a high
impedance type to avoid these area errors. For example, a 1.S 
Hz filter will require a 100k!! resistor and it 1.0jJF capaCitor, 
or a 1 M!! resistor andan 0.1jJF capacitor. 

Oscillator and Digital Circuitry Considerations 
The oscillator has been designed to run free at aboutS.2 kHz 
when the OSC terminal is open circuit. If the full divider 
network is used, this will result in a nominal commutation 
frequency of approximately 160 Hz. The commutation 

,frequency is that frequency at which the on"chip op amps are 
switched between the signal processing and ,the auto-zero 
modes. A 160 Hz commutation frequency represents the 
best compromise between input offset voltage and low 
frequency noise. Other commutation frequencies may provide 
optimization of some parameters; but always at the expense 
of others. 

The oscil,lator has a very high output impedance, so that a 
load of only a few picofarads on the OSC terminal will cause 
a significant shift in frequency. It is therefore recommended 
that if the natural oscillator frequency is desired (S.2 kHz) the 
terminal remains open circuit. In other instances, it may be 
desirableto synchronize the oscillator with an external clock 
source,or to run it at another frequency. The, ICL760S1 
ICL7606 CAZ amp provides two degrees of flexibili,ty in this 
respect. First, the DR (division ratio) terminal allows a choice 
of either dividing the oscillator by 32 (DR terminal to V+) or by 
2 (DR terminal to GND) to obtain the commutatipn 
frequency. Second, the oscillator may have its frequency 
lowered by the addition of an external capaCitor connected 
between the OSC terminal and the V+ or system GND 
terminals. For situations which require that the commutation 
frequency be synchronized with a master clock, (Figure 8) 
the OSC terminal may be driven fr6m TTL logic (with 
resistive pull-up) or by CMOS logic, provided that the V+ 

'supply" (with respect to ground) is +SV (±10%) and the logic 
driver also operates from a similar voltage supply. The 

f\f\ 
INPUT 

AC RSOURCE 
WAVEFORMS 

Figure 7: Effect of a load capaCitor on output voltage waveforms. 



ICL7605/1CL7606 

USE RL - 22kll 
FOR TTL LOGIC 

TTL 
OR 
CMOS 
LOGIC 

(NOT NEEDED FOR CMOS) 

Figure 8: ICL7605 being clocked from external logic into the 
oscillator terminal. 

reason for this requirem'ent is that the logic secti,on 
(including the oscillator) operates from an internal -5V 
supply, referenced to V+ support whic~is generated on-chip, 
and which isnot accessible externally. 

Thermoelectric Effects 
The ultimate limitations to, ultra-high-sensitivity DC 
amplifiers are due to thermoelectric, Peltier, or thermo
couple effects whereby electrical junctions consist of 
various metals (alloys, silicon, etc.) Unlessall junctions are at 
precisely the same temperature, small thermoelectric 
voltages will be produced, generally about 0.1,.,v/oC. 
However, these voltages can be several tens,of microvolts 
per ° C for certain thermocouple materials. 

In order to realize the extremely low offset voltages which the 
CAZ opampcan produce, it is necessary to take precautions 
to avoid temperature gradients. All components should be 
enclosed to eliminate air movement across device surfaces. 
SpeCial thermoelectric solder (70% cadmium, 30% tin) should 
be used. In, addition, the supply voltages and power 
dissipation should be kept to a minimum by use of the MED 
BIAS setting. Employ a high impedance load and keep well 
away fromeql,Jipment which dissipates heat. 

Component Selection 
The two auto-zero capacitors (C1 and C2) should each be 
about 1.0J.LF value. These are relatively large values for non
electrolytic capacitors, but since the voltages stored on them 
do not change significantly, problems of dielectric 
absorption, charge bleed-off and the like are not as 
significant as they would be for. integrating dual-slope AID 
converter applications. Polypropylene and Mylar are the 
best. 
Excellent results have been obtained for commercial 
temperature ranges using several of the less-expensive, 
smaller-size capacitors, since the absolute values' of t~e 
capacitors is not critical. Even polarized electrolytic 
capacitors rated at 1.0J.LF and 50V have been used success
fully at room temperature, although no reCOmmendations 
are made concerning the use of such capacitors. 

Commutation Voltage Transient Effects 
Although in most respects the CAZ ,instrumentation 
amplifier resembles a conventional op amp, its principal 

, applications will be in very low level, low-frequency pre
amplifiers limited to DC through 10 Hz. The is due to the 
finite switching transients which occurat both the input and 

U~UIb 
output terminals because of commutation effects. These 
transients have a frequency spe.ctrum beginning at the 
commutation frequency, and including all of the higher 
harmonics of the commutation frequency. Assuming thatthe 
commutation frequency is higher than the highest in-band 
frequency, then the commutation transients can be filtered 
out with a low-pass filter. 

The input commutation transients arise when each of the on
chip op amps experiences a shift in voltage which is equal to 
the input offset voltages (about 5-10mV), usually occurring 
during the transition between the Signal processing mode 
and the auto-z!;lro mode. Since the input capacitances of the 
on-Chip op amps are typically in the 10 pF range, and since it 
is desirable'to reduce the effective input offset voltage about 
10,000 times,the offset voltage auto-zero capacitors C1 and 
C2 must have values of at least 10,000 x 10pF, orO.1J.LF each. 

The charge that is injected into the i'nput of each op amp 
when being switched into the Signal processing mode 
produces a rapidly-decaying voltage spike at the input, plus 
an equivalent DC input bias current averaged over a full 
cycle. This bias current is directly proportional to the 
commutation frequency, and in most instances will greatly 
exceed the inherent leakage currents of the input analog 
switches, which are typically 1.0 pA at an ambient 
temperature of 25° C. 
The output waveform in Test Circuit #1 (with no input signal) 
is shown in Figure 9. Note that the equivalent noise voltage is 
amplified 1000 times, and thatdue to the slew rate of the on
chip op amps, the input transients of approximately 7 mV are 
not amplified by 1000. 

~6' s--l DIFFER,ENTIAL TO SINGLE ENDED 
_,_1- ,"1 " 'I /COVERTER TRANSIENTS 

OUTPUT· 1', ~' . I 1 j 
VOLTAGE II II ,.:r._ .... 

L,3ms-l "- CAZ Op·AMP TIME-
I~ 'I TRANSIENTS 

Figure 9: Output waveform from Test Circuit 1. 

Layout Considerations 
Care should be exercised in positioning components on the 
PC board, particularly the capacitors C1, C2, C3 and C4, all of 
which must be shielded from the OSC terminal. Also, 
parasitiC PC board leakage capacitances associated with 
these four capaCitors should be kept as low as possible to 
minimize charge injection effects. 

PACKAGE DIMENSIONS 

c:::::] l:~::r 
.180 (4.572) .260 (6.604) ~-.900 (22.860) MAX-=-=! .140 (3.556) II---J 

.060(1.524) '., =t,~, .015 (.381) , . " 

~ 

t I .015 (.381) ~t~I~~ .110 (2.794) .070 (1.778) .023 (.584)·125 (3.17S) .400 (10.1S1 
.090 (2.286) .030 (.762) .015 (.381) - .330 (8.382) 

(I 
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FEATURES 
• 1/2% Full Scale Accuracy 
• TemperatureCompensatedO°C to 70°C 
• Scale Factor 1 V IDecade, Adjustable 
• 120dB Dynamic Current Range (8048) 
• SOdB DynalTlic Voltage Range (8048 & 8049) 
• Dual FET-Input Op-Amps' ' 

, ' . 
8048 SCHEMATIC DIAGRAM 

8049 SCHEMATIC DIAGRAM 
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ICL8048, ICL8049 
, . ' 

Monolithic Log Amplifier 
Monolithic Antilog Amplifier 

GENERAL DESCRIPTION 
The S04Sis a 'monolithic logarithmic amplifier capable of 
handling six decades of current input, or three decades of 
voltage input. It is fully temperature compensatecl and is' 
nominally designed to provide 1 volt of output, for eacll 
decade change of input. For increased flexibility, the scale 
factor ,reference current and offset voltage are externally 
adjustable. . 

The'S049 is the antilogarithmic cou~terpart of .the S04S; it 
nominally generates omi decade of output'ilOltage for each 
1_lt change at the input. . 

CONNECTION DIAGRAM 

GROUND 1 

NO CONNECTION 3 

At O.FFSET ~l;J~L 4 

A, OF,FSET NU~L 5 

At OUTPUT '7 

NO CONNECTION -S 

14 NO CONNECTION 

1~ A2.0FFSET NULL 

12 A2 OFFSET NULL 

9 N9 CONNE~~ioN 

CONNECTION DIAGRAM 

AllNPUT 1 

, AIOFFSET'NULL 4 

A, OFFSET NULL. 5 

At qU.TPUT 7 

NO CONNECTION 8 

, 8049 .. 
13 A2 OFFSET NULL 

12 'A2 OFFSET'NULL 

9 NO CONN ECTlQN 



ICL8048, ICL8049 

MAXlMUM RATINGS 
Supply Voltage ±18V 
lin (Input Currentl 2mA 
Iref(Reference Current) 2mA 

Operating Temperature Range 
Output Short Circuit Duration 
Storage Temperature Range 

O°C to +70°C 
Indefinite 

-6S0Cto +12SoC 
300°C Voltage between Offset'Null and v+ ±O:SV Lead Temperature (Soldering, 60 sec.) 

Power Dissipatio!,) 7S0mW 

ELECTRICAL CHARACTERISTIC (Note 1) 

8048BC 8048CC 

PARAMETER CONQITION" MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

Dynamic Range 

iin 11 nA-1 mAl 120 120 dB 

Vin I,OmV-10VI BINs 10kO 60 60 dB 

Error, %' of Full Scale T A = 25°C, liN = 1 nA to 1 mA .20 0.5 .25 1.0 % 

Error, % ,of Full Scale TA,=0°Cto+70°C, .60 1.25 .80 2.5 % 

IIN=1nAt01mA 

Error, Absolute Value TA = 25~C, liN =: 1 nA to 1 mA 12 30 14 60 mV 

Error, Absolute Value T A = O°C to+70°,C, 36 75 50 1,50 mV 

liN = 1nAto 1mk 

Temperature CO,efficient of VOUT liN =1nAto 1mA 0.8 0.8 mV/oC, 

Power, Supply Rejection Ratio Referred to Output 2.5 2.5 mVIV 

Offset Voltage IA1 & A21 Before Nulling 15 ' 25 15 50 mV 

Wideband Noise At Output, for liN = 100,.A 250 250 ,.VIRMS 

Output,Voltage Swing RL';' 10kO ±12 ±14 ±12' ±14 V 

RL= 2kO ±10 ±13 ±10 ±13 V 

Power Consumption 150 200 150 200 mW 

Supply Current 5 6.7 5 6.7 mA 

NOTE 1: Unless otherwise noted, specifications apply for Vs = ± 15V, T A = 25°C, IREF = 1 mA, scale factor adjusted for 1 V/decade. Accuracy 
specifications assume that offset voltages and scale factor have been adjusted using the procedure outlined on page 3. 
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TRANSFER FUNCTION 
FOR CURRENT INPUTS 
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TRANSFER FUNCTION FOR 
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ICL8048,ICL8049 

THEORY OF OPERATION 

The 8048 relies for its operation on the well-known expo
nential relationship between the collector current and the 
bas.a-emitter voltage of a transistor: . 

IC= Is[egVBEAT -,J (1) 

For base-emitter voltages greater than 100mV, Eq. (1) 
becomes, 

: qVBE/i 
IC ~ IS e· kT (2) 

From Eq. (2), it can be' shown that for two identical 
transistors operating at different collector currents, the 
VBE difference (LWBE) is given by: 

l'.VBE = -2.303 x kqTI09 10 [xCl!IC2] (3) 

Referring to F.ig. 1, it is clear that the potential at the 
collector of 02 is equal to the l'.VBE between 01 and 02. 
The output voltage is'l'.VBE multiplied by the gain of A2: 

'VOUT = _2.j03(R~:2) (kqT) log 10 [IINtJREFJ (4) 

. The exp~ession 2.303 x kT has a numerical value of S9mV . . q 

at 2SoC; thus in orde'r to generate f volt/decade at the 
output, the ratio (Rl + R2)/R2 is chosen to be 16.9. For 

, this scale factor to hold constant as a fUnction of tempera
ture,the (R 1 + R2)/R2 term must have a l/T characteristic 
to compensate for kT/q. 

In the 8048 this. is achieved by making Rl.a thin film 
resistor, deposited on the mon'olithic chip. It has a nominal 

V,N 

R'N 

I 
I Ro I 
L_~~.J 

lOk!2 ' 

value of lS.9kn at 2SoC, and its temperature coefficiept is 
carefully designed to provide the necessary compimsation. 
Resistor R2 is external and should be a low T.C. type; it . 
should have a nominal value of lkn to provide 1 volt/ 
decade, and must have an adjustment range of ±20%to 
allow.for production variations in the' absolute value .of R 1, 

OFFSET AND SCALE FACTOR ADJUSTMENT 

A log amp, unlike an op-amp, cannot be offset adjusted by 
simply grounding. the input. This is because the log of zero 
approaches minus infinity; reducing' the, input current to 
zero starves 01 of collector current and open the feedback 
loop around A,. Instead, it is necessary to zero the offset 
voltage of A, and A2 separately, and then to adjust the 
scale factor. Referring to Fig. 1, this is done as follows: . 

1) Temporarily'connect a 10kn resistor (RO) between 
pins 2 arid 7. With no input voltage,adjust R4 until 
the output of Al (pin 7) is zero. Remove RO. 

Note that for a current input, this adjustment is not 
necessary since the offset voltage of Al does not 
cause any error for current-source' inputs. ' 

2) Set liN ~'IREF = lmA. Adjust RS such that thfl 
, output of A2 (pin 10) is zero. . 

3) Set liN = lilA, IREF = lmA. Adjust R2 for 
VOUT = 3 volts (for a 1 volt/decade scale factor) 
or 6 volts (for a 2 volt/decade scale factor). 

Step #3 determines the scale factor. Setting liN = lilA 
optimizes the scale factor adjustment over a fairly wide 
dynamic ~ange; from lmA.to lnA .. Clearly, if the·8048 is to 
be used for inputs which only span the range 100llA to 
1 mA, it wou Id be better to set II N = .100JlA in Step #3. 
Similarly, adjustment for other scale fa!:tors wC!uld require 
different liN and VOUT values. 

FIGURE 1. 8048 OFFSET AND SCALE FACTOR ADJUSTMENT, 
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ICL8048, ICL8049 

MAXIMUM RATINGS 
Supply Voltag~ 
Vin (Input Voltage) 
Iref (Reference Current) 
Voltage between Offset Null and V+ 
Power Dissipation. 
Operating Temperature Range 
Output Sho~t Circuit Duration 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec.) 

ELECTRICAL CHARACTERISTIC (Note 1) 

PARAMETER CONDITION 

Dynamic Range (VOUT) VOUT" 10mV to 10V 

Error, Absolute Value TA = 25?C, OV~VIN ~3V 

Error, Absolute Value TA = O°C to +70°C, 

OV~VIN~3V 

Temperature Coefficient, Referred to VI N VIN =3V 

Power Supply Rejection Ratio Referred to Input, ·for 

VIN =OV 

Offset Voltage (Al & A2) Before Nulling 

Wideband Noise Referred to I nput, for 

Vn\j =OV 

Output Voltage Swing RL= 10k!), 

RL=2k!)' 

Power Consumption 

Supply Current 

8049BC 
MIN. TYP. 

60 

3 
20 

0.38 

2.0 

15 

26 

±12 ±14 

±10 ±13 

150 

5 

8049CC 
MAX. MIN. TYP. 

60 

10 5 

75 30 

0.55 

2.0 

25 15 

26 

±12 ±.14 

±10 ±13 

200 150 

6.7 5 

±1BV 
±15V 
2mA 

±0.5V 
750mW 

O°C to +70°C 
Indefinite 

_65°C to +150°C 
300°C 

MAX. UNITS 

dB 

25 mV 

150 mV 

mV/oC 

".VIV 

50 mV 

".V(RMS) 

V 

V 

200 mW 

6.7 mA 

NOTE 1: Unless otherwise noted, specifications apply for Vs = ±15V, T A =·25°C, I REF = 1 mA,scale factor adjusted for 1 decade (out! per 
volt !in).. Ac~uracy specifications assume that offset v,?ltages and scale factor have been adjusted using the procedure on page 5. 
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THEQRY.OF OPERATION 
The S049 relies on the same logarithmic properties of the 
transistor as the S04S. The input voltage forces a specific 
t.VBE between 01 and 02 (Fig. 2). This VBE difference 
is ,converted into a difference of collector currents by the 
trl,msistorpair. The equati(;m'governing the behavior of the 
transistor pair is derived from (2) on Page 3 and is as follows: 

Icv = ex rqt.VBE/] 
/IC2" PL /kT 

(5) 

When numerical values for q/kTare put into this equation; 
it is found that a t.VBE of 59mV (at 25°C) is required to 
change the collector c;urrent ratio by a factor ,of ten., But 
for ease of application, ,it is desirable that a 1 volt change 
at the input generate a tenfold change at the output. The 
required input att_enuation is achieved by the network com: 
prising Rl and R2. In order that scale factors other than 
one decade per volt may be selected, R2 is external to the 
chip. It should have a value of lkn, adjustable ±20%, for 
one decade per volt. Rl is a thin film resistor deposited on 
the. monolithic chip; its, temperature characteristics are 
chosen to cOmpensate the temperature dependence of 
equation 5, as, explained on Page 3. 

,The overall transfer function is as follows: 

IOUl'/ ~ex [-R2 x qVINl (6) 
/IREF PKRl + R2), kT J 

Sub~tituting VOUT = .lOUT x ROUrgives: 

, " r -R2qVINl 
VOUT = ROUT IREF exp URl ;I-'R2) x-WJ (7) 

v' 

For voltage references equation 7 becomes 

'VOUT= VREF x ROUT expL'=~xqVIN], (S) ( 
RREF tiRl + R2 kT , 

OFFSET AND SCALE FACTOR ADJUSTMENT 

As with the log amplifier, the antilog amplifier requires 
three adjustments. The first step is to null out the offset' 
voltage of A2. This is accomplished by reverse biasing the 
base-emitter of 02. A2 then operates asaunfty gain buffer 
with a grounded input. The secon(:Lstep forces VIN = 0; 
the output is adjusted for VOUT = 10V. This step essen
tially "anchors" one point on the transfer 'function. The 

, third step applies a specific input and adjusts the output'to 
the correct voltage. This sets the scale factor. Referring to 
Fig~ ,2, the exact procedure for 1 decade/volt is as follows: , 

,1) Connect the input (pin #16) to· +15V; This 
reverse biases the base-emitter. of 02. Adjust R7 
for VOUT = OV. Disconnect the input from +15V. 

2) Connect the input to Ground. Adjust R4 for 
VOUT = 10V. Disconnect the input from Ground. 

3) Connect the input to a precise 2V supply 'and adjust 
R2 for vovi = 100mV. 

The procedure outlined above optimizes the performance 
over a 3 decade range at the output (i. e., VOUT from 
10mV to 10V). 'For a more limited range of output 
voltages, for example lV to 10V, it would be better to 
use a precise 1 volt supp'lyand adjust for VOUT ,= '1 V. 
For other scale factors and/or starting points.- different 
values for R2 and RREF'wili be needed, but the same basic· 
procedure applies. 

VREF 
(+15V) , 

v+ 
8049 

FIGURE 2 0 
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APPLICATIONS INFORMATION 

Scale Factor Adjustment 

The scale factor adjustment procedures outlined on Page 3 
(8048) and Page 5 (8049) are primarily directed towards 
setting up 1 volt (t.VOUT) per decade (t.IIN ort.VIN) for 
the log amp, or one decade (t.VOUT) per volt (t.VIN) for 
the antilog amp. 

This corresponds to K = 1 in the respective transfer func
tions: 

Log Amp: VOUT = -K log '10.['1'~REFI (9) 

Antilog AmP: VOUT= RO~T IREF 10 -Vlryk (10) 

.BY adjusting R2 (Fig. 1 and Fig. 2) the scale factor "K" in 
equation 9 and 10 can be varil!d. The ~ffect of changing K 
is shown graphically in Fig. 3 for the log amp, and Fig. 4 

,for the antilog amp. The nominal value of R2 required to 
give a specific value, of K can ,be determined from equation 

,11. It should,beremembered that R1 has a ±20% tolerance 
in absolute value, so that allowance shall be made for ad· 
justing the nominal value ot' R2 by,±20%. 

941 
R2 = (K-.059) n 

EFFECT OF VARYING, "I<:" ON 
THE LOG AMPLIFIER 

12 
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EFFECT OF VARYING "I<:" ON 
THE ANTILOG AMPL!FIER 
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,I 
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INPUT VOLTAGE (VI 

FIGURE 4 

. (11) 

Freq~ency Compensation 

Although the op-amps in both the 8048 and the 8049 are 
compensated for unity gain, some additiol)al ,frequency 

, , compensation is required. This is because the I,o,g transistors 
in the feedback loop add to the loop gain. In the 8048, 
150 pF should be connected between Pins 2 and 7 (Fig. 1). 
In the 8049, 200 pF between Pins 3 and 7 is recommended 
(Fig. 2). 

Error Analysis 

Performing a meaningful error analysis of a circuit con· 
taining log and antilog amplifiers is more complex' than 
dealing with a similar circuit involving only op-amps. In 
this data sheet every effort has been made to' simplify the 
analysis task, without in any way compromising the validity 
of the resultant numbers. " 

The, key difference.in making error calculations in logl 
antilog amps, compared with op-amps, is that the gain of 
the former is II function of the input signal level. Thus, it 
is,n'ecessary, when referring errors from output to in'put, or 
vice versa, to check the input voltage level, then determine 
the gain of th~ circuit by referring ~o the graphs, given on 
Pages 2 ,and 4. 

The vario,us err~~ terms in the log amplifi~r, the 8048, are 
referred to the output (RTO) of the device. ,The error 
terms in -the antilog amplifier, the 8049, are referred to 
the input ,(RTI) of the device. The errors aree~pressed in 
this -way because in the majority of systems a number of 
log amps interface with an antilog amp, as shown in Fig. 5. 

ERROR DUE TO A IRTOI 
"xmV 

FIGURE,S 

It is very straightforward to estimate the system error at 
node (A) by taking the square root of the sum.of·the 
squares of the errors of each contributing block. 

Total Error =Vx2 + y2 + z2 at (A) 
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If required, this error can be referred to the system output 
through. the voltage gain of the antilog circuit, using the 
voltage gain plot on Page 4. 

The numerical values of ie, y,' and zin. the above equation 
are obtained from the maximum error voltage plots given 
on Pages 2 and 4. For example, with the 8048BC, the 
maximum error at the output is 30mVat 25°C. This 
means that the measured output will be within 30mV of 
the theoretical transfer function,provided the unit has 
been adjusted per the procedures on Page 3. Fig. 6 illus· 
trates this point. 

To determine the maximum error over the. operating tem
perature range, the. 0 to 70°C absolute error values given 
in the table of electrical characteristics should .be used. For 
intermediate temperatures, assume a linear increase in the 
error between the 25°'C value and the 70°C value. 

For the antilog amplifier, the only difference is that the 
error refers to the input,i. e., the horizontal axis. It. will 
be noticed that the maximum error voltage of the 8049, 
over the temperature range, is strongly dependent on the 
input voltage. This is because the outputamplifier,A2, 
has an offset voltage drift which is directly .transmitted to 
the output. When this error is referred to the input, it must 
be divided by the voltage gain, which is input voltage 
dependent. At V,N = 3V, for example, errors at the 
output are multiplied by 1/.023 (=43.5) when referred 
to the input. 

It is important to note that both the 8048 and the 8049 
require positive values ofiREF, and the input and output 
currems (or voltages) respectively must also be positive. 
Application of negative lilN to the 8048 or negative liREFto 

TRANSFER FUNCTION FOR 
CURRENT INPUTS 

_BL-~~ __ ~-L __ L-~~ 
10-10,10-9' to-8 10-:-1 10-6 10-5 10-4 <10-3 

INPUT CURRENT (AMPS) 

FIGURE 6 

Actual output will lie 
within shaded area for 
8048 8C at 2SoC 

either circuit will cause malfunction,and if maintained for 
long periods, would lead to device degradation. Some 
protection .can be provided by placing a diode between pin 
7 and ground. 

SETTING UP THE REFERENCE CURRENT 
In both the 8048 and the 8049 the input current reference 
pin (lREF) is not a true virtual ground. For the 8048, a 
fraction of the output voltage is seen on Pin 16 (Fig. 1). 
This does not constitute an appreciable error provided 
VREF is much greater than this voltage. -A 10V or 15V 
reference satisfies this condition. For the 8049, a fraction 
of the input voltage appears on Pin 3 (Fig. 2), placing a 
similarrestraint on the value of VREF. 

Alternatively, IREF can be provided from a true current 
source. One method of implementing such a current source 
is shown in Fig. 7. 

LOG OF RATIO CIRCUIT, DIVISION 
The 8048 may be used to generate the log of a ratio by 
modulating the 'REF .input. The transfer function remains 
the same, as defined by equation 9: 

VOUT = -K 1091O [il%EF ] (9) 

Clearly it is possible to perform division using just one 
8048, followed by an 8049. For multiplication, it is 
generally necessary to use two log amps, summing their 
outputs into an antilog amp. 

To avoid the problems caused by the I REF input not being 
a true virtual ground (discussed in the previous section), the 
circuit of Fig. 7 is again recommended if the IREF input 
is to be modulated. 

+15V 

J 
VR,F! 0--------1 

FIGURE 7 

+15V 

IREF 

( TO PIN 16 ON 8048) 
TO PIN J ON 8049 
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DEFINITION OF TERMS 
In the definitions which follow, it will be noted that the 
various error terms are referred to the output of the log 

DYNAMIC RANGE The dynamic range of the 8048 refers 
to the range of input voltages or currents over which the 
device is guaranteed to operate. For the 8049 the dynamic 
range refers to the range of output voltages over which the 
device is guaranteed to operate. 

ERROR, ABSOLUTE VALUE The absolute error is a 
measure of the deviation from the theoretical transfer func· 
tion, after performing the offset and scale factor adjust· 
ments as outlined on Pages 3 (8048) or 5 (8049). It is 
expressed in mV and referred to the linear axis of the 
transfer function plot. Thus, in the case of the 8048, it is 
a measure of the deviation from the theoretical output 
voltage for a given input current or voltage. For the 8049 
it is a measure of the deviation from the theoretical input 
voltage requ ired to generate a specific 'output voltage. 

The absolute error specification is guaranteed over the 
dynamic range. 

ERROR, % OF FULL SCALE The error as a percentage of 
full scale can be obtained from the following relationship: 

100 x Error, absolute value 
Error, % of Full Scale = -----'--'--"------"---

, Full Scale Output Voltage 

ORDERING INFORMATION 

MAX. ABSOLUTE 
TYPE PACKAGE ERROR (25°C) 

8048 BC 16 Pin Hermetic DIP ·30mV 
8048 BC 16 Pin Plastic DIP 30mV 
8048 CC 16 Pin Hermetic DIP 60mV 
8048 CC 16 Pin Plastic DIP 60mV 
8049 BC 16 Pin Hermetic DIP 10mV 
8049 BC 16 Pin Plastic DIP 10mV 
8049 CC 16 Pin Hermetic DIP 25niV 
8049 CC 16 Pin Plastic DIP 25mV 

PACKAGE DIMENSIONS 

16 PIN CERAMIC DIP (DE) 

L ' 
.085 TYPF-l-' , 
-r- .010 

I 'I 310' II ,T::. 
I-NOM.- '('TYP. 

amp, and to the input of the antilog amp. The reason for 
this is explained on Page 6. 

TEMPERATURE COEFFICIENT OF VOUT OR V/N For 
the 8048 the temperature coefficient refers' to the drift 
with temperature of VOUT for a constant input current. 

For the 8049 it is the temperature drift of the input.voltage 
required to hold a constant value of VOUT. 

POWER SUPPL Y REJECTION RA TlO The ratio of the 
voltage change in the linear axis of the transfer function 
(VOUT for the 8048, VIN for the 8049) to the change 
in .the supply Voltage, assuming that the log axis is held 
constant. 

WIDEBAND NOISE For the 8048, this is the noise occur· 
ring at the output under the specified conditions. I n the 
case of the 8049, the noise is referred to the input. 

SCALE FACTOR For the log amp, the scale factor (K)is 
the voltage change at the output for a dec~de (i. e. 10:1) 
change at the input. For the antilog amp, the scal~ factor 
is the voltage change required at the input to cause a one 
decade change at the output. See equ~tions 9 and 10. 

TEMPERATURE RANGE ORDER PART NUMBER 

O°C to +70°C ICL 8048 BC DE 
O°C to +70°C ICL 8048 BC PE 
O°C to +70°C ICL 8048 CC DE 
O°C to +70°C ICL 8048 CC PE 
O°C to +70°C ICL 8049 BC DE 
O°C to +70°C ICL 8049 BC PE 
O°C to +70°C ICL 8049 CC DE 
O°C to +70°C ICL 8049 CC PE 

16 PIN PLASTIC DIP (PE) 
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FEATURES 
• Exceptionally low input offset voltage -- 2 jJ.V 
• Low long-term input offset voltage drift --

0.2 jJ.V/year 
• Low -input offset voltage temperature drift --

0.005 jJ.V;oC 
• Low DC input bias current -- 300 pA _ 
• Low DC input offset bias current-- 150 pA 
• Wide common mode and differential input voltage 

ranges 
• Excellent low supply voltage, operation -- Down to 

±2V' 
• Static-protected inputs -- no special handling 

required 
• Fabricated using proprietary MAXCMOS'M 
, technology , ' 

• Compensated (ICL7600) or uncompensated 
(ICL7601) versions ' 

SYMBOL 

NON-INVERTING 
INPUT 

AUTO·ZERO 
INPUT 

INVERTING 
INPUT 

OUTPUT 

ICL7600/ICL7601 
Commutating Auto-Zero (CAZ) 

Operational4mplifier 

GENERAL DESCRIPTION 
The ICL7600/lCL7601 commutating auto-zero (CAZ) 
operational amplifiers are designed to replace almost any of 
today'sexpensive hybrid or monolithic ,ultra-low offset op 
amps,and will provide almost three orders of magnitude 
(1000x) reduction in input offset voltage compared with 
conventional device designs. This is achieved through 
Intersil'snew CAZ amp principle, which uses an entirely, 
new approach. to low-frequency operational amplifier 
design_ 
The key feature of the CAZ principle is automatic compen
sation for longctermdrift phenomena and temperature 
effects. Two internal op amps are connected so that when 
one amplifier is processing an input signal the other ismain
tained in an "auto-zero" mode. The ICL7600/lCL7601 
contains all of the circuitry required for system operation, 
including an oscillator, a counter, level translators, analog 
switches and operational amplifiers_ Only two external gain- ' 
setting r,esistors and two auto-zero capacitors are needed for 
complete amplifier function. Control of the oscillator and 
counter sectioriis provided through the OSC and OR 
(division ratio) terminals. Internal biasing of the two on-chip 
op amps is programmable through a three-voltage-level 
terminal designated BIAS. 
The ICL7600 is internally-compensated and is intended for 
applications which require voltage gains from unity through 
100. The uncompensated ICL7601 is intended fOr those 
situations wh'ich require vOltage gains of greater than, 20.' 

,Major advantage of the ICL7601 over thelCL7600 at ,high 
gain settings is the reduction in commutation noise and 
subsequent greater accuracy_ 

Minimum periodic adjustments and extremely low offset 
voltage and temperature coefficients make the CAZ opera
tional amplifiers very desirable for operation in adverse 
environments (temperature,humidity, toxic or radioactive) 
where equipment service is difficult. Since the device will 
auto-zero its internal offseierrors, no adjustment is required 
other than that of gain, which is established by the eixternal 
resistors. 

PIN CONFIGURATION ORDERING INFO~MATION 

Order parts by the following part numbers: --c~~ .1 'J 14g DR Compensated Uncompensated Package Temperature Range, 
c, 2 13 N/C 

ICL7600 CPO ICL7601 CPO 
+INPUT 312 ~OSC Plastic O°C to +70°C 

AZ ~ 4 11 v+ ICL7600 IJO ICL7601 IJO . CERDIP ,-25°C to +85°C 
-INPU: ~ 5 10 ~ OUTPUT ICL7600 MJO ICL7601 MJO CERDIP -55°C to +125°C 

C, 6 9 BIAS 
C, i 8 v-

Order die by following part numbers: ICL7600/0 ICL7601/D 



ICL7600/lCL7601 
ABSOLUTE MAXIMUM RATINGS (Note 1) 

Total Supply Voltage (sum of both positive and 
negative supply voltages, v+ and V-I . ~....... 18 Volts 

Positive Supply Voltage (GND to V+) ........... 18 Volts 
Negative Supply Voltage (GND to V-)....... ... 18 Volts 
DR Input Voltage .............. (V+ +0.3) to (V+ -8) Volts 
Input Voltage (C1, C2, +INPUT, -INPUT, BIAS. 

cisC (Note 2» .,", .. , .. ,.. (V+ +0,3) to (V- --0.3) Volts 
Differential Input Voltage (Note 3), ±(V+ +0,3) to (V- --0,3) 

Volts 
Duration of Output Short Circuit (Note 4) .. ," Unlimited 
Continuous Total Power Dissipation at or below +25° C 

free air temperature (Note 5) 
CERDIP Package ....... ,' .................. 500 mW 
Plastic Package ............................. 375 mW 

.D~D[b 

Operating Temperature Range 
IICL7600/lCL7601/MJDl ............ -55°C to +125°C. 

Operating Temperature Range 
IICL7600/1CL7601/1JD) ............... -25°C to +85°C 

Operating Temperature Range 
IICL7600/1CL7601/CPD) .................. 0 to +70°C 

Storage Temperature Range ............. -55 to +150°C 
Lead Temperature (soldering, 60 seconds) ....... +300°C 

Note 1: Stresses above those listed unde("ABSOLUTE MAXIMUM RATINGS" may cause permanent'devicefailures: These are stress ratings 
only and functional operation of de·vices. under conditions other than those indicated .in the Table of Electrical Characteristics is not 
recommended. Exposure to absolute maximum rating conditions for extended periods of time can cause device failures. 

·Note.2: An SCR structur~ is inherent in the CMOS process used in the fabrication of these devices. If voltages in excess of IV+ +0.3) to IV- -0.3) 
volts are connected to either inputs or outputs, destructive latchup can occur. For this reason it is recommended that no inputs from sources not 
on the same power supply or supplies be applied before the ICL7600/ICL7601 supplies are established, and that if multiple supplies are used the 
ICL7600/ICL7601 supplies be activated first 

Note 3: No restrictions are placed on the differential input voltages on either the inverting or non-inverting inputs, so long as these voltages do 
not exceed the power s.upply voltages by more than 0.3V. ' 

Note 4: Outputs may be shorted to ground IGNDl or to either supply IV+, V-I. Temperature and/or supply voltages must be limited to insure that 
the dissipation rating is not exceeded. 

Note 5: For operation above 25°C free-air temperature, derate 4mWfD C from 500mW for CERDIP and 3mW/o C from 375mWfor plastic above 
25°C. 

BLOCK DIAGRAM 

+INPUT 

AZ 

-INPUT 

OSC 
(OSCILLATOR) 

INPUT 
ANALOG 
SWITCH 
SECTION 

BIAS (CONTROL) 

OUTPUT 
ANALOG 
SWITCH 
SECTION 

v+ 

OUTPUT 

(I 

5-41 



ICL7600/ICL7601 
OPERATING CHARACTERISTICS: 
Test COllditions: V+ = +S\,olts, V- =-5.volts, TA = +2S~ C; DR pin connected to V+ (fCOM ",f60Hz), Cl= C2 = 1iLF, Test Circuit 1; 
unless.otherwise specified." . 

VALUE 
PARAMETER :SYMBO·L CONDITIONS MIN TYP MAX UNIT 

Input Offset Voltage Vos Rs" lk!! Low Bias Setting ±2 V p.. 
C, = C2 =1p.F Med Bias Setting' ±2 ±5 p.V 

High Bias Setting ±7 p.V 
MIL version over. temp. Med Bias·Setting ±20 p.V 

Long Term Input Offset ., 
. Voltage Stability VOS/Tlme Low or Med Bias Settings 0.2 p.V/year 
Average Input Offset TCVos Low or Med Bias Settings -55° C > T A > +25° C 0.005 0.1 p.V/oC 
Voltage Temperature +25°C> TA > +85°C om 0.1 p.V/oC 
Coefficient +25°C > TA > +125°C 0.05 0.15 p.V/oC 

Band Width . , Low Bias 0.8 p.V 
Noise Voltage (RMS! en '0.1 to 10Hz Med Bias 0.8, p.V 

Rs < lkll High Bias ,1.0 p.V 

I 
Equivalent Input Band Width Low Bias 4.0 p.V 
Noise Voltage e~p_p 0.1 to 10Hz Med Bias 4.0 p.V 
Peak-to-peak Rs·" lkll High Bias.' 5.0 p.V 
Spot equivalerit 8n10 f -10Hz· Band Width 1 Hz 700 nV/v'Hz 
Noise voltage 

Spot equivalent in10 f - 10Hz Band Width 1 Hz 0.1 pA/v'Hz 
Noise Current· 

, Differential Input DIF VIN V~-o.3 to V'+0.3 V 
Voltage Range 

Common Mode Low Bias -4.2 +4.2 V 
Input Range CMVR Med Bias -4.0 +4.0 V 

High Bias -3.5 +3.5 V 
Common Mode Rejection Ratio CMRR ·Any Bias Setting 88 dB 
Power Supply Rejection Ratio PSRR Any Bias Setting 110 dB 
Non Inverting Input INIS Any Bias Setting, 0.300' 3 nA 
Bias' Current IIncludes charge injection currents! 
Inverting Input Bias hs Any Bias Setting, 0.150 1.5 nA 
Current IIncludes charge injection currents! 

Voltage Gain Av Rl - toOkll Low Bias 90 105 dB 
Med Bias 90 105 dB .' 

High Bias 80 100 dB 

Maximum Output Voltage Your flL = 1M!! ±4.9 V 
Swing V 

Rl = 100kll ·±4.8 V 
V 

Rl = 10kll Positive Swing +4.4 V 
Negative Swing -4.5 V 

Large Signal Slew Rate SR Unity High Bias Setting 1.8 V/p.s 
Gain .Med Bias Setting 0.5 V/p.s 
ICL7600 Low Bias Setting 0,2 Vlp.s 

Unity Gain Band Width GBW High Bias Setting 1.2 MHz 
IPL7600 Med Bias Setting 0.3 MHz 
Test Circuit 2 Low Bias Setting 0.12 MHz 

Extrapolated Unity 'GBW . High Bias Setting 1.8 MHz 
Gain Band Width 'ICL7601 Med Bias Setting 0.4 I'v,IHz 

Low Bias Setting 0.2 MHz 
BIAS Terminal Input Current ISlAS V--0.3 < VSIAS < V' +0.3 volt +30 pA 

BIAS Voltage to Define VSH Low Bias Setting V'-o.3 V'+0.3 V 
Current Modes 

VSM Med Bias Setting V-+l.4 V'-I.4 V 
VSl High Bias Setting V--o.3 V-+0.3 V 

DR (Division Ratio! lOR V' -a:OV " VOR " V' +0.3V ±30 pA 
Input Current 

DR Voltage to define VORH Internal oscillator division ratio 32 V'-o.3 V'+0.3 V 
oscillator division. 

Internal oscillator divrs'j'o'n ratio 2 ratio VORL V'-8 V'-I.4 V 

Nominal Commutation feoM Cose.= 0 pF DR Connected to V' 160 Hz 
Frequency DR Connected to GND 2560 Hz 

Supply Current Is, High Bias Setting 4 7 15 mA 
Medium Bias Setting 0.6 1.7 5 mA 

., Low Bias Setting 0.25 0.6' 1.5 mA 

Operating Supply Voltage V'-V' High Bias Setting 5 16 V 
Range : Medium or Low Bias Setting 4 16 V 
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TEST CIRCUITS 

VINo-....... -----I 
oGND 

-----ii:;:---------5;: Case 

lk 

10k 

Your . ov+ '-= 
I--'-t--v---""-'oov- '4:-: 

L-_....I 

lMlI 

Test Circuit 1: Voltage Gain = 1000 

f1~~~ _____ ~OV~ 
N/C ° GND 
-----ii:;:---------5;: Case 

VOUT oy+ -= 
V- ooV- '4:-

180k 

Test Circuit 3: Voltage Gain = 10 

VINo-....... -----I 

lk 

oGND 

--::---;+---'-----~5: eose 

YOUT oy+ ':' 

v- oov-~ 

, Test Circuit 2: Unity Voltage Gain 

150k 

.------<>0 V-

NULL 
OFFSET 

Your 

Test Circuit 4: DC to'10Hz Unity Gain Low Pass .Filter 

TYPICAL CHARACTERISTICS 
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INPUT CURRENT AS A FUNCTION 
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ICL7600/ICL7601 
DETAILED DESCRIPTION 
CAZ Operational Amplifier Operation 
The CAZ operational amplifier functions on principles which 
are very different from those encountered in conventional op 
amp types. An important advantage of the ICL7600/lCL7601 
devices is the ability to self-compensate for internal error 
voltages, whether they are steady-state, related to tem
perature or supply voltage, or variable in nature over a long 
term. 

Operation of the ICL7600/lCL7601 CAZ operational 
amplifier is demonstrated in Figure 1. The basic amplifier 
configuration represented by the large triangles has one more 
input than does a regular op amp--the AZ, or auto-zero input. 
The voltage at the AZ input is that voltage to which each of 
the internal op amps must be auto-zeroed. In Mode A, op 
amp #2 is connected into a unity gain mode through on-Chip 
analog switches, and charges the external capaCitor C2 to a 
voltage eq'ual to the DC offset voltage of that amplifier, in 
addition to the instantaneous low frequency noise voltage. A . 
short tim.e later, the analog switches reconnect to the on
chip op amps in the configuration shown .in Mode B. In this 
mode, op amp #2 has capacitor C2 (which was charged t6 a 
voltage equal to its offset and noise voltage) connected ,in 
series to its non-inverting (+) input a'nd nulls out the inpui 
ofiset and noise voltage of the amplifier. While one of the op 
amps is processing the input signal; the other is placed in an 
auto-zero mode and charges a capacitor to a voltage equal to 
its equivalent DC and low-frequency error voltage. The 
internal op amps are connected (at a rate designated as the 
commutation frequency, feoM) so that at all times one or the 
other of the op amps'is processing the input signal, while the 
VOltages on capacitors C1 and C2 are being updated 
regularly to compensate for variables such as low-frequency 
noise voltage and input offset voltages due to drift with 
temperature, time, or supply voltage. 

L..... ____ --'l>'O=UTPUT 

O~OIL 

The CAZ amp concept offers a number of other advantages 
to the designer, as compared to standard bipolar or FET
input op amps: 

• Effective input offset voltages can be made between 
1000x and 10,000x less without trimming. 

• Long-term drift phenomena are compensated for and 
dramatically reduced. 

• Temperature effects are compensated for over a wide 
range. Reductions can be as high as 100 times or higher. 

• Supply voltage sensitivity is reduced .. 

CMOS processing is ideally suited to implement the CAZ op 
amp structure. Not only is the digital section simple to design 
in CMOS, but the transmission gates (analog switches), 
which connect the internal op amps, are efficiently 
implemented for minimum charge injection and widest 
operating voltage range. The analog section, which includes 
the two on-Chip op amps, provides performance which in 
most cases is similar to bipolar or FET input designs. Open 
loop gains of greater than 100 dB, typical offset voltages of 
±5mV, and ultra-low input leakage currents (typically 1 pAl 
make the CMOS process quite suitable for the CAZ amp 
.concept. 
The on-chi'p op amps are connected internally to the external 
input and output terminals via CMOS analog switches, as 
shown in Figure 2. The analog switch structure shown in 
Figure 2 is arranged so that at any time three switches are 
openand three switches are conducting. Each analog switch 
includes a P-channel transistor in parallel with an N-channel 
transistor. 

~ ____ ~~O~UTPUT 

Figure 1: Diagraml:\tic representation of the 2 half cycles of operation of the CAZ OP AMP. 
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c'---+~------~--------i 

c, ---+--+-----~ 

+INPUT ---1----' 

AZ 

-INPUT ------------~ 

RF 
(lOOk!!) 

O~OIl. 

OUTPUT 

~
NPUT 

(COMMUTATION 
FREQUENCY) 

CL 

Figure 2: Schematic of analog switches connecting each internai 'OP AMP to the external inputs at the output 

APPLICATIONS . In a system such as that shown in Figure 3there is a degree of 

The ICL7600/lCL7601 CAZop amp is ideal for use as a front
end preamplifier for dual-slope AID converters which 
require high sensitivity for single-ended input sources such 
as thermocouples. 

A typical high-sensitivity A/Dconvertersystem is shown in 
Figure 3. The sysiem uses an Intersil ICL710912-bit mono
lithic AID binary converter, and is intended for direct intyr
face with microprocessors, Both the ICL7600/lCL7601 and 
the ICL7109 use power supply voltages of±5V, and the entire 
system consumes typically 2.5 mA of current. 

The input signal is applied through a low~passfilter (150 Hz) 
to the CAZ op amp, which is connected in a non~inverting 
gain configuration of either 10 or 100. The internal oscillator 
of the CAZ amp is allowed to run free at about 5,200 Hz, 
resulting in a commutation frequency of 160 Hz, with the DR 
terminal connected to V' . The error-storage capacitors C, 
and C2 are each l;.tF value, and provide a good 
compromise between the minimum equivalent input offset 
voltage and the lowest value of low-frequency noise. Ii' The output signal is then passed through a low-pass filter 
(1 Mn and 0.1 ;.tF), with a bandwidth of 1.5 Hz. This results in 
an equivalent DC offset voltage of 1 to 2 ;.tV, and a peak-to
peak noise voltage of 1.7 ;.tV, referred to the input of the CAZ 
amp. The output from the low-pass filter feeds directly into 
the input of the ICL7109. 

ICL7600/lCL7601 

INPUT 
1 C, DR 14 
2 C, mc 13 

@-JyV\~_--------13 +IN OSC 12 
10k r------i4AZ v+ 11 , 1M!! 

5 -IN OUT 10 1--------_~fV\,,_~ 
6 C2 BIAS 9 1-----, . 
7 C2 v- 8 

990k!! (190k!!) 

USE ICL7601 FOR GAIN OF >20 
USE ICL7600 FOR GAIN OF :520 

flexibility possible in assigning various gains to the ICL76001 
ICL7601 pre-amplifier, and to various sensitivities for the 
ICL7109. For optimum performance, theCAZ op amp must 
amplify the input signal so that the,equivalent 15"tV input 
nois,e voltage of the AID converter is masked, This implies a 
gain of at least 10 for the CAZ opamp preamplifier. 
On the other hand, if the gain of the CAZop amp isincreased 
too much, its out'put swing will be limited by the ±5V 
supplies. This condition imposes a maximum gain of 200 to 
produce an output of ±0.000005 times 4,.096 times 200,or 
±4.096V, for a 5;.t V per count sensitivity.'Use of an ICL7600 is 
recommended for low gains «20) and the I.CL7601 for gains 
of more than 20. 

The values of the, integrating resistor and the reference 
voltage must be chosen to suit the overall sensitivity of the 
system. For example, in a system requiring a sensitivity of 
5;.tV per count, it is suggested to use a CAZ amp in a gain 
configuration of 100 (use ICL76011. Thus for a full scale 
count of 4096 (12 bits), the input voltage to the ICL7109 
would be 5;.tV times 100 times 4096 or 2,048 volts. Since the 
ratio of input to reference is 2:1, the value of the reference 
voltage becomes 1.024V, and a 100kO integrating resistor is 
recommended. A system such as that shown in Figure 3 will 
allow a resolution of 1°C for low sensitivity platinuml 
rhodium junctions. For 0.1° C resolution, use high sensitivity 
thermocouples having copper/constantan junctions. 

DIGITAL 
1/0 

1 GND 
2 

4, 
5 

10 
11 
12 
13 
14 
15 
16 
17 
18 

40 
39 
38 
37 
36 
35 
34 

ICL7109 

30 
29 
28 
27 
26 
25 
24 
23 

Figure 3: AID system'with 5!,Vresolution using an ICL7600/lCL7601 CAZ AMP 
19 22 
20 21 

preamplifier and an ICL7109 dual slope AID converter, ' 
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ICL7600/ICL7601 
The low-pass filter between the output of the CAZ op amp 
and the input of the ICL7109 AID converter can be used to 
improve the signal-to-noise ratio of the system by reducing 

, bandwidth: A 10 Hz filter will result in an equivalent peak-to
peak noise voltage figure of 4p.V. If the bandwidth is'reduced 

SOME HELPFUL HINTS 
Testing the ICL7600/lCL7601 CAZ Operational 
Amplifier 
A simple and relatively accurate means of testing tile CAZ op 
amp is touse a TektronixType 577 curve tracer, with the CAZ 
op amp inserted in a special 14-lead socket which plugs into 
a Tektronix 178, and which c.ontains two soldered-in auto
zero capacitors of 1 p.F each. This simple and convenient 
tester will provide most of the information needed for low
frequency parameters. The test setup will allow resolution of 
input offset voltages to about 10 p.V. 

For greater accuracy, it is suggested that a breadboard be 
built which minimizes thermoelectric effects and which 
includes an output low-pass filter of the type shown in Test 
Circuit #4. The output from the CAZ amp can be connected 
to a dual-slope AID converteras shown in Figure 3. The low
frequency noise can then be displayed on a storage scope or 
on astrip chart recorder. 
Bias Control 
The on-chip op amps consume. over 90% of the power 
required for the ICL7600/lCL760f Three externally
programmable bias levelsare,provided. These levels are set 
by connecting the BIAS terminal to V+, GND or V-. The 
difference between each bias setting is approximately a 
factor of three, which allows a 9:1 ratio between supply 
current and the biassetting. The reason for this current pro
grammability is to provide the user with a choice of device 
power dissipation levels, slew rate values (the higher the slew 
rate the better the recovery from commutation spikes), and 
offset errors due to chip "voltage drop" and thermoelectric 
effects (the higher the power dissipation the higher the input 
offset error>. In most cases, the medium(MED BIAS) setting 
will be the best choice. 

Output Loading (Resistive) 
With a 10 kO load the outputswing can cover nearly the 

. entire supply voltage range, and the device can be used with 
loadsas iClW as 2 kO. However, with loads of less than 50kO, 
the on-chip op amps become transconductance amplifiers, 
since their output impedances are about 50 kO each. Thus 
the open-loop gain is 20dB less with a2 kO load than itwould 
be with a20 kO load. For high gain configurations requiring 
high accuracy, output loads of 100kO or more are 

, suggested. 

OUTPUT 
VOLTAGE 

O~OIL 

to 1.5 Hz, the peak-to-peak noise voltage will be reduced to 
about 1.7 p.V, a reduction by a factor of three. The penalty for 
this reduction will be a .Iower system respon\le time; however 
in most cases this will not be a major consideration, because 
of the large thermal inertia of many thermocouple probes. 

Another consideration which must not be overlooked is the 
additional power dissipation of the chip which results from a 
large output swing into a low value load. This added variable 
can affect the initial input offset voltages under certain 
conditions. 

Output Loading (Capacitive) 
In many applications, it is desirable to include a low-pass 
filter at the output to reduce high-frequency noise outside 
the signal passband of interest. With conventional op amps, 
the obvious solution would be to place a capacitor across the 
external feedback resistor to provide the low pass filter. 

However, with the CAZop amp, this.is not feasible because 
of the nature of commutation voltage spikes. The voltage 
spikes,showa low impedance charaCteristic in th.e direction 
.of the auto-zero voltage, and a high impedance on the 
recovery edge, as shown in Figure 4. It can be s'een that the 
effect of 'a large load capacitor is to produce an area error in 
the output waveform, and hence an effective gain error. The 
output loW pass tilter must be a high impedance typeto avoid 
output voltage area errors. For example, a 1.5 Hz filter should 
use a 100 kO resistor anda 1.0 p.F capacitor, or a 1.0 MO 
resistor arid an 0.1 p.F capacitor. 

Oscillator and, Digital Conside,rations 
The oscil!ator has been designed to run free at about 5.2 kHz 
when the OSG terminal is open-circuited. If the full divider 
network is used, this will result in a commutation frequency 
of about 160 Hz nominal. The commutation frequency is the 
frequency at which the on-chip op amps are' switched 
between the signal processing and the autoczero modes. A 
160 Hz commutation frequency represents approximately 
the optimLJm frequency at which the input offset voltage 
is close to minimum, where the low-frequency noise is a 
acceptable, and where. errors derived from noise spikes will .. 
be low. Other commutation frequencies may provide 
optimization of other parameters, but always to the, 
detriment of major characteristics. 
The oscillator isof a high impedance type, so that a load of 
only a few picofarads on the OSC terminal will cause a 
significant shift in frequency. It is therefore recommended 
that if the desired frequency of the oscillation is 5:2kHz, the 
terminal should be left unattached and 'open. In other 
instances, it may be desirable to lock the oSc:illatorto a clock 

Af\ 
INPUT 

AC RSOURCE 

WAVEFORMS 

Figure 4: Effect of a load capacitor on output vbltage waveforms. 
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ICL7600/ICL7601 
or to run it at another frequency. The ICL7600/lCL7601 
provides two degrees of flexibility. First, the DR (division 
ratio) terminal permits the user to choose between dividing 
the oscillator by 32 (DR terminal to V+ ) or by 2 (DR terminal to 
GND), to obtain the commutation frequency. Second, the 
oscillator may have its frequency lowered by the addition of 
an external capacitor connected between the OSC terminal 
and V+,.or system ground terminals. For situations which 
required the commutation frequency to be locked onto a 
master clock, the OSC terminal can bedriven from TTL logic 
(with resistive pull-up) orfrom CMOS logic, provided that the 
V+ supply (with respect to ground) is +SV (±1 0%) and the logic 
driver also operates from a similar supply voltage. This is 
because the logic section -c including the oscillator '-~ 
operates from an internal -SVsupply ref~renced to V+ 
generated on-chip, and is not accessible externally. 

Thermoelectric Effects 
The ultimate limitations to. ultra-high-precision ' DC 
amplifiers are due to thermoelectric, Peltier or thermocouple 
effects whereby junctions consist of various metals, alloys, 
silicon, etc. Unless all junctions are at precisely the same 
temperature, small thermoelectric voltages will b~ produced,. 
generally about 0.1 p.V;oC. However, these voltages can be 
several tens of microvolts per °C for certain thermocouple 
materials. . 

In order to realize the extremely low offset voltages wh ich the 
CAl op amp can provide, it is essential to take precautions to 
avoid temperature gradients. All components should be 
enclosed to eliminate air movement across device surfaces. 
Special low-temperature solder (70% cadmium, 3'0% tin) 
should be used. In addition, the supply voltages' and power 
dissipation should be kept to a minimum. Use ttie medium 
bias mode as well as a high impedance load, and keep well 
away from heat dissipated by surrounding equipment. 

Component Selection 
The two required auto-zero capacitors; C1 and (;2, should 
each be of 1.0 p.F value. These are large values for non
electrolytic capacitors, but since the voltages impressed on 
them do not change significantly, problems of dielectric B absorPtio.n and the like are not as imP. ortant as they would be 
in applications involving integrating dual"slope AID 
converters. . 

Excellent results have been obtained in operation. at 
commercial temperature ranges when: using. several of the 
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smaller-size and more economical, capacitors, since the 
absolute values of the· capacitors need not be critical: 
Although· not guaranteed, polarized electrolytic capacitors 
rated at 1.0p.F/SOV have been used with success. 

Com mutating Voltage Transient Effects 
While in most respects the CAl op amp behaves like a 
conventional op amp, its principal applications will be in very 
low level, low-frequency preamplifiers limited to DC through 
100 Hz. This is because of the finite switching transients 
which occur in the input and output terminals due to commu-

D~OIb 
tation effects. These transients have a frequency spectrum 
beginning al'the commutation frequency, and include all of 
the higher harmonics. If the commutation frequency is 
higher than the highest in-band frequency, these transients 
can be effectively blanked with a low-pass filter. 

The input commutation transients arise when each of the on
chip op amps experiences ashift in voltage equal tothe iilPut 
qffset voltage about (S - 10 mV), w~ich usuallyoccurs during 
the transition froni the signal processing mode to.the.auto
zero mode. Since the input capacitances of the on-chip op 
amps are typically in the 10 pF range, and since it is desirable 
td reduce the effective input offset voltage about 10,000 
times, the offset voltage auto-zero capacitors C1 and C2 must 
be at least 10,000 xlO pF, or 0.1~F each. 

, 5]0 V \..' r------3ms~~ 
OUTPUT .'.. I. : ' 
VOlTAG'i,ND AlA W .lU'V1,H Wvl4~AW' Vw 
, flY," WiiVYW,VVW . ~W·V '1 t 

, TIME--

, . 

Figure 5: Output waveform from Test Circuit 1. 
The charge which is injected into the op amp when it is 
switched into th.e signal-processing mode produces a 
rapidly-decaying voltage spike at the input, in addition to an 
equivalent DC bias current averaged over a full cycle. This 
bias current is directly proportional to the commutation 
frequency, and in most instances will greatly exceed the 
inherent leakage currents of the input analog switches, 
which are typically about '1.0 pA at ambient temperature of 
2SoC. 

The output wavefor,m shown in Test Circuit #1 (with no input) 
is treated in Figure S. Note that the equivalent noise voltage 
shown is amplified 1000 times, and that because of the finite 
slew·rate of the on-chip op amps the 7 mV input transients 
are not amplified by 1000. ' 

The' output· transient voltage effects (as distinct from the 
input effects which are propagated through the on-chip op 

, amps) will occur if. there is a difference in the output voltage 
of the internal op amps between the auto-zero modes and the 
signal-processing modes. The output stage of the on-Chip 
op amp must slew from its auto-zero output voltage to the 
desired signal-processing output voltage. This .is shown in 
Figure 6, where the system is auto-zeroed to ground. 

The duratiol:1 of the output transients is greatly affected by 
the gain 'configuration and the bias setting, since these t"Yo 
parameters have an effect on system slew rate. At low gains 
and high bias settings, the output transient durations ,are 
very short. Fo~ this reason there are two versions of theCAl 
op amp, the ICL7600 which is compensated for unity gain 
and which can be used for gain configurations up to 100, and 
the ICL7601, which is uncompensated and recommended 
for operation in gain configurations greater than 20. Thus, 
when a signal is being processed in a high gain configura
tion, the effective output signal error is greater for the 
ICL7600 than it is for the ICL7601. 
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OUTPUT 

Figure 6: Simple CAZ·OP AMP circuit and the output voltage waveform. 
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GENERAL DESCRIPTION 
The Intersil lOlA and 301A integrated circuits are general 
purpose operational amplifiers. These high performance 
op amps are improved versions of the standard 101 
and 709. 

This general purpose op amp has many outstanding, fea
tures; overload protection on the input and output, no 
latch-up when the common mode range is exceeded, and 
freedom from oscillations. The lOlA also features better 
accuracy and lower noise in high impedance circuitry, and 
low input currents. Frequency comperisation is achieved 
with a single 30 pF capacitor. It has advantages over inter
nally compensated ampl ifiers in that the frequency com
pensation can be tailored to the particular application. 
For example, in low frequency circuits it can be overcom
pensated for increased stability margin. Or the compensa
tion can be optimized to give more than a factor of ten 
improvemerit in high frequency performance for most 
applications. 

,The .intersil lOlA operates over a temperature range from 
_55°C to +125°C. The 301A has an operating tempera
ture range from O°C to +70°C. 

SCHEMATIC DIAGRAM 

CONNECTION DIAGRAMS 
TO-5, 

NOTE: ·Pin 4 connected to 
case. 

Flat Package 

~ 
BAUNCEI ' 

COMPENSATION 2, " • COMPENSATIOf\I 
IP<WUT - y+ 

. tNI'IJT 4 + OIITf'UT 

V· .... LANCE 

TOfI'VIIEW 

NOTE: Pin 5 connected to bottom 
of package. 

LM101A, AD101A, 
LM301A,AD301A 

General Purpose, 
O,perational Ampl ilier 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 101 A 

301A 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short-Circuit Duration 
Operating Temperature Range 101 A 

301A 
Storage Temperature Range 
Lead Temperature (Soldering, 60 sec) 

±22V 
±18V 

500mW 
±30V 
±15V. 

Indefinite 
_55°C to 125°C 

O°C to 70°C 
_65°C to 150°C 

300°C 

NOTE 1: The maximum junction temperature ofthe lOlA is 150°C, 
while that of the 301A is 100°C. For operating at ele
vated temperatures devices in the TO-5 package must be 
derated based on a thermal resistance of l50°C/W, junc
'tion to ambient ,or 4SoC/W, Junction to case. For the 
flat package, the der~ting is based on thermal resistance 
of l85°C/W when mounted on a 1/l6-inch-thick epoxy 
glass board with ten O.03-'inch-wide, 2-ounce copper con
ductors. The thermal resistance of the dual-in-line pack
age IS 100°C/W, junction 10 ambient. 

NOTE 2: For supply voltages less than ± 15V, the absolute maximum 
input voltage is equal to the supply voltage, 

TYPICAL APPLICATIONS 
Fast Voltage-Follower 

Fast Summing Amplifier 

8 Pin Plastic DIP 

co .,f 

Standard Compensation and 
Offset Balancing Circuit 

I'll '''' 10M i.1M 

"' "" 

14 Pin DIP 

NOTE: Pin 6 connected to bottom 
of package. 



LM101A,AD101A,LM301A,AD301A 

ELECTRICAL CHARACTERISTICS (Note) 

PARAMETER CONDITIONS 
101A 301A 

UNITS 
MIN TYP MAX MIN TYP MAX 

Input Offset Voltage T A = 25°C. Rs ~ 50 kD. 0.7 2.0 2.0 7.5 mV 

I nput Offset Current TA = 25°C 1.5 10 3 50 nA 

I 

Input Bias Current TA = 25°C 30 ,75 70 250 nA 

I nput Resistance TA = 25°C 1.5 4 0.5 2 MD. 

Supply Current T A = 25°C. Vs = ±20V 1.8 3.0 mA 
TA = 25°C. Vs = ±.15V 1.8 3.0 mA 

Large Signal Voltage T A = 25°C. Vs = ±15V 
Gain VOUT = ±10V. RL ~ 2 kD. 50 160 25 160 V/mV 

Input Offset Voltage Rs ~50 kD. 3.0 10 mV 

Average Temperature 
Coefficient of Input· 3.0 15 6.0 30 J.l.vtc 
Offset Voltage 

Input Offset Current 20 70 nA 

.Average Temperature 25°C ~ T A ~ 125°C 0.01 0.1 nAtC 
Coefficient of Input 25°C ~ T A::; 70°C 0.01 0.3 nAtC 
Offset Current .,.55°C ~ TA ~ 25°C .0.02 0.2 nAtC 

o°c::; T A::; 25°C 0.02 0.6 nAtC 

Input Bias Current 100 300 nA 

Supply Current T A =+125°C. Vs = ±20V 1.2 2.5 "mA 

Large Signal Voltage Vs = ±15V. VOUT = ±10V 
Gain RL ~ 2 kD. 25 15 V/mV 

Output Voltage Swing Vs = ±15V. RL = 10 kD. ±12 ±14 ±12 ±14 V 

RL = 2 kD. ±10 ±13 ±10 ±13 V 

Input Voltage Range Vs = ±20V ±15 ±12 V 
Vs = ±15V V 

Common Mode 
Rejection Ratio Rs ~ 50 kD. 80 96 70 90 dB 

Supply Voltage 
Rejection Ratio Rs ~50 kD. 80 96 70 96 dB 

NOTE: For thei 01 A. these specifications apply. for ±5V < Vs < ±20V and _55°C ~ T A ~ 125°C unless otherwise specified. 

For the 301A. these specifications apply for +5V ~ Vs ~ ±15V and O°C~ T A ~70°C. unless otherwise specifi1!d. 
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GUARANTEED PERFORMANCE FOR 101A, 301A* 

20 

~ 
w 16 

" 2 
..: 
a:: 12 
w 

" ..: .... 8 ..J 
0 
> .... 
~ 
~ 

o 

INPUT VOLTAGE RANGE 

(10IA/301A) 

I _55°C ~ TA ~ 125°C 

I 
I 

POSITIVE ,/ V 
./ ./ 

./ ,/ NEGATIVE 

/' 
V 

/ 

5 10 15 20 

~ 
" 2 

i: 
V> 

.1-
::> 
CL .... 
::> 
0 

O~OIb 

20 

15 

10 

SUPPLY VOLTAGE (±V) SUPPLY VOLTAGE (±VI 

5-52 

TYPICAL PERFORMANCE FOR lOlA, 301A* 
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LM101A,AD101A,LM301A,AD301A 

DEFINITION OF TERMS 

INPUT VOLTAGE RANGE: The :range of DC' input 
\ voltages over which the regulator will operate within 
, speCifications.' 

OUTPUT VOL TAGE RANGE: The range of regulated out
put voltages over which the specifications apply. . 

OUTPUT-INPUT VOLTAGE DIFFERENTIAL: The volt
age difference between the unregulated input voltage and 
the regulated output voltage for which ,the regul'ator will 
operate with in specifications. 

LINE REGULA TlON: The percentage change in regulated 
output voltage for a change in input voltage. 

LOAD REGULA TlON: The percentage change in regulated 
output voltage for a change in load from 'the minimum load 
to the maximum load current,specified. 

PACKAGE OUTLINES 

" f'''OD''~ L, ~D"-ll' 
"'~r I MAX. .Ias l.. ' ,,,. 

SEATING 

"'''-r "",luI 
8LE~1ll0 OO~'N 

»" 

NOTES: ,All dimensions in inches. 

Leads are 9~ld-pla~ed Kovar. 

Order Number LM100H and LM300H 

, I------'-~=l 
0.250 --t-- 0.260--i 

~ MIN I MAX I' 
J_.- --, 

I~ .. ii'i 
--r;01i 

, 0.019 

0.024 D.OIS"'AX TV' I ---' r-- .CAS. 
j -'--==:::::;F===::::I, '[ CLOMB ~ 

-L-..............( >===-, 
lo.o70 ClOt 

MAX' .008 

Order Number LM100F 

Cl/RRENT-LIMIT SENSE VOLTAGE: The voltage across 
the current limit terminals required to cause the regulator 
to current-limit with a short circuited 'output. This voltage 
is used to determine the value of the external current-limit 
resistor when external booster transistors are used. 

TEMPERATURE STABILITY: The percentage change in 
output voltage for 'a thermal variation from room tempera· 
ture to either temperature extreme. ' 

FEEDBACK SENSE VOL 'rAGE: The voltage, referred to 
grQund, ~n the feedback terminal of the regulator while 
it is operating in regulation. 

OUTPUT NOISE VOL TAGE: The average AC voltage at 
the output with constant load and no input ripple. 

STANDBY CURRENT DRAIN: That part of th,e operating 
current of the regulator which does not contribute to the 
load current. 

~
P40 ','3,0 TYP . ~.005 

*= - li_ 
J ~ -+ ~~~ 

.125 ,~~ J LI~hg~~ MIN 

~ ~.'00TYP 

ORDERING INFORMATION: 

~~AX 
or or '\L-T 

AD 301 F 
. ' P 

OPTIONAL D 

T05 
FLAT PACK 
PLASTIC 8 PIN 
CERAMIC 14 PIN 
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GENERAL DESCRIPTION 

. The AD741K is a high accuracy version of the popular 741 
op amp. By setting maximum, limits on voltage drift, and 
significantly reducing errors due. to offset voltage, bias and 
offset currents, gain, PSRR, arid CMRR, improvements in 
accuracy on the order of five times can be achieved over 
that delivered by a standard 741. . 

5-54 

SPECIFICATIONS 
(Typical@+25 DC and ±15VDC, unless otherwise 
specified) 

Model AD741K 

Open Loop Gain 
RL = lk!1, Vo = ±10V 
RL = 2k!1, Vo = ±10V 50,000 min 
Over Temp Range, T min/max, 

same loads as above 25,000 min 
Output Characteristics 

Voltage @ RL = lk !1, T min/max 

Voltage @ RL= 2kH, T min/max ±10V min 
Short Circuit Current 25mA 

Frequency Response 
Unity Gain, Small Signal lMHz 
Full Power Response 10kHz 
Slew Rate, Unity Gain 0-5V/p.sec 

InpulOffset Voltage 
Initial, Rs ",; 10K !1 2mV max 
T min/max 3mV max 

Avg vs Temperature (untrim.) 15p.V/"C max 
vs Supply, T min/max 15p.V/v max 

Input Offset Current 
Initial 10nA max 
T minImax 15nA max 
Avg vs Temperature' 0.2nA/"C max 

Input Bias Current 
Initial 75nA max 
Tmin/max 120nA max 
Avg vs Temperature 1.5nA/"C max 

Input Impedance 
Differential 2M!1 

Input Voltage Range (Note 1) 
Differential, max safe ±30V 
Common Mode, max safe ±15V 
Common Mode Rejection 

Tmin/max 90dB min 

Power Supply 
Rated Performance ±15V 
Operating ±(5 to 22)V 
Current, Quiescent 2.BmA max 

Temperature Range 
Operating, Rated Performance·, o to +70"C 
Storage -65"C to + 150"C 

AD741K 
General Purpose 

Operational Amplifier 
High Accuracy 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Power Dissipation 

Diffe'rential Voltage 

Input Voltage 

Output Short Circuit Duration 

Operating Temp'Range 

Lead Temperature (soldering, 10 sec) 

±22V 

500mW 

±30V 

±15V 

indefinite 

0-70DC 

300DC 

NOTE:Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure, These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification. is not implied, 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

CONNECTION DIAGRAMS! 
ORDERING INFORMATION 

TO-99 

NC 

v-

NOTE: PIN 4 CONNECTED TO CASE 

Order No. AD741KH 

8 PIN MINI DIP 

OFFSET NULL 

INVERTING INPUT 

NON·INVERTING INPUT 
2.--f'......-. 7 
3~,L6 

v 

NC 

OUTPUT 

OFFSET NULL 

NOTE: PIN 4 CQNNECTED'TQ BOTTOM OF PACKAGE 

Order No. AD741 KN 



fEATURES 

• Pin For Pin and Electrically Equivalent to pA741 

• GuarantEled Slew Rate - O.7V/psMin. 
Low Cost 

• Short Circuit Protection 

GENERAL DESCRIPTION 

,The 741HS high sl~w rate version of the 741 ,general 
p\lrpose operational amplifier is intended for applications 
where slew 'rate performance greater than 0.3V /psec is 
required. Typical applications are oscillators, active filters, 
sample and hold and other large signal applications. This 

'device has a guaranteed minimum slew rate of 0.7V/p.sec 
and is identical and equivalent to the standard 741 opera
tiona I amplifier. It will fill the application void between the 
741 and 101A type amplifiers (slew rate = 0.3V/psec) a~d 
the more costly high-speed amplifiers (slew rate = 30V/p.sec). 

HIGH-SPEED 741 OPERATIONAL AMPLIFIER 

t 
E 
~ 
> 
!'"' 

SCHEMATI,C·DIAGRAM 

741HS 

741STD 

,ICL74,1HS 
High Speed 741 

Operational Amplifier 

• Large Common-Mode Input Range 

• Guaranteed Drift Characteristics 

• No Lat<;h Up 
• Internal Frequency Compensation' 

ABSOLUT,EMAXIMUM RATINGS 
Supply V~ltage ±18V 

500mW 
±30V 
±15V 

O°Cto +70°C 
~65°C to +150"C 

300°,C 
Indefinite' 

Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
OPerating Tempe,rature Range 
Storage Temperature Range 
Lead Temperature (Soldering at 60 sec.) 
Output Short-Circuit Duration (Note 3) 

rEST CIRCUITS 

V,N 

TRANSIENT RESPONSE 
TEST CIRCUIT' 

FAST VOLTAGE 
FOLLOWER 

:t>L' " 
• , .,'. ' ,YOUT 

vu" 3· , . 

Power Bandwidth: 15kHz 
Slaw Rata: 1'V Ip.s 

NOTE 1: The maximum junction temperature of the 741HS is 
150~C .. while th,t of the 741CHS is 100°C. For operating 
at eievated tempe" 'ratures, d~vicesin the TO','5 packag~ must ' 5 
be derated based on a thermal resistance of 150 ctw, ' 
junction to ambient or 4ftCtw, junction to case. ,For the 
flat package, the derati'ng is based on thermal resistance 
of 185°Ctw when mounted on a 1/16-inch-thick epo;'" 
glass board with ten O.03-inch-wide; 2-ounce copper con
ductors. The thermal resistance of.the dual-in-line package 
is 100~Ctw, junction to ambient. 

OUTPUT.- ... ": .: 
• ! NOTE 2: For supply voltages less than ± 15V, the absolute max-

:.... 'imum input voltage is' equal to' the supply voltage. 
T A = 25° C unless otherwise specified. 

CONNECTION DIAGRAMS (Top View) 

TO·5 (Note 4) Flat PackSge (Note 5) 

0," 
M~' . ~ 

INPUT -. v· 
'"'"' • ',; , CUTOUT 

11- , IAI..ANCI 

NOTE 3: Short circuit may be to ground !,r either sUPply. 
NOTE 4: Pin 4 connected to case. 
NOTE 5: Pin 5 connected to bottom of package. 
NOTE 6: Pin 6 connected to bottom of package. 

8 Pin Pla~tic DIP' (Note 4) 14 Pin DIP (Note 6) , 
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ELECTRICAL CHARACTERISTICS 

PARAMETER CONDITIONS 

Input .offset Voltage TA = 2SoC, RS $ SOk!l 

Input Offset Current TA= 2SoC 

Input Bias Current TA=2SoC 

Input Resistance TA=2SoC 

Supply Current TA = 2SoC, Vs = ±lSV 

Large Signal Voltage (iain 
TA = 2SoC,VS = ±lSV 
VOUT = ±10V,RL 2: 2k!l 

Input Offset Voltage RS $ SOk!l 

Slew Rate 
VOUT = ±10V, RL 2: 2k!l 
CL = SOpF 

Input Offset Current TA = 2SoC 

Input Bias Current 

'Large Signal Voltage Gain 
Vs = ±lSV, VOUT = ±10V 
RL 2: 2k!l 

RL = 10k!l 
Output Voltage Swing \ Vs = ±lSV, 

RL =2k!l 

Input Voltage Range Vs = ±lSV 

Common Mode Rejection Ratio RS$ 5Q,k!l 

Supply Voltage Rejection Ratio RS::; SOk!l 

'. 

DEFINITION OF TERMS 

INPUT OFFSET VOL TAGE: That voltage whlch must be 
appljed between the input terminals through two equal 
resistances to obtain zero Olaput voltage. . 

INPUT OFFSET CURRENT: The diffl!rence in the currents 
into the two input terminals when the output is at zero. 

INPUT VOLTAGE RANGE: The range of voltages on the 
input terminals for which the·offset specifications apply. 

INPUT BIAS CU8RENT: The average of. the two input 
currents. 

COMMON MODE REJECTIONRATIO: The ratio of the 
input voltage' range to the peak-to~peak change in input 
offset voltage over this range. . 

INPUT RESISTANCE: The ratio of the change in input 
voltage to the change in input current on either input with, . 
the other grounded. '. . .' \ 

ORDERING INFORMATION 

TYPE TEMPERATURE RANGE 

741MHS -55°C to +125°C 
741CHS O°C to 70°C 
741MHS _55°C to+125°C 

.741MHS -55°Cto+125°C 
IC1741 CHS O°Cto 70°C 

741CHS 741MHS 
MIN TYP MAX MIN TYP MAX UNITS 

2 6.0 1.0 S.O mV 

20 200 20 200 nA 

200 SOO 200 SOO nA 

0.3 2.0 0.3 1.0 M!l 

1.7 ' 2.8 1.7 2.8 ' mA 

2S 160 SO 160 V/mV 

7.S 6 mV 

0.7 1.0 0.7 1.0 V//lsec 

300 500 nA 

0.8 1.S /lA 

lS 25 V/mV 

±12 ±14 ±12 .±14 V 
±10 ±13 ±10 ±13 V 

±12 ±12 V 

70 90 70 90 d8 

77 96 77 96 dB 
,. 

SLEW RA TE: A measure of the large signal capability of 
amplifier output to follow the amplifier input. Slew 

Rate = 211' BW Large Signal VO-Peak" 

SUPPL Y CURRENT:' The current required from the power 
supply to operate the amplifier with no load and the output 
at zero. 

OUTPUT VOL TAGE SWING:. The peak output voltage 
swing, referred to zero, that can be obtained without clip
ping. 

LARGE-5IGNAL VOLTAGE GAIN: The ratio of the out
put voltage swing to the change in input voltage required to 
drive the ,output from zero to this voltage. . 

POWER SUPPL Y REJECTION: The ratio of the change in 
input offset voltage to the change in power supply voltages 
producing it. 

PACKAGE ORDER NUMBER 

14 Pin DIP ICL 741 MHS DO 
8 Pin Plastic DIP ICL 741 CHS PA 

TO-gg ICL 741 MHS TY 
Flat Pak ICL 741 MHS.FD. 

TO-99 ICL 741 CHS TY 



ICL741-LN, ICL741C-LN, ICL101A-LN 
ICL301 A-LN, ICL 1 08-LN, ICL308-LN 

FEATURES 

• Guaranteed Noise Specifications 

• Complete Electrical Specifications 

CONNECTION DIAGRAMS 

7411741C 
TO·99 

TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE. 

BALANCE Z 

INVERTING INPUT J 

NorHNVE~~!~~ 4 

741 
FLAT PACKAGE 

NOTE: PIN 5 CONNECTED T(' 
BOTTOM OF PACKAGE. 

741C 
PLASTIC 
8 PIN DIP 

Low Noise 
Operational Amplifiers 

GENERAL DESCRIPTION 

These low noise amplifiers are suitable for all applications 
where low level signals are .encountered. The three impor' 
tant noise parameters, input referred voltage noise, input 
referred current noise, and popcorn noise, are all 100% 
screened and guaranteed. 

101A/301A 
'TO·99 

COt.1PENSA. nON 

TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE. 

lOlA 
FLAT PACKAGE 

NOTE: PIN 5 CONNECTED TO 
80TTOM OF PACKAGE. 

lOlA 
14 PIN DIP 

TOP VIEW 

NOTE: PIN 6 CONNECTED TO 
BOTTOM OF PACKAGE. 

108/308 
TO·99 

FREQUENCY 
COMP 

NOTE: PIN 4 CONNECTED TO CASE. 

741 
HERMETIC 
14 PIN DIP 

NOTE: PIN 6 CONNECTED TO 
BOTTOM OF PACKAGE. 

301A 
PLASTIC 
8 PIN DIP 
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GUARANTEED NOISE SPECIFICATIONS (TA = 25°C) 

741 741C lOlA 301A 108 308 

Input Referred Voltage 
50 50 50 50 70 70 

Noise @ 10 Hz (Max) 

Input Referred Current 
0.4 0.4 0.7 0.7 0.2 0.2 

Noise@ 10 Hz (Max) 

100 

~ 
> 

-.E.-
w 

'" 10 <t: 
~ 
0 
> 
w 

'" i5 z 

Popcorn NoiseTransition 
.Amplitude for Rs = lOOk (Max) 

741 INPUT REFE RRED 
VOLTAGE NOISE 

MAX 

TYP' 

~ 
> 

--=-
w 

'" <t: 
I-
-' 
0 
> 
w 

'" i5 z 

100 

10 

I 

25 25 25 25 

101A/301A INPUT REFERRED 
VOLTAGE NOISE 

I".. 
MAX 

TYP 

25 25 

~ 
-l 

w 

'" <t: 
I-
-' 
0 
> 
w 

'" i5 
z 

10 100 lk 10k lOOk . 10 100 lk 10k lOOk 

1.0 

~ 
<t: 
~ 
I-
Z 
w 0.1 a: 
a: 
::J 
u 
w 
'" i5 
z 

0.01 

FREOUENCY (Hz) 

741 INPUT REFERRED 
CURRENT NOISE 

"' I"\. ..... r-.... MAX = 

TYP -

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

. I 

ORDERING INFORMATION 

PART 
NUMBER 

741·LN 
741C·LN 
741·LN 

741C·LN 
741·LN 
101A·LN 

. J01A·LN 
101A·LN 
J01A·LN 

101A·LN 
10a·LN 
308·LN 

1.0 

~ 
<t: 
~ 
I-

iii 
a: 0.1 
a: 
::J 
u 
w 

'" i5 z 

0.01 

TYPE 

MIL 
COM 
MIL 

COM 
MIL 
MIL 

COM 
MIL 
COM 

MIL 
MIL 
COM 

FREQUENCY (Hz) 

101A/301A INPUT REFERRED 
CURRENT NOISE 

~ 
'a 

, ..... , "'MAX I-
Z 
w 
a: 
a: 
::J 

!-------'" TYP 
u 
w 
'" -- .- i5 
z 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

TEMPERATURE ORDER 
PACKAGE . . 

RANGE NUMBER 

TO·99 -55°C to-+12SoC ICL741·LN·TY 
TO·99 O°C'iD + 70C)C ICL741C·LN·TY 

14 Lead DIP ,-SSoC to +12SoC ICL741·LN·DD 

a L~ad DIP O°C to + 700 e ICL741C·LN·PA 
FLAT PACK -5SoC to +12SoC ICL741·LN·FB 

TO·99 -5SoC to +12SoC ICL 10IA·LN·TY 

TO·99 aOc to + 700e ICLJ01A·LN·TY 
14 Lead DIP -5SoC to +12SOC ICL 101A·LN·DD 
8 Lead DIP O°C to.+ 700 e ICLJ01A·LN·PA 

FLAT PACK ':"55°(;,to +125~C ICL 101A-LN·FB 
TO·99 _55°C to +12SoC ICL 10a·LN·TY 
TO·99 O°C to'+ 70°C ICLJOa·LN·TY 

100 

10 

1 

1.0 

0.1 

0.01 

UNITS 

nV/$. 

pAl$. 

!1V 

, 108/308 INPUT REFERRED 
VOLTAGE NOISE 

'" .......... 
MAX 

TYP 

10 100 lk 10k lOOk 

FREQUENCY (Hz) 

108/308 INPUT REFERRED 
CURRENT NOISE 

r'\. 

~' ",MAX 
... TYP 'j..., 

"'I, 
10 100 ·lk 10k lOOk 

FREQUENCY (Hz) 



ICL741.LN, ICL741C.LN, ICL101A-LN, ICL301A-LN, ICL10a-LN, ICL30a-LN'D~DIb 

NOISE IN OPERATIONAL AMPLIFIERS 

The noise of an amplifier may be expressed in terms of an 
input referred voltage generator (en) and an input referred 
cU,rrent generator (in), see Figure 4. The total noise of an 
amplifier in a typical application contains contributions 
from both these generators, together with a contribution 
from the source resistance. The total mean squarerioise 
for a bandwidth of 1 Hz is given by: 

(1) 

Since both en and in are frequency dependent, the total 
mean square noise for a. given bandwidth 6f = 12 - fl is 
given by: 

i2 n df -+- 4kTRs 6f (2) 

With most amplifiers, the voltage noise term dominates for 
low source impedances. The current noise term is dominant 
at higher source impedances. 

To specify operational amplifier noise performance one of 
two methods is used. One is to specify the total input 
referred noise for a given bandwidth and source imped
ance. This is defined as e,- from equation 1 abOVE!. The test 
circuit in Figure 5 is used. The typical broadband noise of 
the 741 and 101A type' amplifier is shown in Figure 5. 

The second method is to guarantee specific values of en 
and in (in equation 2) at various frequencies. A Noise 
Analyzer is used for this measurement (Figure 3). The 
values of en and in (for 6f = 1 Hz) are measured at 10 Hz, 
100 Hz~ 1 ~Hz, 10 kHz and 100 kHz. The recorded values 
may be plotted graphically, as shown on page 1. The noise 
information obtained from' these measurements is consider· 
ably more general than that obtained from the first method, 
since the noise for any source impeda':lce and bandwidth 
may be calculated. from equation 2, (Graphical integration' 
can determine the area under each curve.) 

Popcorn noise should be screened visually using the circuit 
of Figure 3. Since popcorn noise. is a function of the source, 
impedance it, is best represented by an input referred current 
source. 

j 100 

"-
III 
i5 
~ 10 
w 
II: 
II: 
W ... 
W 
II: 
,!. 
::l ... 
ll: 
...J 

FIGURE 4. 

FIGURE 5. 

741/101A BROADBAND 
NOISE FOR VARIOUS 
BANDWIDTHS 

1111 

<= 10-100 kHz 

r 10-10 kHz 

10-1JtHz 

Jll 

, 

« 0;1 
~ 100 lk 10k lOOk 

SOURCE RESISTANCE n 

FIGURE 6. 
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ICL741-LN, ICL741C-LN, ICL101A-LN, ICL301A-LN, ICL108-LN, ICL308-LN D~DIL 

5·60 

DEFINITION OF TERMS & TEST CIRCUITS 

VOLTAGE NOISE: The noise due to the equivalent input 
voltage generator is measured using the circuit shown in 
Figure 1. It is expressed in nv/YHZ. . 

CURRENT NOISE: The noise due to the equivalent input 
current generator is measured using the circuit in Figure 2. 
It is expressed in pA/..jHi. Popcorn noise cannot be effec· 
tively screened usingth is test due to its erratic nature and 
very low frequency. 

'25" 

POPCORN NOISE: Popcorn noise, sometimes referred to 
as burst noise, is a low frequency noise phenomenon in 
which the output of the amplifier appears to jump errati· 
cally between two or more stabl.e states. It is most notice· 
able when operating at high source impedances and is 
expressed as a transition amplitude,in J.l.V, for a given 
source resistance. The test circuit of Figure 3 is used. 

o 
SCOPE 

FIGURE 1. FIGURE 2. FIGURE 3. 



FEATURES 

• Low Input Current 
• No Frequency Compensation Required 
• Offset Voltage Null Capability 

GENERAL DESCRIPTION 

The 8008 is a high performance monolithic operational 
amplifier with very low input currents. It is intended for 
a wide range of analog applications. High common mode ' 
voltage range and absence of "latch-up" tendencies make 
the 8008 ideal for use as a voltage follower. The high gain 
and wide range of operating voltages provide superior per
formance in integrator, summing amplifier,and general 

'feedback applications. The 800B is short-circu it protected, 
has the'same pin configuration as the popular 741 opera
tional amplifier, and requires no external components for 
frequency compensation. The internal 6 dB/octave roll-off 
insures stability inclosed loop applicat!ons. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation (Note 1) 

SCHEMATIC DIAGRAM 

ORDERING INFORMATION 

Ie U£L B~OOB r=M L,,,,,g, 
TY - 8 Pin TO-5 
PA '- 8 Pin Plastic DIP (Available 

, , T', :n~;r:,:~,~:,~;;,;::al Temperature Rangel 
M - Military Grade _55°C to -+-125°C 
C - CommerCial Gr<lde O°C 10 +70°C 

DeVice Chip Type 

linear C'fCUlt I 

'--------- INTERS1L, INC. Circuit 

±18V 
500mW 

ICL8008 
Low Input Current 

Operational Amplifier 

• Large Common-Mode and Differential Voltage Ranges 
• Low Power Consumption 
• No Latch up 

Differential Input Voltage 
Input Voltage (Note 2) 

. Voltage between Offset Null andV
Storage Temperature Range' 
Operating Temperature Range 

8008M 
800BC 

Lead Temperature (Soldering, 60 sec.) 
Output Short-Circuit Duration (Note 3) 

±30V 
±15V 
±0.5V 

_65°C to +150°C 

_55°C to +125°C 
DoC to +70°C 

300°C 
Indefinite 

NOTE 1: Rating applies for case temperatures to 125°C; derate 
linearly at 6.5 mWt'C for ambient temperatures above 
+7SoC. 

NOTE 2: For supply voltages less than ±1SV, the absolute maxi
mum input voltage is equal ~o the supply voltage. 

NOTE 3: Short circuit may be to ground or either supply. Rating 
applies to +12So C case' temperature or +7So C ambient 
temperature. 

CONNECTION DIAGRAMS 

TO·5 Plastic DIP 

NOTE: Pin 4 CONNECTED TO CASE 

PACKAGE DIMENSIONS 
Plastic, 0 I P 

TO-5 

NOTES: All dimensions in inches. 
Dimensions as per latest J-10 committee. 
Leads are gold-plated Kovar. 
Package weight is 1.22 grams. 
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ELECTRiCAL CHARACTERISTICS (Vs = ±15V unless otherwise specified} 

. CHARACTERISTICS CONDITIONS 
8008M 

MIN TYP MAX 

The folloWing specifications apply for TA a 25°C: 

Input Offset Voltage RsS:l0kn 1.0 5 
Input Offset Current 1.0 5 
Input Bias Current 2 10 
Input Resistance 5 25 
I nput Capacitance 1.5 
Offset Voltage Adjustment Range ±15 
Large-Signal Voltage Gain RL ~ 2 ,kn, VOUT =,±10V 20,000 200,000 
Output Resistance 75 
Output Short-Circuit Current 25 
Supply Current 1.7 2.8 
Power Consumption " 50 85 
Transient Response (unity gain} VIN = 20 mV, RL =,2 kn, 

Risetime CL !>:100pF ' 0.3 
Oversho~t 5.0 

Slew Rate (unity gain) RL ;;:::2 kn 0.5 

The following specifications apply for efc < TA < +70°C (BOOSC), -55°C < TA < +125"C (BOOBM); - - - -
" 

I~put Offset Voltage Rs S:, 10 kn 1:5 6 
Input Offset Voltage Average , 

Temperature Coefficient Rs S:10kn 7 
Input Offset,Current 30 

, Input Bias Current 50 

Input Voltage Range ±10 ±12 
Common Mode Rejection Ratio Rs s: 10 kn 70 90 
Supply Voltage Rejection Ratio, RsS: 10 Hl 30 150 
Large Signal Voltage Gain RL~ 2kn, V OUT = ±10V 15,000 
Output Voltage Swing RL~ 10kn ±12 ±14 

RL~ 2kn ±10 ±13 

tYPICAL PERFORMANCE CURVES 

z « 
" w 

" « 
,~ 
,0 
> 

I 
I 

10" 

10" 

10' 

10" 

102 

10 

ur' 

OPEN LOOP VO~TAGE 
GAIN AS A FUNCTION 
OFF"EQUENCY 

, I _~ 
Vs = ±15V_ 

I'\.: TA " 25°C 

" " ["-. 1"\ 
~ 

10 100 lk 10k lOOk 1M 10M 

, FREQUENCY 1Hz) 

CIRCUIT. NOTES:. 

5.,0" 

z 
~ 
~ lOS 

~ 5.,0' 
> 

10' 

TA = 25°C = 

I-

(; 10 15 20 

SUPPLY VOLTAGE (±VI 

8008C 
MIN TYP MAX UNITS 

1.0 6.0 mV 
2.0 20 nA 
5 25 nA 

5 25 Mn 
1.5 pF 

±15 I mV 
20,000 200,000 VIV 

75 n 
25 mA 

1,7 2.8 mA 
50 85 ,mW 

0.3 /.Is 
5.0 % 
0.5 Vi/.ls, 

,1.5 7.5 mV 

15 /.Ivfc 
30 nA 

50 nA 

±12 ' '±13, V 
70 90 d8 

30 150 /.IVIV '. 

15,000 ' "IV 
±12 ±14 ,V 
±10 ±13 V 

TRANSIENT RESPONSE 

24 1--+-+--1--1--+--1 

20 t--\IO%-+--tf-+'--I--t--t 
:; 

;: 16 L_-h/H-+_-t--+-~I--I 
,~ 12 r I 
~ B t--+~H--t--t--r--i 
o I Vs .±15V 

4 10%,.... RISE TIME TA = 25~C, 
o 1--4--+--1--"'" RL =2 kn ' 

, CL ·l00pF 

o .5 1.0 1.5 2.0 2.5 

, TIME I~sl 

VOL.TAGE OFFSET 
NUL.L. CI RCUIT, 

TRANSIENT RESPONSE 
TEST CIRCUIT 

v" 

V' 



FEATURES A . . p 
• Input Noise Current';;;; 1.5 r.:-

IH5101 
Ultra Low Noise 

High Frequency Amplifier 
• 10 MHz Bandwidth vHz 
• 40 dB Gain 
• ±15V Supply 

GENERAL DESCRIPTION 
The IH5101 is specifically designed for transresistance 
amplifier applications. Its ultra low noise and high fre· 
quency capabilities make it ideal .for vidicon head tube 
.amplification. The low level current output of a vidicon 
head tube can be readily converted to a voltage level for 
system processing. For example, a 100 nA· tube output 
current will be transformec:j into 75 mV of output voltage. 

. ABSOLUTE MAXIMUM RATIN(;S 
Supply Voltage 
I nput Current 
Peak Output Current 
Power Dissipation (Note) 
Storage Temperature 

±18V 
1 mA 

10mA 
lW 

-65°C to +150°C 
-55°C to +125°C Operating Temperature (M) 

(I) . _25°C to +85°C 

Lead Temperature (soldering, 10 sec.) 300°C 

NOTE: Oissipation rating assumes device is mounted with all leads 
welded or soldered to printed circuit board in ambient 
temperature below 70·C. For higher temperature, derate 
at rate of 10 mWf'C. 

SCHEMATIC DIAGRAM CONNECTION DIAGRAMS 

i15V 

15 
13 

l&On 

5.6K.n 

1.5pF 

330U 1.5K 

3 
-15V 

ORDERING INFORMATION 

IH 01 M IE 

·E=L Package . . 
... . 16 Pin DIP (.6 ~ .7 Lead Space) 

Temperature Range. . 
M-Military (-55"C to +125") 
I-Industrial (_25°C to +85°C) 

'------ Type 

..... _____ Amplifier 

L.. __ --.,.. ____ Analog 

...... -------- INTERSIL HYBRID 

four 

PACKAGING DIMENSIONS 

8 LE~DS -t= ~ I 
.019 

me DIA. 1--.600~-

ITO"' . ~ EP695 . 

U·,·····8 
. ~. E!' .880 

, ~ 
. .915 

~ ·,:r +1 r ------, 

~ n HI H I 
t --1l-gi! 

IE Package 

5-63 



5-64 

IH5101 O~OIb 

ELECTRICAL CHARACTERISTICS Vi; = ±15V, (25°C unless otherwise noted) 

PARAMETER 

Transresistance (EOUT/I,N) 

Power Supply Current (Quiescent) 
(Pins 3 and 15) 

Output Impedance 

Output Swing 

Bandwidth (3 dB) 

Transient Response (Step Response) 

t(ON) 

t(OFF) 

Output Wide BandNoise 

I nput Current Noise 

NOISE TESTING 

CONDITIONS 

f = 1 MHz· 

RL = 75n, f= 1 MHz 

RL = 75n 
10% to 90% 

90% to 10% 

100 Hz to 10 MHz, liN = 0 

OUTPUT WIOE BANO NOISE 

0 
-= 1.' + 

-15V 20WV -

1.' 
20WV~ 0 

0 
0) -= 
0 -= 

APPLICATION TIPS 

VIOICON HEAD AMPLIFIER 

TARGET 
SUPPLy O-'Nv ...... -.NII-++{ 

VOLTAGE 

H------..-O+15 

-15V o---.:~,.--,+{ 

lH510T 

@ 
o 

,TRANSRESISTANCE "0.75 mV/nA 

LIMITS 
UNITS 

MIN TYP MAX 

0.75 mV/nA 

15 rnA 

10 n 

1.0 V p _p 

107 Hz 

100 ns 
100 ns 

3.0 mVrms 

1.5 pA/y'HZ 

BANDWIDTH FOR NOISE TEST 

GAIN 

VIDEO AMPLIFIER WITH 40 dB 
VOLTAGE.GAIN 

1 ~F -
20WVJ; 

IH51Dl 

}+---...--o +15V 1.' 
H--,---"+ 20 WV 



DMhfiDIL LH2101A/LH2301A 
Dual High Perfofmance 

OpAmp 

F~ATURES 

• Low offset voltage 
. • Low offset current 

• Guaranteed drift characteristics 

GENERAL DESCRIPTION.' 

• Offsets guaranteed over entire common mode and 
supply voltage ranges 

The LH21 01 A series of dual operational amplifiers consist of 
two LM101A type op amps in a.' single hermetic package. 
Featuring all the same performance characteristics of the 
single, these duals offer in addition closer thermal tracking, 
lower weight, and reduced insertion cost. 
The LH2101A is specified for operation over the -55°C to 
+125° C military temperature range,. while the LH2301 A is 
specified for operation over the O°C to +70°C temperature 
range. 

• Slew rate of 10VIILs 

CONNECTION DIAGRAM 
.-------'0 V+ 

.--___ ':::.40 BALANCE 
'NV 

INPUT 

NON-INV 
INPUT 

'N~~ 0::'2:"'-_-1 

.--__ ,!,.2 0 g~~:~~SATION 
>-__ ':::.60 OUTPUT 

'----.::.0 BAL/COMPENSATION 

"""'----"-0 V-

,.----.!.o BALANCE 
OUTPUT 
COMPENSATIO'N 

OUTPUT 

BAL/COMPENSATION 

L---'-.::..oV+ . 

ORDER NUMBER LH2101AD, LH2301AD 

AUXILIARY CIRCUITS 
INVERTING AMPLIFIER 

WITH BALANCING CIRCUIT 

C, 
~pF 

OUTPUT 

tMay 'be zero Dr equal to parallel combination 
of R1 and R2 for minimum ofbet. 

TWO POLE COMPENSATION 

Cl?;~ 
Cs-30 pF 
CZ'" tOC, 

VOUT 

ALTERNATE 
BALANCING CIRCUIT SINGLE POLE COMPENSATION 

FEEDFORWARD COMPENSATION 

C2= 21Jf~ RZ 
fo ·3MHz 
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LH2101A/LH2301A U~UIL 

,ABSOLUTE MAXIMUM RATINGS 

'Supply Voltage ; .. '. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±22V 
Power Dissipation (Note 1) ............................................ 500 mW 
Differential Input Voltage ................................................. ±30V 
Input Voltage (Note 2) .......................•..................... ' ..•.... ±15V 
Output,Short-Circuit Durati9n ...........................•.......... Continuous 
Operating Temperature ,RangeLH2101A ......................... -55°C to 125°C 

LH2301A ............................ O°C to 70°C 
Storage Temperature Range ..... ; .............................. --£5°C to 150°C 
Lead Temperature (Soldering, 10 sec) .................................... 300°C 

ELECTRICAL CHARACTERISTICS Each side (Note 3) 
, 

LIMITS 
PARAMETER CONDITIONS LH2101A LH2301A 

Offset Voltage TA = 25° C, Rs :::; 50kO 2.0 7.5 
Input Offset Current TA - 25°C 10 50 
Input Bias Current TA = 25°C 75 250 
Input Resistance TA - 25°C 1.5 0.5 
Supply Current TA = 25°C, Vs = +20V 3.0 ,3.0 
Large Signal Voltage Gain TA - 25°C, Vs - ±15V 50 25 

VOUT = +10V, RL > 2kO 
Input Offset Voltage Rs:::; 50 kO 3.0 10 
Average Temperature I 

, Coefficient of Input 15 30 
Offset Voltage 
Input Offset Current , 20 70 
Average Temperature 25°C < TA < 125°C 0.1 0.3 
Coefficient of Input -55°C:::; TA:::; 25°C 0.2 0.6 
Offset Current 
Input Bias Current 100 300 
Supply Current TA - +125°C, Vs - ±20V 2.5 
Large Signal Voltage Gain Vs - ±15V, VOUT ,= ±10V 25 15, 

, RL > 2 kO 
Output Voltage Swing Vs - ±15V, RL = 10 kO +12 +12 

RL = 2 kO +10 +10 
Input Voltage Range Vs - ±20V ±15 ±12 
Common Mode 
Rejection Ratio Rs :::; 50 kO 80 70 
Supply Voltage 
Rejection Ratio Rs:::; 50 kO 

'" 
80 70 

UNITS 
mVMax 

nA Max 

MO Min 
mA Max 

V/mV Min 

mVMax 

JiV/oC MEix , 
nA Max 

nA/oC Max 

nA Max 
mAMax 

V/mV Min 

V Min 

dB Min 

Note 1: The,maximum junction temperature of the LH2101A is 150°C, and the thermal resistance is 100°C/W, junction to ambient. 
Nole 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 

, 

Nole 3: These specifications apply for ±5V :s Vs :s ±20V and -55°C :s TA :s 125°C, unless otherwise specified. For the LH2301A these 
specifications apply for O°C:S TA:S 70°C, ±5V and:S Vs:S ±15V. SLipplycurrent and input voltage range are specified as Vs =±15V for ihe 

. LH2301A. C1 = 30 pF unless otherwise specified. 



FEATURES 
• Low offset current - 50 pA 
• Low offset voltage - 0.7 mV 

LH2108, LH2308, 
LH2108A,LH2308A 

Dual. Super Beta 
OpAmp 

GENERAL DESCRIPTION 

• Low offset voltage - LH210BA: 0.3 mV 

The LH2108A1LH2308A and LH2108/LH2308 series of dual 
operational amplifiers consist of two LM108A or LM108 type 
op amps in a single hermetic package. Featuring ali the same 
performance characteristics of the single device, these duals 
also offer closer thermal tracking, lower weight, and reduced 
insertion cost. 

LH210B: 0.7 mV 
• Wide inpulvoltage range - ±15V 
• Wide operating supply range ~ ±3V to ±20V 

The LH2108A/LH2108 is specified for operation over the 
-55°C to +125°C military temperature range, and the 
LH2308A/LH2308 is specified for operation from 0° C to 
+70°C. 

CONNECTION DIAGRAM 

INV 
INPUT 

NON~INV 

INPUT 

.-------.:.0 v+ 
.------..:''=-4-0 BALANCE 

.---""""';=-0 gg~~~~SATION 
> ___ ':.::6-C OUTPUT 

3 
BAL/COMPENSATION 

6 
V-

7 
INV 0------1 

BALANCE 
'0 OUTPUT INPUT 

AUXILIARY CIRCUITS 

STANDARD 
COMPENSATION CIRCUIT 

CI 

VOUT 

COMPENSATION 

OUTPUT 

" BAL/COMPENSATION 
9 

V+ 

ORDER NUMBER LH210BAD, 
LH2408AD, LH210BD, 

OR LH240BD 

ALTERNATE* 
FREQUENCY COMPENSATION 

*Improves rejection 
of power supply 
noise by a factor 
of ten. 

VOUT 

FEEDFORWARD 
COMPENSATION 

, 

VOUT 

C, 
'50 pF 

C2 = 2"10 R2 
fo = 3 MHz 
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LH2108,LH2308,LH2108A,LH23Q8A O~OIL, 

ABSOLUTE<MAXIMUMRATINGS 
.' 'SIlPply'Voltage ..••. :< . : ........ : ............................ : ............ ±20V 

Power Dissipation (Note 1) ............................................. 500 mW 
Dlfferentiill)n'pui Currerif(Note:2) ..................................... .±10mA 
Input Voltage (Note 3) .................................................... ±15V 
,Output Short Circuit Duration .................... ' .............. : ..•. Continuous 
Operating Temperature Range '. . .. ' 

LH210SAlLH210S ......................................... -55°C to +125°C 
LH230SAlLH240S ..•..•......................•.. ~ . . . . . . . . . . .• 0° C to +70° C 

Storage Temperature Range .......... · ......................... -65°C to +150°C 
. Lead Te~perature (Soldering, 10 sec) ..........• , ........................ 300°C 

ELECTRICAL CHARACTERISTICS Each side (Note 4) " 

LIMITS 
PARAMETER , CONDITIONS LH2108 LH2308 UNITS 

Input Offset Voltage TA- 25°C 2.0 .7.5, mVMax 
lriput Offset Current TA 25°C 0.2 1.0 

nA Max Input Bias Current TA - 25°C 2.0 7.0 
Input Resistance TA - 25°C 30 10 MOMin 
Supply Current· TA - 25°C 0.6 O.S mAMax 
Large Signal Voltage Gain TA - 25°C Vs - ±15V 50 25 VlmV Min 

VOUT = ±10V, RL 2: 10 kO 
Input Offset Voltage 3.0 10 mV Max 
Average Temperature.Coefficient 15 '30 p.VloC Max 

of Input Offset Voltage 
Input Offset Current 0.4 1.5 nA Max 
Average Temperature Coefficient 2.5 10 pAloCMax 

of Input Offset Current ; 

Input Bias Current 3.0 10 nA Max 
Supply Current TA-+125°C 0.4 - mAMax 
Large Signal Voltage Gain Vs -±15V, VOUT -±10V 25 15 V/mV Min 

I RL> 10 kH 
Output Voltage SWing Vs - ±15V, Rt. - 10 kO ±13 ±13 

. V Min Input Voltage Range Vs - ±15V ±13.5 ±14 
Common Mode'Rejection Ratio S5 SO 

dB Min Supply Voltage Rejection Ratio SO SO 

LIMITS 
PARAMETER CONDITIONS LH2108A LH2308A UNITS 

Input Offset Voltage TA - 25°C 0.5 0.5 mV Max 
Input Offset Current TA - 25°C 0.2 1.0 

nA Max Input Bias Current TA - 25°C 2.0 7.0 
Input Resistance TA - 25°C 30 10 MO Min 
Supply Current TA - 25°C 0.6 O.S mA Max 
LargeSignal Voltage Gain TA - 25°C Vs - ±15V SO SO V/mV Min 

VOUT = +10V, RL > 10 kH 
Input Offset Voltage 1.0 0.73' mV Max 
Average Temperature Coefficient 5 5 p.VloC Max 

.of Input Offset Voltage 
Input Offset Current· 0.4 1.5 nA Max 
Average Temperature Coefficient 2.5 10 pAloC.Max 

of Input Offset Current 
, 

Input Bias Current .3.0 10 nA Max 
Supply Current TA -,+125°C 0.4 - mAMax 

, Large Signal Voltage Gain Vs - ±15V, VOUT - ±10V 40 60 VlmV Min 
·RL> 10 kH 

Output Voltage Swing Vs = +15V, RL - 10 kO ±13 ±13 
V Min 

Input Voltage Range Vs -+15V +13.5 +14 
Common Mode Rejection Ratio 96 96 

dB Min 
Supply Voltage Rejection Ratio 96 96 

Note 1: The maximum junction temperature of the LH21081 A is 150· C, and that of the LH23081 A is 85° C. The thermal resistance of the packages 
is 100·CIW, junction to ambiimt: 
Note 2: The inputs are shunted with back-to~back diodes for overvoltage p'rotection. Therefore, excessive current will flow if a differential input. 
voltage in excess of 1V is applied between the inputs unless some limiting resistance is used. . 
Note 3: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 4: These specifications apply for ±5V S Vs S ±20V and -55° CS T AS 125° C, unless otherwise specified, and the LH2308A1LH2308 for±5V S 
Vs S .15V and 00 C S TA S 70° C. . , 



O~OIb 

FEATURES 
• Offset voltage 3 mV maximum over temperature (107 and 207) 
• Input cumint 100 nA maximum over temperature (107 and 207) 
• Offset current 20 nA maximum over temperature (107 and 207) 
• Guarant~ed drift characteristics 
• Offsets guaranteed ov.er entire common mode range 

GENERAL DESCR.IPTION 
The 107 series amplifiers are complete, general purpose 
operational amplifiers, with the necessary frequency c.om
pensation built into the chip. Advanced processing tech
niques make the input currents a factor of ten lower· than 
industry standards like the 709. Yet, they are a direct, 
plug-in replacement for the 709, LM10l, LM101A and 741. 

The 107 series provides better accuracy and lower noise 
than its predecessors in high impedance circuitry. The low 
input currents also make it particularly well suited for 
long interval integrators of timers, sample and hold circuits 
and low frequency waveform generators. Further, replacing 
circuits where matched transistor pairs buffer the inputs of 
conventional IC op amps, it can give lower offset voltage 
and drift at reduced cost. " 

The 207 is identical to the 107, except that the 207 has 
its performance guaranteed over a -25°C to 85°C tem
perature range, instead of :"'55°C to 125°C. "The 307 has 
somewhat different specifications~ and operates from O°C 
to 70°C . 

LM107,LM2Q7,LM$07 
Operational Amplifiers 

SCHEMATIC DIAGRAM 

.----...--------------.11 
CONNECTION DIAGRAMS 

Metal Can 

IIDnr.4_,M __ 

fO''ltI. 

Ordar Number LM107T, 
LM207T or LM307T 

TO-SCan 

""8" ~~'. '". BNe 

INPUT 2 .. ,-,' 7Y+ 

INPUT 3. + 6 OUTPUT 

V-4 . 5NC 

"'VII_ 

Ordar Number LM307P 

oS-Pin MiniDIP 
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LM107,LM207,LM307 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 107;207 

307 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Output Short-Circuit Duration (Note 3) 

SWITCHING CHARACTERISTICS 

PARAMETER CONDITIONS 

Input Offset Voltage, ' :TA.= 25"C, RS .. 50kn 
Input Offset Current TA=25°C' 

InP'!t Bias Current TA=25°C 
Inp~t Resistance TA=25°C 
Supply Current T A = 25°C, Vs = ±20V 

TA = 25°C, Vs = ±15V 
Large Signal Voltage TA = 25°C, Vs '= ±15V 

±22V 
±18V 

500mW 
±30V 
±15V 

Indefinite 

MIN 

1.5 

Gain VOUT = ±10V, RL;;' 2kn 50 
Input Offset Voitage, : AS .. 50 kn 

'Average Temperature 
Coefficient oflnput 
Offset Voltage 

Input Offset Current 

Average Temperature 25°C .. -fA" 12~'C 
Coefficient ot'lnput -55°C .. TA ":25°C 
Offset Current 25°C .. T A .. 70°C 

O°C .. T A .. 25°C', 

Input Bias Current 

Supply Current T A = +125°C, VS= ±2OV 
Large Signal Voltage Vs= ±15V, VOUT= ±10V 
Gain RL;;' 2kn 25 
Output Voltage Swing Vs = ±15V, RL = 10kn ±12 

RL = 2kn ±10 
Input Voltage Range' Vs = ±20V ±15 

VS:" ±15V 
,Common Mode, '. 
Rejection Ratio RS" 50kn 80 

,Supply Voltage 
Rejection Ratio RS" 50 kn 80 -

/ 

Operating Temperature Range 107 
;207 
307 

Storage Temperature Range 
Lead Temp~rature (Soldering, 60 sec) 

107,207 307 
TYP MAX MIN TYP 

0.7 2.0 2.0 
1.5 10 3 

30 75 70 
4 0.5 2 

1.8 3.0 

1.8 

160 25 160 
' : 3.0 

I 

3.0, 15 6.0 

20 
..... , 

,0.01, 0.1 
0.02 0.2 

0_01 
0.02 

100 

1.2 2.5' 
,: 

15 

±14 ±12 ' ±14 
±13 ±10 ±13 

±12 

96 70, ,90' 

96 70 96 

\ 

-55°C to 125°C 
-25°C 'to 85°C 

O°C to 70°C 
-65°C to i50°C 

300°C 

MAX 
UNITS 

,7.5 mV 

50 nA 

250 nA' 

Mn 

mA 

.3_0 mA 

V/mV 

10 inV 

30 p.vfc 
70 nA 

' nAtC 
nArC 

0.3 nArC 
'0;6 nA/oC 

300 mA 

inA 

V/mV 

V 
V 

V 
V 

":1 ,dB 

dB 

Note 1: The maximum junction temperature of the 107 is 150°C, while that of the 207 is 100°C. For operating at elevated temperatures, 
devices in the TO-5 package must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction to case_ 
Note 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
Note 3: Continuous short circuit is alloWed for case temperatures to 70°C and ambient temperatures to 55°C. ' 
NOte 4: These specifications apply for ±5V <:: Vs < ±2OV and -55°C .. TA .. 125°C for the 107 or -25°C .. TA .. 85°C for the 207, unless 
ot~erwise specified. For the 307, the specificatiorisapplyfor O°C .. ,T A .. 70°C and ±5V .. Vs .. ± 15V; unless otherwise specified. 

; 
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LM108/A, LM208/A, LM308/A 
Low Level Operational Amplifiers 

FEATURES 

• Input Bias Current - 2 nA max to 7 nA max 
• Input Offset Current - 0.2 nA max to 1 nA max 
.lnputOffsetVoltage-0.5 mV max to 7.5 mV max 
• ~Vos/~T - 51lVrC to 30 Ilvrc 
.AI6.S/~T -:- 2.5 pArC to 10 pA/oC 
• Pin for Pin Replacement for 101A/301A 

FREQUENCY COMPENSATION CIRCUITS 

STANDARD CIRCUIT 

R2 

NON.INVE~~~~~ 0---'lR,.,3"""'_-I 

~LCO(l!~) c, 

Co'" 30pF 

CONNECTION DIAGRAMS 

TO-99 PACKAGE 

FREQ. COMPo B 

v

TOP VIEW 

OUTPUT 

NOTE: On metal Can, Pin 4 is connected to case. 

GENERAL DESCRIPTION 

These differential input, precision amplifiers provide low 
input currents and offset voltages competitive with FETand 
chopper stabilized amplifiers. They feature low power con· 
sumption over a supply voltage range of ±2V to ±20V. The 
amplifier's may be frequency compensated· with a single 
external capacitor. The LM 1 08A, LM208A, and LM308A 
are high performance selections from the 108/208/308 
amplifier family. 

ALTERNATE CIRCUIT: IMPROVES REJECTION OF 
POWER SUPPLY NOISE BY A FACTOR OF TEN. 

R2 

NON'INVE7~~~~:o-JVlR31V-_-I 

DUAL-IN-LINE PACKAGE 

INVERTING INPUT 4 

NON.I~~~~TING 5 

TOp·VIEW 

OUTPUT 

NOTES: On DIP, Pin 7 is connected to case. 

Pin 1 is marked for orientation. 
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LM108/A, LM208/A, LM308/A 
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• • 'I~ " " " J,. 

ABSOLUTE MAXIMUM RATINGS 
'J,' ..... " : 

Supply Voltage Indefinite 

108,208, I08A, 208A, 
308,308A 

±20V 
±18V 

Output'Short·Circuit Duration 
Operating Temperature Range 

108, 108A -SSOC to +12SoC 

InternarPower Dissipation (Note 1) 
Metal Can (TO·99 
DIP (Hermetic) 

Differential Input Current (Note 2) 
Input Voltage (Note 3) 

SoomW 
SoomW 
±10mA 

'±15V 

208,208A 
308,308A 

Storage Temperature Range 
Lead Temperature (Soldering, 60 sec.) 

ELECTRICAL CHARACTERISTICS (T A = 25°C unless oth~rwise specified) (Note 4) 
" ~: 

108 
: PARAMETER , CONDITIONS 308 308A ·,,208 " 

- 2SoC to +8SoC 
OoC to+70°C 

-6SoC to +150°C 
,300°C 

108A 
iOSA 

,MIN TYP ",MAX MIN TYP MAX MIN 'TYP MAX MIN TYP MAX 

Input Offset Voltage 2.0 7,5 0,3 0.5 . 0,7 2.0 

Input Offset Current " 0.2 i.o 0.2 ,1.0 0,05 0.2 

Input Bias Current 1.5 7 1.5 7 0.8 2.0 

Input Resistance 10 40 10 40 30, 70 30 
" .. 

Supply Current 
Vs= ±20V 0.3 0,6 

,Vs =±,15V 0.3 O.B 0.3 0.8 

Vs ='±i5V, VOUT ='±10V, 
"-:,' , 

Large Signal 25 300 80 300 50 300 80 Voltage Gain RL~ 10k!:! 

THE FOLLOWING SPECIFICATIONS APPLY OVER THE OPERATING TEMPERATURE RANGES 

Input Offset V~ltage , 10 0.73 
\ 

3.0 

Input Offset Current 1.5 1.5 0.4 

Average Temperature 
, 

Coefficient of Input 6.0 30 1.0 5,0 ':,3.0 15 
Offset Voltage 

Average Temperatur~ 
Coefficient of Input 2 10 2.0 ;0 0,5 2.5 
Off~et Current .. "., 

In,put Bia~ Current 10 10 3.0 

Large Signal Vs =±15V, VOUT = ±10V, 
15 60 • 25 40 

, Voltage Gain RL~'10k!:! " 
Input Voltage Range Vs =±15V, ±13.5 ±13.5 ±13.5 ±13,5 

Common Mode 80 100 96 110 85 1I~0 96 
Rejection Ratio 

Supply Voltage ao ,96 96 110 80 96 96 

f Rejection Ratio 
, 

, (' 

Output Voltage Swing V~ = ±15V, RL = 10 k!:! , ±13 ±14 ±ll ±14 ±1,3 ,±14 ±13· 
.. 

Supply Current T,( = +125°C, Vs ='±20V 0.15 0.4 

NOTE 1; Derate Metal Can package 8t 6.8 mWfC for operation at ambient temperatures above 15°C and the Dual In-Line package at 
9 mWfC for operation at ambient temperatures above 95°C. 

NOTE2: The inputs are shunted with "back·to-back diodes for over-voltage protection. Therefore, excessive ~urre"t will flow if .• differential" 
input voltage in excess of ~V is applied ,between the inputs unless some limiting resistance is used. ' 

NOTE 3: For supply voltaDes less than ±15V, the maximum input voltage is equal to the supply voltage. 

NOTE 4: 'U~less otherwise specified, these specifi~ti~ns apply "f~r supply voltages f"rom t5V to' :!:20V for the 108, 208; l08A fand 208A and 
from :t.5V to ±,15V for the 308 and CJ08A. 

: '0,3 0.5 

0.05 0,2' 

0.8 2,0 

70 
, . 

0,3 0.6 

300 

,. 
1.0 

0.4 

1.0 5,0 

0.5 2.5 

3.0 

110 

110 

±14 

0.15 0.4 

UNITS 

' mY' 

nA 
/ 

nA 

M!:! 
',' 

mA 
mA 

V/mV 

mV 

nA 

jlvtc 

pAtC 

nA 

V/mV 

V 

d8 

dB 
/ 

V 

mA: 



LM10S/A,LM20S/A,LM30S/A 

TYPICAL PERFORMANCE CURVES 

2.0 

5 1. 

11~O 
>-. 

INPUT CURRENTS 

N ~~~A~IAJ- . 

5"" 

108AI108 r-t--
208A1208 81AS 

r-::;?-;> 
~ o. 
a: 
~0.2 5 
u 
>- 0.2 
:J 

0 

~O.l 5 

0.1 0 

o 

120 

_100 
<II 
:3 
z 80 
0 
i= 60 u 
~ 
w 40 a: 
>-
...J 

20 ~ 
:J 
Ul 0 

15 

~ 10 

'" z 
l: 
Ul 

>-
~ 5 >-
:J 
0 

0 

10' 

10.2 

I'-., 308/308A OF FSET 

. 'N 

I'"-'-
108A1 \ 080l J J 

208A/208 OFFSET 

-55-35~15 5 ·25 45 65 85 lOS 125 

TEMPERATURE lOCI 

POWER SUPPLY REJECT.ION 

lk 10k lOOk 1M 10M 

FREOUENCY IHzl 

OUTPUT SWING 

-..... Vs = ±15V 

" " ...... ........ 
I' , 1\ 

TA =125°C 
I 1.--'" 

T A = 70°C 

TAI=2hL 

TA = O°C+\- rl---T '=-~5°CII 
AI r II· It ;-

8 

OUTPUT CURAENT l±mAI 

CLOSED LOOP 
OUTPUTIMPEDENCE 

10 '100 

lOUT = ±l rnA 
Vs = ±15V 

lk 10k lOOk 1M 10M 

FREQUENCY IHzl 

lk 

P 
~100 
a: 
o 
a: 
a: 
w 

t: 10 
a: 
o 

1.0 

1000 

~ 400 
..., 

~ 
~ 100 
6 
z 
>-
~ 40 
;::: 

10 

600 

_500 «. 
~ 

~400 
w 
a: 
~ 300 
u 
~. 200 
"
"
:J 
Ul 100 

o 

16 

~ 12 

'" z 
~ 8 
>
:J 
".>
:J 
o 

MAXIMUM DRIFT ERROR 

I III 

-108/208 
I ~. ~ 

308 308A V 
=:l pi 

108A1208A 

~~08/t;;A -ssocJJ(JJOC 

=208/208A: _25°C s: T A s: 85°C 
308/308A: O°C s: T A s: 70°C 

lOOk 1M 10M 

INPUT AESISTANCE lUI 

INPUT NOISE·VOLTAGE 

As= 1M 

Rs = lOOk 

Rs 0 

I 
10 100 lk 10k 

FREQUENCY IHzl 

SUPPLY CURRENT 

10 15 

SUPPLY VOLTAGE I±VI 

LARGE SIGNAL 
FREQUENCY RESPONSE 

TA=2SoC 

\ 
Vs -= 115V 

1\ 

100M 

lOOk 

20 

C, = 3 pF r-

-~ 
Crl3it ..... r-.. --

lk . 10k lOOk 1M 

FREQUENCY IHzl 

'> MAXIMUM OFFSET ERROR 

5100 
w 

'" « 
>
...J 
o 
~ 10 
w 
~ 
~ 

o 
>
i? .. 1.0 
z 
>z 
W 
...J 

;; 0.1 

=U8lJ081 I 
3bi -30r 
=Il r-il ~ 

~ f..-" 108A1208A 

~ 108/108A: _55°C s: + A l j Jstc 
f::208/208A: c25°C s: T A s: 85°C 
~308/30BA; O°C::;:TA ~ 70°C 

S lOOk 
o 

1M 10M. 100M 

w 

120 

iii 
" ;: 110 
;;: 
'" w 

'" « 
~ 100 
o 
> 

90 

120 

100 
iii 

INPUT RESISTANCE 1m 

VOL TAGEGAIN 

C,= 0 
'f= 100Hz 

10 15' 

SUPPLY VOLTAGE I±VI 

OPEN LOOP 
FREQUENCY RESPONSE 

"' " ~f=~pF-

20 

180 

:3 80 
z 
~ 60 

" " 
" 

11 C,= l00pF\ 

C,- 30PF,~ I-
" 'i 

135j 

w 
~ 40 
>
...J 
o 20 
> 

o 

-20 

10 

8 

~ 6 

'" z 
~ 
w 
~ -2 

~ -4 
o 
> -6 

-8 

-10 

'" "y 

" 
, 90 :J 

- IC'= 3pF. 

" ""'" , _ --iC' - 100 pF 
45 

GAIN :+, ,~ PHASE ___ C, = 30 pF 
~ 

10 100 lk 10k lOOk 1M 10M 

FREQUENCY IHzI 

VOLTAGE FOLLOWER 
PULSE RESPONSE 

f- ,..- .-r r-
l\ INPUT J 
i \ 

I 0yTP~T i 
I \ 'I I I 
~. TA ~ 25°C 

Vs = ±15V 
C, = 30pF 

o 40 80 120 160 

TIME 1~51 

w 
Ul « 
ii: I 
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LM108/A,LM208/A,LM308/A 

GUARDING 

Extra care must be taken in the assembly of printed circuit 
boards to take full advantage of ,the low input currents of 
the 108 amplifier. Boards must be thoroughly cleaned with 
TCE or alcohol and blown dry with compressed air. After' 
cleaning, the boards should be coated with, epoxy or 
silicone rubber to prevent contamination. 

Even' with properly cleaned and coated boards, leakage 
currents may cause trouble at l2SoC, particularlysince 'the 
input, pins are adjacent to pins that are at supply potentials. 
This leakage can be significantly reduced by using,guarding 
to lower the, voltage difference between the inputs and 
adjacent metal runs. Input guarding of the 8·lead TO·99 

package is accomplished by using a 10·leadpin circle, with 
the leads of the device formed so that the holes adjacent 
to the inputs are empty when it is inserted in the board. The 
guar,d, which is a conductive ring surrounding the inputs, 
is connected to a' low impedance point that is at approxi· 
mately the same voltage at the inputs. Leakag'e currents 
from high;voltage pins are then absorbed by the guard. 

The pin configuration of the dual in·line package is designed 
to facilitate guarding, since the pins adjacent to the inputs 
are not used (this is different from the standard 741 and 
lOlA pin configuration). 

CONNECTION OF INPUT GUARDS 

~" , 

- , '. ~UT'pUT 
INPUT • 

" 

'USE TO COMPENSATE FOR LARGE SOURCE RESISTANCES 

INVERTI NG,AMPLI F I ER FOLLOWER 

PHYSICAL DIMENSIONS 

TO·99 PACKAGE 

. NOTES: All dimensions in inches. 

Leads are gold-plated -Kovar. 

ORDERING INFORMATION 

'PART PACKAGE 
NUMBER TYPE 

108 
TO·99 
DIP 

208 
TO·99 
DIP 

308 
TO·99 
DIP 

108A 
TO·99 
DIP 

TO·99 
208A 

DIP 

308A 
TO,99 
DIP 

5·74 

.' ,i 
NOTE R~t+RR22 MUST8E LOWIMPEOANCE 

BOTTOM VIEW 

BOARD LAYOUT FOR INPUT GUARDING WITH TO 99 PACKAGE 

NON·INVERTING AMPLIFIER 

DUAL·IN·LlNE PACKAGE 

NOTES: All dimensions in inches . 

TEMPERATURE 
RANGE 

-SSoC to +12SoC 

- 2SoC to +BSoC 

O°C to +70°C 

-SSoC to +12SoC ' 

- 2SOC to +8SoC 

O°C to +70°C 

Leads are intended for insertion 
in hole rows on .300 centers 

ORDER 
NUMBER 

LM10BT 
LM10BD 

LM20BT 
LM20BD, 

LM308T 
LM308D 

,LM108AT 
, LM108AD 

LM208AT 
LM208AD 

LM30BAT 
LM308AD 



O~UIb LM124/LM224/LM324, 
LM124A/LM224A/LM324A,LM2902 

Low Power Quad O'perational Amplifiers 

FEATURES 
'. Internally frequency compensated for unity gain 

• Large dc voltage gain 100dB 

,. Wide bandwidth (unity gain) 
(temperature compensated) 

• Wide power supply range: 

1MHz 

Single supply 
or dual supplies 

3Voc to 30Voc 
±1.5Voc to ±15Voc 

• Very low supply current drain (800IlA) - essentially 
independent of supply voltage (1mW/op amp at 
+5Voc) 

• Low input biasing current 
(temperature compensated) 

• Low input offset 
and offset current 

45nA 

2mV 
5nA 

• Input common-mode voltage range includes ground 

• Differential input voltage range equal to the power 
supply voltage 

• Large output voltage swing OVoc to V+ - 15Voc 

CONNECTION DIAGRAM 
, DUAL-IN-LiNE AND FLAT PACKAGE 

OUTPUT INPUT INPUT INPUT INPUT OUTPUT 
4 4- 4+ GND 3+ 3- 3 

12 10 

OUTPUT INPUT INPUT v+ INPUT INPUT OUTPUT 
1 1- 1+ TOP VIEW 2+ 2- 2 

CHIP CONFIGURATION 
1 14 

OUTPUT 1 OUTPUT 4 
~ /1 

INPUT 2- ~ INPUT 3-

7 
OUTPUT 2 OUTPUT 3 CHIP DIMENSION 56.61 MILS 

GENERAL DESCRIPTION 
The LM124 series consists of four independent, high 
gain, internally frequency compensated operational 
amplifiers which were designed specifically to operate 
from a single power supply over a wide range of voltages, 
Operation from split power supplies is also possible and 
the low power supply current drain is independent of the 
magnitude of the power supply voltage. 

Application areas include transducer amplifiers, dc gain 
blocks and all the conventional op amp circuits which 
now can be mote easily implemented in single power 
supply systems. For example, the LM124 series can be 
directly operated off of the standard +5VDC power supply 
voltage which is used in digital systems and will easily 
provide the required interface electronics without 
requiring the additional ±15VDC power supplies. 

In the linear mode the input common-mode voltage 
range includes ground, and the output voltage can also 
swing to ground, even though operated from only a 
single power supply voltage. 

The unity gain cross frequency is temperature compen
sated, as is the input bias current. 

SCHEMATIC DIAGRAM (Each Amplifier) 

ORDERING INFORMATION 

PART TEMPERATURE PACKAGE ORDER 
NUMBER RANGE TYPE NUMBERS 

LM124D 55°C to +125°C Ceramic Dip LM124D DO 
LM224D -25°C to +85°8 Ceramic Dip LM224D DO 
LM324N O°C to +70°C Epoxy Dip' LM324N PO 
LM324D O°C to +70°C Ceramic Dip LM324D DO 
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" C> " ABSOLUTE MAXIMUM RATINGS 

LM124/LM224/LM324 
LM124A/LM224A/LM324A 

LM2902 

Supply Voltage. V, 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 1) 

Molded DIP 
Cavity' DIP 
Flat Pack 

Output Short-Circuit to GND (One Amplifier) (Note 2) 

V'S 15Voc and TA = 25°C 

32Voc or ±16Voc 
32Voc 

-0.3Voc to +32Voc 

570mW 
900mW 
BOOmW 

Continuous 

ELECTRICAL CHARACTERISTICS (V+ = +5.0VDC. Note 4) 

PARAMETER CONDITIONS 

Input Offset Voltage TA = 25°C. (Note 5) 

Input Bias Current 
liN!') or liN!-). TA = 25°C 

(Note 6) 
Input Offset Current liN!') liN! J. TA 25°C 

Input Common-Mode 
V' = 30Voe. TA = 25°C 

Voltage Range (Note 7) 
RL - 00 Vee - 30V. (LM2902 Vee 7 26C) 
RL = 00 On All Op Amps 

Supply Current 
O,!er Full Temperature Range 

TA = 25°C 

Large Signal Voltage V' = 15Voe (For Large Vo Swing) 

Gain RL '" 2kD. TA = 25°C 
Oulput Voltage Swing RL = 2kD. TA 25°C (LM2902 RL '" 10kD) 

Common-Mode 
DC. TA = 25°C 

Rejection Ratio, 

Power Supply 
DC. TA = 25°C 

Rejection Ratio 
Amplifier-Io-Amplifier f = 1 kHz 1020kHz. TA 25°C 

Coupling (Note 8) (Inpul Referred) 

Oulput Currenl 
Source Y,N' = 1Voc. V'N- = OVoc. 

V' = 15Voe. TA = 25°C 

Sink VIN- :' 1Voe. Y,N = OVoe. 
V' = 15Voe. TA = 25°C 

V'N- = 1Voe. Y,N' = OVoe. 
TA = 25°C. Yo' = 200mVoe 

Short Circuit to Ground TA = 25°C. (Note 2) 

26Voc or ±13V'oc 
26Voc 

-0.3Voc to +32Voc 

570mW 

Continuous 

Input Current (VIN < -0.3 VoL) (Note 3) 
Operating Temperature Range 

LM324/LM324A 
LM224/LM224A 
LM124/LM124A 

Storage Temperature Range 
Lead Temperature (Soldering. 10 seconds) 

LM124A LM224A LM324A LM124/LM224 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

1 2 1 3 2 3 ±2 ±5 

20 50 40 80 45 100 45 150 

2 10 2 15 5 30 ±3 ±30 

0 V'-1.5 0 V'-1.5 0 V'-1.5 0 V'-1.5 

1.5 3 1.5 3 1.5 3 1.5 3 
0.7 1.2 0.7 1.2 0.7 1.2 0.7 1.2 

50 100 50 100 25 100 50 100 

0 V, 1.5 

70 85 70 85 65 85 70 85 

65 100 65 100 65 100 65 100 

-120 -120 -120 -120 

20 40 20 40 20 40 20 . 40 

10 20 10 20 10 20 10 20 

12 50 12 50 12 50' 12 50 

40 60 __ --.i0 __ ~ ___ ~0 ___ 6() -
40 60 

LM124/LM224/LM324 
LM124A/LM224A1LM324A 

50 rnA 

O°C to +70°C 
-25°C' to +B5°C 

-55°C to +125°C 
-65°C to + 150°C 

300°C 

LM2902 

-40°C to +B5°C 

-65°C to +150°C 
300°C 

LM324 LM2902 
UNITS 

MIN TYP MAX MIN TYP MAX 

±2 ±7 ±2 ±7 mVoe 

45 250 45 250 nADC 

±5 ±50 ±5 ±50 nAoe 

0 V<-1.5 0 V'-1.5 Voe 

1.5 3 1.5 3 mAoe 
0.7 1.2 0.7 1.2 mAoe 

3 mAoe 

25 100 100 V/mV 

0 V' 1.5 0 V· 1.5 Voe 

65 70 50 70 dB 

65 100 50 100 dB 

-120 -120 dB 

20 40 20 40 mAoe 

10 20 10 20 mADe 

12 50 "Aoe 

40 60 40 60 mAoe 

ri .... 
~ 
~ 
"
~ 
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ELECTRICAL CHARACTERISTICS (con't) 

PARAMETER CONDITIONS 
LM124A LM224A LM324A LM124/LM224 LM324 LM2902 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Note 5) 4 4 5 ±7 ±9 10 mVoc 
Input Offset Voltage 

Rs "00 7 20 7 20 7 30 7 7 7 ,~V/'C 
Drift . .. 
Input Offset Current IINI') -IINI ) 30 30 75 ±100 ±150 45 ±200 nAoc 
Input Offset Current 

Drift 
10 200 10 200 10 300 10 10 10 pAoe/'C 

Input Bias Current II.) or liN I ) 40 100 40 100 40 200 40 500 40 500 40 500 nAoc 
Input Common-Mode 

V+" 30Voe 0 V+-2 a V+-2 a 
'. 

V+-2 0 V+-2 a V+-2 a V+-2 Voe 
Voltage Range (Note 7) 

Large Signal Voltage V+" +15Voe (For Large Va Swing) 
25 25 15 25 15 15 V/mV 

Gain RL > 2kO 

Output Voltage Swing 

VOH v+ "30Voc, RL " 2kO 26 26 26 26 26 22 Voe 
RL? 10kn 27 28 27 28 27 28 27 28 27 28 23 24 Voe 

'VOL V+" 5Voe, RL :s 10kO 5 20 5 20 5 20 5 20 5 20 5 100 mVoc 

Output Current 
Source Y,N " +1Voe, VIN- " OVoc, ,v+ " 15Voe 10 20 10 20 10 20 10 '20 10 20 10 20 mA 

Sink VIN- " +1Voe, VIN+" OVoe, V+" 15Voe 10 -15 5 8 5 8 '·5 8 5 8 5 8 mA 

Differential Input 
(Noie 7) V+ V+ 

Voltage 
V+ V+ V+ V+ Voc 

. . 

Nol" 1: For operating at high temperatures, the LM324/LM324A, LM2902 must be derated based on a +125'C maximum junction temperatureand a thermal resistance of 175'ClWwhich applies forthe device soldered 
in a printed circuit board, operating in a still air ambient The LM224/LM224A and LM124/LM124A can be derated based on a +1SO'C maximum junction temperature. The dissipation is the total of all four 
amplifiers - use external 'resistors, where possible, to allow the amplifier to saturate or to reduce the power which is dissipated in the integrated circuit 

Note 2: Short circuits from the output to V' can cause excessive heating and eventual destruction. The maximum output current is approximately 40mA independent of the magnitude of V'. Atvaluesof supply voltage 
in excess of +1SVoc, continu'ous short-circuits can exceed the power dissipation ratings and cause eventual destruction. Destructive dissipation can rEsult from simultaneous shorts on all amplifiers. 

Note 3: This input current will only exist when the voltage at any of the input leads isdriven negative. It is due to the collector-base junction of the input PNPtransistors becoming forward biased and thereby acting as 
input diode clamps, In addition to this diode action, there is also lateral NPN parsitic transistor action on the IC chip. This transistor action can cause the output voltages of the op amps to goto the V'voltage 
level (or to ground for a large overdrive) for the time duration that an input isdriven negative, This is not destructive and normal output states will re-establish when the input voltage, which was negative again 
returns to a value greater than -O,3Voc, 

Note 4: These specifications apply for V'" +SVoc and -SS'C:S TA :S+12S'C, unless otherwise stated. With the LM224/LM224A, all temperature specifications are limited to -2S'C:S TA :S+8S'C, the LM324/LM324A 
temperature specifications are limited to O'C :s TA :s +70'C, and the LM2902 specifications are limited to -40'C :s TA :s +8S·C. . 

Nole 5: Va '" 1.4Voc, Rs " on with V+ from 5Vcc to 30Vcc; and over the full input common-mode range (OVoc to V' -1.SVoc). 

Nole 6:The direction of the input current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output so no loading change exists on the input lines. 

Nole 7: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of the common-mode voltage range is V+ -1.SV, but either or both inputs 
can go to +32VoC without damage (+26VoC for LM2902). 

Nole 8: Due to proxim'ity of external components, insure that coupling is not originating via stray capacitance between these external parts. This typically can be detected as this type of capacitive increases at 
higher frequencies. -
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TYPICAL PERFORMANCE CHARACTERISTICS 

INPUT VOLTAGE RANGE 

, - 15.-----~-----r----~ 

'-' 

l 
w 

~ 10r----~-~~~~~ 

o 
> ... 
:;) 

~ 5r-----,f-+--l--~ 

z 
?,--

o 10' 15 

V+ OR V- -POWER SUPPLY VOLTAGE (±Vocl 

160 

~ 
~ 120 

'" w 

~ 80 
-' o 
> 
I 

g 

" 
40 

4 

3 

2 

1 

VOLTAGE GAIN 

RL =20kn 

!.""" ......,...,. 
RL =- 2 kU 

10 20 30 

V+ - SUPPLY VOLTAGE (Voel 

VOLTAGE FOLLOWER 
PULSE RESpoNsE 

RL ;;;-' 2.0k 

j !\ v+ = 15Voc 

L \ 
0-

3 

2 

1 -
10 20 30 

t-TIME (,us) 

0.001 0.01 0,1 10 

40 

100 

10+ - OUTPUT SINK CURRENT (mADe) 

INPUT CURRENT 
90 

~ 80 I II V "OV 

r--~+~+3JV I~r-~ c 
:[ 70 r-r-
I- 60 
iii 

O~_f-_ 

a: 50 a: 
:;) 

40 " 
V+=-15VOC _ 

t-- -... 
~ 30 
~ 20 
I r- t-- f-V+=+5V - r- -

_rrJ 10 
'I 1 1 De 

II I o 
-55 ~15 25 65 105 

TA - TEMPERATURE (OCI 

OPEN LOOP 
FREQUENCY RESPONSE 

140.---,--------:=---, 

".~f:b ~ V+/2 +_ 

~ V+=30VOC & 

o 60 t--+---+---"l'.-55°C<rA~+125°C 
> 
I 40r-~-l-4-~~+--+~ 
o 
J 20 

:> 

i-FREQUENCY (H,I 

VOLTAGE FOLLOWER PULSE 
RESPONSE (SMALL SIGNAL) 

s 450 
w 

~ _ 400 
o ,> 
I-
~ 350f-~-+-l-+-+--Hf-~ 
:;) 
o 
I 300r-~-f"--~~~~~ 
.0 

t-TIME (,us) 

OUTPUT CHARACTERISTICS 
.CURRENT SINKING 

.Io~ - OUTPUT SOURCE CURRENT (mADe) 

--c.:, 4 
"Q 
E. 
Z 
;j' 
a: 
o 
I
Z 
w 2 
a: 
a: 
:;) 

" ~ 
It 
ill 
I 

_Q 0 

O~OIl. 

SUPPLY CURRENT 

~ 
--=-- TA =O°CTO +125°C =-'~ 

1 ~ r I TA ",-55°C-

10 20 

v+ -SUPPLY VOLTAGE (Voel 

COMMON MODE 
REJECTION RATIO 

30 

120 r-r-rrnmn-Trmmr-r-,-,-,T1II!'C--r1TT11!11 

f - FREQUENCY (H,I 

LARGE SIGNAL 
FREQUENCY RESPONSE 

O~-U~L-WU~~~~ 

lk 10k lOOk 1M 

90 
'-' 

<.0 80 

E. 70 

ffi 60 
a: g; 50 

~ 40 
:;) 

~ 30 
:;) 
o 20 
I 

':-0 10 
o 

f - FREQUENCY (H,I 

CURRENT LIMITING 

- ~ V= - ,--
-'--r- . . -

r- r--- , 

.... -
I"--

-55-35-15 5 25 45 65' 85 105125 

T.A - TEMPERAWRE (OCI 



GENERAL DESCRIPTION 

The 741 and 741C are general purpose operational ampli
fiers which feature improved performance over industry 
standards like the LM709.Theyare direct, plug-in replace
ments for the 709C, LM201, MC1439 and 748 in most 
applications. . 

The offset voltage and offset current are guaranteed over 
the entire common mode range. The amplifiers also offer 

CONNECTION DIAGRAMS 

TO·99 METAL CAN 

NC 

V' 

TOP VIEW 

NOTE: PIN 4 CONNECTED TO CASE 

NC 

OFFSET NULL 

10 PIN FLATPACK 

INVERTING INPUT-+---1r--.. 

NON·INVERTING INPUT~+---1ly 

V· 

TO-99 

NC 

NC 

v+ 

OUTPUT 

QFFse't NULL 

8-PIN 

ICL741/AD741I 
LM741/J-LA741 

Operational Amplifiers 

14 PIN 

many features which make their application nearly fool
proof: overload protection on the input and output, no 
latch-up when the common mode range is exceeded, as 
well as freedom from oscillations. 

The 741G is identical to the 741 exceptthat the 741C has 
its performance guaranteed over a O°C to 70°C tempera
ture range, instead of-55°C to 125°C. 

OFFSET NUll 

I~VERTING INPUT 

NON·INVERTING INPUT 

8 PIN MINIOIP 

2~7 3.--v- L 6 
NC 

OUTPUT 

NOTE: PIN 4 CONNECTED TO BOTTOM OF PACKAGE 

NC 

NC 

OFFSET NULL 

INVERT IN 

NON·INVERT IN 

V

NC 

14.PIN 

14 PIN PLASTIC, CEROIP· 

14 

:~:~ 
5~10 

9 

10 PIN 

NC 

NC 

OUT 

OFFSET NULL' 

NC 

CAN MINIOIP PLASTIC CERDIP FLATPACK 
(TY) (PA) (PO) (JO) (FB) 

LM741 LM741H LM741J 
LM741C LM741CH LM741CN LM741CN-14 LM741Cj LM741CJ 

I'A741 "A741HM "A7410M 
I'A741C "A741HC "A741TC I'A741PC "A741PC "A741FM 

A0741 A0741H 
A0741C A0741CH A0741CN 

ICL741 ICL741MTY ICL741MJO ICL741MFB 
ICL741C ICL741CTY ICL741CPA ICL741CPO ICL741CJO 
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ICL 741/AD741/LM741/ILA 741 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage741 

741C 
Power Dissipation' (Note 11 
Differential Input Voltage 
Input Voltage (Note 21 
Output Short Circuit Duration 
Operating Temperature Range 741 

741C 
Storage Temperature Range 
LeadTemperatureISoldering,10se(,l. 

±22V 
±18V 

500 mW 
±30V 
±15V 

Indefinite 
-55'C to 125'C 

O'C to 70'C 
-65'C to 150'C 

300'C 

ELECTRICAL CHARACTERISTICS (Note 3) 

PARAMETER· CONDITIONS 

Input Offset Voltage TA =,25°C, Rs< 10 k!1 

Input Offset Current TA = 25°C 

Input Bias Current TA = 25'C 

Input Resistance TA=25'C 

Supply Current. TA = 25°C, Vs = ±15V 

Large Signal Voltage Gain TA = 25°C, Vs = ±15V 
VOUT = ±10V, RL > 2 k!1 

I nput Offset Voltage Rs < 10 k!1 

Input Offset Current 

Input Bias Current 

Large Signal Voltage Gain Vs = ±15V, VOUT ~ ±10V 
RL >2 k!1 

Output Voltage Swing Vs = ±15V, RL = 10 k!1 
RL = 2 k!1 

Input Voltage Range Vs = ±15V 

Common Mode 
Rs<10k!1 Rejection Ratio 

Supply Voltage Rs < 10 k!1 
Rejection Ratio 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

741 741C 
UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

1.0 5.0 1.0 . 6.0 mV 

30 200 30 200 nA 

200 500 200 500 nA 

0.3 1.0 0.3 1.0 M!1 

1.7 2.8 1.7 2.8 mA 

50 160 25 . 160 v/mV 

6.0 7.5 mV 

500 300 nA 

1.5 0.8 /LA 

25 15 V/mV 

±12 ±14 ±12 ±14 V 
±10 ±13 ±10 ±13 V 

±12 ±12 V 

70 90 70 90 dB 

77 96 77 " 96 dB 

Note 1: The maximum junction temperature 6f the 741 if 150°C, while that of the 741 Cis 10bo C. For operating at elevated temperatures, devices in the TO-5 
package must be derated- based on a thermal' resistance of 150°CIW, junction to case. " 

5 Note 2: For supply voltages less than ±'15V, the absolute ma:ximum input voltage is equal to the supply voltage. 

to D'C:S TA:S 7D'Cand Vs" ±15V. ' 
" 

Note 3: These speCifications, apply ',0, r Vs = ±15V and -55°C ~ TAk::=;: 125°C, unless otherwise specified: ,With the 741 C, however, a'll speCifications are limited 

, SCHEMATIC DIAGRAM 

6 OUTPUT 
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U~UIb 

FEATURES 

• Short,circuit protection 

• Offset voltage null capability 
• Large common-mode and differential voltage 

ranges 

• Low power consumption 

• No latch up 

GENERAL DESCRIPTION 

The 748 is a High Performance Monolithic Operational 
Amplifier and is intended for a high wide range of analog 
applications where tailoring of frequency characteristics is 
desirable. High common mode voltage range and. ab
sence of latch-up make the 748 ideal for use as a voltage 
follower. The high gain and wide range of operating volt
ages provide superior performance in integrator, sum
ming' amplifier, and general feedback applications. The 
748 is short-circuit protected and has the same pin con
figuration as the popular 741 operational amplifier. Unity 
gain frequency compensation is achieved by means of a 
single 30 pF capacitor. For superior performance, see 
777 data sheet. 

CONNECTION DIAGRAMS 

8·LEAD MINI DIp· 

OFFSET 
NULL 

-IN 

+IN 

V-

NC 

NC 

OFFSET NULL 
(COMPI 

·IN 

+IN 

V· 

NC 

FREn. 
COMP 

v+ 

OUT 

OfFSET 
NULL 

14-LEAD DIP 

LM748/LM748C 
/-LA 7 48/ /-LA 7 48C 

. Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......... ,.................. ±22 V 
Internal Power Dissipation (Note 1) 

Metal Can ............................. 500 mW 
DIP ........................... , ....... 670 mW 
Mini DIP ............................... 310 mW 

Differential Input Voltage .................... ±30 V 
Input Voltage (Note 2) ....................... ±15 V 
Storage Temperature Range . 

Metal Can, DiP ................... -65°C to +150°C 
Mini DIP ...•............... , .. -55°C to +125°C 

Operating Temperature Range 
Military (748) ................ -55°C to +125°C 
Commercial (748C) .............. O°C to + 70°C 

Lead Temperature (Soldering, 60 Seconds) 
Metal Can ................... .' ................ 300°C 
Molded DIPs .............................. 260°C 

Output Short Circuit Duration. (Note 3) .. ' ...• Indefinite 

NOTES: 
1. Rating applies to ambient temperat,u,res up to 70D C. Above 70°C 

ambient derate linearly at6.3 mW/oC for metal can, 8.3 mW/oC for 
the Dlp'and 5.6 mW/oC for the mini 'DIP. 

2. For supply voltages less than ±15V, absolute maximum input 
voltage is equal to the supply voltage. . 

3. Short circuit may beto ground or either supply. Rating applies to 
+125D C case ,temperature or +75°C ambient temperature. 

8'LEAD METAL CAN 

V· 

NOTE: Pin 4 connected to case 

ORDERING INFORMATION 

8-Lead 8-Lead 14-Lead 
Metal Can Mini DIP DIP 

I'A748 I'A748HM I'A748DM 
I'A748A I'A748AHM I'A748ADM 
I'A748C I'A748HC I'A748TC I'A748DC 
LM748 LM748H LM748N 
LM748C LM748CH LM748CN 

(TOP VIEW) 
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LM748/LM748C/jLA748//LA748C O~OIb 

748,ELECTRICAL CHARACTERISTICS (Vs =±15 V, TA = 25°C, Cc = 30 pF unless otherwise specified) 

PARAMETERS (see definitions) CONDITIONS 

Input Offset Voltage , Rs .,;10kD 

Input Offset Current 

Input Bias Current 

Input Resistance 

Input Capacitance 

Offset Voltage Adjustment Range 

Large Signal Voltage Gain RL ;;,2 kD, VOUT,= ±10 V 

Output Resistance 

Output Short-Circuit Current 

Supply Current, 

Power Consumption 

Transient Response 
(Voltage Follower, V,N = 20 m\l, Cc = 30 pF, RL = 2 kD, CL .,;100 pF 

Gain of 1) Rise Time 

Overshoot 

Slew Rate RL;;,2 kD 
(Voltage Follower, Gain of 1) , 

Transient Response 
(Voltage Follower, V,N = 20 m\l"Cc =3.5 pF, RL =2kD, CL .,;100 pF 'Gain of 10) Rise Time 

Overshoot 
" 

Slew Rate 
(~oltage Follower, Gain of 10) RL;;,2 kD, Cc = 3.5 pF 

The following specifications apply for ~55°C .,; TA"; +125°C: 

Input Offset Voltage Rs.,; 10 kD ' 

Input Offset Cumint 
TA= +125°C 

TA ~ -55°C 

TA;" +125°C 
Input Bias Current 

TA = -55°C 

Input Voltage Range 

Common Mode Rejection Ratio Rs ;';10 kD 

Supply Voltage Rejection Ratio Rs .,;10 kD 

Large Signal Voltage Gain RL ;;,2kD, VOUT = ±10 V 

RL ;;,10 kD 
Output Voltage Swing 

RL;;,2 kD 

TA= +125°C 
Supply Current 

TA = -55°C 

TA = +125°C 
Power Consumption 

TA =-55°C 

VOLTAGE OFFSET NULL CIRCUIT y+ v- GAIN TEST CIRCUIT 

1,"" 
, SUGGESTED 

5.1 Mn 

VOUT 1 kn 

DIGITAL 
VOL TMETERI 0.47 #F 

50n 
0.1% 

+---'1111'----0 V- 50 n 
25kn 0.1% 

ALTERNATE 

50kn 
0.01% 

50kn 

MIN. 

0.3 

50,000 

" 

, 

±12 

70 

25,000 

±12 

±10 

-20V 

TYP. MAX: UNITS 

1.0 5.0 mV 

20 200 nA 

80 500 nA 

2.0 MD 

2.0 pF 

±15 mV 

150,000 V/V 

75 D 

25 mA 

1.9 2.8 mA 

60 85 mW 

0.3 jJ.S 

5.0 % 

0.5 V/jJ.s 

0.2 jJ.s 

5.0 % 

5.5 V/jJ.s 

1.0 6.0 mV 

10 200 nA 

50 500 nA 

0.03 0.5 jJ.A 

0.3 1.5 jJ.A 

±13 V 

90 dB 

30 150 jJ.V/V 

V/V 

±14 V 

±13 V 

1.5 2.5 mA 

2.0 3.3 mA 

45 75 mW 

60 100 mW 

+20V 
AVO c VIN x 1031 ",,:10 x 103 " 

VOUT VOUT 

FOR .YIN SPECIFIED 

TOLERANCE OF , 
ALL UNMARKED 

+15V RESISTORS IS 1% . 

D.C. INPUT 
(, 10V) 

2kn 



LM748/LM748C/p.,A748/p.,A748C O~OIb 

748C ELECTRICAL CHARACTERISTICS (Vs = ±15 V, T A =25°C, Cc = 30 pF unless otherwise specified) 

P~R~METERS CONDITIONS MIN. TYP. . 

Input Offset Voltage Rs ~10 kO 2.0 

Input Offset Current 20 

Input Bias Current 80 

Input Resistance 0.3 2.0 

Input Capacitance 2.0 

Offset Voltage Adjustment Range ±15 

Large Signal Voltage Gain RL ~2 kO, VOUT= ±10 V 20,000 150,000 

Output Resistance 75 

Output Short-Circuit Current 25 

Supply Current 1.9 

Power Consumption 60 

Transient Response 
(Voltage Follower, VIN = 20 mY, Cc = 30 pF, RL =,2 kO, CL ~100 pF 

Gainof1) Rise Time 0.3 

Overshoot 5.0 

Slew Rate 
RL~2 kO 0.5 (Voltage Follower, Gain of 1) 

Transient Response 
(Voltage Follower, VIN = 20 mY, Cc = 3.5 pF, IL = 2 kO, CL ~1,OO pF Gain of 10) Rise Time 0.2 

Overshoot 5.0 

Slew Rate RL ~2 kO, Cc = 3.5 pF 5.5 (Voltage Follower, Gain of 10) 

The following specifications apply for O°C ~ TA ~ + 70°C: 

Input Offset Voltage Rs~10kO 

Input Offset Current ,', 

, 

Input Bias Current 

Input Voltage Range ±12 ±13 

Common Mode Rejection Ratio Rs~10kO 70 90 

Supply Voltage Rejection Ratio Rs ~ 10 kO 30 

Large Signal Voltage Gain RL ~ 2 kO, VOUT = ±10 V 15,000 

RL~10kO ±12 ±14 
Output Voltage Swing 

RL ~ 2 kO ±10 ±13 

Power Consumption 60 

EQUIVALENT CIRCUIT 
INVERTING INPUT COMPo OFFSET NULL COMPo 

r---------t-r-~------~--~--~-,--------~~~~~v+ 

"" 50 

L-__ ~_4------~----__ ~_4----~_4~+-----~~~kn~~v-

MAX. UNITS 

6.0 mV 

200 nA 

500 nA 

·MO 

pF 

mV 

V/V 

0 

mA 

2.8 mA 

85 mW 

f..LS 

% 

V/f..LS 

f..LS 

% 

V/f..LS 

7.5 mV 

300 nA 

800 nA 

V 

dB 

150 f..LV/V 

V/V 

V 

V 

100 mW 
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LM748/LM748C/ /-LA 748/ /-LA 748C 
TYPICAL PERFORMANCE CURVES FOR 748 
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LM748/LM748C/JLA7481JLA748C 
TYPICAL PERFORMANCE CURVES FOR 748 AND 748C 
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LM748/LM748C//LA7481/LA748C 
TYPICAL PERFORMANCE CURVES FOR 748 AND 748C 
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LM748/LM748CIILA7481ILA748C 
TYPICAL PERFORMANCE CURVES FOR 748 AND 748C 
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TYPICAL APPLICATIONS 
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LM748/LM748C//LA748//LA748C 
PACKAGE DIMENSIONS 

8 LEAD PLASTIC MINI DIP (PA) 

0.092 
OJA NOM 

PIN NO. 1 INDENT . 

0.030 
0.300 MAX 

1-0.320'-, I 

~ 
f ... ~0009 
~0325 +0.025-.1 0.015 

. -0,015 

~
O~~~--' ,:~~~ 

-- -t 
0.065 --.:.-.l..-l 
j:1 -t I J 0.020 

0 .. 0'5 f-- C I- 0.018 0.125 MIN 
:!:O.OI5 to.D03 MIN 

----l 0.100 
TV. 

14 LEAD PLASTIC (PO) 

C:::::j 
1+ .770 (19.558) MA~ -~I .1~:0~:)X 

8 LEAD TO-99 METAL CAN·ITV) 

Note: Pin 4 connectedto case. 

.310 (7.874) 

.280 (7.112) 

.235 (5.969) 

~ ri 

=----: -~I'~'· -1 . :~~~ :~:~~~:"~" .. ~ .. :~ 'I~I ~ ~ ~--' ------r-. 

. ~I .I~ - -11- .160 (4.064)1+-~-----I 
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J.tA777C i 

Precision Operational' Amplifier 

FEATURES 
• Low offset voltage and offset current 

• Low offset voltage and current drift 

• Low input bias current 

• Low input noise voltage 

• Large common mode and differential voltage ranges 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Internal Power Dissipation (Note 1) 

Metal Can 
DIP 
Mini DIP 

Differential Input Voltage 
Input Voltage (Note 2) 
Storage.Temperature Range 

Metal Can and Hermetic DIP 
Mini DIP 

Operating Temperature Range 
Lead Temperature' 

±22V 

500mW 
670mW 
310mW 

±30V 
±15V 

-65°C to +150°C 
-55°C to +125°C 

O°C to 70°C 

Metal Can and Hermetic DIP (Soldering,60s) 300°C 
Mini DIP (Soldering, 10s) 260°C 

Output Short CircuitDuration (Note 3) Indefinite 

Note 1: Rating applies to ambient temperatures up to 7aoC. Above 
7aoC ambient derllte linearly at 6.3mW/oC for Metal Can. 
B.3mW/oC for the DIP, and 5.6mW/oC for the Mini DIP. 

Note 2. For supply voltages less than ±15V. the absolute maximum 
input voltage is.equal to the supply voltage. 

GENERAL DESCRIPTION 
The I-IA777C is a .monolithic Precision Operational 
Amplifier~ It is an excellent choice when performance 
versus cost trade-offs are possible between super beta 
or FET input operational amplifiers and low cost general 
purpose operational amplifiers. Low offset and bias 
currents improve system accuracy when used in appli
cations such as long term integrators, sample and hold 
circuits and high source impedance summing amplifiers. 
Even though the input bias current is extremely low, the 
I-IA777C maintains full ±30V differential voltage range. 
High common mode input voltage range, latch-Up pro
tection, short circuit protection and simple frequency 
compensation make the device versatile and easily used. 

CONNECTION' DIAGRAMS 

a-LEAD METAL CAN 
(TOP VIEW) 

OUT 

v-

applies to +125°C case temperature or +75°C ambient TYPE PART NO. 
Note 3. Short Circuit may be to ground or either supply. Rating ORDER INFORMATION g 
r-~_,_te~m_p_e_rn_tu~r_e_fo_r_IS_E_T_~_3_a_~A_. ______ ~ ______________ 4-_____________ ~_A_7_77_C_. ____ ~_A7_7_7_H_C ____________ ~ . 

CONNECTION DIAGRAM 

a-LEAD MINI DIP 
(TOP VIEW) 

OFFSETS NULL 'FREQ 

(COMP) .4. ." . 8 , COMP 
-IN 3...,. 7 v+ 
+IN 2 .;.' 6 OUT 

v- 1 , ' '5 ~~~~ET 

ORDER INFORMATION 
TYPE PART NO. 
~A777C ~A777TC 

PIN CONFIGURATION 
14-LEAD DIP 
(TOP VIEW) 

OFFSET 
NULL 3 

(COMP) 

ORDER INFORMATION 
TYPE PART NO. 
~A777C ~A777DC 
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p,A777C 
ELECTRICAL CHARACTERISTICSFO~ J.1.14.777C (Vs,: ±15V, TA = 25°C, Cc = 30pF unless otherwise specified) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

Input Offset Voltage Rs:5 50kO 0.7 5.0 mV 
Input Offset Current 0.7 20.0 nA 
Input Bias Current 25 100 nA 
Input Resistance 1.0 2.0 MO 
Input Capacitance 3.0 pF 
Offset Voltage Adjustment Range ±25 mY' 
Large Signal Voltage Gain .' RL ;::: 2kO, VOUT = ±10V 25,000 250,000 VIV. 
Output Resistance 100 0 
Output Short Circuit Current ±25 rnA 
Supply Current 1.9 2.8 rnA 
Power Consumption .. 60 85 mW 
Transient Response 

Rise Time VIN = 20mV,Cc = 30pF 0.3 fJ.S (Voltage Follower, 
RI.. = 2kO, CL:5 100pF 

Gain of 1) Overshoot. " . , 5.0 %' 

Slew Rate 
RL;::: 2kO 0.5 V/fJ.s (Voltage Follower, Gainof1) 

Transient Response 
Rise Time VIN = 20mV, Cc = 3.5pF 0.3 fJ.s (Voltage Follower, 

Gain of 10) Overshoot 
RL = 2kO, CL:5 100pF 

5.0 % 
Slew Rate 

RL:5 2kO, Cc= 3.5pF 5.5 V/fJ.S 
'. 

(Voltage Follower, Gainof 10) 
The following specifications apply for O°C :5TA :5 +70°C . 

Input Offset Voltage Rs:5 50kO 0.8 ' 5.0 'mV ..... 

Average Input Offset Voltage Drift Rs:5 50kO 4.0 30 fJ.V!°C 
Input Offset Currer;lt 

., 40 nA 
, . 25°C :5 T A :5 + 70°C 0.01 ·10:3 nAloC 

AVerage Input Offset Current Drift 
O°C :5 T A :5 +25°C 0.02 0.6 

' . nAloC 
Input Bias Current ., 200 nA 
Input \(oltage Range ±12 ±13 V 
Common Mode Rejection Ratio Rs:5 50kO 70 95 dB 

Supply Voltage Rejection Ratio Rs:5 50kO 15 150 fJ.VIV 
Large Signal Voltage' Gain RL ;::: 2kO, VOUT -: ±10V 15,000 VIV 

Output VoltageSwing 
RL ;::: 10kO ±12 ±14 V 

. '. RL;::: 2kO ±10 ±13 V 
Power Consumption 60 100 mW 

EaUIVALENT CIRCUIT 
INVERTING INPUT ·COMP. OFFSET NULL COMPo 

r-------+1~r_--~r_--+_~-r----------_1~V+ 
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p.A777C 
TYPICAL PERFORMANCE CURVES 

120 

~ 110 
I 

OPEN LOOP VOLTAGE 
GAIN AS A FUNCTION 
OF SUPPLY VOLTAGE 

TA = 25°C 
RL = 2kn 

l-z' 
;;: 
Cl 100 
w 

V 

~ 
!:; 
g 90 

'so 
5 10 15 

SUPPLY VOLTAGE - ±V 
20 

POWER CONSUMPTION AS 
A FUNCTION OF SUPPLY 

VOLTAGE 
100 

~ 50 
Wff 

I 
Z 
o 20 
t 
~ 10 
z 
8 5 
a: 
w 
~ 2 .. 

/ 

1 
5 

TA - 25°C 

~ 

10 15 20 
SUPPLY VOLTAGE - ±V 

INPUT OFFSET CURRENT 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

1.6 r-~---'-----'---r---'---' 
~ 1.4 TA -25°C 

I, 

\;; 1.21--+-:::::::1==1--+-=1==:::::1 
w _r---
~ 1.01--+--t--i--t---t---l 
:::> 
~.O.8 

~ .O.61--+--t--i----'--t---t---l 

~ 0.41--+--t--i--t---t---l 

~ O.21--+--t--i--t---t---l 

.. 
E 

O~~_~~_-L_~~ 

5 10 15 20, 
SUPPLY VOLTAGE - ±V 

OUTPUT SHORT-CIRCUIT 
CURRENT AS A FUNCTION 

OF AMBIENT 
TEMPERATURE 

35 

Vs = ±15V 

I" 
1"-

I 30 
\;; 
w 
a: 
a: 25 a ... 
§ 20 
a: 
U 
~ 1& 
o 
ill 

10 

" 

-60 -20 20 60 100 140 

TliMPERATURE _ °c 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

> 40 
I 

Cl 
~ 32 
~ ... 
~ 24 ... 
:::> 
o 
" 16 
~ 
'\
g 8 

~ 0 

500 

~ 100 

I ... 
Z 

~ 10 
a: a ... 
ii! 
~ 

0.1 

O°C ~ TA<~OoC 
RL =~kn ' ./ 

/' 

V 
v..-

/' 
/ 

5 10 15 20 
SUPPLY VOLTAGE - ±V 

INPUT CURRENT AS 
A FUNCTION OF 

AMBIENT TEMPERATURE 

Vs = ±15V 

I"- BIAS 

f-- OFFSET 

20 40 60 80 100 
TEMPERATURE _ °c 

POWER CONSUMPTION AS 
A FUNCTION OF AMBIENT 

TEMPERATURE 
80 

;: 
~ 70 
z o 
ii: 60 
:E 
iil 8 50 

a: 

~ 40 

30 

..... 

Vs" ±15V 
RL -co 

....... 
....... 

r-... 

-60 -20 20 60 100 140 
TEMPERATURE _ °c 

.';' 

~ 16 
I 

w 14 
Cl 

~ 12 
a: 

~ 10 

!:; 8 
o 
~ 6 
c 
§l 4 

15 
:E 

INPUT COMMON MODE 
VOLTAGE RANGE AS A 
FUNCTION OF SUPPLY 

VOLTAGE 

DOC ~ T <i70oC -A 

L 
L 

V 

V 
/' 

8 0 5 10 " 15 20 

> 28 
I 

Cl, 
~ 24 
~ ... ' 
~ ,20 

~ 
" 16 
~ 

~ 12 

~ 
.. 8 

SUPPLY VOLTAGE - ±V 

INPUT RESISTANCE AS 
A FUNCTION OF, 

AMBIENT TEMPERATURE 

TEMPERATURE _ °c 

OUTPUT VOLTAGE SWING 
"AS A FUNCTION OF 

: LOAD RESISTANCE 

Vs = ±15V 
TA = 25°C L 

V 

I 

/ 
0.1 0.2 0.5 1.0 2.0 6.0 10 

LOAD RESiSTANCE - kn 

i INPUT NOISE VOLTAGE 
ANDCURRENTASA , 

FUNCTION OF ~REQUENCY 
N">:I: 10-14 10-23 ~ 

':t 
~ ~ 
~ a: 
~ 10-15 lO-~ a: 
g ~ l;:::- t-- ~ 

; 6 
o z ..::,., k:: in2 
z 
~ 10-16 

a Vs "±15V 
z 
:5 ur17 

T"'c" 2,5°C 

:E 10 100 lk 10k 

FREOUENCY - Hz 

1 

, 

w 
0-25 a: 

a 
:i 

1 0-28 :& 
lOOk 

5-91· 



B 

5-92 

J..t1477:7C 
TYPICAL PERFORMANCE CURVES 
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p,A777C 
TYPICAL PERFORMANCE CURVES 
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TYPICAL APPLICATIONS 
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HIGH COMMON MODE REJECTION 

30pF 

RS 
,Ok!"! 

,OOk!"! 

'30pF 

R7 
'OOk!"! 

OUTPUT 

R2 Rs . As S R, for best CMRR 

R1 " R4 

R;=R,; 
R. 2R 

Gain" R; (1 + R31) 
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FEATURES 

• Low IBIAS: 15pA MAX 
• Low Drift: 25,N°C MAX 

GENERAL DESCRIPTION 
The ADS03 is an IC FET input op amp which provides 
the user with input currents of a few pA, high overall 
performance, low cost, ,and accurately specified, pre
dictable operation. The device achieves maximum bias 
currents as low as SpA, minimum gain of 7S,OOO, CMRR 
of80dB, and a minimuni slew rate of3V I }JS,lt isfree from 
latch-up and is short circuit protected, and no external 
compensation is required, as the internal 6dB/octave 
1-0 II off provides stability in closed loop applications. 

The ADS03 is suggested for all general purpose FET 
input amplifier requirements where low cost is of prime 
importance. ' 

The circuits are supplied in the TO-99 package; the 
ADS03J, K are specified for 0 to + 70°C temperature 

OUTLINE DIMENSIONS 

REF. PLANE 

112.7M7NI 

0.335 18.501 

Q3rol_~4~f_I ________ ~ 

TO·99 

Dimensions shown In inches and (mm). 

AD503, 
High Accuracy 

Low Offset Op Amp 

range operation; the ADS03S for operation from -5SoC 
to +125°C. 

It provides performance comparable to modular FET op 
amps, but because of its monolithic construction, 
however, its'cost is significantly below that of modules, 
and becomes even lower in ,large quantities. 

The ADS03 is especially designed for applications in
volving the measurement of low level currents or small 
voltages frOm high impedance sources, in which bias 
current can be a primary source of error. Input bias 
current contributes to error in two ways: (1) in current 
measuring configurations, the bias Current limits the 

, resolution of a current signal; (2) the bias current pro
duces a voltage offset which is proportional to the value 
of input resistance (in the case of an inverting configu
ration) or source impedance (when the noninverting 
"buffer" connection is used). The ADS03, therefore, is of 
use where small currents are to be measured or where 
relatively low voltage drift is necessary despite large 
values of source resistance. . 

0.04511.141 

0.02810.711 

0.034 10.861 

PIN CONFIGURATION 

INVERTING 
INPUT 

GUARD PIN 

" O,FFSET NULL 0...,.... ... '~"It~-..,...', 5 OFFSET NULL 

L.(Vv" . 
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AD503 O~OIl. 
SPECIFICATIONS (Typical @ +2SoC and ±lSVdc, unless otherwise noted) 
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PARAMETER AD503J AD503K AD503S 

OPEN LOOP GAINl 
VOUT = ±10V, RL 2: 2kO 20,000 min (SO,OOO typ) SO,OOO min (120,000 typ) .. 
TA = min to max 1S,000 min 40,000 min 2S,000 min 

OUTPUT CHARACTERISTICS I 

Voltage @ RL = 2kO, TA = min to max ±10V min (±13V typ) · · 
Voltage @ RL = 10kO, TA = min to max ±12V min (±14V typ) · · 
Load Capacitance2 7S0pF · · " 
Short Circuit Current 2SrriA · · 

FREQUENCY RESPONSE 
Unity Gain, Small Signal 1,OMHz · · " 

Full Power Response, 100kHz, · · 
Slew Rate, Unity Gain, 3,OVf!"s min (6.0V/j.<s typ) · · 
Settfing Time, Unity Gain (to 0.1%) 10j.<s · · " 

INPUT OFSET VOLTAGE3 ~OmV max (20mV typ) 20mV max (BmV typ) .. 
vs Te~perature, TA " min to max 7S/fV/oC max (30j.<V/oC typ) 2Sj.<V/~C max (10j.<VlOCtyp) ,sOj.<voC max (20j.<V/oC typ) 

vs Supply, TA =,min tomax 400j.<V/v max,(200j.<V/v typ) 200j.<I//V max (100j.<V/v typ) .. 
INPUT BIAS CURRENT 

" 

Either Input4 lSpA max (SpA typ) 10pA ,max (2.SpA typ) .. 
INPUT IMPEDANCE '.' 

Differential 1011 0112pF · · 
Common Mode 1012 0112pF · · 

.INPUT NOISE 
Voltage, 0.1 Hzto 10Hz 1Sj.<V (p-p) · · 

SHz to SOkHz S.Oj.<V (rms) · · 
f= 1 kHz (spot noise) 30.0nVlv'Hz · · 

INPUT VOLTAGE RANGE 
DifferentialS ±3.0V · · 
Common Mode, TA = min to max ±10V min (±12V typ) · · 
Common Mode Rejection, VIN = ±10V 70dB min (90dB typ) BOdB min (90dB typ) .. 

POWER SUPPLY 
Rated Performance ±lSV · · 
Operating ±(Sto lB)V ±(S to 22)V 

Quiescent Current 7mA max (3mA typ) · · 
TEMPERATURE 

Operating, Rated Performance o to +70°C · -SsoC to +12SoC 

Storage -6SoC to +lS0°C · 

Note 1. Open Loop Gain is specified with Vas both nulled and unnulled. 

Note 2. A conservatiVe design would not exceed 500pF of load capacitance. 

Note 3. Input offset voltage specifications are guaranteed after 5 minutes of operation at TA :'+25°C. 

Note 4. Bias current specifications are guaranteed after 5 minutes of operation at TA = +25°C. For higher temperatures, the current doubles 
every 10°C. 

Note 5. See comments in Input Considerations section. 

'Specifications same as for AD503J. 
"Specifications same as for AD503K. 

Specifications subject to change without notice. 

APPLICATIONS CONSIDERATIONS 
Bias Current 
Most IC FET op amp manufacturers specify maximum 
bias currents as the value immediately after turn-on. 
Since FET bias currents double every 10°C and since 
most FET op amps have case temperature increases of 
15°C to 20°C above ambient. initial "maximum" readings 

may be only V. of the true warmed up value. Furthermore, 
most IC FET op amp manufacturers specify Ib as the 
average of both input currents, sometimes resulting in 
twice the "maximum" bias current appearipg at the 
input being used. The total result is that ax the expected 
bias current may appear at either input terminal in a 

, warmed up operating unit. . . 



AD503 
The ADS03 specifies maximum bias currents at either 
input after warmup, thus giving the user the values 
he expected. 

Improving Bias Current Beyond Guaranteed Values 
Bias currents can be substantially reduced by decreas
ing the junction temperature of the device. One technique 
to accomplish this is to reduce the operating supply 
voltage. This procedure will decrease the power dissi
pation of the device, which will in turn result in a lower 
junction temperature and lower bias currents. The supply 
voltage effect on bias current is shown in Figure 1. 

1.0 
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Figure 1. Normalized Bias Current vs Supply Voltage 

Operation of the AD503K at ±SV reduces the warmed up 
bias current by 70% to a typical value of 0.7SpA. 

A second technique is the use of a suitable heat sink. 
Wakefield Engineering Series 200 heat sinks were se
lected to demonstrate this effect. The characteristic bias 
current vs case temperature above ambient is shown in 
Figure 2. Bias current has been normalized with unity 
representing the 2SoC free air reading. 
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~051--=: ~ WAKEFIELD -

~0711~ MODEL 
NUMBERS _ 

/ LV 
..... V120jl 

10 15 20 25 30 

CASE TEMPERATURE ABOVE 2SoC - DC Vs ±15V 

Figure 2. Normalized Bias Current vs Case Temperature 

Note that the use of the model 209 heat sink reduces 
warmed up bias current by 60% to 1.0pA in the ADS03K. 

Both of these techniques may be used together for ob
taining lower bias currents. Remember that loading the 
output can also affect the power dissipation. 

100 
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AMBIENT TEMPERATURE T A _ DC 

Vs= ± 15V 

Figure 3. I nput Bias Current vs Temperature 

/ 

70 

Input Considerations 
The common mode input characteristic is shown in 
Figure 4. Note that positive common mode inputs up to 
+13.S Volts and negative common mode inputs to -Vs 
are permissible, without. incurring excessive bias cur
rents. To prevent possible damage to the unit, do not 
exceed VCM = Vs. 

-a. 
I 

!!' 0 
.... 
~ 
a; 
a; 
::> 

" '" " iii 1 .... 
~ 
;!; 

o. ~ 1'-6-1..-_..1.12-'-_'-8 -I..-..I._4--'-1.-'--~-'--"""'...J...-'-12---' 

COMMON MODE INPUT VOLTAGE - VOLTS 

Figure 4. Input Bias Current vs Common Mode Voltage 

Like most other FET input op amps, the ADS03 displays 
a degraded bias current specification when operated at 
moderate differential input Voltages. It maintains its 
specified bias current up toa differential input voltage of 
±3V typically, while the bias current will increase to 
approximately 400ILA. This is not a failure mode. Above 
±10V differential input voltage, the bias current will 
increase 100ILAlVdiff (in volts), and other parameters 
may suffer degradation. 

GI 
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FEATURES 
• I nput diode protection 
• I nput bias current less than 0.01 pA 

5-98 

at all operating tE\mperatures. 

• No frequency compensation required 

• Offset v,oltage null capability 
• Short circuit protection 
• Low power consumption 

, 
SCHEMATIC DIAGRAM 

12k 

OFFSET 
NULL 

v-

1k 

CONNECTION DIAGRAM 

CASE 
(GUARD) 

12k 

OFFSET 
NUll 

(TOP VIEW) 

NOTE: Pin 4 is not connected to case. 

ICH8500/lCH8500A 
Ultra Low Bias Current 

Operational Amplifier 

GENERAL DESCRIPTION 
The ICH 8500 and ICH 8500A are hybrid circuits designed 
for ultra 'Iow input bias current operational amplifier appli· 
cations. They are ideally suited for analog and electrometer 
applications where high input resistance and low input cur· 
rent are of prime importance. 

APPLICATIONS 
• Femto Ammeter 
• Electrometers 
• Long time integrators 
• Flame detectors 

• pH meter 
• Proximity detector 

ORDERING INFORMATION 

ICH 8500A TV 

~ 

PACKAGE OUTLINE 

PACKAGE 
(See Outline Drawing) 

DEVICE TYPE 

INTERSILHYBRID 
CIRCUIT 

TV PACKAGE 

NOTES: 
All dimensions in inches. Dimensions as per latest. J·1 0 committee. 
Leads are gold plated Kovar: Package weight is 1.22 grams. 



ICH85001850'OA 
MAXIMUM RATINGS 
Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential Voltage 
Storage Temperature 
Operating Temperature 
Lead Temperature (Soldering 60 sec) 
Output Short Circuit Duration 

NOTE: 
1. Rating applies for ambient temperature to +70'C. 

±18V 
5o'OmW 

±0.5V 
_65°C to +150°C 

_25°C to +85°C 
300°C 

Indefinite 

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise specified, Vs = ± 15V) 

CHARACTERISTICS 

Input Leakage Current 
(Inverting and Non-Inverting) 

Input Offset Voltage 

Offset Voltage AdjustmentRange 

Change in Input Offset 
Voltage Over Temperature 

C~mmon Mode Rejection Ratio 

Output Voltage Swing 

Common Mode Voltage Range 

Large Signal Voltage Gain 

Feedback Capacitance 

Long Term Input .Offset Voltage 
Stability . 

Slew Rate 

CIRCUIT NOTES 

VOLTAGE OFFSET 
NULL CIRCUIT 

v-

ICH8500 ICH8500A 
MIN TYP MAX MIN TYP 

0.1 

50 

±50 

60 75 60' 75 

±11 ±11 , 
±10 ±10 

. ?O,OOO 105 20,000 105 

0.1 • 

±3.0 

0_5 0.5 

VOLTAGE FOLLOWER 

NOTE: Adjust input offset voltage to OmV ±1 mV before measuring leakage_ 

MAX UNITS TEST CONDITIONS 

0.01 pA 
Case at same 
potential as inputs 

50 mV 

±50 mV 20kn Potentiometer 

±5_0 mV +25 to +85~C 
±5.0 mV -25 to +25°C 

dB 
±5 volts common 
mode voltage 

V RL ;;;' 10kn 

V 

-
0_1 pF Case guarded 

±3_0 mV At 25°C 

V//lS RL;;;' 2kn 

l(JW LEVEL CURRENT MEASURING.CIRCUIT 
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'ICH850018500A 
BASIC CHARACTERISTICS 

The ICH8500 and ICH8500A are packaged in a TO-5eight 
lead header. Functionally, they are pin. for pin identical to 
the popular 741 monolithic amplifier. These amplifiers.are 
uncondi.tionaily stable' and the input, offset voltage can be 
adjusted to zero with 'an external 20k potentiometer. The 
inPut bias current for the inverting and non·inverting inputs 
is 0.1 pA maximum forthe ICH8500, and 0.01 pA maxi
mum for the ICH8500A. In addition, the input bias currents 
of the ICH8500 andlCH8500A are constant over the oper
ating temperature range from '-25°C to +85°C. Like ''the 
741, the slew rate of these two amplifiers is about 0.5 volts 
per /1S. Unlike the 741 and other monolithic amplifiers, 
Pin 4 (the negative supply voltage terminal ) is not con· 
nected to the case; however Pin 8 is connected to the case. 
This permits the de.signer to operate the case at any desired 
potential. This feature is the key. to achieving the ultra loyv 
input currents associated with these two amplifiers. Forcing 

. the case .to .thesame potential as the inputs eliminates any 
current flow between the case' and the input pins. In 
·addition, any 'Ieakage currents.' that m'ayotherwise have 
existed between any of the other pins and the inputs are 
intercepted by.the case. This is possible since the case .com
pletely encircles .every pin on the header, thus the case acts 
as a guard against any stray leakage curre.nts.: 

APPLICATIONS 

I. The Pico Ammeter 
A very sensitive pico ammeter can be constructed with the 
ICH8500. The basic circuit (illustrated in Figure 1) employs 
the amplifier inthe inverting or current summing mode. 

C~~~~~~y_ 

CU R RENT, ,',. 
SUMMING 

NODE 

-= 

O~OIL 

Care must be taken to eliminate any stray currents from 
flowing .into .the current summing node. This can be accom
plishedbyforcing all points surrounding the input to the 
same potential as the input. In this case, the, potential of 
the input is at virtual ground, or OV. The case of the device 
is, therefore, grounded to intercept any stray leakage cur
rents that may otherwise exist between the ±15V input 
terminals and the inverting input summing junctions. Feed
back capacitance' should also be minimized, in.the pico 
ammeter, in order to maximize the. response time of th.e 
circuit to step function input currents. The time constant 
of the circuit is approximately,the product of the feedback 
capacitance, CFB times to feedback resistor RFB. For 
instance, the time constant of. the circuit in Figure 1 is l'sec 
if Cs = 1 .pF. Thus, it takes approximately 5.sec (5 time 
constants): for the circuit to stabilize. to within ,1%. of its 
final output voltage after a step function. of input current 
has been applied. CFB of less than 0.2 to 0.3 pF can be 
achieved with.proper circuit. layout, A practical pico am
meter circuit is illustrated in Figure 2. , 

CR1, CR2 are internal diodes, along with Rl which protect 
the' input stage of -the amplifier from voltage transients. 
CRT and CH2 are low' leakage, high impedance diodes. 
These diodes do not, however, contribute any error cur
rents, since there is zero volts potential across them under 
normal operating conditions. 

* Feedback capacitance is the capacitance' between the output and 
the inverting input terminal of the amplifier. 

....... ~--+----_ OUTPUT 

CASE 
..,---" GUARD 

eo'" -Ii RFB 
'" -1 VOlTJpA 

FIGURE 1., BASIC Pica AMMETER CIRCUIT. 

R, 

'Mn 
INPUT >--.-+--""''V---;::=1:=-:::'<>--1 

'i CR' 

+15V 

....... ;;:--<>---4---~_ OUTPUT 

-lSV 

eo"" -Ii x 10,'2 VOLTS 
= -1 VOLT/pA 

FIGURE2_ Pica AMMETER CIRCUIT_ 
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ICH8500/8500A 
II. Sample and Hold Circuit 

The circuit illustrated in Figure 3 is a sample and hold 
circuit employing the ICH8500.' The basic principal of this 
circuit is to rapidly charge a capacitor Cs to a voltage equal 
to an input signal. The input signal is then electrically dis
connected from the capacitor with the charge still remaining 
on CS. SinceCs'is in the . negative , feedback 'loop of an 
operational amplifier, the oUtput voltage of the amplifier is 
equal to the voltage across the 'capacitor. Ideally, the voltage 
across Cs will '.remainconstant, thus the output of the 
~mplifierwill also be constant. The voltage acrossCs will, 
however decay at a rate proportional to the current being 

'injected or taken oUt of the current summing node of the 
amplifier. This current can come from four sources: leakage 
resistance ofCs, leakage current due to the solid state 
switch SW2, currents due to high resistance paths. on the 
circuit fixture, and mosi:important, bias current of the 
operational amplifier. If the ICH8500A operationalampli
fieris employed, this bias current is almost non-existant 
«0:01 pA).Study,of the sample and hold circuit will show 
that the voltage on the source,drain and gate of switch ,SW2 
is zero or near zero when the circuit is in th~ hold mode. 
Since there is no voltage, there is no leakage current due to 
SW2. Careful construction will eliminate stray resistarwe 
paths and capacitorresistance can be, eliminated if a quality 
capacitori,s selected. The net .result is a quality sample and 
hold circuit., 

INPUT TERMINAL 
IF CIRCUIT 

RFS 
l00kSl 
0.01% 

AS AN :~i~6~~;g~ >--"VI.IV--/-----------'----, 
EIN"' OTO !10V 

INPUT TERMINAL 
IF CIRCUIT 

IS EMPLOYED 
AS A SAMPLE AND 

HOLD CIRCUIT 
EIN =OTO ~toV 

IOQkU 
0.01% 

+15V 

B IT1700 

lDpF 

o 

'2 

SW2 
1T1700 

G 

15kn 

,O~OlL 

As an example, suppose the leakage current due to all 
sources flowing into the current surn'ming node of the 
sample and hold circuit is 100pA. The rate of change of the 
voltage across the 0.0 1 !.IF Cs capacitor is then 10m V Isec. 
In contrast, if an operationalamplifiet were employed that 
exhibited an input bias current ·of 1 nA, the rate of change 
of ' the voltage across Cswould be 0.1 V Isec. An error build 
up such as this could 'not be tolerated in most applications. 

Wave. forms illustnitin'g the'()p~ration of the sample and 
hold circuit are illustrated in Figure 4. 

II I. The G~ted Integrator 

The circuit in Figure 3 can double as an integrator circuit. 
In this application the input voltage is applied to the inte
grator input terminal. The time constant of the circuit is 
the product ofRlandCs.'When the,FETswitch(SW2) is 
open, capacitor Cs charges at a rate equal to the current 
flowing through Rl. Because of the low leakage current 
associated with the ICH8500. and ICH8500A, very large 
valuesofR1 (up to 1012 ohms) can be employed. This 
permits the use,of small.values of integrating capacitor (Cs) 
in.applications thaLrequire long time delays .. Waveforms 
for the integrator circuit are illustrated in Figure 5. 

Cs 
O.OlpF 

RFB '" 0 IF CIRCUIT IS 

EMPLOYED AS AN INTEGRATOR 

CHARGE· 
STORAGE 
CAPACITOR 

/ 

-.....0;:----<>--...-- OUTPUT 

..... -"VI.IV---o -15V 

5-.102 

+:Jl 
E'N>----£ 

SAMPLE 
PULSE OR 
CAPACITOR 
DISCHARGE 
PULSE 

10kn 

lMn 

1T1700 

-15V 

ADJUST eN TO ELIMINATE 
ANY OUTPUT OFFSET VOLTAGE 
DUE TO CHARGE .INJECTION 

~-------'--'-~--------lFRoM~2 

15kn 

-= -15V 

FIGURE 3. SAMPLEAND HOLD CIRCUIT OR INTEGRATOR CIRCUIT. 
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WAVEFORMS 

O~OI!.. 

.1 

bl 

,I 

dl 

,I 

,I 

hi 

+5V ""'--'"1 
EIN 0 --.J SAMPLE PULSE 

TtME--

+15V~ 
'I , 

-15V , 

0--, 
'2 i\ 

":'5V I: 'j 

'3 +15V l{"\i . .: 
-15V~.,· ... :~ 

II . II 
II ,.11 . 

CL~ I~SED. 
STATES~~ ,-oPEN--fIO,-= ...... --

STATE OF 
SW2 

I-CLCSEO-I . ! .-

OPEN I ~ OPEN ' 

~=LEWINDOW 
INPUT TO +16V -------""""\. 

S&H 0 _______ ~ _____ _ 

OUTPUT 0 ~--= --:,-.-. -'-'-~---, ----

OP.AMP. ." 
+6V -- , 

.1 

bl 

,I 

dl 

,I 

,I 

hi 

EIN +5:~ SAMPLE PULSE 

TIME __ 

'I ~:::J \ 
'2 -15:~ 

I I 
+15V 

~ 
I I 

'3 ' I 

-15V I 
II II 

CLOSED II II CLOSED 
STATE OF . ~OPEN_II-=,;: 

SWI 

OPEN 
i-CLOSED-l 

STATE OF I I~ SW2 , ~SAMPLE WINDOW I. 

INTEGRATOR 
CIRCUIT 

o -------------
INPUT -lOV 

JNTEGRATOR 
OUTPUT 

o - ..... ---.. -~== ---------

FIGURE 4. SAMPLE AND HOLD CIRCUIT WAVEFORMS. FIGURE 5. GATED INTEGRATOR WAVEFORMS. 

'. APpLICATION TIPS 

. This amplifier incorporates a pair of fast Ultra-Low Leakage 
back-to-back diodes at the amplifier inputs. The diodes do 
not interfere with the normal ultra-low input leakage cur
rents of the amplifier. 

These diodes will protect the amplifier inputs against static 
charge build-up damage and most transients. The diodes 
will not, however,. react fast enough to ultra-high speed 
transients which may then damage the amplif~er inputs. 

When working with femto amp signals, teflon and ceramic 
. 'should' be used as insulators to keep leakage to a minimum. 

Teflon wire and ceramic switches should also be used along 
with metal film resistors. 

The device input leakage resistance will. adversely be af
fected by the package contamination: It is, therefore, 
recommended that the devices and finished assembly be 
washed ina freon bath for two minutes at a temperature 

'of 50°C. Then baked in an oven for thirty minutes at 
+150°C. 

I 
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ICL8007-1/-2/-3/-4/-5 
FET Input Operational Amplifiers 

FEATURES 
• Very low inputclirrent -1pA(max) 8007A 
• Very low offset voltage - 2mV (max) 8007-1 & 8007-3 

• Guaranteed low drift -'- 5p.V tc 8607~ 1 
• High slew rate - 6V /p.sec 
• High input impedance - 1,OOO,OOOM ohm 
• Internal frequency compensation 

NOTE: 
The 8007-1 thru -5 amplifiers are part of the 8007 family of 
FET-input op amps. See also the 8007C, 8007M data sheet. 

CONNECTION DIAGRAMS 

8007-1,8007-2 and 8007-3 
(Without Offset Null) 

e.:' 
fOe 1 1 \/ .. 

' ''.''''"' " . .... • 0",,"' 
l'1l'uT • 

",0" "",! ~~;~~. J S .. t 

NOTE: Pin 4, connected to case 

GENERAL DESCRIPTION 
The 800T Series is a family of FET input operational am
plifiers which provides abroad range of both general purpose 
products and special selections. The selections include de
vices with input currents of 1 pA (max) and offset voltages 
of 2.01T)V (max). 

All are pin compatible with the 741 and have output short 
circuit protection~ A unique bootstrap circuit insures unusu
ally good common mode rejection and prevents the excessive 
gate currents seen. in the majority.o·t F ET input amplifi~rs 
at high common mode voltages. 

8007-4 and 8007-5 
(With Offset Null) 

~ ',OTE: Pin 4 connected to case 

I EQUIVALENT CIRCUIT VOLTAGE OFFSET NULL CIRCUIT 
(8007-4 and 8007-5 only) 

5·104 

TRANSIENT RESPONSE 
TEST CIRCUIT 

.----..:.--..,r-t~-- v ••• 

" 

v. 



ICL8007·1/·2/·3/·4/·5 

8007M-2 AND 8007M-5 
(Selected 8007s - Military Temp. Range) 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Voltage between Offset Null and V
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (Soldering, 60 sec.) 
Output Short-Circuit Duration 

NOTES: 

±18V 
500mW 

±30V 
±15V 

±0.5V 
_65°C to +150°C 
_55°C to +125°C 

300°C 
Indefinite 

1. Rating applies for case temperatures to 125°C; derate linearly at 
6.5mW/oC for ambient temperatures above +75°C. 

2. For supply voltages less than ± 15V, the absolute maximum input 
voltage is equal to the supply voltage. 

For connections to 8007M-2, see connection diagram for 
8007C-2, page 3. 

For connections to 8007M-5, see connection diagram for 
8007C-5, page 4. 

ELECTRICAL CHARACTERISTICS (VS = ±15V unless otherwise specified) 

CHARACTERISTICS CONDITIONS 
MIN 

8007M-2 

TVP MAX 

8007M-5 

MIN TVP MAX· 
UNITS 

The following specifications apply for T A = 25°C: 

I nput Offset Voltage RS <; 100kn 1.0 2.0 5.0 10 mV 

Input Offset Current 0.5 0.5 pA 

Input Current (either input) 2.0 10 2.0 10 pA 
I 

106 Input Resistance 106 Mn 

Input Capacitance 2.0 2.0 pF 

Large Signal Voltage Gain RL :::: 2kn, Vou,t ~ ± 10V 50,000 50,000 VIV 

Output Resistance 75 75 n 

Output Short-Circuit Current 25 25 mA 

Supply Current 3.4 5.2 3.4 5.2 mA 

Power Consumption 102 156 102 156 mW 

Slew Rate 3.0 6.0 3.0 6.0 VI",s 

Unity Gain Bandwidth 1.0 1.0 MHz 

Transient Response (Unity Gain) CL <; 100pF, RL = 2kn 

Risetime 300 300 ns 

Overshoot 10 10 % 
.. 

The following specIficatIons apply for ~55°C < TA < +125°C: - -
Input Voltage Range ±10 ±12 ±10 ±12 V 

Common Mode Rejection Ratio 70 90 70 90 dB 

Supply Voltage Rejection Ratio 70 300 70 300 ",V IV 

Large Signal Voltage Gain 25,000 25,000 VIV 

Output Voltage Swing RL ::::.10kn ±12 ±14 ±12 ±14 V 

RL ::::2kn ±10 ±13 ±10 ±13 V 

Input Offset Voltage 3.5 11.5 mV 

Input Current (either input) TA=+125°C 2.0 15 2.0 15 nA 

Average Temperature Coefficient 15 .15. ilVlo C 
of I nput Offset Voltage 
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ICL8007-1 /~2/-3/-4/-5 O~O!L 

8007Cc 1, 8007C-2 AND 8007C-3 
(Selected 80075 Without Offset Null Commercial. Temp. Range) 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 

CONNECTION DIAGRAM 

I 

5-106 

Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Voltage between Offset Null and V
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (Soldering, 50 sec.) 

Output Short-Circuit Duration 

NOTE: 

±18V 
500mW 

±30V 
±15V 

±0.5V 
_55°C to +150°C 

O°C to +70°C 
300°C 

Indefinite 

For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. . 

NC 

. V· 

TOPVIEW 

NOTE: Pin 4 connected to case 

ELECTRICAL CHARACTERISTICS (VS = ±15V unless otherwise specified) 

CHARACTERISTICS CONDITIONS 

The following specifications apply for T A = 25°C: 

Input Offset Voltage RS:S; 100kn 

Input Offset Current 

Input Current (either input) 

Input Resistance 
i 

Input Capacitance 

Large Signal Voltage Gain RL 2: 2kn, V out = ±10V 

Output Resistance 

Output Short-Circuit Current 

Supply Current 

Power Consumption 

Slew Rate 

Unity Gain Bandwidth 

Transient Response (u~ity Gain) CL :s; 100pF, RL = 2kn 

Risetime 

Overshoot 
.. ° ° - -The follOWing speCIfIcatIons apply for 0 C < T A < 70 C 

Input Voltage Range 

Common Mode Rejection Ratio 

Supply Voltage Rejection Ratio 

Larg~ Signal Voltage Gain 

Output Voltage Swing RL2: 1Okn 

RL 2: 2kn 

Input Current (either input) TA = 70°C 

Average Temperature Coefficient 
of Input Offset Voltage 

8007-1 

8007-2 
8007-3 

8007e-1 81 8007C-2 

MIN TYP MAX 

1.0 2.0 

0.5 

2.0 10 

106 

2.0 

50,000 

75 

25 

3.4 6.0 

102 180 

3.0 6.0 

1.0 

300 

10 

±10 ±12 

70 90 

70 300 

25,000 

±12 ±14 

±10 ±13 

50 175 

5 

15 

MIN 

50,000 

3.0 

±10 

70 

25,000 

±12 

±10 

8007C-3 

TYP 

1.0 

0.5 

2.0 

106 

2.0 

75 

25 

3.4 

102 

6.0 

1.0 

300 

10 

±12 

90 

70 

±14 

±13 

50 

UNITS 
MAX 

4.0 mV 

pA 

20 pA 

Mn 

pF 

V!V 

n 

mA 

6,0 mA 

180 mW 

V/IlS 

MHz 

ns 

% 

V 

dB 

300 IlVN 

V!V 

V 

V 

.400 pA 

IlV/'C 

IlV/"C 
30 IlV/oC 



ICL8007·1/·2/·3/·4/·5 

8007C-4 AND 8007C-5 
(Selected 8007s with Offset Null - Commercial Temp. Range) 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential I nput Voltage 
Input Voltage (Note 2) 
Voltage between Offset Null and V
Storage Temperature Range 
Operating Temperature Range 
Lead Temperature (Soldering, 60 sec.) 

Output Short-Circuit Duration 

NOTE: 

±18V 
500mW 

±30V 
±15V 

±0.5V 
-65°C to +150c C 

O°C to +70°C 
300°C 

Indefinite 

For supply voltages less than ±15V, the absolute maximum 
input voltage is equal to the supply voltage. 

CONNECTION DIAGRAM 

NC 

V· 

TOP VIEW 

NOTE: Pin 8 connected to case 

ELECTRICAL CHARACTERISTICS (VS; ±15V unless otherwise specified) 

CHARACTERISTICS CONDITIONS 
S007C·4 S007C·5 

MIN TYP MAX MIN TYP MAX 

The following specifications apply for TA = 25°C: 

Input Offset Voltage RS ~ 100kU 1.0 10 5.0 10 

Input Offset Current 0.5 0:5 

Input Current (either input) 2.0 10 2.0 10 

Input Resistance 106 106 

Input Capacitance 2.0 2.0 

Large Si~nal Voltage Gain RL 2. 2kn. Vout = ±10V 50,000 50,000 

Output Res~stance 75 75 

Output Sh~rt-Circuit Current 25 25 

Supply Current 3.4 6.0 3.4 6.0 

Power Consumption 102 180 102 180 

Slew Rate 3.0 6.0 3.0 6.0 

Unity Gain Bandwidth- 1.0 1.0 

Transient Response (Unity Gain) CL ~ 100pF, RL = 2kn 

Risetime 300 300 

Overshoot 10 10 
.. ° ° The follOWing specIfIcatIons apply for 0 C < T A < 70 C-- -

Input Voltage Range ±10 .12 ±10 ±12 

Common Mode Rejection Ratio 70 90 70 90 

Supply Voltage Rejection Ratio 70 300 70 300 

Large Signal Voltage Gain 25,000 25,000 

Output Voltage Swi ng RL 2. 10kn ±12 ±14 ±12 ±14 

. RL 2. 2kn ±10, ±13 ±10 ±13 

Input Curre~t (either input) TA = 70°C 50 175 50 175 

Average Temperature Coefficient 
of Input Offset Voltage 10 15 

UNITS 

mV 

pA 

pA 

Mn 

pF 

VN 

n 

rnA 

rnA 

mW 

VIIls 

MHz 

ns 

% 

V 

dB 

IlVN 

. VN 

V 

V 

pA 

IlVtC 
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TYPICAL PERFORMANCE CURVES 

E 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
FREOUENCY 

10' I I 

10' 
I---... Vs = ±15V 

~ 
TA .. +2SoC 

z 10' 
;;: 
'-' 10' w 
'-' 
<i 

10' .... 
..J 
0 
> 10 

i'-.. 

" ""-, "- \ 
10 100. Ik 10k lOOk 1M 10M 

FREQUENCY (Hz) 

TRANSIENT RESPONSE 

28 

24 

20 
0; 
.§: 16 

5 12 
Q. .... 
::J 
o 

o 

90% 

/ 
I 
L Vs= ±15V 

f-IO%'I-- RISE TIME TA = 25°C 
r--1'f--t--+- R, • 2 kU I C,=loopF 

o .5 1.0 1.5 2.0 2.5 

TIME (",I 

OPEN LOOP VOLTAGE GAIN 
AS A FUNCTION OF 
SUPPLY VOLTAGE 

10' 
TA 25"C 

0; 
R, - 2 kU 

~ 
z 
;;: 
'" 10' 0.. 
0 
0 
..J 

~ 
0. 
0 

10' 
'. 

o 5 10 15 

SUPPLY VOLTAGE I±V) 

QUIESCENT SUPPL Y CURRENT 

20 

AS A FUNCTION OF TEMPERATURE 

6 
VSI. ±~5V 

;;: 5 '1 

.s 

.... 
~ 
0:: 

3 0:: 

-:--r--::J -U 
>-
..J 
Q. 
Q. 
::J 
U) 

o 
-55 -15 25 65 105 

TEMPERATURE (OC) 
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OUTPUT VOL TAGE SWING AS 
A FUNCTION OF FREQUENCY 

~ 40 
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U) 
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INPUT VOLTAGE RANGE AS 
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ICL8007·1/·2/·3/·4/·5 

ORDERING INFORMATION 

.. 

\ MAX. VOS MAX.I'NoSIt!.T MAX.lb 
PART NUMBER TEMP. RANGE 

(mV) (pvtC) (pA) 
PACKAGE 

ICL8007C·1 O°C to +70°C 2 
.. 

5 10 TO·99 Type 

ICL8007M·2 _55°C to +125°C 2 15 10 TO·99 Type· 

ICL8007C·2 O°C to +70°C 2 15 10 TO-99 Type 

ICL8007C-3 O°C to +70°C 4 30 20 TO·99 Type 

ICL8007C-4 ()oC to +70°C 10 10 10 TO-99 Type 

ICL8007M-5 ....,55°C to +125°C 10 15 10 TO-99 Type 

ICL8007C-5 O°C to +70°C 10 15 10 TO-99 Type 

PACKAGE DIMENSIONS 

~lflli:::=1J_T 
·"~I ", SE ... TIIIIG 'l 16S 

""'""T. ~# 
III f"",." 

8 LEADS IJ] n i, 
g:: U __ -L' 

NOTES: All dimensions in inches. 

Leads are gold~Plated Kovar. 
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GENERAL DESCRIPTION 

The I ntersil 8007 integrated circuit is a low input current 
FET input 'operational amplifier. The 8007A is selected for 
1 pA max input current. 

The devices are designed for use in very high input imped· 
ance applications .. Because of their high slew rate, high 
common' mode voltage range and absence of "Iatch·up", 
they are ideal for use as a voltage follower. 

The Intersil 8007 and 8007A are short circuit protected. 
They requ ire no external components for frequency com· 
pensation because the internal 6 dB/roll'off insures stability 
in closed loop applications. A unique bootstrap circuit 
insures unusually good common mode rejection for an FET 
input amp and prevents large input currents as seen in some 
amplifiers at high common mode voltage. 

EQUIVALENT CIRCUIT 

ICL8007MI AMICI AC 
FET Input 

Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Storage Temperature Range 
Operating Temperature Range 

8007MJ 8007AM 
8007C,8007AC 

Lead Temperature (Soldering, 10 sec.) 
Output Short-Circuit Duration (Note 3) 

NOTES: 

±18V 
500mW 

±30V 
±15V 

_65°C to +150°C 

-55"C to +125°C 
DoC to +70oC 

300°C 
Indefinite 

1. Rating applies for case temperatures to 125°C; derate linearly at 
6.5 mW/oC for ambient temperatures above +75°C. 

2. For supply voltages less than ±15V, the absolute maximum input 
voltage is equal to the supply voltage. 

3. Short circuit may be to ground or either supply. Rating applies 
to +125°C case temperature or +75°C ambient temperature. 

TRANSIENT RESPONSE 
TESTCIRCUIT 

,-__ ""-_~~ __ '" v •• , 

CONNECTION DIAGRAM PACKAGE OUTLINE 
NC 

v-

ITOP "lEW, 

, 
NOTE: Pin 4 connected to case 

5-110 
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SEATING PlANE-r04OL! r SOOMIN 

8LE~~~ []I] 0 00 .-l 
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NOTES: All dimensions in inches. 
Leads are gold·plated Kovar, 



ICL8007M/ AM/C/ AC 

ELECTRICAL CHARACTERISTICS (Vs = ±15V unless otherwise specified) 

8oo7M 8007C 8007AM & 8007AC 
CHARACTERISTICS CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

The foilowin91P~ifications apply for TA .. 25°C: 

Input Off,et Voltage Rs s: 100 kfl. 10 20 20 50 15 30 rnV 

Input Offset Current 0.5 0.5 . 0.2 pA 

Input Current (either input) 2.0 20 3.0 50 0.5 1.0 pA 

Input Resistance 106 106 106 Mil 

Input Capacitance 2.0 2.0 2.0 pF 

Large Signal Voltage Gain RL ~ 2 kl'l, VOUT = ±10V 50,000 20,000 20,000 V/v 

Output Resistance 75 75 75 
, 

I1 
Output Short·Circuit Current 25 25 25 rnA 

Supply Current 3.4 5.2 3.4 6.0 3.4 6.0 rnA· 

Power Consumption 102 156 102 180 102 180 rnW 

. Slew Rate 6.0 6.0 2.5 6.0 V/jJs 

Unity Gain Bandwidth 1.0 1.0 1.0 MHz , 
Transient Response (Unity Gain) CLS: loopF, RL = 2 kl1 

Risetime 300 300 300 ns 

Overshoot 10 . 10 10 % 

The following specifications apply for aOc ~ T A ~ +70°C (8007C and 8007ACI. -55"C::;' TA ~ +12s"C (8007M and 8007AM): 

Input Voltage Range ±10 ±12 ±10 ±12 ±10 ±12 V 

Common Mode Rejection'Ratio 70 90 70 90 86 95 dB 
Supply Voltage Rejection Ratio 70 300 70 SOO 70 200 jJV/v 
Large Signal Voltage Gain 25,000 15,000 15,000 V/v 
Output Voltage Swing J RL~ 10 kl1 ±12 ±14 ±12 ±14 ±12 ±14 V 

RL~2 kl1 ±10 ±13 ±10 ±13 ±10 ±13 V 
Input Current (either input) TA = +125°C 2.0 1.0 nA 

TA = +70°C 50 30 pA 

Average Temperature Coefficient 75 75 50 jJvi"c 
of Input Offset Volt~ge 

TYPICAL PERFORMANCE CURVES 

OPEN LOOP VOLTAGE FOLLOWER LARGE- OUTPUT VOLTAGE SWING AS 
VOLTAGE GAIN SIGNAL PULSE RESPONSE A FUNCTION OF FREQUENCY 

10· ~ 
40 

-. Vsup~ = ±~5V L VSUPP = ±15V ~SUPP = ±1~~ 
10' 

B '" 
"'- TA ::: +2SQC I T. = 25°C Z TA ::: +25°C 

~ I- J. .J. .J. 'iE 32 
z 10' '- I <J) Rl = 10kU 

"-
W 4 I-;;: '" 1\ INPUT Y I I => « '" 103 I-

.. 24 
W 

I!OUTPUT 
I- \ "'-

..J => '" 0 0 0 « > I- 10' 

"'-
I- "" 16 ..J => \ « 

0 .. -4 ~ > 10 I-

" 
=> ~- - 6 
0 I- B 

1 '" ~ -B « 
'W .. 

0 
1 10 100 lk 10k lOOk 1M 10M 0 1 2 3 4 5 6 7 B 9 lk 10k lOOk 1M 10M 

FREQUENCY 1Hz) 'TIME I~s) FREQUENCY-;HZ) 
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FEATURES 

• Low Cost 
• Two High Performance FET Input Amplifiers in One 

Package. 
• Very Low Input Current - 1 pA 
• High Slew Rate.- 6 V /Ilse~ 
• Internal Frequency Compensation 

CONNECTION DIAGRAM 
16 PIN DIP (TOP VIEW) 

NON-INVERTING INPUT (A) 1 

INVERTING INPUT (A) 2 

OUTPUT (AI 7 

16 NON-INVERTING INPUT (B) 

15 'INVERTING INPUT (B) 

EaUIVAlENTCIRCUIT (One Side) 

ICL8043M1C 
. Dual FEY Input 

Operational Amplifier 

GENERAL DESCRIPTION 
The 8043 is a dual monolithic FET input operational am
plifier. The performance of each amplifier issimilar to the 
Intersil 8007. It features exceptionally low input currents, . 
high slew rate, and has excellent common mode rejection_ 
The inputs and outputs are fully short circuit protected and 
there are no latch up problems. Offset nulling of each 
amplifier is accomplished using a potentiometer having its 
wiper connected to the positive supply voltage .. 

OFFSET VOLTAGE NUll CIRCUIT 

INPUT 
, , OFFSET NULL 

~ 

OUTPUT 



ICL804:tM/C D~DIb 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
.Internal Power Dissipation (Note 1 ) 
Differential Input Voltage 
Input Voltage (Note 2) 
Voltage between Offset Null and V+ 
Storage Temperature Range 
Op~rating Temperature Range 

8043M 

8043C 

±18V 
500mW 

±30V 
±15V 

±0.5V 
-65°C to +150°C 

_55°C to +125°C 
O°C to +70°C 

Lead Temperature (Soldering, 60 sec.) 
OutPl,lt Short·Circuit Duration 

NOTES: 

300°C 
Indefinite 

1. Rating applias for case temperatures to 125° C; derate linearly at 
9mWrC for ambient temperatures above +95°C. . 

2. For supply voltages less than ±15V, the absolute maximum input 
voltage is equal to the supply voltage. 

ELECTRICAL CHARACTERISTICS (VS = ±15V unless otherwise specified) 

·8043M 
CHARACTERISTICS CONDITIO!llS MIN. TYP. MAX. 

The foliowing specifications apply for TA = 25°C: 

Input Offset Voltage RS< lookO . 10 .20 

Input Offset Current 0.5 

Input Current (either input) 2.0 20 

Input Resistance 106 

Input Capacitance 2.0 

Large Signal Voltage Gain RL> 2kO, Vout = ±10V 50,000 

Output Resistance 75 

Output Short·Circuit Current 25 

Supply Current (Total) 4.5 6 

Power Consumption 135 180 

Slew Rate 6.0 

Unity. Gain Bandwidth 1.0 

Transient Response (Unity Gain) CL <100pF, RL = 2kO 

Risetime 300 

Overshoot 10 
.. ° ° ° ° The follOWing speCIfIcatIons apply for 0 C < TA < +70 C (B043C), -55 C < TA < +125 C (B043M): 

Input Volta!ie Range ±10 ±12 

Common Mode Rejection Ratio, 70 90 

Supply VoltBge Rejection Ratio 70 300 

Large Signal Voltage Gain 25,000 

Output Voltage Swing RL> 10kO ±12 ±14 

RL> 2kO ±10 ±13 

Input Offset Voltage 15 30 

Input Current (either input) TA=+125°C 2.0 15 

TA=+70°C 

Average Temperature Coefficient 75 
of Input Offset V~ltage 

MIN. 

20,000 

±10 

70 

15,000 

±12 

±10 

8043C 
TYP. 

20 

0.5 

3.0 

106 

2.0 

75 

25 

4.5 

135 

6.0 

1.0 

.. 300 
10\ 

±12 

90 

70 

±14 

±.13 

30 

.50 

, 

MAX. UNITS 

56 mV 

pA 

50 pA , 
MO 

pF 

V/V 

0 

mA 

6.B mA 

204 mW 

V/,.s 

MHz 

ns 

% 

V 

dB 

600 ,.V/v 
V/V 

V 

V 

60 mV 

nA 

175 pA 

75 .,.vrc 
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ICL8,043M/C 

TYPICAL PERFORMANCE CURVES 
OPEN LOOP VOLTAGE GAIN 
AS A FUNCTi'ON OF 
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CHANNEL SEPARATION 

Channel separation or crosstalk is measured using the circuit of Fig. 1. One amplifier is driven so that its 
output swings ±10 V; the signal amplitude seen in the other amplifier (referred to the input) is then 
measured. Typical performance is shown inFig. 2. 

Channel Separation = 20 log (VOUT(A») 
VIN(B) 

CHANNEL SEPARATION 
110 

100 c:... ~A.l1t°C 

~ 90 
RL z 

0 

1'\ R~=W 
RL <= 2k 

, 
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~ 70 
1\ 

60 

~ 
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100 
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10k lOOk 1M 
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FIGURE 1 FIGURE 2 

ORDERING INFORMATION 

ORDER TEMPERATURE 
TYPE PART NUMBER PACKAGE RANGE 

Hermetic 
_55°C to 125°C 8043M ICL8043M DE 16PinDIP 

Plastic 
O°Cto 70°C 8043C ICL 8043CPE 16Pin DIP 

8043C ICL8043C DE 
Hermetic 

O°C to 70°C 
16 Pin DIP 

PACKAGE OUTLINES 

16 LEAD CERAMIC DIP 16 LEAD PLASTIC DIP 

NOTE: B~ard dri.lling dimensions will equal ,sta'!dar<! practices for • .020 diameter lead. 
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LF156,LF2$6,LF356, 
LF157,.LF257,LF357 

Monolithic JFIET Input OperationalA'mplifiers 

COMMON FEATURES 
(LF155A,LF156A,LF157A) 

,', .i 

• Low input bias current 30 pA 
• Low Input Offset Current 3 pA 
• High input impedance" 1012n 
• Low input offset voltage 1 mV 
• Low input offset voltage'ter;,p~~aturedrift 3Jl,VfC 
• Low input noise current 0.01 pA/VHz 
• High common·mode rejection ratio 100 dB 
• Large dc voltage gain 106 dB 

UNCOMMON FEATURES 
LF155A LF156A LF157A(AV=5) UNITS 

• Extremely fast 
settling time to 
0.01% 4 1.5 

• Fast slew rate 5 12 

• Wide gain 
bandwidth 2.5 5 

• Low input 
noise voltage 20 12 

APPLICATIONS 

• Precision high.speed integrators 
• Fast D/A and AID converters 
• High impedance buffers 
• Wideband, low noise, low drift amplifiers 
• Logarithmic amplifiers 
• Photocell aniplifiers 
• Sample and Hold circuits 

SIMPLI FlED SCHEMATIC 

.' 
·C ·2 pF on LF167 

1.5 
50 

20 

12 

MHz 

nV/VHZ 

(71 

GENERAL DESCRIPTION 
These monolithic JFET input operational amplifiers incor
porate well' matched~ high voltage JFETs on the same chip 
with standard bipolar transistors (BI FET Technology). These 
amplifiers' feature low input bias ~nd offset cu rrents, low 
offset voltage and offset voltage drift, coupled with offset 
adjust which does not degrade drift or common-mode 
rejection. The devices are also designed for high slew rate, 
wide bandwidth, extremel'v fast settling time, low voltage 
and current' noise and a low 1/f.noise corner. 

ADVANTAGES 

• ; Replace expensive hybrid and module FET op amps 
.' Rugged JFETs allow blow-out free handling compared 

with MOSFET input devices 
• Excellent for ,low noise applications using either high 

or low source impedance-'-llery low 1/f corner 
• Offset, adjust does not degrade drift. or common-mode 

rejection as in most monolithic amplifiers 
• New output stage allows use of large capacitive loads 

(10,000 pF) without stability problems 
• Jnt!!rnalcompim~ation and large differential input volt

age capability 

CONNECTION DIAGRAM 

Metal Ca,n Package 8 Pin Minldlp 

I BALANCE NC 

INPUT- y+ 

INPUT ... OUTPUT 

BALANCE 

y- ' 

NOTE 4: PIN 4 CONNECTED TO CASE. 

TOP VIEW 



LF155,LF255,LF355,LF156,LF256,LF356,LF157,LF257,LF357 

ABSOLUTE MAXIMUM RATINGS 
L F 1 55A/6A/7 A 

Supply Voltage ±22V 

Power Dissipation TO-99 (H package) 670 mW 

(Note 11 

Operating Temperature Range 

Tj(MAX) 

_55°C to +125°C 

150°C 

i40V 

±20V 

LF355A/6A/7 A 

±22V 

500mW 

OoC to +700 C 

100°C 

±40V 

±20V 

Continuous Continuous 

LF155/6/7 

±22V 

670 mW 

_5"5°C to +125°C 

150°C 

NOV 

±20V 

Continuous 

LF255/6/7 

±22V 

570 mW 

_25°C to +85°C 

110°C 

NOV 

±20V 

Continuous 

LF355/6/7 

±18V 

500mW 

OOC to +700 C 

100°C 

±30V 

±16V 

Continuous 

Differential Input Voltage. 

