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Introduction 

Gould AMI, headquartered in Santa Clara, California, is the semiconductor industry leader in the design and 
manufacture of custom MOSIVLSI (metal-oxide-silicon very-Iarge-scale-integrated) circuits. It manufactures special 
circuits for leading computer manufacturers, telecommunications companies, automobile manufacturers and con
sumer product companies worldwide. 

Along with being the leading designer of custom VLSI, Gould AMI is a major alternate source for the S6800 8-bit 
microprocessor family and the S80 family of microprocessors, which are integrated systems in silicon based on the 
popular Z8()® microprocessor. This microprocessor family combines advanced microprocessor, memory, and 
custom VLSI technologies on a single chip. 

The company provides the market with selected low power CMOS Static RAMs, and 16K, 32K, 64K, 128K and 256K 
ROMs for all JEDEC pinouts or as EPROM replacements. 

The most experienced designer of systems-oriented MOSIVLSI communication circuits, Gould AMI provides com· 
ponents for station equipment, PABX and Central Office'Switching systems, data communications and advanced 
signal processing applications. 

Gould AMI is a leading innovator in combining digital and analog circuitry on a single silicon chip, and is a recog· 
nized leader in switched capacitor filter technology. 

Processing technologies range from the advanced, small geometry, high performance silicon gate CMOS to mature 
silicon gate N-Channel. Over 27 variations are available. 

Gould AMI has design centers in Santa Clara; Pocatello, Idaho; and Swindon, England. Wafer fabrication plants are 
in Santa Clara and Pocatello, and assembly facilities are in Seoul, Korea and the Phillipines. A joint venture com· 
pany in Graz, Austria, Austria Microsystems Int'l. GmbH, includes complete design and manufacturing facilities, as 
will the facility in Tokyo, Japan, Asahi Microsystems, Inc. 

zao is a registered trademark of Zilog, Inc, 
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Cross Reference Guide 

Communication Products 

Cross Reference by Manufacturer 

AMI Functional AMI Functional 
Manufaclurer Part Number Equivalent Part Manufacturer Part Number Equivalent Part 

AMD 7910 S3530 Mostek MK 5089 25089 

Cherry 820X S2561 Mostek MK 50981 2560A 

ERSO CIC 9187 2559 Mostek MK 50982 2560A 

ERSO CIC 9110E S25610 Mostek MK 50991 2560A 

EXAR XR2120 S35212 Mostek MK 50992 2560A 

G.I. ACF 7310,12,7410 35268 Mostek MK 5116 3507 

G.I. ACF 732'3C 3525A Mostek MK 5151 3507 

G.I. ACF 7363C 3525A Mostek MK5170 2562/2563 

G.I. ACF 7383C 3525A Mostek MK5175 25610 

G.I. AY5-9100 2560A Mostek MK 5387 2559 

G.1. AY5-9151 2560A Mostek MK 5389 25089 

G.I. AY5-9152 2560A Mostek 5091 2559 

G.I. AY5-9153 2560A Mostek 5092 2559 

G.I. AY5-9154 2560A Mostek 5094 2559 

G.I. AY5-9158 2560A Mostek 5382 2569 

G.I. AY5-9200 2563A Mostek 5170 2563A 

G.I. AY3-9400 2559 Mostek 5175 S25610 

G.I. AY3-9401 2559 Mostek 5380 2559 

G.I. AY3-9410 2559 Motorola MC 14400 3507 

G.I. AY5-9800 3525A Motorola MC 14401 3507 

Hitachi HD 44211 3507 Motorola MC 14402 3507 

Hitachi HD 44231 3506 Motorola MC 14408 2560A 

Intel 2913 3507 Motorola MC 14409 2560A 

Intel 2914 3507 Motorola MC14412 S3530 

Intersil ICM 7206 2559 Motorola MC6170 S35212 

Mitel MT 4320 3525A Motorola MC145433 S3526 

Mitel ML 8204 2561A Motorola MC14413 S3526 

Mitel ML 8205 2561A National TP53130 S2579 

Mitel MT 8865 3525A National TP5088 S2579 

Mitel 8204 S2561 National MFIO S3528/S3529 

Mostek MK 5087 2559E 
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Cross Reference Guide 

Communication Products 

Cross Reference by Manufacturer 

AMI Functional AMI Functional 
Manufacturer Part Number Equivalent Part Manufacturer Part Number Equivalent Part 

National MF6 53528/53529 5ilieonix OF 322 2560A 

National MM74HC942 53530 T.I. TCM 170X 52550 

National MM74HC943 53530 T.I. TCM 5089 525089" 

National MM 5393 2560A T.I. TCM 509X 2559 

National MM 5395 2559 T.I. TCM 508X 2559 

National TP5700 52550 T.I. TCM 150X 52561 

NEC ,..PO 7720 2811 T.I. TM599532 53530 

Nitron NC 320 2560A 551 201 53525A 

Phillips TOA 1077 2559 551 202 53525A 

RCA CD 22859 2559 551 203 53525A 

Retieon R5632 535212" Teltone M-980 53524 

Retieon R5612 53526/53526M Teltone M-900 53525A 

Retieon R5604 53528/53529 Teltone M-907 53525A 

Retieon R5605 53528/53529 Teltone M-917 53525A 

Retieon R5606 53528/53529 Teltone M-927 53525A 

Retieon R5609 53528/53529 Teltone M-947 535258" 

Retieon R5611 53529 Teltone M-948 53525A 

Retieon R5612 53528/53529 Teltone M-056 53525A 

Retieon R5614 53528/53529 Teltone M-957 53525A 

Retieon R5615 53528/S3529 Teltone M-967 S3525A 

Retieon R5616 53528/53529 

Retieon R5620 53528/53529 

Retieon R5621 S3528/53529 

Retieon R5622 S3528/S3529 

5anyo 7350 52560A 

5anyo 7351 52560A 

5eiko 57220A 52560A 

5eiko 5TC2560 52560A 

5eiko S7210A 525610 

5harp 408X 2559 

5ilieonix OF 320 2560A 

5ilieonix OF 321 2560A 

• For Direct Replacement Note: X Denotes any number 
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Cross Reference Guide 

Memory Products 

CMOS RAMs 

Vendor 256x4 lKx 1 lKx4 4Kx 1 

AMI S5101 S6514 

FUJITSU 6514/8414 8404 

HARRIS 6561 6508 6514 6504 
HITACHI 435101 4334 4315 
INTERSIL 6551 6508 6514 6504 

MOTOROLA 145101 146508 146504 
NATIONAL 74C920 74C929 6514 6504 
NEC 5101 6508 444/6514 

OKI 573 574 5115 
RCA 5101 1821 1825 5104 

SSS 5101 5102 
TOSHIBA 5101 5508 5514 5504 

BYTE WIDE NMOS ROMs 

Vendor 2Kx 8 4Kx8 4Kx8* 8K x 8-24 Pin 8K x 8-28 Pin 16Kx 8 32Kx8 

AMI S68A316 S68A332 S2333 S68A364 S2364A S23128A S23256B 

AMD AM9218 9232 9233 AM9264 AM9265 AM92128 

NEC/EA I'PD2316 I'PD2332A I'PD2332B I'PD8364 I'PD2364 I'PD23128 I'PD23256 

FAIRCHILD F68316 F3532 F3533 F3564 

FUJ ITSU 

GI R03-9316 R03-9333 R03-9364 R03-9365 SPR-128 

GTE 2316 2332 2364 

MOS MPS2364 

MOSTEK MK34000 MK36000 MK37000 MK38000 

MOTOROLA MCM68A316 MCM68A332 MCM68365 MCM65256 

SIGNETICS 2616 2632 2664A 2664AM 23128 23256 

SYNERTEK SY2316 SY2332 SY2333 SY2364 SY2365 SY23128 SY23256 

OKI MSM2916 

ROCKWELL R2316 R2332 R2364A R2364B 

SGS M2316 

TOSHIBA TSU2316 TSU333-2 

NATIONAL MM52132 MM52164 

VTI VT2332 VT2333 VT2365A VT23129 VT23256 

'Pin compatible with 2732 EPROM 
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Microprocessor Family 

i%rl#' "Oft "lIq ~ ~~ If 
DEVICE DESCRIPTION / ~ REPLACES 

UART (UNIVERSAL ASYNCHRONOUS S1602 
RECEIVERITRANSMITIER) 

S2350 USRT (UNIVERSAL SYNCHRONOUS 
RECEIVERITRANSMITIER) 

S6800 MPU (MICROPROCESSOR) X X 

S6BOl 8-BIT MICROCOMPUTER 2K ROM, 
128 BYTES RAM, UART, TIMER, UO 

S6B02 8-BIT MICROPROCESSOR WITH CLOCK 
ANO 128 BYTES RAM 

X x 

S6B03 S6801 WITHOUT ROM 

S6803NR S6B03 WITHOUT RAM 

S6805 8-BIT MICROCOMPUTER WITH UK BYTES 
ROM, 64 BYTES RAM, TIMER, UO 

S6808 MICROPROCESSOR AND CLOCK X X 

S6809 ENHANCED 8-BlT MPU X X 

S6809E ENHANCED 8-BIT MPU EXTERNAL 
CLOCK INPUT 

S6810 RAM (128x8) X X 

S6810-1 RAM LOW COST (57505) 

S6821 PIA X X 

S6840 TIMER X X 

S6846 ROM, UO, TIMER X X 

S6850 ACIA X X 

S6852 SSOA X X 

S6854 AOLC X X 

S68045 CRT CONTROLLER X X 

S6551/6551A ACIA/BAUO RATE GENERATOR X 

S9900 16-BIT MICROPROCESSOR 

S9980A 16-BIT ~PROCESSOR-8-BIT DATA BUS 

89901 PCI 

S9902 ACC 

PART NUMBER CONVENTIONS S 

68 

A 

AMI PRODUCT PREFIX 

FAMILY DESIGNATION 

BUS SPEED (OPTIONAL) o 0 FUNCTIONAL REPLACEMENT 
NONE - 1MHz 

A = t5MHz 
B = 2_0MHz 

P 
C 
D 
P 
C 
D 
P 
C 
D 
P 
C 
D 
P 
C 

P 
C 
D 
P 
C 
0 
P 
C 
0 
P 
C 

P 
C 
D 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 

P 
C 
0 
P 
C 
0 
P 
C 
0 

00 

P 
C 
0 
P 
C 
D 
P 
C 
0 

C 
D 
P 
C 

C 

C 

P 
C 
D 
P 
C 

P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
D 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 
P 
C 
0 

S1883, MB8868A, AY-5-1013, AY-3-1015, TR1863, DD 
TR1602, TMS6011, NATIONAL 5303, SMC2502 

MC6800, HD46800D, F6800 

X 
MC6801, HD6801X 

MC6802, HD46802, F6802 

MC6803 

MC6803NR 

X MC6805P2, H06805S 

MC6808, H046808, F6808 

MC6809, HD6809, F6809E 

MC6809E, H06809E, F6809E 

MC6810, H046810, F6810 

MC6821, H046821, F6821, SY6520 DO 

MC6840, H046840, F6840 

X MC6846, H046846, f6846 

MC6850, H046850, f6850 

MC6852, H046852, F6852 

MC6854, H046854, F6854 

X MC6845, H046505, SY6545 0 0 

SY6551, ROCKWELL 6551 

TMS9900 

TMS9980A 

TMS9901 

TMS9902 

PART DESIGNATION 

QUALIFIER (OPTIONAL) 
NONE 0-70'C 

P PACKAGE TYPE 
P PLASTIC 
C CERAMIC 
o = CEROIP 

I -40/+ 85'C 

AVAILABLE D = NOT AVAILABLE OR NOT APPLICABLE 
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I. Introduction 
As the semiconductor industry has marched into the new 
era of VLSI, a new market has appeared-fast turn custom 
or, as it is now called, semicustom. Gould AMI, a leader in 
custom MOS since 1966, is also a leader in this new 
semi custom market. Gould AMI has introduced CAD soft
ware and hardware tools to allow customers to design, sim-

Figure 1. Cost vs. Volume Alternatives 

GATE COUNT (2·INPUT EOUIVALENn 

Gate Arrays 

ulate, and layout circuits using Gould AMI gate array 
families. Figure 1 shows the economic tradeoffs between 
gate array, standard cell, and full custom, all of which are of
fered by Gould AMI. The best solution for your needs will 
depend upon your volume requirements and circuitry com
plexity. 
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The simplest semicustom ICs are gate arrays. A gate array 
consists of uncommitted component matrices of tran
sistors (usually P- and N-type for CMOS) that allow user
defined interconnections through a single or double layer 
of metal. Since arrays employ fixed component locations 
and geometries, Gould AMI can process the wafers up to 
the metallization stage and inventory the wafers for future 
customization. Thus gate arrays look like late mask pro
grammable ROMs and benefit from this large·volume pro
duction because they appear to be a standard product. 
Gould AMI can offer them at an economical price and with 
fast prototyplng and production turn on spans. 

The key to success In this new market Is flexibility. Flexibil
Ity to the user entails: low risk circuit Implementation, short 
development span, lower development cost, lower piece 
part cost (over discrete implementations), easy to change or 
modify, enhanced product features, etc. For the manufac· 
turer, flexibility means: ease of manufacture, economies of 
scale, and easy Interface with customers. One last point: 

1.2 

Gould AMI offers the user the opportunity to migrate at a 
low cost, from a gate array to a standard cell (or possibly full 
custom) to further enhance his/her product. By using 
analog cells, significant advances in chip function integra
tion are at the user's disposal. 
In addition, Gould AMI offers a wide selection of packages 
to meet specific user needs. Gould AMI offers the CAD 
tools needed to work In the new market. Gould AMI also of
fers the training required to move customers quickly and 
easily Into this new technology. See the "Custom Solu
tions" section in this catalog for more details. 

2 Micron Products 
Gould AMI is developing 2 micron CMOS technology to sup
port the next generation of gate arrays and standard cells. 
These products will offer size and performance 1m· 
provements of up to 50% from their 3 micron counterparts. 

Introduction of the first 2 micron gate array family Is plan
ned for early 1985 and is expected to offer capabll Itles of up 
to 10,000 gates. 



Three-Micron Gate Array Family 
As part of Gould AMI's long range semicustom strategy in 
MOSIVLSI, Gould AMI will continue to introduce new gate 
array products. These new products will offer performance 
and cost advantages not currently realizable. In conjunc
tion with these new array products, Gould AMI has in
troduced computer-aided design tools to automate the en
tire gate array design process. 

Table 1. Gould AMI Gate Array Configurations 
3,.. Double Metal Family 

Part No. 

GA-1000D 
GA-2000D 
GA-3000D 
GA-4000D 

Eg.2· 
Input Gates Total Pads 

1152 68 
2070 88 
3080 106 
4012 124 

3,..Slngle Metal Family 

General 
110 

64 
84 

102 
120 

Power 
Only 

4 
4 
4 
4 

Eg.2- General 
Part No. Input Gates Total Pads 110 

GA-500 540 40 40 
GA-1000 1040 54 52 
GA-1500 1500 64 64 
GA-2000 2025 74 74 
GA-2500 2500 84 84 

5,.. Single Metal Family 

Low High 
Eg.2· Power Power Inpul 

Part No. Inpul Gales Tolal Pads 110 110 Only 

UA-1 300 40 17 20 3 
UA-2 400 46 23 20 3 
UA-3 540 52 25 24 3 
UA-4 770 62 31 28 3 
UA-5 1000 70 35 32 3 
UA-6 1260 78 39 36 3 

1.3 

Gate Arrays 

The newest gate array family is the high-performance GA 
and GA-D series which is based on Gould AMI's 3-micron 
CMOS silicon gate process technology. 

The Gould AMI GA and GA-D series are designed for 5V 
operation over military temperature range (- 55 to 125°C). 
Besides high speed (2 to 3ns typical delay) and high densi
ty (up to 4K gates), it features total 1/0 flexibility. 

Total Flexibility of I/O Options 
Peripheral cell design offers total flexibility in determining 
pin-out configurations and maximizes the number of op
tions associated with each pad. Each pin in the 3·micron 
gate array can serve any of the following functions: 
• TTL Output Driver 
• LSTTL Output Driver 
• CMOS Output Driver 
• Open Drain Output 
• Tristate Output 
• Analog Switch 
• CMOS Input 
• VDD Supply 
• Vss Supply 
Furthermore, the peripheral cell also contains high impe
dance transistors that can be used as pull-ups or pull
downs if required. 
The single metal version provides up to 2500 gates and the 
double metal GA-D version 4000 gates. See Table 3 for con
figurations. 
In conjunction with these new array products, Gould AMI 
offers a complete powerful set of design automation soft
ware to allow users complete design flexibility. Using a 
terminal tied to a central Gould AMI owned or customer 
owned minicomputer or mainframe, the user has access to 
a complete set of design automation tools including: 

• Schematic capture 

• Logic simulation 

• Circuit simulation 

• Interactive or autoplace and route 

• Automated placement and routing 



Five-Micron Gate Array Family 
The family of 5-micron CMOS products is offered in six 
configurations with circuit complexities equivalent to 300, 
400,540,770,1000, and 1260 two-input gates, respectively. 
All pads can be individually configured as inputs, outputs, 
or 110's. Input switching characteristics can be pro
grammed for either CMOS or TTL compatibility. LS buffer 
output drivers will support CMOS levels of two low power 
schottky TTL loads. TTL buffer outputs will also provide 
CMOS levels and are capable of driving up to six LS TTL 
loads. All output drivers can be programmed for tri-state or 
open drain (open collector) operation as required. 

General Description 
Gould AMI's gate array products consist of arrays of CMOS 
devices whose interconnections are initially unspecified. 
By "programming" interconnect at the metal layer mask 
level, virtually arbitrary configurations of digital logic can 
be realized in an LSI implementation. 

Gould AMI gate array designs are based on topological 
cells- i.e., groups of uncommitted silicon-gate N-Channel 
and P-Channel transistors-that are placed at regular 
intervals along the X and Y axes of the chip with inter
vening polysilicon underpasses. Pads, input protection cir
cuitry, and uncommitted output drivers are placed around 
the periphery. 
Compared to SSIIMSI logic implementations, Gould AMI's 
gate array approach offers lower system cost and, in addi
tion, all the benefits of CMOS LSI. The lower system cost is 
due to significant reductions in component count, board 
area and power consumption. Product reliability, a strong 

II. Gate Array Families 
• Arrays of Uncommitted CMOS Transistors Programmed 

by Metal Layer Interconnect to Implement Arbitrary Digi
tal Logic Functions 

• Multiple Developmental Interfaces:. Gould AMI or 
Customer Designed 

• Three Array Families-5-Micron Single Metal CMOS, 
3-Micron Single Metal CMOS, and 3-Micron Double Metal 
Versions 

• Multiple Array Configurations- From 300 to 1260 Gates 
for 5-M icron Devices, and 500 to 4000 Gates for 3-M icron 
Devices 

• Quick Turn Prototypes and Short Production Turn-On 
Time 
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function of component count, is thereby greatly enhanced. 
And compared to fully custom LSI circuits, the gate array 
offers several advantages: low development cost; shorter 
development time; shorter production turn-on time; and 
low unit costs for small to moderate production volumes. 
Gould AMI's CMOS gate arrays are offered in three 
families: the 5-micron UA series, the 3-micron single metal 
GA series, and the 3-micron double metal GA-D series. The 
5-micron UA series has been in production since 1980 and 
well over one hundred circuits have been produced in that 
technology. The 3-micron GA and GA-D series are the high
speed high-density devices fabricated in Gould AMI's 
state-of-the-art 3-micron CMOS processes. 

The CMOS technology used for these products is Gould 
AMI's 5-micron, oxide-isolated, silicon gate CMOS pro
cess. This process offers all the conventional advantages 
of CMOS- i.e., very low power consumption, broad power 
supply voltage range (3V to 12V ± 10%), and high noise im
munity-as well as dense circuits with high performance. 
Gate propagation delays are in the five to ten ns range for 
5 volt operation at room temperature. Gould AMI gate array 
products can be supplied in versions intended for opera
tion over the standard commercial temperature range (O°C 
to + 70°C), the industrial range (- 40°C to + 85°C), or the 
full military range (- 55°C to + 125°C). MIL-STD-883 Class 
B screening, including internal visual inspection and high 
temperature burn-in, is offered. Similarly, customer
specified high reliability screening is available for commer
cial and industrial applications. 

• Economical Semicustom Approach for Low-to-Medium 
Production Volume Requirements 

• Advanced Oxide-Isolated Silicon Gate CMOS Tech
nology 

• High Performance-2 to 3ns Typical Gate Delay for 3-
Micron Devices 

• Broad Power Supply Range 

• TTL or CMOS Compatible 110 

• Up to 124 110 Connections 

• Numerous Package Options 

• Full Military Temperature Range (- 55°C to 125°C) and 
MIL-STD-883 Class B Screening Available 
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Table 2. Gate Array SSI Functional Macros 

TTL FUNCTlO~AL GATE 
DESCRIPTION EQUIVALENCE COUNT 

INVERTER 1/6 lS04 1 
DUAL· INVERTER DRIVER 1/6 lS04 1 
TRIPLE-INVERTER DRIVER 1/6 lS04 2 
QUADRUPLE-INVERTER DRIVER 1/6 lS04 2 
QUINTUPLE-INVERTER DRIVER 1/6 lS04 3 
2-INPUT NAND 1/4 lSOO 1 
3-INPUT NAND 1/3 lS10 1.5 
4-INPUT NAND 1/2 lS20 2 
5-INPUT NAND 2.5 
2-INPUT AND 1/4 lS08 1.5 
3-INPUT AND 1/3 lSll 2 
4-INPUT AND 1/2 lS21 2.5 
2-INPUT NOR 1/4 lS02 1 
3-INPUT NOR 1/3 lS27 1.5 
4-INPUT NOR 2 
5-INPUT NOR 1/2 S260 2.5 
2-INPUT OR 1/4 lS32 1.5 
3-INPUT OR 2 
4-INPUT OR 2.5 
EXCLUSIVE OR 1/4 lS86 2.5 
EXCLUSIVE NOR 2.5 
2-IN AND/2-IN NOR 1.5 
2-WIDE AND-OR-INVERT 1/2 S51 2 
2-IN OR/2-IN NAND 1.5 
2-WIDE OR-AND-INVERT 2 
INTERNAL TRI-STATE DRIVER 2 
2 TO 1 MULTIPLEXER 1 
SET-RESET lATCH 1/4 lS279 2 
CLOCKED lATCH 1/4 lS75' 2.5 
CLOCKED lATCH WITH SET 3 
o FLIP-FLOP WITH RESET 1/4 lS175" 5 
o FLIP-FLOP WITH SET 5 
o FLIP-FLOP SET AND RESET 6 
TTL lEVEL TRANSLATOR 2 

• Both polarities of the enable signal are required for CMOS ClK 

•• ClK and ClK are required for CMOS. The 74LS175 is reset on a positive 
going transition of the control signal whereas the CMOS implementation 

resets on a negative going transition of the same signal. 

In conjunction with these arrays, Gould AMI has developed a 
set of "functional overlays." These are basic logic element 
building blocks-e.g. two input and larger gates of various 
types, flip-flops, and so forth-from which complete logic 
designs can be developed. Ease functional overlay cor· 
responds toa metal interconnect pattern that issuperimpos· 
ed on a set of uncommitted transistors (and polysilicon 
underpasses) in the array to implement the logic element. 
Typical functional overlay logic elements and the number of 
equivalent two·input gates are shown in Table 3. 

Currently over 100 functional cells exist for this family. D.C. 
characteristics for the 3 micron gate array family are sum
marized in Table 4. 
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Table 3. Gate Array MSIILSI Functional Macros 

TTL FUNCTIONAL GATE 
DESCRIPTION EQUIVALENCE COUNT 

3 TO 8 DECODER LS138 23 
4 TO 16 DECODER LS154 56 
8 TO 1 MULTIPLEXER LS151 28 
4-BIT FULL ADDER LS283 60 
8-BIT FULL ADDER 120 
12-BIT FULL ADDER 180 
16-BIHULL ADDER 240 
LOOK-AHEAD CARRY GENERATOR LS182 34 
4-BIT PRESETT ABLE AND EXPANDABLE 

BINARY COUNTER LS163 52 
4-BIT EXPANDABLE BINARY COUNTER LS163' 39 
4-BIT PRESETTABLE BINARY COUNTER LS163' 47 
4-BIT BINARY COUNTER lS163' 34 
8-BIT PRESETTABlE BINARY COUNTER 104 
12-BIT PRESETTABlE BINARY COUNTER 156 
16-BIT PRESETTABLE BINARY COUNTER 208 
4-BIT EXPANDABLE & PRESETTABLE 

BINARY UP/DOWN COUNTER lS169 62 
4-BIT EXPANDABLE BINARY 

UP/DOWN COUNTER LS169' 49 
4-BIT PRESETTABlE BINARY 

UP/DOWN COUNTER LS169' 58 
4-BIT BINARY UP/DOWN COUNTER LS169' 44 
4-BIT EXPANDABLE & PRESETTABLE 

DECADE COUNTER LS162 56 
HIT EXPANDABLE DECADE COUNTER LS162' 43 
4-BIT PRESETTABLE DECADE COUNTER lS162" 51 
4-BIT DECADE COUNTER LS162' 38 
4-BIT EXPANDABLE & PRESETTABLE 

DECADE UP/DOWN COUNTER LS168 66 
4-BIT EXPANDABLE DECADE UP/DOWN 

COUNTER LS168' 53 
4-BIT PRESETTABLE DECADE UP/DOWN 

COUNTER lS168' 62 
4-BIT DECADE UP/DOWN COUNTER LS168' 48 
4-BIT BIDIRECTIONAL SHIFT REGISTER LS194 62 
4-BIT PARALLEL-ACCESS SHIFT 

REGISTER LS195 42 
8-BIT PARALLEL lOAD SHIFT REGISTER LS165 88 
8-BIT SHIFT /STORAGE SH 1FT REGISTER LS299 137 
8-BIT SERIAL-IN/PARALLEL -OUT SHIFT 

REGISTER LS164 49 
8-BIT PARALLEL IN/SERIAL-OUT SHIFT 

REGISTER LS166 78 
8-BIT SYNCHRONOUS-LOAD SHIFT 

REGISTER LS166 78 
8-BIT SERIAL-IN/SERIAL -OUT SHIFT 

REGISTER LS 91 48 

• Simplified version of the TTL function 



Gould AMI Service Makes It Simple 
Gould AMI is committed to providing service which makes 
getting your gate arrays nearly as simple as buying off-the
shelf, standard circuits. From your logic description, net 
list, database tape, or whatever format in which you choose 
to supply us the design information, Gould AMI has proven 
procedures designed to assure that you'll get circuits on 
time and that they work the first time. 

• You supply logic and specifications and we'll complete 
the VLSI implementation for you. 

• You supply logic using Gould AMI macros and we'll com
plete schematic capture, logic simulation, placement 
and routing, and the fabrication process. 

• You do your own schematic capture on any of several 
Gould AMI approved workstations and give us a net list 
and we'll complete the process. 

• You supply the database tape and we'll fabricate, 
package and test your gate array circuits. 

Regardless of how or at what stage you supply your design 
data, you can be confident that your completed ICs are only 
a short time away. Why? Because Gould AMI's entire manu
facturing cycle, including planning and tracking pro
cedures, has been developed during 18 years of experience 
in delivering customized solutions for our customers. Pro
ducing small volumes of a large number of different 

.designs is our standard way of doing business. 

Our commitment to you won't get lost in the shuffle as is 
often the case with large producers of commodity circuits. 
Best yet, you get service and Gould AMI's total MOSlVlSI 
capability. 

You Get State-of-the-Art CMOS Technology 
The advanced CMOS process technology used for Gould 
AMI gate array products offers all of the conventional ad
vantages of CMOS-very low power consumption, broad 
power supply voltage range, high noise immunity-as well 
as dense circuits with high performance. Arrays are current
ly available in 3-micron single and double metal, and in 
1985, 2-micron double metal processes. 

You Get Leading Edge Design Support 
Gould AMI's CAD Technology is the most advanced in
tegrated software system for MOSIVLSI circuit design 
available in the industry. It uses a common database for 
logic simulation, mask layout and test program generation. 
The common database approach eliminates errors due to 
data file transcription steps and allows a gate array design 
to be converted into astandard cell or a full custom circuit 
without entering the same logic description again. 
The heart of the system is BOl TTM (Block Oriented logic 
Translator) which is a hardware description language and a 
compiler for the language. It allows the system designer to 
describe the logic network in a hierarchical fashion due to 
an unlimited macro nesting capability. 
The logic description database is created by compiling a 
BOLT description of the logic network into the HOLDTM (see 
below) database format. Figure 2 shows a simple logic net
work and the corresponding BOLT syntax. 
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Figure 2. Logic Network and Bolt Syntax 
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HOlDTM (Hierarchically Organized logic Database) is 
created by the BOLT compiler using the Gould AMI macro 
library and the BOLT description of the circuit. HOLD con
tains the description of the circuit for Gould AMI CAD pro
grams and is updated after mask layout to include key per
formance information, e.g. net capacitance after routing. 

SIMADTM is an event and table driven, MaS logic simulator 
that creates a logic model of the circuit to be validated from 
the HOLD database. Nodes may assume anyone of six 
logic states 0, 1, X, L, H, and Z, thus allowing accurate 
simulation of transmission gates. 

Since each logiC device in the model can be assigned 
propagation delays, SIMAD also allows timing verification, 
including race detection. 

GAPARTM is the software package that does automatic 
placement and routing of arrays. GAPAR will complete at 
least 98% of the wiring connections on a 100% utilized ar
ray. The GAPAR system's correct-by-construction interac
tive editor can be used to manually connect any unrouted 
connections or to manually route critical delay paths. 

DElAyTM updates the HOLD database after routing with 
propagation delay parameters based on actual capacitance 
data. 

TESTFORMTM generates compressed functional test pat
terns from the SIMAD logic simulation results. 
TESTPROTM allows off-line generation of D.C. parametric 
tests in the Factor™ test language used in Fairchild test 
systems. Its output is merged with the compressed func
tional patterns from TESTFORM, and the result is a test pro
gram that can be tai lored for use in any Sentry ™ tester. 

Gould AMI's software makes it reasonably simple to con
vert a gate array to a standard cell or full custom circuit, 
resulting in lower circuit costs when your volume warrants 
it. Plus you get even more. 
• We offer design training classes with full-time 

instructors. 

• Gould AMI has design centers to allow you to do your 
design with our engineers available to assist you. 

• Gould AMI's software is available on a variety of com
puter systems and workstations. 

• Through volume purchase agreements we can help you 
get discounts on the hardware/software configuration 
that best fits your needs. 



Figure 3. Semicustom Development Flow 
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CUSTOMER-GENERATED TEST VECTORS 

D.C. & A.C. PARAMETRIC TESTS 

Packages 
Pinout or lead count varies with die size and array com
plexity. The arrays are offered in standard plastic and 
ceramic dual-in-line packages with pin counts ranging from 

Table 4. D_C. Electrical Characteristics, 3·Micron Gate Arrays 

Gate Arrays 

DELAY 
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~ 

SIMAD 

LOGIC I S.C. PLACE/ROUTE I F 

SIMULATION 0 
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+ 
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V 
R 

TESTFORM Y 

> PATTERN f-- '---FORMATTER 

TESTPRO 

> PROGRAM f-- \ 

f 
\ T 

GENERATOR I 
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8 to 64, J EDEC-Standard lead less and leaded chip carriers, 
miniflat packs to 84 pins, and pin grid arrays to 144 pins. 
Gould AMI gate array products are also available in wafer 
or unpackaged die form. 

Specified @ VDD = 5V ± 10% or 10V ± 10%, Vss = OV, TA = - 55' to + 125'C 

Symbol Parameter Voo Min. Typ. Max. Units Conditions 

VOL Low Level Output Voltage 0.05 V 10L = 1.Of.'A 
High Power Output 5 0.4 V 10L = 2.4mA 
High Power Output 10 0.5 V 10L = 4.8mA 
Low Power Output 5 0.4 V 10L = 0.8mA 
Low Power Output 10 0.5 V 10L = 1.6mA 

VOH High Level Output Voltage Voa - .05 V 10H = -1.0f.'A 
High Power Output 5 2.4 V 10H = -1.6mA 
High Power Output 10 9.5 V 10H = -1.0mA 
Low Power Output 5 2.4 V 10H = -0.8mA 
Low Power Output 10 9.5 V IOH = -O.4mA 

V,L Input Low Voltage 5 0.0 0.8 V TTL Input 
5 0.0 1.5 V CMOS Input 

10 0.0 3.0 V CMOS Input 

V,H Input High Voltage 5 2.0 Vaa V TTL Input 
5 3.5 Vaa V CMOS Input 

10 7.0 Vaa V CMOS Input 

liN Input Leakage Current -1 1 f.'A V,N = Vaa or Vss 

loz High Impedance Output -10 0.001 10 f.'A VOH = Vaa or Vss 
Leakage Current 

C'N Input Capacita"nce pF Any Input 
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Table 5. 3-Micron Gate Arrays Typical Performance Data 

voo = 5.0 VOLTS, TA = 25"C 

FANOUT 
INTERNAL LOGIC 

.25pF" .5pF .75pF lpF 1.25pF 

INVE.RTER 11 1.6 21 27 3.2 
2·INPUT NAND 15 21 2.6 32 38 
4 INPUT ~JAND 25 35 44 5.1 59 
?·INPUT NOR 1 9 26 3.4 41 4.9 
-l ,NP!J r NOR 48 62 7.5 89 103 
Q iYP[ fLIPFLOP 

CLUCK TO 0 37 42 4.7 51 56 
Sll UP riME 26 2.6 26 26 2.6 

"Equivalent to one gate-pair load plus 500l1m oi metal Interconnect 

3 MICRON CMO~ GATE ARRAYS 
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Voo = 5.0 VOLTS, TA = 25"C 

CAPACIllVE LOAD 
INTERFACE LOGIC UNITS 

15pF 30pF 50pF 

CMOS DRIVER 4 6 9 NS 

TTL DRIVER 
NS 

with 2 TTL Loads 
5 7 10 

TRI·STATE DRIVER 
with 2 TTL Loads 

ACCESS TIME 6 8 11 NS 
DISABLE TIME 5 7 10 NS 

NOTE: - All propagation delays are the average of high-la-low and low-la-high tranSitions. 
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Standard Cells Summary 

• Introduction 

• Benefits 
• Standard Cells at Gould AMI 

• Analog Design 

• Macro Cells 

• Standard Cell Design 

• Development Flexibility 

• Development Cost 

• Development Schedule 

• 3p, Single-Metal (CCB) HCMOS Standard Cells 

• 3p, Single-Metal, Double-Poly (CCF) HCMOS Analog Standard Cells 

• 3p, Double-Metal (CCD) HCMOS Standard ,Cells 

• 2p, Double-Metal (CBD) HCMOS Standard Cells 
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Introduction 

For more than 19 years, Gould AMI Semiconductors 
has been a leader in the design and manufacture of 
custom MOS (metal-oxide-silicon) integrated circuits. 
Today, Gould AMI supports the entire spectrum of 
custom solutions - gate arrays, standard cell circuits, 
interactive full custom circuits and circuits fabricated 
from customer-owned tooling - with a goal of con
tinually reducing the risk, development span and cost 
of application-specific circuits. In many cases, stan
dard cell circuits represent the optimum solution for a 
particular application. 

What are Standard Cells? 

Standard cells are circuit "building blocks" which have 
been previously designed, characterized and stored in 
a computer data base. These building block cells can 
range from simple digital circuit elements such as 
logic gates (AND, NAND, NOR, OR) to more complex 
digital subsystems such as ALU, UART, CPU, PLA and 
RAM and ROM memory cells. The cells can also in
clude basic analog circuit elements (operational 
amplifiers, comparators, etc.), as well as complicated 
analog subsystems (analog-to-digital converters, 
switched-capacitor filters, etc.). Both the digital and 
analog cells are available in a standard cell library to be 
integrated into various application-specific circuits. 

How are Standard Cells Used? 

Two basic types of circuits can be constructed from a 
standard cell library. The first type, automatic standard 
cell Circuits, utilizes only those cells which exist in the 
standard cell library. The designer selects the 
necessary cells from the library and the circuit design 
is completed by automatically "placing" the cells and 
"routing" the interconnections between cells. 

The second type of standard cell circuit, interactive 
custom standard cell Circuits, is distinguished by either 
or both of two characteristics: 1) interactive placement 
and routing, and/or 2) integration of custom circuitry. 
Interactive layout is used to minimize the die size 
and/or to optimize overall circuit performance. With 
this technique, an experienced circuit designer uses 
an interactive computer-aided design (CAD) system to 
place the cells and manually route the necessary inter
connections. If specialized functions cannot be effi
ciently implemented with the available cells or if 
rigorous performance criteria must be met, custom cir-
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cuitry can be used in conjunction with the standard 
cells to meet the requirements of a given circuit. This 
integration of custom circuitry with standard cells can 
be placed and routed interactively or automatically. 

Benefits 
The Custom Advantage 
A custom MOSIVLSI circuit offers many advantages 
over an SSI/MSI implementation of the same function. 
Because a single custom chip can replace a large 
number of discrete TTL or CMOS logic components, 
your total system cost can be dramatically lowered due 
to reductions in the physical size, power requirements 
and assembly steps needed. The reduced component 
count also improves product reliability and production 
yields because a custom circuit eliminates many 
sources of potential electrical or mechanical failure. 
Because it is tailored to meet your exact requirements, 
a custom chip offers performance advantages and 
specialized functions that cannot be duplicated by 
discrete logic. This gives you an edge over your com
petition because it is difficult for them to match the ad
vantages of your proprietary chip. 

Choosing a Custom Solution 

Compared with optimized full custom circuits, stand
ard cell circuits offer substantial savings in both 
development cost and time span. Also, becausfl the 
cells have been individually simulated, it is more likely 
that a standard cell circuit will work properly the first 
time. In exchange for these benefits, the production 
unit prices of a standard cell circuit are slightly higher 
than the prices of a comparable optimized custom cir
cuit. At the other end of the custom spectrum, stan
dard cell circuits compare favorably with gate arrays. 
Because each standard cell circuit requires a unique 
mask set, the development cost and time span are not 
as low as those of gate arrays, which share common 
base mask layers. However, standard cell circuits can 
offer significant advantages in unit pricing, design flex
ibility, functional capabilities, and circuit performance. 
By combining the advantages of optimized full custom 
circuits and gate arrays, standard cell circuits provide a 
cost-effective custom solution for medium production 
volumes of ten to fifty thousand units per year. In addi
tion to their relative advantages, standard cell circuits 
offer all of the expected benefits of any custom or 
semicustom design: low cost, high reliability, reduced 
space and power requirements, superior performance 
and proprietary protection. (See Custom Continuum.) 



Standard Cells At Gould AMI 
Gould AMI is an established standard cell vendor, 
starting in early 1981 with a 5-micron CMOS standard 
cell family and followed by 4-micron NMOS cells that 
same year. Since 1983, Gould AMI's standard cells 
have been designed for use in a 3-micron, silicon-gate 
HCMOS process, with an effective channel length of 
2.1 microns. Both single-metal and double-metal 
3-micron standard cells are available. In 1985, we in
troduced our fourth generation standard cell families 
in 2-micron, double-metal HCMOS, with an effective 
channel length of 1.5 microns. 

Standard Cell Architecture 
In Gould AMI's present 2- and 3-micron cell families 
there are three broad categories of standard cells
macro cells, which will be discussed later, core cells 
and pad celis. Core celis, which are used in the core 
logic area of a chip, are characterized by their fixed cell 
heights and variable cell widths. These core cells have 
been designed with horizontal power and ground 
buses running through each cell. This eliminates the 
need for separate power supply connections to each 
cell. Also, the need for inefficient route-through cells is 
minimized, by providing all signal inputs and outputs 
at both the top and bottom edges of each cell. 
Automatic placement and routing of a standard celi cir
cuit is simplified through the use of a coarse grid for 
interconnection between cells. 

Pad cells, which surround the logic core and act as its 
interface to the outside world, are available in several 

Figure 1. Basic Standard Cell Architecture 
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sizes. When the die size is determined by the amount 
of logic on the chip, it is said to be a core-limited die 
size, and wide, low-profile pad cells are used to 
minimize the total die area. For a pad-limited chip 
(where the die size is determined by the circuit's in
putloutput requirements) narrower, taller pad cells are 
used to minimize the spacing between the 110 pads on 
the die. 
Electro Static Discharge (ESD) protection is designed 
into every Gould AMI pad cell. Protection devices are 
tested by discharging a 100 pF capacitor through a 
1.5Kn resistor and into the circuit lead to be tested 
(MIL-STD-883C test method 3015.2). This test is per
formed on all new input and output cells. Protection on 
these celis typically exceeds 3000V (minimum). 

Also included in all pad cells are SCR protection cir
cuits which have been designed to protect the circuit 
under reasonable operating and handling conditions. 

Three-Micron Standard Cell Families 
Gould AMI's established standard cell families utilize 
two basic 3-micron HCMOS processes, one with 
single-metal interconnect and another with double
level metal. Both the single-metal and double-metal 
celi families are best suited for high-performance, 
high-density digital circuits that may also contain 
analog functions. Variations of the 3-micron single
metal HCMOS process allow extensive analog design 
flexibility, higher operating voltages, high-voltage out
put buffers and speech synthesis capability. 
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Core cells are equal in height, with a variable width. Horizontal power and ground buses simplify power supply c'onnections to each ,cell. 
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Figure 2. Core Cells Have Dual I/O 

Each core cell has all signal 110 connections at both the top 
and bottom of the cell. Placing these 110 connections on a 
coarse grid simplifies automatic routing. 

Figure 3. Variable Height Pad Cells 

Standard Cells 

The two digital 3·micron standard cell families, single· 
metal and double·metal, both have an operating 
voltage range of 2.5 volts to 6.0 volts, with cell level 
operating speeds of up to 35 MHz. However, the 
resistivity of the polysilicon interconnect used in 
single·metal circuits limits their overall circuit perfor· 
mance to around 20 MHz. In a double·metal circuit, a 
second layer of metal is available for cell inteconnec· 
tion, so circuit density can be improved and 35 MHz 
operation can be achieved at the circuit level. This dif· 
ference in circuit operating speed allows the user to 
choose between the lower price of a single·metal 
standard cell circuit and the improved performance of 
a double-metal circuit. 

Two-Micron Standard Cell Family 
Gould AMI's newest standard cell family features 
2·micron drawn geometries and is designed for use in 
a state·of·the·art, twin·tub, double·metal HCMOS proc· 
ess with a 2.5 volt to 5.5 volt operating range. The im· 
proved density of the 2·micron fabrication process 
makes it possible to build circuits of up to 10,000 gates 
and beyond. Circuits designed with a 2·micron stand· 
ard cells can operate at speeds in excess of 60 MHz, 
which makes them ideal for high·speed digital applica· 
tions. 
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In order to minimize the total die size (and therefore, the unit price), several sizes of pad cells can be used. (3·micron pad cell heights are 
shown.) 
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Standard Cell Operating Speeds 

Gould AMI standard cells are offered in a wide range of 
operating speeds to allow maximum circuit design effi
ciency. Because high-speed cells occupy more die 
area and consume more power than slower cells, it is 
desirable to use low- or medium-speed cells except 
where critical speed paths exist. Each of Gould AMI's 
cells is assigned a speed index value from 1 to 9, which 
corresponds to a 3-micron flip-flop toggle rate of 100 
KHz to 35 MHz. 

Table 1. 3-Micron Standard Cells Speed Index vs. Perfor
mance 

logic tpd Flip Flop 
Speed (Driving 1 pf) Toggle Rate 
Index NOM COM NOM COM 

1 64.0ns 160.0ns 0.25MHz 0.1MHz 
2 32.0 80.0 2.5 1.0 
3 16.0 40.0 12.5 5.0 
4 8.0 20.0 25.0 10.0 
5 4.0 10.0 37.5 15.0 
6 3.3 8.5 50.0 20.0 
7 2.8 7.0 62.5 25.0 
8 2.4 6.0 75.0 30.0(Dynamic F/F) 
9 2.0 5.0 87.5 35.0(Dynamic F/F) 

Notes: NOM = Nominal Process. 25°C, 5.0V 
COM = Worst Case Speed Process, DOC-70°C, 5V ± 10% 

Table 2. 2-Micron Standard Cells Typical Performance 

logic tpd 
(Driving 1 pf) 

NOM COM 

Flip Flop 
Toggle Rate 

NOM COM 

2.0ns 5.0ns 75.0MHz 30.0MHz 

Notes: NOM = Nominal Process, 25°C, 5.0V 
COM =Worst Case Speed Process, 0°C-70°C, 5V ± 10% 
Values shown are estimated. 

Table 3. Standard Cell Naming Convention 

Five Character Field" (AAHHO) 

2 Alphanumeric = Type of Cell 

2 Hexidecimal = Variation of Type 

1 Decimal (1-9) = Speed Index 

Note: • A 6th character is added to designate pad cell heights. 
(C=230~, P=430~, T=630~, U=830~) 
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Easy to Understand Cell Names 

The names of Gould AMI's standard cells, which are 
shared with the functionally equivalent Gould AMI gate 
array macros, can easily be translated to the function 
performed. The first two characters of the cell name 
are an abbreviation of the function type (e.g., NAXXX 
represents a NAND gate cell). The second two 
characters distinguish the variation of the particular 
function type. For simple logic gates this is a number 
which represents the number of inputs to the gate. The 
speed index (1-9) is included as the last character of 
the cell name. 

AC Performance Analysis 

If a cell's intrinsic speed performance and the range of 
expected operating conditions are known, a model can 
be created to estimate the cell's worst case operating 
speed. As the accompanying graphs indicate, speed 
performance is affected by the operating voltage, 
operating temperature, and variations in the fabrication 
process. The remaining elements of the performance 
model are the capacitive and resistive loading of the 
cell. The Standard Cell Design Manual fully explains 
the resultant equation, which is shown in Table 4. 

Table 4. Cell Level Performance Model 

tp = (Kvl (KPTl IlcIx + (klclx x CLllns 

Symbol Description 

KV = Voltage Derating Factor 

= Process/Temperature Derating Factor 

= Intrinsic Delay of Cell (in ns) 

= Load Factor of Cell (in ns/pF) 

= Capactive Load (in pF) 



Standard Cells 

Figure 4. 3-Micron Delay Sensitivity To Operating Voltage 
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With the cell propagation delay at five volts as the reference point, the speed performance effects of different power supply voltages are 
shown. 

Figure 5. 3-Mlcron Delay Sensitivity To Process And Temperature 
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Process and temperature variations affect the cells' speed performance. 
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Analog Design From The Leader 
Gould AMI is the industry leader in the development 
and fabrication of precision analog MaS circuitry. In 
the field of single-chip integration of both digital and 
analog Circuitry, no one else can match our experi
ence. Over fifty percent of all Gould AMI-designed 
custom circuits have included some analog circuitry. 
One chip with a combination of analog and digital 
functions can replace electronic subsystems and even 

Figure 6a. Universal Single-Pole Filter Schematic 

Standard Cells 

entire systems. Gould AMI has demonstrated this 
capability in a variety of applications in the com
munications, consumer and industrial markets. Some 
single-chip examples Include: speech synthesizers, 
modems, codecs, echo cancellers, tone receivers, 
audio multiplexers, spectrum analyzers, thermostat 
controllers, programmable filters and sensor inter
faces. 
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Standard cells can be used to perform analog functions such as this single pole filter. For example, this filter can be built using only 
three cells: an operational amplifier (L002), capacitor cell (LK01) and a filter switch array (LF04). 

Figure 6b. Standard Cell Layout Of A Universal Single-Pole Filter 
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Three analog standard cells were used to build this single·pole filter. Although these analog cells share a common height, their architec
ture Is quite different from a typical digital core cell. 
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Analog Standard Cells 
We have applied our analog expertise to offer these 
same capabilities in standard cell circuits. Our family 
of 3·micron analog standard cells includes basic 
analog building blocks such as: 
-Operational amplifiers 
-Filter Switch arrays 
-Comparators 
-Voltage references 
-Bias generators 
-Analog multiplexers 
-Capacitors 
-Level shifters 

These basic analog standard cells can be combined to 
perform desired analog functions. Other functions may 
be implemented by choosing from more complex 
macro cells including: 
-Analog·to·digital converters 
-Digital·to·analog converters 
-Switched-capacitor filters 
-Phase-locked loops 
Depending on your requirements, two types of analog 
standard cells (5-volt or 10-volt) can be used. In a 
typical high-performance analog/digital circuit, the 
five-volt digital logic will be interfaced to the analog 
circuitry, which runs from a dual (+ 5V and - 5V) 
power supply. However, in less demanding applica
tions, both the digital and analog portions of the chip 
can operate from a single five-volt power supply. 

Figure 7. Custom Smart Display Driver Block Diagram 
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Macro Cells-An Extra Edge 
Macro cells are one of three broad categories of sta
ndard cells. They are recognized by their high degree 
of cell complexity, variable cell heights and variable 
cell widths. Macro cells are digital or analog circuit 
subsystems which have been designed as relatively 
large, internally customized cells. Possible macro cells 
include ALU, CPU, UART, PLA, memory, high-speed 
multiplier, D/A converter, AID converter, switched
capacitor filter, speech synthesis, and display driver 
cells. 

Macro Cells Offer More For Less 
Compared to a circuit which only uses core cells, a 
macro ceil design approach can offer higher perfor
mance and greater design flexibility, while reducing 
the circuit's die size, development cost and develop
ment span. 

In an internally customized macro cell, each of the 
MOS devices can be "hand-tailored" for optimum per
formance and device size. Alternatively, a macro cell 
can be constructed from existing core cells, which 
have been carefully selected for the desired function. 
In either case, the interconnections within the cell can 
be interactively routed for minimum cell area. This 
design flexibility produces a high-performance circuit 
subsystem, which can be inexpensively and quickly 
added to any Gould AMI standard cell circuit. 

I 
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An entire display subsystem, from an input signal to a display readout, can be built on one chip by using CSDD macro cells. 
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Macro Cell Applications 
Gould AMI's Custom Smart Display Driver (CSDDTM) 
macro cells allow the integration of an entire display 
system onto a single chip. Various CSDD cells: 1)'ac
cept a data or sensor input; 2) process this input into a 
usable form; 3) format the processed input to match 
the display configuration; and 4) provide an output 
signal to the display. 
ROM (read-only memory) and RAM (random-access 
memory) blocks consist of individual address, bit and 
end cells. These three types of cells allow the con
struction of variable word-length memory macro cells 
of 2x words (i.e, 32, 64, 128, ... ) with an access time 
around 50ns. 
A programmable logic array (PLA) macro cell, with 
latched inputs and outputs, allows easily modified ran
dom logic to be included on-chip. Because a PLA can 
be programmed, the function of one standard cell cir
cuit can be changed to work in several applications. 

Figure 8. Estimating 3-Micron Standard Cell Die Sizes 
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Standard Cell Design 
From a design point of view, all types of standard cells 
are treated in the same manner. Each cell is initially 
designed on a color graphics terminal with the help of 
Gould AMI's SIDSTM program (Symbolic Interactive 
Design System), which has been proven in the design 
of over 100 custom circuits. Once the cell's SIDS 
layout has been completed and satisfactory electrical 
performance has been verified (using ASPEC and 
Gould AMI's proprietary circuit models), a data sheet is 
created and the cell is stored in a standard cell library 
database. This design capability allows new cells or 
modifications of existing cells to be quJckly designed 
and added to the standard cell library. In addition, the 
SIDS program can be used to design optimized full 
custom macro cells, which can be incorporated into 
any standard cell circuit. 

Circuit Design Considerations 
Before beginning the actual circuit design, several fac
tors that can affect the die size must be reviewed. 
These include critical timing requirements and circuit 
testability. 

2DO I------~"c--__::;;,o-=----- 84'Pin Pad-limited (minimum) 

1-----7''''---c7''-''''-------- 54·Pin Pad· Limited (minimum) 

I--~~'------------ 40·Pin Pad· limited (minimum) 

HI~-------'--------- 24·Pin Pad· Limited (minimum) 

°D~----~----~2~00~D----~-----4~00~D----------~6D~DO----------~80DO 
GATE COUNT (2·INPUT EQUIVALENT) 

When the circuit's gate count and 1/0 requirements are known, the approximate die size can be determined. 
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All logic paths should be checked to ensure that the 
system's timing requirements can be met under worst
case speed performance conditions. Particular atten
tion must be paid to long logic paths which must be 
traversed between clock pulses. If any potential timing 
problems are discovered, slow- or medium-speed cells 
can be upgraded to high-speed cells and special care 
can be taken in the layout of these critical timing 
paths. 

Testability is another crucial design consideration 
because an untestable part cannot be delivered in pro
duction with any assurance that it will function proper
ly. In order to be testable, the circuit design must in
clude the capability to predict or set the state of all 
logic elements upon power-up. Potential problem 
areas are long counter chains, sequentially activated 
logic and blocks of slow-speed logic. In most cases, a 
minimal amount of additional logic can alleviate 
testing problems by: 1) tapping into the middle of 
counter chains; 2) allowing buried logic to be external
ly reset; or 3) bypassing a slow clock in order to speed 
up testing. The key to testing a VLSI circuit is verifying 
the logic functionality without duplicating the environ
ment of the intended application. 

With the timing and testability under control, an 
estimate can be made of the anticipated die size. For a 
rough die size estimate, the number of 2-input NAND 
gate equivalents in the circuit can be counted. The ac
companying graph will provide an estimated die size 
range for 3-micron circuits. Die sizes of less than 250 
mils on a side are typically most economical. 

Figure 9. Standard Cell Development Starting Points 

-------~ 
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Standard Cell Chip Design 

A standard cell chip is designed by selecting cells 
from the standard cell library. A combination of low-, 
medium- and high-speed cells are selected in order to 
meet the circuit's speed requirements, while minimiz
ing the die size and power consumption of the chip. 
Then CAD tools, such as our CIPARTM program (Cell 
Interactive Place And Route) are used to arrange the 
desired cells and perform the necessary interconnec
tions. If the circuit requires any unique cells or custom 
circuitry, the SIDS-based design approach facilitates 
the integration of the special circuitry with the stan
dard cells. With 19 years of experience in the design of 
over 3000 circuits, Gould AMI is uniquely qualified to 
offer the best solution to your standard cell circuit 
needs. 

Development Flexibility 
Gould AMI offers a variety of design interface points so 
that you can choose the development starting point 
that is most convenient for you. 

Gould AMI Development 

If you would like us to design your circuit, you need to 
provide a functional description, logic schematic and 
complete electrical specification. We will use this in
put to perform all of the other design activities, in
cluding standard cell/MOS logic design, development 
of any special cells, logic simulation, critical path 
analysis, layout, mask generation, wafer fabrication, 
assembly and test development. This development op
tion allows you to draw upon our vast MOS circuit 
design experience, during the entire design process. 

GOULD AMI DEVELOPMENT SHARED DEVElOPMENT CUSTOMER DEVELOPMENT 

A variety of development input choices allow you to enter the design process at the most convenient starting point for you. 

2.11 



Figure 10. Standard Cell Circuit Design Responsibilities 
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The division of development between Gould AMI and the customer depends on the interface point. 
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Customer Development 
At the other end of the spectrum, Gould AMI will 
license the us.e of all cell families for customers who 
wish to perform the entire circuit design. The standard 
cell tooling database may be used in conjunction with 
your own CAD tools, or you may license the necessary 
Gould AMI CAD circuit design tools directly from us. 

When you choose to do your own development, you 
are responsible for tlie entire circuit design, up to the 
creation on a pattern generator (PG) tape. The PG tape 
will be used to make the wafer processing masks. This 
type of development, which allows interested cus
tomers to use their own MOS design capabilities, is 
also known as the silicon foundry or customer-0wned 
tooling approach. 

Shared Development 
In a shared development, certain intermediate. tasks 
can either be done by Gould AMI or by the customer. 
These tasks include schematic capture, logic simula
tion, critical path analysis, cell layout, test vector 
generation and test program generation. You can 
decide whether to do one of these tasks, several tasks 
or all of them. Because of the flexibility of our CAD in
terface, almost any combination of your design tools, 
Gould AMI-licensed CAD software and workstation 
tools can be used to accomplish these tasks. 

Gould AMI's standard cells are supported on several 
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commercially available engineering workstations, in
cluding Daisy, Mentor Graphics and Valid Logic 
workstations. 

Gould AMI will license the necessary standard cell 
library databases for use with these workstations. This 
allows you to use the workstation to perform 
schematic capture, netlist generation and logic simula
tion. Gould AMI will accept a netiist and will complete 
the development from that point. If you wish to per
form final simulation (with back annotation), Gould 
AMI can provide the actual post-layout timing delay 
data for use with the workstation simulator. 

A shared development using a super minicomputer is 
very similarto a workstation development. You can use 
your own CAD tools, or you may license the necessary 
software from Gould AMI. 

To assist in any type of shared development, Gould 
AMI can provide you with a Standard Cell Databook or 
a looseleaf Standard Cell Design Manual. The 
Databook and the Design Manual are complete 
technical references for Gould AMI standard cell 
design. Both contain general information on designing 
with Gould AMI's standard cells, including how to 
estimate the circuit's AC performance, power con
sumption and die size. Each one also includes a com
plete set of detailed data sheets for each of the in
dividual cells. If you wish to be kept abreast of addi
tions to the cell libraries, a subscription to the Design 
Manual entitles you to regular updates. 



Development Cost 
Most Gould AMI standard cell developments cost be
tween $20,000 and $75,000. Several factors affect this 
development cost including die size, circuit complexi
ty, speed requirements, development task respon
sibilities and test development responsibilities. 

The most obvious factor affecting the development 
cost is the die size and number of cells required to im
plement the desired circuit functions. With a larger die 
size, development costs will rise. 

Similarly, development costs are increased if special 
layout is required to meet critical timing requirements, 
if custom cells are required, or if the circuit contains 
very little repetitive logic. 

Because of the flexibility of Gould AMI's design inter
face, development costs can vary widely, depending 
on how many of the development tasks are performed 
by the customer. For instance, a development that 
starts with a functional circuit description will be more 
expensive than a development from a customer's 
netlist. 

One of the most important development tasks is the 
test development. Not only does the quality of the pro
duction parts depend upon a thorough test program, 
the test development also accounts for fifteen to forty 
percent of the total development cost. If a customer is 
able to provide detailed testing information, the test 
development cost can be substantially reduced. 

Table 5 provides a summary of the high- and low-cost 
development options for several different 3-micron cir
cuit sizes. The first column assumes a shared (or work
station) development with a netlist input, completed 
logiC simulation, and customer-supplied test program. 
In this example, Gould AMI is responsible for the basic 
development tasks of automatic layout, mask-making, 
wafer fabrication, assembly and test program review. 
The second column is based upon a Gould AMI
deSigned development, where the customer has pro
vided a functional description, logic schematic and 
complete electrical specification. 

Development Schedule 
One of the primary objectives of standard cell circuits 
is to design a functional, high-performance MOSIVLSI 
chip in the shortest time span possible. 

The Standard Cell Advantage 
With standard cells, circuit design can almost be 
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eliminated because the functional and performance 
characteristics of the individual cells have already 
been determined. Most of the remaining circuit design 
is devoted to verifying that the overall circuit's timing 
and power requirements have been met. 

When standard cells are used, layout can be done 
automatically with a CAD place-and-route program 
such as the CIPAR system. Because most of the layout 
only involves the interconnection of previously design
ed cells, the possibility of error is greatly reduced. All 
of these factors combine to decrease the development 
span and increase the likelihood that the first silicon 
will work properly. 

Gould AMI's Experience Works for You 
After more than 19 years in the custom IC business, 
Gould AMI knows how to ensure that your circuit 
development goes smoothly. PartiCipants in the 
design and manufacture of your chip work closely 
throughout the development, as shown in Figure 11. 
Customer reviews during the development verify that 
your requiremen!s will be met by the final chip design. 

Throughout the course of the development and pro
duction of your circuit, Gould AMI stays in touch. 
Technically trained sales engineers - many with 
system design experience - provide you with local 
contact and know-how to get answers to all of your 
questions. At the factory, product marketing engineers 
are responsible for managing all aspects of your chip's 
design and manufacture. A design engineer supervises 
all design activity during the development phase. After 
a circuit is in production, a product engineer is respon
sible for any necessary technical support, and 
customer service personnel coordinate the day-to-day 
manufacturing activities. Supported by hundreds of 
other people, this team works to deliver you a quality 
product. 

Table 5. Gould AMI Standard Cell Development Cost and 
Span 3-Micron, Single Metal HCMOS Standard Cells 

Number 01 Validated Netlistlnput Logic Diagram Input 
2·lnput (Automatic Layout) (Interactive Layout) 

Equivalent 
Gates Relative Cost Typical Span Relative Cost Typical Span 

200 1.00 9 weeks 1.80 13 weeks 
1000 1.25 10 weeks 2.50 17 weeks 
1500 1.35 10 weeks 2.95 19 weeks 
2000 1.50 11 weeks 3.35 21 weeks 
2500 1.60 11 weeks 3.75 23 weeks 
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Figure 11. Interaction of a Standard Cell Development Team 
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In the typical development shown, many people are involved throughout the program to ensure that your development goes 
smoothly. Each participant's level of Involvement 3t a given point Is Indicated by the height of the corresponding horizontal bar. 
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Table 6. 3p. Single· Metal (CCB) HCMOS Standard Cells 

ArealWldth Gate *Speecl 
Cell Description (Mils) Equlv. (nS) 

AA025 2·lnput AND 11.6 1.5 5.9 
AA027 2·lnput AND 14.0 1.5 3.7 
AA035 3·lnput AND 14.0 2.0 6.8 
AA045 4·lnput AND 16.3 2.5 6.7 

A0015 2-lnput AND into 2-lnput OR 18.6 2_5 4.6 
A0025 2 x 2-lnput AND Gates into 2-lnput OR 20.9 3.0 3.8 
A0035 3x2-lnput AND Gates into 3·lnput OR 27.9 4.5 5.3 
A0045 2 x 3-lnput AND Gates Into 2·lnput OR 25.6 4.0 4.3 
A0055 1 x 3-, 1 x 2-lnput AND Gates into 2·lnput OR 20.9 3_5 4.4 
A0065 1 x 3, 1 x 2-lnput AND Gates into 3-lnput OR 27.9 4.5 5.1 
A0075 1 x2-lnput AND Gates into 3·lnput OR 23.3 3_0 4.9 
A0085 1 x3-lnput AND Gates into 2·lnput OR 18.6 3.0 4.8 
A0095 1 x 3·lnput AND Gates into 3-lnput OR 25.6 4.0 4_9 

DFOF5 D-Type F/F w/o Set or Reset 32.6 6.0 9.8 
DFOF7 D-Type F/F w/o Set or Reset 32.6 6.0 7.8 
DF105 D-Type F/F w/Set Only 34.9 7.0 15.6 
DF115 D·Type F/F w/Reset Only 34.9 7.0 15.6 
DF125 D·Type F/F w/Set and Reset 37.2 8.0 15.6 
DF127 D·Type F/F w/Async. Set 48.8 9.5 8.4 
DF3F5 D-Type F/F w/Sync. Parallel Load 39.5 8.5 10.7 

DL115 Data Latch w/Reset 23.3 4.5 12.9 

EN015 Exclusive NOR 18.6 2.5 6.6 

E0015 Exclusive OR 18.6 2.5 6.6 

IB01C5 Input Pad, CMOS, Core Ltd 89.1110.8 1.0 8.3 
IB01P5 Input Pad, CMOS, Pad Ltd 133.3/8.0 1.0 8.3 
IB09C5 Input Pad, TIL w/pu, Core Ltd 117.6 1.25 8.1 
IB09P5 Input Pad, TIL w/pu, Pad Ltd 133.3 1.25 8.1 
I BODC5 Input Pad, Schmitt, Core Ltd 96.3 2.0 9.8 
I BODP5 Input Pad, Schmitt, Pad Ltd 133.3 2.0 9.8 

IN015 Inverter 7.0 0.5 3.9 
IN017 Inverter 9.3 0.5 2.4 
IN019 Inverter 11.6 0.5 1.4 

1003C5 I/O Pad, CMOS, Core Ltd 185/20.8 4.5 9.9/24.1 
1003P5 I/O Pad, CMOS, Pad Ltd 200.0112.0 4.5 9.9/24.1 

IT117 Internal Tri·State Buffer, Non·lnv 23.2 2.0 4.4 
IT127 Internal Tri·State Buffer, Inv 25.5 3.25 6.4 
IT215 Internal Tri·State Buffer, Non·lnv 16.3 2.0 7.6 
IT225 Internal Trl·State Buffer, Inv 11.6 1.5 5.6 
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Table 6. 3/-1 Single-Metal (CCB) HCMOS Standard Cells (Continued) 

AreaJWidth Gate • Speed 
Cell Description (Mils) Equlv. (nS) 

LB01 Analog Bias Cell 20.9 1.0 n/a 

LC01 Static Comparator 72.1 2.0 n/a 

MU215 2:1 Digital Multiplexer 16.3 3.0 7.7 

NA025 2·lnput NAND 9.3 1.0 4.6 
NA027 2-lnput NAND 16.3 1.0 2.6 
NA035 3-lnput NAND 11.6 1.5 4.8 
NA037 3-lnput NAND 20.9 1.5 2.9 
NA045 4-lnput NAND 14.0 2.0 5.6 
NA055 5-lnput NAND 20.9 2.5 6.1 
N0025 2·lnput NOR 9.3 1.0 5.0 
N0027 2-lnput NOR 18.6 1.0 2.9 
N0035 3-lnput NOR 16.3 1.5 6.4 
N0045 4-lnput NOR 25.6 2.0 7.6 

OB03C5 Output Pad, CMOS, Core Ltd 135.5/15.2 1.0 15.9 
OB03P5 Output Pad, CMOS, Pad Ltd 133.3/8.0 1.0 15.9 
o B09C5 Output Pad, Tri-State, Core Ltd 160.4/18.0 3.5 23.1 
OB09P5 Output Pad, Tri-State, Pad Ltd 146.6/8.8 3.5 23.1 

OR025 2-lnput OR 11.6 1.5 6.4 
OR035 3-lnput OR 14.0 2.0 8.3 
o R045 4-lnput OR 16.3 2.5 9.7 

PP01C Vss Power Pad, Core Ltd 71.3/8.0 n/a n/a 
PP01P Vss Power Pad, Pad Ltd 133.3/8.0 n/a n/a 
PP02C Voo Power Pad, Core Ltd 71.3/8.0 n/a n/a 
PP02P Voo Power Pad, Pad Ltd 133.3/8.0 n/a n/a 
PP03C Voo Power Pad 71.3 n/a n/a 
PP03P Voo Power Pad 133.3 n/a n/a 
PP03T Voo Power Pad 195.3 n/a n/a 
PP03U Voo Power Pad 257.4 n/a n/a 

SC125 Sync Cntr, Ripple Carry, Set, Reset 62.7 11.5 15.0 
SC925 Sync U/D Ctr, RC, w/Load, Set, Reset 90.6 17.5 13.3 

TF105 Ripple Counter Bit w/Set 39.5 7.0 15.6 
TF115 Ripple Counter Bit wlReset 39.5 7.0 15.6 
TF125 Ripple Counter Bit w/Set, Reset 41.9 8.0 15.6 
TF127 Ripple Counter Bit w/Set, Reset 48.8 9.5 8.6 

ZZ01 Vertical Route Through 2.3 n/a n/a 
ZZ02 Right P-Well End Cell 3.5 n/a n/a 
ZZ03 Left P-Well End Cell 3.5 n/a n/a 

·Speed hes been computed under the following conditions: 1j = 25'0, Voo = 5.0V, nomlnsl process, OL = 1pF.ln the case of the fllp·flops, the 
characteristic which has been used Is maximum '0 to Q Oela~. 
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Table 7. 3", Single-Metal Double-Poly (CCF) HCMOS Standard Cells 

Area 
Cell Description (Square Mils) 

LB02 Analog Bias Cell 26.4 
LB03 Analog Bias Cell 26.4 

LF01 Sampled-Data Filter Switch Array 47.4 
LF02 Sampled·Data Filter Switch Array 47.4 
LF03 Sampled·Data Filter Switch Array 47.4 
LF04 Sampled·Data Filter Switch Array 23.7 

LK01 Unit Capacitor Cell 2.1 

LL01 Level Translator 9.3 
LL02 Level Translator 41.9 

LOO1 Operational Amplifier 100 
L002 Operational Amplifier 100 
L003 Operational Amplifier 150 
L004 Operational Amplifier 150 
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Table 8. 3" Double-Metal (CCD) HCMOS Standard Cells 

AreaiWidth Gate * Speed 
Cell Description (Mils) Equiv. (nS) 

AA025 2·lnput AND 13.2 1.5 5.0 
AA027 2-lnput AND 15.8 1.5 3.5 
AA035 3·lnput AND 15.8 2.0 5.9 
AA045 4-lnput AND 18.4 2.5 6.1 

A0015 2-lnput AND into 2-lnput OR 18.4 2.5 5.1 
A0025 2 x 2-lnput AND Gates into 2-lnput OR 21.1 3.0 4.5 
A0035 3 x 2·lnput AND Gates into 3·lnput OR 31.6 4.5 5.0 
A0045 2 x 3·lnput AND Gates into 2·lnput OR 31.6 4.0 4.4 
A0055 1 x3, 1 x2-lnput AND Gates into 2-lnput OR 31.6 3.5 5.0 
A0065 1 x 3, 1 x 2·lnput AND Gates into 3·lnput OR 31.6 4.5 5.3 
A0075 1 x 2·lnput AND Gates into 3·lnput OR 26.4 3.5 5.5 
A0085 1 x 3-lnput AND Gates into 2·lnput OR 23.7 3.0 4.8 
A0095 1 x 3-lnput AND Gates into 3-lnput OR 31.6 4.0 5.3 

AU015 Four-Bit Magnitude Comparator 152.8 28.5 26.1 
AU025 One-Bit Full Adder 60.6 9.5 10.7 

DFOF5 D-Type F/F w/o Set or Reset 42.2 6.0 11.2 
DFOF7 D-Type F/F w/o Set or Reset 44.8 6.0 9.9 
DF105 D-Type F/F wI Set Only 47.4 7.0 11.6 
DF115 D·Type F/F wI Reset Only 47.4 7.0 11.6 
DF125 D-Type F/F wI Set and Reset 47.4 8.0 14.2 
DF205 D·Type F/F 39.5 5.5 11.8 
DF209 D·Type F/F 52.7 5.5 5.5 
DF3E5 D·Type F/F w/Sync. Set Reset 55.3 8.0 10.0 
DF3F5 D-Type F/F w/Sync. Parallel Load 39.5 8.5 9.9 

DL115 Data Latch wI Reset 36.9 4.5 11.5 
DL205 Data Latch w/o Set or Reset 26.4 3.5 8.1 

EN015 Exclusive NOR 21.1 2.5 6.2 

E0015 Exclusive OR 21.1 2.5 6.1 

IB01C5 Input Pad, CMOS, Core Ltd 89.1/10.0 1.0 6.4 
IB01P5 Input Pad, CMOS, Pad Ltd 133.3/8.0 1.0 6.4 
I B05C5 CMOS Input Buffer Pad w/pd 110.5 1.25 6.2 
IN05P5 CMOS Input Buffer Pad w/pd 133.3 1.25 6.2 
IB09C5 Input Pad, TIL w/pu, Core Ltd 117.6/13.2 1.25 8.1 
IB09P5 Input Pad, TIL w/pu, Pad Ltd 133.3/8.0 1.25 8.1 
IBOBC5 TIL-Input Buffer Pad w/pd 156.9 2.25 14.2 
IBOBP5 TIL-Input Buffer Pad w/pd 1.33.3 2.25 14.2 
I BODC5 Input Pad, Schmitt, Core Ltd 96.3/10.8 2.0 9.8 
IBODP5 Input Pad, Schmitt, Pad Ltd 133.3/8.0 2.0 9.8 
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Table 8. 3,.. Oouble·Metal (CCO) HCMOS Standard Cells (Continued) 

ArealWldth Gate * Speed 
Cell Description (Mils) Equlv. (n5) 

IN015 Inverter 7.9 0.5 3.4 
IN017 Inverter 10.5 0.5 1.7 
IN019 Inverter 13.2 0.5 0.94 

1001PS TIL·Bidirect. I/O Buffer Pad 393.2 7.0 14.2/6.9 
1001TS TIL·Bidlrect. I/O Buffer Pad 419.9 7.0 14.2/6.9 
1003C5 I/O Pad, CMOS, Core Ltd 1S5/20.S 4.5 6.0/19.0 
1003P5 I/O Pad, CMOS, Pad Ltd 200.0/12.0 4.5 6.0/19.4 
1003P8 CMOS Bidirect. I/O Buffer Pad 366.6 6.0 4.3/7.5 
1003TS CMOS Bidirect. I/O Buffer Pad 429.7 6.0 4.3/7.5 
1003U9 CMOS Bidirect. I/O Buffer Pad 643.3 6.0 3.8/6.2 

1T117 Internal Tri·State Buffer, Non·lnv 23.7 2.75 4.0 
IT127 Internal Tri·State Buffer, Inv 26.4 3.25 5.7 
IT215 Internal Tri·State Buffer, Non·lnv 1S.4 2.0 6.5 
IT225 Internal Tri·State Buffer, Inv 15.S 1.5 4.7 

JK115 JK F/F with Asynchronous RESET 68.5 9.5 11.6 

LB01 Analog Bias Cell 15.8 9.5 11.6 

LC01 Static Comparator 73.S 2.0 n/a 

MU215 2:1 Digital Multiplexer 1S.4 3.0 6.S 
MU245 2:4 Line Decoder-act. low en. 58.0 8.5 10.0 
MU415 4·lnput:1·lnput Multiplexer 36.9 6.5 10.4 

NA025 2·lnput NAND 10.5 1.0 3.6 
NA027 2·lnput NAND 18.4 1.0 2.4 
NA035 3·lnput NAND 13.2 1.5 4.2 
NA037 3·lnput NAND 23.7 1.5 2.8 
NA045 4·lnput NAND 1S.4 2.0 4.7 
NA055 5·lnput NAND 23.7 2.5 5.0 

N0025 2·lnput NOR 10.5 1.0 4.3 
N0027 2·lnput NOR 18.4 1.0 2.S 
N0035 3·lnput NOR 18.4 1.5 6.0 
N0045 4·lnput NOR 23.7 2.0 7.6 

OB01P9 Output Pad, TIL, Pad Ltd 313.3 1.0 4.3 
OB03C5 Output Pad, TIUCMOS, Core Ltd 135.5/15.2 1.0 13.2 
OB03P5 Output Pad, TIUCMOS, Pad Ltd 133.3/S.0 1.0 13.0 
OB07P5 Output Buffer Pad, Open Drain 266.6 0.75 4.6 
OB09C5 Output Pad, Tri·State, Core Ltd 160.4/1S.0 3.5 1S.0 
OB09P5 Output Pad, Tri·State, Pad Ltd 146.6/8.S 3.5 21.0 
OB09P8 Output Buffer Pad, Tri·State, CMOS 346.6 5.0 7.5 
o B09T8 Output Buffer Pad, Tri·State, CMOS 400.4 5.0 7.5 
OB09U9 Output Buffer Pad, Tri·State, CMOS 617.5 5.0 6.2 

OR025 2·lnput OR 13.2 1.5 5.5 
OR027 2·lnput OR 13.2 1.5 4.1 
o R035 3·lnput OR 15.S 2.0 7.4 
OR045 4·lnput OR 18.4 2.5 9.2 

2.20 



Standard Cells 

Table 8. 3?, Double-Metal (CCD) HCMOS Standard Cells (Continued) 

Area/Width Gate * Speed 
Cell Description (Mils) Equiv. (n5) 

PP01C Vss Power Pad, Core Ltd 71.3/8.0 n/a n/a 
PP01P Vss Power Pad, Pad Ltd 133.3/8.0 n/a n/a 
PP02C VDD Power Pad, Core Ltd 71.3/8.0 n/a n/a 
PP02P VDD Power Pad, Pad Ltd 133.3/8.0 n/a n/a 
PP03C VDD Power Pad w/Vss Bus 71.3 n/a n/a 
PP03P VDD Power Pad w/Vss Bus 133.3 n/a n/a 
PP03T VDD Power Pad w/Vss Bus 195.3 n/a n/a 
PP03U VDD Power Pad w/Vss Bus 257.3 n/a n/a 

SC105 Sync Cntr, Ripple Carry, w/Set 58.0 10.5 14.4 
SC115 Sync Cntr, Ripple Carry, w/Reset 58.0 10.5 14.4 
SC125 Sync Cntr, Ripple Carry, Set, Reset 58.0 11.5 14.4 
SC515 Sync Up Cntr, Sync Load, Reset, RC 87.0 12.75 12.4 
SC925 Sync UID Ctr, RC, w/Load, Set, Reset 89.6 17.5 12.4 

TF105 Toggle F/F, w/Set Only 39.5 7.0 13.0 
TF115 Toggle F/F, w/Reset Only 39.5 7.0 13.0 
TF125 Toggle F/F, w/Set and Reset 39.5 8.0 13.0 

ZZ01 Vertical Route Through 2.6 n/a n/a 
ZZ02 Right P·Well End Cell 4.0 n/a n/a 
ZZ03 Left P·Well End Cell 4.0 n/a n/a 

'Speed has been computed under the following conditions: 1j = 25"C, Voo = 5.0V, nominal process, CL = 1 pF. In the case of the flip·flops, the 
characteristic which has been used is maximum C to Q Delay. 
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Table 9. 2fJ- Double-Metal (CeO) HCMOS Standard Cells 

Area/Width Gate * * Speed 
Cell Description (Mils) Equiv. (nS) 

AA025 2·lnput AND 7.4 1.5 2.3 
AA027 2·lnput AND 8.9 1.5 1.7 
AA035 3·lnput AND 8.9 2.0 2.7 
AA045 4·lnput AND 10.4 2.5 3.1 

* A0015 2·lnput AND into 2·lnput OR 10.4 2.5 2.6 
A0025 2 x 2·lnput AND Gates into 2·lnput OR 11.9 3.0 2.5 

* A0035 3 x 2·lnput AND Gates into 3·lnput OR 17.8 4.5 2.5 
A0045 2 x 3·lnput AND Gates into 2·lnput OR 16.3 4.0 2.7 

* A0055 1 x 3, 1 x 2·lnput AND Gates into 2·lnput OR 17.8 3.5 2.5 
A0065 1 x 3, 1 x 2·lnput AND Gates into 3·lnput OR 16.3 4.5 3.3 

* A0075 1 x 2·lnput AND Gates into 3·lnput OR 3.5 2.8 
A0085 1 x 3·lnput AND Gates into 2·lnput OR 13.3 3.0 2.7 

* A0095 1 x 3·lnput AND Gates into 3·lnput OR 17.8 4.0 3.0 

* AU015 Four·Bit Magnitude Comparator 86.0 28.5 13.1 
* AU025 One·Bit Full Adder 9.5 5.4 

* DFOF5 D·Type F/F w/o Set or Reset 23.7 6.0 5.6 
* DFOF7 D·Type F/F w/o Set or Reset 6.0 5.0 
* DF105 D·Type F/F wI Set Only 26.7 7.0 5.8 
* DF115 D·Type F/F wI Reset Only 26.7 7.0 5.8 
* DF125 D·Type F/F wI Set and Reset 26.7 8.0 7.1 
* DF127 Data Latch wI Set and Reset 53.4 8.0 6.3 
* DF205 D·Type F/F 5.5 6.9 
* DF209 D·Type F/F 29.6 5.5 2.8 
* DF3E5 D·Type F/F w/Sync. Set Reset 8.0 5.5 
* DF3F5 D·Type F/F w/Sync. Parallel Load 8.5 5.0 

DL115 Data Latch wI Reset 20.8 4.5 5.8 
DL117 Data Latch wI Reset 41.5 4.5 5.1 

* DL205 Data Latch w/o Set or Reset 14.8 3.5 4.1 

EN015 Exclusive NOR 11.9 2.5 2.4 

E0015 Exclusive OR 11.9 2.5 2.1 

* IB01C5 Input Pad, CMOS, Core Ltd 50.1 1.0 6.4 
* IB01 P5 Input Pad, CMOS, Pad Ltd 75.0 1.0 6.4 
* I B05C5 CMOS Input Buffer Pad w/pd 1.25 6.2 
* IB05P5 CMOS Input Buffer Pad w/pd 75.0 1.25 6.2 
* I B07C5 Input Pad, TIL, Core Ltd 100.3 2.0 4.0 
* I B07P5 Input Pad, TIL, Pad Ltd 150.0 2.0 4.0 
'IB09C5 Input Pad, TIL w/pu, Core Ltd 1.25 8.1 
'IB09P5 Input Pad, TIL w/pu, Pad Ltd 75.0 1.25 8.1 

'These cells are included as Advanced Product Information, which means that the specifications are preliminary and subject to 
change. Please contact Gould AMI for current information. 

"Speed has been computed under the following conditions: T = 25'C, Voo = 5.0V, nominal process, CL = 1 pF. In the case of the flip· 
flops, the characteristic which has been used is maximum dto Q Delay. 
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Table 9. 2p. Double-Metal (CBO) HCMOS Standard Cells (Continued) 

Area/Width Gate * * Speed 
Cell Description (Mils) Equiv. (nS) 

* IBOBC5 TTL-Input Buffer Pad w/pd 2.25 14.2 
*IBOBP5 TTL·lnput Buffer Pad w/pd 75.0 2.25 14.2 
*IBODC5 Input Pad, Schmitt, Core Ltd 54.1 2.0 9.8 
*IBODP5 Input Pad, Schmitt, Pad Ltd 75.0 2.0 9.8 

IN015 Inverter 4.4 0.5 1.8 
IN017 Inverter 5.9 0.5 0.9 

*IN019 Inverter 7.4 0.5 0.6 

* 1001C5 1/0 Pad, TTL, Core Ltd 208.6 4.5 3.8/12.4 
*1001P5 I/O Pad, TTL, Pad Ltd 224.9 4.5 3.8/12.4 
* 1001P8 TTL·Bidirect. I/O Buffer Pad 7.0 14.2/6.9 
* 1001T8 TTL-Bidirect. I/O Buffer Pad 7.0 14.2/6.9 
* 1003C5 I/O Pad, CMOS, Core Ltd 104.3 4.5 6.0/19.0 
* 1003P5 I/O Pad, CMOS, Pad Ltd 112.5 4.5 6.0/19.4 
*1003P8 CMOS Bidirect. I/O Buffer Pad 206.2 6.0 3.8/6.8 
*1003T8 CMOS Bidirect. I/O Buffer Pad 241.7 6.0 3.8/6.8 
*1003U9 CMOS Bidirect. I/O Buffer Pad 6.0 3.8/6.2 

* IT117 Internal Tri-State Buffer, Non-Inv 13.3 2.75 2.0 
* 1T127 Internal Tri-State Buffer, Inv 14.8 3.25 2.9 
* IT215 Internal Tri-State Buffer, Non·lnv 10.4 2.0 3.2 
* IT225 Internal Tri-State Buffer, Inv 8.9 1.5 2.1 

* JK115 JK F/F with Asynchronous RESET 38.5 9.5 5.8 

* MU215 2:1 Digital Multiplexer 10.4 3.0 4.3 
* MU245 2:4 Line Decoder·act. low en. 32.6 8.5 5.3 

MU415 4-lnput:1-lnput Multiplexer 22.2 6.5 4.4 

NA025 2-lnput NAND 5.9 1.0 1.9 
NA027 2-lnput NAND 10.4 1.0 1.2 
NA035 3-lnput NAND 7.4 1.5 2.2 
NA037 3-lnput NAND 13.3 1.5 1.3 
NA045 4-lnput NAND 10.4 2.0 2.5 
NA055 5·lnput NAND 13.3 2.5 3.1 

N0025 2-lnput NOR 5.9 1.0 1.9 
N0027 2-lnput NOR 10.4 1.0 1.2 
N0035 3·lnput NOR 8.9 1.5 2.4 
N0045 4-lnput NOR 11.9 2.0 3.1 

* OB01C5 Output Pad, TTL, Core Ltd 152.4 1.0 11.2 
* OB01P5 Output Pad, TTL, Pad Ltd 150.0 1.0 11.2 
* OB01P9 Output Pad, TTL, Pad Ltd 1.0 4.3 
*OB03C5 Output Pad, TTUCMOS, Core Ltd 76.2 1.0 13.2 

"These cells are included as Advanced Product Information, which means that the specifications are preliminary and subject to 
change. Please contact Gould AMI for current information. 

""Speed has been computed under the following conditions: Tj = 25"C, Voo = 5.0V, nominal process, CL= 1pF. In the case of the flip
flops, the characteristic which has been used is maximum C to Q Delay. 
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Table 9. 2p, Double-Metal (CeO) HCMOS Standard Cells (Continued) 

ArealWidth Gate **8peed 
Cell Description (Mils) Equiv. (n8) 

'OB03P5 Output Pad, nUCMOS, Pad Ltd 75.0 1.0 13.0 
'OB07P5 Output Buffer Pad, Open Drain 150.0 0.75 4.6 
• o B09C5 Output Pad, Tri·State, Core Ltd 90.2 3.5 
'OB09P5 Output Pad, Tri·State, Pad Ltd 82.5 3.5 15.9 
'OB09P8 Output Buffer Pad, Tri·State, CMOS 195.0 5.0 6.7 
'OB09P9 Output Buffer Pad, Tri·State, CMOS 350.0 5.0 5.8 
• o B09T8 Output Buffer Pad, Tri·State, CMOS 5.0 6.7 
'OB09U9 Output Buffer Pad, Tri·State, CMOS 5.0 5.8 
'OBOBC5 Output Pad, nUTS Core Ltd 180.5 3.5 13.1 
'OBOBP5 Output Pad, nUTS Pad Ltd 165.0 3.5 13.1 

OR025 2·lnput OR 7.4 1.5 2.5 
OR027 2·lnput OR 7.4 1.5 1.7 
OR035 3·lnput OR 8.9 2.0 3.0 
OR045 4·lnput OR 10.4 2.5 3.7 

PP01C Vss Power Pad, Core Ltd 40.0 n/a n/a 
PP01P Vss Power Pad, Pad Ltd 75.0 n/a n/a 
PP02C Voo Power Pad, Core Ltd 40.0 n/a n/a 
PP02P Voo Power Pad, Pad Ltd 75.0 n/a n/a 
PP03C Voo Power Pad wNss Bus 40.0 n/a n/a 
PP03P Voo Power Pad wNss Bus 75.0 n/a n/a 

• SC105 Sync Cntr, Ripple Carry, w/Set 10.5 7.2 
• SC115 Sync Cntr, Ripple Carry, w/Reset 32.6 10.5 7.2 
• SC125 Sync Cntr, Ripple Carry, Set, Reset 32.6 11.5 7.2 
• SC515 Sync Up Cntr, Sync Load, Reset, RC 48.9 12.75 4.5 
'SC925 Sync U/D Ctr, RC, w/Load, Set, Reset 17.5 6.2 · TF105 Toggle F/F, w/Set Only 7.0 6.5 
• TF115 Toggle F/F, w/Reset Only 7.0 6.5 
• TF125 Toggle F/F, w/Set and Reset 22.2 8.0 6.5 

ZZ01 Vertical Route Through 1.5 n/a n/a 
ZZ02 Right P·Well End Cell 2.2 n/a n/a 
ZZ03 Left P·Well End Cell 2.2 n/a n/a 

'These cells are included as Advanced Product Information, which means that the specifications are preliminary and subject to change. 
Please contact Gould AMI for current information. 

"Speed has been computed under the following conditions: 1j = 25°C, Voo = 5.0V, nominal process, CL = 1pF. In the case of the flip·fIOps, the 
characteristic which has been used Is maximum C to Q Oelay. 
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No other company can match Gould AMI's track record 
in developing state-of-the-art custom MOS products. 
With more than 3000 custom devices designed and 
manufactured since 1966, Gould AMI has more experi
ence than any other integrated circuit company in 
building a wide variety of custom integrated circuits. 

Gould AMI not only has the experience, but the design 
engineering organization and the advanced production 
and testing facilities to produce the highest quality 
MOSIVLSI circuits. And because Gould AMI also 
offers standard memory, microprocessor, telecom
munication and consumer products and the widest 
variety of custom VLSI processes in the industry, we're 
able to be objective in helping customers determine 
their most cost effective approach. 

The Spectrum of Solutions 

The decision to use a custom circuit depends on your 
system design requirements-such things as com
plexity, features, size and power limitations. But no 
longer is your custom decision limited by low volume 
or short development time-not when you come to 
Gould AMI. 

Gould AMI has a full spectrum of custom solutions to 
assure you get that solution which meets your system 
performance and time-to-market requirements at the 
lowest possible cost. 

Gould AMI's spectrum of solutions bridges the total 
span of volume, timing and interface needs of our 
customers. From semicustom designs to full custom 
design-somewhere on the spectrum, your develop
ment time and volume requirements can be met. For 
customers who already have their designs, Gould AMI 
can provide custom fabrication from the customer's 
tooling. We will teach IC design if that's what the 
customers need. And we can even go a step further 
and license the technology for a customer to set up his 
own fabrication capability. No other company offers 
such a spectrum of solutions. And no other company 
has more experience at helping you pick the best solu
tion for your needs. (See Figure 1.) 

The Advantages of Custom Circuits 

Since a single custom MOSIVLSI chip can replace ex
pensive eletromechanical devices, discrete logic com
ponents, or less efficient general purpose LSI circuits, 
it offers a number of benefits not available with stan
dard logic. 

Custom circuits save money. Grouping functions onto a 
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single chip lowers production and inventory costs 
dramatically. That reduces your product manufactur
ing costs as well. 

Custom circuits are more reliable. Putting a complete 
system on a chip trims component count, improving 
both product reliability and production yields. Rework, 
repair and replacements are minimized. 

Custom circuits reduce space and power requirements. 
Fewer components means both space and power 
requirements are reduced. 

Custom circuits offer superior performance. Since the 
circuit is designed to your requirements, features and 
functions can be incorporated which are not available 
in general purpose chips. Special tailoring reduces 
test requirements as well. 

Custom circuits offer proprietary protection. Being 
tailored exactly to your requirements, a custom circuit 
cannot be easily duplicated. This can help put you 
ahead-and keep you ahead-of your competition. 
(See Figure 2.) 

Semicustom Gate Arrays 

Gate arrays are the best solution for circuits of 
moderate complexity in low·to-medium volume ap
plications or where the shortest possible development 
time is required. 

Gould AMI CMOS semicustom gate arrays are stand
ard logic layouts of everything except the final metal 
interconnect pattern. Since only the final pattern 
needs to be developed to customize your circuits, both 
development time spans and development costs are 
dramatically reduced. Because wafers containing ar
rays are preprocessed and inventoried, production lead 
times are short. For more details on Gould AMI's gate 
arrays, refer to the "Gate Array" section of this catalog. 

Standard Cell Custom Design 

Standard cells are circuit "building blocks" which have 
been previously designed, characterized and stored in 
a computer database. Digital and analog cells are both 
available in Gould AMI's standard cell libraries to be in
tegrated into various application-specific circuits. We 
can also design custom cells for a specific customer 
requirement and include these cells in a standard cell 
circuit. Because each of the standard cells have been 
individually Simulated, the probability for first time 
success is very high. In fact, over ninety percent of our 
digital standard cell circuits work properly the first 
time. 



Figure 1. Choosing a Custom Solution Based on Cost 
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Although many factors (such as functional capability) playa part in the selection process, cost can be one of the criteria for choosing 
a custom or semicustom design technique. 
These three zones identify the most cost·effective design solution at a given volume and gate count. Within each zone, the solution 
indicated will produce the lowest unit price (including amortization of the development cost). 
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Figure 2. Comparing System Design Options 
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Customized circuits offer many advantages over SSI and MSI solutions. 

Compared to optimized full custom circuits, standard 
cell circuits offer substantial savings in both develop
ment cost and time span. However, the production unit 
prices of a standard cell circuit are slightly higher than 
the prices of a comparable optimized custom circuit. 
At the other end of the custom spectrum, standard cell 
circuits compare favorably with gate arrays. Because 
each standard cell circuit requires a unique mask set, 
the development cost and time span are not as low as 
those of gate arrays, which share common base mask 
layers. However, standard cell circuits can offer signifi
cant advantages in unit pricing, design flexibility, func
tional capabilities, and circuit performance. By com
bining the advantages of optimized full custom circuits 
and gate arrays, standard cell circuits provide a cost-
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effective custom solution for medium production 
volumes of ten to fifty thousand units per year. 

For more details on Gould AMI standard cells refer to 
the "Standard Cell" section of this catalog. 

Optimized Full Custom Design 
Where end product volume is high-beyond 50,000 
units per year-or where special requirements for 
lowest power, minimal space or highest performance 
exist, the solution is likely to be conventional custom 
design. By optimizing circuit elements and layout for a 
specific part, die size is substantially smaller than us
ing semicustom design methods. In high volume ap
plications, a smaller die size results in lower unit cost 
to the customer. 



In addition, custom designs allow you to combine 
logic elements, memory, and analog circuits in a single 
device. This design flexibility is not available in gate 
arrays and only available to a limited extent in standard 
cells. 

Digital and Analog Combinations 

Gould AMI is a leading innovator in combining digital 
and analog functions on a single chip. We can com
bine any of the functions below into an optimum cir
cuit configuration to meet your needs. Unique com
binations of these functions are already used in many 
applications in the communications, consumer, and 
industrial marketplace. 

DIGITAL 

PLA 
ALU 

Inverter 
RAM and ROM 
Shift Register 

I nterface Driver 
Automatic Power Down 

ANALOG 

OP AMP 
Oscillator 

Comparator 
Voltage Reference 

AID and 01 A Converters 
Switched Capacitor Filters 
Programmable Power Down 

Phase Locked Loops 

Instrumental in the design of custom circuits is our 
Symbolic Interactive Design System (SIDS)TM. The 
design is done primarily with the SIDS program, 
where a layout designer works with symbols directly 
at a large screen alphanumeric color CRT. After the 
SIDS circuit design has been completed and 
verified, the symbols are converted to polygons and 
a 10X reticle tape is prepared. 

With the SIDS program, error correction, circuit 
modification and area relocations take only minutes. 
That significantly reduces design cycle time and 
development costs. 

Computer-aided hand-drawn layouts are used to 
reduce extremely complex circuits to the absolute 
smallest size. Development time and costs are 
higher, but in certain cases, size or complexity re
quirements may require the hand-drawn approach. 
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Custom Continuum 

Customer Owned Tooling (Silicon Foundry) 

For customers who require the support of Gould 
AMI's silicon foundry, we offer vast production 
capacity and a large engineering staff. Over the past 
decade, Gould AMI has produced over 1200 circuits 
from customer designs-everything from standard 
products to gate arrays, standard cells, and full 
(interactive) custom circuits. When you use Gould 
AMI's foundry services, you'll receive experienced 
support and a broad line of processes to choose 
from. Gould AMI has full in-house manufacturing 
capability so none of our work is subcontracted. In 
addition, since Gould AMI produces no systems, we 
won't be competing with you in your markets. 

• Gould AMI offers flexible design input options: 
- Referral to qualified Gould AMI-subcontracted 

design houses 
- Customer generated workstation designs 
- Pattern generator tapes 
- Database tapes 
- Working plates 

• World's broadest process capability-over 27 
processes 
- PMOS 
- CMOS: 7.5p. to 3.0p. 
- NMOS: 6.0p. to 3.0p. 

• Packaging Flexibility 
- Wafers 
- Dice 
- Broad range of IC packages 

• Additional resources for the customer in design/ 
development/production 

• Advanced technology 

• Low cost 
• Short design-to-production cycle-4-5 weeks 

• Best quality (currently 0.04%) 

• Multiple source security for critical customer 
devices 

• Design security with non-disclosure agreements 

• Control of design/development/production 



Semicustom Group 

One of the most innovative approaches to Gould AMI's 
IC business has been the organization of specialized 
departments for marketing, training, technology inter
faces and applications support. Because of Gould 
AMI's experience in the semicustom business, many 
customers depend upon Gould AMI to provide the 
leadership in these areas. 
The Corporate Training Department provides several 
different training courses which are the best in our in
dustry. Training courses which cover Gate Array and 
Standard Cell Design, CAD Software, Workstation 
Interface Training, and the usage of Gould AMI cell 
libraries are offered on a monthly basis. As a result of 
this training, the customer's design productivity is 
enhanced which maximizes the probability of first time 
circuit successes. 
CAD Marketing is responsible for the licensing of 
Gould AMI's CAD Technology. The CAD System is 
composed of many software packages which cover the 
applications of schematic entry, logic simulation, test 
development and layout of standard cell circuits, gate 
arrays and full custom circuits. 

IC 
DESlGN
TASK 

WIJR1(STAl1OII 

LOGIC 
CONVERSION 

INTERFACE -
POINTS 
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Custom Continuum 

Gould AMI CAD Technology 

Gould AMI provides advanced computer-aided design 
tools for MOSNLSI circuit design in an Integrated 
system that supports the full continuum of design 
styles: ~emicustom gate arrays, standard cell circuits, 
and interactively designed full custom circuits. 
The complete system includes programs for 
schematic capture, design verfication, (logic simula
tion and back annotation), and mask design using 
automatic and interactive placement, routing, and 
editing techniques, symbolic mask design, and test 
program development. 
All of Gould AMI's design tools operate from a com
mon hierarchical database, HOLD. This logic database 
is accessed by all Gould AMI CAD tools requiring a 
logic description of the circuit being designed. Since 
the circuit description is entered into the computer 
only once, time is saved and the possibility of 
transcription errors is eliminated. 

Customers using major workstations can interface 
with Gould AMI's CAD system at several pOints during 
the design cycle. You can perform schematic capture 
on your workstation, then turn the netlist over to Gould 
AMI and we'll complete the deSign process for you. Or 
you can go a step further and do the logic simulation 
and timing verification on your workstation and then 
let Gould AMI take it from there. If your workstation 
has the capability you can also do the physical layout 
yourself and provide Gould AMI with a database tape. 



Gould AMI will license its software for you to use on 
your own computer system or you can use it at any of 
Gould AMI's regional Design Centers. All Gould AMI 
CAD software has been developed for portability, us
ing common high-level programming languages, 
primarily FORTRAN and PASCAL, thereby minimizing 
the difficulty of installing the software on different 
computer systems. Currently, Gould AMI CAD runs on 
DECIVAX and PRIME super-minicomputers. 

Gould AMI CAD Technology Packages 

Gould AMI offers the following software packages sup
porting IC design tasks: 

Design Capture 

Schematic Entry (EAZEl) - Permits a designer to create 
and edit circuit schematics interactively on a color 
graphics terminal. Output is a logical database (HOLD). 
Hardware Description language Compilation (BOl n -
Compiles the hardware description of a circuit into a 
common logic database (HOLD) file used by other 
Gould AMI CAD tools. 
Database (HOLD) - Database containing logical circuit 
description and semicustom library information 
accessed by various CAD programs during the design 
cycle. 

logic Simulation/Design Verification 
logic Simulation (SIMAD) -Twenty one state (nine 
strength) MOS logic simulator. Digitally simulates 
logic network behavior for both logic design verfica· 
tion and functional test pattern generation. 

Propagation Delay Calculation (DlAY) - Provides pro
pagation delay parameters for pre-layout (estimated 
delays) and post-layout (back annotation) logic simula· 
tions. 

Circuit Simulation/Analysis 

Circuit Simulation (AMISPICE) - Determines transistor 
level circuit behavior In terms of node voltages, branch 
currents and component power dissipations, 

Switched Capacitor Filter Analysis (SCAR II) - Provides 
simulation and optimization of switched capacitor cir
cuits. 
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Custom Continuum 

Mask Design 

Gate Array Designs (GAPAR) - Automatic place and 
route of Gould AMI's gate array circuits in single or 
double metal technologies. 
Standard Cell Designs (CIPAR) - Automatic place and 
route of standard cell circuits. Includes area optimiza
tion and interactive editing features. 

Full Custom Designs (SIDS) - A suite of programs sup
porting a symbolic mask design system that can be 
used for standard cell creation or interactively
designed full custom circuits. 

Test Design 

Test Program Generation (TESTPRO) - Automatically 
generates device test programs for SentryTM test 
systems. 

Test Pattern Formatting (TESTFORM) - Generates a 
compressed functional test pattern based on 
stimuli/response bit patterns obtained during logic 
simulation. 

Interfacing to Gould AMI CAD Technology 

If you prefer to design your circuits on workstations or 
other CAD systems, Gould AMI will gladly accept the 
various forms of information listed below. 
Netlists 

Daisy 
Mentor 
Tegas 
Mostek 

Others available on an "as needed" basis. 
Geometric Data 

Calma Stream (bilateral) 
Caltech Intermediate Format (CIF) (bilateral) 

Pattern Generator Data 
David Mann 
Electromask 

Gould AMI offers "one-stop-shopping" solutions for all 
the popular semicustom design methodologies. Fur· 
ther information on any material related to semi· 
custom libraries, training or CAD can be addressed to 
a local Gould AMI sales engineer or by calling the 
representative marketing departments, standard cell, 
gate array or CAD. 
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For more information on those data sheets which 
are not included in their entirety refer to AMI's 

Telecom Design Manual or contact 
Telecom Marketing at (408) 554·2070 



Communication Products Selection Guide 

STATION PRODUCTS 
Part No. Description Process Power Supplies Packages 

S2550A Speech Network with Tone Ringer CMOS Line Powered 18 Pin 

S2559E/F DTM F Generator CMOS 2.5Vto 10V 16 Pin 

S2579 BCD Input DTMF Dialer CMOS 3.0Vto 10V 16 Pin 

S2560A Pulse Dialer CMOS 1.5V to 3.5V 18 Pin 

S2560G/1 Pulse Dialer CMOS 2.0V to 3.5V 18 Pin 

S2561 , S2561C Tone Ringer CMOS 4.0V to 12.0V 18 Pin 

52569/ A DTMF Generator with Redial CMOS 2.0V to 3.5V 16 Pin 

S25089 DTM F Generator CMOS 2.5Vto 10V 16 Pin 

S25610 Repertory Pulse Dialer CMOS 1.5V to 3.5V 18 Pin 

S25910/S25912 DTM F Repertory Dialer CMOS Line Powered 16 Pin 

PCM PRODUCTS 
S3506 A·Law Combo Codec with Filters CMOS ±5V 22 Pin 

S3507 / A m·Law Combo Codec with Filters CMOS ±5V 22128 Pin 

S44230/31/32/ 
33/34 Combo Codecs with Filters CMOS ±5V 16 Pin 

S44235/36/37/38 Combo Codecs with Filters and PLL CMOS ±5V 16 Pin 

S8970 Digital Line Interface Circuit CMOS 5V 40 Pin 

S8975 DSI/TI Digital Trunk Interface Circuit CMOS 5V 20 Pin 

S8978 CEPT Digital Trunk Interface Circuit CMOS 5V 20 Pin 

S8980 Ditial Time/Space Crosspoint Switch'8 x 32 CMOS 5V 40 Pin 

58981 Digital Time/Space Crosspoint Switch'4 x 32 CMOS 5V 40 Pin 

SIGNAL PROCESSORS 
57720 Digital Signal Processor NMOS 5V 28 Pin 

MODEM AND FILTER PRODUCTS 
S352121A Bell 212/V.22 Modem Filter with I/O Filtering CMOS ±5V 28 Pin 

S35213 1200/300 bps Modem CMOS ±5V 28 Pin 

S3524 Digital Frequency Detector CMOS ±5V 8 Pin 

S3525A DTMF Bandsplit Filter CMOS 10.0V to 13.5V 18 Pin 

S3526B 2600Hz Band·Pass/Notch Filter CMOS 9V to 13.5V 14 Pin 

S3528 Programmable Low Pass Filter CMOS 9Vto 13.5V 18 Pin 

53529 Programmable High Pass Filter CMOS 9.0V to 13.5V 18 Pin 

S3530 Single Chip Belll03/V.21 Modem CMOS 9.5V to 10.5V 28 Pin 

4.2 
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Advanced Product Description 

Features 
o Monolithic IC Consisting of the Speech Network 

and Tone Ringer 
o Interfaces With Inexpensive Condenser Electret 

Microphone, Electromagnetic Receiver and a 
Piezoelectric Ringer Transducer 

o Automatic Gain Adjustment for Loop Loss 
Compensation 

o Low Voltage CMOS Process for Operation Over 
Varying Loop Lengths and Currents 

Functional Block Diagram 

18 

VDO 

10 LINE 

6 AGC, 

16 AGC 

17 RSET 

TO HOOKSWITCH ....:.2 +1::::NH,,-1 _-:-:: ________ --'", 

Vss 
9 

AGC, 

S2550A 

TWO TO FOUR WIRE TELEPHONE 
HYBRID WITH TONE RINGER 

o Uses Inexpensive and Non-Critical External 
Components 

General Description 
The S2550A is a monolithic CMOS IC conSisting of a 
hybrid circuit for telephone speech functions and a 
tone ringer circuit. The hybrid circuit performs the 2/4 
wire conversion for transmission and reception of 
speech in a telephone handset. The tone ringer circuit 
generates an audible tone coincident with the incom
ing ringing signal through a piezoelectric transducer or 
a high impedance speaker. 

Pin Configuration 

15 

,,-,lOOK 

LINE CURRENT 
SENSE & AGC 

4.3 

DC 7 

ROUT 8 

TROUT 1 

TRaUT 

INH, 

INH2 

AGCR 

AGes 

DC 

ROUT 

V," 

lis" 
AGC 

0" 

'. 
0, 

0, 

LINE 



Circuit Description 

The S2550A consists of the following functional 
blocks. 

1. Transmitting transconductance amplifier with AGC. 
The transconductance is programmed by an external 
resistor to R-set. 
2. Receiving transconductance amplifier with AGC. 
The output current level is adjusted on pin "DC". 
3. Hybrid circuit. An external RC circuit must be added 
to compensate the phase shift for different line length 
and line impedance. 
4. Line current sensing circuit for automatic gain con
trol. 
5. Tone ringer with output stage capable of driving a 
piezoelectric transducer or a high impedance speaker. 

Voltage gain of the first stage of transmitting amplifier 

Absolute Maximum Ratings 

S2550A 

can be adjusted by the ratio of the negative feedback 
resistors R11, R12. Current gain and current level is pro
grammed by R13. 

The Inhibit Input 1 turns off the speech part of the cir· 
cuit and activates the tone ringer if it is set to logical 
"1". Setting it to logical "0" activates the speech circuit 
and puts the tone ringer output to a high impedance 
state. AGC input is active when connected to pin AG~ 
via capacitor. The side tone cancelling current is con
nected to the receiver input pin R1N. 

The automatic gain control of the receiver amplifier is 
provided by connection of input RIN to AGCR via a cap
acitor. 

Tone ringer frequency is set by RC time constant on 
pins R1, R2 and C. The Inhibit Input 2 is provided to inhi
bit the oscillator by setti ng the necessary delay to avoid 
false ringing. 

S2550A Electrical Characteristics (@ 25°C Measured Using Circuits of Figures 1 and 2.) 

Parameter Min. Typ. Max. Test Conditions 

Sending Gain f 1000Hz 
VL VT = 10mVP-P 

Gs = 20 Log --- 28dB 40dB 43dB IL = 20mA 
VT 27dB 33dB 37dB IL = 60mA 

Sending Gain 
± 0.5dB IL 20 to BOmA 

Flatness f = 300 to 3400Hz 

Sending Distortion @ 20mA IL 2,5% 5% f 1000Hz 
VT = 10mV pop 

Receiving Gain f 1000Hz 
VR VL = 100mV pop 

GR = 20 Log --- -7dB -1dB +3dB IL = 20mA 

YL -13dB -6dB -2dB IL = 60mA 

Receiving Gain IL 20 to BOmA 
Flatness ±0,5dB f = 300 to 3400Hz 

Receiving Distortion 2% 5% f 1000Hz 
@ 20mA IL VR = 100mV pop 

Side Tone f 1000Hz 
VR VT = 10mV Pop 

GL = 20 Log --- 1BdB 29dB 36dB IL = 20mA 
VT 12dB 21dB 2BdB IL = 60mA 
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S2550A 

S2550A Electrical Characteristics (continued) 

Parameter Min. Typ. Max. Test Conditions 

Sending Noise 20dBrnCO IL = 60mA 
VT = OV 

VIL Logic "0" Input Voltage .3V Max. 

VIH Logic" 1" I nput Voltage Voo 

IL (Operating Current? 20mA 10mA Min. Note 1 

Voo (Operating Voltage) 2.0V 12V Note 2 

Note 1. Although the S2550 is tested to a 20mA minimum loop current, it will normally work down to a 10mA loop current. 
Note 2. This is a voltage guideline, not a tested specification. The S2550A is tested at specific loop currents, not voltages. 

Table 1. S2550A Pin/Function Descriptions 
Pin # Name 

TROUT 

2 INH1 

3 INH2 

4 AGCR 

5 AGCs 

6 AGCT 

7 DC 

8 ROUT 

9 Vss 

10 LINE 

11 C 

12 R2 

13 R1 

14 TIN 

15 RIN 

16 AGC 

17 RSET 

18 Voo 

Function 

Tone ringer output. 

This input selects the tone ringer or the speech network depending on the input level. A high level 
inhibits speech network but enables the tone ringer. A low level enables the speech network but in
hibits the tone ringer. 

For normal operation this pin can be left open. It has an internal pull-up resistor. To avoid false ring
ing, a capacitor can be connected to Vss from this pin to create a delay in response time to ringing 
signal. 

A capacitor (C4) connected between this pin and RIN allows loop loss compensation for receiving 
gain. This input looks like a variable resistor varying with loop current. 

This input also looks like a variable resistor varying with loop current; can be used to modify the 
artificial line consisting of R7, R8, and C5. 

This input is used to adjust sending gain. 

This input controls DC current through receiver by ratio of two resistors, Rg and R10 . 

Receiver output, capable of driving low impedance receivers (300Q value suggested). 

Negative power terminal. 

Line Input. AC input impedance seen by the phone line is primarily a function of resistor R3 and Cap 
C2 connected between LINE, Voo and Vss. This pin modulates the line current. 

This pin is to connect external capacitor to form R-C oscillator for tone ringer. 

External resistor to form R-C oscillator for tone ringer. 

Tone ringer input to modulate ringing frequency. 

Microphone input to sending amplifier. 

Input of receiving amplifier. 

AGC input for sending amplifier. 

Input to second stage sending amplifier. (22K for R13 gives approximately 50mA line current at 
4.5V. RSET is inversely proportional to line current.) 

Positive power terminal. 

4.5 



S2550A 

Figure 1. Test Set-Up Using Loop Simulator Shown in Figure 2 to Test Hybrid Functions 

R, RS 

180K 39K 

Rg 

AGCs 220K 

10 DC 
LINE 

R3 510Q 
AGC, 18 

VDD 
" Cz 100",F 16 C, 9 AGC 

Vss I"F 
S2550A 14 

TIN 

RSET 
17 

Rn 

RA = 300~2 
CL = 100"F 

INH1 ROUT 
~ V, 

R, 300Q VA 

Figure 2. Loop Simulator 

CURRENT 
METER 

T 

:!:: 500"F -10 % , + 50% 
48V 
DC 

POWER 60UQ 1% 
SUPPLY 

10H 220Q 2K~ 
,---1'YYn 

/' 
R 
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Figure 3. Typical Application Circuit for a Rotary Dial Telephone 

" 

~--+r-7-w.,.---,--t--t----'=-l'0 LINE 

18 Voo 

'" '----+----r--------t--~-_49 Vss AGC 16 + C, 

NOTES: CIRCUIT SHOWN WITH CONTACT POSITIONS IN THE ON· HOOK STATE. 81. 82 and 53 ARE HOOKSWITCH CONTACTS. 
84 AND 85 ARE ROTARY DIAL CONTACTS. 

Parts List for Application Circuit of Figures 1, 3, 4, 5 

R1 = 2KQ R23 = 5KQ C15 100J.lF 
R2 = 20Q R24 = 5KQ C16 1J.1F 
R3 = 510Q R25 = 1KQ 
R4 = 5.6MQ R26 = 100KQ Q1 2N5401 
R5 = 1MQ R27 = 20KQ Q2 2N5550 
R6 = 500KQ R28 = 10KQ Q3 2N5550 
R7 = 180KQ R29 = 7.5KQ Q4 2N5550 
R8 = 39KQ 
R9 = 220KQ C1 = 1J.1F Z1 110VZENER 

R10 = 1MQ C2 = 100J.lF Z2 12V ZENER 
R11 = 20KQ C3 = .OO1J.1F Z3 3.9V ZENER 

R12 = 3.9KQ C4 = .1J.1F 
R13 = 22KQ C5 = 220pF 01-04 1 N4004 

R14 = 20MQ C6 = .1J.1F 
R15 = 1KQ C7 = 1J.1F 05-06 1N914 

" 

R16 = 5KQ C8 = 1J.1F MIC EM-60 (PRIMO ELECTRO DYNAMIC) 
R17 = 150KQ C9 = .1J.1F 

Mit. 

RH. 

R18 = 10KQ C10 = .01J.1F RES PIEZOELECTRIC TRANSDUCER OR SPEAKER 
R19 = 750KQ C11 = .1J.1F 

S2550A 

R20 = 750KQ C12 = 15J.1F REC ELECTROMAGNETIC RECEIVER (300Q IMPEDANCE) 
R21 = 750KQ C13 = 270pF 
R22 = 900Q C14 = 1J.1F X 3.58 MHz Crystal 
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Figure 4. A Typical Application Circuit for an Electronic Telephone 
(Circuit Shown With Hookswitch Contact Position S1-85 in the On-Hook State.) 
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Figure 5. A Typical Application Circuit for an Electronic Telephone With DTMF 
(Circuit Shown With Hookswltch Contact Position S1-83 in the On-Hook State.) 
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Features 

o Wide Operating Supply Voltage Range: 2.5 to 10 
Volts 

o Low Power CMOS Circuitry Allows Device Power to 
be Derived Directly from the Telephone Lines or 
from Small Batteries, e.g., 9V 

o Uses TV Crystal Standard (3.58MHz) to Derive all 
Frequencies thus Providing Very High Accuracy 
and Stability 

o Mute Drivers On·Chip 
o Interfaces Directly to a Standard Telephone Push· 

Button or Calculator Type X·Y Keyboard 
o The Total Harmonic Distortion is Below Industry 

Specification 

Block Diagram 

XTAL "",-{;}.r--j 
Cl 

3.58MH~'"""'1ilOM""n,IT{-L';:';:"":.:..J 

S2559E/F 

DTMF TONE GENERATOR 

o Oscillator Resistor On Chip 
o On·Chip Generation of a Reference Voltage to 

Assure Amplitude Stability of the Dual Tones Over 
the Operating Voltage and Temperature Range 

o Single Tone as Well as Double Tone Capability 
o Two Options Available: 

E:2.5 to 10V Mode Select 
F:2.5 to 10V Chip Disable 

General Description 

The S2559 DTMF Generator is specifically designed to 
implement a dual tone telephone dialing system. The 
device can interface directly to a standard pushbutton 

Pin Configuration 

Voo TONE OUT 

XMIT MOSLICO 

C, R, 

C, R, 

C, R, 

Vss R, 

OSC, MUTE 

OSCo C, 

I 

'L....,_.....I L ________ --1 

4.10 



General Description (Continued) 

telephone keyboard or calculator type X-V keyboard 
and operates directly from the telephone lines. All 
necessary dual-tone frequencies are derived from the 
widely used TV crystal standard providing very high ac
curacy and stability. The required sinudsoidal wave
form for the individual tones is digitally synthesized on 
the chip. The waveform so generated has very low total 
harmonic distortion. A voltage reference is generated 
on the chip which is 'stable over the operating voltage 

Absolute Maximum Ratings 

S2559E/F 

and temperature range and regulates the signal levels 
of the dual tones to meet the recommended telephone 
industry specifications. These features permit the 
52559 to be incorporated with a slight modification of 
the standard 500 type telephone basic circuitry to form 
a pushbutton dual-tone telephone. Other applications 
of the device include radio and mobile telephones, 
remote control, Point-of-Sale, and Credit Card Verifica
tion Terminals and process control. 

DC Supply Voltage (VDD - Vss) ............................................................... + 10.5V 
Operating Temperature .............................................................. - O°C to + 70°C 
Storage Temperature .............................................................. - 30°C to + 125°C 
Power Dissipation at 25°C .................................................................. 1000mW 
Digital Input ................................................................ Vss - 0.3';;VIN ';;VDD + 0.3 
Analog Input ............................................................... Vss - 0.3';;VIN ';;VDD + 0.3 

S2559E/F Electrical Characteristics: 

(Specifications apply over the operating temperature range of O°C to + 70°C unless otherwise noted. Absolute values 
of measured parameters are specified.) 

Symbol Parameter/Conditions (Voo-Vss) Min. Typ. Max. Units 
Volts 

Supply Voltage 

Tone Out Mode (Valid Key Depressed) 2.5 10.0 V 

Voo 
Non Tone Out Mode (No Key Depressed) 1.6 10.0 V 

Supply Current 

Stand by (No Key Selected, Tone, X M IT 3.0 0.3 30 /iA 

and MUTE Outputs Unloaded) 10.0 1.0 100 /iA 

100 
Operating (One Key Selected, Tone, XMIT 3.0 1.0 2.0 mA 

and MUTE Outputs Unloaded) 10.0 8 16.0 mA 

Tone Output 

Single Tone Row Tone, RL = 390Q 3.5 335 465 565 mVrms 
S2559E/F Mode Output 5.0 380 540 710 mVrms 

VOR Voltage Row Tone, RL = 240Q 10.0 380 550 735 mVrms 

dBCR Ratio of Column to Row Tone (Dual Tone Mode)2559E/F 3.5 -10.0 1.0 2.0 3.0 dB 

%DIS Distortion * 2559E/F 3.5 -10.0 7 % 
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S2559EJF Electrical Characteristics: (continued) 

Symbol Parameter/Conditions 

XMIT, MUTE Outputs 

XMIT, Output Voltage, High (IOH = 15mA) 
VOH 

(No Key Depressed)(Pin 2) (IOH = 50mA) 

IOF XMIT, Output Source Leakage Current, VOF=OV 

MUTE (Pin 10) Output Voltage, Low, 
VOL 

(No Key Depressed), No Load 

MUTE, Output Voltage, High, 
VOH 

(One Key Depressed) No Load 

IOl 
MUTE, Output Sink 

VOl=0,5V 
Current 

IOH 
M UTE, Output Source VOH = 2,5V 

Current VOH=9,5V 

(VDD·VSS) 
Volts 

3,0 

10,0 

10,0 

2,75 

10,0 

2,75 

10,0 

3,0 

10.0 

3,0 

10,0 

S2559EJF 

Units 

1,5 1,8 V 

8,5 8,8 V 

100 "A 

° 0,5 V 

° 0,5 V 

2,5 2.75 V 

9,5 10,0 V 

0,53 1,3 mA 

2,0 5,3 mA 

0,17 0.41 mA 

0,57 1,5 mA 

• Distortion is defined as "the ratio of the total power of all extraneous frequencies, in the VOICE band above 500Hz, to the total power of 
the DTMF frequency pair". 

Table 1. Comparisons of Specified vs Actual Tone 
Frequencies Generated by 52559 

OUTPUT FREQUENCY Hz 
ACTIVE % ERROR 
INPUT SPECIFIED ACTUAL SEE NOTE 

R1 697 699,1 +0,30 
R2 770 766,2 -0,49 
R3 852 847.4 -0,54 
R4 941 948,0 +0.74 
C1 1,209 1,215,9 +0,57 
C2 1,336 1,331,7 -0,32 
C3 1,477 1,417,9 -0,35 
C4 1,633 1,645,0 +0.73 

NOTE: % Error does not include oscillator drill. 

Table 2. XMIT and MUTE Output Functional Relationship 

OUTPUT 'DIGIT' KEY 'DlGlr KEY COMMENT 
RELEASED DEPRESSED 

XMIT Vaa High Can source at least 
Impedance 50mA at 10V with 

1 ,5V max, drop 

MUTE Vss Vaa Can source or 
sink current 

4.12 
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Figure 1. Standard Telephone Push Button Keyboard 
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Circuit Description 

The 82559 is designed so that it can be interfaced easi
ly to the dual tone signaling telephone system and that 
it will more than adequately meet the recommended 
telephone industry specifications regarding the dual 
tone signaling scheme. 

Design Objectives 

The specifications that are important to the design of 
the DTMF Generator are summarized below: the dual 
tone signal consists of linear addition of two voice fre
quency signals. One of the two signals is selected from 
a group of frequencies called the "Low Group" and the 
other is selected from a group of frequencies called the 
"High Group". The low group consists of four frequen
cies 697, 770, 852 and 941 Hz. The high group consists 
of four frequencies 1209, 1336, 1477 and 1633 Hz. A 
keyboard arranged in a row, column format (4 rows x 3 
or 4 columns) is used for number entry. When a push 
button corresponding to a digit (0 thru 9) is pushed, one 
appropriate row (R1 thru R4) and one appropriate col· 
umn (C1 thru C4) is selected. The active row input 
selects one of the low group frequencies and the active 
column input selects one of the high group frequen· 
cies. In standard dual tone telephone systems, the 
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highest high group frequency of 1633Hz (Col. 4) is not 
used. The frequency tolerance must be ± 1.0%. How· 
ever, the 82559 provides a better than .75% accuracy. 
The total harmonic and iritermodulation distortion of 
the dual tone must be less than 10% as seen at the tele· 
phone terminals. (Ref. 1.) The high group to low group 
Signal amplitude ratio should be 2.0 ± 2dB and the 
absolute amplitude of the low group and high group 
tones must be within the allowed range. (Ref. 1.) These 
requirements apply when the telephone is used over a 
short loop or long loop and over the operating tempera
ture range. The design of the 52559 takes into account 
these considerations. 

Oscillator 

The device contains an oscillator circuit with the 
necessary parasitic capacitances and feedbaCk 
resistor on chip so that it Is only necessary to connect a 
standard 3.58MHz TV crystal across the OSCI and 
OSCo terminals tei implement the oscillator function. 
The oscillator functions whenever a row input is acti
vated. The reference frequency is divided by 2 and then 
drives two sets of programmable dividers, the high 
group and the low group. 



Keyboard Interface 

The 82559 employs a calculator type scanning circuitry 
to determine key closures. When no key is depressed, 
active pull-down resistors are "on" on the row inputs 
and active pull-up resistors are "on" on the column in
puts. When a key is pushed a high level is seen on one 
of the row inputs, the oscillator starts and the keyboard 
scan logic turns on. The active pull-up or pull-down 
resistors are selectively switched on and off as the 
keyboard scan logic determines the row and the COl
umn inputs that are selected. The advantage of the 
scanning technique is that a keyboard arrangement of 
8PST switches are shown in Figure 2 without the need 

S2559EJF 

for a common line, can be used. Conventional tele
phone push button keyboards as shown in Figure 1 or 
X-Y keyboards with common can also be used. The 
common line of these keyboards can be left uncon
nected or wired "high". 

logic Interface 

The 82559 can also interface with CM08 logic outputs 
directly. The 82559 requires active "High" logic levels. 
8ince the active pull-up resistors present in the 82559 
are fairly low value (500Q typ), diodes can be used as 
shown in Figure 3 to eliminate excessive sink current 
flowing into the logic outputs in their "low" state. 

Figure 2_ SPST Matrix Keyboard Arranged in the 2 of 8 Row, Column Format 

SPST MATRIX KEYSORTEO" 

o 
Cl 

Tone Generation 

When a valid key closure is detected, the keyboard 
logic programs the high and low group dividers with 
appropriate divider ratios so that the output of these 
dividers cycle at 16 times the desired high group and 
low group frequencies. The outputs of the program
mable dividers drive two 8-stage Johnson counters. 
The symmetry of the clock input to the two divide by 16 
Johnson counters allows 32 equal time segments to be 
generated within each output cycle. The 32 segments 
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R1 

R2 

R3 

R4 

C2 C3 C4 (OPTIONAL COLUMN) 

are used to digitally synthesize a stair-step waveform to 
approximate the sinewave function (see Figure 3). This 
is done by connecting a weighted resistor ladder net
work between the outputs of the Johnson counter, Voo 
and VREF• VREF closely tracks VOD over the operating 
voltage and temperature range and therefore the peak
to-peak amplitude Vp (Voo - VREF) of the stairstep func
tion is fairly constant. VREF is so chosen that Vp falls 
within the allowed range of the high group and low 
group tones. 



Figure 3. Logic Interface for Keyboard Inputs of the S2559 
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Figure 4. Stairstep Waveform of the Digitally Synthesized Sinewave 
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The individual tones generated by the sinewave synthe
sizer are then linearly added and drive a bipolar NPN 
transistor connected as emitter follower to allow pro
per impedance transformation, at the same time preser
ving Signal level. 

Dual Tone Mode 
When one row and one column is selected dual tone 
output consisting of an appropriate low group and high 
group tone is generated. If two digit keys, that are not 
either in the same row or in the same column, are de
pressed, the dual tone mode is disabled and no output 
is provided. 

Single Tone Mode 
Single tones either in the low group or the high group 
can be generated as follows. A low group tone can be 
generated by activating the appropriate row input or by 
depressing two digit keys in the appropriate row. A high 
group tone can be generated by depressing two digit 
keys in the appropriate column, I.e., selecting the 
appropriate column input and two row inputs in that 
column. 

Mode Select 
The S2559E has a Mode Select (MDSL) input (Pin 15). 
When MDSL is left floating (unconnected) or connected 
to VDD, both the dual tone and single tone modes are 
available. If MDSL is connected to Vss, the single tone 
mode is disabled and no output tone is produced if an 
attempt for single tone is made. The S2559F does not 
have the Mode Select option. 

Chip Disable 
The S2559F has a Chip Disable input at Pin 15 instead 
of the Mode Select input. The chip disable for the 
S2559F is active "high." When the chip disable is ac
tive, the tone output goes to Vss, the row, column in
puts go into a high impedance state, the oscillator is in
hibited and the MUTE and XMIT outputs go into active 

Quartz Crystal Specification (250 C + 2°C) 
Operating Temperature Range: O°C to + 70°C 
Frequency. . . . . . .. . ........ . 
Frequency Calibration Tolerance ... . 
Load Capacitance ..... . 
Effective Series Resistance ...... . 
Drive Level-Correlation/Operating 
Shunt Capacitance ... 

3.579545MHz 
.. 02 ±% 

. . 18pF 
. . 180 Ohms, max. 

........... 2mW 
. .... 7pF, max. 

. Fundamental Oscillation Mode. . . . . . . . .. . .......... . 
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states. The effect is the device essentially disconnects 
from the keyboard. This allows one keyboard to be 
shared among several devices. 

MUTE, XMIT Outputs 
The S2559E, F have a CMOS buffer for the MUTE output 
and a bipolar NPN transistor for the XMIT output. With 
no keys depressed, the MUTE output is "low" and the 
XMIT output is in the active state so that substantial 
current can be sourced to a load. When a key is 
depressed, the MUTE output goes high, while the XMIT 
output goes into a high impedance state. When Chip 
Disable is "high" the MUTE output is forced "low" and 
the XMIT output is in active state regardless of the state 
of the keyboard inputs. 

Amplitude/Distortion Measurements 
Amplitude and distortion are two important parameters 
in all applications of the Digital Tone Generator. Ampli
tude depends upon the operating supply voltage as 
well as the load resistance connected on the Tone Out
put pin. The on-chip reference circuit is fully operation
al when the supply voltage equals or exceeds 5 volts 
and as a consequence the tone amplitude is regulated 
in the supply voltage range above 5 volts. The load 
resistor value also controls the amplitude. If RL is low 
the reflected impedance into the base of the output 
transistor is low and the tone output amplitude is lower. 
For RL greater than 5kQ the reflected impedance is suf
ficiently large and highest amplitude is produced. Indi
vidual tone amplitudes can be measured by applying 
the dual tone signal to a wave analyzer (H-P type 3581 A) 
and amplitudes at the selected frequencies can be 
noted. This measurement also permits verification of 
the preemphasis between the individual frequency 
tones. 

Distortion is defined as "the ratio of the total power of 
all extraneous frequencies in the voiceband above 
500Hz accompanying the signal to the power of the fre
quency pair." This ratio must be less than 10% or when 
expressed in dB must be lower than - 20dB. 

(Ref. 1.) Voiceband is conventionally the frequency 
band of 300Hz to 3400Hz. Mathematically distortion 
can be expressed as: 

r----------------. V (V1)2+(V2)2+ .. +(VN)2 
Dlsl. = 

V (Vd2 + (VH)2 

where (V1) •. (VN) are extraneous frequency (I.e., inter
modulation and harmonic) components in the 500Hz to 



3400Hz band and VL and VH are the individual frequency 
components of the DTMF signal. The expression can 
be expressed in dB as: 

DIST dB = 20 log V'(::-:Vl-:-) 2:-+-(::-:V2-:-) :-2 +-. -. (-V-N )-2 -

V (Vd 2 + (VH)2 

= 10{ log[(Vl)2 +. ,(VN)2]-log[(Vd2 + (Vd2 + (VH)2]) ... (1) 

An accurate way of measuring distortion is to plot a 
spectrum of the signal by using a spectrum analyzer 
(H-P type 3580A) and an x-v plotter (H-P type 7046A). In
dividual extraneous and signal frequency components 
are then noted and distortion is calculated by using the 
expression (1) above. Figure 6 shows a spectrum plot of 
a typical signal obtained from a 52559 device operating 
from a fixed supply of 4Vdc and RL = 10kQ in the test 
circuit of Figure 5. Mathematical analysis of the spec
trum shows distortion to be - 30dB (3.2%). For quick 
estimate of distortion, a rule of thumb as outlined 
below can be used. 

Figure 5. Test Circuit for Distortion Measurement 
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"As a first approximation distortion in dB equals the dif
ference between the amplitude (dB) of the extraneous 
component that has the highest amplitude and the 
amplitude (dB) of the low frequency signal." This rule of 
thumb would give an estimate of - 28dB as distortion 
for the spectrum plot of Figure 6 which is close to the 
computed result of - 30dB. 

In a telephone application amplitude and distortion are 
affected by several factors that are interdependent. For 
detailed discussion of the telephone application and 
other applications of the 2559 Tone Generator, refer to 
the applications note "Applications of Digital Tone 
Generator." 

Ref. 1: Bell System Communications Technical Refe .... 
ence, PUB 47001, "Electrical Characteristics of Bell 
System Network Facilities at the Interface with Voice
band Ancillary and Data Equipment," August 1976. 
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Figure 6. A Typical Spectrum Plot 
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AIMII Semiconductors 

Features 

D Low Voltage CMOS Process for Direct Operation 
from Telephone Lines 

D Inexpensive R·C Oscillator Design Provides Better 
than ± 5% Accuracy Over Temperature and Unit to 
Unit Variations 

D Dialing Rate Can be Varied by Changing the Dial 
Rate Oscillator Frequency 

D Dial Rate Select Input Allows Changing of the Dial· 
ing Rate by a 2:1 Factor Without Changing Oscil· 
lator Components 

D Two Selections of Mark/Space Ratios (33V3/66 2/3 or 
40/60) 

D Twenty Digit Memory for Input Buffering and for Re· 
dial with Access Pause Capability 

D Mute and Dial Pulse Drivers on Chip 

Block Diagram 

KEYBOARD 
INPUTS 

DIAL \ RO 

RATE I CD 
osc RE 

DRS IPS MiS 
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PULSE DIALER 

D Accepts DPCT Keypad with Common Arranged in a 
2 of 7 Format; Also Capable of Interface to SPST 
Switch Matrix 

General Description 

The S2560A Pulse Dialer is a CMOS integrated circuit 
that converts pushbutton inputs to a series of pulses 
suitable for telephone dialing. It is intended as a 
replacement for the mechanical telephone dial and can 
operate directly from the telephone lines with 
minimum interface. Storage is provided for 20 digits, 
therefore, the last dialed number is available for redial 
until a new number is entered. IDP is scaled to the dial· 
ing rate such as to produce smaller IDP at higher dial· 
ing rates. Additionally, the IDP can be changed by a 2:1 
factor at a given dialing rate by means of the IDP select 
input. 

Pin Configuration 

R, C, 

R, C, 

R, C, 

R, IDP 

liS DRS 

R, Voo 

Co MIS 

Ro MUTE 

DP V" 
DP 

Mlrn: 
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Absolute Maximum Ratings: 

Supply Voltage ......................................................................................................................................................................... + 5.5V 
Operating Temperature Range .............................................................................................................................. O°C to + 70°C 
Storage Temperature Range .............................................................................................................................. - 65°C to + 150°C 
Voltage at any Pin ...................................................................................................................................... Vss - O.3V to Voo + O.3V 
Lead Temperature (Soldering, 10sec) ..................................................................................................................................... 300°C 

Electrical Characteristics: 
Specifications apply over the operating temperature and 1.5V';;Voo - Vss ';;3.5V unless otherwise specified. 

Symbol Parameter 
Voo.Vss 
(Volts) 

Min. Max. Units Conditions 

Output Current Levels 

IOLOP 
DP Output Low 

3.5 125 J'A VOUT = OAV 
Current (Sink) 

IOHOP 
DP Output High 1.5 20 J'A VOUT = IV 
Current (Source) 3.5 125 J'A VOUT = 2.5V 

IOLM 
M UTE Output Low 3.5 125 J'A VOUT = 0.4V 
Current (Sink) 

IOHM 
MUTE Output High 1.5 20 J'A VOUT = IV 
Current (Source) 3.5 125 J'A VOUT = 2.5V 

IOLT 
Tone Oulput Low 

1.5 
Current (Sink) 

20 MA VOUT = OAV 

IOHT 
Tone Output High 

1.5 
Current (Source) 

20 J'A VOUT = IV 

VOR Data Retention Voltage 1.0 V "On Hook" HS = Voo. Keyboard open, all 

100 Quiescent Current 1.0 750 nA other input pins to VOO or Vss 

100 Operating Current 1.5 100 J'A DP, MUTE open, HS = Vss ("Off Hook") 
3.5 500 J'A Keyboard processing and dial pulsing at 10 

pps at conditions as above 

fa Oscillator Frequency 1.5 10 kHz 

Ato/fo Frequency Deviation 1.5 to 2.5 -3 +3 % Fixed R-C oscillator components 
50KQ<O;RO<O;750KQ; 100pF<O;Co* <O;1000pF; 

2.5 to 3.5 -3 +3 % 750kQ <0; RE <0; 5MQ 
* 300pF most desirable value for Co 

Input Voltage Levels 

VIH Logical" 1 " 80% of Voo V 
(Voo- Vss ) +0.3 

VIL Logical "0" Vss 20% of V 
-0.3 (Voo- Vss) 

CIN Input Capacitance Any Pin 7.5 pF 

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off before the power supply is turned off (Vss <0; 
VI <0; Voo as a maximum limit). This rule will prevent over-dissipation and possible_qamage of the input-protection diode when the device power supply is grounded. When 
power is first applied to the device, the device should be in "On Hook" condition (HS = 1). This is necessary because there is no internal power or reset on chip and for pro
per operation all internal latches must come up in a known state. In applications where the device is hard wired in "Off Hook" (HS = 0) condition, a momentary' 'On Hook" 
condition can be presented to the device during power up by use of a capacitor resistor network as shown in Figure 6. 
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Functional Description 
The pin function designations are outlined in Table 1. 

Oscillator 
The device contains an oscillator circuit that requires 
three external components: two resistors (Ro and RE) 
and one capacitor (CD). All internal timing is derived 
from this master time base. To eliminate clock interfer· 
ence in the talk state; the oscillator is only enabled dur· 
ing key closures and during the dialing state. It is 
disabled at all other times including the "on hook" con· 
dition. For a dialing rate of 10pps the oscillator should 
be adjusted to 2400Hz. Typical values of external com· 
ponents for this are Ro and RE = 750kQ and 
Co = 270pF. It is recommended that the tolerance of 
resistors to be 5% and capacitor to be 1 % to insure a 
10% tolerance of the dialing rate in the system. 

Keyboard Interface (S2560A) 
The S2560A employs a scanning technique to determine 
a key closure. This permits interface to a DPCT keyboard 
with common connected to Voo (Figure 1), logiC inter· 
face (Figure 2) and interface to a SPST switch matrix 
(Figure 7). A high level on the appropriate row and col· 
umn inputs constitutes a key closure for logic interface. 
When using a SPST switch matrix, it is necessary to add 
small capacitors (30pF) from the column inputs to Vss to 
insure that the oscillator is shut off after a key is released 
or after the dialing is complete. 

OFF Hook Operation: The device is continuously powered 
through a 150kQ resistor during Off hook operation. The 
DP output is normally high and sources base drive to 
transistor 0 1 to turn ON transistor 02. Transistor 02 
replaces the mechanical dial contact used in the rotary 
dial phones. Dial pulsing begins when the user enters a 
number through the keyboard. The Woutput goes low 
shutting the base drive to 01 OFF causing 02 to open 
during the pulse break. The MUTE output also goes low 
during dial pulsing allowing muting of the receiver 
through transistors 0 3 and 0 4• The relationship of dial 
pulse and mute outputs are shown in Figure 3. 

ON Hook Operation: The device is continuously powered 
through a 10-20MQ resistor during the ON hook opera· 
tion. This resistor allows enough current from the tip and 
ring lines to the device to allow the internal memory to 
hold and thereby providing storage of the last number 
dialed. 

The dialing rate is derived by dividing down the dial rate 
oscillator frequency. Table 2 shows the relationship of 
the dialing rate with the oscillator frequency and the dial 
rate select input. Different dialing rates can be derived 
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by simply changing the external resistor value. The dial 
rate select input allows changing of the dialing rate by a 
factor of 2 without the necessity of changing the exter· 
nal component values. Thus, with the oscillator adjusted 
to 2400Hz, dialing rates of 10 or 20pps can be achieved. 
Dialing rates of 7 and 14pps similarly can be achieved by 
changing the oscillator frequency to 1680Hz. 

The Inter·Digit Pause (lOP) time is also derived from the 
oscillator frequency and can be changed by a factor of 2 
by the lOP select input. With lOP select pin wired to Vss, 
an lOP of 800ms is obtained for dial rates of 10 and 
20pps. lOP can be reduced to 400ms by wiring the lOP 
select pin to Voo. At dialing rates of 7 and 14pps, lOP's of 
1143ms and 572ms can be similarly obtained. If the lOP 
select is connected to the dial rate select pin, the lOP is 
scaled to the dial rate such that at 1 Opps an lOP of 800ms 
is obtained and at 20pps an lOP of 400ms is obtained. 

The user can enter a number up to 20 digits long from a 
standard 3x4 double contact keypad with common 
(Figure 1). It is also possible to use a logic interface as 
shown in Figure 2 for number entry. Antibounce protec· 
tion circuitry is provided on chip (min. 20ms) to prevent 
false entry. 

Any key depressions during the on·hook condition are 
ignored and the oscillator is inhibited. This insures that 
the current drain in the on·hook condition is very low and 
used to retain the memory. 

Normal Dialing 
The user enters the desired numbers through the key· 
board after going off hook. Dial pulsing starts as soon as 
the first digit is entered. The entered digits are stored se· 
quentially in the internal memory. Since the device is 
designed in a FIFO arrangement, digits can be entered at 
a rate considerably faster than the output rate. Digits can 
be entered approximately once every 50ms while the 
dialing rate may vary from 7 to 20pps. The number 
entered is retained in the memory for future redial. 
Pauses may be entered when required in the dial 'se· 
quence by pressing the "#" key, which provides access 
pauses for future redial. Any number of access pauses 
may be entered as long as the total entries do not exceed 
twenty. 

Auto Dialing 
The last number dialed is retained in the memory and 
therefore can be redialed out by going off hook and 
preSSing the "#" key. Dial pulsing will start when the 
key is depressed and finish after the entire number is 
dialed out unless an access pause is detected. In such 
a case, the dial pulsing will stop and will resume again 
only after the user pushes the "#" key. 
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Table 1. S2560A/S2560B Pin/Function Descriptions 

Pin 

Keyboard 
(R1' R2, R3, R4 , C1, C2, C3) 

Inter·Digit Pause Select (IDP) 

Dial Rate Select (DRS) 

Mark/Space (M/S) 

Mute Out (MUTE) 

Dial Pulse Out (DP) 

Dial Rate Oscillator 
(RE, Co' Ro) 

Hook Switch (HS) 

Power (Voo, Vss ) 

Number 

2, 3, 4, 
1, 16, 
17, 1B 

15 

14 

12 

11 

9 

6, 7, B 

5 

13, 10 

Function 

These are 4 row and 3 column inputs from the keyboard contacts. These inputs are 
open when the keyboard is inactive. When a key is pushed, an appropriate row and 
column input must go to Voo or connect with each other. A logic interface is also pos
sible as shown in Figure 2. Active pull up and pull down networks are present on these 
inputs when the device begins keyboard scan. The keyboard scan begins when a key 
is pressed and starts the oscillator. Debouncing is provided to avoid false entry (typ. 
20ms). 

One programmable line is available that allows selection of the pause duration that ex
ists between dialed digits. It is programmed according to the truth table shown in 
Table 3. Note that preceding the first dialed pulse is an inter-digit time equal to the 
selected IDP. Two pauses either 400ms or BOOms are available for dialing rates of 10 
and 20 pps. IDP's corresponding to other dialing rates can be determined from Tables 
2 and 3. 

A programmable line allows selection of two different output rates such as 7 or 14 pps, 
10 or 20 pps, etc. See Tables 2 and 3. 

This input allows selection of the mark/space ratio, as per Table 3. 

A pulse is available that can provide a drive to turn on an external transistor to mute 
the receiver during the dial pulsing. 

Output drive is provided to turn on a transistor at the dial pulse rate. The normal output 
will be "low" during "space" and "high" otherwise. 

These pins are provided to connect external resistors Ro, RE and capacitor Co to form 
an R-C oscillator that generates the time base for the Key Pulser. The output dialing 
rate and IDP are derived from this time base. 

This input detects the state of the hook switch contact; "off hook" corresponds to Vss 
condition. 

These are the power supply inputs. The device is designed to operate from 
1.5V-3.5V. 

Figure 1. Standard Telephone Pushbutton Keyboard Figure 2. Logic Interface for the S2560 
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Figure 3. Timing 
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Table 2. Table for Selecting Oscillator Component Values for Desired Dialing Rates and Inter-Digit Pauses 

Dial Rale Dse. Freq. RD RE Co Dial Rate (pps) lOP (ms) 
Desired (Hz) (kQ) (kQ) (pF) DRS = Vss DRS = Voo IPS = Vss IPS = Voo 
5.5/11 1320 5.5 11 1454 727 
6/12 1440 6 12 1334 667 

6.5/13 1560 6.5 13 1230 615 
7/14 1680 Select components in the 7 14 1142 571 

7.5/15 1800 ranges indicated in table 7.5 15 1066 533 
8/16 1920 of electrical specifications 8 16 1000 500 

8.5/17 2040 8.5 17 942 471 
9/18 2160 9 18 888 444 

9.5/19 2280 9.5 19 842 421 
10/20 2400 750 750 270 10 20 800 400 

(ld /24O )1 Id (ld124O) (id/12O) 1920 103 960 103 
(ld /12O ) Ii x Ii x 

NOTE: lOP is dependenl on Ihe dialing rale selecled. For example, for a dialing rale of 10pps, an lOP of either BOOms or 400ms can be selected. For a dialing rate of 14pps, 
and lOP of either 1142ms or 571ms can be selected. 

Table 3. 

Function Pin Designation Input Logie Level Selection 

Dial Pulse Rate Selection DRS (14) VSS (f/240)pps 
VOO (f/120)pps 

Inter· Digit Pause Selection IDP (15) Voo 
960 s -r 

Vss 
1920 s -r 

Mark/Space Ratio M/S (12) Vss 33V3/662/3 
VOO 40/60 

On Hook/Off Hook HS (5) Voo On Hook 
Vss Off Hook 

NOTE: f is the oscillator frequency and is detemined as shown in Figure 5. 
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Figure 4. Pulse Dialer Circuit with Redial 

Ro = 10-20MQ, R1 = 150kQ, R2 = 2kQ 
R3=470kQ, R4, R5=10kQ, R1O=47kQ 
R6, Ra=2kQ, R7, R9=30kQ, R11 =20Q, 2W 
Z1=3.9V, 01-04=IN4004, 05, 06, 07=IN914, C1=15!,F 
RE = Ro = 750kQ, Co = 270pF, C2 = O.01!,F 
01, 04 = 2N5550 TYPE 02, 03 = 2N5401 TYPE 
Z2=IN5379110V ZENER OR 2XIN4758 

S2560A 
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Figure 5. Pulse Dialer Circuit with Redial (Single Hook Switch Contact Application for PABX) 

R1 = 1 0-20MQ, R2 = 2kQ 
R3=470kQ, R4, R5= 10kQ 
R6, Ra = 2kQ, R7, Rg = 30kQ 
R10 = 47kQ, Rn = 20Q, 2W 
Z1 = 3.9V, 01-04 = IN4004 
05,06,07= IN914, C1 = 15!,F 
RE, Ro = 750kQ, Co = 270pF 
C2=O.01!,F, 01, 04=2N5550 
02, 03 = 2N5401 
Z2 = 150V ZENER OR VARISTOR TYPE GE MOV150 
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Figure 6. Circuit for Applying Momentary "ON Hook" 
Condition During Power Up 
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Figure 7. SPST Switch Matrix Interface 
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Advanced Product Description S2560G/S2560G1 

PULSE DIALER 

General Description 

The S2560G is a modified version of the S2560A Pulse Dialer with complete pin/function compatibility. It is recom
mended to be used in all new and existing designs. Most electrical specifications for both devices are identical. 
Please refer to S2560A data sheet for details. S2560G1 is low voltage version of S2560G. 

Differences between the two devices are summarized below: 

Operating Voltage, Dialing: 
Operating Voltage, Voice Mode: 
Data Retention Voltage (Minimum): 

100 Operating Current: 

100 Standby Current: 
Keyboard Debounce Time: 
x-v Keyboard Interface: 

Redial Buffer: 
Dialing Characteristics: 

Inter-digit pause timing 

Application Suggestions 

2560G 

2.0V to 3.5V 
1.5V to 3.5V 
1.0V 
200I-/A@2.0V 
1000I-/A@3.5V 
21-/A@1V 

2560G1 

1.5V to 3.5V 
1.5V to 3.5V 
1.0V 
100I-/A@1.5V 
500I-/A@3.5V 
7501-/A@1V 

10msec 
Does not need capacitors 

22 digits 
Can dial more than 22 digits. Redial 

disabled if more than 22 digits are entered. 
Follows dial pulses. 

2560A 

1.5V to 3.5V 
1.5V to 3.5V 
1.0V 
100I-/A@1.5V 
500I-/A@3.5V 
750nA@1V 
16msec 
Capacitors required between column inputs 
and Vss 
20 digits 
Accepts a maximum of 20 digits. Will not dial 
additional digits. 
Precedes dial pulses 

1) In most existing designs, the S2560G will work in place of S2560A without any modifications. Problems may 
arise however, if the keyboard bounce time exceeds 10ms. In such a case, the device may interpret a single key 
entry as a double key. To avoid this false detection, the keyboard debounce time can be easily increased from 
10ms to 20ms by changing the Oscillator Frequency from 2400Hz down to 1200Hz. This is done by changing the 
value of tne capacitor connected to pin 7 from 270pF to 470pF. To preserve the dialing rate at 10pps and lOP at 
800ms the DRS and lOP pins now must be connected to Voo instead of Vss. Figure 1 shows the implementation 
details. Note, that interfacing with X-V keyboard no longer requires capacitors to Vss from column pins. 

2) The hookswitch input pin (pin 5) must be protected from spikes that can occur when the phone goes from off
hook condition to on-hook. Voltage exceeding Voo on this pin can cause the device to draw excessive current. 
This will discharge the capacitor across Voo and Vss causing the supply voltage to drop. If the voltage drops 
below 1 volt (data retention voltage) the device could lose redial memory. To prevent the voltage on the 
hookswltch pin from exceeding Voo, an external diode must be added on the hookswitch pin as shown in Figure 1. 
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Figure 1. Transient Protection Technique Using Diode Between Voo and HS 
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Features 
o CMOS Process for Low Power Operation 
o Operates Directly from Telephone Lines with 

Simple Interface 
o Provides a Tone Signal that Shifts Between Two 

Predetermined Frequencies at Approximately 16Hz 
to Closely Simulate the Effects of the Telephone 
Bell 

o Push-Pull Output Stage Allows Direct Drive, Elimi
nating Capacitive Coupling and Provides Increased 
Power Output 

o 50mW Output Drive Capability at 10V 
Operating Voltage 

Block Diagram 

'" <>--------, 
aSCT, 

OSCTm 

OSCTD 

OSCR, 

512Hz 

OUTPUT 
STAGE 

82561/82561 A 

TONE RINGER 

o Auto Mode Allows Amplitude Sequencing such that 
the Tone Amplitude Increases in Each of the First 
Three Rings and Thereafter Continues at the Maxi
mum Level 

o Single Frequency Tone Capability 

General Description 
The S2561 Tone Ringer is a CMOS integrated circuit 
that is intended as a replacement for the mechanical 
telephone bell. It can be powered directly from the 
telephone lines with minimum interface and can drive a 
speaker to produce sound effects closely simulating 
the telephone bell. 

Pin Configuration 

r----oMANUAL 
SFS v" 

OSCR , THe 

OSCR lu DI 

aSCRO DUT H 

OSCI I OUT ,1l 
t-----oOUTL 

OSCTm OUT I 

t-----oOUTM 
05CT o DUTe 

AiM EN/RATE 

r-----{:OUTH 
Vss EN 

t----oOUTc 

OSCRi Voo 

OSCRm DUTh 

aSCRo a U1 ~ 

Vss EN 

POR ~ 
VDO Vss 
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Absolute Maximum Ratings: 

Supply Voltage ....................................................................................................................................................................... + 12.0V· 
Operating Temperature Range ...................................................................................................................................... o·e to + 70·e 
Storage Temperature Range .................................................................................................................................. - 40·e to + 125·e 
Voltage at any Pin ......................................................................................................................................... Vss - O.3V to Voo + O.3V 
Lead Temperature (Soldering, 10sec) ......................................................................................................................................... 300·e 

"This device incorporates a 12V internal zener diode across the VOO to VSS pins. Do NOT connect a low impedance power supply directly 
across the device unless the supply voltage can be maintained below 12V or current limited to <2SmA. 

Electrical Characteristics: 
Specifications apply over the operating temperature and 3.5V";Voo to Vss <12.0V unless otherwise specified. 

Symbol Parameter Min. Max. Units Conditions 

Vos Operating Voltage (Voo to Vss) 8.0 t2.0 V Ringing, THC pin open 

Vos Operating Voltage 4.0 V "Auto" mode, non-ringing 

los Operating Current 500 ~A Non-ringing, Voo= 10V, THC pin open. DI pin open or Vss 

Output Drive 

IOHC Output Source Current 5 mA Voo=10V. VOUT=8.75V 
(OUT H. OUT C outputs) 

10LC 
Output Sink Current 

5 mA Voo=10V, VOUT=0.75V 
(OUT H, OUTc outputs) 

10HM Output Source Current (OutM output) 2 mA Voo=10V, VOUT=8.75V 

10LM Output Sink Current (OUT M output) 2 mA Voo=10V, VOUT=0.75V 

10HL Output Source Current (OUT L output) 1 mA Voo=10V, VOUT=8.75V 

lOLL Output Sink Current (OUT L output) 1 mA Voo=10V. VOUT=0.75V 

CMOS to CMOS 

VIH Input Logic "I" Level 0.7 Voo Voo+0.3 V All inputs 

VIL Input Logic "0" Level Vss - 0.3 0.3 Voo V All inputs 

VOHR Output Logic "1" Level (Rate output) 0.9 Voo V 10 = 1 O~A (Source) 

VOLR Output Logic "0" Level (Rate output) 0.5 V 10 = 1 O~A (Sink) 

Output Leakage Current 1 ~A Voo=10V, VOUT=OV 
Voz (OUT H, OUT M outputs in high 1 ~ Voo=10V, VOUT=10V 

impedance state) 

CIN I nput Capacitance 7.5 pF Any pin 

lIfo/fo Oscillator Frequency Deviation -5 +5 % Fixed RC component values 1 MQ "Rri, Rti" 5MQ: 
100kQ", Rrm , Rtm'" 750kQ: 150pF", Cro , Cto" 3000pF: 330pF 
recommended value of Cro and Cto, supply voltage varied from 
9V ± 2V (over temperature and unit-unit variations) 

RLOAO 
Output Load Impedance Connected Across 

600 Q 
Tone Frequency Range = 300Hz to 3400Hz 

OUT H and OUT C 

IIH, IL Leakage Current, VIN = VOO or Vss 100 nA Any input, except DI pin VOO = 10V 

VTH POE Threshold Voltage 6.5 8 V 

Vz Internal Zener Voltage 11 13 V Iz= 5mA 

The device power supply should always be turned on before the input signal sources, and the input signals should be turned off 
before the power supply is turned off (Vss ';VI ",VDD as a maximum limit). This rule will prevent over-dissipation and possible damage of 
the input-protection diode when the device power supply is grounded. 
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Functional Description 
The S2561 is a CMOS device capable of simulating the 
effects of the telephone bell. This is achieved by pro
ducing a tone that shifts between two predetermined 
frequencies (512 and 640Hz) with a frequency ratio of 
5:4 at a 16Hz rate. 

Tone Generation: The output tone is derived from a tone 
oscillator that uses a 3 pin R-C oscillator design consis
ting of one capacitor and two resistors. The oscillator 
frequency is divided alternately by 4 or 5 at the shift 
rate. Thus, with the oscillator adjusted for 5120Hz, a 
tone signal is produced that alternates between 512Hz 
and 640Hz at the shift rate. The shift rate is derived from 
another 3 pin R-C oscillator which is adjusted for a nom
inal frequency of 5120Hz. It is divided down to 16Hz 
which is used to produce the shift in the tone fre
quency. It should be noted that in the special case 
where both oscillators are adjusted for 5120Hz, it is 
only necessary to have one external R-C network for 
one oscillator with the other oscillator driven from it. 
The oscillators are designed such that for fixed R-C 
component values an accuracy of ± 5% can be obtain
ed over the operating supply voltage, temperature and 
unit-unit variations. See Table 2 for component and fre
quency selections. In the single frequency mode, acti
vated by connecting the SFS input to Vss only the 
higher frequency continuous tone is produced by using 
a fixed divider ratio of 4 and by disabling the shift 
operation. 

Ring Signal Detection: In the following description it is 
assumed that both the tone and rate oscillators are ad
justed for a frequency of 5120Hz. Ringing signal (nomi
nally 42 to 105 VAC, 20Hz, 2 sec on/4 sec off duty cycle) 
applied by the central office between the telephone line 
pair is capacitively coupled to the tone ringer circuitry 
as shown in Figure 2. Power for the device is derived 
from the ringing signal itself by rectification (diodes 01 
thru 04) and zener diode clamping (Z2)' The signal is 
also applied to the EN input after limiting and clamping 
by a resistor (R2) and internal diodes to VDD and Vss 
supplies. Internally the signal is first squared up and 
then processed thru a2ms filter followed by a dial pulse 
reject filter. The 2ns filter is a two-stage register clock
ed by a 512Hz signal derived from the rate oscillator by 
a divide by 10 circuit. The squared ring signal (typically 
a square wave) is applied to the 0 input of the first stage 
and also to reset inputs of both stages. This provides 
for rejection of spurious noise spikes. Signals exceed
ing a duration of 2ms only can pass through the filter. 

4.30 

52561/52561 A 

The dial pulse reject filter is clocked at 8Hz derived 
from the rate oscillator by divide by 640 circuit. This cir
cuit is designed to pass any signal that has at least two 
transitions in a given 125ms time period. This insures 
that signals below 8Hz will be rejected with certainty. 
Signals over 16Hz will be passed with certainty and be
tween 8Hz and 16Hz there is a region of uncertainty. By 
adjusting the rate oscillator to a different frequency the 
break points of 10Hz and 20Hz the rate oscillator can be 
adjusted to 6400Hz. Of course this also increases the 
tone shift rate to 20Hz. The action of the dial pulse re
ject filter minimizes the dial pulse interference during 
dialing although it does not completely eliminate it due 
to the rather large region of uncertainty associated with 
this type of discrimination circuitry. The dial pulse filter 
also has the characteristic that an input signal is not 
detected unless its duration exceeds 125ms. This in
sures that the tone ringer will not respond to momen
tary bursts of ringing less than 125 milliseconds in dur
ation (Ref. 1). 

In logic interface applications, the 2ms filter and the 
dial pulse reject filter can be inhibited by wiring the Oet. 
INHIBIT pin to VDD. This allows the tone ringer to be 
enabled by a logic '1' level applied at the "ENABLE" in
put without the necessity of a 20Hz ring signal. 

Voltage Sensing: The S2561 contains a voltage sensing 
circuit that enables the output stage and the rate and 
tone oscillators, only when the supply voltage exceeds 
a predetermined value. Typical value of this threshold is 
7.3 volts. This prduces two benefits. First, it insures 
that the audible intensity of the output tone is fairly 
constant throughout the ringing period; and secondly, 
it insures proper circuit operation during the "auto" 
mode operation by reducing the power consumption to 
a minimum when the supply voltage drops below 7.3 
volts. This extends the supply voltage decay time 
beyond 4 seconds (off period of the ring signal) with an 
adequate filter capacitor and insures the proper func
tioning of the "amplitude sequencing" counter. It is 
important to note that the operating supply voltage 
should be well above the threshold value during the 
ringing period and that the filter capacitor should be 
large enough so that the ripple on the supply voltage 
does not fall below the threshold value. A supply 
voltage of 10 to 12 volts is recommended. 

In applications where the tone ringer is continuously 
powered and below the threshold level, the internal 
threshold can be bypassed by connecting the THC pin 
to VDD. The internal threshold can also be reduced by 



connecting an external zener diode between the THe 
and VDD pins. 

Auto Mode: In the "auto" mode, activated by wiring the 
"auto/manual" input to Vss, an amplitude sequencing 
of the output tone can be achieved. Resistors RL and 
RM are inserted in series with the OutL and OutM out
puts, respectively, and paralleled with the OutH output 
(Figure 1). Load is c.onnected across OutH and Oute 
pins. RL is chosen to be higher than RM. In this manner 
the first ring is of the lowest amplitude, second ring is 
of medium amplitude and the third and consecutive 

Figure 1-A. Output Stage Connected for 
Auto Mode Operation 

Figure 2-A. Typical Telephone Application of 
the S2561 
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rings thereafter are at maximum amplitude. For the pro
per functioning of the "amplitude sequencing" counter 
the device must have at least 4.0 volts across it 
throughout the ring sequence. The filter capacitor is so 
chosen that the supply voltage will not drop below 4.0 
volts during the off period. At the end of a ring se
quence when the off period substantially exceeds the 4 
second duration, the counter will be reset. This will in
sure that the amplitude sequencing will start correctly 
beginning a new ring sequence. The counter is held in 
reset during the "manual" mode operation. This pro
duces a maximum ring amplitude at all times. 

Figure 1-8. Output Stage Connected for 
Manual Mode Operation 
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Output Stage: The output stage is of push-pull type con
sisting of buffers L, M, Hand C. The load Is connected 
across pins OutH and Oute (Figure 2). During ringing, 
the OutH and Oute outputs are out of phase with each 
other and pulse at the tone rate. During a non-ringing 
state, all outputs are forced to a known level such as 
ground which insures that there is no DC component in 
the load. Thus, direct coupling can be used for driving 
the load. The major benefit of the push-pull arrange
ment is increased power output. Four times as much 
power can be delivered to the load for the same opera
ting voltage. Buffers M and H are three-state. In the 
"auto" mode buffer M is active only during the second 

ring and in the "high impedance" state at all other 
times. Buffer H is active beginning the third ring. In the 
"manual" mode buffers H, Land C are active at. all 
times while buffer M is in a high impedance state. The 
output buffers are so designed that they can source or 
sink 5mA at a Voo of 10 volts without appreciable 
voltage drop. Care has been taken to make them sym
metrical in both source and sink configurations. Diode 
clamping is provided on all outputs to limit the voltage 
spikes associated with transformer drive in both direc
tions Voo and Vss. 
Normal protection circuits are present on all inputs. 

Table 1. 82561 (82561 A) Pin/Function Descriptions 

Pin 

Power (VDD"' Vss ") 

Ring Enable (EN", EN) 

Auto/Manual (AI M) 

OSCillators 
Rate OSCillator 
(OSCR!, OSCR~ OSCR~) 

Tone Oscillator 
(OSCTi. OSCT m, OSCTo) 

Threshold Control (TH C) 

Number 

18. 9 
(8,4) 

Function 

These are the power supply pins. The device is designed to operate over 
the range of 3.5 to 12.0 volts. A range of 10 to 12 volts is recommended 
for the telephone application. 

10, 11, (5) These pins are for the 20Hz ring enable input. They can also be used for 
DC level enabling by wiring the DI pin to VDD . EN is available for the 
S2561 only. 

8 

13,14,15, 
(7,6) 

2,3,4, 
(1,2,3) 

5, 6, 7 

17 

"Auto" mode for amplitude sequencing is implemented by wiring this 
pin to Vss. "Manual" mode results when connected to VDD' The 
amplitude sequencing counter is held in reset during the" manual" 
mode, 

These are the push-pull outputs. Load is directly connected across OutH 
and Oute outputs. In the "auto" mode, resistors RL and RM can be in
serted in series with the OutL and OutM outputs for amplitude sequenc
ing (see Figure 1). 

These pins are provided to connect external resistors RRi, RRm and cap
acitor CRo to form an R-C oscillator with a nominal frequency of 5120Hz. 
See Table 2 for components selection. 

These pins are provided to connect external resistors RTi, RT m and 
capacitor CT a to form an R-C oscillator from which the tone signal is 
derived. With the oscillator adjusted to 512Hz and 640Hz results. See 
Table 2 for components selection. 

The internal threshold voltage is brought out to this pin for modification 
in non-telephone applications. It should be left open for telephone appli
cations. For power supplies less than 9V connect to VDD . 
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Table 1. (Continued) 

Pin Number Function 

Detectpr Inhibit (D I) 16 When this pin is connected to Voo, the dial pulse reject filter is disabled 
to allow DC level enabling of the tone ringer. This pin should be hard
wired to Vss in normal telephone-type applications. 

Single Frequency Select (SFS) When this pin is connected to Vss , only a single frequency continuous 
tone is produced as long as the tone ringer is enabled. In normal appli
cations this pin should be hardwired to Voo. 

·Pinouts of 8 pin S2561A package. 
Table 2. Selection Chart for Oscillator Components and Output Frequencies 

Tone/Rate Oscillator Oscillator Components 
Frequency RI RM Co Rate Tone 

(Hz) (kQ) (kQ) (pF) (Hz) (Hz) 

5120 1000 200 330 16 512/640 

6400 20 640/800 

3200 Select components in the ranges indicated in the 10 320/400 

8000 table of electrical characteristics 25 800/1000 

fa 

Applications 

Typical Telephone Application: Figure 2 shows the 
schematic diagram of a typical telephone application 
for the 52561 tone ringer. Circuit power is derived from 
the telephone lines by the network formed by capacitor 
Ct , resistor Rt , diode bridge Ot through 04, and filter 
capacitor C2' C2 is chosen to be large enough so as to 
insure that the power supply ripple during ringing does 
not fall below the internal threshold level (typ. 7.3 volts) 
and to provide large enough decay time during the off 
period. A typical value of C2 may be .47/AF. Ct and Rt are 
chosen to satisfy the Ringer Equivalence Number 
(REN) specification (Ref. 1). For REN = 1 the resistor 
should be a minimum of S.2kQ. It must be noted that the 
amount of power that can be delivered to the load 
depends upon the selection of Ct and Rt . 

The device is enabled by limiting the incoming ring 
signal through resistors R2, R3 and diodes d5 and d6. 
Zener diode Zt (typ. 9-27 volts) may be required in cer
tain applications where large voltage transients may 
occur on the line during dial pulsing. The internal 2ms 
filter and the dial pulse reject filter will suppress any 
undesirable components of the signal and will only res
pond to the normal 20Hz ring signal. Ring signals with 
frequencies above 16Hz will be detected. 
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The configuration shown will produce a tone with 
frequency components of 512Hz and 540 Hz with a shift 
rate of approximately 16 Hz and deliver at least 25mW 
to an SQ speaker through a 2000Q:SQ transformer. If 
"manual" mode Is used, a potentiometer may be Inser
ted In series with the transformer primary to provide 
volume control. If "automatic" mode Is used, resistors 
RL and RM can be chosen to provide desired amplitude 
sequencing. Typically, signal power 

will be down 20 log 
RLOAO 

dB during the 

first ring, and down 20 log dB during the 

second ring with maximum power delivered to the load 
beginning the third and consecutive rings. 

In applications where dial pulse rejection Is not neces
sary, such as in OTMF telephone systems, the ENABLE 
pin may be connected directly to Voo. Oet. Inh pin must 
be connected to Voo to allow DC level enabling of the 
ringer. 

Reference 1. Bell system oommunlcatlons technical reference: PUB 47001 of August 
1976, "Electrical Charaoterlstlcs of Bell System Network Facilities at the Interface with 
Voiceband AncllHary and Data Equlpment"-2,6,1. and 2.6.3 
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Features 
D Wide Operating Supply Voltage Range (2.50-10V) 
D Low Power CMOS Circuitry Allows Device Power 

to be Derived Directly from the Telephone Lines 
D 21 Digit Memory for Redial 
D Uses Standard 3x4 (S2569A) or 4x4 (S2569) SPST or 

X-V Matrix Keyboard 
D The Total Harmonic Distortion is Below Indu3try 

SpeCification (Max. 7% Over Typical Loop Current 
Range) 

D Separate Control Keys (S2569) for Disconnect, 
Pause, Redial and Flash in Column Four 

D Allows Dialing of * and # Keys on S2569. For 
S2569A Redial Initiated by * or # Key as First Key 
Offhook, * or# can be Dialed After First Key 
Offhook. 

Block Diagram 

Touch·Tone is a registered trademark of AT&T 4.34 

S2569/S2569A 

DTMF TONE GENERATOR 
WITH REDIAL 

General Description 
The S2569/S2569A are members of the S2559 Tone 
Generator family with the added features of Redial, 
Disconnect, Pause and Flash. They produces the 12 
dual tones corresponding to the 12 keys located on the 
conventional Touch-Tone@ telephone keypad. The 
S2569 has separate keys, located in column four, which 
initiate the Disconnect(D), Pause(P), Redial(R), and 
Flash(F) functions. (Note: column four keys do not 
generate tones.) Only the redial feature is available on 
the S2569A. Redial on the S2569A is initiated by press
ing * or# as the first key offhook. 

A voltage reference generated on the chip regulates the 
signal levels of the dual tones to meet the recom
mended telephone industry specifications. 

S2569 Pin Configuration 

Voo TONE 

CE DIS. 

C, R, 

C2 R2 

C3 R3 

Vss R, 

OSCj MUTE 

OSC, C, 

S2569/A Pin Configuration 

Voo TONE 

CE N.C. 

C, R, 

MUTE C2 H2 
(DIS) C3 R3 

Vss H, 

OSCj MUTE 

asc, N.C. 
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Absolute Maximum Rating: 

DC Supply Voltage (VDD-VSS) .............................................................. + 13.5V 
Operating Temperature ............................................................. O°C to + 70°C 
Storage Temperature ........................................................... - 65°C to + 140°C 
Power Dissipation at 25°C ................................................................ 500mW 
Input Voltage ........................................................... Vss - O.6<VIN<VDD + O.6V 

S2569A Electrical Characteristics: Specifications apply over the operating temperature range of O°C to + 70°C 
unless otherwise noted. Absolute values of measured parameters are specified. 

Symbol Parameter/Conditions 

Supply Voltage 

Tone Out Mode (Valid Key Depressed) 
VDO 

Non Tone Out Mode (No Key Depressed) 

VOR Data Retention Voltage 

Supply Current 

STANDBY (NO Key Depressed, 
Tone, Mute and Flash 

100 
Outputs Unloaded, CE = low 

Operating (One Key Selected, Tone, Mute 
and Flash Outputs Unloaded). 
Operating During Flash 

Tone Output 

VOR Low Group Frequency Voltage (RL = 390kQ) 

dBcr Ratio Of Column To Row Tone 

% DIS Distortion' 

Mute and Flash Outputs 

Output Source Current VOH = 2.7V 

Output Sink Current VOL = 0.3V 

(VDD-VSS) 
Volts 

2.00 
5.00 

3.00 

3.0 

5.0 

2.5-5.0 

2.5-10.0 

3.0 

3.0 

Unit 

2.50 10.0 V 

1.50 10.0 V 

1.0 V 

1 JAA 
20 JAA 

2.5 mA 

300 JAA 

330 690 mVrms 

1.0 3.0 dB 

7 % 

mA 

mA 

, Distortion measured in accordance with the specifications described as 'ratio of total power of all extraneous frequencies in the voiceband above 500Hz accompanying 
the signal to the total power of the frequency pair". 

NOTE: Rl ~ load resistor connected from output to Vss. 
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Basic Chip Operation 

The dual tone signal consists of linear addition of two 
voice frequency signals. One of four signals is selected 
from a group of frequencies called "low group" and the 
other is selected from a group of frequencies called 
"high group". The low group consists of four frequen
cies; 697, 770, 852 and 941 Hz. The high group consists 
of three frequencies; 1209, 1336 and 1477 Hz. 

When a push button corresponding to a digit (0 thru 9, 
* , #) is pushed, one appropriate row (R1 thru ~) and 
one appropriate column (C1 thru C3) is selected. The ac
tive row input selects one of the low group frequencies 
and active column input selects one of the high group 
frequencies. 

Tone Generation 

When a valid key closure is detected, the keyboard 
logic programs the high and low group dividers with 
appropriate divider ratios so that the output of these 
dividers cycle at 16 times the desired high group and 
low group frequencies. The outputs of the program
mable dividers drive two 8-stage Johnson counters. 
The symmetry of the clock input to the two divide-by-16 
Johnson counters allows 32 equal time segments to be 
generated within each output cycle. The 32 segments 
are used to digitally synthesize a stair-step waveform to 
approximate the sinewave function. This is done by 
connecting a weighted resistor ladder network be
tween the outputs of the Johnson counter, Voo and 
VREF. VREF closely tracks Voo over the operating 
voltage and temperature range and therefore the peak
to-peak amplitude Vp (Voo - VREF) of the stairstep func
tion is fairly constant. VREF is chosen so that Vp falls 
within the allowed range of the high group and low 
group tones. 

Normal Dialing 

Tone dialing starts as soon as the first digit is entered 
and debounced. The entered digits are stored sequen
tially in the internal memory. Pauses may be entered 
when required in the dial sequence by pressing the "P" 
key, which provides access pause for future redial. Any 
number of access pauses may be entered as long as 
the total entries do not exceed the total number of 
available digits. Numbers up to 21 digits can be re~jjal
ed. Numbers exceeding 21 digits will clear redial buffer. 
Note that only the 82569 has "Pause" capability and 
the access pause is included in the 21 digit maximum 
number. 

4.36 

S2569/S2569A 

Redial 
The last number dialed is retained in the memory and 
therefore can be redialed by going off hook and press
ing the "R" key on the 82569 (located at column 4 and 
row 3). The 82569A does not use column four and 
Redial is initiated by "#" or "*" key as the first key off
hook. Tone dialing will start when the key is depressed 
and finish after the entire number is dialed out unless 
an access pause is detected. In such a case, the tone 
dialing output will stop and will resume only after the 
user pushes any key except Flash and Disconnect 
keys. During redial all keys are ignored until70ms after 
the last digit is dialed (except Disconnect). (Note that 
the "Pause" function is not available on the 82569A.) 

Disconnect/Flash Functions 
The 82569 has a push-pull buffer for Disconnect output. 
With no keys depressed the Disconnect output is high. 
When the Disconnect key is depressed the Disconnect 
output goes low until the key is released. Disconnect 
output can also be used to implement a "Flash" func
tion. When the Flash key is depressed the Disconnect 
output goes low for 608ms. 

Figure 1 

1 2 3 D 1 2 3 

4 5 6 P 4 5 6 

7 8 9 R 7 8 9 

* 0 # F * 0 # 

82569 Keypad 82569A Keypad 

Keyboard Interface 
The 82569/A employs a scanning circuitry to determine 
key closures. When no key is depressed active pull 
down resistors are on on the row inputs and active pull 
up resistors are on on the column inputs. When a key is 
pushed a high level is seen on one of the row inputs, the 
oscillator starts and the keyboard scan logic turns on. 
The active pull up or pull down resistors are selectively 
switched on and off as the keyboard scan logic deter
mines the row and the column inputs that are selected. 
The value of pull down and pull up resistors will vary 
with supply voltage. Typical values of pull up and pull 
down resistors are shown in Table 1. 
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Table 1. Typical Resistance Values Table 2. Comparisons of Specified Vs. Actual Tone 
Frequencies Generated by S2569/A 

Voo PULL UP RESISTANCE (TYP.) 
ACTIVE OUTPUT FREQUENCY HZ % 

2.0V 3.3 K ohm 
5.0V 1.5 K ohm 

10.0V 1.3Kohm 

INPUT SPECIFIED ACTUAL ERROR 
R1 697 699.1 +0.30 
R2 770 766.2 -0.49 
R3 852 847.4 -0.54 

Voo PULL DOWN RESISTANCE (TYP.) R4 941 948.0 +0.74 
C1 1209 1215.9 +0.57 

2.0V 340 K ohm 
5.0V 36.6 K ohm 

C2 1339 1331.7 -0.32 
C3 1477 1471.9 -0.35 

10.0V 16.6 K ohm NOTE: % error does not include oscillator drift. 

Figure 2. Typical Timing Normal Dialing 

CE--.J 

to~tl_ 
KEYBOARD I I "1" 

INPUT I 
1-- 12 _1 
L-..J~--"3-" -~L "2" 

MUTE i-----~-------------J L.J L 

~~~1-------------J~~ 
_I 1.1-

OSC __ ---.:.~ 

TONE ------' ~----------------~~~---

_1 1'1_ Redial 

REDIAL "R" __ --J1 "R" 

MUTE __ ~I 

1_ 17-1 1-19---+-1 
TONE ____ ~--. ~1=!==!!iI~ __ ...t~L_ ______ _ 

1-113-1 

_1 1,1_ Disconnect 

~t~::~~~T ~ "0" L.I ___________ ~L._ _______ _ 

_ I I_I,D 1-111-1 
DISC DUT---I-u 1 :-1 ------. .... 1 __ --Ir---

1_112_1 
to ,OFF HOOK TO KEYBOARD INPUT Is ,OSC START UP,3ms I,D ,DISC DELAY TIME,4ms 

DELAY TIME,Oms to ,DSC MIN. ON TlME,142ms 111 'MAX. OUTPUT PULSE,808ms 
I, ,DEBOUNCE TIME,18ms b ,TONE OUTPUT DELAY TIME,21ms 112 'MIN. DISC OFF TIME:50ms 
12 ,KEY RELEASE TIME,8m. Ie ,MIN. TONE OUT TIME,70ms 1'3 ,TONE ON TIME,70ms 
.. ,MIN. MUTE PULSE WIDTH,73ms to 'MIN. OFF TIME,70ms 
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Logic Interface 

The S2569/A can also interface with CMOS logic outputs directly. The S2569/A requires active high logic levels. Since 
the pull up resistors present in the S2569/A are fairly low values, diodes can be used to eliminate excessive sink cur· 
rent flowing into the logic outputs in their low logic state. 

Figure 3a. Typical Application Circuit for Line Powered DTMF Dialer With Redial 82569 

TIP 

2 CE 

6 Vss 

10 MUTE 

TONE 

16 

4.38 

I:8l 3.58MHz 10
P1F 

Vss 
C, t-'-___ ...,10pF 

C3 

C, 

C, 

R, 14 

R, 13 

R3 12 7 8 9 

R, 
11 

,. 0 # F 
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Figure 3b. Typical Application Circuit for line Powered DTMF Dialer With Redial S2569A 

500 TYPE NETWORK 

TIP 
L, 

HK, IN914 
,....--... 15 

IN914 

20MQ 10Q 

1W 

_-..... --...... ---._ .... --..... - ...... ,Voo 7 10pF 

8 C2:I 3.58MHz ~ 
t-Lvss 

c. 9 10pF 

S2569A 

100KQ 
2 CE Cat----, 

C2 
850KQ 

.-___ ~~r_-~--~r--.--,---+~~~6 vss 
51V 

300KQ 

5.1K .12~F 

1~914 
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Chip Enable 

The S2569/A has a Chip Enable input at pin 2. The Chip 
Enable for the S2569/A is an active "high". When the 
Chip Enable Is "low", the Tone output goes to Vss, the 
oscillator is inhibited and the Mute and Disconnect out
puts will go Intoa low state. 

Mute Output 

The S2569/A has a push-pull buffer for Mute output. 
With no keys depressed the Mute output is low, when a 
key is depressed the Mute output goes high until the 
key is released. Note that minimum mute pulse width is 
70ms. 

Oscillator 

The device contains an oscillator circuit with the neces
sary parasitic capacitances and feedback resistor 
(1MQ) on chip so that It Is only necessary to connect a 
standard 3.58M Hz TV crystal across the OSC, and OSCo 
terminals to implement the oscillator function. 
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Oscillator Crystal Specifications 

Quartz Crystal Speclflcaaon (25°C + 2°C) 

Operating Temperature Range. . . . . . . . . .. O°C to + 70°C 
Frequency. . . . . . . . . . . . . . . . . . . . . . . . .. 3.579545MHz 
Frequency Calibration Tolerance. . . . . . . . . . . . .. .02 ± % 
Load Capacitance ........................... 18pF 
Effective Series Resistance . . . . . . . . . . .. 180 Ohms, max. 
Drive Level-Correlation/Operating. . . . . . . . . . . . . . .. 2mW 
Shunt Capacitance. . . . . . . . . . . . . . . . . . . . . .. 7pF, max. 
Oscillation Mode. . . . . . . . . . . . . . . . . . . . . .. Fundamental 

Test Mode 

The S2569/A will enter the test mode if all rows are pull
ed high momentarily. 16 times the low group frequency 
will appear at mute output depending on which row is 
selected. Also, 16 times the high group frequency will 
appear at disconnect output depending upon which 
column is selected. 
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Features 
o Wide Operating Voltage Range: 2.5 to 10 Volts 
o Optimized for Constant Operating Supply Voltages, 

Typically 3.5V 
o Tone Amplitude Stability is Within ± 1.5dB of 

Nominal Over Operating Temperature Range 
o Low Power CMOS Circuitry Allows Device Power to 

to be Derived Directly From the Telephone Lines or 
From Small Batteries 

o Uses TV Crystal Standard (3.58MHz) to Derive All 
Frequencies Thus Providing Very High Accuracy 
and Stability . 

o Specifically Designed for Electronic Telephone 
Applications 

o Interfaces Directly to a Standard Telephone 
Push-Button Keyboard With Common Terminal 

o Low Total Harmonic Distortion 
o Single Tone as Well as Dual Tone Capability 
o Direct Replacement for Mostek MK5089 Tone 

Generator . 

Block Diagram 

MUTElDGIC 

I 
I 

525089 

DTMF TONE GENERATOR 

General Description 
The S25089 DTMF Generator is specifically designed 
to implement a dual tone telephone dialing system in 
applications requiring fixed supply operation and high 
stability tone output level, making it well suited for 
electronic telephone applications. The device can 
interface directly to a standard pushbutton telephone 
keyboard with common terminal connected to Vss and 
operates directly from the telephone lines. All neces
sary dual-tone frequencies are derived from the widely 
used TV crystal standard providing very high accuracy 
and stability. The required sinusoidal waveform for the 
individual tones is digitally synthesized on the chip. 
The waveform so generated has very low total harmon
ic distortion. A voltage reference is generated on the 
chip which is very stable over the operating tempera
ture range and regulates the signal levels of the dual 
tones to meet the recommended telephone industry 
specifications. 

Pin Configuration 

10m 

v" TONE OUT 

CE iTl 

C; ii1 
C, R, 

Co " 
Vss R. 

OSCI AKO 

oseD C4 

i '--__ ..J I 
L ___________________ ~ 
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Electrical Characteristics: (Continued) 

Symbol Parameter/Conditions 

Row, Column and Chip Enable Inputs 

V1L 
Input Voltage. Low 

V1H 
Input Voltage, High 

IIH 
Input Current V1H = O.OV 

(Pull up) V1H = O.OV 

Oscillator 

The 825089 contains an oscillator circuit with the 
necessary parasitic capacitances and feedback resis
tor on chip so that it is only necessary to connect a 
standard 3.58M Hz TV crystal across the 08Ci and 08Co 
terminals to implement the oscillator function. The 
oscillator functions whenever a row input is activated. 
The reference frequency is divided by 4 and then drives 
two sets of programmable dividers, the high group and 
the low group. 

Crystal Specification 
A standard television color burst crystal is specified to 
have much tighter tolerance than necessary for tone 
generation application. By relaxing the tolerance speci
fication the cost of the crystal can be reduced. The 
recommended crystal specification is as follows: 

Frequency: 3.579545M Hz ± 0.02% 

Rs 100Q, LM = 96mH 

CM = 0.02pF CH = 5pF CL = 12pF 

Keyboard Interface 

The 825089 can interface with the standard telephone 
pushbutton keyboard (see Figure 1) with common. The 
common of the keyboard must be connected to Vss. 

Logic Interface 
The 825089 can also interface with CM08 logic outputs 
directly (see Figure 2). The 825089 requires active 
"Low" logic levels. Low levels on a row and a column 
input corresponds to a key closure. The pull-up resis
tors present on the row and column inputs are in the 
range of 20kQ-100kQ. 
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(Voo-Vss) Min_ 
Volts 

Typ. Max. Units 

- Vss .2(Voo V 

-Vss) 

- .8(Voo - Voo V 

-Vss 

3.0 30 90 150 J.lA 

10.0 100 300 500 J.lA 

Figure 1. Standard Telephone Push Button Keyboard 

I 
10-----, 

R ,---8--0--0 
1<-0-< I I I 

I I I 

8--8--0---, -
I I I ..-0-- R2 
I I I 

~ <-0-<'-- - -Q--CP--CP 
I I I 

0--8--0---, -
I I --0- R4 

Ron lConlact lkSI 

Tone Generation 

(CONNECT TO Vss) 

---MECHANICAL 
LINKAGE 

When a valid key closure is detected, the keyboard 
logic programs the high and low group dividers with 
appropriate divider ratios so that the output of these 
dividers cycle at 16 times the desired high group and 
low group frequencies. The outputs of the program
mable dividers drive two 8-stage Johnson counters. 
The symmetry of the clock input to the two divided by 
16 Johnson counters allows 32 equal time segments to 
be generated within each output cycle. The 32 seg
ments are used to digitally synthesize a stair-step 
waveform to approximate the sinewave function (see 
Figure 3). This is done by connecting a weighted resis
tor ladder network between the outputs of the Johnson 



counter, Voo and VREF' VREF closely tracks Voo over the 
operating voltage and temperature range and therefore 
the peak-to-peak amplitude VP (VOO-VREF) of the stair
step function is fairly constant. VREF is so chosen that 
VP falls within the allowed range of the high group and 
low group tones. 

The individual tones generated by the sinewave syn
thesizer are then linearly added and drive an NPN tran
sistor connected as an emitter follower to allow proper 
impedance transformation at the same time preserving 
signal level. This allows the device to drive varying 
resistive loads without significant variation in tone 
amplitude. For example, a load resistor change from 
10kQ to 1 kQ causes a decrease in tone amplitude of 
less than 1dB. 

Dual Tone Mode 
When one row and one column is selected, dual tone 
output consisting of an appropriate low group and high 
group tone is generated. If two digit keys that are not 
either in the same row or in the same column are 
depressed, the dual tone mode is disabled and no out
put is provided. 

Single Tone Mode 
Single tones either in the low group or the high group 
can be generated as follows. A low group tone can be 
generated by depressing two digit keys in the appro
priate row. A high group tone can be generated by 
depressing two digit keys in the appropriate column, 
i.e., selecting the appropriate column input and two row 
inputs in that column. This is slightly different from the 
MK5089 which requires a low to a single column pin to 
get a column tone. 

Inhibiting Single Tones 

The STI input (pin 15) is used to inhibit the generation 
of other than dual tones. It has an internal pull down to 
Vss supply. When this input is left unconnected or con
nected to Vss, single tone generation as described in 
the preceding paragraph (Single Tone Mode) is sup
pressed with all other functions operating normally. 
When this input is connected to Voo supply, single or 
dual tones may be generated as previously described 
(Single Tene Mode, Dual Tone Mode). 

Chip Enable Input (CE, Pin 2) 
The chip enable input has an internal pull-up to Voo 
supply. When this pin is left unconnected or connected 
to Voo supply the chip operates normally. When con
nected to Vss supply, tone generation is inhibited. All 
other chip functions operate normally. 
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Table 1. Comparison of Specified Vs_ Actual 
Tone Frequencies Generated by 525089 

ACTIVE OUTPUT FREQUENCY Hz %ERROR 
INPUT SPECIFIED ACTUAL SEE NOTE 

R1 697 699.1 + 0.30 

R2 770 7662 - 049 

R3 852 8474 - 0.54 

R4 941 r- 9480 + 0.74 

C1 1209 1215.9 + 0.57 

C2 1336 13317 - 032 

C3 1477 1471.9 - 035 

C4 1633 16450 + 0.73 

NOTE % ERROR DOES NOT INCLUDE OSCILLATOR DRIFT 

Figure 2_ Logic Interface for Keyboard 
Inputs of the 525089 
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Figure 3. Stalrstep Waveform of the Digitally Synthesized Sinewave 
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Reference Voltage 

The structure of the reference voltage employed in the 
S25089 is shown in Figure 4. It has the following 
characteristics: 

a) VREF is proportional to the supply voltage. Output 
tone amplitude, which is a function of (Voo - VREF), in
creases with supply voltage (Figure 5). 
b) The temperature coefficient of VREF is low due to a 
single VeE drop. Use of a resistive divider also provides 
an accuracy of better than 1 %. As a result, tone ampli· 
tude variations over temperature and unit to unit are 
held to less than ± 1:0dB over nominal. 
c) Resistor values in the divider network are so chosen 
that VREF is above the VeE drop of the tone output tran
sistor even at the low end of the supply voltage range. 
The tone output clipping at low supply voltages is thus 
eliminated, which improves distortion performance. 

AKD (Any Key Down or Mute) Output 

The AKD output (pin 10) consists of an open drain N 
channel device (see Figure 6.) When no key is depress
ed the AKD output is open. When a key is depressed 
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the AKD output goes to Vss. The device is large 
enough to sink a minimum of 500iJA with voltage drop 
of 0.2V at a supply voltage of 3.5V. 

Figure 4. Structure of the Reference Voltage 
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Figure 5. Typical Single Tone Output Amplitude Vs Supply Voltage (1\ = 10k) 
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Figure 6. AKD output Structure 
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Absolute Maximum Ratings: 

DC Supply Voltage (Voo-Vss) ............................................................................................................................ + 10.SV 
Operating Temperature: S2S089 ................................................................................................... - 2S·C to + 70·C 
Operating Temperature: S2S089-2 ...................................................................................................... O·C to + 70·C 
Storage Temperature ..................................................................................................................... - 6S·C to + 1S0·C 
Power Dissipation at 2S·C ................................................................................................................................ 500mW 
Input Voltage ........................................................................................................................ Vss - 0.6"'VIN"'VOO + 0.6 
Input/Output Current (except tone output) .......................................................................................................... 1SmA 
Tone Output Current .............................................................................................................................................. SOmA 

Electrical Characteristics: (Specifications apply over the operating temperature range of O·C to + 70·C unless 
otherwise noted. Absolute values of measured parameters are specified.) 

Symbol Parameler/Conditions Units 

Supply VoRage 
Tone Out Mode (Valid Key Depressed) 2.5 - 10.0 V 

VDD Non Tone Out Mode (AKD Outputs toggle 
with key depressed) 

1.6 - 10.0 V 

Supply Current 
Standby (~Key Selected, 3.0 - 1 20 IJA 

IDD Tone andAKD Outputs Unloaded) 10.0 - 5 100 fAA 
Operating J..Q!l.e Key Selected, 3.0 - .9 1.25 rnA 
Tone and AKD Outputs Unloaded) 10.0 - 4.5 10.0 rnA 
Tone Output 

VOR 
Dual Tone Row Tone I Rl = 10kQ 3.0 -11.0 -8.0 dBm 
Mode Output Amplitude I Rl = 100kQ 3.5 -10.0 -7.0 dB 

dBcR Ratio of Column to Row Tone·· 2.5-10.0 2.4 2.7 3.0 dB 
%DIS Distortion· 2.5-10.0 - - 10 % 
NKD Tone Output-No Key Down -80 dBm 

AKD Output 

10l Output On Sink Current Val = 0.5V 3.0 0.5 1.0 - rnA 

10H Output Off Leakage Current 10.00 1 10 IJA 
Oscillator Input/Output 

10l 
One Key Selected Val =0.5V 3.0 0.21 0.52 - rnA 
Output Sink Current Val = 0.5V 10.0 0.80 2.1 - rnA 

10H 
Output Source Current VOH = 2.5V 3.0 0.13 0.31 - rnA 
One Key Selected VOH = 9.5V 10.0 0.42 1.1 - rnA 

t!>TART 
Oscillator Startup 3.0-10.0 - 2 5 ms 
Time with Crystal as Specified 

ClIO 
Input/Output 3.0 - 12 16 pF 
Capacitance 10.00 - 10 14 pF .. .. " Distortion measured In accordance With the specIfications descnbed In REF. 1 as the ratio of the total power of all extraneous frequencies In the vOiceband above 500Hz 

accompanying the signal to the total power of the frequency pair" 
"825089·2 available with range of 1.0dB to 3.0dB. 

825088 available with OdB ratio (column and row amplitude equal). 

4.46 



-) GOULD 
AIMII Semiconductors 

Features 

o Complete Pin Compatibility With S2560A and 
52560G Pulse Dialer Allowing Easy Upgrading of 
Existing Designs. 

o Ten 18·Digit Number Memories Plus Last Number 
Redial (22 Digit) Memory On Chip. 

o Low Voltage CMOS Process for Direct Operation 
From Telephone Lines. 

o Inexpensive R-C Oscillator Design With Accuracy 
Better Than ± 5% Over Temperature and Unit·Unit 
Variations. 

Block Diagram 

., 

., 
KEYBOARD KEYBOARD 

INPUTS 
C, 

INTERFACE 

c, 

svlW~~ .. 

DIAL r RATE Co 
DSC .E 

D.S MIS 
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10 MEMORY PULSE DIALER 

o Independent Select Inputs for Variation of Dialing 
Rates (10pps/20pps), Mark/Space Ratio (33V3 -662131 
40-60), Interdiglt Pause (400 ms/800m s). 

o Can Interface With Inexpensive XV Matrix or Stan
dard 2 of 7 Keyboard With Common. Also Capable 
of Logic Interface (Active High). 

o Mute and Pulse Drivers On Chip. 

o Call Disconnect by Pushing * and # Keys 
Simultaneously. 

Pin Configuration 

H, C, 

H, C, 

H, C, 

H, IPS 

iii DHS 

HE Voo 

CD MIS 

HD MUTE 

iiP jjji Vss 

MUTE 
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Absolute Maximum Ratings: 

Supply Voltage ......................................................................................................................................................................... + S.SV 
Operating Temperature Range .................................................................................................................................. O·C to + 70·C 
Storage Temperature Range ............................................................................................................................. - 40·C to + 12S·C 
Voltage at any Pin ..................................................................................................................................... Vss - 0.3V io Voo + 0.3V 
Lead Temperature (Soldering, 10sec) .................................................................................................................................... 300·C 

Electrical Characteristics: 
Specifications apply over the operating temperature and 1.SV"Voo - Vss"3.SV unless otherwise specified. 

Symbol Parameter 

Operating Voltage 

Voo Data Retention 

Voo Non Dialing State 

Voo Dialing State 
Operating Currant 

100 Data Retention 1.0 

100 Non Dialing 1.5 

100 Dialing 2.0 
3.5 

Output Currant Levels 

10loP DP Output Low Current (Sink) 3.5 

10HOP 
DP Output High 1.5 
Current (Source) 3.5 

10lM M UTE Output Low Current (Sink) 3.5 

10HM 
M UTE Output High 1.5 
Current (Source) 3.5 

10 Oscillator Frequency 2.0 
.110/10 Frequency Deviation 2.0 to 

2.75 
2.75 to 

3.5 
Input Voltage Lavals 

VIH Logical "1" 

Vil Logical "0" 

CIN I nput Capacitance Any Pin 

Note 1: 750nA max. data retention part available. Voo .. 1.0 Volt 

Functional Description 

1.0 
1.5 

2.0 

125 
20 

125 

125 
20 

125 

-3 

-3 

80% 01 
(Voo - Vss) 

Vss 
-0.3 

The pin function designations are outlined in Table 
1. 

Oscillator 
The device contains an oscillator circuit that re-
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V On Hook, (HS = Voo) 
3.5 V Off Hook, Oscillator Not Running 

3.5 V Off Hook, Oscillator Running 

2.0 ,..A On Hook, (HS", Voo) (Note 1) 

10 ,..A Off Hook (HS = Vss). Oscillator Not Running, 
Outputs Not Loaded 

100 ,..A Off Hook, Oscillator Running, Outputs Not 
500 ,..A Loaded 

,..A VOUT .. O.4V 
,..A VOUT .. IV 
,..A VOUT - 2.5V 
,..A VOUT '" O.4V 
,..A VOUT '" IV 
,..A VOUT - 2.5V 

10 kHz 

+3 % Fixed R·C oscillator components. 
50kQ .. Ro" 750kQ; 1 OOpF .. Co "1000pF; 

+3 % ~50kQ" RE .. 5MQ 
300pF most desirable value lor Co 

Voo V 
+0.3 

20% 01 V 
(Voo- Vss) 

7.5 pF 

quires three external components; two resistors (AD 
and Ae) and one capacitor (CD). All Internal timing Is 
derived from this master time base. To eliminate 
clock Interference In the talk state, the oscillator Is 
only enabled during key closures and during the dial
Ing state. It Is disabled at all other times including 



the "on hook" condition. For a dialing rate of 10pps the 
oscillator should be adjusted to 2400Hz. Typical values 
of external components for this are Ro, RE = 750kQ and 
Co = 270pF. It is recommended that the tolerance of 
resistors to be 1 % and capacitor to be 5% to insure a 
± 10% tolerance of the dialing rate in the system. 

Keyboard Interface 

The 525610 employs a scanning technique to deter· 
mine a key closure. This permits interface to a DPCT 
(Double Pole Common Terminal) keyboard with com· 
mon connected to Vee (Figure 1), or a XV matrix. A high 
level on the appropriate row and column inputs con· 
stitutes a key closure for logic Interface. 

Figure 1. SPST Matrix Keyboard Arranged In a Row, 
Column Format 

C1 Ca 

SPST MATRIX KEYSDRTEb _ / 
)N.D, 

On Hook Operation: The device Is continuously powered 
through a 10-20MQ resistor during the on hook opera
tion. This resistor allows enough current from the tip 
and ring lines to the device to allow the Internal mem
ory to hold and thereby providing storage of the last 
number dialed. DP and mute outputs are low in the on 
hook state. 

Any key depressions during the on·hook condition are 
Ignored and the oscillator is inhibited. This insures that 
the current drain in the on-hook condition Is very low 
and used to retain the memory. 
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Figure 2. Standard Telephone Pushbutton Keyboard 

r 
(io--_--, 

'I ~- --Q--Q--CP 
I I I 

9" 9--Q- -cP- -P'- " 
I I I 

>0.':---0--0--0 ,,+-0-4 ..... I I I 
I I I 

0--0--0- -CJ.~ " 
I 1'- . 
I I COMMON 

:.1. 1_;' (CONNECT TO Voal 

"1 C, f CJ ___ MeCHANICAL 
., LINKAG£ 

RON ICONT ACT RESIST ANCEl. lUI 

Off Hook Operations: The device is continuously 
powered through a 150kQ resistor during off hook oper
ation. The DP output Is normally high and sources base 
drive to transistor Q1 to turn ON transistor Q2' Tran· 
slstor Q2 replaces the mechanical dial contact used In 
the rotary dial phones. Dial pulSing begins when the 
user enters a number through the keyboard. The DP 
output goes low shutting the base drive to Q1 OFF 
causing Q2 to open during this pulse break. The MUTE 
output also goes low during dial pulsing allowing 
muting of the receiver through transistors Q3 and Q4' 
The relationship of dial pulse and mute outputs are 
shown In Figure 3. 

The dialing rate Is derived by dividing down the dial rate 
oscillator frequency. Table 2 shows the relationship of 
the dialing rate with the oscillator frequency and the 
dial rate select input. Different dialing rates can be 
derived by simply changing the external resistor value. 
The dial rate select input allows changing of the dialing 
rate by a factor of 2 without the necessity of changing 
the externai component values. Thus, with the oscil
lator adjusted to 2400Hz, dialing rates of 10 or 20pps 
can be achieved. Dialing rates of 7 and 14pps similarly 
can be achieved by changing the oscillator frequency 
to 1680Hz. 
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Figure 3. Timing (Off Hook) 

~~~-----------------------------------------

!LJL 
MARK I I 

SPACE ~IDP-l 
6 TO 13 I 

mSEC r. I 
DELAY ! 

~~ ________ ~r~~ ______ __ 
KEY DEPRESSION 

The Inter·Oigit Pause (lOP) time is also derived from the 
oscillator frequency and can be changed by a factor of 2 
by the lOP select input. With lOP select pin wired to 
Vss, an lOP of BOOms is obtained for dial rates of 10 and 
20pps. lOP can be reduced to 400ms by wiring the lOP 
select pin to Voo. At dialing rates of 7 and 14pps, lOP's 
of 1143ms and 572ms can be similarly obtained. If the 
lOP select pin is connected to the dial rate select pin, 
the lOP is scaled to the dial rate such that at 10pps an 
lOP of BOOms is obtained and at 20pps an lOP of 400ms 
is obtained. 

The user can enter a number up to 22 digits long from a 
standard 3 x 4 XV matrix keypad (Figure 1). It is also 
possible to use a logic interface or a keyboard with 
common (Figure 2) for number entry. Antibounce pro· 
tection circuitry is provided on chip (min. 9ms) to pre. 
vent false entry. 

Normal Dialing 

The user enters the desired numbers through the key
board after going off hook. Dial pulSing starts as soon 
as the first digit is entered. The entered digits are 
stored sequentially in the internal memory. Digits can 

be entered at a rate considerably faster than the output 
rate. Digits can be entered approximately once every 
50ms while the dialing rate may vary from 7 to 20pps. 
The number entered is retained in the memory for 
future redial. Pauses may be entered when required in 
the dial sequence by pressing the u#" key, which pro
vides access pauses for future redial. Any number of 
access pauses may be entered as long as the total 
entries do not exceed 22. 

Redlaling 

The last number dialed is retained in the memory and 
therefore can be redialed out by going off hook and 
pressing the u#" key twice. Dial pulsing will start when 
the key is depressed and finish after the entire number 
is dialed out unless an access pause is detected. In 
such a case, the dial pulsing will stop and will resume 
again only after the user pushes the u#" key. 
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Memory Dialing 

Dialing of a number stored in memory is initiated by go
ing OFF hook and pushing the u#" key followed by the 
single digit address. Numbers can be cascaded after 
dialing of the first number is completed. 
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Table 1. S25610 Pin/Function Descriptions 

Pin Functions 
Keyboard 
(R1' R2, R3' R4, C1, C2, C3) 

Inter·Digit Pause Select (I PS) 

Dial Rate Select (DRS) 

Mark/Space (M / S) 
Mute Out (M UTE) 

Dial Pulse Oul (OP) 

Dial Rale Oscillator (RE, CD, Ro) 

Hook Switch (HS) 

Power (VDO , Vss ) 

Pin Number 

7 
2,3,4,1,16,17,18 

15 

14 

12 
11 

9 

6, 7, 8 

5 

13, 10 

Function 

These are 4 row and 3 column inputs from ttre keyboard contacts. 
These inputs are open when the keyboard is inactive. When a key is 
pushed, an appropriate row and column input must go to Voo or con
nect with each other. A logic interface is also possible as shown in 
Figure 2. Active pull up and pull down networks are present on these 
inputs when the device begins keyboard scan. The keyboard scan 
begins when a key is pressed and starts the oscillator. Debouncing is 
provided to avoid false entry (typ. 10ms). 
One programmable line is available that allows selection of the pause 
duration that exists between dialed digits. It is programmed accor
ding to the truth table shown in Table 4. Two pauses either 400ms or 
800ms are available for dialing rates of 10 and 20 pps. lOP's cor
responding to other dialing rates can be determined from Tables 2 
and 4. 
A programmable line allows selection of two different output rates 
such as 7 or 14pps, 10 or 20pps, etc. See Tables 2 and 4. 
This input allows selection of the mark/space ratio, as per Table 4. 
A pulse is available that can provide a drive to turn on an external 
transistor to mute the receiver during the dial pulsing. 
Output drive is provided to turn on a transistor at the dial pulse rate. 
The normal output will be "low" during "space" and "high" other
wise. 
These pins are provided to connect external resistors Ro, RE and 
capacitor Co to form an R-C oscillator that generates the time base for 
the Key Pulser. The output dialing rate and lOP are derived from this 
time base. 
This input detects the state of the hook switch contact; "off hook" 
corresponds to Vss condition. 
These are the power supply inputs. The device is designed to operate 
from 1.5V to 3.5V. 

Table 2. Table for Selecting Oscillator Component Values for Desired Dialing Rates and Inter-Digit Pauses 

Dial Rate Dsc. Freq. Ro 

I 
RE 

I 
Co Dial Rale (pps) lOP (ms) 

Desired (Hz) (kQ) (kQ) (pF) DRS = Vss DRS = Voo IPS = Vss IPS = Voo 
5.5/11 1320 5.5 11 1454 727 
6/12 1440 6 12 1334 667 

6.5/13 1560 6.5 13 1230 615 
7/14 1680 Select components in the 7 14 1142 571 

7.5/15 1800 ranges indicated in table 7.5 15 1066 533 
8/16 1920 of electrical specifications 8 16 1000 500 

8.5/17 2040 8.5 17 942 471 
9/18 2160 9 18 888 444 

9.5/19 2280 9.5 19 842 421 
10/20 2400 750 I 750 I 270 10 20 800 400 

(fd/24O)/ fd (fd/24O) (fd/ 12O) 1920 103 960 103 
(fd/12O) fi x fi x 

Notes: 
1. lOP is dependent on the dialing rate selected. For example, for a dialing rate of 10pps, an IDP of either 800ms or 400ms can be selected. For a dialing 
rate of 14pps, an IDP of either 1142ms or 571ms can be selected. 
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Operating Characteristics 
Normal Dialing 

Off Hook, G, -------G 
Dial pulsing to start as soon as first digit is entered 
(debounced and detected on chip). Pause may be en
tered in the dialing sequence by pressing the "#" 
key. Total number of digits entered not to exceed 22. 
Numbers exceeding 22 digits can be dialed but only 
after the first 22 digits have been completely dialed 
out. In this case redialing function is inhibited. 

Storing of a Telephone Number(s) 
Numbers can be stored as follows: 

Off Hook, ~ 

~ 
etc. 

Earpiece is muted in this operation to alert the user 
that a store operation is underway. 

Memory Dialing 

Off Hook, 0, B 
Numbers can be cascaded repeating 0, B 
sequence after completion of dialing of present se· 
quence. If an access pause has been stored in "LOC", 
dialing will halt until the "#" key is pushed again. 

Redialing 

Last number dialed can be redialed as follows: 

Off Hook, 0 ,0 
Last number for this purpose is defined as the last 
number remaining in the buffer. Access pause is termi
nated by pushing the "#" key as usual. 

Special Sequences 
There are some special sequences that provide for 
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mixed dialing or other features such as call discon
nect, redial inhibit or memory clear as follows: 

a. Normal dialing followed by repertory dialing 

Off Hook, G ,- --G ---.. c:J ,[!] ,B 
(wait for dialing to complete before pressing star 

key) 

b. Normal dialing after memory dialing or redialing 

Off hook, [!] ,[!] -- -- -G -- -G 
or 

B 
(wait for dialing to complete 

before pressing D1 key) 

C. Disconnecting call 

Off hook, - - - - - , c:::J [!] 

Pushing * and # keys simultaneously causes DP and 
mute outputs to go low and remain low until the keys 
are released. This causes a break in the line. If the keys 
are held down for a sufficiently long time (approx. 
400ms), the call will be disconnected and new dial tone 
will be heard upon release of the keys. This feature is 
convenient when disconnecting calls by the normal 
method, i.e., hanging up the phone or depressing 
hookswitch is cumbersome. 

d. Inhibiting future redialing of a normally dialed 
number 

Off hook, G ---G ---. -c:J ' c:J 
(walt for dialing to complete before pressing star 

key) 

Pushing * key twice after normal dialing is completed 
instructs the device to clear the redial buffer. 

e. To clear a memory location(s) 

Off hook, c:J ,[!] ,C:J 8 ,--- c:J ,[!] ,C:J ~ 
Essentially this operation is equivalent to storing a 
pause in the memory location. 

The various operating characteristics are summarized 
in Table 3. 



Table 3. Summary of Operating Characteristics 

1) Normal Dialing: off hook ,G - - - -- G 
2) Inhibit Redialing: off hook ,G ---G - - - - - - - - - - -- [:J,[:J 

(wait for dialing to complete before pressing star key) 

3) Redialing: off hook ,[!],[!] 
4) Storing of Number(s): off hook ,[:J,G G,[:J ~------

[:J,G G,[:J 8 
5) Memory Dialing: off hook ,[!] G - - - - - - - - - - -- [!] ,8 

(wait for dialing to complete before pressing # key) 

6) Normal Dialing + Memory Dialing: off hook ,G - -- G - - - - - - - - - - -- [:J,[!] ,G 
(wait for dialing to complete before pressing star key) 

7) Recall + Normal Dialing: off hook ,[!],[!] or G, - - - - - - - - - - - -- G - - G 
(wail for dialing to complete before pressing 01 key) 

8) Call Disconnect: off hook CJ [!] 
9) Clear Memory Location(s): off hook ,[:J,[!],[:J,§j - -- [:J,[!],[:J §j 

Figure 4. Memory Dialer Circuit with Redial 
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Table 4. 

Function Pin Designation Input Logie Level Selection 

Dial Pulse Rate Selection 
DRS Vss (f/240)pps 
(14) Voo (f/120)pps 

Inter-Digit Pause Selection IPS Voo 960 s 
-r 

(15) 1920 
Vss -r s 

Mark/Space Ratio 
M/S Vss 33 '13/66 213 
(12) Voo 40/60 

On Hook/Off Hook 
HS Voo On Hook 
(5) Vss Off Hook 

NOTE: f is the oscillator frequency and is detemined as shown in Figure 5. 

Figure 5. Memory Dialer Circuit with Redial (Single Hook Switch Contact Application for PABX) 
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Features 
o Wide Operating Supply Voltage Range 

3.0 to 10.0 Volts 
o Direct Interface to TTL 4-Bit Logic for Binary Inputs 

or Standard x-v Keyboard with Common Terminal 
o Uses Low Cost 3.58MHz TV Crystal to Derive 

16 Standard Dual Tone Frequencies 
o Reference Voltage Generated On-Chip Eliminates 

External Circuitry 
o Dual Tone and Single Tone Capabilities 
o Low Power CMOS Circuitry Allows Telephone Line 

Power Operation 

Block Diagram 

K/B 

CE 

C, 

Ci 
Ci 
eo 

S2579 

DTMF Tone Generator 
With Binary Input 

General Description 
The S2579 binary input DTMF generator is a CMOS 
integrated circuit specially designed to accept external 
logic or microprocessor inputs. The S2579 can also be 
programmed to interface to 3x4 or 4x4 keyboard with 
common. The 16 standard dual tone frequencies are 
derived from a 3.58MHz crystal providing high accu
racy and stability. A voltage reference is generated on 
the chip which is stable over the operating voltage and 
temperature range and regulates the signal levels of 
the dual tones to meet the recommended telephone 
industry specification. Other applications for the 
S2579 include radio and mobile telephones, remote 
control, point-of-sale, and credit card verification termi
nals and process control. 

Pin Configuration 

V,, TONE 

MUTE CE 

C, D3 (if,) 

Co D, (R,) 

Co D, (Ra) 

Vss Do (R4) 

OSC, KEy/BiN 

OSC, c. 
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Absolute Maximum Ratings: 

DC Supply Voltage (Voo - Vss) ................................................................................................................... + 10.5V 
Operating Temperature ..................................................................................................................... O· C to + 70· C 
Storage Temperature ................................................................................................................. -55·Cto +125·C 
Power Dissipation at 25·C ............................................................................................................................ 500mW 
Input Voltage ................................................................................................................. Vss - 0.6~VIN ~Voo + 0.6 
Input/Output Current (except tone output) ..................................................................................................... 15mA 
Tone Output Current ........................................................................................................................................ 50mA 

Electrical Characteristics: 
Specifications apply over the operating temperature range of O·C to + 70·C unless otherwise noted. Absolute 
values of measured parameters are specified. 

Symbol Parameter/Conditions (Voo-Vss) Min. Typ. Max. Units 
VoHs 

Supply Voltage 

VDD Tone Output Mode (With Valid Data) 3.0 5.0 10.0 V 

Supply Current 

Standby (No Key Selected, No 5.0 1.6 2.0 mA 
Data, Tone and Mirte Unloaded) 10.0 2.8 3.2 mA 

100 
Operating (Tone and lVi'iite', 5.0 4.0 5.0 mA 
Unloaded) 10.0 9.0 18.0 mA 

Pullup Resistor 5.0 32 KQ 
(Column, Rowand CE Inputs) 10.0 15 

Rp Key / BIN Select 5.0 32 KQ 
Unloaded) 10.0 15 

OSC Operating Frequency 5.0- 3.58 MHz 
10.0 

Tone Output 

VOR Low Band Alone RL = 150Q 5.0 393 481 598 mVrms 

dBeR Ratio of Column to Row Tone 5.0 
10.0 1.0 2.0 3.0 dB 

%DIS Distortion* 5.0- 7 10 % 
10.0 

IOL Output Sink Current.(Pin2' MUTE) 5.0 1.6 4.8 mA 

DST Data Setup Time 5.0 100 ns 

DHT Data Hold Time 5.0 50 ns 

Logic Inputs 

VIL Input Voltage, Low 5.0 0.8 V 

VIH Input Voltage, High 5.0 2.0 V 

"Distortion measured in accordance with the specifications described in Ref. 1 as the" ratio of the total power of all extraneous frequencies in the voice
band above 500Hz accompanying the signal to the total power of the frequency pair" . 
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Pin/Function Descriptions 

Pin # Name 

1 VDD 

2 MUTE 

3 C1 
4 C2 
5 C3 
9 C4 

6 VSS 

7 OSCi 
8 OSCo 

10 KEY /BIN 

11 00 (R4) 
12 01 (R3) 
13 02 (R2) 
14 03 (R1) 

15 CE 

16 TONE 

82579 

Function 

The positive supply voltage pin. 

This is an open drain output that turns on, to mute the microphone and speaker when a 
key is pressed. 

} 
When pin lOis high these are the 4 column inputs and must be pulled low true. When pin 
lOis low, a Iowan Cl provides a single low group tone when CE is valid. If C2 is Iowa 
single high group tone will be generated. Pull-up resistors are present on each pin in the 
50KQ range. These are not latching inputs like the row inputs. These pins 
(C1 C2) must be held low for the duration of the single tone. 

The negative supply voltage pin. 

A standard 3.58 M Hz TV crystal is connected across 
these pins in parallel with a 10MQ resistor. 

Keyboard/Binary: This pin selects whether the 52579 will be interfaced with a X-Y 
keyboard or 4 bit data bus from a microprocessor. 

When pin lOis high these are the 4 row inputs and must be pulled low true. When pin 10 
is low these are the binary data inputs for the 16 OTMF tones (See table 1). 
Pull-up resistors are on each pin in the 50KQ range. The data is latched into the 52579 
on the rising edge of CEo 

CHIP ENABLE: When this pin is low, all outputs are disabled. When CE and KEY/BIN are 
high, any single key depression will output a valid OTMF tone. If KEY /BINis low, each 
time CE is brought high a tone will be output, the value will depend on the levels present 
at the 00, 01, 02, 03, C;, and C2 input pins during the positive transition of CEo The tone 
will continue until CE is brought low. (In the case of single tones C1 or C2 must be kept 
low for the duration of the tone). 

TONE OUT. This output is an emitter follower OC coupled for impedance transformation. 
Typically drives a 100Q or 150Q resistor. 
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Functional Description 
Basic Chip Operation 

The dual tone multi frequency (OTM F) signal consists of 
linear addition of two voice frequency signals. One of 
four signals is selected from a group of frequencies 
called "low group" and the other is selected from a 
group of frequencies called "high group". The low 
group consists of four frequencies; 697, 770, 852 and 
941Hz. The high group consists of four frequencies; 
1209,1336,1477 and 1633Hz. 

Tone Generation 
When a valid address is detected, the S2579 programs 
the high and low group dividers with appropriate divider 
ratios so that the output of these dividers cycle at 16 
times the desired high group and low group frequen
cies. The outputs of the programmable dividers drive 
two 8-stage Johnson counters. The symmetry of the 
clock input to the two divide by 16 Johnson counters 
allows 32 equal time segments to be generated within 
each output cycle. The 32 segments are used to digi
tally synthesize a stair-step waveform to approximate 
the sinewave function (see Figure 2). This is done by 
connecting a weighted resistor ladder network be
tween the outputs of the Johnson counter, Voo and 
VREF. VREF closely tracks Voo over the operating 
voltage and temperature range and therefore the peak
to-peak amplitude Vp (Voo - VREF) of the stair-step 
function is fairly constant. VREF is so chosen that Vp 
falls within the allowed range of the high group and low 
group tones (see Table 3). 

The individual tones generated by the sinewave synthe
sizer are then linearly added and drive an emitter 
follower to allow proper impedance transformation 
while preserving signal level. 

Logic Interface 

The S2579 will directly interface with TIL and CMOS 
logic outputs. When programmed for logic inputs, the 
S2579 requires active "high" logic levels. Pull-up 
resistors are present on the row and column inputs in 
the 50KQ range. 

Keyboard Interface 
The S2579 can interface with either the standard tele
phone pushbutton keyboard (see Figure 1) or an .X-Y 
keyboard with common. The common of the keyboard 
must be connected to Vss. 
When programmed for keyboard interface, the S2579 
requires active "low inputs". 

4.58 

82579 

Single Tone Mode 
Single tones in either the low group frequencies or the 
high group frequencies can be generated using the 
S2579. With pin 10 low, (Binary input) and valid data on 
the row inputs, a low input on the C1 orG; pin will gene
rate the appropriate single row or column frequency 
tone (Table 3). When pin 10 is high, a low group tone can 
be generated by depressing two digit keys in the appro
priate column, I.e., selecting the appropriate column in
put and two row inputs in that column. 

Key/BIN 
This input is used for programming the S2579 to accept 
either logic or keyboard inputs. If the Key/BIN pin is tied 
"low", the S2579 will be programmed to accept logic or 
binary input levels. Left floating or tied "high" the 
S2579 will accept keyboard inputs. 

MUTE Output 
The S2579 has a N-Channel transistor for the MUTE out
put. With no keys depressed, the MUTE output is open. 
When a valid address is enabled, the MUTE output goes 
low. 

Oscillator 
The device contains an oscillator circuit with the re
quired parasitic capacitances on chip so that it is only 
necessary to connect a 10MQ feedback resistor and the 
standard 3.58M Hz TV crystal across the OSCi and OSCo 
terminals to implement the oscillator function 

Figure 1. Standard Telephone Push Button Keyboard 
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Table 1. Functional Truth Table for Logic Interface 

Keyboard 
C! 

Binary Inputs Frequencies Generated 
Inputs C1 03 02 01 DO Ii I1t 

1 · · 0 0 0 1 697 1209 
2 · · 0 0 1 0 697 1336 
3 * * 0 0 1 1 697 1477 
4 * * 0 1 0 0 770 1209 
5 * * 0 1 0 1 770 1336 
6 * * 0 1 1 0 770 1477 
7 * * 0 1 1 1 852 1209 
8 * * 1 0 0 0 852 1336 
9 * * 1 0 0 1 852 1477 
0 * * 1 0 1 0 941 1336 
* · * 1 0 1 1 941 1209 
# * * 1 1 0 0 941 1477 
A * · 1 1 0 1 697 1633 
B * * 1 1 1 0 770 1633 
C * * 1 1 1 1 852 1633 
0 * * 0 0 0 0 941 1633 

SINGLE TONE 0 * VALID DATA FH 
SINGLE TONE * 0 VALID DATA FL 

• Indicates Normally Open, Internal Pull ups Make This a "1" State. 

Table 2. Functional Truth Table for Keyboard Interface 

Inputs 

Keys Depressed Number of Number of 
Columns Low Rows Low 

X X X 
None 0 0 
One 1 1 
Two or more keys in column 1 2 or 3 or 4 
Two or more keys in row 2 or 3 or 4 1 

Table 3. Comparisons of Specified Vs. Actual Tone 
Frequencies Generated by S2579 

ACTIVE OUTPUT FREQUENCY Hz % ERROR 
INPUT SPECIREo ACTUAL SEE NOTE 

R1 697 699.1 +0.30 
R2 770 766.2 -0.49 

R3 852 847.4 - 0.54 
R4 941 948.0 + 0.74 
C1 1209 1215.9 + 0.57 
C2 1336 1331.7 - 0.32 
C3 1477 1471.9 -0.35 
C4 1633 1645.0 +0.73 

NOTE: % ERROR DOES NOT INCLUDE OSCILLATOR DRIFT 

The oscillator functions whenever a row input is ac· 
tivated. The reference frequency is divided by 2 and 
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Output 

Chip Enable Tone MUTE 

0 0 1(OPEN) 
0 1(OPEN) 

FL + FH 0 
FH 0 
FL 0 

then drives two sets of programmable dividers, the high 
group and the low group. 

Chip Enable 

The 52579 has a chip enable input at pin 15. The chip 
enable for the 52579 is active "High". When the chip 
enable is "Low", the tone output goes to Vss, the 
oscillator is inhibited and the MUTE output goes open. 

Quartz Crystal Specification (25" C ± 2"C) 

Operating Temperature Range: O°C to + 70°C 
Frequency ............................... 3.579545MHz 
Frequency Calibration Tolerance .................... 02 ± % 
Load Capacitance ................................. 18pF 
Effective Series Resistance .................. 180 Ohms, max. 
Drive Level·Correlation/Operating ..................... 2mW 
Shunt Capacitance ............................. 7pF, max. 
Oscillation Mode ............................ Fundamental 
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Figure 2. Stalrstep Waveform of the Digitally Synthesized Sinewave 
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Figure 3. 82579 Timing Diagram 
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Amplitude/Distortion Measurements 

Amplitude and distortion are two important parameters 
in all applications of the digital tone generator. Ampli· 
tude depends upon the operating supply voltage as 
well as the load resistance connected on the tone out· 
put pin. The on·chip reference circuit is fully opera· 
tional when the supply voltage equals or exceeds 4 
volts and as a consequence the tone amplitude is regu· 
lated in the supply voltage range above 4 volts. The load 
resistor value also controls the amplitude. If RL is low, 
the reflected impedance into the base of the output 
transistor is low and the tone output amplitude is lower. 
For RL greater than 1 KQ the reflected impedance is suf· 
ficiently large and highest amplitude is produced. Indi· 
vidual tone amplitudes can be measured by applying 
the dual tone signal to a wave analyzer (H·P type 3580A) 
and amplitudes at the selected frequencies can be 
noted. This measurement also permits verification of 
the pre·emphasis between the individual frequency 
tones. 

Distortion is defined as "the ratio of the total power of 
all extraneous frequencies in the voiceband above 
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500Hz accompanying the signal to the power of the fre· 
quency pair". This ratio must be less than 10% or when 
expressed in dB must be lower than - 20dB. (Ref. 1.) 
Voiceband is conventionally the frequency band of 
300Hz to 3400Hz. Mathematically distortion can be ex· 
pressed as: 

Dist. = 
V (V1)2 + (V2)2 + .. + (VN)2 

V (VLl2 + (VH)2 

where (V1) .•. (VN) are extraneous frequency (I.e., 
intermodulation and harmonic) components in the 
500 Hz to 3400Hz band and VL and VH are the indio 
vidual frequency components of the DTMF signal. 
The expression can be expressed in dB as: 

V (V1)2 + (V2)2 + .. + (VN)2 
DISTdB = 20 log 

V (VLl2 + (VH)2 

= 10{ log [(V12 + .. (VN)2] - log [(VLl2 + (VH)2]) ... (1) 
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Figure 4. Test Circuit for Distortion Measurement 
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An accurate way of measuring distortion is to plot a 
spectrum of the signal by using a spectrum analyzer 
(H·P type 3580A) and an X-V plotter (H·P type 7046A). 
Individual extraneous and signal frequency com· 
ponents are then noted and distortion is calculated by 
using the expression (1) above. Figure 5 shows a spec
trum plot of a typical signal obtained from S2579 device 
operating from a fixed supply of 5VDC and RL = 390Q in 
the test circuit of Figure 4. Mathematical analysis of the 
spectrum shows distortion to be - 30dB (3.2%). For 
quick estimate of distortion, a rule of thumb as outlined 
below can be used. 

"As a first approximation distortion in dB equals the dif
ference between the amplitude (dB) of the extraneous 
component that hC!s the highest amplitude and the 
amplitude (dB) of the low frequency signal." This rule of 
thumb would give an estimate of - 28dB as distortion 
for the spectrum plot of Figure 5 which is close to the 
computed result of - 30dB. 

In a telephone application amplitude and distortion are 
affected by several factors that are interdependent. For 
detailed discussion of the telephone application and 
other applications of the S2579 Tone Generator, refer to 
the applications note "Applications of Digital Tone 
Generator." 

Ref. 1: Bell System Communications Technical Reference, 
PUB 47001, "Electrical Characteristics of Bell System Net
work Facilities at the Interface with Voiceband Ancillary and 
Data EqUipment," August 1976. 
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Figure 5. A Typical Spectrum Plot 

DEVICE: 52579 RL = 390Q 
TEMP: ROOM TEST CKT: FIGURE 4 
(Voo - VSS ): 5V DC FIXED DUAL TONE: R4, C1 

HORIZONTAL SCALE = O.5KHz/DIV 
VERTICAL SCALE = 10dB/DIV 
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Features 
o Ten 16- Digit Numbers 8tored on Chip Plus 16 Digit 

Redial Buffer 
o Operates with 4x4 Keyboard (825910) or 3x4 Key

board (825912) 
o 825910 Has 8eparate Keys for 8tore, Redial, Mem

ory Dial and Hold Functions 
o 825912 uses # and * Keys for 8torage and 

Retrieval of Numbers in Memory 
o Low Data Retention Current: 1~ Max. 
o 825912 Pin Compatible with AMI's 82559 Tone 

Generator Family 
o Telephone Line Powered Operation 

Block Diagram 
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General Description 

825910/825912 

10 MEMORY 
DTMF DIALER 

The 825910/825912 are monolithic CM08 integrated 
circuits intended for DTMF memory dialer applications. 
They provide normal DTMF dialing functions and the 
capability to store and retrieve ten 16-digit numbers, 
plus last number dialed, from on-Chip memory. 

The 825910 has separate key inputs to activate store, 
redial, memory dial, and hold functions. The 825912 
interfaces to a 3x4 keyboard and uses the # and * keys 
for memory storage and retrieval. The low data reten
tion current of 1 fAA maximum for both the 
825910/825912 eliminate battery backup requirements 
and allow operation from telephone line power. 

825910 Pin Configuration 

VDD TONE 

HOLD m 
c, H, 

C, H, 

C3 H3 

V" H. 

OSC, MUTE 

OSC, C. 

825912 Pin Configuration 

V •• TONE 

HOLD iii 
C, H, 

C, H, 

C3 H3 

V" H. 

OSC, MUTE 

OSC, HOLD 
INPUT 
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Absolute Maximum Rating: 

DC Supply Voltage (Voo-Vss) .............................................................. +13.5V 
Operating Temperature ............................................................. O°C to + 70°C 
Storage Temperature ........................................................... - 65°C to + 140°C 
Power Dissipation at 25°C ................................................................ 500mW 
Input Voltage .............................................................. - 0.6<VIN<VOO + 0.6V 

Electrical Characteristics: Specifications apply over the operating temperature range of O°C to 70°C unless other
wise noted. Absolute values of measured parameters are specified. 

Symbol Parameter/Conditions (Voo-Vss) Min. Typ. Max. Unit 
Volts 

Supply Voltage 

Tone Out Mode (Valid Key Depressed) 2.50 10.0 V 
Voo 

Non Tone Out Mode (No Key Depressed) 1.50 10.0 V 

Supply Current 

STANDBY (NO Key Depressed. 1.0 1 J-lA 
Tone, M ute and Flash 
Outputs Unloaded, HS HIGH 10.0 100 J-lA 

100 
Operating (One Key Selected, Tone, Mute 2.5 2.5 mA 
Unloaded) 

Data Retention 1.0 1 J-lA 

Tone Output 

VO R Low Group Frequency Amplitude (RL = 1 kQ) 3.0 278 mVrms 

dBcr Ratio Of Column To Row Tone 2.5-10.0 1.0 3.0 dB 

% OIS Distortion' 2.5-10.0 7 % 

Mute Output 

IOH Output Source Current VOH = 2.25V 2.5 0.5 mA 

IOL Output Sink Current VOL = 0.25V 2.5 0.5 mA 

, Distortion measured In accordance With the specificatIOns described as "ratio of total power of all extraneous frequencies In the vOiceband above 500Hz accompanYing 
the signal to the total power of the frequency pair". 

NOTE: Rl = load resistor connected from output to Vss. 

Functional Description 

Basic Chip Operation 

The dual tone signal consists of linear addition of two 
voice frequency signals. One of four signals is selected 
from a group of frequencies called "low group" and the 
other is selected from a group of frequencies called 
"high group". The low group consists of four frequen
cies; 697, 770, 852 and 941 Hz. The high group consists 
of three frequencies; 1209, 1336 and 1477 Hz. 
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When a push button corresponding to a digit (0 thru 9, 
* , #) is pushed, one appropriate row (R1 thru R4) and 
one appropriate column (C1 thru C4) is selected. The 
active row input selects one of the low group fre
quencies and active column input selects one of the 
high group frequencies. In addition to generating 
DTMF tones, the S25910 has special function push but
tons in column 4 which do not generate tones. 



Tone Generation 

When a valid key closure Is detected, the keyboard 
logic programs the high and low group dividers with 
appropriate divider ratios so that the output of these 
dividers cycle at 16 times the desired high group and 
low group frequencies. The outputs of the program
mable dividers drive two a·stage Johnson counters. 
The symmetry of the clock input to the two divide·by·16 
Johnson counters allows 32 equal time segments to be 
generated within each output cycle. The 32 segments 
are used to digitally synthesize a stair-step waveform to 
approximate the sinewave function. This is done by 
connecting a weighted resistor ladder network between 
the outputs of the Johnson counter, Voo and VREF' VREF 
closely tracks Voo over the operating voltage and 
t~mperature range and therefore the peak-to-peak amp
litude Vp (VOO-VREF) of the stair-step function is fairly 
constant. VREF is chosen so that Vp falls within the 
allowed range of the high group and low group tones. 

Normal Dialing 
Tone dialing starts as soon as the first digit is entered 
and 10ms debounce is complete. Entered digits are 
stored sequentially in the internal buffer. Numbers up 
to 16 digits can be redialed. Numbers exceeding 16 
digits will clear the redial buffer and inhibit the memory 
dialing of these numbe.rs. 

Memory Dialing 
Dialing a number stored in memory on the'525910 is ini
tiated by going off hook and pushing the "M" button 
followed by the single digit address. Tone dialing will 
start after the address key is depressed and debounced 
by 10ms. Memory dialing sequence is complete after 
the entire number stored in memory has been dialed. 
Cascading of numbers is possible with the S25910. 
Memory dialing with the 525912 is initiaited by going 
off hook and pressing the "*" key followed by the ad
dress location. Cascading of numbers on the S25912 is 
not possible. 

Keyboard Interface 

The 525910/525912 employ a scanning circuitry to 
determine key closures. When no key is depressed ac
tive pull down resistors are on on the row inputs 'and 
active pull up resistors are on on the column inputs. 
When a key is pushed a high level Is seen on one of the 
row inputs, the oscillator starts and the keyboard scan 
logic turns on. The active pull up or pull down resistors 
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are selectively switched on and off as the keyboard 
scan logic determines the row and the column Inputs 
that are selected. The values of pull down and pull up 
resistors will vary with supply voltage. Typical values of 
pull up and pull down resistors are shown In Table 1. 

Chip Enable (HS) 

The 525910/525912 have a H5 input (chip enable) at pin 
15. The H5 pin is an active "low". When the H5 pin Is 
"high," the tone output goes to Vss, the oscillator Is in
hibited, keyboard scanning is disconnected, and the 
mute and hold outputs will go to a low state. 

Mute Output 
The 525910/525912 have a push-pull buffer for Mute 
output. With no keys depressed the Mute output is low, 
when a key is depressed the Mute output goes high and 
stays high until the key is released. 

Table 1. Typical Resistance Values 

Voo PULL UP RESISTANCE (TYP_) 

2.0V 3.3 K ohm 
5.0V 1.5 K ohm 

10.0V 1.3Kohm 

Voo PULL DOWN RESISTANCE (TYP.) 

2.0V 340 K ohm 
5.0V 36.6 K ohm 

10.0V 16.6 K ohm 

Table 2_ Comparisons of Specified Vs_ Actual Tone 
Frequencies Generated by S25910/S25912 

ACTIVE OUTPUT FREQUENCY Hz % 
INPUT SPECIFIED ACTUAL ERROR 

R1 697 699.1 +0.30 

R2 770 766.2 -0.49 

R3 852 847.4 -0.54 

R4 941 948.0 +0.74 

C1 1209 1215.9 +0.57 

C2 1339 1331.7 -0.32 

C3 1477 1471.9 -0.35 

NOTE: % error does not include oscillator drift. 



Operating Characteristic Symbol Definition 

Summary of Operations (S25910) 
Normal Dialing 

- Indicates pressing digit or feature button to initiate 
function. 

---G - Digits of stored number. 

Redial button. 

Memory store button. 

Memory location storage number (0 through 9). 

Memory recall button. 

Hold button. 

Off Hook G G 

825910/825912 

Number length can exceed 16 digits. In such a case redial will be inhibited. 

Redial 

Off Hook G 
Store 

Off Hook G G G 
Cascading is permitted during store sequence. 

Memory Dial 

011 Hook 
(wait for dialing to complete) 

Cascading of numbers is permitted as indicated above. 

Mixed Dialing 

Off Hook Normal dialing, memory dialing. 
Off Hook Redial, memory dial. 
Off Hook Memory dial, memory dial 

Off Hook - - Voice mode - - - G 
Initiate Terminate 

a. On the first depression of hold key both hold and mute outputs go high. These outputs 
stay high until the hold mode is cleared by a second depression of hold key. 

b. An alternating alerting Single tone appears on the tone out pin (pin 16) during hold mode 
with a repetition rate of approximately BOOms ani off. 
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Table 4. Summary of Operating Characteristics (525912) 

Normal Dialing 

Off Hook G 
Number length can exceed 16 digits. In such a case redial 
will be inhibited. 

First key cannot be ~ or [!] 
Redial 

Off Hook [!] [!] 
Memory Store 

Off Hook ~ G 
Memory Dial 

Off Hook [!] G 
Hold 

Off Hook - - Voice mode 

Initiate Terminate 

NOTE: Cascading or mixing of operations is not possible. 

Figure 1. Block Diagram of Hold Input Circuitry 
(525912) 

1 HOLD 
INPUT 

Vss....--.. 

V" __ ~~,-.Iw-_l 
~7 

v" 

100KQ 
MIN 

HOLD KEY I I DETECT lOGIC 

FLASHING I 
INDICATOR lOGIC 

Vss ISINK ~ 20mA 

Oscillator Details 

Quartz Crystal Specification (25°C ± 2°C) 

Operating Temperature Range 
Frequency ...... . 
Frequency Calibration Tolerance ......... . 
Load Capacitance 
Effective Series Resistance .... 
Drive Level-Correlation/Operating .... 
Shunt Capacitance ... 
Oscillation Mode. 

O°C to + 70°C 
3.579545MHz 

.02±% 
18pF 

180 Ohms, max. 
2mW 

7pF, max. 
Fundamental 
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Description of Hold (Mute) Operation (825912) 

When "hold" key is first depressed, a flip·flop is set 
internally. Mute and hold outputs go "high". Tone out· 
put goes into a single tone mode with a repetition rate 
of aOOms on/off. Hold input will have a repetition rate of 
100ms on/off to facilitate flashing of the "hold" indio 
cator. "Hold" key must be debounced for 10ms. Se
cond depression of the "hold" key resets the flip·flop 
and clears out the hold mode. Mute and hold outputs 
return to Vss. Tone output returns to Vss and hold input 
returns to open drain condition. See waveform details 
(Figure 5). This "hold" operation does not allow a 
parallel phone to pickup the call, automatically switch· 
ing off the phone With the S25912. The "hold" function 
only works at the one phone set, and the handset must 
not be hung up or the call will be disconnected. It ac· 
tually just mutes the transmit audio and puts a tone on 
the line so each party knows their call is still con· 
nected. 



825910/825912 

Figure 2. 825910 Memory Dialer Applications Circuit 
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Figure 4. S25912 Memory Dialer Applications Circuit 
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Figure 5. S25912 Timing Diagram Hold Operation 
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Advanced Product Description S3506/S3507/S3507A 

March 1985 CMOS SINGLE CHIP p.-LAWlkLAW 
SYNCHRONOUS COMBO CODECS WITH FILTERS 

Features 

o Independent Transmit and Receive Sections 
With 75dB Isolation 

o Low Power CMOS 80mW (Operating) 
10mW (Standby) 

o Stable Voltage Reference On-Chip 
o Meets or Exceeds AT&T 03, and CCITT G.711, 

G.712 and G.733 Specifications 
o Input Analog Filter Eliminates Need for External 

Anti-AI iasi ng Prefilter 
o Input/Output Op Amps for Programming Gain 
o Output Op Amp Provides ± 3.1V into a 6000 Load 

or Can Be Switched Off for Reduced Power(70mW) 
o Special Idle Channel Noise Reduction Circuitry 

for Crosstalk Suppression 

Block Diagram 

v. C>4--t----

tlKSEl SYSCLK 

o Encoder has Dual-Speed Auto-Zero Loop for 
Fast Acquisition on Power-up 

o Low Absolute Group Delay = 450/-lSec @ 1kHz 

General Description 

The S3506 and S3507 are monolithic silicon gate 
CMOS Companding Encoder/Decoder chips designed 
to implement the per channel voice frequency Codecs 
used in PCM systems. The chips contain the band
limiting filters and the analog -digital conversion cir
cuits that conform to the desired transfer 
characteristic. The S3506 provides the European A-Law 
companding and the S3507 provides the North 
American p-Law companding characteristic. 

T·SHIFT 

PCMOUT 

B. 

l·A/88fl 

fLTO.UT 

OOY-

v", 

T-8T8011'1: 

Pin Configuration (22 Pin) 

S35DB1 

13507 

Pin Configuration (28 Pin) 

BIN 

AIN 

elK SEL 

T .. IIFT 

SYS eLK 

T-STRG8E 

PCM OUT 'UN 
o GND v. 

C .. 
DONO UNO 

R-SHIFT 

R·SlROBE 
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General Description (Continued) 
These circuits provide the interface between the analog 
signals of the subscriber loop and the digital signals of 
the PCM highway in a digital telephone switching 
system. The devices operate from dual power supplies 
of ± 5V. 

For a sampling rate of 8kHz, PCM inputloutput data rate 
can vary from 64kb/s to 2.1 Mb/s. Separate transmit! 
receive timing allows synchronous or time-slot asyn
chronous operation. 

Absolute Maximum Ratings 

83506/83507/83507 A 

In 22-pin cerdip or ceramic packages (.400" centers) the 
S3506/S3507 are ideally suited for PCM applications: 
Exchange, PABX, Channel bank or Digital Telephone as 
well as fiber optic and other non-telephone uses. A 
28-pin version, the S3507A, provides standard wLaw 
AlB signaling capability. These devices are also avail
able in a 28-pin chip carrier. Extended temperature 
range versions can be supplied. 

DC Supply Voltage Voo ...................................................................................................................................... + 6.0V 
DC Supply Voltage Vss ......................................................................................................................................... - 6.0V 
Operating Temperature ..................................................................................................................... O°C to + 70°C 
Storage Temperature ...................................................................................................................... - 65°C to + 150°C 
PowerDissipationat25°C .............................................................................................................................. 1000mW 
Digitallnput ......................................................................................................................... Vss - 0.3,,;VIN";VOO + 0.3 
Analog Input ........................................................................................................................ Vss - 0.3"; VI N"; Voo + 0.3 

Electrical Operating Characteristics (TA = 0° to 70°C) 
Power Supply Requirements 

Symbol Parameter Min. 

Voo Positive Supply 4.75 

Vss Negative Supply -4.75 

PaPR Power Dissipation (Operating) 

PaPR 
Power Dissipation (Operating 
wlo Output Op Amp 

PSTBY Power Dissipation (Standby) 

AC Characteristics (Refer to Figures 3A and 4A) 

Symbol Parameter Min. 

DSYs System Clock Duty Cycle 40 

Ise Shift Clock Frequency 0.064 

Dse Shift Clock Duty Cycle 40 

trc Shift Clock Rise Time 

tIc Shift Clock Fall Time 

trs Strobe Rise Time 

tIs Strobe Fall Time 

tsc Shift Clock to Strobe (On) Delay -100 

tsw Strobe Width 600ns 
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Typ. Max. Units Conditions 

5.0 5.25 V 

-5.0 -5.25 V 

80 110 mW 

70 mW Voo = 5.0V 

10 15 mW Voo = -5.0V 

Typ. Max. Units Conditions 

50 60 "10 

2.048 MHz 

50 60 % 

100 ns 

100 ns 

100 ns 

100 ns 

0 200 ns 

124.3f.1s 
@2.048 700ns min 

MHz @1.544MHz 
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AC Characteristics (continued) (Refer to Figures 3A and 4A) 

Symbol Parameter Min. Typ. Max. Units Conditions 

tcd T-Shilt Clock to PCM OUT Delay 100 150 ns 1 OOpF, 5102 Load 

tdc R-Shift Clock to PCM IN Set-Up Time BO ns 

trd PCM Output Rise Time CL = 100pF 50 100 ns to 3V; 5102 to Vee 

tid PCM Output Fall Time CL = 100pF 50 100 ns to .4V; 5102 to Vee 

tdss AI B Select to Strobe Trailing Edge 100 ns Set-up Time 

DC Characteristics (Voo = + 5V, Vss = - 5V) 

Symbol Parameter Min. Typ. Max. Units Conditions 

RINA Analog I nput Resistance IN + , IN- 100 K2 

CIN Input Capacitance to Ground 7 15 pF All Logic and 
Analog Inputs 

R-Shilt Clock, T-Shift Clock, PCM IN, 
System Clock, Strobe, PDN 

IINL Logic Input Low Current 1 /-IA VIL = 0.8V 
IINH Logic Input High Current 1 /-IA VIH = 2.0V 

T-A/B SEL, A IN, BIN, R-AiB SEL 
IINL Logic Input Low Current BOO /-IA VIL = 0.8V 
IINH Logic Input High Current BOO /-IA VIH = 2.0V 

VIL Logic Input" Low" Voltage 0.8 V 

VIH Logic Input "High" Voltage 2.0 V 

VOL Logic Output" Low" Voltage 0.4 V 5102 Pull-up to 
(PCM Out) Vee + 2 LSTTL 

VOL Logic Output" Low" Voltage (AlB OUT) 0.4 V IOL = 1.BmA 

VOH LoglcOutput "High" Voltage 2.4 V IOH = 40/-IA 

RL Output Load Resistance VOUT BOO 2 

Transmission Delays 

Symbol Parameter Min. Typ. Max. Units Conditions 

Encoder 125 /-IS From TSTROBE to 
the Start 01 Digital 
Transmitting 

Decoder 30 8T +25 /-IS T = Period in /-Is 01 
RSHIFT CLOCK 

Transmit Section Filter 182 /-IS @1kHz 

Receive Section Filter 110 /-IS @1kHz 
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S3506 Single-Chip A-Law Fliter/Codec Performance 

Symbol Parameter Min. Typ. Max. Units Conditions 

ICNw Idle Channel Noise (Weighted Noise) -85 -69 d8mOp ccm G. 7124.1 
ICNSF Idle Channel Noise -60 dBmO CCITT G.712 4.2 

(Single Frequency Noise) 
ICNR Idle Channel Noise (Receive Section) -78 dBmOp ccm G.712 4.3 

Spurious Out-ol-Band Signals at -28 dBmO CCITT G. 7126.1 
Channel Output 

IMD2F Intermodulation (2 Tone method) -35 dBm CCITT G.712 7.1 
IMDpF Intermodulation -49 dBm ccm G.712 7.2 

(1 Tone + Power Frequency) 

Spurious In-Band Signals at the -40 dBmO CCITT G. 712 9 
Channel Output Port 

Interchannel Crosstalk VIN - VOUT 75 80 dB ccm G.712 11 

VIN(Max) Max Coding Analog Input Level ±3.1 VOpk 

VOUT Max Coding Analog Output Level ±3.1 VOPk RL = 6000 
(Max) 

AD Absolute Delay End·to-End @ 1 KHz 450 500 J.lsec @ OdBmO 

ED Envelope 500 to 600Hz 200 750 J.lsec Relative to Mini-

Delay 600 to 1000Hz 120 375 J.lsec mum Delay 

Distortion 1000Hz to 2600Hz 110 125 J.lsec Frequency 

2600Hz to 2800Hz 160 750 J.lsec 
SD Signal to o to -30dBmO 34.5 39 dB Method 2 • Sine-

Total -40dBmO 28.5 31 dB wave Signal Used 

Distortion -45dBmO 23.5 26 dB 

GT Gain Tracking with Input Level ±0.2 ±0.5 +3 to -40 dBmO 
Variations (End·to·End. Each hall ±O.4 ±1.0 dB -45 to -50 dBmO 
channel Is one half this value.) ±1.0 ±3.0 -55dBmO 

loG Gain Variation with Temperature ±0.25 dB 
and Power Supply Variation 

Transmit Gain Repeatability ±0.1 ±0.2 dB 

Receive Gain Repeatability ±O.1 ±0.2 dB 

OTLPR Zero Transmission Level Point 1.51 VRMS VOUT Digital MillI· 
(Decoder See Figure 1) watt Response 

OTLPT Zero Transmission Level Point 1.51 VRMS V1N to Yield Same 
(Encoder See Figure 1) as Digital Milli-

watt Response at 
Decoder 
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S3507/S3507A Single-Chip wLaw Filter/Codec Performance 

Symbol Parameter Min. Typ. Max. Units Conditions 

ICNw Idle Channel Noise (Weighted Noise) 5 17 dBrncO 
ICNsF Idle Channel Noise (Single Frequency Noise) -60 dBmO 
ICNR Idle Channel Noise (Receive Section) 15 dBrncO 

Spurious Out-of-Band Signals at -28 dBmO 
the Channel Output 

OTLPT Zero Transmission Level Point 1.51 VRMS VIN to Yield Same 
(Encoder See Figure 1) as Digital Milliwatt 

Response at Decoder 

OTLPR Zero Transmission Level Point 1.44 VRMS VOUT Digital Milliwatt 
(Decoder See Figure 1) Response 

AD Absolute Delay End-to-End @ 1 KHz 450 500 !,sec @ OdBmO 

ED Envelope 500 to 600Hz 200 750 !,sec Relative to 

Delay 600 to 1000Hz 120 375 !,sec Minimum 

Distortion 1000Hz to 2600Hz 110 125 !,sec Delay 

2600Hz to 2800Hz 160 750 !,sec Frequency 

SD Signal to o to -30dBmO 34.5 39 dB 

Total -40dBmO 28.5 31 dB 

Distortion -45dBmO 23.5 26 dB 

IMD2F Intermodulation (2 Tone method) -35 dBm 
IMDpF Intermodulation (1 Tone + Power Frequency) -49 dBm 

Spurious In-Band Signals at the -40 dBmO 
Channel Output Port 
Interchannel Crosstalk V1N - VOUT 75 80 dB 

V1N(Max) Max Coding Analog Input Level ±3.1 VOpk RL = 6000 
VOUT(Max Max Coding Analog Output Level ±3.1 VOpk 
GT Gain Tracking with Input Level Variations ±0.2 ±0.5 dB +3 to -40 dBmO 

(End-to-End. Each Half Channel is One ±0.4 ±1.0 dB -45 to -50 dBmO 
Half of this Value.) ±1.0 ±3.0 dB - 55 dBmO 

L,G Gain Variation with Temperature ±0.25 dB 
and Power Supply Variation 
Transmit Gain Repeatability ±0.1 ±0.2 dB 
Receive Gain Repeatability ±O.1 ±0.2 dB 
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Pin/Function Descriptions 
Pin 

SYS elK 

T-SHIFT 

R-SHIFT 

T-STROBE 

R-STROBE 

elK SEl 

peM OUT 

peM IN 

IN+ 
IN
V1N 

FlT OUT 

S3506/S3507 

4 

3 

9 

5 

10 

2 

6 

11 

8 
14 

15 
16 
17 

19 

S3507A 

5 

4 

13 

6 

14 

3 

7 

15 

11 
18 

28 

19 
20 
21 

23 
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Description 

System Clock-This pin is a TTL compatible input for a 256kHz, 1.544MHz, 2048MHz, 
or 1.536MHz clock that is divided down to provide the filter clocks. The status of elK 
SEl pin must correspond to the provided clock frequency. 

Transmit Shift Clock- This TTL compatible input shifts peM data out of the coder on 
the positive going edges after receiving a positive edge on the T-STROBE input. The 
clocking rate can vary from 64kHz to 2.048MHz. 

Receive Shift Clock- This TTL compatible input shifts peM data into the decoder on 
the negative going edges after receiving a positive edge on the R-STROBE input. The 
clocking rate can vary from 64kHz to 2.048MHz. 

Transmit Strobe-This TTL compatible pulse input (8kHz) is used for analog sampling 
and for initiating the peM output from the coder. It must be synchronized with the 
T-SHIFT clock with its positive going edges occurring with the positive edge of the shift 
clock. The width of this signal is not critical. An internal bit counter generates the 
necessary timing for peM output. 
Receive Strobe-This TTL compatible pulse input (8kHz) initiates clocking of peM 
input data into the decoder. It must be synchronized with the R-SHIFT clock with its 
positive going edges occurring with the positive edge of the shift clock. The width of 
the signal is not critical. An internal bit counter generates necessary timing for peM 
input. 

Clock Select- This pin selects the proper divide ratios to utilize either 256kHz, 
1.544MHz, 2.048MHz, or 1.536MHz as the system clock. The pin is tied to Voo 
(+ 5V) for 2.048MHz, to Vss (- 5V) for 1.544MHz or 1.536MHz operation, or to 0 
GND for 256kHz operation. 

PCM Output- This is a lS-TTL compatible open-drain output. It is active only during 
transmission of peM output for 8 bit periods of T-SHIFT clock signal following a 
positive edge of the T-STROBE input. Data is clocked out by the positive edge of the 
T-SHIFT clock into one 510Q pull-up per system plus 2 lS-TTl inputs. 

PCM Input- This is a TTL compatible input for supplying peM input data to the 
decoder. Data is clocked in by the negative edge of T-SHIFT clock. 

Auto Zero-A capacitor of O.II'F ± 20% should be connected between these pins for 
coder auto zero operation. Sign bit of the peM data is integrated and fed back to the 
comparator for De offset cancellation. 

Voltage Reference-Output of the internal band-gap reference voltage (~- 3.075V) 
generator is brought out to VREF pin. Do not load this pin. 

These pins are for analog input signals in the range of - VREF to + VREF . IN - and 
IN + are the inputs of a high input impedance op amp and VIN is the output of this op 
amp. These three pins allow the user complete control over the input stage so that it 
can be connected as a unity gain amplifier, amplifier with gain, amplifier with ad
justable gain or as a differential input amplifier. The adjustable gain configuration will 
facilitate calibration of the transmit channel. V1N should not be loaded by less than 47K 
ohms. 

Filter Out- This is the output of the low pass filter which represents the recreated 
analog signal from the received peM data words. The filter sample frequency of 
256kHz is down 37dB at this paint. This is a high impedance output which can be 
used by itself or connected to the output amplifier stage which has a low output impe
dance. It should not be loaded by less than 47K ohms, or the Digital MilliWatt 
response will falloff slightly. 
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Pin/Function Descriptions (Continued) 
Pin 83506/83507 83507 A 

OUT
VO UT 

Voo 
VSS 

A GNO 
D GND 

PDN 

AIN 
B IN 
T-AiB SEL 

A OUT 
BOUT 
R-AiB SEL 

20 
21 

22 
12 

13 
7 

18 

Functional Description 

24 
25 

27 
16 

17 
8 
22 

2 
1 
26 

10 
9 
12 
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Description 

These two pins are the output and input of the uncommitted output amplifier stage. Signal 
at the FLT OUT pin can be connected to this amplifier to realize a low output impedance 
with unity gain, increased gain or reduced gain. This allows easier calibration of the 
receive channel. The VOUT pin has the capability of driving OdBm into a 6000 load. (See 
Figure 1). If OUT - is connected directly to Vss the op amp will be powered down, reduc
ing power consumption by 10mW, typically. 
These are power supply pins. Voo and Vss are positive and negative supply pins, respec
tively (typ. + 5V, - 5V). The voltages should be applied simultaneously or Vss should be 
applied first. 
Analog and digital ground pins are separate for minimizing crosstalk. 

Power Down- This TTL compatible input when held low puts the chip into the powered 
down mode regardless of strobes. The chip will also power down if the strobes stop. The 
strobes can be high or low, but as long as they are statiC, the powered down mode is in 
effect. 
The transmit AlB select input selects the A signal input on a positive transition and the B 
signal input on the negative transition. These inputs are TTL compatible. The AlB signaling 
bits are sent in bit 8 of the PCM word in the frame following the frame in which T-AiB SEL in
put makes a transition. A common AlB select input can be used for all channels in a multiplex 
operation, since it is synchronized to the T-STROBE input in each device. 
In the decoder the AlB signaling bits received in the PCM input word are latched to the 
respective outputs in the same frame in which the R-AB SEL input makes a transition. A bit 
is latched on a positive transition and B bit is latched on a negative transition. A common 
AlB select input can be used for all channels in a multiplex operation. 

The simplified block diagram of the S3506/S3507 
appears on page one. The device contains independent 
circuitry for processing transmit and receive signals. 
Switched capacitor filters provide the necessary band
width limiting of voice signals in both directions. Cir
cuitry for coding and decoding operates on the princi
ple of successive approximation, using charge redistri
bution in a binary weighted capacitor array to define 
segments and a resistor chain to define steps. A band
gap voltage generator supplies the reference level for 
the conversion process. 

256kHz, followed by a 3rd Order High-Pass Filter clock
ed at 64kHz. The resulting band-pass characteristics 
meet the CCITI G.711, G.712 and G.733 specifications. 
Some representative attenuations are >26dB (typ) from 
o to 60Hz and >35dB (typ) from 4.6kHz to 100kHz. The 
output of the high pass filter is sampled by a capacitor 
array at the sampling rate of 8kHz. The polarity of the in
coming signal selects the appropriate polarity of the 
reference voltage. The successive approximation 
analog-to-digital conversion process requires 9V2 clock 
cycles, or about 72l's. A switched capacitor dual-speed, 
auto-zero loop using a small non-critical external 
capacitor (0.11'F) provides DC offset cancellation by i n
tegrating the sign bit of the PCM data and feeding it 
back to the non-inverting input of the comparator. Transmit Section 

Input analog signals first enter the chip at the 
uncommitted op amp terminals. This op amp allows 
gain trim to be used to set OTLP in the system. From the 
VIN pin the signal enters the 2nd order analog anti
aliasing filter. This filter eliminates the need for any off
chip filtering as it provides attenuation of 34dB (typ.) at 
256kHz and 46dB (typ.) at 512Hz. From the Cosine Filter 
the signal enters a 5th Order Low-Pass Filter clocked at 
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The PCM data word is formatted according to the wlaw 
companding curve for the S3507 with the sign bit and 
the ones complement of the 7 magnitude bits accord
ing to the AT&T 03 specification. In the S3506 the PCM 
data word is formatted according to the A-Law com
panding curve with alternate mark inversion (AMI), 
meaning that the even bits are inverted per CCITT 
specifications. 



Included in the circuitry of the S3507/S3507A is "All 
Zero" code suppression so that negative input signal 
values between decision value numbers 127 and 128 
are encoded as 00000010. This prevents loss of 
repeater synchronization by T1 line clocK recovery cir
cuitry as there are never more than 15 consecutive 
zeros. The 8-bit PCM data is clocked out by the transmit 
shift clock which can vary from 64kHz to 2.048MHz. 

Idle Channel Noise Suppression 

An additional feature of the CODEC is a special circuit 
to eliminate any transmitted idle channel noise during 
quiet periods. When the input of the chip is such that 
for 250msec. the only code words generated were + 0, 
- 0, + 1, or - 1, the output word will be a + O. The 
steady + 0 state prevents alternating sign bits or LSB 
from toggling and thus results in a quieter signal at the 
decoder. Upon detection of a different value, the output 
resumes normal operation, resetting the 250msec. 
timer. This feature is a form of Idle Channel Noise or 
Crosstalk Suppression. It is of particular importance in 
the S3506 A-Law version because the A-Law transfer 
characteristic has "mid-riser" bias which enhances low 
level signals from crosstalk. 

Figure 1. S3507 Input/Output Reference Signal Levels 

+5V 

48.7K[J 
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Receive Section 

A receive shift clock, variable between the frequencies 
of 64kHz to 2.048MHz, clocks the PCM data into the in
put buffer register once every sampling period. A 
charge proportional to the received PCM data word 
appears on the decoder capacitor array. A sample and 
hold initialized to zero by a narrow pulse at the beginn
ing of each sampling period integrates the charge and 
holds for the rest of the sampling period. A switched
capacitor 5th Order Low-Pass Filter clocked at 256kHz 
smooths the sampled and held signal. It also performs 
the loss equalization to compensate for the sin xix 
distortion due to the sample and hold operation. The 
filter output is available for driving electronic hybrids 
directly as long as the impedance is greater than 47kQ. 
When used in this fashion the low impedance output 
amp can be switched off for a savings in power con
sumption. When it is required to drive a 600Q load the 
output is configured as shown in Figure 1 allowing gain 
trimming as well as impedance matching. With this 
configuration a transmission level of OdBm can be 
delivered into the load with the +3.14dB or +3.17dB 
overload level being the maximum expected level. 

[] 
@] 

/ 47.5KIl 

5101l 

~ -"2411'.9I1'KIr[J ..... --IN--...J...-l 
IN+ 

I 
AID i-PC-M-OUT------.C--PC-M-IN.j DlA 

• Av~ +5.8d8 

The resisto .. are iUustrated 'or a OdBm IN/odBm OUT system. Point 00 bridges a 600ll termination and Point rID drives a 6oollioad (iUustrated). The 
OdBm level ~ro.duces the e~Ulvalent digital milliwaH code at Point jjJ as defined in the AT&T and CelTY specifications for PCM. This is often cailed the 
zero transmiSSion level pOint or onp and 3.17dB of Dvertoad capabiMty remains before saturation occurs. 

Vonage for .775VRMS 1.51VRMS 1.44VRMS .775VRMS Digital Milliwatt 
OTLP 1.10Vpk 2.13Vpk 2.04Vpk 1.10Vpk Code per AT&T/CCfn 
Vonage for 1.12VRMS 2.17VRMS 2.07VRMS 1.12VRMS Saturation 
Saturation 1.58Vpk 3.075Vpk 2.93Vpk 1.58Vpk Codes 
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Power Down Logic 
Powering down the CODEC can be done in several 
ways. The most direct is to drive the PDN pin to a low 
level. Stopping both the transmit strobe and the receive 
strobe will also put the chip into the stand·by mode. 
The strobes can be held high or low. 

Voltage Reference Circuitry 
A temperature compensated band·gap voltage 
generator ( - 3.075V) provides a stable reference for the 
coder and decoder. Two amplifiers buffer the reference 
and supply the coder and decoder independently to 
minimize crosstalk. This reference voltage is trimmed 
during assembly to ensure a minimum gain error of 
± 0.2dB due to all causes. The VREF pin should not be 
connected to any load. 

Power Supply and Clock Application 
For proper operation VDD and Vss should be applied 
simultaneously. If not possible, then Vss should be 
applied first. To avoid forward·biasing the device the 
clock voltages should not be applied before the power 
supply voltages are stable. When cards must be plugg· 
ed into a "hot" system it may be necessary to install 
1 OOOQ current·limiting resistors in series with the clock 
lines to prevent latch·up. 

Timing Requirements 
The internal design of the Single-Chip CODEC paid 
careful attention to the timing requirements of various 
systems. In North America, central office and channel· 
bank designs follow the American Telephone and Tele· 
graph Company's T1 Carrier PCM format to multiplex 
24 voice channels at a data rate of 1.544Mb/s. PABX 
designs, on the other hand, may use their own multi
plexing formats with different data rates. Yet, in digital 
telephone designs, CODEC's may be used in a non
multiplexed form with a data rate as low as 64kb/s. The 
S3507 and S3507A fill these requirements. 

In Europe, telephone exchange and channel bank 
designs follow the CCITT carrier PCM format to multi
plex 30 voice channels at a data rate of 2.048Mb/s. The 
S3506 is designed for this market and will also handle 
PABX and digital telephone applications requiring the 
A-law transfer characteristics. 

The timing format chosen for the AMI Codec allows 
operation in both multiplexed or non-multiplexed form 
with data rates variable from 64kb/s to 2.048Mb/s. Use 
of separate internal clocks for filters and for shifting of 
PCM input/output data allows the variable data rate 
capability. Additionally, the S3506/S3507 does not re
quire that the 8kHz transmit and receive sampling 
strobes be exactly 8 bit periods wide. The device has an 
internal bit counter that counts the number of data bits 
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shifted. It is reset on the leading (+) edges of the 
strobe, forCing the PCM output in a high impedance 
state after the 8th bit is shifted out. This allows the 
strobe signal to have any duty cycle as long as its 
repetition rate is 8kHz and transmit/receive shift clocks 
are synchronized to it. Figure 2 shows the waveforms in 
typical multiplexed uses of the CODEC. 

System Clock 
The basic timing of the Codec is provided by the 
system clock. This 2.048MHz, 1.544MHz, or 256kHz 
clock is divided down internally to provide the various 
filter clocks and the timing for the conversions. In most 
systems this clock will also be used as the shift clock 
to clock in and out the data. However, the shift clock 
can actually be any frequency between 64kHz and 
2.048MHz as long as one of the two system clock fre
quencies is provided. Independent strobes and shift 
clocks allow asynchronous time slot operation of 
transmit and receive. The 3507 will also operate with a 
1.536MHz system clock, as used in some PABX 
systems, with the ClK SEl pin in the 1.544MHz Mode. 

Signaling in ","Law Systems 
The S3506 and S3507 are compact 22-pin devices to 
meet the two worldwide PCM standards. In wlaw 
systems there can be a requirement for Signaling infor
mation to be carried in the bit stream with the coded 
analog data. This coding scheme is sometimes called 
7-5/6 bit rather than 8 bit because the lSB of every 6th 
frame is replaced by a signaling bit. This is referred to 
as AlB Signaling and if a signaling frame carries the "A" 
bit, then 6 frames later the lSB will carry the "B" bit. To 
meet this requirement, the S3507A is available in a 
28-pin dip package, or in a 28-pin dip carrier, as 6 more 
pins are required for the inputs and outputs of the A/B 
signaling. 

Pin Configuration-S3507A 28-Lead Chip Carrier 

BIN 

A IN 

eLK SEL 

T·SHIFT 

d til iii 
~ :;; ~ >'-

~ 5 5 
< 

J 

CAZ GND 

AGHD 

Vss(-5V) 

PCMIN 

R·STROBE 

R·SHIFT 

R·A/B SEL 
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Figure 2A. Waveforms in a 24 Channel PCM System 

1.544MHz SHIFT CLOCK 

JlJlJUl 
I I I I 
, I I I 

I I ' : 

]CHrl S cd 2 I 3 I 4 I 5 I 6 I 7 I 6 c~.21 [: ~.~ ~ ~ - ~CHrl 2 I 3 I 4 I 6 I 6 I 7 I 6 I, S I 
I TRANSMIT/RECEIVE PCM HIGHWAY 

~~~==~--~-------~ FRAME RESET PULSE 

_-.JI-. ------=---lw--:----:.!--+ ____ ----1r 
CH.l STROBE 

CH.2 STROBE 

CH.24 STROBE 

NOTE: tw MIH=200ns. tw MAX=124.8/-1s. 

Figure 28. Waveforms in 30 Channel PCM System 

2.048MHz SHIFT CLOCK 

~ ~LI_+-I..;~'_L.Lr_=:'_.LI_"__4_.L_"___.L_"___+_-S-L.LiT-1- _ =~ ~ ~ ~ ~ ~ ~_~rl'_~S...:.1L~0';"1'_-:::3...:.21=rl'_ -_ -;'_-...:.4==~~~~===~==8~rlr_ -_""...J 
I PCM BIT STREAM I 

-D'-------------+----------- ____________ ~fl, , FRAME RESET PULSE I 

~~'.~----------tw-----.------ ~~ _________________ ~r__ 
TIME SLOT .8'STROBE (FRAME ALIGNMENT SIGNAL) 

_______________ 1'1.4----1: ~::::::::: = ;JL _______________ _ 
TIME SLOT 1 STROBE (CHANNEL 1) 

TIME SLOT 31 STROBE (CHANNEL 30) 

NOTE: 200nsC;TwC;124.8Ilsec 

4.79 



S3506/S3507/S3507 A 

Figure 2C. Waveform Details 
~ i-- Irs ~ :.- Ifs 

STROBE :t= 7-'SW~- ------ -- ------- ---'\ 
Iscllss) --..J !-t-

I ~ t---Isc(-Iss) 
, I 
I 

I , ', , 
,.... Ife 

I --: :.- led ' 

\\ j i lr---....,~L _____ '_---{/: 
I ,BIT 1 ' BIT 2 J i_ BIT 3 BIT 4 j I.-BITS 

DATA OUT 

Ide-~ Ide , ~ Ifd Ird I 

OATA-I-N---------'\ if 7 ~I.. ______ .-J/ 
: 'Ird; ~:- -1:- Ifd; 
j 1 I ' I 

*In Ihis example, Ihe shift clock Is the system clock (1.544 or 2.048MHz). In systems where the data shift rate is not the same, the relation· 
ship of each to the strobe remains the same. The system clock and shift clock need not have coincident edges, but must relate to the 
strobe within the tsc ' tss timing requirements. 

The effect of the strobe occurring after the shift clock is 
to shorten the first (sign) bit at the data output. 

The length of the strobe is not critical. It must be at a 
logic state longer than one system clock cycle. 
Therefore, the minimum would be >488ns at 2.048 and 
the maximum <124.3",sec at 1.544MHz. 

MIN MAX 

tcw 195nsec. 9.38I'sec. 

trs lOOns 

tts lOOns 

tsdtss) -100nsec. 200ns 

trc lOOns 

ttc lOOns 

tsw 600ns' 124.3I'sec. 

tcd 100nsec. 150ns 

tdc(setup time. hold time) 60nsec. 

trdi lOOns 

ttdi lOOns 

*That is. the strobe can precede the shift clock by 200nsec. or tollow it by as 
much as 100nsec. 

*@2.048MHz 700ns @1.544MHz 
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Signaling Interface 

In the AT&T T1 carrier PCM format an AlB signaling 
method conveys channel information. It might include 
the on·or·off hook status of the channel, dial pulsing (10 
or 20 pulses per second), loop closure, ring ground, 
etc., depending on the application. Two signaling con
ditions (A and B) per channel, giving four possible sig
naling states per channel are repeated every 12 frames 
(1.5 milliseconds). The A signaling condition is sent In 
bit 8 of all 24 channels in frame 6. The B signaling con
ditions is sent in frame 12. In each frame, bit 193 (the 5 
bit) performs the terminal framing function and serves 
to identify frames 6 and 12. 

The 53507 A in a 28-pin package is designed to simplify 
the signaling interface. For example, the AlB select in
put pins are transition sensitive. The transmit AlB 
select pin selects the A signal input on a positive tran
sition and the B signal input on the negative transition. 
Internally, the device synchronizes the AlB select input 
with the strobe signal. As a result, a common AlB select 
signal can be used for all 24 transmit channels in the 
channel bank. The A and B signaling bits are sent in the 
frame following the frame in which the AlB select input 
makes the transition. Therefore, AlB select input must 
go positive in the beginning of frame 5 and the negative 
in the beginning of frame 11 (see Figure 3). 
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Figure 3. Signaling Waveforms In a T1 Carrier System 
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TRANSMIT AlB SELECT INPUT 

RECEIVE AlB SELECT INPUT 

Figure 3A. Signaling Waveform Details 
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Figure 4. A Subscriber Line Interface Circuit 
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The decoder uses a similar scheme for receiving the A 
and B signaling bits, with one difference. They are lat
ched to the respective outputs in the same frame in 
which the AlB select input makes a transition. There
fore, the receive AlB select input must go high at the 
beginning of frame 6 and go low at the beginning of 
frame 12. 

Applications Examples 
There are two major categories of Codec applications. 
Central office, channel bank and PABX applications us
ing a multiplex scheme, and digital telephone type 
dedicated applications. Minor applications are various 
AID or D/A needs where the 8 bit word size is desirable 
for ",p interface and fiber optic multiplex systems 
where non-standard data rates may be used. 

A Subscriber Line Interface Circuit 
Figure 4 shows a typical diagram of a subscriber line 
interface circuit using the S3507 A. The major elements 

4.82 

of such a circuit used in the central office or PABX are a 
two-to-four wire converter, PCM Codec with filters 
(S3507A) and circuitry for line supervision and control. 
The two-to-fourwire converter- generally implemented 
by a transformer-resistor hybrid-provides the inter
face between the two-wire analog subscriber loop and 
the digital signals of the time·division-multiplexed PCM 
highways. It also supplies battery feed to the sub
scriber telephone. The line supervision and control cir
cuitry provides off-hook and disconnect supervision, 
generates ringing and decodes rotary dial pulses. It 
supplies the AlB signaling bits to the coder for trans
mission within the PCM voice words. It receives AlB 
signaling outputs from the decoder and operates the 
AlB signaling relays. 
In the T1 carrier system, 24 voice channels are multi
plexed to form the transmit and receive highways, 8 
data bits from each channel plus a framing bit called 
the S bit form a 193 bit frame. Since each channel is 
sampled 8000 times per second, the resultant data rate 
is 1.544Mb/s. 



Within the channel bank the transmit and receive chan
nels of a Codec can occupy the same time slot for a 
synchronous operation or they can be independent of 
each other for time slot asynchronous operation. Asyn
chronous operation helps minimize switching delays 
through the system. Since the strobe or sync pulse for 
the coder and decoder sections is independent of each 
other in the S3507 A, it can be operated in either manner. 

In the CCITT carrier system, 30 voice channels and 2 
framing and signaling channels are multiplexed to form 
the transmit and receive PCM highways, 8 data bits 
from each channel. Since each channel is sampled 
8000 times per second, the resultant data rate is 
2.048Mb/s. 

The line supervision and control circuitry within each 
subscriber line interface can generate all the timing 

Figure 5. Generating Timing Signals in a T1 Carrier System 
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signals for the associated Codec under control of a 
central processor. Alternatively, a common circuitry 
within the channel bank can generate the timing signals 
for all channels. Generation of the timing signals for the 
S3506 and S3507 is straightforward because of the sim
plified timing requirements (see Timing Requirements 
for details). Figures 5 and 5A show design schemes for 
generating these timing signals in a common circuitry. 
Note that only three signals: a shift clock, a frame reset 
pulse (coincident with the S bit) and a superframe reset 
pulse (coincident with the S bit in Frame 1) are needed. 
These signals are generated by clock recovery circuitry 
in the channel bank. Since the AMI Codec does not 
need channel strobes to be exactly 8-bit periods wide, 
extra decoding circuitry is not needed. 
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Figure SA. Generating Timing Signals in a CCITT Carrier System (30 + 2 Channels) 
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A Digital Telephone Application 

Most new PABX designs are using PCM techniques for 
voice switching with an increasing trend toward apply
ing them at the telephone level. The simplest form of a 
digital telephone design uses four wire pairs to inter
face to the switch. Two pairs carry transmit and receive 
PCM voice data. One pair supplies an 8kHz synchroniz
ing clock signal and the remaining pair supplies power 
to the telephone. More sophisticated designs reduce 
costs by time-division-multlplexing and superimposi
tion techniques which minimize the number of wire 
pairs. The AMI Single-Chip Codec is ideally suited for 
this application because of the low component count 

Figure 6_ A Digital Telephone Application 
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and its simplified timing requirements. Figure 6 shows 
a schematic for a typical digital telephone design. 

Since asynchronous operation is not necessary, 
transmit and receive timing signals are common. a 
phase-lock-loop derives the 2048kHz system clock and 
64kHz shift clock from the 8kHz synchronizing signal 
received from the switch. The synchronizing signal 
also serves as the transmit/receive strobe signal since 
its duty cycle is not important for Codec operation. 
Microphone output feeds directly into the coder input 
while the decoder output drives the receiver through 
an impedance transformer to complete the design. 
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544231 A-Law Synchronous Codec 
S44233 A-Law Asynchronous Codec 

Features 

o Exceeds AT&T 03, CCITI G.711, G.712 and 
G.733 Specifications 

o Available with either A·Law or wLaw Signal 
Companders 

o Input Op Amp for Gain Adjustment and 
Anti-aliasing Filtering 

o Asynchronous or Synchronous Operation for 
2048/1544/1536 KHz PCM Data Rates 

o Auto-Zero Circuitry Requires No External 
Components 

o Energy Saving Power Down Mode 
o Licensed Second Source for Hitachi 

Functional Block Diagram 

AOUT 

v .. Vss A GNO 0 GNO 

Vccl5VI 
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S44231-48 Family 

Single Chip Codecs With Filters 
S44232 wLaw Synchronous Codec 

S44234 ",-Law Asynchronous Codec 

General Description 

The S44231/2I3 and S44234 are high quality monolithic 
CMOS Codecs suitable for use in telephone central 
offices and PBX's. These codecs provide the interface 
between the analog signals of the subscriber loop and 
the digital signals of the PCM highways in telephone 
switching systems. All codecs contain band·limiting 
filters, the AID and D/A conversion circuits, and the 
PCM encoder/decoder. The S44231/3 conform to Euro· 
pean A·Law signal companding characteristic and the 
S44232/4 conform to the North American wLaw signal 
companding characteristics. 

Pin Configuration 

A'N Vaa 

GA1 PCMOUT 

GA2 jijj 

A GND D GND 

AOUT (N.C.) 

(N.c.) SYNC 

Voo CLOCK 

(N.C.) PCM,N 

A'N Yss 

GA1 PCMOUT 

GA2 jijj 

A GND D GND 

AOUT lX.SYNC 

(N.C.) RCV.SYNC 

Voo lX.CLOCK 

PCM'N RCY.CLOCK 
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844231-48 Family 

Pin Function Description 
Pin Name 

AIN 
GA1 
GA2 

AGND 
AOUT 

NC 
VDD 
DGND 
PD 

PCMOUT 

Vss 

NC 
PCMIN 

ClK 

SYNC 

NC 

PCM 1N 

TX.ClK 
RCV.ClK 

RCV.SYNC 
TX.SYNC 

Number 
1 
2 
3 

4 
5 

6 
7 

13 
14 

15 

Function 
These three pins make up the basic analog input section. AIN is the Analog Input pin and GA1/GA2 are the 
Gain adjustment and gain adjustment feedback pins. The maximum input to the analog section is + VREF and 
the minimum input is - VREF where VREF is approximately 2 to 3 volts. The operational amplifier may be tied 
directly to provide a unity gain input or it may be configured for negative feedback to facilitate system calibra
tion. When configured for negative feedback the load on the op amp should be less than 1 OOpf with approx
imately 10K to 20K ohms of resistance. 
Analog Ground should be separate from digital ground in order to minimize crosstalk and noise. 
Analog Out is the smoothed output from the low pass filter after it has been decoded from the PCM input. For 
minimum distortion pin 5 should be loaded with at least 3K ohms and no more than 100pf. 
No connect. 
Positive supply voltage. Normally + 5 volts. 
Digital Ground reference point for digital input signals. Normally connected to ground. 
Power Down Mode. The power down mode will be activated when this TTL compatible input is held low even if 
the SYNC lines continue to strobe. The chip will also power down if the SYNCs stop strobing. The strobes can 
be either high, low or floating, but as long as they are static the power down mode is in effect. 
PCM out is the output of the PCM encoder filtering and the A-D conversion. This is a lS-TTL compatible open
drain output. It is active only during transmission of digital PCM output for 8 bit periods of the transmit clock 
signal following a positive edge on the transmit SYNC input. Data is clocked out by the positive edge of the 
transmit clock. This pin should have a pull up to V DD of approximately 500 ohms, although only one 500 ohm 
resistor is required for eight codecs. 

16 Negative supply voltage. Normally - 5 volts. 

844231/2 

8 No connect. 
9 This is a TTL compatible input for supplying digital PCM data to the codec decoder for conversion Into analog 

form. The PCM data is clocked in by the negative edge of the clock. 
10 Anyone of three different clock frequencies (1.536 MHz, 1.544 MHz and 2.048 MHz) will be accepted by 

this pin. The input clock frequency will automatically be divided down to provide all the necessary internal 
clocks. 

11 

12 

S44233/4 

8 

9 
10 

This TTL compatible input shifts PCM data out of the coder on the positive going clock edge and shifts the 
PCM data into the decoder on the negative going clock edge after receiving a postive edge on the SYNC input. 
This TTL compatible pulse Input (typ. 8KHz) Is used for analog sampling and for initiating the PCM output 
from the coder and initiate clocking of PCM input data into the decoder. The width of this signal is not critical. 
An internal bit counter generates the necessary timing for PCM output and input. 
No Connect. 

This is a TTL compatible input for supplying digital PCM data to the codec decoder for conversion into analog 
form. The PCM data is clocked in by the negative edge of the receive (RCV) clock. 
TX.ClK/Transmit clock, RCV.ClK/Receive Clock 
Anyone of three different clock frequencies (1.536 MHz, 1.544 MHz and 2.048 MHz) will be accepted by 
this pin. The input clock frequency will automatically be divided down to provide all the necessary internal 
clocks. 
The TX.ClK shifts PCM data out of the coder on the positive going edge and the RCV.ClK shifts PCM data in
to the decoder on the negative going edges after receiving a positive edge on the TX.SYNC or RCV.SYNC in
put respectively. 

11 RCV.SYNC/Receive Sync, TX.SYNC/Jransmit Sync 
12 These TTL compatible pulse inputs (typ. 8KHz) are used for analog sampling and for initiating the clocking of 

PCM output from the coder and initiating the clocking of PCM input data into the decoder. The width of these 
signals is not critical. An internal bit counter generates the necessary timing for PCM output and input. 
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544231-48 Family 

Absolute Maximum Rating 
Hem Rating 

VOD -0.3 to +6V 

Vss +0.3 to -6V 

Storage Temperature - 55°C to 125°C 

Power Dissipation 0.5W 

Digital Input Voltage - 0.3V <VIN<VDO+0.3V 

Analog Input Voltage Vss- 0.3V <VIN<VOO+ 0.3V 

Electrical Characteristics 
1) Static Characteristics (Voo = 5±O.25V, Vss = -5±O.25V, Vee = 5±O.25V, TA = 0-70·C) 

S44231/2 S44233/4 Specification 

Symbol Pin Pin Descriptions Min. Typ. Max. Unit Note/Conditions 

100 7 7 Voo Current (Open) 5.5 10 mA 

Iss 16 16 Vss Current (Open) -10 -4.5 mA 

IOOST 7 7 Voo Current (Standby) 0.3 1.0 mA 

ISSST 16 16 V ss Current (Standby) -0.2 mA 

IL 1,2,9, 1,2,B, Leak Current -10.0 10.0 pA VM = O.BV 
10,14 9,10 -10.0 10.0 pA VM = 2.0V 

10.0 /LA Voo = VM = 5.25V 

IpL 11 11,12 Pull Up Current -100 0.0 pA 

IOL 15 15 Leak Cu rrent 10.0 pA Voo = VM = 5.25V 

CAIN2 1,2 1,2 Analog I nput Capacitance 10 pF at 1 MHz Vbias = 
OV 

COIN 9,10 B,9,10 Input Capacitance 10 pF at 1 MHz Vbias = OV 
11,14 11,12,14 

ROUTA 5 5 AOUT Resistance 1 10 0 

ROUTG 3 3 GA2 Resistance 1 10 0 

VGSW GA2 Output Swing -3.0 3.0 V RL = 10kO 

VOFFIN Analog Offset Input -500 -500 mV Note 1 

VOFFG GA2 Offset Output -50 50 mV Note 1 

VOFFA AOUT Offset Output -50 50 mV PCM IN = + O·Code 

CD OUT 15 15 PCM OUT Capacitance 15.0 pF at 1 MHz Vbias = OV 

VOL 15 15 PCMOUT Low Voltage 0.4 V RL '" 5000 + 
IOL = O.BmA 

VOH 15 15 PCMOUT High Voltage Vee- 0.3 V IOH = -150pA 

VIH 10,11 10,11 Digital Input High Voltage 2.0 V 
14 9,12,14 

VIL 10,11 10,11 Digital Input Low Voltage O.B V 
14 9,12,14 

NOTE: 1. Analog Input Amplifier Gain = OdB (GA1 is connected to GA2) 
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844231-48 Family 

2) Dynamic Characteristics (Voo = 5±0.25V, Vss = -5±0.25V, Vee = 5±0.25V, TA = 0-70°C) 

Specification 
Symbol Descriptions Min. Typ. Max. Unit Notes 

FS Synchronization Rate 8 kHz 
FC PCM Bit Clock Rate 1536/1544/2048 kHz 

twc Clock Pulse Width 200 ns 

tWSH SYNC Pulse High Width 200 ns 

tWSL SYNC Pulse Low Width 8 fis 
tr Logic Input Rise Time 50 ns 

tf Logic Input Fall Time 50 ns 

tBes Previous Clock to SYNC Delay 40 100 ns NOTE 1 

tes Clock to SYNC Delay 100 ns NOTE 1,3 

tedl Clock to PCM MSB Delay 170 ns NOTE 1,2,4 

ted Clock to PCMouT Delay 180 ns NOTE 1, 2, 5 

tsu PCM IN Setup Time 65 ns NOTE 1 

thd PCM IN Hold Time 120 ns NOTE 1 

tsd Sync to PCM MSB Delay 170 ns NOTE 1,2,4 

NOTES: 
1. Ir, If of digital input or clock is assumed 5ns for timing measurement. 
2. PCMOUT LOAD CONDITION: 500{l165pF + two LS-TTL Equivalent (IlL = O.SmA, IIH = -150~) Threshold Level (VOH = 2.4V, VOL = 0.4) 
3. Positive value shows SYNC delay from Clock. 
4. tcdl, tsd are specified by Clock or SYNC which has slower rise time. 
5. led specification is valid for the data except MSB. 
3)8ystem Related Characteristics - 84423113 A-Law Codecs (Voo = 5±0.25V, Vss = -5±0.25V, Vee = 5±0.25V, 

TA = 0 - 70°C, Input Amplifier Gain = OdB, GA2 Load = 10KO, AOUT Load = 6000) 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 
SDA Signal to Dis!. 820Hz tone -45 dBmO 24 dB p-wgt 

(A to A) -40 30 dB 
-30 to +3 35 dB NOTE 1 

SNA Signal to Dis!. Noise -55 dBmO 14 dB 
(A to A) -40 29 dB 

-34 34 dB 
-27 to -6 36 dB 
-3 28 dB 

SDX Signal to Dis!. 820Hz tone -45 dBmO 26 dB p-wgt 
(A to D) -40 31 dB 

-30 to +3 36 dB ~jOTE 1 

SNX Signal to Dis!. Noise -55 dBmO 15 dB 
(A to D) -40 30 dB 

-34 35 dB 
-27 to -6 37 dB 

SDR Signal to Dis!. 820Hz tone -45 dBmO 25 dB p-wgt 
(D to A) -40 30 dB 

-30 to +3 35 dB NOTE 1 
SNR Signal to Dis!. Noise -55 dBmO 15 dB 

(D to A) -40 30 dB 
-34 35 dB 
-27 to -6 37 dB 
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544231-48 Family 

3) System Related Characteristics - S44231/3 A-Law Codecs (Continued) 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 

GTA Gain Track. 820Hz tone -55 to -50 dBmO -1.0 1.0 dB 
(A to A) -50 to -40 -0.5 0.5 dB 

-40 to +3 -0.4 0.3 dB NOTE 1 

GNA Gain Track. Noise -60 to -55 dBmO -0.8 0.8 dB 
(A to A) -55 to -10 -0.4 0.4 dB 

GTX Gain Track. 820Hz tone - 55 to - 50 dBmO -0.8 0.8 dB 
(A to D) -50 to -40 -0.4 0.4 dB 

-40 to +3 -0.2 0.2 dB NOTE 1 

GNX Gain Track. Noise -60 to -55 dBmO -0.6 0.6 dB 
(A to D) -55 to -40 -0.4 0.4 dB 

-40 to -10 -0.2 0.2 dB 
GTR Gain Track. 820Hz tone -55 to -50 dBmO -0.8 0.8 dB 

(D to A) -50 to -40 -0.4 0.4 dB 
-40 to +3 -0.2 0.2 dB NOTE 1 

GNR Gain Track. Noise -60 to -55 dBmO -0.4 0.4 dB 
(D to A) -55 to -40 -0.2 0.2 dB 

FRX Freq. Response Relative to 0.06kHz 24 
(A to D) (Loss) 820Hz 0.2 0.0 2.0 

0.3 to 3 -0.15 0.15 dB NOTE 1 
OdBmO 3.18 -0.15 0.65 

3.4 0.0 0.8 
3.78 6.5 

FRR Freq. Response Relative to o to 3kHz -0.15 0.15 
(D to A) (Loss) 820Hz 3.18 -0.15 0.65 dB NOTE 1 

OdBmO 3.4 0.0 0.8 
3.78 6.5 

AIL Analog Input Level 820Hz OdBmO 25°C nom. P.S. 1.217 1.231 1.246 Vrms NOTE 1 
AOL Analog Output Level 1020Hz OdBmO 25°C nom. P.S. 1.217 1.231 1.246 Vrms NOTE 1 
AT AIL, AOL Variation Relative to 25°C nominal P.S. ±20 ppm/oC 

with temp. 

AP AI L, AOL Variation 25°C, Supplies ± 5% ±0.01 dB 
with P.S. 

ALS GAl N Variation A to D INITIAL -0.2 0.2 dB 
over Temp. P.S. D to A 

AlP Peak Analog Input 3.0 V 
AOP Peak Analog Output 2.5 V 
PDL Propagation Delay A to A OdBmO 450 480 p's 

DD Delay Distortion A to A 0.5 to 0.6kHz 1.4 reI. 
OdBmO 0.6 to 1.0 0.7 ms to 

1.0 to 2.6 0.2 min. 
2.6 to 2.8 1.4 delay 

PSRR PSRR A to A +5V + 100mV op 30 
AIN=AGND dB 
0.3 -50kHz -5V + 100mV op 30 

NOTE 1: Total variation of GAIN including the initial fluctuation temperature variation and power supply dependence (O-70°C, Voo/Vss= ±5V±5%). 
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3) 8ystem Related Characteristics - 844231/3 A-Law Codecs (Continued) 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 
ICNA Idle Ch. Noise A to A AIN=AGND -70 dBmOP A-Law 
ICNX Idle Ch. Noise A to D AIN= AGND -72 dBmOP A-Law 
ICNR Idle Ch. Noise D to A PCM IN = + O-CODE -78 dBmOP A-Law 
IM1 I ntermod u lation A to A (2a-b) 

a;0.47kHz, -4 dBmO -38 dBmO 
b;0.32, - 4 

1M2 I ntermodulation A to A (a-b) 
a;1.02kHz, -4 dBmO -52 dBmO 
b;0.05, - 23 

ICS Single Freq. Noise A to A 8, 16, 24, -50 dBmO 
AIN=AGND 32,40kHz 

DIS Discrimination A to A 4.6 to 30 dB 
OdBmO 200kHz 

XTKA AIN to AOUT 1020Hz OdBmO -65 dB 
Crosstalk 

XTKD PCMIN to PCMOUT 1020Hz OdBmO -65 dB 

3)8ystem Related Characteristics - 844232/4 wLaw Codecs (Voo = 5±0.25V, Vss = -5±0.25V, Vee = 5±0.25V, 
TA = 0 - 70°C, Input Amplifier Gain = OdB, VREP'pin remains open, GA2 Load = 10KO, AOUT Load = 6000). 

Specifications 

Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 

SDA Signal to Dis!. 1020Hz tone -45 dBmO 25 dB c-wgt 
(A to A) -40 30 dB 

-30 to +3 35 dB 
SDX Signal to Dis!. 1020Hz tone -45 dBmO 76 dB c-wgt 

(A to D) -40 31 dB 
-30 to +3 36 dB 

SDR Signal to Dis!. 1020Hz tone -45 dBmO 26 dB c-wgt 
(D to A) -40 31 dB 

-30 to +3 36 dB 
GTA Gain Track. 1020Hz tone -55 to -50 dBmO -1.0 1.0 dB 

(A to A) -50 to -40 -0.5 0.5 dB 
-40 to +3 -0.3 0.3 dB 

GTX Gain Track. 1020Hz tone -55 to -50 dBmO -0.8 0.8 dB 
(A to D) -50 to -40 -0.4 0.4 dB 

-40 to +3 -0.2 0.2 dB 
GTR Gain Track. 1020Hz tone -55 to -50 dBmO -0.8 0.8 dB 

(D to A) -50 to -40 -0.4 0.4 dB 
-40 to +3 -0.2 0.2 dB 

FRX Freq. Response Relative to 0.06kHz 24 
(A to D) (Loss) 820Hz 0.2 -0.15 2.5 

0.3 to 3 -0.15 0.2 dB 
OdBmO 3.18 -0.15 0.65 

3.4 0.0 0.8 
3.78 6.5 
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3)8ystem Related Characteristics - 844236/8 wLaw Codecs (Voo = 5±0.25V, Vss = -5±0.25V, Vee = 5±0.25V, 
TA = 0 - 70·C, Input Amplifier Gain = OdS, VREF"pin remains open, GA2 Load = 10KO, AOUT Load = 6000). 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 

FRR Freq. Response Relative to o to 3kHz -0.15 0.2 
(D to A) (Loss) 820Hz 3.18 -0.15 0.65 dB 

OdBmO 3.4 0.0 0.8 
3.78 6.5 

AIL Analog Input Level 1020Hz OdBmO 25°C nom. P.S. 1.213 1.227 1.241 Vrms 

AOL Analog Output Level 1020Hz OdBmO 25°C nom. P.S. 1.213 1.227 1.241 Vrms 

AT AIL, AOL Variation Relative to 25°C nominal P.S. ±20 ppm/oC 
with temp. 

AP AIL, AOL Variation 25°C, Supplies ± 5% ±0.01 dB 
with P.S. 

ALS GAIN Variation A to D INITIAL -0.2 0.2 dB 
over Temp. P.S. D to A 

AlP Peak Analog Input 3.0 V 

AOP Peak Analog Output 2.5 V 

PDL Propagation Delay A to A OdBmO 450 480 p's 

DD Delay Distortion A to A 0.5 to 0.6kHz 1.4 rei. 
OdBmO 0.6 to 1.0 0.7 ms to 

1.0 to 2.6 0.2 min. 
2.6 to 2.8 1.4 delay 

PSRR PSRR A to A + 5V + 100mV op 30 
dB AIN=AGND 

0.3 -50kHz -5V + 100mV op 30 

ICNA Idle Ch. Noise A to A AIN=AGND 15 dBrncO 

ICNX Idle Ch. Noise A to D A1N=AGND 14 dBrncO 

ICNR Idle Ch. Noise D to A PCMIN= +O-CODE 9 dBrncO 

IM1 I ntermodulation A to A (2a-b) 
a;0.47kHz, -4 dBmO -38 dBmO 
b;0.32, -4 

1M2 Intermodulation A to A (a-b) 
) a;1.02kHz, -4 dBmO -52 dBmO 

b;0.05, -23 

ICS Single Freq. Noise A to A 8, 16, 24, -50 dBmO 
AIN=AGND 32, 40kHz 

DIS Discrimination A to A 4.6 to 30 dB 
OdBmO 200kHz 

XTKA AIN to AOUT 1020Hz OdBmO -65 dB 
Crosstalk 

XTKD PCM1N to PCMOUT 1020Hz OdBmO -65 dB 

4.93 



Coclecs Bridge the Analog/Digital Worlds 

Single chip CMOS Codec Combo's, with their A/D 
and D/A converters and all the necessary analog filter
ing, are a powerful tool for the systems designer. 
Typically codecs have three major uses. The tradi
tional use of a codec is as a gateway between the 
analog subscriber loop and the digital pathways of a 
central telephone office. In the newer digital PBX's 
the single chip codec is found in the telephone hand
set itself and thus is the key in bringing out the power 
of voice/data integration to the latest PBX generation. 
The third major application of codecs is in smart 
instrumentation where digital signal processing is 
required, and the codec replaces separate A/D and 
D/A converters and associated filters. 

Operation 

PCM to Analog (Receive Section) -The PCM data is 
shifted into the decoder's input buffer register once 
every sampling period. Once the PCM data has been 
shifted into the decoder register a charge propor
tional to the received PCM data word value appears 
on the decoder's capacitor array. A sample and hold 
circuit integrates to the charge value and holds that 
value for the rest of the sampling period. Then a low
pass switched capacitor filter smooths the signal and 
performs loss equalization to compensate for the 
sin x/x distortion due to the sample and hold opera
tion. The low pass filter's output is then buffered and 
available for driving electronic hybrids directly. 

Analog to PCM (Transmit Section) - The analog input 
signal is placed on the uncommitted op amps ter
minals. The op amp allows for input gain adjustment 
if necessary to either 0 dB or the system's 0 level. The 
op amp also acts as a 2nd order analog anti-aliasing 
filter by bandlimiting the input to less than half of the 
sampling frequency per the Nyquist Rate Theorem. 
To meet CCITT G.712 specifications the analog signal 
is filtered by a cosine filter, a 6th order low-pass filter, 
and the high-pass filter before being sampled. The 
sampling is performed by a capacitor array at a rate of 
BKHz and the value fed into the encoder. From the en
coder the B-bit PCM data is clocked out by the shift 
clock. 

Lastly, an auto-zero loop (without any external 
capacitor) provides cancellation of any DC offset by 
integrating the sign bit of the PCM data and feeding it 
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back to the non-inverting input of the comparator, and 
a sign bit fixation circuitry reduces idle channel noise 
during quiet periods. 

Timing Requirements - The BKHz transmit and 
receive sampling strobes need not be exactly B bit 
periods wide. The codec has an internal bit counter 
that counts the number of data bits shifted and forces 
the PCM output into a high impedance state after the 
Bth bit has been shifted out. This allows the strobe 
signal to have any duty cycle as long as its repetition 
rate is BKHz and the shift clock is synchronized to it 
and the clock rate is either 1.536M Hz, 1.544M Hz, or 
2.04BMHz. Note that all internal clocks for the 
switched capacitor filters and timing conversions are 
automatically derived, no external control signal for 
clock selection is required. 

Power Down Circuitry - The Codec can be powered 
down in two ways. The most direct power down com
mand is to force the PD (pin 14) mode select low. This 
will shut down the chip regardless of the strobes. The 
second way is to stop strobing with the SYNC (pin 11) 
input. The SYNC can be held high, low or floating just 
so long as its state is not changed. After the chip has 
been shut down the PCMOUT is locked into a high im
pedance state and the AOUT is connected to AGND to 
avoid output noise to the system. 

Alp. Law Characteristics - Compression (refer to 
Figure 1) allows more channels to be multiplexed on 
a given transmission media by reducing the band
width of each individual channel. Figures 2 and 3 
show the A-Law and wLaw companding transfer func
tions used in telephony to convert the speaker's 
analog voice signal into PCM. Figures 4 and 5 show 
the expansion transfer functions used to convert the 
digital PCM signal back intG an analog signal for the 
end telephone user to hear. 

Response Characteristics - Figure 6 shows the very 
flat (less than ± .25dB) response of a typical S4423X 
receiver filter, while Figure 7 shows the very flat 
response a typical S4423X transmit filter. Figure B 
shows the gain tracking curve a typical S4423X codec 
and Figure 9 shows the signal to distortion ratio of a 
typical S4423X codec. Together the flat filter 
response, excellent gain tracking, and low distortion 
make the S4423X family an excellent choice for 
telephony's demanding quality needs. 
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Figure 2. The A-Law AID Companding 
Transfer Function. 
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Figure 3. The It-Law AID Companding 
Transfer Function. 
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Figure 5. The wLaw DIA Companding 
Transfer Function. 
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Figure 6. 
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Figure 7. 
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.y GOULD 
AIMII Semiconductors 

Advanced Product Description 

December 1984 

S44235 A-Law Synchronous Codec 
S44237 A-Law Asynchronous Codec 

Features 

o Exceeds AT&T 03, CCITT G.711, G.712 and 
G.733 Specifications 

o Available with either A·Law or wLaw Signal Com
panders 

o Input Op Amp for Gain Adjustment and 
Anti·aliasing Filtering 

o Internal Clock Generator for 64 KHz to 
2048 KHz PCM Rate as PLL Circuit 

o Synchronous Operation all Devices/ 
Asynchronous (S44237/8) 

o Auto-Zero Circuitry Requires No 
External Components 

Functional Block Diagram 

V,,!5VI 

PCMOUT 

S44235-88 Family 

Single Chip Codecs With Filters 
And PLL 

S44236 ",-Law Synchronous Codec 
S44238 ",-Law Asynchronous Codec 

o Energy Saving Power Down Mode 
o Licensed Second Source for Hitachi 

General Description 

The S44235/6/7 and S44238 are high quality monolithic 
CMOS Codecs suitable for use in telephone central 
offices and PBX's. These codecs provide the interface 
between the analog signals of the subscriber loop and 
the digital signals of the PCM highways in telephone 
switching systems. All codecs contain band·limiting 
filters, the AID and D/A conversion circuits, and the 
PCM encoder/decoder. The S44235/7 conform to Euro
pean A·Law signal companding characteristic and the 
S44236/8 conform to the North American wLaw signal 
companding characteristics. 

,-:----, 
I 84423718 i 

Pin Configuration 
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AIN 

GAl 

GA2 

A GND 

AOUT 
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Voo 

PCMIN 
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PCMOUT 
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Pin Function Description 
Pin Name Number 

AIN 1 
GA1 2 
GA2 3 

AGND 4 

AOUT 5 

VREF 6 

VDD 7 

DGND 13 
PO 14 

PCM OUT 15 

844235-88 Family 

Function 

These three pins make up the basic analog input section. AIN is the Analog Input pin and GA1/GA2 are the 
Gain adjustment and gain adjustment feedback pins. The maximum input to the analog section is + VREF and 
the minimum input is - VREF where VREF is approximately 2 to 3 volts. The operational amplifier may be tied 
directly to provide a unity gain input or it may be configured for negative feedback to facilitate system calibra
tion. When configured for negative feedback the load on the op amp should be less than 100pf with approx
imately 10K to 20K ohms of resistance. 
Analog Ground should be separate from digital ground in order to minimize crosstalk and noise. 
Analog Out is the smoothed output from the low pass filter after it has been decoded from the PCM input. For 
minimum distortion pin 5 should be loaded with at least 3K ohms and no more than 100pl. 
External voltage reference input. To activate the internal voltage reference, this pin should be either connected 
to V ss or left open. 
Positive supply voltage. Normally + 5 volts. 
Digital Ground reference point for digital input signals. Normally connected to ground. 
Power Down Mode. The power down mode will be activated when this TTL compatible input is held low even if 
the SYNC lines continue to strobe. The chip will also power down if the SYNCs stop strobing. The strobes can 
be either high, low or floating, but as long as they are static the power down mode is in effect. 
PCM out is the output of the PCM encoder filtering and the A-D conversion. This is a lS-TTl compatible open
drain output. It is active only during transmission of digital PCM output for 8 bit periods of the transmit clock 
signal following a positive edge on the transmit SYNC input. Data is clocked out by the positive edge of the 
transmit clock. This pin should have a pull up to VDDof approximately 500 ohms, although only one 500 ohm 
resistor is required for eight codecs. 

Vss 16 Negative supply Voltage. Normally -5 volts. 
844235/6 

NC 8 No connect. 
PCM IN 9 This is a TTL compatible input for supplying digital PCM data to the codec decoder for conversion into analog 

form. The PCM data is clocked in by the negative edge of the clock. 
ClK 10 Anyone of three different clock frequencies (1.536 MHz, 1.544 MHz and 2.048 MHz) will be accepted by 

this pin. The input clock frequency will automatically be divided down to provide all the necessary internal 
clocks. 
This TTL compatible input shifts PCM data out of the coder on the positive going clock edge and shifts the 
PCM data into the decoder on the negative going clock edge after receiving a postive edge on the SYNC input. 

SYNC 11 This TTL compatible pulse input (typ. 8KHz) is used for analog sampling and for initiating the PCM output 
from the coder and initiate clocking of PCM input data into the decoder. The width of this signal is not critical. 
An internal bit counter generates the necessary timing for PCM output and input. 

NC 12 No Connect. 

TX.ClK 
RCV.ClK 

RCV.SYNC 
TX.SYNC 

844237/8 
8 

9 
10 

11 
12 

This is a TTL compatible input for supplying digital PCM data to the codec decoder for conversion into analog 
form. The PCM data is clocked in by the negative edge of the receive (RCV) clock. 
TX.ClK/Transmit clock, RCV.ClK/Receive Clock 
Anyone of three different clock frequencies (1.536 MHz, 1.544 MHz and 2.048 MHz) will be accepted by 
this pin. The input clock frequency will automatically be divided down to provide all the necessary internal 
clocks. 
The TX.ClK shifts PCM data out of the coder on the positive going edge and the RCV.ClK shifts PCM data in
to the decoder on the negative going edges after receiving a positive edge on the TX.SYNC or RCV.SYNC in
put respectively. 

RCV.SYNC/Receive Sync, TX.SYNC/Transmit Sync 
These TTL compatible pulse inputs (typ. 8KHz) are used for analog sampling and for initiating the clocking of 
PCM output from the coder and initiating the clocking of PCM input data into the decoder. The width of these 
Signals is not critical. An internal bit counter generates the necessary timing for PCM output and input. 
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Absolute Maximum Rating 

Item Rating 

VDD -0.3 to + 7V 

Vss +0.3 to -7V 

Storage Temperature - 55°C to 125°C 

Power Dissipation 0.5W 

Digital I nput Voltage - 0.3V <VIN <VDD+0.3V 

Analog Input Voltage Vss-0.3V <VIN<VDD+0.3V 

Electrical Characteristics 
1) Static Characteristics (VDD = 5±O.25V, Vss = -5±O.25V, Vee = 5±O.25V, TA = 0-70°C) 

S44235/6 S44237/8 
Symbol Pin Pin Descriptions Min. 

IDD 7 7 VDD Current (Open) 

Iss 16 16 Vss Current (Open) -10 

IDDST 7 7 V DD Current (Standby) 

ISSST 16 16 V ss Current (Standby) -0.2 

IL 1,2,9, 1,2,8, Leak Current -10.0 
10,14 9,10,14 -10.0 

IpL 6,11 6,11,12 Pull Up Current -100 

IDL 15 15 Leak Current 

CAIN1 1,2 1,2 Analog Input Capacitance 

CAIN2 1,2 1,2 Analog Input Capacitance' 

COIN 6,9,10 6,8,9,10 Input Capacitance 
11,14 11,12,14 

ROUTA 5 5 AOUT Resistance 

ROUTG 3 3 GA2 Resistance 

VGSW GA2 Output Swing -3.0 

VOFFIN Analog Offset Input -500 

VOFFG GA2 Offset Output -50 

VOFFA AOUT Offset Output -50 

CDOUT 15 15 PCMOUT Capacitance 

VOL 15 15 PCMOUT Low Voltage 

VOH 15 15 PCM OUT High Voltage Vcc- 0.3 

VIH 10,11 2,10,11 Digital Input High Voltage 
2,14 9,12,14 

VIL 10,11 2,10,11 Digital Input Low Voltage 
2,14 9,12,14 

RAIN 1 1 Analog Input Resistance 

tlOTE: 1. Analog Input Amplifie[ Gain = OdB (GA1 is connected to GA2) 

4.100 

2.0 

50 

Specification 

Typ. Max. Unit Note/Conditions 

5.5 10 rnA 

-4.5 rnA 

0.3 1.0 rnA 
rnA 

10.0 pA VM = 0.8V 
10.0 pA VM = 2.0V 
10.0 pA VDD = VM = 5.25V 

0.0 pA 

10.0 pA VDD = VM = 5.25V 

100 200 pF at 1 kHz Vbias = OV 

10 pF at 1 MHz Vbias = 
OV 

10 pF at 1 MHz Vbias = OV 

1 10 0 

1 10 0 

3.0 V RL = 10kO 

-500 mV Note 1 

50 mV Note 1 

50 mV PCM IN = + O-Code 

15.0 pF at 1 MHz Vbias = 0 

0.4 V RL = 5000 + 
IOL = 0.8mA 

V IOH = -150pA 
V 

0.8 V 

200 kO at 1 MHz 
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2) Dynamic Characteristics (Voo = 5 + 0.25V, Vss = - 5 ± 0.25V, Vee = 5 + 0.25V, T A = 0 -70·C) - -
Specification 

Symbol Descriptions Min. Typ. Max. Unit Notes 
FS Synchronization Rate 8 kHz 
FC PCM Bit Clock Rate 1536/1544/2048 kHz 

twe Clock Pulse Width 200 ns 

tWSH SYNC Pulse High Width 200 ns 

tWSL SYNC Pulse Low Width 8 p,s 
tr Logic I nput Rise Time 50 ns 
tf Logic I nput Fall Time 50 ns 

tBes Previous Clock to SYNC Delay 40 100 ns NOTE 1 
tes Clock to SYNC Delay 100 ns NOTE 1,3 

tedl Clock to PCM MSB Delay 170 ns NOTE 1,2,4 
tbs Bit Steal Set Up Time 200 ns NOTE 1,6 
ted Clock to PCM OUT Delay 180 ns NOTE 1,2,5 

tsu PCM IN Setup Time 65 ns NOTE 1 

thd PCM IN Hold Time 120 ns NOTE 1 

tbh Bit Steal Hold Time 200 ns NOTE 1,6 

tsd Sync to PCM MSB Delay 170 ns NOTE 1,2,4 

NOTES: 
1. tr, tf of digital input or clock is assumed 5ns for timing measurement. 
2. PCMOUT LOAD CONDITION: 5000 165pF + two LS·TTL Equivalent (IlL = O.8mA, IIH = -150,..A) Threshold Level (VOH = 2.4V, VOL = 0.4) 
3. Positive value shows SYNC delay from Clock. 
4. tedl, tsd are specified by Clock or SYNC which has slower rise time. 
5. ted specification is valid for the data except MSB. 
6. Applicable S44236/S44238. 

3) System Related Characteristics - S4423517 A·Law Codecs (Voo = 5 ± 0,25V, Vss = - 5 ± 0,25V, Vee = 5 ± 0,25V, 
TA = 0 - 70·C, Input Amplifier Gain = OdB, GA2 Load = 10KO, AOUT Load = 6OQO), Synchronous/Nosignaling 
operation. FC (PCM BIT CLOCK) = 2048 kHz) 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 
SDA Signal to Dis!. 820Hz tone -45 dBmO 24 dB p-wgt 

(A to A) -40 30 dB 
-30 to +3 35 dB 

SNA Signal to Dis!. Noise -55 dBmO 14 dB p-wgt 
(A to A) -40 29 dB 

-34 34 dB 
-27 to -6 36 dB 
-3 28 dB 

SDX Signal to Dis!. 820Hz tone -45 dBmO 26 dB p-wgt 
(A to D) -40 31 dB 

-30 to +3 36 dB 
SNX Sig nal to Dis!. Noise -55 dBmO 15 dB 

(A to D) -40 30 dB 
-34 35 dB 
-27 to -6 37 dB 
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3) System Related Characteristics - S44235/7 A·Law Codecs (Continued) 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 
SDR Signal to Dis!. 820Hz tone -45 dBmO 26 dB p-wgt 

(D to A) -40 31 dB 
-30 to +3 36 dB 

SNR Signal to Dis!. Noise -55 dBmO 15 dB 
(D to A) -40 30 dB 

-34 35 dB 
-27 to -6 37 dB 

GTA Gain Track. 820Hz tone -55 to -50 dBmO -1.0 1.0 dB 
(A to A) -50 to -40 -0.5 0.5 dB 

-40 to +3 -0.4 0.3 dB 

GNA Gain Track. Noise -60 to -55 dBmO -0.8 0.8 dB 
(A to A) -55 to -10 -0.4 0.4 dB 

GTX Gain Track. 820Hz tone -55 to -50 dBmO -0.8 0.8 dB 
(A to D) -50 to -40 -0.4 0.4 dB 

-40 to +3 -0.2 0.2 dB 

GNX Gain Track. Noise -60 to -55 dBmO -0.6 0.6 dB 
(A to D) -55 to -40 -0.4 0.4 dB 

-40 to -10 -0.2 0.2 dB 

GTR Gain Track. 820Hz tone -55 to -50 dBmO -0.8 0.8 dB 
(D to A) -50 to -40 -0.4 0.4 dB 

-40 to +3 -0.2 0.2 dB 

GNR Gain Track. Noise -60 to -55 dBmO -0.4 0.4 dB 
(D to A) -55 to -10 -0.2 0.2 dB 

-40 to +3 -0.2 0.2 dB 
FRX Freq. Response Relative to 0.06kHz 24 

(A to D) (Loss) 820Hz 0.2 -0.15 2.0 
0.3 to 3 -0.15 0.15 dB 

OdBmO 3.18 -0.15 0.65 
3.4 0.0 0.8 
3.78 6.5 

FRR Freq. Response Relative to o to 3kHz -0.15 0.15 
(D to A) (Loss) 820Hz 3.18 -0.15 0.65 dB 

OdBmO 3.4 0.0 0.8 
3.78 6.5 

AIL Analog I nput Level 820Hz OdBmO 25°C nom.P.S. 1.217 1.231 1.246 Vrms 
AOL Analog Output Level 1020Hz OdBmO 25°C nom. P.S. 1.217 1.231 1.246 Vrms 

ICNA Idle Ch.Noise A to A AIN=AGND -78 dBmOP 

ICNX Idle Ch. Noise A to D AIN=AGND -80 dBmOP 

ICNR Idle Ch.Noise D to A PCM 1N = +O-CODE -80 dBmOP 
XTKA AIN to AOUT 820Hz OdBmO -65 dB 

Crosstalk 

XTKD PCM 1N to PCMOUT 820Hz OdBmO -65 dB 
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3)8ystem Related Characteristics - 844236/8 wLaw Codecs (VDD = 5±0.25V, Vss = -5±0.25V, Vee = 5±0.25V, 
TA = 0 - 70·C, Input Amplifier Gain = OdB, VREF-pin remains open, GA2 Load = 10KO, AOUT Load = 6000), Syn
chronous/Nosignaling operation. FC (PCM BIT CLOCK) = 2048 kHz. 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 

SDA Signal to Dist. 1020Hz tone -45 dBmO 25 dB c-wgt 
(A to A) -40 30 dB 

-30 to + 3 35 dB 
SOX Signal to Dist. 1020Hz tone -45 dBmO 76 dB c-wgt 

(A to D) -40 31 dB 
-30 to +3 36 dB 

SDR Signal to Dist. 1020Hz tone -45 dBmO 26 dB c-wgt 
(0 to A) -40 31 dB 

-30 to + 3 36 dB 
GTA Gain Track. 1020Hz tone - 55 to - 50 dBmO -1.0 1.0 dB 

(A to A) -50 to -40 -0.5 0.5 dB 
-40 to +3 -0.3 0.3 dB 

GTX Gain Track. 1020Hz tone -55 to -50 dBmO -0.8 0.8 dB 
(A to D) -50 to -40 -0.4 0.4 dB 

-40 to +3 -0.2 0.2 dB 
GTR Gain Track. 1020Hz tone -55 to -50 dBmO -0.8 0.8 dB 

(0 to A) - 50 to -40 -0.4 0.4 dB 
-40 to +3 -0.2 0.2 dB 

FRX Freq. Response Relative to 0.06kHz 24 
(A to D) (Loss) 820Hz 0.2 -0.15 2.5 

0.3 to 3 -0.15 0.2 dB 
OdBmO 3.18 -0.15 0.65 

3.4 0.0 0.8 
3.78 6.5 

FRR Freq. Response Relative to o to 3kHz -0.15 0.2 
(0 to A) (Loss) 820Hz 3.18 -0.15 0.65 dB 

OdBmO 3.4 0.0 0.8 
3.78 6.5 

AIL Analog I nput Level 1020Hz OdBmO 25°C nom. P.S. 1.213 1.227 1.241 Vrms 
AOL Analog Output Level 1020Hz OdBmO 25°C nom. P.S. 1.213 1.227 1.241 Vrms 
ICNA Idle Ch. Noise A to A AIN=AGND 17 dBrncO 
ICNX Idle Ch. Noise A to D AIN=AGND 16 dBrncO 
ICNR Idle Ch. Noise o to A PCM IN= + O-CODE 10 dBrncO 
XTKA AIN to AOUT 1020Hz OdBmO -65 dB 

Crosstalk 
XTKD PCM IN to PCM OUT 1020Hz OdBmO -65 dB 

4.103 



S44235-88 Family 

3) System Related Characteristics - S44235/6/7/8 wLaw Codecs (Voo = 5 ± 0.25V, Vss = - 5 ± 0.25V, Vee = 5 ± 0.25V, 
TA = 0 -70·C, Input Amplifier Gain = OdB, VREF-pin remains open, GA2 Load = 10KO, AOUT Load = 6000) Syn-
chronous/Nosignaling operation FC (PCM BIT CLOCK) - 2048 KHz) , 

Specifications 
Symbol Descriptions Test Conditions Min. Typ. Max. Unit Notes 

AT AIL, AOL Variation Relative to 25°C nominal P.S. ±20 ppm/oC 
with temp. 

AP AIL, AOL Variation 25°C, Supplies± 5% ±0.01 dB 
with P.S. 

ALS GAIN Variation A to D INITIAL -0.2 0.2 dB 
over Temp. P.S. D to A 

AlP Peak Analog Input 3.0 V 
AOP Peak Analog Output 2.5 V 
PDL Propagation Delay A to A OdBmO 450 480 /ls 

DD Delay Distortion A to A 0.5 to 0.6kHz 1.4 rei. 
OdBmO 0.6 to 1.0 0.7 ms to 

1.0 to 2.6 0.2 min. 
2.6 to 2.8 1.4 delay 

PSRR PSRR A to A +5V + 100mVop 30 
dB AIN=AGND 

0.3 - 50kHz -5V + 100mV op 30 
IM1 I ntermod u lation A to A (2a-b) 

a;0.47kHz, -4 dBmO 
b;0.32, -4 

1M2 I ntermodulation A to A (a-b) 
a;1.02kHz, -4 dBmO 
b;0.05, -23 

ICS Single Freq. Noise A to A 8, 16, 24, 
AIN=AGND 32, 40kHz 

DIS Discrimination A to A 4.6 to 
OdBmO 200kHz 

Codecs Bridge the Analog/Digital Worlds 
Single chip CMOS Codec Combo's, with their AID and 
DIA converters and all the necessary analog filtering, 
are a powerful tool for the systems designer. Typically 
codecs have three major uses. The traditional use of a 
codec is as a gateway between the analog subscriber 
loop and the digital pathways of a central telephone of
fice. In the newer digital PBX's the single chip codec is 
found in the telephone handset itself and thus is the 
key in bringing out the power of voice integration to 
the latest PBX generation. The third major application 
of codecs is in smart instrumentation where digital 
signal processing is required, and the codec replaces 
separate AID and DIA converters and associated filters. 
Operation 

PCM TO Analog (Receive Section) - The PCM data is 

4.104 

-38 dBmO 

-52 dBmO 

-50 dBmO 

30 dB 

shifted into the decoder's input buffer register once 
every sampling period. Once the PCM data has been 
shifted into the decoder register a charge proportional 
to the received PCM data word value appears on the 
decoder's capacitor array. A sample and hold circuit in
tegrates to the charge value and holds that value for 
the rest of the sampling period. Then a low-pass swit
ched capacitor filter smooths the signal and performs 
loss equalization to compensate for the sine xIx distor
tion due to the sample and hold operation. The low 
pass filter's output is then buffered and available for 
driving electronic hybrids directly. 

Analog to PCM (Transmit Section) - The analog input 
signal is placed on the uncommitted op amps ter
minals. The op amp allows for input gain adjustment if 
necessary to either 0 dB or the system's 0 level. The op 



Timing Diagram - S44237 and S44328 
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amp also acts as a 2nd order analog anti-aliasing filter 
by bandlimiting the input to less than half of the sampl
ing frequency per the Nyquist Rate Theorem. To meet 
CCITI G.712 specifications the analog signal is filtered 
by a cosine filter, a 6th order low-pass filter, and the 
high-pass filter before being sampled. The sampling is 
performed by a capacitor array at a rate of 8KHz and 
the value fed into the encoder. From the encoder the 
8-bit PCM data is clocked out by the shift clock. 

4.105 

S44235-88 Family 

Lastly, an auto-zero loop (without any external 
capacitor) provides cancellation of any DC offset by in
tegrating the sign bit of the PCM data and feeding it 
back to the non-inverting input of the comparator, and 
a sign bit fixation circuitry reduces idle channel noise 
during quiet periods. 
System Clock - The basic timing of the Codecs is pro
vided by the internally generated clock from syn
chronization. (The internal) PLL (Phase Locked Loop) 
circuits generate 128kHz clocks. These features make 
it possible that the clock rate of PCM bit shifting may 
be free in the range from 64kHz to 2.048MHz. 

Bit Steal Control (HD44236, HD44238 only) - For the bit 
steal period, the decoder output of wlaw CODEC 
should be shifted as half-bit of steps. For the HD44236 
and HD44238, the power down control pin provides 
this function too. If the low state of PD is less than 6 
frames (7.5 msec), the device is not deactivated and 
the decoder output corresponding to the frame of the 
rising and falling edge of the pin is shifted as half-bit. 
And, if the low state is longer than 1.0 msec, the device 
is deactivated. 
Timing Requirements - The 8KHz transmit and receive 
sampling strobes need not be exactly 8 bit periods 
wide. The codec has an internal bit counter that counts 
the number of data bits shifted and forces the PCM 
output into a high impedance state after the 8th bit has 
been shifted out. This allows the strobe signal to have 
any duty cycle as long as its repetition rate is 8KHz and 
the shift clock is synchronized to it and the clock rate 
is either 1.536MHz, 1.544MHz, or 2.048MHz. Note that 
all internal clocks for the switched capacitor filters and 
timing conversions are automatically derived, no exter
nal control signal for clock selection is required. 
Power Down Circuitry - The Codec can be powered 
down in two ways. The most direct power down com
mand is to force the PD (pin 14) mode select low. This 
will shut down the chip regardless of what may be go
ing on. The second way is to stop strobing with the 
SYNC (pin 11) input. The SYNC can be held high, low or 
floating just so long as its state is not changed. After 
the chip has been shut down the PCMOUT is locked in
to a high impedance state and the AOUT is connected 
to AGND to avoid output noise to the system. 
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Features 

o Fast Instruction Execution - 250 ns 
o 16·Blt Data Word 
o Multl·Operatlon Instructions for Optimizing 

Program Execution 
o Large Memory Capacities 

- Program ROM 512 x 23 Bits 
- Coefficient ROM 510 x 13 Bits 
- Data RAM 128 x 16 Bits 

o Fast (250 ns) 16 x 16-31 Bit Multiplier 
o Dual Accumulators 
o Four Level Subroutine Stack for Program 

Efficiency 
o Multiple I/O Capabilities: Serial, Parallel, DMA 
o Compatible with Most Microprocessors, 

Including: 8080, 8085, 8086, Z80™' 
o Power Supply + 5V 
o NMOS 
o Package - 28 Pin Dip 

Functional Block Diagram 

DACK 

ORO 

CLKffi"'SSCZOO 
RST- caBBBBVV 
INT 510 BB 

~~~:: "" 10 
INTERRUPT 
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DIGITAL SIGNAL 
PROCESSOR 

General Description 

The S7720 Digital Signal Processor (DSP) is an 
advanced architecture microcomputer optimized for 
signal processing algorithms. Its speed and flexibility 
allow the DSP to efficiently implement signal process· 
ing functions in a wide range of environments and 
applications. 

The DSP is the state of the art in signal processing 
today, and for the future. 

Performance Benchmarks 

o Second Order Digital Filter (BiQuad) 
o SINE/COS of Angles 
o p./A LAW to Linear Conversion 
o FFT: 32 Point Complex 

64 Point Complex 

"Trademark of Zilog Corp. 

Pin Configuration 

NC 

OACK 

DRQ 

Po 

PI 

Do 

01 

02 

03 

04 

Do-D7 05 

iW 06 
WiI 
cs D7 
Ao 

GNO 

4.106 

2.25 p.S 

5.25 p.S 

0.50p.s 
0.7 ms 
1.6 ms 

VCC 

Au 

Ro 

WR 

SORQ 

SO 

SI 

SOEN 

SIEN 

SCK 

INT 

RST 

CLK 



Functional Description 

Fabricated in high speed NMOS, the S7720 DSP is a 
complete 16-bit microcomputer on a single chip. 
ROM space is provided for coefficient storage, while 
the on-chip RAM may be used for temporary data, 
coefficients and results. Computational power is pro
vided by a 16-bit Arithmetic/Logic Unit (ALU) and a 
separate 16 x 16-bit fully parallel multiplier. This 
combination allows the implementation of a "sum of 
products" operation in a single 250 nsec instruction 

Absolute Maximum Ratings· 

87720 

cycle. In addition, each arithmetic instruction pro
vides for a number of data movement operations to 
further increase throughout. Two serial I/O ports are 
provided for interfacing to codecs and other serially
oriented devices while a parallel port provides both 
data and status information to conventional ",p for 
more sophisticated applications. Handshaking 
signals, including DMA controls, allow the DSP to act 
as a sophisticated programmable peripheral as well 
as a stand alone microcomputer. 

Voltage (Vcc Pin) .............................................................. - 0.5 to + 7.0 Volts1 

Voltage, Any Input (VI) .......................................................... - 0.5 to + 7.0 Volts 1 
Voltage, Any Output (Vo) ....................................................... - 0.5 to + 7.0 Volts 1 

Operating Temperature (TOPT) ..................................................... - 40°C to + 85°C 
Storage Temperature (TSTG) ...................................................... -65°Cto +150°C 

NOTE 1: With respect to GND. 

'COMMENT: Exposing the device to stresses above those listed in Absolute Maximum Ratings could cause permanent damage. The device is 
not meant to be operated under conditions outside the limits described in the operational sections of this specification. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

Capacitance 

Symbol Parameter 

C¢ ClK, SCK Input Capacitance 

CIN Input Pin Capacitance 

COUT Output Pin Capacitance 

'These values are not 100% tested in production. 

Electrical Specifications: (TA=O° - + 70°C, Vcc= + 5V ±5%) 
D.C. Characteristics 

Symbol Parameter 

VIL Input low Voltage 

VIH Input High Voltage 

V<iJL ClK low Voltage 

V<iJH ClK High Voltage 

VOL Output low Voltage 

VOH Output High Voltage 

ILIL Input load Current 

IUH Input load Current 

I LOL Output Float leakage 

ILOH Output Float leakage 

lee Power Supply Current (0 to 70°C) 

lee Power Supply Current ( - 40 to 85°C) 

4.107 

Min. 

Min. 

-0.5 

2.0 

-0.5 

3.5 

2.4 

Typ. Max. Unit Condition 

20' pF fc=1MHz 

10' pF fc=1MHz 

20' pF fc=1MHz 

Typ. Max. Unit Condition 

0.8 V 

Vee +0.5 V 

0.45 V 

Vee +0.5 V 

0.45 V IOL=2.0rnA 

V IOH-400",A 

-10 ",A VIN=OV 

10 ",A VIN=Vee 

-10 ",A VOUT= 0.47V 

10 ",A VouT=Vee 

180 280 rnA 

330 rnA 
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A.C. Characteristics: (T A= -10· - + 70·C, Vee= + 5V ± 5%) 

Symbol Parameter 

¢CY ClK Cycle Time 

¢D ClK Pulse Width 

¢R ClK Rise Time 

¢F ClK Fall Time 

tAR Address Setup Time for RD 

tRA Address Hold Time for RD 

tRR RD Pulse Width 

tRo Data Delay from RD 

tOF Read to Data Floating 

tAW Address Setup Time for WR 

tWA Address Hold Time for WR 

tww WR Pulse Width 

tow Data Setup Time for WR 

two Data H old Time for WR 

tRY RD, WR, Recovery Time 

tAM DRO Delay 

tOACK DACK Delay Time 

tSCY SCK Cycle Time 

tSCK SCK Pulse Width 

tRSC SCK Rise/Fall Time 

taRO SORa Delay 

tsoc SO EN Setup Time 

tcsa SO EN Hold Time 

tacK SO Delay from SCK = lOW 

tozRO SO Delay from SCK with SOROI 

tozse SO Delay from SCK 

tOZE SO Delay from SOEN 

tHZE SO EN to SO Floating 

tHzSC SCK TO SO Floating 

tHzRO SO Delay from SCK with SOROI 

toc SIEN, SI Setup Time 

tco SIEN, SI Hold Time 

top Po, PI Delay 

tRST RST Pulse Width 

tiNT INT Pulse Width 
'These values are guaranteed by design and not by 100% testing. 
NOTE 1: Voltage at measuring paint of timing 1.0V and 3.0V 
NOTE 2: Voltage at measuring paint of AC Timing: ~l = VOL =0.8V, ~H = VOH = 2.0V 

4,108 

Min. Typ. Max. Unit Condition 

122 2000 ns See Note 1 

60 ns 

10 ns See Note 1 

10 ns See Note 1 

0 ns 

0 ns 

250 ns 

150 ns CL=100pF 

10 100 ns CL = 100pF 

0 ns 

0 ns 

250 ns 

150 ns 

0 ns 

250 ns See Note 2 

150 ns 

l' ¢D See Note 2 

480 DC ns 

230 ns 

20 ns See Note 1 

30 150 ns CL = 100pF 

50 ns 

30 ns 

150 ns 

20 300 ns See Note 2 

20 300 ns See Note 2 

20 180 ns See Note 2 

20 200 ns See Note 2 

20 300 ns See Note 2 

70' 300 ns See Note 2 

80 ns See Note 2 

160 ns 

¢CY +150' ns 

4' ¢CY 

8' ¢CY 
Input Waveform of AC Test 2.0 2.0 

(except CLK, SCK) :::,===x,.-----x=: 
0.8 0.8 
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Figure 1. Clock 
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Figure 3. Write Operation 
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SENSOR 
MICROPHONE 
THERMAL 
PRESSURE 
LIGHT 

AN ANALOG TO 
ANALOG DIGITAL 
PROCESSING SYSTEM 
USING A SINGLE DSP 

ANALOG 

• 

A SIGNAL PROCESSING 
SYSTEM USING DSPs 
AS A COMPLEX COMPUTER 
PEmPHERAL 

PRODUCT EXAMPLE 
USING THE 87720 

':. .. : .............. . 
FJlEO.-

A SIGNAL PROCESSItG SYSTEM USING 
CASCADEDDSPs " SERIAL COMMUNICAllIN. 
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RECONSTRUCTION 
ALTER 

ANALOG 
OUT 

ANALOG 
OUT 
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Features 
o MITEL-BUSTM compatible 
o Full Duplex Transmission over 2 Telephone Pairs 
o Selectable 256 or 128 kbit/s Line Rate 
o Interface for Both Ends of Line 
o 3 Port Device: 

-2 or 4 x 64 kbit/s Channel Line Port 
-4 x 64 kbit/s Channel ST-BUSTM Port 
-3 Channel Asynchronous Microprocessor Port 

o Frame Synchronisation and Clock Extraction 
o Modified AMI Coded Line Transmission 
o 6800/68000 Bus Compatible 
o Single 4_096 MHz Clock Input 

Functional Block Diagram 

Voo v" 

USTi 
N 

OSlo E 
T 
W 

F2i 0 
R 

F30 
K 

PiOO 

F101 

F102 PATH 
CONNECTION 

F103 STORE 

iiiii os cs Rfii A41 MROY 071 
AD DO 
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Applications 

S8970 

DIGITAL LINE 
INTERFACE CIRCUIT 

The S8970 can be used as the digital line interface 
within telephone sets, PBX's, computers, computer 
peripherals ect. 