Input Voltage Range (Note 2) 

Output Short Circuit Duration 

Storage Temperature Range 

Lead Temperature (Soldering, 

10 seconds) 

_65°C to +1500 C - _65°C to +.1500 C _65°C to +1500 C _65°C to +1500 C _65°C to +1500 C 

:JOOoC 300°C 300°C 300°C 300°C 

DC ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS 
LF155A/6A/7A LF35.5A/GA/7 A 

UNITS 
MIN TYP MAX MIN TYP MAX 

VOS Input Offset Voltage RS = 50.11, T A = 25°C 1 2 1 2 mV 

Over Temperature 2_5 2_3 mV 

IWOS/6T Average TC of Input RS = 50.11 3 5 3 5 mV 

Offset Vol tage 

6TC/I'N OS Change in Average TC RS = 50.11, (Note 4) 0_5 0.5 IlV tc 
with VOS Adjust per mV 

lOS Input Offset Current Tj = 25°C, (Notes 3,5) 3 10 3 10 pA 

Tj ";;THIGH 10 1 nA 

IS Input Bias Current T J = 25°C, (Notes 3,5) 30 50 30 50 pA 

TJ ";;THIGH 25 5 nA 

.RIN Input Resistance Tr 25°C 1012 1012 .11 

AVOL Large Signal Voltage Vs =.±15V, TA = 25°C 50 200 50 200 V/mV 

Gain Vo = ±10V, RL = 2k I 
Over ~emperatu~e 25 25 V/mV 

Vo Output Voltage Swing Vs = 'c15V, RL = 10k ±12 ±13 ±12 ±13 V 

VCM Input Common-Mode VS=±15V +15.1 +15_1 V 

Voltage Range 
±11 

-12 
±11 

-12 V 

CMRR Common-Mode Rejection 85 100 85 100 dB 

Ratio 

PSRR Supply Voltage Rejection (Note 6) 85 100 85 100 dB 

Ratio 

AC ELECTRICAL CHARACTERISTICS T ~'= 25°C. Vs = ±15V 

SYMBOL PARAMETER CONDITIONS 
L F 155A/355A LF15SA/35SA LF157A/357A 

UNITS 
MIN TVP MAX MIN TVP MAX MIN TVP MAX 

SR Slew Rate LF155A/SA: AV = i, 3 5 10 12 40 50 V//ls 
LF157A: AV = 5 

GBW Gain-Bandwidth 2.5 4 4.5 15 20 MHz 
Product 

ts Settling Time to 0.01% (Note 71 4 1.5 1.5 /lS 
en Equivalent Input Noise RS - lOOn 

Voltage f=100Hz 25 15 15 nVI \'HZ 
f = 1000 Hz 20 12 12 nVI lli 

in Equivalent Input f= 100 Hz 0,01 0,01 0,01 pAl 1{Hz 
Noise Current f = 1000 Hz 0,01 am am pAl y-H; 

CIN input Capacitance :i 3 3 pF 
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LF155,LF255,LF355,LF156,LF256,LF356,LF1.7,LF257,LF357 O~O!b 

DC ELECTRICAL CHARACTERISTICS (Note 3) 

SYMBOL PARAMETER CONDITIONS 
LF155/617 LF255/617 L~355/6/7 

UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

VOS Input Offset Voltage RS = 50n, TAo 25°C 3 5 3 5 3 10 mV 
Over Temperature 7 6.5 13 mV 

6VOS/D.T Average TC 01 Input RS" 50H 5 5 5 IlVtC 
Offset Voltage 

fJ.TC/6VOS Change in Average TC RS = 50n, (Note 4) 0.5 0.5 0.5 IlVtC 
with Vas Adjust per mV 

lOS Input Offset Current Tj = 25°C, (Notes 3, 5) 3 20 3 20 3 50 pA 

Tj <THIGH 20 1 2 nA 
IB Input Bias Current T J C 25°C, (Notes 3,5) 30 100 30 100 30 200 pA 

TJ <THIGH 50 5 8 nA 
RIN Input Resistance TJ" 25°C 1012 1012 1012 n 
AVOL' Large Signal Voltage Vs = ± 15V, TAo 25°C 50 200 50 200 25 200 VlmV 

Gain Va 0 ±10V, AL =2k 

Over Temperature 25 25 15 V/mV 
Va Output Voltage Swing VS" ±15V, AL c 10k i12 ±13 ±12 ±13 i12 ±13 V 
VCM Input Common-Mode VS=±15V +15.1 +15.1 +15.1 V 

Voltage Aange ±11 
'-12 

±11 ±10 
-12 -12 V 

CMRA Common-Mode Rejection 85 100 85 100 80 100 dB 
Ratio 

PSRR Supply Voltage Aejection (Note 6) 85 100 85 100 80 100 dB 
Ratio 

DC ELECTRICAL CHARACTERISTICS TA; 25°C, VS; ±15V 

LF155A/355A LF156A/356A LF157A/357A 

LF155/255 
lF355 

lF156/256 
lF356 

lF157/2,57 
lF357 

PARAMETER UNITS 
TYP I MAX TYP I MAX TYP I MAX TYP I MAX TYP I MAX TYP I MAX 

Supply Current, 2 I 4 2 I 4 5 I 7 5 I 10 5 I 7 5 I 10 mA 

AC ELECTRICAL CHARACTERISTICS TA; 25°C, VS; ±15V 

SYMBOL PARAMETER CONDITIONS, 
LF155/LF255/ 

LF156/LF256 
LF156/LF256/ 

LF157/LF257 
LF157/LF257/ 

UNITS 
LF355 LF356 LF357 

TYP MIN TYP MIN TYP 

SA Slew Aate LFI55/6: AV = I, 5 7.5 12 30 50 VIlls 

LFI57:AV = 5 

GBW Gain·Bandwidth 2.5 5 20 MHz 

Product 

ts Settling Time to 0.01 % (Note 7) 4 1.5 1.5 Il' 
en Equivalent Input Noise RS = lOOn 

Voltage ·1=100Hz 25 15 16 nVIVHz 

f=1000Hz 20 12 12 nVIVHz 

in Equivalent Input 1 = 100 Hz 0.01 0.01 0.01 pA/VHz 

Current Noise 1= 1000Hz 0.01 0.01 0.01 pA/VHz 

CIN I n put Capaci tance 3 3 3 pF 
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LF155,LF255,LF355,LF156,LF256,LF356,LF157,LF2~7,LF357 

NOTES FOR ELECTRICAL CHARACTERISTICS 
NOTE 1: The TO-99 package must be derated based on a thermal resistance of 150°C/W junction to ambient or 45°C/W junction to case. 
NOTE 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voltage. 
NOTE 3: These specifications apply for ±15V ,;; Vs ,;;!20V', -55°C';; TA ';;+125°C and THIGH = +125°C unless otherwise stated for the 
LF155A/6A/7A and the LF155/6/7. For the LF255/6/7, these specifications apply for !1:;V ,;; Vs ,;; ±20V, -25°C';; TA ';;+85°C and 
THIGH· = 85°C unless otherwise stated. For the LF355A/6A/7 A, thesespecifications apply for, 15V ,;; VS';; ,20V, O°C ,;; T A ,;; +70°C 
and THIGH = +70°C, and for the LF355/6/7 these specifications apply for Vs = ±15V and O°C,;; TA';; +70°C. Vas, IB and lOS are measured 
at VCM =0. 
NOTE 4: The Temperature Coefficient of the adjusted input offset voltage changes only a small amount (O.5IlV/oC typically for each mV of 
adjustment from its original unadjusted value. Common·mode rejection and open loop voltage gain are also unaffected by offset adjustment. 
NOTE 5: . The input bias currents are junction leakage currents which approximately double for every 10°C increase in the junction temper~ture, 
T J. Du~ to limited production test, time, the input bias currents measured' arc correlated to junction temperature. I n normal operation the 
junction temperature rises above the ambient temperature as a result of internal power'dissipation, Pd. Tj = T A. + GjA Pd where ejA is the 
thermal resistance from junction to ambient. Use of a heat sink is recommended if input bias current is' to be kept 1'0 a minimum. 
NOTE 6: Supply Voltage Rejection is measured for both supply magnitudes increasing or decreasing simultaneously; in accordance with 
common practice. 
NOTE 7: Settling time is defined here, for a unity gain inverter connection using 2 kU·resistors for the LF155/6. It .is the time required for 
error voltage (the voltage at the inverting input pin on the amplifier) to settle to within 0.01% of its final value from the time a 10V step 
input is applied to the .. inverter. For the LF157, AV = -5, the feedback resistor from output to input is2 kU and the output step is 10V 
(See Settling Time Test Circuit, page 9), 

TYPICAL DC PERFORMANCE CHARACTERISTICS 
Curves are for LF155, LF156and LF157 unless otherwise specified, 
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LF155,LF255, LF355, LF156,LF256, LF356, LF157, LF257, LF357 

e 
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TYPICAL DC PERFORMANCE CHARACTERISTICS (CON'T) 
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LF155, LF255, LF355, LF156, LF256, LF356, LF157, LF257, LF357 

TYPICAL AC PERFORMANCE CHARACTERISTICS (CON'T) 
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TYPICAL AC PERFORMANCE CHARACTERISTICS (CON'T) 

Outllut, Impedance Output Impedance Output Impedance 

1000 

- 100 
w 
u 
z « 

~ 10 

" >-
iC 
>-
" 0 

1k 10k 1QOk 1M 10M 1k 10k lOOk 1M 10M 

FREQUENCY (Hz) FREQUENCX (liz) ~REaUENCY (Hz) 

DETAILED SCHEMATIC' 
.-------------~--------~------------~------~------------~+vcc 

·c· 2pF.oN lF157 

PAC~AGE DIMENSIONS 
TO·99METAL CAN ". 0335 . , 

PACKAGE (H) .. ' .. f' \0:370DIA~' f--0.305 DIA---i 
"" I 0.335 I 

T-~ 0.165 
0.185 J_ t 

,tI~040 .--, 

. 0J,O~ MAX. nn.' n nn ~N;'~L:~~R 
t~ __ UU U UU 

.,..j1-0.016. 
,0,019 

ORDER NUMBER: 

LF155T 
LF155AT' 
LF156T 
LF156AT 
LF157T 
LF157AT, 
LF255T 
LF256T 
LF257T, 
LF355T 
LF355AT 
LF355AP 
LF356T 
LF356AT 
LF356AP 
Lf357T ' 
LF357AT 
LF357AP 

171 

t-... --+'WI~~ ~~T 
+----->-\ 

SPIN IIIJINIDIP 

...... ~".' ... ' .. 0 ... 4.0 ........... ..:... ...... · .• '.3.0 . • '.ok- _TYP :£ rJ ... · n'-'. . .' .020 

045 if" ~~h. 0'8'~~~ MIN 
:t.01S " '. ±.003 ; , 
,. ..' . 100 TYP 



LF155,LF255,LF355,LF156,LF256,LF356~LF157,LF257,LF357 

APPLICATION HINTS 

The L F 155/6/7 series are ap amps with J F ET input 
devices. These JFETs have large reverse breakdawn valt
ages fram gate to. saurce and drain eliminating the need 
far clamps acrass the inputs. Therefare large differential 
input valtages can easily be accammadated withaut a 
large increase in input current. The maximum differential 
input valtage is independent af the supply valtage. Haw

ever, neither af the input valtages shauld be allawed to. 
exceed the negative supply as this will cause large currents 
to. flaw which can result in a destrayed unit. 

Exceeding the negative camman-made limit an either 
input will cause a reversal af the phase to. the autput and 
farce the amplifier autput to. the carrespanding high ar 
law state. Exceeding the negative cam man-made limit an 
bath inputs will farce the amplifier autput to. a high state. 
In neither case daes a latch accur since raising the input 
back within the camman-made r'lnge again puts the input 
stage and thus the amplifier in a' narmal aperating made. 

Exceeding the pasitive cam man-made limit ana single 
i'nput will nat change the phase af the autput hawever, if 
bath inputs exceed the limit, the autput af the amplifier 
will be forced to. a high state. 

These amplifiers will aperate with the camman-made input 
valtage equal to. the, pasitive supply. In fact, the cam man, 
made: valtage can exceed the positive supply by appro xi
mately100 mV, independent' af supply valtageand aver 
the full aperating temperature range. The positi've supply 
can therefare be .used ,'as a reference an an input as, :far 
example, in a supply current manitar ,and/ar limiter. 

Prec~utjons shauld betaken to ensure that the powersupp'ly 
far the integrated circ'uit never becames reversed in 

TYPICAL CIRCUIT CONNECTIONS 

palarity ar that the unit is nat inadvertently installed 
backwards in a sacket as an unlimited current surge 
through the resulting forward diade within the IC cauld 
cause fusing af the internal canductars and result in a 
destrayed unit. 

Because these amplifiers are JF ET rather than MOSF ET 
input op amps they do nat require special handling. 

All af the bias currents in these amplifiers are set by F ET 
current saurces. The drain currents far' the amplifiers are 
therefore essentially independent .of supply valtage. 

As with mast amplifiers, care shauld be taken with lead 
dress, campanent placement and supply decaupling in arder 
to. ensure stability. For example, resistars fram the output 
to. an input shauld be placed with the body clase to. the 
input to. minimize "pickup" and maximize the frequency 
of the feedback pole by minimizing the capacitance from 
the input to. ground. 

A feedback pale is created when the feedback araund any 
amplifier is resistive. The parallel resistance and capacitance 
fram the input af the device (usually the inverting input) 
to. ac graund set the frequency af the pale. In many 
instances the frequency af this pale is much greater than 
the eXiJected 3 dB frequency af the clased laap gain and 
cansequently -there is negligible effect an stability margin. 
Hawev~r, if the feedback pole is less than appraximately 
six times the expected 3 dB frequency a.l~ad capacitar 
.shauld be, placed fram the .output to. the input of the ap 
amp, The value of the added capaCitor should .be such that 
the HC time constant of this capacitor and: the resistance 

it parallels is greater than or equal to. the ~rigi~alfeedback 
pale time canstant. 

Vas Adjustment 
v+ 

Driving Capacitive Loads LF157. A Large Power BW Amplifier 

v-

• Vas is adjusted with a 25k potentiometer 

• The potentiometer wiper is connected 
to V+ 

• For potentiometers with temperature 
coefficient of 100 ppm/" C or less the 
additional drift with adjust is '" 0.5/J-V I 
°C/m of adjustment. 

• Typical overall drift: 50V/"C '" (0.5/J-VI 
°C/mV of adj.l 

5k 

·LF155/6 A'" 5k 
LF157 R'" 1.25k v+ 

v-

Due to a unique output stage design these 
amplifiers have the ability to drive large 
capacitive loads and still maintain stability. 
CL MAX'" O.Ol/J-F. 

Overshoot,,; 20%. 

Settling time (tsl '" 5/lS 

'Ok 

v+ 

1k 

v-

>!.4_0vOUT 

'OVf\.~ 
-10V----u-u 

For distortion < 1% and a 20 Vp-p VOUT 
swing powe'r bandwidth is: 500 kHz. 
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TYPICAL APPLICA TJONS 

lOVS· 
o 5k,O.1% 

> 
is 
~ 

·l.Dk.O.l% 

2k:O.l% 

t15V 

SUMMING 
NODE --... 5k,O.1% 

Settling Time Test Circuit 

VOUT 

• Settling time is tested with the LFI55/6 connected as 
unity gain inverter and LF157 connected for AV =-5 

• FET used to isolate the probe capacitance 

• Output = IOV step 

* AV = -5 for LF157 

Large Signal Inverter Output, VOUT (from Settling Time Circuit) 

LF155 LF156 LF157 

2/Js/DIV ljJs/D,V ljJs/DIV 

Low Drift Adjustable Voltage Reference 

25~~ ~""'------' 
v+ .. 15V 

r-...,I--oVOUT·,DV 

P2 
>'-4~~o( lOOk 

R2 
lOOk 

R3 
lOOk 

• ClVOUT/ClT = ±O.002%rC 
•. All resistors and potentiometers should be wire-wound 

• PI: drift adjust 

• P2: VOUT adjust 

• Use LFI55 for 
... Low 18 
... Low drift 
... Low supply current 



LF155,LF255, LF35.5, LF156, LF256, LF356, LF157, LF257,LF357 

TYPICAL APPLICATIONS (CON'T) 

Vo 

R3 
5k 

+15V 

':"'15V 

FaSt Loilarithmic'Conv~rter 

R, 

..-____ --1r_-'v50\l'k.,._==-<>VR'~F.: 5V 

R2 RT 

. Vo 

C2 
300 pF 

+15V 

I, 

!VaUT!= r, + R2] kT: LnVi, . ['-. _Rr_J= log Vi _1_ L RT' q VR~FRi.. Rilr 

.R2 = 15.7k. RT =: lk. 0.3%tC(fo~ temper~ture'compensatio~) 

• Dynamic range: 100"A .;; Ii';;, 1 mA (5 decades). 
IVal= lV/decade ' 

• Transient response: 3"s for f1li = 1 decade 

.' Cl. C2. R2. R3: added dynamic compensation 

• . Vas adjust the LF156 to minimize quiescent error 

• RT: Tel Labs type 081 + 0.3%tC. 

Precision Current Monitor 

Rl 
• Va = 5 -'- (V/mA of is) 

R2 

• Rl. R2. R3: 0.1% resistors 

• Use LF155 for 
• _ Common mode range to supply voltage 

• Low IS 
• Low Vas 
• Low supply current' 

I 

:!, .. 
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TYPICAL APPLICATIONS (CON'T) 
LF156 as an Output Amplifier ,in ,a FastS·Bit DAC 

vso---~--------------------------------, 
LSB b8 b7 b6 b5 

ICL8019 ICL8018 

5k 

v-
>V 

R, 

• Quad 1, 2: precision current switches 

• R 1-'R4: binary ladder 

• VREF: ICL 8069 
• Use LF155/6 for 

.. Fastsettling time 

.. Low VOS drift 

.. Good stability 

L-----------------------------~ __ ------__ --~~~~__oVREF~10V 

Wide BW Low Noise. Low Drift Amplifier 

C2 

R2 

v. 

v-

Sr 
• Power BW: fMAX =-- ;,,240 kHz 

2.Vp 

• Parasitic input capacitance Cl ;" (3 pF for LF 155. 
LF156. and LF157 plus any additional layout capaci· 
tance) interacts with feedback elements and creates 
undesirable high frequency pole. To compensate add 
C2 such that: R2p;" R1Cl. 

80k 

Isolating Large Capacitive Loads 

r-----------~--~~--t__oVOUT 

+2~:f 
-2V 

. v-

• Overshoot 6% 

• ts' 10l's 
• When driving large CL the VOUT slew rate determined 

by CL and lOUT MAX: 

(with CL shown) 

0.02 

0.5 
VII'S = O.04V/jlS 
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TYPICAL APPLICATIONS (CON'T) 

R' 
5.1k 

Boosting the LF156 with a Current Amplifier 

• lOUT MAX'" 150 mA (will drive RL ~ lOOn) 

• t>VOUT 
---,- = 15V/I'sec (with,CL shown) 

CIT 

• No additional phase shift added by the current amplifier 

R, 
200k 

Low Drift Peak Detector 

• By adding 01 and Rf. VOl = 0 during hold mode. Leakage of 
02 provided by feedback path through Rf. 

• Leakage of circuit is essentially Ib( LF 155. LF 156) plus capaci· 
tor leakage of Cpo ' 

• Diode 03 clamps VOUT (Al) to VIN - V03 to improve speed 
and to limit reverse bias of 02. 

• Maximum input frequency should be«%7rRfC02 where C02 
,is the s,hunt capacitance of 02. " 

3 Decades VCO 

R6 
1M ';'" 

RS 
'Ok 

R7 
JOOk 

VPU '" +5V 

R5 , 
10k 

f = Vc (RB + R7) • 0,,;VC.;30V. 10 Hz.,; f.; 10 kHz 
,[S VpURSR1J C 

R 1. R4 matched. Linearity 0.1 % over 2 decades. 
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TYPICAL APPLICATIONS (CON'T) 

High Impedance, Low Drift Instrumentation Amplifier 

+15V 

+ 

+15V 

-15V 

R2 

>-4~-oVOUT 
R2 

t15V 

• VOUT = RR3 [2:: + 1J b.V,V- + 2V ~ VIN Common-Mode -s V+ 

5-128 

-15V 

+1SV 

-15V 

• 'System VOS adjusted via A2 VOS adjust' 

.. Trim R3 to boost up CMRR to 120 dB. 
Instrumentation amplifier Resistor array RA201 
(National Semiconductor) recommended 

Fast Sample and Hold 

I 
I 
L 

FET SWITCHES 
IH5141 

,OR 
IH181 

+15V 

>'-"-... -OVOUT 

-15V 

• Both amplifiers (A1, A2) have feedback loops individually closed with stable responses (overshoot negligible) 

• Acquisition time, T A, estilliated by: 

provided that: 

VIN < 21T Sr RON Ch and TA> ,RON is of SW1 
lOUT MAX 

If inequality not satisfied: T A '" 

• LF156 develops full Sr output capability for VIN:': 1 V 

• Addition of SW2 improves accuracy by putti~g the voltage drop across SW1 inside the feedback loop 

• Overall accuracy of system determined by the accuracy of both amplifiers, Aland A2 
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TYPICAL APPLICATIONS (CON'T) 

+15V 

-1SV 

High Accuracy Sample and Hold 

R1 
51k 

+15V 

>~~-OVOUT 

-15V 

• By closing the loop through A2 the VOUT accuracy will be determined 
uni'luely by A 1. No VOS adjust required for A2. 

• T A can be estimated by same considerations as previously but because of the 
added propagation delay in the feedback loop (A2) the overshoot is not 
negligible. 

• Overall system slower than fast sample and hold 

• R 1, CC: additional compensation 

• Use LF156 for 

.. Fast settling time 

.. Low Vos 

High Q Band Pass .Filter 

-15V 

1 pF 

• By adding. positive feedback (R2) Q increases to 40 

• fBP = ~OOkHz 

VOUT 
10~ 

• Clean layout recommended 

• Response to a 1 Vp·p tone burst: 300"s 
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I 

TYPICAL APPLICATIONS (CON'T) 

High Q Notch Filter 

>"--+--0 vOUT 

• 2Rl = R = 10Ml1 
2C = Cl =300 pF 

• Capacitors should be 'matched to obtain high' Q 

• fNOTCH = 120 Hz, notch = -55 dB, Q > 100 

DEFINITION OF TERMS 

• Use LF155 for 

.. Low IB 

.. Low supply current 

Input Offset Voltage: That vbltagewhich must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Offs~t Current: The difference in the currents into 
the two input terminal~ when the output is at zero. 

Input Bias Current: The average of the two input currents. 

Input Common·Mode Voltage Range: The range of voltages 
on the input terminals for which the amplifier is opera' 
tiona!. Note that the specifications are not guaranteed over 
the full common·mode voltage rarigeunlessspecifically 
stated. 

Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the 
other grounded. 

Supply Current: The current required from the power 
supply to operate the amplifier with no load and the 
output midwaybet~een the supplies. 

Output Voltage Swing: The peak output voltage swing, 
referred to zero, that can be ob'tained without clipping. 

Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the ,change in, input voltage required to' drive 
the output from zero to this voltage. 

Power Supply Rejection Ratio: The ratio of the change iri 
input offset voltage to the change in power supply voltage 
prodllcing it. The typical curves in this sheet show values 
for each supply independently changed. The electrical 
specification, however, is measured for both supply mag
nitudes increasing or decreasing simultaneously, in accor
dance with common practice. 

Settling Time: The time required for the error between 
input and output t6 settle to within a specified limit after 
an input is applied to the test circuit shown in typical 
applications. 
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FEATURES 

• Low input offset voltage-100 microvolts-typ. 

• High open loop gain-100 dB typo 

• Excellent slew rate-3.0 V//J-s typo 

• Internal 6 dB/octave frequency compensation 

• Pin compatible with standard Ie op amps (TO-5 
package) 

GENERAL QESCRIPTION 

The,LH0042 is a FET input operational amplifier with very, 
closely matched inputcharacteristics, very'high input im- , 
pedance, and ultra-low input current, with no compro
mise in noise, common mode rejection ratio, open loop 
gain, or slew rate. Devices are internally compensated and 

CONNECTION. DIAGRAM 

,INVERTING INPUT 2 

NC 

V' 

LH0042/LH0042C 
Operational 

'Amplifiersl Buffers 

free of latch-up and unusual oscUlation problems, and 
may be 'offset' nulled with a single 10K trimpot with 
negligible effect in CMRR. ' 

The LH0042 is specified for operation over the - 55°C to 
+125°C military,ternperaturerange.The LH0042C is spe
cified fQr, operation QVEH,t\1e - 25°C to + 85°C temperature 
range. 

The:LHOQ42 IC op amp is intended to fulfill a wide variety 
of applicationS for process control, medical instrumenta
tion, and other systems requiring very low input currents 
and tightly matched',input offsets. The LH0042 provides 
low cost high performance for such applications as elec" 
trometer and photocell amplification,pica-ammeters, and 
high input impedance biJffers. 

TOPVIEW 

SCHEMATIC 

R1 
1K 

OFFSET 10K POT 
NULL IEXTERNAi.I 

.---------~--~~--------~~.-------~--------~~~V-

OFFSET 
NULL 

012 



LH0042/LH0042C: 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ........ , ..................... ±22V 
PoV(er Dissipation (see graph) ...• ; .. ',' .. ',' ,,500 mW 
Input Voltage (Note 1) .................... , '" ±15V 
Differential Input Voltage (Note 2) .............. ±30V 
Voltage Between Offset Null and V- .......... ±0.5V 
Short Circuit Duration ................... Continuous 
Operating Temperature Range 

LH0042 ........................ -55°C to+125°C 
LH0042Q. ... :, . , ............... : ...,,25°C tot85~C 

S~orage Temperature Range .... , ..• -65°Cto+150°C 
Lead Temperature (Soldering, 10 sec) " .•. ; .... ,300°C 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute ,maximum rating conditions for 
extended periods may cause device failures. 

DC ELECTRICAL CHARACTERISTICS for tH0042/LH0042C' 
(T A = 25"C, VS = ±15\1, unless otherwise specified) 

LIMITS 

PARAMETER CONDITIONS LH0042 LH0042C UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Input Offset Voltage Rs,,;;;100kn 5,.0 20 6.0 20 mV 

Temperature Coefficient of Rs ';';100 kn 5 10 /J-V/oC Input Offset Voltage , 

Offset Voltage Drift with Time " 7' ' " 10 /J-V/week 

Input Offset Current " ' 1 5 2 10 pA 

Temperature Coefficient of Doubles every 10°C Doubles 'every 10°C 
Input Offset Current 

Offset Current Drift with Time ,:, 0.1 0.1 'pA/week 

Input Bias Current 10 25 15 50 pA 

Temperature Coeffic::ient of 
Doubles everY10°C Doubles every 10°C Input Bias Current 

Differential Input Resistanc::e 1012 , 1012 n 

Common Mod!llnput Resistance 1012 1012 , n 

Input Capacitance 4.0 4.0 pF 

Input Voltage Range ±12 ±13.5 ±12 ±13.5 V 

Common Mode R,ejection Ratio Rs,,;;; 10 kn, VIN = ±10V 70 86 70 80 dB 

Supply Voltage Rejection Ratio ,Rs,,;;; 10 kn, ±5V,,;;; Vs";;; ±15V 70 86 70 80 dB 

Large Signal Voltage Gain RL = 1 kn, VOUT = ±10V 50 150 25 100 V/mV 

Output Voltage Swing RL = 1 kn ±10 ±12.5 ±10 ±12 V 

Output Current Swing VOUT = ±10V ' ±10 ±15 ±10 ±15 mA 

Output Resistance 75 75 n 

Output Short Circuit Current 20 " 20 mA 

Supply Curr!!nt 2.5 3.5 ,2.8 4.0 mA 

Power Consumption " 105 120 mW 
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LH0042/LH0042C 
AC ELECTRICAL CHARACTERISTICS For all amplifiers (TA = 25°C/Vs = ±15V) 

LIMITS 

PARAMETER CONDITIONS LH,0042 LHOO42C UNITS 

MIN. TYP. MAX., MIN. TYP. MAX. 

Slew Rate Voltage Follower 1.5 3.0 1.0 3.0 V/p.s 

Large Signal Bandwidth Voltage Follower 40 40 kHz 

Small Signal Bandwidth 1.0 1.0 MHz 

Rise Time 0.3 1.5 0.3 1.5 p.s 

Overshoot 10 30 15 40 % 

Settling Time (0.1 %) aVIN = 10V 4.5 4.5 p's 

Overload Recovery 4.0 4.0 p.s 

Input Noise Voltage Rs = 10 kil, 10 = 10 Hz 150 150 nV/v' Hz 

Input Noise Voltage Rs = 10 kil, fo = 100 Hz 55 55 nV/v' Hz 

InpulNoise Voltage Rs=IO kil, 10 = 1 kHz 35 35 nV/v' Hz 

Input Noise Voltage R's = .10 kil, fo = 10 kHz 30 30 nV/v' Hz 

InpufNoiseVoltage BW = 10 Hz to 10 kHz, Rs = 10kil 12 ,12 p.Vrms, 

Input Noise Curre~t BW = 10 Hz to 10kHz <.1 <.1 pArms 

Notes: 
1. For supply voltages, less than ±ISV,the absolute maximum input voltage is' equal, to the supply voltage. . 
2. Rating applies for minimum source resistance of 10 k n" for source resistances ,less than 10 k n, maximum differential input voltage 

is ±SV. ' . " . 
3. Unless otherwi!ie specified, these specifications apply for ±SV '" Vs '" ±20V and -SS'C '" TA '" ±12S'C for the LH0042 and -2SoC 

'" T A +'BS'C for the L.H0042C. Typical values are given for T A = 2S'C.' : , , 

AUXILIARY CIRCUITS (shown for TO~5 pin out) 

v· 

OUTPUT 

OUTPUT 

v· 
NOTE: ALL DlOD~SARE ULTRA LOW LEAKAGE' 

OFFSET NULL 
BOOSTING OUTPUT 
DRIVE TO ±100 rnA PROTECTING INPUTS FROM ±150V TRANSIENTS 

TYPICAL APPLICATIONS 

,ANI~~~~ 0--+------, 
TTL SAMPLE/HOLD ~rt-=J').-t>-~ CONTROL 

I 

I 
I 
I 
I ____ ~':!!'~ ____ .J 

., 
10K 

C1 

I 0.01p~ -= POL VSTYRENE 

ALTERNATE LOW DRIFT SAMPLE 

v+ 
.5V 

INPUT 

6 ANALOG 
OUTPUT >=JW~+--o'IiU'ypUT 

D21N914 . 
REFERENCE O-"W'rl 

v-

, PRECISION VOLTAGE .COMPARATOR 
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LH0042/LH0042C 
TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM POWER DISSIPATION 
BOO 

700 

§" 
600 .£ 

z 
500 0 

;:: 
;;C 400 
ill 
15 300 \ 
" , 
~ 200 

it 
100 

\ 
50 100 150 200 

TEMPERATURE fOG) 

INPUT OFFSET VOLTAGE 
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T - TEMPERATURE lOCI 
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INPUT SOURCE RESISTANCE (11:) 

COMMON MODE INPUT VOLTAGE 
VS SUPPLY VOLTAGE 

20 

16 

12 
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./ 

// 
VV 

,/ 

10 15 

SUPPLY VOLTAGE (±V) 

SUPPLY VOLTAGE VS 
SUPPLY CURRENT 
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D~DIL 

FEATURES 

• High input impedance ... 1 Mn 
• No frequency compensation required 
• Short·circuit protection 
• Offset voltage null capability 
• Large common·mode and differential voltage ranges 
• No latch up 

ABSOLUTE MAXIMUM . RATINGS 
Supply Voltage 
Internal Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
Voltage between Offset Null and V+ 
Storage Temperature Range 
Operating Temperature Range 

Military (740) 
Commercial (740C) 

±22V 
500mW 

±30V 
±15V 

±0.5V 
-65°C .to +150°C 

Lead Temperature (Soldering, 60 seconds) 
Output Short-Circuit Duration (Note 3) 

_55°C t~ +125°C 
DoC to +70°C 

300°C 
Indefinite 

ORDERING INFORMATION 

TYPE PART NO. 
740 LM740T 
740C LM740CT 

I'A740T 
,uA740CT 

LM740, JlA74Q 
FET Input 

Operational Amplifier 

GENERAL DESCRIPTION 
The 740 . is a high performance monolithic FET -Input 
Operational Amplifier epitaxial process. rt is intended for 
awide range of an~log applications where very high input 

. impedance is' required and features very low input offset 
current and very low input bias current .. High slew' rate, 
high common mode voltage range and absence of "latch up" 
make the 740 ideal for use as a voltage follower. The high 
gain and wide range of operating voltages provide superi'or 
performance in active filters, integrators, summing ampli
fiers, sample and holds, transducer amplifiers, and other 
general feedback applications. The 740 is short circuit 
protected and has the same pin configuration as the 741· 
operational amplifier. No 'external comp0rlents for fre
quency compensation are required as the internal 6 dB( 
octave roll-off insures stability in closed loop applications. 

CONNECTION DIAGRAM 

NC 

v-

, NOTE: Pin 4 Connected to Case. 



LM740,pA740 

, 
740 

ELECTRICAL CHARACTERISTICS (VS = ±15V, TC = 25°C unless otherwise specified) 
, 

PARAMETER CONDITIONS MIN. TYP. MAX. UNITS 

Input Offset VO,ltage RS ";;100k!l 1'0 20 mV 

Input Offset:Current (Note 4) 40 150 pA 

Input Curr,enileither input) (Note 4) 100 200 pA 

Input Resistance' 1 M!l 

Large Signal Voltage Gain RL" 2k!l, VOUT = .10V 50,000, 1 

, qutput Resistarice 75 !l 

Output Short-Circuit Current 20 ' mA 

Cominon Mode Reiection Ratio 64 80 dB 

Supply Voltage RejectionRatio 70 300 jlV/V 

Supply Current 4.2 5.2 mA 

Power 'Consumption 126 156 mW 

Slew Rate 6.0 , V/jls 

Unity Gain Bandwidth 3.0 MHz 

Risetime 110 ns 
Transient Response CL'; 100pF, RL = 2k!l, VIN = 100mV 
(Unity,Gain) 

Overshoot 10 20 % 

Thefol\owing specifications apply ,for TC '= -SSoC to +8SoC: 

I,~put Voltage Range .10 ±12 V 

, Large Sign~1 Voltage, Gain 
" 

25,000 
" 

RL "10k!l ±12 ±14 V 
Output Volt~ge Swirig 

RL" 2k!l ±10 ±13 V 

Input Offset Voltage RS ";;100k.!l 15 30 mV 

TA =-55°C 30 , pA 
'Input Offset,Current 

TA,= +85°C 185 pA' 

,TA =_55°C 200 .pA 
Input Current (either 'input) 

TA=+85°C 2.5 4.0 nA, 

I 

VOLTAGE OFFSET TRANSIENT RESPONSE I 
NULL CIRCUIT TEST CIRCUIT 

~ 
Your 

'~t>-,fl"' 
740 6 ~ 

2 ' 3 _ 5 + 

3V 6 

V,N 

-=- -=-

, 
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740C 

ELECTRICALCHARACTERIS!ICS(VS = ±15V; Tc = 25°C unless otherwise specified) 

PARAMETER CONDITIONS MIN TVP 

Input Offset Voltage RS ,,100kfl 30 

Input Offset Current (Note 4) 60 

Input Current (either input) (Note 4) 0.1 

Input R esistimce 1 

Large Signal Voltage Gain RL;' 2kfl, VOUT = ±10V 20,000 1 

Output Resistance 75 

Output Short-Circuit Current 20 

Supply Current 4.2 

Power Consumption 126 

Slew Rate 6.0 

Unity Gain Bandwidth 1.0 

Risetime 300 
Transient' Response 

CL" 100pF; RL = 2kfl, )lIN = 100mV (Unity Gain) 
OVershoot 10 

The following specifications apply for O·C " T A .. +70~C: 

Input Voltage Range ±10 i12 

Common Mode RejeCtion Ratio 55 80 

SupplV Voltage Rejection Ratio 70 

Large'Signal Voltage Gain 500,000 

~tPut Voltage Swing 
RL;' 10kfl ±12 ±14 

RL;' 2kfl ±10 ±13 

Input Offset Voltage 30 

Input Offset Current 60 

Input Current (either input) 1.1 

MAX 

110 

300 

2.0 

,8.0 

240, 

-

500 

10 

NOTE 1: Rating applies ror ambient temperature to +70"C; derate linearly at 6.3mWfC for amb,ient temperatures above +70'C. 
NOTE 2: For supply voltages less than ±15V, the absolute maximum input voltage is equal to the supply voltage. 
NOTE 3: Short circuit may be to ground or either supply. Rating ~pplies to +125·C case temperature or +75·C'ainbient temperature. 
NOTE 4: Typically doubles for every 10·Cincrease in ambient temperature, 

,UNITS 

mV 

pA 

nA 

Mfl 

n,' 
mA 

rnA 

mW 

V/p,'s 

MHz 

.~s 

% 

V 

,dB 

p,VN 

V 

"V 

mV, 

pA 

'nA 



LM740, pA740 

TYPICAL PERFORMANCE CURVES FOR 740 AND 740C 
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FEATURES 

• SpA input bias current 

• Input and output protection 

• Offset null capability 

• Internally compensated 

• 6V!/Lsec slew rate 

• Standard pinout 

• 1MHz unity gain bandwidth 

PIN CONFIGURATION 

NC 

v' 

SU536 FET Input 
Operational Amplifier 

DESCRIPTION 

The 536 isa special purpose high performance opera
tional amplifier utilizing a FET input stage for extremely 
high input impedance and low input current. 
The devi.cefeatures internal compensation, standard pin
out, wide differential and common mode input voltage 
ranges, high slew rate and high output drive capability. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .............................. ±22V 
Differential Input Voltage Range ............... ±30V 
Common Mode Input Voltage Range ............ ±Vs 
Power Dissipation' ......................... 500mW 
Operating Temperature Range ........ - 55° to + 85°C 
Storage Temperature Range' ......... -65° to +150°C 
Lead Temperature (Solder, 60 sec) ............ 300°C 
Output Short Circuit Durati9n2 ........... ;.. indefinite 

Notes: 
1. Rating applies for. case. temperature to + 25'C; derate linearly at 

6.5mW FC for ambient temperatures above 75'C. 
2. Short circuit may be to grouhd or either supply. Rating applies to 

+ 125'C case iemperature or + 75',C ambient temperature. 

B DC ELECTRICAL CHARACTERISTICS T, ~ 25'C, V,," ±15V """~ O,h'M'" ",,"''''' 
PARAMETER TEST CONDITIONS 

SU536 
.uNIT 

MIN. TYP. MAX. 

Vos Offset Voltage Rs.; 10kO 30 90 mV 
Over Temp., Rs .; 10kO 30 mV 

IlVos/IlT Drift Rs = 00, Over Temp ... 30 /LVrC 

los Offset Cu rrent 5 pA 

ISlAS Input Current> 30 100 pA 

VCM Common Mode V~ltage.Range ±10 ±11 V 

CMRR Common Mode Rejection Ratio Rs.; 10kO, VIN = ±10V 64 80 dB 

RIN Input Resistance 100 MO 

VOUT Output Voltage Swing RL "" 2kO, Over Temp. ±10 ±11 V 
RL 10kO, Over Temp. ±12 ±13 V 

Icc Supply Current VOUT = OV 6.0 8.0 rnA 

PSRR Supply Voltage Rejection Ratio Rs.; 10kO, ±6 ~ Vs ±15 100 300 /LVN 

AVOL Large-5ignal Voltage Gain Vo = ±10V, RL 2kO 50 V/mV 
Vo = ±10V, RL "" 2kO, Over Temp. 25 V/mV 

Vsupp Power Supply Rilnge ±6 ±18 V 

Notes: 
1, Input current typically doubles every 10°C. 
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SU536. 
DC ELECTRICAL CHARACTERISTICS 
T A = 25°C, ±6V ~ Vs ~ ±20V unless otherwise specified! 

PARAMETER 

Vos Offset Voltage 2 

Ll Vosl Ll T Drift 

los Offset Current 

ISlAS Input Current'·2 

VCM Common Mode Voltage Range 

CMRR . Common Mode Rejection Ratio 

RIN Input Resistance 

VOUT Output Voltage Swing 2 

1+ Supply Current 

PSRR Supply Voltage Rejection Ratio 

AVOL Large Signal Voltage Gain 2 

Vsupp Power Supply Range 

Notes: 
1. Input current typically doubles every 1Qoe. 
2. Operating·temperature range is -55°e to +B5°e. 

AC ELECTRICAL CHARACTERISTICS 
T A = 25°C unless otherwise specified.'·2 

SYMBOL PARAMETER 

COIFF Differential Capacitance 

en Input Noise Voltage 

Zo Output Impedance 

Gsw Unity Gain Frequency 
Full Power Bandwidth 

SR . Slew Rate, Inverter 
Slew Rate; Follower 

Notes: 
1. Temperature range is - 55 ",; T A ",;85°e 
2. ±6V",; TA ± 20V 

TEST CIRCUITS 

VOLTAGE FOLLOWER CIRCUIT 

TEST CONDITIONS MIN. TYP. MAX. 

Rs ~ 10kO 7.5 20 
Rs ~ 10kO 7.5 30 

Rs ~ 10kO 20 

5 

5 30 
250 3000 

Vsupp = ±15V ±10 ±11 

Rs,;:; 1OkO, VIN = ±10V 70 80 
. 100 

RL 2:2k!1, Vsupp = ±15V ±10 ±12 
RL 2: 10kO, Vsupp = ±15V ±12 ±13 

VqUT = bY, VSupp = ±20V 4.5 5.5 

Rs,;:; 10kO 50 150 

Vsupp= ±15V, Va = ±10V, RL 2: 2kO 50 

±6 ±20 
, 

TEST CONDITIONS MIN .. TYP. MAX. 

6 

0.1Hz-100kHz 20 

100 

Vsupp = ±15V 1 
Vsupp=±15V 100 

Vsupp = ±15V, A = -1V 6 
Vsupp = ±15V, A = +1V 6 

v' 

OFFSET NULL CIRCUIT 

UNIT 

mV 
mV 

/LVrC 

pA 

pA 
pA 

,V 

dB 

MO 

V 
V 

mA 

/LVN 

V/mV 

V 

UNIT 

pF 

I'Vrms 

0 

MHz 
KHz' 

VII's 
VII's 
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SU536· 
TYPICAL PERFORMANCE CHARACTERISTICS 

ID 
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FEATURES 

• Input Impedance - 500MU 
• Offset Current - 1 nA 
• Bias Current - 1 nA . 

HA2600, HA2605, HA2622, 
HA2602,HA2620,HA2625 

High Impedance Operational Amplifiers 

GENERAL DESCRIPTION 

• Gain Bandwidth Product - 100MHz 

The 2600 series of , high impedance operational amplifiers 
are monolithic integrated circuits fabricated using dielectric 
isolation. These internally compensated amplifiers fe~ture 
excellent input parameters, low input bias and wide band
width. They are ideally suited for general purpose use in 
instrumentation an9 signal processing applications. 

• High Gain - 150K 
• Output Short Circuit Protection 
• Meets M I L-STD-883 

CONNECTION DIAGRAMS, TOP VIEWS 

TO-99 

BANDWIDTH CONTROL 

TO-91 Flat Pack 

NC 

OFFSET ADJUST 

IN-C=:r--l 

IN' C=::r--l 

26QO through 2605 are compensated for unity gain. 2620 
. through 2625 are intended for closed loop gains of 5 or 
greater and feature increased slew rated and gain-bandwidth 
products. 

NC 

BANDWIDTH 

v' 

14 Pin CerDIP 

OFfSET NULL 3 

INVE RTING INPUT 4 

NON INVE~~~0~ '" 
v- __ ._'-____ .... -- OFFSET ADJUST 

9 OFFSET NULL 

Case Connected to V-

\ EQUIVALENT CIRCUIT 
BA',OWIDTH 

r----r---,_--~r_---~-~--------~--~r4~c~O'~.'~"O~',_-,_~~~--r_-_,--O'v 
OFFSET 

z, , 04 

. 
INPUT 

Ou' 

" 

INPUT 
~-~---~~-~---------~~--------~~~_-4_~ __ -4_-4_~~_+--O_v 
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HA2eO~HA2605~H~~622,HA2602,HA2620,HA2625 

ABSOLUTE MAXIMUM RATINGS 
;,." .', .' . "'. 

Supply Voltage 
Input Voltage (Note 1) 
Differential Input Voltage 
Peak.Output Current 
Internal Power Dissipation (Note 2) 

, Lead Ternperature (Soldering, 60 sec.) 
Storage Temperature Range 
Operating Temperature Range 

±22.5V 
±15V 
±12V 

Full Short Circuit Protection 
300rrlW 
+300oC 

-65°C to +150oC 
-55°C to +125°C (2600, 2602) 

O°C to +75°C (2605) 

ELECTRICAL CHARACTERISTICS (TA = 25°C, Vs = ± 15V, unless otherwise specified) 

2600 2602 
~ARAMETER CONDITIONS 

TYP MIN MAX MIN TYP MAX 

Input Offset Voltage RS ,,10k!l 0.5 4 3 5 

Input Offset Current 1 10 5 25 

In,pu.t Bias. ~urrent 1 10 5 25 

Input Resistance 100 SOO 40 300 

Large Signal Volt'age Gain RL = 2k!l.VO = ±10V lOOK 150K SOK 150K 
Unity Gain Bandwidth VO< 90rnV 12 12 

Full Power Bandwidth RL = 2k!l. CL = 50pF. Vo = 20Vp_p 50 75 50 75 
Rise Time (Note 3)' ,.' RL = 2k!l. CL = 100pF 30 60 30 60 

Overshoot (Note 4) , RL ,= 2k!l. CL = 100pF 25 .. 40 25 50 

Slew Rate i 
RL = 2k!l. CL = 100pF. Vo = '5V 4 7 4 7 

Setting Time RL = 2k!l. CL = 100pF; Vo = !5V 1.5 1.5 

Ito !.10mVof Final ,Value) 

Outpu,t Current t--VO = ±10V J ±1S ±22 ±10 ±18 

Supply Current 3 3.7 3 4 

THE FOLLOWING SPECIFICATIONS APPLY FOR OPERATING TEMPERATURE RANGE 

Input Offset Voltage RS" 10k!l 2 6 7 

Input Offset Current 5 30 60 

Input Bias Current 10 30 60 

Offset Voltage Average Drif~ RS" 10k!! 5 

Common MO,de Rejection Ratio VCM = ±5V SO 100 74 100 

Common" Mode Rang~,. ±11 ±11 

,Supply Voltage Rejection Ratio VS"" ±9V To t15J- 'SO, ,90 74 90, 

Large Signal Voltage Gain RL = 2k!!. Vo = ±,10V 70k 60k 

Output Voltage Swing RL = 2k!l ±10 '±12 ±10 .12 

NOTE 1:, For supply voltages less than ±15V, the absolute maxim,!rO input voltage is equal to the, supply voltage. 

NOTE 2: Derate TO.gl at 4.5 mWfe ,above 84°e; derate Tel-99 at 6.6 mWfe above 105°e. 
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NOTE 3: Vo = 400 mVp•p 
NOTE 4:', Vo = 800 mVp•p 

TRANSIENT 
RESPONSE 

,'NPUT J' L 
SLEW RATE AND 
SETTLING TIME 

L 
+5V ----,:::r.~.-..Iz5:=:_.. 

, 9'6%-- ,- " 
OUT~~~ I.lV I ERROR BAND 
5V ,- - ,_1. I .t10mV FROM 

- - II ',loT I SLEW I FINAL VALUE' 
,~RATE I 
!I r~V/"T! 
SETTLING'TlME 

NOTE: MEASURED C?N BOTH POSITIVE AND NEGATIVE TRANSITIONS. 

SLEW RATE AND 
TRANSIENT 
, RESPONSE 

MIN 

40 

SOK 

50 

4 

±10 

74 

±ll 

74, 

70k, 

±10 

2605 

TYP' MAX 

3 5 

5 25 

5 25 

300 

' 'i50K 

12 

75 

30 60 

25 50 

7 

1.5 

±18 

3 4 

7-

40 

40 

11)0 

90 

±12 

SUGGESTED 
OFFSET 

:ZERO ADJUST 
-HOOK-UP 

+v 

-v 

UNITS 

rnV 

nA 

nA 

M!l 

V/V 

MHz 

KHz 
ns 

'% 

V/~s 

ns 

rnA 

I)'lA 

mit 
nA 

nA 

~V/oC 

dB 

V 

dB 

VIV 

V 



HA2600,HA2605,HA2622,HA2602,HA2620,HA2625 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input Voltage. (Note 1) 
Differential InputVoltage 
Peak Output Current 
Internal Power Dissipation (Note 2) 
Lead Temperature (Soldering, 60 sec.) 
Storage Temperature Range 
Operating Temperature Range 

±22.5V 
±15V 
±12V 

Full Short Circuit Protection 
300mW 

300°C 
-65°C to +150oC 

-55°C to +125°C (2620, 2622) 
aOc to +75°G (2625) 

ELECTRICAL CHARACTERISTICS (TA = 25°C, Vs =± 15V, unless otherwise specified) 

PARAMETER CONDITIONS 
2620 2622 

MIN TYP MAX MIN TYP MAX 

Input Offset Voltage (Note 3) RS <; 10kn 0.5 4 3 5 

Input Offset Current 1 15 5 25 

Input Bias Current I, I 1 I ·15 5 I 25 

I nput Resistance 65 500 40 300 

Large Signal Voltage Gain RL-'" 2kn, Vo = ±10V, CL = 50pF 100K 150K 80K 150K 

Gain Bandwidth (Notes4 and 5) RL = 2kn, CL = 50pF 100 100 

Full Power Bandwidth RL = 2kn, CL = 50pF, Vo = 20Vp. p 400 600 320 600 

Rise Time (Note 6) RL =2kn, CL = 50pF 17 45 17 45 

Slew Rate (Note 6) RL = 2kn, CL = 50pF, Vo = ±5.0V ±25 ±35 ±20 ±35 

Output Current Vo ~ ±10V ±15 ±22 ,10 ±18 

Supply Current 3 3.7. 3 4 

THE FOLLOWING SPECIFICATIONS APPLY FOR OPERATING TEMPERATURE RANGE 

Input Offset Voltage RS <; 10kn 6 7 

Input Offset Current 5 35 60 

Input Bias Corrent 10 35 60 

Common Mode Rejection Ratio VCM = ±5V 80 100 74 100 

Common Mode Range ±11 ±11 

Supply Voltage Rejection Ratio VSupply "" ±9V T~ ±15V 80 90 74 90 

Large Signal Voltage Gain RL = 2kn, Vo = ±10V, CL = 50pF 70k 60k 

Output Voltage Swing RL = 2kn, CL = 50pF ±10 ±12 ±10 ±12 

2625 

MIN 1 TYP MAX 

I 
3 5 

5 25 

5 25 

40 300 

80K 150K 

100. 

320 600 

17 45 

±20 ±35 

±10 ±18 

3 4 

7 

40 

40 

74 100 

±11 

74 90 

70k 

±10 ±12 

NOTE 1: For supply voltages less than ±15V, the absolute maximu"1 input voltage is equal to the supply voltage. 

NOTE 2: Derate TO·91 at 4.5 mWfC above 84°C;.derate TO·99'·at 6.6 mWfCabove 105°C. 

NOTE 3: May be externally adjusted to zero. 

NOTE 4: Vo < 90mV. 

NOTE 5: 40dB gain. 

NOTE 6: AV = 5.0V. 

TRANSIENT 
RESPONSE 

100mV ,,~ . 

INPUT ~ ,L-..:.. 
OV , . ' 

500mv.~-.-, -. '.-90% ___ __ I 

OUTPUT .: • 
10% __ I 

I 1-RISE TIME 
, I 

SLEW RATE 

1V:..r--L 
INPUT , , 
·lV 

+5V~ ___ -:-- __ _ 
90%----- - -

OUTP,UT _.' I ilV 

10% -_ --1-1.-
-5V I I SLEW -RATE 

: ~Q.T+1 /lV/AT 
,I , 

NOTE: MEASURED ON BOTH POSITIVE AND NEGATIVE TRANSITIONS. 

SLEW RATE AND 
TRANSIENT RESPONSE 

IN 

50n 

SUGGESTED OFFSET 
ZER'O ADJUST AND 

BANDWIDTH 
CONTROL HOOK-UP 

UNITS 

mV 

nA 

nA 

Mn 

V/V 

MHz 

KHz 

ns 

V/~s 

mA 

mA 

mV 

nA 

nA 

dB 

V 

dB 

V/V 

V 
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HA2600,HA2605,HA2622,HA2602,HA2620,HA2625 U~UIb 

5-146 

ORDERING INFORMATION 

PART TEMPERATURE PACKAGE 
NUMBER RANGE TYPE 

HA2600 -55°C to +125°C 
TO-99 

TO-91 Flat Pack 
14 Pin CerDIP 

TO-99 
HA2602 -55°C to +125°C TO-91 Flat Pack 

l4 Pin CerDIP 
TO-99 

HA2605 OOC to +75°C TO-91 Flat Pack 
14 Pin CerDIP 

TO-99 
HA2620 -55°C to +125°C TO-91 Flat Pack 

14 Pin CerDIP 
TO-99 

HA2622 -55°C to +125°C TO-91 Flat Pack 
14 Pin CerDIP 

TO-99 
HA2625 OOC to +75°C TO-91 Flat Pack 

14 Pin CerDIP 

*883B processing is available for these devices. Order -8 instead of -2. 

PACKAGE DIMENSIONS 

TO-91 Flat Pack 

'·I~II-'. " : ''''"''"f;' " ~~'016±'002 a ~ 5 6 D 

~~'I I-/;~o -1-, ' .250·---1' .085MAx·-1 1-
__ -'-__ .750 MIN. ----'--1 

.L c===::{===:J====~·o;::13I~REF. -r- . t 
.050 ± .002 

ALL DIMENSIONS ARE IN INCHES. 
ALL DIMENSIONS ±.010 UNLESS 
OTHERWISE SHOWN. 

ORDER 
NUMBER. 

HA2-2600-2, * . 
HA9-2600-2 * 
HA 1 -2600-2 * 
HA2-2602-2 * 
HA9-2602-2 * 
HA '-2602-2 * 
HA2-2605-5 
HA9-2605-5 
HA1-2605-5 
HA2-2620-2 * 
HA9-2620'2 * 
HA1-2620-2 * 
HA2-2622-2 * 
HA9-2622-2 * 
HA 1-2622-2 * 
HA2-2625-5 
HA9-2625-5 
HA 1-2625-5 

TO -99 Package 14·Pin CerDIP 

~'370DIA'b 
' .040' t:~i DIA--j, ' 

MAX.' ':185 

SEATJrilGL . .165 

PLANET 

NOTES: All dimensions in inches. 
Leads are gold 'plated Kovar. 



FEATURES 

HA2607/2627 
, Wide Band Operational 

A~plifier Series 

DESCRIPTION 

HA-2607 HA-2627 HA-2607/2627 bipolar operational amplifiers are high per
formance, epoxy-packaged monolithic IC's designed to 
deliver outstanding wideband AC performance. i-IA-2667 
has a specified' bandwidth of 12MHz while HA-2627 has 
a typical gain-bandwidth of 100MHz!* HA-2607 and 
HA-2627 also offer correspondingly high slew rates of 
7V IlL Sec and 35V IlL Sec respectively. These dynamic 

• Wide gain-bandwidth 12 100 

• High slew rate 7 35 

• Wide power bandwidth 75 600 

• High gain 150KVIV 

• High input Impedance 

• Output short circuit 
protection 

PIN CONFIGURATION 

OFFSET ADJ. 

-IN 

+IN 

500Mll 

.' BANDWIDTH 
CONTROL 

v+ 

OUT 

v- OFFSET ADJ. 

PACKAGE DIMENSIONS 

.300 (7.62) 

, .250 (6.35) 

/~_---J 

II, 

JI7 i 0'-15"' 

~ 
(.25 ±.05) 

MHz 

V/jJ.s 

KHz 

. characteristics,coupled with 150,OOOV/V open-loop gain 
enables HA-2607/2627 to perform high-gain amplification 
of very fast, wideband signals. 

The HA-2607 and HA-2627 op amps afford an econom
ical means of designing high performance equipment for 
industrial and commercial use. These amplifiers are 
ideally suited to pulse amplification designs as well as 
high fr~quency (e.g. RF, video) applications. The fre-

, quency response of both amplifiers can be tailored to 
exact design requirements by means of an external band
width control capacitor. 

*HA-2607/2627 are internally compensated-:-HA-2607 is 
stable for Av ;;;. 1, -HA-2627 ,is stable for Ail;;;' 5. 

SCHEMATIC B NOWI H A DT 

+v 

OF 

CONTROL 

R' R' ~ ~ R3 R4 R5 RS 
FSET 

,. 
4.18K 1.56K 1.56K 600 30 

·C3 .C~l C, 

0, ~ 
l6pF 4pF 'pF 

..... 03' 
OSO 

:;; rci'40 06' 
03 ~I 04' I-

, 04' 

~. 
''? ~42 OS9 

as5= Iff ~:o-07# * 
~as7 

PUT+ Q32 Q33 
-

028 
055 OS4 2~6 

R' 

0";' 
044 .! 

08 
on -.,. 

R' 

Q1~ 
0.'0 ,. ~~';}- 145 2~ 30 

0'"'' rKQ47 

OUT 

IN 

~ 
0'8 

0'4 046 
0,. 027 

..: 
as, 

R7 f a1a 135 . 

L--- Rn 
4.0. 

R,9 

~RPI 
2.5. 

02' 022 

~048 
[023 

" 

R8 ,. 
R9 049 Q50 

~ as, 

0'0 R'O C, :"12 R'3 ~R15 ? R'. '.0. .8K U • ... sao 30 
'OpF 

UT-INP 
-v 

"VALUES OF C3 AND C4 VARY DEPENDING ON DeVICE TVPE. 
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HA2607/2627 
ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals ......... 45.0V 
Differential Input Voltage : .....•............• ±12.0V 
Peak Output Current ...... Full Short Circuit Protection 
Internal Power Dissipation (Note 10) .......... 300mW 
Operating Temperature Range-

HA-2607/ HA-2627 . . . . . .. .. .. . . .. 0° "" T A "" + 75°C 
Storage Temperature Range ... -65°C"" TA",,+150°C 

O~OIL 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
ExposurB to absolute maximum rating conditions for 
extended periods may cause device failures. 

ELECTRICAL CHARACTERISTICS V+ i= + 15VDC, V- = -15VDC 

HA·2607 HA·2627 
O°C to + 75°C O°Cto + 75°C 

I LIMITS 

PARAMETER TEMR MIN. TYP. MAX. MIN. TYR MAX. UNITS 

INPUT· CHARACTERISTICS 
+25°C 4 6 4 6 

' ", 
mV Offset Voltage 

Full 8 8 mV 

Offset Voltage Average Drift Full 5 5 30 nA 

Bias Current +25°C 5 30 5 30 nA 
Full 50 50 

Offset Current +25°C 5 30 5 30 nA 
Full 50 50 nA 

Input Resistance +25°C 40 300 40 300 MD. 

Common Mode Range Full ±10.0 ±10.0 V 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain (Note 1) +25°C 70 150K 70 150K V/V 
Full 60 60 V/V 

Common Mode Rejection Ratio 
(Note 2) Full 74 100 74 100 dB 

Gain Bandwidth Product 
(Note 3, 11) +25°C 12 100 MHz 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 1) Full ±10.0 ±12.0 ±10.0 ±12.0 V 

Output Current (Note 4) +25°C ±10 ±18 ±10 ±18 mA 

Full Power Bandwidth (Note 4) +25°C 50 75 290 600 kHz 
TRANSIENT RESPONSE 

Rise Time (Notes 1,5, 6 & 8) +25°C 30 60 17 45 ns 

Overshoot (Notes 1, 5, 7 & 8) +25°C 25 40 25 40 % 

Slew Rate (Notes 1, 4, 5 & 8) +25°C ±4 ±7 ±17 ±35 V//L s 

Settling Time (Notes 1, 4, 5 & 8) +25°C 1.5 1.5 /Ls 
POWER SUPPLY CHARACTERISTICS 
Supply Current +25°C 3.0 4.0 3.0 4.0 mA 

Power Supply Rejection Ratio (Note 9) Full 74 90 74 90 dB 

Notes: 
1. RL = 2K 7. Vo = + 400mV 
2. VCM = + 5.0V 8. For HA-2607, Av = 1; For HA·2627,Av = 5. 
3. Vo < 90mV 9. Vs = + 9.0V to+15V 
4. Vo 'C+ 10V 10. Derate by 6.6mWrC above 105°C 
5. CL = l00pF 11. 40 dB gain setting used to measure Gain·Band width for HA·2627 
6. VL = + 200mV 
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D~DIL High Slew Rate 
Operational Amplifiers 

HA 2500/02/05/10/12/15/20/22/25 

FEATURES 

• Slew Rate - Up to 120 V//J.s· 

• Settling Time - 200 ns .to 0.1% 

• Bias Current- 100. nA 

• Gain Bandwidth ~roduct - 30 MHz· 

• Internal Frequency Compensation 

• Radiation Hardened 

• Meets M I L-STD-883 

VOLTAGE OFFSET NUi..L CIRCUIT 

v-

ORDERING INFORMATION 
PART TEMPERATURE PACKAGE 

NUMBER RANGE- TYPE 

2500- _55oe to +125°e TO-99 
Fiai Pack 

2502 _55°e to +125°e TO-99 
Flat Pack 

2505 OOeto +75°e TO-99 
Flat Pack 

2510 -55~e to +125°e 
TO-99 

Flat Pack 

2512 - _55°e to +125°e 
. TO-99 
Flat Pack 
TO-99 

2515 OOeto +75°e 
Flat Pack 

2520 _55°e to +125°e· TO-99· 
Flat Pack 

~522 _550 e to +125°e 
TO-99 

Flat Pack 

2525 oOe to +75°e TO-99 
Flat Pack 

*883 processing is available for theSe devices. 
·Order -8 instead of -2.· -

ORDER 
NUMBER 

HA2-2500-2 * 
HA9-2500-2 * 
HA2-2502-2 * 
HA9-2502-2 * 
HA2-2505-5 
HA9-2505-5 
·HA2-2510-2 * 
HA9-2510-2 * 

. HA2-2512-2 * 
HA9-2·512-2 * 
HA2-2515-5 
HA9-2515-5 
HA2-2S20-2 * 
HA9-2520-2 • 
HA2-2522-2 * 

. HA9-2522c2 * 
HA2-2525-5 
HA9-2525-5 

GENERAL DESCRIPTION 
The 2500 series of high slew rate operational amplifiers are 
monolithic integrated circuits fabricated using dielectric iso
lation and thin film resistors .. These. internally compensated 
amplifiers feature excellent input parameters, high gain and 
wide bandwidth. They are ideally suited ·fo~ DIA and AID 
converter circuits, pulse amplifiers and high frequency buffer 
ampl ifiers. 

2500 through 2515 are compensated for unity gain .. 2520 
. through 2525 are intended for closed loop gains of :3 or great- . 
er, imd feature incr.eased slew rates and gain-bandwidth 
products. 

"PIN CONFIGURATIONS ,. 

BANDWIDTH CONTROL 

v-

(TOP VIEW) 

NC 

v+ 

OUT 

IN- OFFSET ADJ 

V-

J 

I 
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HA250,O/2502/2505 ' 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage " , ., , ...............•... 
Input Voltage (Notal) . . , .. , ..... 
Differential Input Voltage ..... , . " .. 
Peak Output Current , . , ...... . 
Internal Power Dissipation (Note 2) ..•. 
Lead Temperature (Soldering. 60 sec) 
Storage Temperature Range 
Operating Temperature Range .. ...... . 

±20V 
±15V 
±15V 

. . ±50 mA 
. ... 300mW 

.......... 300°C 
.... , •.... -650 C to +160oC 
.. -55°C to +125°C (2500. 2502) 

OOC to + 75°C (2505) 

ELECTRICAL CHARACTERISTICS (TA = 25°C. Vs = ±15V unless otherwise specified) 

2500 2502 2505 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage RS";;lO kQ 2 ,5 4 8 

Input Offset Current 10 25 ,20 50 

Input Res!stance 25 50 20 50 

Large Signal Voltage Gain RL= 2kQ. VO=±10V 20k 30k 15k 25k 

Gain Bandwidth AV>lO 12 12 

Full Power Bandwidth RL= 2kQ. CL = 50pF. VO= 20Vp·p 350 500 300 500 

Rise Time (Notes 3,4) RL = 2kQ. CL= 50pF 25 50 25 50 

Overshoot (Notes 3,4) RL = 2kQ. CL ~ 50pF 
.' . 25 40 25 50 

Slew Rate (Note 3) RL = 2kQ. CL =50pF. VO= ±5V ±25 ±30 ±20 ±30 

Settling Time (to 0.1% RL= 2kQ. CL= 50pF. VO= ±5V 330, 330 

of Final Value) (Note 3) 

Output Current VO= ±10V ±10 ±10 

Supply Current 4 6 4 6 

THE FOLLOWING SPECIFICATIONS APPLY FOR OPERATING TEMPERATURE RANGE 

Input Offset Voltage RS";;lOkQ 8 10 

I nput Offset Current 50 100 

Input Bias Current +25°C to+125°C 100 200 125 250 

_55°C to +25°C 200 400 250 500 

+25°C W +75~C 

OoC to +25°C 

Offset Voltage Average Drift RS ";;lOkQ 20 20 

Offset Current Average Drift 0.1 0.1 

Common Mode Rejection Ratio VCM = ±5V 80 90 74 90 

Common Mode Range ±10 ±10 

, Supply Voltage Rejection Ratio ,c,.V = ±5V 80 90 74 90 

Large Signal Voltage Gain RL = 2kQ. VO= ±10V 7.5k 5k 

Output Voltage SWing RL = 2kQ ±10 ±12 ±10 ±12 

NOTE 1: For supply voltages less than ± 15V. the absolute maximum input voltage isequal to the supply voltage. 
NOTE 2: Derate T0-86 at 4.5 mW/oC above 84°C; derate TO-99 at 6.6 mW/oC above 105°C. 
NOTE 3: AV = 1. 
NOTE 4: Vo = 400 mVp.p . 

MIN TYP 

4 

' 20 

20 50 

15k 25k 

12 

300 500 

25 

25 

±20 ±30 

330 

±10 

4 

125 

250 

20 

0.1 

74 90 

±10 

74 90 

10k 

±10 ±12 

MAX UNITS 

8 mV 

50 nA 

MQ 

V/V 

MHz 

kHz 

50 ns 

50 % 

V//lS 

ns 

mA 

6 mA 

10 mV 

100 nA 

nA 

nA 

250 nA 

500 nA 

/lvtc 

nAtC 

dB 

V 

dB 

V/V 

V 

TijANSIENT 
RESPONSE 

SLEW RATE 
AND SETTLING TIME 

SLEW RATE 
AND 

TRANSIENT RESPONSE 

SUGGESTED 
OFFSET 

ZERO ADJUST 
HOOK-UP 

5-150 

400MV r~------~~ 

INP~:J L 
_~=:=:~Y~,~~!!QQL---:..:-----:.: 

OUTPUT l 
- 10%--I: / 

-.: l-RISE TIME . , 
: ! 

+5V r----------, 
INPUTJ., L 

-6V 

+5V----

---~--- l OUTPUT ' ! a V ! ERROR BAND 
10% --"- _+1_. I ±1OmV FROM . 
-6V--: ~~~~~.~FINALVALUE 

~ ~ :-.:lVlATl 
SETTLING TIME 

NOTE: Measured on both positive and negative transitions. 



HA2510/2512/2515 

ABSOLljTE MAXIMUM RATINGS 

'D~Dll 

Supply Voltage ........................•.. 
Input Voltage (Note 1) .................•..... 
Differential Input Voltage ....... . 
Peak Output Current ......... . 
Internal Power Dissipation (Note 2) .. 
Lead Temperature (Soldering, 60 sec) .. 
Storage Temperature Range 
Operating Temperature Range ...•.. 

±20V 
±15V 

. . . .. . . . ±15V 

. .......... ±50 rnA 
. •..... 300 mW 

.......... " 300°C 
. ......... -650C to +150oC 
.. _55°C to +125°C (2510, 25; 2) 

OoC to + 75°C (2515) 

ELECTRICAL CHARACTERISTICS (T A = 25°C, Vs = ±15V unless otherwise specified) 

2510 2512 2515 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX 

Input Offset Voltage RS< 10kn 4 8 .5 10 

I nput Offset Current 10 25 20 50 

I nput Resistance 50 100 40 I 100 

Large Signal Voltage Gain RL= 2. kn, VO= ±10V 10k 15k 7.5k 15k 

Gain Bandwidth AV>1O 12 12 

Full Power Bandwidth RL = 2kn, CL = 50pF, VO= 20Vp·p 750 1000 600. 1000 

Rise Time (Notes 3,4) RL= 2kn, CL= 50pF 25 50 25 50 

Overshoot (Notes 3.4) RL= 2kn, CL= 50pF 25 40 25 50 

Slew Rate (Note 3) RL = 2kn, CL = 50pF, VO= ±5V ±50 ±65 ±40 ±SO 
Settling Time (to 0.1% RL= 2kn,CL= 50pF, VO= ±5V 250 250 

of Final Value) (Note 3) 

Output Current Vo = ±10V ±10 ±10 

Supply Current 4 6 4 6 

THE FOLLOWING SPECIFICATIONS APPLY FOR OPERATING TEMPERATURE RANGE 

Input. Offset Voltage RS <TO kn 11 14 

I nput Offset Current 50 100 

Input Bias Current +25°C to +125°C 100 200 125 250 

_55°C to +25°C 200 400 250 500 

+25°C to +75°C 

OoC to +25°C 

Offset Voltage Average Drift RS ;';;10 kn 20 30 

Offset Current Average Drift 0.1 0.1 

Common Mode Rejection Ratio VCM = ±5V 80 90 74 90 

Common Mode Range ±10 ±10 

Supply Voltage Rejection Ratio t:J.V = ±5V 80 90 74 90 

Large Signal Voltage Gai." RL= 2kn, Va = ±10V 7.5k 5k 

Output Voltage Swing RL = 2kn ±10 ±12 ±10 ±12 

NOTE 1: For supply voltages less than± 15V, the absolute maximum input voltage is equal to the supply voltage. 
NOTE 2: Derate T0-86 at 4.5 mW/oC above 84°C; derate TO-99 at 6.6 mW/oC above 105°C. 
NOTE 3: AV = 1. ' 
NOTE 4: Vo = 400 mVp,;p. 

MIN TYP 

5 

20. 

40 100. 

7.5k 15k 

12 

600 1000 

25 

25 

±40 ±60 

250 

±10 

4 

125 

250 

30 

0.1 

74 90 •. 

±10 

74 90 

5k 

±10 ±12 

MAX UNITS 

10 mV. 

50 nA 

Mn 

V/V 

MHz 

kHz 

50 ns 

50 % 

V/jJS 

ns 

mA 

6 

14 mV 

100 nA 

nA 

nA 

250 nA 

500 nA 

Il.vtc 

nAtC 

dB 

V 

dB 

V/V 

V 

TRANSIENT 
RESPONSE 

SLEW RATE 
, AND SETTLING TIME 

SLEW RATE 
AND 

TRANSIENT RESPONSE 

SUGGESTED 
OFFSET 

ZERO ADJUST 
HOOK-UP 

400MVJr----------.L 
INPUT 

ov 

~-:::::::::.~y~~.!l!:!.QQI..----::::::----= 90%----
. I 

OUTPUT I 
I 

10%--: ' 

~ l-RISE TIME 
, I 

: ! 

,N;~~J,..------...,---.,L 
-5V 

NOTE: Measured on both positive and negative transitions. 

5-151 



HA2520/2522/2525 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . ; . . ... ,± 20V 
Input Voltage (Note 1) .............................. " : ... ' ....... ±15V 
Differential Input Voltage ................................ ' ...... " ±15V 
Peak Output Current .............................. ' ... i . •..... ±50 rnA' 
Internal Power Dissipation (Note 2) ............ , ..... ' ......•....... ;. 300 mW 
Lead Temperature (Soldering, 60 secl. ................. : ... ' ...... ' ,' ..... 300°C 
Storage Temperature Range .............................. ' .. -65~C to +150oC 
'Operating Temperature Range ..... " .................. ,-550 C to +1250 C (2520,2522) 

OOC to + 75°C (2525) 

ELECTRICAL CHARACTERISTICS (TA = 25°C, Vs = ±15V unl,ess otherwise ~pecified) 

2520 2522 2525 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX MIN TYP, MAX UNITS 

Input Offset Voltage RS<10k!2 4 8 5 10 5 10 mV' 

Input Offset Current 10 25 20 50 20 50 nA 

I nput Resistance 50 100 40 100 40 100 M!2 

Large Signal Voltage Gain RL = 2 k!2, VO= ±10V 10k 15k 7.5k 15k 7.5k 15k 'v/V 

Gain Bandwidth AV>lO 30 30 30 MHz 

Full Power Bandwidth RL= 2k!2,CL=50pF,VO=20Vp-p 1500 2000 1200 1600 1200 1600 kHz 

Rise Time (Notes 3,4) RL= 2kn, CL= 50pF 15 50 15 50 15 50 ns 

Overshoot (Notes 3,4), R L = 2 k!2, CL = 50pF 25 40 25 50 25 50 % 

Slew Rate (Note 3) ,RL=2k!2, CL=50pF,VO=±5V ±100 ±120 ±ao ±120 ±ao ±120 VIps 

Settling Time (to 0.1 % RL = 2kn, CL= 50pF, VO= ±5V 200 200 200 ns 

of Final Value) (Note 3) 

Outpu.t Current , VO= ±10V ±10 ±10 ±10 mA 

Supply Current 4 6 4 6 4 ,6 rnA 

THE FOLLOWING SPECIFICATIONS APPLY FOR OPERATING ,TEMPERATURE RANGE 

Input Offset Voltage RS<10k!2 11 14 14 mV, 

Input Offset Current 50 100 100 nA 

Inpu't Bias Current +25°C to +125°C 100 200 125 250 nA 

_55°C to +25°C 200 400 250 500 nA 

; +25°C' to +75°C 125 250 nA 

OOC to +25°C 250 500 °nA 

Offset Voltage Average Drift RS<10k!2 20 30 30 /lV/oC 

Offset Current Av'erage Drift 0.1 0.1 0.1 nAtC 

Common Mode Rejection Ratio VCM = ±5V 80 90 74 90 74 90 dB 

Common Mode Range ±10 ±1O ±10 ,v 

Supply Voltage Rejection Ratio Av = ±5V 80 90 74 90 74 90 dB 

Large Signal Voltage Gain RL = 2 k!2, VO= ±10V 7.5k 5k 5k V/V 

Output Voltage Swing RL=2k!2 ±10 ±12 ±10 ±12 ±10 ±12 V 

NOTE 1: 
NOTE 2: 

For supply voltage less than ± 15V, the absolute maximum input voltage is equal to the supply voltage. 
Derate T0-86 at 4.5 mW/oC above 84°C; derate TO-99 at 6.6 mW/oC above 105°C. ' ' 

NOTE 3: AV = 3. 
NOTE 4: Vo = 600 mVp_p . 

TRANSIENT 
RESPONSE SLEW RATE 

SLEW RATE 
AND 

TRANSIENT RESPONSE 

SUGGESTED OFFSET 
ZERO ADJUST 

AND BANDWIDTH 
.cONTROL HOOK·UP 
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200mV J. 
INPUT 

OV L 
600mv~---c~, - - - --

, 90%-----1-.:..--

OUTPUT l 
10%--:- (, . _I t.- RISE TIME 

I ' 
: i 

,.67VJ, INPUT 

-1.S7V L 
90%---j----- r---f- -- -- ---

OUTPUT I' I eN' 
10%--J ___ J._.L ________ _ 
-5V : ~! SL~~/~~TE 

" ' I: I 

NOTE: Measured on both positive and negative transitions. 



H42500/02/05/10/12/15/20/22/25 

SCHEMATIC DIAGRAM 

01 R5 R6 R9 RB 
OFFSET 1.2K 200 200 1.2K 

Q2 R7 R10 
1.8K 1.BK 

03 

BW 
CONTROL 04 

INPUT-

OFFSET 

PHYSICAL···DIMENSIONS 

TO-99 Package 

. F~.:::. 6 ... · _200 TVP ....... 

'040~ ... t MAX ,186 I j .165 
SEATING -- I 

PlANE--t- ~ .040 MAX t 
rOO 0 DO,' t .500 MIN . 

, . 8 LEADS , , ! 
.019 
,016 

TO-86 Flat Pack 

INDEX 

M~~_II~'NT 

t 1 ',4 i 

I ! .145 
__ .155 

.010 I I 
:o;g t _I- I .04~ 

.055 

NOTE: All dimensions in inches. 
Leads are gold plated Kovar. 

-t-

.015 
,030 MAX .070 I 
I i I I i I 

t t I 1.240_~.070_1 .003 ,005 
'.035 / .260 MIN. .006 

SEATING PLANE 

v+ 

OUTPUT 

01B 

v-

1 
.240 
.276 

1 
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FEATURES 

HA2507/2517/2527 
High Slew Rate 

Operational Amplifier Series 

DESCRIPTION 

HA2507 HA2517 HA2527 HA2507 12517 12527 operational amplifiers are a series of 
high-performance, epoxy-packaged monolithic IC's de
signed to deliver excellent slew rate, bandwidth and 
settling time specifications. Typical slew· rate specifica
tions for HA2507, HA2517 and HA2527 are 30V/IL sec, 
60V/IL sec and 120V/ILsec respectively. Corresponding 
settling times (10V step to 0.1%) are 330ns, 250ns and 
200ns for HA2507, HA2517 and HA2527 respectively. 
Bandwidths range from 12MHz to 20M Hz. HA25071 
2517/2527 are internally compensated; HA2507 and 
HA2517 are stable for closed loop gains (Av) greater than 
or equal to unity. HA2527 is stable for Av >3. 

• High Slew. Rate 30 60 

• Fast Settling 330 250 

• Wide Power 
Bandwidth 0.5 1.0 

• High Gain 
Bandwidth 12 12 

• High Input 
Impedance 50 100 

PIN CONFIGURATION 

OFFSET ADJ. 
BANDWIDTH 
CDNTROL 
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-IN v+ 

+IN OUT 

v- OFFSET ADJ. 

PACKAGE DIMENSIONS 
~.38D±.020-'1 
I (9.65'.51) I 

~" ~ 
.130 (3.30) 

U --Li 

• 125(3.18) a! if til I I .030(.76) 

r+1 J--..I- .100 (TYP.) 

~ ~ (2.54) 
(.46 '.08) (1.52) 

. 300 (7.62) 

/ L-__ ..J 

1/ 

j /Y I 0'-15" 

~.O1O±.002 
(.25 '.05) 

120 V/jJ.s. 

200 ns 

1.6 MHz 

20 MHz 

100 Mil 

SCHEMATIC 

OFFSET 

B.W. 
CONTROL 

INPUT+ 

INPUT
OFFSET 

~ 01 

7' 02 

r---
R2 

03 2K 

·~O. 
~ 

'60 

.. 

R4 
1t.13K 

~03s 

~' 033 J~ 
032 ~ 

This series of op amps affords an economical means of 
designing high performance equipment for industrial and 
commercial use. Their slew rate and settling time per
formance makes them ideally suited for high speed 01 A, 
AID and pulse amplification designs. The wide bandwidth 
offered by these devices also makes them valuable com
ponents in RF.and video applications. HA2507/2517/2527 
also deliver offset current, bias current and offset voltage 
specifications compatible with the requirements of. ac
curate signal conditioning systems. 

R6 R, 
R5 1.2K 200 200 RS 1.2K 

v+ 
R7 Rl0 

l.OK l.aK Rll 
Rl 2K 
4K r- r-

08 
~ --"! J'010 all 

R121.1K 

~ 
016 

07 
r C2' 

oj 
~01' 

R13 
30 

OUT 

~ ~ 

~i 
O1S 
~ Rl' 

0';; 
30 

037 Q40> o18~ ..... 
k R2S R26 :::t- Rl' f---K019 
038· JQ28 

03. S.3K 

O2S 

~2' '1 V026 c," . .Y030 

PUT 

030 : L.....t<027 ' 02 • 
Q~ 022 

~. R23 R~~ 021 ~ 031 3K 3K 

~ . 
R18 R17 R16 R1S 
1.48 1.48 1.48 740 

~36 R22 
F-

v-

·VALUES OF Cl AND C2 VAR~ DEPENDl.NG ON DEVICE TYPE, 



HA2507/2517/2527 
ABSOLUTE MAXIMUM RATINGS 
Voltage Between V+ and V- Terminals ......... 40.0V 
Differential Input Voltage .................... ±15.0V, 
Peak Output Current ......................... 50mA 
Internal Power Dissipation ... ,. . .. . . .. . . . . . .. 300mW 
Operating Temperature Range~ 

HA-2507/HA-2517/HA-2527 ..... , O°C ~ TA ~+75°C 
Storage Temperature Range .. -65° ~ TA ~+150°C 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

ELECTRICAL CHARACTERISTICS V+ = + 15V D.C., V- = -15V D.C. 

HA-2507 
O'Cto +75'C 

LIMITS 

PARAMETER TEMP. MIN. TYP. 

INPUT CHARACTERISTICS 

Offset Voltage +25'C 5 
Full 

Offset Voltage Average Drift Full 25 

Bias Current +25'C 125 
Full 

Offset Current +25°C 20 
Full 

Input Resistance . +25'C 20 50 

Common Mode Range Full ±10.0 

TRANSFER CHARACTERISTI,CS 

Large Signal Voltage Gain (Note 1, 4) +25°C 15K 25K 
Full 10K 

Common Mode Rejection Ratio (Note 2) Full 74 90 

Gain Bandwidth Product (Note 3) +25°C , 12 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Note 1) Full ±10,.0 ±12.0 

Output Current (Note 4) +25°C ±10 ±20 

Full Power Bandwidth (Note 4) +25°C 220 500 

, TRANSIENT RESPONSE 

Rise Times (Notes 1, 5, 6 & 8) +25°C 25 

Overshoot (Notes 1, 5, 7 & 8) +25°C 25 

Slew Rate (Notes 1, 4,5 & 8) +25°C ±15 ±30 

Settling Time to 0.1% (Notes 1, 4, 5 & 8) +25°C 0.33 

POWER SUPPLY CHARACTERISTICS 

Supply Current +25°C ·4 

Power Supply Rejection Ratio (Note 9) Full 74 90 

Notes: 
1. RL = 2K 
2. VCM = + 5.0V 
3. Av> 10 
4. Vo ,= + 10.0V 
5. CL = 50pF 
6. Vo = + 400mV for HA-2507 and HA-2517; Vo = + 200mV for HA-2527 
7; Vo = + 600mV 
8. For HA·2507 and HA-2517. Av = 1; For HA·2527. Av = 3 
9. f1 V,=+ 5.0V 

MAX. 

10 
14 

250 
500 

50 
100 

50 

50 

6 

HA-2517 HA-2527 
O°Cto +75'C O'Cto +75'C 

LIMITS LIMITS 

MIN. TYP. MAX. MIN. TYP. MAX. UNITS 

5 10 5 . 10 mV 
14 14 mV 

30 30 p'vrc 
. 125 250 125 250 nA 

500 :500 nA 

20 50 20 50 nA 
100 . 100 nA 

40 100 40 100 ' Mil 

±10.0 ±10.0 V 

7.5K 15K 7.5K 15K . VIV 
5K 5K ,V/V ' 

74 90 74 90 dB 

12 20 \ MHz 

±10.0 ±12.0 ±10.0 ±12.0 V 

±10 ±20 ±10 ±20 rnA 

450 1000 750 1600 kHz 

25 50 25 50 ns 

25 50 25 50 % 

±30 ±60 ±60' ±120 V/p.s 

0.25 0.20 p.s 

4 6 4 6, rnA 

74 90 74 90 dB 
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, FEATURES 

• 130 V IllS Slew Rate 
• Fast Settling Time 
• 50 nA Input Current 
'. 10 MHz Bandwidth 

• Simple Frequency Compensation 
• Short Circuit Protection 

GENERAL DESCRIPTION' 
Thelntersil'S017 integrated circuit is a high speed inverting 
amplifier combining excellent input characteristics with 
wide bandwidth and high slew rate. Frequency compensa·' 
tion is achieved with the minimum number of external 
components., The high slew rate and fast, settling time 
ensure exceptional performance in high speed data acquisi·' 

, tioncircuits.<,Full power bandwidth of 2 MHz makes the 
B017 amplifier suitable for all applications where large 
amplitude, high frequency signals are encountered. 

5-156 

The B017 is available in the military version, B017M, with a 
temperature range from -oSoC to +12SoC and in the com· 
mercial version, B017C, from O°C to +70°C. 

SCHEMATIC DIAGRAM 

ORDERING INFORMATION 
IC L 8017 M TW 1 I L ...... , ~-'".;"m. 

Temperature Range 
M - Military (,_55°C to +125°CI 
C - Commercial (DoC to 70°CI 

Device Chip Type 

'-------- Linear Circuit 

'---------, INTERSIL INC. Circuit 

ICL8017 
High Speed 

Inverting Amplifier 

" APPLICATIONS 
• High Speed Inverting Amplifier 
• DIA Converter 
• AID Converter 
• Pulse Amplifier' 
'. Active Filter 

• Sample and Hold Circuit 
• Peak'Detector 

VOLTAGE OFFSET NULL CIRCUIT 

+15V 

10Kn 

,oon 

IOKn 

-15V 

CONNECTION DIAGRAM 

FEEDFORWARD 

v', 
'TOP'VIEW 

PACKAGE DIMENSIONS 
TO·IOO 

F
'31.DlA~ 

< 1-, ~O'A-j I 
'04~r MAX .185 

SEATING ~' - .' ',', " '.165 ' 

PLANET ,04.JAX,! --r"", 
'HE:':S DO D 0 OO~ 

NOTE: Pin 5 connected to case. 



ICL 8017 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Power Di~sipation (Note 1 ) 
Differential Input Voltage 
Input Voltage (Note 2) 
Operating Temperature Range 

ICLB017M . 
lCLB017C 

Storage Temperature Range 
Lead Temperature (60secs) 

±lBV 
500mW 

±30V 
±15V 

-55°C to +125°C 
O°C to +70°C 

_65°C to +150°C 
300°C 

ELECTRICAL CHARACTERISTICS (Vs =: ±15V) 

PARAMETER CONDITIONS 

The following specifications apply for T A = 25°C: 

I nput Offset Voltage 

illput Current 

Input Noise Voltage. (rms) 10Hztol MHz 

Large Signal Voltage Gain . RL = 2 kil I 

Output Resistance. 

Output Short·Circuit Current 

Supply Current VOUT = OV'. 

Power Consumption VOUT = OV 

Slew Rate RBw = 20 H2 
Unity GainBandwidth (Note 3) RBW = 20 kil 

Transient Response (Note .3) Unity Gain, RBW =20 kil 

Risetime 

Overshoot ' . 

Settling Time (0.1 %)(Note 3) 

(.01%) (Note 3) 
Unity Gain, RBw = 20 k~ 

8017M 
MIN TYP MAX MIN 

2.0 5.0 

50 200 

20 

25 1000 25 

75 

25 

5.0 7.0 

150 210 

130 

10 

30 

5 

1.0 

3.5 

The following specifications apply for O°C ~ TA s: +70°C (S017C), _55°C s: TA ~ +125°C (S017M): 

Input Offset Voltage 6.0 

I nput Current 500 

Average Temperature -55°C ~TA ~ +125°C 
.. 

10 
Coefficient of Input 

0° C ~ T A~ + 70° C Offset Voltage ' 

Large Signal Voltage Gain 15 15 

Output Voltage Swing RL = 2 kil ±10 ±10 
Supply Voltage Rejection Ratio 300 

Supply, Current VOUT = OV 9.0 
, 

U~UIl 

8017C 
TYP MAX 

UNITS 

2.0 7.0 mV 

50 200 nA 

20 IN 

1000 V/mV 

75 il 

25 mA 

5.0 B.O mA 

150 240 mW 

130 V//ls 

10 MHz 

30 ns 

5 % 

1.0 /ls 

3.5 /lS 

7.5 mV 

500 nA 

/lvtc 
10 /lvtc 

V/mV 
V 

300 /lV/V 

9.0 mA 

NOTE 1: The maximum .junction temper.ature of the S017M is 150° C, while that of the S017C is 100°C. For operating at elevated tempera
tures the packag.;' must be derated based on a thermal resistance of 150°C/W, junction to ambient, or 45°C/W, junction'to case. 
Above 100°C it maybe neces~ary to use a heatsink with the S017M to avoid exceeding the maximum chip temperature. 

, . . 
NOTE 2: 'For supply voltages less than ±15V, the, absolute maximum input voltage is equal to the supply voltage. 

NOTE 3: Circuit and compensation as in Figure 1. 
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TYPICAL PERFORMANCE CURVES· 
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1 100 
I-

i'£ 80 
a: 
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<t 
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:> 
~ 20 

o 

INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERA
TURE 

...... ..... ..... 
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:> 20 
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:> 
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~ 12 
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0.. 
o 8 
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~ 4 
w 
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TEMPERATURE (DC) 

FREQUENCY RESPONSE 
FOR VARIOUS CLOSED 
LOOP GAINS 

Raw "Ion 
I. 

Ra .. = Ol! i ' 
Raw =12 kl! i'\.. 
Raw =1 20 kl! 

~~ 

I ~ 
lk 10k lOOk 1M 10M 100M 

FREOUENCY (Hz) 

OUTPUT VOLTAGE SWING 
AS A FUNCTION OF 
FREQUENCY 

T. = 25°C 
Raw =20kl! 
RL = 5 kl! 

-
1 10 100 

F REOUENCY (MHz) 

°B017C only guaranteed for O· C :s T A :s + 70· C 

DEFINITION OF TERMS 

« 
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TEMPERATURE (DC) 

UNITY GAIN TRANSIENT 
RESPONSE 

.T. = 25°C I Raw = 20 kl! 
OUTPUT 

\ 

INPUT \ 

o .1 .2 .3 .4 .5 

TIME (ps) 

OPE~LOOPFREQUENCY 
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~ ~ 111- d _{III I 
BW- 'I~ 
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RBw'20k~ 
.l-I-I-t"" 
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OPTIMUM VALUE OFRSW 
AS A FUNCTION OF CLOSED 
LOOP GAIN (SEE FIG. 1)' . 

l00k __ _ 

10 

7.5 

5.0 

10 100 1000 

CLOSED LOOP GAIN 

UNITY GAIN LARGE 
SIGNAL PULSE RESPONSE 

T. = 2SO C 

OUTPUT 
Rsw' 20kl! 

~ 2.5 I 
I 1\ I-

:> 0 
f!: I \ 5 -2.5 

-5.0 
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-10 

Il \ 
INPUT 

o .1 .2 .3 .4 .5 

TIME (ps) 

FREQUENCYCHARACTE~ 

ISTICS AS A FUNCTION OF 
TEMPERATURE 

1.6 r--r---r-r---'--U~N-I-'T~Y-G~A-IN-' 

Rsw = 20 kl! 
1.4 I--t-+-+,.-,.-f-,---r"'--:r-----r-:-:-i 

0.6 I-+-+-+---jr-r---t--+-'-i 

0.4 1---1--1..--' ____ '--"--:'"---'--' 

-75 -50 -25 O· 25 50 75 100 125 

TEMPERATURE (DC) 

InputOffi;et Voltage: Voltage which must be applied to 
input termi~al to obtain zero.output\loltage. 

Unity Gain Bandwidth: The frequency at which the small 
signal gain is 3 dB be,low its low frequency value. 

Input Current: Current into input terminal when at ground 
potentiaL 

Large Signal Voltage Gain: The ratio of maximum output 
swing with load to the required change in input drive 
voltage. 

Slew Rate: The maximum rate of change of output voltage 
in response to a large amplitude input pulse. 

Transient Response: The 10% to 90% dosed loop step· 
function response of the amplifier' under. small signal 
conditions. 

. . 

Settling Time: The elapsed time between the application 
of a fast input pulse and the time at which the output has 
settled to its final value within a specified limit of accuracy. 



ICL.8017 

APPLICATIONS INFORMATION 

Figure 1. Inverting Voltage Amplifier 

v' 

1J!F~ 
R. 

R. o 

GAIN RS Rt Raw 
BAND· SLEW 
WIDTH RATE 

IK 10k!l 10k!l 2Ok!l 10MHz 130 ,Win. 
10K 10k!l l00k!l 2k!l 6MHz 100 VII'! 

lOOK I k!l 100kn shan 800kHz .~VlIIS. 

NOTE: If no bandwidth control resistor (Raw) is connected between pins 3 and 4, the amplifier is unconditionally stable for 
normal feedback configurations. Some improvement in frequ~ncy per~ormance can' be realized by setting Raw = 20 kn; 
the amplifier wilt still be unconditionally stable. However. for optimum' frequency response, Raw should be selected from 
the curve on 'page 3, based on the closed loop gain of the circ~it. Additiona! cQ~trol of th~ bandwidth/stability trade-off is 
possiblS! by ,bypassing Rt wit~ a low ,value capacitor. I t is not necessary to alter the valu,e of ~1. C~ or C3. 

Figure 2. Current Summing Amplifier 

0.1'11. SETTLING TIME" 1 ... se<: 
.01'" SETTLING TIME ~ 31'5eC 

.1"Fr 

v' 

v-

NOTE: The analog output currant of tilt! 8018 Serias OIA current swltche. can be convertail to voltage using the 8017 as shown. Input 
compensation of approximataly 10 kn and 30 pF help. improve sattling time. 

Figure 3. Settling Time Measurement 

10" 

PUL~~ 0--1_ .. ·'0 .. ""'"" ..... -4 

NOTE: 

5" 

LOW CAPACITANCE 
SCOPE ,PROBE 

Settling time is measurect by creating a dummy 
summing junction and observing 'the error voltage 
waveform on a scope. The function is clamped 
with high speed diode. to avoid overdriving the 
scope preamp. 

Figure 4. Isolation of Capacitive Loads 

-NOTE: 

10K 

15pF 

10" 

510 

Ie. 
,":'''', 

Exce.s . phase shift. cau·sed by heavy capacitive 
loading (abov. 200 tD 300 pF) can cause stability 
problemL 8y providing the amplifier with a mini
mum real load impedance (51n). thesa diffi· 
cultie. can be overcome. Note that at high out· 
put currants. maximum voltage swing will be 
reduced. 
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ICL4250/C 
,Programmable Operational Amplifier 

FEATURES 
• ±1 V to ±18V power supply operation 
• 3 nA input offset current 
• Standby power consumption as ,low as 500 nW 
• No frequency compensation requ ired 
• Programable electdca'i characteristics 
• Offset Voltage nulling capability 
• Can be powered by two flashlight batteries 
• Short circuit protection 

GENERAL DESCRIPTION 
The 4250 and 4250C are, extremely versatile programable 
monolithic operational amplifiers. A single external master 
bias current setting resistor programs the input bias'current, 
input offset current, quiescent power consumption, slew 
rate, input noise, and the gain-bandwidth product. 