General Description 
The S8970 is a digital line interface which is capable 
of transmitting and receiving data on a twisted pair 
line at speeds up to 256 kbit/s formatted in 4 x 64 
kbit/s channels. Data may be switched between any 
channels on its 3 ports. It is a general interface bet
ween an ST-BUSTM port, a microprocessor port and a 
128 or 256 kbit/s line. The S8970 is fabricated in 
CMOS technology. 

Pin Configuration 

A2 
A1 
AD 

LRA 
REM 
LTN 
LTl' 
LRI' 
LRN 
C41 
E2. 
C2. 

MOllE 
F3. 
F~ 

F100 
F101 
F102 
F103 

Vss 

1 
2 
3 
4 
5 
6 
7 
6 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

U 40 
39 
38 
37 
36 
35 
34 
33 
32 

88970 31 
3D 
29 
28 
27 
26 
25 
24 
23 
22 
21 

'100 
A3 
A4 
os 
MROY 
CS 
RIW 
07 
D6 
05 
D4 
03 
D2 
01 
00 
He 
iiiQ 
RESET 
DSTo 
DSl1 
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Absolute Maximum Ratings1 Voltages are with respect to ground (Vss) unless otherwise stated. 
Symbol Parameter Min. Max. Units 

VDO Supply Voltage -0.3 7 V 
VI Voltage at Digital Inputs -0.3 Voo + 0.3 V 

II Current at Digital Inputs 20 mA 

Va Voltage at Digital Outputs -0.3 Voo + 0.3 V 

10 Current at Digital Outputs 20 mA 

TST Storage Temperature -65 150 °C 
P Power Dissipation 2 W 

Recommended Operating Conditions Voltages are with respect to ground (Vss) unless otherwise stated. 
Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

Top Operating Temperature -40 85 °C 

Voo Supply Voltage 4.5 5 5.5 V 

VI Input Voltage 0 Voo V 

DC Electrical Characteristics3 Voltages are with respect to ground (Vss) unless otherwise stated. 
Symbol Characteristics Min. Typ.' Max. Units 

P Power Dissipation 5 11 mW 

100 Supply Current 1 2 mA 

VIHR Input High at RESET Pin 4.0 Voo V 

VILR Input Low at RESET Pin 0 1 V 

VIH Input High at Other Inputs 2.0 Voo V 

VIL Input Low at Other Inputs 0 0.8 V 

IlL Input Leakage 0.1 1 p.A 

VOH Output High Voltage 2.4 Voo V 

10H Output High Current 1.6 15 mA 

10H Output High Current 1.3 mA 

VOL Output Low Voltage Vss 0.4 V 

10L Output Low Current 6.4 15 mA 

10L Output Low Current 15 mA 

loz High Impedance Leakage 10 p.A 

AC Electrical Characterltlcs - Capacitances 
Symbol Characteristics Min. Typ.' Max. Units 

CI Input Pin Capacitance 10 pF 

Co Output Pin Capacitance 10 pF 

NOTE 1: Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied. 
NOTE 2: Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing. 

Test Conditions 

Outputs unloaded 

Outputs unloaded 

At least 0.5V Hysteresis 

At least 0.5V Hysteresis 

10H= 1.6mA 

Source. VOH= 2.4V 
Source. VOH = 3.0V 

10L = 6.4mA 

Sink. VOL = O.4V 
Sink. VOL = 2.0V 

Test Conditions 

NOTE 3: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 

4.112 



AC Electrical Characteristics1 - Clock Timing (Figures 2 and 3) 
Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

tClK Clock Period' 244 ns 

tCHl Clock Width H ig h or Low 102 ns 
tCTT Clock Transition Time 20 ns 

tC2D C20 Delay 40 80 ns 30pF Load 
tE2D E20 Delay 50 100 ns 30pF Load 

NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°,C and are for design aid only: not guaranteed and not subject to production testing. 
NOTE 3: To ensure system synchronization a tolerance of 0.05% on the C4i inputs of the devices at either end of the line is required. 

Figure 2. C20 Timing 

C4i 

C20 

2.0V 

O.BV 

2.4V 

O.4V -tC2D 

Figure 3. E20 Timing and Definition of Basic Timing Cells 

C41 

L~ ---------------- --------------
E20 

O.4V --------------

BASIC TIMING CELL 

58970 

NOTE: THE AC CHARACTERISTICS FOR THE ST·BUS AND LINE PORTS ARE SPECIFIED IN TERMS OF THE BASIC TIMING CELLS. THIS ALLOWS THE SAME SPECIFICATION 
TO BE USED IN BOTH THE MASTER AND THE SLAVE MODE. 
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Figure 4. Alignment of Basic Timing Cells 
In Master Mode 

C41 

E20 

BASIC 
TIMING 
CELLS 

CELL 255 CELLO 

NOTE: II MASTER MODE E20 IS NOT CORRECTED AND BASIC 11M1IG CELL 255 
DOES NOT CHANGE. 

Figure 6. Network Channel Alignment 

88970 

Figure 5. Correction of E20 and Basic Timing Cell 
255 in Slave Mode 

C41 

E20 
SPEEDED 
UP 

BASIC 
TIMING 
CELLS 

E20 
NOT 
CHANGED 

BASIC 
TIMING 
CELLS 

E20 
SLOWED 
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BASIC 
TIMING 
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CELL 
254 

CELL 
254 

CELL 
254 

CELL 
255 

CELL 
255 

CELL 
255 

BASIC 
TIMING 
CELLS _+ __ CE_L_L O __ +-__ CE_L_L _1 -.,-+1.-_ CELL Z TO CELL 29 ---._-4I ____ CE_L_L 3_D_-+ __ CE_LL_3_1_-+_ 

ST·BUS'· 
BIT 
CELLS 

CHANNEL NO BIT 5 
TO 

CHANNEL N3 BIT 2 

NOTE: IN MASTER MODE THE FRAME SYNCHRONIZAlION IS CONTROLLED BY THE F2i INPUT (RGURE 4). IN SLAVE MODE THE FRAME SYNCHRONIZAlION IS DETER· 
MINED BY THE ARRIVAL OF THE SYNC BYTES ON THE L3CHANNEL (SEE USERS' GUIDE) AND IS INIHCATED ON THE no AND fiii TO Flo3 OUTPUTS (FIGURES 13 
AND 14). IN SLAVE MODE BASIC liMING CELL 255 IS CORRECTED BY THE INTERNAL PHASE·LOCKED LOOP. 
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AC Electrical Characterlstics1 - ST-BUSTM Streams (Figures 4,5,6 and 7) 
Symbol Characteristics Min. Typ.' Max. Units 

!STD OSTo Delay 0 20 100 ns 
ISTS OSTi Sel-Up Time 50 ns 
ISTH OSTi Hold Time 50 ns 

NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 2S"C and are for design aid only: not guaranteed and not subject to production testing. 

Figure 7. ST-BUSTM Streams 

NETWORK 
lIlT CEllS 

C41 
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Test Conditions 
200pF Load 

DSTo UNSPECIRED --- -- - -- -- - --- - - - --- - ----- -- - -- - - --:r------
~~ --------------------- --------- - ------------------ ------ -------------

_18TS-+- .. 18111_ 

2.0V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
DSTi UNSPECIFIED - - - - - - --

0.8V - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Figure 8. Line Channel Alignment for Transmission at 128 (256) kbitls 
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AC Electrical Characteristics' - Line Data (Figures 4, 5, 8, 9 and 10) 

Symbol Characteristics Min. Typ.' Max. Units 

tLTD Line Transmit Delay 0 150 ns 
tLAP Line Receive Period 3.2 fJ-S 
tAAD Line Receive Active Delay 1.6 fJ-S 
tADD Line Receive Data Delay 1.6 fJ-S 
tAOS Line Receive Data Set-Up Time 400 ns 

NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. 

58970 

Test Conditions 
200pF Load 

NOTE: Data transmitted on the line should be at the same rate received from the line to within 0.1 % averaged over 1251'6. This may be ensured by having a tolerance of 
0.05% or better on the C4i inputs of the devices at either end of the line. 

Figure 9. Line Transmission Data 
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Figure 10. Line Receive Data 
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AC Electrical Characteritics1 - ST-BUSTM Synchronization (Figures 4, 5, 6, 11, 12, 13 and 14) 

Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

tF2S F2i Set-Up Time 10 200 ns 

tF3D F30 Delay 0 70 90 ns 200pF Load 

tF10 F100 to F103 Delay 0 70 90 ns 50pF Load 
NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. 

Figure 11. F21 Alignment 

ST_BUS™ 
CHANNELS 

Figure 13. F30 and F100 to F103 Alignment 
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~--------------------------------~ 
Figure 12. F2i Timing 
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Figure 14. F30 and F100 to F103 Timing 

ST-BUS™ 
CHANNELS 

C4i 
2.0V 

0.8V 

2.0V 

0.8V 

2.0V 

D.BY 

ST_BUS™ CHANNEL 
BOUNOARY .. 



AC Electrical Characteristics' " Bus Interface Timing (Figure 15) 
Symbol Characteristics Min. Typ.' Max. Units 

tCSR Chip Select Set-Up Time -Read -25 ns 

tcsw Chip Select Set-Up Time -Write 40 ns 

tRWS Read/Write Set-Up Time 80 ns 

tAOS Address Set-Up Time 30 ns 

tosw Data StroDe Width 150 ns 

tMRO Memory Ready Delay 0 25 90 ns 

tROD Read Data Delay' 70 125 ns 

twos Write Data Set Up Time 145 ns 

tOHR Data Hold Time -Read 20 25 ns 

tOHw Data Hold Time -Write 18 ns 

tCSH Chip Select Hold Time 20 ns 

tRWH Read/Write Hold Time 0 ns 

tAOH Address Hold Time 0 ns 
NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. 
NOTE 3: Taken from the later of OS high and CS low. 

Figure 15. Processor Interface Timing 
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Test Conditions 

50pF Load. 

200pF Load. 
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Pin Function Description 

Pin Name Label 
1-3 A2-AO 

4 LRA 

5 REM 

6 LTN 

7 LTP 

8 LRP 

9 LRN 

10 C4i 

11 E20 

12 C20 

13 MODE 

14 

15 

16-19 F100-
F103 

20 Vss 
21 DSTi 

22 DSTo 

23 RESET 

Function 

Address 2 to 0 (Inputs)-These are inputs for the address lines on the microprocessor interface. 

line Receive Active (Input)-A Iowan this input is the signal that the level detector has sensed that the AMI 
coded line is non-zero. this signal may be triggered at line voltages different from those for LRP and LRN. It is 
used to synchronize the phase locked loop. 

Remote Reset (Open Drain Pulldown Output)-This pin is high-impedance during normal operation. It is pulled 
low if an all 1s signal is received on the line for more than 2 superframes (4mS). The pin goes to its high 
impedance state during a device reset. This feature can be used for simple signaling or to generate a reset. 

line Transmit Negative (Complementary Output)-A Iowan this pin indicates that the line driver should pull the 
line low for AMI coded transmission. 

Line Transmit Positive (Complementary Output)-A high on this pin indicates that the line driver should pull the 
line high for AM I coded transmission. 

Line Receive Positive (Input)-A Iowan this pin is the signal to the device that the line detector has sensed that 
the AMI coded line is high. 

line Receive Negative (Input)-A Iowan this pin is the signal to the device that the line detector has sensed that 
the AMI coded line is low. 

Clock - 4.096MHz Onput)-This is the input for the 4.096MHz clock. 

Extracted Clock - 2.048MHz (Complementary Output)-This pin provides a 2.048MHz clock which is corrected 
by the line data rate when the MODE pin is high (Slave Mode). The clock is corrected once every 256 cycles. If 
the MODE pin is low (Master Mode) then this output is equivalent to C20. 

Clock· 2.048MHz (Complementary Output)-This pin provides a 2.048MHz clock which is obtained by dividing 
the 4.098MHz input clock on C4i by two. 

Mode (Input)-A high on this pin puts the chip in set mode and a lowputs it in system mode. In Master Mode 
the C4i clock and the F2T pulse control the timing and synchronization. In Slave Mode the device is synchroniz
ed to the incoming line data rate and the E20 output may be corrected. In either mode theE20 output clock is 
synchronized to the ST·BUSTM and to the transmitted line bit streams. 

Framing Signal Type 3 (Complementary Output)-A low on this output signals that some ST·BUSTM channel 
is active. 

Framing Signal Type 2 (Input)-This pin should be pulled low once every frame to select channels on the 
ST·BUSTM port when the chip is in Master Mode (MODE pin low). In Slave Mode frame synchronization is 
obtained from the line and is indicated on the F30 and Woo to F103 pins. Any logical signal may be ap
plied to this pin when the chip is in Slave Mode but the pin should not be allowed to float. 

Framing Signal Type 1 fOf NO·N3 (Complementary Outputs)-A Iowan one of these outputs 
indicates that the corresponding NO to N3 ST-BUSTM channel is active. 

Ground (Power Input). 

Data ST·BUSTM (Input)-This is the input pin for channels on the ST-BUSTM port. 

Data ST·BUSTM (Three·State Output)-This is the output pin for channels on the ST _BUSTM port. 

Reset (Input)-A Iowan this input causes the device to reset the three ports and sets the RESET bit in Con
trol Register 1. The device will not come out of reset until this bit is cleared through the microprocessor in
terface. During reset frame synchronization is lost, RFIFO, TFIF01 and TFIF02 are cleared, LTP is pulled 
low, LTN is pulled high, and DSTo, REM andiRO are put into their high impedance state. If the MODE pin 
is high (Slave Mode) E20 is pulled low. 
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Pin Function Description (Continued) 

Pin Nama Label Function 

24 IRQ Interrupt Raquest (Open Drain Pulldown Output)-This output is pulled low to signal an interrupt request on the 
microprocessor interface. 

25 NC No Connect-Leave this pin unconnected. 

26-33 

34 

00-07 

R/W 

Data 0 to 7 (Three·State 110 Plns)-These are the bidirectional data pins on the microprocessor interface. 
Read I Write ~nput)-This is the input for the read/write signal on the microprocessor interface - t:1igh for 
read, low for write. 

35 

36 

CS 
MROY 

Chip Select (Input)-This is the input for the active low chip select signal on the microprocessor interface. 

Memory Ready (Open Drain Pulldown Output)-This is the memory ready output on the microprocessor interface. 
It is held low until the chip has completed a read or write. 

37 

38-39 
40 

OS 
A4-A3 

VOO 

Data Strobe ~nput)-This is the input for the data strobe on the microprocessor interface. 
Address 4 to 3 ~nputs)-These are inputs for the address lines on the microprocessor interface. 
+ 5V (power Input). 

Functional Description 
The S8970 switches data between channels on 3 ports 
which operate at different speeds. The data is in the 
form of 8 bit bytes which may be PCM coded speech. 
At the line and ST-BUSTM ports the bytes are part of 
serial data streams, while at the microprocessor port 
the bytes arrive and depart on the parallel data bus. The 
microprocessor port also allows access to the Path 
Connection Store which defines the paths between the 
channels and to the Control and Status Registers 
through which the S8970 is monitored and controlled. 

Data arrives at the ST-BUSTM port as a 2048 kbitls serial 
ST-BUSTM stream on the DSTi pin. This stream con· 
tains 32 channels, each having the bandwidth of 
digitized speech (64 kbitls). The S8970 may use up to 
four consecutive channels which are referred to as the 
NO to N3 channels. 
On the microprocessor port data for transmission 
should be written to hex addresses 19 (TFIF01) or 1A 
(TFIF02). 

Data arriving at the line port is AMI (Alternate Mark In
version) coded with zero bytes replaced with a special 
zero code. The AMI coding is supplied to the chip on 
the LRA, LRP and LRN pins. This data should arrive at 
128 kbitls or 256 kbitls (2 or 4 channels). The line chan· 
nels are LO, L 1, 1,2 and L3 at 256 kbitls or LO and L3 at 
128 kbitls. Two bytes out of every 16 on the L3 channel 
are used for synchronization. 
The data is routed to destinations according to the 
conten,ts of the Path Connection Store. There are two 
types of Service Circuit, Idle-fill or Control-detect, 
which may be used on connections. Idle-fill Service 
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Circuits allow asynchronous data written to the 
TFIFOs to be matched to the 64 kbitls ST-BUS™and 
line channels by injecting additional bytes Control 
Detect Service Circuits allow the additional bytes to be 
stripped. 

Data routed to the ST-BUSTM channels is output as a 
ST-BUSTM stream on the DSTo pin. 

Data routed to the microprocessor port is place din the 
RFIFO buffer (hex address 18). 
Data routed to the line port is AMI coded with zero 
bytes replaced b~o code and the coding is output 
on the L TP and L TN pins at either 128 kbit/s or 256 
kbitls. Synchronization on the line is achieved by 
transmitting two "SYNC" bytes once every 16 bytes on 
the L3 channel. 

The microprocesor interface also gives access to the 
three Control Registers and the three Status Registers 
allowing the microprocessor to control and monitor 
the S8970. 
The S8970 has the capability to concatenate connec
tions between the microprocessor channels and the 
ST·BUSTM line channels, creating an effective data 
channel of upto 256 kbit/s. 

The S8970 also allows a special control channel with 
limited capacity from TFIF02 to be submultiplexed on
to the L3 line channel. 
The S8970 has been designed as a general interface 
between a PCM voice or data network, a digital line and 
a microprocessor. It is an extremely flexible device. A 
more complete description is contained the the Users' 
Guide. 
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Figure 16. Physical Dimensions of 40-Pln Dual-In-Llne Ceramic Package MIllimeters Inches 

Dim. Min. Max. Min. Max. 
01( A "V PIN 1 A 50.29 51.31 1.980 2.020 
~P"'IP"'IP"'I"''''''' ... S 14.73 15.24 0.580 0.600 

t t '( 0 III 
e 2.92 3.94 0.115 0.155 

( B L D 0.41 0.51 0.016 0.020 

t 1~.A_ F 1.02 1.52 0.040 0.060 

G 2.54 sse 0.100 sse "C'""'CI'" _ _ _ _ _ _ -:.., 

- H 1.14 40 0.045 0.055 
H J 

t J 0.23 0.30 0.009 0.012 

11jL'@jAI1t WF.l K 2.54 3.81 0.100 0.150 c 

t L 15.24 sse 0.600 sse 
M 1.02 52 0.040 0.060 

D F G 
N 10· 10· - -
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Features 
o MITEL·BUSTM compatible 
o Interface to bidirectional DS1 link 
o Jitter and Wander Buffering 
o Inserstion of A,B and S signalling and alignment 

bits 
o Selectable zero code replacement 
o Per hcannel control 
o Programable digital attenuation of PCM signals 
o Gould AMI encoding and decoding 
o Bipolar steering outputs 
o Debounce of received A & B bits 
o External control and status pins 
o Low power CMOS construction 
o Single 5V power supply 
o TTL compatible Inputs and outputs 

Functional Block Diagram 

DIT. 

D8TI 

CITa 

CSTI 

XSl XS2 XCTL 

Applications 

S8975 

D81/T1 DIGITAL TRUNK 
INTERFACE CIRCUIT 

o High speed data links using DS1 transmission 
link 

o PBX or computer to DS1 carrier interface 
o Channel banks 

General Description 
The S8975 is an interface circuit for use between 
serial 2048 kbit/s ST·BUSTM time division multiplexed 
streams and a bidirectional 1544 kbit/s DS1 link. All 
functions exqept clock extraction, line driving and 
line sensing are provided. The S8975 is fabricated in 
CMOS technology 

TEST 

RXD 

iii 
m 
TXA 

TXI 

Pin Configuration 

DBT. 1 U 20 VDD 
TOT 2 11 TIA 
RXD 3 '8 TXB 
m 4 ,7 C'.I 

:: : S89715:: ~, 
can 7 ,4 XI2 
11.11 I ,8 C~ 
XCTL' , I CIT. 
VII'O "E8X. 

~------------------~ 

INC) 

INC) 
RiA 
m 
DSTi 

INC) 

10 11 12 13 14 15 

CSll E1.51 XCTl vas EBKD CSTo 

CUI 

Fill 
XSl 
XS2 
C21 
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Absolute Maximum Ratings1 Voltages are with respect to ground (Vssl unless otherwise stated. 
Symbol Parameter Min. Max. Units 

Voo Supply Voltage -0.3 7 V 
VI Voltage at Digital Inputs -0.3 Voo + 0.3 V 

II Current at Digital Inputs 20 mA 

Vo Voltage at Digital Outputs -0.3 Voo + 0.3 V 

10 Current at Digital Outputs 20 mA 

T ST Storage Temperature -65 150 DC 

P Power Dissipation 800 mW 

Recommended Operating Conditions Voltages are with respect to ground (Vssl unless otherwise stated. 
Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

Top Operating Temperature -40 85 DC 

Voo Supply Voltage 4.5 5 5.5 V 

VI I nput Voltage 0 Voo V 

DC Electrical Characteristics3 Voltages are with respect to ground (Vssl unless otherwise stated. 
Symbol Characteristics Min. Typ.' Max. Units 

P Power Dissipation 31.5 82.5 mW 

100 Supply Current 6.3 15 mA 

VIH Input High Voltage 2.0 Voo V 

VIL I nput Low Voltage 0 0.8 V 

IlL I nput Leakage 1 10 pA 

VOH Output High Voltage 2.4 Voo V 

10H Output High Current 10 20 mA 

10H Output High Current 8 16 mA 

VOL Output Low Voltage Vss 0.4 V 

10L Output Low Current 2 10 mA 

10L Output Low Current 6 30 rnA 

loz High Impedance Leakage 1 10 pA 

AC Electrical Characteritics - Capacitances 
Symbol Characteristics Min. Typ.' Max. Units 

CI Input Pin Capacitance 8 pF 

Co Output Pin Capacitance 8 pF 

NOTE 1: Exceeding these values may cause permanent damage. Functional operation under these conditions Is not implied. 
NOTE 2: Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing. 

Test Conditions 

Outputs unloaded 

Outputs unloaded 

IOH=10mA 

Source. VOH = 2.4V 

Source. VOH = 3.0V 

10L = 2mA 
Sink. VOL = 0.4V 

Sink. VOL = 2.0V 

Test Conditions 

NOTE 3: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
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AC Electrical Characteristics' - Clock Timing (Figures 2 and 3) 

Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

tp20 C2i Period 400 488 600 ns 

tW20 C2i Width High or Low 200 244 300 ns 

tT20 C2i Transition Time 20 ns 

tFPS Frame Pulse Set-Up Time' 50 ns 

tFPH Frame Pulse Hold Time' 50 ns 

tFPW Frame Pulse Width' 244 ns 
NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing. 
NOTE 3: Frame pulse is repeated every 125~s In synchronization with the clock. 

Figure 2. Clock and Frame Alignment for 2048 kbitls ST-BUSTM Streams 

C2i 

ST·BUS™ 
BIT CELLS 

CHANNEL 31 
BIT D 

CHANNEL D 
BIT 7 

CHANNEL D 
BIT 6 

Figure 3. Clock and Frame Timing for 2048 kbitls ST·BUSTM Streams 
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C21 
2.DY 

D.BY 

rl ~ 11- ,~, 1f 4 n 
m m m,m --- m m - --h-m n_n n m_ m n m --- - ----

----- ------------ - ------------- - ------------ --------------- - --

~ ~ ~ ....-.... ----- tW20 ---....-- -. ..... 

2.0Y 

D.BY 
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AC Electrical Characterlstlcs1 - Clock Timing (Figures 4 and 5) 

Symbol Characterlsllcs Min. Typ.' Max. Units Test Conditions 
tp15 C1.5i Period 648 ns 
tW15 C1.Si Width High or Low 324 ns 
tn5 C1.Si Transition Time 20 ns 
tS15 C1.Si Set-Up Time 20 ns 
tH15 C1.5i Hold Time 100 ns 

NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25lC and are for design aid only: not guaranteed and not subject to production testing. 
NOTE: C1.51 must be locked to C21 so that the 193 periods correspond to 258 periods of C21. 

Figure 4. Timing of DS1 Transmit Clock 

OS1 lIlT CELLS 
FOR TRANSMISSION lIlT CELL lIlT CELL 

2.0V ------------
CUI 

O.BV 

tP15 

Figure 5_ Synchronization of DS1 Transmit Clock to C21 
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,~<~--------------------------------2.0V 
For 

O.BV 

2.0V 
C2i 

D.BV 

2.0V 
CUi 

D.BV 

" 
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AC Electrical Characteristics' - Timing for Receive DS1 Clock (Figure 6) 

Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

tpEG E1.5i Period 648 ns 

tWEG E1.5i Width High or Low 324 ns 

tTEG E1.5i Transition Time 20 ns 

AC Electrical Characteristics' - 2048 kbitls ST-BUS™ Streams (Figure 7) 
Symbol Characteristics Min. Typ.' Max. Units Test Conditions 

tSOD Serial Output Delay 0 100 ns 50 pF load 

tSIS Serial Input Set-Up Time 100 ns 

tSIH Serial I nput Hold Time 100 ns 

NOTE 1; Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. 

Figure 6. Timing of DS1 Receive Clock 

DSl BIT CELLS FOR 
RECEPTION 

El.5i 
2.0Y 

O.BY 

.. 

BIT CELL 

tlEC ~ ~ 'wEe ---.-

tPEC .. 

Figure 7. 2048 kbitls ST-BUSTM Streams 

C2i 

OSTo or CSTo 

OSTi or CSTi 
2.0Y· - -

O.BY - - --

~-tSOD ---... 

BIT CELL BOUNDARIES 

..... ISIS ......- ....... lSI! ....... 
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AC Electrical Characteristics' - Clock Timing (Figures 8,9 and 10) 
,--.-

Symbol Characteristics Min. Typ. Max. Units Test Conditions 

txeD External Control Delay 0 100 ns 50 pF Load 

txss External Status Set-Up Time 100 ns 

tXSH Extern Status Hold Time 100 ns 

taOD E8Ko Output Delay 0 100 ns 50 pF Load 

tSOl E8Ko Output Low Width 77.7 ns 50 pF Load 

taOH E8Ko Output High' Width 27.3 ns 50 pF Load 

tSOT E8Ko Output Transision Time 20 ns 50 pF Load 

NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage. 
NOTE 2: Typical figures are at 25°C and are for design aid only: not gua[anteed and not subject to production testing. 

Figure 8. XCTL Timing 

C2i 

ST-BUS'" Bit Cell Boundary Between 
Bit 0 Channel 15 and Bit 7 Channel 16 

+ 
O.BY - - - - - - - - - - - - - - - - - - - - - - - - - - -

2.4Y·- --- - -
XCTL 

Figure 9. XS1 and XS2 Timing 

ST-BUS'" Bit Cell Boundary Between 
Bit 2 Channel 14 and Bit 1 Channel 14 

C2i 
O.BY-- - - - -- - - -- - --

XS1 2.0Y 
OR 

+ 
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Figure 10. E8Ko Timing 
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BI12 
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AC Electrical Characteristics' - Clock Timing (Figures 11 and 12) 

Symbol Characteristics Min. Typ.' Max. Units Tall Condillons 

tTSD Transmit Steering Delay' 0 150 ns 200pF Load. 

tAOS Receive Data Set-Up Time 100 ns 

tADH Receive Data Hold Time 100 ns 

tASS Receive Steering Set-Up Time 100 ns 

tASH Receive Steering Hold Time 100 ns 
NOTE 1: Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
NOTE: Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing 
NOTE 3: The difference between T TSD for TXA and TXB is typically 20ns. 

Figure 11. TransmitTlmlng for DS1 Link 

TRANSMITTED OS1 
UNK BIT CELLS 

.... o(;---; .. ~I tTSD 

Figure 12. Receive Timing for DS1 Link 

RECEIVED OSI 

UNK BIT CELLS 

BIT CELL 
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m 
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Pin Function Descriptions 

DlL Pin LCC Pin' Name 
1 1 DSTo 

2 2 TEST 

3 3 RXD 

4-5 6-7 RXA-RXB 

6 8 DSTi 

7 10 CSTi 

8 11 E1.5i 

9 12 XCTL 

10 13 Vss 
11 14 E8Ko 

12 15 CSTo 

13 16 C2i 

14-15 17-18 XS2-XS1 

16 19 FOi 

17 20 C1.5i 

18-19 21,23 TXB-TXA 

20 24 Voo 

NOTE 1: Unlisted pins are No Connects. 

S8915 

Function 
Data ST-BUSTM Out (Complementary Output)-This pin outputs a 2048 kbitls ST-BUSTM stream. 
The data received on the DS1 link is stripped of S alignment bits and is presented on 24 of the 32 
channels output on this pin. 

Test (Input)-Test pin. Tie to Vss for normal operation. 

Receive Data (Input)-This is the input for the data received on the DS1 link. It should be high if 
the received link signal is sensed to be non-zero. 

Receive A and B ~nputs)-These 2 inputs are used to sense bipolar violation and zero code on 
the AMI-coded DS1 link .. 

Data ST-BUSTM In (Input)-This is the input for the 2048 kbitls ST-BUSTM stream which contains 
the 24 PCM or data channels for transmission on the DS1 link. 

Control ST-BUSTM In (Input)-This is the input for the 2048 kbitls ST-BUSTM stream which con
trols the chip and contains the per channel control information. 

Extracted 1.544MHz (Input)-1.544MHz clock input extracted from the data received on the DS1 
link. This clock controls the sampling of data received on the DS1 link interface. 

External Control (Complementary Output)-This output provides the data received on one of the 
bits on channel 15 on CSTi. 

Power Input-Negative supply (ground). 
Extracted BkHz (Three-State Output)-This output optionally provides an 8kHz clock derived from 
the E1.5i extracted clock input. A bit on the CSTi ST-BUSTM input stream determines whether 
this output gives the clock or is high impedance. 

Control ST-BUSTM Out (Complementary Output)-This pin outputs a 2048 kbitls ST-BUSTM stream 
which contains the Signaling and status information. 

2.04BMHz Clock (Input)-2.048MHz clock input. This is the input to the counter for the 2048 
kbitls ST-BUSTM streams. 

External Status 2-1 (Inputs)-Data presented on these inputs is transmitted as bits on channel 15 
on CSTo. 

Framing Signal Type 0 (Input)-This is the input for the frame synchronization pulse for the 2048 
kbitls ST-BUSTM streams. A Iowan this input indicates the start of a frame. 

1.544MHz Clock (Input)-1. 544M Hz clock input phase locked to C2i. This clock controls the 
transmission rate at the DS1 link interface. 

Transmit A & B (Complementary Outputs)-These two outputs can be used to control the line 
driver for the balanced DS1 link. 

Power Input-Positive supply. 
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Functional Description 
The S8975 provides an interface between a bidirectional 
DS1 link and 2048 kbitls ST-BUSTM streams used for· 
PCM/Data and control. 
The serial PCM voice or data arriving at the DSTi input 
is converted to 8 bit bytes at the Serial PCM/Data Inter
face. Each channel can be digitally attenuated before 
signaling and synchronization bits are inserted accor
ding to the DS1 format. The data is AMI (Alternate Mark 
Inversion) coded with selectable replacement of 
sequences of 8 zero bits with a zero suppression code. 
The bipolar steering for the line driver is output on TXA 
and TXB at 1544 kbit/s. 

Data arriving on the DS1 link is examined for bipolar 
violations and zero suppression code. The A & B signal
ing bits are tapped off and the data Is buffered in the 
1544 kbit/s to 2048 kbitls converter RAM. The output of 

Figure 13. Format of 2048 kbltls ST-8USTM Streams 

125", 
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this RAM may be digitally attenuated before it emerges 
on the DSTo pin. 
The tapped A & B signaling bits are buffered and de: 
bounced before they are merged with status infor
mation. The combined signaling and Status data 
emerges on the CSTo ST-BUSTM output. The status 
part of this bus contains bits representing the state 
of the XS1 and XS2 pins. 

The CSTi ST-BUSTM Input is used to provide the A & B 
bits for transmission on the DS1 link. It also controls in
dependent PCM/Data channels and the XCTL pin. 

The E8Ko pin provides a clock. with a period correspon
ding to 193 cycles of the extracted E1.5i clock. This 
period is equivalent to the time taken for a frame of 24 
channels plus the S-bit to arrive on the DS1 link. The pin 
can be used to synchronize the DS1 and ST-BUSTM 
systems. 

CHANNEL 
31 

CHANNEL 
a • • • • • • • • CHANNEL 

31 
CHANNEL 

a 

NOTE: NUMBERING DIFFERS 
FROM FIGURE 14. 

MOST LEAST 
SIGNIFICANT SIGNifiCANT 
lIT (FIRST) BIT (LAST) 

~--~~~~~~--~--~--~--~ .. (8/2.O48l1'l 

Figure 14. DS1 Link Frame Format 

CHANNEL 
24 SlIT 

(111.544)", 

CHANNEL 
1 

125", 

•••••• SlIT 

MOST LEAST 
SIGNIFICANT BIT 1 SIG..=ICANT 

NOTE: NUMBERING DIFFERS 
FROM FIGURE 13. 

BIT (FIRST) BIT (LAST) 
~~~~~~--~--~--~--~--~ 

(8/1.544)", 
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Frame Formats 
The ST-BUSTM streams consist of frames of 32 chan
nels, numbered from 0 to 31, each containing 8 bits 
numbered from 7 to O. The first bit is each frame is bit 7 
of channel 0 and frames are 125 P.s long (see Figure 13). 

Frames on the DS1 link are also 125 p.S long but are for
matted differently (see Figure 14) and sequences of 12 
frames are grouped together to form multiframes (see 
Figure 15). The first bit in.each frame is the S-bit which 

Figure 15. 051 Link Multiframe Format 

of 

FRAME FRAME • • • • • 12 1 

1.5ms 
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carries a signal defining the position of the frame in the 
multiframe. Following the S-bit there are 24 channels, 
numbered 1 to 24, which contain 8 bits, numbered 1 to 
8. The second bit in each frame is bit 1 of channel 1. 

In frames 6 and 12 of each multiframe on the DS1 link 
bit 8 of every channel is used for signaling (see Table 1). 
In frame 6 these bits are the A-bits and in frame 12 these 
are the B-bits. Each channel has an A-bit and B-bit 
which are each transmitted once every 1.5ms. 

• 

• • • FRAME FRAME FRAME 
11 12 1 

---------------~ ~ 
S BIT CHANNEL • • • • • • CHANNEL CHANNEL 

1 23 24 

.. 1251'S • 

Table 1. Assignment of Alignment and Signaling Bits on 051 Link Multiframe 

S BIT BIT NUMBERS IN CHANNELS 

FRAME Frame Multiframe SIGNALING 
NUMBER Alignment Alignment Character Bits Signaling Bits CHANNEL Signal Signal 

1 1 1-8 

2 0 1-8 

3 0 1-8 

4 0 1-8 

5 1 1-8 

6 1 1-7 8 A 

7 0 1-8 

8 1 1-8 

9 1 1-8 

10 1 1-8 

11 0 1-8 

12 0 1-7 8 B 
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Table 2. Relationship Between Input OSTi Channels and Transmitted OS1 Channels. 

DSTi X X X X X X 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

DS1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

X Denotes Unused DSTi Channels. 

Table 3. Relationship Between Input Received OS1 Channels and Output OSTo Channels. 

DS1 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DSTo 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
X X X X X X 

X Denotes Unused DSTo Channels. 

Table 4. Relationship Between Input CSTi Channels and Controlled OS1 Channels. 

CSTi 
N N N 

0 1 2 3 4 5 6 7 8 9 10 11 

DS1 1 2 3 4 5 6 7 8 9 

N Denotes Null CSTi Channels (Must Contain Hex 00) 
C Denotes Master Control Channel. 

C N 
12 13 14 15 16 17 18 19 20 21 

10 11 12 13 14 15 16 17 

Table 5. Relationship Between Received OS1 Channels and Output CSTo Channels. 

DS1 1 2 3 4 5 6 

0 1 2 3 4 5 6 
CSTo 

X 

X Denotes Unused CSTO Channels. 
S Denotes Master Status Channel. 

7 8 9 

7 8 9 10 

X 

10 11 12 13 14 15 16 17 

11 12 13 14 15 16 17 18 19 20 21 

X S X 
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17 18 

22 23 

N 
22 23 

18 

18 

22 23 

X 
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X X 
24 25 26 27 28 29 30 31 

19 20 21 22 23 24 

19 20 21 22 23 24 

24 25 26 27 28 29 30 31 

X X 

N N 
24 25 26 27 28 29 30 31 

19 20 21 22 23 24 

19 20 21 22 23 24 

24 25 26 27 28 29 30 31 

X X 
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Table 6. Data Format on CSTi Channel 15 - Master Control 

Bit 
7 

6 

5 
4 

3 
2 

o 

Label 
(unused) 

88ZS 

(unused) 

BKHZSEL 

XCTL 

TEST 

Function 

If 0 then 8it 7 of the OSI carrier (the second last biUransmitted, corresponding to bit 1 in the OSTi ST -8USTM) is 
jammed to 1 if all other bits of the channel on the OSI carrier are O. 
If 1 then all sequences of B zeros on data routed to the OSI carrier are replaced by 8BZS code irrespective of chan
nel boundaries or the presence of the S-bit in the B zeros. 
8BZS code received from the OSI carrier is always replaced by8 zeros. 

If 1 then the E8Ko pin is low for received OSI channels 1 to 15 and high for channel 16 to the S-bit. 
If 0 then the E8Ko pin is high impedance. 

The information at this location is output directly onto the XCTL pin once per frame. 

Test bit. Keep at 0 for normal operation. 

CCS If 1 then bit stealing by A & 8 signaling bits is prevented. Valid PCM or data is transmitted on every channel of the 
OS 1 carrier for all frames. 

ALARM 

If 0 then the A and 8 signaling bits which are input on PCM bits 1 and 0 of the appropriate CSTi channels are 
sampled during frames 6 and 12 replace PCM bit 0 of the OSTi channels for these frames. 

If 1 then bit 2 of every channel transmitted on the OSI carrier is jammed to zero. 
If 0 then bit 2 of the OSI carrier behaves normally. 

Table 7. Data Format on CSTi Channels Used for Controlling Channels on the DS1 Link 

Bit Label Function 
7,6 RXPA02,1 Per channel receive attenuation control bits 

RXPA02 RXPAOI Gain(d8) 
0 0 0 
0 1 -5 
1 0 -3 
1 1 -6 

5,4,3 TXPA04,2,1 Per channel transmit attenuation control bits 
TXPA04 TXPA02 TXPAOI Gain(d8) 

0 0 0 0 
0 0 1 -4 
0 1 0 -5 
0 1 1 -1 
1 0 0 -3 
1 0 1 -2 
1 1 0 -6 
1 1 1 1 

2 LOOP When this bit is 1 the transmitted OSI channel is looped internally to replace the corresponding received OSI 
channel. Only a single OSI channel may be looped at anyone time. 

1 TX A-8IT This bit is sampled and output instead of bit 0 of the corresponding OSTI channel during frame 6 unless the CCS 
bit (bit 1 on CSTi channel 15) is 1. 

0 TX 8-81T This bit is sampled and output instead of bit 0 of the corresponding OSTI channel during frame 12 unless the CCS 
bit (bit 1 on CSTi channel 15) is 1. 
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Monitoring and Control 

Only 24 of the 32 channels on the 2048 kbitls ST-BUSTM 
stream which is input on the OSTi pin are trans
mitted on the OS1 link. Table 17 shows the cor
respondence between the channels on OSTi and on 
the OS1 link. 

The 24 channels received on the OS1 link are output on 
24 of the 32 channels of the 2048 kbit/s ST-BUSTM 
stream at OSTo. The correspondence between these 
channels is shown in Table 3. 
The 2048 kbit/s ST-BUSTM stream which is input on the 
CSTi pin controls both the general features of the chip 
and the specific features for individual channels. 
Status information for both the chip and for individual 
channels is output on the 2048 kbit/s ST-BUSTM stream 
atCSTo. 

Table 4 shows the way channels on CSTi are assigned. 
Channel 15 on CSTi is used to control the general 
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features of the chip. The way in which the individual 
bits on this channel are used is shown in Table 6. The 
remaining channels on CSTi are used to control the 
specific features for individual channels are shown in 
Table 7. This control information is always input to the 
chip one channel before the corresponding channel on 
OSTi or OSTo. 

Channels on CSTo are assigned in a similar way to 
channels on CSTi (see Table 5). Channel 15 of CSTo 
gives the general status of the chip. The information 
presented on .individual bits in this channel is given in 
Table 8. The A-bit and the B-bit signaling information is 
output on 24 of the remaining channels as shown in 
Table. 9. Like the control information, the status infor
mation is one channel ahead of the corresponding 
channel on OSTo. 

Table 8. Data Format on CSTo Channel 15 - Master Status 

Bit Label Function 
7-6 (unused) 

5 XS2 This bit contains the data sampled at the XS2 pin once per frame. 

4 

3 

2 

o 

XS1 

RXO 

BPV 
SLIP 

SYN 

This bit contains the data sampled at the XS1 pin once per frame. 

This bit goes to 1 when the alarm condition is detected on the received DS1 link (i.e. bit 2 of every received channel is 
zero) and returns to 0 after the alarm condition is removed. 

This bit changes state after 256 bipolar violations other than B8ZS code have been detected on the received DS1 link. 

This bit changes state after a slip between the received DS1 link and the OSTo ST-BUSTM stream has been detected. 

This bit goes to 1 when synchronization to the received OS1 link is lost and returns to 0 once synchronization is re
gained. 

Table 9. Data Format on CSTo Channels used for Monitoring Channels on the DS1 Link 

Pin Label Function 

7-2 (unused) 

1 RX A-BIT This bit is the A signaling bit from the OS1 carrier after is has been debounced for 7.5ms to 9ms. 

o RX B-BIT This bit is the B signaling bit from the OS1 carrier after is has been debounced for 7.5ms to 9ms. 
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Figure 16. Physical Dimensions of 24-Pad Leadless Chip Carrier 
Millmeters Incbes 

-, ... . A . 111m. Min. Max. Min. Max. 
r-F 

1 cD ° 0:0 ° Dc A 10.03 10.41 0.395 0.410 
= , B 10.03 10.41 0.395 0.410 
= "'" : c 9" e 1.27 3.33 0.050 0.131 
= • c "'_X.~ D 0.020 R (TYP) 0.008 R (TYP) 

~'I 
c 

= c .c F 0.38 0.64 0.015 0.025 

= Pm m D D D ~ J. 
G 1.27 Bse 0.050 Bse 

'--='-'- H H 0.75 1.02 0.030 0.040 
J -1.1-- 'D t 

J 0.030 R (TYP) 0.012 R (TYP) 
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Figure 17. Physical Dimensions of 20-Pin Dual-In-Llne Cerdip Package Millimeters Inches 

; 0 0 r;;1 r;;1 A r;;1 n r;;1 r;;1 .,;. tI Pin1 

Dim. Min. Max. Min. Max. 

A 23.93 25.35 0.942 0.998 

i ( ! 
B 6.91 7.39 0.272 0.291 

C 4.17 5.82 0.164 0.229 
L 

~ ! 1 ~~-
0 0.41 0.51 0.016 0.020 

F 1.14 1.78 0.045 0.070 

l.!It.!I.:.!I.:.!I.:.!I.:.!IOU.:.!l~ G 2.54 BSe 0.100 BSe 

- +-- H 0.38 2.16 0.015 0.085 
H J 

t J 0.020 0.30 0.008 0.012 

~~ c K 2.54 3.81 0.100 0.150 :::::7; I' t L 7.62 BSe 0.300 BSe 

M 0.64 1.60 0.025 0.063 
0 F G N 0° 15° 0° 15° 
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Features 
o Compatible with CCITI Recommendation G732 
o ST-BUSTM Compatible 
o Interface to Bidirectional 2048 kbit/s CEPT link 
o Jitter and Wander Buffering 
o Insertion of Signalling and Alignment 
o Optional ADI encoding and decoding 
o Per-channel Control 
o Programmable Digital Attenuation of PCM 

Signals 
o HDB3 Encoding and Decoding 
o Optional Debounce of Received Signalling 
o External Control and Status Pins 
o Single 5V Power Supply 
o TTL-Compatible Inputs and Outputs 

Block Diagram 

C21 FDI E21 

DSTo 

Dsn 

Alii 

CSTo 

csno 

csm 

xs XCTL 
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CEPT DIGITAL TRUNK 
INTERFACE CIRCUIT 

Applications 
o High Speed Links Using CEPT 2048 kbit/s Link 
o PBX or Computer to CEPT 2048 kbit/s 

Link 
o Channel Banks 

General Description 
The S8978 is an Interface circuit for use between 
serial 2048 kblt/s ST-BUSTM time-division multiplexed 
streams and a bidirectional 2048 kbit/s CEPT primary 
TDM transmission link. All functions, except clock 
extraction and line driving and sensing, are provided. 
The S8978 is fabricated using Gould AMI CMOS 
technology. 

Pin Configuration 

EBKo 
TXB 20 VDD 

TXA 2 19 TEST 

DSTo 3 11 FOi 
RXD 

iiXA 4 17 E2i 
RXA 

RXB ifXB 5 88978 16 C21 

TXA 
RXD 6 15 DSTI 

TXB CSTI1 7 16 ADI 

CSTiO I 13 CSTo 

EIKo 9 12 XS 

VSS 10 11 XCTl 
TEST 
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Absolute Maximum Ratings * - Voltages are with respect to ground (Vssl unless otherwise stated. 

Symbol Parameter Min. Max. Units 

Voo Supply Voltage -0.3 7 V 

VI Voltage at Digital Inputs -0.3 Voo + 0.3 V 

II Current at Digital Inputs 30 mA 

Vo Voltage at Digital Outputs -0.3 Voo + 0.3 V 

10 Current at Digital Outputs 30 mA 

TST Storage Temperature -65 150 °C 

P Power Dissipation 800 mW 

• Exceeding these values may cause permanent damage. Functional operation under these conditions is not implied. 

Recomended Operating Conditions ·Voltages are with respect to ground (Vssl unless otherwise stated. 

Symbol Characteristics Min. Typ. Max. Units Test Conditions 

Top Operating Temperature -40 85 °C 

Voo Supply Voltage 4.5 5 5.5 V 

VI Input Voltage 0 Voo V 

Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing. 

DC Electrical Characteristics ·Voltages are with respect to ground (Vssl unless otherwise stated. 

Symbol Characteristics Min. Typ. Max. Units Test Conditions 

P Power Dissipation 31.5 82.5 mW Outputs unloaded 

100 Supply Current 6.3 15 mA Outputs unloaded 

VIH Input High Voltage 2.0 Voo V 

VIL Input Low Voltage 0 0.8 V 

IlL Input Leakage 1 10 uA 

VOH Output High Voltage 2.4 Voo V 10H = 10 mA 

10H Output High Current 10 20 mA Source. VOH = 2.4 V 

IOH Output High Current 8 16 mA Source. VOH = 3.0 V 

VOL Output Low Voltage Vss 0.4 V IOL = 2 mA 

IOL Output Low Current 2 10 mA Sink. VOL = 0.4 V 

IOL Output Low Current 6 30 mA Sink. VOL = 2.0 V 

loz High Impedance Leakage 1 10 tJA 
Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing 

AC Electrical Characteritics • Capacitances 
Symbol Characteristics Min. Typ. Max. Units Test CondHions 

CI Input Pin Capacitance 8 pF 

Co Output Pin Capacitance 8 pF 

Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing. 
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AC Electrical Characteristics-Clock Timing (Figures 2 and 3) 
Symbol Characteristics Min. Typ. Max. Units Test Conditions 

tp20 C2i Period 400 488 600 ns 

tW20 C2i Width High or Low 200 244 300 ns 

tT20 C2i Clock Transition Time 20 ns 

tFPs Frame Pulse Set Up Time' 50 ns 

tFPH Frame Pulse Hold Time' 50 ns 

tFPW Frame Pulse Width' 244 ns 

Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 

Typical figures are at 25"C and are for design aid only: not guaranteed and not subject to production testing 

Frame pulse is repeated every 125~s in synchronization with the clock. 

Figure 2. Clock & Frame Alignment for 2048 kbitls ST-BUSTM Streams 

FOi 

C2i 

ST·BUS'· Channel 31 Channel 0 Channel 0 
BIT CELLS ___ -+_..;B;;;it..;O;.......-+_....:;Bi.:..t 7;"""'--l"-....;;.Bi;;..t ,;,6_+ _________________ _ 

Figure 3. Clock & Frame Timing for 2048 kbit/s ST-BUSTM Streams 

rf" tp20 1{- IW20 -~ 
C2i 2.0V 4--- --- ---- -- -- ---- ---- --.- --- --h------ -- ------- -------- -- ----- -----

O.BV ----- ~----------~ - ------------- - ,-----------,- --------------- - --

____ - -- ........ _.IW20 _... ----
tFPH tFPS IFPH IFPS 1T20 1T20 

-- IFPW---

FOi :::~ ~~~~~~~~~_s ~~~~~~~~~~~~~~~ z~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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AC Electrical Characteristics- Timing for CEPT Link Bit Cells (Figures 4) 

Symbol Characteristics Min. Typ. Max. Units Test Conditions 

tpEG E2i Clock Period 488 ns 

tWEG E2i Clock Width High or Low 244 ns 

tTEG E2i Clock Transition Time 20 ns 

Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing 

Figure 4. Timing of CEPT Link Bit Cells for Transmission and Reception 

88978 

C:~:~;~~:J:::: :::::: :;:~:: :::::: ::):::: ::::::: ;:~L:::: ::::: :1 
CEPT BIT CELLS FOR 

RECEPTION 

E2i 

BIT CELL 

AC Electrical Characteristics-2048 kbitls ST-BUS™ Streams (Figure 5) 

Symbol Characteristics Min. Typ. Max. 

tSOD Serial Output Oelay 0 

tSOH Serial Output Hold Time 0 100 

tsls Serial Input Set-up Time 100 

tSIH Serial Input Hold Time 100 

BIT CELL 

Units Test Conditions 

ns 50pF Load 

ns 50pF Load 

ns 

ns 
Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing 

Figure 5. 2048 kbit/s ST-BUSTM Streams 
4 BIT CELL BOUNDARIES • 

C2i :::: ~7 ----~~~~ ~--~--~--~----~~~~--~~ IS -~~--~~~--------~------~--~~~~~;Z -~----------.-
ISOH __ 

DSTo or CSTo :::: :~~~ ~~~~ ~~~~~~~~~~~~~~ v ----
~~ ----

Isoo tsoo 1~4O>---~·~1 
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AC Electrical Characteristlcs-XCTL, XS AND E8Ko (Figures 6,7 & 8) 
Symbol Characteristics Min. Typ. Max. Units Test Conditions 

txeo External Control Delay 0 100 ns 50 pF Load 

txss External Status Set-Up Time 100 ns 

tXSH External Status Hold Time 100 ns 

tsoo EBKo Output Delay 0 100 ns 50 pF Load 

tSOL EBKo Output Low Width 62.5 ns 50 pF Load 

tSOH EBKo Output HigH Width 62.5 ns 50 pF Load 

tSOT EBKo Output Jransision Time 20 ns 50 pF Load 

Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
Typical figures are at 25"C and are for design aid only: not guaranteed and not subject to production testing 

Figure 6_ XCTL Timing 

FOi 

XCTL 

O.BY -- - - - - - - - - - - - - - - - - - - - - - - - - --

2.4Y . - - - - - --

0.4 Y - - - - - - - -

�------'l.~1 txeD 

Figure 8. E8Ko Timing 

Received 
CEPT Bits 

Time Slot 0 
Bit 4 • • • 
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Figure 7. XS Timing 

C2i 

XS 

Time Slot 16 
Bit 4 

ST-BUST• Bit Cell Boundary between 
Bit 3 Channel 17 and Bit 2 Channel 17 

"'',---
~OY·---------------- -----------
0.8Y . - - - - - - - - - - - - - - - - - - - - - - - - - -

• • • 

--txss tXSH 

Time Slot 0 
Bit 4 



AC Electrical Characteristics-CEPT Link Timing (Figures 9 & 10) 
Symbol Characteristics Min. Typ. Max. Units Test Conditions 

tTso Transmit Steering Delay' 0 150 ns 200 pF Load. 

tRDS Receive Data Set-Up Time 100 ns 

tRDH Receive Data Hold Time 100 ns 

tRSS Receive Steering Set-Up Time 100 ns 

tRSH Receive Steering Hold Time 100 ns 

Characteristics are for clocked operation over the ranges of recommended operating temperature and supply voltage 
Typical figures are at 25'C and are for design aid only: not guaranteed and not subject to production testing 
The difference between T TSDfor TXA and TXB is typically 20 ns. 

Figure 9. Transmit Timing for CEPT Link 

TRANSMITTED CEPT LINK 
BIT CELLS 

TXA 
or 
TXB 

Figure 10. Receive Timing for CEPT Link 

RECEIVED CEPT LINK 
BIT CELLS 

RXD 

RXA 
or 
RXB 

BIT CELL 

~ITSO 

BIT CELL 

IROS I----.;..j I·._-~ .. ~I IHOH 

1· .. ----o .. ~1 IRSH 
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Pin Pin Label 

1/2 TXAlTXB 

3 DSTo 

4/5 RXA/RXB 

6 RXD 

7 CSTil 

8 CSTiO 

9 E8Ko 

10 Vcc 
11 XCTL 

12 XS 

13 CSTo 

14 ADI 

15 DSTi 

16 C2i 

17 E2i 

18 FOi 

'\ 
19 TEST 

20 Voo 
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Description 

Transmit A & B (Complementary Output)-These two outputs can oe used to control the line driver for the CEPT link. 

Data ST·BUSTM Out (Complementary Outputs). This ST·BUSTM stream output contains the 30 PCM or data channels 
received on 30 of the 32 time slots of the CEPT link. 

Receive A & B (Inputs). These two inputs are used to sense oipolar violation and zero code on the HDB3'encoded 
CEPT link. 

Receive· Data (Input). This is the input for the data received on the CEPT link. It should oe high if the received 
link signal is sensed to oe non· zero 

Control ST·BUSTM In 1 (Input). This is the input for the ST·BUSTM stream which contains the signalling and align· 
ment information. 

Control ST·BUSTM In 0 (Input). This is the input for the ST·BUSTM stream which controls the chip and contains the 
information for the digital attenuation of each channel. 

Extracted 8 kHz (Three·state Output). This output provides an optional 8 kHz clock synchronized to the extracted 
clock input, E2i. A control oit in the CSTiO stream determines whether this output is active or is high im· 
pedance. 

Power Input. Negative supply (ground). 

External Control (Complementary Output). This output provides the data received on one of the oits on a channel 
on CSTiO. 

External Status (Input). Data presented on this input is transmitted as a oit on one of the channels on CSTo. 

Control ST·BUSTM Out (Complementary Output). This output gives an ST-BUSTM stream which contains signalling 
and status information. 

Alternate Digit Inversion (Input). If this input is high, then CEPT time slots which are specified on CSTiO to oe 
speech are ADI [Alternate Digit Inversion] coded and decoded. This feature allows either ADI or non-ADI codecs 
to oe used on DSTi and DSTo. 

Data ST·BUSTM In (Input). This is the input for the ST-BUSTM stream which contains the 30 PCM or data channels 
for transmission on 30 of the 32 time slots of the CEPT link. 

2.048 MHz Clock (Input). 2048 kHz clock input. This is the input to the counter for the ST-BUSTM streams. 

Extracted 2048 kHz Clock (Input). This is the input for the 2048 kHz clock extracted from the data received on 
the CEPT link. This clock controls the sampling of received data at the CEPT link interface. 

Framing Signal Type 0 (Input). This is the input for the frame synchronization pulse for the ST-BUSTM streams. A 
low on this input caused the serial counter to reset on the next positive transition of the C2i clock input. 

Test (Input). Test pin. Tie to Vss for normal operation. 

Power Input. Positive supply. 

Unlisted Pins are No Connects 
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Functional Description 
The S8978 provides an interface between a bidirectional 
2048 kbitls CEPT primary TOM transmission link and 
2048 kbitls ST-BUSTM PCM/Data and control streams. 

The serial PCM voice or data arriving at the DSTi is 
converted to 8 bit bytes at the Serial PCM/Data Inter
face. These bytes can be ADI [Alternate Digit Inver
sion] coded if required. Each channel can be digitally 
attenuated before being merged with the signalling 
and alignment channels in the CEPT format multi
plexer. The data is HDB3 [High Density Bipolar No.3] 
coded and the bipolar steering for the line driver is 
output on TXA and TXB. 

Data arriving on the CEPT link is HDB3-decoded, then 
separated into PCMlData channels and signalling 
channels. The PCMlData stream is passed through 
an elastic buffer to allow for fluctuations in the data 
rates. It may be digitally attenuated or ADI decoded 
before emerging on the DSTo pin. 

Figure 11. ST-BUSTM Stream Format 

CHANNEL 
31 

CHANNEL 
o 

1251' 
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The signalling information from the CEPT link is de
bounced before being merged with the status infor
mation for the chip which contains the data represen
ting the state of the XS pin. The multiplexed status 
and signalling information emerges as the ST-BUSTM 
stream on CSTo. 
The CSTi1 ST-BUSTM stream is used to provide 
signalling and alignment information for the CEPT 
link, while the CSTiO stream is used to control in
dependent PCMlData time slots and the XCTL pin. 
Synchronization of the system using the interface 
may be simplified by the E8Ko pin. This provides a 
clock with a period corresponding to 256 cycles of 
the extracted clock, E2i. This period is equivalent to 
the time taken for a frame of 32 time slots to arrive on 
the CEPT link. 

CHANNEL 
o 

NB: 
Numbering 
dillers from 
Figure 12. 

~~ ~~ 
Significant BIT 7 Significant 

Bit (First) !-_..L-_ ...... _ ....... _......L_---I"--_'--_..L-_-! Blf (Last) 

(8/2.048)f's 

Figure 12_ CEPT Link Frame Format 

• 
TIME SLOT TIME SLOT • • • • • • • • TIME SLOT TIME SLOT 

31 0 31 0 

NB: 
Numbering 
dillers from 
Figure 11. 

Most Least 
Significant BIT 1 Significant 
Bit (First) I-_ ........ _....L._--' __ a...._-'-_....L._--I_~ Bil (Last) 

(8/2.048)f's 
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Frame Format 
Frames on the ST-BUSTM streams consist of 32 chan
nels, numbered from 0 to 31, and each channel con
tains 8 bits numbered from 7 to O. Bit 7 of channel 0 is 
the first bit transmitted in each frame and frames are 
125MS long (see Figure 11). 
Frames on the CEPT link are similar to frames on the 
ST-BUSTM, but consist of 32 time slots numbered 0 to 
31 and the individual bits within each time slot are 
numbered from 1 to 8 (see Figure 12). Within each 
frame, time slots 0 and 16 are reserved for alignment 
and signalling. This leaves time slots 1 to 15 and 17 to 
31 transparent for voice or data. These form tele
phone channels 1 to 30. 

Frame-alignment frames and non-frame-alignment 
frames occur alternatively on the CEPT link. Frame-

88978 

alignment frames contain the frame alignment signal 
(0011011) on bits 2 to 8 of time slot 0, whereas in non
frame-alignment frames bit 2 of time slot 0 is 1 and 
bits 3 to 8 are used to give an alarm and for national 
signalling. Bit 1 of both types of frame is used for in
ternational signalling (see Figure 13). 
Frames are numbered from 0 to 15 and are grouped 
together to form multiframes as shown in Figure 14. 
Frame 0 of the 16-frame multiframe can be identified 
by the presence of 4 zeros on bits 1 to 4 of time slot 
16. The remaining bits carry multiframe signalling. 
Time slot 16 of frames 1 to 15 of the multiframe carry 
the A, B, C and D signalling bits associated with the 
30 telephone channels (time slots 1 to 15 and 17 to 
31), as shown in Figure 15 

Figure 13. Allocation of Bits in Time Slot 0 of the CEPT Link 

Bit Number 
1 2 3 4 5 6 7 8 

Time slot a Gonta' Reserved for a a 1 1 a 1 1 
taining the frame international use 
alignment signal 

Time slot a not Gon· Reserved for 1 Alarm indication to Reserved for national 
the frame alignment international use the remote PC M use 
signal multiplex equipmen 

Figure 14. CEPT Link Multiframe Format 

.. 2.0ms .. 
FRAME 

15 

.. 

FRAME 
o ••••• 

• • • • • • • • 
125~ 

Figure 15. Allocation of Bits in Time Slot 16 of the CEPT Link 

Time slot 16 offrame 0 Time slot 16 of frame 1 

: ABC D bits for I ABCD bits for 
0000 XYXX teleph08e telephone I channel 1 I channel 16 I (time slot 1) i (time slot 17) I 
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FRAME 
15 

FRAME 
o 

Time slot 16 of frame 15 

ABCD bits for I ABCD bits for 
telephone telephone 
channel 15 I channel 30 
(time slot 15) i (time slot 31) 



.... 
:... 
& 

Figure 16. Relationship between Input DSTi Channels and Transmitted CEPT time Slots (X Denotes Unused DSTi Channels) 

x X 
OSTi 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 

CEPT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
-

Figure 17 - Relationship between Received CEPT Time Slots and Output DSTo Channels 

Figure 18 - Relationship between Input CSTiO Channels and Controlled CEPT Time Slots (C Denotes Master Control Channels) 

C 
CSTiO 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 

CEPT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 17 18 19 20 21 22 23 24 25 26 27 28 29 30 
. - L .. 

Figure 19. Relationship Between Input CSTi Channels and Transmitted CEPT Frames (X Denotes Unused CSTi1 Chan·nels) 
(A Denotes Frame-Alignment Frames - N Denotes Non-Frame-Alignment Frames) 

x x x x x x x x x x x 
CSTi1 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

CEPT 
Frame 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 A N 
Channel 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 0 0 

Figure 20. Relationship between Received CEPT Frames and Output CSTo Channels (T Denotes CSTo Channels which 
are reserved for testing) 
(A Denotes Frame-Alignment Frames - N Denotes Non-Frame-Alignment Frames - S Denotes Master Status Channel) 

CEPT 
Frame 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 A N 
Channel 16 16 16 16 16 16 16 16 16 16 16 16 16 16 16 0 0 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
CST. 

S T T T T T T T T T T 

x 
29 

29 

T 

C 

30 31 

31 

x X 

30 31 

30 31 

T T 
~ 
CO ...... 
CD 

>~ !Q 
~ 0 
;$' c: 8 
Q. r-
i c 
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Table 1. Data Format on CSTiO Channesl Used for Controlling Time Slots on the CEPT Link 

Pin Label Description 

7 DATA If 1, then the controlled time slot on the CEPT 2048 kbitls link is treated as a data channel; i.e. no ADI encoding 
or decoding is performed on transmission or reception and the data is not attenuated. 
If 0, then the ADI pin determines whether or not ADI encoding and decoding is performed and bits 0-5 determine 
the transmit and receive attenuation. 

6 LOOP If 1, then the controlled time slot on the transmitted CEPT 2048 kbitls link is looped internally to replace the data 
on the corresponding received time slot. If 0, then this function is disabled. 
This function only operates if frame synchronization is received from the CEPT link and only a single time slot can 
be looped within the frame. 

5,4,3 RXPAD4,2,1 Per time slot receive attenuation control bits. 

RXPAD4 RXPAD2 RXPAD1 Gain(dB) 
a a a 0 
a 0 1 -1 
a 1 a -2 
a 1 1 -3 
1 a a -4 
1 a 1 -5 
1 1 a -6 
1 1 1 1 

2,1,0 TXPAD4,2,1 Per time slot transmit attenuation control bits. 
TXPAD4 TXPAD2 TXPAD1 Gain(dB) 

0 a a a 
a a 1 -1 
0 1 a -2 
a 1 1 -3 
1 0 a -4 
1 0 1 -5 
1 1 a -6 
1 1 1 1 

Table 2. Data Format on CSTiO Channel 15 - Master Control! 1 

Pin 

7 

6 

5-4 

3,2, 
1 
&0 

Label 

Test Bit 

LOOP 

Test Bits 

NDBD,NDBC 
NDBB 

& NDBA 

Description 

Keep at 1 for normal operation. 

If 1 , then time slot 16 on the transmitted CEPT 2048 kbitl s link is looped internally to place the data received on 
time slot 16. 
If 0, then this function is disabled. 
This function only operates if frame synchronization is received from the CEPT link and only a single time slot can 
be looped within the frame. . 

Keep at 1 for normal operation. 

If 1, then no debouncing is applied to the received D, C, B or A Signalling bits. 
If 0, then the received D, C, B or A signalling bits are debounced for between 6 
and 8 ms. 
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Monitoring and Control 
30 of the 32 channels on the ST-BUSTM stream which is 
input at the OSTi pin, are transmitted on the CEPT 
link. Figure 16 shows the correspondence between 
the channels at OSTi and the time slots on the CEPT 
link. 

The 30 telephone channels received on the CEPT 
link on time slots 1 to 15 and 17 to 31 are output on 
channels on the OSTo pin as shown In Figure 17. 

The ST-BUSTM stream which is input at the CSTiO pin, 
contains information which controls the CEPT time 
slots and for master control (see Figure 18). The in
formation which controls the CEPT time slots is in
put on channels 0 to 14 and 16 to 31 (see Table 1), 
one channel ahead of the corresponding telephone 
channel. Master control information is input on 
channels 15 and 31 (see Table 2 and 3). 

88978 

The ST-BUSTM stream which is input at the CSTi1 pin, 
contains the CEPT alignment and signalling informa
tion (see Figure 19). Channels 0 to 15 contain the in
formation output on time slot 16 of frames 0 to 15 of 
the CEPT link's multiframes (see Table 4 and 5). 
Channels 16 and 17 contain the Information trans
mitted on time slot 0 of the frame-alignment and 
non-frame-alignment frames of the CEPT link, 
respectively (see Table 6 and 7). 

Channels on CSTo are assigned in a similar way to 
channels on CSTi1 (see Figure 20). Channels 0 to 15 
contain the data received on time slot 16 of frames 0 
to 15 of the multiframes (see Table 8 and 9). Chan
nels 16 and 17 contain the data received from the 
CEPT link on time slot 0 of frame-alignment and non
frame-alignment frames, respectively (see Table 10 
and 11). Channel 18 contains the master status infor
mation for the chip (see Table 12). 

Table 3_ Data Format on CSTiO Channel 31- Master Control 2 

Pin Label 

7 Test Bit 

6 Test Bit 

5 CCS 

Description 

Keep at 1 for normal operation. 

Keep at 0 for normal operation. 

If 1 then the S8978 operates in its common channel signalling mode. Channel 16 on the DSTi pin is 
tran~mitted on the time slot 16 of the CEPT link, and time slot 16 from the received CEPT link is output on 
channel 16 on the DSTo pin. Channel 15 on the CSTiO pin contains the information for the control of time slot 
16. 
Channels 0 to 15 on CSTi1 and CSTo are unused. 
If 0, then this mode is disabled. 

4 8KHZSEL If 1, then an 8 kHz signal synchronized to the received CEPT 2048 kbitls link is output on the E8Ko pin. this 
feature only operates when frame synchronization is received from the CEPT link. 
If 0, then the E8Ko pin goes into its high impedance state. 

3 TXAIS If 1, then an all l' s alarm signal is transmitted on all time slots. 
If 0, then the time slots function normally. 

2 TXTS16AIS If 1, then an all l' s alarm signal is transmitted on time slot 16. 
If 0, then time slot 16 functions normally. 

XCTL If 1, then the XCTL pin is driven high. 
If 0, then the XCTL pin is driven low. 

o (NI A) (unused) 
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Table 4. Data Format on CSTi1 Channel 0 Used for Multlframe Alignment (Frame 0) 
on the Transmitted CEPT Link - See Figure 15 

Pin Label Description 

7·4 MA1-4 These bits are transmitted on the CEPT 2048 kbitls link in bit positions 1 to 4 of time slot 16 of frame 0 of the 
multiframe, They should be kept at 0 to allow multiframe alignment to be detected, 

3 

2 

1,0 

X1 

y 

X2,X3 

This bit is transmitted on the CEPT 2048 kbitls link in bit position 5 of time slot 16 of frame 0 of the multiframe, It 
is a spare signalling bit which should be kept at 1 if unused, 

This bit is transmitted on the CEPT 2048 kbitls link in bit position 6 of time slot 16 of frame 0 of the multiframe, It 
is used to indicate the loss of multiframe alignment to the remote end of the link, A 1 on this bit is the signal that 
multiframe alignment on the received link has been lost. A 0 indicates that multiframe alignment is detected, 

These bits are transmitted on the CEPT 2048 kbitls link in bit positions 7 and 8 respectively, of time slot 16 of 
frame 0 of the multiframe, They are spare signalling bits which should be kept at 1 if unused, 

Table 5. Data Format on CSTi1 Channels Used for Channels Used for Channel Associated Signalling (Frames 1 to 15) 
on the Transmitted CEPT Link - See Figure 15 

Pin Label Description 

7 A(N) These bits are transmitted on the CEPT 2048 kbitls link in bit positions 1 to 4 of time slot 16 in 
6, B(N) frame N, and are the A, B, C and D signalling bits associated with telephone channel N, The 
5 C(N) value of N lies in the range 1 to 15 and refers to the channel on the CSTi1 pin where the bits are 
& 4 & D(N) supplied, the telephone channel with which the bits are associated, and the frame on the CEPT link on which the 

bits are transmitted, 

3, 
2, 
1 
&0 

A(N+15) 
B(N+15), 
C(N+15) 

& D)(N+15) 

For example, the bits input on the CSTi1 pin on channel 3 are associated with telephone channel 3, which is time 
slot 3 of the CEPT link, and are transmitted on bit positions 1 to 4 of time slot 16 in frame 3 of each multiframe on 
the CEPT link (see Figure 15), 
If bits B, Cor D are not used they should be given the values 1, a and 1 respectively, The combination 0000 for 
ABCD bits should not be used for telephone channels 1 to 15, as this would interfere with multiframe alignment. 

These bits are transmitted on the CEPT 2048 kbitl s link in bit positions 5 to 8 of time slot 16 in 
frame N, and are the A, B, C and D signalling bits associated with telephone channel N + 15, 
The value of N lies in the range 1 to 15 and refers to both channel on the CSTi1 pin where the 
bits are supplied and the frame on the CEPT link on which the bits are transmitted, and indirectly indicates the 
telephone channel with which the bits are associated, 
For example, the bits input on the CSTi1 pin on channel 3 are associated with telephone channel 18, which is time 
slot 19 of the CEPT link, and are transmitted on bit positions 5 to 8 of time slot 16 in frame 3 of each multiframe on 
the CEPT link (see Figure 15), 
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Table 6. Data Format on CSTi1 Channel 16 Used for Frame-Alignment Frames 
on the Transmi~ CEPT Link· See Figure 13 

Pin Label 

7 IUO 

6-0 FAF2-8 

Description 

This bit is transmitted on the CEPT 2048 kbitls link in bit position 1 of time slot 0 of frame-alignment frames (see 
Figure 13). It is reserved for international signalling and should be kept at 1 when not in use. 

These bits are transmitted on the CEPT 2048 kbitl s link in bit positions 2 to 8 of time slot 0 of frame-alignment 
frames (see Figure 13). These bits form the frame alignment pattern and should be set to 0011011. 

Table 7. Data Format on CSTi1 Channel 17 Used for Non-Frame-Alignment Frames 
on the Transmitted CEPT Link - See Figure 13 

Pin Label Description 

7 IU1 This bit is transmitted on the CEPT 2048 kbitls link in bit position 1 of time slot 0 of non-frame-alignment frames 
(see Figure 13). It is reserved for international signalling and should be kept at 1 when not in use. 

6 NFAF 

5 ALM 

4-0 NU1-5 

This bit is transmitted on the CEPT 2048 kbitls link in bit position 2 of time slot 0 of non-frame-alignment frames 
(see Figure 13). In order to differentiate between frame-alignment frames and non-frame-alignment frames, this 
bit should be kept at 1. 

This bit is transmitted on the CEPT 2048 kbitls link in bit position 3 of time slot 0 of non-frame-alignment frames 
(see Figure 13). It is used to signal an alarm to the remote end of the CEPT link. The bit should be set to 1 to 
signal an alarm and should be kept at 0 under normal operation. 

These bits are transmitted on the CEPT 2048 kbitls link in bit positions 4 to 8 of time slot 0 of non-frame
alignment frames (see Figure 13). These bits are reserved for national signalling, and on crossing national 
borders they should be set to 1 . 
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Table 8. Data Format on CSTo Channel 0 Used for Multiframe Alignment (Frame 0) 
on the Received CEPT Link· See Figure 15 

Pin Label Description 

7-4 MA1-4 These bits are received from the CEPT 2048 kbitls link in bit positions 1 to 4 of time slot 16 of frame 0 of the 
multiframe. They should all be 0 . 

3 

2 

1,0 

X1 

y 

X2,X3 

This is the bit which is received on the CEPT 2048 kbitl s link in bit position 5 of time slot 16 of frame 0 of the 
multiframe. It is a spare signalling bit which should be 1 if unused. It is not debounced. 

This is the bit which is received on the CEPT 2048 kbitls link in bit position 6 of time slot 16 of frame 0 of the 
multiframe. It is used to indicate the loss of multiframe alignment at the remote end of the link. A 1 on this bit is 
the signal that multiframe alignment on the remote end of the link has been lost. A 0 indicates that multiframe 
alignment is detected. It is not debounced. 

These are the bits which are received on the CEPT 2048 kbitls link in bit positions 7 and 8 respectively, of time 
slot 16 of frame 0 of the multiframe. They are spare signalling bits which should be kept at 1 if unused. They are 
not debou nced. 

Table 9. Data Format on CSTo Channels Used for Channels Used for Channel Associated Signalling (Frames 1 to 15) 
on the Received CEPT Link· See Figure 15 

Pin Label DeSCription 

7 A(N) These are the bits which are received from the CEPT 2048 kbitls link in bit positions 1 to 4 of time slot 16 in frame 
6, B( N) N, and are the A, B, C and D signalling bits associated with telephone channel N. The value of N lies in the range 
5 C(N) 1 to 15 and refers to the channel on the CSTo pin on which the bits are output, the telephone channel with which 
& 4 & D(N) the bits are associated and the frame on the CEPT link on which the bits are received. 

3, 
2, 
1 
&0 

A(N+15), 
B(N+15) 
C(N+15) 

& D(N+15) 

For example, the bits output on the CSTo pin on channel 3 are associated with telephone channel 3, which is time 
slot 3 of the CEPT link, and are received on bits positions 1 to 4 of time slot 16 in frame 3 of each multiframe on 
the CEPT Link (see Figure 15). 
If bits B, Cor D are not used they should have the values 1 , 0 and 1 respectively. The combination 0000 for ABCD 
bits should not be found for telephone channels 1 to 15 as this implies interference with multiframe alignment. 

These are the bits which are received from the CEPT 2048 kbitl s link in bit positions 5 to 8 of time slot 16 in frame 
N, and are the A, B, C and D signalling bits associated with telephone channel N + 15. The value of N lies in the 
range 1 to 15 and refers to both the channel on the CSTo pin where the bits are output and the frame on the CEPT 
link on which the bits are received, and indirectly indicates the telephone channel with which the bits are 
associated. 
For example, the bits output on the CSTo pin on channel 3 are associated with telephone channel 18, which is 
time slot 19 of the CEPT Link, and are received on bits positions 5 to 8 of time slot 16 in frame 3 of each 
multiframe on the CEPT link (see Figure 15). 
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Table 10. Data Format on CSTo Channel 16 Used for Frame-Alignment Frames 
on the Received CEPT Link - See Figure 13 

Pin Label Description 

7 IUD This bit which is received from the CEPT 2048 kbitls link in bit position 1 of time slot 0 of frame-alignment frames 
(see Figure 13). It is reserved for international signalling and should have the value 1 when not in use. 

6-0 FAF2-8 These are bits which are received from the CEPT 2048 kbitls link in bit positions 2 to 8 of time slot 0 of frame
alignment frames (see Figure 13). These bits form the frame alignment pattern and should have the values to 
0011011. 

Table 11. Data Format on CSTo Channel 17 Used for Non-Frame-Alignment Frames 
on the Received CEPT Link - See Figure 13 

Pin Label Description 

7 IU1 This is the bit which is received from the CEPT 2048 kbitl s link in bit position 1 of time slot 0 of non-frame
alignment frames (see Figure 13). It is reserved for international signalling and should have the value 1 when not 
in use. 

6 NFAF This is the bit which is received from the CEPT 2048 kbitls link in bit position 2 of time slot 0 of non-frame
alignment frames (see Figure 13). This bit should be 1 in order to differentiate between frame-alignment frames 
and non-frame-alignment frames. 

5 ALM This is the bit which is received from the CEPT 2048 kbitl s link in bit position 3 of time slot 0 of non-frame
alignment frames (see Figure 13). It is used to signal an alarm from the remote end of the CEPT link. This bit 
should have the value 0 under normal operation and should go to 1 to signal an alarm. 

4-0 NU1-5 These are the bits which are received on the CEPT 2048 kbitls link in bit positions 4 to 8 of time slot 0 of non-
frame-alignment frames (see Figure 13). These bits are reserved for national signalling, and on crossing national 

I borders they should have the value 1. 

4.152 



88978 

Table 12. Data Format on CSTo Channel 18 • Master Status 

Pin 

7 

6 

5 

4 

3 

2 

o 

Label 

TFSYN 

MFSYN 

ERR 

SLIP 

RXA1S 

RXTS16A1S 

XS 

(N/A) 

Description 

This bit goes to 1 to signal a loss of frame synchronization on the received CEPT 2048 kbitls link. 
It goes to 0 when frame synchronization is detected. 

This bit goes to 1 to signal a loss of multiframe synchronization on the received CEPT 2048 kbitls link. 
It goes to 0 when multiframe synchronization is detected. 

This bit toggles after 16 errors on the frame-alignment bits have accumulated. This is only reported at the end of a 
128 ms sample period. 

This bit changes state when a slip occurs between the received CEPT 2048 kbitls link and the 2048 kbitls TOM 
busses. 

This bit goes to 1 to signal that an all-ones alarm signal has been detected on the received CEPT 2048 kbitls link. 
It goes to 0 when the all-ones alarm signal is removed. 

This bit goes to 1 to signal that an all-ones alarm signal has been detected on channel 16 of the received CEPT 
2048 kbitls link. 
It goes to 0 when the all-ones alarm signal is removed. 

This bit contains the data sampled once per frame at the XS pin. 

(unused) 
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Figure 21. Physical Dimensions of 20 Pin Dual-in-Line Ceramic Package 

A PIN 1 .. .. MILLIMETERS INCHES 
............................. 

MtN 

0 I, DIM MIN MAX MAX 

A 25.40 1.000 

t L e 9.65 10.16 0.380 0.400 

C 2.41 3.68 0.095 0.145 

D 0.41 0.51 0.016 0.020 ------_ ........ -J~ F 1.02 1.52 0.040 0.060 - N .... o4r G 2.54 esc 0;100 esc 
H J 

H 1.14 1.40 0.045 0.055 

~. • 
J 0.23 0.30 0.009 0.012 

C K 2.54 3.81 0.100 0.150 

t L 10.16 esc 0.400 esc 
M 0.51 1.27 0.020 0.050 

0 F G N o· 15· o· 15· 
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-) GOULD 
AIMII Semiconductors 

Advanced Product Description 

January 1985 

Features 

o MITEL ST-BUSTM (Serial Telecom Bus) 
Compatible 

DB-Line x 32-Channellnputs 
DB-Line x 32-Channel Outputs 
o 256 Ports Non-Blocking Switch 
o Single Power (+ 5 V) 
o Low Power Consumption: 150 mW Typ 
o Microprocessor-Control Interface 
o Three-state Serial Outputs 

Functional Block Diagram 

C4l i'iil VDO 

8TlO 

8T11 

8n! 
DATA 

8T13 SERIAL MEMORY TO 
PARALLEL sm CONVERTER 

STIS 

81111 

8m 

os Ci RJW ASI iifA 
AD 

VIS 

07/ CST. 
00 
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DIGITAL TIME/SPACE 
CROSSPOINT SWITCH 

General Description 

This VLSIISO-CMOS device is designed for switching 
PCM-encoded voice' or data, under microprocessor 
control, in a modern digital exchange, PBX or Central 
Office. It provides simultaneous connections for up to 
256 64 kbitlsec channels. Each of the eight serial in
puts and outputs consist of 32 64 kbits/sec channels 
multiplexed to form a 2048 kbitlsec Serial Data Stream. 

Pin Configuration 

ODE 
DTA 1 40 CSTo 
S110 2 39 DOE 
S111 3 38 SToO 
sn2 4 37 ST01 
sn3 5 36 ST02 ST,O sm 6 35 ST03 

STal sn5 7 34 ST04 
sn8 8 33 8T05 

8T02 sm 9 S8980 32 ST06 
PARALLEL VOD 10 31 ST07 

TO ST.3 
FOi 11 30 

SERIAL vss 
CONVERTER 8T14 C4i 12 29 DO 

STori AD 13 28 D1 
A1 14 27 02 

SToI A2 15 26 03 
STa7 A3 16 25 D4 

A4 17 24 05 
A5 18 23 06 
OS 19 22 07 

RiW 20 21 Ci 
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Absolute Maximum Ratings t 
Supply Voltage Voo - Vss ................................................................... + 7V 
Voltage on Digital Inputs (VI) ............................................................... +O.3V 
Current at Digital Inputs .................................................................... 40mA 
Voltage on Digital Outputs (Vo) ...................................................•...... Voo + O.3V 
Current at Digital Outputs .................................................................. 40mA 
Storage Temperature ........................................................... - 55°C to + 150°C 
Power Dissipation ........................................................................... 2W 

tExceedlng these values may cause permanent damage. Functional operation under these conditions is not implied. 

Recommended Operating Conditions: Voltages are with respect to ground (Vssl unless otherwise stated , 
Symbol Parameter Min. Typ,+ Max. Units 

Top Operating Temperature 0 70 °C 

Voo Positive Supply 4.75 5.0 5.25 V 

VI I nput Voltage 0 Voo V 
*Typical figures are at 25'C and are for design aid only; not guaranteed and not subject to production testing. 

DC Electrical Characteristics' Clocked operation over recommended temperature and voltage ranges 

Symbol Parameter Conditions Min. TypJ Max. Units 

100 Supply Current Outp~ts Unloaded 30 50 mA 

VIH Input High Voltage 2.0 V 

VIL Input Low Voltage 0.8 V 

IlL Input Leakage VI between Vss and Voo 10 pA 

VOH Output High Voltage IOH=10 mA 2.4 V 

Output High Current 
Source Current VOH= 2.4 V 10 15 mA 

IOH Source Current VOH= 3.0 V 8 12 mA 

VOL Output Low Voltage IOL -5 mA 0.4 V 

Output Low current 
Sink Current VOL = 0.4 V 5 7.5 mA 

IOL Sink Current VOL = 2.0 V 20 30 mA 

loz High Impedance Leakage Vos between Vss and Voo 10 pA 

*Typical figures are at 25'C and are for design aid only; not guaranteed and not subject to productIon testing. 

Figure 2. Output Test Load 

OUTPUT 
PIN 

TESTPDIIIT IvOD 

0~ . I S1 S2 

~ ~ 
4.156 

81 is open circuit except when 
testing output levels or high im
pedance states . 
82 is switched to Voo or Vss when 
testing output levels or high im
pedance states. 



AC Electrical Characteristics: 
Capacitances 

Symbol Parameter 

CI Input Pin Capacitance 

Co Output Pin Capacitance 

Clock Timing (Figures 3 and 4) 

Symbol Parameters 

tClK Clock Period' 

tCHl Clock Width High or Low 

tcn Clock Transition Time 

tFPs Frame Pulse Set up Time 

tFPH Frame Pulse Hold Time 

tFPW Frame Pulse Width 
'Contents of Connection Memory are not lost if the clock stops. 
NOTE: Frame pulse is repeated every 125 ~s in synchronization with the clock. 
tTiming is over recommended temperature and voltage ranges. 

Min. Typ.t Max. 

8 

8 

Min. Typ.t Max. 

200 244 300 

100 122 150 

20 

50 
50 

244 

+Typical figures are at 25"'C and are for design aid only; not guaranteed and not subject to production testing. 

Figure 3. Frame Alignment 

BIT 
CELLS 

-

Figure 4. Clock Timing 

J L J 

I 

CHANNEL 31 
BIT 0 

-- IeHL -- -- leTT 
----" 

C4i 
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J I I -
I 

CHANNEL 0 
BIT 7 

IeLK -----~ .. ~I 
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Units 

pF 

pF 

Units 

ns 

ns 

ns 

ns 

ns 

ns 



Serial Streams (Figures 2, 5, 6, and 7) 

Symbol Parameter Conditions Min. TypA 

tSAl SToO/7 Delay - Active to High Z RL = 1 kn*, CL = 40 pF 

RL = 1 kn*, CL = 40 pF 
tSlA SToO/7 Delay - High Z to active 

RL = 1 kn*, CL = 200 pF 

SToO/7 Delay - Active to Active 
CL =40 pF 

tSM 
CL = 200 pF 

CL = 40 pF 0 
tSOH SToO/7 Hold Time 

CL = 200 pF 0 

RL = 1 kn*, CL = 40 pF 
tOED Output Driver Enable Delay 

RL = 1 kO', CL = 200 pF 

tSID Serial I nput Delay 

tSIH Serial Input Hold Time 90 

tXCH External Control Hold Time CL = 50 pF 0 

txeD External Control Delay CL = 50 pF 
tTiming is over recommended temperature and voltage ranges. 
;Typical figures are at 25°C and are for design aid only; not guaranteed and not subject to production testing. 
*High Impedance is measured by pulling to the appropriate rail with RL• with timing corrected to cancel time taken to discharge CL. 

Figure 5. Serial Outputs and External Control 

BIT CELL BOUNDARY ... 
C41 ::: :~~~~~~~~~~~~~~~~~~~~~~: 

SToO 2.4 y --------

~OT07 0.4 y---------

1- ISOH 

t\:: I::: ::~~~~.~~~~ ~~~~~~~~ ~~~~~~~~~~: 

SToO 2.4 y ---------
10 
ST07 0.4 Y ---------

2.4 Y---------
CSTo 0.4 Y---------

ISZA 

11----.j ISOH 

---------I'VI 
---------~ 

11-----1 ISAA 

11----1 IXCH 

11-----1 IXCD 
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Figure 6. Output Driver Enable 

ODE 

SToO 2.4 V·----
10 • 
ST07 0.4 V _. -_-_-_-+_ 

IDEO 

Figure 7. Serial Inputs 

2.0 V
C4i 

0.8 V 

STiO 2.0 V------------------
10 
STI7 0.8 V .-----------------
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Max. Units 

80 ns 

100 ns 

125 ns 

100 ns 

125 ns 

100 ns 

125 ns 

20 ns 

ns 

ns 

75 ns 



Processor Bus (Figures 2, and 8) 

Symbol Parameter Conditions Min. Typ.+ Max. 

tcss Chip Select Set-up Time 20 

tRWS Read/Write Set-up Time 40 

tADS Address Set-up Time 40 

Fast RL = 1 kO*, CL = 130 pF 60 100 
tAKD Acknowledgement Delay 

Slow RL = 1 kO', CL = 130 pF 1.2 1.8 

tFWS Fast Write Data Set-up Time 30 

tSWD Slow Write Data Delay 250 ns 

tRDS Read Data Set-up Time RL = 1 kO*, CL = 130 pF 0 

Read RL = 1 kO*, CL = 130 pF 20 
tDHT Data Hold Time 

Write 20 

tRDZ Read Data to High Impedance RL = 1 kO', CL = 130 pF 40 90 

tCSH Chip Select Hold Time 20 

tRWH Read/Write Hold Time 15 

tfADH Address Hold Time 15 

tAKH Acknowledgement Hold Time RL = 1 kO', CL = 130 pF a 60 100 
tTlmlng Is over recommended temperature and voltage ranges. 
*Typlcal figures are at 25'C and are for design aid only; not guaranteed and not subject to production testing. 
'High Impedance Is measured by pulling to the appropriate rail with RL, with timing corrected to cancel time taken to discharge CL. 

Figure 8. Processor Bus 

CS 2.0 v~----------
O.B V--------X--------

tess I~·I------I 

DTA 2.4 V----------;----------
0.4 V---------------------

07 2.4 V (READ) 2.0 V (WRITE) - -, -- --

~O 0.4 V (READ) O.B V (WRITE)------

I---~ lAD" 

-~~~A~7~~~~:~~~~ 

ISWD I----~- IFWS - -- IRDZ -
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Units 

ns 

ns 

ns 

ns 

p's 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



Pin Function Description 

Pin Name Number 
DTA 1 

STiO-STi7 2-9 

Voo 10 

FOi 11 

C4i 12 

AO-A5 13-18 

OS 19 

R/W 20 

CS 21 

07-00 22-29 

Vss 30 

ST07-SToO 31-38 

ODE 39 

CSTo 40 

S8980 

Function 
Data Acknowledgement (Open Drain Pulldown Output). This is the data acknowledgement on the 
microprocessor interface. This pin is pulled low to signal that the chip has processed the data. 

ST-BUS™ Input 0 to 7 (Inputs). These are the inputs for the 2048 kbitlsec ST-BUS™ input streams. 

Power Input. Positive Supply. 

Framing OoType (Input). This is the input for the frame synchronization pulse for the 2048 kbitlsec ST-BUS™ 
streams. A Iowan this input causes the internal counter to reset on the next negative transition of C4i. 

4.096 MHz Clock (Input). ST-BUS™ bit cell boundaries lie on the alternate falling edges of this clock. 

Address 0 to 5 (Inputs). These are the inputs for the address lines on the microprocessor interface. 

Data Strobe (Input). This is the input for the active high data strobe on the microprocessor interface. 

Read or Write (Input). This is the input for the read/write signal on the microprocessor interface - high for 
read, low for write. 

Chip Select (I nput). This is the input for the active low chip select on the microprocessor interface. 

Data 7 to 0 (Three-state I/O Pins). These are the bidirectional data pins on the microprocessor interface. 

Power Input. Negative Supply (Ground). 

ST-BUS™ Output 7 to 0 (Three-state Outputs). These are the pins for the eight 2048 kbitlsec ST-BUS™ 
output streams. 

Output Drive Enable (Input). If this input is held high, the SToO-ST07 output drivers function normally. If this 
input is low, the SToO-ST07 output drivers go into their high impedance state. NOTE: Even when ODE is 
high, channels on the SToO-ST07 outputs can go high impedance under software control. 

Control ST-BUS™ Output (Complementary Output). Each frame of 256 bits on this ST-BUS™ output contains 
the values of bit 1 in the 256 locations of the Connection Memory High. 

Figure 9_ Address Memory Map 

A5 A4 A3 A2 A1 AD Hex Address Location 

0 X X X X X 00-1F Control Register' 
1 0 0 0 0 0 20 Channel ot 
1 0 0 0 0 1 21 Channel 1t 
• • • • • • • • 
· • • • • • • • 
• • • • • • • • 
1 1 1 1 1 1 3F Channel 31t 

·Wrlting to the Control Register is the only fast transaction. 
tMemory and stream are specified by the contents of the Control Register. 
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Functional Description 
In recent years, there has been a trend in telephony 
towards digital switching, particularly in association 
with software control. Simultaneously, there has been 
a trend in system architectures towards distributed 
processing or multi-processor systems. 

In accordance with these trends, Mitel has devised the 
ST-BUS™ (Serial Telecom Bus). This bus architecture 
can be used both in sottware-controlled digital voice 
and data switching, and for interprocessor com
munications. The uses in switching and in inter
processor communications are completely integrated 
to allow for a simple general purpose architecture ap
propriate for the systems of the future. 

The serial streams of the ST_BUS™ operate con
tinuously at 2048 kbitlsec and are arranged in 125 IlS 
wide frames which contain 32 8-bit channels. Gould 
AMI manufactures a number of devices which interface 
to the ST-BUS TM; a key device being the S8980 chip. 

The S8980 can switch data from channels on ST-BUS™ 
inputs to channels on ST-BUS™ outputs, and simulta
neously allows its controlling microprocessor to read 
channels on ST-BUS™ inputs or write to channels on 
ST-BUS™ outputs (Message Mode). To the microproc
essor, the S8980 looks like a memory peripheral. The 
microprocessor can write to the S8980 to establish 
switched connections between input ST-BUS™ chan
nels and output ST-BUS™ channels, or to transmit 
messages on the output ST-BUS™ channels. By 
reading from the S8980, the microprocessor can re
ceive messages from ST-BUS™ input channels or 
check which switched connections have already been 
established. 

By integrating both switching and interprocessor com
munications, the S8980 allows systems to use 
distributed processing and to switch voice or data in 
an ST_BUS™ architecture. 

Hardware Description 

Serial data at 2048 kbitlsec is received at the eight ST
BUS™ inputs (STiO to STi7), and serial data is transmit
ted at the eight ST-BUS ™ outputs (SToO to ST07). Each 
serial input accepts 32 channels of digital data, each 
channel containing an 8-bit word which may represent 
a PCM-encoded analog/voice sample as provided by a 
codec (e.g. Gould AMI's S3507, S3507A, S3506, 
S44231-8). 

This serial input word is converted into parallel data 
and stored in the 256x8 Data Memory. Locations in the 
Data Memory are associated with particular channels 
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on particular ST-BUS™ input streams. These locations 
can be read by the microprocessor which controls the 
chip. 
Locations in the Connection Memory, which is split in
to high and low parts, are associated with particular 
ST-BUS™output streams. When a channel is due to be 
transmitted on an ST-BUS™ output, the data for the 
channel can either be switched from an ST-BUS™ in
put or it can originate from the microprocessor. If the 
data is switched from an input, then the contents of 
the Connection Memory Low location associated with 
the output channel is used to address the Data 
Memory. This Data Memory address corresponds to 
the channel on the input ST_BUS™ stream on which 
the data for switching arrived. If the data for the output 
channel originates from the microprocessor (Message 
Mode), then the contents of the Connection Memory 
Low location associated with the output channel are 
output directly, and this data is output repetitively on 
the channel once every frame until the microprocessor 
intervenes. 
The Connection Memory data is received, via the Con
trol Interface, at 07 to DO. The Control Interface also 
receives address information at A5 to AO and handles 
the microprocesor control signals CS, DTA, RIW and 
OS. 'There are two parts to any address in the Data 
Memory or Connection Memory. The higher order bits 
come from the Control Register, which may be written 
to or read from via the Control Interface. The lower 
order bits come from th address lines directly. 
The Control Register also allows the chip to broadcast 
messages on all ST-BUS™ outputs (i.e., to put every 
channel into Message Mode), or to split the memory 
so that reads are from the Data Memory and writes are 
to the Connection Memory Low. The Connection 
Memory High determines whether individual output 
channels are in Message Mode, and allows individual 
output channels to go into a high-impedance state, 
which enables arrays of S8980s to be constructed. It 
also controls the CSTo pin. All ST-BUS™ timing is 
derived from the two Signals C4i and FOi. 

Software Control 

The address lines on the Control Interface give access 
to the Control Register directly or, depending on the 
contents of the Control Register, to the High or Low 
sections of the Connection Memory or to the Data 
Memory. 
If address line A5 is low, then the Control Register is 
addressed regardless of the other address lines (See 
Figure 9). If A5 is high, then the address lines A4-AO 



select the memory location corresponding to channel 
0-31 for the memory and stream selected in the Con
trol Register. 

The data in the Control Register consists of mode con
trol bits, memory select bits, and stream address bits 
(see Figure 10). The memory select bits allow the Con
nection Memory High or Low or the Data Memory to 
be chosen, and the stream address bits define one of 
the ST-BUS™ input or output streams. 

Figures 11a and 11b show the effect of the control 
register on subsequent operations. 

Bit 7 of the Control Register allows split memory 
operation - reads are from the Data Memory and 
writes are to the Connection Memory Low. 

The other mode control bit, bit 6, puts every output 
channel on every output stream into active Message 
Mode, i.e., the contents of the Connection Memory Low 
are output on the ST-BUS ™ output streams once every 
frame unless the ODE pin is low. In this mode the chip 
behaves as if bits 2 and 0 of every Connection Memory 
High location were 1, regardless of the actual values. 
If bit 7 of the Control Register is 0, then bits 2 and 0 of 
each Connection Memory High location function nor-

Figure 10. Control Register Bits 
MODE 

CONTROL 
BITS 

~ 
I 7 I 6 

Bit Name Number 

88980 

mally (see Figure 12). If bit 2 is 1, the associated ST
BUS™output channel is in Message Mode; i.e., the 
byte in the corresponding Connection Memory Low 
location is transmitted on the stream at that channel. 
Otherwise, one of the bytes received on the serial in
puts is transmitted and the contents of the Connection 
Memory Low define the ST-BUS™ input stream and 
channel where the byte is to be found (see Figure 13.). 

If the ODE pin is low, then all serial outputs are high
impedance. If it is high and bit 6 in the Control Register 
is 1, then all outputs are active. If the ODE pin is high 
and bit 6 in the Control Register is 0, then the bit 0 in 
the Connection Memory High location enables the 
output drivers for the corresponding individual ST
BUS ™ output stream and channel - bit 0 = 1 enables 
the driver and bit 0 = 0 disables it (see Figure 12). 
Bit 1 of each Connection Memory High location (see 
Figure 12) is output on the CSTo pin once every frame. 
To allow for delay in any external control circuitry the 
bit is output one channel before the corresponding 
channel on the ST-BUS™ streams, and the bit for 
stream 0 is output first in the channel; e.g., bit 1 s for 
channel 9 of streams 0-7 are output synchronously 
with ST-BUSTM channel 8 bits 7-0. 

(UNUSED) MEMORY STREAM 
SELECT ADDRESS 

BITS BITS 

~ 
5 4 I 3 I 2 I 1 I 0 I 

Function 
Split 7 When 1, on subsequent operations all reads are from the Data Memory and all writes are to the Connection 
Memory Memory, except when the Control Register is accessed. When 0, the Memory Select Bits specify the 

memory for subsequent operations. In either case, the Stream Address Bits select the subsection of the 
memory which is made available. 

Message 6 When 1, the contents of the Connection Memory Low are output on the Serial Output streams except when 
Mode the ODE pin is low. When 0, the Connection Memory bits for each channel determine what is output. 
(unused) 5 
Memory 4-3 0-0 - Reserved for testing 
Select 0-1 - Data Memory 
Bits 1-0 - Connection Memory Low 

1-1 - Connection Memory High 
Stream 2-0 The number expressed in binary notation on these bits refers to the input or output BUSTM stream which cor-
Address Bits responds to the subsection of memory made accessible for subsequent operations. 
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Figure 11 a Control Register: Memory and Mode to Contents 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2" Bit 1" Bit 0" 

0 0 X 0 1 X X X 

0 1 0 1 X X X X 

0 0 X 1 0 X X X 

0 1 X 1 0 X X X 

0 0 X 1 1 X X X 

0 1 X 1 1 X X X 

1 0 X 0 1 X X X 
1 0 
1 1 

1 1 X 0 1 X X X 
1 0 
1 1 

Figure 11b_ Control Register: Contents to Memory and Mode 

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 B~2" Bit 1" Bit O· 

0 0 0 0 1 X X X 
0 0 0 1 0 X X X 
0 0 0 1 1 X X X 
0 0 1 0 1 X X X 
0 0 1 1 0 X X X 
0 0 1 1 1 X X X 
0 1 0 0 1 X X X 
0 1 0 1 0 X X X 
0 1 0 1 1 X X X 
0 1 1 0 1 X X X 
0 1 1 1 0 X X X 
0 1 1 1 1 X X X 
1 0 0 0 1 X X X 
1 0 0 1 0 X X X 
1 0 0 1 1 X X X 
1 0 1 0 1 X X X 
1 0 1 1 0 X X X 
1 0 1 1 1 X X X 
1 1 0 0 1 X X X 
1 1 0 1 0 X X X 
1 1 0 1 1 X X X 
1 1 1 0 1 X X X 
1 1 1 1 0 X X X 
1 1 1 1 1 X X X 

'The range of values for bits 0 to 2 corresponds to the ST-BUS ™ streams 0 to 7_ 

NOTE: All other combinations of values for the 8 bits are reserved for testing_ 

4_163 

58980 

Hex Value" Memory Mode 

OS-OF & 2S-2F 
Data 

Normal 

4S-4F & 6S-6F Message 

10-17 & 30-37 Connection Normal 

50-57 & 70-77 Low Message 

1S-1 F & 3S-3F Connection Normal 

5S-5F & 7S-7F High 

SS-SF, AS-AF, Normal 
90-97, BO- B7, 
9S-9F & BS-BF 

CS-CF, ES-EF, 
Split 

Message 
00-07, FO-F7, 
OS-OF & FS-FF 

Hex Value" Memory Mode 

OS-OF Data Normal 
10-17 Connection Low Normal 
1S-1 F Connection High Normal 
2S-2F Data Normal 
30-37 Con nection Low Normal 
3S-3F Connection High Normal 
4S-4F Data Message 
50-57 Connection Low Message 
5S-5F Connection High Message 
6S-6F Data Message 
70-77 Connection Low Message 
7S-7F Connection High Message 
SS-SF Split Normal 
90-97 Split Normal 
9S-9F Split Normal 
AS-AF Split Normal 
BO-B7 Split Normal 
BS-BF Split Normal 
CS-CF Split Message 
00-07 Split Message 
OS-OF Split Message 
ES-EF Split Message 
FO-F7 Split Message 
FS-FF Split Message 



S8980 

Figure 12. Connection Memory High Bits STREAM CHANNEL 
ADDRESS ADDRESS 

BITS BITS 

r, I~I'I A 
I 4 I 3 I 2 I 1 I 0 

Bit Name Number Function 
Message 2 When 1, the contents of the corresponding location in Connection Memory Low are output on the location's 
Channel channel and stream. When 0, the contenst of the corresponding location in Connection Memory Low act as 

an address for the Data Memory and so determine the source of the connection to the location's channel and 
stream. 

CSTo Bit 1 This bit is output on the CSTo pin one channel early. The CSTo bit for stream ° is output first. 

Output ° If the ODE pin is high and bit 6 of the Control Register is 0, then this bit enables the output driver for the loca-
Enable tion's channel and stream. This allows individual channels on individual streams to be made high-

impedance, allowing switching matrices to be constructed. A 1 enables the driver and a ° disables it. 

Figure 13. Connection Memory Low Bits 
NO CORRESPONDING MEMORY PER CHANNEL 
THESE BITS GIVE Os IF READ CONTROL BITS 

A 
I' 1~1'1 r 7 I 6 I 5 I 4 I 3 

Bit Name Number Function 
Stream 7-5' The number expressed in binary notation on these 3 bits is the number of the BUSTM stream for the source of 
Address the connection. Bit 7 is the most significant bit. E.G., if bit 7 is 1, bit 6 is ° and bit 5 is 0, then the source of 
Bits' the connection is a channel on STi4. 

Channel 4-0' The number expressed in binary notation on these 5 bits is the number of the channel which is the source of 
Address the connection. (The BUSTM stream where the channel lies is defined by bits 6 and 5.) Bit 4 is the most 
Bits' significant bit. E.g., if bit 4 is 1, bit 3 is 0, bit 2 is 0, bit 1 is 1 and bit ° is 1, then the source of the connec-

tion is channel 19. 
*If bit 2 of the corresponding Connection High location is 1 or if bit 6 of the Control Register is 1, then these entire 8 bits are output on the channel and 
stream associated with this location. Otherwise the bits are used as indicated to define the source of the connection which is output on the channel and 
stream associated with this location. 
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Applications 

Use in a Simple Digital Switching System 

Figure 14 and 15 show how S8980s can be used with 
S3507As to form a simple digital switching system. 
Figure 14 shows the interface between the 58980s and 
the filter/codecs. Figure 15 shows the position of these 
components in an example architecture. 

The S3507A filter/codec in Figure 14 receives and 
transmits digitized voice signals on the ST-BUS™ in
put DR, and the ST-BUS™ output Ox, respectively. 
These signals are routed to the ST_BUS™ inputs and 
outputs on the top S8980, which is used as a digital 
speech switch. 

T~e.S3~07A is controlled by the ST-BUS™ input Dc 
originating from the bottom S8980, which generates 
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the appropriate signals from an output channel in 
Message Mode. This architecture optimizes the 
messaging capability of the line circuit by builidng 
Signaling logic, e.g., for on-off hook detection, which 
communicates on an ST-BUS™ output. This signaling 
ST-BUS™ output is monitored by a microprocessor 
(not shown) through an ST-BUS™ input on the bottom 
S8980. 

Figure 15 shows how a simple digital switching 
system may be designed using the ST-BUS™ architec
ture. This is a private telephone network with 256 ex
tensions which uses a single S8980 as a speech 
switch and a second S8980 for communication with 
the line interface circuits. 

Figure 14. Example of Typical Interface between S8980s and S8964s for Simple Digital Switching System 

SToO~ 
STiO~ 

S8980 
USED AS S8980 
SPEECH 
SWITCH 

... +.- ~ I S3507A 1 
FIL TER/CODEC LINE DRIVER 

rl Dc AND 
2· TO 4· 

r - - - ( \.-. -·1 1 SIGNALING WIRE 

STOO+!> . I- . A LOGIC CONVERTOR 

S8980 STiD 

USED IN LINE INTERFACE CIRCUIT WITH S3507 A FIL TER/CODEC 
MESSAGE S8980 
MODE FOR 

CONTROL AND 
SIGNALING 
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Figure 15. Example Architecture of a Simple Digital Switching System 

LINE INTERFACE CIRCUIT r . f ~ WITH CODEC(e.g.S3507A) 

SPEECH • 
SWITCH I 

• 
8980 I • · I I • 

81 · 
I • 

I 
• 
I • • .u • 

CONTROLLING I I • 
MICRO· REPEATED FOR LINES REPEATED FDR LINES 

PROCESSOR · 2 TO 255 2 TO 255 · I I • 

If 
fi 
• 
I · I CONTROL & 

SIGNALING 

~.l- !~ 8980 

LINE INTERFACE CIRCUIT 
WITH CODec (e.g.S3507A) 

4.166 



A larger digital switching system may be designed by 
cascading a number of S8980s. Figure 16 shows how 
four S8980s may be arranged in a non-blocking con
figuration which can switch any channel on any of the 
ST_BUS™ inputs to any channel on the ST-BUS™ out
puts. 

Application Circuit with 6802 Processor 

Figure 17 shows an example of a complete circuit 
which may be used to evaluate the chip. 

For convenience, a 4 MHz crystal oscillator has been 
used rather than a 4.096 MHz clock, as both are within 
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the limits of the chip's specifications. The RC delay 
used with the 393 counters ensures a sufficient hold 
time for the FP signal, but the values used may have to 
be changed if faster 393 counters become available. 

The chip is shown as memory mapped into the S6802 
system. Chip addresses 00-3F correspond to pro
cessor addresses 2000-203F. Delay through the ad
dress decoder requires the VMA signal to be used 
twice to remove glitches. The S6802 board uses a 10KO 
pullup on the MR pin, which would have to be incor
porated into the circuit if the board was replaced bya 
processor. 

Figure 16. Four 58980s Arranged in a Non-Blocking 16 x 16 Configuration 

8980 
A 

IN 0/7 ~ 
STiOI7 SToO/7 OUT 0/7 

8980 
B 

4 STiOI7 SToO/7 OUT 8/15 

8980 
C 

IN8/15 STiOl7 SToOI7 f--+ 

8980 
0 

4 STiO/7 SToO/7 
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Figure 17. Application Circuit with 6802 

~ 07·00 I A15 1 18 t- 5V 
A14 2 15 
A13 3 MD 14 

I- A15·AO OV 4 74 13 
OV 5 Ie 12 

86802 

Jr 
VMA 8 238 ~~ t--SYSTEM t-- R/W 

I 
7 

OV 8 9 

t-- MR 

I 1 t-- VMA ~ 

I I A12 1 16 t- 5 V 
I I All 2 15 I--

t-- E l AID' 3 MD 14 

~ I OV 4 74 13 
OV 5 se 12 

6 238 11 
7 10 

I 
OV 8 9 

-DTA ~ 1 40 :t CST. 

I STlO - 2 39 ~ DOE - 5V 
sm - 3 38 SToO -STl2 - 4 37 ST.l I I A9 1 16 t- 5 V 

20 kll STl3 - 5 36 ST.2 I I A8 2 15 I--
ST14 - 6 35 ST.3 

I 
A7 3 MD 14 

STl5 - 7 34 ST.4 OV 4 74 13 
5 V STl8 - 8 33 ST.5 OV 5 SC 12 

ST17 - 9 S89BD 32 STa6 6 238 11 
5V - VDO- 10 31 STa7 7 10 

rrn 
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o V - 7 8 FOI - 7 14 
o V - 8 13 
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-) GOULD 
AIMII Semiconductors 

Preliminary Data Sheet 

April 1985 

Features 
o MITEL-BUSTM compatible 
o 4-Line x 32-Channel Inputs 
o 4-Line x 32-Channel Outputs 
o 128 Ports Non-Blocking Switch 
o Single Power Supply (+ 5V) 
o Low Power Consumption: 150 mW Typ 
o Microprocessor-Control Interface 
o Three-state Serial Outputs 

Block Diagram 

VDD vss , , , , 
• • + + 

STIO ..... FRAME l 
CDUNTER 

~ 
.f- SERIAL 

TO 
PARALLEL DATA 

CDNVERTER MEMDRY 
.f-

1+1 CDNTROL REGISTER /-i 
.f- ~ 

STII 

STI2 

STI3 

I .. CDNTRDL INTERFACE I" 
~ t ~+ 
• • n • 4. 

DS CS II/W A&I DTA D71 
AD DO 

S8981 

DIGITAL TIMB 
SPACE CROSSPOINT SWITCH 

General Description 
This VLSI ISO-CMOS device is designed for swit
ching PCM-encoded voice or data, under micro
processor control, in a modern digital exchange, 
PBX or Central Office. It provides simultaneous con
nections for up to 12864 kbit/s channels. Each of the 
four serial inputs and outputs consist of 32 64 kbit/s 
channels multiplexed to form a 2048 kbit/s ST-BUSTM 
stream. 

Pin Configuration 

DOE , 
• 1 U 40 DTA 

2 
DUTPUT !-ol-< STaO 

STIO 
STII 

39 
3 38 

Ie 
DOE 
STaD 
STal 
STa2 
SToS 
Ie 

MUX I-t .... PARALLEL ~I-< 
TD 

STal 

SERIAL 
CDNVERTER 1--1-< STa2 

CDNNECTIDN 
MEMDRY 

f-f-. STa3 
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STl2 
STiS 
IC 
IC 
IC 
IC 
VDD 
For 
c4i 
AD 
AI 
A2 
A3 
A4 
AI 
08 
RIW 

4 
5 
6 
7 
6 
8 
10 S8981 
11 
12 
13 
14 
16 
16 
17 
16 
18 
20 

37 
36 
35 
34 
33 
32 
31 
30 
28 
28 
27 
26 
25 
24 
23 
22 
21 

Ie 
Ie 
Ie 
VIS 
DD 
Dl 
02 
D3 
D4 
05 
D6 
D7 
Cl 
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Absolute Maximum Ratings 
Symbol Parameter Min. Max. Units 

Voo Supply Voltage -0.3 7 V 

VI Voltage at Digital Inputs Vss-0.3 Voo + 0.3 V 

II Current at Digital Inputs 40 mA 

Vo Voltage on Digital Outputs Vss-0.3 Voo + 0.3 V 

10 Current at Digital Outputs 40 mA 

TST Storage Temperature -65 150 °C 
P Power Dissipation 2 W 

Note: Exceeding these values may cause permanent damage. Functional operation under these conditions Is not Implied. 
Recommended Operating Condltlons"':'Voltages are with respect to ground (Vss) unless otherwise stated . . \ 

Symbol Characteristics Min. Typ. Max. UnHs Test Conditions 

Top Operating Temperature 0 70 °C 

Voo Positive Supply 4.75 5.0 5.25 V 

VI Input Voltage 0 Voo V 

Typical figures are at 25"C and are for design aid only; not guaranteed and not sublect to production testing. 

DC Electrical Characteristics-Clocked operation over recommended temperature and voltage ranges. 

Symbol Characteristics Min. Typ. Max. Units Test Conditions 

100 Supply Current 30 50 mA Outputs unloaded 

VIH Input High Voltage .. 2.0 V 

VIL I nput Low Voltage 0.8 V 

IlL I nput Leakage 10 IJA VI between Vss and Voo 

VOH Output High Voltage 2.4 V 10H =mA 

10H Output High Current 10 15 mA Source Current. VOH = 2.4V 

8 12 mA Source Current. VOH = 3.0V 

VOL Output Low Voltage 0.4 V 10L = 5mA 

IOL Output Low Current 5 7.5 mA Sink current. VOL = O.4V 
20 30 mA Sink Current. VOL = 2.0V 

loz High Impedance Leakage 10 IJA Vo between Vss and Voo 

Typical figures are at 25"C and are for design aid only; not guaranteed and not subject to production testing. 

Figure 2. Output Test Load 

OUTPUT 
PIN 

4.170 

81 is open circuit except when 
testing output levels or high im
pedance states. 
82 is switched to VDD or Vss when 
testing output levels or high im
pedance states. 

'. 



AC Electrical Characteristics-Capacitances 

Symbol Characteristics Min. Typ. Max. Units 

CI Input Pin Capacitance 8 pF 

Co Output Pin Capacitance 8 pF 

AC Electrical Characteristics-Clock timing (Figure 3 and 4). 

Symbol Characteristics Min. Typ- Max. Units 

tCLK Clock Period' 200 244 300 ns 

tCHL Clock Width High or Low 100 122 150 ns 

tCTT Clock Transition Time 20 ns 

tFPS Frame Pulse Set Up Time 50 ns 

tFPH Frame Pulse Set Up Time 50 ns 

tFPW Frame Pulse Width 244 ns 

Typical figures are at 25'C and are for design aid only; not guaranteed and not subject to production testing . 
• Contents of Connection Memory are not lost if the clock stops. 
Frame pulse is repeated every 125 ms in synchronisation with the clock. 
Timing is over recommended temperature and voltage ranges. 

Figure 3. Frame Alignment 

BIT 
CELLS 

-

Figure 4. Clock Timing -

FOi 

2.0V 

O.BV 

2.0V 

O.BV 

I I I 

I 

CHANNEL 31 
BIT 0 

tCHl ~ tCTT 
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I I 

I 

CHANNEL 0 
BIT 7 

• tClK 
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AC Electrical Characteristics-Serial streams (Figure 2, 5, 6 and 7). 

Sym-
bol Characteristics Min. Typ. Max. Units Test Conditions 

tSAZ SToO/3 Delay-Active to High Z 80 ns RL = 1 kQ*, CL = 40 pF 

tSZA SToO/3 Delay-High Z to Active 
100 ns Rl = 1 kQ*, Cl = 40pF 
125 ns RL - 1 KQ , CL ~ 200 pF 

tSAA SToO/3 Delay-Active to Active 
100 ns CL = 40 pF 
125 ns CL - 200 pF 

tSOH SToO/3 Hold Time 
0 C = 40 pF 
0 CLD ~ LOO p~ 

tOED Output Driver Enable Delay 
100 ns RL = 1 kQ* ,Cl = 40pF 
125 ns RL-1KQ ,L;L~ZUUP~ 

tSID Serial Input Delay 20 ns 

tSIH Serial Input Hold Time 90 ns 

Note: Timing is over recommended temperature and voltage ranges. 
Note 2: Typical figures are at 25'C and are for design aid only; not guaranteed and not subject to production testing . 
• High impedance is measured by pulling to the appropriate rail with CL, wilh liming correcled 10 cancel lime laken to discharge CL• 

Figure 5. Serial Outputs 
BIT CELL BOUNDARY 

C4l 2.0V 

D.BV 

-- ISOH 

* 

0( 
ISAZ 

1~0(_----l."1 ISZA 

tSOH 

~OTOD 2.4V ------------------~~il'--------. 
ST03 0.4V ------------------/~~--------. 

.. 
ISAA 
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Figure 6. Output Driver Enable 

ODE 

SToO 2.4V·--------
10 * 
ST03 D.4V· - - --__ -+-....r 

IDEO tOED 

.. BIT CELL BOUNDARIES 

2.DV -
C4l 

O.BV 

STID 2.DV - - - - - - - - - - - - - - - - - - -
10 
STI3 D.BV· - - - - - - - - - - - - - - - - - -

- IslO 
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AC Electrical Characteristics1-Processor Bus (Figure 2 and 8) 
Symbol Characteristics Min. Typ. Max. Units Test Condmons 

tcss Chip Select Set-Up Time 20 ns 

tRWS Read/Write Set-Up time 40 ns 

tADS Address Set Up Time 40 ns 

tAKD Acknowledgement Delay I Fast 60 100 ns Rl = 1kQ·,C = 130 pF 
I Slow 1.2 1.8 lAs HL -1KQ ,l:L -130 pt-

tFwS Fast Write Data Set-Up Time 30 ns 

tSWD Slow Write Data Delay 250 ns 

tRDS Read Data Set UpTime 0 ns RL = 1 kQ·, CL = 130 pF 

tDHT Data Hold Time I Read 20 ns R= 1 kQ· ,CL = 130 pF 
I Write 20 ns 

tRDZ Read Data to High Impedance 40 90 ns RL = 1 kQ·, CL = 130 pF 

tCSH Chip Select Hold Time 20 ns 

tRwH Read/Write Hold Time 15 ns 

tADH Address Hold Time 15 ns 

tAKH Acknowledgement Hold Time 0 60 100 ns RL = 1 kQ·, CL = 130 pF 

Note 1: Timing is over recommended temperature and voltage ranges. 
Note 2: Typical figures are at 25°C and are for design aid only: not guaranteed and not subject to production testing. 
* High impedance is measured by pulling to the appropriate rail with RL, with timing corrected to cancel time taken to discharge CL• 

Figure 8. Processor Bus 

cs 2.0V ~--- ------ -- - - ----- ------ - ----- ----- ----- - -_--_-_-_-__ --_-_-_ -_ --_ --r== __ -_ -_-_-_-_-_ 
O.8V =--_- ___ .. :--X-------- - ----------------------------- Y---------

tess I ...... --...... ~I tesH 

2.0V ------"V --------- - ----------------------------- - ---------V· 
R/W n.BV ______ p ________________________________________ w ________ ~~~~~~~ 

'RWH 

AS 
10 
AD 

2.0V ------~ --------- - ----------------------------- - -_-_-_. -_-_-__ --_-_ V_ -__ -_--_-_-_ 
O.BV -----? --------- - ----------------------------- - ~ 

tAOS 

m 2.4Y ----------*----------

O.4V ---------------------

07 
10 
DO 

2.4V(Read)2.0V(Wri'.) 

O.4V(Read)O.BV(Write) 

',wn I ... ----t __ .... , 
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Pin Description 

Pin 

2-5 

6-9 

10 

11 

12 

13-18 

19 

20 

21 

22-29 

30 

31-34 

35-38 

39 

40 

Label 

OTA 

SliO
STi3 

IC 

VOO 

FOi 

C4i 

AO-A5 

OS 

R/W 

CS 

07-00 

VSS 

IC 

ST03-
SToO 

DOE 

IC 
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Description 

Data Acknowledgement (Open Drain Pulldown output)-This is the data acknowledgement on the microprocessor inter
face. This pin is pulled low to signal that the chip has processed the data. 

ST-BUS Input 0 to 3 (Inputs)-These are the inputs for the 2048 kbitls ST-BUSTM input streams. 

Internal Connections-Must be connected to Voo. 

Power Input- Positive Supply. 

Framing OoType (Input)-This is the input for the frame synchronization pulse for the 2048 kbitls ST-BUSTM 
streams. A low on this input causes the internal counter to reset on the next negative transistion of C4i. 

4.096 MHz Clock (Input)-ST-BUSTM bit cell boundaries lie on the alternate falling edges of this clock. 

Address 0 to 5 (Inputs)-These are the inputs for the address lines on the microprocessor interface. 

Data Strobe (Input)-This is the input for the active high data strobe on the microprocessor interface. 

Read or Write (Input)-This is the input for the read/write signal on the microprocessor interface- high for 
read, low for write. 

Chip Select (Input)-This is the input for the active low chip select on the microprocessor interface. 

Data? to 0 (Three-state I/O Pins)- These are the bidirectional data pins on the microprocessor interface. 

Power Input-Negative Supply (Ground). 

Internal Connections- Leave pins disconnected. 

ST-BUSTM Output 3 to 0 (Three-state outputs)- These are the pins for the four 2048 kbitls ST-BUSTM output 
streams. 

Output Drive Enable (Input)-If this input is held high, the SToO-ST03 output drivers function normally. If this in
put is low, the SToO-ST03 output drivers go into their high impedance state. NB: Even when OOE is high, chan
nels on the SToO-ST03 outputs can go high impedance under software control. 

Internal Connection- Leave pin disconnected. 

Functional Description 
In recent years, there has been a trend in telephony 
towards digital switching, particularly in association 
with software control. Simultaneously, there has 
been a trend in system architectures towards distri
buted processing or multi-processor systems. 

In accordance with these trends, MITEL has devised 
the ST-BUSTM (Serial Telecom Bus). This bus ar
chitecture can be used both in software-controlled 
digital voice and data switching, and for inter
processor communications. The uses in switching 
and in interprocessor communications are com· 
pletely integrated to allow for a Simple general pur-
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pose architecture appropriate for the systems of the 
future. 

The serial streams of the ST-BUSTM operate con
tinuously at 2048 kbitls and are arranged in 125/-1s 
wide frames which contain 32 8-bit channels. Gould 
AMI manufactures a number of devices which inter
face to the ST-BUSTM; a key device being the S8981 
chip. 

The S8981 can switch data from channels on 
ST-8USTM inputs to channels on ST-BUSTM outputs, 
and simultaneously allows its controlling micro
processor to read channels on ST-BUSTM 



inputs or write to channels on ST-BUSTM outputs 
(Message Mode.) To the microprocessor, the S8981 
looks like a memory peripheral. The microprocessor 
can write to the S8981 to establish switched connec
tions between input ST-BUSTM channels and output 
ST-BUSTM channels, or to transmit message on out
put ST-BUSTM channels. By reading from the S8981 , 
the microprocessor can receive messages from ST
BUSTM input channels or check which switched con
nections have already been established. 

By integrating both switching and interprocessor 
communications, the S8981 allows systems to use 
distributed processing and to switch voice or data in 
an ST-BUSTM architecture. 

Hardware Description 

Serial data at 2048 kbit/s is received at the four ST
BUSTM inputs (STiO to STi3), and serial data is 
transmitted at the four ST-BUSTM outputs (SToO to 
ST03). Each serial input accepts 32 channels of 
digital data, each channel containing an 8-bit word 
which may represent a PCM-encoded analog/voice 
sample as provided by a codec (such as the S3507). 

This serial input word is converted into parallel data 
and stored in the 128x8 static Data Memory. Loca
tions in the Data Memory are associated with par
ticular channels on particular ST-BUSTM input 
streams. These locations can be read by the micro
processor which controls the chip. 
Locations in the Connection Memory, which is split 
into high and low parts, are associated with par
ticular ST-BUSTM output streams. When a channel is 
due to be transmitted on an ST-BUSTM output, the 
data for the channel can either be switched from an 
ST-BUSTM input or it can originate from the micro
processor. If the data is switched from an input, then 
the contents of the Connection Memory Low location 

A5 A4 A3 A2 A1 AD HEX ADDRESS 

0 X X X X X 00-1 F 
1 0 0 0 0 0 20 
1 0 0 0 0 1 21 
• • • • • • • 
• • • • • • • 
• • • • • • • 
1 1 1 1 1 1 3F 

"Writing to the Control Register is the only fast transaction. 
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associated with the output channel is used to ad
dress the Data Memory. This Data Memory address 
corresponds to the channel on the input ST-BUSTM 
stream on which the data for switching arrived. If the 
data for the output channel originates from the 
microprocessor (Message Mode), then the contents 
of the Connection Memory Low location associated 
with the output channel are output directly, and this 
data is output repetitively on the channel once every 
frame until the microprocessor intervenes. 

The Connection Memory data is received, via the 
Control Interface, at 07 to DO. The Control Interface 
also receives address information at A5 to AO and 
handles the microprocessor control signals CS, DTA, 
R/W and OS. There are two parts to any address in the 
Data Memory or Connection Memory. The higher 
order bits come from the Control Register, which 
may be written to or read from via the Control Inter
face. The lower order bits come from the address 
lines directly. 

The Control Register also allows the chip to broad
cast message on all ST-BUSTM outputs (i.e., to put 
every channel into Message Mode), or to split the 
memory so that reads are from the Data Memory and 
writes are to the Connection Memory Low. The Con
nection Memory High determines whether individual 
output channels are in Message Mode, and allows in
dividual output channels to go into a high-impedance 
state which enables arrays of S8981 s to be con
structed. 
All ST-BUSTM timing is derived from the two signals 
C4i and FOi. 

Software Control 

The Address Lines on the Control Interface give ac
cess to the Control Register directly or, depending 
on the contents of the Control Register to the High or 

LOCATION 

Control Register" 
Channel Ot 
Channel 1t 

• 
• 
• 

Channel 31t 

tMemory and stream are specified by the contents of the Control Register. 
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Low sections of the Connection Memory or to the Data 
Memory. 
If address line A5 is low, then the Control Register is ad
dressed regardless of the other address lines (see Figure 
9). If A5 is high, then the address lines A4-AO select the 
memory location corresponding to channel 0-31 for the 
memory and stream selected in the Control Register. 
The data in the Control Register consists of mode con
trol bits, memory select bits, stream address bits, and a 
test bit which should be kept at 0 for normal operation 
(see Figure 10). The memory select bits allow the Con
nection Memory High or Low or the Data Memory to be 
chosen, and the stream address bits define one of the 
ST-BUSTM input or output streams 

Figure 10. Control Register Bits (UNUSED) 
MODE 

CONTROL 

~ 
7 6 5 

Pin Label Function 
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Figure 11 a and 11 b show the effect of the control 
register on subsequent operations. 

Bit 7 of the Control Register allows split memory 
operation - reads are from the Data Memory and 
writes are to the Connection Memory Low. 

The other mode control bit, bit 6, puts every output 
channel on every output stream into active Message 
Mode; i.e., the contents of the Connection Memory 
Low are output on the ST-BUSTM output streams once 
every frame unless the ODE pin is low. In this mode 
the chip behaves as if bits 2 and 0 of every Connec
tion Memory High location were 1, regardless of the 
actual values. 

TEST BIT 
MEMORY STREAM 
SELECT ADDRESS 

~ 
BITS 

~ 
4 3 2 1 0 

7 Split 
Memory 

When 1, on subsequent operations all reads are from the Data Memory and all writes are to the Connection 
Memory, except when the Control Register is accessed. When 0, the Memory Select Bits specify the memory 
for subsequent operations. In either case, the Stream Address Bits select the subsection of the memory which 
is made available. 

6 Message 
Mode 

5 (unused) 

4-3 

2 

1-0 

Memory 
Select 
Bits 

Test Bit 

Stream 
Address 

Bits 

When 1 , the contents of the Connection Memory Low are output on the Serial Output streams except when the 
ODE pin is low. When 0, the Connection Memory bits for each channel determine what is output. 

0-0 - Reserved for testing. 
0-1 - Data Memory. 
1-0 - Connection Memory Low. 
1-1 - Connection Memory High. 

This bit is used during probe testing. It should be kept at 0 for normal operations. 

The number expressed in binary notation on these bits refers to the input or output ST-BUSTM stream which 
corresponds to the subsection of memory made accessible for subsequent operations 
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Figure 11 A. Control Register: Memory and Mode to Contents 

MEMORY MODE HEX BIT 
VALUE" 

DATA NORMAL 08-08 & 28-28 

MESSAGE 48-48 & 68-68 

CONNECTION NORMAL 10-13&30-33 

LOW MESSAGE 50-53 & 70-73 

CONNECTION NORMAL 18-18 & 38-38 

HIGH MESSAGE 58-58 & 78-78 

SPLIT NORMAL 88-88, AS-A8, 
90-93, 80-83, 
98-98 & 88-88 

MESSAGE C8-C8, E8-E8, 
00-03, FO-F3 

08- 08 & F8-F8 

'The range of values for bits 0 and 1 corresponds to the TOM streams 0 to 3. 

Figure 11 B. Control Register: Contents to Memory and Mode. 

BIT BIT BIT BIT BIT BIT BIT BIT HEX 
7 6 5 4 3 2 1* 0* VALUE" 
0 0 0 0 1 0 X X 08-08 
0 0 0 1 0 0 X X 10-13 
0 0 0 1 1 0 X X 18-18 
0 0 1 0 1 0 X X 28-28 
0 0 1 1 0 0 X X 30-33 
0 0 1 1 1 0 X X 38-38 
0 1 0 0 1 0 X X 48-48 
0 1 0 1 0 0 X X 50-53 
0 1 0 1 1 0 X X 58-58 
0 1 1 0 1 0 X X 68-68 
0 1 1 1 0 0 X X 70-73 
0 1 1 1 1 0 X X 78-78 
1 0 0 0 1 0 X X 88-88 
1 0 0 1 0 0 X X 90-93 
1 0 0 1 1 0 X X 98-98 
1 0 1 0 1 0 X X AS-A8 
1 0 1 1 0 0 X X 80-83 
1 0 1 1 1 0 X X 88-88 
1 1 0 0 1 0 X X C8-C8 
1 1 0 1 0 0 X X 00-03 
1 1 0 1 1 0 X X 08-08 
1 1 1 0 1 0 X X E8-E8 
1 1 1 1 0 0 X X FO-F3 
1 1 1 1 1 0 X X F8-F8 

'The range of values for bits 0 and 1 corresponds to the TOM streams 0 to 3. 
All other combinations of values for the 8 bits are reserved for testing. 
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BIT BIT BIT BIT BIT BIT BIT 
6 5 4 3 2 1* 0* 

0 X 0 1 0 X X 

1 X 0 1 0 X X 

0 X 1 0 0 X X 

1 X 1 0 0 X X 

0 X 1 1 0 X X 

1 X 1 1 0 X X 

0 X 0 1 0 X X 
1 0 
1 1 

1 X 0 1 0 X X 
1 0 
1 1 

MEMORY MODE 

DATA NORMAL 
CONNECTION LOW NORMAL 
CONNECTION HIGH NORMAL 

DATA NORMAL 
CONNECTION LOW NORMAL 
CONNECTION HIGH NORMAL 

DATA MESSAGE 
CONNECTION LOW MESSAGE 
CONNECTION HIGH MESSAGE 

DATA MESSAGE 
CONNECTION LOW MESSAGE 
CONNECTION HIGH MESSAGE 

SPLIT NORMAL 
SPLIT NORMAL 
SPLIT NORMAL 
SPLIT NORMAL 
SPLIT NORMAL 
SPLIT NORMAL 
SPLIT MESSAGE 
SPLIT MESSAGE 
SPLIT MESSAGE 
SPLIT MESSAGE 
SPLIT MESSAGE 
SPLIT MESSAGE 



If bit 7 of the Control Register is 0, then bits 2 and 0 of 
each Connection Memory High location function nor
mally. If bit 2 is 1, the associated ST-BUSTM output chan
nel is in Message Mode; i.e., the byte in the cor
responding Connection Memory Low location is 
transmitted on the stream at that channel. Otherwise, 
one of the bytes received on the serial inputs is 
transmitted and the contents of the Connection 
Memory Low define the ST-BUSTM input stream and 
channel where the byte is to be found (see Figure 13). 

Figure 12. Connection Memory High Bits 

Pin Label Description 

NO CORRESPONIING MEMORY 
-THESE BITS GIVE Os IF READ. 

_---A 
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If the ODE pin is low, then all serial outputs are high
impedance. If it is high and bit 6 in the Control 
Register is 1, then all outputs are active. If the ODE 
pin is high and bit 6 in the Control Register is 0, then 
the bit 0 in the Connection Memory High location 
enables the output drivers for the corresponding in
dividual ST-BUSTM output stream and channel-bit 
o = 1 enables the driver and bit 0 = 0 disables It (see 
Figure 12). 

· T ' 
PER CHANNEL 
CONTROL BITS 

, 1 
2 Message When 1 , the contents of the corresponding location in Connection Memory Low are output on the location's 

Channel channel and stream. When 0, the contents of the corresponding location in Connection Memory Low act as an 
address for the Data Memory and so determine the source of the connection to the location's channel and 
stream. 

1 (unused) 

o Output If the ODE pin is high and bit 6 of the Control Register is 0, then this bit enables the output driver for the 
Enable location's channel and stream. This allows individual channels on individual streams to be made high

impedance, allowing switching matrices to be constructed. A 1 enables the driver .and a 0 disables it. 
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Figure 13_ Connection Memory Low Bits 

Pin Label 

7' Test 
Bit' 

6-5' Stream 
Address 

Bits' 

4-0' Channel 
Address 

Bits' 

TEST STREAM CHANNEL 
BIT ADDRESS ADDRESS 

BITS BITS 

~ " 
7 6 5 4 3 2 1 I 0 

Description 

Used during probe test. Keep at 0 unless channel is in the message mode (bit 2 of the corresponding Connection 
Memory High location orbit 6 of the Control Register). 

The number expressed in binary notation on these 2 bits is the number of the ST-BUSTM stream for the source of 
the connection. Bit 6 is the most significant bit. E.g., if bit 6 is 1 and bit 5 is 0, then the source of the con
nection is a channel on STi2. 

The number expressed in binary notation on these 5 bits isthe number of the channel which is the source of 
the connection (the ST-BUSTM stream where the channel lies is defined by bits 6 and 5). Bit 4 is the most 
significant bit. E.g., if bit 4 is 1, bit 3 is 0, bit 2 is 0, bit 1 is 1 and bit 0 is 1, then the source of the connec
tion is channel 19. 

'If bit 2 of the corresponding Connection High location is 1 or if bit 6 of the Control Register is 1, then these entire 8 bits are output on the channel and 
stream associated with this location. Otherwide the bits are used as indicated to define the source of the connection which is output on the channel and 
stream associated with this location. 
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Applications 

Use in a Simple Digital Switching System 

Figure 14 and 15 show how S8981s can be used with 
MT8964s to form a simple digital switching system. 
Figure 14 shows the interface between the S8981s and 
the filter/codecs. Figure 15 shows the position of these 
components in an example architecture. 

The MT8964 filter/codec in Figure 14 receives and 
transmits digitised voice signals on the ST-BUSTM input 
DR, and ST-BUSTM output DXD , respectively. These 
signals are routed to the ST-BUSTM inputs and out
puts on the top S8981, which is used as a digital 
speech switch. 
The MT8964 is controlled by the ST-BUSTM input Dc 

88981 

originates the appropriate signals from an output 
channel in Message Mode. This architecture op
timizes the messaging capability of the line circuit by 
building signalling logic, e.g. for on-off hook detec
tion, which communicates on an ST-BUSTM output. 
th!s signalling ST-BUSTM output is monitored by a 
microprocessor (not shown) through an ST-BUSTM in
put on the bottom S8981. 

Figure 15 shows how a simple digital switching 
system may be designed using the ST-BUSTM ar
chitecture. This is a private telephone network with 
128 extensions which uses a single S8981 as a 
speech switch and a second S8981 for communica
tion with the line interface circuits. 

Figure 14_ Example of Typical Interface between S8981 sand S8964s for Simple Digital Switching System 
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Figure 15. Example Architecture of a Simple Digital Switching System 
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• • • 
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341064 
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2 TO 32 

• • • 
REPEATED FOR LINES 

34 TO 64 
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A larger digital switching system may be designed by 
cascading a number of S8981s. Figure 16 shows how 
four S8981s may be arranged in a non-blocking can-
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figuration which can switch any channel on any of the 
ST-BUSTM inputs to any channel on the ST-BUSTM out
puts. 

Figure 16_ Four 88981 s Arranged in a Non-Blocking 8 x 8 Configuration 

8981 
A 

-" sn0l3 SToO/3 
IN 0/3 

y 8981 
B 

snO/3 STo0l3 

8981 

IN 4/7 
C 

snO/3 STo0l3 

--+ 
8981 

0 

snO/3 SToO/3 ' 

Application Circ,!Jit with 86802 Processor 
Figure 17 shows an example of a complete circuit 
which may be used to evaluate the chip. 
For convenience, a 4 MHz crystal oscillator has been 
used rather than a 4.096 MHz clock, as both are within 
the limits of the chips specifications. The RC delay 
used with the 393 counters ensures a sufficient hold 
time for the FP signal, but the values used may have 
to be changed if faster 393 counters become avail
able. 

OUT 013 

OUT 4/7 

r--+ 

~ 

The chip is shown as memory mapped into the 
MEK6802D3 system. Chip addresses 00-3F corres
pond to processor addresses 2000-203F. Delay 
through the address decoder requires the VMA 
signal to be used twice to remove glitches. The 
MEK6802D3 board uses a 10KQ pullup on the MR pin, 
which would have to be incorporated into the circuit 
if the board was replaced by a processor. 
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Figure 17. Application Circuit with 56802 

~ 07·00 I A15 1 16 t- 5V 
A14 2 MO 15 
A13 3 74 14 

~ AI5·AO OV 4 SC 
13 

OV 5 12 

lr 
VMA 6 238 

llr] 
MEK680203 
SYSTEM I- Rlill 

I 
7 10 

OV 8 9 

'-- MR 

I 1 _ VMA -

! I 
I I 

A12 1 16 t- 5V 

I All 2 MO 15 f---

-EJ LL 3 74 14 
OV 4 SC 13 
OV 5 

238 
12 

6 11 
7 10 

II 
ov 8 9 

.. ~', 0 
40 

I SliO 2 
39 ~ ODE 

- 5V 
STII 3 38 SToO -
STI2 4 37 STol 

I I 
A9 1 16 '- 5V 

20kQ sn3 5 36 ST02 
I 

A8 2 MO 15 ,---
5V 6 35 ST.3 U 3 

74 14 
5V - 7 34 IC OV 4 13 

5V 5V - 8 33 IC OV 5 SC 12 
5V - 9 S8981 32 IC 6 238 11 

5V - VOO - 10 31 7 10 

m Flii- 11 30 t-- VSS - OV OV 8 9 
C4i- 12 29 I- DO 
AO- 13 28 I- 01 
Al- 14 27 t-- 02 

I A2 - 15 26 I- 03 
A3- 16 25 I- 04 -A4- 17 24 I- 05 , A6 1 16 - 5V 
AS- 18 ~n= ~~ LL 2 MO 15 

fll= OS- 19 OV 3 74 14 
RiW- 20 21 t-- CS 

I 
OV 4 SC 13 -
OV 5 238 12 

6 11 
7 10 , OV 8 9 

.... 
C4i- 1 14 t- 5V ~ 1 20 t- 5V 
OV - 2 13 r-- 510Q OTA - 2 MD 19 I- OV 

3 SM 12 t- OV CS - 3 74 18 I- MR 
4 74 11 OV 4 SC 17 

LS 10 c4i - 5 16 5 240 
6 393 : r-n ov 6 15 

OV - 7 Fill 7 14 
OV 8 13 ~ 

9 12 
OV - 10 11 '- 5V 

L .... 
14 t- 5V "'!.t' 1 100 pF 4 MHz 

OV 2 SM 13 r-----'"'"I 
101 .--- 3 74 12 • 

4 LS 
11 

5 10 . II 'I. 
6 393 9 

OV 7 8 
2MQ 

4.183 



88981 

A 

MAX 

2.020 

0.600 

0.155 

0.020 

0.060 

M 

4.184 



-) GOULD 
AIMII Semiconductors 

April 1985 

Features 

o Bell 212A1V.221V.22BIS Compatible 
o Usable for Bell 103/113 Applications 
o High and Low Band Filters With Compromise 

Group Delay Equalizers and Smoothing Filters 
o Guard Tone Notch Filters for 

CCITT V.22 Applications 
o Originate/Answer Operating Modes 
o Low Power CMOS: 75 mW Typ. 
o Two Uncommitted Operational Amps. 
o Choice of Clocking Frequencies: 2.4576MHz, 

1.2288MHz, or 153.6KHz 
o Call Progress Tone Filter Capability 
o Analog Loopback Test Capability 

Block Diagram 

TX(I~c>---.,.-....j 

A~MDDEo--I-+--+--------+--+ 

"10) o-_L---j 

S35212A 

212A/V.22 MODEM FILTER 
WITH EQUALIZERS 

General Description 

The S35212A Modem Filter is a monolithic CMOS 
integrated circuit designed to implement both the 
filtering and equalizing funct·ions required in Bell 212A 
and CCITT V.22 modems. The S35212A includes both 
the transmit signal shaping filter and the receive signal 
separation filter and features on-chip originate/answer 
mode selection. In addition, half-channel compromise 
amplitude and group delay equalizers are included giv
ing full compromise equalization through the transmit 
and receive filter pair. For CCITT V.22 applications a 
notch filter is Included. It can be programmed to pro
vide rejection at 1800Hz or 550Hz. Two uncommitted 
operational amplifiers are provided which can be used 

IIXtOUT) 
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Pin Configuration 
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v .. 
RX(IN) 

eLKl 

R(DUT) 

R
R+ 

voo 
SELl 

AID MODE 

flOUT) 

TX(IN) 

NSEL 



S35212A 

General Description (continued) 

for gain control or anti-aliasing filters. A continuous low 
pass filter is also included on the RX(OUT) which acts 
as a smoothing filter. Provision is made (via 8EL2) to 
switch the filter between the Call Progress Tone mode 
and the normal Data Transmission mode. For max-

imum flexibility the 835212 may be operated from a 
2.4576MHz, 1.2288MHz, or 153.6KHz clock. 

The 835212A has Analog Loopback Capability to 
switch the transmit carrier output back through the 
receive smoothing filter for testing. 

Pin/Function Description 
Pin Name 

SEL2 

Vss 
RX (IN) 

CLK1 

R (OUT) 

R
R+ 
VDD 

SEL 1 

AGND 

MODE 

NC 

NC 

AL 

TX (OUT) 

NFO 

NSEL 

TX (IN) 

T (OUT) 

T+ 
.1-
CLK2 

DGND 

RX (OUT) 

Pin Number Function 

Logic '0' for normal operation. Logic '1' scales down the frequency response by a factor of 6 for 
Call Progress Tone Detection through the high group filter. 

2 Negative Supply Voltage ( - 5 Volts). 

3 Receive Signal Input. 

4 2.4576MHz or 1.2288MHz Clock Input. This input is TTL and CMOS compatible. Leave open 
when using CLK2. 

5 Receive Uncommitted Op Amp Output. (1 OKQ load maximum) 

6 Receive Uncommitted Op Amp Negative Input. 

7 Receive Uncommitted Op Amp Positive Input. 

8 Positive Supply Voltage (+ 5 Volts). 

9 Logic '0' selects 1.2288MHz. Logic '1' selects 2.4576MHz clock into Pin 4. 

10 Analog Ground. 

11 Originate/ Answer Mode Control Input. A logic '0' sets the device in originate mode with the 
transmit signal in the low-band and receive signal in the high·band. A logic '1' reverses the con
nections. 

12 No Connection. 

13 No Connection. 

14 Analog Loopback Control Input. A logic "0" sets the device in Loopback Mode. A logic "1" sets 
the device in Normal Mode. 

15 Transmit Signal Output. This output will drive a 2Dk load. 

16 Notch Filter Output. This output will drive a 2Dk load. 

17 A logic '0' on this input programs the notch filter to reject 550Hz. A logic' l' programs it to reject 
1800Hz. 

18 Transmit Signal Input. 

19 Transmit Uncommitted Op Amp Output. (10KQ load maximum) 

20 Transmit Uncommitted Op Amp Positive Input. 

21 Transmit Uncommitted Op Amp Negative Input. 

22 153.6KHz Clock Input. This input is TTL and CMOS compatible. Leave open when using CLK1. 

23 Digital Ground. 

24 Receive Signal Output. This output will drive a 20k load. 
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Absolute Maximum Ratings 

DC Supply Voltage (VDD - Vss) ........................................................................................................................ + 13.5V 
Operating Temperature .......................................................................................................................... DOC to + 7DOC 
Storage Temperature ..................................................................................................................... - 55°C to + 125°C 
Analog Input ..................................................................................................................... Vss - D.3V';;;VIN';;;VDD + D.3V 

D.C. Electrical Operating Characteristics: TA = DOC to + 7DoC; VDD = + 5V ± 5%; Vss = - 5V ± 5% unless 
otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 

VIH High Level Logic Input (Pins 1,9,11,17,14) 
SEL2, SEL 1, MODE, NSEL, AI. 4 Voo V 

VIH High Level Logic Input (Pins 4 and 22) CLK1, CLK2 2.0 Voo V 

VIL Low Level Logic Input (Pins 1,4,9, 11, 17, 22, 14) Vss 0.8 V 

RIN Input Resistance (Pins 3 and 18) RX(IN), TX(IN) 5 MQ 

CIN Input Capacitance (Pins 3 and 18) RX(IN), TX(IN) 10 pF 

Po Power Dissipation @ ± 5.25V 75 150 mW 

A.C. System Specifications: TA = 25°C; VDD = + 5V ± 5%; Vss = - 5V ± 5% unless otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 

Va Reference Signal Level Input 1 VRMS 

VMAX Maximum Signal Level Input 1.4 VRMS 

BW Bandwidth (both bands; - 3dB) 960 Hz 

AFO Gain at Center Frequencies -1 0 +1 dB 

ICN L Idle Channel Noise-Low Band Filter 22 33 dBrnCO 

ICN H Idle Channel Noise-High Band Filter 23 33 dBrnCO 

NFT Clock Feedthrough with Respect to Signal Level TX - 23 dB 
RX -60 dB 

Frequency (Hz) Relative Gain (dB) Figure 1. Typical Amplitude vs. Frequency Plot 
Min. Max. , 

Low Band 400 -35 
800 -1 +1 -, \ 1200 -1 +1 

1600 -1.5 +1 -" 
1800 -18 
2000 -48 -" 
2400 -55 

-35 

2800 -50 

High Band 800 -50 -" 

( 1200 -53 
-" 

~ 
1600 -50 

( 2000 -2.5 +0.5 -" 
2400 -1 +1 
2800 0 +2.5 -n 

D 1000 2000 30110 4000 

3200 -10 FREOUENCY(K"l) 

3500 -20 
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Can Progress Mode Operatlo'1 
By switching Pin 1 (SEL2) the center frequencies of the 
filters will shift down to one-sixth of their original 
values. This Is done by dividing the clock frequency by 
6. As a result, the 1200Hz filter will be centered around 
200Hz and the 2400Hz filter will be centered around 
400Hz when Pin 1 is switched high. 
With the high group filter centered at 400Hz, its pass
band will be approximately 300Hz to 480Hz. This allows 

Figure 2. Typical Low-Band Amplitude 
VS. Frequency Plot 
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Figure 3. Typical Low-Band Group Delay 
VS. Frequency Plot 
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the precision dial tone of 350/440Hz to pass, as well as 
audible ringing at 440/480Hz. Half of the busy or re
order tone of 480/620Hz will also pass through the high 
group filter in this mode. 
By using a suitable detector circuit combihedwith a 
method of timing determination it is possible to build a 
more intelligent modem that can communicate back to 
its terminal or computer the status of the phone call. 

Figure 4. Typical High-Band Amplitude 
VS. Frequency Plot 
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-) GOULD 
AIMII Semiconductors 

Advanced Product Description 

April 1985 

Features 
o Bell 212A compatible 
o Single-chip 1200 bps Full Duplex PSK Modem with 

300 bps FSK Fallback Mode 
DOn-Chip Scrambler-Descrambler 
DOn-Chip Async/Sync and Sync/Async Conversion 
o Full Analog and Digital Loopback Test Capability 
o Carrier Detect and Automatic Gain Control 
o 1200Hz Clock Output for Receive and Transmit Data 
o Selectable for Operation with Internal or 

External Clock 
o 2.4576MHz Crystal Controlled with Filter Clock 

(153.6kHz) Output Available 
o 48dB (0 to - 48dBm) Dynamic Input Range 
o Selectable Character Length (8, 9, 10 or 11 Bits) 
o Microprocessor Bus Interface 
o CMOS with TTL Compatible Input/Outputs 
o 28-Pin Package 

Block Diagram 

L-_C_LOC_'_...JI LI __ p~_::_E_...J 
IXI COMMAND LCK:AmNS (V) R£AO LOCAmNS, See page 7 
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BELL 212A SINGLE CHIP 
1200/300 BPS MODEM 

General Description 

The S35213 is a single-chip Modulator/Demodulator 
circuit fully compatible with the Bell 212A standard. It 
contains a 1200 bps PSK Mod/Demod and a fallback 
300 bps FSK ModlDemod. When used with the 
S35212A modem fi Iter, all the modu lation
demodulation and filtering functions to realize a Bell 
212A modem are in place. 

The S35213 has on-chip Scrambler and Descrambler, 
asynchronous-to-synchronous and synchronous-to
asynchronous conversion circuitry. It can accept inter
nally generated clock or external clock. It features a 
1200Hz output to optionally clock receive or transmit 
digital data to or from the data terminal. Full digital and 
analog loopback test capability are also provided. 

TC 
CARRIER OUT 

Ac 
CARRIER IN 

Pin Configuration 

liii 
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Tc 11 

V" 12 
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CE 
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A3 
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TXD 
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OSc, 

OSCo 

SXCISP3 

STCISP2 
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General Description (Continued) Applications 
The S35212A1S35213 chip set is designed for stand
alone as well as integrated modem applications. Both 
chips are implemented using Gould AMI's proprietary 
double-poly CMOS technology which guarantees low 
power operation. This makes the chip set ideal for 
portable or battery operated systems. It runs from ± 5 
volt supplies with inputs and outputs being TTL level 
compatible. 

D Stand-Alone RS-232C Interface Modems 

D Modem in a Telephone Set with RS-232C Jack 

D Board Level ~p bus Interface Modems 

D "Smart Modems" 

D Data Telemetry Systems 

Pin Functions 
Pin # Description 110 Levels Function 

1 Rl5 TTL Read Enable 
2 WR I TTL Write Enable 
3 D~ 1/0 TTL Data 1/0 - Is high impedance when not selected. 
4 Voo Supply + 5V + 5V supply pin 
5 AI. 0 CMOS Analog loopback signal to filter chip S35212A. 
6 Rc Analog Receive carrier input signal 
7 AGNO Analog ground pin. 
8 C1 } External .1",F capacitor for offset cornpensation connected across these pins. 9 C2 

10 Ala 0 CMOS Answer or originate mode signal to filter chip S35212A. 
11 Tc 0 Analog Transmit carrier output signal drives 20kO load at -10dBm. (.245VRMS) 
12 Vss Supply - 5V - 5V supply pin. 
13 SRC/SP1 0 TTL Synchronous Receive Clock. Received 1200Hz clock (recovered)- The data bit tran-

sitions are synchronous with positive edge of SRC. Alternatively, under asynchronous 
mode, this pin can be used as a spare line, SP1 (addresses 18,19). 

14 RXD 0 TTL Received digital data to terminal-will be synchronous with SRC in the sync. mode. 
15 RCV SYNC 0 TTL Provides a negative pulse 3~sec or 6~sec wide on the leading edge of each received 

data bit. 
16 STC/SP2 0 TTL Synchronous Transmit Clock. Transmitted 1200Hz clock. It's rising edge indicates 

time to change To data. Alternatively, SP2 (addresses 20,21). 
17 SXC/SP3 1/0 TTL Synchronous External Clock. External transmit clock from data terminal for sync. in 

the external synchronous mode. Alternatively, SP3 output (addresses 22, 23) 
18 OS Co 0 CMOS Crystal oscillator output pin-capacitor to Vss. Uses 2.4576 MHz crystal across 
19 OSCi CMOS Crystal oscillator input pin-capacitor to Vss· these pins. The capacitors should 

be 20pF each. 
20 FCO 0 TTL 153.6kHz clock signal to S35212A filter chip. 
21 DGNO Digital ground pin. 
22 TXD TTL Digital data input from terminal must be synchronized to STC or SXC when in sync. 

mode. 
23 Ao TTL Address Line. 
24 A1 TTL Address Line. 
25 A2 TTL Address Line 
26 A3 TTL Address Line 
27 A4 TTL Address Line 
28 CE TTL Chip Enable 
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Absolute Maximum Ratings 

DC Supply Voltage (Voo- Vss) ............................................................. + 13.5V 
Operating Temperature ............................................................. O·C to + 70·C 
Storage Temperature ........................................................... - 55·C to + 125·C 
Analog InputlDigital Input. ............................................... Vss - O.3V :5VIN :5Voo + O.3V 

D.C. Electrical Operating Characteristics: TA=O·C to +70·C; Voo= +5V (±10%); Vss= -5V (±10%) unless 
otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 
V1H High Level Logic Input (Pins 1-3, 17, 22-28) 2.0 Voo V 

VIL Low Level Logic Input (Pins 1-3, 17, 22-28) Vss +0.8 V 

VOH High Level Logic Outputs (Pins 3,13-17,20) IOH=100~ 2.4 Voo V 

VOL Low Level Logic Outputs (Pins 3,13-17,20) IOL = 1.6mA 0 +0.4 V 

VOH High Level Logic Outputs (Pins 5, 10) Voo - .3(Voo- Vss) Voo V 

VOL Low Level Logic Outputs (Pins 5, 10) Vss Voo+ .3(Voo- Vss) V 

Po Power Dissipation @±5.5V 90 mW 

A.C. System Specifications: TA= 25·C; Voo= + 5V; Vss= - 5V unless otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 

lose Oscillator Frequency 2.4576 MHz 

leo Clock Signal Output to Drive S35212A Filter 153.6 KHz 

TOUT Transmit Carrier Output Level into 20KO Load 245 mVRMS 

RSENS Receive Carrier I nput Level .003 .775 VRMS 
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Figure 1, Preliminary Signal Relationships, Serial Data Path, High Speed Mode 

ASYNCRONOUS MODE 

TXD ===x __________ -IX __________ ~X'_ _____ _ 

AX' _____ ~X'_ _______ ~X'_ _______ ___Ix== 
-U-S/</SEC U 

,I I., ----833,.1EC (825,.1ECI-----

IN THE ASYNCHRONOUS MODE axe, SCT ARE NOT VALID. 
IN LOW SPUD MODE 'RN1V'Im FREE RUNS AND IS NOT RELATED TO RECEIVE DATA 

SYNCHRONOUS MODE 

I' 83311SEC 'I 
sxc~ \ / 
STC~ \ / 
TX' X X 

\ 

\ 

IN THE EXTERNAL MODE STC IS DERIVED FROM axe WHICH IS THE EXTERNAL SYNCHRONIZING SIGNAL. THE DATA SHOULD BE 
CHANGING ON THE POSITIVE EDGES OF 8TC. IT IS SAMPLED ON THE NEGATIVE EDGE OF 8TC. 

"XD ==:)< X 
SRC~ \ / \ 

fI'fVS'Y'N'C --=tJ- 6j.j8EC U 
1 

833f.1SEC 
1 

SRC IS DERIVED FROM THE TRANSITIONS OF THE INCOMlNB DATA STREAM. THE POsmvE TRANSmDHS OF SRC COINCIDE WITH 
THE BIT CtiANGES II IIXD, RCV SYNC IS A NEGAnvE-GOINB PUUE CDINCltlNG WITH THE POsmVE EDGES Of SRC. 
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/.IP or /.Ie Interface Timing 

Figure 2. Read Timing Characteristics 

i X ADDRESS 

. 
CE ,/ 

CD ® @ 

RD 
I+- teSR IPWR IEHR .... 

\ V 
0 ® 

....-IOAR- - IOHR I--

DATA BUS 0 VALID DAT~ 

I 

• ADDRESS MA Y BE COINCIDENT DR PRIOR TO CE GOING LOW. 

Read Cycle 

Symbol Parameter Min. Max. Unit 

CD tESR Enable Setup - Read 70 ns 

® tPWR Pulse Width - Read 250 ns 

® tEHR Enable Hold- Read 0 ns 

CD tOAR Data Access - Read 120 ns 

® tOHR Data Hold - Read 20 TBD ns 

4.193 



535213 

J.lP or J.lC Interface Timing (Continued) 

Figure 3. Write Timing Characteristics 

ADDRESS ) 
. 
\ 

t 

CD CD ®L 
_IESW .. Ipww IEHW 

\ 
I 

® ® 
losw ~ IOHW I--

DATA BUS VALID DATA 

'ADDRESS MAY BE COINCIDENT OR PRIOR TO CE GOING LOW. 
tOATA WILL LATCH ON THE RISING EDGE OF CE OR WR, WHICHEVER COMES FIRST. 

Write Cycle 

Symbol Parameter Min. Max. Unit 

CD tEsw Enable Setup - Write 70 ns 

® tpww Pu Ise Width - Write 250 ns 

® tEHW Enable Hold- Write 0 ns 

G) tDSW Data Setup - Write 60 ns 

® tDHW Data Hold - WritlJ 20 ns 
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S35213 Command Locations [X] 
Location Address Write Commands (All positive true unless otherwise stated) 

A4 A3 A2 Al Ao 
0 0 0 0 0 0 Transmit Squelch Control 
1 0 0 0 0 1 Scrambler Disable (for Remote Digital Loopback) 
2 0 0 0 1 0 Force RXD to a Mark 
3 0 0 0 1 1 Receive Sync Disable (sets pin 15 to a 1) 
4 0 0 1 0 0 Signal Quality Detector Enable 
5 0 0 1 0 1 PLL Control; High Speed/Low Speed 

Bits Per Word I 8 I 9 I 10 I 11 
6 0 0 1 1 0 WL 1 Data Word Length Control 1 WL1 I 0 I 0 I 1 I 1 
7 0 0 1 1 1 WLO Data Word Length Control 0 WLO I 0 I 1 I 0 I 1 
8 0 1 0 0 0 Async Mode/Sync Mode 
9 0 1 0 0 1 High Speed/Low Speed 

10 0 1 0 1 0 Slave Mode/External Mode (DTE Clock)[Sync Mode Only] 
11 0 1 0 1 1 Local Clock/External Timing (Local if Async) 
12 0 1 1 0 0 Answer /Originate 
13 0 1 1 0 1 Analog Loopback/Normal 
14 0 1 1 1 0 Digital Loopback/Normal 
15 0 1 1 1 1 Connect Modulator to Dotting Pattern Generator 
16 1 0 0 0 0 Connect Modulator to Mark Generator 
17 1 0 0 0 1 Connect Modulator to Space Generator 
18 1 0 0 1 0 SRC/SP1 Selection of Pin 13 Function 
19 1 0 0 1 1 SP1 High/Low 
20 1 0 1 0 0 STC/SP2 Selection of Pin 16 Function 
21 1 0 1 0 1 SP2 High/Low 
22 1 0 1 1 0 SXC/SP3 Selection of Pin 17 Function 
23 1 0 1 1 1 SP3 High/Low Note 1: There is no power-on reset. The 
24 1 1 0 0 0 Enter Test Mode 0 controller must perform an 
25 1 1 0 0 1 Enter Test Mode 1 initialization routine. 
26 1 1 0 1 0 Enter Test Mode 2 
27 1 1 0 1 1 Enter Test Mode 3 
28 1 1 1 0 0 Force RXD Open (This is higher priority than location 2 command to force a mark out) 
29 1 1 1 0 1 Carrier Valid - Sets Energy Detect Threshold from - 43dBm to - 48dBm 
30 1 1 1 1 0 Reserved 
31 1 1 1 1 1 Reserved 

S35213 Read Locations (Y) 
Location Address Read Information 

A4 A3 I A2 Al Ao 
0 0 0 : 0 0 0 Energy Detect (1 = True, 0 = False) 5mSec Time Constant 
1 0 0 I 0 0 1 PSK Demodulator Output' 
2 0 0 : 0 1 0 PSK Unscrambled Output 
3 0 0 I 0 1 1 FSK Demodulator Output' 
4 0 0 

I 
1 0 0 Signal Quality Indicator (1 =Good, 0= Bad) I 

* Note: When operating in one speed (mode) the opposite output will have random data. 
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Operation of S35213 

The S35213 modem chip is designed to be used with 
the S35212A filter, a controller chip, and a dialer chip 
to be either an RS-232 standalone modem or a bus
interfaced modem card for direct plug-in to personal 
computers. 

The chip will do 1200bps asynchronous or synchronous 
data transmission in a duplex mode over the switched 
telephone network by using differential phase-shift 
keying (DPSK) signal. Each phase shift represents two 
bits of data (called "di-bit" encoding). For a 1200bps 
data stream this results in a 600 baud symbol rate. In 
order to provide a relatively uniform energy level and to 
maintain synchronization the data signals are 
scrambled before modulation and descrambled after 
demodulation. 

The S35213 contains the PSK modulator/demodulators, 
the scrambler/descrambler and the synchronous/asyn
chronous converters mentioned above. Included is a 
"fallback" mode in case a slow modem or a bad tele
phone line is encountered. The S35213 can indicate 
reception of FSK signals and can be operated in the 0 to 
300bps FSK mode as a Bell 103 type modem. 

Private line protocols as well as the common 8ell212A 
protocol are available through a flexible command 
structure. Timing and procedures can be programmed 
and tailored for specific applications in the controller. 

An example of that would be the intitialization routine 

835213 

performed each time the modem is powered on. When 
the reset command initiated the controller, it had to 
write into locations 0,2,6,7,8,9, 10,etc. to set all the pro
per functions. 

When the Ai line indicated ringing the DTE would 
decide whether to answer immediately or after so many 
rings. After causing OH to go low the controller had to 
turn on the answer tone (a high band FSK mark) by 
changing locations 0, 9, 12, 16, and others to accom
plish the goal of answering. Then location 0 is polled to 
see if there is carrier detect. As soon as carrier detect is 
determined the controller will sample locations 2 and 3 
to see if the incoming signal is FSK or PSK. 

Comprehensive diagnosis functions including Analog 
Loopback (AL), Digital Loopback (DL) and Remote Digi· 
tal Loopback (RDL) are incorporated. 

Frequency Assignment Table 
Standard conventions such as Bell 212A are estab
lished to guarantee compatible communications. For 
Full Duplex operation modems must be able to trans
mit and receive Simultaneously in the voice frequency 
channel. For both 300 and 1200bps operation the voice 
band was separated into high and low band segments. 
The answering modem transmits in the high band and 
the originating modem transmits in the low band. The 
use of high performance filters such as the Gould AMI 
S35212A allows the receive signals to be separated 
from the transmit signals and demodulated accurately. 

Transmit Frequency (Hz) Receive Frequency (Hz) 
Mode 

Mark 
Bell 103 Originate 0-300bps 1270 
Bell 103 Answer 0·300bps 2225 
Bell 212 Originate 1200bps 
Bell 212 Answer 1200bps 

Applications Information 

With any off-the-shelf 8-bit p,C, such as the S6805, a 
compact and cost-effective 212A modem can be 
realized. Figure 4 shows how such a modem might be 
arranged to provide 1200/300bps asynchronous opera
tions with auto-answer and autO-dialing (DTMF & 
Pulse) with a minimum number of chips. Note that this 

Space Mark Space 
1070 2225 2025 
2025 1270 1070 

1200 2400 
2400 1200 

modem would be able to communicate over the RS-
232C link to the DTE (computer) for control functions 
such as dialing, on-hookioff-hook, speed control 
(perhaps eliminating CH and CI in the cable) and ring 
indicate (eliminating CE). Since the functions are all 
available it becomes an exercise in software to imple
ment the desired features for a particular application. 
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Figure 4. R8-232 Serial Modem for 1200/300bps Asynchronous OperationiAuto-Answer/Auto-Dial Capability 
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·-Figure 5 shows an implementation of an intelligent 
212A modem with auto-dial, auto-answer, and call 
progress tone detection capability. The S2579 does 
the tone dialing function and the controller does the 
pulse dialing through the control circuitry, switching 
the OH (Off Hook) relay line. When RI is received from 
the ring detector circuit in the DAA (Data Access 
Arrangement) the logic sends an interrupt to the con
troller to initiate the auto-answer sequence. 

During auto-dial or orgination sequence the call prog
ress tones (dial tone, busy, ringing, etc.) can be 
monitored. The S35212A filter will change center fre
quencies when SEL2 is switched. The high group 
filter will shift from 2400Hz to 400Hz center frequen
cy, thus passing the 350, 440, 480Hz tones. By using 
an appropriate detector circuit, the microcontroller 
will be able to examine the candence of the tones to 
determine status or progress of the call. 

835213 

The microcomputer (controller) is programmed to han
dle the modem protocol, perform loopback testing and 
monitor call progress. It can convert specific terminal 
controls to appropriate control signals. 

This figure illustrates how a parallel interface modem 
designed to plug directly into an option slot in a per
sonal computer might be arranged. 
To convert serial data to parallel data for lAP bus inter
face the controller must be able to perform the UARTI 
USRT functions as well as control dual port register 
files for bus 110. A variety of controllers such as the 
MC68121 is available to perform these functions. 

Figure 5_ 212A Modem System Diagram Auto-Answer/Auto-Dial with lAP Bus Interface 
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Various Reference Documents for MODEM Specifications 
Bell System Technical References 
Publication 41101 Feb. 1967 
Publication 41106 Apr. 1977 
Publication 41214 Jan. 1978 
Publication 41008 July 1974 

Publication 41009 May 1975 

Publication 61100 

U.S. Government Printing Office 

Data Set 103A I nterface Specification 
Data Sets 103J, 113C, 113D-Type Interface Specification 

Data Set 212A Interface Specification 
Transmission Parameters Affecting Voiceband Data Transmission -
Description of Parameters 
Transmission Parameters Affecting Voiceband Data Transmission -
Measuring Techniques 
Description of the Analog Voiceband Interface between Bell System Local 
Exchange Lines and Terminal Equipment. 

Title 47 of the Code of Federal Regulations (Telecommunications) Parts 0-19, and Parts 20-69. Part 15 covers EMI/RFI of digital 
equipment and Part 68 covers telephone interconnect. 

Government Printing Office 
Washington, D.C. 20402 
(202) 783-3238 

Bell System Publications: Publishers Data Center 
Box C-738 
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Pratt Street Station 
Brooklyn, New York 11205 
(212) 834-0170 
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Advanced Product Description 

Features 
o 2600Hz Center Frequency With 70Hz Bandwidth. 

o Small 8-Pin Minidip Package 

o Operation From a Low Cost 3.58MHz TV Color
burst Crystal or External Clock 

o Input Comparator for Squaring and Sensitivity 
Adjustment 

o Low Power CMOS Technology 

Block Diagram 

Voo OSCin OSCoul 

FB 3 

COUNTER 
TIMER 

Vss 

S3524A 

2600Hz Digital Frequency Detector 
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Description 

The S3524 is a digital Frequency Detector used to 
accurately determine if an incoming tone is within a 
set of predefined limit frequencies. It checks every 
period of the incoming signal, giving a true output for 
each period falling within the desired bandwidth. 

The S3524A, using a 3.582MHz clock, will detect a 
2600Hz frequency within 70Hz bandwidth. It is primari
ly designed to follow the S3526B 2600Hz bandpass 
filter as shown in Figure 2. 

Pin Configuration 

IN- B Voo 

IN+ 2 7 OSCo 
S3524A 

FB 3 6 OSCi 

DEl Vss 4 5 DEl OUT 

OUT 
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Absolute Maximum Ratings 

Supply Voltage (Voo-Vss ................................................................... ± 15V 
Operating Temperature ............................................................... O·C to 70·C 
Storage Temperature .......................................................... - 65·C to + 150·C 
Analog Input ......................................................... Vss - 0.3V'" VIN ... Voo + 0.3V 

DC Electrical Operating Characteristics: TA = O·C to + 70·C 

Symbol Parameter Conditions Min. Typ. Max. Units 

VDD Positive Supply (Ref. to GND) 4.75 5 5.25 V 

Vss Negative Supply (Ref. to GND) -4.75 -5 -5.25 V 

PO Power Dissipation 100 mW 

VIN I nput Signal Level 43 mV (RMS) 

Ro Load Resistance 6 kQ 

Pin Description 

Name 

VDD 

Vss 
IN-
IN+ 
FB 

DET OUT 

OSC IN 
OSC OUT 

Number 

8 

4 

1 
2 
3 

5 

6 
7 

Description 

Positive Power Supply. Typically + 5V. 

Negative Power Supply. Typically - 5V. 

Input comparator for setting sensitivity and squaring of analog signals. Signal sensitivity is 
controlled by selecting external resistors. 

The detector output. Open drain type output for ease of interface. DET OUT will be high after 
one full cycle of valid signal is detected, and will remain high until an out of frequency cycle 
is detected. 

Oscillator terminals for 3.58MHz reference crystal or clock. Uses standard TV crystal or a 
rail-to-rail CMOS clock may be used. 

Operation and Applications Information 

Figure 1. 
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Figure 2. Representative Circuit 
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Figure 3. Effective Response of S3526 Bandpass 
Filter Followed by S3524A Digital Detector 
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Figure 5. A Typical Detection Bandwidth 2600 for 
Application Circuit in Figure 4 at 10V 
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Figure 4. Circuit Example Showing S3526B and S3524A Combined to Provide Narrow Detection Bandwidth 

AUDIO IN 
.0 

--i 
1 

51KQ 

+10V 

1 
114 17 

1 INPUTCiT Voo 1KQ .1~F 
BPF 12 

1i 10~~F ~~ 
~ r 1100PF CS 

VAG 
13 

NlC..! NOTCH 2 24pF ~2~F 
OSCi 

~3.5B 
11 OSC, 3 MHz j 

INV 
S3526B i24PF 

TONE rLNlC 

ME 10 

BUFF r!-NlC 
Vss 

6 

'\,. 

4.203 

8 

1 IN-
Voo 

2 1N + 
11KQ 1 

3 FB S3524A 
1.9KQ 560KQ 

..! OSCI 
Vss 

4 

Von 

DET 5 
OUT 

OSC. fl- NlC 

10K Q 

DETECTOR 
OUT 



j 

-} GOULD 
AIMII Semicond~ctors 

April 1985 

Features 

o CMOS Technology for Wide Operating Single 
Supply Voltage Range (7.0V to 13.5V). Dual 
Supplies (±3.5V to ±6.75V) Can Also Be Used. 

o Uses Standard 3.58MHz Crystal as Time Base. 
Provides Buffered Clock to External Decoder 
Circuit. 

o Ground Reference Internally Derived and Brought 
Out. 

o Uncommitted Differential Input Amplifier Stage for 
Gain Adjustment 

o Filter and Limiter Outputs Separately Available 
Providing Analog or Digital Outputs of Adjustable 
Sensitivity. 

o Can be Used with Variety of Available Decoders to 
Build 2-Chip DTMF Receivers. 

Block Diagram 

IN-

BVREF 

v" 

VREF 

v" 

'" Registered trademark of AT&T 
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S3525A 

DTMF BANDSPLIT FILTER 

General Description 

The S3525 DTMF (Touch Tone'" ) Bandsplit Filter is an 
18-pln monolithic CMOS integrated circuit designed to 
implement a high quality DTMF tone receiver system 
when used with a suitable decoder circuit. The device 
includes a dial tone filter, high group and low group 
separation filters .and limiters for squaring of the fil
tered signals. An uncommitted input amplifier allows a 
programmable gain stage or anti-aliasing filter. The dial 
tone filter is designed to provide a rejection of at least 
52dB in the frequency band of 300Hz to 500Hz. The 
S3525A can be used with digital DTMF decoder chips 
that need the TV crystal time base allowing use of only 
one crystal between the filter and decoder chips. 

Pin Configuration 

v .. CKaur (3.58MHz) 

v ... OSC ... 

BVIEF osc. 

v .. FHour 

LO 11- FLoo, 

LOIN+ F£EDSACK 

FLSQ 111+ 

FHSQ IN-

HIIN-
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Absolute Maximum Ratings: 

DC Supply Voltage (VDD - Vss) ............................................................................................................................ + 15.0V 
Operating Temperature .............................................................................................................................. O·C to + 70·C 
Storage Temperature .......................................................................................................................... ,-55·Cto + 125·C 
Analog Input ........................................................................................................................ Vss - O.3V"VIN "VDD + O.3V 

DC Electrical Operating Characteristics: TA = O·C to + 70·C 

Symbol Parameter/Conditions Min. Typ. Max. Units 

Voo Positive Supply (Ref to Vss) 9.6 12.0 13.5 V 

VOl(CKOUT) Logic Output" Low" Voltage IOl = 160/AA Vss + 0.4 V 

VOH(CKOUT) Logic Output" High" Voltage IOH = 4/AA Voo -1.0 V 

VOl(FH. Fl) Comparator 500pF Load Vss + 0.5 V 
Output Voltage 
Low 10kQ Load Vss + 2.0 V 

VOH(FH, Fl) Comparator 500pF Load Voo - 0.5 V 
Output Voltage 
High 10kQ Load Voo - 2.0 V 

RINA (IN - ,IN +) Analog Input Resistance 8 MQ 

CINA (INA-, IN +) Analog Input Capacitance 15 pF 

VREF Reference Voltage Out 0.49 0.50 0.51 V 
(Voo - Vss ) (Voo - Vss) (Voo - Vss) 

VOR = [BVREF · VREF 1 Offset Reference Voltage 50 mV 

Po Power Dissipation Voo=10V 170 mW 

I Voo= 12.5V 400 mW 

1 Voo =13.5V 650 mW 

AC System Specifications: 

Symbol Parameter/Conditions Min. Typ. Max. Units 

AF Pass Band Gain 5.5 6 6.5 dB 

Dial Tone Rejection 
Dial Tone Rejection is measured at the 
output of each filter with respect to 
the passband 

Low Group 
350Hz 55 59 dB wrt 

DTRl Rejection 700Hz 

440Hz 50 53 dB wrt 
700Hz 

DTRH High Group Either Tone 55 68 dB wrt 
Rejection 1200Hz 
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AC System Specifications (Continued) 
Symbol 

GAL 

GAH 

THD 

ICN 

GDL 
GDH 

Pin # 

16,17 

18 

11,12,13 

15,14 

9,10,5,6 

8,7 

1,4 

2 

3 

Parameter/Conditions Min. Typ. Max. Units 

Attenuation Between Groups 

Attenuation of the nearest frequency of the opposite group is measured 
at the output of each filter with respect to the passband 
Attenuation of 1209Hz 50 >60 dB wrt 

700Hz 
Attenuation of 941 Hz 40 42 dB wrt 

1200Hz 

Total Harmonic Distortion 

Total Harmonic Distortion (dB). Dual tone of 770Hz and 1336Hz sine- -40 dB 
wave applied at the input of the filter at a level of 3dBm each. Distortion 
measured at the output of each filter over the band of 300 Hz to 10kHz 
(Voo = 12V) 

Idle Channel Noise 

Idle Channel Noise measured at the output of each filter with C-message 1 mVrms 
weighting. Input of the filter terminated to BVREF 

Group Delay (Absolute) 

Low Group Filter Delay over the band of 50Hz to 3kHz 4.5 6.0 

High Group Filter Delay over the band of 50Hz to 3kHz 4.5 6.0 

Function 

OSC1N , OSCOUT 

CKOUT 

IN -, IN +, Feedback 

FH OUT, FL OUT 

HIIN-, HIIN+ 
LOIN-,LOIN+ 

FHSO, FLSO 

Voo, Vss 

VREF 

BVREF 

Descriptions 

These pins are for connection of a standard 3.579545MHz TV crystal and a 10MQ 
± 10% resistor for the oscillator from which all clocking is derived. Necessary 
capacitances are on-chip, eliminating the need for external capacitors. 

Oscillator output of3.58MHz is buffered and brought out at this pin. This output 
drives the oscillator input of a decoder chip that uses the TV crystal as time base. 
(Only one crystal between the filter and decoder chips is required.) 
These three pins provide access to the differential input operational amplifier on 
chip. The feedback pin in conjunction with the IN - and IN + pins allows a pro
grammable gain stage and implementation of an anti-aliasing filter if required. 

These are outputs from the high group and low group filters. These can be used as 
inputs to analog receiver circuits or to the on-chip limiters. 

These are inputs of the high group and low group limiters. These are used for 
squaring of the respective filter outputs. (See Figure 2.) 

These are respectively the high group and low group square wave outputs from the 
limiters. These are connected to the respective inputs of digital decoder circuits. 

These are the power supply voltage pins. The device can operate over a range of 
7V";(Voo - Vss)"; 13.5V. 

An internal ground reference is derived from the Voo and Vss supply pins and 
brought out to this pin. VREF is 1/2(Voo - Vss ) above Vss. 

Buffered VREF is brought out to this pin for use with the input and limiter stages. 
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Figure 1. Typical 53525 DTMF Bandsplit Filter Loss/Delay Characteristics 
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Input Configurations 
The applications circuits show some of the possible in· 
put configurations, including balanced differential and 
single ended inputs. Transformer coupling can be used 
if desired. The basic input circuit is a CMOS op amp 
which can be used for impedance matching, gain 
adjustment, and even filtering if desired. In the differen· 
tial mode, the common mode rejection is used to reject 
power line-induced noise, but layout care must be 
taken to minimize capacitive feedback from pin 13 to 
pin 12 to maintain stability. 

Since the filters have approximately 6dB gain, the in· 

4.207 

puts should be kept low to minimize Clipping at the 
analog outputs (FLouT and FHoUT). 

Output Considerations 
The S3525 has both analog and digital outputs 
available. Most integrated decoder circuits require 
digital inputs so the on·chip comparators are used with 
hysteresis to square the analog outputs. The sensitivity 
of the receiver system can be set by the ratio of R1 and 
R2, shown in Figure 2. The amount of hysteresis will set 
the basic sensitivity and eliminate noise response 
below that level. 
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Figure 2. Typical Squaring Circuit 
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Crystal Oscillator 

The S3525 crystal oscillator circuit requires a 10 Meg 
ohm resistor In parallel with a standard 3.58MHz tele
vision colorburst crystal. For this application, however, 
crystals with relaxed tolerances can be used. Specifica
tions can be as follows: 

Quartz Crystal Spectncalton (25°C ± 2°C) 
Operating Temperature Range . . . . . . . . . .. O°C to + 70°C 
Frequency. . . . . . . . . . . . . . . . . . . . . . . . .. 3.579545MHz 
Frequency Calibration Tolerance . . . . . . . . . . . . .. .02 ± % 
Load Capacitance ........................... 18pF 
Effective Series Resistance. . . . . . . . . . .. 180 Ohms, max. 
Orlve Level-Correlation/Operating. . . . . . . . . . . . . . .. 2mW 
S~unt Capacitance. . . . . . . .. . . . . . . . . . . . . .. 7pF, max. 
Oscillation Mode. . . . . . . . . . . . . . . . . . . . . .. Fundamental 

Alternate Clock Configurations 

If 3.58MHz Is already available In the system It can be 
applied directly as a logic level to the OSCIN(pln 16). 
[Max. zerorv30% Vee, min. onelV70% Vee]. Waveforms 
not satisfying these logic levels can be capacitively 
coupled toOSCIN as long as the 10 Meg ohm feedback 
resistor Is Installed. 

The S3525A provides a buffered 3.58MHz signal from 
the on-chip oscillator to external decoders or other 
devices requiring 3.58MHz. 

Applications 

R1 + Rz 
LTP=-EO(IAT) _R_1_ 

R1 + Rz 

The circuits shown are not necessarily optimal but are 
intended to be good starting pOints from which an opti
mal design can be developed for each Individual appli
cation. 

Companion decoders to be used with the S3525 vary in 
performance and features. Nltron's NC2030 and 
MOSTEK's MK5102/03 are available units that can be 
used with the S3525. 

Typical Applications 
o Wlrellne DTMF Signal Receivers 
o Radio DTMF Signal Receivers 
o Dial Tone Detectors 
o Offslte Data ColiectorslTest Instruments 
o Security Alarms 
o Remote Command Receivers 
o Phone Message Playback 
o Camera Controllers 
o Robot Arm Controllers 
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Figure 6. DTMF End-to-end Signaling Using the Telephone Network 
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Remote Control 

In some systems, a telephone set is used to do remote 
controlling. A remote device to be signalled is inter· 
connected to the telephone network with its own num· 
ber (see Figure 6). When that number is dialed, the con
nection is established. The calling party continues to 
push the buttons on his telephone, sending command 
codes .. The DTMF Receiver at the central office is 
disconnected once the line connection is established, 
so no problem arises in the telephone network. Now 
the DTMF Receiver in the answering device is detect
ing and responding to the dialed digits, performing the 
control functions . 

Dial Tone Detector 

Since the frequency response of switched capacitor 
filters can be varied directly by varying the clock fre
quency, the S3525A can be used for other 
Telecommunications applications. 

One application is a dial tone detector for telephone 
accessory equipment to determine the presence or 
absence of dial tone. Precision dial tone is a combina
tion of 350 and 440Hz. By using a crystal of 1.758MHz 
the 3dB points of the low group filter output will be 334 
to 496Hz. Thus, all the energy from precision dial tone 
will be available at the low group output. 

• Need "Polarity Guard" or non-reversing central office so encoder stays enabled. 
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Figure 3. DTMF Keyboard 

~ . ~ I! I 
197--GJ-[J-G+8--

I I I: I 

770--~-0-0+0--
I I I I I 

"2--0-~-~+G--
I I I: I 

I.l--[!J-~- 0+~--
I ! I! I 

1201 1331 1.77: 1133 
NQfIMALTELEPIIH I lPECIAL 

Figure 4. AMI/Mostek 2 Chip DTMF Receiver 
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Additional Information can be obtained from t~e 83525 Applications Note # AN·301 available on request from AMI, and from the suppliers of the decoder circUits. 
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April 1985 SINGLE FREQUENCY TUNEABLE 
BANDPASSINOTCH FILTER/TONE GENERATOR 

Features 

o Center Frequency of Filters Match and Track Fre· 
quency of Generated Tone 

o Tone Frequency Adjustable Over a 100Hz to 5kHz 
Range 

o Unfiltered Input, Input with Notched Tone, Input 
Tone and Tone Generator Outputs 

o Operation from a Crystal or External CMOS/TIL 
Clock 

o Operation at 2600Hz from a Low Cost 3.58MHz TV 
Color Burst Crystal or 256kHz Ext. Clock 

o Buffered Output Drives 600Q Loads 
o Single or Split Supply Operation 
o Low Power CMOS Technology 

53526B Block Diagram 

cif o-If------, 

OSCo 

CS~f__-~-----+------L, 

INPUT D-:-1f--------"""T----------t~ 

NE~f__-----------~ 

General Description 

The S3526B is a low power CMOS Circuit which may be 
used in a variety of single frequency (SF) communica· 
tion applications such as SF·Tone Receivers, Tone 
Remote Control in Mobile systems, Loopback Diagnos· 
tics in Modems, control of Echo Cancellers, dialing and 
privacy functions in Common Carrier Radio Telephone, 
etc. The main functional blocks of the S3526B include a 
low distortion tone (sinewave) generator whose fre· 
quency may be programmed using a crystal (I.e. 2600Hz 
using a low cost TV color burst crystal) or external 
clock time base; a bandpass filter used to extract tone 
information from the input signal; a band reject filter 
which is used to "Notch" out tone information from the 
input signal; and a buffer amplifier with selectable in· 
put (unfiltered input signal, or input Signal with tone 
notched) capable of driving a 600Q load. 

Pin Configuration 

TONE 

INPUT cif 
OSC, VAG 

oSCo BPF 

CS INV 

TONE ME 
BPF 

12 Vss BUFF 

V .. NOTCH 

NOTCH 

'NV 
11 

BUFF 
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Absolute Maximum Ratings 

Supply Voltage (Voo - Vss) ............................................................................................................................ + 15.0V 
Operating Temperature ....................................................................................................................... O'C to + 70'C 
Storage Temperature ................................................................................................................... - 65'C to + 150'C 
Input Voltage, All Pins .................................................................................................. Vss - O.3V<VIN<VOO + O.3V 

D.C. Electrical Operating Characteristics: TA :;: O'C to + 70'C, (Voo - Vss) = 10V unless otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 

Voo Positive Supply (Ref. to Vss ) g.O 10 13.5 V 

Po Power Dissipation (Maximum @13.5V) 100 275 mW 

RIN Input Resistances (Except Input) 8 MQ 

CIN I nput Capacitances 15.0 pF 

General Analog Signal Parameters: TA :;: O'C to + 70'C, (Voo - Vss):;: 10V 

Symbol Parameter/Conditions Min. Typ. Max. Units 

AF Straight Through Gain (Measured at -1 OdBmO) -0.5 0 0.5 dB 

ZIN Input Impedance (Input, Pin 1) 2.5 MQ 

TLP Transmission Level Point (OdBmO) 1.5 VRMS 

VFS Maximum Input Signal Level (+ 3dBmO) 2.1 VRMS 

RL Load Resistance (BPF, NOTCH) 10 kQ 

RL Load Resistance (BUFF) 600 ohms 

Voss Buffer Output Offset Voltage ±50 ±150 mV 

ICNp Idle Channel Noise in Pass Condition 2 dBrnCO 

VOUT Output Signal Level into RL for NOTCH, BPF, BUFF 2.0 2.1 VRMS 

VaT Sine Wave (Tone) Output (Load = 10KQ) 0.6(Voo - VSS ) ± 0.5dB Vpk-pk 

VTD Sine Wave Distortion (fosc = 3.58MHz) (See Figure 4) -35 I dB 

Filter Performance Specifications 
Band Pass Filter Characteristics TA = O'C to + 70'C, (Voo - Vss):;: 10V, fosc = 3.58MHz 

Symbol Parameter/Conditions Min. Typ. Max. Units 

VFS Maximum Input Voltage (+ 3dBmO) 2.1 VRMS 

Asp Passband Gain @ -1 OdBmO -0.8 0 +0.8 dB 

ICN Idle Channel Noise 24 dBrnCO 

Vas Output Offset ±50 ± 150 mV 
• 2600Hz Bandpass Filter Response (referenced from 

2600Hz, + 3dBmO) (See Figures 1 and 2) 
DC to 1600Hz -80 dB 
2100Hz -63 -50 dB 
2400Hz -37 -30 dB 
2540Hz -7.0 -3 dB 
2560Hz -3 -1.8 dB 
2640Hz -3 -1.0 dB 
2660Hz -5.4 -3 dB 
2800Hz -35 -30 dB 
3100Hz -58 -50 dB 
3600Hz -74 dB 

DR Dynamic Range (VFS to leN) 70 dB 

"Oelay from input to output is approximately 8mseconds. 
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Notch Filter Characteristics TA = O·C to + 70·C, (Voo - Vss) = 10V (Symmetrical Supplies), lose = 3.58MHz 

Symbol Parameter/Conditions Min. Typ. Max. Units 

VFS Maximum Input Voltage (+ 3dBmO) 2.1 VRMS 

ABR Passband Gain @ - 10dBmO) -0.5 0 +0.5 dB 

ICN Idle Channel Noise 18 dBrnCO 

Vas Output Offset ±100 ±225 mV 

DR Dynamic Range (VFS to ICN) 75 dB 

2600Hz Notch Filter Response (referenced from 1000Hz, 
(+ 3dBmO) (See Figures 1 and 3) 

250Hz to 2200Hz -0.5 ±0.1 0.5 dB 
2200Hz·to 2400Hz -5.0 0.5 dB 
2585Hz to 2615Hz -70 -53 dB 
2800Hz to 3000Hz -5.0 0.5 dB 
3000Hz to 3400Hz -0.5 ±0.1 0.5 dB 

Digital Electrical Parameters TA = O·C to + 70·C, (VDD - VSS) = 10V 

Symbol Mode Control logic levels Min. Typ. Max. Units 

VIH CIT CMOS Operation (Pin 14) Voo - 0.5 Voo V 

VIL CIT TTL Operation (Pin 14) Vss Voo -4 V 

VIH CS for Low Speed Clock Input Voo - 0.5 Voo V 

VIL CS for Crystal or High Speed Clock Vss VAG V 

CMOS Logic Levels 

Input Voltage "1" Level V 

Input Voltage "0" Level V 

Control Pin Definitions 

Pin# Name Connection Operation Note 

14 CIT Voo to (Voo-0.5V) CMOS Logic Levels 1 
(Voo - 4V) to Vss TTL Logic Levels 

4 CS Voo Ext. Low Speed Sq. Wave Clock @ Pin 3 
2 

Vss or VAG Crystal Connected Between Pins 2 and 3 or 
High Speed Clock to Pin 2 

10 NE Voo to .7 (Voo - Vss) Buffer Out = Input Signal 

Vss to .3 (VOD - VSS) Buffer Out = Notch Filter Out 
, 

NOTES: 1) CMOS logic levels are same as Voo and Vss supply vol1age levels. For TTL interface ground of TTL logic must be connected to Vss supply pin. 
2) For ext. low speed clock operation pin 2 is open. For ext. high speed clock. drive pin 2, leave pin 3 open. 
3) The performance specifications are guaranteed with ± 5% power supplies for normal operation. 
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Pin Function Description 

Pin 

Input 

ascI 
OSCo 

CS 

TONE 

Vss 

Voo 
NOTCH 

BUFF 

NE 

INV 

BPF 

VAG 

CIT 

No. 

2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

Application Information 

53526B 

Function 

This pin is the analog input to the filters and the buffer. It is a high impedance input 
(Z~2.5MQ). 

These pins are the timing control for the entire chip. A crystal may be connected 
across these two pins in parallel with a 1 OMQ resistor. Another option is to provide 
an ext clock at pin 3 and leave pin 2 to open. TTL or CMOS may be used. As a third 
choice, a CMOS level external clock may be applied to pin 2 directly leaving pin 3 
open. 

Clock Select· This pin when tied to Voo configures the chip to operate from a low 
speed clock. When tied to VAG or Vss the chip operates from external crystal or high 
speed clock. 

This is an output pin providing a sine wave with a frequency of fosc -;.. 1376 if CS is 
low or fosc -;.. 98 if CS is high. 

Negative supply voltage pin. Typically - 5V ± 5% 

Positive supply voltage pin. Typically + 5V ± 5%. 

Band Reject (Notch) Filter-This is the output of the filter that notches the tone infor
mation from the input signal. It is capable of driving a load ~10kQ. 

Buffer Output-The buffer is capable of driving a 600Q load and provides from its 
output either the signal input without filtering, or the signal input with the tone fre
quency notched out. 

Notch Enable-This pin controls which signal is presented to the buffer input. A logic 
high (Voo) connects the input signal. A logic low (Vss ) connects the output of the 
band reject (notch )filter. 

Inverting-This is the inverting input of the buffer. 

Band Pass Filter-This is the output of the band pass filter which will pass any 
energy at the tone frequency present in the input signal. It is capable of driving a 
load ~10kQ. 

Analog Ground-This is the analog ground pin. When used with a single supply, this 
pin is 1/, (Voo - Vss ) ± 100mV. When used with ± 5V supplies, this point is at 
ground. The S3526 has internal voltage divider resistors to Voo and Vss of ~20kQ. 

CMOS/TTL-This pin determines whether CMOS or TTL levels will be accepted at 
pin 3 for a clock input. When tied to Voo , the chip accepts CMOS logic levels. When 
tied to a point ';;(Voo -4V), the chip accepts TTL levels referenced to Vss. For 
crystal operation pin 14 should be at Voo. 

The 83526B device is a very versatile filter chip. 
Although it was designed for the telephone market 8F 
signaling application when used with the commonly 
available TV colorburst crystal, it will work over a wide 
range of frequencies. Typically, it will cover from 100Hz 
to 5kHz providing coverage of the entire voice band for 
in-band signaling. 

Because it is a very high Q filter the transient response 
time must be considered when determining the maxi
mum data rate for a particular frequency. This response 
is illustrated in Figure 5 and shows that it is quite ade
quate for 10 pulse-per-second (50% duty cycle) data rate 
at 2600Hz. But the same data rate could not be used at 
500Hz, for example, as a detector could not differen
tiate between tone on and tone off conditions. 

4.214 



Figure 1. Typical Filter Performance Curves at 2600Hz 
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Figure 2. Typical Bandpass Response 
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Figure 5. Typical Delay Characteristics at + 3dBmO 
with 2600Hz Pulsed at 10pps with 50% Duty Cycle 
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The combination of tone generator, notch filter, and 
bandpass filter allows one to generate a signaling tone 
at the sending end and notch it out at the receiving end, 
as well as detect it through the bandpass filter. For 
reliable detection the output of the bandpass filter can 
be compared with the output of the bandreject filter, If 
the output of the BR filter is within a fixed ratio of the 
BP filter (such as 10dB) then the signal present may be 
considered voice rather than signaling and ignored. 

In situations where the entire voice band is desired ex
cept during signaling the buffer output can be switChed 
straight through to the input. When the output of the 
filters indicates that a signaling tone is present, the NE 
pin can be switched low, switching the notch filter into 
the signal path to prevent the tone from reaching the 
listener or from being passed further down the system 
to another signaling receiver. 

By using the notch filter with telephone accessories it 
can be guaranteed that the accessory will not violate 
the telephone company specifications about transmit
ting 2600Hz into the lines, causing disconnected calls. 

Power Supplies 

The 53526B will work with either single or dual power 
supplies. When used with dual power supplies (± 5V) 
the analog inputs and outputs will be referenced to 
ground. If an external clock signal is provided, rather 
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Figure 6. Typical Filter Performance Curves at 1000Hz 

-. 
-15 

-25 

Ii" 
:!!. -35 

~ 
-45 

-55 

-65 

-75 

'DD 

than using a crystal, it must be swinging from Vss to 
VAG for TIL swings or from Vss to Voo for CM05 
swings. If this is not convenient the signal can be capa
citively coupled into pin 3 as illustrated in Figure 7. In 
the dual supply mode, the power supplies should track 
or maintain close tolerances for maximum accuracy. If 
the supplies should skew, the filter characteristics will 
change very slightly and in most applications, will have 
no effect at all but can be seen if the curves are plotted 
on high accuracy equipment. 

When using the 53526B on a single power supply the 
analog inputs and outputs will be referenced to VAG 
which is V2 (Voo - Vss). This means that the analog 
signals may need to be capacitively coupled in and out 
if they are normally ground referenced. For example, 
the input may appear as in Figure 8. But when an exter
nal clock is used in the single supply situation it can be 
direct coupled TIL levels referenced to ground. 

Selecting Clocking Sources 

The switched capacitor filter design allows the 53526B 
to be easily tuned by varying the clock frequency. This 
makes it useful for many applications in telephone sig
naling, data communications, medical telemetry, test 
equipment, automatic slide projectors, etc. The neces
sary clock frequency can be determined by multiplying 
the desired center frequency by 1376. This frequency 



can then be provided from a crystal, an external clock, 
or a rate multiplier chip. With Clock Select (CS), pin 4 
tied low the TONE, pin 5, will provide the desired fre
quency and the filters will be centered around that fre
quency. There are many common, low cost micropro
cessor frequency crystals available that might be very 
close to a desired frequency. Table 1 illustrates some 
possible application frequencies. For example, by us
ing a standard 3.00MHz crystal the 2175Hz tone would 
be 2180Hz or .23% high. 

Figure 7. External Clock Drive 
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If it is desired to use a lower frequency clock and preci
sion tone generation is not required the external clock 
can be determined by multiplying the center frequency 
by 98.4, and tying Clock Select (CS) pin 4 high. Note that 
the TONE, pin, 5, is not accurate in this situation, being 
.41 % higher than the filter center frequency, although it 
will fall well within the passband of both filters and be 
perfectly usable. 

Figure 8. 
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Table 1. Tone and Clock Frequencies for Various Applications 

XTAL or HIGH Ext. Clock 
Tone In Hertz Application Freq. Clock Input 

(MHz) (Hz) 

550 Pilot Tone-Data Comm .756800 54,120 
1000 Test Tone 1.376000 98,400 
1020 Test Tone 1.403520 100,368 
1400 Medical Telemetry 1.926400 137,760 
1600 SF Signaling-Military 2.201600 157,440 
1800 Pilot Tone-Data Comm 2.476800 177,120 
1850 Pilot Tone-Radio 2.545600 182,040 
1950 Pilot Tone-Radio 2.683200 191,880 
2125 Echo Suppressor Disable 2.924000 209,100 
2150 Echo Suppressor Disable 2.958400 211,560 
2175 Guard Tone-Radio 2.992800 214,020 
2280 SF Signaling-Telephone 3.137280 224,352 
2400 SF Signaling-Telephone 3.302400 236,160 
2600 SF Signaling-Telephone 3.579545 256,000 
2713 Loopback Tone-Datacom 3.733088 266,959 
2800 SF Signaling-Telephone 3.852800 275,520 
2805 Signaling Tone-Radio 3.859680 276,012 
3825 SF Signaling-European 5.263200 376,380 
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53528 

April 1985 PROGRAMMABLE LOW PASS FILTER 

Features 
o Cutoff Frequency Selectable in 64 Steps Via Six Bit 

Control Word 
o Continuously Tuneable Cutoff Frequency Variable 

Via External Clock (Crystal, Resonator, or 
TTUCMOS Clock) 

o Cutoff Frequency (fe) Range of 10Hz to 20kHz, 
40Hz to 20kHz Via Popular 3.58MHz TV Crystal 

o Seventh Order Ellipitical Ladder Filter with Cosine 
Prefiltering Stage 

o Passband Ripple: <0.1dB 
o Stopband Attenuation: >51dB for f>1.3fc 
o Uncommitted Input and Output Op Amps for Anti

Aliasing and Smoothing Functions 
o Steps May Be Custom Programmed from a Set of 

2,048 Discrete Points Via Internal ROM 
o Low Power CMOS Technology 

83528 Block Diagram 

FB 0..+----

SIGliN) ~"-----", 

Dseo 0..-+----

DO 

0, 

0, ., 

'DO 
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Typical Applications for the 53528 and 53529 
Programmable Filters 
Telecommunications 

o PBX and Trunk Line Status Monitoring 
o Automatic Answering/Forwarding/Billing Systems 
o Anti-Alias Filtering 
o Adaptive Filtering 

Remote Control 

o Alarm Systems 
o Heating Systems 
o Acoustic Controllers 

Test Equipment/Instrumentation 

o Spectrum Analyzers 
o Computer Controlled Analog Circuit Testers 
o Medical Telemetry/Filtering 
o ECG Signal Filtering 
o Automotive Command Selection and Filtering 

Pin Configuration 

., 
0, 

Do 

~ 

V .. 

VDO 

BUFF OUT 

BUFF IN 

FLT OUT 



Typical Applications for the 53528 and 53529 
Programmable Filters (continued) 

Audio 

o Electronic Organs 

o Speech Analysis and Synthesis 

o Speaker Crossovers 

o Sonabuoys 

o Spectrum Selection 

o Low Distortion Digitally Tuned Audio Oscillators 

Absolute Maximum Ratings 

53528 

General Description 

The S3528's CMOS design using switched-capacitor 
techniques allows easy programming of the filter's cut
off frequency (fel in 64 steps via a six-bit control word. 
For dynamic control of cutoff frequencies, the S3528 
can operate as a peripheral to a microprocessor system 
with the code for the cutoff frequency being latched in 
from the data bus. When used with the companion high 
pass filter, the S3529, a bandpass or a bandreject filter 
with a variable center frequency is obtained. For 
special applications the S3528's internal ROM can be 
customized to accommodate a specific set of cutoff 
frequencies from a choice of 2,048 possibilities. 

Supply Voltage (Voo - Vss) .............................................................................................................................. + 15.0V 

Operating Temperature .......................................................................................................................... O°C to + 70°C 
Storage Temperature ..................................................................................................................... - 65°C to + 150°C 
Input Voltage, All Pins ..................................................................................................... Vss - 0.3V";VIN";VOO + 0.3V 

D.C. Electrical Operating Characteristics: TA = O°C to + 70°C, (Voo - Vss) = 10V unless otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. Units 

Voo Positive Supply (Ref. to Vss) 9.0 10 13.5 V 

Po Power Dissipation @10V 60 110 mW 
@13.5V 135 225 mW 

RIN Input Resistance (Pins 1-4, 8, 12, 13, 16-18) 8 MQ 

CIN Input Capacitance (Pins 1-4, 8,12,13,16-18) 15.0 pF 

General Analog Signal Parameters: (Voo - Vss) = 10V, TA = O°C to + 70°C, fclock = 3.58MHz 

Symbol Parameter/Conditions Min. Typ. Max. Units 

AF Pass Band Gain at 0.6 fc -0.5 0 0.5 dB 

Va Reference Level Point (OdBmO) 1.5 VRMS 

VFS Maximum Input Signal Level ( + 3dBmO) 2.1 VRMS 

RL Load Resistance FL TOUT, Pin 9 10 kQ 

RL Load Resistance BUFF OUT, Pin 7 600 ohms 

VOUT Output Signal Level into RL for FL TOUT, BUFF OUT, VIN = 2.1 V 2.0 2.1 VRMS 

THO Total Harmonic Distortion at .3fe .3 % 

WBN Wideband Noise (to 30kHz) fe = 3.2kHz .15 mVRMS 

WBN Wideband Noise (to 80kHz) fc = 15kHz .13 mvRMS 

ICN Idle Channel Noise fe = 3200Hz 8 23 dBrnCO 

Vos Buffer Output (Pin 7) Offset Voltage ± 10 ±30 mV 

VOFS Filter Output (Pin 9) Offset Voltage ±80 ±200 mV 
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Filter Performance Specifications 
Low Pass Filter Characteristics: fclock = 3.5BMHz, (VDD - Vss) = 10V, TA = O°C to + 70°C 

Symbol Parameter/Conditions Typ. Units 
Pass Band Ripple (ReI. 0.6 fe) dB 

Filter Response(1): Fe = 3200Hz (Pin 9) 
(See Figure 5) (fc) 3200Hz -0.5 ±0.1 0.5 dB 

(1 .06fc) 3372Hz -5.5 -3.0 -0.5 dB 
(1.27fc) 4060 -42 dB 
(1.3fc) 4155 -51 -48 dB 

(1.32fc) 4235 -65 -48 dB 
(1.62fc) 5175 -75 -48 dB 

(1.3fc Upward) 4155t0100,000Hz <-51 dB 
OR Dynamic Range (VFS to ICN) 82 dB 

Digital Electrical Parameters: VDD = + 5V, Vss = - 5V, TA = O°C to + 70°C unless otherwise specified 
Symbol Parameter/Conditions Min. Typ. Max. Units 
VIH Input High Voltage 2.0 Voo Volts 
VIL Input Low Voltage Vss 0.8 Volts 

IN Input Leakage Current (VIN = 0 to 4VDC) 10 !lADC 
CIN Input Capacitance 15 pF 

Digital Timing Characteristics 

tCE Chip Enable Pulse Width 200 300 nsec 

tAS Address Setup Time 300 nsec 

tAH Address Hold Time 20 nsec 

fose Crystal Oscillator Frequency(2) 3.58 MHz 

tSET Settling Time from IT to Stable fe (Ie = 3200)(3) 6 msec 
1.) Filter Response Referenced to f = 1,920Hz 

2.) The tables are based on common TV crystal. See paragraph on "Clock Fre
quencies" for more detail. 

3.) t = _1_0_ + 3msec 
SET fe 

Pin Function Description 
Pin Name Number 

Voo 6 

Vss 5 

AGNO 11 

DGNO 15 

Do 

1.} 
01 
O2 
03 
04 17 
05 16 

CE 4 

Function 

Positive supply voltage pin. Normally + 5V ± 10%. 

Negative supply voltage pin. Normally - 5V ± 10%. 

Analog ground reference point for analog input and output signals. Normally connected to ground. 

Digital ground reference point for digital input signals. Normally connected to ground. 

Control word Inputs: The set of six bits allows selection of one of sixty-four cutoff frequencies. The 6 bit con
trol word is latched on the rising edge of CE. The high-impedance inputs may be bridged directly across a 
microprocessor data bus. These inputs are TTL or CMOS compatible. A "1" is 2.0V to Voo, and a "0" is 
O.BV to Vss. 

Chip Enable: This pin has 3 states. When CE is at Voo the data in the latch is presented to the ROM and the 
inputs have no effect. When CE is at ground the data presented on the inputs is read into the latch but the 
previ0l!§.. data is still in the ROM. Returning CE to Vo~ presents the new data to the ROM and fe changes. 
When CE is at Vss the inputs go directly to the ROM, changing fe immediately. This is the configuration for a 
fixed filter; IT is at Vss and the Do through 05 are tied to Vo~ or VSS/OGRNO depending on the desired fe. 
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Pin Function Description (continued) 
Pin Name Number Function 

OSC I 
OS Co 

13 
14 

Oscillator In and Oscillator Out: Placing a crystal and a 10MQ resistor across these pins creates the time 
base oscillator. An inexpensive choice is to use the 3.58MHz TV colorburst crystal. 

SIG IN 12 Signallnpul: This is the inverting input of the input op amp. The non-inverting input is internally connected 
to Analog Ground. 

FB 10 Feedback: This is the feedback point for the input op amp. The feedback resistor should be ;;>1 OkQ for 
proper operation. 

FLT OUT 

BUFF IN 

9 

8 

Filter Oul: This is the high impedance output of the programmable low pass filter. Loads must be ;;>10kQ. 

Buffer Input: The inverting input of the buffer amplifier. 

BUFF OUT 7 Buffer Out: The buffer amplifier output to drive low impedance loads. This pin may drive as low as 600Q 
loads. 

Example of Circuit Connection for S3528 
Figure 1. Stand Alone Operation 
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Figure 2. Microprocessor Interface 
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53528 Filter is a CMOS Switched Capacitor Filter 
device designed to provide a very accurate, very flat, 
programmable filter that can be used in fixed applica
tions where only one cutoff frequency is used, or in 
dynamic applications where logic or a microprocessor 
can select anyone of 64 different cutoff frequencies. It 
is normally clocked by an inexpensive TV color burst 
crystal and provides the cutoff frequencies seen in 
Table 1 when the Data Bus pins are programmed. 
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ANTI-ALIASING 
FILTER 

AUDIO OUT 

-sv 

All that is required for fixed operation is a 10MQ 
resistor, the 3.58MHz TV crystal, and some resistors 
and capacitors around the input and output amplifiers 
to set the gain, anti·aliasing, and smoothing. The Data 
Bus pins are programmed from the table to either a "1" 
( + 5V) or a "0" (ground or ~ 5V) for the desired cutoff 
frequency. The ce: pin is tied low, to Vss. 



Operation (continued) 

The ROM is addressed by the contents of the latch and 
presents an 11-bit word to the programmable divider 
which divides fCLK. 

The FILTER OUT pin is capable of driving a 10kQ load 
directly or, for smoothing and driving a 600Q load, the 
output buffer amplifier can be used for impedance 
matching. 

As illustrated in the curves of Figures 3, and 5 through 
7, the passband ripple (for fc<18kHz) is less than 
± 0.1dB and the stop band rejection is better than 
50dB, as measured on a network analyzer. 

83528 

For microprocessor controlled operation, the Data Bus 
can be bridged across a regular TIL bus and when eE is 
strobed, the data present will be latched in and the filter 
will settle down to its new cutoff frequency. In CMOS 
systems, the Data Bus and CE can be swung rail-to-rail. 
AGND and DGND must be at 1/2 the supply voltage. 

The following table illustrates the available cutoff fre
quencies based on using a 3.58MHz TV crystal for a 
time base, by approximately 100Hz steps through the 
voice band from 100Hz to 3900Hz. Note that the hex in
put code for each frequency in the voice band is one
hundredth of the cutoff frequency. For 3200Hz, the hex 
code is 32, for 900Hz it is 09. Additional frequencies are 
listed with their codes on the right side of the Table 1.0. 

Table 1_0-Standard Frequency Table: Programmable Filter S352B_ fCLOCK = 3.5BMHz 

Input Code 
(HEX) 
05-00 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
36 
37 
39 

Voice Band Additional POints Available 

fe 
Divider Actual 
RatiO (Hz) 

2048 44 
895 100 
447 200 
298 300 
224 399 
179 500 
149 601 
128 699 
112 799 
99 904 
89 1005 
81 1105 
74 1209 
69 1297 
64 1398 
60 1491 
56 1598 
53 1688 
50 1790 
47 1904 
45 1989 
43 2081 
41 2183 
39 2295 
37 2418 
36 2486 
34 2632 
33 2711 
32 2797 
31 2887 
30 2983 
29 3086 
28 3196 
27 3314 
26 3442 
25 3579 
24 3728 
23 3891 
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Input Code 
(HEX) Divider 
05-00 Ratio 

OA 188 
OB 358 
OC 90 
00 87 
OE 85 
OF 78 
1A 61 
1 B 58 
1C 52 
10 46 
1 E 44 
1 F 40 
2A 38 
2B 35 
2C 22 
2D 20 
2E 18 
2F 16 
35 15 
38 14 
3A 12 
3B 10 
3C 9 
3D 6 
3E 5 
3F 4 

fcutoff = fcLOCK 

40 (Divider Ratio) 

fsampling = __ f-=C-=LO~C~K_ 
Divider Ratio 

fe 
Actual 
(Hz) 

476 
250 
994 

1028 
1053 
1147 
1467 
1542 
1721 
1945 
2034 
2237 
2350 
2557 
4067 
4474 
4971 
5593 
5965 
6392 
7457 
8949 
9943 

14915 
17897 
22372 



Figure 3. Family off Loss Curves for 
4 Different Control Codes 
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Figure 4. Address and Chip Enable Timing 
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Figure 6. Passband Control Detail, 
Control = 110010, fc = 3200Hz 
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Figure 7. Family of Loss Curves for 
4 Different Control Codes 
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Figure 8. Loss and Group Delay, Fe = 3200Hz 
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Applications Information 

Many filter applications can benefit from the 53528, 
particularly if extremely flat passband response with 
precise, repeatable cutoff frequencies are required. Or, 
if the same performance is required at different fre
quencies it can be switched or microprocessor control
led. The circuits (Figures 1 and 2) illustrate how the 
53528 might be connected for two different uses. The 
"stand alone" drawing (Figure 1) shows how it would be 
programmed as a fixed, 3200Hz low pass filter. The 
other drawing (Figure 2) shows a microprocessor driven 
application that lets the cutoff frequency be varied on 
command. 

50me fields that can use such a fi Iter are speech analy
sis and scrambling, geo-physical instrumentation, 
under water accoustical instrumentation, two-way 
radio, telecommunications, electronic music, remotely 
programmable test equipment, tracking filter, etc. 

Anti-Aliasing 

In planning an application the basic fundamentals of 
sampling devices must be considered. For example, 
aliasing must be taken into consideration. If a fre
quency close to the sampling frequency is presented to 
the input it can be aliased or folded back into the pass-
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Figure 9. Group Delay, Control = 110010, FC = 3.2kHz 
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band. Because the 53528 has an input cosine filter the 
effective sample frequency is twice the filter clock fre
quency of 40 times the cutoff frequency. If fc = 1000Hz 
and a signal of 79,200Hz is put into the filter, it will alias 
the 80kHz effective sampling frequency of the input 
cosine filter and appear as an 800Hz signal at the out
put. This means that for some applications the input op 
amp must be used to construct a simple one or two 
pole RC anti-aliasing filter to insure performance. In 
many situations, however, this will not be necessary 
since the input signal will already be band-limited_ 

Smoothing 

In addition, all sampling devices will have aliased com
ponents near the clock frequency in the output. For ex
ample, there will be small components at felk ± fin in 
the output waveform. This can be reduced by construc
ting a simple smoothing filter around the output buffer 
amplifier. Because of the sinxlx characteristics of a 
sample and hold stage the aliasing components are 
already better than 30dB down. The clock feed through 
is approximately - 50dBV. This means that a simple 
one pole filter can provide another 20dB of rejection to 
keep the aliasing below 50dB down. In the case of a 
3kHz fCUTOFF and the smoothing filter designed for a 
3dB point at 4fcUTOFF the smoothing filter will affect 



8moothing (continued) 

the 3kHz point by .25dB. If this is not desirable then the 
smoothing filter might be constructed as a second 
order filter. 

For a fixed application, anti·aliasing and smoothing are 
straight forward. For a dynamic operation, the desired 
operating range of frequencies must be considered 
carefully. It may be necessary to switch in or out addi
tional components in the RC filters to move cutoff fre
quencies. The S3528 has a ratio of cutoff frequencies of 
550:1 and to use the full range would require some 
switching. 

Notch Rejection 

The filter is designed to have 51dB of rejection at 
1.3fCUTOFF and greater. If greater rejection of a specific 
tone or signal frequency is desired, the cutoff frequen· 
cy can be selected to position the undesired tone at 
1.325fcUTOFF or 1.62fCUTOFF. This will place it in a notch 
as illustrated in Figure 5. 

The S3529 (High Pass Filte", and the S3528 (Low Pass 
Filter) can be used together to make either Band Pass 
or Band Reject/Notch filters. The control code selec· 
tion determines the bandwidth of the resulting filter. 

It should be noted that with the S3528 and S3529 data 
pins connected in parallel and their analog inputs and 
outputs in series a bandpass filter of approximately 
10% bandwidth is created. 

Figure 10. 83528 and 83529 in Parallel 
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Figure 11. Cascaded 83528 and 83529 Control = 
100001 
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Figure 12. 83528 and 83529 in Parallel 
Notch Configuration-Wide Bandwidth 
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Crystal Oscillator 

The S3528 crystal oscillator circuit requires a 10 Meg 
ohm resistor in parallel with a standard 3.58MHz televi· 
sion colorburst crystal. For this application, however, 
crystals with relaxed tolerances can be used. 
Specifications can be as follows: 
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Figure 13. Bandpass Application: General Case Configuration 

o 

SIG IN 

Note: 

- Anti·aliasing and smoothing filters on both chips A 1, A2, 
81,82 

- Lowpass after highpass to remove higher harmonics, 
unless cosine input filter ollowpass needed to clean noisy in· 
put signal 

- For wider band width two different oscillators can be used. 

- !llilter clock ('clock) lor low pass is an integer multiple 01 
the 'clock lor high pass, then 81 and A2 may be removed 
without causing beat Irequencies. 

Figure 14. Notch Applications: General Case Configuration 
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• For same digital logic code 
N = multiple of clock#1 to clock#2 
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Figure 15. Low Distortion Digitally Tuned Audio Oscillator Application Circuit 
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ZL~10K 
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0,. 0, IN914 
C,. C, O.l"F CERAMIC 
X, 3.579545MHl COLORBURST CRYSTAL 

"p BUS OR SWITCHES 

Frequency 
RS';:;180Q 
CL = 18pF 

3.579545 ± .02% 
LM "-'96MH 
Ch = 7pF 

Alternate Clock Configurations 

If 3.58MHz is already available in the system it can be 
applied directly as a logic level to the OSC1N (pin 13). 
[Max. zero "-'30 % (VDD"VSS), min. one"-'70% (VDD"VSS)]' 
Waveforms not satisfying these logic levels can be 
capacitively coupled to OSC1N as long as the 10 Meg 
ohm feedback resistor is installed as shown in Figure 
16. 

Although the tables are constructed around the TV 
colorburst crystal, other clock frequencies can be used 
from crystals or external clocks to achieve any cutoff 
frequency in the operating range. For example, by us" 
ing a rate multiplier and duty"cycle restorer circuit bet" 
ween the system clock and the S3528, and switching 
the inputs to the S3528, almost any cutoff frequency 
between 40Hz and 35kHz can be selected. The clock 
input frequency can be anywhere between 500kHz and 
5MHz. 

In addition to crystals or external clocks the 83528 can 
be used with ceramic resonators such as the Murata 
CSA series "Ceralock" devices. All that is required is 
the resonator and 2 capacitors to Vss. Although the 
resonators are not quite as accurate as crystals they 
can be less expensive. 
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Figure 16. 53538 Driving Additional 53528 or 
53529 Devices 
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PROGRAMMABLE HIGHPASS FILTER 

Features 
D Cutoff Frequency Selectable in 64 Steps Via Six-Bit 

Control Word 

D Cutoff Frequency (tel Range of 10Hz to 20kHz, 
40Hz to 20kHz Via 3.58MHz TV Crystal 

D Seventh Order Elliptical Filter 

D Passband Ripple: O.1dB 

D Stopband Attenuation: 51dB for f<.77 tc 

D Clock Tunable Cutoff Frequency Continuously 
Variable Via External Clock (Crystal, Resonator, or 
TTUCMOS Clock) 

D Uncommitted Input and Output Op Amps for Anti
Aliasing and Smoothing Functions 

D Low Power CMOS Technology 

Block Diagram 

+ 5V 8 

VDD 

16 

CE 
AGND 

11 

-=-

Typical Applications for the 53528 and 53529 
Programmable Filters 
Telecommunications 

D PBX & Trunk Line Status Monitoring 
D Automatic Answering/Forwarding/Billing Systems 
D Adaptive Filtering 

Remote Control 

D Alarm Systems 
D Heating Systems 
D Acoustic Controllers 

Test Equipment/Instrumentation 

D Spectrum Analyzers 
D Computer Controlled Analog Circuit Testers 
D Medical Telemetry Filtering 
D ECG Signal Filtering 
D Automotive Command Selection and Filtering 

Pin Configuration 

FLTOUT 
D, D, 

BU~N 
D, D, 

Do D, 

CE DSC. 
BUFou, 

Vss OSC, 

BUFou, DGNO 

BUF" SIG" 

VDD AONO 

FLTou! F8 
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General Description 

The S3529's CMOS design using switched·capacitor 
techniques allows easy programming of the filter's cut· 
off frequency (fel in 64 steps via a six·bit control word. 
For dynamic control of cutoff frequencies, the S3529 
can operate as a peripheral to a microprocessor system 
with the code for the cutoff frequency being latched in 

Absolute Maximum Ratings 

S3529 

from the data bus. When used with the companion low 
pass filter, the S3528, a bandpass filter with a variable 
center frequency is obtained. For special applications 
the S3529's internal ROM can be customized to acco· 
modate a specific set of cutoff frequencies from a 
choice of 2,048 possiblities. 

Supply Voltage (Voo - Vss) .................................................................................................................................. + 15.0V 
Operating Temperature ............................................................................................................................. 0·C to + 70·C 
Storage Temperature ......................................................................................................................... - 65·C to + 150·C 
Input Voltage, All Pins ................................................................................................................ Vss -0.3V<O;VIN <o; + 0.3V 

D.C. Electrical Operating Characteristics: TA = O·C to + 70·C, (Voo - Vss) = 10V unless otherwise specified 

Symbol Parameter/Conditions Min. Typ. Max. 

Voo Positive Supply (Ref. to VSS) 9.0 10 13.5 

Po Power DiSSipation @10V 60 110 
@13.5V 135 225 

RIN Input Resistance (Pins 1·4,7,12,14,16·18) 8 

CIN Input Capacitance (Pins 1·4, 7,12,14,16·18) 15.0 

Digital Electrical Parameters: Voo = + 5V, Vss = - 5V, TA = O·C to + 70·C unless otherwise specified 

Symbol Parameter/Conditions 

VIH Input High Voltage 

VIL I nput Low Voltage 

IN Input Leakage Current (VIN = 0 to 4VDC) 

CIN Input Capacitance 

Digital Timing Characteristics 

Symbol Parameter/Conditions 

tCE Chip Enable Pulse Width 

tAS Address Setup Time 

tAH Address Hold Time 

fosc Crystal Oscillator Frequency(1) 

tSET Settling Time From CE to Stable fc(fc = 3200)(2) 

Notes: 
1. The tables are based on the common 3.58MHz color burst TV crystal. 

2. tSET = + + 3msec 
c 

4.229 

Min. Typ. Max. 

2.0 Voo 

Vss 0.8 

10 

15 

Min. Typ. Max. 

200 300 

300 

20 

3.58 

6 

Units 

V 

mW 
mW 

MQ 

pF 

Units 

V 

V 

/JADC 

pF 

Units 

ns 

ns 

ns 

MHz 

ms 

~' .. - .. ~----"~.----.-.-.-----.-".~~~.-~-~~=~======. ~=-,,=-=.-=~=~-=-= ... -= ... ~-~-==----



General Analog Signal Parameters: (Voo - Vss) = 10V, TA = O·C to + 70·C, fosc = 3.58MHz 

Symbol Parameter/Conditions Min. Typ. Max. 

AF Pass Band Gain at 2.2 Ic -0.5 0 0.5 

VMAX Reference Level Point (OdBmO) 1.5 

VFS Maximum Input Signal Level (+ 3dBmO) . 2.1 

RL Load Resistance (FLToUT' Pin 9) 10 

RL Load Resistance (BUFoUT, Pin 6) 600 

VOUT Output Signal Level into RL for FLTOUT' BUFOUT 2.0 2.1 

THO 
Total Harmonic Distortion: Input code 22, Frequency = 2kHz; .15 
Bandlimited to Iclk/2 

WBN Wideband Noise: Input code 22, Bandlimited to 15kHz .25 

Vos Buffer Output (Pin 6) Offset Voltage ±10 

VOES Filter Output (Pin 9) Offset Voltage ±80 

Filter Performance Specifications: High Pass Filter Characteristics (fosc = 3.58MHz) (Voo - Vss) = 10V, 
TA = O·C to + 70·C 

Symbol Parameter/Conditions 

Passband ripple (Ref. 2.2 Ic) fc",I<7Ic 

Finer Response: fe = 1005Hz 

(I c) 1005Hz 

(0.96Ic) 960 

(0.768Ic) 772 

(. 754Ic) 758 

(. 614Ic) 617 

Stopband 1<.7681c 

DR Dynamic Range (VFS to WBN) 

Pin Description 

Pin Name 

VOD 
Vss 

Pln# 

8 
5 

Positive supply voltage pin. Normally + 5 volts. 
Negative supply voltage pin. Normally - 5 volts. 

Min. Typ. Max. 

-0.5 ±0.05 0.5 

-0.5 ±0.1 0.5 

-5 -3.0 -1 

-53 -43 

-85 -43 

-70 -43 

<-53 

78 

Function 

AGND 
DGND 

11 
13 

Analog ground reference point for analog input signals. Normally connected to ground. 
Digital ground reference point for digital input signals. Normally connected to ground. 

83529 

Units 

dB 

VRMS 

·VRMS 

kQ 

Q 

VRMS 

% 

mVRMS 

mV 

mV 

Units 

dB 

dB 

db 

db 

db 

db 

db 

dB 

Do 
01 
02 

3 
2 
1 

The input bus to allow selection of the desired cutoff frequency. The value of the word presented to these pins 
selects the cutoff frequency. It is latched in on the rising edge of CEo These are high impedance CMOS inputs 
and can be bridged directly across a microprocessor data bus. 

03 18 
04 17 
05 16 
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Pin Description (Continued) 

Pin Name 

CE 

OSCi 
OSCo 
SIGIN 

FB 

FLToUT 
BUF1N 

BUFoUT 

Pin# 

4 

14 
15 
12 

10 

9 
7 
6 

Function 

Chip Enable: This pin has 3 states. When CE is at VDD the data in the latch is presented to the ROM and the in
puts have no effect. When CE is at ground the data presented on the inputs is read into the latch but the 
previous data is still in the ROM. Returning CE to VDD presents the new data to the ROM and 'cutoff changes. 
When CE is at Vss the inputs go directly to the ROM, changing 'cutoff immediately. The configuration for a fixed 
filter is: CE at Vss and the Do through D5 are tied to VDD or Vss/DGND depending on the desired 'cutoff. 
Oscillator In and Oscillator Out. Placing a crystal and a 10MQ resistor across these pins creates the time base 
oscillator. An inexpensive choice is to use the 3.58MHz TV crystal. 
Signal Input. This is the inverting input of the input op amp. The non-inverting input is internally connected to 
Analog Ground. 
Feedback. This is the feedback point for the input op amp. The feedback resistor should be ~10kQ for proper 
operation. 
The high impedance output of the high pass filter. Load should be 10KQ. 
The inverting input of the buffer amplifier. 
The buffer amplifier output to drive low impedance loads. Load should be ~600Q. 

Example of Circuit Connection for 53529 

Figure 1. Stand Alone Operation Figure 2. Microprocessor Interface 
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Table 1. Standard Frequency Table: Programmable Filter S3529, 'clock = 3.58MHz 

Voice Band 
Input Divider fc 
0&·00 Raao Actual 
(HEX) (Hz) 

00 2048 40 
01 895 91 
02 447 182 
03 298 273 
04 224 363 
05 179 455 
06 149 546 
07 128 635 
08 112 726 
09 99 822 
10 89 914 
11 81 1005 
12 74 1099 
13 69 1179 
14 64 1271 
15 60 1355 
16 56 1453 
17 53 1535 
18 50 1627 
19 47 1731 
20 45 1808 
21 43 1892 
22 41 1985 
23 39 2086 
24 37 2198 
25 36 2260 
26 34 2392 
27 33 2465 
28 32 2543 
29 31 2625 
30 30 2712 
31 29 2805 
32 28 2905 
33 27 3013 
34 26 3129 
36 25 3254 
37 24 3389 
39 23 3537 

Alternate Clock Configurations 

If 3.58MHz Is already available In the system it can be 
applied directly as a logic level to the OSC1N (pin 14). 
(Max. zero"'30% Voo, min. one"'70% Vss). Waveforms 
not satisfying these logic levels can be capacitively 
coupled to OSCIN as long as the 10MQ feedback 
resistor is installed as shown in Figure 3. 

4.232 

Addlaonal Points 
Input Code DIvider 'e 05.00 Raao Actual 

(HEX) (Hz) 

OA 188 433 
08 358 227 
OC 90 904 
OD 87 935 
OE 85 957 
OF 78 1043 
1A 61 1334 
18 58 1402 
1C 52 1565 
1D 46 1768 
1E 44 1849 
1F 40 2034 
2A 38 2136 
28 35 2325 
2C 22 3697 
2D 20 4067 
2E 18 4519 
2F 16 5085 
35 15 5423 
38 14 5811 
3A 12 6779 
38 10 8135 
3C 9 9039 
3D 6 13559 
3E 5 16270 
3F 4 20338 

f = fclock 
CUTOFF 4'4'"('Ufvlder Ratio) 

Figure 3. External Driving S3529 Pin OSC, 

08CD~ 
10MQ 

83529 

08C11-'1"",4 "-'-1: ~ TTL CLOCK 
'--__ oJ 15PF 



Figure 4. Passband Detail, Control = 110010, 
te = 1005Hz 
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Figure 6. Loss Response, DC to Clock Detail, 
Control = 110010, te = 1005Hz 
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Figure 5. Loss Curve, Control = 110010, 
te = 1005Hz 
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Figure 7. Cascaded S3528 and S3629, 
Control = 100001 
Bandpass Conflguratlon-10% Bandwidth 
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Figure 8. 53528 and 53529 in Parallel, Figure 9. 53528 and 53529 in Parallel, 
Notch Configuration-Narrow Bandwidth Notch Configuration-Wide Bandwidth 
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Applications Information 
The 83529 High Pass Filter has a very sharp 50dB drop off at fc. The Passband Ripple is less than O.5dB. Note that 
unlike passive element filter, attenuation increases for sampled·data filters at the higher frequencies due to the sam
ple and hold effect. (fCLOCK = 44xfcUTOFF)' 

The 83529 High Pass Filter and the 83528 Low Pass Filter can be used together to make either Band Pass or Band 
Reject filters. The control code selection determines the bandwidth of the resulting filter. 
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Figure 10. Bandpass Application: General Case Configuration 

SIGIM 

Note: 

- Anti·aliasing and smoothing filters on both chips A 1, A2, 
81,82 

- Lowpass after highpass to remove higher harmonics, 
unless cosine input filter of lowpass needed to clean noisy in· 
put signal 

- For wider band width two different oscillators can be used. 

- If filter clock (fclock) for low pass is an integer multiple of 
the fclock for high pass, then 81 and A2 may be removed 
without causing beat frequencies. 

Figure 11. Notch Applications: General Case Configuration 
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OUT 

• For same digital logic code 
N = multiple of clock#1 to clock#2 

fel = .9fcu 
N 
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SIGNAL 
SUMMATION 

83529 



Figure 12. Sampling Theory 
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Note that critical sampling avoids aliasing, bulln Ihe above example no reallile filler 
can separale the message Irom Ihe Image. One must oversample In reallile. 

Figure 14. Implementation 
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Applications Information 

Antl'Aliasing 

fs = sampling frequency 
fm = frequency bandwidth of message 

S3529 

In planning an application the fundamentals of sampl· 
ing devices must be considered. 

o Make certain the harmonic image does not fold into 
the desired pass band. i.e, Oversample. 

o Bandlimit the input so that the input frequencies, 
noise, and tails will not come too close to the clock and 
be fOlded back into the pass band. 

o Bandlimit the output so that the image is suffi· 
ciently attenuated and the switched capacitor output is 
smoothed. i.e., kill the higher order terms in the Fourier 
Series. 
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Features 

o Single-Chip 300 bps, Full Duplex, FSK Modem 
o Bell 1031113 and CCITT V.21 Operation 

(Pin Selectable) 
o Auto Answer/Originate Operating Modes 
o Manual Answer/Originate Modes 
o No External Filtering Required 
o Phase Continuous Transmit Carrier 

Frequency Switching 
o RS-232 Control Interface 
o Passthrough Mode for Protocol Independence 
o Low Cost 3.58MHz (TV Crystal) Time Base 
o Digital and Analog Loopback Modes 
o UART Clock Output (4.8KHz) 
o V.25 Tone Generation 

Functional Block Diagram 

r---------------, 

S3530 

BELL 103/V.21 
SINGLE CHIP MODEM 

Typical Applications 

o Stand Alone Modems for Home Computers 

o Smart Modems for Personal Computers 

o Board Modems for Office Automation 
Equipment 

o Portable Lap Computers 

o Encrypted Data Stream Modem 

o Password Secure Modem 

o Test Instrument Communications 

o Phone and Modem Combination 

Pin Configuration 

4[J[]-17 I FSK TX I I 10 
TO I MOO. ALTER _ 1 0 TC 

I Dl 28 ClK 
1 
I 

22 1 
~ ~ 

EP <r--f----' 

CD <>--'''-7------1 

COT 0---+-------' 

0SiI 

CTS 

RTS 

OTR 

SL 

AL 

OL 

14 

23 I 
20 I 
25 1 

.11 : 

26 I 
1 

I 
1 
1 
I 
L_ 

RS232 
BELL 103 PHONE 
ccm V.21 INTERFACE 

TIMING 

TIMING AND CONTROL 

I 
-- - - --

Voo Vss AGNO IIGND GP 

24 

19 

I 18 

I 28 

7 

I 6 

i 2 

I 
I 13 

112 
_-I 

OH 

Hi 
SH 
CLK 

TEST, 

TEST, 

TP 

OSc" 

OSC, 
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TP 2 27 TO 

EP 3 26 AL 

VOD 4 25 DTR 

RC 5 24 OH 

TEST1 6 23 CTS 

TESTo 7 83530 22 RD 

GP 8 MODEM 21 CD 

AGND 9 20 RTS 

TC 10 19 RI 

SL 11 18 Sii 

OSCI 12 17 DGND 

OSCo 13 16 COT 

DSR 14 15 Vss 
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General Description 

The 53530 is a Full Duplex F5K Modem integrated cir
cuit which may be operated in Bell 1031113 or CCITI 
V.21 applications. The 53530 features transmit and 
receive filtering; answer/originate mode selections; 

R5-232 control interface; digital and analog loopback 
test modes; and generation of both the 4.8KHz UART 
clock and V.25 Answer Tone. The 53530 is designed for 
use in stand-alone modem applications and in applica
tions in which the modem function is designed directly 
into the DTE. 

Pin/Function Descriptions 

Pin # Name 
1 DL 

2 

3 

4,15 

5 

6 
7 

8 

9 

10 

11 

12 
13 

14 

16 

17 

18 

(Digital Loopback) 

TP 
(Test Paint) 

EP 
(Eye Pattern) 

VDD, Vss 

RC 
(Receive Carrier) 

Test 1 
Test 0 

GP 

AGND 

TC 
(Transmit Carrier) 

SL 
(Select) 

OSC, 
OSCo 

DSR 
(Data Set Ready) 

CDT 
(Carrier Detect Threshold) 

DGND 

SA 
(Switch Hook) 

Function 
A high level on this input causes the device to enter the digital loop back mode. In this 
mode the received data from the remote end is internally looped back to TO and DSR is 
forced high to signal to the DTE that the modem is not ready for transmission. The re
ceived data is not available on AD during the DL mode. 

Test Pin. Must be connected to either Vss or VDD for normal operations. 

Output (analog) of the demodulator prior to slicing. Do not load. 

Positive and negative Power Pins, respectively (± 5V). 

This analog input is the data carrier received by the data access arrangement from the 
line. The modem demodulates this signal to generate the receive data bits. 

These are test inputs and must be tied to Vss for normal applications. See table under 
Passthru Mode. 

Ground this pin. (Analog GND). 

Analog ground (0 Volts). 

This analog output is the modulated transmit data carrier. Its frequency depends upon 
whether the modem is in the answer or originate mode and if a mark or space condition 
is being sent (Table 1). Typically the output level is at - 9dBm. (275mVRMS into 
10KIl.) 

A high level on this input selects the CCITT V.21 data transmission format. Applying a 
low level selects the Bell 103 data transmission format. 

These are terminals for connecting an external 3.579545MHz TV crystal. All internal 
clock signals are derived from this time base. Feedback resistor and capaCitors are in
tegrated on the chip but additional 20pF caps to Vss from each pin are required. 

This output, when low, indicates to the data terminal that the modem is ready to 
transmit data. 

Applying a variable voltage level between 0 and - 5V at this pin allows control of the 
recieve carrier detection threshold. This will override the internally determined threshold. 
If CDT is set to a voltage between + 1.5 and + 2.0V the AGC will be disabled during 
the test modes of pins 6 & 7. 

Digital ground (0 Volts). 

This input is used to manually place the device in the originate mode. The device will 
make the OH output low and .start the originate sequence if SH input is low ( - 5V) and 
DTR is on. This can be a level or a momentary low-going pulse input (min. 54msec). A 
pulse duration of less than 27 msec will not be detected. Ri should be high if SH is to 
be exercised. Once Ai has been activatedRTS has no effect. 
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Pin/Function Descriptions (Continued) 

Pin # Name Function 
19 RI This input, when high, permits auto answer capability. The data access arrangements 

(Ring Indicator) should apply a low level (- 5V) to Ai when a ringing signal is detected. The level 
should be low for at least 107msec. The input may remain low during data transmis
sion, but must be reset before DTR. Similarly, in manual mode, the answer mode is 
entered by applying a low level to this input (unless RTS is high). 

20 

21 

22 

23 

24 

25 

26 

27 

28 

RTS 
(Request to Send) 

CD 
(Carrier Detect) 

Ri5 
(Received Data) 

CTS 
(Clear to Send) 

OH 
(Off Hook) 

DTR 
(Data Terminal Ready) 

Al 
(Analog loopback) 

TO 
(Transmit Data) 

ClK 
(Clock) 

A high level on this inout with the DTR input in the on condition causes the device to 
enter the originate mode. OR will go low to seize the phone line. Auto dialing can be 
performed by turning the RTS input on and off to effect dial pulsing. This input must re-
main high for the duration of data transmission. (Auto answer will not function if RTS is 
high). RTS should follow DTR by no less than 1msec. 

This output goes to a low level to indicate that the receive data carrier has been received 
at a level of - 43dBm. It turns off if the received data carrier falls below the carrier detec· 
tion threshold of - 48dBm. 

The device presents data bits demodulated from the received data carrier at this output. 
This output is forced high if the DTR input or the carrier detect output is off. 

This output goes to a low level at the completion of the handshaking sequence and 
turns off when the modem disconnects. It is always turned off if the device is in the 
digital loopback mode. Data to be transmitted should not be applied at the TO input until 
this output turns on. 

This output goes to a low level when either the SH or the RTS input is on in the 
originate mode and when a valid ring signal is detected on the RT input in the answer 
mode. This output is off if DTR is off or if the disconnect sequence has been completed. 

A high level on this input enables all the other inputs and outputs and must be present 
before the device will enter the data mode either manually or automatically. The device 
will enter· an irreversible disconnect sequence if the input is turned off (low level) for 
more than 14msec during a data call. A pulse duration of less than 6msec will not be 
detected. To reset the chip before each call,. this pin should be held low for greater than 
14msec. 

This input allows the data terminal to make the telephone line busy (off hook) and im
plement the analog loopback mode. A high level on this input while DTR is high causes 
the device to make the OH output low and to enter the analog loopback mode. The 
receive filter center frequency is switched to correspond to the transmit filter center fre
quency and the transmit data carrier output is internally connected to the receive data 
carrier input as well as being available at TC. 

Data bits to be transmitted are presented to this input serially by the data terminal. A 
high level is considered a binary' l' or MARK and a low level is considered a binary '0' 
or SPACE. The data terminal should hold this input in the MARK state when data is not 
being transmitted. During handshaking this input is ignored. 

A 4.8KHz lSTTl compatible square wave output is provided for supplying the 16X clock 
signal required by a UART for 300 bits/sec. data rate. This output facilitates the in
tegration of the modem function in the data terminal. 
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Absolute Maximum Ratings 

Supply Voltage (V 00 - V 55)' ............................................................... + 12.0V 
Operating Temperature ............................................................. O·C to + 70·C 
Storage Temperature ........................................................... - 65·C to + 150·C 
Power Dissipation ..................................................... Vss - O.3V sVIN sVoo+ O.3V 

D.C. Electrical Operating Characteristics: TA= O·C to + 70·C; (Voo- Vss) = 10V; (+ 5.OV) -
Symbol Parameter/Conditions Min. Typ. Max. Units 

Voo Positive Supply Voltage (ref. to DGND, AGND; both at OV) +4.75 +5.0 +5.25 VDC 
Vss Negative Supply Voltage (ref. to DGND, AGND) -4.75 -5.0 -5.25 VDC 
Po Power Dissipation, Operating (@± 5V) 110 200 mW 

RIN Input Resistance 8 MO 

CIN Input Capacitance 15 pF 

Analog Signal Parameters' T O·C to 70·C 5 VDC f • A= ;+ • IOlC= 358MH Z 

Symbol Parameter/Conditions Min. Typ. Max. Units 

fose Oscillator Frequency 3.579545 ±0.02% MHz 

It Transmit Frequency Tolerance ±1.2 Hz 

to 
Transmit 2nd Harmonic Attenuation with respect to 50 dB Carrier Level 

TOUT Transmit Output Level into 10KO min., 25pF max. 245 275 (-9dBm) 308 mVRMS 

Carrier Input Range (CDT open) -48 0 dBm 
DNR Dynamic Range (CDT open) 48 dB 

Bit Jitter (Input= - 30dBm) 100 ItSec 
Bit Bias 1 % 
Bias Distortion 3 % 

Signal Input and Output Compatibility Table 
Pin VOltage Level Logic Family Mill~~PS 10K 
Name No. Input Output Low (Max.) High (Min.) Compatibility Milliamps 

SH 18 X -3 +3 CMOS 
RI 19 X -3 +3 CMOS 
TESTa 7 X -3 +3 CMOS 
TEST1 6 X -3 +3 CMOS 
OH 24 X +0.4 +2.4 LSTTL 0.4 0.02 
CLK 28 X +0.4 +2.4 LSTTL 0.4 0.02 
CD 21 X +0.4 +2.4 LSTTL 0.4 0.02 
RD 22 X +0.4 +2.4 TTL 1.6 0.4 
CTS 23 X +0.4 +2.4 TTL 1.6 0.4 
DSR 14 X +0.4 +2.4 LSTTL 0.4 0.02 
RTS 20 X +0.8 +2.0 TTL-

TO 27 X +0.8 +2.0 TTL -
DTR 25 X +0.8 +2.0 TTL-

AL 26 X +0.8 +2.0 TTL-

DL 1 X +0.8 +2.0 TTL-

SL 11 X +0.8 +2.0 TTL-
These Inputs are high Impedance CMOS Inputs that respond to TTL voltage levels. 

4.240 



What Is a 300 Baud Modem and 
What Does It Do? 

A modem acts like a translator between a computer 
and the telephone system. Computers work with data 
in the form of binary pulses but telephones were 
designed to transmit analog audio waveforms. The 
modem converts binary data from the computer into 
analog signals that the phone lines can carry. In the 
receive mode the modem demodulates the analog 
signals from the phone line, converting them back to 
binary form for the computer. 

300 Baud modems are among the most common data 
communications devices in use today. Modems are 
used for exchanging information between home com
puters, personal computers, banks, offices and main
frames to name just a few posible applications. 300 
Baud modems are used anywhere that a normal 
telephone line exists. Modems based on the S3530 
have the advantages of full duplex operation using 
either BELL 103 or CCITT V.21 Protocols, a built-in in
terface to the industry standard RS232 serial data port, 
very low system part count, and low power CMOS 
single chip construction. 

Both BELL 103 and CCITT V.21 modems use FSK 
modulation for data transmission over standard phone 
lines. FSK modulation simply means Frequency Shift 
Keying or the transmission of frequency "A" for binary 
"1" and frequency "B" for binary "0". Full duplex FSK 
occurs when two-way transmission happens simulta
neously between two modems. 

A simple protocol exists to prohibit both the 
originating modem and the answering modem from 
transmitting simultaneously on the same frequency. 
The protocol breaks the telephone frequency spectrum 
into two bands; a high band, and a low band. Each 
band has its own mark frequency corresponding to a 
binary 1 and its own space frequency corresponding to 
a binary 0, for a total of four transmitting frequencies. 
The protocol states that the originating modem must 
transmit on the low band and receive on the high band 
while the answering modem must transmit on the high 
band and receive on the low band. 

Obviously the ability of a modem to separate the high 
band from the low band is important for correct 
decoding of the transmitted data. Figures 4, 5, 6, and 7 
of the S3530 transmit and recieve filters shows a sharp 
20 db cutoff within just a few hundred Hertz of the 
edges of the high and low bands. 
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Figure 1. Frequency Modulation (FSK) 
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Figure 3. Full Duplex, 300 bps, CCITT V.21 
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Figure 4. Transmit Filter Bell 103 Figure 5. Transmit Filter V.21 
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Figure 6. Receive Filter Bell 103 Figure 7. Receive Filter V.21 
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Block Description 

The block diagram of the FSK Modem is shown on 
page 1. The input to the modulator is the TD (Transmit 
Data) signal, which is the digital data to be converted 
to analog form. This input would typically be provided 
by the RS·232 interface or a UART. The modulator 
generates a square wave whose frequency is shifted in 
response to the Transmit Data input. 

The transmit filter outputs a Frequency Shift Keying 
signal at the TC (Transmit Carrier) output. The fre
quency of the FSK signal corresponds to the fun
damental frequency of the square wave at the input of 
the filter. 

On the receive side, the receive filter whose input is 
the Receive Carrier, rejects the adjacent channel 
energy and improves the Signal to Noise Ratio of the 
received signal. 

The output of the receive filter is fed into the 
demodulator where the data is converted back into 
digital form. 

The next block is the energy detect circuit. It detects 
energy levels at which reception and demodulation of 
data is considered reliable, controlling the CD signal. 

The last block is the timing control and handshake 
logic, which besides controlling all the other blocks, 
also implements the RS-232 interface protocol and 
controls the BELL 103 and CCITT V.21 operations. 

Transmit Filter 

The function of the transmit filter is to produce an FSK 
signal from the phase continuous, frequency shifted, 
square wave input. 

The prime objective of the transmit filter is to pass the 
square wave fundamental component while atten
uating its harmonics. These harmonics could be 
located in the receive band. Unless attenuated by the 
transmit filter, they would be coupled back through the 
hybrid, unattenuated by the receive filter, thus causing 
degradation of bit error rate. 

The transmit filter was designed to have a zero at the 
third harmonic of the square wave, to alleviate the 
above problem. 

The second objective of the transmit filter is to at
tenuate the out of band energy. This is necessary since 
the modulation process produces energy over a broad 
spectrum and not just at the mark/space frequencies. 
The fundamental component is attenuated by 24 dB to 
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produce a Signal at - 9 dBm at the TC (Transmit Car
rier) output. 

Receive Filter 
The measured frequency response of the receive filter 
is shown in Figures 6 and 7. The receive filter rejects 
out-of-band noise so that the filtered signal can be 
demodulated with a resultant low bit error rate. 

The filter was designed to reject the adjacent channel 
energy by 60dB. This is essential since that channel is 
used for carrier transmission which is coupled back, 
through the hybrid and into the receive section. Unless 
attenuated by the receive filter, this component would 
corrupt the demodulated data and result in excessive 
bit error rate. The filter was also designed to minimize 
group delay distortion between the mark and space fre
quencies. The band width of the filter is 500Hz and is 
centered around the center frequency of the received 
carrier. 
The dynamic range of the receive signal is 50dB due to 
the automatic gain control circuit employed. 

Timing Control 

The chip also incorporates a 14 second abort timer. 
This is necessary for automatic operation. When a call 
is automatically originated, and the remote device is 
busy, then the originating device waits for 14 seconds 
and hangs up. On the other hand, if the modem is 
called by mistake it will hang up in 14 seconds, unless 
the appropriate carrier is received. 

Clock Crystal 

The S3530 uses the popular low-cost 3.58MHz crystal. 
This crystal is very popular because it is used in all 
NTSC color TVs and in many low cost personal com
puters (which require the 3.58MHz to interface with TV 
monitors). The S3530 can therefore use the same 
system clock as the display interface to reduce system 
costs. 

Operation 

A. Answer Mode 

In the answer mode the S3530 stands idle waiting for 
an incoming call. With DTR high, a low from the ring 
detector to Ai causes the S3530 to set OH and DSR low 
enabling the hookswitch relay and connecting the 
modem to the phone line. After 2.1 seconds the S3530 
sends a carrier at 2225Hz (mark) to the Originate 
Modem. If 1270Hz (mark) is returned the S3530 carrier 
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83530 Modem Timing Chart for V.21 Operating Mode 
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detect circuit turns on within 106msec, setting CO and 
CTS low indicating completion of the handshaking se
quence. Data can then be sent and received. 

Originate Mode 

In the originate mode with OTR high, a call is initiated 
by applying a high to the RTS input in auto mode or a 
negative or low pulse to SH in manual mode. This will 
cause OH to go low, enabling the hookswitch relay and 
connecting the phone line. When dial tone is detected, 
RTS can be pulsed off to provide dial pulses'. The OH 
will follow the RTS pulses, sending the desired digits 
over the line. When the answering modem comes on 
line it will wait 2.1 seconds ("billing delay") and then 
send the 2225Hz answer tone. 106msec later the CO 
pin will go low indicating carrier received. 190rrsec 
later the S3530 will respond with 640msec of 1270Hz. 
At the end of that time CTS will go low indicating to the 
terminal side that the communications link has been 
established. 

Abort Mode 

There is an automatic abort feature in the S3530 to 
avoid tying up a system when there is difficulty 
establishing a link. If no carrier is detected within 14 
seconds of being put into the answer or originate 
mode it will abort the call by turning off OH and 
disconnecting the phone line. OSR will also go off 
(high). This abort time can be extended by pulsing RTS 
low for 1 msec before the 14 seconds have elapsed. 
This will reset the abort timer. If time does run out OTR 
should be pulsed off to reset the S3530. 

Shutdown Mode 

Should the received carrier fall below - 48 dBm during 
data exchange for more than 213msec the S3530 will 
terminate the call and go on-hook, disconnecting the 
phone line. 

Table 1_ 103/v_21 Mark and Space Frequencies 

S3530 

Reset Protocol 

By insuring that all control inputs are in their inactive 
states a minimum of 2msec before the rising edge of 
OTR, the S3530 will be properly reset. 

Manual Operation 

The S3530 can be operated manually as well as 
automatically. With OTR enabled (high) a negative 
pulse ( - 5V) of > 107msec on Ri will put the device in 
the Answer Mode. Similarly (with OTR high) SH can be 
pulled low for >54msec to put the S3530 into the 
Originate Mode. 

Passthru Mode 

With the "Test 0" and "Test 1" lines the S3530 can be 
put into the Passthru Mode disabling the handshake 
protocol. The transmit and receive functions are en
abled but become independent of timing and control. 
CO works as usual and the Answer and Originate 
Modes are selected manually with Rl and SH. 

Test 0 Tesl1 S3530 
PIN 7 PIN 6 STATUS 1 = + 5V (Voo) 

0 0 NORMAL 0=-5V (Vssl 
1 0 PASSTHRU 

V.21 Mode, CCITT Operation 

With the SL pin tied high the S3530 functions in the 
CCID V.21 Mode but performs the same operations 
described above. The basic prinCiple is the same but 
the frequencies and the timings are switched to V.21 
specifications. When in V.21 Mode the V.25 answer 
tone of 2100Hz will be generated upon answering. See 
the timing charts and Table 1 for additional details. 

Diagnostic Modes 

The S3530 has two diagnostic modes for either local or 
remote testing. By putting the AL pin high while OTR is 
high, the device enters the Analog Loopback Mode. 
OH goes low to busy out the phone line. The receive 
filter center frequency is switched to the transmit 

Transmit Frequency (Hz) Receive Frequency (Hz) 
Mode 

Mark Space Mark Space 
Bell 103 Originate 1270 1070 2225 2025 
Bell 103 Answer 2225 2025 1270 1070 
CCITT V: 21 Originate 980 1180 1650 1850 
CCITT V.21 Answer 1650 1850 980 1180 
CCITT V.25 Answer Tone 2100 N/A 

'(Note that OH only follows RTS. The proper timing for dialing must come from the terminal on the RTS line.) 

4.246 



center frequency and the TC signal Is internally con
nected to the RC input. The transmit signal also 
remains available on the TC pin. Thus any digital data 
input at TO Is coded and sent out via TC, and at the 
same time back through the analog input, decoded, 
and out on the RD pin. 

By putting the DL pin high the S3530 enters the Digital 
Loopback mode. In this mode any data received from 
the remote end of the phone line is retransmitted back 
to its source and DSR is forced high. The digital or 
decoded data is not available at the RD output in this 
mode. See Table 2. 

Table 2. Control Logic During Diagnostic Modes 

Test Status Lines 
Mode DTR RTS DSR OH CTS CD 

AL On On On On On On 

DL On On Off On Off Off 

To establish diagnostic modes in either originate or 
answer, establish handshaking in the preferred mode 
(originate or answer), then enter diagnostic modes. 

Oscillator Details 

Quartz Crystal Speclllcallon (25°C ± 2°C) 
Operating Temperature Range . . . . . . . . . .. OOC to + 70°C 
Frequency .......................... ' 3.579545MHz 
Frequency Calibration Tolerance . . . . . . . . . . . . . . .02 ± % 
Load Capacitance ........................... 18pF 
Effective Series Resistance ........... , 180 Ohms, max. 
Drive Level-Correlation/Operating. . . . . . . . . . . . . . .. 2mW 
Shunt Capacitance. . . . . . . . . . . . . . . . . . . . . .. 7pF, max. 
Oscillation Mode. . . . . . . . . . . . . . . . . . . . . .. Fundamental 

External Drive Requirements 

To use an external 3.58MHz clock a TTL level, 50% 
duty cycle, square wave can be applied to pin 12, OSCo 
through a .1",F capacitor. It must have a 2V pop 
amplitude and be AC coupled through the .1",F 
capacitor. 

Applications Circuits 

Three applications circuits are illustrated. The first cir
cuit is for a stand-alone RS-232 interface modem to be 
used as a peripheral accessory to a terminal or com
puter. Plugging into an RS-232 serial port on one side 
and into a standard modular phone jack on the other 
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side it is a stand-alone direct connect modem for 
operation at rates up to 300bps. 

The second circuit is an add-on modem for building 
into a computer and connecting to the internal parallel 
buss structure. The ACIA or UART does the parallel-to
serial and serial-te-parallel conversion required. The 
edge connector is numbered for an Apple II application 
but the same interface applies to most ",p systems. 

Both circuits are intended for direct connection to the 
phone lines. This requires meeting FCC Part 68 
requirements for network protection as well as protec
tion of the modem. No suppression components are 
illustrated on these examples as the design of the in
terface will vary depending on the needs of the 
deSigner. After a design is completed it must be sub
jected to Part 68 certification before sale to the public. 

If one wants to avoid the protection/certification 
details a certified DAA (Data Access Arrangement) 
such as the Cermetek CH1810 can be used instead. 
The DAA is designed to handle the phone line inter
face including the 4-wire to 2-wire function and is 
already registered with the FCC. See the third circuit. 

Whether using a DAA or not, the S3530 requires very 
few external components. 

Hybrid Function 

In the stand-alone circuit the hybrid 4-wire to 2-wire 
converter utilizing the dual op amp was configured to 
provide 1:1 conversion in each direction. A - 9dBm 
voltage level from the Transmit Carrier pin on the 
S3530 Is amplified by the op amp to compensate for 
the losses In the 3000 matching resistor and the coupl
Ing transformer. The transmit carrier Is delivered to the 
line at - 9dBm. (For CCITT applications this should be 
reduced to - 13dBm.) 

In the receive direction the loss In the coupling 
transformer Is compensated for by the other half of the 
op amp. If there Is a - 20dBm signal across Tip and 
Ring then a - 20dBm signal Is delivered to the Receive 
Carrier pin on the S353O. 

The 3000 resistor is to provide the proper termination 
so that Tip and Ring look like a 6000 AC impedance to 
the line. The 16KO resistor from the Transmit Carrier 
pin to the inverting input of the receive op amp is to 
provide sidetone suppression. The transmit carrier is 
provided through the 16KO resistor 180° out of phase 
from the transmit cari'ier presented to the line. Thus, 
the transmit carrier is cancelled and presented to the 
Recieve Carrier pin on the 53530 at a reduced level. 
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Suggested Parallel Interface Application Schematic for 63530 and Apple II 

~ IL....-_________ ......I 
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NOTE: Till IS NOT FCC PART 68 APPROVED AND WILL REQUIRE MORE 
TRANSIENT PRDTECTmN AND AN FCC CEIITIFlCA110N TEST. 
Till BCHEMA nc IS INTENDED AS A SUGGESTED ST ARMa 
POINT ONLY, AND SIllULD BE ADOPTED TO m EACH 
PARncuLAR APPLICATION. 



Suggested Application Schematic 
Using Part 68 Certified DAA 
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Under ideal conditions 20dB or more of cancellation 
might be achieved, but because telephone lines vary 
considerably, a cancellation of around 10dB is a more 
realistic number. 

Also, the transformer listed is rated to 75mA loop cur· 
rent. To go to the maximum loop current the Microtran 
number would be T5115 for 120mA loop current 
capability. The DC resistance may be slightly different 
and various components may need to be adjusted to 
retain the necessary AC and DC specifications. 
Another transformer is the T2112 which is much 
smaller and lighter because the low end frequency 
response is not needed. 
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Application Hint 
An important pOint to remember is that if the chip is in 
the answer mode and an originating modem, not 
following Bell or CCITT protocol, sends carrier before 
the 53530 has finished the auto answer sequence 
there will be carrier detect but handshaking will not be 
completed and data will not be transfered. This is of 
particular importance in V.21 because the longer 
answer sequence with the answer tone is almost 
6 seconds. 

NOTE once again, that only minimal transient protec· 
tion is illustrated in these examples, This must be add
ed to meet the needs of the application and the FCC 
Part 68 requirements. 



Modem Glossary 

Analog Loopback - A diagnostic test for the entire in
ternal signal path of the modem chip. The transmitted 
analog output is Internally connected to the analog 
input. 

Asynchronous - A scheme for transmitting data on a 
character·by·character basis without a synchronizing 
clock signal. In general the asynchronous protocol in· 
cludes a start bit to identify the beginning of a 
character, the data bits, and stop bit(s). 

Bandwidth - The frequency range of a communica
tions channel. Normal phone lines have a bandwidth of 
3000Hz for voice, from 300Hz to 3300Hz. 

BPS - The speed at which a modem can transmit or 
receive data, measured In bits per second. 300 bps is 
roughly equal to 300 words per minute. 

Bias Distortion - Distortion such that the actual mark 
and space bits are not of equal time duration, thus 
causing a deviation from the expected 50% duty cycle. 

CCITT - International Telegraph and Telephone Con· 
sultative Committee. An organization for developing 
communication system standards. The European 
equivalent of BELL standards. 

Data Distortion - Bit bias distortion occurs when the 
width of bits received are not equivalent for both a 
logic one and a logic zero. Bit bias is easily measured 
as it shows up as a deviation in average voltage. In a 
normal data stream of alternating ones and zeros the 
average voltage is zero. However when bit bias destor
tion is present the duty cycle is not exactly 50% and 
hence the average voltage is not zero. Excessive bit 
bias will lead to quality degradation as system UARTs 
deserialize data correctly only when bit bias distortion 
is low. 

Bit jitter distortion is also important for proper opera· 
tion of all modems. Bit jitter occurs when the actual 
center of the data bit drifts around the theoretical 
center. Again, this is important to the proper operation 
of a modem because UARTs only deserialize data cor· 
rectly when bit jitter distortion is low. Jitter distortion 
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is important in all asynchronous serial data systems 
because the edges of the data bits are used to 
reconstruct all timing information. 

DAA - Data Access Arrangement. An FCC registered 
device necessary for correctly connecting a device to 
the switched telephone network. Refer to Part 68 of the 
FCC's regulations. 

DCE - Data Communication Equipment. Modem or 
any other equipment necessary for the transmission 
and reception of data between computers and 
terminals. 

Digital Loopback - A diagnostic test for the entire 
phone line and remote modem. The remote modem's 
digital output to the DTE is connected to the digital in
put from the DTE and fed back to the transmitting 
modem. 

Direct Connect Modems - Modems that contain a DAA 
rather than requiring an acoustic coupler or a tie·in to a 
phone handset mouthpiece. 

DlE - Data Terminal Equipment. The digital equip
ment that attaches to a modem as the end of the data 
path. Usually a terminal or a computer. 

FSK - Frequency Shift Keying. A modulation method 
which varies the carrier frequency to correspond with 
the binary signals to be transmitted. 

Full Duplex - Simultaneous two·way communication 
(transmission and reception) between two computers 
or modems. 
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Off-Hook - Connected to the telephone line. 

RS232C - A serial communications interface defined 
by the Electronic Industries Association. Frequently 
used to connect stand-alone modems to personal 
computers. 
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Consumer Products Selection Guide 

DISPLAY DRIVERS 
Part No. Description Temp Range Process 

S4520 30·Volt Dichroic LCD Driver - 55°C to 85°C CMOS 
- 29V to - 5V 

S4521 32 Bit LCD Driver - 40°C to 85°C CMOS 

S4534 10 Bit, High Voltage, High Current Driver O°C to 70°C CMOS 
High Current Driver 

S4535 32 Bit, High Voltage, Driver 

Cross Reference by Manufacturer 

Manufacturer 

Holt 

Hughes 

National 

TI 

TI 

Sprague 

Sprague 

TI 

Sprague 

Avail in -40°C 
to 85°C 

-40°C to 85°C CMOS 

Consumer Products 
Display Drivers 

Part# 

HI·801O' 

HLCD'0438A 

MM58438 

UCN4810A 

TL4810A 

UCN4810A 

UCN5810A 

SN75518 

UCN5818A 

'NOT PIN-FOR-PIN EQUIVALENT - CALL FACTORY FOR INFORMATION 

5.2 

Power Supply Outputs Packages 

+ 3V to + 16V 38 48 Pin 
30/32 Available 

+ 3V to + 13V 32 40 Pin 

+5Vto+12V 10 18 Pin 

+ 20V to + 60V 

+ 5V/+ 20V to 
+ 60V 32 40 Pin 

Cross Reference Guide 

AMI Functional 
Equivalent Part# Number 

S4520 

S4521 

S4521 

S4534 

S4534 

S4534 

S4534 

S4535 

S4535 
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Features 
o High Voltage Outputs Capable of a 32-Volt Swing 
o Drives Up to 38 Devices 
o Cascadable 
o On-Chip Oscillator 
o Requires Only 4 Control Lines 
o CMOS Construction For: 

Wide Supply Range 
Low Power Consumption 
High Noise Immunity 
Wide Temperature Range 

Applications 
o Liquid Crystal Displays 
o Flat Panel Displays 
o Print Head Drives 

Block Diagram 

CLOCK 

DATA 
IN 

mil' 
m:m 

LOAD 
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84520 

30-Volt 
Dichroic LCD Driver 

General Description 

The S4520 is a CMOS/LSI circuit that drives high
voltage dichroic liquid crystal displays, usually under 
microprocessor control. The S4520 requires only four 
control inputs (CLOCK, DATA IN, LOAD and CHIP 
SELECT) due to its serial input construction. It can 
latch the data to be output, relieving the micropro
cessor from the task of generating the required wave
forms, or it may be used to bring data directly to the 
drivers. The A.C. frequency of the backplane output can 
be generated by the internal oscillator or, the user has 
the option of supplying this signal from an external 
source. If the internal oscillator is used to generate the 
backplane signal, the frequency will be determined by 
an external resistor and capacitor. One S4520 circuit 
can drive 38 segments. Other packaging options can 
provide 30 or 32 segment drivers. 

0038 

0032 

0030 

LCD<\> 
OPT 

Pin Configuration 
(Other Packaging OpUonl - Page 8) 

a" 
an 
a" 
a" 
a" 
a" 
a .. 
a" 
a" 
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Absolute Maximum Ratings 

Voo . ........................................................................... - O.3V to + 17V 
Vee· ..................................................................... Vss + O.3V to Voo - 32V 
Inputs (ClK, DATA IN, lOAD) . ................................................ Vss- O.3V to Voo+ O.3V 
Inputs (lCD¢) ............................................................. Vee- O.3V to Voo+ O.3V 
Power Dissipation . ...................................................................... 250mW 
Storage Temperature . ... '.' ..................................................... - 65°C to + 125°C 
Operating Temperature . ......................................................... - 55°C to + 85°C 

Electrical Characteristics: 3V~VDD~16V, - 55°C~TA~ + 85°C, unless otherwise noted 

Symbol Parameter Min. Max. Units Test Condlilon 

Power Supply 

Voo Logic Supply Voltage 3 16 V 

Vss Display Supply Voltage Voo - 32 Voo-5 V VsssVss 

100 Supply Current (external oscillator) 200 /AA CMOS input levels. No loads. 
Supply Current (internal oscillator) 200 /AA Voo";5V 

750 /AA Voo = 16V; CMOS input 
levels. No loads. 

Iss Display Driver Current -200 /AA fsp = 100Hz. No loads. 

Inputs (ClK, DATA IN, lOAD, CS) 
VIH Input High Level 0. 5Voo Voo V Voo ;;'5V 

VIL Input low level Vss 0. 2Voo V 

IL Input Leakage Current 5 J,tA 

C1 Input Capacitance 5 pF 

VOAVG DC Bias (Average) Any Segment Output to 
Backplane ±25 mV fsp"; 1 OOHz 

V1H lCD~ Input High Level 0. 9Voo Voo V Externally Driven 

VIL lCD~ Input low Level Vss 0. 1Voo V Externally Driven 

Capacitance loads (typical) 
ClSEG Segment Output 1000 pF fsp~ 100Hz 

CLsp Backplane Output 40000 pF fsp~ 100Hz 

RSEG Segment Output Impedance 10 KQ IL=10/AA 

Rsp Backplane Output Impedance 312 Q IL = 10 J,tA 

Roo Data Out Output Impedance 3 KQ IL=10J,tA 
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Timing Characteristics: 
Symbol Parameter Min. Max. Units Voo 

teye Cycle time (noncascaded) 1000 ns 3.0V 
500 ns 5.0V 
320 ns ~7.5V 

teye Cycle time (cascaded) 1300 ns 3.0V 
600 ns 5.0V 
350 ns ~7.5V 

tOl, tOH Clock pulse width low/high 450 ns 3.0V 
220 ns 5.0V 
140 ns ~7.5V 

tOH Clock pulse width high (cascaded) 750 ns 3.0V 
320 ns 5.0V 
180 ns ~7.5V 

t r, If Clock rise, fall (Note 12) 1 !AS 

tos Data In setup 300 ns 3.0V 
150 ns 5.0V 
120 ns ~7.5V 

tese CS setup to Clock 200 ns 3.0V 
100 ns 5.0V 

50 ns ~7.5V 

tOH Data hold 10 ns 

tccs CS hold 450 ns 3.0V 
220 ns 5.0V 
140 ns ~7.5V 

tCl Load pulse setup (Note 5) 500 ns 3.0V 
280 ns 5.0V 
180 ns ~7.5V 

tlCS CS hold (rising LOAD to rising CS) 300 ns 3.0V 
200 ns 5.0V 
150 ns ~7.5V 

tlW Load pulse width (Note 5) 500 ns 3.0V 
220 ns 5.0V 
140 ns ~7.5V 

tlC Load pulse delay (Falling load to falling clock) 0 ns 

tcoo Data Out valid from Clock 550 ns 3.0V 
220 ns 5.0V 
110 ns ~7.5V 

tcsL CS setup to LOAD 0 ns 
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Figure 1. Signal Timing Diagram 

levc 

~'·lT'·l 
I, --

CLOCK 

I-~ X I' / ~ / 

~r- i 10" I 

DATAINm= : 
I I 
I I 
I I 

:r+- ~'~-I 
I 
I 

ilLcs1 ! 
CS~ Y ~ Yi 

P= ~ - ~" , ICSL I _ILw-
-.--tcL 

LOAD ~ 

DATA OUT 

-1 Icoo t= 
~ X X 

Logic Truth Table 

~ 
<Ii" 

X X 1 0 NC NC 0 ON(L) 
X X 1 1 NC NC 1 ON(L) 
0 s 0 0 NC NC 1 ON(L) 
0 s 0 1 NC NC 1 ON(L) 
0 L 0 0 0 ON-1 ... 0N 1 ON(L) 
0 L 0 1 0 ON-1 ... 0N 1 ON(SR) 

s 0 0 NC NC 1 ON(L) 
s 0 1 NC NC ON(L) 
L 0 0 1 ON-1 ... 0N ON(L) 
L 0 1 1 ON-1 ... 0N ON(SR) 

Notes: NC = No Change SR = Shift Register L = Latch 
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Operating Notes 
1. The shift register loads and shifts on the falling edge of CLK. DATA OUT changes on the rising edge of CLK. 

2. The buffer number corresponds to how many clock pulses have occurred since its data was present at the input 
(e.g., the data on 010 was input 10 clock pulses earlier). DATA is shifted into Segment 1 and shifted out from Seg· 
ments 30, 32 or 38, depending on bonding option used. 

3. A logiC 1, shifted into the shift register (through DATA IN), causes the corresponding segment's output to be out 
of phase with the backplane. 

4. A logic 1 on LOAD causes a parallel load of the data in the shift register, into the latches that control the output 
drivers. 

5. LOAD may also be held high while clocking. In this case, the latch is transparent and, the falling edge of LOAD will 
latch the data. 

6. To cascade units, (a) connect the DATA OUT of one chip to the DATA IN of the next chip, and (b) either connect 
the backplane of one chip to LCD~ of all other chips (thus one RC provides frequency control for all chips) or con· 
nect LCD~ of all chips to a common driving signal. If the former is chosen, the backplane that is tied to the LCD~ of 
the other chips should not also be connected to the backplanes of those chips. 

7. The LCD~ pin can be used in two modes, driven or self·oscillating. If LCD~ is driven, the circuit will sense this 
condition. If the LCD~ pin is allowed to oscillate, its frequency is determined by an external capacitor. The 
Backplane frequency is a divide by 256 of the LCD~ frequency, in the self·oscillating mode. 

8. If LCD~ is driven externally, it is in phase with the backplane output. 

9. Backplanes can be tied together, if they have the same signal applied to their LDC~ inputs. 

10. In the self·oscillating mode, the backplane frequency is approximately defined by the relationship 
fsp(Hz) = 10 + R(C + .0002) at VDD = 5V, R in KQ, C in J.lF. 

examples: R = 56Kf!, C = .0015jlF: f BP '" 1 OOHz 
R = 110Kf!, C = .00068I'F: fBP '" 100Hz 

11. Minimum value of R for RC oscillator is 50KQ. 

12. Power consumption increases for clock rise or fall times greater than 100ns. 

Ordering Information 
1. All orders must specify a package type (Le. S4520A, 48·pin plastic DIP) 
2. All orders must specify whether an internal oscillator or external oscillator will be used (Le. S4520B, external 

oscillator). 
3. A set·up charge or minimum order quantity may apply for packaging options not shown. 
4. Standard products available (refer to pages 1 and 8 for pin out descriptions): 

Version Package Segments Oscillator Data Out 

S4520A 48 DIP 38 Internal 38 

S4520B 48 DIP 38 External 38 

S4520G 48 GLGG 38 Internal 38 

S4520D 48 GLGG 38 External 38 

S4520F 48 DIP 38 External 32 

S4520G 44 PLGG 32 Int or Ext 32 
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Chip Select Inverse Input 

The C5 input is used to enable clocking of the shift 
register. When C5 is low, the chip will be selected and 
the shift register will be enabled. When C5 is high, the 
shift register will be disabled and the output buffers will 
be driven by the data in the latches. 

Clock Input 

The CLOCK input is used to clock data serially, into the 
shift register. A clock signal may be continuously pre
sent, because the shift register is enabled only when 
C5 is low. 

Load Input 

The LOAD input controls the operation of the data lat
ches and allows new data to be loaded into the shift 
register, without changing the appearance of the dis
play. When LOAD is high, the values in the shift register 
will be loaded into the data latches. If desired, LOAD 
can be held high and the data latches will be trans
parent. The LOAD input is disabled when C5 is high. 

LCD Oscillator Input 

When used with an external oscillator, the LCD 
oscillator is driven by the input voltage level. In this 
configuration, the backplane output will be in phase 
with the input waveform. In the self-oscillating mode, 
an external resistor and capacitor are connected to the 
oscillator input pin, and the backplane frequency will 
be a divide by 256 of the internal oscillator frequency. 

LCD Oscillator Options 

Internal Oscillator - The LCD oscillator option (LCDcp 
OPT) is internally (or externally) connected to the LCD 
OSCillator input (LCDcp) and, it provides the oscillator 
feedback. 

External Oscillator - The LCD oscillator option Is not' 
connected. 
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Data Input 

Data present at DATA IN will be clocked into the shift 
register, when C5 is low. Data is loaded into the shift 
register on the falling edge of the clock and shifts to the 
output on the rising clock edge. 

Data Output 

Depending on the packaging option selected, 0030, 
0032 and 0038 are buffered outputs driven by the 
corresponding element of the shift register. The value 
of DOxx will be the same as the value of the matching 
shift register bit (i.e. the value at 0032 will be the same 
as bit 32 of the shift register). The data output is typi
cally used to drive the data input of another 54520. By 
cascading 54520 circuits in this manner, additional 
display elements can be driven. 

Backplane Output 

The backplane output provides the voltage waveform 
for the LCD backplane. When used with the internal 
oscillator, the backplane frequency will be equal to the 
oscillator frequency divided by 256: 

fBP = fose (int) + 256. 

With an external oscillator, the backplane frequency 
will be in phase with and equal in magnitude to the in
put signal. 

Segment Drive Outputs 

The segment drive outputs provide the segment drive 
voltage to the LCD. With a logic level "1" in the latch 
associated with the segment drive output, the output 
voltage will be out of phase with the backplane (i.e the 
segment will be ON). A logic level "0" will cause the 
segment drive to be in phase with the backplane output 
voltage. . 



Figure 2. Typical Application 
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Standard Packaging Options 84520 

48·Lead Plastic Dual In Line Package 44-Plastic Leaded Chip Carrier (PLCC) 

an a" an an DATA 
an a" an a" a .. a .. au a" a" a" a .. OUT 

BP a" a" 
au DATA DUT(38) a,. DATA OUT (32) • • • 3 • , .. (:~) 42 41 " 
a" 8P a" 8P 

a" a" a .. a" 
an au an au PIN ", IDENTIFIER 

39.017 

a .. a" a" a" 38-0'6 

a" au a" a" 3NI'5 
a" a" a,. a" 
an v .. an v .. 36-Yd 

an a" an a" Q31-11 315-0'4 

an Ou an au Ou .. 12 845208 34·0,3 
a,. 0" a,. 0" 

0" 0" 0" a" MlA-13 33-0'2 

0" 0" a" 0" Vsr14 32-011 

V" 0, V" 0, 
CS·15 31-0'0 

CI a, co 0. 

CLOCK 0, CLOCK 0, CLOCK·16 30-0, 

LOAD 0. LOAD 0. LOAD·17 29-0, 

DATA IN 0. DATA IN a, 
LCD~ 0. LCD. 0. 

+VDD 0, +YDD a, 18 19 2Q 21 22 23 24 25 26 27 26 
DATA LCD~ lCOrb VilD a, a, a, a. a. a, 0, 

a" a, a" a, 6 OPT. 

a" a, a" a, 

48-Ceramic Leadless Chip Carrier (CLCC) 

a" 0,& 'It. Q'40'3 012 011 0'0 Og a, a, a, ... a" ... 0'4 013 On 0'1 
42 41 " 3938 3736 3534 33 32 31 42 ',1 .0 3938 3736 

D'T43 31>0, 30~. 

Q,.,44 29~. 0, .... 29.Q, 

0,,-45 ,..., ,..., 
...... 27-Q2 BP~' 27.0, 

OATA ~~.47 .. ~, OATII::_47 .. ~, 
"' .... 25.q,. S.5200 

.o.q,. 

021-1 '4-11" ~,-1 24-037 

a".' 23-YDII 23-Voo 

... ~ 22·LCDrp OPT. 22-LCDtfJ 

"'.~ 21·DATA II o,.~ 21·DATA It 

"'.~ 20.t.OAD 11,:5-5 20-LOAo 

aw· '''LOCK 0,.., 19-CLOCK 

7 • • 10 11 1213 14 15 1617 ,. 7 • 9 1011 1213 14 15 16 17 ,. 
0,. 0,. a" D:ia D:i, -032 ~3 0,. a" ~& Vss cs an 0,. a" ... 0" a~ ... a" 

"" 
038 Vss CI 

NOTE: Viewed From Top Side of Package 
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Features 
o Drives Up to 32 Devices 
o Cascadable 
o On Chip Oscillator 
o Requires Only 3 Control Lines 
o CMOS Construction For: 

Wide Supply Range 
High Noise Immunity 
Wide Temperature Range 

Applications: 
o Liquid Crystal Displays 
o LED and Incandescent Displays 
o Solenoids 
o Print Head Drives 
o DC and Stepping Motors 
o Relays 

Functional Block Diagram 

DATA IN 

LOAD L.._.~---' 
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32 BIT DRIVER 

General Description 
The S4521 is an MOS/LSI circuit that drives a var
iety of output devices, usually under microprocessor 
control. This device requires only three control lines 
due to Its serial Input construction. It latches the data 
to be output, relieving the microprocessor from the 
task of generating the required waveform, or it may be 
used to bring data directly to the drivers. The part acts 
as a versatile peripheral to drive displays, motors, 
relays and solenoids within its output limitations. It is 
especially well suited to driving liquid crystal displays, 
with a backplane A.C. signal option that is provided. 
The A.C. frequency of the backplane output that can be 
user supplied or generated by attaching a capacitor to 
the LCD! input, which controls the frequency of the in
ternal oscillator. One circuit will drive up to 32 devices 
and more can be driven by cascading several drivers 
together. The S4521F version is available In a surface
mountable plastic mini-fiat pack. 

DATA 
OUT 

Pin Configuration 

+V .. 
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U32 

U" 

U3D 

U" 

U" 

U" 

U" 

U" 

U" 

U" 

U" 

U" 

0" 
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0" 
0,. 

0" 
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U, 

U, 
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U, 

U. 
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BP 
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0, 
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0" 
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Absolute Maximum Ratings 

Voo ..... .......... ..... ... ........ ..... ... ..... ... .... ..... ...... ..... ...... ..... .... .... ........ ........ .... .... .... ..... ............... ..... ... ........ ... - 0.3 to + 17V 
Inputs (CLK, DATA IN, LOAD, LCD+) ....................................................................................... Vss - 0.3 to Voo + 0.3V 
Power Dissipation ............................................................................................................................................. 250mW 
Storage Temperature ..................................................................................................................... - 65·C to + 125·C 
Operating Temperature ................................................................................................................... - 40·C to + 85·C 

Electrical Characteristics: 3V.".Voo.".13V, unless otherwise noted 

Symbol Parameter Min. Max. Units Tesl Condilion 

Voo Supply Voltage 3 13 V 

Supply Currenl 

1001 Operating 200 iJP. IBP = 120Hz, No load, Voo = 5V 
1002 Quiescent 200 iJP. lCD+ High or low, IBP=O 

load @ logic 0, Voo = 5V 

Inputs (ClK, DATA IN, lOAD) 

VIH High level 0.6 Voo Voo V 3V.".Voo<5V 
0.5 Voo Voo V 5V.".Voo.".13V 

VIL low level Vss 0.2 Voo V 
IL Input Current 5 iJP. 
C1 Input Capacitance 5 pF 

ICLK ClK Rate DC 2 MHz 50% Duty Cycle 

tos DataSet-Up Time 100 ns Data Change to ClK Falling Edge 

tOH Data Hold Time 10 ns Falling ClK Edge to Data Change 

tpw load Pulse Width 200 ns 

tpo Data Out Prop. Delay 220 ns CL = 30pF, From Rising ClK Edge 

tLC load Pulse Set-Up 300 ns Falling ClK Edge to Rising load 
Pulse 

tLCO load Pulse Delay 0 ns Falling load Pulse to Falling ClK 
Edge 

VOAVG DC Bias (Average) Any Q 
Output to Backplane 

±25 mV IBP = 120Hz 

VIH lCD+ Input High level .9 Voo Voo V Externally Driven 

V1L lCD+ Input low level Vss .1 Voo V Externally Driven 

capacitance loads 

CLQ Q Output 50,000 pF IBP = 120Hz 
CLBP Backplane 1.5 jAF IBP = 120Hz, See Note 8 

RON Q Output Impedance 3.0 KQ IL = 10iJP., Voo = 5V 

RON Backplane Output Impedance 100 Q IL = 10iJP., Voo = 5V 

RON Data Out Output Impedance 3.0 KQ IL = 10iJP., Voo = 5V 
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Operating Notes 

1. The shift register shifts on the falling edge of CLK. It 
outputs on the rising edge of the CLK. 

2. The buffer number corresponds to how many clock 
pulses have occurred since its data was present at 
the input (e.g., the data on 010 was input 10 clock 
pulses earlier). 

3. A logic 1 on Data In causes a 0 output to be out of 
phase with the Backplane. 

4. A logic 1 on Load causes a parallel load of the data in 
the shift register, into the latches that control the 0 
output drivers. 

5. To cascade units, (a) connect the Data Out of one 
chip to Data In of next chip, and (b) either connect 
Backplane of one chip to LCD~ of all other chips 
(thus one RC provides frequency control for all 
chips) or connect LCD~ of all chips to a common 
driving signal. If the former is chosen, the Backplane 
that is tied to the LCD~ inputs of the other chips 
should not also be connected to the Backplanes of 
those chips. 

6. If LCD~ is driven, it is in phase with the Backplane 
output. 

7. The LCD~ pin can be used in two modes, driven or 
self-oscillating. If LCD~ is driven, the circuit will 

84521 

sense this condition. If the LCD~ pin is allowed to 
oscillate, its frequency is determined by an external 
capacitor. The Backplane frequency is a divide by 32 
of the LCD~ frequency, in the self-oscillating mode. 

8. In the self-oscillating mode, the backplane frequency 
is approximately defined by the relationship 
fBP(Hz) = 0.2 + C(in f.lF) at Voo = 5V. 

9. If the total display capacitance is greater than 100,000 
pF, a decoupling capacitor of 1 f-IF is required 
across the power supply (pins 1 and 36). 

Pin Description 

Pin # 

1 
2 

30 
31 
34 
35 

36 
40 

3-29, 
32-33, 
37-39 

Name 

Voo 
LOAD 

BP 
LCD~ 

DATA IN 
DATA OUT 

Vss 
CLOCK 

Description 

Logic and Q Output Supply Voltage 
Signal to Latch Data from Registers 
Backplane Drive Output 
Backplane Drive Input 
Data Input to Shift Register 
Data Output from Shift Register
primarily used in cascading 
Ground Connection 
System Clock Input 

Direct Drive Outputs 

Signal Timing Diagrams 

[
----------'"CLK---------------<1[ 

-----;\t' Ir-----~~\ 
M 1 __ +-'0'-1 -: ~ 

OATA'.=X i x'-________ -I-_____________ _ 

1 '. ~-'''~III~-r---'p_____,w l' 
lOAO~ ! 

'--------------r----~ 
I 

~'I-
DATAOUT _________________ --.Jx'------------
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Features: 

84534 

10 BIT, HIGH VOLTAGE, 
HIGH CURRENT DRIVER 

General Description 

o Outputs Capable of 60 Volt Swings at 25mA The AMI S4534 is a high voltage, high current MOS/LSI 
circuit that drives a variety of output devices, usually 
under microprocessor control, by converting low level 
signals such as TTL, and CMOS to high voltage, high cur
rent drive signals. This device requires only four control 
lines due to its serial input construction. It latches the 
data to be output, or it may be used to bring data directly 
to the driver. The part acts as a versatile peripheral to 
drive displays, motors, relays and solenoids within its 
output limitations of a 60 volt swing and up to 50mA per 
drive. It is especially well suited to drive vacuum fluores
cent displays due to its high voltage output capability. 
One circuit will drive up to 10 devices and more can be 
driven by cascading several drivers together. 

o Drives Up to 10 Devices 
o Cascadable 
o Requires Only 4 Control Lines 

Applications: 

o Vacuum Fluorescent Displays 
o LED and Incandescent Displays 
o Solenoids 
o Print Head Drives 
o DC and Stepping Motors 
o Relays 

Functional Block Diagram 

CLOCk 

DATA 

STROBe 

OUTPut 
DISABLE 

SERIAL 
OUTPUT 

VssC::> 
01 02 --------------------------0'0 

Output Buffer (Functional Diagram) 

r-------.--<= v .. 

L;.o"""" __ +--<=:J OUTPUT 
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Absolute Maximum Ratings at 25°C 

VBB .........................•.........................................................................................................................................•....... 65V 
VDD ..•...................•...•...•......•................•....•............•........................•.•...••.....•.........•.......••....•••....•..••..•............. 4.5 to 15V 
VIN ............................................................................................................................................... VSS - .3V to VDD + .3V 
VOUT (Logic) ................................................................................................................................ Vss - .3V to VDD + .3V 
VOUT (Display) ..... ..................................... ............. ... ..... ... ....... ........ ............................ .......... ...... Vss - .3V to VBB + .3V 
Power Dissipation ................................................................................................................................................. 1.2W 
Operating Temperature ........................................................................................................................ O°C to + 70°C' 
Storage Temperature ..................................................................................................................... - 65°C to + 125°C 

• S4534H = - 40'C to + 85°C 

Operational Specification: 0°C~TA~70°C (unless otherwise noted) 

Symbol Par ...... leter Min. 

V1L Input Zero Level -0.3 

VIH Input One Level 3.4 
3.6 

lIN Input Leakage Current 

VSL Signal Out Zero Level Vss 

VSH Signal Out One Level Voo -·95 
4.3 

Voo Logic Voltage Supply 4.75 

VBB Display Voltage Supply 20 

100 Logic Supply Current 

IBB Display Supply Current 

VOL Output Zero Level VSS 
VOH Output One Level VBB -2.5 

tSD Serial Out Prop. Delay 60 

tpo Parallel Out Prop. Delay 

tw Input Pulse Width 375 

tsu Data Set-Up Time 150 

tH Data Hold Time 40 

Functional Description 

Serial data present at the input is transferred to the shift 
register on the Logic "0" to Logic" I" transition of the 
clock input signal. On succeeding clock pulses, the 
registers shift data information towards the serial data 
output. The input serial data must be presented prior to 
the rising edge of the clock input waveform. 

Information present at any register is transferred to its 
respective latch when the strobe signal is high (serial-to
parallel conversion). The latches will continue to accept 
new data as long as the strobe signal is held high. 

Max. Units Test Condition 

1.1 V 

VoO+O.3 V 4.75V"; =VOO<5.25V 
Voo+0.3 V 5.25V"; VOO"; 12.0V 

1.0 ~ VoO=5V 

0.7 V Iso=-20~ 

Voo V Iso=20~, 4.75V";Voo<5.25V 
Voo V Iso=20~, 5.25V,,;Voo"; 12.0V 

12 V 

60 V 

20 rnA No Loads, Voo=5V 
30 rnA No Loads, Voo=10V 

6 rnA No Loads, T=25°C 

1.0 V Io=-20~ 

VBB V Io =25mA 

375 ns CL=50pF 

5 I's CL=50pF 

ns 

ns 

ns 

When the output disable input is high, all of the high 
voltage buffers are disabled without affecting the infor
mation stored in the latches or shift register. With the 
output disable signal low, the high voltage outputs are 
controlled by the state of the latches. 

At low logic supply voltages, it is possible that the serial 
data output (DO) may be unstable for up to 21'S, after the 
rising edge of the strobe (STR) or output disable (OD) 
inputs. 
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Table 1. 

NUMBER OF MAX. ALLOWABLE DUTY CYCLE AT 

OUTPUTS ON AMBIENT TEMPERATURE OF 

(lOUT = 25mA) 25°C 40°C 50°C SO°C 

10 100% 97% 85% 73% 

1 
100% 94% 82% 

1 
100% 92% 

t 
100% 

t 
100% 100% 100% 100% 

Pin Description 

Pin # Name 

Vss 

70°C 16 DO 

62% 
13 OD 
15 V,m 

69% 4 CLK 

78% 6 V"IJ 
STR 

89% 14 DI 

100% 1·3, 

100% 
8·12, Q,'QIII 
17·18 

Description 

Ground Connection 
Output of Shift Register
primarily used in cascading 
Output Disable 
Q Output Drive Voltage 
System Clock Input 
Logic Supply Voltage 

S4534 

Strobe to Latch Data from Registers 
Data Input to Shift Register 

Dire~t Drive Outputs 

Signal Timing Diagrams 

Data Write 

OATA 

CLOCK 

~ERIAL OUTPUT 

Data Read 

itwi 
STROBE ~ \~-

I' tPD---I·1 ____ x== PARALLEL OUTPUTS 

Output Inhibit 

_~;11_ 
. tPD--=1 

OUTPUT DISABLE 

PARALLEL OUTPUTS 
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Features 

o High Voltage Outputs Capable of 60 Volt Swing 
o Drives Up to 32 Devices 
o Cascadable 
o Requires Only 4 Control Lines 

Applications: 

o Vacuum Fluorescent Displays 
o LED and Incandescent Displays 
o Solenoids 
o Print Head Drives 
o DC and Stepping Motors 
o Relays 

Functional Block Diagram 

CLOCK 

DATA 

STROBE 

OUTPlIT 
DISABLE 

vss c:::> 01 02 -------------------------- On 

Output Buffer (Functional Diagram) 

84535 

32 BIT, HIGH VOLTAGE DRIVER 

General Description 

The S4535 is a high voltage MOS/LSI circuit that 
drives a variety of output devices, usually under micro
processor control, by converting low level signals such 
as TTL, and CMOS to high voltage, high current drive 
signals. This device requires only four control lines due 
to its serial input construction. It latches the data to be 
output, or it may be used to bring data directly to the 
driver. The part acts as a versatile peripheral to drive 
displays, motors, relays and solenoids within its output 
limitations of a 60 volt swing and up to 25mA per drive. 
It is especially well suited to drive vacuum fluorescent 
displays due to its high voltage output capability. One 
circuit will drive up to 32 devices and more can be 
driven by cascading several drivers together. 

SERIAL 
OUTPUT 

Pin Configuration 

v •• 
DO 

0" 

0" 

0" 

0" 

028 

027 

0" 

025 

024 

0" 

022 

Voo 

DI 

0, 

0, 

03 

0, 

0, 

06 

0, 

O. 

0, 

0" 

0" 
r-----..--<:=J v" 0" 0" 

020 0" 

019 014 

018 015 
~~-./W"+--<:::J OUTPUT 

0" 016 
<100K DO STR 

Vss elK 
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Absolute Maximum Ratings at 25°C 

Vss ........................................................................................................................................................................... 65V 
Voo ........................................................................................................................................................................... 12V 
VIN ............................................................................................................................................... VSS - .3V to VOO + .3V 
Your (Log ic) ....... ... ...................................... ............. ............ .... ................................................... Vss - .3V to Voo + .3V 
Your (Display) ............................................................................................................................. Vss - .3V to Vss + .3V 
Power Dissipation ................................................................................................................................................. 1.6W 
Operating Temperature ..................... ,............................................................................................ - 40°C to + 85°C' 
Storage Temperature ..................................................................................................................... - 65°C to + 125°C 

• Extended temperature range available. Please contact AMI for price and delivery information. 

Operational Specification: O°C,,"TA ,,"70°C (unless otherwise noted) 

Symbol Parameter Min. 

VIL Input Zero Level -0.3 

VIH Input One Level 3.S 

VSL Signal Out Zero Level Vss 

VSH Signal Out One Level Voo-O.S 

Voo Logic Voltage Supply 4.5 

VBB Display Voltage Supply 20 

100 Logic Supply Current 

IBB Display Supply Current 

VOL Output Zero Level Vss 

VOH Output One Level VBB - 2.5 
VBB - 3.2 

tso Serial Out Prop. Delay 

tpo Parallel Out Prop. Delay 

tw Input Pulse Width 500 

tsu Data Set-Up Time 150 

tH Data Hold Time 50 

Functional Description 

Serial data present at the input is transferred to the shift 
register on the Logic "0" to Logic "1" transition of the 
clock input signal. On succeeding clock pulses, the 
registers shift data information towards the serial data 
output. The input serial data must be presented prior to 
the rising edge of the clock input waveform. 

Information present at any register is transferred to its 
respective latch when the strobe signal is high (serial-

Max. Units Test Condition 

0.8 V 

Voo + 0.3 V 

5.18 

O.S V Iso = - 20,.,A 

Voo V Iso = 20,.,A 

5.5 V 

60 V 

3S mA No Loads, T = 2SoC 

10 mA No Loads, T = 2Soc 

1.0 V 10 = - 20,.,A 

VBB V 10=5mA 
VBB V 10 = 2SmA, One Output 

SOO ns CL = SOpF 

5 lAs CL = SOpF 

ns 

ns 

ns 

to-parallel conversion). The latches will continue to 
accept new data as long as the strobe signal is held 
high. 

When the output disable input is high, all of the high 
voltage buffers are disabled without affecting the infor
mation stored in the latches or shift register. With the 
output disable signal low, the high voltage outputs are 
controlled by the state of the latches. 
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Pin Description 

Pin # Name Description 

20 Vss Ground Connection 

2 DO Output of Shift Register-primarily used for cascading 

19 00 Output Disable 

1 Vss ° Output Drive Voltage 

21 ClK System Clock Input 

40 Voo logic Supply Voltage 

22 STR Strobe to latch Data from Registers 

39 01 Data Input to Shift Register 

3-18 and 23-38 01-032 Direct Drive Outputs 

Signal Timing Diagrams 

Data Write 

DATA =x X 
I -IH----1 
t,; I-'w-i ,_IW=V 

CLOCK ~ \ -'''1 SERIAL OUTPUT 

Data Read 

i'wi 
STROBE ~ \ ,. lPO 'I 
PARAllEL OUTPUTS x= 
Output Inhibit 

OUTPUT DISABLE 1. IPD't 
PARAllEL OUTPUTS 
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Memory Products Selection Guide 

STATIC CMOS RANDOM ACCESS MEMORIES 

Part No. Organization 
Max. Access Max. Active Max. Standby Power 

Package 
Time(ns) Power(mW) Power(mW) Supplies 

S6514 1024 x 4 300 39 0.14 to 1.9 +5V 18 Pin 

S6514B 1024 x 4 200 39 0.14 to 1.9 +5V 18 Pin 

S6514S 1024 x 4 140 39 0.14 to 1.9 +5V 18 Pin 

S6516 2048 x 8 200 55 5.5 +5V 24 Pin 

S6516B 2048 x 8 120 55 0.14 to 0.28 +5V 24 Pin 

MOS READ ONLY MEMORIES 

Part No. Description Organization Process 
Max. Access Max. Active Power 

Package 
Tlme(ns) Power(mW) Supplies 

S68A316 16,384 Bit Static ROM 2048 x 8 NMOS 350 420 +5V 24 Pin 

S68A332 32,768 Bit Static ROM 4096 x 8 NMOS 350 368 +5V 24 Pin 

S68B332 32,768 Bit Static ROM 4096 x 8 NMOS 250 368 +5V 24 Pin 

S2333 32,768 Bit Static ROM 4096 x 8 NMOS 350 368 +5V 24 Pin 

S68A364 65,536 Bit Static ROM 8192 x 8 NMOS 350 495 +5V 24 Pin 

S68B364 65,536 Bit Static ROM 8192 x 8 NMOS 250 495 +5V 24 Pin 

S68C364 65,536 Bit Static ROM 8192 x 8 NMOS 200 495 +5V 24 Pin 

S2364A 65,536 Bit Static ROM 8192 x 8 NMOS 350 495 +5V 28 Pin 

S2364B 65,536 Bit Static ROM 8192 x 8 NMOS 250 495 +5V 28 in 

S2364C 65,536 Bit Static ROM 8192 x 8 NMOS 200 495 +5V 28 Pin 

S6364 65,536 Bit Static ROM 8192 x 8 CMOS 250 110 -5V 28 Pin 

S23128A 131,072 Bit Static ROM 16384 x 8 NMOS 350 275 +5V 28 Pin 

S23128B 131,072 Bit Static ROM 16384 x 8 NMOS 250 275 + 5V 28 Pin 

S23128C 131,072 Bit Static ROM 16284 NMOS 2 0 275 + 5V 28 Pin 

S23131 OR·Gate ROM 1634 x 8 NMOS 350 220 +5V 28 Pin 

S23256A 262,144 Bit Static ROM 32768 x 8 NMOS 350 275 +5V 28 Pin 

S23256B 262,144 Bit Static ROM 32768 x 8 NMOS 250 275 +5V 28 Pin 

S23256C 262,144 Bit Static ROM 32768 x 8 NMOS 200 275 +5V 28 Pin 

S38256A MK38000 Compatible ROM 32768 x 8 NMOS 350 275 +5V 28 Pin 

S38256B MK38000 Compatible ROM 32768 x 8 NMOS 250 275 +5V 28 Pin 

S38256C MK38000 Compatible ROM 32768 x 8 NMOS 200 275 +5V 28 Pin 
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Features 

o Organized as 128 Bytes of 8 Bits 

o Static Operation 

o Bidirectional Three-State Data Input/Output 

o Six Chip Enable Inputs (Four Active Low, Two 
Ac~ive High 

o Single 5 Volt Power Supply 

o TIL Compatible 

o Maximum Access Time 
450ns for S6810 
360ns for S68A10 
250ns for S68B10 

Block Diagram 

A0(23) 

Al (22) 

A2(21) 

A3(201 

A4{191 

A5 (181 

A6(17) 

READI I16) 
WRITE 

E3(13) 

EOll0) 

r5 (lSI 

[4(14) 

E2 (12) 

Elllli 

111 (24) 

GND Vee (t5VI 
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5681 0/568A 10/568810 

128x8 STATIC 
READ/WRITE MEMORY 

General Description 

The S6810/S68A10 and S68B10 are static 128x8 
Read/Write Memories designed and organized to be 
compatible with the S6800/S68AOO and S68BOO Micro
processors. Interfacing to the S6810/S68A10 and 
S68B10 consists of an 8-bit bidirectional data bus, 
seven address lines, s single Read/Write control line 
and six chip enable lines, four negative and two 
positive. 

For ease of use, the S6810/S68A10 and S68B10 are a 
totally static memory requiring no clocks or cell 
refresh. The S6810/S68A10 and S68B10 are fabricated 
with N-Channel silicon gate depletion load technology 
to be fully DTLlTTL compatible with only a single + 5 
volt power supply required. 

Pin Configuration 

12)00 

13101 GND Vee 
(4JD2 

AD 
I~) 03 

(£ID4 

(I) D~ A7 

13) DC A3 

19)01 
A4 

A5 

A5 

R/W 

EO E5 

E1 E4 

E2 E3 



8681 0(868A1 0/86881 0 

Absolute Maximum Ratings 

Supply Voltage ..................................................................................................................................... - 0.3V to + 7.0V 

Input Voltage ........................................................................................................................................ - 0.3V to + 7.0V 

Operating Temperature Range ................................................................................................................ ooe to + 70 0 e 

Storage Temperature Range ........................................................................................................... - 55~e to + 150 0 e 

D.C. Characteristics: 

(Vee = + 5.0V ± 5%, Vss = 0, TA = O°C to + 70°C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Units Conditions 

liN Input Current 2.5 flAdc VIN = OV to 5.25V 
(An, R/W, CSn, CS n) 

VOH Output High Voltage 2.4 Vdc IOH = - 205f1A 

VOL Output Low Voltage 0.4 Vdc IOL = 1.0mA 

ILO Output Leakage Current 10 flAdc CS = 0.8V or CS = 2.0V, (Three State) 
VOUT = O.4V to 2.4V 

Icc Supply Current S6810 80 mAdc Vcc = 5.25V, all other pins 
S68A10/S68B10 100 mAdc grounded, TA = DoC 

A.C. Characteristics: 

Read Cycle 

(Vee = + 5.0V± 5%, Vss = 0, TA = ooe to + 70°C unless otherwise noted.) 

S6810 S68A10 S68810 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

ICYC(R) Read Cycle Time 450 360 250 ns 

lacc Access Time 450 360 250 ns 

lAS Address Setup Time 20 20 20 ns 

IAH Address Hold Time 0 0 0 ns 

IOOR Data Delay Time (Read) 230 220 180 ns 

IRCS 
Read to Select 

0 0 0 Delay Time 
ns 

IOHA Data Hold from Address 10 10 10 ns 

IH Output Hold Time 10 10 10 ns 

tOHR Data Hold from Read 10 60 10 60 10 60 ns 

IRH 
Read Hold 

0 0 0 from Chip Select ns 
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8681 0/868A 10/868810 

Write Cycle 

(Vee = + 5.0V ± 5%, Vss = O,TA = O·C to + 70·C unless otherwise noted.) 

Symbol Parameter 

tcyC(W) Write Cycle Time 

lAS Address Setup Time 

IAH Address Hold Time 

Ics Chip Select Pulse Width 

Iwcs Write to Chip Select 
Delay Time 

tDSW Data Setup Time (Write) 

IH Input Hold Time 

IWH 
Write Hold Time from 
Chip Select 

Read Cycle Timing 

~DON'TCARE 

NOTE CS AND CS CAN BE ENABLED FOR CONSECUTIVE READ 
CYCLES PROVIDED R W REMAINS AT V1H 

Write Cycle Timing 

~DON'TCARE 

NOTE: CS AND creAN BE ENABLED FOR CONSECUTIVE WRITE 

56810 568A10 568610 

Min. Max. Min. Max. Min. Max. Units 

450 360 250 ns 

20 20 20 ns 

0 0 0 ns 

300 250 210 ns 

0 0 0 ns 

190 80 60 ns 

10 10 10 ns 

0 0 0 ns 

,"vctR) 
tace 

ADDRESS 

cs D.SV 2.0V 

DATA OUT -------<====~:m=~~~~=j>---
1+------- ,"vctW) -------+1 

ADDRESS 

1+---- 'cs ------I 
_ __ ~~~~~2ro.OVV----------~ 

CS 1'----------
cs-~~~-~ O.BV 

cYCLES PROVIDED R!W IS STROBED TO V1H BEFORE OR DATA IN 

~tDSW 
'\COATA IN STABLE 

COINCIOENT WITH THE ADDRESS CHANGE, AND 

REMAINS HIGH FOR TIME tAS' I11III DON'T CARE 

6.5 



S681 O/S68A1O/S68B1 0 

AC Test Load 

~ s.ov 

< RL = 2.Sk 

TEST POINTO--..-..... -Kl .... t-.. MMD6150 
'"" OR EaUIV 

130pF*:::r:; ~ 25k ~7 
~ ... 7 MMD7000 

... '" OR EaUIV 

~7 

*Includes Jig Capacitance 
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Features 

o Address Access Time-300ns Maximum 
o Read and Write Cycle Time-420ns Maximum 
o Low Power Operation-39mW Maximum @1MHz 
o Low Power Standby-28mW Maximum 
o On-Chip Address Registers 
o Low Voltage Data Retention-2 Volts 
o TIL Compatible Inputs and Outputs 
o Three-State Outputs 

The S6514 is fabricated using CMOS Technology. This 
permits the manufacture of very high density, high per
formance CMOS RAMs. 

Block Diagram 

A, 

A8 

A7 LATCHED 
ADDRESS 

A8 REGISTER 
64 

A, 

A. 

DlOo 

D/O, 

DlQI 

0/03 

MEMORY 
MATRIX 
64x64 

64 

DATA va 
CDNTRDL 

AND 
CDLUMN 
DECODER 

LATCHED 
ADORESS 
REGISTER 
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General Description 

S6514 

4096 BIT (1 024x4) 
STATIC CMOS RAM 

The S6514 is a 4096 bit static CMOS RAM organized as 
1024 words by 4 bits per word. The device offers low 
power and static operation from a single + 5 Volt supp
ly. All inputs and three-state outputs are TIL compati
ble. The common data 1/0 pins allow direct interface 
with common bus systems. 

Data is latched into the on-chip Address Registers on 
the negative going edge of the Chip Enable signal. The 
data is then written into the cells on the negative going 
edge of Write Enable signal. The device is disabled and 
goes into a low power standby mode when the Chip 
Enable is High. Data in the memory will be maintained 
in this mode when Vee is reduced to 2.0 Volts. 

Pin Configuration 
A6 vee 

As A7 

A. A8 

Aa As 

AD 0/00 

A, 0/0, 

AI 0/02 

-eE 0/03 

GNO WE" 

Pin Names 

Ao-Ag Address Inputs 
0/00-0/03 Data Inputs/Outputs 
CE Chip Enable 
WE Write Enable 

Truth Table 
Mode CE WE Data Out 

Read L H Read Data 

Write L L HI-Z 

Disable H X HI-Z 



86514 

Absolute Maximum Ratlngs* 

Ambient Temperature Under Bias ................................................................................................. - 55·C to + 125·C 
Supply Voltage - Vee .......................................................................................................................... - O.3V to + 7.0V 
Input/Output Voltage Applied ....................................................................................................... - O.3V to Vcc + O.3V 
Storage Temperature - Tstg ............................................................................................................ - 65·C to + 150·C 

'COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. 

Electrical Characteristics: Vee = + 5V ± 10%, TA = - 55°C to + 125°C Military ( - 2) 

Symbol Parameter 

ICCSB Standby Supply Current 

ICCOP Operating Supply Current 

ICCDR Data Retention Supply Current 

VCCDR Data Retention Su pply Voltage 

II Input Leakage Current 

IIOZ Input/Output Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

- 40°C to + 85°C Industrial (- g) 
O°C to + 70°C Commercial (- 5) 

S6514S-2 S6514S-9 S6514S-5 
S6514B-2 S6514B-9 S6514B-5 
S6514-2 S6514-9 S6514-5 

Min. Max. Min. Max. Min. Max. Units 

50 25 350 flA 

7 7 7 mA 

25 15 200 flA 

2 2 2 V 

-1.0 1.0 -1.0 1.0 -10 10 flA 

-1.0 1.0 -1.0 1.0 -10 10 flA 

-0.3 0.8 -0.3 0.8 -0.3 0.8 V 

Vee Vee Vee Vee Vee Vee V 
-2.0 +0.3 -2.0 +0.3 -2.0 +0.3 

0.4 0.4 0.4 V 

2.4 2.4 2.4 V 

Capacitance: TA = 25°C, f = 1MHz. Capacitance is sampled and guaranteed. 

Symbol Parameter Min. Max. Units 

CIN I nput Capacitance 8 pF 

COUT Output Capacitance 10 pF 

Low Vee Data Retention Characteristics: 

Symbol Parameter Min. Max. Units 

TEHSL Chip Deselect to Data 
Retention Time 0 ns 

TSHEL Operation Recovery Time TEHEL ns 

6.8 

Conditions 

CE = Vcc±0.3V, 10 = 0 

CE = 1MHz, 10 = 0, 
VI = GND or Vee 

Vce =2.0V,10=0, 
CE = Vee 

VI = GND to Vee 

VIO = GND to Vee 

10 = 2.0mA 

10= -1.0mA 

Conditions 

GND to Vee 

GND to Vee 

Conditions 

See Low Vee Data Retention 

Waveforms 



56514 

Switching Characteristics: Vee = + 5V ± 10%, TA = - 55°C to + 125°C Military (- 2) 
- 40°C to + 85°C Industrial ( - 9) 

O°C to + 70°C Commercial ( - 5) 

S6514S S65148 S6514 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units Conditions 
TELav Chip Enable Access Time 140 200 300 ns 

TAVaV Address Access Time 150 220 320 ns 

TWLOZ Write Enable Output Disable Time 60 80 100 ns 

TEHOZ Chip Enable Output Disable Time 60 80 100 ns 

TELEH Chip Enable Pulse Negative Width 140 200 300 ns 

TEHEL Chip Enable Pulse Positive Width 60 90 120 ns See Waveforms 

TAVEL Address Setup Time 10 20 20 ns and Test Load; 

TELAX Address Hold Time 30 50 50 ns Input rise and fall 

TWLWH Write Enable Pulse Width 140 200 300 ns times ';10ns (5ns 

TWLEH Write Enable Pulse Setup Time 140 200 300 ns for S6514S); 

TELWH Write Enable Pulse Hold Time 140 200 300 ns Input pulse 

TDVWH Data Setup Time 80 120 200 ns levels O.SV to 

TWHDX Data Hold Time a a a ns Vee - 2.0V; All 

TWLDV Write Data Delay Time 60 80 100 ns timing measured 

TWLEL Early Output High·Z Time a 0 0 ns at 1. 5V reference 

TEHWH Late Output High·Z Time 0 0 0 ns level. 

TELEL Read or Write Cycle Time 200 290 420 ns 

Low Vee Data Retention Waveforms Read Cycle: WE = HIGH 

Vee-----~ 

CE __ ~..T 

w,-~~--------{ 

1. 4.50V 
2. VCCDR ,(2V MIN) 
3. VIL 
4. Vce -O.2V 
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Write Cycle 

Read Modify Write Cyc' 

Test Load 

T.,t Comparator 

Package 
Outlines 

18·Pin Plastic 

PIN 'iDENTIFIfA ---"~18 
0,930 MAX 

I 0,065 I ' 

0'04°'';:''1 
! .l.__ 9 10 

r~111 1- . LI I 
I 0.2BO 

100 MIN -i r -t 0.200 MAX t- -1 0,220 

--j!--O,020MIN BENDr----t g:~~g 

R" I 

I , 

" \1 

'" II' 15'MAX / 

""1 r--- -1~- g:g~~ 

6.10 

L 
, 0,100 

86514 

Note: As shown In the 
block diagram, a write 
operation requires both 
cr and WE to be low 
(active), If CE rises 
before WE rises, aU 
data setup and hold 
times must be referred 
to BE Instead of WE, 

NOTE 1: TElEL & TELEH ARE LONGER 
THAN THE MINIMUM GIVEN FOR READ 
OR WRITE,CYCLE. 

18·Pin Ceramic 

PIN 1 IDENTIFIER 

MARKINGS 
ON LID 

SURFACE 
ONLY 

~-+---'--=-l-"""O 

0.295 
0.275 

Ii 0,310 

III I 0.290 

A. 
15Q MAX~ L JLO,012 

O.OOB 



-) GOULD 
AMII Semiconductors 

Preliminary Data Sheet 

February 1985 

Features 
o Fast Access Time 
o Low Power Standby 
o Low Power Operation 
o On-Chip Address Registers 
o Low Voltage Data Retention - 2V 
o Fully TTL Compatible Inputs 
o Three-State TTL Outputs 
o Standard 24 Pin Package 
o EPROM and ROM Compatible Pinouts 
o Military Temperature Range 
o Industrial Temperature Range 

Block Diagram 

A. 

A5 

A6 
LATCHED 

A7 ADDRESS 

As REGISTER 

A. 

A,o 

AD 

A, LATCHED 

A2 ADDRESS 
REGISTER 

A3 

CE 

WE 

DE 

ROW 
DECODER 

READ 

ilIoo 

MEMORY 
MATRIX 

128X128 

8X16 

UO CONTROL 
CIRCUITS 

DATA 
INPUTIOUTPUT 

BUFFERS 
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86516 

16,384 BIT (2048x8) 
STATIC CMOS RAM 

General Description 
The S6516 is a 16,384 bit static CMOS RAM organized 
as 2048 words by 8 bits. It offers low standby and 
operating power dissipation from a single + 5V power 
supply. All inputs and outputs are TTL compatible. The 
common data I/O pins allow direct interface with com
mon bus systems. The Output Enable function 
simplifies system design and facilitates memory ex
pansion by allowing the outputs to be OR-tied to other 
devices. The device operates synchronously with ad
dress registers provided on-chip to allow simple inter
facing to microprocessors which use a multiplexed ad
dress/data bus. The address data is latched into the 
registers during the high to low transition of the Chip 
Enable pulse. 

Pin Configuration 

A, Vee 

AI AI 
A, At 

Aa WE 

A, liE 

A, A" 

A, CE 

AI 010, 

DID, DID, 
DID, IIIQ, 

DID, 
DID, 

Pin Names 

Ao-Al0 Address Inputs 

0/00- 0/0 7 Data Inputs/Outputs 

CE Chip Enable 

WE Write Enable 

OE . Output Enable 

Truth Table 

0/07 Mode CE WE DE Data Out 

Read L H L Read Data 
Write. L L X High-Z 
Chip Disable H X X High-Z 
Output Disable L X H High-Z 



86516 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias ...................................................................................................... - SS·C to + 12S·C 
Supply Voltage-Vee .............................................................................................................................. - 0.3V to + 7.0V 
Input/Output Voltage Applied .......................................................................................................... - 0.3V to Vee + 0.3V 
Storage Temperature - Tstg .•...••.......•...•...••.•...•••.........••...•..•......•.........•...•.....•........•......•••.............. - 6S·C to + 1S0·C 

'eOMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. 

Electrical Characteristics: Vee = + SV ± 10%, TA :;; - SS·C to + 12S·C Military (- 2) 
- 40·C to + 8S·C Industrial (- 9) 

S6516B-2 S6516B-9 
56516-2 56516-9 

Symbol Parameter Min. Max. Min. Max. Units Conditions 

ICCSB Standby Supply Current 50 25 IJA 10=0,VI = GND or Vee 

ICCOP Operating Supply Current 10 10 CE=1MHz,10=0,OE=Vee 
VI = GND or Vee 

ICCDR Data Retention 25 15 IJA Vee = 2.0V, 10 = 0, 
Supply Current CE = Vee, 

VI = GND or Vee 

VCCDR Data Retention 2 2 V 
Supply Voltage 

II Input Leakage Current -1.0 1.0 -1.0 1.0 IJA VI = GND to Vee 

IIOZ Input/Output Leakage 
Current -1.0 1.0 -1.0 1.0 IJA VIO = GND to Vee 

VIL Input Low Voltage -0.3 0.8 -0.3 0.8 V 

VIH Input High Voltage 2.4 Vee 2.4 Vee V 
+0.3 +0.3 

VOL Output Low Voltage 0.4 0.4 V 10 = 3.2mA 

VOH Output High Voltage 2.4 2.4 V 10 = -1.0mA 

Capacitance: TA = 2S·C, f = 1MHz. Capacitance is sampled and guaranteed. 

Symbol Parameter Min. Max. Units Conditions 

CIN Input Capacitance 8 pF GND to Vce 

COUT Output CapaCitance 10 pF GND to Vce 

Low Vcc Data Retention Characteristics: 

Symbol Parameter Min. Max. Units Conditions 

TEHSL Chip Deselect to Data 
0 See Low Vee Data Retention Time ns 

TSHEL Operation Recovery Time TEHEL ns Retention Waveforms 
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Switching Characteristics: Vee = + 5V ± 10%, TA = - 55·C to + 125·C Military (- 2) 
-40·Cto +85·C Industrial (-9) 

56516B 56516 

Symbol Parameter Min. Max. Min. Max. 

TELOV Chip Enable Access Time 120 200 

TAVOV Address Access Time 120 200 

TWLOZ Write Enable Output Disable Time 50 80 

TEHOZ Chip Enable Output Disable Time 50 80 

TGLOV Output Enable Output Valid Time 80 80 

TGHOZ Output Enable Output Disable Time 50 80 

TELEH Chip Enable Pulse Negative Width 120 200 

TEHEL Chip Enable Pulse Positive Width 50 80 

TAVEL Address Setup Time 0 0 

TELAX Address Hold Time 30 50 

TWLWH Write Enable Pulse Width 120 200 

TWLEH Write Enable Pulse Setup Time 120 200 

TELWH Write Enable Pulse Hold Time 120 200 

TDVWH Data Setup Time 50 80 

TWHDX Data Hold Time 10 10 

TWLDV Write Data Delay Time 50 80 

TELEL Read or Write Cycle Time 170 280 

Low Vee Data Retention Waveform Read Cycle 

1. 4.50V 
2. VCCDR (2V MIN) 
3. VIL 
4. Vee - O.2V 

6.13 

86516 

Units Conditions 

ns 

ns 

ns 

ns 

ns See Waveforms 

ns and Test Load; 

ns I nput rise and 

ns full times 

ns ;;;10ns (5ns for 

ns S6516B); Input 

ns pulse levels OV 

ns to 3V; All 

ns timing measured 

ns at 1.5V reference 

ns level 

ns 

ns 



Write 
Cycle 

NOTES: 

1.11 DE is high duringfhe entire write 
cycle,nodatB bus cllnllict can occur. 
If lYE is low during the write cycle, 
TWLDV musl also be met (see Read 
Mlldify WrileCycle) 10 avoid data bus 
conflict. 

2. As shown in the block diagram, a 
write operation requires both CE and 
WE to be low (active). II CE rises before 
VIE rises, all data setup and hold limes 
musl be referenced to CE instead 01 
WE. 

Read 
Modify 
Write 
Cycle 

~o ------~~~-----------{ 

HIGH 

6.14 

56516 

Test Load 

Test Comparator 

Ct=:10QPF T 
":' Q=CsTRAY+CJIG+CcAP 



ROM Application Information 
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All of the ROMs offered by Gould AMI are fully static, 
asynchronous, non·multiplexed devices. No matter 
what microprocessor you're using In your system, 
careful planning will give you the greatest flexibility In 
using our ever·expandlng family of ROMs. 

No Clocks Are Required 

First, you can supply a clock to our ROMs, or not; it's 
your choice. A clock is not required by our ROMs to 
latch addresses, precharge internal circuitry, or per· 
form any other function. All control lines (CE, CS, or 
OE) may remain in a valid read state for an indefinite 
period of time, during which the address inputs may be 
changed as desired to access various stored data. 

The Address Inputs Must Be Valid for the Entire Cycle 

The addresses must be held constant to a Gould,AMI 
ROM until the output data has been placed onto the 
system data bus and read by the microprocessor or a 
peripheral device. If the microprocessor is one of 
several common types using a multiplexed address! 
data bus, the system design must incorporate latches 
to extract address information from this bus and sup· 
ply the latched addresses to our ROM. 

Flexibility on Control Line Programming 

You can use the programmable control functions to 
your best advantage. Let's take the S6364 as an exam· 

ROM Application Information 

pie. If four S6364s are used in a system, pin 22 on each 
device could be a common OE signal for a master 
tristate control; pin 20 on each device could be a 
master powerdown control; and pins 26 and 27 could 
serve as 1·of·4 addressing to select which of four 
ROMs is active. 
Another possibility would be to use all four control 
lines on the S6364 as higher order addresses. While 
the data sheet may show different labels on these pins 
to conform with common industry practice, all control 
lines on the S6364 can in reality be programmed with 
equal flexibility. Taking advantage of this, sixteen 
S6364 devices can be addressed from four control 
lines. These control lines can be all powerdown, all 
non·powerdown, or any combination. With this ap· 
proach, a later system evolution to higher density 
ROMs means that the correct signals are already in 
place for both addressing and bus control. 

Powerdown or Not: It's Up to You 

Finally, you have the option on most of our ROMs to 
choose whether or not to incorporate powerdown or 
standby capability. The key is in the control line pro· 
gramming that you specify when the order is placed. 
Any pin specified as a Chip Enable, either high or low, 
can place the device into a powerdown mode as well 
as place all outputs in a tristate condition. In power· 
down, or standby, the device draws much less current 
than in the active mode. 

Figure 1. Example of minimum configuration for a Gould AMI ROM and a microprocessor using a non-multiplexed 
address bus. 

5831 
Z80 

20 
A15 CEICS 

AO·A14 ~ AD·A14 

S23256 

~ 00·07 00·07 

22 
RO OE 

6.15 



ROM Application Information 

Figure 2. Example of a minimum configuration for a aystem using a multiplexed address/data bus. 

ALE 
~ 

ClK 

-----v lS373 
OCTAL 

i8088 

ADO·AD7 ,/l--
'I 

A8·A15 

iili 

If, instead, a pin is programmed as Chip Select, that pin 
controls only the output mode (active or tristate); 
device current is relatively constant. In general, pro· 
gramming a control pin as Output Enable has the same 
results as Chip Select. All Gould AMI ROMs which pro
vide powerdown capability allow you to choose your 
own combination of CE, CS, and OE. For example, the 
S23128 can be programmed with three CE functions, or 
one CE and two CS, etc. 

When you are making a decision between CE and CS 
(or OE) programming, note that standby current Is not 
the only difference In the two options. Because of the 
differences in internal circuitry being controlled, a CE 
pin has relatively long access time, perhaps 250ns, 
compared to a CS (or OE) pin, perhaps 80ns. Therefore, 
system timing requirements must be evaluated when 
weighing the relative merits of programming for power
down. 
Another item to consider is printed circuit (PC) board 
layout. A powerdown device has a noticeable change 
in power supply current when It Is switched into the ac
tive mode. Careful PC board layout and power supply 
decoupllng will prevent the introduction of noise into 
your system. This noise is due to the Interaction of the 
change In current and the Inherent Inductance of PC 
board wiring traces. 
Note that a device which is switched to the active 
region by a CS pin will not exhibit this change in power 
supply current. A device which Is simply In an output 

'-'( 
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lATCH 

~ 
OE 

~t 
AO·A7 

Qo-Qr 

86364 
~ A.8·A12, Control 

27 V Pins 20, 22, 26 

e!2 

tristate mode and not in powerdown shows little dif
ference in current compared to the active mode. 

Control Line Options 
Gould AMI ROMs offer you the choice of active level 
on the control lines. Most of our ROMs offer a choice 
of control line functions as well. The possible func
tions and active level for each pin are shown below (a 
"bar" above the function name means active low). 

CE Function = power down 
CS Function = non power down, tristate output control 

only 
OE Function = tristate output control only 
DC = don't care (Control pins programmed as DC have 

no effect on either the powerdown mode or 
tristate control but are still connected to input 
protection diodes.) 

16K-24 Pin S68A316 
Pins 21-CS3, CS3, DC 

20-CS1, CS1, DC 
1B-CS2, CS2, DC 

32K·24 Pin S68A3321S68B332 
Pins 21-CS2, CS2, DC 

20-CS1, CS1, DC 

32K-24 Pin S2333 
Pins 20-CS1, CS1, DC 

1B-CS2, CS2, DC 



64K·24 Pin S68A364/S68B3641S68C364 
Pin 20·CS, CS, CE, CE, DC 

64K·28 Pin S2364A1S2364B1S2364C 
Pins 27-CS2, CS2, CE2, CE2, DC 

26-CS3, CS3, CE3, CE3, DC 
22-0E, OE, DC 
20-CS1, CS1, CE1, CE1, DC 

64K·28 Pin S6364 CMOS 
Pins 27 -CS2, CS2, CE2, CE2, DC 

26-CS3, CS3, CE3, CE3, DC 
22-0E, DE, CE, CE, DC 
20-CS1, CS1, CE1, CE1, DC 

128K·28 Pin S23128A1S23128B1S23128C 
Pins 27-CS2, CS2, CE2, CE2, DC 

22-0E, OE, CE, CE, DC 
20-CS1, CS1, CE1, CE1, DC 

256K·28 Pin S23256A1S23256B1S23256C 
Pins 22-0E, OE, CE, CE, DC 

20-CS, CS, CE, CE, DC 

ROM Minimum Order Quantity 

Capacity Part No. 

16K S68A316 

32K S68A332/S68B332 

32K S2333 

64K S68A364/S68B364/S68C364 

64K S2364A1B/C 

64K S6364 

128K S23128A1B/C 

128K S36128 

256K S23256A1B/C 

6.17 

ROM Application Information 

ROM Ordering Simplified 

The following information should be included in the 
purchase order when ROM devices are being 
ordered: 
-Part number 
-Number of ROM patterns 
-Quantity of prototypes for each pattern (if any) 
- Total quantity of each pattern 
-Pricing and delivery (quotes can be obtained 

from any Gould AMI sales office) 
-Package type (plastic or ceramic) 
-Special marking (if required) 

Customer Requirements 

Upon your approval of the returned EPROM and 
receipt of your purchase order by Gould AMI, masks 
are generated for production. Prototypes can be fur· 
nished to you upon request. Depending upon the 
volume required, production shipments are made 
within four to six weeks after code approval and 
receipt of the purchase order. Under the Gould AMI 
corporate policy, if at any time you wish to cancel 
your code, you are liable for all work in process 
(WIP). For additional information on cancellation 
charges, please contact your local Gould AMI sales 
office. 

Architecture UnllslPattem 

2Kx8 1000 

4Kx8 1000 