The 4250C is identical to the 4250 except that the 4250C 
has its performance guaranteed. over a O°C to 70°C tem
perature range instead of the -.55°C to +125°C temperature 
~~~~G~ ,. . 

RESISTOR BIASING 

Set Current Setting Resistor to V-

ISET 

Vs O.I~A '·O.5~A 1.0~A 5~A 10~A 

!1.5V 25 .. 6Mn 5.04 Mn 2.5Mn 492kn 244 kn 

'3.0V 55.6 Mn 11.0Mn 5.5Mn 1.09Mn 544 kn 
16.0V 116Mn 23.0Mn 11.5r;.n 2.29 Mn 1.14Mn 
19.0V 176Mn 35.0Mn 17.5 Mn 3.49Mn 1.74Mn 

±12.0V 236Mn 47.0Mn 23.5Mn 4.69MfI . 2.34 Mn 

!15.0V 296Mn . 59.0MfI 29.5 Mn 5.89Mn 2.94 Mn 

r 

CONNECTION DIAGRAM 

QUIUCEln 
tURRlllllln 

"Ord~r Number ICL4250TY 
or ICL4250CTY 

8-Lead TO-5 Melal Can 

SCHEMATIC DIAGRAM 

" " 

.. ,. 

.. .. " II. 

.11 
'" 



ICL4250/C 

ABSOLUTE MAXIMUM RATINGS 

Sup'ply Voltage 
Power Dissipation (Note 1) 
Differential Input Voltage 
Input Voltage (Note 2) 
ISET Current 

!18V 
500mW 

!30V 
!15V 

150J.lA 

Output Short Circuit Duration 
Operating Temperature Range 

4250 
4250C 

Storage Temperature Range 

Indefinite 

-55°~ <; T A<; 125:C 

Lead Temperature (Soldering, 10 sec) 

o C <; TA <; 70 C 
_65°C to 150°C 

300°C 

ELECTRICAL CHARACTERISTICS 4250 (-55°C":: T A":: 125°C unless otherwise specified) 

Vs'" !1.5V 

PARAMETERS CONDITIONS ISET '" 1 pA ISET = lapA 

MIN MAX MIN MAX 

Vos TA = 25° Rs < lookH 3mV 5mV 

los ,T. ~ 25" 3nA 10 nA 

Ib .. , T A '" 25° 7.5 nA 50 nA 

Large Signal Voltage G~lIn TA '" 25° RL = 100 kU 40k 

Va'" !O.6, RL " 10kll SDk 

Supply Current ,TA = 25°C 7.5J.1.A BOJ.l.A 

Power Comumptlon TA = 2EoC 23"W 240"W 

Vos As'::;: 100 kH 4 mV 6mV 

los T. ° 12S"C S nA 10 nA 

T. ° -SS"C 3 nA 10 nA 

Ib .. , 7.5 nA 50 nA 

Input Voltage Range !O.7V !O.7V 

Large Signal Voltage Gam Va = :!:D.6V RL '" 100 kS! 30k 

RLolOkll 30k 

Output Voltage SWing RL ~ 100 kll ±O.6V 

AL = 10 kH ±Q6V 

Comm.on Mode Rejection RatiO '. Rs <: .10 kll 70 dB 7QdB 

Supply Voltage Rejection RatiO Rs <: lOkH 76dB 76 dB 

Supply Current B"A 9O"A 

Po~er Consumption 24 "W 270"W 

Vs = ±15V 

PARAMETERS CONDITIONS ISET'" lJJA ISET = 10 JJ.A 

MIN MAX MIN 

Vos T. ° 2S"C Rs <; 100 kH 3mV 

los T. '25°C 3nA 

Ib .. , TA '2S"C 7.5 nA 

Large Signal Voltage Gain TA = 25°C AL '""I00kn: lOOk 

Va:= :qov RL = 10 kQ lOOk 

Supply Current T. ' 2S"C 10"A 

Power Consumption TA = 25°C 3OO"W 

Vos Rs';; lookn 4 mV. 

los T.' 12S"C 
'. 2S nA 

,TA = -SSoC ' . 
3 nA 

'b., 7.S nA 

Input Voltage Range ±13.5V ±13.5V 

Large Signal Voltage Gain Va = !10V RL :: 100 kQ 50k 

RL = 10kn 50k 

Output Voltage Swing' RL = 100 kll ±12V. 

RL"" 10kn ±12V 

Common Mode Rej~ction Ratio Rs';;IOkn : 70dB 70dB 

Supply Voltage Rejection Ratio Rs';; 10kn 76dB 76 dB 

Supply Current IIIlA 

Power Consumption 330IlW 

Not. 1: The maximum junction temperature of the 4250 is 150"C, while that of the 4250C IS 100"C. For operatIng 
at elevated temperatures. devices 1M the TO·S package must be derated based on a thermal resistance of 150"C/W junction to 
Imbient, Of 4S"C/W junction to case. The thermal resistance of the dual·in-line package is 12SoC/W. 
Not.2: For supply vOU.s less than! lSV, the absolute maximum input voltage IS equal to the supply voltage. 

MAX 

SmV 

IDnA 

50 nA 

9O"A 

2.7 mW 

6mV 

25 nA 

10 nA 

50 nA 

100 "A 

3mW 
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ICL4250/C O~OIb 

ELECTRICAL CHARACTERISTICS 4250C (DoC s T A S 70°C unless otherwise specified) 

Vs= !1.5V 

PARAMETERS CONDITIONS ISET = 1 p.A ISET = 10 p.A 

MIN MAX MIN MAX 

Vos T A o 25"C Rs <: 100 kl! 5mV 6mV 

'105 TAo 25"C 6 nA 20 nA 

'b'o!5 TAo 25"C 10 nA 75 nA 

larqe Signal Voltage Gam TAo 25"C RL 0 100 kl! 25k 

Vo = !0.6V RL = 10 kl! 25k 

Supply Current TA = 25"C 8p.A 90p.A 

Power Consumption TA = 25'c 24p.W 270l'W 

Vos Rs<:Wkll 6.5mV 7.5 mV 

los 8nA 25 nA 

'bj,lIj 10 nA 80 nA 

Input Voltage Range !O.SV !O.SV 

large Signal Voltage Gain Vo -. !06V RL = 100 kll 25k 

R L = 10 kll i~. 

Output Voltage SWing RL = 100 kl! !O.SV 

R L = 10 kll !O.SV 

Common Mode Rejection RatIo Rs <:10 kll 70 dB 70dB 

Supply Voltage Rejection Ratio Rs <: 10 kll 74 dB 74 dB 

Supply Current 8p.A 90 uA 

Power Consumption 24p.W 270uW 

VS= !15V 

PARAMETERS CONDITIONS ISET = 1 p.A 
'. 

'ISET = 10 p.A 

MIN MAX MIN MAX 

Vos T A = 25°C Rs <: 100 kfl 5 mV SmV 

los TA = 25°C S nA 20 nA 

'b , .. 
TA = 25°C 10 nA 75 nA 

Large Signal Voltage Gain T A = 25°C RL = 100kn 60k 

Va ='.10V RL = 10kl! 60k 

I 
~upply Current T A = 25°C IIp.A .. 100p.A 

Power Consumption TA = 25°C .330p.W 3mW 

Vas Rs <:10 kfl 6.5mV 7.5 mV 

los 8 nA 25 nA 

'b .. , 10 nA 80 nA 

Input Volta,9,e Rang~ ±lJ.5V ±13.5V 

Large Si,gnal Voltage Gain Va =,±10V RL = 100 kfl 50k 

Rl = 10kfl SOk 

Output Voltage Swing Rl = 100 kfl ±12V 

Ri. = 10 kf! ±12V 

Commo'n Mode Rejection Ratio Rs:S: 10kn 70dB 70dB 

Supply Voltage RejectiiJ-n Ratio Rs:S:l0kfl 74 dB 74 dB 

Supply Current 11 uA loouA 

Power Consumption ,300 uW 3mW . 
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FEATURES 

• Wide operating voltage range±0.5V to ±8V 
• Single Ni-cad battery operation 
• Highinput impedance - 10120 
• Programmable power consumption - as low 

as10MW 
• hiput current lower than BIFETs - typ 1pA 

ICL761XI 
762X/763X/764X 

Low Power MAXCM.OSTM 
Operational Amplifiers 

APPLICATIONS 
• Portable instruments • Meter amplifiers 
• Telephone headsets • Medical instruments 
• Hearing aid/microphone • High impedance buffers 

amplifiers 

A number of special options are available. They include: 
• Single, dual, triple, and quad configurations 

• Available as singles, duals, triples,and quads 
• Input voltage swing ranges to within millivolts of 

V- to V+ 

• I nternally compensated and, uncompensated 
versions ' , " 

• Inputs protected to ±200V (ICL7613/15) 
• Low power replacement for many standard op amps 
• Compensated and uncompensated versions ' 

SCHEMATIC 

o 
OFFSET >------,----~ 

+INPUT 
~. :l.~f· ... I ~T"l 

-INPUT 

TABLE. OF JUMPERS 

!CL·76ll 
lel-76l2 
ICL-7613 
ICl-7614 
'CL·761S 
leL·762l 
leL·7622 
ICL-7631 
lCL·7632 
ICL-7641 
ICL·7642 

NOTES: 

S, F, H 
B, F, H 
e, F, H 
0, D. E 
C, D, E 
C. E 
C. E 
B. F 
B, F, H 
C, G 

~. E 

INPUT 
STAGE 

I 

1. HIGH VALUE THIN FILM RESISTORS ARE PRESENT ONLY ON . 
lCL·7613 AND 7615. fOR ALL OTHER DEVICES. THEY ARE 
REPLACED BY 'DIRECT CONNECTIONS. 

2. OFFSET NULL1NG PINS ARE NOT' AVAILABLE ON TRIPLE 
(lCL·763Xj AND QUAD (lCL·764X) VERSIONS. 

3. la AND COMP TERMINALS ARE METAL MASK OPTIONS OF THE 
SAME BONDING PAD; ONLY ONE OF THESE FUNC;TIONS IS 
AVAILABLE IN A GIVEN DEV~CE. , 

4. FOR INTERNALLY COMPENSATED VERSIONS ONLY. THIS 
CAPACITOR IS REPLACED BY A DIRECT ~NNECTION FOR 
ALL OTHER DEVICES;. 

10 
SETTING 

STAGE 
I 

• Input common mode voltage range greater than 
supply rails (ICL7612) 

N~te. See page 2 for table of options. 

OUTPUT 
STAGE 

I 

6.3V 

6.3V 

~_-"II/'y-__ < la/CaMP 0 
R3 

P9 

OUTPUT 
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ICL761 X/762X/763X/764X ~U~ 
GENERAL DESCRIPTION 
The ICL761X/762X1763X1764Xseries is a family of 
monolithic CMOS op amps, fabricated using Intersils' 
proven MAXCMOST" process. These amplifiers provide 
the designer with high performance operation at low 
supply voltages and selectable quiescent currents, and 
are an ideal design tool when ultra low input current 
and low power drain are essential. 

The basic amplifier will operate at supply voltages 
ranging fr.om ±0.5.to ±i3V, and may be operated from a 
single Ni-Cad battery. 

A unique quiescent current programming pin allows 
setting of standby current to 1 rnA, 100 p.A, or 10 p.A, 
with no external components. This results in power 
drain as' low as 10 p.W. Output swings range to within a 
few millivolts of the supply Voltages. 

SELECTION GUIDE 

BASIC TYPE 

Of particular significance is the extremely low (1 pAJ 
input current, input noise current of .01 pA//RZ, and 
10120 input impedance. These features optimize 
performance in very high source impedance appli
cations. 

The inputs are internally protected and require no 
special handling procedures. Outputs are fully 
protected against shorts to ground or to either supply. 

AC performance is excellent: with a slew rate' of 
1.6V/p.s, and unity gaillbandwidth of 1 MHz at IQ = 
1 rnA. ' 

Because of the low power dissipation, operating 
temperatures and drift are quite low_ Applications 
utilizing these features may include stable instru
ments, extended life designs, or high density 
packages. 

BASIC TVPE ORDER SUFFIX 

MINI PLASTIC CERAMIC 
TO-99 DIP DIP[11 DIP(!( 

IQSETTING EXTERNAL OFFSET 
NULL CAPABILITV 
V = YES 

ED L = 10l'A FIX 
M = 100l'A FI 
H = 1mA FIXE 
P = PROGRAM 

.0 .0 

N =NO 

ORD.ERING I B "'''~3T:ONI: · 
VosSELECTION 
A=2mV 
B=5mV 
C = 10mV 
0= 15mV 
E = 25m V 

TEMP. RANGE 
C = ODC TO 70"C 
M =' -55'C TO +125"C 

PACKAGE CODE 
TV - TO-99, 8 PIN, PIN 4 

CONNECTED TO CASE 
PA - PLASTIC 8 PIN MINI DIP 
PO - 14 PIN PLASTIC 
PE - 16 PIN PLASTIC 
JD - 14 PIN CERDIP 
JE -16 PIN CERDIP 
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c~ >e~ 
0: 

XED .0 >.0 > u ,u w ...Jw Wu ...Jw u :;, U '., U U U 
0 t- "0 '0 

., 
« ...Jt- t-w .Jt-w U "0 :::! "0 N 

MABLE «« «t- ««t- .0 ,... ,... ,... ,... 
'" 2'" "'.0 2"'.0 + + + + + + 2 0: 2 20: 0: 2 0: w 

g g g g g w 
~~ ~"- w~a.. .0 g 

"- 2 U U U U U :;, :;,t- t-:;,t- w u 
.0 X:;, .0::> Xc::> t- "0 '., "0 "0 "0 '., 
u w8 u"- w(J~ X If) If) 

2 w 

7611 7614 7613 7615 7612 ACTV AM TV ACPA 
SINGLE 

VlP Y!M vy VIM V IP 
BCTV BMTV BCPA 
DCTV -- DCPA 

DUAL 7621 ACTV AMTV ACPA 

HM 
BCTV BMTY BCPA 

1458 PINOUT DCTY -- OCPA 

DUAL 7622 ACPD ACJD AMJD 

747 PINOUT rIM BCPD BCJD BMJD 
DCPD OCJD --

13J BCPE BCJE BMJE 
TRIPLE 7631 7632 

CCPE CCJE CMJE 
Nip Nip ECPE ECJE --

QUAD 7641 
BCPD BCJD BMJD 

NTH 
CCPD CCJD CMJD 

High IQ ECPD ECPD --

QUAD 7642 BCPD BCJD BCJD 

RL CCPD CCJD CCJD 
LowlQ ECPD ECJD --

NOTES: 1. Duals and quads are available in 14 pin DIP packages, triples in 16 pin only. 
2. Ordering code must consist of basic device and order suffix, e.g.,ICL7611BCPA. 
3. ICL7632 is not compensatable. Recommended for use in high gain circuits only. 

DIE 

u 
U '", 

'0 :::! ,... + + 
g g 

U U 
'in '0 

'" 

octo 

octo 

octo 

ECtD 

ECtD 

ECtD 



ICL761X/762X/763X/764X 
CONNECTION DIAGRAMS 

DEVICE 

ICL7611XCPA 
ICL7611XCTY 
ICL7611XMTY 
ICL7612XCPA 
ICL7612XCTY 
ICL7612XMTY 
ICL7613XCPA 
ICL7613XCTY 
ICL7613XMTY 

ICL7614XCPA 
ICL7614XCTY 
ICL7614XMTY 
ICL7615XCPA 
ICL1615XCTY 
ICL7615XMTY 

ICL7621XCPA 
IGL7621XCTY . 
ICL7621XMTY 

ICL7622XCPD 

DESCRIPTION 

I nternal compensation, plus 
external offset null capability 
and external 10 control. 

Fixed 10 (100I'A), external 
compensation. ~nd internal 
offset null capability. 

Dual op amps with internal 
compensation; IQ fixed 
at 100ilA 

Pin compatible with 
Texas Inst. TL082 
Motorola MC1458 
Raytheon RC4558 

Dual op amps with internal 
compensation; lo'fixed 
at 100l'A 

Pin compatible with 
Texas Inst. TL083· 
Fairchild I'A747, 

PIN ASSIGNMENTS 

TO·99 (TOP VIEW) 8 PIN DIP (TOP VIEW) 

IQ SET 

v-

TO·99 (TOP V lEW) 8 PIN DIP (TOP VIEW) 

CQMP 

OFFSET CQMP 

-IN v+ 

+IN OUT 

v- OFFSET 

v 

TO-99 (TOP VIEW) 81!IN DIP (TOP VIEW) 

v· v+ OUT2 -IN 2 +IN2 

OUT, -IN, +IN, v-v-

14 PIN DIP (TOP VIEW), 

OFFSET2 y+' OUT1. N/C OUT2 v+ OFFSET2 

14 

• 

Note:, Pins 9 and 13'are internally connected. 
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ICL761 X/762X/763X/764X " ~omo~ 
CONNECTION DIAGRAMS (Cont.) 

DEVICE 

ICL7631XCPE 
ICL7632XCPE 

ICL7641XCPD 
ICL7642XCPD 

DESCRIPTION 

Triple op amps with internal 
compensation (lCL7631) and 
no compensation (lCL76321. 

Adjustable I Q 

Same pin configuratio,n as 

ICLB023. 

Quad op amps with internal 
compensation. 

IQ fixed at lmA (lCL764l) 
IQ fixed at 10llA (lCL7642) 

Pin compatible with 
Texas Instr. TLOB4 
National LM324 
Harris HA4741 

GENERAL INFORMATION , 
STATIC PROTECTION 

All devices are static protected by the use of input 
diodes. However" strong static fields should be 
avoided, as it is possible for the strong fields to cause 
degraded diode junction characteristics, which may 
result in increased input leakage currents. 

LATCHUP AVOIDANCE 

Junction-isolated CMOS circuits employ configura
tions which produce a parasitic 4-layer (p-n-p-n) 
structure. The 4-layer structure has characteristics 
similar to an SCR, and under certain Circumstances 
may be triggered into a low impedance state resulting 
in excessive supply current. To avoid this condition, no 
voltage greater than 0.3V beyond the supply rails may 
be applied to any pin. (An exception to this rule 
concerns the inputs of the ICL7613 and ICL7615, 
which are protected to ±200V.) In general, the op amp 
supplies must be established simultaneously with, or 
before any input signals are applie.d. If this is not 
possible, the,drive circuits must limit input current flow 
to 2 rnA to prevent latchup. 

CHOOSING THE PROPER 10 

Each device in the ICL76XX family has a similar 10 
set-up scheme, which allows the amplifier to be set to 
nominal quiescent currents of 10 IJ.A, 100 IJ.A or 1 rnA. 
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101 
SET 

16 

• 

PIN ASSIGNMENTS 

16 PIN DIP (TOP VIEW) 

v+ IQ3 
, SET 

Note: Pins 5 and 15 are internally connected. 

l4PIN DIP (TOP VIEW) 

OUT4 -IN4 +lN4 v- +IN3 -IN3 OljT3 

14 

• 

These current settings change only very slightly over 
the entire supply voltage range. The ICL7611/12/13 
and ICL7631/32 have an external 10 control terminal, 
permitting user selection of each amplifiers' quiescent 
current. (The ICL7614/15, 7621/22, and 7641/42 have 

, fixed 10 settings - refer to selector guide for details.) 
To set the 10 of programmable versions, connect the 10 
terminal as follows: 

10 = 10IJ.A - 10 pin to V+ 
10 = 1 OOIJ.A - 10 pin to 'ground. If this is not possible, 
any voltage from V+ -0.8 to V- +0.8 can be used. 

10 = 1mA- 10 pin to V-

NOTE: The negative output current available is a func
tion of the quiescent current setting. For maximum p-p 
output voltage swings i'lto 10"" impedance loads, 10 of 
1 rnA should be selected. ' 

OUTPUT STAGE AND LOAD 
DRIVING CONSIDERATIONS 

Each amplifiers' quiescent current flows primarily in 
the output stage. This is approximately 70% of the 10 
settings. This allows output swings to almost the 
supply rails for output loads of 1M, 100K, and 10K, 
using the output stage in a highly linear class A mode. 
In this mode, crossover distortion is avoided and the 
voltage gain is maximized. However, the output stage 
can also be operated in Class AB, which can supply 



ICL761X/762X/763X/764X ,~O~ D~DIb 
higher output currents. (See graphs under Typical 
Operating Characteristics). During the transition from' 
Class A to Class B operation, the output transfer 
characteristic is non-linear and the voltage gain 
decreases. 

,A sPecial feature of the output stage is that ,it 
approximates a transconductance amplifier, and its 
gain is directly proportional to load impedance. 
Approximately the same opEmloop gains are obtained 
at each of the la settings if loads of 10K, 100K, and 1 M 
respectively are used. 

INPUT OFFSET NULLING 

'. For those models provided with OFFSET NULLING 
pins, nulling may be aChieved by connecting a 25Kpot 
between the OFFSET terminals with the, wiper 
connected to V+.At quiescent currents of 1 mAand 
100 p.A, the nulling range provided is adequate for all 
Vas selections; however with 10 = 10p.A, nulling may 
not be possible with higher values,of Vas. ' 

FREQUENCY COMPENSATION 
The ICL7611/12/13, 7621/22, 7631, 7641/42 are 
internally compensated, and are stable for closed loop 
gains as low as unity for capacitive loads up to 100pF; 

The ICL7614 and '15 are externally compensated by 
'connecting Ii capacitor between the COMP and OUT 
pins. A 33pF capacitor is required for unity gain 
compensation; for greater than unity gain applications, 
increased bandwidth and slew rate can be obtained by 
reducing the value of the compensating capacit()r:' 

Since the gm of the first stage is proportional to ..JiQ. 
greatest compensation is required when la = 1 mAo The 
ICL7632 is not. compensated internally, nor can it be 
compensated externally. The device is stable when 
used as follows: 

la of 1 mA for gains ~ 20 
la of 100 p.A for gains ~ 10 ,I 
la of 10 p.A for gains ~ 5 

ABSOLUTE MAXIMUM RATINGSI11 

Total Supply Voltage V+ to V- .•... ,.............. 18V 
, Positive Supply Voltage V+ to GND ...•..••........ 18V 
,'NegativEI Supply Voltage V- to GND .•.•.••.•.• ' ... -18V 

Input yoltage ..•.•...•..••.•.... '. .• V++0.3to V- -0.3V 
Input Voltage ICL7613/15 Only .•.• V++200 to V~ ~200V 
Differential Input Voltage ••. .±I(V+ +0.3) - (V-:- -0~3)IV 
Differential Input Voltage , 

ICL7613/,5 Only •....•.• ± I(V++200) - (V- - 200)]V 
Duration of Output Short Circuitl21 .••••••.•.. Unlimited 
Continuous Power Dissipation @ 25°C Above 25°C 

, derate as follows: 
TO-99 250mW, 2mW/·C 
8 Lead Minidip 250mW 2mW/·C 
14 Lead Plastic 375mW 3mW/·C 
14 Lead Cerdip 500mW 4rnW/·C 
16 Lead Plastic 375mW 3mW/·C 
16 Lead Cerdip 500mW' 4mW/·C 

HIGH VOLTAGE INPUT PROTECTION 

The ICL7613 and 7615 include on-Chip thin film 
resistors and clamping diodes which allow voltages of 
up to ±200 to be applied to either inputfor an indefinite 
time without device failure. These devices will be 
useful where high' common mode voltages, differential 
,mode voltages, or high transien,ts may be experienced. 
Such conpitions may be found when interfacing 
separate systems with separate supplies. ' 

EXTENDED COMMON MODE INPUT RANGE 

ThelCL7612 incorporates ad,ditional processing 
which allows the input CMVR: to exceed,each power, ' 
supply rail by 0.1 volt for application's where Vsupp ~ , 
±r.5V. Forthoseapplications where Vsupp:S±1.5V, the 
input CMVR is limited to the magnitude of the positive 
supply rail in the positive direction, but may exceed the 
,negative supply rail by 0.1 volt fn the negative direction 
(eg. for Vsupp = ±0.5V, the input CMVR would be +0.5 
volts to -0.6 volts). ' 

OPERATION AT Vsupp = ±O.5 VOLTS 

Operation at Vsupp = ±O.5V is guaranteed at la = 10p.A 
only. This applies to these devices with selectable la, 
and those devices 'are set internally to la =10p.A (Le., 
ICl7611, 7612, 7613, 7631, 7632, 7642). 

Output swings to within a few millivolts of the supply 
rails are achievable for RL ~ 1 Megn. Guaranteed input 
CMVR is ±0.1 V minimum and typically +O.4V to -0.2 at 
Vsupp = ±0.5V. For applications where greater 
common mode range is desirable, refer to description 
of ICL7612 above. ' 

The user is ca'utioned that, due to extremely hi,9h input 
impedances, care must be exercised in layout'l' 
constru,cti'on, ' board cleanliness, and suPplY,filtering to ' 
avoid hum and noise pickup. 

~/ 

\ ' 

Storage Temperature Range .•...•..•. -55·C to +150·C 
Operating Temperature Range 

, M Series .•...•.•..••..••..•........ ~55·Cto +125·C 
C Series •.•........••.•....•.•.•.•.... O·C to +70·C 

Lead Temperature (Soldering, 10 sec) ....•.. , ... ,. 300·C 

, Notes: 
1. Stresses above those listed under' "Absolute Maximum 

Ratings~' mllY cause permanent device failure. These are 
,'stress ratings only and functional,operation of thedevicesat 

, these or any other conditions ab~~~ I!;!pse Indicated in the 
operation sections of this spe~~!~n is not implied. 

,Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

2. The outputs may be shorted \0 ground or to eithe~ supply, for 
VsuPP S10V. Clire must be ,taken to Insure that the 
dissipation rating is not exceeded. 

, / 

5-167 



ICL761 X/762X D~DIl. 
ELECTRICAL CHARACTERISTICS Vsupp = +5 OV TA = 25°C unless otherwise specified - , 

78XXA 78XX8 78XXD 
", . " 

PARAMETER SYM80L CONDITIONS • MIN. TYP. MAX • MIN. TYP: MAX. MIN. TYP. MAX. UNITS 

Input Offset Voltage Vas' R~jooKn, TA=25°C " 2 5 15 ".mV· 
. TMIN:5TA:5TMAX 3 7 20 

Temperature Coefficient of Vas l1Vos/l1T 
; 

Rs:5100KO 10 ' 15 . 25 p.V/oC 

Input Offset Current los TA"C25°C 0.5 30 D;5 30' 0:5 30 
ATA=CI21 300 300 300 pA 
l1TA=MI21 

.. 
SOO SOO SOO 

Input Bias Current 
,. 

' ISlAs .' TA=25°C 1.0 50 1.0 50 ' 1.0 50 
l1TA=C 400 400 . 400 pA 
l1TA=M 4000 4000 4000 

Common.Mode Voltage Range VCMR' 10=10p.Alll . ±4.4 ±4.4 ±4.4 
(ExceptICL7612) . 10=100p.A ±4.2 ±4.2 ±4.2 .V 

Ici=lmAlll ±3.7 ±3.7 ±3.7 

ExiendedCommon Mode Voltage VCMR 10=10"AI11 +5~3 +5.3 +5.3 I 

Range (ICL7612 Only) 
10=100p.A 

+5.3 .' +5.3 +5.3 , 

-5.1 -5.1 -5.1 V 

'io=linP,111 +5.3 +5.3 +5.3 . 
-4.5 -4.5 -4.5 

OutP~t Vollage Swing , . VOUT RL=100KO, TA=25°C ±4.9 ±4.9. ±4.9 
l1TA=C ±4.S ±4.S ±4.S 
l1TA=M ±4.6 ·±4.6 ±4.6 V 

RL=10KO, TA=25°C ±4.5 ±4.5 ±4.5 
RL'=10KO, l1TA=C ±4.3 ±4.3 ±4.3 
RL=10KO, l1TA;=M ±4.0 .... ±4.0 ±4.0 

Large Signal Voltage Gilin' AVOL'. Vo=4.0V, RL=lMO ". 

10=10p.AI11, .TA=25°C .90 104 80 104. 80 .104 
" " " ·.ATA;'C 85 75 75 / 

l1TA=M 77 .6S .68' ... 
Vci=4.0V, RL';'10KU ; : . '" 
10=100p.A, T A=25° C 90 102 80 102 80 102 . 

'l1TA=C 85 75 75 , 
'l1TA;=M 77 68 . 68 dB 

,Vo=4.0V, RL=100KU '. 
10=lmAI1I, TA=25°C 90 98 80 98 80 98 

.- l1TA=C 85 75 75 
'l1TA=M 77 , ,.68 68 : ,. 

U'nity Gain Bandwidth Gsw 'lo=10"AI1 1 0.044 0.044 , 0.044 . 'MHz 
10=100p.A 0.48 0.48 0.48: .' 
10=lmA111 1".4 1.4 1.4 

Input Resistance ) .RIN 
,. 1012 1012 1012 U 

I 
Common Mode Rejeclion Ratio CMRR' Rs:5100KO. 10;'10p.AI11 76 96 70 96 70 96 
". .Rs:5100KO;IQ'=100p.A 76 91 70 91 70 91 dB 

Rs:5100KO, 10=;1 mAil I 66 87 60' 87 .60 . 87 

Power Supply Rejection Ratio PSRR Rs:5100KU, 10=10p.Alll 80 94 80 94 80 94'. 
Rs:5100KO,lo=100p.A ,80 86 80 86 80 86 'dB 
Rs:5100KU,lo=lmAI 11 70 77 70 77 .70 77 

Inpui Referred Noise Voltage en Rs=1000, f=l KHz 100 100 100 
, 

nV!/Hz 

Input Referred Noise Cu~rent in Rs=1000, f=lKHz 0.01 0.01 0.01 . pAYHi 

Supply Current Isupp No Signal. No Load 
(Per Amplifier). lo=10p.Alll 0.0.1 0.02 0.Q1 0.02 0.01 0.02 

10=100p.A 0.1 0.25 0.1 0.25 0.1 0.25 rnA 
10=1mAlll 1.0 2.5 1.0 2.5 1.0" 2.5 

Channel Separation VOlIVo2 AVOL-l00 120 120 ·120 . .', dB 

Slew Rate SR AVOL=l, CL=100pF, 
VIN=8V .'. 

, 10=10p.AI1I, RL =1 MO 0.016 0.016 0.016 Vlp.s 
10=100p.A, RL=100K!l 0.16 0.16 0.16 '. 10=;1mAlll, RL=10KU 1.6 1.6 1.6 

Rise Time Ir, VIN-20p.V, CL=100pF 
f 10=10p.AI1I, RL=lM!l 20 20 20 p's 

10=100p.A, RL=100K!l 2 2 2 
10=:lmA111, RL=10KO 0.9 0.9 . ·0.9 

Overshoot Faclor 'VIN=20p.V, CL=100pF .. .lo=10p.Alll, RL=1MU 5 . 5, 5 
, .. 10=100p.A, RL=100KO 10 ' 10 . 10 % 

10=lmA111, RL=10K!l 40 40 40 , 
-'. Nole. 1. ICL7611, 7612, 7613 only. . 

2. C,,; Commercial Temperature Range: 0°'010 +70°C 
5·168 M = Military Temperalure Range: -55°C 10 +125°C 



ICL761 X/7,62X 
ELECTRICAL CHARACTERISTICS Vsupp = ±O.5V,la = 10MA, TA = 25°C, unless otherwise specified: 

Specs apply to ICL7611/76.1217613 only. 

76XXA 76XXB 76XXD 
PARAMETER SYMBOL CONDITIONS MIN. TYP • . MAX. MIN. TYP. MAX. MIN. TYP. MAX UNITS 
Input Offset Voltage Vos Rs$100Kn, TA-25°C 2 5 10 mV 

TMIN$TA$TMAX 3 7 12 
, Temperature Coefficient of Vos t>Voslt>T Rs$100Kn 10 15 25 ,NloC 

Input Offset Current los TA;25°C 0.5 30 0.5 30 0.5 30 
t>TA;C 300 300 300 pA 
t>TA;M 800 800 800 

Input Bias Current IBIAS TA-25°C '1.0 50 1.0 50 1.0 50 
t>TA;C 500 500 500 pA 
t>TA;M 4000 4000 4000 

Common ModeVoltage Range VCMR ±0.1 ±0.1 ±0.1 
(Except ICL7612) V 
Extended Common Mode Voltage VeMR +0.1 +0.1 +0.1 
Range IICL7612 Only) to to to V 

"0.6 -0.6 -0.6 

Output Voltage Swing Your R;1Mn, TA;25°C ±0.49 ±0.49 ±0.49 
t>TA;C ±0.48 ±0.48 ±0.48 
t>TA;M ±0.41 ±0.41 ±0.41 V 

R;100Kn. TA;25°C ±0.49 ±0.49 ±0.49 
t>TA;C ±0.48 ±0.48 ±0.48 
t>TA;M :iO.41 ±0.41 ±0.41 

Large Signal Voltage Gain AYOL Vo-±0.1V, RL-1Mn 
TA;25°C 90 90 90 
t>TA;C 80 80 80 
t>TA;M 70 70 70 

dB 
Vo;±O.1V, RL;100Kn 

TA;25°C 80 80 80 
t>TA;C 70 70 70 
t>TA;M 60 60 60 

Unity Gain Bandwidth GBW 0.044 0.044 0.044 MHz 
Input Resistance RIN 1012 1012 1012 n 
Comm.on Mode Rejection Ratio CMRR Rs$100Kn 80 80 80 dB 
Power Supply Rejection Ratio PSRR RS$100Kn 80 80 ' 80 dB 
Input Referred Noise Voltage en Rs;100n; f;1 KHz 100 100 100 nVfHz 

Input Referred Noise Current in Rs;100n, f;1 KHz 0.01 0.01 0.01 pA(Hz 

Supply Current Isupp No Signal, No Load 
I Per Amplifier! 6 15 6 15 6 15' p.A 

Channel Separation V01iV02 AYOL;100 120 120 120 dB 
Slew Rate SR AYOL;1, CL;100pF. 

VIN;8V 
RL;1Mn 0.016 0.016 0.016 V/p.s 

Rise Time tf VIN-20p.V. CL-100pF 
RL;1Mn 20 20 20 p's 

Overshoot Factor VIN;20p.V, CL;100pF 
RL;1Mll ..• 5 5 5 % 

. . Note: C ;.Commerclal Temperature 10°C to +70°CI Range; M ; Military Temperature I-55°C to +125°CI Range . 

5·169 



763X/764X 
ELECTRICAL CHARACTERISTICS Vsupp= +5 OV TA = 25°C unless otherwise specified - . 

pARAMETER SYMBOL CONDITIONS 

Input Offset Voltage . 
Vos Rs:S100Kll. T A=2So C 

\ TMIN<TA<TMAX 

Temperature CoeffiCient of Vos .lVos/.H RsoS100Kll 

Input Offset Current las TA=2SoC 
.lTA"'C 
.lTA=M 

Input Bias Current IBIAS TA=2So C 
.l TA=C 

, .lTA=M 

Common Mode Voltage Range VeMR lo=10!-,A111 
1 Except ICL7612, 10=100!-,A 

lo=1mAl2i 

Output Voltage Swing VOUT RL=100Kll, TA=2SoC 
.lTA=C 
.lTA=M 

RL=10Kll, TA=2SoC 
RL=10Kll, .lTA=C 
RL=10Kll, .lTA=M 

Large Signal Voltage Gain AVOL Vo=4.0V, RL =1 Mll111 
, lo=10!-,AI 11, TA=2So C 

.lTA';"C 

.lTA=M 
Vo=4.0V, RL =1 OOKll 

'p=100!'A, TA=25°C 
.lTA=C 
.lTA=M' 

Vo=4.0V, RL =10Kll 
lo=1mAI1i, ,TA=2SoC 

.lTA=C 
.lTA=M 

Unity Gain Bandwidth Gew 10=10!,AI1 1 
10=100!,A 

" 10=1mA121 

Input Resistance RIN 

Common Mode Rejec'tion Ratio CMRR Rs:S100Kll,lo=10!,AI11 
Rs:S100Kll, 10=100!,A 

. Rs:S100Kll, 10=1mA121 

Power Supply Rejection Ratio PSRR Rs:S100Kll, 10=1 O!-,Ai 11 
Rs:S100Kll, 10=100!,A 
Rs:S100Kll, 10=1mA121 

Input Referred NOise Voltage en Rs=10011, f=1 KHz 

Input Referred Noise Current in Rs=10011, f=1KHz 

Supply Current Isupp No Signal, No Load 
I Per Amplifier, ' 10=10~AI11 

10=100!,A 
10=1mA121 

Channel Separation V01IVo2 AVOL-100 

Slew Rate SR AVOL =1, CL -100pF, 
VIN=8V 

10=10!,AI 11, RL=1Mll 
10=100!,A, RL =1 OOKll 

10=1mAI11, RL=10K1l121 

Rise Time Ir VIN=20!,V, CL=100pF 
10=10!,AI1I, RL=1Mll 
10=100!,A. HL =100Kll 
10=1 mA121, RL =10Kll 

Overshoot Factor V,N-20!'V, CL-100pF 
10=10!-,AI1I, RL=1Mll 
la=100!,A, RL=100Kll 
la=1mAI21, RL=10Kll 

Note. 1. Does not apply to 7641. 
2. 'Does not apply to 7642. 

C = Commercial Temperature Range: O°C to +70°C 
M ~ Military Temperature Range: -SsoC to +125°C 
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MIN. 

±4.4 
±4.2 
±3.7 

±4.9 
±4.8 
±4.S 

±4.S 
±4.3 
±4.0 

86 
81 
74 

86 
81 
74 

86 
81 
74 

76 
76 
66 

80 
80 
70 

76XXB 76XXD 

TYP. MAX. MIN. TYP . MAX. 

S 10 , 7 1S 

1S 20 

O.S 30 O.S 30 
300 300 
800 800 

1.0 SO 1.0 SO 
SOO SOO 

4000 4000 

±4.4 
±4.2 
±3.7 

±4.9 
±4.8 
±4.S 

±4.S 
±4.3 
±4.0 

104 86 104 
81 
74 

102 86 102 
81 
74 

98 86 98 
81 
74 

0.044 0.044 
0.48 0.48 
1.4 1.4 

1012 1012 

96 70 96 
91 70 91 
87 60 87 

94 80 94 
86 80 86 
77 70 77 

100 100 

0.01 0.01 

0.01 0.022 0.01 0.022 
O.l 0.2S 0.1 0,2S 
1.0 2.S 1.0 2.S 

120 120 

0,016 0.016 
0.16 0.16 
·1.6 1.6 

20 20 
2 2 

0.9 0.9 

S S 
10 10 
40 40 

76XXE 

MIN. TYP. MAX. UNITS 

20 mV 
25 

30 !-'V/oC 

O.S 30 
300 pA 
800 

1.0 SO 
SOO pA· 
4000 

±4.4 
±4.2 V 
±3.7 

±4.9, 
±4.8 
±4.S V 

±4.S 
±4.3 
±4.0 

86 104 
81 
74 

86 102 
81 
74 dB 

86 98 
81 
74 

0.044 MHz 
0,48 
1.4 

1012 II 

70 96 
70 91 dB 
60 87 

80 94 
80 86 dB 
70 77 

100 nV!jHz 

0.01 pA!fHz 

0.01 0.022 
0.1 0,2S mA 
1.0 2.S 

120 dB 

0.016 V/!'s 
0.16 
1,6 

20 !,s 
2 

0.9 

S 
10 % 
40 

~ 



763X/764X 
~~6\.rrw7 J2. u ~ U lllJ.l@lJ 'i/ 

ELECTRICAL CHARACTERISTICS Vsupp = ±O.5V. 10 = 10"A. TA = 25°C. unless otherwise specified. 
Specs apply to ICL7631/7632/7642 only . . 

" 76XXB 76XXD 76XXE 
PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. MIN. TYP. MAX. MIN. TYP. 

Input Offset Voltage Vos RsoSl00KIl. TA-25° C 5 10 
TMINoST AoSTMAX 7 15 

Temperature Coefficient of Vos .lVos/.lT RsoSl00Kll 15 20 30 

Input Offset Current los TA=25° C 0.5 30 0.5 30 0.5 
.lTA=C 300 300 15 
iTA=M 800 800 500 

Input Bias Current ISlAS TA=25°C 1.0 50 1.0 50 1.0 
:lTA=C 500 500 30 
.lTA=M 4000 4000 3000 

Common Mode Voltage Range VeMR ±0.1 ±0.1 ±0.1 

Output Voltage Swing VOUT R=lMIl, TA=25°C ±0.49 ±0.49 ±0.49 
.lTA=C ±0.48 ±0.48 ±0.48 
.lTA=M ±0.41 ±0.41 ±0.46 

R=100KIl, TA=25°C ±0.49 ±0.49 ±0.47 
.lTA=C ±0.46 ±0.46 ±0.46 
.lTA=M ±0.39 ±0.39 ±0.39 

Large Signal Voltage Gain AVOL Vo=±O.1V, RL =1 Mil 
TA=25° C 90 90 90 
.lTA=C 80 BO BO 
.l.TA=M 70 70 70 

Vo=±O.lV, RL=100Kll 
TA=25° C BO BO 90 
.l.TA=C 70 70 BO 
.lTA=M 60 60 70 

Unity Gain Bandwidth Gsw 0.044 0.044 0.044 

Input Resistance RIN 1012 1012 1012 

Common Mode Rejection Ratio CMRR RsoSl00Kll BO BO BO 

Power Supply Rejection Ratio PSRR BO BO BO 

Input Referred Noise Voltage en Rs=10011, f=l KHz 100 100 100 

Input Referred Noise Current in Rs=10011, f=l KHz 0.01 0.01 0.01 

Supply.Current Isupp No. Signal, No Load 
, Per Amplifier' 6 15 6 15 6 

Channel Separation V011V02 AVOL=100 120 120 120 

Slew Rate SR AVOL =1, CL=100pF, 
V'N=BV 

RL=lMll 0.016 0.016 0.016 

Rise Time tr VIN=20p.V, CL=100pF 
RL =1 Mil 20 20 20 

Overshoot Factor V'N=20p.V, CL=100pF 
RL =1 Mil 5 5 5 

Note: C = Commercial Temperature 10°C to +70°C, Range; M = MIlitary Temperature I-55°C to +125°C, Range. 

MAX UNITS 

10 mV 
12 

p.V/oC 

pA 

pA 

V 

V 

dB 

MHz 

II 

dB 

dB 

nVjHz 

pAf./ Hz 

15 p.A 

dB 

V/p.s 

p's 

% 
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ICL761X/762X/763X/764X 
APPLICATIONS 

Note that in no case is 10 shown. The value of 10 must 
be chosen by the designer with regard to frequency 

'and power qissipation, and will in no way affect the 
operation of the. circuits shown .. 

. SIMPLE FOLLOWER. 

>---'-'1-:--~-'---- VOUT 

LEVEL DETECTOR 

By using the ICL7612 in these applications, the circuits 
will follow rail to rail inputs. 

+5 +5 

V,N >----t----,t 

lOOK < __ ..--1 
>----r--'-:-- VOUT 

1M 

TO CMOSQA 
LPTTL 'LOGIC 

PHOTOCURRENTINTEGRATOR 

Low leakage currents allow integration times up to 
several hours. 

lMF 

~---4r+---~ 

>---+.--- VOUT 

5-172 

PRECISE TRIANGLE/SQUARE WAVE GENERATOR 

Since the output range swings exactly from rail to.rail, 
frequency and duty cycle are virtually independent of 
power supply variations . 

--":V'V'v--v+ 
DUTY CYCLE 

WAVEFORM GENERATOR 

AVERAGING AC TO DC CONVERTER FOR AID 
CONVERTERS SUCH AS ICL7106, 7107, 7109, 7116, 
7117. 

1M 

.05,uF 10K 

>-I t--'IfIlv-t----.J\IV\r----, 

'-'--r-- VOL 

COMMON 

MEDICAL INSTRUMENT PREAMP 

Note that AVOL = 25; single Ni-cad battery operation .. 
Inpu'tcurrenl (from sensors connected to patient) 
limited to < 5J.1.A under fault conditions. 

1M 

lOOK,l% 500K, 1% 

10K 

INPUT lOOK 
VOUT 

.-------+ v+ o--'VV\r~_; 

10K 

lOOK. 1% 1M, 1% 

1M 



ICL761X/762X/763X/764X 
FIFTH ORDER CHEBYSHEV MULTIPLE FEEDBACK LOW PASS FILTER 

The low bias currents permit high resistance and low 
capacitance values to be used to achieve low 
frequency cutoff: fc = 10Hz, AVOL = 4, Passband ripple 
= 0.1 dB. . 

30K 160K 

INPUT 

O.2,uF 

360K 

I I 
L __ jf __ ...l 

360K 

B80K 

O.2,uF 

51K 

O.2IJ. F O.l.uF 

1M 

Note that smail capacitors (25-50pF) may be needed for stability in some cases. 

1M 

OUTPUT 

SECOND ORDER BIQUAD BANDPASS FILTER 

Note that 10 on each amplifier may be different. 
AVOL= 10, Q = 100, f 0 = 100Hz. 

Vos NULL CIRCUIT 

16K 

16K 

1.6M 
160K 

BURN-IN AND LIFE TEST CIRCUIT 

'BV 

1.5K 

NOTES: 
1. FOR DEVICES WITH EXTERNAL COMPENSATION, 

USE 33pF 
2. FOR DEVICES WITH PROGRAMMABLE STANDBY 

CURRENT, CONNECT IQ PIN TO V- (10 = lmA 
MODE). 

>------VOUT 

v' 

UNITY GAIN FREQUENCY COMPENSATION 

>----i~..---....,..--VOUT 

V'N>-----I 

r'00PF" 
• FOR ICL7614/1S 

RL = 10K FOR 10 = lmA 
lOOK FOR 10 '" 100jJA 
1M FOR IQ = 10JJA 
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ICL761X/762X/763X/764X 

SUPPLY CURRENT PER AMPLIFIER 
AS A FUNCTION OF SUPPLY VOLTAGE 

1 
I 

.... 
ffi 
0: 
0: 
:::> 

" 
~ 
iil 

!l! 
I 

0 
;:: 

" 0: 

" 0 
;:: 

~ 
0: 
w 

'" " .... 
..J 
0 
> 
> 
..J 

il: 
iil 
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10K 

lK 

=J~~~i~C 
I 

=NOSIGNAL 
_f-""" IQ= lmA 

100 
10 - 100,uA --

10 
10'" lO/JA -, 

1 
o 

I I 
10 12 .14 16 

SUPPL V VOL T AGE - VOL TS 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AS A FUNCTION 

OF FREE-AIR TEMPERATURE 
1000 

I 
RL -lMH_ -

/ ~ 
::(10 - 10~A 

RL - 100Krl 

~RL~ ~ 10 = l00pA '_ 

'0= lmA . 

100 

I 
I , I == Vsupp = 10 VOL TS 

10 

VOUT = 8 VOLTS -

1 I 
-75 -50 -25 a +25 +50 +75 +100 +125 

100 

95 

90 

os 

00 

75 

70 

65 

FREE·IIIR TEMPERATURE -'C 

POWER SUPPLY REJECTION 
RATIO AS A FUNCTION OF 
FREE"AIR TEMPERATURE 

la· llmA Vsupp = lOV ---, r-
~-

10 .11OpA -.......... ...;;. r-....... 
~ , 

""" b--
....... 

-75 -50 -25 o +25 :t-50 +75 +100 +125 

FREE-AIR TEMPERATURE - "C 

" .. 
I 

.... 
ffi 
0: 
0: 
:J 

" ~ 
il: 
:::> co 

SUPPLY CURRENT PER 
AMPLIFIER AS A FUNCTION OF 

FREE-AIR TEMPERATURE' 
11)4 

I V1_ V- ~ 10vhLTS 
NO LOAO 

-'a=lmA - r- NO SIGNAL 

103 

_IQ =l00"A 

1()2 
1 --

-IQ'lo"A 

10 --
1 
-50 -25 +25 +50 +75 +100 +125 

FREE·AIR TEMPERATURE _ °c 

LARGE SIGNAL DIFFERENTIAL 
VOLTAGE GAIN AND PHASE SHIFT 

AS A FUNCTION OF FREQUENCY 
10' r--r-~---'-,--~--r--, 

VSUPf':: 16V TA:: +25°C 

106 1-"'--+--+--'-+ Cc • ~gr~:'~~5 
10 = 100,uA 

103 I-.,.---t-' ...... c+--....... ft-+--t-----l 

1()2 

FREQUENCY - Hz 

EQUIVALENT INPUT NOISE VOLTAGE 
AS A FUNCTION OF FREQUENCY 

~ 600 

'1; 1\ 
TA '" +25°C 
3V.,;;; Vsupp 0;;;; 16V 

t 500 
w 

'" ~ 
..J 400 
o 
> 
w 
co 
(5 30a 

" .... 
~ 
:::; 200 
.... 
ffi 
:ct 100 
> 
Ii 
w 0 

10 

\ , 

100 

"-
1'-1- -

lK 10K lOOK 

FREQUENCY - Hz 

" " I .... 
ffi 
0: 
0: 
:::> 

" co 

" iO 
.... 
~ 
~ 

INPUT BIAS CURRENT AS A 
FUNCTION OF TEMPERATURE 

1000 

~ V' '~5VO~TS 
V-'-5VOLTS 

100 
V 

/ 

10 
/ 

/ 

1.0 L 
./ 

0.1 
-50 -25 +25 +50 +75 +100 +125 

FREE·AIR TEMPERATURE _ °c 

COMMON MODE REJECTION 
RATIO AS A FUNCTION 

, OF FREE-AIR TEMPERATURE 
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!l! 
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PEAK-TO-PEAK OUTPUT VOLTAGE 
AS A FUNCTION OF FREQUENCY 

16 , \ "\ TA - +2S"C 

"'- I 
Vsupp-

2 ,OV -la='lmA 

1\ • --.10 =10pA 
\ ...•. " 10 ·100pA 

0 

~\ 
'\ ' I 

0 

14 

vsu';= \ " 1\ 
6 r±5V \ , 

" 4 
\ \ 

'. I_~?\ \---...... -. 
""" 2 Vsupp '" ±2V 

~" -" "'l 
0 

[ ........ ~ 
100 lK 10K lOOK 1M 10M 

FREQUENCY - 'Hz 



ICL761X/762X/763X/764X O~OIl 

6 

14 

12 

10 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE AS A 

FU,NCTION OF FREQUENCY 

Vsupp = lOV 

'a = lmA f-
-I 

:-....; t'< TA - -55'IC 

\ 1\ 

"" 
TA = +25~C 

TA ·= +125'C.....-'I 1\ 
1\ 
r-..:: I'.... 

o 
10K 

III 
lOOK 1M 10M 

FREQUENCY - Hz 

> 
I 

w 

" ~ 
o 
> .. 
:::> 
1= 
:::> o 
'" ~ 
~ 

" .. 
w .. 
:; 
:::> 
:; 

~ 
:; 

MAXIMUM PEAK-TO-PEAK 
OUTPUT VOLTAGE AS A 

FUNCTION OF SUPPLY VOLTAGE 

SUPPLV VOLTAGE 

MAXIMUM PEAK-TO-PEAK 
VOLTAGE AS A FUNCTION OF 

FREE-AIR TEMPERATURE 
> 12 
I 1 w 

'" >! 
..J 
o 
> .. 
~ 
6 
'" ::l 

~ 
'" ::l .. 
:; 
:::> 
:; 

~ 
:; 

10 
RL "" lOOKn 

...... t-. AL = 10K<2 

...... 
AL = 2K<2 "-

:"-.. 

VSUPl' = 10 VOLTS 

10"" lmA 
o 
-75 -50 -25 o +25 +50 +75 +100 +125 

FREE.AIR'TEMPERATURE _ °c 

MAXIMUM OUTPUT CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

MAXIMUM PEAK-TO-PEAK OUTPUT 
VOLTAGE AS A FUNCTION OF 

LOAD RESISTANCE 
VOLTAGE FOLLOWER LARGE 

SIGNAL PULSE RESPONSE 

.. 
E 
I· .. 
~ 
a: 
a: 
:::> 
() .. 
:::> 
1= 
:::> 
0 
:; 
:::> 
:; 
X· .. 
:; 

40 

./ 
,/ 

~. 16 

w 

'" -30 - podlTlv~ CUA!ENT I y >! 14 
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./ 
V· 

.. V 
'0 -lo"A - -

t--. 10'" 100.uA 

1\ 
.......... ~lmA 
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~ 
~ 

" .. 
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/ 
o 
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SUPPLV VOLTAGE - V 

> 

w 

'" .. .. 
..J 
0 
> .. 
:::> 
1= 
:::> 
0 
0 
z .. .. -2 

~ 
;; -4 

-6 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

10 '" 100/JA 
VsuPP. = lOV 

AL = 100Kll 

Cc = 100pF 

TA '" +25"C 

I [\ 
/OUTPUT \ 

" INPUT \ 

20 40 60 80 100 120 

TIME-ps 

v+ -v- '" 10 VOLTS 
TA = 25°C f- -
10 = lmA 

V> 

~ 
0 
> 

10'" 1 rnA VSUpp ="QV 

AL '" 10K~! 
C, ~ 100pF 
TA '" +25 C 

I 

1./1--

V 

w 
Cl .. .. 
..J 
0 
> .. 
:::> 
1= 
:::> 
0 
0 -2 
z .. .. 
~ -4 

J 1\ 
louTPUT \ 

\ 
INPUT ~ 

;; 
-6 

1.0 10 100 10 

LOAD AESISTANCE - K<2 TIME -.us 

> 
I 

w 

~ 
~ o 
> ... 
~ .. 
6 
o 
~ .. 
~ ;; 

VOLTAGE FOLLOWER LARGE 
SIGNAL PULSE RESPONSE 

10 = 10.,A Vsupp = lOV 

At = 1M<2 
Cl = 100pF 
TA = +25°C 

4 

2 
I 1\ 

jDUTPUT \ 
0 

INPUT 1\ 
2 , 
4 

l\. 

6 
200 400 600 800 1000 1200 

TIME -ps 
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ICL761X/762X/763X/764X ~D~ D~OlL 
CHIP TpPOGRAPHY 

BIAS/COMP 

OFFSET 

-INPUT 

OFFSET1 

OFFSET1 

5-176 

761X 

;076 IN. 
(1.93 MM) 

762X 

OFFSET2 

.077 IN. 
(1.95 MM) 



ICL761 X/762X/763X/764X ~D[ITft)D~ D~OlL 
CHIP TOPOGRAPHY (Cont.) 

.OB4IN. _--'-___ ~ , 

::::MI J 
+IN,' -IN, 

103 SET 

v~ , 

763X 

~ _____ .OBO IN. -------1~ 
(2.03 MM) 

-IN4 OUT 4 OUT, -IN, +IN, 

764X 

---'~--r 

OUT, 

.079 IN. 
(2.00 MM) 

102 SET 

OUT3 

,.OB6IN. 
(2.18 MM) 
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ICL761 X/762X/763X/764X 
PACKAGE DIMENSIONS 

5-178 

8 LEAD PLASTIC MINI DIP (PAl 

O.OlZ 
. OIANOM 

PIN NO.1 INDENT 

U'S -- L ~
O'fv: ..- .::~~: 

rJ --1 I 0.020 

OD4S =s- C'- 0.01. o.m MIN 
to.015 fa 003 MIN r 

• 0.100 
.TV' 

14LEADCERDIP (JDI 

[: :: : : 1 ..... ~ .. :=:~:~::lr'" 
. . . ' .310 (7.874) ... 

F·780 (19.812) MAX~ :l:~ :;:~:l" .240 (6.098) . 

.060(1.524).=t I----J .015 (.381) .. 
f . . 

t·. '~ ... 015(.381) 
.~~ 

-. 1- ~ -11- .2DD (5.08) 1 '. .~. . 
.110 (2.794) .070 (1.778) .023 (.584)·125 (3.17~ .4DD (10.16) 
.090 (2.286) .030 (.762) .015 (.381) .330 (8.382) . 

14 LEAD PLASTIC (POI 

C:::::j 
1
_ .770 (19.558) MAX --I .160 MAX I (4.0&4) 

'.:!g 17 .8~:j .. 
. 7.1) 

-Lm t 
.060 k524) J ~--: 
:mw.mr ~ 

-I 1-' -II- .160(4.064)!-;--...j 
.110 (2.794) .080 (1.524) .023 (.5842) ~ 
.. 090 (2.286) ~ ~ 

.4DD (10.160) 
.330 (8.382) 

B LEAD TO-99 METAL CAN (TVI 

----r 
nn ::: 
UII'-.... • LEAOS 

::::: DIA 

Nofti: P,in 4 connected to case • 

16 LEAD CERDIP (JEI 

. I[ : : : : : " , -;: ::~:r I~ .'" ." ." ." ." ." ~ .310 (7.874) r 780 (19812) MAX:-j .180 (4.572) .240 (6.098) .£r-4 
·='06=0=(=1.=2=4)=";;1,,r, ~"" • ..7~'~1'400(10'16) I . 
~ .090 (2.286) .030 (.762) .015 (.381) "":" ,330 (8.382) r-

'.16 LEAD. PLASTIC (PEl 

. [l:~:] . 
I~' I ~80MAA r .770 (19.558) MAX --- (4.064) 

=t 

..310 (7,874), 
- .280 (7.112) 

.235 (5.969) 

.215 (5.461) .. f--iJ. 
11\ :g~:g~M 

. -I 1- ~ - +11- .160 (4.064) 1 ~ 
.060 (1.524) .110 (2.794) .060 (1.524) .023 (.584)~ .400 (10.16) 
~ .090 (2.286) .045 (1.143) .015 (.381) - .330 (8.382) 



FEATURES 
• /:;Vos = 3 mV max (adjustable to zero) 
• ±1V to ±18V Power Supply Operation. 
• Power Consumption - 20 j.lW @ V ss ± 1 V 

GENERAL DESCRIPTION 

The Intersil 8021 'integrated circuit is a low power opera
tional amplifier specifically designed for. applications r'equir
ing very low standby power consumption over a wide range 
of supply voltages. The electrical characteristics of the 8021 
can be tailored to a particular application by adjusting an 
external resistor, RsET , which controls the quiescent cur
rent. This is advantageous because I Q can be made indepen
dent of the supply voltages: it can be set to an extremely 
low value where power is critical, or to a larger value for 
high slew rate or wideband applications. 

Other features of the 8021 include low input current that 
remains constant with temperature, low noise, high input 
impedance, internal compensation and pin-far-pin compati
bility with the 741 .. 

SCHEMATIC DIAGRAM 

~, 

ASH f---

QRDERING INFORMATION 

IC L B021 M TA lS=L Package' Bpin. TO·5 . 

Temperature Range: , 

. 
M - Military.(-55°C to +125°C) 
C - Commencal (OOe to +70°CI_ . . 

Device Chip Type 

'-------- Linear Circuit 

'--------- INTERSIL Inc. Circuit 

ICL8021M,ICL8021C 
Low Power 

Operational Amplifier 

• Input Bias Current - 30 nA max 
• Internal Compensation. 
• Pin-Far-Pin Compatible With 741. 
• Short Circuit Protected. 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Differential Input Voltage (Note 1) 
Common Mode .Input Voltage (Note 1)' 
Output Short Circuit Duration 
Power Dissipation (Note 2) 
Operating Temperature Range 

8021M 
8021C. 

Storage Temperature Range 

Lead Temperature (Soldering, 10 sec) 

±18V 
±15V 
±15V 

Indefinite 
300mW 

-55°C to +125°C 
DoC to +70°C 

_65°C to +150°C 
+300°C 

NOTE 1: For supply voltages less than ± 15V.· the absolute maxi
mum input voltage is equal to the supply voltage. 

NOTE 2: Rating applies for case temperatures to +125°C; derate 
linearly' at 5.6 mWfC for ambient temperatures above 
+95°C. 

CONNECTION DIAGRAM 

aUIESCENT CURRENT SET 

INVERTING 2 
INPUT 

-DC SUPPLY , 

NOTE: Pin 4 connected to r.ase. 

VOLTAGE OFFSET NULL CIRCUIT 

v' 
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ICL8021 M, ICL8021 C 

ELECTRICAL CHARACTERISTICS (Vs = ±6V, IQ = 30 pA, unless otherwise specified.) 

8021M ~021C 
CHARACTERISTICS CONDITIONS UNITS 

MIN TYP MAX MIN TYP MAX 

The following specifications apply for T A = 25°C: 

I nput Offset Voltage Rs<S;100krl 2 3 2 6 mV 

Input Offset Current .5 7.5 .7 10 nA' 

Input Bias Current 5 20 7 30 nA 

, I nput Resistance 3 10 3 10 Mrl 

Input Voltage Range Vs '= ±15V ±12 ±13 ±12 ±13 V 

Common Mode Rejection Ratio Rs <S;10 krl 70 80' 70 80 dB 

Supply Voltage Rejection Ratio' Rs<S;10krl 30 150 30 150 pV/V 

Output Resistance Open Loop 2 2 krl 

Output Voltage Swing RL ::::20 krl, Vs = ±i5V ±12 ±14 ±12 ±14 V 
RL :::: 10 krl, Vs = ±15V ±11 ±13 ±11 ±13 V 

Output Short-Circuit Current ±13 ±13 mA 

Power Consumption VOUT ,= 0 360 480 360 600 pW 

Slew Rate (Uriity Gain)' 0.16 0.16 Vips 

Unity Gain Bandwidth RL =20krl, V IN =20mV 270 270 kHz 

Transient Response (Unity 
Gain) RL =20krl, V IN =20mV 

Risetime 1.3 1.3 I-'s 
Overshoot 10 10 % 

The fo"owi~g specifications apply for O"C <; TA <; +70"C (8021C) -55"C <; +125"C (8021M) 

Input Offset Voltage Rs<S;10krl 2.0 4.0 2.0 7.5 mV 

Input Offset Current, 1.0 5 1.5 15 nA 

Input Bias Current 10 15 15 50 nA 

Average Temperature Rs <S; 10krl 5 5 pvtc 
Coefficient of Input' 
Offset Voltage 

Average Temperature 1.7 0.8 pAtC 
, Coefficient of I'nput 
Offset Current 

Large Signal Voltage Gain R L = 10 krl 50 200 ,50 200 V/mV 

Output Voltage Swing RL :::: 10 krl' ±1O ±13 ±10 ±13 V 

QUIESCENT CURRENT ADJUSTMENT QUIESCENT CURRENT 
QUIESCENT CURRENT SETTING RESISTOR 
SETTING RESISTOR (PIN 8 TO' V-, 

(PIN 8 TO V-, 

-~ lOIJA JO.A l00iJA JOO.A v, 
I') - lO;lA 

!15 1.5MH 470kU 150k£1 10M!! 

, 3 33 MH 11 MU 330 k\1 100k\1 " 
h'Q"30~ 

, , 75M!! 2.7M!! 750kn 2201<;\1 1 M!l 10 - l00;;A 

, 9 13Mn 4MH 13M!1 350k\1 10: 30QjJA 

!12 18Mfl 56 MH 15Mn 51Qk.H ]001<11 111111 

( tIS 22MH 7.5Mn 22Mn 620k11 
0 2 4 .6 B 10 12 14 16 18 

SUPPLY VOLTAGE I-VI 
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ICL8021 M, ICL8021 C D~DI.L 

TYPICAL PERFORMANCE <;:URVES* (T A = +25°C, Vs = ±6V, IQ = 301lA, unless otherwise specified.) 

DIFFERENTIAL INPUT 
INPUT BIAS CURRENT INPUT BIAS CURRENT VS IMPEDANCE VS 
VS QUIESCENT CURRENT AMBIENT TEMPERATURE QUIESCENT CURRENT 

100 100 " ~ 100 

1 1 50 l- I- 10 = l00jJA I-
u 50 z 

.... .... " 

i ~ 
1/' do"~ 

~ 
~ r--.... 

10 " '" " 10 " " :;1 ~ 

~ " 0; 0; 5r- 10" 10 ",A 
5 

.... " ~ 
i' i' " ~ ~ 

z 

I I '" 
1 1 1 
10 30 100 300 -60 ~20 a 20 60 100 140 i5 10 30 100 300 

QUIESCENT CURRENT IjJA) TEMPERATURE. (Vel QUIESCENT CURRENT I",M 

SLEW RATE VS FREQUENCY RESPONSE PHASE MARGIN VS 
QUIESCENT CURRENT VS QUIESCENT CURRENT QUIESCENT CURRENT 

1 

~ 
Rl = 201d! 

.5 ~ 500 

~ I 90 .... ./ z 1--1-~ e 400 
~ 75 ~ ~ w " ~ 

.1 ~ 300 " 60 
m, V 

~ 
45' /' z 

~ 
.05 

~ 2.00 V 
30 

,~ 100 
z 

" 01 0 
10 30 100 300 10 30 100 300 10 30 100 300 

QUIESCENT CURRENT ("AI QUIESCENT CURRENT (jJA) QUIESCENT CURRENT (jJA) 

OPEN· LOOP FREQUENCY MAXIMUM LOAD VS 
RESPONSE TRANSI ENT RESPONSE QUIESCENT CURRENT 

100 

~ 
Rl = 10kn 

120 Cl = IOOpF 50 z 0; 20 ~ ~ i 
<.? 

"",-R, t5 = 50 kn <.? 15 3 

"'" ~ 80 ~ " R, =5kH_ 0 
> 10 

§? > 10 ~ V, '15V 

" ~ 1; " 5 
40 " 5 z Vs" '_6V 

g 
~ " ~ ~ ~ 

0 ,r: 
1; P?=RISE TIME 

1 I I 
0 

1 10 Ik lOOk 0 ' 4 8 12 16 10 ' 30 100 300 

FREQUENCY IHd , . TIME ("sec) QUIESCENT CURRENT (jJAI 

OUTPUT'VOLTAGE SWING EQUIVALENT INPUT NOISE EQUIVALENT INPUT NOISE 
VSSUPPLY VOLTAGE VOLTAGE VS FREQUENCY CURRENT VS FREQUENCY 

1 

0 
30 

/' 

~ 
II I 

~ 
60 ~ la=l00jJ~~ ~ ~ 10 w 50 t:: 10 '30"A~ j'.:., .... 10 = 100[ ~~ 

~ <.? ..... '\. " t- ~ , '-. t5 Rl = 20 kn':=:= !:; 40 10 =30~ 
0 1 

~ 3 > 30 " _'0 10jJA 

la s 1Of.!-Ai 
u 

" ./ i5 ~ 

> 20 

1111 
i5 

" 1 z z 

~ 
.... 

10 " i' Illll i' I " ~ 0 0 ~ .01 

" ,3 ,6 ~ 10 10 50 100 500 1k 10 5Q 100 500 Ik 

SUPPLY VOL T AGE (V) FREQUENCY (Hz} F REQUENCV IHzl 

• ICLS'021 C guaranteed only for 0° C .::; T A :::; +700 C 
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ICL8021 M, ICL8021 C 
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DEFINITION OF TERMS 

INPUT OFFSET VOL T.<\GE:That voltage which must be 
applied between the input terminals through two equal 
resistances to obtain zero output voltage. 

INPUT OFFSET CURRENT: The difference in the cLirrents 
into the two input terminals when the output is at zero. 

INPUT BIAS CURRENT: The average of the two input 
currents. 

INPUT VOL TAGE RANGE: The range of voltages on the 
input terminals for which the amplifier operates within 
specifications. 

COMMON MODE REJECTION RA TlO: The ratio of the 
common mode input v,oltage to the differential input volt· 
age which produces the same output signal. 

TRANSIENT RESPONSE: The 10% to 90% closed loop 
step·function response of the, amplifier under small signal 
conditions. 

UNITY GAIN BANDWIDTH: The frequency at which the 
small signal gain is 3 dB below its low frequency value. 

APPLICATIONS INFORMATION 

Figure 1. Battery Operated Thermocouple Amplifier 

A Chromel-Alumei thermocouple has an output of about 41 p.V/oC. 
(It should be noted that~ the voltage-temperature relationship is only 
linear over a limited temperature range). The circuit shown amplifies 
the output signal to 1 mV/C 'and provides an output Impedance of 
less then a.ln. Two 2.7V 1000 mAH mercury cells will power the 
circuit for the shelf life of the battery. approximately two years. 

Figure 2. Light-Emitting Diode Voltage Dropout Indicator 

The circuit shown uses the 8021 as a comparator to drive a light
emitting diode (H.P. 5082-4403 for example). For the values sho~n, 
the indicator will turn on if the input voltage falls below about 6V. 
Operating life (assuming L.E.D. off) is greater than one year. 

SLEW RA TE: The max,imum rate of change of output 
voltage in response to a large amplitude input pulse. 

INPUT RESISTANCE: The ratio of the change in input 
voltage to the change in input current oneither input with 
the other grounded. 

SUPPL Y CURRENT.' The current required from the power 
supply to operate the amplifier With no load and the output 
at zero, 

OUTPUT VOL TAGE SWING: The peak output voltage 
swing, referred to zero, that can be obtained without clip· 
ping. 

LARGE·SIGNAL VOL TAGE GAIN: The ratio of the out' 
put voltage swing to the change in input voltage required to 
drive the output from zero to this Voltage. 

POWER SUPPL Y REJECTION: The ratio of the (:hange in 
input offset voltage to the change in power supply voltage 
producing it. 

: OUTPUT RESISTANCE: The ratio of the change in output 
current to the change in output voltage. The average output 
current is zero and operation is without feedback. 

PACKAGE OUTLINE 

TO·5 

NOTES: All dimensions in inches. 
Dimensions as per latest J-l0 committee. 
Leads are gold-plated Kovar. ' 
Package weight is 1.22'grams. 

Figure 3. Low Quiescent Power Regulator 

v .. D-r-----r---, 

The simple regulator shown is adequate for many applications. Line 
regulation is O.l%/V, load regulation is < .Ol%/mA, input voltage 
range is +8V to +36V, and the quiesce"Ot power consumption is 
400 1JW (F or V I N = 1 OV). Additional features such as current lim it
ing can be added in the usual m,anner. 



FEATURES 

• Two Op Amps in a Single 14·Pin DIP. 

• Electrically Identical to the 80.21. 

GENERAL DESCRIPTION 
The I ntersil 80.22 consists of two low power operational 
amplifiers in a single 14·pin DIP. Each amplifier is identical 
to an 80.21 low power op amp, and has separate connections 
for adjusting its electrical characteristics by means of an 
external resistor, RSET, which controls the quiescent current 
of that amplifier. 

Detailed electrical parameters for each amplifier may be 
found on the 80.21 data sheet. 

PACKAGE OUTLINE 

[D 
~690~ 

~ . ~ A 055 . L~ .. 017 

T,<] ~ U U~ llll t 
~300-j I -H-~:~ --j [-'OOTYP 

NOTE: All dimensions in inches. 

14·PIN CERAMIC DIP 

ICL8022 
Dual Low Power 

Operational Amplifier 

ORDERING INFORMATION 

IC L 8022 M DD 

T I Package: L 14·pin Ceramic DIP 

Temperature Range: 
M - Military (-55'C to +125'C) 
C - Commercial (O'C to +70° C) 

L..-_.,..--__ Device Type 

'----,.----'-- Linear Circuit 

'----_---_- INTERSIL INC. Circuit 

CONNECTION DIAGRAM 

NON·INVERTING 
INPUT A 1 

- DC SUPPLY 2 

OFFSET 
ADJUST A 

OUTPUT A L44J------' 

QUIESCENT 
CURRENT SET B 

OFFSET 
ADJUST B 

TOP VIEW 

INVERTING 
INPUT A 

OFFSET 
ADJUST A 

QUIESCENT 
CURRENT SET A 

OFFSET 
ADJUST B 

NON·INVERTING 
INPUTS 

INVERTING 
INPUT B 
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FEATURES 

• Three Op Amps in a Single ,16·Pin DIP. 

• Electrically Identical to the 8021., 

GENERAL DESCRIPTION 
The Intersil 8023 consists of three lowpower operational 
amplifiers in a single 16·pin DIP. Each amplifier is identical 
to an 8021 low power op amp, and has separate connections 
for adjusting its electrical characteristics by means of an 
external resistor, RSET, which controls the quiescent current 
of that amplifier. 

Detailed electrical parameters for each amplifier maY be 
found on the 8021 data sheet. 

PACKAGE OUTLINE 

J~r=1 
L~ 
~840~ 

MAX. 

J. 
TYP . 
. 009 

* ~F~=, =====, ==,==,3,M~X. 

,--11- 18 -I /-..090 
150 TYP. :no 
MIN. 

A" ~~~ .. ;1,'. 

1-~;~.--1 ' 

NOTE: All dimensions in inches: 

IS·PIN CERAMIC DIP 

ICL8023 
Triple Low' Power 

Operational' Amplifier 

ORDERING INFORMATION 

IC L 8023 M DE L PilCkage: 
" 1S·pin Ceramic DIP 

" .' .,' Temperature R'ange: 
" M - Military(-SSOC to +12S0C) 

C - CommerCial (DOC to+70°C) 

'------ Device Type 

'----'--'--- Linear Circuit 

'--------.,--INTERSIL, INC. Circuit 

CONNECTION DIAGRAM 

INVERTING 
I~PUT A 

NON-INVERTING 
INPUT A 

+ DC 
SUPPLY B & C 

QUIESCENT 
CURRENT SeT C, 

INVERTING 
INPUT C 

NON-INve"RTING 
INPUT C 

TOP VIEW 

aUIESCENT 
CUARENTSET A 

NON·INVERTING 
INPUT B 

INVERTING 
INPUT B 

QUIESCENT 
CURRENT SET B 

OUTPUT C 



D~DlL " IIA7'33/C, LM733/C 
Diff.renlial Video Amplifier 

Linear Inl~graled Circuits 
FEATURES 

• 120 MHz Bandwidth 
• 250 kQ Input Resistance 
• Selectable Gains of la, lOa, and 400 
• No Frequency Compensation Requi[ed 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Differential Input Voltage 
Common Mode Input Voltage 
Output Current 
Internal Power'Dissipation 

Metal Can 
Flatpak 
DIP 

Operating Temperature Range (Note 1) 

±8 V 
±5V 
±6V 

10 mA 

500mW 
570mW 
670mW 

Military 1'733) , ~ 55°C to +125°C 
Commercial (733C) OOe to +70°C 

St~rage Te'mpe"rature Range -,65°C to -+:150~C 
Lead Temperature (Soldering, 60 second time limit) 300°C 

CONNECTION DIAGRAMS 

10-LEAD METAL CAN 

(TOP VIEW) 

G'A 
GAIN SElECT' 

INPUT 1 ...... ~--V0UTPUT 1 

INPUT 2 ...... '----'\OUTpUT 2 

G,. 
GAINSELECT 

Note: Pin 5 connected to case. 

14-LEAD DIP 

'(TO!'VIEW) 

INPUT 2 INPUT 1 ". 

NC NC 

G2. G2A 

GlB G'A 

V. 

N,C NC 

OUTPUT 'J OUTPUT 1 

GENE~AL DESCRIPTION 
The 733 is a monolithic two-stage Differential Input, 
Differential Output Video Amplifier. Internal series-shunt 
feedback is used to obtain wide bandwidth, low phase 
distortion, and excellent gain stability. Emitter follower 
outputs enable the device to drive capacitive loads and, all 
stages are current-source biased to obtain high power 
supply and common mode rejection ratios. It offers fixed 
gains of la, 100 or 400 without external components, and 
adjustable gains from 10 to 400 by the use of a single 
external resistor. No external frequency compensation 
components are required for any gain option. The device is 
particularly useful in magnetic tape or disc file systems 
using phase or NRZ encoding and in high speed thin film or 
plated wire memories. 

CHIP TOPOGRAPHY 
9 

10 G2A 
II\!PUT 1 GAIN SELECT 

I 

EQUIVALENT CIRCUIT 

OUTPUT 1 

OUTPU12 

PART TEMPERATURE PACKAGE OROER 
NUMBER RANGE ,YPE NUMBERS 

~A733HM -5SoC to +12SoC 10 Lead Can ~A733HM.TB 

~A733HC (feto t70°C 10 Lead Metal Can ~A733HCTB 

~A733DM -5S'C to +12SoC ;4 Lead DIP ~A733DM DO 
~A733DC aOCto +70°C 14 lead DIP 1lA733DC DO 
lM733H -5SoC to +12SoC 10 Lead Can lM733TB 
lM733CH oDe to +7ffc 14 lead DIP lM733CTB 

i 
lM733D -5SoC to +12SC\C 10 Lead Can lM733 DO 
lM733CD O°Cto +70°(: 14 Lead 011;' lM733 COD 
lM733CN O°C to +70oC 14 l.ad DIP lM733 CPO 
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IIA733/C,LM733/C 

733M ELECTRICAL CHARACTERISTICS (T A;" 25°C, Vs = ±6.0 V unless otherwise specified) 

PARAMETER. (see 'lefinitions) CONDITIONS MIN. TYP. MAX.' UNITS 

Differential Voltage Gain 

Gain 1 (Note 2) 300 400 500 

Gain 2 (Note 3) 90 100 110 

Gain 3 (Note 4) 9.0 10 11 

Bandwidth RS = son 
Gain 1 40 MHz 

Gain 2 90 MHz 

Gain 3 120 MHz 

Rise'time RS = son, VOUT = 1 Vp.p 
Gain 1 10.5 ns 

Gain 2 4.5 10 ns 

Gain 3 2.5 ns 

Propagation Delay RS = son, Your = lVp.p 

Gain 1 7.5 ns 

Gain 2 6.0 10 ns 

Gain 3 3.6 nS 

InPJ,Jt Resistance 

Gain 1 4.0 kn 
Gain 2 20 30 kn' 
Gain 3 250 kn 

Input Capacitance Gain.2 2.0 pF 

Input Offset Current 0.4 3.0 ),I A 

Input Bias Current '.' 9.0 20 ),IA 

Input Noise Voltage RS = son, BW = 1 kHz to 10 MHz 12 ),IVrms 

Input Voltage Range ±1.0 V 

Common Mode Rejection Ratio 

Gain 2 V CM = ±1 V, f";; 100 kHz 60 86 dB , 
Gain 2 VCM = ±1 V, f = 5 MHz 60 dB 

Supply Yoltage Rejection Ratio 

Gain 2 t:.VS" ±0.5 V 50 ' 70 dB 

Output Offset Voltage 

Gain 1 0.6 1.5 V 

Gain 2 and Gain 3 0.35 1.0 V 

Output Common Mode Voltage 2.4 2.9 3.4 V 

Output Voltage Swing 3.0 4.0 Vp_p 

Output Sink Current 2.5 3.6 rnA 

Output Resistance 20 n 
Power Supply Current 18 24 rnA 

- ° .:: .::+ 0 '" The follOWing specifications apply for 55 C ~ T A ~ 125 C 

Differential Voltage Gain 

Gain 1 (Note 2) ~ 200 600 

Gain 2 (Note 31 80 120 

Gain 3 (Note 41 8.0 12 

Input Resistance 

Gain 2 8.0 kH 

Input Offset Current 5.0 ),IA 

Input Bias: Current 40 ),IA 

Input Voltage Range ±1.0 .' V 

Common Mode Rejection Ratio 50 dB 

Supply Voltage Rejection Ratio 50 dB 

Output Offset Voltage 

Gain 1 1.5 V 

Gain 2 and Gain 3 1.2 V 

Output Swing 2.5 Vp_p 

Output Sink Current 2.2 rnA 

Positive Supply Current 27 rnA 
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IIA733/C,LM733/C U~UIb 

733C ELECTRICAL CHARACTERISTICS (T A = 25°C, Vs =±6.0 V unless otherwise specified) 

PARAMETER (see del;nilionsl CONDITIONS MIN. TYP. MAX. UNITS 

Differential Voltage Gain 

Gain 1 (Note 21 250 400 600 

Gain 2 (Note 31 80 100 120 

Gain 3 (Note 41 8.0 10 12 

Bandwidth RS = son 
Gain 1 40 MHz 

Gain 2 90 MHz 

Gain 3 120 MHz 

Riset,ime RS = son, VOUT = 1 Vp.p 

Gain 1 10.5 ns 

Gain 2 4.5 12 ns, 

Gain 3 2.5 ns 

Pr?pagation Delay RS ~ son, VOUT =: 1 V p•p 

Gain 1 7.5 ns 

Gain 2 6.0 10 ns 

Gain 3 3.6 ns 

Input Resistance 

Gain 1 4.0 kn 
Gain 2 10 30 kn 
Gain 3 250 kn 

Input Capacitance Gain 2 2.0 pF 

Input Offset Current 0.4 5.0 IJA 

Input Bias Current , 9.0 30 IJA 

Input Noise Voltage RS = 50n, BW = 1 kHz to 10 MHz 12 IJVrms 

Input Voltage Range ±1.0 V 

Common Mode Rejection Ratio 

Gain 2 VCM = ±1 V, 10;;; 100 kHz 60 86 dB 

Gain 2 VCM=±lV,I=5MHz 60 dB 

Supply Voltage Rejection Ratio 

Gain 2 t:.VS = ±0.5 V 50 70 dB 

Output Olfset Voltage 

Gain 1 0.6 1.5 V 

Gain 2 and Gain 3 0.35 1.5 V 

Output Common Mode Voltage ·2.4 2.9 3.4 V 

Output Voltage Swing 3.0 4.0 Vp.p 

Output Sink Current 2.5 3.6 mA 

Output Resistance 20 n 
Power Supply Current 18 24" mA 

.. ° ° The follOWing specIficatIOns apply for 0 cO;;; TAO;;; ± 70 C 

Differential Voltage Gain 

Gain 1 (Note 21 250 600 

Gain 2 (Note 31 80 120 

Gain 3 (Note 41 8.0 12 

Input Resistance-Gain 2 8.0 kn 
Input Offset Current , , 6.0 j.IA 

, Input Bias Current i 40 j.IA 

Input Voltage Range ±1.0 V 

Common Mode Rejection Ratio 

Gain 2' V CM=±lV,fo;;;l00kHz 50 dB 

Supply Voltage Rejection Ratio 

Gain 2 t:.vS = ±0.5 V 50 dB 

Output Offset Voltage (All' Gainl 1.5 V 

Output Voltage Swing 2.8 Vp_p 

Output Sink Current 2.5 mA 

Power Supply Current 27 rnA 
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14 LEAD CERAMIC (~O) 

.110 (2.794) .070 (1.778) 

.090 (2.286) .030 (.762) 

10 LEAD METAL CAN 

&0.335 DIA~' 
f-::::: DIA -1.. . 
I 0.335 I 

0.240L 0.050 
0.260 MAX 

IT -L 

.320 (8.128) 

.290 (7.366) 

°MrO~~ il~ ~l 
. ~~ ~ 0.120 DIA 

0.01. DIA 10 LEADS 0.160 
0.01' 



FEATURES 
• 50pA to SOOJ,LA photocell current range 
• Low power dissipation 
• Track & hold ckt for mirror-up or exposure memory 

use. 
• Direct linearized inputs for aperture values, 

sensitivity, manual shutter speed, etc. 
• Easy switching between automatic and' manual 

("match needle") control. 
• 4 decade shutter speed control range. 
• Minimal photocell voltage for optimum lowlight 

operation. 
• Built-in temperature compensation. 
• Minimum number of external components 

required. 
• Built in exposure timer ,for long manual exposures. 
• Low light level warning. 

PIN CONFIGURATION 
v+ 

VREF 
ASIN 

ASOUT 
A40UT 

A41N 
A30UT 

CH 8 

AN COM. 
liN 
v-
CaMP. 
BV 

v+ 1 

VREF 2 

~li 
A3'N 9 

~i'""''' '.'ci!~~~· 
. 1oTRK/HLO 

ORDERING INFORMATION 

PART 
NUMBER TYPE PACKAGE 

ICL8061 18062' 
Camera Exposure Control 

Circuits 

GENERAL DESCRIPTION 
The ICL8061 log-converts a wide range of photocell input 
current to a temperature compensated voltage, and adds or 
subtracts external control signals, such as film sensitivity 
(AS A rating), shutter speed, and aperture setting. It will hold 
on command the desired value against changes, occurring 
for example during SLR mirror up, and allow use of the 
"meter here, expose there" technique. 
Analog output signals corresponding to brightness value 
(BV), exp'osure value (EV), and calculated f-stop and shutter 
speed are provided; these can be used to drive indicating 
meters. In addition, since the ICL8061 antilog-converts the 
required shutter speed value back to a current source, 

. standard electronic shutters may be driven as well. 
The ICL8061 also contains + and - reference voltages, which 
track each other and are used by other sections of the circuit 
for reference and control signals. 
The ICL8062 is a comparator, alarm driver, and control 
circuit. This device converts the output signals from the 
ICL8061 to OVER, UNDER, and CORRECT signals which 
may be used to drive LEOs, servo motors, etc. It also provides 
indications relating to low battery voltage and slow shutter 
speed. . 

AMAX 1 

AMIN 2 
y-

aK 
OVER 

UNDER 6 
v+ 7 

8 
I 

TEMPERATURE 
RANGE 

AS 
AC 
OSCOliT 
OSCIN 
OSCOFF 
LBAT 
REF 

ORDER 
NUMBER 

8061C Com'l 18 lead pill pack -1Q°C to +55°C ICL8061CFN 
8061C Com'l 18 lead dip -1Q°C to +55°C ICL8061CPN 
8061C Com'l. DIE -10°C to +55°C ICL8061C/D 
8062C Com'l 18 lead pill pack -10°C to +55°C ICL8062CFN 
8062C Com'l 18 lead dip -10°C to +55°C ICL8062CPN 
8062C Com'l DIE -1Q°C to +55°C ICL8062C/D 
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ICLS061/8062 
ELECTRICAL CHARACTERISTICS: ICL8061 

ABSOLUTE MAXIMUM RATINGS* 
Vee .............................................. 10V 
Icc REVERSE .................................. 10mA 
Operating Temp Range ................ -1Q°C to +50°C 
Storage Temp Range ................ --B5°C to +125°C 
L~ad Soldering Temp .................... (10 sec) 300°C 
Power Dissipation 

(25° C) ....................................... 500mW 

Derate above 50°C ....................... @ 0.5mW/oC 
liN (all inputs) .................................... 2mA' 
lOUT (all outputs) ................................. 5mA' 
Output short circuits to either supply ......... Indefinite 
V,N (any inputJ ............. '.' ................. V- to V+ 

'Short duration only 

Note: Stresses above those listed m~y cause permanent damage to the device. Functional operation at the listed stress level .is not implied. Long 
term exposure to absdlute maximum rating conditions may affect device reliability adversely. . 

DC CHARACTERISTICS 
v+ to V- = 6V, All voltages measured with respect to' Analog Common, TA = 25°C unless otherwise specified. 

PARAMETER MIN TYP MAX UNITS CONDITIONS 

Supply Voltage Range 2.8 10 V V+to V 
Supply Current -- 0.8 2.0 rnA No external loads 

Regulator Section 
Output Voltage VREF to Common 580 650 720. mV 

Output Voltage V to Common 1.16 1.30 1.40 V 

Output Current VREF Source 1.0 rnA 

Output Common Sink 1.0 rnA 

Output Common Source 1.0 rnA 

Power Supply Rejection 
VREF .5 2 mVIV 
V- 1 4 mVIV Note 1 

Temp Coefficient 50 150 ppm/oC 

Load Regulation (min to max load) 
VREF 7 40 mV 
V- 5 20 mV Note 1 

Log Amplifier 
Input Offset Voltage @ liN -80 12 +60 mV 

Temp Coefficient 50 p.V/oC 

Input Bias Current (liN) -20 +20 pA 

Input Bias Current @ 50° C -120 ±50 +120 pA 

Dynamic Range 50pA 500 p.A IREF of 100nA Note 3 

Output Scale Factor 20 30 40 mV/octave 

Reference Current Range 0.1 1 p.A NB upper range can be extended 

VOUT for liN - IREF -30 +30 mV 

Accuracy (full· dynamic range) ±30 % of octave 

(100pA to 100p.A) ±10 % of octave Note' 2 

Temperature Tracking (lnA to 100p.AJ -10 +10 ·mV Deviation of output from 25°C 

Offset Null Range ±Vos O/N pin to V or VREF Note 4 

Input Offset Voltage ((REF) -5 ±1 +5 mV 

Input Bias Current ((REF) 10 40 nA Note 3 (measure by scale factor 
error for small IREF 

SAMPLE & HOLD (A3) 
Input Offset Voltage 5 ±1 +5 mV 

Input Bias Current 10 50 nA 

Input Leakage on CH liP pin 50 pA TRK/HOLD pin LO. 

Output Voltage Swing -700 +400 mV 5kfl load to V , 10kfl to Common 

Charge Injection 0.8 1.5 nC 

Trk/Hold Threshold 0.8 1.2 1.6 V With respect to V 

Input impedance Trk/Hold pin 100 kfl Resistance to V 

Inverting Amplifiers (A4, AS) 
Input Offset Voltage -5 ±1 +5 

Input Bias Current 10 40 nA 

Output Voltage Swing -200 +400 mV lkfl to common 
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PARAMETER MIN TYP MAX UNITS CONDITIONS 

Amplifier Match 
Input Offset Voltage Differential 
A3~A4 -7 +1.5 +7' mV 
A3-A5 -7 +1.5 +7 mV 

Antilog Amplifier 
Input Scale Factor 10 15 20 mV/uctave 

Dynamic Range .05 500 ,..A IREF of 1 DOnA 

Input Bias Current 15 SO nA 

VIN for lOUT = IREF -30 4-30 mV 

Accuracy ±10 0/0 of Octave 

Output Voltage Range Common V . 

, AC CHARACTERISTICS 
Response Time (liN 10nA to InA) Log Model I I 5 I ms I 
Power-up Time (liN @ 200pA) 150 . ms 

Note 1: Analog common regulated with respect to V-; measurement of· common with respect to V- is int,ended. 
Note 2: Measured @ liN = InA, IREF, 100,..A; center must be ±100/0.of interpolated value. . 
Note.3: Not tested directly; guaranteed by other tests or design control. 
Note 4: Offset null not available on Standard 18 pin part. An offset null pin is available in die form, or as a special bonding option in a 22 pin 

package, or an 18 pin package with the loss of one other pin. Consult factory for details on this, or other options. 

ELECTRICAL CHARACTERISTICS: ICL8062 

ABSOLUTE MAXIMUM RATINGS (*) 
Vee ............................................... 10V 
Icc reverse ..••.•.•......•.••.•...•..•.•..••.••. '10mA 
Operating Temp Range ..•..••.•••..... -10°C to +50°C 

Outputs short circuits 
to either supply .............................. 'Indefinite 

V-to V+ 

Storage Temp Range •.•.•...••..•.. .-65°C to +125°,C 'Short duratior:1 only 
Lead Soldering Temp ..... ; .••.••••...•.. (10 sec) 300°C VIN(any input except "Osc off) •.•....••.•....• V"" to V+ 
Power Dissipliltion ' VIN (Osc off only) •.••...........••....... V- to (V-+5V) 

(25° C) ••....•••.•••.•••...•.•..•...••••.•••.• 500mW Note: Stresses above those listed may cause permanent damage to 
Derate above 50°C....................... @ 0.5mW/oC . the device. Functional operation at the listed stress levels is 
liN (all inputs) ... ; .•.•••..•.•..•...••....•••..•..• 2mA' not implied. Continuous . exposure to absolute maximum 

. lOUT (all outputs) ...•...........................• 25mA rating conditions may adversely.affect device reliability. 

DC CHARACTERISTICS (V+ = +6Vl V = gnd TA= 25°C unless otherwise specified) . -

PARAMETER MIN TYP MAX UNITS CONDITIONS 

Supply Voltage Range 2.7 10 V V+to V 
Supply Current 

(one alp low) 1 2 mA (excludes output load curren1) . 
(two alp low) 1.5 2.5 mA 

Input bias currents (except Osc off) . 50 nA (per comparator; see loading 
table) 

Input Offset voltages: As to Ac, 
upper trip +2 +7 +12 mV 
lower trip -12 -7 -2 mV 
uPPE1r trip to lower trip point 8 14 20 mV 

Amax to As, Tmax to T 12 7 2 mV 

.Amin to As, Tmin to T +2 +7 +12 mV 

Tslo to T, LBAT to REF -6 ±1 +S mV 

Input Common Mode Range 0.2 4.7 V 
Output Drive Current 10 15 mA VOUT 1.5V 
Output Saturation 0.4 V lOUT = 8mA 

• Output Leakage Current .01 1 ,..A· VOUT = 10V 
OSCillator frequency 1 Hz RI - 120k, R2 - 240k, 
OSCillator duty cy.cle 30 0/0 Cl = 22,..F 

Input Impedance, Osc off 100 250 kfl 
Osc off threshold 0.8 1.2 I.S· V 
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ICLB061/8062 
CIRCUIT DESCRIPTION 
The two circuits basically consist of an analog computation 
circuit, on orie die, and an alarm and LED control circui~ on 
the other. Each circuit will. work with sin,gle floating suPply 

. FUNCTIONAL BLOCK DIAGRAM - ICL8061 

voltages b.etween2.7V and 10V, and draw,less than 1mA of 
quiescent supply current.' A minimum of external compon

. ents are required, over and above those. inherently 
associated 'with controlling the camera. 

VAEF liN 
17 r--: 

AN 
COM 

_18 
_1. ____ _ AScUT A41N A40uT 

____ 4 6 ____ J! --, 

OFFSET 
NULL 

ICL8061 Computation .Circu/J 
The computation circuit, which in many applications can 
stand alone, contains'several functions .. lnterms of normal 
camera control description, the first is a wide range logarith
mic converter. This circuit establishes a voltage of less than 
50mV across the. photocell (offset null is available as an 
option, see' Note 4 above), and generates a temperature
compensated logarithm of the input current from 50pA (at 
room temperature) to 500!,A. The scale factor can be set 

I 
I 
I 
I 
I 
I 

8 ---"7 _-.J 
CH A30UT 

yt---J, 

a:nywhere below approximately 40mVioctave, ,though 20-
30m V is generally most suitable. The photocell current is 
compared against a reference' current,lREF externally 
generated, bui mosfconveniently derived from·the built~in 
(band gap) reference voltage on VREF. The output v.oltage On 
BV is referred to analog common, and goes positive for 
increasing brightness. The equivalent schematic of this 
portion of .the circuit is shown in Fig. 1. Q1 is the logging 

. r...:.-----I. I----~,-:....---, 
O/N. 

I COMP 

r-----"~.,---......;,----'VREF 
IREF 

I r----1r----'-<>BV 

I 
~ ___ I.,.IN ...... _+--I 
I * AN I COM r----+--+--'----+-----. 

Figure 1: Logarithmic Converter Eq!JivalEmt Circuit 
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ICLS061/8062 
transistor, 02 the reference diode. (Note 02 collector and 
base tied together.) FET input amplifier A1 drives 01, and'A2 
drives 02. Additional circuitry, not shown, compensates for 
A1,and 01 input leakage. The difference in 01 and 02 base
emitter voltages is amplified in the instrumentation amplifier 
IA 1 by the ratio of resistors R1 and R2. This provides 
temperature compensation, since R1 and R2have very 
different T.C.'s. 

Subsequent analog processing is done with signals propor
tional to the log of the corresponding' photographic 
variables. Note that A1 may require external frequency 
compensation, depending on the capacitance of the 
photocell and interconnecting leads., 

Next ,is an inverting track and hold circuit, see Fig. 2. The 
virtual ground input point can be used to add signals, such as 
ASA rating and (in the case of SLR cameras), metering 
aperture value, to the BV to obtain an EV. The required 
signals can be derived via potentiometers from VREF; 'the 
suggested connections are indicated in Fig. 2. 

T/1e second section of the track and hold amplifier has a FET 
input, which allows a very slow droop rate; the value of the 
external hold capacitor, CH can be chosen to provide the 
necessary compromise between droop rate and response 
time, while frequency compensating A3. 

In general, a value of -lJlF will allow settling commensurate 
with, the speed of the other sections of the circuit while 

maintaining a droop rate of under one EV per minute. The 
hold function can be used for holding an EV during mirror
up-time in an SLR (when the photocell is blocked) or for other 
situations where the shutter tim,ing and metering functions 
are not simultaneous. If the hold function is not needed, the 
control pin may be held high, or a metal mask option can be 
provided to eliminate the switching function. 
The next function consists of two independent but identical 
inverting amplifiers, see Fig. 3. These can be used to subtract 
two separate values from EV to generate output signals 
powerful enough to drive small meter movements. By sub
tracting actual shutter speed, a calculated desired aperture 
Signal can be derived; by subtracting actual aperture value, a 
desiJed shutter speed can be derived. Since both amplifiers 
can be used, both calculations can bedone, so that, in match 
needle systems, both desired and actual aperture and 
shutter speed car be shown; either needle-pair can be 
matched., For a motor"driven aperture system, automatic 
aperture setting can be achieved by driving the motor until 
calculated and actual aperture agree (see application section 
below). For automatic shutter systems, the shutter control 
input is connected to desired shutter speed. The described 
connections are shown in Fig. 3, which also shows voltages 
derived from V- for very slow shutter speeds. By adjusting 
the scale factor for the slowest shutter speeds, a simple 
correction for reciprocity failure can be provided. Note that 
the two amplifiers can be use,d in other ways, as well; see 
applications section. 

Figure 2: Track-Hold and Film Speed"Meter Sensitivity Circuit 

5-193 



ICLS061/8062 O~OIL 
~~O ______ -. ______________________________________ -, 

VREF- jvf.,-

/ 

/ 
! 

/ 

/--

111000 ' ' 

1/500 

-EV 

1/250 

\ 
2k " SHUnER 

\ SPEED 
2 \ CONTROL 

2k 

132 lOOk lOOk 

CALCULATED 
I' SHUTTER SPEED 

METER 

, I SLOW 4 
I SHUTTER 

\ 
\ 
\ 
I 

t'------------<> 1.0 

I SPEEDS 
ONLY 

\ 
\ 
\ 

I 
I 
/ 

/ 
/ 

t 
, APERTURE 
SETTING 
CONTROL 

" ~OmV / 
'--_/ Figure 3: Calculated Aperture and Shutter Speed Circuits 

The final major function is an antilog circuit which converts 
the required shutter speed input (either calculated or set) to a 
high impedance current output over more than 13 octaves. 
Feeding this current into a suitable capacitor produces a 
ramp voltage suitable for driving standard electronic shutter 
control comparators. The circuit as presently constructed 
uses the track and hold control input to disable the antilog 
output during track, although this inter-connect is readily " 5 r, emoved (met, al mask, OP, tion) if full-time antilog (or full-time 
track) operation is required. The equivalent schematic for 
this portion of the device is shown in Fig. 4. The instrumenta
tion amplifier IA2 does the reverse temperature coefficient 
correction to that of IA1, and drives the emitter of 03, the 
antilog transistor. The current output, from the collector of 
03, has a high o,utput impedance from analog common to the 
maximum voltage allowed on 03, (+10VI. Fig. 4 also shows a 
typical shutter control comparator using the current from 03 
to time the shutter closure solenoid. The operation is as 
follows: when the shutter release occurs, SW1, opens first, 
putting the circuit in hold and antilog mode. The timing 
current stabilizes and flows through SW2, which opens at the 
same time as the shutter opens. The current charges Cs 
down till it reaches analog common, when the (external) 
comparator trips the shutter,closing solenoid S1: The adjust
ment at the input to the Ts pin corrects for scale factor errors 
in the antilog circuit. These errors will track very closely 
between IA 1 and IA2, and if no use is made of intermediate 
signals to drive scale-sensitive devices such as analog 
meters, the two scale factor adjustments can be omitted,a:nd 
correction made with one adjustment to the aperture, film, 
and shutter speed switch voltage. 

The remainder of the ICL8061 circuit contains the ground, or 
analog common, and reference lines. The equivalent 
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AUTO 

Tc --O_~IX/'v-.-{>--I 
Ts ......, 

MANUAL 

Figure 4: Shutter Timing and Control Circuit 
schematic for this section is shown in Fig. 5, This figure also 
shows the' recommended floating battery and external 
bypass capacitor connections. ' 

BAND 
GAP 

REFERENCE 
CCT 

~~--1-----~~V~l 

.L 
T 

AN J >-..... -c,;;oii'T 
.L 
T 

- I 
'--_-()_-------~--.:..--'--J 

v-
Figure 5: Equivalent Circuit, Analog Common and 

Reference Voltage 
Since the various section~ of the circuit are fairly indepen
dent, the individual blocks can be reconfigured readily. The 
analog common line should be treated with care, however, as 
it connects to almost all portions of the circuit. 
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FUNCTIONAL BLOCK DIAGRAM 
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ICL8062 Alarm & LED Control Circuit 
The Alarm and LED control circuit compares the voltages 
corresponding to shutter speed, calculated and actual 
aperture, and reference and track-hold-control (from the 
ICL8061) with the maximum and minimum aperture and 
shutter speed voltages, together with a slow shutter speed 
warning limit from the external circuits, and a divided battery 
voltage, and drives three LEOs or similar indicators, alarms, 
etc. If the calculated and actual aperture values are close 
enough (± 1/4 f-stop, typically), fall within acceptable limits, 
the shutter speed is within limits, and the control input is high 
(corresponding to "track" in the ICL8061 circuit), the "OK" 
output is on (pulled low) and the others are off. If everything 
is the same, except that the shutter speed is between the slow 
warning and the lowest allowed limit, the "OK" output 
flashes on and off at a frequency controlled by an external 
RC network. In either case, if the control input goes low (the 
"hold" pOSition if tied to the ICL8061 ),the same oscillator will 
flash the "OK" output. The user can time long manual 
exposures by counting flashes. . 
If the calculated and actual apertures are different, the "OK" 
output goes high, and depending on whether the actual 
aperture is above or below the calculated value, the corres
ponding "under" or "over" outputs will go low. Using these 
outputs to" drive a motor results in a simple aperture 
controlled motor drive. A deadband; together with a small 
amount of hysteresis, is provided to prevent "hunting". If the 
actual aperture reaches either the minimum or maximum 
value, and still does not agree with the calculated.value, both 
"over" and "under'.' outputs go low, preventing" the motor 
from trying to overdrive the aperture system. If the actual and 
indicated values agree, but are at or outside the minimum or 
maximum value, either "over" or "under" will go low, and 
"OK"go high. This allows aperture setting to be done elec
tronically on the camera body, without reg"ard to limits of 
separate lenses. Circuits showing these. features are given in 
the applications section. 

AMIN 

If the shutter speed is either too high or too low, or the battery 
voltage falls below a settable multiple of. the reference 
voltage, both "over" and "under"will go low, and "OK"wili go 
high. . 

Since aperture value and shutter speed are electronically 
interchangeable signals, the descriptions of function above 
may be interchanged freely, and the low battery detect can 
also be used for other functions. The minimum and 
maximum shutter speed and aperture limit values may also 
be used for other functions, if desired. The outputs are 
capable of guaranteed drive of 10mA each, but are limited 5 
against excessive currents if short circuited. 
The comparators are similar to LM139 devices in principle, 
and the logic shown in the block diagram is mainly RTL (or 
OCTL>. The various comparators have built-in offsets to 
avoid .external "tweaking" of voltage levels for system 
compatibility. 
The oscillator schematic is shown in more detail in Fig. 6. In 
some applications, the "OSC IN" pin can be used as an 
additional control input. In this case, "OSC OUT" provides 
an inverted logic output, with substantial hysteresis. 

lOOk 

r-________________ --o~sc 

:vc ______ ~----~------~------------~ 

Figure 6: Equivalent Schematic 8062 Oscillator 

OSC 
OUT 
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APPLICATIONS 
Since all inputs to the system, other than the photocell itself, 
are of logarithmic values (namely ASA rating, aperture value, 
f-stopand speed settings, eicJ, and normal controlsare most 
desirably set up on the same basis, the tapped 
potentiometers to feed these values to the circuit are linear, 
avoiding the difficulties of logarithmic potentiometers. The 
same reference and scale values are used for all control 
inputs and outputs, allowing for ease in setting up and 
calibration of the system. The specifications of the circuits 
are such that the set-up requirements in theminimalsystem 
can be reduced to one sensitivity adjustment (to control 
photocell sensitivity, shutter timing capacitor vt;llue, and all 
system offset voltages) and one scale value adjustment to 
equalize the internal an'd external scale calibration. The most 

sophisticated system can be set up with one extra scale 
adjustment (for meter scale equalization) and one photocell 
voltage adjustment, if needed, and possibly an adjustment 
for flasher frequency. . 

Some typical applications connections are shown in the 
following figures. The selection is intended to be illustrative, 
rather than exhaustive, and many other combinations are 
possible. Also, custom modifications of the circuits can be . 
made to facilitate certain applications. Consult the factory 
for details. Note that in some cases it may be necessary to 
use a 4.7kH pull down resistor from A3 to V-; it may also be 
requiredto insert a resistor in series with CH to obtaina TC of 
1 ms. Table I shows a typical set of voltage values corres-

. ponding to the normal photographic variables. 

Table 1 

Voltage +200 180 160 140 120 100 +80 
Shutter speed 1000 500 250 120 60 30 15 
Tv, Av +10 +9 +8 +7 +6 +5 +4 
Aperture (f#) 32 22 16 11 8 5.6 4 
EV +10 +9 +8 +7 +6 +5 +4 
BV OASA 100> +5 +4 +3 +2 +1 0 -1 
SV +10 +9 +8 +7 +6 +5 +4 
ASA 3200 1600 800 400 200 100 50 
DIN 36 33 30 27 24 21 18 

\ . 

+60 +40 
8 4 

+3 ',+2 
2.8 2 
+3 +2 
~2 -3 
+3 +2 
25 12 
15 12 

SHUTTER 
PRE-RELEASE 

+20 
2 

+1 
1.4 
+1 
-4 
+1 
6 
9 

;---""\>-' --'--"'" 

0 -12 -14 -60, -80 mV 
1 1/2 1/4 1/8 1/16 llsec 
0 -1 -2 -3 -4 
1 (,7) 
0 -1 -2 -3 -4 

-5 -6 -7 -8 -9 
0 
3' 
6 

LOW /--~-- .......... 
LIGHT r-.. J--"-f----'--'--"'----~--; 

. WARNING 
(~ED) 

I 
'::' I 

I 
ASA 

SENSE 
150kll FLASH ,<>:"-J , 

CUBE L 
SENSE 20kll 

FOCUS OR 
FIXED VALUE 

Figure 7: Simple Automatic Aperture Camera 

Camera has fixed shutter speed. The shutter pre-release 
switch applies power to the circuit; photocell current, 
together with film speed, (e.g. from cartridge sensor) 
activates aperture vane to give correct exposure. If the light 
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lever is too low, the optional LED comes on. If a flash cube is 
inserted, either fixed or focus related BV is used. Film speed 
correction is retained. Only one set-up adjustment may be 
requir.ed. 
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FILM 
SPEED 

20k!! 

150kll 

,Figure 8: Servo-Control Movie Camera 
During interfrarrie time, mirror-shutter directs, light to tions are made for film-speed and frame-rate. The same 
photocell, and the shutter switch activates track circuit. A3 circuit can be used for a mechanical shutter still camera, with 
and A4 together with the aperture vane act as a servo loop to, shutter speed replacing frames/sec. The TRK/HLD pin can 
maintain constant light level on the photocell.' During film be tied high if the photocell is illuminated during exposure. 
exposure, A3 holds value, and the vane remains still. Correc- ' 

.n 
r-~----~--~--~--------------~~I~; 

~-TI~----------~ 

I 
I 
I 

BATTERY 

SHUTTER 
SOLENOID 

'-------_ v-
~~'::':::'----, 

I 

ASP. 
CONTROL' 200kll 

, Figure'9: Simple AutorTjatic Shutter Camera 
Camera has fixed aperture. Pre-release S, applies power, S2 establishes 'antilog circuit, S3 signals shutter opening, solenoid 
closes shutter: ' 

100kll 

lOOk!! 

Figure 10: Electronic Shutter Servo Control Camera 

20kll 

I SHUTTER ' 

SHUTTER 
SPEED 
CONTROL 

Similar to Fig. 8, but has electronic shutter. 
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------------, 

, 100kll 
-= , 

SHUTTER, 
SPE~D", . L _______ ~ ____________ ~ __ ~ 

lMll 

, , 

Figure 1,1: Automatic Clamp-Aperture S.L.R. Camera 
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I 
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I , 
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MECHANICAL 
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SHUTTER 
MODULE 

D~DIb 

Meter indicates calculated aperture. The "actual aperture" 
input tracks the lens aperture as it closes just before 
exposure, and when it equals the calculated value the 

aperture clamp solenoid is tripped. The circuit can be used 
with eith!lr mechanical or electronic shutters. 

20k<~A-S~A-------;----~Ar--~--------JV~r-------~ 

BATT 

t n SHUTTER 
~RELEASE 

ISl 
I 
I 

~ S2 v-
lOOk 

:- 'SHUTTER SPEED 

AUTO 

. Figure 12: Automatic-Manual Shutter Control Camera 

CLOSING 
SOLENOID 

BATT 

Amax is metering aperture of lens, As is shooting aperture. Shutter speed control has 'Auto' position&manual settings. 
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AMIN 

SHUTTER CONTROL 
'------=---t--JVI/'v--, 

v+ 

APERTURE MOTOR 
ASSEMBLY 

TSLO -

"OK" 
LED v-

./,- .... 

\. :; 

MECHANICAL 
OR ELECTRONIC 

SHUTTER 
ASSEMBLY, 

Flgure,,13:Motor-Driven Auto Aperture Camera , 

Motor is driven until set (or 'actual) aperture ,is equal, to 
cal,culated aperture. If either maximum or,minimum,aperture 
is reached. motor stops'. ,If satisfactory balance is achieved. 

·O.K.' LE.D. comes on. If chosen 'shutter, speed ,is below 
preset value. L.E.D. will blink. 
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U 20 ?-' O.A 
R ~!!?+-~-~~~~AA~~-~-'--~,~~'VI.~-~-~ 
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_ .... l~_BATT 

.Ts .t,50kU ..... 

AUTO SHUTTER..!" v T -~, 
'--'--+-+----,-_+-'-+-_--,-_ .... ',.v .20kll 

TMAX TSLO TMIN 1\ ", 

'----------+-'-+----l~~ ~ 
'-----------'----+-+---i~ AM IN ICL8062 'Ac ~ 

. :~ v---Q; .V-. OSCOUT ~I---+-++-~-"-"""L 
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t- CJ - ~ Tsco. ' TMIN ;g;f-=.-=-:,.,..,.---' 
~ 6. .~ ,TMAx T ~'I-'-----' 

Figure 14: 'AutO-Manual Aperture Auto-Manual Shutter Camera 

Motor drive 'is similarto Figure 13. 'Manual-Manual' position 
gives L.E.D. indication of 'high/correct/low' settings. In 
'Auto-Auto' position, 5x connects Rx in the circuit, so that 
both aperture and shutter speed are controlled. Rx sets the 
weighting of shutter to aperture. Both shutter-preferred and 
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aperture-preferred operations are achieved by placing the 
other control to automatic (automatic aperture tiesir'l motor 
control system).' Metering can be done at open-aperture ot 
closed-aperture via 54. Monitor meters can be connected to 
the outputs of A4 and Aq if desired, 
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V· ICL7107 

1 V· OSC 1 
2 01 OSC 2 
3 Cl OSC 3 
4 Bl TEST 
5 Al REF HI 
6 Fl REF 1.0 
7 Gl C REF 
8 El C REF 
9 02 COMMON 

10 C2 IN HI 
11 B2 IN LO 
12 A2 A/Z 
13 F2 BUFF 
14 E2 INT 
15 03 V 

r-16 B3 G2 
f-- 17 F3 . C3 
I-- 18 E3 A3 

19 AB4 G3 
20 POL GND 

COMMON 
ANODE 

"---

II 

J: t '+,b 
"I d c 

I 

40 
39 "'. lOOk!! 

38 .. 
37 1I100pF 

V 

36 
II 35 

34 ~O.l"F 
20~1l 

33 

VREF 

32 -:: 
31 
30 [il O~"F 29 

100kl! 28 

EV 

27 
1I.22"F 26 

25 
24 r---
23 -
22 
21 V 

r--

V 

,...........;_.:.;IC,.L7109 

1 GND V. 
2 STATUS REF IN 
3 POL REF CAP 
4 OR REF CAP. 
5 B12 REF IN. 
6 Bll IN HI 
7 Bl0 IN LO 
8 B9 COMMON 
9 B8 INT 

10 B7 AZ 
11 B6 BUF 
12 B5 REF OUT 
13 B4 V 
14 B3 SEND 
15 B2 RUN/HOLD 
16 Bl BUF OSC OUT • 
17 TEST 
18 LBEN 
19 HBEN 
20 CE/LOAD 

,., ,., -

D~DIb 

V' 

~====+=: Ac. As. Te. Ts 

20k!! 

Figure 15: Digital Readout Circuits 

PROM or EPROM can be programmed to read any scale. 
Direct readout is suitable for 'EV' scale as shown. Note that 

converters are near -ve common mode limit. 
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CHIP TOPOGRAPHY, ICL8061/D CHIP TOPOGRAPHY, ICL8062/D 

r 
.105 

±.002 

ASOUT 

A40UT 

AN 
VRE' V+ COM V-

PACKAGE DIMENSIONS : 

18 PIN PLASTIC DIP (PN) 

[~~ ~ ~ ~ ~ ~j . F: I .175 MAX 

.015 (.381) 

~ 

_1,310 (7.874),
.290 (7.366)'---

i 

~ ffimlm1~,4',13) MAX -=r=(4'445) 

---r--- ~ I' 1 " .008 (.203) 

_I 1- - -11_--.1-'6'-0-(4-,064) I I 
i :~!~ ~~:~::~, ·~:300\1.::28":~~~ ~~:;~~:.100 (2.54~ :~~~ :~::m r-

1. Lead no. 1 identified by dot or notch. 
2. Dimensions in inches (millimeters). 

AMIN AMAX As Ac 

1 
TSlO TMAX T TMIN I' 

~.-,-----,--~-,---,--~0~~2------'----~· . 

18 LEAD PILL (FN) 

.015 

,. Cd '==(O~'jr=) =-~J4_ 
_ (10.0) 

f ! 
.05 (1.25) 

~~I~~ 1-- f 
.006 .098 (2.4) 

MAX 
.040 
(1.0) 

osc 
OUT 

OSC 
IN 

REF 



FEATURES 
e Low Input Current ~ 250 nA 
e Low Power Consumption 30 mW 
e Large Input Voltage Range ~ ±10V 
e.' Low Offset Voltage Drift 3 jJ.V JOC 
e/. Output Swing Compatible with Bipolar Logic 

GENERAL DESCRIPTION 

The I ntersil 8001 integrated circuit is a monolithic volt· 
age comparator featuring low input currents, low power 
consumption, and 250 ns response time. A versatile output 
stage enables the designer to control the ou tput voltage 
swing. The use of thin film re.sistors ensures excellent long 
term stability and the device is particularly suitable for 
low power space and airborne applications. 

SCHEMATIC DIAGRAM 

" 22"n 

... 
'''''' 

.ICL8001 
Precision .. Comparator 

'!. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ±18V 

±18V 
±15V 

Input Voltage (Note 2) 
Differential Input Voltage 
Internal Power Dissipation (Note 1) 
Peak Output Current 
Storage Temperature Ra!lge 
Operating Temperature Range 

(8001C) 
. {8001MI . 
Lead Temperature (Soldering,60 sec) 

EaUIVALENT CIRCUIT 

NON~INVERTING 

INPUT 

INVERTING 
INPUT 

500mW 
15mA 

-65°C to +150°C 

aOc to +,70°C 
-55°C to +125'oC 

300°C . , 

"'-_-OOUTPUr 

9V : 

. ~T v- GNO 

NULL 

L,-~...,......o·G"D CONNECTION DIAGRAM 

'" 'on 

." un 

"n 
1.2M 

4 NULL 

, 
'-----..... ----4 __ --.;._.-._-<lv· . 

ORDERING INFORMATION 

IC lQl lSBOOl L=C L ~~k:8e~in.TO.5 . 
JD 14pincerdip . 

Temperature Range: 
C - Commercial (efe'co +7O"C) 

. " . M - Mil~tar~ I_55°C to ;+125"C) . _ 

Oevice Chip Type 

Linear Circuit . 

L.... ______ "INTERSll INCORPORATED CIRCUIT 

NOTES.and Additional Electrical Characteristics on Page 2. 

NC V+ 

NC O/p 

V++ GNO 

NC v-
NONINV O/N 

NC NC 

INV O/N 

, '~ 

OFFSET 
NULL 

NON-INVERTING 
INPUT 

v-

TOP VIEW 

I 
i 
I 

NOTE: Pin 5 connected'lo case. 

PACKAGE DIMENSIONS 
TO-l00 

NOTES: All dimensions·in inches. 
Leads are gold-plated Kovar. 
Package weight is 1,32 grams. 

a 
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, 

ELECTRIC~L CHARACTERISTICS tV++ = 15V, v+ = 5V, V- = -15V unless otherwise specified) 
,,' ',,,:. " ' ,,': " . 

PARAMETER CONDITIONS 
BOOIM 

MIN TYP MAX MIN 

The following specifications apply for 
TA = +25°C: 

" :1. 
Input Offset Voltage Rs~ 10kil 0,5 3.0 

" 

Input Offset Current 2 20 

Input Bias Current 40 100 

'Input Resistance 0- lD 

Power Consumption VOUT = 2.5V 
", 

30 60 

The following specifications apply for \, 
, -55°C!5: TA S: +125°C (B001M) 

I ,O°C::;:TA ::;: +70°C (B001C) 
; ; . 

Input Offset Voltage Rs :S'10 kil 4.0 

Average Temperature Coefficient 2,0 20 
of Input Offset Voltage 

Input Offset Current 7 100 

Average Temperature Coefficient 35 '"i 

of Input Offset Current 

Input Bias Current 250 

Input Voltage Range ±10 ±1,2 tl0 

Common Mode ,Rejec,tion Ratio, 70 90 70 ' 

Supply Voltage ~ejection Ratio ' 300 , 
Differential Input Voltage Range ±15 

Voltage Gain 15,000 60,000 15,000 

Positive Output Level Max (Note 3) V+ = +15V 7.0 9,0 7.0 

Negative Output Level At 2 mA Sink Current 200 500 

Response Ti';;,;'(Note 4) 250 
.. 

NOTE 1: Rating appl ies for ambient temperatures to + 70°C. 
NOTE 2: For supply voltages less than±I,5V, the absolute maximum input voltage is equal to the supply voltage. 

NOTE 3: Positive output level can be adjusted below 9V:by changi~g V+. See circuit., 

NOTE 4: The response' time specified is for a 100 mV inpu~ step with 5 mV overdrive. 

NOTE 5: Input bias cur~ent is independent of V-. 

,CIRCUIT NOTES: 
+lSV +5V 

BOOIC 
TYP 

1.0 

10 

,50 

10 

30 

3.0 

15 

35 

t12 

90 

60,000 

9.0 

200 

250 

VOLTAGE OFFSET 
NULL CIRCUI·T 

OUTPUT LEVEL,COMPATIBLE 
,WITH TTL, DTL, ETC. 

MAX 
UNITS 

5.ci mV 

'50 ~A 

250 nA 

Mil 

60 mW 

,6,0 mV 

30 jJ.V/oC 
, 

100 riA 

'pAte 

300 nA 

V 

dB 

300 jJ.VIV 

t15 V 
I 

' VIV 

V 

400 mV 

ns 

\ 

NOTE: As with all ,high 'gain comparators, care must be taken to avoid feedback between output and input. Where possible, hysteresis 
should be used to provide a smalT deadband. . 
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TYPICAL PERFORMANCE CURVES 

100 

< 90 

E 80 ... 
70 z 

w 
a: 60 a: 
::J SO U 

'" 40 « 
iii 30 ... 
::J 20 Q. 

~ 10 

o 

INPUT BIAS CURRENT 
AS A FUNC:nON OF : 

,AMBIENT TEMPERATURE 

1"\ 
I ...... 

....... 
r- -

-60 -20 +20 +60 +,100 +140 

TEMPERATURE lOCI 

POWER CONSUMPTION, 
AS A FUNCTION OF 
AMBIENT TEMPER,ATURE 

~ 
580 

VH '= +15V 

z 
o 
t 60 ::;; 
::J 

'" 15 40 
u 
a: 
w 
~ 20 

'-t-r--

V+ = +5V 
v-, -lSV 

I-----I--

o 
-60 -20 +20 +60 +100 +140 

~ 
w 
<.!) 

« 
!:i 
0 
> ... 
::J 
Q. ... 
::J 
0 

10 

.TEMPERATURE lOCI 

VOLTAGE TRANSFER 
',CHARiliCTE RISTICS 

1 1 -
8 

-SSoC_ .jJ I ;-;12~OC 1. .:... 
6 

2 

o 
-100 

I' , 
+25Q C ~ -A , " /; 

-40 o +40 +100 

INPUT VOLTAGE IVI 

< 
E ... 
z 
w 
a: 
a: 
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15 
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;; 
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... " ::J!:i 
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> 

;; 
E 

w 
<.!), 

~11 
a: 
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::;; 
z 
o 
::;; 
::;; 
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u 
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A 
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RESPONSE TIME FOR 
VARIOUS INPUT 
OVERDRIVES 
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~~ 

... ;;:; + 100 I-+-+--+-t-l-t--+-+--+--l 
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o 
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50 
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TEMPERATURE lOCI 

POSITIVE OUTPUT SWING 
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/ 

11 

V· 
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VARIOUS INPUT 
OVERDRIVES 

1 1 

13 15 
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I! 

o 200 400 600 800 
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CIRCUIT AND APPLICATION NOTES 

V REF 

OUTPUT 

Rl • Rs for minimum 
Vos and drift. 

SIM'PLE VOLTAGE IcEVEL DETECTOR 

SET U~~;o-__ --I 

INPUT OUTPUT 

SET L~~W 0----,1 

CONNECTION TO PROVIDE LOGICAL OROF ' 
TWO COMPARATOR OUTPUTS 

WINDOW DETECTOR 

INPUT 

>-.--0 OUTPUT 

COMPARATOR wiTH HYSTERESIS 

+5V 

p-+--OQ 

USE OF EXTERNAL NAND GATES TO PROVIDE 
, OUTPUT STORAGE 

A TO D CONVERTER' 



FEATURES 

LM111, LM2.11,LM311 
Precision Voltage Comparators 

GENERAL DESCRIPTION 

• Differential Input Voltage Range - ±30V The LM'111 Series comparators ani' desigriedfor precision 
applications where the input and output characteristics of 
710 and 106 high speed comparators are not adequate for 
low level signal detection and high level output drive capa
bility. They are designed to operate from supplies up to 
±18V and single supplies down to. +5V. The· output is 
capable of driving. TTL, RTL, DTL as well as MOS and 
lamps or relays . .Input offset voltage balancing and TTL 
strobe capability are provided. Outputs can be wire OWed. 

• Input Common Mode Voltage Range - ±14V 
• Operating Power Supplies +5V to ±18V 
• I nput Offset Cu rrent - 20 nA max 
• Input Offset Voltage - 3 mV max 
• Output Flexibility...:c35V;50 mA; 

T2L Compatible 

• Strobed Output & Input Offset Adjustable ,Switching speeds tp TTL logic levels are typically 250 ns. 

CONNECTION DIAGRAMS * 

METAL CAN 

6 BALANCEI 
STROBE 

NOTE: Pin 4 connected to case. 

TOP VIEW 

SCHEMATIC DIAGRAM 

IIALANCEISTROIIE BALANCE . , 

113 ... 

"'" 300 

FLAT PACKAGE 

GROUND 

INPUT 

.INPUT 

NC 

v' 

v' 

OUTPUT 

NC 

BALANCE I 
STROBE 

BALANCE 

NOTE: Pin 5 connected: to bottom 01 package. 

TOP VIEW 

"Pin connections shown' on schematic diagram 
and typical applications are fo~ T<?-5 package. 

GROUND 2 

BALANCE 7 

DUAL·iN·LlNE 

8 BALANCEI 
STROBE 

, NOTE' Pin 6 connected to bottom 01 package. 

TOP VIEW 
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ABSOLlhe MAXIMUM R'ATINGS 

Total Supply Voltage (V84) 
Output to Negative Supply Voltage (V74) LMlll, LM211 

LM311 

3SV 
50V 
40V 

Ground to Negative Supply Voltage (V'4) 
Differential Input Voltage 

30V 
±30V 

- ±15V 
500mW 

10.sec 
-55°C to +125°C 
"_25°C to +85°C 

O°C to +70°C 

Input Voltage (Note II' 
Power Dissipation (Note 2) 
Output Short Circuit Duration 
Operating Temperature Range LMlll 

, LM211 
LM311 

Sto'rage Temperature Range _65°C to +150°C 
300°C Lead Temperature (Soldering, .10 secJ., 

ELECTRiCAL CHARACTERISTICS (Note 3) 

pARAMETER 

Input Offset Voltage (Note 4) 

Input Offset Current (!\late 4) . 

Input Bias Current 

Voltage Gain 

Response Time (Note 5) 

Satu rat ion Voltage 

Strobe on Cu'''''nt 

Output Leakage Current 

Input Offset.Yoltage (Note 4) elnput Offset Current (Note 4) 

Input Bias Current 

Input Voltage Range 

Saturation Voltage 

Output Leakage Current 
(Note 6) 
Positive Supply Current 

Negative Supply Current 

.. 

CONDITIONS 

T A = 25°C, Ri;::;; 50k 

T~ = 25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C 

TA = 25°C 

V,N ::;; -5 mV, IOUT= 50 mA 

Y,N < -10 mV, lOUT ~ 50 mA 

TA = 25°C 

T A = 25°C 

Y,N ~ 5 mV, VOUT = 35V 

Y,N ~ 10 mV,V OUT = 35V' 

Rs::;; 50k 

V+ ~ 4.5V, V-,,,,,.O 

V,N ::;; -6mV, ISINK ::;; 8 mA 

V ,N ::;; -10 mV, ISINK ::;; 8 mA 

Y,N ~ 5 mV, VOUT =35V 

T",=25°C 

TA = 25°C 

MIN 
LMlll/LM211 LM311 

UNI.TS 
TVP MAX MIN TVP MAX 

0.7 3.0 2.0 7.5 mV 

4.0 10 6.0 50 nA 

60 100 100 250 nA, 

200 200 V/mV 

200 200 ns 

0.75 1.5 

0.75· 1.5 'V 

3.0 3.0. mA: 

0.2 10 

0.2 50 nA 

4.0 10 mV 

20 70 nA 

150 300 nA 

±14 ±14 V 

0.23 0.4 

0.23 0.4 V 

0.1 0.5 /lA 

5.1 6.0 5.1 7.5 mA 

4.1 5.0 4.1 5.0 mA 

NOTE 1: This rating appliesfo,f15V supplies. The. positive, input voltage limit is 30V above the negative supply, The negative input voltage limit 
is equal to the negative supply voltage or 30V below the positive supply. whichever is less. ' 
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NOTE 2: The maximum junction temperature of, the 111 is 150'C, that of the 211 is 11 O'C while that of the 311 is 85' C, For operating at ele· 
vated temperatures, devices in the TO:.5 package must be derated based on a thermal resista~ce of 150'C/W. junction to ambient, or 45'C/W, junco 
tion to case. For the flat package, the derating is based on,a thermal resistance of 18S'C/W when mounted on:a 1/16·inch-thick epoxy glass board 
with ten, O.03·inch-wide. 2-ounce copper conductor. The ,thermal resistance of the dual-in-lirie package is lOOoe/W, junction to ambient. 

NOTE 3: _ These specifications apply ,f6rVS= ±15V and over the operating temperature range, unless otherwise stated, The offset VOltage, offset' 
current and bias current specifications apply for any supplV voltage, from a single SV supply up to ± 15V supplies. 

NOTE 4: The offset voltages and offset currents"given are the maximum va'lues requ'ired to drive the'output within a \lolt of eit~er supply with a 
1 rnA load. Thus, these parameters define an error-band and take into account the worst case effects of voltage gain and input impedance. 

NOTE 5: The response time specified (see definitions) is for a 100 mV input step with 5 mV overdrive. 
NOTE 6: This specification applies for Pin 1 -ISV, Pin 7 +20V. 



LM111,LM211,LM31~ 

TYPICAL PERFORMANCE 
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TYPICAL PERFORMANCE (Cont) 
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- OUTPUT V ~UT 40V 
~~, 

1==== !=INPUT VIN ~ 15V ~ 

~ 
25 ' 35 45 55 65 ·75 

TEMPERATURE lOCI 

DEFINITION OF TERMS 

INPUT OFFSET VOLTAGE: The voltage between the 
input terminals required to make the output voltage greater 
than or lessth,an specified voltages, 

INPUT OFFSET CURRENT.-.The difference between the 
two input currents for which the output will be driven 
higher. than'o~ lower than specified voltages. 

INPUT BIAS' CURRENT: The average of th'e two input 
currents. 

INPUTV6LTAGE RANGE: The range of voltage on the 
input terminals (common mode) over which the offset 
specifications apply. 

VOL TAqE GAIN: The ratiooft~e change in output 
voltage to the change in voltage between the ,input term inals 
producing it. 

RESPONSE TIME: The interval between the application 
of an input step function and the time when the output 
crosses the logic threshold voltage. The input step drives 
the comparator from some initial, saturated input voltage 
to ari input level just barely in'excess of .that required to 
bring the' output from saturation to. the logic threshold 
voltage. This excess is referred to as th~ voltage overdrive. 

SA TURA TlON VOL TAGE: The low output voltage level 
with the input drive equal to or greater' than a. specified 

. value. 

STROBE ON CURRENT: The current that must tie drawn 
out.of the strobe terminal to disable the comparator. 

OUTPUT LEAKAGE CURRENT: The current into the 
output terminal with a specified output voltagerelative 
to the ground pin and the input drive equalto or greater 
than a given value. 

SUPPL YCURRENT: "Phe currentrequired from the posi
tive or negative supply 'to operate .the comparator with no 
output load. The power will vary with input voltage, but is 
specified as a maximum for the entire' range of input voltage 
conditions. 



LM111,LM211,LM311 

TYPICAL APPLICATIONS 

TTL COMPATIBLE OUTPUT SWING 

'5V 

lK 

OBTAINING ±15 VOLT OUTPUT SWING 

+15V 

V OUT 

-15V 

HIGH LEVEL TTL COMPATIBLE 
OUTPUT SWING 

+15V 

VOUT 

DRIVING GROUND-REFERRED LOAD 

V· 

'INPUT POLARITY REVERSED WHEN USING PIN.1 AS OUTPUT 

OFFSET BALANCING 

R2 
3K 

STROBING 

O~OIl 

MOS LOGIC COMPATIBLE 
OUTPUT SWING 

.5V 

-10V 

USING CLAMP DIODES TO 
IMPROVE RESPONSE 

FROM 
lAOD£R~~~>---'-I 

NETWORK 

D2 

Dl 

7 TTL 
OUTPUT 

L.-<~""'---ANAlOG INPUT 

INCREASING INPUT STAGE SLEW RATE' 

1>.
5 

• 6 

8 7 

3 

'INCREASES TYPICAL COMMON 
MODE SLEW FROM 7.0V/p.s TO 18V/p.s 
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LM 111 , LM211, LM311 

PACKAGE DIMENSIONS 

METAL CAN FLAT PACKAGE DUAL·iN·LlNE 

0,024 0.015 MAX 
TYP I ---liGLASS I ~ F==:;:;' I ",M, I 

::;.......:,====='-::=:=o.:==='>====r= 
[0070 """" 

MAX 006 

ORDERING INFORMATION 

PART TEMPERATURE PACKAGE ORDER 

NUMBER RANGE TYPE NUMBERS 

I 111 -55°C to +125°C TO-99 LM111T 
DIP LM.111D 
,Flat Pack LM11, 1 F 

211 _25°C to +85°C TO-99 LM211T 
DIP LM211D 
Flat Pack LM211 F 

311 O°C to +70°C TO-99 LM311T 
DIP LM311D 
Flat Pack LM311F 

'. 
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FEATURES 
• Wide operating range -±15V to a single +5V 
• Low Input currents - 6 nA 
• High sensitivity - 10 p.V 
• Wide differential input range - ±30V 
• High output drive - 50V.50 mA -,-' 

AUXILIARY CIRCUITS 

LH2111,LH2311 
Dual,Yoltage 
Comparator 

GEN.ERAL DESCRIPTION 
The LI::l2111 series of dual voltage comparators consist of 
two LM111 type comparators in a single hermetic package. 
Featuring all the same performance characteristics o,f the 
single, these duals offer in addition closer thermal tracking, 
I.ower weight, and reduced insertion cost. 
The LH2111 is specified for operation over the -55· e to 
+125·e military temperature range, and the \,-H2311 is 
specified for operation fro_m o·e to 70·e. 

. OFFSET. BALANCING STROBING INCREASING INPUT 
. 'STAGECURRENT* ' 

v-

R2 
3K 

ORIVIN,G GROUND.
REFERRE,D LOAD 

v+ 

,----t_v+ 

v-

TTL 
STROBE 

USING CLAMP DIODES 
TOIMPROVERESPON~~S 

FROM 
LAOOER'~_-'-1_....::.c"'l 

NETWORK 

R, 

L--:....~ ....... -ANALOG INPUT' 

• Increases typical common 
mode slew from 7.0/1l$ to 18V/~s. 

COMPARATOR AND 
SOLENOII? DRIVER 

, 0, 
1N4001 __ -W ___ --'-..... ~~TPUT 

STROBiNG OFF BOTH' INPUT* 
AND OUTPUT STAGES 

TTL INTERFACE WITH HIGH LEVEL LOGIC 

ANALOG 
INPUT 

FROM D/A'NETWORK 

°T ' 'C,. 0 2 
., ,,·IO"./lF 2N2222 . 

SAMPLE, . - "1 . - . :R, 
*Typical input current is 1K 

50,pA with inputs ,Itra,bed ~ff.. . , . ".', " = 

-TTL' 
~ROBE 

.---_---'-'-+- v+ = SV' 

R, 
240K 

INPUT~-'lM __ -'-_+"'" 
. 15.8. 

RS 

'K 

*Values shoWn are for a 0 to 3'DV 
: logic swing and a 15V threshold. 
;-May be added to control speed 

. and reduce"usceptibility to r:'oise, 
spikes." . . ,. , 
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LH21,11, LH2311 
Cpt4Na;CTION DIAGRAM 

NC 

D~DI!:. 

8AL/STROBE 
A BALA VB+ 

ORDER NUMBER LH2111D 
OR LH2311D 

v- BAL B BAL/STROBE 
'B7 

ABSOLUTE MAXIMUM RATINGS 
Total Supply Voltage ................ ' ...•...........•............. '......... 36V 
Output to Negative Supply Voltage (VOUT- V:') ......•.....•... ' ..•.. '. . . . . • . .50V 
Ground to'Negative Supply Voltage (GND- V-) ......•.........•..•......•.. 30V 
Differential Input Voltage ................................................... ±30V 

, Input Voltage (Note 1) ..................................................... ±15V 
, Power Dissipation (Note 2) .................. I .................. :. .. ... 500 mW 
, OU,tput Short Circuit Duration .......... ' .....•. ' ............................ 10 sec 
Operating Temperature Range LH2111 .. ' ......................... -55'C to 125'C 

LH2311 .............................. :O'C,to 70'C 
Bt~rage :Temperature Range ........... : .......................... -6S'Cto 150'C 
Lead Temperature (Soldering, 10 sec) .'. " ...........•.....•....•..•....... 300'C 

, ELECTRICAL CHARACTERIS:rICS Each side (Note 3) , 
',' ',: 

pARAMETER 
,",' , ' LIMITS 

CONDITIONS LH2111 LH2311 
Input Offset Voltage (Note 4) TA = 25'C, Rs :5 50k 3.0 7.5 
Input Offset CurrE1nt (Note 4) TA - 25'C 10 50 
Input Bias Current TA - 25'C .. " 100 250 
Voltage Gain ; TA -: 25'C 200 200 
Response Time (Note 5) TA - 25'C . 200 200 
Saturation Voltage VIN:5 -5mV, lOUr :-,50mA 1.5 1.5 

TA = 25'C 
Strobe On Current TA - 25'C 3.0 3.0 
Output Leakage Current VIN <:: 5mV, Your - 35V" 10 50 

TA =25'C 
Input Offset Voltage (Note 4) Rs:5 50k 4.0 10 
Input,QffsetCurrent(Note4! ' . ',' . 20 ," ;: " 70 

" 

Input Bias Current 150" . '300, " 

Input Voltage Range ±14 ±14 
Saturation \toltage V+ <:: 4.5V, V-- 0 0.4 0.4 

VIN :5 ":5mV, ISINK :5 8 mA 
Positive Supply Current TA - 25'C 6.0 7.5 
Negative 'Supply Current TA - 25'C 5.0 5.0 

,r,· 

UNITS 
mVMax 

nA Max 

VlmVTyp 
ns Typ 
V Max 

mATyp 
nAMax 

mVMax 

nA Max, 

VTyp 
V Max 

mAMax 

Note: This rating applies for ±15V supplies. The positive input voltage limit is 30V above the negative supply. The negative input voltage limit is 
: equal to the negative supply voltage or 30V below the positive supply, Whichever is less. , ' , ' 

Note 2: The maxlmum'jUnction temperature is 150°C. The thermal resistance of the dual-in-line package is 100°C/W, junctionto ambient. 
Note 3: These specifications apply for Vs = ±15V and --55'C :O::;T ... :O::; 1250 C forthe LH2111, and O~C:O::;TA :0::; 70' C forthe LH2311, unless otherwise 
stated. The offset voltage, offset current and bias current specifications apply for any supply voltage from a single 5V supply up to ±15V 

: supplies. For the LH2311, VIN = ±10V. .' ' 
Note 4:The offset voltages and offset currents given are the maximum values required to drive the output withIn II lIolt of either supply with a 1 
mA load. Thus, these parameters define an error band and take into account the worst case effects of voltage gain and input impedance. 

, N9te 5: The response time specified is. for a 100 mV inpyt step with 5 mV olierdril{e. 
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FEATURES 

• Wide single supply voltage range or dual supplies 
lM139 series, 2 Voc to 36 Voc or 
lM139A series, lM2901 ±1 Voc to ±18 Voc 
lM3302 2 Voc to 28 Voc 

or ±1 Voc to ±14 Voc 
• Very low supply current drain (0.8 mA)

independent of supply voltage (2 mW/comparator 
at+5 VoC> 

• low input biasing current 

• low input offset current 
and offset voltage 

25 nA 

±5 nA 
±3mV 

• Input common-mode voltage range includes gnd 

• Differential input voltage range equal to the power 
supply voltage 

• low output 250 mVat 4 mA 
saturation voltage 

• Output voltage compatible with nl, DTl, ECl, 
MOS and CMOS logic systems 

SCHEMATIC AND CONNECTION DIAGRAMS 

V' 

OUTPUT 

ORDERING INFORMATION 

LM139/LM239/LM3391 
LM139A/LM239A/LM339AI 

LM2901/LM3302 
Voltage Comparators 

GENERAL DESCRIPTION 

The LM139 series consists of four independent precision 
voltage comparators with an offset voltage specification 
as low as 2 mV max for all four comparators. These were 
designed specifically to operate from a single power sup
ply over a wide range of voltages. Operation from split 
power supplies is also possible and the low power supply 
current drain is independent of the magnitude of the 
power supply voltage. These comparators also have a 
unique characteristic in that the input common-mode 
voltage range includes ground, even though operated 
from a single power supply voltage. 

Application areas include limit comparators, simple 
anal6g to digital converters; pulse, squarewave and time 
delay generators; wide range VCO; MaS clock timers; 

. multivibrators and high. voltage digital logic gates. The 
LM139 series was designed to directly interface with TTL 
and CMOS. When operated from both plus and minus 
power supplies, they will directly interface with MaS logic 
-where the low power drain of the LM339 is a distinct 
advantage over standard comparators. 

DUAL-iN-LiNE AND FLAT PACKAGE 

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3+ INPUT 3-

14 

OUTPUT 2 - OUTPUT': v+ INPUT 1- INPUT 1+ INPUT 2- I!'JPUT 2+ 

TOP VIEW 

Order Number: LM139D, LM139AD, 
LM239D or LM239AD 

Order Number: LM139J, LM139AJ, 
LM239J, LM239AJ, LM339J, 

LM339AJ, LM2~01 J or LM3302J 

Order Number: LM139F, LM139AF, 
LM239F or LM239AF 

Order Number: LM339N, LM339AN, 
LM2901 N or LM3.302N 
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LM139/1.M2391 LM3391 LM139A/I.M239AI LM339AI LM2901/LM3302 

ABSOLUTE MAXIMUM RATINGS' 
, LM139/LM239/LM339 

, LM139A/LM239A/LM339A 
LM2901 

LM3302 

, 36 Vee or ±18 Voe 28 Vee or ±14 Vee 
36 Vee 28 Vee 

NOTE: 

Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sectio'ns of this specification is not implied. 
Exposure to absolute maximum rating conditions for 

Supply Voltage, V+ 
Differential Input Voltage 
Input Voltage 
Power Dissipation (Note 1) 

Molded DIP 

-0.3 Vee to +36 Vee -0.3 Vee to +28 Vee I extended periods may cause device failures. 

Cavity DIP 
Flat Pack 

Output Short-Circuit to GND, (Note 2) 
Input CUrrent (VIN < ,...0.3 Vee). (Note 3) 
Operating Temperature Range 

LM339A ' 
LM239A 
LM139A 

Stgrage Temperature Range 
,Lead Tem~erature (Soldering, 10 seconds) 

570 mW 
900 mW 
800 mW 

Continuous 
50 mA 

O'C to + 70'C 
'-25'C to +85'C 
-55'Cto +125'C 
-65'C to + 150'C 

300'C 

570 mW 

Continuous, 
50 mA 

-.40'C to +85'C 

-65'Cto + 150'C 
300'C 

ELECTRICAL CHARACTERISTICS (V+ ,,;, 5 Voc, 'Note 4) 

LM139A 
PARAMETER CONDITIONS 

MIN. TYP. 

Input Offset Voltage T. = 25'C; (Note 9) ±1.0 

Input Bias Current ',. 'iN,+) or "NH with Output in 
i" Linear Range, T •. = 25'C, (Note 5) 25 

Input Offset Current "N(+) ,...I'N'_I' T. = ;!5'C ±3.0 

Input Common·Mode Voltage T. = 25'C, (Note 6) 0 
Range 

Supply Current RL = '" on all Comparators, T. = 25'C 
RL = "', V+ = ,30V, T. = 25'C 

" 

0.8 ,., 
Voltage Gain RL '" 15 k 0, V+ = 15 Voe (To 

Support Large Vo Swing), T. = 25'C 50 200 

V'N = TTL Logic Swing, VREF = 
Large Signal Response Time 1:4 Voe; VRL '" 5 Voe, RL =.5:1 k 0; 300 

T. = 25'C 

Response Time VRL = 5 Voe, RL = 5.U 0, 1.3 
T. =; 25'C, (Note 7) 

Output Sink ,Current V'NH '" IVoe, V'N'+I = 0, 6.0 16 
Vo .;; 1.5 Voe, T. = 25'C 

Saturation Voltage V1N1_) ;:== 1 Voe, V1N(+J = OJ 250 
'S'NK .;; 4 mA, T. = 25'C :' 

Output Leakage Current V'N'+I '" ,I Voe, V'NH = 0, 0.1 
Vo = 5 Voe, T. = 25'C 

Input Offset Voltage (Note 9) 

Input Offset Current I'N(+) -IINI-J 

Input Bias Current "N'+I or'I'N'_1 with Output in 
Linear Range 

Input Common-Mode Voltage 0 
Range 

Saturation Voltage V'NH '" IVoe, V'N'+I = 0, 
ISINK .;; 4 mA 

Output Leakage Current V1N1+1 ;;;=:: 1Voc, V1N1 _ 1 = 0, 
'" 

Vo = 30 Voe 

Differential Input Voltage Keep all V'N'S '" 0 Voe (or V-, 
if used). (Note 8) 

I' 
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MAX. 

'±2.0 

100 

±25 

V+-1.5 

2.0 

400 

4.0 

±100 

300 

V+-2.0 

700 

1.0 

V+ 

LM239A, LM339A LM139 
UNITS 

MIN. TYP. MAX. MIN. TYP. MAX. 

, 'i '±1.0 ±2.0 ' ±2.0 , ±5.0 mVoe' 

nAoe 
25 250 25i 100 

±5.0 ±50 ±3.0 ±25 nAoe 

0 V+-l.5 0 V+-l.5 Voe 

mADe 
0.8 2.0 0.8 2.0 mADe 

V/mV 
50 200 200 

'i, 
", 

300 300 ns 

1.3 :1.3 P.s 

6.0 16 i" 6.0 16 mADe 

250 400 250 4,00 mVoe 

0.1 0:1 nAoe' 

4.0 9.0 mVoe 

±150 ±100 nAoe 

400 300 nAoe 

0 V+-2.0 0 V+-2.0 Voe 

700 700 mVoe ' 

1.0 1.0, J.LAoe 

V+ 36 Voe 
I, 



LM139/LM239/LM339/LM139A/LM239A/LM339A/LM2901/LM3302 

ELECTRICAL CHARACTERISTICS (CON'T) (V+ = 5 Voc, Note 4) 

LM239, LM339 LM2901 
PARAMmR CONDITIONS 

MIN. TYP. MAX. MIN. TYP. MAX. 

Input Offset Voltage T. = 25'C, (Note 9) ±2.0 ±5.0 ±2.0 ±7.0 

Input Bias Current I'N(+I or I'N(_I with Output in 25 250 25 250 
Linear Range, T. = 25'C, (Note 5) 

Input Offset Current I'N(+I -I'N(-I' T. = 25'C ±5.0 ±50 ±5 ±50 

Input Common-Mode Voltage T. = 25'C, (Note 6) 0 V+-l.5 0 V+-1.5 
Range 

Supply Current - RL = '" on all Comparators, T. = 25'C 0.8 2.0 0.8 1.0 
RL = "', V+ = 30V, T. = 25'C 1 2.5 

Voltage Gain RL ;;. 15 k n, V+ = 15 Voc (To 200 25 100 
Support Large Vo Swing), T. = 25'C 

V'N = TIL Logic Swing, VREF = 
Large Signal Response Time 1.4 Voc, VRL = 5 Voc, RL = 5.1 k n, 300 300 

T. = 25'C . 

Response Time VRL = 5 Voc, RL = 5.1 k n, 1.3 1.3 
T. = 25'C, (Note 7) 

Output Sink Current V'N(_I ;;. 1Voc, V'N(+I = 0, 6.0 16 6.0 16 
Vo';; 1.5 Voc, T. = 25'C 

Saturation Voltage V1N(-1 ~ 1 Vee. V1N1 +) = 0, 250 400 400 
IS'NK .;; 4 rnA, T. = 25'C 

Output Leakage Current V1N(+1 ~ 1 Voc, V1N1 _ 1 = 0, 0.1 0.1 
Vo = 5 Voc, T. = 25'C 

Input Offset Voltage (Note 9) 9.0 9 15 

Input Offset Current IIN(+I -IIN(-J ±150 50 200 

Input Bias Current I'N(+I or I'N(-I with Output in 400 200 500 
Linear Range 

Input Common-Mode Voltage 0 V+-2.0 0 VL2.0 
Range 

Saturation Voltage V'N(_I ;;. 1Voc, V'N(+' = 0, 700 400 700 
IS'NK .;; 4 rnA 

Output Leakage Current V'N(+I ;;. 1Voc, V'N(-I = 0, 1.0 1.0 
Vo = 30 Voc 

Differential Input Voltage Keep all V'N'S ;;. 0 Voc (or V-, 36 0 V+ 
if used), (Note 8) 

Note: 

D~DlL 

LM3302 

MIN. TYP. MAX. 
UNITS 

±3 ±20 mVoc 

25 500 nAoc 

±3 ±100 nAoc 

0 V+-l.5 Voc 

0.8 2 mAoc 
mAoc 

2 30 V/mV 

300 ns 

1.3 P.s 

2.0 16 rnA DC 

250 500 mVoc 

0.1 nAoc 

40 mVoc 

300 nAoc 

1000 nAoc 

0 V+-2.0 Voc 

700 mVoc 

1.0 p.Aoc 

Vec Voc 

1. For operating at high temperatures, the LM339/LM339A, LM2901, LM3302 must be derated based on a 125°C maximum junction temperature and a 
thermal resistance of 175'CIW which applies for the device soldered in a printed circuit board, operating in a still air ambient. The LM239 and LM139 
must be derated based on a 150'(; maximum junction temperature. The low bias dissipation and the "ON-OFP',characteristic of the outputs keeps 
the chip dissipation very small (Po:;; 100 mW), provided the output transistors are allowed to saturate., . . 

2. Short Circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 20 
mA independent of the magnitude of V+, 

3. This input current will only exist when the voltage at any of the input leads is driven negative, It is due to the collector-base junction of the input 
PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral NPN 
parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the' comparators to go to the V+ voltage level 
(or to ground for a large overdrive) forthe time duration that an input is driven negative, This is not destructive and normal output states will re
establish when the input voltage, which was negative, again returns to a value greater than -0.3 Voe. 

4. These specifications apply for V+ = 5 Voe and -55°C:;; TA:;; +125'C, unless otherwise stated. With the LM239/Uvt239A, all temperature 
specifications are limited to -25°C:;; TA:;; +S5°C, the LM339/LM339A temperature specifications are limited to O'C:;; TA:;; +70°C, and the 
LM2901, LM3302 temperature range is -:-40° C :;; T A:;; +S5° C. 

5. The direction of the input current is out of the IC due to the PNP input stage. This current is essel)tially constant, independent of the state of 
the output so no loading change exists on the reference or input lines. 

6. The input common-mode voltage or either input signafvoltage should not be allowed to gonegative by more than O.3V, The upper end olthe 
common-mode voltage range is V+ -1.5V, but either or both inputs can go to +30 Voe without damage. 

7. The response time specified is for a 100 mV input step with 5 mV overdrive signals 300 ns can be obtained, see typical performance 
characteristics section. 

S. Positive excursions of input voltage may exceed the power supply level. As long as the other voltage remains within the common-mode range, 
the comparator will provide a proper output state. The low input voltage state must not be less than -0,3 Voe (or 0.3 Voe below the magnitude 
of the negative power supply, if used), 

9, At output switch point, Vo = 1.4 VOG, Rs = on wi.\h V+ from 5 Voe; and over the .full input common-mode range (0 Voe to V+ -1.5 Voe), 
10, For input signals that exceed Vee, only the overdriven 'comparator is affected, With a 5V supply VIN should be limited to 25V max, and a limiting 

resistor should be used on all inputs that might exceed the positive supply, 

m 
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,LM139/LM2391 LM339/LM139A/LM239AI LM339A/LM2901/LM3302 D~DI1. 
TYPICAL PERFORMANCE CHARACTERISTICS LM139{LM239{LM339, LM139A{LM239A{LM339A, LM3302 
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SUPPLY CURRENT ,INPUT CURRENT , OUTPUT SATURATION VOLTAGE 
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LM139/LM239/ LM339/ LM139A/ LM239A/ LM339A/ LM2901/ LM3302 

APPLICATION HINTS 

The LM139 series are high gain, wide bandwidth devices 
which, like most comparators, can easily oscillate if the 
output lead is inadvertently allowed to capacitively couple 
to the inputs via stray capacitance. This shows up only 
during the output voltage transition intervals as the com
parator changes states. Power supply bypassing is not 
required to solve this problem. Standard PC board layout 
is helpful as it reduces stray input-output coupling. Re
ducing the input resistors to < 10k n reduces the feed
back signal levels and finally, adding even a small amount 
(1 to 10 mY) of positive feedback (hysteresis) causes such 
a rapid transition that oscillations due to stray feedback 
are not possible. Simply socketing the IC. and attaching 
resistors to the pins will cause input-output oscillations 
during the small transition intervals' unless hysteresis is 
used. If the input signal is a pulse waveform, with relative
Iyfast rise and fall times, hysteresis is not required. 
All pins of any unused comparators should be grounded. 

The bias network of the LM139 series establishes a drain 
current which is independent of ttie magnitude of the 
power supply voltage over the range of from 2 Voc to 
30Voc· "-
It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

TYPICAL APPLICATIONS (V+ =15. Yod 

v· 

The differential input voltage may be larger than Y+ with
out damaging the device. Protection should be provided 
to prevent the input voltages from going negative more 
than -0.3 Voc (at 25°C). An input clamp diode can be 
used as shown in the applications section. 

The output of the LM139 series is the uncommitted col-. 
lector of a grounded-emitter NPN output transistor. Many 
collectors can be tied together to provide an output 
OR'ing function. An output pull-up resistor can be con
nected to any available power supply voltage within the 
permitted supply voltage range and there is no restriction 
on this voltage due to the magnitude of the voltage which 
is applied to the V+ terminal of the LM139A package. The 
output can also be used as a simple SPST switch to 
ground (when a pull-up resistor is not used). The amount 
of current which the output device can sink is limited by 
the drive available (which is independent of V+) and the 
f3 of this device. When the maximum current limit is reach
ed (approximately 16 mA), the output transistor will come 
out of saturation and the output voltage will rise very 
rapidly. The output saturation voltage is limited by the 
approximately 60 n rsat of the output transistor. The low 
offset voltage of the output.lransistor (1 mY) allows the 
output to clamp essentially to ground level for small load 
currents. 

BASIC COMPARATOR DRIVING CMOS DRIVING TTL 

v· 

39k 3k 

+0.375 

lOOk lk A 
lOOk 

lOOk -::-
+ 

lOOk 
lK C f = A+B+C 

lOOk 
C O-'V\I1r-' v;=r 

-::-
v;:r 

.. 0···.,.· 
"0" "'" 

AND GATE OR GATE 
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LM139/LM2391 LM3391 LM139A/LM239A/LM339A/LM29011 LM3302 

TYPICAL APPLICATIONS (CON'T) (V+=15'VDcJ 

1M 

VT 

ONE-SI;iOT MULTIVIBRATOR 

\r 

1M 10M 

~o 

560k 15k 

V'-n 
0,...J L 

Y'. 

lOOk 

51k 

100k 

BI-STABLE MULTIVIBRATOR 

:=r lOOk 

10k 

"a" "1" 

Dl -= 

15k 

3k 

Your 

-fE', -+4V, 1", 
a A 0-'14-+-----1 

D2 
VOUT :=A+B+C+D 

C 
10M 

D 
240k 

62k ':" 

ONE-SHOT MULTIVIBRATOR WITH INPUT LOCK OUT LARGE FAN-IN AND GATE 

10k 15k 200k 3,Ok Y' 
10M 

10k 

Vo 

V3 ~=r 
a '3 

3,Ok 
51k 10M 

Ve, 10k 

Cl 

V, 

V,N 

INPUT GATING SIGNAL ~'=r 
o "t2 

3,Ok 

v+ ----------,-.a--
51k 10M 

10k v;:r 
to t2 

v, 

51k 

TIME DELAY GENERATOR ORING THE OUTPUTS 
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LM139/LM2391 LM3391 LM139A/LM239A/LM339AI LM2901JLM3302 

TYPICAL APPLICATIONS (V+ = 5.0 Vod 

v' 

lOOk 

~+.IU 
f'" 100 kHz 

Vo 

SQUAREWAVE OSCILLATOR 

COMPARING INPUT VOLTAGES 
. OF OPPOSITE POLARITY 

+Vc 

FREOUENCY 
CONTROL 
VOLTAGE 

INPUT. 

v+ - +30VOC 

lOOk 

+250mVoc "Vc'O:;; +50Voc 
700 Hz ... td," 100 kHz 

O.lj.1F 

20k 

50k 

80pF 

-r1 
1M 

10 

1M 

v' 

Rl 01 15k 
1M lN914 

R2 02 
lOOk lN914 

·1M 

'FOR LARGE RATIOS OF Rl/R2 • 
• 01 CAN BE OMITTED. 

PULSE GENERATOR 

V+ 

BASIC COMPARATOR 

V+ 

500 pF 3.0k 

5.1k 

NON-INVERTING COMPARATOR 
WITH HYSTERESIS 

lOOk 

V· 

1M 

1M 

INVERTING COMPARATOR 
WITH HYSTERESIS· 

V+ 

>-+--OVo 

'OR LOGIC GATE WITHOUT· 
PULL·UP RESISTOR 

STROBE 
INPUT 

OUTPUT STROBING 

V· 

3.Ok 

> ........ -oOUTP 

OUTPUT 

20k ~--------~~--------~ 

TWO-DECADE HIGH-FREQUENCY VCO 
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LM139/LM239/LM339/LM139~/LM239A1LM339A/LM2901ILM3302 
I 

TYPICAL APPLICATIONS (CON'T) (V+ = 5 Vocl 

200k 

v' 

CRYSTAL 
f'" 'lqO kHz 

V' 

1.Ok 

LOW FREQUENCY OP AMP 

V' 

v' 
LIMIT COMPARATOR CRYSTAL CONTROLLE.D OSCILLATOR 

lk 
Av.'=_100 

LOW FREQUENCY OP AMP 
(Vo = OV FOR VIN = OV) 

10k 

MAGNETIC II 
PICKUP 

10k 

TRANSDUCER AMPLIFIER 

SPLIT-SUPPLY APPLICATIONS (V+ =+15 Voc and V- = -15 Vocl 

51k 2k 3.9k 2.4k 2.4k· 
51k 

v-

MOS CLOCK DRIVER 
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3.0k 

R2 
lk 

LOW FREQUENCY OP AMP 
WITH OFFSET ADJUST 

v' 

10k 

... 
ZERO CROSSING DETECTOR 
(SINGLE POWER SUPPLY) 

v' 

ZERO CROSSING DETECTOR 

v' 

v-

. COMPARATOR WITH A NEGATIVE REFERENCE 



O~O[b LM1 02" LM~0~,_LM302, 
LM110,LM210,L~310 

.Hig .. h Performance Voltage,Followers 

FEAT~RES, . 

• Lo\,\/I nput Cu rrent - 7 to 30 nA Max 

• High Slew Rate - 10 to 30 V Ills 
• Wide Bandwidth - 20 MHz (LM110/LM310) 

• Internal Frequency Compensation 
. ," '",:- '" ", ' . 

• Interchangeable with 741 in Follower 
-Applications 

CONNECTION DIAGRAMS 

METAL CAN 

BALANCE 

BALANCE 

NO CONNECTION 

GENERAL DESCRIPTION 

The LM1 02/LM302 and LM110/LM31()are monolithictiigh 
performance voltage followers. In buffer applications they, 
offer substantial advantages compared with general purpose, 
operational amplifiers: input current, bandwidth, and slew 
rate are all significantly improved. Applications include high 
speed sampie and hold circuits, instrumentation amplifiers, 
active filters, a~ well as general purpose buffers. ," 

For new de~igris the LM110/LM3JO is recommended. 

DUAL-IN-LINE 

FLAT PACKAGE 

BALANCE 

v' 

INPUT LJ---,., OVTPUT 

v' BoosteR 

v' NOTE: Pin 5 connected 10 bolton;. of pa'ckage. 

NOrE: Pin 4 connected to case. TOP VIEW 

TOP VIEW 

EaUIVALENT CIRCUIT 
IAlAm:E 

.--t--:: •• '-1r-:.",. -+-----~--,.-t""v· 

., .. 
... ... 

o. 

INPUT-+---++--t::: 

"' OK 

:1I'f-~lr:::'" 

.. 
" :r'-"""'-+-'--OUTPUT 

....... --I----+------OC,.QW 

." ,. ." I.~l( 

'" .,. 

N'OTE; Pm 6 connected to bottom.of package. 

TOP VIEW 

OFFSET BALANCING 

RI 
Ik 

OUTPUT 

IN,CREASING NEGATIVE 
SWING UNDER LOAD 

-May lie added to'm.uce 
internal 'diSSipation. 

5:223 



LM102,LM202,LM302,LM11b,LM210,LM310 

ABSO(UTE MA>(IMUM RATINGS 
SU~PI.~ VOlta~., " . 
Power Dissipation (Note 1") 
I nput Voltage I Not. 2) 
Output Short Circuit Duration (Note 31. 

±1'SV 
50DniW 

±15V 
,Jnde'~inite 

ELECTRICAL CHARACTERISTICS 102/202/302 (Note 4) 

Operating Temperature Range: 10~, 110 
,20.2,210. 

. Sio~~ge Temper~tu~r~'Range 
30.2,310. 

" Lead Temperature (Soldering, 10. sec) 

,1: •. ,. 

-55·C to +125·C 
-25~C to +S5·C 

'D·C to +7D·C 
-65·C to +15D·C 

300·C 

PARAMETER CONDITIONS. 1-:=::---'L;;.M;"Iii.D;;;2'--...... =+-u:;a;-_"'~M~2D;;;2'--..;;;;+--;;a.';;;;-.....;;L~M:;;3;i;D2"--..;.-;;" :UNITS' 
'MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Off.et VolI~ge, ' 2 5 3, 10., ' ,5 '.' 15 

Averag8 Temperature Coefficie'nt at 
Offset Vol.age " 

Input 'Currknt 

Inp~'t Resistan~~'" 

6': 15 20 
·1:'. 

,3 10. 10. 

1910 • '101'2 10.'0 10.12 10" 10.12 , 

Voltage Gain , 0.999 D.99116 0..999 0..9995 1.0.00 0..9985 0..9995 1.000 

Output Resistance D.S " 2.5 0.:8 2.5 

Ou.pu; Vol.age Swing (Noio 6) 

SuppIY'Current" 

±ID ±13 ±ID ±ID 

Positive Supply Rejection 

N~ative Supply Rejection 

Input Capacita~~, 

Off.o, Vo"ag~ 

Input Curre~t 

Voltage ,Gain ' 

, Supply Curierit 

TMIN s: TA ,s: T MAX 

TA!:: !.MAX 

,TA=TM1N 

-55·C s: T A s: 125·C 
.'RL ~ 10. kn 
·TA = 125·C 

3.5' 5.5 3.5 

60. .60. 

70. 70. 

3.0. 3.0. 

" '0.999 

3 

30 

2.6 

7.5 

10. 

10.0. 

4.0. 

1.5 

3D 

15 

5.0. 

50. 

ELECTRICAL CHARACTERISTICS 110/210/310 (Note 5) 

PARAMETER 

Inpu' Off.o. VOUag.~, 

Input Bias Current 

Input Resistance 

Input Capacitance 

Large Signal Voltage Gain 

Output Resistance 

Supply Current 

Inpu' Offset Voltago 

Offset Vol.age 
Te~perature Drift 

Input Bias Current 

Large Signal Voltage ~ain 

CONDITIONS 

TA =,25·C 

TA = 25·C 

TA ' 25·C 

TA~ 2~C, Vs= ±15V 
VClUT.= ±lDV, RL = S kH 

'fA ~,,25·C 
; 

TA·=-25·C 

MIl\! 

0..999 

LM11D 
TYP MAX 

1.5 

1.0. 

10'2 

1.5 

0..9999 

0..75 

3.9 

10. 

4.0. 

3.0. 

2.5 

5.5. 

~.6 

10. 

MIN 

D.999 

LM21D 
TYP MAX 

1.5 

1.0. 

10'2 

1.5 

0..9999 ' 

4.0. 

3.0. 

0..75 2.5, 
3.9 '5.5 

6.0. 

10. 

10. 

60 " 

70. 

MIN 

10.'0 

0..999 

Output Voltage Siwing 

V. = ±15V, VOUT = ±lDV' 
RL = lD,kn 

';"';'~=~'5V:'RL = 10. kil 

0..999 

:!:10' 

0.,999 

!to. 
I ," 0..999, 

±lD 
(No'oS) '. ' 

Supply Curr~nl 

Supply Vol.ago Roioctio~ 
Ratio 

.' '.',. , 

TA .= TMAX 

70. 

2.0. 4.0. 2.0. 4.0. . 

70. so. ' 

• > , - -,.,. ".. t 
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~OTE1: The maxim.~m.iunct~on temperature of the 102 and 110 IS 150"C. thai of I~e 202 and 21~ IS 100··C,.whlfe thaI of lh~ 302 and 310 IS 

=!Ub~~:'~~r~rs~~;~' ~n~I~'~~I~~ :;:~~:I~~~5fl~:-;::::al; ~~~e T!!·r~:.~;~::a:~S!~ ~~~~:=I ~:~s~a~:: ~~~~~~A~s!ne~ ~~~~~;~~·al~~~~.~~c~~ 
thick epoxy glass boa~d WIth ten •. O.03-'lnch'Wl~e. 2·ounce copper conductors. The thermal resistance of the dual·tn·lme package 15 1 OO"C/W, junc-
tion 10 ambient. . ~ , 

NOTE 2: F'or supp!y voltages less :than ! lSV, the absolute maxl~um mpul voltage IS equal to the supply vOII~~. 
'NOTE 3: COntmu04s short"ci~cim IJ al·lo..wd for case temperatures 10 12S"C and ambient temperatures to 10"'C. It IS necessary to Insert a :reslstoJ 
greaier than 2 kn In sefles With the Input when the amplifier 15 dnven from low Impedance sources to p~event"damage v:men the. output 15 shorted. 
NOTE 4: Thes~ ~pecIIII::atlons ap~ly for T A;; 2S"C, VS' ~ ! lSV and CL <;. 100 pF unless otherWise nored. : ' 
NOTE 5: These speclflcatlo,ns apply for tSV ~ Vs s:. tla,Y and -SS"C < T A"'.:>. 12S"C, unless otherWise speCified. With the 210, howeVer, all tem· 
perature speCIfications are limited to -2S"C s:. T A <;; as"c, ~de for the 310 the limits aTe O"C < T A <; 10"C. 
NOTE 6: Increased output SWing ~nder load can be obtained by connecting an external resistor between the booster'and ~:·termlnaIS: See curve. 

70. 

0.8 

3.5 

3.0. 

3.ci 

20 .' 

LM31D 

2.5 
':, '.' 

5.5 

20 

15 

50 

'TYP MAX 

2.~ 

2.0.' 

1.5 

0..9999 

0..75 

3.9 

10. 

80 

7.5. 

7.0. 

2.5 

5.5 

10 

10. 

mVu 

p.vl"c 

'n 
V 

·rnA 

dB 

dB 

pF 

"1V 
nA, 

nA 

mA 

UNITS 

, mV 

'nA' 

n 
pF 

VIV 

q 
mA 

mV 

p.vtc 

nA 

VIV 

V 

mA 

dB 



LM102,LM202,LM302,LM110,LM210,LM310 

TYPICAL PERFORMANCE 
NORMALIZED INPUT CURRENT 

100 

10 

.1 
-55 

Vs=±15V 

........ 
......... 

-15 25 65 105 

TEMPERATURE (OC) 

VOLTAGE GAIN 

0.99999 

:; 0.9999 

~ 
z 
;;: 0.999 
'" w 

'" « 
I-
..J 
0 
> 

.' 

§ 
w 
u 
z 
« 
l-
V> 
in 
w 
a: 
l-

ii' 
t-
J 
0 

~ 
'" z 
~ 
V> 
I-

ii' 
I-
J 
0 

0.99 

FREOUENCY (Hz) 

OUTPUT RESISTANCE 

100 
Vs +15V 

10 

TA-125°C 

TA 25°C 

TA 55°C 

.1 II 111111 

lk 10k lOOk 1M 

14 

12 

10 

8 

6 

0 

FREOUENCY (Hz) 

LARGE SIGNAL FREQUENCY 
.RESPONSE 

-"\ Vs= !15V 

\ 
T A = 25"C 
DISTORTION < 5% 

""'r-. 
lOOk 1M 

FREOUENCY 1Hz) 

10M 

OUTPUT NOISE VOLTAGE 

@ 1000 
Vs '15V ;:-

E 
w 

'" « 
I
..J 

TA 25°C 

- Rs= 1M 

~ 100 ~ r1-:---.. 
w 
V> o 
z 
w 
a: 
« 
J 
d 
V> 

Z .« 
~ 

a; 
:£ 
z 
;;: 
'" w 

'" « 
~ 
0 
> 

w 
U 
z 
« 
t; 
in 
w 
a: 
o· 
« o 
..J 

a; 
:£ 
z 
0 
>= u 

~ 
a: 
>-
..J 
Q. 
Q. 
J 
V> 

~ ~Rs-100K 
Rs 10K-=-r 

10 
10 100 lk 10k lOOk 1M 10M 

FREOUENCY (Hz) 

VOLTAGE GAIN' 

10 

5 J' 
270 

225 

0 

-5 \1\ 

180 

135 

90 

45 

-10 

-15 

-20 

-25 

c30 

-35 

-40 

Rs = 3 kn 

- 111111 4[! 
Rs= 10 kn 1 -

:,~;s~n-W III) -
I [IIIIL .J....l..HIt 

Vs = ±15v'l Rs= 30 Hl 

T A =25°C,1 II 1111I1 

lOOk 1M 10M 100M 

10 

1 

. FREOUENCY (Hz) 

SYMMETRICAL OUTPUT 

SWING 

V OUT +lOV 

Vs +15V 

./ 
...... V 

R54-+ oo ,/ VV 
......... 1-"'" ./ -

,/ 

V -R"54= 300n V --- li'1=lion 
V 

-55 -15 25 65 105 

POWER SUPPL Y REJECTION' 

90 

. 80 

70 

60 

50 

40 

30 

20 

10 

-10 '---'----'----'---'---' 
100 lk 10k lOOk 1M 10M 

FREQUENCY 1Hz) 

" I .. 
V> 
m 
r .. 
Cl 

! 
! 

15 

10 

~ 

'" z 
~ 
V> 
I-
J 
Q. 

-5 I-
J 
0 

-10 

-15 

0.99999 

:; 
~ 
z· 

~ 0.9999 
w 

'" « 
I-
..J 
0 
> 

0.999 

LARGE SIGNAL PULSE 
RESPONSE 

\ 
Vs= ±15V 

T(=r, 

o 3 

TIME (~s) 

VOLTAGE GAIN 

\ 

Rs = 10k 
f= 200 Hz-

F= == =Vs +15V 

. IV}±5~ r-- r--. 
V 

-55 -15 25 65 105 

TEMPERATURE /"C) 

POSITIVE OUTPUT SWING 

15 
Vs-=±15V 

~ ~ I;-TA =25°C 

....... T A = _55°C 

~ 10 

'" z TA = 125°C 

~ 
V> 

I-
J 
Q. 
I-
J 
0 

o 10 20 30 40 

CURRENT (rnA) 

SUPPLY CURRENT 

~ 
'" ~ ~s= ±15V 

Vs = ±5V, ~ ~ 
~ 
~ t-.. 

....... 

o 
-55 ··15 25 65 105 

TEMPERATURE 1°C) 

*Note that optimum stability is obtained for a source resistance of 10 k.fl. For source' resistances lower than 10 kil, it is advisable to put additional 
resistance in series with the input to ensure adequate stability margin. 
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APPLICATIONS 

/' 
I" 

SAMPLE AND HOLD 

SAMPLE/HOLD 

Y OUl 

~ O.D1I'F POL YSTYAENE 

DEFINITION OF TERMS 

OFFSET VOL TAGE: The voltage at the output of the 
amplifier' with" the il1PUt at zero." 

OFFSET VOLTAGE TEMPERA TURE DRIFT: The aver
age drift rate of offset voltage for a thermal variation from 
room temperature to the indicated temperatu (e extreme. . . , 

INPUT CURRENT:' The current into the input of the . 
amplifier with the input at zero_ 

INPUT RESISTANCE: The ratio of the rated output volt
age swing to the change in input current required to drive 
the output from zero to this Voltage. 

LARGE SIGNAL VOL TAGE GAIN: The ratio "of the out: " 
put voltage swing ,to ·the change in input volt'age r~quired 
to drive the output from zero to, th is voltage_ ' 

OUTPUT RESISTANCE: The ratio of the change in out-. 

ORDERING INFORMATION 

PART TEMPERATURE PACKAGE ORDER 
NUMBER RANGE TYPE NUMBER 

102 "-55'C to +125'C TO·99 LM102T 
Flat Pack LM102F 

" 202 -25'(:" to +85'C TO-99 LM202T 

302 ODC to +70dC TO·99 LM302T 

" " , 

INSTRUMENTATION AMPL'lFIER 

OUTPUT 

" , 

p~t voltage to the change 'in outP~t cu~rent with constant 
.input ·voltage. ."" 

OUTPUT" VOL TAGE SWING:. The. peakoutp~'t voltage 
swing, referred to zero,that· can 'be 'obtained without the 
large-signal voltage gain falling below the minimum,specified 
value. -, 

SUPPL y' CURRENT: The current required from the power 
. 'supply to" operate the amplifier, With' no load, anywhere 

within its Ii near range. " 

POWERSUPPL Y REJECTION: The ratio of the change in 
input offset voltage to the change in p'ower supply voltage 
producing it. ' 

SLE'W . RA TE: The internally-I iniited rate of change" in 
output voltage with a large-amplitl!de sjep function applied 
to the input. " 

PART TEMPERATURE PACKAGE ORDER 
NUMBER RANGE TYPE NUMBER 

TO·99 LMll0T 
110 -5SoC to +12Soc' DIP LMll0D 

Flat Pack LMll0F 

210 _2SoC to +85~C TO-99" LM210T" 
DIP LM210D 

310 oDe to +70°C TO·99 LM310T 
DIP. LM310D 



FEATURES 

• Low input current - 1 nA 
• High input resistance - 10 Mll 
• High slew rate - 30V/p.S 
• Wide bandwidth - 20 MHz 
• Wide operating supply range -±5V to ±18V 
• Output short circuit protected. 

CONNECTION DIAGRAM 

INPUT 
4 

INPUT 
.12 

LH211'O, LH231 0 
Dual :Voltage 

. Pol lower 

GENERAL DESCRIPTION 
, , 

The LH2110 series of dual voliage followers consist of two 
LM110 type followers in a single hermetic package. Featur
ing all the same performance characteristics of the single, 
ttiese duals offer in addition closer thermal tracking, lower 
weight, and reduced insertion cost. 
The U:t,2110: is specified for operation over the--55~ C to 

. +125°C military temperature 'range, and"the LH2310 is' 
specified for operation from O°C to +70°C. 

:2 
v+ 

3 }B~i..ANCE 
16, 

,OUTPUT 

13 
BOOSTER 

6 v-

10 

} BALANCE 11 . 

8~ , 
OUTPUT 

5 
B~OSTER 

9 
v+ 

," .. ' '. ORDER NUMBERLH2110D , 

AUXILIARY CIRCUITS 

INCREASING NEGATIVE 
SWING UNDER LOAD 

16,8 
>-_~OUTPUT 

R2' 
5.1K 

or LH2310D 

Rl> 100 
v-

'May be a~ded to reduce 
internal dissipation 

, . 

OFFSET BALANCING CIRCUIT 

~1 
lK 

2,10 

t--I---v+ 

'"'>--_ OUPUT 
16,8 

GJ 
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LH211,O, LH23~ 0 
ABSO,LUTE MAXIMUM RATINGS 

,Supply Voltiige ..••. : ..•.......•.....•............•.......•.•..•......... ±18V 
Power Dissipation (Note 1) ........... ;................................ 500 mW 
Input Voltage (Note 2) .................... , ..........•..............•..... ±15V 
Output Short Circuit Duration (Note 3) ......• , •..•.........•........ Continuous 
Operating Temperature RangeLH2110 ........................... ' -55°C to 125°C 

LH2310 ........•.•..•.•.•..•..•..... O°C to 70°C 
Storage Temperature Range .: . ,.,' ............................... -£5° C to 150° C 
Lead Temperatur7 (Solderinf1, 1.0 sec) .............•...•.•..•...•......... 300°C 

• j" 

",! 

ELECTRICAL CHARACTERISTICS, Each side (Note 4) 

LIMITS 
PARAMETER CONDITIONS LH2110 LH231 0 

Input Offset Voltage TA = 25°C 4.0 7.5 
Input Bias Current ,TA - 25°C 3.0 7.0 
Input Resistance TA - 25°C 10M 10M 
Input Capacitance 1.5 1.5 
Large Signal Voltage Gain TA - 25°C, Vs ..,,±15V .999 .999 

VOUT = ±,10V',RL = 8 kH 
Output Resistance TA - 25°C 2.5 2.5 
Supply Current (Each Amplifier) TA'-25~C 

, 
5.5 5.5 

Input Offset Voltage 6.0 10 
Offset Voltage -55°C <. TA < 85°C 6 10 

Temperature Drift TA - 125°C 12 -
Input. Bias Current 10 10 
Large Signal Voltage Gain Vs- ±15V, VqUT - ±10V .999 .999 

RL= 10 k!l 
Output Voltage Swing (Note 5) Vs -±15V, RL 10 k!l . ±10 ±10 
Supply Current (Each Amplifier) TA - 125~C 4.0 ' -
Supply Vo~tage Rejection Ratio ±5V :s; Vs:S; ±18V 70 70 

UNITS 
mVMax 
nA Max 
n Min 
pF Typ 
V!V Min 

n Max 
rnA Max 
mV Max 

lJ.V/oC Typ 

nA Max 
V/v Min 

V Min 
rnA Max 
dB Min 

,Note 1: The maxim,um junction temperature of the LH211 0 is 150° C, while that of the LH2310 is 85° C. The thermal resistance of ttie package is 
100°CIW, junction to ambient. , ' " 

" Note 2: For supply voltages less than ±15V, the absblLitemaximum input voltage is equal to the supply voltage. ' e' Note 3: Continuous short circuit is allowed for case temperatures to 125° C and ambient temperatures to 70° C. It is necessary, to insert a resistor 
greater than 2 Kfl in series with the inut when the amplifier is driven from low impedance sources to prevent damage when the output is shorted. 
Note 4: These specifications apply for ±5V $ Vs $ ±18V and -55° C$ T A $ 125° C, unless otherwise specified, and for the LH231 0, all temperature . 
',specifications are limited to O°C,$ TA $ 70°C. , , " " 
Note 5: Increased output swing under load can be obtaihed by connecting an external resistor between the booster and V- terminals, 
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lCL8013 
Four Quadr,ant AllalogMultiplier 

FEATURES 

• ±0.5%' Accuracy 
.,Internal qp-Amp for Level Shift, ,Division and 

Square Root Functions 
• Uses Film Resistors for Minimum External Com-

ponents 
• Full ±10 Volt Input/Output Voltage Range 
• WideBandwidth~ 1 MHz' ' 
• Operates with Star:'ldard±15 Volt Supplies 

CONNECTION DIAGRAM 
TO,100 PACKAGE 

TOP VIEW 

,SCHEMATIC DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Power ,Dissipation (Note '1) 

GENERAL DESCRIPTION 

The 8013 is a four quadrant analog multiplier whose output 
is proportional to the algebraic product of two input signals. 
Feedback around an internal op-amp provides level shifting 
and' can be used to generate division and square root func
tions. A simple' arrangement of potentiometers may be 
used to, trim gain accuracy, offset voltage and feedthrough 
performance. The high accuracy, wide bandwidth, and in
creased versatility of the 8013 makes it ideal for ali multi-

,'pifer applications in control and instrumentation systems. 

APPLICATIONS 

• Multiplication, Division, Squaring,Square Root~ , 
• RMS Measurements ' , 
• f7requency Doubler, , 
• Balanced Modulator and Demodulator 
• Electronic Gain Control 
!t' FunctibnGenerator and Linearizing Circuits 
• Process Control Systems 

Input Voltages,(X,Y, Z,Xo, Yo, Zo) 
Lead Temperature (60 sec) 

±18V 
500mW 

±V Supply, 
I JOO°C 

'-65°C to+l50°C Storage Temperature' Range 
, .' 

NOTE 1: Derate at 6,8 mW/?C for operation at ambient ,temperature ~bove 75·C. -
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ICL8013 

ELECTRICAL CHARACTERISTICS 
(~nl_ess otherwi,se spe~ified -T A= 25?<::,:"Vs =: ± 15V. Gain and-Offset' Pote~tiometers Ext~rnally Trimmed) 

" 
.. 

~ 8013A 80138 8013C 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX MIN TVP MAX 

XV XY XY 
Multiplier Function 10 10 10 

Multiplica~ion Error -10<X<10 .5 1.0 2.0 % Full Scale 
-10< V <;:: 10 ... 

Divider Function 
10Z . lOZ 102 
X -X- X 

Divi~ion ,Error x'= -10 0.3 0.3 0.3 % Full Scale 
Ix= -1 .1.5 1.5 1.5 % Full Scale ., 

Feedthrough XeO V=.20V p .p 1 = 50Hz 50 100 200 mVp _p 

Y=OX=20Vpp 1 = 50 Hz 50 100 150 mV p.p 

No~linearity 

X Input X= 20Vp .p ±0.5 ±0.5. ±0.8 % 
Y=±10Vdc 

Y Input Y=20Vpp ±0.2 ±0.2 ±0.3 % 
X = ±10 Vdc 

Frequency R~sponse 
Small Signal Bandwidth (-3 dB) 1.0 1.0 1.0 MHz , 
Full Power Bandwidth 750 750 750 kHz 

, 

Slew Rate 45 45 45 V//1s 

1% Amplitude Error 75 75 75 kHz 

1% Vector Error 5 5 5 kHz 
(0.50 Phase Shift) 

Settling Time E'N = ±10V 1 1 1 /1S 
(to ±2% 01 Final Value) 

Overload Recovery 1 1 1 /1S 
(to ±2% 01 Final Value) 

Output Noise 5Hz to 10kHz 0.6 0.6 0.6 mVrms 
5Hz t05MHz 3 3 3 mVrms 

Input Resistance 
X Input I 10 10 10 Mrl 
V Input 6 6 6 MSl 
Z Input 

. ... 
.. 36 36 36 krl 

Input Bias Current 
X or V Input 2 5 7.5 10 /1A 
Z Input 25 25 25 /1A 

Power Supply Variation 
Multiplication Error 0.2 0.2, 0.2 %/% 
Output Offset 50 75 100 mVN' 
Scale factor 0.1 0.1 0.1 %/% 

Quiescent Current 3.5 6.0 .3.5 6.0 3.5 6.0 mA 

THE FOLLOWING SPECIFICATIONS APPLV OVER THE OPERATING TEMPERATURE RANGES 

Multiplication I -10<X< 10, 1.5 2 3 % Full Scale 
Error -10 < V< 10 

Average Temperature CoeffiCient of 
Accuracy 0.06 0.06 0.06 %/oC 

Output Offset 0.2 0.2 0.2 mVlC 
Scale Factor 0.04 0.04 0.04 %/oC 

Input Bias Current 
X or Y Input 10 10 20 "A 
Z Input , 70 70 100 /1A 

Input Voltage (X, Y, or Z) ±10 .. ' ±1O tl0 V 

Output Voltage Swing RL ~ 2k ±10 flO ±10 V 
CL ,,; 1000 pF 
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ICL80i3 

APPLICATIONS INFORMATION 

MULTIPLIER Trimming Procedure 

1. Set XIN = YIN = OV and adjust Zo for zero Output. 

2. Apply a low frequency sweep (to S 100 Hz sine or 
triangle) of = ±10V to YIN with XIN = OVandadjust 
Xo for minimum Output. 

3. Apply .thesweep signal of Step 2 to X IN with YIN;; OV 
and adjust Yo for minimum Output. 

4. Readjust Zo as in Step 1, if necessary. 

5. With X IN = 10.0V. dc and the sweep signal of Step 2 
applied. to YIN, adjust the Gain potentiometer for Out· 
put = YIN' This is easily accomplished with a differential 
scope plug·in (A + B) by inverting one signal and adjust
ing Gain control for (Output - YIN) = Zero. 

DIVIDER Trimming Procedure 

1_ Set trimming potentiometers at mid-scale by adjusting 
voltage on pins 7, 9 and 10 (Xo, Yo, Zo) for zero volts. 

2. With ZIN = OV, trim Zo to hold the Output constant, as 
XIN is varied from -10V through -lV. 

TYPICAL APPLICATIONS 

MULTIPLICATION 

x"o-------"-l OUTPUT = 4ij 
Y" 

Xo Yo Zo 

75K 

DIVISION 

Xo Yo Zo 

OUTPUT". ¥ 

GAIN 

7.5K 

3. With ZIN = OV and Xliii = -10.0V adjust Yo for zero 
Output voltage. 

4. With ZIN = XIN (and/or ZIN = -xlNi adjust Xo for 
minimum worst-case variation of Output as X IN .isvaried 
from -10V to -lV. 

5. Repeat Steps 2 and 3 if Step 4 required a large initial 
adjustment. 

6. With ZIN = XIN (and/or ZIN = -XIN ) adjust the gain con
trol until the output is the closest average around +10.0V 
(-lOV for ZIN = -XIN) as XIN is varied from-l0V to 
-3V. 

SQUARE ROOT Trimming Procedure 

1. Connect the 8013 in the Divider configuration. 

2 .. Adjust Zo, Yo, Xo and Gain using Steps 1 through 6 of 
Divider Trimming Procedure. 

3. Convert to the Square Root configuration by connecting 
XIN to the Output and inserting a diode between Pin 4 
and the Output node. 

4. With ZIN ,,; OV adjust Zo for zero Output voltage. 

POTENTIOMETERS FOR 
TRIMMING OFFSET AND FEEDTHROUGH 

v' 

SQUARE ROOT 

Xo Vo Zo 

r.KI-"",,-oOUTPUT-= -,fWZ 

L-______ -+<5K 

GAIN 

7.SK 
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ICL8013 

TYPICAL PERFORMANCE CURVES 

AMPLITUDE AND PHASE AS 
A FUNCTION OF FREQUENCY 

NONLINEARITY AS A 
FUNCTION OF FREQUENCY 

FEEDTHROUGH AS'A 
FUNCTION OF FREQUENCY 

0 

iii 
~ 
w 
0 

10 ::> ..... 
:i 
"- 15 :=; 

\ .. 
~ 

\~ .. 
20 

25 
lk 10k lOOk 

I 
" IJ "\ 
~ 
~ 

1\ 

1M 10M 

o 
.., 

-10 :r: 

~ 
-20 0 

m 

" 
-30 ~ 

!!! 
-40 

-so 

W 100 
..J .. 
~ 
-l. 10 

~ 
u. 
o 
!! 
>.... 
a: 
~ 
z 
:i 
z 
o z 

.1 

100 

X-INPUT 

Y-INPUT 

lk 

~ 
J: 

'" i/ ::> 
0 
0: 
J: .... 
0 
w 
w 
"-

10k lOOk 

-10 

-20 

..... 
-30 

-40 I X :::: 0, Y :: 20 V pop V 
Ilfl I 1111, I I I Y • O. X • 20V" _ 

-so 
'/ f 

-60 

-70 
lk 10k lOOk 1M 10M 

FREQUENCY (Hzl FREQUENCY (Hz I ' FREQUENCY (Hz) 

DEFINITION OF TERMS 

Multiplication/Division Error: This is the basic accuracy 
specification_ It includes terms due to linearity, gain, and 
offset errors, and is expressed as a percentage of the full 
scale output. 

Feedthrough: With either input at zero the output of an' 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen in a non-ideal 

ORDERING INFORMATION 

TYPE 
TEMPERATURE 

RANGE 

8013AM -55'C to +125'C 
8013BM -55'C to +125'C 
8013CM -55'C to +125'C 
8013AC O°C to +70'C 
8013BC O°C to +70'C 
8013CC o'c to +70'C 

PACKAGE DIMENSIONS 

multiplier is known as the feedthrough. 

Nonlinearity: l;he maximum deviation from the best straight 
line constructed through the output data, expressed as a 
percentage of full scale. One input is held constant and the 
other swept through its nominal range. The nonl inearity is 
the cornponent of the total multiplication/division error 
which cannot be trimmed out. 

MULTIPLICATION ORDER PART 
ERROR - NUMBER 

±.5% ICL 8013AM TZ 
!1% ICL 8013BM TZ 
:t2% ICL 8013CM TZ 
±.5% ICL 8013AC TZ 
±1% ICL 8013BC TZ 
±2% ICl B013CC TZ 

TO-100 

NOTE: Pin 5 connected to case. 
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IH5110 -IH511'5 
General Purpose Sample'& Hold 

FEATURES 
• Low cost 
• Military and industrial temperature ,ranges 
• ±10V input voltage range 
• 0.5mVlse,c drift typical @ Cs = 0.01~F 
• TTL, DTL and,CMOS compatible 
• Short circuit protected 
• Input offset voltage adjustable to< 100~V using a , 

20k potentiometer ' 
• 0.1°/~ guaranteed sample accuracy with10V signals, 

and Cs == 0.01 ~F ' 
• Sample to hold offset is 5mV max 

SCHEMATIC DIAGRAM 

ANALOC; 
IN 

FIGURE 1 

ORDERING INFORMATION 

, TYPE 

5110 
5110 
5111 
5111' 
5112 
5112 

,5113 
5113 
5114 
5114 
5115 
5115 

ORDER 
PART NUMBER 

IH5110lDE 
IH5110MDE 
IH51111DE 
IH5111MDE 
IH51121DE 
IH5~12MDE 

IH5113IDE 
IH5113MD'E 
IH51141DE; 
IH5114MDE 
IH5115IDE 
IH5115MDE 

S&H 
OUTPUT 

'6 

ADD 100Il 1
4 CSAMPLE 

EXTERNALLV 

JO'O'"F 

PACKA,GE 

16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
1,6 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 Pin Hermetic DIP 
16 ,Pin Hermetic DIP 
16 Pin Hermetic DIP 

GENERAL DESCRIPTION 
Each of the 5110 family is a complete Sample and Hold 
circuit, (except for sampling capacitor) including input buffer 
amplifier, outpt,lt buffer amplifier and CMOS logic switching. 
The devices are designed to operate from ±15V and +5V 
supplies. Theiriput logic is designed to "Sample" and "Hold" ' 
from standard TTL logic levels. ' 
The design is such that the input and output buffering is 
performed by only one operational amplifier, by switching' 

'the sampling' capaCitor from the output back to input. 
Switches 01. Q2, and 03 (see' Fig. ~) accomplish this 
switchiilg~ In the sampling mode 01 and 03 are shorted and 
02 is open; thus the op. amp. charges up the sampling 
capacitor. ,In the hold mode 01 and 03 are open and 02 is 
shorted; thus, the sampiingcap. if! switched back to the non- ,,' 
inverting input ofthe op. amp. 
This structure provides a very accurate d.c. gain of 1 with 
very fastsettling times (i.e. 5~s); additionally the'design has 
internal feedback to cancei charge injection effects (sample 
to hold offsets>. 01 arld02 are driven 180 degrees out of 
phase to accomplish this charge nuliing. ' 

TEMPERATURE 
RANGE 

-25°C to 85°C 
-55?C to 125°C 
-25°C to 85°C 
-55°C to 125°C 
-25°C to 85°C 
-55°C to 125° 
-25°C to 85°C 
-55°C to 125°C 
-25°C to 85°C 

'-55°Ct0125°C 
-25°C, to 85°C ,. 
-55°C to 125°C 

CONNECTION DIAGRAM 

--' , N.C: 0: ':' ~ ~ • H OUTPUT 

N.C. [] tm N.C. 

ANALOG IN ~ , IllJ OFFSET TRIM 

CSAMPLE t! ~ N.C. 

N.C. IT ' ~ PFFSET TRIM 

LOGI,C STROBE: [! 1m +.~~V 
.' +5Y' IT ~ N~C. 
. ,GND [! ) ~ -15V 

Pin 1 is. designa~ed either by a dot or notch. 

r 
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IH5110 --IH5115 

ABSOLUTE MAXIMUM RATINGS 

O~DIl. 

Supply Voltages ..........•..•.....•..•..••..•..•.......................•.. ±16V 
Power Dissipation ......•.......................•...•.••.•.............• 500mW 
Operating Temperature ....•.•....•.•.•..••...............•....... -25° C to 85° C 

--55°C to 125°C 
Storage Temperature Range.. .. . .. . .. .. . . . .. . .. . .. . .. .. . . . . . . .. --£5° C to 150° C 
Lead Tel11p~rature(Soldering, 10sec) ..................................... 300°C 

ELECTRICAL CHARACTERISTICS (Pin.7 = 5V,Pin8 = GND, Pin 9 = -15V: Pin 11 = 15V:. TA '" 25~d Note 3 . . . 

SYMBOL CHARACTERISTIC IH5110, 5112, 5114 IH5111,5113,5115 UNITS 

Close 

tacq. 

Vdrift 

Vinject 

Vswitch 

Vcouple 

Voffset 

1±1sv 

isv 

Vanillog 

Aperature Time 

. ACquisition Time for Max Analog Voltage Step 
Cs = 0.1/LF (0.1% Accur.l 
Cs.= 0.01/LF (0.1% Accur.) 
Cs = 0.q01/LF (0.1% Accur.l See fig.A. 

Drift Rate 
Cs = 0.1/LF. 
Cs = 0.01/LF 
8s = 0.001/LF : ; See fig .. ,2 

Charge Injection or Sample to Hold Offsets 
Cs = 0.1/LF· 
Cs = 0.01/LF 
Cs = 0.001/LF See Note 1 & fig. 3 

Switching Transients'or Spikes 
(Duration Less than 2/Ls) 

Cs == 0.1/LF 
Cs = 0.01/LF 
Cil = 0.001/LF See fig. 3 

A.C. Feedthrough Coupled to Output 

D.C. Offset When in 5110 

MIN TYP MAX 
120 

25 
4 
4 

0.3 
0.5 
2.0 

-<1 
<1 
12 

0.1 
0.1 
0.2 

200 

35 
6 
6 

2.5 
5 
10 

5 
5 
25 

0.5 
0.5 
0.5 

5 

40 

MIN TYP 

120 .. 

25 
4 
4 

0.3 
0.5 
2.0 

<:.1 
<1 
12 

0.1-
0.1 
0.2 

MAX 

.200 

35 
6 
6 

2.5 
5 
10 

5 
5 
25 

0.5 
0.5 
0.5 

5 

Sample Mode (Trimmable -::5:..!.1.!.11::+-__ -+ ___ +----,-=---t ___ t-__ -+_..:.40"----t 
to Om V With Ext,20kO 5112 10 
Potentiometer ..;:;5..;,1,;,;13=+-____ -+ ___ +----,:---+ ___ +--:-_-+-_..;,10"'---1 

5114' 5 
See fig. 2 5115 

Input Impedance in Hold or Sample 
Mode (t':s 10Hz) . . . 

Plus or Minus 15V Supply 
Quiescent Current 

5V.Supply Quiescent Current 

D.C. Input Voltage Range 

100 

3.4 

0.3 

5 

100 

6 3.4 6 

'·0.3 . 1(1 

±7.5 ±10 

ns 

/Ls 

mV/sec 

mVp- p 

Vp 

mVp- p 

mV 

mA 

.• ·A 

VA.C. range A.C. Input Voltage Range 
See Note 2 & fig. 5 

15 20 V 

Istrobe TTL Logic Strobe. Input Current in 
Either Hold or Sample Mode .• 

0.1 10 0.1 10 

NOTES: 1. Offset voltage of op. amp. must be adjusted 'to orriv i~sing 20kO potentiometeb be;or~ charge inje~tion is measured.. . • 
2; Th'e A.C. input voltage range differs from the D,C. inpui voltage range, All versions will handle any analog inputwithin the range of 

plus 10V to minus 10V; however the IH5110, 5112, 5114 has the added restriction that the peak to peak swing should be less than 
1511p'::P I.e. ±Vi Vac.. . . ..,,' . . 

3. All of tlie eleciricai'characteristics specs, are guaranteed with CS""O:o1"Fin series with 1000 as per Fig .. 2, Cil = O.l"F &. 
Cs = O.OOl"F are for design aid only. 

4. If supplies are. reduced to ± 12VDC, analog signal rllngewill.bereduced to ±7Vp:p. 



IH5110 - IH5115 

APPLICATIONS INFORMATION 

I. Typical Connection Diagram 

N.C. 16 S & H OUTPUT 

N,C. 15 N.C. 

ANALOG 
INPUT >-'-N-O-TE-2-0.0-'-"F--,0-0-n-i 

~. 

1. 
IH5110 20k -15Y 
THRU 13 _ OFFSET 
IH5115 POTENTIOMETER 

+3V' -= 
ovS'1-

TTL LOGIC STROBE 

N.C. 12 

11 +15V 

+5V 10 N.C. 

-15V 

NOTES: 1. To trim output offset to Om V, set strobe input to sample mode 13VI, set analog input to GND, adjust potentiometer until S & H output 
is OmV. 

2. Use a low dielec" ,bsorption capacitor such as polystyrene. 

SAMPLE MODE occurs when logic input is greater than2.4V. 
HOLD MODE occurs when logic input is less than. o.av. 

FIGURE 2 

II. Charge Injection (sample to hol9 offset) measurement circuit; also switching transients test circuit. 

N.C. 16 
TO 10 x SCOPE 
PROBE \ 

N.C. 15 N.C. 

1. 
O.01/-1 F 100H 20k -15Y 

I-t 13 _ OFFSET 
POTENTIOMETER 

-= N.C. 12 
+3V 

ov~ 11 +15V 

+5V 10 N.C. 

-15V 

Adjust offset to OmV before testing for charge injection. See note 1. 

CHARGE INJECTION 

VA = GND 11----": +3Y 
LOGIC INPUT =:: ~' L...-
Cs = O.D1,.,F OY 

SV/DIV. 
, _ ....,~+3V 

UPPER TRACE = ~ L-. OV 

LOWER TRACE =:: 5mV/OIV. 
TIME = 10}.ls/cm 

FIGURE 3 

SWITCHING TRANSIENTS 

SY/DIY. 
VA = GND ..--,- +3V 
LOGIC INPUT = .....J '--
Cs = 0.01/-1s OV 

rr- +3V 
UPPER TRACE = ...-J L...- OV 

LOWER TRACE = SOOmY/DIV. 
TIME = 10Ms/em 
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IH5110,- IH5115 
III. Typical Circuit for measurement of A.C. signal handling capability. 

N.C. 

+10V N.C. 

-r;:;'1.- ANALOG 2 
OV ~~ .. a::.:... STEP INPUT 

O.01~F 1Don r 4 

N.C. 

+3V TTL LOGIC IN 

+5V 

" OUTPUT 
16 TO, 10 x SCOPE 

PROBE 
15 N.C. 

11 +15V 

10 N.C. 

-15V 

20k -15V 
...- OFFseT 

POTENTIOMETER 

D~Dlb 

ACQUISITION TIME 

rI- +10V 
VA= --I. L--

, ' OV 

LOGIC INPUT = +3V 
Cs:= O.01p.F 

5Y1DIV. 

UPPER tRACE = ,~- +10V 
-.;.J , L.- OV 

5Y1DIV. 

LOWER TRACE,= r--\.- +10V 

-J ~OV 
. TIME = 5p.s/cm . 

. NOTE: The acquisition time is actually Ii seWing time speo.'since the reading is only taken when the output has settled ~ithin 1% of its final 
value. The 6jls spec. UH5111, 5113 & 5115 is the .wprst reading of the ton or toff settling time, shown above. The above test c.an be 
performed with a 0 to +7.5V or 0 to ":'7.5V step for the IH5110, 5112, 5114. . : 

FIGURE 4 

IV. Typical Circuit for measurement of A.C. peak to peak signal handling capability. 

N.C. I £N!jA.C. ANALOG IN FR~~ 2 
SIGNAL GENERATOR 

I = 1kHz ~1"F 10011 

- N.C. 

-5V Ii 

7 . 

16 

15 

14 

13 

12 

11 

,?1() 

'9 

OUTPUT 
TO 10 ><: SCOPEi 

PROBE 
N.C. 

.20k -15V 
_"OFFSET 

POTENTIOMETER 

+15V 

N.C. ' 

-;5V . 

',"'. 

" . .' ".. 

To test this parameter, increaSe the amplitude, of the signal 
generator until the output starts to distort (jtwillalways show 
up on the positive exbursiQnof'the s,ine wave firstl; th,en back 
off until all distoHionis.gone. The resultant peak .to peak 
swing must be greater than 15Vpp for the IH5110, 5112, 5114 
and greater than 20Vpp for the IH5111, 5113, 5115. 

FIGURES 

A.C. PEAK TO PEAK 

'.' . 
TVP.IHS111 

A~\' 'A~" 
VA = - ~ \.L ~V: UPP~ TRACE = ~ ~\Z ov 

LOGIC INPUT = +3V UPPER & 

~s = O.01J.1F f = kHz ~~~E~ :.~~~~,: 10VlDIY. 



IH5110- IH5115 

V. Application Tips: 

If you are undecided as to which sample and hold to use 
within the family, the following will give you a pretty good 
idea of the outstanding differences between the six models. 
First, determine the voltage range you need to sample and 
hold. 

The even numbered parts are designed to switch smaller a.c. 
signal amplitudes with the goal being to minimize the charge 
injection effects (sample. to hold. offsets). This charge 
injection error .. is shown in ,Fig. 3. Once the voltage offset is 
zeroed, the 5110has typical error amplitudes of 1 to 2mVp-p 
(corresponds to 10pc to 20pc of charge). Thus one could 
sample very .Iow level d.c.signalswith extreme accuracy. If 
very low level ,a.c. signals are being sampled; voltage off
set polentiom~ter can be adjusted for a zero charge injec
tion effect. Once the ,potentiometer. has been adjusted, 
there wiWbe a zero error going from sample to hold; how
ever there. will be a d..c. error caused by adjusting the po
tentiometer for zero charge injection and not for zero 
voltage offset. In general, this d.c. error will be in the area 
of 2mV to5mV. 

The odd numbered parts are primarily designed to handle 
any input in the plus or minus10V range, regardless of 
whether it isa.c. or d.c.; to obtain this, the charge injection is 
about a factor of 2 higher than the even numbered parts. 

The use of Varafet switchir:'l9 elem~nts ·sim.ilar to Intersil's 
IH401/401A leadsto a trade-off between AC signal swing 
and charge injection. 

After the voltage range and charge injection requirements 
have been determined, all that remains is to determine the 
input offset voltage the system can tolerate. By using the 
higher numbered parts, it is possible to eliminate the off
set potentiometer if system accuracy will allow 5mV (5114, 
5115) or 10mV (5112, 5113) due to the low input offset 
voltage on these devices. 

The drift rate is specified at 10mV/sec. Max. for all models: 
this corresponds to approximately 100pA total leakage into a 
0.01}lF sampling capacitor (Cs). While the 10mV/sec. is the 
Max. encountered, a more typical reading is less than 

O~OIb 

1mV/sec. (true for any input between -10V and +10V);thus 
the IH5110 family is ideal for applications requiring very low 
drift or droop rates. 

The aperture time is spec'd at 200ns Max. for all models, but a 
more typical value is 150ns; this is basically the off time of 
switch Q1. The way this aperture time affects system 
accuracy is shown below: 

Assume the input signal to the Sample and Hold is an a.c. 
signal of peak amplitude A (peak to peak swing 'is 2A) and 
frequency 27ff = w, then Vinpul = AejwI then dV Idt = Aeiwl. This 
means the slope of input signal = dV/dt; this slope is a 

. maximum at t (time) = 0, this maximum value is wA (in 
amplitude). (j.eJ input frequency is 10kc, therefore dV/dt = 
wA = 6.28 x 104 X 10V = 6.3x 105V/sec.A= 10V, then slope or 
dV Idt = 0.63V I }lS. Now if we wish error to be a Max. of say 1 % 
of full scale 10V, we see that 100mV (1%/aperture time = 
0.63V/}ls. Solving this equation we see that aperture time 
must be 160ns or less to get 1% holding accuracy. Since our 
aperture time is 150ns typical, we have 1% accuracy in 
hold.ing 10kHz varying signals; for signal frequencies 1kHz 
and less, Max. error is 0.1%. The simple interpretation of just 
how the off time of the switch causes this system error is due 
to the fact a finite time is required for the switch to react to a . 
hold command; this reaction time manifests itself with a 
system voltage error because the time varying input signal is 
changing to a new value before the switch has actually 
turned off. (j.eJ in the above example off = 10kHz and A = 

. 10V, suppose we gave the hold command (thru TTL logic) at t 
= 0 (a.c. signal goes thru zero pU At this pOint we have 
calculated the slope to be a Max. and equal to 0.63V/}ls. If 
there were no aperture time error, we would read OVat output 
of Sample and Hold; however because of finite'time for 
switch to respond to hold command, 150ns passes before 
switch goes off. During this 150ns, the input signal has gone 
to 100mV above or below OV, thus the stored value of signal g 
will be 100mV and that is the reading at the output of the 
Sample and Hold. If the input frequency were 1kHz, the 
"error voltage" would be 10mV. 
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IH5110 - IH5115 D~DIl. 

VI. Connection for Hi-Speed Sample and Hold with following typical performance: wlCs = 0.001 
a. 2J.Ls settling time (acquisition time) to 1% accuracy 
b. 25mV charge injection amplitude 
c.10mV/sec drift rate 

N.C. 

+10V N.C. .' 

-.r;o;;;1- ANALOG 2 
ov -.:.I . -,..- 1:...- STEP INPUT 

O.001J,4F S1an 

01---"./\·/\,........, 
N.C. 

+3V 
TTL LOGIC IN 

+5V 

16 
OUTPUT 
TO '10 x SCOPE 
PROBE 

2Dk -15V 
_ OFFSET 

POTENTIOMETER 

. HI-SPEED SAMPLE AND HOLD 

J"l.:::' . .' Hov 
VA "" 

OV 

LOGIC INPUT = +3V 
Cs = O.OOlIlF 

SV/OIV. 

UPPER TRACE "', r--"-.~ +10V 
.......... ~ov 

5V/DIV; 

LOWER TRACE = r--\.~ +10V 

-J '--OV 
TIME == 5lls/cm 

NOTE: . Typicaltimesforthe Sample and Hold to acquire'theinput are 2J.<s for turn on (output) goes to +1 OV and 3J.<s for turn off. «)utput goes 
. . down to OVl. As a general note, all the electrical specificaiions are guaranteed with a sampling capacitor equal to 0.01/if. As the above' 

application (Fig .. 6) shows, other values o/sampling capacitors can be used but the best combinations of S &H specs may not result· 
with values other than 0.01J.<F. The only advantage of using a 0.001J.<F for Cs is the acquisition'time is 2J.<s typical instead of 5J.<s typical 
(with 0.01 J.<F; however the drift rate would be worse and charge injection would be affected). To minimizedrift rate, use aO.1J.<F capacitor; 
this should produce a 0.1 mV/secrate of change and a charge injection amplitude of 0.2mVp-p. Of course the acquisition time will be 
slowed down to the 25/,s area. Also use a 0.1/,s system for slow speed changes (i.e., input frequency is less than 1kHz. The series 
reSistor should be about 1001}·2001} to stabilize the system. 

FIGURE 6 

PACKAGE OUTLINE 

[I::]51~· 
, ~.820(20.82)~ .105(2.66) 

.035 (.8S9) I. , .. 750 (19.05) , I .095 (2.41), 

,025 (.635) . . ' j * .~";35(3.~2)· 
" ~ ~ .~ ~ ~. ~ ~ ~ -.t'25 (3.17) 

-I ~ -1 ~ -1[-
.110 (2.79) .054 ± .003 .020 (.508) 
~ (1.37~.076) ~ 

NOTE: Board drilling dimensiqns will equal standard practices for .020 diameter lead. 

DEFINITION OF TERMS 

~. '.011 (.279)' 
~, ' .', .+ .009 (.228) 

I· 1 
.330 (8.38) 
~ 

Aperture Time: The time it takes to switch from sample mode 
to hold mode and the actual opening of switch. 
Charge Injection: The amount of charge coupled across the 
switch with no input voltage. 

Feed Through: The amount of input signal that appears at 
the output when in the hold mode. Normally caused by 
capacitance across the switch. 

Drift Rate: The amount of drift of output voltage at a rate 
caused by current flow through the storage capacitor. 

( dV _ i) This current is the leakage across the 
Cit --: c switch and the amplifier's bias current. 
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Offset Voltage: Voltage measured at output with no input 
voltage and circuit in sample mode. 
Acquisition Time: The time it takes amplifier to reach full 
scale output either plus or minus. 



FEATURES 
e Linear current output: 1p.Al" K 
e Wide range:-55°C to+150°C 
,e Two-terminal device: Voltage in/current out 
- Laser trimmed to ±1'o C calibration accuracy 

(AD590L) . 
- Excellent linearity: ±O.5° C over full range 

(AD590K, L) 
- Wide power supply range: +4V to +30V 
-Sensor isolation from case 
- Low cost 

GENERAL DESCRIPTION 
The AD590 is a two-terminal integrated circuit temperature 
transducer which produces an output current proportional 
to absolute temperature. The ,device acts as a high 
impedance, canstant current regulatar passing 1}lAfO K far 
supply valtages between +4V and +30V. Laser trimming of 
the,chip's thin film resistars is used to calibrate the device ta 
298.2pA output. at 298.2° K ({25° Cl. . 
The AD590 should be' used in any temperature sensing 
application between -55°C and +150°C in ·which 
canventianal electrical +",mperature sensors are currently 

SCHEMATIC DIAGRAM 
+ 

>RT > 260Jl 
> R2 > 1040Jl 

AD590 
Two-Terminal Ie 

Temperature Transducer 

employed. The inherent low cost of a monolithic integrated 
circuit combined with the, elimination of support circuitry 
makes the AD590 an attractive' alternative for many 
temperature measurement situations. Linearization 
circuitry, precision voltage amplifiers, resistance-measuring 
circuitry and cold junction compensation are not needed in 
applying the AD590. In the simplest application a resistor, a 
power source and any voltmeter can be used to measure 
temperature. 

In addition to temperature measurement, applications 
include temperature compensation or correction of discrete 
components, and biasing proportional to absolute 
temperature. The AD590 is available in chip form making it 
suitable for hybrid circuits and fast temperature measurec 
ments in protected environments. 

The AD590 is particularly useful in remote sensing applica
tions.The device is insensitive to voltage drops over 'Iong' 
lines due to its high impedance current output. Any well
insulated twisted pair is sufficient for operation hundreds of 
feet from the receiving circuitry. Theoutput characteristics 
also make the AD590 easy to multiplex: the current can be 
switched by a CMOS multiplexer or the supply voltage can 
be switched by a logic gate output. 

OUTLINE DIMENSIONS AND 
PIN DESIGNATIONS 

TO"52 PACKAGE 
0.23 (5.84)DIA 
0.209 (5.31) 

+f)~ -~ a2~ Va, Va3 1~4 :~;~ ~::;~~ DlA 
a(i 

~ Lt ,~ " I. 0.15 (3.81) 
06 0.115 (2.92) 

BOTTOM VIEW 

CT 26pF 

rrr-~~ 
0.5 (12.7) 

07 MIN 

~ sUBST~:i~~ 0.1119 (0.48) / 
0.015 (0.38) 

R3 
> ~;k!! DlA 

> 5kJl 0.05 (1.27) 
0.1 (2.54)-

0i05 (1.27) 

01O~ 
21 

~Jb+~---

~: 
11~ ~~' 450 3 t 

0.046 (1.17)" , 0 048 (1 22) 

R6 0.036 (0.91)Y~r 0:028 (0:71) 
820n R5 

v1.. 146!! BOTTOM VIEW 

-T y Dimensions shown in inches and Imml. 

ORDERING ORDER PART 
.. 

INFORMATION ACCURACY NON-LINEARITY NUMBER 
±5.0°C max ±2.0°C mao< AD590JH 

±2.0°C max ±O.5°C max AD590KH 

±1.0°C max ±O.5°C max AD590LH 



AD590 
ABSOLUTE MAXIMUM RATINGS 
(TA = +25°C unless otherwise noted) 

Forward Voltage (v+ to V-I ............................................... +44V 
Reverse Voltage (V: to V-I ................................................ -20V 
Breakdown Voltage (Case to V+ or V-I ................................... ±200V 
Rated Performance Temperature Range ........................ -55°C to +150°C 
Storage Temperature Range ................................... -65° C to +275° C 
Lead Temperature (Soldering, 10 sec) .................................... +300°C 

SPECIFICATIONS (Typical values at TA = +25°C, Vs = 5V unless otherwise noted) 

CHARACTERISTICS AD5901 AD590J AD590K AD590L AD590M 
Output 
. Nominal Output Current 298.2 298.2 298.2 298.2 298.2 
@ +25° C (298.2° K) 

Nominal Temperature 
Coefficient 1.0 1.0 1.0 1.0 1.0 
Calibration Error 
@ +25°C (notes) ±10.0max ± 5.0max ± 2.5max ± 1.0max ± 0.5max 
Absolute Error 
(-55 to +150°C) (Note 1) 
Without external 
calibration adjustment ±20.0max ±10.0max ± 5.5max ± 3.0max ± 1.7max 
With external calibration 
adjustment ± 5.8max ± 3.0max ± 2.0max ± 1.6max ± 1.0max 

Non-Linearity ± 3.0max ± 1.5max ± 0.8max ± OAmax ± 0.3max 
Repeatability (Note 2) ± O.lmax ± O.lmax ± O.lmax ± O.lmax ± O.lmax . 
Long Term Drift (Note 3) ± O.lmax ± O.lmax ± O.lmax ±. O.lmax ± O.lmax 

Current Noise 40 40 40 40 40 
Power Supply Rejection 

+4 < Vs < +5V 0.5 0.5 0.5 0.5 0.5 
+5 < Vs <+15V 0.2 0.2 0.2 0.2 0.2 
+15V < Vs < +30V 0.1 0.1 0.1 0.1 0.1 

Case Isolation to Either Lead 1010 1010 1010 1010 1010 

Effective Shunt Capacitance 100 100 100 100 100 
Electrical Turn-on Time (Note 1) 20 20 20 20 20 
Reverse Bias Leakage Current 

(Note 4) 10 10 10 10 10 
Power Supply Range +4 to +30 +4 to +30 +4 to +30 +4 to +30 +4 to +30 

Noles 1. Does not Include self heating effects. 

,o~o[!, 

UNITS 

fJ. A , 

fJ.ArC 

°c 

'C 

'c 

'c 

°C 

°C 

pAlVHz 

fJ.AN 

fJ.AN 

fJ. AN 

!l 

2F 
fJ.S 

pA 

Volts 

5 2, Maximum deviation between +25°C reading after temperature cycling between -55°C and +150'C;guaranteed, not tested. 
3. Conditions: Constant +5V, constant +125°C; Guaranteed, not tested. . 
4. Leakage current doubles every +10°C. " 

TYPICAL APPLICATIONS 

<" 423 
..'> ... z 
w 
a: 
gj 298. 
U ... 
::J 

1= 

2 

5 218 
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/' 

V 

/ 
/-
, 

298.2 K 423 K 
(+25° C) (+150°C) 

TEMPERATUR,E . 

+ 
AD590 ,/>/--,/-" '/~

--/'-/'-/'_/'-/'-/'--

+5V 

1kO VT ....: 1nwrK 

Typical connection. 



FEATURES 

ICLS069 Series 
Low Voltage Reference 

GENERAL DESCRIPTION 
• Temperature Coefficient guaranteed to 10 ppm/o C The ICL8069 is a 1.2V temperature compensated voltage 

reference. It uses the band-gap principal to achieve excellent 
stability and low noise at reverse currents down t050/LA. 
Applications include analog-to~digital converters, digital-to
analog converters, threshold detectors, and voltage 
regulators. Its low power consumption makes it especially 
suitable for battery operated equipment. 

max. 
• Low Bias Current . .. 50/LA min 
• Low Dynamic Impedance 
• Low Reverse Voltage 
• Low Cost 

TYPICAL CONNECTION DIAGRAMS 

---t__--+5V 

10kU 

_-4----+---O~. f Vour 

·See Note 1 

15kll 

+ 15Y 

lkll 

8.2kl~ 

-_----,-,t__-+5V 

2.2k!l 

v+ 

10kH 

'ICL7107 

REF HI 

+10Vout 

I 
ICLB069 

1kn 

+----1 COMMON 

1---4-__ -1 REF LO 

-=-
la) Simple Reference 11.2 volts or less) Ib) Buffered 10V Reference using a 

single supply. 
Ic) Double regulated .100mV reference' t!I 

for ICL7107 one-chip DPM circuit. ~ 

ORDERING INFORMATION 

MAX. TEMPERATURE 
COEFFICIENT OFVREF TEMP RANQE 

.001"10;0 C O°C to +70°C 
.0025 %/oC O°C to +70°C 
.005 %/oC -55°C to +125°C 
.005 %/oC O°C to +70°C 
.01 %/oC -55°C to+125°C 
.01 %/oC O°C to +70°C 

ORDER PART # 

ICL8069ACO 
ICL8069BCQ 
ICL8069CMQ 
ICL8069CCQ 
ICL8069DMQ 
ICL8069DCQ 

PIN CONFIGURATION AND 
PACKAGE DIMENSIONS 

TWO LEAD TO-52 (Q Package) 

.150 

~f-
:m-D-O~ 

T~,e-e_2-
45 0 

.100 

Note: Pin 2 connected to case. 
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ICLS069 Series 
AB$OLUTE MAXIMUM RATIN~S 

Reverse Voltage ............................. See Note 2 
Forward Current .................................. 10mA 
Reverse Current .............................. ~ ... 10mA 
Power Dissipation . Limited by max forward/reverse current 
Storage Temperature ...•............... -65° C to +200° C 
Operating Temperature 

ICLB069C .............................. 0°Cto+70°C 
ICLB069M .......................... -55°Cto+125°C 

Lead Temperature (Soldering, 10 Sec) .. ; .......... 300°C 

ELECTRICAL CHARACTERISTICS (@25°C unless otherwise noted) 

CHARACTERISTICS CONDITIONS MIN TYP 
Reverse breakdown 

, 

Voltage IR = 500!,A 1.20 1.23 

Reverse breakdown 
Voltage change 50!,A S; IR S; 5mA 15 

Reverse dynamic Impedance IR = 50!,A 1 
IR = 500!,A 1 

Forward Voltage Drop IF = 500!,A .7 

RMS Noise Voltage 10Hz S; f S; 10kHz 5 
IR = 500!,A 

Breakdown voltage 
Temperature coefficient: 

ICLB069A I'F SOO,A 
I 

ICLB069B TA = operating 
ICLB069C temperature range 
ICLB069D (Note 3) .. 

Reverse Current .050 

TYPICAL PERFORMANCE CHARACTERISTICS 

MAX UNITS 

1.25 V 

20 mV 

2 
2 fl 

1 V 

!'V 

.001 

.0025 
%/"C 

.005 

.01 

5 mA 

REVERSE VOLTAGE AS VOLTAGE CHANGE AS A 
FUNCTION OF REVERSE CURRENT 

REVERSE VOLTAGE AS A 
FUNCTION OF CURRENT A FUNCTION OF TEMPERATURE 

'4 
-.' 12 
> 
E 
;;; 10 

" z 
~ 8 
o 
~ 6 
;! 
6 4 
> .... 
~ 2 

" o 0 

-2 
10pA 

-JS5 0 cL 
I // 

~+25°C. 
+125°C 

~ 

100j./A 1mA 
REVERSE CURRENT 

\ 

10mA 

10mA 

I- 1mA 
Z w 
a: 
a: 

" ~ 100j.lA 
U) 

ill 
iii 
a: 

, 

........ -t:::: 
./ ..,.,.... 

./ 

+'V ,;' 

lforv .(,:, 
.2 ,4 .6 .8 1.0 1.2 1.4 

REVE~SE VOLTAGE (V) 

1.245 

1.240 

~ 
w 1.235 

" " ~ 
0 1.230 
> .... 
" "- 1.225 .... 
" 0 

1.220 

1.215 

'R I" 500~A 

V V 

--50 -25 0 +25 +50 +75 +100 +125 
TEMPERATURE (OC) 

Notes: , 
1) The diode should not be operated with shunt capacitances between 200pF and O.221'F, as it mayoscillate at some currents. if circuitstrays in 

excess of 200pF are anticipated, a 4.71'F shunt capacitor will ensure stability under all operating conditions. 
2) In normal use, the reverse voltage cannot exceed the reference voltage. However when plugging units into a powered-up test fixture, an 

instantaneous voltage equal to the compliance of the test circuit will be seen. This should not exceed 20V. 
3) For the military part, measurements are made at 25° C, -55° C, and +125° C; The unit is then classified as a function of the worst case T.C. from 

25°C to -55°C. or 25°C to+125°C. 
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FEATURES 

• High accuracy voltage sensing and generation: internal 
reference 1.15 volts typical 

• Low sensitivity to supply voltage and temperature varia· 
tions 

• Wide supply voltage range: Typ. 1.8 to 30 volts 
• Essentially constant supply current over full supply 

voltage range 

• Easy to set hysteresis voltage range 
• Defined output current limit.· ICL8211 

High output current capability· ICL8212 
• Innumerable useful applications including: 

1. Low voltage sensor/indicator 
2. High voltage sensor/indicator 
3. Non volatile out-of-voltage range sensor/indicator 
4, Programmable voltage reference or zener diode 
5. Series or shunt power supply regulatOi . 
6. Fixed value constant current source 

CONNECTION DIAGRAM 
HYSTERESIS 

v· 

8 LEAD PLASTIC MINI DIP T099 

Pin 1 is designated by either a dot or a notch 
for dual inline package. 

ORDERING INFORMATION 

Part Number Temperature Range Package 

ICLB211CPA Oto+70°C 8 lead MiniOlP 
ICLB211CTY o to +70"C TO-99 Can 
ICLB211MTY ·55 to +125"C TO-99 Can 
ICLB212CPA o to 70"C 8 lead MiniDIP 
ICLB212CTY o to 70°C TO-99 Can 
ICLB212MTY ·55 to +125"C TO-99 Can 

ICLB2110 Dice only 
ICLB212D Dice only 

ICL8211, ICL821 2 
Micropower Voltage 

Detectors/Indicators 

GENERAL DESCRIPTION 
,The Intersil ICL8211/12 are micropower bipolar mono· 
- lithic integrated circuits intended primarily for precise 

voltage detection and generation. These circuits consist of 
an accurate voltage reference, a comparator and a pair of 
output buffer/drivers. 

Specifically, the ICL8211 provides a 7ma~urrent limited 
outputsink when the voltage applied to the.~TH RESHOLD' 
terminal is .Iess than 1.15 volts - the internal reference. The 
ICL8212 requires a \(oltage in excess of 1.15 volts to 
switch its output on (no current limit). Both devices have 
a low current output (HYStERESIS OUTPUT) which is 
switched on for input voltages in excess of 1.15V. The I 

HYSTERESIS output may be used to provide positive ~nd 
noisefr~e output switching using a simple feedback 
network. 

Applications for the ICL8211/12 include a variety of 
voltage detection circuits such as low battery indicators 
(portable systems); power supply malfunction detectors for 
volati Ie memory systems, programmable zener diodes, both 
shunt and series power supply regulators, constant current 
sources. 

The ICL8211/12 may be customized by the use of metal 
mask options to provide more complete integration on 
chip (including set resistors, etc.) for volume dedicated 
systems, thereby reducing component counts and cost. 

SCHEMATIC DIAGRAM 
VOLTAGE REFERENCE COMPARATOR OUTPUT BUFFERS 

__ -'-------------v------"-------.,~ 

I I : .) 
I-.r 020 

t""1 
I 
I 
I 
I 

, 
~ 

<> A6 
<> lOOK!! 

~ , 

ICl8211 option *not connected, avallahle for custom versions 
II II )( It tel 8212 option 

R5 
4.5Kn 

v' 

HVST 

v-
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ICL8211 , ICL8212 

S-244 

ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

Supply, Voltage (V+ - V-) 
Output Voltage (with respect to V-) 

--Hysteresis Voltage (with respect to V+) 
Threshold Input Voltage 

Current into Any Terminal 
Power Dissipation (Note 2 & 3) 

-O.S to +30 volts 
-O.S to + 30 volts 
+O.S to -10 volts 

+30 to -S volts with respect to V
and +0 to -30 volts with respect to V+ 

30mA 

Operating Temperature Range ICL8211Mi12M 
Operating Temperature Range ICL8211C/12C 

300mW 
-SSoC to +12SoC 

, Oto +70°C 
-SSoC to +12SoC Storage Temperature Range 

NOTE 1: Absolute maximum ratings define parameter limits that if exceeded may permanently damage or change the device. 
NOTE 2: Rating applies for case temperatures, to 125°C for ,ICL8211 MTY/12MTY products. Derate linearly at -10mWI"C for ambient 

temperatures above 100°C. ' 
NOTE 3: Derate linearly above 50°C by -10mW/C for ICL8211 C/1'2C products. The threshold input voltage may exceed +7 volts with respect 

to V- for short periods of time. However for continuous operation this voltage must be maintained at a value less than 7 volts. 

TYPICAL OPERATING CHARACTERISTICS (V+ to V- = SV, TA = 2SoCuniess otherwise specified) 

PARAMETER SYMBOL CONDITIONS 
ICL8211 ICL8212 

MIN TYP. MAX, MIN. TYP. MAX. 
UNITS 

Supply Current 1+ 2.0 < V+; • V- < 30 
VT = 1.3V 10 22 40 50 110 250 /1A 
VT = 0.9V 50 140 250 10 20 40 /lA 

Threshold Trip Voltage VTH lOUT =4mA V+ - V- = 5V 0.98 1.15 1.19 1.00 1:15 1.19 V 
VOUT=2V V+ - V- = 2V 0.98 1.145 1.19 1.00 1.145 1.19 V 

V+ -V- = 30V 1.00 1.165 1.20 1.05 1.165 1.20 V 

Threshold Voltage Disparity VTHP lOUT = 4mA VOUT = 2V -8.0 -0.5 mV 
Between Output & HYSteresis " IHYST = 7/lA VHYST = 3V 
Output 

Guaranteed Operating Supply VOP +25°C 2.0 30 - 2.0 30 V 
Voltage Range o to +70°C 2.2 30 2.2 30 V 

-55°C to +i25°C 2.8 30 2.8 30 V 

Typical Operating Supply VOP +25°C 1.8 30 1.8 30 V 
Volta'ge Range +125°C 1.4 30 1.4 30 V 

-55°C. 2.5 30 2.5 30 V 

Threshold Voltage IVTH lOUT - 4mA +200 +200 ppmfC 
Temperature Coefficient \tOUT = 2V 

Variation of Threshold Voltage AVTH A(V+ -V-r 10%at V - V- - 5V 1.0 1.0 mV 
with Supply Voltage " ' 

Threshold I nput Current ITH VTH= 1.15V 100 250 100 250 nA 
VTH" 1.00V 5 5 nA 

Output Leakage Current , ILO VOUT = 30V VTH = 1.0V 10 /1A 
VOUT = 30V VTH = 1.3V 10 /1A 
VOUT = 5V VTH = 1.0V 1 /1A 
VOUT = 5V VTH = 1.3V 1 /1A 

Output Saturation Voltage VSAT IOUT=.4mA VTH = 1.0V 0.17 0.4 V 
VTH = 1.3V 0.17 0.4 V 

Max Available Output Current IHO (Note 4 & 5) VTH= 1.0V 4 7.0 12 mA 
VOUT= 5V VTH = 1.3V 15 35 mA 
-55°C';;;T A';;; 125°C VTH = 1.0V 15 12 mA 

Hysteresis Leakage Current IQHYST V++V-=10V VTH=1.0V 0.1 0.1 /1A 
VHYST= V-

Hysteresis Sat Voltage VSATHYST IHYST = -7/lA VTH = 1.3V -0.1 -0.2 -0.1, -0.2 V 
measured witl) respect to V+ 

Max Available Hysteresis Current IHHYST VTH = 1.3V -15 -21 -15 -21 " /1A 

NOTE 4: The maximum output current of the ICL8211 is limited by design to 15ma under any operating condition. The output voltage may 
be sustained at any voltage up to +30 with respect to V- as long as the maximum power dissipation of the device is not exceeded. 

NOTE 5: The maximum output current of the ICL8212 is not defined and systems using the ICL8212 must therefore ensure that the output 
current does not exceed 50ma and that the maximum power dissipation of the device is riot exceeded. 
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TYPICAL OPERATING CHARACTERISTICS 
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CIRCUIT DESCRIPTION silicon and is highly stable with respect to both temperature 
and supply voltage. The deviation from the bandgap voltage 
is necessary due to the negative .temperature coefficient of 
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The IQL8211 and ICL8212 use a standard linear bipolar 
integrated circuit technology with hig, value thin film 
resistors. The reason for the use of thin film resistors is to 
be able 'to define extremely low value currents. 

Components 01 thru 010 and Rl ,R2 and R3 set up an . 
accurate voltage reference of 1.15 volts, This reference 
voltage is, close to the value of. the bandgap voltage for 

the thin film resistors (-5000 ppm perOC). . 

Components 02 thru 09 and R2 make up a constant 
current source. 02 and 03 are. identical and form a current 
mir.ror. 08 has 7 times the emitter area of 09. Due to the 
current mirror the collector curre'nts of Os and 09 are 
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forced to be equal and it can be shown that the collector 

current in 08 and Og is 
1 kT 

IC (08 or Og) = -X - In 7 
R2 q 

or approximately lpA at 25°C 

Where k = Soltzman's constant 
q = charge on an electron 

and T = absolute temperature in ° K 

Transistors 05, 06, and 07 assure that the collector .to 
emitter voltage of 03, 04, and Og remain constant with 
supply voltage variations thereby guarante!ling that the 
value of the constant current source is insensitive to supply 
voltage variations. 

The base current of 01 provides sufficient current to ensure 
that the current source will start up; there being two stable 
states for this type of circuit· either as defined above or 
OFF if no start up current is provided. Leakage current in 
the transistors is not sufficient in itself to guarantee reliable 
startup. 

C4 is matched to 03 and 02; and, 010 is matched to Og. 
Thus the collector current and base emitter voltage 010 are' 
identical to that of Og or 08. To generate the bandgap 
voltage it is necessary to sum a voltage equal to the base 
emitter voltage Og to a voltage proportional to the dif· 
ference of the base emitter voltages of two transistors 08 
and Og operating at two current densities. 

. R3 kT 
Thus 1.15 = VBE (Og or 010) + R2 X q In 7 

which provides RR3 = 12 (approx.) 2 . " 

The total supply current consumed by the voltage refer· 
ence section is approximately 6JlA at room temperature. 
An input voltage at the THRESHOLD input is compared 
to the reference voltage 1.15 volts by the comparator 
consisting of transistors. all thru 017. The outputs from 
the comparator taken from the collectors of 016 and 017 
are limited to two diode drops less than V+ or approxi· 
mately 1.1 volts. Thus the base current into the hysteresis 
output transistor is limited to about 500nA and the col· 
lector cu rrent .of a 19 to 100JlA. 

In the case of the ICL8211, 021 is proportioned to have 
70 times the emitter area of 020 thereby limiting the 
output current to approximately 7ma w~ereas, for the 
ICL8212 almost all the collector current of 019 is avail· 
able for base drive to 021 resulting in a maximum available 
collector current of the order of 30ma. It is advisable to 
externally limit this current to 25ma or less. 

APPLICATIONS 
The ICL8211 and ICL8212 are similar in.many respects 
especially with regard to the setup of the input trip condi· 
tionsand hysteresis circuitry. The following discussion 
describes both devices and where differences occur they are 
clearly noted. 

1. GENERAL INFORMATION 

THRESHOLD INPUT CONSIDERATIONS 

Although any voltage between -5V and V+ may be applied 
to the TH RESHOLO terminal, it is recommended that the 
TH R ESHOLD voltage does. not exceed about +6 volts with 
respect to V- since above that voltage the threshold input 
current increases sharply. Also, prolonged operation above 
this voltage will lead to degradation of device characteristics. 

V"~~~----~------~ 

V· 
lV+ v- must equal 
or exceed 1.8 voltsl 

All 

VOUT, . 

Input 
Voltage 
VTH 'f~ 

v. I I Hy" Output 

v" 

v" 

FIGURE 1 - VOLTAGE LEVEL DETECTION 

ICl8211l12and 
DutRu1 ICl8211 only 

Output ICl8212 only 

The outputs change states with an input THRESHOLD 
voltage of approximately 1.15 volts. I nput and output 
waveforms are shown in Figure 1 for a simple 1.15 volt 
level detector. 

The HYSTERESIS output is a low current output and is 
intended primarily for input threshold voltage hysteresis 
applications. If this output is used for other applications it 
is suggested that output currents be limited to 10MA or less. 

The" regular OUTPUT's from either th.e ICL8211 or ICL· 
8212 may be used to drive most of the ~ommon logic 
families such as TTL or C·MOS using a single pullup 
resistor. The guaranteed TTL fanout for the ICL8211 is 2 
and for the ICL8212 is 4. 

VTH 

FIGURE 2 - OUTPUT LOGIC INTERFACE 

C·MOSor 
TTL Gates 
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A principal application of the ICL8211 is voltage level 
detection and for that reason the OUTPUT current has 
been limited to typically 7ma to permit direct drive to an 
LED lamp connected to the positive supply V+ without a 

series current limiting resi~tor. 

On the other hand the ICL8212 is intel1ded for many 
applications such as programmable zener references' and 
voltage regulators where output currents well in excess of 
7ma a're desirable. Therefore, the output of the ICL8212 is 
not current limited. If however, the output is used to drive 
an LED lamp then ~ series current limiting resistor must 
be used. 

In many applications an input resistor divider network will 
be used. It is recommended that the current in this resistor 
network necessary to produce 1.15 volts 'be as follows. If 
the cu rrent in this network is of no concern, a current of 
50/JA may be used. If the current is a concern (battery 
operated systems) it is suggested a current of 6 to 8 /JA 
represents a good compromise between accuracy and low 
power. Lower currents than 6/JA are usable if accuracy is not 
important. The inaccuracy at lower currents is due to the 
input current of the device becoming a significant per
centage of the current flowing in the resistor network, 

Input v' 

R, 

v,o--4~,----__ ..-l 

Case 1. High accuracy required, current in resistor net
work unimportant Set I = 50/JA for VTH = 1.15 
volts ".Rl~ 20K ohms'.' , 

Case 2. Good accuracy required" current in resistor net
work important Set' I = ,7.5/JA for VTH = 1.15 
volts ... Rl =:> 150 K ohms. 

SETUP PROCEDURES FOR VOLTAGE 
LEVEL DETECTION 

Case 1. Simple voltage detection - no hysteresis 

Unless an input voltage of approximately 1.15 volts is to be 
detected, resistor networks will be used to divide or mUltiply 
the unknown voltage to be sensed, Figure 4 shows proce
dures on how to set up resistor networks to detect INPUT 
VOLTAGES of any magnitude and polarity with respect 
to the negative supply V-. 

v' 

a) Range of input voltage greater than +1.15 volts with 
respect to V-. 
I nput voltage to change the output states 

(Rl + R2) 
X 1.15 volts 

b) Range of input voltage less than +1.1.5 volts with 
res pect to V-. 
I nput voltage to change the ,output states 

FIGURE 4 - INPUT R'ESISTOR NETWORK SETUP PROCEDURES 

F'or supply voltage level detection applications the input 
resistor network is connected across the supply terminals 
as shown in Figure 5. 

R, 

,-------....... --ov· 

Input Voltage 
or Supply Voltage 

L..---'-'---+-<>VOUT 

v-

FIGURE 5 - COMBINED INPUT AND SUPPLY VOLTAGES 

Conditions for correct operation of OUTPUT (terminal 

#41. 
1. ICL8211' 

1.8 volts'~Supply Voltage "';;-30 volts 

2. ICL8212 
b ~Supply Voltage ~30 volts 

Case 2. U~e of th~ HYSTERESIS function 

The disadvantage of the simple detection circuits is that 
there is a small but finite input range whereby the outputs 
are neither totally 'ON' nor totally 'OFF'. The principle 
behind hysteresis 'is to provide positive feedback to the 
input trip 'point such that there is a voltage difference 
between the input voltage necessary to turn the outputs 
ON andto turn the outputs OFF. 
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The advantage of hysteresis is ,especially apparent in electri
cally noisy environments where simple but positive voltage 
detection is required. Hysteresis circuitry, however, is not 
limited to applications requiring better noise performance 
but may be expanded into highly complex systems with 
multiple voltage level detection and memory applications
refer to specific applications section. 

There are two simple methods to apply l'!ysteresis to a 
circuit for us~ in supplV voltage level detecti~n. These are 
shown in Figure 6. ' 

r--------------.--ov. 

R, 

"------------t--oVOUT 
'------------'-*--0 v-

a) Low trip voltage 

, , PR 1+ R2)X1.15 ] 
VTR1;L R1 +0.1 volts 

High trip voltage 

V ; (R1 + R2+ R3) X 1.15volts 
TR2 R1 

r------------~~v· 

L----------+--oVOUT 
L-----_____ ~~v· 

b) Low trip voltage 

_ [ RQRS 
VTR1 - (RQ+ RS) 

1 
XRp X1.15volts. 

High trip vo Itage 

VTR2 (Rp+ RQ) X 1.15volts 
Rp 

~ OFF ---rr--- ON ~ ~ , ~ 
o 0 _ N - -N N 

~ ON---.: :----- OFFZ 
, I 

: VTR1 rVTR2 

Supply Voltage 

F'IGURE 6 - Two alternative voltage detection circuits employing 
hysteresis to provide pairs of well defined trip voltages. 

Circuit (a) requires that the full current flowing in the, 
resistor network be sourced by the HYSTERESIS output 
whereas for circuit (b) the ,current to be sourced .by the 

HYSTERESIS output will be, a function of the, ratio 
of the two trip points and their values. For low values 
of hysteresis circuit (b) is to be preferred due to the offset 
voitage of the hysteresis output transistor. 

A third way to obtain hysteresis (ICL8211 only) is to' 
connect a r~sistor between'the OUTPUT and the THRES
HOLD 'terminals thereby reducing' the total external resis
tance connected between the tH RESHOLD and V- termin
als when the OUTPUT is switched on. 

3. PRACTICAL APPLICATIONS 

a) Low Voltage Battery Indicator 

• ~'3 optional 

FIGURE 7 - LOW VOLTAGE BATTERY INDICATOR 

This applipation is particularly suitable for portable or 
remote operated equipment which requires an indication 
of a depleted or discharged battery., The quiescent current 
taken by the system will be typically 35JlA which will 
increase to, 7ma when the lamp is turned 'on. R3 wi,1I pro

vide hysteresis if required. 

b) INon-Volatilel Low Voltage Detector 

R, 
L-------------f--+--<> OUTPUT 

,L--------------~------ov· 

t OFF ----III-B - ON i 
o '0 _ N 

- -N N 

~ ON -- --- OFF~ 
:! ::A: S:! 

I I I 
YTRl l IVNOM !VTR2 

~upplv Voltage-:--

FIGURE 8 - LOW VOLTAGE DETECTOR AND MEMORY 

In this application the high trip voitageVTR2 is set to be 
above the normal supply voltage range. On power up the 
initial condition is A. On momentarily closing switch Sl the 
operating point changes to B and will remain at B until the 
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supply voltage drops below VTR1 when'the output will 
revert to condition A. Note that state A is always retained 
if the supply voltage is reduced below VTR1 (even to zero 
volts) arid then raised back to VNOM . 

. c) (Non·volatile) Power Supply Malfunction Recorder 

In many systems a transient or an extended abnormal (or 
absence of a ) supply voltage will cause a system failure. This 
failure may take the form of information lost in a volatile 
semiconductor memory stack, a loss of time in a timer or 
even possible ir~eversible damage tocomp~nents if a supply. 
voltage exceeds a certain value. 

There is, therefore, a need to be able to detect and store 
a record that an out- of- operating range supply voltage 
condition has occurred, even in the case where a supply 
voltage may have dropped to zero. On power up to the 
normal operating voltage the record must have been re
tained and easily interrogated. This could be important in 
the case of, say, a transient power failure due to a faulty 
component or intermittent power supply, open circuit, 
etc., where direct observation of the failure is difficult. 

A simple circuit to record ,an out of range voltage excursion 
may be constructed using all ICL8211, an ICL8212 plus 
a few resistors. This circuit will operate to 30 volts without 
exceeding the maximum ratings of the I.C:s. The two vol
tage limits defining the in range supply voltage may beset to 
any value between 2.0 and 30 volts. 

v+ 

A6 

OUTPUT 

~FIGURE 9 - SCHEMATIC?F RECORDER U OutputlCla211' 

v-
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ICL8212 disconnected Output ICL8212 

lVNOM : VNOM 

O~: -] i : I O~: ~~ __ L 
I I , I I I 
I I I I I I 
IV,! ~V2 IVa ! IV2 

SUPPLY VOLTAGE SUPPLY VOLTAGE 

Output ICL8211 
as per Figure 9 

FIGURE 10 - OUTPUT STATES OF THE ICL8211 AND ICL8212 
AS A FUNCTION OF THE SUPPLY VOLTAGE 

Referring ,to Figure 9, the ICL8212 is used to detect a 
voltage V2 which is the upper voltage limit to the operating 
voltage range. The ICL8211 detects the lower voltage limit 
of the operating voltage range V1. Hysteresis is used with 
the ICL8211 so that the output can be stable in either 
state over the operating voltage range V1 to V2 by making 

V3 - the upper trip point of the ICL8211 much higher in 

voltage.than V2. 

The output of the ICL8212 is used to force the output 
of the ICL8211 into the ON state above V2. Thus there is 

no value of the supply voltage that will result in the output 
of the ICL8211 changing from the ON state to the OFF 
state. This may be achieved only by shorting out R3 for 
values of supply voltage bEitween V1 and V2. 

d) Constant Current Sources 

The ICL8212 may be ,used as, a constant current source 
of value of approximately 25J.lA by connecting the TH RES
HdLD terminal to the V- terminal. Similarly the ICL8211 
will provide a 130M constant current source. The equiva
lent parallel resistance is in the tens of megohms over the 
supply voltage range of 2 to 30 volts. These constant current 
sources may be used to provide biasing for various cir
cuitry including differential amplifiers and comparators. See 

Typical Operating Characteristic~ for complete information. 

I = 25pA (/CL8212) 
1= 130pA (lCLB21 11 

FIGURE 11 - CONSTANT CURRENTSOURCE APPLICATIONS 

e) Zener or Precision Voltage Reference 
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SUPPLY CURRENT - I (rna) 

FIGURE 12- PROGRAMMABLE ZENER OR VOLTAGE 
REFERENCE 

The ICL8212 may be used to simulate a zener diode by 
connecting the OUTPUT terminal to the Vz output and 
using a resistor network connected to the TH RESHOLD 
terminal to program the zene~, voltage (VZENER = 

(R1 + R2 ) X 1.15 volts}. 

R1 

Since there is no internal cpmpensation in the ICL8212 
it is necessary to use a large capacitor across the output 
to prevent oscillation. 

Zener voltages from 2 to 30 volts may be programmed and 
typical impedance values between 300pA and 25ma will 
range from 4 to 7 ohms. ,The knee is sharper and occurs 
at a significantly .Iower current than other similar devices 

available. 
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f) Precision Voltage Regulators 

R, 

c, 

R, 

Your = ~~ x 1.15 ~olts 

FIGURE 13 --SIMPLE VOLTAGE REGULATOR 

The ICL8212 may be used as the controller for a highly 

stable series voltage regulator. The output voltage is simply 
programmed using a resistor divider network R 1 and R2. 

Two capacitors Cl and C2 are required to ensure stability 
since the ICL8212 is uncompensated internally. 

This regulator may be used with lower input voltages than 
most other commercially available regulators and also con
sumes less power for a given output control current than 
any commercial regulator. Applications would therefore 
include battery operated equipment especially those oper
ating at low voltages. 

f) High supply voltage dump circuit 

In many circuit applications' it is desirable to remove the 
power supply in the case of high voltage overload .. For 

circuits consuming less than 5ma this may be achieved 
using an ICL8211 driving the load directly. For higher 
load currents it is necessary to use an external pnp transis
tor or darlington pair driven by the output of.the ICL8211. 

Resistors Rl and R2 set up the disconnect voltage and R3 
provides optional voltage hysteresis if so desired. 

r-------
I R3 

L·"'v" .... ",,-

R, 

v- 0-.... -----------------' 

v·o--.----------~~--._._---, 

i------
, R3 

L_ .... ",\.:\,. 

R, 

'vo-.... ----------~----~~--~ 

FIGURE 14 - HIGH VOLTAGE DUMP CIRCUITS 

g) Frequency limit detectors 

Simply frequency limit detectors providing a go/no-go 
output for use with varying'amplitude input signals may be 

conveniently implemented with the ICL8211/12 devices. 

In the application shown the first device ICL8212 is used as 
a ze'ro crossing detector. The output circuit consisting of 

R3, R4 and C2 results in a slow output positive ramp. The 
negative range is much faster than the positive range. R5 and 
R6 provide hysteresis so that under all circumstances the 

second ICL8212 is turned on for sufficient time to dis

charge C3 to V-. The time constant of R7 C3 is much 
greater than R4 C2. Depending upon the desired output 
polarities for low and high input frequencies either an 

ICL8211 or an ICL8212 may be used as the output 

driver. 

v'~~----------------~~--~------------------~r-'_--------------'_-' 

R8 
c,

INPUT <>-11+--.... -'--1 

R, L.. ____________ +-~~ OUTPUT 

v-~~------~---------*~~----------------------~~---------'-__ ---" 

INPUT 

1,15V 

A 

1.15V 

Time constant R3 C2 R4 C2 . (R7 C3 
Vary Rl for option leTO crossin!} detection 
Vary R4 to set detection frequency 

_. .J INDETERMINATE 
~ BELOW 10 

--,--::I*t--------------=,...:-F-=-=.c0N TIME ;::2 

~ OFFf---+----

~-
~~ 
,,~ 

S~ 
o 

ON f------::;i------i 

fa frequency _ 

FIGURE 1'5 - FREQUENCY LIMIT DETECTOR 

ON 

OFF 
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This circuit is sensitive to supply voltage variations and 
should be used with a stabilized power supply. At very low 
frequencies the output will switch at the input frequency. 

h) Switch bounce filter 

Single pole single throw (SPST) switches are less costly and 
more available than single pole double throw (SPOT) 
switches. SPST switches range from push button types, 
slide types to calculator keyboard types. A major problem 
with the use of SPST switches is the mechanical bounce of 
the electrical contacts on closure. Contact bounce times can 
range from a fraction of a; millisecond to several tens of 
milliseconds depending upoh the switch type. During this 
contact bounce timethe switch may make and break con
tact several times. 

The circuit shown in Figure 16 provides a rapid charge up 
of Cl to close to the positive supply voltage (V+) on a 
switch closure, anda corresponding slow discharge of Cl on 
a switch break. By proportioning the time constant of Rl 
Cl to approximately the manufacturer's bounce time the 
output a; terminal #4 of the ICL8211/12 will be a single 
transition of state per desired switch closure. 

SWITCH 
STATUS 

CLOSED 
f--

OPEN 

'-:-~-,-----H>-:--<> VOUTPUT 

L-_+-~-----:-_-~--<>v·, 

FIGURE'16- SWITCH BOUNCE FILTER' 

j) Low voltage power disconnector 

OUTPUT OUTPUT 
ICL8211 rCL8212 

HI LO 

LO HI 

There are some classes of circuits that require the power 
supply to be disconnected if the, power supply voltage 
falls below a certain value. As an example, the National 
LM 199 precision reference has an on chip heater which 
malfunctions with supply voltages below 9 volts causing an 
excessive device temperature. The ICL8212 may be used 
to detect a power supply voltage of 9 volts and turn the 
power supply off to the LM199 heater section below 
that voltage. 

FIGURE 17 - LOW VOLTAGE POWER SUPPLY DISCONNECT 

CUSTOM OPTIONS 

The ICL8211/12 have been designed with more on chip 
compone~ts than are used, in anticipation of more dedi
cated high volume system usage. The trigger voltage and 
hysteresis resistor network is integrated on chip but not 
connected. Consult the factory for more information on 
custom options. 

DICE INFORMATION 

ICL8211112dice may be die bonded using either eutectic 
or epoxy techniques, and may either be therm?compression 
gold bailor ultrasonic wire,bondedc 

CHIP TOPOGRAPHY 

Die IS passlIIated With a deposited olode. Bonding 
pad oKlde wmdowl are 3.6 .... 3,6 mils square. 

PACKAGE DIMENSIONS 

. .370, 

~:~,~~:::~ 
.305 II ,. 

"040~' "-I' '-, MAX. .185 

SEATING L " J;1~ 
PLANE --r ~X'I 

8 LE~~:OO 0 ·O~--=tMIN. 
.016 

NOTES; All dim'ensions in inches 
Lea~s are gold-plated KOllar 

8 LEAD PLASTIC DIP 

,380 
~.010 -[]I {,; 

250 

• i __ 1 ? J -1 

" {I 

~~ __ ~060-:-! • f-- -i I-- .040 

r---
.070-f-L 

",501.~~ , ' " 
MIN. 

--'---
,020 ~ I-- 1------1- .100 1--_.360_~ 

. MAX. 

NOTE: Board drilling dimensions will equal standard practices for 
,020 diameter lead. . 



FEATURES 

LM100, LM300 
Voltage Regulator 

• Output voltage adjustable from 2V to 30V • Adjustable short circuit current limiting 

• One percen't load and line regulation • Output currents in excess of 5A possible by adding eX,ternal transistors 
• One percent stability over full military temperature range. Can be used as either a linear or high-efficiency switching regulator 

GENERAL DESCRIPTION 

The Intersil ,100/300 monolithic integrated circuit is a 
voltage regulator. It is designed for use in applications that 
range from digital power supplies to precision regulators. 

The output voltage is adjustable from 2V to 30V with a 1 % 
load and line regulation. Short circuit current limiting is 
also adjustable. By adding external transistors, output cur
rents in excess of 5A are possible. 

The device' can be used as either a linear orhigh-efficiency 
switching regulator, and will start on any load within rating. 
It responds quickly to' both: load' alld line transients,and 
features small standby power dissipation, and freedom from 
oscillations with varying resistive and reactive loads. 

SCHEMATIC DIAGRAM* 
,..---r--------,---....,.---y- JU,,"IlEGULAT£O INPUT 

"' " 'N " .. 
, " 

"' "' '" '" +-'-""" ..... "-M.-j+----!- 8 REGULATED OUTPUT 

" 'N 

TYPICAL APPLICATIONS* 
Basic Regulator Circuit 

"' '" 

2A RE!Qulator With Foldback Current Limiting 

----- ~REF£RE,.CE BVPASS 

* Pin connections shown are for Metal Can package. 

200 rnA Regulator 

CONNECTION DIAGRAMS 

BUOSTER 
, ouTPUT 

UNFUGUlATEO 
INPUT 

Flat Package 

REGULATED 
OUT~UT 

NOTE: Pin 4 connected to bottom 
of package. 

" '" 

TO-5 

NOTE: Pin 4 connected to 
case, 

'!'.o''''",,",y," 
· ....... ~, .. _~T""V,_ 

4A Switching Regulator 

160",,"" ~1O<>" A.nold ["9'''''''''9 
AiJOI!iJl moly_"'_"'."OY 
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LM 100, LM300 . 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage 
Input·Output Voltage Differential 
Power Dissipation (Note 1) 
Operating Junction Temperature Range 
Storage Temperature Range 
Lead' Temperature (Soldering. 60 sec) 

. ELECTRICAL CHARACTERISTICS (Note 21 

PARAMETER CONDITIONS 

Input Voltage Range 

Output Voltage Range 

Output· Input Voltage 
Differential 

Load Regulation (Note 3) Rsc=0,lo<12mA 

Line Regulation V 1N - V OUT ::; 5V 
V 1N - VOUT > 5V 

Temperature Stability -55°C::; TA ::; +125°C 
DoC::; T A ::; 70°C 

Feedback Sense Voltage 

Output Noise Voltage 10 Hz::;f::; 10kHz 
CREF =0 
CREF = 0.1 pF 

Long Term Stability 

Standby Current Drain V 1N = 40V 
V 1N = 30V 

Minimum Load Current V 1N - VOUT = 30V 
V 1N - V OUT = 20V 

LM100 

40V 
40V 

500mW 
-55°C to +150°C 
_65°C to +150°C 

300°C 

LM100 
MIN TYP 

8.5 

2.0 

3.0 

0.1 

0.1 
0.05 

0.3 

1.8 

0.005 
0.002 

0.1 

1.0 

1.5 

LM300 

35V 
30V 

300mW 
DoC to 70°C 

-55°C to 125°C 
260°C 

MAX MIN 

40 8.0 

30 2.0 

30 3.0 

0.5 

0.2 
0.1 

1.0 

1.0 

3.0 

3.0 

lM300 
TYP 

0.1 

0.1 
0.05 

0.3 

1.8 

0.005 
.0.002 

0.1 

1.0 

1.5 

O~OIb 

MAX 
UNITS 

30 V 

20 V 

20 V 

0.5 % 

0.2 %fV 
0.1 %fV 

% 
2.0 % 

V 

% 
% 

1.0 % 

mA 
3.0 mA 

mA 

3.0 mA 

NOTE 1: The maximum junction temperature of the 100 is 150"C. while that of the 300 is 100"C. For operating at elevated temperatures 
devices in the TO~5 package must be derated based on a thermal resistance of 150"C/W. junction to ambient or 45"C/W, junction 
to case. For the flat package, the derating is based on thermal resistance of 185'-'C/W when mounted on a 1!16-inch-thick epoxy 
glass board with ten O.03-inch-wide, 2-ounce copper conductors. Peak dissipations to 1W, are allowable providing the dissipation 
rating is not exceeded with the power averaged over a five second interval. 

NOTE 2: These specifications apply for a junction temperature between -55"C and +150"C, (100) O°C and 70"C. (300) for input and output 
voltages wit,hin the ranges given. and for a divider impedance seen by the feedback terminal of 2 kil, unless otherwise specified. 
The load and line regulation speci{ications are for constant junction temperature. Temperature drift effects must be taken into 
account separately when the unit is operating ~nder conditions of high dissipation. 

NOTE 3: The output currents given, as well as the load regulation, can be increased by the addition of external transistors. The improvement 
factor will be roughly equal to the composite current gain of the added transistor~. 
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TYPICAL PERFORMANCE CHARACTERISTICS FOR 100,300* 
REGULATION 
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DEFINITION OF TERMS 

INPUT VOL TAGE RANGE: The range of DC input 
voltages over which the regulator will operate within 
specifications. 

, " 

OUTPUT VOL TAGE RANGE: The range of regulated out
put voltages over wnich the specifications apply. 

OUTPUT,t'NPUT VOL TAGE DIFFERENTIAL: The volt
age difference between the unregulated input voltage and, 
the regulated output voltage for which the regulator will 
operate within specifications. 

LINE REGULATION: The percentage change in regulated 
output voltage for a change in input voltage. 

LOAD REGULA TlON: The percentage change ,in regulated, 
output voltage for a change in load from the minimum load' 
to the maximum I,oad current specified. 

PACKAGE OUTLINES 

rF '310
DOAL" 

,040 L~DIA-l ' 
."'~ "" .L '65 ' 

SEATING PLAN'-r ,,,,,,J.x,, 
_ ~500MIN 

8LE~~m 0 m~ 
016 

CURRENT-LIMIT SENSE VOL TAGE: The voltage across 
the current limit terminals required to cause the regulator 
to current-limit with a short circuited output. This voltage 
is used to determine the value of the external current·limit 
resistor when external booster transistors are used. 

TEMPERA TURE STABILITY: The percentage change in 
'o~tPutvoltage for a thermal variation from room tempera· 
ture to either temperature extreme. 

FEEDBACK SENSE VOL TAGE: The voltage, referred to 
ground, on the feedback terminal of the reguliltor while 
it is operating in regulation. 

OUTPUT NOISE VOL TAGE: The average AC voltage at 
the output with constant load and no input ripple. 

STANDBY CURRENT DRAIN: That part of the operating 
current of the regulator which does not contribute to the 
load current. 

NOTES: All dimensions in inches. 

Leads are gOld-plated Kovar.' 

ORDER NUMBER LM100T and LM300T 

~----------~~=l 0.250 -t--- 0.26O--l 
o~ .'N, I, MAX I 

.L. -1 

~. iii ~015 
0.Ot8 

002-* 0.015 MAX 
lYP I -' I-- GLASS 

~===F===:i, '!, CLIMB ~ -==-< >==~ t [0010 ,004 
MA.X 006 

Order Number LM100F 



FEATURES 
• Output voltage adjustable from 4.5V to.40V (105) 
• DC line regulation guaranteed atO.03%IV 
• Load regulation better than 0.1 % 

GENERAL DESCRIPTION 
The Intersil 105/305 monolithic integrated circuit is a posi
tive voltage regulator. It is a direct replacement for the 
100/300 with an extra gain stage added for improved 
regulation. In contrast to the 100/300. the 105/305 re
quires no minimum load current while permitting higher 
voltage operation by reducing standby c::urrent drain. ' 

SCHEMATIC DIAGRAM 

+-_"T ___ ~~TION 

TYPICAL APPLICATIONS*, 
10A Regulator with Foldback Current Limiting 

,r-r--r-""!!---r--'---...,-:r-"o ... "S" 

Switching Regulator .. 
2M 

•• .-+i'ri'n.:;;=....,~,--+-4i-'f"""~'1 ....... w 
UTIII210 

·Pin connections shown are for TO-5 

" .... .. 

ISDIHi ........ 
'125_IIft ... _ ........... · 
A2A12'S2.....,.,....", ........ ..,-. 

LM1 05" LM3~5 
Voltage Regulator 

• Output current in excess of 10A possible'by adding ex
ternal resistor 

• Direct. plug-in replacement for 100/300 giving improved 
regulation ',' 

The I ntersil 105/305 can be used as either a linear or 
switching regulator circuit with output voltages greater than 
4.5V. It features fast response to both Joa~ and line tran
sients. and freedom from oscillations with varying resistive 
and reactive loads. 

CONNECTION DIAGRAMS 
TO-5' 

To.oVIEW 

:NPTE: Pin 4 connected to case 

Flat Package 

TOPYIEW 

NOTE: Pin 4 connected 'to bottom of package 

1.0A Regulator with Protective Diodes 

... .. -.-..... ~-"T-.,...---....,~~~V ... , .. 2IV 

Shunt Regulator 

.,' "'-
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ABSotUTE MAXIMUM RATINGS 

Input Voltage 
Input-Output Voltage Differential 
Power Dissipation (Note 1 ) 
Operating Junction Temperature Range 
Stora!le Temperature Range 
Lead Temperature (Soldering, 60 sec) 

ELECTRICAL CHARACTERISTICS (N9te 2) 

PARAMETER CONDITIONS 

Input Voltage Range 

Output Voltage Range 

Output-Input Voltage 
Differential 

Load Regulation (Note 3) O~lo < 12 rnA 
Rsc = 18n, TA = 25°C 
Rsc = lOn, TA = 125°C 
Rsc= 18n, T A = -55°C , 
Rsc = 15n, TA = 70°C 
Rsc = 18n, T A ='OOC 

Line Regulation V 1N - VOUT ~ 5V 
V1N - V6UT > 5V 

Temperature Stability -55°C ~ T A ~ +125°C 
O°C~TA ~70°C 

Feedback Sense Voltage 

Output Noise Voltage 10 Hz~f ~ 10 k~z 
" CREF =0 

CREF =.0.1 JJF 

Long Term Stability' 

Standby Current Drain V 1N = 50V 
V1N = 40V 

105 

50V 
40V 

500mW 
-55°C to +150°C 

, -65°C to +150°C 
, 300°C 

105 
MIN TVP 

8,5 

4.5 

3.0 

0.02 
0.03 
0.03 

0.025 
0_015 

0.3 

1.8 , 

0.005 
0.002 

0.1 

0.8 

Ripple Rejectio!" CREF = 10JJF, f = 120 Hz 0.003 

305 

40V 
40V 

500mW 
OO,Cto 70°C 

_55°C to 125°C 
,30(tC, 

MAX MIN 

50 8,0 

40 4.5 

30 3.0 

0.05 
0.1 
0.1 

0.06 
0.03 

1.0 

1.0 

2.0 

0.01 

305 
TVP 

0.02 

0.03 
0.03 

0.025 
0.05 

0.3 
! 

, 
1.8 

0.005 
0.002 

0.1 

0.8 

0.OQ3 

'MAX 
UNITS 

40 V 

30 V 

30 V 

0.05 % 
% 
% 

0:1 % 
0.1 % 

0.06 %IV 
0.03 %IV 

% 
1.0 % 

V 

% 
,% 

1.0 % 

rnA 
2.0 rnA 

0.01 %/V' 

NOTE 1: The maximum junction temperature of, the 10S is 1SOoC, while that of the 30S is 8SoC. For operating at elevated temperBtures 
devices in' the TO-S package must be derated based on a thermal resistance of 1SOoC/W, junction to ambient or 4SoC/W, junction 
to case. For the flat package. the derating is based on thermal resistance of 18SoC/W when mounted on a 1/16-inch-thick epoxv 
glass board with tenO.03~inch-wide, 2-ounce copper conductors. Peak dissipations' to lW are allowable providi'ng the dissipation 
rating'is not exceeded with the power averaged over a 'five second interval. ' 

NOTE 2: These ~pecifications ~PPIV for a junction temperature between -SSoC and +1SO"C, (105) 'o"c arid 70"C, (305) for input and output 
voltages within the ranges given, and for a divider impedance seen bV the feedback terminal of :i,kG, unhiss otherwise specified. 
The load and line regulation specifications are for constant junction temperature. Temperature drift effects must be taken into 
account 'separatelv, when the, unit is' oper,ating u'nder conditions of hiS!h dissipation. ' 

NOTE 3: The output currents given. as well as the load regulation, can be increased bV the addition of external transistors. The improvement 
factonlliill be roughlv "qual to the Compcisite current gain of the added transistors. ' 
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TYPICAL PERFORMANCE CHARACTERISTICS FOR 105,305* 
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LM 105, LM30S 

5·260 

DEFINITION OF TERMS 

INPUT VOL TAGE RANGE: The range of DC input 
voltages over which the regulator will operate within 
specifications. 

OUTPUT VOL rAGE RANGE: The range of regulated but
put voltages over which the specifications apply. 

OUTPUT-INPUT VOLTAGE DIFFERENTIAL: The volt
age difference between the unregulated input voltage and 
the regulated output voltage for which the regulator will . 
operate within specifications. ' 

LINE REGULA TlON: The percentage change in regulated 
output voltage for a change in input voltage. 

LOAD REGULATION: The percentage change in regulated 
output voltage for a change in load from the minimum load 
to the maximum load current specified. 

CURRENT-LIMIT SENSE VOL TAGE: The voltage across 
the current limit terminals required to cause the regulator 

PACKAGE OUTLINES 

MAX. .185' .. 

rF ·"ODIA --j 
t=ii,inIA-j1 . 

·04O~r· .i. .1" 
SEATING PLANE~ ,.~. 1.! . 

~500MIN' 
8"~~:OO 0 DD~ . 

. 016, . 

tocurrent·limit with a short circuited output. This voltage 
.iSl,lsed to determine the value of the external current-limit 
resistor when external booster transistors are used. 

TEMPERATURE STABILITY: The percentage change in 
. output voltage for a thermal variation from room tempera
tureto either temperature extreme .. 

FEEDBACK SENSE VOLTAGE: The voltage, referred to 
ground, on. the feedback terminal of the regulator while 
it is. operating in regulation, 

OUTPUT NOISE VOL TAGE: The average AC· voltage at 
the output with constant load and no input ripple. 

STANDBY CURRENT DRAIN: That part of the operating 
current of the regulator which does not contribute to the 
load current. 

RIPPLE REJECTION: The line regulation for ac input 
signals at or above a given frequency with a specified value 
of bypass capacitor on the refe~ence bypass terminal. 

NOTES: All. dim,ensions' in inches. 
Leads are gold-plated Kovar. 

Order Number LM105T and LM305T 

0.024 . ,', , i ' O.olS'MAX 

T I---F===-I:::>,r-g~~ .~ --< ··~t 
, [0070 .1104 

MAX .ooe 

Order Number LMH)5F . 



FEATURES 
• 150 mA output current without external pass 

transistor 
• Output currents in excess of 10A possible by 

adding external transistors 
• Input voltage 40V max 
• Output voltage adjustablE! from 2V to 37V 
• Ca,n be used as either a linear or a switching 

regulator. 

LM723/LM72'3C/p,A723 
Voltage Regulator 

\ ' 

GENERAL DESCRIPTION 
The LM723/LM723C' i~ a voltage regulator designed 
primarily for series regulator applications. By itself, it will 
supply output currents up to 150 mA; but external transistors 
,can be added to provide any desi'red load current. The circuit 
,feature~ extremely low standby cu~rent drain, and provision 
is made for either linear or foldback current limiting. 
The LM723/LM7?3C is also useful in, a wide ~ange of other 
applications such as a shunt regulator, a current regulator or 
a temperature-controller. 
The LM723C is identical to the LM723 except that the 
. LM723C ,has its performance guaranteed over a 0° C to 70° C 
temperature range, instead of -55"6 to +125°C. 

CONNECTION DIAGRAM 
DUAL-IN-LINE PACKAGE. 

BLOCK DIAGRAM 

NC NC 

CURRENT LIMIT 
FREQUENCY 
COMPENSATION 

CURRENT SENSE v+ 
INVERTING INPUT Vc' 

NON-INVERTING 
VOUT INPUT 

VilEF V~ 

V- NC 

ORDER NUMBER 
L.M723J OR ,LM723CJ ' 
LM723P OR LM723CP , 

METAL CAN PACKAGE 

INVERTING 
INPUT 

NON-INVERTING 
INPUT 

CURRENT 
LIMIT 

V-

TOP VIEW 
NOTE: Pin 5 connected to case. 

ORDER NUMBER. 
LM723T OR 'LM723CT 

EQUIVALENT CIRCUIT* 

TEMPERATURE 
COMPENSATED 

ZENER 

D,I 
6.2V 

\ V+ Vc 

r-1-----~--~~~~~~--~~~--~-48 7 

VOUT 

V2 

t---------,;;", COMPENSATION 

10 CURRENT 
1---:--:-';;'" LIMIT ' 

,-__ .,...-,,-__ 1,;..' CURRENT 
3 5' 2 .SEN~E 

NON- V- INVERTING <.' 

INVERTING INPUT' 
INPUT 

FREOUENCY 
COMPENSATION 

Ii 7 Vc 

SERIES PASS 
TRANSISTOR 

·Pin numbers refer to metal can package. 
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LM723/LM123C/jJ.A723 
ASSOLUTE MAXIMUM RATINGS 

Pulse Voltage from V+ to V- (50 ms) .•••.......••.••.••.••.••.•.••.•.....•.. 50V 
Continuous Voltage fron'! V+ to V- •.•.•..•..••.••.••...•••...••....•....... 40V 
Input-Output Voltage Differential ..•.••......•.....•...•...•....••••....•.. 40V 
Maximum Amplifier Input Voltage (Either Input) •••..••.•..•••.••..•...•...• 7.5V 
Maximum Amplifier Input Voltage (Differential) .....•..•..•....•...........•.. 5V 
Current from Vz •..••..•.•.••.•..•.••.•.••..•..•.••.•••......•.•...•.•. .25 mA 
Current from VREF : .••••.••• ' ••••• ; • • • . . . . • • . . . • . . . . . . • . • . . . . • . . • . . . . . . . .• 15 mA 
Internal Power Dissipation" Metal Can (Note 1) •...••.•........•.•..••... 800 mW, 

Cavity DIP (Note 1) ..•.....•..•..•..... :... .900 mW 
Molded DIP (Note 1) ••....•.••..•.••.•....•. 660 mW 

Operating Temperature Range LM723 ..•.............• ; ....... -55°C to +125°C 
, LM723C ..•..•.••..•.•.•.•....•.... O°C to +70°C 

Storage Temperature Rimge Metal Can .•.......•.....•.....••• -'65° C to +150° C 
, : DiP .. : .•.•....•....••..••........ --55°C_to +125°C 

Lead Temperature (Soldering, 10 sec) ......•.......•..•.••.•....•..... ; •. 300°C 

ELECTRICAL CHARACTERISTICS (Note 2) 

LM723 LM723C 
PARAMETER CONDITIONS MIN TYP MAX MIN TYP 

Line Regulation V,N = 12V to V,N = 15V .01 0.1 .01 
-55°C:s TA:S +125°C 0.3 
O°C:S TA:S +70°C 
V,N - 12V to Y,N - 40V .02 0.2 0.1 

Load Regulation IL - 1 I)lA to IL - 50 mA .03 0.15 .03 
-55°C < TA < +125°C 0.6 
O°C:s TA:S - +70°C 

Ripple Rejection f = 50 Hz to 10 kHz, CREF = 0 74 74 
f - 50 Hz to 10 kHz, CREF - 5}lF 86 86 

Average Temperature -55°C:S TA:S +125°C .002 .015 
Coefficient of Output Voltage O°C::; TA ::;,.+70°C .003 
Short Circuit Current Limit, Rsc- 10n,VOUT - 0 65 65 
Reference Voltage 6.95 7.15 7.35 6.80 7.15 
Output Noise Voltage BW - 100 Hz to 10 kHz, CREF - 0 20 20 

BW -100 Hz to 10 kHz, CREF =5}lF 2.5 2.5 
Long Term Stability 0.1 0.1 
Standby Current Drain IL - 0, Y,N - 30V 1.3 3.5 1.3 
Input Voltage Range 9.5 40 9.5 
Output Voltage Range 2.0 37 2.0 
Input-Output Voltage Differential 3.0 38 3.0 

, Note 1: See derating curves for maximum power rating above 25°C. ' 

MAX UNITS 
0.1 

0.3 
0.5 % VOUT : 
0.2 

0.6 

dB 

.015 %/OC 

mA 
7.50 V 

}lVrms 

Vo/1000 hrs 
4.0 mA 
40 
37 V 
38 

Note 2: Unless otherwise specified, TA = 25°C, VIN = V+ = Vc = 12V, V- = 0, Your = 5V, IL = 1 rnA, Rsc = 0, Cl = 100 pF, CREF = 0 and divider 
impedance as seen by error amplifier::; 10 Kn connected as shown in Figure 1. Line and load regulation specifications are given for the 
condition of constant chip temperature. Temperature drifts must be taken into account separately for high dissipation conditions. 

Note 3: Ll is 40 turns of No. 20 enameled copper wire wound on Ferroxcube P36/22-3B7 pot core or equivalent with 0.009'in.sir gap. 
Note ,4: Figures in parentheses may be used if,Rl/R2 divider is placed on opposite input of error amp. ' 
Note 5: Replace Rl/R2. in figures with divider shown in Figure'13. 
Note 6: V+ must be connected to a +3V or greater supply. 
Note 7: For metal can applications where Vz is required, an external 6.2 volt zener diode should be connected in series with Your. 
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LM723/LM723CIJ1.A723 
TYPICAL PERFORMANCE CHARACTERIS.TICS 
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LM723/LM723C/f.1.A723 
MAXIMUM POWER RATINGS 
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TABLE I: RESISTOR VALUES (Kn) FOR STANDARD OUTPUT VOLTAGE 
POSITIVE FIXED OUTPUT NEGATIVE FIXED 5% OUTPUT 
OUTPUT APPLICABLE OUTPUT ADJUSTABLE OUTPUT APPLICABLE OUTPUT ADJUSTABLE i 

VOLTAGE FIGURES ±5% ±10% (Note 5) VOLTAGE FIGURES ±5% ±10% 
(Note 4) R1 R2 R1 P1 R2 R1 R2 R1 P1 R2 

+3.0 1,5,6,9, 4.12 3.01 1.8 0.5 1.2 +100 7 3.57 102 2.2 10 91 
12 (4) 

+3.6 1,5,6,9, 3.57 3.65 1.5 0.5 1.5 +250 7 3.57 255 2.2 10 240 
12 (4) 

+5.0 '1,5,6,9, 2.15 4.99 '.75 0.5 2.2 ~ (Note 6) 3, (10) 3.57 2.43 1.2 0.5 .75 
12 (4) 

+6.0 1,5,6,9, 1.15 6.04 0.5 0.5 2.7, --9 3, 10 3.48 5.36 1.2 0.5 2.0 
12 (4) 

+9.0 2,4, (5, 6, 1.87 7.15 .75 1.0 2.7 -12 3, 10 3.57 8.45 1.2 0.5 3.3 
12,9) 

+12 2,4, (5, 6, 4.87 7.15 2.0 1.0 3.0 15 3, 10 3.65 11.5 1.2 0.5 4.3 
9,12) 

+15 ,2,4, (5,6, 7.87 7.15 3.3 1.0 3.0 28 3, 10 3.57 24.3 1.2 0.5 10 
9,.12) 

+28 2,4, (5,6, 21.0 7.15 5.6 1.0 2.0 -45 8 3.57 41.2 2.2 10 33 
9,12) ! 

+45 7 3.57 48.7 2.2 10 39 -100 8 3.57 97.6 2.2 10 91 
+75 7 3.57 78.7 2.2 10 68 -250 8 3.57 249 2.2 10 240 

TABLE II" FORMULAE FOR INTERMEDIATE OUTPUT VOLTAGES " 

Outputs from +2 to +7 yolts ..... Outputs from +4 to +250 yolts Current Limiting 
(Figures 1, 5, 6, 9, 12, (4)) . (Figure 7) 

VOUT =[VREF X Rl ~2 R2] Your:: [VRi" x R2 ;1 Rl]; R3 = R4 'LIMIT = VSENSE 
Rse 

Outputs from +7 to +37 Yolts Outputs 'rom --ii to -250 Yolts Foldback Current Limiting 
(Figures 2,4, (S, 6, 9, 12) ) (Figures,s, 8, 10) . _ [VOUTR3 + VSENSE (R3 + R4)] 

I 

[ R1+ R2] V ~ [VREF X Rl + R2J R3 -R4 'KNEE - Rse R4 Rse R4 
VOUT = VREF X"'R2 OUT- -2- --R-l-. - -, [VSENSE X R3 + R4 ] 

'SHORT eKT = ~ ~ 
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LM723 /LM723C /J.lA723 
TYPICAL APPLICATIONS 

V+ Vee 

TYPICAL PERFORMANCE 
Regulated Ouput Voltage 
Line Regulation (..\ VIN '" 3V) 
Load Regulation (..'oIL == 50 rnA) 

5V 
O.5mV 
1.5mV 

NOTE: A3:: R~iR~2 for minimum temperature drift. 

FIGURE 1: 
Basic Low Voltage Regulator 
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VREF VOUT 

Vz 
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TYPICAL PERFORMANCE 
Regulated Duput Voltage' -15V 
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line Regulation (..\ VIN = 3V) 
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FIGURE 3: 
Negative Voltage Regulator 
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INV.I-...... - ..... ~ ~~~~~~TEO 
L-..-----.~. 

TYPICAL PERFORMANCE 
Regulated Output Voltage 
Line Regulation ILl VIN = 3V) 
load Regulation (.:lIL:: lA) 

FIGURE 5: 

+5V 
O.5mV 
. 5mV 

Positive Voltage Regulator , 
(External PNP Pass Transistorl 

TYPICAL PERFORMANCE 
Regulated Duput Voltage 
line Regulation (.1 VIN '" 3V) 
Load Regulation (.lIL '" 50 rnA) 

,5V 
1.5mV 
4.5mV 

NOTE: R3:: R~~R~2 for minimum temperature drift. 

R3 may be eliminated fo'r minimum component count. 

R, 

R2 

FIGURE 2: 
Basic High Voltage Regulator 
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FIGURE 4:. . 
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FIGURE 6: 
FOldback Current Limiting 
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LM723/LM723CljlA723 
TYPICAL APPLICATIONS (CON'T.) 
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Load Regulation {.11 L :: 50 mAl 

FIGURE 7: 

·+5DV 
15mV 
20mV 

Positive Floating Regulator 

V+ 

II ~.1mH 
f-..... V\flrf"l'='-~--- ~~~~~;TEO 

=-

TYPICAL PERFORMANCE 
Regulated Output Voltage 
line Regulation (.1 VIN:: 30V) 
Loaa Regulation,{A IL c,2A) 

FIGURE 9: 

+SV 
lOmV 
80rnV' 

Positive Switching Regulator 

V+ Vee 

VREF t-..... "RIIS .. C.,..--._. ~~~~~; TED . 

N.I. 

NOTE: Current limit transistor may be 
used for shutdown if current 
limiting is not required. 

TYPICAL PERFORMANCE 
Regulated Ouput Voltage , 
line Regulation (d VIN <= 3V) 
load Regulat,ion (JoIL = 50 mAl 

5·266 

FIGURE 11: 
Remote Shutdown Regulator with 

Current Limiting 

+SV 
O.SmV 
1.5mV 

Rl 

VREF VOUT 

Vz 

~~;~~c Cl 

cs 

TYPICAL PERFORMANCE 
Regulated Output Voltage -lODV 
line Regulation (.1 VIN '" 20V) 30 mV 
Load Regulation (j,IL = 100 mAl 20 mV 

FIGURE 8: 
Negative Floating Regulator 

Vz t--t-+I 
LM723 CL 
lM723C 

CS 

INV, 

'-:::-r--"""'Cr!-OMP 

:;:!; ~J pF 

TYPICAL PERFORMANCE 
Regulated Output Voltage -15V 
Line Regulation (.1 VIN = 20V) 8 mV 
Load Regulation (.1 I L = 2AI 6 mV 

FIGURE 10: 
Negative. Switching Regulator 

R4 
100 

REGULATED 
OUTPUT 

R3 Tl 
100 2N 

3054 

1 
-= 

N.I. INV. 1------------' 

TYPICAL PERFORMANCE 
Regulated Ouput Voltage 
Line Regulation (<l VIN = 3V) 
Load Regulation (.:lIL = 50 mAl 

FIGURE 12: 

+SV 
O.5mV 
1.5mV 

O~OIb 

0, 
lN2071 

FIGURE 13: 
Shunt Regulator Output Voltage 

Adjust (See Note 5) 



ICL8038 Precision Waveform 
Generator Voltage 

Controlled Oscillator 

FEATURES 
• Low Frequency Drift With 

Temperature - 50ppm;oC Max. 
• Simultaneous Outputs '- Sine-Wave, 

Square-Wave and Triangle. 
• High Level Outputs - T2 L to 28V 

• Low Distortion - 1 % 
• High Linearity-O.l% 
• Easy to Use - 50% Reduction in External 

Components. 

• Wide Frequency Range of Operation 
0.001 Hzto 1.0MHz ' 

• Variable Duty Cycle - 2 % to 98% 

FUNCTIONAL DIAGRAM 

GENERAL DESCRIPTION 
The 8038 Waveform Generator is a monolithic integrated 
circuit, capable of producing sine, square, triangular, saw
tooth and pulse waveform of high accuracy with a mini
mum of external components (refer to Figures 8 and 9 ) 
The frequency (or repetition rate) can be selected externally 
over a range from less than 1/1000 Hz to more than 1 MHz 
and is highly stable over a wide temperature and supply 
voltage range. Frequency modulation and.swee'pingcan be 
accomplished with an external voltage and the frequency 
can be programmed digitally through the use of either 
resistors or capacitors. The Waveform Generator utilizes 
advanced monolithic technology, such as thin film resistors 
and Schottky·barrier diodes. The 8038 Voltage Controlled 
OsciUator can be interfaced with phase lock loop circuitry 
to reduce temperature drift to' below 50ppmtC: 

CONNECTION DIAGRAM 

r--------------------------------O+vcc 

CURRENT 
SOURCE ", 

CURRENT 
:SOURCE 

'2 

" '-------...... +-------II--------------<l -v or GND 

FIGURE 1. BLOCK-DIAGRAM OF WAVEFORM GENERATOR. 

ORDERING INFORMATION 

TVPE TEMPERATURE RANGE STABILITY 

8038 CC O°C to +70°C 50ppm/~C typ 
8038 BC 0° C to + 70o.C ' .100ppm/oCmax 
8038 AC O°C to +70°C 50ppm/oC max 
8038 BM _55° C to +125° C 100ppm/oC max: 
8038 AM _55° C to +125° C 50ppm/"C max 

SINE WAVE 
ADJUST 

SINE WAVE 
OUT 

TRIANGLE 
OUT 

DUTYl' CYCLE 
FREOUENCY 

ADJUST 5 

FM 
BIAS 

12 '~~JEU~i'VE 

11 G~gc 

1 0 ~~~~C~TO R 

saUARE, WAVE 
OUT 

FM SNEEP 
INPUT 

PACKAGE ORDER PART NUMBER 

DIP 
DIP-
DIP 

Hermetic DIP 
Hermetic DIP 

ICL 8038 CC PD 
ICL 8038 BC PD . 
ICL8038AC PD 
ICL 8038 BM DD 

, ICL 8038 AM DD 
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ICL8038 

MAXIMUM RATINGS 

Supply Voltage ... ; .......•..........•....................... ±18V or 36V Total 
Po.wer Dissipation ............................................. 750mW (Note 5) 
Input Voltage (any pin) ......................... Not To Exceed Supply Voltages 
Input Current (Pins 4 and 5) .............................................. 25mA 
Output Sink Current (Pins 3 and 9) .....................•.................. 25mA 
Storage Temperature Range ................................... ~5°C to +125°C 
Operating Temperature Range: 

8038AM, 8038BM ... , .. .' .................................... -55° C to +125°.c 
8038AC, 8038BC, 8038CC ...................................... O°C to HO°C 

Lead Temperature (Soldering, 10 sec.> ................................... 300°C 

ELECTRICAL CHARACTERISTICS 

(VS = ±10V ar +20V, TA = 25°C, RL = 10 KD, Unless Otherwise Specified) Nate 3. 

B038CC B038BC/BM 8038AC/AM 
GENERAL CHARACTERISTICS MIN TYP MAX MIN TYP MAX' MIN 

Supply Voltage Operating Range 

Single Sl,Ipply +10 +30 +10 30 +10 
Dual Supplies ,5 ±15 '5 ±15 '5 

Supply Current (\IS ""±lOV) Note 1. 

8038AM.8038BM 12 15 

8038AC. 80388C. 8038CC 12 20 12 20 

FREQUENCY CHARACTERISTICS (all waveforms) 

Maximum Frequency of Oscillation 100,000 100,000 100,000 
Sweep Frequency of FM 10 10 

Sweep FM Range INote 2) 40,1 40,1 

FM Linearity 10: 1 Ra'tio 0.5 0.2 

Frequency Drift With Temperature 
Note 6 50 50 100 
Frequency Drift With Supply Voltage 
(Over Supply Voltage Range) 0.05 0.05 

Recommended Programmil)9 
Resistors IRA and RS' 1000 1M 1000 1M 1000 

OUTPUT CHARACTERISTICS 

Square.Wave 

Leakage Current (V91::: 3Ov) 1 1 

Saturation Voltage, (lSINK '" 2mAI 0.2 0.5 0.2 0.4 

'Rise Time (R L T 4.7kn) 100 100 

Fat! Time (R L = 4.7kn) 40 40 

Duty Cycle Adjust 2 98 2 98 2 

Triangle/Sawtooth/Ramp 

Amplitude (R T= lOOk") 0.30 0,33 0.30 0,33 0.30 
Linearity 0.1 0.05 

Output Impedance (lOUT"" 5mA) 200 200 

Sine-Wave 

Amplitude (RS '" 100kU) 0,2 0.22 0.2 0.22 0.2 

THD (RS '" lMH) Note 4. 0.8 5 0.7 3 
THO Adjusted (Use Fig. 8b) 0.5 , 0.5 

NOTE 1: RA and RB callectian currents nat included. 
NOTE 2: Vs.~ 20V; RA and RB = 10kn, f,. 9kHz;' Can be extended to. 1000.1 See Figures 13 and 14 
NOTE 3: All parameters measured in test circuit given in Fig. 2 . 
NOTE 4: 82kO cannected between pins 11 and, 12, Triangle Duty Cycle set at 50%. (Use RA and RB) 
NOTE 5: Derate plastic package at 6,7mW/oC far ambient temperatures abave.50°C 

Derate ceramic package at 12.5mW/oC far ambient temperatures abave 100°C 

TYP 

12 

12 

10 

40,1 

0.2 

20 

0.05 

0.2 

100 

40 

0.33 

0.05 

200 

0.22 

0.7 

0.5 

MAX 

30 

±15 

15 

20 

50 

1M 

1 

0.4 

98 

1.5 

NOTE 6: Over aperating temperature range, Fig. 2, pins 7 and 8 cannected, Vs = ±10V. See Fig. 6c far T.C. vsVs 
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ICL8038 
TEST CONDITIONS (See Fig. 2) 

PARAMETER RA Rs RL C1 SW1 MEASURE 

Supply Current 10k!} 10k!} 10k!} 3.3nF Closed Current into Pin 6 
Maximum Frequency of Oscillation 1k!} 1k!} 4.7k!} 100pf Closed Frequency at Pin 9 
Sweep FM Range (Note 1)' 10k!} 10k!} 10k!} 3.3nF Open Frequency at Pin 9 
Frequency Drift with Temperature 10k!} 10k!} 10k!} 3.3nF Closed Frequency at Pin 9 
Frequency Drift with Supply Voltage (Note 2) 10k!} 10k!} 10k!} 3.3nF Closed Frequency at Pin 9 
Output Amplitude: Sine 10k!} 10k!} 10k!} 3.3nF Closed Pk-Pk output at Pin 2 

Triangle 10k!} 10k!} 10k!} 3.3nF Closed Pk-Pk output at Pin 3 
Leakage Current (off) Note 3 10k!} 10k!} 3.3nF Closed Current into Pin 9 
Saturation Voltage (on) Note 3 10k!} 10k!} 10k!} 3.3nF Closed Output (low) at Pin 9 
Rise and Fall Times 10k!} 10k!} 4.7k!} 3.3nF Closed Waveform at Pin 9 
Duty Cycle Adjust: MAX 50k!} -1.6k!} 10k!} 3.3nF Closed Waveform at Pin 9 

MIN -25k!} 50k!} 10k!} 3.3nF Closed Waveform at Pin 9 
Triangle Waveform Linearity 10k!} 10kfl 10kf1 3.3nF Closed Waveform at Pin 3 
Total Harmonic Distortion 10k!} 10k!} 10k!} 3.3nF Closed Waveform at Pin 2 

NOTE 1: The hi and 10 frequencies can be obtained by connecting pin 8 to pin 7 (fhi) and then connecting pin 8 to pin 6 (flo). 
Otherwise apply Sweep Voltage at pin 8 (2/3 Vee +2V) 00; VSWEEP 00; Vee where Vee is the total supply voltage. In 
Fig. 2, Pin 8 stlOuld vary between 5.3V and 10V with respect to ground. 

NOTE 2: 10Voo; Vee 00; 30V, or ±5V 00; Vs 00; ±15V. 
NOTE 3:. Oscillation can be halted by forcing pin 10 to +5 volts or --5 volts. 

DEFINITION OF TERMS: 

Supply Current 

Frequency Range 

Sweep F M Range 

FM linearity 

Frequency Drift with 
Temperature 

Frequency Drift with 
Supply Voltage 

Output Amplitude 

Saturation VOltage 

Rise Time and Fall 
Time 

Triangle Waveform 
Linearity 

Total Harmonic 
Distortion 

The current required from the power supply to operate 
the device, excluding load currents' and the currents 
through RA and RB. . 

The frequency range at the square wave output through 
which circuit operation is guaranteed. 

The ·ratio of maximum frequency to minimum fre
quency which can be obtained by applying a sweep 
voltage to Pin 8. For correct operation, the sweep 
voltage should be within the range 

. 12/3 VCC + 2VI < Vsweep < VCe-

The percentage deviation from the best-fit straight line 
on the control voltage ,versus output frequency curve. 

The change in output frequency as a function of temp
erature. 

The cha,nge in output frequency as,a function of supply 
voliage. 

The peak-to-peak signal amplitude appearing at the 
outputs. 

The output voltage at the collector of 023 when this 
transistor is turned on. It is measured for a sink current 
of 2mA. 

The time required'for the square wave output to change 
from 10% to 90%, or 90% to 10%, of its final value. 

The percentage deviation from the best·fit straight line 
on the rising and falling triangle waveform. 

The total harmonic distortion at the sine-wave output. 

TEST CIRCUIT 

10k 10k 
AA AB 

sw, 
NC 

8038 

10 11 12 2 

3.3 nf C, 821 

FIGURE 2 

, 10V 

10 k 

Rl 

fU1 

Vv 
AT 

'" RS 

lOV 

a 
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ICL8038 
CHARACTERISTIC CURVES 

20 

15 

10 

5 
5 10 

5-270 

200 

150 C--

100 

50 

-

o 
o 

·tSE!TlJE .~ 

- j-- L5o~_I2506 /-~ 
; li~ ~ ~~OC 
~ ~ 

~ ~ 
:L:: FALL TIME 

-25"C- -J5(H-,J5~ -
1- T T T 

10 

LOAD RESISTANCE-kn 

2 

5 

I I V 
If---r-'25'6- 25°C 

~ V-V \ 

5 
1\ ~ ~ k 

-" 
& ~ ::::: -55"C 

O~~ 
.6 

LOAD CURRENT-rnA 

10 

FIGURE 3. PERFORMANCE OF THE SQUARE·WAVE OUTPUT (PIN 9). 
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,FIGURE 4. PE.RFORMANCE OF TRIANGLE·WAVE OUTPUT . 
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FIGURE 5. PERFORMANCE OF SINE·WAVE OUTPUT. 
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FIGURE 6. CURRENT CONSUMPTION AND FREQUENCY STABILI.TY. 
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ICL8038 
THEORY OF OPERATION 

" / "- / '" v r\ ..... V \ L V ~ 

I"" V " / i' \V~ '/ i' 

~ / " /' 1\ V 1\ ./ V 1\ './ V ~ 
j"-V i'-./ I' \V V '-", .." 

, \ 
"-- "-- "" 

SQUARE·WAVE·DUTY CYCLE - 50% SQUARE-WAVE D.UTY CYCL~ - 80% 

FIGURE 7. PHASE RELATIONSHIP OF WAVEFORMS. 

The performance of the sine·wave output is shown in 
Figure 5. Figure 6 shows additional general information 
concerning current consumption and frequency stqbility 
and Figure 7 shows the phase relationship b'etween the 
three waveforms. 

WAVEFORM TIMING 

The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in. Figure B. Best results are obtained by 
kee'ping the timing resistors RA and RB separate (a). RA 
controls the rising portion of the triangle and si ne·wave and 
the 1 state of the square-wave. 

The magnitude o(the triangle·waveform is set at 1 /~ Vee; 

therefore the rising portion of the triangle is, 

exv ex 1/3 xVee x RA5 

t1 ~ -r- ~. 1/5 x Vee 3 RA x e 

The falling portion of the triangle and sine-wave' and the 
o state of the square-wave is: 

exv 
t2 ~ -- ~ 

ex 1/3 Vee 5 RA RB e 
::: -x 

r 2 Vee Vee 3 2 RA - RB 
-x----x--
5 RB 5 RA 

Thus a 50% duty cycle is achieved when RA ~ RB. 

(a) 

r--""'--""'--~-<> 'Vee 

8038 

." 

(b) 

'. 

"'OK 

If the duty-cycle is to be varied over a small range about 
50% only, the connection shown in Figure 8b is slightly 
more conveni'ent. If no adjustment of the duty cycle is 
desired, terminals 4 and 5 can be shorter together, as shown 
in Figure 8c. This connection, however, carries an inher· 
ently larger variation of the duty-cycle. 

With two separate timing resistors, the frequency is 
given by 

or, if RA ~ RB ~ R 

0.3 . 
f ~ --. (for Figure 8a) 

Re 

If a single timing, resistor is used (Figures Bc only). the GJ 
frequency is. . 

0.15 
f ~--

Re 

Neither time nor frequency are dependent on supply 
voltage, even though none of the voltages are regu
lated inside the integrated circuit. This is due to the 

(c) 
+Vcc 'Vee 

'c 'c 

. nIl nIl 

v.. v.. 

'" '" 

FIGURE 8. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS. 
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ICL8038 
'fact that both currents and thresholds are direct, linear 

function of the supply voltage and thus their effects cancel. 

To ,minimize sine-wave distortion the 82k.Q resistor be
tween pins 11 and 12 is best made a variable one. With 
this arrangement distortion of less than 1% is achievable. To 
reduce this 'even further, two potentiomet~rs can be 
connected as shown in'Figure 9. This configuration allows a 
reduction of sine-wave distortion close to 0.5%. 

j..------,-.-----.,--------1---0 'Vee 
lKIl 

9 1---+----O.nJ1 

Vv [: 
8038 31-'----0 

21----0 '" 10 11 12 
r>-

100kU 'OK 

'------,--·--...,..,...-4:--'O-K·<100kH 

-VorGND 

FIGURE 9. CONNECTION TO ACHIEVE MINIMUM SINE-WAVE 
DISTORTION. 

SELECTING RA, Re and C, 

For any, given output frequency, there is a wide range of 
RC combinations that will work. However, certain con
straints are placed upon the magnitude of the charging 
current for optimum performance. At the ,low end, cur· 
rents of less than lilA are undesirable because circuit 
leakages will contribute significant errors at high temp-e eratures, At higher currents (I > 5 mAl. transistor betas 

and saturation voltages will contribute i,ncrea, s"inglY lar,ger 
errors. Optimum performance will be obtained for charging 
currents of lOIlA to 1 rnA. If pins 7 and 8 are shorted 
together, the magnitude of the charging current due to RA 
can be calculated from: 

1=' 

A similar calculation holds .for R B' 

The capacitor value should be as large as possible. 

WAVEFORM OUT LEVEL CONTROL AND 
POWER SUPPLIES 

The waveform generator can be, operated either from a 
single power-supply (10 to 30 'Volts) or a dual power
supply (±5 to ± 15 Volts). With a single power-suppl'y the 
average levels of the triangle and ,sine:wave are at exactly 
one·half of the supply voltage, while the square'-wave 
alternates between +V and ground. A split power supply 
has the advantage that all waveforms move symmetrically 
about ground. 

The square-wave output is not committed. A load resistor 
can be connected to, B different power-supply, as long 
as the applied voltage remains within the breakdown capa-

5-272, 

bility of the waveform generator (30V). In this way, the 
square·wave output be madeTTL compatible (load resistor 
connected to +5 Volts) while the waveform generator itself 
is powered from a much higher voltage. 

FREQUENCY MODULATION AND SWEEPING 

The frequency of the waveform generator isa direct func
tion of the DC voltage at terminal 8 (measured from 
+VCC)' By altering this voltage; frequency modulation 
is performed. 

For smal,l deviations (e. g. ±10%) the modulating signal can 
be applied directly to pin 8,' merely provid(ng dc decoupling 
with a capacitor, as shown in Figure lOa,' An external 
resistor between pins' 7 and, 8 is not necessary, but it can be 
used to increase input imp'edance. Without it (Le. terminals 
7 and 8 connected together), the input impedance is 
8kU; with it, this impedance increases to (R+8khL 

For larger F M deviations or for frequency sweeping, the 
modulating signal is appl ied between the positive su pply 
voltage and pin 8 (Figure lOb). In this way the entire bias 
for the current sources is created .by the modulating'signal 
and a very large (e.g. 1000: 1) sweep range is created (f =0 
at V sweep = 0). Care must be taken, however, to regulate 
the supply voltage'; in this configLiration the charge current 
is rio longer a function of the supply voltage (yet'the trigger 
thresholds still are) and thus the frequency becom'es 
dependent on the supply voltage. The potential on Pin.a 
may be swept from VCC to (2/3 VeC + 2V). , 

(a) 

F M o--j 1---<"-0-'-1 

(b) 

1 
EEP SW 

VOL TAGE 

L B 

r----.---~~--_+_-o +Vcc 

B038 

10 .11 12 

Blk 

'----.... ------<"---'---0 -v or GND 

+Vcc 

RA RB 
RL 

4 5 6 
9 .nJ1 

8038 3 

2 

10 11 '2 

fe Blk 

-v or GNO 

FIGURE 10. CONNECTIONS FOR FREQUENCY 

MODULATION (a) AND SWEEP (bl. 



ICL8038 
APPLICATIONS 

. FIGURE 11. SINE WAVE OUTPUT BUFFER AMPLIFIERS 

The sine wave output has a relatively high output impedance 
(1 Kn Typ). The circuit of Figure 11 provides buffering, gain and 
amplitude adjustment. A. simple op amp follower could also be 
used. 

,,< 
fRE~UENCY 

OH . 
-, r·.15VIOVI 

U l~VI lOVI 
0' 

FIGURE 12. STROBE - TONE BURST GENERATOR 

With a dual supply voltage the external capacitor on Pin 10 can be 
shorted to ground to halt the B03B oscillation. Figure 12 shows a 
FET switch, diode ANDed with an input strobe signal to allow the 
output to always start on the same slope. 

15K, 

FIGURE 13. VARIABLE AUDIO OSCILLATOR, 20Hz to 20 KHz 

To obtain a 1000: 1 Sweep Range on the B038 the voltage across 
external resistors RA and RB must decrease to nearly zero. This 
requires that the highest voltage on control Pin 8 exceed the 
voltage at the top of RA and. RBby a few hundred millivolts. 

lNl!i3A 
(6.2 V) 

500U 

The Circuit of Figure 13 achieves this by using a diode to lower 
the effective supply voltage on the 8038. The large 
pin 5 helps reduce duty cycle variations with sweep. 

100 ~!! 

IfSYM 

+---+-.y..;V+-,,;:c,-< METRY 

INTEASll8038 
FUNCTION GENERATOR 

3,900pF 
P2 SINE 

D1STORTION 

FIGURE 14. LINEAR VOLTAGE CONTROLLED OSCILLATOR' 

The linearity of input sweep voltage verses output frequency can 
be significantly improved by using an op amp as shown in Figure 14. 

This circuit is more fully described in "Electronics" magazine, 
October 30, 1975, page 96. 
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DETAILED SCHEMATIC 

~PACKAGE DIMENSIONS 1:1 14 PIN CERDIP 

5-274 . 

1~ 
·L~ 

I~ ~ ~ '" ~ ~ ~I 
L~·,,-----I 

~:~.~ij_ r -r,;; 
'00-1 ~-l~:t 

n~nlL 

14PIN PLASTIC DIP 



Watch and Clock 
Chip Chart 
Timers 
ICL824o./5o./60 6-4 
ICM7555/6 6-20. 
NE555 6-26 
NE556 6-30. 

Counters 
ICM7o.45 
ICM7o.45A 
ICM72o.8 
ICM7215 
ICM7216 
ICM7226 
ICM7217/27 
ICM7224/25 

6-32 
6-40. . 
6-42 
6-50. 
6-56 
6-72 
6-84 
6-,96 

Oscillators and 
Clock·Generators 
ICM72o.9 6-10.4 
ICM7213 6-10.8 

Tlniebases for Counters 
ICM72o.7 6-114 
ICM72o.7 A 6-11 B 

Display Drivers . 
ICM7211/12 . 6-120. 

\ ICM7218 6-130. 

. Touch Tone Encoder 
ICM72o.6/ AlB. . . 6-140. 



Counters, Timers and Display·Drivers 
. .' . 

. ... 

Part Number Circuit Description Package .... . Crystal Frequency Output 

ICM7045A Complete industrialstopwatch precision decade timer to 28-PinDIP Seconds: 1.31 MHz Seven-digit common-cathode LED drive. 
count seconds, minutes. or hours by selection of suitable Minutes: 2.18 MHz Displays up to 240,000 seconds, 2,400 
oscillator frequencies. minutes, 24 hours. 

ICM7201 Low battery voltage indicator TO-72 Not applicilble Lights LED at voltage below 2.9\1. 

ICM7206 . Touch-tone encoder; requires one contact per key 16-Pin DIP 3.57954 MHz 2-of-8 sine wave for tone dialing 

.ICM7206A Touch-tone encoder; requires two contacts per key with 
common line connected to + supply. 

16'PinDIP 3.57954 MHz 2-of-8 sine wave for tone dialing 

ICM7206B Touch-tone encoder; common line connected to negative 16-Pin DIP 3.57954 MHz 2-of-8 sine wave for tone dialing 
supply and oscillator enabled when key is pr~ssed; .• 

ICM7207 Frequency counter timebase. Includes 0.01,0.1; or I-second 14-Pin DIP 6.5536 MHz Crysal frequency .;- 2 ", .;- 2 ", .;- 10 (2 ") 
ICM7207A count window plus store, reset and MUX 14-Pin DIP 5.24288 MHz divider stage 

ICM7208 7-digit unit counter. With addition of 7207 the circuit beCOmes 
a compl9te timer-frequency counter 

28-PinDIP - LED display drive 

ICM7209 High-frequency clock-generator for 5-vatt systems 8-PinDtP to 10MHz Crystal frequency, .;- 2' divider stage 

tCM7211 Four-digit display decoder drivers;ICM7211is LCD; 4Q-Pin DIP (plastiC) - FOU;-di~t, seven-segment direct display 
ICM7212 ICM7212 is LED; Non-multiplexed for tow noise, BCD input, drive; L 0 or LCD 

decoded display drive output. 

tCM7213 Oscillator and frequency divider 14-Pin DIP (ptastic) tol0MHz lpps, lppm, 10 Hz, composite 

ICM7216 Eight-digit universaleounter; measures frequency, period, 28-Pin DIP 1 or 10kHz Eight-digit common anode or common 
ICM7226 frequency ratio, time interval, units. 40-PinDIP cathode direct LED drive . 

(Cerdip, ceramic, 
plastic) 

tCM7217 Four-digij CMOS up/down counter; presettable start/count 28-Pin Cerdip - Four~digit, seven~segment common anode 
tCM7227 and compare register; for hard-wired or microprocessor or plastic or common cathode direct LED display 

control applications; cascadable . drive; equal, zero, carry/borrow . 

ICM7218A/D LED disptay driver system with 8 x 8 memory; numeric or dot 28-Pin DIP - Eight-digit, seven-segment plus decimal 
tCM7218E (1 of 64) decoding; microprocessor compatible 40-.Pin DIP point; common cathode or common anode 

(ceramic or plastic) 

ICM7219 Audio generator; digitally programmable; 5 bit input 14-PinDIP 0-100 kHz output; waveform fully 
! (ceramic or plastiC) programmable 

ICM7224 4V,-digil high speed counter/decoder/driver; 40-Pin DtP - 4V2~digit seven-segment direct display 
'tCM7225 25 MHz typ; tCM7224 is LCD, ICM7225 is LED; direct (plastiC) driver; LED or LCD 

display drive; cascadable 

ICM7555 Single or dual CMOS version of industry-standard 555 timer; 8-PinDIP -
tCM7556 80 !LA typo supply current; 500 kHz guaranteed; 2-18V 14-Pin DIP 

power supply 

tCM7240 CMOS programmable countersllimers using external RC time 16-Pin DIP External Timed output 
ICM7242 base set. Programmable from minutes to years. Hr. accuracy 
ICM7250 = ± 0.5%typ. 
tCM7260 
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Watches and Clocks 
All circuits available as dice 

Part 
Number Circuit Description Package Power Crystal Frequency 

ICM1115AI Quartz clock circuit, bipolar stepper motor application with simple alarm B-Pin DIP (1) 1.5-volt cell 4.194 MHz 
ICM1115B 

ICM1424B 5-function LCD wristwatch circuit. Features: dice only (1) 1.5-vollcell 32.76BkHz 
hrs, min,. sec, month, date, 3V, digit display with rapid advance on setting 

ICM1424MB Same electrical characteristics as ICM1424B but with mirror image configuration. dice only (1) 1.5-volt cell 32.76BkHz 

ICM703BA Quartz clock circuit with alarm, synchronous motor B-Pin DIP (2) 1.5-volt cells 2tol0MHz 

ICM703BB Quartz clock circuit with alarm, synchronous motor B-Pin DIP (1) 1.5voltcell 2tol0MHz 

ICM7045 Complete 4-function stop watch/24-hr. clock on single microcircuit chip with 28-Pin DIP (3) 1.2 volt cells 6.5536 MHz 
direct drive for LEDs on chip 

ICM7045A Complete 4-function industrial stopwatch precision decade timer to count seconds, 28-Pin DIP (3) 1.2 volt cells Seconds 1.31072 MHz 
minutes or hours by selection of suitable oscillator frequencies Minutes 2.184533 MHz 

Hours 3.640889 MHz 

ICM7049A Quartz clock circuit, unipolar stepper motor application with complex alarm 8-Pin DIP (1) 1.5-volt cell 4.1943 MHz 

ICM7050 Quartz clock circuit, bipolar stepper motor application with complex alarm 8-Pin DIP (1) 1.5-volt cell 4.1943 MHz 

ICM7051A Quartz automobile clock circuit for synchronous motor B-Pin DIP (1) 12.0-voll cell 4.1943 MHz 

ICM705iB Quartz automobile clock circuit for bipolar stepper motor B-Pin DIP (1) 12.0-voltcell 4.1943 MHz 

ICM7205 Split and Taylor time stopwatch circuit with direct drive for LEDs on chip 24-Pin DIP (3) 1.2-volt cells 3.2768 MHz 

ICM72101 4-digit 6-function alpha-numeric LCD wristwatch circuit. dice only (1) 1.5-volt cell 32.768 kHz 
ICM7210C Features: hrs, min, day, date, month, sec 

ICM7210M/MC Same electrical characteristics as ICM721 0 but with mirror image dice only (1) 1.5-volt cell 32.768 kHz 

ICM7214A 6·function alpha-numeric LED readout wristwatch circuits with english. 24-Pin (2) 1.5-volt cells 32.768 kHz 
french, german and italian languages versions and perpetual calendar. lead less 
Features: hrs, min, sec, day, date, month 

ICM7215 Complete 4-function stopwatch including "time-out" function. Direct drive for LED on chip 24-Pin DIP (3) 1.2-volt cells 32.768 kHz 

ICM7220 6-digit and 6:function LCD wristwatch circuit, alphanumeric 12 or 24 hours dice only (1) 1 .5-volt cell 32.768 kHz 

ICM7220A Same as ICM7220 with cricket alarm dice only (1) 1.5-volt cell 32.76BkHz 

ICM7220B Same as ICM7220 with two time zones dice only (1) 1.5-volt cell 32.768 kHz 

ICM7220C Same as ICM7220with 1110 sec. auto ranging chronograph. dice only (1) 1.5-volt cell 32.768 kHz 

ICM7220MI Same characteristics as 72201 A/C but with mirror image dice only (1) 1 :5-volt cell 32.768 kHz 
MA/MC 

ICM7221 4-digil 6-function LCD watch circuit with alarm-can be used for clock circuits dice only (1) 1.5-voll cell 32.76BkHz 

ICM7222 Same as ICM7220A dice only 
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ICL8240, ICL8250, ICL8260 
Programmable 

Timers/Counters 
FEATURES 
• Times from microseconds to minutes; hours, or days 
• Time base set by simple R, C network or external 

clock 
• Programmable with standard thumbwheel switches 
• Select output count from 

1 RC to 255 RC (8240) 
1 RC to 99 RC (8250) 
1 RC to 59 RC (8260) 

• Easily expanded to multiple decades (1 RC to 
9,999 RC) 

• Open co"~ctor outputs for flexibility 
• High accuracy: ±0.5% typical 
• Low drift: ±100ppmfOC typical 
• Works over large supply range: 4V to 18V 
• TTL compatible trigger and reset inputs 

APPLICATIONS 
• Programmable .timing 

Process timers 
Appliance timers 
Darkroom timers 

• Programmable counter 
Inventory/loading/filling 
Counting/summing 

• Frequency generation. 
Music synthesis 
Harmonic synchronization 

• Accurate, long-delay generator 
• AID conversion 
• Digital Sample and Hold 
• Pattern generation 

PIN DIAGRAM 

v+ lOUT, 

UNITS OUT2 
. OUT4 

OUTS 

REGULATOR/CARRY OUT 
OUT (8240) (S250, S260) 
TIME BASE OUT 

lOUT, 

ro's OUT2 
OUT4 

OUTS" 

*NC FOR S260 

TIMING RC 
MOOULATION 

TRIGGER 

RESET 

GND 

ORDERING INFORMATION .. , 

MAXIMUM 
TYPE COUNT 

8240C 255 
8240M 255 
8250C 99 
8250M 99 
8260C 59 
8260M 59 

TEMPERATURE 
RANGE 

O°C to +75°C 
-55°C to +125°C 

O°C to +75°C 
-55°C to +125°C 
' 0° C to +75°.C 

-55°C to +125°C 

GENERAL DESCRIPTION 
The 8240, 8250 and 8260 are a family of monolithic program
mable timer circuits. They are intended to simplify the 
problem of selecting various time delaysor frequency out
puts available from a fixed oscillator circuit. 
Each device consists of an accurate, low-drift oscillator a 
counter section of master-slave flip flops and appropriate 
logic and control circuitry all on one monolithic chip. The 
internal time base oscillator can be set with an external RC or 
can be disabled and the time base supplied from an external 
clock. The counter output taps are open collector transis
tors which can be programmed by a wire AND at external 
pins. Manualprogramming is easily accomplished by using 
standard thumbwheel switches. Additional logiC circuitry 
will allow timing to be programmed by computer or micro
processor. These units arealso very useful for· generating 
ultra'iong delay times with relatively inexpensive RC 
components.· , 

The 8260 is specifically designed to timeaccurate delaysil) 
seconds, minutes and hours. With its maximum count of 59 
and carry out gate, a cascade of three 8260's will generate a 
one second 'clock from the 60 Hertz line, 60 seconds per 
minute and 60 minutes per hour programmable start to stop 
time. Thunibwheel switches with digits 0 to 5 and 0 to 9 are 
readily available to simplify the man-machine interface. 

The 8250 is optimized fordecimal counting and delays. It can 
be programmed by standard binary coded decimal (BCD) 
thumbwheel switches (0 to 9). Each unit gives 2 decades of 
counting allowing selection of time delays of from 1 RC to 99 
RC, The carryout gate on the 8250 allows expansion to 9,999 
or more. 
The 8240 uses straight binary counting. With eight flip flops 
dividing down. the base frequency, 8 suboctaves of the 
fundamental are available simultaneously in the astable 
mode. In the monostable mode the collectors can be wired 
AND to give any combination of pulse width of from 1 RC to 
255 RC.' 
Applications for these versatile devices include appliance 
timers, darkroom timers and process timers. They can also 
be used as programmable counters. The internal clock can 
be disabled and the unit will count external pulses for pro
grammable summing, loading or inventory applications. The 
internal clock can also be synchronized with the (m)th 
harmonic of an external sync and with the selectable 
counter, can provide a large number of non-harmonic fre
quencies from a single reference. Fin'llly, they can be used 
as logic controlled switches in ramp type D-to-A and A-to-D 
converters. 

16 PIN ORDER 
PACKAGE PART NUMBER 

Plastic DIP ICL 8240 C PE 
Ceramic DIP ICL 8240 M DE 
Plastic DIP ICL 8250 C PE 
Ceramic DIP ICL 8250 M DE 
Plastic DIP ICL 8260 C PE 
Ceramic DIP ICL 8260 M DE 



ICL8240, ICL8250, ICL8260 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ................................... 18V 
Power Dissipation 

Ceramic Package ............................ 750mW 
Derate above +25° C ...................... 6mW/o C 

Plastic Package ....................... .' ....... 625mW 
. Derate above +25° C .................... 5.0mW/o C 

ELECTRICAL CHARACTERISTICS 

PARAMETERS 

GENERAL CHARACTERISTICS 
Supply Voltage 4 18 4 

Supply Current 
Total Circuit (Reset) 3.5 6 4 

12 16 13 
Total Circuit (Trigger) 24 24 

Counter Only 1 1.5 
Regulator Output, VR 4.1 4.4 3.9 4.4 
(8240 only) 6:0 6:3 6.6 5.8 6.3 

TIME BASE SECTION 
Timing Accuracy 0.5 2.0 0.5 

Temperature Drift 150 300 200 
80 80 

Supply Drift 0.05 0.2 0.08 
Max. Frequency 100 130 130 
Time Base Output 

VTS High 2.4 2.8 2.4 2.8 
VTsLOW 0.2. 0.4 0.2 

Modulation Voltage 
Level 3.00 3.50 4.0 2.80 3.50 

10.5 10.5 
Recommended Range 
of Timing Components 

Timing Resistor, R 0.001 10 0.001 
Timing Capacitor, C 0.007 1000 0.01 

TRIGGER/RESET CONTROLS' 
Trigger 

Trigger Threshold 1.4 2.0 1.4 
Trigger Current 8 10 
Impedance 25 25 
Response Time 1 1 

Reset 
Reset Threshold 1.4 2.0 1.4 
Reset Current 8 10 
Impedance 25 25 
Response. Time 0.8 0.8 

COUNTER SECTION 
Max. Toggle Rate .. 0.8 1.5 1.5 

Input 
Impedance 15 15 
Threshold 1.0 1.4 1.0 1.4 

Output: 
Rise Time 180 180 
Fall Time 180 180 
VOUT Low 0.2 0.4 0.2 
Leakage Current 0.01 8 0.01 

O~OIL 

Operating Temperature 
8240M, 8250M, 8260M ............... -55°C to +125°C 
8240C, 8250C, 8260C ................ ;. O°C to+75°C 

Storage Temperature , .... , ......... ,. -65°C tei +150°C 

CONDITIONS 

18 V For V+ < 4.5V, Short Pin 15 
to Pin 16 

7 V+ ;= 5V, VTR =0, VRS = 5V 
18 

mA 
V+ - 15V, VTR - 0, VRS - 5V 
V+ = 15V, VTR = 5V, VRS = 0 
AI.I outputs ON. (Worst Case) 
See Figure 3, 8240 only 

V 
Measured at Pin 15, V+ - 5V 

6.8 V+ - 15V, See Figure 4 

S F ee 'Iqure 2 
5 % VRS - 0, VTR - 5V, Note 1. 

ppm/~C 
V+ - 5V Over Operating Temperature 

. V+ - 15V 
0.3 %/V V+ 2: 8 Volts, See Figure 11 

kHz R - lkfl, C -0.007j.LF 
. Measured atPin14 

ISource = 80j.LA 
0.4 

V 
ISink - 3.2mA 
Measured at Pi n 12 

4.20 V+ = 5V 
V+ - 15V 

10 Mn 
See Figure 8 

1000 j.LF 

2.0 V Measured at Pin 11 

. j.LA VRS - 0, VTR -2V 
kn 

j.Lsec. Note·2 

2.0 V Measured at Pin 10 

j.LA VTR = 0, VRS -2V 
'kfl 

j.Lsec. Note 2 

See Figue 4, V+ = 5V 
MHz VRS - 0, VTR - 5V 

Mal< Input to Pin 14 

kfl Measured .at Pin .14 . 
V 

Measured at Pins 1 thru 8 
nsec. RL=3k,CL= 102!' 

0.4 V ISINK - 3.2mA 
15 j.LA VOH - 15V 

NOTE 1: Timing error solely introduced by 8240, measured as % of ideal time-base period of T = 1.00 Re. 
NOTE 2: Propagation delay from application of trigger (or reset I input to corresponding state change in counter output at Pin 1. 
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ICL8240, ICL8250, ICL8~60 
ELECTRICAL CHARACTERISTICS 

D~OIb 

TEST CONDITIONS: SeeFigure 2, V~ = 5V, TA = 25°C, R =10k!l, C = 0.1/lF, unless otherwise noted. 

PARAMETERS 

GENERAL CHARACTERISTICS 
Supply Voltage 4.5 18 4.5 18 V I 

Supply Current 
Total Circuit (Reset) 3.5 6 4 7 V+ ~ 5V, VTR = 0, VRS = 5V . 

12 16 13 18 mA V~ = 15V,VTR = 0, VRS = 5V 
Total Circuit (Triggeri 24 24 V+ -15V, VTR - 5V, VRS - 0 

All outputs ON. (Worst Case) 

TIME BASE SECTION See Figure 2 
Timing Accuracy 0.5 2.0 0.5 5 % VRS - 0, VTR - 5V, Note 1 
Temperature Drift 150 300 200 ppm/DC 

V+ - 5V Over Operating Temp. 
80 80 V+ - 15V 

Supply Drift 0.05 0.2 0.08 0.3 %IV V+ ::0:8 Volts, See Figure 11 
Max. Frequency 100 130 130 kHz R - 1 k!l, C - 0.007 /IF 
Time Base Output Measured at Pin 14 

VTS HIGH 2.4 2.8 2.4 2.8 ISOURCE = 80/lA 
VTS LOW 0.2 0.4 0.2 0.4 ISINK - 3.2mA 

Modulation Voltage V Measured at Pin 12 
Level 3.00 3.50 4.0 2.80 3.50 4.20 V+ = 5V 

10.5 10.5 V+ = 15V 
Recommended Range 
of Timing Components 

See Figure 8 Timing Resistor,R 0.001 10 0.001 10 M!l 
Timing Capacitor, C 0.007 1000 0.01 1000 /IF 

TRIGGER/RESET CONTROLS 
Trigger Measured at Pin 11 

Trigger Threshold 1.4 .2.0 1.4 2.0 V 
Trigger Current 8 10 /lA VRS - 0, VTR - 2V 
Impedance 25. 25. \ kfl 
Response Time 1 1 /lsec. Note 2 

Reset 
Reset Threshold 1.4 2.0 1.4 2.0 V Measured at Pin 10 
Reset Cu rrent 8 10 /lA VTR = 0, VRS = 2V 
Impedance 25 25 kll 
Response Time .. 0.8 0.8 psec. Note 2 

COUNTER SECTION See Figurei4, V+ = 5V 
Max. Toggle Rate 0.8 1.5 1.5 MHz VRS - 0, VTR - 5V 

Max. Input Pin 14 
Input: 

. 
Impedance 15 15 kfl Measured at Pin 14 
Threshold 1.0 1.4 1.0 1.4 V 

Output: Measured at Pins 1 thru 8 
Rise Time 180 180 nsec. RL = 3k, CL = 10pF 
Fall Time 180 180 
VOUT Low 0.2 0.4 0.2 0.4 V ISINK = 3 .. 2mA 
Leakage Current 0.01 8 0.01 15 /lA VOH - 15V 

CARRY OUT GATE = See Figure 4 V+ 5V 
Vco Low 0.2 0.4 0.2 0.4 Measured on Pin 15 

V' ISINK = 3.2mA 
Vco High 2.4 3.5 2.4 3.5 ISOURCE - 80/lA 

NOTE 1: Timing error solely introduced by 8250, measured as % of ideal time-base period ofT = 1.00 RC. 
NOTE 2: Propagation delay from application of;trigger (or reset) input to corresponding state change incounteroutput at Pin 1. 



ICL8240, ICL8250, ICL8260 

PARAMETERS CONDITIONS 

GENERAL CHARACTERISTICS 
Supply Voltage 4.5 18 4.5 18 V 
Supply Current 

\ Total Circuit (Reset) 3.5 6 4 7 V+ = 5V, VTR = 0, VRS = 5V 
12 16 13 18 mA V+ - 15V, Vq4TR - 0, VRS - 5V 

Total Circuit (Trigger) 24 24 V+ = 15V, VTR = 5V, VRS = 0 
All outputs ON. (Worst Case) 

TIME BASE SECTION S F' ee Igure 2 
Timing Accuracy 0.5 2.0 0.5 5 % VRS - 0, VTR - 5V, Note 1 
Temperature D.rift 150 300 200 

ppmfOC 
V+ -,5V Over Operating Temp. 

80 80 V+ - 15V 
Supply Drift 0.05 0.2 0.08 0.3 %N V+ 2: 8 Volts, See Figure 11 
Max. Frequency 100 130 130 kHz R -1kO, C - O.OO?,.,F 

Time Base Output Measured at Pin 14 
VTB HIGH 2.4 2.8 2.4 2.8 ISource = 80llA 
VTB LOW 0.2 0.4 0.2 0.4 V ISink = 3.2mA 

Modulation Voltage Measured at Pin12 
Level 3.00 3.50 4.0 2.80 3.50 4.20 V+ = 5V 

10.5 ,10.5 V+ -15V 
Recommended Range See Figure 8 
of Timing Components , 

Timing Resistor, R 0.001 '10 0.001 10 M!l 
Timing Capacitor, C 0.007 1000 0.01 1000 IlF 

TRIGGER/RESET CONTROLS 
Trigger Measured at Pin 11 

Trigger Threshold 1.4 2.0 1.4 2.0 V 
Trigger Current 8 10 IlA VRS - 0, VTR - 2V 
Impedance 25 25 k!l 
Response Time 1 1 Ilsec. Note 2 

Reset '" 

Reset Threshold 1.4 2.0, 1.4 2.0 V Measured at Pin 10 
Reset Current 8 10 IlA " VTR - 0, VRS - 2V 
Impedance 25 25 kll 
Response Time 0:8 I 0.8 Ilsec. Note 2 

COUNTER SECTION S ee Figure 4, V+ = 5V 
Max. Toggle Rate 0.8 1.5 1.5 MHz VRS- 0, VTR - 5V 

Max Input Pin 14 
Input: 

20 Impedance 20 k!l Measured at Pin 14 
Threshold 1.0 1.4 1.0 1.4 V 

Output: Measured at Pins 1 thru 7 
Rise Time 180 180 nsec. RL = 3k, CL = 10pF 
Fall Time 180 180 
VOUT Low' 0.2 0.4 0.2 0.4 V ISINK - 3.2mA 
Leakage Current 0.01 8 0.01 15 IlA VOH - 15V 

CARRY OUT GATE See Figure 4 V+ = 5V 
Vco Low 0.2 0.4 I I 0.2 I 0.4 I I Measured on Pin 15 I V ISINK = 3.2mA 

VHIGH 2.4 3.5 I 2.4 I 3.5 I I I ISOURCE - 80llA I 

NOTE 1: Timing error solely introduced by 8260" measured as % of ideal time-base period of T = 1.00 RG. 
NOTE 2: Propagation delay from application of trigger (or resetl input to corresponding state change in counter output at Pin 1. 
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ICL8240, ICL8250, ICL8260 
BLOCK DIAGRAM 

,D~OlL 

V+ 

10K 

10K 

10K 

10K 

10K 

,10K 

10K 

10K 

8250/8260' 8240 

OUT1 

1's 

OUT8 

10's 

'PIN 8 IS NOT USED ":" 
ON 8260 

VOLT
',AGE 

REGULA
TOR 

FIGURE 1. 

8240 (8250 & 8260 
•••• 15 REGULATOR CARRY , 

OUTPUT OUTPUT 

GROUND 

V+=4V 
1 

10K 

10K .t--c--~ V+=4V 

10K 

10K...--vv·""" 

10K...--vv·',...., ..JL. TRIGGER 
I---'-----<:..JL.TRIGGER 10K 

, FIGURE 2: Generalized Test Circuit 

RL --,,,,,,, .... 

RL 
RL _'vv, ....... 

RL 

RL 

RL 

10K ..JL.RESET 
10K -V'Jv"'" 

FIGURE 3: Test Circuit for Low-Power 
Operation (Time-Base Powered Down) 8240 Only 

r----<l + VR OR 
CARRY 

I-OUT 

3;JlJUl 
1 - INPUT 
':' SIGNAL 

t-------<>.JL.. TRIGGER 

t----o .Jl..R ESET 

RL ~\/V\~t!:::~_~ 

FIGURE 4: Test Circuit for Counter Section 



ICL8240, ICL8250, ICL8260 
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ICL8240, ICL8250, ICL8260 
INTRODUCTION TO PRO(;RAMMABLE TIMING 
A timing diagram of waveforms and circuit states is shown in . 
Figure 14. A generalized circuit connection for the 8240/50/ 
60 is shown in Figure 15. 

TRIGGER (P~~) o'vvn\ . II' L..-_________ --,._. t 

R. C (P~~') 70% -. 
20%-.. 

TIME BASE (PIN )~5V 
OUTPUT 14 OV 

r OFF 
IT (PIN) 

OUTPUT 1 ON 
TRANSISTOR 

6-10 

STATE OFF1 r--

l2T(~kN) ON I-:.....,~ ·.L...-I ~I· 
. OFF . 

4T ( P~N) ON 1 ... _____ ---'1 
FIGURE 14: Timing Diagram of Output Waveforms (8240) 

(NOTE: BCD States are not all symmetrical) 

The timing cycle is initiated by applying a positive-going 
trigger pulse to pin 11. This triggerpulseenables the counter 
section, sets all counter outputs to the "low" or "on" state, 
and starts the time base oscillator. Then external C is 
charged through external R from 20% to 70% of V+, generat
inga timing waveform with period, T, equal to 1 RC. A short 
negative clock or time base pulse occurs during the capaci
tor discharge portion of the waveform. (Normally this time is 
small compared iNith the period T but.has been enlarged for 
Figure 14'> These clock pulses are courited by ihe binary 
counter of the 8240 or by a Binary Coded Decimal (BCD) 
Counter in the 8250/60. The timing cycle terminates when a 
positive-going . reset pulse is applied 'to pin 10. When the 
circuit is at reset state, both the time base and the counter 
sections are disabled ·and all the counter outputs are at a 
"high" or "off" state. The carry-ouUs also high. 
In most timing applications, one or more of the counter out
puts are connected back to the reset terminal, as shown in 
Figure 15, with SI closed. In this manner, the circuit will start 
timing when a trigger is applied and will automatically reset 
itself to complete the timing cycle when a programmed 
count is completed. If none of the counter outputs are 
connected back to the reset terminal (switch SI open), the 
circuit would operate in Its astable or free-running mode, 
subsequent to a trigger input. 

PROGRAMMING CAPABILITY 
The counter outputs (pins·l through 8) are open-collector 
type stages and can be shorted together to a common pull
up resistor to form a "wired-and" connection. The combined 
output will be "low" as long as anyone of the outputs is low. 
In this manner, the time delays associated with each counter 
output can be summed by simply shorting them together to a 
common output bus as shown in Figure 15. For example, if 
only·· pin 6 is connected to ttie output and the rest left open,· 
the total duration of,the timing cycle. To, would be 32Tforan 
8240, and 20T for an 8250. Similarly, if pins 1, 5, and 6 were 
shorted to tlie output bus, the total time delay wDuldbe To = 
(1 + 16 + 32) T =49T (8240) or (1 + 10 + 20) T ± 31T (8250). In 

this manner, by· proper choice of counter terminals 
connected to the output bus, one can progr\lm the timing 

. cycle to be: 

1T s;' To s; 255T (8240) 
1T :5 To s; 99T (8250) 
U s; To::; 59T (8260) 

Note .that .for th!! 8250 and 8260 invalid count states (BCD 
values 2: 10) will not be recognized, and the counter will not 
stop,' ,. . 

rv+ PROGRAMMING BY 

OR THUMBWHEEL SWITCHES 
RL f 

SOLDER CONNECTIONS 

10K 

VOLTAGE 161--_-~ 
REG-

ULATOR 

c 

If---~ .R... 
TRIGGER 

1--I11OI----.-~ JL 

, J __ ~L"'_~ __ -_---51-K...J 

OUTPUT 

1",· v+--, r-
0' L--J 

-l TO· 1-

5, . 

IT <TO <255T 182401 
IT<TO< 99TI8250i 
IT<TO < 59T 182601 
WHERET'" Re 

REseT 

FIGURE 15: Generalized Circuit Connection for Timing Applications 
(Switch S, Open for ·Astable Operations, Closed for Monostable· 

Operations) 

THUMBWHEEL SWITCHES 
While· the 8240 is frequently hard. wired for a particular 
function, the 8250 and 8260 can easily be programmed by 
using Thumbwheel switches. Standard BCD thumbwheel 
switches hilVe four inputs (20, 21, 22, 23 or 1, 2, 4 and 8l.and 
one "common", which are connected according to the binary 
equivalent of the digits 0 through 9. 
For a single 8250 two such switches would select a time of 
from 01 RC to 99 RC. A c\lscade of two 8250's (using the carry 
out gate) would expand sel.ection to 9999 Re. For an 8260 
there are standard BCD Thumbwheel switches for the 0 
through 5 digit (Twelve position, 0 to 5repeatedl. ' 



ICL8240, ICL8250, ICL8260 
DESCRIPTION OF CIRCUIT CONTROLS 
COUNTER OUTPUTS (PINS 1 THROUGH 8) 
The binary counter outputs are buffered "open-collector" 
type stages, as shown in Figure 15. Each output is capable of 
sinking ~ 5mA of load current. At reset condition, all the 
counter outputs are at high or non-conducting state. Sub
sequent to a trigger input, the outputs change state in 
accordance with the timing diagram of Figure 14. 

The counter outputs can be used individually,. or can be 
connected together in a wired-and configuration, as des
cribed in the Programming section. 

GROUND (PIN 9) 
This is the return or most negative supply for the device. It 
should have a very low impedance since capacitor discharge 
and other switched currents could create transients. 

RESET AND TRIGGER INPUTS (PINS 10 AND 11) 
The circuit is reset or triggered with positive-going control 
pulses applied to pins 10 and 11. The threshold level for these 

. controls is approximately two diode drops (~1.4VI above 
ground, and is therefore TTLlDTL compatible. 

When power is applied to the 8240/50/60 with no trigger or 
reset inputs, the circuit reverts to "reset" state. Once 
triggered, the circuit is immune to additional trigger inputs, 
until the timing cycle is completed or a reset input is applied. 
If both the reset and the trigger controls are activated simul
taneously, trigger overrides reset. Minimum pulse widths for 
reset and trigger inputs are shown in Figure 8. 

MODULATION AND SYNC INPUT (PIN 12) 
Theperiod T of the time-base oscillator can be modulated by 
applying a dcvoltage to this terminal. (see Figure 111. The 
time-base oscillator can. be synchronized to an external 
clock by applying a sync pulse to pin 12, as shown in Figure 
26. Recommended sync pulse widths and amplitudes are 
also given in tile figure. 

TIMING .TERMINAL (PIN 13) 
The time-base period T is determined by the external RC 
network connected to this pin. When the time-base is 
triggered, the waveform at pin 13 is an exponential ramp with 
a period T = 1.0 RC. Figures 5 and 6 show RC values. 

O~OIL 

TIME-BASE OUTPUT (PIN 14) 
Time-Base output is an open-collector type stage. A'h 
internal 10kll pull-up resistor is provided to ensure correct 
operation. At reset state, the time-base output is at "high" 
state. Subsequent to triggering, it produces a negative-going 
pulse train with a period T = RC, as shown in the diagram of 
Figure 14. 

Time-base output is internally connected to the binary 
counter section and also serves as the input for the external 
clock signal when the circuit is operated with an external 
time-base.· 

The counter input triggers on the negative-going edge of the 
timing or clock pulses applied to pin 14. The trigger 
threshold for the counter section is~ +1.4 volts. The counter 
section can be disabled by clamping the voltage level at pin 
14 to ground. 

Under certain operating conditions such as high supply 
voltages (V+ > 7VI and small values of timing capacitor (C < 
0.1J.LFI the pulse-width of the time-base output at pin 14 may 
be too narrow to trigger the counter section. This can be 
corrected by connecting a 300pF capacitor from pin 14 to 
ground. 

CARRY OUTPUT (PIN 15, 8250 AND. 8260 ONLY) 
This pin will go HI for the last 10 counts of a 59 or 99 count, 
and can be used to drive another8250 or 8260 counter stage, 
while still using all the counter outputs of the first. Thus, by 
cascading several 8250's a large BCD countdown can be 
achieved. The carry-out canalso be used to drive TTL logic, 
etc. 

REGULATOR OUTPUT (PIN 15,8240 ONLY) 
This terminal can serve as a V+ supply to additional 8240 
circuits when several timer circuits are cascaded (see Figure 
191, to minimize power dissipation. Forcircuitoperation with 
external clock, pin 15 can be used as the V+ terminal to 
power-down the internal time-base and reduce power 
dissipation. 

When the internal time-base is used with V+ S; 4.5V, pin 15 
should be shorted to pin 16. 

V+ (PIN 16) 
This is the most positive supply voltage. (4.5V to 18VI A low 
supply impedance or 0.1J.LF. to ground will help suppress 
voltage transients. 

6-11 
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ICL8240, ICL8250, ICL.8260 
APPLICATIONS INFORMATION 
PRECISION TIMING (Monostable Operation)· 
(n precision timing applications, the 8240/50 is used in its 
monostable or "self-resetting" mode. The generalized circuit 
connection for this application is shown in Figure 16. 

The output is normally :'high" and goes to "low" subsequent 
to a trigger input. It stays low for the time duration To and 

. then returns to the high state. The duration of the timing 
cycle To is given as: . 

To = NT = NRC 
where T = RC is the time-base period as set by the choice of 
timing components at pin 13 (see Figure n N is an integer in 
the range of: 

1 ::; N ::; 255 (8240) ::;99 (8250) ::; 59(8260) 

as determined by the combination of counter outputs(pins 1 
through 8) connected to the output bus, as described before. 
(see page 7) 

v+ 

10K RL 

.!. v+ 

2T 

~ 

aT 

-= 

Jl 
TRIGGER 

Jl 
RESET 

'-------S1:-K---l 
:Jl 

OUTPUT 

1. LS 
- ~I TO 1-

FIGURE 16: Circuit for Monostable Operation 

ULTRA-LONG DELA YGENERATION 
Two 8240/50/60 units can be cascaded as shown in Figure 17 
to generate extremely long time delays. In this application, 
the reset and the trigger terminals of both units are tied 
together and the time base of Unit2 disabled. In this manner, 
the output would normally be high when the system is at 
reset. Upon application of a trigger input, the output goes 
low for a total of (256)2 or 65,536 cycles of the time-base 
oscillator (8240) or(100)2 or 10,000 cycles (8250). The 8250/60 
can also be connected as shown in Figure 18, allowingfiner 
resolution in timing interval. The same applies to the 8260. 
PROGRAMMING:Total timing cycle of two cascaded 8240's 
can be programmed from To = 256RD to To = 65,536RC in 
256 discrete steps by selectively shorting anyone or the 
combination of the counter outputs from Unit 2 to the output 
bus. Two cascaded 8250's can be programmed from To = 
1RC to To = 9999RC in 10,000 discrete steps by selectively 
shorting any combination of the counter outputs from both 
units to the output bus. 

O~OIl. 

R 

v+ 

10K 

TO=6S.S36, RC OUTPUT 

L..Ji.. 
!-TO-1 = 

FIGURE 17: Cascaded Operation for Long Delay Generation !8240l 

v+ 

v+ 

10K 

"L-S 
TO=10,OOO RC 

FIGURE 18: Cascaded Operation 18250 or 82601 

LOW-POWER OPERATION (8240 ONLY) 
In cascaded open3tion, the time-base section of Unit 2can be 
powered down to reduce power consumption, by using the 
circuit connection of Figure 19. In this case, the V+ terminal 
(pin 16) of Unit 2 is left open circuited, and thesecondunit is 
powered from the regulator output of Unit 1, by connecting 
pin 15 of both units. The V+ terminal of an 8250 can be 
connected to pin 15 of an 8240, but the power drain is not 
greatly reduced by this connection. 

.R 

S1K 
v+ 

30K 

OUTPUT 

l 

FIGURE 19: Low-Power Operation of Cascaded Timers 18240 only) 
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ELECTRONICALLY PROGRAMMED TIMER/COUNTER 

D~DIl. 

The current interest in microprocessors, ROM's, PROM's, 
etc., requires timers which can be programmed electronical
ly. Figures20A and B show two ways of using readily 
availabl.e TTLlMSllogic to accomplish this. Although one is 
shown as a timer and the other as a counter, the choice of an 
external or internal clock would allow either circuit to 
perform either function. 

v+ 
R 

The circuit of Figure 20A uses a standard 54/74 series TTL 
four bit magnitude ·comparator to compare tt/e digitally 
programmed input:with the 8240/50/60 counter outputs.The 
Greater, Less Than and Equal waveforms provide several 
outputs to choose from. An external start pulse triggers. the 
timer and the A < B output is used as a reset. 

~'----
: START PULSE 

·1 
1 
I 
1 
I 
1 
1 
I 
1 
1 
I 
1 
1 
1 
1 
1 , 

i:='A+1IRC-, 

5411495 OUT I--,-A,--=.c:B'----1 IN 54/1485 ___ fL 
A>B 

.I-AxRC=L 

LSB MSB 

PROGRAMMING INPUTS 

FIGURE 20A:· Electronically Programmed Timer 

In Figure20B two Quad Nor circuits with open collector 
outputs are wired together to form an inexpensiv!'l digital 
comparator. A start pulse triggers the 8240/50/60 counter 
and sets the output flip flop high. The digital comparator 
output goes high momentarily when A = B. This resets the 

1Jlf1f. 
~XT~RNAL 

COUNT PULSES 

LSB 

BINPUTS 

N 8242 

v+ 

.. .... 
::> 
0. .... 
::> 
0 

.. .... 
::> 
0.-.... 
::> 
0 

PROGRAMMING INPUTS 

flip flop which in turn resets the counter. For extended 
temperature range or higher speed operation, individual 
pull-up resistors may be needed on the counter outputs of 
both circuits 20A and 20B. 

START PULSE 

-1L-

N 824.2 

SET 

II 
54/1403 

RESET 

.JL 
A=B· 

FIGURE 2OB: Electronically Programmed Counter 
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ICL8240, ICL8250, ICL8260 
ASTABLE OPERATION 
The 8240/50 can be operated in its astable or free~running 
mode by dis90nnecting the reset terminal. (pin 10) from the 
counter outputs. Two typical circuit connections for this 
mode 'ofoperation are shown in Figure 21. In the. circuit 
connection of Figure 21(a), the circuit operates in its free
running mode, with external trigger and reset signals. It wiH 
start counting and timing subsequent to a trigger input until 
an external reset pulse is applied. Upon application of a 
positive-going reset signal to pin 10, the circuit reverts back 
to its rest state. The circuit of Figure 21(a) is essentially the 
same as that of Figure 15, with the feedback switch 8, open. 

The circuit of Figure 21(b) is designed for continuous 
operation. The circuit self-triggers automatically when the 
power supply is turned on, and continues to operate in its 
free-running mode indefinitely. 

In astable or .free-running operation, each of the counter 
outputs can be used individually as synchronized oscillators; 
or they can be interconnected or generate complex pulse 
patterns. 

v+ 

FIGURE 21: Circuit Connections'for Astable Operation 
(a) Operation with External Trigger and Reset Controls 

(b) Free-running or Continuous Operati()n 

BINARY OR DECIMAL PATTERN GENERATION 
In astable operation, as shown in Figure 21, the output of the 
8240/50 appears as a complex pulse pattern. The waveform 
of theoutput pulse train can be determined directly from the 
timing diagram of Figure 14 which sho\Ns the phase relations 
between the counter outputs. Figure 22 shows some of these 
complex pulse patterns. The pulse pattern repeats itself at a 
rate equal to the period of the highest counter bit connected 
to the common output bus. The minimum pulse width 
contained in the pulse train is determined by the lowest 
counter bit connected to the output. 

A 2 PIN PATTERNS 

PINS' & 2 SHORTED T = RC 

B 3 PIN PATTERN 

PINS' & 4 SHORTED 

~3T+-5T--1 I-- -~---21.T--~-1 
PINS ,. 3 & 5 SHORTED 

.C 4 PIN PATTERN 

~~ 
1~3T+ -5T-~3T-I- - --~2'T-~~~3T+-5T-+3T+-----85T~ 

PINS 1. 3. 5 & 7 SHORTED 

FIGURE 22: Pulse Patterns Obtained by Shorting Various Counter 
Outputs (Shown for the 82401 

OPERATION WITH EXTERNAL CLOCK 
The 8240!!?0.can be operated with an external clock or time
base, by disabling the internal time-base oscillator and 
applying the external clock input to pin 14. The recom-' 
mended circuit connection for this application is shown in 
Figure 23. The internal time-base can be de-activated by 
connecting pin 13 to ground. The counters are triggered on 
the negative-going edges of the external clock pulse. For 
proper operation, a minimum clock pulse amplitude of 3 
volts is required. Minimum external clock pulse width is 1 MS. 

v+ 

-.t0UTPUT 

_ "LJ 

JU1Jl g~~~~~~UT 
Jl TRIGGER 

Jl RESET 

, CLOSED = MONOSTABLE 
r s OPEN = ASTABLE 

FIGURE 23: Operation with External Clock 
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FREQUENCY SYNTHESIZER 
The programmable counter section of 8240/50 can be used 
to generate many discrete frequencies from a given time 
base setting using the circuit connection of Figure 24: The 
output of the circuit is a positive pulse train with a pulse width 
equal to T, and a period equal to (N + 1) where N is the 
programmed coun,t ,in the counter. 

The modulus N is the total count corresponding to the 
counter outputs connected to the output bus. Thus, for 
example,' if pins 1, 3 and 6 are connected together to the 
output bus, the total count is: N = 1 + 4 + 32 = 37 and the 
period of the output waveform is equal to (N + 1) T or 38T (25T 
for 8250), In this manner, many different frequencies can be 
synthesized from a given time-base setting. 

R SOOpF 

v+ 3K 

OUTPUT 

10K'~ 
-I~ 

T (N+11 

FIGURE 24: Frequency Synthesis from Internal Time-Base 

R 5.1K 

THEN 10 = IR 1 Z' N 

o-J\lV'v--'---'----"--"--'--+-'--'---*-Dlf---.---<> 0 UTPUT 10 
v+ 3K n n 

10K.J L-...I L 

~-I 
FIGURE 25: Frequency Synthesis by HarmOnic Locking to an 

External Reference 

0.1!1F 

I~~~~~ I--"VV\r-<>----1 
S.1K 
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!-----T -:----1 
boLJIJ~~3Vpp 

--I I--Tp 

FIGURE 26: Operation with External Sync Signal. 
lal Circuit for Sync Input 

Ibl Recommended Sync Waveform 

HARMONIC SYNCHRONIZATION 
The time-base can be synchronized with integer multiples or 
harmonics of an input sync frequency, by setting the time- ' 
base period, T, to be an integer multiple of the sync pulse 
period, Ts .. This can tie done by choosing the timing 
components Rand C at pin 13 such that: 

T = Rc = (Ts/ml w!lere 
m is an integer, 1 ~ m ~ 10. 

Figure 27 gives ,the typical, pulHn range ,for, harmonic 
synchronization, for various values of harmonic modulus, m. 
For m < 10, typical pull-in range is greater than ±4% ottime
base frequency. For m > 10, the circuit is too'sensitive for 
reliable synchronization. 

SYNTHESIS WITH HARMONIC LOCKING: The harmonic 
synchronization property of the 8240/50 time-base can be 
used to generate a wide numberof discrete frequencies from 
a given input reference frequency. The circuit connection for 
this application is shown in Figure 25. (See Figures 26 and 27 
for external sync waveform and harmonic capture range.! If 
the time base is synchronized to (mlth harmonic of input 
frequency where 1 ~ m ~ 10, as described in the section on 
"Harmonic Synchronization", the frequency of fo of the 
output waveform in Figure 25 is related to the input reference 
frequency fR as: ' , 

f - fR m 
0- (N+11 

where m is the harmonic number, and N is the programmed 
counter modulus. For a range of 1 ~ N ~ 255, the circuit of 
Figure 19 can produce 2550 different frequencies from a 
single fixed reference. ' 

One particular applic~tion of the circuit of Figure 25 is 
generating frequencies: which are not harmonically related 
to a reference input. Forexample, by choosing the.external 
RC to set m = 10 andsettjng N = 5, one can obtain 11 100Hz 
output frequency synchronized to 60Hz power, .line 
frequency. See Figu;e 29. 
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FIGURE 27: Typical Pull-In Range for 
Harmonic ·Synch ronization 
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8260 APPLICATIONS 

, The 8260 provides a ,convenient method of gerlerating 
accurate long' delays where the inputs are programmed in 
terms of seconds, minutes and hours, An example of this is 
the 100 hour timer shown in Fig. 28. The 8260 on the right 
uses the carryout ga,te to generate a one second clock from a 
60 hertz line source. The diodes on the time base input rectify 
the input signal and alternately clamp and release the 
internal pull up resistor at pin 14. Theinput network depends 
on the amplitude of 60 Hertz signal available. The:internal 
oscillators are disabled with a 1Kresistortb ground at pin 13. 
The second and third 8260's are programmablewiththumb
wheel switches up to 59 seconds and 59 minutes. The 
carryout of each divider drives the next counter.An 8250 was 
chosen as the final stage to give a maximum count of 99 
hours. All Reset pins are tied together and back to the 10K 
output pull up at the thumbwheel switches. The timing cycle 
begins by closing the push button to pulse the trigger inputs 
which are also tied together. The" output is a normally high, 
voltagewhichgoe910w when tr,iggered. The output will stay 

r--~-~-LED DISPLAY --'---'-----, 

low until the counters reach the time programmed at the 
thumbwheel switches, At that time the output returns to the 
high state and resets all the counter~. 

Soine applications require monitoring of the continuing 
count. The I ntersillCM7045 (or 7208) provides a counter chip 
plus direct drive to seven segment LED displays. The counter 
can be reset from the 8260 (or 8250) timer after the, 
programm!9d count is reached. 

The timing resolution can be increased to hundredths of a 
, second by substituting 8250's for the initial stages and using 
the 60 Hertz line to generate a 100 Hertz clock. ,This was 
shown in Figure 25 under synthesis with harmonic locking. 
See Figure 29. 

For applications with no 60 Hertz signal available the Intersil 
ICM7049 is recommended. This part works with a 4Mhz 
quartz crystal to generate a very stable one pulse per second 
clock frequency. See Figure 30. 

INTERSIL 
ICM7045 

TO START PULSE 

RESET 

r--~--":'-----":'- THUMBWHEEL SWITCHES ----------, v+ 
HOURS MINUTES SECONDS 

fD) SWITCH 10K v+ 

tIJ illl-=CO=MMO:.:..:-N --+--I ~ill r----.---J ~ illl---,-----'----'---+---------+'-,--Q' ~ , 

v+ 
or-~ 

..J1- START 

FIGURE 28: Programmable 100 Hour Timer with Display 
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TRIGGER 

Jl....; 

O~OIL 

+5V 

lOOK 

v+ 
.12V ~ 1.8V o----+..-I::J 80----;-----, XTL-

4. 194,304MHz 
2 ICM 70---.__--1 

7049 

TO PIN 14 '~-----o 5 
8260 1-4 __ --' 

TO 8260 
SECONDS~4-+---4-~ 
COUNTER 100Hz 

OUTPUT 

5.1K 

I 500pF 

'~E PER SECOND 

3l.2msec 

FIGURE 29: Front End for High R!lsolution Ti~er 

STAIRCASE GENERATOR 
The open collector outputs of the 8240/50/60 counter stages 
are useful in .several applications where digitally sequenced 
switches are needed: .one exaniple is the staircase generator 
,of Figure 31. In this circuit an array of resistors is switched to 
ground to generate binary (or BCD) weighted currents.'The 
op amp converts these currents to an output voltage. Under 
reset condition the switches are off and the output is at 

V+ 

R 

FIGURE 30: Intersil 7049 CMOS 1 Second Reference Oscillator 

ground. When a trigger is applied the output goes to VREF 

and generates a negative going staircase of 256 (or 100) 
levels. The time duration of each stop is equal to the time 
base period (T = RC). The amplitude of the staircase can be 
varied by changing the input reference voltage. The 
staircase can be stopped at any desired level by applying a 
"disable" signal to pin 14 as shown. 

ENABLE 

'.J: 
DISABLE 

r-----------o~ TRIG~ER 

.--_---0, -IL RESET 

l28R 32R BR '2R R 
64R l6R 4R 

[ BOR 20R], 
40R lOR ' 

FOR B250 

+10~r\, ~ 

o'"'"'J "'-cJ_ " 
~' OV 

FIGURE 31: Staircase Generator 
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DIGITAL SAMPLE AND HOLD 

O~OIL 

6-18 

By adding a comparator and RS flip flop to the staircase 
circuit we obtain the digital sample and hold shown in Figure 
32. When a "strobe" input is applied, the 8240/8250 is first 
reset and then triggered through the small RC at pin 11 which 
delays the strobe signal. The strobe also sets the flip flop 
which in turn enables the counteryiapin 14. The op amp 
goes to the high state and begins to count down at a rate set 

S250 

[
SOR1 12BR 
40R 64 R >--,\AA"-{ 

20Rj 32R ......... VV\,,-< 
10R 16Ro--vv\,,-< 

SR ......... VV\,,-< 
4R ......... VV\,,-< 
2R~I/VIr-l 

. R '--'\/VV----LjL_...!!J-l 

by the counter time base. When the op amp output reaches 
the analog input to be sampled; the comparator switches, 
resetting the flip flop and stops the cou'~t.The op amp output 
will accurately hold the sampled value until the next strobe 
pulse is applied. If thE! 8240/50 time base is set as shown, the 
maximum acquisition time would be 256 (or 100) times .01 
msec, or approximately 2.6 msec. 

RESET 

SET 

R 
STROBE INPUT 

. FIGURE.32: Digital Sample and Hold 

ANALOG TO\DIGITAL CONVERTER 
Figure 33 shows an 8 bit binary (8240) or 2 digit BCD (8250) 
AID converter using the staircase scheme of Figure 31. The. 
operation is similar to the digital sample and hold of Figure 
32 except digital outputs are taken off the counter output 
taps. In this circuit an input strobe pulse first resets then 
triggers the 8240/50 and sets the flip flop which enables the 
counter. The staircase from the op amp counts down until it 

reaches the analog input, at which time the comparator 
resets the flip flop and stops the count. The digital word at . 
the 8 outputs is the. complementary binary (or BCD) 
equivalent of the 'analog input. The maximum conversion 
tirne is again approximately 2.6 msec. The Q flip flop output 
is convenient to use as a data ready flag since its output goes 
high whef) the. conversion is complete. 
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~ :~~!~~t~~t-... +-_-"---{",11---'..F'ffiDr--., I SET 
, I 
I... ______ ...J 
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COMPLEMENTARY 

BINARY OR BCD 

- . DATA 
UREADY 

:JL 
STROBE INPUT 

FIGURE 33: Analog-To-Digital Converter 
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PACKAGE DIMENSIONS 

16 PIN CERAMIC DIP (DE) 

.100(2.54)TYP H -j r .023(.584)TYP [::::] 
.375 1 ~ ~ ~ ~ ~ ~ 1 

(9.53) [---.765(19.4) ~ .115 
I-- NOM~ (2.92) 
I- (6~~~)-I· .040 TYP 
I I (1.02) ~., 

" . ,,1~~ 
-11- (:~~~) - b,;oLANE -I h rI. ~ .130 

TYP MAX cJ!1!lTYP .060 TYP (3.30) 

16 PIN PLASTIC DIP (PE) 

~ r- (5.97)-1 

1 
.010 

.. ,/ (.254) 
-,~ TVP 

I-- .300-
(7.62) 
NOM 

(.457) (1.52) TYP 

. . .092(2.34) 
H-:-10i!l2.14f . -I r .020(.508) 

,~,~:,[:: : : ] . 

1' ___ . .760(19.3) _ -------+1' r .765(19.4) 
.130 

.040 --

~~1 
1·11- , r~ W .180 

.020 . .060 (4.57) 
(.508) TYP (1.52) TYP MAX 

01 , 
• J 
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FEATURES 
• Exact equivalent in most cases for SE/NE555 or 556 

or the 355. 
• Low Supply Current 80J.lA Typ. (ICM7555) , 

160J.lA Typ. (ICM7556) 
• Extremely low trigger, threshold and reset 

currents - 20pA Typical 
• High speed operation - 500 kHz guaranteed 
• Wide operation supply voltage range guaranteed 

2 to 18 volts 
• Well behaved Reset function - No crowbarring of 

supply during output transition. 
• Can be u'sed with higher impedance timing elements 

than regular 555/6 for longer RC time constants. 
• Timing from microseconds through "ours 
• Operates in both astable and monostable modes 
• Adjustable duty cycle 
• High output source/sink driver-can drive 

TTL/CMOS 
• Typical temperature stability of 0.005% per ° C at 

25°C 
• Normally on and normally off output with very low 

offsets 
• Completely stalic protected - no special handling 

considerations. 

APPLICATIONS 

• Precision Timing 
• Pulse Generation 
• Sequential Timing 
• Time Delay Generation 
• Pulse Width Modulation 
• Pulse Position Modulation 
• Missing Pulse Detector 

ORDERING INFORMATION 

ORDER TEMPERATURE 
PACKAGE 

PART NUMBER RANGE 

ICM75551PA -20 to 70' C 8 Lead MiniDip 
ICM75551TY -20 to 70' C TO-99 Can 
ICM7555MTY --55 to +125'C TO-99 Can 
ICM75561PD -20 to +70'C 14 Lead Plastic DIP 
ICM7556MDD --55 to +125'C 14 Lead Ceramic DIP 

ICM7555D DICE 
ICM7556D DICE 

ICM7555 
Low Power General Purpose Timer 

ICM7556 
Low Power Dual Timer 

(High Performance Equivalents 
of the 555, 556, and 355 timers) 

. GENERAL DESCRIPTION 
The ICM7555/6 are CMOS RC timers providing significantly 
improved performance over the standard SE/NE555/6 and 
355 timers, whileat the same time being direct replacements 
'for those devices in most applications. Improved parameters 
include the low supply current, wide operating supply 
voltage range, low THRESHOLD, TRIGGER and RESET 
currents, no crowbarring of the supply current during any 
output transition,higher frequency performance and no 
requirement to decouple CONTROL VOLTAGE for stable 
operation. 

Specifically, the ICM7\555/6 are stable controllers capable of 
producing accurate time delays or frequency. The ICM7556 
is a dual ICM7555, with the two timers operating indepen
dently of one another, sharing only V+IVcc) and V-IGNDl. In the. 
time delay one shot mode of operation for each circuit, the 
time is precisely controlled by one external resistor and 
capacitor. For astable operation as an oscillator, the free 
running frequency and the duty cycle are both accurately 
controlled by two external resistors and one capacitor, 
unlike the regular bipolar 555/6 devices,which also requires 
the CONTROL VOLTAGE terminal to be decouple.d with a 
capacitor to prevent multiple output glitching during a 
transition. The circuits are triggered and reset on falling 
Inegative) waveforms, and the output inverter can source or ~ 

sink large currents to drive TTL loads or provide minimal 
offsets to drive CMOS loads. 

PIN CONFIGURATIONS (Top View) 

ICM7555 

ICM7556 

v (GNO) 

DISCHARGE 

THRESHOLD 2 
CONTROL 
VOLTAGE 

RESET 4 

OUTPUT 

TO-99 . 

8-PIN DIP 

THRESHOLD 
CONTROL 
VOLTAGE 

13 DISCHARGE 

12 THRESHOLD 
CONTROL 
VOLTAGE 

TRIGGER OUTPUT 

V-(GND) 7 8 TRIGGER 
- ... --....1 



ICM7 555/1CM7 556 
ABSOLUTE MAXIMUM RATINGS (NOTE 1) 

(Note 2) Threshold 
Reset 

+18 Volts 
:S;V++0.3V 

to 2: V- -{).3V 

Supply Voltage V+-V-) 

Input Voltage 1 Trigger 

Control Voltage 
Output Current ................................. 100 mA 
Power Dissipation (Note 3) ICM7556 ............ 300 mW 

ICM7555 ............ 200 mW 

Operating Temperature Range 
ICM75551PA ............ -20°Cto+70°C 
ICM75551TY ............ -20°Cto+70°C 
ICM75561PD ............ -20°Cto+70°C 
ICM7555MTY ......... -55°Cto+125°C 
ICM7556MDD ......... -65°Cto+150°C 

Storage Temperature ................ ' .. '-65° C to +150° C 
Lead Temperature (Soldering 60 Seconds) ........ +300° C 

OPERATING CHARACTERISTICS (TA = 25°C,V+-V- = +2 to +15 Volts unless other specified) , 
VALUE 

PARAMETER TEST CONDITIONS MIN TYP MAX UNITS 
Supply Voltage -20°C S TA S +70°C 2 18 

-55°C S TA S +125° C 3 16 
V 

Supply Current ICM7555 V,_vc = 2V 60 200 
, , (Note 4) V'-V-= 18V 120 300 

/iA 
Supply Current ICM7556 V'-V' = 2V 120 400 

(Note 4) V'-V' = 18V 240 600 

Timing Error RA. RB = lk to lOOk 
(Note 5) C = O.I/iF 
Initial Accuracy 2.0 % 
Drift with Temperature 50 ppm/oC 
Drift with Supply Voltage V'-V- = 5V 1.0 %/Volt 

Threshold Voltage 2/3IV~V'} 
V 

Trigger Voltage' 1/3IV~V'} 

Trigger Current V'-V- = 18V 50 
V'-V- = 5V 10 
V'-V- = 2V '. 1 

Threshold Current V'-V' = 18V 50 
V'-V- = 5V 10 pA 
V'-V- = 2V 1 

.. 
Reset Current VRESET = V- V'-V' = 18V 100 

V'-V- = 5V 20 
V'-V' = 2V 2 

Reset Voltage V'-V- = 18V 0.4 0.7 1.0 
V'-V- = 2V 0.4 0.7 1.0 

Control Voltage Lead 2/3(V'-V'} 
V 

Output Voltage Drop Output Lo V'-V' = 18V ISINK = 3.2mA 0.1 0.4 
V'-V' = 5V ISINK = 3.2mA 0.15 0.4 

Output Hi V'-V' = 18V ISOURCE = 1.0mA 17.6 17.25 
V'-V' = 5V ISOURCE = 1.0mA 4.0 4.5 

Rise Time of Output RL = 10Mohms CL = 7pF V'-V- = 5V 40.0 
nS 

Fall Time of Output RL = 10Mohms CL = 7pF \ V',V- = 5V 40.0 

Guaranteed Max Osc Freq Astable Operlltion 500 kHz 

NOTES: 
1. Absolute Maximum ratings define stress limitations which, if exceeded, may permanently damage the device. These ratings may not be 
continuous. duty ratings. For continuous operation these devices must be operated under the conditions defined under "OPERATING 
CHARACTERISTICS." 
2. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greaterttian V' 
+O.3V or less than V- -o.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sources not 
operating frpm the same power supply be applied to the device before its power supply is established. In multiple systems, the supply of the 
ICM7555/6 must be turned on first. 
3. Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Below 125°C power 
dissipation may be increased to 300mW at 25°C. Derating factor is approximately 3mW;oC (7556) or 2mW/oC (7555). 
4. The supply current value is essentially independent of the TRIGGER, THRESHOLD and RESET voltages. 
5. For supply. voltages between 5 and 15 volts. 
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ICM7555/1CM7556 
TYPICAL CHARACTERISTICS 
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REQUIRED FOR TRIGGERING .. 

1200 

1100 I f. 
, en 1000 

s. 900 

~' 800 

j 700 
w 

TA = 25°C 'I 

I 
V 
II ~. 600 

::> 
a. 500 
:& 
::> 400 
:& 
i 300 

i' 200 

100 

/ 
'/I 

Y' 'Y-- 2,,/ f/ 
J....-1'A 

Y·-V--~Y··.Y--1IiY 

I I I. I 
o .. 0.1 ,0.2 0.3 0.4 

lOWEST VOLTAGE LEVEL OF TRIGGER PULSE - X{V"- V ) 

c 

OUTPUT SINK CURRENT AS A 
FUNCTION OF OUTPUT VOLTAGE 

100 
rA - -20°C I A'" I III 

,g y._y. '" 18V r+ls~L E 
.... 10.0 

ill 
0:. 
0: 

il 
~ 
iii 1. 

,/ 

/ 

1/ 
-+ 

V· V -2V r-
V 

!; 
.j!: 

0/ 

.::> 
o 

O. 1 
0.01 0.1 . 1.0 , 10.0 

OUTPUT LOW VOLTAGE VOL 

NORMALIZED FREQUENCY STABILITY 
IN THE ASTABLE MODE AS A 

FUNCTION OF SUPPL YVOL TAGE ' 

l +8 

Z 
+8 0 

;:: 
:5 +. 
~ 
0 

t +2 
Z 
W 
::> 0 

lil 
If -2 

e 
!:! -4 

TA '" S'C 

I \ 
\ 

f "-
RA '" Rs '" 10MU 

~ 
C = 100pF 

RA'" Re ~ 10kH 

IYil"" \ 

III Ii:., 1.0 10,0 
SUPPLY VOLTAGE (V' - y.) 

100.0 

6-22 

NORMALIZED FREQUENCY STABILITY 
IN THE ASTABLE MODE AS A 

FUNCTION OF TEMPERATURE 
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ICM7S'S5/ICM7SS6 
APPLICATION NOTES 
GENERAL 
The ICM7555/6 devices are, in most instances, direct 
replacements for the NE/SE 555/6 devices. However, it is 
possible to effect economics in the external component 
count using the ICM7555/6. In general because the bipolar 
555/6 devices produce large crowbar currents in the output 
driver, it is necessary to decouple the power supply lines with 
a good capacitor close to the device. The current transient is 
shown in Figure 2. 

500 

400 

'" ~ 300 
I-

ffi 
a: 
§ 200 
U 

~ .. 
~ 100 

'" 

TA"'25°C 

A 
VSEINE5S5 

\ 
,)\CM7555/56 

200 400 600 800 
TIME -nS 

Figure 2: Supply Current Transient lor a Standard Bipolar 555 
During an Output Transition 

The ICM7555/6 produces supply currentspikes of only 2-3 
mA instead of 300-400 mA and supply decoupling' is 
normally not necessary. Secondly, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS 
comparators on chip are very high. THUS, FOR MANY 
APPLICATIONS 2 CAPACITORS CAN BE SAVED USING 
AN ICM7555 AND 3 CAPACITORS WITH AN ICM7556. 

POWER SUPPLY CONSIDERATIONS 
Although the supply current consumed by the ICM7555/6 
devices is very low, the total system supply can be high 
unless the timing components are high impedance. 
Therefore, use high values for RA and RB and low values for C 
in Figures 3 and 4. 

OUTPUT DRIVE CAPABILITY 
The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply 
voltages will equal the supply voltage. At a supply voltageof 
4.5 volts or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 

ASTABLE OPERATION 
The circuit can be connected to trigger itself and free run as a 
multivibrator. The external capaCitor charges through RA 
and RB and discharges through RB only. Thus the duty cycle 
may be precisely set by the ratio of these two resistors. In this 
mode of operation, the capacitor charges and discharges 
between 1/3 and 2/3 (V+-V-), As in the triggered mode, the 
charge and discharge times, and therefore the frequency, 
are essentially independent of the supply voltage. 
The frequency of oscillation is given by: 

1 1.46 
f = t = IRA +2 RB)C 

OUTPUT 

RESET V· 5 ------.., 
L-__ --' : 

2V:.: (V' V-):'O lav 

Figure 3: Astable Operation 

MONOSTABLE OPERATION 

I OPTIONAL 
J,:APACITOR .,... 
b V-(GNO) 

I n this mode of operation, the timer functions as a one-shot. 
Initially the external capaCitor (C) is held discharged by a 
transistor inside the timer. Upon application of a negative 
trigger pulse to pin 2, the flip flop is set which releases the 
short circuit across the external capacitor and drives the 
output high. The voltage across the capaCitor now increases 
exponentially with a time constant 'Y = RAC. When .the 
voltage across the capacitor equals 2/3 IV+ - V-), the 
comparator resets the flip flop, which in turn discharges the 
capacitor rapidly and also drives the output to its low state'. 

Y-(GND) 

"t- TRIGGER 

.Jl... OUTPUT 

2' (V' Y-)'-, laY 

V· T = 0.69 RC 

RA 

6 THRESHOLD 
CONTROL 

5 V.QI:!~GE 
L-__ --I : 

OPTIONAL .J.. 
CAPACITOR -r-

V-(GND)6 

Figure 4: Monostable Operation 

CONTROL VOLTAGE 
The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the' applied 
voltage. In the monostable mode, delay times can be QI 
changed bY, varying the applied voltage to the CONTROL 
VOLTAGE pin. . , I 

'RESET 
The RESET terminal, is designed to have essentially the same 
trip voltage asthe standard bipolar 555/6, i.e. 0.6 to 0.7 volts. 
At all supply voltages V- to V+ it represents an extremely 
high input impedance IMohms), The mode of operation of 
the RESET function is, however, much improved over the 
standard bipolar 555/6 in that it controls only the internal flip 
flop, which in turn controls simultaneously the state of the 
OUTPUT and DISCHARGE pins. However, with the 555/6 
the situation is much more complex and undesirable. When the 
RESET pin is slowly taken negatively through its trip voltage, 
the DISCHARGE terminal is initially partially turned on. 
Then the internal flip flop has its state changed. Finally the 
OUTPUT and the DISCHARGE pins are put into low 
impedance "LOW" states. 
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.ICM7555/1CM7556 
EQUIVALENT CIRCUIT 

BLOCK DIAGRAM 

5<>----'----:+ 
CONTAOL 
VOLTAGE 

TRIGGER 

OUTPUT 
DRIVERS 

~DISCHARGE 

V~1 '" 

v' 

·OUTPUT . , 

This block diagram reduces the circuitry down to its simplest equivalent components. 

TRUTH TABLE 

... 

THRESHOLD TRIGGER 
RESET OUTPUT DISCHARGE 

VOLTAGE VOLTAGE ·'SWITCH 

DON'T CARE DONTCARE LOW LOW ON 
>2/3(V+-V-) >2/3(V+ ~V-) HIGH LOW ON 
1/3<VTH<213 1/3<VTH<2/3 HIGH ? ? 
<1 13(V+ ~V-) <1/3(V+-V-) HIGH ' HIGH OFF 
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ICM7555/1CM7556 
PACKAGE OUTLINES 

TO-99 PACKAGE 

Bouom'Vlew 

" '3~09h" , ',~,(9.144) 
I-- .32'5' 

. 1..:- (8.255). , ' : . 

'040~ (1.016) . .'" .ltO 

'---±- .' (4.3r) . 

SEATING. , '. t 
PLANE ~ .500 ~'N 

.LEADs-DO o· nn .' (12,7) 
.017, TYPICAL , . ,UU-----L 

(M32) 

14 PIN HERMETIC DUAL-IN-LINE PACKAGE 

~[: :::: :1 
1 .765 1 • (19.431) • 

,055 .135 
(1.397) (3.429) 

I 

A '~+ . . T L~ ~ ~. ~ . U U. U (;~;;,) 
, L .300 ---I ~ '-- ,015 MIN L-L-

1-(7.S2) 'III' (0.381) 1- -I 

NOTES 1 All leads gold plated KOVAR 
2 All dimensions In Inches (mm) 

CHIP TOPOGRAPHIES 

ICM7555 

CONTROL RESET OUTPUT 
VOLTAGE \ , / 

'----5 4 3/ 

V' (Vee) 8 

I .047'" I 
. r-(1.19mm)--, 

2 TRIGGER 

1 V (GND) 

D~OIl. 

8 LEAD PLASTIC DIP 

t'D"" .310:±: .005 

(7,874 1".,27) ..' . '.' 

L .38Q':±: .010 --l 
.250 ± .002 r (9.652 ± O.254) -I 

(6.35 ± 0.050) 

~ .0&5 .020' 

Ai' '+~) . '~'. ~~~~O) 
L -..l .040 TYP 

1(8::~: ~ Q~:!5) I '~~~1~~~ (1.016) 

14 PIN PLASTIC DUAL,IN-LINE PACKAGE 

I.::: ::: :1 . r (~2~~) --I I (;~5005) ·1 
It 210:11 ,055(3~:i9) 

r"1~'I~! r~ ~'. ~ . ~ ~ ~ ~ (3.302) 

t 
.050" 

(1.27mm) 

CONTROL 11 
VOLTAGE 

THRESHOLD ,12 

--.I '-- .018 L-L- .100 
-11- (0.457). 1- 'I (2.54) 

ICM7556 

V (GND) 

TRIGGER \ .TRIGGER 

,"----. 7 S~ 

5 OUTPUT 

4 RESET 

3 ~g~::~i 

2 THRESHOLD 
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FEATURES 
• Timing From Microseconds Through Hours 

555 
Precision Timer 

GENERAL DESCRIPTION 

• Operates In Both Astable And Monostable Modes 
The NE/SE 555 monolithic timing circuit is a highly stable 
controller capable of producing accurate time delays, or 
oscillation. Additional terminals are provided for triggering 
or resetting if desired. In the time delay mode ofoperation, 
the time is preCisely controlled by one external resistor and 
capacitor. For a stable operation as an oscillator, the free 
running frequency ;;Ind the duty cyc:le .are both. accurately 
conttolledwith two external resistors and one capacitor. The 
circuit may be triggered and reset on falling waveforms, and 
the output structure can source or sink large currents or . 
drive TTL circuits. 

• Adjustable Duty Cycle 
• High Current Output Can Source Or Sink 200mA 
• Output Can Drive TTL 
• Temperature Stability Of 0.005% Per 0 C . 
• Normally On And Normally Off Output 

APPLICATIONS 
• Precision Timing 
• Pulse Generation 
• Sequential Timing 
• Time Delay Generation 
• Pulse Widih Modulation 
• Pulse Position Modulation 
• Missing Pulse Detector 

BLOCK DIAGRAM EQUIVALENT CIRCUIT 

Vee 

ORDERING INFORMATION 

TYPE 
555 
555 
555 

555 

", 
10K 

2 __ -+---+-~ 
TRIGGER 

PART 
NUMBER 
NE555 V 
NE555 T 
SE555 V 

SE555 T 

TEMPERATURE 
RANGE 

DOC to 7Doe 

-55°C to 125°C 

PACKAGE 
8 Pin DIP 

TO-99 
14 Pin 

Hermetic DIP 
TO-99 

FM 
5 



555 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ..............•........................................... +18V 
pqwer Dissipation ..................................................... 600mW 
Operating Temperature Range 

NE555 ......................................................... O°C to +70°C 
SE555 ...................................................... -55°C to +125°C 

Storage Temperature Range ................................... -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) .............................. +300°C 

ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: TA = 25°C, Vee = +5V to +15 unless otherwise specified 

PARAMETER TEST CONDITIONS 
Supply Voltage 
Supply Current Vee - 5V RL - <Xl 

Vee = 15V RL = <Xl 

Low State, Note 1 
Timing Error RA, RB - 1 kll to 100kH 

Initial Accuracy C = 0.11'F Note 2 
Drift with Temperature 
Drift with Supply Voltage 

Threshold Voltage 
Trigger Vciltage Vee = 15V 

Vee = 5V 
Trigger Current 
Reset Voltage 
Reset Current 
Threshold Current Note 3 
Control Voltage. Level Vee = 15V 

Vee = 5V 
Output Voltage Drop (low) Vee - 15V 

ISINK - 10mA 
ISINK = 50mA 
ISINK - 100mA 
ISINK - 200mA 
Vee = 5V 
ISINK = 8mA 
ISINK - 5mA 

Output Voltage Drop (high) 
IsouReE = 200mA 
Vee - 15V 
IsouReE - 100mA . 
Vee - 15V 
Vec= 5V 

Rise Time. of Output 
Fall Time of Output 

NOTE 1: Supply Current when output high typically 1 mA less. 
NOTE 2: Tested atVcc = 5V and Vcc = 15V. 

SE555 
MIN TYP MAX 
4.5 18 

3 5 
10 12 

0.5 2 
30 1O0 

0.005 0.02 
2/3 

4.8 5 5.2 
1.45 1.67 1.9 

0.5 
0.4 0.7 1.0 

0.1 • 
0.1 .25 

9.6 10 10.4 
2.9 3.33 3.8 

0.1 0.15 
0.4 0.5 
2.0 2.2 
2.5 

0.1 0.25 

12.5 

13.0 13.3 
3.0 3.3 

100 
100 

NE555 
MIN TYP 
4.5 

3 
10 

1 
50 

0.01 
2/3 
5 

1.67 
0.5 

0.4 0.7 
0.1 
0.1 

9.0 10 
2.6 3.33 

0.1 
0.4 
2.0 
2.5 

.25 

12.5 

12.75 13.3 
2.75 3.3 

100 
100 

NOTE 3: This will determine the maximum value of .RA + Rs. For 15V operation, the max. total R ='20 megohm. 

MAX UNITS 
16 V 
6 
15 mA 

% 
ppm/DC 
%/volt 
X Vee 

V 

I'A 
1.0 V 

mA 
.25 I'A 
11 
4 

.25 

.75 
2.5 

V 

.35 

(I 
I 

nsec 

. 
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555 
TYPICAL CHARACTERISTICS 
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555 
APPLICATION INFORMATION 
MONOSTABLE OPERATION 

+vcc (S TO lSVI 

TRIGGER 
INPUT 

RESET ---

4 B. 

U 2 7!-_----; 

6 

'-----<>--.., 3 .S 
OUTPUT 

JC 
CONTROL 
VOLTAGE 

I,01/.lF 

In this mode of operation, the timer functions as a one-shot. 
Initially the external capacitor Ie) is held discharged' by a 
transistor inside the timer. Upon application of a negative 
trigger pulse to pin 2, the flip-flop is set which releases the 
short circuit across the. external capacitor and drives the 

ASTABLE OPERATION 
+VCC (S TO lSVI 

RL 

4 

3 
OUTPUT 

S 

o.o~ pF r 
B 

7 

I C 

The circuit can also be connected so as to trigger itself and 
free run as a multivibrator. The external capacitor charges 
through RA and Rs and discharges through Rs only. Thus the 
duty cycle may be precisely set by the ratio of these two 
resistors. In this mode of operation, the capacitor charges 
and discharges between 1/3 Vee and 2/3 Vee. As in the 

u.. 
:::!. 
I 

w 
o z « 
I-
o « 

TIME DELAY 
VS RA. Rs AND C 

~ 0.011--rl---A---,4-~l-----+-'-'---l 
o 

10 100 1 10 100 1 10 
pSEC f.lSEC MSEC MSECMSEC SEC SEC 

TIME DELAY . 

output high. The voltage across the capacitor, now, 
increases exponentially with the time constant; RAe. When 
the voltage across the capacitor equals 2/3 Vee, the 
comparator resets the flip-flop which in turn discharges the 
capacitor rapidly and drives the output to its low state. 

FREE RUNNING FREQUENCY 
VS RA. Rs AND C 

u.. 10 I'<--f ..... -t'..--""i"<-t--.,--j 
:::!. 
·1 
w 
o z « 
I-
o « 
Il. 

0.1 

5 0.01 

0.001 L---L_...I..._..A-_lIo.;..--I::I>-....J 
0.1 10 100 1 10 100 
Hz Hz Hz Hz KHz KHz KHz 

FREE RUNNING FREQUENCY 

triggered mode, the charge and discharge times, and 
therefore the frequency are independent of the supply 
voltage. 

1 1.46 
The frequency of oscillation is given by: f T _ (RA+ 2Rs) e 

PIN CONFIGURATIONS 
8-PIN DIP 14-PIN HERMETIC DIP TO-99 

GROUND VCC 
VCC 

GROUNDOB VCC 
TRIGGER 2· .7 DISCHARGE 

OUTPUT 3 6 THRESHOLD 

RESET 4 S eg~~:g~ 

TRIGGER DISCHARGE 

OUTPUT THRESHOLD 

RESET 
CONTROL 

2 VOLTAGE TRIGGER 

NC NC 
6 THRESHOLD 

NC NC 

NC NC RESET 
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FEATURES 
• Timing from Microseconds to Hours 
• Replaces Two 555 Timers 
• Operates .inBoth Astable, Monostable, Time Delay 

Modes 
• High Output Current 
• Adjustable Duty Cycle 
• TTL Compatible . 
• Temperature Stability of 0.005% per ° C 

APPLICATIONS 
• Precision Timing 
• Sequential Timing 
• Pulse Shaping 
• Pulse Generator 
• Missing Pulse Detector 
• Tone Burst Generator 
• Pulse Width Modulation. 
• Time Delay Generator 
• Frequency Division 
• Industrial Controls 
• Pulse Position Modulation 
• Appliance Timing 
• Traffic Light Control 
• Touch Tone Encoder 

BLOCK DIAGRAM 

DISCHARGE 

~ 
THRESHOLD 

CONTROL 
VOLTAGE 

RESET 

OUTPUT 

TRIGGER 

GROUND 

556 
Dual Precision Timer 

GENERAL DESCRIPTION 
The NE/SE556 Dual Monolithic timing circ;uit is a highly 
stable controller capable of producing accurate time delays 
or oscillation. The 556 is a dual 555. Timing is provided by an 
external resistor and capacitor for each timingfunction. The 
two timers operate independently of eachothersharing only 
Vee and ground. The circuits may be triggered and reset on 
falling waveforms. The output structures may sink or source 
150mA. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .......... : ..... , .................. +18V 
Power Dissipation ..... , .....•................... 800mW 
Operating Temperature Range NE556 ..... O°C to +70°C 

SE556 ,,-55°Cto+125°C 
SE556C . -55°C to +125°C 

Storage Temperature Range ............ -65°'C to'+150°C 
Lead Temperature ISoldering, 60 sec) ............ +300° C 
. Derate linearly at 6.5mV!" C above ambient temperature of 75° C, 

Power Diss!pation' 

PIN CONFIGURATION 

Vcc 

DISCHARGE 
DISCHARGE vcc 

THRESHOLD THRESHOLD DISCHARGE 

CONTROL 
CONTROL 

THRESHOLD 
VOLTAGE 

VOLTAGE 

RESET RESET CONTROL 
VOLTAGE 

OUTPUT RESET 

TRIGGER OUTPUT 

OUTPUT GROUND TRIGGER 

TRIGGER 

ORDER NO.: SE556A, NE556A 



556 
ELECTRICAL CHARACTERISTICS 
TEST CONDITIONS: TA = 25°C, Vee = +5V to +15 unless otherwise specified 

., 
.. SE556 NE556 
PARAMETER TEST CONDITIONS MIN TYP MAX MIN TYP MAX UNITS 

Supply Voltage 4.5 18 4.5 16 V 
Supply Current Vee - 5V RL - <Xl 3 5 3 6. 

(each device) Vee - 15V RL - <Xl 10 11 10 14 .mA 
Low State, Note 1 

Timing Error (Monostable) RA = 2Kllto 100Kll 
Initial Accuracy C= O.lMF Note 2 0.5 1.5 0.75 % 
Drift with Temperature 30 100 50 ppm/DC 
Drift wilh.Supply 0.05 0.2 0.1 %Noll 

Voltage 
Timing Error (Astable) RA, Rs - 2Kll to 100Kll 

Initial Accuracy . C = O.lMF Note 2 1.5 2.25 % 
Drift with Tempe~ature 90 .150 ppm/DC 
Drift with Supply 

Voltage 0.15 0.3 %Nolt 
Threshold Voltage 2/3 2/3 X Vee 
Threshold Current Note 3 30 100 30 100 nA 
Trigger Voltage Vee = 15V .' 4.8 5 5.2 5 

Vee = 5V 1.45 1.67 1.9 1.67 V 

Trigger Current 0.5 0.5 MA 
Reset Voltage 0.4 0.7 1.0 0.4 0.7 1.0 V 
Reset Current 0.1 0.1 mA 
Control Voltage Level Vee = 15V 9.6 10 10.4 9.0 10 11 

Vee = 5V 2.9 3.33 3.8 2.6 3.33 4 
Output Voltage (low) Vee = 15V 

ISINK = 10mA 0.1 0.15 0.1 .25 
ISINK = 50mA 0.4 0.5 0.4 .75 
ISINK =.1 OOmA 2.0 2.25 2.0 2.75 
ISINK = 200mA 2.5 2.5 
Vee = 5V 
ISINK = 8mA 0.1 0.25 V 
ISINK - 5mA .25 .35 

Output Voltage (high) 
IsouReE = 200mA 12.5 12.5 
Vec = 15V 
ISOURCE = 100mA 
Vcc = 15V 13.0 13.3 12.75 13.3 
Vcc = 5V 3.0 3.3 2.75 3.3 

Rise Time of Output 100 100 
Fall Time of Output 100 100 

nsec 

Discharge Leakage Current 20 100 20 100 nA 
Matching Characteristics 
. (Note 4) 

Initial Timing Accuracy 0.05 0.1 0.1 0.2 % 
Timing Drift with 

Temperature ±10 ±10 ppm/DC 

Drift with Supply .. '., 

Voltage 0.1 0:2 0.2 0.5 %Nolt 

NOTES: 1. Supply current when output is high is typically 1.0mA less. 
2. Tested at Vee = 5V and Vee ~ 15V. 
3. This will determine the maximum value of RA 1 RB for 15V operation. The maximum total R = 20 meg-ohms. 
4. Matching characteristics refer to the difference between performance characteristics of each timer section. 
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FEATURES , 
• Versatility of applications: precision timer, 4 

stopwatch modes, 24-hour clock . 
• Simple to use: . 

4 controls ! 1. Function 
stopwatch . 2. StarVStop 

timer . 3. Reset 
. 4. Display 

24-hour 5. Rapid Minute Advance 
clock 6. Rapid Hour Advance 

• Total integration: includes oscillator, divider, 
decoder driver on chip 

• Wide operating supply range: 2.5V :::; VDD :::; 4.5V 
• Low operating power consumption: display off typo 

0.9 mW at 3.6V supply 
• High precision-high· frequency operatic,": quartz 

crystal oscillator @ 6.5536 MHz . 
• High output current drive: 15 mA peak current per 

segment;.with 12.5% duty cycle 
• Leading zero suppression: timer stopwatch 

applications 
• Fractional second suppression: 24-hour clock 

application 
• Short duration short circuit protection on all inputs 

and outputs at 3.6V supply (Note 2) 
.. All terminals protected against static charges:.no 

special handling precautions required , 
• Wide operating temperature range: -200 C to +70 0 C 

BLOCK DIAGRAM 
1 LINE TEST 

2 LINES 

~.'.' Voo 

~d., 
[1"" 
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Vss 
,ZENER DIODE HAS TYPICAL BREAKDOWN VOLTAGE OF 6.5V 

ORDERING INFORMATION 

ICM7045 I DI 

~. "L~"k'" . 
. 

. 

(See Outline Drawing) 

Temperature Range 
Industrial: 
-20 to +7()"C 

TYPE ' 

ICM7045 
Complementary'MOS 

Precision Tlmer 

GENERAL DESCRIPTION 
Th~ ICM7045 is a fully integrated .digital timer/stopwatch/ 
24-hour clock circuit made using Intersil's .Iow voltage metal 
gate C-MOS technology. The:oscillator,frequency divicjer, 
multiplexer, decoder, segment and digit output buffers are 
all included on chip. The circuit is designed to interface 
directly with a fully multiplexed seven segment/eight digit· 
common cathode LED display. The nominal supply voltage 
is3.6V, equivalent to a stack of .. three. nickel' cadmium 
rechargeable batteries. The only' external components 
required for a complete stopwatch in addition to the display 
and the batteries are a 6.5536 MHz quartz crystal, a trimming 
capacitor and four switches .. 
The circuit takes the oscillator frequency and divides it in 
sixteen binary stages to a frequency of 100 Hz. Some cifthese 
divider outputs are used to generate the multiplex 
waveforms at a 12.5% duty cycle/800 Hz rate, The 100 Hz 
signal is then processed in the counters which feed into 
latches which in turn are multiplexed into the decoder.The 
counter section spans the range of 1/100 sec. to 24 hours, 
which can be simultaneously displayed on the eight digits 
available. The digit drivers (cathooes) are connected to the 
multiplex lines through zero supression logic, while the 
segment drivers (anodes) are directly connected to the 
decoder outputs . 

.. . 

. PIN CONFIGURATION 

d ANODE 1 

eANODE,3 

VSS{-VI 4 

MINUTES 10 CATH. 5 

MINUTES 1 CATH. fi 

HRS ADVANCE 1 

HRS 10 CATH. B 

START/STOP 9 

HRS 1 CATH. 10 

DISPLAY SW' !1 

STANDARD_,MODE 12 

SPLIT MODE 13 

RALLY MODE- 14 

28 a ANODE 

21 MIN,'ADVANCE 

:/5 fANODE 

25 SEC. 10 CATH. 

24 SEC. 1 CATH. 

2J TEST POINT 

22 SEC. 10THS. CATH. 

21 SEC. 100THS CATH. 

18 gANODE 

11 bANQDE 

lG RESeT 

1~ c ANODE 



ICM7045 
ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Notes 1 and 2) ............................ ; ............. 1W 
Supply Voltage (Voo-Vss) ...................•..•.......•.......• ,' ....•... +s.sv 
Input Voltage ..............• Equal to, but never in excess of the supply voltages 
Output Voltage ...•..... •.... Eq!1al to, but neverin excess of the supply voltages 
Storage Temperature ......................................... -55"C to +125°C 
Operating Temperature ......... , ..................•....•....... -20°C to +70°C 

NOTE: Absolute maximum ratings define parameter limits that if exceeded may permanently 
damage 'or change the device. 

TYPICAL OPERATING CHARACTERISTICS 

O~OIL 

TEST CONDITIONS: IVool - IVssl ,= 3.6V,TA.= 25°C, fosc = 6.5536MHz, test circuit 1 unless otherwise stated. 

PARAMETER SYMBOL CONDITIONS 'MIN TYP MAX UNITS 
Supply Current 100 Display Off 180 2000 p.A 
Instantaneous Supply Current 100 7 Segments 70 105 mA 

1.8V Dropped Across Display 
Instantaneous Supply Current 100 2 Segments Lit 28 42 mA 

1.8V Dropped Across Display 
Operating Voltage . Voo -20°C < TA < 70°C 2.5 4.5 V 
Segment Current Drive 7 Segments Lit, 

1.8V Dropped Across Display, 
12.5% Duty Cycle 

Instantaneous ISEG 10 15 rnA 
Average ISEG 1.25 1.875 mA 

Segment Current Drive 2 Segments Lit, 
1.8V Dropped Across Display, 
12.5% Duty Cycle 

Instantaneous ISEG 14 21 'mA 
Average ISEG 1.75 2.625 mA 

Min. Switch Actuation 
Current Any Switch Isw 50 .. p.A 
Digit Driver Leakage Current ILD 200 p.A 
Segment Driver Leakage Current ILS 

. 
200 p.A 

Typical Oscillator Stability fSTAB 3V :5 Voo:5 4V, CTUNING -15 pF 1.0 ppm 
Max Time for Oscillator to Voo - 3.6V 0.1 sec 
Start t Voo - 2.5V 1.0 sec 
Oscillator Input 
Capacitance .: CIN' 17 pF 

NOTE 1: This value of power dissipation refers to that of the package arid will not be obtained under normal operating conditions. 
NOTE 2: Short Circuit and High Output Drive Considerations: 

The ICM7045 has been designed such that the maximum digit output drive current will not exceed 150 mA when used with any 
conventional LED displays and a fully charged stack of three nickel cadmium cells. If the 150 mA is exceeded for any extended 
duration of time, damage may result to the device. 
It is, therefore, recommended that if the ICM7045 is to be used under conditions where the digit output drive could exceed 150 mA
high voltage operation at 5V for example - that additional external current limiting resistors be included in series with the LED display 
(segment lines!. • 
If the digit outputs are short circuited to the positive supply (3.6Vlthe short circuit current will be approximately 300 mAo Thiswill not 
damage the device momentarily. Unless thisshort circuit condition is immediately removed probable device failure will occur from 
extended time periods of short circuit operation. 
Consult the factory if questions arise on your output drive requirements. 
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,ICM7045 
TYPI'CAL OPERATING CHARACTERISTICS 

PEAK SEGMENT 
CURRENT DRIVE OSCILLATOR STABILITY 

ASA FUNCTION OF 
SUPPLY VOLTAGE 

AS A FUNCTION OF 
DISPLAY VOLTAGE DROP 

z 
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> +0.4 
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~ ~ 0 
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5 -o.S 
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I I I TEST CIRCUIT 1 
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I I I I-m-
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I I I 
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II: 
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~ 2.5 3.0 3.5 4.0 4.5 5.0 ' 

SUPPLV VOLTAGE (VOO-VSS) LED' SEGMENT VOLTAGE DROP (VOLTS) 

TEST CIRCUIT 1: FOUR STOPWATCH MODES 
Quartz Crystal Parameters 
f = 6.5536 MHz (parallel mode frequency) , 
Rs = 40 Ohms (series resistance) 
C, = 15 mpF (motional capacitance) 
Co = 3.5 pF (static package capacitance) 

Hl0 . • 
HI 

b il-:-/b l-I c 
r-- d °l:-/c C;:I r--- 0 

r--f 

~g 

MID Ml 

l-I 
l-I 

l-I 
l-I 

PEAK SEGMENT 
CURRENT AS A 
FUNCTION OF 

SUPPLY VOLTAGE 
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TeST CI RCUIT 1 
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2.5 3,0 3.5 4.0 4.5 5.0 

SUPPl y VOLT AG~ (~DO-VSS) 

S10 SI 10THS 

l-I l-I l-I 
l-I II l-I 
'T' 'T' 

I 

-tVl 
1 ~ --;---v-~ U 

,', -----IT fill 
T-Vl 

L-.rr ~ 
" r,;i 

J- l, N,cl,' 

~ r--' 
" 

~ ~ 
~ ~ 
IT ~' 

ICM7045 F 
~ ~ 
T9 f;oo 

START/STOP. ;:; r--' 
tw 

DISPLAY 
~ r--' 
r,;' ~ 

STANDARD 
~ 

r,;- :ill--~ N.O. 

SUPPLY CURRENT AS 
A FUNCTION OF 

SUPPLY VOLTAGE 

1000 

900 

~ 800 
~ 700 

ffi 600 
.~ 500 

::> 
u 400 

i 300 
~ 200 
,CIl'100 

a 

TA'2S'C I 
TEST CIRCUIT 1 
DISPLAY OFF 

-1-----

2.5 3.0 3.5 4.0 4.5 5.0 

SUPPLV VOLTAG,E IVOO-VSS) 

100THS 

l-I 
'--;1 

II 

/ 
CTUNING 

~9 6.5536 MHz 

b ..fij' E ~ OSEQUENTIALI ~ 

SPLIT ~ is' .=. 

RALLY TOP VIEW 

NOTE: Specify quartz crystal to have nominal frequency value when tuned by a total parallel capacitance value of ,12 pF or less. 
N.O. = Normally Open ' 
N.C. = Normally Closed 
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ICM7045 
FUNCTIONAL OPERATION 
STOPWATCH/TIMER OPERATION 
The control inputs used in the complete stopwatch applica
tion are: (refer to test circuit I for aschematic diagram). 
START/STOP RESET SPLIT 
DISPLAY STANDARD RALLY 

START/STOP and DISPLAY are designed for connection to 
single pole double throw switches to insure operation free of 
contact bounce. 

The switch connected to RESET can be a normally open 
single pole single throw. STANDARD, SPLIT and RALLY are 
control pqints with internal pull down resistors to Vss. These 
are designed to be connected to a rotary function switch 
which will connect no more than one of these points to Voo. 
If STANDARD (SPLIT, RALLY) is connected to Voo, the 
stopwatch is said to be in ,the STANDARD (SPLIT, RALLY) 
mode. If all three are left open, the stopwatch is in the 
SEQUENTIAL mode. 

RESET FUNCTION 
When the stopwatch is turned on, the RESET will normally be 
activated. This puts the stopwatch in a ready condition by: 

1. Resetting all circuitry 
2. Blanking seconds, minutes, hour 
3. Showing; 00 in the fractional seconds position 
4. Turning on the display if it was previously turned off 

O~OIb 

The display of just two zeros in the fractional seconds 
positions gives the complete assurance thatthe stopwatch is 
"ready to go." 

STANDARD MODE 
In the SJANDARD mode, after a reset has taken place, 
START/STOP is activated at time to. The clock and display 
are moving simultaneously. A second activation of START/ 
STOP stops the clock and holds the display at time tTOTAL. 
This completes an event. Fortiming a second event there are 
two options. One is to activate START/STOP at the start of 
the second event. This will momentarily reset the counter 
and display so that the timing of the second event proceeds 
from zero. Another activation of START/STOP stops the 
counter and display at time tTOTAL to end the second event. 
The other option is to activate RESET after the first event is 
over. Then the second event proceeds similarly to the first 
event. As is clear from this description, RESET can be used at . 
any time to reset the stopwatch, including when a timing is in 
progress. The DISPLAY input can be activated to turn the 
display off and on. If the display is off when RESET is 
activated, it will reset and turn on. Turning off the display for 
timing long .events will result in a very substantial power 
saving. 

PAUSE to EVENT NO.1 tTOTAL to EVENT NO.2 tTOTAL 

f---.'~I • f---..o--------I .. f---- •••• 
MANUAL START/STOP START/STOP START/STOP START/STOP 

RESET , 
STARTS HOLDS ( AUTOMATICALLY) HOLDS 

RESETS COUNTER DISPLAY MOMENTARIL.Y DISPLAY 
COUNTERS RE,SETS C?UNTERS , 

DISPLAY 
, 

FOLLOWS STARTS 
BLANKS COUNTER COUNTER 
6 MOST 

SIGNIFICANT 
DIGITS 

BLANKS 

t , 
TURNS ON DISPLAY DISPLAY fOLLOWS 

COUNTE~ 

I P~~~OI .EVENT NO.1 tTOTAL to EVENT NO.2 tTOTAl 