4Kx8 1000 

8Kx8 1000 

8Kx8 1000 

8Kx8 1000 

16Kx8 1000 

16Kx8 1000 

32Kx8 500 



ROM Package Marking 

Unless otherwise specified, Gould AMI ROMs are 
marked with a C number (the letter C followed by a 5 
digit number) and a date code. This C number iden
tifies both the device type and the specific pattern. 
This C number with be used on all Gould AMI 
documents concerning the ROM. 

A ROM can also be marked with a number supplied by 
the customer. A single number of up to 10 alpha 
numeric characters can be marked on the device 
without extra charge. Other customer markings are 
possible, but must be approved before the order is 
entered. 

GOULD AMI LOGO-~ -) GOULD 
A,M I Semicooductors 

GOULD AMI C NUMBER-+--~ CXXXXX 
DATE CODE 8030 

XXXXXXX 

CUSTOMER ! 
PART NUMBER-------J 

(OPTIONAL) 

(up to 10 Alpha·numeric 
characters) 

ROM Code Data 

Gould AMI's preferred method of receiving ROM 
CODE DATA is in EPROM. Two EPROMs should be 
submitted. One is programmed to the desired code 
and the other is blank. Gould AMI will read the pro
grammed EPROM, transfer this data to diskette and 
then program the blank EPROM from the stored infor
mation. This procedure guarantees that the EPROM 
has been properly entered into the Gould AMI com
puter system. The Gould AMI programmed EPROM is 
returned to the customer for verfication of the ROM 
program. Unless otherwise requested, Gould AMI will 
not proceed until the customer verifies the program in 
the returned EPROM. 
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EPROM Requirements 

The following EPROMs should be used for submitting 
ROM Code Data: 

ROM EPROM 

PREFERRED OPTIONAL 

568A316 2Kx8 2716/2516 2-2708 
568332 4Kx8 2532 2-2716/2516 
52333 4Kx8 2732 2-2716/2516 
568364 8KX8 68764 2-2532 
52364 8Kx8 2764 2-2732 
56364 8Kx8 2764 2-2732 
523128 16Kx 8 27128 2-2764 
536128 16Kx8 27128 2-2764 
523256 32Kx8 27256 2-27128 

If two EPROM's are used to specify one ROM pattern, 
(i.e., 2 16K EPROMs for one 32K ROM), two blank 
EPROMs must be submitted. In this instance, the pro
grammed EPROMs must clearly state which of the two 
EPROMs is for lower and upper address locations in 
the ROM. The preferred method is to mark each 
EPROM with the ROM address (in Hex) where the 
EPROM data is to be located. 

Example: Two 2716 EPROMs for 868332 ROM 
Marking: EPROM # 1 000-7FF 

EPROM # 2 800-FFF 

Pattern Data From ROMs 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitor's ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supplying ROM Code Data 

If an EPROM or ROM cannot be supplied, the following 
other methods are acceptable. 

o 9 Track NRZ Magnetic Tape (2 each) odd parity, 
800 BP1 

o Paper Tape (Gould AMI Hex format) 
o Card Deck (Gould AMI Hex format) 



The Gould AMI Hex format is described below. With Its 
built-in address space mapping and error checking, 
this format is produced by the Gould AMI Assembler. 

Position 

2 

3,4 

Description 

Start of record (Letter S) 
Type of record 
O-Header record (comments) 
1-Data record 
9- End of file record 
Byte Count 
Since each data byte is represented as two 
hex characters, the byte count must be 
multiplied by two to get the number of 
characters to the end of the record. (This 
includes checksum and address data.) 
Records may be of any length defined in 
each record by the byte count. 

5,6, 7, 8 Address Value 
The memory location where the first data 
byte of this record is to be stored. Ad· 
dresses should be in ascending order. 

9, ... , N Data 
Each data byte is represented by two hex 
characters. Most significant character 
first. 

N + 1, N + 2 Checksum 

Example: 

The one's complement of the additive 
summation (without carry) of the data 
bytes, the address, and the byte count. 

S113D00049E9F10320F0493139F72000F5EOF00126 

S 9 0 3 0 0 0 0 F C 

~~ ~ i ~ fie~ !i 
DATA ~~ ~ 

i i~ g ~ ~ .. .. = 
S113000049E9F10320F0493139F72000F5EOF00126 

Paper tape format is the same as the card format above except: 

a. The record should be a maximum of 80 characters. 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. 
d. After the last record. four (4) $$$$ (dollar) signs should be punched with 

carriage return and line feed indicating end of file. 
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Other Programming Requirements 

Depending upon the ROM required, the customer must 
define the correct pinout options. Programmable pins 
are either chip enable (CE) high or low, chip select (CS) 
high or low, don't care (DC), or output enable (OE) high 
or low. If a device pin is designated with a CE function, 
that pin can put the device into a powerdown condi
tion. If a CS or OE function is used for a pin, that pin 
cannot control powerdown for the device. If a device 
has all control pins designated with CS or OE func
tions, it is a non-powerdown device. 

If a drawing of the customer's pin configuration is 
available, it should be provided at the time of EPROM 
conversion along with any special package marking re
quirements. 

Customer Access Time Requirements 

As a further guarantee that the correct Gould AMI 
device type has been specified, the following switch
ing characteristics need to be defined by the customer 
when the order is placed. 

TAA (Address Access Time) 
TACE (Chip Enable Access Time) 
TACS (Chip Select Access Time) 

Information on TACE and TACS for Gould AMI ROMs 
can be obtained from the MOS Products catalog, in
dividual product data sheets, or any Gould AMI sales 
office. 
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Preliminary Data Sheet 

Features 

o Fast Address Access Time: 
S68A316 - 350ns Max. 

o EPROM Pin Compatible 

o Fully Static Operation 

o Three Programmable Chip Selects 

o TTL Compatible Inputs 

o Three-State TTL Compatible Outputs 

o Late Mask Programmable 

Block Diagram 

A. 
As 

A, 

A, 

A. 

A, 

A10 

AD 

A, 

A, 

A, 

*CS1 
·eS2 
·eS3 

ADDRESS 
DECODER 

DRIVER 

ADDRESS 
DECODER 

DRIVER 

'USER DEFINED CHIP SELECTS 

16,384 BIT 
ARRAY 

128X128 

MAY BE DEFINED AS ACTIVE HIGH ICS) DR ACTIVE LOW ICS) 
OR NO CONNECTION INC) 

6.20 

General Description 

S68A316 

16,384 BIT (2048X8) 
STATIC NMOS ROM 

The Gould AMI S68316 family of 16,384 bit mask 
programmable Read-Only-Memories organized as 204a 
words by 8 bits offers fully static operation with a 
single + 5V power supply. The device is fully TTL com
patible on all inputs and three-state outputs. The three 
chip selects are mask programmable, the active level 
is specified by the user. The three-state outputs 
facilitate memory expansion by allowing the outputs to 
be OR-tied to other devices. 

The devices are fabricated using Gould AMI's 
N-Channel MOS technology. This permits the. 
manufacture of very high density, high performance 
mask programmable ROMs. 

Logic Symbol 

AD 

A, 

A, 

A, 

A. 

A. 

A, 

A, 

A, 

Ag 

Pin Names 

Ao-A10 . 

00-0 7 

CS1-C~ 

Vee 

00 

0, 

0, 

0, 

Q. 

O. 

06 

0, 

Pin Configuration 

A, 

A, 

A, 

A, 

A, 

A, 

A, 

AD 

00 

0, 

0, 

GND 

Address Inputs 

Data Outputs 

Chip Select Inputs 

+ 5V Power Supply 

Vee 

As 

Ag 

CS3* 
cs,· 
AlO 

CS2* 

0, 

0, 

0, 

O. 

0, 

I 
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S68A316 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias ....................................................................................................... - 10·C to BO·C 
Storage Temperature ............................................................................................................................. 65·C to 150·C 
Output or Supply Voltage .............................................................................................................................. O.5V to 7V 
Input Voltage .............................................................................................................................................. O.5V to 5.5V 
Power Dissipation .................................................................................................................................................... 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device reliability. 

D.C. Characteristics: Vee = + 5V ± 5%; TA = O·C to 70·C 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 3.2mA 

VOH Output HIGH Voltage 2.4 V IOH = - 2201lA 

VIL Input LOW Voltage -0.5 O.B V 

VIH Input HIGH Voltage 2.0 Vcc V 

III Input Leakage Current 10 IlA VIN = 0 to Vcc 

ILO Output Leakage Current 10 MA 
VOUT = 0.4V to Vcc 
Chip Deselected 

Icc Power Supply Current S6BA316 BO mA 

Capacitance: f = 1.0MHz; TA = 25·C 

Symbol Parameter Min. Typ. Max. Units Conditions 

CIN Input Capacitance 7.5 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

A.C. Characteristics: Vee = + 5V ± 5%; TA = O·C to + 70·C 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Address Access Time S6BA316 350 ns See A.C. Test 

tACS Chip Select Access Time S6BA316 120 ns Conditions and 

tOFF Chip Deselect Time S6BA316 120 ns Waveforms 

NOTES: 

1. Only positive logic formats for CS1-CS3 are accepted. 1 = VHIGH; 0 = VLOW 
2. A "0" indicates the chip is enabled by a logic O. 

A "1" indicates the chip is enabled by a logic 1 . 

A.C. Test Conditions 

Input Pulse Levels ... ; ................................................................................................................................ O.BV to 2.0V 
Input Timing Level ................................................................................................................................. O.BV and 2.0V 
Output Timing Levels ............................................................................................................................ O.4V and 2.4V 
Output Load ............................................................................................................................. 1 TIL Load and 100pF 
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Waveforms 

Propagation From Addresses 

····'q;_I._._~ __ VAL_ID ____ _ 
QU'Q1 ~1..-_V_'llD_D_'T_' _ 

ROM Code Data 

Gould AMI's preferred method of receiving ROM CODE 
DATA is in EPROM. Two EPROMs should be sub
mitted. One is programmed to the desired code and the 
other is blank_ Gould AMI will read the programmed 
EPROM, transfer this data to disk and then program the 
blank EPROM from the stored information. This pro
cedure guarantees that the EPROM has been properly 
entered into the Gould AMI computer system. The 
Gould AMI programmed EPROM is returned to the cus
tomer for verification of the ROM program. Unless 
otherwise requested Gould AMI will not proceed until 
the customer verifies the program in the returned 
EPROM. 

EPROM Requirements 

The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 2716; Optional (2) 2708 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 

6.22 

S68A316 

Propagation From Chip Selects 

address locations in the ROW. The preferred method is 
to mark the EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMS 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitors ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supply ROM Data* 

If an EPROM or ROM cannot be supplied the following, 
other methods are acceptable. 

o 9 Track NRZ Magnetic Tape 
o Paper Tape 
o Card Deck 
• Consult Gould AMI sales office for format. 
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Features 

o Fast Access Time: 
S68A332: 350ns Maximum 

o Fully Static Operation 

o Single + 5V ± 5% Power Supply 

o Directly TIL Compatible Inputs 

o Three-State TIL Compatible Outputs 

o Two Programmable Chip Selects 

o EPROM Pin Compatible-2532 

o Extended Temperature Range Available 

Block Diagram 

" A, 
A. ADDRESS 
A, DECODER 

A, DRIVER 

A, 

-" 
A, 

" ADDRESS 

-r DECODER 
A, DRIVER 

A11 

"' CS1 eMF 
SELECT 

t< CS2 DECODER-

"'PROGRAMMABLE CHIP SELECTS 
MAY BE SPECIfIED AS ACTIVE LOW ICS) OR ACTIVE HIGH (CS) 
OR NO CONNECT (NC) 
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General Description 

S68A332 

32,768 BIT (4096X8) 
STATIC NMOS ROM 

The Gould AMI S68332 is a 32,768 bit static mask 
programmable NMOS ROM organized as 4096 words 
by 8 bits. The device is fully TIL compatible on all in
puts and outputs and has a single + 5V power supply. 
The three state outputs facilitate memory expansion 
by allowing the outputs to be OR-tied to other devices. 

The S68332 is pin compatible with UV EPROMs mak
ing system development much easier and more cost 
effective. It is fully static, requiring no clocks for opera
tion. The two chip selects are mask programmable, the 
active level for each being specified by the user. 

The S68332 is fabricated using Gould AMI's N-Channel 
MOS technology. This permits the manufacture of very 
high density, high performance mask programmable 
ROMs. 

Logic Symbol 

Pin Names 

Ao-A11 

0 0-07 
CS1- CS2 

Vee 

0, 

0, 

0, 

0, 

D. 

0, 

0, 

Pin Configuration 

A, 

A. 

A, 

A, 

A, 

A, 

A, 

A, 

0, 

0, 

0, 

GNO 

Address Inputs 

Data Outputs 

Chip Select Inputs 

+ 5V Power Supply 

Vee 

A. 

A, 

CSr* 

Cs,' 

A" 

A11 

0, 

0, 

0, 

D. 

0, 



S68A332 

Absolute Maximum Ratings * 

Ambient Temperature Under Bias-TA (Standard Part) ........................................................................ O°C to + 70°C 
(Industrial temp part) ......................................................... - 40°C to + 85°C 

Storage Temperature ......................................................................................................................... - 65°C to 150°C 
Output or Supply Voltages ........................................................................................................................ - O.5V to 7V 
Input Voltages ........................................................................................................................................... - O.5V to 7V 
Power Dissipation .................................................................................................................................................... 1W 

COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This IS a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may effect device reliability. 

D.C. Characteristics: Vee = + 5V ± 5%, TA = O°C to 70°C (Standard part); 
- 40°C to + 85°C (Industrial temp part) 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 3.2mA 

VOH Output HIGH Voltage 2.4 V IOH = - 22Ol'A 

V,L Input LOW Voltage -05 0.8 V 

V,H Input HIGH Voltage 2.0 Vee V 

III Input Leakage Current 10 I'A V,N = OV to Vee 

ILO Output Leakage Current 10 I'A 
Va = O.4V to Vee 
Chip Deselected 

lee Power Supply Current 70 mA 

Capacitance: TA = 25°C, f = 1.0MHz 

Symbol Parameter Min. Typ. Max. Units Conditions 

C'N Input Capacitance 7 pF V,N = OV 

COUT Output Capacitance 10 pF VO UT = OV 

A.C. Characteristics: Vee = + 5V ± 5%, TA = O°C to + 70°C (Standard part); 
- 40°C to + 85°C (Industrial temp part) 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Address Access Time S68A332 350 ns See A. C. Test 

tAcs Chip Select Access Time S68A332 150 ns Conditions 

tOFF Chip Deselect Time S68A332 150 ns Waveforms 

Waveforms 

AO - All ===~_"~~....:=.t-,,~~,,*-_ -_ -_ -_ -_ -_ 
QO-Q7 VALID DATA 

--------' 
QO-Q7 -------f-

Propagation From Chip Select Propagation From Address 
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A.C. Test Conditions 

Input Pulse Levels .................................................................. O.8Vand 2.0V 
Input Rise and Fall Times ................................................................. ~20ns 
Input Timing Level .......................................................................... 1.5V 
Output Timing Levels ............................................................... O.4V and 2.4V 
Output Load ............................................................... 1 TIL Load and 100pF 

Custom Programming 

The preferred method of pattern submission is the Gould AMI Hex format as described below, with its built·in ad· 
dress space mapping and error checking. This is the format produced by the Gould AMI Assembler. The format is as 
follows and may be on paper tape, punched cards or other media readable by Gould AMI. 

Position 

1 
2 

3, 4 

5, 6, 7, 8 

9, ... , N 

N+1, N+2 

Example: 

NOTES: 

. Description 

Start of record (Letter S) 
Type of record 
0- Header record (comments) 
1 - Data record 
9 - End of file record 
Byte Count 
Since each data byte is represented as two hex characters, the byte count must be multiplied by two to get the 
number of characters to the end of the record. (This includes checksum and address data.) Records may be of any 
length defined in each record by the byte count. 
Address Value 
The memory location where the first data byte of this record is to be stored. Addresses should be in ascending order. 
Data 
Each data byte is represented by two hex characters. Most significant character first. 
Checksum 
The one's complement of the additive summation (without carry) of the data bytes, the address, and the byte count. 

S 1 1 3 0 0 0 0 4 9 E 9 FlO 3 2 0 F 0 4 9 3 3 9 F 7 2 0 0 0 F 5 E 0 F 0 0 1 2 6 

S 9 0 3 0 0 0 0 F C 

"" x cec w Cf.I 

8g:. ~ 
Wu .... = =w Z C 
u..=::::l Q :IE 
eLL. Q < == 
I-Q U t- CI) 

:i~ ~ ~ ~ ~ 
~~ ~ ~ ~ ~ H r'\ r"'--\ I~ ______ ~A~ ______ --,\ r'"\ 

S 1 1 3 0 0 0 0 4 9 E 9 FlO 3 2 0 F 0 4 9 3 1 3 9 F 7 2 0 0 0 F 5 E 0 F 0 0 1 2 6 

1. Only positive logic formats for CS1 and CS2 are accepted. 1 = VH1GH; 0 = VLQW 
2. A "0" indicates the chip is enabled by a logic O. 

A "1" indicates the chip is enabled by a logic 1. 
3. Paper tape format is the same as the card format above except: 

a. The record should be a maximum of 80 characters. 
b. Carriage return and line feed after each record followed by another record. 
c. There should NOT be any extra line feed between records at all. 
d. After the last record, four (4) $$$$ (dollar) signs should be punched with carraige return and line feed indicating end of file. 
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Preliminary Data Sheet 

Features 

o Fast Access Time: 350ns Maximum 

0 

0 

0 

0 

0 

0 

0 

Fully Static Operation 

Single + 5V ± 5% Power Supply 

Directly TIL Compatible Inputs 

Three-State TIL Compatible Outputs 

Two Programmable Chip Selects 

EPROM Pin Compatible (2732) 

Extended Temperature Range Available 

Block Diagram 

A, 
A5 
A, 
A7 
A, 
A, 

A" 

Ao 
A, 
A, 
A3 

A" 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 

DRIVER 

CHIP 
SELECT 

DECODER· 

'PROGRAMMABLE CHIP SELECTS 

32,768 BIT 
ARRAY 

COLUMN 
UO 

CIRCUITS 

OUTPUT 
BUFFERS 

MAY BE SPECIFIED AS ACTIVE LOW (CS) OR ACTIVE HIGH (CS) 
OR NO CONNECT (NC) 
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General Description 

52333 

32,768 BIT (4096x8) 
STATIC NMOS ROM 

The Gould AMI S2333 is a 32,768 bit static mask 
programmable NMOS ROM organized as 4096 words 
by 8 bits. The device is fully TIL compatible on all in
puts and outputs and has a single + 5V power supply. 
The three state outputs facilitate memory expansion 
by allowing the outputs to be OR·tied to other devices. 
The S2333 is pin compatible with UV EPROMs making 
system development much easier and more cost effec
tive. The fully static S2333 requires no clocks for opera
tion. The two chip selects are mask programmable with 
the active level for each being specified by the user. 

The S2333 is fabricated using Gould AMI's N-Channel 
MOS technology. This permits the manufacture of very 
high density, high performance mask programmable 
ROMs. 

Logic Symbol 

C81 • C82· 

A, 

A, 

A, 

A3 

A, 

As 

As 

A, 

A. 

A, 

A" 

Pin Names 

Ao-A11 

0 0 -07 

CS1-CS2 

Vee 

Pin Configuration 

A, 

As 

As 
0, 

A, 
0, 

A3 
0, A, 
0, A, 
0. A, 

OS 0" 
0. 0, 
0, 0, 

GND 

Address Inputs 

Data Outputs 

Chip Select Inputs 

+ 5V Power Supply 

Vee 

A. 

'" A" 

C81· 

A" 

C82• 

0, 

0" 

OS 

0. 

0, 



82333 

Absolute Maximum Ratings· 

Ambient Temperature Under Bias-TA (Standard Part) ........................................ O°C to + 70°C 
(Industrial temp part) ............................... - 40°C to + 85°C 

Storage Temperature. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - 65°C to 150°C 
Output orSupplyVoltages ................................................................... - O.5V to 7V 
Input Voltages. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. - O.5V to 7V 
Power Dissipation .................................................................................. 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device, This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not implied, Exposure to absolute maxi
mum rating conditions for extended periods may effect device reliability, 

D.C. Characteristics: Vee = + 5V ± 5%, TA = O°C to 70°C (Standard part); - 40°C to + 85°C (Industrial temp part) 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOl = 3,2mA 

VOH Output HIGH Voltage 2.4 V IOH = - 220foiA 

Vil Input LOW Voltage -0,5 0,8 V 

VIH Input HIGH Voltage 2,0 Vcc V 

III Input Leakage Current 10 foiA VIN = OV to Vcc 

IlO Output Leakage Current 10 foiA 
Vo = O,4V to Vcc 
Chip Deselected 

Icc Power Supply Current 70 mA 

Capacitance: TA = 25°C, f = 1.0MHz 

Symbol Parameter Min. Typ. Max. Units Conditions 

CIN Input Capacitance 7 pF VIN = OV 

COUT Output Capacitance 10 pF VOUT = OV 

A.C. Characteristics: Vee = + 5V ± 5%, TA = O°C to 70°C (Standard part); - 40°C to + 85°C (Industrial temp part) 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Address Access Time 350 ns See A,C, Test 

tAcS Chip Select Access Time 120 ns Conditions and 

tOFF Chip Deselect Time 120 ns Waveform 

Waveforms 

cS'csq_I
A
_CS_-4_V_A,l_IO ___ t 

00-0, ~ VALID :A7<:- IOFF 1-HI-Z 
•A •• _,A.,,'==t=-IA-A-=---,------

~ VALID DATA 

Propagation From Chip Select Propagation From Address 
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82333 

A.C. Test Conditions 

Input Pulse Levels ......................................................................... O.SV and 2.0V 
Input Rise and Fall Times ......................................................................... ~20ns 
Input Timing Level .................................................................................. 1.SV 
Output Timing Levels ...................................................................... O.4V and 2.4V 
Output Load ...................................................................... 1 TTL Load and 100pF 

ROM Code Data 
Gould AMI's preferred method of receiving ROM CODE 
DATA is in EPROM. Two EPROMs should be sub
mitted. One is programmed to the desired code and the 
other is blank. Gould AMI will read the programmed 
EPROM, transfer this data to disk and then program the 
blank EPROM from the stored information. This pro
cedure guarantees that the EPROM has been properly 
entered into the Gould AMI computer system. The 
Gould AMI programmed EPROM is returned to the cus
tomer for verification of the ROM program. Unless 
otherwise requested Gould AMI will not proceed until 
the customer verifies the program in the returned 
EPROM. 

EPROM Requirements 
The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 1-2732; Optional 2-2716 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 

6.28 

address locations in the ROW. The preferred method is 
to mark the EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMS 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitors ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supply ROM Data* 

If an EPROM or ROM cannot be supplied the following, 
other methods are acceptable. 

o 9 Track NRZ Magnetic Tape 
o Paper Tape 
o Card Deck 
• Consult Gould AMI sales office for format. 
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Features. 

D Fast Access Time: S68A364-350ns Maximum 
SS88364-2S0ns Maximum 

D Low Standby Power: 8SmW Maximum 

D Late Mask Programmable 

D Fully.Static Operation 

D Single + SV ± 10% Power Supply 

D Directly TIL Compatible Inputs 

D Three-State TIL Compatible Outputs 

D Programmable Chip Enable 

Block Diagram 

Ao 
A, 
A, 
A, 
A. 
A, 
At 
A, 

AI 
A, 
AlO 
An 
Au 

'CElCS 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

CHIP 
SELECT 

DECODER" 

6"3& 
BIT ARRAY 

COLUMN 
un 

CIRCUITS 

OUTPUT 
BUFFERS 

'USER DERNED MASK PROGRAMMABLE AS CHIP ENABLE. CHIP SELECT, 
DDN"T CARE-MAY BE DEFINED AS ACTIVE HIGH, AcnVE LOW, DON'T CARE 

NOTE: DON'T CARE PINS ARE CONNECTED TO AcnVE CIRCUITRY 
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S68A364/S68B364 

65,536 BIT (8192x8) 
STATIC NMOS ROM 

General Description 

The Gould AMI S68364 family are 6S,S36 bit static 
mask programmable NMOS ROMs organized as 8192 
words by 8 bits. The devices are fully TIL compatible 
on all inputs and oU,tputs and have a single + SV power 
supply. The three-state outputs facilitate memory ex
pansion by allowing the outputs to be OR-tied to other 
devices. 

The devices are fully static, requiring no clocks for 
operation. The chip enable is mask programmable, the 
active level being specified by the user. When not 
enabled, power supply current is reduced to a maxi
mum of 1SmA. 

The S68364 family of devices are fabricated using 
Gould AMI's NMOS ROM technology. This permits the 
mask programmable ROMs. 

Logic Symbol 

A. 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

A, 

A, 

A" 
A11 

Au 

CElCS· 

Pin Names 

Ao-A'2 
00-07 

CE/CS 

Vcc 

Pin Configuration 

A7 

A& 
O. 

A, 
0, 

A. 
0, 

0, A. 

O. A2 

O. A, 

0& AD 

0, 00 

0, 

02 

GND 

Address Inputs 

Data Outputs 
Programmable Chip Enable/Chip Select 

+ 5V Power Supply 

vee 
As 

A9 

An 

CEiCS' 

A10 

A11 

07 

Os 
0, 

O. 

03 



S68A364/S68B364 

Absolute Maximum Ratings * 

Ambient Temperature Under Bias ................................................................................................... -10°C to + 80°C 
Storage Temperature ..................................................................................................................... - 65°C to + 150°C 
Output or Supply Voltages ........................................................................................................................ - 0.5V to 7V 
Input Voltages ........................................................................................................................................... - 0.5V to 7V 
Power Dissipation .................................................................................................................................................... 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other condition above those indicated in the operational sections of this specification is not implied. Exposure to absolute maximum 
rating conditions for extended periods may effect device reliability. 

Electrical Characteristics: Vee = + 5V ± 10%, TA = O°C to + 70°C 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 3.2mA 

VOH Output HIGH Voltage 2.4 V IOH = - 220/-iA 

VIL Input LOW Voltage -0.5 0.8 V 

VIH Input HIGH Voltage 2.0 Vec V 

IILlI Input Leakage Current 10 mA VIN = OV to VCC 

IILol Output Leakage Current 10 mA Va = 0.4V to VCC 
Chip Deselected 

Icc Power Supply Current S68A364 90 mA 

S686364 90 mA See Note #3 

ISB Power Supply Current 15 mA Chip Deselected (See Note#4) 

Capacitance: TA = 25°C, f = 1.0MHz (See Note #4) 

Symbol Parameter Min. Typ. Max. Units Conditions 

CIN Input Capacitance 7 pF VIN = OV 

COUT Output Capacitance 10 pF VO UT = OV 

Switching Characteristics: Vee = + 5V ± 10%, TA = O°C to + 70°C 

Symbol Parameter Min. Typ. Max. Units Conditions 

tAA Address Access Time S68A364 350 ns See Waveforms 

S686364 250 ns and Test Load 

tACE Chip Enable Access Time S68A364 350 ns 

S686364 250 

tACS Chip Select Access Time S68A364 150 ns 

S686364 120 ns 

tOFF Chip Deselect Time S68A364 200 ns See Note #5 
S686364 100 ns 

NOTES: 
1. Only positive logic formats for CE/CE are accepted. 1 = VHIGH;O= VLOW 
2. A "0" indicates the chip is enabled by a logic 0; A"1" indicates the chip is enabled by a logic 1. 
3. Power Test: Vcc= Vcc Max; CS/CE=active Output loads disconnected; Address pin inputs all held at V'L 
4. Standby Power Conditions: Same as active except CE = Deselect Level at VI 
5. Guaranteed by design. 
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S68A364/S68B364 

Test Load 
r---TEST COMPARATOR 

OUT Ny VL = 2.27V 

_'- RL = 585Q 

CL = 100pF I CL = CSTRAY + CJIG + CCAP 

Waveforms 

Propagation From Addresses 

>L~~j'_lID _ 
-A VALID DATA 

ROM Code Data 

Gould AMI's preferred method of receiving ROM 
CODE DATA is in EPROM. Two EPROMs should be 
submitted. One is programmed to the desired code 
and the other is blank. Gould AMI will read the pro
grammed EPROM, transfer this data to disk and then 
program the blank EPROM from the stored informa
tion. This procedure guarantees that the EPROM has 
been properly entered into the Gould AMI computer 
system. The Gould AMI programmed EPROM is return
ed to the customer for verification of the ROM pro
gram. Unless otherwise requested Gould AMI will not 
proceed until the customer verifies the program in the 
returned EPROM. 

EPROM Requirements 

The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 68A764 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 
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Propagation From Chip Enable 

address locations in the ROM. The preferred method is 
to mark the EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMS 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitors ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supply ROM Data· 

If an EPROM or ROM cannot be supplied the following, 
other methods are acceptable. 

o 9 Track NRZ MagnetiC Tape 
o Paper Tape 
o Card Deck 

Consult Gould AMI sales office for format. 
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Features 

D Fast Access Time: S2364A 350ns Maximum 
S2364B 250ns Maximum 

D Low Standby Power: 85mW Maximum 
D Fully Static Operation 
D Single + 5V ± 10% Power Supply 
D Directly TIL Compatible Inputs 
D Three-State TIL Compatible Outputs 
D Three Programmable Chip Enables/Selects 
D EPROM Pin Compatible (2764) 
D Late Mask Programmable 

General Description 
The Gould AMI S2364 is a 65,536 bit static mask 
programmable NMOS ROM organized as 8192 words by 
8 bits. 

Block Diagram 

A, 
A. 
A7 
As 
Ag 

A'D 
A11 

ADDRESS 
DECDDER 
DRIVER 

A12 - ..... _.,..----1 

'CSlCE, 

ADDRESS 
DECDDER 
DRIVER 

CHIP 
'CS/Cb SELECT 

DECODER" 

'CS/CE3 

'OE/DE ------' 

65.536 
BIT ARRAY 

CDLUMH 
VD 

CIRCUITS 

"CONTROL FUNCTION AND ACTIVE LEVEL IS USER DEFINED 
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S2364A1S2364B 

65,536 BIT (8192x8) 
STATIC NMOS ROM 

The device is fully TTL compatible on all inputs and out
puts and has a single + 5V power supply. The three 
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S2364 is pin compatible with the 2764 UV EPROM 
making system development much easier and more 
cost effective. It is fully static, requiring no clocks for 
operation. The three chip enables are mask program
mable; the active level for each being specified by the 
user. When not enabled, power supply current is re
duced to a 15mA maximum. 

The S2364 is fabricated using Gould AMI's N-Channel 
MOS technology. This permits the manufacture of very 
high density, high performance mask programmable 
ROMs. 

Logic Symbol Pin Configuration 
·e$1 ·esl ·esl 
CE, CE, CE, 

HC Vee 

AD A12 CS/CE2* 

A, A, CS/CE3* 

A, QO A, A, 

A, Q, A, A, 

A, Q2 A, AI1 

A, Q3 A, ~E/DE 

A. Q' A, A" 

A, Q5 A, CS/CE1* 

A, Q6 A. Q, 

A, Q7 Q. Q, 

AIO Q, Q, 

AI1 Q, Q, 

An GHD Q, 

"DE/DE 

Pin Names 

Ao-A'2 Address Inputs 
Q O-Q7 Data Outputs 
CS/CE,-CS/CE3 Chip Selects/Enables 
OE/CE Output Enable 

Vcc;GND;NC 5V;Ground; No Connect 



S2364A1S2364B 

Absolute Maximum Ratings * 

Ambient Temperature Under Bias ................................................................................................... - O·C to + 70·C 
Storage Temperature ................................................................................................................... - 65·C to + 150·C 
Voltage on Any Pin With Respect to Ground ......................................................................................... - 0.5V to 7V 
Input Voltages ......................................................................................................................................... - 0.5V to 7V 
Power Dissipation ..................................................................................................................•............................... 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This Is a stress 
rating only and functional operation of the device at these or at any other condition above those Indicated In the oparatlonal sections of 
this specification Is not Implied. Exposure to absolute maximum rating conditions for extended periods may effect device reliability. 

Electrical Characteristics: Vcc = + 5V ± 10%, TA = O·C to 70·C 

Symbol Parameter Min. Typ. Max. UnHs Conditions 

VOL Output LOW Voltage 0.4 V IOl = 3.2mA 
VOH Output HIGH Voltage 2.4 V 10H = - 22OlolA 
Vil Input LOW Voltage -0.5 0.8 V 
VIH Input HIGH Voltage 2.0 Vcc V 

IILlI Input Leakage Current 10 lolA VIN= OV to 5.5V 

Illol Output Leakage Current 10 lolA Va = O.4V to Vcc 
Chip Deselected 

Icc Power Supply Current-Active 90 mA See Note #1 

ISB Power Supply Current-Standby 15 mA See Note #2 

Capacitance: TA = 25·C, f = 1.0MHz (See Note #3) 
Symbol Parameter Min. Typ. Max. Units Conditions 

CIN Input Capacitance 7 pF VIN = OV 
COUT Output Capacitance 10 pF VOUT = OV 

Switching Characteristics: Vcc = + 5V ± 10%, TA = O·C to 70·C 

Symbol Parameter Min. Typ. Max. Units J:ondltions 

lAA Address Access Time S2364A 350 See Waveforms 
S23648 250 ns and Testload 

tACE Chip. Enable Access Time S2364A 350 
S23648 250 ns 

tACS Chip Select Access Time S2364A 120 
S23648 120 ns 

tOEA Output Enable Access Time 
S2364A 100 

ns S23648 100 

tCEO Disable Time From Chip Enable 
S2364A 200 

ns S23648 80 See Note #3 

tOEO Disable Time From Output Enable S2364A 100 
S23648 80 ns 

tOFF Chip Deselect Time S2364A 120 ns S23648 80 See Note #3 

tOH Output Hold Time S2364A 10 ns S23648 0 
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S2364A1S2364B 

Test Load 

~
TESTCOMPARATOR 

OUT ~ VL = 2.27V 
RL = 585Q 

CL = 100pF I 
CL = CSTRAY + CJIG + CCAP 

Waveforms 

ADDRESS TO OUTPUT DELAY (CHIP SELECTED) CHIP ENABLEISELECT TO OUTPUT DELAY (ADDRESS VALID) 

OUTPUT ENABLE TO OUTPUT DELAY (ADDRESS VALIDICHIP SELECTED) 

ROM Code Data 
Gould AMI's preferred method of receiving ROM 
CODE DATA is in EPROM. Two EPROMs should be 
submitted. One is programmed to the desired code 
and the other is blank. Gould AMI will read the pro· 
grammed EPROM, transfer this data to disk and then 
program the blank EPROM from the stored informa· 
tion. This procedure guarantees that the EPROM has 
been properly entered into the Gould AMI computer 
system. The Gould AMI programmed EPROM is return
ed to the customer for verification of the ROM pro
gram. Unless otherwise requested Gould AMI will not 
proceed until the customer verifies the program in the 
returned EPROM. 

EPROM Requirements 
The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 1-2764; Optional 2-2732 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 
Notes: 
1. Active Power Conditions: Vee = Vee Max, CE/CS = Active Level 

@ VI' Address Pins = VIL, Output Load Disconnected 
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CHIP 
ENABLE VALID 

CHIP 
SELECT ----

H·Z 

OUTPUTS ------+-----f 

address locations in the ROM. The preferred method is 
to mark the EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMS 
If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitors ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supply ROM Data* 
If an EPROM or ROM cannot be supplied the following, 
other methods are acceptable. 

D 9 Track NRZ Magnetic Tape 
D Paper Tape 
D Card Deck 
• Consult Gould AMI sales office for format. 

2. Standby Power Conditions: Same as active except CE = De· 
select Level @ VI 

3. Guaranteed by Design 

• 



Package Outlines 
28·Pin Plastic 

PIN 1 IDENTIFIER 

. 020 

.0111 

S2364A1S2364B 

28·Pln Ceramic 

" 

1.410 MAX • 

F== 14 111 

., ..... JIL_........ I_::;;~ 

Truth Table: (For simplicity, all control functions in the Truth Table are 
defined as active high.) 

CS/CE1 CS/CE2 CS/CE3 DEfOE OUTPUTS POWER 

CE1 X X X HI-Z STANDBY 
X CE2 X X HI-Z STANDBY 
X X CE3 X HI-Z STANDBY 
CS1 CS/CE2 CS/CE3 X HI-Z ACTIVE 
CS/CE1 CS2 CS/CE3 X HI-Z ACTIVE 
CS/CE1 CS/CE2 CS3 X HI-Z ACTIVE 
CS/CE1 CS/CE2 CS/CE3 DE/DE HI-Z ACTIVE 
CS/CE1 CS/CE2 CS/CE3 DE/DE DATA OUT ACTIVE 

The user decides between a CS or CE function and then defines the active level. The functions may also be 
defined as Don't Care (DC). The chip is enabled when the inputs match the user defined states. Don't Care 
pins are still connected to input protection diodes and are subject to the" AbsOlute Maximum Ratings"., 
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~l.on... l1li 

r:'''~1 
I r=:=:-J 

J~ ~~ 
"O.~~ i:::: 

Pins Control Functions Available 

27 CS2, CS2, CE2, ID, DC 
26 CS3, CS3, CE3,m, DC 
22 DE, DE, DC 
20 CS1, CS1, CE1 ,m, DC 
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Features 

D Fast Access Time: 
250ns Maximum 

D Low Standby Power 
0.055mW Maximum 

D Fully Static Operation 

D Single + 5V ± 10% Power Supply 

D Directly TTL Compatible Inputs 

D Three-State TTL Compatible Outputs 

D EPROM Pin Compatible (2764) 

D Late Mask Programmable 

D Three Programmable Chip Enables/Selects 

D Programmable Output/Chip Enable 

Block Diagram 

·CS/CE1 

·Cs/CE2 

·CS/cEa 

ADDRESS 
DECODER 
DRIVER 

ADDRESS 
DECODER 
DRIVER 

CHI' 
SELECT 

DECODER· 

·OElCE----' 

256 

32 

POWER 
DOWN 

65,536 
BIT ARRAY 

256 

COLUMN 
VD 

CIRCUITS 

Q, Q, Q, Q, a, Q, a. Q, 

• THE USER OECIIES BETWEEN A CS OR CE AJNCT10N AND 
DE OR CE AJNCllON AND THEN OERNES THE ACTIVE 
LEVEL FOR Cs/cE AND DEICE 
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S6364 

65,536 BIT (8192x8) 
STATIC CMOS ROM 

General Description 
The Gould AMI S6364 device is a 65,536 bit static mask 
programmable CMOS ROM organized as 8192 words 
by 8 bits. The device is fully TTL compatible on all in
puts and outputs and uses a single + 5V power supply. 
The three state outputs facilitate memory expansion 
by allowing the outputs to be OR-tied to other devices. 
The S6364 is pin compatible with the 2764 UV EPROM 
making system development much easier and more 
cost effective. It is fully statiC, requiring no clocks for 
operation. The four control pins are mask program
mable, the active level and function for each being 
specified by the user. When not enabled, the power 
supply current is reduced to a 50~ maximum. 
The S6364 is fabricated using Gould AMI's CMOS tech
nology. This permits the manufacture of very high den
sity, high performance mask programmable ROMs. 

Logic Symbol 

A, 

A. 

A. 

A. 

A, 

A, 

·OE/CE 

Pin Names 

Ao-A12 
00-07 
CSt CE1-CS/ CE3 
OE/CE 
Vcc; GND; NC 

0, 

0, 

D. 

0.. 

a. 
a. 

Pin Configuration 

NC Vee 

Cs/cEs 

DEICE 

A" 

CSICE, 

a, 
a, 

Address Inputs 
Data Outputs 
Chip Selects/Enables 
Output Enable/Chip Enable 
5V; Ground; No Contact 
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Absolute Maximum Ratings* 
Ambient Temperature Under Bias ......................................................................................................... O·C to + 70·C 
Storage Temperature ..................................................................................................................... -65·Cto + 150·C 
Power Supply Voltage ........................................................................................................................... - 0.3V to + 7V 
InputorOutputVoltages ............................................................................................................. -0.3VtoVee +0.3V 
Power Dissipation .................................................................................................................................................... 1W 
·COMMENT: Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute max
imum rating conditions for extended periods may affect device reliability. 

Electrical Characteristics: Vee = + 5V ± 10%, TA = O·C to + 70·C 
Symbol Parameter Min. Max. 

VOL Output LOW Voltage 0.4 

VOH Output HIGH Voltage 2.4 

VIL Input LOW Voltage -0.3 0.8 
VIH Input HIGH Voltage 2.2 Vcc + 0.3 

III Input Leakage Current -1 1 

ILO Output Leakage Current -1 1 

1CC1 Pow6'f Supply Current-Active 20 

Icc2 Powe~ Supply Current-CMOS Active 15 

ISB1 Power Supply Current-Deselect 5 

ISB2 Power Supply Current-Standby 10 

Capacitance: TA = 25·C, f = 1.0MHz 
Symbol Parameter Min. Max. 

CIN I nput Capacitance 7 

COUT Output Capacitance 10 

Switching Characteristics: Vee = + 5V ± 10%, TA = O·C to + 70·C 
Symbol Parameter 

tAA Address Access Time 

tAcE Chip Enable Access Time 

tOE Output Enable Access Time 

tACS Chip Select Access Time 

tCEO Disable Time From Chip Enable 

tOFF Chip Deselect Time 

toEO Disable Time From Output Enable 

tOH Output Hold Time 

TRUTH TABLE 
CSlCE1 CSlCE2 CSlCE3 
CE1 -x 

ill 
m 

CSl CS/CE2 CS/CE3 

CS/CE1 CS2 CS/CE3 

CS/CE1 CS/CE2 CS3 

CS/CE1 CS/CE2 CS/CE3 
CS/CE1 CS/CE2 CS/GE3 

DEICE 

CE 
DEICE 
DEICE 

OEICE 

liE 
DEICE 

Min. 

a 
a 
a 
a 
a 
a 

OUTPUTS 
HI-Z 

HI-Z 

HI-Z 
HI-Z 

HI-Z 

HI·Z 
HI-Z 

HI-Z 

DATA OUT 

Max. 
250 

250 

80 
80 

80 

80 

80 

POWER 
STANDBY 
STANDBY 

STANDBY 

STANDBY 
ACTIVE 

ACTIVE 

ACTIVE 

ACTIVE 
ACTIVE 

Units Conditions 
V 10L =3.2mA 
V 10H= 1.0mA 
V 

V 

"A VIN = OV to Vcc 

,..A Vo = OV to Vcc. 
Chip Deselected 

mA Outputs Open 
mA Outputs Open 

VI = GND or Vcc 
mA Chip in Standby Mode, 

VI = VIL or VIH 
,..A Chip in Standby Mode, 

VI (control pins) = GND or Vcc 

Units Conditions 
pF VIN =OV 
pF VOUT = OV 

Units Conditions 
ns 

ns See Waveforms 
ns and Test 
ns Load 
ns Guaranteed 
ns by Design 
ns 
ns 

PINS CONTROL FUNCTIONS AVAILABLE 

27 CS2. m. CE2. CE2. DC 
26 CS3. CS3. CE3. m. DC 
22 DE. liE. CEo CE. DC 
20 CS1, CSl. CE1. m. DC 

a~~n~~B~~~~~deBobn~\W~:r~ ~~~/a~~ 'il'lft ~5~R;cl~gCt~Oi~~~f J~~t~S;6W~~oW:saiU~'a~~v~~bT~~t %np.t~~s~~r .. ~~~~~~i~~~i~3s9Pon't Care (DC). The chip is enablBd when the inputs match the user 

6.37 



Waveforms 

ADDRESS TO OUlPlIT DELAY (CHIP SElEC11':D) 

VAUD 

0lJl1IUT EMABLE TO OUTPUT DELAY (ADDRESS VALIItIiaI SElECTBJ) 

~~ W VALmENABlE ~ 

- F: ' l ___ VA_Lm_DA_TA_j_ ~I~_' ~ DATA 
OUTPUTS 

ROM Code Data 

Gould AMI's preferred method of receiving ROM CODE 
DATA is in EPROM. Two EPROMs should be sub· 
mitted, One is programmed to the desired code and the I. 

other is blank. Gould AMI will read the programmed 
EPROM, transfer this data to disk and then program the 
blank EPROM from the stored information. This pro
cedure guarantees that the EPROM has been properly 
entered into the Gould AMI computer system. The 
Gould AMI programmed EPROM is returned to the cus
tomer for verification of the ROM program. Unless 
otherwise requested Gould AMI will not proceed until 
the customer verifies the program in the returned 
EPROM. 

EPROM Requirements 

The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 2764 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 

6.38 

lH' ENABLEISELECT TO OUTPUT IELAY (AIIIIIIESS VALlO) 

a. 
ENABlE 

CHI' 
SELECT 

DATA 
IIIJ11'UTS 

Test Load TEST COMPARATOR 

1--+--.NIf<--e VL = 1.92V 
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address locations in the ROM. The preferred method is 
to mark each EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMs 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitor's ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supplying ROM Data* 

If an EPROM or ROM cannot be supplied, the following 
other methods are acceptable. 

o 9 Track NRZ Magnetic Tape 
o Paper Tape 
o Card Deck 
• Consult Gould AMI sales office for format. 
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Preliminary Data Sheet 

Features 

o Fast Access Time: S23128A-350ns Maximum 
S231288-250ns Maximum 

o Low Standby Power: 110mW Max. 
o Fully Static Operation 
o Single + 5V ± 10% Power Supply 
o Directly TIL Compatible Outputs 
o Three-State TIL Compatible Outputs 
o Two Programmable Chip Enables/Selects 
o EPROM Pin Compatible (27128) 
o Late Mask Programmable 
o Programmable Output/Chip Enable 

General Description 

The Gould AMI S23128 is a 131,072 bit static mask 
programmable NMOS ROM organized as 16,384 words 
by 8 bits. 

Block Diagram 

·CSICEz 

ROW 
ADDRESS 
DECODER 
DRIVERS 

----, 
I 
I 
I 
I 

'OEICE ----4----' 

MEMORY 
MATRIX 

131.072 BIT 
ARRAY 

• THE USER D£CiD£S BETWEEN A CS OR CE FUNCTION AND 
THEN DEFINES THE ACTIVE LEVEL FOR CS/cE AND DEICE. 
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S23128A1S23128B 

131,072 BIT (16384x8) 
STATIC NMOS ROM 

The device is fully TIL compatible on all inputs and out
puts and has a single + 5V power supply. The three 
state outputs facilitate memory expansion by allowing 
the outputs to be OR-tied to other devices. 

The S23128 is pin compatible with the 27128 EPROM 
making system development easier and more cost 
effective. The fully static S23128 requires no clocks for 
operation. The three control pins are mask program
mable with the active level and function being specified 
by the user. The pins can also be programmed as no 
connections. If CE functions are selected, automatic 
powerdown is available. The power supply current is 
reduced to 20mA when the chip is disabled. 

The S23128 is fabricated using Gould AMI's NMOS 
technology. This permits the manufacture of high den
sity, high performance ROMs. 

Logic Symbol 
·CS/CE1 "'CS/CEz 

A, 

A, 

A, a, 
A, Q, 

A, Q, 

A, Q, 

A, Q, 

A, Q. 

A, Q, 

A, Q, 

A" 

A" 

A,. 

Au 

·OElCE 

Pin Names 

Ao-A13 
00-0 7 

CS/CE1-CS/CE2 

OE/CE 
Vcc;GND;NC 

Pin Configuration 

NC 

All 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

AD 

Do 

D, 

D, 

GND 

Address Inputs 
Data Outputs 

Vee 

CSICE,' 

A13 

A, 

A, 

A" 

DEICE' 

A10 

CSlCE,' 

D, 

D, 

D, 

D. 

D, 

Chip Selects/Enables 
Output Enable/Chip Enable 
5V;Ground; No Connect 



S23128A1S23128B 

Absolute Maximum Ratings* 

Ambient Temperature Under Bias ........................................................................................................... O·C to 70·C 
Storage Temperature ....................................................................................................................... - 65·C to 150·C 
Voltage on Any Pin With Respect to Ground ......................................................................................... - 0.5V to 7V 
Input Voltages ......................................................................................................................................... - 0.5V to 7V 
Power Dissipation .................................................................................................................................................. 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress 
rating only and functional operation of the device at these or at any other condition above those indicated in the operational sections of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may effect device reliability. 

Electrical Characteristics: Vcc == + 5V ± 10%, TA == O·C to 70·C 

Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V IOL = 3.2mA 
VOH Output HIGH Voltage 2.4 V IOH = -400/AA 
VIL Input LOW Voltage -0.5 0.8 V 

VIH Input HIGH Voltage 2.0 Vcc V 

III Input Leakage Current -10 10 /AA VIN = OV to Vcc 

ILO Output Leakage Current -10 10 /AA Vo = O.4V to Vcc Chip Deselected 

Icc Power Supply Current-Active 40 mA See Note #1 

ISB Power Supply Current-Standby 20 mA See Note #2 

Capacitance: TA == 25·C, f == 1.0MHz (See Note #3) 
Symbol Parameter Min. Typ. Max. Units Conditions 

CIN Input Capacitance 7 pF VIN = OV 
COUT Output Capacitance 10 pF VOUT = OV 

SWitching Characteristics: Vcc == + 5V ± 10%, TA == O·C to 70·C 

Symbol Parameter Min. Typ. Max. Units Conditions 

tM Address Access Time S23128A 350 
S231288 250 ns See Waveforms 

tACE Chip Enable Access Time 
S23128A 350 
S231288 250 ns and Test Load 

tAcs Chip Select Access Time S231288 120 
S231288 80 ns 

tOEA Output Enable Access Time S23128A 120 
S231288 80 ns 

tOFF Chip Deselect Time 
S23128A 120 
S231288 80 ns 

See Note #3 
tCEO Disable Time From Chip Enable S23128A 120 

S231288 80 ns 

tOEO Disable Time From Output Enable 
S23128A 120 
S231288 80 ns 

See Note #3 

toH Output Hold Time 
S23128A 0 
S231288 0 ns 
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S23128A1S23128B 

~
TESTCOMPARATOR 

OUT 'VV'v----- VL = 2.1BV 
RL = 556Q 

Test Load 

CL = 100pF I 
Waveforms 

ADDRESS TD OUTPUT DELAY (CHIP SELECTED) 

ADDRESS ~ ... ,," 
~ 

INPUTS 

-r OUTPUTS VALID 

OUTPUT ENABLE TO OUTPUT DELAY (ADDRESS VALID/CHIP SELECTED) 

OUTPUT ) ENABLE 
VALID ENABLE <. 

tOEA - - -+- tOEO 

DATA HI'Z HI'Z 
OUTPUTS 

VALID DATA 

ROM Code Data 
Gould AMI's preferred method of receiving ROM 
CODE DATA is in EPROM. Two EPROMs should be 
submitted. One is programmed to the desired code 
and the other is blank. Gould AMI will read the pro· 
grammed EPROM, transfer this data to disk and then 
program the blank EPROM from the stored informa· 
tion. This procedure guarantees that the EPROM has 
been properly entered into the Gould AMI computer 
system. The Gould AMI programmed EPROM is return·' 
ed to the customer for verification of the ROM pro
gram. Unless otherwise requested Gould AMI will not 
proceed until the customer verifies the program in the 
returned EPROM. 

EPROM Requirements 
The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 1-27128; Optional 2-2764 

Notes: 
1. Power Test Active Conditions: Vcc = Vce Max, CE/CS = Active 

Level @ V, Address Pins = V,L, Output Load Disconnected 
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CHIP ENABLE/SelECT TO OUTPUT DELAY (ADDRESS VALID) 

CHIP 

~ VALID _~ tCED 

ENABLE 

I-
CHIP JC= VALID 

SELECTS 

tOFF 

DATA Hi·Z 
OUTPUTS 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper ad
dress locations in the ROM. The preferred method is to 
mark the EPROM with the ROM address (in Hex) where 
the EPROM data is to be located. 

Pattern Data from ROMS 
If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in
stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitor's ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

2. Power Test Standby Conditions: Same as active except CE 
Deselected 

3. Guaranteed by Design 



Package Outlines 
28-Pin Plastic 

PIN 1 IDENTIFIER 

S23128A1S23128B 

28-Pin Ceramic 

PIN 1 IDEMTlRER , . 
I 

1 ~) 28 

I V 
1.450

1

MA I. 

I 
~ 

,. ~15 
.065 I 

Lill 
,:,J ILl ",... I-.m-J 

~~020MlM 610 

61 
II II 

ju U\~ 

MARKINIiS 
ONLIO 

SURFACE 
ONLY 

15" M~:./ ~ -IL::J: 

Truth Table: (For simplicity, all control functions in the Truth Table are defined as active high). 

CS/CE1 CS/CE2 DEICE Outputs Power 
CE1 X X Hi-Z Standby 
X CE2 X Hi-Z Standby 
X X CE Hi-Z Standby Pins Control Functions Available CS1 CS/CE2 DEICE Hi-Z Active 

CS/CE1 CS2 DEICE Hi-Z Active 27 CS2, CS2, CE2, CE2, DC 
CS/CE1 CS/CE2 DE Hi-Z Active 22 DE, DE, CE, CE, DC 
CS/CE1 CS/CE2 DEICE Data Out Active 20 CS1, CS1, CE1, CE1, DC 

The user decides between a CS/CE and OE/CE function and then defines the active level. The functions may also be defined as Don't Care (DC). The chip is enabled 
when the inputs match the user defined states. Don't Care pins are still connected to input protection diodes and are subject to the" Absolute Maximum Ratings". 
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Features 
o Fast Access Time: S232568: 250ns Maximum 

S23256C: 200ns Maximum 
o Low Power Dissipation 

Active Current: 60mA Maximum 
Standby Current: 15mA Maximum 

o Fully Static Operation 
o Two User-Defined and Programmable 

Control Lines: CElCS, OEICE 
o EPROM Pin Compatible 
o Late Mask Programmable 
o Three-State TTL Compatible Outputs 

Block Diagram 

A, 
A, 
A, 
A, 
A, 
Ao 

'CEICS 

ADDRESS 
DECODER 

ORIVER 

ADDRESS 
DECOOER 

DRIVER 

CHIP 
SELECT 

DECODER" 

'DEICE ------<_--' 

262.144 
BIT ARRAY 

COlUMH 
vo 

CIRCUITS 

OUTPUT 
BUFFERS 

'THE USER DECIDES BETWEEN A CE DR CS AND DE DR CE 
FUNCTION AND THEN DEFINES THE ACTIVE LEVEL 
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S23256B1C 

262,144 BIT (32,768x8) 
STATIC NMOS ROM 

General Description 
The Gould AMI S23256 is a 262,144 bit static mask 
programmable NMOS ROM organized as 32,768 words 
by 8 bits. The devices are fully TTL compatible on all in
puts and outputs and operate from a single + 5V 
± 10% power supply. The three state outputs facilitate 
memory expansion by allowing the outputs to be OR
tied to other devices. 

The S23256 is pin compatible with the 27256 UV 
EPROM making system development much easier and 
more cost effective. It is fully static, requiring no 
clocks for operation. 

The S23256 is fabricated using Gould AMI's N-Channel 
MOS ROM technology. This permits the manufacture 
of very high density, high performance mask program
mable ROMs. 

LogiC Symbol 

AD 

A, 

A, 

A, 

A. 

A, 

A, 

A, 

A. 

A. 

AlD 

A" 

A" 

A" 

A,. 

CE/CS' 

DEICE" 

Pin Names 

Al-A14 
0 0-07 
CEICS 
OEICE 
Vcc;GND;DC 

DD 

0, 

0, 

0, 

D. 

0, 

0, 

0, 

Pin Configuration 

NC 

A" 
A, 

A, 

A, 

A. 

A, 

A, 

A, 

Ao 

00 

0, 

0, 

GND 

Address Inputs 
Data Outputs 
Chip Enable/Chip Select 
Output/Chip Enable 
5V;Ground;Don't Care 

Vee 

A" 

A" 
A, 

A, 

A" 

DEICE' 

A" 
CEICS' 

0, 

0, 

0, 

o. 
0, 



S23256B/C 

Absolute Maximum Ratings' 

Ambient Temperature Under Bias ......................................................................................................... ooe to + 70 0 e 
Storage Temperature ..................................................................................................................... - 65°e to + 150 0 e 
Output or Supply Voltages ........................................................................................................................ - O.5V to 7V 
Input Voltages ........ ................................................................................................................................. - O.5V to 7V 
Power Dissipation .................................................................................................................................................... 1W 

'COMMENT: Stresses above those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or at any other conditions above those indicated in the operational sections of this specification is not implied. Exposure to absolute max· 
imum rating conditions for extended periods may effect device reliability. 

Electrical Characteristics: Vee = +5V ± 10%,TA=OOeto +70oe 
Symbol Parameter Min. Typ. Max. Units Conditions 

VOL Output LOW Voltage 0.4 V 10L = 3.2mA 

VOH Output HIGH Voltage 2.4 V 10H = - 220~A 

V,L Input LOW Voltage -0.5 0.8 V 

V'H Input HIGH Voltage 2.0 Vcc V 

IILlI Input Leakage Current 10 ~A V,N = OV to Vcc 

IILol Output Leakage Current 10 ~A 
Va = 0.4V to Vcc 
Chip Deselected 

Vcc=Vcc Max. CEiCS and OE/CE=Ac· 
Icc Power Supply Current-Active 60 mA tlve Levels @ V,L or V,H' Address 

Pins = V,L • Output Load Disconnected 

Same as Power Supply Current-Active 
ISB Power Supply Current-Standby 15 mA Except CE Deselected 

Capacitance: T A = 25· C, f = 1.0M Hz 

Symbol Parameter Min. Typ. Max. Units Conditions 
C'N Input Capacitance 7 pF V,N = OV 

COUT Output Capacitance to pF VOUT = OV 

Switching Characteristics: Vee = + 5V + 10%, TA = O·C to + 70·C -
Symbol Parameter Min. Typ. Max. Units Conditions 
tAVOV Address Access Time 

S232568 250 ns 
S23256C 200 

tEVOV Chip Enable Access Time See 
S232568 250 ns Waveforms 
S23256C 200 and 

tsvov Chip Select Access Time Test Load 

S232568 120 ns 
S23256C 100 

tGVOV Output Enable Access Time 
S232568 120 ns 
S23256C 100 

tAxax Output Holdl Address Change 
S232568 10 ns 
S23256C 10 Guaranteed 

tExaz Deselect Times 
8y 

tsxaz S232568 t 20 ns 
Design 

tGXQZ S23256C 70 

6.44 



Waveforms 

Propagation From Address (Chip Selected) 

VALID DATA 

Propagation From Chip Enables (Address Valid) 

VALID DATA 

ROM Code Data 

Gould AMI's preferred method of receiving ROM CODE 
DATA is in EPROM. Two EPROMs should be sub
mitted. One is programmed to the desired code and the 
other is blank. Gould AMI will read the programmed 
EPROM, transfer this data to disk and then program the 
blank EPROM from the stored information. This pro
cedure guarantees that the EPROM has been properly 
entered into the Gould AMI computer system. The 
Gould AMI programmed EPROM is returned to the cus
tomer for verification of the ROM program. Unless 
otherwise requested Gould AMI will not proceed until 
the customer verifies the program in the returned 
EPROM. 

EPROM Requirements 

The following EPROMs should be used for submitted 
ROM Code Data: 

PREFERRED 27256 OPTIONAL 2-27128 

If two EPROMs are used to specify one ROM pattern, 
two blank EPROMs must be submitted. In this in
stance, the programmed EPROMs must clearly state 
which of the two EPROMs is for lower and upper 
address locations in the ROM. The preferred method is 
to mark the EPROM with the ROM address (in Hex) 
where the EPROM data is to be located. 

Pattern Data from ROMS 

If a customer has ROMs produced by another supplier, 
these ROMs can be submitted for ROM pattern data in-

S23256B1C 

Propagation From Chip Selects (Address Valid) 

CSICS '> VALID CHIP SELECT k' -- tsVOY I-- - ISXGZ -
°0·Q7 HI6HZ 

I}--VAUD DATA 

Propagation From Output Enable (Address Valid) 

DE/DE 

6.45 

Test Load 

,-. TEST COMPARATOR 

DEVICE 
~ 

UNDER V, = 2.27V 

TEST ft, = 585Q 

-I-
C,=lDOpF T 

':' Ct. = CSTRAY + C ... + ecA. 

stead of EPROMs. Obviously, these ROMs must be pin 
compatible with the Gould AMI device. The program
mable chip selects must be defined. (NOTE: In some 
cases a competitor's ROM may have a chip select or 
enable that is not customer defined. However, if this 
pin is customer defined for the Gould AMI ROM, the re
quired active logic level for this input must be 
specified.) 

Optional Method of Supply ROM Data* 

If an EPROM or ROM cannot be supplied the following, 
other methods are acceptable. 

o 9 Track NRZ Magnetic Tape 
o Paper Tape 
o Card Deck 

Consult Gould AMI sales office for format. 



S23256B/C 

Package Outlines 

Truth Table 

28-Pin Plastic 28-Pin Ceramic 

PIN 1 IDENTIFIER 
PIlI 1 IOEMTlAER , 

---r--"-;.........--~ 

MARKlIIG$ ,,,. 
SURfACE 

ONLV 

I :::: i 
.015 _L I 

fC =,! IT ) " " "' .... ~ It-I-,,,... I-m-J 
-1--.020 .... 1-:::-1 

CEICS DEICE OUTPUTS POWER 

CEiCS OE/CE DATA OUT ACTIVE 
CE X HIGH Z STANDBY 
CS X HIGH Z ACTIVE 
X DE HIGH Z ACTIVE 
X CE HIGH Z STANDBY 

THE USER DECIDES BETWEEN A CE OR CS FUNCTION AND BETWEEN AN DE OR CE 
FUNCTION AND THEN DEFINES THE ACTIVE LEVEL. THE FUNCTION MAY ALSO BE 
DEFINED AS A DON'T CARE (DC). THE CHIP IS ENABLED WHEN THE INPUTS MATCH THE 
USER DEFINED STATES. DON'T CARE PINS ARE STILL CONNECTED TO INPUT PROTE
CION DIODES AND ARE SUBJECT TO "ABSOLUTE MAXIMUM RATINGS". 
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1c====:J' 
i~ ~:, 

1
'1.012 

--1-.00. 

PINS CONTROL FUNCTIONS AVAILABLE 

22 DE, DE, CE, CE, DC 
20 CE, CE, CS, CS, DC 
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S6800 

MICROPROCESSOR 
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Contact factory for complete data sheet I 
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S6800/S68AOO/S68 BOO 

S6801lS6803 

S6802/A/B/S68081A1B 

S6805 

S6809(E)/S68A09(E)/S68B09(E) 

S1602 

S2350 

86551/S6551 A 

S6810/S66A10/S68B1 0 

S6821/S66A21/S68B21 

S6840/S68A40/S68B40 

S68045 

S6846 

S6850/S68A50/S68B50 

S68521S68A521S68B52 

S68541868A54IS68B54 

56800 Family Selection Guide 

MICROPROCESORS 

8-Bit Microprocessor (1.0/1_5/2_0MHz Clock) 

Single Chip Microcomputer 2K ROM, 128 x 8 RAM, 31 1/0 Lines, Enhanced Instruction. S6803 is 
a S6801 Without ROM (N/R Model-No ROM and RAM) 

Microprocessor with Clock and RAM (1.0/1.5/2.0MHz Clock (S6808 Models- No RAM) 

Single Chip Microcomputer 1.1 K x 8 ROM, 64 x 8 RAM, Timer, Pre-scaler, Bit Level Instructions. 

Pseudo 16-Bit Microprocessor (1.0/1.5/2.0MHz Clock) (E Models- External Clock Mode) 

PERIPHERALS 

Universal Asynchronous ReceiveriTransmitler (UART) 

Universal Synchronous ReceiveriTransmitler (USRT) 

UART With Baud Rate Generator 

128 x 8 Static RAM (450/360/250ns Access Time 

Peripheral Interface Adapter (PIA) (1.0I1.5/2.0MHz Clock) 

Programmable Timer (1.0/1.512.0MHz) 

CRT Controller (CRTC) 

2K ROM, Parallel 1/0, Programmable Timer 

Asynchronous Communication Interface Adapter (ACIA) 

Synchronous Serial Data Adapter (SSDA) (1.0/1.512.0MHz Clock) 

Advanced Data link Controller (ADLC) (1.0/1.5/2.0MHz Clock) 
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Features 

o Eight-Bit Parallel Processing 
OBi-Directional Data Bus 
o Sixteen-Bit Address Bus - 65536 Bytes 

of Addressing 
o 72 Instructions - Variable Length 
o Seven Addressing Modes - Direct, Relative 

Immediate, Indexed, Extended, Implied 
and Accumulator 

o Variable Length Stack 
o Vectored Restart 
o 2 Microsecond Instruction Execution 
o Maskable Interrupt Vector 

Block Diagram 

DATA 

Vee 181 

GNO '" 
GNO 

(21) 

ACCUM A 

ACCUM B 

STACK PTR HR STACK PTR LR 

RESET 
(40) 

rna 141 
161 

131 
(37) 

121 
HALT 

VMA 
151 

171 

R!W 
(34) 

(39) 

TSC A15 A14 Al3 A12 All A10 A9 AS A7 A6 A5 A4 A3 A2 A1 AO 
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S6800/S68AOO/S68BOO 

8-81T 
MICROPROCESSOR 

o Separate Non-Maskable Interrupt - Internal 
Registers Saved in Stack 

o Six Internal Registers - Two Accumulators, Index 
Register, Program Counter, Stack Pointer and Con
dition Code Register 

o Direct Memory Access (DMA) and Multiple Proces
sor Capability 

o Clock Rates - 86800 - 1.0MHz 
- 868AOO - 1.5MHz 
- S68BOO - 2.0MHz 

o Simple Bus Interface Without TTL 
o Halt and Single Instruction Execution Capability 

Pin Configuration 

(36) OBE GND 1. 40 RESET 
HALT 39 TSC 

(33) DO 
~1 

(32) 
01 IRQ 

(31) 02 VMA 
(30) 

NMI 
129) 

0' BA 
as) 05 

Vee 
(27) 06 

AD 
(26) 

07 A1 

38 
37 ~2 
36 OBE 

35 

34 RiW 

33 DO 
S6800 32 01 

10 S68AOO 31 02 

A2 11 S68BOO 30 03 

A3 12 29 04 

A4 13 28 05 

A5 14 27 06 
A6 15 26 07 

A7 16 25 A15 

A8 17 24 A14 
A9 18 23 A13 

A10 19 22 A12 
A11 20 21 GNO 



S6800/S68AOO/S68BOO 

Absolute Maximum Ratings 

Supply Voltage Vcc ............................................................................................................................. - 0.3 to + 7.0V 
Input Voltage VIN ............................................................................................................................... - 0.3V to + 7.0V 
Operating Temperature Range TA ........................................................................................................ O·C to + 70·C 
Storage Temperature Range T stg ................................................................................................ - 55·C to + 150·C 

Electrical Characteristics 

(Vcc = 5.0V, ± 5%, Vss = 0, TA = 0 to + 70·C unless otherwise noted.) 

Symbol Characteristics Min. Typ. 

VIH Input High Voltage (Normal Operating Levels) Logic Vss + 2.0 -
VIHe +1, +2 Vee - 0.6 -

VIL Input Low Voltage (Normal Operating Levels) Logic VSS - 0.3 -
VILe +1, +2 Vss - 0.3 -
liN Input Leakage Current 

(VIN = 0 to 5.25V, Vee = Max) Logic' - 1.0 
(VIN = 0 to 5.25V, Vee = O.OV) +1, +2 - -

ITSI Three-State (Off State) Input Current DO - 07 - 2.0 
VIN = 0.4 to 2.4V, Vee = Max AO-AI5, R/W - -

VOH Output High Voltage 
(ILOAD = 205~dc, Vee = Min) DO - 07 Vss + 2.4 -
(ILOAD = 145~dc, Vee = Min) AO - A15, R/W, VMA Vss + 2.4 -
(lLOAD = -100!'Adc, Vee = Min) 8A VSS + 2.4 

VOL Output Low Voltage - -
(ILOAD = 1.6mAdc, Vee = Min) 

Po Power Dissipation - 0.5 

CIN Capacitance# 
(VIN = 0, TA = 25°C, 1 = 1.0MHz) +1 - -

+2 - -

DO - 07 - 10 
Logic Inputs - 6.5 

COUT AD - A15, R/W, VMA - -
1 Frequency 01 Operation S6800 0.1 -

S68AOO 0.1 -
S68800 0.1 -

Clock Timing (Figure 1) S6800 1.000 -
'eye Cycle Time S68AOO 0.666 -

S68800 0.50 -

Clock Pulse Width +1, +2 - S6800 400 -

PW+H Measured at Vee - 0.6V +1, +'2 - S68AOO 230 -

+1, +2 - S68800 180 -

S6800 900 -
'UT Total +1 and +2 Up Time S68AOO 600 -

S68800 440 -

'+r, '+f Rise and Fall Times -
Measured between Vss + 0.4 and Vee - 0.6 

'd Oelay Time or Clock Separation a -

Measured at VOV = Vss + 0.6V 

* Except IRQ and NMI, Which require kQ pullup load resistor for wire-OR capability at optimum operation. 
#Capacitances are periodically sampled rather than 100% tested. 
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Max. Unit 

Vee 
Vee + 0.3 

Vdc 

VSS +0.8 
Vss + 0.4 

Vdc 

!,Adc 
2.5 
100 

10 !,Adc 
100 

Vdc 
-
-

VSS + 0.4 Vdc 

1.0 W 

pF 
35 
70 

12.5 
10 
12 pF 

1.0 MHz 
1.5 
2.0 

10 
10 !,s 
10 

9500 ns 
9500 ns 
9500 

- ns 
-
-

100 ns 

9100 ns 



ReadlWrite Timing 

Symbol Characteristics S6BOO 

Min Typ Max 

lAD Address Delay 
C =90pF - - 270 
C = 30pF - - 250 

IACC Periph. Read Access Time 530 -
lAC = IUT - (lAD + IDSR) 

IDSR Data Setup Time (Read) 100 - -
IH Input Data Hold Time 10 - -
IH Output Data Hold Time 10 25 -
IAH Address Hold Time 

(Address, R/W, VMA) 30 50 -
IEH Enable High Time for 

DBE Input 450 - -
IDDW Date Delay Time (Write) - - 225 

Processor Controls 
Ipcs Proc. Control Setup Time 200 - -
Ipcr:lpCf Processor Control 

Rise and Fall Time - - 100 
IBA Bus Available Delay - - 250 
ITSE Three-State Enable - - 40 
ITSD Three-State Delay - - 270 
IBBE Data Bus Enable Down 

Time During +1 Up Time 150 - -
IDBEr' Data Bus Enable Rise 

IOBEf and Fall Times - - 25 

Figure 1. Clock Timing Waveform 

S6800/S68AOO/S68BOO 

S6BAOO S6BBOO 

Min Typ Max Min Typ Max Unll 

ns 
- - 180 - - 150 
- - 165 - - 135 

360 - 250 - ns 

60 - - 40 - - ns 

10 - - 10 - - ns 

10 25 - 10 25 - ns 

30 50 - 30 50 - ns 

280 - - 220 - - ns 

- 165 200 - - 160 ns 

140 - - 110 - - ns 

- - 100 - - 100 ns 
- - 165 - - 135 ns 
- - 40 - - 40 ns 
- - 270 - - 270 ns 

120 - - 75 - - ns 

- - 25 - - 25 ns 

Figure 2. Read/Write Timing Waveform 

/StartofCYCle 

Vee - a.BV 

0.4 V 

0.4 V 

Measurement point lor ,1 and ,2 are shown aboVl. Other measurements 
are the same as lor Me6BOO. 
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S6800/S68AOO/S68BOO 

Figure 3. Read Data from Memory or Peripherals 

II 
-----1'"1 

f-=--.:::,=«---'------------# .... = 2." 

ADDRESS =====::;:;~;:::l.-------------~~..; 
FIIOMMPIJ _____ -:~~~;:;;~::============~::~ 

MEMORVOR DATA FROM -------~-------:------~~¢:~C~~ 

Figure 4. Write Data In Memory or Peripherals START CYCLE 

~DATANDTYAllD 

"------~ 
V1He F-------.....,oj. 

" 0.4V 

0.4V 
RIW __ ~~===f:::::====~ 2.4V 

ADDRESS 

FROMMPU _____ --;~~~~~~~===~========;=~ 0.4V 

DATA FROM --------f----------t--~~t~~~~~~= M" 
OBE='4>2 ______ " 

2.4V .J,,--------.....,L 

Figure 5. Initialization of MPU After Restart 

1 ____ -

VC1'75 V 
~1 _2 

Reset 

VMA 

14------ >- 8 Clock Times --------., .. ~I II 
~ t'4"- First Instruction Loaded into MPU 

2/22/2222/2222222222222222222222222222222222222222222222Z22ZZ2Z2ZZZZ2ZZ2Z22Z2Z2Z/\ZI __ fl '---"~I-.--"~I-.-..I-:--
Address Out ~ I L Address Out'" Contenh of 

= FFFE FFFE + FFFF 
Address Out 

'" FFFF 
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Interface Description 

Label 

VMA 

AD 
• • • 

Pin Function 

(3) Clocks Phase One and Phase Two - Two pins are used for a two-phase non-overlapping clock that runs at the Vee 
(37) voltage level. 

(40) Reset - this input is used to reset and start the M PU from apower down condition, resulting from a power failure 
or an initial start-up of the processor. If a positive edge is detected on the input, this will signal the MPU to begin 
the restart sequence. This will start execution of a routine to initialize the processor from its reset condition. All 
the higher order address lines will be forced high. For the restart, the last two (FFFE, FFFF) locations in memory 
will be used to load the program that is addressed by the program counter. During the restart routine, the inter
rupt mask bit is set and must be reset before the MPU can be interrupted by nm. 
Reset must be held low for at least eight clock periods after Vee reaches 4.75 volts (Figure 4). If Reset goes high 
prior to the leading edge of +2, on the next +1 the first restart memory vector address (FFFE) will appear on the 
address lines. This location should contain the higher order eight bits to be stored into the program counter. 
Following, the next address FFFF should contain the lower order eight bits to be stored into the program counter. 

(5) Valid Memory Address - This output indicates to peripheral devices that there is a valid address on the address 
bus. In normal operation, this signal should be utilized for enabling peripheral interfaces such as the PIA and 
ACIA. This signal is not three-state. One standard TTL load and 30pF may be directly driven by this active high 
signal. 

(9) Address Bus - Sixteen pins are used for the address bus. The outputs are three-state bus drivers capable of 
driving one standard TTL load and 130pF. When the output is turned off, it is essentially an open circuit. This 
permits the M PU to be used in OMA applications. 

A15 (25) 

TSC 

DO 
• • 
07 

(39) Three-State Conirol- This input causes all of the address lines and the Read/Write lirie to go into the off or high 
impedance state. This state will occur 500ns after TSC = 2.4V. The Valid Memory Address and Bus Available 
signals will be forced low. The data bus is not affected by TSC and has its own enable (Data Bus Enable). In DMA 
applications, the Three-State Control line should be brought high on the leading edge of the Phase One Clock. 
The +1 clock must be held in the high state and the +2 in the low state for this function to operate properly. The 
address bus will then be available for other devices to directly address memory. Since the MPU is a dynamic 
device, it can be held in this state for only 50,.s or destruction of data will occur in the MPU. 

(33) Data Bus - Eight pins are used for the data bus. It is bi-directional, transferring data to and from the memory 
and peripheral devices. It also has three-state output buffers capable of driving one standard TTL load at 130pF. 

(26) 

DBE (36) Data Bus Enable - This input is the three-state control signal for the MPU data bus and will enable the bus 
drivers when in the high state. This input is TTL compatible; however in normal operation, It can be driven by the 
phase two clock. During an MPU read cycle, the data bus drivers will be disabled internally. When it is desired 
that another device control the data bus such as in Direct Memory Access (DMA) applications, DBE should be 
held low. 

R/W (34) Read/Write - This TTL compatible output signals the peripherals and memory devices whether the M PU is in a 
Read (high) or Write (low) state. The normal standby state of this signal is Read (high). Three-State Control go
ing high will Read/Write to the off (high-impedance) state. Also, when the processor is halted, it will be in the off 
state. This output is capable of driving one standard TTL load and 130pF. 

HALT (2) Halt - When this input is in the low state, all activity in the machine will be halted. This input is level sensitive. In 
the halt mode, the machine will stop at the end of an instruction. Bus Available will be at a one level, Valid 
Memory Address will be at a zero, and all other three-state lines will be in the three-state mode. 
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Label Pin 

S6800/S68AOO/S68BOO 

Function 

Transition of theHafi line must not occur during the last 250ns of phase one, To insure single instruction opera
tion, the Halt line must go high for one Phase One Clock cycle, 

BA (7) Bus Available - The Bus Available signal will normally be in the low state; when activated, it will go to the high 
state indicating that the microprocessor has stopped and that the address bus is available. This will occur if the 
Hafi line is in the low state or the processor is in the WAIT state as a result of the execution of a WAIT instruction. 
At such time, all three-state output drivers will go to their off state and other outputs to their normally inactive 
level. The processor is removed from the WAIT state by the occurrence of a maskable (mask bit I = 0) or non
maskable interrupt. This output is capable of driving one standard TTL load and 30pF. 

'iRO (4) Interrupt Request - This level sensitive input requests that an interrupt sequence be generated within the 
machine. The processor will wait until it completes the current instruction that is being executed before it 
recognizes the request. At that time, if the interrupt mask bit in the Condition Code Register is not set, the 
machine will begin an interrupt sequence. The Index Register, Program Counter, Accumulators, and Condition 
Code Register are stored away on the stack. Next the MPU will respond to the interrupt request by setting the in
terrupt mask bit high so that no further interrupts may occur. At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is located in memory locations FFFB and FFF9. An adress loaded 
at these locations causes the MPU to branch to an interrupt routine in memory. 

The Halt line must be in the high state for interrupts to be recognized. 

The IRQ has a high impedance pullup device internal to the chip; however a 3kQ external resistor to Vee should 
be used for wire-OR and optimum control of interrupts, 

(6) Non-Maskable Interrupt -A low-going edge on this input requests that a non-mask interrupt sequence be 
generated within the processor. As with the Interrupt Request signal, the processor will complete the current in
struction that is being executed before it recognizes the NMi signal, The interrupt mask bit in the Condition Code 
Register has no effect on NMI. The Index Register, Program Counter, Accumulators, and Condition Code 
Register are stored away in the stack. At the end·of the cycle, a 16-bit address will be loaded that points to a vec
toring address which is located in memory locations FFFC and FFFD. An address loaded at these locations 
causes the MPU to branch to a non-maskable interrupt routine in memory. 

NMT has a high impedance pullup resistor internal to the chip; however a 3kQ external resistor to Vee should be 
used for wire-OR and optimum control of interrupts. 

Inputs Tifu and NMI are hardware interrupt lines that are acknowledged during ~2 and will start the interrupt 
routine on the ~1 following the completion of an instruction. 

INTERRUPTS -'- As outlined in the interface description the S6BOO requires a 16-bit vector address to indicate the 
location of routines for Restart, Non-maskable Interrupt, and Maskable Interrupt. Additionally an address is re
quired for the Software Interrupt Instruction (SWI). The processor assumes the uppermost eight memory loca
tions, FFFB - FFFF, are assigned as interrupt vector addresses as defined in Figure 6. 

After completing the current instruction execution the processor checks for an allowable interrupt request via the 
IRQ or NMT inputs as shown by the simplified flow chart in Figure 7. Recognition of either external interrupt re
quest or a Wait for Interrupt (WAI) or Software Interrupt (SWI) instruction causes the contents of the Index 
Register, Program Counter, Accumulators and Condition Code Register to be transferred to the stack as shown in 
Figure B. 
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Features 

D Instruction and Addressing Compatible 
D Object Code Compatible 
D 16-Bit Programmable Timer 
D Single Chip or Expandable to 65K Words 
D On-Chip Serial Communications Interface (SCI) 

- Simplex 
- Half Duplex 

Mark/Space (NRZ) 
Biphase (FM) 

- Port Expansion 
FulllHalf Duplex 

D Four Internal Baud Rates Available 
~2.;- 16, 128, 1024,4096 

D 2K Bytes of ROM 

Block Diagram 

P30 
P31 

P31 
P33 
P34 
P35 

P36 

P37 
SCl 

SCI 

P4G 

P41 

P42 
P43 

P44 
P45 

P46 
P47 
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D 128 Bytes of RAM 

S6801/S6803/S6803NR 

SINGLE CHIP 
MICROCOMPUTER 

(64 Bytes Power Down Retainable) 
D 31 Parallel 1/0 Lines 
D Divide-by-Four Internal Clock 
D Hardware 8 x 8 Multiply 
D Three Operating Modes 

- Single Chip 
- Expanded Multiplex (up to 65K Addressing) 
- Expanded Non-Multiplex 

D Expanded Instruction Set 
D Interrupt Capability 
D Low Cost Versions 

- S6803-No ROM Version 
- S6803NR-No ROM or RAM 

D TTL-Compatible with Single 5 Volt Supply 

Pin Configuration 

P20 
P21 
P22 
P23 
P24 

P1D 
P11 . P12 

" P13 
P14 

P15 

"6 . P17 



General Description 

The S6801 MCU is an 8-bit single-chip microcomputer 
system which is compatible with the S6800 family of 
parts_ The S6801 is object code compatible with the 
S6800 instruction set. 

The S6801 features improved execution times of key 
S6800 instructions including Jump to Subroutine (JSR) 
and all Conditioned Branches (BRA, etc.). In addition, 
several new 16-bit and 8-bit instructions have been add
ed including Push/Pull to/from Stack, Hardware 8 x 8 
Multiply, and store concatenated A and B accumulators 
(D accumulator). 

The S6801 MCU can be operated in three modes: 
Single-Chip, Expanded Multiplex (up to 65K Byte Ad
dressing), and Expanded Non-Multiplex. 

The S6801 Serial Communications Interface (SC) per
mits full serial communication using no external com
ponents in several operating modes - Full and/or Half 
Duplex operation - and two formats - Standard 
Mark/Space for typical Terminal/Modem interfaces and 

Absolute Maximum Ratings 

S6801/S6803/S6803NR 

the Bi-Phase (FM, F2F, and Manchester) Format 
primarily for use between processors. Four software 
addressable registers are provided to configure the 
Serial Port; to provide status information, and as 
transmit/receive data buffers. 

The S6801 includes a 16-bit timer with three effectively 
independent timing functions: (1) Variable pulse width 
measurement, (2) Variable pulse width generation, and 
(3) A Timer Overflow- Find Time Flag. This makes the 
S6801 ideal for applications such as Industrial Con
trols, Automotive Systems, A/D or D/A Converters, 
Modems, Real-Time Clocks, and Digital Voltage Con
trolled Oscillators (VCO). 

The S6801 is fully TTL-compatible and requires only a 
single + 5 volt supply. 

The S6803 can be thought of as an S6801 operating in 
expanded multiplexed mode with no ROM. The 
S6803NR is comparable to the S6801 operating in ex
panded multiplexed mode with no RAM and no ROM. 

Supply Voltage, Vee ................................................................ - 0.3V to + 7.0V 
Input Voltage, VIN .................................................................. - 0.3V to + 7.0V 
Operating Temperature Range, TA ...................................................... O°C to + 70°C 
Storage Temperature Range, Tstg •.•..•••.•.•.•.•.•.•.••••••••.•......•.•.•.•••••••• - 55°C to + 150°C 
Thermal Resistance, ()JA 

Plastic ............................................................................... 100°C/W 
Ceramic .............................................................................. 50°C/W 

This device contains circuitry to protect the inputs against damage due to high static voltage or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper operation it is recommended that VIN and 
VOUT be constrained to the range vss (VIN or VOUT) VDD. 

Control Timing 0Iee = 5.0V ± 5%, VSS = 0, TA = OOG to 70°C) , 
86801 86801-1 868A01 868801 

8ymbol Characteristic Min. Max. Min. Max. Min. Max. Min. Max. Unit 

fo Frequency of Operation 0.5 1.0 0.5 1.25 0.5 1.5 0.5 2.0 MHz 

fXTAL Crystal Frequency 3.579 4.0 3.579 5.0 3.579 6.0 3.579 B.O MHz 

4fo External Oscillator Frequency 2.0 4.0 2.0 5.0 2.0 6.0 2.0 B.O MHz 

trc Crystal Oscillator Start-Up Time - 100 - 100 - 100 - 100 ms 

tpcs Processor Control Set-Up Time 200 - 170 - 140 - 110 - ns 
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Electrical Operating Characteristics 0/cc = 5.0V ± 5%, Vss = 0, TA = OOG to + 70o G, unless otherwise noted) 

8ymbol Characteristic Min. Typ. Max. Unit 

VIH ~nput High Voltage' Vss+2.0 Vee Vde 
eset Vss+4.0 Vee 

VIL I nput Low Voltage Vss - 0.3 Vss + 0.8 Vde 
ITSI Three'State (Off State) Input Current P10·P17, P30·P37 2.0 10 /LAdc 
ITSI (VIN = 0.5Vdc to 2.4Vdc) P20·P24 10.0 100 /LAdc 
VOH Output High Voltage Vss + 2.4 Vdc 

I LOAD = - 65/LA P40'P47, E, SC1, SC2 
I LOAD = -1 OO/LA all others 

VOL Output Low Voltage 
ILOAO= 2.0mA, Vce= Min. 

Vss + 0.5 Vdc 

PINT Power Dissipation (See Power Consideration Below) 1200 mW 
CIN Capacitance 

VIN=O, TA=25°C, f=1.0MHz 
P40'P47, P30-P37, SC1 12.5 pF 
Other Inputs 10 pF 

IOH Darlington Drive Current -1.0 - 2.5 -10 mAde 
Vo=1.5Vdc-P10-P17 

VSBB Standby Voltage (Not Operating) 4.00 5.25 Vdc 
VSB (Operating) 4.75 5.25 , 
Except mode programming levels 
NOTE: The above electricals satisfy Ports 1 and 2 always, and Ports 3 and 4 in the single chip mode only. 

Power Considerations 
The average chip-junction temperature, TJ, in'C can be obtained from: 

TJ =TA + (POoOJA) (1) 
Where: 

TA ",Ambient Temperature, 'C 
0JA '" Package Thermal Resistance, Junction-te-Ambient, 'CIW 

Po'" PINT + PpORT 
PINT'" Icc x Vee' Watts (Chip Internal Power) 
PPORT '" Port Power Dissipation, Watts (User Determined) 

For most applications PPORT <!! PINT and can be neglected. PpORT may 
be become significant if the device is configured to drive Darlington 
bases or sink LED loads. 

Bus Timing (Figure 7) 

Pin # 8ymbol Characteristic 

1 teye Cycle Time 

2 PW EL Pulse Width, E Low 

3 PWEH Pulse Width, E High 

4 tr, tf Clock Rise and Fall Time 

9 tAH Address Hold Time 

12 tAv Non-Muxed Address Valid Time to E' 

17 tOSR Read Data Set-Up Time 

18 tOHR Read Data Hold Time 

19 toow Write Data Delay Time 

21 tOHw Write Data Hold Time 

An approximate relationship between Po and TJ (if PPORT is 
neglected) is: 

Po = K + (TJ + 273'C) (2) 
Solving equations 1 and 2 for K gives: 

K= POo(TA + 273'C) + 0JA oP02 (3) 

Where K is a constant pertaining to the particular part. K can be deter
mined from equation 3 by measuring Po (at equilibrium) for known TA. 
Using this value of K, the values of Po and TJ can be obtained by solv· 
ing equations (1) and (2) iteratively for any value of TA. 

86801 86801-1 868A01 868801 
86803 86803·1 868A03 868803 

86803NR 86803NR·1 868A03NR 868803NR 
Min. Max. Min. Max. Min. Max. Min. Max. Unit 

1.0 2.0 0.8 2.0 0.667 2.0 0.5 2.0 /Ls 
430 1000 360 1000 300 1000 210 1000 ns 

450 1000 360 1000 300 1000 220 1000 ns 

- 25 - 25 - 25 - 20 ns 

20 - 20 - 20 - 10 - ns 

200 - 150 - 115 - 70 - ns 

80 - 70 - 60 - 40 - ns 

10 - 10 - 10 - 10 - ns 

- 225 - 200 - 170 - 120 ns 

20 - 20 - 20 - 10 - ns 
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Bus Timing (Figure 7) Cont. 86801 86801·1 868A01 868801 
86803 86803·1 868A03 868803 

86803NR 86803NR·1 868A03NR S68803NR 
Pin # Symbol Characteristic Min. Max. Min. Max. Min. Max. Min. Max. Unit 

22 tAVM Muxed Address Valid Time 10 E Rise" 200 - 150 - 115 - 80 - ns 

24 IASL Muxed Address Valid Time to AS Fall" 60 -. 50 - 40 - 20 - ns 

25 tAHL Muxed Address Hold Time 20 - 20 - 20 - 10 - ns 

26 IASD Delay Time, E 10 AS Rise" 90 - 70 - 60 - 45 - ns 

27 PWASH Pulse Width, AS High" 220 - 170 - 140 - 110 - ns 

28 tASED Delay Time, AS to E Rise" 90 - 70 - 60 - 45 - ns 

29 tACC Usable Access Time" 595 - 465 - 380 - 270 - ns 
.. 

MCU Signal Description 

This section gives a description of the MCU signals for the various modes. General pin assignments for the signals 
are shown on page 1. SC1 and SC2 are signals which vary with the mode that the chip is in. Table 1 gives a summary 
of their function. 

Table 1. Mode and Port Summary 

PORT 1 PORT 2 PORT 3 PORT 4 
MODE EIGHT LlNE8 FIVE LlNE8 EIGHT LlNE8 EIGHT LINES 8C1 8C2 

SINGLE CHIP 1/0 1/0 1/0 1/0 IS3(1) OS3(0) 

ADDRESS BUS 
(Ao·A7) ADDRESS BUS· 

EXPANDED MUX 1/0 1/0 DATA BUS (A8"A15) AS(O) Riw(O) 
Do·D7 

DATA BUS ADDRESS BUS· 
EXPANDED NON·MUX 1/0 1/0 Do·D7 (Ao·A7) 10S(0) RiW(O) 

• These lines can be substituted for 1/0 (input only) starting with the most significant address line. 
I = Input, IS = Input Strobe, SC = Strobe Control, 0 = Output, OS = Output Strobe, AS = Address Strobe, Rm = ReadlWrite, lOS = 1/0 Select 

Peripheral Port Timing (See Figures 1-4) 

86801 86801·1 S68A01 S68801 
86803 86803·1 868A03 S68803 

86803NR 868D3NR·1 S68A03NR 868803NR 
8ymbol Characteristic Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tpDSU Peripheral Dala Set·Up Time 200 - 200 - 150 - 100 - ns 

tpDH Peripheral Data Hold Time 200 - 200 - 150 - 100 - ns 

tOSDl Delay Time, Enable Positive Transition to 0S'3 Negative Transition - 350 - 350 - 300 - 250 ns 

tOSD2 Delay Time, Enable Positive Transition to 0S3 Positive Transition - 350 - 350 - 300 - 250 ns 

tPWD Delay Time, Enable Negative Transition to Peripheral Data Valid - 350 - 350 - 300 - 250 ns 

tCMOS 
Delay Time, Enable Negative Transition to Peripheral - 2.0 - 2.0 - 2.0 - 2.0 P.s CMOS Data Valid 

tpwlS Input Strobe Pulse Width 200 - 200 - 150 - 100 - ns 

tlH Input Data Hold Time 50 - 50 - 40 - 30 - ns 

tiS Input Data Set·Up Time 20 - 20 - 20 - 20 - ns. 

• At specified cycle time. 
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Figure 1. Data Set-Up and Hold Times 
(MPU Read) 

P10·P17 
P20·P24 
P40·P47 
INPUTS 

'\..1-- IPO&U 

P30·P37 
INPUTS· '''"3c _____ 4 DATA VALID 

'PORT J NON·LATCHED OPEAAl1OM(tATCH ENABLE 0) 

NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW 
VOLTAGE OF 0.8V AND A HIGH VOLTAGE OF 2.0V. UNLESS 
OTHERWISE SPECIFIED. 

Figure 3. Port 3 Output Strobe Timing 
(S6801 Singl&Chip Mode) 

ADDRESS 
BUS 

.Aceessmall:hlIOu!!MStrobtSelBl:t(IJSS~O.all8d; 
OSS~1,a wille) 

NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW 
VOLTAGE OF 0.8V AND A HIGH VOLTAGE OF 2.DV. UNLESS 
OTHERWISE SPECIFIED. 
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Figure 2. Data Set-Up and Hold Times 
(MPU Write) 

ALL DATA 
PORT OUTPUTS 

NOTES: 
1. 10k PUllUPRESISTOIIIIEQUIREDFOR POIIT2 TOIIEACti0,1 Vcc-
2. HilT APf'tICABLE TO 1'21. 
3.POIIT4CANNOTBEPtJlLEOII.BOYEVcc 

NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW 
VOLTAGE OF 0.8V AND A HIGH VOLTAGE OF 2.0V. UNLESS 
OTHERWISE SPECIAED. 

Figure 4. Port 3 Latch Time (Input Strobe Timing) 
(S6801 Single·Chip Mode) 

P30·P37 
,"PUTS 

NOTE: TIMING MEASUREMENTS ARE REFERENCED TO AND FROM A LOW 
VOLTAGE OF O,8V AND A HIGH VOLTAGE OF 2.DV. UNLESS 
OTHERWISE SPECIFIED. 



Figure 5. Bus Timing 

iDS, RIi. 
ADDRESS 
(NON·MUXED) 

ADDR/DATA 
MUXEO 

ADDRJDATA 
MUXED 

ADDRESS 
STIIOBE(AS) 

om" 
1.YOLTA8ELfVElSSIDWNAIlEv..:!iUV.'4t .. !.4V,Ull.ESSOTl£llWlSESI'f~. 
2. MEASUlEMENT POIfIS StIOWtI AIlE D.8V AlII 2.OV, lIILESS OTltEllWlSE SPECHD. 
3. lISABlE ACCESS 1r.E IS COMI'UTBI BY: 12+3-11+4. 
4. MEMORY IEVI:ES SIOlLD BE EMA8WlONLY DIIIIIt6 EIEH TOAVOII PORT 3 BUS CONTEIfIIIII. 
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SEE NOTE 4 

NOTE 3 

READ DATA MUXED 
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Figure 6. CMOS Load 

TEST POINT 0----1-. 
T 30pF 

Signal Descriptions 

Vcc and Vss 

'::" 

These two pins are used to supply power and ground 
to the chip. The voltage supplied will be + 5 volts 
±5%. 
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Figure 7. Timing Test Load Ports 1, 2, 3, 4 

Vee 

TEST POINT 

C~ R 

~ 

.". .". 

C=90pF lOr P30·P37, P40·P47, E, SCl, SC2 
= 30pF lOr Pl0·P17, P20·P24 

R = 37KO for P40·P47, E, SC1, SC2 
= 24KO for Pl0·P17, P20·P24 
= 24KO lOr P30·P37 

XTAL1 and EXTAL2 

RL 1.BKO 

MMD6l50 
or Equlv. 

MMD7000 
or Equiv. 

These connections are for a parallel resonant funda
mental crystal, AT cut. Divide by 4 circuitry is included 
with the internal clock, so a 4MHz crystal may be used 
to run the system at 1 MHz. The divide by 4 circuitry 
allows for use of the inexpensive 3.56MHz Color TV 

I 
I 

II 



crystal for non-time critical applications. Two 27pF 
capacitors are needed from the two crystal pins to 
ground to insure reliable operation. EXTAL2 may be 
driven by an external clock source at a 4MHz rate to run 
at 1 MHz with a 40/60% duty cycle. It is not restricted to 
4MHz. XTAL 1 must be grounded if an external clock is 
used. The following are the recommended crystal 
parameters: 

AT = Cut Parallel Resonance Crystal 
Co = 7pF Max 
FREQ = 4.0MHz @ CL = 24pF 
Rs = 50 ohms Max 
Frequency Tolerance = ± 5% to ± 0.02% 
The best E output "Worst Case Design" tolerance 

is ± 0.05% (500ppM) using a ± 0.02% crystal. 

VccStandby 

This pin will supply + 5 volts ± 5% to the standby RAM 
on the chip. The first 64 bytes of RAM will be main
tained in the power down mode with 8mA current max 
in the ROM version. The circuit of Figure 8 can be 
utilized to assure that Vee Standby does not go below 
VSBB during power down. 

To retain information In the RAM during power down 
the following procedure is necessary: 

1) Write "0" into the RAM enable bit, RAM E. RAM E is 
bit 6 of the RAM Control Register at location $0014. 
This disables the standby RAM, thereby protecting It at 
power down. 

2) Keep Vee Standby greater than VSBB. 

Figure 8. Battery Backup for Vcc Standby 

Vee STANDBY Vee 

-=- 5.25V 

I 
":' 

Reset 

This input is used to reset and start the MPU from a 
power down condition, resulting from a power failure or 
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an initial startup of the processor. On power up, the 
reset must be held low for at least 20ms. During opera
tion, Reset, when brought lOW, must be held low at 3 
clock cycles. 

When a high level is detected, the MPU does the follow
ing: 

a) All the higher order address lines will be forced high. 

b) I/O Port 2 bits, 2, 1, and 0 are latched into program· 
med control bits PC2, PC1 and PCO. 

c) The last two (FFFE, FFFF) locations in memory will 
be used to load the program addressed by the program 
counter. 

d) The interrupt mask bit is set, must be cleared before 
the MPU can recognize maskable interrupts. 

Enable (E) 

This suplies the external clock for the rest of the 
system when the internal oscillator is used. It is a 
single phase, TIL compatible clock, and will be the 
divide by 4 result of the crystal frequency. It will drive 
one TTL load and 90pF. 

Non-Maskable Interrupt (NMI) 

A low'going edge on this input requests that a non· 
maskable interrupt sequence be generated within the 
processor. As with the Interrupt Request signal, the 
processor will complete the current instruction that is 
being executed before it recognizes the NMI signal. 
The interrupt mask bit in the Condition Code Register 
has no effect on NMI. 

In response to an NMI interrupt, the Index Register, Pro
gram Counter, Accumulators, and Condition Code 
Register are stored on the stack. At the end of the 
sequence, a 16-bit address will be loaded that points to 
a vectoring address located in memory locations FFFC 
and FFFD. An address loaded at these locations 
causes the MPU to branch to a non-maskable interrupt 
service routine in memory. 

A 3.3KQ external resistor to Vee should be used for 
wire-OR and optimum control of interrupts. 

Inputs IRQ and NMI are hardware interrupt lines that 
are sampled during E and will start the interrupt routine 
on the clock bar following the completion of an Instruc
tion. 

Interrupt Request (IRQ) 

This level sensitive input requests that an interrupt 
sequence be generated within the machine. The pro-



cessor will wait until it completes the current instruc· 
tion that is being executed before it recognizes the reo 
quest. At that time, if the interrupt mask bit in the Con
dition Code Register is not set, the machine will begin 
an interrupt sequence. The Index Register, Program 
Counter, Accumulators, and Condition Code Register 
are stored on the stack. Next the MPU will respond to 
the interrupt request by setting the interrupt mask bit 
high so that no further maskable interrupts may occur. 
At the end of the cycle, a 16·bit address will be loaded 
that points to a vectoring address which is located in 
memory locations FFFB and FFF9. An address loaded 
at these locations causes the MPU to branch to an in· 
terrupt routine in memory. 

The IRQ requires a 3.3KO external resistor to Vee which 
should be used for wire·OR and optimum control of in· 
terrupts. Internal Interrupts will use an internal interrupt 
line (IRQ2). This Interrupt will operate the same as IRQ 
except that it will use the vector address of FFFO and 
FFF7. IRQ1 will have priority over IRQ2 if both occur at 
the same time. The Interrupt Mask Bit in the condition 
mode register masks both interrupts. (See Figure 19.) 

The following pins are available in the Single Chip 
Mode, and are associated with Port 3 only. 

Input Strobe (IS3) (SC1) 

This sets an Interrupt for the processor when the IS3 
Enable bit is set. As shown In Figure 41nput Strobe Tim· 
lng, IS3wlli fall TIS minimum after data is valid on Port 3. 
If IS3 Enable is set In the 110 Port Control/Status 
Register, an interrupt will occur. If the latch enable bit 
In the I/O Control Status Register Is set, this strobe will 
latch the input data from another device when that 
device has Indicated that It has valid data. 

Output Strobe (OS3) (SC2) 

This signal is used by the processor to strobe an exter· 
nal device, Indicating valid data is on the 110 pins. The 
timing for the Output Strobe is shown in Figure 3. 110 
Port Control/Status Register is discussed in the follow· 
ing section. 

The following pins are available in the Expanded 
Modes. 
Read Write (R/W) (SC2) 

This TIL compatible output signals the peripherals and 
memory devices whether the MPU is in a Read (high) or 
a Write (low) state. The normal standby state of this 
signal is Read (high). This output is capable of driving 
one TIL load and 90pF. 
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I/O Strobe (iOS) (SC1) 

In the expanded non-multiplexed mode of operation, 
IDS internally decodes Ag through A15 as zero's and As 
as a one. This allows external access of the 256 loca· 
tions from $0100 to $01 FF. The timing diagrams are 
shown as Figures 1 and 2. 

Address Strobe (AS) (SC1) 

In the expanded multiplexed mode of operation 
address strobe is output on this pin. This signal is used 
to latch the B LSBs of address which are multiplexed 
with data on Port 3. An B·bit latch is utilized in conjunc
tion with Address Strobe, as shown in Figure 14. Ad
dress strobe signals the latch when it is time to latch 
the address lines so the lines can become data bus 
lines during the E pulse. The timing for this signal is 
shown in the S6B01 Bus Timing, Figure 5.This signal is 
also used to disable the address from the multiplexed 
bus allowing a deselect time, T ASD before the data is 
enabled to the bus. 

86801 Ports 

There are four I/O ports on the S6B01 MCU; three B-bit 
ports and one 5·bit port. There are two control lines 
associated with one of the B·bit ports. Each port has an 
associated write only Data Direction Register which 
allows each I/O line to be programmed to act as an In· 
put or an output. * A "1" In the corresponding Data 
Direction Register bit will cause that I/O line to be an 
output. A "0" in the corresponding Data Direction 
Register bit will cause the I/O line to be an input. There 
are four ports: Port 1, Port 2, Port 3, and Port 4. Their 
addresses and the addresses of their Data Direction 
registers are given in Table 2. 
• The only exception is bit 1 of Port 2, which can either be data 

Input or Timer output. 

Table 2. Port and Data Direction Register Addresses 

Ports Port Address Data Dlrectton Register Address 

1/0 Port 1 $0002 $0000 
1/0 Port 2 $0003 $0001 
1/0 Port 3 $0006 $0004 
1/0 Port 4 $0007 $0005 

I/O Port 1 

This is an B·bit port whose individual bits may be defined 
as inputs or outputs by the corresponding bit in its data 
direction register. The B output buffers have three-state 
capability, allowing them to enter a high impedance 



state when the peripheral data lines are used as inputs. 
In order to be read properly, the voltage on the input 
lines must b.e greater than 2.0 volts for a logic "1" and 
leSs than 0.6 volt for a logic "0". As outputs, these lines 
are TTL compatible and may also be used as a source of 
up to 1 mA at 1.5 volts to directly drive a Darlington 
base. After Reset, the 1/0 lines are configured as inputs. 
In all three modes, Port 1 is always parallel 1/0. 

1/0 Port 2 

This port has five lines that may be defined as inputs or 
outputs by its data direction register. The 5 output buf
fers have three-state capability, allowing them to enter 
a high impedance state when used as an input. In order 
to be read properly, the voltage on the input lines must 
be greater than 2.0 volts for a logic "1" and less than 0.8 
volt for a logic "0". As outputs, this port has no internal 
pullup resistors but will drive TTL inputs directly. For 
driving CMOS inputs, external pullup resistors are re
quired. After Reset, the 1/0 lines are configured as in
puts. Three pins on Port 2 (pins 10,9 and 8 of the chip) 
are used to program the mode of operation during 
reset. The values of thes~ pins at reset are latched into 
the three MSBs (bits 7, 6, and 5) of Port 2 which are read 
only. This is explained in the Mode Selection Section. 

In all three modes, Port 2 can be configured as 1/0 and 
provides access to the Serial Communications Inter
face and the Timer. Bit 1 is the only pin restricted to 
data input or Timer output. 

1/0 Port 3 

This is an 8-bit port that can be configured as 1/0, as 
data bus, or an address bus multiplexed with the data 
bus - depending on the mode of operation hardware 
programmed by the user at reset. As a data bus, Port 3 
is bidirectional. As an input for peripherals, it must be 
supplied regular TTL levels, that is, greater than 2.0 
volts for a logic "1" and less than 0.5 volt for a logic "0". 

Its TTL compatible three-state output buffers are 
capable of driving one TTL load and 90pF. In the 
Expanded Modes, after reset, the data direction 
register is inhibited and data flow depends on the state 
of the RIW line. The input strobe (153) and the output 
strobe (053) used for handshaking are explained later. 

In the three modes Port 3 assumes the following 
characteristics; 

Single Chip Mode: ParallellnputslOutputs as programm
ed by its associated Data Direction Register. There are 
two control lines associated with this port in this mode, 
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an input strobe and an output strobe, that can be used 
for handshaking. They are controlled by the 1/0 Port 
ControllStatus Register explained at the end of this 
section. 

Expanded Non-Multiplexed Mode: In this mode Port 3 
become the data bus (07"00), 

Expanded Multiplexed Mode: In this mode Port 3 
becomes both the data bus (07"00) and lower bits of the 
address bus (A7"Ao). An address strobe output is true 
when the address is on the port. 

1/0 Port 3 ControllStatus Register 

$000. 

Bit 0 
Bit 1 
Bit 2 
Bit 3 

Not used. 
Not used. 
Not used. 
Latch Enable. This controls the input latch for 
1/0 Port 3. If this bit is set high the input data 
will be latched with the falling edge of the Input 
Strobe, 153. This bit is cleared by reset, or CPU 
Read Port 3. 

Bit 4 (055) Output Strobe Select. This bit will select 
if the Output Strobe should be generated by a 
write to 1/0 Port 3 or a read of 1/0 Port 3. When 
this bit is cleared the strobe is generated by a 
read Port 3. When this bit is set the strobe is 
generated by a write Port 3. 

Bit 5 Not used. 
Bit 6 153 ENABLE. This bit will be the interrupt caus

ed by 153. When set to a low level the 153 FLAG 
will be set by input strobe but the interrupt will 
not be generated. This bit is cleared by reset. 

Bit 7 153 FLAG. This is a read only status bit that is 
set by the failing edge of the input strobe, 153. It 
is cleared by a read of the ControllStatus 
Register followed by a read or write of I/O Port 
3. Reset will clear this bit. 

1/0 Port 4 

This is an 8-bit port that can be configured as 1/0 or as 
address lines depending on the mode of operation. In 
order to be read properly, the voltage on the input lines 
must be greater than 2.0 volts for a logic "1" and less 
than 0.8 volt for a logic "0". As outputs, each line is TTL 
compatible and can drive 1 TTL load and 90pF. After 
reset, the lines are configured as inputs. To use the 
pins as addresses, therefore, they should be pro-



grammed as outputs in the three modes. Port 4 
assumes the following characteristics. 

Single Chip Mode: ParallellnputslOutputs as programm
ed by its associated Data Direction Register. 

Expanded Non-Multiplexed Mode: In this mode Port 4 is 
configured as the lower order address lines (ArAo) by 
writing one's to the data direction register. When all 
eight address lines are not needed, the remaining line 
starting with the most significant bit, may be used as 
1/0 (inputs only). 

Expanded Multiplexed Mode: In this mode Port 4 is con
figured as the high order address lines (A15-As) by 
writing one's to the data direction register. When all 
eight address lines are not needed, the remaining line, 
starting with the most significant bit, may be used as 
1/0 (inputs only). 

Mode Selection 

The mode of operation that 6801 will operate in after 
Reset is determined by hardware that the user must 
wire on pins 10, 9, and 8 of the chip. These pins are the 
three LSBs (1/02, 1101, and 1/00 respectively) of Port 2. 
They are latched into programmed control bits PC2, 
PC1, and PCO when reset goes high. 1/0 Port 2 Register 
is shown below. 

7 6 5 4 3 2 1 0 

$0003 

PC2 PCl PCO 1104 1103 U02 1101 1/00 

An example of external hardware that could be used in 
the Expanded Non-Multiplexed Mode is given in Figure 
9. In the Expanded Non-Multiplexed Mode, pins 10, 9 
and 8 are programmed Hi, Lo, Hi respectively as shown. 

Couplers between the pins on Port 2 and the peri
pherals attached may be required. If the lines go to 
devices which require signals at power up differing 
from the signals needed to program the 6801's mode, 
couplers are necessary. 

The 14066B can be used to provide this isolation be
tween the peripheral device and the MCU during reset. 
Figure 10 shows the logic diagram for the MC14066B. 
It is bidirectional and requires no external logic to 
determine the direction of the information flow. The 
logic shown insures that the data on the peripheral will 
not change before it is latched into the MCU and the 
MCU has started the reset sequence. 
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Figure 9. Diode Configuration for the Expanded 
Non-Multiplexed Mode 

P~2~ -+-----1r--------+-K:::>f-.+. TO PERIPHERAL 

TO COUPLER CONTROL 

P~2~ ---------+--lO+_ TO PERIPHERAL 

TO COUPLER CONTROL 

PINp~~ ---------...... ---1C)!_ TO PERIPHERAL 

AS BITS 5, 6 AND 7 OF PORT 2 ARE READ ONLY, THE MODE CANNOT 
BE CHANGED THROUGH SOFTWARE. THE MODE SELECTIONS ARE 
SHOWN IN TABLE 3. 

P20 REFERS TO PORT 2, BIT D. 

TO COUPLER CONTROL 

Figure 10. Quad Analog, Switch/Multiplexer 
in a Typical S6801 Circuit 

CONTROL 

7414 

Rmf _---j 

MC14D66B 
(1/4 OF DEVICE SHOWN) 

TO 140668 
CONTROL INPUTS 



56801 Basic Modes 

The S6801 is capable of operating in three basic modes, 
(1) Single Chip Mode, (2) Expanded Multiplexed Mode 
(compatible with S6800 peripheral family), (3) Expanded 
Non·Multiplexed Mode. 

Single Chip Mode 

In the Single Chip Mode the ports are configured for I/O. 
In this mode, Port 3 has two associated control lines, an 
input strobe and an output strobe for handshaking data. 

Figure 11. S6801 MCU Single Chip Mode 

= 

pO"'~ 
8I/olINES~ 

PORT4~ 
8I/OUNES~ 

Vee 

'----r--' 

Expanded Non-Multiplexed Mode 

ENABLE 

PORT 3 
Il I/D liNES 

PORT 2 
5110 LINES 
UART (SERIAL liD} 
TIMER 

In this mode the S6801 will directly address S6800 
peripherals with no external logic. In this mode Port 3 
becomes the data bus. Port 4 becomes the ATAO 
address bus or partial address and I/O (inputs only). 
Port 2 can be parallel I/O, serial only. In this mode the 
S6801 is expandable to 256 locations. The eight' 
address lines associated with Port 4 may be 
substituted for I/O (inputs only) if a fewer number of 
address lines will satisfy the application. 

Expanded Multiplexed Mode 

In this mode Port 4 becomes higher order address lines 
with an alternative of substituting some of the address 
lines for I/O (inputs only). Port 3 is the data bus 
multiplexed with the lower order address lines differen· 

S6801/S6803/S6803NR 

tiated by an output called Address Strobe. Port 2 is 5 
lines of Parallel I/O, SC1, Timer, or any combination 
thereof. Port 1 is 8 Parallel I/O lines. In this mode it is 
expandable to 65K words. (Figure 13) 

7.20 

Figure 12. S6801 MCU Expanded 
Non-Multiplexed Mode 

= 
\IccSTANDBY~ 

PORT'~ 
8PARAlLEll/o~ 

PORT2<:==> 
5 PARALLel 110 

SERIAL 110 
TIMER 

Vee 

56801 
Meu 

'-----' 

Figure 13. S6801 MCU Expanded 
Multiplexed Mode 

PORT 1 
B I/D LINES 

PORT 2 
5110 LINES 
SERIAL 110 

TIMER 

= 

Vss 

ENABLE 

ENABLE 

PORT 3 
8 DATA LINES 

PORT 4 
T08ADORESS 
UNESOR TO 
7110 UNES 
(INPUTSONlYj 

PORT 3 
8 LINES 
MULTIPLEXED 
DATA/ADDRESS 

PDAT4 
8 LINES 
ADDRESS BUS 
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Table 3. Mode Selects 

MOOE PROGRAM CONTROL ROM RAM INTERRUPT VECTORS BUS 

7 Single Chip Hi Hi Hi I I I I 
6 Expanded Multiplexed Hi Hi La I I I Ep/M 
5 Expanded Non-Multiplexed Hi La Hi I I I Ep 
4 Single Chip Test Hi La La 1(2) 1(1) I I 
3 64K Address 1/0 La Hi Hi E E E Ep/M 
2 Ports 3 & 4 External La Hi La E I E Ep/M 
1 La La Hi I I E Ep/M 
0 Test Data Outputted from La La La I I I- Ep/m 

ROM & ROM to 110 Port 3 

E - EXTERNAL all vectors are external -First two addresses read from external after reset 
I - INTERNAL (1) Address for RAM XX80-XXFF 
Ep - EXPANDED (2) ROM disabled 
MULTIPLEXED 

Lower Order Address Bus Latches 

Since the data is multiplexed with the lower order 
address bus in Port 3, latches are required to latch 
those address bits. The SN74LS373 Transparent octal 

Ootype latch can be used with the S6801 to latch the 
least significant address byte. Figure 14 shows how to 
connect the latch to the S6801. The output control to 
the LS373 may be connected to ground. 

Figure 14. Latch Connection 

RJNCTlDN TABLE 

OUTPUT ENABLE 
CONTROL 0 0 

L H H 
L H L 
L L X 
H X X 

PORT 3 
ADDRESS/DATA 

OUTPUT 
0 
H 
L 
Q, 

Z 

GND 

AS 

0, 

Da 
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74LS373 

0, 

ADDRESS: Ao-A, 

08 

DATA: Do-O, 



Programmable Timer 

The S6801 contains an on·chip 16 bit programmable 
timer which may be used to perform measurements on 
an input waveform while Independently generating an 
output waveform. Pulse widths for both input and out· 
put signals may vary from a few microseconds to many 
seconds. The timer hardware consists of: 

Figure 15. Block Diagram of Timer Registers 
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• an 8-bit control and status register 
• a 16-bit free running counter 
• a 16-bit output compare register, and 
• a 16-bit input capture register 

A block diagram of the timer registers is shown in 
Figure 15. 

7 
TIMER CONTROL/STATUS REGISTER 

65432 o 

$081 ICF OCF TOF I EICI EOCI I ElOi I IEDG OLVL 

$OB* SOC 

OUTPUT COMPARE HIGH BYTE OUTPUT COMPARE LOW BYTE 

$09 SOA 

~21 COUNTER HIGH BYTE COUNTER LOW BYTE 

SOD SOE 

INPUT CAPTURE HIGH BYTE INPUT CAPTURE LOW BYTE 

"THE CHARACTERS ABOVE THE REGISTERS REPRESENT THEIR ADDRESS IN HEX. 

Free Running Counter (S0009:000A) 

The key element in the programmable timer is a 16-bit 
free running counter which is driven to increasing 
values by the MPU</>. The counter value may be read by 
the MPU software at any time. The counter is cleared to 
zero on RESET and may be considered a read·only 
register with one exception. Any MPU write to the 
counter's address ($09) will always result in a preset 
value of $FFF8 being loaded into the counter regard· 
less of the value involved in the write. The preset' 
feature is intended for testing operation of the part, but 
may be of value in some applications. 

Output Compare Register (SOOOB:OOOC) 

The Output Compare Register is a 16-bit read/write 
register which is used to control an output waveform. 
The contents of this register are constantly compared 
with the current value of the free running counter. 
When a match is found a flag is set (OCF) in the Timer 
Control and Status Register (TCSR) and the current 
value of the Output Level bit (OLVL) in the TCSR is 
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clocked to the output level register. Providing the Data 
Direction Register for Port 2, Bit 1 contains a "1" (out· 
put), the output level register value will appear on the 
pin for Port 2 Bit 1. The values in the Output Compare 
Register and Output level bit may then be changed to 
control the output level on the next compare value. The 
Output Compare Register is set to $FFFF during 
RESET. The Compare function is inhibited for one cycle 
following a write to the high byte of the Output Com· 
pare Register to insure a valid 16-bit value is in the 
register before a compare is made. 

Input Capture Register (SOOOD:OOOE) 

The Input Capture Register is a 16-bit read·only register 
used to store the current value of the free running 
counter when the proper transition of an external input 
signal occurs. This input transition change required to 
trigger the counter transfer is controlled by the input 
Edge bit(EDG) in the TOSA. The Data Direction Register 
bit for Port 1 Bit 0 should *be clear (zero) in order to gate 
in the external input signal to the edge defect unit in the 
timer. 



·With Port 2 Bit 0 configured as an output and set to 
"1", the external input will still be seen by the edge 
detect unit. 

Timer Control and Status Register (TCSR) (S0008) 

The Timer Control and Status Register consists of an 
8-bit register of which all 8 bits are readable but only the 
low order 5 bits may be written_ The upper three bits 
contain read-only timer status information and indicate 
that: 

• a proper transition has taken place on the input pin 
with a subsequent transfer of the current counter 
value to the input capture register_ 

TIMER CONTROL 

AND STATUS 

REGISTER 

7 

ICF 

6 5 

OCF TOF 

4 

EICI 
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• a match has been found between the value in the free 
running counter and the output compare register, 
and 

• when $0000 is in the free running counter_ 

Each of the flags may be enabled onto the S6801 inter
nal bus (R02) with an individual Enable bit in the TCSR. 
If the 1-bit in the S6801 Condition Code Register has 
been cleared, a priority vectored interrupt will occur 
corresponding to the flag bit(s) set. A description for 
each bit follows: 

3 Z 0 

EOCI ETOI IEDG I OLVL I $0008 

Bit 0 OLVL Output Level- This value is clocked to the output level register on an output compare. If the DDR for Port 2 Bit 1 is set, 
the value will appear on the output pin. 

Bit 11EDG 

Bit 2 ETOI 

Bit EOCI 

Bit 4 EICI 

Bit 5 TOF 

Bit 6 OCF 

Bit 7 CF 

Input Edge - This bit controls which transition of an input will trigger a transfer of the counter to the input capture 
register. The DDRfor Port 2 Bit 0 must clear for this function to operate. 
IEDG = 0 Tranfer takes place on a negative (high-to-Iow transition). 
IEDG = 1 Transfer takes place on a positive edge (Iow-to-high transition). 

Enable Timer Overflow Interrupt- When set, this bit enables IRQ2 to occur on the internal bus for a TOF Interrupt; when 
clear the inter(upt is inhibited. 

Enable Output Compare Interrupt- When set, this bit enables IRQ2 to appear on the internal bus for an input capture in
terrupt; when clear the interrupt is inhibited. 

Enable Input Capture Interrupt - When set, this bit enables IRQ2 to occur on the internal bus for an input capture inter
rupt; when clear the interrupt is inhibited. 

Timer Overflow Flag - This read-only bit is set when the counter contains $0000. It is cleared by a read of the TCSR (with 
TOF set) followed by an M PU read of the Counter ($09). 

Output Compare Flag - This read-only bit is set when a match is found between the output compare register and the free 
running counter. It is cleared by a read of the TCSR (with ODF set) followed by an MPU write to the output compare 
register ($08 or $OC). 

Input Capture Flag - This read-only status bit is set by a proper transition on the input to the edge detect unit; it is cleared 
by a read of the TCSR (with ICF set) followed by an MPU read of the input Capture Register ($OD). 

Serial Communications Interface and receiver communicate with the MPU via the data 
bus and with the outside world via pins 2, 3, and 4 of 
Port 2. The hardware, software, and registers are 
explained in the following paragraphs. 

The 'S6801 contains a full-duplex asynchronous serial 
communications interface (SCI) on board. Two serial 
data formats (standard mark/space [NRZ] or Bi-phase) 
are provided at several different data rates. The con
troller comprises a transmitter and a receiver which 
operate independently of each other but in the same 
data format and at the same data rate. Both transmitter 
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Wake-up Feature 

In a typical multi-procesor application, the software 
protocol will usually contain a destination address in 
the initial byte(s) of the message. In order to permit non-



selected MPU's to ignore the remainder of the 
message, a wake-up feature is included whereby all fur
ther interrupt processing may be optionally inhibited 
until the beginning of the next message. When the next 
message appears, the hardware re-enables (or "wakes
up") for the next message. The "wake-up" is automati
cally triggered by a string of ten consecutive 1's which 
indicates an idle transmit line. The software protocol 
must provide for the short idle period between any two 
consecutive messages. 

Programmable Options 

The following features of the 86801 serial I/O section 
have programmable: 

• format - standard mark/space (NRZ) or Bi-phase 
• clock - external or internal 
• Baud rate - one of 14 per given MPU~2 clock 

frequency or external clock X8 input 
• wake-up feature - enabled or disabled 

Figure 16_ Serial I/O Registers 
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• interrupt requests - enabled or masked individually 
for transmitter and receiver data registers 

• clock output - Internal clock enabled or disabled to 
Port 2 (Bit 2) 

• Port 2 (Bits 3 and 4) - dedicated or not dedicated to 
serial I/O individually for transmitter and receiver 

Serial Communications Hardware 

The serial communications hardware is controlled by 4 
registers as shown in Figure 16. The registers include: 

• an 8-bit control and status register 
• a 4-bit rate and mode control register (write only) 
• an 8-bit read-only receive data register and 
• an 8-bit write-only transmit data register 

In addition to the four registers, the serial I/O section 
utilizes Bit 3 (serial input) and Bit 4 (serial output) or Port 
2. Bit 2 of Port 2 is utilized if the internal-clock-out or 
external-clock-in options are selected. 

CONTROL ANO STATUS REGISTER $0011, READ/WRITE 
EXCEPT "0,, (READ ONLY) 

PORT 2 BIT 3 

~RX 
PORT 2 BIT 2 

G 
PORT 2 BIT 4 

6543210 

RDRF I ORFE I TORE I RIE I RE I TIE I TE WU 

RATE AND MODE REGISTER $0010, WRITE ONLY 

X I X X X I CCl CCO Sl SO 

EXT CLK INIINT CLK OUT 

(NOT USER ADDRESSABLE) 

~~L-~ __ ~~~~ __ ~~~~ __ ~ __ ~~ __ ~~ 
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Transmit/Receive Control and Status (TRCS) Register 

The TRCS register consists of an 8-bit register of which all 8 bits may be read while only bits 0-4 may be written. The 
register is initialized to $20 on RESET. The bits in the TRCS register are defined as follows: 

Bit 0 WU 

Bit 1 TE 

Bit 2 TIE 

Bit 3 RE 

Bit 4 RIE 

Bit 5 TORE 

Bit 6 oRFE 

Bit 7 RoRF 

765 4 3 2 o 
RDRE oRFE I TORE RIE RE TIE TE WU ADDR. $0011 

"Wake-up on Next Message - set by S6801 software cleared by hardware on receipt of ten consecutive 1 'so 

Transmit Enable - set by S6801 to produce preamble of nine consecutive l' s and to enable gating of transmitter output 
to Port 2, Bit 4 regardless of OOR value corresponding to this bit; when clear, serial I/O has no effect on Port 2 Bit 4. 

Transmit Interrupt Enable - when set, will permit an IRQ2 interrupt to occur when Bit 5 (TORE) is set; when clear, the 
TORE value is masked from the bus, 

Receiver Enable - when set, gates Port 2 Bit 3 to input of receiver regardless of ODR value for this bit; when clear, serial 
I/O has no effect on Port 2 Bit 3, 

Receiver Interrupt Enable - when set, will permit an IRQ2 interrupt to occur when Bit 7 (RORF) or Bit 6 (OR) is set; when 
clear, the interrupt is masked, 

Transmit Data Register Empty - set by hardware when a transfer is made from the transmit data register to the output 
shift register, The TORE bit is cleared by reading the status register, then writing a new byte into the transmit data 
register, TORE is initialized to 1 by RESET, 

over-Run-Framing Error - set by hardware when an overrun or framing error occurs (receive only), An overrun is defined 
as a new byte received with last byte still in Data Register/Buffer, A framing error has occurred when the byte boun
daries in bit stream are not synchronized to bit counter, The ORFE bit is cleared by reading the status register, then 
reading the Receive Data Register, or by RESET, 

Receiver Data Register Full- set by hardware when a transfer from the input shift register to the receiver data register is 
made, The RORF bit is cleared by reading the status register, then reading the Receive Data Register, or by RESET, 

Rate and Mode Control Register 

The Rate and Mode Control register controls the following serial 1/0 variables: 

• Baud rate 
• format 
• Clock source, and 
• Port 2 Bit 2 configuration 

The register consists of 4 bits all of which are write-only and cleared on RESET. The 4 bits in the register may be con
sidered as a pair of 2-bit fields. The two low order bits control the bit rate for internal clocking and the remaining two 
bits control the format and clock select logic. The register definition is as follows: 

7 6 5 4 3 2 o 
x x x x ee1 ceo S1 so ADDR. $0010 
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Bit 0 SO 
Bit 1 S1 

Speed Select- These bits select the Baud rate for the internal clock. The four rates which may be selected are a function 
of the MPU cj>2 clock frequency. Table 4 lists the available Baud rate. 

Bit 2 CCo 
Bit 3 CC1 

Clock Control and Format Select - This 2-bit field controls the format and clock select logic. Table 5 defines the bit field. 

Table 4. SCI Internal Baud Rates 

S1, SO XTAL 4.oMHz 4.9152MHz 2.5476MHz 

cj>2 1.0MHz 1.2288MHz 0.6144MHz 
00 cj>2 + 16 62.5K BITS/S 76.8K BITS/S 38.4K BITS/S 
01 cj>2 + 128 7,812.5 BITS/S 9,600 BITS/S 4,800 BITS/S 
10 cj>2+1024 976.6 BITS/S 1,200 BITS/S 600 BITS/S 
11 cj>2 + 4096 244.1 BITS/S 300 BITS/S 150 BITS/S 

Table 5. Bit Field 

CC1, CCO FORMAT CLOCK SOURCE PORT 2 BIT 2 PORT 2 BIT 3 PORT 2 BIT 4 

00 BI-PHASE INTERNAL NOT USED " " 
01 NRZ INTERNAL NOT USED " " 
10 NRZ INTERNAL OUTPUT' SERIAL INPUT SERIAL OUTPUT 
11 NRZ EXTERNAL INPUT SERIAL INPUT SERIAL OUTPUT 

'CLOCK OUTPUT IS AVAILABLE REGARDLESS OF VALUES FOR BITS RE AND TE . 
• , BIT 3 IS USED FOR SERIAL INPUT IF RE = "1" IN TRCS; BIT 4 IS USED FOR SERIAL OUTPUT IF TE = "1" IN TRCS . 

Internally Generated Clock 

If the user wishes for the serial 1/0 to furnish a clock, 
the following requirements are applicable: 

• the values of RI: and TI: are Immaterial 
• CC1, CCO must be set to 10 
• the maximum clock rate will be cj> # 16 
• the clock will be at 1 x the bit rate and will have a 

rising edge at mid-bit 

Externally Generated Clock 

If the user wishes to provide an external clock for the 
serial 1/0, the following requirements are applicable: 

• the CC1, CCO, field in the Rate and Mode Control 
Register must be set to 11 

• the external clock must be set to 8 times (x 8) the 
desired baud rate and 
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• the maximum external clock frequency Is 1.2MHz. 

Serial Operations 

The Serial 1/0 hardware should be Initialized by the 
S6801 software prior to operation. This sequence will 
normally consists of: 

• writing the desired operation control bits to the Rate 
and Mode Control Register and 

• writing the desired operational control bits in the 
Transmit/Receive Control and Status Register. 

The Transmitter Enable (TE) and Receiver Enable (RE) 
bits may be left set for dedicated operations. 

Transmit Operations 

The transmit operation is enabled by the TE bit in the 
Transmit/Receive Control and Status Register. This bit 



when set, gates the output of the serial transmit shift 
register to Port 2 Bit 4 and takes unconditional control 
over the Data Direction Register value for Port 2, Bit 4. 

Following a RESET, the user should configure both the 
Rate and Mode Control Register and the Transmit! 
Receiver Control and Status Register for desired opera
tion. Setting the TE bit during this procedure initiates 
the serial output by first transmitting a ten-bit preamble 
of 1s. Following the preamble, internal synchronization 
is established and the transmitter section is ready for 
operation. 

At this point one of two situations exist: 

a) if the Transmit Data Register is empty (TORE = 1), a 
continuous string of ones will be sent indicating an idle 
line, or 

b) if data has been loaded into the Transmit Data 
Register (TORE = 0), the word is transferred to the out
put shift register and transmission of the data word will 
begin. 

During the transfer itself, the 0 start bit is first transmit
ted. Then the 8 data bits (beginning with bit 0) followed 
by the stop bit, are transmitted. When the Transmitter 
Data Register has been emptied, the hardware sets the 
TORE flag bit. 

If the S6801 fails to respond to the flag within the proper 
time, (TORE is still set when the next normal transfer 
from the parallel data register to the serial output 
register should occur) then a 1 will be sent (instead of a 
0) at "Start" bit time, followed by more 1s until more 
data is supplied to the data register. No Os will be sent 
while TORE remains a 1. 

The Bi-phase mode operates as described above 
except that the serial output toggles each bit time, and 
on 1/2 bit times when a 1 is sent. 

Receiver Operation 

The receive operation is enabled by the RE bit which 
gates in the serial input through Port 2 Bit 3. The 
receiver section operation is conditioned by the con
tents of the Transmit!Receive Control and Status 
Register and the Rate and Mode Control Register. 

The receiver bit interval is divided into 8 sub-intervals 
for internal synchronization. In the standard, non-Bi
phase mode, the received bit stream is synchronized by 
the first 0 (space) encountered. 

The approximate center of each bit time is strobed dur
ing the next 10 bits. If the tenth bit is not a 1 (stop bit) a 
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framing error is assumed, and bit ORFE is set. If the 
tenth bit is 1, the data is transferred to the Receiver 
Data Register, and interrupt flag RDRF is set. If RDRF is 
still set at the next tenth bit time, ORFE will be set, indi
cating an over-run has occurred. When the S6801 
responds to either flag (RDRF or ORFE) by reading the 
status register followed by reading the Data Register 
RDRF (or ORFE) will be cleared. 

Ram Control Register 

This register, which is addressed at $0014, gives status 
information about the standby RAM. An 0 in the RAM 
enable bit (RAM E) will disable the standby RAM, there
by protecting it at power down if Vee is held greater 
than VSBB volts, as explained previously in the signal 
description for Vee Standby. 

S0014 I :~:~·I RAM. I x 

Bit 1 Not used. 
Bit 2 Not used. 
Bit 3 Not used. 
Bit 4 Not used. 
Bit 5 Not used. 
Bit 6 The RAM ENABLE control bit allows the user 

the ability to disable the standby RAM. This bit 
is set to a logic "one" by reset which enables 
the standby RAM and can be written to or zero 
under program control. When the RAM is dis
abled, logic "zero", data is read from external 
memory. 

Bit 7 The STANDBY BIT of the control register, 
$0014, is cleared when the standby voltage is 
removed. This bit is a read/write status flag that 
the user can read which indicates that the 
standby RAM voltage has been applied, and the 
data in the standby RAM is valid. 

The S6801 provides up to 65K bytes of memory for pro
gram and/or data storage. The memory map is shown in 
Figure 20. 

Locations $0020 through $007F access external RAM 
or I/O Internal RAM is accessed at $0080 through 
$OOFF. The RAM may be alternately selected by mask 
programming at location $AOOO. However, if the user 
desires to access external RAM at those locations he 
may do so by clearing the RAM ENABLE control bit of 
the RAM Control Register. In this wayan extra 126 



bytes of external RAM are available. The first 64 bytes 
of the 128 bytes of on-chip RAM are provided with a 
separate power supply. This will maintain the 64 bytes 
of RAM in the power down mode as explained in the pin 
description for Vee Standby. 

Figure 17. Memory Map 

$0000 : i ] $PECIAL 
I PURPOSE 

$001F I I REGISTER 

IJ $0020 I I EXTERNAL 

I I RAM OR UO 

I I 
$007F I 

! )~.--$0080 I 
I 
I 
I 
I 

$OOFF I '] $0100 : : EXTERNAL RAM 
OR VO FOR 

I I NON.MULTIPlEXEo 
I I MODE 

$om I 
, 

$0200 : 
I 
I 

I I , I , I 
I , EXTERNAL RAM , , OR ROM OR uo , , , I , I 

$F7FF I 

'J 
SFBoo : 

I 
I , I INTERNAL ROM , I OR ERoM , , 

$FFFF' 
, 
-

Locations $0100 through $01FF are available in the 
Expanded Non-Multiplexed Mode. The eight address 
lines of Port 4 make this 256 word expandability possi
ble. Those not needed for address lines can be used as 
input lines instead. 

The full range of addresses available to the user is In 
the Expanded Multiplexed Mode. Locations $0200 
through $F7FF can be used as external RAM, external 
ROM, or 110. Any higher order bit not required for 
addressing can be used as 110 as in the Expanded Non
Multiplexed Mode. 

The internal ROM is located at $F800 through $FFFF. 
The decoder for the ROM may be mask programmed on 
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A12 and A13 as zeros or ones to provide for $C800, 
$0800, $E800 for the ROM address. A12 and A13 may 
also be don't care in this decoder. The primary address 
for the ROM will be $F800. 

The first 32 bytes are for the special purpose registers 
as shown in Table 6. 

Table 6. Special Registers 

HEX ADDRESS REGISTER 
00 DATA DIRECTION 1 
01 DATA DIRECTION 2 
02 I/O PORT 1 
03 I/O PORT 2 
04 DATA DIRECTION 3 
05 DATA DIRECTION 4 
06 I/O PORT 3 
07 I/O PORT 4 
08 TCSR 
09 COUNTER HIGH BYTE 
OA COUNTER LOW BYTE 
OB OUTPUT COMPARE HIGH BYTE 
OC OUTPUT COMPARE LOW BYTE 
OD INPUT CAPTURE HIGH BYTE 
OE INPUT CAPTURE LOW BYTE 
OF I/O PORT 3 CIS REGISTER 
10 SERIAL RATE AND MODE REGISTER 
11 SERIAL CONTROL AND STATUS REGISTER 
12 SERIAL RECEIVER DATA REGISTER 
13 SERIAL TRANSMIT DATA REGISTER 
14 RAMIEROM CONTROL REGISTER 

15-1 F RESERVED 

Figure 18. Memory Map for Interrupt Vectors 

VECTOR DESCRIPTION 

MS LS 

Highest Priarlty FFFE. FFFF Restart 

FFFC. FFFD Non·Maskable IntellUpt 

FFFA, FFFD SoIIware IntellUpt 

FFF8, FFF9 IRQlnntellUpt Strobe S 

FFF6, FFF7 1RQ2mmer Input Capture 

FFF4, FFF5 IRQ2/Timer Output Compare 

FFF2, FFF3 IRQ2mmer Overllow 

Lowest Pttortty FFFD, FFFl IRQ2ISerial VO IntellUot 



General Description of Instruction Set 

The S6801 is upward object code compatible with the 
S6800 as it implements the full S6800 instruction set. 
The execution times of key instructions have been 
reduced to increase throughput. In addition, new 
instructions have been added; these include 16-bit 
operations and a hardware multiply. 

Included in the instruction set section are the follow
ing: 

• MPU Programming Model (Figure 19) 
• Addressing modes 
• Accumulator and memory instructions-Table 7 
• New instructions 
• Index register and stack manipulations-Table 8 
• Jump and branch instructions-Table 9 
• Special operations- Figure 20 
• Condition code register manipulation instructions

Table 10 
• Instruction Execution times in machine cycles-

Table 11 
• Summary of cycle by cycle operation-Table 12 

MPU Programming Model 

The programming model for the S6801 is shown in 
Figure 19. The double (D) accumulator is physically the 
same as the A Accumulator concatenated with the B 
Accumulator so that any operation using accumulator 
D will destroy information in A and B. 

Figure 19. MCU Programming Model 
7 o 7 0 

I 
AceA 

II 
AceB I ACeUMULATOR • 

15 0 

I 
ACGD I ACeUMULA TOR 0 

15 0 

I 
IX IINOEX REGISTER 

15 

I 
PC I PROGRAM COUNTER 

15 0 

I 
SP I STACK POINTER 

0 

C CONDITION CODE 
REGISTER 

CARR V (!rom Bit 7) 

OVERFLOW 

ZERO 

NEGATIVE 

INTERRUPT MASK 

HALF CARRY (from Bit 3) 
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MPU Addressing Modes 
The S6801 eight-bit microcomputer unit has seven 
address modes that can be used by a programmer, with 
the addressing mode a function of both the type of in
struction and the coding within the instruction. A sum
mary of the addressing modes for a particular instruc
tion can be found in Table 11 along with the associated 
instruction execution time that is given in machine 
cycles. With a clock frequency of 4MHz, these times 
would be microseconds. 
Accumulator (ACCX) Addressing-In accumulator only 
addressing, either accumulator A or accumulator B is 
specified. These are one-byte instructions. 
Immediate Addressing-In immediate addressing, the 
operand is contained in the second byte of the instruc
tion except LDS and LDX which have the operand in the 
second and third bytes of the instruction. The MCU 
addresses this location when it fetches the immediate 
instruction for execution. These are two or three-byte 
instructions. 
Direct Addressing-In direct addressing, the address of 
the operand is contained in the second byte of the in
struction. Direct addressing allows the user to directly 
address the lowest 256 bytes in the machine i.e., loca
tions zero through 255. Enhanced execution times are 
achieved by storing data in these locations. In most 
configurations, it should be a random access memory. 
These are two-byte instructions. 
Extended Addressing-In extended addressing, the 
address contained in the second byte of the instruction 
is used as the higher eight-bits of the address of the 
operand. The third byte of the instruction is used as the 
lower eight-bits of the address for the operand. This is 
an absolute address in memory. These are three-byte 
instructions. 
Indexed Addressing-In indexed addressing, the 
address contained in the second byte of the instruction 
is added to the index register's lowest eight bits in the 
MCU. The carry is then added to the higher order eight 
bits of the index register. This result is then used to 
address memory. The modified address is held in a 
temporary address register so there is no change to the 
index register. These are tWO-byte instructions. 
Implied Addressing-In the implied addressing mode 
the instruction gives the address (Le., stack pOinter, in
dex register, etc.). These are one-byte instructions. 
Relative Addressing-In relative addressing, the 
address contained in the second byte of the instruction 
is added to the program counter's lowest eight bits plus 
two. The carry or borrow is then added to the high eight 
bits. This allows the user to address data within a range 
of - 125 to + 120 bytes of the present instruction. 
These are two-byte instructions. 
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Table 7. Accumulator & Memory Instructions 

ACCUMULATOR AND ADDRESSING MODES 
MEMORY IMMED. DIRECT INDEX EXTEND INHERENT 5 4 3 2 1 0 

Operations MNEMDNIC OP cv # DP cv # DP cv # DP cv # DP cv # Boolean/Arithmetic H I N Z V C 
Operation 

ADD ADDA 8B 2 2 9B 3 2 AB 4 2 BB 4 3 A+ M-+A ~ · ~ ~ ~ ~ 

ADDB CB 2 2 DB 3 2 EB 4 2 FB 4 3 B + M-+B ~ · ~ ~ ~ ~ 

ADO DOUBLE AD 00 C3 4 3 03 5 2 E3 6 2 F3 6 3 A:B + M:M + 1-+A:B · · ~ ~ ~ ~ 
ADO ACCUMULATORS ABA 1B 2 1 A + B-+A t · t t t t 
ADO WITH CARRY ADCA 89 2 2 99 3 2 A9 4 2 B9 4 3 A+M+C-+A · ~ ~ ~ ~ 

ADCB C9 2 2 09 3 2 E9 4 2 F9 4 3 B+M+C-+B · t ~ ~ ~ 

AND ANDA 84 2 2 94 3 2 A4 4 2 B4 4 3 A M-+A · · ~ ~ R · 
AN DB C4 2 2 04 3 2 E4 4 2 F4 4 3 B M-+B · · ~ ~ R · 

BIT TEST BIT A 85 2 2 95 3 2 A5 4 2 B5 4 3 AM · · ~ t R · 
BIT B C5 2 2 05 3 2 E5 4 2 F5 4 3 B M · · ~ t R · 

CLEAR CLR 6F 6 2 7F 6 3 00 -+M · · R S R R 

CLRA 4F 2 1 00 -+A · · R S R R 

CLRB 5F 2 1 00 -+B · · R S R R 

COMPARE CMPA 81 2 2 91 3 2 A1 4 2 B1 4 3 A- M · · ~ ~ ~ ~ 

CMPB C1 2 2 01 3 2 E1 4 2 F1 4 3 B - M · · ~ ~ ~ ~ 

COMPARE ACCUMULATORS CBA 11 2 1 A-B · · ~ ~ ~ ~ 

COMPLEMENT, 1 'S COM 63 6 2 73 6 3 M-+M · · ~ ~ R S 

COMA 43 2 1 A-A · · ~ ~ R S 

COMB 53 2 1 B-+B · · ~ ~ R S 

COMPLEMENT,2'S NEG 60 6 2 70 6 3 OC- M-M · · ~ ~ G) <D 
(NEGATE) NEGA 40 2 1 00 - A-+A · · ~ ~ G) <D 
NEGB 50 2 1 00 - 6-+B · · ~ ~ G) <D 

Converts binary add of 
DECIMAL ADJUST, A DAA 19 2 1 BCD characters into BCD • · ~ ~ ~ (j) 

format 

DECREMENT DEC 6A 6 2 7A 6 3 M-1-+M · · ~ ~ <D • 
DECA 4A 2 1 A -1-+A · · ~ ~ <D • 
DECB 5A 2 1 B -1-+8 · · ~ ~ <D • 

EXCLUSIVE OR EORA 88 2 2 98 3 2 A~ 4 2 88 4 3 AEIlM-+A · · ~ ~ R · 
EOR8 C8 2 2 08 3 2 E8 4 2 F8 4 3 8E1lM-8 · · ~ ~ R · 

INCREMENT INC 9C 6 2 7C 6 3 M+1-+M · · ~ ~ ® • 
INCA 4C 2 1 A+1-A · · * ~ ® • 
INC8 5C 2 1 8 + 1-+8 · · ~ ~ ® • 

LOAD ACCUMULATOR LDAA 86 2 2 96 3 2 A6 4 2 86 4 3 M-A · · ~ ~ R · 
LDAB C6 2 2 06 3 2 E6 4 2 F6 4 3 M-8 · · ~ ~ R · 

LOAD DOU8LE ACCUMULATOR LOAD CC 3 3 DC 4 2 EC 5 2 FC 5 3 M +A M + 1-+8 · · * t R · 
MULTIPLY UNSIGNED MUL 30 10 1 A X 8-+A8 · · . . • @ 
OR, INCLUSIVE DRAA 8A 2 2 9A 3 2 AA 4 2 8A 4 3 A+M-A · · * ~ R · 

ORA8 CA 2 2 DA 3 2 EA 4 2 FA 4 3 8 + M-+8 · · ~ . · 
The Condition Code Register notes are listed after Table 10. 
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Table 7. Accumulator & Memory Instructions (Continued) 

ACCUMULATOR AND ADDRESSING MODES 
MEMORY IMMED. DIRECT INDEX EXTEND INHERENT 5 4 3 2 1 0 

Operations MNEMONIC OP '" # OP '" # OP '" # OP '" # OP '" # Booleanl Arithmetic H I N Z V C 
Operation 

PUSH DATA PSHA 36 3 1 A~MspSP-l~SP · · · · · · 
PSHB 37 3 1 B~Msp SP-l~SP · · · · · · 

PULL DATA PULA 33 4 1 SP+ I~SP. Msp~A · · · · · · 
PUI.B 33 4 1 SP+ I~SP. Msp ~B · · · · · · 

ROTATE LEFT ROL 69 6 2 79 6 3 

~ 1 =cH11I11 OJ 
· · t t C0 t 

ROLA 49 2 1 · · t t C0 t 
ROLB 59 2 1 

B C b7 bO · · t tC0 t 
ROTATE RIGHT ROR 66 6 2 76 6 3 

:1 
· · t t C0 t 

HORA 46 2 1 CO--o:rrrnJ · · t t C0 t 
e '7 '0 t t C0 t RORB 56 2 1 · · 

SHIFT LEFT Arithmetic ASL 66 6 2 78 6 3 

:1 · · t t C0 t .---
ASLA 48 2 1 [}11I1111r--o · · t t C0 t _. 

C '7 '0 ASLB 58 2 1 · · t t C0 t 
DOUBLE SHIFT LEFT, ArithmetIC D·j.cc AI ACC 'r--o 

ASLD 05 3 1 e A) AO " " · · t t C0 • 
SHIFT RIGHT ArIthmetic ASR 67 6 2 77 6 3 

:1 · · t t C0 t 
ASRA 47 2 I l.O::ffin-.o · · t t C0 t 

'7 '0 e 
t t C0 t ASRB 57 2 1 · · 

SHIFT RIGHT, LOGICAL LSR 64 6 2 74 6 3 

:1 
. · · t t C0 t 

LSRA 44 2 1 0-lIIIIIJ-.{] · · t t C0 t 
LSRB 54 2 

8, '0 e 
t t t 1 

· · R t C0 t o·-iAce AI ACcsl-[] 
DOUBLE SHIFT RIGHT LOGICAL LSRD 04 3 1 AJ AO 87 '0 C · · R ~ 6 t 
STORE ACCUMULATOR STAA 97 3 2 A7 4 2 B7 4 3 A~M · · t t R · 

STAB 07 3 2 E7 4 2 B7 4 3 B-M · · t t R · 
A-M t t 

STORE DOUBLE ACCUMULATOR STAD DO 4 2 ED 5 2 FD 5 3 B~M+l · · I R · 
SUBTRACT SUBA 80 2 2 90 3 2 AD 4 2 BO 4 3 A-M-A · · I I I t 

SUBB CO 2 2 DO 3 2 EO 4 2 FO 4 3 B-M-B · · t t t I 
DOUBLE SUBTRACT SUBD 83 4 3 93 5 2 A3 6 2 B3 6 3 AB-M:M+I-AB · · I I I t 
SUBTRACT ACCUMULATORS SBA 10 2 1 A-B-A · · t t t t 
SUBTRACT WITH CARRY SBCA 82 2 2 92 3 2 A2 4 2 82 4 3 A-M-C~A · · t t t t 

SBCD C2 2 2 02 2 2 E2 4 2 F2 4 3 B-M-C~B · · t t t t 
TRANSFER ACCUMULATORS TAB 16 2 1 A~B · · t t R · 

TBA 16 2 1 A~B · · t t R · 
TEST ZERO OR MINUS TST 60 6 2 70 6 3 M -00 · · t t R R 

TSTB 50 2 1 B - 00 · · t t R R 

The Condilion Code Reglsler notes are lisled after Table 10. 
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Addecllnstructlons 
In addition to the existing S6800 Instruction Set, the following new instructions are incorporated in the S6801 
Microcomputer. 
ABX Adds the 8-bit unsigned accumulator B to the 16-bit X-Register taking into account IX .... IX + ACCB 

the possible carry out of the low order byte of the X-Register 

ADDD Adds the double precision ACCD" to the double precision value M:M + 1 and places ACCD"" (ACCD) + (M:M + 1) 

ASLD 

LDD 

LSRD 

MUL 

PSHX 

PULX 

STD 

the results in ACCD. 

Shifts all bits of ACCAB one place to the left. Bit 0 is loaded with zero. The C bit is 
loaded from the most significant bit of ACCD. 

Loads the contents of double precision memory location into the double accumulator 
A:B. The condition codes are set according to the data. 

Shifts all bits of ACCD one place to the right. Bit 15 is loaded with zero. The C bit is 
loaded from the least significant bit to ACCD. 

Multiplies the 8 bits in accumulator A with the 8 bits in accumulator B to obtain a 
16-bit unsigned number in A:B. ACCA contains MSB of result. 

The contents of the index register is pushed onto the stack at the address contained 
in the stack pointer. The stack pointer is decremented by 2. 

The index register is pulled from the stack beginning at the current address con
tained in the stack pointer + 1. The stack pointer is incremented by 2 in total. 

Stores the contents of double accumulator A: B in memory. The contents of ACCD 
remain unchanged. 

b1 bOb1 bO 

0-11111111111111111 
c, • 

ACCA ACCB 

ACCD"" (M:M + 1) 
b1 bOb1 bO 

o-..J 1111111111111111 . 
ACCA ACCB 

ACCD .... ACCA 'ACCB 

.J.(IXL), SP +- (SP) -1 

.J.(IXL), SP +- (SP) -1 

SP +- (SP) + 1; IXH 
SP +- (SP) + 1; IHL 

M:M + 1 +- (ACCD) 

" ACCD is the 16-bit register (A:B) formed by concatenating the A and B accumulators. The A-accumulator is the most significant byte. 

Table 8. Index Register and Stack Manipulation Instructions 
CONO CODE REG 

IMMED. DIRECT INDEX EXTEND IMPLIED 5 4 3 2 1 

POINTER OPERA nONS MNEMONIC OP '" # OP '" # OP '" # OP '" # OP '" # Boolean! Arithmetic H I N Z V 
Operation 

0 

C 

Compare Index Reg CPX BC 4 3 9C 5 2 AC 6 2 BC 6 3 XH-M, Xl -(M+l) · ·0 ~ ® • 
Decrement Index Reg DEX 09 3 1 X-l--+X · · · ~ · · 
Decrement Stack Pointer DES 34 3 1 SP - I--+SP · · · · · · 
I ncrement I ndex Reg INX 08 3 1 X+l--+X · · · ~ · · 
Increment Stack Pointer INS 31 3 1 1 SP + I--+SP · · · · · · 
Load Index Reg LOX CE 3 3 DE 4 2 EE 5 2 FE 5 3 M--+XH, (M + 1 )--+Xl · • ® ~ R · 
Load Stack Pointer LOS 8E 3 3 9E 4 2 AE 5 2 BE 5 3 M-+SPH, (M + 1)-SPl · · 0 ~ R · 
Store Index Reg STX OF 4 2 EF 5 2 FF 5 3 XH-+M, Xl-+(M + 1) · ·0 ~ R · 
Store Stack Pointer STS 9F 5 2 AF 7 2 BF 6 3 SPH-+M, SPl-(M + 1) · · 0 ~ R · 
Index Reg-Stack Pointer TXS 35 3 1 X-l--+SP · · · · · · 
Stack Pointer-Index Reg TSX 30 3 1 SP+1-X · · · · · · 
Add ABX 3A 3 1 B+X-X · · · · · · 
Push Data PSHX 3C 3 1 Xl-M sp, SP - 1-SP · · · · · · 

XH-H sp , SP -1-SP 

Pull Data PULX 30 5 1 SP+ 1-SP, MSP-+XH · · · · · · 
SP+ I-SP, MSP-Xl 

The ConditIOn Code Register notes are listed after Table 10 
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able 9. Jump and Branch Instructions CONDo CODE REG. 
RELATIVE INDEX EXTND IMPLIED 5 4 3 2 1 O' 

OPERATIONS MNEMONIC OP rv # OP'" # OP rv # OP rv # BRANCH TEST H I N Z V C 
Branch Always BRA 20 4 2 None · · · · · · 
Branch If Carry Clear BCC 24 4 2 C=O · · · · · · 
Branch If Carry Set BCS 25 4 2 C=1 · · · · · · 
Branch If = 0 BEO 27 4 2 Z=1 · · · · · · Branch If ~ Zero BGE 2C 4 2 NEB V'= 0 · · · · · · Branch If >Zero BGT 2E 4 2 Z + (N EB VI = 0 · · · · · · 
Branch If Higher BHI 22 4 2 C+Z=O · · · · · · 
Branch If .. Zero BlE 2F 4 2 Z+(N EB VI=1 · · · · · · 
Branch If lower Or Same BlS 23 4 2 C+Z=1 · · · · · · 
Branch If< Zero BLT 20 4 2 NEBV=1 · · · · · · Branch If Minus BMI 28 4 2 N=1 · · · · · · 
Branch If Not Equal Zero BNE 20 4 2 Z=O · · · · · · 
Branch If Overflow Clear BVC 28 4 2 V=O · · · · · · 
Branch If Overflow Set BVS 29 4 2 V=1 · · · · · · 
Branch If Plus BPL 2A 4 2 N=O · · · · · · 
Branch To Subroutine BSR 80 8 2 · · · · · · 
Jump JMP 6E 4 2 7E 3 3 See Special Operations · · · · · · 
Jump To Subroutine JSR AD 8 2 80 9 3 · · · · · · 
No Operation NOP 01 2 1 Advances Prog. Cntr. Only · · · · · · 
Return From Interrupt RTI 3B 10 1 --@--

Return From Subroutine RTS 39 5 1 · · · · · · 
Software Interrupt SWI 3F 12 1 See Special Operations · · · · · · 
Wait For Interrupt' WAI 3E 9 1 · ~ . · · · 

Table 10. Condition Code Register Manipulation Instructions 
CONDo CODE REG. 

IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP cv # BOOLEAN OPERATION H I N Z V C 

Clear Carry ClC OC 2 

Clear Interrupt Mask Cli OE 2 

Clear Overflow ClV OA 2 

Set Carry SEC 00 2 

Set Interrupt Mask SEI OF 2 

Set Overflow SEV OB 2 

Accumulator A -CCR TAP 06 2 

CCR-Accumulator A TPA 07 2 

CONDITION CODE REGISTER NOTES: (Bit set if test is true and cleared otherwise). 
1 (Bit V) Test Result = 10000000? 
2 (Bit C) Test Result = OOOOOOOO? 
3 (Bit C) Test: Decimal value 01 most significant BCD Character greater 

(Bit V) 
(Bit V) 
(Bit V) 

than nine? (Not cleared if previously set.) 
Test: Operand = 10000000 prior to execution? 
Test: Operand = 01111111 prior to execution? 
Test: Set equal to result 01 NeC after shift has occurred. 
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1 

1 

1 

1 

1 

1 

1 

1 

(Bit N) 
(Bit V) 
(Bit N) 

10 (All) 

11 (Bit I) 

12 (All) 

O-C · · · · · R 

0-1 · R · · · · 
O-V · · · · R · 
1-C · · · · · S 

1-1 · S · · · · 
1-V · · · · S · 

A-CCR --@--

CCR-A ·1·1·1·1·,· 
Test: Sign Bit of most significant (MS) byte = 1? 
Test: 2's complement overflow from subtraction 01 MS bytes? 
Test: Result less than zero? (Bit 15 = 1) 

load Condition Code Register from Stack. 
(See Special Operations) 
Set when interrupt occurs. If previously set. a Non-Maskable 
Interrupt as required to exit the wait state. 
Set according to the contents of Accumulator A. 



Figure 200 Special Operations 

JSR, JUMP TO SUBROUTINE: 
PC MAIN PROGRAM 

{ 
-;; AD -JSR 

INOXD n + 1 K'" OFFSET* 

0+2 NEXT MAIN INSTR. 

OK ° 8·BIT UNSIGNEO VALUE 

F 
MAIN PROGRAM 

BD ° JSR 

EXTNO 
SH ° SUBR. AOOR. e) 0+2 SL ° SUBR. AODR. 

0+3 NEXT MAIN INSTR. 

BSR, BRANCH TO SUBROUTINE: 

f!: MAIN PROGRAM 

80 ° BSR 

e) 0+1 ± K ° OFFSET" 

0+2 NEXT MAIN INSTR. 

"K ° HIT SIGNED VALUE: 

JMP, JUMP; 

F 
MAIN PROGRAM 

6E ° JMP 

K ° OFFSET 
INOXD 

X+K NEXT INSTRUCTION 

RTS, RETURN FROM SUBROUTINE: 
SUBROUTINE 

~ 
_SP-2 

SP -1 

SP 

~ 
_SP-2 

SP -1 

SP 

~ 
_SP-2 

SP -1 

SP 

f!: Jf 
S 39' RTS Ie) SP 

SP + 1 

_SP+2 

Jf 
SP 

SP + 1 

SP + 2 

SP+3 

SP+4 

SP+ 5 

SP+6 

---... SP+7 

(n+2)H AND (n +2)l FORM n +2 

STACK 

0+2 FORMED FROM 
10 + 21H AND 10 + 21l 

STACK 

I :~ 
STACK 

CONDITION CODE 

ACMLTR B 

ACMLTR A 

INDEX REGISTER IXHI 

INDEX REGISTER IXLi 

NH 

Nl 
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f!: SUBROUTINE 

INX + K 1ST. SUBR. INSTR. 

f!: SUBROUTINE 

S LI_'_ST_' _SU_B_R._'N_S_T_R'---J 

IS FORMEO FROM s" AND Sll 

f£ 
n .... 2 ± K 

{ ~ 0+1 

EXTEND EO 0+: 

SUBROUTINE 

1ST. SUBR.INSTR. 

SUBROUTINE 

7E oJMP 

KH ° NEXT, ADDRESS 

Kl ° NEXT ADDRESS 

NEXT INSTRUCTION 

f!: MAIN PROGRAM 

n L.I_N_EX_T_M_A_'N_'_NS_T_R_'..J 

MAIN PRDG RAM 

NEXT MAIN INSTR. 
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Table 11. Instruction Execution Times in Machine Cycle 

I!! ... 
!Z ... ~ ... ... ... 

~ I!! ... ~ I!i ... z ~ to z ... ... i!5 to ~ 
... ... .. ... I!! 

.. '"' c .. ... .. ffi c 
~ :2 ... ... ~ ....I ~ :2 ... ... ....I 

iii '"' .. ... ... iii I! ... :z: ... 
C i!5 ... ~ ~ '"' c ... ~ is '"' 

ABA INX 3 
ABX 3 JMP 3 
ADC 3 4 • JSR 5 6 
ADD 2 3 4 LDA 3 4 

ADDD 4 5 6 6 LDD 3 4 5 

AND 2 4 4 LDS 3 4 5 

ASL 6 6 LDX 3 4 
ASLD 3 LSR 6 
ASR 6 6 LSRD 3 

BCC 3 MUL 10 
BCS 3 NEG 6 6 
BEQ 3 NOP 
BGE 3 ORA 3 4 
BGT 3 PSH 
BHI • • 3 PSHX 4 

BIT 3 4 4 PUL 4 0 

BLE • 3 PULX • 
BLS 3 ROL • 6 6 
BLT 3 ROR 2 6 6 
BMI • 3 RTI 10 • 
BNE 3 RTS • • 6 
BPL 3 SBA • 
BRA 3 SBC 3 4 4 • 
BSR • 6 SEC • 
BVC • • 3 SEI 
BVS 3 SEV 
CBA • STA 3 4 4 

CLC STD 4 5 5 • 
CLI • • STS 4 5 6 
CLR 6 6 STX 4 5 5 

CLV SUB 4 6 6 
CMP 3 4 4 SUBD 4 5 6 6 
COM 6 6 SWI • 12 
CPX 4 5 6 6 TAB 2 
DM • TAP 
DEC 6 6 TBA • 
DES 3 TPA 2 
DEX 3 TST 6 6 
EOR 3 4 4 TSX 2 
INC 2 6 6 TXS ". • 3 

INS 3 WAI 9 
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Summary of Cycle by Cycle Operation 

Table 12 provides a detailed description of the information present on the Address Bus, Data Bus, and the 
R~ad/Write line (RIW) during each cycle for each instruction. 

This information is useful in comparing actual with expected results during debug of both software and hardware as 
the control. program is executed. The information is categorized in groups according to addressing mode and 
numberof cycles per instruction. (In general, instructions with the same addressing mode and number of cycles exe· 
cute in the same manner; exceptions are indicated in the table). 

Table 12. Cycle by Cycle Operation 

ADDRESS MODE Ilr CYCLE ADDRESS BUS 
INSTRUCTIONS CYCLE # 

IMMEDIATE 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

LDS 
LDX 

CPX 
SUBD 
ADDD 

DIRECT 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LDS 
LDX 
LDD 

STS 
STX 
STD 

CPX 
SUBD 
ADDD 

JSR 

3 

4 

3 

3 

4 

4 

5 

5 

1 
2 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 

1 
2 
3 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
OP CODE ADDRESS + 2 

OP CODE AElPRESS 
OP CODE ADDRESS + 1 
OP CODE ADDRESS + 2 
ADDRESS BUS FFFF 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
ADDRESS OF OPERAND 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
DESTINATION ADDRESS 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
ADDRESS OF OPERAND 
OPERAND ADDRESS + 1 

OP CODE ADDRESS 
OP CODE ADDRESS .f. 1 
ADDRESS OF OPERAND 
ADDRESS OF OPERAND + 1 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
OPERAND ADDRESS 
OPERAND ADDRESS + 1 
ADDRESS BUS FFFF 

OP CODE ADDRESS 
OP CODE ADDRESS + 1 
SUBROUTINE ADDRESS 
STACK POINTER 
STACK POINTER + 1 
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R/W 
LINE 

1 
1 
a 

1 
1 
o 
a 

1 
1 
1 
a 
a 

DATA BUS 

OP CODE 
OPERAND DATA 

OP CODE 
OPERAND DATA (High Order Byte) 
OPERAND DATA (Low Order Byte) 

OP CODE 
OPERAND DATA (High Order Byte) 
OPERAND DATA (Low Order Byte) 
LOW BYTE OF RESTART VECTOR 

OP CODE 
ADDRESS OF OPERAND 
OPERAND DATA 

OP CODE 
DESTINATION ADDRESS 
DATA FROM ACCUMULATOR 

OP CODE 
ADDRESS OF OPERAND 
OPERAND DATA (High Order Byte) 
OPERAND DATA (Low Order Byte) 

OP CODE 
ADDRESS OF OPERAND 
REGISTER DATA (High Order Byte) 
REGISTER DATA (Low Order Byte) 

OP CODE 
ADDRESS OF OPERAND 
OPERAND DATA (High Order Byte) 
OPERAND DATA (Low Order Byte) 
LOW BYTE OF RESTART VECTOR 

OP CODE 
IRRELEVANT DATA 
FIRST SUBROUTINE OP CODE 
RETURN ADDRESS (High Order Byte) 
RETURN ADDRESS (Low Order Byte) 

(continued) 



Table 12. Cycle by Cycle Operation (continued) 

ADDRESS MODE " 
INSTRUCTIONS 

INDEXED 

JMP 

ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA 

LOS 
LOX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST (1) 
INC 

CPX 
SUBD 
ADDD 

JSR 

EXTENDED 

JMP 

3 

4 

4 

5 

5 

6 

6 

6 

3 

ADDRESS BUS 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER PLUS OFFSET 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER PLUS OFFSET 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER PLUS OFFSET 
5 INDEX REGISTER + 1 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER PLUS OFFSET 
5 INDEX REGISTER PLUS OFFSET 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER PLUS OFFSET 
5 ADDRESS BUS FFFF 
6 INDEX REGISTER PLUS OFFSET 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER + OFFSET 
5 INDEX REGISTER + OFFSET 
6 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 INDEX REGISTER + OFFSET 
5 STACK POI NTER 
6 STACK POINTER + 1 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS 
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DATA BUS 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 OPERAND DATA 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
a OPERAND DATA 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 OPERAND DATA (High Order Byle) 
1 OPERAND DATA (Low Order Byte) 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
0 OPERAND DATA (High Order Byte) 
0 OPERAND DATA (Low Order Byte) 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 CURRENT OPERAND DATA 
1 CURRENT OPERAND DATA 
a NEW OPERAND DATA 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 OPERAND DATA (High Order Byte) 
1 OPERAND DATA (Low Order Byte) 

LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 FIRST SUBROUTINE OP CODE 
a RETURN ADDRESS (Low Order Byte 
a RETURN ADDRESS (High Order Byte) 

1 OP CODE 
1 JUMP ADDRESS (High Order Byte) 
1 JUMP ADDRESS (Low Order Byte) 

(continued) 



Table 12. Cycle by Cycle Operation (continued) 

ADDRESS MODE & 
INSTRUCTIONS 

EXTENDED 

ADC EDR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 

STA A 
STA B 

LDS 
LDX 
LDD 

STS 
STX 
STD 

ASL LSR 
ASR NEG 
CLR ROL 
COM ROR 
DEC TST (1) 
INC 

CPX 
SUBD 
ADDD 

JSR 

INHERENT 

ABA DAA SEC 
ASL DEC SEI 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CLI NOP TBA 
CLR ROL TPA 
CLV ROR TST 
COM SBA 

4 

4 

5 

5 

6 

6 

6 

2 

ADDRESS BUS 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 ADDRESS OF OPERAND 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 OPERAND DESTINATION ADDRESS 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 ADDRESS OF OPERAND 
5 ADDRESS OF OPERAND + 1 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 ADDRESS OF OPERAND 
5 ADDRESS OF OPERAND 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 ADDRESS OF OPERAND 
5 ADDRESS BUS FFFF 
6 ADDRESS OF OPERAND 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 OP CODE ADDRESS + 2 
4 OPERAND ADDRESS 
5 OPERAND ADDRESS + 1 
6 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 

3 OP CODE ADDRESS + ? 

4 SUBROUTINE STARTING ADDRESS 
5 STACK POINTER 
6 STACK POINTER-1 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
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DATA BUS 

1 OP CODE 
1 ADDRESS OF OPERAND 
1 ADDRESS OF OPERAND (Low Order Byte) 
1 OPERAND DATA 

1 OP CODE 
1 DESTINATION ADDRESS (High Order Byte) 
1 DESTINATION ADDRESS (Low Order Byte) 
0 DATA FROM THE ACCUMULATOR 

1 OP CODE 
1 ADDRESS OF OPERAND (High Order Byte) 
1 ADDRESS OF OPERAND (Low Order Byte) 
1 OPERAND DATA (High Order Byte) 
1 OPERAND DATA (Low Order Byte) 

1 OP CODE 
1 ADDRESS OF OPERAND (High Order Byte) 
1 ADDRESS OF OPERAND (Low Order Byte) 
0 OPERAND DATA (High Order Byte) 
0 OPERAND DATA (Low Order Byte) 

1 OP CODE 
1 ADDRESS OF OPERAND (High Order Byte) 
1 ADDRESS OF OPERAND (Low Order Byte) 
1 CURRENT OPERAND DATA 
1 LOW BYTE OF RESTART VECTOR 
0 NEW OPERAND DATA 

1 OP CODE 
1 OPERAND ADDRESS 
1 OPERAND ADDRESS (Low Order Byte) 
1 OPERAND DATA (High Order Byte) 
1 OPERAND DATA (Low Order Byte) 

LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 ADDRESS OF SUBROUTINE 

(High Order Byte) 
1 ADDRESS OF SUBROUTINE 

(High Order Byte) 
1 OP CODE OF NEXT INSTRUCTION 
0 RETURN ADDRESS (Low Order Byte 
0 ADDRESS OF OPERAND (High Order Byte) 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 

(continued) 



Table 12. Cycle by Cycle Operation (continued) 

ADDRESS MODE & 
INSTRUCTIONS 

INHERENT 

ABX 

ASLD 
LSRD 

DES 
INS 

INX 
DEX 

PSHA 
PSHB 

ISX 

TXS 

PULA 
PULB 

PSHX 

PULX 

BCC BHT BNE 
BCS BLE BPL 
BEQ BLS BRA 
BGE BLT BVC 
BGT BMT BVS 

BSR 

3 

3 

3 

3 

3 

3 

3 

4 

4 

5 

3 

6 

ADDRESS BUS 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 PREVIOUS REGISTER CONTENTS 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 STACK POINTER 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 STACK POINTER 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 STACK POINTER 
4 STACK POINTER 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 STACK POINTER 
4 STACK POINTER-1 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 STACK POINTER 
4 STACK POI NTER + 1 
5 STACK POINTER + 2 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 

1 OP CODE ADDRESS 
2 OP CODE ADDRESS + 1 
3 ADDRESS BUS FFFF 
4 SUBROUTINE STARTING ADDRESS 
5 STACK POINTER 
6 STACK POINTER - 1 

7.39 

S6801/S6803/S6803NR 

DATA BUS 

1 OP CODE 
1 IRRELEVANT DATA 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 IRRELEVANT DATA 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
1 IRRELEVANT DATA 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
0 ACCUMULATOR DATA 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
1 IRRELEVANT DATA 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 OP CODE OF NEXT INSTRUCTION 
1 IRRELEVANT DATA 
1 

1 OP CODE 
1 IRRELEVANT DATA 
0 INDEX REGISTER (Low Order Byte) 
0 INDEX REGISTER (High Order Byte) 

1 OP CODE 
1 IRRELEVANT DATA 
1 IRRELEVANT DATA 
1 INDEX REGISTER (High Order Byte) 
1 INDEX REGISTER (Low Order Byte) 

1 OP CODE 
1 BRANCH OFFSET 
1 LOW BYTE OF RESTART VECTOR 

1 OP CODE 
1 BRANCH OFFSET 
1 LOW BYTE OF RESTART VECTOR 
1 RETURN ADDRESS (Low Order Byte) 
0 RETURN ADDRESS (Low Order Byte) 
0 RETURN ADDRESS (High Order Byte) 



Figure 21. S6801 MCU Single·Chip Dual Processor Configuration 
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Figure 22. S6801 MCU Expanded Non.Multlplexed Mode 
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Figure 23. 86801 MCU Expanded Multiplexed Mode 
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Table 13. Mode and Port Summary 

PORT 1 PORT 2 PORT 3 PORT 4 
MCU MODE Eight Lines Five Lines Eight Lines Eight Lines 

SINGLE CHIP liD liD liD liD 

ADDRESS BUS ADDRESS BUS· ,.... 
EXPANDED MUX liD liD (AO-A7) = (AS-A15) co ... DATA BUS U) 

(00-07) 

EXPANDED NON-MU) liD liD 
DATA BUS ADDRESS BUS· 
(00-07) (AO-A7) 

"These lines can be substituted for I/O (Input Only) starting with the most significant address line. 

I = Input R/W = Read/Write IS = Input Strobe lOS = I/O Select 
0= Output CC = Crystal Control OS = Output Strobe CS = Chip Select 
BA = Bus Available 
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Features 

D On-Chip Clock Circuit 
D 128x8-Bit On-Chip RAM (86802) 
D 32 Bytes of RAM Are Retainable (86802) 
D 80ftware-Compatible With the 86800 
D Expandable to 64K Words 
D 8tandard TIL-Compatible Inputs and Outputs 
D 8-Bit Word 8ize 
D 16-Bit Memory Addressing 
D Interrupt Capability 
D Clock Rates: 

86802/86808-1.0MHz 
868A02/868A08 -1.5M Hz 
868B02/868B08 - 2.0M Hz 

Typical Microcomputer Block Diagram 

V" 

COUNTERI { 8684' 
TIMERI/O ROM,I/O, TIMER 

tlffil cso V_A 

CLOCK 

2K BYTES ROM R!Ii 
10 I/O ttNES 

PARAllEL 

110 

AO - AU 

S68021 A/B/S68081 AlB 

MICROPROCESSOR 
WITH CLOCK AND RAM 

General Description 
The 86802186808 are monolithic 8-bit microprocessors 
that contain all the registers and accumulators of the 
present 86800 plus an internal clock oscillator and 
driver on the same chip. In addition, the 86802 has 128 
bytes of RAM on board located at hex addresses 0000 
to 007E. The first 32 bytes of RAM, at addresses 0000 to 
001 F, may be retained in a low power mode by utilizing 
Vee standby, thus facilitating memory retention during 
a power-down situation. The 86808 is functionally iden
tical to the 86802 except for the 128 bytes of RAM. The 
86808 does not have any RAM. 

The 86802/86808 are completely software compatible 
with the 86800 as well as the entire 86800 family of 
parts. Hence, the 86802/86808 are expandable to 64K 
words. When the 86802 is interfaced with the 86846 
ROM-I/O-Timer chip, as shown in the Block Diagram 
below, a basic 2-chip microcomputer system is realized. 

V" 
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Pin Configuration 

Vss 
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OR 

mTI 
VOA 

NMI 

SA 
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A2 
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A. 
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A' 

A1 
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iusrr 
EXTAl 
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Vee STANO 

R!Ii 

00 

01 

D2 

OJ 

04 

DS 

06 

D) 

A15 

A14 

All 

A12 
BLOCK DIAGRAM OF A TYPICAL COST EFFECTIVE MICROCOMPUTER. THE MPU IS THE CENTER OF THE MICROCOMPUTER SYSTEM AND IS 
SHOWN IN A MINIMUM SYSTEM INTERFACING WITH A ROM COMBINATION CHIP, IT IS NOT INTENDED THAT THIS SYSTEM BE LIMITED TO 
THIS FUNCTION BUT THAT IT BE EXPANDABLE WITH OTHER PARTS IN THE 56800 MICROCOMPUTER FAMIl Y 

All V" 
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Absolute Maximum Ratings 

Supply Voltage, Vee ............................................................................................................................. - 0.3V to + 7.0V 
Input Voltage, VIN ................................................................................................................................. - 0.3V to + 7.0V 
Operating Temperature Range, TA ............................................................................................................. O· to + 70·C 
Storage Temperature Range, Tstg ................................................................................................... - 55·C to + 150·C 
Thermal Resistance, 8JA 

Plastic ........................................................................................................................................................... 100·CfW 
Ceramic ........................................................................................................................................................... 50·CfW 

This device contains circuitry to protect the inputs against damage due to high static voltage or electric fields; however, it is advised that 
normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. 

D.C. Characteristics: 
(Vee = 5.0V ± 5%, Vss = O,TA = O·C to + 70·C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Units 

VIH Input High Voltage 
Logic, EXtal Vss + 2.0 - Vee V 

RESET Vss + 4.0 - Vee 
VIL Input Low Voltage Logic, EXtal, RESET Vss - 0.3 - Vss + 0.8 V 

liN Input Leakage Current Logic' - 1.0 2.5 IlA 
(VIN = 0 to 5.25V, Vee = Max) 

VOH Output High Voltage V 
(I LOAD = - 2051lA, Vec = Min) _ 00-07 Vss + 2.4 - - V 
(ILOAD = - 1451lA, Vee = Min) AO-A15, R/W, VMA, E Vss + 2.4 - - V 
(I LOAD = - 1OOIlA, Vec = Min) BA Vss + 2.4 - - V 

VOL Output Low Voltage - - Vss + 0.4 V 
(I LOAD = 1.6mA, Vee = Min) 

PD Power Dissipation (Measured at TA = DOC) - 0.600 1.2 W 
CIN Capacitance # pF 

(VIN = 0, TA = 25°C, f = 1.0MHz 00-07 - 10 12.5 
Logic Inputs, EXtal - 6.5 10 

COUT AO-A15, R/W, VMA - - 12 pF 

Vec 
Vee 4.0 - 5.25 V Standby 

IDD 
100 Standby - - 8.0 mA 

Standby 

Clock Timing (Vee = 5.0V ± 5%, Vss = 0, TA = O·C to + 70·C unless otherwise noted) 

S6B02/S6BOB S68A02/S6BAOB S6BB02/S6BB08 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

Frequency of Operation 
f Input Clock ... 4 0.1 - 1.0 0.1 - 1.5 .1 - 2 MHz 
fXtal Crystal Frequency 1.0 - 4.0 1.0 - 6.0 1.0 - 8 

tcye Cycle Time 1.0 - 10 6.7 - 10 .50 - 10 Ils 

t~ Fall Time Measured between Vss + 0.4V 
and Vss - 2.4V - - 25 - - 25 - - 25 ns 

'Except IRQ and NMI, which require 3KQ pull·up load resistors lor wire·OR capability at optimum operation. Does not include Extal and Xtal, which are crystal inputs. 
#eapacitance are periodically sampled rather than 100% tested. 
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ReadlWrite Timing (Figures 1 through 5; Load Circuit of Figure 3.) 
(Vee = 5.0V ± 5%, Vss = 0, TA = O·C to + 70·C unless otherwise noted) 

S6802/A/B/S6808/A/B 

S6802/S6808 S68A02/S68A08 S68802/S68808 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit 

tAO Address Delay ns 
C = 90pF 100 270 180 150 
C= 30pF 165 135 

tAGG Peripheral Read Access Time 575 360 250 ns 

tOSR Data Setup Time Read 100 70 60 ns 

tOHR Data Hold Time Read 10 30 10 10 ns 

tAH Address Hold Time 
(Address, R/W, VMA) 20 20 20 ns 

toow Data Delay Time Write 225 170 160 ns 
Processor Controls 

tOHW Data Hold Time Write 30 20 20 ns 

tpGS Processor Control Setup Time 200 140 110 ns 

tPGr,tPG! Processor Control Rise 
and Fall Time 100 100 100 ns 

Figure 1 .• Read Data from Memory or Peripherals Figure 3. Bus Timing Test Load 

2.4V 
E 

0.4V ~ 
2.4V 

~ ;~ RNi 4.75V 

-

F=~~~;~ ~"""""~ ~ Rl ~ 2.2K 

2.4V 

~-:~, 
TEST POINT ... MMD6150 

VMA ~ '" OR EOUIV. 

!---'AD' t Ace 'DSR-
1 

, 
C R 

DATA FROM 2.0V MM070DO 

MPU ~ DATA VALID ~ OR EQUIV. 

DR PERIPHERALS 0.8V 

~ DATA NOT VALID ~ 
, 

Figure 2. Write Data in Memory or Peripherals .". -: 

E 0.4V 2.4Vr 

~ 
-'AD-

R/W ~ ~~~ C • 130pF FOR DO - 07, E 
MV - :--'AH • 90pF FOR AD - A15, RNi,'AND VMA 

ADDRESS 2.4V 
~~ ~ · 30pF FOR DA 

FROMMPU 0,4V 

~'AD- R • 11.7 K!HDR DO - 07, E 
2.4V 

VMA ~ ~ = 16.5Krl FOR AO - A15~ RM, AND VMA 

• 24K!HD.R DA _'DDw_1 -'AD- ~ -tOHW 

DATA 2.4V 

~ FRDMMPU 2.4V ~ DATA VALID 

~ DATA NOT VALID 

7,46 



S6802/A/B/S6808/A/B 

Figure 4. Typical Data Bus Output Delay 
Versus Capacitive Loading 

Figure 5. Typical ReadlWrlte, VMA, and Address 
Output Delay Versus Capacitive Loading 
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Functional Description 

MPU Registers 

A general block diagram of the 86802 is shown in 
Figure 6. As shown, the number and configuration of 
the registers are the same as for the 86800. The 128x8 
bit RAM has been added to the basic MPU. The first 32 
bytes may be operated in a low power mode via a Vee 
standby. These 32 bytes can be retained during power
up and power-down conditions via the RE signal. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 7). 

Program Counter-The program counter is a two byte 
(16 bits) register that points to the current program 
address. 

Stack Pointer-The stack pointer is a two byte register 
that contains the address of the next available location 
in an external push-down/pop-up stack. This stack is 
normally a random access ReadlWrite memory that 
may have any location (address) that is convenient. In 

Figure 7. Programming Model of 
the Microprocessing Unit 
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those applications that require storage of information 
in the stack when power is lost, the stack must be non
volatile. 

Index Register-The index register is a two byte register 
that is used to store data or a sixteen-bit memory ad
dress for the Indexed mode of memory addressing. 

Accumulators-The MPU contains two 8-bit accumu
lators that are used to hold operands and results from 
an arithmetic logic unit (ALU). 

Condition Code Register-The condition code register 
indicates the results of an Arithmetic Logic Unit opera
tion: Negative (N), Zero (Z), Overflow (V), Carry from bit 7 
(C), and Half Carry from bit 3 (H). These bits of the Con
dition Code Register are used as testable conditions 
for the conditional branch instructions. Bit 4 is the in
terrupt mask bit (I). The used bits of the Condition Code 
Register (b6 and b7) are ones. 

Figure 8 shows the order of saving the microprocessor 
status within the stack. 

Figure 8. Saving the Status of 
the Microprocessor In the Stack 
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IXH = INDEX REGISTER, HIGHER ORDER B BITS 

IXl = INDEX REGISTER, lOWER ORDER 8 BITS 

PCH = PROGRAM COUNTER, HIGHER ORDER 8 BITS 
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86802186808 MPUDescription 

Proper operation of the MPU requires that certain 
control and timing signals be provided to accom
plish specific functions and that other signal lines 
be monitored to determine the state of the proces
sor. These control and timing signals for the 868021 
86808 are identical to those of the 86800 except 
that T8C, DBE, ,1, ,2 input, and two unused pins 
have been eliminated, and the following signal and 
timing lines have been added: 

RAM Enable (R.E) 
Crystal Connections EXtal and Xtal 
Memory Ready (MR) 
Vcc Standby 
Enable +2 Output (E) 

The following is a summary of the S6802IS6808 MPU 
signals: 

Address Bus (AD-A15)-Sixteen pins are used for the ad
dress bus. The outputs are capable of driving one st~n
dard TTL load and 130pF. 

Figure 9_ Power-up and Reset Timing 

FiUIT--f-""1 
O.BV 

S6802/A/B/S6808/A/B 

Data Bus (OO-07)-Eight pins are used for the data bus. It 
is bi-directional, transferring data to and from the 
memory and peripheral devices. It also has three-state
output buffers capable of driving one standard TTL load 
and 130pF. 

Halt-When this input is in the low state, all activity in 
the machine will be halted. This input is level sensitive. 
In the halt mode, the machine will stop at the end of an 
instruction, Bus Available will be at a high state, Valid 
Memory Address will be at a low state, and all other 
three-state lines will be in the three-state mode. The ad
dress bus will display the address of the next instruc
tion. 

To insure single instruction operation, transition of the 
Halt line must not occur during the last 200ns of E and 
the Halt line must go high for one Clock cycle. 

ReadlWrite (RIW)-This TTL compatible output signals 
the peripherals and memory devices whether the MPU is 
in a Read (high) or Write (low) state_ The normal standby 
state of this signal is Read (high). 

J1~~"-___ ~'L-
I t OPTION 1 
f.- tpCf . (SEE NOTE BELOW) 20ms 

MIN- -
REID' ---....,..- O.BV ----------~~------~:----------------

I OPTION 2 
I SEE FIGURE 10 FOR 
I POWER DOWN CONDITION 

'-1,,-1 _____ _ 11 Jt 2.0V 
RE ____ ~0::::.8:..:..V 

...: _tpc ,';;100ns 

vMA------~;1 
11 

\1-_---

NOTE: IF OPTION liS CHOSEN. RESET AND RE PINS CAN BE TIED TOGETHER. 
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When the processor is halted, it will be in the logical 
one state. This output is capable of driving one stan
dard TTL load and 90pF. 

Valid Memory Address (VMA)-This output indicates to 
peripheral devices that there is a valid address on the 
address bus. In normal operation, this signal should be 
utilized for enabling peripheral interfaces such as the 
PIA and ACIA. This signal is not three·state. One stan· 
dard TTL load and 90pF may be directly driven by this 
active high signal. 

Bus Available (BA)-The Bus Available signal will nor· 
mally be in the low state; when activated, it will go to 
the high state indicating that the microprocessor has 
stopped and that the address bus is available. This will 
occur if the Ran line is in the low state or the processor 
is in the WAIT state as a result of the execution of a 
WAIT instruction. At such time, all three-state output 
drivers will go to their off state and other outputs to 
their normally inactive level. The processor is removed 
from the WAIT state by the occurrence of a maskable 
(mask bit I = 0) or non-maskable interrupt. This output 
is capable of driving one standard TTL load and 30pF. 

Interrupt Request (IRQ)-This level sensitive input re
quests that an interrupt sequence be generated within 
the machine. The processor will wait until it completes 
the current instruction that is being executed before it 
recognizes the request. At that time, if the interrupt 
mask bit in the Condition Code Register is not set, the 
machine will begin an interrupt sequence. The Index 
Register, Program Counter, Accumulators, and Condi
tion Code Register are stored away on the stack. Next 
the MPU will respond to the interrupt request by setting 
the interrupt mask bit high so that no further interrupts 
may occur. At the end of the cycle, a 16-bit address will 
be loaded that points to a vectoring address which is 
located in memory locations FFF8 and FFF9. An ad
dress loaded at these locations causes the MPU to 
branch to an interrupt routine in memory. 

The Halt line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while 
Halt is low. 

The IRQ has a high impedance pull-up device internal to 
the chip; however a 3kQ external resistor to Vee should 
be used for wire-OR and optimum control of interrupts. 

Reset-This input is used to reset and start the MPU 
from a power down condition, resulting from a power 
failure or an initial start-up of the processor. When this 
line is low, the MPU is inactive and the information in 

S6802/A/B/S6808/A/B 

the registers will be lost. If a high level is detected on 
the input, this will signal the MPU to begin the restart 
sequence. This will start execution of a routine to in
itialize the processor from its reset condition. All the 
higher order address lines will be forced high. For the 
restart, the last two (FFFE, FFFF) locations in memory 
will be used to load the program that is addressed by 
the program counter. During the restart routine, the in
terrupt mask bit is set and must be reset before the 
MPU can be Interrupted by IRQ. Power·up and reset 
timing and power·down sequences are shown in 
Figures 9 and 10, respectively. 
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Figure 10. Power-Down Sequence 

Vcc .J 4.75V 

I\-
2.0V 

E 
150ns-~ .. tpCf 0;;; lOOns _I 

RE 2.0V:\ 
3 CLOCK CYCLES 

I 
O.BV 

When RE8ET is released it must go through the low to 
high threshhold without bouncing, oscillating, or other
wise causing an erroneous RE8ET (less than 3 clock 
cycles). This may cause improper MPU operation. 

Reset, when brought low, must be held low at least 3 
clock cycles. This allows the 86802/86808 adequate 
time to respond internally to reset. This function is 
independent of the 20ms power up reset that is re
quired. 



Non-Maskable Interrupt (NMI)-A low-going edge on this 
input requests that a non-mask-interrupt sequence be 
generated within the processor_ As with the Interrupt 
Request signal, the processor will complete the current 
instruction that is being executed before it recognizes 
the NMI signal. The interrupt mask bit in the Condition 
Code Register has no effect on NML 

The Index Register, Program Counter, Accumulators, 
and Condition Code Register are stored away on the 
stack_ At the end of the cycle, a 16-bit address will be 
loaded that points to a vectoring address which is 
located in memory locations FFFC and FFFD. An ad
dress loaded at these locations caused the MPU to 
branch to a non-maskable interrupt routine in memory. 

NMI has a high impedance pull-up resistor internal to 
the chip; however a 3kQ external resistor to Vee should 
be used for wire-OR and optimum control of interrupts. 

Inputs IRQ and MMI are hardware interrupt lines that 
are sampled when E is high and will start the interrupt 
routine on a low E following the completion of an in
struction. 

Figure 12 is a flow chart describing the major decision 
paths and interrupt vectors of the microprocessor. 
Table 2 gives the memory map for interrupt vectors. 

RAM Enable (RE)-A TTL-compatible RAM enable input 
controls the on-chip RAM of the S6802. When placed in 
the high state, the on-chip memory is enabled to res
pond to the MPU controls. In the low state, RAM is dis
abled. This pin may also be utilized to disable reading 
and writing the on-chip RAM during power-down situa
tion. RAM enable must be low three clock cycles before 
Vee goes below 4.75V during power-down to retain the 
on board RAM contents during Vee standby. 
The Data Bus will be in the output mode when the inter
nal RAM is accessed, which prohibits external data 
from entering the MPU. Note that the internal RAM is 
fully decoded from $0000 to $007F and these locations 
must be disabled when internal RAM is accessed. 

Extal and Xtal-The S6802/S6808 has an internal 
oscillator that may be crystal controlled. These connec
tions are for a parallel resonant fundamental crystal. 

Figure 11 a. Crystal Parameters 
AT - Cut Parallel Resonance Crystal 

co'" 7pF Max. 

FRED." 4.0MHz@Cl = 24pf 
RS = 50 ohm~ Max. 
Frequency Tolerance - +5%to '0.02% 
The best E output ''Worst Case Desi!ln" 

S6802/A/B/S6808/A/B 

(AT cut) A divide-by-four circuit has been added to the 
S6802 so that a 4MHz crystal may be used in lieu of a 
1 M Hz crystal for a more cost effective system. Pin 39 of 
the S6802/S6808 may be driven externally by a TTL in
put signal if a separate clock is required. Pin 38 is to be 
left open in this mode. If the external clock is used it 
may not be halted for more than 4.5f.ls. The S6802/S6808 
is a dynamic part except for internal RAM, and requires 
the external clock to retain information. Figure 11a 
shows the crystal parameters. In applications where 
other than a 4.0MHz crystal is used, Table 1 gives the 
designer the crystal parameters to be specified. The 
table contains the entire spectrum of usable crystals 
for the S6802/S6808. Crystal frequencies not shown 
(that lie between 1.0MHz and 4.0MHz) may be inter
polated from the table. Figure 11 b shows the crystal 
connection. 

Table 1. Crystal Parameters 

Y1 CRYSTAL C1 & C R1 Co 
FREQUENCY C2 LOAD (MAX) (MAX) 

40MHz 27pF 24pF 50 ohms 7.0pF 
3.58MHz 27pF 20pF 50 ohms 7.0pF 

3.0MHz 27pF 18pF 75 ohms 6.7pF 
2.5MHz 27pF 18pF 74 ohms 6.0pF 
2.0MHz 33pF 24pF 100 ohms 5.5pF 
1.5MHz 39pF 27pF 200 ohms 4.5pF 
1.0MHz 39pF 30pF 250 ohms 40pF 

Table 2. Memory Map for Interrupt Vectors 

VECTOR 
DESCRIPTION 

MS LS 

FFFE FFFF RESTART 
FFFC FFFD NON-MASKABLE INTERRUPT 
FFFA FFFB SOFTWARE INTERRUPT 
FFF8 FFF9 INTERRUPT REQUEST 

Note: Memory Read (MR), Halt, RAM Enable (RE) and Non-Maskable 
interrupt should always be tied to the correct high or low state if not used. 

Figure 11 b. Crystal Connection 

"-CD-' tolerance is! 0.05% (500ppM) uSing A ,0.02 crystal. 

Tolerance Note: 

Critical timing loops may require a better tolerance than ±5%. Because of production deviations and the Temperature Coefficient of 
the 86802, the best "worst case design" toterance is ±0.05%. (500 ppm) using a ±0.02% crystal. It the 86802 is not going to 
be used over its entire temperature range of DoC to 70°C, a much tighter overall tolerance can be achieved. 
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Features 
o Hardware 

• 8-Bit Architecture 
• 64 Bytes RAM 
• 1100 Bytes ROM 
• 116 Bytes of Self Check ROM 
• 28-Pin Package 
• Memory Mapped I/O 
• Internal 8-Bit Timer with 7-Bit Prescaler 
• Vectored Interrupts- External, Timer, Software, 

Reset 
• 20 TTUCMOS Compatible I/O Line 

8 Lines LED Compatible 
• On-Chip Clock Circuit 
• Self-Check Capability 
• Low Voltage Inhibit 
• 5 Vdc Single Supply 

Block Diagram 
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PORT A2 ::: PORT 
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a pel 

l1QOXa 
ROM 
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ROM 

1 

CPU CONTROL 

ALU 

I 
64X8 
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MICROCOMPUTER 

o Software 
• Similar to 6800 
• Byte Efficient Instruction Set 
• Versatile Interrupt Handling 
• True Bit Manipulation 
• Bit Test and Branch Instruction 
• Indexed Addressing for Tables 
• Memory Usable as Registers/Flags 
• 10 Addressing Modes 
• Powerful Instruction Set 

- All 6800 Arithmetic Instructions 
- All 6800 Logical Instructions 
- All 6800 Shift Instructions 
- Single Instruction Memory Examine/Change 
- Full Set of Conditional Branches 

Pin Configuration 

v" Am'! 

::: iNT A, 

f:: B2 PORT Vee A, 
DATA PORT 8l , 

OIR , 
~ 

B4 1/0 XTl A, 
REG REG B5 LINES 

e B6 UTL A. 

HUM A, 

nMER " 1 DATA 

PORT co PORT Co A, 
OIR C .- CI C 
REG REG " 1/0 C, '0 

C3 LINES 
C, B, 

C, B, 

Bo B, 

B, B. 

B, B, 
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General Description 

The S6805 is an 8·bit single chip microcomputer. It is 
the first member of the growing microcomputer family 
that contains a CPU, on·chip clock, ROM, RAM, 1/0 and 
timer. A basic feature of the 6805 is an instruction set 

Absolute Maximum Ratings 

86805 

very similar to the S6800 family of microprocessors. 
Although the 6805 is not strictly source nor object code 
compatible, an experienced 6800 user can easily write 
6805 code. Also a 6805 user will have no trouble moving 
up to the 6801 or 6809 for more complex tasks. 

Supply Voltage, Vee ............................................................................................................................... - 0.3V to + 7.0V 
InputVoltage,VIN ................................................................................................................................... -0.3Vto+7.0V 
Operating Temperature Range, TA ............................................................................................................... 0° to + 70°C 
Storage Temperature .Range, Tstg ...................................................................................................... - 55°C to + 150°C 
Thermal Resistance, BJA 

Plastic .............................................................................................................................................................. 85°CIW 
Ceramic ........................................................................................................................................................... 50°CIW 
Cerdip .............................................................................................................................................................. 51°CIW 

This device contains circuitry to protect the inputs against damage due to high static voltage or electric fields; however, it is advised that nor· 
mal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. For proper 
operation it is recommended that V1N and VOUT be constrained to the range Vss (VIN or VOUT) + Vec 

Electrical Characteristics: Vee = + 5.25 Vdc ± 0.5Vdc, Vss = GND, TA = 0° -70°C unless otherwise noted 

Symbol Characteristic Min. Typ. Max. Unit 

VIH Input High Voltage RESET 4.0 - Vee Vde 

VIH INT 4.0 Vee Vde 

VIH All Other Vss + 2.0 - Vee Vdc 

VIH Input High Timer Mode Vss + 2.0 - Vcc Vde 

VIH Voltage Timer Self·Check Mode - 9.0 15.0 Vdc 

VIL Input Low Voltage RESET Vss - 0.3 - 0.8 Vdc 

VIL INT Vss - 0.3 1.5 Vdc 

VIL All Other Vss - 0.3 - Vss + 0.8 Vde 

VH I NT Hysteresis - 100 - mVee 
PD Power Dissipation - 350 - mW 

CIN Input Capacitance EXTL - 25 - pF 

CIN All Other - 10 - pF 

LVR Low Voltage Recover - - 4.75 Vdc 

LVI Low Voltage Inhibit - 3.5 -

Switching Characteristics: Vee = + 5.25 V ± 0.5 Vdc, Vss = GND, TA = 0 0 
- + 70°C unless otherwise noted 

Symbol Characteristic Min. Typ. Max. Unit 

fcl Clock Frequency 0.4 - 4.0 MHz 

teye Cycle Time 1.0 - 10 fIs 

tlwL INT Pulse Width teye + 250 - - ns 

tRWL RESET Pulse Width teye + 250 - - ns 

tRHL Delay Time Reset (External Cap. = 0.47fIF) 20 50 - ms 
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Port Electrical Characteristics: Vee = + 5.25 Vdc ± 0.5 Vdc, Vss = GND, TA = 0° - + 70°C unless otherwise noted 

Symbol Characteristic Min. Typ. Max. Unit Condition 

VOL 

VOH 

VOH 

V1H 

V1L 

VOL 

VOL 

VOH 

IOH 

V1H 

V1L 

VOL 

VDH 

V1H 

V1L 

Output Low Voltage 

Output High Voltage 

Output High Voltage 

Input High Voltage 

I nput Low Voltage 

Output Low Voltage 

Output Low Voltage 

Output High Voltage 

Darlington Current 
Drive (Source) 

Input High Voltage 

Input Low Voltage 

Output Low Voltage 

Output High Voltage 

Input High Voltage 

Input Low Voltage 

Three-State Ports B & C 

Timer at V1N = (0.4 to 2.41 
Vdc) 

Figure 1. TTL Equiv. Test Load 
(Port 8) 

TEST L :'tTi" vee, 
POINT 

v, 
e , 

':' ':' 

C=40pF,R·12K 
ADJUST Rl SO THAT fl =l.2mA 
WITH VI = O.4V AND Vee = 5.25V 

MMD11l00 

Port A 

- - 0.4 

2.4 - -

3.5 - -

Vss + 2.0 - Vee 

Vss - 0.3 - Vss + 0.8 

Port B 

- - 0.4 

- - 1.0 

2.4 - -

-1.0 - -10 

Vss + 20 - Vee 

Vss - 0.3 - Vss + 0.8 

Port C 

- - 0.4 

2.4 - -

Vss + 2.0 - Vee 

Vss - 0.3 - Vss + 0.8 

Off·State Input Current 

2 20 

Input Current 

I I 20 

Figure 2. CMOS Equiv. Test Load 
(Port A) 
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rO'F 
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Vdc ILOAD = 1.6mAdc 

Vdc ILOAD = 100/-lAdc 

Vdc ILOAD = - 10/-lAdc 

Vdc ILOAD = - 300/-lAdc (max) 

Vdc ILOAD = 500/-lAde (max) 

Vdc ILOAD = 3.2mAdc 

Vdc ILOAD = 10mAdc(sink) 

Vdc ILOAD = - 200/-lAdc 

mAdc Vo = 1.5Vdc 

Vdc 

Vdc 

Vdc ILOAD = 1.6mAdc 

Vdc ILOAD - - 100/-lAdc 

Vdc 

Vdc 

/-lAdc 

Figure 3. TTL Equiv. Test Load 
(Ports A and C) 
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Pin Description 

Pin Symbol 

1 and 3 Vee and Vss 

2 INT 

4 and 5 XTL and EXTL 

6 NUM 

7 TIMER 

8-11 CO-C3 
12-19 BO-B7 
20-27 AO-A7 

28 RESET 

Memory 

56805 

Description 

Power is supplied to the MCU using these two pins. Vee is 5.25V ± .5V, and Vss is the 
ground connection. 

External Interrupt provides capability to apply an external interrupt to the MCU. 

Provide control input for the on-chip clock circuit. The use of crystal (at cut 4MHz maxi
mum), a resistor or a wire jumper is sufficient to drive the internal oscillator with varying 
degrees of stability. (See Internal Oscillator Options for recommendations) An internal 
divide by 4 prescaler scales the frequency down to the appropriate f2 clock rate (1 MHz 
maximum). 

This pin is not for user application and should be connected to ground. 

Allows an external input to be used to decrement the internal timer circuitry. See TIMER 
for detailed information about the timer circuitry. 

Input/Output lines (AO-A7, BO-B7, CO-C3). The 20 lines are arranged into two 8-bit ports 
(A and B) and one 4-bit port (C). All lines are programmed as either inputs or outputs 
under software control of the data direction registers. See Inputs/Outputs for additional 
information. 

This pin allows resetting of the MCU. A low voltage detect feature responds to a dip in 
voltage by forcing a RESET condition to clear all Data Direction Registers, so that all I/O 
pins are set as inputs. 

The MCU memory is configured as shown in Figure 4. 
During the processing of an interrupt, the contents of 
the MCU registers are pushed onto the stack in the 
order shown in Figure 5. Since the stack pointer decre
ments during pushes, the low order byte (PCL) of the 
program counter is stacked first, then the high order 

three bits (PCH) are stacked first, then the high order 
three bits (PCH) are stacked. This ensures that the pro
gram counter is loaded correctly as the stack pointer 
increments when it pulls data from the stack. A 
subroutine call will cause only the program counter 
(PCH, PCl) contents to be pushed onto the stack. 

Figure 4. MCU Memory Configuration Figure 5. Interrupt Stacking Order 

1 6 5 4 3 2 1 0 
000 00, SOOD 

I/O PORTS PORT A 

TIMER RAM PORT B $001 7 6 , • , 2 , 0 PULL 

127 (128 BVTES~ S07f 2 1111 PORT C S002 ,I CONDITION 
'28 PAGE ZERO 

I~: : NOT useD $003 .-. , , 
CODE REGISTER 

.. , 
ROM 

PORT A DOR "". (128 BYTES) 
255 $0 F 5 PORT BOOR $005- "-3 ACCUMULATOR .. 2 

256 
NOT USED ::\ OT USED PORTCDDR $OO6~ 

ROM NOT USED $007 "-2 INDEX REGISTER .. , 
"9 (704 BYTES) 

,I TIMER DATA REG $008 
960 S3eo 9 TIMER CTRl REG $009 "-, , , , , PCH* ... 

MAIN ROM 
(964 BYTES) 10 NOT USED SODA 

1923 $183 63 (54 BYTES) 
$OJF 

pel ~ .. , 
1924 

$784 ,::\ RAM (64 BYTES) """ PUSH 
SELF CHECK ROM STACK 

(116 BYTES) S07F *Forsubroutine calls, nnlv PCH and PCl are stacked 

2039 S7F7 
2040 $7F8 4WRtTE ONLY REGISTERS 

INTERRUPT 
VECTORS 

2047 
ROM (8 BYTES) 

S7FF 
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Figure 6. Programming Model 
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Registers 

The S6805 MCU contains two 8·bit registers (A and X), 
one 11·bit register (PC), two 5·bit registers (SP and CC) 
that are visible to the programmer (see Figure 6). 

Accumulator (A) 

The A·register is an 8·bit general purpose accumulator 
used for arithmetic calculations and data manipulation. 

Index Register (X) 

This 8·bit register is used for the indexed addressing 
mode. It provides an 8-bit address that may be added to 
an offset to create an effective address. The index 
register can also be used for limited calculations and 
data manipulations when using the read/modify/write 
instructions. In code sequences not employing the in
dex register it can be used as a temporary storage area. 

Program Counter (PC) 

This 11-bit register contains the address of the next 
instruction to be executed. 

Stack Pointer (SP) 

The stack pOinter is an 11-bit register that contains the 
address of the next free location on the stack. Initially, 
the stack pointer is set to location $07F and is decre
mented as data is being pushed onto the stack and 
incremented as data is being pulled from the stack. The 
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six most significant bits of the stack pointer are perma
nently set to 000011. During an MCU reset or the reset 
stack pointer (RSP) instruction, the stack pointer is set 
to location $07F. Subroutines and interrupts may be 
nested down to location $061 which allows the 
programmer to use up to 15 levels of subroutine calls. A 
16th subroutine call would save the return address cor
rectly, but the stack pointer would not remain pointing 
into the stack area and there would be no way to return 
from any of the subroutines. 

Condition Code Register (CC) 

The condition code register is a 5-bit register in which 
each bit is used to indicate or flag the results of the 
instruction just executed. These bits can be individual
ly tested by a program and specific action taken as a 
result of their state. Each individual condition code 
register bit is explained in the following paragraphs. 

HALF CARRY (H)-Used during arithmetic operations 
(ADD and ADC) to indicate that a carry occurred be
tween bits 3 and 4. 

INTERRUPT (1)- This bit is set to mask the timer and 
external interrupt (INT). If an interrupt occurs while this 
bit is set it is latched and will be processed as soon as 
the interrupt bit is reset. 

NEGATIVE (N)-USED TO INDICATE that the result of 
the last arithmetic, logical or data manipulation was 
negative (bit 7 in result equal to a logical one). 

ZERO (Z)-Used to indicate that the result of the last 
arithmetic, logical or data manipulation was zero. 

CARRY/BORROW (C)-Used to indicate that a carry or 
borrow out of the arithmetic logic until (ALU) occurred 
during the last arithmetic operation. This bit is also 
affected during bit test and branch instructions, shifts 
and rotates. 

Timer 

The MCU timer circuitry is shown in Figure 7. The 8-bit 
counter is loaded under program control and counts 
down toward zero as soon as the clock input is applied. 
When the timer reaches zero the timer interrupt request 
bit (bit 7) in the timer control register is set. The MCU 
responds to this interrupt by saving the present MCU 
state in the stack, fetching the timer interrupt vector 
from locations $7F8 and $7F9 and executing the inter
rupt routine. The timer interrupt can be masked by set
ting the timer interrupt mask bit (bit 6) in the timer con
trol register. The interupt bit (bit 1) in the condition code 
register will also prevent a timer interrupt from being 
processed. 



The clock input to the timer can be from an external 
source applied to the TIMER input pin or it can be the 
internal ~2 signal. Note that when ~2 signal is used as 
the source it can be gated by an input applied to the 
TIMER input pin allowing the user to easily perform 
pulse-width measurements. The source of the clock in
put is one of the options that has to be specified before 
manufacture of the MCU. A prescaler option can be ap
plied to the clock input that extends the timing interval 
up to a maximum of 128 counts before being applied to 
the counter. This prescaling option must also be speci
fied before manufacturing begins. The timer continues 
to count past zero and its present count can be moni
tored at any time by monitoring the timer data register. 
This allows a program to determine the length of time 
since a timer interrupt has occurred and not disturb the 
counting process. 
At power up or reset the prescaler and counter are ini
tialized with all logical ones; the timer interrupt request 
bit (bit 7) is cleared and the timer request mask bit (bit 6) 
is set. 

Self Check Mode: 
The MCU includes a non-user mode pin that replaces 
the normal operating mode with one in which the inter
nal data and address buses are available at the 110 
ports. The ports are configured as follows in the test 
mode (some multiplexing of the address and data lines 
is necessary): 
• The internal ROM and RAM are disabled and Port A 
becomes the input data bus on the ~2 of the clock and 
can be used to supply instructions of data to the MCU. 

Figure 7_ Timer Block Diagram 

,..---., 
I I 
I I 
I I L ___ J 

MANUFACTURING 
MASK OPTIONS 

WRITE 
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• Port B is also multiplexed. When ~2 is high, Port B is 
the output data bus, and when ~2 is low Port B is the ad
dress lines. The output data bus can be used to monitor 
the internal ROM or RAM. 

• Port C becomes the last three address lines and a 
read/write control line. 

The MCU incorporates a self test program within a 116 
byte non-user accessable test program and some con
trol logic on-chip. These 116 bytes of ROM test every 
addressing mode and nearly every CPU instruction 
(95% of the total microprocessor capability) while only 
adding 1 % to the total overall die size. 
To perform the self test, the MCU output lines of Port A 
and B must be externally interconnected (Figure 7) and 
LED's are connected to Port C to provide both a passl 
fail indication (3Hz square wave). 
The flowchart for the self test program (Figure 8) runs 
four tests: 

• 1/0 TEST: Tests for 1/0 lines that are stuck in high, 
low, shorted state, or are missing a connection. The 1/0 
lines are all externally wired together so that the pro
gram can look for problems by testing for the correct 
operation of the lines as inputs and outputs and for 
shorts between two adjacent lines. 

• ROM ERROR: (Checksum wrong). The checksum 
value of the user program must be masked into the self 
check ROM when the microcomputer is built. The self 
check program then tests the user ROM by computing 
the checksum value, which should be equal to the 
masked checksum if all the bits in the ROM are prop-

READ 

TIMER 

I-'-'*I,---t-+ INTERRUPT REn. 

INTERRUPT MASK 

TIMER 
CONTijOl REGISTER 

,. 
I 



erly masked. Address and data lines that are stuck high, 
low or to each other are also detected by this test. An 
inoperable ROM will (in most cases) prevent the run
ning of the self check program. 

• RAM Bits Non-Functional: The RAM is tested by the 
use of a walking bit pattern that is written into memory 
and then verified. Every in RAM is set to one and then to 
zero by using 9 different patterns as shown in Figure 9. 

Figure 8. Interconnected Ports for Self Check Mode. 
Port C Gives GoiNo Go and Diagnostic Information. 

2 INT A7 27 

A6 26 
2' RESET 

A, 25 
O.47,uF 

* 
, XTAL A. 2. 

A3 23 

• EXTAl A2 " AI 21 .,v 7 TIMER AD 2D 

6 NUM 87 19 

86 18 
Vee 8' 17 

330n • CD 8. 16 

330,n 83 15 , CI 
82 I. 

330n 1D C2 81 13 
33012 11 

Vee = PIN 3 
C3 80 12 

Vss= PIN 1 

Self Test Routines 
Program performs four main tests in the major loops 
and provides an output signal to indicate that the part is 
functional. 
Interrupt Logic Failure: Using an I/O line the interrupt pin 
is toggled to create an interrupt. The main program runs 
long enough to allow the timer to underflow and causes 
the timer interrupt to be enabled. 
If all of these tests are successful the program, then 
loops back to the beginning and starts testing again. 
The self check program initially tries to get the MCU out 
of the reset state to indicate that the processor is at 
least working. The non-functional parts are thus imme
diately eliminated, and if the part fails at this first stage 
the program provides a means of determining the faulty 
section. 

To place the MCU in the self check mode the voltage on 
the timer input (Figure 7) is raised to 8 volts which 
causes several operations to take place: 
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Figure 9. Flowchart of Self Test Routine 

YES 

PORTe 
READABLE 

PORT A 
OKAY? 

'" 
PORTB 
OKAY? 

9 PATTERNS 
COMPARE 

GOT 
INTERRUPTS 

NO 
r----'" ItAlT 

NO ItALT 
PORTC",XXOl 

NO HALT 
POIIT C=XXOl 

NO HALT 
PORT C=XX10 

NO HALT 
PORT &=XX11 

NO HALT 
PORT C=XXOO 

S6805 



Figure 10. RAM Test Pattern 

PATTERN #1 PATTERN #2 

o 0 0 0 0 0 o 0 1 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 0 0 0 0 

0 1 0 0 0 0 0 0 0 0 1 0 0 0 

o 0 1 0 0 0 0 0 o 0 0 1 0 0 

o 0 0 1 0 0 0 0 o 0 0 0 1 0 

• • 
• • 
• • 
• • 

0 0 0 0 0 0 1 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 1 0 0 0 0 0 0 

o 0 0 0 0 0 o 0 1 0 0 0 0 0 

PATTERN #8 PATTERN #9 

0 0 0 0 0 0 1 0 0 0 0 0 0 0 

o 0 0 0 0 0 o 1 o 0 0 0 0 0 

0 0 0 0 0 0 0 0 1 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 1 0 0 0 0 

o 1 0 0 0 0 o 0 o 0 1 0 0 0 

• • 
• • 
• • 
• • 

0 0 0 0 1 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 1 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 1 0 0 0 0 0 0 0 

Figure 11. Power Up and Reset Timing 
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• The clocking source for the timer is shunted to the 
MCU internal clock to insure that the timer will run 
an underflow during the course of the program, no 
matter which clocking rate is masked. 
• The address of the interrupt vectors (including the 
reset vector) are mapped into the self check ROM 
area. This allows the self check to test the interrupt 
structure. 

. The self check program is started by the reset signal 
instead of the normal program because the vectors 
(including the reset vector) have been overlaid. The 
self check program runs in an endless loop testing 
and retesting the processor as long as there are no 
errors. Signals on the 110 lines indicate that the test 
has passed, and if any test fails, the program stops 
by executing a branch to self instruction. The output 
lines then cease to toggle and two of the 110 lines 
will indicate the cause of failure. 

RAM Test Pattern 
"Walking bit" patterns test sequence sets and 
resets every bit in memory. (See Figur~ 10.) 
Low Voltage Inhibit 
As soon as the voltage at pin 3 (Vecl falls to 4.5 volts, 
all 110 lines are put into a high impedance state. This 
prevents erroneous data from being given to an 
external device. When Vee climbs back up to 4.6 
volts a vectored reset is performed. 

Table 1. Cause of Chip Failure as Shown in Bits 0 and 1 oi 
1/0 Port C 

81T 1 

o 
o 
1 
1 

"DIP" lVI' 
\. IN POWER 

l 

BIT 0 
o 
1 
o 
1 

I 

-

.... lVR 

/ 
IRHl 

REASON FOR FAILURE 

INTERRUPTS 
1/0 PORTS A OR B 
RAM 
ROM 

~ 

.--
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Figure 12. Power Up Reset Delay Circuit 
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Figure 13. Internal Oscillator Options 
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Resets 
The MCU can be reset three ways; by the external reset 
input (RESET), by the internal low voltage detect circuit 
already mentioned, and during the power up time. (See 
Figure 11.) 

Upon power up, a minimum of 20 milliseconds is need· 
ed before allowing the reset input to go high. This time 
allows the internal oscillator to stabilize. Connecting a 
capacitor to the RESET input as shown in Figure 12 will 
provide sufficient delay. 

Internal Oscillator Options 
The internal oscillator circuit has been designed to reo 
quire a minimum of external components. The use of a 
crystal (AT cut, 4MHz max) or a resistor is sufficient to 
drive the internal oscillator with varying degrees of sta· 
bility. A manufacturing mask option is available to pro· 
vide better matching between the external components 
and the internal oscillator. 

The different connection methods are shown in Figure 
13. Crystal specifications are given in Figure 14. A 
resistor selection graph is given in Figure 15. 

+5V 
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NO 
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Figure 14. Crystal Parameters 
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Figure 15. Typical Resistor Selection Graph 
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Interrupts 
The MCU can be interrupted three different ways; 
through the external interrupt (!NT) input pin, the inter· 
nal timer interrupt request, and a software interrupt 
instruction (SWI). When any interrupt occurs, process· 
ing is suspended, the present MCU state is pushed on· 
to the stack, the interrupt bit (I) in the condition code 
register is set, the address of the interrupt routine is ob· 
tained from the appropriate interrupt vector address, 
and the interrupt routine is executed. The interrupt ser· 
vice routines normally end with a return from interrupt 
(RTI) instruction which allows the MCU to resume pro· 
cessing of the program prior to the interrupt. Table 2 
provides a listing of the interrupts, their priority, and the 
vector address that contain the starting address of the 
appropriate interrupt routine. 
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A sinusodial signal (1 kHz maximum) can be used to 
generate an external interrupt (I NT) as shown in Figure 
16. 

A flowchart of the interrupt processing sequence is 
given in Figure 17. 

Table 2. Interrupt Priorities 

Interrupt 

RESET 
SWI 
TNT 

TIMER 

Input/Output 

Priority 

1 
2 
3 
4 

Vector Address 

$7FE AND $7FF 
$7FC AND $7FD 
$7FA AND $7FB 
$7F8 AND $7F9 

There are 20 input/output pins. All pins are program· 
mabie as either inputs or outputs under software con· 
trol of the data direction registers. When programmed 
as outputs, all 110 pins read latched output data 
regardless of the logic level at the output pin due to out· 
put loading (see Figure 18). When port B is programmed 
for outputs, it is capable of sinking 10 milliamperes on 
each pin (one volt maximum). All inputloutput lines are 
TTL compatible as both inputs and outputs. Port A lines 
are CMOS compatible as outputs while Port Band C 
lines are CMOS compatible as inputs. Figure 19 pro· 
vides some examples of port connections. 

Figure 16. Typical Sinusodiallnterrupt Circuits 
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Figure 17. Interrupt Processing Flowchart 
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Figure 18. Typical Port 1/0 Circuitry 
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Figure 19. Typical Port Connections 
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Bit Manipulation 

The MCU has the ability to set or clear any single ran· 
dom access memory or input/output bit (except the 
data direction registers) with a single instruction 
(BSET, BCLR). Any bit in the page zero read only memo 
ory can be tested, using the BRSET and BRCLR instruc· 
tions, and the program branches as a result of its state. 
This capability to work with any bit in RAM, ROM or 1/0 
allows the user to have individual flags in RAM or to 
handle single 1/0 bits as control lines. The example in 
Figure 20 illustrates the usefulness of the bit manipu
lation and test instructions. Assume that bit 0 of port A 
is connected to a zero crossing detector circuit and that 
bit 1 of port A is connected to the trigger of a TRIAC 
which powers the controlled hardware. 

This program, which uses only seven ROM locations, 
provides turn-on of the TRIAC within 14 microseconds 
of the zero crossing. The timer could also be incor
porated to provide turn-on at some later time which 
would permit pulse-width modulation of the controlled 
power. 

7.63 

PORT B 

PORT C 
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C3 
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(01 

Addressing Modes 

86805 

The MCU has ten addressing modes available for use 
by the programmer. They are explained and illustrated 
briefly in the following paragraphs. 

Figure 20. Bit Manipulation Example 

• 
• 

• 
• 

SELF 1 BRClR 0, PORTA, SELF 1 
BSET 1, PORT A 
BClR 1, PORTA 

• 

• 

I 
I 



Immediate-Refer to Figure 21. The immediate addres
sing mode accesses constants which do not change 
during program execution. Such instructions are two 
bytes long_ The effective address (EA) is the PC and the 
operand is fetched from the byte following the opcode_ 
Direct-Refer to Figure 22 in direct addressing, the 
address of the operand is contained in the second byte 
of the instruction. Direct addressing allows the user to 
directly address the lowest 256 bytes in memory. All 
RAM space, 1/0 registers and 128 bytes of ROM are 
located in page zero to take advantage of this efficient 
memory addressing mode. 
Extended- Refer to Figure 23. Extended addressing is 
used to reference any location in memory space. The 
EA is the contents of the two bytes following the op
code. Extended addressing instructions are three bytes 
long. 
Relative-Refer to Figure 24. The relative addressing 
mode applies only to the branch Instructions. In this 
mode the contents of the byte following the opcode is 
added to the program counter when the branch is 
taken. EA = (PC) + 2 + ReI. Rei is the contents of the 
location following the instruction opcode with bit 7 be
ing the sign bit. If the branch is not tken Rei = 0, when a 
branch takes place, the program goes to somewhere 
within the range of + 129 bytes to - 127 of the present 
instruction. These Instructions are two bytes long. 
Indexed (No Offset)-Refer to Figure 25. This mode of 
addressing accesses the lowest 256 bytes of memory. 
These Instructions are one byte long and their EA is the 
contents of the index register. 
Indexed (8-Blt Offset)- Refer to Figure 26. The EA is 
calculated by adding the contents of the byte following 

Figure 21. Immediate Addressing Example 

I , 
EA 

S6805 

the opcode to the contents of the index register. In this 
mode, 511 low memory locations are accessable. 
These instructions occupy two bytes. 
Indexed (16-Blt Offset)-Refer to Figure 27. This ad
dressing mode calculates the EA by adding the con
tents of the two bytes following the opcode to the index 
register. Thus, the entire memory space may be access
ed. Instructions which use this addressing mode are 
three bytes long. 
Bit SetlClear- Refer to Figure 28. This mode of addres
sing applies to instructions which can set or clear any 
bit on page zero. The lower three bits in the opcode 
specify the bit to be set or cleared while the byte follow
ing the opcode specifies the address in page zero 

Bit Test and Branch- Refer to Figure 29. This mode of 
addressi'ng applies to instructions which can test any 
bit In the first 256 locations ($OO-$FF) and branch to any 
location relative to the PC. The byte to be tested is ad
dressed by the byte following the opcode: The indivi
dual bit within that byte to be tested is addressed by the 
lower three bits of the opcode. The third byte is the 
relative address to be added to the program counter if 
the branch condition is met. These instructions are 
three bytes long. The value of the bit tested is written to 
the carry bit in the condition code register. 
Inherent- Refer to Figure 30. The inherent mode of 
addressing has no EA. All the Information necessary to 
execute an instruction is contained in the opcode. 
Direct operations on the accumulator and the index 
register are included in this mode of addressing. In ad
dition, control Instructions such as SWI. RTI belong to 
this group. All inherent addressing instructions are one 
byte long. 

~ 
'ROG LOA N$F8 05BEt::3A[& =l-----J D5BF~ F8 

i INDEX REG 
STACK POINT 

I 
'ROG COUNT 

05CD 
CC 

~ 
I I I , 
I I 
I I 
I I , , 
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Figure 22. Direct Addressing Example 

CAT FeB 32 00481----'''---i 

PRO. LOA CAT ::~~ t----;~-I-__ ___l 

~ 
I I 
I I 
I I 
I I 
! : 

Figure 23. Extended Addressing Example EA 

I 

i 

..... m .. "~~. : J 
040A 06 ] 
0408 E5 

. , 
t::~:::r'-------~ CAT FeB 64 06E5 40 

Figure 24. Relative Addressing Example 
MEMORY 

PROG BEQ PROG2 04A7 f-~::----j 

04A8 f----; 

~ 
I I 
I I 
I I 
I I 
! : 

EA 
04CI 
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Figure 25. Indexed (No Offset) Addressing Example <.t 
MEMORY 

EA 
0088 

~ A 
TARl FCC/LII 00B8 t=~4@c=j---~00!!!0!!!.0----f-I----_t=4~C=::J 

49 INDEX REG 

~ : 
PROG LOA .X -05F4 ~ 

~ 
I I 
I I 
I I 

! ! 
Figure 26. Indexed (a-Bit Offset) Addressing Example .L 

MEMORY 
I I 
I I 
I 

! I 
I 

TARt FeB NBF 0089 BF 

STACK POINT 

PROG COUNT 
05F5 

EA 
Doae 

FCB "6 DOSA 86 
feB '08 0088 DB 

FCO '" ooae " i I 

~ 
~:ji==~ ___ t-_~r -r~ ___ -:::i:~'N~DE~~tR~EG~ 

STACK POINT 

PROG LOA TABL,X 0758 E6 
07se 89 

~ 
I I 
I I 
I I 
I I 
I I , , 

Figure 27. Indexed (1S-Bit Offset) Addressing ExamPlej ., 
MEMORY 

i I 
I I 
I I 
I I 

~ 
I I 

PROG LOA TABl.X 0692 ~6 
0693 07 JI-
0694 7E 

: ~ 
TARt feB '.F 077E BF 

FeB #86 U77F 86 
FeB 'DB 0780 DB 

feB '" 0781 " I ! I 
I 

! ! 
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PROG COUNT 
07SE 

ec 

EA 
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PROG COUNT 
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Figure 28. Bit Set/Clear Addressing Example 

PORT B EOU 1 0001 I---''-_~ 

PROG BeLR 6, PORr B U58F r:::~'0t==1-____ --.J 
05901- 01 

~ 
I I 
I I 
I I 
I I 
t J 

Figure 29. Bit Test and Branch Addressing Exampler--_____ -. 

MEMORY 

PORT C EDU 2 0002 1--,,'0'--1 
BIT 2 

PROG BCLR 2 PORT C PROG2 0574 r:::~Ot5 ==t±==~ 
0575~ 02 
0576 10 

~ 
I I 
I I 
I I 
I I 
I I , , 

Figure 30. Inherent Addressing Example 
MEMORY 

: 
I 

PROG TAX 

~ 
-~ 

I I 

~ I I 
I I 
I I 
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0000 

EA 

EA 

INDEX REG 
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STACK POINT 

PROG COUNT 
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PROG COUNT 
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INDEX REG 

E5 
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PROG COUNT 
0588 
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Instruction Set 
The MCU has a set of 59 basic instructions. They can be 
divided into five different types: register/memory, read/ 
modify/write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. All the 
instructions within a given type are presented in indio 
vidual tables. 

Register/Memory Instructions- Most of these instruc
tions use two operands. One operand is either the accu
mulator or the index register. The other operand is ob
tained from memory using one of the addressing 
modes. The jump unconditional (JMP) and jump to sub
routine (JSR) instructions have no register operand. 
Refer to Table 3. 

Read/Modify/Write Instructions-These instructions 
read a memory location or a register, modify or test its 
contents, and write the modified value back to memory 
or to the register. The test for negative or zero (TST) 
instruction is an exception to the read/modify/write 

Table 3. Register/Memory Instructions 

IMMEDIATE 

DP N N 

FunctiDn Mnemonic C". Syle' Cwele. 

LOAO A FROM MEMORY LOA A6 2 2 

LOAD X FROM MEMORY LOX AE 2 2 

STORE A IN MEMORY STA - - -

STORE X IN MEMORY STX - - .-

ADD MEMORY TO A ADD AE 2 2 

ADD MEMORY AND CARRY TO A ADC A9 2 2 

SUBTRACT MEMORY SUB AD 2 2 

SUBTRACT MEMORY fROM A WITH BORROW SBC A2 2 2 

AND MEMORY TO A AND A4 2 2 

OR MEMDRY WITH A ORA AA 2 2 

EXCLUSIVE OR MEMORY WITH A EOR A8 2 2 

ARITHMETIC COMPARE A WITH MEMORY CMP A1 2 2 

ARITHMETIC COMPARE X WITH MEMORY CPX A3 2 2 

BIT TEST MEMORY WITH A (Logical Comparel BIT A5 2 2 

JUMP UNCONDITIONAL JMP - - -

JUMP TO SUBROUTINE J5R - - -

DP 

S6805 

instructions since it does not perform the write. Refer 
to Table 4. 

Branch Instructions-The branch instructions cause a 
branch from the program when a certain condition is 
met. Refer to Table 5. 

Bit Manipulation Instructions-These instructions are 
used on any bit in the first 256 bytes of the memory. 
One group either sets or clears. The other group per
forms the bit test and branch operations. Refer to Table 
6. 

Control Instructions- The control instructions control 
the MCU operations during program execution. Refer to 
Table 7. 

Alphabetical Listing- The complete instruction set is 
given in alphabetical order in Table 8. 

Opcode Map-Table 9 is an opcode map for the instruc
tions used on the MCU. 

ADDRESSING MODES 

INDEXED INDEXED INDEXED 
DIRECT EXTENDED (No OIIsel) (8-Bil Offset) 16-Bil Offsel) 

N N OP N N DP N N DP N N DP N N 

COde Bytes CyCles c ... Bytes Cycles c ... Bytes Cycles c ... Bytes Cycles c ... Bytes Cycles 

B6 2 4 C6 3 5 F6 1 4 E6 2 5 06 3 6 

BE 2 4 CE 3 5 FE 1 4 EE 2 5 DE 3 6 

B7 2 5 C7 3 6 F7 1 5 E7 2 6 07 3 7 

BF 2 5 Cf 3 6 fF 1 5 EF 2 6 OF 3 7 

BB 2. 4 CB 3 5 FB 1 4 EB 2 5 DB 3 6 

B9 2 4 C9 3 5 F9 1 4 E9 2 5 09 3 6 

BO 2 4 CO 3 5 FO 1 4 EO 2 5 DO 3 6 

B2 2 4 C2 3 5 f2 1 4 E2 2 5 D2 3 6 

B4 2 4 C4 3 5 f4 1 4 E4 2 5 D4 3 6 

BA 2 4 CA 3 5 FA 1 4 EA 2 5 DA 3 6 

B8 2 4 C8 3 5 f8 1 4 E8 2 5 08 3 6 

B1 2 4 C1 3 5 f1 1 4 E1 2 5 D1 3 6 

63 2 4 C3 3 5 f3 1 4 E3 2 5 03 3 6 

B5 2 4 C5 3 5 f5 1 4 E5 2 5 D5 3 6 

BC 2 3 CC 3 4 fC 1 3 EC 2 4 DC 3 5 

BD 2 7 CD 3 8 fD 1 7 ED 2 8 DD 3 9 

7.68 
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Table 4. Read/ModifyIWrite Instructions 

ADDRESSING MODES 

INHERENT INHERENT INDEXED INDEXED 
(A) (X) DIRECT (No DHset) (S·Blt DHset) 

OP N N OP N N OP N N OP N OP N N 

Function Mnemonic Cade Bylll Cycle. Cade Byt.s Cycles Cad. Bytes Cycles Cad. Byles CyCles Cade Byles Cycles 

INCREMENT INC 4C 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7 

DECREMENT DEC 4A 1 4 SA 1 4 3A 2 6 7A 1 6 6A 2 7 

CLEAR CLR 4F 1 4 SF 1 4 3F 2 6 7F 1 6 6F 2 7 

COMPLEMENT COM 43 1 4 53 1 4 33 2 6 73 1 6 63 2 7 

NEGATE (2'5 COMPLEMENT) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7 

ROTATE LEFT THRU CARRY ROL 49 1 4 59 1 4 39 2 6 79 1 6 69 2 7 

ROTATE RIGHT THRU CARRY ROR 46 1 4 56 1 4 36 2 6 76 1 6 66 2 7 

LOGICAL SHIFT LEFT LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7 

LOGICAL SHIFT RIGHT LSR 44 1 4 54 1 4 34 2 6 74 1 6 64 2 7 

ARITHMETIC SHIFT RIGHT ASR 47 1 4 57 1 4 37 2 6 77 1 6 67 2 7 

TEST FOR NEGATIVE OR ZERO TST 40 1 4 50 1 4 3D 2 6 70 1 6 60 2 7 

Table 5. Branch Instructions 

RELATIVE 

ADDRESSING MODE 

op , , 
Function Mnemonic Cad. Byles Cycles 

BRANCH ALWAYS BRA 20 2 4 

BRANCH NEVER BRN 21 2 4 

BRANCH IFF HIGHER BHI 22 2 4 

BRANCH IFF LOWER OR SAME BLS 23 2 4 

BRANCH IFF CARRY CLEAR BCC 24 2 4 

IBRANCH IFF HIGHER OR SAME) (BHS) 24 2 4 

BRANCH IFF CARRY SET BCS 25 2 4 

(BRANCH IFF LOWER) (BLO) 25 2 4 

BRANCH IFF NOT EQUAL BNE 26 2 4 

BRANCH IFF EQUAL BEQ 27 2 4 

BRANCH IFF HALF CARRY CLEAR BHCC 2B 2 4 

BRANCH IFF HALF CARRY SET BHCS 29 2 4 

BRANCH IFF PLUS BPL 2A 2 4 

BRANCH IFF MINUS BMI 2B 2 4 

BRANCH IFF INTERRUPT MASK BIT IS CLEAR BMC 2C 2 4 

BRANCH IFF INTERRUPT MASK BIT IS SET BMS 20 2 4 

BRANCH IFF INTERRUPT LINE IS LOW BIL 2E 2 4 

BRANCH IFF INTERRUPT LINE IS HIGH BIH 2F 2 4 

BRANCH TO SUBROUTINE BSR AD 2 B 
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Features 

o Interfaces With All 86800 Peripherals 

o Upward Compatible Instruction 8et and 
Addressing Modes 

o Upward 80urce Compatible Instruction 8et and 
Addressing Modes 

o Two 8-Bit Accumulators Can Be Concatenated 
Into One 16-Bit Accumulator 

o On-Chip Crystal Oscillator (4 times XTAL) 

Block Diagram 

86809/868A09/868809 

8-BIT 
MICROPROCESSING UNIT 

General Description 

The 86809 is an advanced processor within the 86800 
family offering greater throughput, improved byte effi
ciency, and increased adaptability to various software 
disciplines. These include position independence, 
reentrancy, recursion, block structuring, and high level 
language generation. 

Because the 86809 generates position-independent 
code, software can be written in modular form for easy 
user expansion as system requirements increase. The 
86809 is hardware compatible with all 86800 peri
pherals, and any assembly language code prepared for 
the 86800 can be passed through the 86809 assembler 
to produce code which will run on the 86809. 

Pin Configuration 

__ Vss 

* Internal Tri-Slate Control 

INSTRUCTION 
DECODE 

(IR) 

RESET 

NMI 

FIRQ 

IRQ 

DMA/OREQ 

R/W 

HALT 
OA 

OS 
XTAL 

EXTAL 
MRDY 

E 
L-__ .Q 
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56809 Hardware Features 
o On-Chip Oscillator 
o MRDY Input Extends Access Time 
o DMA/BREQ for DMA and Memory Refresh 
o Fast Interrupt Request Input: Stacks Only Program 

Counter and Condition Code 
o Interrupt Acknowledge Output Allows Vectoring 

by Devices 
o Three Vectored Priority Interrupt Levels 
o SYNC Acknowledge Output Allows for 

Synchronization to External Event 
o NMI Blocked After RESET Until After First Load of 

Stack Pointer 
o Early Address Valid Allows Use With 

Slow Memories 

S6809E Hardware Features 
o Last Instruction Cycle Output (L1C) for Identifica-

tion Output Fetch 
o Busy Output Eases Multiprocessor Design 

Instruction Set 
o Extended Range Branches 
o Load Effective Address 
o 16-Bit Arithmetic 
o 8x8 Unsigned Multiply (Accumulator A'B) 
o SYNC Instruction- Provides Software Sync With 

an External Hardware Process 
o Push and Pull on 2 Stacks 
o Push/Pull Any or All Registers 
o Index Registers May be Used as Stack Pointer 
o Transfer/Exchange All Registers 

Addressing Modes 
o All S6800 Modes Plus PC Relative, Extended 

Indirect, Indexed Indirect, and PC Relative Indirect 
o Direct Addressing Available Anywhere 

o PC Relative Addressing:. Byte Relative 
(± 32,768 Bytes from PC) 

o Complete Indexed Addressing Including Automatic 
Increment and Decrement, Register Offsets, and 
Four Indexable Registers (X, Y, U and S) 

o Expanded Index Addressing 
• 0, 5, 8, 16-Bit Constant Offset 
• 8, 16-Bit Accumulator Offsets 

Absolute Maximum Ratings 

S6809/S68A09/S68B09 

The S6809 gives the user 8- and 16- bit word capability 
with several hardware enhancements in the design 
such as the Fast Interrupt Request (FIRQ), Memory 
Ready (MRDy), and Quadrature (QOUT) and System 
Clock Outputs (EOUT)' With the Fast Interrupt Request 
(FIRQ) the S6809 places only the Program Counter and 
Condition Code Register on the stack prior to access
ing the FIRQ vector location. The Memory Ready 
(MRDY) Input allows extension of the data access time 
for use with slow memories. The System Clock (EoUT) 
operates at the basic processor frequency and can be 
as the synchronization signal for the entire system. The 
Quadrature Output (QOUT) provides additional system 
timing by signifying that address and data are stable. 

The External Clock mode of the S6809E is particularly 
useful when synchronizing the processor to an exter
nally generated signal. The Three-State Control input 
(TSC) places the Address and RIW line in the high impe
dance state for DMA or Memory Refresh. The Last 
Instruction Cycle (L1C) is activated during the last cycle 
of any instruction. This signifies that the next instruc
tion cycle is the opcode fetch. The Processor Busy 
signal (BUSY) facilitiates multiprocessor applications 
by allowing the designer to insure that flags being 
modified by one processor are not accessed by another 
simultaneously. 

The S6809 features a family of addressing capabilities 
which can use any of the four index registers and stack 
pointers as a pOinter to the operand (or the operand ad
dress). This pointer can have a fixed or variable Signed 
offset that can be automatically incremented or decre
mented. The eight-bit direct page register permits a 
user to determine which page of memory is accessed 
by the instructions employing "page zero" addressing. 
This quick access to any page is especially useful in 
Multitasking Applications. 

The S6809 has three vectored priority-interrupt levels, 
each of which automatically disables the lower priority 
interrupt while leaving the higher priority interrupt 
enabled. 

The S6809 gives the system designer greater flexibility 
(through modular relocatable code) to enable the user 
to reduce system software costs while at the same time 
increasing software reliability and efficiency. 

Supply Voltage, Vcc .................................................................................................................................................. - O.3Vto + 7.0V 
Input Voltage, VIN .......................................................................................................................................................... - O.3Vto + 7.0V 
Operating Temperature Range, TA .................................................................................................................................. O·C to + 70·C 
Storage Temperature.Range, Tstg ......................................................................... ; ................................................. - 55·C to + 150·C 
Thermal ReSistance, 9JA 

Plastic ...................................................................................................................................................................................... 100·C/W 
Ceramic ..................................................................................................................................................................................... 50·C/W 

This device contains circuitry to protect the inputs against damage due to high static voltage or electric fields; however, It is advised that normal precautions 
be taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuil. 

7.71 
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S6809/S68A09/S68B09 

Electrical Characteristics (Vee = 5.0V ± 5%; Vss = 0, TA = O·C to + 70·C unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Units CondlHon 

VIH 
Input High Voltage Logic, EXtal Vss+2.0 VOO 

VOC RESET Vss+4.0 VOO 

VIL Input Low Voltage Logic EXtal, RESET Vss-0.3 VSs+O.S VOC 

liN Input Leakage Current Logic 1.0 2.5 ,..Adc VIN = 0 to 5.25V, VCC = max 

Output High Voltage 00-07 Vss+2.4 ILOAO= -205I'Adc, Vcc=min 
VOH Ao-A15' R/W, Q, E VSS+ 2.4 Voc ILOAO= -145"Adc, Vcc= min 

BA, BS Vss+2.4 ILOAO= -100,..Adc, Vcc 

VOL Output Low Voltage Vss+0.5 Voc I LOAD = 2.0mAdc, Vcc= min 

Po Power Dissipation 1.0 W 

CIN Capacitance 00-07 10 15 VIN=O, 
Logic Inputs, EXtal, XTAL 10 15 pF TA=25°C, 

COUT Ao-A15, R/W, 8A, BS 15 1=IMhz 

1 Frequency 01 Operation S6S09 0.4 4 
IXTAL S6SA09 0.4 6 MHz 
IXTAL S6S809 0.4 S 

ITSI 
Three-State (Off State) Input Current Do-~ 2.0 10 

,..Adc 
VIN=O.4 to 2.4, 

Ao-A15, R/W 100 Vcc=max 

Read/Write Timing (Reference Figures 1 and 2) 

S6809 S68A09 568809 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. Unit Condition 

tCYC Cycle Time 1000 10,000 667 10,000 500 10,000 ns 

tUT Total Up Time 975 640 4S0 ns tACC= 
tUT-tAO-tOSR 

tACC Peripheral Read Access Time 695 440 330 ns tUT = tCYC - tEF 

tOSR Data Setup Time (Read) SO 60 40 ns 

tOHR Input Data Hold Time 10 10 10 ns 

tOHW Output Data Hold Time 30 30 30 ns 

tAH 
Address Hold Time 

20 20 20 ns 
(Address, R/W) 

tAO Address Delay 200 140 110 ns 

tooo Data Delay Time From Q (Write) 200 140 110 ns 

tAVS ELOW to QHIGH Time 200 250 130 165 SO 125 ns 

tAO Address Valid to QHIGH 50 25 15 ns 

tPWEL Processor Clock Low 430 5000 280 5000 210 5000 ns 

tPWEH Processor Clock High 450 15500 2S0 15700 220 15700 ns 

tpCSR MRDY Set Up Time 125 125 125 ns 

tpcs Interrupts Set Up Time 200 140 110 ns 

tpCSH HALT Set Up Time 200 140 110 ns 

tpCSR RESET Set Up Time 200 140 110 ns 

tpCSO DMAIBREQ Set Up Time 125 125 125 ns 

trc Crystal Osc Start Time 100 100 100 ns 

tER, tEF E Rise and Fall Time 25 25 20 ns 

tpCR, tpLF Processor Control Rise/Fall 100 100 100 ns 

tOR, tOF Q rise and Fall Time 5 25 5 25 5 20 ns 

tPWOH Pulse Width, Q High 430 5000 2S0 5000 210 5000 ns 

tPWOL Pu Ise Width, Q Low 450 15500 280 15700 220 15700 ns 
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Figure 1. Read Data From Memory or Peripherals 

2.4V 2.4V 

O.5V 

~--------- I" 

k-------\------I"---------..-i 

A/Vi 

ADUR 

DATA-------------------«Z2'/ 
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OMAIBREO 
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Figure 2. Write Data From Memory or Peripherals 
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BA, BS __ -=.!.f"'" 
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Figure 3. Bus TIming Test Load 

4.75V 

TESTPOINTo-..-_---.. MM06150 

,,.OR EOUIV. 
oJ 

,,. MMO'OOO 
,,.OR EOUIV. 
~ 

-== 
C .. 30pF FOR SA, as R .. 1'.7k!! FOR 00-07 

130pF FOR 00·07, E, Q 16.5kll FOR AO·A15, E, a 
90pF FOR AO-A15, R/W 24kl1 FOR SA, as 

Figure 4. Programming Model of the Microprocessing Unit 

15 

x - INDEX REGISTER 

Y - INDEX REGISTER 

U - USER STACK POINTER 

S - HARDWARE STACK POINTER 

PC 

A I 
" v 

S6809/S68A09/S68B09 

Programming Model 

As shown in Figure 4, the S6809 adds three registers to 
the set available in the S6800. The added registers in· 
clude a direct page register, the User Stack pointer and 
a second Index Register. 

Accumulators (A, B, D) 

The A and B registers are general purpose accu· 
mulators which are used for arithmetic calculations 
and manipulation of data. 

Certain instructions concatenate the A and B registers 
to form a single 16·bit accumulator. This is referred to 
as the D register, and is formed with the A register as 
the most significant byte. 

Direct Page Register (DP) 

The Direct Page Register of the S6809 serves to 
enhance the Direct Addressing Mode. The content of 
this register appears at the higher address outputs 
(As·A15) during direct Addressing Instruction exe· 
cution. This allows the direct mode to be used at any 

} .. ~-~ 
PROGRAM COUNTER 

B ACCUMULATORS 

/ 

OP DIRECT PAGE REGISTER 

, 0 

! ElF I H II I N I z I v I c I CC-CONOITIONCDDEREGtSTER 
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S6809/S68A09/S68B09 

Figure 5. Condition Code Register Format 

I Elf I H I I IN IZ I v I c I 

place in memory, under program control. To allow 6800 
compatibility, all bits of this register are cleared during 
Processor Reset. 

Index Registers (X, Y) 

The Index Registers are used in indexed mode of ad
dressing. The 16-bit address in this register takes part 
in the calculation of effective addresses. This address 
may be used to point to data directly or may be modi
fied by an optional constant or register offset. During 
some indexed modes, the contents of the index 
register are incremented and decremented to point to 
the next item of tabular type data. All four pOinter 
registers (X, Y, U, S) may be used as index registers. 

Stack Pointers (U, S) 

The Hardware Stack Pointer (S) is used automatically 
by the processor during subroutine calls and interrupts. 
The stack pointers of the S6809 point to the top of the 
stack, in contrast to the S6800 stack pointer which 
pointed to the next free location on the stack. The User 
Stack Pointer (U) is controlled exclusively by the pro
grammer thus allowing arguments to be passed to and 
from subroutines with ease. Both Stack Pointers have 
the same indexed mode addressing capabilities as the 
X and Y registers, but also support Push and Pull 
instructions. This allows the S6809 to be used effi
ciently as a stack processor, greatly enhancing its 
ability to support higher level languages and modular 
programming. 

Program Counter 

The Program Counter is used by the processor to point 
to the address of the next instruction to be executed by 
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the processor. Relative Addressing is provided allow
ing the Program Counter to be used like an index regis
ter in some situations. 

Condition Code Register 

The condition code register defines the State of the 
Processor at any given time, see Figure 5. 

Bit 0 (C) 

Bit 0 is the Carry Flag, and is usually the carry from the 
binary ALU. C is also used to represent a 'borrow' from 
subtract like instructions (CMP, NEG, SUB, SBG). Here 
the carry flag is the complement of the carry from the 
binary ALU. 

Bit 1 (V) 

Bit 1 is the overflow flag, and is set to a one by an opera
tion which causes a signed two's complement arith
metic overflow. This overflow is detected in an opera
tion in which the carry from the MSB in the ALU does 
not match the carry from the MSB-1. 

Bit 2 (Z) 

Bit 2 is the zero flag, and is set to a one if the result of 
the previous operation was identically zero. 

Bit 3 (N) 

Bit 3 is the negative flag, which contains exactly the 
value of the MSB of the result of the preceding opera
tion. Thus, a negative two's-complement result will 
leave N set to a one. 

Bit 4 (I) 

Bit 4 is the IRQ mask bit. The processor will not 
recognize interrupts from the IRQ line if this bit is set to 



a one. l\JfVn, FrnQ, TIiO", RESET, and SWI all set I to a 
one; SWI2 and SWI3 do not affect I. 

Bit 5 (H) 

Bit 5 is the half·carry bit, and is used to indicate a carry 
from bit 3 in the ALU as a result of an 8·bit addition only 
(ADC or ADD). This bit is used by the DAA instruction to 
perform a BCD decimal add adjust operation. The state 
of this flag is undefined in all subtract·like instructions. 

Bit 6 (F) 

Bit 6 is the FiRQ mask bit. The processor will not 
recognize interrupts from the FIRO line if this bit is a 
one. fJIiilT, FrnQ, SWI, and R'ESrr all set F to a one. M, 
SWI2 and SWI3 do not affect F. 

Bit 7 (E) 

Bit 7 is the entire flag, and when set to a one indicates 
that the complete machine state (all the registers) was 
stacked, as opposed to the subset state (PC and CC). 
The E bit of the stacked CC is used on a return from 
interrupt (RTI) to determine the extent of the unstack· 
ing. Therefore~ the current E left in the Condition Code 
Register represents past action. 

56809 MPU Signal Description 

Power (Vss, Vcel 

Two pins are used to supply power to the part: VS$ is 
ground or 0 volts, while Vee is + 5.0V ± 5%. 

Address Bus (Ao·A15) 

Sixteen pins are used to output address information 
from the MPU onto the Address Bus. When the pro· 
cessor does not require the bus for a data transfer, it 
will output address FFFF16, RfW = 1, and BS = O. Ad· 
dresses are valid on the rising edge of 0 (see Figures 1 
and 2). All address bus drivers are made high· 
impedance when output Bus Available (BA) is high. 
Each pin will drive on Schottky TTL load and typically 
90pF. 

Data Bus (00.07) 

These eight pins provide communication with the 
system bi·directional data bus. Each pin will drive one 
Schottky TTL load and typically 130pF. 

Read/Write (R/\V) 

This signal indicates the direction of the data transfer 
on the data bus. A low indicates that the MPU is writing 
data onto the data bus. Rm is made high impedance 
when BA is high. RlW is valid on the rising edge of 0, 
refer to Figures 1 and 2. 
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RESET 
A low level on this Schmitt·trigger input for greater than 
one bus cycle will reset the MPU as shown in Figure 6. 
The Reset vectors are fetched from locations FFFE16 
and FFFF16 (Table 1) when Interrupt Acknowledge is 
true, (BALBS = 1). During intial power·on, the Reset line 
should be held low until the clock oscillator are fully 
operational; see Figure 7. 

Because the S6809 Reset pin has a Schmitt·trigger in
put with a threshold voltage higher than that of stan
dard peripherals, a simple RIC network may be used to 
reset the entire system. This higher threshold voltage 
insures that all peripherals are out of the reset state 
before the Processor. 

HALT 

A low level on this input pin will cause the MPU to stop 
running at the end of the present instruction and re
main halted indefinitely without loss of data. When 
Halted, the BA output is driven high indicating the 
buses are high-impedance. BS is also high which indi
cates the processor is in the Halt or Bus Grant state. 
While halted, the MPU will not respond to external real
time requests (FIRQ, IRO) although DMA/BREO will 
always be accepted, and NMI orliESITwili be latched 
for later response. During the Halt state 0 and E con
tinue to run normally. If the MPU is not running (RESET, 
DMAIBREO), a halted state (BA and BS = 1) can be 
achieved by pulling HALT low while RESET is still low. 
If DMAIBREO and HALT are both pulled low, the pro
cessor will reach the last cycle of the instruction (by 
reverse cycle stealing) where the machine will then 
become halted. See Figure 8. 

Bus Available, Bus Status (BA, BS) 

The Bus Available output is an indication of an internal 
control signal which makes the MOS buses of the MPU 
high-impedance. This signal does not imply that the 
bus will be available for more than one cycle. When BA 
goes low, an additional dead cycle will elapse before 
the MPU acquires the bus. 

The Bus Satus output signal, when decoded with BA, 
represents the MPU state (valid with leading edge of 0): 

MPU Stale 
BA BS 

0 0 Normal (Running) 
0 1 Interrupt Acknowledge 
1 0 SYNC Acknowledge 
1 1 HALT or Bus Grant 
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Figure 6. RESET Timing 
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Figure 8. HALT and Single Instruction Execution for System Debug 
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Interrupt Acknowledge is indicated during both cycles 
of a hardware-vector-fetch (RESET, NMI, FIRQ, IRQ, 
SWI, SWI2, SWI3). This signal, plus decoding of the 
lower 4 address lines can provide the user with an indi
cation of which interrupt level is being serviced and 
allow vectoring by device (see Table 1). 

Sync Acknowledge is indicated while the MPU is waiting 
for external synchronization on an interrupt line. 

Halt/Bus Grant is true when the S6809 is in a Halt or Bus 
Grant condition. 

Table 1. Memory Map for Interrupt Vectors 

Memory Map for 
Vector Location Interrupt Vector 

Description 
MS LS 

FFFE FFFF RESET 
FFFC FFFD NMI 
FFFA FFFB SWI 
FFF8 FFF9 IRQ 
FFF6 FFF7 FIRQ 
FFF4 FFF5 SWI2 
FFF2 FFF3 SWI3 
FFFO FFF1 Reserved 

INSTRUCTION 
OPCODE 

*Nole:NMI, FIRQ and IRQ requests are latched by the falling edge of every Q ex· 
cept during cycle stealing operations (e.g., DMA) where only NMl is latched. 
From this point, a delay of at least one bus cycle will occur before the interrupt is 
serviced by the M PU. 

Non-Maskable Interrupt (NMI). 

A negative edge on this input requests that a non
maskable interrupt sequence be generated. A non
maskable interrupt cannot be inhibited by the program, 
and also has a higher priority than FIRQ, IRQ or soft
ware interrupts. During recognition of an NMI, the en
tire machine state is saved on the hardware stack. After 
reset, an NMI will not be recognized until the first pro
gram load of the Hardware Stack Pointer (S). The pulse 
width of NMl low must be at least one E cycle. If the 
NMI input does not meet the minimum set up with 
respect to Q, the interrupt will not be recognized until 
the next cycle. See Figure 9. 
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Fast-Interrupt Request (FIRQ). 

A low level on this input pin will initiate a fast interrupt 
sequence, provided its mask bit (F) in the CC is clear. 
This sequence has priority over the standard Interrupt 
Request (IRQ), and is fast in the sense that it stacks on
ly the contents of the condition code register and the 
program counter. The interrupt service routine should 
clear the source of the interrupt before doing an RTI. 
See Figure 10. 



..... 
~ 

Figure 9. IRQ and NMI Interrupt Timing 
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Interrupt Request (IRQ). 

A low level input on this pin will initiate an Interrupt Re· 
quest sequence provided the mask bit (I) in the CC is 
clear. Since IRQ stacks the entire machine state it pro· 
vides a slower response to interrupts than FIRQ. IRQ 
also has a lower priority than FIRQ. Again, the interrupt 
service routine should clear the source of the interrupt 
before doing an RTI. See Figure 9. 

XTAL, EXTAL 
These input pins are used to connect the on·chip ascii· 
lator to an external parallel·resonant crystal. Alter· 
nately, the pin EXTAL may be used as a TTL level input 
for external timing by grounding XTAL. The crystal or 
external frequency is 4 times the bus frequency, see 
Figure 7. Proper RF layout techniques should be 
observed in the layout of printed circuit boards. 

E,Q 

E is similar to the S6800 bus timing signal ~2; Q is a 
quadrature clock signal which leads E. Q has no parallel 
on the S6800. Addresses from the MPU will be valid 
with the leading edge of Q. Data is latched on the falling 
edge of E. Timing for E and Q is shown in Figure 11. 

MRDY 

This input control signal allows stretching of E to ex· 
tend data·access time. When MRDY is high, E will be in 

Figure 11. E/Q Relationship 
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normal operation. When MRDY is low, E may be stret· 
ched integral multiples of quarter (1.4) bus cycles, thus 
allowing interface to slow memories as shown in 
Figure 12. A maximum stretch is 10 microseconds. Dur· 
ing non·valid memory accesses (VMA cycles). MRDY 
has no effect on stretching E. This inhibits slowing the 
processor speed during "don't care" bus accesses. 

DMA/BREQ 

The DMAIBREQ input provides a method of suspend· 
ing execution and acquiring the MPU bus for another 
use as shown in Figure 13. Typical uses include DMA 
and dynamic memory refresh. 

Transition of DMA/BREQ should occur during Q. A low 
level on this pin will stop instruction execution at the 
end of the current cycle. The MPU will acknowledge 
DMA/BREQ by setting BA and BS to a one. The re
questing device will now have up to 15 bus cycles 
before the MPU retrieves the bus for self-refresh. Self
refresh requires one bus cycle with a leading and trail
ing dead cycle, see Figure 14. 

Typically, the DMA controller will request to use the 
bus by asserting the DMAIBREQ pin Iowan the leading 
edge of E. When the M PU replies with BA = BS = 1, that 
cycle will be a dead cycle used to transfer control to the 
DMA controller. 

END OF CYCLE (LATCH DATAl 

I 
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Figure 12. MRDY Timing 
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Figure 13. Typical DMA Timing «14 Cycles) 
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False memory accesses should be prevented during 
any dead cycles. When BA is cleared (either as a result 
of DMAIBREQ = HIGH or MPU self-refresh), the DMA 
device should be taken off the bus. 
Another dead cycle will elapse before the MPU is allow
ed a memory access to transfer control without conten
tion. 

MPU Operation 

During normal operation, the MPU fetches an instruc
tion from memory and then executes the requested 
function. This seqoence begins at RESET and is 
repeated indefinitely unless altered by a special 
instruction or hardware occurrence. Software instruc
tions that alter normal MPU operation are: SWI, SWI2, 
SWI3, CWAI, RTI and SYNC. An interrupt, HALT or 
DMA/BREQ can also alter the normal execution of in
structions. Figure 16 illustrates the flowchart for the 
S6809. The left-half of the flowchart represents normal 
operation; the right-half represents the flow when an 
interrupt or special instruction occurs. 

Addressing Modes 
The basic instructions of any computer are greatly en
hanced by the presence of powerful addressing modes. 
The S6809 has the most complete set of addressing 
modes available on any microcomputer today. For ex
ample, the S6809 has 59 basic instructions, however it 
recognizes 1464 different variations of instructions and 
addressing modes. The new addressing modes support 
modern programming techniques. The following 
addressing modes are available on the S6809: 

Inherent (Includes Accumulator) 
Immediate 
Extended 

Extended Indirect 
Direct 
Register 
Indexed 

Zero-Offset 
Constant Offset 
Auto IncrementlDecrement 
Indexed Indirect 

Relative 
Short/Long Relative Branching 
Program Counter Relative Addressing 

Inherent (Includes Accumulator) 

In this addressing mode, the opcode of the instruction 
contains all the address information necessary. Ex
amples of Inherent Addressing are: ABX, DAA, SWI, 
ASRA, CLRB. 

Immediate Addressing 

In Immediate Addressing, the effective addressing of 
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the data is the location immediately following the op
code; the data to be used in the instruction immediately 
follows the opcode of the instruction. The S6809 uses 
both 8-and 16-bit immediate values depending on the 
size of argument specified by the opcode. Examples of 
instructions with Immediate Addressing are: 

LDA#$20 
LDX#$FOOO 
LDY#CAT 

Not.:# signifies Immediate addressing, $ signifies hexaaeclmal value. 

Extended Addressing 

In Extended Addressing the contents of the two bytes 
immediately following the opcode fully specify the 
16-bit effective address used by the instruction. Note 
that the address generated by an extended instruction 
defines an absolute address and is not position in
dependent. Examples of Extended Addressing include: 

LDACAT 
STX MOUSE 
LDD $2000 

Extended Indirect 

As a special case of indexed addressing (discussed 
below), one level of indirection may be added to Extend
ed Addressing. In Extended Indirect, the two bytes 
following the postbyte of an Indexed instruction con
tains the address of the address of the data. 

LDA [CAl] 
LDX [$FFFE) 
STU [DOG) 
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Direct Addressing 

Direct addressing is similar to extended addressing ex
cept that only one byte of address follows the opcode. 
This byte specifies the lower 8 bits of the address to be 
used. The upper 8 bits of the address are supplied by 
the direct page register. Since only one byte of address 
is required in direct addressing, this mode requires less 
memory and executes faster than extended address
ing. Of course, only 256 locations (one page) can be ac
cessed without redefining the contents of the DP 
register. Since the DP register is set to $00 on Reset, 
direct addressing on the S6809 is compatible with 
direct addreSSing on the S6800. Indirection is not allow
ed in direct addressing. Some examples of direct 
addressing are: 

LDA $30 
SETDP $10 (Assembler directive) 
LDB $1030 
LDD <CAT 

Note: <is an assembler directive which forces direct addressing 



Register Addressing. 

Some opcodes are followed by a byte that defines a 
register or set of registers to be used by the instruction, 
this is called a POSTBVTE. Some examples of register 
addressing are: 
TFR X,V 
EXG A,B 
PSHS A,B,X,V 
PULU X,V,O 

Indexed Addressing 

Transfers X into V 
Exchanges A with B 
Push onto S V,X,B, then A 
Pull from U O,X, then V 

In all indexed addressing one of the pointer registers (X, 
V, U, S, and sometimes PC) is used in a calculation of 
the effective address of the operand to be used by the 
instruction. Five basic types of indexing are available 
and are discussed below. The postbyte of an indexed 
instruction specifies the basic type and variation of the 
addressing mode as well as the pointer register to be 
used. Figure 15 lists the legal formats for the postbyte. 
Table 2 gives the assembler form and the number of 
cycles and bytes added to the basic values for indexed 
addressing for each variation. 

Zer~Offset Indexed 

In this mode, the selected pointer register contains the 
effective address of the data to be used by the instruc· 
tion. This is the fastest indexing mode. Examples are: 

LOO O,X 
LOA a,s 

Constant Offset Indexed 

In this mode a two's'complement offset and the con· 
tents of one of the pointer registers are added to form 
the effective address of the operand. The pointer 
register's initial content is unchanged by the addition. 
Three sizes of offsets are available: 

±4·bit (-16 to + 15) 
± 7·bit (-128 to + 127) 
± 15·bit (- 32768 to + 32767) 

The two's complement 5·bit offset is included in the 
post byte and therefore is most efficient in use of bytes 
and cycles. The two's complement 8·bit offset is con· 
tained in a single byte following the postbyte. The two's 
complement 16·bit offset is in the two bytes following 
the post· byte. In most cases the programmer need not 
be concerned with the size of this offset since the 
assembler will select the optional size automatically. 
Examples of constant·offset indexing are: 

LOA 23,X 
LOX -2,S 
LOV 300,X 
LOU CAT,V 
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Figure 15. Indexed Addressing Postbyte Register 
Bit Assignments 

POST -BYTE REGISTER BIT INDEXED 
ADDRESSING 

7 6 5 4 3 2 1 0 MODE 

0 R R X X X X X EA = ,R ±4·BIT OFFSET 

1 R R 0 0 0 0 0 ,R+ 

1 R R I 0 0 0 1 ,R++ 

1 R R 0 0 0 1 0 ,-R 

1 R R I 0 0 1 1 ,--R 

1 R R I 0 1 0 0 EA = ,R ±O OFFSET 

1 R R I 0 1 0 1 EA = ,R ± ACCB OFFSET 

1 R R I 0 1 1 0 EA= ,R±ACCA OFFSET 

1 R R I 1 0 0 0 EA = ,R ± 7·BIT OFFSET 

1 R R I 1 0 0 1 EA = ,R ± 15·BIT OFFSET 

1 R R I 1 0 1 1 EA= ,R±O OFFSET 

1 X X I 1 1 0 0 EA= ,PC±7·BIT OFFSET 

1 X X I 1 1 0 1 EA = ,PC ± 15·BIT OFFSET 

1 R R 1 1 1 1 1 EA = ,ADDRESS 

-----~ 

~I ADDRESSING MODE FIELD 

INDIRECT FIELD 
SIGN BIT WHEN B7 = 0 

REGISTER FIELD 
OO:R=X 
01:R= Y 
10:R= U 
11:R=S 

X = ~ON'T CARE 

Accumulator-Offset Indexed 

This mode is similar to constant offset indexed except 
that the two's complement value in one of the accu· 
mulators (A, B or 0) and the content of one of the 
pointer registers are added to form the effective ad· 
dress of the operand. The contents of both the accu· 
mulator and the pointer register are unchanged by the 
addition. The postbyte specifies which accumulator to 
use as an offset and no additional bytes are required. 
The advantage of an accumulator offset is that the 
value of the offset can be calculated by a program at 
run·time. Some examples are: 

LOA B,V 
LOX O,V 
LEAX B,X 

Auto Increment/Decrement Indexed 

In the auto increment addressing mode, the pointer 
register contains the address of the operand. Then, 
after the pointer register is used it is incremented by 
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Table 2. Indexed Addressing Modes 

Non Indirect Indirect 

Assembler Postbyte + + Assembler Postbyte + + 
Type Forms Form OP Code - # Form OP Code - # 

Constanl Offset From R No Offsel ,R 1 RR001 00 0 0 [,R] 1RR10100 3 0 
(Signed Offsets) 

5-Bit Offset n, R ORRnnnnn 1 0 defaults to 8-bit 

8-Bit Offset n, R 1 RR01 000 1 1 In, R] 1RR11000 4 1 

16-Bit Offset n, R 1 RR01 001 4 2 In, R] 1RR11001 7 2 

Accumulator Offset From R A - Register Offset A, R 1RR00110 1 0 [A, R] 1RR10110 4 0 
(Signed Offsets) 

B - Register Offset B, R 1 RR001 01 1 0 [B, R] 1 RR10101 4 0 

D - Register Offset D, R 1RR01011 4 0 D, R] 1 RR11011 7 0 

Auto I ncrementi Decrement R I ncrement By 1 ,R+ 1 RROOOOO 2 0 not allowed 

I ncrement By 2 ,R++ 1 RROOO01 3 0 [,R+ + ] 1RR10001 6 0 

Decrement By 1 ,-R 1 RR0001 0 2 0 not allowed 

Decrement By 2 ,--R 1 RROO011 3 0 [, - -R] 1 RR1 0011 6 0 

Constant Offset From PC 8-Bit Offset n, PCR 1 XX011 00 1 1 In, PCR] 1 XX111 00 4 1 

16-Bit Offset n, PCR 1XX01101 5 2 [n, PCR] 1XX11101 8 2 

Extended Indirect 16-Bit Address - - - - [n] 10011111 5 2 

+ and + indicate the number of additional cycles and bytes for the particular variation. 
# 

R=X, Y, U or S X=OO 
X=Don't Care U=10 

Y=01 
S= 11 

one or two_ This addressing mode is useful in stepping 
through tables, moving data, or for the creation of soft
ware stacks_ In auto decrement, the pOinter register is 
decremented prior to use as the address of the data. 
The use of auto decrement is similar to that of auto 
increment but the tables, etc_ are scanned from the 
high to low addresses. The size of the increment/decre
ment can be either one or two to allow for tables of 
either 8- or 16-bit data to be accessed and is selectable 
by the programmer. The pre-decrement, post-increment 
nature of these modes allow them to be used to create 
additional software stacks that behave identically to 
the U and S stacks. 

Some examples of the auto. increment/decrement 
addressing modes are: 

LOA ,X+ 
STO ,Y+ + 
LOBL ,-V 
LOX ,--S 

Indexed Indirect. 

All of the indexing modes with the exception of auto in
crement/decrement by one, or a ± 4-bit offset may have 
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an additional level of indirection specified. In Indirect 
addressing, the effective address is contained at the 
location specified by the content of the Index register 
plus any offset. In the example below, the A accu
mulator is loaded indirectly using an effective address 
calculated from the Index register and an offset. 

$0100 LOA [10,X) 
$F010 $F1 
$F011 $5Q 
$F150 $AA 

Before Execution 
A = XX (don't care) 
X=$FOOO 
EA is now $F010 
F150 is now the new EA 

After Execution 
A = $AA Actual Oata Loaded 

All modes of indexed indirect are included except 
those which are meaningless (e.g., auto incre
ment/decrement by 1 indirect). Some examples of in
dexed indirect are: 

LOA [,X) 
LOO [10,S) 
LOA [B,y] 
LOO[,X+ +) 



Figure 16. MPU Flow Chart 

O-DPR 
1-F, I 
1-R/W 
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7.85 

S6809/S68A09/S68B09 

Note: AiserHng RESET wID reluh In 
entering the I'II.t IIquence from 
any polnlln the flow chart. 
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(VECTOR)-PC 

NMl 'Ffe 
'WI FFFA 

II1II FFFB 

FiiilI FFFS 

SWI2 FFF4 

'Wl3 FFF2 

86809 INTERRUPT STRUCTURE 

BUS STATE .A .s 
RUHIING 0 0 

INTERRUPT ACKNOWLEDGE • 1 

SYNC 1 • 
HALT/BGNT 1 1 
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Relative Addressing 

The bytes(s) following the branch opcode is (are) 
treated as a signed offset which is added to the pro
gram counter. If the branch condition is true then the 
calculated address (PC + signed offset) is loaded into 
the program counter. Program execution continues at 
the new location as indicated by the PC; Short (1 byte 
offset) and long (2 bytes offset) relative addressing 
modes are available. All of memory can be reached in 
long relative addressing as an effective address is inter
preted modulo 216. Some examples of relative addres
sing are: 

CAT 
DOG 

RAT 
RABBIT 

BEQ 
BGT 
LBEQ 
LBGT 
• 
• 
• 
NOP 
NOP 

CAT 
DOG 
RAT 
RABBIT 

Program Counter Relative 

(short) 
(short) 
(long) 
(long) 

The PC can be used as the pointer register with 8- or 
16·bit signed offsets. As in relative addressing the off
set is added to the current PC to create the effective 
address. The effective address is then used as the ad
dress of the operand or data. Program Counter Relative 
Addressing is used for writing position independent 
programs. Tables related to a particular routine will 
maintain the same relationship after the routine is 
moved, if referenced relative to the Program Counter. 
Examples are: 

LDA eAT,peR 
LEAX TABLE,peR 

Since program counter relative Is a type of Indexing, an 
additional level of Indirection Is available. 

LDA [CAT,peR] 
LDU [DOG,peR] 

S6809 Instruction Set 

The instruction set of the S6809 is similar to that of the 
S6800 and is upward compatible at the source code 
level. The number of opcodes has been reduced from 
72 to 59, but because of the expanded architecture and 
additional addressing modes, the number of available 
opcodes (with different addressing modes) has risen 
from 197 to 1464. 
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Some of the new instructions and addressing modes 
are described in detail below: 

PSHU/PSHS 

The push instructions have the capability of pushing 
onto either the hardware stack (S) or user stack (U) any 
or all of the MPU registers with a single instruction. 

PULUIPULS 

The pull instructions have the same capability of the 
push instruction, in reverse order. The byte immed
iately following the push or pull opcode determines 
which register or registers are to be pushed or pulled. 
The actual PUSH/PULL sequence is fixed; each bit 
defines a unique register to push or pull as shown in 
Figure 17. 

TFRlEXG 

Within the S6809, any register may be transferred to or 
exchanged with another of like-size, i.e., 8-bit to 8-bit or 
16-bit to 16-bit. Bits 4-7 of post byte define the source 
register, while bits 0-3 represent the destination 
register. These are denoted as follows: 

0000 - D 0101 - PC 
0001 - X 1000 - A 
0010 - Y 1001 - B 
0011 - U 1010 - CC 
0,100 - S 1011 - DP 

Note: All other combinations are undefined and INVALID. 

Load Effective Address 

The LEA works by calculating the effective address 
used in an indexed instruction and stores that address 
value, rather than the data at that address, in a pointer 
register. This makes all the features of the Internal 
addressing hardware available to the programmer. 
Some of the Implications of this instruction are Illus
trated in the following table of examples: 

The LEA Instruction also allows the user to access data 
in a position independent manner. For example: 

LEAX MSG1, PCR 
LBSR PDATA (Print message routine) 

MSG1 FCC 'MESSAGE' 

Figure 17. Push/Pull Postbyte 

- PULL ORDER PUSH ORDER-
PC U Y X OP B A CC PSHS/PULS 

FFFF ...... -INCREASING MEMORY AooRESS- ...... 0000 
PC S Y x OP B A CC PSHUIPULU 



Table 3. LEA Examples 

Inltruclen Opel.aDn CDmmlnl 

LEAX 10, X X+10 -x Adds 5·blt constant tOto X 
LEAX 500, X X+500 -x Adds 6·blt constant 500 to X 
LEAY A, Y Y+A -Y Adds S·bit accumulator to Y 
LEAY D, Y Y+D -Y Adds 16·bit D accumulator to Y 

LEAU -10, U U-l0 -U Subtracts 10 from U 
LEAS -10, S S-10 -S Used to reserve area on stack 
LEAS 10, S S+t'O -S Used to 'clean up' stack 
LEAX 5, S S+5 -x Transfers as well as adds 

This sample program prints "message." By writing 
MSG1,PCR, the assembler computes the distance be
tween the present address and MSG1. This result is 
placed as a constant into the LEAX instruction which 
will be indexed from the PC value at the time of execu
tion. No matter where the code is located, when it is 
executed, the computed offset from the PC will put the 
absolute address of MSG1 into the X pointer register. 
This code is totally position independent. 

MUL 

Multiplies the unsigned binary numbers in the A and B 
accumulator and places the unsigned result into the 
16-bit D accumulator. This unsigned multiply also 
allows multiple-precision multiplications. 

Long and Short Relative Branches 

The S6809 has the capability of program counter 
relative branching throughout the entire memory map. 
In this mode, if the branch is to be taken, the 8- or 16-bit 
Signed offset is added to the value of the program 
counter to be used as the effective address. This allows 
the program to branch anywhere in the 64K memory 
map. Position independent code can be easily gene
rated through the use of relative branching. Both short 
(8-bit) and long (16-bit) branches are available. 

Sync 

After encountering a Sync operation, the MPU enters a 
Sync State, stops processing instructions and waits for 
an interrupt. If the pending interrupt is non-maskable 
(NMi) or maskable (F1R<:i, 'fI!iO) with its mask bit (F or I) 
clear, the processor will clear the Sync state and per
form the normal interrupt stacking and service routine. 
Since F1R<:i and mci are not edge-triggered, a low level 
with a minimum duration of three cycles is required to 
assure that the interrupt will be taken. If the pending 
interrupt is maskable (FT'RQ,oo) with its mask bit (F or 
I) set, the processor will clear the Sync state and con
tinue processing in sequence. Figure 18 depicts Sync 
timing. 
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Software Interrupts 

A Software Interrupt Is an Instruction which will cause 
an Interrupt, and Its associated vector fetch. These 
Software Interrupts are useful In operating system 
calls, software debugging, trace operations, memory 
mapping, and software development systems. Three 
levels of SWI are available on this S6809, and are 
prioritized in the following order: SWI, SWI2, SWI3. 

16·Blt Operations 

The S6809 has the capability of processing 16-bit data. 
These instructions include loads, stores, compares, 
adds, subtracts, transfers, exchanges, pushes and 
pulls. 

Cycle-by·Cycle Operation 

The address bus cycle-by-cycle performance chart 
illustrates the memory-access sequence corres
ponding to each possible instruction and addressing 
mode in the S6809. Each instruction begins with an op
code fetch. While that opcode is being internally 
decoded, the next program byte is always fetched. 
(Most instructions will use the next byte, so this tech
nique considerably speeds throughput). Next, the 
operation of each opcode will follow the flowchart. 
VMA is an indication of FFFF16 on the address bus, 
RIW = 1 and BS = O. The following examples illustrate 
the use of the chart; see Figure 19. 

LBSR (Branch taken) 
Cycle # 

1 opcode Fetch 
2 opcode + 
3 opcode + 
4 VMA 
5 VMA 
6 ADDR 
7 VMA 
8 STACK (write) 
9 STACK (write) 

DEC (Extended) 
1 opcode Fetch 
2 opcode + 
3 opcode + 
4 VMA 
5 ADDR (read) 
6 VMA 
7 ADDR (write) 



Figure 18. SYNC Timing 

LAST 
CYCLE OF SYNC 
PREVIOUS OPCODE DEAD 
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DEAD INSTRUCT 

I CYCLE I FETCH I ... II.. .. 

SEE NOTE 
1 

ADDRESS==JC=~C=~C~=C~M~+~1J------t);?-----t-----------<...!:;;,!..y.~_)(~_-l<-__ _ 

DATA====X===X==JC=JC=~~----~~~----+-----------<~~-l<-_~~_~~ ___ 
R~ ____ ~~ __ ~,-__ ~r-----~~-----?~----~----------I--------------
8. =::x:=::=A~ ____ ---,1 
8S =::x:=::=A 

:Of 
NMll 

NOTE: 
1. IF THE MASK BIT IS SET WHEN THE INTERRUPT IS REOUESTED 

PROCESSING Will CONTINUE WITH INSTRUCTION EXECUTION 
FETCHED FROM PfieVIOUS STEP. HOWEVER, IF AN NMi OR AN 
UNMASKED FiliO OR iRO CAUSED INTERRUPT, THE ADDRESS 
PLACED ON BUS FROM PREVIOUS CYCLE (M + 1) REMAINS ON 
BUS AND PROCESSING CONTINUES WITH THIS tV,elE AS 
(m+ 1) OR (n+ 1) OF INTERRUPT TIMING. 

2. IF MASK BITS ARE CLEAR jjijj & FiRO MUST BE HELD LOW 
FOR THREE CYCLES TO GUARANTEE INTERRUPT TO BE TAKEN, 
ALTHOUGH ONLY ONE CYCLE IS NECESSARY TO BRING THE 
PROCESSOR OUT OF SYNC. 

( 
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Figure 19. Address Bus Cycle-by-Cycle Perfonnance 

NOTES 

1. ~:~: :~:esr:hO:;;W':::~~fI .. ~t~H~;.':"h-' 
Address Bua NNNN +' (21 

2. Address NNNN iSlocalion of opc:ode 

3, II opcode is I two bVI. opeode SUbsequlru 
addressee are in parenlhelil (-I 

4 Two-bvi. opcodes are highlighted No 

(Sheet 1 of 51 

Bce, BCS. BEQ, SGE, SGT, BHI, 
BHS, BlE, BLD, BlS, BLT, 
BNE, BPL, BRA, BAN, .----'-----, 
BSR, ave, 8VS 

Yeo 

No 
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Figure 19. Address Bus Cycle-by-Cycle Perfonnance (Continued) 
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CWAtl 
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Figure 19. Address Bus Cycle-by-Cycle Performance (Continued) 

(Sheet 3 of 61 

'"' 
TFAr-____ ~~----~~~------~~~~----~~1_----~~~~------~.,~""~"~"'~,,,~~~Add~'"~"~I"~'~~ 

23 

heep! 
~SHU 

f'SHS, 
PULS, 
TFA 
ood 

"G 

NNNN + 1(2) 

Don't Care 

FFFF 

Address Low 

NNNN +2(3) 

Don't Care 

FFFF 



Figure 19. Address Bus Cycle-by-Cycle Periormance (Continued) 

(Sheet 4 of 5) 

Constant OffMt lrom R 
NoOlfse\ 
8-Blt Offset 
I6-Bll0tfset 

Acc; ... m",lalo<Olfsetl,om R 
A Rl!QfSleI' Ollsel 
B Register Offset 
o RI'gI5I8fOffset 

Au10 Incr8m&ntlDe<;,ement R 
tnC'em&ntbv2 
Decrement by 2 

Constant DUse\ Irom PC 
&8" Ollset 
16·blt Ollsel 

Extended IndlfllC\ 
~ 

• The '1'Iclex 'e<;Ilster IS ll,crementeC follOWing 11" Indexed ateess 

7.93 

S6809/S68A09/S68B09 

Inon Register 
Inde~ Regls\eI ... Onset B'I'le 
Inde~ Register .. Ollse\ High Bvte' Ollsel Low Bvte 

Inde~ Register ... A Register 
Indel< RegiSter ... B Register 
Incle~ Register + 0 Register 

Index RegiSte,· 
Index Register - 2 

Progflm Counter.;. onset Byte 
Program eourller .. 011581 High Bvte Offset low Byte 

Address High Byle: AddrM Low Byte 



S6809/S68A09/S68B09 

Figure 19. Address Bus Cycle-by-Cycle Performance (Continued) 
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S6809 Instruction Set Tables 

The instructions of the S6809 have been broken down 
into six different categories. They are as follows: 

8-Bit Operation (Table 4) 
16-Bit Operation (Table 5) 
Index Register/Stack Pointer Instructions (Table 6) 
Relative Branches (Long and Short)(Table 7) 
Miscellaneous Instructions (Table 8) 
Hexadecimal Value Instructions (Table 9) 

Table 4. 8-Bit Accumulator and Memory Instructions 

Mnemonic(s) Operation 
ADCA, ADCB Add memory to accumulator with carry 
ADDA, ADOB Add memory to accumulator 

ANOA, ANDB And memory with accumulator 

ASL, ASLA. ASLB Arithmetic shift of accumulator or memory left 

ASR, ASRA. ASRB Arithmetic shift of accumulator or memory right 
BITA, BITB Bit test memory with accumulator 

CLR, CLRA, CLRB Clear accumulator or memory location 
CMPA, CMPB Compare memory from accumulator 

COM, COMA, COMB Complement accumulator or memory location 

DAA Decimal adjust A-accumulator 
DEC, OECA, DECB Decrement accumulator or memory location 

EORA, EORB Exclusive OR memory with accumulator 
EXG Rl. R2 Exchange Rl with R2 (Rl, R2 = A, B, CC, DP) 

INC, INCA, INCB Increment accumulator or memory location 
LOA, LOB Load accumulator from memory 

LSL, LSLA, LSLB logical shift left accumulator or memory location 
LSR, LSRA, LSRB Logical shift right accumulator or memory location 

MUL Unsigned multiply (A x B- D) 
NEG, NEGA, NEGB Negate accumulator or memory 

ORA, ORB OR memory with accumulator 
ROL, ROLA, ROLB Rotate accumulator or memory left 
ROR. RORA, RORB Rotate accumulator or memory right 

SBCA, SBeB Subtract memory from accumulator with borrow 
STA, STB Store accumulator to memory 

SUBA, SUBB Subtract memory tram accumulator 
TST, TSTA. TSTB Test accumulator or memory location 

TFR, R1, R2 Transter R1 to R2 (R1, R2 ~ A, B, ee, DP) 

NOTE: A, B, ec, or DP may be pushed to (pulled tram) either stack with PSHS, PSHU, (PULS, 
PULU) Instructions, 

Table 5. i6-Bit Accumulator and Memory Instructions 

Mnemonic(s) Operation 
AOOO Add memory te 0 accumulator 
CMPO Compare memory from 0 accumulator 

EXG 0, R Exchange 0 with X, Y, S, U or PC 
LDO Load 0 accumulator from memory 

SEX Sign Extend B accumulator into A accumulator 

STD Store 0 accumulator to memory 

SUBD Subtract memory from D accumulator 
TFR 0, R Transter 0 to X, Y, S, U or PC 
TFR R, 0 Transfer X. Y. S, U or PC to 0 
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Table 6. Index Register/Stack Pointer Instructions 

Mnemonic(s) Operation 
CMPS, CMPU Compare memory from stack pointer 

CMPX, CMPY Compare memory from index register 
EXG Rl, R2 Exchange 0, X, Y, S, U or PC with 0, X, y, S,UorPC 

LEAS, LEAU Load effective address into stack pointer 

LEAX, LEAY Load effective address into index register 

LOS, LOU Load stack pointer from memory 
LOX, LOY Load index register from memory 

PSHS Push any register(s) onto hardware stack (except S) 

PSHU Push any register(s) onto user stack (except U) 

PULS Pull any register(s) from hardware stack (except S) 

PULU Pull any register(s) from hardware stack (except U) 
STS, STU Store stack pOinter to memory 
STX, STY Store index register to memory 

TFR Rl, R2 Transfer 0, X, Y, S, U or PC to 0, X, Y,S,UorPC 

ABX Add B accumulator to X (unsigned) 

Table 7. Branch Instructions 
Mnemonic(s) Operation 
BCC, LBCC Branch if carry clear 
BCS, LBCS Branch if carry set 
BEQ, LBEQ Branch is equal 

BGE, LBGE Branch if greater than or equal (signed) 

BGT, LBGT Branch if greater (signed) 
BHI. LBHI Branch if higher (unsigned) 

BHS, LBHS Branch is higher or same (unsigned) 
BLE, LBLE Branch it less than or equal (signed) 
BLO, LBLO Branch if lower (unsigned) 
BLS, LBLS Branch it lower or same (unsigned) 
BLT, LBLT Branch it less than (Signed) 
BMI, LBMI Branch if minus 
BNE, LBNE Branch it not equal 
BPL, LBPL Branch is plus 
BRA, LBRA Branch always 
BRN, LBRN Branch never 
BSR, LBSR Branch to subroutine 
BVC, LBVe Branch it overflow clear 
BVS, LBVS Branch it overtlow set 

Table 8. Miscellaneous Instructions 

Mnemonlc(s) Operation 
ANDCC AND condition code register 

CWAI AND conditon code register, then wait for interrupt 

NOP No operation 
ORCC OR condition code register 

JMP Jump 
JSR Jump to subroutine 

RTI Return from interrupt 

RTS Return from subroutine 
SWI, SWI2, SWI3 Software interrupt (absolute indirect) 

SYNC Synchronize with interrupt line 
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Table 9. Hexadecimal Values of Machine Codes 

UP Mnlm Mode UP Mnlm 

! .ill,~I"~"ill ~Im.i pllililliililll",,, i', " '.,1", 
, I 

, , 
31 LEAY '""""",,",,"""" 01 • 

03 CDM 6 2 33 LEAU 

05 35 PULS 

07 ASR 6 2 37 PULU 

09 RDL . 6. .2 39 RTS 

DB 3B RTI 

DO TST 6 2 3D MUL 

DF CLR . Direct 6 2 3F SWI 

10~age 2 - - - .. 40NEGi\ 

12 NOP Inherent 2 1 42' 

14 ' 44 LSRA 

16 LBRA Relative 5 3 46 RORA 
:Ui 

18 ' 48 ASLA/LSLA 

lA ORCC liTl~;d 3 2 4A OECA 

lC ANO.CC liTl,);ed 3 2 4C INCA 

1E EXG : 8 2 4E' 

, , 
Mm@,m" 

21,BRN + 3 2 51 ' 

23 BLS 3 2 53 COMB 

25 BLO/BCS 3 2 55' 

2.7BEO 3 2 ... 56.RORS 

29 BVS 3 2 58,~~L,B/,~S,LB,. 

2B BMI 3 2 5AOECB 

20. BLT .. 3. ... 2 .. 5eINeS 

2F BLE Relative 3 2 5E' 
""",' ~' , 

" 

NOTE: All unused opcodes are both undefined and illegal 
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Mode UP Mnem Mode 

'I '1'"' 1"" ,I.' iIIlIT'llillll!l~I~I!"""~'i~II"'" ",Iii 11111iIJI~lilll ""I' " 

Indexed , 

Inherent 

Inh~rent 

,", 

I 

• 
7.96 

4+ 2+ 61 • 1 
4+ 2+ 63 CDM 6+ 2+ 

5+ 2 65 

5+ 2 67ASR J 6+2+ 

"5 1 69 RDL 6+2+ 

6/15 1 6B 

11 

19 

2 

2 

2 

2 

2 

2 

., . .1 

... 2 . 

~, 

,.,2, 

,.,2 

" 

1 60 TST 6+ 2+ 

," 
1 6F CLR Indll,ed 6+ t+ 

Ittiil 

1 70NEG . Extelded 7 3 
I :tt',d' 

72 ' 

1 74 LSR 7 3 

1 76 ROR 7 3 

'im 
1 78 ASL/LSL 7 3 

1 IA DEC I 3 

1 IC INC 7 3"'" 

IE JMP 4 3 

8:"c,MPA ,1 ... 2 .. J 

1 .... 83 .. SUBO. .. ,4. .. ...3 . 

I 85 BITA 2 ,.,2. 
lIl. 

1 87 • 

1 89 "AQCA, ,,2, ,2, 

,,1 ,.8B,~O.IJII, .. 2 .. ,3, 

1 BDBSR Relative 7 2 

8F ' 
I """"""""@'W I 

Legend 

- Number of MPU cycles (less possible push/pull or indexed-mode cycles) 

# Number of program bytes 

• Denotes u~used opcode 
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Table 9. Hexadecimal Values of Machine Codes (Continued) 

OP Mlllm Mode - # OPMlllm Modi -# OPMlllm Mod. - # 
, 

" 91 CMPA t 4 2 C4 ANDB I 2 2 I F7 STB 5 ,3 

93 SUBO I 6 2 C6 LOB I 2 2 I F9 AOCB 5 3 

95 BITA 4 2 C8 EORQ 2 2 FB ADDB 5 3, 

97 STA 4 2 CA ORB 2 2 FD STD 6 3 

99 ADCA 4 2 CC LDD 3 3 FF STU Exlehded 6 3 

9B ADDA 4 2 CE LDU Immed 3 3 I 

9D JSR 7 2 

9FSTX Direct 5 2 DI CMPB 4 2 

AOSUBA Ind~xed 4+ 2+ D3 ADDD 6 2 1022 LBHI 5(6) 4 

,A2,SBCA." 4+ 2+ D5 BITB 4 2 1024 LBHS/LBCC 5(6) 4 

A4 ANDA I 4+ ,,2:,:, I D7STB I ,4, "2,, ",I026LBNE 5(6) 4 

A6 LDA 4+ 2+ D9 ADC8 4 2 102B L8VC 5(6) 4 

AB EORA 4+ 2+ D8 ADD8 4 2 102AL8PL 5(6) 4 

AA ORA 4+ 2+ DD STD 5 2 102C LBGE • 5(61 4 

AC CMPX 6+ 2+ DF STU Direct 5 2 102E L8GT 5t61 4 

AE LOX 5+ 2+ EO SUBS tndexed 4+ 2+ 103F SWI/2 Inherent 20 2 

E2 S8C8 4+ 2+ lOBe CMPY t 5 ,,4 

81 CMPA + 5 3 I E4 AND8 I 4+ 2+ 1093 CMPD Direct 7 3 

83 SU8D 7 3 E6 LD8 4+ 2+ 109E LDY • ,6 3 

85 81TA 5 3 EBEORB 4+ 2+ 10A3 CMPD Indexed 7+ 3+ 

B7 STA I 5 3 I EA ORB I 4+ 2+ 10AE LDY • 6+ 3+ 

B9 ADCA I 5 3 I EC LDD I 5+ 2+ IOB3 CMPD Extended 8 4 

BB AODA I 5 3 I EE LOU • 5+ 2+ 108E LOY J. 7 4 

80 JSR 8 3 10CE LOS Immed 4 4 

BF STX Extended 6 3 I FI CMPB + 5 3 100F STS Direct 6 3 

COSU8B ImTed 2 2 F3 ADOD 7 3 IOEFSTS, Indexed 6+ 3+ 

C2 SBCB Immed 2 2 F5 BIT8 Extended 5 3 10FF STS Extended 7 4 

NOTE: All unused opcodes are both undefined and illegal 7.97 
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Table 9. Hexadecimal Values of Machine Codes (Continued) 

OI'Mnem Made OI'Mnem Made OI'Mnem Made 

1183 CMPU Immed 119C CMPS Direct 1183 CMPU Ex1ended 

NOTE: All unused opcodes are both undefined and illegal 
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Features 

o Interfaces With All S6800 Peripherals 

o Upward Compatible Instruction Set and Addressing 
Modes 

o Upward Source Compatible Instruction Set and 
Addressing Modes 

o Two 8-Bit Accumulators Can Be Concatenated Into 
One 16-Bit Accumulator 

o External Clock Inputs, E and Q, Allow System 
Synchronization 

Block Diagram 

TSC 

_Vee 

_Vss 

INSTRUCTION 
DECODE 

(IR) 

S6809E/S68A09E/S68B09E 

8-BIT 
MICROPROCESSING UNIT 

General Description 

The S6809E is an advanced processor within the S6800 
family offering greater throughput, improved byte effi
Ciency, and increased adaptability to various software 
disciplines. These include position independence, re
entrancy, recursion, block structuring, and high level 
language generation. 

Because the S6809E supports position-independent 
code, software can be written in modular form for easy 
user expansion as system requirements increase. The 
S6809E is hardware compatible with all S6800 peri
pherals, and any assembly language code prepared for 
the S6800 can be passed through the S6809 assembler 
to produce code which will run on the S6809E. 

Pin Configuration 

Vss HALT 

NMI TSC 

Iiili LlC 

FIRO RESET 

BS AVMA 

BA Q 

Vcc1 

Ao BUSY 

R/W 
RESET 

A, 

NMI A, Do 

FIRO A, 0, 

A, 0, 

AVMA 
A, 0, 

A, 0, 
HALT 

BA A, 0, 

LlC As 0, 

BS A, 0, 

A15 

E A" Au 

0 Au A13 
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S6809E Hardware Features 
o Fast Interrupt Request Input: Stacks 

Only Program Counter and Condition Code 
o Interrupt Acknowledge Output Allows 

Vectoring by Devices 
o Three Vectored Priority Interrupt Levels 
o SYNC Acknowledge Output Allows for 

Synchronization to External Event 
o NMI Blocked After RESET Until After 

First Load of Stack Pointer 
o Early Address Valid Allows Use With 

Slow Memories 
o Last Instruction Cycle Output (LlC) for 

Signalling Opcode Fetch 
o Busy Output Eases Multiprocessor Design 

Instruction Set 
o Extended Range Branches 
o Load Effective Address 
o 16-Bil Arithmetic 
o 8x8 Unsigned Multiply 

(AccumulatorA' B) 
o SYNC Instruction-Provides Software 

Sync With an External Hardware Process 
o Push and Pull on 2 Stacks 
o Push/Pull Any or All Registers 
o Index Registers May be Used as 

a Stack Pointer 
o Transfer/Exchange all Registers 

Addressing Modes 
o All S6800 Modes Plus PC Relative 

Extended Indirect, Indexed Indirect, and 
PC Relative Indirect 

o Direct Addressing Available Anywhere 
in Memory Map 

o PC Relative Addressing: Byte Relative 
( ± 32,768 Bytes From PC) 

o Complete Indexed Addressing Including 
Automatic Increment and Decrement, 
Register Offsets, and Four Indexable 
Register (X, Y, U and S) 

o Expanded Index Addressing 
o 0, 5, 8, 16-Bit Constant Offset 
o 8, 16-Bit Accumulator Offsets 

7.100 
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The S6809E gives the user 8- and 16-bit word capability 
with several hardware enhancements in the design 
such as the Fast Interrupt Request (FIRQ), Memory 
Ready (MRDY), and Quadrature (QOUT) and System 
Clock Outputs (EOUT)' With the Fast Interrupt Request 
(FIRQ) the S6809E places only the Program Counter and 
Condition Code Register on the stack prior to access
ing the FIRQ vector location. The Memory Ready 
(ivlR'DV) input allows extension of the data access time 
for use with slow memories. The System Clock (EOUT) 
operates at the basic processor frequency and can be 
as the synchronization signal for the entire system. The 
Quadrature Output (QOUT) provides additional system 
timing by signifying that address and data are stable. 

The External Clock mode of the S6809E is particularly 
useful when synchronizing the processor to an exter
nally generated signal. The Three-State Control input 
(TSC) places the Address and RIW line in the high impe
dance state for DMA or Memory Refresh. The last 
Instruction Cycle (LlC) is activated during the last cycle 
of any instruction. This signifies that the next instruc
tion cycle is the opcode fetch. The Processor Busy 
signal (BUSY) facilitates multiprocessor applications 
by allowing the designer to insure that flags being 
modified by one processor are not accessed by another 
simultaneously. 

The S6809E features a family of addressing capabilities 
which can use any of the four index registers and stack 
pointers as a pointer to the operand (or the operand ad
dress). This pointer can have a fixed or variable signed 
offset that can be automatically incremented or decre
mented. The eight-bit direct page register permits a 
user to determine which page of memory is accessed 
by the instructions employing "page zero" addressing. 
This quick access to any page is especially useful in 
multitasking applications. 

The S6809E has three vectored priority-interrupt levels, 
each of which automatically disables the lower priority 
interrupt while leaving the higher priority interrupt 
enabled. 

The S6809E gives the system designer greater flexibili
ty (through modular relocatable code) to enable the 
userto reduce system software costs while at the same 
time increasing software reliability and efficiency. 



E and Q Clock Inputs. The E and Q inputs are the clock 
signals required by the S6809E. The E signal is similar 
to the ~ signal of the S6800. Data is latched on the trail
ing edge of the E signal. The Q is a Quadrature clock 
and is used to signal the validity of the addresses o~ 
the address bus. The Q input is TTL compatible, the E 
input however, directly drives the internal MaS cir
cuitry. As a result, the E signal's levels must be higher 
than TTL levels, to minimize internal skew. The required 
signals are shown in Figures 1 and 2. Figure 11 shows 
the circuitry required to generate the proper signals. A 
74LS73 is required, as the other 7473 series are level 
triggered rather than edge-triggered, and will not gene
rate the proper waveforms. 

BUSY_ The BUSY output is used for arbitration of the 
MPU bus. The BUSY signal signifies that the S6809E 
will need the bus for at least the next cycle, as it is in 
the middle of a multiple-byte data access. The BUSY 
signal will be high forthe first two cycles of the operand 
fetch of any Read-Modify-Write instruction, high during 
the first operand fetch of any double-byte instructions 
(LDD, STD) and high during the first byte access of any 
indirect access or vector fetch operation. BUSY is not 
active during pushes or pulls from the stack (PUL, PSH). 
Figure 12 shows the timing for the BUSY signal for a 

Figure 10. E/Q Relationship 
START OF CYCLE 

S6809E/S68A09E/S68B09E 

Read-Modify-Write operation (ASL @6300). 

AVMA. The AVMA output is an advanced Valid Memory 
Address signal. This output goes HIGH one cycle 
before the MPU performs a memory access. The advan
ced nature of this signal allows bus arbitration logic an 
advanced warning of potential bus conflict. 

LlC. The LlC output is the Last Instruction Cycle signal. 
This signal's HIGH to LOW transition signals that the 
current MPU cycle is an opcode fetch. The LlC signal 
will be held HIGH when the MPU is Halted at the end of 
an instruction (Le., not in CWAI or RESET), when the 
MPU is in the SYNC state or while it is stacking during 
interrupts. 

TSC. The TSC input is a Tri-State-Control for the 
S6809E's Address, data and R/W buffers. To force the 
MPU into the High-impedance state, the TSC line 
should be brought HIGH tpCST before the end of the 
current cycle. The clocks for the MPU are then stopped 
in the first quarter (E = 0, Q = 0) of the next cycle. To 
regain the bus, the TSC line should be brought low, and 
the clocks re-started. 

The TSC HIGH state is latched on the trailing edge of E, 
and therefore should be timed accordingly. 

END OF CYCl~ (LATCH DATA) 

r-----"""\\I.-__ ,---{ ______ I 
~'AVS~ 
I ~~2.4~V----------\ 

: ADDRESS VALID '-----1----

Figure 11. S6809E Clock Generator 

4Xfo 1-..-_____ _ 
Osc. SN74LS73 ,----- Q 

IBI 

I-- J 

IAI 

Q~~--~~~Q~--~+--------' 
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Features 

D Full or Half Duplex Operation 
Transmits and Receives Serial Data Simul
taneously or at Different Baud Rates 

D Completely Programmable- Data Word Length, 
Number of Stop Bits, Parity 

D Automatic Start Bit Generation 
D Data and Clock Synchronization Performed 

Automatically 

Block Diagram 33 32 31 3a 29 21 2J 25 
TAl TAl TAl TRI TII4 TAs TAl TAl 

1~+5V 

l~OV 

" '" 
" '" 
" WLS1 

" WlS1 

" '" 

" ""' 

RfCEIVERHDLDING 
AEGJSTER 

==0-
~~~:~~ 