~~~'------~'~,~--------~~I .. ~ •••• 
MANUAL 

RESET 

RESETS 
COUNTERS , 

BLANKS 

t 
TURNS ON 
DISPLAY 

START/STOP 

STARTS 
COUNTER 

START/STOP MANUAL START/STOP START/STOP 
, RESET , , 

HOLDS STARTS HOLDS 
COUNTER RESETS COUNTER COUNTER 

COUNTER 

BLANKS 

"Term momentarily means - that a reset pulse is applied to the circuit during a time interval which is negligeable compared.to the resolution of 
the stopwatch, i.e. 0.01 seconds. 
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ICM7045 
SEQUENTIAL MODE 
The sequential mode oUhe stopwatch is designed for timing 
events consisting of more than one leg (such as relays, 
multilap races, etcJ. After the initial reset.the START/STOP 
is activated at to to start the event. A second activation of 
START/STOP at time t1 stops the display to allow t1 to be 
read out, while the clock resets and starts counting again 
instantaneously. At time t2 an activation of START/STOP 
enters t2 (the time of leg no. 2) into the display. This sequence 
can continue indefinitely. Assuming the total event has N 

legs, the total elapsed time is then equal to the sum of the N 
times read out: 

tTOTAL = t1 +t2 ... + tN 

If itis desired to see the moving clock after a time has been 
recorded, the DISPLAY switch can be activated to release 
the display hold and catch up with the moving clock. The 
display cannot be turned off in the sequential mode. Reset 
can be activated at any time to reset clock and display. 

1----------- EVENT 

PAuse 12 to ' , LEG NO. N tN to 

f----r'~f__--..,..-l_~--. f---:-----I··· ~'~I 
MANUAL 

REseT 
START/STOP ,START/STOP START/STOP STARr/STOP 

t 
STARTS 

COUNTER 
HOLDS 

DISPLAY 

ADVANCES' ADVANCES 

SPLIT MODE 

RESETS 
COUNTERS 

BLANKS 
DISPLAY 

, 
DISPLAY 
FOLLOWS 
COUNTER 

tTOTAl IEVENTI "' t1 ... 12" .. ,:.. IN 

• RESETS 
COUNTERS 

t 
STARTS 

COUNT;ER 

The split mode is another mode fortiming multi leg events. In 
contrast to the sequential mode, the timing in the split mode 
is cumulative. From a reset condition, the START/STOP 
switch is activated to to to start the counter and display 
running. A second activation at t1 stops the display so h can 
be read out while the counter continues timing. A third 
activation at t2 advances the display with the total elapsed 

'0 

AND AND 
HOLDS HOLDS 

DISPLAY DISPLAY 

"-

RESETS RESETS 
COUNTERS COUNTERS 

t t 
STARTS STARTS 

COUNTER COUNTER 

time from to 1012 showing. Finally, at time tNthe total elapsed 
time of the eilent is entered in the d,isplay. Thetime of one leg 
of the event can be obtained by subtraction. The display can 
be synchronized to the counter (catch-up function) at any 
time by activating the display switch. To reset the timer, 
activate reset. The display cannot be turned off in the SPLIT 
mode. 

'N 

1----------- EVENT-----------~ 

~'"'US-E--I'---L-E-G-NO-.-' __ tjl __ L_EG_NO_._2 __ • t~~ ••• 1 LEG,'~O. N 

MANUAL 
RESET 

START/STOP START/STOP START/STOP START/STOP 

t 
, 

" , 

RALLY MODE 

RESETS 
COUNTERS 

t 
BLANK 

DISPLAY 

STARTS 
COUNTER 

t 
DISPLAY 
FOLLOWS 
COUNTER 

tTOTAL !EVENT) "" IN 

HOLDS 
DIsPLAY 

t " 
COUNTER 

's 
UNINTERRUPTED 

tLEG NO.1 '= t1 - to 

The rally mode is designed for timing of events with interrup
tions. Consider an N' leg event where the 113gS may be 
separated by intervals which should not be timed. The rally 
mode starts with a RESET. At time to the stopwatch is started 
by activating START/STOP. After this point the RESET 
function is disabled to prevent accidental resets during long 

'0 

ADVANCES 
AND 

HOLDS 
DISPLAY , 

COUNTER 

'S 
UNINTERRUPTED 

tLEG NO. N =tN-tN_1 

ADVANCES 
AND 

HOLDS 
DISPLAY 

COUNTER 
IS . 

UNINTERRUPTED 

tLEG NO.N -tN -tN-1 

timing intervals. At time t1 a START/STOP pulse stops 
counter and display. From hereon each leg time is added to 
the total by a START/STOP pulse at the beginning of the leg 
and at the end. The individual leg times are determined by 
subtraction. The display can be turned on and off with the 
display swi'tch. 

'N 
~-------------------------EVENT __________________________ --i 

I P~~SE _ LEG NO.1 t1 PAUSE t, LEG NO 2 t2 PAUSE t2 LEG N~ N 

r----~}---------I~~I . ·,1 p",--.,,+~~ ••. p' 
1 MANUAL START/STOP START/STOP START/ STOP START/STOP STARTISTOP START/STOP 

~~~": t t t t t t 

COUNTER 
RESETS 

t 
BLANK 

OISl' 

STARTS 
COUNTER 

DISPLAY 
FOLLOWS 
COUNTER 

trOTAL (EVENTj- tN 

COUNTER 
HOLDS 

DISP 
HOLDS 

LEG NO.1 .. t1-tO 

COUNTER COUNTER 
CONTINUES HOLDS 

t 
DISPLAY DISPLAY 
FOLLOWS HOLDS 
COUNTER 

LEG NO. 2- t2-t, 

COUNTER COUNTER 
CONTINUES HOLDS 

t 
DISPLAY DISP 
FOLLOWS HOLDS 
COUNTER 

LEG NO. N" tN - tN_l 



ICM7045 
CLOCK OPERATION 
The control inputs used in a possible 24-hour clock 
configuration are (refer to test circuit no. 2): 

START/STOP 
MINUTES ADVANCE 
HOURS ADVANCE 
RALLY 

START/STOP, MINUTES ADVANCE and HOURS 
ADVANCE are designed for connection to single pole 
double throw switches; this assures contact bounceelimina
tion on these inputs. To avoid an additional switch for the 
DISPLAY input, the RALLY input should be connected to 
Voo through a 20k resistor and to Vss through a 0.01!,F 
capacitor. These components insure that the display is on 
when power is applied to the circuit: The most convenient 
setting procedure is: 

TEST CIRCUIT NO.2: CLOCK MODE 

Hl0 Hl Ml0 M1 
• • 

1. If clock is not running when power is applied activate 
START/STOP switch 

2. Depress MINUTES ADVANCE switch to obtain correct 
minutes setting, one minute count per activation. 

3. Depress HOURS ADVANCE switch to obtain .correct 
HOURS setting, one hour count per activation. 

It is possible to set the clock more accurately or to correct 
small time errors by using START/STOP in combination with 
MINUTES ADVANCE. If the clock is, for instance, 20 
seconds slow, activate'the MINUTES ADVANCE once, then 
activate the START/STOP, wai~ 40 seconds and activate the 
START/STOP again. If the clock is 20 seconds fast, the 
START/STOP switch should be activated to stop the clock, 
then after 20 seconds activated again to restart the clock. 
Other clock configurations are possible (see Application 
Notes). . 

510 51 

I 
b 

f l-;-/~ l-I l-I i-I i-I i-I c 
r-d ·t7/c r-;:/ l-/ II II II .----e 

~f rT' 'T' rTI 
~g 

I 

1 Ci: r;-v--m-U N.C. 
(+V) 

-IT E 
........ 

POWER MINUTESl 
SUPPLY -IT: E ADVANCE 

1 -IT: E 
.,!:-V) -r;- E-~ CTUNING 

'6 ::m-
r, :ill ~ 

ICM7045 ~~OURS Is 

~ 0 ADVANCE 
~ 

~ 20 T r;o I;gl 
~ F 

6.5536 MHz 

.IiI ~ 
~.C @ i-;7' 

r-' 
@ ~ 

'--~ START/STOP 
" ~ 

20K TOP VIEW 

~O.'j.LF . 

N.C. = NORMALLY CLOSED 
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ICM7045 
APPLICATION NOTES 
The ICM7045 has 'been designed with versatility of 
applications in the digital timer/stopwatch/24-hour clock 
field as the major objective. The simplicity of pperating 
modes designed for an extremelypractical,easy to use stop
watch, at the same time allow the desig'n of. a v~riety of 
simpler elapse timer,stopwatch and clock circuits; a few of 
these will be shown anddis~ussedbrieflY here: 

TIMER CIRCUIT I 
This simple circuit (display ConnEictions not shown) allows 
interval timing up to 24 hpurs ,with a resolution of 0.01 
seconds. Each interval is :timed by one start and ,one stop 
pulse on the start/stop Iilie. The sta~t pulse for the next 
interval to be timeq automatically resets the ,timer. Leading 
zero suppression is automatic. ' 

VDDo-+V ______ -+ __ ~ 

6·38 

Vss o--...--_-i-----ffi 

TOP VIEW 

TIMER CIRCUIT,II 
This circuit allows interval timingwitha single pulse on the 
start/stop line. Each pulse enters the time elapsed since the 
previous pulse ,into.the display, resets thetimerand starts the 
timer for the next interval. ' 

N.O. 
1---4 .......... ....-- RESET 

1 

n~nn. 

TIMER CIRCUIT II 
This circuit alloWs cumUlative timing' of iritervals. Each 
interval is timed by one start and one stop pulse on the 
start/stop line. Each subsequent interval timed adds to the 
total line displayed. The reset switch allows the: timer to be 
reset to zero to start another sequance'of intervals. Note that 
the time between the end of one interval and the start of the 
reset is not recorded Or,added to the, total. 

~DDo-----+---,--, 

VSS o-'T".,-----t---~ 

TOP VIEW 

CLOCK CIRCUIT I 
The standard clock circuit is shown and described in the 
general description; The clock accuracy with' a stable 
voltage supply will depend mostly on the temperature and 
aging characteristics of the crystal. 
The, power supply can be modified to give battery standby 
power. 

VIN>_' ____ ..... ____ -+ 
,,~ I ,,.,,, 

= 3.6V 

1 
The standby circuit should be designed to provide the 
specified minimum voltage to the ICM7045. 

OTHER CLOCK CIRCUITS 
The basic clock circuit can be modified for various special 
applications. If it is desired to turn the display on and off, 
then connect the display input toan additional SPDTswitch, 
while omitting the capacitor/resistor combination on the 
STANDARD input. 
This input can then be wired directly to VDD. This 24-hour 
clock version might be applicable to vehicles, boats, etc. 
where a battery is available to supply the display off clo,ck 
current, while the display can be turned on with the ignition. 



·ICM7045 
. APPLICATION NOTES (con't) 
Another possible configuration would connect a special 
circuit to the DIl?PLAY input which generates adouble pulse 
about 3 seconds apart: ..' 

VDD 

I '00' v;, 

ONE 
SHOT 

T = 3 SEC 

ONE 
SHOT 

T= 2ms 
TO DISPLAY 

INPUT 

This. means depressing the switch will turn .on the clock's' 
display for 3 seconds. This allows design of a battery 
operated "on demand" digital 24-hour clock. . 

OSCILLATOR CONSIDERATIONS 
The oscil.lator is a high gain complementary MOS inverter 
with on-chip feedback resistors and an on-chip fixed input 
capacitor of 17 pF. For the 6.5536 MHz crystal needed for 
normal timing, it is suggested that the nominal load capaci
tance be kept under 12 pF, to keep total loading on the 
oscillator to a reasonable level. The actual trimmer range arid 
the nominal load capacitance needed will have to be 
determined from the total stray capacitance of the particular 
circuit (including ICM7045 with package, PC board, etc.! and 
the tuning tolerance of the chosen crystal. 
The series resistance of the crystal should also be kept to a 
low value (typically less than 50 ohms) to achieve adequate 
low voltage operation. 

CHIP TOPOGRAPHY 

O~OIL 

Tuning of the oscillator can be most easily performed using a 
pull"up resistor of 10K ohms on the fractional seconds digit, 
using period average tune for 1.25mS (800Hz). 

STOPWATCH EXTERNAL SYNC CIRCUIT 
If the stopwatch is connected as shown in test circuit 1, a few 
additional components will allow external synchronization 
of the stopwatch in any mode: 

- ---, 

VDD 

2.2K 

2.2K 

Vss 

STARTI 
STOP 

ICM7045 

I 
~-----------------~ 

NOTE: Be sure to minimize the distance between the transistor 
and the ICM7045 to prevent noise from being generated 
along this connection, which could damage the device. 
Refer to Absolute Maximum Ratings, page 2 (Input 
Ratings!. Noise spikes absolutely must not exceed the' 
supply voltages. 

The. external sync signal source has to supply a positive 
pulse to active the START/STOP input. The minimum 
voltage of this pulse is about 1.2V in the.circuit as shown, but 
the triggering level can be changed by modifying the input 
resistor ratio. The output impedance of the external sync 
signal source should be no greater than 4k ohms. 

PACKAGE DIMENSIONS 

.125 .150 I' 'I 
(3.181 ~3.81)~.60± .002 
MIN ~ 
-1-, 

t +. . .100 
SEATING ~. -If. .0331.838) -l I-- (2.54) 

'. PLANE • .025 ., . TYP MIN 'REF. 
(6;35) 
TYP 

NOTE: Dimensions in inches (mm) 

.600 ± .002 
115.24 ±.0501 
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FEATURES 
• May Be Used to Count 

-Seconds (1.31072 MHz osc.) 
":""Minutes (2.184533 MHz osc.) 

. -Hours (3.640889 MHz osc.) 
• Total Integration-Includes Oscillator, Divider, 

Decoder Drivers On Chip 
• Wide Operating Supply Voltage Range 2.5V ::; V+ -

V-::; 4.5V 
• Low Operating Power Consumption - Display Off 

i2mW Maximum at 3.6VSupply 
• High Output Current Drive - 18mA Peak Segment 

Current With 12.5% Duty Cycle 
• Leading Zero Suppression 
• All Terminals Protected Against Static Charge - No 

Special Handling Precautions Required 
• Wide Operating Temperature Range -20° C to 

+70°C . 

ICM7045A 
CO,mplementary MOS 

Precision· Decade Timer 

GENERAL DESCRIPTION 
The ICM7045A is a standard device derived from the 
ICM7045 generic C-MOS timer family and is intended to be 
used as a decimal timer. As such, either seconds, minutes or 
hours may be counted by the choice of suitable oscillator 
frequencies. The ICM7045A is designed to be operated with 
a nominal supply voltage of 3.6 volts, equivalent to a stack of 
three nickel cadmium rechargeable batteries and may drive 
many LED displays directly. 

Specifically, the ICM7045A differs from the ICM7045 in that 
a) the two divide by sixty'sused for counting seconds and 
minutes are replaced by four decade dividers; b) the least 
significant digit is not available (terminal #21 open circuit); c) 
the division ratio between the oscillator and the least 
available digit is +217 for the1CM7045A. 

Refer to the ICM7045 data sheet for more complete informa
tion. 

BLOCK DIAGRAM 1 LINE TEST 

6·40 

ZENE~ DIODE HAS TYPICAL BREAKDOWN VOLTAGE OF a.5V 

ORDERING INFORMATION 

OPERATING 
TEMPERATURE VOLTAGE 

PART NO. RANGE RANGE PACKAGE 

ICM7045A _20°C to+ 70°C 2.5V~VDD~4.5V Plastic DIP 

Order Devices by Following Part Number-ICM7045A IPI 

CONNECTION DIAGRAM 

28 a·ANODE 

. d ANODE 2 27 DIGITS 3 & 4 ADVANCE 

eANODE 3 26 f ANODE. 

CATH 3 5 

CATH 4 6 

1 &2 ADVANCE 7 

CATH 1 8 

START/STOP 9 

CATH 2 10 

DISPLAYSW 11 

STANDARD MODE 12 

SPLIT MODE 13 

25 CATH.5 

24 CATH 6 

23 TEST POINT, 

21 NO CONNECTION 

20 OSCILLATOR OUTPUT 

19 OSCILLATOR INPUT 

18 g ANODE 

17 b ANODE 

16 RESET 

15.cANODE 



ICM7045A 
TYPICAL OPERATING CHARACTERISTICS 

OSCILLATOR STABILITY AS A FUNCTION OF SUPPLY VOLTAGE 
+12.0 +12.0 +12.0 

TA=25°C 

~ 
f=3.64089 MHz 

~ +8.0 +8.0 +8.0 

I I 
Z Z 

+4.0 0 0 +4.0 
i= i= 

" " ~ ~. 
0 0 
> > 
" " ~ ffi -4.0 -4.0 
::> ::> 
8 8 

.:!: :!: -8.0 -8.0 
eR YST A L CQ'=3.3pF CRYSTAL CO"'5.1pF 
QUARTZ I RS:47U 

PARAMETERS CM=10mpF 

QUARTZ {RS=80~l , 

. ,PARAMETERS CM=10mpF 
-12.0 

5.0 2.0 3.0 4.0 5.0 3.0 4.0 5.0 

SUPPLY'ilOLTAGE'(V+-V-) SUPPLY VOLTAGE (V+-V-I SUPPLY VOLTAGE (V+-V-I 

APPLICATION NOTES 
The I CM7045A wi II count to a total of 2399999. The next 
count will show 0000000. 08 application of RESET the 
display will show Oon the least significant digit; all other 
digits will be blanked. Leading zero suppression blanking is 

'SECONDS' TIMER Use a ·1.31 071 MHz quartz crystal 
DIGIT# 1 .2 3 

100K Secs 10K Secs 1 K Secs 
'MINUTES' TIMER Usea 2.184533MHz quartz crystal 

DIGIT # . 1 2 3' 
1K Mins 100 Mins 10 Mins' 

'HOURS' TIMER Use.a 3.640889MHz quartz crystal . 
DIGIT # 1 2 3 

10 Hrs Hrs Hrs -7- 10 

OSCILLATOR CONSIDERATIONS 
The oscillator on the ICM7045A is identical to that of the 
ICM7045 which was optimized for 6.55MHz operation. For 
6.55MHz operation using an on chip input capacitance of 
22pF and a nominal off chip output capacitor of 20pF 
resulted in excellent frequency stability with respect to 
supply voltage and a wide. operating supply voltage range. 
Using similar value tuni'ng capacitances with the lower fre
quency crystals (1.310772MHz, 2.184533MHz and 
3.64089MHz) the stability of the oscillator is significantly 
degraded. It is therefore recommended that the tuning 
capacitances be inc~eased to a nominal total of 40pF at both 
the oscillator Input and output. Since there is an on chip 
input capacitance of 20-22pF the additional external input 
capacitanc~should be approximately 20pF. 
Tile ICM7045A i.s ,guaranteed to operate over the supply 
voltage range of 2.5 to 4.5V using nominal input and output 
tuning capacitances of 40pF and with crystals having the 
following characteristics: 

f = 1.310772MHz or 
2.184533MHz or 
3.64089MHz 

Rs':S 100n (150n for 1.310772MHz 
CM - 10-20mpF 
Co:S 6pF 
CL = 20pF (parallel resonance mode) 

performed on pairs of digits. Forexample, 9 will show as9, 10 
will show as 010, 999 will show as 999, 1000 will show as 
010000 and .so forth. 

The oscillator frequency alone determines whetherthe timer 
is to be used for second, minute or hour co·unting. 

4 5 6 7 
100 Secs 10 Secs Secs Sec -7- 10 

4 5 6 7 
Mins Min -7-10 Min -7- 100 Min -7- 1000 

4 5 6 7 
Hrs -7- 100 Hrs -7- 1,pOO Hrs -7- 10,000 H rs -7- 100,000 

ABSOLUTE MAXIMUM. RATINGS 
--,--as per ICM7045 data sheet 

Typical Operating Characteristics Test Circuit 1 as per 
I CM7045 data sheet except for oscillator data and absence of 
8th digit. . 

Functional Operation Application Note as per ICM7045 data 
sheet. 

PACKAGE DIMENSIONS 

~~~::~.~·~::::::I}~' QI 
I. .,. 1.47137.3)MAX .' .. " I : 

..Q2!L . ~ 

.620115.7) I ___ .J~MIN 
1
_. .600115.2.) -. ~1.52) ~.--.05011.27)T.YP ..... 13.30±.127) 

M ~~- t I'·· . .... r·5.f8) 

~ .0151.3811 -4 --t 
1_·610115.49)--l r- 1- --I I..,. . r-ll-- ..Jl§... 

.650116.511 .075±.015· ...!JIll. .018+.003) I~:~) 
11.91±.3811 12.54) 1.457±.076) 

TYP 
Pin 1 is identified by cutout pattern at end of package 
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FEATURES 
• Low operating power 'dissipation < 10mW 
• Low quiescent power dissipation < SmW 
• Counts and displays 7 decades 
• Wide operating supply voltage range 

2V :5 IV+ - V- I :5 6V 
• Drives directly 7 decade multiplexed common 

cathode .LED display 
• Internal store capability 
• Internal inhibit to counter input 
• Test speedup point 
• All terminals protected against static discharge 

CHIP TOPOGRAPHY 

0.134" 
(3.4mml 

'ICS C5 RA DIS C7 STORE IN I 
. , 0.137"---_ 

(3.5mml 

b 

MUX 

C 
R 

H 

, Chip may be die attached using conventional 
eutectic or epoxy procedures. Wire bonding may be 
either aluminum ultrasonic or gold compression. 

ORDERING INFORMATION 

lS:'CM7208 t .. ~ ~"k.ge 
.

..... . ...... ~ ... ' , :.' ...... ' ' See ~utline Drawing 
, Temperature Range 
'. ' -20'Cto+70C 

. TVPE '. 

Order Devices by following Part Number: -I eM 7208 IPI 

Order Dice by following Part Number: - ICM72080 

ICM7208 
CMOS 7 Decade Counter 

DESCRIPTION 
The IGM7208 is a fully integrated seven decade counter~ 
decoder-driver and is manufactured using the Intersil low 
voltage metal gate C-MOS process. As such it has applica~ 
tions aseither a unit, a frequency or periodcounter. For unit 
counter applications the only additional components are a 7 
digit common cathode display, 3 resistors and a capacitor to 
generate the multiplex frequency reference,and the control 
switches. 

Specifically the ICM7208 provides the following on. chip 
functions: a 7 decade. counter, multiplexer, 7 segment 
decoder, digit & segment drivers, plus.ad,ditional logic for 
display blanking: reset, input inhibit, and display on/off. 

The ICM7208 is intended to operate over a supply v~ltage .of 
2 to 6 volts as a medi um speed counter or over a more restric
ted voltage range for. high frequency applications. 
As a frequency counter it is recommended that the ICM7208 
be used in conjunction with the ICM7207 Oscillator Control
ler Vl(hich provides a stable HF oscillator, and output signal 
gating. 

CONNECTION DIAGRAM 

dANODE 2 

e ANODE 3 

CATHODE#6 5 

CATI'IODE #5 6 

RAPID ADVANCE 
DIGIT #7 

DISPLAY ENABLE 
INPUT 

CATHODE#7 10 

STORE INPUT 11 

COUNTER INPUT 12 

INHIBIT INPUT 13 

RESET INPUT 14 

ICM720B 

28 a ANODE 

27 RAPID ADVANCE 
DIGITS #5, 6, 7 

·26 i ANODE 

25 CATHODE#4 

24 .CATHODE #3 
RAPID ADVANCE 

23 DIGITS #3, 4, 5, 6, 7 . 

22 CATHODE #2 

21 CATHODE #1 

MUX. INPUT #2 

19 MUX.INPUT #1 

18 gANO.DE . 

17 bANODE 

16 MUX·INPUT #3 

15 cANODE . 



ICM7208 
ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (Note 1) .............................................. 1 watt 
Supply voltage IV+ - V-I (Note 2) ............................................ 6V 
Output digit drive current (Note 3) ...................................... 150mA 
Output segment drive current ............ ; ............................... 30 mA 

. Input voltage range (any input terminali ........ Not to exceed the supply voltage 
Operatingtemperature range ................................... -20°C to +70°C 
Storage temperature range .................................... -55°C to +125°C 

NOTE: Absolute maximum rating define parameter limits that if exceeded may permanently 
da.mage the device. 

TYPICAL OPERATION CHARACTERISTICS 
TEST CONDITIONS: Voo - Vss = 5V, TA = 25°C, TEST CIRCUIT, display off, unless otherwise specified 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 
Quiescent Current 1'1 All controls plus terminal 19 connected to 30 100 

V+. No multiplex oscillator 

Quiescent Current 1+2 All control inputs plus terminal 19 connected 70 150 

to V+ except store which is connected 

to V-. 

Operating Supply 1+5 All inputs connected to V+, RC multiplexer 210 500 

Current osc operating fin < 25KHz 

Operating Supply fin = 2MHz 700 

Current 
.. 

Supply Voltage Range V+ fin <:: 2M Hz 3.5 5.5 

Digit Driver On Resistance Ro 4 12 

Digit Driver Leakage 10 500 

Current 

Segment Driver Rs 40 

On Resistance 

Segment Driver Is 500 

Leakage Current 

Pullup Resistance of Reset Rp 100 400 

or Store Inputs 

Counter Input Resistance RIN Terminal 12 either at V+ or V- potentials 100 

Counter Input Hysteresis VHIN 25 50 

Voltage 

UNITS 

p.A. 

p.A 

p.A 

p.A 

V 

ohm 

p.A 

ohm 

p.A 

Kohms 

Kohms 

mV 

NOTE 1: This value of power dissipation refers to that of the package and will not b'e obtained under normal operating conditions. 
NOTE 2: The supply voltage must be applied before or at the same time as any input voltage. This poses no problems with asingle powersupply 

system. If a multiple power supply system is used, it is mandatory that the supply for the ICM720B is not switched on after the other 
supplies otherwise the device may be permanently damaged. 

NOTE 3: The output digit drive current must be limited to 150mA or less under steady state conditions. IShort term transients up to 250mAwili 
not damage the device. I Therefore, depending upon the LED display and the supply voltage to be used it may be necessaiyto include 
additional segment series resistors to limit the digit currents. 
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ICM7208 
TEST CIRCUIT 

a a b 
Cl~b l-I l-I C 

d 
• ·{Zlt I~ 1=1 ~t 

~-g 

7 6 5 

v+ 
-b--=- S.OV 

T 
V-

i"'UNCTION 
GENERATOR 

OISPLAY ..:r:.. 

6·44 

~ 
v+e 

J STORE 

COUNTER INPUT 

H! 
INHIBIT 

M! 

RESET 

lOOK 

Me 
v- v- v- v-

TEST PROCEDURES 
The ICM720B is provided with three input terminals 7, 23, 27 
which may be used to accelerate testing. The least two'sig
nificant decade counters may be tested by applying an input 
to the 'COUNTER INPUT' terminal .12. 'TEST POINT' 
terminal 23 provides an input which bypasses the 2 least 
significant decade counters and permits an injection of a 
signal into the third. decade counter, Similarly terminals 7 
and 27 permit rapid counter advancing at two pOints further 
along the string of decade counters. 

l-I 
1=1 B l~ 

1:=1 
4 3 2 

LI L 

1. 28d 

2 27 

3 26 r--
4 25 

5 24 

6 23 

~ V- 22 

lOOK - ~ ICM7208 
21 

9 20 
10- 19 

11 18 
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CONTROL INPUT DEFINITIONS' 
INPUT TERMINAL VOLTAGE FUNCTION 

1. DISPLAY 9 V+ DISPLAY ON 
V~ DISPLAY OFF 

2. STORE 11 V+ COUNTER 
INFORMATION 
STOFlED 

V- COUNTER 
INFORMATION 
INFORMATION 
TRANSFERRING 

3. INHIBIT 13 V+ INPUT TO COUNTER 
BLOCKED 

V- NORMAL OPERATION 
4. RESET 14 V+ NORMAL OPERATION 

V- COUNTERS RESET 

COUNTER INPUT DEFINITION 
The internal counters of the ICM720B index on the negative 
edge of the input signal at terminal #12. 
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TYPICAL PERFORMANCE CHARACTERISTICS 

MAXIMUM COUNTER INPUT FREQUENCY 
AS A FUNCTION OF SUPPLY VOLTAGE 
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APPLICATION NOTES 

GENERAL 

1. Format of Signal to be Counted 
The noise immunity of the Signal Input Terminal isapproxi
mately 1/3 the. supply voltage. Consequently, the input 
signal should beat least 50% of. the supply in peak to peak 
amplitude and preferably equal to the supply. NOTE: The 
amplitude of the input signal should not exceed the supply; 
otherwise, damage may be done to the circuit. 

The optimum input signal is a 50% duty cycle square wave 
equal in amplitude to the supply. However, as long as the rate 
of change of voltage is not less than approximately 1 0-4V / 
J.<sec at 50% of the powr supply voltage, the input waveshape 
can be sinusoidal, triangular, etc. 

2. Display Considerations 
Any common cathode multiplexable LED display may be 
used. However, if the peak digit currents exceed 150ma for 
any prolonged time, it is recommended that resistors be 
included in series with the segment outputs (terminals 2, 3, 
15, 17, 18,26,28) to limit current to 150mA; The ICM7208 is 

O~OIL 
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specified with 500J.<A of possible digit leakage current. With 'ill 
certain new LED displays that are extremely efficient at low \:.II 
currents, it may be necessary to include resistors between 
the cathode outputs and the positive supply V+ to bleed off 
this leakage curre.nt. . 

3.' Display Multiplex Rate . 
The multiplex frequency reference is divided by eight to 
generate an 8 bit sequencer. Thus the display multiplex rate 
is one eighth of the multiplex frequency reference. 

The ICM7208 has approximately 0.5J.<S overlap between 
output drive signals. Therefore, if the multiplex rate is very 
fast, digit ghosting will occur. The ghosting determines the 
upper limit for the multiplex frequency reference. At very low 
multiplex rates flicker becomes visible. 

It is recommended that the display multiplex rate be within 
the range of 50Hz to 200Hz which corresponds to 400Hz to 
1600Hz for the multiplex frequency reference. 
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ICM7208 
4. Unit Counter 
The unit count~r updates the display for each negative 
transition of the inputsignal. The information on the display 
will count after reset from 00 to 9,999,999 and then \Nill reset 
to 0000000 and will begin tacourit up again. To blank leading 
zeros actuate reset at the beginning of a count Leading zero 
blanking affects two digits at a time.-
For battery operated systems the display may be switched 
off to conserve power. 

An external generator may be used to provide the multipl€x 
frequency reference (input terminal 19), The signal applied to 
terminal 19 (terminals 16 ,and 20 open circuit) should be 
approximately equal to the supply voltage and for minimum 
power dissipation should be a square wave. 

For stand alone systems two inverters a~e provided so that a 
simple but stable RC osCillator may be built using only,2 
resistors and a capacitor. ' 

a a 
b 

fl [-I [-I -c 
d 

I~ I~ e • d C IFf'g 
,7 6 5 

V+ 

-:!:--=- 5.0V 

T 
V-

O~OIL 

Figure 1 shows the schematicof an extremely simple unit 
counter that can be used for remote traffic counting, to name 
one application. The power cell staCk should consist 013 or 4 
nickel, cadmium rechargeable cells (nominal 3.6 or 4.B volts). 
If 4 x 1.5 volt cells are used it is recommended that a diode be 
placed in series with the stack to guarantee that the supply 
voltage does not exceed 6 volts. ' 

The input switch is shown tobe a single pole double throw 
switch (SPDT). A single pole single throw switch (SPST) 
could also be used with a pull up resistor. However, anti
bounce circuitry must be included in series with the counter 
input. In order to avoid all contact bounce problems due to 
the SPDT switch the ICM720B contains an input latch on 
chip. 
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FIGURE 1: Schematic ,Unit C~unter 
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ICM7208 
5. Frequency Counter 
The ICM7208 may be used as a .frequency counter when 
used with an external frequency reference and gating logic. 
This can be achieved using the ICM7207 Oscillator Con
troller (Figure 2.l. The ICM7207 provides the store and reset 
pulses together with the· counting . window, and are 
generated from a crystal controlled oscillator. Figure 3 
shows the recommended input gating waveforms to the 
ICM7208. At the end of a counting period (50% duty cycle) 
the counter input is inhibited. The counter information is 
then transferred and stored in latches and can be displayed. 

• a 
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B I~ 8 e 
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'==fe e d C 13 

,--9 

7 6 5 
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~5.0V 
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1K DISPLAY~~' 
v-loilK 

l'i"'14 
ICM r---- SOK ! 

o~RESET MHz 7 a SOK 

~ 0 2~ V .. V- v 

O~OIl. 

Immediately after this information is stored, the counters are 
cleared and are ready to start a new count when the counter 
input is enabled. 
Using a6,553,600Hz quartz crystal and the ICM7207 driving 
the ICM7208 two ranges of counting may be obtained using 
either 0.01 sec or 0.1 sec counter enable windows: 
Previous comments on leading zero blanking, etc., apply as 
per the unit counter. 
The ICM7207 provides the multiplex frequency reference of 
1.6KHz. 

a 8 I~ 
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I l I 

1. 2.J 
2 27 

3 26t--
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r--- 12 171--
13 16t-
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+.047 !1~ 
V+ 

I-1 
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1 -COMMON 
CATHODE 

V+ 

V+ 

CRYSTAL PARAMETERS 
~n~J 

10MnT GATING WINDOW .1 INPUT.r-
SELEC~ PROCESSING 

-40pf V- INPUT 8 

CL = 12pf 
CM= lSm 
RS ';;S5 0 

pf 
hms 

= Co 3pf 

FIGURE 2: Frequency Counter 

Note: For a 1 sec count window which allows all 7 digits to be used with a resolution of 1Hz, the ICM7207 can be replaced with the ICM7207A. 
Circuit details are given on the 7207 A data sheet. . 
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6. Period Counter 

INHIBIT INPUT 

STC?RE .INPUT lJ 
RESET INPUT 

COUNTER INPUT 

1 :1 

I .. ·.·.·C=:+~:,OV 
. t-COUNTER I NPUT--I .. V - OV 

ENABLED{COUNTING WINDOW) . .. 

_ PULSE WIDTH NOT 
CRITICAL >. 5011 Soc. 

....,U--. SEGMENT D. ATA 
LATCHED 

~COUNTER RESET 

EXTERNAL FREQUENCY TO BE MEASURED 

FIGURE 3: Frequency Counler Input Waveforms 

O~OIb 

For this application, as opposed to the frequency counter, 
the gating and the inputsignal to be measured are reversed 
to the frequency counter. The input period is multiplied by 
two to produce a singie polarity Signal (50% duty cycle) equal 
to the input period, which is used to gate into the counter the 
frequency reference (1MHz in this casel. FigureS shows a 

.block.schematic of the input waveform generator. The 1 MHz 
frequency reference is generated by the ICM7209 Clock 
Geneator using an BMHz oscillator frequency and internally 
dividing this frequency by B. Alternativeiy, a 1 MHz Signal 
could be applied directly to the 'COUNTER INPUT'. 
Waveforms are shown in Figure 4. 

EXTERNAL FREQUENCY 

INHIBIT INPUT -;. 2 rl ~..:.....-.:..----: _______ :: 

STORE INPUT 

RESET INPUT 

COUNTER INPUT 

_ STORE GENERATED BY THE POSITIVE 
EDGE OF THE INHIBIT INPUT 

-U-RESET 

INPUT IS = 1 MHz 

FIGURE 4; Period ColJnterinput Waveforms 

INPUT--_-------1 .;. 2 . 1-1--------:.- INHIBIT INPUT 

8MHz 1 
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I 
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SHOT .1 ~HNJT 1--1-. ~-- RESET INPUT 

L--------__ · ___ STOREINPUT 

ICM7209 
1 MHz 

I------------COUNTERINPUT 

FIGURE 5: Period Counter Input Generator; 
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BLOCK DIAGRAM 

TEST INPUT 2 

v' 

~~p~p~~.~V _____ 4r ___ 

RESET 

p. 

COUNTER 
INPUT 

INHIBIT 
INPUT 

STORE 

DISPLAY 
ON/OFF 

STORE 

PACKAGE DIMENSIONS 

-I 
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TVP 

NOTE: Dimensions in inches (mml 

O~OIl. 

TEST INPUT 3 
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ICM7215 
Complementary MOS LED 

Stopwatch .Circuit 

FEATURES 
• Total integration: oscillator, divider, decoder, 

segment and digit drivers on chip 
• Four functions: start/stop/reset, split, taylor, 
. time-out 
• Retrofit to ICM7205 for split and/or taylor 

applications . 
• Six digit display: ranges up to' 59 minutes 59.99 

seconds 
,.~Requires only ,hree low· cost SPST switches without 

loss of accuracy: start/stop, reset, display unlock 
• Chip enable pin to turn off both segment and digit 

outputs; can be used for multiple circuits driving 
. one:display . . . 

• Low battery indicator on chip turns on well above 
. minimum operating voltage '. . 

• Digit blanking on seconds and minutes to conserve 
balterylife '. . 

• High ·LED drive. current: 13mA per segment at 16.1% 
duty cycle .witti 4.0 volt supply· . 

• Wide operating range: 2.0 to 5.0 volts 
• Oscillator requires only' 3.2768MHz crystal and 

trimming capacitor . 
• 1 K,Hz multiplex rate prevents flickering display 
• Fully protected against static charge, no special. 

handling precautions required 

PIN CONFIGURATIONS 

OSC \UT 1 • 
lBI ANODE 2 23 TEST 

VDD 3 22 START/STOP 

c ANODE 4 21 MODE 

• ANODE 5 2 RESET 

e ANODE 6 19 DiSPLAY UNLOCK 

d ANODE 7 18 10ths CATHODE . . 
g ANODE 8 17 100ths CATHODE 

b ANODE 9 

f ANODE 10 15 CHIP ENABLE '. 

S1 CATHODE 1 1 M10 CATHODE 

S10 CATHODE 13 M1 CATHODE , 

ORDERING INFORMATION 

leM 7215 I PG T T· ~ Package (see 
outline drawing) 

. '--'---- ~;;;:~~~t~%~tge 

- Type 

Order devices by following part number ICM 1215 I PG 

Order diCe by following part number ICM 1215 D 

• Can be used easily in four different single function 
stopwatches.or two two-function stopwatches: . 
start/stop/reset with time-out, split with taylor. The 
'component count for a three- or four-function 
stopwatch will be slightly greater. 

GENERAL DESCRIPTION 
The ICM7215 iss fully integrated six digit LED stopwatch 
circuit fabricated with Intersil's low threshold metal gate 
CMOS process. The circuit interfaces directly with a six 
digit/seven segment common cathode LED display. The low 
battery indicl!tor can be connected to the decimal point 
anode or to Ii separate LED lamp. The only components 
required for a complete stopwatch besides the display are: 
three SPST switches, a 3.2768MHz crystal, a trimming 
capaCitor, three AA batteries and an on-off switch. For a two 
functiOn stopwatch or for adding.a display off feature one 
additional slide switch wouldbe required. The circuit divides 
the oscillator frequency by 215 to obtain 100Hz which is fed 
to the fractional seconds, seconds and' minutes counters. An 
intermediate frequency is used to obtain the .1/6 duty cycle 
1.07KHz multiplex waveforms. The blanking logic provides 
leading zero blanking for seconds and minutes indepen
dently of the clock. The ICM7215 is packaged in a 24-lead 
plastiC DIP. 

CHIP TOPOGRAPHY 

DIMENSIONS IN PARENTHESES ARE MM 
OTHERS ARE INCHES ' 
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ICM7215 O~OIl. 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage ....................................................... 5.5 Volts 
Power Dissipation (Note 1) .......................................... 0.75 Watts 
Operating Temperature ......................................... -20°C to +70°C 
Storage Temperature ......................................... -55° C to +125°C 
Input and Output Voltage ..... : .......... '.' . . . . . .. equal to but never exceeding 

the supply voltage 

OPERATING CHARACTERISTICS 
TEST CONDITIONS: TA = +25°C, stopwatch circuit, Voo = 4.0V unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 
Supply Voltage -20°C ~ TA ~ +70°C 2.0 5.0 Volts 
Supply Current Display off 0.6 1.5 
Segment Current 5 segments lit 

mA Peak 1.8 Volts across display 9.0 13.2 
Average 2.2 

f- Switch Actuation Current All inputs except chip enable 20 50 
Switch Actuation Current Chip enable 50 200 

J.l.A Digit Leakage Current VOIGIT - 2.0V 50 
Segment Leakage Current VSEGMENT - 2.0V 100 
Low Battery Indicator 2.2 2.8 Volts 
Trigger Voltage 
LBI Output Current Voo - 2.0V, VLBI = 1.6V 2.0 mA 
Oscillator Stability Voo - 2.0V to Voo - 5.0V 6 PPM 
Oscillator Transconductance Voo = 2.0V 120 J.l.mho 
Oscillator Input Capacitance 30 pF 

NOTE 1: This value of power dissipation refers to the package and will not be obtained under normal conditions. The output devices on the 
ICM7215 have very low impedance characteristics, especially the digit cathode drivers. If these devices are shorted to a low 
impedance power supply, the current could be as high as 300mA. This will not damage the device momentarily, but if the short circuit 
condition is not removed immediatelyprobable device failure will occur. 

STOPWATCH CIRCUIT 
, 
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6-51 



ICM7215 
BLOCK DIAGRAM 

2 INPUTS 

llNPUT 
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FREQUENCY 
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MULTIPLEX 
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TYPICAL PERFORMANCE CHARACTERISTICS 

SUPPLY CURRENT VS VOLTAGE 
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ICM7215 
FUNCTIONAL OPERATION 
Turning on the stopwatch will bring up the reset state where 
the fractional seconds are on displaying 00 and the other 
digits are blanked. This display always indicates that the 
stopwatch is ready to go. 
The display can be turned off in any mode by connecting the 
chip enable input to VOD. 

START/STOP/RESET 
When the mode input is floating and the display input is 

. floating or connected to VDD, the circuit is in the start/stop/ 
reset mode. 

,-,,-, 
'-"-' 

RESET 

,-; -, , ", 
U::' -'0 

CLOCK AND 
DISPLAY COUNTING 

.:; -, CC ,-. , U_' 
DISPLAY STOPS RESET 

",-, 
'-'L' 

START/STOP 
. 1. 

START/STOP 
1. 

START/STOP 
lx 

The start/stop/reset mode can be used for single event 
timing in a one-button stopwatch. An additional reset switch 
can be used to provide reset at any time. capability . .The 
diagram indicates the operation and the results. To time 
another event the display must be reset before the start of the 
event. 

TAYLOR 
When the mode input is connected to Vss, the stopwatch is in 
the taylor or sequential mode. 

,-,,-, 
UU 

RESET CLOCK AND 
DISPLAY COUNTING 

Seconds will be displayed after one second, minutes after 
one minute. The range of the stopwatch is 59 minutes 59.99 
seconds. If an event exceeds One hour, the number of·hours 
must be remembered by the user. Leading zeroes are not 
blanked after one .hour. 

DISPLAY STOPS 
CLOCK RESETS 

AND STARTS.COUNTING 

,-, ,,
,c ':;.J 

DISPLAY STOPS 
CLOCK RESETS 

AND STARTS COUNTING 

DISPLAY 
START/STOP START/STOP START/STOP UNLOCK 

lx 1x lx lx 
_--_20.47 sec·---_~---12.35 sec.----·_----42.79 sec.--'---

-'11 
C-' 

,,-, 
'0 

, , -, -11-' 
-,C ':' 

DISPLAY STOPS CLOCK AND 
DISPLAY COUNTING . CLOCK RESETS 

AND STARTS COUNTING 

START/STOP 
1. 

-,---------
RESET 

lx' 

As depicted graphically above, each split time is measured 
from zero in the taylor mode, i.e., after stopping the watch, 
the counters reset to 'zero mornentarily and start counting 
the next interval. The time displayed is the time elapsed since 

RESET 

,-, ,-, 
LlL' 

the last activation of start/stop. The display isstationary after 
the first interval unless the display unlock is used to show the 
running clock. Reset can be used at any time. 
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SPLIT 
When the mode input is connected to Voo, the stopwatch is 
in the split mode. 

RESET 

,-, ,-, 
'_'.U ""1/ 1 -, ,(J 

O~O[b 

""" ':;::'0':; C U -, , _"_ ,_"_ 

DISPLAY STOPS DISPLAY STOPS CLOCK AND 
DISPLAY COUNTING CLOCK CONTINUES COUNTING CLOCK CONTINUES COUNTING 

START/STOP 
Ix 

START/STOP 
Ix 

START/STOP 
Ix 

DISPLAY 
UNLOCK 

Ix 
_-20.47 sec. ---_~---12.35 sec. ---.. ~---- 42.79 sec. ----

, ,,-(. ,n 
-,.::' , c' " '-' 

1,- ,
I':; 0 

CLOCK AND 
DISPLAY COUNTING 

DISPLA Y STOPS 
CLOCK CONTINUES COUNTING 

STAin/STOP 
Ix 

RESET 
Ix 

The split mode differs from the taylor inthat the lap times are 
cumulative in the split mode. The counters do not reset or 
stop after the first start until reset is activated. Any time 

TIME OUT 
When the mode input is floating and the display input is tied 
to Vss, the stopwatch is in the time-out mode. 

,-,,-, 
UU 

'RESET CL:OCK AND 
DISPLAY COUNTING 

. ,,0 
'-' '-' 

RESET 

displayed is the cumulative time elapsed since the first start 
after reset. Display unlock can be used to let the display 
'catch up' with the clock. Reset can be used at any time. 

1'--; I , I eLi I I 

. DISPLAY STOPS 
CLOCK STOPS 

START 

START/STOP START/STOP STAR'TisTOP 
lx . 1x lx, ' 
----20.4~sec. . • ~ TIME OUT --__ I - 22.32 sec. 

" I 10 C I. ILl 
u] -,,--; 

'L I:, 
CLOCK AND DISPLAY STOPS 

DISPLAY COUNTING CLOCK STOPS 

"" '-''-' 
RESET 

START/STOP RESET 
lx 1x 

------'-----

In the time-out mode the clock and display alternately start 
and stop with activations of the start/stop switch, Reset can 

LOW BATTERY INDICATOR 
The on-chip loW battery indicator is intended for use with a 
small LED lamp or the decimal points on a standard LED 
display. The output is the drain of a p-channel transistor two
thirds the size of the segment drivers. The LSI circuitry is 
designed to provide a trigger vqltage of approximately 2.5 
volts at room temperature. With normal AA type batteries the 
discharge characteristics will provide many hours of 
accurate timekeeping after the. indicator comes on. 
However, the wide voltage. spread betwe.en the LSI voltage 
and minimum operating voltage is required to guarantee low 
battery indication under worst case conditions. 

be used atany time. The display unlock button is bypassed in 
this mode. 

SWITCH CHARACTERISTICS 
ThelCM7215 is· designed for use with SPST switches 
throughout. On the display unlock and reset inputs the 
characteristics of the switches are unimportant, since the 
circuit responds to a logic level held for any level of time, 
however short. Switch bounce on these inputs does not need 
to be specified, The start/stop input, however, responds to 
an edge and it requires a switch with less than 15msec of 
switch bounce, The .bounce protectioncircuitr~ has been 
specifically designed tq let the circuit respond to the first 
edge of the signal, so astopreserve the. fuHaccuracy olthe. 
system. . 



ICM7215 
APPLICATION NOTES 
OSCILLATOR NOTES 
The oscillator of the ICM7215 includes all components on 
chip except the 3.2768 MHz crystal and the trimming capaci
tor. The oscillator input capacitance has a nominal value of 
30 pf. The circuit is designed to work with a crystal with. ~ 
load capacitance o(approximately 15 pf. If the crystal has 
characteristics as shown on page 2, an 8-40pf trimming 
capacitor will be adequate foratuning tolerance of ±30PPM 
on the crystal. If the crystal's static capacitance is signifi
cantly lower, a narrower trimming range may be selected. 
After deciding on a crys~al and.a nominal load capacitance, 
take the worst case values bf Cin, Cout and Rs and calculatil 
thegm required by: . ' 

9fT' == w2 Cout Rs { 1 + Co (Cin +Cout) .}2 
Cin Cout 

'Co = static capacitance 
Rs' = series,resistance 
Gin .' ==input capacitance 
Cout' = output capacitance 
w == 271" x crystal frequency 
The resulting gm should be less than half the gm specified for 
the de,vice. If it is not, a lower value of crystal series resis
tanceand/or, load capacitance should be specified. 

OSCILL~TdRTUNIN~ 
To avoid loading the oscillator when tuning, a frequency 
counter cannot be connected to the oscillator itself. Easy 
tuning can be accomplished by. using the 10th or 100th 
cathode with the. devic~ reset. The: frequency on the cathode 
should be tuned to 1066.667 Hz" which is equivalent to a 
period of 937.5 microseconds. ' 

TEST POINT 
The test, point ,input is used for-high speed testing of the 
device. When th'e input is pulsed lOIN, 'il latch is set which 
speeds up ~unting by a factor of 32. Also, each pulse on the 
test poiritrapiq advances both miiwtes and seconds in a 
parallel 'mode. To accurately rapid advance the signal 
applied to the test point must be free of switch bounce. The 
circuit is taken out of the test pqintmode by using either 
reset or start/stop. 

REPLACING THE ICM7205 WITH THE ICM7215 ' 
The ICM7215 is designed to be compatible with circuits 
using the ICM7205. If the 7205 is used only in the split mode 
no changes are required. If the 7205 is used in the taylor 
mode and the spliVtaylor input (pin 21) is left open, a jumper 
from pin 21 to Vss must be added when converting to the 
7215. A jumper may also be needed if the 7205 is used with a 
spliVtaylor switch. Once the jumper has been added the 
board can be used with either device. 

D~DIL 

CHIP ENABLE 
The chip enable input is used to disable both segment and 
digit drivers without affecting any of the functions of the 
device. When the chip enable input is floating or connected 
t,o Vss, the display is enabled. When the cl1ipenable input is 
tied to VDD the display is turnecj off. One example ofthe many 
possible uses of this feature is driving one display from two 
ICM7215 devices, one in the split mode and the other in the 
taylor mode. The circuit below indic;ates how the user can 
obtain lap and 'cumulative readings of the same event. 

L-_______ D_IS_P_LA_Y ______ ~I, 
TO DISPLAV 

ICM7215 

TO DISPLAY 

ICM7215 
TAYLOR, ' SPLIT 24h'---+-..... --I24 

L-____ ~~1~5~ L-~'5--~~~~ 

TAYLOR SPLIT 
ALL OTHER SWITCHES COMMON TO BOTH DEVICES 

LATCHUP CONSIDERATIONS 
Due to the inherent structure of junction isolated CMOS 
devices, th~ circuit can be puUn, a latchup' mode if large 
currents are injected into device inputs or outputs. For this 
reason special care should be taken in a system with multiple 
power supplies to prevent voltages being applied to inputs 
and/or outputs before power is applied to VDD and \Iss. ·If 
only inputs are affected latchup can also be prevented by 
limiting tile current intq the input terminal to less than 1 mAo 

PACKAGE DIMENSIONS 

~[::::::::] 
[ .6~:~~ (15.240 
. !0.050) I 

~ 

i.. 1.240 . .. 
, (31.4961' 6' 

, . ,-,-.150 .070 (1.1'78) . 
.025 (0.635) I (3.81) , TYP. " -j r-
T~~ bt:"~ , 

L .660--..1 
1'(16.76411 . 1..1.-..1,., 

.. 125 (3.175) , I 

MIN. ,018 (0.4571 .033 (0.8381 MIN. 
.020 (0.508) TYP. 

TYP. 

DIMENSIONS IN PARENTHESES ARE MM 
OTHERS ARE' INCHES 

NOTE: All dimensions in parentheses are metric. 
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',f,' 
ICM7216A1B/C/D 

" . 
ICM7216A 10 MHz Unh(ersal Counter, Drives Common Anode LED's 
ICM721()B.10 MHzUniv~rsaICounter, DrivesCQmmon Cathode LED~s 
ICM7216C10 MHz Frequency Counter, Drives ,Common Anode LED's 
ICM7216D 10 MHz Frequency Counter, Drives Common Cathode LED's 

, , ~" " " " , ' . . . " , 

FEATURES 

ICM7216A AND B 
• Func,tions as a Frequency Counter,Period,Counter, 

Unit Counter, Frequency Ratio Counter or Time 
Interval Counter . 

• Four Internal Gate Times: 
0.01 sec, 0.1 sec, 1 sec, 10 sec, in Frequ~ncy 
Counter Mode ' , 

• 1 Cycle, 10 Cycles, 100 Cycles, 1000 Cycles in 
Period, Frequency Ratio and Time Interval Modes 

• Measures Frequencies from DC to 10 MHz 

• Measures P~riod frcmi 0.s,1l sec to 10 sec, 

ICM721fjC AND D 
• Functions as a Frequency Counter;, Measures 

Frequencies from DC to 10 MHz 

• Decimal Point and Leading Zero ,Blanking May be 
Externally>Select~d' ,',' ' , , ' , 

ALL VERSIONS: . 
• Eight Digit liIIultipl~xed LED O'utputs 

," . . " 

, j, 

• Output Drivers,wm Directly Drive Both Digits and 
Segments of Large LED Displays. Both Common 
Anode and Common Cathode,' Versions ar,e,. 
Available 

• Single Nominal 5V Supply Required 

• Stable High Frequency Oscillator, Uses Either 
1 MHz or 10 MHz Crystal 

~ Internally Gen'erated Multiplex Timing with 
Interdlglt Blanking, Leading Zero Blanking 
and Overflow Indic~tion 

'. DeciinalPoint and 'Leading Zero Blanking , 
Controlled Directly byth~ Chip" " 

• Display' Off ,Mode Turns Off Display and Puts' 
'Chip into Low Power Mode 

."Hold and R'eset Inputs for Additional Flexibility 
• I,', " • , 

• Test Speedup Function Included' 

• All Terminals Protected Against Static Discharge 

ORDERING INFORMATION 

GENERAL DESCRIPTION 

The ICM7216A and'S' are fuily integrated Universal 
C6u'nters with LED display drivers. They combinea 
high frequency oscillator, a decade timabase counter, 
an 8 decade data counter and latches, a 7 segment 
decoder, digit multiplexers and 8 segment and 8 dig'it 
drivers which can directly drive large LED displays. 
The counter inputs have a maxi,mum frequency of 10 
MHz in frequency and unit counter modes and 2 MHz in 
the other modes. 80th inputs are digital inputs. In 
many applications, amplification and lE1vel shifting will 
be required to obtain proper digital signals for these, 
inputs. 

The ICM7216A and 8 can function 'as a frequency 
counter, ' period" counter, frequency ratio (fA/fB) 
counter, time interval counter or as a totalizing 
counter. The counter uses either a 10 MHz or 1 MHz 
quartz crystal timebase. For periop and time, interval, 
the 10MHz timebase gives a 0.1 itsecresolution.ln 
periodalierage and time interval aver'age, the 
resolution Gan be in the nanosecond range. In the 
fr,equency mode,the user can select accumulation 
times 'of 0.01 sec, en sec, 1 secar\d 1 Osec:With a 1 0 ~ec 
accumUlation time, the frequency can be dil/played toa 
resolution of 0.1 Hz in the least significant digit. Th,ere 
is 0.2 seconds between measurements in all ranges. 

The ICM7216C and D function as frequency counters 
only, as described above. 

All versions of the ICM7~t6 incorp6'rate leading zer~ 
blanking. Frequency, is displayed' in KHz., In'the 
I C M!216A 'and S, ti me. is displayedi n Ilsec. The display 
'is multiplexed at 500Hz with a 12.5% duty cycl!'lfor 
each digit. The ICM7216A and, C a're designeCJ for 
common anode display with typical peak segment 
currentscif25mA The ICM72168 andD"aredesigned 
for common cathode displays with typical peak 
segment currents of 12mA. In the display off mode, 
both digit drivers and segment drivers are turned off 
enabling thedisplay'to be used:forother functions.: 

Universal, Counter for use with Common Anode LED Display: leM 7216 A IJI' ",'" 
Universal Counter for use with ,Common Cathode LED Display: 
Frequency CouritPr for use with Common Anode LED Display: 
Frequency Counter for use with 'Common Cathode LED Display: 

Evaluation Kit: 

ICM7226 EV/Klt 

leM 7216 B IPI 
ICM 7216 C IJI 
leM 7216 D IPI 

T;pe L Package ISee Outline ~r~Wingl 
Temperature Range -20' C to +70' C 



ICM7216 
PIN CONFIGURATIONS 

CONTROL INPUT INPUT A 

INPUT B HOLD INPUT 

FUNCTION INPUT osc OUTPUT 

DECIMAL POINT OUTPUT OSC INPUT 
seG E OUTPUT EXT CSC INPUT 

SEG G OUTPUT DIGIT 0 OUTPUT 

SEG A.OUTPUT DIGIT 1 OUTPUT 

v- DIGIT 2 OUTPUT 

SEG D OUTPUT DIGIT 3 OUTPUT 
SEG B OUTPUT DIGIT 4 OUTPUT-

seG C OUTPUT v+ 
SEG F OUTPUT DIGIT 5 OUTPUT 

RESET INPUT DIGIT 6 OUTPUT 

RANGE INPUT DIGIT 7 OUTPUT 

INPUT A 

MEASUREMENT iN PROGRESS HOLD INPUT 

DECIMAL POINT OUTPUT asc OUTPUT 

SEG E OUTPUT OSC INPUT 
SEG G OUTPUT EXT asc INP,UT 

SEG A OUTPUT DIGIT 0 OUTPUT 

v- DIGIT 1 OUTPUT 

SEG o OUTPUT DIGIT 2 OUTPUT 

SEG B OUTPUT DIGIT 3 OUTPUT 
SE,G C OUTPUT DIGIT 4 OUTPUT 

SEG F OUTPUT v+ 

RESET INPUT DIGIT 5 OUTPUT 

EX. D.P. INPUT DIGIT 6 OUTPUT 

RANGE INPUT DIGIT 7 OUTPUT 

EVALUATION KIT 
The ICM7226 Universal Counter System has all of the 
features of the ICM7216 plus a number of additional 
features. The ICM7226 Evaluation Kit consists of the 
ICM7226AIDL (Common Anode LEO Display), a 10 
MHz quartz crystal, B e~ch 7 segment .3" LEO's, P.C. 
board, resistors, capacitors, diodes, switches, socket: 
everything needed to quickly assemble a functioning 
ICM7226 Universal Counter System. 

ABSOLUTE MAXIMUM RATINGS 
Maximum Supply Voltage IV+ ~ V-) ..... 6.5 Volts 
Maximum Digit Output ~urrent, ....... , ,'. .. 400mA 
Maxim'um Segment Output Current ......... 60mA 
Voltage On Any Input or 
OutP~t Terminal!'1 .......... V+ + .3V to V-'- .3V 

f..1axim·um Power Dissipation at 
70°C _ ..... _ ........ __ .' 1.0 Watts (ICM7216A & C) 

0.5 Watts (ICM7216B & 0) 

Maximum Operating Temperature 
Range ......................... -20°C to +70°C 

Maximum Storage Temperature 
Range ................ :. _ .. _. -55°C to +125° C 

Notes:-

O~OIl. 

CONTROL INPUT INPUT A' 

.INPUT B HOLD INPUT. 
FUNCTION INPUT asc OUTPUT' 

DIGn 0 OUTPUT asc, I~PUTi 
DIGIT 2 OUTPUT EXT asc INPUT' 

DIGIT 1 OUTPUT DECIMAL POINT OUTPUT 

DIGIT 3 OUTPUT seG G OUTPUT 

v- SEG E OUTPUT 
DIGIT 4 OUTPUT seG A OUTPUT 

DIGIT 5 OUTPUT SEG D OUTPUT 
DIGIT 6 OUTPUT v+ 

DlGI~ 7 OUTPUT seG B OUTPUT 

RESET INPUT seGe OUTPUT 

RANGE INPUT seG F OUTPUT 

CONTROL INPUT INPUT A 

MEASUREMENT IN ~ HOLD INPUT 

DIGIT 0 OUTPUT asc OUTPUT 

DIGIT 2 OUTPUT 
DIGIT 1 OUTPUT EXT asc INPUT, 

DIGIT 3 OUTPUT" DECIM"AL POINT OUTPUT 

v- SEG G OUTPUT 

DIGIT 4 OUTPUT SEG ~ OUTPU~ 

DIGIT 5 OUTPUT SEG A OUTPUT 

DIGIT 6,OUTPUT SEG D ,?UTPUT 
DIGIT 7 OUTPUT v+ 

'R"ES"ET INPUT SEG B OUTPl:IT 

EX. D.P, INPUT SEG C OUTPUT 

RANGE INPUT SEG'F OUTPUT 

.t;tI 
NOTE: Stresses above those listed under "AbsDlute Maximum \:II 

Ratings" may cause permanent device failure. These are '1 
stress ratings only and functional operation of the devices at 
these Dr any Dther conditions abDve those indicated in the 
operation sectiDns of this specification is not implied. 
Exposure to absolute maximum rating cDnditions for 
extended periods may cause device .failures. 

,. The IGM72' 6 may be triggered into a destructive latchup mode if either input signals are applied before the pDwer supply is applie.d or if 
input Of' outputs are forced to'voltages exceeding V+to V- by m'ore'·than. 0.3 vDlts. . . .. 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: V+ - V- = S.OV, Test Circuit, TA = 25°C, unless otherwise specified. 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNITS 

ICM7216A/B 
Operating 'Supply Current IDD Display Off. Unused Inputs to V- 2 5 mA 

Supply Voltage Range -20°C < TA < +70°C. Input A, 
Input B Frequency at FMAX 4.75 6.0 Volts 

Maximum Frequency FA MAX -20°C < TA < +70°C 
Input A, Pin .28 4.75 < V+ -V-< 6.0V, Figure 1,' 

Function = Frequency, Ratio, Unit 
Counter 10 MHz 
Function = Period, Time Interval 2.5 MHz , 

Maximum Frequency FSMAX -20°C < TA < +70°C 
Input B, Pin 2 4.75V < V+ -V- oS 6.0V 2.5 MHz 

Figure 2 

Minimum Separation -20°C < TA < 70°C 
Input A to Input B 4.75V < V+-V~ oS 6.0V 250 nsec 
Time I nterval Function Figure 3 

Maximum Osc. Freq. and Ext. ,20°C < TA < +70°C 
Osc. Frequency 4.75 < V+ -V- < 6.0V 10 MHz 

MinimumExt. Osc. Freq. 100 KHz 

Oscillator Transconductance gm V+ -V- = 4.75V, TA = +70°C 2000 /lmhos 

Multiplex Frequency fmux lose = 10MHz 500 Hz 

Time Between Measurements lose = 10MHz / 200 msec 

Input Voltages: 
Pins 2,13,25,27,28 -20°C < TA < +70°C 
Input Low Voltage V,L 1.0 Volts 
Input High Voltage V,H 3.5 Volts 

Input Resistance to V+ R V,N = V+ -1.0V 
Pins 13,24 100K 400K ohms 

Input Leakage 
Pin 27,28,2 IL 20 /lA 

ICM7216A 
Digit Driver: 
Pins 15,16,17,19,20,21,22,23 

... 

High Output Current IOH VOUT = V+- 2.0V -150 -180 mA 
Low Output Current IOL VOUT = V- + 1.0V +0.3 mA 

Segment Driver: 
Pins '4,5,6, 7,9,10,11,12 
Low Output Current IOL VOUT = V- + 1.5V 25 35 mA 
High Output Current IOH VOUT = V+ - 2.5V -100 /lA '. 

Multiplex Inputs: 
Pins 1,3,14 
Input Low Voltage V,L 0.8' Volts 
Input High Voltage V,H V- + 2.0 Volts 
Input Resistance to V- R VIN~ V "+1.0V 50 100 Kll 

ICM7216B 
Digit Driver: 
Pins 4,5,6,7,9,10,11,12 
Low Output Current IOL VOUT = V- + 1.0V 50 75 mA 

High Output Current IOH VOUT = V+ - 2.5V -100 p.A 

Segment Driver: 
Pins 15,16,17,19,20,21,22,23 
High Output Current IOH VOUT = V+- 2.0V -10 mA 

Leakage Current IL VOUT = V+- 2.5V 10 p.A 

Multiplex Inputs: 
Pins 1,3,14 
Input Low Voltage V,L V+ ~ 2.0 Volts 
Input High Voltage V,H V+ - 0.8 Volts 

Input Resistance to V+ R V,N = V+ ~ 1.0V 200 360 Kll 
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ELECTRICAL CHARACTERISTICS 

TEST CONDITIONS: V~ - V- = 5.0V, Test Circuit, TA = 25° C, unless otherwise specified. 

PARAMETER SYMBOL CONDITION MIN. TYP. MAX. UNITS 

ICM7216C/D 
Operating Supply Current 100 Display Off. Unused Inputs to V- 2 5 mA 

Supply Voltage Range -20'C < TA < ,70'C. Input A 
Frequency at FMAX 4.75 6.0 Volts 

Maximum Frequency FMAX. -20'C < TA <t70'C 
Input A. Pin 28 4.75 < V + - V - < 6.0V. Figule i 10 MHz 

MaXimum Osc. Freq and Ext. -20'C < TA < +70'C 
Osc. Frequency 4.75 < V' - V -.< 6.0V 10 MHz 

MinImum Ext. Osc. Freq. 100 KHz 

Oscillator Transconductance gm V+-V = 4.75V. TA = +70'C 2000 pmhos 

MultIplex Frequency fmux fose ~ 10MHz 500 Hz 

Time Between Measurements fose = 10MHz 200 msec 

Input Voltages: 
Pins 12.27.28 
Input Low Voltage V,L -20'C <TA < +70'C 1.0 Volts 
Input HIgh Voltage V,H 3.5 Volts 

Input Resistance to V' 
Pins 12.24 R V,N = V' - 1.0V 100 400 Kll 

Input Leakage 
Pin 27. Pin 28 IL 20 pA 

Output Current IOL VOL = V + .4V 0.36 mA 
Pin 2 IOH VOH o· V' - .8V 265 pA 

ICM7216C 
Digit Driver: 
Pins 15.16.17.19.20.21.22.23 
High Output Current. IOH VOUT = V+- 2.0V -150 -180 mA 
Low Output Current IOL VOUT = 1.0V +0.3 mA 

Segment Driver: 
Pins 3.4.5,6.8.9.10,11 
Low Output Current IOL VOUT = V- + 1.5V 25 30 mA 
High Output Current IOH VOUT = V+ - 2.5V -100 pA 

Multiplex Inputs: 
Pins 1.13.14 
Input Low Voltage V,L V 

-
+08 Volts 

Input High Voltage V,H V- + 2.0 Volts 
Input Resistance to V- R V,N = V- + 1.0V 50 100 Kll 

ICM7216D 
Digit Driver: 
Pins 3.4.5.6.8.9.10.11 
Low Output Current IOL VOUT = V- + 2.0V 50 75 mA 
High Output Current IOH VOUT = V-t - 2.5V 100 pA 

Segment Driver: 
PinS 15.16.17.19.20.21.'22.23 
I-:!Igh Output C.urrent IOH VOUT = V+ - 2.0V 10 15 mA 
Leakage Current IL VOUT = V+ - 2.5V 10 pA 

Multiplex Inputs: 
Pins 1.13.14 
Input Low Voltage V,L 

V-2ot s l 
V- - 2.0 Volts 

Input High Voltage V,H Volts 
Input Resistance to V.,. VIN = V+- 1.0V 360 kll 
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ICM7216 
50 ns MIN 

4.5v------"' 
INPUT A 

O.5V 
50 os MIN tr '" tf :: 10 nsec 

FIGURE 1. Waveform f.or Guaranteed Minimum FAMAX 
Function = Frequency, Frequency Ratio, Unit Counter. 

INPUT A OR 
INPUT 8 

J=~:; .. S~. 4.5V 

0.5V ~_ 250 ns t = tf = 10 nsec 
MIN r 

FIGURE 2. Waveform for Guaranteed Minimum FSMAX 
and FAMAX for Function = Period and Time Interval. 

TIME INTERVAL MEASUREMENT 

The ICM7216/7226 can be used to accurately measure 
the time interval between two events. With a 10 MHz 
timebase crystal, the time between the two events can 
be as long as ten seconds. Accurate resolution in time 
interval measurement is 100r)s .. 

The feature operates with Channel A going low at the 
start of the event to be measured, followed by Channel 
B going low at the end of the event. 

CH.A ----,'11 
/STOP 

~I--------
-TIME INTERVAl-! 

CH.B 

FIGURE 3a .. 

CH.A 

CH.B 

tr '" tf = 10n~ 

FIGURE 3b. Waveform for Minimum Time Between 
Transitions of Input A and Input B. 

When in the time interval mode and measuring a single 
event, the ICM721617226 must first be "primed" prior to 
measuring the event of interest. This is done by placing 
both Channel A and Channel Bat V+, then causing A to 
toggle to V- and back to V+ followed by B toggling to 
V- and back to V+ The input is then ready for 
measurement. 

O~O[L 

CH.A U ____________ :~ 

~-----~-----V· CH. B 

~ - - - - - -:- - - -v-

250nsMIN·--

25005 MIN.----I 

FIGURE 3c. 

This can be easily accomplished with the following 
circuit: (Figure 3d) . 

SIGNAL A 

r-'-----I~ INPUT A 

SIGNAL B 

v· I v· v+ v+ 

N.O. HPR~IM~E~I. -..u.L-...... '_50 ..... K ><_~.., ~ 
lOOK lN914 

T 
1 10QpF 100pF 

v-

Type 

CD4049B Inverling Buffer 
CD4070B Exclusive-OR 

FIGURE 3d. Priming Circuit, Signal A&B High or Low. 

Following the priming pr()cedure (when in single event 
or 1 cycle range input) the device is ready to measure 
one (only) event. 

When timing repetitive signals, it is not necessary to 
"prime" the ICM7216/7226 as the first alternating 
signal states ·automatically prime the device. . 

During any time interval measurement cycle, the 
ICM7216/7226 requires 200ms following B 99in9 low 

.to update all internal logic. A new measurement cycle 
will not take place until completion of this internal 
update time. . 

1---200ms~1 
~~1~~~AL ~ ~I ______________ __ 

A !--200mSMIN-U . 

1- 2500$ MIN. 
~1-250nSMIN. 

FIGURE 3e. 

I r--!-250nSMIN. 
...--------+---; 

BEGIN NEW 
.:..-MEASUREMENT 

CYCLE 
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EXT 
, asc 
INPUT 

r---

OSC. osc 
INPUT - SELECT 

OSC 
OUTPUT 

RESET 
INPUT 

INP:UT 
A 

INPUT 
81 

N FUNCTIO 
INPUT 1 

HaL 
INPU 

D 
T 

'---

-
'---

~,.-

r---

CONTROL 
LOGIC 

r---

CONTROL 
LOGIC 

~ 
r---

FN 
CONTROL 

LOGIC 

't 6 

I 
I 

. 

~ 

3 rt-DECODER 

'---
~ 103 

! 
RANGE SELECT 

LOGIC 

n~nlL 

DIGIT 
DRIVERS 

RANGE 
CONTROL 

~ 

r-o 

DIGIT 
OUTPUTS 
181 

RANGE 
INPUT 

104 OR -; 105 FH
' 

LOGIC 

-

-Q'--
0 

CL 
MAIN 

-!'~ 

~. 

STORE AND 
RESET LOGIC 

r--'--
EN -

c lOS COUNTER 
D.P. 

CL OVERFLOW LOGIC 

l4 l4 l4 l4 l4 f4 l4 4 ,. 
OUTPUT DATA LATCHES STORE I-MUX 

L-1-
4 DECODER 

LOGIC 

'---

, 

6 

t--

-
f-.L-

5 t 

CONTROL 
LOGIC 

-

SEGMENT 
DRIVER 

f--o 

-h 

CONTROL 
INPUT 

EXT 
D.P. 
INPUT2 

SEGMENT 
OUTPUTS 
181 

MEASURE 
PROGRES 

MENT IN 
---SOUTPUT2 

NOTES: 1) FUNCTION INPUT AND INPUT B AVAILABLE ON leM 7216A!B ONLY. 

2) EXT D.P. INPUT AND MEASUREMENT iN PROGRESS OUTPUT AVAILABL 
leM: 7216C/D ONLY. 

BLOCK DIAGRAM 
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ICM7216 

FR 
TI. 

U.C. 

O.F. 

LED 
OVERFLOW 
INDICATOR 

rv 

v-
10K~~ 

10Kn 

22Mn 

10MHz 
CRYSTAL 

..._--------'-----4-'---..... ---1 0 °0·D4 ""lN914's EXT 

1--~------------~=-----------'----+-oOSC 

10K!! 

Do .01/1" 

.1/10 

1/100 

0 3 o-~--l'0/1K 

TYPtt::Al CRYSTAL SPECS: 
F =.10 MHz PARALLEL RESONANCE 
Co '" 22 pF 
Rs == · __ 3Sn 

lBBBBBBBB 

TEST CIRCUIT 

OVERFLOW WILL BE INDICATED ON THE DECIMAL 
POINT OUTPUT OF DIGIT7. 

LED OVERFLOW INDICATOR CONNECTIONS 

ICM 7216A 
ICM 7216B 
ICM 7216C 
ICM 72160 

CATHODE ANODE 
DEC. PT. 

0 7 
DEC. PT. 

07 

0 7 
DEC. PT. 

0 7 
DEC. PT. 

DO 

INPUT 



ICM7216 
APPLICATIONS NOTES 

GENERAL 

Inputs A and B ' 

Inputs A and B are digital inputs with a typical switching 
threshold of 2.0V at V+= 5.0V. For optimum performance the 
peak-to-peak input signal should be at least 50% of the 
supply voltage and centered about the switching voltage. 
When these inputs are being driven from. T2L logic, it is 
desirable to use a pullup resistor. The circuit counts high to 
low transitions at both inputs. 

Note: The amplitude of the input should not exceed the 
supply, otherwise, the circuit may be damaged; 

Multiplexed Inputs 

The function, .range, c.ontrol and external decimal point 
inputs are, time multiplexed to select the input function 
desired. This is achieved by connecting the appropriate digit 
driver output to the inputs. The input function, range and 
control inputs must be stable. during the last half of each digit 
output, (typically 125"sec). The multiplex inputs are active 
high for the common anode ICM7216A and C and active low 
for the common cathode ICM7216B and D. 

Noise on the multiplex inputs can ,cause improper operation. 
This is particularly true when the unit counter mode of 
operation is selected, since changes in voltage on the digit 
drivers can be capacitively coupled through the LED dio(jes 
to the multiplex inputs. For maximum noise immunity, a 10K 
resistor should be placed in series with the multiplex inputs 
as shown in the application notes. 

Table 1 shows the functions selected by each digit for these 
inputs. 

Control Input Functions 

Display Test - All segments :are enabled continuously, 
giving a display of all 8's with decimal points. The display 
will be blanked if Display Off is selected at the same time. 

Display Off ~ To enable the Display Off mode it is 
necessary to input D3 to the control input and have the 
HOLD input at V+. The chip will remain in the Display Off 
mode until HOLD is switched back to V-. While in the 
Display Off mode, the segment and digit driver outputs are 
open. During Display Off the oscillator continues to run 
with a typical supply current of .1.5mA with a 10 MHz 
crystal and no measurements are made.' I n addition, 
inputs to the multiplexed inputs will have no effect. A new 
measurement is initiated when the HOLD input is 
switched to V-. 

1 MHz Select.- The 1 MHz select mode allows use of a 1 
MHz crystal with the same digit multiplex rate and time 
between 'measurements as with a 10 MHz crystal. The 
decimal point is also shifted one digit to the right in Period 
and Time Interval, since the least significant digit will be in 
"second increments rather than 0.1 "sec increments. 

External Oscillator Enable - In this mode the external 
oscillator input is used instead ofthe on-Chip oscillator for 
Timebase input and Main Counter input in Period and 
Time interval modes. The on-chip oscillator will continue 
to function when the external oscillator is selected. The 
external oscillator input frequency must be greater than 
100 KHz or the chip will reset itself to enable the on-chip 
oscillator. 

TABLE 1 

FUNCTION DIGIT 

Function Input Frequency" Do 

Pin 3 Period D7 
(ICM7216A & B Frequency Ratio D1 
Only)' 

Time Interval D4 
, Unit Counter D3 

Oscillator' 02 
Frequency 

Range Input .01 sec/1 Cycle Do 

Pin 14 ,1 sec/10 Cycles 01 

1 sec/100 Cycles D2 

10 secl1K Cycles D3 

Control Input Blank Display, 03 and Hold 

Pin 1 Display Test D7 

1 MHz Select D1 

External Oscillator Do 

, , Enable 

External Decimal D2 
Point Enable 

Test D4 

External Decimal Decimal point isoutputfor same' 
Point Input digit that is connected to this 

Pin 13; ICM7216C input 

& D Only 

External Decimal Point Enable - When external decimal 
pOint is enabled a decimal point will be displayed 
whenever the digit driver connected to the external 
decimal point is active. Leading' Zero Blanking will be 

, disabled for all digits following the decimal pOint 

Test Mode -In the testmode the main counterissplit into ." (I 
groups of two digits each and the groups are clocked in I 
parallel. The reference counter is split such that the clock 
into the reference count goes directly to the clock of the 
second decade counter (.1 sec/1 0 cycle range), The count 
in the main counter is continuously output. 

Range Input - The range inputselects whether the measure
ment is made for 1, 10 , 100, 1000 counts of the reference 
counter. In all functional modes ,except Unit Counter a 
change in the range input will stop the ,measurement in 
progress without updating the display and then initiate a new 
measurement. This prevents an erroneous first reading after 
the Range Input is changed. 

Function Input - The six functionsthat can be selected are: 
Frequency, PElriod, Timelnterval"UnitGounter, Frequency 
Ratio and Oscillator Frequency. This Input is available on the 
ICM7216A and B only. 
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These functions select which signal is counted into the Main 
Counter and which signal is counted by the reference 
counter, as shown in Table 2'. In Time Interval, a flip flop is 
toggled first by a 1-0 transition of Input A and then by a 1-0 
transition of Input 8. The oscillator is gated into the Main 
Counter from the time Input A.toggles the flip flop until Input 
B gates the flip flop. A change in the function input will stop 
the measurement in progress without updating the display 
and then initiate a new measurement. This prevents an 
erroneous first reading after the Function Input is changed, 

TABLE 2 

DESCRIPTION MAIN COUNTER REFERENCE 
COUNTER 

Frequency (FA) ,Input A 100 Hz (Oscillator 
.;- 105 or 104 1 

Period (TAl Oscillator Input A 

Ratio (FA/FBI In~ut A Input B 

Time Interval Osce(Time Time Intervai FF 
(A- BI Interval FFI 

Unit Counter Input A Not Applicable 
(Count AI 

Osc. Freq, Oscillator 100 Hz (Oscillator 
(Foscl .;- 105 or 104 ) 

External Decimal Point Input - When the external decimal 
pOint is selected this input is active: Any of the digits, except 
D7, can be connected to this point. D7 should not be used 
since it will override the overflow output and leading zeros 
will remain unblanked after the decimal point. This input is 
available on the ICM7216C and D only . 

. Hold Input -When the Hold Input is atV+, any measurement 
in progress is stopped, the main counter is reset and the chip 
is held ready to initiate a new measurement. The latches 
which hofd the main counter data are not updated so ihe last 
complete measurement is displayed.When Hold Ischanged 
to, V,-, a,new measurem~nt is initillted, . 

Reset Ihput - TheRese! Input is the same as aHold Input, D' except t, he, latC.hes for, t,he Ma,in Counter are enabled, 
resulting in an output of all zeros. ' 

I ' ,. ' , ' 
DISPLAY CONSIDERATIONS 
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The display is multiplexed at a 500 Hz rate with a digit time of 
244 }lsec.Aninterdigit blanking time of 6 }lsec is used to 
prevent ghosting between digits. The decimal point and 
leading zero blanking have been implemented for right' hand 
decimal point displays, zeros following the decimal point will 
not' be blanked, Also, the leading zero blanking will be 
disabled when the Main Counter overflOWS. 

The, ICM7216A, and Care designedto drivecommon anode 
LED displays at peak current of 25mA/segment, ,using 
displays with VF = 1.8 V at 25mA. The average DC current will 
be over3mAundEir these conditions. The ICM7216Band D 
are designed to ddvecommon cathode displays at peak 
current of 15mA/segment using displays with VF = 1.8V at 
15mA, Resistors can be added in series with the segme'nt 
drivers to limit the display current in very efficient displays, if 

required. Figures 4,5,6 and 7 show the digit and segment 
currents as a, function of output voltage. 

To get additional brightness out of the displays, V+ may be 
increased up to 6,OV. However: care should be taken to see 
that maximum power' and current ratings are not exceeded. 

300 ,-------'---r----,.---....,.,"" 

200 

" E 
~ 

.E 

laO 

y+ - Your (VOLTS) 

FIGURE'4, ICM7216A &C Typical IDIG vs. V"!" -' Your. 
4.5VS: V+ - V - . s: 6.0V 

80,-------,--~-,_-----, 

VOUT - V- (VOLTS) 

80r---~~----._---~ 

-20'C 

Vour - V- (VOL lS) 

FIGURE 5. ICM7216A & C TypicallSEG vs. Vour - V-
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0' 
'EO 

~ 
_0 

200r---------r-----~~~--~----, 

150 

100 

50 

0 
0 

-20 C /, 

/ 
/ 

/ 

............ 

(a) 
VOUT - v,- (VOLTS), 

200 

(b) VOUT - V- (VOLTS) 

FIGURE 6. ICM7216B & D Typical IDIGIT vs. YOUT - Y-

30,---------,---------,---------n 

20 

0' 
5 

0 

10 

v+ - VOUT (VOLTS) 

FIGURE 7. ICM7216B & D Typical ISEG vs. y+ -VOUT' 
4.SY':; y+ -Y- ,:; 6.0Y 

The segment and digit outputs in ICM7216's are not directly 
compatible with either TTL or CMOS logic. Therefore, level 
shifting with discrete transistors may be required to use these 
outputs as logic signals. A 

Segment 'Identification: F ,-;-, B E,-,e o -D.P. 

ACCURACY 

In a Universal Counter crystal drift and quantization errors 
cause errors. In Frequency, Period and Time Interval modes. 
a signal derived from the oscillator is used in either, the 
Reference Counter or Main Counter. Therefore, in these 
modes,'an error in the oscillator frequency will cause an 
identical error in the measurement. For instance. an 
oscillator temperature coefficient of 20ppM/oC will cause a 
measurement error of 20ppM/o C. ' 

In addition, there is a quantization error inherent in any 
digital measurement of ±1 count. Clearly this error is reduced 
by displaying more digits. In the Frequency mode the 
maximum ,accuracy is obtained with high frequency inputs 
and in Period mode maximum accuracy is obtained with low 
frequency inputs. As can be seen in Figure B.the least 
accuracy will be obtained at 10 KHz. In Time Interval 
measurements there can be an error of 1 count per interval. 
As a result there is the same inherent accuracy in all ranges 
as shown in Figure 9. In Frequency, Ratio measurement can 
be more accuratelyqbtained by averaging over more cycles 
of Input B as shown in Figure 10." 

FREQUENCY (Hz) 

FIGURE 8. Maximum Accuracy of Frequency and Period 
Measurements Due to Limitations of 
Quantization Errors 

I~ 

'" MAXIMUM TIME INTERVAL 

K FOR 103 'VERiALS ! 

~ V MAXIMUM TIME 
INTERVAL FOR 

~ 
102 I~ERVALS 

./ 

r- ~~~~~~~T~I~Jd~;ERVAL~ 
~ 
r-

'" I I I I 
8, 10 102 103 104 105 106 107 108, 

TIME INTERVAL (j.lSEC) 

FIGURE 9. Maximum Accuracy of Time Interval 

Measurement Due to Limitations of 

Quantization Errors 
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FIGURE 10. MaxImum Accuracy f,or Frequency Ratio 
Measutemenf Due to Limitation of 
QuantIzation Errors 

v+ 

O~OlL 

CIRCUIT APPLICATIONS 

The ICM7216 has been designed for use in a wide range of 
Universal and Frequency counters. In many cases, 
prescalers will be required to reduce the input frequencies to 
under 10 MHz. Because InputAand Input B are digital inputs, 
additional circuit'ry is often required for input buffering, 
amplification, hysterisis, and level shifting to obtain a good 
digital signal. 

The ICM7216A or B can be used as a minimum component 
complete Universal Counter as shown in Figure 11. This 
circuit can use input frequencies up to 10 MHz at Input A and 
2 MHz at Input B. 

For input frequencies up to 40 MHz the circuit shown in 
Figure 12 can be used to implement a frequency counter. To 
obtain the correct measured value, it is necessary to divide 
the oscillator frequency by four as well as the input 
frequency. In doing this the time between measurements is 
also lengthened to 800 msec and the display multiplex rate is 
decreased to 125 Hz. 

v-

22Mfl 

10Kfl 

39pF 
TYP, 

10MHz 
CRYSTAL 

t--__ -lD 

v+ ;DlSPLAY DISPLAY ~~6 
BLANK TEST ENABLE 

0, 0, DO 

1N914'S 

FREQUENCY 

PERIOD 
FREOUENCY RATIO 

TIME INT~RVAL 
UNIT COUNTER 

OSCILLATOR FRED, 

,39pF '---Ov+ EXT 
I-----------------------~~------~--------~--~~OSC 

v-

10Kfl SEC. 
Do ¥ 
01 0.1 
02 1.0 
OJ 10.0 

CYCLES 
---,-:0 

10.0 
100.0 

, ,. 

INPUT 

I-~--~--------------------------~==========~~--ov+ 
----L ' 

v-o------4----~ O-----~~~~~~:J--~o-r-----~~----~I=SE=G=M=E=NT=D=R=IV=E=R=S~I--________ -, I RESET I • 

~ D~I~~~s, ',,' ' ,', " COMM,ON CATHODE LED DISPLAY , , ' 

.:J BBBBBBBB 
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• dp 

0, LED 
OVERFLOW 

L-__ ~~----~~--~----~--------~--------~------~~------_+~------~----------+---~INDICATOR 

FIGURE 11. 10MHz Universal Counter 
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r.;,---;~ov' 

DP 

22M~! 

2.5 MHz 
CRYSTAL 

39pF 
TYP. 

O~OIb 

EXT 
osc DISPLAY DISPLAY 
EN OFF TEST 

G 

A 

IN914'$ EXT 
I---~~------------------------~-----------------------------+-oosc 

INPUT 

~~----------~-4~[] 

v-o-----~--~--~ 
o 

L-___ , __________________ ~l~OK~--------:-w:~-------+------------~ 
I ~OMMON ANODE LED DISPL~ 

9 
dp BBBBBBBB 

FIGURE 12. 40MHz Frequency Counter 

If the input frequency is prescaled by ten, then the oscillator 
can remain at 10 or 1 MHz, but the decimal point must be 
moved one digit to the right. Figure 13 shows a frequency 
counter implemented with a -;-10 prescaler and an 
ICM7216C. Since there is no external decimal pOint with the 
ICM7216A or B, the decimal point must be implemented with 
additional drivers as shown in Figure 14. Note that there can 
be one zero to the left of the decimal point since the internal 
leading zero blanking cannot be changed. In Figure 15 
additional logic has been added to count the input directly in 
period mode·for m'ax'imum accuracy, In both Figures 13 and 
14. I n put A comes from Qc of the prescaler rather than QA to 
obtain an input duty cycle of 40%. If the signal at I nput A has a 
very low duty cycle then it may be necessary to use a74121 
monostable multivibrator or similar circuit. to stretch the 
input pulse width to guarantee 50 nsec minimum pulse width. 

DO 
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10MHz 

CRYSTAL 

39pF ITYP.I 

EXT. 
DECIMAL EXT. BLANK DISPLAY 

PT. ENABLE csc. DISPLAY TEST 

.-------------~~~[] EXT 
I---~----------------------------~------------~------------------~~OSC 

INPUT 

I COMMON ANODE LED DISPLAY 

LED OVER FLOW 
INDICATOR 

rv 

9 
dp BBBBBBBB 

3Kn 
dp 

v-o------------H~--_I 

---L
v- 0----0 0---1+-+---1 

FREQ. 

PERIOD 

RESET 

10Kn 

FREQ. RATIO D1 

LEO . 
OVERFLOW 
INDICATOR rv 

Do 

FIGURE 13. 100MHz Frequency Counter 

v+ v+ v- v+ v+ DISPLAY 
10K!2 rEST 

3K!~ IHoLol 
39pF 
TYP, 

~. 
100KH 

22Mn 2. lN914 
27 10MHz 

26 CRYSTAL 

25 [] 
2. 

Do 
23 

ICM 22 0, 
7216A 

21 0, 
20 0 3 

10 19 0, 
11 ,. v+ v- v-
12 17 Os 

16 0, 
RANGE 

15 0, Do 

10K.I1 

03 
COMMON ANODE LED DISPLAY I 40n 

BBBBBBBB. 
DO 

FIGURE 14. 100MHz Multifunction Counter 
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DEVICE NO. TYPE 

1 74LSOO 

I 2 CD4016 I 
I 3 l1C90 ! 

3Kll 
v+ 

v+ v+ v- v+ v+ v-
10KU 

39pF 

IHOLOI TYP. 10KH 

~ 
100KS2 10Kn. 

v+ 

22MH 

10MHz 
D, CRYSTAL 

25 0 
24 

23 
Do 

ICM 22 D, v-
v- a 7216A 21 D, 

20 D3 

10 19 D, lKll 

11 18 v+ v- v-
--..l..- 12 17 D, 

v-o-o 13 16 D6 RANGE 
RESET 14 15 D, Do 

10Kll lOKfl 

D3 
COMMON ANODE LEO DISPLAY I 4011 

B BBBBBBB .. 
LED OVERFLOW 

INDICATOR 

Do 

FIGURE 15. 100MHz Frequency, 2MHz Period Counter 

OSCILLATOR CONSIDERATIONS 
The oscillator has been implemented as a high gain 
complementary FET inverter. An external resistor of 10Mn or 
22Mn should be conn~cted between the oscillator input and 
output to provide biasing. The oscillator is designed to work 
with a parallel resonant 10 MHz quartz crystal with a static 
capacitance of 22pF and a series resistance of less than 
35 ohms. 

For a specific crystal and load capacitance, the required gm 
can be calculated as follows: 

( CO) 2 gm = w2 Cin Cout Rs 1+-

( CinCout CL 
where CL = Cin+Cout) 

Co = Crystal Static Capacitance 
Rs = Crystal Series Resistance 
Cin = Input Capacitance 
Cout = Output Capacitance 
w = 2 17"f 

The required gm should exceed the gm specified for the 
ICM7216 by at least 50% to insure reliable startup. The 
oscillator input and output pins each contribute about 5pf to ~ 
Cin and Couto For maximum stability of frequency, Cin and ., 
Cout should be approximately twice the specified crystal 
static capacitance. 

In cases where non decade prescalers are used it may be 
desirable to Use a crystal which is neither 10 MHzor 1 MHz. In 
that case both the multiplex rate and time between 
measurements will be different. The multiplex rate isfmax = 

~ for 10 MHz mode and fmax = lose 3 for the 1 MHz 
2xl04 2xl0 6 

mode. The time between measurements is 2;10 in the 
2xl0s . ose 

10 MHz mode and ~ In the 1 MHz mode. 

The crystal and oscillator components should be located as 
close to the chip as practical to minimize pickup from other 
signals. Coupling from the External oscillator input to the 
oscillator output or input can cause undesirable shifts in 
oscillator fr~quency. 
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CHIP TOPOGRAPHY 

EXT asc INPUT 
ase INPUT 

ase OUTPUT 

HOLD INPu'T 

INPUT A 

CONTROL INPUT 
INPUT B 

FUNCTION,INPUT 

EXT ase INPUT 
asc INPUT 

esc OUTPUT 

HOLD INPUT 

INPUT A 

CONTROL INPUT 
MEASUREMENT IN 

PROGRESS 

I' 
.166" 

4.22mm 

DO D1 D2 03 04 

w "" ,,0 
iii "" ~ ww 
'" "'''' 

ICM7216A 

ICM7216C 

"' 
~ 

05 

06 
07 .157" 

3.99mm 

RANGE INPUT 

RESET INPUT 

SEG F 

SEG C 

EXT ase INPUT 
esc INPUT 

HOLD INPUT 

CONTROL INPUT 
INPUT B 

FUNCTION INPUT 

ICM72168 

.... 
=> 
i= 
=> 
0 

ON 
00 

ICM7216D 

"0 

.... ('11 loot 
00 >0 :g 

O~OIb 

SEG B 

SEG C 
SEG F 

RANGE INPUT 

RESET INPUT 

07 

06 

SEG B 

SEG C 
SEG F 

RANGE INPUT 
EXT D.P. INPUT 

RESET INPUT 

07 

06 
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20,-----,r----r-----, 

15 f-----Ir-----::01~------4 

101-----ii----1-------i 

FA MAX Fe MAX PERIOD. 
TIME INTERVAL MODES 

V+ - V- (VOLTS) 

FA MAX. Fa MAX as a Function of y+ - y-

FIGURE 16. Typical Operating Characteristics 

PACKAGE DIMENSIONS. 

1-0.600' .010_1 oro 
i. I I I~ t 0.009 ...... _ 

0.015 

1-0.660 , .010 _I 

[::::::::::]+ 
I. 1.460 TVP, .030 .1 
~ -O,050TYP 

. .100 _11_ _I 1_0.,00 
MAX TYP 

28 PIN CERDIP DUAL IN LINE PACKAGE 

0.145 
'.010 

[::::::::::: Jf 
I.. 1.470. MAX'· . .1 

0050·· . 0.130 

~.5 .. o,,:,.~~ .. _J. , __ + 

, 1 ; t 
0.075_ 1_ _I 1_0.100. 0.018 _11___ 0.125 

±D.Q15 TYP ±O.OO3 MIN 

28 PIN PLASTIC DUAL IN LINE PACKAGE 
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FEATURES 
• Functions as a frequency counter, 'period counter, 

unit counter, frequency ratio counter or time interval 
counter 

• Output drivers directly drive both digits and 
segments of large 8 digit LED displays. Both 
common anode and common cathode versions are 
available 

• Measures frequencies from DC to 10 MHz 

• Measures period from 0.5J.L sec to 10 sec 

• Stable high frequency, oscillator, uses either 
1MHz or 10MHz crystal 

• Control signals available for gating of prescalers 
and prescaler display logic 

• Multiplexed BCD outputs 

,. All terminals protected against static discharge; no 
special handling precautions .required 

ORDERING 
INFORMATION 
Component: 

PIN CONFIGURATION 

ICM7226A/B 
10 MHz Universal 

Counter System 
ICM7226A Dl"ives Common Anode LED's 

ICM7226B Drives Common Cathode LED's 

, GENERAL DESCRIPTION 
The ICM7226 is a fully integrated Universal Counter and LED 
display driver, It combines a high 'frequency oscillator, a 
decade timebase counter, an 8 decade ,data counter and 
latches, a 7 segment decoder, digit multiplexer and 8 
segment and 8 digit drivers which can directly drive large 
LED displays. The counter inputs accept a maximum 
frequency of 10MHz in frequency and unit counter modes 
and 2MHz in the other modes, Both inputs are digital inputs, 
In many applications, amplification and level shifting will be 
required to obtain proper digital signals for these inputs. 

The ICM7226 can function as a frequency counter, period 
cOLJnter, frequ'ency ratio (fA/fs) counter, time interval counter 
or as a totalizing counter, The counter uses either a 1 OM Hz or 
1 MHz crystaltimebase. An. external. timebase input. is also 
provided. For period and time interval, the 10MHz timebase 
gives a O.1llsec resolution. In period average and time 
interval average, the resolution can be in the nanosecond 
range. In the frequency mode, the usercan selectaccumula
tion time of ,.01 sec, .1 sec, 1 sec and 10 sec. With a 10 sec 
accumulation time, the frequency can be displayed to a 
resolution of .1 Hz in the least significant digit. There is 0.2 
second interval between measurements in all ranges. 
Control signals are provided to enable gating and storing of 
prescaler data. 

Leading zero blanking has been incorporated with 
frequency displayed in KHz and time in usec. The display is 
multiplexed at a 500Hz rate with a 12.5% duty cycle for each 
digit. The ICM7226A Is,designed for common anode display 
with typical peak segment currents of 25mA. The ICM7226B 
is designed for common cathode displays with typical 
segment currents of 12mA. In the display off mode both digit 
drivers & segment drivers are turned off allowing the display 

,to be used for other functions. 

• ICM7226A IDL (Com
mon anode' driver, 
-20° C to +70°C 
Operating tempera
ture range, 40 pin 
ceramic DIP) 

CONTROL INPUT 1 • 40 INPUT A CONTROL INPUT 
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• ICM7226B IPL (Com
mon cathode driver, 
-20°C to +70°C 
Operating tempera
ture range, 40 pin 
plastic DIP) 

Evaluation Kit: 
• ICM7226 EV/KIT 

See page 3 

_iii,'AAS'-, ""N.PA"'O"'G"'A'''"'SS ~~~p~~ : 
FUNCTION INPUT 

S1'O'R'E OUT,PUT 

BCD C OUTPUT I; 35 asc. INPUT 

BCD 0 OUTPUT 7 D 34 N/e' 
DeCIMAL POINT OUTPUT 8 .' 33 EXT. asc. INPUT 

::~.:~ ~~~:~~ 1~ ',CM1226A - ~~ ==~~~t?A~T:~;GE INPUT 
SEG. A OUTPUT 11 - 30 DIGIT 0 OUTPUT 

I y- 12 29 DIGIT 1 OUTPUT ' 
SEG. D. OUTPUT 13 28 DIGIT 2 OUTPUT 
SEG. B OUTPUT 14 27 DIGIT 3 OUTPUT 

• SEG. -C OUTPUT, 15 26 DIGIT 4 OUTPUT 
SEG. F OUTPUT 16 25 y+ 

BCD B OUTPUT 17 24 DIGIT 5 OUTPUT 
BCD A OUTPUT 18 23 DIGIT 6 OUTPUT 

RESET INPUT' 19 22 DIGIT 7 OUTPUT 
EXT. DECIMAL POINT INPUT· 20 21 RANGE i"NPUT -...--.....--

FUNCTION INPUT 
STORE OUTPUT 
BCD C OUTPUT 6 
BCD 0 OUTPUT 

DIGIT 0 OUTPUT 
DIGIT 2 OUTPUT 9 
OIGIT 1 OUTPUT 10 

, DIGIT:3 OUTPUT 11 
V- 12 

biG IT 4 OUTPUT' 13 
• DIGIT 5 OUTPUT 14 

DIGIT 6 OUTPUT 15 
DIGIT 7 OUTPUT 16 

ICM7226B 

39 HOLD INPUT 
38 BUFFERED OSC. OUTPUT 
37 N/C' 
36 OSC. OUTPUT 
3S OSC. INPUT 
34 N/C' 
33 EXT. OSC. INPUT 
32 RESET OUTPUT 
31 EXT. RANGE INPUT 
30 DECIMAL POINT OUTPUT 
29 SEG. G OUTPUT 
28 SEG. E OUTPUT 
27 SEG. A OUTPUT 
26 SEG. 0 OUTPUT 
25 y-

BCD B OUTPUT 17 24 SEG. B OUTPUT 
BCD A 'OUTPUT 18 23 SEG. C OUTPUT 

RESE'f INPUT 19 22 SEG. F OUTPUT 
EXT. DECIMAL POINT INPUT 20 21 RANGE INPUT ..... __ -r-

'FOR MAXIMUM FREQUENCY 
STABILITY, CONNECT TO y' OR Y-



ICM7226A/B 
ABSOLUTE MAXIMUM RATINGS 

Maximum Supply Voltage (V+-V-) ................................. , ...... 6.5 volts 
Maximum Digit Output Current ........................................... 400mA 
Maximum Segment Output Current ........................................ 60mA 
Voltage on any Input or OutputTerminal (Note 2) ............... Not to exceed V+ -V-

. by more than ±0.3 volts 
Maximum Power Dissipation at .............................. 1.0 watts (lCM7226A) 

70°C (Note 1) ..................................... : ........ 0.5 watts (lCM7226B) 
Maximum Operating Temperature Range .......................... -20° C to +70° C 
Maximum Storage Temperature Range ............ , .............. -55°C to+125°C 

Absolute maximum ratings refer to values that if exceeded may destroy or permanently change the device. The device is guaranteed for 
continous operation only under the conditions defined under the section TYPICAL OPERATING CHARACTERISTICS. 

Note 1: The ICM722611)ay be triggered into a destructive latchup mode if either input signals are applied before the power supply is applied or if 
input or outputs are forced to voltages exceeding V+ -V- by more than 0.3 volts. 

ELECTRICAL CHARACTERISTICS V+-V' = 5.0V, Test Circuit, Ti\= 25°C,u,nless otherwise specified. 

PARAMETER SYMBOL CONDITION MIN TYP MAX UNITS 
Operating Supply IDD Display Off 

Current Unused inputs toV- 2 5 mA 
Supply Voltage Range -20°C <TA < 7Q°C 

Input A, Input B 4.75 6.0 volts 
Frequency at FMAX 

Maximum Guaranteed. 
Frequency FAMAX -20°C<TA < 70°C 

Input A, Pin 40 4.75V < V' -V- < 6.0V Figure 1 
Function = Frequency, 

Ratio, Unit.Counter 10 14 MHz 
Function = Period, Time Interval 2.5 MHz 

Maximum·Frequency FSMAX -20°C < TA < 7Q°C 
Input B, Pin 2 4.75V < V' -V' < 6.0V 2.5 .MHz 

Figure 2 

Mini~um Separation -20°C < TA < 70°C 
Input A to Input B 4.75V < V' -V' :" 6.0V·, 250 nsec 

Time Interval :FunCtion Figure 3 

Maximum osc. freq. and ext. osc. -20°C < TA < 70°C' 
freq. 4.75V < V' -V' < 6.0V 10 MHz 
Minimum ext. osc. freq. 1.00 kHz 

Oscillator Transconductance gm V' -V = 4.75V 2000 j.lS 
TA = +70°C 

Multiplex Frequency FMAX fose = 10 MHz 500 Hz 

Time Between Measurements fose = 10 MHz 200 msec 

INPUT A 4.SV I »0 n. 

"O.5V 
50n~, .' Ir:=tl=10nse~ 

INPUT A 

INPUT B 

FUNCTION: 
TIME INTERVAL 

Figure 1: Waveform for Guaranteed Minimum FAMAX Funct.ion. = 
Frequency, Frequency Ratio, Unit Counter. Figure 3: Waveform for Minimum Time Between Transitions 9f 

Input A and InpUt B. 

INPUT A 4.SV ----_.1 
OR 
INPUT B O.5V 

I, ~ If = 10nsec 

Figure 2: Waveform for·Guaranteed·Minimum FBMAX and FAMAX for 
Function'" Period and Time Interval. 

For single or "one-shot" time interval measurements, Input A 
then Input B must have a high to low transition prior to the 
interval which is to be measured. Provisions for "priming" the 
circuit as described above must be made using external 
circuitry. For repetitive signals this occurs automatically. 

6-73 



6-74 

ICM7226A/B 
ELECTRICAL CHARACTERISTICS ~ v+ -v- = 5.0V, test circuit, TA = 25°C, unless otherwise specified. 

PARAMETER SYMBOL CONDITION MIN TYP ,..AX UNITS 
INPUT VOLTAGES 
PINS 2,19,33,39,40 

input low voltage VIL -20°C < TA <.+70°C 1.0 V 
input high voltage VIH Referred to V- 3.5 V 

PIN 2, 39, 40 INPUT LEAKAGE, A,S IL 20 /loA 
PIN 33 

input low voltage VIL -20°C < TA < 70°C .8 V 
input high voltage VIH Referred to V-. 2.0 V 

Input resistance to V+ 
PINS 19,33 R VIN = V+ -1.OV. 100 400 kO 
Input resistance to V 
PIN 31 R VIN = V- +1.0V 50 100 kO 
Output Current 

, 

PINS 3,5,6,7,17,18,32,38 IOL VOL = V- +O.4V .40 mA 
PINS 5,6,7,17,18,32 IOH VOH - V +O.4V 100 J1.A 
PINS 3,38 IOH VOH - V+ .8V 265 J1.A 
ICM7226A 
DIGIT DRIVER 
PINS 22,23,24,26,27,28,29,30 

high output current IOH You! = V+ -2.0V 150 180 mA 
low output current IOL You! = V- 't1.OV -.3 mA 

SEGMENT DRIVER 
PINS 8,9,10,11,13,14,15,16 

low output current IOL You! = V- +1.5 25 35 mA 
high output current IOH YOU! = V+ -1.0V 100 jiA 

MULTIPLEX INPUTS 
PINS 1.4,20,21 

input low voltage VIL .8 V 
input high voltage VIH Referred to V- 2.0 V 

Input Resistance to V- R VIN - V +1.0V 50 100 kO 
ICM7226B 
DIGIT DRIVER , 
PINS 8,9,10,11,13,14,15,16 

low output current IOL yOU! = V- +1.0V 50 75 rnA 
high output current IOH VO'u! = V+ -2.5V 100 J1.A 

SEGMENT DRIVER 
PINS 22,23,24,26,27,28,29,30 

high output current IOH you! = V+ -2.0V 10 15 mA 
leakage current IL you! = V- 10 J1.A 

MULTIPLEX INPUTS 
PINS 1.4,20,21 

input low voltage VIL ' V+ -2.0 V 
input high voltage VIH V+ -;8 V 
input resistance to V· R VIN - V+ -1:0V 200 360 kO 

EVALUATION KIT 

An evaluation kit is available for the ICM7226. It includes all the components necessary to assemble and evaluate a 
universal frequency/period counter based on the ICM7226. With the help of this kit, an engineer or te~hnician can 
have the ICM7226 "up-and-running" in less than an hour. Specifically, the kit contains an ICM7226AIDL,a 10MHz' 
quartz crystal, eight each 7-segment .3" leds, PC board, resistors, capacitors, diodes, switches and IC socket. 
Ordering information for the kit is given on page 1. 
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BLOCK DIAGRAM 
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ICM7226A/B 
APPLICATION NOTES 
GENERAL 
Inputs A & B ... 
The signal to be measured is' input at Input A in Frequency, 
Period, Unit Counter, Frequency Ratio and Time Interval 
modes. The other .input signal to be.measured is input at 
Input B in Frequency·Ratio and Time Interval. In Frequency 
Ratio FA should be. larger than Fs. . . 

Both inputs are digital inputs with a typical switching 
threshold of2.OV at V+ = 5.0V. For optimum performance 
the peak to peak input signal should be at least 50% of the 
supply voltage ahd centered about the switching voltage. 
When these inputs are being driven from TTLIogiC, it is 
desirable to use a pullup resistor. The circuit counts high 
to low transitions at both inputs. 

Note: The amplitude of the input should not exceed the supply by 
more than .3 volt otherwise, the circuit may be damaged. 

Multiplexed Inputs 
The function, range, control and external decimal point 
inputs are time multiplexed to select the inputfunction 
desired. This is achieved by connecting the appropriate 
digit driver output to the inputs. The input function, range 
and control inputs must be stable during the last half of 
each digit output, (typically 125 Ilsecl.· The multiplex 
inputs are active high for the common anode ICM7226A 
and active low for the common cathode ICM7226B. 

Noise.on the multiplex inputs can cause improper opera
tion. This is particularly true when the unit counter mode 
oloperationis selected, since changes in voltage on the 
digit drivers can be capacitively coupled through the LED 
diodes to the multiplex inputs. For maximum noise 
immunity, a 10K resistor should be placed in series with 
the multiplex inputs as shown in the application notes. 

Table 1 shows the functions selected by each digit for these 
inputs. 

TABLE 1 

FUNCTION DIGIT 
FUNCTION INPUT Frequency Do 
PIN 4 Period D? 

Frequency Ratio 01 
Time Interval 04 
Unit CO.u·nter 03 
Oscillator Frequency 02 

RANGE INPUT .01 Sec/1 Cycle Do 
PIN 21 .1 Sec/10 Cycles 01 

1 Sec/100 Cycles 02 
10 Sec/1k Cycles 03 

External Range Input 
PIN 31 Enabled 04 
CONTROL INPUT Blank Display D3&Hold 
PIN 1 Display Test 07 

1MHz Select 01 
External Oscillator Enable Do 
External Decimal Point 
Enable 02 
Test 04 

EXTERNAL DECIMAL Decimal Point is Output for Same Digit 
POINT INPUT, PIN 20 That is Connected to This Input 

Control Input Functions 
Display Test - All segments are enabled continuously, 
giving a display of all 8's with decimal points. The display 
will be blanked if Display Off is selected at the same time. 

Display Off - To enable the Display Off mode' it is. 
necessary to input 03 to the control input and have the 
HOLD input at V+. Thechip will remainin the Display Off 
mode until HOLD is switched back to V-. While in the Dis
play Off mode, the segment and digit driver outputs are 
open. During Display Off the oscillator continues to run 
with a typical supply current of 1.5mA with a 10MHz 
crystal and no measurements are made. In addition, 
inputs to the multiplexed inputs will have no effect. A new 
measurement is initiated when. the HOLD input is 
switched to V-

1 MHz Select - The 1 MHz select mode allows use of a 
1 MHz crystal with the same digit multiplex rate and time 
between measurements as with a 10MHz crystal. The 
decimal pOint is also shifted one digit to the right in 
Period and Time Interval, since the least significant digit 
will be in Ilsecond increments rather than 0,1 Ilsec 
increments. 

External Oscillator Enable - In this mode the external 
oscillator input is used instead of the on chip oscillator 
for the Timebase input and Main Counter input in Period 
and Time interval modes.' The on chip oscillator will 
continue to function when the external oscillator is 
selected, but will have no effect on circuit operation. The 
external oscillator input frequency must be greater than 
100KHz or the chip will reset itself to enable the on chip 
oscillator. 

External Decimal Point Enable - When external decimal 
pOint is enabled a decimal point will be displayed when
ever the digit driver connected to the external decimal 
pOint is active. Leading Zero Blankihg will be disabled for 
all digits following the decimal pOint. 

Test Mode - In the test mode the main counter is split into 
groups of two digits each and the groups are clocked in 
parallel. The reference counter is split such that the 
clock into the reference count goes directly to .the clock 
of the third decade counter (10 sec/1 k cycle range). Store 
is also enabled so the count in the main counter is con
tinuolJslyoutput. 

Range Input - The range input selects whether the measure
ment is made for 1, 10, 100, 1000 counts of the reference 
counter or if the external range input determines the 
measurement time. In all functional modes except Unit 
Counter a change in'the range input will stop the measure
ment, in progress without updating the display and then 
initiate a new measurement. This prevents an erroneous first 
reading after the Range Input ischanged. 

'Function Input - The six functions that can be selected are: 
Frequency, Period, Time Interval, Unit Counter, Frequency 
Ratio and Oscillator Frequency. 

These functions select which signal is counted into the main 
counter and which Signal is counted by the ,reference 
counter as shown in Table 2 ... In Time Interval a flip flop is 
toggled first by a 1 ~ a transition at InpulA and then by a 
1 - a transition at Input B. The oscillator is gated into the 
Main Counter from the time Input A toggles the flip flop until 
Input B gates the flip flop. A change in the function input will 
stop the measurement in progress without updating the 
display and then initiate a new measurement. This prevents 
an erroneous first reading after the Function Input is 
changed. If main counter overflows, an overflow indication is 
output on the decimal pOint output during 07. 
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TABLE 2 

REFERENCE 
DESCRIPTION MAIN COUNTER . COUNTER 

Frequency (FAI Input A 100Hz (Oscillator-;-
105 or 1041 

Period (TAl Oscillator Input A 
Ratio (FA/FBI Input A Input B 
Time Interval (A BI Osc-Time Interval FF Time Interval FF 
Unit Counter(Count AI Input A I Not Applicable 
Osc. Freq. (Foscl Oscillator 100Hz (Osc -;-105 or 

1041 

External Decimal Point Input - when the external decimal 
point is selected this input is active. Any of the digits, except 
D7, can be connected to this point. D7 should not be used 
since it will overide the overflow output and leading zeros wi II 

. remain unblanked after the decimal point. 

Hold Input - Except in the Unit counter mode when the. Hold 
Input is at V+ , any measurement in progress is stopped, the 
main counter is reset and the chip is held ready to initiate a 
new measurement. The latches which hold the main counter 
data are not updated so the last complete measurement is 
displayed. In Unit counter mode when Hold Input is at V+ the 
counter is stopped but not reset When Hold is changed to V
the count continues from where the counter stopped. 

Reset Input- The Reset Inputis the same as a Hold Input, 
except the latches for the main .counter are enabled, 
resulting in an output of all zeros. 

External Range Input - The External Range Input is used to 
select different ranges than those provided on the chip. 
Figure 4 shows the relationship between Measurement In 
Progress and External Range Input. 
REFERENCE 
COUNTER 
CLOCK 

MEAS. 
iN PROGRESS 

EXT RANGE 
INPUT 

~ .•.... 
~····---ll=-=---
J 

Figure 4: External Range Input to End of Measurement in Progress. 

Measurement In Progress, Store arid Reset Outputs - These 
outputs are provided to enable display of 'prescaler digits. 
Figure 5 shows the relationship between these signals 
during the time between measurements. All three outputs 
can drive a low power Schottky TTL load. The Measure
ment In Progress Output can directly drive an ECl load,ifthe 
ECl device is powered from the same power supply as the 
ICM7226. . 

MEASUREMENT 
IN PROGRESS 

RESET 

I~ 190 ;0 -2ooms--------l. 

----~I ~I ____ __ 

t·t140m
, '. 

30T040ms, ,I" ~60ms . . '" .n!-____ _ 
!---+40ms 

Figure' 5: Reset, Store, and Measurement in Progress Outputs 
Between Measurements. 

BCD Outputs - The BCD representation of each digit output 
is output on the BCD outputs. leading zero blanking of the 
display has. no effect on the BCD output. Each BCD output 
will drive one low power Schottky TTL load. Table 3 shows 
the truth table for the BCD outputs. 

O~OIb 
TABLE 3 Truth Table BCD Outputs 

D C B A 
NUMBER . PIN 7 PIN 6 PIN 17 PIN 18 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 

Buffered Oscillator Output - The Buffered Oscillator Output 
has been provided to enable use of the on chip oscillator 
signal without loading the oscillator itself. This output will 
drive one low power Schottky TTL load. Care should be 
taken to minimize capacitive loading on this pin. 

DISPLAY CONSIDERATIONS 
The display is multiple'Wd at a 500Hz rate with a digit time of 
244 J.Lsec. An interdigit blanking time of 6 J.Lsec is used to 
prevent ghosting between digits. The decimal pOint and 
leading zero blanking have been implemented for right hand 
decimal point displays. Any zeros following the decimal 
point will not be blanked. Also, the leading zero blanking will 
be disabled if the Main Counter overflows. The decimal point 
has been implemented to display frequency in KHz and time 
in J.Lsec. 
The ICM7226A is designed to drive common anode lED 
displays at peak current of 25mA/segment, using displays 
with VF = 1.8V at ?5mA. The average DC current will be over 
3mA under these conditions. The ICM7226B is designed to 
drive common cathode displays at peak current ·of 15mAI 
segment using displays with VF = 1.8V at 15mA Resistors 
can be added in series with the segment drivers to limit the 
display current in very efficient displays, if required. Figures 
6, 7, 8 and 9 show the digit and segment currents as a 
function of output voltage for common anode and common 
cathode drivers. 

300 ,..----,---.,..-....."..,. 

200 f---l----h'---1 
;;-
~ 
E 

100 f----+-.J.II'-+~--1 

v..,. -VOUl (VOLTS) 

Figure 6: ICM7226A Typicall~IG Vs. V+ -Voul 
4.5 s; V+ -V- s; 6.0V 

VOUT(VOL TS) VOUT-V (VOLTS) 

(a) (b) 

Figure 7: ICM7226A Typical ISEG Vs. Voul-V-
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200 r--.----.--,,----, 200 ,---.----~--~ 

! e 100~--~~--+_---~ 
o 
~ 

50~_,~+_---+----~ 

1 2 

Vour-.\'_(VOL TS} VOUT-V (YOLTS) 

Figure 8: .ICM72268 Typical IDIGIT Vs. Vo.ur-V· 

20: 
;; 
S-
o 
~ 

10 

V' ~ VOUT (VOLTS) 

Flgure'S: ICM72268 Typical 'ISEG Vs. V'-Vout 
4.5V :s V+ -V· :s 6.0V .' 

To. increase ttle light o.utput from the displays, v" may be 
increased up to.6.0V, however, care should be taken to. see 

.thatmaximum po.wer and current ratings are no.t exceeded. 

The segment and digifo.utputs in bo.ththe 7226A and Bare 
hot directly compatible with either 'TTLor CMOS logic. 
Therefore, level shifting with' discrete. transistors may be 
required to use these outputs as logic,signals. 

Segment Identification 

ACCURACY 
I 

In a Universal Counter crystal drift and quantization errors 
cause errors. In Frequency, Period and Time Interval Modes, 
a signal derived from the oscillator is used in either the 
Reference Counter or Main Counter. Therefore in these 
modes an error in the oscillator frequency will 'cause an 
identical e~ror in the measureme!lt. For instance, an 
oscillator temperature coefficient of 20ppm/oC will cause a 
mea~urement error of 20ppm/o C. 

,In addition, there is a quantization error inherent in any 
digital measurement of", 1 count. Clearly this error is reduced 
by c;fisplaying more digits. In the Frequency' Mode the 
maximum accuracy is obtained with high frequency inputs 

. and in Period Mode maximum accuracy is obtained with low 
frequency in,puts. As can be seen in Figure 10, the least' 
accuracy will be obtained at 10 KHz. In Time Interval meas~ 
uremeqts there is a maximum erro.r'of 1 count per interval. As 
a result there is the same inherent accuracy in all ranges as 
shown in Figure 11. In Frequency Ratio measurement more 
accuracy can be obtained by averaging over more cycles of 
Input B as sho.wn in Figure 12.. , . . . 
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I-~-'k-'!..=!.-I-+-'-¥--.I : OC;~~:ES .oj PERIOD . 
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Figure 10: Maximum Acc;uracy of Frequency and Period Measure
l1)ents Due. to Limitations of Quantization Errors. 
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Figure 11: Maximum Accuracy of Time Interval Measurefn'ent D~e 
to Limitations of Quantization Errors. 
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Figure 12: Maximum Accuracy for Frequency RatiO Measurement 
Due to Limitations of Quantization Errors: 

, , , 

CIRCUIT APPLICATIONS 
'. . ., '." ' . . . I 

The ICM7226 has been designed to be used as scomplete 
Uhiversal Counter or with prescalers' and other circui.lry in a 
varietY o.f.applications. Sil'1ce Input A andlnputB are digital 
inputs additional circuitry will be required in. many appli
cations .for input buffering, amplification, 'hysteresi,s,'and 
level shifting to obtain the required digital voltages. For 
many applications an FE! sQurce fo.llower can be used fo.r 
input buffering and an ECl 10116 line receiver can be used 
fo.r amplification and hysteresis to obtain ahigh impedance 
input, sensitivity. and bandwidth. However, cost and com-' 
plexity of this circuitry can vary widely dep~nciing upon the 
sensitivity and bandwidth required. When TTL prescalers or 
inputbuffers are used, pull up resistors to V+ should be used 
to obtain optimal voltage sWing' at Input's A and B . 

Ifprescalers aren't' required the ICM7226 can·be ·used to 
implement a minimum' component Universal counter as 
shown in figurE113. :r~js circuit can ~e for inputfre,quencies 
up to 10MHz at InputA and 2MHz ~t Input B. 

For, input frequenciEls up to 40 MHz the circuit shown in 
figure 14 can be used to implement a Frequency and Period 
Counter. To obtain the correct value when measuring 



ICM7226A/B 
frequency and period it is necessary to divide the 10MHz 
oscillator frequency down to 2.5MHz. In doing this the time 
between measuremerits is also lengthened to 800 msec. and 
the display multiplex rate is decreased to 125 Hz. 

If the input frequency is prescaled by ten then the oscillator 
frequency can remain at 10 or 1MHz, but the decimal point 
must be moved. Figure 15 shdws use of a +10 prescaler in 
frequency counter mode. Additional logic has been added to 

10kn 

y-

have the 7226 count the input directly in Period mode for 
maximum accuracy. Note that'lnput A comes fromOi/rather 
than ODto obtain an input duty cycle of 40%. If an output 
without a duty cycle near 50% must be used then it may be 
necessary to use a74121 monostable multivibratoror similar 
circuit to stretch' the input pulse to guarantee a'50 nsec 
minimum pulse width. ' 

100kU 

HOLD 

EXT 
DISPLAY DISPLAY OSC 
BLANK TEST' ENABLE 

DIODES: IN914 

D@ ____ ~--~..J..._oy-

INPUT B 

D5 
Do 
D7 

RESET y __ ..J... 

DEVICE NO. 

1 
2.3.' 

5 

39pF TYP. 

'-,-----------...... EXT o~c INPUT 

Figure 13: 10MHz Universal Counter 
y+ 

TYPE 

74LS04 
74LS74 

ICM7226B 

y' 

Notes:.l) If a 2.SMHz crystal is used.then diode 01 and I.e's 1 and 2 can be eliminated. 

Figure 14: 40MHz Frequency, Period Counter' 

TYPICAL 
CRYSTAL PARAMETERS, 

'CL=22pF 
R5=<35U 

y+ 

t:>----INPUT A 
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ICM7226A/B 
Figure ,16 shows the use of a C04016 analog.multipl.exer to 
multipl~x .the digital outputs, back to the ,Function Input. 
Since the C04Q16 is !I digitally contmlled, analog 
transmission gate no level shifting of the digit output is 
r~quired, CD405rs or,CD4052's could also be used to select 
the proper inputs for the. multiplexed input on the ICM7226 
f'rom 2 or 3, bit digital inputs, These analog multiplexers could 

INPUT A--Tt1~!...~ __ ~.J 

INPUT B-T-~~=¥~=~: __ J 

DEVICE NO. 

2 
3 
4 ' 

5 

TYPE 

14LSOO 
OR 7400 

7404 OR 74LS04 
11C90 
11C90 

ICM7226A 

" U~UI!.. 
also be used in systems in, which the mode of operation 'is 
controlled by a, microprocessor. rather than di,rect,ly' ,from 
front panel switches, TTL multiplexe'rs such as the 74153 or 
74251 could 'also be used, but some additional circuitry will 
be required to convert the digit output to TTL compatible 
logic: levei~', ',' , , .' , 

",I: 

'100kfl 

01 

~~~~-=-L--ov+ 

DI~DESi:IN914 

L-----o EXT DOC INPUT 

Figure 15: 100MHz Multi Function Counter 

10kn 

FUNCTION 
SWITCH 

OPEN: FREQ 
CLOSED: PERIOD 

" 
'/ 

Figure 16: 100MHz, Frequency Period Counter 

y+ 

10kl! 

DEVICE NO. TYPE 
, 7400 OR 74LSOO 
2 CD4016 
3 11C90 
4' ICM?,226B " 
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If the,prescaler information needs to be displayed, then the 
Measurement in Progress, Store and Reset outputs from the 
ICM7226 can be used'to control the prescaler and data latch 
as shown in figure 17. Note that the output of IC 7 has been 

'decoded with a NAND to obtain a 40% duty cycle for the 
: signal if)to input A' 
, Toobtai'n a full Univ~rsal Counter withprescalers with the 
count displayed, it is necessary to add significantly more 

'DEVICE 

1.5 
2, 
3 
4 
6 

7,8 
9 
1. 

'11 

TYPE 

74LS04 
7404 

745QO 
74LSOO 
11C90. ' 
755112 

7477 
7446 

ICM7226A: 

FIGURE 17 
9 DIGIT MULTIFUNCTION COUNTER 

') ::" 
r-_~_yT 

PRE·SCALE DIGIT B 
(ONE LESS THAN Do) • 

0-1 

d.p. 

"circuitry to implement the Time External, Mode as shown in 
figure1a. ' 

All of the circuits shown directly ,drive a multiplexed LED 
displa'y, however, the BCD outputs can be used, with external 
BCD to 7 segment decoders and appropriate level shifting to 
drive other types of displays. 

RESET -1 
~ 
y-

, Figure 17: 9 Digit Multi Function Counter, 
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BCD 
OUT 

1,2.5 
3,9 
4 

6,7,10 
8 
11 

12,13,14 
15 
16 
17 

TYPE 

74LS04 OR CD4049 
74504 

74lS10 
74$00 
74510 

74LS80 
748112 OR 745114 

74n 
7446 

ICM7226A 

FIGURE 18 
9 DIGIT UNIVERSAL COUNTER 

OVERFLOW 

Figure 18: 9 Digit Universal Counter 
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The circuit shown in figure 19 can be used in any of the 
cirouit applications shown to implement a single 
measurement mode of operation. This circuit, uses the Store 
output toputthe ICM7226 intoa hold mode. The Hold input 
canals9 be used .to reduce the time between.meas.urements, 
The circuit shown in figure 20 puts a short pulse into the Hold 

, input a short time after Store goes low. A new measurement 
will be initiatedat the end of the pulseon the Hold Input. This 
circuit reduces the time between measurements to less than 
40 msec from 200 msec. Use of the circuit shown in Figure 20 
on the circui!.shown in Figure 14 will reduce the time be
tween measurements from 800 msec, to 1600 msec, Figure 19: Single Measurement Circuit for Use With ICMl,226 
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ICM7226A/B 
V' 

100kll 

HOLD INPUT 

HOLO SWITCH -Ib N.D. 

V' 

Figure 20: Circuit for Reducing Time Between Measure~ents 

N 
:I: 

~10~----r-----+-----~' .. 
il: 

V' -v, (VOLTS) , 

FAMAX: FSMAX AS FUNCTION OFV' v 

Figure 21: Typical Operating Characteristics 

OSCILLATOR CONSIDERATIONS. 

The oscillator has been implemented as 'a' high gain 
complementary FET inverter. An external resistor of 1 OMll or 
22Mfl should be conllected between' the oscillator input 
and output to provide biasing. The oscillator is designed to 
work with a parallel resonance of 10 MHz quartz crystal with 
a static capacitance of 22pF and a series resistance of less 
than 35 ohms. 

For a specific crystal and load capacitance, the required gm 
can be calculated as follows: 

gm = w2 Cin CoutRs (1+ g~) 2 

( CinCout ) 
. where CL = Cin+Cout 

Co = Crystal static capacitance 
Rs = Crystal Series Resistance 

Cin = Input Capacitance 
Cout = Output Capacitance 

w = 2 ITf 

The required gm should exceed the g m specified for the 
ICM7226, by at least 50% to insure reliable startup. The 
oscillator input and output pins each contribute about 5pf to 

,Cin and Cout. For maximum frequency stability, Cin and 

PACKAGE DIMENSIONS 
40 Pin Plastic Dual-In-Line Package 

t 
.0520 (13.2) 

NOM.'- " 

j 

.060 (1.524) TYp. .160 .025 -i t- ±:002 (0.051), ,-, ' (4~ (~;~~) , _=H" ~.012±.001 
~ , ',! " ,50 (0.305 ± 0.025) 

---T TYP. TYP. 

L -lL. -l L .100 .125 (,3.17) L.650 -----.l, 1- -11- -I 1- (2.54) MIN. , 1- - (16.5i-~ l 
,070 .018 (0.457) MAX. 

(1.778) .020 (0.508) > 

TYP TYP. 

D~DIl. 
Cout should be approximately twice the specified, crystal 
static capacitance. 

In cases where non decade prescalers are used it may be 
desirable to use a crystal which is neither 10MHz. In that 
case, both the multiplex rate and time between measure-

ments will be different. The m~ltiplex rate is fmax = 2;;~4 for 

10MHz mode and fmax = ;~1()3 for the 1 MHz mode. The time 

between measurements is 2Xf 106 in the 10MHz mode and 
osc 

2x105 in the 1 MHz mode. The buffered oscillator output 
should be used for an oscillator test point or to drive 
additional logic. This output will drive .one low power 
Schottky TTL load. When the buffered 'oscillator output is 
used to drive CMOS or to drive the external oscillator input, a 
10kllresistorshould be added from buffered oscillator 
output to V+, 

The crystal and oscillator components shOUld be located as 
close to to the chip as' practical to minimize pickup from 
other signal's. In particular, coupling ,from the Buffered 
Oscillator Output and External Oscillator Input to the 
oscillator output or input can cause undesirable shifts in 
oscillator frequency. To minimize this coupling, pins 34 and 
37 should be connected toV+ or V- and these two signals 
should be kept away from the oscillator circuit: 

CHIP TOPOGRAPHY 
(ICM7226A SHOWN) 

EXT OSC INPUT r.;-=:+.rii
osc INPUT 

OSC OUT 
BUFFERED OSC OUT 

HOLD INPUT 

CONTROL INPUT 

FUNCTION INPUT 

40 Pin Ceramic Dual-In-Llne Package 

1 
' , 2.020 (51.308) , "I 

MAX. > _. • 

0.520 (13.208)'--------1 

0.540t3.7) 
NOM. 

j 

SQUARE r-~-----:---,' -I," 0.165 (4.191), 0 020'(0 508) 

0.05~y~:27) -II- ' MAX. 0:060 (1.:524) 

hiUTIlmllTll1m1i1l1l1nrLLi ,~r"=;IF, FI ""~~ 0.006 (0.152) 

, l1flflJUlflflflflJlf1JUUUUlf1flflflf:r==f. ~ 0.600 +0.012 (0.305) 

1 r- -11"-, -1 r- '~:~~ (3,175) r(~5E~~)-i 
0.050 ± 0.010 0.018 ± 0.002 0.100 ± 0.010 
(1.27:!: .254) (0.457:t 0.051) (2.54:t .254) 
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FEATURES 

• Four decade, presettable up-downcouhter with 
parallel zero detect . 

• Settable register with contents continuously 
compared to counter. 

• Direc~ly drives multiplexed 7 segment common 
anode or common cathode LED displays 

• On-board multiplex .scan oscillator. 
• .. Schmitt trigger on count input 
• TTL compatible BCD I/O port, carry/borrow, equal, 

and zero outputs 
• Display blank control for lower power operation; 

quiescent power dissipation < SmW 
• A.II terminals fully protected against static discharge 
• Single SV supply operation 

DESCRIPTION 
The ICM7217 and ICM7227 are four digit, presettable up/ 
down counters, each with an onboard presettable register 
continuously compared to the counter. The ICM7217 
versions are intended for use in . hardwired applications 
where thumbwheel switches are used for loading data, and 
simple SPDT switches are used for chip control. The 
ICM7227 versions are for use in processor-based systems, 
where presetting and control functions are performed under 
processor control. 

CONNECTION DIAGRAMS 

COMMON ANODE 

ICM7217 Series 
ICM7227 Series 

4 Digit CMOS 
Up/Down Counter/ 

Display Driver 
These circuits provide multiplexed 7 segment LED display 
outputs, with common anode or common cathode con
figurations available. Digit and segment drivers are provided 
to directly drive displays of up to 1" character height at a25% 
duty cycle. The frequency of the onboard multiplex 
oscillator may becontrolledwith a single capacitor: or the 
oscillator may be allowed to free run. Leading zeroes can be 
blanked. The data appearing at the 7 segment and BCD out
puts is latched; the content of the.counter is transferred into 
the latches under external control by means of the Store pin. 

The ICM7217!7227 (common anode) and ICM7217A/7227A 
(common cathode)versions are decade counters, providing a 
maximum count of 9999, while the ICM7217B, 7227B 
(common anode) and ICM7217C/7227C (common cathode) 
are intended for timing purposes, providing a maximum 
count of 5959. 

These circuits provide. 3 main outputs; a carry/borrow 
output, which allows for direct cascading of counters, a zero 
output, which indicates when the count is zero, and an equal 
output,.which indicates when the count is equal to the value 
contained in the register. D.ata is multiplexed to and from the 
device by means of a tri-state BCD I/O port. The 
carry/borrow, equal, zero outputs, and the BCD port will 
each .drive one standard TTL load. 
To permit operation in noisy environments and to prevent 
multiple triggering with slowly changing inputs, the count 
input is provided with aSchmitt trigger. 

Input frequency is guaranteed to 2MHz, although the device 
will typically run with fin as high as 5MHz. 

COMMON CATHODE 



ICM7217/7227 
ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (common anode/Cerdip) ........................ 1 Watt} Note 1 
Power Dissipation (common cathode/Plastic) .................... 0.5 Watt 
Supply Voltage V· -V- ....................................................... 6V 
Input voltage (any terminal) ........................... V+ +0.3V V- -o.3V - Note 2 
Operating temperature range' ... ' ........ _ ........................ -20°C to +70°C 
Storage temperature range .................................... -55° Cta +125° C 

O~OIL 

Absolute maximum ratings define stress limitations which if exceeded may permanently damage the device: For continuous operation these 
devices must be operated under the conditions defined under "Operating Characteristics." 

OPERATING CHARACTERISTICS 
V+-V- - 5V TA - 25°C Test Circuit Display Diode Drop 1 7V unless otherwise specified - -

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Supply current IMIN, Display Off, LC, DC, UP/DN, 
(Lowest power mode) (7217) ST, RS, BCD I/O Floating or at V+ (Note 3) 350 500 A 
Supply current IMIN, Display off (Note 3) 300 500 p.A 
(Lowest power mode) (7227) 

Supply current lop Common Anode, Displi!)I On, all "8's" 175 200 mA 
OPERATING Common Cathode, Display On, all "8's" 85 100 mA 
Supply_ Voltage V+-V 4.5 5 5.5 V 
Digit Driver output IDIG Common anode, VOUT = V+ -2.2V 175 200 mA 
current peak 
Segment driver ISEG Common anode, VOUT = V- +1.3V -25 -40 mA 
output current peak 
Dig it Driver IDIG Common cathode, VOUT = V +1.3V -75 -100 mA 
output current peak 
Segment Driver ISEG Common cathode VOUT = V+ -2V 10 12.5 mA 
output current peak 
ST, RS, UP/DN input Ip VOUT = V+ -2V (See Note 3) 5 25 p.A 
pullup current 

3 level input impedance 100 kfl 
BCD I/O input VBIH ICM7217 common anode (Note 4) 1.3 V 
high voltage ICM7217 common cathode (Note 4) 4.1 V 

ICM7227 with 50pF effective load 3 V 
. BCD I/O input VBll ICM7217 common anode (Note 4) 0.8 V 
low voltage ICM7217 common cathode (Note 4) 3.7 V 

ICM7227 with 50pF effective load 1.5 V 
BCD I/O input IBPU ICM7217 common anode VIN = V+ -2V (Note 3) -5 25 p.A 
pullup current 

BCD I/O input IBPD ICM7217 common cathode VIN = V +1.3V (Note 3) 5 25 p.A 
pulldown current 

BCD I/O, Carry/borrow IBOH VOH = V+ -1.5V 100 p.A 
zero, equal outputs -
output high current 

BCD I/O, Carry/borrow IBOl VOL = VOL V +O.4V -2 mA 
zero, equal outputs 
output low current 

Count input frequency fin V+ - V- = 5V ± 10%, -20°C <TA < {70 0 e 0 2 MHz 
(Guaranteed) 5 

Count input threshold VTC V+ - V-= 5V 2 V 

Count input hysteresis VHC V+-V = 5V 0.5 V 
Display scan fds Free-running (SCAN terminal opencircuiU 10 KHz 
oscillator frequency 

Operating Temperature TA Industrial temperature range -20 70 °C 
Range 

NOTE 1 These limited refer to the package and.will not be obtained during normal operation. 
NOTE 2 Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 

than V+ or less than V-may cause destructive device latch up. Forthis reason it is recommended thatthe power supply to the device be 
established before any inputs are applied and that in multiple systems the supply to the ICM7217/7227 be turned on first. 

NOTE 3 In the ICM7217 the Up/Down, Store, Reset and the BCD I/O as inputs have pullup devices which consume power when connected to 
the negative supply. When all these terminals are connected to the negative supply, with the display off, the device will consume 
typically 750 J.l.A. The ICM7227 devices do not have these pullups and thus are not subject to this condition. 

NOTE 4 These voltages are adjusted to allow the use of thumbwheel switches for the ICM7217 versions. Note that a positive level is taken as a 
logic zero for ICM7217 common-cathode versions only. 
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ICM7217/7227 
TEST CIRCUITS 
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Figure 1 shows the ICM7217 in the common-anode version and the ICM7227 in the common-cathode version. 

y+---

y--"---

RESET-----~~~ 
ZERO ----1--1 

U~IDN -----~~~ 
COUNT-----~r-i 

8', 

4'. 

2', 

1', 

~~--~---------~----mm 

...... -----SCAN 

MUXED L,R, 4 MUX. 110 1------ LOAD COUNTER 
[~~~~~~~Jr-_:-I--::============±~~=M=U=XE=D=L=C='~4g AND DISPLAY ...... ----- LOAD REGISTER CONTROL lOGIC DISPLAY" CONTROL 

r--:------:----~--_CoflUnT~puUTfMM~uixf,.~ __________ J 

A i CD F G D4 030201 

Figure 2: Block Diagram iCM7217 



ICM7217/7227 O~OIL 

SCAN ~'---------
H5~SI TYP. FREE-RUNNING '}---FR~~O~~~~~NG--i 

IN"TERNAL asc. 
OUTPUT ~~~,~\_~nL-___ _ 

INTERNAL 

EXTERNAL 

(COMMON 
ANODE) 

02 r~ 
~~----------------------------------------~ 

=-----------IUH INTERDIGIT BLANK 

·02 
[~.". I 

~~ .. ----~~------------------------------------~ 
Figure 3: Multiplex Timing 

COMMON ANODE DISPLAY COMMON CATHODE DISPLAY 

TO 04 STROBE TO 01 srROBe TO 04 STROBE TO 01 STROBE 

I 
,~8_-r1_~1/ 

L 

TO BCD INPUT OF 7211, 72178 TO BCD INPUT OF !217A, 7217e 

Figure 4: Thumbwheel switch/diode connections 
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100A- I- - r- tOOH 

~ = DON'T CARE 

Figure 5: ICM7227 110 Timing (See Table 2) 
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CONTROL INPUT DEFINITIONS ICM7217 
INPUT TERMINAL VOLTAGE FUNCTION 

Store (ST) 9 V+(or floating)' Output latches not updated 
V- Output latches updated 

Up/Down (U/D) 10 V+ (or floating) Counter counts up 
V Counter counts down 

Reset (RST) 14 V+ (or floating) Normal Operation 
V- Counter Reset 

Load Counter 12 Unconnected Normal operation 
LC!I!O OFF V+ Counter loaded with BCD data 

V- BCD port forced to Hi Z condition 

Load Reg ister 11 Unconnected Normal operation 
LR/OFF V+ Register loaded with BCD data 

V7 Display drivers disabled; BCD port 
forced to Hi Z condition, mpx counter 
reset to 03; mpx oscillator inhibited 

Display Control 23 Common Anode Unconnected Normal operation 
(DC) 20 Common Cathode V+ Segment drivers disabled 

V- Leading zero blanking inhibited 

CONTROL INPUT DEFINITIONS ICM7227 
INPUT TERMINAL VOLTAGE FUNCTION 

D.ata Transfer (DT) 13 V+ Normal Operation 
V- Causes transfer of data 

as directed by select code 

Control Store (ST) 9 V+ (During CWS Pulse) Output latches updated 
Word V- Output latches not updated 

, . 
Port 

" Up/Down (U/D) 10 V+ (During CWS Pulse) Counter counts up 
V- " Counter counts down 

" Select Code Bit 1 (SC1) 11 V+ = 1 SC1, SC2 

" Select Code Bit 2 (SC21 12 V- = 0 00 Change store and 
up/down latches. No data 
transfer. 01 Output latch 
data active 
10 Counter to be preset 
11 Register to be preset 

Con,trql Word Strobe (CWS) 14 V+ NOrmal operation 
V- Causes control word to be 

written into control latches 

Display Control (DC) 23 Common Anode Unconnected Normal operation 
20 Common Cathode V+ Display drivers disabled 

DESCRIPTION OF OPERATION 
OUTPUTS 
The carry/borrow outputis a positive going signal occurring 
typically500nS after .the positive going edge of the count 
input. It advances the counter from 9999 to 0000 when 
counting up and from 0000 to 9999 when counting down. 
This output allows direct cascading of counters. 
The equal output assumes a negative level when the 
contents of the counter and register are equiil. 
The zero output assumes a negative level when the content 
of the counter is 0000. . 

The carry/borrow, equal, and zero outputs will drive a single 
TTL load over the full range of supply voltage and ambient 
temperature; for a logic zero, these outputs will sink 2mA @ 
O.4V (on resistance 200 ohms), and for a logic one, the 

V- Leading zero blanking 
inhibited 

outputs source >60/lA. 
The digit and segment drivers provide a decoded 7 segment 
display system, capable of directly driving common anode 
LED displays .at typical peak currents of 40mA/seg. This 
corresponds to average currents of 10mA/seg at a 25% 
multiplex duty cycle. For the common cathode versions, 
peak segment currents are 12.5ri1A, corresponding to 
average segment currents of 3.1 mAo The display pin controls 
the display output using three level logic. The pin is self
biased to a voltage approximately 1/2 (V+-V-);thiscorres
pondS to normal operation. When this pin is connected to V+, 
the segments are inhibited, and when connected to V-, the 
leading zero blanking feature is inhibited. For normal 
operation (display on with leading zero blanking) the pin may . 
be left open. The display may be controlled with a 3 position 
SPOT switch; see fig. 1. 



ICM7217/7227 
The BCD 1/0 port provides a means of transferring data to 
and from the device. The ICM7217 versions multiplex data 
into the counter, or register via thumbwheel switches, 
depending on inputs to the load counteror load register pins; 
in the· ICM7227 versions, input/output control and timing 
must beprovided externally.Whenfunctioning as outputs, 
the BCD 1/0 pins will drive one standard TTL load. 
The onboard multiplex scan oscillator has a nominal free
running ~requency of 10kHz. This may be reduced by the 
addition of a single capacitor between the Scan pin and the 
positive supply, or the oscillator may be directly overdriven 
to about 20kHz .. Capacitor values and corresponding 
nominal oscillator frequencies, digit repetition rates, and 
loading times Ifor ICM7217 versionsl are shown ,in Table 1 
below. ' . 

The internal, oscillator output has a duty cycleof approxic 
mately. 25:1, providing a, short pulse occurring at the 
oscillator frequency. This pulse clo,cks the four-state 
counter which provides the four ml.lltiplex phases. The short 
pulse width is used io delay the digit driver outputs, thereby 
providing inter-digit blanking whichprevenis ghosting. The 
digits are scanned from MSD 1041 to LSO ID1 I. See Fig. 3 for 
the display digit multiplex timing.' , 

Table 1 

Nominal Digit 
Scan . Oscillator Repetition Scan Cycle 

Capacitor Frequency Date Time 

None 10kHz 2.5kHz 4OOl'S 
20pF 5kHz 1.2kHz 8OOl's 
90pF 1kHz 250Hz 4ms 

CONTROL OF ICM7217 

The counter is, incremented by the rising edge of the count 
input signal when UlD is high. ,It is decremented when UID is 
low. A Schmitttrigger on the count input provides hystereSiS 
to prevent double triggering on slow riSing edges and 
permits operation in noisy environments. 
The ST pin controls the internal latches and consequently 
the signals appearing at the 7 segment and BCD outputs. 
Bringing the store pin to V- transfers the Contents of the 
counter into the latches. 

The counter is <Isynchronously reset to 0000 by bringing the 
RST pin to V-. The count input is inhibited during reset and 
load counter ()perations. The ST, RST andUp/Downpins are 
provided with pullup resistors of approximately 75 kit 

The BCD 1/0 pins, the load counter ILOI, and load register 
ILRI pins combine to provide presetting' and compare 
functions. LCand LR are three-level inputs,being self
biased at approximately 1/2 IV+-V-I for normal operation. 
With both LC and LR open, the BCD 1/0 pins provide a multi-. 
plexed BCD output of the latch contents, scanned from MSD 

to LSD by the display multiplex. In this mode of operation, 
the BCD pins will drive one TTL load. When either or both of 
the LC or LR pins is connected to V+, the TTL driver devices 
are turned off and the BCD pins become high-impedance 
inputs. When LC is connected to V+, the count input is 
inhibited and the levels at the BCD pins are multiplexed into 
the counter. When LR is connected to v+', the levels at the 
BCD pins are multiplexed into the register without disturbing 
the counter. When both are connected to V+, the count is 
inhibited and both register and counter are presettable. 
When LR is connected to V-, the oscillator is inhibited, the 
BCD 1/0 pins go to the high impedance state, and the 
segment and digit drivers are turned 'off: This allows the 
display to be used for other purposes and minimizes power 
consumption. In this display off condition, the circuit will 
continue to count, and the carrylborrow, equal, zero, upl 
down, reset and store functions operate as normal. When LC 
is connected to V-, the BCD 1/0 pins are forced to the high 
impedance state without disturbing the counter or register. 
See "Control Input Definitions" for a cataloging of the pins 
that function as three-state self-biased inputs and their 
respective operations. 
Note that the ICM7217 and 7217B have been designed to 
drive common anode displays. The BCD ,inputs are active 
high, as are the BCD outputs. 
The ICM7217 A and 7217C are used to drive common 
cathode displays, and the BCD inputs are active low. BCD 
outputs are active high. 

The 7227 series has been designedto permit microprocessor 
control of the inputs. BCD inputs and outputs are active high. 

NOTES ON THUMBWHEEL SWITCHES & 
MULTIPLEXING 

The thumbwheel switches used with these circuits Iboth 
common anode and common cathodel are TRUE BCD 
coded; i.e. all switches open corresponds to 0000. 
Since the thumbwheel switches are connected in 'parallel, 
diodes must be provided to prevent crosstalk between digits. 
See fig. 4. 

In order to maintain reasonable noise margins, these diodes 
should be specified with low forward voltage drops. 

During load counter and load register operations, the 
multiplex oscillator is disconnected from the scan input and (I 
is allowed to free-run. In all other conditions, the oscillator 
m"ay be directly overdriven,howe,ver',the internal 0, scillator , I 
output will be of the same duty cycle and phase as the over-
driving signal, and the digits are blanked during the time the . , I 

internal oscillator output is' at a positive level. To insure 
proper leading zero blanking, the blanking time should not 
be less than about 21'S, and by v<lrying the duty cycle, the 
display brightness may be altered. Overdriving the oscillator 
at less than 200Hz may cause display flickering. See fig. 6 for 
brightness control circuits .. 
These circuits are .variable-duty-cycle oscillators suitable for 
overdriving the multiplex oscillator at the Scan input of an 

, ICM7217. The inverters should be CMOS CD4000 series, and 
the diodes may be any inexpensive device such as.IN914. 
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SCAN INPUT· 
ICM7217 

3KJl 

v+ = 5V 

SCAN INPUT 
ICM7217 

v '" Ov 

Figure 6: Brightness Circuits 

OUTPUT AND INPUT RESTRICTIONS 

SCAN INPUT 
ICM7217 

The carry/borrow output is not valid during load counter and 
reset operations. 

The equal output is not valid during load counter mload 
register operations. 
The zero output is not valid during a load counter operation. 
The reset input may be susceptible to noise if its input rise 
time (coming outof reset) is less than about 500,.,s. This will 
present no problems when this input is driven by active 
devices (i.e., TTL or CMOS logic) but in hardwired systems 
adding virtually any capacitance to the reset input can cause 
trouble. A simple circuit which provides a reliable power-up 
reset and a fast rise time on the reset input is shown below. 

-~--'-....... -..------v+ 
N.O.-j 

iiEsET INPUT 
ICM7217 

SKU 

-'----~~ ...... ---.."v-

CONTROL OF 7227,VERSIONS 
In thelM7227 versions, the Store, Up/Down, SC1 and SC2 
(select code bits 1 and 2) pins form a four-bit control word 
input. A negative-going pulse on the CWS (control word 
strobe) pin writes the data on these pins into four internal 
control· latches, and resets the multiplex counter in prepara
tion for sequencing a data transfer operation. The select 
code 00 is reserved for changing the state of the Store and/or 
Up/Down latches without initiating a data transfer. Writing a 
one into the Store latch sets the latch and Causes the data in 
the coUnter to be transferred into the output latches, while 
writing a zero resets the latches causing them to retain data 
and not be updated. Similarly, writing a one into the 

O~OIl, 

Up/Down latch causes the counter to count up and writing a 
zero causes the counter to count down. The state of the Store 
and-Up/Down latches may also be changed with a nonzero 
select code. 
Writing a nonzero select code initiates a data ('ransfer 
operation. Writing select code of 01 (SC1, SC2) indicates that 
the data inthe output latches will be active and enables the 
BCD I/O port to output the data. Writing a select code of 11 
indicates that the register iNill be preset, and a 10 indicates 
that the counter iNili be preset. 

When a nonzero select code is read, the clock of the four
state multiplex coUnter is switched to the DT (data transfer) 
'pin. Negative-going pulses at this pin then sequence a digit
by-digit data transfer, either outputting data or presetting the 
counter or register as determined by the select code. The 
output drivers of the BCD 110 port will be enabled only while 
DT is low during a data transfer initiated with a 01 select 
code. 
The sequence of digits'Will be 04-03-02-01, i.e. when out
putting, the data from 04 will be valid during the first DT 
pulse, then 03 will be valid during the second pulse, etc. 
When presetting, the data for D4must be valid at the positive
going transition (trailing edge) of the first DT pulse, the data 
for 03 must be valid during the second DT pulse, etc. 
At the end of a data transfer operation, on the positive going 
transition of the fourth DT pulse, the SC1 and SC2 control 
latches will automatically reset, terminating the data transfer 
and reconnecting the multiplex counter clock to the 
oscillator. In the ICM7227 versions, the multiplex oscillator is' 
always hee-running, except during a data transfer operation 
when it is disabled. 
Fig. 5 shows the timing of data transfers initiated with a 1,1 
select code (writing into the register) and a 01 select code 
(reading out of the output latches), Typical times during 
which data must be valid at the control word and BCD 110 
ports are indicated in Table 2. 

Table 2 

SYMBOL DEFINITION TIME NS SYMBOL DEFINITION TIME NS 

tcws. CONTROL, 200 ' tedh CONTROL 100 
WORD DATA HOLD 
STROBE . 
WIDTH 

tics INTERNAL 500 tids INPUT 100 
CONTROL DATA 
SETUP SETUP ," 

tidh INPUT ' 100 
tat DATA 200 DATA HOLD 

TRANSFER toda OUTPUT 100 
PULSE DATA 
WIDTH ACCESS 

teds CONTROL 100 todh OUTPUT 100 
DATA DATA 
SETUP HOLD 



ICM7217/7227 
APPLICATIONS 

1. FIXED DECIMAL POINT 

In the common anode versions, a fixed decimal pOint may be 
implemented by connecting the D.P. segment lead from the' 
apprOpriate digit (with separate digit displays) thrOugh a 390 
series resistor to V-. With common cathode devices, the D.P. 
segment lead should be connected thrOugh a 750 series 
resistor to V+ 

To force the device to display leading zerOes after a fixed 
decimal point, use a bipolar transistor and base resistor in a 
configuration like that of Fig. 8 with the resistor connected to 
the digit output driving the D.P. for left hand D.P. displays, 
and to the next least significant digit output for right hand 
D.P. display. For common cathode devices use a PNP and 
NPN transistor as shown below: 

OIGIT 

, 2. UNIT COUNTER WITH BCD OUTPUT (Figure 7) 

'The simplest application of the ICM7217 is a 4 digit unit 
counter. All that is required is' an1CM7217, a power supply 
and a 4 digitdis·play. Add a momentary switch for reset, an 
SPDT center-off switch to blank the display or view leading 
zeroes, and one more SPDTswitch for: up/down con·trol. 
Using an ICM7217 A and a common-cathode calculator-type 
display, results in the least expensive digital counter/display 
system available. 

v- 1 

• • • 
5 
6 

30pF 4.1943 MHz 
CRYSTAL 
Rs < 75n 

,. ,. 
ICM ,. 
721311 ,. 
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v+ 
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y+ LOAD SET PT. 
y_ DISPLAY OFF 

y+ PRESE~ 

y- RESET 

SW'~ o 

swso:+-

O~OIL 

CARRY<>-.:....j'."OI2'.,M·21ij.l-----i::===--, 
ZERO 25·28 

OUT~~~~ l; ICM 

COUNT INPUT B 7217A 24!-:O""IS==P'""'LA"'Y-"'''':'''''V+ 

v- S-T-OR-e 9 20 CONTROL :~~MKAL 
INHIBIT LZB 

191----~-<>V-
-L 

. Y- --0 '91iFETlI!14~--':'~5.:!!'6i----:--f:4DiGiTi'---' RE E 4 DIGITS 

Figure 7: Unit Counter 

3. PRECISION ELAPSED TIME/COUNTDOWN 
TIMER (Figure 8) 

This circuit uses an ICM7213 precision one minute/one 
second timebase generator and a 4.1943 MHz crystal 
oscillator and divider for generating pulses counted by an 

. ICM7217B. The thumbwheel switches allow a starting time to 
be entered. into the counter for a preset-countdown type 
timer, and allow the register to be set for compare functions. 
For instance,to make a 24-hour clock with BCD output the 
register can be preset with 2400 and the Equal output used 
to reset the counter, Note the 10k, resistor connected 
between the LC terminal and V-. This resistor pulls the LC 
input low when not loading, thereby inhibiting the BCD 
output drivers. This resistor should be eliminated and SW4 
replaced with an SPDT center-off switch if the BCD outputs 
are to be used. This technique maybe used on any 3-level 
input. The100k pullup resistor on the count input is used to 
ensure prOper logic voltage swing frOm the ICM7213. For a 
less expensive (and less accurate) timebase, a 555 timer may 
be used in a configuration like that ,shown in Fig. 12 to 
generate a 1 Hz reference. 

--I TO LOGIC GENERATING 
~L SIGNALS FOR CONTROL OF 
ZERO EXTERNAL EQUIPMENT 

Figure 8: Precision Timer 

4. 8-DIGIT UP/DOWN COUNTER (Figure ,9) 

This circuit shows how to cascade counters and retain 
correct leading zero blanking. The NAND gate detects 
whether a digit is active since one of the two segments a or 6 
is' active on any unblankednumber. The flip flop is, clocked 
by the least significant digit of the high order counter;'and if 
this digit is not blanked, the a output of the flip flop goes high 

and turns on the NPN trarisistor, thereby inhibiting ieading 
, zero blanking on the low order counter. 

It is possible to use separate thumbwheel switches for 
presetting, but as the devices load data with the oscillator 

., free-running, the multiplexing of the two devices is difficult 
to synchronize. This presents no' prOblems with the ICM7227 
devices, since the two devices are operated as peripherals.to 
a processor. 
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7217 

20 

50KU 

1 

0\+ 
DIGITS SEGMENTS 

Figure 9: 8 Digit Up/Down Counter 

5. TAPE RECORDER POSITION INDICATOR/ 
CONTROLLER .(Figure 101 

This circuit shows an application which uses. the up/down 
counting feature of the ICM7217 to keep track of tape 
position. This circuit is representative of the many 
applications of up/down counting in .monitoring dimen
sional position. For example, an ICM7227 as a peripheral to a 

,processor can monitor the position of· a lathe bed or 
digitizing head, transfer the data to the processor, drive 
interrupts to the processor using the equal or zero outputs, 
and serve as a numerical display .for the processor. 
In the tape recorder application, the preset register, equal 
and zero outputs are used to Control the .recorder. To make 
the recorder stop at a particular point on the tape, the 

STOP r-L-O....:G-,C-T~O-G-EN-E-R..;.AT..;.E., 
RECORDER CONTROL 

SIGNALS 

register can be set with, the stop point and the equal output 
used to stop the recorder either on fast forward, play or 
rewind. 
To make the recorder stop before the tape comes free of the 
reel on rewind, a leader should be used. Resetting the 
counter at the starting point of the tape, a few feet from the 
end of the leader, allows tile zero output to be usedto stop 
the recorder on rewind, leaving the leader on the reel., 

The1Mn resistor and .0047,.,F capacitor on the count input 
provide a time constant of about 5ms to debounce the reel 
switch. The Schmitt trigger on the count input of the 
ICM7217 squares up the signal before applying it to the 
counter. This technique may be used to debounce switch
closure inputs in other applications. , 

COMMON·CATHODE 
LED DISPLAY 

4 DIGITS 
! 

) 

Figure 10:. Recorder Indicator 

6. PRECISION FREQUENCY COUNTER/ 
TACHOMETER (Figure 111 

This circuit is a simple implementation of a four digit 
frequency counter, using an ICM7207A to provide the one 
second gating window and the store and reset signals. In this 
configuration, the display re,ads hertz directly. With Pin 11 of 
the ICM7027A connected to V+,the gating time will.be 0.1 
second; this will display tens of hertz as the least significant 
digit. For shorter gating times, an ICM7207 may be used (with 

a 6.5536 MHz crystall, giving a 0.01 second gating with Pin 11 
connected to V+, and a 0.1 second gating with Pin 11 open. 

To implement a four digit' tachometer, thelCM7207A with 
one second gating should be used. Tb getthedisplay to read 
directly in RPM, the rotational frequency of the object to be 
measured must be multiplied by 60. This can be done elec
tronicallY'using a phase-locked loop, Or mechanically by 
using a disc rotating with the object with the appropriate 
number of holes drilled around its edge to interrupt the light 
from an LED to a photo-dector.For faster updating, use 0.1 
second gating, and multiply.the rotational frequency by 600. 
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22pF 

CRYSTAL 
I = 5.24288 MHz 
Rs < 75[1 

10kll 

11. 
CD40Ql 

INPUT 

v+ "'- 5,V 

BCD OUT 

~l 25·28 

ICM 2' 
7217 

COUNT 8 

STORE 15-19 
21,22 

RESET 14 20 

Figure 11: Precision Frequency Counter 

7. INEXPENSIVE FREQUENCY COUNTER/ 
TACHOMETER (Figure 12) 

This circuit uses an inexpensive 556 dual timer ratherthan an 
ICM7027 A to generate the gating, store and reset signals. To 
provide the gating signal, one timer is configured as an 
astable multivibrator, using RA, RB and C to provide an 
output that is positive for approximately 1 second and 
negative for approximately 300-500J.LS. The gating positive 
time is given by Gl = 0.693 (RA +.RB) C while the gating low 
time is GL = 0.693RBC. The system is calibrated by using a 
5MD. potentiometer for RA as a "coarse" control and a 1 k 

SMn 
RA 

1Kn 
RB 

COUNT INPUT 

STORE 

potentiometer for RB as a "fine" control. The other timer in 
. the 556 is configured as a one-shot triggered by the negative
going eage of the gating signal. This one-shot output is 
inverted to serve as the store pulse and to hold reset high. 
When the one-shot times out and store goes high, reset goes 
low, resetting the counter for the next measurement. The 
one-shot pulse width will be approximately 50J.Ls with the 
component values shown. When "fine" trimming the gating 
signal with RB, care should be taken to keep the gating low 
time (= 0.693RBC) at least twice as long as the one-shot pulse 
width. 

y+ - 5V 

CARRY 

ICM7217 

V- == ov 

0000 
"UUUU 

LED DISPLAY 

GATING 'r-----, 
r----300",---I-l·---~·II---~ 

STORE n ....., 
----~ ~--------~,~ ~ 

MSOps 

I r---~Il~----. 

TIMING 

Figure 12: Inexpensive Frequency Counter 

8. INEXPENSIVE CAPACITANCE METER (Figure 13) 

Thiscircuit uses two 555 timers (or one 556) to generate a 
gated count to the ICM7217 dependent or] the value pf an 
arbitrary capacitor. The clock timer operates as a fixed 
oscillator whose output period is determined by Rl, R2 and C 
(which is switched with the range). The relation is Tel = 0.693 
(Rl + 2R2) C; The gating timer also operates as an oscillator, 
but its output high time (and period) is determined by the 
value of the measured capacitor in combination with R3 and 
R4 (also switched with range). The output high time of this 
timer is given byGH = 0.693 (R3 + R4) Cm. The number of 
clock pulses during one gating time is thus given by 

N = (R3 + R4) Cm 
(Rl + 2R2) C 

With the values shown, this number is ten times the number 
to be displayed when the circuit is calibrated. This allows the 
use of a dummy divide by 10 (the (:04017)10 eliminate jitter in 
the least significant digit of the display. The R3 resistors 
should be precision potentiometers for greatest accuracy, 
and the circuit must be calibrated in each range: Range A 
reads 1-9999pF, Range Breads 1-9999nF, and Range C 
reads1-9999J.LF. 
Note that in comparison to Fig.12, the store and resetsignals . 
are generated by C04000 series one-shots. The operation of 
the two circuits is similar. . 

j 

6-93 



ICM7217/7227 
--~--~---r------------~-----r~----~------~~----------~----------------~r--------V'"5V 

R, 

MEASURED ,.
CAPACITOR~ 

eM ~-
.05IlF 

BCD 

DUTe{ 4.8 

COUNT 
12 

13 

14 

ICM 
7217 

RESET 

24 
4 DIGIT 

LED DISPLAY 

Figure 13: Capacitance Meter 

9. LCD DISPLAY INTERFACE (Figure 14) 

The low-power operation of the ICM7217 makes an LCD 
interface desirable. The Siliconix CF411 4 digit BCD to LCD 
display driver easily interfaces to the ICM7217A with one 
CD4000-series package to provide a total system power 
consumption of less than 5mW. The common-cathode 
devices should be used, since the digit drivers are CMOS, 
while the common-anode digit drivers are NPN devices and 
will not provide full logic swing. 

10. MICROPROCESSORINTERFACE-ICM7227 ' 
(Figure 15) 

This circuit sho)Ns the hardware necessary to interface. the 
ICM7227 to an IntersillM6100 CMOS microprocessor. Using 
an IM6101 Parallel Interface Element (PIE) allows the 
addition of one or more ICM7227 devices as generalized 
peripherals to any IM6100 system, using a minimum of 
external components. 

A similar configuration may be used with the MC6800 using 
the corresponding PIE, while an 8223 can be used to 
interface 8080 based systems. 

. The ICM7227 can perform many "accessory" ·functions that 
are ine.fficient or impossible for the processor to perform. For 
simple systems, the ICM7227 can provide a cost-effective 
display latch/decoder/driver. By adding a timebase such as. 

,an ICM7213, and using an ICM7227C or 0, an inexpensive 
real-time clock/display, directly accessible by the processor, 
can be implemented; , , 
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COUNT 8 1801 
STORE 9 17 02 
UP/ON 10 16 03 
RESET 14 15 04 

Figure 14: LCD Display Interface 

In the area of "intelligent" instrumentation, the ICM7227 can 
serve as a high speed (up to 2MHz) counter/comparator. This 
is the element often used for converting time, frequency, and 
positional and occurence data into digital form. Forexample, 
an ICM7207 A can be used with two ICM7227's to provide an 8 
digit, 2MHz frequency counter. 

Since the ICM7207A gating output has a 50% duty cycle, 
there is 1 second for the processor'to respond to an interrupt, 
generated by the negative going edge of this signal while it 
inhibits the count. The processor can respond to the' 
interrupt using ROM based subroutines, to store the data, 
reset the counter, and read the data into main memory. To 
add simultaneous period display, the processor 'inverts the 
data and an ICM7218 Universal Display Driver stores and 
displays it. Capacitance can be 'measured by counting the 
frequency of an oscillator, as in the Capacitance Meter 
circuit, allowing the measurement of fluid' levels, proximity 
detectors, etc. 
Future Application Not~s and Bulletins will address the 
ICM7227 more fully, and users are welcome to submit any 
circuits or unique uses for review and possible publication in 
application information. 
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OPTION MATRIX & ORDERING INFORMATION 

Hardwired 
Control 

Version&. 

Processor 
Control 

Versions 

Order 
Part Number 

ICM72171JI . 
ICM7217AIPi 
ICM7217BIJI 
ICM7217C 

ICM72271JI 
ICM7227AIPI 
ICM7227BIJI 
ICM7227CiPI 

PACKAGE DIMENSIONS 

28 LEAD CERDIP (JI) 

[:::::::::] 

Display Option 

Common Anode 
Common Cathode 
CO.mmon Anode 
Common Cathode 

Common Anode 
Common Cathode 
Common Anode 
Common Cathode 

FiA75 (37.465) MAX.:;.:.:j, 175 ("445) MAX 

loooooooooooooo!=:i=' t = 
TU U U~ 'IIJU ~I!U U ~U~~, --t-f ----'--j.~~ 

.oeo (1.524) .110 (2.794) .060 (1.~24) .023 1'=1 .. 160 (~ 

.015 (0.381) •• 90~2.286) .045 (1. 43) .015. . OD ( 

Count Option 28-LEAD 
Max Count Package 

Decade/9999 CERDIP 
Decade/9999 , PLASTIC 
Timer/5959 CERDIP 
Timer/5959 PLASTIC 

Decade/9999 CERDIP 
Decade/9999 PLASTIC 
Timer/5959 CERDIP .. 

' Tlmer/5959 PLASTIC, 

28 LEAD PLASTIC (PI) 

~:::::::::::~ ~~J' C1.36. (34.544) MAX~ I ;520 (13.208! I 
I~i ,175 (4.445) MAX 

~! t=4-r uu u U~ fl, u i1~ u ~~::-.,..' -'+T:-' -,-__ , •. 0 (0.2032)" ' 

~~ :1:5:' :~: I~!' = I::~! ::~ I~~! ::: I::~:! !: 1l~::~1 
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U~UlL ICM7224 (LCD) 
ICM7225 (LED) 

4% Digit Counter/Decoder/Drivers 

FEATURES 
• High frequency counting - guaranteed 15MHz, 

typically 25MHz at 5V 
• Low power operation - less than 100j.lW quiescent 
• Direct 4 1/2 digit seven~segmentdisplaydrive -

ICM7224 for LCD displays, ICM7225 forLED 
displays . 

• Store and Resetinput~ permit operation as 
frequency or period counter 

• True count inhibit disables first counter stage 
• Carry output for cascading four-digit blocks 
• Schmitt-trigger on the count input allows operation 

in noisy environments or with slowly changing 
inputs 

• Leading zero blanking input and output for correct 
leading zero blanking with cascaded devices 

• LCD devices provide complete onboard oscillator 
and divider chain to generate backplane frequency, 
or backplane driver may be disabled allowing 
segments to be slaved to a master backplane 
signal 

• LED devices provide B-rightness input which can 
function digitally as a display enable or with a single 
potentiometer as a continuous display brightness 
control 

• All inputs fully protected against static discharge -
no special handling precautions necessary 

DESCRIPTION 
The ICM7224 and ICM7225 devices constitute a family of 
high-performance CMOS 41/2~digit counters, including 
decoders, 'output latches, display drivers, count inhibit, 
leading zero blanking, and reset circu'itry. 
The ICM7224 (19999 maximum count> and ICM7224A (15959 
maximum count> provide 29 segment outputs and a 
backplane driver output, generating the zero dc component, . 
signals necessary to drive a conventiona,'4 1/2 (jigitliquid . 

CHIP TOPOGRAPHY 

crystal display. These devices also include a complete RC 
oscillator and divider chain .to generate the backplane 
frequ!lncy,and a backplane driver .disable control which 
allows the segments to be slaved to a master backplane 
signal. 
The ICM7225.(19999 maximum count> and ICM7225A (15959 
maximum count> provide 28 segment and 1 half-digit open
drain n-channel transistor outputs, suitable for directly 
driving common-anode LED displays at greater than 5mA 
per segment. These devices provide a brightness input 
which may be used digitally as a display enable, or with a 
potentiometer as a continuous display brightness control. 

The counter section of all the devices in the ICM72241 
ICM7225 family provides direct static counting from DC to 15 
MHz, guaranteed, with a 5V ±10% supply over the operating 
temperature range. At normal ambient temperatures, the 
devices will typically count up to 25 MHz. The count input is 
provided with a Schm itt trigger to allow operation in noisy 

, environments and correct counting with slowly changing 
inputs. These devices also provide count 'inhibit, store and 
reset circuitry which allows a direct interface with the 
ICM7207/A devices to implement a low cost, low power 
frequency counter with a minimum component count. 
These devices also incorporate several features intended to 
simplify cascading four~digit bloc:;ks. The carry output allows 
the counter to be cascaded, while the leading zero blanking 

. input and output allows correct leading zero blanking 
between 'four-decade blocks. The backplane driver of the 
LCD devices may be disabled, allowing the segments to be 
slaved to another backplane signal, which is necessary when 
using an eight or twelve digit, Single backplane display. In 
LED systems, the brightness input to several ICM7225 
devices may be ganged to one potentiometer. 

All th~ d~vices in the ICM7224/1CM7225 family are packaged 
in a standard 40-pin dual-in-line plastic package. 

Table 1, the option matrix and ordering information,shows 
the four standard devices in the ICM7224/1CM7225 family 
and their markings, which serve as part numbers for order
ing purposes. 

OPTION MATRIX AND ORDERING 
INFORMATION TABLE 1 

ORDER PART NUMBER COUNT OPTION 
.LCD· ICM72241PL 19999 
DISPLAY ICM7224A IPL 15959 . 

LED ICM7225IPL . 19999 
DISPLAY ICM7225A IPL 15959 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation(Note 1) ....................................... 0.5 Watt@70°C 
Supply Voltage (V+ _vol ................................................. 6.5 Volts 
Input Voltage (Any 

. Terminal)(Note 2) .............................................. V+ +0.3V, V- --{J.3V 
Operating Temperature Range .................................... -20° C to +70° C 
Storage Temperature Range., .............................. ; .... -55°Cto+125°C 

Absolute maximum ratings define stress limitations which, if exceeded, may permanently damage the device. These are not continuous duty 
ratings. For continuous operation these devices must be operated under the conditions defined under "Operating Characteristics." 

OPERATING CH.ARACTERISTICS TABLE 2 
(All Parameters measured with V+ -V- = 5V unless otherwise indicated) 

ICM7224 CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Operating current lop. Test circuit, Display blank 10 50 p.A 
Operating supply voltage range Vs V+-V 3 5 6 V 
Oscillator input current 10SL Pin 36 ±2 ±10 p.A 
Segment riselfall time trfs Cload - 200pf 0.5 p's 
Backplane riselfall time trfb Cload - 5000pf ' 1.5 p's 
Oscillator frequency fose Pin 36 Floating 16 KHz 
Backplane frequency fbp Pin 36 Floating 125 Hz 

ICM7225 CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Operating current display off 10 po Pin 5 (Brightness) at V 10 50 p.A 

Pins 29, 31-34 at V+ 

Operating supply voltage range Vs V+-V- 4 5 6 V 

Operating current lop Pin 5 at V+, Display 18888 200 mA 
Segment leakage current ISL Segment Off ±0.01 ±1 p.A 

Segment on current Is Segment On, Vout - V + 3V 5 8 mA 
Half digit 01'1 current IH Half digit on, Vout = V + 3V 10 16 mA 

FAMILY CHARACTERISTICS 
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Input Ipu Pins 29, 31, 33, 34 10 p.A 
Pullup Currents Vout = V+- 3V 

Input High Voltage VIH Pins 29, 31, 33, 34 3 V 
Input Low Voltage VIL Pins 29, 31, 33, 34 2 V 

Count Input Threshold .. . VCT , .. 2 V 

Count Input Hysteresis VCH 0.5 V 

Output High 10H Carry Pin 28 350 500 p.A 
Current Leading Zero Out Pin 30 .. 

Vout = V+ -3V 

Output Low IOL Carry Pin 28 350 500 p.A 
Current Leading Zero Out Pin 30 

Vout = V- +3V 

Count Frequency feoun! 4.5V > (V+ _vol > 6V 0 15 MHz 

Store, Reset Minimum. Pulse Width tS,tR 3 p's 

NOTE 1: This limit refers to that of the package and will not be obtained during normal operation. 
NOTE 2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any te·rminal to voltages greater 

than V+ or less than V- may cause destructive device latchup. For this reason, it is recommended that no inputs from external sources 
not operating on the same power supply be applied to the device before its supply is established, and that in multiple supply systems, 
the supply to the ICM7224/1CM7225 be turned on first. 

6-97 



ICM7224/1CM7225 
TYPICAL CHARACTERISTICS 
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CONTROL INPUT DEFINITIONS 
In this table, V· and V- are considered to be normal operating input logic levels. Actual input low and high levels are specified in 
Table 2. For lowest power consumption, input signals should swing over the full supply. 

INPUT 
Leading Zero Input 

Count Inhibit 

Reset 

Store 

BLOCK DIAGRAMS 

ICM7224 (A) 

v'-
v--

TERMINAL 
29 

31 

33 

34 

DI 
SEGMENT OUTPUTS 

STORE--~------~----~{:~~~~~ 

LEADIN;U~~~~ -----'------------1 

~~~~~----------------~ 
COUNT 

INPUT 

VOLTAGE 
V· or Floating 
V-

V· or Floating 
·V-

V· or Floating 
V-

V· or Floating 
V-

D. 
SeGMENT OUTPUTS 

D3 
SEGMENT O,UTPUTS 

FUNCTION 
Leading Zero Blanking Enabled 
Leading Zeroes Displayed 

Counter Enabled 
Count.er Disabled 
Inactive 
Counter Reset to 0000 

Output Latches not Updated 
Output Latches Updated 

. D. 
SEGMENT OUTPUTS 

1/2 DIGIT 
OUTPUT 

LEADING 
ZERO 

INPUT 

RESET--------------------~------~----__ ~----_+----+_--~----~~------+-----~----r_--~ CARRY 
OUTPUT 

OSCIL~~~;-...... --------::------tOSCILLATOR 

ICM7225 (A) 

v+:~ 

v'-

.~~r:.~----------------~ 
COUNT 

INPUT 

DI 
SEGMENT OUTPUTS 

D. 
SEGME~ OUTPUTS 

D3 
SEGMENT OUTPUTS 

D. 
SEGMENT'OUTPUTS 

1/2 DIGIT 
OUTPUT 

RESET--~~--~~--------~------~----~~----~----t---~----~~~----~'---~---lr-~ 

BACKPLANE 
INPUT/OUTPUT 

LEADING 
ZERO 

INPUT 

CARRY 
OUTPUT' 

BRIGHTNESS 
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CONNECTION DIAGRAMS 

,F1 

83 14 
C3 '15 
03 16 
E3 17 
G3 18 
F3 19 
A4 20 

TEST CIRCUIT 

EACH SEGMENT TO 
BACKPLANE WITH 

, 200pF: CAPACITOR 

30 Leading Zero OUlput 
29 Leading Zero Input 
28 Carry Output 
27 1/2 Digll 

26 F4/ 
, 25 G4 

24 E4 
23 04 
22 C4 
21 84 

+ SV -

11111--------, 

--::7:~~:~ 
asc 36 

V -35 
STORE 34 
RESET 33 

COUNT 32 
COUNT INHIB 31 

lZ OUT 30 
lZ IN 29 

CARRY 28 
112 DIGIT 27 ~' 

21 Jl 
u-'--""'-'-----------'-'""-- J 

DESCRIPTION OF OPERATION 
LCD Devices 
The LCD devices in the family (ICM7224 and ICM7224A) 
proVide outputs suitable for driving conventional four digit 
by seven segment LCD displays, including 29 individual 
segment drivers, backplane driver, and a self-contained 
oscillator and divider chain to generate the backplane 
frequency. 