SFD PE 

16 13 

CDNaOl 
SHIFT 
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51602 

UNIVERSAL ASYNCHRONOUS 
RECEIVER/TRANSMITTER 

D Double Buffered-Eliminates Timing Difficulties 
D Completely Static Circuitry 
D Fully TIL Compatible 
D Three-State Output Capability 
D Single Power Supply: + 5 V 
D Standard 40-Pin Dual-in-Line Package 
D Plug In Compatible with Western Digital TR1602A, 

TR1863, Fujitsu 8868A 

Pin Configuration 

" '" 

Vee mc .. 
'" 

"N,r; EPE 

" v~ WlSl THAl 

" 
RAD WLS2 

THIIE 

RA, SBS 

RA, PI 

" '"' RA, CAL 

" 
RA, TA, 

". RA. TA, 

RA, TA, 

RA, TA, 

RR, TR. 

PE TR, 

FE TR, 

OE TR, 

SFD TR. 

RRC TR' 

ORR fiiRl 

DR THRE 

RI MR 

OE OR 
15 19 



General Description 

The AMI S1602 is a programmable Universal Asynchro
nous Receiver/Transmitter (UART) fabricated with 
N-Channel silicon gate MOS technology. All control 
pins, input pins and output pins are TTL compatible, 
and a single + 5 volt power supply is used. The UART 
interfaces asynchronous serial data from terminals or 
other peripherals, to parallel data for a microprocessor, 
computer, or other terminal. Parallel data is converted 
by the transmitter section of the UART into a serial 

Absolute Maximum Ratings· 

51602 

word consisting of the data as well as start, parity, and 
stop bit(s). Serial data is converted by the receiver sec
tion of the UART into parallel data. The receiver section 
verifies correct code transmission by parity checking 
and receipt of a valid stop bit. The UART can be pro
grammed to accept word lengths of 5, 6, 7, or 8 bits. 
Even or odd parity can be set. Parity generation check
ing can be inhibited. The number of stop bits can be 
programmed for one, two, or one and one half when 
transmitting a 5-bit code. 

Vee Pin Potential to Vss Pin ................................................................................................................. - O.3V to + 7.0V 

Input Voltage ........................................................................................................................................ - 0.3V to + 7.0V 

Operating Temperature ........................................................................................................................... O·C to + 70·C 

Storage Temperature ....................................................................................................................... - 55·C to + 150·C 

·Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data sheets. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 

Capacitance: TA = 25·C; f = 1 MHz; VIN = OV 

Symbol Parameter 

Input Capacitance for all Inputs 

Guaranteed Operating Conditions (Referenced to VSS) 

Symbol Parameter 
Operating 

Min. Typ. Max. Unit 
Temperature 

Vee 4.75 5.0 5.25 V 
Supply Voltage DoC to + 70°C 

Vss 0.0 0.0 0.0 V 

VIH Logic I nput High Voltage O°C to + 70°C 2.2 Vee V 

VIL Logic Input Low Voltage O°C to + 70°C -0.3 +O.B V 

D_C. Characteristics (Guaranteed Operating Ranges Unless Otherwise Noted.) 

Symbol Parameter Min. Typ. Max. Unit 

IlL Input Leakage Current (VIN = a to 5.25V, Vee = 5.25V) 1.4 mA 

ILl Output Leakage Current for 3- State (VOUT =OV to Vee, -20 +20 I1A 
SFD = RRD = VIH 

VOL Output Low Voltage (IOL = 1.BmA) 0.4 V 

VOH Output High Voltage (IOL = - 2OOI1A) 2.4 V 

lec Vee Supply Current 70 mA 

7.104 
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A.C. Charact$ristlcs (Guaranteed Operating Ranges Unless Otherwise Noted) 

Symbol Parameter Min. Typ. Max. Unit 

fe Clock Frequency for RRC and TRC (Duty Cycle = 50%) DC 800 kHz 

tpwe CRL Pulse Width, High 200 ns 

tPWT THRL Pulse Width, Low 180 ns 

tPWR DRR Pulse Width, Low 180 ns 

tPWM MR Pulse Width, High 150 ns 

te Coincidence Time (Figure 3 and Figure 8) 180 ns 

tHOlO Hold Time (Figure 3 and Figure 8) 20 ns 

tSET Setup Time (Figure 3 and Figure 8) 0 ns 

tpDo Propagation Delay Time High to Low, Output (C l = 130pF + 1 TTL) 350 ns 

tpD1 Propagation Delay Time Low to High, Output (C l = 130pF + 1TTL) 350 ns 

Pin Description 
Pin 
1 
2 

3 
4 

5-12 

13 

14 

15 

16 

17 

18 
19 

20 

Label 

Vee 
N.C. 

Vss 
RRD 

RRB-RR1 

PE 

FE 

OE 

SFD 

RRC 
DRR 
DR 

RI 

Function 
Power Supply- normally at + 5V. 
No Connection. On the S1602 this is an unconnected pin. On the TR1602A this is a -12V supply. 
-12V is not needed on the S1602 and thus the N.C. pin allows the S1602 to be compatible with the 
TR1602A. 
This is normally at OV or grou nd. 
Receive Register Disconnect. A high logic level, V1H , on this pin disconnects the Receiver Holding 
Register outputs from the data outputs RRB-RR1 on pin 5-12. 
Receiver Holding Register Data. These are the parallel outputs from the Receiver Holding Register, if 
the RRD input is low (V1l). Data is (LSB) right justified for character formats of less than eight bits, 
with RR1 being the least significant bit. Unused MSBs are forced to a low logic output level, VOL. 
Parity Error. This output pin goes to a high level if the received parity does not agree with that pro
grammed by the Even Parity Enable input (pin 39). This output is updated as each character is 
transferred to the Receiver Holding Register. The Status Flag Disconnect input (pin 16) allows addi
tional PE lines to be tied together by providing an output disconnect capability. 
Framing Error. This output pin goes high if the received character has no valid stop bit. Each time a 
character is transferred to the Receiver Holding Register, this output is updated. The Status Flag 
Disconnect input (pin 16) allows additional FE lines to be tied together by providing an output 
disconnect capability. 
Overrun Error. This output pin goes high if the Data Received Flag (pin 19) did not get reset before 
the next character was transferred to the Receive Holding Register. The Status Flag Disconnect input 
(pin 16) allows additional OE lines to be tied together providing an output disconnect capability. 
Status Flag Disconnect. When this input is high, PE, FE, OE, DR and THRE outputs are forced to high 
impedance Three-State allowing bus sharing capability. 
Receive Register Clock. This clock input is 16x the desired receiver shift rate. 
Data Received Reset. A low level input, V1l , clears the Data Received (DR) line. 
Data Received. When a complete character has been received and transferred to the Receiver Holding 
Register, this output goes to the high level, VOH' 
Receiver Input. Serial input data enters on this line. It is transferred to the Receiver Register as deter
mined by the character length, parity and number of stop bits. When data is not being received, this 
input must remain high, V1H . 
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Pin Description 

Pin Label 

21 MR 

22 THRE 

23 

24 TRE 

25 TRO 

26-33 

34 CRL 

35 PI 

36 SBS 

37, 38 

39 EPE 

40 TRC 

81602 

Function 

Master Reset. A high level pulse, V1H , on this input clears the internal logic. The transmitter and 
Receive Registers, Receiver Holding Register, FE, DE, PE, ORR are reset. In addition, the serial out-
put line is set to a high level, VOH . . 

Transmitter Holding Register Empty. This output will go high when the Transmitter Holding Register 
completes transfer of its contents to the Transmitter Register. The high level indicates a new 
character may be loaded into the Transmitter Holding Register. 

Transmitter Holding Register Load. When a low level, V1L , is applied to this input, a character is loaded 
into the Transmitter Holding Register. The character is transferred to the Transmitter Register on a 
low to high level, V1H , transition as long as the Transmitter Register is not currently in the process of 
transmitting a character. If a character is being transmitted, the transfer is delayed until the trans
mission is completed. The new character is then transferred simultaneously with the start of the 
serial transmission of the new character. 

Transmitter Register Empty. Goes high when the Transmitter Register has completed the serial trans
mission of a full character including the required number of stop bits. A high will be maintained until 
the start of transmission of the next character. 

Transmitter Register Output. Transmits the Transmitter Register contents (Start bit, Data bits, Parity 
bit and Stop bit(s) serially. Remains high, VOH , when no data is being transmitted. Therefore, start 
of transmission is determined by transition of the Start bit from high to low level voltage, VOL. 

Transmitter Register Oata Inputs. The THRL strobe loads the character on these lines into the 
Transmitter Holding Register. If WLS1 and WLS 2 have selected a character of less than 8 bits, the 
character is right justified to the least significant bit, TR1 with the excess bits not used. A high input 
level, V1H , will cause a high output level, VOH ' to be transmitted. 

Control Register Load. The control bits, (WLS1, WLS 2, EPE, PI, SBS), are loaded into the Control 
Register when the input is high. This input may be either strobed or hard wired to the high level. 

Parity Inhibit. Parity generation and verification circuitry are inhibited when this input is high. The PE 
output will be held low as well. When in the inhibit condition the Stop bit(s) will follow the last data 
bit on transmission. 

Stop Bit(s) Select. A high level will select two Stop bits, and a low level selects one Stop bit. If 5-bit 
words are selected, a high level will generate one and one-half Stop bits. 

Word Length Select. The state of these two (2) inputs determines the character length (exclusive of 
parity) as follows: 

WLS 2 WLS 1 WORO LENGTH 

LOW LOW 5 bits 

LOW HIGH 6 bits 

HIGH 

HIGH 

LOW 

HIGH 

7 bits 

8 bits 

Even Parity Enable. A high voltage level, V1H , on this input will select even parity, while a low voltage 
level, V1L , selects odd parity. 

Transmitter Register Clock. The frequency of this clock input should be 16 times the desired baud 
rate. 
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Figure 1. Receiver Operator Timing 

.... ---- ..... SEE FIG. 2 FOR DETAil 

".-- " , , , 
START / STOP Sl ART ~ 
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/ 

Figure 2. Timing for Status Flags, RR1 thru RRa and DR 
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Figure 3. Transmitter Operator Timing 

SEE FIG. 4 
FOR DETAIL 
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SEE FIG. 5 
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Figure 4. Data Input Load Cycle 
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Figure 5. Transmitter Output Timing(1) 

INPUT 
TRC 

CRt CFt 

TO TRANSMITTER REGISTER 

CR2 CF2 CR3 CF3 CR4 CF4 

INPUT 
THRL 

WHENEMPTY~ v---------~----+---~----------------
""-.. VOH I 

'-.,.-__ --"-1 ____ ..J 

TO TRANSMITTER - J) -
OUTPUT HOLDING REGISTER 

THRE 
VOH I 

1'-=---+---.>..+----+-"+ - - __ ..I 

OUTPUT 
TRE 

OUTPUT 
TRO 

NOTES: 

MAX 
500n, 

-------------------------+"'"'----, 
MAX 
500n, 

\ 

1. When the positive transition of THRL is 500ns or more before the falling edge of TRC (CF2 in the 
figure), TRE is enabled at CFZ. But, when 500ns>G»Ons, TRE is invalid between CFZ andCF3. 

Z. THRE goes to low during 500ns Max. from the positive transition of THRl. 
3. TRE goes to low during 500ns Max. from the first falling edge of TRC after THRE goes to low with 

TRE high. 
4. TRO goes to low (START BIT) during 500ns Max. from the first rising edge of TRC after TRE goes to 

low. 
5. THRE goes to high during 500ns Max. from the falling edge of TRC after START BIT is enabled. 

Figure 6. Transmitter Output Timing(2) 

INPUT 
TRC 

INPUT 
THRL 

OUTPUT 
THRE 

OUTPUT 
TRE 

OUTPUT 
TRO 

NOTES: 
• Z·5, refer to Figure 5. 

DATA 

MAX 
500ns 

6. TRANSMITTER REGISTER EMPTY goes to high during 500ns Max. from the 15th rising edge of 
TRC after STOP BIT is enables. 
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Figure 7. Input After Master Reset 
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RI 

Figure 8. Control Register Load Cycle 
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Figure 9. Status Flag Output 
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Figure 10. Data Output 
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Features 

o 500kHz Data Rates 
0 Internal Sync Detection 

0 Fill Character Register 

0 Double Buffered Input/Output 

0 Bus Oriented Outputs 

0 5-8 Bit Characters 

0 Odd/Even or No Parity 

0 Error Status Flags 

0 Single Power Supply ( + 5V) 
0 Input/Output TTL-Compatible 

Block Diagram 

GND Vee 
07 06 D4 03 02 01 00 

T'OS 138!!,' ~---.,.....=:;:JT---"Jr;::=+t-~124)m 
cs (5) 

NOB?!!) 

N09rO) 

POE (4) 

NPB (3) 

rep (38) 

ifR 1131 

(37) ,cp 

TBMT I9) 

Fer m 
'81 '" APE 110) 

'RDR 111) 

RDA (12) 

CONTROL 

REQISTEA 

'81 
'so 

FlESET 
:::: IW! 

114IL_-==~~J;j~~;;;t;~j;;J:~J ifill 
(26) (27) (28) (29) (30) (311 (32) (33) 

,illS! ,11107 ,11106 RDS ,11104 ,11103 RDZ Fl01 ROO 
TSMT Fer SCR RPE RCA RDA 
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UNIVERSAL SYNCHRONOUS 
RECEIVER/TRANSMITTER 

General Description 

The S2350 Universal Synchronous Receiver Trans
mitter (USRT) is a single chip MOS/LSI device that 
totally replaces the serial-to-parallel and parallel-to
serial conversion logic required to interface a word 
parallel controller or data terminal to a bit-serial, syn
chronous communication network. 

The USRT consists of separate receiver and transmit
ter sections with independent clocks, data lines and 
status. Common with the transmitter and receiver are 
word length and parity mode. Data is transmitted and 
received in a NRZ format at a rate equal to the respec
tive input clock frequency. 

Pin Configuration 

GND NDBz 

Vee NOB, 

NPB ros 
POE RCP 

OS TCP 

TSO ROE 

FCT SWE 

SCR ROD 

TBMT RD, 

RPE RD, 

ROR RD, 

RDA RD, 

1!1! RD, 

RESET RD, 

Do RD, 

0, RSI 

0, m 
0, lIB 

0, 0, 

0, DB 
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A.C. (Dynamic) Electrical Charcteristics* (Continued) 

Symbol I Parameter Min. Typ. Max. Unit Condition 

Input Pulse Width 

PTCP Transmit Clock 900 nsec CL = 20pF 

PRCP Receive Clock 900 nsec 1 TTL Load 

PRST Reset 500 nsec 

PTDS Transmit Data Strobe 200 nsec 

PTFS Transmit Fill Strobe 200 nsec 

PRss Receive Sync Strobe 200 nsec 

Pcs Control Strobe 200 nsec 

PROE Receive Data Enable 400 nsec Note 1 

PSWE Status Word Enable 400 nsec Note 1 

PRR Receiver Restart 500 nsec 

Switching Characteristics 

TTSO Delay, TCP Clock to Serial Data Out 700 nsec 

TTBMT Delay, TCP Clock to TBMT Output 1.4 "sec 

TTBMT Delay, TDS to TBMT 700 nsec 

TSTS Delay, SWE to Status Reset 700 nsec 

TROD Delay, SWE, RDE to Data Output 400 nsec 1TTL Load 

THROO Hold Time SWE, RDE to Off State 400 nsec CL = 130pF 

TOTS Data Set Up Time TDS, TFS, RSS, CS 0 nsec 

TOTH Data Hold Time TDS 700 nsec 

TOTI Data Hold time TFS, RSS 200 nsec 

TCNS Control Set Up Time NDB1, NDB2, NPB, POE 0 nsec 

TCNH Control Hold Time NDB1, NDB2, NPB, POE 200 nsec 

TROA Delay RDE to RDA Output 700 nsec 

NOTE 1: Required to reset status and flags. 
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Data messages are transmitted as a contiguous char
acter stream, bit synchronous with respect to a clock 
and character synchronous with respect to framing or 
"sync" characters initializing each message. The USRT 
receiver compares the contents of the internal Receiver 
Sync Register with the incoming data stream in a bit 
transparent mode. When a compare is made, the 
receiver becomes character synchronous formatting a 
5,6,7, or S-bit character for output each character time. 
The receiver has an output buffer register allowing a full 
character time to transfer the data out. The receiver 
status outputs Indicate received data available (RDA), 
receiver overrun (ROR), receive parity error (RPE) and 
sync character received (SCR). Status bits are available 
on individual output lines and can also be multiplexed 
onto the output data lines for bus organized systems. 
The data lines have tri-state outputs. 

The USRT transmitter outputs 5, 6, 7, or S-bit characters 

Absolute Maximum Ratings 

82350 

with correct parity at the transmitter serial output (TSO). 
The transmitter is buffered to allow a full character time 
to respond to a transmitter buffer empty (TBMT) re
quest for data. Data is transmitted in a NRZ format 
changing on the positive transition of the transmitter 
clock (TCP). The character transmitter fill register is in
serted into the data message if a data character is not 
loaded into the transmitter after a TBMT request. 

Typical Applications 

D Computer Peripherals 

D Communication Concentrators 

D Integrated Modems 

D High Speed Terminals 

D Time Division Multiplexing 

D Industrial Data Transmission 

Ambient Temperature Under Bias ...................................................... O°C to + 70°C 
Storage Temperature ............................................................ - 65°C to + 150°C 
Positive Voltage on Any Pin With Respect to GROUND ............................................. + 7V 
Negative Voltage on Any Pin With Respect to GROUND ........................................... - 0.5V 
Power DisSipation .......................................................................... 0.75W 

D_C_ (StatiC) Electrical Characteristics· (Vee = 5.0V ± 5%; TA = O°C to + 70°C unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Unit Condition 

VIH Input High Voltage 2.0 Vee V 

Vil I nput Low Voltage -0.5 +0.8 V 

III I nput Leakage Cu rrent 10 j.lA VIN = Oro Vee V 

VOH Output High Voltage 2.4 V 10H = -100j.lA 

VOL Output Low Voltage +0.4 V 10l = 1.6mA 

CIN I nput Capacitance 10 pF VIN = OV; f = 1.0MHz 

Cour Output Capacitance 12 pF VIN = OV; f = 1.0MHz 

Icc Vcc Supply Current 100 mA No Load; Vcc = 5.25V 

* Electrical Characteristics included in this advanced product description are objective specifications and may be subject to change. 

A_C_ (DynamiC) Electrical Characteristics· (Vee = 5.0V ± 5%; TA = O°C to + 70°C unless otherwise noted) 

Symbol Parameter Condition 

TCP, RCP Clock Frequency 
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June 1983 ASYNCHRONOUS COMMUNICATION 
INTERFACE ADAPTER 

Features 
o On-Chip Baud Rate Generator: 15 Programmable 

Baud Rates Derived from a Standard 1.8432MHz 
External Crystal (50 to 19,200 Baud) 

o Programmabl,e Interrupt and Status Register to 
Simplify Software Design 

o Single + 5 Volt Power Supply 
o Serial Echo Mode 
o False Start Bit Detection 
o 8-Bit Bi-Directional Data Bus for Direct Communi

cation With the Microprocessor 
o External 16X Clock Input for Non-Standard Baud 

Rates (Up to 125K Baud) 
o Programmable: Word Lengths; Number of Stop 

Bits; and Parity Bit Generation and Detection 

Block Diagram 

+2 
R/W_ 

CSD_ SELECT 

CS,_ AND 
CONTROL RSD __ 

LOGIC 
RS, __ 
RES __ 

DBD~ 
DATA 

! BUS 

DB,~ 
BUFFERS 
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o Data Set and Modem Control Signals Provided 
o Parity: (Odd, Even, None, Mark, Space) 
o Full-Duplex or Half-Duplex Operation 
o 5, 6, 7, 8 and 9-Bit Transmission 

General Description 
The S6551/S6551A is an Asynchronous Communica
tion Adapter (ACIA) intended to provide interfacing for 
the microprocessors to serial communication data 
sets and modems. A unique feature is the inclusion of 
an on-chip programmable baud rate generator, with a 
crystal being the only external component required. 

Pin Configuration 

TxD GND R/W 

CSD +2 

CS, IRQ 
iRD 
DCD RES DB, 

DSR RxC DBa 

XTAL1 DBs 
RxC 

XTAL' XTAL2 DB, 

XTAL2 RTS DB3 

CTS DB2 

TID DB, 

DTR DBa 

RxD DSR 

RSo DCD 

RS, Vee 

DlR 

iffs 
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Absolute Maximum Ratings 

Supply Voltage Vee ............................................................................................................................ - D.3V to + 7.DV 
Input/Output Voltage Y,N ........................................................................................................................ - D.3V to + 7.DV 
Operating Temperature Range TA .............................................................................................................. DOC to + 7DoC 
StorageTemperatureRangeTstg ...................................................................................................... -55°Cto +15DoC 

All inputs contain protection circuitry to prevent damage to high static charges. eare should be exercised to prevent unnecessary appli· 
cation of voltages in excess of the allowable limits. 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating 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. 

Electrical Operating Characteristics (Vee = 5.DV ± 5%, TA = DOC to + 7DoC, unless otherwise noted) 

Symbol Parameter Min. Typ. Max. Units 

V,H Input High Voltage 2.0 - Vcc V 

V,L Input Low Voltage -0.3 - 0.8 V 

liN 
Input Leakage Current: V,N = 0 to 5V (~2, R/W, RES, - ±1.o ±2.5 j-tA CSo, CS1, RSo, RS1, CTS, RxD, DCD, DSR) 

ITSI Input Leakage Current for High Impedance State (Three State) - ±2.o ± 10,0 j-tA 

VOH 
Output High Voltage: ILOAD = -100j-tA (OBo-OB7, TxO, 

2.4 - - V 
Rx C, RTS, DTR) 

VOL 
Output Low Voltage: ILOAD = 1 ,6mA (DBo-DB7, T x 0, - - 0.4 V 
Rx C, RTS, DTR, IRQ) 

10H 
Output High Current (Sourcing): VOH = 2.4V (DBo-DB7' - - -100 j-tA 
T x 0, Rx C, RTS, DTR) 

10L 
Output Low Current (Sinking): VOL = o.4V (OBo-DB7, - - 1,6 mA 
T x 0, Rx C, RTS, DTR, IRQ) 

10FF Output Leakage Current (Off State): VOUT = 5V (IRQ) - 1,0 10,0 j-tA 

CCLK Clock Capacitance (~2) - - 20 pF 

C'N Input Capacitance (Except XTAL 1 and XTAL2) - - 10 pF 

COUT Output Capacitance - - 10 pF 

PD Power Dissipation (See Graph) (TA = O°C) - 170 300 mW 

Write Cycle (Vee = 5.DV ± 5%, TA = DOC to + 70°C, unless otherwise noted) 

S6551 S6551A 

Symbol Parameter Min. Max. Min. Max. Unit 

tCYC Cycle Time 1,0 - 0,5 - j-ts 

Ic ~2 Pulse Width 400 - 200 - ns 

tACW Address Set-Up Time 120 - 70 - ns 

tCAH Address Hold Time 0 - 0 - ns 

twcw R/W Set-Up Time 120 - 70 - ns 

tcwH R/W Hold Time 0 - 0 - ns 

tocw Data Bus Set-Up Time 150 - 60 - ns 

tHW Data Bus Hold Time 20 - 20 - ns 

(tr and If = 10 to 30ns) 
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Figure 1. Power Dissipation vs. Temperature 200 

TYPICAL 
POWER 

DISSIPATION 
(mW) 

Figure 2. Write Timing Characteristics 

+2 

CSo. Cs,. RSo. 

RfW 

DATA BUS 

175 

~ I"- -150 

125 

100 
020406080 

lAMBIENT ('C) 

Read Cycle (Vee = 5.QV ± 5%, TA = Q·G to + 7Q·G, unless otherwise noted) 

86551 

Symbol Parameter Min. Max. 

teyc Cycle Time 1.0 -

tc ~2 Pulse Width 400 -

tACR Address Set-Up Time 120 -

tCAR Address Hold Time 0 -

tWCR R/W Set-Up Time 120 -
tCOR Read Access Time (Valid Data) - 200 

tHR Read Hold Time 20 -
tCOA Bus Active Time (Invalid Data) 40 -
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V,N 

Va 

VIN 

VIL 

VIII 

VIL 

V,N 

V" 

86551A 

Min. Max. Unit 

0.5 - lis 

200 - ns 

70 - ns 

0 - ns 

70 - ns 

- 150 ns 

20 - ns 

40 - ns 



Figure 3. Clock Generation 

XTAL 1 6 

D 
XTAL2 

6551 

INTERNAL CLOCK 

Figure 4. Read Timing Characteristics 
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~------~----------------~-------------------------~ 

Transmit/Receive Characteristics 

S6551 S6551A 

Symbol Parameter Min. Max. Min. Max. Unit 

tCCY Transmit/Receive Clock Rate 400' - 400' - ns 

tCH Transmit/Receive Clock High Time 175 - 175 - ns 

tCl Transmit/Receive Low Time 175 - 175 - ns 

too EXTAL 1 to TxD Propagation Delay - 500 - 500 ns 

tOlY Propagation Delay (RTS. DTR) - 500 - 500 ns 

tlRQ IRQ Propagation Delay (Clear) - 500 - 550 ns 

(tr and If ~ 10 to 30ns) 

'The baud rate with external clocking is: Baud Rate ~ 1 
16 x tcCY 
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Figure 5. Test Load for Data Bus (OBo-OB7), TxO, 
OTR, RTS Outputs 

Vee 

2.4kQ 

S6551 PIN ---.---_-.I(~~~f--4---

130PF 1 :1_ 24kQ ~ ~ 
~~ 
~~ 

Figure 6b. Transmit Timing with External Clock 

~~IcH~CY (-
XTAL 1 I 

(TRANSMIT \ 
CLOCK INPUT) f----~ 

I-Icl-

~tDD~J.-__ _ 

TxO 

NOTE: TxO RATE IS 1116 TxC RATE. 

Pin Description 

RES (Reset). During system initialization a low on the 
RES input will cause internal registers to be cleared. 

+2 Input Clock. The Input clock Is the system +2 clock 
and Is used to trigger all data transfers between the 
system microprocessor and the S6551. 

RIw (Read/Write). The RIW Is generated by the mlcropro· 
cessor and Is used to control the direction of data 
transfers. A high on the RfJiJ pin allows the processor to 
read the data supplied by the S6551. A low on the RIW 
pin allows a write to the S6551. 

IRQ (Interrupt Request). The IRQ pin is an interrupt signal 
from the interrupt control logic. It is an open drain out· 
put, permitting several devices to be connected to the 
common IRQ microprocessor input. Normally a high 
level, IRQ goes low when an interrupt occurs. 

OBa-OB7 (Data Bus). The DBa-DB? pins are the eight 
data lines used for transfer of data between the pro· 
cessor and the 56551. These lines are bi·directional and 
are normally high·impedance except during Read 
cycles when selected. 
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Figure 6a. Interrupt and Output Timing 

t2 ___ ....I 

OTR,RTS )~ 
________________ ~--J~ 

_ ___ I-----I ..... jIRQ 
(CLEAR) 

Figure 6c. Receive External Clock Timing 

~- ~y ~ 
~ t.j_b ~ 

NOTE: RxO RATE IS 1116 RxC RATE. 

CSo-Cs, (Chip Selects). The two chip select inputs are 
normally connected to the processor address lines 
either directly or through decoders. The S6551 is selec· 
ted when eSa is high and 'CS1 is low. 

RSo• RS, (Register Selects). The two register select lines 
are normally connected to the processor address lines 
to allow the processor to select the various S6551 Inter· 
nal registers. The following table Indicates the Internal 
register select coding: 

Table 1 
RS, RS. WRITE READ 
0 0 Transmit Data Register Receiver Data Register 
0 1 Programmed Reset Status Register 

(Data is "Don't Care") 
1 0 Command Register 
1 1 Control Register 

The table shows that only the Command and Control 
registers are read/write. The Programmed Reset opera· 
tion does not cause any data transfer, but is used to 
clear the S6551 registers. The Programmed Reset is 
slightly different from the Hardware Reset (RES) and 
these diferences are described in the individual register 
definitions. 



XTAL1, XTAL2 (Crystal Pins). These pins are normally 
directly connected to the external crystal (1.8432MHz 
M·Tron Mp·2 recommended) used to derive the various 
baud rates. Alternatively, an externally generated clock 
may be used to drive the XTAL 1 pin, in which case the 
XTAL2 pin must float. 

TxD (Transmit Data). The TxD output line is used to 
transfer serial NRZ (non·return·to·zero) data to the 
modem. The LSB (least significant bit) of the Transmit 
Data Register is the first data bit transmitted and the 
rate of data transmission is determined by the baud 
rate selected. 

RxD (Receive Data). The RxD input line is used to 
transfer serial NRZ data into the ACIA from the 
modem, LSB first. The receiver data rate is either the 
programmed baud rate or the rate of an externally 
generated receiver clock. This selection is made by 
programming the Control Register. 
RxC (Receive ClOCk). The RxC is a bi·directional pin 
which serves as either the receiver 16xclock input or 
the receiver 16xclock output. The latter mode results if 
the internal baud rate generator is selected for receiver 
data clocking. 
RTS (Request to Send). The RTS output pin is used to 
con!!:2!., the modem from the processor. The state of 
the RTS pin is determined by the contents of the Com· 
mand Register. 
CTS (Clear to Send). The CTS input pin is used to con· 
trol the transmitter operation. The enable state is with 
CTS low. The transmitter is automatically disabled if 
CTS is high. 
DTR (Data Terminal Ready). This output pin is used to 
indicate the status of the S6551 to the modem. A low on 
OTR indicates theS6551 is enabled and a high indio 
cates it is disabled. The processor controls this pin via 
bit 0 of the Command Register. 

Figure 8. Control Register Format 
CONTROL REGISTER 

1 • • • 3 2 

STOP BITS " I I I 
0-- 1 STOP BIT 0 0 
1 = 2 STOP BITS 

0 0 1 STOP BIT IF WORD LEMGTH 
= B BITS AND PARITY· 0 0 1'1! STOP BITS IF WORD LENGTH 
= 5 BITS AND NO PARITY 0 0 

0 1 
WORDLEN8TH 0 1 

~~ DATA WORD 0 1 
LENGTH 

0 1 
0 0 • 1 0 
0 1 1 1 0 
1 0 • 1 0 
1 1 • 1 0 

RECEIVER CLOCK SOURCE 1 1 

1 1 
o = "'ERNAl ",CEIVER CLOCK I 1 1 
1 .. BAUD RATE GENERATOR 

1 1 

-THIS ALLOWS FOR 9·BlT TRANSMISSION (8 DATA BITS PlUS PARITY), 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 
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m (Data Set Ready). The LrS'R input pin Is used to indl· 
cate to the 86551 the status of the modem. A low Indi· 
cates.the "ready" state and a high, "not·ready."'i5SR Is 
a high·lmpedance input and must not be a no·connect. 
If unused, it should be driven high or low, but not 
switched. 
Note: If Command Register Bit 0 = 1 and a change of state on DS"R 
occurs, IRQ will be set, and Status Register Bit 6 will reflect the 
new level. The state of l)Sli does not affect either Transmitter or 
Receiver operation. 

DCD (Data Carrier Detect). The DCD input pin is used to 
indicate to the S6551 the status of the carrier·detect 
output of the modem. A low indicates that the modem 
carrier signal is present and a high, that it is not. DCD, 
like D8R, is a high·impedance input and must not be a 
no·connect. 
Note: If Command Register Bit 0 = 1 and a change of state on DCD 
occurs, IRQ will be set, and Status Register Bit 5 will reflect the 
new level. The state of DC[) does not affect Transmitter operation, 
but must be low for the Receiver to operate. 

Figure 7. Transmitter/Receiver Clock Circuits 

I RECEIVER M h

• 

RxC ~~r~E~ SYNC 
CONTROL ( + 16) LOGIC 
REGISTER 4--

BIT 4_ "I" \ 

no> _ ~ RATE DIVIDER o I GENERATOR (+ 16) 
XTAL2 

t t, t, 
BITS 0·3 IN 

CONTROL 
REGISTER I TRANSMITIER TxO 

SHIFT REGISTER 

0 

I BAUD RATE 
GENERATOR 

0 16x EXTeRNAL ClDCK 

1 50 BAUD 

0 75 

1 109.92 

0 134.88 

1 150 

0 300 
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0 1200 

1 1800 

0 2400 

1 3800 

0 0 4800 

0 1 7200 1 • • • 3 2 1 0 

1 0 9800 :~::::ER:::~T I~ I~ I 0 10 I 0 10 10 -1 0 I 1 1 19,200 
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Internal Organization 

The Transmitter/Receiver sections of the 56551 are 
depicted by the block diagram In Figure 7. 

Bits 0-3 of the Control Register select the divisor used 
to generate the baud rate for the Transmitter. If the 
Receiver clock is to use the same baud rate as the 
Transmitter, then RxC becomes an output pin and can 
be used to slave other circuits to the S6551. 

56551/56551 A 

Control Register 

The Control Register Is used to select the desired 
mode for the 56551. The word length, number of stop 
bits, and clock controls are all determined by the Con
trol Register, which is depicted in Figure 8. 

Command Register 

The Command Register is used to control Specific 
Transmit/Receive functions and is shown in Figure 9. 

Figure 9. Command Register Format COMMAND REGISTER 

7 

PARITY CHECK CONTROLS I 
7rT-~ OPERATION 

- - 0 PARITY DISABLED NO PARITY BIT 
GENERATED ND PARITY BIT RECEIVED 

0 0 1 000 PARITY RECEIVER AND lRANSMmER 

0 1 1 EVEN PARITY RECEIVER AND 
TRANSMITTER 

1 0 1 MARK PARITY BIT TIIANSMInED, 
PARITY CHECK DISABLED 

1 1 1 SPACE PARITY BIT TRANSMITTED, 
PARITY CHECK DISABLED 

NOIIMAUECHO MODE 
FOR RECEIVER 

o = NORMAL 

I 1 = ECHO (BITS 2 AND 3 
MUST BE "0'; 

Figure 10. Status Register Format 
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DATA TERMINAL READY 

I 
o = DISABLE RECEIVER AND ALL 

INTERRUPTS (DTii HIGH) 
1 = ENABLE RECEIVER AND ALL 

INTERRUPTS (m LOW) 

RECEIVER INTERRUPT ENABLE 

o = lim INTERRUPT ENABLED FROM BIT 3 
OF STATUS REGISTER 

1 = om INTERRUPT DISABLED 

TRANSMITTER CONmoLS 

m7 TRANSMIT lf1T r,-', INTERRUPT LEVEL TRANSMITTER 

0 0 DISABLED HIGH OFf 

0 1 ENABLED LOW D. 

1 0 DISABLED LOW D. 

1 1 DISABLED LOW TRANSMIT BRK 

7 6 5 • 3 , 1 0 

::::AA:::::;T I 0 I 0 I 0 I ! I ! I : I : I : I 

Status Register 

The Status Register is used to indicate to the pro
cessor the status of various S6551 functions and is 
outlined in Figure 10. 

Transmit and Receive Data Registers 

These registers are used as temporary data storage for 
the S6551 Transmit and Receive circuits. The Transmit 
Data Register is characterized as follows: 
OBit 0 is the leading bit to be transmitted. 
o Unused data bits are the high-order bits and are 

"don't care" for transmission. 
The Receive Data Register is characterized in a similar 
fashion: 
OBit 0 is the leading bit received. 
o Unused data bits are the high-order bits and are "0" 

for the receiver. 
o Parity bits are not contained in the Receive Data 

Register, but are stripped-off after being used for 
external parity checking. Parity and all unused high
order bits are "0". 



Figure 11 illustrates a single transmitted or received 
data word, for the example of 8 data bits, parity, and 1 
stop bit. 
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Figure 11. Serial Data Stream Example 
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Features 
o 8-Bit Bidirectional Bus for Communication with 

the MPU 
o Two Bidirectional 8-Bit Buses for Interface to 

Peripherals 
o Two Programmable Control Registers 
o Two Programmable Data Direction Registers 
o Four Individually-Controlled Interrupt Input Lines: 

Two Usable as Peripheral Control Outputs 
o Handshake Control Logic for Input and Output 

Peripheral Operation 
o High-Impedance Three-State and Direct Transistor 

Drive Peripheral Lines 
o Program Controlled Interrupt and Interrupt Disable 

Capability 
o CMOS Compatible Peripheral Lines 

Block Diagram 

mn 

-mIT 34 

TIWB31-t=========::j~~~:J: 

S6821/S68A21/S68B21 

PERIPHERAL INTERFACE 
ADAPTER (PIA) 

o Two TIL Drive Capability on all A and B Side 
Buffers 

o TIL Compatible 
o Static Operation 

General Description 
The S6821/S68A211S68B21 are peripheral Interface 
Adapters that provide the universal means of interfac
ing peripheral equipment to the S6800/S68AOO/S68BOO 
Microprocessing Units (MPU). This device is capable of 
interfacing the MPU to peripherals through two 8-bit bi
directional peripheral data buses and four control 
lines. No external logic is required for interfacing to 
most peripheral devices. 

The functional configuration of the PIA is programmed 
by the MPU during system initialization Each of the 

Pin Configuration 

GND ,e 40 CAl 

PAD 39 CAl 

PAl 38 IRQA 

PAl 37 TRfiB 
PAJ 36 RSO 

35 RSt 

PA' 34 RESET 

33 DO 

PAl 56821 32 DI 

31 D2 

PBI " 568A21 30 D3 

PB2 12 568821 29 D4 

" D' 

26 Dl 

24 CSt 

23 CS2 

21 R/W 
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General Description (Continued) 
peripheral data lines can be programmed to act as an 
input or output, and each of the four control/interrupt 
lines may be programmed for one of several control 
modes. This allows a high degree of flexibility in the 
overall operation of the interface. 

The PIA interfaces to the S6800/S68AOO/S68BOO MPUs 

Absolute Maximum Ratings: 

Symbol Rating 

Vee Supply Voltage 

VIN I nput Voltage 

TA Operating Temperature Range 

Tstg Storage Temperature Range 

IIja Thermal Resistance 

S6821 IS68A21 IS68821 

with an eight-bit bidirectional data bus, three chip 
select lines, two register select lines, two interrupt re
quest lines, read/write line, enable line and reset line. 
These signals, in conjunction with S6800/S68AOO/ 
S68BOO VMA output, permit the MPU to have complete 
control over the PIA. VMA may be utilized to gate the in
put signals to the PIA. 

Value Unit 

-0.3 to + 7.0 Vdc 

-0.3 to + 7.0 Vdc 

0° to + 70° °C 

- 55° to + 150° °C 

82.5 °C/W 

Note: This device contains circuitry to protect the inputs against damage due to high static voltages or ele.ctric fields; 
however, it is advised that normal precautions be taken to avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuil. 

Electrical Characteristics 

Vee = 5.0V ± 5%, Vss = 0, TA = 0 to 70°C unless otherwise noted. 

Symbol I Characteristic Min. I Typ. I Max. Unit Conditions 

Bus Control Inputs (RiW, Enable, Reset, RSO, RS1, CSO, CS1, CS2) 

VIH Input High Voltage Vss + 2.0 - Vcc Vdc 

VIL Input Low Voltage Vss-0.3 - Vss + 0.8 Vdc 

liN Input Leakage Current - 1.0 2.5 ~dc VIN=O to 5.25 Vdc 

CIN CapaCitance - - 7.5 pF VIN = O. TA = 25°C, 
f= 1.0MHz 

--Interrupt Outputs (IROA, IROB) 

VOL Output Low Voltage - - Vss + 0.4 Vdc ILOAD = 3.2 mAdc 

ILOH Output Leakage Current (Off State) - 1.0 10 MAdc VOH = 2.4 Vdc 

COUT Capacitance - - 5.0 pF VIN = 0, TA = 25°C, 
f = 1.0MHz 

Data Bus (DO -07) 

VIH Input High Voltage Vss + 2.0 - Vcc Vdc 

VIL Input Low Voltage Vss - 0.3 - Vss + 0.8 Vdc 

ITSI Three State (Off State) Input Current - 2.0 10 ~dc VIN = 0.4 to 2.4 Vdc 

VDH Output High Voltage Vss + 2.4 - - Vdc I LOAD = - 205~dc 

VOL Output Low Voltage - - Vss + 0.4 Vdc ILOAD = 1.6mAdc 

CIN CapaCitance - - 12.5 pF VIN = 0, TA = 25°C 
f = 1.0MHz 
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S6821 IS68A21 IS68B21 

Electrical Characteristics (Continued) 

Symbol I Characteristic Min. Typ. Max. I Unit I Conditions 

Peripheral Bus (PAD·PA7, PBD·PB7, CA1, CA2, CB1, CB2) 

liN 
I nput Leakage Current R/W, Reset, RSO, CSO, CS1, 1.0 2.5 fjAdc VIN = 0 to 5.25 Vdc 

CS2, CA1, CB1, Enable 

ITSI 
Three-State (Off State) PBO-PB7, CB2 2.0 10 fjAdc VIN = 0.4 to 2.4 Vdc Input Current 

IIH Input High Current PAO-PA7, CA2 - 200 -400 fjAdc VIH = 2.4 Vdc 

IOH Darlington Drive Current PBO-PB7, CB2 -1.0 -10 mAdc Vo = 1.5 Vdc 

IlL Input Low Current PAO-PAl, CA2 -1.3 -2.4 mAdc VIL = 0.4Vdc 

VOH Output High Voltage Vdc 
PAO-P7, PBO-PB7, CA2, CB2 Vss + 2.4 I LOAO = - 200fjAdc 

PAO-PA7, CA2 Vcc-1.0 I LOAO = - 10fjAdc 

VOL Output Low Voltage Vss + 0.4 Vdc ILOAO = 3.2mAdc 

CIN Capacitance 10 pF VIN = 0, TA = 25°C, 
f= 1.0MHz 

Power Requirements 

Po I Power Dissipation 550 I mW I 
A.C. (Dynamic) Characteristics Loading = 30pF and one TIL load for PAO-PA7, PBO-PB7, CA2, CB2 = 130pF and 
one TIL load for DO-D7, IROA, IROB (Vee = 5.0V ± 5%, Vss = 0, TA = O·C to + 70·C unless otherwise specified) 

Peripheral Timing Characteristics: Vee - 5.0V ± 5%, Vss = OV, TA = O·C to + 70·C unless otherwise specified 

S6821 S68A21 S68B21 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tposu Peripheral Data Setup Time 200 135 100 ns 

tpOH Peripheral Data Hold Time 0 0 0 ns 

tCA2 
Oelay Time, Enable Negative Transition 

1.0 0.670 0.5 f's to CA2 Negative Transition 

tRS1 
Delay Time, Enable Negative Transition 

1.0 0.670 0.50 f's 
to CA2 Positive Transition 

tr,tf 
Rise and Fall Times for CA 1 and CA2 

1.0 1.0 1.0 
Input Signals f's 

tRS2 
Delay Time from CA1 Active Transition 

2.0 1.35 1.0 
to CA2 Positive Transition f'S 

tpow 
Delay Time, Enable Negative Transition 

1.0 0.670 0.5 to Peripheral Data Valid f'S 

tcMoS 
Delay Time, Enable Negative Transition t~ 

2.0 1.35 1.0 f's Peripheral CMOS Data Valid PAO·PA7, CA2 
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Peripheral Timing Characteristics (Continued) 

Symbol Parameter 

tCB2 
Delay Time, Enable Positive Transition 
to CB2 Negative Transition 

toc 
Delay Time, Peripheral Data Valid to 
CB2 Negative Transition 

tRS1 
Delay Time, Enable Positive Transition 
to CB2 Positive Transition 

PWCT 
Peripheral Control Output Pulse Width, 
CA2!CB2 

tr, tf 
Rise and Fall Times for CB1 and CB2 
Input Signals 

tRS2 
Delay Time, CB1 Active Transition to 
CB2 Positive Transition 

tlR 
~upt Release Time, 
IROA and IROB 

tRS3 Interrupt Response Time 

PW1 Interrupt Input Pulse Width 

tRL Reset Low Time' 

'The Reset line must be high a minimum of 1.0~s before addressing the PIA. 

Figure 1. Enable Signal Characteristics 

n.8V 

Figure 3. Bus Write Timing Characteristics 
(Write Information into PIA) 

AS. 
os. 

A;W 

2.0V 

Q.av 

O.8V 

7.125 

S6821/S68A21/S68B21 

S6821 S68A21 S68821 

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

1.0 0.670 0.5 

2.0 20 20 

1.0 0.670 0.5 

550 550 550 

1.0 1.0 1.0 

2.0 1.35 1.0 

1.60 1.1 0.85 

1.0 1.0 1.0 

500 500 500 

1.0 0.66 0.5 

Figure 2. Bus Read Timing Characteristics 
(Read Information from PIA) 

DATA BUS 

Figure 4. Bus Timing Test loads 

100 - D7I s.ov 

TEST POINT O-r--r----i MM06150 

C 
130pF 

R 
l1.7k 

MMD7000 
OR EOUIV 

Units 

I'S 

ns 

I's 

ns 

I's 

I'S 

I's 

I'S 

ns 

I'S 
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Bus Timing Characteristics (Vee = + 5.0V ± 5%, Vss = 0, TA = T L to T H unless otherwise noted.) 

S6821 S68A21 S68821 

Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tCYCIE) Enable Cycle Time 1000 666 500 ns 

PWEH Enable Pulse Width, High 450 280 220 ns 

PWEL Enable Pulse Width, Low 430 280 210 ns 

tEr , tEl Enable Pulse Rise and Fall Times 25 25 25 ns 

tAS Setup Time, Address and R/W Valid to Enable 160 140 70 ns 
Positive Transition 

tAH Address Hold Time 10 10 10 ns 

tOOR Data Delay Time, Read 320 220 180 ns 

tOHR Data Hold Time, Read 10 10 10 ns 

tosw Data Setup Time, Write 195 80 60 ns 

tOHW Data Hold Time, Write 10 10 10 ns 

Figure 5. TTL Equiv. Test Load Figure 6. CMOS Equiv. Test Load Figure 7. NMOS Equiv. Test Load 
{PAD·PAI, PBO-PBl, CAl. CB21 

c 4M~ 12k 
ADJUSTALSOTHATII U~A 
WITH VI' O,4V ANC Vee' 5 2~V 

Vee 

Figure B. Peripheral Data Setup and Hold Times 
(Read Mode) 

PAO-PA7~24V y-
es" PO) ----.JJr<::.:....c:v-I---C......;1~ 

/
24V 

ENABLE ____ ...J. Gav 

liROONLYI 

(PAO - PAl, PBC·· PBI, CA2. CBll 

~
5"V 
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" 

TEST POINT 

1'""" 

Figure 9. CA2 Delay Time 
(Read Mode; CRA·5 = CRA·3 = 1, CRA·4 = 0) 

2,4V F 
* Assumes part was deselected during the previous E pulse. 



Figure 10. CA2 Delay Time 
(Read Mode; CRA·5 = 1, CRA·3 = CRA-4 = 0) 

ENA"E~'V 1 

( )1-[' II 

1-=-":"":"--

Figure 12. Peripheral Data and CB2 Delay Times 
(Write Mode; CRB-5 = CRB-3 = 1, CRB-4 = 0) 

Q.ev 

~IP[lW 
----~ }~l'-V----

PEOPB7 

---~ '1-"'"':...' -----

k-'"' -1 

CB2 Note: 
CB2 goes low as a result of the positive transition of Enable. 

Figure 14. Delay Time 
(Write Mode; CRB-5 = 1, CRB-3 = CRB-4 = 0) 

E","~'OV , 
.i'--_...::!I...::.,ri+~" '~, __ 

20V'\f 
CB1 J~ 

CS, ___ ,c_,,(~~< ----"":~:.'.7;"1--,.-!-~--

'Assumes part was deselected during any previous E pulse. 

Figure 16. IRQ Release Time 
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S6821 IS68A21 IS68B21 

Figure 11. Peripheral CMOS Delay Times 
(Write Mode; CRA·5 = CRA·3 = CRA-4 = 0) 

Q.8V 
tCMOS 

IPWD 

PAD PA 7 1,~V 

", ____ ..1 '!'"::::'"..:....:.. _____ _ 
I 

Figure 13. CB2 Delay Time 
(Read Mode; CRB-5 = CRB-3= 1, CRB-4=O) 

Figure 15. Interrupt Pulse Width and IRQ Response 

k---pw,---.J 

CAl,CA2 )< 2.QV i'\./ 
CB1, CB2 ___ --f ,"",o.',,-v ______ -1'1/\..'----

j....I'-----tRS3.---_~~ Q.4V 

'Assumes Interrupt Enable Bits are set. 

Figure 17. Reset Low Time 

:----\11-0---," .... _ "_l·-1;-
REm lY~ -f 

'The ReSei line must be a VI H for a minimum of 1.0J.lS 
before addressing the PIA. 
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Features 

o Operates from a Single 5 Volt Supply 
o Fully TTL Compatible 
o Single System Clock Required (Enable) 
o Selectable Prescaler on Time 3 Capable of 4MHz 

for the S6840, 6MHz for the S68A40 and 8MHz 
for the S68B40 

o Programmable Interrupts (IRQ) Output to MPU 
o Readable Down Counter Indicates Counts to Go to 

Time-Out 
o Selectable Gating for Frequency or Pulse-Width 

yomparison 
o RESET Input 
o Three Asynchronous External Clock and Gatel 

Trigger Inputs Internally Synchronized 
o Three Maskable Outputs 

Block Diagram 

R!W RSD RSI RS2 fsii CS1 

0 
= 
§ 

G3 E3 03 GZ C2 02 

General Description 

S6840/S68A40/S68B40 

PROGRAMMABLE 
TIMER 

The S6840 is a programmable subsystem component 
of the S6800 family designed to provide variable system 
time intervals. 

The S6840 has three 16-bit binary counters, three cor
responding control registers and a status register. 
These counters are under software control and may be 
used to cause system interrupts and/or generate out
put signals. The S6840 may be utilized for such tasks 
as frequency measurements, event counting, interval 
measuring and similar tasks. The device may be used 
for square wave generation, gated delay signals, single 
pulses of controlled duration, and pulse width modula
tion as well as system interrupts. 

ENABLE 
(SYSTEM ¢>2) 

Pin Configuration 

" 
11 

12 

13 

14 

28 

27 

28 

25 

24 

23 

22 

21 

20 

19 

18 

17 

" 
15 

G'i fi 01 
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S6840/S68A40/S68B40 

Absolute Maximum Ratings 

Supply Voltage Vee .............................................................. - 0.3 to + 7.0V 
Input Voltage VIN ................................................................ - 0.3 to + 7.0V 
Operating Temperature Range TA .................................................... 0° to + 70°C 
Storage Temperature .Range Tstg ................................................. - 55° to + 150°C 
Thermal Resistance fJJA ............................................................... 82.5°C/W 

Note: This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 

Electrical Characteristics: (Vee = 5.0V ± 5%, Vss = 0, TA = O°C to + 70°C unless otherwise noted.) 

Symbol Parameter 

V,H Input High Voltage 

V,L Input Low Voltage 

liN Input Leakage Current 

ITSI Three·State (Off State) Input Current 

VOH Output High Voltage 

VOL Output Low Voltage 

ILOH Output Leakage Current (Off State) 

Po Power Dissipation 

C'N Capacitance 

COUT 

Bus Timing Characteristics 
Read (See Figure 1) 

Symbol Characteristic 

tCVCE Enable Cycle Time 

PWEH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

00-07 

00.07 
All Others 

00.07 
01-03,I1W 

IRQ 

00.07 

All Others 

IRQ 
01,02,03 

tAS 
Setup Time, Address and R/W Valid to Enable 
Positive Transition 

tOOR Data Delay Time 

tH Data Hold Time 

IAH Address Hold Time 

I Ero Rise and Fall Times for Enable Input 
tEt 

Min. Typ. 

Vss + 2.0 

Vss - 0.3 

1.0 

2.0 

Vss + 2.4 
Vss + 2.4 

1.0 

86840 
Min. Max. 

1,0 10 

0,45 4.5 

0,43 

160 

320 

10 

10 

25 

7.129 

Max. Unit Conditions 

Vcc V 

Vss+0.8 V 

2.5 j.lA V,N =Ot05.25V 

10 j.lA V,N = 0.4 to 2.4 V 

V I LOAO = - 205j.1A 
V I LOAO = - 200j.tA 

Vss + 0.4 V ILOAO = I.SmA 
Vss+OA V ILOAO = 3.2mA 

10 j.lA VOH = 2.4V 

550 mW 

12.5 pF V,N = 0, TA = 25°C, 
7.5 f= 1.0MHz 

5.0 pF VIN = 0, TA = + 25°C, 
10 f= 1.0MHz 

868A40 868840 
Min. Mex. Min. Max. Unit 

0.666 10 0,5 10 j.lS 

0.280 4,5 0,22 4.5 j.lS 

0.280 0,21 j.lS 

140 70 ns 

220 180 ns 

10 10 ns 

10 10 ns 

25 25 ns 



Bus Timing Characteristics (Continued) 
Write (See Figure 2) 

Symbol Characteristic 

tCYCE Enable Cycle Time 

PW EH Enable Pulse Width, High 

PWEL Enable Pulse Width, Low 

tAS 
Setup Time, Address and R/W Valid to Enable 
Positive Transition 

tosw Data Setup Time 

tH Data Hold Time 

tAH Address Hold Time 

t Er , Rise and Fall Times for Enable Input 
tEl 

AC Operating Characteristics (See Figures 3 and 7) 

S6840 
Symbot Characteristic Min. 

t r, Input rise and Fall Times 
tf (Figures 4 and 5) e, 'Gand Reset 

PWL 
Input Pulse Width (Figure 4) 

tCYCE + tsu + thd (Asynchronous Mode) C, Gand Reset 

PWH 
Input Pulse Width (Figure 5) 

teYCE + tsu + thd (Asynchronous Mode) e,G and Reset 

Input Setup Time (Figure 6) 

tsu (Synchronous Mode) 200 
C,G and Reset 
C3 ( -;- 8 Prescaler Mode only) 

Input Hold Time (Figure 6) 

thd (Synchronous Mode) 50 
C', Gand Reset 
'63 (-;- 8 Prescaler Mode only) 

PWL, Input Pulse Width 
PWH (Synchronous Mode) 125 

C3 (-;- 8 Prescaler Mode only) 

Output Delay, 01-03 (Figure 7) 

tco (VOH = 2.4V, Load B) TTL 
tcm (VOH = 2.4V, Load D) MOS 

tcmos (VOH = 0.7 Voo , Load D) CMOS 

tlR Interrupt Release Time 

'tr and tf.;tCYCE 

S6840 
Min. 

1.0 

0.45 

0.43 

160 

195 

10 

10 

Max. 

1.0 

700 
450 
2.0 

1.2 

7.130 

56840/568A40/568B40 

S68A40 S68840 
Max. Min. Max. Min. Max. Unit 

10 0.666 10 0.5 10 fls 

4.5 0.280 4.5 0.22 4.5 fls 

0.280 0.21 fls 

140 70 ns 

80 60 ns 

10 10 ns 

10 10 ns 

25 25 25 ns 

S68A40 S68840 
Min. Max. Min, Max. Unit 

0.666" 0.500" fls 

tCYCE + tsu + thd tCYCE + tsu + thd ns 

tcvCE + tsu + thd tCVCE + tsu + thd ns 

120 75 ns 

50 50 ns 

84 62.5 ns 

460 340 ns 
450 340 ns 
1.35 1.0 fls 

0.9 OJ fls 



Figure 1. BUll Read Timing Characteristics 
(Read Information from PTM) 

ENABLE 

RS, Cs, RM 

DATA BUS 

Figure 3. Input Pulse Width Low 

PWL~ 

Figure 5. Input Setup and Hold Time 

~Gl·GJ 
RESET 

7.131 

S6840/S68A40/S68B40 

Figure 2. Bus Write Timing Characterilltlcli 
(Write Information Into PTM) 

~---t"ri----I 

ENABLE 

RS, CS. RIW 

DATA BUS 

Figure 4. Input Pulse Width High 

- --; 

ID:.Q. 
Gl·GJ 

PWH---.. 

Figure 6. Output Delay 

ENABLE \'----
01·03 
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Features 
o Generates Refresh Addresses and Row Selects 
o Generates Video Monitor Inputs: Horizontal and 

Vertical Sync and Display Enable 
o Low Cost; MC6845/SY6545 Pin Compatible 
o Text Can Be Scrolled on a Character, Line or 

Page Basis 
o Addresses 16K Bytes of Memory 
o Screen Can Be Up to 128 Characters Tall By 

256 Wide 
o Character Font Can Be 32 Lines High With 

Any Width 
o Two Complete ROM Programs 
o Cursor and/or Display Can Be Delayed 0, 1 or 2 

Block Diagram 

PROG 

Vee V .. 

elK fJ :8 CONTROL 
L061C 

RESET 
£HABLE 

TO REFRESH 
MEMORY 

AODR~SS 
REGISTER 
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S68045/S68A045/S68B045 

CRT CONTROLLER (CRTC) 

Clock Cycles 
o Four Cursor Modes: 

- Non·Blink 
- Slow Blink 
- Fast Blink 
- Reverse Video With Addition of a Single TTL Gate 

o Three Interlace Modes 
- Normal Sync 
- Interlace Sync 
- Interlace Sync and Video 

o Full Hardware Scrolling 
o NMOS Silicon Gate Technology 
o TTL·Compatible, Single + 5 Volt Supply 

Pin Configuration 

VA 

...... 
_AMIEL£CT 

.AO 

...... , 
MEIIDIIY ........ 

." 
MA. 
.M ... 

Dllf'LAYEIIABlE 

~URlOR .. 

"'Me 
",", 

::1 IIOWADDREISES 
HAZ Filii CHARACTER 

BEIIER"TIIII. 
us 

.M 

~l"" " .. 
" 
" 
" 

, ~l""''' 'w 
"K 

-. ... 
INTe1IFACE 

----~.------.~~====~=~====~~=======-



General Description 
TheS68045 CRT Controller performs the complex inter
face between an S6800 Family microprocessor and a 
raster scan display CRT system. The S68045 is design
ed to be flexible yet low cost. It is configured to both 
simplify the development and reduce the cost of equip
ment such as intelligent terminals, word processing, 
and information display devices. 

The CRT Controller consists of both horizontal and 
vertical counting circuits, a linear address counter, and 
control registers. The horizontal and vertical counting 
circuits generate the Display Enable, HSYNC, VSYNC, 
and RAO-RA4 signals. The RAO-RA4 lines are scan line 
count signals to the external character generator ROM. 
The number of characters per character row, scan lines 
per character row, character rows per screen, and the 

Absolute Maximum Ratings 

S68045/S68A045/S68B045 

horizontal and vertical SYNC position and width are all 
mask programmable. The S68045 is capable of addres
sing 16K of memory for display. The CRT may be scrol
led or paged through the entire display memory under 
MPU control. The cursor control register determines 
the cursor location on the screen, and the cursor format 
can be programmed for fast blink, slow-blink, or non
blink appearance, with programmable size. By adding a 
single TTL gate, the cursor can even be reversed video. 
The device features two complete, independent pro
grams implemented in user-specified ROM. Either set 
of programmable variables (50/60Hz refresh rate, 
screen format,etc.) is available to the user at any time. 

The S68045 is pin compatible with the MC6845, ope
rates from a single 5-volt supply, and is designed using 
the latest in minimum-geometry NMOS technology. 

Supply Voltage Vee .......................................................................................................................... - 0.3°C to + 7.0°C 
Input Voltage VIN ................................................................................................................................... - 0.3V to + 7.0V 
Operating Temperature Range TA ............................................................................................................ O°C to + 70°C 
StorageTemperatureRangeTstg .................................................................................................... -55°Cto +150°C 

Bus Timing Characteristics 

S68045 S68A045 S688045 

Symbol Parameler Min. Max. Min. Max. Min. Max. Units 

tCYCIE) Enable Cycle Time 1000 666 500 ns 

PWEH Enable Pulse Width. High 450 280 220 ns 

PWEL Enable Pulse Width, Low 430 280 210 ns 

tEr , tEl Enable Pulse Rise and Fall Times 25 25 25 ns 

tAS 
Setup Time, Address and R/W Valid to Enable 

160 140 70 ns Positive Transition 

tAH Address Hold Time 10 10 10 ns 

tosw Data Setup Time, Write 195 80 60 ns 

tOHW Data Hold Time, Write 10 10 10 ns 
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S68045/S68A045/S68B045 

Electrical Characteristics 
Vee = 5.0V ± 5%; VSS = 0, TA = O°C to + 70°C unless otherwise noted 

Symbol Parameter 

ViH Input High Voltage (except ClK) 

VIL Input low Voltage (except ClK) 
VIHC Input High Voltage Clock 

VILC Input low Voltage Clock 

liN Input leakage Current 

VOH Output High Voltage 

VOL Ouput low Voltage 

Po Power Dissipation 

CIN Input Capacitance DO-D7 
All Others 

COUT Output Capacitance-All Outputs 

PWCL Minimum Clock Pulse Width, low 

PWCH Clock Pulse Width, High 

Ic Clock Frequency 

tcr, tcl Rise and Fall Time lor Clock Input 

tMAO Memory Address Delay Time 

tRAo Raster Address Delay Time 

toTO Display Timing Delay Time 

tHSO Horizontal Sync Delay Time 

tvso Vertical Sync Delay Time 

tcoo Cursor Display Timing Delay Time 

Systems Operation 

The S68045 CRTC generates all of the signals needed 
for the proper operation of a CRT system including 
HSYNC, VSYNC, Display Enable, Cursor control sig
nals (refer to Figure 1), the refresh memory addresses 
(MAO-MA13) and row addresses (RAO-RA4). The 
CRTC's timing is derived from the ClK input, which is 
divided down from the dot rate counter. 

The CRTC, which is compatible with the 6800 family, 
communicates with the MPU by means of the standard 
8-bit data bus. This primary data bus uses a buffered 
interface for writing information to the display refresh 
RAM by means of a separate secondary data bus. This 
arrangement allows the MPU to forget about the dis
play except for those time periods when data is actual
ly being changed on the screen. The address bus for 
the refresh RAM is continuously multiplexed between 
the M PU and the CRTC. 

Since the MPU is allowed transparent read/write 

Min. Typ. Max. Unit Condition 

2.0 Vcc Vdc 

-0.3 0.8 Vdc 

2.2 

-0.3 

2.4 

1BO 

200 

7.134 

VCC Vdc 

.45 Vdc 

1.0 2.5 IoIAdc 
Vdc ILOAD = - 1OOloiA 

0.4 Vdc ILOAD = 1.BmA 
BOO mW 

12.5 pF 
10 pF 

10 pF 

ns 

10,000 ns 

2.5 MHz 
20 ns 
200 ns 

200 ns 

300 ns 

300 ns 
300 ns 

300 ns 

access to the display memory, the refresh RAM ap
pears as just another RAM to the processor. This 
means that the refresh memory can also be used for 
program storage. Care should be taken by the system 
designer, however, to insure that the portion of 
memory being used for program storage is not actively 
displayed. 

Displayed Data Control 

Display Refresh Memory Addresses (MAo-MA13) - 14 
bits of address provide the CRTC with access of up to 
16K of memory for use in refreshing the screen. 

Row Addresses (RAD-RA4) - 5 bits of data that pro
vide the output from the CRTC to the character 
generator ROM. They allow up to 32 scan lines to be in
cluded in a character. 

Cursor - This TTL compatible, active high output 
indicates to external logic that the cursor is being 
displayed. 



Figure 1. Typical CRT Controller System 

HORIZONTAL 
SYNC 

VERTICAL 
SYNC 

PRIMARY DATA BUS 

The character address of the cursor is held in a register, 
so the cursor's position is not lost even when scrolled 
off the screen. 

CRT Control 

All three CRT control signals are TTL compatible, active 
high outputs. 

Display Enable - Indicates that valid data is being 
clocked to the CRT for the active display area. 

Vertical Sync (VSYNC) - Makes certain the CRTC and 
the CRT's vertical timing are synchronized so the pic· 
ture is vertically stable. 

Horizontal Sync (HSYNC) - Makes certain the CRTC 
and the CRT's horizontal timing are synchronized so 
the picture is horizontally stable. 

Processor Interface 

All processor Interface lines are three state, TTL/MOS 
compatible Inputs. 

Chip Select (CS)-The CS line selects the CRTC 
when low to write to the internal Register File. This 
signal should only be active when there is a valid stable 
address being decoded from the processor. 

MA" 
PROCESSOR 

S68045/S68A045/S68B045 

CLOCK 

CURSOR, 
DISPLAY ENABLE, 

DOT RATE 
COUNTER 

H.H 
SPEED 
n .. , 

Register Select - The RS line selects either the Ad· 
dress Register (RS == "0") or one of the Data Registers 
(RS == "1") of the internal Register File. 

To address one of the software programmable registers 
(R12, R13, R14 or R15 in Table 2) first access the 
Address Register (CS = 0, RS = 0) and write the number 
of the desired register. Then write into the actual 
register by addressing the data register section (OS = 0, 
RS = 1) and enter the appropriate data. 
Write (W) - TheW line allows a write to the internal 
Register File. 

Data Bus (00-07) - The data bus lines (00·07) are 
write·only and allow data transfers to the CRTC internal 
reg ister file. 

Enable (E) - The Enable signal enables the data bus 
input buffers and clocks data to the CRTC. This signal 
is usually derived from the processor clock, and the 
high to low transition Is the active edge. 

S68045 Control Clock (ClK) - The clock signal is a 
high impedance, TTL/MOS compatible input which 
assures the CRTC is synchronized with the CRT itself. 
The CLK signal is divided down by external circuitry 
from the dot rate counter. The CLK frequency is equal 
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to the dot rate frequency divided by the width of a 
single character block (including framing) expressed in 
dots, ClK is equal to the character rate. 

Program (PROG) - The voltage on this pin determines 
whether the screen format in ROM 0 (PROG lOW) or 
ROM 1 (PROG HIGH) is being used. 

Reset (RES) - The RES input resets the CRTC. An (ac· 
tive) low input on this line forces these actions: 

a) MAO-MA13 are loaded with the contents of R12/R13 
(the start address register). 

b) The horizontal, vertical, and raster address counter 
are reset to the first raster line of the first displayed 
character in the first row. 

c) All other outputs go low. 

Note that none of the internal registers are affected by 
RES. 

RES on the CRTC differs from the reset for the rest of 
the 6800 family in the following aspects: 

a) MAO-MA13 and RAO-RA4 go to the start addresses, 
instead of FFFF. 

b) Display recommences immediately after RES goes 
high. 

Internal Register Description - There is a bank of 15 

Figure 2a. Approximate Timing Diagram 

I 

I 

I 

I 

S68045/S68A045/S68B045 

control registers in the 68045, most of which are mask 
programmed. The exceptions are the Address Register, 
the two Start Address Registers (R12 & R13) and the 
Cursor location Registers (R14 & R15). All software 
programmable registers are write only. The Address 
Register is 5 bits long. The software programmable 
registers are made available to the data lines whenever 
the chip select (CS) goes low. When CS goes high, the 
data lines show a high impedance to the 
microprocessor. 

Horizontal Total Register (RO) - The full horizontal 
period, expressed in character times, is masked in RD. 
(See Figure 2a). 

Horizontal Displayed Register (R1) - This register con
tains the number of characters to be actually displayed 
in a row. (See Figure 2a). 

Horizontal SYNC Position Register (R2) - The contents 
of R2 (also in character times) should be slightly larger 
than the value in R1 to allow for a non-displayed right 
border. (See Figure 2a.) 

Sync Width Register (R3) - The width of the HSYNC 
pulse expressed in character times is masked into the 
lower four bits of R3. The width of the HSYNC pulse has 
to be non-zero. 

The width of the VSYNC pulse is masked into the upper 

*-------HO.IZONTALTOTAL.O -------.-------~.I 

r-------HO.IZONTAL DISPLAY R1 -------.-. I I 

I. 

i .. 

!--I -----l:~ 
I I I 

.IDHT I I I I LEFT 
MARDIN r---I :--1 MARDIN 

I I I I 
I I I 

NSYNC i 
WIDTH R3 I 

I 

HORIZ I 
~SPLAY 
ENABLE I 

I 
I 
I 
I 
I 
I" __ -------HORllONTAL SYNC POSITION R2-------I 

HSYNC 

FOR MORE EXACT DIAGRAMS REFER TO THE BACK OF THE DATA SHEET. THE HORIZONTAL DISPLAY ENABLE IS ANDED WITH THE VERTICAL DISPLAY ENABLE TO PRODUCE THE 
DISPLAY ENABLE AT PIN 18. NOTE THE (a) FIGURE IS TIMED IN TERMS OF INDIVIDUAL CHARACTERS, WHEREAS THE (b) FIGURE IS TIMED IN TERMS OF CHARACTER ROWS. 
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four bits of R3 without any modification, with the ex
ception that all zeroes will make VSYNC 16 characters 
wide. 

Vertical Total Register (R4) - This register contains 
the total number of character rows - bbthdisplayed 
and non·dlsplayed - per screen. This number Is just 
the total number of scan lines used divided by the 
number of scan lines in a character row. If there is are· 
malnder, It is placed In R5. (See Figure 2b). 

Vertical Total Adjust Register (R5) - See description of 
R4. A fractional number of character row times Is used 
to obtain a refresh rate which is exactly 50HZ, 60HZ, or 
some other desired frequency. (See Figure 2b). 

Vertical Displayed Register (RS) - This register con· 
talns the total number of character rows that are actual· 
Iy displayed on the CRT screen. (See Figure 2b). 

Vertical SYNC Position (R7) - R7 contains the position 
of the vertic.al SYNC pulse in character row times with 
respect to the top character row. Increasing the value 
shifts the data up. (See Figure 2b). 

Interlace Mode Register (R8) - R8 controls which of 
the three available raster scan modes will be used (See 
Figure 3). 

Non·interlace or Normal sync mode 
- Interlaced sync mode 
- Interlaced sync and Video mode 

The Cursor and Display Enable outputs can be delayed 
(skewed) 0, 1 or 2 clock cycles with respect to the 
refresh memory address outputs (MAO·MA13). The 

Figure 2b. Approximate Timing Diagram 

S68045/S68A045/S68B045 

amount the cursor is delayed is independent of how 
much the Display Enable Signal is delayed. This feature 
allows the system designer to account for memory ad· 
dress propagation delay through the RAM, ROM, etc. 

Maximum Scan Line Register (R9) - Determines the 
number of scan lines per character row including top 
and bottom spacing. 

Cursor Start Register (R10) - Contains the raster line 
where the cursor start (see Figure 4). The cursor start 
line can be anywhere from line 0 to line 31. 

The cursqr can be in one of the following formats. 

Non·bllnklng 

Slow blinking (1/16 the vertical refresh period) 

Fast blinking (1/32 the vertical refresh period) 

Reverse video (non·blinking, slow blinking, or fast 
blinking) 

The reverse video cursor needs an external TIL XOR 
gate to be placed in tlie video circuit. 

To implement the reverse video cursor, the curSOr start 
line (R10) should be set to line 0 and the cursor end line 
(R11) should be set to whatever is in R9 so that the cur· 
sor covers the entire block. On the circuit level, the out· 
put from the Cursor pin (pin 19) should be taken through 
the XOR gate along with the output from the shift 
register. (See Figure 5.) With this setup the character 
whose memory address is in the cursor register (R141 
R15) will have its background high (because Cursor 
alone is high) but the character itself will be off 
(because both cursor and the character are both high. 

I I' 
, " ... --------VERTlCAL TOTALR4--------TI---~ .. ,1 

'I 1 ..... 1 L VERTICAL 
1 1 I ADJUST .& 1· .. -------vERTlCAL DlSPLAVED •• -------.; .. , I 

~:~tl I 'I 
I I 
, I 

BOTTOM --.J I.t-- I TOP 
, MARDIN I I I~ MARGIN 

I I 1 , ! 

: ... -------VERTlCAL SYNCPOSIlIDN R7---------I .. R VERTICAL SYNC MOTH A3 
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Figure 3. Interface Control 

SCAN LINE ADDRESS SCAN UNE ADDRESS SCAN LINE ADIlIIESS 

0 0 0 

-r-. - - - ~-O - E= - - - -1 

1 e e 1 2 
~ 

- - - - ~ -1 -~ 
r"\ r"\ 

- -3 

2 e e 2 ~ • r"\ 

- - - - ~ -2 - '-' '-' '-' 
-5 

3 e e 3 
~ 

6 

- - - - ~ -3 - - - - -7 

4 e e e e e 4 r"\r"\r"\ ~ D 
'-' 

- ~~€).~ -4 - - - - - --1 

5 e e 5 2 

- - - - ~ -. --- - - ---3 

6 e e 6 ~ ~ 4 

-~ - - - ~ -6 -- ------5 

7 e e 7 >-< ~ 6 

-~ - -- ~ -7 - - - - ---7 
'-' '-' 

EYEN ODD EYEN ODD 
fIELD fIELD FIELD FELD 

NORMAL SYNC INTERLACE SYNC INTERLACE liMe AND VIDEO 
MODE 1 MODE 2 MOUE 3 

Figure 4. Cursor Control 
0 0 0 

1 1 1 

2 2 2 
MIllIE CURSOR IISPLAY MIllIE 

1 Non-Blink 
3 3 3 

2 Cursor Non-Display 4 4 4 

3 Blink, 1/16 Field Rate 5 5 5 

4 Blink, 1/32 Field Rate 6 6 6 

7 7 7 

8 8 8" 

I I I I 
8 9 8 

• + 10 10 10 
ON OFF ON 

11 11 11 

I I BLINK PERIOO-
~ ~ 16 OR 32 DIES CURSOR START ADR. - 9 CURSOR START ADR.-9 CURSOR START ADR. _ 1 

I I fIELD PERIOD CURSOR END ADR. - 9 

Memory Start Address Register (R12/R13) - These two 
software programmable, write·only registers taken 
together contain the memory address of the first 
character displayed on the screen. Register R12 con· 
tains the upper six bits of the fourteen refresh memory 
address bits, while R13 contains the lower eight bits. 
The Linear Address Generator begins counting from 
the address in R121R13. By changing the starting ad· 
dress, the display can be scrolled up or down through 
the 16K memory block by character, line or page. If the 
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CURSOR END ADR. -10 CURSOR END ADR. - 5 

value in R12/R13 is near the end of the 16K block the 
display will wrap around to the front. 

Cursor Address Register (R141R15) - These two soft· 
ware programmable, write-only registers, taken to
gether, contain the address in memory of the cursor 
character. Register R14 contains the upper six bits and 
register R15 contains the lower eight bits of the char· 
acter. Cursor position is associated with an address in 
memory rather than with a position on the screen. This 
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Figure 5. Implementation of a Reversed Video Cursor 

RAM 

868045 f------

RAO·RA4 

I 
CURSOR 

L. ______ --====~J~TO VIDEO 

way cursor position is not lost when the display is 
scrolled. 

Address Register ~ The five bit address register is 
unique in that it does not store any CRT·related infor· 
mation, but is used as the address storage register in 
an indirect access of the other registers. When the 
Register Select pin (RS) is low, the address register is 
accessed by 00-04. When RS is high, the register 
whose address is in the address register is accessed. 

CRTC Internal Description 

There are four counters which determine what the 
CRTC's output will be (see Block Diagram): 

1) Horizontal Counter 
2) Vertical Counter 
3) Row Address Counter 
4) Linear Address Counter 

The first two counters, and to some extent the third 
take care of the physical operation of the monitor. Th~ 
Linear Address Counter, on the other hand, is respon
sible for the data that is displayed on the screen. 

Surrounding these counters are the registers RO-R15. 
Coincidence logic continuously compares the con
tents of each counter with the contents of the 
register(s) associated with it. When a match is found 
appropriate action is taken; the counter is reset to a fix: 
ed or dynamic value, or a flag (such as VSYNC) is set, or 
both. 

Two sets of registers - The start Address Register 
(R12/R13) and the Cursor Position Register 
(R14/R15) - are programmable via the Data lines 
(00-07). The other registers are all mask programmed. 
There are two ROM programs available on each chip. 
Selection of which ROM program will be accessed is 
performed by the PROG pin. 

Horizontal Counter 

The Horizontal Counter produces four output flags: 
HSYNC, Horizontal Display Enable, Horizontal Reset to 
the Linear Address Counter, and the horizontal clock. 

The Horizontal Counter is driven by the character rate 
clock, which was derived from the dot rate clock (see 
Table 1). Immediately after the valid display area is 
entered the Horizontal Counter is reset to zero. but con
tinues incrementing. 

HSYNC is the only one of the four signals which is fed 
to an external device (the CRn. The Horizontal Counter 
is compared to registers RO, R2 and R3 to give an 
HSYNC of the desired frequency (RO), position (R2) and 
width (R3). (See Figure 2a.) 

Horizontal Display Enable is an internal flag which, 
when ANDed with Vertical DE, is output at the Display 
Enable pin. The Horizontal Counter determines the pro
per frequency (RO), and width (R1). 

The Horizontal Reset and the horizontal clock are ac
tually identical signals: the only difference is the way 
they are used. Both are pulsed once for each scan line, 
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Table 1. Comparison of all CRTC Clocks 

LOCATION CONTROLLING 
NAME OF CLOCK DIVIDED BY: REGISTER PRODUCES 
DOT RATE EXTERNAL TOTAL WIDTH OF A CHARACTER EXTERNAL CHARACTER 
CLOCK BLOCK IN DOTS RATE CLOCK 

CHARACTER EXTERNAL TOTAL NUMBER OF RO HORIZONTAL 
RATE CLOCK INPUT CHARACTERS IN A ROW CLOCK 

HORIZONTAL INTERNAL TOTAL NUMBER OF SCAN LINES R9 ROW ADDRESS 
CLOCK IN A CHARACTER ROW CLOCK 

ROW ADDRESS INTERNAL TOTAL NUMBER OF CHARACTER R4, R5 VERTICAL 
CLOCK ROWS PER SCREEN CLOCK 

Table 2. CRTC Internal Register Assignment 
BITS 

REGISTERN REGISTER FILE 7 I 6 I 5 I 4 I 3 I 2 I I I 0 

RO HORIZONTAL TOTAL Nhrl 

RI HORIZONTAL DISPLAYED Nhd 

R2 HORIZONTAL SYNC POSITION NhSp ·1 

R3 HORIZONTAL SYNC WIDTH Nvsw I Nhsw 

R4 VERT ICAl TOTAL >< N,,-1 

R5 VERTICAL TOTAL ADJUST >< ><J>< Nadl 

R6 VERTICAL DISPLAYED >< N'd 

R7 VERTICAL SYNC POSITION >< NV5p ·1 

R8 INTERLACE MODE CURSOR SKEW I DIS. ENAB. SKEW t><C><l INTERLACE 

R9 MAX SCAN LINE ADDRESS >< 
RIO CURSOR START ~ 
RII CURSOR END >< 
RI2 START ADDRESS (HI ~ 
R13 START ADDRESS (LI 

RI4 CURSOR (HI 

R15 CURSOR (LI 

"For Interlace Sync and Video operation, R9 should contain Nr-1 
CURSOR SKEW 

BIT 7 BIT 6 RESULT 

0 0 NO SKEW 

0 I I CHARACTER SKEW 

1 0 2 CHARACTER SKEW 

I I ILLEGAL 

INTERLACE CONTROL 

BIT 1 BIT 0 MODE 

0 0 NON-INTERLACE 

I 0 NON-INTERLACE 

0 1 INTERLACE SYNC 

><I>< Nr-1"" 

CURSOR BLINK CURSOR START 

><J>< CURSOR END 

START ADDRESS (HI 

START ADDRESS (LI 

CURSOR (HI 

CURSOR (LI 

DISPLA Y ENABLE SKEW 

BIT 5 BIT 4 RESULT 

0 0 NO SKEW 

0 1 1 CHARACTER SKEW 

1 0 2 CHARACTER SKEW 

1 1 ILLEGAL 

CURSOR CONTROL 

MODE BIT 6 

NON-BLINK 0 

NON-BLINK 0 

BLINK @ 1/16 FIELD PERIOD 1 

1 1 INTERLACE SYNC & VIDEO 7.140 BLINK @ 1/32 FIELD PERIOD 1 

NOT USED 

BIT 5 

0 

1 

0 

1 

I 

II 
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Figure 6. Bus Write Timing 
~------t,y,E-------.I 

ENABLE 

RS,n 

DATA BUS 

so their frequency is equal to the character rate clock 
frequency divided by the entire horizontal period 
(display, non·display and retrace) expressed in 
character times (which is stored in RO). The horizontal 
clock drives the Vertical and Row address Counters, 
The horizontal reset is discussed with the Linear Ad
dress Counter. 

Vertical Counter 

The Vertical Counter produces three output flags: 
VSYNC, Vertical Display Enable, and Vertical Reset to 
the Linear Address Counter. The Vertical Counter is 
driven by the horizontal clock. Immediately after ver
tical retrace the Vertical Counter is reset to zero but 
continues incrementing. 

VSYNC is the only one of the three signals which is fed 
to an external device (the CRT). The Vertical Counter is 
compared to registers R3, R4, R5 and R7 to give a 
VSYNC of the desired frequency (R4, R5), position (R7) 
and width (R3). (See Figure 2b.) 

Vertical Display Enable is an internal flag which, when 
ANDed with Horizontal DE, is output at the Display 
Enable pin. The Vertical Counter determines the proper 
frequency (R4, R5) and width (R6). 

Vertical Reset is pulsed once for each screen. The fre
quency of Vertical Reset is equal to the horizontal clock 
frequency divided by the total number of scan lines in a 
screen (which is equal to (R4 x R9) + R5). It will be 
discussed with the Linear Address Counter. 

Row Address Counter 

The Row Address Counter produces three sets of out
put: the five Row Address lines (RAO-RA4), the Row Ad
dress Cursor Enable flag and the Row Address Reset 
flag. The Row Address Counter is driven by the horizon
tal clock. Immediately after a full character row has 
been completed by the Row Address Counter is reset 
to zero but continues incrementing. Note that the Row 
Address Counter actually counts scan lines, which are 
different from character rows. A full character row con
sists of however many scan lines are in register R9. 

The Row Address Lines, RAO-RA4, are the only data 
lines from the Row Address Counter that are fed to an 
external device (the character generator ROM). The 
Row Address lines just carry the count that is currently 
in the Row Address Counter. The counter is reset when
ever the count equals the contents of the Maximum 
Scan Line Register (R9.) 

Row Address Cursor Enable is a flag going to the Cur
sor output AND gate. The Row Address Cursor Enable 
flag goes high whenever the count in the Row Address 
Counter is greater than or equal to the Cursor Start 
Register (R10) but less than or equal to the Cursor End 
Register (R11). The other input to the Cursor output 
AND gate goes high whenever the address in the Linear 
Address Counter is equal to the address in the Cursor 
Position Register (R14/R15). 

Row Address Reset is pulsed whenever the Row Ad-
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Figure 7. Bus Timing Character 

MAO·MA13 

RAD·RU 

CtlRSQR 

dress Counter is reset. It will be discussed with the 
Linear Address Counter. 

Linear Address Counter 

The Linear Address Counter (LAC) produces only one 
set of outputs: The Refresh Memory Address lines 
(MAO·MA13). These fourteen bits are fed externally to 
the Refresh RAM and internally to the Cursor Position 
coincidence circuit. The LAC is driven by the character 
rate clock and continuously increments during the 
display, non·display and retrace portions of the screen. 
It contains an internal read/write register which stores 
the memory address of the first displayed character in 
the current row. 

When any of the three Reset flags already mentioned 
(Horizontal, Row Address and Vertical) is pulsed, the 
value in the internal register is loaded into the counter. 
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a.BY 

If the reset is a Horizontal Reset the value in the internal 
register is not modified before the load. If the reset is a 
Row Address Reset, the value in the internal "first 
character" register is first increased by the number of 
characters displayed on a single character row (register 
R1). The new contents of the internal register are then 
loaded into the Linear Address Counter. 

If the reset is a Vertical Reset, the value in Start Ad
dress Register. (R12/R13) is first loaded into the internal 
register, and then into the Linear Address Counter. 

The fourteen output lines allow 16K of memory to be 
accessed. By incrementing or decrementing the 
number in the Start Address Register, the screen can 
be scrolled forward or backward through Display 
Refresh RAM on a character, line, or page basis. 



Figure 8. Refresh Memory Addressing (MAO-MA13) State Chart 
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NOTE 1: THE NTlAL MA IS DETERMINED BY THE CONTENTS 
OF START ADDRESS REGISTER, R121R13. TIMING IS 
SHOWN FOR R121R13 = D. ONLY Nl)H.INTERFACE AND 
INTEfIFACE SYNC MODES ARE SHOWN. 

HORIZONTAL lISPLAY 
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HORIlDHTAL RETRACE (NON·DlSPLAy) 
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I I 
I .. I 

'hd N. 
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I I 
I I 
I I 
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I I 
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~ 
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Figure 9. CRTC Horizontal Timing 

~--------~~~~~~------------------_Tsl~(Nht+1)x~----------------------------------~I 
~ __ -.---_____ H orizontal Display -------------11'---------------------- Horizontal Retrace . 

Tc NhdxTc 

elk ~~~~ 
I I I I I I I I I I I I I I I I I I I I I 

I 0 : , : 2: : 1 : :Nhd": Nhd : : : ~ ~ : : Nht : 
MAO-MA'3'~ :::x:::=:x::=:x ~ ~ ::x:::x:::::x, , , 

I I I I I I I I I I I I I I I I I I 
I I I 1 I I I I I I I I I I I I I I 

: I I I :Nhd-1: Nhd I : :NhSP": NhsP : : ~: Nht : 
Character # I j I I I I , I I ~ I I 

, , 
: 1 I 

1 r-- Nhsw x Tc-==:l 
HSYNC ~' __________________________________ ~ ____________________ _II----~'-~--1--i. ________________ ~ 

t=============~N~h~d~X~T~,~============~'_ __________________________________________________ ~ Dispen , __ _ 

-Timing is shown for first displayed scan row only. 
See Chart in Figure 16 for other rows. The initial 
MA is determined by the contents of Start Address 
Register, A12/R13, Timing is shown for R12/R13 '" O. 

Figure 10. CRTC Vertical Timing 

FIELD TIME 
RAO.RA4 ~ TI = (Nvl + 1) x 1rc + Nadi )( TSI ~ 
( ) T Vertical Display - Nvd x T rc ;;:t' ' . I _ _ I Vertical Retrace 
IS INTERLACE rc~------, r- Tsl~ 
SYNC AND t;:;:::t:::1 ~~ ~~~~ 
VIDEO MODE I 0 (1) I Nsl I ~ 0 (1) I I Nse I I 0,1 """-r---" I 0 (1) Nsl 0 (1LTadj = Nadi x Tsl., 
ODD FIELD I I I (Nsl - 1): (Nvd - 1) x Nhd I (Nsf - 1)1 (Nsl -1) I I I (Nsi' 1) r FIELD ADJUST TIME I 

MAO-MA13 .. k~ t::k:xb d£ ~ dx :riwaw/w/W~~;~&/lzw/////foZ&W/A '1--" l' '~if- fi ' I ~ I I I I I 
10 Nht~ I 10 Nht· I (NVd: 1) x Nhld + NIII I I I I I : I 
I I I' I I, 1 I I I 

CHARACTER I : 1 I:: : : I , II :: I 1 
ROW' j . I \. , . . I i \ ! , . . I I 

I I ,"vd· 1 1 Nvsp ·1, Nvsp I Nvt Nvt+1 

: I: r--16x TSI--! 
rNSO~~I~TERLACE) :: I II ! 

I I I I I I I I ' 
I I I , I 1 

I 1 I I 1 I I 
DISPLAY I I. L I.-. L L.. 1 ENABLE r-L..r"""'...-J LJ .......r.~" ...JI'-____________________________________________________ ----' 

• Nllt . there must be an even number of cllaracter limes tor bolll Interlace modes. 

*. Inilial MA Is determined by R121R13 (Start Address Register), which Is zero 
in this liming example . 

• * * Nht must be an even number of scan lines for jnterlace Sync and Video Mode. 
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Figure 11. Cursor Timing 

RAD,RA4' XI=======:;======:X:=======;:======+======:::;=======~ 
I I 1 

MAO,MAW' 

CHARACTER ROW' 

CHARACTER' 