The segment and backplane drivers'each consist of a CMOS e' inver~er, with th~ n- and ' P,', - Ch, anne, ,'-deVicesratioed, to provid, e 
Identical on reSistances, and thus equal rise and fall times. 

• This ~liminates any d~ component which could arise from 
differing rise and fall times, and ensures maximum display 
life. 
The backplane output devices can be' disabled by 
connecting the oscillator input (pin 36) to the negative 
supply. This allows the 29seginel1t outputs to be synchro
nized directly to a signal input' at the BP terminal (piri 5), In 
this manner, several slave devices may be ,cascaded to the 
backplane output of one master device or the backplane may 
be, derived from an external source. This allows the use of 
displays with characters in multiples of four ,and a single 
backplane. A slave device will represent a load of approxi
mately 200 pF (comparable to one additional segment); The 
'imitation on how many devices that can be slaved to one' 
master device backplane driver' is the additional load 
represented by the larger backplane of displays of more than' 
four digits, and the effect of that load on the backplane rise 
and fall times. A good rule of thumb to observe in order to 
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F3 19 
A4 20 

SEGMENT ASSIGNMENT 

DISPLAY WAVEFORMS 

22 C4 
21 84 

n~nlL 

OSCILLATOR n, r, ~ n n n r s, n n r '1 n n n r' 
FREQUENCY .J U U U U U U' U U U U U u 

I- 128 CYCLES -I 
BACKPLANE -----II 1 
IN,PUT/OUTPUT ~ r-- 64 CYCLES ---1-- 64 CYCLES -) 

OFF SEGMENTS------il I L-
ON SEGMENTS _____ ... 1 r--

minimize power consumption is to keep the rise and fall 
times less th,an about 5 microseconds. The backplane driver 
devices, of One device should handle the backplane to a 
display of 16 one-half-inch characters without the rise and 
fall times exceeding 5jJ.s (ie, 3 slave devices and the display 
backplane driven by a fourth master device). It is 
recommended that if more than four devices are to be slaved 
together, that the backplane signal be derived externally and 
all the ICM7224 devices be slaved to it. 

This external Signal should be capable of driving very large 
capacitive loads with short (1-2jJ.s) rise and fall times. The 
maximum freqUency for a backplane signal should be about 
125Hz, although this may be too fast for optimum display 
response at lower display temperatures, depending on the 
display used. 

The onboard oscillator is designed to .free run at approxi
mately 16KHz at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane 
frequency, which will be approximately 125Hz with the 
oscillator free-running. The oscillator frequency may be 
reduced by connecting an external capacitor to the oscillator 
terminal (pin 36); see the plot of oscillator/backplane 
frequency vs. external capacitance for detailed information. 
The oscillator may also be overdriven ifdesired" although 
care must be taken to insure that the backplane driver is not 
disabled during the negative portion of the overdriving signal 
(which coul? cause a d.c. component to the display). This 



ICM7224/1CM7225 
can be done by driving the oscillator input between the 
positive supply and a level out of the range where the 
backplane disable is sensed, about one fifth of the supply 
voltage above the negative supply. Another technique for 
overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal 
such that the negative portion has a duration shorter than 
about one microsecond. The backplane disable sensing 
circuit will not respond to signals of this duration. 

LED Devices 
The LED devices in the family (lCM7225, ICM7225A) provide 
outputs suitable for directly driving four digit by seven 
segment common-anode LED displays, including 28 
individual segment drivers and one half-digit driver, each 
consisting of a low-leakage current-controlled open-drain n
channel transistor. 
The drain current of these transistors can be controlled by 
varying the voltage at the Brightness input (pin 5). The 
voltage at this pin is transferred to the gates ofthe output 
devices for "on" segments, and thus directly modulates the 
transistor's "on" resistance. A brightness control can be 
easily implemented with a single potentiometer controlling 
the voltage at pin 5, connected as in Fig (3). The 
potentiometer should be a high value (100k!1 t01M!1) to 
minimize 12R power consumption, which can be significant 
when the display is off. 
The brightness input may also be operated digitally as a 
display enable; when at V+, the display is fully on, and at V
fully off. The display brightness may also be controlled by 
varying the duty cycle of a s[gnal swinging between the two 
supplies at the Brightness input. 
Note that the LED devices have two connections forV-; both 
of these pins should be connected to the negative supply. 
The double connection is necessary to minimize effects of 
bond wire resistance with the large total display currents 
possible. 
When· operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip 
temperatures. The maximum power dissipation is 1 watt at 
25° C, derated linearly above 35° C to 500mW at 70° C 
H5mW/oC above 35°Cl. Power dissipation for the device is 
given by: 

P = [(V+-V-) -VFLED] x Is x Ns 
where VFLED is the LED forward voltage drop, Is is segment 
current, and Ns is the; number of "on" segments. It is 
recommended that if the device is to be operatedatelevated 
temperatures the segment current be limited by use of the 
Brightness input to keep power dissipation within the limits 
described-above. 

---_---y+(LED ANODES) 

100kH·1MIl BRIGHTNESS 
-PINS 

----4-----y-

Figure 3: Brig htness Control 

COUNTER SECTION 
The devices in the ICM72~4/ICM7225 family implement a 
four digit ripple carry resetable counter, including a Schmitt 
trigger on the count input and a carry output. Also included 
is an extra D-type flip-flop, clocked by the carry signal and 
outputting to the half-digit segment driver, which can be 
used as either a true half-digit or as an overflow indicator. 
The counter will index on the negative-going edge of the 
signal at the count input, and the carry output will provide a 

U~UIL 
negative-going edge following the count which indexes the 
counter from 9999 (or 5959) to 10000. Once the half-digit flip
flop has been clocked, itcan onlybe reset (with the rest olthe 
counter) by a negative level at the Reset terminal, pin 33. 
However, the four decades will continue to count in a normal 
fashion after the half digit is set, and subsequent carry 
outputs will not be affected. 
A negative level at the Count Inhibit input disables the first 
divide-by-two in the counter chain without affecting its 
clock. This provides a true count inhibit which is not 
sensitive to the state· of the count input, preventing false 
counts which can result from using a normal logic gate 

. forcing the state of the clock to prevent counting. 
Each decade of counter drives directly into a four-to-seven 
decoder which derives the seven segment output code. Each 
decoder output corresponds to one segment terminal of the 
device. The output data is latched at the driver; when the 
Store pin is ata negative level, these latches are updated, and 
when the Store pin is left open or at a positive level, the 
latches hold their contents. 
The decoders also include zero detect and blanking logic to 
provide leading zero blanking. When the leading zero input is 
floating or at a positive level, this circuitry is enabled and the 
device will blank leading zeroesWhen the leading zero input 
is at a negative level, or the half digit is set, leading zero 
blanking is inhibited, and zeroes in the four digits will be 
displayed. The leading zero output is provided to allow 
cascaded devices to blank leading zeroes correctly. This 
output will assume a positive level only when all four digits 
are blanked, which can only occur when the' leading zero 
input is at a positive level and the half digit is not set. 
For example in an eight-decade counter with overflow using 
two ICM7224/ICM7225 devices, the leading zero output of 
the high order digit device would be connected to the leading 
zero input of the low order digit device. This will assure 
correct leading zero blanking for.all eight digits. 
The Store, Reset, Count Inhibit, and Leading Zero inputs are 
provided with pullup devices, so that they may be left open 
when a positive level is desired. The Carry and Leading Zero 
outputs are suitable for interfacing to CMOS logic in general, 
and are specifically designed to allow cascading of ICM7224 
or ICM7225 devices in four digit blocks. 

45 

40 

35 

30 

25 

20 

15 

MAXIMUM COUNT FREQUENCY (TYPICAL) 
AS A FUNCTION OF SUPPLY VOLTAGE 

IC(M122~ I . I I 
I- SINE WAVE INPUT 

SWINGING FULL SUPPLY 

./ 
., 

V 
/' ./~ 

./ /' V 
, , ..,," ,,-

V ../ 
., 

~ ... V 

5 
yT_y· Volts 

~rrc -
~~c " J .. -
~A=70~C 
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APPLICATIONS 

1. Two-Hour Precision Timer 
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SUPPLY CURRENT 
AS A FUNCTION OF 

COUNT FREQUENCY 
10mA'r-~OT~~~nr-r-rTTr-r-~OT-.-;rrrr' 

.~ ,W22! 
r- ¥:':~;5oJV 

1mA 
---

/!i 

100 .. A 

1O,uA 
1kHz 

~ ...... 

10kHz, 

II 
J 

I 

1/ 

100kHz 1MHz 10MHz 
ICOUNT 

asc 36 
V· 35 ..... +------, 

STORE 34 

RESET 33 

I 

100MHz 

HRS/MIN 

COUNT 32 12 
COUNT INHIBIT 31 .----c-~--........ 4 V- 11 

LZO 30 PAUSE Ht'!-...... --ls OUT Y-1'O 
LZI29 6 &SC 9 

CARRY 28 7 ICM7213 8 

22pF ~~~~~1~o~S';~::1 
""7' SV + 

L..-._---IIIIII--_---' 

O~OI!" 
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2~ Eight-Digit Precision Frequency Counter 
HIGH ORDER DIGITS LOW ORDER DIGITS ,. 
000010000 

8 DIGIT LCD DISPLAY 
WITH OVERFLOW 

OVERFLOW 1 -Ll Ll Ll LIlLI U Ll Ll 4 SEGMENTS 

I SEGMENTS 3 4 6 .St BACKPLANE ,.I 6 SEGMENTS 15 
SEGMENTS SEGMENTS SEGMENTS 

SEGMENTS 

III fTTil r I~ENTS 
I I 1'1 1'1' I I I - I ,I I I I I 1'1 I ,1'1 I, . , 1,11'lli 

20 5 

oJ 
20 5 

j BP o BP" ; 
,y+ ... 

ICM7224 ICM7224 ' " 

HIGH ORDER DIGITS LOW ORDER DIGITS 
SLAVE BACKPLANE . MASTER BACKPLANE 

co LZI LZO CI CNT RS ST v· esc CO LZILZO CI CNT~S s1' 'V"OSC, 
21 27 2B 29 '30 31.32 33 34 35 36 21 27 28 29 30 31 32' 33 34 35 36 40 

·1 I I I ,I I 11,.1 ~ 
II 

f-J II L I 'I 
1,1 1,,1 1,,1, III 11:,1' 

III 1111; 

, L--.: 
, 

, . ., 
~~JfN~ C£E~~~l:~~mr~ ft'. 

. 
.. 

y- l:"-"-" < 10kn .... " 
2 13 

+ f-±I ~i"l'=- - 3 12 ~ SWITCH OPEN 1 SEC GATING 
V I I .--- 4 11 SWITCH CLOSED 0.1 SEC GATING '" 5 10 

~DI-t--- 6 9 c- CRYSTAL C,,· 22pF 
'INPUT 

~; -7 8~ ~-~ SIGNAL t---SIGNAL INPUT 

; CaUT *CIN ICM7207A .. ~~.".-.~:~258 M~z CONDITIONING 

Cs '" O.015pF (~RESCALEI;l . 

Cp =- 3.SpF LEveL SHIFTING) 

3. Unit Counter 

COUNT INHIBIT 31 r---~-;P"A;;;U;;;SE"" 
LZO 30 (CLOSEDI 

'--::2::-8 "'SE:-:G"'M:::E"'NT:::S,--I ::~: 
,-__ 'c..:H.c.A;c;L;...F-c:.DI",G.;cIT_-I37.40 

LZI 29 .----_ w---:L"Z"'B-
CARRY 28 INHIBIT 

(CLOSEDI 

ICM7225 

" 

------'----.~ 
PACKAGE DIMENSIONS 40 Pin Plastic Dual-In-Line Package 

I=::::j ,540 J3,7161 

I 
.060 (1.524) TYP. ,.160 .025 ". -l 1-±,002 (0,051) , (4.0641 (~~:;:I ,,' 

_fl~'012±_001 
~ 

50 (0.305 ± 0,025) 
TYP. TYP. 

.100 .160 680 I- -II- -I h2_54) (4,0641 ,l{;i_272)! I 
.070 .018 (0.457) , MIN. MAX. ' . 

(1_7781 ,020 (0_508) 
TYP TYP. 
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FEATURES 
• High frequency operation ...,.10MHzguaranteed 

.• 'Easy to use oscillator - requires only a quartz 
crystal and two capacitors, 

• Bipolar, MOS and CMOS compatibility 
• High output drive capability .,..- 5 x TTL fanout with 

10nS rise and falltirnes 
• ,Low power - SOmW at10MHz" 
• Choice of two output frequencies - osc. plus osc. 

+8 frequencies 
• Disable control for both outputs 
• Wide industrial temperature range '- -20° C to 
I +70°C ' 
• All inputs fully protected - circuits maybe handled 

without any special precautions 

SCHEMATIC DIAGRAM 

1 

ICM7209 
CMOS Clock Generator 

GENERAL DESCRIPTION 
The Intersil ICM7209 is ,a" versatile CMOS clock generator 
capable of driving many S,volt systems, having a variety of 
input requirements. When used to drive a fanout of S TTL 
gates the typical rise and fall times are 10nS. 

The ICM7209 consists of,an oscillator, a buffered outputand 
a second buffered output having an output frequency one
eighth that of the oscillator. The guaranteed maximum oscil
lator frequency is 1 OMHz: Connecting the DISABLE terminal 
to the negative supply forces the 78 output into the '0' state 
and the output 1 into the '1' state. 

. 4*V+ 
s'i V-

OSC IN 0--41---1 DYNAMIC 
DIVIDE BYS OUT7S 

2 
OSCOUTo-----------~ 

3 
DISABLEo-~------------------~~--------~----__ ~ 

5 
10---------.0 OUT 1 
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'ZENER VOLTAGE IS TYPICALLY 6.3 VOLTS 

ORDERING INFORMATION 

T L=' Lp"k'" " , ' (See outtine, Drawing) 

Temperature Range 
(Industrial: 
-20 to +70Q Cj 

TYPE 

Order Del/ices bV Following Part Number - lCM7209 I PA 

Order Dice by Following Part Number - ICM7209 0 

CONNECTION DIAGRAM 

TOP VIEW 

Pin 1 is designated by either a dot or a notch. 
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ABSOLUTE MAXIMUM RATINGS 

Power Dissipation (25°C) ............... 1 ................................ 300mW 
Supply Voltage ......................................................... 6 volts 
Output Voltages ......................... : ........ Equal to or less than supplies 
Input Voltages .................................... Equal to or less than supplies 
Storage Temp ................................................. -55°C to +125°C 
Operating Temp. Range ........................................ -20°C to +70°,C, 
NOTE: Absolute maximum ratings define parameter limits that if exceeded may permanently 
damage or change the device, ' 

TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS: V+ -V-= 5V ±10%, test circuit, fose ='10MHz, TA =io 25°C unless otherwise specified. 

I 

PARAMETER SYMBOL CONDITIONS MIN TYP. MAX UNITS 
Supply Current 1+ , Note 1 , 11 20' mA 

No Load' 
Disable Input Capacitance Co 

0' 

5 pf 
Disable Input Leakage 10 Either '1' 'or '0' state " ±10 p.A 
Output Low State VOL Either OUT 1 or OUT +8 

simulated 5 x TTL loads 0.4 
V 

Output High State VOH Either OUT 1 or OUT +8 

simulated 5x :iTL loads 4.0 4.9 
Output Rise Time (Note 3) tr Either OUT 1 or OUT +8 

simulated 5'x TTL loads 10 25 
nS 

Output Fall Time (Note 31 If Either OUT 1 or OUT +8 

.' simulated 5 x TTL loads 10 25 
Minimum OSC Frequency fmin Note 2 2 
for +8 Output 

MHz 
Output +8 duty cycle D cycle Any operating frequency 7:9 

Low state: High state 
NOTE 1: The power diSSipation IS a function of the OSCillator frequency 11 st ORDER EFFECT see curve) but IS also effected to a small extent by 

ihe oscillator tank components, ' 
NOTE 2: The +8 circuitry uses a dynamic scheme, As with any dynamic system whereby information or data is stored on very small nodal 

capacitances instead of latches Istatic systems) there is a lower cutoff frequency of operation, Dynamic dividers are used in the 
ICM7209 to significantly improve high frequency performance and to decrease power consumption, 

NOTE 3: Rise and fall times are defined between the output levels of 0,5 and 2.4 volts. 

TEST CIRCUIT, 

"CRYSTAL PARAMETERS: 

CM",,5mpF 
RS = 15 ohms 
CO'=3PF 

f= 10MHz 

+5V O.OWF 

..1-r----'-'--III--'---. 
.--~_-L-:-,..-'--L=;DISABLE 

r--'------;_--t OSC OUT V+ ' OUT 1 

ICM7209 

OUT +8 

SIMULATED 
5 x TTl lOADS' 

.. ~ 
I 
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TYPICAL OPERATING CHARACTERISTICS 

SUPPLY CURRENT 
AS A FUNCTION OF 

OSCILLATOR FREQUENCY 
TYPICAL OUT 1 

RISE AND FALL TIMES 

SUPPLY VOLTAGE RANGE 
FOR CORRECT OPERATION OF 

+8 COUNTER AS A FUNCTION OF 
OSCILLATOR FREQUENCY 

.~ 

! 10 
I-' 
Z 
w 
II: 
II: a 5~~~~~f---r--+--~ 
>
...I 
0.. 
0.. 
::J en 

5 

4 

3 

I-' 
::J2 
o 
> 

( 
II 

_1 

/ 

\ 
\ LOAD.'-

5 x TTL 
LOADS 

TA= 25°C 
f= 

10MHz 

\. 

w 4r----r----~~~r_--~ 
CJ 
<t 
~ 3r---~~--~--~----~ 
o 
> 
~ 2r----r~--T7~~----~ 
0.. 
0.. 

~ 1 F===t=-SUPPLYVOLTAGE 
LOCI FOR CORRECT 
OPERATION 

O'----'---'----'--~ 

100KHz 1MHz 10MHz 100MHz 
FREQUENCY 

o 20 . 40 60 80 100 10KHz 100MHz1 MHz 10MHZ.100MHz 
OSCILLATOR FREQUENCY TIME (nsl 

Rise and fall times of OUT +8 
are similar to those of OUT 1. 

APPLICATION NOTES 

OSCILLATOR CONSIDERATIONS 

The oscillator consists of a C-MOS inverter having a non
linear resistor connected between the oscillator input and e output to provide D.C. biasing. Using commercially obtain

... ab.le quartz crystals t.he oscillator will operate from 10.W .. fre
I quencies (10KHz) to approximately 20MHz. However 

although the oscillator may operate to 20MHz the buffer to 
the divide by 8 and the OUT 1 is frequency limited to slightly 
in excess of 10MHz. . 

The oscillator circuit consumes about 500!,A of current 
using a 10MHz crystal witha 5voltsupply, and is designed to 
operate with a high impedance tank circuit. It is therefore . 
necessary that the quartz crystal be specified with a load 
capacitance (Cll of 10pF instead of the standard 30pf. To 
maximize the stability of the oscillator as a function of supply 
voltage and temperature the motional capacitance of the 
crystal should be low (5mpf or lessl. Using a fixed oscillator 
input capacitor of l8pf and at the oscillator output a variable 
capacitor of nominal value of l8pf and at the oscillator 
output a variable capacitor of nominal value of l8pf will 
result in oscillator stabilities of typicaly lppm perone volt 
change in supply voltage. 
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THE +8 OUTPUT 
A dynamic divider is used to divide the oscillator frequency 
by 8 for the +8 output. Dynamic dividers use small nodal 
capacitances to store voltage levels instead of latches which 
are used in static dividers. The dynamic divider has advan
tages in high speed operation and low power but suffers from 
limited low frequency operation. This results in awindow of 
operation for any oscillator frequency (see graph under 
TYPICAL OPERATING CHARACTERISTICS). 

OUTPUT DRIVERS 
The output drivers consists of C-MOS inverters having active 
pullups andpulldowns. Thus the outputs can be used to 
drive directly TTL gates, other C-MOS gates operating with a 
5 volt supply, or TTL compatible MaS gates. 

. The guaranteed fanout is 5 TTL loads although typically 
fanout capability is at least 10 TTL loads with slightly 
increased output rise and fall times. 

COMMENTS ON THE DEVICE 
POWER CONSUMPTION 
At low frequencies the principal component of the power 
consumption is due to the oscillator. At high oscillator fre
quencies the major portion of the power is consumed by the 
output drivers, thus by disabling the outputs(activating the 
DISABLE INPUT) the device power consumption can be 
dramatically reduced. 
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CHIP TOPOGRAPHY 

v-

OUT';-8 OUT 1 

.. (~~3~:;!)_O~C~~_ .~ 
PAOS 4.2 x 4.2 MILS2 
(.107 mm x .107 mm) 

Chip may be die attached using conventional 
enteric or epoxy procedures. Wire bonding may be 
either Aluminum ultrasonic or Gold compression. 

IN 

j:)ACKAGE DIMENSIONS 

8 LEAD PLASTIC DIP 

I 
.250 

(6.25) 

r-- .380+.010 -1 
I n (0.65±.254) n I 

~ ""-,.-,-,.-,-,.-,-r-' ±20 C .235 

.060 ~ ~~ ~ RE~(5.97)---j -- .065 --I '-----'- 060 
(1.52)~1.52) .040(1.02) (1.jt .! I· ,., I (1.52) 

(i~;~)n=m.nnru 'i::t:l-~ ,~:~,~AO .. 1-
~~V ¥ ~ (1.65) .300 

.150 I" (7.62) 
(3.81) .030 I- I I I--- .360 _~ 
MIN (.762) ~ r----t"[ (9.14) 

.020 .100 MAX 
(.508) (2.54) 

NOTE: Board drilling dimensions will equal standard practices for 
.020 diameter lead. 
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FEATURES 
• Guaranteed 2 volts operation 
• Very low current consumption: Typ. 100~A @3V 
• All outputs TTL compatible . 
• On chip oscillator feedback resistor 
• Oscillator requires only 3 external components: 

fixed capacitor, trim capacitor, and a quartz crystal 
• Output inhibit function 
• 4 outputs: one pulse/sec, one pulse/min, 16Hz and 

composite 1024 + 16 + 2 Hz outputs 
• Test speed-up: provides other frequency outputs 
• Input static protection - no special handling 

required 

CONNECTION DIAGRAM 

WIDTH OUT4 

OUT3 OUT2 

INHIBIT OUT 1 

v- TP 
OSC OUT v+ 

OSC IN N/C 

N/C N/C 

ORDERING INFORMATION 

ICM. r t ~~~~,,-. 
Temperature Range 
-20"C to +70°C 

TVpe 

Order Devices by Following Part Number 
ICM7213 1 PO 

Order Dice by Following Part Number 
ICM7213D 
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ICM7213 CMOS 
One Second/One Minute 

Precision Clock And 
Reference Generator 

GENERAL DESCRIPTION 
The ICM7213 is afully integrated micropower osciJlator and 
frequency divider with four buffered outputs suitable for 
interfacing with most logic families. The power supply may 
be either a two battery stack (Ni-cad, alkaline, etc,) or a 
regular power supply greater than 2 volts. Depending on the 
states of the 'TES~ POINT and 'INHIBIT inputs and using a 
4.194,304MHz quartz crystal oscillator a variety of output 
frequencies (including composite frequencies) may be 
obtained including 2048Hz, 1o'24Hz, 34.133Hz, 16Hz, 1Hz 
and 1160Hz. 

The ICM7213 utilizes a very high speed low power metal gate 
C-MOS technology which results in there being 6.4 volt 
zeners (typical value) between the drains and sources of each 
transistor .and also across the supply terminals. Consequent
Iy,the ICM7213 is limited to 6 volt maximum supply voltage, 
although a simple dropping network can be used to extend 
the supply voltage range well above 6 volts (see Figure21. 

Applications for the ICM7213 include preCision timers, 
frequency references and frequency counter timebases. 

The ICM7213 may be obtained in a 141ead plastic dual in line 
or as dice. 

CHIP TOPOGRAPHY 

OUT 
4 

WIDTH 

OUT OUT 
2 1 TP v+ 

T 
0.063" 

or 
1.6mm 

~1 
~. OUT INHIBIT v- OSC OS~ I 

3 0.059" OUT IN 
or 

1.5mm 
Chip may be die attached using conventional 
eutetic or epqxy procedures. Wire bonding may 
be either aluminum ultrasonic or gold compression. 



ICM7213 O~OIL 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V+ - V-) ........................... : ................ 6.0 Volts 
Output Current (Any outpull .............................................. 20mA 
All Input and Oscillator Voltages (Note 1) ............... Equal to but not greater 

(Terminals 1, 3, 5, 6, 11) ............................... than the supply voltage 
All Output Voltages (Note 1) ............ Not greater than +6 volts with respect to, 

(Terminals 2, 12, 13, 14) nor less than, the negative supply 
(terminal 4.l 

Operating Temperature Range.; ................................ -20°C to +70°C 
Storage Temperature Range ................................... -40°C to +125°C 
Power Dissipation (Note 2) ...............•......... :.................... 200mW 
Absolute maximum ratings define parameter limits that if exceeded may permanently cam age or 
change the device. 

OPERATING CHARACTERISTICS 
TEST CONDITIONS: V+ - V- =3.0V, fose = 4.194304 MHz, Test Circuit, TA = 25°C unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 
Supply Current 1+ 100 140 

Guaranteed Operating Supply Vsupp -20°C < TA < +70°C 2 4 

Voltage Range 

Typical Operating Supply Vsupp -20°C < TA < +70°C 1.4 5 
Voltage Range 

Output Leakage Current IL Any output, VOUT = 6 Volts, (Note 3) 10 

Output Sat. Resistance ROUT Any output, IL = 2.5mA 120 200 

Inhibit Input Current IR Inhibit terminal connected to VDD 10 40 

Test Point Input Current ITP Test point terminal connected 10 40 

to V+ 

Width Input Current Iw Width terminal connected to VDD 10 40 

Oscillator gm gm V+ - V - 2V 100, . 

Typical. Oscillator lose (NOTE 4) 1 10 

Frequency Range 

Oscillator Stability fSTAB 2V < IV+ - V ) < 4V, (NOTE 5) 1.0 

Oscillator Start Time ts V+ - V = 3.0 volts 0.1 

V+ - V = 2.0 volts 0.2 

UNITS 

p.A 

Volts 

p.A 

Ohms 

p.A 

umho 

MHz 

ppm 

sec 

NOTE 1: The ICM7213 and most C-MOS devices have a destructive latchupmode if an input or output voltage isapplied in excess of those 
defined and there is no supply current limiting. (I 

NOTE 2: Derate linearly power rating of 200 mW at 25° to 50mW at 70°C. 
NOTE 3: Leakage current in the output transistors is due to the inherent characteristics of an MaS transistor operating belowthreshold voltage I 

in the expoential regionaf their characteristic. See "Ion~implanted C~MOS Transistors in Low Voltage Circuits", Swanson and Meindl, 
IEEE Journal of Solid State Circuits, April 1972. . 

. NOTE 4: The ICM7213 uses dynamic dividers for high frequency division. As with any dynamic system, information is stored on very small 
nodal capacitances instead of latches (static system), therefore, there is a lower frequency of operation. Dynamic dividers are used t6 
improve the high frequency performance while at the same time significantly decreasing power consumption. At low supply voltages, 
operation at less than 1 MHz is possible. See application notes. 

NOTE 5: The actual oscillator stability obtained will depend on the parameters of the quartz crystal and the value of the tuning capacitors. The 
value given therefore relates only to conditions given in the test circuit. . .' . 

NOTE 6: When TP and RESET are open circuit or connected to Vss, all outputs are 50% duty cyCle except OUT 3 and OUT 4. 
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ICM7213 
TEST CIRCUIT 

INHIBIT 

OUTPUT DEFINITIONS (NOTE 6) 

INPUT STATES' 
TP INHIBIT WIDTH OUT 1 
L ·L L 16Hz 

""218 
L L H 16Hz 

+218 

L H L 16Hz 
, +218 

L H H 16Hz 
. ""218' 

H. L L ON 

H L H ON 
I . , 

H H L ON 
" 

H H H ON .. 

• L denotes input open circuit or connected to Vss 
H denotes input co'nnected to VOD . 

6-1'10 

OUT2 
1024 + 16 + 2Hz 
(+212+218+221) comoosite 
1024 + 16 + 2Hz 
(+212+218+221) composite 

1024 + 16Hz 
(+212""218) composite 
1024 + ·16Hz 
(+212+218) comoosite' 
4096 +1 024Hz . 
(+210+212) composite 
4096+ 1024Hz 
(:f-210+212) composite 
1024Hz 
+212 
1024Hz 
+212 

CRYSTAL PARAMETER 
f = 4.194,304 MHz. 
RS =35 OHMS 
CM= 17 mpF 
Co = 2.5 pF 

T.P. 

SUPPLY VOLTAGE 

r 

OUT3 OUT4 
1Hz;7.8mS 1160Hz, 1 sec 
""222 +(226 x 3x 5) 

1Hz,7.8mS 1160Hz, 125mS 
+224 

OFF OFF 

OFF SEE 
WAVEFORMS 

2048Hz 34.133Hz, 50% D.C. 
+211 +213 X 5 i< 3) 
2048Hz 34.133Hz, 50% D.C. 
+211 . +(213 x 5 x 3) 

ON ON 

ON ON 

, 



ICM7213 
SIMPLIFIED BLOCK SCHEMATIC 

(4,194,304Hz) 

OSC IN 6 

OSC OUT 5 ....... ---' 

v- o-'V'.r..-.... 

OUTPUT WAVEFORMS 

(8,192Hz) 

v.+~ 
v-~ 

(1024Hz) 

INHIBIT 
OR RESET 

v-

(64Hz) (16Hz) (4Hz) 

--I 1--16 Hz /024 Hz 

OUT2 •••••••• • •••• I' 2Hz--------~,1 

EFFECT OF INHIBIT INPUT (T.P. connected to Vss or open circuit) 

INHIBIT ~~-------------I 

OUT 3 

CASE 1 { OUT 4 

• 

LJ 1 
1 
1 
1 

OUT3 <7.8mS-I-
CASE 2 { +r-7-.-8-m-S----~ 

(PULSE 3 OUT 4 I 

COINCIDENT =.:.....:--------.11 
WITH INHIBiT) ''"", --------i 

I 

OUT 3 

CASE 3( OUT 4 
(EFFECT OF 

WIDTH 
ON OUT 4) WIDTH 

I 
I 

u: 
I 

II 
I 

: nL __ --i 
I 
I 
I 

OUT3 I 
CASE410--UT--4----------~U~i-----------~ 

(EFFECT OF LI +1 ______ -' 
WIDTH 

ON OUT 4) WIDTH ...---..., 

1 
I 
I 

r.--dJ-f 
f 0.75 -- 1.0 SEC r 

1- 59.75 to 
1 60 SECS. 
I 
I 
1 u 

u 

u 

r:;:u-, 7.8mS 

~S 

==L..Fi'Sec. 

All time scales are arbitrary, and in the case of OUT 3 only the 
pulses coinciding with the negative edge of OUT 4 are 

shown. Where time intervals are relevant they are clearly 
shown. 
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ICM7213 D~DIb 

SUPPL Y CURRENT AS A 
FUNCTION OF TEMPERATURE 

SUPPLY CURRENT ASA 
FUNCTION OF SUPPLY VOLTAGE Z 

o 

OSCILLATOR STABILITY 
AS A FUNCTION 

OF DEVICE TEMPERATURE 

130 

~120 
I 

1- 110 
Z 

VS~pp=r 3V I I' ~300.-~--~-.---r--r--' ~ +1.5 
VSUpp- 3V 

~ ~ 
CIN = COUT = 30 pF-
fOSC = 4.19 MHz 

w 

::t 
I 250 
o 
9,200 
I
Z 

:; 
w 
o 
> uE 
ze. 
we. 

+1.0 

+0.5 

CIN. COUT AND 
QUARTZ CRYSTAL 

MAINTAINED AT 25DC 
fOSC=4.19MHz /' 

./ 
~100 
::l .". / 

~. 150 t----r--+--,--j~...,..,---t-c----j ::lZ 
0-

o 
V 0:: 

U 90 
> 

I'.... - .- 13 .100 t----r-7!':'""'-I-,--c-t--r-----j ~S 
u.<l 

/' 
" 

-0.5 

...J 

~ 80 
::l 

> 
...J 
0.. 
0.. 

'0:: 
-1.0 / 

fI) 70 ~ 0 '-----'-__ ""'----' __ __'_ __ "'__---' 

o 
I
~ 
...J 
...J 

-1.5 / 
-40 -20 0 +20 +40 +60' +80 

TEMPERATURE _DC 

2.0 3.0 4.0 5.0 
U 

-40 -20 0 +20 +40 +60 +80 
SUPPLY VOLTAGE V+ - V- fI) 

o TEMPERATURE _ DC 

OSCILLATOR STABILITY AS A 
FUNCTION OF SUPPL.Y VOLTAGE 

Z 
o 
i= 
~ 

:> 
w 
c 
t E +1 
Ze. 
~:Ol----r~~~--I-:r--t-c---,j 
0-
~$ -1 
u.<l 
0:: 
~ -2 

~ -3'-----'---""'----'~--'---"'---...l 
~ 2.0 3.0 4.0 5.0 

1S SUPPLY VOLTAGE V+ - V-

DEVICE DESCRIPTION 
The oscillator consists of a C-MOS inverter with a non-linear 
high value resistor connected between the OSC IN and OSC 
OUT terminals: The initial divider chain (29) consists of both 
dynamic (highest frequency) and static dividers. All other 
dividers are static. e The input designated TP inhibits the 218 output and takes the 

I 29 output and appliesit to the 221 divider, thereby permitting 
a speedup of the teting of the 760 section by a factor of 2048 
times. This also results in alternative output frequencies (see 
table), 

The WIDTH input may be used to change the pulse width'bf 
OUT 4 from 125 mS t01 sec or, to change the state of OUT 4 
from ON to OFF during INHIBIT lif OUT 4 is ON upon appli
cation of an inhibit signal). 

APPLICATIONS 
1. Supply Voltage Considerations 
The ICM7213 may be used to provide various precision out
puts having frequencies from 2048Hz to 1160Hz using a 
4.194,304Hz quartz oscillator. Other output frequencies may 
be obtained using other quartz crystal frequencies. Since the 
ICM7213 uses dynamic high frequency dividers for the initial 
frequency division there are limitations on the supply voltage 
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OUTPUT CURRENT AS A 
FUNCTION OF OUTPUT SATURATION VOLTAGE 

30.--.~.-~---r--r--' 

~ 251--+~+-~~~-~--,j 
I 
~ 20 1--+--+1-
w 
~ lSI--+--b--""'!-
::l 
u 
I-

ir' 
I- Sf-#--7'f-+--,--j--j--+----j 
::l 
o 

o 0.1 0.2 0.3 0.4 O.S 0.6 

OUTPUT SATURATION VOLTAGE (ANY OUTPUT) 

range depending on the oscillator frequency. Iffor example a 
low frequency quartz crystal is selected the supply voltage 
should be selected in the center of the operating window, or 
approximately 1.7voits. 

S 

4 

SUPPLY r 
VOLTAG~ 

3 

2 

10KH 100KH lMHz 10MHz 

FIGURE 1: Window of Correct Operation 

The supply voltage to the ICM7213 may be derived from a 
high ,voltage supply by using a simple resistor divider (if 
power is of no concern), by using a .series resistor· for 

, minimum current consumption,or by means of a regulator. 



ICM7213 
2. Logic Family Compatibility 
Pull up resistors will generally be required to interface with 
other logic families. These resistors must be connected 
between the various outputs and a positive power supply 
with respect to Vss. 

3. Oscillator Considerations 
The oscillator consists of a C-MOS inverter and a feedback 
resistor whose value is dependent on the voltage at the 
oscillator input and output terminals and the supply voltage. 
Oscillator stabilities of approximately 0.1 ppm per 0.1 volt 
variation are achievable with a nominal supply voltage of 5 
volts, and a single voltage dropping resistor. The crystal 
specifications are shown in the TEST CIRCUIT. 

It is recommended that the crystal load capacitance (CLl be 
no greater than 22 pf for a crystal having a series resistance 
equal to' or less than 75 ohms, otherwise the output 
amplitude of the oscillator may be too low to drive the divider 
reliably. . 

If a very high'quality oscillator is desired, it is recommended 
that a quartz crystal be usedhavinga tight tuning tolerance 
±10ppm, a low series resistance (less than 25 ohms), a low 
motional capacitance of 5mpf and a'load capacitance>of 

EXAMPLE: 
f~ 4.2 MHz 
BV .;;;; V';;;; 12V (10 nom.) 
11 ~100J.LA ' R2 
12 ~1 mA 
R2 ~3K OHMS 12 
Rl ~6.BK OHMS +-_-----' 

20pf. The fixed capacitor CIN should be 30 pf and the 
oscillator tuning capacitor should range between approxi
mately 16 and 60 pf. 

Use of a high quality crystal will result in typical stabilities of 
0.05ppm per 0.1 volt change of supply voltage. 

4. C-MOS Latchup Considerations 
A destructive latchup mode is possible if an input or output is 
forward biased with respect to either the positive or negative 
supplies. Example: if th.e oscillator output terminal is taken 
sufficiently negative with respect to Vss or positive with 
respect to VDD so that many milliamperes of current are 
forced to flow into/from this terminal, the device may present 
an extremely low impedance aCross its supply terminals VDD 

and Vss causing very high values of current to be drawn from 
the supply which can cause device failure. 
If the supply current is limited to less than 20mA maximum 
the device may return to its normal operating state after an 
inadvertent input transient. It is, therefore, recommended 
that a supply series resistor and bypass capacitor be used in 
the breadboarding stage of a design, where mistakes can be 
made. 

CBYPASS 
O.OlJ.LF 

EXAMPLE: 
fOSC = 4.2· MHz 
BV i;;; V .;;;; 12V (10V nom) 
11 ~100J.LA 
R3';' (10-3) K OHMS 

10-4 
. ~6BKOHMS 

FIGU.RE 2: Biasing Schemes with High Voltage Supplies 

PACKAG.E DIMENSIONS 

.250 
(6.35) 

---"1 1- .09212 .. 341 .10612.741 

_t "'.--rr-1"""T""T"""'-rr~ 
I .760119.3ITYP ~I 
- ,765119.4IMAX 

.160 
~ ~ 14.571 

'1 .... 15.971 .. 1. 13'iOI MAX 
'L+:::.04011.02ITYP . ..Jl.Q.. 

IJ~:I_t ~1'1 t: ~ ''I"' 
7o_/I __ 173~~I_ ,.11-r11~ -.11., t 

NOM .020 .060 .020(.5061 TYP 
1.5061 IT:52i TY P 'iIiiJ1'E1 
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- ...... 

. FEATURES 

eStabl~ HF osciiiator 
• LoW.·power dissipation:::::' 5mW With.5. volt ~Lipply 
e Counter chain has outputsat' 7 212 and 7217 or 

.' 7(217 X 10). " . '. .' . .... 

. eLowimpedance output drivers :::::. 100 ohms' 

','" 

CHIP TOPOGR~PHV 

2 

0.063" 
11.6mml 

l 
~ ____ 0.059" _-"--'---'-' 
. (1.5mml 

Chip may be die attached using conventional 
eutectic or epoxy procedures •. Wire bonding may be 
either aluminum ultrasonic qr gold compression. :' 

ORDERING INFORMATION 
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leM 72m 

~
' LPOP'''''' .,: . 

. , 

. . . 'PAC:KAG~ . 

. '. SEe OUTLINE DRAWING 

. TEMPERATURE RANGE 
-20"C to +7O'"C 

'----------TyPE 

ORDER DEVICES BY FOLLOWING PART NUMBER leM 7207 I pO 
ORDER DICE BY FOLLOWING PART NUMBER leM 72070 

ICM7207 CMOS 
·OscillatorConlroller 

'DESCRIPTION ;. 

The ICM7207 censists ef a high stabiliiy escillater and fre
'quencydivider providi'ng4 centro'l eutputs suitable fer 
frequency ceunter timebases, Specifically, when used as a 
frequency ceunte~ timebase in. cpnjunctien with. the 
ICM7208 frequency c.ounter, the feur eutputs previde the 
ga)ing sigrials for the. count windew, stere functien, reset 
functien and multipl.ex frequency reference, Additienally, 
thequratien,ef the.ceunt windew may be changed by a facter 
of 10 to. previde a 2 decade rarige ceunting system, 
The nermal eperatingveltageef the ICM7207 is 5 velts at 
.which the typical dissipatien is less than 2mW using an esc iI-
Jator frequency ,ef 6,5536MHz, . .' 

The ICM7207 is fabricated using Intersil's standard lew 
veltage metal gate C-MOS process which has been used 
exclusively fer all ef Intersil's timing preducts, 
Can be used fer: 

al System timebase 
bl Oscillescepe calibratien generator 
cl Marker generater strebe . 
dl Frequency ceunter centroller 

CONNECTION DIAGRAM 

N/C 

OUT'1 

N/C 

v
OSCOUT 

OSCIN 

N/C 

PACKAGE DIMENSIONS 

OUT2 

GATING OUT 

MUXOUT 

RANGE CONTROL 

v+ 

N/C 

N/C 

-... .108{2.741 I I- ,09212,34) rOI . ',250 

',16,35) . . . 

'-+ • 
,180 II I 

.130 (4.57) .....-.760(19.3ITYP ----p 

I ~ I 1330) MAX. ,765119,4)MAX 
..... (5.97)..... . I + i+4011 ,02)TVP ~ 

(:~~~)- t: ,-" tt; ~ IT) 
T::-':/I...:(i.~~)_ ~II __ I i-, __ II..' 

NOM I:~g~) I iO~~) TVP ~~~(E5~8) TVP 



ICM7207 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................... 6.0V 
Input Voltages .............................. Equal to or l.ess than supply voltage 
Output Voltages ................. Not more positive than +6V with respect to the 

. . negative supply V-' 
o'utput Currents ............. ~ ... : .............. ' ............... ' .... ~ ....... ' ... 25mA 
Power Dissipation @ 25°C Note 1 ...................................... 200mW 
Operating Temperature Range ................................... -20°C to +70°C 
Storage Temperature Range ........ .' .......................... -55°C to +125°C 
Absolute maximum ratings refer to vaiues which if exceeded may permanently change or destroy 
the device. . 
NOTE 1: Derate by 2mW/oC above 25°C. 

TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS: lose = 6.5536MHz. V+ - V- = 5V, TA = 25°C. test circuit unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNIT 
Operating Voltage Range .' V+ -V- .,-20°.C to +70° C 4 5.5 V 
Supply Current 100 All outputs open circuit .. 260 1000 p.A 
Output on Resistance.s rdslONI Output current = SmA' ., 50 120 ohms 

All outputs 
Output· Leakage Currents 10 All outputs 50 

p.A 
Input Pulldown Current .10 Terminal 11 connected to V+ 50 200 
Input Noise Immunity NF 25 % supp,ly voltage 
Oscillator Ir Note 2 2 10 MHz 
Oscillator Stability ISTAB CIN = COUT = 22pl 0.2 1.0 pp'mlvolt 

Oscillator Feedback Rose Quartz crystal open circuit 3 Mohm 
Resistance Note 3 

NOTE 1: Dynamic dividers are used in the initial stages of the divider chain. These dividers have a lower frequency of operation 
determined by transistor sizes. threshold voltages and leakage currents. 

NOTE 3: The feedback resistor has a non-linear value determined by the oscillator instantaneous input and output voltage 
voltages and th~ supply voltage. . . 

BLOCK SCHEMATIC 

.9SCIN 

OSCOUT 

JV~-
12 

MULTIPLEX 
OUTPUT 

V-

+10 

+----l~l~[ 
. GATING OUTPUT 

!~ 

~v-
~~~~~L r;- ''--r--------------~ 

OUTPUT 2 ~ 

[

V-

n . 
" 

2 

OUTPUT 1. 
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ICM7207 
OUTPUT TIMING WAVEFORMS 

·1 
1.6KH~or625,US 

1-1 
MULTIPLEX OUTPUT n n n. n n n .... 

TERMINAL #12 -.--l LJ l,,----.J LJ L----.J LJ·.· L 
". , I"· 20 or 200 ms ; .1 
GATING OUTPUT. . r-----~, . , .• ' Ir-~~-
TERMINAL #13, ----.l. , . .., ~----....:--J 

OUTPUT 1 ---, r----
TERMINAL #2 U 

OUTPUT 2 
TERMINAL #14 

1--+ 312!.lS 

U----' 
1-f--312!.lS 

Referring. to the test circuit. the 6.5536MHz oscillator 
frequency is divided by 212 to provide both the multiplex 
frequency of 1.6KHz and to generate the duration of the 
output pulse widths (312/1 for OUTPUT 1 and OUTPUT 2. 

TEST CIRCUIT 

CRYSTAL PARAMETERS 
f =6.S536MHz 
RS = 40 ohms 
C1 =15mpf. 
Co = 3.5 pf 

CIN =22pF 
COUT= 22pF 

S1 

lK 

'-:---~ 

'---:~ 

Th.e GATING OUTPUT provides either a 50Hz or 5Hz 50% 
duty cycle signal depending upon whether the RANGE 
CONTROL terminal' is connected to V+ or V- '(or open, 
circuitl. 

+----J 
SWITCHES S1. S2. S3. S4 OPEN CIRCUIT FOR SUPPLY CURRENT MEASUREMENT. 
SWITCH S5 OPEN CIRCUIT FOR SLOW GATING PERIOD. 
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ICM7207 
SUPPLY CURRENT AS A FUNCTION 

OF OSCILLATOR FREQUENCY 
'300 TA = 25'C 

VOO-VSS'" 5V 
- 250 Medium Quality Quartz Crystals /' ;. 1 ~ ~~ 

g 200 l;~Hz 
~ ,,1. COUT"" 10pF 
ffi 150 "\ CIN'" 10pF 
a: .... \. 6.5 MHz 
a: , '\. COUT'" lOpF 
U 100 -L r3.3 MHz CIN = 10pF --4-----1 
~ COUT = 22pF 
t 2 MHz CIN = 22pF 
::> 50 COUT = 22pF--+-+--f----l 
en CIN '" 22pF 

.0 2 4 6 B 10 12 
OSCILLATOR FREQUENCV MHz 

'OSCILLATOR STABILITY AS A FUNCTION 
OF SUPPLY VOLTAGE 

+1.0 
TA ::: 2SoC 

E fOSC = 6.5 MHz : 
~+O.5 -:~-t-

>-
I- 0.0 
::; 
iii 
~ -0.5 

'" a: 
~ -1.0 

...... ' ... 
. ~ -1.5 

COUT"" 22pF 

-2.0 L-_C--"'N.:...=_2_2PLF_.L----1_-L.----I 
3 4 5 

SUPPLY VOLTAGE V+-V-

APPLICATION NOTES 
OSCILLATOR CONSIDERATIONS 
The oscillator consists cif a C-MOS inverter and uses a non
linear resistor connected between the osci,llator input and 
output terminals to provide biasing. Oscillator stabilities of 
approximately 0.1 ppm per 0.1 volt change are achievable at a' 
supply voltage change at 5 volts, using low cost crystals. The 
crystal specifications are shown in the TEST CIRCUIT. 
It is recommended that the crystal load capacitance (CLI be 
no greater than 15pf for a crystal having a series resistance 
equal to or less than '75 ohms, otherwise the output 
amplitude of the oscillator ma'y be too low to drive the divider 
reliably. 
If a very high quality oscillator is desired, it is recommended 
that a quartz crystal b~ used having a'tight tuning tolerance 
±10 ppm, a low serie!l resistance (less than 25 ohms), a low 
motional capacitance of 5mpf and a load capacitance of 
20pf. The fixed capacitor CIN should be 39pf and the 
oscillator tuning capacitor should range between approxi
mately Sand 60 pf. ' 
Use of a high quality crystal will res'ult in typical oscillator 

, stabilities of 0.05 ppm per 0.1 volt change of supply voltage. 

FREQUEN~Y LIMITATIONS 
The ICM7207 uses dynamic frequency counters in the initial 
divider sections. Dynamic frequency counters are faster and 
consume less power than static dividers but suffer from the 
disadvantage that there is a minimum operating frequency at 
a given supply voltage. 

D~DIl. 

OUTPUT SATURATION RESISTANCES 
AS A FUNCTION OF SUPPLY VOLTAGE ' 

w .2 0 
u z 
~ 10 

iii 

, I, I 
o TA=25 C 

RL '" ',KOhm 

w 
a: 80 

O~ 
t=:: 

OUTPUT 2-f--

f"--... t--
r-eUTPUT "GATING OUT, 

MiX'OU!"UT 

o 
3 4 5 

SUPPLY VOLTAGE V+-V-

SUPPLY CURRENT AS A FUNCTION " 
OF SUPPLY VOLTAGE ' 

60 0 

TA"2S'C I 
" 50 ,,- . 

o fesc = 6.5 MHz 
COUT = 22pf 

I . CIN·22p F I 
o ! C 40 

.9 

ffi 30 
a: 
a: 

0 

a 20 
>

0 

... .. 
°v ~ 10 

'" 
o 

I 

V V 
V 

:--' 

3 4 S 

/y 

SUPPL V VOLT AG~ v+ -v-

6 

5 

SUPPLY 4 
VOLTAGE 3 
WINDOW 2 

10KHz 100KHz 1MHz 
FREQUENCY 

10MHz 

For example, if instead of 6.5MHz, a 1MHz oscillator is 6 
required it is recommended that the supply voltage be 
reduced to between 2 and 2.5 volts. This may be realized by 
using a series resistor in series v.:ith the 5V positive supply 
line plus a decoupling capacitor. The quartz crystal 
panimeters, etc., will detemiine the value of this resistor. 
NOTE: Except for the output open drain n~channel transis-
tors no other terminal is permitted to exceed the supply 
voltage limits. 

PRACTICAL FREQUENCY COUNTER 
A complete frequency counter using the ICM7207 together 
with the ICM720S Frequency Counter is described in the 
ICM720S' data sheet. 
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FEATURES 
• Stable HF oscillator 
• Low power dissipation :5 5mW with 5 volt supply 
• Counter chain has outputs at -:- 212 and -:- 220 or 

-:- (220 x 10) 
• 1 sec.and 100.ms·count ~nableoutputs 

ICM7207A 
Complemental"yMOS 
Oscillator Controller 

GENERAL DESCRIPTION 
The IQM7207A is pin for pin conipatilile with the ICM7207 
but has an 0.1 second and 1 second count enable window 
output. When used with t~e ICM7208 frequency counter, the 
four outputs provide tlie gating·signals for the count window, 
store ./Unction, reset function and muiiiplex frequency 
reference. With the 1 second courlt enable window it is now 
possible to obtain 7· significant digits when measuring 
frequencies over 1 MHz. ' 
The gating output, output 2 and the multiplex output now 
provide both pull up and pull down, eliminating the need for3 I 

external resistors. However, buffering ·inustbe provided if 
interfacing with T2L is required. Output 2 occurs 391 
/lseconds after output 1, eliminating any potential problems 
of overlap between Store and Reset when using the 
ICM7208. In addition, a 5.24288 MHz crystal must lie used 
instead of the 6.5536 MHz crystal used with the 19M7207. 
The normal operating voltage of the ICM7207 A is 5 volts at 
,:",hicr the typical dissipation is less than 2mW using an 
oscillator frequencyof 5.24288 MHz. 
The ICM7207A is fabricated using Intersil's standard low 
voltage metal gate CMOS process which has been' used 
exclusively for all of Intersil's tim·ing products: . 

CONNECTION DIAGRAM CHIP TOPOGRAPHY 

OU! ,. 2 13 GATING OUT 

N/C 3 12 MUX OUT 

OSCOUT 5 

OSC IN 6 

N/C 7 

11 RANGE CONTROL 

. ORDERING "INFORMATiON· 
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ICM7207A .. t· . C'" .,~"" .... 
. , " 

. : ~ .', ':" ; . .- TE~PE~ATURE RANGE 

-~O.Clo+70C . 

'------'----- TYP, 

ORDER DEVICES BY FOLLOWING PART NUMBER ICM7207A I PO 
ORDER DICE BY FOLLOWING P~RT NUMBER ICM7207A II;) 

0.063" 

"[I~"'" 
~UT 1 v- esc OSC 

'··0.059" OUT IN . 
, (1.5inml· 

Chip may be die attached using conveiltional 
eutectic or epoxy procedures. Wire .bonding·may 
be either aluminum ultraso'nic or gold c~mpiession. 
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, TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS fosc = 5.24288 MHz; V+-V- = 5.0V; TA = 25°C; test circuit unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN. 

Operating Voltage Range V+~V~ -20°C < Til 0:: 70°C 4 

Supply Current IDD Terminal 2 open circuit 

Output On Resistance. Terminal '2 rds Terminal 2 outnut current = 5 mA 

Output Leakage Current. Terminal 2 10 Terminal 2 connected to V+ 

Output Resistance Terminals 12. 13. 14 rds OU,tput current =,50/LA 

Input Pulldown Currerit 

Oscillator Freq. Range 

Osc. Stability 

, TEST CIRCUIT 

ID' Terminal 11 connected to VDD 

fr 2 

,fSTAB CIN"" COUT = 22pF 

QUARTZ CRYSTAL 

OUT 2 

GATING OUT, .• 

/W--:--:--U MUX 'OUT 

1101----+--<> v+ , .. 

PARAMETERS S1 CLOSED: 5 Hz GATING OUTPUT 
f = 5.24288 ,MHz S1 OPEN: 0.5 Hz GATING OUTPUT 
RS<75!1 
CO=4pF, 
'CM= 12 mpF 
CL=12pF 

PACKAGE DiMENSIONS 
"_I 1- .092(2.341 

.108(2.74) , 

'(d~)D' , 
, .. . . 

.235 '.130 .18°1 ' L' ' 
, (5.97,) (3.30)1(4.57,)' "" a' .760(19.30)TVP , ~I, .. 1-4-'- MrX " , , ' ,,' .765(~9.43) MAX 

010 ~- L mmrnn (0.25) E - -'-' __ J ' 
TV: - ,.t +J I II -

7 ./ _.300 __ .040 r-I- -.,--11-:"1 l~ 
, 17 .~2) (1.02) .020 •• 06tr~o20 (3.30) 

NOM TYP (0.51) (1.52) (0.51), 
, .. TYP' TYP 

TYP. MAX. UNITS 

5.5 Volts 

190 1000 /LA 
50 120 Ohms 

20 /LA 
33K Ohms 

50, 200 ,/LA 
10 MHz 

" . .2 ppl)1Nolt 

~ .. " 
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ICM7211 (LCD) 
ICM7212 (LED) 

Four Digit Display Decoder-Drivers 

ICM7211 (LCD) FEATURES 
• F()ur digltnon~multiplexed 7 segment LCD display 

outputs with backplane driver. 
• Complete onboard RC oscillator to generate 

backplane frequency. 

• Backplane InpuVoutput allows simple 
synchronization of slave-device segment outputs 
with a master backplane signal. 

• ICM7211 devices provide separate digit select 
inputs to accept multiplexed BCD input (Pinout and 
functionally compatible with Sillconix DF411). 

'. ICM7211M devices provide data and digit select' 
code input latches controlled by chip select inputs 
to provide a direct high speed processor interface. 

• ·ICM7211 device for binary-to-hexadecimal 
decoding; ICM7211A device for binary-to-EHLP
dash-blank decoding. 

ICM7212 (LED) FEATURES 
• 28 current-limited segment outputs provide 4 digit 

non-multiplexed direct LED drive at > SmA per 
segment. 

• Brightness input allows direct control of LED 
segment current with a single potentiometer, or can 
function digitally as a display enable. 

FAMILY FEATURES 
• All devices fabricated using high density MAX

CMOST• lSI technology for very low-power, high
performance operation. 

• All inputs fully protected against static discharge; no 
special handling precautions necessary. 

DESCRIPTION 
THE ICM7211(LCD) and ICM7212(LED) devices constitute a 
family of non-multiplexed four digit seven segment display 
decoder-drivers. 

The ICM7211 devices are configured to drive conventional 
LCD displays, by providing a complete (no external compon
ents necessary) RC oscillator, divider chain, backplane 
driver devices, and 28 segment outputs. These outputs 
provide the zero d.c. component signals necessary for long 
display life. 

The ICM7212 devices are configured to drive common
anode LED displays, providing 28 currentCcontrolied low 
leakage open-drain n-channel outputs. These devices 
provide a Brightness input which may be used at normal 
logic levels as a display enabie, or with a potentiometer as a 
continuous display brightness control. 

Both the LCD and LED devices are available with two input 
configurations. The basic devices provide four data-bit 
inputs and four digit select inputs. This configuration is 
suitable for inter1acing with multiplexi3d BCD or binary 
output devices, such as the ICM7217, ICM7226 and ICL7103. 
The microprocessor interface (suffix M) devices provide data' 
input latches and digit select code latches under control of 
high-speed chip 'select inputs. These devices simplify the 
task of implementing a cost-effective alphanumeric 7 seg
ment display for microprocessor systems, without requiring 
extensive ROM or CPU time for decoding and display 

, updating. 

The standard devices available will provide two different 
decoder, configurations. The 'basic device will decode the 

'four bit binary input into a seven-segment alphanumeric 
hexa-decimal output. The "A" versions will provide the same 
output code as the ICM7218 "Code B", i.e., 0-9, E, H, L, P, 
dash, blank. Either device will correctly decode true BCD to 
seven segment decimal outputs. 

All devices in the ICM7211/7212 family are packaged in a 
standard 40 pin plasticdual-in-line package. 

Table 1, the option matrix and ordering information, shows 
the 8 standard devices of the ICM7211/7212 family and their 
markings, which serve as part' numbers for ordering 
purposes. 

TABLE 1: OPTiON MATRIX AND ORDERING INFORMATION 

ORDER PART NUMBER OUTPUT CODE INPUT CONFIGURATIONS 

ICM7211 IPL HEXADECIMAL MULTIPLEXED 4-BIT 
LCD ICM7211A IPL CODEB 
DISPLAY ICM7211M IPL HEXADECIMAL 

MICROPROCESSOR INTERFACE ICM7211AM IPL CODEB 
ICM'1:212 IPL HEXADECIMAL 

MULTIPLEXED 4-BIT LED ICM7212A IPL CODE B 
DISPLAY ICM7212M IPL HEXADECIMAL 

MICROPROCESSOR INTERFACE 
ICM7212AM IPL CODE B 



ICM7211/ICM7212 
ABSOLUTE MAXIMUM .RATINGS 

Power Dissipation (Note 1) .......• ; . . . . . . • . . • . . . . . . . • . . . . . . . . . . .. 0.5 Watt@ 70° C 
Supply Voltage (V+ -V-) .•..•..•..........•....•..................••..... 6.5 Volts 
Input Voltage (Any 
Terminal) (Note 2) ....•...••.•..•............................... V+ +0.3V, V- -o.3V 
Operating Temperature Range .......................... ~ ......... -20°Cto+70°C 
Storage Temperature Range ..................................... -55°Cto+125°C 

Absolute maximum ratings define stress limitations which, if exceeded, may permanently damage the device. These are not continuous duty 
ratings. For continuous operation these devices must be operated under the conditions defined under "Operating Characteristics." 

. ' 

TABLE 2: OPERATING CHARACTERISTICS 
All parameters measured with V+-V- = 5V 

ICM7211 CHARACTERISTICS 
PARAMETER SYMBOL CONDITIONS 
Operating Supply Voltage Range Vs V+-V 

Operating Current lep Test circuit, Display blank 
Oscillator Input Current IOSL Pin 36 
Segment Rise/Fall Time trls Clead = 200pf 
Backplane Rise/Fall Time· trfb Clead = 5000pf 
Oscillator Frequency fese Pin 36 Floating 
Backplane Frequency fbp Pin 36 Floating 

ICM7212 CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS 

Operating Supply Voltage Range Vs V+-V-
Operating Current lopo Pin 5 <Brightness) at V-
Display Off Pins 27-34 
Operating Current· lop Pin 5 at V+, Display all 8's. 
Segment Leakage Current ISL Segment Off 
SegmentOn Current Is Segment On, Vout = V- +3V 

INPUT CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS 
Logical "1~' input voltage VIH Referred to V 
Logical "0" input voltage VIL Referred to V-

Input leakage current IOL Pins 27-34 

Input capacitance Cln Pins 27-34 

BP/Brightness input leakage ILBPI Measured at pin 5 with Pin 36 at V-

BP/Brightness input capacitance CBPI All Devices 

AC CHARACTERISTICS - MULTIPLEXED INPUT CONFIGURATION 
Digit Select Active Pulse Width . Isa Refer to Timing Diagrams 

Data Setup Time Ids 
Data Hold Time tdh 
Inter-Digit Select Time· tids 
AC CHARACTERISTICS - MICROPROCESSOR INTERFACE 
Chip Selec.t Active Pulse Width tesa other chip select either held active, or 

both driven together 

Data Setup Time tdsm 
Data Hold Time ' tdhm 

Inter-Chip Select Time tics 
, 

MIN TYP MAX UNIT 
3 5 6 V 

10 50 p.A 
±2 ±10 p.A 
0.5 p's 
1.5 p's 
16 kHz 

125 Hz 

MIN TYP MAX UNIT 

4 5 6 V 
10 50 p.A 

200 rnA 
±0.01 ±1 p.A 

5 8 rnA 

MIN TYP MAX UNIT 
3 V 

2 V 

±.01 ±1 p.A 

5 pF 
±.01 ±1 p.A 
200 pF 

1 p's . 

500 ns 

200 ns 
2 p's 

200 ns 

100 ns 

10 0 ns 

2 /-,s 
... 

NOTE 1: This limit refers to that of the package and will not be obtained during normal operation. 
NOTE 2: Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to voltages greater 

than V· or less than V-may cause destructive device latchup. For this reason, it is recommended that no inputs from external sources 
not operating on the same power supply be applied to the device before its supply is established; and that in mUltiple supply systems; 
the supply to the ICM7211/1CM7212 be turned on first. 
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ICM7211/ICM7212 
TYPICAL CHARACTERISTICS 

OPERATING SUPPLY CURRENT 
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IC~7211/1CM7212 

CONNECTION DIAGRAMS 

BLOCK DIAGRAMS 

A4 20 

ICM7211 (A) 

01 
Cl 
Bl 
Al 
V~ 

Chip Select 2 
Chip Select 1 
Digll Select Code Bit 2 
Digit Select Code Bil1 

:~ 1 Data Inputs, 

BD 
F4 
G4 

24 E4 
23 04 

22 C4 
21 84 

04 
SEGMENT OUTPUTS 

03 
SEGMENT OUTPUTS 

02 
SEGMENT OUTPUTS 

01 
SEGMENT OUTPUTS 

OIGITi~~~~=====~====:=L_~ SELECT 
INPUTS 

OSCILLATOR 
16KHz 
FREE· 12. 

BACK· 
PLANE 
DRIVER 

OSCILLATOR ____ ,--I--;:===:::;_--' __ i._R~U~N~N~'N~G::..J 
INPUT ENABLE 

04 
SEGMENT OUtPUTS 

ICM7212 (A) 
. D3 02 

SEGMENT OUTPUTS SEGMENT OUTPUTS 
01 

SEGMENT OUTPUTS 

OIGITi~~~~=====~=:==L_~ SELECT 
INPUTS 

BRIGHTNESS 
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ICM721.1/ICM7212· 

v+----'---

DATA 
INPUTS 

2·81T 
DIGIT SELECT 

CODE INPUT 

CHIP SELECT 1 
CHIP SELECT 2 

OSCILLATOR 
INPUT 

DATA 
INPUTS 

2-81T 
DIGIT SELECT 

COOl:: INPUT 

CHIP SELECT 1 
CHIP SELECT 2 

0' 
SEGMENT OUTPUTS 

0' 
SEGMENT OUTPUTS 

ICM7211(A)M 
03 

SEGMENT OUTPUTS 

OSCILLATOR 
16KHz 
FREE· 

RUNNING 

ICM7212(A)M 
03 

SEGMENT OUTPUTS 

D. 
SEGMENT OUTPUTS 

D. 
SEGMENT OUTPUTS 

D~DIL 

01 
SEGMENT OUTPUTS 

D1 
SEGMENT OUTPUTS 

BRIGHTNESS 



ICM7211/ICM7212 
INPUT DEFINITIONS 
In this table, V+ and V- are considered to be normal operating input logic levels. Actual input low and high levels are specified in 
Table 2. For lowest power consumption, input signals should swing over the full supply. 

INPUT TERMINAL CONDITION FUNCTION 
BO 27 V+ = Logical One 

V- = Logical Zero Ones (Least Significant) 
V+ = Logical One 

B1 28 V- = Logical Zero Twos 
Data Input Bits 

V+ - Logical One 
B2 29 V- = Logical Zero Fours 

V+ = Logical One 
B3 30 V- = Logical Zero Eights (Most significant) 
OSC 36 Floating or with . Oscillator input 
(LCD Devices Only) external capacitor 

V- Disables BP output devices, allowing segments tobe synced to. an 
external signal input at the BP terminal (Pin 5) 

ICM7211/ICM7212 
MULTIPLEXED-BINARY INPUT CONFIGURATION 
INPUT TERMINAL CONDITION FUNCTION 
01 31 01 (Least significant) Digit Select 
02 32 V+ = Active 02 Digit Select 

03 33 V- = Inactive 03 Digit Select 
04 34 04 (Most significant) Digit Select 

ICM7211 MIICM7212M 
MICROPROCESSOR INTERFACE INPUT CONFIGURATION 

INPUT DESCRIPTION 
DS1 Digit Select 

Code Bit 1 
DS2 Digit Select 

Code bit 2 

CS1 Chip Select 1 
CS2 Chip Select 2 

TEST CIRCUIT 

TERMINAL CONDITION FUNCTION 
31 DS1 & DS2 serve as a two bit Digit Select Code Input 

V+ = Logical One DS1, DS2 = 00 selects 04 
32 V- = Logical Zero DS1, DS2 = 01 selects 03. 

DS1, DS2 = 10 selects 02 
DS1, DS2.= 11 selects 01 

33 V+ = IDactive When both CS1 and CS2 are taken.to V ,the data althe Data 
34 V- = Active and Digit Select code inputs are written into the input latches. 

EACH SEGMENT 
TO BACKPLANE 
WITH 200pF 
CAPACITOR 

On the rising edge of either Chip Select, the data is decoded 
and written into the output latches. 

-,~~-----~ 

ICM7211(A)(M) J1 
5 BP OSC 36 

V~ 35 

DIGIT/CHIP 1 ra 
SELECT 32 

UI~;;~;i~i 

L. -'~2o:.-___ ~~"ji 
1\----;--------,---J 

v+ MICROPROCESSOR 
VERSIONS 

v- MULTIPLEXED 
VERSIONS 

v+ 
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ICM7211/ICM7212 

DIGIT SELECT 
ON-1 

DIGIT SELECT 
ON 

CSl 
(CS2) 

CS2. 
(CS1) 

DATA AND 
DIGIT SELECT 
CODE 

Figure 1: Multiplexed Input Timing Diagram 

mil = DONT CARE 

Figure 2: Microprocessor interface Input Timing Diagram 

. D.ESCRIPTION OF OPERATION 
LCD Dev!ces 
The LCD devices in the family (ICM 7211, 7211A, 7211M, 
7211AM) provide outputs suitable for driving conventional 
four digit by seven segment LCD displays,including28 

. individual segment 'drivers, backplane. driver,and a self
contained oscillator and divider chain to generate the 
backplane frequency. 

The segment and backplane drivers each consist of a CMOS 
inverter, with the n- and p- channel devices ratioed to provide 
identical on.resistances, and thus equal rise and fall times. 
This eliminates any dc component which could arise from 
differing rise and fall times, and ensures maximum display 
life. 
The backplane output devices can be disabled by 
connecting the oscillator input (pin 36) to the negative 
supply. This allows the 28 segment outputs to be 
synchronized directly to a signal input at the BP termi.nal (pin 
5), In this manner, several slave devices may be cascaded to, e the backplane output of one master device or the backplane 
may be derived from an external source. Th is allows the use 

.1 of displays with characters in multiples of four and a single 
backplane. A slave device will represent a load of approxi
mately 200pF (comparable to one additional segment). The 
limitation on how many devices that can be slaved to one 
master device backplane driver is the additional load 
represented by the larger backplane of displays of more than 
four digits, and the effect of that load on the backplane rise 
and fall times. A good rule of thumb to observe in order to 
minimize power consumption is to keep the rise and fall 
times less than about 5 microseconds. The backplane driver 
devices of one device should handle the backplane to a 
display of 16 orie-half-inch characters without the rise and 
fall times exceeding 5/,s; (ie, 3 slave devices and the display 
backplane driven by a fourth master device). 'It is 
recommended that if more than four devices are to be slaved 
together, that the backplane Signal be derived externally and 
all the ICM 7211 devices be slaved to it. This external signal 
should be capable of driving very large capacitive loads with 
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OSCILLATOR 
~REaUENCY JlJ '11lIlflr 1.nnf.1JlJ1I1f 

l~ 128 CYCLES -I 
BACKPLANE -";"":---11' I 
INPUT/OUTPUT L--. 

~6~ C"'CLE~---r- 64 CYCLES-! 

OFF SEGMENTS-------il ' I L-
ON SEt:MENTS '---_---Ir-

Display Waveforms 

short '(1-2/,s) rise and fall times. The maxi~um frequency for 
a backplane signal should be about 125Hz although this 
may be too fast for optimum display response at lower 
display tempe~atures, depending on the display used. 
The onboard oscillator is designed to free run at approxi
mately 16KHz at microampere power levels. The oscillator 
frequency is divided by 128 to provide the backplane 
'frequency, which will be approximately 125Hz with the 
oscillator free-running. The oscillator frequency may be 
reduced by connecting an external capacitor to the oscil.lator 
terminal (pin 36); see the plot of oscillator/backplane 
frequency vs. external capacitance for detailed information . 

. The oscillator may also be overdriven if desired, although 
care must be taken to insure that the backplane driver is not 
disabled during the negative portion of the overdriving signal 
(which could cause a d.c, component to tlie display). This 
can be done by driving .the oscillator input between the 
positive supply and a' level out of the range where the 
backplane disable is sensed, about one fifth of the supply 
voltage above the negative supply. Another technique for 
overdriving the oscillator (with a signal swinging the full 
supply) is to skew the duty cycle of the overdriving signal 
such that the negative portion has a duration shorter than 
about one microsecond. The backplane disable sensing 
circuit will not respond tO,signals of this duration. 

LED Devices 
The LED deviCes in the family (/CM 7212, 7212A, 7212M, 
7212AM) provide outputs suitable for directly driving four 
digit by seven segment common-anode LED displays,. 
including 28 individual segment drivers, each consisting of a 
low-leakage current-controlled open-drain n-channel 
transistor. 

The drain current of these transistors can be controlled by 
varying the voltage at the Brightness input (pin 5), The 
voltage at this pin is transferred to the gates of the output 
devices for "on" segments, and thus directly modulates the 

. transistor's "on" resistance. A brightness control can be 
easily implemented with a Single potentiometer controlling 
the voltage at pin 5, connected as in Fig (3), The 
potentiometer should be a high value (100Kfl to 1Mnl to 
minimize 12R power consumption, which can be significant 
when the display is off. 

The brightness input may also be operated digitally as a 
display enable; when at V+, the display is fully on, and at V
fully off. The display brightness may also be controlled by 
varying the duty cycle of a signal swinging between the two 
supplies at the Brightness input. 

Note that the LED devices have two connections for V-; both 
of these pins should be connected to the negative supply. 
The double connection is necessary to minimize effects of 



ICM7211/1CM7212 
bond wire resistance with the large total display currents 
possible. 

When operating the LED devices at higher temperatures 
and/or higher supply voltages, the device power dissipation 
may need to be reduced to prevent excessive chip 
temperatures. The maximum power dissipation is 1 watt at 
25°C, derated linearly above 35°C to 500mW at 70°C 
(-15mW/o C above 35° Cl. Power dissipation for the device is 
given by: 

P = [(V+-V-)-VFLEDJ x Is x Ns 

where VFLED is the LED forward voltage drop, Is is segment 
current, and Ns is the number of "on" segments. It is 
recommended that if the device is to be operated at elevated 
temperatures the segment current be limited by use of the 
Brightness input to keep power dissipation within the limits 
described above. 

---,-_--- V+(LED ANODES) 

100kO-1Mll _ =::~HTNESS 

Figure 3: Brightness control 

Input Configurations And Output Codes 
The standard devices in the ICM 7211/12 family accept a 
.four-bit true binary (ie,positive level = logical one) input at 
pins 27 thru 30, least significant bit at pin 27 ascending to the 
most significant bit at pin 30 .. The ICM 7211,ICM .7211M, 
ICM 7212, and ICM 7212M devices decode this binary input 
into a seven-segment alpnanumeric hexadecimal output. 
The ICM 7211A, ICM 7211AM, ICM 7212A, and ICM 7212AM 
decode the binary input into the same seven-segment output 
as in the ICM 7218 "CodeB", ie 0-9, E, H, L, P, dash, blank. 
These codes are shown explicitly in Table 3. Either decoder 
option will correctly decode true BCD to a seven-segment 
decimal output. 
These devices are actually mask-progra'mmable to provide 
any 16 combinations of the seven segment outputs decoded 
from the four input bits. For larger quantity orders, custom 
decoder options can be arranged. Contact the factory for 
details. 
The ICM7211, ICM7211A, ICM7212, and ICM7212A devices 
are intended to accept multiplexed binary or BCD output. 
These' devices provide. four separate digit lines (least 
significant digit at pin 31 ascending to most significant digit 
at pin 34), each of which when taken to a positive level 
decodes and stores in the output latches of its respective 
digit the character corresponding to the data at the input 
port, pins 27 through 30. More than one digit select may be 
activated simultaneously (which will write the same 
character into all selected digits), although the timing 
requirements shown in Fig ( 1) and Table 2 for data setup, 
hold, and inter-digit select times must be met to ensUre 
correct output. 
The ICM7211M, ICM7211AM, ICM7212M, and ICM7212AM 
devices are intended to accept data from a data bus under 
processor c'ontrol. 
In these devices, the four data input bits and the two-bit digit 
select code (DS1 pin 31, DS2 pin 32) are written into input 
buffer latches when both chip select inputs (CS1 pin 33, CS2 
pin 34) are taken to a negative level. On the rising edge of 
either chip select input, the content of the data input latches 
is decoded and stored in the output latches of the digit 
selected by the contents of the select code latches. 

O~OIL 

A select code of 00 write.s into 04, SC2= 0, SC1 = 1 writes 
into Q3, SC2 = 1, SC1 = a writes into 02, and 11 writes into 
01. The timing relationships for inputting data are shown in 
Fig (2), and the chip select pulse widths and data setup and 
hold times are specified in Table 2. 

Table 3 Output Codes 

HEXADECIMAL CODE B 
BINARY ICM7211(M) ICM7211A(M) 

B3 B2 B1 BO ICM7212(M) ICM7212A(M) 

0 0 0 0 
,-, .-; 
u '-' 

0 0 0 

0 0 0 2 E' 
0 0 

;:-, 
-' 

:J -' , 

0 0 0 '-' '-' , , 
0 .. 0 1 ': ,-

.J J 

0 1 0 
,- ,-
0 'J 

0 1 .1 1 
-, -, , , 

0 0 0 ::: c. 
'-' 

0 0 1 'J r.:> 
J J 

0 0 O· ., 
0 1 

, E 0 

: - " 0 0 - fl 

0 1 d; , 
'-

. 1 0 
,-
': :=-
(:. 

(BLANK) , 

SEGMENT ASSIGNMENT. 

APPLICATIONS 

1. Ganged ICM7211's Driving B-Digit LCD Display.' , 

08· 07 06 05' I 04 03 02 01 

8D/G/;\B '3 BBlBB B B~ACKPLANE 
ISPLAY C iD _Ii I LCD 0 

+5V 

GND 

BCD/BINARY 
PAlA 

1
08 

07 
OS 

DIGIT 05 
SELECTS 04 

03 
02 

• 01 

BACKPLANE ~f 
, 

SLAVE 28 

HIGH ORDER 
v+ SEGMENTS ,I +5V 

V .)CM7211(A) GND 

esc 83.BO 04 0302 01 SP 

11 I 
4 

__ -.-J 

BACKPLANE ~I 
MASTER 28 

v+ SEGMENTS J 
lOW ORDER 

V- )CM7211 (A) 
esc 83-80 04 03 02 01 BP 

-r. I 
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ICM7211/1CM7212 
2. 4 1/2 Digit LCD DPM with Digit Blanking em Overrange. 

100kJI 

INPUT O.1.uF 

36kll 

300kfl 

6-128 

ANALOGGND 
': 

100kfl 

+15V 

---CD40s,-1 

114 CD4030' 

1/4 CD4030 
3{O1 

"3202 

3303 

3404 

3083 

29 B2 

2881 

27 DO 

35,V 

28 SEGI •• ENTS 01-04 

ICM7211A 

2,3,4 
6-26 

37-40 

OPTIONAL 
CAPACITOR 

OSC36 --1:--- +SV 
22-100pf 

y+, 

+5Y 

T,001"'F 

OY 

+1~V: ANALOG POSITIVE VOLTAGE 
+ SY: DlGl'rAL POSITIVE VOLTAGE (y+) 

OV: OIGITAL GROUND VOLTAGE (V-) 
;-15Y: ANALOG NEGATIVE VOLTAGE 



ICM7211/ICM7212 D~DIl. 
3. 8048/8748 Microprocessor Interface. 

v+~ GNr 

40 26 20 P1027 

~~ 
vee VDOYSS 2. 

2 xrALl 2. 
30 
31 

~~ 
32 

3 XTAL2 33 
P17 34 

4 RESET 
P2021 

r--- 7 EA 8048 22 

8748 23 

GN D OV "p 
24 
35 

NC~ 5 SS 36 
37 

P2738 

I I I I 

8-DIGIT 
LCD DISPLAY 

ICM7211M B B B B B B B B IICM7211M 

HIGH ORDER DIGITS 1'r J- 1'r LOW ORDER DIGITS J+ +5V- 1 y+ 2,3,4 2,3,4 v+ 1 r- v+ +5V 

. 

. SEGMENTS 6·26 BP 5 5 BP 6-26 SEGMENTS y' 35 rt- GND OV 
GNDOV""': 35 Y- DATA 37-40 DATA 37-40 esc 36 t-' 

1/0 _ 3Base ~-~-hoD3~"D3~2 C3~' C3~2 ~:~"i""3o'D3~' D3~2 ;~' ;~2 1 

r-____ v_~.~+~5-V~G~Nt,DI~OV_, 

~ma~ 
21 AD 

40 5 20 

22 A9 
vee VDDVSS 

23 Al0 
2 CE PAD 24 
4 RESET 25 

, 26 
NC 1 PROG 27 

I/O 2. 
2. 

12 ADO 30 
13 AD1 PA731 
14 A02 
15 AD3 
16 AD4 PBa 32 
17 ADS 33 
18 ADS 34 
19 AD7 35 

36 
37 

8 iOR 38 
1CIOW PB7 39 
gAD 8355/8755 
11 ALE ROM/EPROM 

8355/8755 NOT NECESSARY 
WITH 1/0 

TO IC~7211 INTERFACE 
EXPANDER 

7 3 6 

I I I 
GND ov Ne NC 

PACKAGE DIMENSIONS 

40 Pin Plastic DuaHn-LinePackage 

.0520t(13.21 
NOM. 

I 
. , . .060 (1.524) TYP.' .160 .025 . ~ t- ±.OO2 (0.051) (4.064) (~~!~) 

_-t..J' te=:l1 .012±.001 

~ . :r=r "Uri~p. -t-~.;~~S±0.02S) 
. I- ..-11- -l L .100 .125 (3,17) L-.650--l 

-I 1- (2.54) MIN, 1- (16,51 "1 
.070 .018 (0.457) MAX 

(1.778) .020 (0.508) 
TYP TYP. 

}:o 

}.o 
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FEATURES 
• Total circuit integration on chip includes: 

a) Digit and segment drivers 
b) All multiplex scanclrcullry 
c) axa static memory· 
d) 7 segment Hexadecimal and Code 8 decoders 

• Output drive suitable for large LED displays 
• 80th common anode and com mOl;! cathode LED 

drive versions 
• Single 5 volt supply required 
• Data retention to 2 volts supply 
• Shutdown feature -turns off display and puts chip 

into very low power dissipation mode 
• Pin selectable choice of 2 seven segment decoders -

Hexa or Code 8 
• Pin selectable choice of seven segment decode or 

no decoder 
• Microprocesso.r compatible and hardwire versions 
• All terminals protected against static discharge 

GENERAL DESCRIPTION 
The ICM7218 series of universal LED driver systems provide, 
in a single package, all the circuitry necessary to interface 
most common microprocessors or digital systems and 
an LED display. Included on chip is an 8x8 static memory 
array providing storage for the displayed information, 2 
types of 7 segment decoders, all the multiplex scan circuitry 
and the high power digit and segment drivers. D ORDERING INFORMATION 

Typical Order Olsplay 
App. Part Number Option Pa.ckage 
Microprocessor ICM7218A IJI Common Anode 28 Lead CERDIP 
Control ICM7218B IPI Common Cathode 28 Lead Plastic 
Hardwire ICM7218C IJI Common Anode 28 Lead CERDIP 
Control ICM7218D IPI Common. Cathode 28 Lead Plastic 

ICM7218E IDL Common Anode 40 Lead Ceramic 

This Is a preliminary specification and Is subject to change. 
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ICM7218 Series 
CMOS Universal 8 Digit 

LED Driver System 

The ICM7218A and ICM7218B are intended to be used 
primarily in microprocessor systems. Data is read directly 
from the I/O bus line from the microprocessor. 2 Control 
lines (Write, and Mode) define chip select, which reads either 
4 bits of control information (Data Coming, Shutdown, 
Decode, Hexa or Code B Decoding) or 8 bits of Display Input 
Data .. Display Input Data (8 words, 8 bits each) is 
automatically sequenced into the memory on successive 
negative going Write pulses. Data may be displayed either 
directly or decoded in Hexadecimal or Code B formats. The 
ICM7218A drives a common anode display while the 
ICM7218B drives a common cathode display. (See Block 
Diagram 1) 

The ICM7218C and ICM7218D feature 2 lines for control 
information (Write, Three Level Input; Hexa, Code B, 
Shutdown), 4 lines for Input Data and 3 lines forBCD Data 
Addressing of each of eight data memory locations. 
Data is written into memory by.setting up a flCD Data 
Address memory location, defining 4 lines of Input Data and 
then strobe the Write line low. The Three Level Control Input 
is independent of the Write instruction. Only Hexadecimal 
and Code B decoding are available for the Display Outputs. 
The ICM7218C drives a common anode display, the 
ICM7218D a common cathode display. (See Block Diagram 
2) 

The ICM721~rovides 4 separate lines for control 
information (Write, Hexa-Code B, Decode, Shutdown), 8 
lines for input data, and 3 lines for BCD digit address. Data is 
written into the memory by setting up a BCD Data Address 
memory location, defining 8 lines of Input Data, and then 
strobe the Write line low. Control information is on separate 
lines and is independent of the Write instruction. Data may 
be displayed either directly or decoded in Hexadecimal or 
CoceB formats. ThelCM7218E drives a common anode 
display. (See Block Diagram 3) 

CHIP TOPOGRAPHY ICM7218A 

.T: 
I :: 

.102 Inch 
2.59 mm 

02 15 
Mode 

wriie 
107 (Data Coming) 

IDS (Decode) 
106 (Hexa-Code B) 



ICM7218 SERIES 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ............................................................. '. 6V 
Digit Output Current ..................... ; ............................... 30qmA 
Segment Output Current ................•........•........................ 50mA 
Input Voltage (any terminaD, ............ ' ...................... V+ +0.3V to V - -{).3V 

NOTE 1 
Power Dissipation (28 Pin CERDIP) ................................ 1 watt NOTE 2 
Power Dissipation (28 Pin Plastic) ............................... 0.5 watt NOTE 2 
Power Dissipation (40 Pin Cerarnic) .............. : ..... , ........... 1 watt NOTE 2 
Operating Temperature Range ....... , ............ ,'; .... " ....... -20?Cto+70°C 
Storage Temperature Range ............... , ....... " ............ -55° Cto+125°C 

NOTE 1 Due to the SCR structure inheren\.in·the CMOS process used to fabricate these devices. connecting any terminaltoa voltage greate'r 
than V+ or less than V- may cause destructive device latchup. For this reason it is recommended that no inputs from external sources 
not operating on the same power supply be applied·to the device befor"l its supply is established. When using multiplesupply systems 
the supply to the ICM7218 should be turned on first. 

NOTE 2 These limits refer to the package and will not be obtained during normal operation. Derate above.50°C by 25mW per °C. 

SYSTEM ELECTRICAL CHARACTERISTICS V+-V' = 5V, TA = 25°C, Test Circuit; Display Diode Drop1.7V 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Operating 'Voltage V+-V' 4 6 V 

V+-V' Power Down' Mode 2 6 V 
Quiescent Supply Current 10 Shutdown (Note 3) 6 10 300 p.A, 
Operating Supply Current lop Decoder On, Outputs Open Ckt 250 950 p.A 

No Decode, Outputs Open Ckt 200 450 p.A 
Digit Drive Current 10 Common Anode Vout = V+ -2.0 -170 mA 

Common Cathode Vout = V- +1V 50 mA 
Digit Leakage Current IOL 100 p.A 
Peak Segment Drive Current Is Common Anode Vout - V' +1.5V 20 25 mA 

Common Cathode Vout = V+ -2.0V --'10 mA 
Segment Leakage Current ISL 50 p.A 
Display Scan Rate FMUX 250 Hz 
Three Level Input 
Logical "1" Input Voltage VTH Hexidecimal ICM7218C, D (Pin 9) 4.0 'V 
Floating Input VTD Code B ICM7218C, D (Pin 9) 2.0 3.0 V 
Logical "0': Input VOltag~' VTL Shutdown ICM7218C, D (Pin 9) 1.75 V 

Three Level Input Impedance " 100 kO 
Logical "1" Input Voltage VIH 2.4 V 
Logical "0" Input Voltage, VIL .8 V 

Write Pulse Width (Negative) tw 400 nS 
Write Pulse Width (Positive) tiN 400 nS 

Mode Pulse Width tm 400 nS 

Data Set Up Time tds 400 nS 

Data Hold Time tdh 25 nS 

Digit Address Set Up Time tdas ICM7218 400 nS 
Digit Address Hold Time tdah ICM7218 100 nS 

Operating Temperature Range TA Industrial Temperature Range -20 70 °C 
", 

NOTE 3 In the ICM7218C and D (hardwire control versions) the Hexa/Code S/Shutdown Input (Pin 9) has internal biasing resistors to hold it at 
V+ 12 when Pin 9 is open circuited. These resistors consume power and result in a Quiescent Supply Current (10) of typically 50"A. The 
ICM7218A, S, and E devices do not have these biasing resistors and thus are not subject to this ~ondition. 
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ICM7218 SERIES 
BLOCK DIAGRAMS 

ICM7218A.ICM7218B 

100-107 
INPUT 

ADDR;::E::S;:S _*-....:..::::,:; 

o 

PIN CONFIGURATION 

D.P. 4 

IDS' (HEXA-CODE B) 5 
105 (DeCODe) 6 

107 (DATA COMING/INPUT D.P.) 7 
WRITE B 
MODe 9 

ID4(~>'10 

ICM7218A 
COMMON ANODE 

TOP VIEW 

ICM7218C, ICM7218D 

IDO~ID3 

HEXADECIMAU 101 
CODe 81 DATA 

iti'UT'ffi:5W'N INPUT WiiiiE 

DAO-DA2 
DIGIT 

ADDRESS 

3 

SHUTDOWN 

ICM7218B 
COMMON CATHODE 

OlGIT3 1 
DIGIT 5 2 
DIGIT 2 3 
DIGIT 0 4 

106 (HEXA-CODE BJ 5 
105 (DECODE) 6 

107 (DATA COMING/INPUT D.P.) 7 
WRfi'E • 
MODe 9 

104 (SHUTDO~N) 10 

ICM7218D 

TOP VIEW 

COMMON CATHODE 
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OrGIT3 1 
DIGIT 5 2 
DIGIT 2 3 
DrGITO 4 

DAD (DIGIT ADDRESS 0) 5 
DA1 (DIGIT ADDRESS 1) 6 

107 (INPUT i5J5.) 7 
WRITE B 

HEXAICODE B/SHUTDOWN 9 
OA2 (DIGIT ADDRESS 2) 10 

101 11 

ID3 

TOP VIEW, 

y

DIGITS 
0lGIT4 
DIGIT 1 

O~OIL 

ICM7218E 

HEXADECIMAL! 
CODED 

ICM7218C 
COMMON ANODE 

TOP VIEW 

ICM7218E 
COMMON ANODE 

TOP VIEW 



ICM7218 SERIES n~nl!.. 

CONTROL INPUT DEFINIT·IONS ICM7218A and B 
INPUT TERMINAL VOLTAGE FUNCTION 
Write 8 High Input Not Loaded Into Memory 

Low Input Loaded Into Memory 
Mode 9 High Load Control Word on Write Pulse 

Low Load Input Data on Write Pulse 
106 (Hexadecimal/Code B) .. 5 High Hexadecimal Decoding 

Low Code B Decoding 
105 <Decode/No Decode) 6 High No Decode 

Low Decode 
107 (Data Coming/Input D.PJ 7 High Data Coming 

Low No Data Coming 
10 High Normal Operation 

104 Shutdown Low Shutdown (Oscillator, Decoder, and Displays 
Disabled) 

InputData 11,12,13, High Loads "One" (Note 2) 
14,5,6 

100-107 10,7 Low Loads "Zero" 

CONTROL INPUT DEFINITIONS ICM7218C and D 

INPUT TERMINAL VOLTAGE FUNCTION 

Write .8 High Inputs Not Loaded Into Memory 
Low Inputs Loaded Into Memoiv 

Three Level Input (Note 1) 9 High Hexadecimal Decode 
. Floating Code B Decode 

Low Shutdown (Oscillator, Decoder and Displays 
Disabled) 

Digit Address 5,6,10 High Loads "Ones" 
DAO-DA2 

, 
Low Loads "Zeros" 

Input Data 11,12,13, High Loads "Ones" (Note. 2) 
14,5, 

100-107 6,10,7 Low Loads "Zeros" 

CONTROL INPUT. DEFINITIONS ICM7218E 
INPUT TERMINAL VOLTAGE FUNCTION 
Write· 9 High. Input Latches Not Updated 

Low Input Latches Updated 
Shutdown 10 High Normal Operation 

Low Shutdown (Oscillator, Decoder and . Displays 
Disabled) 

Digit Address (0,1,2) 13,14,12 High Loads "Ones" 
DAO-DA2 Low Loads "Zeros" 
Decode/No Decode 33 High No Decode 

Low Decode 
Hexadecimal/Code B. 32 High Code B Decoding 

Low Hexadecimal Decodina 
Input Data 16,17,18,19 High Loads "Ones" (Note 2) : .. 

6 
100-107 7,11,8 Low Loads "Zeros" 

NOTE 1 In· the ICM721.8C and ICM7218D versions, Hexadecimal, Code B ano "" ,utdown are controlled with a three level input on Pin 9. Pulling 
Pin 9 high decodes Hexadecimal. Floating Pin 9 decodes Code B and pulling Pin 9 low puts the ICM7218 in a Shutdown mode. 

NOTE 2 In the No Decode Mode, "Ones" represents "ori" segments for all inputs except for the Decimal Point, where "Zero" represents "on" 
segments, (j.e. segments are positive true, decimal point is negative true). . . . 

6-133 



ICM7218 SERIES 
J--r- ~':f:E T:~NNING !. -\ . :~O:: ~~:·NING 

INTERNAL OSC. 
, OUTPUT ~-f"l-..,JL-f"l-..,Jl-~JL..JL..'F--

01 --.J I 

------------.~~-" .• ~·,,~LIT-' .-L-AN-K-•. -·'--------------------------------------------~--04 

DO .. ,'. 'r---l .... __ ----' _________ __ 
06 ___________ ~ ___ ~ ________ ~r__l~ _________________________________ _ 

EXTERNAL 

07 .. ____________ .:.....-____ ---1111..-..,. ___________ __ 
03 ____________ ~-------------~------~~r--l~-------
02 

05 ____________ ~----------------------------------------~------------~r----

Figure 1: Multiplex Timing 

A 

F/:l· 
E/-/e -0- '.O.P. 

Figure 2: Segment Assignments 

APPLICATIONS 
Decode/No Decode 
For theICM721/iAiB/E products, there are 3 i·nput data 

. formats possible; either direct segment and decimal point 
information-B bits per .digit or 2 BCD codes plus decimal 
point-5 bits per digit. The 7 segment decoder on chip may be 
disabled if direct segment information is inputted. 

In the No' Decode format, the inputs directly control the e outputs as follows: . 

I Input Data: 107 106 IDS 104 103 102 101 100 

Output Segments: D.P. abc e, g d 

The No. Decode Mode, "Ones"represents on segments forall 
inputs except for the Decimal Point, where "zero" represents 
on segments·. 

Hexadecimal or,Code .B Decoding: 
For all products, a choice of either Hexa or Code B decoding 

, may be made. Hexa decoding provides 7 segment plus six 
alpha characters while Code B provides a negative sign H, a 
blank (for leading zero blanking) and certain useful alpha 
characfers for most numeric formats. " , 

The four bii binary code is set up op inputs 103-100. 

BinaryCode 6 1 2 3 4 5 6. 7 B 91011 12131415 

Hexa Code 
,-, I ,? :: '~: 

,- ,- -, :3 (J (j , ,- d ,- ::". L' , :; ,:; , -' " ,:; ',;, ,= 
Code B 

' ,-, , ,? ::; '-: ("' ,- :"'I-'I.=. ,:; - ,- I, L I:' IBlankl '-' , -' :; ,:; , '-' -' c , 
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Shutdown 
Shutdown performs several'functions:it puts the device into 
a very low dissipation mode (typically lOJlA at V+ -V' = 5), 
turns off both the digit and segment drivers, stops the 
multiplex scan oscillator (this is the only way the scan 
.oscillator can be disabledl.However, it is still possible to 
'input the memory during shutdown - only the output and 
read ,sections of the device are disabled: ' 

Powerdown 
In a Shutdown Mode, the supply voltage maybe reduced to 2 
volts without data being lost in memory. However, data 
should not be written into memory if the supply voltage is 
less than 4 volts. 

Output Drive 
The common anode output drive is approximately 200 rnA 
per digit at a 12% duty cycle. With 5 segments being driven, 
this is equal to about 40mA per segment peak drive or SmA 
average drive. The common cathode drive is approximately· 
one half that of the common anode drive. If high impedance 
LED displays are used, the drive will be correspondingly less. 

Inter Digit Blanking 
A blanking time of approximately 10l's occurs between digit 
strobes to ensure that segment information is correct before 
the next digit drive thereby avoiding ghosting. 

Leading Zero Blanking . 
This may be pr,ogrammed. into chip· memory in the no
decode operation (each segment programmed for a zero for 
the blanked digits).orby using the 18th state (binary 15) with 

. the Code B decoder. 

Drivi,ng Larger Displays . 
If a higher average drive current per digit is required, it is 
possible to parallel" connect digit drives "together.' For 
example; by paralleling pairs of digit drives toge+her to drive 
a 4 digit display 10 rnA average segment drive can be 
obtained. 



ICM7218 SERIES 
APPLICATIONS, continued 

Power Dissipation Considerations 
Assuming common anode drive at v+-v- = 5 volts and,all 
digits on with an average of 5 segments driven per digit, the 
average cl:lrrent would be approximately 200mA. Assuming 
further a 1.8 volt drop across the LED display would result in 
a 3.2 volt drop across the ICM7218. The device power 
dissipation Will, therefore, be 640mW rising to about 900mW 
for all'8"s displayed. Caution: Position device in system such 
that air can flow freely to provide maximum cooling. The 
common cathode dissipation is approximately one half that 
of the common anode dissipation. ' 

Proce~sor Input Drive Considersations (ICM7218A1B) , 
The control instructions are read from the input bus lines if 
Mode is high and Write low. The instructions occur on 41ines 
and are - Decode/no Decode, type of Decode (if desired), 
Shutdown/no Shutdown and Data Coming/not Coming. 
After the control instructions have been read (with Data 
Coming instruction) display data can be written into memory 
with each following negative going pulse of Write, Mode 
being low. After all 8 words or digit memory locations have 
been re-written, additional transitions of the slate of Write 

SWITCHING WAVEFORMSicM7218 

MODE -,-__ ...:..J 

INPUT DATA 

DIGIT ADDRESS 

O~OIl, 

are ignored. It is not possible to change fQrexample digit #7 
only without refreshing the data for all the other digits. (This 
can,however, be achieved with the ICM7218C/D/E where 
th~ digits are individually addressed.! 

Hardwire Input Drive Considerations (lCM7218C/D/E) 
Control instructions are provided to the ICM7218C/D by a 
single three level input terminal (Pin 9), which operates 
independently of the Write plJlse. The ICM7218E control 
instructions are also independent but are on three separate 
pips (10, 32, 33). 

Data can be written into memory on the ICM7218C/D/E by 
setting up a 3 bit binary code (one of eight) on the digit 
address inputs, which define the digit where the data is to be 
written into the memory, and apply a negative going Write 
pulse. For example, it is possible to change only digit 7 
without refreshing the data for all the other digits. (However, 
this cannot be achieved with the ICM7218A/B. 

Supply Capacitor 
A .1~F capacitor is recommended between V+ and V- to 
inhibit multiplex noise. 

~ '" DON'T CARE 

Figure 3' 

CHIP ADDRESS,SEQUENCEICM7218A and B 

MODe .-nL.-____ ..:...... ___ ---'c-,-__ rL 

/1 
CONTROL ADDRESS 
TYPE OF DECODER? 106 
DECODE/NO DECODE? 1D5 
SHUTDOWN? 104 
DATA COMING 107 

Figu're 4 

CHIP ADDRESS SEQUENCE EXAMPLE ICM7218CID/E 

. Figure 5 . 

DON'TeARE \ 

CONTROL ADDRESS 
TYPE OF DECODER? 106' 
DECODE/NO DECODE? 105 
SHUTDOWN? 104 
DATA Nor COMING 107 



ICM7218 SERIES 
TEST CIRCUITS 

TEST CIRCUIT oj 

, 

~~r-~. "'.~ 
'-'--T .. · 25 

HEXA·CODE 8/106 5 ' " DECODE/IDS • ICM7218A 23 
DATA COMING/I07 

" 22 
WRI • 21 
MODE • 20 

SHUTDOWN/ID4 
10 19 

101 11 
" 

'" '\ \ \ iEii 
" ,. 

Ifsi-

, 1 "1 , 

-::-+ v+ 

-:-SV :1.F: 

T- v· 

" 

TEST CIRCUIT 2 

, 

f-
07 06 05 D4 03 02· 01 DO d-

O JCill:~(j Jt-IJC~C~C~ :+--U. U. U. U. U. U. U. U. :-
COMMON ANODE b 

DISPLAY D.P. 

~r.v-t-
3 ~ 
• 25 DIGIT 'ADDRESS 0 5 " " DIGIT ADDRESS 1 • ICM72180 " 107 (D.P.) , 22 

WRITE 
8 

HEXAICODE B/SHUTDOWN 
21 

DIGIT ADDRESS 2 1: 
20 

, 
'" 

\, \ 'J 
-::-+ 
-::-SV 

T-

D lYPICAL CHARACTERISTICS 

COMMON ANODE 
SEG. DRIVER 

ISEG, VS. (Vour-V] 
AT 25°C 

60,.---,.---,...",,--... 

15~--~~-----4----~ 

2 
VOUT-V (VOLTS) 

19 
101 ~ 

" 

\ \ \i~l " ,. 
15 

V+ 

v· 

.1.F: 

COMMON ANODE 
SEG. DRIVER 

ISEG. VS. (Vour-V:) 

1 2 
Your -Y-'(YOLTS) 

t-

~r 07 06' 05' 04, 03 02 01 DO 

" ...:=:: ~ 19.ICtll-1.1,Ctll-I.I'~.I,'-tli q '---: u. u. u. U. U. U. U '-
a 
D.P. 

COMMON CATHODE 
DISPLAY 

COMMON ANODE 
DIGIT DRIVER 

,IDIG VS. (V+ -Your) 
300r-----.------r---.~ 

200 \-----+-----t.f-----j 

1, 
.§ 

100 t-...,....--+-:ffl'-t-----; 



ICM7218 SERIES 
TYPICAL CHARACTERISTICS, continued 

COMMON CATHODE 

O~OIL 

DIGIT DRIVER 
IDIG VS. (VOUT-V-) 

COMMON CATHODE 
SEG. DRIVER . 

COMMON CATHODE 
DIGIT DRIVER 

IDIG. VS. (VOUT-V-) AT 25°C ISEG VS. (V+ -VOUT) 
20:0 3. 

IS. 

2. 
;;. ;; 
e g j 100 

~ 
I. 

Vour-V (VOLTS) V I--Your (VOLTS) VOUT-V- (VOLTS) 

APPLICATION EXAMPLES 

8 DIGIT MICROPROCESSOR DISPLAY 
APPLICATION 
The display interface (lCM 7218) is shown with an Intel 8048 
microprocessor. The 8 bit data bus DBO/DB7 - 100/107 
.transfers control and data information to the 7218 display 
interface on successive Write pulses. When Mode is high a 
control word is transferred. Mode low allows data transfer on 
a Write pulse. Eight memory address locations in the 8 x 8 
static memory are automatically sequenced on each succes-

I J I ,-, 1-' I I I I 
L/. , I. ,_,. '-'. 

I 1 1 

+~26 G[ 

Vee Voo Vss 

II 2 PI. ~ "::!:, 
XTAL1 Pl1 

P12 ~ [] .,P13 

II T 3 PI. f¥.,-
XTAL2 PIS f¥.-. II . P16 ~ 

P17 ~ 
II • ~ II IiESE'i' P2. 

8048 P21 .g... 
P22 ¥.-

7 P23 ~ 
EA P2' ~ 

P25 ~ 
~ P26 fe-

NC ---l P27 
~ 

OBO 12 

DB1 14 

t~ T. 
DB2 15 
DB3 16 

INPUT 22 Tl 
084 17 

' DBS 18 

~ IIiT g:~ 19 

ALE 'JSRliI PROG WIi Ill) 

1" I" 
125 .1" 

1'• 

I 

sive Write pulse. After eight Write pulses have occurred, 
further pulses are ignored and the display interface returns 
to normal display operation until a new control word is 
transferred. See Figure 4. 

Decoding of the stored data in memory is defined by the 
control word and may be decoded in Hexadecimal, Code B, 
or No-Decode formats. 

I I 
I I I I. II ,-, L'. '-'. '-'. 
1 J J 

+5V GND 

~,. 1 
Voo Vss 

8 DIGITS 

ICM7218A1B 8 SEGMENTS 
I 

9 MODE 

12 100 
11 101 
13 102\ 
14 103 
10 104 

6 IDS 
5 106 
7 107 

WIi 

I" 
Figure 6: 8 Digit Microprocessor Display 
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ICM7218 SERIES 
16 DIGIT MICROPROCESSOR DISPLAY· 
APPLICATION 

. Both ICM7218's are ·addressed simultaneously with a 3 bit 
word, DA2-DAO. . 

Display data from the·8048 IIO.bus (DB7-DBOl is transferred 
to both ICM7218 (ID3-IDOl simultaneously, 4 bits + 4 bits on 
Write enable. 

Display digits from both ICM7218's are interleaved to allbw 
adjacent pairs of digits to be loaded sequentially on a single 8 
bit data bus, ie DO D1, D2 D3, D4 D5, etc .. 

I 

O~OIb 

Decimal point information (from 8048,P26 - P27) is supplied 
to the ICM7218 on bus lines 1D7 to both devices. 

Choice of decoding is available in either Hexadecimal or 
Code-B format by hardwiring or decoding .to a Three Level 
f~rmat on Pin 9 of the ICM7218. 

Multiplexing is asynchronous with respect to the micro
processor and is completely performed by the ICM7218. 

U I ILl U L/U LI U LI LI LI U UU LI U 
U.LtLtU.LtU.U.U.U.LtLtU.LtU.U.U. 

00 01 02 03 04 05 0' 07 08 D. 010 011 012 013 014 

8 
+5VI GNDI 

f40t26 '20 +5V I· ,. GNDI: 
28 8 

Vee VOD' Vss 

.. 2 
"::!:: XTAL1 

o 
II T 3 XTAL2. 
II 

+--1 ::1--,-_4~ REID 

+-___ 7~EA 

8048 

Pl0 i¥.
P11~ 
P12~ 
P13~' 
P14~ 
P15~ 
P16~ 
P17 f1L 

! DAD 

10 ~:~ 

Voo VS5 

DIGITS t-- DIGITS r--

, 'SEGMENTS r---- SEGMENTS r---:----

ICM7218C/D ICM7218C/D . 
P20 21 
P21 22 
P22 23 
P23~ 
P24~ 
P25~ 
P26 37 
P27 38 

7 107 (DEC. PT.) ,------7'-1107 (DEC. PT.) 

NC-Z ~ 

{
::.J TO 

39 
INPUT ...:: Tl 

~iNT 

OBD h'~2 ===t++:j::~1,2~ 100 
CB1H 3 
DB2 14 13 101 

OB3 ~1~5 ===ttt:j::::::t14~ :g; 
OB4 h'''''' ---'-1 
OBstM-
OB,H!-
DB7pL 

ALE .~ PROG WR RD 

c;:==:t12~ 100 I, 11 101 
'~'02 

,----J! 103 

\" \9 1
25 

1
8 

1
'0 r 

~-----~++++~--~------~~--------++~+;~r---------~ 

Figure 7: 16 Digit Display 

The ICM7218 can be used as a microprocessor based LED 
status panel driver. The microprocessor selected control 
word would include "No Decode" and "Data Coming". The 
computer then outputs word oriented "'Ones" and "Zeroes" 
to indicate·on-off states. This data is read into the ICM7218 
which in turn directly drivesappropriatedescrete LEDs. LED 
indicators can be red or green (8 "segments" x 8 digits = 64 
dots + 2 per red or green = 32 channels) on red, yellow or 
green (21 channels). . 
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Additional ICM7218's may be bussed and addressed (see 
Figure 7) to expand the status panel capacity. Note per figure 
4 that after the ICM7218 has read in its data (8 write pulses), it 
ignores additional information on the data lines. A new 
control word must be received before the next write 
sequence can be accommoqated. Consequently, by address 
decoding and write pulse enabling, numerous ICM7218's 
can be bussed together to allow a large number of indicator 

, channels. 



ICM7218 SERIES U~UI6 

PACKAGE DIMENSIONS 

28 Pin CERDIP Dual-In-Llne Package 28 Pin Plastic Dual-In-Line Package 

[~ ~ ~ ~ ~: ::: : ]f'~:l 
I..' 1.460 (37.084) MAX.--·. .. .. ~ . 

[:::~::~: :.~::I};~~~ 
I. '1.470 (37.338) . .1. . 

0.170 (4.318) 
:to.005 (D.121) 

~~~~----~i I 

... \ 1__ ....., t- 0:100 (2.54) -11- I 

-i 
0.075:t: 0.015 . TYP. 0.018 (0.457) 

:: 0.003 (9.076) 
0.075 ± 0.G15 

(1.905 ::!: 0.381) (1.905:!:: 0.381) 

40 Pin Ceramic Dual-In-Llne Package 

, . 2,020 (51.308) " 
MAX. [=rr:] .~:~" 

0.520 (13.2081~ 
SQUARE " O.16~(4.191) 0020(0508) . 

0.0~:W.:27) -i I- MAX. 0:060 (1:524) 

fuinmrrrrrVlfTIililmiLLi ~"=i"1 'i'1=~" . 0.006(0.152) 

~11f1flfU1f1f1f1flf1f1flI1f1f1J1f1f1flflf:r=t ~ 0600 +0.012-(0.305) '- ..JI_ -l l- 0.125 (3.175) 1_(15.24).-1 . I - -I -I I MIN. REF. -, I 

0.050:!: 0.010 0.018 '! 0,002 0.100! 0.010 
(1.27 ± .254) (0.457 ± 0.051) (2.54:! .254) 

MAX. ' 
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ICM7206, ICM7206A, 
ICM7206B Complementary 
MOS Touch Tone Encoder 

FEATURES 
• Low cost system with minimum component count 
• Fully integrated oscilll~tor uses 3.58 MHz color TV 

crystal 
• High current bipolar output driver 
• Low output harmonic distortion 
• Wide operating supply voltage range: 3 to 6 volts 
• Requires inexpensive single contact per key 

calculator type keyboard (ICM7206 only) 
• Extremely low power::; 5.5mWwith a 5.5V supply 
• Single and dual tone capabilities 
• Multiple key lockout 
• Disable output: provides output switch function 

whenever a key is enabled 
~. Custom options available 

CHIP TOPOGRAPHY 

Chip Dimensions 
O.GSO" (1.524mm) x 0.101" (2.5S5mm) 

Chip may be die attached using conventional eutectic or D epoxy procedures. Wire bonding may be either aluminum 
ultrasonic or gold compression. . .-----------,------, 

CONNECTION DIAGRAM 

lP1 v+ 

lP2 OUTPUT 

ROW 1 COL) 

ROW 2 COl2 

ROW a COla 

ROW 4 COl4 

DISABLE OSCOUT 

v- OSCIN 

Pin 1 is designated either bya dot or a notch. 
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GENERAL DESCRIPTION 
The Intersil ICM720S/A/B are 2-of-8 sine wave tone 
encoders for use in telephone dialing systems. Each circuit 
contains a high frequency oscillator, two separate program
mable dividers, a D/A converter, and a high level output 
drive~ , 

The reference frequency is generated from a fully integrated 
oscillator requiring only a 3.58 MHz color TVcrystal. This 
.frequency is divided by 8 and is then gated into two divide by 
N counters. (possible division ratios 1 through 128) which 
provide the correct division ratios for the upper and lower 
band of frequencies. The outputs from these two divide by N 
counters are further divided by 8 to provide the time 
sequencing for a 4 voltage level synthesis of each sinewave. 
Both sinewaves are added and buffered to a high current 
output driver, with provisions made for up to two external 
capacitors' for low pass filtering, if desired. Typically, the 
total output harmonic distortion is 20% with no L.P. filtering 
and it may be reduced to typically less than 5% with filtering. 
The output drive level of the tone pairs will be approximately 
-3dBV into a 900 ohm termination. The skew between the 
higi:l and low groups is typically 2.5 dB without low pass 
filtering: 
The 720S uses either a 3 x 4 or 4 x 4 single contact keyboard; 
the oscillator will run whenever the power is applied, and the 
DISABLE 'output consists of a p-channel open drain FET 
whose soLirce is connected to V+. 

The 7206A can also use a 3 x 40r4x 4 keyboard, but requires 
a double contact type with the common line tied to V+ . The 
oscillator will be on whenever power is applied; the DISABLE 
output consists of a p-channel open drain FET; its' source is 
connected to V+. 

The 720SB requires a 4 x 4 double contact keyboard with the 
common line tied to V-. The oscillator will be on only during 
the time that a ROW is enabled, and the DISABLE output 
consists of an n-channel open drain FET with its' source tied 
to V-. 

The ICM720S family is fabricated using Intersil's standard 
low voltage metal gate C-MOS process which has been used 
exclusively for all Intersil timing products. Custom options 
are possible using different quartz crystal frequencies, two 
contacts per key type keyboards and any combinations of 
output frequencies as defined above. 

ORDERING INFORMATION 

PART TEMPERATURE 
NUMBER RANGE PACKAGE 

ICM720S JPE -400 C to +850 C Plastic 
ICM720SA JPE -400 C to +850 C Plastic 
ICM720SB JPE -40° C to +85° C PlastL~ 
ICM720S/D -40° C to +85° C DICE 
ICM720SA/D -40°C to +85°C DICE 
ICM720SB/D -40° C to +85° C DICE 



ICM7206, ICM7206A, ICM72~B 
ABSOLUTE MAXIMUM RATINGS (Note 1) 
Supply Voltage (Note 2) ........... :...................... 6.0V 
Supply Current V- !terminal 8) ........................... 25mA 
Supplyciirrent V+ (terminal 161 .............•. : .......... 40mA 
Disable Output Volt. !term. 71 .. Not.more pos. than V+ nor more 

neg. than --6V with respect to V+ 
Output Volt. !term. 151. Not more pos. than +5V with respect to V+, 

nor more neg. than -1.0 with respect to V-

OutputCurrentiterminal 151 ....... '; ......... :; .............. 25mA 
Power Dissipation ............................ :.: .. ," ..... 300mW 
Operating "temperature 'Range .. : ..... " ....... -40° C to +Bs°C 
Storage'Tempe,rature Range .......... ~ ......... -55°C to +125°C 

NOTE 1. Absolute maximum ratings refer to values which if exceeded may permanently change or destroy the device. Additionally, absolute 
maximum ratings do not imply that the device will operate correctly if these values are used .(see Typical Operating Characteristicsl .. 

NOTE 2. The ICM7206 family'has a zener diode cdnnected between V+ and V- having a breakdown voltage between 6.2 and 7.0 volts. If the 
. . currents into terminals 8 and 16 are limited to 25 and 40mA maximum respectively, the supply voltage may be increased above 6volts . 

to zener voltage. With no such current limiting, the supply voltage must not exceed 6 volts. 

TYPICAL OPERATING CHARACTERISTICS 
TEST CONDITIONS: v+ - V-= 5.5V, Test Circ~it, TA = 25°C unless otherwise specified. 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX. UNITS 
Supply Current . Is RL disconnected 450 1000 p.A 
Guaranteed Operating Supply Voltage Range 
(Note 3) VOP -40°C < TA < +85°C 3.0 6.0 
Peak to Peak Output Voltage VOUT Cl, C2 disconi:lected,,- LOW BAND 0.90 1.1.5 1.45· V 

RL = lkO -HIGH BAND 1.10 1.40 1.7 
NO FILTERING 490 

RMS Output Voltage VOUT RL - lkO - C2 only 480 
fout = 697Hz - Cl & C2 480 
NO FILTERING 655 mV 

RMS Output Voltage VOUT RL - lkO - C2 only .' 490 
fout = 1633Hz - Cl& C2 580 

Skew Between High and Low Band Output VHL' RL -lkO 2.5 3.0 
dB 

Voltages Cl, C2 disconnected 
RL = lkO, operating 90 200 !l 

Output Impedance ZOUT RL - 1 kO, cjl,liesc(:lnt 25 
k!l 

RL -lk!l 
Total 0\ltput Harmonic Distortion THDl Either high or low bands 20.0 25.0 

No low pass filtering 
RL -.lkO, fout - 697Hz 2.3 10 % 

Total Output Harmonic Distortion THD2 Cl - 0.002p.F 
C2 = 0.02p.F, fout = 1633Hz 1.0 10 

Maximum Output Voltage Level VOH RL -lkO 4:6 
V 

Minimum Output Voltage Level VOL RL - lkO 0.5 
Keyboard Input Pullup Resistors RIN Terminals 3,4,5,6,11,12; 13, 14 35 100 150 kO 
Keyboard Input Capacitance CIN Terminals 3, 4, 5, ,6; 11, 12, 13, 14 5 pF 
Guaranteed Oscillator Frequency Flange OFRl 3V ~ (V+-:v-) ~ 6.0V 2.0 4.5 
(Note 4) MHz 
Guaranteed Oscillator Frequency Range OFR2 4V ~ (V+-V ) ~ 6.0V 2.0 7 
System Startup Time on Appiication of Power tON Supply voltage and key depressed 10 mS 

simultaneously 
Disable Output Saturation Resistance Ro' See Logic Table for Input Conditions 330 700 !l 
(ON STATE) Current = 4mA 
Disable Output Leakage (OFF STATE) 10 See Logic Table for Input Conditions 10 p.A 
Oscillator Load Capacitance Cose Measured between terminals 9 & 10, 7 pF 

no supply voltage applied '0 circu!t 
-40°C gTA ~ 85°C 

Guaranteed Output Frequency Tolerance fout Any output frequency , ±0.75 % 
Crystal tolerance ±60ppm 
Crystal Imid capacitanc~ CL c= 30pF 

Oscillator Startup Time ICM7206B tSTART V+-V = 3V Note 5 7 mS 
.' 

NOTE 3: Operation above 6 volts must employ supply current limiting. Refer to 'ABSOLUTE MAXIMUM RATINGS' and the Application Notes 
. for further information. 

NOTE 4: The ICM7206 family uses dynamic high frequencY,circuitry inthe initial 23 divider resulting in low power,dissipation and excellent per
formance over a 'restricted frequency range. Thus, for reliable operation with a 6 volt supply an oscillator frequency of not less than 
2MHz must be used. 

NOTE 5: After row input is enabled, 
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ICM7·206, ICM7206A, ICM7206B' 
TRUTH TABLE 

D~DlL 

ROWS (1) .. 
.OUTPUT DISABLE 

COLS (2) ACTIVATED LINE ACTivATED (TERMINAL #15) (TERMINAL #7) COMMENTS 
1 0 0 , Otf Off Quiescent State' 
2 1 1 trow + feol On Dual Tone 
3 1 2.or 3 (incl. col #4) frow On , Single Tone 
4 '. 2 or 3 1 , feol . . On . Single Tone 
5 2 or 3· 2 or3 (excl. col #3) , .. .. D.C. Level , . On N0.Tone 
6 . :1 4 or 3 (must excl. col #4) frow, 50% Duty Cycle trow, 50% Duty Cycle frow Test. 

'7 '·4 1 .teol;50% Dut~ Cycle feol, 50% Duty Cycle feol Test 
8 0 1 or 2 or 3 or 4 Off Off n/a" 
9 1 0 902Hz + frow On n/a" 

10 2 or 3 0 902Hz On'. n/a" 
11 4 0 902Hz, 50% Duty 902Hz, 50% Duty n/a" 

Cycle' Cycle 
12 2 or 3 or 4 4 D.C. Level lr;1determinate Multiple Key Lockout 
13 4 2 or 3 or 4 D.C. Level Indeterminate Multiple Key Lockout 

,"n/a - not applicable to telephone calling. . 
Note 1: Rows are activated for the ICM7206 by connecting to a negative supply voltage with respect to V· (terminal 161 at least 33% of the value. 

of the supply voltage (V+-V->' For the .ICM7206A rows (imd columns) are activated by connecting to a positive supply voltage with' 
respect to V- !terminal 8) at least 33% of the value of the supply voltage (V+-V-). The rows and columns of the ICM7206B are activated 
by connecting to a negative supply voltage. 

'Note 2: Columns (/CM7206) are activated by being connected to a positive supply voltage with respect to V- !terminal 8) at least 33% of the 
:value of the supply voltage (V+-V->' . , 

COMMENTS 
All combinationsot row and column activations are givEinin 
the truth table. Lines 1 thru? and 12, 13tepresentconditions 
obtainablewith a matrix keyboard. Lines 8 thru 11 are g'iven 
only for' completeness and are not pertinenttotelephorie 
dialing. ' . 

Lines 6 and'? show .conditionstor generating '50% duty cycle 
full amplitude signals useful for rapid testing of the row and 
column frequencies on automatic test equipment. In all other 
cases, outputfrequencies on terminal 15 are' single or dual4 
level synthesized sine waves. 

SCHEMATIC DIAGRAM 

osc 

osc 

4X ROWS 

4XCOLUMNS 
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':23 

LOW BAND 
+N 

HIGH BAND 
+N' 

CONTROL I--..:.-------:..;~c.....:...~_:_~....,..-.:.J 
LO.GIC 

A :DC LEVEL'on terminal 15 may be any voltage level 
between approximately 1.2 and 4.3 volts with respect to V-

, (t~rminal 8) tor'a 5.5 volt supply voltage. 
The impedance of the OUTPUT (terminal 15) is approximate
ly 20K ohms in the OFF state. The 'DISABLE OUT-OUT' ON 
and OFF· conditions are defined in .the TYPICAL 
OPERATING CHARACTERISTICS.: . 

. ,·23 
SEQUENCER 

DUAL 
DTOA 

CONVERTER 

+23 
SEQUENCER 

v+ o-----:f:l--o v-

6.4V. 

LP·1.· LP.2 

OUTPUT 
BUFFER 
DRIVER 

DISABLE 
LOGIC 

, DRIVER 

OUTPUT 

DISABLE 



ICM7206, ICM7206A, ICM7206B 
TEST CIRCUIT 

ROWl 

ROW2 

ROW3 

ROW4 

COLl COL 2 COL3 COL4 

TYPICAL. OPERATING CHARACTERISTICS 

SUPPLY CURRENT AS A 
FUNCTION OF SUPPLY VOLTAGE 

100 

~ 10 
E ... 
z 
w 
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u 
>
..J 

it 
~ o. 
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1 

TA = ~5 C I 
I 

OUTPUT OPEN CIRCUIT 
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SUPPLY VOLTAGE 

OSCILLATOR FREQUENCY. 
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OF SUPPLY VOLTAGE 
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~ 
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Q +0.5 

~: 
> w 
Cl 
a: 
Cl 
~ -0.5 
..J 
..J 

~ -1.0 o 

-1.5 
1 

TA = 25 C 
, 

CRYSTAL PARAMETERS: 
f =' 3,579,545 Hz 
RS = 45~! 
CM = 20 mpF 
Co =4.5pF 

J 
V 

V V 

/ 
3' 4 6 

SUPPLY VOLTAGE 

-5.5V 

2 
o 
;: 
a: 
o 
Iii 
is 
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..J 
<>: ... 
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<:' 

C2 
(0.022pFI 

14 

ICM· 13 

7206 
·12 

RL 

·-5.5V 

11 

10 

QUARTZ CRYSTAL PARAMETERS 
f = 3,579,545 Hz 
RS '. 100 12 
CM = 200 mpF 
Co = 4.5 pF 
CL = 30 pF 

TOTAL HARMONIC DISTORTION 
AS A FUNCTION OF LOAD 

RESISTANCE 
16~.~· ~~--~------~----~ 

1.75 

1.5 

lK 10K lOOK 

LOAD RESISTANCE iIll 

PEAK TO PEAK OUTPUT 
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, , 
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NO FILT.ERING· V , , 
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0) 
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/ ~LOW BAND 

/ V 
,~ 
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'SUPPLY VOLTAGE 
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ICM7206, ICM7206A, ICM7206B O~OIb 

ROW 1 

ROW2 

ROW3 

ROW4 
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1_, STANDARD TELEPHONE /1 
. KEYBOARD .~ 

COL 1 COL 2 COL3 

0 [] D 
D [J [:J 

[J .[] D 
D [] D 

I· FULL KEYBOARD 

KEY 

COL4 1 
2 
3 
4 

c:J 
5 
6 
7 8 
8 
9 . 
0 

[] 
# 
A 
B G 
C 

·1 D 

FIGURE 1: Keyboard Frequencies 

L LOW BAND 
SIGNAL 

NO LOW PASS FILTERING 
C1 AND C2 REMOVED 

LHI BAND 
SIGNAL 

FIGURE 2 

LOW BAND HI BAND 
FREQ. Hz FREQ. Hz 

697 1209 
697 1336 
697 1477 
770 1209 
770 1336 
770 1477 
852 1209 
852 1336 
852 1477 
941 1209 
941 1336 
941 1477 
697 1633 
770 1633 
852 1633 
941 1633 

2.414 • 

. ~ 

-1 
APPROX. HIGH AND LOW 

2.6Vp-p ~~~~~~~gIES 

l,~~ .. ,." 
REFERRED TO V-

Figure 2 shows individual currents of a low band and high band frequency pair into the 
swimming mo<;le A (See Figure 3) and the resultant voltage waveform. . 

DESIRED ACTUAL FREQUENCY 
FREQUENCY FREQUENCY DEVIATION DIVIDE BY N 

Hz Hz % RATIO 
697 '.699.13 +0.30 80 
770 766.17 -0.50 73 
852 847.43 -0.54 66 
941 947.97 +0.74 59 

1209 1215.88 +0.57 46 
1336 1331.68 -0.32 42 
1477 1471.85 -0.35 38 
1633 1645.01 +0.74 34 



ICM7206, ICM7206A, ICM7206B . 
APPLICATION NOTES 
1. Device Description 
The ICM7206. family is manufactured with a standard metal 
gate C-M08 technology having proven reliability and 
excellent reproducability resulting in extremely high yields. 
The techniques used in the design have been developed over 
many years and are characterized by wide operating supply 
voltage ranges and low power dissipation. 

To minimize chip size, all diffusions used to define source
drain regions and field regions are butted up together. This 
results in approximately 6.3 volt zener breakdown between 
the supply terminals, and between all components on chip. 
As a consequence, the usual C-M08 siatic ch~rge problems 
and handling problems are not experienced with the 
ICM7206. . 

The oscillator consists of a medium size C-M08 inverter 
having on chip a feedback resistor and tWQcapacitors of 
14pF each, one at the oscillator input and' the other at the 
osci IIator output. The oscillator is followed by a dynamic ~23 

. circuit which divides the oscillator frequency to 447,443Hz. 
This is applied to two programmable dividers each capable 
of division ratios of any integer between 1 and128, and each 
counter is controlled by a ROM. The outputs from the pro
grammable counters drive sequencers (cHvide by 8) which 
generate the eight time slots necessary' to synthesize the4-
level sine waves. 

r---~------__ ~~--~------------~~-oV+ 
.------/--0 LP 2 

R2 

A 
.'0-"""'-0 OUT 

f-JV~~~-----oLPl 

~--~---~~--+---------oV-

v+ TIME----

112131451617181 
1 1 ·1 

'.~ 

OUTPUT WAVEFORM 

FIGURE 3: D to A Converter 
and Output Buffer 

The control logic block recognizes signals on the row and 
columl1inputs that are only a small fraction of the supply 
voltage, thereby permitting the useef a simple matrix single 
contact per key keyboard, rather than the more usual two 
contacts per key type having a common line. The row and 
column pullup resistors are equal in value and connected to 
the opposite supply terminals (lCM7206 only; for the 
ICM7206A all pullup resistors are connected to' the V
terminal .and for the ICM7206S they are tied to the V+. 
Therefore, connecting a row input. to a column input 
generates a voltage on those inputswhich is one half of the 
supply voltage. 

The ICM7206 family employs a unique but extremely 
simple digital to analog<D to A) converter. This Dto A 
converter p'roducesa4level synthesized sinewave having an 
intrinsic total harmonic distortion level of approximately 
20%. Figure 3shows a single channel b to A converter. The 
current sources 02 and 03 are proportioned in the ratio of 

1:1.414. During time slots 1 and 8 both 81 and 82 are off, 
during time slots 2 and 7 only81 ison, during timeslots3and 
6 only 82 ison, and during time slots 4 and 5 both 81 and 82 
are on. The resultant currents are summed at node A, 
buffered by 04and further buffered byR3, R4 and 05. Switch 
83 allows the output to go intoa high impedance mode under 
quiescent conditions. 

Node A is the common summing point for both the high and 
low band frequencies although this is not shown in Figure 3. 

The synthesized sine wave has negligible even harmonic 
distortion and very low values of third and fifth harmonic 
distortion thereby minimizing the filtering problems 
necessary to reduce the total harmonic distortion to well 
below the '10% level required for touch tone telephone 
encoding. Figure 4 shows the low pass filter characteristic of 
the output buffer for C,1 = 0:0022/1F and C2 = 0.022/1F. A small 
peak of O.4dS occurs at 1100Hz with sharp attention (12dS 
per octave) above 2500Hz. This type of active filter produces 
a sharper and more desirable knee characteristic than would 
two Simple cascaded RC networks. . 

iii 
:!l 
z 
0 

~ 
::> 
z 
w 
1-

~ 
1-
::> 
0.. 

5 
0 

+5 

-5 

-10 

-15 

VIN 13K 
-20 

-25 

-30 

-35 
100 

..... TA= 25 C 

\ 
\ 
\ 

13K 
v+ \ 

!.OO22jJF , 
VOUT 

.022}JF . 1K 1\ --
v- \ 

lK 10K lOOK 

FREQUENCY IH11 

FIGURE 4: Frequency Attentuation 
Characteristics of the Output Buffer 
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'IC"'7206, ICM7206A, ICM7206B "D~DIb 

2. "Latchup Considerations , 
Most junction isolated C,MOS in~egratedpircuits, especi~lIy 
those ofm,oderate orhigh complexity, exhibit latchup ph",
nomena whereby they can he triggered into an uncontrol
lab'le low impedance mode between the sUPpl'y'terminals. 
This can be due to g'ross for:ward bi"asing of inputs or outputs 

,(with respe~t to the supply terminals), high voltage supply 
,transients"or more rarely by,exceptionalfast ra:te,~f rise of 
'supply yoltages.", ,," , 

The ICM7206 family is rio exception, and precautions must 
, betaken to lirnit the supply currenUothose values shown 'in 

IheABSOLUTEMAXIMUM RATINGS. For an ,example, do 
not use a 6 volt very low impedance supply source in an 
electrically extremely noisy environment unless, a 500 qhm 
'c'lJrrerit,limlting resistor 'is 'includ,ed,in series with,the V-

, term ina,. 'For riormaltelephone encoding ,applicatigns, no 
',problems are en,visioned, even" with, ilow ' imped~~ce 
, transients of 100 volts or more, if circuitry similar, tol!1at 
,shown, in t,he nEixtsection is ,used. ' "", " ' 

,3. Typical Application' (Telephone; Handset) , ' 
A,typical el;lc,oder for telephonet)andsets is shown in Figure 
5;,This encoder uses a single contact. per, key keyboard and 

,provides all other, switChing functiOnS "electronically. -The 
diode connected be,tweef)terrninals~.8 and,15 prevents the 

, 
''I, 

\"! ::1 

, ;': ,,'I' , " 

" 

" .OO:Z2~F ' 

.. '~ 
,', .. 

<D ® ® 
@),,@ @l' 

ev ® ® 
0 ® 0 

D 4X3MATRIX 
'KEYBOARD 

(ONE CONTA!:T 
PER KEY) 

output going more, than, 1 vCllt negative with respect to the' 
negative supply V- and the circuit operates over the supply 

"voltage range from 3.5 volts to 15 volts on:the device side of , 
,the bridge rectifier. Transier,ltsashigh as 100,vo.its will not 
cause system failure, although the encoder will not operate 
correctly under these c;onciitions. Correct .. operation will 

, resume immediately after the transient is removed. 
The output voltage of the synthesized sine wave is almost 
dir~ctly proportional 'to ttie supply Voltage (V+:-V"') and will 
increase with increilse of supply voltage until zener break
down'occurs' (approximately 6.3 volts between terminals 8 
and 16) after ;"'hich the output ~oltage ren1ains constant. . ' ' '.' 

4. Portable Tone Generator 
The ,ICM7206A/B require a two contact key, keYboard with 
the common line connected to the positive supply (neg for 
IC.M7206B)(te~mi,naI16). A simple diode matrix may beused 
with this keyboard to provide power to the sy'stem whenever 
a keyisde'pressed, thus negating the need fClr an, onloff 
,switch: ,I" F,igure 6 the to~e generator is shown,using a 9 volt 
battery. However, if instead, a 6voltbattery is used, tile diode 

, 04 is notrequired. It is recommended that a 470 ohmresistor 
still be included in, series with a negative (positive) supply to 
prevent acci~entaltriggedng qf latctlUp.' " " ' " , 

;. , ", .',' ':''., . 

,"\ 

NOTE: If dual contact keyboard is used: common should be left floating, 

',. :'. 
"", ,';"FIGU~E5:Telephone Handset Touch Tone Encoder 
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ICM7206, ICM7206A, IC,.,7206B 

Q) CD 0 
COM 

0 ® ® 
0 ® 0 
0 ® 0 2.2K!l , 

4 X 3 KEYBOARD 4.7Kl! (470l! FOR 2 CONTACTS 
PER KEY 

6 VOLT SUPPLYI 

FIGURE 6: Portable Tone Generator 
OPTIONS 
(For additional information consult the factory) 
New types of keyboards, new applications for tone gener
ators and h'ew system requirements, provide challenges and 
difficulties to the semiconductor manufacturer. The design' 
criteria for the ICM7206 included the following: 
al Selecting the least expensive and most reliable keyboard 
bl Selecting the lowest cost and most available quartz 

crystal. .. 
cl Minimizing the number of external components 
dl Minimizing supply current drain and maximizing opera

ting supply voltage range 
e) Providing the smallest and least expensive circuit pos

sible in a 16 lead package 
Options can be achieved using metal mask additions to 
provide the following. 

PACKAGE DIMENSIONS 

1) The sequence or position of either the row or column 
.. terminals can be interchanged i.e., row 1 terminal 3 could 
become terminal 11, etc. 

2) Any frequency oscillator from approximately 0.5MHz to 
7MHz can be chosen. Note thatthe accuracy olthe output 
frequencies will depend on the exact oscillatorfrequency. 
For instance, a 1 MHz crystal could be used with worst 
case output frequency error of 0,6%. Or, if high accuracy 
is required, ±0.25%, oscillator frequencies of 5, 117,376Hz 
or 2,556,666Hz could be selected. ROM's are used to 
program the dividers. 

3) The 'DISABLE' output may be changed to an inverter or 
.an uncommitted drain n-channel transistor. 

4) The oscillator may be disabled until a key is depressed. 

C::::::3*:t;:.~ 
.065 1-.860(~1.84IMAX_1 .130 

(I'L~· r(3.~01 
. + . 

t +.. . .1:1.811 MIN 
~ ~ 
(.0651 II (1-

--. ...., --...., ~ .... 
. 070 .ozo .JQQ.. 

(1.781 1.5001 . (2.541 
MAX 

~.2351· 
I (5.971 EJ_· 

.360 
1-(9.141--+ 

MAX 

NOTE 1: Board drilling dimensions will 
equal standard practices for 
.020 diameter lead . 

NOTE 2: All dimensions in parenthesis 
are metric: 
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EPROMs Peripherals 
IM6653,6654 7-73 IM5200 

7114/2114 7-4 PROMs 
IM6101 
IM6102 

2147 7-8 
IM5600, 5610 7-79 

IM6103 
4021 7-12 IM6402/6403 
4116 7-20 IM5603/5623 7-83 87C41 
IM6512 7-28 IM5604/5624 7-89 80C43 
IM6508/6518 7-34 IM5605/5625 7-94 
IM6551 16561 7-40 PROM Programming 7-101 

Development IM6504 7-46 
IM6514 7-52 Systems IM7141 7-56 

Microprocessors ROMs Intercept Jr. 

IM6100 7-103 Intercept II II 
IM6312 7-60 Sampler Kit-6801 7-125 697D-IFDOS 
IM6316 7-64 87C48 7-129 

EPROM programmer 
IM6364 7-70 80C49 7-137 



·CMOSRAM's ." .. 
Max 

Access Time No. of Vcci 
Organization ' (ns), Pins max(y) 

4096 x 1 
18 IM6504" 170 5:5 

1024xl . 
460 IM6508I6518 16/18 7.0 

IM6508-1/6518,1 300. 16/18 7.0 
IM650BA/65181\ 150 16/18 11.0 
IM6!;(jSA-1/6518A-l 95 :. 16/18 ' 12,0 

256X4" " 
, IM6551!111 360 18/22 . B.O 

IM6551N61A lBO " lB/22 12.0 .. ' 

256xl 
!M6523 BOO 16 7.0 

64x.12 
IM6512 460 lB B.O ' 
IM6512A 150 ,lB' 12.0 

UV-ERASABLE CMOS PROMS 
Max 

ACc8ssTlme No. of Operating 
Organization (ns) Pins Ranga(y) 

1024,X4 
.6653' 600 24 
6653-1 450 24 
6653A ,300 24 

512xB 
6654 .. 600 24 
6654-1 450 24 
5554A 300 24 

.... 

CMOS ROM's 
Organltatlon 

Max No. of 
, Access Tlm~ (I1S) Pins' 

1024x12 
IM6312 '400 1'8 
IM6312A ' 200 18 

204BxB' , 
IM~16 350 (iyp) 24 

B192xB ,', 

IM6364 350(iyp) 24 
., 

, , . 

'BIPOLAR PROM's 

7-2 

,"" 
. Max " .... : Organization ACc8sstlme(ns) , 

,FPLA 
IM5200 ' , 100 
,4BProductTeims 
14 Inputs" B Outputs 

32xB " 

IM5600 50, 
IM5610. 50 

256x4 
. IM5603A sO 
, IM5623 60 

512x4,: 
11\115604' 70 
IM5624 70 

512xB 
IM5605 70 
IM5625 70 

Notet: . OC,Open Collector Output 
TS-Tri-~tateOutput , 

Note 2: .tl: Ceramic Dual-In-Une 
J: Cerdip Dual-In-Line 
F: .Ceramic Flat Package 

:"". 

5 
5 

10., , 

5 
5' . 

10 
., 

Vcc 
mI\X(y) 

7.0 
,11.0' 

,7.0 

7.0 

No. of 
Pins 

24 

' 16 
' 16 

16 
16 

16 
16 

2.4 
24· 

Icc Max 
Pkg; ("A) 

lilmp 
Range 

0.2 (iyp.) D,J,F. C,I,M 

100 D,J,F ,C,I,M 
1'0 D,J,F I,M ; 

500 D,J,F .. I,M 
100 D,J,F .. I,M 

100 D,J,F I,M' 
500 D,J,F I,M 

50 D,J;F I,M 

100 D,J,F C,I,M 
500 D,J,F I,M 

Icc max 
PICg' 

Temp 
("A) Range 

20 D,J I,M 
20 D,J I 
20 D,J I 

20 D,J I,M 
20 D,J I 
20 D,J I 

Icc Max 
("A) "kg~ 

'Temp 
Range 

100 D,J C,I,M. 
,500 D,J I,M 

1 00 (iyp) D,J C,I,M 

1 00 (iyp) D,J C,I,M 

Olitput 
lYpe' . Pkg' lilmp 

·OC J C 

OC ,D,J,F C,M. 
TS .. D,J,F C,M 

OC D,J,F C,M 
TS, D,J,F C,M 

OC ,D,J,F. C,M 
TS 'D,J,F C,M 

OC D C,M 
TS D C,M 



Dynamic RAMS 
Max Min Min No. Inpul Max Slandby Temp 

Access Read Read/Mod of Levels Power Operating Power Pkg Range 
Organization Time (ns) Cycle (ns) Wrlle Cycle (ns) Pins VILIV'H (V) Supplies (V) Power(mW) (mW) (nolel) (nole2) 

16384 x 1 
IM4116-2 150 375 375 16 .8/2.4 +12, ;:5 550 27 J C 
IM4116·3 200 375 \ 375 16 .812.4 +12, ;:5 550 27 J C 
IM4116-4 250 375 375 16 .8/2.4 +12, ;:5 550 27 J C 

4096 x 1 
IM7027·1 120 250 325 16 .8/2.2 +12, ;:5 462 27 J C 

MK4027·2 150 320 325 16 .8/2.2 +12, ;:5 462 27 J C 
MK4027·3 200 375 420 16 .8/2.2 +12, ;:5 . 462 27 J C 
MK4027·4 250 375 480 16 .812.2 +12,±5 462 27 J C 

Static RAMS 
Max Min No Inpul Max Temp 

Access Read of Levels Power Operating Pkg Range 
Organization Time (ns) Cycle (ns) Pins V,"IV'H (V) Supplies (V) Power (mW) (nolel) (nole2) 

4096 x 1 
IM7141·2 200 200 18 .8/2.0 +5 370 J C,M 
IM7141·3' 300 300 18 .8/2.0 +5 370 J C,M 
IM7141 450 450 18 .8/2.0 +5 370 J C,M 
IM7141L2 200 200 18 .8/2.0 +5 265 J C 
IM7141L3 300 300 18 .8/2.0 +5 265 J C 
IM7141L 450 450 18 .8/2.0 +5 265 J C 

1024x4 
IM2114-2 200 200 18 .8/2.0 +5 525 J C 
IM2114·3 300 300 18 .8/2.0 +5 525 J C 
IM2114 450 450 ~: .8/2.0 +5 525 J C 
IM2114L2 200 200 .8/2.0 +5 370 J CoM 
IM2114L3 300 300 18 .8/2.0 +5 370 J C,M 

IM2114L 450 450 18 .8/2.0 +5 370 J C,M 
IM7114L2 200 200 18 .8/2.0 +5 265 J C 
IM7114L3 300 300 18 .8/2.0 +5 265 J C 
IM7114L 450 450 18 .8/2.0 +5 265 J C 

IM2147 70 70 18 .8/2.4 +5 880/110 D,J C 
IM2147·3 55 55 18 .8/2.4 +5 990/165 D,J C 

fI 
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O~O[b IM7114/2114 
NMOS 4096 Bit Static RAM 

FEATURES 

• Organization - 1024x4 
• MaximumAccess Time: 

-7114L2, 2114L2, 2114-2: 200ns 
-7114L3, 2114L3, 2113-3: 300ns 
- 7114L, 2114L, 2114: 450ns 

• TTL Compatible Inputs and Outputs 
• Common Data Input and Output 
• Military Temperature Operation (-55°C to+125°C) 

Available 
• 883A Class B Processing Available 
• Minimum Cycle Time Equal to Access Time 
• Power Dissipation: 

-7114L: 265mW Maximum 
- 2114L: 385mW Maximum 
- 2114: 525mW Maximum 
- Military Temp Units - 495mW Maximum 

• Completely Static Operation 
• Pin Compatible with Intel 2114 

PIN CONFIGURATION LOGIC SYMBOL 

As[~pvee - Ao 

As[ 2 17 P A7 ....:.. A, lID, r-
A4[ 3 16 ~ As 

- A2 

A3[ 4 15 P Ag 
- A3 

( 1/°2 r--

AO[ 5 14LJ liD, 
- A4 

- AS 

Al [ 6 13 J 1/02 
1/03 r--- AS 

A2[ 7 12 J 1/03 - A7 

CS [ 8 11] 1/04 - As 
1/0 4 r-

GND [ 9 10] WE - Ag 

WE es 

y Y 

ORDERING INFORMATION 
TEMP. POWER PACKAGE 

RANGE 200nS 
C 265mW CEROIP IM7114L2CJN 
C 370mW CEROIP IM2114L2CJN (02114L2) 
M 495mW CEROIP IM2114L2MJN (M02114L2) 

M 495mW CEROIP IM2114L2MJN/883B (M02114L2/B) 
w/883B 

C 525mW CEROIP IM2114'·2CJN (02114·2) 
C 265mW PLASTIC IM7114L2CPN 
C 370mW PLASTIC IM2114L2CPN (P2114L2) 
C 525mW PLASTIC IM2114-2CPN (P2114·2) 

I 

GENERAL DESCRIPTION 

The 7114 is a 4096-bit static Random Access Memory device. 
The 7114 is organized 1024x4. The storage cell, decode and 
control circuitry are completely static, therefore no clocks or 
refresh operations are required. Memory access occurs within 
the specified access time after all address inputs are stable. A 
Chip Select input is provided for simple memory array expan
sion. 

The 7114 is pin and performance compati ble with the Intel 
2114 series with the exception that the 7114 has lower power 
dissipation. 

The 'device is assembled in a standard 18-pin DIP for maximum 
system packing density. 

BLOCK DIAGRAM 

® CD to. A3 \::= -Vee 

A4 CD --'- CD GND 

AS 
CD ~ MEMORY ARRAY 

~ 
ROW 

CD SELECT 64 ROWS 

AS 
64 COLUMNS 

A7 
@ 

~ ® -
AS 

I I 
liD, 

@ 

~ ~ COLUMN I/O CIRCUITS~ 
1/°2 ® 

~ I COLUMN SELECT I INPUT 

~~~~(D~®~ 
@ DATA 

1/03 t 
CONTROL 

@ 
1/°4 a 
:~ 

~e-
10 

WE 

o '" PIN NUMBERS 

ACCESS TIME 
300nS 450nS 

IM7114L3CJN IM7114LCJN 
IM2114L3CJN (02114L3) IM2114LCJN (02114L) 
IM2114L3MJN (M02114L3) IM2114LMJN (M02114L 

IM2114L3MJN/883B (M02114L3/B) IM2114LMJN/8838 (M02114L1B) 

IM2114·3CJN (02114-3) IM2114CJN (02114) 
IM7114L3CPN IM7114LCPN 
IM2114L3CPN (P2114L3) IM2114LCPN (P2114L) 
IM2114-3CPN (P2114·3) IM2114CPN P2114) 



IM7114/2114 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature MD2114 ...... -55°C to +125°C 
Storage Temperature .............. -65°C to +150°C 
Voltage on Any Pin to Ground. . . . . . . . .. -0.5V to +7V 
Power Dissipation .............•........ "" lW 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
may cause permanent device failure. These are stress ratings only and 
functional operation of the device at these or any other conditions 
above those indicated in the operational sections of this specification is 
not implied. Exposure to absolute maximum rating condition~ for 
extended periods may cause device failures. . 

I AC CHARACTERISTICS MD2114: VCC= +5V±10%, T A = _55°C to +125°C 
7114,2114: VCC = +5V ±5%, T A = O°C to+70°C 

READ CYCLE 
tT = 10ns, V I L = 0.8V, V I H = 2,OV, Output Load = 1 TTL Gate and 100pf 

7114L2 7114L3,2114L3, 
2114L2,2114·2 2114·3 

SYMBOL PARAMETER MIN MAX MIN MAX 

t RC Read Cycle Time 200 300 

tA Access Time .. 200 300 

tco CS to Output Valid 70 100 

tcx CS to Output Active 20 20 

tOTO Output Three -State· from Deselect 0 60 0 80 

tOHA Output Hold from Address Change 50 50 

WRITE CYCLE . 

7114L2,2114L2 7114L3,2114L3, 
2114·2 2114·3 

SYMBOL PARAMETER MIN MAX' MIN MAX 

twc Write Cycle Time 200 300 

tw Write Time 120 150 

twa Write Release Time 0 0 

tOTW Output Three-State from Write 0 60 0 80 

tow Data to Write Time Overlap 120 150 

tDH Data Hold from Write Time 0 0 

tAW Address Setup Time 0 0 
, 

tcw CS Select Pulse Width 120 150 

DC CHARACTERISTICS MD2114: Vce= +5V ±10%,T A = _55°C to +125°C 

7114,2114: VCC = +5V ±5%, TA = O°C to +70°C 

7114L 2114L 2114 
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNITS 

III Input Load Current 10 I 10 10 IlA 

ILO I/O Leakage Current 10 10 10 IlA 
(All Inputs) 

ICC2 Power Supply Current 40 65 90 mA 

ICCl Power Supply Current 50 70 100 mA 

ICC3 PoWer Supply Current 90 mA 

VIL Input Low Voltage, -0.5 0,8 -0.5 0.8 -0.5 0,8 V 

VIH Input High Voltage 2,0 VCC 2,0 VCC 2.0 VCC V 

VOL Output Low Voltage 0.4 0.4 0.4 V 

\10H Output High Voltage 2.4 VCC 2.4 VCC 2.4 VCC V 

7114L, 2114L 
2114 

MIN MAX UNITS 

450 ns 

450 ns 

100 ns 

20 ns 

0 100 ns 

50 ns 

7114L, 2114L 
2114 

MIN MAX UNITS 

450 ns 

200 ns 

0 ns 

0 100 ns 

200 ns 

0 ns 

0 ns 

200 ns 

TEST CONDITIONS 

VIN = OV to 5.25V 

CS = 2.4V, 
VI/O = +O.4V to VCC 

VIN - +5.25V, 
11/0 = OmA, T A = +25°C 

VIN - +5.25V, 
1110 = OmA, T A = O°C 

VIN - +5.5V, 
11/0 = OmA, T A = _55°C 

10L- 3,2mA 

10H - -2001lA , 

tI 
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IM7114/2114 
DEVICE OPERATION 

When WE is high, the data input buffers are inhibited to prevent erroneous data from getting into the array. As long as WE remains 
high, the data stored cannot be changed by the address Chip Select, or data input voltage levels and timing transitions. The block 
diagram also shows data storage cannot be changed by WE, the addresses, not the input data as long as CS is high. Either CS or WE 
by itself, or in conjunction with the other, canpreventthe extraneous writing due to signal transitions. 

Data within the array can only be changed during a Write time, defined as the overlap of CS loiN and WE low. To prevent the loss of 
data, the addresses must be properly established during the entire Write time plus twR. 

CAPACITANCE :-
" 

SYMBOL PARAMETER MAX UNITS TEST CONDITIONS 

CI/O I nput/O utput Capacitance 5 pF VI/a; OV 

CIN I nput Capacitance 5 pF VIN; OV 

\ 

TIMING DIAGRAMS 

READ CYCLE 

ADDRESS 

DOUT ______________________________ ~~~~----~~._----

WRITE CYCLE 

ADDRESS 

DOUT~~~~~~~~~------------~--------------------



IM71.14/2114 

7114/2114 BIT MAP 

r---.... ---., 63 

.. 

15"""'-015-4---0 

PHYSICAL DIMENSIONS 

CERDIP PACKAGE 

18 LEAD CERDIP (~N) 

.•. [~:::~: :j ___ .320 (8.128)!--
.290 (7.366)! 

I -I .180(4.572) 
. - --.. ~OO (22.860) MAX -':-1 .140 (3.556) 

.060 (1.524) . -r-
__ L___ _ __ 

.310 (7_874)1 

.260 (6.604) 

I-I ·"'''''·mm . --T---. -------r 
I II _~ ~(W~ 

. . -I .1- '.j - . +1F- .200 (5.08) I ... ~ 
:'!!Q.J~.794) .070 (1.778) .023 ~.125 (3.115) .400 (10.16) 
.090 (2.286) .030 (.162) .015 (.381) - .. 330 (8.382) . 

fJ 
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FEATURES 
• High speed - 55nS maximum access time (2147-3) . 
• Automatic low-power standby -20mAmaximum 

(2147) 
• Completely static - no clock required 
• Single +5V supply 
• TTL compatible inputs and outputs 
• Three-state outputs 
• High-density SELOX III process technology 
• Intel 2147 compatible 

LOGICAL BLOCK DIAGRAM 

AO 

Al 

A2 64 x 64 
MEMORY ARRAY 

A3 

A4 

AS 

0 a 

S 

Vi 

I) vcc-
GNq-

ORDERING INFORMATION 
PART NO. ACCESS TIME ACTIVE CURRENT 

2147 70nS 160mA 

2147-3 55nS 180mA 

7-8 

2147 
NMOS Static RAM 

4096 Bit (4096 xi) 
Preliminary 

GENERAL DESCRIPTION 
The Intersil 2147 is a high-speed 4096-bit static RAM or
ganized as 4096 words by 1 bit. fabricated with Intersil's 
SELOX III. single-layer poly. selective-oxidation process. 
Innovative design techniques result in minimum cell area 
and optimum circuit performance. 

Inputs and three-state outputs are TTL compatible and allow 
for direct interfacing with common system bus structures. 

An automatic low-power standby mode is controlled by chip 
select (S); less than one cycle time after S goes high, power 
dissipation drops from a maximum of 160mA to 20mA (21471. 

The basic device operates over the 5V ±5% range with a 
worst-case access time of 70ns. A "-3" device is available 
with 55ns worst-case access time. 

The Intersil 2147 is supplied in an 18-pin package with 
industry standard pin configuration. 

PIN CONFIGURATION LOGIC SYMBOL 

AO 
AO vcc Al 
Al A6 A2 
A2 A7· A3 
A3 AS A4 0 
A4 A9 AS 2147 
AS Al0 A6 
a All A7 a 
Vi 0 AS 

GND 5 A9 
Al0 
All 

GND 

-= 

PIN NAMES 

AO-A11 ADDRESS INPUTS 

D DATA INPUT 
Q DATA OUTPUT 

S CHIP SELECT 

W WRITE ENABLE 
/ 

STANDBY CURRENT PACKAGE TEMP RANGE 

20mA 18-pin CERDIP O°C to +70°C 
30mA l8-pin CERDIP OOG to +70°C 



2147 
ABSOLUTE MAXIMUM RATINGS1 

SYMBOL DESCRIPTION MIN MAX UNITS NOTES 

VIN Voltage on any Pin Relative to GND -0.5 +7 V 2 
lOS Short Circuit Output Current 20 mA 
TSTORE Storage Temperature -65 +150 °C 
TBIAS Ambient Temperature Under Bias -10 +85 °C 
PO Power Dissipation 1 W 

NOTES: 
1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damageto the device. Functional operation of 

the device at these or any other conditions exceeding those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods of time may affect device reliability. 

2. This device contains internal circuitry to protect against damage due to static charge. Conventional precautions should be observed, 
however, during storage, handling, and use to avoid exposure to excessive voltages. 

ELECTRICAL PARAMETERS1 vee = 5V ±5%, TA = Doe to +7Do e,'unless otherwise noted 

2147 

SYMBOL DESCRIPTION MIN TYPl 

VIH Input HIGH Voltage 2.0 
VIL Input LOW Voltage -0.3 
ilL Input Leakage Current 0.01 
VOH Output HIGH Voltage 2.4 
VOL Output LOW Voltage 
10Z Output Leakage Current 0.1 
ICCOP1 Operating Supply Current 50 
ICOOP2 Operating Supply Current 
ICCSB Standby Supply Current 10 
ICCPON Peak Power-On Supply Current 25 

NOTES: 
1. Typical values are measured at VCC =5.0V, TA = 25°C and are 

not guaranteed. 
2. VCC = 5.25V, GND ::; VIN ::; VCC 
3. 10H = -4.0mA 
4. 10L = SmA 
5. VCC = 5.25V, S = VIH, GND ::;VO ::; 4.5V 

2147-3 

MAX MIN TYPl MAX UNITS NOTES 

6.0 2.0 6.0 V 
0.8 -0.3 O.S V 
10 0.01 10 JiA 2 

2.4 V 3 
0.4 0.4 V 4 
50 0.1 50 I'A 5 
150 60 170 mA 6, 7 
160 180 mA 6, 8 
20 15 30 mA 9 
50 35 70 mA 10 

-
6, VCC = 5.25V, S = VIL, 10 = 0 
7, TA =' 25°C . 
8. TA = O°C 
9. VCC = 4.75 to 5.25V, S = VIH 

10. VCC = GND to.4.75V, S = lower of VCC or VIH min. A pullup 
resistor on S is required during power-on in order to keep the 
device deselected; otherwise ICCPON approaches ICCOP. 
VCC slew rate _ 1V / I'S. 

TIMING PARAMETERS vee = 5V ±5%, TA = Doe to +7Doe, unless otherwise noted 

JEDEC 2147 2147-3 

SYMBOL DESCRIPTION SYMBOL MIN MAX MIN MAX UNITS NOTES 

READ CYCLE 
tRC Read CycleTime 70 55 
tAA Address Access Time TAVQV 70 55 . 

tASC1 Chip Select Access Time TSLQV 70 55 2 
tASC2 Chip Select Access Time TSLQV SO 65 3 " 
tOH Output Hold from Address Change TAXQX 5 5 
tLZ Chip Selection to Output Enabled TSLQX 10 10 
tHZ Chip Deselection to Output Disabled TSHQZ 0 40 0 40 
tPU Chip Deselection to Power Up Time 0 0 
tPD Chip Deselection to Power Down Time 30 30 

WRITE CYCLE ns 

tWC Write Cycle Time 70 55 
tCW Chip Selection to End of Write TSLWH 55 45 
tAW Address Valid to End of Write TAVWH 55 45 
tAS Address Setup Time TAVWL 0 0 
tWP Write Pulse Width TWLWH 40 35 
tWR Write Recovery Time TWHAX 15 10 
tOW Data Valid toEnd of Write TDVWH 30 25 
tOH Data Hold Time TWHDX 10 10 
tWZ Write Enabled to Output Disabled TWLQZ 0 35 0 30 
tOW Output Active from .End of Write TWHQX 0 35 0 30 

NOTES: 
1. tR = tF = 10ns. Input and output timing reference level = 1.5V. 
2. Device deselected for 55ns or more prior to selection. 
3. Device deselected for a finite time less than 55ns prior to selection. 

tJ 
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2147 
TIMING DIAGRAMS 

. , 

ADDRESSES 
(AO-A10) mm~~~~~~~~~::::::::7,;:::::::AD:D:R~E_SS_E~S_VA_L_'D ________________ -,)~,-____ ~ ____ _ 

~I 

DATA OUT 
(a) DATA OUT VALID DATA OUT VALID ~-~/ ~~----------~~/I , ,'-----~~--~------~----~---

CHIP SELECT 
(5) 

DATA OUT 
(a) 

ICCOP --
VCC CURRENT ICCSB _______ ~ 

ADDRESSES 
,(AO-A10) 

CHIP SELECT 
(5) 

~ ~,RITE ENABLE II(W) 

7-10 

DATA IN 
(D) 

DATA OUT 
(a) , 

Read Cycle (Address) 

Read Cycle (Chip Select) 

ADDRESSES VALID 

DATA IN VALID 

HIGH 

z 

Write Cycle 



2147 O~OIb 

PRINTED CIRCUIT LAYOUT r-----------, 
vee ____ --t BULK OECOUPLING CAPACITOR J-----

L __________ J 

PACKAGE DIMENSIONS 

18-pin CERDIP' 

.320 ('.12') 

1~(7366!1 r---.900 (22.860) MAX----j 
.060 (1.524)1-_________ --; 

015 (0.381)mmm-,,;'0 (4.572) 
~ £40 (3.556) 

-.- I I U ~ T200 (5.0'0) .015 (0.381) 
T I I --.-l T25l3.f'/5I 00' (0 203) 

--I f-- --II-- 070 (1.778) f.400 (10 160Y 
.110 (2.794) .023 (0.584) .030 (0.762) 330 (6.382) 

tJ 
.090 (2.286) .015 (0.381) 

'Hermetic: Maximum leakage rate 5 x 10-7 atm. cc/sec. 
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FEATURES 
• 4096 X 1 Bit Organization 
• Gated CAS 
• RAS Only Refresh 
• All Inputs TTL Compatible 
• On-Chip Latches for Addresses, Chip Select 

and Data In 
• 10% Supply Tolerances (+12V, +5V, -5V) 
• Three-State TTL Compatible Output 
• Low Power Dissipation 

-470 mW Operating 
- 27 mW Standby 

• Chip Select Decode Does Not Add to 
Access Time 

• Output Data Latched and Valid Into Next Cycle 
• N-Channel Silicon Gate. Technology 

7-12 

• Pin and Performance Compatibility with Mostek 
MK4027 

PIN CONFIGURATION LOGIC SYMBOL 

VBBC~~VSS - es 
DIN C 2 lS ;J CAS - WRITE 

AO 
WRITE C PDOUT 

-
3 14 - A1 

RAS C 4 13 pes - A2 
DOUT r--

AO C 5 120 A3 - A3 

A2 C 6 o A4 
- A4 

11 - AS 

A1 C 7 10 PAS - DIN 

VDD C 8 9 P Vcc 
RAS CAS 

Y Y 

ORDERING INFORMATION 

ORDER ACCESS CV.cLE PACKAGE EQUIVALENT 
NUMBER TIME TIME 

IM7027-1CJE 120 ns 250 ns 16 PIN -
CERDIP 

IM7027-2CJE 150 ns 320 ns 16 PIN MK4072P-2 
CERDIP 

IM7027-3CJE 200 ns 375 ns 16 PIN MK4027P-3 
CERDIP 

IM7027-4CJE 250 ns 375 ns 16 PIN MK4027P-4 
CERDIP 

IM7027/MK4027 
Dynamic RAM 

4096 Bit (4K x 1) 

GENERAL DESCRIPTION 
The IM7027 is a 4096 X 1 bit dynamic random access memory 
which is packaged in 16 pin DIP. The cell array is organized 
into 64 rows of 64 cells. Each of the 64 row addresses requires 
refreshing every 2 milliseconds. Any read cycle refreshes the 
selected row as does a refresh cycle using RAS only. A write, 
read/write or read/modify/write cycle also refreshes the selected 
row, but non-accessed chips should not be selected to avoid 
writing data into the selected row. A page-mode feature is in
cluded to reduce the access and/or cycle time for block data 
operations. Page-mode operation is useful in direct. memory 
access (DMA) operations. 

System oriented features include direct interfacing with TTL, 
on-chip registers which eliminate the need for interface registers, 
logic input levels selected for best noise immunity. Twelve 
address bits are required to decode 1 of 4096 cell locations, 
and are mUltiplexed onto 6 address pins and latched into the 
row and column address latches. The Row Address Strobe 
(RAS) latches the 6 row address bits onto the chip. The 
Column Address Strobe (CAS) latches the 6 column address 
bits and Chip Select (CS) onto the chip. Since theCh'ip Select 
signa, is not required until well into the cycle, its decoding 
time does not add to the system address or cycle time. 

BLOCK DIAGRAM 

WRITE 

;~E 
DATA DATA IN 

IN . 
LATCH (DIN) 

COLUMN ADDRESS STROBE 
CLOCK GENERATOR ENABLE 

(CAS) NO.2 

+ J ! ENABLE CHIPSELECT r DISABLE 

(CS) ~ 6 BIT LATCH [ 
(COLUMN) 6 10164 . COLUMN DECODER 

••••• 64 •• · •• j 
'" '" II 64 SENSE AMPS OUTPUT LATCH I '" DATAIN/DATA OUT 

~~ GATING 
AND BUFFER 

-"----'--- a: •••• ·64· •••• c 

+ c 

" r--

~ 
.... DATA OUT 

~ 
· (DDUT) c · .. c 

~~ 6~ 4096 BIT 
LATCH 6 STORAGE ARRAY 
(ROW) • 

C c 
-;: · -~ c 

a: j--!-

1NABLE . 
ROW ADDRESS '------1 CLOCK GENERATOR 
STROBE NO.1 
(RAS) 



IM7027/MK4027 
ABSOLUTE MAXIMUM RATINGS 

Operating Temperature ............................... OOC to +70oC 

Storage Temperature ............................. -55°C to +150o C 

Voltage On Any Pin w/Respect to VBB .. -O.5V to +20.0V 

Power Dissipation .............. . ........... 1 W 

NOTE: Stresses above those listed under "Absolute Maximum Ratings""may cause perman
ent device failure. These are stress ratings only and functional operation of the de
vices at these or any other conditions above those indicated in the operation sec
tions of this specification is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may cause device failures. ,/ 

DC CHARACTERISTICS 
TESTCONOITIONS: VOO~+12.0V± 10%, VCC~+5.0V±10%, VSS~OV, VSS~-5.0V±10%, TA~OOCto+70oC 

SYMBOL PARAMETER 

1 VIHC RAS,.CAS, WRITE Voltage High 

2 VIH Input Voltage High 

3 VIL Input Voltage Low 
--~- 1----

4 11(L) Input Leakage Current 

5 lOlL) Output Leakage Current -
6 IDOl Average VOO Power Supply Current 

7 ICC VCC Power Supply Current 

8 ISS Average VSS Power Supply Current I -2, -3, -4 

I ~1 

9 1002 Standby VOO Power Supply Current 

10 1003 Average VOO Current I"RAS Only" Refresh) 

11 VOH Output Voltage High IOH ~ -5 mA 
-.-.. 

12 VOL Output Voltage Low IOL ~ 3.2 mA 

NOTES: 1. VSS must be applied before and removed after other supply.voltages. 
2. 1001 Imax) measured at tRC Iminl. IDOl is proportional 'to cycle rate. 
3. ICC depends on output loading. 
4. All pins except VSS at OV, VSS ~ -5V and test pin ~ +10V. 

5. Output disabled, RAS and CAS;;;:' VIHC Imin). 
6.0V';;;VOUT';;;+10V. 

TIMING DIAGRAMS 

READ AND REFRESH CYCLE 

MIN MAX 

2.4 7.0 

2.2 7.0 

-1.0 0.8 

10 

10 

35 

300 

400 

2 

25 

2.4 

0.4 

~--------------~-- tRC------------------~ 

UNITS 

V 

V 

V 

IlA 

IlA 

mA 

IlA 

IlA 

mA 

mA 

V 

V 

---:--;~...,.---....;..---" 1~1-----"-----tCAS_,__----.... II,...----

ADORESSES 

VIHC 

OOUT 

________ r-_t.COApCEN ~---tDOH-E 

D~DIb 

NOTES 

4 

:>,6 

2 

3 

5 
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D~DIL 
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I M70271 MK4027 
WRITE CYCLE 

CAS VIHC --++----~, I_----'CAS 

VIL 

DOUT 
'VOL ---------' 

NOTE 1 

. RAS ONLY REFRESH CYCLE 

ADDRESSES 

VOH 

DOUT 
VOL 

READ/WRITE CYCLE 

ADDRESSES VIH , . 

Dour' 
NOTE 1 



IM7027/MK4027 
TIMING DIAGRAMS (Continued) 

PAGE MODE READ CYCLE 

RAS 

ADDRESSES 
v,L 

V,H 
CS 

V,L 

vlHC 

WRITE 
VIL ' 

VOH 

DOUT 
VOL 

PAGE MODE WRITE CYCLE 

V,HC 

RAS 
V,L 

CAS 

V,H 

ADDRESSES 
V,L 

CS 
V,H 

V,L 

V,HC 

fJ WRITE 
V,L 

vOH 

DIN 
VOL 

VOH 

DOUT 
VOL 

7-15 



D~DIb IM7027/MK4027 
AC CHARACTERISTICS 
TESTCONDITIONS:VDD = +12.0V ± 10%, 'VCC = +5.0V ±'10%, VSS = OV, Vss = -5.0V ± 10%,TA = o°c to +70°C (NOTES 1,5 and 8) 

IM7027·1CJE 
SYMBOL PARAMETER 

MIN MAX 

1 tRC Random Read or Write Cycle Time 250 

2 tRWC Read Write Cycle Time 325 

3 tRAC Access Time from Row Address Strobe 120 

4 tCAC Access Time from Column Address ,Strobe ,: 80 

5 tOFF ,Qutput Suffer Turn·off Delay 40, 

6 tRP Row Address Strobe Precharge Time 80 

7 tRAS Row Address Strobe Pulse Width 120 10,000' 

8 tRSH Row Address Strobe, Hold Time 80 

9 tCAS Column Address Strobe Pulse Width 80 

10 tRCD Row to Column Strobe Delay 20 '40 

11 tASR Row Address Set-up Time 0 

12 tRAH Row Address Hold Time 20 

13 tASC Column Address Set·up Time 0 

14 tCAH Column Address Hold Time 45 

15 tAR Column Address Hold Time Referenced to RAS 95 

16 tcsc Ch ip Sel ect Set-up Time -io 

17 tCH Chip Select Hold Time 45 

18 tCHR Chip Select Hold Time Referenced to RAS 95 

19 tT Transition Time (Rise and Fall) 3 35 

20 tRCS Read Command Set-up Time 0 

21 tRCH Read Command Hold Time 0 

22 tWCH Write Command Hold Time 45 

23 tWCR Write Command Hold Time Referenced to RAS 95 

24 twp Write Command Pulse Width , 45 

25 tRWL Write Command to Row Strobe Lead Time 50 

26 tCWL Write Command to Column Strobe Lead Time SO 
27 tDS Data in Set-up Time 0 

28 tDH Data in Hold Time 45 

29 tDHR Data in Hold Time Referenced to RAS 95 

30 tCRP Column to Row Strobe Precharge Time, ' '0 

31 tcp Column Precharge Time 60 

32 tRFSH Refresh Period 2 

33 twcs Write Command.5et-up Time 0 

34 tCWD CAS to WRITE Delay 60 

35 tRWD RAS to WRITE, Delay 110 

36 tDOH Data Out Hold Time' " , 10 

NOTES 1: tT = 5 ns unless otherwise noted. 
2: tRC > tRAS + tRP + 2 tT to limit power dissipation. 
3: Load = 2TTL + 100 pF. , 
4: If tRCD'is greater than tRCD', (max) access time is controlled by tCAC' 
5: VIHC (min), VIH (min) and VIL'(max) are reference levels. 

MK4027P-2 MK4027P-3 MK4027 P-4 

MIN MAX MIN MAX MIN MAX 

320 375 , 375 

330 420 480 

150 200 250 

100 135 165 

40 50 60 

Hio ,120 120 

150 lP~OOO 200 10,000 250 10,000 

ioo', 135 165 

100 135 165 

20 50 25 65 35 85 

0 0 0 

20 25 35 

-10 -10 -10 

45 55 75 

95 120 160 

:-10 -10 -10 

45 55 75 

95 120 160 

3 35 ,3 50 3 50 

0 0 0 

0 0 0 

45 55 75 

' 95 120 160 

45 55 75 

50 70 85 

50 70 85 

0 0 0 

45 55 75 

95 - 120 160, 

0 0 0 

60 '80 110 

2 2 2 

0 0 0 

60 80 90 

110 145 175 

10 10 10 

6: twcs, tCWD and tRWD are not restrictive parameters, they are electrical characteristics only as follows: 

UNITS 

ns 

ns 

ns 

ns' 

ns 

ns 

ns' 

ns 

ns 

ns 

,ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns, 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

NOTES 

2 

3 

3 

4 

7, 

7 

6 

6 

6 

a. tCWD + tT <; tCWD minimum output latch contains data written into current address. 
b. tCWD;;' tCWD (max) + tT and tRWD ;;. tRWD (max) + tT the data output latch contains data read from the current address. 

7-16 

c. If tCWD does not meet the above, dina output state is indeterminate. 

7: Referenced to latest of CAs or WRiTE. 
8: Any 8 cycles that perform refresh are requked after power' is applied. 



IM7027lMK4027 
TYPICAL DEVICE CHARACTERISTICS 

(j) 
I.... 
o 
~ 
.... 

TYPICAL ADDRESS DATA INPUT LEVELS VS. VDD 
VI 

~MIN) 

V I-'" VIH (MIN) 

---I--- r----r-
2.0 

J..--I-- I---J----- f..--5 
VIL (MAX) 

~ 1. 
w .... 
I
:::> 
a.. 
Z 

1.0 

c 

~ 

7 

--
8 

--------------r------
I 

9 10 11 12 13 14 

VOO SUPPLY VOLTAGE (VOLTS) 

15 

----

Voo 

TYPICAL IDD CURRENT VS. OPERATI!'IG TEMPERATURE 

100 

~ 
E 

20 

~ 15 
w 
a: 
a: 
:::> 
CJ 
c 
9 

10 

i-- r---:-- - 1001 
(Operating Cycle) -

---t----t- - t::::-:,.., 
1003 

(RAS Only Cycle) -
TA 

25°C 50°C 75°C 

OPERATING TEMPERATURE 

TYPICAL ISS CURRENT VS. OPERATING TEMPERATURE 
IBB 

~110 

I

~100 
a: 
a: ai 90 
w 

~ 
a: 80 
Iii 
a:I 

~ 70 

~ 
~ CONDITIONS 

VOO = 13.2v 

~ 
VBB = 4.5v 

"" "" ~ 
"" 25°C 50°C 75°C 

TA 

OPERATING TEMPERATURE 

D~DIb 

(j) 
I.... 
o 
~ 
.... 

4.0 

~ 3.5 
w .... 
I-
:::> 
a.. 
I-
:::> 
0 3.0 

TYPICAL DATA OUTPUT LEVEL VS. VDD 

TA = 25°C 
I 

VOH 

V r-
./' r-

V 
/' 

~ 
V 

f-----

i Voo 
7 8 9 10 11 12 13 14 15 

. VOO SUPPLY VOLTAGE (VOLTS) 

TYPICAL IDD CURRENT VS. OPERATING TEMPERATURE 

100 

~ 1.5 

.§ 
I
Z 
w 
a: 
a: 
:::> 
CJ 
C 1.0 
C 

c----

Voo 

15 
(j) 

--- --t-== - 1002 
(Standby ICC with 
output disable) 

I 
25°C . 50°C 75°C 

OPERATING TEMPERATURE 

TYPICAL tCAC ACCESS TIME VS. VDD 

75°C 
25°C 

f----

\ \ 
~ 14 

~ 
> 13 .... 
a.. 
a.. 
ijl12 

a: 
~ 11 

l2 
10 

30 

OoC \ 

1\ "" 
", . 

"" ~ ~ ~ ~ ~ 
~ i'---- --........... 

40 50 60 70 80 
tCAC (ns) 

TA 

fJ 

tCAC 
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IM7027/MK4027 
TYPICAL DEVICE CHARACTERISTICS (Continued) . 

TYPICAL IDD CURRENT VS. CYCLE TIME 

!
Z 
w 
a: 
a: 
:::l 
u 
C 10 
E 

250 300. , 

BITMAP 

, 350 

Voo = 13.2v 
VBB = -4.5v 

. 400 450 
CYCLE TIME (ns) 

500 550 

The memory cells are divided into 2 groups each organized as 
64 rows by 32 columns. The column addresses run in pure 

binary order for Y5 Y4 Y3 Y2 Yl YO, where Y5 is most 
'significant The row addresses run in binary order for X5 X4 

X3 X2 Xl Xo except for Xl and Xo which run 1,0,2,3 and 
repeat. The folded bit line approach requires that data be 

7-18 

be Stored either true or false depending on the row selected. \ 

If Xo is at logic "0", data is stored true. If Xo is at logic "1 ", 
datq is stored false. 

ROW 

X5X4X3X2X1XO 

1 

o ........ , ......... 3', 

COLUMN Y5Y4Y3Y2Y'YO 

o 
2 
3 
5 
4 

58 
59 
61 
60 
62 
63 

32 ....... " ... ",,63 

] tRCL 

....' U a: 
:. 80 
:!: 
i= 70 
C 
<t 
w 
.... 60 
W 

. III 

TYPICAL tCAC VS. tRCL 

~56CI 
\ 25°C I ooc 

S l 
\ 1\ \ ~ 50 

Iii 
~ 40 

\ '" '" a: 
:=30 
z 
:!: 
:3 30 

8 
40 

"-r-.... 

50 

~ 
........... 

60 
tCAC (ns) 

70 

. .' . " . ' . 
MAXIMUM STRESS VOLTAGES 

......... 
r---. 

80 

It is of interest to know worst case stress voltages for power 
supply failure and/or turn·on conditions. The 7027 can tolerate 

combinations of Va a, VDD that operate within the curves of 

the figure shown below. 

Voo 

-6,18 -2, \18 

~. 
r-,-...... 

-.5,16 

-.5.15 



IM7027/MK4027 
CAPACITANCE 
TEST CONDITIONS: VIN ~ OV, f ~ 1 MHz (NOTE 1) 

SYMBOL PARAMETER TYP 

1 Cil DIN. CS Input Capacitance 3 
AO - A5 

2 CI2 Input Capacitance, RAS, CAS 5 
WRITE 

3 Co Output Capacitance, DOUT 5 

NOTE 1: These parameters are characterized and 
periodically sampled bpt not 100% tested. 

MAX 

5 

7 

7 

UNIT 

pF 

PACKAGE DIMENSIONS 

.J,",c=J .240 (6.09) 

L 
I.. ) .785 119.94) .1 

.750 (19.05) 

.320 (8.13) 

.11012.791 .14513.681 1~29~ 17 '1
371.1 

.... .090 (2.29) .125 (3'uBI ' -.---1. M .... . 17514.451 
.145 (3.681 

~~ .~ 
.012 (.30) 

.023 (.58) 11..-

.018(45)~ 

~ - .0081.201 

. .. .06211.571 t I •. 385 19.78) ... 1 
.058 (1.47) .325 (8.261 

fJ 
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FEATURES 

• Industry Standard 16-pin configuration 
• Standard 10% Supplies (+12V, +5V, --5) 
• Low Capacitance TTL Compatible Inputs 
• TTL Compatible3-State Outputs Controlled by CAS 
• On-chip Address and Data Latches 
• Common 1/0 Capability Using "Early Write" Cycle 
• Read-Modify-Write,RAS-only Refresh, Page Mode 

Operation 
• 128-Cycle RAS-Only Refresh 
• Compatible with MOSTEK MK4116 
• Read Access 

4116-2 
4116-3 
4116-4 

• Page Mode Access 
4116-2 
4116-3 
4116-4 

150nS 
200nS 
250nS 

100nS 
135nS 
165nS 

LOGICAL BLOCK DIAGRAM 
-
WE 

RAS ~ ROW, 
CLOCKS CLOCKS CLOCKS BUFFER 

CAS _..-- 00 
D D 

j t 1 
IMULTIPLEXI ):I COLUMN DECODE 1--

CLOCKS 

1- r- r-

-L t-!.2!~!~~~-t 

~ r---- REFERENCE ceLLS 

~ f--T'" ARRAY 
~ 

ADDRESS r:-
-" ROW 

~ ~ INPUT DECODE 
128 128 SENSE - RESTORE 

BUFFERS -V 1:128 ROWS RESTORE AMPS 
CLOCKS £. (7) 

I !. ~ ARRAY 

~ ---.:... r---- REFERENCE CELLS 
'----

~'3.811~~~!_t ~ 
~ 
~ )( COLUMN DECODe 

~ 1:128 

LOGIC SYMBOL 

13 
Al 
A2 01 
A3' IM4116 
A4 
AS 
AS DO 

RAS 
CAS 
WE 

IM4116/MK4116 
16,384 Bit 

NMOS Dynamic RAM 

GENERAL DESCRIPTION 
The Intersi11M4116/MK4116 is a 16,384-bit dynamic random 
access memory employing the latest advances in N-channel 
silicon-gate MaS technology. The use of double-level poly 
allows the highest possible density consistent with reliabili
ty, high performance and low cost. 

The basic memory element is a single transistor which stores 
charge on a small capacitor. These dynamic memory "cells" 
are organized into an array of 128 rows by 128 columns. Each 
of the 128 rows requires refreshing at least every two milli
seconds. This refresh may be accomplished on a given row 
by any read or RAS-only cycle. A page-mode feature is 
included which reduces access and/or cycle time when 
multiple operations are performed within the same row. 

All inputs and outputs are TTL compatible. On-chip address 
registers and three-state outputs simplify system design and 
allow for interfacing with common bus structures. 
The device is packaged ina standard 16-pin DIP, providing 
high system bit density and compatibility with automatic 
testing and insertion equipment. 

PIN CONFIGURATrON 
VB1 ~ -,-v-;;B V5S 01 2' 15 CAS 

"il: T AO 5 12 A3 
A2 6 11 A4 
At 7 10 AS 

von 8 9 vee 
'---

Top View 

ORDERING INFORMATION 
ACCESS TIME 

ORDER CODE NORMAL PAGE EQUIPMENT PACKAGE 

IM4116-2CJE 150ns lOOns MK4116J-2 CEROIP 

IM4116-2COE 150ns lOOns MK4116P-2 CERAMIC 

IM4116-2CPE 150ns lOOns - PLASTIC 

IM4116-3CJE 200ns 135ns MK4116J-3 CEROIP 

IM4116-3COE 200ns 135ns MK4116P-3 CERAMIC 

IM4116-3CPE 200ns 135ns - PLASTIC 

IM4116-4CJE 250ns 165ns MK4116J-2 CERPIP 

IM4116-4COE 250ns 165ns MK4116P-2 CERAMIC 

IM4116-4CPE 250ns 165ns - PLASTIC 

PIN NAMES DESCRIPTION. 

MNEMONIC JEDEC 

AO-A6 AO-A6 Address Inputs 

CAS CE Column Address Strobe 

01 0 Pata In 

DO Q Data Out 

RAS i"fE Row Add ress Strobe 

VBB VBB Power 1-5V) 

VCC VCC Power 1+5V) 

VDD VDD Power (+12V) 

VSS VSS Ground 

WE W Write Enable 



IM4116/MK4116 
ABSOLl,JTE MAXIMUM RATINGS1 

,SYMBOL DESCRIPTION 
VIN Voltage on any Pin Relative to VBB 
PO Power Oissipation 
lOS Short Circuit Output Current 
TSTORE Storage Temperature 
TA ',Ambient Temperature Under Bias 

NOTES: 

MIN MAX UNITS NOTES 
-0.5 +20 V ,2,3 

1 W 
50 mA 

-55 +150 °c 
0 +70 °c 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device, Functional 
operation of the device at these or any other condiiions exceeding those indicated in the operational sections of this specification is 
not implied, Exposure to absolute maximum rating conditions for extended periods 'of time may affect device reliability, 

2. VSS - VBB ~ 4.5V ' 
3. This device contains internal circuitry to protect against damage due to static charge. Conventional precautions should be observed, 

however, during storag~, handling, and use to avoid exposure to excessive voltages, 

OPERATING CONDITIONS1 

SYMBOL DESCRIPTION MIN MAX UNITS 
VBB VBB Supply -4.5 -5.5 V 
VCC VCC Supply 4.5 5.5 V 
VOO VOO Supply 10.8 13.2 V 
VSS VSSSupply ,,0 0 V 
TA Ambient Temperature' Under Bias 0 +70 °c 

i 
NOTE: VBB must be applied prior to and removed after other supply voltages, 

ELECTRICAL PARAMETERS voo = +12V ± 10%, VCC= +5V ± 10%, VS$ =OV; VBB'=-5V± 10%, TA=0°Cto+70°C 

SYMBOL DESCRIPTION MIN MAX UNITS NOTES 
1001 Average Operating Supply Currents 35 mA 
ICC1 ' (RAS, CAS cycling; tRC = tRC (min)) 1 
IBB1 200 p.A 

1002 Standby Supply Current 1.5 mA 
- ICC2 (RAS = VIHC) -10 10 p.A 

IBB2 100 p.A 

1003, Average Refresh Sup'ply Currents 27 mA 
ICC3 (RAS Cycling, CAS = VIHC; tRC = tRC (Min)) -10 .10 p.A 
IBB3 200 p.A 

,1004 Average Page Mode Supply Current 27 mA 
ICC4 (RAS = VIL, CAS cycling; tPC = tPC (min)) 1. 
IBB4 200 /l'A 
VIH Input HIGH Voltage (A, Oil 2.4 7.0 ; V 
VIH1 Input HIGH Voltage (RAS, CAS, WE) 2,7 2.7 V 
VIL Input LOW Voltage -1.0 +0.8 V 
IlL Input Leakage Current -10 +10 p.A 
VOH Output HIGH Voltage 2.4 V 
VOL Output LOW Voltage 0.4 V 
10Z Output Leakage Current -10 +10 /l'A 3, 4 
CIN Input Capacitance (A) - 5 pF 2 
CIN1 Input Capacitance IRAS, CAS, N, WE) 10 pF 2 
CO Output Capacitance (00) 7 pF 2 

NOTES: 1. ICC1 and ICC4 depend upon output loading. 
2. These parameters characterized and periodically sampled; not 100% tested, 
3. OV S VOUT ~ 10V 
4. RAS = CAS = VIH 

7-2,1 
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IM4116/MK4116 
TIMING PARAMETERS1, 2, 3 VDD = +12V ± 10%, vee = +5V ± 10%, VSS = OV, VBB =-5V ± 10%, TA= ooe to +7ooe 

SYMBOL MK4116·2 MK4116·3 MK4116·4 
MNEMONIC JEDEC8 DESCRIPTION MIN MAX MIN MAX MIN MAX UNITS NOTES 

, tAR TRELAX ICI RAS LOW to Column Address Hold Time 95 120 160 
tASC TAVCEL Column Address Set-up Time -10 -10 -10 

tASR TAVREL Row Address Set-up Time a 0 a 
tCAC TCELOV Access Time from CAS 100 135 165 4 
tCAH TCELAX CAS LOW to Column Address Hold Time 45 55 75 
tCAS TCELCEH CAS Pulse Width 100 10000 135 10000 165 10000 
tCP TCEHCEL Page Mode CAS Precharge Time 60 80 100 

tCRP, TCEHREL CAS to RAS Precharae Time -20 -20 -20 
tCSH TRELCEH RAS LOW to CAS HIGH Delay 150 200 250 
tCWD TCELWL CAS LOW to WE LOW Delay 70 95 125 5 
tCWL TWLCEH WE LOW to CAS HIGH Set-up Time 60 80 100 
tDH TCELDX or TWLDX CAS LOW or WE LOW to Data In Valid Hold Time 45 55 75 nS 6 

tDHR TRELDX RAS LOW to Data In Valid Hold TIme 95 120 160 

tDS TDVCEL or TDVWL Data In Stable to CAS LOW or ~ LOW Set-up Time a a 0' 6 
tOFF TCEHOZ CAS HIGH to Output OFF Delay a 40 a 50 0 60 
tPC TCELCEL IPI Page Mode Cycle Time 170 225 275 

tRAC TRELOV Access Time trom RA>; 150 200 250 4 
tRAH TRELAX IRI RA>; LOW to Row Address Hold Time 20 25 35 
tRAS TRELREH RAS Pulse Width 150 10000 200 10000 250 10000 
tRC TRELREL Random Read or Write Cycle Time 375 375 410 

tRCD TRELCEL RAS LOW to CAS LOW Delay 20 50 25 65 35 85 7 
tRCH TCEHWX Read Hold Time a a a 
tRCS TWHCEL Read Set-up Time a a a 
tREF Refresh Interval .' 2 2' 2 mS 

tRMW TRELREL IRMWI Read:-Modify-Write Cycle Time 

tRP TREHREL liAS Precharge Time' 100 120 t50 
tRSH TCELREH CAS LOW to RAS HIGH Delay 100 135 165 
tRWC RELREL IR/WI Read/Write Cycle Time 375 375 515 
tRWD RELWL RAS LOW to WE LOW Delay 120 160 200 nS 
tRWL TWLREH WE LOW to RAS HIGH Set-up Time 60 80 100 

tT Transition Time 3 35 3 50 3 50 3 
tWCH CELWH Write Hold Time 45 55 75 
tWCR RELWH RAS LOW to Write Hold Time 95 120 1£0 
tWCS ~LCEL WE LOW to CAS LOW Set-up Time -20 -20 -20 5 
tWP WLWH Write Pulse Width 45 55 75 

NOTES: 1. Several cycles are required after power-up before proper deviceoperation is achieved. Any \'light cycles which perform refresh are 
adequate for this purpose. 

2. Unless otherwise noted, tRISE = tFALL "" 5nS 
3. VIHC (mini, VIH (mini and VIL (maxi are reference levels for timing measurements. 
4. Loading equivalent to two l':TL inputs +100 pF 
5. tWCS, tCWD, and tRWD are not restrictive operating parameters. They are included in the datasheet as electrical characteristics 

only: for tWCS :2 TWCS (mini, the cycle is an early-write cycle and the data output will remain high-impedance throughout the 
entire cycle; for tCWD > tCWD (mini and tRWD:2 tRWD (mini, the cycle. is a read-write cycle. and the data output will contain data 
read from the selected cell; if nEiitherof the above sets of conditions is satisfied, the condition of the data output (at access timel is 
indeterminate. 

6. For positive tWCS these parameters are referenced to CAS. For negative tWCS, or read-write cycles these parameters are 
referenced to WE. 

7. For tRCD :2 tRCD (maxi, access time is controlled by tCAC. 



.,..4116/MK4116 
FUNCTIONAL DESCRIPTION 

Addressing 
Fourteen address bits are required toselectoneofthe4116's 
16,384 possible bit locations. These 14 address bits are 
latched on-chip in two groups of seven bits. The Row 
Address Strobe (RAS) latches the 7-bit row address on its 
falling edge; similarly, the 7-bit column address is latched by 
CAS.' . 

The normal sequence of events is as follows: First, the 7-bit 
row address is applied to the address. inputs. Atthe end of the 
row address setup time (tASR), RAS is brought LOW. After 
the row address hold time (tRAH) has elapsed, the 7-bit 
column address is applied and CAS is brought LOW .. 
The column address information is not used internally until 
tRCD (max) after RAS-falls. Further, CAS, is gated with the 
RAS clo.ck generator such tliat .it may occur at any time from 
tRCD (min) to tRCD (max), without effecting access time. If 
CAS occurs after tRCD (max) the access time will be 
lengthened by the delay from tRCD (max) to CAS. 

Page Mode Operation 
Successive memory cycles accessing the same row in the 
memory. array require the row address and RAS to be 
supplied ,only. once. Further accesses to the same row 
require only cO/umn' addresses and, CAS, with RAS held 
LOW. 

In addition to 'savings in access and cycle' time, pag'e mode 
operation results in reduced power consuniptionsince 
dynamic power due to RAS transitions is drawn. only once 
per row address. 

Data Input 
Data to be written is strobed into the on-chip data latch by a 
combination of CAS and WE while RAS is active. Whichever 
of CAS and WE makes the later negative-going transition 
serves as the data' strobe. Several different write cyc.les are 
made possible by this flexibility. 
An "early-write"cycle takes place if WE goes LOW before 
CAS: In the case Where data-in (01): i.s not valid when CAS 
goes LOW, WE must be delayed until after CAS falls. In this 
"delayed-write" cycle, data setup and hold times are 
referenced to the. negative-going edge of WE, rather than 
CAS. 

DbfiDIl. 
Data Output 
The dat.a output (DO) unconditionally assumes the high
impedance state wherever CAS,.is HIGH. For read, read~ 
modify-write, or delayed-write cycles, DO remains high
impedance until access time, at which time it will reflect the 
logic state of the addressed cell. DO remains high
impedance in an early-write cycle, or in cycles where RAS 
and CAS are not both, received. Thus, in systems which 
utilize early-write cycles exclusively, 01. and DO may be 
conn(:lcted together with. no conflict. 

Input/Output Levels 
All inpots, including RAS and CAS, are low-capacitance 
high-impedance, and TTL-level compatible. Special clock 
drivers are not required, simplifying input driver design. 
In order to prevent ringing, signal termination resistors are 
usually necessary. ·In general, transmission line techniques 
must be utilized on signal lines to achieve maximum system 
speeds. . 

Refresh 
Anycycl(:l in which RAS occurs serves to refresh the selected 
row. However, it is generally more convenient (and requires 
substantially less power) to perform the refresh operation 
using the RAS-only cycle .. Each of the 128 rows must be 
refreshed .atleast once per twomillisecol")ds •. 

Power Sequencing 
VBB should be applied before and removed after other 
supply voltages. Under system failure conditions in which 
(me or more supplies exceed the spEjcified limit,significant 
additional margin against catastrophic device failure may be 
achieved by forcing RAS and CAS to the inactive state. 
After power is applied, the. MK4116 rEjquires several cycles 
before proper device operation is achieved. Any eight cycles 
which perform refresh are adequate for this purpose. 

Power Dissipation ." 
Because of the extensive use of dynamic circuitry in the 
MK4116, most of the dissipated power is as a result of a 
transition on RAS or CAS. Thus, the dynamic power" is 
primarily a function of operating frequency. Worst case 
power dissipati~n is 462 MW at 375.nS cycle time .. 
VCC is utilized only to power the output buffer, and is not 
connected elsewhere; ICC, is thus a function only of outp.ut 
loading. VCC may be left unconnected for battery-backUp 
operation. 
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AD-AS 

VOL 

R.EAD CYCLE. EARLY WRITE CYCLE 

RAS 

CAS 

AQ. V," 
AB V" 

WE 

DI 

PAGE MODE ·READ CYCLE PAGE MODE WRITE CYCLE 

~ 

'CAS 

AD, V," 
AS V" 

We, 

DO 
VOL 

READ-WRITE/READ MODIFY-WRITE CYCLE RAS-only REFRESH CYCLE 

PACKAGE DIMENSIONS 
l8-pln CERDIP (J)* 

[: : : : : : ] .~~~ :~:~:::r 
.310 (7.B74) F-- 900 (22B60) MAX -"'"I .180 (4.572) .260 (6.604) 

• . ---, .140 (3.5.6) 1-----1 
'.060(1.524) -T- I 

~aH-. t . III - ~ 
. -I I- ~ - -II- .200 (5.08) I ~ 

.110 (2.794) .070 (1.778) .023 (.584)·125 (3.175) .. 400 (10.16) . 
• 090 (2.286) .030 (.762) .015 (.381) - .330 (8.382) 

~Hermetic: Maximum leakage rate 5x 10-7 atm. cc/sec.· 
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TYPICAL CHARACTERISTICS 
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IM4116/MK4116 
SYMBOLS AND ABBREVIATIONS· 

This data sheet utilizes a new set of specification nomenclature. This new format is an I EEE and J EDEC supported standard for 
semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory data 
sheets. consistent. We believe, once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

V (Voltage) 
I (Current) 
P (Power) 
C (Capacitance) 

The second letter specifies input (I) or' output (0); andth~ 
third letter indicates HIGH (H), LOW (Ll or off (l) state of the 
pin during measurements. Examples: 

VIL - Input Low Voltage 
10l - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initial character is always T and is followed 
by four descriptors. These characters specify two signal 
pOints arranged in a "from-to" sequence that define a timing 
i ntenial. The two descriptors for each sig nal poi nt specify the 
signal name and the signal transitions. Thus the format is: 

TXXXX 

51g'" ,,~"om .hl,h 'O"N •. ' I, doll",d t t r 1 
Transition direction for first Signal 

Signal name to which interval is defined 
Transition direction for second Signal 

Signal Definitions: 

A =Address 
D = Data In 
Q = Data: Out 
W = Write Enable 
E = Chip Enable 
S Chip Select . 
G Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

EXAMPLE: 

CHIP 
ENABLE 

WRITE 
ENABLE 

VI~ 

-===:e=------..,.·--T-W-L-EH::=.....J~~~~~"." 

w~ ~ 

The example shows write-pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of.timing values shows either a minimum or a 
maximum limit for each. parameter. Input requirements are 
specified from the external system pOint of view. Thus, 
address set-up time is.shown as a minimum since the system 
must supply at least that much time (even though most 
devices do not require itl. On the other hand, responses from 
the. memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time. 

WAVEFORMS 

WAVEFORM 
SYMBOL INPUT 

MUST BE 
VALID 

CHANGE 
FROM H TO L 

CHANGE 
FROM L TO H 

DON'T CARE: 
ANY CHANGE 

PERMITTED 

OUTPUT 

WILL BE 
VALID 

WILL CHANGE 
FROM H TO L 

WILL CHANGE 
FROM L TO H 

CHANGING: 
STATE UNKNOWN 

. HIGH 
IMPEDANCE 

fI 
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FEATURES. 
• Low Power Operation 
• TTL or'CMOS Compatible on Inputs and Outputs 
• 4V-11V VCC Operation 
• Static Operation 
• On-Chip Address Register 
• Two IM6512's can be used with IM6100 and IM6312 

without additional componerits 

GENERAL. Dt:SCRIPTION 
The IM6512 is a high speed, low power, silicon gate CMOS 
768 bit static RAM organized 64 words by 12 bits. In all static 
states these' units exhibilthe microwatt power requirements 

PACKAGE DIMENSIONS 
18 LEAD CERAMIC DIP 

· CONNECTION DIAGRAM 

ORDERING INFORMATION 
'MEMORY CIRCUIT AND PRODUCT CODE EXPLANATION: 

1M 5 12A I ON 'L=p""g, ON - Ceramic 18 pin DIP 
IN . Cerdip 18 pin 
FN - Flatpack 18 pin 

Temperature 
C· Gommercial (0 C to +70 C) 
I . Industrial (-40 C to +85 C) 
M· Military (~55 ~ to +125 C) 

'-------- Specific Type 

'----------. General Type 
Random Access Memory (RAM) 

'-'----------- DeMOS Product 

'----'-----,-------- INTERSIL INC. 

IM6512/IM6512A 
CMOS RAM 

76SBlTo (64 x12) 

typical of CMOS': Inputs andttiree state outputs are TTL 
compatible, The basic part operates at 4-7 volts with a typical 
5 volt, 25° C access time of 350ns. A wider operating voltage 
range, 4-11 volts, is available with the A version, Signal 
polarities and functions are specified 'for direct interfacing 
with the IM6100 microprocessor. The device is ideally suited " 
for minimum system ali CMOS, applications where low 
power, minimum cost, or, non-volatility is required. 

FUNCTIONAL DESCRIPTION 
The MSEL pin performs both chip enable imd write~enable 
functions. The IM6512 has three modes of operation: read-' 
modify-write, read only, and write. The ADR input allows two 
IM6512's to be used without additional decoding circuitry. 

18 LEAD CERDIP 

[ : : : : : : : j ~II::: ::::::11-
I I ~~- ~.-4- 900 (22 860) MAX - -.... .140j'3556) II' .. I 

060 (1.524) .. ~---"';"'--~ 1- I~' 

c:~lmffimr11 -- ''-1- , :oD8(.203i 

-I 1- '.j - -II~ -200(508) I .~. 
:'!'!~J2.794) .070 (1.778) .023 (.584)·125.(3.17~~ .400 pO.16) 
.090 (2.286)· .030 (.762) .015 (.381) . . .330 (8.382) 

18 LEAD FLAT PACK 

·'li.·:;~:··~.{ . 
050 t I I' "I~ .015 (.381) 

("i.2~~) TYP . . (9~:5 :to! '~:008) .315 (8.001) 

.005 .!. .002 .950 :!:. .050 .025 REF 
(.127.! .050) -(24.130.! 1.27) (.635) 

L : : ...L 
t t 

FUNCTIONAL DIAGRAM IM6512/12A 

r--------------, 
I 10111 I 

~~~~~-L:.----~ : 
.~~~~~----~~~~-.! 

[}XO 11 =====~~~--lt;:=::;==r::::::=;I=L I 
I 
I 
I 
I 

-' 



IM6512/IM6512A 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Applied 
Storage Temperature Range 
Operating Temperature Range 

Industrial IM6512AI 
Military IM6512AM 

DC CHARACTERISTICS VCC = 4V to llV, TA = Industrial or Military 

PARAMETER SYMBOL CONDITIONS 

Logical "1" Input Voltage VIH 
Logic;lI'''O'' Input Voltage VIL 

:f-12.0V 

GND - 0.3V to VCC +0.3V 
-65°C to +150°C 

-40°C to +85°C 
-55°C to +125°C 

MIN TYP. 

70% VCC 

I nput" Leakage IlL OV';;; VIN';;; VCC -1.0 
. Logical "1" Output Voltage VOH lOUT = 0 VCC-O.Q1 
Logical "0" Output Voltage VOL lOUT = 0 
Output Leakage 10 . OV';;;VO';;;VCC -1.0 

Supply Current ICC ~ 5.0 

ICC 'VCC =3.0V 0.1 

I nput Capacitance CIN 5.0 

Output Capacitance Co 6.0 

• STR = Vee, all other inputs = Vee or GND 

AC CHARACTERISTICS VCC = 10V, CL =50pF, TA= 25°C 

PARAMETER SYMBOL IM6512A 

MIN MAX 
Access Time From STR tAC 150 

Output Enable Time . tEN, 90 

Output Disable'Time tDIS 90 

STR Pulse Width (Positive) tSTR 95 

STR Pulse Width (Negative) tSTR 150 

Cycle Time tc 245 

Write J>ulse Width (Negative) twP 95 

Address Setup Time tAS 20 

Address Hold Time tAH 45 

Data Setup Time tDS 95 

Data Hold Time tDH 0 , 
MSEL Pulse Separation tps : 60 

MSEL Setup Time tMS 20 

MSEL Hold Time tMH 20 ... 

O~OIL 

MAX' UNITS 

V 

20% VCC V 

1.0 /.lA 
V 

GND+O.Ol .V 

1.0 /.lA 
500 /.lA 
10.0 /.lA 
7.0 pF 

10.0 pF 

UNITS 
. 

ns 

ns 

ns 

ns' 

'ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns. 

ns 

ns 
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IM6512/IM6512A 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Supplied 
Storage Temperature Range' 
Operating Temperature Range 

Indust~ial IM65121 
Military IM6512M 

DC CHARACTERISTICS VCC = 5.0V ±10% TA = Industrial or Military 

PARAMETER SYMBOL CONDITIONS 

Logical "1" Input Voltage VIH 
LogicalUO" Input Voltage VIL 
Input Leakage IlL . OV";; VIN";; VCC 
Logical "1" Output Voltage VOH 10H = -0.2mA 
Logical "0" Output Voltage VOL 10L = 2.0mA 
Output Leakage 10 - OV";; VO";; VCC 
Supply Current ICC * 

ICC 'VCC = 3.0V 
Input Capacitance CIN 
Output Capacitance Co 

* STR = Vee, all other inputs = Vee or GND 

+8.0V 
GND -~0.3V to VCC +O.3V 

_65°C to +150°C 

-40°C to +85°C . 
_55°C to +125°C 

MIN TYP 

VCC-2.0 

-1.0 

2.4 

-1.0 

1.0 

0.1 

5.0 

6.0 

AC CHARACTERISTICS VCC = 5.0V ±10%, CL = 50 pF , TA = Industrial or Military 

PARAMETER SYMBOL IM6512 
MIN MAX 

Access Time From STR tAC 460 

Output Enable Time tEN 285 

Output Disable Time tDIS 285 

STR Pulse Width (Positive) tSTR 300 

, STR Pulse Width (Negative) tSTR 460 

Cycle Time tc 760 

Write Pulse Wi dth (Negative) twP 300 

Address Setup Time tAS 40 

Address Hold Time tAH 130 

Data Setup Time tDS 300 

Data Hold Time tDH 0 
MSEL.Pulse Separation tps 150 

MSEL Setup Time tMS 50 
MSEL Hold Time tMH 50 

MAX UNITS 

I V 

0.8 V 

1.0 /lA 
V 

0.45 V 

1.0 pA 

100 /lA 
10.0 /lA 
7.0 pF 

10.0 pF 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
. ns 

ns 

ns 

ns 

ns 

ns 

ns 



IM6512/IM6512A 
ABSOLUTE IVIAXIMUM RATINGS 

Supply Voltage 
Input or Output Voltage Supplied 
Storage Temperature Range 
Operating Temperature Range 
. Commercial IM6512C 

DC CHARACTERISTICS vcc = 5.0V ±5%. T A = Commercial 

PARAMETER SYMBOL CONDITIONS 

Logical "1" .Input Voltage VIH 
Logical "O"lnput Voltage VIL 
Input Leakage. IlL OV';;;VIN<YCC 

Logical'~l" Output Voltage VOH 
': . 

10H = -O.2mA 

Logical "0" Output Voltage VoL' 10L = 1.6mA 
. Output Leakage 10 OV';;;VO';;;VCC 

Supply Current ICC * 
Input Capacitance . CIN 
Output Capacitance Co 

. *STR ':' vee. all other inputs = Vee or GND 

AC CHARACTERISTICS VCC = 5.0V ±5%. CL = .50 pF • TA = Commercial 

PARAMETER SYMBOL 

Access Time From STR tAC 
Output Enable Time tEN 
Output Disable Time tDIS 
STR Pulse Width (Positive) .tSTR 
STR Pulse Width (Negative) tSTR 
Cycle Till)e tc 
Write Pulse Width (Negative) twP 
Address Setup Time tAS 
Address Hold Time tAH 
DataSetup Time tDS 
Data Hold Time tDH 
MSEL Pulse Separation tps 
MSEL Setup Time tMS 
MSEL Hold Time tMH 

+7.0V 
GND -0.3V lOVCC +0.3V 

_65°C to +150oC 

MIN TYP 

VCC~1.5 • 

.' 
-5.0 

" 

2.4 

-5.0 

5.0 

6.0 

IM6512C 

MIN MAX 

600 , , 

375 
375 

395 

600 

995 

395 
40, 

130 

395 

0 

150 

50 

50 

MAX UNITS 

V 

0.8 V 

5.0 /lA 

V 

0.45 'v 
5.0 /lA 
800 /lA 
7.0 pF 

10.0 pF 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
.ns 

ns 

ns 

ns 

ns 
ns 

ns 



IM6512/IM6512A 

~ 
DON'T 
CARE 

A ADDRESS FROM IM6100 TO RAM 
DO DATA FROM RAM TO IM6100 (READ) 

_ 01 DATA FROM IM6100 TO RAM (WRITE) 

FIGURE 1. Read·Modify·Write or Read Cycle 

Read-Modify-Write (MSEL high When STR goes low) 

DX pins are high impedance until the first negative-going 
edge on MSEL <D which enables the outputs'to read 
data from memory @. When MSEL r,eturns high.a> the 
DX pins return to high impedance for the remainder of 
the cycle. 

The (optional). second negative-going MSEL p,ulse @. 
causes a write to mem.;>ry. Data at DX pins to be written 

STR 

c~ 

MSEL 

DX--~~~--~~~~-~-~-----'--

~ 
DON'T 
CARE 

into memory should be valid for' a time (tDS) prior to, 
and a time '(toH) following the rising edge of MSEL@. 
MSEL must remain highuntil STR returns' high ending the 
,cycle. ( 

Read Only 

Same as Read-Modify-Write except the second negative
going MSEL pulse is omitted. 

A ADDRESS FROM IM6100 TO RAM 
01 DATA FROM IM61tiOTo RAM (WRITE) 

FIGURE 2. Write Cycle 

Wrlt.'(MSEL low when STR goes low) 

DX pins are always high impedance. Data atDX pins;to be 
written into memory should be valid for a time (tDS) prior 
t~, and a time (tDH) following the risirigedge of MSEL@. 



IM6512/IM6512A U~UIL 

~ DXO-l1 

~ 

L~~ L:-v-:-
es vee -

r-- STR MSEl 

ADR OX11 ---< 

IM6100 
IM6512 

STR DEL STR MSEl - DX. RAM DX1Q ---< r- r- >--

OEH DXt1 r-r- - ADR OX11 r- >-- DX' DX9 ---< 
IM6312 IM6512 

~ DX. ROM OXlO r-r- ~ - DXO RAM DXlO r- >-- DX' DX. ---< 

f-- DX, DX. r-r- f-- - DX' DX. r- >-- DXJ DX, ---< 

~ DX' DX. r-r- ~ - DX' DX. r- -;- DX4 DXS ---< 

f-- DXJ DX' r-r- ~ - DXJ DX' r- ----, GND DXS -
'--- DX4 DXS r-r- L- - DX4 OXS I:--

- GND DX5 r-r- - GND DXS r-

LXMAR 

MSEL 

XTe r-

FIGURE 3. A Typical Microprocessor System 

Typical Microprocessor System (Figure 3) 

In the example shown, the IM6312 RSEL (RAM Select) 
output is programmed to go low for addresses 0·255. 
IM6512 with ADR ; "0" will respond to addresses 0·63 
(and 128·191); IM6512 with ADR ; "1" will respond to 
addresses 64·127 (and 192·255). 

MSEL@ 

ADR DX5* STRI 

L L L 

L L H 

L H X 

H L X 

H H L 

H H H 

ADR 

ADR sho~ld be either tied tologic "0" (GND) or 10gic"1" 
(VCC). The data on this pin is compared internally with 
address data on DX5. If the two match, the chip will 
respond to MSEL and CS, otherwise th~ IM6512 DX lines 
remain high impedance and data is unchanged. As a result, 
two IM6512 memories can be used with the IM6100 and 
I M6312 without additional components. 

FUNCTION 

WRITE 

READ·MODIFY·WRITE, 
READ ONLY 
NO OP. (HI·Z) 

NO OP .. (HI·Z) 

WRITE 

' R EAD·MOD I FY ·WR ITE, 
READ ONLY 

X; DON'T CARE 

Note 1: Addresses are latched on chip by the falling edge of STR 

FIGURE 4. IM6512 Truth Table 

II 
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FEATURES 

• Low Standby Power: 5f1W Typical Standby at 5V, 
25°C 

• Low Operating Power:10mW/MHz Maximum 
• High Speed Operation 
• Data Retention to Vee = 2.0V (non-C version) 
• TTL Compatible Inputs and Outputs 
• Three-State Outputs 
• On-Chip Address Registers 
• Completely Static and Synchronous 
• Operating Voltage Range 4V to 11V (A version) 
• Two Chip Selects (IM6518) 
• Military and Industrial.Temperature Ranges 

BLOCK DIAGRAM 

AO--~I-I 

Al ~ ADDR I 1_ ROW r+-
A2 _-_-_-_-_-~'---;~'"' REGISTER rr DECODE 
A3' 
A4 ---,.. •• l,...:.-.~-.J 

32X32 
CELL 

ARRAY 

IM6508/1M6518 
1024 Bit (1024 x 1) 

·CMOS RAM 

GENERAL DESCRIPTION 

The IM6508 and IM6518are high speed, low power silicon gate 
CMOS static RAMs organized 1'024 words by 1 biLln all static 
states these RAMs exhibit the microwatt power requirements 
typical of CMOS. The basic parts operate from 4.5 to 5.5 volts, 
with access times of 460 ns and standby supply currents of 
100,., a guaranteed over operating temperature range. Access 
times 01300 ns and standby supply currents of 10,.,a are 
offered in "-1" versions. Higher operating voltages and faster 
speeds are offered in "A" versions. Data retention is guaran
teed to 2.0V on all non-C parts. 

PIN 
CONFIGURATION 

COLUMN DECODE 

7-34 

. E 

fL)~ £L-..A---,':_'/0-.-J.._L-_' ~---' 
ADDR 

REGISTER 

A5 A6 A7 A8 A9 

*IM6508 FUNCTIONS AS IF E, 51, S2, WERE TIED TOGETHER 

ORDERING INFORMATION 

SELECTION/TEMPERATURE RANGE 

COMMERCIAL INDUSTRIAL MILITARY 

STO STO STD HI speED HI SPEED STO STD HI speED HI speED 
10V 10V LOW ICC 

5V 
10V 10V LOW rcc sv 

5V PACKAGE 
5V 

PLASTIC P CP IP 
CERDIP J CJ IJ AIJ A-1IJ 11J MJ AMJ A-1MS -1MJ 
CERAMIC D - 10 
FLAT F - -

~=:-:;::='-'='---r.:-t--'------+~~f-.:!:.A~I 0~,.--'.A-11 D -110M 0 AMO A-1 M D -1 M 0 
MF AMF A-1MF -1MF 

TOP VIEW 

Pin 1 is designated 
by a dot or a notch 



IM6508A/18A U~UIL 

ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .... , .................................................... +12.0V 
Input or Output, Voltage Applied ....................•. GND -'O.3V to Vee to .3V 
Storage Temperature Range ................................... -65°C to +150°C 

,Operating Ranges 
Temperature 

Industrial .................................................. -40°C to +B5°C 
Military .................................................... -55°C,to +125°C 

Voltage ' 
IM650BA/1BA .................................................... 4V to 11V 

DC CHARACTERISTICS 
TEST CONDITIONS: Vee = 4V to 11V, TA = Operating,Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Logical ;'1" Input Voltage VIH Vee-2.0 

V 
Logical "0" Input Voltage VIL .B 
Input Leakage Ii OV :S VIN ::; V.ee -1.0 +1.0 }1A 
Log'ical "1" Output Voltage VOH lOUT = 0 Vee-{),01 

, Logical "0" Output Voltage VOL GND + 0.01 
V 

lOUT = 0 
Output Leakage 10 OV::; Vo::; Vee -1.0 +1.0 
Standby Supply Current leesB VIN = Vee ' 5.0 500 J.lA 

'leesB Vee = 3.0V ,1 50 
Operating Supply Qurrent ,Ieeop t = 1MHz, VIN = Vee or GND, 10 mA 

10 = 0 
.-

Input Capacitance CI 5.0 7.0 
pt 

Output Capacitance Co 6.0 10.0 

AC CHARACTERISTICS 
TEST CONDITIONS' Vee - 10V +5% CL - 50pt TA - 25° C - - - -

IM650SA-1/1SA-1 IM650SAl1SA 
PARAMETER SYMBOL MIN MAX MIN ,MAX UNITS 

Access Time From E TELOV 95 " 150 
Output Enable Time TSLOX 55 90 ' 
Output Disable Time TSHOZ 55 90 
E Pulse Width (Pos) TEHEL 65 ,95 

" 
EPulse Width (Neg) TELEH 95 150 ns 

, W Pulse Width (NElg) TWLWH 65 95 , ' 

Address Setup Time I TAVEL 5 10 
Address Hold Time TELAX 30 45, 
Data Setup Time TDVEH 65 95 
Data Hold Time TEHDX 0 0 
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IM6508/18, IM6508-1/18-1 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .......................................................... +8.0V 
Input o(Output Voltage Applied ....................... GND ~.3V to Vee+O.3V 
Storage Temperature Range ................................... -65°C to +150°C 
Operating Ranges 
, Temperaiure 

Industrial .............. ' .......................... ' .......... -40° C to +85° C 
Military ....................... , ............................ -55°C to +125°C 

Voltage 
IM6508/181, M, -11, -1M ........................................... 4.5V-5.5V 

DC CHARACTERISTICS 
TEST CONDITIONS: Vee = 5V ± 10%, TA = Operating Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Logical "1" Input Voltage VIH Vee-2.0 
V 

Logical "0" Input Voltage VIL .8 

Input Leakage II o S VIN s, Vee -1.0 +1,0 !J.A 

Logical "1" Output Voltage VOH 10H = 0 Vee~,01 

10H = ~.2ma 2.4 

Logical "0" Output Voltage GND +0,01 
V 

VOL 10L = 0 

10L = 2,Oma .45 

Output Leakage 10 -1,0 +1.0 
. 

Standby Supply Current 

IM6508-1/18-1 leess VIN = Vee ,1 10 

leess Vee = 3.0V .01 5 
!J.A 

IM6508/18 leess VIN = Vee 1.0 100 

leess Vee = 3.0V ,1 50 

Operating Supply Current leeop I = 1 MHz, VIN = Vee or GND, 2 mA 

10 = 0 

Input Capacitance, CI 5.0 7.0 
pi 

Output Capacitance Co 6,0 10.0 

ACCHARACTERISTICS 
TEST CONDITIONS: Vee = 5,OV + 10%, CL= 50pl TA = Operating Temperature Range -

" 

. IM650B"1/1B-1, IM650Bl1B 
PARAMETER SYMBOL MIN MAX MIN MAX UNITS 

Access Time From E TELQV 300 460 
Output Enable Time TSLQX 180 285 
Output Disable Time TSHQZ 180 285 
E Pulse Width (Pos) TEHEL 200 . 300 
E Pulse Width (Neg) TELEH 300 460 ns 
W Pulse Width (Neg) TWLWH 200 300 
Address Setup Time TAVEL 7 15 
Address Hold Time TELAX 90 130 
Data Setup Time TDVEH 200 300 
Data Hold Time TEHDX 0 0 
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IM6508C/18C 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .......................................................... +7.0V 
Input or Output Voltage Applied ....................... GND -<J.5V to Vee +0.5V 
Storage Temperature Range ............................. ; ..... -65°C to +150°C 
Operating Ranges 

Temperature 
, Commercial .................................................. O°C to 75°C 
Voltage 

IM650SC/1SC .................................................. 4.75V-5.25V 

DC CHARACTERISTICS 
TEST CONDITIONS: Vee = 5.0V ± 5%, TA = Operating Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Logical "1" Input Voltage VIH Vee-2.0 

Logical "0" Input Voltage VIL .S V .. ' 
Input Leakage II OV S VIN S Vee -5.0 +5.0 /lA 
Logical "1" Output Voltage VOH lOUT = 0 , Vee-<J.01 ' " 

10H = -.2mA 2.4 

Logical "0" Output Voltage VOL lOUT = 0 GND ±0.01 V 

10L = 1.6mA .45 

Output Leakage 10 OV S Va S Vee -5.0 +5.0 

Standby Supply Current leess ' VIN = Vee 500 SOO /lA 

Operating Supply Current Iccop I = 1 MHz, VIN "" Vee or GND, 4 mA 

10 = 0 

Input Capacitance CI 5.0 7.0 

Output Capacitance Co 6.0 10.0 
pi 

AC CHARACTERISTICS 
TEST CONDITIONS: Vee = 5V +5% CL = 50 pi TA = Operating Temperature Range -

IM6508C/18C 
PARAMETER SYMBOL MIN MAX UNITS 

Access Time Frpm E TELOV 600 
, Output Enable Time TSLOX 375 

Output Disable Time TSHOZ 375 
E Pulse Width (Pos) TEHEL 395 
E Pulse Width (Neq) TELEH, 600 ns 
W Pulse Width (Neg) TWLWH 395 
Address Setup Time TAVEL 20 
Address Hold Time TELAX 170 

Data Setup Time TDVEH 395 tI 
Data Hold Time TEHDX o . 
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IM6508/18 
READ MODE OPERATION 

In a typical READ operation the address 
lines are latched by the falling edge of 
strobe input E. If the chip has been selected; 
i.e. S; and 52 16518 only 1 are low. data be
comes valid an access time ITELQV, after 
the falling E edge. Data out for 6508116 pin 1 
remains valid until E returns high. Data out 
for 6518 118 pin I is latched when E returns 
high. and remains valid until a chip select 
IS1 or 821 is returned high. 

Address information is edge triggered and 
must be valid a setup time 1 TAVEL I before 
and a hold time I TELAX 1 after the falling E 
edge.S; and 52 on the 6518 are level sen
sitive and may occur after E transition with
out affecting access time. 

FUNCTION TABLE. READ 

INPUTS 
TIME REF E A S 

-1 H X H 

0 ~ V X 
1 L X L 
2 L X L 
3 ~ X L 
4 H X H 

WRITE MODE OPERATION 

For a WRI~ operation. address lines are 
latched by E as in a READ operation. Writ
ing begins when strobe IE,. chip selects 
is1• 821 and write 1 IN I are .Iow and ends 
when one of these lines returns high: Data 
10, must be valid a setup time I TDVEH, be, 
fore and a hold time 1 TEH OX I after the final 
rising edge. 

Minimum write pulse widths are specified 
as TWLWH for IN. S; andS2. Minirnumwrite 
pulse width is specified as TELEH for E. 

FUNCTION TABLE. WRITE 

INPUT 
TIME REF E A S* 

1 H X H 
O' ~ V H 

W 
H 
H 
H 
H 
H 
H 

W 
X 
X 

1 L X L ~ 
2 L X L ~ 
3 H X H H 

U~UIL 

READ CYCLE TIMING 

L-~I~~---.TELEH------~I 
Ir-----~ ~----:..-

TIME _____ -L ____ -L __________ -Lt ____ -L ____ ~t~_ 

REFERENCE -1 0 2 3 4 
*6518 ONLY 

OUTPUT 
·0 NOTES 

Z Memory inactive. output high Z 
Z Addresses latched. output sill high Z 
X Output enabled and active 
V Output valid 
V Output latched and valid 16518l. Output disabledl6508l. 
Z Output disabled. high Z. Ready for next cycle .. 

WRITE CYCLE TIMING 

TIME f 
REFERENCE-----~_.1----0~----~---~2~----3~. 

*6551 Only 

OUTPUT 
0 0 NOTES 
X Z Memory inactive. output high Z 

oX Z Addresses latched 
X Z Write operation begins 

V Z Write operation ends 
X Z Output disabled. high Z. Ready for next cycle .. 



IM6508/18 
PACKAGE DIMENSIONS 

16 LEAD CERAMIC (DE) 

16 LEAD CERDIP (JE) 

.320 (8.128) 

.290 (7.366) " 

[ :: ::: ~ j -·~~~~~:!~::r 
F-= .310 (7.874) - -I 180 (4 572) .240 (6.096) 

.780 (~9.812) MAX] .140 (3 556) l--j 

j,,,m.~ 1·4:::,(:~::1 . 
. 015 (.381) :,0,90 (2.286) .030 (.762)' .O~5 (:381) - .330 (8.382) r 

16 LEAD FLATPACK (FE) 

/+----.750 (19.05) ~IN 

.380 ( •• 652) I I 
.300 (7.62)· .. • 

.019 (.483) 

.015 (.381) 

Irll if+'" 
~.280 (1.112) 
I I~ 

.055 (1.397) 

.045 {1.143} 

I 

t 
c::::;; 

t t 
.006 (.152) 
.003 (.076) 

.080 (2.032) .040 (1.016) 

.040 (1.016) .020 (.508) 

16 LEAD PLASTIC· ... [::::::j 
[ - -I .160 MAX r- .770 (19.SS8) MAX --I (4.064) 

~--'-m=-t: 

.310 (7,874), 
-- .280 (7.112) 

.235 (5.969) 

.215 (5.461) 

I~I 

T wut 
·.060 (1.524) .11;;L.l~ .060 (1.524) .0;;!:;84) ::~~ ~~:~~: 1.400 10.16 I . 
.015 (.381) .090 (2.286) .045 (1.143) .015 (.381) - .30(8,382) r-

NOTE: Dimensions in inches (mm)" 

O~OIL 

18 LEAD CERAMIC (DN) 

18 LEAD CERD.IP (IN) 

[::::::: j . -·~~~~~:!~::r 
I q 310 (7.874) 

• 180 (4572) 260 (6604) 
-- 900 (22.860) MAX - 140 (3556) l--j 

060(1524) I 
ol5[381T mmwn- ' . !--

-- r~ I II =r .008 (.203) 

-I 1- ~ - -11:;:- .200 (5.08) I ~ 
.-'! .. !"~.J2 .. 794) ~1....:!~ .023 (.5841.125 (3.17~ .400 pO.16) . 
.090 (2 .. 286) .. 030 ( .. 762) .015 (.3811 .330 (8.382) 

18 PIN FLATPACK (FN)' 

J~ •. ~~""'.~ IL ! 
,!T~ .015(.381) 
(;.270) TYP . .375 ± .020 .315 (8.001) 

. (9.525 ± .508) 

.005 ± .002.. .950 1: .050 .025 REF 
(.127 ± .050) (24.130:!. 1.27) (.&35) 

.L II .....L 
t t 

18 LEAD PLASTIC (PN) 

[:::::::j 
I. I .175 MAX 
--- .950 (24.13) MAX--__ (4.445)' 

.060.(1.524)~ -t
.015 (.381) 

~ ----------r-- _. .. fffimmjl ... I ~ 
_I 1- ~ - -11';:- .160 (4.064) I· ~ 

, .110 (2.794) .070 (1.778)~2 (0.5~·100 (2.540) .350 (8.890).· 
... 090 (2.286) .030 (.762) .018 (0.457) - .300 (7.620) 
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FEATURES 

IM6551/IM6561 
1 ()24 (256 X 4) Bit 

CMOS RAM 

GENERAL DESCRIPTION 

• LowStandby Power: 5MWTypicai Standby at 5V, The IM6551 and IM6561' are high sReed, low power silicon 
gate CMOS 1024 bit static RAMs organized 256 words by 4 
bits.' In all static states these RAMs exhibit the microwatt 
power requirements typical of CMOS. The basic parts oper
ate from 4.5 t65.5 voits, with access times of 360 ns and 
standby supply currents of 100 jJ.a guaranteed over operating 
temperature range. Higher operating voltages and cor
respondingly faster speeds are offered in "A" versions. Data 
retention is guaranteed to 2.0V on all non-C parts. 

25°C 
• Low Operating Power: 10mW/MHz Maximum 
• High Speed Operation 
• Data Retention to VCC = 2.0V (non-C version) 
• TTL Compatible Inputs and Outputs 
• Three State Outputs 
• On-Chip Address Registers· 
• Completely Static and Synchronous 
• Operating Voltage Range 4V to 11V (A version) 
• Military and Industrial Temperature Ranges 

BLOCK DIAGRAM 

IM6551 
s, 

., 

I 
I 

__ .J 

"1" HIGH-z 
OUTPUT 

IM6561 

"1" HIGH-z 
OUTPUT 

. ORDERING INFORMATION 
I---;:;:~=::r-::.:.:.::;;=,..--+---:~M~IC!:L!.!IT,!:A~R~Y==--....l COMMERCIAL 

STD STD STD 
INDUSTRIAL 

SrD SrD 
NO. PACKAGE 5V 10V 5V 10V 5V 

IM6551 Cerdip JF IJF AIJF MJF AMJF CJF 
Ceramic OF IOF AIOF MOF AMOF COF 
Plastic PF IPF CPF 

IM6561 Cerdip IN IJN AIJN MJN AMJN CJN 
Ceramic ON ION AIDN MON AMON CON 
Plastic PN IPN CPN 
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PIN 
CONFIGURATION 

TOP VIEW 

TOP VIEW 

Pin 1 is designated by 
a dot or a notch. 



IM6551 A/IM6561 A 
ABSOLUTE MAXIMUM RATINGS 

Sup'plyVoltage .......................................................... +12.0V 
InputorOutputVoltageApplied ................ ' .. , ....... GND-D.3VtoVCC+0,3V 
Storage Temperature Range ............... , ..................... -65°Cto+150°C 
Operating Range 

Temperature 
Industrial .................................................. -40°C to +85°C 
Military ................... , ............................... -55°C to +125°C 

Voltage 
IM6551A,IM6561A ........................................... 4V to llV 

DC CHARACTERISTICS 

TEST CONDITIONS: Vee = 4V to llV, TA = Operating Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Logical "1" Input Voltage VIH Vee-2.0 

V 
Logical "0" Input Voltage VIL 0.8 

Input Leakage IlL OV~VIN~Vee -1,0 1,0 /lA 
Logical "1" Output Voltage VOH lOUT = 0 Vee -D,01 

Logical "0" Output Voltage VOL lOUT = 0 GND +0.01 
V 

Output Leakage 10 OV~Vo~Vee -1,0 1,0 

Standby Supply Current leeSB VIN ~ Vee 5.0 500 /lA 

leeSB Vee = 3.0V = E1 0,1 50 

Operating Supply Current leeop f = 1 MHz, VIN = Vee 10 mA 

or GND, 10 = 0 

Input Capacitance CIN 5,0 7.0 
pF 

Output Capacitance Co 6,0 10,0 

AC CHARACTERISTICS 

TEST CONDITIONS: Vee = 10V ±5%, CL = 50pF, TA = 25° C 

IM6551A/61AI,M 
PARAMETER SYMBOL MIN MAX UNITS 

Access Time From E1 TE1LOV 180 
Output Enable Time TSLOV 90 
Output Disable Time TSHOV 90 
E1 Pulse Width (Positive) TE1HE1L 60 
E1 Pulse Width (Negative) TE1LE1H 110 ns 
VVPulse Width (Negative) TWLWH 120 
Address Setup Time TAVE1L 25 
Address Hold Time TE1LAX 60 
Data Setup Time TDVE1H 60 
Data Hold Time TE1HDX 30 
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IM6551/IM6561 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................... +8.0V 
Input or Output Voltage Supplied ......................... GND -D.3V to Vee +O.3V 
Storage Temperature Range ....... '" ......................... " -u5°C to +150°C. 
Operating Range 

Temperature 
Industrial .................................................. -40°C to +85°C 
Military ................................... , ................ -55° C to +125°C 

Voltage 
6551/61 I,M ............. , ...................................... 4.5V to 5.5V 

DC CHARACTERISTICS 
TEST CONDITIONS: Vee = 5.0V ±10%, TA = Operating Temperature Range 

PARAMETER . SYMBOL CONDITIONS MIN TYP MAX UNITS 

Logical "1" In'put Voltage VIH Vee-2.0 
V 

Logical "0" Input Voltage Vil 0.8 

Input leakage ill OV:SVIN:SVee -1.0 1.0 jJ.A 

logical "1" Output Voltage, VOH' 10H = -D.2mA 2.4 
V 

logical "0" Output Voltage VOL1 IOl = 2.0mA " .0.45 

Output leakage 10 OV:SVo:SVee -1.0 1.0 

Standby Supply Current leess VIN = Vee 1 100 J1.A 

leess Vee = 3V = E, .1 50 

Operating Supply Current leeop f = 1 MHz, VIN = Vee 2 mA 

or GND; 10 = 0 

Input Capacitance CIN 5.0 7.0 pF 
Output Capacitance Co 6.0 10.0 

AC CHARACTERISTICS 

TEST CONDITIONS: Vee = 5.bv ±10%,Cl = 50pF, TA = Operating Temperature Range 

IM6551/61 I,M 

PARAMETER SYMBOL MIN MAX, UNITS 

Access Time From E TE,lOV 360 

Output Enable Time TSL.OV 180 

Output Disable Time TSHOZ 
' , 

180 

E, Pulse Width (Positive) TE,HEl 120 

E, Pulse Width (Negative) TE,LEH, ' '220 
ns 

W Pulse Width (Negative) TWlWH 240 

Address Setup Time TAVE,l 50 

Address Hold Time TE,lAX 120 

Data Seiup Time I TDEV,H 120 

Data Hold Time TE,HDX 60 
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IM6551C/IM6561C 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ......................... '" .............................. + 7.0V 
Input or Output Voltage Applied. . . . . . . . . . . . . . . . . . . . . . . . .. GND -{).3V to VCC +0.3V 
Storage Temperature Range ..................................... -65° C to +150° C 
Operating Range 

Temperature 
Commercial .................................................. O°C t070°C 

Voltage 
IM6551/61C ................................................ 4.75V to 5.25V 

DC CHARACTERISTICS 

TEST CONDITIONS: Vee = 5.0V i: 5%. TA = Operating Temperature Range 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 
Logical "1" Input Voltage VIH Vee-2.0 

V 
Logical "0" Input Voltage VIL 0.8 

Input Leakage IlL OVSVINSVee -5.0 5.0 JiA --~.4 Logical "1" Output Voltage VOHl IOH ·~-o.2mA 
V 

Logical "0" Output Voltage VOL 10L = 1.6mA 0.45 

Output Leakage 10 OVSVoSVee -5.0 5.0 

Standby Supply Current leesB VIN = Vee 500 800 JiA 

Operating Supply Current leeop f = 1 MHz, ViN = Vee 4.0 mA 

or GND, 10 = 0 

Input Capacitance CIN 5.0 7.0 

Output Capacitance Co 6.0 10.0 
pF 

AC CHARACTERISTICS 

TEST CONDITIONS: Vee = 5.0V i: 0%, CL = 50pF, TA = Operating Temperature Range 

IM6551C/61C 
PARAMETER SYMBOL MIN MAX UNITS 

Access Time From El TE1LOV 450 
Output Enable Time TSLOV 200 
Output Disable Time TSHOZ 200 
El Pulse Width (Positive) TE1HE1L 150 
El Pulse Width (Negative) TE1LE1H 250 ns 
W Pulse Width (Negative) TWLWH 300 
Address Setup Time TAVE1L 65 
Address Hold Time TE1LAX 200 
Data Setup Time TDVE1H 200 
Data Hold Time TE,HDX 65 

tJ 
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IM6551 /IM6561 
READ MODE OPERATION 

In a typical READ operation the address 
lines are latched by the falling edge of 
strobe input E1. If the chip has been selec
ted, i.e. 81 and 82 16551 only) are low, data 
becomes valid an access time ITE, LQV) 
after the falling E, edge. Data is latched into 
output registers by rising E1 and remains 
valid until the next cycle or until a chip 
select 18, or 82) is returned high. 

Address and E2 information is edge trig
gered and must be valid a setup time 
ITAVE,U before and a hold time ITE,LAX) 
after the falling edge of E1. S" S2 and Ware 
level sensitive and' may: occur after E, 
transitions without affecting access time. 

FUNCTION TABLE. READ 

INPUTS 
TIME REF. E1 A E2, 

1 H X X 
0 ~ V L 
1 L X X 
2 L X X 
3 ....r- X X 
4 H X X 

WRITE MODE OPERATION 

For a WRITE operation addresses and E2 
are latched by E, as in a READ operation. 
Data is written when strobe' IE1), chip 
selects 18" 82) and write (Iij) are low. 
WRITE operation ends when,one of these 
lines returns high. Minimum write pulse 
requirements are specified for E1 as 
TE,LE1H and for 8,,82, Was TWLWH, 

Data must be valid a setup time ITDVE, H) 
before and a hold time ITE,HDX) after the 
final rising edge. 

FUNCTION TABLE. WRITE 

INPUTS 
TIME REF. E, A E2 S 

1 H X X H 
0 'L V L H 
r L X X L 
2 L X X L 
3 H X X H 
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READ CYCLE TIMING 

TE1HE1 L-;~I"'f----TE1.I,E1 H ---.... 1 

E1 
,-..-----

AO-Ag 

E2* 

S"S2* 

Q 

W 

TIME t t t t t 
REFERENCE -1 0 2 3 4 

S 
H 
X 
L 
L 
L 
H 

'6551 Only 

OUTPUTS 
W Q NOTES 
X Z Memory Inactive. output high Z. 
H Z Addresses and E2 latched, output still high Z. 
H X Output enabled and active. 
H V Output valid 
H V Output latched and valid, memory inactive. 
H Z Output disabled, high Z. Ready for next cycle. 

WRITE CYCLE TIMING 

TIME 
REFERENCE----~_1-----~O------~~~---2L----~3-

*6551 Only 

OUTPUTS 
W 0 Q NOTES 
X X Z Memory Inactive, Outputs high Z 
X X Z Addresses and E2 latched 
'L X Z Write operation begins 
....r- V Z Write operation ends 

H X Z Outputs disabled, high Z. Ready for next cycle, 



IM6551/IM6561 
PACKAGE DIMENSIONS 

18 LEAD CERAMIC (ON) 

18 LEAD CERDIP (IN) 

[ ~ ~~ ~ ~ ~ ~ j -I ;:::~;;::I 
.310 (7.874) 

1
----- 900 1228601 MAX~ I .,.80'(.4.572) .260. (6'604)1 

" -- .140 (3.556) I-~-I 
.060 11.5241 ----'~ I ',' 
'''1'''' ~.'. ~ 
~ III ~ 00812031 

-I 1- ~ - -11-.20015.081 I' ~ . 
. 110 (2.794) .070 (1.778) .023 (.584)·125 (3.175) ADD (10.16) 
.090 (2.286) .030 (.762) .015 (.381) -- .330 (8.382) . 

18 LEAD PLASTIC (PN) 

[~~ ~ ~ ~ ~ '.J .~;~: :~~~::~ 
'
1__ .950 (24.13) MAX .11 .175 MAX 

(4.445) 

0.60 (1.5.2.4.
1
. ffiffim1. .... . '. 

~015(.38T)' I 

. t _' _ 

~l~ _I 1_ U 1-. -II: 16ko6411 

.110 (2.794) .070 (1.778).022 (0.559)·100 (2.540) I .350 (8.890) I 

.o9Cf(2.286) -:D30 (.762) .018 (0.457) -' .300 (~.620) r--

NOTE: All dimensions in parenthesis are metric. 

O~OIb 

22 LEAD CERAMIC (OF) 

-Ll:~JII ='~~ - r- !.! -I r- .200 (5.081 I .\ 
, .060 (1.524) .110 (2.794) .070 (1.778) .023 (.584) .125 (3.175) .420 (10.668) 

.025 (.635) .090 (2.286) .030 (.762) .014 (.356) .390 (9.906) 

22 LEAD CERDIP (JF) 

22 LEAD PLASTIC (PF) 

c:::::::] 
1_ 1.200 (30.481 MAX - -I .'7~fX4451 

.410 (10.41 41 --1 
.380 (9.652) 

I'~'II 
1-~~~ r ~ 

015103811 -
008 (0 2032) 
470 (11 938) [-I I-W 1- r-II- 1-410(104141-1 

.060 (1.524) .110 (2.794) .090 (2.286) .023 (.5842) .160 (4.064) 
:015 (0.381) ]90'(2.286) .075 (1.905) .015 (.~810) .100 (2.540) 

tJ 
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FEATURES 
• Low Power Standby -Typically 1J.l W 
• High Speed - 170nS Typical Access Time at SV, 

2SoC 
• Improved Chip Enable Function Simplifies Battery-

Backup System Design 
• TTL/CMOS Compatible Inputs and Ol'ltputs 
• Three State Outputs 
• Operating Voltage Range 4.SV to S.SV (SV ±10%) 
• Data Retention to VCC = 2V 
• On-Chip Address Register 
• Harris IM6S04/Mostek MK4104 Compatible 

GENERAL DESCRIPTION 
The IM6504 is a low power, highspeed4096-bit static RAM 
organized as 4096 words by 1 bit, fabricated with Intersi/,s 
selective-oxidation, ion-implanted, self-aligned silicon-gate 
CMOS process (SElOX-C). In all static states, this device 
exhibits the microwatt power dissipation typical of CMOS. 
Inputs and three-state outputs are TTL and CMOS COmpatible 
and allow for direct interface with common system bus 
structures. On-chip address registers simplify system timing 
requirements. 

Battery"backupdesign is simplified by an improved chip 
enable which, when high, allows all other inputs to be 
floating without increased power dissipation. 
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The basic part operates over the 4.5V to 5.5V range with a 
typical 5V, 25°C access time of 170nS. 

LOGICAL BLOCK DIAGRAM 
AD-
Al-

GATED 64 x 64 
A4- ADDRESS + +-A~~=: 

REGISTER ROW MEMORY CELL 
DECODER ARRAY 

All-'--

E~ ...... 1 t -t- .--. .... 
..... 

~=-w 
.-.; 

o~ 
...... 

DeCODER AND 
DATA 110 C 

."'\ 
, e 

w~ oJ ~ FD 
J ADDRESS I I REGISTER 

11.151.J1s 
PIN NAMES 

AO-All ADDRESS INPUTS 

D DATA INPUT 

Q DATA OUTPUT 

E ADDR. STROBE/CHIP ENABLE 

W WRITE ENABLE 

Q 

IM6504 
CMOS Static RAM 

,4096 Bit (4096 x.1 ) 

FUNCTIONAL DESCRIPTION 

Read Cycle 

The falling edge of chip enable (8 latches addresses in the 
on-chip register and initiates a read cycle. Addresses to be 
latched must be present a setup time (TAVEl) prior to and a 
hold time (TElAX) following the falling edge of E. After an 
access time, valid data will be present at the output.The read 
is terminated when E goes high, disablingthe output buffers. 

Early-Write Cycle 

The falling edge of Elatches addresses, data-in'(O) and Win 
on-chip registers. For the early-write cycle, iN will be latched 
low causing the output ·buffers to remain in the high_ 
impedance state through the end of the cycle. 

Read-Modify-Write Cycle 

The read-modify-write cycle begins as a normal read. The 
falling edge.of E latches addresses in the on-chip register 
and initiates the read cycle when iN is high. After an access 
time, valid data. will be present at the output. Data-in. (D) and 
data-out (Q) are latched on the falling edge of W. At this 
pOint, all input signals with the exception of E have been 
latched and may change without affecting the cycle. 6n the 
next rising edge of E the write portion is complete, inputs are 
unlatched, and the output returns to high-impedance. 

ORDERING INFORMATION 

PART NO, PACKAGE TEMP, RANGE 

IM65041PN l8-PIN PLASTIC -40° C to +85° C 

IM65041JN l8-PIN CERDIP -40°.C to +85°C 

IM65041DN l8-PIN CERAMIC -40° C to +85° C 

IM6504MJN l8-PIN CERDIP -55° C to + 125°C 

IM6504MDN l8-PIN CERAMIC -55°C to +125°C 

IM6504MFN l8-PIN FLATPACK -55°C to +125°C 

IM6504CPN' l8-PIN PLASTIC O°C to +70°C 

IM6504CJN' l8-PIN CERDIP DoC to +70°C 

'Preliminary specifications for these devices have not yet been 
established. 

PIN ASSIGNMENTS LOGIC SYMBOL 

i iT 
~ AD vec AD 

Al-
Al 2 17 A11 A2- "-0 
A4 3 16 A1D 

A. -AS , IM6504 15 A9 A4- IM6504 
A2 , " AD 

A'-A. s 13 A7 A6-
Q 7 12 AS A7-
Vi 8 11 0 

AD -
GNO • " E A9- "-Q 

AlO-
A11 -

~NO 



IM6504 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (VCC) ...................... . ........ +8V 
Input or Output Voltage Applied ... GND -D.3V to VCC +0.3V 
Storage Temperature ..................... -65° C to 150° C 

OPERATING CONDITIONS 

Supply Voltage (VCC) ...................... +4.SV to +5,5V 
Operating Temperature 

Industrial ........................ ;.: ... -40° C to +85° C 
Military ............................... -55°Cto+125°C 

NOTE: Stresses greater than those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. Functional 
operation of the device at these or any other conditions exceeding 
those indicated in the operational sections of this specification is not 
implied. Exposure to absolute maximum rating conditions for 

~ extended periods of time may affect device reliability. 

ELECTRICAL PARAMETERS VCC =5V± 10%, CL = 50pF,TA = Operating Temperature Range 

SYMBOL DESCRIPTION MIN TYP MAX UNITS TEST CONDITIONS 
ICC DR Data Retention Supply Current 0.Q1 JiA VCC=3V, E=VCC,D=W=VCC or GND:IO=O 
ICCSS Standby Supply Current 0.1 JiA E-VCC, D=W-VCC or GND, 10-0 
ICCOP Operating Supply Current 2 mA f - 1 MHz, VIN - Vc;(.; or(jNU, Iv 0 
VCCDR Data Retention Supply Voltage 2 V 
VIH Input High Voltage VCC - 2 VCC+0.3 V 
VIL Input Low Voltage -D,3 0.8 V 
II I nput Leakage 1 +1 JiA GND S VIN S VCC 
VOH Output High Voltage 2.4 V 10H - -D.4mA 
VOL Output Low Voltage 0.4 V 10L - 2mA 
10Z Output Leakage -1 +1 JiA . E=VCC, GND < VOUT < VCC 
CI Input Capacitance1 5 pF f - 1 MHz, VIN - VCC or GND 
CO Output Capacitance1 6 pF f - 1 MHz, VIN - VCC or GND 

TIMING PARAMETERS vcc = SV ±; 10%, CL = 50pF,TA= Operating Temperature Range 

SYMBOL DESCRIPTION MIN TYP MAX UNITS . TEST CONDITIONS 
TELQV Chip Enable Access Time 170 
TAVQV Address Access Time 170 
TEHQZ Chip Enable Output Disable Time 50 
TELEH Chip Enable Pulse Negative Width 170 
TEHEL Chip Enable Pulse Positive Width 70 
TAVEL Address Setup Time -10 
TELAX Address Hold Time 20 
TWLWH Write Enable Pulse Width 40 
TWLEH Write Enable Pulse Setup Time 70 nS TRISE = TFALL = 20nS 
TWLEL Early Write Pulse Setup Time -10 
TWHEL Write Enable Read Setup Time 10 
TELWH Early Write Pulse Hold Time 40 
TDVWL Data Setup Time 0 
TDVEL Early Write Data Setup Time 0 
TWLDX Data Hold Time 40 
TELDX Early Write Data Hold. Ti me 40 
TQVWL Data Valid to Write Time .' 0 
TELEL Read or Write Cycle Time 240 

NOTE 1: This parameter periodically sampled, not 100% tested. 

fJ 
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IM6504 

Vi VIH-

TIME 
REFERENCE 

E 

TIME 
REF. 

-1 

0 

1 
2 
3 
4 

___ -J 

A 

Q VOH

VOL -

INPUTS 
E W 
H X 

"- H 

L H 
...r H 
H X 

"- H 

, 

A 
X 
V 

X 
x 
X 
V 

TELEL 
TElEH --- ---

I I 
2 3 

FUNCTION TABLE 

OUTPUT 
a NOTES 
Z MEMORY INACTIVE 
Z CYCLE BEGINS. ADDRESSES 

LATCHED 
V OUTPUT VALID 
V READ COMPLETE 
Z MEMORY INACTIVE (SAME AS 
Z CYCLE ENDS. NEXT CYCLE 

BEGINS (SAME AS 01 

READ CYCLE 

HIGH 

11 

REF~I:EENCE ---'-----11-'---+---------1--'-----+--+1---41----,---,---
-1 3 4 

FUNCTION TABLE 

TIME INPUTS OUTPUT 
REF. E W A D a NOTES 

1 H X X X Z MEMORY INACTIVE 
0 "- L V V Z CYCLE BEGINS, 

ADDRESSES LATCHED 
1 L X X X Z WRITE IN PROGRESS 
2 .-r x x x Z WRITE COMPLETE 
3 H X X X Z MEMORY INACTIVE (SAME 

, AS -11 
4 '- L V V Z CYCLE ENDS, NEXT CYCLE 

BEGINS (SAME AS 01 

EARLY WRITE CYCLE 

O~OIL 



IM6504 

REF~~ME~CE -----tt---t------I------if-----'-' tt -tt -+t--+---, 4 5 

FUNCTION TABLE 

TIME INPUTS OUTPUT 
REF. E W A D Q NOTES 

1 H X X X Z MEMORY INACTIVE 
0: '- H V X Z CYCLE BEGINS, 

ADDRESSES LATCHED 
1 L H X X V OUTPUT VALID, READ/ 

MODIFY TIME 
2 L ~ X V V WRITE BEGINS,DATA 

LATCHED , 

3 L X X X V WRITE IN PROGRESS 
4 ...r X X, X V WRITE COMPLETE 
5 H X X X Z MEMORY INACTIVE (SAME 

AS -11 
6 ~ H V X Z CYCLE ENDS, NEXT CYCLE 

BEGINS (SAME AS 01 

READ-MODIFY-WRITE CYCLE 

tJ 
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IM6504 
SYMBOLS AND ABBREVIATIONS 

This data sheet utilizes a new set of specification nomenclature. This new format is an I EEE and JEDEC supported standard for 
semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory data 
sheets consistent. We believe,. once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATioNS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

V (Voltage) 
(Current) 

P (Power) 
C (Capacitance) 

The second letter specifies input (Ii or output (0), and the 
third letter indicates high (H), low (LI or off (Z) state of the pin 
during measurements. Examples: 

VIL - Input Low Voltage 
10Z - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
subscripts. The initial character is always T and is followed 
by four descriptors. These characters specify two signal 
pOints arranged in a "frorn-to" sequence that define a timing 
interval. The two descriptors for each signal point specify the 
signal name and the signal transitions. Tt)us the format is: 

TXXXX 

Signal name from which i. nterval is defined .•.•.. t t.l.!. 
Transition direction for first signal 

Signal name to which interval is defined 
. Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S == Chip Select 
G = Output Enable 

Transition Definitions: 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 

EXAMPLE: . 

CHIP 
ENABLE 

. VI'/f 

1_-'---- TWLEH--=-~ 
, WRITE 
ENABLE 

W ~VIL' /r----~ 

The example shows Write pulse setup time defined as 
TWLEH~Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system poini of view. Thus, 
address set-up time is shown as a minimum since the system 
must supply at least that much time (even though most' 
devices do not require it). On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since the 
device never provides data later than that time. 

·'WAVEFORMS 

WAVEFORM 
SYMBOL INPUT 

MUST BE 
VALID 

CHANGE 
FROM H TO L 

CHANGE 
FROM L TO H 

DON'T CARE: 
ANY CHANGE 

PERMITTED 

OUTPUT 

WILL BE 
VALID 

WILL CHANGE 
FROM H TO L 

WILL CHANGE 
FROM L TO H 

CHANGING: 
STATE UNKNOWN 

H!GH 
IMPEDANCE 



IM6504 
PACKAGE· SPECIFICATIONS 

18-Pln Ceramic Dip (ON)l 18-Pln CEROIP (IN)l 

[ : : : : :: : j -~~~:~:~~:lr 
.310 (7.874) 

. . 1- .900 (22.B60) MAX--I .~:~ :~~~~l (60(66041 . 
',060 (1.524) -t--
"'t" ~. - - _ .. ~ ... 
~ UI-----r --L .008 (.203) 

-,.1 1- ... - -il- .200 (5.0B) I ~ 
.110 (2.794) .070. (1.718) ,023 (.584)·125 (3.175) .400 (10.16) 
.090 (2.286) .030 (.762) .015 (.JS1) - .330 (8.382) 

18 LEAD PLASTIC (PN) 

[~:::~:] ~~r 
F-~ 950 (2413) MAX - -I .175 MAX .250 (6.350) 

. . ---, (4.445) r-MAX~ 
.060 (1.524) =t= If 
.015 (.381) 

t 

t t .008(.203) 

•. =J~it..,:=:::::: ,.350 (8.890) I ... :: 
.090 (2.286) .030 (.762) .018 (0.457) -- .300 (7.620) r-

NOTES: 
1. Hermetic: Maximum Leakage Rate 5 x 10-7 atm. cc/sec 
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~ ~ .~e' IM6514 
~C O~ .. ~o!~.OS Static RAM 

~~~~e~\ .. ":i96 Bit (1024 x 4) 
~\J ~r:,,~~<s 
~O$·e~\"o 
~ o"~ 

e~ 

~ i~~~~( 
FEATURES ~ .. e<~~ FUNCTIONAL DESCRIPTION 
• Low Power Standby - Typically 1ttW c,,~(1Ji 
• High Speed - ,170nS Typical. Access Time al SV, 

2S~ C 
• Imp,roved Chip Enable Function Simplifies Battery-

Bl,'lckup System Design 
• TTL Compatible Inputs and Outputs, 
• Three State Outputs " 
• Operating Voltage Range 4.SV to S.SV (SV ±10%) 
• Data Retention to VCC = 2V 
• On-Chip Address Register 
• Harris IMSS14/Mostek MK4114 Compatible 

GENERAL DESCRIPTION 
ThelM6514 is a low power, high speed 4096-bit static RAM 
organized as 1024 words by 4 bits, fabricated with Intersil's 
selective-oxidation, ion-implanted, self-aligned silicon-gate 
CMOS process (SELOX-C). In all static states, this device 
exhibits the microwatt power dissipaticm. typical of CMOS.' 
Inputs and three-state outputs are TTL and CMOS compati
ble and allow for direct interface with common system bus 
structures. On-chip address registers si,mpiifysystem timing 
requirements. 

Battery-backup design is simplified by an Jmproved chip 
enable which, when high, allows all other inputs to be float
ing without increased power dissipation. 

The basic part operates over the 4.5Vto 5.5V range with a 
typical 5V, 250 C access time of 170nS. 

BLOCK DIAGRAM 

A9g=fl r--
AS 
A7o--ADOAESS ,GATED ~ 

64.64 

A6 ~REGISTER~ ROW 
MEMORY 

CelL 
~ OECODER ARRAY 

AS 
A4 . 

'T ~ T 
-cc--, r--

0/00 

0101 
~{:c ~ GATED COLUMN 

~~ 
DECODER 

:--1 AND 

0/02 DATA 1/0 

~-C?: :--1 0/Q3 

U .} 
I ADDRESS 

~ 
I REGISTER 

l~ 

A~~I , ~ 
E W 

PIN NAMES 

AO-A9 ADDRESS INPUTS. 

D/QO-3 DATA INPUTS, Q OUTPUTS 

E ADDR. STROBE/CHIP ENABLE 

W WRITE ENABLE 

Read Cycle 
The falling edge of chip enable (E) latches addresses in the 
on-chip register andinitiatesa read cycle. Addresses to be 
latched must be present a setup time (TAVEL) prior to and 
a hold time (TELAX) following the falling edge of E. During 
time T=1 the output will become valid. Write enable (W) must 
remain high until after time T=2. The read is terminated when 
E goes high at time T=3 disabling the output buffers. 

Write Cycle 
The falling edge of E (T=O) latches addresses in on-chip 
reg~ters. Write begins at T=1 and ends at T=2 with rising E 
or W. Data in must remain valid until T=4. 

Read-Modify-Write Cycle 
The read-modify-write cycle begins as a normal read . .The 
falling edge of E (T=O) latches addresses in the on-chip 
register and initiates the read cycle when W is high. During 
time T=l the output will become active; at T=3valid data 
!!1.ust.be present. Data-in (D) is latched on the rising edge of ' 
W. On the. rising edge of E (T=4) the write portion is com
plete, inputs are, unlatched, and the output returns to high

'impedance, , 

ORDERING INFORMATION 

PART NO. PACKAGE TEMP. RANGE 

IM65141PN 18-PIN PLASTIC -40° C to +85° C 

IM65141JN 18-PIN CERDIP -40° C to +85° C 

IM65141DN 18-PIN CERAMIC -40 0 C to +85° C 

IM6514MJN 18-PIN CERDIP -55°C to +125°C 
IM6514MDN 18-PIN CERAMIC --55° C to +125° C 

IM6514MFN 18-PIN FLATPACK -55° C to +125° C 

IM6514CPN 18-PIN PLASTIC O°C to HO°C 

IM6514CJN 18-PIN CERDIP O°C to +70°C 

PIN ASSIGNMENTS LOGIC SYMBOL 

I 1T 
A6 ~ vee AD 

AS 2 17 A7 
Al-

f---O/Oo 
A4 3 16 A8 

A2-

A3 4 IM6514 1S A9 A3 -

AO 5 '14 0/00 
A4- IM6514 -DID, 

Al 6 13 0101 AS-

A2 7 12 0/Q2 
A6-

-0/02 
E 8 11 0103 

A7-

GND • 10 Vi A8-
A9- -0/03 

~NO 



TIME 
REFERENCE 

E 
A 

w 

o 

TIME 
REF. 

-1 
0 

1 
2 
3 
4 

t -, 

E 
H 

"-. 

L 

-----H 

"-

t t 
2 3 .. 

FUNCTION TABLE 

INPUTS OUTPUT 
W A Q NOTES 
X X Z MEMORY INACTIVE 
H V Z CYCLE BEGINS. ADDRESSES 

LATCHED 
H X V OUTPUT VALID' 
H X V READ COMPLETE 
X X V MEMORY INACTIVE (SAME AS -11 
H V Z CYCLE ENDS. NEXT CYCLE 

BEGINS (SAME AS 01 

'READ' CYCLE 

'HIGH 

Z ' 

t t t REF~~:NCE----------r------r---------;----------------~tr--t~-----t~-
-1 0 ~ i 3 4 

FUNCTION TABLE 

TIME INPUTS 
REF. E W A 1/0 NOTES 
-1 H X. X Z MEMORY INACTIVE 
0 

"-
X V Z CYCLE BEGINS, ADDRESSES 

LATCHED 
1 L L X Z WRITE IN PROGRESS 
2 L ...r X V WRITE COMPLETE 
3 H X X V MEMORY INACTIVE (SAME AS -1) 
4 "-- X V Z CYCLE ENDS, NEXT CYCLE BEGINS 

WRITE CYCLE 
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IM6514 

TIME 
REFERENCE 1· 

-I 

TIME 
REF. 

1 
0 

1 

2 

3 
4 
5 

6 

E 
H 

'-

L 

L 

L 
JT 
H 

'-

1 1 t 
4 5 

FUNCTION TABLE 

INPUTS OUTPUT 
W A 0 Q NOTES 
X X X Z MEMORY INACTIVE 
H V X Z CYCLE BEGINS. 

ADDRESSES LATCHED 
H X X V OUTPUT VALID. READ/ 

MODIFY TIME 

'- X X Z WRITE BEGINS. 
OUTPUT HIGH Z 

L X V Z WRITE IN PROGRESS 
X X X Z WRITE COMPLETE 
X X .... 'X Z MEMORY INACTIVE (SAME 

AS -1) 
H V X Z CYCLE ENDS. NEXT CYCLE 

BEGINS (SAME AS Ol 

READ-MODIFY-WRITE CYCLE 



IM6514 
PACKAGE SPECIFICATIONS C~ ~ .. ",0"''''''· 

~~~ ~'-1, .. ,,0'" 
~~ ~~~"~",~,,, 

18 LEAD CERAMIC (ON) ~~~ <1>"''';\''''' 18 LEAD CERDIP (IN) 

[] : : :] ]~'"'' cY.J, ••••. " [: ~ ~ ~ ~ ~ ] 
I 

MAX- .320 (8.128, I ~ 180 (4 572) 

l-mijn±~ ~'i:~I_'r'"' 
.. -11- -1~ .200(5.08) ~ .,1~L,t070(1;;8) .O;'l:84).;22~0(~"~8J) 1.400 (10.,6) I 
.060 (1.524) .11012.794) .070 (1.778) .023 (.584)' .125 (3.175) .320 (8.128) .090 (2.286) .030 (.762) .015 (.381) - .330 (8.382), t+-
.025 (.635) .090 (2.286) .030 (.762) .014 (.356) .290 (7.366) 

NOTES: 

18 LEAD PLASTIC (PN) 

[~:~~~~~j 
~. ~ .175 MAX 

~,,~, mmm .. '50 (24.13) MA .. X ... =to (4'44.5) 

.015 (.381) 

~ -

-r- IIU ~ ~ 
-I 1-.1.1 -11- .. 160 (4.064) I ~ 

.110 (2.794) .070 (1.778).022 (0.559)·100 (2.540) .350 (8.890) 

.090 (2.286) .030 (.762) .018 (0.457) - .300 (7.620) 

1. Hermetic: Maximum Leakage Rate 5 x 10-7 atm. cc/sec 

tJ 
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D~DIb 

FEATURES 

• 4096 X ,1 Organization 
• Maximum Access Time: 

-7141-2, 7141L2 - 200ns 
- 7141-3, 7141L3- 300ns 
- 7141, 7141L - 450n5 

• TTL Compatible Inputs and Outputs 
• Separate Data Input and Output 
• Military Temperature Operation -55°C to +125°C 

Available 
• 883A Class B Processing Available 
• High Density 18 Pin Package 
• Minimum Cycle Time Equal to Access Time 
• Power Dissipation 

-7141L - 275mW Maximum 
- 7141 - 385mW Maximum 
- Military Temp Units - 495mW Maximum 

• Completely Static Operation 

BLOCK DIAGRAM 

@ 
,~Vcc 

~GND 
CELL ARRAY 
64 ROWS BY 
64 COLUMNS 

\ 

ORDERING INFORMATION 

POWER PACKAGE 
200ns 

275mW 18 Pin CERDIP IM7141 L2CJN 

385mW 18 Pin CERDIP IM7141-2CJN 

18PinCERAMIC IM7141-2MJN 
495mW 18 Pin CERDIP w/8838 IM7141-2MJN/B 

IM7141 
4096 Bit Static RAM 

DESCRIPTION 

The 7141 is ,a 4096-bit static Random Access Memory device 
organized 4096 X 1. The storage cell, 'decode and control cir· 
cuitry are completely static, therefore no clocks or refresh op· 
erations are required. Memory access occurs within the specified 
access til)1e after all address inputs are stable. A Chip Select in· 
put is provided for simple memory array expansion. 

The 7141 is assembled in a standard 18 pin DIP for maximum 
system packing density. 

PIN CONFIGURATION LOGIC SYMBOL 

AO Vee 
AO 

A, A6 A, 

A2 
A2 A, 

A3 

A3 A. A4 

AS 

A4 A9 A6 DOUT 

AS A,O 
A, 

A. 

Dour A" A9 

WE 
AlO 

D,N 
A" 

OND OS D,N 

WE es 

ACCESS TIME 

300ns 450ns 

IM7141L3CJN IM7141LCJN 

IM7141-3CJN IM7141CJN 

IM7141-3MJN IM7141MJN 
IM7141-3MJN/B IM7141 MJN/B 



IM7141 O~OIb 
ABSOLUTE MAXIMUM RATINGS 

Operating Temperature Military .. , . . .. _55°C to +125°C 
Operating Temperat~re Commercial ....... O°C to +70°C 
Storage Temperature ,............. _65°C to +150°C 

Voltage on any Pin to Ground .......... -0.5V to +7V 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" 
, may cause permanent device failure. These are stress ratings 

only and functional 'operation of the device at these or any 
other conditions above those indicated in, the operational 
sections'of this specification is not implied. Exposuretoabsolute 
maximum rating conditions for extended -periods may· cause 

Power Dissipation .......................... lW device failures. 

AC CHARACTERISTICS MilitaryTemp: T A = -55°C to +125°C, VCC = +5 ±10% 

Commercial Temp: T A = O°C to +70°C, VCC = +5 ±5% 

READ CYCLE tT = 10ns, V IL = 0.8V, VIH = 2.0V, Output Load = 1 TTL Gate and 100pf 

SYMBOL PARAMETER 
7141 L2, 7141-2 7141L3,7141-3 7141 L, 7141 

UNITS 
MIN MAX MIN MAX MIN MAX 

1 tRC Read Cycle 200 300 450 ns 

2 tA Access Time 0200 300 450 ns 00 

3 tco CS to Output Valid 70 100 100 ns 

4 tcx CS to Output Active 0 0 0 ns 

5 tOTD Output 3 State from Deselect 0 60 0 80 0 100 ns 

6 tOHA Output Hold from Address Change 10 10 10 ns 

WRITE CYCLE 

SYMBOL PARAMETER 
7141L2,7141-2 7141L3,7141-3 7141L,7141 

UNITS 
MIN MAX MIN MAX MIN MAX 

1 twc Write Time Cycle 200 300 450 ns 

2 tw Write Time 120 150 200 ns 

3 tWR Write ReleaseTime 0 0 0 ns 

4 tOTW Output 3 State from Write 0 60 0 80 0 100 ns 

5 tDW Data to Write Time Overlap 120 150 200 ns 

6 tDH Data Hold from Write Time 15 15 15 ns 

7 tAW Address Setup Time 0 0 0 ns 

8 tcw CS Select Pulse Width 120 150 200 ns 

DC CHARACTERISTICS Military Temp: T A = -55°C to+ 125°C, VCC = +5 ±10% 

Commercial Temp: T A = O°C to + 70o C, V CC = +5 ±5% 

SYMBOL PARAMETER 
7141L 7141 

UNITS TEST CONDITIONS 
MIN MAX MIN MAX 

1 III I nput Load Current 10 10 /lA VIN = 0 to 5.25V 
(All Inputs) 

2 ILO I/O Leakage Current 10 10 /lA CS = 2.4V, 

VI/O = O.4V to VCC 

3 ICC2 Power Supply Current 40 65 mA VIN = 5.25V, 11/0 = OmA 
TA = 25°C 

4 ICCl Power Supply Current 50 70 mA VIN = 5.25V, 11/0 = OmA 
TA = O°C 

5 ICC3 Power Supply Current 90 mA VIN = +5.5V, 11/0 = OmA 
TA = -55°C 

6 VIL Input Low Voltage -0.5 0.8 -0.5- 0.8 V 

7 VIH Input High Voltage 2.0 VCC 2:0 VCC V 

8 VOL Ouput Low Voltage 0.4 0.4 V 10L = 3.2mA 

9 VOH Output High Voltage 2.4 VCC 2.4 VCC V 10H = -200/lA 

tJ 
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IM7141 
DEVICE OPERATION 

When WE is high, the data input buffers are inhibited to prevent erroneous data from getting into the array. As long as WE remains 
high, the data 'stored cannot be changed by the address Chip Select, or data inputvoltage levels and timing transitions. The block 
diagram also shows data storage cannot be changed by WE, the addresses, nor the input data as long as CS is high. Eithe~CS or WE 
by itself...,. or. in conjunction with the other. - can prevent extraneous writing due to signal transitions. . . 

Data within the array can only be changed during a Write time - defined as the overlap ~f CS low andWE.low. To prevent the loss 
of data, the addresses must be properly established during the entire Write time plus twR' 

CAPACITANCE 
. 

SYMBOL PARAMETER MAX UNIT TEST CONDITIONS 

1 CliO . Input/Output Capacitance 5 pF VI/O= OV 

2 CIN Input Capacitance 5 pF VIN = OV 

TIMING DIAGRAMS 

READ CYCLE 

Oour ______________________________ ~~~~------~~-----

WRITE CYCLE 

ADDRESS 

Dour ~~~~~~~~~--------------r_----~--~--------

r--'[)W--..I..----l~1 'OH 

D,N ---------------------( 



IM7141 

7141 BIT MAP DIAGRAM 

PHYSICAL DIMENSIONS 

CERDIP PACKAGE 

A7 ASAo A,A2A3 

~--~----~63 ~--~----~ 

15"""'--015"""'-0 15'-4--015...--0 

PIN 1 

I:::::: : : j~:::::: 
"""'''''~I180(4'572) 1. .140(3.556) 

r I I U U }200(5.080) .015(0.381) r i i .125(3.175) .008(0.203) 

_I 1_ -II~ .070(1.778) 1 . . 1 
.110(2.794) .023(0.584) .030(0.762) .400(10.160) 
.090(2.286) .015(0.381) .330(8.382) 

• 

O~OIL 

tJ 
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FEATURES 
• IM6100 c'ompatible 

• Low standby power: 5JlW typical standby at 
5V,25°C 

• Low operating power: 10mW/MHz maximum 

• High speed operation 

IM6312 CMOS ROM 
1024 Word x 12 Bit 

GENERAL DESCRIPTION 

-. TTL compatible inputs and outputs 

The IM6312 is a high speed low power silicon gate CMOS 
static ROM organized 1024 words by 12 bits, In all static 
states it exhibits the microwatt power requirements typical of 
CMOS, ;The basic part offers a maximum 5V access time of 
640 ns g'uaranteed over the industrial temperature ra'nge. A "-
1" version guarantees 510 ns under the same conditions, and 
an "A" version offers 200 ns with a 10V supply. Signal 
polarities and functions are specified for interfacing with the 
IM6100 microprocessor. A decoder for RAM enable is 
provided on chip, eliminating an external 4 bit register and 
decoder. Upto 4 ROMs may be present in a system without 
external decoders to select ROM. 

7-60 

• On-chip address registers 

• Completely static and synchronous 

• Operating voltage range 4V to 11V (A version) 

• Military and industrial temperature ranges 

FUNCTIONAL DIAGRAM 

TO OUTPUTr---., 
BUFFERS X 

o 
DX5-11 E 

PIN CONFIGURATIONS 
,---------l 
I . 1 OF 12[ 

i I 1 12 BIT 
='--<~-I ADDRESS 
DXO-ll REGISTER 

C 
o 
o 
E 

I----t-~ 128 X 8 
ARRAY 

TO OX 
LINES 

G 

DX2-4 

{ DXO, DXO 
DX1, DX1 

{ 
DXO, DXll, Vee 
DX1, DX1.X I. Vee 
DX2, DXl!, Vee 

,. DX3, DX3, Vee 

ORDERING INFORMATION 
MEMORY CIRCUIT MARKING AND PRODUCT 
CODE EXPLANATION 

I 
[ 

I 
I 

--.J 

"0" ENABLES 
• OUTPUT 

"0" SELECTS RAM 
L-________ --, AND DISABLES 

ROM OUTPUT 

PROGRAMMABLE 
RAM '"-....... ~'-- F 

SELECT 

1M 6 3 12 A I ON 

.~ 
E 
G 

DXO 
DXl 
DX2 
DX3 
DX4 

GND 

Pin 1 is designated either 
by a dot or a notch. 

1 TL_-'--_-'-_ Package 
ON - Ceramic 18 pin DIP 
IN - Cerdip 18 pin 
FN - Fla'pack 18 pin 

L-------Temperalure Range 
I - Industrial (-40 0 C to +85 0 C) 
M - Miiitary (-55°C 10 +125°C) 
C - Commercial (0° C to 70° C) 

'-------,--- Voltage Range 
-5V, 

A-l0V 
L---------Speciflc Type 

L----------General Type 
Read Only Memory (ROM) 

L----------,--CMOS Product Family 
L------------INTERSIL Memory 



IM6312A 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ................................ +12.0V 

Applied Input or Output 
Voltage .................... GND - 0.3V to Vee + 0.3V 

Storage Temperature Range ... ," ...... -65°C to +150°C 
Operating Range 
Temperature 

Industrial (I M6312AI) ... . . . . . . . . . . . .. -40° C to +85° C 
Military (IM6312AM) ................ -55°C to +125°C 

Voltage 
IM6312AI, AM ............................ . 4-11V 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation' sections of this specification is not implied. 
Exposure to ,absolute maximum rating'conditions' for 
extended periods may cause device failures. 

DC CHARACTERISTICS Vee = 4-11V, TA.= Industrial orMilitary 

,PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Logical "1" Input Voltage VIH .70% Vee V 
Logical "0" Input Voltage VIL 20% Vee V 
Input Leakage ilL OV ~ VIN ~ Vee -1.0 +1.0 p.A 
Logical "1" Output Voltage VOH 10';" O.OmA ,', Vee -.01 . , V 

Logical "0" Output Voltage VOL 10 = O.OmA GND +.01 V 
Output Leakage 10 OV ~VO~ Vee -,1.0 1.0 p.A 
Supply Current . leess' 1.p 500 p.A 
Dynamic Supply Current leeop 1= 1MHz 2 mA 
Input Capacitance CIN 5.0 7.0 pi 
Output Capacitance COUT 6.0 10.0 pi 

: 

ACCHARACTERISTICS Vee = 10V ±5%, CL = 50pl, TA = 25°C 

6312AI 6312AM 
PARAMETER SYMBOL MIN MAX MIN MAX UNITS 

Access time lrom E TELQV 200 220 

Output enable time TGHQV 160 175 

Output disable time TGLQZ 160 ·175 ns 

Strobe .( E) positive pulse width TEHEL 125 140 

Address setup time TAVEL 30 35 

Address hold time TELAX 60 60 

Propagation delay, address to F TAVFV 100 110 
Propagation delay, address,fo F TAZFX 100 110 
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IM6312-1/IM6312 
ABSOLUTE MAXIMUM RATINGS 
Supply Voltage .•.•........................ +8.0V 
Applied Input or, Output, ' 
Voltage .. ; •.••.•. ; . . • ..• GNO-O.3V to Vcc+O.3V 
Storage,Temperature Range -65°C to +150°C 
Operating Range' " , 

Temperature 
Industrial (IM63121/-11) -40°C to +85°C 
Military (IM6312-1M) ...•..... -55°C to +125°C 

Voltage 
IM6312-1', -1~, I, M ..•.•.....•..••.•. 4.5-5.5V 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These 'are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections ,of this specification is not implied. 
Exposure' to absolute maximum rating conditions for 
exteilded periods may cause device failures:" ' 

DC CHARACTERISTICS Vee = 5.0V ±10%, TA = Industrial or Military, 

, " IM6312-11/-1M IM63121, M 

PARAMETER SYMBOL CONDITIONS MIN. TYP. MAX; MIN~ TYP. MAX. UNITS 

Logical "1" Input Voltage VIH Vee-2V Vee-1.5 V 

Logical '~O"lnput Voltage VIL 0.8V 0.8 V 

Input Leakage ilL OVSVIN:5Vee ' -1.0 +1..0 .. , p.A, 

Input I.,eakage IlL OVSVIN:5Vee' -5.0 +5.0 p.A 

Logical "1" OiJtput Voltage VOH IOH=-0.2mA 2.4 2.4 V 

,Logical "0" OiJtput Voltage VOL IOL=2.0mA 0.45 V 

Logical "0" Output Voltage VOL IOL=1.6mA 0,45 V 
, 

Output Leakage 10 OVs.vo:5Vee .' -1:0 1.0 p.A 

Output Leakage .. 10 OV:5Vo:5Vee . , -5.0 +5.0 ' p.A 

Supply Current leess VIN=Vce or GND 1;0 100 800 'p.A 

Dynamic Supply Current leeop f=1MHz 1.5 1.8 1.5 1.8 mA 

Input Capacitance CIN 5.6 7.0 5.0 7.0 pf 

Output Capaqitance COUT 6.0 10.0 6.0 10.0 pf 

, AC CHARACTERISTICS Vee = 5.0V ±10%, CL =50pf~ TA = Industrial or Military 

IM6312-11 IM6312-1M IM63121,M 

PARAMETER 'SYMBOL MIN. ,MAX. MIN. MAX. MIN. MAX. UNITS 

Access Time from E " TELaV' 510 560 .640 

Output Enable Ti,me TGHaV 
" , 

290 320 ,390 , 
Output Disable Time : TGLaZ 290 320 390 

, 
Strobe Positive Pulse, Width TEHEL 260 285 300 ns 

Address Setup Time TAVEL 75 85 ' 75 

Address Hold Time TELAX 120 135 140 

Propagation Delay, Address to F TAVFV 220 240 250 

Propagation Delay, Address to F TAZFX 220 240 250 
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IM6312 
PIN ASSIGNMENTS 

PIN SYMBOL 

1 F 

2 E 

3 G 

4-8,10-16 DXo-DX11 

9 GND 

17 G 

18 Vee 

READ CYCLE TIMING 

ACTIVE LEVEL 

H/L 

L 

H 

-

-

L 

" -

, 

DESCRIPTION ' .... 

RAM select, can be programmed to be active high 
or low. Used to enable speCified RAM address field and 
disable ROM outputs. 

Strobe, latches address lines and 
. enables outputs 

Output enable 

. Address inputs, data outputs 

Ground .' 

Output enable 

Chip +V supply 

READ OPERATION 
Address information is latched into on-chip registers by the 
falling edge of strobe line E. Address information must be 
removed afteraddress hold time (TELAX) to allow placing of 
Data Out on DX lines. Data Out is valid an access time 
(TELQV) afterthe falling edge of E if outputs are enabled, i.e. 
if E remains low, G is high and G is low.' 

RAM select F becomes valid a propagation delay time TAVFV 
after the address has been asserted, and invalid a 
propagation time, TAZFX after the address has been 
removed. 

Valid output data will be read only if decoded states of DXO 
and DX1 are true. (See Chip Select Programming) 

TlME---L.t _--L __ L-_~t -------,l---
REFERENCE -1 '2.3 

FUNCTION TABLE 

TIME REF 
INPUTS OUTPUTS 

E G A* F Q* 

-1 H X 'X V Z 

0 X V V Z 

1 L X X V Z 

2 L H Z V V 

3 H X X V Z 

'Addresses (A) and data out(Q) multiplexed on OX lines, 

"V = Invalid Level 

NOTES 

Memory inactive, DX lines indeterminate RAM is disabled 

Addresses placed on DX lines, latched by E fJ 
RAM select valid 

Data out valid on DX lines or RAM selected depending 
on address 

Output disabled, DX lines switching to high Z 
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IM6312 O~OIL 
IM6312 CUSTOM ROM PROGRAMMING 3. A punched hole is considered a logical "1 .... 

An IM6312 ROM programming papertape consists of two 
segments (A and B), preceded by at least one foot of sprocket 
holes (no channels punched). Segment A isthEl header, and. 
consists of frames 1-15 (see Fig. 1). Segment B contains at 

4. The following terms are synonymous 
(Tnie, High, T, H, Logical "1") 
(False; Low, F, L, Logical "0") 

5. No field change chanicters are allowed. 
HEADER (Frames 1-1S) .. least one leader frame, location setting commands, data and 

ch.ecksum. The .. tape concludes with a minimum of one· 
leader/trailer frame and a foot or more of sprocket holes. 

The header (Figure 1) begins with a rubout followed by six 
ASCII characters identifying the customer and pattern 
number. Frames 8 and 9' specify the states of DXO and DX1 
during E, which enable the Chip. The RAM.Select (F) output is 
programmed with frames 10-14. A rubout (all eight channels 
punched) in frame 15 concludes the header. Any rubout 

NOTES 
.1: Each ROM pattern must be prepared on a separate 

papartape. 
'2. Data/address (DX) lines are numbered from DXO (MSEll to 

DX11 (LSB)' 
.. between frames 1 and 15 will invalidate the header and cause 

programming failure. 
CHANNELS , - , 

8 7 6 5 4 · 3 2 - .~ -
• 

1 ••••• •••• 
2 •• • • • 
3 •• • • • • 

Frames 
4 •• •••• 

• • 0. .. 
5 • 
6 • •• • 
7 .. •• · ~ , 
8 •• • •• 
9 •• • •• 

10 •• ••• 
11 •• ••• 

. 12 •• ••• 
13 •• • •• 
14 •• •• •• 

. ' 15 ••• ••••••• 
• 
• 

• • 
• • ----------• • • 

• ~l •••• • 
Summed 

• 
A A A • aaa 
CCC.DDD 

--~-------

x X X • X X X 

XX X • ·X X X 
.~ • 
• • 
• • 

• -

CHARACTER COMMENTS 

Rubout 

S 

L 

0 

0' cr: 
E 

4 ~ . 
Z' 

T en 

T 

F 

F 

F 

F 

L 

Rubout 

Leader 

--
Set Location 
to (0200)8 

Set Locallon 
to (6000)8 

Typical Octal 
NumberABCD 

--

Checksum 

Trailer 

Sprocket Holes 

} Sprocket holes 

Begin header 

. ..... ). 6 character customer ID 
. (A-Z, 0-9) are allowable 

III 
is .. 
E 
'" rll 

.}
. DXO(MSB).Chip Select programming: . 

DX1 

I ... , DXO(MSB) F programming: 
DX1 
DX2 
DX3 

F is programmed to be active low 
End header 

} i Sprocket hol.es 

At least one frame of LEADER is required' 

} 

} 
T=True, 
F=False 

T=True, 
F=False 
V = DOIl't Care 

'} L = Active Low 
H = Active High 

PAL Assembler "second pass" output is of this form. 
Channel 8 only punches indicate leader or trailer. Anaddress 
is designated by a punch in channel 7. DXO-DX5I;1re 
represented by channels (6~1) in the trrst frame. DX6-DX11 are 
represented by chan riels (6-1) inthe second frame. .. '. 
At least one frame of TRAILER is required. 

:rhe example shown above has customer ID and pattern ISL004. Chip selects are programmed to recognize addresses 6000-
77778 or 3072-409510. F is active low for addresses 0000-03778 or 0000-025510. Unused locations are automatically programmed 
to a logic zero. 

Flgllre 1 
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IM6312 
CHIP SELECT PROGRAMMING (Frames 8, 9) 

I M6312 outputs are enabled when G and E are low, G is high, 
and the states of DXO and DX1 agree with the conditions 
specified in frames 8 (DXO) and 9 (DX1) of the header. To 
specify a particular ROM address field frames 8 and 9 must be 
programmed as follows: 

Table 1 

FRAME 8 (DXo) FRAME 9 (DX1) ADDRESS FIELD 

F F 00008-17778 

F T 20008-37778 

T F 40008-57778 

T T 60008-7777 8 

For example, to program the ROM for address field 40008-
57778 header frame 8 must be Tand frame 9 must be F. Figure 
2 diagrams the chip and RAM select logic. 

vcc 

OXO 

OX1 

H Active State 

'l .... ~"",:(H~or~L:!..) -I' 
OX2 

OX3 

OXO 

OX1 
"OX1 Chip Select IT or F) 

G--~~----~-----~ 

G--~~I=>~--------~ 

E--{)~----------1 

IM6312 
OUTPUT 
DX LINES 

ENABLED 
WHEN "L" 

*The "positions" of these "switches" are specified by the ROM programming 
tape (segment A). 

Figure 2 

RAM SELECT PROGRAMMING (Frames 10-14) 
Most memory systems contain both RAM and ROM. The 

, designer of such a system must insure that accesses to RAM 
memory space do not enable the ROMs and vice versa, The 
IM6312 ROM decodes address information on DXO and DX1 
to provide a unique 1024 word address s!::ace dedicated to 
itself, It also provides a RAM Select (F) output. which may be 
used to enable an address space dedicated to RAM. The 
states of DXO-DX3 which activate F are programmed by 
frames 10-13 respectively. Frame 14 determines wh'ether F is 
considered active when high (frame 14 = H) or'active when 
low (frame 14 = L). 

Frames 10-13 may be T (true), V (don't care), or F (false). For 
example, if frames 10-13 are FTFV respectively, Fwill be 
active when address information on DXO and DX2 is F (low) 
and DX1 is T (high). DX3 may be either T or F, since it is 
programmed V ("don't care") (see Table 3). Thus, in this 

example, RAMs using F as an enable wili respond to 
addresses 20008 through 27778. 

Table 2 

Channel Function 

8 only LeaderiTrailer 
8+ (6-1) Header 
7+ (6-11 Location Setting (first framel 
6-1 only Data, Checksum, Location Setting (second framel 

Table 3 

Frames 
, 10-13 RSEL Enable Condition 

T DXn must be high to enable 
F DXn must be low to enable 
V DXn may be either high or low to enable 

LOCATION SETTING/DATA 
It is not necessary to specify the contents of all 1024 words in 
the IM6312. Words that are not explicitly programmed will 
contain all zeros. 

Data words are entered into sequential locations 'in ROM, 
beginning from the address specified by th,e most recently 
encountered location setting command. For this reason, 
such a command must precede any data words. A new 
location setting command may be, given; subsequent data 
words will be entered beginning at the new address. 

The location setting command consists of two sequential 
frames. The initial frame has channel 7 punched with the 
remaining channels (6-1) representing the most significant 
six bits of a 12-bit word. The second frame has no punches in 
channel 8 or 7, and represents the least significant 6 bits of 
the word (see Table 1), 

Figure 3 shows an example of location setting to 04108. 
Subsequent data words will be stored in' locations 04108, 
04118, etc .. 

Frames 

j 

CHANNELS 

r"'---';"'-" ---...." 
87654·32 

• •• 
• • 

••••• 
• • 
•• • •• 

• • 

} 
Location Selling com, mand t~ 04108 
(Channel 7 punched in first frame) 

} Data Word = 74408 stored in 
address 04108 

} 
Data Word:::: 62108 stored 
in address 04118 

Figure 3 

A data word consists of two frarnes with channels 8 and 7 
unpunched. The two groups of six holes remaining are then 
concatenated to forrn a 12-bit binary number (punched = H, 
unpunched = U. The most significant six bits are punched 
first (channels 6-1 with 8 and 7 unpunchedl,followed by the 
least significant bits. The MSB of the 12-bit data word is 
channel 6 of the first frame; the LSB is channel 1 of the 
second frame. Figure 3 shows examples of two data words, 
74408 and 62108. 

fI 
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IM6312 
CHECKSUM 
A two frame checksum precedes the leader/trailer at the end 
of segment B. It is the modulo 4096 sum of all frames in 
segmentS following the initial leader/trailer and preceding 
the final leader/trailer (except the two frames that represent 
the checksum itself). For purposes of checksum coniputa-

. tion, each frame is to be considered an 8-bit binary word. The 
12-bit result is punched out in two sequential frames, with 
channels 8 and 7 unpunched. The most significant six bits are 
punched first, followed by the. least significant six bits as with 
the data word format. Any frame with channel 7 or 8 punched 
(e.g. leader or location setting command) is not included in 
the checksum computation. For additional BIN format 
information, refer to "POP®-8 Family Commonly Used Utility 
Routines"'. 

®Registered trademark of Digital Equ·ipment Corp. 

O~OIL 
I 

COMPATIBLE ASSEMBLER PROGRAMS 
PAL III, FOPAL III, MACRO-8, PAL 8, and IFOOS PAL are 
assembler programs for the IM6100 microprocessor which 
prepare a papertape conformingto the specificationsforthe 
second tape segment. The header must in any case be 
produced manually . 

The input to a PAL assembler is ASCII source code. More 
information and PAL assemblers are available from Intersil. 
The first frame-pair in a segment B produced by PAUli is a 
location setting command to address 02008. This is ignored if 
another origin setting follows immediately afterwards. . 

Some PAL assemblers produce a checksum with 13 bits (i.e., 
channel 7. of the first frame of the checksum may be 
punched). If channel 7 is punched, it is ignored, 

A MINIMAL MICROPROCESSOR SYSTEM (64 OR 128 WORDS OF RAM) 

IM6100 

7-63D 

DXO-ll 

f: 
E 

,..--,--+-+-I G 
DXO 
DXl 
DX2 
DX3 
DX4 
GND 

vcc 
. G 

IM6312 ~~~~ 
ROM DX9 

DXB 
DX7 
DX6 
DX5 

cs 
STR 
ADR 
DXO 
DXl 
DX2 
DX3 
DX4 
GND 

VCC 
MSEL 

IM6512 DXll 

RAM D~~~ 
DXB 
DX7 
DX6 
DX5 

LXMAR~~------~----------~~-r------~~--------------r---i---~ 

MSEL~~----------------------~--------------------~--~--i---------------------~ 

XTC 
I (DELETE· FOR 

64 WORDS OF 

I RAM): 



IM6312 
PACKAGE DIMENSIONS 

18 LEAD CERDIP (IN) 

.320 (8.128) 

1:;7.366! 1 [---.900 (22 860) MAX---i 
.060 (1.524)1-___ -'----'-_____ -1 
015(O.381)~1J80(4.572) L ~40(3556) 

T I . I U ~ T200 (50BO) ~~~ :~~~;l -
I I ~125 (3175) 

--l ~ -If-- 070 (1 778) J.-:~300 (;:'3~1:)1~ 
.11(1 (2.794) .023 (0.584) Jijl:f(o:-t62j 
.090 (2.286) :015 (0.381) 

18 PIN FLATPACK (FN)* 

.. L.·;':""~.i~fl 
050 r ~. 'I .017 (.432) II 

(1' 270) TYP .315 ± .020 .28S .. ± .015 .Q14 (.356) .. .085 
• (9.525 ± .508) (7.239 ± .381) - .... (2.159}MAX 

.OOS ± .002 .950 ± .050' .025 REF 
(.127 ± .050) (24.130 ± 1.27) (.635) 

L : : -.L 
t t 

fI 
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FEATURES 
• Low power: 500,uW typical standby at 5V, 25°C 
• High speed: 350ns typical access time at 5V, 25°C 
• On-chip address registers 
• TTL/CMOS compatible inputs and three-state 

outputs 
• Completely static.and synchronous 
• Single 5V supply 
• Intel 2316E and MostekMK34000 compatible 
• Two mask programmable chip selects (active level 

latched/unlatched) 
• Outputs mask programmable. (latched/unlatched) 

GENERAL DESCRIPTION 
The IM6316 is a 16,384~bit static silicon-gate CMOS read
only-memory (ROM) organized .2048 words by 8 bits. In all 
static states, this device exhibits the microwatt power dissi
pation typical of CMOS. Inputs and three-state outputs are 

7-64 

LOGICAL BLOCK DIAGRAM 

ao Q1 02 Q3 Q4 05 06 Q7 
---0 vee 

E -_-----1 

Al0'~~:£:J A9 
A8 
A7 
AS 
AS 
A4 
AJ 
A2 
Al 16,384 BIT . AO -L __ ---t..-l"-I CELL ARRAY 

·X = DON'T CARE 

ORDERING INFORMATION 

PART NO. PACKAGE TEMP. RANGE 

IM63161JG 24 PIN CERDIP -40° C to +85° C 
IM63161DG 24 PIN CERAMIC -400 C to +850 C 
IM6316MJG 24 PIN CERDIP -5.5° C to +125° C 
IM6316MDG 24 PIN CERAMIC -S5°C to +125°C 

IM6316 CMOS ROM 
16,384 Bit (2048x8) 

TTL and CMOS compatible and allow for direct interface 
with common system bus structures. On-chip address 
registers and two mask programmable chip-selects simplify 

. system interfacing requirements. 

The IM6316 op~rates over a 4V to 6V range, with a typical5V, 
25° C access time of 350ns. 

FUNCTIONAL DESCRIPTION 
The falling edgeof chip enable a~) latches addresses in the 
on-chip register and initiates a read cycle. Address and chip 
selects to be latched must be present a setup time (TAVEl) 
priorto and a hold time (TELAX) following the falling edge of 
E. After an access time, valid data will be available. 

Optional latched outputs are active when S1 and S2 (or 
latched S1 and S2) are active. For unlatched outputs, E must 
also be low to enable. 

Optional latches for S1 and S2 are level sensitive. WhenE is 
high, latched S1 and S2 thus perform as if they were not 
latched. .. . 

PIN ASSiGNMENTS LOGIC SYMBOL 

51 52 E vee 

AO 

Al 
A2 00 

A •. 
01 

A4 
IM6316 02 

AS O' 

AS 
04 

A7 
OS 

A8 OS 

, A. 
07 

Al0 

GND 

0 -=-

PIN NAMES 

AO-A10 ADDRESS INPUTS 

00-07 DATA OUTPUTS 

E ADDR. STROBE/CHIP ENABLE 

S1, S2 CHIP SELECTS 



IM6316 O~OIL 

READ CYCLE TIMING. Latched Chip Selects 

TIME REF _LI ------"--------'--
-1 

FUNCTION TABLE. Latched Chip Selects 

~ 
I 

VALID 

LATCHED OUTPUTS UNLATCHED OUTPUTS 

TIME INPUTS Q OUTPUTS 
REF E A S, • S2 LATCHED UNLATCHED NOTES 

-1 H X V Z Z MEMORY INACTIVE, OUTPUTS HIGH Z 

0 
~ 

V V Z Z STROBE LATCHES VALID ADDRESS, CHIP 
.' SELECT INFORMATION 

1 L X X ACTIVE ACTIVE OUTPUTS ENABLED AND ACTIVE 

2 L X X V V OUTPUTS VALID 

3 f X X V V STROBEHETURNS HIGH, LATCHES OUTPUTS 

4 H X X V Z OUTPUTS DISABLED ON UNLATCHED 
! DEVICES 

5 '- V V V Z NEXT CYCLE BEGINS, SAME AS O. 

READ CYCLE TIMING. Unlatched Chip Selects 

S1 ·S2 

~----TELEH

---.... 1 

-------+------~~----~ 

00-0 , ----+-----~?i:2J1 

TIME REF ---'-------'--___ -'-_-'--_ 
-1 

FUNCTION TABLE. Unlatched Chip Selects 

. 'pTEHEL1-

VALID 

TSXOZ 

VALID 

I I 

3 4 5 6 

LATCHED OUTPUTS 

VALID 

TEHOZ 

VALID 

5 6 

UNLATCHED OUTPUTS 

TIME INPUTS Q OUTPUTS 
REF E A S,· S2 LATCHED UNLATCHED NOTES 

-1 H X If Z Z .' MEMORY INACTIVE, OUTPUTS HIGH Z 

0 "L V v. Z Z STROBE LATCHES ADDRESS INFORMATION 

1 L X V ACTIVE ACTIVE OUTPUTS ENABLED AND ACTiVE 

2 L· X V V V OUTPUTS VALID 

3 .f X V V V STROBE RETURNS I'lIGH, LATCHES OUTPUTS 

4 H X V V Z OUTPUTS DISABLED ON UNLATCHED 
DEVICES 

5 H X V Z Z OUTPUTS DISABLED ON LATCHED DEVICES 

6 '- V V Z Z NEXT CYCLE BEGINS, SAME AS O. 

NOTES 
1. X = Don't Care 2. V = Valid 3. Z = High Impedance 4. Ii = Invalid. 

tI 
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IM6316 
APPLICATIONS 

ALE E 

PSEN 51 
IM6316 

8048 P23 
- 2k X 8 S2 

pP 
3 CMOS ROM 

P22·P20 Al0-AS 

• 
087·DBO 

~ 
A7·AO 

07-00 

2k X 8 External CMOS ROM Memory for 8048 Microprocessor 

ADDRESS BUS 

• -1'" 
AD-All AD-Al0 

MREQ E 

IM631S 

Z80 2k x 8 
pP AD S1 CMOS 

ROM 

WI! I- - S2 
00-07 00-07 

-1-. -1'. 
DATA BUS 

2k x 8 ROM Memory for Z80 Microprocessor 

ADDRESS/DATA BUS 

ADDRESS BUS 

• A12 

ADO-AD7 A8-A1S 00-07 AD-Al0 000-007 AD-As 
ALE '. IMS31S - Ei 

AD 

~. 
2k X 8 - G IM6507 8085 CMOS ROM 

pP 10/M 52 512 x 8 
CMOS RAM 

51 

WI! IV 

2k x 8 ROM, 512 x 8 RAM System for 8085 Microprocessor 
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IM6316 16K ROM ORDER FORM' 

CUSTOMER DATA 
Date: ________ _ 
Company: ____________________ --, __ ...,-___________ _ 

P,O,#_' ____________ ~~--~------------------------__,-------------------------
Engineer: _____________________ ~ ______________ _ 
Engineer Telephone Number: _____________________________ _ 

INTERSIL PART NUMBER 
IM6316 DO@] 

11M J/D 

DATA FORMAT 
o Inteliec™ HEX 
o "PN~' 

MEDIA (all data must be in card form regardless of media) 
o Punched Cards 
o Magn'etic Tape (9-track,800 bpi, odd parity) 
o Paper Tape . 

LOGIC FORMAT 
o Positive (defaultl 
o Negative 

VERIFICATION 
D. Hold for verification (defaultl 
o Not required 

UNSPECIFIED LOCATIONS 
o Programmed to FFH (default) 
o Programmed to OOH 

CUSTOMER OPTIONS (check only one box in each section) 
o Latched Outputs 
o Unlatched Outputs 

o Latched Chip Selects 
o Unlatched Chip Selects 

o S1 Active High 
o S1Active Low 
o S1 Always Active 

o S2 Active High 
o A~tive Low 
o S2 Always Active 

IntellecT" is a trademark of Intel Corporation 

INTERSIL USE ONLY 
6316S II . I 
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IM6316 
SYMBOLS' AND ABBREVIATIONS 

This data sheet utilizes a new set of specification nomenclature. This new format is an IEEE and JEDEC supported standard for' 
semiconductor memories. It is intended to clarify the symbols, abbreviations and definitions, and to make all memory data 
sheets consistent. We believe, once acclimated, you will find this standardized format easy to read and use. 

ELECTRICAL PARAMETER ABBREVIATIONS 

All abbreviations use upper case letters with no subscripts. 
The initial symbol is one of these four characters: 

V (Voltage) 
I (Current) 
P (Power) 

,C (Capacitanc~) 

The second letter specifies input (I) or output (0), and the 
third letter indicates high (H), low (U or off (Z) state of the pin 
during measurements. Examples: 

VIL - Input Low Voltage 
10Z - Output Leakage Current 

TIMING PARAMETER ABBREVIATIONS 

All timing abbreviations use upper case characters with no 
, subscripts. The initial character is always T and is followed 

by four descriptors. These characters specify two signal 
pOints arranged in a "from-to" sequence that define a timing 
interval. The two descriptors for each signal point specify the 
signal name and the signal transitions. Thus the format is: 

TXXXX 

Signal, name, from Wh,iCh interval.is d,efined," " tt 1). 
. Transition direction for first signal 

Signal name to which interval is defined 
Transition direction for second signal 

Signal Definitions: 

A = Address 
D = Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 
S = Chip Select 
G = Output Enable 

Transition. Definitions: 

7-68 

H = Transition to High 
L = Transition to Low 
V = Transition to Valid 
X = Transition to Invalid or Don't Care 
Z = Transition to Off (High Impedance) 
V = Transition to level opposite 

that of valid state 

EXAMPLE: 

CHIP 
ENABLE , VI~ 

WRITE 
ENABLE 

-~------"""'--T-W-l-EH==-!m.,.".".".,.".".".,." 

w~ ~ 

The example shows write pulse setup time defined as 
TWLEH-Time from Write enable Low to chip Enable High. 

TIMING LIMITS 

The table of timing values shows either'a minimum or a 
maximum limit for each parameter. Input requirements are 
specified from the external system point of view. Thus, 
address set-up time is shown as a minimum since the system 
must supply at least that much time (even though most 
devices do no't require itl. On the other hand, responses from 
the memory are specified from the device point of view. 
Thus, the access time is shown as a maximum since. the 
device never provides data later than that time. 

WAVEFORMS 

WAVEFORM 
SYMBOL INPUT 

MUST BE 
VALID 

CHANGE 
FROM H TO L 

CHANGE 
FROM L TO H 

DON'T CARE: 
ANY CHANGE 

PERMITTED 

OUTPUT 

WILL BE 
VALID 

WILL CHANGE 
FROM HTO L 

WILL CHANGE 
FROM L TOH 

CHANGING: 
STATE UNKNOWN 

HIGH 
IMPEDANCE 



IM6316· 
PACKAGE SPECIFICATIONS 

Ceramic Package (OG)' 

CEROIP Package (JG)* 

I.~~~~::~,:;~~:j=r~= 
-.LT~I :=I 008(203) 

_I 1- ~ - -11- 200 (5 08)-
060 (1 524) :.!10 (2 794) 070 (1 778) 023 (584)·125 (3.175) 1 .700 (17.780). I 
.015 (.3Sl) ,090 (2.286) .030 (.762) .015 (.381) r .630 (16.002) --

'Hermetic: Maximum leakage rate 5 x 10-7 atm. cc/sec. 

fJ 
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U~Ulb 

FEATURES 

• High speed: 300ns typical access time at 5V,25°C 
.• On-chip address registers 
• TTL/CMOS compatible inputs .and three-state 

outputs 
• Completely static and synchr~>nous 
• Single 4V to 6V supply 
• Outputs programmable latched/unlatched 

GENERAL DESCRIPTION 

The IM6364 is a 65,536-bit static silicon-gate CMOS 
read-only~memory (ROM) organized 8192 words by 8 
bits. In all static states, this device exhibits the 
microwatt power dissipation typical of CMOS. Inputs 
and three-state outputs are TTL and CMOS compatible 
and allow for direct interface with common system bus 
structures. 
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LOGICAL BLOCK DIAGRAM 

A12 

A11 

Al0 

A9 

AS 

A7 

AS 

A5 

A4 

A:i 

A2 

Al 

AO 

ADDRESS 
INPUT 

BUFFERS 
AND 

~ATCHES 

00 . Q1 'Q2 Q3 04 05 06 Q7 

OUTPUT BUFFERS 
lAND/OR LATCHESI, 

V-DECODE 

65,536-BIT 
CELL ARRAY 

ORDERING INFORMATION 

PART NO. PACKAGE TEMP. RANGE 

IM63641JG 24 PIN CERDIP -40°C to +85°C 

IM63641DG 24 PIN CERAMIC -40°C to +85° C 

IM6364MJG 24 PIN CERDIP -55°C to +125°C 

IM6364MDG 24 PIN CERAMIC -55°C to +125°C 

The IM6364 operates over a 4V to 6V range, with a 
typical 5V, 25° C access time Of 300ns. 

FUNCTIONAL DESCRIPTION 
. In both the latched and unlatched output configur
ation, the falling edge of chip enable (E) latches the 
address inputs into the on-chip address register and 
initiates a read cycle. The address must be present a 
setup time (TAVEL) prior to and a hold time (TELAX) 
following the falling edge of E. . 
In both output configurations, the· outputs· switch to 
active "1" level about 120ns after the falling edge of E. 
The outputs remain ·at this level until· making a 
transition to valid data, an access time following)he 
falling edge of E. 
In the latched output configuration, the outputs remain 
latched for at least an address hold time (TELAX) 
following the falling edge of E. This feature allows 
outputs to be fed back as address bits. 

PIN ASSiGNMENTS LOGIC SYMBOL 

E vee 

AO 

Al 

A2 
00 

A3 
01 

A4 
02 

A5 

IM6364 
03 

AS 
04 

A7 
05 

AS as 
A9 

07 
Al0 

A11 

A12 

GND 

'::' 

PIN NAMES 

AO-A12 ADDRESS INPUTS 

00'07 DATA OUTPUTS 

E ADDRESS STROBEl 
CHIP ENABLE 



IM6364 

TIMING DIAGRAM 

1---=-,,'1:..&'''----TELEH-------+l 

C'ro~<1j 

n~nlb 

~~~~TCHEO) ___ -..,.., __ --.,..HI_GH_Z ________ -J VALID 
HIGHZ 

00-0, 
(LAfCHEDI 

TIME 
REFERENCE 

FUNCTION TABLE 

TIME 
REFERENCE 

-1 

0 

1 

2 

3 

4 

5 

6 

VALID 

1 1 
-1 0 

INPUTS 

E A 

H V 

~ V 

L X 

L X 

L X 

H X' 

H V 

~ V 

VALID 

1 t ttl 
1 2 4 5 6 

QOUTPUTS 

LATCHED UNLATCHED FUNCTION 

PREVIOUS Z ADDRESS SET UP 
DATA 

PREVIOUS Z CYCLE BEGINS, ADDRESSES 
DATA ARE LATCHED 

H Z LATCHED OUTPUTS BECOME 
ACTIVE HIGH 

H H UNLATCHED OUTPUTS BECOME 
ACTIVE HIGH 

V V VALID DATA AT OUTPUTS 
AFTER ACCESS TIME 

V Z UNLATCHED OUTPUTS 
BECOME HIGH IMPEDANCE tJ 

V Z ADDRESS SET UP FOR NEXT 
CYCLE (SAME AS -1) 

V Z CYCLE ENDS,NEXT CYCLE 
. BEGINS (SAME ASO) 
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IM6364 
PACKAGE DIMENSIONS 

24 LEAD CERAMIC (OG) 

·---4.290 (32.766) MAX ---I :6~~ ~~:;m 

.060(1.S24d.-~ r~·F==r;==1. 

-l .008 (0.203) -
.025 (0.635)1 T 1 :015 (0.38') 

~!~l~}~~ r- ~I f- . -1~'-~. r-.-*~g~~i:l-j 
~~ci:~~~~ :~~! ~~:~~:~ ~~:~~~~ .200 (5.080) MAX 

, . NOTE 2 . 

NOTES: 
1. All DIMENSIONS IN INCHES AND (MILLIMETERS). 

f-..--.---.-' 290 (32 76,6) MA,'.------I rc .625 ('S.8~;1 I .. I .590 (14.986) 

.. '80(4.S72[~ I 
.140 (3.556) ---L--

.200(S.080~ , .~,~' . ,~, .0'5(.38')_ .'25 (3.17Sj~ , .008 (.203) 

--I I-- "--II-- I-- .700 117.780)--1 
. .110 (2.794)' .070 (1.778) .023 (0.584) .060 (1.524) ,630 (16.0021 -"', 

.090 (2.286) .030 (0.762) .0'5 (0.381) .0'5 (0.38') 
NOTE 2 

2. BOARD DRILLING DIMENSIONS Will EQUAL STANDARD PRACTICES FOR .020 DIAMETER LEAD. 

CUSTOMER DATA 

Date: 

Coml-iany: 

P.O. #: 

Engineer: 

Engineer Telephone Number: 

INTERSIL PART NUMBER 

IM6364 D·O 0 
11M 

DATA FORMAT 

Olnteliec™ HEX 

o "PN" 

J/D 

MEDIA (all data,must be in card image form 
regardless of media) 
o Punched Cards 
o Magnetic Tape (9-track, 800 bpi, odd parity) I 0 Paper Tape 

, -----,--------,-----

LOGIC FORMAT 
D Positive (default) 
o Negative 

Inteliec'· is a trademark of Intel Corporation. 
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638 I 

VERIFICATION 
o Hold for verification (default) 
o Not required 

UNSPECIFIED LOCATIONS 
o Programmed to FFH (default) 
o Programmed to DOH 

CUSTOMER OPTIONS (check only one box) 
o Latched Outputs 
o Unlatched Outputs 



FEATURES 

• Organization - IM6653: 1024 x 4 
IM6654: 512 x 8 

• Low Power - 5p.W Typical Standby 
• High Speed 

- 300ns 10V Access Time for IM6653/54' AI 
- 450ns 5V Access Time for IM6653/54 -11 

• Single +5V supply operation 
• UVerasable ' ' 
• Synchronous operation for low power dissipation 
• Three-state outputs and chip select for easy system 

expansion, 
• Full -55°C to +125°C MIL range device -

IM6653/54 M 

BLOCK DIAGRAM 

IM6653/IM6654 
4096 Bit CMOS 

UV E.rasable PROM 

GENERAL DESCRIPTION 

The Intersil IM6653 and IM6654 are fully decoded, 4096-bit, 
CMOS electrically programmable ROMs (EPROMs) fabri
cated using Intersil's advanced CMOS processing tech
nology. The EPROMs are specifically designed for program 
development applic;:ations where rapid turn-around for 
program changes is required. 

The 24 p,inpackages have a transparent lid to allow ttie' user 
to erase t~e EPROM by exposing it to ultraviolet light. The' 
EPROM may then be reprogrammed, 

PIN CONFIGURATION 

-PROGRAM 

E:, 

AO-Ag 
OR 

Ao-'As, E2 

ORDERING INFORMATION 

64X 64 
ARRAY 

,01 

• o 
• • • • • 

04 OR 
OB 

t 
s 

SELECTIONITEMPERATURE RANGE 

24 PIN INDUSTRIAL MILITARY 
,PACKJ.\GE STD5V HI SPEED 5V STD 10V . STO 5V 

CERDIP 

(FRIT SEAU 
JG 'IJG. -11 J,G AIJG MJG 

CERAMIC 
DG IDG "11 DG AIDG MDG 

(SIDE BRAZE) 

Vee 
AS 

Ag 

S 

E1 

Voo 
A1 PROGRAM 

03 
03 

,02 

02 

A7 Vee 
A6 AS 

AS E2 

A4 S 
A3 E1 

A2 Voo 
A1 PROGRAM 

AO 07 

00 06 

01 Os 

02 D4 
V~s 03 

tJ 
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IM6653/IM6654 O~OIL 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltages 
Voo ................................................................... +11.0V 
Vee=Voo ..... : ....................................................... +11.0V 

Input or Output Voltage Supplied ......................... GNO -{).5V to Voo +0.5V 
Storage Temperature Range ..................................... -B5° C to +150° C 
Operating Range 

Temperature 
Industrial .................................................. -40°C to +85°C 
Military ........... , ....................................... -55°C to +125°C 

Voltage 
6653/54 I, -11 .; ....................................... ~ ............. 4.5-5.5 
6653/54 M ................. ; ......................................... 4.5-5.5 
6653/54 AI ...•..................................................... 9.5-10.5 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
devicefailure. These are stress ratings only and functional operation of the device at these 
or any other conditions above those.indicated in the operational sections of this specifica
tion is not implied. Exposure to absolute maximum rating conditions for extended periods 
may cause device failures. 

DC CHARACTERISTICS 
TEST CONDITIONS: Vee = Voo = Operating Voltage Range, TA = Operating Tempe~ature Range 

IM6653/541, -11, M IM6653/54AI 

PARAMETER SYMBOL CONDITIONS MIN MAX MIN MAX 

Logical ''1'' Input Voltage VIH E 1, S VDD - 2.0 VDD - 2.0 

VIH Address Pins 
, 

2.7 VDD - 2.0 
Logical "0" Input Voltage VIL 0.8 0.8 

Input Leakage II OV~VIN~VDD -1.0 1.0 -1.0 1.0 

Logical "1" Output Voltage VOH2 lOUT = 0 VCC - 0.01 VCC - 0.01 

Logical "1" Output Voltage VOHl IOH = -0.2 mA 2.4 

Logical "0" Output Voltage VOL2 lOUT = 0 GND +0.01 GND +0.01 

Logical "0" Output Voltage VOLl IOL = 2.0 mA 0.45 

Output Leakage IOZ OV~VO~VCC -1.0 1.0 -1.0 1.0 

Standby Supply Current IDDSS VIN = VOD 100 i 100 

ICC VIN = VDD 40 40 

Operating Supply Current IDDOP f=l MHz 6 12 

I nput Capacitance CI Note 1 7.0 7.0 

Output Capacitance Co Note 1 10.0 10.0 

Note: These parameters guaranteed but not 100%' tested. 

AC CHARACTERISTICS 
TEST CONDITIONS: Vee =Voo = Operating Voltage Range, TA = Operating Temperature Range 

IM6653/54-11' IM6653/54I IM6653/54 M IM6653/54 AI 

PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX MIN MAX 

Access Time From E 1 TEl LOV 450 550 600 300 

Output Enable Time TSLOV 110 140 150 60 

Output Disable Time TEl HOZ 110 140 150 60 

E 1 Pulse Width (Positive) TE1HE1L 130 150 150 ,125 

E 1 Pulse Width (Negative) TE1LE1H 450 550 600 300 

Address Setup Time TAVEl L 0 .0 0 0 

Address Hold Time TEl LAX 80 100 100 
I 60 

Chip Enable Setup Time (6654) TE2VE2L 0 0 0 0 

Chip Enable Hold Time (6654) TE2LE2X 80 100 100 60 
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.IM6653/1M6654 
PIN ASSIGNMENTS 

PIN SYMBOL 

1-8,23 Ao-A7,As 

9-11,13-17 . 00-07 

00-03 

12 VSS 

18 Program 

19 VDD 

20 E1 

21 S 

22 As 
-
E2 

24 Vee 

READ CYCLE TIMING 

*Ag'IM66?3 only. E2 IM6654 only 

fUNCTION TABLE 

TIME INPUTS 

REF. E1 E2* S 
-1 H X X 

0 ~ L X 

1 L X X 

2 L X L 

3 L X L 

4 --.r x L 

5 H X X 

0 ~ H X 

1 L X X 

ACTIVE 

LEVEL 

-

-

-

-
-

-

L 

L 

-

L 

-

A 

X 

V 

X 

X 

X 

X 

X 

V 

X 

O~OIL 

DESCRIPTION. 

Address Lines 

Data lines, 6654 

Data lines, 6653 

GND 

Programming pulse input 

Chip +V supply, normally tied to Vee 

Strobe line, latches both. address lines and, lor6654, Chip enable E2 

Chip select line, must be low for valid data outputs 

Additional address line for 6653 

Chip enable line, latched by strobe E1 on 6654 

Output buffer +V supply 

OUTPUTS 

a 
Z 

Z 

Z 

A 

V 

V .' 

Z 

Z 

Z 

READ MODE OPERATION 

In a typical READ operation the address lines are latched by 
a downward edge on the strobe line, E1. The chip must then 
be selected by driving pin' 21 '(Sllow. If the chip has' been 
selected the data outputs become valid an access time 
(TELOV) after the downward strobe edge: The data outputs 
remain valid until the strobe line is returned to a high level. 

Both Sand E2 may be tied low during the READ cycle. Note 
that E2 is latched by the downward strobe edge, but S is not. 
The PROGRAM pin must be. tied highto VDD .. 

NOTES 

DEVICE INACTIVE 

CYCLE BEGINS; ADDRESSES, E2 LATCHED' 

INTERNAL. OPERATIONS' ONLY .... ". 

OUTPUTS ACTIVE UNDER CONTROL OF (E1,S) 

OUTPUTS VALID AFTER ACCESS. TIME 

READ COMPLETE 

CYCLE ENDS (SAME AS -1) 

CYCLE BEGINS: ADDREsSES, E2 LATCHED 

.oUTPUTS REMAIN HIGH-Z SINCE E2 LATCHED HIG1:-I 

'E2 not present on IM6653 whic,h functioris as if E2 were tied LOW. 

tI 
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IM6653/IM6654 
READ AND PROGRAM CYCLES 

AOORESS 

DATA 

PROGRAM---DV 
t 

VPROG 

_4DV ________ . ____ --'I'-. 

s ________________________ ~1 \'-------
I-'---~-READ------'--, I-.----PROGRAM-~-_.I-.----REAO---'--_ 

DC CHARACTERISTICS FOR PROGRAMMING OPERATION 
TEST CONDITIONS: vee = VOO = 5V ±5%. T A = 25° C 

PARAMETER SYMBO.L CONDITIONS MIN TYP MAX UNITS 

Program Pin Load Current IPROG 80 100 mA 

Programming Pulse Amplitude VPROG 3'8 40 42 V 

Vee Cur~ent ICC 0.1 5 '.' ' 

IDD 40 
mA 

VDD Current 100 

Address I nput High Voltage VIHA VDD -2.0 

Address Input Low Voltage VilA 0.8 V 

Data Input High Voltage VIH VDD -2.0 

Data Input Low Voltage VIL . 0.8 

AC ,CHARACTERISTICS FOR PROGRAMMING OPERATION 
TEST CONDITIONS: Vee = Voo = 5V ±5%, TA = 25°C 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

Prdgram Pulse Width TPLPH' trise = tfall = 5ps 18 20 22 ms 

Program Pulse Duty Cycle 

Data Setup Time TDVPL 

Data Hold Time TPHDX 

'Strobe Pulse Width TE1HE1L 

Address Setup Time TAVEl L 

Address Hold Time TEl LAX 

Access Time TEl LOV 

PROGRAM MODE OPERATION 
Initially. all 4096 bits of the EPROM are in the logic one 
(output high) state. Selective programming of proper bit 
locations to "O"s is performed electrically. 

In the PROGRAM mode'. Vecand Voo aretied t6getherto the 
. normal operating supply, High logic levels at all of the ap'pro
priate chip inputs and outputs must beset at Voo-2V 
minimum. Low logic levels mustbe set at Vss+.8V maximum. 
Addressing of the desired location in PROGRAM mode is 
done as in the READ mode. Address and data lines are set at 
the desired logic levels. and PROGRAM and chip select @ 

75% 

9 10 

9 10 
ps 

150 

0 
ns 

100 

1000 

pins are set high. The address is latched by the downward 
edge on the strobe line (Eil. During valid DATA IN time, the 
PROGRAM pin is pulsed from Voo to -40V. This pulse 
initiates the programming of the device to thelevels set on 
the data outputs. Duty cycle limitations are specified from 
chip heat dissipation considerations. Pulse rise and fall times 
must not be faster than 5J.Ls. 

Intelligent programmer equipment with successive READ/ 
PROGRAMIVERlFY sequ~nces is recommended. 



IM6653/IM6654 
PROGRAMMING SYSTEM CHARACTERISTICS 

1. During programming the power supply should be capable 
of limiting peak instantaneous current to 100mA. 

2. The programming pin is driven from VDD to -40V volts 
(±2V) by pulses of 20 milliseconds duration. These pulses 
should be applied following the algorithm shown in the 
flow chart. Pulse rise and fall times of 10 microseconds 
are recommended. Note that any individual location may 
be programmed at any time. 

3. Addresses and data should be presented to the device 
within the recommended setup/hold time and high/low 
logic level margins. 

PROGRAMMING FLOW CHART 

4. The programming is to be done at room temperature. 

ERASING PROCEDURE 
The IM6653/54 may be erased by exposure to high intensity 
short-wave ultraviolet light at a wavelength of 2537 A. The 
recommended integrated dose (i.e., UV intensity x exposure 
time) is 10W sec/cm2. The lamps should be used without 
short-wave filters, and the IM6653/54 to be erased should be 
placed about one inch away from the lamp tubes. For best 
results it is recommended that the device remain inactive for 
5· minutes after erasure, before programming. 

POWER OOWN 
ALL INPUTS. 

vee. VOO 
VlwVee=Voo=GNO 

fJ 
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IM6653/IM6654 
PHYSICAL DIMENSIONS 

CERAMIC PACKAGE (DG) 

.225 .095(2.413) 
C (5:n) MAX .070(1.778)j 

·l~' ~ ·r-U 
.. 200(5.08) I" II -. -t 

.120(3.05) '--II _ .., . II (:g~~~:~) 
(21.g~)- ~ .070(1.78) - -.023(0.584) 

.030(0.76) .. 014(0.368) 

CERDIP PACKAGE (JG) 

.015(.381) 

.008(.203) 

fE3uJ 
I I 
.620( 15.75) 
.590(14.98) 

.200(5.08)MAX -. .075(1.91) 

O~OIL 

~jl"':""'~ . .015(.381) ~ I ..;t . . - - .008(.203)MAX 

. r-i 1- r-' _ -II~ -:i25 . I. . . .1 
.100 .055· .023(.584)(3.18)MIN .660(16.76) 

(2.54) (1.40)TYP .014(.356) .620(15.75) 

NOTE: All dimensions in parenthesis are ~etric. 
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FEATURES 
• Uses Patented AIM Programming Element for 

- Superior Reliability 
- High Programming Yield 
- Fast Programming Speed < 1 sec 
- TTL Processing Compatibility 

• Low Power Consumption 1.5 mW/bit 
• Operating Speed 

- Address to Output - 50nS 
- Chip Enable to Output - 40nS 

• Large Output Drive - 16mA @ 0.45V 
• TTL Compatible Inputs & Outputs 
• Two Output Designs 

- 5600 Open Collector 
- 5610 Active Pull-up 

• Chip Enable Facilitates Memory Expansion and USe in 
Bus Organized Systems 

APPLICATIONS 

• Code Conversion 
• Logic Implementation 
• Microprogramming 
• Look-up Tables 
• Control of Sequential Circuits 
• Character Generation 

CONNECTION DIAGRAM 

TOP VIEW 

ORDERING INFORMATION 

PART TEMPERATURE ORDER 
NUMBER PACKAGE RANGE NUMBER 
IM5600 16 Pin Ceramic DIP O°C to +75°C Commercial' IM5600CDE 

_55°£!0 +125°C Military IM5600MDE ---- .. -~--. 
16 Pin Flatpack O°C to + 75°C Commercial IM5600CFE 

-55°C to +125°C. Military IM5600MFE ----------. 
----O°Cto +75°C IM5600CPE 16 Pin Plastic DIP 
---------~ 

16 Pin Cerdip DIP O°C to +75°C Commercial IM5600CJE 
~~C to +1..25°C Military IM5600MJE 

-----------
IM5610 16 Pin Ceramic DIP O°C to + 75°C Commercial IM5610CDE 

-55°C--,-0 +125°C Military IM5610MDE 
16 Pin Flatpack O°C to +75°C Commercial IM5610CFE 

-55°C to +125°CMilitary IM5610MFE 
16 Pin Plastic DIP DOC to +75°C IM5610CPE 
16 Pin Cerdip DIP O°C to +75°C Commercial IM5610CJE 

-55°C to +125°C Military IM5610MJE 

IM5600/lM5610 
256 Bit Bipolar 

Read Ol1ly Memory 

GENERAL DESCRIPTION 
The Intersil IM5600 and IM5610 are high speed, electrically 
programmable, fully decoded, bipolar 256 bit read only 
memories organized as 32 words by 8 bits.,On-chip address 
decoding, chip enable input and uncomitted collector or 
three-state outputs provide for simplified memory expansion 
and use in bus organized systems. 

Unprogrammed AIM elements are sensed as ZERO's or low 
logic levels at the outputs. Programming with a commercially 
available programmer irreversibly converts selected elements 
in the' array so that they are sensed as ONE's or high logic 
levels, 

The following companies make programmers approved by 
Intersil: 

1, Data 1/0 Corp., P.O. Box 1603, Bellevue, Wash. 98009 
2, PRO-LOG Corp" 2411 Garden Rd., ~onterey, CA 93940 

Detailed prog'ramming specifications for all' Intersil PROMs are 
presented in the Intersil BIPOLAR PROM PROGRAMMING 
SPECIFICATION Data Sheet. 

BLOCK DIAGRAM 

TRUTH TABLE 
ADDRESS INPUTS 

AO-A4 

Anyone of 32 
possible addresses. 

Anyone of 32 
possible addresses. 

ANY OUTPUT 
CE 01-08 
L H-if the bit uniquely associated with 

this output and address has been 
electrically programmed. 
L-if it has not been programmed. 

H All outputs are forced to a high im
pedance state regardless of the 
address. ' 

tJ 
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IM5600/lM5610 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .......... " .............. : .................................. +7.0V 
Input Voltage Applied ............................................. -1.5V to +5.5V 
Output Voltage Applied ............................................. ~.5V to +Vee 
Output Voltage Applied (Programming Only) .................................... 28V 
Current lrito Output (Programming Only) ....................... : .......... 210 mA 
Storage Temperature ............... , ........................... --£5°Cto+150°C 
Operating Temperature Range' . . 

(lM5600C and IM5610C) .... , ..... : ................. :-.. : ..... : .... 0°Cto+75°C 
(lM5600M.and IM5610M) ....................................... -55°Cto+125°C 

'Operating t~mperature is defined as ambient temperature for the DIP and case temperature for' 
. the flatpack. Case temperatwe is measured directly below the die. 

DC CHARACTERISTICS 

LIMITS LIMITS 
Vee =5.DV ±5% Vee = 5.DV ±1D% 

T = DOC to +75°C T = -55°C to +125°C 
SYMBOL ,CHARACTERISTICS MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

IFA . Address Input Load -0.63 -1.0 ~.63 -1.0 VA=- 0.4V 
Current 

IFE Chip Enable Input Load ~.63 -1.0 ~.63 -1.0 
mA 

· VeE = 0.4V 
Current 

IRA Address Input Leakage 5.0 40 5.0 60 · VA = 4.5V 
Current 

IRE Chip.Enable Input 5.0 40 5.0 60 
p.A 

VC'E = 4.5V 
Leakage .Current 

VOL ' Output Low Voltage 0.3 0045 0:3 0045 IOl.= 16 mA 
VeE = OAV 
'0' bit is addressed. 

Vil Input Low Voltage 0.8 0.8 
V 

VIH . Input High Voltage 2.0 2.0 

Ve Input Clamp Voltage ~.9 -1.5 ~.9 -1.5 liN =' -10 mA 

BVIN Input Breakdown Voltage 5.5 6.5 5.5 6:5 liN = 1.0 mA 

Icc Power Supply Current 75 100 75 100 mA Inputs Either Open 
or at Ground 

10 (High R State) Output Leakage Current <1.0 40 <1.0 . 100 Vo = 5.5V, VeE = 2AV 

10 (High R State) Output Leakage Current <-1.0 -40 <-1.0 "-100 
. p.A 

Vo = 9AV, VeE = 2AV 

CIN Input Capacitance 5.0 5.0 · VIN - 2.0V, Vee'-OV 

COUT Output Capacitance 7.0 7.0. pF Vo := 2.0V, Vee = OV 

I Th. follow;".re ,,,"",00' 'h.",Ie,;M;" of th. "'pv' h;gh .,,' ,,,Ie whoo th. ,h;p;' ".b,,, 'U = OAVI ",. pro
gr~mme9 bit is addressed. These characteristics cannot be tested prior to programmin~ but are guaranteed by design. 

IOlK Output Leakage Current <1.0 10Q <1.0 100 pA Vo =,5.5V,VCE'= OAV 

VOH.IIM5610l Output' High Voltage 2.4 3.2 2.4 ' 3.2 V IOH =-1.0 mA 

IIM561 OM) 
I 

IOH = -204 mA 
.. IIM5610C) 

Isc IIM5610l Output Short Circuit -15 -30 :-60 -15 -30 -60 mA Vo =.OV 

NOTE 1: Typical 9haracteristics are for Vec = 5.0V, TA = 25°C, 
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IM5600/lM5610 
SWITCHING CHARACTERISTICS 

LIMITS LIMITS LIMITS 

Vee = 5V Vee = 5V ±5% Vee = 5V ±10% 
TA = 25°C TA = O°C to +75°C TA = -55°C to +125°C 

" 
SYMBOL CHARACTERISTIC MIN MAX MIN MAX MIN MAX UNITS 

TAA Address Access Time 20 50 20 65 20 75 

TDiS Output Disable Time" 10 40 10 50 10 60 ns 

TEN Output Enable Time" 5 40 5 50 5 60 

* Output disable time is the time taken for the outputto reach a high resistance state when the chip enable is taken high. Output enable time is the 
time taken for the output to become active when the chip enable is taken low. The high resistance state is defined as a point on the output 
waveform equal to a t. V of O.5V from the active output level. . 

SWITCHING WAVEFORMS 

ADDRESS __ ..JI-' 
INPUT 

OUTPUT --.......,h. 

FIGURE 1: Access Time Via, Address Input 

ENABLE 
INPUT 

OUTPUT --+--' 
OUTPUT --+-.., 

-. tDIS 
loon 

FIGURE 2: Output Disable And Enable Ti~e 

1.3K 

1.3 K 

OUT 

CE 
IM5600 

IM5610 
FIGURE 3: Output Stage Schematics 

SWITCHING TIME TEST CONDITIONS 

SWITCHING 

PARAMETER 

tAA 

tOIS"1" 

tOIS"O" 

tEW1 " 

tEN"O" 

OUT 

IM5600 

Rl R2 

300n 600n 
., 3.3 Kn 

300n 600n 
., 3.3 Kll 

300n 600n 

INPUT CONDITIONS 
Amplitude - OV to 3V 

CL 

30 pF 

10 pF 

10 pF 

30 pF 

30 pF 

FIGURE 4: Output Load Circuit 
Rise and Fall Time - 5 ns From 1V to 2V 
Frequency - 1 MHz 

IM5610 

R1 R2 CL 

300n 600n 30 pF 
., 600n 10 pF 

300n 600n 10 pF 
., 600n 30 pF 

300n 600n 30 pF 

fJ 
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IM5600/lM5610 
PACKAGE OUTLINES 

16 LEAD CERAMIC DIP (DE) 16 LEAD PLASTIC DIP (PE) 

I~ :C:::::C j:~t~g:~~l 
.070(1.78) __ I 1-.' .~ MAX .. 
.030(.762) 1--.840(21.34) MAX -:---L+-_I (5.08) 

c::::]' . '. . ... .. . .... (:~~~)MAX 
. 130 .320(8.13) 

.070(1.78) __ I 1_ . . (330)MAX .290(7.37) 

.030(.762) 1-.770(19.56) MAX-I ~ I.-I. 
'060(1:52)~-t' t· n 4 

.025(.635) ...... 1 I- -11-. .130(3.30)j I~I 

.0151,381) 

.008.203) HrnmmI1 R·' ---'- . -=-~ .015(.381 
.060(1.52).1 .. . . t . - ... 008(2031 

:015(.381) I 1 II ·-t I 1 .110(2.79) .. 023(.584) .070(1.78) . .310(7.87) 
.090(2.29) .014(.356) .200(5.08) .290(7.37) 

NOTE 2 .125(3.18) 

----.. ~ -.. ~ .... 
.110(2.79) .023(.584) .200(5.08) .400(10.16) 
.090(2.29) .015(.381) .125(3.18) .300(7.62) 

NOTE 2 

16 LEAD CERDIP PACKAGE (JE) 16 LEAD FLAT-PACK (FE) 

[::::]*i~~i 
. .320(8.13) 

.0701.78)_1 1_ .180(4.57) ~ 

.0300.76 1-.780(19.81) MAX -'-I r 140(3.56) 1 ~ 'I. . 
.'"'''.~, ~ R .015(3.81) 1 . .. . 

~ .. -t t . .015(.381) '. -t -- ----~ 

.-1 I- -11-, -t. I. .1 
. 110(2.79) .023(.584) .200(5.08) .400(10.16) 
.090(2.29) .015(.381) .125(3.18) .330(8.38) 

NOTE 2 

.370(9.40) .285 .006(.152) 

.250(6.35) (7.24) .003(.076) 

t I~I--~ MAX t-+-
.040(1.05) --c-~ t 
.020.508 _____ I I •. 280(7.11) l·080(2.03) 

.245(6.22) .040(1.02) 

~O U J ·055(1.40) 
(11.18) t .045(1.14) 

MAX --.i .019(.483) 
+ L .. . t .015(.381) 

+ 1---:.- .750 MIN _I . 
.005(.127) (19.05) 

MIN 

NOTE 1: All dimensions in parenthesis are metric. 
NOTE 2: Board drilling dimensions will equal standard practices for.020 diameter lead. 
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FEATURES 
• Uses Patented AIM Programming Element for 

- Superior Reliability 
- High Programming Yield 
.,- Fast Programming Speed < 1 sec 
'- TTL Processing Compatibility 

• Low Power Consumption 439 IlW/bit 
• Operating Speed 

- Address to Output - 60nS 
- Chip Enable t6 Output - 35nS 

• Large Output Drive - 16mA @0.45V 
• TTL Compat!ble Inputs & Outputs 
• Two Output Designs 

- 5603 Open Collector 
- 5623 Active Pull-up 

IM5603/1M5623 
Electrically Programmable 

1024 Bit Bipolar Read 
Only Memory 

GENERAL DESCRIPTION 
The Intersil IM5603 and IM5623 are high speed, electrically 
programmable, fully decoded, bipolar, 1024 bit read only 
memories organized as 256 words by 4 bits. On-chip address 
decoding, chip enable inputs and uncomitted collector or 
three-state outputs provide for simplified memory expansion 
and use in bus organized systems. 

Unprogrammed AIM elements are sensed .as ZERO's or low 
logic levels at the outputs. Programming with a commercially 
available programmer irreversibly converts selected elements. 
in the array so that they are sensed as ONE's or high logic 
levels. . 

• Chip Enables Facilitate Memory Expansion and .Use in 
Bus Organized Systems 

The following companies make programmers approved by 
Intersil: ' 

APPLICATIONS 
• Code C.onversion 
• Logic Implementation 
• Microprogramming 
• Look-up Tables 
• Control of Sequential Circuits 
• Character Generation 

CONNECTION DIAGRAM BLOCK DIAGRAM 

AO c>-;; 
Alai-1 6 
A2OY- ADDRESS t--
A30T 

INVERTERS 

A4oj-

A5~ ADDRESS 
A6of-
A70-is 

IrNERTERS 

-
CEl 13 CHIP 
CE2 14 ENABLE I TOP VIEW 

ORDERING. INFORMATION 
PART TEMPERATURE ORDER 

NUMBER PACKAGE RANGE NUMBER 
IM5603 16 Pin Ceramic DIP DoC to +75°C Commercial ' IM5603CDE 

-55°C to +125°C Military. IM5603MDE 
16 Pin Flatpack DoC to +75°C Commercial IM5603CFE 

~55°C to +125°C Military IM5603MFE 
16 Pin Plastic DIP DoC to.+7,5°C IM5603 CPE 
16Pin Cerdip uip-

~----

IM5603 CJE DoC to +75°C Commercial 
_55°C to +125°C Military IM5603MJE 

IM5623 16Pin ~eramic DIP DoC to +75°C C.ommercial IM5623CDE 
-55°C to +!25°C Military IM5623MDE 

16 Pin F latpack DoC to +75°C Commercial· IM5623CFE 
~5~CJo_+125°C Military IM5623MFE 

16 Pin Plastic DI P DoC to +75°C IM5623CPE 
. --~------~-------

16 Pin Cerdip DIP DoC to +75°C Commercial IM5623CJE 
c55°C to +125°C M~itary IM5623MJE 

1. Data 1/0 Corp., P.O, Box 1603, Bellevue, Wash. 98009 
2. PROcLOG Corp., 2411 Garden. Rd., Monterey, CA 93940 

Detailed programming specifications for allintersil PROMs are 
presented in the Intersil BIPOLAR PROM PROGRAMMING 
SPECIFICATION Data Sheet. 

32 1024 BIT 
1 OF 32 r-r- (32 x 32) 

DECODER MEMORY CELLS 

_%8 %8 ~8 ~8 

8 INPUT BINPUT 8 INPUT 8 INPUT 
MULTI- MULTI- MULTI· MULTI· 

LPLEXER PLEXER PLEXER PLEXER 

I I I I 
I OUTPUT 

L BUFFERS 

VCC" 16 ~)9 ~10 911 912 GND" B 
04 03 02 01 

TRUTH TABLE 

ADDRESS 
INPUTS 
AO-A7 

CHIP ENABLE 
INPUTS ANY OUTPUT 

0,-04 

Anyone of 256 
possible 
addresses 

Anyone of 256 
possible 
addresses 

x = Don't Care 

L L 

H_ 
X 

X 
H 

H-if the bit uniquely 
associated with this 
output and add ress 
has been electrically 

. programmed. 
L- if it has not been 
programmed. 

All outputs are 
forced to a high 
impedance state 
regardlessof address. 

. 

fI 
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IM5603/IM5623 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage .. ~; .................................... , ................... +7.0V 
Input Voltage Applied ............................................... -1.5Vt05.5V 
Output Voltage Applied .................................•.......... -o.5V to +Vee 
OutputVoltage Applied (Programming Only) ................................... 28V 
Current Into Output(Programming Only) .........................•....... ·210 mA 
Storage Temperature ........................................... -B5°Cto+150°C 
Operating Temperature Range' 

(lM5603Cand IM5623C) ........................................ 0"Cto+75°C 
(lM5603Mand IM5623M) ..................................... -55°Cto+125°C 

'Operating temperature is defined as ambient temperature for the DIP and case temperature for 
flatpack. Case temperature is measured directly below the die. 

DC CHARACTERISTICS. 

LIMITS LIMITS 
Vee = 5.DV ±5% Vee = 5.0V ±1D% 

T = DOC to +75°C T = --55°C to +125°C 
SYMBOL CHARACTERISTICS MIN TYP . MAX MIN TYP MAX UNITS CONDITIONS 

IFA fAddress Input Load 0.63 -1.0 -0.63 -1.0 VA = 0.4V 
Current 

IFE Chip Enable Input Load -0.63 -1.0 ...(J.63 -1.0 
mA 

VeE =' OAV . 

Current 

IRA Address Input Leakage 5 40 5 60 VA = 4.5V 
Current 

IRE Chip Enable Input 5 40 5 60 
p.A 

VeE = 4.5V 
Leakage Current 

VO~ Output Low Voltage 0.3 0045 0.3 0045 IOl = 16 mA, 
VeE1 = VeE2 = OAV 
'0' bit is addressed. 

Vil Input Low Voltage 0.8 0.8 

VIH Input High Voltage 2.0 2.0 
V 

Ve Input Clamp Voltage ...(J.9 ~1.5 -0.9 -1.5 liN = -10 mA 

BVIN Input Breakdown. Voltage 5.5 6.5 5.5 6.5 liN = 1.0 mA 

lee Power Supply Current 90 130 90 130 mA Inputs Either Open 
or at Ground 

10 (High R State Output Leakage Current <1 40 <1 100 Vo = 5.5V I VeE1 or 

10 (High R State Output Leakage Current <-1 -40 <-1 -100 
p.A 

Vo = OAvl Vffi=2AV 

CIN Input Capacitance 5 5 VIN = 2.0V, Vee = OV 

COUT Output Capacitance 7 7 
pF 

Vo - 2.0V, Vee - OV 

~.. . The following are guaranteed characteristics of the output high level state when the chip is enabled (CE1 and CE2 = OAV) alid a II programmed bit is agdressed. These characteristics cannot be tested prior to prograrnming but are guaranteed by design. 

IOlK putput Leakage Current· <1 100 <1 100 p.A Vo = 5.5V 

VOH (lM5603) putput High Voltage 204 
VOH (lM5623) putput High Voltage 204 

Ise (lM5603) Output Short Circuit 1.0 
Current 

Ise OM5623) putput Short Circuit -15 
Current 

NOTE: Typical characteristics are for Vcc = 5.0V TA = 25° C. 
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3.3 

3.2 

3.0 -B.O 

-30 -BO 

204 . 3.3 IOH = .-004 mA 

204 3.2 IOH = -204 mA 
V (lM5623C) 

IOH =-1.0 mA 
(lM5623M) 

-1.0 3.0 -B.O Vo=OV 

-15 -30 -BO 
mA 

Vo = OV 



IM5603/1M5623 
SWITCHING CHARACTERISTICS 

LIMITS LIMITS . LIMITS 

Vee = 5.0V Vee = 5.0V ±5% Vee = 5.0V ±10% 

TA = 25°C TA = O°C 10 +75°C TA = -55°C 10 +125°C ,-
SYMBOL CHARACTERISTICS MIN MAX MIN MAX MIN MAX UNITS 

tAA Access Time (Via 20 60 20 70 20 80 
Address Inputs) 

(See Figure 1) 

tOIS Output Disable Time' 10 35 10 50 10 60 ns 
(See Figure 2) 

tEN Output Enable Time' 5 35 5 50 5 60 
(See Figure 2) 

'NOTE: Output disable time is the time taken for the output to reach a high resistance state when either chip enable is taken high. Output 
enable time is the time taken forthe outputto become active when both chip enables are taken low. The high resistance state is defined 
as a point on the output waveform equal to a f> V of'O.5V from the active output level. 

SWITCHING WAVEFORMS 

ADDRESS 
INPUT 

OUTPUT ___ --+,J 

OR 

OUTPUT ____ ""\ 

CHIP 
ENABLE 
INPUT __ .....J 

tOIS'1' 

OUTPUT ____ k 

Vo 

OR 

OUTPUT ____ .J 

Vo 

FIGURE 1: Access Time Via Address Inputs FIGURE 2: Output Enable And Disable Times 

SWITCHING TIME TEST CONDITIONS 

Vcc 

SWITCHING IM5603 

PARAMETER R1 R2 

tAA 300n 600n 

tOIS"l" '" 3.3 Kn 

tOIS"O" 300n 600n 

tEN"l" '" 3.3 Kn 

tEN"O" 300n 600n 

FIGURE 3:·0utput Load Circuit 

. INPUT CONDITIONS 

Amplitude - OV to 3V 
Rise and Fall Time- 5 ns From 1V to 2V 
Frequency - 1 MHz 

IM5623 

CL R1 R2 
30 pF 300n 600n 

10 pF '" 600n 

10 pF 300n 600n 

30 pF '" 600n 

30 pF 300n 600n 

CL 
30 pF 

10 pF 

10 pF 

30 pF 

30 pF 

tJ 
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IM5603/IM5623 
TYPICAL SWITCHING CHARACTERISTICS 
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r---.:: I!:s: vee = 5,OV 
~ 

l"- I I 
vee = 5,5V 

-I 1 

I 
I 

'" E-
w 
::;: 
;:: 
w 
...J 
<II 
.,; 
z 
w 

IM5603 CHIP ENABLE 
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INCREASE WITH LOAD, 
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IM5603/IM5623 
TYPICAL DC CHARACTERISTICS 
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IM5603/1M5623 
OUTPUT STAGE SCHEMATICS 

IM5603 

8 INPUT 
MULTIPLEXER 

6k 

.' PACKAGE QIMENSIONS 

16 LEAD .CERAMIC DIP (DE) 

[ ~ c::::[ j~~~:;:~;: 

1.3k 

t--.t--.- OUTPUT 

.. 070(1.78) __ I 1_ ...£QQ. MAX 
.030(.762) 1_ .840(21.34) MAX --.1. [15.08) ., 

LLtHihhDffiiOJ. j" PI5J. _ ~(.381) 
+ ~V U U U U· U u·· t . t ~ . -~ .008(.203) 

.060(1.52) I I II t 1-- -~I .925(.635) ,.... ____ .., . 130(3.30) ~ 
.110(2.79) .023(.584) .070(1.78) .310(7.87) 
.090(2.29) .014(.356) . .200(5.08) .290(7.37) 

.. NOTE 2 .125(3.18) 

16 LEAD CERDIP PACKAGE (JE) 

[::::]~I;~ 
.320(8.13) 

.070(1.78) _I 1_ .180(4.57) :29OT7.37l 

.030(0.76) 1_ .780(19.81) MAX -I r140(3.56) I' 'I 

IM5623 

8 INPUT 
MULTIPLEXER 

16 LEAD PLASTIC DIP (PE) 

16 LEAD FLAT-PACK (FE). 

Uk 

.370(9.40) .285 .006(.152) 

.250(6.35) (7.24) .003(.076) 

t·I-I~~MAX ~-1 

100n 

-OUTPUT 

.040(1.05)T~ t-

.020(.508) __ I I •. 280(7.11) l.080(2.03) 
.245(6.22)· :040{1.02) 

'''''.~I wmm R .015(3.81) 1 

7 ~ ~t + .015(.381) -t - ~ ~ ..... lili8(2.03) 

~I 1-- ~ 1-. t I, .1 
+ 0+ 440 . ~.055(1.40) 

.(;1.18) . .. +.045(1.14) 

MAX. J .019(.483) 

+ L • . .. t .015(.381) 
.110(2.79) .023(.584) .200(5.08) .400( 10. 16) 
.090(2.29) .015(.381).125(3.·18) .330(8.38) 

NOTE 2 

NOTE 1: All dimensions in parenthesis are metric. 

• 1_ .750 MIN--I 
.005(.127) (19.05) 

MIN 

NOTE 2: Board drilling dimensions will equal standard practices for .020 diameter lead .. 
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FEATURES 
• Uses Patented AIM Programming Element for 

- Superior Reliability 
- High Programming Yield 
- Fast Programming Speed < 1 sec 
- TTL Processing Compatibility 

• Low Power Consumption 244 IlW/bit 
• Operating Speed , 

- Address to Output - 70nS 
- Chip Enable to Output -35nS 

• Large Output Drive - 16mA @ 0.45V 
• TTL Compatible Inputs & Outputs 
• Two Output Designs 

- 5604 Open Collector 
- 5624 Active Pull-up 

• Chip Enable Facilitates Memqry Expansion and Use in 
Bus Organized Systems 

APPLICATIONS 
• Code Conversion 
• Logic Implementation 
• Microprogramming 
• Look-up Tables 
• Control of Sequential Circuits 
• Character Generation 

CONNECTION· DIAGRAM BLOCK DIAGRAM 
" 

AOI-'"5 

A6C r;-v-;s :::J VCC 

Al c+ ADDRESS I---A2 '~T INVERTERS 
A5C 2 15 :::J A7 A3CT 

A4C 3 14 :::J AS 
A4(~T' 

A3C 4 13 :::J CE 

A5:'8f= AOC 5 12 :::J 01 AG:' 2 ADDRESS' 

A1C6 l1p02 ~~~ INVERTERS 

A2C 710 P 03 14 

GNDC S ' 9 P 04 
CE 

CHIP 
.13 ENABLE J 

TOP VIEW 

ORDERING INFORMATION 

PART TEMPERATURE ORDER 
NUMBER PACKAGE RANGE NUMBER 

IM56D4 16 Pin Ceramic DIP DoC to + 75°C Commercial IM56D4CDE 
-55°C to +125°C Military IM56D4MOE 

----~ .. 

16 Pin Flatpack DoC to +75°C Commercial IM56D4CFE 
-55°C to +125°C Military IM56D4MFE 

16 Pin Cerdip DIP DOC to +75°C Commercial IM56D4CJE 

~:-----
-55°C to +125°C Military IM56D4MJE 

16 Pin Plastic DIP DOC to +75°C IM56D4CPE 

IM5624 16 Pin Ceramic DIP DOC to +75°C Commercial IM5624CDE 
-55°C to +125°C Military IM5624MDE 

16 Pin Flatpack DOC to +75c CCommercial IM5624CFE 
-55°C to +125°C Military IM5624MFE 

16 Pin Cerdip DIP DOC to +75°C Commercial IM5624CJE 
-55°C to +125°C Military IM5624MJE 

16 Pin Plastic DIP DOC to +75°C IM5624CPE 

IM5604/1M5624 
2048 Bit Bipolar 

Programmable Read 
, Only Memory 

GENERAL DESCRIPTION 
The Intersil IM5604 and IM5624 are high speed, electrically 

. programmable, fully decoded, bipolar 2048 bit read only 
memories organized as 512 words by 4 bits, On-chip address 
decoding, chip enable inputs and uncomitted collector or 
three-state outputs provide for simplified memory expansion 
and use in bus organized systems, 

Unprogrammed AIM elements are sensed as ZERO's or low 
logic levels at the outputs. Programming with a commercially 
available programmer irreversibly· converts selected elements 
inthe array so that they are sensed as ONE's or high logic 
levels. 

The following companies make programmers approved by' 
Intersil: 

1, Data I/O Corp., P,O. Box 1603, Bellevue, Wash. 98009 
2. PRO-LOG Corp., 2411 Garden Rd:,.Monterey, CA 93940 

Detailed programming specifications for allintersil PROMs are 
presented in the Intersil BIPOLAR PROM PROGRAMMING 
SPECIFICATION DATA SHEET, 

~ 
2048 BIT 

1 OF 32 (32 x 64) 
DECODER MEMORY CELLS 

,r16 ,r16 ,r16, ,r16 

16 INPUT 16 INPUT 16 INpUT 16 INPUT 
MULTI· MULTI· MULTI· MULTI· 
PLEXER PLEXER PLEXER PLEXER 

I I I I 
OUTPUT 

I BUFFERS 

vee = 16 ,I,g ,1'10 111 l12 GND =8 
04 03 02 01 

TRUTH TABLE 
ADDRESS INPUTS ANY OUTPUT 

Ao-As CE 0,-0. 
Anyone of 512 L H - if the bit uniquely 

possible addresses associated with this 

output and address has 

been, electrically pro-

grammed, 

L - if it has not been 

programmed, 

Anyone of 512 H All outputs are forced 

possible addresses to a high impedance 

I state regardless of the 

address, 

tI 
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IM5604/IM5624 
.ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ...........................................•................ +7.0V 
Input Voltage Applied .. ;: .......................................... -1.5Vto +5.5V 
'OutputVoltageApplied ............................... , ............ -o.5Vto+VcC 
Output Voltage Applied (Programming Onlyl .. ' ........................ : ....... 28V 
CurrenilntoOutputlProgrammirigOnlyl ................................. 210mA . 
Storage, Temperature ........................................... --65° C to +150° C 
Operating Temperature Range' ' 

(IM5604Cand1M5624CI ... : ...... ,' ..................... ,.,' ....... 0°CtO!75~C 
(lM5604Mand IM5624MI ....................................... -55°Cto+125°C 

. "." . 

·'Operating te~perat~rei; dlilfined a~ ambient temperature for the DIP and case temperature'for : 
the flatpack. Case temperature ismeasu~ed directly below the die, 

DC CHARACTERISTICS 

LIMITS LIMITS 
Vcc.= 5.0V ±5% VCC = 5.0V ±10% : 

T = O°C to +75°C .' T'~ -55"C to +125°C 

,:SYMBOL CHARACTERISTICS MIN TYP ,MAX MIN TYP MAX UNITS CONDITIONS 
IFA" Address Input Load -0.63 -1.0 -0.63 -1.0 VA = O.4V 

Current " 

IFE Chip Enable Input Load , -0.63 -1.0 -0.63 -1.0, 
mA, 

VCE = O.4V 
Current . 

IRA Address Input Leakage 5.0 40 5.0 60 VA";: 4.5V , 
Current, 

~A 
IRE Chip Enable Input 5.0 40 5.0 60 VCE= 4.5V 

" 
J" Leakage Current 

VOL Output Low Voltage 0.3 0.45 '0.3 0.45 IOl = 16 mA 
VCE =O.4V 

'. , '0' bit is, addressed. , 
V,l \ Input Low Voltage 0.8 0.8 

V 
V,H Input High Voltage 2.0 2.0 

Vc' Input Clamp Voltage -0.9 -1.5 ' -0.9 -1.5 liN =-10 mA 

BV,N Input Bteakdovm Voltage 5.5 6.5 5.5 6.5, , ' . liN = 1.0 mA 

Icc Power Supply Current 100 140, . 100 140 mA Inputs Either Open 
or at Ground 

10 (High R State Output Leakage Current <1.0 40 <1.0 100 Vo = 5.5V, VCE =2.4V 

10 (High R State Output Leakage Currerit . <-1.0 -40 <-1.0 -100 /JA 
Vo = O.4V, VCE = 2.4V 

C'N Input Capacitance 5.0 5.0 Y,N = 2.0V, VCC = OV 

COUT Output Capacitance ' .. 7.0 7.0 pf . Vo = 2.0V; Vee = OV 

~ The following are guaranteed c,haracteriStiCS of tile output high I~\lel state when t,he· chip is enabled (CE 7' O.4V) and a proII ,mmmod ,II ;, ."'dm~d. 'h~. "'.~oteri"'~ ",,01 " Ie,," "'0' to .'ogmmm l", b" .m ,",.m"""'" by d~I," 
, ", 

IOlK Output Leakage Current <1.0 100 ' <,1.0 ,,100 ~A Vo= 5.5V, VeE = oAv 
VOH (lM5604) Output High Voltage 2.4 3.3 '2.4 3.3 10 = -0.4 mA 

, VOH ClM5624) Output High Voltage 2.4 3.2 2.4 3.2 V 10 =-1.0 mA 
ClM5624M) 
10 T -2.4 mA, 
(lM5624C) 

Ise ClM5604) Output Short Circuit -1.0 '-3.0 1>:0 -1.0 -3.0 --6.0 
Vo = OV Current 

Isc ClM5624) Output Short Circuit -15 -30 1>0 :-15 : . .,;.30 -60, 
mA 

Vo=OV 
Current 

NOTE: Typical characteristics are for Vcc = 5.0V, TA =,25°C. 
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IM5604/IM5624 
SWITCHING CHARACTERISTICS 

LIMITS LIMITS LIMITS 

Vee = 5V Vee =c 5V ±5% Vee = 5V ±10% 

TA = 25°C . TA = O°C to 70°C TA = --55°C to +125°C 

SYMBOL CHARACTERISTICS MIN MAX MIN MAX MIN MAX UNITS 

TAA Access Time (Via 
Address Inputs) 

(See Figure 1) 20. 70. 20. 80. 20. 90. 

TOls Output Disable Time' 
(See Figure 2) 10. 35 10. 50. ' 10. 60. ns 

TEN Output Emible Time' 
(See Figure 2) 5 35 5 50. 5 60. 

'NOTE: Output disable time is the time for the output to reach a high resistance state when either chip enable is taken high. Output enable time 
is the time taken for the output to become active when both chip enables are taken low. The high resistance state is defined asa point 
on the oytput waveform equal to a to.V of O.5V from the active output level. . 

SWITCHING WAVEFORMS 

eHIP 
ADDRESS ENABLE 

INPUT INPUT 
tOIS',' tEN '1' 

OUTPUT 
Vo 

OUTPUT 

OR OR tEN '0' 

OUTPUT 

OUTPUT ____ J 

Vo 

FIGURE 1: Access Time Via Address Inputs FIGURE 2: Output Enable And' Disable Times 

SWITCHING TIME TEST CONDITIONS 

Vee 
Co 

FIGURE 3: Output Load Circuit 

SWITCHING 

PARAMETER R1 

tAA 3DDn 

tOIS"1" <Xl 

tOIS"O" 30.0.0 

tEN"1" <Xl 

tEN"O" 30.0.0 

INPUT CONDITIONS 

Amplitude - DV to 3V 
Rise and Fall Time - 5 ns From 1Vto 2V 
Frequency - 1 MHz 

IM5604 IM5624 

R2 CL R1 R2 

6DDn 30 pF 3DDn 60Dn 

3.3 Kn 1DpF <Xl 60Dn' 

60.0.0 10. pF 30.00 60.0.0 

3.3 KO 3D pF <Xl, 6000 

60.0.0 3D pF 30.00 60.0.0 

CL 

3D pF 

10. pF 

10 pF 

3D pF 
fJ 

30 pF 
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IM5604/1M5624 
TYPICAL DC CHARACTERISTICS 

I 
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IM5604 OUTPUT LOW CURRENT (loL) 
VS OUTPUT LOW VOLTAGE (VoL) 
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i: -3.0 TA; 25"e 
.... -3.5 ENABLED AND 
::I ADDRESSING 
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III " Vee; 5.5V-

(/1 
If -1.4 

-1 o .2 3 

INPUT VOLTAGE (V) 

IM5624 OUTj3UT LOW CURRENT (IOL) 
VS OUTPUT LOW VOLTAGE (VoL) 

~ g 
.... z 
w 
a: 
a: 
::I 
o 
3: o 
..J 
.... 
::I 
a.. .... 
::I 
o 

50 

45 
40 
35 

30 

25 
20 

15 

10 

5 

o 
o 

V 
7 

V Vec:5V 

V TA; 25'C 

100 200 300 400 500 

OUTPUT LOW VOLTAGE (mV) 

IM5624 OUTPUT HIGH CURRENT (IOH) 
VS OUTPUT HIGH VOLTAGE (VOH) 

<" g 
.... 
Z w 
a: 
a: 
::I 
0 
::c 
CJ 
i: ...., 
::I 
a.. .... 
::I 
0 

<" g 
.... 
Z 
w 
a: 
a: 
::I 
0 
.... 
::I 
a.. 
~ 

0 

-5 

'-10 

-15 

-20 

-25 

-30 TA; 25°e 

-35 ENABLED AND 
ADDRESSING 

-40 A PROGRAMMED BIT 

-45 
0 2 3 4 5 

OUTPUT HIGH VOLTAGE (V) 

IM5604 OR IM5624 ADDRESS INPUT 
CURRENT VS INPUT VOLTAGE 

+0.2 

0.0 

-0.2 

-0.4 

-0.6 

-0.8 

-1.0 

J 
A 

-G W 
//" I-?< Vee; 4.5V, 

71/ "'" 
Vee; 5.0V-
Vee; 5.5V_ 

-1.2 
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-1 o 2 3 

INPUT VOLTAGE (V) 



IM5604/IM5624 
OUTPUT STAGE SCHEMATICS 

IM5604 

, 0 

ARRAY{ • 
BIT • 

LINES • 

15 

16 INPUT 
MULTIPLEXER 

-..
HIGH ORDER 
ADDRESSES 

A5-Aa 

PACKAGE DIMENSIONS 

16 LEAD CERAMIC DIP (DE) 

. [CJ]lF:;:;: 
.070(1.78) __ I 1- ..1.QQ. MAX 
.030(.762) 1--.840(21.34)MA~t~(5.08) , 

~ WW\KRKt, ~t' t ~ ... 0151.381) 
T ~ -~ .008(.203) 

.060(1.52) I I II til .025(.635) .. 1-"""" .130(3.30) __ 
.11012.79) .023(.584) .07011.78) .31017.87) 
.090(2.29) .0141.356) .20015.08) .29017.37)' 

NOTE 2 .125(3.18) 

16 LEAD CERDIP PACKAGE (JE) 

O~O!b 

IM5624 

1.5K lOOn 

ARRAY{ O. 
BIT • 

LINES • 

15 

16 INPUT 
MULTIPLEXER 

16 LEAD PLASTIC DIP (PE) 

I:: ::::: ~ · ' , 1:~~g)MAX 
r30 .32018. 13) 

.07011.78) 1 1_ (330)MAX .29017.37) 

='~'="."OO'MAX~lil j u ~~"I. 
.06011.52d I -t-
.015(.381) __ 1 I., ... II~ -t I. ..I 

.11012.79) .023(.584) .200(5,08) .400(1.0.16) 
'.09012.29) .0151.381) .125(3.18) .300(7.62) 

NOTE 2 

16 LEAD FLAT-PACK (FE) 

.37019.40) .285 .006(.152) 

.25016.35) , 17.24)·003(.076) 

t I-I--~ MAX t~ 

.0151.381) 

.0081.203) 

[:::::j~ 
.32018".13) , 

.070(1.78) _I 1_ ".18014.57) :29O\7.37l .040(1.05) ~~ t 

.0311(0.76) 1_ .780119.81) MAX _I ~. 140(3.56) I'" ""I 
.015(3.8111 ."'''''''' ~ R -' , -tJ , .0151.381) t. ' __ ,-- 4-]jijjj(2.03) 

.. I 1- ~I-. t I. ..I 
.110(2.79) .023(.584) .200(5.08) .400110.16) 
.090(2.29) .0151.381).125(3.18)' .330(8.38) 

NOTE 2 

NOTE 1: All dimensions in Parenthesis are metric. 
-NOTE 2: Board drilling dimensions will equal standard practices for' 

.020 lead, 

.020.508 ___ I I •. 28017.11) l·08012.03) 
.245(6.22) .040(1.02) 

+ 1Ili'+ 440 -.055(1.40) 
111.18) " +" .045(1.14) 

MAX, .....i .0191.483) 
+ 1_ ,. , t .015(.381) 

+ I~ .750 MIN-I 
.005(.127), (19;05) 

MIN 

tJ 
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D~DIL 

FEATURES 
• Uses Patented AIM Programming Element for . 

-Superior Reliability 
- High Programming Yield 
- Fast Programming Speed <: 1 sec' . 
- TTL Processing. Compatibility . 

• Low Power Consumption 171 !LW/bit . 
• Operating Speed . 

- Address to Output - 70 nS , 
- Chip Enable to Output - 45 nS 

• Large Output Drive - 16mA @ 0.45V 
• TTL Compatible Inputs & Outputs 
• Two Output Designs 

- 5605 Open Collector 
- 5625 Active Pull-up 

• Chip Enables Facilitate Memory Expansion and Use in 
Bus Organized Systems 

APPLICATIONS 
• Code Conversion 

. • Logic Implementation 

7-94 

• Microprogramming 
• Look-up Tables 
• Control of Sequential Circuits. 
• Charac,ter Generation ' 

BLOCK DIAGRAM 

AO 

Al 
A2 
A3 

A4 
AS 

A6 

A7 

AS 

eE, 

CE2 

CE3 

CE4 

23 

INPUT 
BUFFERS 64 

AND 
'OF64 

DECODERS 

INPUT 
BUFFERS 

CHIP 
ENABLE 

4096 164 x 641 BIT 
ARRAY OF "AIM" 
PROGRAMMING 

ELE"'!1ENTS 

S·SINPUT 
MULTIPLEXERS 

8 OUTPUTS 

IM5605/1M5625 
4096 :BitBipolar 

,Programmable Read 
" Only Memory 

GENERAL DESCRIPTION' 
'. , . 

'.The Intersil IM56.o5 and IM5625 are high speed; electrically 
program~able, fully decoded, bipolar 4.096 bit read only 
memories organized as 512 words by8 bits. On-chip address 
decoding, chip enable inputs and uncommitted collector or 
three-state outputs provide for simplified hlemoryexpansion 
and use ,in bus organized systems.' ' 

Unprogrammed AIM elements are sensed as ZERO's or low 
logic' levels at the outputs. Programming with a 
commercially available programmer irreversibly c<;>nverts 
selected elements in the array so that they are sensed as 
ONE'slor high logic levels. 
The following companies make programmers approved by 
Intersil: " , ' 

1. Data 1/0 Corp., P.O. Box 16.o3;Believue, Wash. '98.0.09 
2. PRO-LOG Corp., 2411 Garden Rd., Monterey, CA 9394.0 

Detailed programming specifications for allintersil PROMs are 
presented in the Intersil BIPOLAR PROM PROGRAMMING 
SPECIFICATION Data Sheet. 

CONNECTION DIAGRAM 

A7 
A6 

A5 

A4 

A3 

A2 

AT 
AO 
01 
oi 
03 

GND 

VCC 
AS , 

'JII.c. (NOTE 1) 

CEl 
CE2 
CE3 
CE4': 

Os 
07 

06 

05 

04 

!'friTE1: Pin 22 must be left open during normal operation 'and 
connected to Vce: during programming. ' ' . 

NOTE 2:, The chip is enabled when GE, and GE2 are low and GE~ 
and GE4 are high. 

TRUTH TABLE 
ADDRESS 

INPUTS ANY OUTPUT 
Ao-Aa eE, , °1-0 a 

Anyone L H-if the' bit uniquely' 
of 512 associated with this 
possible :output and address 
addresses. 'has been electrically 

programmed, 
L-if it has not been 
programmed. 

Any cIne H X X X All outputs are forced 
of 51~ X H' X X to a high impedance 
possible X X L X state regardless of the 
addresses. X X X L address. 
X = Don't Care. 



IM5605/1M5625 
ABSOLUTE MAXIMUM RATINGS 

Supply Voltage ........................................................... +7.0V 
Input Voltage Applied ............................................. -1.5V to +5.5V 
Output Voltage Applied ............................................ -D.5V to +Vcc 
Output Voltage Applied (Programming Only) ................................... 28V 
Current Into Output (Programming Only) .................................. 210mA 
Storage Temperature ............................................ -B5° C to +150° C 
Operating Temperature Range" 

(lM5605Cand IM5625C) .......................................... 0°Cto+75°C 
(lM5605Mand IM5625M) ...................................... -55°Cto+125°C 

'Operating temperature is defined as ambient temperature for the DIP and case temperature for 
the flatpack. Case temperature is measured directly below the die. 

DC CHARACTERISTICS 

LIMITS LIMITS 
VCC = 5.0V ±5% Vcc = 5.0V ±10% 

T = O°C to +75°C T = -55°C to +125°C 
SYMBOL CHARACTERISTICS MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 

IFA Address Input Load 
Current -D.63 -1.0 -D.63 -1.0 

rnA 
VA = OAV 

IFE Chip Enable Input Load 
Current -D.63 -1.0 -D.63 -1.0 VCE = OAV 

IRA Address Input Leakage 
Current 5.0 40 5.0 60 

/JA 
VA = 4.5V 

IRE Chip Enable Input 
Leakage Current 5.0 40 5.0 60 VCE =4.5V 

VOL Output Low Voltage 0.3 0045 0.3 0045 IOl = 16 mA 
VCEl & VCE2 = OAV, 
VCE3 & VCE4' = 4.5V 
"0" bit is addressed 

Vil Input Low Voltage 0.8 0.8 V 

VIH Input High Voltage 2.0 2.0 
-

Vc Input Clamp Voltage -D.g -1.5 -D.g -1.5 liN = -10 mA 

BVIN Input Breakdown V()ltage 5.5 6.5 5.5 6.5 liN = 1.0 [TlA 

Icc Power Supply Current 140 185 140 185 rnA Inputs Either Open or 
at Ground 

lo(High R State) Output Leakage Current <1.0 40 <1.0 100 Va = 5.5V, VCEl = 204 

/JA or VCE2 = 2AV or 
VCE3 = OAV or VCE4 
= 0.4V 

lo(High R State) Output Leakage Current <-1.0 -40 <-1.0 -100 Va = OAV 

CIN Input Capacitance 5.0 10 5.0 10 VIN = 2.0V, VCC = OV 

COUT Output Capacitance 7.0 12 7.0 12 
pF 

Va = 2.0V, Vcc = OV 

The following are. guaranteed characteristics of the output high level state when the chip is enabled and a programmed bit is 
addressed. These characteristics cannot be tested prior to programming but are guaranteed by design. 

IOlK Output Leakage Current <1.0 100 <1.0 100 /JA Vo=5.5V 

VOH(lM5605) Output High Voltage 204 3.3 204 3.3 IOH =-{)A mA 

VOH(lM5625) Output High Voltage 204 3.2 204 3.2 V IOH =-1.0 mA 
(lM5625M) 
IOH =-204 mA 
(lM5625C) 

Isc(lM5605) Output Short Circuit 
Current. -1.0 -3.0 -B.O .,-1.0 -3.0 -B.O 

rnA 
Va = OV 

Isc(IM5625) Output Short Circuit 
Current -15 -30 -BO ~15 -30 -BO Va =OV 

NOTE: Typical characteristics are for Vee = 5V, TA = 25°C. 

fI 

7-9!) 



7-96 

IM5605/1M5625 
SWITCHING CHARACTERISTICS 

SYMBOL CHARACTERISTIC 

LIMITS 
Vee = 5V 

TA = 25°C 
MIN MAX 

TAA Address Access Time 20 70 

(See Figure 1) 

TOls Output Disable Ti,me~ 10 45 

(See Figure 2) 

TEN Output Enable Time' 5 45 

(See Figure 2) 

LIMITS LIMITS 
Vee = 5V ± 5% Vee c= 5V ± 10% 
TA = 0 to 75°C TA= -55°C, to'+125°C UNITS 

MIN MAX MIN MAX 
20 90 20 105 

10 55 10 65 ns 

5 55 5 65 

'NOTE: Output disable time is the time taken for the output to reach a high resistance state when any chip enable is taken to its inactive level. 
Output enable time is the time taken for the output to become active when all chip enables aretaken to their active (enabling) levels, 
The high resistance state is defined as a point on the output waveform equal to a I!.V of O.SV from the active output level. . .. 

SWITCHING WAVEFORMS 

AOORESS 
INPUT 

. o"UTPUT ___ -+.J 

OR' 

OUTPUT ___ ...:...,. 

CHIP 
ENABLE 
INPUT __ --' 

tOIS',' 

OUTPUT ___ --h 
Vo 

OR 

auTPUT~----' 
, Va 

FIGURE 1: Access Time Via f.ddress Inputs FIGURE,2: Output Enable And Disable,Times 

.'. i . 

SWITCHING TIME TEST CONDITIONS 
Vcc 

FIGURE 3: Output Load Circuit 

,IM5605 
SWITCHING 
PARAMETER R, R2 CL 

tAA 3000 6cioo 30 pF 

tOIS",," co 3.3KO 10 pF 

tOIS':O" 3000 6000 10 pF 

tEN"'" co 3.3 KO 30 pF 

tEN"O" 3000, '6000 30 pF 

INPUT CONDITIONS 

Amplitude - ov to 3V . 
. Rise and Fall Time - 5 nsFrom' 1V to 2V 
Frequency - 1 MHz 

IM5625 '. 
\ 

R, R2 CL 

3000 6000 30 pF 
co 6000 10 pF 

3000 600n 10 pF 
co 6000 30 pF 

.3000 ,6000 30 pF 

:,1,., 



IM5605/1M5625 
TYPICAL DC CHARACTERISTICS 

IM5605.0UTPUT LOW CURRENT (IOL) 
VS OUTPUT LOW VOLTAGE (VOL) 

<' .s 
!z w 
a: 

50 

45 

40 
35 

~. 30 
o 25 
~ o 
..I 
I
:l 
11. 
I
:l 
o 

20 
15 

10 

5 

o 

/ 
/ 

L 

V Vee = 5V 

V TA=25°'e 

o 100 200 300' /400 500 

OUTPUT LOW VOLTAGE (mV) 

IM5605 OUTPUT HIGH CURRENT (IOH) 
VS OUTPUT HIGH VOLTAGE (VOH) 

!z -0.5 
. ~ -1.0 I-,.--f---+..~q".~+----l 
~ -1.5 1-,.--f-~.q.~4'--+----l 
o -2.0 1---;~<-7"'---+--+---i 

5 -2.5 I---,;~'--;I''-+--+--+---i 
i -3.0 ~-7f---'- TA = 25°e 
!:: " ~.5 ENABLED AND 
oJ ADDRESSING 
11. -4.0 A PROGRAMMED BIT 
~ o -4.5 I..---L._.....L.._-L-_.L----I 

o 2 3 4 5 

OUTPUT HIGH VOLTAGE. (V) 

IM5605 ORIM5625 CHIP ENABLE INPUT 
CURRENT. VS INPUT VOL TA.GE 

<' .s +0.2 

I- 0.0 
Z -0.2 w 
a: 

-0.4 a: 
:l -0.6 0 
I- -0.8 
:l 
11. -1.0 
3!: -1.2 

r 
.Vee = 4.5V_ ~ 
~ p-

h '2< Vee = 5.0V. . 

/1/ " Vee = 5.5V-----:-

1/1 
r -1.4 

-1 o . 1 2 3 

INPUT VOLTAGE (V) 

IM5625 OUTPUT LOWCURRENT (IOL) 
VS OUTPUT LOW VOLTAGE (VOL) ! 

<' .s 
Iz w 
a: 
a: 
:l o 
~ 
O. 
..I 
I
:l 
11. 
I
:l o 

50 
45 
40 
35 

30 

25 
20 
15 

10 

5 
o 

o 

V 
/ 

V 
V Vee =5V 

'" TA = 25°e 

100 200 300 400 500 

OUTPUT LOW VOLTAGE (mV) 

IM5625 OUTPUT HIGH CURRENT (IOH) 
VS OUTPUT HIGH VOLTAGE (VOH) 

<' .s 0 
I- -5 Z w -10 a: 

'a: -15 
:l 
0 -20 
::t -25 
.~ 
::t -30 . TA = 25°e 
I- -35 ENABLED AND 
:l ADDRESSING 
11. -40 A PROGRAMMED BIT I-
:l -45 
0 0 2 3 4 5 

'OUTPUT HIGH VOLTAGE (V) 

IM5605 OR IM5625 ADDRESS INPUT 
CURRENT VS INPUT VOLTAGE 

<' .s +0.2 

I- 0.0 
Z -0.2 w 
a: 

-0.4 a: 
:l -'0.6 0 
I- -0.8 
:l 
11. -1.0 

,J 
AI 

~ ~ 
/:-- -:::::K.. i' Vee - 4.5V 

11/ '-... Vee = 5.0V-
Vee = 5.5V-

3!: -1.2 I 

J I 
-1 o 1 2 3 

INPUT VOLTAGE (V) 

'1 
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IM5605/1M5625 
APPLICATION NOTES 
Memory expansion is accomplished by the use of the chip 
enableinputs. The chip is enabled if CE, and CE2 are low and 
CE3 and CE.t are high. 

2048 WOFJD X 32 BIT 'MEMORY 
The memory is organizec. as 4 groups of 512 words X 32 bits 
each, The 4 groups are c()r)trolled by 19 & 11O,of the data bus 
which are connected to the chip enable inputs (See Truth 
Table). Word selection, within a word group, is controlled by 
10 through 18 of the data bus connected in parallel with Ao 
through As of all 16 chips. Chip outputs, 00 through 07 are 
connected in parallel by.column to givea system outputof32 
bits (4 columns X 8 bits), 

ADDRESS B,US 

10-18 ' 19 110 

TRUTH TABLE' 

GROUP 

0-511 

512 - 1023 

1024 - 1535 

1536 - 2047 

19 110 

L L 

H L 

L H 

H H 

SELECTED GROUP 
CHIP SELECT 
CONDITIONS 

CE) CE2 CE3 CE4 

19 110 Vee Vee 
Vss 110 19 Vee 
Vss 19 110 Vee 
Vss 'Vss 19 110 



IM5605/IM5625 
POWER SWITCHING 
4096 WORDS x 16 BIT PROM ORGANIZATION 
POWER SWITCHED WITH DISCRETE PNP TRANSISTOR 
SWITCHES AND 1/8 SCHOTTKY TTL DECODER 

...-----__ ----0 vee + VSAT. ON 

BITS 
15-8 

BITS 
7-0 

PARTS 
8 PNP's - 2N3467 
8 Rl = 1 KOhm; 1/4W, ±5% 
8 R2 = 300 Ohm, 1/4W, ±5% 
8Cl= 560 pF 
165605's 
174S138 

7 

9 

10 
II: 

11 O>WO> 
... OM 
ooU; 

12 -~~ 
13 0 

5VCURRENT 
'" 345 mA including PNP 

switches and 1 of 8 
decoder 

or 26/lW/bit 

Note: Access time via power switches is dependent on the:RC:time constant of the switch and other filter capacitors. 

3 

2 
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IM5605/IM5625 
OUTPUT STAGE SCHEMATICS 

IM5605 

IM5625 

o 
ARRAV(' • 

BIT • 
liNES • 

7 

8 INPUT 
MULTIPLEXER 

m-
~ 
CE3 
CE4-,,--_ 

o 
ARRAV( • 

BIT • 
LINES • 

7 

8 INPUT 
MULTIPLEXER 

6K 

PACKAGE DIMENSIONS 

24 LEAD CERDIP PACKAGE (JG) 

I 
.070(1.78) ... 11_ .180(4.57) 
,030(.7621 .140(3.56) 

, 1-1.290(32.77) MAX--I! 

.:.~~ 
.0601.52) I I II ---r .015(.381 r-I _ _ T ' 

---, , .200 5.08 
.110(2.79) .023(.584) .1253.18 
.090(2.291 .015(.381) 

NOTE 2 

NOTE 1: All dimensions in parenthesis are metric. 
NOTE 2: Board drilling dimensions will equal standard practices for .020 diameter lead. 
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r--.t-.,-- OUTPUT' 

: OUTPUT 

~625( 15.88) 

I_ .590(14.991_
1 

' ' 

~ ':015(.381) 
U" -li-- .008(.2031 

I. -I .700(17.78) 
.630(16.00) 



PROGRAMMING PROCEDURES 
1. Preceding a programming cycle the part to be pro

grammed must be searched for previously programmed 
bits. This procedure eliminates the risk of beginning 
programming on a part that has some bits not con
forming to the pattern desired. 

2. Programming is begun by addressing the first word in 
the sequence, normally address ZERO, although 
satisfactory programming is not dependent on the 
word sequence or bit order used. 

3. Disable the device by applyin'g a normal TTL high logic 
level to any active low CE pin. Each device in the family 
has atleast one active low Chip Enable pin. Disabling the 
device forces the 'lormal output circuitry to a high 
impedance condition so that it will not be affected by 
programming pulses applied through the output pins 

, to the programming element array. 

PROGRAMMING PARAMETER SPECIFICATIONS 
The following specification details the necessary require
ments for the correct programming of the IM56XX Series of 
AIM PROMs. Intersil will not accept responsibility for any 

LIMITS 

PARAMETER MIN NOM MAX UNITS 

Programming Current 190 200 210 mA 
Pulse Amplitude 

Voltage Clamp 27.5 28 28.5 Volts 

Ramp Rate dv of 50 60 70 VII'S 
dt 

Program Current Source 

Pulse Width 2.0 2.5 3.0 I'S 

Duty Cycle 20 25 30 % 

Sense Current Amplitude 19.5 20.0 20.5 mA 

Ramp Rate dv 50 60 70 VII'S 
dt 

Sense Current Source 

Sense Voltage 6.9 7.0 7.1 Volts 
Analog Comparator 
Reference Voltage 

5600/10 Only 12.4 12.5 12.6 Volts 

Min. delay from trailing 0.9 1.0 1.1 I's 
edge of programming 
pulse b,efore sensing 

Vee 4.9 5.0 5.5 Volts 

Programming Time - 100 - ms 
AliocationlBit 

Extra Programming Pulses - 4 - Pulse 

Bipolar PROM 
Programming 
Specification 

4. Sense the bit status by forcing 20mA into the assoc
iated output pin and comparing the resultant voltage 
to the SENSE VOLTAGE. 

5. If the bit is to be programmed, increase the 20m A to 
200mA at the proper ramp rate and maintain 200mA 

for 2.5I'S. The constant current· source mu~t be 
clamped at 28V. 

6. Reduce the current from 200 to 20m A and after 11'S 
compare the resultant 20mA voltage level to the 
SENSE VOLTAGE. 

7. If the voltage is greater than the SENSE VOLTAGE 
the current should be increased again to 200mA for 
another 2.5I'S. Generally programming occurs on the 
first pulse, but repeated attempts are allowed up to 
an elapsed time of lOOmS. 

device found to be defective if it was not programmed 
according to these specifications. 

CONDITIONS 

Constant current to be supplied over a 10 to 28V voltage 
range. Set the nominal value with a lOOn, 6W load @ 20V. 

Constant voltage clamp when sinking 130 to 210 mAo 
Adjust nominal level when sinking 200 mAo 

Voltage ramp rate is measured by switching from 20 to 200 
mA into a 100 ohm, 6W resistor with the mal'imum voltage 
clamped at 28V. 

Measured at 10V when switching between.20 and 200 mA 
into a 100 ohm, 6W load resistor. 

Measured at 10V when switching between 20 and 200 mA 
into a 100 ohm, 6W load resistor. 

Constant current source amplitude is adjusted for a 
nominal value of 20 mA into a 12V, 400 mW zener diode load. 

Voltage ramp rate is measured by switching from 0 to 20 mA 
into a 1.5k ohm, lW resistor with the maximum voltage 
clamped at 28V. 

An element is considered programmed when the voltage 
sensed at the appropriate output pin with 20 mA forced 
through the element is less than the analog comparator 
reference voltage. 

Measured from the 10V level of the voltage pulse when 
switching from 200 to 20 mA into a 100 ohm, 6W load 
resistor. 

100 to 200 mA current range. 

Maximum time allowed to program a bit. 

Absolute number of programming pulses to be issued after 
the bit output is first sensed as a programmed '1'. This occurs 
when the sensed voltage is less than the comparator 
reference voltage. 

fI 
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Bipolar PROM Programming Specification 
PROGRAMMING PROCEDURES (Continued) 

8. If the voltage after a programming current pulse is 
less than the SENSE VOLTAGE, four additional 
~programming pulses are applied with a sense after 
each pulse. 

9. After the fourth extra pulse and correct sense, 
programming is complete. The 2QmA current pulse 
then is shut off and the address is changed to program 
the next bit. . 

10. Repeat steps 4 thru 9 until a successful programming 
and sense operation is performed at all address loca
tions to be programmed. 

11. After the programming cycle is complete, a logical 
verification must be performed. This is done by 

HIGH VCC TESTS - VCCH = 6.5 ±.1V 
LIMIT 

PARAMETER MIN MAX 

VOL - .85 

VOH 6.9 -

LOW VCC TESTS - VCCL = 4.0V ±.1V 
LIMIT 

PARAMETER MIN MAX 

VOL - .85 I 

VOH 4.5 -

PROGRAMMING CYCLE TIMING DIAGRAM 

PROGRAM 
PULSE 

D 

: 

cycling through all address locations with the chip 
enabled and testing the voltage level at each output 
under the appropriate current forcing conditions 
120mA for a low level and 100ILA for a high levell. 
This cycle should be completed at both low and high 
V~. . 

POST PROGRAMMING LOGICAL 
VERIFICATION 
Both high (VOH) and low (VOL) logic levels on all outputs 
should be tested. For all truth-table addresses two passes 
must be made, one with Vee high (VeeH) a.nd one with Vee 
low (VeeLl. Forcing conditions and limits for level testing are 
specified in the following tables. 

FORCING CONDITION LEVEL TESTED 

IOl - 20mA ± lmA Zero 

IOlK = lOOILA ± lOILA One 

FORCING CONDITION LEVEL TESTED 

IOl = 20mA ± lmA Zero 

IOlK = lOOILA ± lOILA One 

I I SENSE STROBES I 

II 

ADDRESS CHANGE 

20 mA ENABLE 

~ h 180mA ENABLE 
I 100 mS TIME-OUT TRIGGER 

100 mS TIME-OUT RESET 

SO"S IF PROGRAMMING OCCURS ON THE FIRST PULSE 
Sill'S + 10(N-l) IF N PULSES ARE REQUIRED BEFORE 
PROGRAMMING IS SENSED. 
IF PROGRAMMING IS NOT ACHIEVED WITHIN lOOmS THE SEQUENCE 
HALTS AND A FAILED TO PROGRAM INDICATION IS GIVEN 

: 
!--

• 

A - 20m A CURRENT SOURCE TURNED ON IVOL TAGE E - 180mA CURRENT SOURCE IS TURNED OFF 

B 
C 

ti' 
OVERSHOOT MAY OCCUR) 

- VOLTAGE LEVEL IS SENSED AND COMPARED 
- 180mA CURRENT SOURCE IS TURNED ON 1180 + 20 = 200mA) 
- VOLTAGE FALLS INDICATING PROGRAMMING 
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F - VOLTAGE LEVEL IS SENSED AND COMPARED 
G - 180mA CURRENT SOURCED IS TURNED ON 
H - 20m A CURRENT SOURCE IS TURNED OFF 
I - ADDRESS IS CHANGED 



FEATURES 

• Silicon Gate Complementary MOS 
• Fully Static - 0 to 5.7 MHz 
• Single Power Supply 

IM6100 Vcc = 5 volts 
IM6100A Vcc = 10 volts 

• Crystal Controlled On Chip Timing 
• PDP®-S/e, Instruction Set Compatible 
• Low Power Dissipation 

< 10mW @ 3.3 MHz @ 5 volts 
• TTL Compatible at 5 volts 
• Excellent Noise Immunity 
• Direct Me/llory Access (DMA) 
• Interrupt 

®PDP is a registered trademark of Digital Electronics Corp. 

PIN CONFIGURATION 

Vee = 1 40 = DATAF 

RUN = 2 39 = INTGNT 

DMAGNT 3 38 CPSEL 

DMAREO : 4 37 : MEMSEL 

CPR EO := 5 36 = IFETCH 

RUN/HLT ~ 6 35 = ~ 
RESET 7 34 C2 

INTREO ~ 8 33 ~C1 
XTA 9 32 CO 

LXMAR E:= 10 31 SWSEL 

WAiT 11 30 8 DEVSEL 
XTB 12 29 LINK 

XTC 13 28 F DX" 

OSC OUT 14 27 F= DX10 

OS~~~ E= :~ :: = ~~: 
DX2 18 23 :J DX7 

DX3 19 22 :l DX6 

.DX4 [ 20 21 :J DX5 '--------_ ..... 
ORDERING INFORMATION 

ORDER CODE IM6100-1 IM6100A IM61 00 
PLASTIC PKG. IM61DO-11PL IM6100-AIPL IM61DO-IPL 
CERAMIC PKG. IM61DO-liDL IM61DO-AIDL -
MILITARY TEMP. IM61 DO-l MDL IM61DO-AMDL -
MILITARY TEMP. IM61 DO-l MDU IM61 DO-AM DU -
WITH 8838 8838 6838 

IM6100 CMOS 12 Bit 
Microprocessor 

GENERAL DESCRIPTION 
The IM6100 is a fixed word length,. single word instruction, 
parallel transfer microprocessor using 12-bit, two's comple
ment arithmetic which recognizes the instruction set of 
Digital Equipment Corporation's PDP-S/e minicomputer. 
The internal circuitry is completely static and designed to 
operi'lte' at any speed between DC and the maximum 
operating frequency. Two pins are available to allow for an 
external crystal, thereby eliminating the need for clock 
generators and level translators. The crystal can be removed 
and the processor clocked by an external clock generator. 
The device design is optimized to minimize the number of 
external components required for interfacing with standard 
memory and peripheral devices. 
The IM6100 family includes IM6101 (Programmable Inter
facing Element), IM6102 (Memory Extension/DMA Control
ler/Interval Timer), IM6103 (Parallel Input~Output Port), 
IM6512 (64 x 12 RAM), IM6312 (1k x 12 ROM), and IM6402/03 
(UART), all featuring ultra low power-high noise immunity 
CMOS characteristics. The entire family is supported by the 
6910 Intercept II Microcomputer Development System. 

PACKAGE DIMENSIONS 

'::~:~~:~,~;,:,~,::::~~:~ ,:~ .. rr=~ 
_[I~.. . .... =p, "'''~'''I-.DOB (0.2032) 

~ I-- .[11-- I" . 'I 
,060 (1.524) .110 (2.794) .060 (1.524) .023 (.5842) .160 (4.064) .680 (17.272) 
.015 (0.381) .090 (2.286) .045 (1.143) .015 (.3810) .100 (2.540) .610 (15.494) 

f:::::::;Q;:::::~ ,:~:. .. \~::~i . 
~!~ .l[~UUUUUUtltlutltltlunUUllU[ f 1/ .015(0.381)-0-\1-, --I l- -=1 r: --ir-' I .008 (0.2032) • i 
.060 (1.524) .110 (2.794) .060 (1.524) .023 ;.5842) .160 (4.084) .680 (17.272) 
~ ~ .045(1.143) .015(.3810) ~ ~ 

fJ 
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IM61 00 

.sv GNO 

r-----r==~::l===r=====~~~~~~~~===iJ'~2t-~-MULTIPLEXER OXo - ox" 

LlNK: .... ---t-,--I:g[~~J 

os~sg~~--~-+-, 
XTA, XTB, XTC 

I~T~~~~~'A~~~""----'-=f-l-l 
IFETCH 

WAIT---~--~ 

Figure 1: Functional Block Diagram 

-I 
1 
1 

1 

I 
1 

1 

LXMAR 
OEVSEL 
SWSEL 
ii.lEMSE[ 
CPSEL 

O~OIL 

FUNCTIONAL PIN DESCRIPTIONS 

PIN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION 

1 Vec Supply voltage. r 
18 DX2 See Pin 16-DXo. 

2 RUN The signal indicates therunstate of the CPU 
and may be used to power down the external 
circuitry 

3 DMAGNT Direct Memory Access Grant-OX lines are 
three-state. 

19 DX3 See Pin 16-DXo. 
20 DX4 See Pin 16-DXo. 
21 DX5 See Pin 16-DXo. 
22 DXs See Pin 16-DXo. 

4 DMAREO Direct Memory Access Request-DMA is 
. granted at the end of the current instruction. 

23 OX? See Pin 16-DXo. 
24 DX8 See Pin 16-DXo . 

Upon DMA grant, the CPU suspends 
program execution until the DMAREO line is 
released. 

5 CPREO Control Panel Request-a dedicated inter-
rupt Which bypasses the normal device inter-

RlJN7i:iLT 
rupt request structure. 

6 Pulsing the RunlHalt line causes the CPU to 

25 DXg See Pin 16-DXo. 
26 GND Ground -
27 DXlO See Pin 16-DXo. 
28 DX11 See Pin 16-DXo. 
29 LINK Indicates state of link flip flop. 
30 DEVSEL Device Select for I/O transfers. 

alternately run and halt by changing the state 
of the internal RUN/HL T flip flop. 

31 SWSEL Switch Register Select for the OR THE 
SWITCH REGISTER INSTRUCTION (OSR). 

7 RESET Clears the AC and loads 77778 into the PC. 'OSR is a Group 2 Operate Instruction which 
CPU is halted. reads a 12 bit external switch register and 

8 INTREO Peripheral device interrupt request. 
9 XTA External coded minor cycle timing-signifies 

input transfers to the IM6100. 
10 LXMAR The Load External Memory Address 

Register is used to store memory and 

OR's it with the contents of the AC. 
32 Co I" Control line inputs from the peripheral 

device during an 1/0 transfer (Table VII. 
33 C, See Pin 32-CQ. 
34 C2 See Pin 32-CO. 

peripheral addresses externally. 35 SKP Skips the next sequential instruction if active 
11 WAIT Indicates that peripherals or external during an 1/0 instruction. 

memory is not ready to transfer data. The 
CPU state gets extended as long as WAIT is 

.... active. The CPU is in the lowest power state 
with clocks running. 

12 XTB External coded l1)inorcycletiming-signifies 
output transfers from the IM6100. 

13 XTC External coded minor cycle timing-used in 
conjunction with the Select Lines to specify 
read or write operations. . 

14 OSCOUT Crystal input to generate the internal timing 
(also external clock input). 

15 OSCIN See Pin 14-0SC OUT (also external clock 
ground) 

36 IFETCH Instruction Fetch Cycle 
37 MEMSEL Memory Select .!o( memory transfers. 
38 CPSEL The Control Panel Memory Select becomes 

active, instead of the MEMSEL, for control 
panel routines. Signal may be used to 
distinguish between control panel and main 
memories. 

39 INTGNT Peripheral device Interrupt Grant. 
40 DATAF Data Field pin indicates the execute phase of 

indirectly addressed AND, TAD, ISZ and 
DCA instructions so that the data transfers 
are controlled by the Data Field, OF, and not 
the Instruction Field, IF, if Extended Memory 

16 DXo DataX...,..multiplexed data in, data out and 
add ress lines. 

Control hardware is used to extend the 
, addressing space from 4K to 32K words. 

17 OX, See Pin 16--0Xo. 
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IM6100 
ARCHITECTURE 
The IM6100 has 6 twe.lve bit registers, a programmable logic 
array, an arithmetic and logic unit and associated gating and 
timing circuitry. A block diagram of the IM6100 is shown in 
Figure 1. . 

ACCUMULATOR (AC) 
The ACis a 12-bit register in which ar.ithmetic and logical 
operations are performed. Data words 'may be transferred 
from memory to the AC or transferred from the AC into 
memory. Arithmetic and logical operations involve one or 
two operands, one held in the AC and the other fetched from 
the memory. The result of the operation is left in the AC 
which may be cleared, complemented, tested, incremented 
or rotated under program control. The AC also serves as an 
input-output register, as all programmed data transfers pass 
through the AC. 

LINK (L) 
The Link is a 1-bit flip-flop that serves as a high-order exten
sion of the AC. It is used as a carry flip-flop for 2's 
complement arithmetic. A carry out of the accumulator com
plements the Link. Link can be cleared, set, complemented 
and tested under program control and rotated as part of the 
AC. 

MQ REGISTER (MQ) 
The MO is a 12-bit temporary register which is program 
accessible. The contents of AC maybe transferred to the MO 
for temporary storage, or MO can be OR'ed with the AC and 
the result stored in the AC The contents of the AC and the 
MO may also be exchanged. 

MEMORY ADDRESS REGISTER (MAR) 
While accessing memory, the 12-bit MAR register contains 
the address of the memory location that is currently selected 
for reading or writing. The MAR is also used as an internal 
register for microprogram control during data transfers to 
and from memory and peripherals. 

PROGRAM COUNTER (PC) 
The 12-bit PC contains the address of the memory location 
fromwhich the next instruction is fetched. During an instruc
tion fetch, the PC is transferred to MAR and the PC is then 
incrernented by 1. When there is a branch to another address 
in memory, the branch address is set into the PC. Branching 
normally takes ,place under program control, however, 
during an input-output operation, a device may specify a 
branch address. A sktp (SKP) instruction[increments the PC 
by 1, thus causing the next instruction to be skipped. The 
SKP instruction may be unconditional, or conditional on the 
state of the AC orthe Link. During an input-output operation, 
a device can also cause the next sequential instruction to be 
skipped. Interrupts force the PC to 0000. Reset forces the PC 
to 77778. 

O~OI1 
ARITHMETIC AND LOGICAL UNIT (ALU) 
The ALU performs both arithmetic and logical operations, 
-two's complement binary addition, AND, OR and 
complement. The ALU can perform a single position shift 
either to the left or to the right; a double rotate is imple
mented in two single bit shifts. The ALU can also shift by 3 
pOSitions to implement a byte swap in two steps. The AC is 
always one of the inputs to the ALU, however, under internal 
microprogram control, AC may be gated off and all one's or 
all zero's gated in. The second input may be anyone of the 
other registers under internal microprogram control. 

TEMPORARY REGISTER (TEMP) 
The 12-bit TEMP register latches the result of an ALU 
operation, before it is sent to the destination register, to 
avoid race conditions. The TE'MP is also used as an internal 
register for microprogram control.' 

INSTRUCTION REGISTER (IR) 
During an instruction fetch, the 12-bit IR is loaded with the 
instruction that is to be executed by the CPU. The IR 
specifies the initial step of the microprogram sequence for 
each instruction, and is also used as an internal register to 
store temporary data for microprogram control. 

MULTIPLEXER (DX) 
The 12-bit Input/Output Multiplexer handles data, address 
and instruction transfers into and out of the CPU, and to or 
hom the main memory and peripheral devices on a time
multiplexed basis. 

MAJOR STATE GENERATOR AND THE 
PROGRAMMED LOGIC ARRAY (PLA) 
During an instruction fetch the instruction to be executed is 
loaded into the IR. The PLA is then used for the correct 
sequencing of the CPU for the appropriate instruction. After 
an instruction is completely sequenced, the major state 
generator scans the internal priority network, which decides 
whether the machine is gOing to fetch the next instruction in 
sequence, or service one of the external request lines. 

PLA OUTPUT LATCH 
The PLA Output Latch permits the PLA to be pipelined; it 
fetches the next control sequence while the CPU is tI 
executing the current sequence. 

MEMORY AND DEVICE CONTROL, 
ALU AND REG TRANSFER LOGIC 
The. Memory and Device Control Unit provides external 
control signals to communicate with peripheral devices 
(DEVSEU, switch register (SWSEU, memory (MEMSEU 
andlor control panel memory (CPSEU. During 1/0 
instructions this unit also modifies the PLA outputs 
depending on the states of the four device control lines (SKP, 
Co, C1, C21. The ALU and Register Transfer Logic provides 
the control signals for the internal register transfers and ALU 
operation. 
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IM61 00 
ARCHITECTURE (CONTINUED) 

TIMING AND STATE CONTROL 
The IM6l00 internally generates all the timing .and state 
signals. A crystal is used to cont~ol the CPU operating 
frequency, which is divided by two by th~ CPU. Witha 4MHz 
crystal, the internal states will be of. 500nsec duration. The 
!Tlajortiming states are described in Figure 2.' . 

Tl .For memory reference instructions, a 12-bitaddress 
is . sent on the DX lines. The Load. External 
Memory Address Register, LXMAR, is used to clock 
an external register to store the address information 
externally, if required. When executing an Input
Output I/O instruction, the instruction . being 
executed is sent on the DX lines' to be stored 
externally. ,The external address' register then 
contains the. device"address and control informa
'tion. The LXMAR pulse occurs onlyif a valid address 
is present on the DX lines. 
Various CPU request lines are priority sampled if the 
next cycle is an Instruction. Fetch cycle. Current 
state of the CPU is available externally. 

WAIT 

OSCOUT 

STATES 

LXMAR 

1IiI~1IiI7i:!J5)!lW!lEL 

JmiSEL 

OX 

XTA 

XTB 

XTC 

Wlm' 

cJ5)INT DIIiIAR~Q 
RESET, RUN/HLT 

IFETCH OATAF 
, RUN OMAIINTGNT 

LINK 

D~DIl. 

T2 Memory/Peripheral data.is read for an input transc 
fer (READ). WAIT controls the transfer duration. If 
WAIT is active during input transfers, theCPU waits 
in' the T2 state. The. wait duration is an integral 
multiple of '. the crystal 'freq'uency - 250nsec for 
4MHz. 
For memory reference instructions, the Memory 
Select, MEMSEL, line is active. For I/O instructions 
the Device Select, DEVSEL, line is active. Contr,ol 
lines, therefore, distinguish the contents of the 
external register as memory or device address.",' 
External device sense lines, Co, (;1, (;2, and SKp,~re 
sampled if. the instruction being executed is an I/O 
instruction.' , 

Control Panel Memory Select,CPSEL, and Switch 
Register Select, SWSEL, become active low for data 

" transfers between the IM6l0D and Control Panel 
Memory and the Switch Register,respectively. 

T3,T4,T5 ALU operation and internal register transfers. 
T6 This state is entered for an output transfer (WRITEl. 

The address is defined during T1, WAIT controls the 
time for which the Write data must be maintained, 

WAIT 

'Figure 2: IM6HlO AC TIming Diagram 



IM61 00 
MEMORY ORGANIZATION 

The IM6100 has a basic addressing capacity of 409612-bit 
words which may be extended by Extended Memory Control 
hardware to 32K. The memory system is organized in 4096 
word blocks, called MEMORY FIELDS. The first 4096 words 
of memory are in Field 0; if a full32K of memory is installed, 
the uppermost Memory Field will be numbered 7. In anV 
given Memory Field every location has,a unique 4 digit octal 
(12 bit binary) address, 00008 to 77778 (000010 to 409510). 
Each Memory Field is subdivided into 32 PAGES of ,128 
words each. Memory Pages are numbered sequenTially from 
Page 008, containing addressEls 0000-Oj778, to Page 378, 
containing addresses 76008-77778 . .The· first 5 bits of a 12-bit 
MEMORY ADDRESS denote the PAGE NUMBER and the 
low order 7 bits specify the PAGE ADDRESS of the memory 
location within the given Page. 

During an instruction fetch cycle, the IM6100 fetches the 
instruction pointed to by,the PC, the contents of the peare 
transferred to the MAR, and the PC is incremented by 1 . .The 
PC now contains the address of the 'next' sequential 
instruction and the MAR contains the address of the 'current' 
instruction which must be fetched from memory. Bits 0-4 of 
the MAR identify the CURRENT PAGE, that is, the Page from 
which instructions are currently being fetched, and bits 5-11 
of, the MAR identify the location within the Current Page. 
(PAGE ZERO (0), by definition, denotes the first 128 words of' 
memory, 00008-01778.) 

U~UIb 

FIELD 7 LO 1778 
LaC 1768 

FIELD 6 LaC 1758 

FIELD 5 

FIELD 4 

"... FIELD 3 

FIELD 2 

FIELD 1 

FIELD 0 }- ~III~ 01778 

> > 
01 8 

r'" 
LaC 0078 
LOC 0068 
La 0058 
LO 0048 
LDl: 0038 
LaC 0028 
LOC 0018 
LOC 0008 

32K MEMORY. 
(108 FIELDS) 

FIELD 00008 

(408 PAGES) 

}-
1 MEMORY PAGE 

(2008 LOCATIONS) 

MEMORY ADDRESS l,2-BIT OCTAL MEMORY ADDRESS 47168 
o 1 2 3 4 56 7 89 1011 11 0 011 1 110 0 111 1 01 

o 1 2 3 4 

PAGE NUMBER 
00 - 378 

5 6 7 8 9 1011 

PAGE ADDRESS 
000 - 1778 

PAGE NUMBER 
10011. = 10011 = 238 

PAGE ADDRESS 
1001110 = 1001110 = 116, 

Memory Organization 

INSTRUCTION SET 
The IM6100 instructions are 12-bit words stored in 'memory. 
The IM6100 makes no distinction between instructi.ons and 
data; it can manipulate instructions as stored variables or 
execute data as instructions when it is programmed to do so. 
There are three general classes of IM6100instructions. They 
are referred to as Memory Reference .Instruction (MRI), 
Operate Instruction' (OPR) and Input/Output Transfer 
Instruction (lOT,). 

The notations used in the following instruction tables are 
defined in Table I below: 

TABLE 1. Notation Definitions 

1. ( ) denotes the contents of the register or location 
within parenthesis. (EA) is read as " ... the contents of the 
Effective Address." 

2. (0) denotes the contents of the location pOinted to by the 
contents of the location within the double parenthesis. 
((PA» is read as ". i. the contents of the location pointed 
tq by the contents of the Pointer Address." 

3. - denotes " ... is replaced by ... " 

4. - denotes the interchange operation. 

5. 1\ denotes logical AND operation. 

6. V denotes logical OR operation. 

7. EA denotes the Effective Address for Direct Addressing. 

8. PA denotes the Pointer Address for Indirect Addressing. 
PA can be any address on the CURRENT PAGE or PA 
can be any address (OOOOa) through (0177a) on PAGE 
ZERO other than the addresses (o010a) through (0017a) 
which are reserved forautoindexing. ' 

9. PAIX denotes the Pointer Address for autoindexing. It 
can be any address (0010a) through (0017a). 

10. I represents bit. 3, the Indirect Addressing Bit, of the 
instruction: 

11. EA, PA, or PAIX is specified by bit 4 through bit 11 of the 
memory reference instruction. 

12. PC denotes the Program Counter. 

13. SR denotes the Switch Register. 

14. (AC)n denotes the nth bit of the AC contents. 

15. DEV denotes a specific peripheral device and "dddddd" 
denotes the device address code. CMND is the 
command issued to the device during an I/O Operation 
and "eee" is its three bit code. 

fJ 
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IM61 00 

INSTRUCTION SET (CONTINUED) 
MEMORY REFERENCE INSTRUCTION (MRI) 

By this method; 256 locations may be directly addressed, 128 
on PAGE 0 and 1280n the CURRENT PAGE. Other locations 
are addressed indirectly by setting bit 3. An INDIRECT 
ADDRESS Ipointer address) identifies the location that 
contains the desired address leffective address). To address 
a location that is not directly addressable,not in PAGE Oor in 
the CURRENT PAGE, the absolute address of the desired 
location is stored in one of the 256 directly addressable 
locationslpointer address). Upon execution, the MRI will 
operate on the contents of the location identified by the 
address contained in the pOinter location . 

The Memory Reference Instructions operate on the contents 
of a memory location or use the contents of a memory 
location to operate on the AC or the PC. The first 3, bits of a 
Memory Reference Instruction specify the operation code, 
or OPCODE, and the low order 9 bits, the OPERAND 
address, as shown in Figure' 3. " 

10 11 

ADDRESS 

• RELATI~~<;'~DR,ESS------.-J 
MEMORY PAGE 

o = PAGE 0 1 = CURRENT PAGE 

Figure 3: Memory Reference Instruction Format 

Bits 5 through 11, the PAGE ADDRESS, identify the location 
of the OPERAND on agiven page, buttheydo not identify the 
page itself. The page is specified by· bit 4, called the 
CURRENT PAGE OR PAGE a BIT. If bit 4 is a 0, the page 
address is interpreted as a location on Page O. If bit 4 is a I, 
the page address specified is interpreted to be 011 the Current 
Page. 

It should be noted thai locations 00108-00178 in PAGEOare 
AUTOINDEXED. If these locations are addressed indirectly, 
the contents are incremented by 1 and restored before they 
are used as the operand address. These locations may, 
therefore, be used for indexing applications. 

Table II lists the mnemonics for the six memory reference 
instructions, their OPCODEs, the operations they perform 
and the number of, states r~quired for execution. 

For example, if bits 5 through 11 represent 1238 and bit 4 is a 
0, the location referenced is the absolute address 01238. 
However,if bit 4 is a 1 and the currentiristruction is in a 
memory location whose absolute address is 46108 the page 
address 1238 designates the absolute address 47238, as 

It should be noted that the data is represented in Two's 
Complement Intager notation. In this system, thenegative of 
a number is formed by complementing each bit in the data 
word and adding "1" to the, complemented number. The sign 
is indicated by the most significant bit. In the 12-bit ,""ord 

shown below. ' 
46108 = 100 110001 000 = PAGE 10011 = PAGE 238 
Location 46108 is in PAGE 238. Location 1238 in PAGE 238, 
CURRENT PAGE, will be: 

used by the IM6100, when bit 0 is a "0", it denotes a positive 
number and when bit 0 is a "1", it denotes a negative nU!T1ber. 
The maximum Single precision number ranges for this 
system are 37778 1+2047) and 40008 (-2048), 

dO 011 11010 OH= 100 111010011= 47238 
I L PAGE ADDRESS 1238 

PAGE NUMBER 238 
Table II 

MNEMONIC OP CODE IA STATES OPERATION 
AND EA 08 0 10 LOGICAL AND DIRECT 

Operation: IACI-IACI "lEAl 
Description: Contents of the EA are logically AND"ed with the contents of the AC and the resu!t is stored in AC 

AND I PA 1 15 LOGICAL AND INDIRECT IPA i' 0010-001781 
Operation. IACJ-IACIA uPAIl 

AND PAIX 1 16 Lg~!t~~~L}l!.'?eA~W5?6~(~GA~~j(~ = 0010-001781 
TAD EA 18 0 10 BINARY ADD DIRECT 

Operation IACJ~ACI + lEAl 
. Description: Contents of the EA are ADO'ed with the contents 01 the AC and the result is stored in the AG. carry out 

complements the LINK. II AC is initially cleared. this instruction acts a$ LOAD from Memory. 

TAD I PA 1 15 BINARY ADD INDIRECT IPA oF 0010-001781 
Operation IACI~ACI+IIPAII 

TAD I PAIX 1 16 BINARY ADD AUTOINDEX IPAIX = 0010-001781 
Operation IPAI-<PA! + 1. lAC) ----AC! + !I PAil 

ISZ EA 28 0 16 INCREMENT AND SKIP IF ZERO DIRECT 
Operation: 'IEAI~EAI+l, jf IEAI::oOOOOa. PC-PC + 1 
Description: Contents of the EA are .incremented by 1 and restored. If th~ result is zero. the next sequential instruction is 

skipped. 

ISZ I PA , 1 21 INCREMENT AND SKIP IF ZERO INDIRECT IPA i' 0010-001781 
Operation: «PAII-fIPAII+ 1. if IIPAII "" OOoos. PC--PC+ 1 

ISZ I PAIX 1 22 INCREMENT AND SKIP IF ZERO AUTOINDEX IPAIX = 0010-001781 
Ooeration (PAJ---iPAJ + l' IIPA)! ~IPA)) + I' if IIPAJI -0000 PC-PC+"l 

DCA EA 38 0 11 DEPOSIT AND CLEAR THE ACCUMULATOR DIRECT 
Operation lEAl "-':ACI, (ACI-<)OOOa 
Description: The contents of the AC are stored in EA and the AC is clea~ed. 

DCA I PA 1 16 DEPOSIT AND CLEAR THE ACCUMULATOR INDIRECT IPA i' 0010-00178) 
Operation ({PA))~ACI. IAC)......aooaa 

DCA I PAIX 1 17 DEPOSIT AND CLEAR THE ACCUMULATOR AUTOINDEX (PAIX = 0010-001781 
Operation (PAI~PAJ+ 1, ((PA))--'(ACJ. IACI--oOOOs 

JMS EA 48 0 11 JUMP TO SUBROUTINE DIRECT 
Operation: (EAI....-jPCI. IPCI--E.A+l 
DeSCription: The contents of the PC are. stored in the EA. The PC is incr€!mented by 1 immediately after every instruction 

fetch.· The contents of the EA now pornt to the next sequendallnstructlon following the JMS (return addressl. The next 
instruction is taken from EA+l . 

JMS I PA 1 16 JUMP TO SUBROUTINE INDIRECT iPA ¥ 0010-001781 
Operation ([PA))-PC, (PCI--...<PAI+l e" 

JMS I PAIX 1 17 JUMP TO SUBROUTINE AUTOINDEX (PAIX = 0010-001781 
Operation (PA)~PAI+l, IIPAIl---PC (PC)~PAI+l 

JMP EA 58 0 10 JUMP DIRECT 
Operation (PCI-EA 
Description: The next instruction is taken from the EA. 

JMP IPA 1 15 JUMP INDIRECT IPA i' 0010-001781 
Operation (PCI'~PAI 

JMP I PAIX 1 16 JUMP AUTOINDEX IPAIX = 0010-001781 
Operation (PAI+l, (PCI""';PAI 
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IM6100 
INSTRUCTION SET '(CONTINUED) 

OPERATE INSTRUCTIONS 

n~nll 

The Operate Instructi~ns, which have anOPCOOE of 78 
(111), consist of 3 groups of microinstructions. Group 1, 
which is identified by the presence of the 0 in bit 3, isused to ' 
perform logical operations on the contents of the accumula-' 
tor and link. Group 2, which is identified by the presence of a 
11n bit 3 and aOin bit 11, is used primarily to testthecontents 
of the Accumulator and/or Link and then conditionally skip 
the next sequential instruction. Group 3 has a 1 in bit 3 and a 
1 in bit 11 and performs logical operations on the contents of 
the AC and MO. 

logical sequence' number 2 performed second, logical 
sequence number 3 performed third and so on. Two 
operations with the same.Jogicalsequenc;e number, within,a 
given group of microinstructions, are' performed 
simultaneously. ' 

GROUP MICROINSTRUCTIONS 
Figure 5 sho~s the instructioi, format ora group 1 micro- , 
instruction. Anyone of bits 4 to 11 may be set, loaded with a 
binary 1, to indicate a specific group 1 microinstruction. If 

,more than one of these bits is set, the instruction is a micro
programmed combination of group 1 microinstructions, 
which will be executed according to the logical sequence 

The basic OPR instruction format is shown in Figure 4. shown in Figure 5. . 

0 5 6 8 

'A : 
MICROINSTRUCTION A B 

GROUP 1 0 
T 

GROUP 2 0 

GROUP 3 

' 9 10 11 

B I 
'2 4 • 

BSW IF BITS 
B&9AREO 
AND BIT 10 IS 1. 
lOGICAL SEQUENCES: 

1-ClA, Cll'" ' 
2-CMA,CMl' 
3-IAC " ' , 
4-RAR, RAl;,RTR. RTl, BSW 

Figure 4: Bas,ic OPR Instruction Format Figure 5: Group 1 Microinstruction Format 

Operate microinstructions from any group may be micro~ 
programmed with other 'operate microinstructions of the 
same group providing the instruction codes do not conflict. 
The actual code for a mic'roprogrammed combination oftwo, 
or more, microinstructions is the bitwise logical OR of the 
octal codes for the individual microinstructions. When more 
than one, operation is microprogrammed into a, single', 
instruction, the operations are performed in a prescribed 
sequence, with logical sequence number 1 performed first, 

Table III lists commonly used group 1 microinstructions, 
their assigned mnemonics, octal code, logical sequence, the 
number of states, and the operation they perform. The .same 
format is followed in Table IV and V which lists group 2 and 3 
microinstructi.ons, respectively. ' 

'Table III: Group 1 Operate Microinstructions 
. 'I ", 

NUMBER " 
" 

OCTAL LOGICAL OF 
MNEMONIC CODE, ,SEQUENCE STATES OPERATION 

NOP 7000 1 10 NO OPERA TION-This lnstru~hon causes a 10s1ate delay In programexeCUhon~'Wi~hout ~ffeCtinQ the stateo! 
the IM6100. it may be used for tlmlng.synchronlzatLon or as a convenient means of deleting an instructIOn from a 
program. 

lAC 7001 3 10 INCREMENT ACCUMULATOR-The con'ten~ ollhe AC IS Incremented b;' one 1-1) and carry out' 
, ' complements the L,ink IU. . , .. 

RAl 7004 4 15 ROTATE. ACCUMULATOR LEFT -The contents of th~ AC and l are rotated one binary pOSition tothe 
left. AC (01 is shifted to Land l is shilled to AC 1111. . 

RTi.. 7006 4 i5 ROTATE TWO LEFT ~The contents of the AC and l are rotated two binary positions' to the lefl. ACt11 is 
" 

shifted to land l is shifted 10 AC /101. .. 
RAR 7010 4 15 ROT ATE ACCUMULATOR R IGt;T -Theconlentof IheACand larerotated.~ne binary pOSition lathe 

right. AC (111 is shifted to l and'L IS Shifted to AC 101. ' .. 

RTR 7012 4 , , :15 ROT ATE TWO RIG HT -The conlents of the AC and L are rotaledlwo binary pOSitIOns to the right. AC 110~is 
'shifted to land l is shifted to AC (II. 

BSW 7002 4 15 ~YTE SWAP~.Th~ righl.si~ lSI bllsol tho AC are exchanged or ~WAPPEDwiththe left six bits. ACIOlis sw~pped 
With AC (61, AG til With AC \11, etc. l IS not affected. . ' 

CMl 7020 2 10 COMPlEME."NT· L..1Nk~Th(l contenl of the link is complemented. 

CMA 7040 : 2, 10, COMPLEMENT ACCUMULATOR-The content of each bit of t!"le AC is C:ompl~mented having the 
ellect of replacil)g. the .content of the AC with its one's complement. '. .' 

CIA 7041 2,3 ,10 COMPLEMENT AND INCREMENT ACCUMUlATOR-TheC~"te"tOftMAci",ePI~ced,';"!th 
its two's complement. Carry ~ut complements the LINK. . . 

Cll 7100 1 10 CLEAR L;INK-The U:nk ·!S i~adcd W~lh a binary O. , 

CLL RAL 7104 1,4 i5 ClEARLli'lK-'-ROTATE ACCUMULATOR lEFT. 
Cll RTl ,7106 1,4 15 , CLEAR LINK-ROTATE TWO lEFT. 
Cll RAR 7110 1,4 :,15 . CLEAR LINK-ROTATE ACCUMUlAlPR RIGHT. 
Cll RTR ' ,7112 1,4 15" " 'CLEAR LINK-ROTATE TWO RIGHT.' 
STl 7120 1,2 10 SET TrtE lJNK-The"LlNK is loaded with a bi'nary "corresponding with a microprogrammed c.ombinauor'.ot 

Cll and CML.· .. . 

,CLA 7200 1 10 CLEAR ACCUMU LATOR-Tho accumulator ;s loaded VI;th b;nary D's, 

cui. lAC' 7201 1,3 10 CLEAR AC::C::UMUlATOR-INCREMENT ACCUMULATOR. 
GLT '7204, ,1,4", 15 GET THE LINK-The AC is cleared; tho content of l is shifted into AC tIll, aO is shifted into L. This is a micro-

7300 
progra.m.med combination of .ClA and RAL. 

CLA CLl 1 ,,1.0 CL,EAR ACCUMl;J~TOR-CLEAR LINK. 
STA 7240 ,1,2 10 SeT .THE ACCUMULATOR-Each bit of the AC is set to 1 corresponding to a microprogrammed com-

bination of CLA and. CMA:. ' . 

fJ 
t 
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IM6100 
INSTRUCTION SET (CONTINUED) OSR, or HL T microinstructions. When ,two or more skip 

microinstructions are microprogrammed into a single in
struction, the resulting condition,onwhich the decision will 
be based isthe logical OR of the individual conditions when 
bit 8 is 0, or, when bit 8 is 1, the decision will be based on the 

GROUP 2 MICROINSTRUCTIONS 

Figure 6 shows the instruction format of group 2micrOin
structions. Bits 4-10 may be set to indicate a specific group 2 
microinstruction. If more than one of bits,4-7 or 9-.10 is set, 
the instruction is a microprogrammed combination .of group 
2 microinstructions, which willbe executed according to the 
logical sequence shown in Figure 6. , 

logical AND. '. , 

By combining skip. instructions properly, all possible 
relational conditi'onscan b\l tested (Le., =,;6, <,~, >, ~l. Skip 
microinstructions which have a 0 in bits 5, 6, 7, or 8 may not 
be microprOgra~m~d with skip microinstructions which 
have a 1 in those same bits. Skip microinstructians may be micr9Progrimimed wi~h eLl( 

MNEMONIC 

NOP 
HLT 

OSR 

SKP 
SNL 

SZL 

I" SZA 

SNA 

SZA SNL 
SNA SZL' 
SMA 

SPA B. ' SMASNL 
SPA SZL 
SMA SZA 

7-110 

SPASNA 

SMA SZA 
SNL 
SPA SNA 
SZL 
CLA 
LAS 

SZA CLA 
SNA CLA 
SMA CLA 
SPA CLA 

OCTAL 
CODE 

7400 
7402 

7404 

7410 
7420 

7430 

7440 

7450 

7460 
7470 
7500 

7510 

7520 
7530 
7540 

7550 

7560 

7570 

7600 
7604 

7640 
7650 
7700 
7710 

LOGICAL SEQUENCES: 
1 (BIT B IS ZERO)-SMA OR SZA OR SNL 

(BIT B IS ONE) -SPA AND SNA AND SZL 
2 ' -CLA 
3 ,-OSR, HLT 

LOGICAL. 
SEQUENCE 

1 
3 

3 

1 
r 
1 

2 
1,3 

1,2 
1,2 
1,2 
12 

Figure 6: Group 2 Microinstruction Format 

Table W: Group 2 Operate Microinstructions 

, NUMBER 
OF 

STATES OPERATION 

10 NO OPERATION-,-see G,o"P 1 MICROINSTRUCTIONS 
10 ' HALT -:-Program ~to~s at ;h~ conclusion of the current machine cycle. If HL'r IS combined with ot'hers in OPR 2, the 

other operations are completed before the end althe cycle. 

15 OR WI'TH SWITCH 'REGISTER~Th,e,coriten'tof the SWitch Register If OR'ed with the conte'nt of the AC 
and the resul~ is stored in the AC. The OSR INSTRUCTION TIMING i~ sh,?wn in Figure 7. The IM6100 sequences the 
OSA instruction through 'a 2-cycle execute phase referred to as OPA 2A and OPR 28 

,10 SKIP-The content of,the PC is incremented'by .. 1, t.~,,~klp tli.e n'ext sequential instrucu'on 

10 ", SKIP ON NO'N-ZERO: LINK':'-The'~ontent O'f l is sa~Pled, the ~ext sequential instruction (s skipped if l 
contains a 1. II l contains a 0, the next instruction is executed ' 

10 SKIP ON ZERO LlNK":""'The'content of l issampled, the next sequential instruction is skipped if lcontainsa 
!, • 0, If the L contains a 1, the next instruction is executed 

10. 

10 

10 
10 
10 

10 

10 ..... 
10 
,10 

)0 

10 , 

10 

10 
15 

10 
10 
10 
10 

SKIP, ON ZERO ACCUry1ULA TOR--:-T.heconten~oftheAC is sampled: th.enext'seqUential instruction is ' 
skipped if the AC has al/,bits which are 0, If any bit In t~e AC IS a 1, the next ir:structlon'ls executed. 

SKIP ON NON~ZERO ACCUMULATOR-'The cooteol 01 IheAC Is sampled; Ihe 0,,1 seq"oll" 
Instructfon IS skipped If the AC has any bits which are no~ 0, If every bit In the AC IS 0, the next instruction IS executed 

SKIP ON ZERO ACCUMULATOR, ORSKIP ON NON'ZERO LINK, OR BOTH' 
SKIP ON NON"ZEROACCUMULATOR AND SKIP ON ZERO LINK 
SKIP ,ON N1INUS ACCUMULATOR--':"/f the cor:tent of AC (0) contains a 1, indicatin9 that the AC 
contains a negative two's complement number, the next sequentJallnstruction IS skipped. If AC (OJ contamsa 0, the next 
instruction is executed. 

SKIPON POSITIVE ACCUMULATOR-The cooteotsol AC 101 ,,,sampled, H:AC 101 coot,lo;.O, 
indica.tin~ that the AC con.tains a positive two'scomplement number, the next sequential instruction is skipped. If AClOJ 
contains a '1, the next.inslruction IS executed. I .. 

SKIP ON MINUS ACCUMULATOR OR SKIP ON NON-ZERO LINK OR BOTH 
SKIP ON POSITIVE ACCUMULATOR AND SKIP ON ZERO LINK 
SKIP ON MINUS ACCUMULAT()R OR SKIP ON ZERO ACCUMULATOR OR 
BOTH 
SKIP ON POSITIV'E ACCUMULATOR AND SKIP ON NON-ZERO 
ACCUMULATOR 
SKIP ON MiNUS ACCUMULATOR OR SKIP ON ZERO ACCUMULATOR OR 
SKIP ON NON-ZERO LINK OR ALL.. ' . 
SKIP ON POSITIVE ACCUMULATOR AND SKIP ON NON-ZERO 
ACCUMULATOR AND SKIP ON ZERO LINK 
CLEAR ACCUMULATOR-The AC Is lo,ded with bloa,), O's, 

. LOAD ACCUMULATOR WITH SWITCH REGISTER-Thecool~nI01theACISIO'dedWith'lhe 
'content cif the SA, bit for bit. This is equivalent to a microprogrammed ,combination orelA and OSA. 

SKIP ON ZERO ACCUMULATOR THEN CLEAR ACCUMULATOR 
SKIP ON NON-ZEROACCUMULATOR THEN CLEAR ACCUMULATOR 
SKIP ON MlfljUS ACCUMULATOR THEN CLEAR ACCUMULATOR 
SKIP ON POSITIVE ACCUMULATOR THEN CLEAR ACCUMULATOR 



IM6100 
INSTRUCTION SET (CONTINUED) 

IFETCH' aPR 2A aPR 28 

STATES 

I I I I 
I I I I 
~ I '11 
I I I I 
I II : 

I~' + I I 
i~1 I 
I I I I 
I I I I 

II I I I. II SWSEL ~ 

D,rt!!~~ 
o ® ® 

LXMAR 

. . . . , 

. Figure .7: OSR .. .instruction Timing. 

GROUP 3 PJlICROINSTRU,CTIONS 

Figure a shows the instruction foriTlat of group 3 microin
structions which requires bits 3 and11 to contain a i. Bits4. 5 
or 7 .may ~eset to, indicate a specific group 3. microinstr,,!c,- ' 

tion. If more than one ·of the bits is ·set; the instruction is a ' 
microprogrammed combination of group·3 microinstruc" 
tions followjhg the logical sequ~ncelisted in Figure 8, All 
unused bits are "don't care" . 

OCTAl,.· 
MNEMONIC CODE 

NO,? 7401 
.MOL 7421 

MOA 7501 

SWP 7521 

CLA 7601 
CAM 7621 

ACL 7701 

. CLASWP 7721 

0 2. 

:1 '1 

"DON'T CARE 

LOGICAL SE~UENCES: 
1'-:CLA 
2..,.MOA. MOL 
3-ALL OTHERS 

4 5 6' . 

: CL<MOA I 
7 8" '9 10 11 

>~O< ,. 
: : 1 

Figure 8: Group 3 Microinstruction Format 

Table V: Group 3 Operate Microinstructions 

NUMBER 
"I,.OGICAI,. . OF .". 

dPERATION SEQUENCE STATES 

3 10 NO OPERATION-see Group 1 MiCrOjn~tructions 
2 10 MQ· REGISTER LOAD-The content of,the AG is loaded into th~.MQ. the AC is cleared and the original 

content of the MO is lost. ' '. . 

2 10 MO REGISTER iNTO ACCUMULATOR-Theconlenlo'lheMo;sOR'ecw;lhlheconlenlo'lheAC 
and the result is loaded into the AC. The original content of the AC is lost but the original content of the MQ is retained. 
This inSI~uction pro~ides the programme~ with. an incl~siv~ q~ operation. 

10 3 SWAP ACCUMULATOR AND MO REGISTER-ToeconlenlciilheACand MOare;nlerchanged 
. ac~omplishing a microprogrammed combination of MQA.and Mal.' ' 

1 10 CLEAR ACCUMULATOR 
3 10 CLEAR ACCUMULATOR AND MO REGISTER-TheconlenloflheACandMO are loaded w;lh 

binary O's. This is equivalent to a microprogrammed combination of CLA and MOL. 

:3 10 CLEAR ACCUMULATOR AND LOAD MO F.lEGISTER INTO ACCUMULATOR-
This is equivalent to a microprogrammed combination of CLA and MOA. . 

3 10 CLEAR ACCUMULATOR AND SWAP ACCUMULATOR AND MO REGISTER-
The content of the AC is cleared. The content of the MQ is loaded into the AC and the MQ is cleared. 

fJ 
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IM6100 
INSTRUCTION SET (CONTINUED) 

INPUT/OUTPUT (lOT) INSTRUCTIONS 
., 

The input/output transfer instructions, which have an OP
CODE of Sa are used to control the operation of peripheral 
devices and to transfer data between peripherals and the 
IM6100. Three types of data transfer may be used to receive 
or transmit information between the IM610D and one or more 
peripheral 110 devices: PROGRAMMED DATA TRANSFER, 
which provides a'straightforward means of communicating 
with relatively slow 1/0 devices, such as Teletypes, 
cassettes, card readers and CRT displays, .INTERRUPT 
TRANSFERS which use the interrupt system to service 
several 'peripheral devices simultaneously, 'and DIRECT 
MEMORY ACCESS, DMA, which transfers variable-size 
blocks of data between high-speed peripherals and memory 
without IM61DD intervention. 

lOT INSTRUCTION FORMAT, 
The Input/Output Transfer Instruction format is represen
ted in Figure 9. The instruction executes ,in ,17 states. 

The first three bits, D-2, are always setto 68 (110) to specify an 
lOT instruction. The low order nine bits are used for device 
selection and control. PDP-8/e compatible interfaces use 
bits,3-8 for device selection and bits 9-11 for control of the 
selected device. The IM61Dl PIE interface uses bits. 3-7 fpr 
device selection and bits 8-11 for control. In user designed 
systems,' the 512 possible lOT i,nstructions may be alloted' 
according to the user's needs. The nature of:this operation 
for any given. lOT instruction depen,ds entirely upon the 
circuitrY designed into the 1/0 device interface. , 

PROGRAMMED DATA TRANSFER. 
Programmed Data Transfer is the easiest, Simplest, most 
convenient and most common means' of perf<;irmirig "data' 
110. For microprocessor applications, it may also be the most 
cost effective approach. The data transfer begins when the 
IM61DD fetches an instruction from the memory and recog
nizes that the current instruction is an lOT IFigure 10). This is 

3 4' 5 

referred to as IFETCH and consists offive (5) internal states. 
The IM61 DD sequences the 10i' instruction through a 2-cycle 
execute phase. referred to as IOTA and IOTa. Bits 0-11 of the 
lOT instructions are available on DXO-ll at IOTA. LXMAR; 
these bits must be'latched, in an external address register. 
DEVSEL is active low to enable data transfers between the 
IM61DD and the peripheral devicelsl. The selected peripheral 
device communicates with the IM61DD through 4 control 

, lines '- Co, Cl, C2 and SKP. In the IM61DD the type of data 
transfer, during an lOT instruction, is specified by the 
'peripheral devicels) by asserting ,the control lines as shown 
in Table VI. 

The',controlline SKP, when low during an lOT, causes the 
IM61DD to skip the,next sequenHal instruction, This feature is 
used to sense the status of various signals in the devic,e 
interface. The Co, Cl, and C2 lines are treated independently 
of the SKP line. ,In the case of a RELATIVE or ABSOLUTE 
JUMP" the skip operation is performed after the jump. The 
input signals to the IM61DD, DXD-l1, Co, Cl, C2, and SKP, are 
sampled at IOTA duririg DEVSEL. XTc arid the data from the 
IM61DD is available to the devicels) during that time. IOTa is 
used by the IM61DD to perform the operations requested 
during IOTA. Both IOTA and lOTs consist of six (6) internal 

, , states.' .: ' 

In summary, Programmed Data Transfer.perf()rms data 1/0, 
with a minimum of hardware support. The maximum rate at 
which programmed data transfers may take place .is I,imited 
by thelMqlDd instruction execution rate, however, the datil 
rate of the lTiost commonly used peripheral devices is much 
lciwerthan the maximum rate at" which programmed 
transfers can take place in the IM61DD. The major drawback 
associated with Programmed Data Transfer is the IM610D 
must hang. up in a wl;liting loop while the 1/0 device 
completes the last transfer and prepares for the next transfer. 
On the otherhand,this technique permits easy hardware 
implementation and simple, economical interface design. 
For this reason, almost all devices except mass storage units 
rely on programmed data transfer. 

6 8 9 10, 11 

I I' : iEV,CE +LECTIO~ AND ", ~~NTRO~ 
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Figure 9: lOT Instruction Format 

I , I I 
,LXMARjJ1 In ,I I, 

, I I ' 
MEMsEr~ Ii'· " 

I " " I I 
DWsEi:1 I ~ , UI . I 

DXIO-llb "fJ ~ m __ :' !~ 
<D ® ® ®@ 

G) INSTRUCTIO", ADDRESS, " 

® IN~TRUcTION 
®DEVICE ADDRESS.AND CONTROL', 

'@DEVICE,DATA IN, ~,Cl,.c2, SKP., 
, ,., . .' . 

, Figure 10:, Input-Output Instruction Timing 
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IM6100 O~OI6 

INSTRUCTION SET (CONTINUED) 

Table VI: Programmed I/O Control Lines 

CONTROL LINES 
Co Cl C2 OPERATION DESCRIPTION 
H H H DEV<:-AC The content of the AC is sent to the device. 
L H H DEV <:-AC; CLA The content of the AC is sent to a device and then the AC is cleared. 
H L H AC <:-AC V DEV Data is received from a device, OR'ed with the data in the AC and the result is stored in the AC. 
L L H AC<:-DEV 'Data is received from a device and loaded into the AC. 

H L PC<:-PC + DEV Data from the device is added to the contents of the PC. This is referred to as a RELATIVE JUMP. 
L L PC~DEV Data is received from a device and loaded into the PC. This is referred to as an ABSOLUTE JUMP. 

'Don't Care 

INTERRUPT TRANSFER 

PROGRAM INTERRUPT TRANSFERS 

The program interrupt system may be used to initiate 
programmed data transfers in such a way that the time spent 
waiting for device I/O is greatly reduced or eliminated 
altogether. This is accomplished by isolating the I/O 
handling routines from the mainlini3 program and using the 
interrupt system to ensure that these routines are entered 
only when an I/O device status is set, indicating that the 
device is actually ready to perform a data transfer. 

The inter(upt system allows certain' external conditions to 
interrupt the computer progr.am by driving the INTREQ input 
Low. If no higher priority requests are outstanding and the 
interrupt system is enabled, the IM6100 grants the device 
interrupt at the end of the current instruction. After an 
interrupt has been granted, the Interrupt Enable Flip-Flop in 
the IM6100 is reset so that no more interrupts are acknow
ledged until the interrupt system is re-enabled under 
program control. 

23451 234 5 1 234 5 I 
I ! '. . 1 l··· I 

INTREQI tm%#'/@'/4f#@'$MM0f)f7&MW0"$J4 
1 I' I 

INTGNTI f 1.\ I I 
INTERNALI ~} I I 
INT EN FFI _ I 1 

IFETCH! I I ~ 
L ________ -'~ i~ i 

LXMARI r . 
MEMSEL~- -------

CD ADDRESS 00008 

® DON'T CARE READ 

® PC WRITTEN .IN LOC 00008 

I . 

® ® o ADDRESS 00018 

® INSTRUCTION FETCH FROM 00018 
OF MEM 

Figure 11: Device Interrupt Grant Timing 

DEVICE INTERRUPT GRANT TIMING 

The current contents of the Program Counter, PC, are 
deposited in location OOOOs of the memoryand the program 
fetches the instruction from location 0001s. The return 
address is available in location OOOOs. This address must be 
saved in a software stack, before the interrupts are re
enabled, if nested interrupts are permitted. The INTGNT 
signal, Figure 11, is activated by the IM61 OO'when a device 
interrupt is acknowledged; this signal is reset by executing 
any lOT instruction as shown in Figure 12. The INTGNT 
signal is necessary to implement an External. Vectored 
Priority Interrupt network. The IM6101 PIE contains the logic 
necessary to implement both vectored and non-vectored 
interrupts. 

The user program controls the interrupt mechanism of the 
IM6100 by executing the processor lOT instructions listed in 
Table VII. Several of these interrupt lOT instructions are also 
used if the memory is extended beyond 4K words t6 save and 
restore extended memory status during interrupt servicing. 

IOTA 
STATES 

I 
I 

IFETCH 1 I 
I(i) I 1 

LX MAR in In I 
® I I I 

MEMSEL ~ I I 
.1 I o . ®I 

DEVSEL I I ~I 
1 I I 
I 

! j 
INTGNT 1 

CD INSTRUCTION o DATA TRANSFER FROM PERIPHERAL DEVICES 
ADDRESS AS CONTROLLED BY Co, C" AND C, 

~6XXX FROM MEMORY @DATA TRANSFER.TO PERIPHERAL DEVICES 
3 ADDRESS 6XXX AS CONTROLLED BY Co, C" AND C, 

. Figure 12: Device Interrupt Grant Reset Timing 

fJ 
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IM61 00 O~OI!" 

INSTRUCTION SET (CONTINUED) 

Table VII: Processor lOT Instructions 

MNE- . OCTAL 
MONIC CODE OPERATION 

SKON 6000 SKIP IF INTERRUPT ON· .c.. If interrupt system is enabled, the next sequential instruction is skipped. The Interrupt 
system is disabled. 

ION 6001 INTERRUPT TURN ON - The internal interrupt acknowledge system is enabled: The interrupt system is enabled after 
the CPU executes the n.ext sequential instruction. The INTERRUPT ENABLE TIMING is shown in Figure 13. 

IOF 6002 INTERRUPT TURN OFF - The interrupt system is disabled. Note that the interrupt system is automatically disabled 
when the CPU acknowledges an INTrequest. 

SRQ 6003 SKIPIF INT REQUEST - The next sequential instruction is skipped if thelNTrequest bus is low. 
GTF 6004 GET FLAGS- The following machine states are read into the indicated bits of AC. 

bit 0 - Link 
bit 2 - INT request bus 
bit 4 - Interrupt Enable FF 

Other bits may be modified by external devices by controlling the C-lines, (ex. Extended memory controll. 
RTF 6005 RETURN FLAGS - Link is restored from AC (OJ. Interrupt system is enabled after the next sequential instruction is 

executed. All AC bits are available externally to restore external states. (ex. Extended memory controll. 
SGT 6006 Operation is determined by external devices, if any. 
CAF 6007 CLEAR ALL FLAGS - AC and Link are cleared. Interruot svstem is disabled. 

IFETCH ION EXECUTE JON EXECUTE 

3 

IFETCH EXECUTE 

STATES 1 

IFETCH <D . 

LXMAR~===J'~D3!t======t:II· =======+~-:-;::===+= IW . 
. MEMSELI @~ I I 

DEVSEL· I LJ wi 
INTERNAL! I @) ® I 
INTENFFI~ ______ ~ ____ ~I __________________ ~ ________________ ~ ____________ ~ 

ID INSTRUCTION ADDRESS 
12> .INSTRUCTION FETCH 

i3) DEVICE ADDRESS (60018) (5) DON'T CARE DEV WRITE 
® DONT CARE DEV READ, SAMPLE CO, C1, C2 & SKP <ID INSTRUCT/ON ADDRESS 

Figure 13: Interrupt Enable FF ON (ION) 

(l) INSTRUCTION FETCH 
<!!l SAMPLEREOUEST LINES 

CONTROL PANEL INTERRUPT TRANSFER 
The IM6100 supports a memory space completely separate 
from main memory, called control panel memory: Therefore, 
th'e I M61 00 control panel and other supervisory functions are 
implemented in software, Thisimplementation need not use 
any part of the main memory or change the processor state. 
This is an important feature, since the final version of the 
system may not have a control panel and the system 
designer would like to use the entire capacity of the main 
memory for the specific system application, 

The control panel communicates with the IM6100 with the 
Control Panel Request, CPREQ, line, The CPREQ is func
tionally similar. to the INTREQ with some important 
differences: The CPREQ is granted even when the machine 
is in the HAL Tstate;the IM6100 is temporarily, put in the RUN 

state forthe duration of the panel routine. The IM61 00 reverts 
to its original processor state after the panel routine has been 
executed'. 
The CPRECl does not affect the interrupt enable system, and 
the processor lOT instruction, ION is redefined and IOF is 
ignored while the IM6100 is in the Control Panel Mode. Once· 
a CPREQ is granted, the IM6100 will not recognize any 
DMAREQ or INTREQ until CPREQ has been fully serviced, 

When a CPREQ is granted, the PC is stored in location OOOOs 
of the Panel 'Memory and the IM6100 resumes operation at 
location 7777s. The Panel Memory would be organized with 
RAM'si.nthe lower pages and PROM's in the higherpages. 
The control panel service routine would be stored in the 
higher pages in the nonvolatile PROM's, starting at 7777s. 

EXECUTE CPINT IFETCH. . 

. STATES . 

CPREO ~ __ ~~""~""~~~""~""~""~""~~""~""~""~~~ 
INTERNAL I . ... I . .. I I 
CNTRL FF I . . . j® . i .. ... I 

IFETCH I ~'.' I. . I 
LXMAR I .. .. ' --r::;CD. . }I ~. I CPmr--------r I ~ ---: 1 

iADDRESS 00008 ....... y ~ I ~ 
2 DON'T CARE READ' . . . 

3 PC WR.ITTEN IN LaC 00008 OF CP MEM ® INSTRUCTION FETCHED FROM ® IFCPU IS HALTED, THE RUN IS 
4 ADDRESS 77778 LaC 77778 OF CP MEM TRUE AT T1 OF CPINT 

Figure 14: Control Panel Interrupt G.rant Timing 
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IM6100 
INSTRUCTION SET (CONTINUED) 

A Control Panel Flip-Flop, CNTRL FF, internal to the IM610Q, 
is set. when the CPREQ is granted. The CNTRL FF prevents 
further CPREQ's from being granted. . 

~When the CNTRL FF is set, the Control Panel Memory Select, . 
. CPSEL, is active rather than the Memory Select, MEMSEL, 
for memory references. The CPSEL signal may therefore be 
used to distinguish the Control Panel Memory from the Main 
Memory. However, during the Execute phase of .indirectly 
addre.ssed AND, TAD, ISZ or DCA instructions, the MEMSEL 
is made active. The instructions are always fetched from the 
control panel memory, and the operand .address for 
indirectly address AND, TAD, ISZ or DCA refers first to the 
control panel memory for an effective address, which, in 
turn, refers to a location in the main memory. A main memory 
location may therefore', be examined and changed by 
indirectly addressed TAD and DCA instructions, Figure 15, 
respectively. Every location in the main memory is 
accessible to the control panel routine. . 

• Exiting from the control panel routine is achieved by 
executing the following sequence with· reference made to 
Figure 16. 

ION· 
JMP I OOOOa (Loc 00008 in CPMEM) 

The ION, 60018, instruction will reset the CP FF after 
executing the next sequential instruction, but will not affect 

O~OIb 

the interrupt system since the CNTRL FF is still active. 
Location OOOOs of the CPMEM contains either the original 
return address, deposited by the IM6100 when the CP 
routine was entered, or a new starting address defined by the 
CP routine, for example, by activating the LOAD ADDRESS 
SWITCH.CPREQ's are normally generated by the manual 
actuation of the control switches. If the CPU registers must 
be displayed in real-time, the CPREQ's must be generated by 
a timer at fixed intervals. 

The designe~ may, also make use of the control panel 
features to implement Bootstrap loaders in the CP Memory 
so that the loader will be "transparent" to the main memory. 
Programs will be loaded by DCA I POINTER instruction, the 
pointer being developed in the CP RAM to point to the main 
memory location to be loaded. 

Approximately 64 P/ROM locations are sufficient to 
implement all the functions of the PDP®-8/e Control Panel. 
The IM6100 provides for a 12-bit switch register which can be 
read by the IM6100 under program control with the SWITCH 
REGISTER,OSR, instruction even without a control panel. 

An RTF, 60058, instruction also resets the internal CNTRL 
FF. Exiting from a panel routine can be achieved by 
activating the RESET line since RESET has a higher priority 
than CPREQ, see Figure 18. If the RUN/HL T line is pulsed 
while the IM6100 is in the panel mode, it will 'remember' the 
pulses(s) but defer any action until the IM6100 exits from the 
panel mode. 

DCA EXECUTE 

CPSEL I 
MEMSEL i--...:.;.:...---.-+--....:..:...----+....., 

STATES 1 

I 
DATAF ~ _______ ~ __________ ~ 

(j) INSTRUCTION ADDRESS 

@ INSTRUCTION FROM CP MEMORY 
@ EFFECTIVE ADDRESS 
@ OPERAND ADDRESS 

FROM CP MEMORY 

® OPERAND.ADDRESS 
® DON'T CARE MAIN MEM READ 

<V AC WRITTEN INTO MAIN MEMORY 

. Figure 15: "DCA Indirect" In Control Panel. Routine 

ION EXECUTE ION EXECUTE IFETCH INDIRECT JMP EXECUTE 

IFETCH 1~1 ~ n I 
LXMAR r'----~ ~--~....,-Ir-----.....,.I~--~I@~----.,.,...---~I 

. CPSEL ~ I I . Lill.J I Lill..J I 
I I II I 

DEVSEL I L-J4' . .' Us I I I 

I~~~:~~~ ~ ® @ 

CD INSTRUCTION ADDRESS 

® INSTRUCTION FETCH FROM CP MEM . 

® DEVICE ADDRESS (60018) • . 

. @ DON'T CARE DEVICE READ, SAMPLE CO, C1, C2 & SKP 

®DON'T CARE .DEVICEWRITE 

® INSTRUCTION ADDRESS . 

o INSTRUCTION FETCH FROM CP MEM 

® EFFECTIVE ADDRESS (00008) 

® JMP ADDRESS FROM CP MEM LOC 00008 

@lIF CP~ WAS IN THE HALT STATE, THE RUN IS FALSE AT T1 

Figure 16: "ION; JMP I OOOOa" In Control Panel Routine 

tJ 
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IM61 00 
'DIRECT MEMORY ACCESS. (DMA) 

Direct Memory Access, sometimes called data break, is the 
,preferred form, of ,data tr~nsfer for u,sewithhigh-speed 
,storage devices such asmagnEitic, disk or tape units. The 
DMA mechanism trarisfers ,data directly be:!tweenmemory 
and peripheral devices, arid the IM61DD is involved only'in 
setting up the transfer; the transfers take place ori' a "cycle 
stealing" basis. The DMA transfer rate is limited only by the 
bandwidth of the memory arid the data transfer chanicteris-
tics of the device. ' ' ' " 
The devicegerierates a DMA Request when it is ready to 
transfer' data. The IM61 DDgrants the DMAREO by activating . .. " .. . \ 

EXECUTE 

STATES 

D~DIl. 
the DMAGNT signal at the end of the'current instruction as 
shown in Figure 17. The,IM6100 suspends any further 
instruction fetches until theDMAREO line is reieased.The 
DX lines are tri-stated, al) SELlines are high, and the external 
timing Signals XTA, XTB, and XTc are active and LXMAR 
remains low. The device which generated the DMAREO must 
provide the a'ddress and the nec'essary control Signals to the 
memory for data tnlnsfers. The DMAREOline 'can also be 
used as a level sensitive' "pause" line. 

DMA may also bei~plemented in, a transparent mode 
without stealing processor cycles by using the DX bus 

, during idle periods. The IM61 D2 ¥EDIC operates in, this 
manner. 

DMA IFETCH 

II! I 
~ ~I --~---------1\CD 1 

I I \ I I ,I 

DMAGNT 1-1 ____ -.,.-.,. .... fr./'-------~------_;II 
, I ,I 
I I 'I 

IFETCH 1 1 I 
<D DMAREQ REMOVED AFTER DMAGNT 

Figure 17: Direct Memory AccessIDMAi 

INTERNAL PRIORITY STRUCTURE 

After an instruction is completely sequenced, the major state 
generator scans the internal priority network as, shoVo(n ,in 
Figure 18. The state oOhe priority n'etwork ,decides the next 
sequence of the:! IM61DD. 
The request lines, RESET, CPREO,RUN/HL'r, DMAREO 
and INTREO, are samp'led in the last cycle,of. an instruction 
execution, at time n.' The worst case response time of the 
IM61DD to an external request is; 'therefore:thetimei required 
to execute the longest instruction preceded by any 6-state 
execution cycle. For the IM6100, this is an autoindexed ISZ, 
22 states, preceded by any 6-state execution cycle instruc-
tioo.' , 

When)helM6100 is initially p~wered up, tne state oftlie' , 
timing generator is undefined. The generator isautomatical
Iy initialized with a maximum of 34 clock pulses. The request, 
inputs, as the IM61DD is powered on, must span at least 58 ' 
clock pulses to be recognized, 34,' clocks for the counter to 
initialize and a maximum of. two IM61DD cycles (20 to 24 
clocks) for the state generator to sample the request lines. A 

tion is fetched. External devi~es can monitor DX, 0-2, during 
I FETCH-XT A to determine the functional classof the current 
,instruction. For example, the external memory extension 
hardware must know when JMP or JMS instructions are 
fetched to implement the E~tended Memory Control. The 
IM6102 does this to implement' extended memory 
addressing. 

, positive transition on RUN/HALT should occur at least 10 
clock pulses after RESET for it to be recognized. 

The Programmable Logic Array, PLA, in the IM6100 
sequences the IM61DO to e:!xecute the fetched instruction. All 
INDIRECT and ,AUTOINDEX Memory Reference 
Instructions 'go through a common state sequence' to 
generate the Effective Address, EA, of the operand. The 
subsequent sequence,referred to as the EXECUTE phase, is 
controlled by the functional class of the instruction. The 
EXECUTE phase of AND, TAD, DCA, JMS, JMP and OPR 
Group 3 Microinstructions consists of only one cycle. ISZ' 
and lOT have a 2-cycle EXEC,UTE phase. OPR Group 1 and 
Group 2 Microinstructions have an optional second cycle, 
depending on the microcoding of the OPRinstructions. An 
IM6100cycie consists bf 5 states, Tl, T2,T3, T4 and Ts, with 
an optiorial sixth state, Ts; for Output Transfers (WRITH 
The state sequence for internal (processor) and external lOT 
instructions are identical. The Device Address arid Control 
bits are available inthe Exterral Address RegisterJor internal 
lOT instructions. External hardware, for example Extended 
Memory,Control, can control the, C-lines for data transfers to 
implement Get Flags (GTF), ReturnFlags (RTF), arid Clear All 
Flags (CAF) instructions. External Control of the, C-lines is 
necessary to implement theseJnternallOT instructions since 
the flag bits may be distributed both inside and outside the 
IM61DD. 

7"116 

The, interrial priority is RESET, CPR EO, RUN/HL T, 
DMAREO, INTREO, and IFETCH. ' 

IFETCH 
If no external ,requests ~re pendirg,ihe ,IM61C)D fetches the 
riext instruction pOinted to by the contents of the PC. The 
IFETCH line is active during the cycle in which the instruc~ , 



IM6100 

'PRIORITY SCAN 

PRIORITY EXECUTE 

INOIRECT/AUTO INDEX 

INSTRUCTION 
EXECUTE - PHASE A 

INSTRUCTION 
EXECUTE - PHASE B 

<DoNlY FOR ROTATES 

® ONLY FOR OSR . 

. Figure 18: Major Processor States and Number of Clock Cycles:in Each State 
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IM6100 
RESET 

The Reset initializes all internallM6100 flags and clears the 
AC and the LINK. The machine is halted. 

As long as the RESET line is low, the IM6100 remains in the 
reset state and the OX lines are three stated. The IM6100 

EXECUTE RESET 

STATES 1 
I 
I I 
I I 
I I 

RESET (L) I I I ! 

I 
I 
I 
I 

O~OIl 

continues to provide the external timing Signals XTA, XTB 
and XTc, all SEL lines are high, anq.the PC is set to 77778. In 
most applications, the higher memory locations utilize 
P/ROM's or ROM's. Therefore, a power-up routine starting at 
the highest memory location can be used to initialize the 
system. It is also possible to force entry into control panel 
memory Of) power-up. 

RESET I RESET HALT 

I 
I 
I ! I 
1/ 

! 

I REQUESTS SAMPLED AT T1 OF THE FINAL EXECUTE PHASE 
2 EXECUTE MAY BE 5/6 STATES 
3 PC IS SET TO 77773 
4 CPU HALTS 

Figure 19: Reset Timing 

RUN/HALT 
RUN/HL T changes the state of the IM6100's RUN/HL T flip
flop. Pulsing the line low causes the IM6100 to alternately run 
and halt. The RUN/HLT line is. normally high. The IM6100 
recognizes the positive transition of the signal.. 

The RUN/HL T flip~flop can be put in the halt state under 
program control by executing the HL T, 74028, instruction. 
When the IM6100 is halted, RUN/HL T is functionally 

RUN/HLT--------------~ 

~ 

ipentical to the CONTINUE switch of the PDP-8/e control 
panel and the RUN signal is low. The RUN signal can be used 
to power down external circuitry for a low power system. 

The RUN/HL T can also be used to make the IM6l 00 execute 
one instruction at a time as shown in Figure 21. The 
RUN/HL T combines the functional features of STOP, 
CONTINUE, and SINGLE INSTRUCTION as defined by the 
PDP-8/e Control Panel. 

\ LJ\ 
\ 

RUN 
INTERNAL-------------------------

RUN FF 

\ I 
/ / RUN 

t: HALT f 
Figure 20: Run/Halt Timing 

HALT HALT IFETCH EXECUTE A HALT 

RUNIHLT 

INTERNAL III--J.,;~.:.....~,...-+ ....... -----++------ '---!-_____ --!.....lJ...., ___ -+ __ .;;..._--l 
RUN FF -

RUN~I --------~~~-l~---------t----------~------~--------~ 
DMAGNT~I ________ ~--~GD~2~--~t---------~----------_+~--------~--------~ 

IFETCHLi __________ -1 __ ~------~~---------1L-------------1------------L----------.J 
CD RUNIHLT PULSE FOR "SINGLE STEP" GD DMAGNT ON FOR 1 CYCLE FOR HALT TO RUN TRANSITION 

® TRIGGER RUNIHL T WITH IFETCH 

o RUN FF SAMPLED IN THE LAST EXECUTE CYCLE 

Figure 21: "Single Step" With Run/Hit 



IM6100 
WAIT 
The IM6100 samples the WAIT line during input-output data 
transfers (Figure 22l. The WAIT line, if low, controls the 
transfer duration. If WAIT is active during input transfers 
(READ), the CPU waits in the T2 state. For an output transfer 
(WRITE), WAIT controls the time for which the write data is 
maintained on the OX lines by extending the T6 state. The 
wait duration is an integral multiple of the oscillator time 
period - 250nsecat 4MHz.: . 

The WAIT mechanism is an ideal way of providing for slower 
memory and peripheral devices in the system without 
significant degradation in system performance. For 
example, if one waits for all reads and writes for one delay 
unit (250nsec at 4MHz), the system throughput is reduced by 
less than 3%. 

osc OUT 

STATES 
MEM/DEVlCP/SWSEL 

XTA ___ ...... ""! 

XIS 

XTC 

WAIT::::::::JE~::::::::::::::JE~::: 
Figure 22: Wait Line Samplirg Timing 

~----1L2 ----~ 

~--
XTA. ~D::"~Y ..... 

1-oo~t-------tL1-_-------i1>j 

Figure 23: Memory And Input Transfer Wait Circuit 

The circuit shown in Figure 23 will make the IM6100 wait 
during main memory and device input (READ) transfers. 
MEMSEL or DEVSEL, being low, will assertWAIT low. When 
XTA becomes active high, the WAIT line is asserted high 
after a delay. The wait duration is controlled by the delay in 
the XTA-WAIT path (tll). 

The following conditions must be satisfied to obtain x units 
of delay during READ's: 

tSL(max) + tL2(max) + tws < T s 

tXT(min) + tL 1 (min) - tWH :::: x ~ 
2 

tXT(max) + tL 1 (max) + tws < (X + 1) ~s 

For example, for an IM6100 I device operating at 4MHz, 5.0V 
and 25° C, the constraints to be met to obtain 1 unit of delay 
(250nsec) are as follows: 

tL2(max) < Ts - tSL(max) - tws 
<500-300-30 

< 170nsec 

, Ts 
tL 1 (min) :::: "2 - tXT(min) + twH 

:::: 250 - 100 + 30 
:::: 180nsec 
tL1{max) < TS - tXT(max) - tws 
< 500 - 250 - 30 
< 220nsec 

O~OI6 

Note that the delay circuit can be as simple as an R-C 
network in conjunction with CMOS logic. Note.also that the 
WAIT can be made selective on main memory, device, 
control panel memory or switch register select line. 

1-4------tL3------~ 

Figure 24: Write Transfer Wait Circuit 

Figure 24 shows a logic implementation to wait during 
. WRITE's only. 

The rising edge of MEMSEL (or CPSEL or DEVSEU during 
READ clocks in a zero on the WAIT line. XTB, after a delay, 
releases the WAIT line. Every WRITE pulse is preceded by a 
READ pulse, and if no write operat{on is performed in acycle, 
the T6 state is not entered and the WAIT line is not sampled. 
For x units of delay, the following conditions must be met: 

TS txT(min) + tL3(min) - tWH :::: x _ and 
2 

Ts 
lxT(max) + tL3(max)+ tws< (x + 1) 2 

In the circuit shown in Figure 25, the WAIT signal is normally 
asserted low. and it is released by XTA during READ's and 
XTB during WRITE's. Note that WAIT is active for all data 
transfers. Since XTA and XTBhave identical timing relative 
to the WAIT sample pOint;the constraints to be satisfied are 
as follows: 

tXT(min) + tL4(min) - tWH :::: x Ts and 
2 

tXT(max) +tL4(r;'aX)'+ tws < (x + 1) Ts 
2 

1+----- 1L4 -----+1 

Figure 25: Data Transfer Wait Circuit· 

tI 
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IM61 00 
IM6100 

O~DIL 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

IndustriallM6100 ..................... -45°C to +85°C 
Storage Temperature ................ -65°C to +150°C 
Operating Voltage ...............•..... +4.0V to +11.0V 
Supply Voltage ................................ +12.0V 
Voltage On Any Input or 

Output Pin .... 1 ....•. , ............ -o.3V to Vee +0.3V 

NOTE: Stresses above those listed under '''Absolute Maximum 
Ratings" may cause permanent device. failure. These· are 
stress ratings only and functional operation of the devicesat 
these or any 'other conditions above those indicated· in the 
operation sections of this specification is not implied. 
Exposure to .absolute maximum rating conditions for 
extended periods may cause device failures. 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee =' 5.0V ±10%, TA ~ -40°C to +85°C 

SYMBOL PARAMETER CONDITIONS MIN . TYP MAX UNITS 
1 VIH Input VoltaQe HiQh Vee-2.0 V 

2 Vil Input Voltage Low O.B V 

3 ill . Input Leakage GND < VIN < Vee -1.0 i.o uA 

4 VOH Output Voltage High IOH =-D.2mA 2.4 V 

5 VOL Output Voltage"Low IOl = 2.0mA 0.45 V 

6 'IOl .Output Leakage GND ::;. VOUT ::;. Vee -1.0 1.0 ./I.A 
7 Ice Power Supply Current-Standby 'VIN - GND or Vee 800 uA 

8 Ice Power Supply .. :Current-Dynamic fe = 2.5MHz 1.8 mA 
9 CIN. Input Capacitance 7.0 8.0 pF 

10 Co Output Capacita~ce 8.0 10.0 pF 

A.C. CHARACTERISTICS ISeeFigure 2 and 22) 

TEST CONDITIONS: Vee =' 5.0V ±10% , CL = 50pF, TA -40°C to +85°C, fe = 2.5MHz 

SYMBOL PARAMETER I, MIN TYP MAX UNITS 

1 FREQ Operating Frequency 2.5 MHz 

2 ts Major State Time 800 ns· 

3 ILXMAR LX MAR Pulse Width 335 ns 

4 tAS Address Setup Time: DX-LXMAR 1+) 120 ns 

5 tAH Address Hold Time: LXMAR I+)-DX 175 ns 

8 tENO Data Output Enable Time: DEVSEL I+)-DX 575 ns 

6 IAl Access Time .from LXMAR 650 . ns 

7 tEN Output Enable Time IMEM, CP,DEVSEU . 400 ns 

9 twp Pulse Width IMEMSEL, CPSEU 320 ns 

10 twllO Pulse Width IDEVSEU 320 ns 

11 tos . Data Setup Time IDX- t MEMSEL/CPSEU 240 ns 

12 tOH Data Hold Time It MEMSEL/CPSEL-DX) 175 ns 

13 toso Data Setup Time IDX-t DEVSEU 275 ns 

14 tOHO Data Hold Time It DEVSEL-DX) 175 ns 

15 tSl Logic Delay to MEM/DEV/CP/SWSEL 75 440 ns 

16 txT Logic Delay to LX MAR, XT A, XTB, XTC 65 380 ns 

17 1sT .' .. Logic Delay to DATAF, RUN, DMAGNT, INTGNT, LINK, IFETCH 475 ns 

18 tRS Set up Time for CPIINT/DMAREQ 0 ns 

19 IRH Hold Time forCP/lNT/DMAREQ, RESET, RUN"HAL T 300 ns 

20 tRHP RUN-HALT Pulse.Width 110 ns 

21 tws Set up Time for Wait 100 ns 

22 twH Hold Time for Wait 35 ns 

Note: For capacitance greater than 50pF, the AC.parameters will have a delay factor of 0.5ns/pF. 
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IM61 00 
IM6100-1 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

IndustriallM6100-11 ...... ' ............ -40°C to +85°C 
Storage Temperature ................ -65°C to +150°C 
Operating Voltage .................. , .. +4.0V to +11.0V 
Supply Voltage .......................... ... . .. +12.0V 
Voltage On Any Input or ' 

Output Pin ....................... -D.3V to Vee +0.3V 

NOTE: Stresses above those listed under ,,"Absolute, Maximum 
Ratings" may cause permanent device, ,failure. These are 
str,ess ratings only and functional operat'ion of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating, conditions for 
extended periods may cause device failures. 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 5.0V ±10%, TA = -40°C to +85°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 
1 VIH Input Voltage High Vee -2.0 V 
2 VIL Input Voltage Low 0.8 V 
3 IlL Inp'ut Leakage GND "'" VIN < Vee -1.0 1.0 jJ.A 
4 VOH Output Voltage High , 10H '= '-O.2mA 2.4 V 
5 VOL Output Voltage Low 10L = 2.0mA 0.45 V 
6 10L Output Leakage GND "'" VOUT < Vee -1.0 1.0 jJ.A 
7 lee PowerSupply Current-Standby VIN = GND or Vee 800 jJ.A 
8 lee Power 13upply Current-Dynamic fe= 3.33MHz 2.0 mA 
9 CIN' Input Capacitance 7.0. ' 8.0 pF 

10 Co Output Capacitance 8.0 10.0 pF 

A.C. CHARACTERISTICS IRef. Fig. 2 and 221 

TEST CONDITIONS: Vee = 5.0V ± 10%, CL = 50pF, TA = -40°C to +85°C, Ie = 3.33MHz 

SYMBOL PARAMETER MIN TYP MAX UNITS 

1 FREO Operating Frequency 3:33, MHz 

2 ts Major State Time 600 ns 

3 tLXMAR LXMAR Pulse Width 260 ns 

4 tAS Address Setup Time: DX-LXMAR III 85 ns 

5 tAH .; Address Hold Time: LXMAR III-DX 125 ns 

8 tENO Data Output Enable Time: DEVSEL I<I-DX 470 ns 

6 tAL Access Time from LXMAR 520 ns 

7 tEN Output Enable Time IMEM, CP, DEVSELI 300 ns 

9 twp Pulse Width (MEMSEL, CPSELI 235 ns 

10 twPD Pulse Width IDEVSELI 235 ns 

11 tDS Data Setup Time IDX-I MEMSEL/CPSELI 135 ns 

12 tDH Data Hold Time II MEMSEL/CPSEL-DXI 125 ns 

13 tDSD Data Setup Time IDX-t DEVSELI 225 ns 

14 tDHD Data Hold Time It DEVSEL-DXI 125 ns 

15 tSL Logic Delay to MEM/DEV/CP/SWSEL 75 380 ns 

16 tXT Logic Delay to LXMAR, XT A, XTB, XTC 65 270 ns 

17 tST Logic Delay to DATAF, RUN, DMAGNT, .. INTGNT, LINK, IFETCH 340 ' ns 

18 tRS Set up Time for CP/INT/DMAREQ 0 ns 

19 tRH Hold Time for CP/INT/DMAREQ, RESET, RUN-HALT 200 ns 

20 tRHP RUN-HALT Pulse Width 80, ns 

21 tws Set up Timefor Wait 100 ns 

22 twH Hold Time for Wait 20 ns 

Note: For capacitance greater than 50pF, the AC parameters will have a delay factor of 0.5ns/pF. 
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IM6100 O~OIL 

IM6100A 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature, 

IndustriallM6l00AI ~ ... ; ........ '; ' .... -40°C to +85°C 
Storage Temperature·',' .. : ........ >.' 455°C to'+150"C 
Operating Voltage .. :., ..... : .......... '+4:0V W+ll.0V 
Supply Voitage ... ",:.; .... ' ........ , ........ ,' ..... +12.0V 
Voltage On Ariy Input or 

Output Pin ..... :. ' ........ : ....... -D.3V to Vee +O.3V 

NOTE: Stresses, above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation 'olthe devices at 
these or any other conditions above those indicated in the 
operation sections of this specification. is, not implied. 
Exposure to absolute maximum, rating' conditions for 
extended periods may cause device 'failures. 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 10V ±5%, TA = -40°C to +85°C 

',' 

SYMB6L PARAMETER' CONDITIONS MIN 
1 VIH Input Voltage High ' 70% Vee 

2 VII: Inpui.Voltage Low 

3 ilL Input Leakage '. ' GND< VIN < Vee' -1:0 
4 VOH Output Voltage High 10H =' O.OinA Vee -{l.01 
5 VOL Output Voltage Low 10L =O,OmA " 

6 10L Output Leakage GND :5; Your < Vee " ~1.0 
7 Icc Power Supply Cu'rrent-Standby V!f,j:'" GND or'Vee, 

8 'Icc power Supply Current-Dynamic fe=5,71MHz 
9, CIN Input Capacitance 

10 Co Output Capacitance 

A.C.CHARACTERISTICS (Ref: 'Figures 2 and 22) " " ", -" . 

TEST CONDlTlbNS: Vee'= 10V ±5%, GL = 50pF, TA = -40°C to +85°C,fe =,5:71MHz 

SYMBOL PARAMETER MIN 

1 FREQ Operating Frequency 
2' Is Major State Time 350 

3 tLXMAR LXMAR Pulse Width : " '150 

TYP 

,':, 

'7.0, 

8,0 

4 lAs Address Setup Time: DX-LXMAR I~) ,'55 ' .. 
5 IAH Address Hold lime: LXMAR II)-DX , 60 

8 tEND Data Output Enable Time: DEVSEL II)-DX 

6 IAL Access Time from LXMAR ' " 

7 tEN Output Enable Time IMEM, CP, DEVSEU 
,9 twp Pulse Width IMEMSEL, CPSEU ,140 

10 twpo Pulse Width IDEVSEU " 140 

11 tos Data Setup Tirne (DX- t MEMSELlCPSEU 115 

12 tOH Data Hold Time I t MEMSELlCPSEL-DX) :", ' 60 

13 toso Data Setup Time IDX- t DEVS,EU ' " " 110 

14. tOHO Data Hold Time It DEVSEL-DX) - ",' 60 

15 IsL LOQic Delav t6 MEM/DEVlCP/SWSEL ' , 35 

16 tXT Logic Delay to LXMAR, Xi'A, XTS, XTe .. 35 

17 1sT Logic Delay to DATAF, RUN, DMAGNT, INTGNT, LINK, IFETCH , 
18 tRS Set up Time for CP/INT/DMAREQ " 

, 0 

19 tRH " Hold Time for CP/INTIDMJI,REQ, RESE;T, ~l,JN-HAL T ,1.25 

20 tRHP RUN-HALT Pulse Width 45 

21 tws Set up Time for Wait 45 

22 twH Hold Time for Wait 15 

Note: For capacitance greater than 50pF, the AC parameters will have a' delay factor of 0.5ns/pF. 

MAX UNITS 
V 

20% Vee V 

1.0 p.A 

V 

GND +0.01 V 

1.0 p.A 
900 ' uA 
4.0 inA 

8.0 pF 

10.0 pF ' 

TYP MAX UNITS 
:', 5.71 MHz 

ns 
ns . ns 

" 

ris 

250 ns 

2,95 ns 

185 ns 

n'S 

ns 
ns, 

ns 
" 

ns 

" 
ns 

180 ns 
155 ' ns 

' " 190 ' ns 

ris 
,ns,. 

I)S 

ns: 

ns 



IM6100 
IMS100-1M (Military) 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature , 

Industrial IM6100-1M ...•........... -55°C to +125°C 
Storage Temperature ......... ; ...... -65°C to +150°C 
Operating Voltage ........... , ....... ',,' +4.0V to +11.0V 
Supply Voltage .............................. ," .. +12.0V 
Voltage On Any Input or 

Output Pin ..................... ,' .. -o.3\l to Vee +0.3V 

NOTE: Stresses above those listed under "Absolute MaximulT1 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devicesat 
thes~ or,'any other conditions above those 'indicated in the 
OPElri3tion sections of this specification is not implied, 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

D.C.' CHAR'ACTERISTICS ' 
TEST CONDITIONS:Yee =,5V± 10%, TA=-55°q to +125°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS' 
1 VIH Input Voltage High Vee -2,0 .. V 
2 VIL ' Input Voltage Low 0.8 V 
3 ilL Input LeakaQe , GND < VIN < Vee -1.0 ' , 1,0 uA 
4, VOH " OutP\lt Voltage High 'IOH:= -O,2mA 2:4 V 
5, VOL , Output Voltage Low 10L. =2.0mA 0.45 V 
6 10L Output Leakage GND < VOUT < Vee -1,0 1.0 A 
7 Icc Power Supply Current-Standby:, VIN = GND, or Vee 800 pA 
8 Icc Power Supply Curre'nt-bynamic fe = 2,5MHz 2,d mA 
9 CIN Input Capacitance 7.0 8.0 pF 

10 Co Output Capacitance 8,0 10.0 ' pF 

A.C. CHARACTERISTICS (ReI. Fig, 2 and 221 

TEST CONDITIONS: Vee = 5.0V±10%; CL,= 50pF, TA= -55°Gto +125°C,fe = 2.5MHz 
" 

'SYMBOL PARAMETER, MIN TYP" 'MAX UNITS 
1 FREQ Operating Frequency " " 2,5 MHz 
2 ts ' Major State'Time' , ' 800 ns' ' 

3 tLXMAR LXMAR Pulse Width ' " ,355 ns 
" 4 tAs Address Setup Time: DX-LXMAR ('I .. 200 ,ns .. 

5 tAH Address Hold Time:: LXMAR W-DX .' 175 ns 
" 8 tENo Data Output Enable Time: DEVSEL ('I-OX 655 ns 

6 
., 

IAL Access Time from LXMAR 745 , ns' 
7' tEN Output EnableTimEr (MEM, CP, DEVSELI. '470 'ns' 

9 twp 
, , Pulse Width (MEMSEL, CPSELI ' 330' :. 'ns 

10 ,twpo Pulse Width (DEVSELI '" ~30 ns 
11 tos Data Setup'Time (DX- t MEMSEL/CPSELI , ' 250 " .. ns 

12 tOH Data Hold Time ( t MEMSELlCPSEL-DXI 170 ns 

13 ,toso ,Data Setup Time (DX- t DEVSELI . , 350 ' , ns 

14 tOHO Data HoldTime( t DEVSEL-DXI' \ 170 .. ns 
15 "tsl Logic Delay to MEM/DEV/CP/SWSEL 75 ' 420 ns 

16 tXT " Logic Delay to LXMAR; XTA, XTB; XTC ,65 300 ns 
17 1sT ", Logic Delay to,DATAF, RUN, DMAGNT, INTGNT, LINK, IFETCH 375 ns, 

18 tRS Set up Time for, CPIIl\iT IDMAREQ 0 ns 

19 tRH Hold Time for CP/INT/DMAREQ, RESET, RUN-HALT 220 ns 

20 IRHP RUN-HALT Pulse Width 90 ns 
21 tws Set up Time for Wait 110 ns 
22 twH Hold Time for Wait 20 ns 

Note: For capacitance of greater than 50pF, the AC parameters all have delay factor of 0.5ns/pF. 

fI 
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IM6100 
IM6100AM (Military) 
ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

O~OI!" 

Industrial IM61,o,oAM ............ : .. -55°C to+125°C 
NOTE: Stresses above those listed under "Absolute Maximum 

'Ratings"'may cause permanent device failure. These are 
stress ratings only and functional operation ofthedevicesat 
these or any other conditions above those indicated inthe 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating -conditions for 
extended periods may cause device failures. 

Storage Temperature ..... , ........ ,. --65°C to +15,0° C 
Operating Voltage .,. ... : ... : ...... , ...... +4.0V,to +11.,oV 
Supply Voltage ..........•...•..•.. , ........... ,.+12.,oV 
Voltage On Any Input or 

Output Pin ..... : ................. -D.3V to Vee +,o.3V 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 1,oV ±5%, TA = -55°C to +125°C 

SYMBOL PARAMETER CONDITIONS MIN TYP . MAX UNITS 
1 VIH Input Voltage Hi!:Jh 70% Vee V 
2 VIL Input Voltage Low '20% Vee' V 
3 IlL Input Leakag\; GND ::; VIN< Vee -'1'.0 1.0 JlA 
4 VOH Output Voltage High 10H =O.OmA Vee -0.01 V 
5 VOL Output Voltage Low 10L ='O.OmA GND +0.01 V 
6 10L Output Leakage GND ::; VOUT ::; Vee -1.0 1.0 JlA 
7 lee Power Supply Current-StandbY VIN ~ GND or Vee 900 uA 
8 lee Power Supply Current-Dynamic fe=.5.0MHz 4.0 mA 
9 CIN Input Capacitance ,7.0 8.0 pF 

10 Co Output Capacitance .8.0 10.0 pF 

• 
' . 

A.C. CHARACTERISTICS IRef. Figures 2 and 221 

TEST CONDITIONS: Vee = 1,oV ± 5%, CL =5,opF, TA = -55°C to +125°C, fc = 5.,oMHz 

SYMBOL PARAMETER MIN TYP MAX UNITS 
1 FREO Operating Frequency 5.0 MHz 

2 ts Major State Time 400 ns 
3 tLxMAR LXMAR Pulse Width 170 nS 

4 tAS Address Setup Time: DX-LMAR I~I ' .. 70 ns 
5 tAH · Address Hold Time: LXMAR I~)"DX 70 ns' 

8 tENO Data Output Enable Time: DEVSEL I*)-DX 290 ns 

6 . tAL Access Time from LXMAR 340 ns 
7· tEN Output Enable Time IMEM, CP, DEVSEU· ·220 ns 

'. 9 twp Pulse Width IMEMSEL, CPSEU . 160 ns 
10 _ twpo Pulse Width IDEVSEU 160 . ns· 
11 tos Data Setup Time IDX- t MEMSEL/CPSEU 140 ns 
12 tOH Data Hold Time It MEMSEL/CPSEL-DX) 70 'ns 
13 toso Data Setup Time IDX- t DEVSEU 140 ns 
14 tOHO .Data Hold Time 1+ DEVSEL-DX) 70 ns 
15 tSL · Logic Delay to MEM/DEV/CP/SWSEL " ' 35 210 ns 

I 
16 tXT Logic Delay to LXMAR, XTA. XTB, XTC 35 '/ 170 ns 
17 tST · Logic Delay to DATAF;RUN, DMAGNT; INTGNT, LlNK,IFETCH 210 ns 
18 tRS Setup Time for CP/INT/DMAREO 0 ns 
19 tRH '" Hold Time for CP/INT/DMAREO, RESET, RUN-HALT 140 ns 
20 tRHP RUN-HALT Pulse Width .... 50 ns 

21 tws Set up Time for Wait·· 50 ns 
22 twH Hold Time for Wait .. '. 20 ns 

Note: For capacitance of greater than 50pF; theAC parameters will have a delay factor of O.5ns/pF. 
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FEATURES 

• Provides fast and simple exposure to the IM6100 
Microcomputer Family 

• Very inexpensive 

• Interfaces .to any ASCII RS-232 or 20mA terminal 

• Includes ODT monitor in ROM 
- Includes tape punch and load routines in ROM 

• All CMOS components 

• ExecutesPDP®-8/E instruction set 

• Sampler PC board available - easy to 
use and inexpensive 

GENERAL DESCRIPTION 

The 6801 CMOS Microcomputer Family Sampler Kit is 
a complete set'of LSI components neces!laryto build a 
general purpose microcomputer. The heart of. the 
Sampler Kit is the IM6100 Microprocessor. The IM6100 
Microprocessor executes the PDP-8/E instruction set. 
The Sampler Kit also includes the ODT (Octal 
Debugging Technique) monitor ROM (1 K x 12), three 
RAM's (each with 256 x 4 bits to form 256 x 12 bit 
words), the Program mabie I nterface Element (I M61 01 ) 
and a, UART (IM6403); A significant cost savings is 
realized through purchase of the Sampler Kit over the 
single quantity purchase price of all the included 
components. ' , 

BLOCK DIAGRAM 

IM6312 CMOS 
1KX12 ROM 

6801 
CMOS Microcomputer 

Family Sampler Kit 
6960 - Sampler PC Board 

A printed circuit board is also available to simplify 
'construction of the Sampler system (part number 
6960). The Sampler board is laid out so that it may 
interface with both RS-232C and 20mA current loop. 
The user may enhance the capability of the Sampler 
system with the addition of sixteen optional SSI 
packages;assorted switches, and LEOs (optional parts 
notincluded). The added capabilities include: 

• Address/Sus Display 
• Status Display 
• Single Instruction Step 
• Single Cycle Step 
• 12-Sit Input Port 
• 1,2-Sit Output Port 

Any ofthese options can easily be added when desired, 
but are not required for operation. 

The Sampler system, when teamed with any ASCII 
terminal,.gives the uses an easy to understand, yet 
powerful IM6100 Microcomputer system. The ODT 
Monitor program provides the control necessary to 
display and alter memory contents, start execution at a 
particular address, set a breakpoint, manipulate the 
registers, or search memory for a value.lfthe terminal 
has tape punch/read capability, built-in routines allow 
loading and saving of programs. 

®PDP is a registered trademark of Digital Equipment Corp. 

IM6S6l CMOS 
256X4RAM 
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6801' 
ODT MONITOR COMMANDS' 
ODT commands consist of a control character or an 
octal number followed by a co'ntrol character, The 
cOlT)mands may be typed in any time the terminal is idle 
and are executed as soon as the control ,character is 
typed. 

BINA~YLOAD COMMAND 

L - Load from the tape reader 

Typing an L will load binary tape from a reader. The 
checksum will be printed out on the terminal following 
the end of the load. Printed out checksum should be 
0000 for a proper load: 

EXAMINE/MODIFY COMMANDS 

/ (slash) - Opens a location 

Typing.an octal numbernnnn, followed by a slash 
causes the location whose address is nnnn to be 
opened. When a location is. opened, its content is 
printed out as an octa!. number. Typing a slash not 
preceded by a' number causes' 'the most recently 
opened location to be r~opened. ' 

(carriage return) - Closes a location 

When a location is open, typing an octal number, nnnn, 
followed by a carriage .return causes the contents of 
the location to be changed to the number nnnn and 
closes the location. Typing a carriage return riot 
preceded by a number causes the location to be closed 
without modifying'its contents. 

(line feed) - Closes and opens next 

When a lOCation is open, typing a line feed causes the 
location to be closed and the next memory location 
(that with an address one higher than the ,current 
location) to be opened. The address of the new 
location will be typed out, followed by a slash, followed 
by the contents of the new location. Typing an octal 
number, nnnn, before typing the line feed cauSeS the 
contents of the old location to be changed to nnnn. 

- (back arrow) - Closes location and opens indirect, 
reference 

When a location is open, typing a back arrow causes' 
the location to be closed. The contents of the location 
are then treated as an indirect reference. That is, the 
content of the old location is taken. as an address,and 
the new location is opened. If while a location is open, 
an octal number, nnnn, is typed followed by aback 
arrow, the content of the open location is changed to 
nnnn and proceeds as above. ' 

t (up arrow) - Closes location and opens memory 
reference 

This command behaves identically .to the back arrow 
command except that the contents of the location are 
treated as a memory reference instruction, and it is the' 
location referenced by that instruction that is opened. 
The location opened is that immediately referenced by 
the instruction. If the instruction is indirect (bit 3 iS,set 
to 1), then typing the up arrow only opens the location 
containing the pOinter to the operand of the 
instruction. To open the effective location referred to 
by an indirect instruction, type an up arrow (memory 
reference) followed by a back arrow (indirection). 

D~DIb 
PROGRAM CONTROL AND BREAKPOINT 
COMMANDS, 

G - Go to 

Typing an octal number, nnrln, followed by a G ca~ses 
ODT to begin executing the program ,stored, in; 
memory, starting at 10Gation nnnn. , 

B - Breakpoint 

Typing an octal number, nnnn, followed by Ii B causes. 
ODT to set a breakpoint at location nnnn. Typing aB 
without preceding it by a number causes the current 
breakpoim to be cleared. , '. 

C - Continue 

After a breakpoint causes control to return to ODT 
from a user program, typing C causes the program to 
resume execution where it left off ',' 

A - Examine/modify accumulator, link, MO'; 

Three consecutive ODT RAM locati,ons are reserved 
for storing the contents of .the AC, link and' MO 
registers when a breakpoint occurs. WhenexecLltion 
of the user's program resumes (via the, G or C~ 
command), the contents of these registers are restored 
from these locations. Typing A causes the first of these 
locations",colit~ining :thecontents of the AC, to be 
opened. ' , , ' 

WORD SEARCH COMMANDS ' 

M - Open search maSk, lowe~bound, upper. bound 

The mask, lower bound and upper bound for word 
searches are kept in that order in three consecutive 
reserved ODT'- locations. The fi rst of these locations, 
the mask, can be opened by typing M. 

W - Word search command 

Typing an octal number, nnnn, followed by a W causes 
a word search to' occur. The search proceeds as 
follows: The number, nnnn, ,that was typed is masked 
and remembered as the quantity which is being 
searched for. (The operation of masking is to take the 
bitwise boolean AND' of the. given word with the 
contents of the, mask word.) Then each location, 
beginning with the location whose address is stored in 
the lower bound word, 'is masked and compared with 
the,quantity being searched for, If the two are equal, 
then the addres$ oftheword, fpllowed by a slash and 
the (unmasked) contents olthe word are printed but. 
Then the next locati,on is examined and so on until (and 
including)the I,ocation whose address is stored in the 
upper bound ,word is, reached. The word search 
command does not change the contents of any word in 
the user's programs. 

; 

TAPE PUNCHING COMMANDS 

• The following comm~rtds 'can,', be used to punch out 
" paper tapes that can be read in by the BIN loader. 

'T -,Punch leader/trailer" 

Typing a Twill'causeabout four inches of leader It railer 
" tape (tape punched with 200 octal ) to be punched. The 

Tcommand also causes the accumulated checksum to 
be set to'zero (cleared).' 



6$01 
P - Punch tape 

• • 1 • ' 

Typing an octal number, nnnn;, followed by a semi
colon (;) followed by a second octal number, mmmm, 
followed by a P, causes a tape corresponding to the 
contents of the block of memory be'ginningat location 
nnniland ending at location'mmmm to bepunctied. No 
checksum is punched at the end of the block so that 
sev~ral blocks can be punched toge~her with one 
inclu~ive .checksum .. 

E - Punch checks~m and. trailer· , " 

Typing an E Will cause the accumulated checksum to 
be punched, followed by a:bout .fou'r ihches'of 
leader/trailer tape. The checksum is also reset·to zero 
(<;:Ieared). . 

SAMPLER' ODT EXAMf:'tE 

Say that t~e simple program 

30.0.70.0.1 
3D1744p. 
30.2' 530.0. 
3,03 7,40.2 

START, ,lAC 
.' ,SZA, 

" JMPSTART 
HLT ' ,. 

is. stored in memory" Then thefollo";'ing might be the 
result of a session with ODT. (Note: The undertined 
portion is typed by the user, and the remainder is typed 
by the computer. The symbol CR stands for carriage 
retJ,lrn" andLF stands ,for line feed:) 

30.0.170.0.1 LF 
30.1/7440. l.E 

LIST THE PROGRAM IN OCTAL 
LF MEANS ,-' SHOW NEXT 
LOCATlOf\j 

30.2/530.0. bE , . 
30.31740.0. 740.2 CR LOCATION 30.3 IS WRONG ~ 

CHANGE AND VERIFY 
L 740.2 CR 
,A1764 DLF 

00.50./0.0.01 DCR ' 

3D2B 
3DDG 
0.30.2 (0.0.0.1 

7774C' 

0.30.2 (7776 
3D3B 

Q 
0.30.3, (0.0.0.0. 

ADDDDLF 
0.0.50./0.0.0.1 .cR, " 

!!. 

ACCUMULATOR CONTAINS 
GARBAGE, MAKE IT ZERO 

SAME FOR LINK 

SET BREAKPOINT ATJMP START 
EXECUTE PROGRAM (GO) 
BREAKPOINT OCCURS; , 
ACCUMULATOR HAS BEEN 
INCREMENTED' . 

CONTINUE PAST,BREAKPOINT 
1 + 7774 TIMES 
BREAKPOINT OCCURS; AC=7776 
RESET BREAKPOINT TO HL T 
INSTRUCTION 
CONTINUE. 
PROGRAM STOPS WHEN At 
REACHES (j AGAIN 

1, " . . : 

. EXAMINE AC AND LINK 
LINK HAS BEEN CHANGED BY 
OVERFLQW 
CLEAR ALL BREAKPOINTS 

. ~' .. 6960,_ .SAMPL;ER PC BOARD LAYOUT 

'i 

I 
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FEATURES 

• 8-blt CPU, EPROM, RAM and I/O in single package 

• Pln-for-pln replacement ·for the industry standard 
8748 NMOS single-chip microcomputer 

• CMOS/LSI for low power dissipation - less . 
than 50mW at 5V, 6MHz 

• High noise Immunity 

• Extended temperature operatlon:-40°C to +85°'C 

• Single. +5V volt supply 

• Over 90 Instructions 

• 1024 bytes of on-chip EPROM 

• 64 bytes of on~chip RAM 

• 27 I/O lin,s 
• On-chip counter/timer for ~eal-time applications 

PIN CONFIGURATION 

ORDERIN(; INFORMATION 

PART NO. PACKAGE, 

IM87C481DL 40 PIN CERAMIC 

IM87C481JL 40 PIN CERDIP 

CMOS Single-Chip 
Microcomputer 

GENERAL DESCRIPTION 

The IM87C48 CMOS ~ingle'cchip mic~ocomputer from 
Intersil provides the user with a complete micro
computer in a single devic.e. The.CPU, EPROM, RAM, a 
set of I/O lines as well as a counter/timer are all 
combined in one 40-pin. package. Intersil's high 

. performance CMOS(LSI process is used to fabricate 
a device with equivalent performance to the NMOS 
8748 while greatly decreasing the power dissipation. In 
addition, high noise immunity and an extended 
temperature range, -40° C to +85° C, make the device 
ideal for battery operated and hostile enviroriment 
applications. . 

The IM87C48 microcomputer features a CPU with a 
repertoi're of over 90 instructions. Included are 
versl;ltile bit set/reset functions a~ well·as instructions 
dealing directly with the on-ch'ip co·unter/tim·er which 
are idea! for real~time· controller applicatiOns. In 
addition, an. e,ight-level subr·outine stack and Sixteen' 
general purpose registers ea.se dataflow, provide 
direct and indirect addressing modes,and implement 
subroutine calls. .... . .. 

The 271/0 lines serve as static bidirectional ports. or 
interfaces to external memories.and I/O Expander 
circuits. Three of the input lines can be "tested'; with 
instructions by the CPU to perform conditional jumps. 
By combining the microcomputer with external 
memory devices. compact systems up to 4096 bytes of 
program memory and 256 bytes of data memory can be 
construeted. Even larger systems arepossitile by using 
bank-switching techniques. . 

The IM87C48 has been configLJred to assist. the user ip: 
debugging his software and hardware prototypes: A 
single-step pin allows.th.e. user to step through the 
program. instruction by instruCti.on~ The EPROM 
program memory allows the user to try his software 
without commiting if to ROM. The device also allows 
external memories to be substituted for the on-Chip 
program memory. This allows simple prototyping aids 
to be constructed that use RAM in place of EPROM for 
easy program changes.· Additionally. the Intersil 7 
Intercept microcomputer development system land 
EPROM programmer are available to support the. 
software and hardware development of IM87C48: 
microcomputer based systems. ... ..' 
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BLO.CK'D.I.AGRAM 

',;,' 

.:; , 

,;,' 

,', t ~DO. PROGRAM SUPPLY 

:::.~~ ~+5V \ 

~GND "i: 

.CONTROL.AND TIMING 

'EA ~1~~C2 

f t 
110 • CPUI I OSCll(ATOR' ADDRESS 

EXPANDER MEMORY., OR XTAt LATCH, 
STROBE" SEPARATE STROBE' 

I': 

CV:CLE. ' 
CLOCK 

PROGRAM' SINGLE READ WRITE 
MEMORY STEP ,STROB~S 
ENABLE 

w 
0 § .. 
0 

TIMER flAG 

Ace BIT TEST1 

MULTIPLEXER .' 
REGISTER 

REGISTER ., 
, RE"'STE~ . 2 

REGISTER 

REGISTER 4 

REGISTER 5' 

REGIST.EA 

REGISTER 

8 LEVEL STACK 
(VARIABLE lEfIlGTHI 

OPTiONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT 
RAM ARRAY 

64.8 



"IM87C48 

TO 

osc 1 

OSC2 

REseT 
55 

j-NT 

EA 

AD 
PSEN 

iVA 
ALE 

DB, 

DB, 

DB, 

DB, 

DB, 

DBs 

DB. 

DB, 

Vss 

PROG 

P23 

P22 

P21 

P20 

FUNCTIONAL PIN DESCRIPTION 

DESIGNATOR 

Vee 

VDD 

Vss 

PROG 

OSC 1 
OSC 2 

RESET 

EA 

PIN # FUNCTION 

40 Main power supply. 

26 +5V normally. also low power 
standby. 

20 Circuit GND potential. 

25 This output pin provides timing 
pulses to the I ntersil I M82C43 
1/0 Expander devices. 

2 Crystal inputs for generating 
3 the internal clock. 

4 Active low input used to reset 
the microcomputer. A capaCitor 
from this. pin. to ground will 
automatically reset the device 
on power-up. 

7 External Access input used to 
force all program memory ac
cesses to occur out of external 
memory. 

9 Program Store Enable. This 
output: active low. occurs only 
during accesses to external 
program memory. The system 
uses this Signal together with 
the address bits to access ex
ternal program memory. 

DESIGNATOR 

ALE 

TO 

T1 

P10-P17 

P20-P27 

DBO-DB7 
(BUS) 

PIN # FUNCTION 

11 Address Latch Enable. This 
output. active high. occurs 
once during eac,h cycle. The 
falling edge of thi's timing signal 
is used to strobe the address . 
bits appearing on the data bus. 

8 This output. active low. is used 
by external devices to place 
data onto the bus during a bus 
read operation. 

10 This output. active low •. is used 
to strobe data into external de~ 
vices dl,Hing a bus write op
eration. 

5 SinglecStep input. active low. 
that can be used in conjunction 
with All; to single-step the 
processor through . each in
struction. 

1 An input pin that can be tested 
by the conditional jump instruc
tions. This pin can be program
med as an output by the ENTO 
ClK instruction which then 
causes an internal clock to be 
output on this pin. The freq
uency of the system clock is the 
clock crystal frequency divided 
by three. 

39 An input pin that can be tested 
by the conditional jump instruc
tions. The pin can also be pro
grammed as the input to 
counter/timer. 

6 Interrupt input. Initiates an in-· 
terrupt if external interrupt is 
enabled. 

27-34 Port 1. An 8-bit quasi bi
directional port. The 1/0 struc
ture on these eight lines allows 
each to be used separately as 
either an input or an output. 

21-24. Port 2. Identical to Port 1 ex-
35-38 cept that P20-P23 contain the 

four high order program count
er bits 'during an external pro
gram memory fetch. If IM82C43 
1/0 Expanders are' being used 
in the system. they communi
cate with the .IM87C48 through 
these four lines. 

12-19 Data Bus. These eigtlt lines 
form a; true bidirectional port 
which can store data as a 
latched output port or serve as a 
non-latching input port. 
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IM87C48 
ABSOLU~E MA)(IMUMRATINGS 

OperatingTernperature .......... -40°C to +85°C 
Storage Temperature ...... ;; .. : -65°C to +150°C 
Supply Voltage ......... ; .. :: .............. +7.0V 
VoI.tage on AnyJnput .or 
Output Pin ............. Vss - O.3V to Vcc + O.3V 

. " . 
D.C. CHARACTERISTICS 

NOTE: Stresses above those listed under "Absolute Maximum 
RatingS" may cause permanent device failure. These are 
stress ratings only.and· functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this' specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

TEST CONDITIONS: Vec.;' Voo = 5.0V ±5%. Vss = OV, TA = -40·C to +85°C . 
; . "),,' . 

SYMBOL ' . PARAMETER CONDITIONS MIN. TYP. MAX. UNITS 

1 VIL Input Low Voltage -0.3 0.8 V 

2 VIH Input High Voltage 
(All except OSC1, RESET, and nl Vcc-2 Vcc V 

3 VIH Input I-ligh Voltage 
I OSC1, RESET, and n J Vcc-l Vcc V 

.4 VOL Output Low Voltage 
----'-

'IOL = 2.0 mA '0.45 V 

5 ,VOH Output High VO~ 
IBUS, RD, WR, PEN, ALEI '. loi-! = -100 p.A 2.4 V 

Q VOH1 Output High Voltage 
.f All other outputs I IOH = -50 p.A 2.4 V· 

7 hL I~put Leakage Current . ' 
" 

I All except RESET. SS, Port 1 and port 21 VSS::;VIN::;VCC ±1 . p.A 

8 hLP Input Current Port 1, Port 2 VIN $; VIL -160 p.A. 

9 IILe ' . Input Current SS, flESET VIN::; VIL -40 p.A 

10 k)L Output Leakage Current . ' VssS;VOS;Vcc ±1 , p.A . 

,11 ' Icc Vcc'Supply Current fXTAL = 6 MHz 10 rnA 
r--' 

Total Supply Current 12 100 + Icc 10 m,A 

A.C. CHARACTERISTICS 1 

TEST ,CONDITIONS: Vcc.= Voo'''; S.OV± 5%, TA = -4iJ"c to +85°C 

SYMBOL PARAMETER CONDITIONS MIN., TYP. MAX. UNITS' 

1 ' Icy Cy'cle Time , f-xTAL: ~ 6 MHz " 2.5 ,f p'S 

2' 1LL '. ALE Pulse Width 400 
,. 

ns 

,3 IAL 
I 

Address Setup to ALE 150 ns 

4 ILA Address Hold from ALE 80 ns 

5 tec Control Pulse Width PSEN. RD. WR 700 ns 

6, t.ow . [)a)a Setup BeforcWR 500 ns 
" 

7 ,twD ' , Data Hold After WR ,': 120 ns 

8 tOR Data Hold: a 200 ns 

g, 
.-

lAD' PSEN, RPio Dala In 
. , 

." 500 , ns 

.10 tAW Address Setup 10 WR ' . 230 ns 

11 tAD .' AddresS'S!ltup .to Data In 950 ns 

12 tAFC" . , Address Float to' RD, PSEN " . a ns' 

NOTE: 
1. Control outputs are loaded with CL = 80pF and BUS outputs with CL = 150pF, tCY. is assunied to be 2.5 ",S. 
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IM87C48 
A.C. CHARACTERISTICS (PORT 2 TIMING) 
TEST CONDITIONS: Vcc = Voo = 5.0V ± 5%, TA = -40°C to +85°C 

SYMBOL PARAMETER 

1 tcp Port Control Setup Before Falling 
Edge of PROG 

2 tpc Port Control Hold After Falling 
Edge of PROG 

3 tpR PROG to Time P2 Input Must be Valid 

4 top Output Data Setup Time 

5 tpo Output Data Hold Time 

6 tpf Input Data Hold Time 

7 tpp PROG Pulse Width 

8 tPL Port 2 1/0 Data Setup 

9 tLP Port 2 1/0 Data Hold 

WAVEFORMS 

INSTRUCTION FETCH FROM EXTERNAL 
PROGRAM MEMORY 

l+--~tL-L---1-'cv--'1 

ALE J ~I ___ ---'1-1 ---'L 

BUS 

READ .FROM EXTERNAL DATA MEMORY 

ALE J L 
.Ro 

BUS 

CONDITIONS MIN. TYP. MAX. 

110 

100 

810 

250 

65 

0 150 

1200 

350 

150 

WRITE TO EXTERNAL DATA MEMORY 

ALE J 

BUS 

PORT 2 TIMING 

PORT 2 TIMING· 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

L 

FLOATING 

fJ 
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IM87C48 D~DIL. 

APPLICATIONS 

SINGLE-CHIP MICROCOMPUTER SYSTEM 

+5V GNo 

b26L 

Vee Voo Vss 
"Pl0 27 20pF ·2 

1:::::1:: D,Sel P11 28 

6MHz .. ~. '12 29 J ~~"' l .,13 30 

1 ::::I:: OSC2 P14 31 PORT 1 AND 

P15 32 
OUTPUT 

ZOpF 

~ 
P16 33 

RESET P17 34 

, l~F 
P20 21 

EA P21 22 
P22 23 

"::" 5 I MS7C48 
. P'23 24 J ['-1 Vcc--':'" ~ P24 35 'PORTZ AND .' 

P25 36 
OUTPUTJ 

P26 37 
P27 38 , 

'2 

{- TO 080 
3. 08, '3 

'4 
INPUTS ---! TI. 082 

'5 oB3 J U~"' ] iNT OB4 
16' . BU$PORT AND 

17 OUTPUT 
oB5 

'8 DB6 
DB7 '9 

'USING IM6654 CMOS. EPROM TO EXTEND PROGRAM MEMORY 

+5V GND +5V GND 

b26 L D,9 12 

20pF 
Vee Voo Vss 

~ Vce VDD Vss 

ill 
2 P'O 

::t: . DSC' P', ~ 23 P12 ~ AS 
20pF 0 P13 ~ 1 

A7 

HI 3 2 T • OSC2 P14 ~ A6. 
PIS f.!- 3 AS 
P16 ? 4 

A4 -

~~ RESET P17 ~ 5 
A3 

6 
A2 lpF 

21: 7 
7 P20 8 

AI 

EA P21 ~ AO 

-=- P22 t¥.- IM66s4 
5 IM87C48 P23 ~ 512x8 VCC_ 55 P24 ~ CMOS EPROM 

P25 ~ 
P26 ~ 
P27 ~ 

1 12 9 

, {- TO DBa 
10 DO 

OBI 
13 

01 . 39 
1'4 11 IN'PUT' .~ TI' DB2 

13 
02 

DB3 
15 Q3 . 5 - iNi' DB4 
16 14 

15 04 
DB5 

17 
05 

18 16 
DB5 

19' 17 
Q6 

DB7 07 
ALE PSEiil PROG WR lID E2 S E, 

11 9 
125 1'0 18 

J2 

21 20 

i 
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IM87C48 
USING IM82C43 1/0 EXPANDERS, THIS FIVE CHIP SYSTEM HAS 80 1/0 LINES. 

IM87C48 

PROGt-------------~ ________ ~ __ ~_J~ ____ ~--------L---------~--~ 

PACKAGE DIMENSIONS 

40 PIN CERAMIC DIP 

, , . 
I' 2.020 (51.308) 1 

[~~~~~I:]~~~~~~i'~-, 
1,0.520 1 

, 1-'113.208)-1 
SQUARE 

.0.050 0.165 
(1.270) -I '. 14.191) 0.020 (5.080) 

~l-+-"" 
-II~ ~h -I I~ O.lt 
0.050 (1.270) 0.01810,457) . 0.100 12.540) (3,175) 

±0.010 (0,254) ±0.002 (0.051) ±0.010 (0.254) MIN 

NOTE: Dimensions in parenthesis are metric. 

~-J 0.600 
1-115.240)-1 

REF 

0.008 (0,203) 
0.012 (0.305) 

D~DIl 
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[P)[J@~omO[(1)@~ IM80C49 

FEATURES 

• 8-bit CPU, ROM, RAM and I/O in single package 

• Pin-for-pin replacement for the industry standard 
8049 NMOS single-chip microcomputer 

• CMOS/LSI for low power dissipation - less. than 
50mW at 5V, 6MHz 

) 

• High noise immunity 
• Extended temperature operation: -40° C to +85°' C 

• Single +5V volt supply 

• Over 90 instructions 
• 2048 bytes of on-chip ROM 

• 128 bytes of on-chip RAM 

• 27 I/O lines 
• On-chip counter/timer for real-ti"'1e applications 

PIN CONFIGURATION 

Vee 

T1 

P" 
P26 

P25 

P" 

P" 

P" 

P'5 

P13 

P12 

Pll 
p,. 
Voo 

PROG 

P23 

P22 
DB, P21 

Vss 

CMOS Single';'Chip 
Microcomputer 

GENERAL DESCRIPTION 
The I M80C49 CMOS single~chip microcomputer from 
Intersil provides the u'ser with a complete micro
computer in a single device. The :CPU, ROM, RAM, a 
set ,of I/O lines as well as a counter/timer are all 
combined in one 40-pin package, Intersil's high 
performance CMOS/LSI process is used to fabricate 
a device with equiva'lent performance to the NMOS 
8049 while greatly decreasing the power dissipation. In 
addition, high noise' immunity and an extended 
temperature range, -40° C to +85° Co make the device 
ideal for battery operated and hostile environment 
applications. 
The IM80C49 microcomputer features a CPU with a 
repertoire of over 90 instructions. Included are 
versatile bit set/reset functions as well as instructions 
dealing directly with the on-chip counter/timer which 
are ideal for real-time controller. applications. In 
addition, an eight-level stack and sixteen general 
purpose registers ease data flow, provide .direct and 
indirect addressing modes, ana implement subroutine 
calls. 

The 27 1/0 lines serve as static bidirectional ports, or 
interfaCes to external memories and 110 Expander 
circuits. Three of the input lines can be "tested" with 
instructions by the CPU to perform conditional jumps. 
By combining the microcomputer with external 
memory devices, compact systems up to 4096 bytes of 
program memory and 256 bytes of data memory can be 
constructed. Even larger systems are possible by using 
bank-switching techniques, 

ORDERING INFORMATION. 

PART NO. PACKAGE 
IM80C491DL 40 PIN CERAMIC 

IM80C491JL 40 PIN CERDIP 

tJ 
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IM80C49 
BLOCK DIAGRAM 

1
~ +5V NORMALL Y, ALSO 

, lOW POWER STANDBY 

;~::'i~ ~+5V 

~GND 

~-138 

INT RESET PAOG EA 

tfO cpul 
EXPANDER MEMORY 

STROBE SEPARATE 

aSCl OSC2 

OSCILLATOR ADDRESS PROGRAM 
OR XTAl LATCH MEMORY 

STROBE ENABLE 
'. CYCLE 

CLOCK 

SINGLE READ WRITE 
STEP STROBES 

O~OIL 

MUl TIPlEXEF! 

REGISTER 

REGISTER 

REGISTER 

REGISTER 

TEST 0 
REGISTER 

REGISTER 

TEST 1 REGISTER 

REGISTER 
INT 

8 LEVEL STACK 

FL4G 0 (VARIABLE L~NGTHI 

FLAG 1 
OPTIONAL SECOND 

REGISTER BANK 

TIMER HAG 

CARRY 

DATA STORE 
ACC 

Ace BIT TEST 

RESIDENT 
RAM ARRAY 
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IM80C49 

TO 

osc' 
OSC2 

RESET 

55 
lNT 

EA 

Ali 
PSEN 

WR 
ALE 

DB. 

DB, 

DB, 

DB, 

DB. 

DB, 

DB. 

DB, 

Vss 

Vee 

T1 

P27 

p,. 
P" p,. 
P" 
p,. 
P" p,. 
P" 
P" 
P" 
p,. 
vaa 
PROG 

P" 
P:z, 

P" p,. 

FUNCTIONAL PIN DESCRIPTION 
DESIGNATOR 

Vee 

Voo 

Vss 

PROG 

OSC 1 
OSC 2 

RESET 

EA 

PIN # FUNCTION 

40 Main power supply. 

26 +5V normally, also low power 
standby. 

20 Circuit GND potential. 

25 This output pin provides timing 
pulses to the Intersil IM82C43 
1/0 Expander devices. 

2 Crystal inputs for generating 
3 the internal clock. 

4 Active low input used to reset 
the microcomputer. A capacitor 
from this pin to ground will 
automatically reset the device 
on power-up. 

7 External Access input used to 
force all program memory ac
cesses to occur out of external 
·memory. 

9 Program· Store Enable. This 
output, active low, occurs only 
during accesses to ·external 
program memory. The system 
uses this signal together with 
the address bits to access ex
ternal program memory. 

DESIGNATOR 

ALE 

TO 

T1 

P10-P17 

P20-P27 

DBO-DB7 
(BUS) 

PIN.# FUNCTION 

11 Address latch Enable. This 
output, active high, occurs 
once duririg each cycle. The 
falling edge of this timing signal 
is used to strobe the address 

. bits appearing o·n the data bus. 

8 This output, active low, is used 
by external devices to place 
data onto the bus during a bus 
read operation. 

10 This output, active low, is used 
to strobe data into external.de
vices during a bus write op
eration. 

5 Single-Step input, active low, 
that can be used in conjunction 
with ALE to single-step the 
processor through each in
struction. 

1 An input pin that can be tested 
by the conditional jump instruc
tions. This pin can be program
med as an output by the ENTO . 
ClK instruction which then 
causes an internal clock to be 
output on this pin. The freq
uency of the system clock is the 
clock crystal frequency divided 
by three. 

39 An input pin that can be tested 
by the conditional jump instruc~ 
tions. The pin can also be pro
grammed as the input to 
counter/timer. 

6 Interrupt input. Initiates an inc 
terrupt if external interrupt is 
enabled. 

27-34 Port 1. An 8-bit quasi bi
directional port. The I/O struc
ture on these eight lines allows 
each to be used separately as 
either an input or,anoutput. 

21-24, Port 2. Identical to Port 1 ex-
35-38 cept that P20-P23 contain the 

four high order program count
er bits during an external pro
gram memory fetch. If I.M82C43 
I/O Expanders are bei ng used 
in the system, they communi
cate with the IM87C48 through 
these four lines. 7 
form a true bidirectional port 

12-19 Data Bus. These eight lines . 

which' can store data as a 
latched output port or serve as a 
non-latching input port. 
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IM80C49 
ABSOLUTE MAXIMUM RATINGS 

Operating Temperature .......... -40°C to +85°C 
Storage Temperature ........... -65° C to '+-150° C 
Supply Voltage ............. ' ............... +7.0V 
Voltage on Any Input or ' 
Output Pin . ;' ..... ; .. ;. .. Vss - 0.3V to Vee + 0.3V 

D.C. CHARACTERiSTICS 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause per[l1anent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

TESTCONDIT"ONS: Vce = Voo = 5.0V ±5%, Vss ~ OV, TA= -40°C to +85°C 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNITS 

1 VIL Input Low Voltage -0.3 0.8 V 

2 VIH Input High Voltage ___ 
(All except OSC1, RESET, and T1) Vee-2 Vee V 

3 VIH Input High Voltage 
(OSC1, RESET, and T1) Vee-1 Vee V 

4 VOL Output Low Voltage 10l = 2.0 mA , 0.45 V 

5 VOH OutpuU::!!g!!"yoltage 
(BUS, RD,WR, PSEN, ALE) IOH = -100 p.A 2.4 V 

6 VOHl Output High Voltage 
(All other outputS) IOH = -50 p.A 2.4 V 

7 Irl Input Leakage Current 
(All except REiSET, SS, Port 1 and Port 21 VSS:SVIN:SVee ±1 p.A 

8 IrlP Input Current Port 1, Port 2 VIN :S Vil -160 p.A 

'9 Ille Input Current SS,;RESET VIN ,:S VIL' -40 p.A 

10 IOl " Output. Leakage Current Vss:SVo:SVee ±1 p.A 

11 Icc Vee Supply Current fXTAl = 6 MHz 10 mA 

12 IOD + Icc Total Supply Current 10 mA 

A.C. CHARACTERISTICS 1 

TEST CONDITIONS: Vee = Voo = 5.0V ± 5%, TA = -40°C to +85°C 
, 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNITS 

1 ICY Cycle Time fXTAL = 6 MHz 2.5 MS 

2 tLL ALE Pulse Width 400 ns 

3 tAL Address Setup to ALE 150 ns 

4 tLA Address Hold from ALE 80 ns 

5 tCe Control Pulse Width, PSEN, RD, WR 700 ns 

6 tow Data Setup BeforeWR' 500 ns 

7 two Data Hold After WR 120 ns 

8 tOR Data Hold ," 6 200 ns 

9 tRO PSEN, RD to Data In 500 ns 

10 t~w Address Setup to WR 230 ns 

11 tAD Address Setup to Data In 950 ns 

12 tAFC Address Float to RD, PSEN 0 ns 

NOTE: 
1. Control outputs are loaded with CL = 80pF and BUS outputs with CL = 150pF, tCY is assumed to be 2.5 MS. 
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IM80C49 
A.C. CHARACTERISTICS (PORT 2 TI.MING) 
TEST CONDITIONS: Vcc = Voo = 5.0V ± 5%, TA = -40°C to +85°C 

SYMBOL PARAMETER 

1 tcp Port Control Setup Before Falling 
Edge of PROG 

2 tpc Port Control Hold After Falli ng 
Edge of PROG 

3 tpR PROG to Time P2 Input Must be Valid 

4 top Output Data S.etup Time 

5 tpo Output Data Hold Time 

6 tpF Input Data Hold Time 

7 tpp PROG Pulse Width 

8 tPL Port 2 I/O Data Setup 

9 tLP Port 2 I/O Data Hold 

WAVEFORMS 

INSTRUCTION FETCH FROM EXTERNAL 
PROGRAM MEMORY 

f:=k-~ 'cY-~1 
J L ________ ~I --~L ALE;- . 

BUS 

READ FROM EXTERNAL DATA MEMORY 

ALE J L 
r--tcc-:-j 

------~I ~I -------

BUS 

. tAFC=j 1~~OAT'NG1t=tDR 
~ -F-L-O-AT-'N-G-""';" 

I~ l.tRD-I !---tAO---

CONDITIONS MIN. TYP. MAX. 

110 

100 

810 

250 

65 

0 150 

1200 

350 

150 

WRITE TO EXTERNAL DATA MEMORY 

ALE J 

BUS 

PORT 2 TIMING 

PORT 2 TIMING 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

L 

FLOATING 

tJ 
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IM80C49 
APPLICATIONS 

'. " ... . 

SINGLE-CHIP MICROCOMPUTER SYSTEM 

Vee Voo Vss 

::L osc 1 

Ti2~~t - 3 

OSC2 

, 4 

I-:-- RmT 
lufd 

t-----'---IEA 

& 
vcc-n 

1 

{

-TO 

3. 
IN'PUTS -, T1 

6 ' 
-iN"T 

. IMBOC49 

USING IM6654 CMOS EPROM TO EXTEND PROGRAM MEMORY 

GND 

tl6 L ( 

" . 
20pF 

Vee VOD ~ss 
~. 

rll, 
. 2 Pl0 

::L OSCl Pl1 ~, 
P12 CJ ~ 20pF 

3 P13 ~, HI. :or OSC2 P14 ~ PIS 

H~ 
P16 I'F 

RESE'T P17 ~ 
. l/JF 

7 P20 21 

~ EA P21 

J!- P22 ~ 
5 IMBOC49 

P23 ~ 
Vee_55 P24 ~ 

P25 ~ 
P26 ~-
P27 ~ 

1 
OBO 12 '{- TO 

, 39 O'Bl 13 

INPUT, :.~ T1 DB2 14 

DB3 'S . ,6 '- iNT DB4 '6 
DBS 17 

DB6 '8 

ALE PSEN P''IOG WA 
DB7 19 

iii'i 
.11 9 125 1'0 'I B . 
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m ~; 1', ' PORT, 1 I~N:~T l 
P15 32 . LOUTPUti 

. P16 33 
P17 34 

P20 21 
P21 22 
P22 23 
P23 24 
P24 35 
P25 36 
P26 37 
P27 38 

DBa 12 
oBl 13 
DB2 14 
DB3 15 

DB4 '6 
DBS 17 

1 ~NPUT J 
PORT 2 AND 

OUTPUT 

. OUTPUT 
BUS PORT AND , 

DB6 '8 

DB7 '9 

1 UNPUT J 
~ .'. ,. 

+5V 

'U'9 , Vce, VDO 

23 A8 
1 A7 
2 A6 
3 A5 
4 

A4 
5 

A3 
6 1.2 
7 AI 
8 

AD 

I IM6654 
512.8 

CMOS EPROM 

9 
10 00 

11 
01· 
02 

13 03 
14 

04' 15 
05 

18 
06 

17 07 
E2 S 

r2 

21 

, 

12 

Vss 

E, ' 
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IM80C49 
USING IM82C43 1/0 EXPANDERS, THIS FIVE CHIP SYStEM HAS 80 1/0 LINES. 

PORT2 

PROG~--------~--~------------~--------------~-------------" 

PACKAGE DIMENSIONS 

40 PIN CERAMIC DIP 

1

---- 2.020 (51.308)~ _____________ 1 

MAX 

[~~~~~~I:l~~~~~~r,g~~+,~, 
I 0.520 I 
1--(13.208)--.-

SQUARE 
0.050 0.165 

(1.270) (4.191) 0.020 (5.080) 

1

m 1 r ~ If""'"'' 
-I~ ~h -II~ 0.lt25 
0.050 (1.270) 0.Q18 (0.457) 0.100 (2.540) (3.175) 

iO.Ol0 (0.254) ±0.002 (0.051) ±0.Q10 (0.254) MIN 

NOTE: Dimensions in parenthesis are r(letric. 

pql 
I 0.600 IJ -(15.240)-

REF 

0.008 (0.203) 
0.012 (0.305) 
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D~Dlb 

FEATURES 
• Avalanche Induced Migration (AIM) Programmability 
• 48 Product Terms~ 14,Inputs, 8 Outputs ' 
• Output Active Level - High or Low 
• Product Term Expandability 
• EditFlexibility 
• DTLlTTL Compatible Inputs and Outputs 
• tpd - typically 65 ns , 
• 5 Volt ± 5% Power Supply 
• Passive Pull up Outputs 
APPLICATIONS 
• Random Combinatorial Logic 
• Code Conversion 
• Microprograrimiiiig 
• Look-up Tables 
• Control of Sequential CircuitS; 

Counters, Registers, RAMs, etc_ 
• Character Generators ' 
• Decoders or Encoders: 

LOGIC DIAGRAM 

128 x 481 

SUMMING ARRAY 
384 P~OGRAMMABLE 

ELEMENTS 
18 x 48) 

CONNECTION DIAGRAM 

GND 12 

TOP VIEW 

OUTPUT ACTIVe 
LEVEL ARRAY 

8 PROGRAMMABLE 
ELEMENTS 

18x 1) 

OUTPUT 
8UF~ERS 

IM5200 
Field Progri!mmable" 

'Logic Array 
(FPLA) 

, GENERAL DESCRIPTION 

. ThelM5200, field progr~mmable logic array (FPLAI. 
is useful in a wide variety of logic applications. The device 
has 14 inputs and 8 outputs. The FPLA may have up to 48 

'product terms. Each product term may have up to 14 
variables and each one of the outputs provides' a sum of the 

: product terms. The, FPLA is. functionally equivalent to a 
collection of AND gates which may be OR'edat any of its 

,outpufs. Since some' functions are more easily represented 
in their inverted form. the output level is also program

: mabie to either a high 'o~ low active level. The IM5200 is 
provided wIth passive,pullup outputs. This output configur

,ation is useful for product term expansion by wire-ANDing 
the outputs' of different IM5200's. , 

PACKAGE DIMENSIONS 

ORDERING INFORMATION 
MEMORY CIRCUIT MARKING AND PRODUCT CODe EXPLANATION 

1M 6 2 ~oo, ~c L.,,,, ... 
, . JG Cerdip 24 Pin Dip 

Temperature Range 
C oGe to +75<>C 

~~cificTYpe 

L--________ Bipolar Process 

L------------'-INTERSIL INC. 

tJ 
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IM5200 
MAXIMUM RATINGS 

Supply Voltage Rating 
, Input V91tage 

Output Voltage (Operating) 
Storage Temperature 
Operati ng Temperature 

ELECTRICAL CHARACTERISTICS> 

SYMBOL PAR~METERS MIN 

,Ill low level input current 

IIH High I~vel input ct,Jrrent 

Vil Input low threshold' voltage 

VIH Input high threshold voltage 2.0 

Vc Input damp voltage 

'BVin 
' , Input breakdown voltage 5;5 

VOH Output high voltage '2.4 

ICEX Output leakage current 

ISC Output short circuit current -0.7 

VOL Output low voltage 
,"1. 1 < 

ICC Power Supply Current 

Cin I nput capacitance 

Cout Output capacitance 

tpd Input to output switching 
delay 

20 

(t+_. t++. t_+. t __ ) 

TYP 

-0.63 

5 

-.9 
" 

6.5 

3.25 

<1 

-1.1 

0.3 

135 

5 

7 

65 

NOTE 1: Conditions for all typical values are V CC = 5V. T A = 25°C. 

MAX 

-1.0 

40 

0.8 

-1.5 

50. 

-1.7 

0.45 

10 

12 

100 

-0.5V to +7V 
-1.5V to +5.5V 
-0.5V to +5.5V 
_65°C to 150°C 

O°C to +75°C 

UNITS' CONDITIONS 

mA Vil =O.4V, 

/JA VIH.='4.5V 

V 

V 

V liN ~ -10 I1)A 

V liN = 1.0mA 

V IOH~ -250/JA 

p.A VO= 5.,5V 

mA v,:': 0\.1 0-

V 10L =12mA 

" 

mA I nputs either open 
or at ground (see 
note 3). 

pF , Yin "2.0V,~ V CG = OV 

pF Vo = 2.0V. VCC = OV 

" 
ns See switching 

test circuit 

NOTE 2:Conditions for all maximum and minimum specifications are the worst case' for the complete range of V CC and T A' 
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NOTE, 3: Power consumption will increase after programming. The incr~as~ will betypically 0.75 mA per product term programmed. 

FREQ"' 1MHz 
DUTY CYCLE" 50% 
AMPLITUDE" OV to ,JV " 
tR III tF" 5 ns 

SWITCHING DELAY 
TEST CIRCUIT 

Vee 

Rl 
30an 

CL R2 130 pF -:- soon 

SWITCHING WAVEFORMS 

NONINVERTING I 
OUTPUT ---, 

t __ 

ALL MEASUREMENTS MADE AT 1.5V lEVELS 



IM5200 

PRODUCT DESCRIPTION 

AVALANCHE INDUCED MIGRATION TECHNOLOGY 

The AIM element is a minimum size, open base, NPN 
transistor. ,The emitter' is contacted by an aluminum 
"~olumn" line and the collector is common with the 
collectors of other elements and the "row" driver collector. 
A conventional gold doped TTL process is used to fabricate 
the AI M element and all other transistors, diodes and 
resistors on the chip. The programming technique is to 
force a high current through the element from emitter to 

,collector. This forces the emitter-base junction beyond 
normal avalanche and into a second breakdown mode. In 
the second breakc:!own, the current constricts to a narrow 
high temperature filament. Aluminum then migrates down 
the filament to the emitter-base-junction and causes a short 
of that junction. The drop in power dissipation, as soon as 
the emitter-base short is achieved, causes a decieas~ in 
temperature. Since temperature is a driving force in, the 
programming action: further advance of migrating alumi
num is inhibited after programming is achieved. The action 
is thus self-limiting. The' A'IM programming technique 
assures superior reliability since the element junction where 
the programming action occurs is ihhenintly hermetic. 

GE,,!ERAL DESCRIPTION 

The IM5200 Field Programmable Logic Array (FPLA) 
is a logic element designed to produce a sum of 
product terms, which may be programmed by the' user, at 
each of eight outputs. The, basic operating circuit is 
compri.sed, of 56 input inverters, which generate the true 
and complement of the 14 inputs, 48 twenty-eight input 
AND gates, !i forty-eight input NOR gates and 3 arrays of 
AIM programmable elements. Additional circuitry is dedi
cated to the functions of programming and testing before 
programming. All outputs have 4K resistor pull-ups which 

permit wire-ANDing. Inputs are DTL and TTL designs with 
2 V BE operating thresholds. 

PrODUct Term Array 

The Product Term Array. consisting of a 48 x 28 element 
AND array, allows the desired true or complement inputs 
to be connected by programming to the 48 AND gates 
which form the product terms. Only the input variables 
included in the product terms are programmed. New 
variables may always be, added to a previously programmed 
product-term until al114 variables have been used. 

Summing Array 

A 48 x 8 element OR array allows any combination of as 
many as 48 product terms to be logically summed (OR'ed) 
at each output by programming., 

Output Active Level Array 

'The Output Active Level Array consists ~f eight, elements, 
one per output, which provide for changing the active level 
of any output from LOW to HIGH. Active LOW is the' 
necessary active state III!hen expanding product terms by the 
parallel connections of two (2) 'or more IM5200s. The 
programmable active HIGH feature may be used to advan
tage in nonexpanded applications to s~ve inverters and/or 
product terms when system considerations so require. 

LOGIC OPERATION 

The operating logic and AI M programmable element arrays 
are shown in Figure 1. In logic equation forl11 each output 
can be expressed in the SUM OF PRODUCTS form. 

L , 

Fi or Fi = logical sum of any user programmed combina
tion of 48 available product terms (PTj) 

where PTj = any user programmed combina
tion of the true or complement of the 14 
available inputs Ok)' 

.o~. ::v ~ ----+-t~--~ 
148_28 I 

, I "AND" I ~ BEfORE 
PROGRAMMING 

' .. 

NOTES 

1. Programming Logic and 
Preprogramming Test Logic 
is not shown. 

2. Active Level Inversion Elements 
(8 total) 

I I ARRAY I 

I 
I 
I 
I 

Figure 1. FPLA Operating Logic. 

+ AFTER 
PROGRAMMI,NG 

'0 

" 

fJ 
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IM5200 
Some examples of possible SUM·OF·P"RODUCT·TERMS 
functions and individual PRODUCT TERMS are: 

SUM OF PRODUCT TERMS 

F1 = PT3 +PT 28 + PT39 + PT47 

F3 = PT1 + PT33 + PT39 + PT45 + PT46 + PT47 

F7= PT2 

PRODUCT TERMS 

PT3 = 10 12 18 '13 

PT46 = 11 '6 19 111 112 113 

PT 2 = 14 

A product term is not necessarily a minterm since a 
minterm contains all input variables. The unprogrammed 
inputs of a product term that is not a minterm are "don't 
care". ~or example, the product term 11 13 T 13 will" activate 
any output to which it is programmed whenever the 11 
input is HIGH, 13 is HIGH, and 113 is LOW, regardless of 
the logic state of the other inputs. A minterm expansion of 
11 13113 would produce 211 miriiterms which means there 
are 211 out of 214 possible combinations of all 14 input 
variables that will activate any output to which the product 
term is programmed. 

Any minterm condition applied to the IM5200 inputs will 
select (1) no product terms, (2) one product term, or (3) 
more than one product term. 

In the case of no product term selection all the outputs will 
be in the inactive state (opposite to the levels specified in 
the ACTIVE LEVEL DATA for each output). 

When only one product term is selected, the outputs 
assume the active levels specified by the SUMMING DATA 
TRUTH TABLE entry for the selected product term. The 
outputs not specified as active will assume the inactive state 
(opposite state to that specified in the ACTIVE LEVEL 
DATA). 

To determine the output status for a case of multiple 
product term selection, first all of the product terms 
selected must be identified. Each output state can then be 
determined by examining the SUMMING DATA for all of 
the multiply selected product term~. 

If any of the product terms has anactive level specified for 
the output, the output will assume the active state as 
specifjed by the ACTIVE LEVEL DA1A If none of the 
prod.uct terms have an active level specified for the output, ' 
the outputs will assume the inactive state (opposite state to 
that specified by the ACTIVE L.EVEL DATA. 

TESTING 

Some circuitry is builUnto the IM5200 for test purposes 
only. On an unprogrammed part it allows for: 

1. Testing the output in the LOW state 

2. Sampling the switching delay time through a max· 
imum delay "path 

3. Checking the accuracy of programming circuitry 
decoding 

4. Checking the" integrity of programming paths under 
programming conditions 

This'test capability assures high programming yield and 
data sheet electrical performance after programming of 
parts. 

PRODUCT TERM MINIMIZATION TECHNIQUES 

Standard two (2) level multi·output minimization tech
niques (e.g: Quine·McCluskey algorithm) can be used to 
reaHze a minimal sum of product terms. In certain cases, 
the number of product terms can be further reduced by 
sharing product terms and by inverting the output active 
level. These techniques are important in cases where the 
initial specification' indicates a need for more than 48 
product terms. 

APPLICATION OF BOOLEAN REDUCTION 

REALIZE: F1 = 12 1110 + 12 1110 + 12 11 10 

Applying the distributive law, product terms 
12 11 10 and 12 11 '0 can be expressed as 
12 11 (10 + 10). By the law of complement, 

10 + To = 1 and the entire expression is 
, reduced . to: 

F1 ~ '21 1 TO + 12 11 

PRODUCT TERM SHARING 

REALIZE: F1 =' T2 T1 TO 

F2 = T2 11 TO 

+ '2 1110 

+ 12 '1 TO 

Since '2 11 '0 is common to both F1 and F2, it may be 
shared so that only three product terms, rather than four, 
are required. 

ACTIVE LEVEL INVERSION 

REALIZE: F1 ='2 T1 TO+ '2 11 10+ 12'1 10+ 1211 

To achieve a reduction in product terms, in 
this case, F 1 can be realized in its comple· 
ment form using DeMorgan's Theorems. The 
t'rue form required a HIGH active level and 4 
product terms. The complement form re
quires a LOW active level and 3 product 
terms. 

f1= 12 1110+ 1211 10+ 1211 10 

EDIT FLEXIBILITY 

PRODUCT TERM DEACTIVATION 

The true or the complement" of any input may be 
connected to the AND gates by programming. However, if 
both the true and the complement of any variable are 
programmed in a product term, that product term will 
never be selected since Ii' 'i = O. This feature may be used 
to deactivate permanently' any previously programmed 
product term. 
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ADDITION OF NEW INPUT VARIABLES 
TO EXISTING PRODUCT TERMS 

In the AI M technology only the active inputs are pn:'
grammed_ Unprogrammed inpUts are "don't care_" There
fore, additional input variables can be added to the "olel" 
product terms at any time_ For example, 

Old Product Term 

10 11 '4 (12' 13, 15 ••• 113 = don't care) 

Adding input variable 12 (true or complement) to the pro
duct term would yield: 

New Product Term 
1011 1214 (13' 15 ••• 113 = don't care) 

EXPANDING A SUM OF PRODUCT TERMS 
BY ADDING NEW PRODUCT TERMS 

New product terms may be added to the sum of product 
terms at any output by programming the AIM element that 
connects the product term AND gate to the output thereby 
enabling activation of the output when the productterm is 
activated_ The product term 'may be one already used in 
another output sum of product terms or it may be one that 
has not previously been used_ 

CHANGING AN OUTPUT ACTIVE LEVEL 
FROM LOW TO HIGH 

Any outputs that are active LOW can be changed to active 
HIGH by programming the corresponding AIM element in 
the OUTPUT ACTIVE LEVEL ARRAY_ 

PROGRAMMING 

GENERAL 

Recommended Programmer is DATA I/O model 10. 

Programming an I M5200 requires: 

1. Two input pins, 10 and 19 corresponding to pins 21 
and 7. respectively, to be forced to a voltage above 
normal TTL operating levels to establish the pro
gram'ming mode. 

2. One input pin, 13 corresponding to pin 1 , to be, 
switched between a high level and ground to select 
between the Summing ,Array (OR Array) or the 
Product Term Array (AND Array), respectively. 

OUTPUT PIN SECTOR LOCATION 

FO 13 1 0 - 15 Product Terms; 
AND/OR Arrays 

Fl 14 2 16 - 31 Product Terms; 
AND/OR Arrays 

F2 15 3 32 - 47 Product Terms; 
AN[)/OR Arrays 

F3 16 4 Output Active Level Array 

U~UIL 

3. Four outputs, FO, Fl. F2, and F3 corresponding to 
pins 13, 14, 15, and 16, respectively, for the routing 
of current into one of four sectors of the arrays. 

4. Nine inputs, 14, 15 , 16, 17,18.110,111,112' and 113 
corresponding to pins 2, 3, 4, 5, 6, 8, 9, 10. and 11, 
respectively, to select a unique element within a. 
sector. 

Inputs 11 and 12, corresponding to pins 22 and 23, are used 
to enable testing of propagation delay, programming 
circuitry decoding and output low level characteristics 
before programming. 

Progra\11ming current pulses are forced into the output pin, 
corresponding to a particular sector and routed to the 
element selected for programming. The elements are sensed 
at a reduced current level after each programming pulse to 
determine if programming has occurred. 

After all necessary elements are programmed, the array is 
reverified by scanning the array and resensing all elements 
dire'ctly. Finally, a logical verification is conducted forcing 
all 214 input states and checking the eight outputs 'for the 
correct logic levels. 

EFFECTS OF PROGRAMMING (P) 
OR NOT PROGRAMMING (NP) 
AN ELEMENT IN EACH OF THE 
THREE ARRAYS 

Output Active Level Array 

ALi EFFECT ON AN OUTPUT 

NP OutpUt active level will be a LOW for all product 
terms programmed to the output. 

P Output active level will be a HIGH for all product 
terms programmed to the output. 

Product Term Array 

Ik Ik EFFECT ON A PRODUCT TERM 

NP NP The logic state of the input cannot effect the 
product term. It is a "don't care" input. 

NP P Low input becomes an active variable in the 

" product term. 

P NP High input becomes an active variable in the 
product term. 

P P Disables the product term, preventing the 
product term from ever a~tivating any out-
put. 

tI 

7-149 



IM5200 
'Summing Array 

PTj 
.-

EFFECT ON AN OUTPUT 

NP Output is isolated from the product term unless 
programmed. Therefore, activation of the pro-
duct term can not affect the,output. 

P Activation of the product term will force the out-
put to' its active level. 

DATA FORMATS FOR PROGRAMMING 

Int,ersil Inc, can program the IM5200'from data inputs 
consisting of a truth 'table, or paper, tape. Format specifics 
follow, 'If TWX data inputting is used, TWX 910-338-0171. 
If mailing data input, mail to: 

INTERSIL, INCORPORATED 
,ATTEN: ORDER ENTRY 
10710 N. Tantau Avenue 
Cupertino. CA 95014 

FORMAT INFORMATION SUMMARY 

Heading 
Information 

Starlof Data 

HAND EJIITRY 'N 
TRUTH TABLE FORM 

Enter at top of the form 
as. indicated 

Not required 

Active Level Data, NC!t required 
Identifier, 

Product Term 
Number 
Identifier 

Product Term 
Number Entry 

Product Term 
Input Data 
Identifier 

N?t required 

~reprinted 

Not required 

TWX- RCVDAS 
HARD COPY OR 

PAPER TAPE 

Enter as per example 
preceding start of 
data ISTX). The 
asterisk (-I char' 

PAPER 
TAPE 

Enter as per example 
preceding the start of 

. data (STX). The 
asterisk (*' char-

aeler may not be aeler may not be 
used in any heading used in. any heading, 
information' information 

STX (Control BI 

'A 

H - High active level 
L = Low active level 

,p 

MSD - Decimal 0-4 
LSD. :: Decimal O;~ 

" 

ST?< (Control BI 

H :- High actiye level 
L = Low active level 

,p 

MSD - Decimal 0-4' 
LSD '" De~imal 0-9 

" 

Product Term 
Input Data 
Entry 

H '" Active high inpu't H - Active high input H"'" Active high input 
L = Active low input L '" Active low input L = Active low input 
BLANK = Don't care input - = Don't care input - = Don't care input 

TR UTH TABLES 

Summing Data 
Identifier 

Summjng Data 
Entry 

End of Da~a 

Deactivating a 
Product Term 

Spacing, Carriage 
Returns. li ne 
Feeds 

Rubou'ts 

Not required 

A = Product term 
is summed by 

, this output 
BL~NK '" Product term' 

is not summed 
'by this output. 

Not req~ired. 

Enter 0 as any input 
entry for a product term 
to be deactivated 

Not applicable 

Not ap~1icable 

Truth tables can be submitted t~ln:tersil Inc;'by mailior by 
TWX (910-338-0171). A truth table format for mailing is 
presented as a part'of this data sheet, Additional copies of 
this format are available upon request. The customer should 
complete all heading i!1fo~mation on the format in ordeito 
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'F 

A'" Product term is 
summed by this 
output 

- = Product term is 
not summed by 
this output 

ETX (Control CI 

'F, 

A'" Product term is 
summed by this 
output 

- ::: Product term is 
not summed by 
.this output· 

ETX (Control C) 

Enter 0 as any input Enter 0 as any input 
entry for a product entry for a p~oduct 
term to be dea~ivated term to be deactivated 

As 'needed to give an 
easily readable 
appearance in 
teletype printed 
form 

See TWX descrip
tion for recom
mended format· 

May be used to 
correct errors 

Not required unless 
examination by 
printout on a tele
type is desirable 

See Paper "Tape 
description for 
recommended 
format' 

. May be used to 
correct errors 

assure', that it will remain as, a' part of' the purchase order 
which is entered, 

" . 
.when entering a truth table by TWX, the following format 
is~ecort1rT!ended so that the data is compatible with the 
paper 'tape format. The TWX can .. there~ore, bereceivell in 
punched paper tape form for direct' processing by a 
progra'mmer equipped with a paper tape reader input.' 
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TWX FORMAT 

ATTEN ORDER ENTRY 

PO NUMBER 7-70657~ 

B ILL TO BRADY ELEC1'hONI CS INC 
1074 SIX1H ~T 
!:iYh.A(;LJ~E NY 13206 

SHIF TP SFiADY ELECThONICS INC 
764 EAST CAhL TON 
SYfiACUSE NY 13206 

TELE (315) 463-5670 

TWX 910-377-6402 

B UYEh HAt.~K hENONE 

. SHIP Alf~ EXPli::ES;S 

D~DIl. 

ITEM 01 PIN 706475- 001 12 rCS [jEJ... I VE,RY , ASAP 

T RUTH TABLE PIN 706475-001 

START OF DATA 

", . 

r<D I (i) ,f2'. r@' 
--"- I I r\6I.--
S1' X 13 . 0 *A LLLLLLLL . 
~..r..®~11112 .... ,1~1~r®.''®· 
*p 00 *1 LL---L-------h *F ~--:-AA~ 
*p 01 *1 LLLLLH-------- *F A----A$~ 
*p 02 *1 HHLLLH-------- *F AA-~-AA7' 

*p 47 *1 LHHHLHLLL-LLL *F --------
r@ --ETX 

EXPLANATION OF NUMBERS 

STX "CONTROL B" ON TELETYpEWRITER 

*A = ACTIVE LEVEL DATA IDENTIFIER 
CHARACTERS 

*1 = PRODUCT TERM INPUT DATA IDENTIFIER 
CHARACTERS 
PRODUCT TERM INPUT DATA (H. L. D OR -I 

ACTIVE LEVEL'DATA (H OR L) 

*P = PRODUCT TERM NUMBER IDENTIFIER 
CHARACTERS 

® 
G 
® 
® 
@) 

*F = SUMMING DATA IDENTIFIER CHARACTERS 

SUMMING DATA (A OR-) 

ETX = "CONTROL C" ON TELETYPEWRITER 
PRODUCT TERM NUMBER 

7-151 



IM5200 
TAPE FORMAT 

ACTIVE LEVEL DATA 
18 CHARACTERS! 

ACTIVE L.EVEL DATA 
IDENTIFIER 
12 CHARACTERS! 

START OF DATA 
!CONTROl BI 

I. SKIP 21 SPACES 
2. SKIP ONE SPACE 

PRODUCT TERM IDENTIFIER 12 CHARACTERS! 

PRODUCT TERM NUMBER ENTRY [2 CHARACTERS! 

PRODUCT TERM INPUT 
DATA IDENTIFIER 12 CHARACTERS! 

PRODUCT TERM INPUT 
DATA 114 CHARACTERSI 

LEADER: RUBOUT 
KEY FOR TWX {AT 
LEAST 2S FRAMESI 3. ONE CARRIAGE RETURN AND TWO LINE FEEDS 

4. ONE CARRIAGE RETURN AND ONE LINE FEED 

O~DIL 

SUMMING DATA IDENTIFIER 12,CHAAACTERSJ 

SUMMING DATA (8 CHARACTERS! 

END Of DATA 
(CONTROL Cl 

SPECIFY INPUT AND OUTPUT DATA 
FOR ALL PROQUCT TERMS USEO 

TRAILER: RUaOUT 
KEY FOR TWX fAT 
LEAST 25 FRAMESi 

PAPER TAPE 

Teletype 8 level TWX tape can be mailed to Intersil, Inc., 
Attention: Order Entry. Heading information similar to 
that used for the TWX truth table format presented above, 
should bll punched on the tape. 

The recommended format for the data portion of a paper' 
tape is shown above. Deviations in spacing, carriage returns, 
line feeds and rubouts are allowed but the start and end 
characters, the data identifiers, the data characters and the 
order of data must be strictly followed. 
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APPLICATIONS 

CODE CONVERSION 

Ttle I M5200 can be used efficiently in code conversion 
applications where all possible combinations of a particular 
code are not used. The conversion from 12 level Hollerith 
to 8 level ASCII provides such an example. In the standard 
solution to this problem, the 12 level Hollerith code is first 
reduced to 8 levels; with logic, before it is presented to a 
256 x 8 ROM. All non·existing input combinations must be 
decoded as "don't care" output states in the ROM~ .' 

The IM5200 can selectively decode 14 input variables; no 
precoding of the inputs is necessary. With the proper 
selection of output active levels, an invalid input combina· 
tion )/ViII also automatically produce a unique "don't care" 
or error code. 

MICROPROGRAMMING 

In a microprogrammed computer, the microinstructions 
control the correct sequencing of 'the Central Processor 
Unit to execute appropriate macroinstructio'ris. The micro·' 
instructions 'reside in'the microprogram store. The addresses 
of the microroutine in the control store, which interpret 
external instructions, are the operation, .codes of the 
external instructions. Since the operation codes of various 
instructions in, a processor may be of different lengths, 
some codes may have more bits than are necessary to 
address the control store. For example, a 16-bit micro· 
processor may have operation codes up to 16 bits long~ 
However, the microprocessor store may have only 256 
words of memory. 

The IM5200 can be conveniently used to. translate an 
arbitrary operation code to obtain the proper control store 
address. The IM5200 can also be used in the control store 
to 'minimize the size of the microprogram memory by 
utilizing the unique capability of the device to cope with 
special address combinations' - "don't car.e" bits in 
addresses, a single address for multiple wl?rds and multIple 
addresses ~or single words. ' 

SEQUENTIAL CONTROL 

,The 'IM5200 can be used effectively in sequencing applica· 
I tioris to. im'plement flow charts of state diagrams, condition 
'driven look up tables or arbitrary state sequencers. The 
IM5200 input set could coml! from external contr~1 points' 
("qualifying inputs") or the IM5200 outputs coupled 
through feed·back latches ("current s~ate inputs"). 

PERIPHERAL DEVICE CONTROL' 

For a Central. Processor. Uni.tto ,communicate with a 
peripheral device, the CPU must select the device and .the 
mode of communication. During an Input-Output instruc· 
tion, the ~ CPU transmits,. the devic~ addre~s and control 
information to select a unique device in a specified mode. 
The IM5200 can be used to monitor the device address and 
control field, bus to issue appropdate control signals to the 
devices. 

PRIORITY ENCODING 

An interesting application of the IM5200 is-the priority.' 
encoding of: interrupt request lines to generate a unique 
vector 'address which corresponds to :the ~ighest priority 
request line.' The CPU can then use the vector address as a . 
JUMP address to service the highest priority ,device without 
going through a software "polling" routine. 

EXPANSION OF THE NUMBER PRODUCT 
TERMS BY WIRE-ANDING 

The IM5200 can implement several simple functions by 
us'ing only part of the structure for each fu~ction'- Complex 
functions can be implemented by connecting several 
IM5200's in series or parallel. 

The IM5200 has passive pull·up (4K) outputs. 'This output 
configuration is useful for product term expansion by 
wire·ANDing the outputs of different IM5200's. For EPLA 
applications, expansion by wire-ANDing is, preferrable to 
the conventional chip select approach, since', in many 
applications, it is difficult to generate the chip select signal, 
in view pf the fact that "chip select" decision may itseif be 
based on a random combination of the input variables. 

Active LOW is the necessary active state for the outputs 
that must be wife-ANDed. It must be noted' that the 
fan·out of the wire-ANDed outputs is reduced by app'rox· 
imately one standard TTL load for each IM5200 output 
that is tied together. 
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COMPANY DATE IM5200 Page of 
ADDRESS CUSTOMER P.O. No. TRUTH TABLE " 

CUSTOMER PRINT DR 1.0. No • 

PHONE . 

<I' r. ACTIVE LEVEL DATA 
F7 F6 FS F4 F3 F2 Fl FO 

ACTIVE PROOUCT H; Act~ve High InputlSUMMING 
A = Product Term is 

H:: High Active Level TERM Summed by This Output 
LEVEL INPUT l = Actl~ l~w Input " DATA Blink· Product Term is Not 
OATA l :: Low Active Level DATA Blank = Don't C~re' Input ~ Summed by this Output 

.' PRODUCT TERM INPUT DATA . SUMMING DATA 
113 112 111 110 19 18 17 16 IS 14 13 12 11 10' F7 F6 FS F4 F3 F2 Fj FO 

PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN 
11 . 10 9 ,8 7,' 6 5· 4 3 .2 1 23 22 21 20 19 18 17 16 15 14 13 

0 .. '. 

, . 

1 ". , 

2 

3 
.... 

4 

5 .'. 

S , .. ' 

7 , 

. , .. 
8 . 

. 
9 . " . 

10 \ 
I I····· .' 

.. ' 

11 

12 '.' : 

13 

14 

15 .... 

16 

17 ,,-, 

18 
.', 

19 

20 

21 

22 

23 
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ACTIVE LEVEL DATA 
F7 F6 FS F4 F3 F2 Fl FO 

ACTIVE PRODUCT H = Active High Input A = Proiuct Term is 

LEVEL 
H = High Active Level TERM 

l = Active low Input 
SUMMING Summed by This Output 

INPUT DATA Blank· Product Term is Not 
DATA l = Low Active Level DATA Blank = Don't Care Input Summed by this Output 

PRODUCT TERM INPUT. DATA .. SUMMING DATA 
113 112 111 110 19 18 17 16 IS 14 13 12 I, 10 F7 F6 FS· F4 F3 F2 Fl FO 

PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN PIN 
'1 10 9 8 7 6 S 4 3 2 1 23 22' 21 20 19 18 17 16 lS 14 13 

24 

25 
~ t--- .,-- - --~ 

26 . 
,.-

27 

28 

29 

30 
. 

31 

32 

33 

34 

35 

.36 

37 

38 

39 I 

40 . 

41 .. 

42 , 

43 

44 fJ 
45 

46 
... , ... 

47 
'. 

.. 
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FEATURES. 

.• Compatible with IM6100 Microprocessor 

•. Four Separate SENSE Input Lines to Sense ttie 
Status ofPerlp~eral Devices c . 

-. Four Programmable OPERATE Control Lines for 
READIWRITE on Peripheral Devices 

• Four General Purpose FLAGS each of which 
Is Programmable . 

• Chained Vectored Priority Interrupt Structure 
Possible 

• Low Power: Less than 1mW @ SV 

• TTL Compatible at +SV 

FUNCTIONAL BLOCK, DIAGRAM 

IM6101 
Programmable Interface 

Element (PIE) 

GENERAL DESCRIPTION 

The IM6101 is a Programmable Interface Element (PIE) 
device designed for interfacing various peripheral 
chips such as UART'si FIFO's, Keyboard Scanner's to 
IM6100Microprocessor. In this way, thelM6101 
eliminates the need for additional external logic 
betwe'en 6100 JLP and its peripherals. 

The IM6101 provides the control signals to peripheral 
d~vices for READING or WRITING on the OX bus by 
activating the WRITE CNTRL and READ CNTRL lines 
with lOT (Input Output Transfer) instructions. 

Each IM6101can sample.4 status lines from peripheral 
devices. It can also generate interrupt requests to the 
JLP if the corresponding individual interrupt enable bits 
inthe PIE are enabled and the respective status lines 
becom.e active. . . 
The four FLAG Ii nes may be set or reset under program 
control to send control information to the periphe.ral 
devices'or to send bi'lary data. . 

[

OXIO.111 

• LXMAR 

. DEVSE'L 
ADDRESS 

AND. 
SEt 13-7Q-ADDRESSING ORDERING INFORMATION 

7-156 

TO INTGNT 
,IM6100 XTC 

Cl 

C2 

INT/SKP 

CONTROL LOGIC 

I . 
TO PERIPHERAL DEVICES 

PRIN} ~~~~~~~N 
TOANO 
FROM 

POUT OTHER PIE'S 

PIN CpNFIGURATION 

FIGURE 1. 

PRIN WRITE~ 

SENSE 4 READ 2 

WRITE 1 

SENSE 2 READ,1 
·SENSE 1 . C2 . 

Cl 
FL,AG 1 

lXMAR 

FLAG 3 

iSEL 6 FL.AG 4 

XTC tm7!n. 
SEt7 GND. 

DXO OXt1. 

OXt DX10 

DX2 DX9 

DX3 OXS 

ox. 
DXS 

ORDER CODE IM6IDI·1 IM61DIA IM61DI 

PLASTIC PKG .. IM6101·11PL IM6101·AIPL IM6101·IPL 

CERAMIC PKG. IM6101-1IDL IM6101·AIDL· -, 
MIlITARY TEMP. IM6101·1M~L IM6101·AMDL -
MILITARY TEMP. IM6101·1 'IM6101·AMDlI -
WITH 8838 MDLl8838 883B 

PACKAGE DIMENSIONS 
'\' . . 2.Q40(5U201 \', 

[:::::::::::::::::r~3'7'" 
. 0160 0025 ", . MAX,S=t'0.'6351 0.012 (0.3051 YP. r--++--"",,-,-,;;;.;;.. __ ...;14,-.0_64.;...,1 ~':YP. o.()(n (0.0251 : 

"""""TV,,,,,,,,,,,,,r,,,,,,,,,,,".,,, ... C~ J '. 
.~~ 

I-, -II-, -I h 0''''~,~:0641 .I--I,~~,-I ' 
0.07011.778) 0.018 (0.4571 TYP. 0.100 . MAX. 

TYP. 0.02010.508) . (2.5401 

40 P,iN PLASTIC DUAl·tN·LINE ~ACKAGE IPl) 
. , 

13 . 2:02~:~:3081' 'r I : . 

[::::::D::::::r~~I' 
0.050 ~(1~~~i.J 0.165 
(1.2701 SQUARE ,14.1911 0.020 (5.0801 . 

T~~~Lroo~' 
j h -I\-, . -I h t o.'25 1--110;~,-I g:~:g:~: 

0.050 (1.2101 0.01810.457) 0.100 (2.5401 (3.1761 REF. 
to.Ol0 (0.254) to.D02 (0.051) ~O.O.10 (0.254) . MIN. 

40 PIN CERAMIC DUAL-iN-LINE PACKAGE IDLI 

NOTE: DIMENSIONS IN PARENTHESIS ARE METRIC 



IM6101 
IM6101 FUNCTIONAL DESCRIPTION 

Pin 
Number Symbol 

1 Vee 

2 INTGNT 

3 PRIN 

4 SENSE 4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

SENSE 3 

SENSE 2 

SENSE 1 

SEL 3 

SEL 4 

LXMAR 

SEL 5 

SEL 6 

'XTC 

SEL 7 

DX 0 

DX 1 

DX 2 

DX 3 

DX 4 

DX 5 

DX 6 

DX 7 

DX 8 

Input! 
Oulput Description 

+5 volts 

I A high level on INTERRUPT 
GRANT inhibits recognition of 
new interrupt requests and al
lows the priority chain time to 
uniquely specify a PIE. 

I A high level ON PRIORITY IN 
and an interrupt request will 
select a PIE for vectored inter
rupt. 

I The SENSE input is controlled 
by the SL Isense level I and SP 
Isense polarityl bits of control 
register B. A high SL level will 
cause the SKIP flip flop to be set 
by a level while a low SL level 
causes sense and interrupt flip 
flops to be set by an edge. A high 
SP level will cause the sense flip 
flop to set by a positive going 
edge or high level. A high IE 
(interrupt enable I level gener
ates an interrupt request when
ever the INT flip flop is set (by ar 
edge!. 

I 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

See pin 4 - SENSE 4 

See pin 4 - SENSE 4 

See'pin 4 - SENSE 4 

Matching SELECTI3-71 inputs 
with PIE addressing on DX13-71 
during IOTA selects a PIE for 
programmed input output trans
fers. 

See pin 8 - SEL 3 

A positive pulse on LOAD EX
TERNAL ADDRESS REGISTER 
loads address and ccntrol data 
from DX13-111 into the address 
register. 

See Pin 8 - SEL 3 

See Pin 8 - SEL 3 

The XTC input is a timing signal 
produced by t~e microproces
sor. When XTC is high a low 
going pulse on DEVSEL initiates 
a "read" operation. When XTC is 
low, a low going pulse on 
DEVSEL initiates a "write" oper
ation. 

See Pin 8 - SEL 3 

Data transfers between the mi
croprocessor and PIE take place 
via these input/output pins. 

See Pin 15 - DX 0 

SeePin15-DXO 

See Pin 15 - DX 0 

See Pin 15 - DX 0 

See Pin 15 - DX 0 

See Pin 15 - DX 0 

See Pin 15 - DX 0 

See Pin 15 - DX 0 

Pin 
Number Symbol 

24 DX 9 

25 DX 10 

26 DX 11 

27 GND 

28 DEVSEL 

29 FLAG 4 

30 FLAG 3 

31 FLAG 2 

32 FLAG 1 

33 

34 

35 

36 

37 

38 

39 

40 

C2 

READI 

WRITEI 

READ2 

WRITE2 

SKPIINT 

POUT 

Inputl 
Output 

1/0 

1/0. 

1/0 

o 

o 
o 
o 
o 

o 
o 

o 

o 
o 
o 

o 

Description 

See Pin )5 - DX 0 

See Pin 15- DX 0 

See Pin 15 - DXO 

The DEVSEL input is a timing 
signal produced by the micro
processor during lOT instruc
tions. It is used by the PI E to 
generate timing for controlling 
PI E registers and "read" and 
"write" operations. 

The FLAG outputs reflect the 
data stored in control register A. 
Flags 11-41 can be set or reset by 
changing data in CRA via a WRA 
Iwrite control register AI com
mand. FLAG 1 and FLAG3 can be 
controlled directly by PIE com
mands SFLAG1, CFLAG1, 
SFLAG3 and CFLAG3. 

See Pin 29 - FLAG 4 

See Pin 29 - FLAG 4 

See Pin 29 - FLAG 4 

The PI E decodes address, con
trol and priority information and 
asserts outputs C1 and C2 dur
ing the IOTA cycle to control the 
type of data transfer. These out
puts are open drain for bussing 
and require pullup resistors to 
Vee. 

C1 Ill, C21L1- vectored interrupt 
C11L1, C21HI - READ1, READ3 

or RRA commands 
C1IHI, C21HI - all other instruc-

tions 

See Pin 33 - C1 

Outputs READ1 and READ2 are 
used. to gate data' from peri
pheral devices onto the DX bus 
for input tothe IM6100. Note the 
data does not pass through the 
PIE. 

Outputs WRITEI and WRITE2 
are used to gate data from the 
IM6100 DX bus into peripheral 
devices. Data does not pass 
through .the PIE. 

See Pin 35 - READ1 

See Pin 36 - WRITE1 

The PIE asserts this line low to 
generate interrupt requests and 
to signal the IM6100 when sense 
flip flops are set during SKIP 
instructions. This output is open 
drain. 

A high level on priority out indi
cates no higher priority PIE 
interrupt requests are outstand
ing. This output is tied to the 
PRIN input of. the next lower 
priority PIE in the chain. 
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IM6101 
TIMING DIAGRAM 

Timing for a typical lOT transfer is shown in Figure 2. 
During the IFETCH cycle, the processor obtains from 
memory an lOT instruction of the form6XXX. During 
the IOTA the processor places that instruction back on 
the OX lines@). and pulses LXMAR transferring 
address and control information for the I OTtransfer to 
all peripheral devices. A low going pulse on DEVSEL 
while XTC is high @is used by the addressed PIE 

alonLwi~ecoded control information to generate 
Cl, C2, SKP and controls for data transfers to the 
processor. Control outputs READl and READ2 are 
used to gate perfpheral data to the OX lines during this 

. time. A low going pulse on DEVSEL while XTC is 
low ® is used to generate WRITEl and WRITE2 
controls. These signals., are used to clock processor 
accumulator data into peripheral devices. 

I---------------~ lOT INSTRUCTlON-~~---· 

XTC J \\-_--J1 \\-___ --1 \\-___ ...Jr-
'-----__ -n-ILXMAA 

LXMARJ\_ .. 

---~ 

1l 

~ 

READ (NEGATIVE POLARITY) 

WRITE 

WAtTE ~-------------~--~~----r. 

CFLAG 

SFLAG 

--~-----------+~ 
tOF· -- -----

---:-----------t-+--+-----'--~ -----------------------------
FLAG (VIA WCAA COMMAND) _____________ J~--------------

SKP7iNT INTERRUPT DATA 

-~-~--~----4J 

Sense FF's are sampled 
when LXMAR 'Is high 
by ~he PIE 

-101 

OX data, CO, C1, C2 and 
~KP are read by Ihe IM6100 
on the rising edge ot'T3 

FIGURE 2. IM6101 PIE Timing Diagram. 

All PIE timing is generated from IM6l00signais 
LXMAR, DEVSEL, and XTC. No additional timing 
signals, clocks, or one shots are required. Propagation 
delays, pulse width, data setup and hold times are 
specified for direct interfacing with the IM6l00. 
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INTERRUPT DATA 

Interrupts are sampled by 
the IM61Da on the rising 
edge of T2 of execution 
cycle 



IM6101 
PIE ADDRESS AND INSTRUCTIONS 

The IM6100 communicates with the PIE and with 
peripherals through the PIE via lOT. commands. 
During the IOTA cycle (See Figure 1) an instruction of 
the form 6XXX is loaded into all PIE instruction 
registers. The.bits are interpreted as shown below., 

The 5 address bits (3-7) are compared with the 
select inputs SEL3, SEL4, SEL5, SEL6, SEL7 to address 
1 of 31 possible PIE's. Address zero is reserved for 
lOT's internal to the IM6100. The four control bits are 
decoded to select one of 16 instructions. Note also that 
the lOT instructions 66XX are reserved for the Parallel 
Input/Output Port (P10 - IM61031. 

.,. 
3 4' 9 '0 " 

ADDRESS CONTROL 

FIGURE 3. PIE; Instruction Format. 

CONTROL MNEMONICS DESCRIPTION 

0000 READ1 The READ instructions generate a pulse on the appropriate read outputs. This signal 

1000 READ2 
is used by the peripheral device to 9.ate data onto the DX bus to be~'OR'ed" with the 
IM6100 accumulator data. 

0001 WRITE1 The WRITE instructions generate a pulse on the appropriate write ou~put. This signal 
is used by peripherals to load the IM6100 accumulator data.on the DX lines. into 

1001 WRITE2 peripheral data registers. 

0010 SKIP1 The SKIP instructions test the state of the sense flip flops. Ifthe input conditions have 
0011 SKIP2 set the sense flip flop, the PIE will assert the SKP/INT output causing thelM6100to 
1010 SKIP3 skip the next program instruction. The sense flip flop is then cleared. If the sense flip 
1011 .' SKIP4 flop is not set, the PIE does not assert the SKP/INToutput and the IM6100 will execute 

the. next instruction. 
0100 RCRA The Read con@1 Register A instruction gates the contents of CRA onto the DX lines 

during time 4 to be "OR" transferred to the IM6100 AC. (S.ee Figure 2) . 
0101' WCRA The Write Control Register A, Write Control Register B and Write Vector Register 
1101 WCRB instructionstransferlM6100 AC data on the DXlines during time ® of IOTA into 
1100 ' WVR the appropriate regi~ter. (See Figure 2) Bits 10,110fthe VR;5, 7 of CRA; 8-11 of CRB 

are don't care bits for these instructions.' . . 

0110 SFLAG1 The SET FLAG instructions set the bitsFL 1. and FL3 in control register A to a high 
level. PIE outputs FLAG1 and FLAG3 follow the data stored in bits FL 1 and FL3 of 

1110 SFLAG3 CRA. 
0111, CFLAG1 The CLEAR FLAG instructions clear the bits FL 1 and FL3 in control register A to a low 
1111 CFLAG3 level. / 

(6007)8 CAF IM6100 internal lOT instruction CLEAR ALL FLAGS clears the interrupt requests by 
clearing the sense flip flops. It has no effect on control register output flags FL 1, FL2, 
FL3, FL4. To clear these output flags, bits 0-3 of CRA must be. cleared usi ng WCRA 
with bits 0-3 of ACcleared. 

PRIORITY FOR VECtORED INTERRUPT 

A hardware priority network uniquely selects a PIE to 
provide a vectored address. The first lOT command of 
any type, after the IM6100 signal INTERRUPT GRANT 
goes high, resets the line INTGNT to a low level. The 
signal INTGNT is used to freeze the priority network 
and enable vector generation. Within a given PIE, the 
internal priority is interrogated during every LXMAR. 

The highest priority PIE has 'PRIN tied to Vee. The 
lowest priority PIE is the last one on the chain .. The 
vector address generated by the PIE consists of 10 bits 
from the vector register and two bits that indicate the 
sense input within the highest priority PIE that 
generated the interrupt. 

fI 



IM6101 
A. Daisy-chaining of several 

PIE chips, 

B, Interrupt Vector 
Register Format. 

o 3 4 9 10 11 

I, INTERRUPT VECTOR SPRI 

SPRI Conditions' 

00 SENSE1 
01 SENSE2 and not SENSE1 
10 SENSE3 and not ISENSE2 or SENSE11 
11 SENSE4 and not ISENSE3, or SENSE2 or SENSE11 

, , 
• All sense mput IIt:1es are enabled for mterrupts, 

FIGURE 4. IM6101 Priority for,Vectored Interrupt. 

I/O CONTROL.l.,INES (C1 ANDC2) 

The type of input-output transfer is controlled by the 

SPRI: Sense Priority 

, selected PIE by activating the Cl, C2 lines as shown, 
below. These outputs are open drain. 

I 

C1 C2 , 

H H DEVIPIE- AC Write , 
L H AC ;... AC + DEV/PIE ~'OR'!Read 
L L PC - VECTOR ADDRESS Vectored Interrupt 

INTERRUPT/SKIP (INT/SKP) 

Interrupt anc;:lskip info~mation are time multiplexed on 
the same .lines. Since the IMS,100 samples skip and, 
interrupt data at separate times (see Figure '1) there is 
no degradation in sY,stem performance. The PIE, 
samples the sense flip flops and g~nerates an interrupt 
request for enabled bits on the rising edge of LXMAR. 
Interrupt requests are asserted by driving the INT/SKP 
line low; During' IOTA of SKIP instructions the 
INT/SKP reflects the SENSE flip flop data., 

o 2 

If the SENSE flip flop is set, the INT/SKP line is driven 
low to cause thelMS100 to skip the next instruction. 
This output is open drain. 

, CONTROL REGISTER A (CRA) , 

TheCRA can be read ,and written by the IMS'mO via 
the'RCRA and WCRA commarids. The format and 
meaning of control :bits are shown below. 

6 7, '8 9 10 11 

IFL41FL3IFL2IFL1IWP21 ·IWP11·, IIE+E31IE21IEll 

* Don't care tor WCRA, 0 tor RCRA 

FIGURE 5. Format for Control Register A. 

FL(1-4) 

Data on FLAG outputs corresponds to data in FL d -4l. 
Changing theFL bits in CRA changes the correspond-' 
ing FLAG output. 
W~(1,2)'" 

A highlEivel on WRITE POLARiTY bits causes positive 
pulses at the WRITE outputs (see Figure 1>. ' 

IE(1-4) 

A high level 'on INTERRUPT ENABLE enables 
inter~upts. 
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IM6101 
CONTROL REGISTER B 

The CRB can be written by the IM6100 via the WCRB 
instruction. It has no read back capability. The format 
and meaning of control bits are shown below. Bits 8-11 
are don't care bits. 

! SL4! SL3! SL2! SL 1! SP41 SP3! SP2! SP1! 

FIGURE 6. Format for Control Register B. 

SL{1-4) 

A high level on the SENSE LEVEL bits causes 
the'SENSE inputs to be level sensitive. A low level on 
the SL bits causes the SENSE inputs to be' edge. 
sensitive. The INT FFs are set only if a sense line is set 
up to be edge sensitive. ' 

SP{1-4) 

A high level on the SENSE POLARITY bits causes the 
SKIP flip flop to be set by a high level or positive going 
edge. A low level causes the SKIP flip flop to be set by a 
low level or negative going edge. 

PERIPHERAL INTERFACE LINES 

SENSE{1-4) 

The I M61 01 has two latches associated with each 
sense input.,- a SKIP flip flop and an INTERRUPT flip 
flop. 

D Q 

INT 
F/F 

riVE EDGE 

D 

"'~E,NAC 
'" 1 WHEN ACT 

LEVEL IS TR 

C -C 
IVE 
UE 

SL -=0 
'--- D 

-c 

R 

I 
-~ 

S 

SKIP 
F/F 

R 

RESET 
SKP FF ILl 

Q D 

f--C 

,LXMAR 

REseT 
INT FF (Ll 

For the Interrupt flip flop to be set, the corresponding 
interrupt enable bit must be set to 'one'. If the sense 
input is program'med to be edge sensitive, the flip flop 
is set when the edge occurs. If it was initially 
programmed to be level sensitive and then the mode is 
changed to be edge sensitive, the flip flop will b'e set if 
the polarity of sense input line corresponds to its SP 
bit. 

All conditionS that set the Interrupt flip flop also setthe 
associated Skip flip flop. In addition, the Skip flip'flop is 
set when the polarityof the sense input corresponds to 
its SP bit in the level sensitive mode. . 

The Skip flip flop is cleared at IOTA READ time by 
executing a CAF (6007) instruction or' a SKI P 
instruction on the associated sense inputthat actually 
skips, In the level sensitive mode, whenever the 
polarity of sense input does r10t correspond to its SP 
bit, the sense FF is cleared: 

The Interrupt flip flop is cleared whenever the sense 
flip flop is cleared. In addition, it is cleared if the 
associated sense logic actually creates a vector, the 
interrupt enable.bit is cleared to a 'zero' or the sense 
input is programmed to be level sensitive. Detailed 
operation of resetting Interrupt and Skip flop flops are 
as shown in Figure 7. 

'0 INTREQ'" L WHEN ACTIVE EDGE OCCURS 

0 SKP = L WHEN ACTIVE EDGE 

RESET SKP FFi '" CA F + SKP ON i + 1St'" 1) (ACTIVE LEVEL IS FALSE) 

RESET INT FFi '" C~F + SKP ON i + (St '" 1) + VECTOR ON i 

fJ 

Figure 7. IM6101 SKIP Flip Flop and INTERRUPT Flip Flop Input'Diagram. 
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IM6101 
IM6101A 

ABSOLUTE MAXIMUM'RATINGS 

Operating Temperature 
. IndustriallM6101A .............. -40°C to +85°C 
Storage Temperature. . . . . . . . . . .. -65° C to 150° C 
Operating Voltage .................. 4.0V to 11.0V 
Supply Voltage ........................... +12.0V 
Voltage On Any Input or 
Output Pin .................. -0.3V to Vee +0.3V 

D.C. CHARACTERISTICS 

NOTE: Stresses above those listed under '''Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other condition's above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolu.te maximum rating conditions for 
extended periods may cause device failures. 

TEST CONDITIONS: Vee = 10V ± 5%, TA = -40° C to +85° C , 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High 70% Vee V 

2 VIL Input Voltage Low 20% Vee V 

3 IlL Input Leakage GND::;VIN::;Vee -1.0 1.0 p.A 

4 VOH Output Voltage High 10H = OinA Vee~O.D1 V 

5 VOL Output Voltage Low IOL = OmA GND+O.Ol V 

6 10L Output Leakage . GND::;VouT::;Vee -1.0 1.0 p.A 

7 Icc Power Supply Current-Standby Vee~lOV±5% 1.0 500 p,A 

8 Icc Power Supply Current-Dynamic Vee=10V±5% 
f=571 kHz 2.0 mA 

9 CIN Input Capacitance 7.0 8.0 pF 

10 Co Output Capacitance 8.0 10.0 pF 

A.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 10V ±5%, TA == -40°C to +85°C, CL = 50pF 

SYMBOL PARAMETER MIN TYP MAX UNITS 

1 tDR Delay from DEVSEL to READ 150 ns 

2 iDW Delay from DEVSEL to WRITE 50 150 ns 

3 tDF Delay from DEVSEL to FLAG 200 ns 

4 tDe Delay from DEVSEL to Cl, C2 215 ns 

5 tDI Delay from DEVSEL to SKP/INT 215 ns 

6 tDA Delay from DEVSEL to OX 215 ns 

7 tLxMAR LXMAR Pulse Width 120 ns 

8 tAS Address Setup Time 40 ns 

9 tAH Address Hold Time 50 ns 

10 tDS Data Setup Time 65 ns 

11 tDH Data Hold Time 50 ns 

Note: See Figure 2 for an A.~. Timing Diagram .. 
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IM6i01 
IM6101-11 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 

IndustriallM6101-11 ............ -40°C to +85°C 
Storage Temperature ............ -65° C to 150° C 
Operating Voltage ................... 4.0V to 7.0V 
Supply Voltage , ................ , . . . . . . . . . .. +8.0V 
Voltage On Any Input or 
Output Pin .................. -0.3V to Vee +0.3V 

/ 

D.C. CHARACTERISTICS 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

TEST CONDITIONS: Vee = 5V ± 10%, TA =-40°C to +85°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High Vcc-2.0 V 

2 Vil Input Voltage Low 0.8 V 

3 III Input Leakage GNDSVINSVCC -1.0 1.0 I'A 

4 VOH Output Voltage High 10H = -0.2mA 2.4 V 

5 VOL Output Voltage Low 10l = 2.0mA 0.45 V 

6 10l Output Leakage GNDSVOUTSVCC -1.0 1.0 I'A 

7 Icc Power Supply Current-Standby Vce = 5V ± 10% 1.0 100 I'A 

8 Icc Power Supply Current-Dynamic Vee=5V±10% 
f=330 kHz 500 I'A 

9 CIN Input Capacitance 7.0 8.0 pF; 

10 Co Output Capacitance 8.0 10.0 pF 

A.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 5V ± 10%, TA = -40°C to +85°C, CL = 50pF 

SYMBOL PARAMETER MIN TYP MAX. UNITS 

1 tOR Delay from DEVSEL to READ 300 ns 

2 tow Delay from DEVSEL to WRITE 100 300 ns 

3 tOF Delay from DEVSEL to FLAG 375 ns 

4 toe Delay from DEVSEL to C1, C2 460 ns 

5 tOI Delay from DEVSEL to SKP/INT 460 ns 

6 tOA Delay from DEVSELto DX 460 ns 

7 tlXMAR LXMAR Pulse Width 240 ns 

8 tAS Address Setup Time 80 ns 

9 tAH Address Hold Time .125 ns 

10 tos Data Setup Time 80 ns 

11 tOH Data Hold Time 100 ns 

Note: See Figure 2 for an A.e. Timing Diagram. 

tI 
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IM6101 
IM6101AM 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 
Military IM6101AM ............. -55°C to +125°C 

Storage Temperature ............ -65°C to 150° C 
Operating Voltage .................. 4.0V to 11.0V 
Supply Voltage ........................... +12,OV 
Voltage On Any Input or 
Output Pin .................. -O.3V to Vee +O.3V 

D.C. CHARACTERISTICS 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of thedevicesat 
these or any other, conditions above those indicated ih the 
operation sections of this specification is not implied, 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

TEST CONDITIONS: Vee = 10V ± 5%, TA = -55°C to +125°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High 70% Vee V 

2 VIL Input Voltage Low 20% Vee V 

3 IlL Input Leakage GND::;VIN::;Vee -1.0 1.0 p.A 

4 VOH Output Voltage High IOH = OmA Vee-Om V 

5 VOL Output Voltage Low IOL = OmA GND+O.Ol V 

6 IOL Output Leakage GND::;Vour::;Vee -1.0 1.0 p.A 

7 lee Power Supply Current-Standby Vee=10V±5% 1.0 500 p.A 

8 lee Power Supply Current-Dynamic Vee=10V±5% 
f=571 kHz 2.0 rnA 

9 CIN Input Capacitance 7.0 8.0 pF 

10 Co Output Capacitance 8.0 10.0 pF 

A.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 10V ± 5%, TA = -55°C to +125°C, CL = 50pF 

SYMBOL PARAMETER MIN TYP MAX UNITS 

1 tOR Delay from DEVSEL to READ 165 ns 

2 tow Delay from DEVSEL to WRITE 50 165 ns 

3 tOF Delay from DEVSEL to FLAG 220 ns 

4 toe Delay from DEVSEL to Cl. C2 240 ns 

5 tOI Delay from DEVSEL to SKP/INT 240 ns 

6 tOA Delay from DEVSEL to DX 240 ns 

7 tLxMAR LXMAR Pulse Width 135 ns 

8 tAS Address Setup Time 45 ns 

9 tAH Address Hold Time 55 ns 

10 tos Data Setup Time 70 ns 

11 tOH Data Hold Time 55 ns 

Note: See'Figure 2 for an A.C. Timing Diagram. 



IM6101 
IM6101-1M 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 
Military IM6101..:IM ............ -55°C to +125°C 

Storage Temperature ............ -65°C to 150°C 
Operating Voltage ................... 4.0V to 7.0V 
Supply Voltage ........................... +8.0V 
VoltageOn Any Input or 
Output Pin .................. -0.3V to Vee +0.3V 

D.C. CHARACTERISTICS 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent device failure. These are 
stress ratings only and functional operation of the devicesat 
these or any other conditions above those indicated in the 
operation sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

TEST CONDITIONS- Vee = 5V + 10% TA - -55°C to +125°C - , -

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High Vee-2.0 V 

2 VIL Input Voltage Low 0.8 V 

3 ilL Input Leakage GNDSVINSVee -1.0 1.0 p.A 

4 VOH Output Voltage High 10H = -0.2mA 2.4 V 

5 VOL Output Voltage Low 10L= 2.0mA 0.45 V 

6 10L Output Leakage GNDSVOUTSVee -1.0 1.0 p.A 

7 Icc Power Supply Current-Standby Vee = 5V ± 10% 1.0 100 p.A 

8 Icc. Power Supply Current,-:-Dynamic Vee=5V±10% 
f=330 kHz 500 p.A 

9 CIN Input Capacitance 7.0 8.0 pF 

10 Co Output Capacitance 8.0 10.0 pF 

A.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 5V + 10%, TA = -55°C to +125°C CL = 50pF -

SYMBOL PARAMETER MIN TYP MAX UNITS 

1 tOR \, Delay from DEVSEL to READ 330 ns 

2 tow Delay from DEVSEL to WRITE 100 330 ns 

3 tOF Delay from DEVSEL to FLAG 415 ns 

4 toe Delay from DEVSEL to C1, C2 510 ns 

5 tOI Delay from DEVSEL to SKP/INT 510 ns 

6 tOA Delay from DEVSEL to DX 510 ns 

7 tLXMAR LXMAR Pulse Width 265 ns 

8 tAS Address Setup Time 90 ns 

9 tAH Address Hold Time 140 ns 

10 tos Data Setup Time 80 ns 

11 tOH Data Hold Time , 110 ns 

Note: See Figure 2 for an A.e. Timing Diagram. 

tI 

7-1'65 



IM6101 
APPLICATION 

INTRODUCTION 
The IM6101, Programmable Interface Element (PIE), 
provides a universal means of interfacing industry 
standard LSI devices and peripheral equipment 
controllers to the IM6100 Microprocessor. 

The IM6100 configures each PIE for a specific interface 
during system initialization by programming the control 
registers within the PIE for write enable polarities, sense 
polarities, sense edges or levels, flag values and interrupt 
enables. On power-up, the. registers will contain random 
bit patterns. 

The data transfer between the IM6100 and the peripheral 
devices does not take pla'ce through the PIE. The pro
grammable Interface Element provides the steering 
signals. for data transfers. This approach was chosen 
since all the standard LSI elements such as Keyboard 
chips, UARTs, FIFOs, etc. have internal storage latches 
and they require only control signals to take data from the 
bus or to put data on the bus. If some user defined 
peripheral interfaces do not have these built-in storage 
elements, discrete CMOS or low powe(Schottkylatches, 
or flip-flops, must be provided to store the data from the 
IM6100 until the peripheral device is ready to accept itand 
to latch data from the peripheral devices until the IM6100 
asks for it. 

INTERRUPT PROCESSING WITH PIE'S 
The PIEs provide for a vectored priority interrupt scheme. 
Up to 31 PIEs may be chained t6 obtain 124 interrupt lines. 
The microprocessor' will recognize, identify and start 
servicing the highest priority interrupt request within 
36.61-'s at 3.3MHz. 

The INTREQ iines from all PIEs are wire-ANOed together. 
A PIE ge~erates an interrupt request, if anyone of its four 
sense lines, which are interrupt enabled, become active 
by driving the INTREQ line to the IM6100 low. If no higher 
priority 'requests are outstanding (RESET, CPREQ, HL T 
or OMAREQ), the IM6100 will grant the request at the end 
of the current instruction. The content of the Program 
Counter is deposited in location OOOOs of the memory and 
the program fetches the next instruCtion from location 
0001s. The return address is hence available in location 
OOOOs. This address must be saved in a software stack if 
nested interrupts are allowed. 

The IM6100 activates the INTGNT signal high when an B· INTREQ is acknowledged. The INTGNT is reset byexe
cuting any lOT instruction. The PIEs use the INTGNT 
signal to freeze the priority network and to uniquely 

.' specify the PI E with the highest priority interrupt request. 
The PIE with the highest priority request sends a unique 
vector address to the IM6100 when the processor 
executes the first lOT instruction after the INTGNT. The 
Interrupt" Protolyping System uses .the lOT instruction 
VECT (60471 for Vectoring. 

The 12-bit vector add ress generated by the PI E consists of 
10 high order bits from the vector register, defined by the 
user during system initialization, and two low order bits 
which indicate the sense input that generated the 
interrupt. Therefore, if the instruction in location 0001s is . 
VECT-6047s, the processor will branch to 1 of410cations, 
depending on which of the sense lines within a PIE 
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generated the request. Each one of these locations must 
contain a Jump instruction pOinting to the specific service 
routine for the corresponding sense input. The 36.61-'s 
interrupt acknowledge time at 3.3 MHz consists of 17l-'s 
(max) to recognize an interrupt request, 3.61-'s to grant an 
interrupt request, lOl-'s to execute the VECT for vectoring 
and 6.01-'s to execute a Jump instruction to a specific 
service ·routine. . 

Proper vectoring requires· the following 
conditions: 
1. The IM6100 must be enabled for interrupts with the 

ION command, 

2. The INTGNT output of the IM6100 must be connected 
to the INTGNT of all the PIEs and the PRIN olthe PIE 
with the highest priority must be connected to VCC 
and its PROUT should be connected to the PR IN of the 
PIE with the next highest priority and so on. 

3. The IE bit of the sense line that is expected to generate 
the interrupt must be set t01. 

4. The sense line must be programmed to be edge' 
sensitive. If a sense line is programmed to be level 
sensitive, it will not generate an INTREQ nor will it 
generate a vector. 

5. The vector register of the PIE must be initialized with 
the proper vector. Note that the two least significant 
bits are generated by the PIE itself. 

6. The C1 and C2 lines of all the PIEs must be wired 
together with the C1 and C2 of the IM6100 and pull up 
resistors must be provided on these lines since thePIE 
C1 and C2 outputs are open drain. TheSKP/lNT line of 
the PIE must be wired with the INTand SKP lines of the 
IM6100. If the PIE OX lines are buffered, the external 
bus must be enabled 'onto the PIE OX with the XTB 
being active high and the PIE OX bus must be enabled 
onto the external bus when the C1line of a PIE is active 
low (during RCRA, REA01, REA02 or vectorl. 

7. The vector address will be generated with the first lOT· 
of anykind after the INTGNT., 

8. Notealso that a successful skip on a sense line will 
reset an interrupt request by the sense line, il any. One 
should not thus turn on· the interrupt system after a 
15uccessful skip on a sense line expecting that the 
sense line that was just tested will generate a request. 

SKIP HANDLING WITH PIE'S 
Each PIE provides for four SENSE lines. The active state 
of the SENSE inputs can be programmed to be a low level, 
high level, positive edge or negative edge. There is a 
SENSE FF in the PIE associated with each SENSE line. 
This FF is set when the SENSE line is "active" 

The state of the SENSE FF can be tested by the SKP 
comman9s, When the IM6100 executes a SKIP in-

. struclion, it will skip the next sequential instruction if 
the SENSE FFi is set. lithe skip is successful, the FF will 
be cleared. 

If the sense line was set up to be edge sensitive, it can, 
therefore, be tested for the 'set' state only once. If the FF is 
set by a level, it will be cleared by the successful skipand 
then, set immediately by the active level. 
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If the SENSE FF was set by an edge, and the respective IE 
bit is enabled: the PIE will generate an INTREQ to the 
IM6100. Provided the priority conditions are met, the PIE 
will supply the vector address to the IM6100 when it 
executes the first lOT instruction of any kind, after the 
INT.REQ has been granted. If the vector address is 
generated by FFi, one may still skip once on sense line i. 
It should be noted that if priority vectoring is inhibited by 
grounding PRIN, !in INTREQ will be cleared only if a 
SKIPi instruction is executed to test the FFi that generated 
the req·uest. Note also that an INTREQ will not be 

, gerierated if the sense line was set up to be level sensitive. 

In certain instances, one may be interested in restoring 
the set state of a SENSE FF after it has been successfully 
tested and cleared and if the SENSE line has been 
programmed to' be edge sensitive. For example, assume 
that SENSE1 is programmed to be positive edge sensitive 
(SL1 = D, SP1 = 11. The transition from a 0 to 1occurred; 
SENSE FF1 is set; SENSE1, is at a 1 level. SKIP1 
instruction will clear SENSE FF1. The SENSE 'FF1 can be 
set, under program control, by creating an internal edge. 
This 'is accomplished, in this specific instance,by 
programming SP1 to a 0 and then back to a 1. Since SP1 is 
in CRB and it cannot be read from the' PIE, the CRB 
constant must be stored in user memory, for example, 
location KCRB. 

CLA 
TAD KCRB 
AND K7740 
WCRB 
TAD K0020 
WCRB 

IGet CRB constant 
ISP1 = 0 
IWrite CRB to clear SP1 
ISP1 = 1 ' 
IWrite CRB to set SP1 

KCRB, CRB ICRB constant 
K7740, 7740 
K0020, 0020 

Software systems employing Skip's on a Sense input while 
allowing the same input to, create an Interrupt should pay 
'attention to the fact tliat the Skip and Interrupt flip flops 
are synchronized by LXMAR from the IM6100. Since there 
is no LXMAR during 10TB of an 1/0 instruction: the 
following can occur. Assume that the following two 
instruction sequence is used: 

SKIP SENSEX 
JMP-1 

ISENSE F/F SET? 
INO: WAIT FOR IT, 

Where SENqEX is also Interupt enabled. 

Now, assume that the appropriate 'Edge' occurs during 
the fetch state of the ~kip instruction. The Edge causes 
both flip flops to be set and the LXMAR produced at IOTA 
time creates an Interrupt request., The ,Skip, instruction 
execution causes a Skip and clears the Skip flop flop. 
However, the Interrupt flip flop will not reflect the fact that 
the Skip flip flop has been cleared .until after the next 
LXMAR occurs. So, the Interrupt request. remains active 
during 10TB time since ,the 10TB cycle does not have a 
LXMAR. The IM6100 honors the Interrupt request since 
the next LXMAR doesn't occur until after the lOT is 
finished. The Interrupt servicing routine will not Skip 
again if iUries to find the device that created the Interrupt. 
.Note that the proper Vector Address will still be generated. , 

PIE INSTRUCTION FORMAT 
The IM6100 communicates with the PIEs using the Input
Output Transfer IIOTI instructions.,The firstthree bits, 0-
2, are always set to 68 11101 to specify an lOT instruction. 
The standard PDP-8/E'·, convention is to set the next 6 
bits, 3-8, to specify 1 of 64 1/0 devices and then to control 
the operation of the selected I/O device by using bits 9-11. 
However, the PDP-8/E interfaces are not standardized 
si nce a specific pattern of bits 9-11 could specify' 
completely different operations in different 1/0 devices. 
For example, the pattern 000 in bits 9-11 could mean a 
read operation for Interface A, a write operation for 
Interface B, a skip instruction for Interface C and so on 
since the operation for any lOT instruction depends 
entirely upon the circuitry designed into the 1/0 device 
interface. 

The lOT instruction format for the PIE is different from 
that used by PDP~8/E"; interfaces'. The first three bits are., 
as usual, set to 68 to indicate an lOT instru·ction. The next'5 
b,its, 3-7, specify 1 of 31 PIEs and !hen the operation of the 
selected PIE is controlled by bits 8-11 in 16 uniquely 
specified ways. For example, the specific pattern 0000 in 
bits 8-11 'means exactly the same operation for all PIEs, 
namely activate' READ1 line. 
Of the 32 possible combinations of bits 3-7, the pattern 
00000 is reserved for internal Processor iOT instructions 
a'nd hence not available as a PIE address .. ' 

Recommended address aSSignments for the IM6101-PIE 
(Programmaple Interface Elementi are as follows: , 

000 00 Internal lOT 1600XI and DEC HS RDR 1601XI 
000 01 DEC HS PUNCH 1602XI and DEC TTY 

Keyboard 1603XI 
000 10 DEC TTY PRINTER (604XI 
000 11 INTERCEPT PIE-UART Serial Interface, 

001 00 INTERCEPT PIE-UART PRINTER Interface 
001 01 IM6102cMEDIC REAL TIME CLOCK 
001 10 ' Reserved for Intercept Option - 1 
001 11 Reserve,d for Intercept Option - 2 

010 00 IM6102-MEDIC EMCIDMA ' 
010 01 IM6102-MEDIC EMC/DMA 
010 10 IM6102-MEDIC EMC/DMA 
010 11 IM6102cMEDIC EMC/DMA 

011 00 IM6103-P10 
011 01 IN6103-P10 
011 10 IN6103-P10 ' 
01,1 11' IN6103-P10 

100 00 USER 
100 01 USER 
100 10 USER 
100 11 USER 

101 00 USER 
101 01 USER 
101 10 USER 
101 11 USER 

1,10 00 USER 
110 01 ,USER 
110 10 L,JSER 
110 11 USER 

111 00 Reserved for Intercept Option, - 5 
111 01 Reserved for Intercept Option - 4 
111 10 Intercept FLOPPY DISK System 1675XI 
111 11 Reserved for Intercept Option - 3 

fJ 
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PARAMETER DEFINITION 

Minimum Peripheral device write data setup time w.r.t. leading edge of WRITE twpo (lM6100) + tOW·(MIN) (lM6101) - toso (IM6100) 

Minimum Peripheral device write data hole ti(Tle w;r.t.·leadlng.edge of WRITE tOHO (IM6100)-t twpo .rIM6100) - tow (MAX) (lM6101) 

Maximum' Peripheral device read data enable 'time tEND (lM6100) - t,oR (IM6101) 

·TIMING REQUIREMENTS ON PERIPHERAL 
DEVICES 
The timing required on peripheral devices is affected by 
the combined delays of the IM6100 and IM6101 devices. 
The table above describes 'thepe,ripheral device. timing 
requirements with respect to the data given forthe IM6100 
and IM6101AC characteristics. 

The values at any operating frequency, temperature 
and/o~ power supply voltage can be evaluated by 
substituting the calculated values for the IM6100 and 
IM6101 parameters in the defining expressions. 

ASYNCHRONOUS SERIAL INTERFACE 
WITH PIE AND UART 
The IM6402/03 Universal Asy~chrorious Recei~erl 
Transmitter is a general, .purpose programmable serial 
device for interfacing' an asynchronous serial data 
channel to a parallel synchronous data channel. The 
receiver converts a serial word with siart, data, parity and 
stop bits to a 'paralfel data word and checks for parity, 
framing and' data overrun errors: The transmitter section 
converts a parallel data wordiilto a serial word with start, 

. data" parity and stop bits. The data word length may be 5, 
6, 7 or 8 bits. Parity may be odd or even. Parity checking 
and generation can be inhibited. The number of stop bits 
may be 1 o~ 2 or 1 1/2 when transmitting a 5 bit code. 

ThelM6402l03 can be used in' a wide' variety of 
applications including interfacing'modems, Teletype'· 
and remote data acquisition systems to the IM61 00 (Tlicro-

PIE/UARTIIM6100 INTERFACE 
, r-JlflAYSTAL 

DX(O) 

DX(I1) 

IM6100 

LXMAR 
DEVSEL 
INTGNT 

XTC 

~t 
Vee .. 

Cl 
C2 " 

SKP 
INTREQ i::= Vee II co 

a:-'I-U .,..NI-" 
"'wZ .... UUz 
:::E0CJ:te ~ SELECT CODE: ~~~ ." SEL3 = 0 'w 

SEL4 = 1 $ DX(O) 

SEL5 = 1 
SEt.6:. 1 ~ 

PIE 

SEL7 = 0 .' IM6101 

~ WRITE 

~ 
~ DX (11) . 

, . 
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READl 

WAITE 1 

proc~ssor. The IM6403 makes provisions for a' crystal 
osCillator and internal divider chain to specify the data 
transfer rate. In the IM6402' the data transfer rate ,is 
controlled by an ,external timing source, for example, a . 
Baud Generator. 

A funCtional block diagram of .the PIE/UART/Ity16100 
interface is shown below. The UART is configured, in this' 
specific example, to interface with an ASR-33 Teletype 
which has a data format that consists of 11 bits - a start 
bit; 8 data bits and 2 stop bits. The UART is clocked at 16X 
ttie data rate. For the 10 character per second ASR-33, the 
UART clock frequency would be 1.76 KHz. 

An 8-bit data word from the IM6100. Accumulator is 
loaded. into the, Transmitter Buffer Register via inputs 
TBR8-TBR1 when the Transmit Buffer Register Load 
(rBRU signal makes a zero to one transition. A high level 
on Transmit Buffer Register Empty (TBRE) indicates that 
the buffer is ready to accept a new character for trans
mission. The microprocessor checks the status of TBRE 
via SENSE;2 before it transmits a new character to .the 
UART by pulsing WRITE1. The start bit, data bits and stop 
bits appear serially at the Transmit Register Output (TRO)' 

A serial data stream on the Receiver Register Input (RRD is 
clocked into ihe Recei.ve Buffer Register. A'!1igh level on 
Data Received'(DR) indicates that a character has been 
received. Th~ contents of Receiver Buffer Register appear 
on the outputs RBR8-RBR1 when a low level is applied to 
Receiver Register Di.sable <HRD) input. The RBR outputs 
are tristated when RRD is high. A low level on Data 
Received Reset (DRR) clears the DR flag. RRD and DRR 

J .'," • I 

I 

/ 

, DX (4) ~ TBR (8) RBR (8) ~ DX (4) 

~ ~. ' UART.· ~ 
~ IM6402 ~ 

DX (11) ~ TBR (;) RBR (1), 1-+' DX (11), . 

"r ORR 
RRD 

SENSE1r 
fiiii[ PI = 1 No Plrlly 

CLS1 = CLS2 = 1 8.0.1 •. 811. DR· 
SSS = 1 TBRE 2 Stop BU, 

~ 
RRI TRO RRC::: TAC = 1.76 KHz 110 Saud Rate 

1: j 'CRYSTAl S 2.5 MHZ. 

-----------110 BAUD SERIAL PORT 
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may be tied together to clear DR as the register data is 
being read. The microprocessor monitors the status of the 
DR flag via SENSE1 to see if a new character has been 
received before it reads the information stored in tile 
buffer register by pulsing READ1 low. 

The UART interface uses only the low order 8 bits of the 

IM6100 data bus lOX) to receive and transmit characters. 

The NAND gate is used to load the UART with the leading 
edge of the WRITE pulse since the IM6100 data is valid 
only with respect to the leading edge at higher operating 
frequencies. 

PIE CONTROL REGISTER ASSIGNMENTS FOR IM6402 UART INTERFACE: ' 

0 1 2 3 4 5 

CRA I- -I 

0 1 2 3 4 5 

CRB I- SL2 SL11 

6 7 8 9 

WP1 - I 

6 7 

SP2 SP11 

1011 

IE2 IEll 

WP1 = 0 

IE2 = 1 
IE1 = 1 

SL2 = 0; SP2 = 1 
SL 1 = 0; SP1 = 1 

Active low WRITE1 (TBRLl 

Interrupt enable for SENSE2 (TBRE) 
Interrupt enable for SENSE1 (DR) 

If vectored interrupts are used 
(PIN = 1 or is part of a priority 
chain) the Interrupt Vector Register 
must be loaded with the desired 
vector address . 
. SENSE2 (TBRE) active on 0 to 1 transition 
SENSE1 (DR) active on 0 to 1 transition 

PIE ADD~ESS AND CONTROL ASSIGNMENTS: 

EXTERNAL COMMANDS OCTAL DESCRIPTION CODE 
'0 1 2 3 4 5 6 7 8 9 10 11 6340 Activate RRD low to transfer Receiver Register 
11 1 o 1 0 1 1 1 o 1 0 ·0 0 o 1 contents onto the OX lines and clear the Data 

lOT Address READ1, Received Flag. 

1 
1 1 o 1 0 1 1 1 o 1 0 0 0 1 

1 
6341 Activate TBRL low to transfer data from the OX 

WRITE1 lines to the Transmit Buffer Register. 

6342 Skip the next instruction if the internal SENSE 
11 1 o 1 0 1 1 1 01 0 0 1 o I FF1 was set by a positive transition on Data 

SKIPl Received (DR) and then clear SENSE FF1. 

6343 Skip the next instruction if the internal SENSE 
11 1 o 1 0 1 1 1 o 1 0 0 1 1 1 FF2 was set by a positive transition on Transmit 

SKIP2 Buffer Register Empty (TBRE) and. then clear 
Sense FF2. 

, 

INTERNAL COMMANDS OCTAL DESCRIPTION CODE 
0 1 2 3 4 5 6 7 8 9 10 11 

11 1 o I 0 1 1 1 o 1 0 1 0 o I 6344 'OR' transfer Control Register A to the AC. 
lOT Address RCRA 

11 1 o 1 0 1 1 1 o 1 0 1 0 1 1 6345 Transfer AC to Control Register A 
WCRA , 

1 1 1 o 1 0 1 1 1 o 11 1 0 1 1 6355 Transfer AC to Control Register B 
WCRB 

1 1 1 o 1 0 1 1 1 o 11 1 0 o I 6354 Transfer AC (0-9) to Vector Register (0-9) 
WVR 

tI 
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PIE Address and Control Assignments: 

EXTERNAL COMMANDS 
, OCTAL 

CODE DESCRIPTION 

0 1 " 2 3 4 5 6 7 8 9 10 11 

I 
1 1 o 11 0 1 0 o I 0 0 1 o I 6502 Skip,and clear if SENSE1 is low -'used to detect 

lOT Addreto; SKIPI the status of the receive line. 

r 

I 
1 1 011 0 1 0 o I '0 1 1 0 

I 6506 Set FLAG1 to put the transmit line high ("MARK") 

SFLAGI 

, 

I 
1 1 o 11 0 1 0 o I 0 1~ 6507 Clear FLAG1 to put, the transmit line Io.w 

CFLAGI ("SPACE") 

I 
1 1 011 0 1 0 o 11 '·1 1 o I 6516 Set FLAG3 to enable the paper tape reader 

SFLAG3 .. 

I 1 1 o 11 0 1 0 o I 1 1 1 1 I 6517 Clear FLAG3 to disable the ,paper tape reader 

CFLAG3 

INTERNAL COMMANDS, 
OCTAL 

D.ESCRIPTION CODE 

0 1 2 3 4 5 6 7 8 9 10 11 

I 1 ' 1 o 11 0 1 0 01 0 1 0 01 6504 'OR' transfer Contrql Register A to AC 

lOT Address RCRA , . 
I 

1 1 o II, 0 1 o , 0 I 0 1 0 1 I 6505 Transfer AC to 'Control Register A 

.wCM 

, 

11 1 011 0 I' 0 o 11 1 0 1 I 6515 Transfer AC to Control Register B 

WCRB 

11 1 o 11 0 1 0 o 11 1 0 o I 6514 Transfer AC 10-9) to Vector Register 10-9) 
" , 

WVR' 
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Subroutines for programmed lOT transfers: 

Program Listing: 

320e 8ee" INPUT I 

3291 6342 
3202 521" 

3283 7208 
3204 63~EJ 
3215 021lJ7 
3216 56121" 

321!l7 8377 K"377 I 

32U S"S" OUTPUT I 
321'1 6343 
3212 5211 

3213 6341 
3214 729S 
3215 56U' 

IREFER TO THE APPLICATION BULLETIN HeSS 
I"ROM BASED SUBROUTINE CALLS WITH THE 
IIM61~0" FOR THE IMPLEMENTATION OF A 
ISOFTWARE STACK. THE ROUTINES IN THI S 
INOTE ASSUME THAT THE SUBROUTINES 
IARE RESIDENT IN RAM AND ARE CALLED BY 
ITHE CONVENTIONAL JMS INSTRUCTION. 

IINPUT-OUTPUT ROUTINES FOR UART 
IINPUT ROUTINE READS AN 8-BIT CHAR 
IFROM .THE UART INTO THE AC RIGHT 
IJU5IFIED. THE OUTPUT ROUTINE XMT5 
IA CHAR FROM THE AC TO THE UART AND 
ITHEN CLEARS THE AC. 

IU5ER DEFINED 
RUART"634~ 
WUART-6341 

MNEMONICS 
IREAD UART DATA 
IWRITE UAR,. 

5KPDR=6342 15KP IF DATA REeD 
SKPTBR=6343 ISKP IF XMT ROY 

e IENTRY FOR SUBROUTINE 
SKPDR 
JMP! .-1 IWAIT FOR' DATA READY 

CLA 
RUART IAC<- UART 
AND K0377 ISTRIP 121-3 
JMP I INPUT IRETURN 

0377 

9 
SKPTBR 
JMP .-1 IWAIT FOR XHT. RDY 

1WART 
CLA IWRITE UART & CLA 
JMP I OUTPUT IRETURN 

tI 
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TELETYPE INTERFACE WITH PIE 
A simple economical program controlled serial in'terface 
for a Teletype can be built using only the Programmable 
Interface E.lement. The interface uses one Sense line to 
receive serial data, one Flag line to transmit serial data 
and one Flag line to control the Teletype paper tape 

PIE Control Register Assignments 

0 

CRA 1 ·1· 

CRB SL11 

reader, as shown be,low, Timing for proper transmit pulse 
widths, setting and clearing FLAG1, and proper receiver 
sampling times, testing SENSE1 ,is created via software 
timing loops. 

9, 10 11 

; 1 

SP11 

SL1=1;SP1=O SENSE1 is level sensitive and active low: 

IM6100/PIE/TELETYPE INTERFACE 

4 MHz 

rl1 
ox (0) 

OX (11) 

IM6100 

LXMAR 
DEVSEl 
INTGNT 

XTC 

B ~~r C1 
C2 

SKP ::::: INTREO 
co 

tt:...II-U ~~~ 

¢wZI- UU~ ::!:tI)C)( 
x> ... 

SELECT CODE: ..J~~ ;; FLAGl 
SElJ 1 ::: ox (0) TELETYPE TRANSMIT 

SEl4 0 ~::: SENSEl 
SElS 1 IM6101 TelETYPE RECEIVE 

SEL6 0 ~:: P'E FLAG3 
SEl7 0 

~= 
TELETYPE READER CONTROL 

--- OX(ll) 

"-'" 
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Subroutines for program~ed lOT transfers: 

Transmit character routine: 
The transmit routine takes an 8-bit character from the 
Accumulator and transmits it to the Teletype via FLAG1. 
FLAG1 is initially set high.or "mark". For each character, 

the program sends out a startbit ("space" - zero), 8 data 
bits with the least significant bit first and 2 stop bits 
("mark" - one). 

Program listing: 

JIlIl" """" XMT. 
JIl" I 316" 
3""2 1235 
JIl03 3161 
JIlll4 I 1611 

JIlll5 6507 
JIlll6 4225 

JIlll7 70111 LOOP. 
JIlIIl 74311 
Jill I 5214 

JIll 2 65117 
31113 741" 

3"14 6506 

JIl I 5 4225 

JIll 6 2161 
311 I 7 52117 

311211 65116 
31121 4225 
31122 4225 

31123 7311" 
31124 561111 

31125 
II II "" 

' DELAY. 
3826 31611 
JIl27 i 236 
311311 3162 
31131 11611 

31132 2162 
3833 5232 

31134 5625 

31135 77711 H8. 
31136 6513 M693. 

"1611 """" TEMPI. 
11161 """" TEHP2. 
111162 Illl"" TEHP3. 

ITELETYPE .XMT ROUTINE 
IFLAGI IS INITIALISED TO I (MARK) 
ICHAR TO BE XMTED IN AC4-11 
INOMINAL .BIT TIME .9.119 MS 
14KHZ OPERATION FOR IM611l1l 
lAC AND L CLEARED AFTER XMT 

IUSER DEFINED MNEMONICS 

TMARK~65116 

TSPACE"6507 
IXMT MARK (I) 
IXMT SPACE(Il) 

II 
DCA TEMPI 
TAD M8 
DCA TEMP2 
TAD TEMPI 

TSPACE 
JMS DELAY 

ISAVE AC 

1-8 IN TEMP2 
IRESTOREAC 

ISTART.BIT 
ITIME OUT BIT· 

IXMT 8 DATA BITS LSB FIRST 
RAR IXMT BIT IN L 
SZL 
JMP .+3 IJMP IF 

TSPACE IXMT " 
SKP 

TMARKi IXMT 

JMS DELAY 

ISZ TEMP2 
JMP LOOP 

TMARK 
JMS DEl..AY 
JMS DELAY 

CLA CLL 
JMP 1 XMT 

II "" I! DCA TEMPI 
TAD H693 
DCA TEMP3 
TAD TEMPI 

ISZ TEHP3 
JMP· .-1 

JMP DELAY 

777" 
6~13 

.161! 
II II I! II 
II II Ill! 
II Ill! I! 

ITIME .OUT BIT 
19.1182 MS NOMINAL <.IS ERROR 

IXHT 8 BITS 

ISTOP BI T 

12 STOP BITS 

IRETURN 

19."43 MS 
ISAVE AC 

1-693 IN TEHP3 
IRESTORE AC 

!TIME OUT LOOP 
19.009 MS 

IRETURN 

tJ 
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Receiver character routine: 
The receive routine accepts a serial data string from ihe 
Teletype which consists of a start bit, 8 data bits with the 
least significant bit first and 2 stop bits and assembles 
them, right justified, into an 8-bit word in the 
Accumulator. Each bit is sampled in the middle of the bit 
interval. The user can read character by character from 

the Teletype reader by' turning the reader off after 
receiving each character and then reeriabling it under. 
program control to fetch the next character in sequence 
The routine assumes that the program is waiting for a 
character from the Teletype. 

Program listing: .3180 

'·174 

3U'9 
3181 
3192 
3193 

8""" 7309 
1235 
3161 

3194 6516 

RCVE" 

ITELETYPE RECEIVE ROUTINE 
ISENSEI IS INITIALISED TO BE LEVEL 

ISENSITIVE AND ACTIVE LOW 
lAC AND L ARE CLEARED. CHAR IN AC 4-11 

IUSER DEFINED MNEMONICS 

8"90 

SKPL0Io1=6502 
. RDRON-6516 

RDROFF-6517 

CLA CLL 
TAD M8 
DCA TEMP2 

ISKP IF TTY IN IS 8 
IENABLE RDR 
IRDR OFF 

RDRON IENABLE RDR 

3105 6502 START" SKPLOW 
3106 5305 JMP .-1 

3107 1330 
31111J 3162 

3111 2162 
3112 5311 

3113 6502 
3114 5305 

3115 6517 

3116 4225 DATA" 

3117 
3128 
3121 
3122 

3123 
3124 

3125 
·3126 

3127 

7100 
6592 
7920 
7919 

2161 
5316 

7012 
7912 

5799 

3138 7243 H349" 

TAD M349 
DCA TEMP3 

ISZ.TEHP3 
JMP .-1 

SKPLOIo1 
JHP START 

RDROFF 

JMS DELAY 

CLL 
SKPLOW 
CML 
RAR 

I.SZ TEMP2 
JHP DATA 

RTR 
RTR 

JHP I ReVE 

7243 

IWAIT FOR START BIT , 

1-349 IN TEMP3 

11/2 BITDEl.AY 
14.532 MS 

IFALSE START BIT 

IGOOD START BIT 
ITURN OFF RDR 
IFUl.l. BI T DELAY T,O THE 
IMI DDl.E OF NEXT BIT 
1<.15% ERROR 

11.=1 IF HARK 

IReVE 8 BITS 

IRIGHT JUSIFY 

IRETURN 



FEATURES 

• Provides Extended Memory Address to 32K Words 

• Simultaneous DMA - Provides Simultaneous DMA 
Channel that Uses OX Bus During Second Half of a 
Cycle to Access Memory . 

• DMA Channel Can be Used for Dynamic RAM 
Refresh 

• 12-Bit Programmable Interval Timer 

• Direct Interface with IM6100 Microprocessor Via 
Bidirectional DX Bus and Handshake Lines 

• Hardware Reset 

• 28 Different I/O Instructions 

PIN CONFIGURATION 

Vee 
DMAEN 

OMAGNT 

RESET 

UP 

XTA 

LXMAR 

lXMAR* 

XTC· 

XTC 

CLOCK 

SKP/lNTX 

OXO 

OXl 

OX2 

OX3 

ox-

jiffc)i]T" 

'INTGNT 

EMA2 

EMAl 

EMAO 

SKP/INT 

C; 
e;
Go 
OSCOUT 

DEVSEL 

OSCIN 

OX11 

OX10 

GNO 

OX9 

OXB 

OX7 

OX6 

OX5 

ORDERING INFORMATION 

ORDER CODE IM6102-1 IM6102A 

PLASTIC PKG. IM6102-11PL IM6102-AIPL 

CERAMIC PKG IM6102-110L IM6102-AIDL 

MILITARY TEMP. IM6102-1MOL IM6102-AMOL 

MILITARY TEMP. IM6102-1 IM6102-AMOLI 
WITH 883B MOLl883B 883B 

IM6102 

IM6102-IPL 

-

-
-

IM6102 
Memory Extension/ 

DMA Controller/ 
Interval'Timer 

(MEDIC) 

GENERAL DESCRIPTION 

The IM6102 is a multi-function peripheral controller 
chip incorporating functions such as memory exten
sion, direct memory access control, and a program
mable real time clock. 

The IM6102 provides necessary control to address up 
to 32K words of memory, and its DMA channel canbe 
used with Dynamic RAM Components for "transparent 
refresh". The programmable real ti me clock is 12-bit 
long, and its output frequency can be programmed for 
5 decades. 

Itfeatures ahigh degree of system integration, putting 
into one chip all the functions which are normally 
available in three or more LSI circuits. As a result of this 
larg~ integration, the user can design and. produce a 
compact microcomputer with minicomputer per
formance. 

PACKAGE DIMENSIONS 

! I 2.040 (51.820) I 

[:::: ::::::::::: ::: r~37161 
~x I~·~~;l 0.012 (0.305) TVP. 

'0.0201.511 '. (4.0641 s-i TYP~01.( 1°.0251 

J -U~--t-' 
I ---I'. ---I. I . 0.160 (4.0641 I 0.660--1 
f+--, 1-0 I-, MIN I-- (16.764) 

0.070 (l.na) 0.01a 10.457) TYP. '0.100' MAX. 
TYP. 0.020 (0.508) (2.540) 

40 PIN PLASTIC DUAL-IN-LiNE PACKAGE (PL) 

0.050 0.165 
(1.270) 14.191) 0.020 (5.0BO) 

T~~~OO~ 
J I ---I'I I ~, 0.600 I 0.008(0.203) 

f---, f--, ~ 1---1 _ 0.125 1--(15.240)-10.012 (0.305) 
0.050 (1.270) 0.018 (0.457) 0.100 (2.540) (3.175) REF. 
·0.010 (0.254) '0.002 (0.051) ·0.010 (0.254) M1N. 

40 P1N CERAMIC DUAL·1N-UNE PACKAGE (DLI 

NOTE: DIMENSIONS 1N PARENTHESIS ARE METRIC 
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Vee 

DMAEN 

OMAGNT 

MEMSEL 

IFETCH 

MEMSEL" 

RESET 

UP 

XTA 

LXMAR 

lXMAR* 

XTC~ 

XTC 

CLOCK 

SKP/IN"TX 

OXO 

OX, 

OX2 

OX3 

OX. 

PROUT 

INTGNT 

EMA2 

EMAl 

EMAO 

SKPJINT 

C; 
C; 
~ 
osc OUT 

5EVill 
OSCIN 

OX11 

DX10 

GNO 

OX9 

OXB 

OK;' 

OX6 

OX5 

IM6102 FUNCTIONAL PIN DESCRIPTION 

Pin 
Number Symbol 

1 Vee 

2 DMAEN 

3 DMAGNT 

4 

5 IFETCH 

6 

7 

8 
g XTA 

Inpull 
Output 

o 

o 

Description 

Supply voltage 

Enable the IM6102 DMA chan
nel to transfer data 

Direct memory access grant 
from CPU 

Memory select for read or write 
from CPU 

CPU flag indicating instruction 
fetch cycle 

Memory select generated by 
the IM6102 

Asynchronous reset will clear 
Instruction Field to Oa, disable 
all interrupts, initialize DMA 
port to READ/REFRESH, ini
tialize timer to "stop", "divide 
by 2'2 mode" and "enable 
divide counters" 

User pulse I read or write I 

CPU external minor cycle tim
ing signal 

Pin 
Number Symbol 

11 LXMAR' 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

XTC' 

XTC 

CLOCK 

DXO 

DX1 

DX2 

DX3 

DX4 

DX5 

DX6 

DX7 

~)X8 

DX9 

GND 

DX10 

DX11 

OSCIN 

OSC OUT 

Co 

C1 
C2 
SKP/INT 

EMAO 

EMA1 

EMA2' 

Input/ 
Output Description 

o LXMAR generated by the 
IM6102 

o XTC generated by the IM6102 

I CPU external minor cycle tim
ing signal 

I Oscillator OUT pulses from 
CPU for timing the IM61(i2 
DMA transfers. 

I Multiplexed SKP/INT line from 
lower priority devices 

I/O Most significant bit of the 
12-bit multiplexed address and 
data I/O bus 

I/O See pin 16-DXO 

I/O See pin 16-DXO 

I/O See pin 16-DXO 

I/O See pin 16-DXO 

I/O See pin 16-DXO 

I/O See pin 16-DXO 

110 See pin 16~DXO 

I/O See pin 16-DXO 

I/O 

I/O 

I/O 

I/O 

I 

o 
o 

o 
o 
o 

o 

o 

o 

See pin 16-DXO 

Power Supply 

See pin 16-DXO 

See pin 16-DXO 

Crystal input for timer oscil
lator 

Device select for read or write 
from CPU 

See pin 29 

Control lines to CPU determin
ing type of peripheral data 
transfer 

See pin 32-Co 

See pin 32-Co 

Multiplexed SKP/INT input to 
the CPU 

Extended memory address 
field I most significant bitl 

Extended 
field 

Extend'ed 
field 

memory address 

memory address 

10 LXMAR I A falling edge of LXMAR pulse 39 INTGNT I CPU interrupt grant 

7 from CPU will load external 40 PROUT 0 Priority out for vectored inter-
L-____ -l ________ -l __ ~ __ ~m~e~m~o~r~y_a~d~d~r~e~s~s~r~eg~I~·s~te~r ____ -J rupt 

. NOTE: All OX lines are bidirectional with three-state outputs: Pins 6, 8, 11,12,35,40 have active P'UIlUPS; pins 32, 33, 34 have open drain 
outputs; pin 15 has a resistive input pullup; all inputs are protected with resistors and clamp diodes. 
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IM6102 
ARCHITECTURE 

The IM6102 is composed of three distinct functions: 

a) A OMA port that uses the bus during the second half of 
a cycle to read, write, or refresh memory. The OMA port 
logic includes a word count register WC, a current address 
register CA, an extended current address register ECA, 
and a OMA status register. 

b) An extended memory address controller that augments 
the 12·bit addresses generated by the IM6100 micro· 
processor by supplying a 3-bit address field that may be 
decoded to select one of eight 4096 word memory fields. 
The memory extension controller logic consists' of an 
instruction field register IF, a data field register DF, an 
instruction buffer register I B, and a save field register SF. 

c) A realtime clock whose mode and time base rate may be 
programmed by the user. The clock logic includes a clock 
enable register CE, a 'clock buffer register CB, a clock 
counter register CC, and a time base multiplexer. 

A block diagram of the IM6102 isshown in Figure 1. 

The IM6102 registers are summarized as follows: 

A, SimultaneousDMA Channel (Figure 3) 

CURRENT ADDRESS (CA) REGISTER 

This register is a 12·bit presettable binary counter. At 
the beginning of a SOMA transfer, the current address 
must be set to the first location to be accessed. The 
content of the CA register is incremented by 1 after a 

12 

IM6100 

SOMA transfer, and the incremented value is used as the 
address of the memory location with which the next 
transfer will be performed. 

EXTENDED CURRENT ADDRESS (ECA) REGISTER 

This is a 3-bit presettable binary counter and if the carry 
enable bit of the OMA status register is set, the 12-bit 
CA register and the 3 ECA bits are treated as one 15·bit 
register with the ECA bits most significant. If memory 
field 7 (all 3.bits at logic one) is selected, the ECA cannot.' 
increment, but will wrap around in field 7 and an F7 
error (F7E) will occur. The Interrupt Enable bit IE in 
SR11 must be set to enable F7E interrupts. If enabled the 
F7E will request an interrupt. If the carry enable bit CE 
in SR9 is not set, the ECA is not incremented when CA 
goes from 7777Sto DODOS. 

WORD COUNT (We) REGISTER 

A 12-bit presettable binary counter is used as a word 
counter. At the beginning ofa SOMA transfer, the two's 
complement of the number of 12-bit words to be trans
ferred must be loaded into the WC. If enabled this will 
initiate the SOMA operation. The, WC register is incre· 
mented by 1 after a SOMA transfer. If this value becomes 
zero, word count overflow has occurred and if the I E bit 
in SR 11 is set, interrupts are enabled and an interrupt is 
requested. Unless instructed to be in the continuous run 
mode, a WC overflow inhibits further transf~rs. The WOF 
is set when the MSB of the WC register makes a "1" to 

"0" transition. 

0 
;: 
~ 

~ 
~ 
5i 

OX 

LXMAR* 

MSEL* 

XTC· OMA 

UP 

DMAEN 

PROUT VECTOR 
INTERRUPT 

EMA(O·2) 
EMA 

INT/SKPX 

IN ose (4MHz) elK 
OUT 

vee 
GNO 

FIGURE 1: IM6102 MEMORY EXTENSION/DMA/INTERVAL TIMER CONTROLLER IMEDlC) 

tI 
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XTA 
----'--'-----' 

XTe 

LXMAR 

EMA.w 2J __ +-_---'''-__ L-..c:.:c..:...~L---''--......JL---=.::'''-~f'_----....::.'-------

XTC' 

MEMsEt-
DMA 
READ 

UP 
MEMORY OMA PORT 

XTC' 

MEMSEl" DMA 
WRITE 
DMA PORT . MEMORY 

UP 

FIGURE 2: MEDIC TIMING FOR DCA I 

DMA Status Register 
This register consists of 5 control bits and 2 flag bits for the SOMA feature. For a description refer to the register bit 
assignments. 

OPERATION 

INTERRUPT VECTOR REGISTER 
VRO· VR10 VAll COF 

, WORDCQUNT 
weo'· well 

CURRENT ADDRESS 
CAD· CAl' 

!LeAR 
RFSR 

lFSR (7·11) 

.- __ R~~.t_ __ _ __ .., 
I ACCUMULATOR I 

LEAR 

L_. ________________________ ...J 

REAR 

FIGURE 3: SDMA REGISTERS 

The IM6102 SOMA channel augments the throughput ofthe 
IM6100 during DMA operations by transferring data be·· 
tween memory and peripheral devices. simultaneously with 

normal processor bus usage. In other words, no memory 
cycles are. "stolen" from the processor; but the DMA 
address and data are transferred on the bus during periods 
that the OX bus is inactive. 
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TABLE 3 SDMA INSTRUCTIONS 

MNEMONIC 
OCTAL 

OPERATION 
CODE 

LCAR 62058 LOAD CUR RENT ADDRESS REGISTER (CA) The contents of the AC replace 
the contents of the CA and the AC is cleared. DMA sequencing is stopped. 

RCAR 62158 READ CURRENT ADDRESS REGISTER 
Description: Contents of CA transferred to AC. 

LWCR 62258 LOAD WORD COUNT REGISTER (Wei 
Description: Contents of AC are transferred to the WORD COUNT REGISTER. 

the AC is cleared WORD COUNT OVERFLOW (WOFI is cleared and DMA 
operation started. 

LEAR 62N68 LOAD IMMEDIATE TOEXTENDED CURRENT ADDRESS REGISTER (ECAI 
Description: Fi,eld N of the lOT instruction is transferred to the Extended current 
address r~gister. 

REAR 62358 READ EXTENDED CA 
Description: Extended current addres~ register contents OR'd into ,bits 6. 7. 8. 
of AC, 

LFSR 62458 LOAD DMA FLAGS and STATUS REGISTER 
Description: AC bits 7-11 are transferred to the DMA STATUS REGISTER 

and the AC is cleared. 
RFSR 62558 ,READDMA FLAGS and STATUS REGISTER 

Description: DMA Flags and Status Register bits are OR transferred into AC bits 
" 

5-11 and Field 7 wraparound error IF7EI is cleared. 

SKOF 62658 SKIP ON OVERFLOW INTERRUPT 
Description: The PC is incremented by 1 if a word count register overflow interrupt 

condition is present causing next instruction to be skipp'ed. 

WRVR 62758 WR ITE VECTOR REGISTER 
Description: AC bits 0-10 are transferred to the Vector Register and the AC is cleared, 

CAF 60078 CLEAR ALL FLAGS-clears F7E and WOF (and also COF), Clock enable and clock 
buffer. The DMA process is initiated if the status register is not set to the "stop" mode. 

TABLE 4 DMA FLAGS AND STATUS REGISTER BIT 
ASSIGNMENTS 

DMA MODES 

'0 1 2 3 4 5 6 7 a 9 10 11 

F7E WOF SR7 SRa CE RIW IE 

where' - dOl;'t care for write and zero for read. 

F7E Fiel? 7 wrap, around carry error; cleared by 
CAF, RFSR and RESET 

WOF Logic one indicates word counter overflow; 
clear by CAF, L,WCR and RESET 

CE Carry enable from CAIO-ll) to ECA; cleared 
!:Iy ~ESET 

R(W Logic one indicates DMA write (Port to Mem
ory transfer). Cleared (DMA Read) by RESET 

IE, Enable interrupt when WC overflows or Field 7 
error occurs; cleared by RESET 

SR7,8 00 Refresh mode; WC is frozen, no UP, 
DMAEN is don't care 

01 Normal mode; DMAEN(H) freezes WC 

CA and no UP if we has not overflowed; 
stop if WC overflows 

10 Burst mode; DMAEN(H) freezes WC, CA 
and no UP if WC has not overflowed; 

11 
refresh condition if WC overflows 
Stops DMA 

SR7 = SR8 = 0 REFRESH MODE 

This is the mode to which the 6102 reverts on RESET. 
The word count register clock input is disabled, the User 
pulse (DMA data strobe) is suppressed and the DMAEN 
input is ignored. However, provided valid DMA transfer 
conditions are met in a particular memory cycle, the 
DMA sequencer will be' started, appropriate timing signals 
will be generated and the current address register will be 
clocked. Thus DMA read accesses will be performed con
tinually,with an essentially free-running current address 
register. ·Read accesses will refresh dynamic memory. No 
WOF is possible but an F7 Eis possible if bit SR9 is set, 
enabling a carry from the current address register to the 

extended current address register. 

SR7 = 0; SR8 = 1 NORMAL MODE 

This mode is used for normal SDMA operations with 
static memory. The following instruction sequence can 

be used: 

CLA (Clear AC 
TAD CA 
LCAR 

(Get starting address 
(Load into current address register and 

clear AC 

fJ 
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TAD SR IGet DMA status Register Constant 
LFSR IChange status (from refresh to normal 

for example) 
TAOWC 
LWCR 

IGet two's complement of. block length 
ILoad word count register and start 

DMA TRANSFERS 

Note that LWCR will start the sequencer so it should be 
the last instruction in the initialization sequence. The 
ECA register and vector register could also have been 
initialized in this sequence. 

The SOMA sequencer samples DMAEN on the rising 
edge of every XTA and latches the condition of the 
enable line. If DMAEN is low, the sequencer is enabled, 
external timing signals XTC', MSEL', UP, LXMAR' 
are generated, the WC and cA registers are clocked. 
If DMAEN is high, at XTA (t) time, the signal is 
sampled and latched and if the WC has not overflowed, 
the WC and CA registers are frozen, UP is suppressed. 
If the WOF condition comes up, the SOMA operation 
stops, regardless of DMAEN level. 

The DMAEN and UP signals provide a simple interlocked 

handshaking method for transferring data one or more 
characters at a time (entire blocks) concurrently with 
processor operations on the bus. Of course, at all times, 
independent of DMAEN, the SOMA sequencer can pro· 
ceed only if other bus usage condftions for DMA opera· 
tions are met (not IOTA, IAUTOI, PCA, JMS, IJMS, 
ISZ, DMAGNT, or access of location XOOOOS), 
NOTE: IAUTOI is an indirect cycle of any autoindexed instruc~ 

tion; IJMS is indirect cycle of JMS. An autoindexed JMP' 
instruction may not be ,executed when the DMA m"ode is 
active. 

SR7 ; 1; SRS ; 0 BURST MODE 

This mode is the same as the normal mode except when 
the word count register overflows. When this happens, the 
SOMA sequencer wi.ll set the WOF flag and revert to the 
refresh mqde (ignoring OMAEN, freezing WC and .sup· 
pressing UP). This mode is used when SDMA operations 
and dynamic memory refresh must be concurrently per· 
formed. The system designer must carma I the block 
lengths to be transferred, the refresh interval, and 
memory system design according to the application and 

performance desired. 

SR7; l;SRS; 1 STOP MODE 

In this mode, no SOMA operations will take place. 
Naturally, cycle stealing DMA is still possible, and indeed 
may be used in any of the modes but the designer must 
be aware that cycle stealing may adversely affect dynamic 
memory refresh intervals. LWCR and LFSR may be 
executed in either order to change mode and start 

DMA. 

B. Extended Memory Address Control 

Figure 4 shows the EMA registers in more detail along with 

the register transfers caused by various instructions. The 
EMA function of the IM6102 is program compatible with 
the DEC POP-S/E KMS·E Memory Extension option. The 
purpose of the EMA function is to extend the effective 

7-1S0 

addressing space of the system from 4K to 32K words. To 

perform thi~ function, the EXTENDED MEMORY CON· 
TROLLER maintains a 3·bit extended address which is de· 
coded by the memory modu les to select 1 of S mernory 
fields each containing 4096 words of storage. These 4K 
fields start with FIE LD 0 and progress to FIE LD 7 when 
32K of memory is used. All software communication with 
the controller is via programmed lOT instructions for which 
a summary 'is included in Table 1. 

Figure 4 shows, two 3·bit field registers: the Instruction 
Field, which acts ,as an extension to the Instruction and 
directly obtained operand addresses and the Data Field, 
which augments indirectly obtained operand addresses. The 
program can, therefore, 'use one field for instructions and 
address pointers and another field 'for data. The selection 

between Instruction and Data Fields is signalled by the 
OATAF signal generated by the IM6100. A discussion of 
the various registers follows. 

EXTENDED MEMORY ADDRESS (0·2) 

FIGURE 4: EMA REG ISTERS 

INSTRUCTION FIELD REGISTER (IF) 

'The I F is a 3·bit register that serves as an extension of 
the Program Counter (PC). The IF, however, is not 

incremented when the PC goes from 7777S to OOOOS. 
The contents of the I F determine the field from which 
all instruCtions are taken. Operands for all directly 
addressed memory reference instructions'also come from 
the Instruction Field, The,indirect pointer for all indirect· 
Iy addressed memory reference instructions reside in the 

Instruction Field. The I F is cleared to Os and the IM6100 
Program Counter iS,set to 7777S by RESET. 

DATA FIELD REGISTER (OF) 

The OF is a 3·bit register which determines the memory 
field from which operands are fetched in indirectly 

,addressed AND, TAD, ISZor DCA instructions. However, 
the branch address for indirectly addressed JMS or 
JMP instructions is obtained from the Instruction Field. 

. The Data Field register may be modified under program 

control. The DF is set to OS, on reset. 

, INSTRUCTION BUFFER REGISTER (lB) 

The I B i; a 3·bit registe~ which serves as an input buffer 
for the Instruction Field (IF) register. All programmed 
modifications of the I F register are made through the I B 
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register. The transfer from IB to IF takes place at the 

beginning of the execute phase of the "next" JMP 
or JMS instruction or immediately upon execution of 

an LI F instruction. Using this feature, a program seg· 
ment can ,execute an instruction to modify the I F and 
then "exit" the program segment before the actual modi· 
fication of the IF takes place. If instructions could change 
the IF directly, it would be 'impossible to execute the 
"next" sequential instruction, followed by'a Change IF 
instruction. The IB to IF transfer is inhibited if the 
JMP/JMS ,instruction is fetched from control panel 
memory, which is restricted to 4K, but the LI F instruc
tion is used here to provide the ability to load the IF 
register from the I B register. This allows the. control 
panel routines to be executed transparently while the 
I B and IF (jiffer and also yields a method for the panel 
to extract or alter the status of the' primary EMA 
registers. The I B is' set to 08, on reset. The I B to IF 
transfer takes place during the second cycle of a JMPI 
JMS instruction when XTC ma,kes a falling ( I ) transition. 

SAVE FIELD REGISTER (SF) 

The SF is a 6-bit register in'which the IB and OF registers 
are saved during an Interrupt Grant. When an Interrupt 
occurs, the contEmts' of I B ,and DF are automatically.' 

stored in SF (0-2) and SF (3-51. respectively, and the IF, 
IB and DF registers are cleared. The INTGNT (Interrupt 
Grant) cycle stores the "current" Program Counter (PC) 
in location 00008 of Memory Field 08 and the 'CPU 
resumes operation in location 00018 of Memory Field 
08. The Instruction 'Field and Data Field of the program 
segment being executed by the CPU before the interrupt 
was acknowledged are available in the SF register. 

INTERRUPT INHIBIT FLIP-FLOP, 

The I NTR EO (Interrupt Request) line to the IM6100 
must be "gated" by the Interrupt Inhibit Flip-Flop so 
that, when the I nstruction Field is changed under pro
gram control, all interrupts are disabled until a JMP or 
JMS instruction is executed. Since the actual modification 
of the Instruction Field takes place only after the "next" 

'JMP/JMS, this inhibition of the INTREO's ensures that 
the program sequence resumes operation in tAe "new" 
memory field before an Interrupt 'Request is granted. 

Since Interrupt Requests are asynchronous in 'nature, a 
situation may arise in which an INTREO is generated 
,when the I F and I B bits are different. The Interrupt, 
Inhibit FF guarantees the structural integrity of the 
program segment.' The II F is cleared on reset. 

TABLE 5 EMA INSTRUCTIONS 

MNEMONIC 
OCTAL 

OPERATION 
CODE 

GTF 6004S GET FLAGS 

Operation: AC (0) +- LINK 
AC (2) +- INTREO Line 
AC (3) +- INT INHIBIT FF 
AC (4) +- INT ENABLE FF 
AC (6-11) +- SF (0-5) 

Descr i ption': LINK, INTREOand INT ENABLE FF are internal to the 
CPU. The INT INHIBIT FF and SF are in the MEDIC. 

I 

RTF 60058 RETURN FLAGS, 

Operation: LINK +- AC (0) 
IB <- AC (6-S) ! 

DF<-AC (9·11) 

Description: LINK is restored. All AC bits are available externally during 
IOTA T6 to restore .other flag bits. The internal Interrupt Systern 
is enabled, However, the Interrupt Inhibit FF is made active until 
the "next" JMS/JMP III F. The I B is transferred to I F after the 
"next" JMS[JiVlP III F. 

CbF 62N18 CHANGE DATA FIELD 

Operation: DF <- NS 

Descri ption: Change OF register to N (OS-7S)' 
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TABLE 5 Continued 

MNEMONIC 

CIF 

CDF, CIF 

RDF 

RIF 

RIB 

RMF 

I 

L1F 

+: "OR" 
e: "AND" 
+-: "IS REPLACED BY" 

7-182 

OCTAL 
CODE 

62N28 

- ,62N38 

62148 

62248 

G2348 

G2448 

/ , 

, 

62548 ' 

OPERATION 

CHANGE INSTRUCTION FIELD 

, Operation: IB - N8 

Description: Change IB toN (08-78')' Transfer IB to IF after the "next" 
JMP/JMS/lIF_ The Interrupt Inhibit FF is active until the "next" 
JMP/JMS/lIF_ 

:, 

CHANGE DF, IF 

Operation: OF <- N8 
IB <- N8 -

Description: Combination of CDF and CI F_ 

READ DATA FIELD 

Operation: AC (6-8) <- AC (6-8) + OF 

Description: OR's the contents of OF into bits 6-8 of the AC, All other bits 
, are unaffected _ ' 

READ INSTRUCTION FIELD 

Operation: AC (6-8) +- AC (6-8) + IF 

D.escription: OR's the contents of I F into bits 6-8 of the AC_ All other bits of 
the AC are unaffected_ 

READ INTERRUPT BUFFER 
READ SAVE FIELD 

Operation: AC (G-l1) ~AC (6-11) + SF 

Description: OR',s the contents of SF into bits 6-11 
of the AC_AII other bits are unaffected, 

RESTORE MEMORY FIELD 

Operation: IB ~ SF (0-2) 
OF ~ SF (3-5) 

Descrip,tioi1 : 1;he SF register saves the contents of the IB and DF when 
an interrupt occurs_ This command is used to restore I B 
and DF when "exiting" from the interrupt service routine , ' ' I ' 
in another field_ 

Transfer I B to I F after the next JMP/JMS/ll F _ The 
Interrupt Inhibit Flip-Flop is active until the next 
JMP/JMS/ll F_ 

LOAD INSTRUCTION FIELD 
I 

Operation: IF +-IB 

Description: Transfer I B to I F and c1ear'the Interrupt 
Inhibit FF 
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OPERAND FETCHING 
I nstructions are accessed from the cu rrently assigned 
Instruction Field. For indirect AND, TAD, ISZ or DCA 

instructions, the operand address refers first to the Instruc· 
tion Field to obtain an Effective Address which in 
turn refers to a location in the currently addressed Data 

Field. All instructions and operands are obtained from 
the field designated by the I F, except for indirectly 
addressed operands, which are specified by the DF. 

Thus, DF is active only in the Execute phase of an AND, 
TAD, ISZ or DCA when it is directly preceded by an 
In,direct phase. 

ADDRESS MODE IF DF AND, TAD, ISZ or DCA 

Direct m n Operand in field m 

Indirect m n Absolute address of, 
operand in field m; 

operand in ,field n 

Each field of extended memory contains eight auto·index 
registers in addresses 10 through 17. For example, assume 

'that a program in field 2 is running (IF ~ 2) and using 
operands in field 1 (DF = 1) when the instruction TAD I 10 
is fetched. The. indirect autoindex cycle is entered, and the 
contents of location lain field 2 are read, incremented, and 
rewritten. If address lain field 2 originally contained 0546, 
it now contains 0547. In the execute cycle, the' operand is 
fetched from location 0547 of field 1. 

Program control is transferred between memory fields by 
the CI F instruction, The instruction does not change the 
instruction field directly, as this would make it impossible 
to execute the next sequential instruction; instead, it loads 
the new instruction field in the I B for 'automatic transfer 
into the I F when either a JMP or JMS instruction is 
executed. The OF is unaffected by the JMP and JMS 
instructions. 

The 12-bit program counter is set in the normal manner 
and, because the I F is an extension on the most significant 
end of the PC, the program sequence resumes in the new 
memory field following a JMPor JMS. Entry into a program 
interrupt is inhibited after the CI F instruction until a JMP 
or JMS is executed. 

NO,TE: The I F is not incremented if the PC goes from 77778 
to 00008_ This feature protects the user from accidentally 
entering a nonexistent field. 

To call a subroutine that is out of the current field, the data 
field register is set to indicate the field of the calling JMS, 
which establishes the location of the operands as well as the 
identity of the return field. The instruction field is se', to the 
field of the ,starting address of the subroutine. The following 
sequence' returns program control to the main program 
from a subroutine that is out of the current field. 

(PROGRAM OPERATIONS IN MEMORY FIELD 2 
_ /INSTRUCTION FIELD = 2; DATA FIELD = 2 

(CALL A SUBROUTINE IN MEMORY FIELD 1 
(INDICATE CALLING FIELD LOCATION BY THE 

(CONTENTS OF THE DATA FIELD 

SUBRP, 

SUBR, ' 

EXIT. 

RETURN, 

CIF 10 

JMSISUBRP 
CDF 20 

SUBR 

a 

CLA 
RDF 
TAD RETURN 

DCA EXIT 

a 
JMPISUBR 

CIF 

(CHANGE TO II':>ISTRUCTION 
(FIELD 1 =6212 
(SUBRP~ ENTRY ADDRESS 
(RESTORE DATA FIELD 

/POINTER 
FIELD 2 

FIELD 1 

/CALLED SUBROUTINE, 
/LOCATION IN FIELD 1 
/RETURN ADDRESS 
/STORED HERE 

/READ DATA FIELD INTO AC 
/CONTENTS OF THE AC ~ 
/6202 + DATA FIELD BITS 

/STORE CIF N INSTRUCTION 
/NOW CHANGE DATA FIELD 
/IF DESIRED 

/A CIF INSTRUCTION 
(RETURN TO CALLING 
/PROGRAM 

fUSED TO FORM CIF N 
/INSTRUCTION 

When a program interrupt occurs, the current instruction 
and data field numbers are automatically stored in the 6-,bit 
save field register, then the IF and DF are cleared_ The 

12-bit program counter is stored in location 00008 of field 
08 and program control advances to location 00018' of 
field 08. At the end of the program interrupt subroutine, 
the RMF instruction restores the IF and DF from the con
tents of the SF, Alternatively, the GTF and RTF instruc
tions may be used to handle the Save Field and Link 
information, The following instruction sequence at the end 
of the program interrupt subroutine continues the inter
rupted program after the interrupt has been processed: 

CLA 
TADAC 
RMF 
ION 

JMPIO 

(RESTORE AC 
(LOAD IB ANDDF FROM SF 

(TURN ON INTERRUPT 

(SYSTEM 

(RESTORE PC WITH 

(CONTENTS OF LOCATION 

(00008 AND LOAD 

(IF FROM IB 

fI 
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IM6100 control panel memory programs, if used must be 
careful' in the manner that'EMA regis:ter data is manipulated. 
Control panel interrupt requests bypass' the device i~terruPt 
enable flip flop; and 'indeed, are granted even bY,a halted 
CPU. The interrupts from a i:ontror panel may occur at any 

, time,'and in particular:whep the IB a'rid iF registers do not 
contain the same data. The EMA logic irihibits I B to IF 
transfers in 'control panel memory so that panel routines 
may execute transparently (in particular, JMP/JMS instruc· 
tions). The panel routines may alter the I F by executing the 
II F instruction. 

USElrS should also note that the GTF and RIB instructions 
read the SF register, and only the R I F instruction reads the 
I F register. Note also that the :SF saves the I B register rather 
than the I F during ,an interrupt. However, interrupts are in-
hibited until the I F and I B registers are the same. ' 

The memory extension controller that we have'discussed in 
this section shows three important design considerations 
involved in extending memory addressing space. The, first is 
the concept of hav'ing separate instruction and data fields 
f6r program flexibility,' Th'e secbnd is the importance' of 
double bufferi'1g the in~truction field register to maintain 
structural integrity of programs and the third is the pro· 
vision for saving the current field status upon interrupts and 
disabling interrupts uritil a tha~ge of instruction field has' 
been completely executed. 

C. Programmable Real Time Clock 

The programmable real time clock offers the 6100 user a 
number of ways to accurately measure and count intervals 
in order to implement real time data acquisition and data 
processing systems. 

The crystal used should have the fOllowing characteristics: 
RS"; 150 ohms 
CM = 3-30 mpF (10·15F) 
Co = 10-50 pF 

Static capacitance should b~, around 5pF; for the greates~ 
stabiJity, Co should be around ,12pF ,and the, oscillator 
is parallel resonant. 

ENO 

TABLE 6 CLOCK ENABLE REGISTER BIT 
ASSIGNMEN,TS 

'5 10 

. EN2 EN3 EN4 EN5 EN1 

* Don't care forwriteandzerofor read.' 

11 

, Where ENO - When set to 1, enables clock overflow 

EN2,-
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(COF flag) to cause an interrupt. Cleared 
by, RESET, C.A.F~ 
When reset to a O-counter runs at selected 
rate.O~erfiow occurs every 4096 (212) 
co'unts.COF flag remains set until cleared 
by lOT 6135 (ClSA), CAF, RESET. 

EN3, 4, 5-

Bits 3,4,5 

000 
001 
010 
011 
100 
101 
110 
111 

When set to a l-counter runs at selected 
, rate. If the COF flag is cleared, overflow 
causes clock buffer to be transferred to 
the clock counter which 'continues to run. 
COF flag remains set until cleared with 
lOT 6135 (ClSA). Also cleared by RE
SET, CAF. 

Assum'ing 2 MHz crystal oscillator cleared 
by RESET, CAF. 

Octal 
I ' 

I nterval Between Pulses Frequency 

0 Stop 0 
1 Stop 0 
2 20 msec 50 Hz 
3 2 msec 500 Hz' 
4 200jJ.sec 5 KHz 
5 20 /isec " 50.l~Hz 

6 2 J.1sec 500 KHz 
7 Stop 0 

EN7 - . Inhibits clock prescaler when set to 1 
:cleared by RESET, CAF.EN3·5and EN7 
should not be changed'simultaneously. 

0:;:;;;;-,.- CLSK 

~~=-.....,.. SET BY CLOCK. COUNTER 
OVERFLOW 

. FIGURE I; RTC REGISTERS 

A discussion of the Real Time Clock registers as ~hown in 
Fig. 5 follows: 

CLOCK ENABLE REGISTER 
",' . . 

This register controls'tlie mode of counting, whether clock 
interrupts' are allowed, and the rate of the time base of the 
clock. For a description refer to the register bit assignments. 

CLOCK BUFFER REGISTER (CB) 

This ,12·bit register stores data being transferred from the 
AC to the dock counter, or from the clock counter to the 
AC. It also permits presetting of the clo~k counter. 

CLOCK COUNTER REGISTER (CC), 

This register is a , 12·bit binary counter: that may load the 
clock buffer or be loaded from it. It is driven by a'2 MHz 
crystal oscillator, wit.h the proper predivision set by the time 
base selection. When an overflow occurs and if bit 0 of the 
clock enable register is a logic one, an interrupt :is requ,ested. 
If, bit 2 is also 1, overflow causes the clock buffer 'to be 
transferred automaticaily into the clock counter. 
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TIME BASE MULTIPLEXER CLOCK OVERFLOW FLAG 

The multiplexe~ provides count pulses to the clock counter 
, according to the rate set bY,the'clock enable register. Use of 
, other than a 2 MHz crystal for the clock will result in 

proportionately different time bases. 

This flag is set by ~ clock counter overflow. It is cleared by 
CAF, CLSA and RESET. Its complement ,provides LSB 
(V R11) of interrupt ve·~tor. If ~NO of clock enable counter 

is set, COF can cause an interrupt request. The COF is set 
when the MSB of the, counter makes a "1" to "0" tran
sition. , 

TABLE 7 RTC INSTRUCTIONS 

MNEMONIC OCTAL CODE OPERATION 

CLZE 61308 CLEAR ENABLE REGISTER PER AC 
Description: Clears the bits in the clock enable register corresponding 

, to those bits set in the AC. The AC is not changed, 

CLSK 6131 8 SKIP ON CLOCK INTERRUPT 
I Description: Causes the program counter to be incremented by one 

if clock interrupt conditions exists, so that the next sequential' 
, instruction is skipped. 

CLOE 61328 SET ENABLE REGISTER PER AC 
Description: Sets the bits in the clock enable register corresponding 

'to those bits set in the AC. The AC is not changed. 

CLAB 61338 TRANSFER AC TO CLOCK BUFFER 
Description: Causes the contents of the AC to be transferred to the 
Clock Buffer, then causes the coni:ents of the Clock Buffer,to be 
transferred to the Clock Counter. The AC is n6t changed. 

" 

CLEN 61348 READ CLOCK STATUS 
Description: I nterrogates the clock Overflow status flip flop by clearing 
AC, then transferring'clock ~tatus into ACbit O. COF is cleared. 

CLSA 61358 READ CLOCK STATUS 
Description: Interrogates the clock overflow statusflip flop by clearing 
AC, then transferring clock status into AC bit O. COF is cleared. 

CLBA 61368 READ CLOCK BUFFER 
Description: Clears the AC, then' transfers the contents of the Clock 

" 

Buffer into the AC, 

CLCA 61378 READ CLOCK COUNTER 
Description: Clears the AC, winsfers the contents of the Clock 
Counter to the C!ock Buffer, then transfers the contel!ts of the 
Clock Buffer, into the AC. If EN7 is set to 1 (clock prescaler is 
inhibited), the CLCA instruction increments the prescaler input 
by,one. If the clock is in the "stop" mode, but EN7 is not 
inhibited, the prescaler will not be clocked by the CLCA instruction. 

CAF 60078 CLEAR ALL FLAGS 
Description: Clears GOF flag (and also F7E, WOF flags), clock enable 
and clock buffer registers. 

fJ 
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SYSTEM CONSIDERATIONS 
The IM6102 is the highest priority deviCe in a priority 
interrupt scheme. Itprovides an active low signal on pin 40, 
POUT,to signal the next lower priority device in the chain. 
(thus, a high level on POUT indicates that the 6102 is not 
requesting an interrupti via its "priority· in", PRI'N, input. 

The IM6102 when requesting an interrupt activates the 
SKP/INT line low on pin 35 and the ·POUT line low on 
pin 40 if its interrupt inhibit flip·flop is not set. 

'The lOT instructions used by the IM6102 preclude the use 
of certain device addresses when the system uses IM6101 
PIEs. The addresses that may not be used are those given by 
bits 3 through 7 of the lOT instructions that are used with 
the IM6102. These addresses are 00101, 01000, 01001, 
01010, 01011 corresponding'to lOT instructions 612X, 
613X, 620X, 621 X, 622,X, 623X, 624X, 625X, 626X and 
627X. 

The IM6102 does not generate DMAREQ signals to the 
6100 because of its simultaneous use of the DX bus. It 
monitors the DMAGNT signal in order to place,the EMA 0, 
1, 2 I,ines on pins 36, 37,38 in a high impedance state while 
DMAGNT is high. 

If the application requires other peripherals requiring direct 
memory access on a cycle stealing basis, for example, bus 
contention problems will be resolved by the IM6102 as it 
monitors the DMAGNT line and gets off the bus (by placing 
all lines in the high impedance state I when DMAGNT is 
active. 

If interrupts are enabled and a request is pending, during 
the first INTGNT cycle, the IM6102, will detect the refer· 
encing'of locati~n 00008 by the IM6100 in order to save 
the PC and will suspend simultaneous DMA during that 
cycle. The logic will in fact suspend simultaneous DMA 
in any cycle that location 00008 is, referenced, either ,in 
main memory or control panel memory. 

This makes it possible to disable automatic interrupt vector
ing by grounding the INTGNT line to the IM6102. This will 
not affect the generation of INTREQ so the IM6100 will 
have to poll peripheral devices (skip on flag instructionsl to 
determine the interrupting source. 

Grounding INTGNT is not possible in extended memory 
applications since the, INTGNT signal is used to save the 
Instruction' Buffer and Data Field Register and clear thel F, 
I Band DF registers. (All' peripheral device interruptservice 
routines have their entry point at location 00018 of Memory 
Field 08). 

,If no interrupt requests are pending in the 6102 (COF, 
F7E or WOFI from the DMA or RTC functions, the IM6102 
interrupt request flip-flop is clear 'andPOUT, the priority 
out signal, is high, enabling interrupt requests downstream 
in the priority chain. In the event that interrupts are en· 
abled (DMA status bit SRll is set and/or clock enable bit 
ENO is set) and an interrupting condition occurs (F7E, 
WOF, COF), the POUT signal goes low asynchronously dis· 
abling interrupt vectors downstream. 

7-186 

If the Interrupt Inhibit Flip-Flop is not set, the SKP/INT 
line is driven low by the interrupt request. If the IIFF is 
set, the SKP/INT line stays high until the IIFF is cleared 
(by RESET or an I B to IF transferl at which time SKP/INT 
may be driven low. Skip requests will always propagate in
dependently of IIFF during IOTA -DEVSEl- XTC_ 

Interrupt requests from devices downstream of the IM6'l 02 
must also be channeled via the IM6102 in order that the 
IIFF may condition the request timing. The IM6102 pro
vides a built in pull-up on the SKP/INTX line coming in 
from devices downstream in the priority chain_ At 5v, 
the pull-Up looks like a 10K resist6r;' at 10V, it looks 

like 5K. 

The execution of any 'lOT instruction will reset I NTGNT to 
a low level at the end of IOTA time. This lOT instruction 
will be the first instruction in the interrupt service routine 

after, saving status. If hardware vectoring is being used, any 
lOT instruction when INTGNT is high will cause the IM6102 
to place a vector address on the bus if it requested an in
terrupt and pull the Cl and C2 lines.low, thus placing the 
vector in PC and forcing a branch to the service routine. If 
the C2 line is left unconnected, the vector address will not 
be forced into the PC, but will be OR'ed into the AC. The 
interrupt service routine would have to execute a ClA after 
its first iOT instruction in order to clear the AC. Note that 
the lSB of the vector address is determined by the comple
ment of the COF flag and that a DMA interrupt service 
routine must distinguish ,between the two possible interrupt
ing conditions, a word count overflow ora field ,7 wrap
'around ·error. The programmer may read the DMAstatus 
register with an RFSR instruction and also test the WOF 
flag with a skip instruction, SKOF. The COF flag may also 
be tested with the ClSK ,skip instruction. The flag may be 
read (and cleared) with the ClSA instruction. The skip 
instructions cause the SKP/INT line to go low during IOTA 
• XTC time if the flag being tested is set, At all other times, 
the SKP/INT line carries interrupt requests as modified by 
the IM6102 interrupt inhibit logic. The flags must always 
be explicitly cleared by the interrupt service routine., 

The DMA transfer rate depends on the program. The 
minimum rate would be obtained if the processor was 
executing an auto indexed DCA or- an indirect JMS (even 
if non-autoindexed, DMA is suppressed during indirect 
phase of JMS). Continuously executing these instructions 
would cause DMA transfers to occur only every third 
memory cycle (lFETCHI. The maximum rate could be 
obtained by e)(ecuting a JMP. loop (JMP to itself); data 
would be transferred on every cycle and the interrupt 
routine entered when word count overflows could bump 
the return address out of the loop. 

In dynamic memory systems it should be noted that the 
MEMSEl' signal narrows when the mode changes from 
write to refresh (burst mode). RESET signals may need to 
be limited in duration to prevent loss of memory data in 
dY,namic memory systems. 
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The accuracy of the clock counter in the programmable 
real time clock section of the IM6102 is as follows: 

CASE 1: Counter running; CC loaded from AC 
via CB using instruction CLAB (lOT 6133) 
accuracy is 0 to +1 count. 

CASE 2: CC loaded from CB automatically on 
ove'rflow; the accuracy of counting is 

PIN 
NUMBER PIN NAME RTC ONLY 

2 DMAEN GND 
3 DMAGNT USED 
6 MEMSEL * N/C 
8 UP N/C 

11 LXMAH* 
, 

N/C 
12 XTC~ N/C 
15 SKP/INTX VCC 
29 OSCIN USED 
31 OSCOUT USED 
34 C2 USED 
36 EMAO N/C 
37 EMA 1 N/C 
38 EMA2 N/C 
40 PROUT USED 

then 6nly dependent on accuracy of 
oscillator. 

IM6102 users who do not need all the capabilities 
of the device may improve systems performance by not 
using some of the features. To do this properly, certain 
flins on the device will become unused. The following 
table summarizes what may be done with certain pins 
when using only part of the IM'6102 functions. All 
unlisted pins must be used when implementing any of 
the three basic features. 

EMC& 
DYNAMIC 

SDMAONLY EMCONLY REFRESI-I 

USED GND GND 
USED USED USED 
USED N/C USED 
USED N/C N/C 
USED N/C USED 
USED N/C USED 
VCC USED USED 
GND GND GND 
N/C N/C N/C 
.USED N/C N/C 
N/C USED USED 
N/C USED USED 
N/C USED USED 
USED N/C N/C 

fJ 
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TABLE 1 SUMMARY OF IM6102 INSTRUCTIONS 
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MNEMONIC 
OCTAL I/O CONTROL LINES 

OPERATION 
CODE CO C1 C2 

I 

GTF 6004 0 0 1 CD Get flags, INT INH FF...,. AC(3f. SF (0-5)"'" AC(6-11) 
RTF 6005 1 1 1 ~ Return flags, AC(6-8)"'" IB, AC(9-11) ...,. OF 
COF 62N1 1 1 1 Change Data Field, N ...,. OF 

CIF 62N2 . 1 1 1 Change IF, N"'" IB 
COF, CIF 62N3 1 1 1 Combination of COF, CIF 

ROF 6214 1 0 1 . Read OF, OF + AC(6-8)"'" AC(6-8) 
RIF 6224 1 0 1 Read IF, IF + AC(6-8) ""'AC(6-8) 
RIB 6234 1 0 1 Read Save Field, SF + AC(6-11)"'" AC(6-11) 
RMF 6244 1 1 1 Restore Mem. Field, SF(0-2) """IB, SF(3-5)"'" OF 
LlF 6254 1 1 1 Load IF, IB"'" IF 

CLZE' , 6130 1 1 1 Clear Clock Enable Register if corresponding AC bit is set 
AC not changed , 

CLSK 6131 1 1 1 Skip on Clock Overflow Interrupt condition 

CLOE 6132 1 1 1 Set Clock Enable f;!egister if.corresponding AC bitis set 
AC not changed 

CLAB 6133 1 '1 1 AC"'" Clock Buffer; Clock Buffer"'" Clock Counter; . , . 
AC not changed 

CLEN 6134 0 0 1 Clock Enable Register . ...,. AC 
CLSA 6135 '0 0 1 COF ...,. AC(O), Clear COF Status bit 

CLBA 6136 0 0 1 Clock Buffer"'" AC' 
CLCA 6137 0 0 1 Clock COLJnter ...,. Clock Buffer; Clock Buffer"'" AC 

LCAR 6205 0 1 1 AC"'" Current Address Register, 0 '-7AC , 
RCAR 6215 . 0 0 1 Current Address Register"'" AC 
LWCR 6225 0 1 1 AC"'" Word Count Register, Start OMA, 0"'" AC; clears word 

count overflow (WOF) 
LEAR 62N6 1 1 1 N"'" Extended Current Address Register (ECA) 
REAR 6235 . ,. 0 1 Read ECA"ECA + AC(6-8)"'" AC(6-8) 

. LFSR 6245 0 1 1 AC(7-11) 4 Status Register, 0"'" AC 
RFSR 6255 1 0 1 OMA Status Register + AC(5-11 ) ...,. AC(5-11); clears Field 7 

Wraparound error (F7E) 
SKOF 6265 1 1 1 Skip on Word Count Overflow 
WRVR 6275 0 1 1 AC(0-10)"'" Vector Register, 0"'" AC 

CAF 6007 1 1 1 @Clear all flags (F7E, WOF, COF) Clear clock Enable , 
register, clock buffer 

NOTES: 
1. The internal flags of the IMB100 are defined as follows: LINK -+ AC (0), INTREQ -+ AC (2) and INTERRUPT ENABLE F F ...,. AC (4). 
2. When RTF is executed, the LINK is restored from AC (0) and the Interrupt System is enabled after the next sequential instruction is executed. 
The Interrupt Inhibit FF is set preventing interrupts until the next JMP, JMS or LlF instruction is executed. 
3. A hardware RESET clears F7E, WOF, 11 FF and COF. The IF and, OF are cleared to OS. The DMA status register is cleared. (Reed; refresh; 
disable F1E and WOF interrupts; no carry from CAO to ECA2). The clock Enable register is clEN.red (Disable COF interrupt; disable clock buffer 
to clock counter transfer on COF; disable counter). Counter/buffer is cleared. , 
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TABLE 2 SUMMARY OF IM6102 REGISTER BIT ASSIGNMENTS 

DXO DX1 DX2 DX3 DX4 DX5 DX6 DX7 DXB DX9 DX10 DX11 

Current Address CAO CAl CA2 CA3 CA4 CA5 CA6 CA7 CAB CA9 CA10 CAll 
Extended Current Address . ECAO ECAl ECA2 
Word Count WCO WCl WC2 WC3 WC4 WC5 WC6 WC7 WCB WC9 WC10 WC11 
DMA Status (1) SR5 SR6 SR7 SRB SR9 SR10 SRll 
Interrupt Vector (2) VRO VRl VR2 VR3 VR4 VR5 VR6 VR7 VRB VR9 VR10 VR11 
RIF Instruction (3) IFO IFl IF2 
RTF, CI F Instruction IBO IBl IB2 
GTF, RIB Instruction IIFF(4) SFO SFl SF2 SF3 SF4 SF5 
CDF, RDF Instruction DFO DFl DF2 
RTF Instruction DFO DFl DF2 
Clock Enable (5) ENO EN2 EN3 EN4 EN5 EN7 
Clock Buffer CBO CBl CB2 CB3 CB4 CB5 CB6 CB7 CBB CB9 CB10 CB11 
Clock Overflow (6) COF 

(1 ) DMA STATUS 
SR5 Set if Field 7 wraparound carry error - F7E; cleared by CAF, RFSR (at IOTA· XTC timel.RESET} ~~~ 
SR6 Set if DMA Word Counter Overflow - WOF; cleared by CAF, LWCR, RESET BITS 
SR7 Mode Bit 7} ; Cleared by RESET (REFRESH MODE) 
SRB Mode Bit 8 See below , 
SR9 Carry enable from CAO·ll to ECA2 if set - CE 
SR10 DMA Write if set 
SRll Enable F7E or WOF interrupt if set - IE 

(2) VRO·VR10 loaded from AC. VR11 is equivalent to COF 
(3) IF - Instruction Field; cleared to 08 by RESET AND INTGNT 
(4) II FF - Interrupt Inhibit Flip·Flop; set whenever I B i= IF; (CI F, CDF/CI F, RMF, RTF) cleared by RESET 

and I B , .• I F transfer 
(5) END - Enable Clock Overflow (COF) interrupt; cleared (interrupt disable) by RESET, CAF 

EN2 - When set causes clock buffer to be transferred to clock counter on COF. 
Counter runs at selected rate; COF remains set until cleared with CLSA, 
When cleared to 0, counter runs at selected rate, overflow occurs every 
212 counts and COF remains set. EN2 is cleared by R ES,ET , CAF 

EN3, EN4, EN5 - Select interval between pulses, Cleared to 000 by RESET (counter disabled), CAF See below. 
EN7 - Inhibits clock prescaler when set. Cleared by RESET, CAF 

(6) COF - Clock Overflow status bit; cleared by CAF, RESET and CLSA; complement provides LSB of interrupt vector. 

SR 7,8 00 Refreshmode;WCisfrozen, no UP, DMAEN'don't care 
01 Normal mode; DMAEN(H) freezes WC,CA and no 

UP if WC has not overflowed; stop if WC overflows 
10 Burst mode; DMAEN (H) freezes WC, CA and no 

UP if WC has not overflowed ; reverts to refresh 
mode if WC overflows. 

11 Stops SDMA 

NOTES: 

EN3,4,5 
000 
001 
010 
011 
100 
101 
110 
111 

with 2 MHz clock 
STOP 
STOP 
20 ,ms interval 
2 ms interval 
200 /.IS interval 
20/.ls interval 
2 /.Is interval 
STOP 

1. Bits SR 7 and 8 do not change when the DMA controller stops or r.verts to'refresh mode as a result of we overflow. 
2. The "overflow" status is defined as set when the most significant bit of a' counter makes a "1" to "0" transition. 

fI 
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IM61.02 ,U~n!L 
SOMA OPERATIONS TIMING 
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ox 
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TIMING DIAGRAM 
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IM6102 
IM6102A 

D~DIL 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
IndustriallM6l02A ............ -40°C to +85°C 

Storage Temperature ............ -65°C to 150°C 
Operating Voltage '............... +4.0V to +11.0V 
Supply Voltage .......................... '. -+12:0V 

NOTE: Stresses above those listed under "Absolute Maximum 
,Ratings" may cause permanent deilice failure. These are 
stress ratings only and functional operaiion of the devices at 
these or any other conditions above those indicated in the 
operation sections of this specification is not Implied. 

Voltage On Ariy Input or " 
Output Pin .................. -O.3V to Vcc +O.3V 

. Exposure to absolute maximum 'rating conditions for 
extended periods may cause device failures. 

D.C. CHARACTERISTICS, 
TEST CONDITIONS: VCC = 10V ± 5%, TA = -40~C to +85°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

,,1 VIH Input Voltage High 70% Vee ,V 

2 Vll Input Voltage Low 20% Vee V 

3 lil Input Leakagel11 GND:SVIN:SVee -1.0 1.0 ,..A 

4 VOH ' Output Voltage, Highl21 IOH = OmA Vee-O.Ol V 

5 VOL Output Voltage Low IOL = OmA GND+O.Ol V 

6, IOl Output Leakage GND:SVouT:SVee -1.0 1.0 ,..A 

7 Icc Power Supply Current-Standby .' VIN-GND or.vcc 900 ,..A 

8 Icc Power Supply Current-Dynamic fe ~ 5.71MHz 4.0 rnA 

9 CIN Input Capacitancel11 7.0 8.0 pF 

10 Co Output Capacitance I 11 8.0 10.0 pF 

NOTE: 1. Except pins 15. 29. 31 2. Except pins 32. 33. 34. 

'A.C.CHARACTERISTICS .. , 
:rEST CONDITIONS: VCC = 10V ± 5%, CL = 50pF, TA = -40°C to +85°C, fc ~'5.71MHz 

SYMBOL PARAMETER " .- ." ., ..... 
MIN TYP MAX' UNITS 

1 tUN LXMAR Pulse Width IN 125 ns 

2 tAIS Address Setup Time IN: DX-LXMAR II) 50 ns 

3 tAIH Address Hold Time IN: LXMAR(I)-DX 50 ns 

4 tOEN Data,Output Enable Time: DEVSELII)-DX 240 ns 

5 teEN Controls Output Enable Time: DEVSELII)-lines CO,Cl,C2,SII 240 ns 

6 tOIS Data Input Setup Time: DX-DEVSELII) 50 ns 

7 TOIH Data Input Hold Time: DEVSELII)-DX 50 ns 

8 tRST RESET Input Pulse Width 250 ns 

9 tSID SKPIINTX to SKPIINT Propagation Delay 100 ns 
10 tOMlX DMA Control Signals Delay: XTC-XTC'; 

MEMSEL-MEMSEL', LXMAR-LXMAR' 100 ns 
11 tOEM Enable/Disable Time from DMAGNT to EMA Lines 50 ns 
12 tMOR MEMSEL' Pulse Width READ 300 ns 

13 tMOW MEMSEL' Pulse Width WRITE 380 ns 
14 tMOWR MEMSEL' pulse Width WRITE/REFSH 240 ns 
15 !Lo LXMAR' Pulse Width 150 ns 
16 tORAT DMA READ Access Time: LXMAR'II)-UPII) 300 ns 

17 tOXAS OX & EMA Address Setup Time Wrt LXMAR'(I) 150 ns 
18 tOXAH OX & EMA Address Hold Time Wrt LXMAR'II) 55 ns 
19 tOREN DMA READ Enable Time: MEMSEL' II)-UPII)~ 210 ns 

20 tRUP UP Pulse Width DMA READ 150 ns 
21 tOWAT DMA WRITE Access Time: LXMAR'(I)-MEMSEL'(I) 300 ns 
22 tOWEN DMA WRITE Enable Time: UP II)-MEMSEL 'II) 210 ns 

23 tMWS MEMSEL' Setup Time DMA WRITE MEMSEL'(I)-LXMAR'(I) 50 ns 
24 tOMS DMAEN Setup Time Wrt XT A (I) 50 ns 
25 tOMH DMAEN Hold Time Wrt XTA (I) 50 ns 
26 twup UP Pulse Width DMA WRITE 300 ns 
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IM6102 
IM61 02-1 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature NOTE: Stresses above those listed under ';Absolute 'Maximum 

Industriai"IM6102-11 ........... -400 e:to +85°e 
Storage Temperature .........•.. -65° eto 150° C 
Operating Voltage ..•..•.... , . ..•. +4.0V to +7.0V 
Supply Voltage .. ~ ... : ..••....... , ..•.... " +8.0V 
Voltage Oll·Any Input or .. 
Output Pin . • . . . • . . . . . . . . . . .. -0.3V to Vcc +0.3V 

, 'Ratings" may cause' permanent deviCli' failure. These 'are 
stress ratings only and functional operaticin of the devices at 
these or any other conditions above: those indicated In the 
operation, sections of this specification is not implied, 
Exposure to absolute maximu,r(l rating conditions for 
extended periods may cause device faiiure's" 

D"C" CHARACTERISTICS 
TEST CONDITIONS: Vcc = 5.0V ± 10%, TA = -40"Cto +85°e 

SYMBOL PARAMETER ' , 'C,ONDITIONS MIN TYP MAX UNITS 

l' VIH Input Voltage High Vee-2.0 V 
2 VIL Input Voltage Low 20% Vee V 
3 ilL' Inplit Leakagel" ' ·GND",VIN",Vee -1.0 '1'.0 p.A 
4 V.oH Output Voltage Highl21 ' ',I.oH = -0.2mA Vee-Om V 
5 V.oL Output Voltage Low ' I.ol = 2.0mA ' GND+0.01 V 
6 I.oL Output Leakage GND",V.oUT",Vee -1.0 1.0 p.A 
7 Icc Power Supply Current-Standby VIN=GND or Vee 800 p.A 
8 Icc Power Supply Current-Dynamic ' fe - 3.33MHz 2,0 mA 
9 CIN, Input Capacitancel',1 7'0 8;0 pF 
10 C.o Output Capac ita noel' I 8,0 10.0' , pF 

NOTE. 1. Except pinS 15, 29, 31 2. Except pinS 32, 33, 34. 
" 

A"C" CHARACTERISTICS 
TEST CONDITIONS: 5.0V ± 10%, CL = 50pF,TA = -40°C to +85°e, fc = 3.33MHz' 

SYMBOL PA~AMETER MIN TYP "MAX UNITS 

1 tLiN LXMAR Pulse Width IN 250 ns 
" 

2 tAIS Address Setup Time IN: OX-LX MAR (II 
, 

70 " ns 

3 tAIH Address Hold Time IN: LXMAR( Ii-OX 100 ns 

4 to EN ' Data Output Enable Time: DEVSEL(lI-DX 350 ns --
5 'teEN Controls Output Enable Time: DEVSEL( I Hines 'CO,C1 ,C2,SII 350 ns' 

6 tOIS Data Input Setup Time: DX-DEVSELIII 100 ns 

7 TOIH Data I nput Hold Time: DEVSELIII-DX 100 ns' 

8 tRST RESET Input Pulse Width 500 ns 
9 tSID ,SKPIINTX to SKPIINT Propagation Delay 120 ns " ' 

10 tOMLX , DMA Control Signals Delay: XTC-XTC"; , 

'MEMSEL-MEMSEL", LXMAR-LXMAR" ' 120 ns 

11 tOEM ' Enable/Disable Time from DMAGNT toEMA lines .! "'" '80 , ns ; 

12 tMOR MEMSEL" Pulse Width READ 550 ns 

13 tMow MEMSEL" PulseWidt/lWRITE 700 .. ns 

14 tMowR MEMSEL" Pul~e Width'WRITE/REFSH ' , 400 ns 

15 !Lo LXMAR" Pulse Width" ;160 ,', ns 

16 tORAT DMA READ Access Time: LXMAR"II,-UPII, 85 ns . . ... .. . 
1r -tOXAS OX & EMA Address Setup Time Wrt LXMAR" III '125, ns 

18 tOXAH OX &EMA Address Hold Ti,meWrt LXMAR"II",I, 125 ns 

19 tOREN DMA READ Enable Time: MEMSEL" III-UP.!II 400 ., ns .... 
20 tRuP UP PulseW[d.th DMA, R,EAD 260 ns 

21 tOWA,. PMAWR!TE Access Time: ,LXMAR"III~!i.1EMSEL"I'fl 550 ns 

22 tOWEN, DMA WRITE Enable rir(le: UP ill-ME:MsEL "III 
, 

400. 
, 

ri~ 
23 tMWS MEMSEL:, Setup Time DMA WRITE MEMSEL"(lI~l:XMAR"111 . 100 ns 

24 tOMS OM.A,EN, Setup Time wrt XTA III 
' , 

100 ns 

25 .tOMH DMAEN Hole! Time wrt XTA III, 100, ('Is ''-; 

26 twup UP Pulse Width DMA WRITE 550 ns " - , 

fJ 
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IM81 02 
IM6102 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature, " ." 'i' : 

Industrial,IM6102 .•.• ,. . . . . .• . .-40° C .to +85° C 
Storage Temperature .•... ; •....•• -65°C to 150°C 

'Operating Voltage .....•...•...••. +4.0V to +7.0V 
Supply Voltage' . . . . . . . . . . . • . . . .. • . .• . • • . ... +8.0V 
Voltage On Any Input or 
Output Pin .;.; •.. : .. : ....... ; -0.3V to Vee +0.3V 

NOTE: Stresses above those listed under "Absolute Maximum 
Ratings': may cause permanent device. failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation sections of tliis speclflc'ailan "is riot implied. 
Exposure ,to absolute' maximum rating 'condltions 'for 
extended periods may cause device failures. . 

D.C. CHARACtERISTICS 
TEST CONDITIONS: Vee = 5.0V ± 10%, TA = -40°C to +85° C 

SYMBOL PARAMETER ,CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High Vee-2.0 V 

2 VIL Input Voltage Low 0:8 V 

~ III Input Leakagell' , GNO~VIN~Vee -1.0 1.0 IlA 
4 ' VOH Output Voltage High,2 , 

IOH - -0.2mA 2.4 V 

5 VOL Output' Voltage ·.Low IOl = 2.0mA 0.45 V 

6 IOl Ouiput Leakage GNO~VouT~Vee -1.0 ,1,0 IlA 
7 Icc Power Supply Current-Standby VIN=GNO or Vee 1.0 800 IlA 
8 Icc Power Supply eurrent-Dynami'c .Ie = 2.5MHz 1.8 mA. 

9 CIN Input Capacitance. 1 ,7.0 8.0" pF , 

10 : Co Output Capacitance 1 8,0. ',10.0 pF 

NOTE: 1, Except pins 15. 29. 31 2. Except pins 32. 33. 34. 

A.C. CHARACTERISTICS 
TEST CONDITIONS: 5.0V ± 10o/~, CL = 50pF, TA =-40°C to'+85°C, fc = 2;5MHz 

" 

SYMBOL . PARAMETER MIN TYP :;MAX U,NITS' 

1 !LIN LX MAR Pulse Width IN 300, ns 

2 tAIS Address Setup Time IN: DX-LX~AR (!) 80 'I' ns 

3 tAIH Addre,ss Hold'Time IN: LXMAR(I)-DX 120 , ns 

4 tOEN Data Output Enable Time: DEVSEL(!)-DX 400 ns ,:. I 

5 teEN " Controls Output Enable Time: DE;VSEL(lHlnes C::O,ei,c:2,S/1 ':1 400 ns· 

6 tOIS Data Input Setup Time: DX-DEVSELI! I 1QO ns 

7 TOIH Data Input Hold 'Time: .OEVSELI! I-OX, ' , ,100 :1"/ ns 

8 tRST. RESET Input Pulse Width. 500 ns 

9 tSIO : SKP/INTX to'SKPIINT'Propagation Deiay .150 ns 

10 tOMlX DMA Control Signals Delay: XTC-XTC'; '. I 

MEMSEL-MEMSEL', LXMAR-LXMAR' 150 ns 

11 tOEM "Enable/Disable Time from DMAGNT to EMA Lines , 100 ns 

12 tMOR, MEMSEL,' Pulse Width READ '750 I ns 

13 tMOW MEMSEL' Pulse Width WRITE 950 ns 

14 tMOWR MEMSEL' Pulse WidthWRITE/REFSH 550 ns 

, .15 tLo LXMAR' Puls.e Width: 350 ns " 

16 ,tORAT " DMA READ Access Time: LXMAR'lli-UPi!J " 750, , 
" 

ns 

17 tOXAS OX & EMAAddress Setup Time Wrt LXMAR'(lJ ! ! , , 120 " 
" ns 

18 tOXAH OX & EMA Address Hold Time Wrt lXMAR'llJ 
" 

175 ns, 

19 tOREN . DMA READ Enable :nme: MEMSEL' Ill-UPI! J 
" 550 ns 

20 'tRUP UP Pulse Width DMA READ 
, 

,350 ns, 

21 tOWAT, DMA WRITE Access Time: LXMAR'11J~MEMSEL',(!1 . 750· n~ 

22' tOWEN DMA WRITE Enable Time: UP IIJ-MEMSEL'\'f1 550 ns 
" 

23' tMwS MEMSEL' Setup Tilne DMAWRITE·MEMSEVIl.J-LX¥AR'IIJ I'. ,; 100 ns 

24· tOMS, DMAENSetup Time, Wrt XTA iii ' :100' . ,,' ns 

25 tOMH DMAEN Hold Time Wrt XTA I fl 100 , , , 
" 

ris, 

26 twup UP Pulse Width DMA, WRITE ,750' 
", ns 
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IM6102 
IM6102AM (Military) 

ABSOLUTE MAXIMUM RATINGS .: ,~ 

Ope~ating Temperature ,,'" , 
Military IM6102,AM" .... ~ ....... -55°C to +125°C 

Storage Temperature ,............ -65° C to 150° C 

NOTE: Stresses above those listed under "Absolute Maximum 
, Ratings"may cause permarlimt' device failure;, These are 

stress ratings only and functional operation of the',devices at 

Operating Voltage ............... +4.0V to +11.bv 
Supply Voltage ........................... +12.0V 
Voltage On 'Any Input or 

'. these or any other conditions above those indicated,;ln'the 
operation sections of this specificatiQn is :not· implied, 
Exposure to absolute' maximum .rating conditionS "for 
extended ~eriods may cause devic:e failure~. ' , Output Pin ...... , ......... ;. -0.3V to Vee +0.3V 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 10V ±,5%, TA = ~55°C to+:125°C 

SYMBOL PARAMETE;R 
.. 

CC)NOiTIONS MIN T'(P MAX 'UNITS' 
,. 

1 VIH Input Voltage High 70% Vee ',' V 

2 VIL' Input Voltage Low . ' 200/0 Vee V' 
3 ilL Input Leakagel11 

" 
'GND:'oVINSVee -1.0 I 1,:0 /J. A , 

4 VOH Output Voltage Highi21 IOH - OmA 'Vee-0:01:, " N 
5' VOL Output Voltage Low IOL'= OmA .' GND+0.01 V 
6 IOL ,,' Output Leakage" :GNDSVouTSVee -1,0 1,0" /J. A 
7 'Icc, 'Power Supplyeurrent-Staridby VIN=GND or Vee .,' , 9.00 /J. A 
8 Icc Power Supply Current-Dynamic, "fcj -'5.0MHz' 4,.0 mA 
9 CIN Input Capacitance I 1 I 7,0 8,0 pF, 

10 Co Output Clilpacitancel1 r 8,0 10,0 pF. 
.. ... .. 

NOTE: 1, Except pins 15, 29, 31, 2, Except pins 32, 33. 34, 

A.C. CHARACTERISTICS , ~: ~. 

TEST CONDITIONS: Vee = 1 OV± 5%,CL == 50pF, TA == -55° C to +125° C, fe = i),OMHz' ,~' 
. - ~: 

SYMBOL PARAMETER MIN TYP, 
. , 

'MAX ; UNrr:~ 

1 tLiN LXMAR Pulse Width IN i35 ns 

2 tAIS Address Setup Time IN: DX-LXMAR (II ' 60 ns' 

3 tAIH Address Hold Time IN: LXMAR(II-DX 60 ns 

4 tOEN Data Output Enable Time: DEVSEL( I I-DX 260 ns'. ' 

5 teEN ' Controls Output Enable Time: DEVSEL( II-lines CO,C1 ;C2,S/I " 260 ns 

6 tOIS' Data Input Setup Time: DX-DEVSEL'II i' P 
.' 60 ns, 

7 TOIH Data Input Hold Time: DEVSEL,II-DX 60 ns 

8 tRST RESET Input Pulse,Width 250' ' I " ns 

9 tsio SKP/INTX to SKPflNT Propagation Delay ',' ,', 120 ns 

10 tOM LX DMA Control Signals Delay: XTC-XTC'; " ,. 
" MEMSEL-MEMSEL '. LXMAR-LXMAR' 1,20 ns 

11 tOEM EnablefDisable Time from DMAGNT to EMA Lines 60 ns ' , 

12 tMDR; MEMSEL' Pulse Width READ 375 ns: ' 

13 tMOW MEMSEL' Pulse Width WRITE '475 ' ns 

14 tMOWR MEMSEL' Pulse Width WRITEfREFSH 275 ' .. 
',11 n,s .. ,'! 

15 tLO ' LXMAR' Pulse Width 175 ' , ns 

16 tORAT DMA READ Access Time: L«MAR',I'-UP,I, 375 ns 

17 tOXAS DX & EMA Address Setup Time Wrt LXMAR'j.j" 70 ' .. ns' 

18 tOXAH DX & EMA Address Hold Time Wrt LXMAR'!I, 70 ns 

19 tOREN DMA READ Enable Time: MEMSEL' ,II-UP,I, '., " 275 
" 

ns 

20 tRUP UP Pulse Width DMA READ ,. 175 ns 

21 towAT DMA WRITE Access TirT1e: LXMAR',II-MEMSEL',I, 'c', 375 '" 
, ns 

22 tOWEN DMA WRITE Enable Time: UP III-MEMSEL ',II '275 ' , ns 

23 tMWS MEMSEL' Setup Time DMA WRITE MEMSEL',I,-LXMAR'!li 50 i ns 

24 tOMS DMAEN Setup Time Wrt XTA ii' 50 ns, 

25' tOMH DMAEN Hold TimeWrt XTA ,I, 50 ns 
26, twup UP Pulse Width DM/!'., WRITE 375 ns 

I 
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,M8102 
IM6102-1M (Military) 

ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
Military IM6102-1M ........... -55°C to +125°C 

Storage Temperature ............ . -65° C to 150° C 
Operating Voltage ................ +4.0V to +7.0V 
Supply Voltage ......... :.................. +8.0V 
Voltage On Any InpLit or . 
Output Pin ................. .-0.3V to Vcc +0.3V 

NOTE: Stresses. above those listed under "Absolute Maximum 
Ratings" may cause permanent d('vice failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated if) the 
operation sections of. this specification is not implied. 
Exposure to absolute maximum rating conditions for 
extended periods may cause device failures. 

D.C. CHARACTERISTICS 
TEST CONDITIONS: VCC = 5.0V ± 10%, CL = 50pF, TA = -55°C to +125°C 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

1 VIH Input Voltage High Vee -2.0 V 

2 VIL Input Voltage Low 0.8 V 

3 ilL Input Leakagelll GND,oVIN,oVee -1.0 1.0 J.lA 
4 VOH Output Voltage Highl21 IOH; OmA 2,4 V 

5 VOL Output Voltage Low IOL; OmA 0,45 V 

6 loL Output Leakage 'GND,oVouT,oVee -1.0 1.0 J.lA 
7. lee Power Supply Current-Standby VIN-GND or Vee 800 J.lA 
8 lee Power Supply Current-Dynamic Ie; 2.5MHz 2.0 mA 

9 CIN Input Capacitancelll 7.0 8.0 pF 

10 Co Output Capacitancelll 8.0 10.0' pF 

NOTE: 1. Except pl.ns 15, 29, 31 2. Except pins 32, 33, 34. 

A.C. CHARACTERISTICS 
TEST CONDITIONS: VCC= 5.0V ± 10%, T A = -55° C to +125° C, fc = 2,5MHz 

SYMBOL PARAMETER MIN TYP MAX UNITS 
.-

1 tUN LX MAR Pulse Width IN 300 ns 

2 tAIS Address Setup Time IN: OX-LX MAR ,J, 80 , ns 

3 tAIH Address Hold Time IN: LXMAR, J I-OX '120 ns 

4 tOEN Data Output Enable Time: DEVSEL, J I-DX 400 ns 

5 teEN Controls Output Enable Time: DEVSEL, J I-lines CO,C1,C2,S/I 400 ns 

6 tOIS Data Input Setup Time: DX-DEVSEL,! 100 ns 

7 TOIH Data Input Hold Time: DEVSEL'! -DX 100 ns 

8 tRST RESET Input Pulse Width 500 ns 

9 tSID SKP/INTX to SKP/INT Propagation Delay 130 ns 

10 tOMLX DMA Control Signals Delay: XTC-XTC': , 
, MEMSEL-MEMSEL·, LXMAR-LXMAR· 130 ns 

11 tOEM Enable/Disable Time from DMAGNT to EMA Lines 100 ns 

12 tMOR MEMSEL" Pulse Width READ 750 ns 

13 tMOW MEMSEL· Pulse Width WRITE 950 ns 

14 tMOWR,. MEMSEL' Pulse Width WRITE/REFSH 550 ns 

15 tLO' LXMAR· Pulse Width 350 ns 

16 tORAT DMA READ Access Time: LXMAW, I'-UP. I· 750 ns 
--

17 tOXAS DX & EMA Address Setup Time Wrt LX MAR" , I· 120 ns 

18 tOXAH OX & EMA Address Hold Time Wrt LXMAW. I· 175 ns 

19 tOREN DMA READ Enable Time: MEMSEL' , I ,-UP, I' 550 ns 

20 tRUP UP Pulse Width DMA READ 350 ns 

21 towAT DMA WRITE Access Time: LXMAW, I ,-MEMSEL·. I· 750 ns 

22 towEN DMA WRITE Enable Time: UP ,j'.-MEMSEL·,! 550 ns 

23 tMWS MEMSEL' Setup Time DMA WRITE MEMSEL',j ·-LXMAW,j· 100 ns 

24 tOMS DMAEN Setup TimeWrt XTA ,I· 100 ns 

25 tOMH DMAEN Hold Time Wrt XTA ,I· 100 ns 

26 twup UP Pulse Width DMA WRITE 750 ns 
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IM6102 
APPLICATION 

IM6100-IM6102 lolerface In a Buffered System. 

'IM6100 IM6102 

IM610.0 CHL)'---.... ----C 

IM6102 CHL)I--.... ---------+@ 

IM6100 XTC 

I 

Vee 

IM6100XTA(H)----L_~ 

IM6100 XTB(H) 

CD 
D Q~------~L-~ 

C R 
<D IM6100 XTB 

IM6100 
DMAGNT(H) 

DX 

<D IM6100 SENDS ADDRESS/DATA TO MEMORY 

@ USER SENDS DATA TO MEMORY 

@ USER READS FROM MEMORY 

@ IM6102SENDS ADDRESS TO MEMORY. 

@ IM6102 SENDS DATA TO IM6100 

~,'-------- IM6102 UP(L) 
1--'--::::""-0( IM6102 XTC* 

....... ....l~----,.--- IM6102 MEMSEL*(L) 
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IM6103 CMOS Parallel 
Input-Output Port (PIO) 

FEATURES 

• 20 Programmable I/O Pins 

• TTL Compatible Inputs and Outputs 

• Compatible with IM61 00 Microprocessor Family 

• Low Power Dissipation < 10 mW 

• Extended Temperatur~ Range, -40°C to +85°C 

• Single Power Supply 

FUNCTIONAL BLOCK DIAGRAM 

DXO-l1 

SH6 
SEl7 

OEVSEl 
lXMAR 

c, 
SKP/INT 

1O.r-...... "PC8-11 
PA4-1 

PA8-11 
~·'---'-'IRS. IRE, 

ORS,ORF 

1',-'-__ ---jh/ PSO-11 

ORDERING INFORMATION 

OPERATING 
TEMPERATURE VOLTAGE 

PART NO. RANGE RANGE PACKAGE 
IM6103AMOL _55°C to +125°C 4-11V 40 Pin Ceramic 

IM6103AIOL _40°C to +85°C 4-11V 40 Pin Ceramic 

IM6103 AIPL -40°C to +85°C 4-11V 40 Pin Plastic 

IM61031PL -40° C to +85° C 4-7V 40 Pin Plastic 

IM6103 CPL O°C to +700 C 4-7V 40 Pin Plastic 

IM6103 MOL _55°C to +125°C 4-7V 40 Pin Ceramic 

IM6103 IDL -40° C to +85° C 4-7V 40 Pin Ceramic 
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GENERAL DESCRIPTION 

The IM6103 is a Parallel Input-Output Port (PIO) device de
signed for use in IM6100 microcomputer systems. Its func
tion is to provide a general purpose parallel I/O component 
to interface ·peripheral equipment to the IM6100 system bus. 
The functional configuration of the IM6103 is pr'ogrammed 
by the user software so that normally no external logic is 
nel:essary to interface a wide variety of peripheral devices 
such as displ.ays, printers, keyboards, etc. to an I M61 00 micro· 
computer system. 

A general purpose all-CMOS microcomputer system with 
64 x 12 RAM, 1 k x 12 ROM and 20 I/O 'lines can be built 
with just four CMOS LSI devices - IM6100 microprocessor, 
IM6512 (64 x 12) RAM, IM6312 (lkx 12) ROM and 
IM6103 PIO. 

PIN CONFIGURATION 

Vcc 
PA7/PC'l 

DEVSEL 

PAn/ORF 

SELt; 

SEL7 

ox. 
ox, 
OX2 

OXJ 

PACKAGE DIMENSIONS 

PBl' 

PB,O 

P" 
PBB 

PB7 

, ,PB6 

PB, 

PBe 

PBJ 

PB2 

PB, 

PSO 

OX,1 

DX,0 

GNO 

ox. 
OXB 

OX7 

ox. 
ox, 

~ .. -u-==u- 0.012 

I 0.&00 I 
-- REF---



'·IM6103 'D~DlL 
ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 
.• Industrial IM61031 ................................ _40°C to +85°C 
Storage Temperature .................................. -65°C to +150°0 
Supply Voltage ....... , : .....................•............. : +1.2V 
Voltage on·Any Input or Output Pin With' Respect to GND ..... -0.3V to Vee Hl.3V 

NOTE: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent 
device failure. These are stress ratings only and functional operation of the' device at these or 
any other conditions above tho~e indicated in thii .operational'sectiqns of ,this specification is 
not implied. Exposure to absolute maximum rating conditions for extended periOds may cause 
device failures. . 

DC CHARACTERISTICS 
TEST CONDITIONS: VCC = 5V ± 10%, TA = Industrial 

SYMBOL ' PARAMETE.R. : CONDITIONS MIN TYP· MAX 

1 VIH Logical "1',; Input \loltage VC~1.7 · . 

2 VIL Logical "O"lnput Volta!le.· .0.8 

3. IlL Input Leakage OV ";;;V.IN ';;;VCC -1.0 1.0 

4 VOH . Logical "1"Output Voltage lOUT =; 0 exceptpins 6,,9 . VCC':'·1~0 .. 
.5 VOL . Logical "0" Output. Voltage . lOUT'" 0 · :0:45 

6 10 Output Leakage OV';;;VO';;;VCC -1.0 1.0 

7 ICC Supply Current, " VCC=5V '. 2.5 

CL = 50pF;TA = 25°C 
, FCLOCK =. Operating Frequency 

8 CIN Input Capacitance 7.0 · ·8.0 

9' Co Output Capacitance . '" .8.0 10.0 

'AC CHARACTERISTICS 
TEST CONDITIONS: VCC = 5V ±10%;TA =-40u C to +85u C, CL = 50pF, All times in ns, 

, 'SYMBOL. PARAMETER MIN MAX .. 

1 tADOS Address Set-Up Time DX-LXMARi- 110 

2 tAOoH Address Hold Time LXMARi--oX' 150 

3 toEN Output Enable Time. oEVSELi--oX 550 

4 toc Output Enable Time DEVSEL+-':"C1 550 

5 tol Output Enable Time . OEVSELi--SKP' '400 

6 ;tos Data Set-Up'Tim.e oX-oEVSELt ~." 200 

7 toH. Data Hold Time oEVSELt-oX 1!iO 

8 tps Data 'In Set-Up Tir:ne Port Data In...,LXMARi- 200 

9 tpH Data In Hold Time ' LXMARi--Port Data In 225 

10 t01 Delay Time oEVSEL t ...,Port Data Out 550 

" UNITS 

V 

IJA. 

V 

iJA 
mA 

pF 

UNITS 

,~ ns 

11 , tBS Data In Set-Up Time Port Bln"":IRSi- 200 .'. 

• 12 tBH Data In Hold Time . I RSi--Por't Bin 150 

13 t02 Output Enable Time ORSt':"Port BOut , 556 

14 t02 Output Disable Time ORSi--Port BOut 200 

15 t03 . Delay Time IRSi-~IREi- 550 
ORSi-:....oRF+ 
oEVSELt,,:-IREt 

oEVSELt-ORFt 

fJ 



IM6103-1 
ABSOLUTE MAXIMUM RATINGS 

Operating Temperature 

Industrial IMM61031. ................................. -40°C to +85°C 
Storage Temperature ............................. , .. , -65°C to +150°C 

Supply Voltage .............................. -..... " ... ~ . ; .... , +8V 
Voltage onAny Input o'r OutP~t Pin With Respect'toGND ;.' .. '. , -0.3V toVCC +0.3V 

NOTE: Stresses abov9" those listed .under "Absolute Maximum R<!tings" may cause permanent 
device (ailure. These. are stress ratings only and furwtionaloperation of thedev.ice at these or 
'any other co~ditions. above those indicated in'the operational sections of this specification is 
. not implied. Exposure to 'abs"lute maximum rating'conditions for extended periods may cause 
device failures. ' 

DC CHARACTERISTICS 
TEST CONDITIONS: VCC = 5V ± 10%, T A = Industrial 

SYMBOL PARAMETER CONDITIONS MIN ·TYP 

1 V,H Logical "1" I nput Voltage VCC-1.7 
-------- _. 

2 V,L Logical "0" I nput Voltage 

3 ' " L I nput Leakage ' OV <V,N <VCC -1.0 

4 VOH Logical "1" Output Voltage: 10H ='-0.2 mA except pins 6,9 'vcc-f.o , 
-_. 

5 ,VOL Logical "0" Output Voltage, 10L =2.0 mA 
.. 

-.~--

6 OV<VO<VCC 10 Output Leakage ~.1.0 

i I 
7 ,ICC Supply Current VCC=5.0V , 

CL = 50 pF;TA = 25°C 

, -----
FCLOCK= Operating Frequency 

8 C,N . Input Capacitance 7:0 
.. 

9 Co Output Capacitance 8.0 

AC CHARACTERISTICS 
TEST CONDITIONS: VCC = 5V ± 10%, TA = _40c C to +85~C, CL = 50pF,AII times in ns. 

MAX 

0.8 

to 
, 

0.45 

1.0 

2.5 

8.0 

10.0 

SYMBOL ,. PARAMETER ..... MIN " MAX 

1 tADDS Address Set-Up Time DX~LXMAR·.J. 80 

2 tADDH Address HoldTime LXMAR.J.-DX 100 , 

3 tDEN Output Enable Time DEVSEU-DX. 450 

4 tDC Output Enable Time DEVSEU-Cj 450 

5 tDI Output Enable Time DEVSEL.j..,.·SKP 330 

6 tDS Data Set~Up Time DX-DEVSELt 150 

7 tDH Data Hold Time DEVSELt-DX 100 

8 tps Data InSet-Up Time Port Data .In-LXMAR.J. 150 

9 tPH Data I n Hold Time LXMAR.J.-PortDatalri 175 I 

10 tDl Delay Time DEVSE Lt -PortjDataOut 
." 450 

11 tBS Data In Set-UpTime Port Bin-I RS.J. 150 

12 tBH Data In Hold Time IRS.J.-,PortB In 100 

13 tD2 Output Enable Tirne ORSt-Port BOut, 450 

14 tD2 OutpUt Disable Time ORS.J.-Port BOut ,. 200 

I RS.J.-IRE.J. 
--,-, 

15 tD3 Delay Time 450 

ORS.J.-ORF.J. 
DEVSEL t-IREt· 
D,EVSEL t ":"ORFt 

". . ... 

7-200 

UNITS 
. 

V 

jJ.A 

V 

pA 

mA 

pF 

UNITS 

ns 
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DXO_ll PCS-l1 

(4, 
PA4-7 

SEL6 
SEL7 

PAS-l1 
IRS, IRE •. 

DEVSEL (4' QRS, ORF· 
lXMAR 

, C, 
SKP/INT 

PBo-l1 

FIGURE 1: Functional Block Diagram. 

IM6103 FUNCTIONAL PIN DEFINITION 

PIN 
NUMBER 

1 

2 

6 

7 

SYMBOL 

Vcc 

PA7 

SKP/INT 

PAS 

IRS 

PAg 

IRE 

iNPUT!. 
OUTPUT 

I/O 

I/O 

I/O 

I/O 

o 

I/O 

o 

I/O 

o 

DESCRIPTION 

Positive Power Supply 

Port A'I/O Line (4). Most Significant Bit 
of Port A in Mode 10. 

Port' C I/O Line (S) in Modell/OX-Most 
Significant Bit. 

PortA5'-A7 (Mode 10). 

Port Cg -C11 (Mode 11/0X). 

lime M~ltiplexed SKP andlNTREO lines to 
the I M61 00 Microprocessor: - Active Low~ 

Port A' I/O Line in Mod~ 1 i/l0 - Most 
Significant Bit of Port A in ModeJ 1. 

Input Register' Strobe to .clock data into, 
Port B in Handshake Mode (Mode OX). 
Port B Latches.in the data on' the falling 
edge of I RS (I RS.J,.). ' 

Port Ag (Mode 11/10). 

Input Register Empty output goes high wheri 
Port B input buffer has been read by the 
IM6100 microprocessor. It goes low whfiln 
Port B input buffers are strobed in by I RS.J,.. 
(Mode OX)." PIO may be programmed to 
generate an I NTREO on I RE.J,.. 

7·201 
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IM6103 FUNCTIONAL PIN DEFINITION (Continued) 

PIN 
I 

NUMBER SYMBOL 

9 

10 LXMAR 

11 

ORS 

12 DEVSEL 

13 

ORF 

14 SEL6 

15 SEL7 

16 ~25 DXO~DX9 

26 GND 

INPUT! 
OUTPUT 

a 

I/O 

DESCR.IPTION 

C1 output goes low upon completion of Pia 
Port data transfer· to the IM6100 Accumula· 
or (AC). This output is an open·drain out
put to be wire-OR'D with C1 Lines from 
other I M61 00 peripheral controllers. 

Address Latch enable signalfrom the I M61 00. 
Pia clocks in address and control informa

. tion from the IM6100 on the falling edge of 
LXMAR(LXMARt). All Port inputs are 
Sjlmpled at LXMARt. 

Port A10 (Mode 11/10). 

I Output Register Strobe input to enable Port B 

I/O 

a 

I/O 

I/O 

I/O 

'output· buffers in Mode OX. Port B is tri
stated when ORS is low. 

I nput·Output Device Select control line from 
tl:1e IM6100. It performs both the read and 
write function. The first negative transition 
after LXMARt,enables the DX output buf
fers of the selected Pia for a 'read' operation. 
When DEVSEL returns high, the 'read' 
operation is terminated. The second negative
going pulse on DEVSEL serves as a write' 
pulse to the selected Pia and the IM6100 
AC data is written into the selected -PIa re
gister or port on the rising edge. 

Port A11 (Mode 11/10)-Least Significant 
bit of Port A. 

I 

Output .Register Full output goes high when 
the I M61 00 writes into Port B in a hand
shake mode. It goes low. when the peri· 
pheral device reads Port B by enabling ORS 
high. The Pia may be programmed to gen
erate an INTREQ onORFt·(Mode OX). 

A Chip Select Input. Pia has two chip 
selects, SEL6 and SEL7, thereby enabling 
up to four Pia chips in a system. 

A Chip Select Input. 

The IM6100 System bus (Data and Address). 

Ground 

IM61 00 System bus (Data and Address). 

I/O Port Pin. PBO is the most significant 
bit, and PB 11 is the least significant bit. 



IM6103 
IM6100 SYSTEM TIMING 
The tristate bidirectional 12.-bit OX bus is used to transfer 
data and control information (Figure 3) between the IM6l03 
and the IM6l00 fl1icroprQcessor., The IM6l00trilnsmits the 
device address and control inforr~ation on the OX bus, 
during the 'execute' phase of an Input~Output Transfer 
(lOT) instruction. The IM6l03 accepts this information on, 
the falling edge of the LX MAR (Address, Latch Enable) 
Signal. 

The address bits (6-7) are compared with the chip select in· 
puts (SEL6 and SEL7) to address 1 of 4.1'10'5. The lOT ad· 
dress bits (3-5) are programmed intermilly to respond to the, 
bit pattern 011. The SEL6 and SEL7 inputs should be~ 
ternally hard-wired to match the DX6 and DX7 chip seleCt 
bits. As shown in Fig; 3, DEVSEL goes low, during the 
first half of an lOT execute machine cycle for a read operation 
and it goes low again in the second half for a write operation. 
The IM6l03 responds ,to a 'read" instruction by putting data 

IM6100 
OSC OUT' 

IM6100 
T.STATE~ 

IM6100 I 
IFETCH 

BIT 

DXo • • • • • 
0 2 3 4 5 

0 I I 0 

I~' lOT ~I I~, PIO_I 
,CODE CODE 

, 
, , 

, 

D~DIL 
onthe OX bus andCl output (of IM6l03) low when DEVSEL 
(from IM6l00) inpLit is low. Cl line goes low to indicate an in· 
put transfer cycle to the I M6l 00. All PIO data transfers to the 
IM6l00 Accumulator (AC) is an 'OR' transfer, '(i.e., PIO data 
is OR'ed into the contents of the AC). 

During the write operation into, PI'O, the PIO accepis diltil 
from the IM6l00 Accumulator on the' rising edge of the 
DEVSEL. During and after the PIO write, the contents of,~he 
accu mu lator are. not cleared. 

SKP/INT line goes low during the 'read' DEVSEL' if the 
I M6l03' is responding to a'skip' iristrudtion, and the 'skip' 
'conditio~ is met, therefore causing the IM61DO to skip the 
next sequential instruction. SKP/INT line reflects the inter· 
rupt request status of the IM6l00 at all times except during 
the 'read' DEVSEL. The SKP/INT line goes low if an active 
interrupt request is pending. During read DEVSE L mode" 
the SKP/INT indicates the current skip condition. The. bits 
are interpreted as shown below: 

.', • • • • 'OX" 

6 7 8 9 10 11 

I SELS I SEL7 I 18 I I 19 110 I I" I 
1-- s~~~6T--I" PIO 

"I CONTROL 

~~~~: ~L ________________ ~ ____ ~r-l~: ______ +-________________ +-________ +-________________________ ___ 

IM6100 ---, 
MEMSEL IL. ___ ..J 

OX(O-ll1 
=="""----

IM6100 
OEVSEL' 

IM610l 
CI 

LOW FOR 
REAO 

1 , , , 
1 

, ' , , 

_.;.. ___ -'- ___ ~~~~u~T _________ L'(-~;,;i--X i INT~RRUPT . , ' ' , " 

lOT INSTRSAMPLEO BY PIO-.JPIO,OATA, cLKP s~~:~ ----:~,~J~t~~O----1-- -------------------'--SKPIINT 

(i, •. , All input data lines BY IM6100 FOR REAO FOR WRITE INTREQ SAMPLED 
a,re sampl.d,) 'lOT EXECUTE MACHINE CYCLE BY IM6100 

FIGURE,3: IM6103 system timing diagram. 

OPERATION OF' PORT. BUFFERS -Port B with 12 bits (PBO-PB 11) 
-Port C with 4 bits (PCa-PC11 ) 

The IM6103 has 20 I/O pins which can be individuallY pro· 
grammed in groups of 4, a or12 bits in three different mode$ 
of operation. 

In Mode 11, the 20 I/O lines are divided into three ports: 
-Port A with 4 bits (pAa-PA11) 

In Mode 10,the 20 I/O lines are grouped into 2 ports- ' 
-Port A with a bits (PA4-PAll) . 
-Port B with 12 bits (PBO-PB 11) 
-The four I/O lines associated with PortC in Mode 11 

(PCa-PC11) are allocilted to Port A as PA4-PAt. 

fJ 
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In Mode OX, therearetwo ports-Port B with 12 bits and, 
Port C with 4 bits and four lines, for handshake control 
logic. Four I,in~s of Port A in Mode .11 (PAs-PAn) are re
assigned as handshake control lines, They are: 
-I nput Register Strobe (I R S) 
-Input Register Empty (IRE) 
-Output Register Strobe (ORS) 
-Output Register Empty (ORE) 
The handshake logic controls the data transfer for the Port B. ' 
Port C operation remains the same as in Mode 11. 

For an 'input' transfer in OX Mode, the input register empty 
(I R E) output goes high to indicate to the peripheral device 
that the input register is empty (as shown in Fig. 4). The peri
pheral device 'may then strobe in the new data into Port B 
with Input Register Strobe (IRS). At this time,IRE goes 
low to indicate. to the peripheral device that the input buffer 
is full, and remains low until Port B has been read by the 
IM6100 microprocessor. IRE then goes high after the IM6100 
executes a Read Port B (RPB) instruction to. initiate an
other input sequen·ce. The data into Port B should be valid 
only for a short duration before and after I RS makes the 1 to 
o transition. 

IM6100 DEVSEl------------. 
IRPB INSTRUCTION) 

IRS 
(PERIPHERAL ~PIO) 

IRE 
'(PIO ~PERIPHERAL) • 

tBS. ~ ... tD3 : . 

PORTBOATA I 1 ... ~tB~H~~~~~~~~~~~~~ 
(PERIPHERA·L~PIO)~ 

FIGURE 4: Input data transfer (peripheral device to PIO)' 

For an ~output' transfer in OX mode, the IM6100 micropro' 
cessorwrites, the data i,nto Port Band its timing is shown in 
Figure 5. ORF line from the PIO goes high, signaling 
the peripheral device that the output register is full. The peri
pheral device may then strobe in the new data from Port B 
with ORS. Port B stays in the high impedance mode until 
ORS is activated by the peripheral device. ORF line goes 

low and remains low until Port B has been written into by the 
IM6100 microptocessor. ORFthen goes high, initiating an· 
other output sequence. 

IM61 00 OEVSEL 
(SPB/CPB/WPB) 

IPIP_PERIPHERDAR~ J--803-}... 
DRS 

(PERIPHERAL -PIP) c..,...---,--

(PIP ~~~~~~~R~L~-- - ~ -------~~:--~~~----

FIGURE 5: Output data transfer WIO to peripheral devioe). 

7-204 

The I M61 00 monitors the status of OR F (Output Register 
Full). If it is low (i.e., output register i~ empty), 111.116100 may 
load data into Port B output buffer with SPB/CPBIWPB in
strlJction. ORF goes high adelay timeafterthe rising edge of 
the 'write' DEVSE L, signaiing the peripheral device that out
put buffer has new data. During this time, Port B output buf
fers remain tristateid~ The peripheral device may then enable 
and read ou't Port B output latches by activating 0 RS (Out
put RegisterStrobe) high. The falling edge of ORS (from high 
to low) signals the PIO that the peripheral device no longer 
needs the valid current information. Port B is tristated and 
ORF then goes low, thereafter, to indicate another output 
sequence; 

ORF should be set to 0 and IRE to 1 with a :write' command 
in Mode OX, to initiate the handshaking sequen~e. 

The IM6100 microprocessor should not write into Port B unti.1 
ORF is low for an 'output' transfer and should not read Port B 
until IRE is low for an 'input'transfer. The peripheral device 
reads Port B if ORF is high and writes into Port B if I RE is 
high. 

The PIO may be programmed to generate an INTREQ (Inter
rupt Request) to the microprocessor when 0 R F or IRE goes 

. low by setting the respective Interrupt enable bits, OREN 
and IREN. 

The IM6100 may poll the status of ORF or IRE by executing 
the respective skip instructions SKPOR and SKPI R, by reading 
the statusregister or by reading "Port AU. 

In Mode 11 and 10, when handshaking control is not in effect, 
the execution ofSKPOR and SKPIR Instructions depend on 
the state of the Port A lines PAll and PAg, respectively. The 
Interrupt feature is available only in Mode OX. 

The mode of operation - 11, 10 or OX, is selected by pro, 
gramming the Status Register (SR). 

All ports are bidirectional. The execution of a 'write' in· 
structio~ caused a port to be automatically programmed' to 
be·an 'output'. The output data may be changed by using the 
'set', 'clear' 'or 'write' instructions. The output remains valid 
until the port bit lines are reset to be inputs. 

Execution of a 'read' instruction causes a port to be automati· 
cally set as an 'input' port- i.e., it presents a very high imped
ance to the I/O lines. Data appearing on the I/O lines will be 
sampled into the port input latch at every LXMAR pulse and 
may be read by the IM6100 microprocessor by the 'read' 

. instruction. 

In Mode OX, Port B acts as a . tristate bidirectional buffer 
which is controlled by an external peripheral device. OR F 
and IRE lines are outputs and ORS and I RS lines are inputs. 

At power-on, all ports are defined to be input ports and ·the 
PIO is initialized· to be in Mode 10. With 20 I/O lines 
partitione(linto the S/12 (i.e., Port A = S .bits, Port B = .. 12 
bits) format.' 
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STATUS REGISTER 

The Status Register (SR) has 2 mode bits, MS and Mg which 
can be modified by the WSR (Write Status Register) instruc· 
tion. These two bits define the mode of operation for the 
IM6103 as shown in Figure S. ' 

Ma Mg MODE PORT OPERATION 

0 * Mode OX PBO·11, PCS.11, IRS,I RE, ORS; ORF 

1 0 Mode 10 PBO·ll, PA4·11 
1 1 Mode 11 PBO·11 , PCS·11 , PAS·l1 

FIGURE 8: Mode bit assignments. 

The Mode and Interrupt status bits, ORINT (Output Register 
empty Interrupt) and IRINT (Input Register empty Interrupt), 
may be read with the RSR (Read Status Register) instruction. 
The interrupt status bits are set to 0 if the corresponding flag is 
requesting an interrupt. 

In Mode 11/10 the current value of PAll and PAg can be in· 
terrogated. ,In this mode, Port A tan be either an input or an 
output. MS andMg are initialized to "11" at power-on. 

~ DXg I DXlO I DX11 I DX BUS 

~ Mg IDRINTIIRINT I SR MODE OX REAO 

~ I Mg I PAll I PAg I SR MOOEll/1O READ 

~ ~ SR MODE 1111O/OX WRITE 

FIGURE 9: Status register bit assignments. 

SKIP OPERATiON 

The IM6l00 may poll the status, of ORF or IRE in Mode OX, 
by executing a skip instruction,SKPOR or SKPIR. The 
.lM6l 03 will assert the SKP/INT line low if the corresponding 
status line (ORF or IRE) is low, causing the next sequential 

,instruction to be skipped. During this cycle, ORF and IRE reo 
main unchanged. 

In Mode 11/10, SKPOR and SKPI R instruction executions de· 
pend on the state of PAll and PAg, respectively, Port A may 
be an input or output port. 

If ORF is reset to 0 by executing a CLRPA or WPAinstruction 
to initiate the handshaking sequence, the next SKPOR instruc' 
tion will cause the next sequential instruction to be skipped. 

INTERRUPT OPERATION 

The I M6l 03 may be programmed to generate an interrupt reo 
quest input (lNTREO) when ORF or IRE goes low, by setting 
the corresponding interrupt enable 'bits, OREN or IREN, to 1. 
If the IM6l00 interrupt system has been previously enabled, 
the microprocessor will acknowledge the INTREO input. If 
the IM6100 J.l.P does not see the higher priority INTREO's, 
inputs from other peripheral controllers such as IM6102 

'Memory Extender/Direct Memory Access/Internal Timer Con· 
troller (MEDIC) or IM6101 Parallel Interface Elements (PIE) 

,in the system" the interrupt service routine should initiate a 
software poll of the PIO's in the system to identify the parti· 
cular PIO that generated the INTREO. In Mode OX, the inter· 
rupt request' status of ORF and IRE may be identified by 
reading the Status Register. ORINT or IRINT will be set to 0 

. if ORF (being low) or I RE (being low) is generating an 
INTREO. Note that IM6l02 MEDIC and IM6l0l PIE pro· 
vide an automatic priority vectoring. 

The interrupt feature of IM6l03 is available only in Mode OX. 
An ORFINTREO may be removed by one of the following 
methods: 

• executing a SPB/CPB/WPB Instruction (ORF goes high if 
Port B is written into), or 

• setting ORF to 1 with SPA/WPA Instruction, or 
• by resetting OREN to 0 with a CPA/WPA Instruction, or 
• by changing to Mode 11/10. 

An IRE INTREO may be removed by: 

• executing a RPB Instruction (IRE goes high after Port B is 
read), or 

• setting I RE to 1 with SPA/WPA Instructions, or 
• resetting IREN to 0 with a CPA/WPA Instruction, or 
• changing to Mode 11/10. 

PIO may be software programmed to generate anlNTREO 
to the IM6100 by resetting ORF or IRE to 0 with a CPA/WPA 
Instruction and by setting the corresponding enable bit, OREN 
or I REN, with a SPA!WPA Instruction in Mode OX. 

7-205 
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PIO INSTRUCTION 

NOTE: Symbol Definition - "." - AND 
",+" - OR 
':,=" - Is Replaced By 

PIO 
MNEMONICS DESCRIPTION' 

CONTROL 

a a a a SETPA Set PAi to lit' ACi is 1. AC is not 
(Set Port A) cleared. 

Modell: PAi=PAi+ACj. 8";; i";; 11 

Mode 10.: PAi~PAi+ACi.4";;, i";; 11 

Mode OX: IREN = IREN + AC8 
IRE=IRE+ACg 
OREN = OREN +AClO 
ORF ~ORFTACll 

a a a 1 CLRPA Clear Port A. Clear PAi to a if ACi 
is 1. AC is not cleared. 

, . 
Mode 11: PAi=PAi • ACi, 8";; i";; 11 

Mode 10.: PAi=PAi'ACi, 4";;i";; 11 

Mode OX; IREN = IREN'ACa . 
IRE=IRE ;ACg 
OREN = OR EN 'AClO 
ORF= ORr; 'ACll 

a a 1 a WPA Write Port A. Set PAi equal ,to ACi. 
ACis not cleared. 

Mode 11 :PAi=ACi. a,,;; i";; 11 

Mode 10.: PAi=ACi. 4";; i";; 11 

Mode OX; IREN = ACa 
IRE = ACg 
OREN = AClO 
OR$.= ACll 

a a 1 1 RPA Read Port A, 'OR' transfer PAto AC. 
\ 

Mode 11; ACi=ACi+PAi, a";;i";; 11 
ACi=ACi,a";;i";;7 

Mode 10.: ACi=ACi+PAi, 4";; i";; 11 
ACi=ACi,a";;i";;3 

Mode OX: ACa='ACa+IRS 
ACg=ACg+IRE 
AClO=AClO+0RS 
ACn=ACll+0RF 
ACi=ACi, a,,;; i";; 7 

a 1 a a SETPB Se't Port B. Set PBi to 1 if ACi is 1. 
AC is not cleared. 

PBi=PBi+ACi, a,,;; i";; 11 

a 1 a 1 CLRPB Clear Parr B. Clear' PBi to a if ACi 
is 1. AC is not cleared. 

PBi=PBi 'ACi, a,,;; i";; 11 

a 1 1 a WPB Write Port B. Set PBi equal to ACi. 
AC is not cleared. 

PBi=ACi, a,,;; i";; 11 
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PIO 
MNEMONICS DESCRIPTION 

CONTROL 

a 1 1 1 RPB Read Port B. '0 R' transfer PB to AC. 

ACi=ACi+PBi; a";;i<) 1 

1 a a a SETPC Set Port C. Set PCi to 1 if ACi is 1. 
AC is nO,t clear~d. 

Mode 11 and OX: PCi=PCi+ACi 
a";;i";;ll 

Mode 10.: No operation 

1 a a 1 CLRPC Clear Port C . . Clear PCi to a if ACi 
is 1. AC is no! cleared. 

Mode 11,and OX:.pCi~PCi,·ACi 
a~i";;ll 

Mode 1 a: .No operation 

1 a 1 a WPC Wr,;te Port C. Set PCi equal to ACio. 
AC is not cleared. 

Mode 11 and OX: PCi=ACi 

8";;i";;11 
Mode 1 a: No oper~tion 

1 a 1 1 RPC Read Port C. 'OR' transfer PC to AC. 

Mode 1 T and OX: ACi=ACi+PCi 
a";;i";;ll 

Mode 10.: No operation 

1 1 a a SKPOR Skip the next sequential instruction if 
PA11/0RF is low. 

Mode 11 and 10.: Skip if PAll is 
low. 
Mode OX; Skip if ORF is low. 

1 1 a 1 SKPIR Skip the next sequential instruction if 
PAg/IRE is low. 

Mode 11 and 10.:, SkipifPAg is 
low. 
Mode OX: Skip if IRE is low. 

'1 1 1 a WSR Write Status Register. AC is no't 
cleared. 

Ma = ACa 
Mg = ACg 

1 1 1 1 RSR Read Status Register. '0 R; transfer 
Status register to AC .. 

ACa = ACa + Ma 
ACg = ACg + Mg 

',ACi = ACi; a";;i<7 

Mode 11 and 10.: AClO~ACia+PAll 

AC1'1= AC 11+PA9 
Mode OX; AClO=AClO+0 R I NT 

, ACll=ACll+IRINT 
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,-I DXo I DXl I DX2 I I DXJ I DX4 I DX5 II DX& I DX7,I.oxallDxg DXlo.1 PX11 I ox BUS 

'I 1 I 1 0 I I 0 I 1 I 1 II SEL& I SEL7 I 18 U Ig 110 I 111 I PIOINSTRUCTlON,. 

I 0 I 0 0 II o 1 0 0 1 1 0 1 0 1 PAa 1 PAg PAlO I' PA11 "PORTA 'MODE 11 READ" ' 

~ PAg PAlO 1 PA11 PORT A MODE 11 WRITE 

1 II 1 0 1 0 1 1 0 1 PA4 'I PA5 1 I PAS 1 PA7 1 PAa'1 PAg PAlo'1 PA11 PORT A' MODE 10 READ 
-, 

I PA4 I PA5 I I PAS I PA7 1 PAa I 
PAg PAlO I PA11 PORTA MODE 10 WRITE 

" .. 

O· 0 ,II . 0 ' I' 0 I 0 I I' o 101 iRS II IRE laRS I ORF PORT A MODEOX READ' 

~I IRE lOREN I ORF 
.... 

PORT A MODE OX WRITE 

I PBO I PBl I PB2 II PBJ I PB4 I PB5 I I PBS I PB7 I PBa II PBg I PB10 I PB11 I PORT B MODE 11/10/0X READIWRITE 

0 I 0 I 0 II 0 I .0 I ' 0 II 0 I 0 I PCa II PCg 1 PC10 1 PC11 1 PORT C MODE 11/0X READ 

[§JI PCg I pCl0 1 PC11 I PORT C, MODE 11/0X WRITE 

0 I 0 I 0 II 0 I 0 1 0 II 0 1 0 I Ma II Mg I PAll I PAg.1 STATUS REG, MODE 11/10 READ 

0 
I 

0 
I 

0 H·o ·1 0 I 0 II 0 
I 0 I Ma II Mg I ORINTIIRINTI STATUS REG MODE OX READ 

~I~l STATUS REG MODE 11/10/0X WRITE 

FIGURE 6: IM6l03 PIO register bitassignments,' 

PINS I ,2 I 3 14 I 5 I I 1 I Bill I 13 II 29 I 30 I 31 I 32 I 33 I 341 3513& I ~7 I 3S I 39 I 40 I 

MODE 10 I", I '''1 '''I '''1 1M, I ",I ""I ,,', I I ' .. I", I ",1 ",I "'1 '"'I·'"' I PO: I ";'1 '"'I"" I "" 1& 
MODE 1,1 I PC11 IpC101 PCgl PCsl I PAS I PAgl PA101 PAll II PBO I PBl I PB21 PB31PB4 I PB5 I PBS I PB71 PBS I PBgl PS10 I PBlll 

MODE OX I PC11lpC101 PCg I PCsl I IRS liRE I DRS I ORF II PBO I PSI I PB2 I PB31 PB4 I PB5 I PBS I PB71 PBal PBgl PB10 I pBlll 

FIGURE 7: IM6103 PIO port pin assignments. 
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IM61 03 
LXMAR 

OEVSEL 

ox 

CI 

SKP/INT _____ j--..J 

PORT DATA ~~~~~E==S~~ IN ~ 

PORTOATA------------------------------~----------------~----------------------------~--~r---

7-208 

OUT __________________ ~ ________________________ ~--------~-------------------JL---

FIGURE 10: IM6103 PIO timing diagram. 

IM6100 OeVSEL -'-~--...,-----------'----------------. 
(RPB INSTRUCTION) 

IRS 
(PERIPHERAL .... PIO) 

IRE 
(PIO -'-PERIPHERAL) 

. t03 
tBS ~ . 

I ~tBH 
PORT B DATA ~==""'==""'='"'""''777""'''''''''"''''"'>777''"''''''''"",.,.,., 

(PERIPHERAL->PIO)~ 

FIGURE 11:' Input data transfer (peripheral device to PIO). 

IM6100 OEVSEL ~ r-\ i 
~,~:~:;, \ .... -_...... ~,:;I 11.. ... -,------------......,1'-,..-____ _ 

t03 -..lt+ 
ORS !r-------

(PERIPHERAL->PIP). ,F--,-------
t02 .... 1-4- .-. t+_tO_2 ___ ' _ 

PORTBOATA J 
(PIP ->PERIPHERAL) - - - - - - - - - - - - - - - \~ ______ ..1 

FIGURE 12: Output data transfer (PIO to peripheral device!,. 



IM6103 
APPLICATION. OF IM6103 

Figure 13 illustrates a microcomputer system block diagram using IM6103 in a dual processor system. 

MASTER 
CPU 

IM61DO 

IM6101 
PIE 

OMAEN UP 

.... ; -- --, 
, •• :_--:I:,:R=-E "'----I 

: IRS 
: ': ORF , IM6103 

PIO 

IM6103 
PIO 

i .~. __ ~O~R~S~~I 
'"--OM-A---..I L..,-,r--:~",",,".J 

CONTROL 

DMAREUUEST 

IM6100 

SLAVE 
CPU 

IM6103 
PIO 

t 
FIGURE 13: Dual processor system with shared memory. 

IM6101 
PIE 

PERIPHERAL 
DEVICES 
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FEATURES 
• Low Power - Less Than 1 OmW Typ. at 2MHz 

• Operation Up to 4MHz Clock -'" IM6402A 

• Programmable Word Length. Stop Bits and Parity 

• Automatic Data Formatting and Status,Generation 

• Compatible with Industry Standard UART's -
IM6402 

• On-Chip Oscillator with External Crystal -
IM6403 

• Operating Voltage -
,IM6402_1/03_1: 4-7V 
IM6402A/03A: 4-11V 
IM6402/03:4-7V 

PIN CONFIGURATION 
vcc'~I=" 

:, , 39~EPE 
GND~ 3 38~CLSf 
RRD' 4 3' pelS> 

RBR8 5 36 tJ sss 
RBR?·I 6 35 P PI 

:::: ~ : ~ ~:~8 
RBR41 9 32 TeA7 TABLE 1 

IM6402/1M6403 
Universal Asynchronous 

Receiver Transmitter 
(UART) 

.GENERALDESCRIPTION 

. The IM6402: and IM6403 are CMOS/LSI UART's for 
inte"rfacing computers or microprocessors to asynchronous 
serial data channels. The receiver converts ser'ial sta'rt, dilta, 
parity and stop bits to parallel data verifying proper code 
transmission, parity, and stop bits. The transmitter converts 
parallel data into 'seri.alform and automatically adds start, 
parity, and stop bits. 

The data word length can be 5, 6, 7 or 8 bits. Parity may be odd 
or even. Parity checking and generation can be inhibited. The 
stop bits' may be one or two (or one and <?ne-half when 
transmitting 5 bit code). Serial data format is shown in 
Figure 7. 

ThelM6402 and IM6403 can be. used in a wide range of 
applications including modems, printers, peripherals and 
remote data' acquisition systems. CMOS/LSI technology 
permi~l!'operating clock frequencies upt04.0MHz(250K Baud) 
an improvement of 10 to lover previous PMOS UART designs. 
Power requirements, by comparison, are reduced from 
670mW, to 10mW. Status logic increases flexibility and 

. simplifies the user interface. 

ThelM6402 differs from the IM6403 on pins2, 17, 19, 22, and 
.40 as shown in Figure 5. The IM6403 utilizes pin 2 as a crystal 
divide control imd pins 17 and 40 for an inexpensive crystal 
oscillator. TBREmpty and DReady are always active. All other 
input and output functions of the IM6402 and IM6403 are 
identical. 

PACKAGE DIMENSIONS 
I ' ,2.040 (51.8201 -\ 

[:::::::::::':::::::5337161 

RR BBRR3, ,'0, 31 TBRS f'P-;;-IN+I",;Mc;:640'0'T.~'M",640~3 w""'",XT",',,,l -t--,IM",640~3;;:w'-;::EX2T~e;;;lo",e.c.K-1 
30 TBRS I' 1 Nie 1 DIVIDE CONTROlj DIVtD. E CONTROi.. 

~. 0.060(1.524), 0.160 MAX. (~'~~l Q.Ot2 (0.305) TYP. 
'0.0'01.511 '4.0641 Si TVP. 0.00' (0.0'51 

J ~ 
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RBRt 12 29 T8R4 17 RRC XTAL EXTERNAL CLOCK INPUT 
PE 13 28 TSR3 40 TRC XTAL GND 
FE 14 27 TBR2 '-""'-L..:.:c:'---'--_="-_'--__ = __ ---' 
OE 15 26 TBAf 

SFD 16 25 ~ TRO 
4 17 24 TRE 

OR~~ 18 23 ::i'rBRL 

~:,~ : ;~ S~~RE ---·See Table 1 

ORDERING INFORMATION 
ORDER CODE IM6402·1I1J3.1 IM6402A/03A 

PLASTIC PKG IM6402·1/03-1IPL IM6402/03-AIPL 

CERAMIC PKG IM6402·1/1J3.110L IM6402/03·AIDL 

MILITARY TEMP. IM6402·1/03-1MOL IM6402/03-AMOL 

MILITARY TtMP. IM6402·1/1J3.1 IM6402/03-AMOLI 
WITH 8838 MOl/8838 8838 

IM6402I03 

IM6402/03-IPL 

-
-
-

I-, -II-, -II.-, 0.160 (4.0641 I- 0 .... --I . 
0.070 (1.7781 0.018 (0.457) TYP. '0.100 MIN. I1~X~1 

TYP. 0.020 (0.508) (2.540) 

40 PIN PLASTIC DUAL·IN·LlNE PACKAGE (PLl 

I '2.02~~~:3081 'I ~NO!!~~~~~~~I~NS 

[:::::D::::::5~~1 AREMETRIC 

0.050 ~(103~2~1..f 0.165 

(~~~Et~· J ( II . I I t I 0.000 10.008(0.'031 
,!-, --It---, --i t-; 0.125 1--(15.2401---10.012(0.305) 

0.050 11.270) 0.018 (0.4571 0.100 (2.540) 13.175) REf. 
±O.010 (0.254) to.D0210.0511 ±O.010 (0254) MIN. 

40 PIN CERAMIC DUAL-IN-liNE PACKAGE (OL) 



IM6402/1M6403 

GND 

RRD 

RBRS 

RBA7 

RBA6 

RBR5 

RBR4 

RBR3 

RSR2 

RBAl 

PE 

FE 

OE 

SFD 

DR 

RRI 

EPE 

elS1 

CL52 

SBS 

PI 

CRL 

T8R8 

TBR7 

T8R6 

T8R5 ", 

T8R4 

T8A2 

T8Rl 

TRO 

TRE 

TBAl 

MR 

-DIFFERS BETWEEN IM6402 AND IM6403. 

FIGURE ,1. Pin Configuration 

IM6403 FUNCTIONAL PIN DEFINITION 

PIN 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

SYMBOL 

IM6402·N/C 
IM6403-Control 

GND 

RRD 

RBR8 

RBR7 

RBR6 

RBR5 

RBR4 

RBR3 

·RBR2 

RBRl 

PE 

DESCRIPTION 

Positive Power Supply 

No Connection 
Divide Control 
High: 2,4 (16) Divider 
Low: 2,11' (204B) Divider 

Ground 

A high level on RECEIVER REGISTER 
DISABLE forces the receiver holding 
register outputs RBR1-RBR8 toa high im
pedance state. 

The contents of the RECEIVER BUFFER 
REGISTER appear on these three-state 
outputs. Word formats less than B char-

. acters are right justified to RBR1. 

See Pin 5 ~ RBR8 

See Pin 5 ~ RBR8 

See Pin 5 - RBR8 

See Pin 5 - RBRB 

See Pin 5- RBR8 

See Pi.n.5 - RBR8 

See Pill 5 - RBR8 

. A high level.on PARITY ERROR indicates 
'that the received parity does not match 
:parity programmed by control bits. The 
output is active until parity matches on a 
succeeding character, When parity. is 
inhibited, this output is low. 

U~U!b 
IM6403 FUNCTIONAL PIN DEFINITION 
(Continued) 

, 

PIN SYMBOL 

14 FE' 

15 OE 

16 SFD 

17 IM6402-RRC 
IM6403-XTAL 
or EXT ClK IN 

1B 

19 DR 

20 RRI 

21 MR 

22 TBRE 

23 

24 TRE 

25 TRO 

DESCRIPTION 

A high level on FRAMING ERROR indi-
cates the first stop bit was invalid, FE will 
stay.active until the next valid character's 
stop bit is rect>ived. 

A high level on OVERRUN ERROR indi-
. cates the data received flag was not 
cleared before the last character was 
transferred to the receiver buffer register. 
The Error is reset at the next character's 
~ bit if ORR has been performed (i.e" 
ORR: active low), 

A high hivel on STATUS FLAGS DISABLE 
forces the outputs PE, FE, OE, DR:'rBRE* 
to a high impedance state, See Figure 4 
and Figure 5. 

*LM6402 only, 

The RECEIVER REGISTER CLOCK is 16X 
the receiver data rate. 

A low level on DATA RECEIVED RESET 
clears the data received output (DR), to a· 
low level. 

A high level on DATA RECEIVED indicates' 
a character has been received and trans
ferred to the receiver buffer register, 

Serial data on RECEIVER REGISTER 
INPUT is clocked into the . receiver 
register. 

A high level on MASTER RESET (MR) 
clears PE, FE, OE, DR, TRE and setsTBRE, 
TRO high, less than 18 clocks after MR 
goes 10w,TRE returns high. MR does not 
clear the receiver buffer register, and is 
required after power-up, 

A high level on TRANSMITIER BUFFER 
REGISTER EMPTY indicates the trans
mitter buffer register has transferred .its 
data to the transmitter register and is 
ready for new data, ' 

A low level on TRANSMITIER BUFFER 
REGISTER LOAD transfers data from in
puts TBR1-T8R8 into the transmitter 
buffer register, A low to high transition 
on T8RL requests data transfer to the 
transmitter register. If the transmitter 
register is busY,transfer is automatically 
delayed so that the two characters are 
transmitted end to end. See Figure 2. 

A high level on TRANSMITIER REGISTER 
EMPTY indicates completed transmission 
of a character including stop bits, 

Character data,' start data and stop bits 
appear serially at· the TRANSMITIER 
REGISTER OUTPUT, 

fI 
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IM6402/1M6403 
IM6403 FUNCTIONAL PIN DEFINITION 
(Continued) 

PIN SYMBOL DESCRIPTION 

26 TBRI Character data is loaded into the TRANS-
MITTER BUFFER REGISTER via inputs 
TBR1-TBR8. For character formats less 

. than 8-bits,'the TBR8, 7, and 6 Inputs are 
ignored corresponding to the program-
med word length. 

27 TBR2 See Pin 26 - TBRI 

28 TBR3 See Pin 26 - TBRI 

29 TBR4 See Pin 26 - TBRI 

30 TBR5 See Pin 26 - TBRI 

31 TBR6 See Pin 26 - TBRI 

32 TBR7 See ,Pin.26 - TBRI 

33 TBR8 See Pin 26 - TBR1, 

34 CRL A high level on CONTROL REGISTER 
LOAD loads the' control register. See 
Figure 3. 

O~Olb 
IM6403. FUNCTIONAL PIN DEFINITION 
(Continued) 

PIN SYMBOL DESCRIPTION 

35 PI" A high level on PARITY INHIBIT inhibits 
parity generation, parity checking and 
forces PE output low, 

36 SBS" A high level on STOP BIT SELECT selects 
1.5 stop bits for a 5 character format and 2 
stop bits for other lengths. 

37 CLS2" These inputs program the CHARACTER 
LENGTH SELECTED. (CLSI low CLS210w 
5-bits) (CLSI high CLS210w6-bits)(CLSl 
low CLS2 high 7-bits) (CLSl high CLS2 
high 8-bits) 

38 CLS1" See Pin 37 - CLS2 

39 EPE" When PI is low, a high level on EVEN 
PARITY ENABLE, generates and checks 
even parity. A low level selects odd parity. 

40 IM6402-TRC The TRANSMITTER REGISTER CLOCK is 
IM6403-XTAL 16X the transmit data rate. 

or GND 

"See Table 2 (Control Word Functionl 

TABLE 2. Control Word Function 

CONTROL WORD, 
DATA BITS PARITY BIT STOP BIT(SI 

CLS2 CLS1 PI EPE SBS 
L L L L L 5 ODD 1 
L L L L H 5 ODD 1.5 
L L L H L 5 ' EVEN 1 
L L L' H H 5 EVEN 1.5 
L L H X L 5 DISABLED 1 
L L H' X H 5 DISABLED 1.5 
L H L L L 6 ODD 1 
L H L. L H 6 ODD 2 
L H L H L 6 EVEN 1 
L H L H H 6 EVEN 2 
L H H X L 6 DISABLED 1 
L H H X H 6 DISABLED " 2 
H L L L L 7 ODD 1 
H L L L H 7 ODD 2 
H .L. L H L 7 EVEN 1 
H L L H H 7 EVEN 2 
H I: H X L 7 DISABLED 1 
H L H X H 7 DISABLED 2 
H H 'L L L 8 ODD 1 
H H L L H 8 ODD 2 
H H L H L 8 EVEN 1 
H "H L H H 8 EVEN 2 
H H H X L 8 DISABLED 

I 
1 

H H H X H 8 DISABLED 2 

x = Don't Care 
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IM6402/1M6403 
IM6402A1IM6403A· 

ABSOLUTE MAXIMUM RATINGS 

U~UIb 

Operating Temperature 
Industrial IM6402AII03AI ............ -40°C to +85°C 
Military IM6402AM/03AM .......... -55°C to +125°C 

Storage Temperature •.................. -65°C to 150°C 
Operating Voltage ,....................... 4.0V to 11.0V 
Supply Voltage ......... ; ....•........ ; ........ '+12.0V 

NOTE: Stresses above those listed under ··Absolute Maximum 
Ratings·· may cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other. conditions above those indicated in the 
operation sections ofthis specification is not implied, Exposure 
to absolute maximum rating conditions for extended periods 
may cause device failures. 

Voltage On Any Input or Output Pin .. -O.3V to Vee +O.3V 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 4V to 11 V, TA = Industrial or Military 

SYMBOL PARAMETER 
. 

CONDITIONS MIN Typ2 MAX UNITS 

1 VIH I nput Voltage High 70% VCC V 

2 VIL Input Voltage .Low 

3 IlL Input Leakagel l J ... 

4 VOH Output Voltage High 

5 VOL Output Voltage Low 

6 IOL Output Leakage 

7 ICC Power Supply Current Standby 

8 ICC Power Supply Current IM6402A Dynamic 

9 ICC Power Supply Current IM6403A Dynamic 

10 CIN Input Capacitancel l ] 

11 Co Output Capacitance I 1 J 

NOTE 1: Except IM6403 XTA L input pins (i.e. pins 17 and 40). 
NOTE 2: VCC= 5V. TA = 25°C. 

A.C. CHARACTERISTICS 

GND<:VIN<:VCC -1.0 

IOi-! = OmA .. VCC-O.Ol 

IOL =.OmA 

GND<:VOUT<:VCC -1.0 

VIN=GND orVcc 

IC'" 4MHz 

ICRYSTAL';3.58MHz 

. 

TEST CONDITIONS· Vee = 10V+5% CL = 50pF TA= Industrial or Military - , , 

SYMBOL PJ:IoRAMETER CONDITIONS 

1 IC . Clock Frequency IM6402A 

2 ICRYSTAL Crystal Frequency IM6403A 

3 tpw Pulse Widths CRL, DRR, TBRL 

4 tMR Pulse Width MR 

5 tDS Input Data Setup Time 

6 tDH Input Data Hold Time 

7 tEN Output Enable Time 

TIMING DIAGRAMS 

FIGURE 2. Data Input Cycle 

See Timing Diagrams 

(Figures 2,3,4) 

CLSI, CLS2, SBS, PI, EPE 
11"-'---'---'-""""\1 

FIGURE 3. Control Register Load Cycle 

MIN 

D.C. 

100 

400 

40 

30 

5.0 

7.0 

8.0 

Typ2 

6:0 

'8.0 

40 

200 

0 

30 

40 

SFOOR RRO 

STATUSQR 
RBRI· RBRB 

. 

20% VCC 

1.0 

GND+O.Ol 

1.0 

500 

9.0 

13.0 

8.0 

10.0 

MAX 

4.0 

6.0 

70 

V 

IJA 

V 

V 
IJA 

IJA 

mA 

mA 

pF 

pF 

UNITS. 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

VALID 
DATA 

F.IGURE 4. Status Flag Enable Time 
or Data Output Enable Time 

tJ 



IM6402/1M6403. 
I M6402..;1 II M6403-1 

ABSOLUTE MAXIMUM RATINGS 

O~OIb 

Opi!ratingTemperature . . . '" ' 
. ind4s~ria(I~6402-111.03~ 11- •.. .':... . . •.. -40~C to +850(: 
:' .. MilitarylliIl6402-.1 iV1I03"lM ........ ',.". -55°Cto,+125°C 

NOTE: Stresses above those 'Ii~ted under ·:'AbsoliJle.· Maximum 
R/ltin"s" may cause perman'!nt .device failure. These. are 
.~tress ratings only and functional operation' 0; the .devices at 

, 'these 'or any other conditions' 'above 'ihose indicated' in the 
operation' sections of th is specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 

,may. cause device failures. 

'Storage Temperature ... i .•. · ... ·.:·;·........ ·65°C to',!-1500C 
Operating Voltage ~;. ~',. ;,'.', ..•. :. ~ ' .•. j';'; ;'.;'. 4.0V to 7.0V 
Supply Voltage"', .. : .. ;';.' .': ;'.': .. :'; ~'. '.;~ :.'. :' •.. :(", +8.0V 
Voltage On Any Input or OiJtputPiri ~':" ·6.3V to Vee +0.3V 

D.C. CHARACTERISTICS 
TEST CONDITIONS: Vee = 5.0 ± 10%, TA = Industrial or Military 

'I" 

SYMBOL PARAMETER CONDITIONS' ,iin'IN 

1 ,VIH ,'. Input Voltage High VCC-2.0. 

2 VIr.: 
... . In!lul Voltage Lqw' " . 

3 IlL Input Leakagelll GND,;;VIN';;VCC -1.0 

4 VOH OutputVoltage High I.oH-·0.2mA 2.4 

5 VOL Output Voltage Low IOL:= 2.0inA .. 
6 IOL' O,:,tput Leakage GND:-VOUT';;VCC -1.0 

7 I.CC··· . Power Supply Current St~ndby VIN=GND or VCC 

8 ICC . 'Power Supply Current IM6402 Dynamic. :fC -2MHz' 

9 ICC .~ Power Supply Current IM6403 Dynamic fCRYSTAL =3.58MHz 

10 CIN: Iri,;<i,tCapacHanee(1) 

11 Co Output Capac ita~ce[ 1 ) 

.. . , . . . 
NOTE~: Exc9Pt,.IMli403 XTAlt I~put p,ns (,.e. pons 11.and 40) . 
NOTE 2, VCC=5V,iAd25~C. . ... 

A.C. CHARAcTERISTICS 
TEST CONDITIONS:Vc:c = 5.0V ± 10%, CL = 50pF, TA = Industrial or Military 

SYMBOL 

fC 
2, fCRYSTAL 
'3 tpw 

4 tMR 

5 ,tDS 

6 tDH 

7 tEN 

RRC 
PIN 17 ~ 

PIN40 
TRC 

PARAMETER 

Clock FrequencyIM6402" 

! ,Crystal ~requency IM6,403 

. Pulse Widtli.". CRI;.~' ORR; !BRL 

... 

Pulse Width MR; . 

I nput Data .Setup' Time 

Input Data. I:! old A'im e 

Output Enable Time 

RECEiVER REGISTER 
l6X 'Ci.OCI(i i 

,,: 

\ 
I 
I 
I 

"I' 
TRANSMITrERREGISTER / 
16XCLOCK I 

I 

CONDITIONS MIN 
. : D.C. 

""'" 

150_ .' 

See Timing Diagrams '.400 

(Figures 2.3,4) .50',; 

60 

TVP2 

" 

';, 

1.~ 

,. 

, 
7.0 

8.0 

Typ2 

3.0 

4.0 

.50 

200' 

20 

.. ,40 

·80 
" 

PIN2 I DIVIDE CONTRDL PIN 2 
I L = DIVIDE BY 2048 --'-"""'11---------------:-' NIC I: PIN ,9 

PIN 22 of 

"" 
. . TBRE 

. PIN 16 
SFD 

'--

IM640:1 
I H = DIVIDE BY 16 
I 
I 

., \ 
, I 

BUFFERS ARE3-STATE \ 
WHEN SFD • HIGH \ 

. I 
, I 

I 
I 
I 

PIN 19 
O.R.,.. """."...+~-...,.,.......c3--'-} 

BUFFERS ARE" . 

_ _ . P;.:I;.:N.::;22+_~_......c3-_ . ALWAYS M:..T .. IVE " 
, TBRE 

SFD_;.:PI;.:N;.:16=-t-_____ _ 

IM6403 

.. 

.. 

, 

... 

.. 
MAI(, UN.ITS 

" 
V 

0.8 .V 

1.0 
. , 

/lA 

V: 

0.45 V 

1,.0 ./lA 

100 /lA 

1.9 mA 

~.5 riJA 

8 .• 0 pF 

10.0 , pF 
.. .. 

MAX UNlrS 

2.0 MHz 

3.58 MHz 

lis' 

ns 

~ ns' 

ns· 

160 ns' 

RECEIVER REGISTER 
16XCLOCK 

TRANSMITTER REGISTER 
16XCLOCK 

" FIGURE 5, Functlonal,DIf,lerence Between IM6402 and IM6403UART (6403 ha. On-Chip 4111 Stage Divider) 

The IM6403 differs'fromthelMM02 on three Inputs (RRC. 
TRC. pin 2) as shown in .Figure 5. Two outPUtS (TBRE; DR) are 
not three-state as on the IM6402. but are always active. The 
on-chip divider and oscillator allow an inexpensive crystal to 
be used a~ a ti'inirig sowcetaih~Hh1ih additionillcircuitrys~ch " 
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as.baud rate' 'generators. For example. a cOlorlV crystal at 
3.579545MHz results in a baud rate of 109.2Hzfor an easy 
teletype i.nterface (Figure 11). A 9600 baud interface may be 
implemented using a 2.4576MHzcrystal with the divider setto 
divide by 16.' " . 



'IM6402/1M6403 
I M6402l1M6403 

ABSOLUTE MAXIMUM RATINGS 
Operating Temperature 
IMS,402/03 . . . . . . . . . . . . . . . . . . . . . . . . . . -40°C to +85°C 

Storage Temperature ................... -S5°C to 150°C 
Operating Voltage ...............•......... 4.0V to 7.0V 
Supply Voltage , ........................ ~ . . . . . . .. +8.0V 

NOTE: Stresses above those listed' 'under "Absolute Maximum 
Ratings" may ,cause permanent device failure. These are 
stress ratings only and functional operation of the devices at 
these or any other conditions above those indicated in the 
operation se,ctions of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended periods 

Voltage On Any Input or Output Pin .. -O.3V to Vee +O.3V may cause device failures. ' 

D.C. CHARACTERISTICS 
TEST CONDITIONS:, Vee = 5.0 ± 10%, TA = -40°C to +85°C 

SYMBOL PARAMETER 

1 VIH I nput Voltage High 

2 VIL Input Voltage Low 

3 'IlL Input Leakagel11 

~ VOH Output Voltage High 

5 VOL Output Voltage LoW 

6 'IOL Output leakage 

7 ICC Power Supply Current Standby 

B ICC Power Supply Current IM6402 Dynamic 

9 ICC Power Supply Current IM6403 Dynamic 

10 CIN Input Capacitancel1] 

11 Co Output Capaci)anceI1] 

.. 
NOTE 1:, Except IM6403 XTAl input pins Ii.e. pons 17 and 401. 
NOTE·2: VCC = 5V, TA = 25'C. 

A.C. CHARACTERISTICS 
, " 

CONDITIONS 

GND<:VIN<:VCC' 

IOH = -0.2mA 

IOl=I.6mA 

GND<:VOUT<:VCC 

VIN=GND or VCC 

IC = 500 KHz 

fCRYSTAL",2.46MHz 

MIN 

VCC'2.0 
; 

-5.0· 

2.4 

-5.0 

TEST CONDITIONS' Vee= 5 OV + 10% Cl = 50pF TA = -40°C to +85°C - , 

SYMBOL PARAMETER CONDITIONS MIN 

1 IC Clock Frequency IM6402 D.C. 

2 ICRYSTAl Crystal Frequency I M6403 

3 tpw Pulse Widths CRL, DRR, TBRl 225 

4 tMR Pulse Width MR See Timing Diagrams 600 

5 tDS I nput Data Setup Time . (Figures 2,3,41 75 

6 tDH I nput Data Hold Time 90 

7 tEN Output Enable Time 

TYP MAX 

0.8 

5.0 

0.45 

5.0 

1.0 BOO 

1.2 

3.7 

7.0 B.O 

B.O 10.0 

TYP MAX 

3.0 1.0 

4.0 2.46 

50 

200 

20 

40 

BO 190 

TBR1ILSB) ------, 
r7.~~~~~~~ I TRE-+-----, 

*,TBAE 

UNITS 

V 

V 

/-LA 
V· 

V 

/-LA 

/-LA 

rnA 

rnA 

pF 

pF 

UNITS 

MHz 

MHz 

ns 

ns 

ns 

ns 

ns 

I 
I 
I 

TRO 

CLSl SSS 
CLS2 CONTROL EPE ~~Mii1iULTIPLEXER ~I 
CRL REGISTER PI 

~I 

RRC MULTIPLEXER' I 
I 
I 
I 
I 
I 

RRI 

RECEIVER REGISTER 

L ___ _ 

, I OE , 
* These out.put~ are three state (lM6402) or alway~ active (~~~3) 

FIGURE 6" IM6402/03 Functional Block Diagram 

tI 

7-215 



IM6402/IM6403 
TRANSMITTER OPERATION 
The transmitter section accepts parallel data, formats it and 
transmits' it in ,serial form, (Figure, 7) on the TROutpu~ 
terminal. 

5-8 DATA BITS 1.11120R2'STOPBITS 
STA,RT,BITi\ rl ___ -'--'-"-'-'-'I~, ~---,--'I '~ 

~}SB\\\\ \MSB\ \U~lL 
, PARITY 

-IF ENABLED 

FIGURE 7. Serial Data Format 

Transmitter timing is shown'in FigureS'. ® Data is ioaded into" 
the transmitter buffer' register. from the inputs TBRr through 
TBRS by a logic low on the TBRload input. Valid data must be 
present at least tos prior to andtoH following the rising edge of 
TBRl. If words less than 8, bits are used, only the least 
significant bits are used. The character is right justified into 
the least significant bit, TBR1. ® The rising edge of i'ifFi[ " 
clears TBREmpty. 0 to 1 clock cycles late'rdata is transferred to 
the transmitter register and TREmpty is cleared and 
transmission starts. TBREmptyis reset to a logichigh. Output 
data is clocked by TRClock. The clock rate is 16 times the data' 
rate. © A second: pulse on TBRtoad loads data into the" 
transmitter buffer :register'.· Data trl!nsferto the transmitter 
register is delayed until transmission ohhe,current character 
is complete. @ Data is automatically transferred to th!! 
transmitter register and transmission of that character begins. 

A B 'c o 

FIGURE B. Transmitter timing (Nollo Scale) , 

RECEIVER OPERATlqN' 

\ 
END OF 
LAST 
STOP BIT 

Data is received in serial form atthe RI input. When no'data is 
being received,Rlinput must remain high; The data is clocked 

7" through the RRClock., The clock rate is 16 times the data' 
rate. ~eceiver timing is shown in Fi,gure 9. , " 

® A loiN level on DRReset clears the DReadylirie. @ During 
the first stop bit data is transferred from the receiver register to 
the RBRegister)fthe word is less than S bits, the unused most' 
significant bits will be a logic 101lV' The output ci.hiinic~er isiigtit . 
justified to the least ,significant bit RBR1. A.logichigh on 

, OError indicates overruns. An oV8,+un occurs 'when DReady 
has not been cleared befo~e' the present, character. w~s 
transfered to the RBRegister. A logic high o~ PErrOi' indicate~ a 
parityerro~.© 112 clock cycle later DReady is seqoa'"j~~ic , 
high and FError is evaluated. A logic high onFError'indicates 
an invalid stop bit 'was received. The receiver will not begin 
searching for the next start bit until a stop bitis received., .:' 

BEGINNING OF FIRST STOP BIT~ 1--7 112 CLOcK CYCLES 

RR I' I " . DATA, 
" 

RBR1·8.0 E. PE ,. 

ORR 
" ~~ 

DR I 
" 

FE '-, 1---:-112 CLOCK 
A B C CYCLE, 

FIGUR,E g:Recelver Timing (Nollo Scale) 

STA,RT BIT DETECTION 
The receiver uses a l6X clock for timing (see Figure 10.) The 
start bit ® could have occurred as muc!:1 as one cloCk cycle 
before it was detected, as indicated by the shaded portion. The 
center of the start bit is defin~das Clock count 7V2. If the' 
receiver clock is a symmetrical square wave, the center ofthe 
start bit will be located within ±1 12 clock cycle, ±l 132 bit or ~ 
±3.125%. The receiver begins sea'rching for the next start bit at 
the center of the first stop: bit. ," 

CLOCK 

RRIINPUT ----r;J STAI:(T' 

COUNT7112 
'-DEFINED 

CENTER OF 
START BIT 

I. I. 7.112 cLOCK CYCLES-----! 
" 81I2CLOCKCYCLES~ 

FIGURE 10. Slart BII,Tlmlng 

TYPICAL APPLlC~TION 

Microprocessor systems, which are inherently parallel in 
nature, often require a,n asynchronous serial interface; This 
function can be performEld easily with the IM6402I03 UART. 
Figure 11 shows how ttie IIvi6403 can be interfac~d to an 
IM6100 microcomputer system with ,ihe aid of an' IM6l01 
Programmable Interface Element (PIE). The PIE interprets 
l(1putlOutput transfer (lOT) instructions from the proc,essor 
and generates read and write pulses to the UART. The SENSE 
lines on the PIE are also employed to ,allow t!:1e pro,cessar to 

. dete,ct UARTst!ltus. In particular, the processor'mustknow 
when, the Receive Buffer Register has accumulated a 
character (DR active);' and when the Transmit Buffer Register 
can 'accept imother character to be transmitted. 

.. in this example the characters to be'received or translT!itted 
wil,l be eight bits long (eLS 1 and 2: both HIG!:i) and transmitted 
with nopadty (PI:HIGH) and two stop bits (SBS:HIGH). Since 
these' control bits will not be changed during operation, 
Control Register :load (CRl) can be tie~ high.,Remember, since 
t!:1E!IM6402l03 is a CMOS device, all unused inputs should be 
committed. ' , 

The b~ud rate at 'which the transmi~er and receiver will 
operate'is determined by theextEltnal crystal and DIVIDE 
CONTROi'pinon the'IM6403. The internal divider can be setto 
reduce the,crystalfn!quency by eithe~16 (PIN 2:HiGH) or 204S 

.,,: (PIN,2:l0W), times!· The frequency out of the internal divider 



IM6402/1M6403 
should be 16 times the desired baud rate. To generate 110 
baud,this example will use a 3.579545MHz color TV crystal 
and DIVIDE CONTROL set low. The IM6402 may use different 
receive (RRC) and transmit (TRC) clock ratf3s, but requires an 
external clock generator. ' 

To assure consistent and correct operation, the IM6402/03 
must be reset after power-up. The Master Reset (MR) pin is 
active high, and could be driven reliably from a Schmitt trigger 
inverter and R-C delay. In this example, the IM6100 is reset 
through still another inverter. The Schmitttrigger between the 
processor and R-C network is needed to assure that a slow 
rising capacitor voltage does not re-trigger RESET. A long reset 
pulse after power-up (-1 OOms) is required by the processor to 
assure that the on-board crystal oscilla'tor has sufficient time 
to start. 

The IM6402 supports fhe processor's bi-directional data bus 
quite easily by tying the'TBR and RBR buses together. A read 
command from the processor will' enable the REC'EIVER 
BUFFER REGISTER onto the bus by using the RECEIVER 
REGISTER DISABLE (RRD) pin. A write command fro~ the 
processor clocks data from the bus into the TRANSMITIER 
BUFFER REGISTER using TBRL. Figure 11 shows a NAND gate 

O~OIb 
driving TBRL from the WRITE2 pin on the PIE. Thisgate is used 
to generate a rising edge to TBRL at the point where data is 
stab'le on the bus, and to hold TBRL high until the UART 
actually transfers the data to it's internal buffer. If TBRL were 
allowed to return low before TBRE went high, the intended 
output data would be overwritten, since the TBR is a 
transparent latch. 

Although not shown in this example, the error flags (PE, FE, 
OE) co,-!Id be read by the processor,using the other READ line 
from the PIE. Since an IM6403 is used, TBRE andDR are not 
affected by the STATUS FLAGS DISABLE pin. Thus, the three 
error flags can be tied to the dina bus'and gated by connecting 
SFD to READ2. 

If parity is not inhibited, a parity error will caus~ the PE pin to go 
high until the next valid character is received. 

A framing error is generated when an expected stop bit is not' 
received. FE will stay high after the error until the next 
complete character's stop bit is received. 

The overrun, error flag is set if a received character is 
transferred to the RECEIVER BUFFER REGISTER when the 
previouscha~acter has not been read. The OE pin will stay high 
until the next received stop bit after a ORR is performed. 

+5V 

OXo.OXl1 J::==========;:=============:::;--;::::=;::=t:=====:::3 
IM61001 

MICROPROCESSOR 

INTGNT 1------'------1 INTGNT 

LXMAR LXMAR 

OEVSEL DEVSEL 

XTC XTC 

Cl Cl 

C2t-----------~C2 

SKP SKP/INT 

iNT 

DXo·OXl1 

IM6101 
PIE 

3.579545MHz MR 

c:J XTAL 

REA01~----------~--~ 

SENSE 1 1----------------1 
WRni2~------_r~ 

SENSE 2 .... ----.... ---------'1 
iiEAo2 

DIV 
IM6403 
UART 

20rnA OR RS·232 

LEVEL SHIFTERS 

L. ........... __ ......... 4 ___ +5V 

, FIGURE 11. 110 Baud, Serial Interface ior IM6100 $yslem, fJ 
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IM87C41 
........... ,C'MOS. Single-Chip 

," ... "g:rammablePeripheral 
,),'/>' Interface Microcomputer 

.... ,~ij~'f"·'·· 

FEATURES 

- 8-bit CPU plus EPROM,RAM, I/O,Timer/Counter, 
and Clock in.asinglepackage ' 

-CMOS pin-for-pin replacement f~r standard 
NMOS 8741 .,' ....' ',. 

- Low power dissipation - maximum 50mW.@ 
5V,6MHz' , 

- Extended.temperat~re range:. -40°. C ,to. +S5° C 

• Completely static- no minimum operating 
frequency 

- Compatible with Intersil's CMOS IMSOC48 family 

-1K xSEPROM, 64 JiS RAM, ~Sprogrammabh~ 
I/O lines . 

- Asynchronous double-buffered data register for 
master processor interface 

• On-chip Timer/Counter ideal for real-time 
applications 

- Exipandable 110. 

• Alternative to custom LSI 

- Compatible ROM versions (IMSOC41/C42) 

• High noise immunity :- typically 33% 

- Single +5V ~UPPIY , 

PIN 
CONFIGURATION 

OSC2 P" 

5S P25 

P" 

P" 
P,lS ,. 

P15 

P13 

P" 

P" 

VDD 

PROG 

D5 P" 

P" 
D, P" 

ORDERING 
INFORMATION 

PART NO. PACKAGE 

IM87C411DL 40 PIN CERAMIC 

IM87C411JL 40 PIN CERDIP 

GENERAL DESc:RIPTION 

Theintersil.IM87C41 is a general~purpose program- , 
mabie peripheral interface device, optimized for use as 
a slave to many, common 8-bit prqcessors, Intersil's 
high-performance silicon-gate CMOS/LSI process is 
used to fabricate a device which is pinout, function, 
software, and throughputcompatible with the NMOS 
8741, while offering significantly decrea.sed power 
consumption. In addition, the IM87C41's extended 
operating temperature range, (-4Go C to +85°CI. and 
high noise immunity make it ideal for battery operated 
equipment and hostile' environments, The IM87C41 
contains an 8-bit CPU, program and d~ta memory, 
two I/O ports, clock, and timer/counter. An interface
status register and double-buffered data register 
facilitate communication with a master· processor, 
such as the IM87C48 or 80.85. 

The IM87C41 CPU has a repertoire of' over 90. 
instructions, most of which execute in one cycle. 
Included are versatile bit set/reset and test operations, 
as well as instructions dealing directly with the on-chip 
timer/counter. 10.24 bytes of UV-erasable EPROM 
program memory and 64 bytes of data memory are 
provided on chip. The EPROM program memory is 
ideal for prototypes and low-volume applications. It 
also conveniently allows for program modifications 
before the user commits to masked-ROM I IM8GC41 or 
IM80C421. Included in the data memory area are an 
eight-lev€11 subroutine stack, and sixteen general 
purpose registers. Register direct, indirect,and unique 
accumulator-indirect addressing modes are imple
mentedforease of data manipulation. 

The IM87C41 has two general-purpose TTL-compat
ible 8-bit I/O ports; individual port lines may be 
programmed to function as either inputs or outputs. 

. Two additional inputs are testa.ble using conditional-
jump instructions. The compatible CMOS IM82C43 I/O 
expander is supported by the IM87C41 instruction set 
and extends I/O capability in increments of 16 1/0 
lines .. 

For debugging purposes, a single-step input allows 
instructions to be executed one at a time. Since the 
IM87C41 is completely static lin contrast to the 
dynamic NMOS 8741 ), the device may also be single
clocked. 

Intersil's Intercept microcomputer development sys
tems provide full IM87C41 support. The efficient 
IFDOS operating system supports a text editor, 
assembler,EPROM programmer, and a hardware in
circuit emulator. 
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FEATURES 

• IM87C48/C41 - compatible I/O expander 

• CMOS pin-for-pin replacement for.standard 
NMOS 8243 .' , 

• Low power dissipation -:- typically 25mW active 

• Extended temperature range: _40 0 C to +850 C 

• Four 4-bit I/O ports in 24-pin DIP 

• Logical AND/OR directly to .ports 

• High output drive 

• High.noise immunity - typically 33% 

• Single +5V supply 

P50 Vee 

P40 P5T 

P4T P52 

P42 P53 

P43 P60 

cs P6T 

PROG P62 

P23 P63 

P22 P73 

P2T P72 

P20 P7T PORT2 

GNO P70 

ORDERING INFORMATION 

PART NO, PACKAGE' 

IMB2C431DG 24 PIN CERAMIC' 

IMB2C43IJG 24 PIN CERDIP 

IMB2C431PG 24 PIN PLASTIC 

MUX 

.... IM82C43 
·---:---05 Input/Output 

Expander. 

DESCRIPTION 

The lntersil IM82C43 is a CMOS input/output 
expander compatible with the NMOS. 8243, It is 
designed to provide low-cost 1/0 expansion for· the 
CMOS IM87C48 and IM87C41 single-chip micro
computers, 

The 24-pin IM82C43 provides four 4-bit 1/0 ports; 
IM87C48/C41 instructions implement· accumulatorl 
IM82C43 port transfers, as well' as logical ANDIOR 
operations, P20-P23 on the· IM87C48/C4.1 serves as a 
4-bit bus for transfer. of control and data to th.e 
IM82C43, 

PORT4 

PORTS 

PORT6 

PORT7 

.1 
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FEATURES 
• Battery operation 
• Executes PDP®,-S/E·instruction set 
• Keyboard monitor program in ROM 
• S seven-segment displays for address and data 
• 256 words of non-volatile RAM 
• 3 expansion sockets for optional modules 
• Fully assembled and tested 
• Low cost 
• Tutorial manual included 

"'Registered trademark of Digital Equipment Corp. 
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6950 INTERCEPT JR. 
MICROCOMPUTER 

TUTORIAL SYSTEM 

GENERAL DESCRIPTION 
A practical exposure to the Intersil'IM6100 microprocessor, 
RAMs, P/ROMs, and Input/Output interfacing can be 
achieved with the INTERCEPTJR.TUrORIAL SYSTEM and' 
the owners handbook supplied. 
This fully assembled and factory tested system is battery 
operated. Moreover, it executes the same instruction set as 
the popular PDP®-8E minicomputer, thus providing a rich 
supply of proven software. The INTERCEPTJR. is designed 
with a modular concept to enable the user to purchase only 
those modules which meet his requirements. Or, if the user 
wishes, custom interface boards can be designed using the 
documentation supplied. The INTERCEPT JR. system is a 
valuable tool for the evaluation of custom circuits interfaced 
to an IM6100 microcomputer system. 
With itsslmplicity of design, broad capabilities, and low cost, 
the INTERCEPT JR. TUTORIAL SYSTEM is ideal as an 
educational tool for the student, hobbiest, or system 
designer. 



6950 
6950-INTERCEPT JR. MODULE 
INTERCEPT JR. provides an all CMOS computer on a 10" x 11" 
double sided PC board.' A multiple function calculator type 
keypad in concert with a 1024 x 12 CMOS ROM (lM63121 
monitor pro~ides control functions, a serial bootstrap loader, as 
well as the INTERCEPT JR. MICROINTERPRETER. Memoryad
dresses and data are displayed in octal on two four-digit LED 
displays. The IM6100 CMOS microprocessor interfaces via a 

three-state address/data bus to 256 x 12 CMOS RAM. Four 
D-cell batteries allow for non-volatile RAM and battery operation 
of the entire system. External terminals permit the user 10 provide 
a 5 volt power source. A socket is provided for evaluation of a 
user generated CMOS ROM (lM6312/12AI. Three edge connec
tors with 44 pins on 0.156" pin-to-pin spacing are provided for ex
pansion using the optional boards available. 

IM6100 
MICROPROCESSOR 

MONITOR ROM AND 
EXTRA ROM SOCKET 

FOUR D-CELL 
BATTERIES 

MODULE 
SOCKETS 

KEYBOARD 
AND 

DISPLAY 
.INTEF!FACE 

RESET SWITCH 

ON-OFF 
POWER SWITCH 

256 x 12 RAM 

ADDRESS 
AND 
DATA 
DISPLAYS 

CONSOLE tJ 
CONTROL 
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6950 
6951-M1KX12 
JR. RAM MODULE 
The JR. RAM MODULE, 'utilizing twelve (12).IM6518 
1024 x 1 CMOS RAMS on a 4%,' x 6%" PC board, 
provides a convenient memory' extension module. 
Non-volatilitY is assured by two (2) penlight batteries 
which are provided. 

\ 

6952-P2KX12 
JR. PROGRAMMABLE ROM-P/ROM MODULE, 
The JR. P/ROM MODULE provides the user witil 
twelve (12) sockets organized ona 4%,' x 6%'" pC 

-board; The user has the option of utilizing the IM5623, 
,256 x 4,or IM5624, 512 x4 thr'ee-state~output 
Avalanche Induced Migration (AIM) programmable 
bipolar P/ROMs to obtain from 256 to 2048 words of 
program. Each of the four (4) rows: of sockets are 
power strobed to permit 0.75 watts average'wh~n the 
P/ROMs are accessed. 

6953-PIEART 
JR. SERIAL 1/0 MODULE 
The JR. SERIAL. 110 MODULE featuring the IM6101 
CMOS Paraliellnterface Element (PIE) and the IM6403 
CMOS Universal Asynchronous Receiver Transmitter 
(UART) provides the user with serial 1/0 capability with 
both RS232 and 20 mA current loop interfaces. Th'e 
IM6100 controls the UART via the. PIE. The CMOS 
ROM monitor contains a bootstrap routine for'loading 
programs from' the 6953-PIEART using BIN"', 
formatted media. 

""Digital Equipment Corporation Binary Format 
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6950 
6954-ACI 
JR. AUDIO CASSETTE INTERFACE MODULE 
The INTERCEPT JR. AUDIO CASSETTE INTERFACE 
MODULE allows the user to store and retrieve 
programs on an inexpensive cassette tape recorder. 
The module transfers data at 30 Characters per second. 
Thus, approximately 200,000 characters may be 
recorded on a standard two hour cassette. The module 
employs the IM6101 PIE and IM6402 UART to 
accomplish serial/parallel conversion, as well as two 
phaselock loops and a digit<llsinew'ave generator for 
the analog interface. 

6957 -AUDVIS 
JR. AUDIO VISUAL MODULE 
The JR. AUDIO VISUAL MODULE provides the user 
with an excellent tutorial device. A switch register, 
acting as an input, can be loaded into two LED display 
registers providing both binary and seven segment 
octal readout. A volume controlled speaker can be 
"clicked" or used to produce tones by controlling the 
rate atwhichthe speaker is pulsed. A display control 
on-off switch is pr~vided for power conservation. 
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6,950 D~DI!. 

MICRO INTERPRETER SIMPLIFIES PROGRAM ENTRY 
'The INTERCEPT. JR. MI,CROINTERPRETER provides an assembler-like method of entering programs. The user needn't 
remember opcodes! TheMICROINTERPRETER converts assembler mnemonics into,machine language opcodes.' 

EXAMPLE: 
, Aqd710 (0007a) which is stored in memorY: location 2210 

(00268), to'1510 (OO17a),whichiss~ored in memory location 
2310 (o027a), and store the result In 2110 (00258L - . . .., . 

PROGRAM 
0020 CLA IClear Accumulator 
0021 T AD 0026 IRead Location 0026 
0022 TAD 0027 IAdd Location 0027 
0023 DCA 0025 IDeposit Result in 0025 
0024 HL T IHait 

SYSTEM BLOCK DIAGRAM 
6950 .-' INTERCEPT JR. 951 M1KX 6 12 

. 
RAM IM6312 256 x 12 ,SEL lK'CMOS RAM 

CMOS J-,: , lit CMOS WITH BATTERY 
RAM ROM BACKUP' 

. MO,,!IT.OR 

95 P 6 2- 2KX12 

256 , 2048 x 12 
POWER STROBED , ' IM5623124 
PROM SOCK"TS . 

IM6100 Ur.·H' .it II Yi it- CONTROL BUS Y1' ~t J 
CMOS 

Mli' 'MICRO- ... ,JJ I I PROCESSOR 

'J -u ~W fr SEt 
r--

IOT MULTIPLE 
DECODE .. r-- FUNCTION 
CONTROL KEYBOARD 

ENABLE j 12~t Q 11 HZ '" 0 

MONITOR ... ~ ADDRESS 
TIMER DISPLAY 

II Y DATA 
DISPLAY 

,J. DATA BUS DXo-DXH j,1 , Jl 
.. 

't69s3 - PIEART 
t--

r=li 
IM6101 IM6403 I 
CMOS CMOS 

PIE UART, 

! f ! 
READER .11 ilERIAL : I RUN INTERFACE 
DRIVER DRIVERS 

~ 
RS-232 OR 20mA 
SERIAL DEVICE 

6954 - ACI '1 r--- r-

.c::-1 

l 'IM6402 IM6101 
CMOS CMOS 
UART PIE 

-1, f 
I PLL- I CLOCK 

RECOVERY 

r 
DATA SINEWAVE 

~ PLL-, J ~ DIGITAL 

RECOVERY ENERATOR 

1 
,I , 

AUDIOTAPE 
R,ECORDER 

+ 

6957 AUDVIS -

J 

[.~~ 

" 

I 
12 BIT 

MANUAL Vi-' 
BINARY 1"-1 
INPUT 

4 DIGIT 
OCTAL 

DISPLAY 

II' 

'" 12 BIT 

2:: BINARY 
DISPLAY 

~ 

12 OUTll-::PUT 
BITS BITS' , 
EXTERNAL Ito 
CONNECTOR 



HARDWARE FEATURES: 

• 4K Words of Resident Memory (RAM) for Program 
and Data Storage 

• Expandable to 32K Words of Memory: intercept II 

• Resident Control Panel Memory (2K Words ROM 
and 256 W.ords RAM) 
- Transparent to User Programs 
- Floppy Plsk 9peratlng System Bootstrap 
- Up to 8 Simultaneous Breakpoints . 
- Highly Interactive Debugging Fadlltles 

• Two High Speed Serial VO Ports with Multipl~ Baud 
Rates (14 Different Baud Rates) , 
- User Selectable ( 
- RS232C Standard on Both 1/0 Ports 
....., . Either Port May be Strapped for 20mA Current Loop 

6910/6911 
Intercept. lID 

Microcomputer 
Develop~ent System 

• Compact Size' 
- Intercept I (8.3cm x 40.8cm x 27.9cm) 
- 'Intercept II (21.6cm x 50.8cm x 47.6cm) 

. . 
• Extensive Hardware Options 

- 'Memory Module 
- Wlrewrap Module 
- Extender Module 
- Teletype Relay Module 
-Dual Floppy Disk System 

',. Intercept II: 6910 . 

• Intercept I: 6911 
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InterC?ept lIB 
GENERAL DESCRIPTION 

Intercept 1/11 is a general purpose microcomputer 
development system for Intersi/'s IM6100 Micro
processor component. It consists oftwo PC boards, a 
Central Processor Module Board, and a Memory 
Module Board. The Central Processor Module Board 
includes the IM6100 CPU, resident memory (2K words 
ROM and 256 words RAM) for firmware storage, 
memory extension capability and two channels of 
serial 1/0 ports. The Memory Module Board includes 
4K words (4K x 12) of CMOS RAM for the user's 
PROGRAM/DATA storage. . 

All of the system control features, such as an extended 
memory control (for memory expansion up to 32K 
words); a real time clock, and DMA control functions 
are resident in the system. The resident firmware 
eliminates the need for the hardware control panel. 

The Intercept I has an ultra compact enclosyre size of 
8.3cm x 40.8cm x 27.9cm (HxWxD) and it can 
accommodate a total of four PC Boards. Two boards, a 
. processor card and a memory card, are supplied with 
the Intercept I system, and thus, the user can add up to 
two additional cards. 

The Intercept 1/ has a compact enclosure size of 
21.6cm x 50.8cm x 47.6cm (HxWxD), and it allows a 
total of eleven PC boards in the system. Because two 
cards come with the system, the user may add up to 
nine additional cards to Intercept 1/. 

Standardized board sizes and uniform bus definitions 
ensure. compatibility with previous Intercept designs. 
Intersi/ offers hardware and soft-'Vare support in-

, cluding 4K memory modules, floppycjisk hardware., 
Intercept Floppy Disk Operating System, eti:. ' 

,HARDWARE SPECIFICA'TIONS 

Word Size 

HostProcessor: Intersil IM6100 
Data: 12-bits 
Instruction: 12 or 24-bits 

Memory Size 

Main Memory 

RAM: 4K expandable to 32K (CMOS with battery 
backup standard) 

Control Panel Memory (2K words x 12) 

RAM: 256 words (not expandable - monitor uses 
128 words) 

ROM: 2K (not expandable - used by monitor) 

System Clock 

Crystal Controlled: 3.3MHz typical 

Serial I/O Interfaces 
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(RS232C is standard on both 110 ports; either port 
may be strapped for 20m A current loop operation) 

Primary Port 

Baud Rates: 50/75/110/134.5/150/200/300/6001 
1200/1800/240014800/9600/19200 

Any of these 14 different baud rates is switch 
selectable. 

Code Format: 10 level code 

Parity: None 

. Secondary Port 

Same as Primary Port except: Baud Rate is console 
controlled or so(tware programmable (50/75/1101 
134.5/150/2001300/600/1200/1800/2400/48001 
9600138400.) 

Includes four RS232C supervisory signals (two 
inputs and two outputs) 

Interrupt 

Single' level, maskable, prioritized, vectored or 
polled . 

Direct Memory Access 

Standard IM6102 DMA, bus control implemented on 
CPU module - transfer rate user controlled (direct 
memory interface) - typically greater than 2MHz. 

Physical Characteristics 

Dimensions: (HxWxD) a.3cm x 40.8cm x 27.9cm* 
. 21.6cm x50.8cm x47.6cm** 

Weight: 181bs.* 
35 Ibs.** 

Electrical Characteristics 

DC Power 
Supply 

"+5V± 5% 

*+5V ± 5% 

"+12V ± 5% 

**-12V ± 5% 

Power Supply 
Current 

6A 

1.5 A 

.SA 

.SA 

Basic 
System Current 

Requirements (Typ.) 

.SA 

.9 A 

.1 A 

.1 A 

"Applies to Intercept I Only. ""Applies to Intercept II Only. 

AC Power Requirements 

Frequency: 
Voltage: 
Power: 

50 or 60 Hz 
115 or 230V 'AC 
Intercept I: 70W max. 
Intercept 1/: 175W max. 

Environmental Characteristics 

Operating Temperature: 0° C to 50° C 

Humidity: 10% to 90% (no condensation) 
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Intercept lID 
Equipment Supplied (Basic System) . 

• 6912 Central Processor Module 

• 6901 4K CMOS RAM Module 

• Finished Cabinet with Power Supplies, Card Cage 
and Fan" . 

• Intercept User's Manual 

• IM6100 CMOS Microcomputer User's Manual 

• Two RS232C and One 20m A Current Loop Cabl.e 

• AC Power Line Cord 

""Intercept" Only. 

Hardware Options 

6901 - M4K x 12 . 
4K Nonvolatile CMOS Memory Module 
• 4K Words (4Kx12) CMOS Static RAM 
• 100 mAH Rechargeable Ni-Cd Battery Back-Up 

Included . . '. 

• Data Retention of Up to 40 Days 
• Ni-Cd Batteries Automatically Recharged' i.n a 
· . System Under Normal Power 
o Input Protect Switch 

(For Write Inhibit into RAM's) 
• 15.2cmx 21.6cm x 1.9cm 

6905 - WIREWP 
Wirewrap Module for User Interfaces to Intercept 
• Direct Interface to Intercept System 
• Universal Wirewrap Board 

6906 - EXTEND 
Extender Module 
• Extend any Intercept Module for Servicing, Testing, 

Trouble~Shooting, and Debugging 

6909 - RELAY 
Teletype Paper Tape Reader Remote Control Module 
• Remote Control of Teletype Model ASR33 Paper 

Tape Reader 
• 6.4cm x 9.5cm 

.• Protection Against Noise Induced by Line Surges 
when Interfacing to Teletype ASR33 

6970 -IFDOS 
Dual Floppy Disk System with Single Board Interface 
to Intercept Bus 
• IBM 3740 Compatible Media with Multiple Sources 
• Disc Drive/Controller/Formatter/lntercept Interface 

Included 
• Powerful Operating System 
• Editor, Assembler 
• Binary Loader, Octal Debugger 

.• Numerous Utility 'Programs for File Copying, 
Dumping, System Data Handling, and System 
'Prpgram Cataloging 

SOFTWARE/FIRMWARE SPECIFICATIONS 

Resident Control Panel Firmware Monitor. 

Capabilities 

• Accumulator,. Link, Program Counter, .Instruction/ 
Data Fields, MQ, Switch Register-examine/mo,dify 

• Control Panel and Main Memory-examine/modify 

• Single Instruction, Breakpoin~, Snapshot and Trace
debugging and modify 

• IFDOS (FLOPPY DISK) Operating System 
Bootstrap 

• Memory Bit Pattern/Word. gearch 

• Bina,ry Paper Tape Input/Output Commands 
(Loader/Punch) 

• DEC PDP-8/EConsole Terminal, HL T, OSR 
Emu.lation . . ..' 

• Up to 8 Simultaneous Breakpoints 

Features 

• High Speed Resident Operation· 

• Highly Interactive Debugging Facilities 

• Completely Transparent to User Programs 

SOFTWARE' OPTIONS 

6980 - Intercept Floppy Disk Operating System. 
(IFOOS) 

Components 

• File System Controls Floppy Disk Input/Output 
Operation 

• Keyboard Monitor for Communication Between 
User and I FDOS 

• Text Editor Creates and Modifies ASCII Text at the 
Terminal 

• PAL Assembler translates IM6100 assembly lan
guage to machine language in one or two passes. 
About 400 symbols can be created in standard 
system of 4K word memory. 1024 more symbols can 
be created with each 4K additional RAM with 
maximum symbol limit of up to 4095 symbols. 

• Numerous Switch Options and Pseudo-operations 
for Assembly and Listing Control' 7 

• Numerous Utility Programs for File Manipulation 
and Disk Dumping and Copying . 

• Disk Diagnostic Programs 

• Supplied with IFDOS in a Standard Floppy Diskette 
and Listing 

• Required Hardware: 
- Intercept System 
- ASCII Terminal 
- 6970-IFDOS Dual Floppy Disk Unit 
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6981 - FOPAL III 
PAL III Fortran Cross Assembler 
• Written in Standard Fortran IV 

• Card Deck Based 

• Can Use with Any Fortran Compiler and a Card 
Reader (such as 029 Reader) 

6982 - PDP®-8/E Extended Paper Tape Software Kit 
(Order No. 6982-QF081-AC) - See Note 1 

Components 

• Text Editor Creates and Modifies ASCII Text at the 
Terminal 

• PAL III Assembler Translatesthe IM6100 Assembly 
Language to Machine Language in Two or Three 
Passes 

• 23-Bit Floating Point Arithmetic Package 
Performs Basic Arithmetic. Trigonometric. and 
Exponential Function Using Floating Point 
Numbers 

• Supplied with programs in Paper Tapes and 
Documentation 
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6982 - FOCAL®8 
(Order No. 6982-IS-LFOCA) - See Note'1 
• Interactive Algebraic Language 
• Extensive Math. Functions 
• Easy to Learn High Level Language 
• Needs only 4K Words of RAM 
• Paper Tape Based 

® Registered trade mark of Digital Equipment Corp. 

Note: 
1. This is redistributed Digital Equipment Corporation Software. 
It is copyrighted and non-licensed Digital Equipment Corporation 
software. which means that it cannot be copied although it may 
be distributed to third parties. Digital Equipment Corporation 
assumes no responsibility for any software distributed by Intersil. 
Inc. nor for the performance.of any of Intersil's products. 



U~UlL 697G-IFDOS 
Intercept Floppy Disc 

Operating System 

DESCRIPTION 

The 6970-IFDOS Floppy Disc Operating System is 
designed to facilitate development of software for an 
IM6100 microprocessor-based system. An ASCII 
terminal such as the ASR33 is required, as well as at 
least 4K words of memory (included with the 
INTERCEPT prototyping system). 

HARDWARE 

The hardware components of 6970-IFDOS consist of 
two completely ',interfaced, floppy dis,c drive. 
mechanisms with all electronics,power supplies, and 
cables necessary to add over four (4) million bits of "on 
line" mass storage capability to the ,INTERCEPT pro
totyping system. All components are contained in a 
single covered enclosure which is rack mountable or 
can be placed on any flatsurface. The interface module 
is inserted directly into the INTERCEPT bus and is con
nected to the disc system via a multi-conductor ribbon 
cable. 

Features: 

• IBM3740 compatible media ~ith multiple sources 
• Software compatible with DEC RX8 for the PDP-8 ' 

minicomputers 
• Intelligent disc drive/controller formatter/interface 

communications which provide the ability to: 
• Detect, identify, and correct errors resulting from 

mechanical, electrical, media or human 
malfunction 

• Completely, fOrmat a diskette within industry 
standards 

• AutomaUc transparent self tests on disc related 
equipment are performed a~ times when system 
throughput is least affected 

• Flexible Programmed Input/Output for applications 
that require direct communications between user 
programs and the storage system 

SOFTWARE 

Features: 

• Afile system which maintains a catalog of user files 
on floppy disc arid performs file handling and input/ 
output operations as specified by user 

Features (con't): 

• A keyboard monitor which provides communication 
between the user and the operating system thereby 
enabling simple commands to enter and delete files 
in the user catalog, transfer files between memory 
and mass storage, print the user file catalog, and call 
system programs 

• An easy to learn text editor which allows the user to 
create and modify ASCII text at the console terminal 

• An extremely fast and flexible assembler which 
accepts source programs created by the editor and 
produces binary output for subsequent loading and 
execution ., 

• A binary loader which loads and executes assembler' 
outputfiles and facilitates loading of existing binary 
paper tapes 

• An octal debugger which allows the user to examine, 
modify, and control execution of programs from the 
terminal 

• Numerous utility programs for absolute block copy
ing and dumping of floppy diSCS, system data han
dling, control of system parameters, and printing of 
system program catalogs 

DIAGNOSTIC SOFTWARE 

• Binary programs to test the floppy disc system and 
interface 

• A listing of the programs 

PHYSICAL SPECIFICATIONS 

• DIMENSIONS Height 10.5 inches 
Width 19 inches, 
Depth 22.5 inches 

• WEIGHT 541bs 
• POWER REQUIREMENTS 

1,10 volts @ 60 Hz (2.0 Amps) or fJ 
.. ,'. 200 volts @ 50 Hz (1.5 Amps) 

The Hsting for 6980-ISOFT can be ordered separately 
by specifying 6980-ILIST. 
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FEATURES 

• Programs Intersil's IM6653/54 and IM87C48/C41 
families of CMOS EPROM products 

• Software controlled for ease. of expandability 

• IM6100 microprocessor based 
- 16K bit buffer memory 

• Serial data communication 
- 20 mA current loop 
- RS232C 
- 110 to 9600 selectable baud rate 

• Three operating modes 
-Master with CRT terminal or Teletype® 
- Slave with development system 
- Stand-alone for duplicating EPROMS 

• Self contained D/A controlled power supplies 

• Check sum error detection 

DESCRIPTION 

Intersil's 6920 CMOS EPROM programmer is a multi
mode, cost effective solution to programming Intersil's 
IM6653/54 family of CMOS· EPROMs and the 
IM87C48/C41 family of CMOS EPROM based,single 
chip, 8cbit microcomputers. c • 

The 6920 is microprocessor controlled, allowing the 
programmer to operate as a stand-alone unit, for 
duplicating EPROMS; a master, for operation with CRT 
terminals or Teletype®; or a slave, for operation with a 
software development system or minicomputer. 
Serial data communication is used for all command 
and data transfers with a 20 mA current loop and an 
RS232C interface provided. Check sum error detection 
is employed for data validation. 

REAR PANEL VIEW 
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APPLICATION NOTE SUMMARY 

The following brief descriptions of current Intersil applica
tion notes will provide a quick review of available applica
tions literature. 

A003 UNDERSTANDING AND APPLYING THE ANA
LOG SWITCH 

I ntroduces analog switches arid compares them to 
relays. Describes CMOS, hybrid (FET + driver), 
J-FET "virtual ,ground" and J,-FET "positive sig
nal," types. Applications information included. 

, A004 IH5009 LOW COST ANALOG SWITCH SERIES 

Compares the members of the I H5009 "virtual 
ground" analog switches and provides suggested 
applications. 

A005 THE 8007 - A HIGH PERFORMANCE FET 
INPUT OP AMP 

Compares the 8007 with the 741, which is (pin 
compatible), and suggests applications such as log
antilog amplifier, sample and hold circuit, photo
meter, peak detector, etc. 

A006A NEW CMOS ANALOG GATE TECHNOLOGY 

Introduces Intersils' "Floating Body" process for 
,manufacturing CMOS analog gate and multiplexer 
devices. This process virtually eliminates destruc
tive latch up. 

A007 USING THE 8048/8049 MONOLITHIC LOG
ANTILOG AMPLIFIER 

Describes in detail the operation of the 8048 log
arithmic amplifier, and its counterpart, the 8049 
antilog amp. " 

A008 A LOW COST DUAL FET-INPUT OP AMP: THE 
ICL8043 

Covers sample and hold, instrumentation amplifier, 
staircase generator, and automatic offset suppres
sion circuits. 

A010 ,DIGITAL TO ANALOG CONVERTER CIRCUITS 
USING THE 8018A 

Describes, in detail, the operation of the 8018 D/A 
converter switch network. 

A011 A PRECISION FOUR QUADRANTMUL TIPLIER 
THE 8013 

Describes, in d~tail, the operation of the 8013 ana
log multiplier. Included are multiplication,divi
sion, and square root applications. 

A012 A PRECISION WAVEFORM GENERATOR AND 
VOLTAGE CONTROLLED OSCILLATOR - THE 
8038 

Describes, in detail, the operation of the 8038 and 
includes the generation of sine, squ'are, tr'iangular, 
sawtooth, and pulse waveshapes. Frequency con
trol from 1/100 Hz ,to 500 kHz is possibie. See 
also A013. 

A013 EVERYTHING YOU ALWAYS WANTED TO 
KNOW ABOUT THE 8038 

A companion to A012, this note includes 17 of 
the most asked questions regarding the use of the 
8038. . 

A016 SELECTING AID CONVERTERS 

Describes the differences between integrating con
verters and successive approximation converters. 
Includes a checklist for decision making, and a' 
note on multiplexed data systems. 

A017 THE INTEGRATING A/D CONVERTER 

Explanation of integrating A/D converters, to
gether with a detailed error analysis. 

A018 DO'S AND DONT'S OF APPLYING AID CON
VERTERS 

An analysis of proper design techniques using D/A 
converters. 

A019 4% DIGIT PANEL METER DEMONSTRATION/ 
INSTRUMENTATION BOARDS 

Describes two typical PC board layouts using the 
8052A/7103A 4% digit A/D pair. Includes sche
matics, parts layout, list of materials, etc. Also 
see A028. 

A021 POWER' D/A CONVERTERS USING THE ICH 
8510 

A022 

A023 

Detailed analysis of the 8510. Included are a sec:, 
tion describing, the linearity of the device and ap
plication notes for driving servo motors"linear and 
rotary actuators, etc. 

A NEW J-FET STRUCTURE - THE VARAFET 

, Describes in detail the' operation of the varafet, a 
standard J-FET with the analog gate interfacing 
components monolithically built in. 

LOW COST DIGITAL PANEL METER DESIGNS 

Provides a detailed explanation of the 7106 and 
71073% digit panel meter IC's, and describes the 
two evaluation kits avaiiablefrom Intersi!. 



A026 DC SERVO MOTOR SYSTEMS USING THE 
ICH8510 

This companion note to A021 explains the design 
techniques utilized in using the ICH8510 family 
to drive closed loop servo motor systems. 

A027 POWER SUPPLY DESIGN USING THE ICL8211 
AND ICL8212 

Explains the operation of, the ICL8211 /12 and de
scribes various power supply configurations. I n
eluded are positive and negative voltage regulators, 
constant current source, programmable current 
source, current limiting, voltage crowbarring, power 
supply. window qetector, etc. 

A028 BUILDING AN AUTO RAi\lGING DMM WITH 
THE ICL7103A/8052A CONVERTER PAIR 

This companion app note to A019 explains the use 
of the 8052A/7103A converter pair to build a ±4Y:. 
digit auto ranging digital multi meter. I neluded are 
schematics, circuit descriptions, tips and hints, etc. 

APPLICATION NOTE SUMMARY 

A029 . POWER OP.AMP HEAT SINK KIT 

Describes the heat sinks for the ICH8510 family. 
These heat sinks may be ordered from the factory. 

A030 THE ICL7104: A BINARY OUTPUT A/D CON
VERTER FOR MICROPROCESSORS 

Describes in de"tail the operation of the 7104. In
eludes digital interfacing, handshake mode, buffer 
gain, auto-zero and external zero. Appendix in
eludes detailed discussion of auto-zero loop resid-

" ual errors.in dual slope AID conversion. 

H001 ULTRA LOW BIAS CURRENT OPERATIONAL 
AMPLlF"IER 

Introduces the ICH8500 op amp, and suggests ap
plications, such as: picoammeter, .sample and hold 
circuit, and gated integrator. 

8-3 



8-4 

HIGH RELIABILITYPRQCESSING 

100% INTEGRATED CIRCUIT·PROCESSING DISCRETEDEVICE PROCESSING 
Intersil is committed to build and process integrated cir
cuits for. the Military/High-Rei market segments in con
formance with MIL-STD-883 and MIL-M-38510. Any 
customer drawing which specifies testing as set forth in 
these documents will be automatica~lyprocessed to the 
latest revisions of MIL-STD-883 and MIL-M-38510, un
less specific requests are made to the contrary. 

Intersil also offers Silvera I QPL-approved discrete products 
carrying the JANTX designation, whic.h are scrElened and 
qual ified. to the latest revisions of M I L-STD-750 and M I L
S-19500. 

The latest significant changes in MIL-STD-883, Rev. B, 
and MIL-M-38510, Rev. D, concerned the change of Class 
A to Class S, the addition of 100% PIND'for Class S, and 
revisions of certain Group B· and Group b quality con-
formance requirements. . 

MIL":STD-8838 SCREENING AND QUALITY 
CONFORMANCE PROGRAMS, METHODS 5004 
AND 5005 

The f~"owing flow chart details screening activities as car
ried out by Inter·sil for C"'ass S, Band C requirements. 

Wafer Lot Acceptance Method 
5007 (SEMI 

Metal Package Isolation. Prior 
to die mount 60QV<1 OOmA 

Traceabifity to Wafer Run 

Internal Visual Method 2010, 
Condition A 

Stabilization Bake 24 hours min. 
Method 1008, Condition C 

Temperature Cycling Method 1010, 
Condition C 

Constant Acceleration Yl Orienta
tion Method 2001. Condition E 

Seal Hermeticity Fine & Gross 
Leak Method 1014 (Opt.) 

Particle Impact Noise Detection 
Method 2020, A or B 

Serialization 

Pre-Bum-In Electrical Test 
per Spec. 

Burn-in Test 240 hours @ 12SoC 
Min. Method 1015 

Post Burn-in Electrical Test 
per Spec. 

Reverse Bias Burn-in. 72 hours@ 
1S0QC Min., Method 101S, A 

Post Burn·in Electrical Test 
per Spec. 

Seal Hetmeticity Fine & Gross 
Leak Method 1014 

Final Electrical Test Functional, 
Dynamic & Switching@ 2SoC. 
Static @25°C Min. & Max. Temps. 

Radiographic, 2 Views, may be any 
sequence after Serialization 
Method 2012 

Quality Conformance Testing, 
Method S005 

External Visual Method 2009 

*Method 2017, Hybrid 

Traceability to Production Lot 

Internal Visual" Method 2010, 
Condition B 

Stabilization Bake 24 hours min. 
Method 1008, Condition C 

Temperature Cycling Method 1010, 
Condition C 

Constant Acceleration Y1 Orienta· 
tion Method 2001, Condo E (Min.) 

Seal Hermeticity Fine & Gross 
Leak Method 1014 

Pre·Burn·ln Electrical Test, 
when specified 

- Burn·in Test 160 hours@ 125°C' 
Min. Method 1015 

External Visual Method 2009 

Traceability to Prpduction Lot 

Internal Visual" Method 2010, 
Condition B 

Stabilization Bake 24 hours min. 
Method 1008, Condition C 

Temperature Cycling Method 1010, 
Condition C 

Constant Acceleration Y1 Orienta
tion Method 2001, Condo E (Min.) 

Seal Hermeticity Fine & Gross 
leak Method 1014 

External Visual Method 2009 



QUALITY CONFORMANCE INSPECTION, 
CLASSES BAND C 

HIGH RELIABILITY PROCESSING 

The ,following diagram presents quality conformance inspection methods for Classes 6 and C as performed at Intersil. ' 

I GROUP,A I 
\ 

\ \ \ 

I GROUPB I I GROUPC I I GROUPO 

\ 

\ \, \ --~ I 
Subgroup 1 Subgroup 3 Subgroup 5 : Subgroup 1 

Electrical Electrical Electrical I 
Reject Reject Reject I 

(2) (3)* ' (10) I (77) 

: 
Subgroup 2 Subgroup 4 Subgroup 6 

Electrical Electrical Electrical 
Reject Reject ,Reject 

(3) (1) (3)" i 

*Sample must have had temp/time exposure specified for burn-in. 
L TPO 'of 15 applies to number of leads inspected except that in 
no case shall less than 3 devices be used. ' 

**Required only when a package contains a dessicant. 

NOTES: ' 

1. Group A 'and B ins~ections are required on individual inspec
tion lots as a condition for acceptance for delivery. 

2. Samples shall be randomly'selected from the assembled inspec
tion lot in accordance with appendix B of MI L-M-3851 O. Speci
fied screen requirements of method 5004 are not required to have 
been completed for I ntersil's standard generic data program, but 
will be performed when required by customer drawing. Where 
use of electrical rejects is permitted, and unless otherwise speci
fie!!, they need not have been st:bjected to the temperatureltime 

, ,exposure of burn-in. ' 

3. Group C (chip-related test) shall be performed periodically at 3 
month intervals. 

1 I 
\ \ \ \ 

Subgroup 2 Subgroup 1 Subgroup 3 Subgroup 5 
Electrical Destruct Electrical 

Reject Reject 
(25) (25) (25) (25) 

Subgroup 2 Su~roup4 

Electrical Destruct 
Reject 
(25) (25) 

4. Group 0 (package related tests) shall be performed periodically 
,at 6 month intervals. 

5. Where end point measurements are required but no parameters 
have been identified, the critical final electrical parameters speci
fied for 100% screening shall be used as end point measurements. 

6. Subgroups within a group may be performed in ailY order but in-' 
dividual tests within a subgroup shall be performed in the se
quence i,ndicated. 

t!I 
'II 
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HIGH RELIABILITY PROCESSING 

QUALITY CONFORMANCE 
The following steps are carried out when quality confor
mance testing is performed on a lot from which samples 
are taken. 

QUALITY CONFORMANCE- CLASSES B & C 

STANDARD' 
SAMPLE ALLOWABLE TIME 

SIZE REJECTS ALLOWANCE 

Group A 
3-5 (Electrical 45 0 

Acceptance) days 

Group B 19 
(Package Electrical 0 1 week 
Related) Rejects 

1 from 
Group C 102 Good Subgroup 1 8-10 
(Die Related) Electrical 1 from weeks 

(Note 1) Subgroup 2 

50 Good 
Group D Electrical 1 from each 
(Package (Note 2) of 4 weeks 
Related) 75 Electrical 5 Subgroups 

Rejects 

NOTE 1: Non-destructive, shippable samples (102 units). 
NOTE 2: Destructive tests: 
Moisture resistance. Subgroup 3 sample size 25 units 
Variable-frequency vibration. Subgroup 4 sample size 25 units 

Total Destroyed 50 units 

QUALIFICATION TESTING 
When qualification testing is required, it will be equivalent 
to quality conformance testing, with the exception that 
Group A must be read and recorded on all applicable sub
groups for the number of electrically-good units which will 
be requiredfor samples for Groups C and D. 

QUALI FICATION TESTING --' GROUPS B & C 

STANDARD 
SAMPLE ALLOWABLE TIME 

SIZE REJECTS ALLOWANCE 

Group A' 184 
(Electrical (Read & 5 5 days 
Acceptance) Record) 

Group B 19 
(Package Electrical 0 1 week 
Related) Rejects 

102 llrom 
Group C Good Subgroup 1 10-12 
(Die Related) Electrical 1 from weeks 

(Note 1) Subgroup 2 

50 Good 
,Group D Electrical 1 from each 
(Package (Note 2) of 4 weeks 
Related) 75 Electrical 5 Subgroups 

Rejects 

NOTE 1: Shippable samples. 

NOTE 2: 50 destroyed samples, subgroups 3 and 4. 

LIMITED USAGE QUALIFICATION 
A customer may elect to take advantage of a "Limited 
Usage" qualification per MIL-M-38510, in order to reduce 
the number of samples required, The following conditions 
must be met for eligibility for the "Limited Usage" qualif
ication: 

1. A maximum quantity of 500 microcircuits is included 
in a single order. 

2. A maximum quantity of 2000 microcircuits is included 
in a given equipment-acquisition contract or program. 

3. A maximum quantity of 2000 microcircuits is to be pro
cured during a 12-month period for a given circuit type 
and vendor. 

Microcircuits which qualify for limited usage cannot be as
signed a JAN part number. Variable data will be taken only 
when specified in a customer drawing. 

LIMITED USAGE QUALIFICATION - CLASS B(l) 

SAMPLE ALLOWABLE TIME 
SIZE REJECTS ALLOWANCE, 

Group A 
(Electrical 45 0 5 days 
Acceptance) 

Group B 19 
(Package Electrical 0 1 week 
Related) Rejects 

Group C 
(Die Related, 10 Good 8-10 
Non-Destruc- Electrical 0 weeks 
tive) Parts 

Group D 25 
(Package (15 Good, 

0 4 weeks 
Related, 10 Electrical 
Destructive) Rejects) 

(1.) Mil-M-38510, Paragraph 4.4.4; MIL-STD~883, Method 5005. 



GLOSSARY OF MILITARY/AEROSPACE HIGH
REL DEFINITIONS/TERMINOLOGY 

ACCELERATED BURN-IN - Same as "Burn-In", except 
that testing is carried out at an increased temperature (nom
inally 1S0° C) for reduced dwell time. Accelerated testing 
is not permissible for Class S devices. 

ATTRIBUTES DATA - Go-No-Go data. Strictly pass/ 
fail and number of rejects recorded. A typical requirement 
for post burn-in electrical tests on Class B devices. 

BASELINE - Technique used to define manufacturing and 
test processes at time of order placement. Baselining usually 
involves development of a Program Plan and an Acceptance 
Test Plan which include flow charts, specification identifi
cation/revision ,letters, OA procedures, and actual specimens 
of certain important specifications. During subsequent 
manufacture and testing of parts, it is not permissible to 
make revisions or changes to any of the i,dentified specifi
cations, unless prior notification and possible customer ap
proval occurs. Other terminology associated with ·baselin
ing include "Critical Process Changes", "Minor Process 
Changes'~, and "Major Process Changes". 

BURN-IN - A screening operation. Devices are subjected 
to high temperature (typically 12So C) and normal power/ 
operation' for 160 hours (Class B devices) or 240 hours 
(Class S devices). 

CLASS S, BAND C INTEGRATED CIRCUITS - These 
c,lasses set forth the screening, sampling and document con
trol reql!ireinents for IC testing. Terminology is' defined 
in MIL-M-38S10 and in Test Methods S004 and SOOS of 
MIL-M-38S10. Classes,S, Band C are sometimes referred 
to,as "Levels S, B and C." The Classes cover: 

CLASs S - Fpr space and satellite pro\lrams. Includes 
Condition A Precap, SEM, 240 hour burn-in, PI NO test 
an,d elaborate qualification and quality conformance 
testing. ,Normally requires extensive data, documenta- , 
tion, and program planning. Formerly referred to as, 
Class A. ClassS devices are quite expensive. ' 

CLASS B '- For manned flight, and includes most fre
quently-procured military integrated circuits. Used for 
all but highest reliability requirements. Class 'B uses 
burn:"in, pre-cap, visual, etc. 

CLASS C - For ground support equipment. Contains 
only environmental screening requirements with pre-cap 

'visual. No burn-in required. 

In all classes,'L TPD (Lot Tolerance Percent Defective) is 
the sampling plan measurement criteria. 

CORRECTIVE ACTlON,- ytlose actions which a given 
supplier (or user) agrees to perform so that a detected prob
lem does not reoccur. ' 

HIGH RELIABILITY PROCESSING 

DESC- Defense Electronic Supply Center, located in Day
ton, Ohio. The command includes two major subgroups, 
with functions as follows: 

DESC-ECS - This group performs specification engi
neering work. After the original specifications are cre
ated at RADC, DESC-ECS implements and monitors 
the specifications. DESC-ECS is the industry's main 
interface on existing specifications. ' 

DESC-EQE - The group which supervises supplier cert
ifications and qualifications. The group to which the in
dustry submits applications when desiring to have de
vices qualified (QPL'd) on an existing JAN slash sheet. 
DESC-EQE surveys supplier facilities and grants line, 
certification as various requirements are met. Alsore
views 'manufacturer's qualification test data and issues 
JAN QPL's accordingly. 

DESC LINE CERTIFICATION - The document which ap-, 
proves a supplier's facilities as an appropriate site to manu
facture JAN parts. 

DIE SHEAR ,TESTS - A sample test. Mounted chips are 
exercised to destruction. Degree of die adherence to lead 
frame is observed. Corrective action taken if required. ' 

DPA ~ Destructive Physical Analysis. Finished products 
are opened and analyzed, in accordance with customer or 
MIL Spec criteria. , 

GENERIC DATA.- Data pertaining to a device family; not 
necessarily the specific part number ordered by thecus
tomer, but representative of parts in the family. Group B, 
C,and o generic data is frequently requested in lieu ofthe 
performance of special qual tests on a given order. Generic 
data tends to be inexpensive. 

GROUP A - Sample electrical tests which are,performed 
on each lot. Group A is defined in Test Method SOOS for 
integrated circuits and in MJL-S-19S00 for diodes and, 
transistors. 

GROUP B- A colle!:tion of package:"relate<! environmental 
and "wear-and-tear", tests. Defined in Test Method S005' 
for integrated circuits. For Class S screening, ,additional life' 
tests are requ ired, and are performed on every lot per M I L
M-38S10. For diodes and transistors, Group B consists of 
both environmental and life tests. 

GROUP C - For Class Band C integrated circuits, only g 
Group C includes life testing and temperature cycling/con- ,:', 

' stant acceleration die-related sample tests. Defined in Test . , 
Method S005 and performed every three months per MIL-
M-38510. ' 

GROUP 0 -' A collection of' additional environmental 
package-related sample tests aS'defined in Test Method 
5005. Performed every six months per MIL-M-38510. 
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HIGH RELIABILITY PROCESSING 

JAN - "Joint Army Navy", a registered trademark of the 
U.S. Government. The JAN marking denotes a device which 
is in full compliance to MIL-M-38510 orMIL..,S-19500. 

JAN TX ~. A JAN-qualified diode or transistor which has 
been subjected to additional screening (burn-in) tests. 

JAN TXV - A JAN-quaiified diode or transistor which, 
in additional to burn-in testing, has been subjected to ad
ditional screening including pre-cap visual inspection, as 
witnesse.d. by a government source, inspector. Equivalent 
to Class B screening for integrated circuits. 

"M38510" CIRCUITS - Until a recent revision to MIL-M-
38510, it was a common practice for users and suppliers 
alike to specify or offer integrated circuits marked "M3851 0/ 
XXX" without a J or JAN prefix. Thispart numbering sys
tem indicated a device which was "near-JAN", "quasi-JAN" 
or "non-JAN". The practice tended to cause confusion be
tween these devices and parts in full confo'rmance to JAN 
levels. MIL-M-38510 now prohibits such marking with the 
exception of two special instances: 

• When JAN QPL supplier for a given product does not 
exist, the government will permit "M3851 O/XXX" mark
ing.' While a customer may specify such marking, the 
supplier must furnish the government with.evidence that 
the parts meet all applicable requirements. 

• For certain parts destined for use in F'-16 aircraft, 
"M38510/XXX" marking is permissible, but orders for 
such parts must be accompanied by appropriate DESC 
certification letter. 

M38510/XXX - Detail specifications (or "slash sheets") 
for integrated circuits. For example, the 1 01 specification 
covers Operational Amplifiers, with electrical requirements 
for the 741, LM101,108, 747 types, etc. 

MIL-M-38510 - The general military specification for in
tegrated circuits. 

MIL-S-19500. - The general military specifications for di
odes and transistors. 

MIL-S-19500/XXX - Detail specifications (or "slash 
sheets" for diodes and transistors. 

lllii L-STD-750 - Specifies Test Methods for diodes and' 
transistors, such as burn-in, pre-cap, temperature cycling. 
etc. 

MIL-STD-883 - Specifies Test Methods for integrated cir
cuits, such as pre-cap, burn-in, hermetici1:y, storage life, 
etc. 

NPFC - Naval Publications and Forms Center, Philadelphia. 
Printing and distribution source for military specifications. 

NON-STANDARD PARTS' - In government terminology, 
refers to non:"JAN devices. Non-standard parts are typi
cally covered by user Source Control Drawings (SCD). 

NON-STANDARD PARTS APPROVAL - Approval by the 
government (frequently RADe) ·of non-JAN parts, typi
cally on source control drawings, for use in a military sys
tem or program. This approval is essentially a waiver which 
permits non-JAN 38510 parts in a system which otherwise 
mandatorially requires JAN parts only. 

OPERATING LIFE TEST - Same conditions as burn-in, 
but duration is usually 1000 hours. This is a sample test 
(Qualification and Quality Conformance). 

PCA "'- Parts Configuration Analysis. A new term which 
has much the same meaning as "Baseline". 

PDA - Percent Defective Allowable. Criteria sometimes 
applied to burn-in screening. A '1 0% PDA (the most com
mon type) means that if more than 10% of that lot fails as 
a result of burn-in (as determined by pre- and post-burn-in 
electrical tests) the entire lot is considered to have failed. 

PDS - Parameter, Drift Screening. Measures the changes 
(L~s) in electrical parameters through burn-in. Common for 
Class S devices . 

PIND '- Particle Impact Noise Detection. This is an audio 
screening test to locate and elminatethose parts which 
have loose internal particles. The test can isolate a high 
percentage of defectives, even in otherwise good lots. Re
peatability of the tests is questionable. This test is one of 
the screening items forCI~ss S integrated circu'its~ 

PREPARING ACTIVITY - The organizational element of 
the government which writes specifications, frequently 
RADC. 

PRESEAL VISUAL - A screening inspection which in
volves observation of a die through a microscope. 

PROCURING ACTIVITY..., Per MIL-M-38510, this is the 
organizational element. in the government which contracts 
for articles or services. The Procuring Activity can be a sub
contractor (OEM), providing that the government delegates 
this responsibility. In such a case, the subcontractor does 
not have the power to grant waivers, unless this authority 
has been approved by the government. 

PRODUCT RELlABLIITY- Pertains to the level of qual
ityof a product over a period of time. Reliability is usually 
measured or expressed in terms of Failure Rate (such as 
"0.002% per 1000 hours at a 60% confidence level at 25°C") 
or MTBF (mean tim'e between failure in hours). MTBF is 
the reciprocal of Failure Rate. 

QPL - Qualified Products List. In the case of JAN prod
ucts, QPLs are identified as QPL-38510 for integrated cir
cuits and QPL-19500 for diodes and transistors. QPL-
38510 revisions occur approximately quarterly and QPL-
19500 revisions occur approximately annual"'. In the in
terim, the government will notify suppliers via letter of any 
new device qualifications which may have been granted. 
Two types of QPLs exist: 



PART II QPL - This is an interim or temporary QPL , 
which is granted on the basis of having obtained line 
certification and approval of an Appl,ication to Conduct 
Qualification Testing. A PART II QPL is automatically 
voided whenever anyone supplier is granted a PART I 
QPL; thus, a sole-source situation is condoned. 

PART I· QPL - A "permanent" QPL, granted after all 
qualification testing is completed and test data is ap
proved by the government. 

QPL TT - Qualified Product List Throughput Time. That 
period which required, to obtain device qualification. 
QPL TT is a function of (1) whether a JAN slash sheet ex
ists; (2) whether a competitor already holds a Part I QPL; 
arid (3) whether the applicant's production line. is certified 
by DESC. 

\ 

Following is a worst,..case example, where a JAN slash sheet' 
does not exist and government line certification has not 
been granted. QPL TT will be approximately 39.5 months, 
if the JAN slash sheet already exists, QPLTT will.be cut to 
about 10.5 months. If the applicant already has line certi
fication', QPL TT will be about 2 months to obtain Part II 
status. 

Total time required to. obtain a Part. I QPL adds about 7 
months to QPL TT; in a worst-case example; about 46 
months will be required. 

QUALIFYING ACTIVITY -Per MIL-M-38510, the or
ganizational element in the government which designates 
certification (i.e., DESC). 

QUALIFICATION TESTING - Initial, one-time sample 
tests which are performed to determine whether device 
types and processes are good. For integrated circuits, this 
usually means testing to Groups A, B, C.'and D. For diodes 
and transistors, this usually means testing to Groups A, B 
and C. 

QUALITY CONFORMANCE TESTING - These are sample 
tests which must be performed at prescribed intervals per 
MI L-M-38510 or MI L-S-19500, assuring that processes re-

,main in control and that individual lots are passed. 

RADC - Rome .Air Development Command, Griffiss AFB, 
New York. This isthe.government organization which cre
ated semiconductor specifications; MIL-M-38510 and MIL
STD-883 were developed at RADC. This Air Force unit 
develops specifications for all U.S. military services. RADC 
is frequently involved in granting waivers for non-standard 
parts for Air Force systems. 

READ AND RECORD DATA - Same as variable data. 

REWORK PROVISION - For semiconductor devices"per
missible rework of parts is usually limited ,to re-testing 
(screening), lead Straightening or bending, re-marking, and 
cleaning. 

HIGH RELIABILITY PROCESSING 

S & V - Survivability and Vulnerability. Pertains to the 
ability of a device to resist radiation dosage. 

SCREENING - Operations which are performed on devices 
on a 100% basis (not sampling). Examples include pre-cap 
visual, burn-in hermeticity, 100% electrical test, etc. For 
integrated circuits, Test Method 5004 defines screening 
flow. 

SEM INSPECTION - Inspection by Scanning Electron Mi
croscope. Die samples are examined at very high magnifi~ 
cation for metallization defects. A common inspection for' 
Class S devices. 

SERIALIZATION":' The marking of a unique part number 
on each part, with assigned numbers marked sequentially / 
consecutively. 

SCDs - Source Control Drawings. Typically user-generated 
drawings which require development of internal IC vendor 
sheets. Although each drawing may be slightly, different, 
all will be modelled around MIL-M-38510, MIL-S-19500, 
MIL-STD-883, or MIL-STD-750. 

SOURCE INSPECTION - Can be either Customer Source 
Inspection (CSI) or Government Source Inspection (GSI). 
Source. Inspection is initiated ,via purchase order, and can 
occur at one or more of the following points: 

• Pre-cap Visua,!. Expensive and adds to throughput time. 

• Final Inspection. Simple andinexpensive; little delivery 
impact. 

• Throughout. Very expensive and time-consuming. 

STANDARD PARTS '- In government terminology, JAN 
parts. 

TRACEABILITY...;. A production and manufacturing con
trol system which includes: 

• Wafer run identification number. 

• Date pre-cap visual inspection was performed, identity 
of inspector, and specifi'cation number and revision. 

• Lot number and inspection history. 

• QA Group A electrical results. 

VARIABLE DATA - Read and recorded electrical measure
ments (parametric values). Usually required for pre- and 
post-burn-in electrical tests. Also common for Group C 
and D testing. . ' " 

WIRE. PULL TESTS - Bond wire pull tests will be speci
fied in two modes: 

DESTRUCTIVE WIRE PULL -" Generally performed 
periodically in assembly on a sample basis. Wires are 
pulled to. destruction and the break point force is re
corded. Corrective action is taken as required. 
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CHIP ORDERING INFORMATION 
FET, MOSFET, AND DUAL TRANSISTOR CHIPS 
INTRODUCTION 

Intersil'recognizes the increasing need for transistors and 
FETs in die form. To fulfill this need,lntersil offers a full 
line of JFETs, MOSFETs, and dual transistors in die form. 

Die sales do, however, present some unique problems.' In 
many cases the chips cannot be guaranteed to the same 
electrical'specifications as the packaged part. This, is due 
to the fact that leakage, noise, AC parameters and temper
ature testing cannot be tested to the same degree of accu
racy for dice as it can fqr packaged devices. This is due to 
equipment limitations imd handling problems. 

PURCHASE OPTIONS 

Intersil offers dice which are delivered in a number offorms: 

• Chips which have been electrically probed, inked, visu
ally inspected and diced. 

• Wafers which have been electrically probed, inked, visu
ally inspected and scribed only. 

• Wafers which have been electrically probed, inked,and 
visually inspected only. 

GENERAL. PHYSICAL ,INFORMATION 

• Chips are available with exact length X width dimensions 
plus tolerance (see individual data sheets). Chip height 
ranges from .003" to .006". 

• To facilitate die attaching, chips are gold backed. Ap
proximate thickness is 1000 angstroms. In general, dice 
should be attached to gold, platinum,or palladium met
allization: Thin-film gold,moly-gold and most of the 
thick-film metallization materials are compatible. 

• Consult individual product information sheets for dimen
sions. Except for the, aluminum bonding pads, the chips 
are completely covered with vapox (silicon dioxide). This 
minimizes damage to the chip caused by handling prob
lems. 

• All chips have aluminum metallization and' aluminum 
bonding pads. Typical ,aluminum thickness is 12,000 
angstroms. 

• Die are 100% tested to electrical specifications, then visu
ally inspected. When wafers are ordered, dice which fail 
the electrical test are inked out. 

• Generally the minimum size of the die-attaching pad 
metallization should be at ,least 5 mils larger (on every 
edge) than the chip dimensions. For example, a 15 mil 
chip sho,uld be attached on at least a 25mil pad. 

CHIP AND WAFER PROCESSING FLOW CHART 

WAFER 
PROCESSING 

WAFER 
CLASSIFICATION 

AND 
ALLOCATION 

100% 
ELECTRICAL 

PROBE 

QC 
ELECTRICAL 
INSPECTION 

BACK LAP 
AND 

GOLDBACK 

r- - - :- WAFERS' 
I I 

QC I 
VISUAL I 

INSPECTION I 

PACKING AND SHIPPING 

aCsample 
I---;'_~ assembled for 

special testing 
when required 



CHIP ORDERING INFORMATION 

RECOMMENDED DICE ASSEMBLY PROCEDURE FETS 

CLEANING 

Dice supplied in die form do not require cleaning prior to 
assembly. Dice supplied in wafer form should be cleaned 
after scribing and breaking. Freon TF in a vapordegreaser 
is the preferred cleaning method. However, an alternative is 
to boil the die in TCE for five minutes with a rinse in iso
propyl alcohol for 1-2 minutes. 

DIE ATTACH: 

The die attach operation should be done under a gaseous 
nitrogen ambient atmosphere to prevent oxidation. A pre
form should be used if the mounting surface has less than 
50 microinches of gold and the die should be handled on 
the edges with tweezers. Die attach temperature should be 
between 385· C andAOO· C with eutectic visible on three 
sides of the die after attachment. 

BONDING: 

Thermocompression gold ball or aluminum ultrasonic bond
ing may be used. The gold ball should be about 3 times the 
diameter of the gold wire. The ball should cover the bond~ 
ing pad, but not excessively, or it may short out surrounding 
metallization. 1-mil ~Iuminum wire may be used on most 
dice, but should not be used if the assembled unit.will be 
plastic encapsulated. 

HANDLING OF DICE: 

All dice shown in this catalog are passivated devices and In-· 
tersil warrants that they will meet or exceed published spec
ifications when handled with the following precautions: 

• Dice should be stored in a dry inert-gas atmosphere. 

• Dice should be assembled using normal semiconductor 
.techniques. 

• Dice should be attached in a gaseous nitrogen spray at II 
tel11perature less than 430· C. 

ELECTRICAL TEST LIMITATIONS 

DUAL BIPOLAR TRANSISTORS 

LVceo 
BVcbo 
BVebo 
Hfe 

vce(SATI 
I .. 
cbo 

vbel-vbe2 ' 

Ibl~lb2 

100V max. @ .. 1 mA 

. 100V max. @ ;;'1 /.IA 

100V max. @ ... 10 mA 

"1000-@ ;;'10 /.IA 

;;'10mV·@"10 mA 

;;'100 pA @ "100V 

;;'1 mV@;;'10/.lA 

;;'2 nA 

Breakdown voltage 

Pinch-off voltage 

VGS(TH) 

ROS(on) 

lOSS & 10(on) 
gfs 

10(off), IS(off), IGSS 
V GSl - V GS2 (Duals) 

100V max.@ 1 /.IA. 

0-20V@;;'1 nA 

0-20V@;;'10/.lA 

20.n min. @ V GS = 0 (V GS = 30 MOSF ETs) 

1CiOmA max. 

10,000 /.I MHOS max. @ 10 .. 10 mA 

100pA min. 

10mVmin. 

E)ectrical testing is guaranteed to a 10% L TPD. AC para
meters such as capacitance and switching time cannot be 
tested in wafer or dice form. 

STANDARD DIE CARRIER PACKAGE 

• Easy to handle, store and inventory. 

• 100% electrically probed dice with electrical rejects re
moved. 

• 100% visually sorted with mechan.ical and visual rejects 
rel11oved. 

• Easy visual inspection - dice in carriers, geometry side 
up. 

• Individual compartment for each die. 

• Carriers usuabh! in customer production ~rea .. 

• ~arrier may be storage container for unused dice. 

• Carriers hold 25, 100, or 400 dice, depending on· die size 
and quantity ordered. 

• Part numbers shown in this catalog are for carrier pack
aging. 

CLEAR AMBER COVER 
. /'" WITH ANTI-8TATIC 
r PLASTIC FI LM 

.'?~-> . tl 
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CHIP ORDERING INFORMATION 

OPTIONAL VIAL PACKAG.E 

• 100% electrically probed dice with rejects inked but in
cluded in vial. Bulk shipment. 

• 10% extra good dice included (no charge) to .cover pos-
sible breakage and/or visual rejects .. 

• Preferred for production quantities. 

• Lower cost. 

• For vial package - replace "0" in catalog nU(llber with 
"V", e.g.: 2N4416/0 {2N4416 dice in carrier) becomes 
2N4416/V (2N4416 dice in vial). 

OPTIONAL WAFER PACKAGE 

• 100% electrically probed - rejects inked. 

• 10% extra good dice included (no charge) to cover pos-
sible breakage and/or visual rejects. 

• Preferred for production quantities. 

• Lowest cost. 

• Wafer is supplied unscribed. 

• For wafer package':" replace "0." in catalog number with 
"W", e.g.: 2N4416/0 (2N4416 dice in carrier) becomes 
2N44161W (2N4416 dice in wafer)~ 

FOAM 

MYLAR 

--___ FILTER PAPER 

mNOT" 
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Intersil reserves the right to improve device geometries and 
manufacturing processes as required. These improvements 
may result in slight geometry changes. However, they will 
not affect the electrical limits, basic pad layouts or max
imum die sizes in this catalog. 

ELECTRICAL TEST CAPABILITY! 

As an example of how to use the capability chart to see 
what I ntersil actually guarantees and tests for, or1' a 100% 
basis, compare .the 2N4391 in a TO-18 package to the 
2N4391 delivered as a chip. 

Elect~ical T~st Spec. 2N4391 in a TO-1S, 2N4391 Chip 

IGSS @25C 100 pA max. 100 pA max. 

BVGSS 40V min. 40V min. 

ID(of!) @ 25C 100 pA max. 100pA max. 

V GS(forward) lV max. See note 1 

V GS(off) or V p 4V to 10V 4~tol0V 

IDSS 50 to· 150 mA 50 to 100 mA 

VDS(on) 0.4V max. O.4V max. 

rDS(on) 30n max. 30n max. 

Ciss 14 pF max .. Guaranteed by Design 

Crss 3.5 pF max.' Guaranteed by Design 

td 15ns max. Guaranteed by Design 

1, 5ns max. Guaranteed by Design 

toft 20ns max. . Guaranteed by Design 

tf l?nsmax~ Guaranteed by Design· 

NOTE ·1: This parameter is very dependent upon quality of miltal
lization surface to which chip is attached. 

SUMMARY 

Of the 14 items specified for the package part, only 7 can 
be tested and guaranteed in die form. It is tobe noted that 
those· specifications which' cannot be tested in die form can 
be sample tested in package form as an indicator of lot per-

. formance. Many of the tests, however, such as capacitance 
tests, are design parameters. 

The above electrical testing is guaranteed toa 10% L TPO. 
However, there are occasions where customer requirements 
cannot be satisfied by wafer sort testing alone. While the 
previously described tests will be done ona 100% basis, In
tersil recognizes the need for additional testing to obtain 
confidence that a particular customer's. needs can be met 
with a reasonably high yield. Toward this end Intersil has 
instituted a dice sampling plan which is two-fold. First, 
random samples of the dice are packaged and tested to as
sure adherence to the electrical sPecification. When re
quired, wafers are identified and wafer identity is tied to 
the samples. This tests both the electrical character of the 
die and its ability to performehictrically after going through 
the high temperature ,dice attachmen.tstage. SeconQ, more 
severe testing can be performed on the packaged devices 
per individual customer needs.. When testi(lg is required 
other than that called out in the data sheet, Intersil issues 
an ITS number to describe the part. Examples o.f tighter 
testing which can be performed on packaged samples is 
shown as follows: 



FET & DUAL FET PAIRS 

1. Leakages to 1 pA (l955) 
2. ros (on) to as low as 4 ohms 

3. ID (off) to 10 pA 

4. loss to 1 amp (pulsed) 

5 .. GFSto 10,000 Jlmho 

6. Gas to 1 Jlmho 

7. en noise to 5 nV/v!RZ at frequencies of 10Hz to 100Hz 

8. CMRR to 100 dB 

9. ~(V9Sl-Vgs2)/~Tdownto 10JlVtCtoan LTPDof20% 

10. gm match to 5% 

11. loss match to 5% 

CHIP ORDERING INFORMATION 

TRANSISTOR PAIRS 

1, Leakages to as low.as 1 pA 

2. Beta with collector current up to 50mA and as low as 100nA 

3. fT up to 5_00 M Hz with collector currents in the range of 
10 JlAto 10 mA 

4. Noise measurements as low as 5nV/y'HZ from 10Hz to lOOkc 

5. ~(Vbel- Vbe2) / ~T to 10 JlV tc to an L TPD of 20% 

VISUAL INSPECTION 

Individual chips are 100% inspected to MIL-STD-750, 
. Method 2072 or, as an option, MI L:'STD-883, Level B. 
Inspection is done t6 an L TPD of 20%. As an option, In
tersiloffers S.E.M. capability on all wafers: 
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CHIP ORDERING INFORMATION 

CMOS INTEGRATED CIRCUIT CHIPS 

INTRODUCTION 

In addition to discrete device chips, Intersil also offers a full 
line of metal gate CMOS integrated circuits in die form. Die 
sales, however, present some unique problems. In many 
cases, chips cannot be guaranteed to the same electrical 
specifications as can the packaged parts. 'This i~ because 
leakage, noise, AC Pilrameters and temperature testing can
not be guaranteed to the same degree of accuracy for dice 
as for packaged devices., ' 

GENERAL PHYSICAL INFORMATION 

• Chips are available with precise length and width dimen
sions, ± 2 mils in either dimension. 

• Chip thickness is 15 mils ±1 mil. 

• Bonding pad and interconnect material is aluminum, 10K 
to 15K A. thick. 

• Each die surface is protected by planar passivation and 
additional surface glassivation except for bonding pads 
and scribe lines. The surface passivation is removed from 
tl:!e bonding pad areas by an HF etchant; bonding pads 
may appear discolored at low magnification due to sur
face roughness of the aluminum caused by the etch ant. 

• Die 'are 100% inspected to electrical specifications, then 
visually inspect~d according to MI L-STD-883, Method 
2010.2, Condition B, with modifications reflecting 
CMOS requirements., 

• Bonding pad dimensions are 4.0 x 4.0 mils minimum. 

• Storage temperature is -40·C to +150·C. 

• Operating temperature is -20·C to +70·C. 

• Guaranteed AQL Levels: 

Visual 
Functional electrical testing 
Parametric DC testing 
Untested parameters 

2.0% , 
1.0% 
4.0% 

10.0% 

CMOS INTEGRATED CIRCUIT CHIP PROCESSING FLOW CHART , • WAFER 

_!.~~~I~~,; ac CARRIER ELECTRICAL LOADING VISUAL INSPECTION 
INSPECTION 

~ t t / 
WAFER SCRIBE PACKING 

CLASSIFICATION & & 
& ALLOCATION FRACTURE SHIPPING 

--'- t 
100% 100% 

ELECTRICAL CLEAN 
. PROBE 

l + 
~ 

100% 
VISUAL 

+ aCsample 

'-- ac assembled for 
VISUAL special testing 

when required 

I 



CHIP ORDERING INFORMATION 

RECOMMENDED DICE ASSEMBLY PROCEDURES 'STANDARD DIE CARRIER PACKAGE 

CLEANING 

Dice supplied in die form do not require cleaning prior to 
assembly. However, if cleaning is desired, dice should be 
subjected to freon TF in a vapor degreaser and then vapor
dried. 

RECOMMENDED HANDLING 

Intersil recommends that dice be stpred in the vacuum
sealed plastic bags which hold the dice carriers. Once re
moved from the sealed bags, the 'dice should be stored ina 
dry, inert-gas atmosphere. ' ' 

Extreme care should be used when handling dice. Both 
electrical and visual damage can occur as the result of an 
unclean environment or harsh handling techniques. ' 

DIE ATTACH 

The die attach operation should be done under a gaseous 
nitrogen ambient atmosphere to prevent oxidization. If a 
eutectic die attach is used, it is recommended that a 98% 
gold/2% silicon preform be used ,at a die attach tempera
ture between 385°C and 435°C. If an epoxy die attach is 
used, the epoxy cure temperature ,should not exceed 150°C. 
If hermetic packages are used, epoxy die attach should be 
carried out with caution so that there will be no "out!lassing" 
of the epoxy. 

BONDING 

Thermocompression gold ball or aluminum ultrasonic bond
ing may be used. The wire should be 99.99% pure gold and 
the aluminum wirl\ should be 99% aluminum/1% silicon. 
In either case, it is recommended that 1.0 mil wire be used 
for normal power circuits. 

• Easy to handle, store and inventory. 

• 100% electrically probed with electrical rejects removed. 

• 100% visually sorted with mechanical and visual rejects 
removed. 

• Easy visual inspection - dice are in carriers, geometry 
side up. 

• Individual compartment for each die. 

• Carriers usable in customer production area. 

• Carrier may be used as storage contained for unused dice. 

• Carriers hold 25, 100 or 400 dice, depending on die size 
and quantity ordered. 

• Packaging of integrated circuit dice in carriers is identi
cal to illustration shown earlier for discrete device, ex
c~Ptthat IC chips care riot available in vilil packs or in 
wafer form. 

CHANGES 

Intersil reserves the right in improve device, geometries and, 
manufacturing processes without prior notice. Although 
these improvements may result in slight, geometry changes, 
they will not affect dice electrical limits, pad layouts, or 
maximum die sizes. 

USER RESPONSIBILITY 

Written notific!ltion of anynon-conforrnance by Intersil of 
Intersil's dice speCifications must be made within 75 days of 
the shipment date ofthe die to the user. Intersil assumes no 
responsibility for the dice 'after 75 days or after further user 
processing such as, but notlimited to, chip mounting or wire 
bonding. 
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PART NUMBERS 
AND ORDER INFORMATION 

Ii) 

Example of Intersil Part Number: 

BASIC SELECTION TEMP PKG PIN 

ICH8500 

ICLB038 

IH5040 

A' 

C 

.C 

'C 

M 

T, 

P 

D 

V ICH8500ACTV 

D ICLB036CC PD 

E IH5040MDE 

ON ALL INTERSiL IC PART NUMBERS. THE LAST THREE 
LETTERS ARE' TEMPERATURE; PACKAGE, AND PIN 
NUMBER, RESPECTIVELY. 

TEMPERATURE: C: - Commercial 
, I . .:.c. Indu'strial 

PACKAGE: 

, M . '-- Military 

D - Ceramic Dual-In-Line 
E - Small TO-8 Type 
F - Ceramic Flat Pack .... . 
I - 16 Pin Dip (0.6 X O./) Lead Space 
J - Cerdip DuaJ-ln-Line ." , 

K - 8 Lead TO-3 Metal Can 
L - Leadless, Ceramic 
p. - Epoxy Dua:I-ln-Lin~ 
Q - 2 Lead MetaiCari 
T - TO-5 Type 

DR - TO-72 with NO.4 Lead 
Connected to Case 

/ 

NUMBER OF PINS: A -.8 
B --:10 
C - 12 
D - 14 
E - 16 
N - 18 
F - 22 
G - 24 
I - 28 
J - 32 
K - 36 

·L - 40 
M -48 
V - 8, 0.230 in. Pin Circle 
W - 10,0;230 in. Pin Circle 
y. - 8, No.4 Lead 

Con nected' to . Case 
Z - 10, NO.5 Lead 

Connected to·Case. 

B·16 

LINEAR: 

ICL 8038 

C iSe li:,.mb" oi"" 
.' Package 

. 'Temperat~reRange: 
M - -55°C to +125°C 
I - -20°C to + 85°C 
C - O°C to +. 70°C 

L....:_:"-_ Electrical Selection (optional) 

1...-______ Device Chip Type 

L....:---:..----Intersil Linear Circuit 

HYBRIDS: 

.• DG126~L·1 ..... paCkage::' . 

, . .. •. A - Metal Can 
. .... L - Flat pack 

P - Ceramic 
. Temper~tum Range: 

A - -55°C to +125°C 
B - -20°C to + 85°C 
C -:- 0° C to + 70° C 

'--'-.....,.---'---,...oevice Chip Type 
L-___ -,-__ --'- Device F:amily' 

IH5043 B M F 0 

DG . -. Drivers 
D ~ Drivers 
G - Multi-chan'nel FET 

--Eill=L Number of Pins ~ Package. 
. Temperature Range: 

M - -55°(; to +125°C 
C - O°C to + 70°C 

Electrical Selection (optional) 
L....: ______ Device Chip Type 

L....:--------Intersil Hybrid/Analog Gate 

WATCH AND CLOCK: 

ICM 7045 A I P I 

t ~ Number Of' Pins' l:== Package 
Temperature R~nge: 

M - -55°C to +125°C 
I - -20°C to'+ 70°C' 
C - O·C tei + 700 'C 

L-____ Electrical Selection (optional) 
L....: _____ Device Ohip Type 

L....: _______ Intersil Watch and Clock Circuit 



BIPOLAR MEMORY: 

1M 5 600 C J E 

t.~'RT NUMBERS AND ORDER INFORMATION 

MOSMEMORY: -Et C Number of Pins ~paCkage 
Temperature 

M - -55°C to +125°C 
C - O°C to + 75°C 

Specific Chip Type 
'-------General Type 

2 - Field Programmable Logic Array (FPLA) 
6 - Programmable Read Only Memory (PROM) 

'---------Bipolar Process 
'---------Intersil Memory Circuit 

C/MOS MEMORY: 

1M 6 5 08 A -1 MOE -mi , Number of Pins L Package 
Temperature 

M - -55°C to +1.25°C 
I - -40°C to + 85°C 
C - O°C to + 75°C 

'----- Improved Speed, Reduced Current (optional) 
'------ Operating Voltage (optional) 

'--'-----'-- Specific Chip Type 
'-------- General Type 

1 - Processing Elements 
3 - Read Only Memories (ROM) 
4 - Interface Elements 
5 - Random Access Memories (RAM) 
6 - Programmable Read Only Memory (PROM) 

'------'---- C/MOS Process 

'--------- Intersil Memory Circuit 

1M 7 114 L 2 C J N - illi Number of Pins 
Package 

, Temperature Range 
M - -55°C to +125°C 
I - -40°C to + 85°C 
C - O°C to + 75°C 

'----- Speed Selection 
'-------- Power Selection 

'-------- Device Chip Type 
'-------.,--- MOS Process 

'----------Intersll Memory 

VMOS PART NUMBERING (PROPRIETARY PARTS) BREAKDOWN 

IVN5200XYZ 

-~-~t Breakdown ' 
, Voltage 

Z if Zener 
N if None 

Package Code 

...... ---- Selection 

'------- Basic Type 

'--------- N or P 

'--________ Intersil 

VMOS 

FOR INDIVIDUAL PART AVAILABILITY, PLEASE REFER TO 
A CURRENT INTERSIL PRICE LIST OR CONTACT YOUR 
NEAREST INTERSIL SALES OFFICE. 

VOLTAGE 
A 20 
B 30 
C 35 
D 40 
E 60 
F 80 
G 90 
H 100 
J 125 
K 150 
L 175 
M 200 
N 225 
P 250 
Q 300 
R 350 
S 400 
T 450 
U 500 

PACKAGE CODES 
TO-237 (92+) A 
TO-202 B 
TO-220 C 
DICE D 
TO-66 H 
TO-3 K 
TO-52 S 
TO-39 T 
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INTERSIL FIELD SALES OFFICES 

CALIFORNIA 
1,272 Forgewood Avenue 
Sunnyvale, California 94086 
Tel: (408) 744-0618 
TWX: 910-339-9260 

400 Oceangate, Suite #1102 
Long Beach, CA 90802 
Tel: (213) 436-9261 
TWX: 910-341-6829 

COLORADO 
2 Parker Place, Suite 101 
2600 S, Parker Road 
Aurora, Colorado 80014 
Tel: (303) 750~7004 
TWX: 910-320-2982 

FLORIDA 
1001 N,W. 62nd Street, Suite #309 
Fort Lauderdale, Florida 33309 
Tel: (305) 772-4122 
TWX: 510-955-9883 

ILLINOIS, 
201 Ogden'Avenue, Suite #230 
Hinsdale, Illinois 60521 
Tel: (312) 986-5303 
TWX: 910-651-{)859 

MASSACHUSETTS 
2 Miiitia Drive, Suite 12 
Lexington, Massachusetts 02173 
Tel: (617) 861-6220 
TWX: 710-326-0887 

MINNESOTA 
6550 York Avenue, South, Suit~ #307 
Minneapolis, Minnesota 55435 
Tel: (612) 925-1844 
TWX: 910-576-2780 

NEW JERSEY 

560 Sylvan Avenue 
Englewood Cliffs, New Jersey 07632 
Tel: (201) 567-5585 ' 
TWX: 710~991-9730 

OHIO 
228 Byers Road 
Miamisburg, Ohio 45342 
Tel: (513) 866-7328 
TWX: 810-473-2981 

TEXAS 
12820 Hillcrest Drive, Suite #118 
Dallas, Texas 75230 
Tel: (214) 387-0539 . 
TWX: 910-860-5482 

CANADA 
338 Queen Street East, Suite #208 
Brampton, Ontario L6V lC4 ' 
Tel: (416) 457-1014 
TWX: 610-492-2691 



ALABAMA 
K & E Associates, Inc: 
Suite 122 
3313 Memorial Parkway SE 
Huntsville, AL 35801 
Tel: (205) 883-9720 
TLX: 594421 

ARIZONA 
Shefler-Kahn 
2017 N. 7th Street 
Phoenix, AZ 85001 
Tel: (602) 257-9015 
TWX: 910-951-0659 

CALIFORNIA 
0' Sales, Inc. 
5575 Magnatron Blvd. - Suite B 
San Diego, CA92111 
Tel: (714) 560-6266 

CONNECTICUT 
COM-SALE 
633 Williams Road· 
Wallingford, CT 06492 
Tel: (203) 269-7964 

FLORIDA 
Eir, Inc. 
450 Seminola Blvd. 
Casselberry,FL 32707 
Tel: (305) 830-9600 
TWX: 810-853~9213 

IDAHO 

Sage Sales 
3524 South 1100 East 
Salt Lake City, UT 84106 
Tel: (801) 485-5111 
TWX: 910-925-5153 

ILLINOIS 
Dolin Sales 
6232 N. Pulaski Road 
Chicago, IL 60646 
Tel: (312) 286-6200 
TWX: 910-221-5018 

INDIANA 
Delesea Sal~s 
Executive .Office Park 
2118 Inwood Drive- Suite 117 
Ft. Wayne, IN 46805 
Tel: (219) 483-9537 
TWX: 810-332-1407 

Delesea Sales 
10026 E. 21 st Street 
Indianapolis, IN 46229 
Tel: (317) 894-3778 

DOMESTIC SALES REPRESENTATIVES 

IOWA 
Dy-Tronix, Inc. 
23 Twixt Town Ro'ad, N.E., Ste. 103 
Cedar Rapids, IA 52042 
Tel: (319) 377-8275 

MARYLAND 
New Era Sales, Inc. 
Empire Towers - Suite 407 
7300 Ritchie Highway 
Glen Burnie, MD 21061 
Tel: (301) 768-6666 
TWX: 710-861-0520 

MASSACHUSETTS 
COM-SALE 
235 Bear Hill Road 
Waltham, MA 02154 
Tel: (617) 890-0011 

MICHIGAN 
Giesting & Associates 
5654 Wendzel Drive 
Coloma, MI 49038 
Tel: (616) 468-4200 

Giesting & Associates 
18427 Jamestown Circle 
Northville, MI 48167 
Tel: (313) 348-3811 

MISSISSIPPI 
K & E Associates, Inc. 
Route 4, Box 70 
Corinth, MS 38834 
Tel: (601) 287-1471 
TWX: 510-984-0766 

MISSOURI 
Dy-Tronix, Inc. 
11190 Natural Bridge 
Bridgeton, MO 63044 
Tel: (314)731-5799 . 
TWX: 910-762-0651 

Dy-Tronix, Inc, 
13700 East 42nd Terrace 
Independence, MO 64055 
Tel: (816)373-6600 

MONTANA 
Sage Sales 
3524 South 1100 East 
Salt Lake City, Utah 84106 
Tel: (801) 485"5111 
TWX: 910-925-5153 

NEW HAMPSHIRE 
COM-SALE 
Grenier Industrial Village 
P.O. Box 315 
Londonderry, NH 03053 
Tel: (603) 668-1440 

NEW JERSEY 
Barrett Associates 
140 Barclay Center 
Route 70 
Cherry Hill, NJ 08034 
Tel: (609) 429-1551 
TWX: 710-896-0881 

NEW MEXICO 
Sheller-Kahn 
10200 Menaul NE 
Albuquerque, NM 87112 
Tel: (505) 296-0749 

NEW YORK 
NYCOM, Inc. 
10 Adler Drive 
East Syracuse, NY 13057 
Tel: (315) 437-8343 
TWX: 710-541-1506 

NORTH CAROLINA 
B. T. Funderburk, Inc. 
5933 Ponderosa Drive 
Raleigh, NC 27612 
Tel: (919) 782-3493 

OHIO· 
Crest Component Sales 
Tanglewood Professional Building 
8505 Tanglewood Square 
Chagrin Falls, OH 44022 
Tel: (216) 543-9808 

Giesting & Associates 
3274 Donneybrook Lane 
Cincinnati, OH 45239 
Tel: (513) 521-8800 
TLX: 21-4823 

Giesting & Associates 
5512 Autumn Hills Drive 
Dayton, OH 45426 
Tel: (513) 293~4044 

Giesting & Associates 
570 South State Circle 
Galion, OH 44833 
Tel: (419) 468-3737 

OREGON 
LD Electronics 
P.O. Box 626 
Beaverton, OR 
Tel: (503) 649-8556, 649-6177 
TWX: 910-467-8713 

TEXAS 
Southern States Marketing 
14330 Midway Road 
Suite #216 
Dallas, TX 75240 
Tel: (214) 387-2489 

Southern States Marketing, Inc. 
6006 Bellaire·- Suite 118 
Houston, TX 77081 
Tel: (713) 665-0991 

UTAH 
Sage Sales 
3524 South 1100 East 
Salt Lake City, Utah 84106 
Tel: (801) 485-5111 
TWX: 910-925-5153 

WASHINGTON 
LD Electronics 
14506 NE 169th Street 
P.O. Box 663 
Woodenville, WA 98072 . 
Tel: (206) 485-7312 

LD Electronics 
East 12607 Guthrie Drive 
P.O. Box 14586 
Spokane, WA99216 
Tel: (509) 455-0189 

WISCONSIN 
Dolin Sales 
131 W. Layton 
Oak Creek, WI 53207 
Tel: (414) 482-.1111 
TWX: 910-262-1139 

CANADA 
Lenbrook Industries Ltd. 
1145 Bellamy Road 
Scarborough, Ontario 
Canada M1H lH5 
Tel: (416) 438-4610 
TLX: 065-25485 
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ARIZONA 
Wyle Distribution Gr04P , 
8155 No. 24th Avenue 
Phoenix, AZ 80521 
Tel: (602) 249-2232 

Kierulff Electronics 
4134 E. Wood SI. 
Phoenix, AZ 85040 
Tel: (602) 243-4101, " 

, . 

CALIFORNIA' 
Wyle Distribution Group, 
3000 Bowers Ave. 
Santa Clara, CA 95052 
Tel: (408) 727-2500 
TWX: 91O~379-6561 

Intermark Electronics Ihc. 
4125 Sorrento Valley Blvd. 
Suite A 
San Diego, CA 92121 
Tel: (714) 279-5200 

Intermark Electronics' Inc. 
1020 Stewart Drive 
Sunnyvale, CA 94086 
Tel: (408) 738-1111 
TWX: 910-339-9312 

Kierulff Electronics 
2585 Commerce Way. 
Los Argeles, yA 90040 
Tel: (213) 725-0325. 

Kierulff ElectroniCS 
3969 East Baystiore Road 
Palo Alto, CA 94303 ' 
Tel: (415) 968-6292 

Kierulff .Electroni~s 
14101 Franklin Ave. 
Tustin, CA 92680 
Tel: (714) .731-571j 

Wyle Distribution Group 
124 Maryland SI. 
EI Segundo, CA 90245 
Tel: (213) 322-8100 . 
TWX: 910-348-7111 

Wyle Distribution Group 
9525 Chesapeake Dr. 
San Diego, CA92123 
Tel: (714) 565-9171 
TWX: 910-335-1590 

Schweber Electronics 
17811 Gillette Ave. 
Irvine, CA 92714 
Tel: (714) 556-3880 
TWX: 910-595-1720 

III 
.. 
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INrERS~~ FRANCHISED DISTRIBUTO,RS 

COLORADO 
Bell Industries , 
Century Electrohi,cs Div, 
8155 W. 48th Avenue " 
Wheatridge, CO 80033 
Tel: (303) 424-)fJ85, 
TWX: 910-938-<l393 

Wyle Distribution Group 
6777 E. 50th Avenue . 
Commerce City, CO 80022. 
Tel: (303) 287-9611 
TWX: 91Ci-936;-0770 " 

Kierulff Electronics, ' 
10890 E. 47th Avenue 
Denver, CO 80239 
Tel: (303) 371-6500 ' 

CON'NECTICUT 
Arrow Electronics ' 
295 Treadwell Street 
Hamden, CT 06514 
Tel: (203) 248"3801 
TWX: 710-465-<l780 

Schweber Electronics 
Finance Drive 
Commerce Industrial Park, 
Danbury, CT·06810 
Tel: (203) 792-3500, 
TWX: 710-456-9405' 

FLORIDA 
Arrow Electronics 
1001 NW 62ndStreet 
Suite #402 
FI. Lauderdale, FL 33309' 
:rei: (305) 776-7790' 
TWX: 510-955-9456' 

Arrow ElectroniCS 
115 Palm Bay Road NW 
Building 200 Suite 10 
Palm Bay, FL 32905: 
Tel: (305) 725-148.0 
TWX: 510-959.:e~37 

Diplomat Electronics Inc. 
< 2120 Calumet Street 

Clearwater, FL 33515, 
Tel: (813) 443-4514 
TWX: 810-866-0436 

Diplomat Electronics Inc., 
800 NW 62nd SI. 
Suite #205 ":;, 

FI. Lauderdale, FL 33009 
Tel: (305) 771-0440 

Diplomat Electronics lric.' 
50 Woodlake Drive West 
Suite #3 Building A, 
Palm Bay, FL 32905 
Tel: (305) 725-4520 

Schweber Electronics 
2830 N. 28th Terrace 
t;lollywood, F:L 33020 
Tel: (305) 927-<l511 
TWX: 510-954-<l304 

GEORGIA 
Arrow Electronics 
340El pa,k Cliff Road 
Doraville, GA 30340 
Tel: (404) 455.,4054 
TWX: 810-757-4213 

Schweber Electronics 
4126 Pleasantdale Road: 
Atlanta, G;.;\ 30340 
Tel: (404) 449-9170 

ILLINOIS 
Arrow Electronics ' 
492 Lunt Avenue 
Schaumburg, IL 60193 
Tel: (312) 893-9420 

Kierulff Electronics 
1530. Landmeil~r' Rd.' 
Elk Grove Village, ,IL 60007 
Tel: (312) 640-0200 ' . 

Schweber Electronics, 
1275 Brummel Avenue 
Elk' Grove Village, .I,L 60007 
Tel: (312) 593-2740 
TWX: 910-222'-3453 . 

INDIANA 
Advent Electronics, Inc. 
8505 Zionsville Road 
Indianapolis, IN 46268 
Tel: (317) 297-4910 
TWX: 810-341-3228 

MARYLAND 
Arrow Electronics 
4801 Benson Avenue 

. Baltimore, MD 2122i 
Tel: (301) 247-5200 
TWX:.710-236-9005 

Schweber Electronics 
9218 Gaither Road 
Gaithersburg, MD 20760 
Tel: (301 )840-5900 
TWX: 710-828-9749 

MASSACHUSETTS 
Arrow Electron ics 
96D Commerce Way 
Woburn, MA 01801 
Tel: (617) 933-8130 

Kierulff Electronics, Inc .. " 
13 Fortune Drive 
Billerica, MA 01821 
Tel: (617) 667·8331, 
TWX: 710-390-1449 

Schweber Electronips 
25 Wiggins Ave. 
Bedford,MA 01730 
Tel: (617) 275-510() 

MICHIGAN 
Arrow Electronics 
3921 Varsity Drive' 
Ann Arbor, MI 48104 . 
Tel: (313) 971-8220 ' 

. TWX: 810-223-6020' 

Schweber Electronics 
33540 Schoolcraft 
Livonia, MI 48150 
Tel: (313) 525-8100 

MINNESOTA 
Arrow Electronics 
5251 W. 73rd SI. 
Edina, MN 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

Schweber Electronics 
7402 Washington Avenue South 
Eden Prairie,MN 55343 
Tel: (612) 941-5280 

I,', 

MISSOURI 
LCOMP 
2211 River Front Dr: 
Kansas City, MO 64120 
Tel: (816) 221-2400 . 
TWX: 910-771-3148 

LCOMP 
2550 Harley Drive 
Maryland Heights,' MO. 63043 
Tel: (314) 291-6200 
TWX: 910-762-<l632 ' 

NEW HAMPSHIRE ,'. 

Arrow Electronics 
One Perimeter Rd. 
Manchester, NH 03103 
Tel: (603) 668-6968 

NEW JERSEY 

Arrow.Electronics 
Pleasant Valley Avenue 
Moorestown, NJ .08057 
Tel: (609) 235-1900 
TWX: 710-897-<l829 

Arrow Electronics 
285 Midland Avenue 
Saddle Brook, NJ07662 
Tel: (201) 797-5800' 
TWX: 710-988~2206 

Diplomat Electronics, Inc. 
490 South River Drive' 
Totowa, NJ 07512 
Tel: (201) 785-1830. 

" Schweber Electronics' 
18 Madison 
Fairfield, NJ 07006 
Tel: (201) 227-7880 



NEW MEXICO 
Alliance Electronics, Inc. 
11721 Central Ave., NE 
P.O. Box 13562 
Albuquerque, NM 87i23 
Tel: (505) 292-3360 

Bell Industries 
Century Electronics Div. 
11728 Linn NE 
Albuquerque, NM 87123 
Tel: (505) 292-2700 
TWX: 910-989-0625 

NEW YORK 
Arrow Electronics 
900 Broad Hollow Road 
Farmingdale, NY 11735 
Tel: (516) 694-6800 
TWX: 510-224-6494 

Arrow Electronics 
399 Conklin Avenue 
Farmingdale, NY 11735 
Tel: (516) 694-1359 

Components Plus . 
40 Oser Avenue 
Hauppauge, NY 11787 
Tel: (516) 231-9200 
TWX: 510-227-9869 

Harvey Federal Electronics 
P.O. Box 1208 . 
Binghamton, NY 13902 
Tel: (607) 748-82) 1 
TWX: 510-252-0893 

Harvey Federal Electronics 
10 Riverton Way 
West Henrietta, NY 14586 
Tel: (716) 334-5920 
TWX: 510-253-7001 

Schweber Electronics 
2 TownlineCircle 
Rochester, NY 14623 
Tel: (716) 424-2222 

Schweber EleCtron ics 
Jericho Turnpike 
Westbury, NY 1159.0 
Tel: (516) .334-7474 
TWX: 510-222-3660 

Summit Distributors, Inc. 
916 Mai n Street 
Buffalo, NY 14202 
Tel: (716) 884-3450 

NORTH CAROLINA 
Arrow Electronics 
1377-G South Park Dr. 
P.O. Box 989 
Kernersville, NC 27284 
Tel: (919) 996-2039 

RESCO/Raleigh 
Rt. 8 Box 116-B 
Highway 70 West 
Raleigh, NC 27612 
Tel: (919) 781-5700 
TWX: 510-928-0590 

OHIO 
Arrow Electronics 
6238 Coch ran 
Solon, OH 44139 
Tel: (216) 248-3990 

Arrow Electronics 
3100 Plai~field Road 
Dayton. OH 45432 
Tel: (513) 253-9176 
TWX: 810-459-1611 

Schweb"er Electronics 
23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 464-2970 
TWX: 810-427-9441 

Arrow Electronics 
P.O. Box 37856 
Cincinnati, OH 45222 
Tel: (513) 761-5432 
TWX: 810-461-2670 

OKLAHOMA' 
Component Specialties 
7920 E. 40th Street 
Tulsa, OK 74145 

. Tel: (918) 664-2820 

OREGON 
Parrott Electron ics 
8058 S.w. Nimbus Dr. 
Beaverton, OR 97005 
Tel: (503) 641-3355 

PENNSYLVANIA 
Schweber Electronics 
101 Rock Road 
Horsham, PA 19044 
Tel: (215) 441-0600 

Sheridan Associates 
4297 Greensburgh Pike 
Suite #3114 
Pittsburgh, PA 15221 
Tel: (412) 351-4000 

TEXAS 

Arrow Electronics 
13715 Gamma Road 
Dallas, TX 75234 
Tel: (214) 386-7500 

Arrow Ele'ctron ics 
10700 Corporate Drive 
Stafford, TX 77477 
Tel: (713) 491-4100 

Component Specialties inc. 
8222 Jamestown Drive 
Suite 115 . 
Austin, TX 78758 
Tel: (512) 837-8922 

Component Specialties 
10907 Shady Trail 
Dallas, TX 75220 
Tel: (214) 357-6511 

Component Specialties 
8585 Commerce Park Drive 
Suite #590 
Houston, TX 77036 
Tel: (713) 771-7237 

Schweber Electronics 
14177 Proton Street 
Dallas, TX 75240 
Tel: (214) 661-5010 
TWX: 910-860-5493 

Schweber Electronics 
7420 Harwin Drive 
Houston, TX 77036. 
Tel: (713) 784-3600 
TWX: 910-881-1109 

UTAH 
Bell Industries 
Century Electronics Div. 
2258 South 2700 West 
Salt Lake City, UT 84119 
Tel: (801 )972-6969 
TWX: 910-925-5698 

Kierulff Electronics 
3695 West 1987 South 
Salt Lake City, UT 84104 
Tel: (801) 973-6913 

WASHINGTON 
Kierulff Electronics 
1005 Andover Park East 
Tukwila, WA 98188 
Tel: (206) 575-4420 

Wyle Distribution Group 
1750 132nd Ave., N.E. 
Bellevue, WA 98005 
Tel: (206) 453-8300 
TWX: 910-443-2526 

WISCONSIN 
Arrow Electronics 
434 W. Rawson Avenue 
Oak Creek, WI 53514 
Tel: (414) 764-6600 
TWX: 910-262-1193 

Kierulff Electronics 
2212 E. Moreland Avenue 
Waukesha, WI 53186 

CANADA 
CESCO 
4050 Jean Talon St., W. 
Montreal, Quebec 
Canada H4P 1W1 
Tel: (514) 735-5511 
TWX: 610-421-3302 

CESCO 
24 Martin Ross Avenue 
Downsview, Ontario 
Canada M3J 2K9 
Tel: (416) 661-0220 

CESCO 
1300 Carling Avenue 
Ottawa, Ontario 
Canada K1Z 7L2 
Tel: (613) 729-5118 

CESCO 
98 Ouest St. Vallier 
Quebec City, Quebec 
Canada G1 K 6W8 
Tel: (418) 524-4641 

RAE. Indo Elect. Ltd. 
3455 Gardner ct. 
Burnaby, British Columbia 
Canada V5C 4J7 
Tel: (604) 291-8866 
TWX: 610-929-3065 

Zentronics Ltd. 
1355 Meyerside Dr. 
Mississauga, Ontario 
Canada L5T 1 C9 
Tel: (416) 676-9000 
TLX: 06-983657 

Zentronics Ltd. 
480A Dutton Drive 
Waterloo, Ontario 
Canada N2L 4C6 
Tel: (519) 884-5700 

Zentronics Ltd. 
5010 Pare St. 
Montreal, Quebec 
Canada H4P 1 P3 
Tel: (514) 735-5361 
TLX: 05-827535 

Zentron'ics Ltd. 
141 Catherine Street 
Ottawa, Ontario 
Canada K2P 1 C3 
Tel: (613) 238-6411 
TLX: 053-3636 
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INTERSIL l~TERNATIONAL DISTRIBUTOR OFFICES 

INTERNATIONAL MARKETING 
HEADQUARTERS 
Intersil Inc. 
10710 N. 'Tantau Avenue 
81.~~ino. California 95014 . 

Tel: (408) 996-5000 . 
TWX: 910-338-0533 (INTRSLINT CPTO) 

AUSTRALIA 
R&D Electronics Pty. Ltd. 
P.O. Box 206 
Burwood. Victoria 3125 
Australia 
Tel: 288-8232/8262 
TLX: RADET AA 33288 

R & o Electronics Pty. Ltd. 
133'Alexander SI. 
P.O.·Box 57 . 
Crows Nest NSW 2065 
Australia 
Tel: 439-5488 
TLX: SECCO AA25468 

AUSTRIA 
Rieger GmbH 
Marxergasse 10. 
A-l030 Vienna 3 
Austria 
Tel: (0222) 73-46-84-0 
TLX: 131087 RIEGER A 

BELGIUM 
Ad. Auriema Europe 
Rue Brogniez 172A 
B-l070 Brussels 
Belgium 
Tel: 02-523.62.95 
TLX: '21646 ADAURI B 

DENMARK 
E. V. Johanssen Electronik A-S 
15. Titangade . 
DK-2200 Copenhagen N 
Denmark . 
Tel: 45-1-839022 
TLX: 16522 EVICAS OK 

FINLAND 
Nabla Elektroniikka Oy 
P.O. Box 3 
SF-02101 Espoo 10 
Finland 
Tel: 90,46 28 29 

• TLX: 121394 (Cable: NABLA) 

FRANCE 
Tekelec-Airtronic 
B.F. No.2 
Cite des Bruyere. 
Rue Carle-Vernet 
92310 Sevres 
France 
Tel: (1) 534-75-35 
TLX: TKLEC A 204552F 

HOLLAND 
Auriema Nederland B.V 
Vestdijk 32 
Eindhoven 
Netherlands 
Tel: 040-444470 
TLX: 51992 AURI NL 

HONG KONG 
S.S.I. Far East Limited 
Suite 201. Austin Centre 
21 Austin Avenue 
Tsim Sha Tsui. Kowloon 
Hong Kong 
Tel: 3-872112-3 
TLX:86496 SSI HK 

NORTHERN ,EUROPEAN 
HEADQUARTERS 
Intersil Inc. 
8 Tessa Road 
Richfield Trading Estate 
Reading. Berks. RGl 8ND 
England 
Tel: 0734-59501'1 
TLX: 847227 INTRSL G 

INDIA 
Zenith Electronics 
541. Panchratna 
Mama Parm~nand Marg. 
Bombay 400 004 
India 
Tel: 384214 
TLX: 011-3152 ZENITH. 

INDIA-U.S. OFFICE 
Fegu Electronics . 
260 Sheridan Ave .. Suite 415 
Palo Alto. California 94306 
U.S.A. 
Tel: (415)493-1788 
TLX: 34-5599 (FEGU ELEC PLA) 

ISRAEL 
R. N. Electronics 
Hagolan Street 103 
Ramat-Hachayal 
P.0.B.l0205 
Tel-Aviv 
Israel 
Tel: 471659 
TLX: 341730 SPEEL I~ 

ITALY 
Metroelettronica 
Viale Cirene. 18 
20135 Milano 
Italy 
Tel: 546.26.41 
TLX: 312168 METRONIC 

Metroelettronica 
Via C. Lorenzini, 12 
00137 Roma. Italy 
Tel: 827-28-41 

Metroelettronica 
Via Beaumont. 15 
10138 Torino. Italy 
Tel: 54.30.12 

JAPAN 
Internix Inc. 
Ohta Bldg. No.2 (7th Flobr) 
7-4-7 Nishi Shinjuku 
Shinjuku-Ku 
Tokyo 160. 
Japan 
Tel: (03) 369-1101 
TLX: INTERNIX J26733 

Internix Inc. 
takahashi Nishlkan Bldg. 
4-4-13 Nishitenmali. Kltaku 
Osaka 
Japan 530 
Tel: 06-364-5971 

SOUTHERN EUROPEAN 
HEADQUARTERS . 
Intersilrric. 
3. rue de Marly 
78000 Versailles' 
France 
Tel: (1) 953-47-0.8 
TLX: INTERSF 695231F 

NEW ZEALAND 
Delphi Industries Ltd. 
26A Lagoon Drive 
Panmure, Auckland 6 
New Zealand . 
Tel: Auckland 574-858 
TLX: ANSERAK NZ21157 

(ATTN: AK21 RAY C.) 

NORWAY 
Hans H. Schive AlS 
P.O .. Box 250 Skoyen 
Hoff Terrasse 10 
Oslo 2, Norway 
Tel: 557692 
TLX: 19124 SKIVE N 

PORTUGAL 
M. Gomes Ponce 
Av.5 de Outubro, 96-4. °B 
Lisbon, Portugal 
Tel: 772919/733330 
TLX: 13566 TURCOP-LiSBON 

SOUTH AFRICA ' 
Electronic Bldg. Elements Pty. Ltd. 
P.O. Box 4609 
Pretoria. Transvaal 

. Republic of South Africa 
Tel: 78-9221/6 
TLX: 3-0181 SA 

SOUTH AMERICA -
U.S. OFFICE 
Intectrs 
2349 Charleston Road 
Mountain View, California 94043 
U:S.A. 
Tel: (415) 967-8818 
TLX: 345-545 INTECTRA MNTV 

SPAIN 
Hispano.Electronics SA 
Poligono Industrial Urtinsa 
Apartado de Correos 48 
Madrid, Spain 
Tel: 619 41 08 
TLX: 42634/22404 ELEC E 

SWEDEN 
Svensk Teleimport AB 
Box 5071 
S-162 05 Vallingby 
Sweden 
Tel: 08-890265 
TLX: 13033 STIAB S 

SWITZERLAND 
Laser- &' Electronic-Equipment 
Eierbrechtstrasse 47 
8053 Zurich, Switzerland 
Tel: 01 55 33 30 
TLX: 52124 LASEO CH" 

TAIWAN 
Galaxy Far East i 

Room 3. 2nd Fl. No. 312 
Sec. 4 Chung Hsato E. Rd 
Taipei. Taiwan. R:O. C. 
P.O. Box 36-12 Taipei 
Cable: GALEXYER 
TLX: 26110 GALAXYER 
Tel: (02)7311895-7 

CENTRAL EUROPE ' 
HEADQUARTERS 
Intersil GmbH 
8000 Munchen 2 
Bavariaring 8 
West Germany . 

. Tel: 89/539271 
TLX: 5215736 INSL 0 

THAILAND 
Solid Supply Centre (SSC) 
42 Soi'Prachasanti 
Dindang Road. , 
Bangkok 4, Thailand 
Tel: 519889 

TURKEY 
Turkelek Elektronik Ltd. 

. A\aturk Boulevard 169 
Ankara. Turkey 
Tel: 189483 
TLX: 42 120 TRKL TR 

UNITED KINGDOM 
Andis Components Ltd. 
Etwall Street 
Derby DE3.3DT 
England 
Tel: 0332.363296 
TLX: 371630RNDON G 

Macro-Marketing 'ltd. 
396 Bath Road 
Slough, Berks. 
England 
Tel: (06286) 422 
TLX: 847945 MACRO G 

Rapid Recall Ltd. . 
6 Soho Hills Industrial Park 
Woodburn 'Green 
Bourne End. Bucks 
England . 
Tel: (062-85) 24961 
TLX: 849439 RAPID G 

Rapid Recall Ltd. 
46-50 Beam Sireet 
Nantwich. Chesh.ire CWS 5LJ 
England 
Tel: Crewe 626061 
TLX: 36329 RAPIDN G 

Tranchant Electronics Ltd. 
61-83 London Rd. 
Redhill. Su(rey 
England 
Tel: Redhill 69217 
TLX: 8953230 TRELEC G 

WEST GERMANY 
Spezial'Electronic KG ' 
8000 Munich 2 
Hermann-Linggstr. 16 
West Germany 
Tel: 89/530387 
TLX: 5212176 SPEZ 0 

. Spezial-Electronic KG 
3062 Buckeburg' 
Kreuzbreite 15 
West Germany 
Tel: 057221011 
TLX: 097162~ SPEZ 0 

" i 