CURSOR 

I I I 1 

I : I I 

~~~~III Nhd I Nhd+1 Nhd+21 Nhd+ ' Nhd 1 Nhd+1 INhd+2 1 I Nhd+ Nhd 1 Nhd+1, Nhd+21 Nhd+ 
I I 1 1 I Nhl 1 I I ' 1 Nhl 1 1 I I Nhl 
I 1 I I 1 I I I' 1 1 1 1 
I I 1 1 :1 1 1 1 II I: 

' 1 , : : ' 

I 

I 
I 
I ; ;:::; t:::::±:=±==t=:±::; ;;:::±:==i==±==±==i=;: :;:::I:==i 
I ~ ~,~ 

I I I 
I I , I 

________ ~I~~ ________________ ~t---,~I ________________ ~~~I ______ __ 

* Timing is shown for non·interlace and interlace sync modes. 
Example shown has cursor programmed as: 

Cursor Register = Nhd + 2 
ClIrsorStart = 1 
Cursor End = 3 

* * The initial MA is determined by the contents of Start 
Address Register, R12/R13. Timing is shown for 
R121R13 = Q. 
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Features 
D 2048 x 8-Bit Bytes of Mask-Programmable ROM 
D 8-Bit Bidirectional Data Port for Parallel Interface 

Two Control Lines 
D Programmable Interval Timer-Counter Functions 
D Programmable 1/0 Peripheral Data, Control and 

Direction Registers 
D Compatible With the Complete S6800 Microcom

puter Product Family 
D TIL-Compatible Data and Peripheral Lines 
D Single 5 Volt Power Supply 

Block Diagram 

Rm 
E 

RESff 

DO 

" D1 

" D4 

DO 
D6 

D1 

CSD~ 

CS1* 

AD 

" A2 

" A3 
AS 
AS 
A7 
A. 

" AIO 
AI1 
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ROM-I/O-TIMER 

General Description 
The S6846 combination chip provides the means, in 
conjunction with the S6802, to develop a basic 2-chip 
microcomputer system. The S6846 consists of 2048 
bytes of mask-programmable ROM, an 8-bit bidirec
tional data port with control lines, and a 16-bit program
mable timer-counter. 
This device is capable of interfacing with the S6802 
(basic S6800, clock and 128 bytes of RAM) as well as 
the S6800 if desired. No external logic is required to in
terface with most peripheral devices. 

Pin Configuration 

40 

" 
38 

37 

" 
35 

34 

" 
32 

10 " 
11 JO 

12 " 
13 2B 

CP' 
14 27 

CP2 
15 26 

"'. 16 " PPI 
PP2 

17 24 

PP3 18 23 
PP4 
PPO 19 22 
PPO 
PP1 20 21 



General Description (Continued) 

The 86846 combination chip may be partitioned into 
three functional operating sections: read-only memory, 
timer-counter functions, and a parallel 1/0 port. 

Read-Only Memory (ROM) 

The mask-programmable ROM section is similar to 
other AMI ROM products. The ROM is organized in a 
2048 by 8-bit array to provide read-only storage for a 
minimum microcomputer system. Two mask-program
mable chip selects are available for user definition. 

Address inputs Ao-A10 allow any of the 2048 bytes of 
ROM to be uniquely addressed. Internal registers asso
ciated with the 1/0 functions may be selected with Ao, 
A1 and A2. Bidirectional data lines (00-07) allow the 
transfer of data between the M PU and the 86846. 

Timer-Counter Functions 

Under software control this 16-bit binary counter may 
be programmed to count events, measure frequencies 
and time intervals, or similar tasks. It may also be used 
for square wave generation, single pulses of controlled 
duration, and gated delayed signals. Interrupts may be 
generated from a number of conditions selectable by 
software programming. 

Figure 1. Typical Microcomputer 

COUNTER/ J 
TIMER I/O \ 

PARALLEL I/O 

56846 

The timer-counter control register allows control of the 
interrupt enables, output enables, and selection of an 
internal or external clock source. Input pin CTC 
(counter-timer clock) will accept an asynchronous 
pulse to be used as a clock to decrement the internal 
register for the counter-timer. If the divide-by-8 
prescaler is used, the maximum clock rate can be four 
times the master clock frequency with a maximum of 
4MHz. Gate input (CTG) accepts an asynchronous TTL
compatible signal which may be used as a trigger or 
gating function to the counter-timer. A counter-timer 
output (CTO) is also available and is under software 
control via selected bits in the timer-counter control 
register. This mode of operation is dependent on the 
control register, the gate input, and the clock source. 

Parallel 1/0 Port 

The parallel bidirectional 1/0 port has functional opera
tional characteristics similar to the B port on the 86821 
PIA. This includes 8 bidirectional data lines and two 
handshake control signals. The control and operation 
of these lines are completely software programmable. 

The interrupt input (CP1) will set the interrupt flags of 
the peripheral control register. The peripheral control 
(CP2) may be programmed to act as an interrupt input 
(set C8R2) or as a peripheral control output. 

Vcc 

S6846 
ADM, lID, TIMER 

2K BYTES ROM 
10 I/O LINES 

JUNES TIMER 

Vce 

CSO I-.!!VM~A,--___ ~ 

CLOCK 

RiW 
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iRQ 
REs 

MR 

VMA HALT 

RE 
S6802 

RiW MPU iiiMi 
128 BYTE 
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00.07 CLOCK 

XTAl 

0 
XTAL 

Figure 1 is a block diagram of a typical cosleffective microcomputer. 
The MPU is Ih& center of the microcomputer system and is shown in a 
minimum system interfacing with a ROM combination chip. It is not 
intended that this system be limited to this function but that it be 
expandable with other parts in the 56800 Microcomputer family. 
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Absolute Maximum Ratings 

Supply Voltage ............................................................ - 0.3Vdc to + 7.0Vdc 
Input Voltage .............................................................. - 0.3Vdc to + 7.0Vdc 
Operating Temperature Range ..................................................... O°C to + 70°C 
Storage Temperature Range ................................................... - 55°C to + 150°C 
Thermal Resistance eJA 

Ceramic ............................................................................ 50°C/W 

Plastic ............................................................................ 100°C/W 

Cerdip .............................................................................. 60°C/W 

This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however. it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated voltages to this high· impedance circuit. Reliability of operation is enhanced if unused inputs are tied to an 
appropriate logic voltage level (e.g., either Vss or Vcc )' 

Power Considerations 
The average chip-junction temperature, TJ, in °C can be 
obtained from: 

TJ = TA + (Po °eJA) 
Where: 

TA = Ambient Temperature, °C 
eJA = Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

Po = PINT + PPORT 
PINT = lee x Vee, Watts-Chip Internal Power 
PpORT = Port Power Dissipation, 

Watts-User Determined 

(1) 

For most applications PpORT+-PINT and can be 
neglected. PpORT may become significant if the device 
is configured to drive Darlington bases or sink LED 
loads. 

An approximate relationship between Po and TJ (if 
PpORT is neglected) is: 

Po = K + (TJ + 273°C) (2) 

Solving equations 1 and 2 for K gives 
K = PO-(TA + 273°C) + 8JA-P0 2 (3) 

Where K is a constant pertaining to the particular part. 
K can be determined from equation 3 by measuring Po 
(at equilibrium) for a known TA. Using this value of K the 
values of Po and TJ can be obtained by solving equa
tions (1) and (2) iteratively for any value of TA. 

Electrical Characteristics: (Vee = 5.0V ± 5%, Vss = 0, TA = O°C to + 70°C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

VIH Input High Voltage All Inputs Vss + 2.0 Vee Vdc 

VIL Input Low Voltage All Inputs Vss-0.3 Vss + 0.8 Vdc 

Vos Clock OvershootlUndershoot - Input High Level Vee- 0.5 Vce+ 0.5 Vdc 
- Input Low Level Vss - 0.5 Vss + 0.5 

liN Input Leakage Current R/W, Reset, CSo, CS, 1.0 2.5 ~Adc VIN = 0 to 5.25 Vdc 
CP" CTG, CTC, E, AD-A" 

ITSI Three·State (Off State) Input Current 00-07 2.0 10 ~Adc 
VIN 0.4 to 2.4Vdc 

PPO-PP7, CR2 

VOH Output High Voltage Vdc 
00-07 Vss + 2.4 ILOAO = - 205~Adc, 

Other Outputs Vss + 2.4 ILOAO = -100~Adc 

VOL Output Low Voltage Vdc 
00.07 Vss+0.4 I LOAD = 1.6mAdc 

Other Outputs Vss +O.4 ILOAD = 3.2mAdc 
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Electrical Characteristics: (Vee = 5.0V ± 5%, Vss = 0, TA = O°C to + 70°C unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

10H Output High Current (Sourcing) "Adc 
00-0, - 205 VOH = 2.4Vdc 

Other Outputs - 200 
CP2, PPo-PP, -1.0 -10 mADC Vo = 1.5Vdc, the current for 

driving other than TTL, e.g., 
Darlington Base 

10L Output Low Current (Sinking) mAde 
00-0, 1.6 VOL = O.4Vdc 

Other Outputs 3.2 

ILOH Output Leakage Current (Off State) IRQ 10 "Adc VOH = 2.4Vdc 

PINT Internal Power Dissipation (measured at TA = 0° C) 1000 mW 

CIN Capacitance 00-0, 20 pF VIN = 0, TA = 25°C, 
f=1.0MHz 

PPo-PP" CP2 12.5 
Ao-A1O' R/W, Reset, CSo, CS1, CP1, CTC, CTG 10 

IRQ 7.5 

COUT PPo-PP" CP2, CTO 5.0 pF 
10 

f Frequency of Operation 0.1 1.0 MHz 

Clock Timing 
tcycE Cycle Time 1.0 "s 
tRL Reset Low Time 2 "s 
tlR Interrupt Release 1.6 "s 

7.149 



-} GOULD 
AIMII Semiconductors 

Features 
o 8-Bit Bi-directional Data Bus for Communication 

with MPU 

o False Start Bit Deletion 

o Peripheral/Modem Control Functions 

o Double Buffered Receiver and Transmitter 

o One or Two Stop Bit Operation 

o Eight and Nine-Bit Transmission With Optional 
Even and Odd Parity 

o Parity, Overrun and Framing Error Checking 

o Programmable Control Register 

o Optional + 1, + 16, and + 64 Clock Modes 

o Up to 500,000 bps Transmission 

Block Diagram 
CTX(4) 

E(14) 

CSO(8) 

CS,(10) 

SELECT 
C!h(9) • RlW 
RS(1) CONTROL 

R/WI13) 

001221 

0,1211 

02(201 

03119) 
DATA 

04118) BUS 

05(17) 
BUFfERS 

06(16) 

07(15) 

CRXI:::."f-_________ -l 

Vcc=PIN 12 
GROUND = PIH 1 

56850/568A50/568B50 

ASYNCHRONOUS COMMUNICATION 
INTERFACE ADAPTER (ACIA) 

7.150 

Functional Description 
The S6850 Asynchronous Communications Interface 
Adapter (ACIA) provides the data formatting and con
trol to interface serial asynchronous data communica
tions to bus organized systems such as the S6800 
Microprocessing Unit. 

The S6850 includes select enable, read/write, interrupt 
and bus interface logic to allow data transfer over an 
8-bit bi-directional data bus. The parallel data of the 
bus system is serially transmitted and received by the 
asynchronous data interface, with proper formatting 
and error checking. The functional configuration of the 
ACIA is programmed via the data bus during system 
initialization. Word lengths, clock division ratios and 
transmit control through the Request to Send output 
may be programmed. For modem operation three con
trol lines are provided. These lines allow the ACIA to 
interface directly with the S6860 0-600 bps digital 
modem. 

Pin Configuration 

t-___ +-'(6IyXD 

GNO CTS 

RXO OCO 

CRX 00 

CTX 0, 

RTS 0, 

TXO 03 

IRO 0, 

CSD 0, 

CS, 06 

CS, 0, 

RS 

Vee RIW 



S6850/S68A50/S68B50 

Absolute Maximum Ratings· 

Supply Voltage ........................................................................................................................................ - 0.3V to + 7.0V 
Operating Temperature Range .................................................................................................................. O·C to + 70·C 
Input Voltage ........................................................................................................................................... - 0.3V to + 7.0V 
Storage Temperature Range ............................................................................................................... - 55°C to + 150·C 

-NOTE: This device contains circuitry to protect the Inputs against damage due to high static voltages or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high-impedance circuit. 

DC (Static) Characteristics: (Vee = 5.0V ± 5%, TA = 25·C, unless otherwise noted.) 
Symbol Characteristic Min. Typ. Max. Unit 
VIHT Input High Threshold Voltage +2.0 - - Vdc 

VILT Input Low Threshold Voltage - - +0.8 Vdc 

liN Input Leakage Current - 1.0 2.5 J1Adc 
(VIN = 0 to 5.0 Vdc) 
R/W, RS, CSa, CS1, CS2, Enable 

ITSI Three-State (Off State) Input Current - 2.0 10 J1Adc 
(VIN = 0.4 to 2.4 Vdc, Vee = max) Do, D7 

VOH Output High Voltage +2.4 - - Vdc 
(I LOAD = 100J1Adc, 
Enable Pulse Width 25J1s) All Outputs Except IRQ 

VOL Output Low Voltage - - +0.4 Vdc 
(I LOAD = 1.6mAdc) 
Enable Pulse Width 25J1s 

ILoH Output Leakage Current (Off State) iRl'l - 1.0 10 J1Adc 

Po Power Dissipation - 300 525 mW 

CIN Input Capacitance pF 
(VIN = 0, TA = 25°C, f = 1.0MHz) 
D a - D 7 - 10 12.5 
R/W, RS, CSa, CS1, CS2, RXD, CTD, DCD, CTX, CRX - 7.0 7.5 
Enable - 7.0 7.5 

COUT Output Capacitance - - 10 pF 
(VIN = 0, TA = 25°C, f = 1.0MHz) 

Figure 1. Enable Signal Characteristics Figure 2. Bus Read Timing Characteristics 

Q,av 

DATA BUS 
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AC (Dynamic) Characteristics 

Loading = 130pF and one TTL load for Do·Dr = 20pF and 1 TTL load for RTS and TXD = 100pF and 3KQ to Vee for IRQ. 

S6850 S68A50 S68850 
Symbol Parameter Min. Max. Min. Max. Min. Max. Units 

tCYCIE) Enable Cycle Time 1000 666 500 ns 
PWEH Enable Pulse Width, High 450 280 220 ns 
PWEL Enable Pulse Width, Low 430 280 210 ns 

tEr,tEI Enable Pulse Rise and Fall Times 25 25 25 ns 

tAS 
Setup Time, Address and R/W Valid to Enable 

160 140 70 ns Positive Transition 

tAH Address Hold Time 10 10 10 ns 

tOOR Data Delay Time, Read 320 220 180 ns 

tOHR Data Hold Time, Read 10 10 10 ns 

tosw Data Setup Time, Write 195 80 60 ns 

tOHW Data Hold Time, Write 10 10 10 ns 

Transmit/Receive Characteristics 

Symbol Characteristic Min. Typ. Max. Unit 

Ic 
+1 mode 500 KHz 
+16 mode 800 KHz 
+64 mode 800 KHz 

PWCL Clock Pulse Width, Low State 600 nsec 

PWCH Clock Pulse Width, High State 600 nsec 

hoo Delay Time, Transmit Clock to Data Out 1,0 flsec 

tROSU Set Up Time, Receive Data 500 nsec 

tROH Hold Time, Receive Data 500 nsec 

tlRQ Delay Time, Enable to IRQ Reset 1,2 flsec 

tRTS Delay Time, Enable to RTS 1,0 flsec 

Figure 3. Bus Write Timing Characteristics Figure 4. Bus Timing Test Loads 

/rov 20vL 5.0V 

a,BV a.BV 

-- ~tAS tAH ~ ..- RL ~ 2.5k 

2.GV 

~ 
TEST POINT 

MMD61S0 

RS;) OR EOUIV, 
es, R/W C.BV a.BV 

e R 
MMD7000 .-tDSW • +-tOHW OR EQUIV. 

2.0V 2.0V ~ 

~ 
... ... 

a.BV 
C=130pFFORDo·D7 R=11.7kQ FOR 00.0, 

=30pF FOR m AHD TX DATA = 24kQ FOR NAND TX DATA 
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Figure 5. Transmit/Receive Timing 

MPUIACIA Interface 

Pin Label 

(22) Do 
(21) 01 
(20) 02 
(19) 03 
(18) 04 
(17) 05 
(16) 06 
(15) D-r 
(14) E 

(13) R/W 

Function 

TRANSMIT CLOCK 
(CTX) 

RECEIVE CLOCK 
(C",) 

PWCH 

~ 
'.4V 

TRANSMIT CLOCK I 
(CTX) 

8V ______ .4V 

-- TTO~O _ _ _ _ _ _ _ _ _ 14V 

TRANSMIT DATA 20V 
(TXO) 

____ _ ..J 08V 0.4V 

RECEIVE CLOCK 
(C",) 

~DH Xj20V± L::: 
____ _ _____ 24V 

RECEIVE DATA "\ 20V r 
(AXD) 0 BV 

____ ----- 04V 

ENABLE 
(E) 

REOUEST TO SEND 
('T8) 

INTERRUPT REQUEST 
(iRa) 

l'"-~-----0.4V 

l.--,.O---- '.4V 

-------+---------0.4V 

ACIA Bi-directional Data Lines-The bi·directional data lines (00.07) allow for data transfer be· 
tween the ACIA and the MPU. The data bus output drivers are three·state devices that remain 
in the high·impedance (off) state except when the MPU performs an ACIA read operation. The 
Read/Write line is in the read (high) state when the ACIA is selected for a read operation. 

ACIA Enable Signal-The Enable signal (E) is a high impedance TTL compatible input that 
enables the bus input/output data buffers and clocks data to and from the ACIA. This signal 
will normally be a derivative of the S6800 02 clock. 
Read/Write Control Signal-The Read/Write line is a high impedance input that is TTL compati· 
ble and is used to control the direction of data flow through the ACIA's input/output data bus 
interface. When Read/Write is high (MPU Read cycle), the ACIA output driver is turned on and a 
selected register is read. When it is low, the ACIA output driver is turned off and the MPU 
writes into a selected register. Thus, the Read/Write signal is used to select the Read Only or 
Write Only registers within the ACIA. 
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MPUIACIA Interface (Continued) 

Pin 
(8) 
(10) 
(9) 

(11) 

(7) 

Label 
CSa 
~ 
CS2 

RS 

Function 
Chip Select Signals-These three high impedance TIL compatible input lines are used to ad
dress an ACIA. A particular ACIA is selected when CSa and CS1 are high and CS2 is low. 
Transfers of data to and from ACIA are then performed under the control of Enable, 
Read/Write, and Register Select. 

Register Select Signal- The Register Select line is a high impedance input that is TIL compat
ible and is used to select the Transmit/Receive Data or Control/Status registers in the ACIA. 
The ReadlWrite signal line is used in conjunction with Register Select to select the Read Only 
or Write Only register in each register pair. 

Interrupt Request Signal-Interrupt request is a TIL compatible, open drain active low output 
that is used to interrupt the MPU. The Interrupt Request remains low as long as the cause of 
the interrupt is present and the appropriate interrupt enable within the ACIA is set. 

ACIAIModem or Peripheral Interface 

Pin Label Function 

(4) CTX Transmit Clock- The Transmit Clock is a high impedance TIL compatible input used for the 
clocking of transmitted data. The transmitter initiates data on the negative transition of the 
clock. Clock frequency of 1, 16, or 64 times the data rate may be selected. 

(3) 

(2) 

(6) 

(24) 

(5) 

(23) 

(12) 

(1) 

CRX 

RXD 

TXD 

RTS 

Vee 
GND 

Receive Clock-The Receive Clock is a high impedance TTL compatible input used for syn
chronization of received data. (In the + 1 mode, the clock and data must be synchronized 
externally.) The receiver strobes the data on the positive transition of the clock. Clock frequen
cy of 1, 16, or 64 times the data rate may be selected. 

Received Data-The Received Data line is a high impedance TIL compatible input through 
which data is received in a serial NRX (Non Return to Zero) format. Synchronization with a 
clock for detection of data is accomplished internally when clock rates of 16 or 64 times the bit 
rate are used. Data rates are in the range of 0 to 500Kbps when external synchronization is 
utilized. 

Transmit Data-The Transmit Data output line transfers serial NRZ data to a modem or other 
peripheral device. Data rates are in the range of 0 to 500Kbps when external synchronization is 
utilized. 

Clear-to-Send-This high impedance TTL compatible input provides automatic cbntrol of the 
transmitting end of a communications link via the modem's "clear-to-send" active low output 
by inhibiting the Transmitter Data Register Empty status bit (TDRE). 

Request-to-Send-The Request-to-Send output enables the MPU to control a peripheral or 
modem via the data bus. The active state is low. The Request-to-Send output is controlled by 
the contents of the ACIA control register. 

Data Carrier Detected-This high impedance TIL compatible input provides automatic control 
of the receiving end of a communications link by means of the modem "Data-Carrier-Detect" 
or "Received-line-Signal Detect" output. The 0CJj input inhibits and initializes the receiver 
section of the ACIA when high. A low to high transition of the Data Carrier Detect initiates an 
interrupt to the MPU to indicate the occurrence of a loss of carrier when the Receiver Interrupt 
Enable (RIE) is set. 

+5 volts ±5% 

Ground 
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Application Information 

Internal Registers- The ACIA has four internal registers utilized for status, control, receiving data, and transmitting 
data. The register addressing by the R/W and RS lines and the bit definitions for each register are shown in Table 1. 

Table 1. Definition of ACIA Registers 

RS-R7W 

DATA BUS TRANSMIT 
LINE DATA 

NUMBER REGISTER 
(WRITE ONLY) 

0 DATA BIT 0* 

1 DATA BIT 1 

2 DATA BIT 2 

3 DATA BIT 3 

4 DATA BIT 4 

5 DATA BIT 5 

6 DATA BIT 6 

7 DATA BIT 7*** 

Notes: : * Leading bit = LSD = Bit 0 
Unused data bits in received character will be "O's. 

**. Unused data bits for transmission are "don't care's." 

ACIA Status Register-Information on the status of the 
ACIA is available to the MPU by reading the ACIA 
Status Register. This Read Only register is selected 
when RS is low and R/W is high. Information stored in 
this register indicates the status of: transmitting data 
register, the receiving data register and error status and 
the modem status inputs of the ACIA. 

Receiver Data Register Full (RDRF) [Bit OJ-Receiver Data 
Register Full indicates that received data has been 
transferred to the Receiver Data Register. RDRF is 
cleared after an M PU read of the Receiver Data Register 
or by a Master Reset. The cleared or empty state indi
cates that the contents of the Receiver Data Register 
are not current. Data Carrier Detect being high also 
causes RDRF to indicate empty. 

Transmit Data Register Empty (TORE) [Bit 1)-The 
Transmit Data Register Empty bit being set high indi
cates that the Transmit Data Register contents have 

BUFFER ADDRESS 

RS-R/W RS-R/W RS-R/W 

RECEIVER CDNTROL STATUS 
DATE REGISTER REGISTER 

REGISTER 

(READ ONLY) (WRITE ONLY) (READ ONLY) 

DATA BIT 0* 
CLK. DIVIDE RX DATA REG. 
SEL. (CRO) FULL (RDRF) 

DATA BIT 1 
CLK. DIVIDE TX DATA REG. 
SEL. (CR1) EMPTY (TDRE) 

DATA BIT 2 
WORD SEL. 1 DATA CARRIER 

(CR2) DET. LOSS (DCD) 

DATA BIT 3 
WORD SEL. 2 CLEAR-TO-SEND 

(CR3) (CTS) 

DATA BIT 4 
WORD SEL. 3 FRAMING ERROR 

(CR4) (FE) 

DATA BIT 5 
TX CONTROL 1 

OVERRUN (OVRN) (CR5) 

DATA BIT 6 
TX CONTROL 2 

PARITY ERROR (PE) (CR6) 

DATA BIT 7** 
RX INTERRUPT INTERRUPT REQUEST 
ENABLE (CR7) (IRQ) 

been transferred and that new data may be entered. The 
low state indicates that the register is full and that 
transmission of a new character has not begun since 
the last write data command. 

Data Carrier Detect (DCD) [Bit 2]-The Data Carrier Detect 
bit will be high when the DCD input from a modem has 
gone high to indicate that a carrier is not present. This 
bit going high causes an Interrupt Request to be 
generated if the Receiver Interrupt Enable (RIE) is set. It 
remains high until the interrupt is cleared by reading 
the Status Register and the Data Register or a Master 
Reset occurs. If the DCD input remains high after Read 
Status and Read Data or Master Reset have occurred, 
the DCO Status bit remains high and will follow the 
0<;0 input. 

Clear-ta-Send (CTS) [Bit 3)-The Clear-to-Send bit indi
cates the state of the Clear·to·Send input from a 
modem. A low CTS indicates that there is a Clear· to-

7.155 



Send from the modem. In the high state, the Transmit 
Data Register Empty bit is inhibited and the Clear-to· 
Send status bit will be high. Master Reset does not 
affect the Clear-to-Send status bit. 

Framing Error (FE) [Bit 4]-Framing error indicates that 
the received character is improperly framed by the start 
and stop bit and is detected by the absence of the first 
stop bit. This error indicates a synchronization error, 
faulty transmission, or a break condition. The framing 
error flag is set or reset during the receiver data transfer 
time. Therefore, this error indicator is present 
throughout the time that the associated character is 
available. 

Receiver Overrun (OVRN) [Bit 5]-Overrun is an error flag 
that indicates that one or more characters in the data 
stream were lost. That is, a character or a number of 
characters were received but not read from the 
Receiver Data Register (RDR) prior to subsequent char
acters being received. The overrun condition begins at 
the midpoint of the last bit of the second character 
received in succession without a read of the RDR hav
ing occurred. The Overrun does not occur in the Status 
Register until the valid character prior to Overrun has 
been read. The RDRF bit remains set until Overrun is 
reset. Character synchronization is maintained during 
the Overrun condition. The overrun indication is reset 
after the reading of data from the Receive Data 
Register. Overrun is also reset by the Master Reset. 

Parity Error (PE) [Bit 6]-The parity error flag indicates 
that the number of highs (ones) in the character does 
not agree with the preselected odd or even parity. Odd 
parity is defined to be when the total number of ones is 
odd. The parity error indication will be present as long 
as the data character is in the RDR. If no parity is 
selected, then both the transmitter parity generator out
put and the receiver parity check results are inhibited. 

Interrupt Request (IRQ) [Bit 7]-The IRQ bit indicates the 
state of the IRQ output. Any interrupt that is set and 
enabled will be indicated in the status register. Any 
time the IRQ output is low the IRQ bit will be high to in
dicate the interrupt or service request status. 

Control Register-The ACIA control Register consists 
of eight bits of write only buffer that are selected when 
RS and R/W are low. This register controls the function 
of the receiver, transmitter, interrupt enables, and the 
Request-to-Send modem control output. 

Counter Divide Select Bits (CRO and CR1)-The Counter 
Divide Select Bits (CRO and CR1) determine the divide 
ratios utilized in both the transmitter and receiver sec
tions of the ACIA. Additionally, these bits are used to 
provide a Master Reset for the ACIA which clears the 
Status Register and initializes both the receiver and 
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transmitter. Note that after a power-on or a power-fail 
restart, these bits must be set High to reset the ACIA. 
After resetting, the clock divide ratio may be selected. 
These counter select bits provide for the following 
clock divide ratios: 
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CR1 CRO Function 

o 0 ..;.-1 
o 1 ..;.-16 
1 0 ..;.- 64 
1 1 Master Reset 

Word Select Bits (CR2, CR3, and CR4)-The Word Select 
bits are used to select word length, parity, and the 
number of stop bits. The encoding format is as follows: 

CR4 CR3 CR2 Function 

o 0 0 7 Bits + Even Parity + 2 Stop Bits 
o 0 1 7 Bits + Odd Parity + 2 Stop Bits 
o 1 0 7 Bits + Even Parity + 1 Stop Bit 
o 1 1 7 Bits + Odd Parity + 1 Stop Bit 
1 0 0 8 Bits + 2 Stop Bits 
1 0 1 8 Bits + 1 Stop Bit 
1 1 0 8 Bits + Even Parity + 1 Stop Bit 
1 1 1 8 Bits + Odd Parity + 1 Stop Bit 

Word length, Parity Select, and Stop Bit changes are 
not double-buffered and therefore become effective 
immediately. 

Transmitter Control Bits (CR5 and CR6)-Two Trans
mitter Control bits provide for the control of the Trans
mitter Buffer Empty interrupt output, the Request·to
Send output and the transmission of a BREAK level 
(space). The following encoding format is used: 

CR6 CRS Function 
o 0 RTS = low, Transmitting Interrupt Disabled 
o 1 RTS = low, Transmitting Interrupt Enabled 
1 0 RTS = high, Transmitting Interrupt Disabled 
1 1 RTS = low, Transmitting Interrupt Disabled 

and Transmits a BREAK level on the Transmit 
Data Output 

Receiver Interrupt Enable Bit (RIE) (CR7)-lnterrupt will 
be enabled by a high level in bit position 7 of the Control 
Register (CR7). Interrupts caused by the Receiver Data 
Register Full being high or by a low to high transition on 
the Data Carrier Detect Signal line are enabled or dis
abled by the Receiver Interrupt Enable Bit. 

Transmit Data Register (TDR)-Data is written in the 
Transmit Data Register during the peripheral enable 
time (E) when the ACIA has been addressed and 
RS- R/W is selected. Writing data into the register 
causes the Transmit Data Register Empty bit in the 
status register to go low. Data can then be transmitted. 
If the transmitter is idling and no character is being 
transmitted, then the transfer will take place within one 



bit time of the trailing edge of the Write command. If a 
character is being transmitted, the new data character 
will commence as soon as the previous character is 
complete. The transfer of data causes the Transmit 
Data Register Empty (TDR) bit to indicate empty. 

Receive Data Register (RDR)-Data is automatically 
transferred to the empty Receive Data Register (RDR) 
from the receiver deserializer (a shift register) upon 
receiving a complete character. This event causes the 
Receive Data Register Full bit (RDRF) (in the status buf
fer) to go high (full). Data may then be read through the 
bus by addressing the ACIA and selecting the Receive 
Data Register with RS and R/W high when the ACIA is 
enabled. The non-destructive read cycle causes the 
RDRF bit to be cleared to empty although the data is re
tained in the RDA. The status is maintained by RDRF as 
to whether or not the data is current. When the Receive 
Data Register is full, the automatic transfer of data from 
the Receiver Shift Register to the Data Register is in
hibited and the RDR contents remain valid with its cur
rent status stored in the Status Register. 

Operational Description 
From the MPU Bus interface the ACIA appears as two 
addressable RAM memory locations. Internally, there 
are four registers; two read-only and two write-only 
registers. The read-only registers are status and receive 
data, and the write only registers are control and 
transmit data. The serial interface consists of serial 
transmit and receive lines and three modeml peripheral 
control lines. 

During a power-on sequence, the ACIA is internally lat
ched in a reset condition to prevent erroneous output 
transitions. This power-on reset latch can only be 
released by the master reset function via the control 
register; bits be and b1 are set "high" for a master reset. 
After master resetting the ACIA, the programmable 
control register can be set for a number of options such 
as variable clock divider ratios, variable word length, 
one or two stop bits, parity (even, odd, or none) and etc. 

Transmitter-A typical transmitting sequence consists 
of reading the ACIA status register either as a result of 
an interrupt or in the ACIA's turn in a polling sequence. 
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A character may be written into the Transmitter Data 
Register if the status read operation has indicated that 
the Transmit Data Register is empty. This character is 
transferred to a shift register where it is serialized and 
transmitted from the Tx Data output preceded by a start 
bit and followed by one or two stop bits. Internal parity 
(odd or even) can be optionally added to the character 
and will occur between the last data bit and the first 
stop bit. After the first character is written in the data 
register, the status register can be read again to check 
for a Transmit Data Register Empty condition and cur
rent peripheral status. If the register is empty, another 
character can be loaded for transmission even though 
the first character is in the process of being transmit
ted. This second character will be automatically 
transferred into the shift register when the first 
character transmission is completed. The above se
quence continues until all the characters have been 
transmitted. 

Receiver-Data is received from a peripheral by means 
of the Rx Data input. A divide by one clock ratio is pro
vided for an externally synchronized clock (to its data) 
while the divide by 16 and 64 ratios are provided for in
ternal synchronization. 

Bit synchronization in the divide by 16 and 64 modes is 
obtained by the detection of the leading mark-to-space 
transition of the start bit. False start bit deletion capa
bility .insures that a full half bit of a start bit has been 
received before the internal clock is synchronized to 
the bit time. As a character is being received, parity 
(odd or even) will be checked and the error indication 
will be available in the status register along with fram
ing error, overrun error, and receiver data register full. In 
a typical receiving sequence, the status register is read 
to determine if a character has been received from a 
peripheral. If the receiver data register is full, the 
character is placed on the a-bit ACIA bus when a Read 
Data command is received from the MPU. The status 
register can be read again to determine if another char
acter is available in the receiver data register. The 
receiver is also double buffered so that a character can 
be read from the data register as another character is 
being received in the shift register. The above 
sequence continues until all characters have been 
received. 
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Features 
o Programmable Interrupts From Transmitter, 

Receiver, and Error Detection Logic 
o Character Synchronization on One or Two Sync 

Codes 
o External Synchronization Available for Parallel-

Serial Operation 
o Programmable Sync Code Register 
o Up to 600k bps Transmission 
o Peripheral/Modem Control Functions 
o Three Bytes of FIFO Buffering on Both Transmit 

and Receive 
o Seven, Eight, or Nine Bit Transmission 
o Optional Even and Odd Parity 
o Parity, Overrun, and Underflow Status 
o Clock Rates: 

1.0MHz 
1.5MHz 
2.0MHz 

Block Diagram 

DATA BUS 
I/O 

ADDRESS/CONTROL 
AND INTERRUPT 

S6852/S68A52/S68B52 

SYNCHRONOUS SERIAL 
DATA ADAPTER (SSDA) 

General Description 

The S6852 Synchronous Serial Data Adapter provides a 
bi-directional serial interface for synchronous data in
formation interchange. It contains interface logic for 
simultaneously transmitting and receiving standard 
synchronous communications characters in bus 
organized systems such as the S6800 Microprocessor 
systems. 

The bus interface of the S6852 includes select, enable, 
read/write, interrupt, and bus interface logic to allow 
data transfer over an 8-bit bi-directional data bus. The 
parallel data of the bus sytem is serially transmitted 
and received by the synchronous data interface with 
synchronization, fill character insertion/deletion, and 
error checking. The functional configuration of the 
SSDA is programmed via the data bus during system 
initialization. Programmable control registers provide 
control for variable word lengths, transmit control, 

Pin Configuration 

PERIPHERAL! 
MODEM 
CONTROL 

RECEIVE 
DATA 

TRANSMIT 
DATA 
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General Description (Continued) 

receive control, synchronization control, and interrupt 
control. Status, timing and control lines provide peri· 
pheral or modem control. 

Typical applications include floppy disk controllers, 
cassette or cartridge tape controllers, data communica· 
tions terminals, and numerical control systems. 

Absolute Maximum Ratings: 

Supply Voltage ................................................................... - 0.3 to + 7.0V 
Input Voltage .................................................................... - 0.3 to + 7.0V 
Operating Temperature Range ....................................................... ooe to + 70 0 e 
Storage Temperature Range ...................................................... - 55° to + 1500 e 
Thermal Resistance ................................................................... + 70 0 efW 
Note: This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields: however, it is advised that normal precautions be 
taken to avoid application of any voltage higher than maximum rated voltages to this high impedance circuit. 

Electrical Characteristics (Vee = 5.0V ± 5%, Vss = 0, TA = ooe to 70 0 e unless otherwise noted.) 

Symbol Characteristics Min. Typ. Max. Unit 

VIH Input High Voltage Vss + 2.0 Vdc 

VIL Input Low Voltage Vss + 0.8 Vdc 

liN 
Input Leakage Current Tx Clk, Rx Clk, Rx Data, Enable 

1.0 2.5 "Adc (V'N = 0 to 5.25Vdc) Reset, RS, R/W, CS, oco, cfS 

ITSI 
Three State (Off State) Input Current 00.07 2.0 10 "Adc (V'N = 0.4 to 2.4Vdc, Vce = 5.25Vdc) 

Output High Voltage 
VOH ILOAO = - 205"Adc, Enable Pulse Width<25"s 00-07 Vss+2.4 Vdc 

ILOAO = -1 OOl-lAdc, Enable Pulse Width<25"s Tx Data, OTR, TUF Vss + 2.4 Vdc 

VOL 
Output Low Voltage 

Vss + 0.4 Vdc 
ILOAO = 1 .. 6mAdc, Enable Pulse Width<25"s 

ILOH 
Output Leakage Current (Off State) lRQ 1.0 10 "Adc 

VOH = 2.4Vdc 

Po Power Dissipation 300 525 mW 

C'N 
I nput Capacitance 00.07 12.5 

pF 
(V'N = 0, TA = 25°C, 1= 1.0MHz) All Other Inputs 7.5 

CO UT 
Output Capacitance Tx Data, SM/OTR, TUF 10 

pF 
(V,N = 0, TA = 25°C, 1= 1.0MHz) . IRQ 5.0 

Electrical Characteristics (Vee = 5.0V ± 5%, TA = 0 to 70 0 e unless otherwise noted.) 

86852 868A52 868852 
8ymbol Characteristic Min. Max. Min. Max. Min. Max. Unit 

PWCL Minimum Clock Pulse Width, Low 700 400 280 ns 

PWCH Minimum Clock Pulse Width, High 700 400 280 ns 

Ic Clock Frequency 600 1000 1500 kHz 

tROSU Receive Data Setup Time 350 200 160 ns . 
lOI'S or 10% of the pulse width, whichever IS smaller. 
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Electrical Characteristics (Continued) (Vee = 5.0V ± 5%, TA = 0 to 70·C unless otherwise noted.) 
86852 S68A52 868852 

Symbol Characteristic Min. Max. Min. Max. Min. Max. Unit 

I ROH Receive Data Hold Time 350 200 160 ns 

ISM Sync Match Delay Time 1.0 0.666 0.500 I1s 

ITDO Clock-to-Data Delay for Transmitter 1.0 0.666 0.500 I1s 

I TUF Transmitter Underflow 1.0 0.666 0.500 I1s 

IOTR DTR Delay Time 1.0 0.666 0.500 I1s 

IIR Interrupt Request Release Time 1.2 0.800 0.600 I1s 

IRes Reset Minimum Pulse Width 1.0 0.666 0.500 I1s 

ICTS CTS Setup Time 200 150 120 ns 

loco DCD Setup Time 500 350 250 ns 

Ir, If 
Input Rise and Fall Times (except 

1.0 1.0 1.0 I1s 
Enable) (0.8V to 2.0V) 

Bus Timing Characteristics 

Symbol Characteristic Unit 

Read 

leyeE Enable Cycle Time 1.0 0.666 0.5 I1s 

PWEH Enable Pulse Width, High 0.45 25 0.28 25 0.22 25 I1s 

PWEL Enable Pulse Width, Low 0.43 0.28 0.21 I1s . 
Setup Time, Address and R/W 

lAS Valid to Enable Positive Transition 
160 140 70 ns 

tOOR Data Delay Time 320 220 180 ns 

tH Data Hold Time 10 10 10 ns 

tAH Address Hold Time 10 10 10 ns 

tn, 
Rise and Fall Time for Enable Input 25 25 25 ns 

IEf 

Write 

teYeE Enable Cycle Time 1.0 0.666 0.5 I1s 

PWEH Enable Pulse Width, High 0.45 25 0.28 25 0.22 25 I1s 

PWEL Enable Pulse Width, Low 0.43 0.28 0.21 "S 

tAS 
Setup Time, Address and R/W 

160 140 70 ns 
Valid to Enable Positive Transition 

tDSW Setup Time 195 80 60 ns 

IH Data Hold Time 10 10 10 ns 

tAH Address Hold Time 10 10 10 ns 

tEr , Rise and Fall Time for Enable Input 25 25 25 ns 
tEr 
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Features 

o S6800 Compatible 
o Protocol Features 

o Automatic Flag Detection and Synchronization 
o Zero Insertion and Deletion 
o Extendable Address, Control and Logical 

Control Fields (Optional) 
o Variable Word Length Info Field - 5, 6, 7, or 

8-bits 
o Automatic Frame Check Sequence Generation 

and Check 
o Abort Detection and Transmission 
o Idle Detection and Transmission 

o Loop Mode Operation 
o Loop Back Self-Test Mode 
o NRZlNRZI Modes 

Block Diagram 

DATA 
.US 

00·D7 

S6854/S68A54/S68B54 

ADVANCED DATA 
LINK CONTROLLER 

o Quad Data Buffers for Each Rx and Tx 
o Prioritized Status Register (Optional) 
o MODEM/DMA/Loop Interface 

General Description 

The S6854 ADLC performs the complex MPU/data 
communication link function for the "Advanced Data 
Communication Control Procedure" (ADCCP), High 
Level Data Link Control (HDLC) and Synchronous Data 
Link Control (SDLC) standards. The ADLC provides key 
interface requirements with improved software effi
ciency. The ADLC is designed to provide the data com
munications interface for both primary and secondary 
stations in stand-alone, polling, and loop configura
tions. 

<~ < ers 

Pin Configuration 

Vss 

m 
2s-rn 
27_DEfi 

LOOP ON-LINE 
26 Ci.iN'fft1il/ii'i'R 

25 FI'AGi5Ei' 

24 rOSR 

T,D 
86854 23 

ROSR 

iiiO. 7 ssaAS4 2:Z _DO 

RESEi'- 8 S68B54 21 _Dl 

fi- g 20-D2 

RSo-IO 19_03 

RS,_l1 lB-04 

R/W- 12 17_05 

E_13 16-06 

Vee 14 15-07 

L-;---,r--r-.,...J-----l~ WsP ON·LlNE CONTROLliffi'i 

'-------« RESET 
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Absolute Maximum Ratings· 

Supply Voltage .................................................................. - 0.3 to + 7.0V 
Input Voltage ................................................................... - 0.3 to + 7.0V 
Operating Temperature Range ....................................................... O· to + 70·e 
Storage Temperature Range ..................................................... - 55· to + 150·e 
Thermal Resistance ................................................................... 70· e/w 
• This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is advised that normal precautions be taken 

to avoid application of any voltage higher than maximum rated voltages to this high· impedance circuit. 

Electrical Characteristics: (Vee = 5.0V ± 5%, Vss = 0, TA = o·e to + 70·e unless otherwise noted.) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

V,H Input High Voltage Vss + 2.0 Vdc 

V,L Input Low Voltage Vss + 0.8 Vdc 

liN Input Leakage Current All inputs Except 00-0, 1.0 2.5 I'Adc Y'N = 0 to 5.25 Vdc 

ITS I Three-State (Off State) Input Current 00-0, 2.0 10 flAdc Y'N = 0.4 to 2.4 Vdc 
Vcc = 5.25 Vdc 

VOH Output High Voltage 00-0, Vss + 2.4 Vdc ILOAO = - 2051'Adc 
All Others Vss + 2.4 Vdc ILOAO = - IOOI'Adc 

VOL Output Low Voltage Vss+0.4 Vdc ILOAO = 1.6mAdc 

ILOH Output Leakage Current (Off State) iRQ 1.0 10 I'Adc VOH = 2.4Vdc 

Po Power Dissipation 850 mW 

C'N Capacitance 00-0, 12.5 pF Y'N = 0, TA = 25·C, 
All Other Inputs 7.5 pF f = 1.0MHz 

COUT IRQ 5.0 pF 
All others 10 pF 

S6854 S68A54 S68854 
Symbol Characteristic Min. Max. Min. Max. Min. Max. Unit 

PWCL Minimum Clock Pulse Width, Low 700 450 280 ns 

PW CH Minimum Clock Pulse Width, High 700 450 280 ns 

fc Clock Frequency 0.66 1.0 1.5 MHz 

IROSU Receive Data Setup Time 250 200 120 ns 

I ROH Receive Data Hold Time 120 100 60 ns 

I RTS Request-to-Send Delay Time 680 460 340 ns 

lTOO Clock-to-Data Delay for Transmitter 460 320 250 ns 

lFa Flag Detect Delay Time 680 460 340 ns 

10TR DTR Delay Time 680 460 340 ns 

I LOC Loop On-Line Control Delay Time 680 460 340 ns 

IROSR RDSR Delay Time 540 400 340 ns 

l TOSR TDSR Delay Time 540 400 340 ns 

I'R Interrupt Request Release Time 1.2 0.9 0.7 "S 

IRES Reset Minimum Pulse Width 1.0 0.65 0.40 I's 

Ir, If 
Input Rise and Fall Times (except 

1.0' 1.0' 1.0' I's Enable) (0.8V to 2.0V) 

• 1.01's or 10% of the pulse width, whichever IS smaller. 
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Bus Timing Characteristics (Vee = + 5.0V ± 5%, Vss = 0, TA = O°C to + + 70 0 e unless otherwise noted.) 

S6854 S68A54 S68854 
Symbol Characteristic Min. Max. Min. Max. Min. Max. Unit 

Read 

leye Enable Cycle Time 1.0 0.666 0.50 /ls 

PWEH Enable Pulse Width, High 0.45 0.28 0.22 25 /ls 

PWEL Enable Pulse Width, Low 0.43 0.28 0.21 /ls 

lAS 
Setup Time, Address and R/W 

160 140 70 ns 
Valid to Enable Positive Transition 

IOOR Data Delay Time 320 220 180 ns 

IH Data Hold Time 10 10 10 ns 

IAH Address Hold Time 10 10 10 ns 

IEr, Rise and Fall Time for Enable Input 25 25 25 ns 
IEf 

Write 

leyeE Enable Cycle Time 1.0 0.666 0.50 /ls 

PWEH Enable Pulse Width, High 0.45 0.28 0.22 /ls 

PWEL Enable Pulse Width, Low 0.43 0.28 0.21 /ls 

lAS 
Setup Time, Address and R/W 

160 140 70 ns 
Valid to Enable Positive Transition 

losw Setup Time 195 80 60 ns 

IH Data Hold Time 10 10 10 ns 

IAH Address Hold Time 10 10 10 ns 

IEr, Rise and Fall Time for Enable Input 25 25 25 ns 
lEI 
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Features 

D Z80TM CPU Internal Architecture 
D Z80 Instruction Set 
DOn-board 8K Byte ROM 
D Internal/External ROM Modes 
D Address, Data, and Bus Control Signals Function 

Identically to the Original Z80 
D Dynamic RAM Interface Including Address 

Multiplexing and Rowand Column Address Strobe 
Signals. 

Functional Description 

The OS Processor chip is a single-chip microcomputer 
system with a core Z80 CPU and on-chip 8K x 8 (64K 
bit) ROM. This chip possesses all of the hardware 
capabilities present in the standard Z80 chip. All con-

Block Diagram 

CONTROL 

zeo 
CPU 

iiS~ 
EXT .• I 

DYNAMIC RAM 
CONTROL LOGIC 

ROM 
SELECT 
LOGIC 

ADDRESS, DATA, & CONTROL 

Z80 is a registered trademark of Zilog, Inc. 

8Kx8 
ROM 

S83 

OPERATING SYSTEM 
PROCESSOR (OSP) 

trol, address, and data signals are functionally identical 
to the standard Z80, making it completely hardware 
compatible with all Z80 peripheral chips. All Z80 in
structions are present including the 8080 subset, pro
viding software compatibility as well. 

Additional logic has been incorporated to allow the OS 
Processor to be directly connected to 64K Dynamic 
RAMs. 

ROM select logic is incorporated to allow the internal 
ROM to be selectively enabled or disabled under soft
ware control. 

The OS Processor is fabricated in a NMOS process, 
uses a single 5 volt power supply, and is packaged in a 
48-pin DIP package. 

Pin Configuration 

CAS 
liAS 

RESERVED 

RESERVED 

A" 

A" 

Au 

A" 

A" 

BUS CONTROL 
lOGIC 
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ROM Select Logic 

This functional block controls access to the internal 
ROM and also determines whether the processor will 
be brought up in an internal or external mode. 

When the RESET signal goes high and EXT is high, the 
ROM enable latch is disabled, thereby turning off the in
ternal ROM, and the processor begins execution at ad
dress OOOOH just as a standard Z80 CPU would after 
reset. This is referred to as EXTERNAL MODE. In the 
external mode, the processor behaves identically to a 
standard Z80 CPU, except that the upper 16 memory ad
dresses, FFFOH to FFFFH, are reserved. Address 
FFFFH (the configuration register) is used for ROM 
control. The other 15 locations have been reserved for 
further expansion of system control functions. 

When the RESET signal goes high and the mode pin 
EXT is low, the internal ROM is switched on byenabling 
the ROM enable latch, and the processor is forced to 
execute NOP instructions until it reaches address 
FFOOH in the internal ROM, where it begins execution. 
Any internal bootstrap program code should start at ad
dress FFOOH. This is referred to as INTERNAL MODE. 

In the internal mode, the 8K x 8 internal ROM is swit
ched on and is effectively overlayed on top of external 
memory. This ROM occupies the upper 8K bytes of the 
full64K byte Z80 address space. When data is read from 
the internal ROM, this data appears on the external data 
bus. Data written to this address space does appear on 
the external data bus, however, and will be written to 
any RAM that occupies that space. This RAM data can
not be read by the processor until the internal ROM has 
been turned off. The internal ROM may be switched off 
by writing a zero to bit 0 of the configuration register. 
The ROM may be switched back on at any time by 
writing a one to bit 0 of the configuration register. 

Memory locations FFFOH through FFFFH are reserved. 
No code should be written in this area. Any accesses to' 
these sixteen addresses will be treated as external 
memory accesses. 

The OS output signal is generated by the ROM select 
logic. This signal indicates that an address has been 
detected in the internal ROM address space (addresses 
EOOOH - FFEFH) and that the internal ROM enable 
latch is set. This signal is used to control the address
ing of external memory that resides In the same ad-

8.3 

883 

dress space as the internal ROM. Its use will be covered 
later under "Prototyping With the S83". 

Dynamic RAM Interface 

In addition to the refresh circuitry inherent to the Z80 
CPU, the S83 features circuitry that enables the 8 high 
order address bits to be multiplexed onto the low order 
8 address lines for row and column addressing of 64K 
dynamic RAMs. Row address and column address 
strobes are also generated by the S83. 

Bus Selection: For each memory cycle, the user may 
determine whether or not the addresses will be multi
plexed by use of the BUSSEL (BUS SELect) input. 
BUSSE[ is sampled slightly after the rising edge of 
each T2 clock state. If BUSSEL is low, the memory 
access is a standard Z80 access with non-multiplexed 
addresses, and CAS is not generated, however RAS is 
generated. If BUSSEL is high, the multiplexing process 
and generation of CAS is allowed to continue. A short 
time after RAS goes low, the low byte of the address 
bus will begin changing over to reflect the upper 8 bits 
of the address the Z80 has generated. After the new 
address (the column address) is stable, CAS goes low. 
These two strobes clock the row and column addres
ses into the dynamic RAMs. 

Because only the upper 8 bits of the address bus 
remain stable throughout the entire memory access, 
selection of BUSSEL should be done with the upper 8 
address lines only unless some form of address latch
ing is used. If it is desired to use any of the lower 8 
address lines (Ao-A7), they must be latched on the fail
ing edge of MREQ, otherwise false decoding may occur 
when the address lines are multiplexed. 

BUSSEL is qualified with MREQ internally, so it is not 
necessary to include MREQ in decoding for BUSSEL, 
and the RAS/CAS logic and BUSSEL sampling Circuitry 
only operates during memory accesses. It is inopera
tive for I/O and interrupt cycles. 

BUSSEL is also used to selectively block accesses to 
the internal ROM, and this usage will be discussed 
under "Prototyping With the S83". 

Wait States: Because of the tighter access times 
required by the Z80 CPU during an opcode fetch (M1 cy
cle), the S83 automatically inserts a walt state on M1 
cycles if the user has selected a multiplexed memory 



cycle with the BUSSEL input. This wait state is not add
ed if a standard non-multiplexed bus cycle has been 
selected. 

The user may insert additional wait states if desired, 
however care must be exercised not to hold the proces
sor in a wait state so long that refresh requirements are 
violated, as the S83, like the Z80, does not generate any 
refresh signals while in a wait state. 

Bus Request (OMA) Cycles: When the Z80 is bus re
quested and an external device gains control of the 
bus, RAS, CAS, and as will be tri-stated along with 
MREO, RD, WR, and 10RO. 

Prototyping With the 583 

While the main purpose of BUSSEL is to control the 
dynamic RAM interface logic, it also controls access to 
the internal ROM. If an access to the internal ROM is 
attempted (as indicated by the as signal) and BUSSEL 
is low, that access will be blocked, and instead the pro
cessor will access the external data bus using a non
multiplexed Z80 address. This input, together with the 
as output, allows an external EPROM to be substituted 
for the internal ROM and still have its accesses con
trolled by the ROM enable latch. This is accomplished 
by using the as output (qualified with MREO and RD) 
as the chip select for the EPROM, and also feeding this 
signal into the BUSSEL input. Since EXT/OS can only 
become low when the ROM enable latch is on, the func
tionality of internal vs. external memory spaces is still 
preserved. If it is desired to have an external ROM or 
EPROM in the address range EOOOH - FFFFH (not 
substituting for the internal ROM), its address 
decoding should include as = HIGH. This will ensure 
that when an external EPROM is chip selected and 
BUSSEL pulled low to select non-multiplexed ad
dresses, the user is not inadvertantly decoding an inter-
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nal ROM access. The inclusion of the as signal in chip 
decoding provides the distinguishing factor between 
internal and external memory spaces. 

General CPU Operation 

The core of the S83 is a Z80 CPU. It contains 208 bits of 
read/write memory that are accessible to the program
mer. These registers include two sets of six general
purpose registers which may be used individually as 
either 8-bit registers or as 16-bit register pairs. In addi
tion there are two sets of accumulator and flag 
registers. A group of "Exchange" instructions makes 
either set of main or alternate registers accessible to 
the programmer. The alternate set allows operation in 
foreground-background mode or it may be reserved for 
very fast interrupt response. The Z80 also contains a 
Stack POinter, Program Counter, two index registers, a 
Refresh register (counter), and an Interrupt register. 

Figure 1 shows three groups of registers within the Z80 
CPU. The first group consists of duplicate sets of 8-bit 
registers: a principal set and an alternate set (desig
nated by , [prime], e.g., A '). Both sets consist of the 
Accumulator Register, the Flag Register, and six 
general-purpose registers. Transfer of data between 
these duplicate sets of registers is accomplished by 
use of "Exchange" instructions. The result is faster 
response to interrupts and easy, efficient implementa
tion of such versatile programming techniques as 
background-foreground data processing. The second 
set of registers consists of six registers with assigned 
functions. These are the I (Interrupt Register), the R 
(Refresh Register), the IX and IV (Index Registers), the 
SP (Stack Pointer), and the PC (Program Counter). The 
third group consists of two interrupt status flip-flops, 
plus an additional pair of flip-flops which assists in 
identifying the interrupt mode at any particular time. 
Table 1 provides further information on these registers. 
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Figure 1. CPU Registers 

MAIN REGISTER SET 

A ACCUMULATOR F FLAG REGISTER A' 

B GENERAL PURPOSE C GENERAL PURPOSE B' 

D GENERAL PURPOSE E GENERAL PURPOSE D' 

H GENERAL PURPOSE L GENERAL PURPOSE H' 

IX INDEX REGISTER 

IY INDEX REGISTER 

SP STACK POINTER 

PC PROGRAM COUNTER 

ALTERNATE REGISTER SET 

ACCUMULATOR F' FLAG REGISTER 

GENERAL PURPOSE C' GENERAL PURPOSE 

GENERAL PURPOSE E' GENERAL PURPOSE 

GENERAL PURPOSE L' GENERAL PURPOSE 

INTERRUPT FLIP-FLOPS STATUS 

G G 
a = INTERRUPTS DISABLED 
1 = INTERRUPTS ENABLED 

INTERRUPT MODE FLIp· FLOPS 

STORES IFFI 
DURING NMI 

SERVICE 

I INTERRUPT VECTOR I R MEMORY REFRESH a 
a 
1 
1 

a 
1 
a 
1 

INTERRUPT MODE a 
NOT USED 
INTERRUPT MODE 1 
INTERRUPT MODE 2 

Table 1. Z80 CPU Registers 

Register 

A, A' Accumulator 
F. F' Flags 
B, B' General Purpose 
C, C' General Purpose 
D, D' General Purpose 
E, E' General Purpose 
H, H' General Purpose 
L, L' General Purpose 

Interrupt Register 
R Refresh Register 

IX Index Register 
IY Index Register 
SP Stack Pointer 
PC Program Counter 
IFF1-IFF2 Interrupt Enable 
IMFa-IMFb Interrupt Mode 

Size (BHs) 

8 
8 

8 
8 

8 
8 
8 
8 

8 
8 

16 
16 
16 
16 

Flip-Flops 
Flip-Flops 

Remarks 

Stores an operand or the results of an operation. 

See I nstruction Set. 
Can be used separately or as a 16-bit register with C. 
See B, above. 
Can be used separately or as a 16-bit register with E. 
See D, above. 
Can be used separately or as a 16-bit register with L. 
See H, above. 
Note: The (B, C), (D, E), and (H, L) sets are combined as follows: 

B - High byte C - Low byte 
D - High byte E - Low byte 
H - High byte L - Low byte 

Stores upper eight bits of memory address for vectored interrupt processing. 
Provides user-transparent dynamic memory refresh. Lower seven bits are automatically in
cremented and all eight are placed on the address bus during each instruction letch cycle 
refresh time. The eighth bit appearing on the bus during a refresh cycle is incremented, but is 
not readable or writable by the user. 
Used for indexed addressing. 
Same as IX, above. 
Holds address of the top of the stack. See Push or Pop in instruction set. 
Holds address of next instruction. 
Set or reset to indicate interrupt status (see Figure 4). 
Reflect Interrupt mode (see Figure 4). 
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Interrupts: General Operation 

The CPU accepts two interrupt input signals: JiJMi and 
INT. The NMI is a non-maskable interrupt and has the 
highest priority. INT is a lower priority interrupt and it 
requires that interrupts be enabled in software in order 
to operate. INT can be connected to multiple peripheral 
devices in a wired-OR configuration. 

The zao has a single response mode for interrupt ser
vice for the non-maskable interrupt. The maskable 
interrupt, INT, has three programmable response 
modes available. These are: 

• Mode 0 - similar to the aoao microprocessor. 
• Mode 1 - Peripheral Interrupt service, for use with 

non-aOaO/ZaO systems. 
• Mode 2 - a vectored interrupt scheme, usually daisy

chained, foruse with zao Family and compatible 
peripheral devices. 

The CPU services interrupts by sampling the NMI and 
INT signals at the rising edge of the last clock of an in
struction. Further interrupt service processing 
depends upon the type of interrupt that was detected. 
Details on interrupt responses are shown in the CPU 
Timing Section. 

Non-Maskable Interrupt (NMI). The non-maskable inter
rupt cannot be disabled by program control and there
fore will be accepted at all times by the CPU. NMI is 
usually reserved for servicing only the highest priority 
type interrupts, such as that for orderly shutdown after 
power failure has been detected. After recognition of 
the NMI signal (providing BUSREO is not active), the 
CPU jumps to restart location 0066H. Normally, soft
ware starting at this address contains the interrupt ser
vice routine. NMI is negative edge triggered and need 
not be low at the time interrupts are sampled (see Pin 
Descriptions). 

Maskable Interrupt (INT). Regardless of the interrupt 
mode set by the user, the zao response to a maskable 
interrupt input follows a common timing cycle. After 
the interrupt has been detected by the CPU (provided 
that interrupts are enabled and BUSREO is not active) a 
special interrupt processing cycle begins. This is a 
special fetch (M1) cycle in which IORO becomes active 
rather than MREO, as in normal M1 cycle. In addition, 
this special M1 cycle is automatically extended by two 
WAIT states, to allow for the time required to acknow
ledge the interrupt request. 

Mode 0 Interrupt Operation. This mode is similar to the 
aoao microprocessor interrupt service procedures. The 
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interrupting device places an instruction on the data 
bus. This is normally a Restart (RST) instruction, which 
will initiate a call to the selected one of eight restart 
locations in page zero of memory. Unlike the aoao, the 
zao CPU responds to the Call instruction with only one 
interrupt acknowledge cycle followed by two memory 
read cycles. 

Mode 1 Interrupt Operation. Mode 1 operation is very 
similar to that for the NMI. The principal difference is 
that the Mode 1 interrupt has a restart location of 003aH 
only. 

Mode 2 Interrupt Operation. This interrupt mode has 
been designed to utilize most effectively the capabili
ties of the zao microprocessor and its associated 
peripheral family. The interrupting peripheral device 
selects the starting address of the interrupt service 
routine. It does this by placing an a-bit vector on the 
data bus during the interrupt acknowledge cycle. The 
CPU forms a pointer using this byte as the lower a-bits 
and the contents of the I register as the upper a bits. 
This points to an entry in a table of addresses for inter
rupt service routines. The CPU then jumps to the rou
tine at that address. This flexibility in selecting the 
interrupt service routine address allows the peripheral 
device to use several different types of sevice routines. 
These routines may be located at any available location 
in memory. 

Interrupt Priority (Daisy Chaining and Nested Interrupts). 
The interrupt priority of each peripheral device is deter
mined by its physical location within a daisy-chain con
figuration. Each device in the chain has an interrupt 
enable input line (lEI) and an interrupt enable output 
line (lEO), which is fed to the next lower priority device. 
The first device in the daisy chain has its lEI input hard
wired to a High level. The first device has highest priori
ty, while each succeeding device has a corresponding 
lower priority. This arrangement permits the CPU to 
select the highest priority interrupt from several simul
taneously interrupting peripherals. 

The interrupting device disables the lEO line to the next 
lower priority peripheral until it has been serviced. After 
servicing, its lEO line is raised, allowing lower priority 
peripherals to demand interrupt servicing. 

The zao CPU will nest (queue) any pending interrupts or 
interrupts received while a selected peripheral is being 
serviced. 



Interrupt Enable/Disable Operation. Two flip-flops, IFF1 
and IFF2, referred to in the register description are used 
to signal the CPU interrupt status. Operation of the two 
flip-flops is described in Table 2. For more details, refer 
to the 280 CPU Technical Manual and 280 Assembly 
Language Manual (available from 2i1og, Inc.). 

Table 2. State of Flip-Flops 

Action IFF1 

CPU Reset 0 

01 instruction 0 

EI instruction 
execution 
LO A, I instruction 
execution 

LD A,R instruction 
execution 
Accept NMI 

RETN instruction IFF2 
execution 

Instruction Set 

IFF2 Comments 

o Maskable interrupt 
INT disabled 

o Maskable interrupt 
I NT disabled 

Maskable interrupt 
INT enabled 

IFF2 - Parity flag 

IFF2 - Parity flag 

IFF2 IFF2 does not change 
(Maskable interrupt 
I NT disabled) 

IFF2 - IFF1 at 
completion of an N M I 
service routine. 

The 280 microprocessor has one of the most powerful 
and versatile instruction sets available in any 8-bit 
microprocessor. It includes such unique operations as 
a block move for fast, efficient data transfers within 
memory or between memory and 110. It also allows 
operations on any bit in any location in memory. 

The following is a summary of the 280 instruction set 

8-Bit Load Group 

Symbolic Flags 
Mnemonic Operation S Z H P/V N 

LO r. r' r-r' X X 
LO r. n r-n X X 

LO r, (HL) r - (HL) X X 
LO r, (IX + d) r - (IX + d) X X 

LO r, (IV + d) r - (IV + d) X X 

LO (HL), r (HL) - r X X 
LD (IX + d). r (IX + d) - r X X 

LD (IV + d), r (IV + d) - r X 

C 
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and shows the assembly language mnemonic, the 
operation, the flag status, and gives comments on each 
instruction. The 280 CPU Technical Manual (03-0029-01) 
and Assembly Language Programming Manual 
(03-0002-01) contain significantly more details for pro
gramming use (available from 2ilog, Inc.). 

The instructions are divided into the following 
categories. 

D 8-bit loads 
D 16-bit loads 
D Exchange, block transfers, and searches 
D 8-bit arithmetic and logic operations 
D General-purpose arithmetic and CPU control 
D 16-bit arithmetic operations 
D Rotates and shifts 
D Bit set, reset, and test operations 
D Jumps 
D Calls, returns, and restarts 
D Input and output operations 

A variety of addressing modes are implemented to per
mit efficient and fast data transfer between various 
registers, memory locations, and input/output devices. 
These addressing modes include: 

D Immediate 
D Immediate extended 
D Modified page zero 
D Relative 
D Extended 
D Indexed 
D Register 
D Registerindirect 
D Implied 
D Bit 

Opcode No. of 
76 543 210 Hex Bytes 

01 r r' 
00 r' 110 

-n-
01 r 110 
11 011 101 DO 
01 r 101 

-d-
11 111 101 FD 
01 r 110 

-d-
Ol 110 r 
11 011 101 DO 
01 110 r 

-d-
11 111 101 FO 
01 110 r 

-d-

No. of M No. of T 
Cycles States Comments 

1 4 r, r' Reg. 
2 7 000 B 

001 C 
7 010 0 

19 011 E 
100 H 
101 L 

19 111 A 

7 
19 

19 
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8-Blt Load Group (continued) 

Symbolic Flags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation Z H PlY N C 76 543 210 Hex Bytes Cycles States Comments 

LD (HL), n (HL) - n X X 00 110 110 36 2 3 10 
-n-

LD(IX + d), n (IX + d) - n X X 11 all 101 DO 19 
00 110 110 36 

-d-
-n-

LD(IV + d), n (IV + d) - n X X 11 111 101 FD 19 
00 110 110 36 

-d-
-n-

LD A, (BC) A-(BC) X X 00 001 010 OA 7 
LD A, (DE) A -(DE) X X 00 011 010 lA 7 
LD A, (nn) A - (nn) X X 00 111 010 3A 13 

-n-
-n-

La (BC), A (BC) -A X X 00 000 010 02 7 
LD (DE), A (DE) -A X X 00 010 010 12 7 
LD (nn), A (nn) - A X X 00 110 010 32 13 

-n-
-n-

LD A, I A.-I X X IFF 11 101 101 ED 
01 010 111 57 

LD A, R A-R X X IFF 11 101 101 ED 
01 011 111 5F 

LD I, A I-A X X 11 101 101 ED 
01 000 111 47 

LD R, A R-A X X 11 101 101 ED 
01 001 111 4F 

NOTES: r, r' means any of the registers A, S, C, D, E, H, l 
IFF the content of the interrupt enable flip-flop, (IFF) is copied into the PIV flag. 

16-Bit Load Group 

Symbolic Rags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S Z H PlY N C 76 543 210 Hex Bytes Cycles States Comments 

LD dd, nn dd - nn X X 00 ddO 001 3 3 10 ~ 
-n- OD BC 
-n- 01 DE 

LD IX, nn IX - nn X X 11 011 101 DO 4 14 10 HL 
00 100 001 21 11 SP 

-n-
-n-

LD IV, nn IV -nn X X 11 111 1'01 FD 14 
00 100 001 21 

-n-
-n-

LD HL, (nn) H - (nn + 1) X X 00 101 010 2A 16 
-n-
-n-

LD dd, (nn) ddH - (nn + 1) X X 11 101 101 ED 20 
ddL - (nn) 01 ddl all 

-n-
-n-

LD IX, (nn) IXH - (nn+l) X X 11 all 101 DO 6 20 
IXL - (nn) 00 101 010 2A 

-n-
-n-

LD IV, (nn) IVH -(nn+l) X X 11 111 101 FD 20 
IVL -(nn) 00 101 010 2A 

-n-
-n-

LD (nn), HL (nn + 1)-H X X 00 100 010 22 16 
(nn) - L -n-

-n-
LD (nn). dd (nn + 1) - ddH X X 11 101 101 ED 20 

(nn) - ddL 01 ddO all 
-n-
-n-

8.8 
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16-Bit Load Group (continued) 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation S H PlY N 76 543 210 Hex Bytes Cycles States Comments 
LD (nn), IX (nn + 1) -IXH X X 11 011 101 DO 4 6 20 

(nn) -IXL 00 100 010 22 
-n-
-n-

LD (nn), IV (nn + 1) -IVH X X 11 111 101 FD 20 
(nn) -IVL 00 100 010 22 

-n-
-n-

LD SP, HL SP - HL X X 11 111 001 F9 6 
LD SP, IX SP -IX X X 11 011 101 DO 10 

11 111 001 F9 
LD SP, IV SP -IV X 11 111 101 FD 10 

11 111 001 F9 ~ 
PUSHqq (SP- 2) -qqL X 11 qqO 101 11 00 Be 

(SP-1) -qqH 01 DE 
SP- SP-2 10 HL 

PUSH IX (SP- 2) -IXL X 11 011 101 DO 15 11 AF 
(SP-1) -IXH 11 100 101 E5 
SP - SP - 2 

PUSH IV (SP-2) -IVL X 11 111 101 FD 15 
(SP-1) -IVH 11 100 101 E5 
SP - SP - 2 

POP qq qqH- (SP+ 1) X 11 qqO 001 10 
qqL - (SP) 
SP-SP+2 

POP IX IXH - (SP+ 1) X 11 011 101 DO 14 

~X~: ~~P~ 2 
11 100 001 E1 

POP IV IVH - (SP+ 1) X X 11 111 101 FD 14 

~V~: ~~P~2 11 100 001 E1 

NOTES: dd is any of the register pairs Be, DE, HL, SP 
qq is any of the register pairs AF, Be, DE, HL 
(PAIR)H' (PAIR)I' refer to high order and low order eight bits of the register pair respectively, e,g., BCL ~ C, AFH ~ A 

Exchange, Block Transfer, Block Search Groups 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation S Z H PlY N C 76 543 210 Hex Byles Cycles Slales Commenls 

EX DE, HL DE - HL X X 11 101 011 EB 1 1 4 
EX AF, AF' AF - AF' X X 00 001 000 08 1 1 4 
EXX Be - Be' X X 11 011 001 09 1 1 4 Register band and 

DE - DE' auxiliary register 
HL - HL' bank exchange 

EX (SP), HL H - (SP + 1) X X 11 100 011 E3 19 
L - (SP) 

EX (SP), IX IXH - (SP+ 1) X X 11 011 101 DO 23 
IXL - (SP) 11 100 011 E3 

EX (SP), IV IVH-(SP+1) X X 11 111 101 FD 23 
IVL - (SP) 11 100 011 E3 

CD 
LDI (DE) - (HL) X X 1 11 101 101 ED 16 Load (HL) into 

DE - DE + 1 10 100 000 AO (DE), increment 
HL - HL + 1 the pointers and 
Be - Be -1 decrement the byte 

(2) counter (Be) 

LDIR (DE) - (HL) X X 0 11 101 101 ED 21 If Be '" 0 
DE - DE + 1 10 110 000 BO 26 If Be = 0 
DE - DE + 1 
HL - HL+ 1 
Be - Be - 1 
Repeat until 
Be = 0 

CD 
LDD (DE) - (HL) X X 1 11 101 101 ED 16 

DE - DE -1 10 101 000 A8 

NOTE: P/V flag is 0 if the result of Be -1 = 0, otherwise P/V = 1. 
P/V flag is 0 at completion of instruction 

8.9 



S83 

Exchange, Block Transfer, Block Search Groups (continued) 

Symbolic Rags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S H PlY N 76 543 210 Hex Bytes Cycles States Comments 
LDD HL-HL-1 
(cont) BC - BC -1 

(2) 

LDDR (DE) - (HL) X X 11 101 101 ED 21 II BC '" 0 
DE - DE -1 10 111 000 B8 16 1\ BC = 0 
HL - HL -1 
BC - BC -1 
Repeat until 
BC = 0 

<3l CD 
CPI A - (HL) X 11 101 101 ED 16 

HL - HL +1 10 100 001 A1 
BC-BC-1 

<3l CD 
CPIR A - (HL) X X 11 101 101 ED 21 1\ BC '" 0 and 

A", (HL) 
HL-HL+1 10 110 001 B1 16 \I BC = 0 or 
BC - BC -1 A = (HL) 
Repeat until 
A '= (HL) or 
BC = 0 

<3l CD 
CPO A - (HL) X X 11 101 101 ED 16 

HL - HL -1 10 101 001 A9 
BC - BC -1 

<3l CD 
CPDR A - (HL) X X 11 101 101 ED 21 If BC '" 0 and 

A", (HL) 
HL - HL -1 10 111 001 B9 16 \I BC = 0 or 
BC - BC -1 A = (HL) 
Repeat until 
A = (HL) or 
BC = 0 

NOTES: PfV flag is 0 if the result of Be ~ 1 = 0, otherwise P/V = 1. 
P/V flag is 0 a\ completion of instruction only. 

3 Z flag is 1 if A = (HL), otherwise Z = O. 

8-Bit Arithmetic and Logical Group 

Symbolic Flags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S Z H PlY N C 76 543 210 Hex Bytes Cycles States Comments 
ADD A, r A-A+r I X I X V 0 I 10 IBI r 1 1 4 r Reg, 
ADD A, n A-A+n I X I X V 0 I 11 110 2 2 7 000 B 

-n- 001 C 
010 0 

ADD A, (HL) A - A + (HL) X X V 10 .110 7 011 E 
ADD A, (IX + d) A-A+(IX+d) X X V 11 011 101 DO 19 100 H 

10 I]mlJ 110 101 L 
-d- 111 A 

ADD A, (IY + d) A-A+(IY+d) X X V 11 111 101 FD 19 
10 oom 110 

-d-
ADC A, 5 A - A+ 5+ CY X X V I 

I 
5 is any of r, n, 

SUB 5 A -A-s X X V I (HL), (IX + d), 
SBC A, 5 A-A-s-CY X X V I (IY + d) as shown 
AND 5 A -AAs X X P 0 for ADD instruction, 
OR 5 A -A V 5 X X P 0 The indicated bits 
XOR 5 A -A e 5 X X P 0 replace the [QQQJ in 
CP 5 A -s X X V I the ADD set above 
INC r r-r + 1 X X V 00 r m 4 
INC (HL) (HL)-(HL) + 1 X X V 00 110 11 
INC (IX + d) (IX + d) - X X V 11 011 101 DO 23 

(IX + d) + 1 00 110 [j][J 
-d-

INC (IY + d) (IY + d) - X X V 11 111 101 FD 23 
(IY + d) + 1 00 110 (l]ID 

-d-

8.10 
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a-Bit Arithmetic and Logic Group (continued) 

Symbolic Flags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S Z H PlY N 76 543 210 Hex Bytes Cycles States Comments 

DEC m m-m -1 I I X X V tmJ m is any of r. (HL). 
(IX + d). (IV + d) 
as shown for INC. 
DEC same format 
and states as INC. 
Ralffie [j][J with 

in opcode. 

General-Purpose Arithmetic and CPU Control Groups 

Symbolic Flags Opcode No. 01 No. of M No. 01 T 
Mnemonic Operation S Z H PlY 76 543, 210 Hex Bytes Cycles States Comments 

DAA Converts ace, I I X I X 00 100 111 27 1 1 4 Decimal adjust 
content into accumulator. 
packed BCD 
following add 
or subtract with 
packed BCD 
operands. 

CPL A-A X X 00 101 111 2F Complement accu-
mulator (one's com-
plement) 

NEG A-O-A X X V 11 101 101 ED Negate acc, (two's 
01 000 100 44 complement). 

CCF CV - CV X X 00 111 111 3F Complement carry 
flag. 

SCF CV -1 X X 00 110 111 37 Set carry flag. 
NOP No operation X X 00 000 000 00 
HALT CPU halted X X 01 110 110 76 
01 • IFF - 0 X X 11 110 011 F3 
EI • IFF -1 X X 11 111 011 FB 
1M 0 Set interrupt X X 11 101 101 ED 

mode 0 01 000 110 46 
1M 1 Set interrupt X X 11 101 101 ED 

mode 1 01 010 110 56 
1M 2 Set interrupt X 11 101 101 ED 

mode 2 01 011 110 SE 

NOTES: IFF indicates the interrupt enable flip-flop 
CY indicates the carry flip-liop. 
* indicates interrupts are not sampled at the end of EI or DI. 

16-Bit Arithmetic Group 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation Z H PlY N 76 543 210 Hex Bytes Cycles States Comments 

ADD HL, ss HL - HL + ss X X X 0 00 ss1 001 1 3 11 ~ 
ADC HL, SS HL - HL + X X X V 11 101 101 ED 15 01 DE 

ss + CV 01 ss1 010 10 HL 
11 SP 

SBC HL, ss HL - HL - ss X X V 11 101 101 ED 15 
-CV 01 ssO 010 

ADD IX, pp IX - IX + pp X X X 11 011 101 DO 15 ~ 01 ppl 001 
01 DE 
10 IX 
11 SP 

ADD IV, rr IV -IV + rr X X X 11 111 101 FD 15 ~ 00 rrl 001 
01 DE 
10 IV 
11 SP 

INC ss ss - ss + 1 X X 00 ssO 011 6 
INC IX IX _I,X + 1 X X 11 011 101 DO 10 

00 100 011 23 
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16-Bit Arithmetic Group (continued) 

Symbolic Flags Opcode No. 01 No. 01 M No.oIT 
Mnemonic OperaBon Z H PlV N C 76 543 210 Hex Byles Cyclls States Comments 

INC IV IV -IV + 1 X X 11 111 101 FD 2 2 10 
00 100 all 23 

DEC ss ss-ss-1 X X 00 ssl all 6 
DEX IX IX-IX -1 X X 11 all 101 DD 10 

00 101 all 2B 
DEC IV IV-IV -1 X X 11 111 101 FD 10 

00 101 all 2B 

NOTES: 55 is any of the register pairs Be, DE, Hl. SP. 
pp is any of the register pairs Be, DE, IX, SP 
rr is any of the register pairs Be, DE, IV, SP. 

Rotate and Shift Group 

Symbolic Rags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S Z H PIV N C 76 543 210 Hex Byles Cycles States Comments 

RLCA Iill~ . .. X a X 00 000 111 07 Rotate left circular 
accumulator. 

A 

RLA 4tiI==tBP X 00 010 111 17 Rotate left 
accumulator. 

A 

RRCA LtBJ=l-1ill X X a 00 000 111 07 Rotate left circular 
accumulator. 

A 

RRA ~itiP X X a 00 all 111 IF Rotate left 
accumulator. 

A 

• RLCr X X 11 001 all CB 8 Rotate left circular 
00 -r register r. 

RLC (HL) X X a 11 001 all CB 15 r Reg. 
00 ~110 000 B 

001 C 
010 D 

~ 
all E 

RLC(IX + d) X o. X P 11 all 101 DD 4 6 23 100 H 
11 001 all CB 101 L 

r, (HL), (IX + 111 A 
d), (IV +d) -d-

00 rnoID 110 
RLC (IV + d) X a X 11 111 101 FD 23 

11 001 all CB 
-d-

00 rn®J 110 

RL m lill-4E]}Jt X X [QIQ] Instruction format 
and states are as 

m r, (HL), shown for RLC's. 
(IX + d), To form new opcode 
(IV + d) replace g or 

RLC's with shown 

4i3P-1CYl code. 
RRC m X X 

m r, (HL), 
(IX + d), 
(IV + d) 

8.12 
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Rotate and Shift Group (continued) 

Symbolic Rags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation S Z H PlY N 76 543 210 Hex Bytes Cycles States Comments 

RR m LlZ3-ifuJ X X IQTI) 

m r, (HL), 
(IX + d), 
(IY +d) 

SLA m IQYI---JE::ID-0 X X [QQ] 

m r, (HL), 
(IX + d), 
(IY + d) 

SRA m ~[QY] X ITQII 

m r, (HL), 
(IX +d), 
(IY +d) 

SRL m o--113---1aJ X [IT] 

m r, (HL), 
(IX + d), 
(IY +d) 

RLD ~ X 11 101 101 ED 18 Rotate digit lelt and 
01 101 111 6F right between the 

A (HL) accumulator and 
location (HL). The 

~ 
content of the 

RRD X X 11 101 101 ED 18 upper half of the 
01 100 111 67 accumulator is 

A (HL) unaffected. 

Bit Set, Reset and Test Group 

Symbolic Aags Opcode No. 01 No. 01 M No. 01 T 
Mnemonic Operation Z H PlY N C 76 543 210 Hex Bytes Cycles States Comments 
Bit b,r Z - rb X I X X 11 001 011 CB 2 2 8 Reg. 

01 b r 000 B 
BIT b, (HL) Z - (HL)b X X 11 001 011 CB 12 001 C 

01 b 110 010 0 
BIT b,(IX+d)b Z - (IX +d)b X X X 11 011 101 DO 20 011 E 

11 001 011 CB 100 H 
-d- 101 L 

01 b 110 111 A 

b Bit Tested 
BIT b,(IY+d)b Z - (IY + d)b X X 11 111 101 FD 20 000 0 

11 001 011 CB 001 1 
-d- OlO 2 

01 b 110 011 3 
100 4 
101 5 
110 6 
111 7 

SET b, r rb -1 11 001 011 CB 
11 b r 

SET b, (HL) (HL)b -1 X 11 001 011 CB 15 
11 110 

8.13 
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Bit Set, Reset and Test Group (continued) 
Symbolic Flags Opcode No. of No. of M No. of T 

Mnemonic Operation S H PlY N 76 543 210 Hex Bytes Cycles States Comments 

SET b, (IX + d) (IX + d)b - 1 X 11 all 101 DO 4 6 23 
11 001 all CB 
-d~ 

11 b 110 
SET b,(IV + d) (IV + d)b - 1 X 11 111 101 FD 23 

11 001 all CB 
-d~ 

11 110 
RES b, m mb - a x 10 To form new opcode 

m r, (Hl), replace 11 of SET b, 
(IX + d), s wilh 10 Flags 
(IV + d) and time states for 

SET instruction. 

NOTES: The notation mb indicates bit b (0 to 7) or location m 

Jump Group 
Symbolic Flags Opcode No, of No. of M No. of T 

Mnemonic Operation S Z H PlY N 76 543 210 Hex Bytes Cycles States Comments 

JP nn PC - nn X 11 000 all C3 3 3 10 
-n~ 

-n~ cc QQQgijign 
JP cc, nn If condition cc X X 11 cc 010 10 000 NZ non· zero 

is true PC - -n~ 001 A zero 
nn, otherwise -n~ 010 NC non-carry 
continue all C carry 

100 PO parity odd 
101 PE parity even 
110 P sign positive 

JR e PC - PC + e X X 00 all 000 18 12 111 M sign negativE 
-e -2~ 

JR C, e If C ~ 0, X X 00 111 000 38 If cond ition not met. 
continue -e -2~ 
If C ~ 1, 12 If condition is met. 
PC-PC+e 

JR NC, e if C ~ 1, X X 00 110 000 30 If condition not met. 
continue -e -2-
If C ~ 0, 12 If condition is met. 
PC-PC+e 

JP Z, e If Z ~ 0, X X 00 101 000 28 If condition not met. 
continue -e -2-
If Z ~ 1, 12 If condition is met. 
PC - PC + e 

JR NZ, e If Z ~ 1, X X 00 100 000 20 If condition not met. 
continue -e -2-
If Z ~ 0, 12 If condition is met. 
PC - PC + e 

JP (Hl) PC - Hl X X 11 101 001 E9 
JP (IX) PC -IX X X 11 all 101 DO 

11 101 001 E9 
JP (IV) PC -IV X X 11 111 101 FD 

11 101 001 E9 
DJNZ, e B -B-1 X 00 010 000 10 If B ~ O. 

If B ~ O. -e -2-
continue. 
If B,. 0, 13 If B,. O. 
PC - PC + e 

NOTES: e represents the extension in the relative addressing mode. 
e is a signed two's complement number in the rallge < -126, 129 >. 
e - 2 in the opcode provides an effective address of pc + e as PC is incremented by two prior to the addition of e. 

Call and Return Group 
Symbolic Rags Opcode No. of No. of M No, of T 

Mnemonic Operation S Z H PlY N 76 543 210 Hex Bytes Cycles States Comments 

CAll nn (SP-l) -PCH X X 11 001 101 CD 3 5 17 
(SP- 2) -PCl -n-
PC - nn -n-

8.14 
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Call and Return Group (continued) 
Symbolic Flags Opcode No. of No. of M No. of T 

Mnemonic Operation S Z H PlY N C 76 543 210 Hex Bytes Cycles States Comments 

CALL cc. nn If condition X X 11 cc 100 3 3 10 If cc is lalse. 
cc is false -n-
continue, -n- 17 If cc is true. 
otherwise same 
as CALL nn 

RET PCL - (SP) X X 11 001 001 C9 10 
PCH- (SP+ 1) 

RET cc If condition X X 11 cc 000 If cc is lalse. 
cc is lalse 
continue, 11 If cc is true. 
otherwise cc Condition 
same as 000 NZ non-zero 
RET 001 Z zero 

010 N C non-carry 
RETI Return from X X 11 101 101 ED 14 011 C carry 

interrupt 01 001 101 4D 100 PO parity odd 
RETN' Return Irom X X 11 101 101 ED 14 101 PE parity even 

non-maskable 01 000 101 45 110 P sign positive 
interrupt 111 M sign negative 

RST p (SP-l)~PCH X X 11 111 11 ~ (SP- 2) ~ PCL 
PCH ~ 0 001 08H 
PCL ~ P 010 10H 

011 18H 
100 20H 
101 28H 
110 30H 
111 38H 

NOTE: 1 RETN loads IFF2 - IFF, 

Input and Output Group 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation S H PlY N C 76 543 210 Hex Bytes Cycles States Comments 

IN A, (n) A ~ (n) X X 11 011 011 DB 2 3 11 n to Ao - A, 
~n- Acc. to As - A'5 

IN r, (C) r~ (C) X X 11 101 101 ED 12 C 10 Ao - A, 
il r = 110 only 01 000 B to As - A15 
the flags will 
be affected 

CD 
INI (HL) ~ (e) X X X X 11 101 101 ED 16 C to Ao - A, 

B~B-l 10 100 010 A2 B to As - A'5 
HL ~ HL + 1 (2) 

INIR (HL) ~ (e) X 1 X X X X 11 101 101 ED 5 21 C to Ao - A, 
B~B-l 10 110 010 B2 (If B"O) B to As - A'5 
HL ~ HL + 1 4 16 
Repeat until (If B=O) 
B = 0 

CD 
'): IND (HL) ~ (C) X I X X X 11 101 101 ED 16 e to Ao - A, 

B~B-l 
(2) 

10 101 010 AA B to As - A'5 
HL ~ HL - 1 

INDR (HL) ~ (e) X X X X 11 101 101 ED 5 21 e to Ao - A, 
B~B-l 10 111 010 BA (If B"O) B to As - A'5 
HL ~ HL - 1 4 16 
Repeat until (If B=O) 
B = 0 

OUT (n). A (n) ~A X X 11 010 011 D3 11 n to Ao - A, 
~n- Acc. to As - A'5 

OUT (e), r (e) ~ r X X 11 101 101 ED 12 C to Ao - A, 
01 001 BtoAs -A '5 

CD 
OUTI (e) ~ (HL) X X ,X X X 11 101 101 ED 16 C to Ao - A, 

B~B-l 10 100 011 A3 B to As - A'5 
HL ~ HL + 1 
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Input and Output Group (continued) 

Symbolic Flags Opcode No. of No. of M No. of T 
Mnemonic Operation Z H P/V N 76 543 210 Hex Bytes Cycles States Comments 

(2) 

OTIR (C) - (HL) X X 11 101 101 ED 5 21 C to Ao - A7 
6-6-1 10 110 011 83 (If 6;"0) 8 to As - A'5 
HL-HL + 1 4 16 
Repeat until (If 6~ 0) 
6 ~ 0 

CD 
OUTO (C) - (HL) X X 11 101 101 ED 16 C to Ao - A7 

6-6-1 10 101 011 A6 8 to As - A'5 
HL - HL - 1 

(2) 

OTOR (C) - (HL) X X X 11 101 101 ED 5 21 C to Ao - A7 
6-8-1 10 111 011 (If 8;"0) 8 to As - A'5 
HL - HL - 1 4 16 
Repeat until (If 8~0) 
8 ~ 0 

NOTE: CD Ii the result of B-1 is zero the Z flag is seL otherwise it is reset 
2 Z flag is set upon instruction completion only. 

Summary of Flag Operation 

0, Do 
Instruction Comments 

ADD A, s; ADC A, s X V g·bit add or add with carry 
SU8 s; SBC A, s; CP s; NEG X X V g·bit subtract, subtract with carry, compare and negate accumulator. 
AND s X Logical operations. 
ORs,XORs X 
INC s X X V g·blt increment. 
DEC s X V g·blt decrement. 
ADD DO, ss X 16·bit add. 
ADC HL, ss X V 16·bit add with carry. 
SBC HL, ss X X V 16·bit subtract with carry. 
RLA. RLCA, RRA; RRCA X X Rotate accumu lator. 
RL m; RLC m; RR m; X X Rotate and shift locations 

RRC m: SLA m: SRA m; 
SRL m 

RLD: RRD X X Rotate digit left and right. 
DAA Decimal adjust accumulator. 
CPL Complement accumulator. 
SCF 0 X Set carry. 
CCF X X Complement carry. 
IN r (C) X 0 X Input register indirect. 
INI, IND, OUTI; OUTO X X X Block input and output. Z ~ 0 if B ;" 0, otherwise Z ~ O. 
INIR; INDR; OTIR; OTDR X X 
LDI; LDD X X X Block transfer instuctions. P/V ~ 1 if BC ;" 0, otherwise P/V ~ O. 
LDIR; LDDR X X X X 
CPI: CPIR: CPO; CPDR X I X X Block search instructions. Z ~ 1 if A ~ (HL), otherwise Z ~ 0, P/V ~ 1 

If 6C;" 0, otherwise P/V ~ O. 
LOA, I, LOA, R X X IFF The content of the interrupt enable flip·flop (IFF) is coupled into the P/V 

flag. 
61T b, s X X X The state of bit b of location s is copied into the Z flag. 
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Symbolic Notation 

Symbol Operation Symbol Operation 

S Sign flag. S = 1 if the MSB of the result is 1. The flag is affected according to the result of the operation. 
The flag is unchanged by the operation. Z Zero flag. Z = 1 if the result of the operation is O. 

P/V Parity or overflow flag. Parity (P) and overflow (V) share the same 
flag. Logical operations affect this flag with the parity of the result 
while arithmetic operations affect this flag with the overflow of the 
result. If P/V holds parity, P/V = 1 if the result of the operation is 
even, P/V = 0 if result is odd. If P/V holds overflow, PIV = 1 if the 
result of the operation produced an overflow. 

o The flag is reset by the operation. 
1 The flag is set by the operation. 
X The flag is a "don't care." 
V P/V flag affected according to the overflow result of the operation. 
P PIV flag affected according to the parity result of the operation. 

Anyone of the CPU registers A, B, C, 0, E, H, l. 
H Half-carry flag. H = 1 if the add or subtract operation produced a 

carry into or borrow from bit 4 of the accumulator. 
Any 8-bit location for all the addressing modes allowed for the parti
cular instruction. 

N Add/Subtract flag. N = 1 if the previous operation was a subtract ss Any 16-bit location for all the addressing modes allowed for that in
struction. H & N Hand N flags are used in conjunction with the decimal adjust in

struction (DAA) to properly correct the result into packed BCD format 
following addition or subtraction using operands with packed BCD 
format. 

Anyone of the two index registers IX or IY. 
Refresh counter. 
8-bit value in range < 0, 255 > 

C Carry/link flag. C = 1 if the operation produced a carry from the 
MSB of the operand or result. 

nn 16-bit value in range < 0, 65535 >. 

Pin Descriptions 

Pin Name Description 

ADDRESS BUS. Tri-state output, active high. 

DATA BUS. Tri-state inputloutput, active high. 

MACHINE CYCLE ONE. Output, active low. Indicates current machine cycle is the OP code fetch cycle. M1 together with 
lORa indicates an interrupt acknowledge cycle. 

MEMORY REQUEST. Tri-state output, active low. Indicates that the address bus holds a valid memory address for a 
memory read or write operation. 

INPUT/OUTPUT REQUEST. Tri-state oLitput, active low. Indicates that the lower half of the address bus holds a valid liD 
address. Also generated with m when an interrupt is being acknowledged to indicate that a response vector can be plac
ed on the data bus. 

READ. Tri-state output, active low. Indicates that the CPU wants to read data from memory or an liD device. The addres
sed memory or liD device should use this signal to gate data onto the CPU data bus. 

WRITE. Tri-state output, active low. Indicates that CPU data bus holds valid data to be stored in memory or an liD device. 

REFRESH. Output, active low. RFSH, together with MREO, indicates that the lower 8 bits of the address bus contain a 
refresh address for dynamic memories. 

HALT STATE. Output, active low. Indicates that the CPU has executed a software halt instruction and is awaiting either a 
non-maskable interrupt or a maskable interrupt (if enabled) before operation can resume. While halted, the CPU executes 
NOP's to maintain memory refresh activity. 

WAIT. Input, active low. Indicates that the addressed memory or liD devices are not ready for data transfer. The CPU con
tinues to enter a Wait state as long as this signal is active. Extended WAIT periods can prevent the CPU from refreshing 
dynamic memory properly. 

INTERRUPT REQUEST. Input, active low. Generated by liD devices. Will be honored at the end of the current instruction if 
the internal software controlled interrupt enable flip'flop is enabled, removing the interrupt mask. INT is normally wire
ORed and requires an external pullup for these applications. 
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Pin Descriptions (continued) 

Pin Name 

EXT 

Description 

NON·MASKABLE INTERRUPT. Input negative edge triggered. Has higher priority than INT and is always recognized at the 
end of the current instruction and cannot be masked by the interrupt enable flip-flop as with a normal interrupt. Automati
cally forces CPU to restart at location 0066H. 

RESET. Input, active low. Initializes CPU as follows: reset interrupt enable flip-flop, clear PC, clear registers I and R, and 
set interrupt to aOaOA similar mode. During reset, the address and data bus go to a high impedance state and all control 
output signals go to the inactive state. The processor will be vectored to either address OOOOH or address FFOOH depend
ing on the state of the EXT lOS input. Note that RESET must be active for a minimum of three full clock cycles before the 
reset operation is complete. 

BUS REQUEST. Input, active low. Has higher priority than N M I and is always recognized at the end of the current machine 
cycle. Used to request that the CPU address bus. data bus, and MREO, lORa, RD, and WR control signals to go to a high 
impedance state so that other devices can control these lines. BUSREO is normally wire-ORed and requires an external 
pull up for these applications. Extended BUSRrn periods may cause refresh problems. 

BUS ACKNOWLEDGE. Output, active low. Indicates to the requesting device that the CPU address bus, data bus, and 
MREO, lORa, RD, and WR control signals have been set to their high impedance state and the external device can control 
these signals. 

ROW ADORESS STROBE. Tri-state output, active low. Indicates that the lower a bits of the CPU address bus contain a valid 
row address for dynamic RAMs providing the CPU has not been bus requested. Strobes row address into dynamic RAM 
address latch. 

COLUMN ADDRESS STROBE. Tri-state output, active low. Indicates that the lower a bits of the CPU address bus contain a 
valid column address for dynamic RAMs providing the CPU has not been bus requested. Strobes column address into 
dynamic RAM address latch. I 

BUS SELECT. Input, active low. Determines whether address bus will be multiplexed for dynamic RAMs. When active, 
addresses will not be multiplexed and CAS will not be generated forthatparticular memory cycle. In addition, an active 
low level on BUSSEL during an access to the internal ROM (as indicated by OS) will cause the CPU to read data from the 
external data bus rather than from the internal ROM. 

EXTERNAL MODE SELECT. Input/output. Determines whether processor comes up in the internal or external mode on the 
rising edge of reset. When high on reset, the internal ROM is disabled and the CPU performs a normal zao reset operation. 
When low on reset, the internal ROM is enabled and the CPU is vectored to ROM address FFOO. 

OS ROM SELECT. Tri-state output, active low. Indicates that the internal ROM enable latch is set and that an address in the 
range EOOO-FFEFH has been detected. as will not go active during a refresh cycle. OS should be qualified externally with 
MREO and RD when used to detect accesses to the internal ROM. 
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System Timing 
The S83 executes instructions by proceeding through a 
specific sequence of operations: 

• Memory read or write 
• i/O device read or write 
• Interrupt acknowledge 

The basic clock period is referred to as a T time or 
cycle, and three or more T cycles make up a machine 
cycle (M1, M2, or M3 for instance). Machine cycles can 
be extended either by the CPU automatically inserting 
one or more Wait states or by the insertion of one or 
more wait states by the user. 

Instruction Op Code Fetch 
The program counter content (PC) is placed on the ad
dress bus immediately at the start of the cycle. One half 
clock time later MREQ goes active. RD when active in
dicates that the memory data should be enabled onto 
the CPU data bus. The CPU samples data with the ris
ing edge of the clock state T3. Clock state T3 and T4 of a 
CPU is internally decoding and executing the instruc
tion. The refresh control signal RFSH indicates that a 
refresh read of all dynamic memories is in progress. 

Figure 2a shows an opcode fetch in which BUSSEL is 

883 

low. This cycle is no different from a standard Z80 CPU, 
except that a Row Address Strobe will be generated 
during both the opcode fetch and during the refresh 
operation. 

Figure 2b shows an opcode fetch in which BUSSEL is 
high. In this case, the upper byte of the address bus will 
remain stable throughout the entire memory access cy
cle, however, the lower byte of the address bus is multi
plexed for interfacing to dynamic RAMs. Initially, the 
low byte of the address bus will contain a row address, 
and RAS will be generated. The falling edge of RAS is 
used to strobe the row address into the dynamic RAMs. 
After the address multiplexers have switched, CAS is 
generated, and is used to strobe the column address in· 
to the dynamic RAMs. 

One wait state is inserted automatically by the proces
sor. Additional user wait states may be inserted. If it is 
desired to generate a multiplexed memory cycle, 
BUSSEL must be high at the falling edge of MREQ. If 
the memory cycle is to be non·multiplexed, BUSSEL 
must be pulled low by the specified setup time relative 
to the rising edge of T2. 
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Figure 28. Opcode Fetch (Non-Multiplexed) 
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Figure 2b. Opcode Fetch (Multiplexed) 
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Memory Read or Write Cycles 

Illustrated here is the timing of memory read or write 
cycles other tha~n OP code fetch cycle (M1 cycle). 
The MREQ and RD signals are used exactly as in the 
fetch cycle. In the case of a memory write cycle, the 
MREQ also becomes active when the address bus is 
stable. The WR line is active when data on the data bus 
is stable so that it can be used directly as a R/W pulse to 
virtually any type of semiconductor memory. 

Figure 3a. Memory Read/Write (Non-Multiplexed) 

S83 

Figure 3a illustrates a memory read or write where 
BUSSEL is low. This is the same as a standard zao 
memory read or write cycle, except that RAS goes low 
during the cycle, effectively performing a refresh read 
operation to any dynamic RAMs in the system. 

Figure 3b illustrates a memory read or write where 
BUSSEL is high. The operating of the address multi
plexing and the two address strobes, RAS and CAS, is 
the same as for a multiplexed instruction opcode fetch, 
except that no automatic wait states are generated. 
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Figure 3b. Memory Read/Write (Multiplexed) 
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Input or Output Cycles 

Figure 4 illustrates the timing for an I/O read or I/O write 
operation. Notice that during I/O operations a single 
wait state is automatically inserted (Tw*). The reason 

Figure 4. Input or Output Cycles 
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for this is that during I/O operations this allows suffi· 
cient time for an I/O port to decode its address and acti· 
vate the WAIT line if a wait is required. 

-I@ ..... 
-®-
-®-i 

Wi[ 

OPERATION ------t========::;:===~~~===) 0, 0, ~ OATA OUT 

NOTE; Tw· ~ ONE WAIT CYCLE AUTOMATICALLY INSERTED BY CPU. 
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Interrupt Request/Acknowledge Cycle 
The interrupt signal is sampled by the CPU with the ris
ing edge of the last clock at the end of any instruction. 
When an interrupt is accepted, a special M1 cycle is 
generated. During this M1 cycle, the IORO signal 
becomes active (instead of MREO) to indicate that the 

Figure 5_ Interrupt Request/Acknowledge Cycle 

CLOCK 
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interrupting device can place an 8-bit vector on the data 
bus. Two wait states (Tw*) are automatically added to 
this cycle so that a ripple priority interrupt scheme, 
such as the one used in the Z80 peripheral controllers, 
can be easily implemented (Figure 5). 

Ao-A15 ______ +-~_-----~pc:....+---* ... {j.--*-*---"'--

I __ ----@'----"'I 

WAIT ____________ ~-------------------~-~--' 

-.. J~ 
00·07 ====j~~------~K:~=JG~!!j(: 

NOTE: 1) Tl = LAST STATE OF PREVIOUS INSTRUCTION. 
2) TWO WAIT CYCLES AUTOMATICAllY INSERTED BY CPU('''l 
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Non-Maskable Interrupt Request Cycle 

NMI is sampled at the same time as the maskable inter
rupt input INT but has higher priority and cannot be dis
abled under software control. The subsequent timing is 
similar to that of a normal instruction fetch except that 
data put on the bus by the memory is ignored. The CPU 
instead executes a restart (RST) address 0066H (Figure 

Figure 6. Non-Maskable Interrupt Request Operation 

CLOCK 
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6). The RAS, CAS and address multiplexing functions 
operate the same as for a regular instruction opcode 
fetch~cluding the disabling of address multiplexing 
and CAS with BUSSEL. Refer to the opcode fetch tim
ing diagram for further timing information on these 
signals. 

AD·A" __________ tJt-+-___ P_c ___ f-Jt ____ -t_RE_FR_ES_Ht-___ -+{"\_ 

• ALTHOUGH NMIIS AN ASYNCHRONOUS INPUT, TO GUARANTEE ITS BEING 
RECOGNIZED ON THE FOLLOWING MACHINE CYCLE, NMI'S FAlliNG EDGE 
MUST OCCUR NO LATER THAN THE RISING EDGE OF THE CLOCK CYCLE 
PRECEDING TLAST. 

NOTE: Ms, CAS. AND ADDRESS MULTIPLEXING FUNCTION AS FOR 
!!OBMAL OPCODE FETCH DEPENDING ON THE STATE OF 
BUSSEL. 
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Bus Request Acknowledge Cycle 
The CPU samples BUSAEQ with the rising edge of the 
last clock period of any machine cycle (Figure 7). If 
BUSREQ Is active, the CPU sets Its address, data, and 
AAS, CAS, OS, ~, i5A0, RD, and WR lines to a 

high·impedance state with the rising edge of the next 
clock pulse. At that time, any external device can take 
control of these lines, usually to transfer data between 
memory and 1/0 devices. 

Figure 7. BUS Request/Acknowledge Cycle 
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Halt Acknowledge Cycle 

When the CPU receives a Halt Instruction, it executes 
NOP states until either an INT or NMI input Is received. 

Figure 8. Halt Acknowledge Cycle 
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"'SEE NOTE, FIGURE g. 
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When in the Halt state, the HAC'!' output Is active and 
remains so until an interrupt is received (Figure 8). 

M1 M1 
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Reset Cycle 

RESET must be active for at least three clock cycles for 
the CPU to properly perform its reset operation. As long 
as RESET remains active, the address and data buses 
float, and the control outputs are inactive. Once RESET 
goes inactive, three internal T cycles are consumed 
before the CPU resumes normal processing operation 
(Figure 9). EXT is sampled on the rising edge of RESET. 
If EXT is high, the ROM enable latch is reset, and the 

Figure 9. Reset Cycle 
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S83 performs a reset to location OOOOH identical to a 
standard Z80. If EXT is low, the internal ROM enable 
latch is set, enabling the internal8K byte ROM. The pro
cessor is then forced to execute NOP instructions until 
it reaches address FFOOH, where it begins execution. In 
essence, a reset operation with EXT low causes the 
processor to begin operation at address FFOOH in the 
internal ROM. 
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AC Characteristics 

S83·4 (4.DMHz) 
Number Symbol Parameter Min. (n5) Max. (n5) 

1 TcC Clock Cycle Time 250' 
2 TwCh Clock Pulse Width (High) 110 2000 
3 TwCI Clock Pulse Width (Low) 110 2000 
4 TIC Clock Fall Time - 30 
5 TrC Clock Rise Time 30 
6 TdCr(A) Clock t to Address Valid Delay - 110 
7 TdA(MREOf) Address Valid to MREO ~ Delay 65' -
8 TdCf(MREOI) Clock ~ to M REO ~ Delay - 85 
9 TdCr(MREOr) Clock t to M REO t Delay - 85 

10 TwMREOh MREO Pulse Width (High) 110' 
11 TwMRE01 MREO Pulse Width (Low) 220' -
12 TdCf(MREOr) Clock ~ to M REO t Delay - 85 
13 TdCf(RDf) Clock ~ to RD ~ Delay - 95 
14 TdCr(RDr) Clock t to RD t Delay - 85 
15 TsD(Cr) Data Setup Time to Clock t 35 
16 ThD(RDr) Data Hold Time to RD t - 0 
17 TsWAIT(Cf) WAIT Setup Time to Clock ~ 70 -
18 ThWAIT(Cf) WAIT Hold Time after Clock ~ - 0 
19 TdCr(M1f) Clock t to M 1 ~ Delay - 100 
20 TdCr(M1 r) Clock t to M 1 t Delay 100 
21 TdCr(RFSHf) Clock t to RFSH ~ Delay - 130 
22 TdCr(RFSHr) Clock t to RFSH t Delay - 120 
23 TdCf(RDr) Clock ~ to Ri5 t - 85 
24 TdCr(RDf) Clock t to RD ~ Delay - 85 
25 TsD(Cf) Data Setup to Clock ~ during M2, M3, M4 or M5 Cycles 50 
26 TdA(IOROf) Address Stable prior to IORO ~ 180' -
27 TdCr( IDROI) Clock t to IORO ~ Delay - 75 
28 TdCf(IOROr) Clock ~ to IORO t Delay - 85 
29 TdD(WRf) Data Stable prior to WR ~ 80' -
30 TdCf(WRf) Clock ~ to WR ~ Delay 80 
31 TwWR WR Pulse Width 220' -
32 TdCf(WRr) Clock ~ to WR t Delay - 80 
33 TdD(WRf) Data Stable prior to WR ~ -10' -
34 TdCr(WRf) Clock t to WR ~ Delay - 65 
35 TdWRr(D) Data Stable from WR t 60' 
36 TdCf(HALT) Clock ~ to HALT t to ~ - 300 
37 TwNMI NMI Pulse Width 80 -
38 TsBUSREO(Cr) BUSREO Setup Time to Clock t 50 -
39 ThBUSREO(Cr) BUSREO Hold Time after Clock t 0 -
40 TdCr(BUSACKf) Clock t to BUSACK ~ Delay 100 
41 TdCf(BUSACKr) Clock ~ to BUSACK t Delay - 100 
42 TdCr(Dz) Clock t to Data Float Delay - 90 
43 TdCr(CTz) Clock t to Control Outputs Float Delay (MREO, 10RO, - 80 

RD, and WR) 

• For clock periods other than the minimums shown in the table, calculate parameters uSing the expressions In the table on the 
following page. 
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AC Characteristics (continued) 

S83·4 (4.0MHz) 
Number Symbol Parameter Min. (ns) 

44 TdCr(Az) Clock t to Address Float Delay -
45 TdCTr(A) MREO t, 10RO t, RD t, and WR t to Address 80* 

Hold Time 
46 TsRESET(Cr) RESET to Clock t Setup Time 60 
47 ThRESET(Cr) RESET to Clock t Hold Time -

48 TsINTf(Cr) INT to Clock t Setup Time 80 
49 ThINTr(Cr) INT to Clock t Hold Time -

50 TdM1f(IOROf) Ml -Ito 10RO -I Delay 565* 
51 TdCf(IOROf) Clock -Ito 10RO -I Delay -
52 TdCf(IOROr) Clock t to 10RO t Delay -

53 TdCf(D) Clock -Ito Data Valid Delay -
54 TsBUSSELf(Cr) BUSSEl -Ito ClK t Setup -10 
55 ThCr(BUSSEl) ClK -Ito BUSSEl Hold Time 25 
56 TwRASh liAS Precharge Time (High State) 120 
57 TwRASI RAS low Pulse Width (Refresh) 220 
58 TdMREOf(RASf) M REO -Ito RAS -I Delay 
59 TsRAd( RASf) Row Address Valid to RAS -I Setup Time 65 
60 ThRASf(RAd) RAS -Ito Row Address Hold Time 20 
61 TdCf(CASf) ClK -Ito CAS -I Delay 
62 TsCAd(CASf) Column Address to CAS -I Setup Time 35 
63 TdCr(CAd) ClK t to Column Address Valid Delay 
64 TsRFAd(RASf) Refresh Address to RAS -I Setup Time 0 
65 TdMREOr(CASr) M REO t to CAS t Delay 
66 TsEXT(RESETr) EXT to RESET t Setup Time 60 
67 ThEXT(RESETr) EXT to RESET t Hold Time 0 
68 TdCr(RASr) ClK t to RAS t Delay (Ml Cycle) 
69 Td M REOr( RASr) MREO t to RAS t Delay (Non·Ml Cycle) 
70 TsBUSSElr(MREOf) BUSSEl t to MREO -I Setup 0 
71 TdAd(OSf) Address valid to OS -I delay 
72 TdAd(OSr) Address not valid to as t delay 
73 TdBUSACKf(CTz) BUSACK -I to control float delay 20 
74 TdBUSACKr(CTa) BUSACK t to control active Delay 

• For clock periods other than the minimums shown in the table, calculate parameters using the expressions in the table on the following page. 
Footnotes to AC Characteristics 

Number 

1 
7 

10 
11 
26 
29 
31 
33 
35 
45 
50 

AC Test Conditions: 
V,H = 2.0V 
V,L = O.BV 
V,HC = Vcc - O.6V 
V'Le = 0.45V 

Symbol 

TeC 
TdA(MREOf) 
TwMREOh 
TwMREOl 
TdA(IOROf) 
TdD(WRf) 
TwWR 
TdD(WRf) 
TdWRr(D) 
TdCTr(A) 
TdM1f(IOROf) 

VOH = 2.0V 
VOL = O.BV 
FLOAT = ± O.5V 

S83·4 

TwCh + TwC1 + TrC + TIC 
TwCh + TfC - 65 
TwCh + TIC - 20 
TeC - 30 
TeC - 70 
TeC - 170 
TeC - 30 
TwCl + TrC - 140 
TwCl + TrC - 70 
TwCl + TrC - 50 
2TeC + TwCh + TfC - 65 

8.31 

Max. (ns) 

90 

-
a 

-

0 

85 
85 

150 

65 

75 

160 

85 

85 
85 

85 
110 

90 
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Absolute Maximum Ratings 

Storage Temperature ............................................................ 65°C to + 150°C 
Temperature under Bias .................................................. Specified Operating Range 
Voltages on all inputs and outputs with respect to ground ................................. - O.3V to + 7V 
Power Dissipation ........................................................................ 1.5 W 

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating only; operation of the device at any 
condition above those indicated in the operational sections of these specifications is not impl ied. Exposure to absolute maximum rating conditions for extended periods may 
affect device reliability. 

Standard Test Conditions 
The characteristics below apply for the following stan
dard test conditions, unless otherwise noted. All volt
ages are referenced to GND (OV). Positive current flows 
into the referenced pin. Available operating tempera
ture ranges are: 

• S* = O°C to + 70°c, + 4.75V ~ Vee < + 5.25V 

All ac parameters assume a load capacitance of 100pF. 
Add 10ns delay for each 50pF increase in load up to a 
maximum of 200pF for the data bus and 100pF for 
address and control lines. 

DC Characteristics 

Symbol Parameter 

VILC Clock Input Low Voltage 

VIHC Clock Input High Voltage 

VIL Input Low Voltage 

VIH Input High Voltage 

VOL Output Low Voltage 

VOH Output High Voltage 

lee Power Supply Current 

III Input Leakage Current 

ILEAK 3-State Output Leakage Current in Float 

1. A,e -Ao' 07-00 , MREO, 10RO, RD. and WR. 

Capacitance 

Symbol Parameter 

CeLocK Clock Capacitance 

CIN Input Capacitance 

COUT Output Capacitance 

Min. Max. Unit Test Condition 

-0.3 0.45 V 

Vcc -.6 Vee +.3 V 

-0.3 0.8 V 

2.0 Vee V 

0.4 V IOL = 2.0mA 

2.4 V IOH = - 250fIA 

250 mA 

10 fIA VIN = 0 to Vee 

-10 101 fIA VOUT = 0.4 to Vcc 

Min. Max. Unit Note 

35 pF 

10 pF 
Unmeasured pins 
returned to ground 

10 pF 

8.32 





S9900 

HIGH PERFORMANCE 
MICROPROCESSOR FAMILY 

Contact factory for complete data sheets 



59900 Family Selection Guide 

Microprocessors 

89900 16-Bit Microprocessor 

89980A 16-Bit Microprocessor 8-Blt Data Bus 

Peripherals 
89901/89901-4 Programmable 8ystems Interface (P81) 

89902/89902-4 UART/Asynchronous Communications Controller (U8RT/ACC) 
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Features 

o 16-Bit Instruction Word 
o Full Minicomputer Instruction Set Capability Inclu-

ding Multiply and Divide 
o Up to 65,536 Bytes of Memory 
o 3.3MHz Speed 
o Advanced Memory-to-Memory Architecture 
o Separate Memory, 110 and Interrupt-Bus Structures 
o 16 General Registers 
o 16 Prioritized Interrupts 
o Programmed and DMA 110 Capability 
ON-Channel Silicon-Gate Technology 

Block Diagram 

CONTROL 
.......... CONTROL 

ClOCK---..J 

DATA 

INTERRUPT 

General Description 

59900 

16·81T 
MICROPROCESSOR 

The S9900 microprocessor is a single-chip 16-bit central 
processing unit (CPU) produced using N-Channel 
silicon-gate MOS technology. The instruction set of the 
S9900 includes the capabilities offered by full minicom
puters. The unique memory-to-memory architecture 
features multiple register files, resident in memory, 
which allow faster response to interrupts and increased 
programming flexibility. The separate bus structure 
simplifies the system design effort. Gould AMI provides 
a compatible set of MOS memory and support circuits to 
be used with an S9900 system. The system is fully sup
ported by software and complete prototyping systems. 

Pin Configuration 

ADDRESS 

CRU 
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89900 

S9900 Electrical and Mechanical Specifications 
Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless otherwise noted)" 

Supply Voltage, Vcc (See Note 1) ......................................................................................................... - O.3V to + 20V 
Supply Voltage, VDD (See Note 1) ......................................................................................................... - O.3V to + 20V 
Supply Voltage, Vss (See Note 1) .......................................................................................................... - O.3V to + 20V 
All Input Voltages (See Note 1) ............................................................................................................. - O.3V to + 20V 
Output Voltage, (With Respect to Vss) ..................................................................................................... - 2V to + 7V 
Continuous Power Dissipation ............................................................................................................................... 1.2W 
Operating Free-Air Temperature Range .................................................................................................. O·C to + 70·C 
Storage Temperature Range ........................................................................................................... - 55·C to + 150·C 

* Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating and functional operation 
of the device at these or any oth.er conditions beyond those indicated in the "Recommended Operating Conditions" section of this speci· 
fication is not implied. Exposure to absolute maximum·rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings voltage values are with respect to the most negative supply, VBB (substrate), unless otherwise 
hoted. Throughout the remainder of this section, voltage values are with respect to Vss. 

Recommended Operating Conditions 

Symbol Parameter Min. Nom. Max. Unit Conditions 

VBB Supply voltage - 5.25 -5 - 4.75 V 

Vee Supply voltage 4.75 5 5.25 V 
VDD Supply voltage 11.4 12 12.6 V 

Vss Supply voltage 0 V 
VIH High-level input voltage (all inputs except clocks) 2.2 2.4 Vee + 1 V 

VIH(~) High-level clock input voltage 10.0" 
Voo V "Voo = 11.4 

10.6"" "Voo = 12.6 
VIL Low-level input voltage (all inputs except clocks) -1 0.4 0.8 V 

VILi~) Low-level clock input voltage -0.3 0.3 0.6 V 

TA Operating free-air temperature 0 70 °C 

Timing Requirements Over Full Range of Recommended Operating Conditions (See Figures 1 and 2) 
Symbol Parameter Min. Nom. Max. Unit Conditions 

te (~) Clock Cycle time 0.3 0.333 0.5 /is 

tr (~) Clock rise time 10 12 ns 

If (~) Clock fall time 10 12 ns 

Iw (~) Pulse width, any clock high 40 45 100 ns 

1~1 L. ~2L Delay time. clock 1 low to clock 2 low" 0 5 ns 

T~2L. ~3L Delay time. clock 2 low to clock 3 low" 0 5 ns 

1~3L ~4L Delay time, clock 3 low to clock 4 low" 0 5 ns 

t~4L ~1 L Delay time, clock 4 low to clock 1 low" 0 5 ns 

1~1 H. ~2H Delay time, clock 1 high to clock 2 high'" 73 83 ns 

1~2H ~3H Delay time, clock 2 high to clock 3 high'" 73 83 ns 

I<E3H ~4H Delay time, clock 3 high to clock 4 high'" 73 83 ns 

1~4H ~1 H Delay time, clock 4 high to clock 1 high'" 73 83 ns 

I su Data or control setup time before clock 1 30 ns 

Ih Data hold time after clock 1 10 ns 

•• = Time between clock pulses •• , = Time between leading edges 
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Electrical Characteristics Over Full Range of Recommended Operating Conditions (unless otherwise noted) 

Symbol Parameter 

Data Bus during DBIN 

II Input Current WE, MEMEN, DBIN, Address 
bus, Data bus during HOLDA 

Clock' 

Any other inputs 

VOH High-level output voltage 

VOL Low-level output voltage 

IBB Supply current from VBB 

lee Supply current from Vee 

100 Supply current from Voo 

Ci 
Input capacitance (any inputs except 
clock and data bus) 

Ci(+1) Clock-1 input capacitance 

Ci(+2) Clock-2 input capacitance 

Ci(+3) Clock-3 input capacitance 

Ci(+4) Clock-1 input capacitance 

COB Data bus capacitance 

Co 
Output capacitance (any output except 
data bus) 

t All typical values are at TA = 25°C and nominal voltages 
• D. C. Component of Operating Clock 

Min. Typ·t 

±50 

+ 50 

±25 

±1 

2.4 

0.1 

50 

25 

10 

100 

150 

100 

100 

15 

10 

Max. Unit Conditions 

± 100 VI = Vss to Vcc 

±100 ,..A VI = Vss to Vcc 

±75 VI= -0.3t012.6V 

± 10 VI = Vss to Vcc 

Vcc V 10 = -O.4mA 

0.65 
V 10 = 3.2mA 

0.50 10 = 2mA 

1 mA 

75 mA 

45 mA 

15 pF 
VBB = - 5, f= 1MHz, 
unmeasured pins at Vss 

150 pF 
VBB = -5, f=1MHz, 
unmeasured pins at Vss 

200 pF VBB = - 5, f"" 1 MHz, 
unmeasured pins at Vss 

150 pF 
VBB ",,-5,f=1MHz, 
unmeasured pins at Vss 

150 pF VBB = - 5, f = 1 MHz, 
unmeasured pins at Vss 

25 pF VBB =-5,f=1MHz, 
unmeasured pins at Vss 

15 pF 
VBB = -5, f=1MHz, 
unmeasured pins at Vss 

Switching Characteristics Over Full Range of Recommended Operating Conditions (See Figure 2) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tpLH or tpHL Propagation delay time, clocks to outputs CL = 200pF 
CRUCLK, WE, MEMEN, WAIT, DBIN 30 ns 
All other outputs 20 40 ns 
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Figure 1. Clock Timing 

CLOCK<jIl 

CLDCK~ 

CLOCK~ 

CLOCI<;4 

NOIe: AI amlng and valtage levels shown an +1 apply to +2, +3, and +4 in the same manner. 

Figure 2. Signal Timing 

CLOCKQl 

ClDCK¢2 

CLOCK¢3 

CLOCK¢,! 

WE OUTPUT 

All DTIIER OUTPUTS 

tThe number of cycles over which input/output data must/will remain valid can be determined from the number of wait states required for 
memory access. Note that in all cases data should not change during </>1. 
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Pin Description 
Table 1 defines the S9900 pin assignments and describes the function of each pin. 

Table 1. S9900 Pin Assignments and Functions 

Signa!ure Pin I/O Description 

ADDRESS BUS 
AO (MSB) 24 OUT AO through A 14 comprise the address bus. This 3-state bus provides the memory-address vec-
AI 23 OUT tor to the external·memory system when MEM EN is active and I/O·bit addresses and external· 
A2 22 OUT instruction addresses to the I/O system when ME'MEN is inactive. The address bus assumes the 
A3 21 OUT high·impedance state when HOLDA is active. 
A4 20 OUT 
A5 19 OUT 
A6 18 OUT 
A7 17 OUT 
A8 16 OUT 
A9 15 OUT 
Altl 14 OUT 
All 13 OUT 
A12 12 OUT 
A13 11 OUT 
A14 (LSB) 10 OUT 

DATA BUS 

DO (MSB) 41 I/O DO through 015 comprise the bidirectional 3·state data bus. This bus transters memory data 
01 42 I/O to (when writing) and from hnihen reading) the external· memory system when MEMEN is 
02 43 I/O active. The data bus assumes the high·impedance state when HO LOA is active. 
03 44 I/O 
04 45 I/O 
05 46 I/O 
06 47 I/O 
07 48 I/O 
08 49 I/O 
09 50 I/O 
010 51 I/O 
011 52 I/O 
012 53 I/O 
013 54 I/O 
014 55 I/O 
015 (LSB) 56 I/O 

POWER SUPPLIES 
Vee 1 Supply voltage (-5V NOM) 

'Vee 2,59 Supply voltage (5V NOM). Pins 2 and 59 must be connected in parallel. 
Voo 27 Supply volage (12V NOM) 
VSS 26.40 Ground reference. Pins 26 and 40 must be connected in parallel. 

CLOCKS 
4>1 8 IN Phase· 1 clock 
4>2 9 IN Phase· 2 clock 
Q>3 28 IN Phase· 3 clock 
Q>4 25 IN Phase·4 clock 
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Table 1. 59900 Pin Assignments and Functions (Continued) 

Signature Pin I/O Description 

BUS CONTROL 

OBIN 29 OUT Data bus in. When active (high), OBIN indicates that the S9900 has disabled its output buffers 
to allow the memory to place memory· read data on the data bus during MEMEN. OBIN re-
mains low in all other cases except when HO LOA is active. 

--- Memory enable. When active (low). MEMEN indicates that the address bus contains a memory MEMEN 63 OUT 
address; 

-
61 Write enable. When active {low}, WE indicates that memory-write data is available from the WE OUT 

S9900 to be written into memory. 

CRUCLK 60 OUT C R U clock. When active (high). C R U C LK indicates that external interface logic should sample 
the output data on CRUO UT or should decode external instructions on AO through A2. 

CRUIN 31 IN CRU data in. CRUIN, normally driven by 3-state or open-collector devices, receives input 
data from external interface logic. When the processor executes a STC R or TB instruction, it 
samples CRUIN for the level of the CRU input bit specified by the address bus (A3 through 
A14). 

CRUOUT 30 OUT CRU data out. Serial I/O data appears on the CRUOUT line when an LOCR, SBZ, or SBO in-
struction is executed. The data on CRUOUT should be sampled by external I/O interface logic 
when CRUCLK goes active (high). 

INTERRUPT CONTROL 
---
INTREO 32 IN Interrupt request. When active {low}, I NT R EO indicates that an external-interrupt is requested. 

If INTREO is active, the processor loads the data on the interrupt-code-input lines ICO through 
IC3 into the internal interrupt-code-storage register. The code is compared to the interrupt 
mask bits of the status register. If equal or higher priority than the enabled interrupt level 
(interrupt code equal or less than status register bits 12 through 15) the S9900 interrupt se-
quence is initiated. If the comparison fails, the processor ignores the request. I NTR EO should 
remain active and the processor will continue to sample ICO through IC3 until the program 
enables a sufficiently low priority to accept the request interrupt. 

ICO (MSB) 36 IN Interrupt codes. ICO is the MSB of the interrupt code, which is sampled when INTREO is ac-
ICI 35 IN tive. When ICO through I C3 are L LLH, the highest external-priority interrupt is being requested 
IC2 34 IN and when HHHH, the lowest-priority interrupt is being requested. 
IC3 (LSB) 33 IN 

MEMORY CONTROL 
-- Hold. When active (low), H a La indicates to the processor that an external controller (e.g., HaLO 64 IN 

OMA device) desires to utilize the address and data buses to transfer data to or from mem-
ory. The S9900 enters the hold state following a hold signal when it has completed its present 
memory cycle.' T~rocessor then places the address and data buses in the high-impedance 
state (along with WE, MEMEN, and OBIN) and responds with a hold-acknowledge signal 
(HO LOA). When HO LO is removed, the processor returns to normal operation. 

*If the cycle following the present memory cycle is also a memory cycle, it, too, is completed before the S9900 enters the hold state. The maximum 
number of consecutive memory cycles is three. 
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Table 1. 59900 Assignments and Functions (Continued) 

Signature Pin I/O Description 

HOLOA 5 OUT Hold acknowledge. When active (high), HO LOA indicates that the processor is in the hold state 
and the address and data buses and memory control outputs (WE, MEMEN, and OBIN) are in 
the high·impedance state. 

READY 62 IN Ready. When active (high), ~ EAOY indicates that memory will be ready to read or write dur· 
ing the next clock cycle. When not·ready is indicated during a memory operation, the S9900 
enters a wait state and suspends internal operation until the memory systems indicate ready. 

WAIT 3 OUT Wait. When active (high), WAIT indicates that the S9900 has entered a wait state because of a 
not·ready condition from memory. 

TIMING AND CONTROL 

lAO 7 OUT Instruction acquisition. lAO is active (high) during any memory cycle when the S9900 is ac· 
quiring an instruction. lAO can be used to detect illegal op codes. 

LOAD 4 IN load. When active (low), lOAD causes the S9900 to execute a nonmaskable interrupt with 
memory address FF FC'6 containing the trap vector (WP and PC). The load sequence begins 
after the instruction being executed is completed. lOAD will also terminate an idle state. If 
LOAD is active during the time RESET is released, then the LOAD trap will occur after the 
RESET fuction is completed. LOAD should remain active for one instruction period. lAO can 
be used to determine instruction boundaries. This signal can be used to implement cold·start 
ROM loaders. Additionally, front·panel routines can be implemented using CRU bits as front· 
panel·interface signals and software·control routines to control the panel operations. 

RESET 6 IN Reset. When active (low), RESET causes the processor to be reset and inhibits WE and C R U ClK. 
When RESET is released, the S9900 then initiates a level·zero interrupt sequence that acquires 
WP and PC from locations 0000 and 0002, sets all status register bits to zero, and starts ex· 
ecution. RESET will also terminate an idle state. RESET must be held active for a minimum 
of three clock cycles. 

*If the cycle following the present memory cycle is also a memory cycle it. too, is completed before the S9900 enters the hold state, The maximum 
number of consecutive memory cycles is three. 

Timing 
Memory 

A basic memory read and write cycle is shown in Figure 
3. The read cycle is shown with no wait states and write 
cycle is shown with one wait state. 

MEMEN goes active (low) during each memory cycle. 
At the same time that MEMEN is active, the memory 
address appears on the address bus bits AO through 
A14. If the cycle is a memory·read·only cycle, DBIN will 
go active (high) at the same time MEMEN and AO 
through A14 become valid, The memory,write signal 
WE will remain inactive (high) during a read cycle. If the 
read cycle is also an instruction acquisition cycle, IAQ 
will go active (high) during the cycle. 

9.9 

The READY signal, which allows extended memory 
cycles, is shown high during ~ 1 of the second clock cy· 
cle of the read operation. This indicates to the S9900 
that memory-read data will be valid during ~1 of the next 
clock cycle. If READY is low during ~1, then the S9900 
enters a wait state suspending internal operation until a 
READY is sensed during a subsequent ~1. The memory 
read data is then sampled by the S9900 during the next 
~1, which completes the memory-read cycle. 

At the end of the read cycle, MEMEN and DBIN go inac· 
tive (high and low, respectively). The address bus may 
also change at this time; however, the data bus remains 
in the input mode for one clock cycle after the read 
cycle. 
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Features 
o 16-Bit Instruction Word 
o Full Minicomputer Instruction Set Capability Inclu-

ding Multiply and Divide 
o Up to 16,384 Bytes of Memory 
o 8-Blt Memory Data Bus 
o Advanced Memory-to-Memory Architecture 
o Separate Memory, 110 and Interrupt-Bus Structures 
o 16 General Registers 
o 4 Prioritized Interrupts 
o Programmed and DMA 110 Capability 
DOn-Chip 4-Phase Clock Generator 
o 40-Pin Package 
ON-Channel Silicon-Gate Technology 

Block Diagram 

CONTROL 

CLO~K----' 

OATA 

INTERRUPT 
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General Description 

S9980A 

16-81T 
MICROPROCESSOR 

The S9980A microprocessor Is a software-compatible 
member of AMI's 9900 family of microprocessors. 
Designed to minimize the system cost for smaller sys
tems, the S9980A Is a single-chip 16-bit central proces
Sing unit (CPU) which has an 8-bit data bus, on-chip 
clock, and Is packaged In a 40-pin package. The instruc
tion set of the S9980A Includes the capabilities offered 
by full minicomputers and Is exactly the same as the 
99OOs. The unique memory-ta-memory architecture fea
tures multiple register files, resident in memory, which 
allow faster response to Interrupts and increased pro
gramming flexibility. The separate bus structure simpll
flesthe system deSign effort. 

Pin Configuration 

ADDRESS 

Iiiijj M!ii!ii 

ItDLDA READY 

lAO WE 

A13/CIWIIUT ''''''. 
'" V .. 

'" v. 

'" , .. .. D7 .. DO 

" DO .. .. .. DO 

.. '1 .. " 
AI DO 

" lITO 

AO lit 1 
CRU 

O. ITI 

c. iI 

... v • 



S9980A 

S9980A Electrical and Mechanical Specifications 
Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless otherwise noted)" 

Supply Voltage, Vcc (See Note 1) ................................................................................ "....................... - O.3V to + 15V 
Supply Voltage, Voo (See Note 1) ......................................................................................................... - O.3V to + 15V 
Supply Voltage, Vee (See Note 1) ......................................................................................................... - 5.25V to + OV 
All Input Voltages (See Note 1) ............................................................................................................. - O.3V to + 15V 
Output Voltage, (See Note 1) ..................................................................................................................... - 2V to + 7V 
Continuous Power Dissipation ............................................................................................................................... 1.4W 
Operating Free-Air Temperature Range .................................................................................................. O·C to + 70·C 
Storage Temperature Range ........................................................................................................... - 5S·C to + 1S0·C 

'Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating and functional operation 
of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this speci· 
fication is not implied. Exposure to absolute maxlmum·rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings voltage values are with respect to the most negative supply, VaB (substrate), unless otherwise 
noted. Throughout the remainder of this section, voltage values are with respect to Vss. 

Recommended Operating Conditions 
Symbol Parameter Min. Nom. Max. Unit Conditions 

Vss Supply voltage - 5.25 -5 - 4.75 V 
Vee Supply voltage 4.75 5 5.25 V 
VDD Supply voltage 11.4 12 12.6 V 
Vss Supply voltage 0 V 
VIH High-level input voltage 2.2 2.4 Vee + 1 V 
VIL Low-level input voltage -1 0.4 0.8 V 
TA Operating free-air temperature 0 20 70 °C 

Electrical Characterisitcs Over Full Range of Recommended Operating Conditions 
(unless otherwise noted) 

Symbol Parameter Min. Typ.· Max. Unit Conditions 

Data Bus during DBIN ± 75 I'A VI = Vss to Vee 

II Input Current 
WE, MEMEN, DBIN, 

±75 I'A VI = Vss to Vee during HOLDA 
Any other inputs ±10 I'A VI = Vss to Vee 

VOH High-level output voltage 2.4 V 10 = - O.4mA 

VOL Low-level output voltage 0.5 
V 10 = 2mA 

0.65 10 = 3.2mA 

ISB Supply current from Vss 1 mA 

Icc Supply current Irom Vee 
50 60 mA O°C 
40 50 70°C 

100 Supply current Irom Voo 
70 80 mA O°C 
65 75 70°C 

Ci 
Input capacitance (any inp~ts except 

15 pF 
1= 1 MHz, unmeasured 

data bus) pins at Vss 

COB Data bus capacitance 25 pF 
1= 1 MHz, unmeasured 
pins at Vss 

Co 
Output capacitance (any output except 

15 pF 
1= 1 MHz, unmeasured 

data bus) pins at Vss . - 0 All tYPical values arB at TA - 25 C and nominal voltages 
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External Clock 

The external clocl< on the S9980 uses the CKIN pin. The external clock source must conform to the following speci
fications: 

,Symbol. Parameter Min. Typ. Max. Unit Conditions 

f~xt External source frequency· 6 10 MHz 

VH External source high level 2.2 V 

VL External sou rce low level 0.8 V 

tr/tf External source riselfall time 10 ns 

tWH External source high level pulse width 40 ns 

tWL External source low level pulse width 40 ns 

"This allows a system speed of 1 . 5M Hz to 2. 5M Hz 

Switching characteristics Over Full Range of Recommended Operating Conditions 

The timing of all the inputs and outputs is controlled by the internal 4 phase clock; thus all timings are based on the 
width of one phase of the internal clock. This Is lIf(CKIN) (whether driven or from a crystal). This is also 1f4lfsystem' In 
the following table this phase time is denoted two 

All external signals are with reference to +3 (see Figure 1). 

Symbor Parameter Min. Typ. Max. Unit Conditions 

Ir (+3) Rise time of +3 3 5 10 ns 

Ir (+3) Fall time of +3 5 7.5 15 ns 

Iw (+3) Pulse width of +3 tw- 15 Iw- 1O tw+ 10 ns 

tsu Data or control setup time* Iw- 3O ns 

Ih Data hold time* 2\tw+ 1O ns Iw = 1/f(cKIN) 

IpHL(WE) Propagation delay time WE high to low Iw- 1O Iw Iw+ 2O ns = Y4fsystem 

IpLH(WE) Propagation delay time WE low to high Iw Iw+ 10 tw+ 3O ns CL = 200pF 

I PH L(CRUCLK) Propagation delay time, CRUCLK high to low -20 -10 +10 ns 

IPHL(CRUCLK) Propagation delay time, CRUCLKlow to high 2tw- 1O 2tw 2tw+ 20 ns 

lov . Delay time trom output valid to +3 low, Iw- 50 Iw- 3O ns 

lox Delay time from output invalid to +3 low Iw- 2O Iw ns 

"All inputs except ICO-IC2 must be synchronized to meet these requirements. ICO-IC2 may change synchronously. 
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Figure 1. External Signal Timing 
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Pin Description 

Table 1 defines the S9980A pin assignments and describes the function of each pin. 

Table 1. S9980A Pin Assignments and Functions 

Signature PIn UO. Description 

AO (MSB) 17 OUT ADDRESS BUS 
Al 16 OUT AO lhrough A13 comprise the address bus. This 3·state bus provides the memory-address 
A2 15 OUT vector to the external-memory system when MEMEN is active and I/O-bit addresses and 
A3 14 OUT external-instruction addresses to the I/O system when MEMEN is inactive. The address bus 
A4 13 OUT assumes the high-impedance state when HOLDA is active. 
A5 12 OUT 
A6 11 OUT 
A7 10 OUT 
A8 9 OUT 
A9 8 OUT 
Al0 '7 OUT 
All 6 OUT 
A12 5 OUT 
AI3/CRUOUT 4 OUT CRUOUT 

Serial I/O data appears on A13 when an LDCR, SBZ and SBO instruction is executed. This 
data should be sampled by the I/O interface logic when CRUCLK goes active (high). One bit 
of the external instruction code appears on A 13 during external instruction execution. 

DO (MSB) 26 I/O DATA BUS 
Dl 27 I/O DO through D7 comprise the bidirectional 3-state data bus. This bus transfers memory data 
D2 28 I/O to (when writing) and from (when reading) the external-memory system when MEMEN is ac-
D3 29 I/O tive. The data bus assumes the high-impedance state when HOLDA is active. 
D4 30 I/O 
D5 31 I/O 
D6 32 I/O 
D7 (LSB) 33 I/O 
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Table 1. S9980A Pin Assignments and Functions (Continued) 

Signalure Pin 

Vee 21 
Vee 20 
Voo 36 
Vss 35 

CKIN 34 

¢3 22 

DBIN 18 

MEMEN 40 

WE 38 

CRUCLK 37 

CRUIN 19 

INT2 23 
INT1 24 
INTO 25 

HOLD 

HOLDA 

READY 39 

lAO 

VO 

IN 

OUT 

OUT 

OUT 

OUT 

OUT 

IN 

IN 
IN 
IN 

IN 

OUT 

IN 

OUT 

Supply voltage (- 5V NOM) 
Supply voltage (5V NOM) 
Supply voltage (12V NOM) 
Ground reference 

Description 

POWER SUPPLIES 

CLOCKS 
Clock In. A TTL compatible input used to generate the internal 4-phase clock. CKI N frequency 
is 4 times the desired system frequency. 

Clock phase 3 (<1>3) inverted; used as a timing reference. 

BUS CONTROL 
Data bus in. When active (high), DBIN indicates that the S9980A has disabled its output buf
fers to allow the memory to place memory-read data on the data bus during MEMEN. DBIN 
remains low in all other cases except when HOLDA is active at Which time it is in the high
impedance state. 
Memory enable. When active (low). 'M"EIMN indicates that the address bus contains a 
memory address. When HOLDA is active, MEMEN is in the high impedance state. 

Write enable. When active (low), WE indicates that memory-write data is available from the 
S9980 to be written into memory. When HOLDA IS active, WE is In the high-Impedance state. 

CRU clock. When active (high), CRUCLK indicates that external interlace logiC should sam
ple the output data on CRUOUT or should decode external instructions on AO. AI A13. 

CRU data In. CRUIN. normally.driven by 3-sta\e or open-collector devices. recBlves input 
data from external interface logic. When the processor executes a STCR or TB Instruction it 
samples CRUIN for the level 01 the CRU Input bit speCIfied by the address bus (A2 through 
AI2). 

Interrupt code. Refer to interrupt discussion for detailed deSCription 

MEMORY CONTROL 
Hold. When active (low), HOLD indicates to the processor that an external controller Ie g 
DMA device) deSires to utilize the address and data buses to transfer data to or from 
memory. The S9980A enters the hold state follOWing a hold signal when it has completed liS 
present memory cycle.· The processor then places the address and data buses In the hlgh
impedance state (along With WE. MEMEN. and DBIN) and responds With a hold
acknowledge signal (HOLDA). When HOLD is removed, the processor returns to normal 
operation 

Hold acknowledge. When active (high). HOLDA indicates that the processor is in the hold 
state and the address and data buses and memory control outputs (WE. MEMEN, and DBINI 
are in the high-impedance state. 

Ready When active (high), READY indicates that memory will be ready to read or write dur
ing the next clock cycle, When not-ready is indicated during a memory operation. the 
S9980A enters a wait state and suspends internal operation until Ihe memory syslem.s in
dicated ready. 

TIMING AND CONTROL 
Instruction acquISition. lAO is active (high) during any memory cycle when the S9980A IS ac
quiring an Instruction. IAQ can be used to detect Illegal op codes. It may also be used to syn
chronize LOAD stimulus. 

·11 the cycle following the present memory cycle IS also a memory cycle It. too IS completed before S9980 enters hold state 
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Features 

ON-Channel Silicon-Gate Process 
o 9900 Series CRU Peripheral 
o Performs Interrupt and 1/0 Interface Functions 

6 Dedicated Interrupt Input Lines 
7 Dedicated 1/0 Ports 
9 Ports Programmable as Interrupts or 1/0 

o Easily Stacked for Interrupt and 1/0 Expansion 
o Interval and Event Timer 
o Single 5V Supply 

Block Diagram 

S9900/9980 System 

S99011S9901·4 

PROGRAMMABLE SYSTEMS 
INTERFACE CIRCUIT 

General Description 

The S9901 Programmable Systems Interface is a multi
functioned component designed to provide low cost 
interrupts and 1/0 ports in a.9900/9980 microprocessor 
system. It is fabricated with N-channel silicon-gate tech
nology and is completely TTL compatible on all inputs 
including the power supply (+ 5V) and single-phase 
clock. The Programmable Systems Interface provides a 
9900/9980 system with interrupt control, 1/0 ports, and a 
real-time clock as shown on page 1. 

S9901 Pin Configuration 

" 

ADDRESS BUS 

Vee 
so 
PO 

PI 

S1 

S2 

rN'i'77ffi 
INTB/P14 

INTB/Pn 

INT1D/P12 

INTl1lPl1 

INT12/P10 

Ilffi3JI'lI 
INT14/PB 

P2 

S3 

S4 

P3 

P4 

,-------------------, r-----------------, 

PROGRAMMABLE 
SYSTEMS 

INTERFACE 

INTERRUPT IIF 

SB900/S99811 
CPU 
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S9901 Electrical Specifications 
Absolute Maximum Ratings Over Operating Free Air Temperature Range (Unless Otherwise Noted)* 

Supply Voltages, Vcc and Vss ....................................................... - O.3V to + 10V 
All Input and Output Voltages ....................................................... - O.3Vto + 10V 
Continuous Power Dissipation .............................................................. O.75W 
Operating Free-Air Temperature Range ................................................. O·C to + 70·C 
Storage Temperature Range ...................................................... - 65·C to + 150·C 
·Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only 
and functional operation of the device at these or any other conditions beyond those Indicated In the "Recommended Operating 
Conditions" section of this specification is not implied. Exposure to absolute maximum rated conditions for extended period may affect 
device reliability. 

Recommended Operating Conditions 
Parameter Min. Nom. Max. Unit 
Supply Voltage, Vcc 4.75 5 5.25 V 
Supply Voltage, Vss 0 V 
High-Level Input Voltage, VIH 2 V 
Low-Level Input Voltage, VIL 0.8 V 
Operating Free-Air Temperature, TA 0 70 °C 

Electrical Characteristics 
Over Full Range of Recommended Operating Conditions (Unless Otherwise Noted) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

II . Input Current (Any Input) ±10 ±100 ,..A VI = OV to Vcc 

VOH High Level Output Voltage 2.4 Vcc V 10H = - 100,..A 
2.2 Vcc V 10H = -200,..A 

VOL Low Level Output Voltage Vss 0.4 V 10L = 3.2mA 
Icc Supply Current from Vcc 150 rnA le(O) = 333ns, TA = 25°C 
Ci CapaCitance, Any Input 15 pF f= 1MHz, 

Timing Requirements 
Over Full Range of Operating Conditions 

S9901 S9901-4 
Symbol Parameter Min. Nom. Max. Min. Nom. Max. Unit 

tC(Q) Clock Cycle Time 300 333 2000 240 250 667 ns 

tno) Clock Rise Time 5 10 40 5 40 ns 
tf(o) Clock Fall Time 5 10 40 10 40 ns 

twlOU Clock Pulse Low Width 45 55 300 40 300 ns 

tWIOH) Clock Pulse High Width 225 240 180 ns 

tsu1 
Setup Time for SO-S4' CE, or CRUOUT 
Before CRU CLK 

100 200 80 80 ns 

tsu~ Setup Time, Input Before Valid CRU 1N 200 200 180 180 ns 

tsu2 Setup Time, Interrupt Before I2J Low 60 80 50 50 ns 

tW(CRUCLK) CRU Clock Pulse Width 100 80 ns 

th Address Hold Time 60 80 50 ns 
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Switching Characteristics 
Over Full Range of Recommended Operating Conditions 

89901 89901·4 

8ymbol Parameter Min. Typ. Max. Min. Typ. Max. Unit Test Conditions 

tpo 
Propagation Delay, 0 Low to Valid 110 110 80 80 ns CL =100pF, 
INTREO, Ico ·lc3 2 TTL Loads 

tpo 
Propagation Delay, 50.54 or CE 320 320 240 240 ns CL = 100pF 
to Valid CRU 1N 

Figure 1. Switching Characteristics 

tW(<pLl...J k- 1,(¢) --J I..-. ..- tf(¢l .. tc(¢)------.J 

I I I I , U U U U I _",(,HI __ 

I I I 
I I 

tsu~ I-- I --- ...... t" I 

\ I 
INTERRUPT I I I 

I I 
I I I 

I 
-----1 ~tPD 'p0-+j I-

INTREQ { I ! 
1--",-, 

I---'po .1 I I 

~ I / \ I 
I I 

I II I 
I 

I ~ t*-tw(CRUClK) 
I 

I I n I 
CRUClK II 

I I I I I 
-I ", I+- 1--"-+1 'po "I 

xxxxxxm VALID ADDRESS 'ftfJtff1f1fjJ VALID ADDRESS I 
I 

SO·S4 I I I I 

I I I L.-- I 
".--.j 

VALID INPUT DATA X 
INT1·INT1Ii, PD·Plli I I I I 

I I I I 
I I I I - VALID CRUtN X 

CRUIN I I I 
I I I I 
t-"'"""""1 1--"---1 

YJIIf#IJ. VALID DATA -CRUOUT I ! 
NOTE 1: ALL TIMING MEASUREMENTS ARE FROM 10% and 90% POINTS 
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Pin Definitions 
Table 1 defines the S9901 pin assignments and describes the function of each pin. 

Table 1.S9901 Pin Assignments and Functions 

Signature Pin 110 Description 

INTREQ 11 OUT INTERRUPT Request. When active (low) TJiITIitO indicates that an enabled interrupt has been received. 
~ will stay active until all enabled interrupt inputs are removed. 

ICO (MSB) 15 OUT Interrupt Code lines. ICO-IC3 output the binary code corresponding to the highest priority enabled inter-
IC1 14 OUT rupt. If no enabled interrupts are active ICO-IC3 = (1,1,1,1) 
IC2 13 OUT 
IC3 (LSB) 12 OUT 

CE 5 IN Chip Enable. When active (low) data may be transferred through the CRU interface to the CPU. CE has no ef-
fect on the interrupt control section. 

SO 39 IN Address select lines. The data bit being accessed by the CRU interface is specified by the 5-bit code appear-
S1 36 IN ing on SO-S4 
S2 35 IN 
S3 25 IN 
S4 24 IN 

CRUIN 4 OUT CRU data in (to CPU). Data specified by SO-S4 is transmitted to the CPU by CRUIN. When CE is not active 
CRUIN is in a high-impedance state. 

CRUOUT 2 IN CRU data out (from CPU). When CE is active, data present on the CRUOUT input will be sampled during 
CRUCLK and written into the command bit specified by SO-S4. 

CRUCLK 3 IN CRU Clock (from CPU). CRUCLK specifies that valid data is present on the CRUOUT line. 

RST1 1 IN Power Up Reset. When activ~w) RST1 resets all interrupt masks to "0", disables the clock, and pro-
grams all 110 ports to inputs. RST1 has a Schmitt-Trigger input to allow implementation with an RC circuit as 
shown in Figure 6. 

Vee 40 Supply Voltage. + 5V nominal. 

Vss 16 Ground Reference. 

~ 10 System Clock (+3 in S9900 system, CKOUT in S9980 system). 

iNT1 17 IN Group 1, interrupt inputs. When active (low) the signal is ANDed with its corresponding mask bit and if en-
iNT2 18 IN abled sent to the interrupt control section. INT1 has highest priority. 
fNT3 9 IN 
INT4 8 IN 
INT5 7 IN 
M6 6 IN 

TNT7/P15 34 110 Group 2. Programmable interrupt (active low) or 110 pins (true logic). Each pin is individually programmable 
TfJi8/P14 33 110 as an interrupt, as input port, or an output port. 
INT9/P13 32 110 
INT10/P12 31 110 
INT11/P11 30 110 
INT12!P10 29 110 
INT13/P9 28 110 
TNi'14/P8 27 110 
INT15/P7 23 110 

PO 38 110 Group 3, 110 ports (true logic). Each pin is individually programmable as an input port or an output port. 
P1 37 110 
P2 26 110 
P3 22 110 
P4 21 110 
P5 20 110 
P6 19 110 
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Functional Description 

CPU Interface 

The S9901 Interfaces to the CPU through the Communi· 
cations Register Unit (CRU) and the Interrupt control 
lines as shown on page 1. The CRU Interface consists 
of 5 address select lines (So·S4), chip enable (rn:), and 3 
CRU lines (CROjN, CRUOUT, CRUCLK). When CE 
becomes active (low), the 5 select lines point to the 
CRU bit being accessed (see Table 2). In the case of a 
write, the datum is strobed off the CRUOUT line by the 
CRUCLK signal. For a read, the datum is sent to the CPU 
on the CRUIN line. The interrupt control lines consist of 
an interrupt request line (INTREQ) and 4 code lines (100 
-IC3). The interrupt section of the S9901 prioritizes and 
encodes the highest priority active interrupt into the 
proper code to present to the CPU, and outputs this 
code on the 100-IC3 code lines along with an active 
INTREQ. Several S9901's can be used with the CPU by 
connecting all CRU and address lines in parallel and 
providing a unique chip select to each device. 

System Interface 

The system interface consists of 22 pins divided into 3 
groups. The 6 pins in Group 1 (INT1-INT6) are normally 
dedicated to interrupt inputs (active low), but may_also 
be used as input ports (true data in). Group 2 (INT7/P15-
TN'i1s/P7) consists of 9 pins which can be individually 
programmed as interrupt inputs (active low), input po~s 
(true data in), or output ports (true data out). The remam
ing 7 pins which comprise Group 3 (PO-P6) are dedicated 
as individually programmable I/O ports (true data). 

Interrupt Control 

A block diagram of the interrupt control section is 
shown In Figure 2. The interrupt inputs (6 dedicated, 9 
programmable) are sampled by T(actlve low) and are 
ANDed with their respective mask bits. If an interrupt 
input is active (low) and enabled (MASK = 1), the signal 
is passed through to the priority encoder where the 

S99011S9901-4 

highest priority signal Is encoded Into a 4·blt binary 
code as showr1ln Table 3. The code along with the Inter· 
rupt request is then output via the CPU Interface on the 
leading edge of the nextpto ensure proper synchroni
zation to the processor. 

The output Signals will remain valid until the corres
ponding Interrupt input is removed, the interrupt is 
disabled (MASK = 0), or a higher priority enabled inter
rupt becomes active:When the highest priority enabled 
interrupt is removed, the code corresponding to the 
next highest priority enabled interrupt is output. If no 
enabled interrupt is active, all CPU interface lines 
(INTREQ, 100-IC3) are held high. RST1 (power-up-reset) 
will force the output coCe to (0,0,0,0) with INTREQ held 
high and will reset all mask bits low (interrupts dis
abled). Individual interrupts can be subsequently enabl
ed (disabled) by programming the appropriate com
mand bits. Unused interrupt inputs may be used as 
datum inputs by disabling the interrupt (MASK = 0). 

Input/Output 

9.19 

A block diagram of the I/O section is shown in Figure 3. 
Up to 16 individually controlled I/O ports are available (7 
dedicated 9 programmable). RST1 or RST2 (a command 
bit) will p;ogram all ports to the input mode. Writing a 
datum to any port will program that port to the output 
mode and latch out the datum. The port will then re
main in the output mode until either RST1 or RST2 is 
executed. Data present on the Group 2 pins can be read 
by either the Read Interrupt Commands or the Read In
put Commands. Group 2 pins being used as input ports 
should have their respective Interrupt Mask values 
reset (low) to prevent false interrupts from occurring. In 
applications where Group 1 pins are not required as 
interrupt inputs, they may be used as Input ports and 
read using the Read Input commands. As with Group 2 
ports, any pins being used as Input ports should have 
their respective Interrupt Masks disabled. 



Table 2. CRU Bit Assignments 

CRU Bit So Sl S2 S3 S4 CRU Read Data 

0 0 0 0 0 0 CONTROL BIT(I) 

1 0 0 0 0 1 INT1/CLK1(2) 
-

2 0 0 0 1 0 INT2/CLK2 
-

3 0 0 0 1 1 INT3/CLK3 
-

4 0 0 1 a 0 INT4/CLK4 

5 0 0 1 0 1 INT5/CLK5 

6 0 0 1 1 0 INT6/CLK6 

7 0 0 1 1 1 INT7/ CLK7 

8 0 1 0 0 0 INTs/CLKs 

9 a 1 0 0 1 INTg/CLKg 

10 0 1 0 1 0 INT10 /CLK10 

11 0 1 0 1 1 INT11 /CLK11 

12 0 1 1 0 0 INTI2 /CLKI2 

13 0 1 1 0 1 INTI3 /CLKI3 

14 0 1 1 1 0 INTI4 /CLKI4 

15 0 1 1 1 1 INTI5/INTREQ 
16 1 0 0 0 0 Po INPUT(5) 
17 1 0 0 0 1 PI Input 
18 1 0 0 1 0 P2 Input 
19 1 ",0 0 1 1 P3 Input 
20 1 0 1 0 0 P4 Input 
21 1 0 1 0 1 P5 Input 
22 1 0 1 1 0 P6 Input 
23 1 0 1 1 1 P7 Input 
24 1 1 0 0 0 Ps Input 
25 1 1 0 0 1 Pg Input 
26 1 1 0 1 0 P10 Input 
27 1 1 0 1 1 Pl1 Input 
28 1 1 1 0 0 P12 Input 
29 1 1 1 b 1 P13 Input 
30 1 1 1 1 0 P14 Input 
31 1 1 1 1 1 P15 Input 

NOTES: 

(1) 0 = Interrupt Mode 1 = Clock Mode 

(2) Data present on INT input pin (or clock value) will be read regardless of mask value" 

(3) While in the Interrupt Mode (Control Bit = 0) writing a "1" into mask will enable interrupt; a "0" will disable" 

(4) Writing a zero to bit 15 while in the clock mode (Control Bit= 1) executes a software reset of the 110 pins" 

(5) Data present on the pin will be read" Output data can be read without affecting the data" 

(6) Writing data to the port will program the port to the output mode and output the data" 
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CRU Write Data 

CONTROL BIT(1) 

Mask I/CLK1(3) 

Mask 2/CLK2 

Mask3/CLK3 

Mask 4/CLK4 

Mask 5/CLK5 

Mask 6/CLK6 

Mask 7/CLK7 

Mask 8/CLKs 

Mask 9/CLKg 

Mask 10/CLK10 

Mask 11 /CLK11 

Mask 12/CLK12 

Mask 13/CLK13 

Mask 14/CLK14 

Mask 15/RST2(4) 

Po Output(6) 
PI Output 
P2 Output 
P3 Output 
P4 Output 
P5 Output 
P6 Output 
P7 Output 
Ps Output 
Pg Output 
PlO Output 
P11 Output 
P12 Output 
P13 Output 
P14 Output 
P15 Output 



Figure 2. Interrupt Control Logic 

leO 

1e2 

1e3 

Table 3. Interrupt Code Generation 

Interrupt/State Priority 

INT1 1 (HIGHEST) 
INT2 2 
iNT3/CLOCK 3 
rNT4 4 
iNT5 5 
TNT6 6 
TNT? 7 
fNTa 8 
ffiT2 2 
fNTg 9 
~T10 10 
!!,JT11 11 
INT12 12 
INT13 13 
INT14 14 
iNT15 15 (LOWEST) 
NO INTERRUPT -

PRIORITllER 
AND 

ENCODER 

,t 

ICo 

0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 

ORU 
INTERFACE 
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IC, 

0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 

CRU lOGIC 

IC2 

0 
1 
1 
0 
0 
1 
1 
0 
1 
0 
1 
1 
0 
0 
1 
1 
1 
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IC3 INTREQ 

1 0 
0 0 
1 0 
0 0 
1 0 
0 0 
1 0 
0 0 
0 0 
1 0 
0 0 
1 0 
0 0 
1 0 
0 0 
1 0 
1 1 



Programmable Real Time Clock 
A block diagram of the programmable real time clock 
section is shown in Figure 4. The clock consists of a 
14·bit counter that decrements at a rate of F(cj»64 (at 
3MHz this results in a maximum interval of 349ms with 
a resolution of 21.3I-1s) and can be used as either an 
interval timer or as an event timer. 

The clock is accessed by writing a one into the control 
bit (address 0) to force CRU bits 1-15 to clock mode (See 
Table 1). Writing a nonzero value into the clock register 
then enables the clock and sets its frequency. During 
system set up this entire operation can be accom
plished with one additional 1/0 instruction (LCDR) as 
shown in Table 4. The clock functions as an interval 
timer by decrementing to zero, issuing an interrupt, and 
restarting at the programmed start value. When the 
clock interrupt is active, the clock mask (mask bit 3) 
must be written into (with either a "1' or a "0") to clear 
the interrupt. 

If a value other than that initially progammed is re
quired, a new 14-bit clock start value is similarly pro
grammed by executing a CRU write operation to the 

Figure 3_ 1/0 Interface 

CR" 
INTERFACE 

CR" 
LOGIC 
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same locations. During programming the decrementer 
is restarted with the current start value after each start 
value bit is written. A timer restart can be easily imple
mented by writing a single bit to any of the clock bits. 

The clock is disabled by RST1 (power-up-clear) or by 
writing a zero value into the clock register. Enabling the 
clock programs the third priority interrupt (INT3) as the 
clock interrupt and disables generation of interrupts 
from the INT3 input pin. When accessing the clock, all 
interrupts should be disabled to ensure that system 
integrity is maintained. 

The clock can also function as an event timer since 
whenever the device is switched to the clock mode, by 
writing a one to the control bit, the current value of the 
clock is stored in the clock read register. Reading this 
value, and thus the elapsed event time, is accom
plished by executing a 14-bit CRU read operation (ad
dresses 1-14). The software example (Table 3) shows a 
read of the event timer. 

The current status of the machine can always be ob
tained by reading the control (address zero) bit. A "0" 
indicates the machine is in an interrupt mode. Bits 1 

I/O PORTS 
(PO·P15MAX) 



through 15 would normally be the interrupt input lines 
in this mode, but if any are not needed for interrupts, 
they may also be read with a CRU input command and 
interpreted as normal data inputs. A "1" read on the 
control bit indicates that the 9901 is in the clock mode. 
Reading bits 1 through 14 completes the event timer 

Table 4. Software Examples 

Assumptions 

-System uses clock at maximum interval 
- Total of 6 interrupts are used 
-8 bits are used as output port 

System 
Setup for 
Interrupt 

System 
Setup for 
Output 
PO(ts 

Read 
Programmed 
Inputs 

LI 
LDCR 
LDCR 

rLI 
~ 

rLI 
~ 

R1i2,PSIBAS 
@X,O 
@V,7 

R12,PSIBAS + 16 
R1,8 

R12,PSIBAS + 24 
R2,8 

(X) ~ FFFF 
(V) ~ 7FXX 

S9901/S9901-4 

operation as described above. Reading bit 15 indicates 
whether the interrupt request line is active. 

A software reset RST2 can be performed by writing a 
"1" to the control bit followed by writing a "1" to bit 15, 
which forces all 1/0 ports to the input mode. 

-8 bits are used as input port 
-RST1 (power up reset) has already been applied 

Setup CRU Base Address to point 9901 
Program Clock with maximum interval 
Re-enter interrupt mode and enable top 6 interrupts 

Move CRU Base to point I/O port 
Move most significant byte of R1 to output port 

Move CRU Base to point to input ports 
Move input port to most significant byte of R2 

Don't cares 

CLKPC 

CLKVCT 

BLWP 
• 
• 
• 

LlMI 
LI 
SBO 
STCR 
SBZ 
RTWP 

o 

• 
• 

DATA 

CLKVCT 

o 
R12,PSIBAS+1 
-1 
R4,14 
-1 

CLKWP, CLKPC 
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Save Interrupt Mask 

Disable INTERRUPTS 
Set up CRU Base 
Set 9901 into Clock Mode, Latch Clock Value 
Store Read Register Latch Value into R4 
Reenter Interrupt Mode and Restarting Clock 
Restore Interrupt Mask 



Figure 4. Real Time Clock 

,." 
INTERFACE 

System Operation 

CR" 
LOGIC 

During power up, R8T1 must be activated (low) for a 
minimum of 2 cl9Ck cycles to force the 59901 into a 
kAown state. R5T1 will "disable all interrupts, disable the 
clock, program all 110 ports to the mode, and force ICo· 
IC3 to (0,0,0,0) with INTREQ held high. 5ystem software 
must then enable the proper interrupts, program the 
clock (if used), and configure the 110 ports as required 
(see Table 4 for an example). After initial power up, the 
89901 will be accessed only as needed to service the 
clock, enable (disable) interrupts, or read (write) data to 

Table 5. 9980 Interrupt Level Data 

Interrupt Ve.ctor Location 
Code Funcllon (Memory Address 

(lCo-IC2) In Hex) 

1 1 0 Level 4 0 0 1 0 
1 0 1 Level 3 0 0 0 C 
1 0 0 Level 2 0 0 0 8 
o 1 1 Level 1 0 0 0 4 
o 0 1 Reset 0 0 0 0 
010 Load 3 F F C 
000 Reset 0 0 0 0 
1 11 No-Op -
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the 110 ports. The 110 ports can I)e reconfigured by use 
of the R5T2 command bit. 

Figure 5 illustrates the use of an 59901 with an 89900. 
The 59904 is used to generate R5T to reset the 9900 and 
the 9901 (connected to R8T1). Figure 6 shows an 59980 
system using the 89901. The reset function, load inter
rupt, and 4 maskable interrupts allowed in a 9980 are en
coded as shown in Table 5. Connecting the system as 
shown ensures thattf1e proper reset will be applied to 
the 9980. 

Interrupt Mask Values 
Device Assignment To Enable 

(ST12 through ST 15) 

External Device 4 Through F 
External Device 3 Through F 
External Device 2 Through F 
External Device 1 Through F 
Reset Stimulus "Don't Care 
Load Stimulus Don't Care 
Reset Stimulus Don't Care 

- Don't Care 



Figure 5. 59900-59901 Interface 
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Advanced Product Description 

Features 

o 5- to 8-Bit Character Length 
o 1,1 112, or 2 Stop Bits 
o Even, Odd, or No Parity 
o Fully Programmable Data Rate Generation 
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ASYNCHRONOUS COMMUNICATIONS 
CONTROLLER (ACC) 

General Description 

o Interval Timer with Resolution from 64 to 16,320 JAS 

The S9902 Asynchronous Communication Controller 
(ACC) is a peripheral device for the S9900 family of 
microprocessors. The ACC provides an interface be
tween the microprocessor and a serial asynchronous 
communication channel, performing the timing and 
data serialization and deserialization, thus facilita
ting the control of the asynchronous channel by the 
microprocessor. 

o Fully TIL Compatible, Including Single Power 
Supply 

Block Diagram 

CE 

SO·S4 

CRUOUT CPU 
C K liF 

CRUI 

iN'!' 

DSR 

RIN 

CTS 
RTS 

XOUT 
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Pin Configuration 

INT 18 Vee 

XOUT 2 17 CE 

RIN 3 16 0 

CRUIN 4 15 CRUCLK 

RfS 5 
S9~02 A C 14 SO 

rn 6 13 S1 

DSR 7 12 S2 

CRUOUT 8 11 S3 

Vss 9 10 S4 
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S9902 Electrical Specifications 
Absolute Maximum Ratings Over Operating Free Air Temperature Range (Unless Otherwise Noted)" 

Supply Voltage, Vcc ............................................................... - O.3V to + 10V 
Ail Input and Output Voltages ....................................................... - O.3V to + 10V 
Continuous Power Dissipation ................................. ,............................. O.7W 
Operating Free-Air Temperature Range ................................................. O·C to + 70·C 
Storage Temperature Range ............... , ....... ,.............................. - 6S·C to + 1S0·C 
'Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This Is a stress rating 
only and functional operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Con· 
ditions" section of this specification is not implied. Exposure to absolute maximum rated conditions for extended period may affect device 
reliability. 

Recommended Operating Conditions 

Parameter Min. Nom. Max, Unit 

Supply Voltage, Vee 4.75 5 5.25 V 
Supply Voltage, Vss 0 V 
High-Level Input Voltage, VIH 2.2 2.4 Vee V 
Low-Level Input Voltage, VIL 0.4 0.8 V 
Operating Free-Air Temperature, TA 0 70 °C 

Electrical Characteristics 
Over Full Range of Recommended Operating Conditions (Unless Otherwise Noted) 

Symbol Parameter Min. Typ. Max. Unit Conditions 

II Input Current (Any Input) ± 10 IlA VI = OV to Vec 

VOH High Level Output Voltage 
2.2 3.0 IOH = 100ilA 
2.0 2.5 

V 
IOH = - 400ilA 

VOL Low Level Output Voltage 0.4 0.85 V IOL = 3.2mA 

leC(AV) Average Supply Current from Vee 2.5 100 mA Ic(O) = 250ns, TA = 25°C 

Ci Capacitance, Any Input 10 f = 1MHz, 
Co Capacitance, Any Output 20 

pF All other pins at OV 

Timing Requirements 
Over Full Range of Operating Conditions 

S9902 S9902-4 

Symbol Parameter Min. Typ. Max. Min. Typ. Max. Unit 

Ic(O) Clock Cycle Time 300 333 2000 240 250 667 ns 

Ir(o) Clock Rise Time 5 10 12 8 40 ns 

H(o) Clock Fall Time 225 10 12 10 40 ns 

IH(O) Clock Pulse Low Width (High Level) 225 240 180 ns 

tL(O) Clock Pulse Width (Low Level) 45 45 55 40 ns 

tsu(ad) 
Setup Time for Address and CRUOUT Before 180 220 150 150 ns 
CRUCLK 

tSU(CE) Setup Time for CE Before CRU CLK 100 185 110 110 ns 

tHD 
Hold Time for Address, CE and CRUOUT After 60 90 50 50 ns 
CRUCLK 

twee CRUCLK Pulse Width 100 120 80 ns 

9.27 
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Switching Characteristics 
Over Full Range of Recommended Operating Conditions 

Symbol Parameter Min. Typ. Max. Unit Conditions 

tpGI(ed) Propagation Delay, Address-to-Valid CRUIN 400 ns CL = 100pF, 

tpGI(GE) Propagation Delay, CE-to-Valid CRUIN 400 ns CL = 100pF 

tH CRUIN Hold Time After Address 20 ns 

Figure 3. Switching Characteristics 
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59902 Pin Description 

Table 1 defines the S9902 pin assignments and describes the function of each pin as shown on page 1. 

Table 1. 

Signature Pin liD Description 

INT 1 0 Interrupt-when active (low), the INT output indicates that at least one of the interrupt conditions has 
occurred. 

XOUT 2 0 Transmitter serial data output line-XOUT remains inactive (high) when S9902 is not transmitting. 

RIN 3 I Receiver serial data input line-RCV-must be held in the inactive (high) state when not receiving 
data. A transition from high to low will activate the receiver circuitry. 

CRU 1N 4 0 Serial data output pin from S9902 to CRU 1N input pin of the CPU. 

RTS 5 0 Request-to-send output from S9902 to modem. This output is enabled by the CPU and remains active 
(low) during transmission from the S9902. 

CTS 6 I Clear-to-send input from modem to S9902. When active (low), it enables the transmitter section of 
S9902. 

DSR 7 I Data set ready intput from modem to S9902. This input generates an interrupt when going On or Off. 

CRU OUT 8 I Serial data input line to S9902 from CRU OUT line of the CPU. 

Vss 9 I Ground reference voltage. 

S4 (L"SB) 10 I 
S3 11 I 
S2 12 I 
S1 13 I Address bus SO-S4 are the lines that are addressed by the CPU to select a particular S9902 function. 

So 14 I 

CRU CLK 15 I CRU Clock. When active (high), S9902 from CRU OUT line of the CPU. 

~ 16 I TTL Clock. 

CE 17 I Chip enable-when CE is inactive (high), the S9902 address decoding is inhibited which prevents exe-
cution of any S9902 command function. CRU 1N remains at high-impedance when CEis inactive (high). 

Vec 18 I Supply voltage ( + 5V nominal). 

Device Interface CPU Interface 

The relationship of the ACC to other components in the 
system is shown in Figures 2 and 3. The ACC is con
nected to the asynchronous channel through level 
shifters which translate the TTL inputs and outputs to 
the appropriate levels (e.g., RS-232C, TTY current loop, 
etc.). The microprocessor transfers data to and from the 
ACC via the Communication Register Unit (CRU). 

The ACC interfaces to the CPU through the Communi
cation Register Unit (CRU). The CRU interface consists 
of five address-select lines (SO-S4), chip enable (CE), and 
three CRU control lines (CRU1N , CRUOUT, and CRUCLK)' 
When CE becomes active (low), the five select lines ad
dress the CRU bit being accessed. When data is being 
transferred to the ACC from the CPU, CRUOUT contains 
the valid datum which is strobed by CRUCLK' When 
ACC data is being read, CRU1N is the datum output by 
the ACC. 
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Figure 4. 89902 ACC in a 89900 8ystem 
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Asynchronous Communication Channel Interface 

The interface to the asynchronous communication 
channel consists of an output control line (RTS), two in
put status lines (DSR and CTS), and serial transmit 
(XoUT) and receive (RIN) data lines. The request-to-send 
line (RTS) is active (low) whenever the transmitter is 
activated. However, before data transmission begins, 
the clear-to-send (CTS) input must be active. The data 
set ready (DSR) input does not affect the receiver or 
transmitter. When DSR or CTS changes level, an inter
rupt is generated. 

59902159902-4 

Interrupt Output 
The interrupt output (INT) is active (low) when any of the 
following conditions occurs and the corresponding in
terrupt has been enabled by the CPU: 

(1) DSR or CTS changes levels (DSCH = 1); 
(2) a character has been received and stored in ttle 

Receiver Buffer Register (RBRl = 1); , 
(3) the Transmit Buffer Register is empty (XBRE = 1); 

or 
(4) the selected time interval has elapsed (TIMElP = 1). 

The logical relationship of the interrupt output is shown below. 

INT Output Generation 

DSCH 

DSCENB 

RBRL 

RIENB 

XBRE 

XIENB 

TIMElP 

TIMENB 

Clock Input 
The clock input to the ACC (~ is normally provided by the 
~ output of the clock generator (9900 systems) or the 
S9980 (9980 systems). This clock input is used to gener
ate the internal device clock, which provides the time 
base for the transmitter, receiver, and interval timer of 
the ACC. 

DSCINT 

RINT 

CR" 
STATUS 
LINES 

XINT 

TIMINT 
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INT 

>-_____ OUTPUT 

Device Operation 
Control and Data Output 

Data and control information is transferred to the ACC 
using CE, So-S4' CRUOUT, and CRUCLK' The diagrams 
on page 7 show the connection of the ACC to the S9900 
and S9980 CPUs. The high-order CPU address lines are 
used to decide the CE Signal when the device is being 
selected. The low-order address lines are connected to 
the five address-select lines (So-S4)' Table 2 describes 
the output bit address assignments for the ACC. 



I 

Connection of the ACC to the 89900 

809902 

¢3ftI FROM CLOCK GENERATOR 

CRUClK j.------------l CRUCLK 

CRUOUT j.------------l CRUOUT 

CRUIN I---------------t~ CRUIN 

so ~-----------_IA1D 

51 All 

~ ill 

S3 j.------------lA13 
54 ~-----------_IA14 

CE p..of--~9::l DECOO' ]<= AD·A9 

Connection of the ACC to the 89980 CPU's 

S9902 

CRUCLK CRUClK 

CRUOUT A13 

CRUIN CRUIN 

so A8 

S1 A9 

~ A1D 

S3 AI1 

54 ill 

CE J OECOO']<= AD·A7 -I 
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Table 2. 89902 ACC Output Bit Address Assignments 

Address2 

So Sl S2 S3 S4 

1 1 1 1 1 

1 0 1 0 1 
1 0 1 0 0 
1 0 0 1 1 
1 0 0 1 0 
1 0 0 0 1 
1 0 0 0 0 
0 1 1 1 1 
0 1 1 1 0 
0 1 1 0 1 
0 1 1 0 0 
0 1 0 1 1 

Bit 31 (RESET) 

Bit 30-Bit 22 

Bit 21 (DSCENB) 

Bit 20 (TIMENB) 

Bit 19 (XBIENB) 

Bit 18 (RIENB) 

Bit 17 (BRKON) 

Bit 16 (RTSON) 

Bit 15 (TSTMD) 

AddresS10 Name Description 

31 RESET Reset Device 
30-22 Not used 

21 DSCENB Data Set Status Change Interrupt Enable 
20 TIMENB Timer Interrupt Enable 
19 XBIENB Transmitter Interrupt Enable 
18 RIENB Receiver Interrupt Enable 
17 BRKON Break On 
16 RTSON Request to Send On 
15 TSTMD Test Mode 
14 LDCTRL Load Control Register 
13 LDIR Load Interval Register 
12 LRDR load Receiver Data Rate Register 
11 LXDR Load Transmit Data Rate Register 

10-0 Control, Interval, Receive Data Rate, Transmit Data Rate, and 
Transmit Buffer Registers 

Writing a one or zero to Bit 31 causes the device to be reset, disabling all interrupts, initializing the 
transmitter and receiver, setting RTS inactive (high), setting all register load control flags (LDCTRL, 
LDIR, LRDR, and LXDR) to a logic one level, and resetting the BREAK flag. No other input or output 
operations should be performed for 11.0' clock cycles after issuing the RESET command. 

Not used. 

Data Set Change Interrupt Enable. Writing a one to Bit 21 causes the INT output to be active (low) 
whenever DSCH (Data Set Status Change) is a logic one. Writing a zero to Bit 21 causes DSCH inter
rupts to be disabled. Writing either a one or zero to Bit 21 causes DSCH to be reset. 

Timer Interrupt Enable. Writing a one to Bit 20 causes the INf output to be active whenever TIMELP 
(Timer Elapsed) is a logic one. Writing a zero to Bit20 causes TIMELP interrupts to be disabled. Writing 
either a one or zero to Bit 20 causes TIMELP and TIMERR (Timer Error) to be reset. 

Transmit Buffer Interrupt Enable. Writing a one to Bit 19 causes the INT output to be active whenever 
XBRE (Transmit Buffer Register Empty) is a logic one. Writing a zero to Bit 19 causes XBRE interrupts to 
be disabled. The state of XBRE is not affected by writing to Bit 19. 

Receiver Interrupt Enable. Writing a one to Bit 18 causes the INT output to be active whenever RBRL 
(Receiver Buffer Register Loaded) is a logic one. Writing a zero to Bit 18 disables RBRL interrupts. 
Writing either a one or zero to Bit 18 causes RBRl to be reset. 

Break On. Writing a one to Bit 17 causes the XOUT (Transmitter Serial Data Output) to go to a logic zero 
whenever the transmitter is active and the Transmit Buffer Register (XBR) and the Transmit Shift 
Register (XSR) are empty. While BRKON is set, loading of characters into the XBR is inhibited. Writing a 
zero to Bit 17 causes BRKON to be reset and the transmitter to resume normal operation. 

Request-to-Send On. Writing a one to Bit 16 causes the RTS output to be active (low). Writing a zero to 
Bit16 causes RTS to go to a logic one after the XSR and XBR are empty, and BRKON is reset. Thus, the 
RTS output does not become inactive (high) until after character transmission has been completed. 

Test Mode. Writing a one to Bit 15 causes RTS to be internally connected to CTS, XOUT to be internally 
connected to RIN, DSR to be internally held low, and the Interval Timer to operate at 32 times its normal 
rate. Writing a zero to Bit 15 re-enables normal device operation. 
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Register Load Control Flags, Output Bits 14-11 control which of the five registers will be loaded by 
writing to Bits 10-0, The flags are prioritized as shown in Table 3, 

Table 3. S9902 ACC Register Load Selection 

LOCTRL 

1 
0 
0 
0 
0 

Bit 14 (LDCTRL) 

Bit 13 (LOIR) 

Bit 12 (LROR) 

Bit 11 (LXDR) 

Control Register 

Register Load Control Flag 

LOIR 

X 
1 
0 
0 
0 

Status Register Enabled 
LOR LXOR 

X X Control Register 
X X I nterval Register 
1 X Receive Data Rate Register 
X 1 Transmit Data Rate Register 
0 0 Transmit Buffer Register 

Load Control Register. Writing a one to Bit 1 causes LDCTRL to be set to a logic one, When LDCTRL = 1, 
any data written to bits 0-7 are directed to the Control Register, Note that LDCTRL is also set to a logic 
one when a one or zero is written to Bit 31 (RESET), Writing a zero to Bit 14 causes LDCTRL to be reset 
to a logic zero, disabling loading of the Control Register, LOCTRL is also automatically reset to a logic 
zero when a datum is written to Bit 7 of the Control Register which normally occurs as the last bit writ
ten when loading the Control Register with a LOCR instruction, 

Load Interval Register, Writing a one to Bit 13 causes LOIR to be set to a logic one, When LOIR = 1 and 
LOCTRL = 0, any data written to Bits 0-7 are directed to the Interval Register, Note that LOIR is also set 
to a logic one when a datum is written to Bit 31 (RESET); however, Interval Register loading is not 
enabled until LOCTRL is set to a logic zero, Writing a zero to Bit 13 causes LOIR to be reset to logic zero, 
disabling loading of the Internal Register, LOIR is also automatically reset to logic zero when a datum is 
written to Bit 7 of the Interval Register, which normally occurs as the last bit written when loading the 
Interval Register with a LOCR instruction, 

Load Receive Data Rate Register, Writing a one to Bit 12 causes LROR to be set to a logic one, When 
LROR = 1, LDIR = 0, and LOCTRL = 0, any data written to Bits 0-10 are directed to the Receive Data 
Rate Register, Note that LROR is also set to a logic one when a datum is written to Bit 31 (RESET); 
however, Receive Data Rate Register loading is not enabled until LOCTRL and LOIR have been set to a 
logic zero, Writing a zero to Bit 12 causes LROR to be reset to a logic zero, disabling loading of the 
Receive Data Rate Register, LRDR is also automatically reset to logic zero when a datum is written to Bit 
10 of the Receive Data Rate Register, which normally occurs as the last bit written when loading the 
Receive Data Rate Register with a LOCR instruction, 

Load Transmit Data Rate Register, Writing a one to Bit 11 causes LXDR to be set to a logic one, When 
LXDR = 1, LDIR = 0, and LDCTRL = 0, any data written to Bits 0-10 are directed to the Transmit Data 
Rate Register. Note that loading of both the Receive and Transmit Data Rate Registers is enabled when 
LDCTRL = 0, LOIR = 0, LROR = 1, and LXDR = 1: thus these two registers may be loaded 
simultaneously when data are received and transmitted at the same rate, LXDR is also set to a logic one 
when a datum is written to Bit 31 (RESET): however, Transmit Data Rate Register loading is not enabled 
until LDCTRL and LDIRhave been reset to logic zero, Writing a zero to Bit 11 causes LXDR to be reset to 
logic zero, disabling loading of the Transll1it Data Rate Register, Since Bit 11 is the next bit addressed 
after loading the Transmit Data Rate Register, the register may be loaded and the LXDR flag reset with a 
single LDCR instruction where 12 bits (Bits 0-11) are written, with a zero written to Bit 11, 

The Control Register is loaded to select character length, device clock operation, parity, and the number of stop 
bits for the transmitter. Table 4 shows the bit address assignments for the Control Register. 
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Table 4. Control Register Bit Address Assignments 

Bits 7 and 6 
(SBS1 and SBS2) 

Bits 5 and 4 
(PENB and PODD) 

Bit 3 (CLK4M) 

Address10 Name Description 

7 
6 
5 
4 
3 
2 
1 
0 

7 

SBS1 

MSB 

SBS1 I 4 Stop Bit Select 
SBS2 
PENB Parity Enable 
PODD Odd Parity Select 

CLK4M o Input Divide Select 
- Not Used 

RCL 1 I 4 Character Length Select 
RCLO 

6 5 4 3 2 o 
SBS2 PENB PODD CLK4M NOT USED RCL1 RCLO 

LSB 

Stop Bit Selection, The number of stop bits to be appended to each transmitter character is selected by 
Bits 7 and 6 of the Control Register as shown below, The receiver only tests for a single stop bit, 
regardless of the status of Bits 7 and 6, 

Slop Bil Seleclion 

SBS1 SBS2 Number of Transmitted 
Bil7 BI16 Stop Bits 

0 0 1V2 
0 1 2 
1 0 1 
1 1 1 

Parity Selection, The type of parity to be generated for transmission and detected for reception is selected 
by Bits 5 and 4 of the Control Register as shown below, When parity is enabled (PEN B = 1), the parity bit 
is transmitted and received in addition to the number of bits selected for the character length, Odd parity 
is such that the total number of ones in the character and parity bit, exclusive of stop bit(s), will be odd, 
For even parity, the total number of ones will be even, 

Parity Selecllon 

PENB PODD PARITY 
BI15 BI14 

0 0 None 
0 1 None 
1 0 Even 
1 1 Odd 

+ Input Divide Select. The + input to the S9902 ACC is used to generate internal dynamic logic clocking 
and to establish the time base for the Interval Timer, Transmitter and Receiver, The + input is internally 
divided by either 3 or 4 to generate the two-phase internal clocks required for MOS logic, and to establish 
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the basic internal operating frequency (fint) and internal clock period (tint). When Bit 3 of the Control Register is set to a logic one 
(CLK4M = 1), ci> is internally divided by 4, and when CLK4M = 0, ci> is divided by 3. For example, when fej> '" 3MHz, as in a standard 
3MHz S9900 system, and CLK4M = 0, ej> is internally divided by 3 to generate an internal clock period tint of 1/o1s. The figure below 
shows the operation of the internal clock divider circuitry. The internal clock frequency should be no greater than 1. 1 MHz; thus, when 
fej»3.3MHz, CLK4M should be set to a logic one. 

Bits 1 and 0 
(RCL1 and RCLo) 

Interval Register 

Internal Clock Divider Circuitry 

ej> External Input + n J 
· 1 

ej>1 in! n=4 if CLK4M=1 

4>2 int 
to internal logic 

fint 
ij 
n 

n=3 if CLK4M=O 

~----------------~ 

tint 
= ~ fint 

Character Length Select. The number of data bits in each transmitted and received character is deter
mined by Bits 1 and 0 of the Control Register as shown below. 

Character Length Selection 

RCL 1 RCLO Character 
Bit 1 Bit 0 Length 

0 0 5 Bits 
0 1 6 Bits 
1 0 7 Bits 
1 1 8 Bits 

The Interval Register is enabled for loading whenever LDCTRL = 0 and LDIR = 1. The Interval Register is used for 
selecting the rate at which interrupts are generated by the Interval Timer of the ACC. The figure below shows the bit 
address assignments for the Interval Register when enabled for loading. 

Interval Register Bit Address Assignments 

7 6 5 4 3 2 o 
TMR7 TMR6 TMR5 TMR4 TMR3 TMR2 TMR1 TMRO 

MSB LSB 

The figure below illustrates the establishment of the interval for the Interval Timer. As an example, if the Interval 
Register is loaded with a value of 8016 (12810) the interval at which Timer Interrupts are generated is tlTVL = tint 064' 
M = (1 /As) (064) (0 128) = 8.192 ms. when tint = 11's. 

signal ~p~1 NC!-T----•• I + 64 

frequency fint 
time tint 

Time Internal Selection 

lint/54 
64 tint 

• 
+m 

m = (TMR7-TMRO) 
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Receive Data Rate Register 
The Receive Data Rate Register is enabled for loading whenever LDCTRL = 0, LDIR = 0, and LRDR = 1. The Receive 
Data Rate Register is used for selecting the bit rate at which data is received. The diagram shows the bit address 
assignments for the Receive Data Rate Register when enabled for loading. 

Receive Data Rate Register Bit Address Assignments 

10 9 B 7 6 5 4 3 2 o 
I RDVB I RDR9 I RDRB I RDR7 I RDR6 I RDR5 I RDR4 I RDR3 I RDR2 I RDR1 I RDRO I 

MSB LSB 

The following diagram describes the manner in which the receive data rate is established. Basically, two program
mable counters are used to determine the interval for one-half the bit period of receive data. The first counter either 
divides the internal system clock frequency (fint) by either 8 (RDV8 = 1) or 1 (RDV8 = 0). The second counter has ten 
stages and may be programmed to divide its input Signa:l by any value from 1 (RDR9-RDRO = 0000000001) to 1023 
(RDR8-RDRO = 1111111111). The frequency of the output of the second counter (fRHBT) is double the receive-data 
rate. Register is loaded with a value of 11000111000, RDV8 = 1, and RDR9-RDRO = 1000111000 = 23816 = 568 10. 
Thus, for fint = 1 MHz, the receive-data rate = 1 x 106 + 8 +568 + 2 = 110.04 bits per second. 

Receive Data Rate Selection 

+m + n 
signal !INT .. m=B (RDVB=1) r- n = (RDR9-RDRO) RHBT 

or m=1(RDVB=0) 

frequency fint fint !(i}L = fRHBT~ 
m mom 

Quantitatively, the receive data rate fRcv may be described by the following algebraic expression: 

fRHBT fint fint 

2 2mn (2) (BRDVS) (RDR9-RDRO) 

Transmit Data Rate Register 
The Transmit Data Rate Register is enabled for loading whenever LDCTRL = 0, LDIR = 0, and LXDR = 1. The Trans
mit Data Rate Register is used for selecting the data rate for the transmitter. The figure below shows the bit address 
assignments for the Transmit Data Rate Register. 

10 9 B 7 6 5 4 3 2 o 

LSB 

Selection of transmit data rate is accomplished with the Transmit Data Rate Register in the same way that the 
receive data rate is selected when the Receive Data Rate Register. The algebraic expression for the Transmit Data 
Rate fXMT is: 

fXMli = fXHBT 
2 

fint 
(2) (BXDVS) (XDR9-XDRO) 

For example, if the Transmit Data Rate Register is loaded with a value of 00110100001, XDV8 = 0, and XDR9-
XDRO = 1A116 = 417, the transmit data rate = 1 X 106 + 2 + 1 + 417 = 1199.04 bits per second. 
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Transmit Buffer Register 
The Transmit Buffer Register is enabled for loading when LOCTRL = 0, LOIR = 0, LROR = 0, LXOR = 0, and 
BRKON = 0. The Transmit Buffer Register is used for storage of the next character to be transmitted. When the 
transmitter is active, the contents of the Transmit Buffer Register are transferred to the Transmit Shift Register 
each time the previous character has been completely transmitted. The bit address assignments for the Transmit 
Buffer Register are shown below: 

Transmit Buffer Register Bit Address Assignments 

7 6 543 2 o 
XBR7 XBR6 XBR5 XBR4 XBR3 XBR2 XBR1 XBRO 
MSB LSB 

All 8 bits should be transferred into the register, regardless of the selected character length. The extraneous high
order bits will be ignored for transmission purposes; however, loading of bit 7 is internally detected to cause the 
Transmit Buffer Register Empty (XBRE) status flag to be reset. 

Status and Data Input 
Status and data information is read from the ACC using CE, 8o-S4' and CRU1N. The following figure illustrates the 
relationship of the signals used to access data from the ACC. Table 6 describes the input bit address assignments 
for the ACC. 

SO ·S4 don't care n n + 1 n+2 n+3 don't care 

CRUIN Hi·Z 
bit n bit n + 1 bit n + 2 I bit n + 3 

Hi-Z 

Table 5. CRU Output Bit Address Assignments 

I TSTMO I LDCTRL I 

NOTe~: LOADING OF THE BIT INDICATEOBVD 

CAUSES THE LOAD CONTROL FLAG FOR 

THAT REGISTER TO BEAUTOMATICALLY RES~T 

1 

o 1 ' 

1 0 I 0 

I I 

.1 
o 1 0 

DSceNB 

I LROA I LXOR I CONTROL, INTERVAL. RECEIVE DATA RATE. TRANSMIT DATA RATE, AND TRANSMIT BUFFER REGISTERS 

SSS! I PENS 1 PODo I elK"'" I - I RCll I FlCLO I 

~f,nt .. Charactert..ngtt> 

00 ,.112 ox 00 

1i"1(3+-CLK4M) 

IX. 1 

INTERVAL REGISTER 

x 1 x I TMR7 I .TMR6 I TMR5 I TMR4 I TMR3 I TMA2 I TMA1 I TMFlO I 

1 
. 

TMA 

TITVL" Ilnl X 84 X TMFI 

I I 
RECEive DATA RATE REGISTER 

I Aove I AORS I RORS I RDF!7 I RORS I FICAS I RDA4 I RDA3 I ROA2 I RORt I RORO I 

AOA 

frev ~ Ilnl +8 ROVS + FlDA ~ 2 

I 

x I , I XDva I XDR9 I XDR8 I XDR7 t XDR6 I XDR5 I XDR4 I XDR3 I XDR2 I XDR1 I XDRO I 

1 

o I 0 
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TRANSMIT BUFFER REGISTER 

XBR7 I XBR6 I XBR5 I XBR4 I XBR3 XBR2 I X8R1 I XBRO I 
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Table 6. 59902 ACC Input Bit Address Assignments 

80 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
0 

0 
0 
0 

0 
0 

0 
0 

Bit 31 (INT) 

Bit 30 (FLAG) 

Bit 29 (DSCH) 

Bit 28 (CTS) 

Bit 27 (DSR) 

Bit 26 (RTS) 

Bit 25 (TIMELP) 

AddresSg 

81 82 

1 1 
1 1 
1 1 
1 1 
1 0 
1 0 
1 0 
1 0 
0 1 

0 1 

0 1 
0 1 

0 0 
0 0 
0 0 

0 0 
1 1 
1 1 
1 1 
1 1 
1 0 
1 0 
1 0 
1 0 

Address10 Name Description 
83 84 

1 1 31 INT Interrupt 
1 0 30 FLAG Register Load Control Flag Set 

0 1 29 DSCH Data Set Status Change 

0 0 28 CTS Clear to Send 
1 1 27 DSR Data Set Ready 
1 0 26 RTS Request to Send 
0 1 25 TIMELP Timer Elapsed 

0 0 24 TIMERR Timer Error 
1 1 23 XSRE Transmit Shift Register Empty 
1 0 22 XBRE Transmit Buffer Register Empty 

0 1 21 RBRL Receive Buffer Register Loaded 
0 0 20 DSCINT Data Set Statu,s Charge Interrupt (DSCH-DSCENB) 
1 1 19 TIMINT Tinier Internipt(T1MELP-TIMENB) 
1 0 18 - Not used (always = 0) 

0 1 17 XBINT Transmitter Interrupt (XBRE-XBIENB) 

0 0 16 RBINT Receiver Interrupt (RBRL-RIENB) 
1 1 15 RIN Receive Input 
1 0 14 RSBD Receive Start Bit Detect 

0 1 13 RFBD Receive Full Bit Detect 

0 0 12 RFER Receive Framing Error 
1 1 11 ROVER Receive Overru n Error 
1 0 10 RPER Receive Parity Error 

0 1 9 RCVERR Receive Error 
0 0 8 - Not used (always = 0) 

7-0 RBR7-RBRO Receive Buffer Register (Received Data) 

INT = DSCINT + TIMINT + XBINT + RBI NT, The interrupt output (INT) is active when this status signal 
is a logic 1. 

FLAG = LDCTRL + LRDR + LXDR = BRKON. When any of the register load control flags or BRKON is 
set, FLAG'" 1. 

Data Set Status Change Enable. DSCH is set when the DSR or CTS input changes state. To ensure 
recognition of the state change, DSR or CTS must remain stable in its new state for a minimum of two 
internal clock cycles. DSCH is reset by an output to bit 21 (DSCENB). 

Clear to Send. The CTS signal indicates the inverted status of the CTS device input. 

Data Set Ready. The DSR signal indicates the inverted status of the DSR device input. 

Request to Send. The RTS signal indicates the inverted status of the RTS device output. 

Timer Elapsed. TIMELPis set each tim.e the Interval Timer.decrements to O. TIMELP is reset by an out
put to bit 20 (TIMENB). 
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Bit 24 (TIMERR) 

Bit 23 (XSRE) 

Bit 22 (XBRE) 

Bit 21 (RBRL) 

Bit 20 (DSCINT) 

Bit 19 (TIMINT) 

Bit 17 (XBINT) 

Bit 16 (RBI NT) 

Bit 15 (RIN) 

Bit 14 (RSBD) 

Bit 13 (RFBD) 

Bit 12 (RFER) 

Bit 11 (ROVER) 

Bit 10 (RPER) 

Bit 9 (RCVERR) 

Bit 7-Bit 0 
(RBR7-RBRO 

89902189902-4 

Timer Error. TIMERR is set whenever the Interval timer decrements to 0 and TIMELP is already set, 
indicating that the occurrence of TI M ELP was not recognized and cleared by the CPU before subsequent 
intervals elapsed. TIMERR is reset by an output to bit 20 (TIMENB). 

Transmit Shift Register Empty. When XSRE = 1, no data is currently being transmitted and the XOUT 
output is at logic 1 unless BRKON is set. When XSRE = 0, transmission of data is in progress. 

Transmit Buffer Register Empty. When XBRE = 1, the transmit buffer register does not contain the next 
character to be transmitted. XBRE is set each time the contents of the transmit buffer register are trans
ferred to the transmit shift register. XBRE is reset by an output to bit 7 of the transmit buffer register 
(XBR7), indicating that a character has been loaded. 

Receive Buffer Register Loaded. RBRL is set when a complete character has been assembled in the 
receive shift register and the character is transferred to the receive buffer register. RBRL is reset by an 
output to bit 18 (RIENB). 

Data Set Status Change Interrupt. DSCINT = DSCH (input bit 29)' DSCENB (output bit 21). DSCINT in
dicates the presence of an enabled interrupt caused by the changing of state of DRS or CTS. 

Timer Interrupt. TIMINT = TIMELP (input bit 25) • TIMENB (output bit 20). TIMINT indicates the 
presence of an enabled interrupt caused by the interval timer. 

Transmitter Interrupt. XSINT = XBRE (input bit 22) • XBIENB (output bit 19). XBINT indicates the 
. presence of an enabled interrupt caused by the transmitter. 

Receiver Interrupt. RBI NT = RBRL (input bit 21 • RIENB (output bit 18). RBI NT indicates the presence 
of an enabled interrupt caused by the receiver. 

Receive Input. RIN indicates the status of the RIN input to the device. 

Receive Start Bit Detect. RSBD is set one-half bit time after the 1-10-0 transition of RI N indicating the 
start bit of a character. If RIN is not still 0 at this point in time, RSBD is reset. Otherwise, RSBD remains 
true until the complete character has been received. This bit is normally used for testing purposes. 

Receive Full Bit Detect. RFBD is set one bit time after RSBD is set to indicate the sample point for the 
first data bit of the received character. RSBD is reset when the character has been completely received. 
This bit is normally used for testing purposes. 

Receive Framing Error. RFER is set when a character is received in which the stop bit, which should be 
a logic 1, is a logic O. RFER should only be read when RBRL (input bit 21) is a 1. RFER is reset when a 
character with a correct stop b.it is received. 

Receive Overrun Error. ROVER is set when a new character is received before the RBRL flag (input bit 
21) is reset, indicating that the CPU failed to read the previous character and reset RBRL before the pre
sent character is completely received. ROVER is reset when a character is received and RBRL is 0 when 
the character is transferred to the receive buffer register. 

Receive Parity Error. RPER is set when a character is received in which the parity is incorrect. RPER is 
reset when a character with correct parity is received. 

Receive Error. RCVERR = RFER + ROVER + RPER: RCVERR indicates the presence of an error in the 
most recently received character. 

Receive Buffer Register. The receive buffer register contains the most recently received character. For 
character lengths of fewer than 8 bits the character is right justified, with unused most significant bit(s) 
all zero(es). The presence of valid data in the receive buffer register is indicated when RBRL is a logic 1. 
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Transmitter Operation 

Transmitter Initialization 

The operation of the transmitter is described In Figure 
7. The-transmitter Is initialized by issuing the RESET 
command (output to bit 31), which causes the internal 
signals XSRE and XBRE to be set, and BRKON to be 
reset. Device outputs RTS and XOUT are set, placing 
the transmitter in its idle state. When RTSON is set by 
the CPU, the RTS output becomes active and the 
transmitter becomes active when CTS goes low. 

Transmitted Character Waveform 

89902189902-4 

Data Transmission 

If the Transmit Buffer Register contains a character, 
transmission begins. The contents of the Transmit Buf· 
fer Register are transferred to the Transmit Shift 
Register, causing XSRE to be reset and XBRE to be set. 
The first bit transmitted (start bit) is always a logic O. 
Subsequently, the character Is shifted out, LSB first. 
Only the number of bits specified by RCL1 and RCLo 
(character length select) of the Control Register are 
shifted. If parity is enabled, the correct parity bit is next 
transmitted. Finally the stop blt(s) selected by SBS1 
and SBSo of the Control Register are transmitted. Stop 
bits are always logic one. XSRE is set to indicate that 
no transmission is in progress, and the transmitter 
again tests XBRE to determine if the CPU has yet load· 
edthe next character. The waveform for a transmitted 
character is shown below. 

PARITY STOP 
ISTARTI I BIT I BmS) 

I ~ BIT \-1 _,-_,...T_RA_N_SM_I_TT_E_D_CH_A_R_ACT_ER __ ,.---lllr----+: ___ +_ 
I I LSB I LSB+,I I MSB I XOUT 

° I I I I 
NUMBER 
OF BITS 

I I I I I 
I 1 I 5.6.7.0RB IOOR'I'.'-'/2,OR21 

.. 

BREAK Trapsmission 

The BREAK message is transmitted only if XBRE = 1, 
CTS = 9, and BRKON = 1. After transmission of the 
BREAK message begins, loading of the Transmit Buffer 
Register is inhibited and XOUT is reset. When BRKON 
is reset by the CPU, XOUT is set and normal operation 
continues. It is important to note that characters loaded 
into the Transmit Buffer Register are transmitted prior 
to the BREAK message regardless of whether the 
character has been loaded into the Transmit Shift 
Register before BRKON is set. Any character to be 
transmitted subsequent to transmission of the BREAK 
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message may not be loaded into the Transmit Buffer 
Register until after BRKON is reset. 

Transmission Termination 

Whenever XSRE = 1 and BRKON = 0, the transmitter is 
idle, with XOUT set to one. If RTSON is reset at this 
time, the RTS device output will go inactive, disab..!!.!:!g 
further data transmission until RTSON is again set. RTS 
will not go inactive, however, until any characters load· 
ed into the Transmit Buffer Register prior to resetting 
RTSON are transmitted and BRKON = O. 



89902 Transmitter Operation 

Receiver Operation 

R.eceiver Initialization 

SET XBRE 

SET XOUT 

RESET RTS 

RESET XSRE 

SET XBRE 

XMITSTART 

Operation of the S9902 receiver is described in Figure 
8. The receiver is initialized any time the CPU issues the 
RESET command. The RBRl flag is reset to indicate 

9.42 
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that no character is currently in the Receive Buffer 
Register, and the RSBD and RFBD flags are reset. The 
receiver remains in the inactive state until a 1 to 0 tran
sition is detected on the RIN device input. 
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S9902 Receiver Operation 

Start Bit Detection 
The receiver delays one-half bit time and again samples RIN to ensure that a valid start bit has been detected: If 
RIN = 0 after the half-bit delay, RSSD is set and data reception begins_ If RIN = 1, no data reception occurs. 
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Data Reception 

In addition to verifying the valid start bit, the half-bit 
delay after the Ho-O transition also establishes the 
sample point for all subsequE'nt data bits in this char
acter. Theoretically, the sample point is in the center of 
each bit cell, thus maximizing the limits of acceptable 
distortion of data cells. After the first full bit delay, the 
least significant data bit is received and RFBD is set. 
The receiver continues to delay one-bit intervals and 
sample RIN until the selected number of bits is re
ceived. If parity is enabled, one additional bit is read for 

Character Reception Timing 
ISTARTI 
I BIT I 

1 
I 

RIN I LSB I LSB+,I 

SAMPLE POINTS I + I t + + I I 
I I NUMBER OF BITS 
I I 

.. 
Interval Timer Operation 

A flowchart of the operation of the Interval Timer is 
shown in Figure 9, Execution of the RESET command 
by the CPU causes TIMELP and TIM ERR to be reset and 
LOIR to be set. Resetting LOIR causes the contents of 
the InteNal Register to be loaded into the Interval 
Timer, thus beginning the selected time interval. The 
timer is decremented every 64 internal clock cycles 
(every 2 internal clock cycles when in Test Mode) until it 
reaches zero, at which time the Interval Timer is re
loaded by the Interval Register and TIMELP is set. If 
TIMELP was already set, TIMERR is set to indicate that 
TIMELP was not cleared by the CPU before the next 
time period elapsed. Each time LOIR is reset the con
tents of the Interval Register are loaded into the Interval 
Timer, thus restarting the time. 

Device Application 

This section describes the software interface between 
the CPU and the S9902 ACC and discusses some of the 
design considerations in the use of this device in asyn
chronouscommunications applications. 
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parity. After an additional bit delay, the received 
character is transferred to the Receive Buffer Register, 
RBRL is set, ROVER and RPER are loaded with appro
priate values, and RIN is tested for a valid stop bit. If 
RIN = 1, the stop bit is valid. RFER, RSBO, and RFBO 
are reset and the receiver waits for the next start bit to 
begin reception of the next character. 

If RIN = 0 when the stop is sampled, RFER is set to indi
cate the occurrence of a framing error. RSBO and RFBO 
are reset but sampling for the start bit of the next char
acter does not begin until RIN = 1. 

PARITY 

RECEIVED DATA 
BIT I STOP I 

I BIT I 
I I 

+ + + + + 
5,6,7, OR 8 

Interval Timer Operation 
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RESET 

RESETTIMERR 

SET LOIR 
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Device Initialization 

The ACC is initialized by the CPU issuing the 
RESET command, followed by loading the Control, 
Interval, Receive Data Rate, and Transmit Data Rate 
registers. Assume that the value to be loaded into 
the CRU Base Register (register 12) in order to pOint 
to bit 0 is 004016' In this application, characters will 
have 7 bits of data plus even parity and one stop bit. The 
o input to the ACC is a 3MHz signal. The ACC will divide 
this signal frequency by 3 to generate an internal clock 
frequency of 1 MHz. An interrupt will be generated by the 
Interval Timer every 1.6 milliseconds when timer inter
rupts are enabled. The transmitter will operate at a data 
rate of 300 bits per second and the receiver will operate 
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at 1200 bits per second. Had it been desired that both the 
transmitter and receiver operate at 300 bits per second, 
the "LDCR @RDR,11" instruction would have been 
deleted, and the "LDCR @XDR,12" instruction would 
have caused both data rate registers to be loaded and 
LRDR and LXDR to have been reset. 

Initialization Program 

The initialization program for the configuration 
previously described is as shown below. The RESET 
command disables all interrupts, initializes all con
trollers, sets the four register load control flags 
(LDCTRL, LDIR, LRDR, and LXDR). Loading the last bits 
of each of the registers causes the load control flag to 
be automatically reset. 

LI 
SBO 

R12,>40 
31 
@CNTRL,8 
@INTVL,8 
@RDR, 11 
@XDR, 12 

INITIALIZE CRU BASE 
RESET COMMAND 

CNTRL 
INTVL 
RDR 
XDR 

LDCR 
LDCR 
LDCR 
LDCR 

• 
• 
• 

BYTE 
BYTE 
DATA 
DATA 

>A2 
1600/64 

>1A1 
>4DO 

LOAD CONTROL AND RESET LDCTRL 
LOAD INTERVAL AND RESET LDIR 
LOAD RDR AND RESET LRDR 
LOAD XDR AND RESET LXDR 

The RESET command initializes all subcontrollers, disables interrupts, and sets LDCTRL, LDIR, LRDR, and LXDR, 
enabling loading of the control register. 

Control Register 

The options described previously are selected by loading the value shown below. 

VALUE 

I SBS1 I SBS21 PENB I POO+LK~I 
MSB 

\ 1 

LSB 

'l A . 'lO ~L _ 0 ~T:HA::::EA 
¢ OIVIOE-BY-3 

EVEN PARITY 

1 STOP BIT 
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Interval Register 
The interval register is to be set up to generate an interrupt every 1.6 milliseconds. The value loaded into the interval 
register specifies the number of 64 microsecond increments in the total interval. 

6 

~----------vr----------~ 

L 1916 = 25 10 

25 X 64 MICROSECONDS"" 1.6 MILLISECONDS 

Receive Data Rate Register 
The data rate for the receiver is to be 1200 bits per second. The value to be loaded into the Receive Data Rate 
Register is as shown: 

10 

o 
~--------------------~T------------------~ 

L 8RDV8 = 1 L lA1 16=417 10 

106 -:-1 -;-417 -;-2 '" 1199.04 BITS PER SECOND 

Transmit Data Rate Register 
The data rate for the transmitter is to be 300 bits per second. The value to be loaded into the Transmit Data Rate 
Register is: 

10 

1 
~L ________________ ~ __________________ ~ 

L 8XDV8=8 

1 X 106 -:- 8 -;- 208 -;- 2 '" 300.48 BITS PER SECOND 
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Data Transmission 

The subroutine shown below demonstrates a simple loop for the transmitting of a block of data. 

XMTLP 

LI 
LI 
LI 
SBO 
TB 
JNE 
LDCR 
DEC 
JNE 
SBZ 

RO, LlSTAD 
R1, COUNT 
R12, CRUBAS 
16 
22 
XMTLP 
*RO + ,8 
R1 
XMTLP 
16 

INITIALIZE LIST POINTER 
INITIALIZE BLOCK COUNT 
INITIALIZE CRU BASE 
TURN OFF TRANSMITIER 
WAIT FOR XBRE = 1 

LOAD CHARACTER INCREMENT POINTER RESET XBRE 
DECREMENT COUNT 
LOOP IF NOT COMPLETE 
TURN OFF TRANSMITIER 

After initializing the list pointer, block count, and CRU base address, RTSON is set to cause the transmitter and the 
RTS output to become active. Data transmission does not begin, however, until the CTS input becomes active. 
After the final character is loaded into the transmit buffer register. RTSON is reset. The transmitter and the RTS out
put do not become inactive until the final character has been completely transmitted. 

Data Reception 

The software shown below will cause a block of data to be received and stored in memory. 

CARRET 
RCVBLK 

RCVLP 

RCVEND 

BYTE 
LI 
LI 
LI 
TB 
JNE 
STCR 
SBZ 
DEC 
JEQ 
CB 
JNE 
RT 

>00 
R2, RCVLST 
R3, MXRCNT 
R4, CARRET 
21 
RCVLP 
*R2,8 
18 
R3 
RCVEND 
• R2 + ,R4 
RCVLP 

Register Loading After Initialization 

INITIALIZE LIST COUNT 
INITIALIZE MAX COUNT 
SET UP END OF BLOCK CHARACTER 
WAIT FOR RBRL = 1 

STORE CHARACTER 
RESET RBRL 
DECREMENT COUNT 
END IF COUNT = 0 
COMPARE TO EOB CHARACTER, INCREMENT POINTER 
LOOP IF NOT COMPLETE 
END OF SUBROUTINE 

The control, interval, and data rate registers may be reloaded after initialization. For example, it may be desirable to 
change the interval of the timer. Assume, for sample, that the interval is to be changed to 10.24 milliseconds. The in
struction sequence is as follows: 

SBO 13 
LDCR @INTVL2,8 

• 
• 
• 

INTVL2 BYTE 10240/64 

SET LOAD CONTROL FLAG 
LOAD REGISTER, RESET FLAG 
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Caution should be exercised when transmitter interrupts are enabled to ensure that the transmitter interrupt does 
not occur while the load control flag is set. For example, if the transmitter interrupts between execution of the 
"SBO 13" and the next instruction, the transmit buffer is not enabled for loading when the transmitter interrupt ser
vice routine is entered because the LDIR flag is set. This situation may be avoided by the following sequence: 

lTV CPC 

ITVCHG 
INTVL2 

BLWP 
• 
• 
• 

LI MI 
MOV 
SBO 

LDCR 
RTWP 

• 
• 
• 

DATA 
BYTE 

@INTVCHG 

o 
@24(R13), RIZ 
13 
@INTVL2,8 

ACCWP, ITVCPC 
10240/64 

CALL SUBROUTINE 

MASK ALL INTERRUPTS 
LOAD CRU BASE ADDRESS 
SET FLAG 
LOAD REGISTER AND RESET FLAG 
RESTORE MASK AND RETURN 

In this case all interrupts are masked, ensuring that all interrupts are disabled while the load control flag is set. 

9.48 
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Future Products 

COMMUNICATION PRODUCTS 

S3559 Call Progress Monitor With DTMF and Pulse Dialer 

MEMORIES 

S63256 256K CMOS ROM 

S63512 512K CMOS ROM 

SEMI-CUSTOM PRODUCTS 
Two Micron Family of Gate Arrays and Standard Cells 

1.25 Micron Family of Gate Arrays and Standard Cells 

MICROPROCESSORS/MICROCOMPUTERS 

S6845E CRT Controller 

S9224 Universal Disk Controller 

S65C51 UART 

S80 Operating System Processor Family 

• 
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AIMII Semiconductors 

52559 DTMF Tone Generator 

Using the 53525A/B 

A Minimal 56802/56846 
5ystems Design 

568045 Compared with 
Motorola MC6845 

59900 Minimum 5ystem Design 
with the 59900 16-Blt 
Microprocessor 

59900 Controlled Dot Maxtrix 
Printer 

An Example 5ystem Using the 
583 05 Processor™ 

Application Note Summary 

COMMUNICATION PRODUCTS 
Describes the design considerations, test methods, and results obtained using the S2559 Tone 
Generator family in DTMF pushbutton telephones. Interface with type 500 and 2500 networks are 
discussed. Use in ancillary equipment is also covered. 

DTMF Bandsplit Filter 

S6800 FAMILY 
Details how to make an S6802/86846 version of the EVK in a minimal systems application. 

Describes the fundamental differences between the two devices. 

S9900 FAMILY 
This design uses just the CPU, a 1 K ROM, a 2K RAM, a clock and six smaller IC's. 

89900 shows how to control a 7040 series dot matrix printer in a minimal systems application. 

S80 FAMILY 
Gives an example of one possible system using the S83 as Processor. 
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At Gould AMI we are continually searching for more effec
tive methods of providing protection for MOS devices. Pre
sent configurations of protective devices are the result of 
years of research and review of field problems. 

Although the. oxide breakdown voltage may be far beyond 
the voltage levels encountered In normal operation, ex
cessive voltages may cause permanent damage. Even 
though Gould AMI has evolved the best designed protective 
device possible, we recognize that It Is not 100% effective. 

A large number of failed returns have been due to mis
application of biases. In particular, forward bias conditions 
cause excessive current through the protective devices, 
which In turn will vaporize metal lines to the Inputs. Careful 
Inspection of the device data sheets and proper pin designa
tion should help reduce this failure mode. 

Gate ruptures caused by static discharge also account for a 
large percentage of device failures in customers' manufac
turing areas. Precautions should be taken to minimize the 
possibility of static charges occurring during handling and 
assembly of MOS circuits. 

To assi~t our customers In reducing the hazards which may 
be detrimental to MOS circuits, the following guidelines for 
handling MOS are offered. The precautions listed here are 
used at Gould AMI. 

1. All benches used for assembly or test of MOS circuits 
are covered with conductive sheets. WARNING: Never 
expose an operator directly to a hard electrical ground. 
For safety reasons, the operator must have a resistance 
of at least 100K Ohms between himself and hard elec
trical ground. 

2. All entrances to work areas have grounding plates on 
door and/or floor, which must be contacted by people 
entering the area. 

3. Conductive straps are worn inside and outside of 
employees' shoes so that body charges are grounded 
when entering work area. 

4. Anti-static neutralized smocks are worn to eliminate 
the possibility of static charges being generated by 
friction of normal wear. Two types are avai lable; Dupont 
anti-static nylon and Dupont neutralized 65% polyesterl 
35% cotton. 

5. Cotton gloves are worn while handling parts. Nylon 
gloves and rubber finger cots are not allowed. 

6. Humidity is controlled at a minimum of 35% to help 
reduce generation of static voltages. 

7. All parts are transported in conductive trays. Use of 
plastic containers is forbidden. Axial leaded parts are 
stored in conductive foam, such as Velofoam#7611. 
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Guide to MOS Handling 

8. All equipment used in the assembly area must be 
thoroughly grounded. Attention should be given to 
equipment that may be inductively coupled and gen
erate stray voltages. Soldering irons must have ground
ed tips. Grounding must also be provided for solder 
posts, reflow soldering equipment, etc. 

9. During assembly of ICs to printed circuit boards, it Is 
advisable to place a grounding clip across the fingers 
of the board to ground all leads and lines on the board. 

10. Use of carpets should be discouraged In work areas, 
but In other areas may be treated with anti-static solu
tion to reduce static generation. 

11. MOS parts should be handled on conductive surfaces 
and the handler must touch the conductive surface 
before touching the parts. 

12. In addition, no power should be applied to the socket or 
board while the MOS device is being inserted. This per
mits any static charge accumulated on the MOS device 
to be safely removed before power is applied. 

13. MOS devices should not be handled by their leads 
unless absolutely necessary. If possible, MOS devices 
should be handled by their packages as opposed to 
their leads. 

14. In general, materials prone to static charge accumu-
lation should not come in contact with MOS devices. 

These precautions should be observed even when an MOS 
device is suspected of bei ng defective. The true cause of 
failure cannot be accurately determined if the device is 
damaged due to static charge build-up. 

It should be remembered that even the most elaborate 
physical prevention techniques will not eliminate device 
failure if personnel are not fully trained in the proper handl
ing of MOS. 

This is a most important point and 
should not· be overlooked. 

More information can be obtained by contacting the Pro
duct Assurance Department. 

Gould AMI Semiconductors 
3800 Homestead Road 
Santa Clara, California 95051 
Telephone (408) 246-0330 
TWX 910-338-0024 or 910-338-0018 



Process Descriptions 

Each of the major MOS processes is described on the 
following pages. First, the established production proven 
processes are described, followed by those advanced pro· 
cesses, which are starting to go into volume production 
now. In each case, the basic processes is described first, 
followed by an explanation of its advantages, applications, 
etc. 

P-Channel Metal Gate Process 

Of all the basic MOS processes, P-Channel Metal Gate is 
the oldest and the most completely developed. It has served 
as the foundation for the MOS/LSI industry and still finds 

Figure B.1. Summary of MOS Process Characteristics 

MOS Processes 

use today in some devices. Several versions of this process 
have evolved since its earliest days. A thin slice (8 to 10 
mils) of lightly doped N·type silicon wafer serves as the sub· 
strate or body of the MOS transistor. Two closely spaced, 
heavily doped P·type regions, the source and drain, are 
formed within the substrate by selective diffusion of an im
purity that provides holes as majority electrical carriers. A 
thin deposited layer of aluminum metal, the gate, covers the 
area between the source and drain regions, but is electrically 
insulated from the substrate by a thin layer (1 000-15000A) of 
silicon dioxide. The P-Channel transistor is turned on by a 
negative gate voltage and conducts current between the 
source and the drain by means of holes as the majority 
carriers. 

P·CHANNEL MET AL GATE 

VARIATIONS: 
1. High Threshold IHiV,1 
2. Low Threshold ILoV,1 

N·SILICON SUBSTRATE - {111] FOR HIGH V,. ]100] FOR 
lOW VT-
ALUMINUM GATE. SOURCE, AND DRAIN CONTACTS. I MATERIALS: 

PERFORMANCE POOR SPEEO-POWER PRODUCT V,IVTF TRADEOFF 

COMPLEXITY' TYPICALLY 15 OR LESS PROCESS STEPS 

I 
ION IMPLANTEO P·CHANNEL METAL GATE 

1. With enhancement and depletion mode devices 
on same chip 

SILICON GATE 
(Usually with Ion Implantation) 

VARIATIONS: 
1. With buried interconnect layer 
2. With enhancement and depletion mode devices 

on same chip 
3. Selective Fox (Field Oxidation) 
4. Four VT Process 

CMOS 

VARIATIONS: 
1. Planar, N+fP+ Poly 
2. Selective Fox, N+Poly 
3, Selective Fox, N+ Poly, isolated P·Weli 

S: SAME AS ABOVE, ALWAYS 1111] SILICON. 

PERFORMA 

1""'"' 
NCE: LOWER V, BY ALTERING 0, TERM; HIGH VTF OF 1111] 

SILICON; ENHANCEMENT AND DEPLETION MODE TRAN· 
SISTORS POSSIBLE 

COMPLEX IT Y: OVER 15, LESS THAN 20 PROCESS STEPS. 

I MATERIALS: [111] SUBSTRATE, DOPED PDLYCRYSTALLINE 
SILICON GATE 

P CHANNEL PERFORMANCE: LOWER V, THROUGH ~MS TERM, BUT HIGH 

/ 

VTF OF [111[ SILICON 

COMPLEXITY. 15·20 PROCESS STEPS, BUT OVER 25 WITH 

[

COMBINED ENHANCEMENT AND DEPLETION 
MODE DEVICES 

MATERIALS [100] P·SILICON SUBSTRATE, DOPING POLY· 
SILICON GATE, ION IMPLANTED FIELD 

N CHANNel PERFORMANCE FAST CIRCUITS, THROUGH HIGH MOBILITY 1"1 
OF ELECTRONS 

COMPLEXITY SAME AS P-CHANNEl SiGATE FOR OLDER 
PROCESSES. 20·25 PROCESS STEPS FOR 
NEWER PROCESSES. 

(""-' MATERIAL 
COMPLEXIT 
SPECIAL P 

NCE: LOW POWER, HIGH SPEED. HIGH VOLTAGE PROCESSES FOR POWER 
SUPPLIES UP TO 13.5V; LOW VOLTAGE PROCESSES FOR POWER SUPPLIES 
UP TO 5.5V. 

S: [100] N·SILICON SUBSTRATE, ION IMPLANTED P·WElL 
Y: OVER 25 PROCESS STEPS 

ROCESS: LINEAR CAPACITORS FOR SWITCHED CAPACITOR 
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SPEED ROM. 



The basic P·Channel metal gate process can be subdivided 
into two general categories: High-threshold and low
threshold. Various manufacturers use different techniques 
(particularly so with the low threshold process) to achieve 
similar results, but the difference between them always 
rests in the threshold voltage VT required to turn a tran· 
sistor on. The high threshold VT is typically - 3 to - 5 volts 
and the low threshold VT is typically -1.5 to - 2.5 volts. 

The original technique used to achieve the difference in 
threshold voltages was by the use of substrates with dif· 
ferent crystalline structures. The high VT process used [111] 
silicon whereas, the low VT process used [100] silicon. The 
difference in the silicon structure causes the surface 
charge between the substrate and the silicon dioxide to 
change in such a manner that it lowers the threshold 
Voltages. 

One of the main advantages of lowering VT is the ability to 
interface the device with TTL circuitry. However, the use of 
[100] silicon carries with it a distinct disadvantage also. 
Just as the surface layer of the [100] silicon can be inverted 
by a lower VT, so it also can be inverted at other random 
locations-through the thick oxide layers-by large volt· 
ages that may appear in the metal interconnections bet· 
ween circuit components. This is undesirable because it 
creates parasitic transistors, which interfere with circuit 
operation. The maximum voltage that can be carried in the 
interconnections is called the parasitic field oxide thres· 
hold voltage VTF, and generally limits the overall. voltage at 
which a circuit can operate. This, then, is the main factor 
that limits the use of the [100] low VT process. A drop in VTF 
between a high VT and low VT process may, for example, be 
from - 28V to -17V. 

The low VT process, because of its lower operating 
voltages, usually produces circuits with a lower operating 
speed than the high VT process, but is easier to interface 
with other circuits, consumes less power, and therefore is 
more suitable for clocked circuits. Both P·Channel metal 
gate processes yield devices slower in speed than those 
made by other MOS processes, and have a relatively poor 
speed/power product. Both processes require two power 
supplies in most circuit designs, but the high VT process, 
because it operates at a high threshold voltage, has excel· 
lent noise immunity. 

Ion Implanted P-Channel Metal Gate Process 

The P·Channel Ion Implanted process uses essentially the 
same geometrical structure and the same materials as the 
high VT P·Channel process, but includes the ion implanta· 
tion step. The purpose of ion implantation is to introduce 
P·type impurity ions into the substrate in the limited area 
under the gate electrode. By changing the characteristics 
of the substrate in the gate area, it is possible to lower the 
threshold voltage VT of the transistor, without influencing 
any other of its prOPerties. 
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Figure B.2. shows the ion implantation step in a diagram· 
matic manner. It is performed after the gate oxide is grown, 
but before the source, gate, and drain metallization deposi· 
tion. The wafer is exposed to an ion beam which penetrates 
through the thin gate oxide layer and implants ions into the 
silicon substrate. Other areas of the substrate are pro· 
tected both by the thicker oxide layer and sometimes also 
by other masking means. Ion implantation can be used with 
any process and, therefore could, except for the custom of 
the industry, be considered a special technique, rather than 
a process in itself. 

Figure B.2. Diagram of Ion Implantation Step 

BORON (HYPE) IONS FROM IMPLANTER ACCELERATOR 

The implantation of P·type ions into the substrate, in effect, 
reduces the effective concentration of N·type ions in the 
channel area and thus lowers the VT required to turn the 
transistor on. At the same time, it does not alter the N·type 
ion concentration elsewhere in the substrate and therefore, 
does not reduce the parasitic field oxide threshold voltage 
VTF (a problem with the low VT P·Channel Metal Gate pro· 
cess, described above). The [111] silicon usually is used in 
ion·implanted transistors. 

In fact, if the channel area is exposed to the ion beam long 
enough, the substrate in the area can be turned into P·type 
silicon (while the body of the substrate still remains N·type) 
and the transistor becomes a depletion mode device. In any 
circuit some transistors can be made enhancement type, 
while others are depletion type, and the combination is a 
very useful circuit design tool. 

The lon·implanted P·Channel Metal Gate process is very 
much in use today. Among all the processes, it represents a 
good optimization between cost and performance and thus 
is the logical choice for many common circuits, such as 
memory devices, data handling (communication) circuits, 
and others. 



Because of its low VT, it offers the designer a choice of us
ing low power supply voltages to conserve power or in
crease supply voltages to get more driving power and thus 
increase speed. At low power levels it is more feasible to 
implement clock generating and gating circuits on the chip. 
In most circuit designs only a single power supply voltage 
is required. 

N-Channel Process 

Historically, N-Channel process and its advantages were 
known well at the time when the first P-Channel devices 
were successfully manufactured; however, it was much 
more difficult to produce N-Channel. One of the main 
reasons was that the polarity of intrinsic charges in the 
materials combined in such a way that a transistor was on 
at OV and had a VT of only a few tenths of a volt (positive). 
Thus, the transistor operated as a marginal depletion mode 
device without a well-defined on/off biasing range. 
Attempts to raise VT by varying gate oxide thickness, in
creasing the substrate doping, and back biasing the sub
strate, created other objectionable results and it was not 
until research into materials, along with ion implantation, 
silicon gates, and other improvements came about that 
N-Channel became practical for high density circuits. 

The N-Channel process gained its strength only after the 
P-Channel process, ion implantation, and silicon gate all 
were already well developed. N-Channel went into volume 
productions with advent of the 4K dynamic RAM and the 
microprocessor, both of which required speed and high 
density. Because P-Channel processes were nearing their 
limits in both of these respects, N-Channel became the 
logical answer. 

The N-Channel process is structurally different from any of 
the processes described so far, in that the source, drain, 
and channel all are N-type silicon, whereas the body of the 
substrate is P-type. Conduction in the N-Channel is by 
means of electrons, rather than holes. 

The main advantage of the N-Channel process is that the 
mobility of electrons is about three times greater than that 
of holes and, therefore, N-Channel transistors are faster 
than P-Channel. In addition, the increased mobility allows 
more current flow in a channel of any given size, and there
fore N-Channel transistors can be made smaller. The posi
tive gate voltage allows an N-Channel transistor to be com
pletely compatible with TTL. 

Although metal gate N-Channel processes have been used, 
the predominant N-Channel process is a silicon gate pro
cess. Among the advantages of silicon gate is the possibility 
of a buried layer of interconnect lines, in addition to the nor
mal aluminum interconnnections deposited on the surface 
of the Chip. This gives the circuit designer more latitude in 
layout and often allows the reduction of the total chip size. 
Because the polysilicon gate electrode is deposited in a 
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separate step, after the thick oxide layer is in place, the 
simultaneous deposition of additional polysilicon intercon
nect lines is only a matter of masking. These interconnect 
lines are buried by later steps, as shown in Figure B.3. 

Figure B_3. Crossection of an N-Channel Silicon 
Gate MaS Transistor 

POLY SILICON GATE INTERCONNECT DEPOSIT (TO BE BURIED BY 
BY NEXT OXIDE 

(a) TRANSISTOR READY FOR SOURCE AND DRAIN DIFFUSIONS 

P SUBSTRATE 

(b) FINISHED TRANSISTOR 

One minor limitation associated with the buried intercon
nect lines is their location. Because the source and drain 
diffusions are done after the polysilicon is deposited [see 
(a) of Figure B.3] the interconnect lines cannot be located 
over these diffusion regions. 

A second advantage of a silicon gate is associated with the 
reduction of overlap between the gate and both the source 
and drain. This reduces the parasitic capacitance at each 
location and improves speed, as well as power consump
tion characteristics. Whereas in the metal gate process, the 
P region source and drain diffusion must be done prior to 
deposition of the gate electrode, in silicon gate process, 
the electrode is in place during diffusion, see (a) of Figure 
B.3. Therefore, no planned overlap for manufacturing 
tolerance purposes need exist and the gate is said to be 
self-aligned. The only overlap that occurs is due to the nor
mal lateral extension of the source and drain regions during 
the diffusion process. 

The Silicon-gate process produces devices that are more 
compact than metal gate, and are Slightly faster because of 
the reduced gate overlap capacitance. Because the basic 
silicon gate process is relatively Simple, it is also economi
cal. It is a versatile process that is used in memory devices 
and most any other circuit. 



In addition to its use in large memory chips and micropro
cessors, N-Channel has become a good general purpose 
process for circuits in which compactness and high speed 
are important. 

CMOS 

The basic CMOS circuit is an inverter, which consists of 
two adjacent transistors-one an N-Channel, the other a 
P-Channel, as shown in Figure B.4. The two are fabricated 
on the same substrate, which can be either N or P type. 

The CMOS inverter in Figure B.4 is fabricated on an N-type 
silicon substrate in which a P "tub" is diffused to form the 
body for the N-Channel transistor. All other steps, including 
the use of silicon gates and ion implantation, are much the 
same as for other processes. 

The main advantage of CMOS is extremely low power con
sumption. When the common input to both gate electrodes 
is at a logic 1 (a positive voltage) the N-Channel transistor is 
biased on, the P-Channel is off, and the output is near 
ground potential. Conversely, when the input is at a logic 0 
level, its negative voltage biases only the P-Channel tran
sistor on and the output is near the drain voltage + VDD. In 
either case, only one of the two transistors is on at a time 
and thus, there is virtually no current flow and no power 
consumption. Only during the transition from one logic 
level to the other are both transistors on and current flow in
creases momentarily. 

Silicon Gate CMOS is also fast approaching speeds of 
bipolar TTL circuits. On the other hand, the use of two tran
sistors in every gate makes CMOS slightly more complex 
and costly, and requires more chip size. For these reasons, 
the original popularity of CMOS was in SSllogic elements 
and MSI circuits-logic gates, inverters, small shift 
registers, counters, etc. These CMOS devices constitute a 
logic family in the same way as TTL, ECl, and other bipolar 
circuits do; and in the areas of very low power consumption, 
high noise immunity, and simplicity of operation, are still 
widely accepted by discrete logic circuit designers. 

low power CMOS circuits made the watch circuit possible 
and also have been used in space exploration, battery 
operated consumer products, and automotive control 
devices. As experience was gained with CMOS, tighter 
design rules and reduced device sizes have been imple
mented and now VlSI circuits, such as 16K RAM memories 
and microprocessors, are being manufactured in volume. 

CMOS circuits can be operated on a single power supply 
voltage, which can be varied from + 2.5 to about + 13.5 
volts with the high voltage processes, with a higher voltage 
giving more speed and higher noise immunity. low voltage 
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processes allow single power supply voltages from + 1.5 to 
+ 5.5 volts. 

The first implementation of an inverting gate is a process 
that uses both n + to p + polysilicon. The basic structure is 
a first-generation approach to which a selective field
oxidation process has been added. 

Figure B.5 shows the plan and section views of the three
device gate portion. Because the P-Well in the top view 
spans both N-Channel devices, it is referred to as ubi
quitous, and the process is called Ubiquitous P-Well. 

In this planar process, p + guard rings are used to reduce 
surface leakage. Polysilicon cannot cross the rings, how
ever, so that bridges must be built. Note the use of p + 
polysilicon in the P-Channel areas. The plan view shows the 
construction of the bridges linking p + to metal to n + . 
(Were the process to be used for a low-voltage, first
generation application like a watch circuit, the guard rings 
would not be necessary and polysilicon could directly con
nect N-Channel and P-Channel devices; however, to ensure 
good ohmic contact from one type of polysilicon to another, 
polysilicon-diode contacts must be capped with metaL) 

This process provides a buried contact (n + polysilicon to 
n + diffusion) that can yield a circuit-density advantage. 
However, neither of the other two second-generation 
approaches provides buried contacts. Therefore, if a layout 
in this process is to be compatible with the others, the 
buried contact must be eliminated. Though there will be a 
penalty in real estate, the gain for custom applications is a 
great increase in the number of available CMOS vendors. 

The n + -Only Polysilicon Approach 

Both of thesecond-generation CMOS processes that follow 
are variants of the n + -only, selective-field-oxide approach. 
One closely resembles the p + n + Ubiquitous-P-Well pro
cess, since it, too, has a Ubiquitous P-Well that is implanted 
before the field oxidation and thus runs under the field 
oxide. The other, called isolated P-Well, has separate wells 
for each N-Channel device that are implanted after fi.eld 
oxidation. 

Figure B.6 shows the section and plan views of the n + -only 
Ubiquitous-P-Well approach used to build the gate of Figure 
B.4. This is the 51'm process recommended by AMI and 
others for new, high-performance CMOS designs. The lay
out is simpler than with the n + Ip + polysilicon Ubiquitous
Well approach (there are no buried contacts and no 
polysilicon-diode contacts), and it occupies less area for 
the same line widths. Also, since the process permits im
planting in the field region, no guard rings are required. 



Polysilicon can thus cross directly from P- to N-Channel 
device areas without the need for bridgei3 or polysllicon
dioxide contacts_ 
A variant of the all n + (See Figure B_7) polysillcon process 
just discussed uses basically the selective field-oxide 
approach except that the P-Wells are not continuous under 
the field-oxide areas; they are instead bounded by field-
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oxide edges_ Since the P-Wells are naturally isolated from 
one another, the process is called n + poly-isolilted P-Well. 
The isolated wells must all be connected to ground; if they 
are left' floating, circuit malfunctions are bound to occur. 
The grounding is done either with p + diffusions or with 
top-side metaiization that covers a p + -to-P-Well contact 
diffusion. 

Figure B.4. Crossectlon and Schematic Diagram of a CMOS Inverter 

INPUT ---[:>0-- OUTPUT 

VDD 

INPUT --....-... P·CH 

......--OUTPUT 

N·CH 

--
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Figure B.S. n + - Only Polysilicon Approach 

P-CHANNEl N-CHANNEl 

IMPLANTED FIELD 
ALUMINUM~ 

n+ POlYSILlCON\ (n+ POlYSILICON 

r-~------~--4---------~ 

All NEW HIGH-PERFORMANCE CMOS CIRCUITS WilL USE ONE 
TYPE OF POL YSILlCON_ THIS VERSION HAS A UBIQUITOUS 
poWEll: THAT IS, SERIES N-CHANNEL DEVICES SIT IN A COMMON 
poWELl, WHICH, IMPLANTED BEFORE FIELD OXIDATION, RUNS 
UNDER THE FIELD OXIDE. THIS IS AMI'S PREFERRED CMOS PRO
CESS FORMAT FOR All NEW DESIGNS. 
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Figure B.7. Isolated Wells 

METAL 

P·CHANNEL N·CHANNEl 

IMPLANTED FIELD 

n-

METAL 

n + POlYSILICON \ 

~--~--------~--+-~------~ 

n+ POL YSILICON P·WEll 
CONNECTION 

p + DIFFUSION) 

METAL 

THE THIRO CMOS APPROACH ISOLATES All N·CHANNEl DEVICES 
IN SEPARATE p. WEllS, SINCE THE ISOLATED WELLS MUST BE 
DOPED MUCH MORE HEAVilY THAN THDSE OF THE UBIQUITOUS· 
WELL APPROACH, n + ·TO P·WEll CAPACITANCE IS GREATER 
AND SWITCHING SPEEDS lOWER. THIS IS AN n + ·ONlY 
POLYSILICON PROCESS. 

B.10 



MOS Processes 

In the Isolated-Well process, the P-Wells must be doped 
much more heavily than in the Ubiquitous-Well process. One 
result is a higher Junction capacitance between the n + 
areas and the wells that both slows switching speeds and 
raises the power dissipation of a device. Even though the 
speed loss could be compensated for by slightly shorter 
channel lengths, the operating power still remains high. 

Table 1_ Layout Compatibility Concerns for 
CMOS Processes 

Although currently available from Gould AMI and other 
manufacturers, the Isolated-Well process is in fact not 
recommended for new designs by Gould AMI. Its layout 
takes up more area than does one using the Ubiquitous-Well 
approach, even though its P-Well to p+-area spacing is 
slightly less. 

Layout Fealure 

BUried Contact 

Polys!llcon Diode 
Contact 

P-Weilisolation With 
Diffusion Mask 

Tight P-Well-To-p + 
Spacing 

Layout Care Required 
For P-Well 
Electrical Contacts 

Figure B_8_ Comparative Data on Major MOS Processes 
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7.S Micron CMOS Process Parameters 

Low Vr High Vr 
Parameter Min. Max. Min. Max. Comments 

VTN .55 .85 1.0 1.5 N-Channel Threshold at 1~ 50 x 7.5~ Device (Volts) 

VTP -.4 -.95 -.8 -1.4 P-Channel Threshold at 1~ 50 x 7.5~ Device (Volts) 

VTF S 15 Poly Field Threshold at 1~ 50 x 10~ Device (Volts) 

Bvoss 24 28 Draio-So"rce Breakdown (Volts) 

RolFF P+ 30 39 2S 33 Diffusion Resistivity 11/0 
N+ 9 15 9.1 12.6 Diffusion Resistivity Q/O 

RpolY P+ liS 172 SO 140 Poly Resistivity 11/0 
N+ 30 60 29 39 Poly Resistivity Q/D 

Tox 1300 1200 Gate Oxide Thickness, In Angstroms 

Xi P+ 1.S" l.S" Junction Depth. In ~ 
N+ 2.0" 2.0" Junction Depth, In ~ 

Operating Voltage - 5 5 12 In Volts 

Max Rating 5.5 13.2 In Volts 

Process DeSignator CTA CTA CTE CTE 

" ( TYPICal) 

CMOS I Process Parameters 

General Purpose Do.bIe Poly NAND ROM 
High V Low V HIgH Low V High V Low V 

Parameter Min. MIX. Min. MIX. Min. Max. Min. Max. Min. Max. Min. Max. Comments 

VTN 0.7 1.3 0.5 1.1 0.7 1.3 0.5 1.1 0.7 1.3 0.5 1.1 N-Channel Threshold 50 x 5~ Device 
(Volts) 

VTP -0.7 -1.3 -0.5 -1.1 -0.7 -1.3 -0.5 -1.1 -0.7 -1.3 -0.5 -1.1 P-Channel Threshold 50 x 5~ Device 
(Volts) 

VTF 17 7 - 17 - 7 17 7 Poly Field Threshold (Volts) 

Bvoss 17 - 7 - 17 - 7 - 17 - 7 - Drain-Source Breakdown (Volts) 

RolFF P+ 15 35 15 35 15 35 15 35 15 35 15 35 Diffusion Resistivity Q/O 
N+ 35 80 35 80 35 80 35 80 35 SO 35 80 Diffusion Resistivity 11/0 

RpolY 15 45 15 45 15 45 15 45 15 45 15 45 Poly Resistivity 11/0 (All poly is N+) 

Tox 750 850 750 850 750 850 750 850 750 850 750 850 Gate Oxide Thickness. In Angstroms 

Xi P+ 1.2· 1.2" 1.2" 1.2" 1.2" 1.2" Junction Depth. In ~ 
N+ 1.5* 1.5" 1.5" 1.5" 1.5" 1.5" Junction Depth, In Ii 

Opera1ing Voltage 2.2 13.2 1.5 5.5 2.2 13.2 1.5 5.5 2.2 13.2 1.5 5.5 In Volts 
Max Rating - 13.2 - 5.5 - 13.2 - 5.5 - 13.2 - 5.5 In Vol1s 
Process DeSignator CVA CVA CVH CVH CVB CVB CVE CVE CVD CVD CVC CVC 

" ( TYPICal) 

CMOS II Process Parameters (PoWell) 

Single Melal Double Metal 

Parameter Min. Max. Min. Max. Comments 

VrN 0.6 1.0 0.6 1.0 N-Ch,mnel Threshold (Volls) 

VTP -0.6 -1.0 -0.6 -1.0 P-Channel Threshold (Volts) 

VT' 14.0 - 12.0 - Poly Field Threshold (Volts) 

BVoss 12.0 - 10.0 - Drain-Source Breakdown (Volts) 

RDiFF P+ 50 100 50 100 Diffusion ReSistivity 010 
N+ 15 40 15 40 Diffusion Resistivity OJ 0 

RPOlY 15 30 15 30 Poly Resistivity, {lID (All Poly is N+) 

Tox 450 550 450 550 Gate Oxide Thickness, In Angstroms 

Xi P+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 
N+ 0.3 0.5 0.3 0.5 Junction Depth, In Microns 

Operaling Voltage 2.25 11.0 2.25 5.5 In Volts 

Max Rating - 11.0 - 7.5 In Volts 

Process Designator CCB, CCF, CCG CCD CCF Has Double Poly Capacitor 
CCG Has Poly Capacitor and Depletion N-Channel 
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6 & 5 Micron SIGate NMOS Process Parameters 

6 Micron 5 Micron 

1U7/Pr ..... 
Low VT HlghVT SMnk 

Parameter Min. Mu. Min. Ma •• Min. Mu. Min. MIX. Commentl 

VTE 0.6 1.0 0.8 1.2 .75 1.25 0.6 1.0 Exlrapolaled Enhancement Threshold on a 50 x 6~ Transislor (Volts) 

VTo -3.0 -4.0 -2.5 -3.5 -2.5 -35 -2.5 - 3.5 Extrapolaled Depletion Threshold on a 50 x 50~ Transistor (Valls) 

VTN - .2 -.2 Intrinsic Device Threshold 50 x 6~ Transistor (Valls) 

VToo -4.35 -3.65 Deep Depletion Threshold (Volts) 

VTF 13 40 13 40 12 3D 10 Poly Field Threshold (Volts) 

Bvoss 14 14 12 10 Drain-Source Breakdown on 50 x 50.u Transistor 

ROIFF 14 14 8 14 8 25 N + Region Resistivity Q/D 

RpOLY 20 40 20 40 20 40 20 40 N + Doped Poly Resistivity \lID 

Tox 1000 1150 1000 1150 750 850 750 850 Gate Oxide Thickness, In Angstroms 

Xi 1.2 1.6 1.2 1.6 O.B 1.2 O.B 1.2 Junction Depth, In ~ 

Operating Voltage 12 12 12 12 In Volts 

r"'ax Rating 13.2 13.2 13.2 13.2 In Volts 

Process DeSignator NVC NVC NVD NVD NVS NVS NEA/NEC 

NMOS I & NMOS II Process Parameters 

NMOS I NMOS II 

4VT Std. 4VT Std. 

Parameter Min. Max. Min. Max. Min. Max. Min. Max. Comments 

VTE 0.6 1.0 0.6 1.0 0.6 1.0 0.6 1.0 Extrapolated Enhancement Threshold Voltage on a 50 x 4.u 
Transistor (41-1 Processes) 
or 50 x 3/-1 Transistor (3j..1 Processes) (Volts) 

VTo -3.5 -2.5 -3.5 - 2.5 -3.5 -2.5 -3.5 - 2.5 Extrapolated Threshold 50 x 50~ Device (Valls) 

VTN -0.15 +0.15 N/A N/A -0.15 +0.15 N/A N/A Extrapolaled Threshold 50 x 6~ Device (Volts) 

VTDO -4.35 -3.65 N/A N/A -4.B5 -4.15 N/A N/A Extrapolated Threshold 50 x 50IA Device (Volts) 

VTF 7.5 - 7.5 - 7.5 - 7.5 - Poly Field Threshold (Volts) 

BVDSS 7.5 - 7.5 - 7.5 - 7.5 - Punch Through Voltage 50 x 4j.1 Device (4.u Processes) 
or 50 x 311 Device (311 Processes) (Volts) 

RDIFF 15 30 15 30 15 30 15 30 Diffusion Resistivity Q/D 

RpOLY 20 50 20 50 20 40 20 40 Poly Resistivity Q/D 

Tox 650 750 650 750 450 550 450 550 Gate Oxide Thickness, In Angstroms 

XI 0.3 0.5 0.3 0.5 0.3 0.5 0.3 0.5 N + Junction Depth In ~ 

Operating Voltage - 5/12 - 5/12 - 5 - 5 In Volts 

Max Rating - 5.5/13.2 - 5.5/13.2 - 5.5 - 5.5 In Volts 

Process Designator NDO NDD NDE NOE NCe NCe NCA NeA 

7.5 Micron Metal Gate PMOS Process Parameters 

o tmplant 1 Implant 2 Implant 

High VT Mod VT Low VT 

Parameter Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Comments 

VTE -3.25 -4.95 -2.8 -42 -1.B -2.5 -1.0 -1.B -1.2 - 2.0 los = I~A 
VTO N/A N/A N/A N/A N/A N/A N/A N/A 4.0 5.0 Depletion Measurement on a 5011 Transistor (Volts) 

VTF 30 25 17 25 25 F"ld Threshold (VailS) 

Bvoss 30 30 30 22 22 Drain-Source Breakdown (Volts) 

ROIFF 30 60 30 60 30 60 30 60 30 60 Sheet Resistivity \lID 

10s/mA 1.25 2.55 O.B 2.2 O.B 2.0 2.B 4.0 Drain-Source Current (rnA) 

BvoXG 120 BO 100 90 90 Gate Oxide Breakdown (Valls) 

XiJ 1.7 1.9 1.7 1.9 1.7 1.9 1.7 1.9 1.7 1.9 Junction Depth, In 11 

Process Designator PMC PMC PMT PMT PMO PMO PNR PNR POG POG 
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CMOS II Process Parameters (N-Well) 

Single MIIiI Double Mel,l 

Parameter Min. Max. Min. Max. Commenls 

VTN 0.6 1.0 0.6 1.0 N-Channel Threshold (Volts) 

VTP -0.6 -1.0 -D.6 -1.0 P-Channel Threshold (Volts) 

VTF 14.0 ~ 12.0 - Poly Field Threshold (Volts) 

BVoSS 12.0 - 1D.0 - Drain-Source Breakaown IVolts) 

ROIFF P+ 50 100 50 10D Diffusion Resistivity OlD 
N+ 15 40 15 4D Diffusion Resistivity 010 

RpOLY 15 30 15 30 Poly Resistivity. OlD (All Poly is N +) 

Tax 390 460 390 460 Gate Oxide Thickness, In Angstroms 

Xi P+ D.3 0.5 D.3 D.5 Junction Depth. In Microns 
N+ D.3 0.5 0.3 D.5 Junction Depth, In Microns 

Operating Voltage 2.25 11.D 2.25 5.5 In Volts 

Max Rating - 11.D - 7.5 In Volts 

Process Designator CCNICCO CCP CCO Has Double Poly Capacitor 

CMOS III Process Parameters (Twin-Tub) 

Single Met,t Double Metal 

Parameter Min. Max. Min. Max. Comments 

V,N 0.5 1.0 D.5 1D N-Channel Threshold (Volts) 

V,p -D.5 -1.D -0.5 -1.D P-Channel Threshold (Volts) 

VTF 10.0 - 10.D - Poly Field Threshold (Volts) 

BVoSS 8.0 - 8.0 - Drain-Source Breakdown IVolts) 

ROIFF P+ 60 100 6D 100 Diffusion Reslstivily OlD 
N+ 4D 60 40 60 DiffUSion Resistivity OlD 

RPOlV 20 30 20 30 N + Poly SilICon Resistivity 010 (All Poly is N + ) 

TOX 270 330 270 330 Gate Oxide Thickness, In Angstroms 

XI P+ 0.25 0.35 D.25 0.35 Junction Depth. In Microns 
N+ 0.25 0.40 0.35 0.40 Junction Depth. In Microns 

Operating Voltage 2.25 5.5 2.25 5.5 In Volts 

Max Raling - 70 70 In Valls 

Process DeSignator CSA. CBC CBB. CSD eSA & CBS Us. P-Iype Substrate 
cse & CSO Use N·type Subslrate 

Technology Comparlsion 

NMOS CMOS 

Feature NMOS t NMOS I CMOS I CMOS. CMOS II 

Channel (Effect) 2.4 1.9 3.0 2.1 1.5 
Length (Drawn) 3.5 30 5.0 3.D 2.D 

Field OX Pitch (~m) 75 6.0 1D.O 6.0 4.5 

Poly Pitch I~m) 7.5 6.D 1D.O 6.0 4.0 

Metal PilCh (~m) 8.5 7.D 10.0 7.D 50 
8.0 9.D 50 

Channel Width (Drawn) (~m) 4.D 3.0 50 3D 25 

Contacl Size I~ml 4><4 3x3 5x5 3x3 2x2 
Inverler Delay Ins) (fo~ 11 2.5 1.5 2.9 1.7 1.2 

Power Supply (V) 5-12 5 5·12 5·1D 5 

Gale OX Thickness (A 1 700 500 80D 500 300 

B.14 



-) GOULD 
AIMII Semiconductors 

Introduction 
Quality Is one of the most used, least understood, and 
variously defined assets of the semiconductor Industry. At 
Gould AMI we have always known just how Important 
effective quality assurance, quality control, and reliability 
monitoring are In the ability to deliver a repeatably reliable 
product. Particularly, through the manufacture of custom 
MaS/LSI, experience has proved that one of the most 1m· 
portant tasks of quality assurance Is the effective control 
and monitoring of manufacturing processes. Such control 
and monitoring has a twofold purpose: to assure a con· 
slstently good product, and to assure that the product can 
be manufactured at a later date with the same degree of 
reliability. 
To effectively achieve these objectives, Gould AMI has 
developed a Product Assurance Program consisting of 
three major functions: 

• Quality Control 
• Quality Assurance 
• Reliability 

Each function has a different area of concern, but all share 
the responsibility for a reliable product. 

The Gould AMI Product Assurance Program 
The program Is based on MIL·STD·883, MIL·M·38510, and 
MIL·Q·9858A methods. Under this program, Gould AMI 
manufactures highest quality MaS devices for all seg· 
ments of the commercial and Industrial market and, under 
special adaptations of the basic program, also manufac· 
tures high reliability devices to full military specifications 
for specific customers. 
The three aspects of the Gould AMI Product Assurance 
Program-Quality Control, Quality Assurance, and 
Rellabllity- have been developed as a result of many years 
of experience In MaS device design and manufacture. 
Quality Control establishes that every method meets or 
lails to meet, processing or production standards-QC 
checks methods. 
Qusllty Assurance establishes that every method meets, or 
fails to meet, product parameters-QA checks results. 
Reliability establishes that QA and QC are elfec· 
tlve- Reliability checks device performance. 
One Indication that the Gould AMI Product Assurance Pro· 
gram has been effective Is that NASA has endorsed Gould 
AMI products for flight quality hardware since 1967. The 
Lunar Landers and Mars Landers all have incorporated 
Gould AMI circuits, and Gould AMI circuits have also been 
utilized In the Viking and Vinson programs, as well as many 
other military airborne and reconnaissance hardware 
programs. 

Quality Control 
The Quality Control function In Gould AMI's Product 
Assurance Program Involves constant monitoring of all 
aspects of materials and production, starting with the raw 
materials purchased, through all processing steps, to 
device shipment. There are three major areas of Quality 
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Control: 
• Incoming Materials Control 
• M Icrollthography Control 
• Process/Assembly Control 

Incoming Materials Control 
All purchased materials, Including raw silicon, are checked 
carefully to various test and sampling plans. The purpose 
of Incoming materials Inspection Is to ensure that all Items 
required for the production of Gould AMI MaS circuits 
meet such standards as are required for the production of 
high quality, high reliability devices. 
Incoming inspection Is performed to specifications agreed 
to by suppliers of ali materials. The Quality Control group 
continuously analyzes supplier performance, performs 
comparative analysis of different suppliers, and qualifies 
the suppliers. 
Tests are performed on all direct material, Including 
packages, wire, lids, eutectlcs, and lead frames. These 
tests are performed using a basic sampling plan In accor· 
dance with MIL·S·19500, generally to a Lot Tolerance Per· 
cent Defective (LTPD) level of 10%. The AQL must be 
below 1 % overall. 
Two incoming material inspection sequences Illustrate the 
thoroughness of Gould AMI Quality Control: 

• Purchased packages are first Inspected visually. Then, 
dimensional Inspections are performed, followed by a 
full functional Inspection, which subjects the packages 
to an entire production run simulation. Finally, a full 
electrical evaluation Is made, including checks of the In· 
sulation, resistance, and lead·to·lead Isolation. A 
package lot which passes these tests to an acceptable 
L TPD level is accepted. 

• Raw silicon must also pass visual and dimensional 
checks. In addition, a preferential etch quality Inspec· 
tion is performed. For this Inspection, the underlayers 
of bulk silicon are examined for potential anomalies 
such as dislocation, slippage or etch pits. Resistivity of 
the silicon Is also tested. 

Mlcrollthography Control 
Microllthography Involves the processes which result In 
finished working plates, used for the fabrication of wafers. 
These processes are pattern or artwork generation, photo· 
reduction, and the actual printing of the working plates. 
Pattern generation now Is the most common practice at 
Gould AMI. The circuit layout Is digitized and stored on a 
tape, which then is read into an automated pattern 
generator which prints a highly accurate 10x reticle direct· 
Iy. 
In cases where the more traditional method of artwork 
generation Is used whether Rubyllth, Gerber Plots, Gould 
AMI generated or customer generated-the artwork Is 
thoroughly Inspected. It Is checked for level·to·level 
registration and dimensional tolerances. Also, a close 
visual Inspection of the workmanship Is made. Gould AMI 
artwork is usually produced at 200x magnification and 



QC Fabrication Group, A QC Laboratory performs constant 
process monitoring of virtually every step of all processes. 
Specimens are taken from all production steps and critical· 
Iy evaluated. Sampling frequency varies, depending on the 
process, but generally, oxidation, diffusion, masking and 
evaporlzation are the most closely monitored steps. 
Results are supplied both to manufacturing and engi
neering. When evidence of a problem occurs, QC provides 
recommendations for corrections and follows up the 
corrective action taken. 
Optical Inspections are performed at several steps; quality 
control limits are based on a 10% LTPD. The chart in 
Figure 1 shows process steps and process control points. 

Quality Assurance 
The Quality Assurance function in the Product Assurance 
Program involves checking the ability of manufactured 
parts to meet specifications. In addition, the QA group also 
is responsible for calibration of all equipment, and for the 
maintenance of Gould AMI internal product specifications, 
to assure that they are always in conformance with 
customer specifications or other Gould AMI specifica· 
tions. 
After devices undergo 100% testing in manufacturing, they 
are sent to Quality Assurance for acceptance. Lots are 
defined, and using the product specifications, sample 
sizes are determined, along with the types of tests to be 
performed and the test equipment to be used. Lots must 
pass QA testing to a 0.04% AQL. 

Three types of tests are performed on the samples: 
visual/mechanical, parametric, and functional. All tests are 
performed both at room temperature and at elevated 
temperature. In addition, a number of other special temper· 
ature tests may be performed if required by the specifica· 
tion. 

To perform the tests, QA uses Gould AMI PAFT test 
systems, ROM test systems, Macrodata testers, Fairchild 
Sentry, L TX Sentinel, XINCOM systems, Teradyne test 
systems, and various bench test units. In special instances 
a part may also be tested in a real life environment in the 
equipment which is to finally utilize it. 

If a lot is rejected during QA testing, it is returned to the 
production source for an electrical rescreening. It is then 
returned to QA for acceptance but is identified as a resub· 
mitted lot. If it fails again, corrective action in engineering 
is initiated. As evidence of the problem is detected, the 
parts may also be traced all the way back to the wafer run 
to analyze the cause. 

When a lot is acceptable, it is sent to packaging and then 
to finis~ed goods. When parts leave finished goods, they 
are agam checked by the QA group to a 10% LTPD with 
visual/mechanical tests. Also, all. supporting documenta
tion for the parts is verified, including QA acceptance, 
special customer specifications, certificates of com
pliance, etc. Only after this last check are devices con· 
sidered ready for plant clearance. 
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If there are customer returns, they are first sample tested 
by QA to determine the cause of the return. (Many times an 
invalid customer test will incorrectly cause returns.) 
Selected return samples are sent to Reliability for failure 
analysis. 

Reliability 
The Reliability function In the Product Assurance Program 
mvolves process qualification, device qualification 
package qualification, reliability program qualification and 
failure analysis. To perform these functions Gould AMI 
Reliability group is organized into two major areas: 

• Reliability Laboratory 
• Failure Analysis 

Reliability Laboratory 
Gould AMI Reliability Laboratory is responsible for the 
following functions. 

• New Process Qualification 
• Process Change Qualification 
• Process Monitoring 
• New Device Qualification 
• Device Change Qualification 
• New Package Qualification 
• Device Monitoring 
• Package Change Qualification 
• Package Monitoring 
• High Reliability Programs 

There are various closely Interrelated and interactive 
phases involved in the development of a new process, 
device, package or reliability program. A process change 
may affect device performance, a device change may affect 
process repeatability, and a package change may affect 
both device performance and process repeatability. To be 
effective, the Reliability Laboratory must monitor and 
analyze all aspects of new or changed processes, devices, 
and packages. It must be determined what the final effect 
is on product reliability, and then evaluate the merits of the 
innovation or change. 

Process Qualification 
For example, Gould AMI Research and Development group 
recommends a new process or process alteration when it 
feels that the change can result in product improvement. 
The Reliability Laboratory then performs appropriate 
environmental and electrical evaluations of a new process. 
Typically, a special test vehicle, or "rei chip", generated by 
R&D during process development, is used to qualify the 
recommended new process or process change. 
The rei chip is composed of circuit elements similar to 
those that may be required under worst·case circuit design 
conditions. The rei chip elements are standard for any 
given process, and thus allow precise comparisons bet· 
ween diffusion runs. The following is an example of what is 
included on a typical rei chip: 

• A discrete inverter and an MOS capacitor 



must conform to stringent design rules, which have been 
developed over a period of years as part of the process con
trol requirements. 
Acceptable artwork is photographically reduced to a 20x 
magnification, and then further to a 10x magnification. The 
resulting 10x reticles are then used for producing 1x 
masters. The masters undergo severe registration com
parisons to a registration master and all dimensions are 
checked to insure that reductions have been precise. Dur
ing this step, image and geometry are scrutinized for miss
ing or faded portions and other possible photographic 
omissions. 
For a typical N-Channel silicon gate device, master sets 
are checked at all six geometry levels in various combina
tions against each other and against a proven master set. 
Allowable deviations within the die are limited to 0.5 
micron, deviations within a plate are limited to 1 micron, 
and all plate deviations are considered cumulatively. 
Upon successful completion of a device master set, it is 
released to manufacturing where the 1x plates are printed. 
A sample inspection is performed by manufacturing on 
each 30-plate lot and the entire lot is returned to Quality 
Control for final acceptance. Quality Control performs 
audits on each manufacturing inspector daily, by sample 
inspection techniques. 
The plates can be rejected first by manufacturing when the 
30-plate lots are inspected, or by Quality Control when the 
lots are submitted for final acceptance. If either group re
jects the plates, they are rescreened and then undergo the 
same inspection sequence. In the rescreening process, the 
plates undergo registration checks; visual checks for pin 
holes, protrusions, and faded or missing images, as well as 
all critical dimension checks. 

Process Control 
Once device production has started in manufacturing, 
Gould AMI Quality Control becomes involved in one of the 
most important aspects of the Product Assurance Pro
gram-the analysis and monitoring of virtually all pro
duction processes, equipment, and devices. 

Process controls are performed in the fabrication area, by 
the Quality Control Fabrication Group, to assure 
adherence to specifications. This involves checks on 
operators, equipment and environment. Operators are 
tested for familiarity with equipment and adherence to pro
cedure. Equipment is closely checked both through 
calibration and maintenance audits. Environmental control 
involves close monitoring of temperature, relative humidi
ty, water resistivity and bacteria content, as well as particle 
content in ambient air. All parameters are accurately con
trolled to minimize the possibility of contamination or 
adverse effects due to temperature or humidity excesses. 
Experience has proven that such close control of the 
operators, equipment, and environment is highly effective 
towards improved quality and increased yields. 
In addition to the specification adherence activities of the 
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Figure 1. Flowchart of Product Assurance 
Program Implementation 
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• A large P·N junction covered by an MOS 
capacitor. 

• A large P·N junction area (identical to the junco 
tion area above, but without the MOS capacitor) 

• A large area MOS capacitor over substrate 
• Several long contact strings with different con· 

tact geometries 
• Several long conductor geometries, which cross 

a series of eight deeply etched areas 

Each circuit element of a rei chip allows a specific test to 
be performed. As an example, the discrete inverter and 
MOS load device accommodate power life tests. As a con· 
sequence, any type of parameter drift can be observed. The 
MOS capacitor, covering the large P·N junction, can serve 
to indicate the presence of contamination in the oxide, 
under the oxide, or in the bulk silicon. If unusual drift is 
evidenced, the location of contamination can be deter· 
mined through analysis of the additional MOS capacitor 
and the large P·N junction area. The metal conductor inter· 
connecting contacts is useful for life testing under 
relatively high current conditions. It facilitates the detec· 
tion of metal separation when moisture or other contam· 
inants are present. 
The conductors crossing deeply etched areas allow the 
checking of process control. Rather than depending upon 
optical inspection of metal quality, burned out areas caus· 
ed by high currents are readily identified and provide a 
quantitative measure of metal quality. 
If the Reliability Laboratory determines that a recom· 
mended new process or process change is viable for 
manufacturing purposes, further analysis is necessary to 
determine that production devices can be manufactured in 
high volume, in a repeatable and reliable manner. 

Process Monitoring 

In addition to process qualification, the Reliability group 
also conducts ongoing process monitoring programs. 
Once every 90 days each major production process is eval· 

Product Assurance Program 

uated using rei chips as test vehicles. The resulting test 
data is analyzed for parameter limits and process stability. 
In this manner Gould AMI can help assure repeatability and 
high product quality. . 

Package Qualifications 

New packages are also qualified before they are adopted. 
To analyze packages, a qualification matrix is deSigned, 
according to which the new package and an established 
package (used for control) are tested concurrently. The test 
matrix consists of a full spectrum of electrical and environ· 
mental stress tests, in accordance with MIL·STO·883. 

failure Analysis 
Another important function of the Reliability group is 
failure analYSis. Scanning electron microscopes, high 
power optical microscopes, diagnostic probe stations, and 
other equipment is used in failure analysis of devices sub· 
mitted from various sources. It is the function of the 
Reliability group to determine the cause of failure and 
recommend corrective action. 
The Reliability group provides a failure analysis service for 
the previously mentioned in·house programs and for the 
evaluation of customer returns. All Gould AMI customers 
are provided a failure analysis service for any part that fails 
within one year from date of purchase and the results of 
the analysis are returned in the form of a written report. 

Summary 
The Product Assurance Program at Gould AMI is oriented 
towards process control and monitoring, and the evalua· 
tion of devices. The Program consists of three major func· 
tions: Quality Control, Quality Assurance, and Reliability. 
Constant monitoring of all phases of production, with 
information feedback at all levels, allows fast and efficient 
detection of problems, evaluation and analysiS, correction, 
and verification of the correction. The overall result is a line 
of products which are highly repeatable and reliable, with a 
very low reject level. 

B.18 



Introduction 

Plastic Packages 

Packaging 

Gould AMI's plastic packages utilize transfer molded epoxy novalacs to provide the highest quality and most 
reliable plastic encapsulated custom and standard ICs available. Features include copper leadframes with sopot 
silver on P-DIPs, PCCs and SOICs utilizing a conductive adhesive with automated die bonding. This variety gives 
you the flexibility you desire, and assures you the best thermal and electrical performance available for your ap
plication. 

Plastic Dual-In-Line Package 
The Gould AMI plastic dual-in-line package is the Materials of the leadframe, the package body, and the 
equivalent of the widely accepted industry standard, die attach are all closely matched in thermal expansion 
refined by Gould AMI for MOSIVLSI applications. The coefficients to provide optimum response to various 
package consists of a plastic body, transfer-molded thermal conditions. During manufacture every step of 
directly onto the assembled leadframe and die. The the process is rigorously monitored to assure max
leadframe is copper alloy, with external pins tin plated. imum quality of the Gould AMI plastic package. 
Internally, there is a 150l-lln. silver spot on the die at- Available in 8,14,16,18,20,22,24,28,40,48 and 64 pin 
tach pad and on each bonding fingertip. Gold bonding configurations, our JEDEC standard P-DIPS are on 100 
wire is attached with the thermosonic gold ball bon- mil centers. 
ding technique. 

BODY 

SPOT 
SILVER 

PLATING 
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Packaging 

Plastic Chip Carrier 
For gate arrays, standard cell designs and custom ICs, transfer molded and thermosonically wire bonded. Die 
our new Plastic Chip Carrier (PCG) meets you need for is mounted on a copper leadframe and external leads 
a quality surface-mount quad package to support com- are tin plated. 
plex integrated circuits requiring high lead counts, An Available in 44, 68 and 84 pin configurations, our 
added benefit is the PCC's J-form leads which make it JEDEC standard PCCs are on 50 mil centers. 
ideal for easy handling and shipping. The PCC is 

BODY 

Small Outline IC Package 
Our small-outline integrated circuit (SOIC) package is quires dense placement of chips on boards to fulfill 
the smallest dual-in-line package available, and is an heavy electronic capability requirements. The SOIC 
excellent choice for maximum board density. It can be uses the standard gull wing lead form. 
automatically surface mounted on your printed circuit Available in 16 and 28 pin configurations, our JEDEC 
board and is ideal for the automotive, telecommunica- standard SOICs are on 50 mil centers. 
tions and computer industries, or any industry that re-

GOLD 
WIRE 
BOND 
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Packaging 

Pin Grid Array 
Built on the same concept as the ceramic side brazed Most commonly supplied with an AI20 3 ceramic body, 
package, the Pin Grid Array is also suitable for high gold plating on the lead and die cavity, and sealed with 
reliability applications but provides the opportunity for a gold-tin eutectic solder on a Kovar/alloy 42 lid. 
high density packaging with very high pin counts. The Available in 68, 84,100,120 and 144 pin configurations. 
unique lead design makes it compatible with socket in-
sertion mounting. 

GOLD 
SEAL 
RING 

ALUMINUM (At) 
WIRE BOND 

SOLDER 
SEALING 

GOLD PLATE 
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Introduction 

Ceramic Packages 

Packaging 

The ceramic and cerdip packages provided by Gould AMI are commonly used for high reliability applications. 
Glass or solder eutectic sealing and ceramic body yields excellent hermeticity characteristics, thereby insuring 
against device failure from moisture penetration .. Gould AMI supplied a full range of·ceramic packages to meet 
many applications. 

Ceramic Package 
Industry standard high performance, high reliability package. Package leads are available with gold or tin 
package, made of three layers of AI20 3 ceramic and plating for socket insertions or soldering. 
nickel-plated refractory metal. Either a low temperature Available in 14, 16, 18,22,24,28,40,48 and 64 pin con
glass sealed ceramic lid or a gold tin eutectic sealed figurations; 
Kovar lid is used to form the hermetic cavity of this 

Cerdip Package 

KOVAR OR 
CERAMIC LID 

SAO 

1ST. A I, 03 CERAMIC LID 

The Cerdip dual-in-line package has the same high per
formance characteristics as the standard three-layer 
ceramic package yet is a cost-effective alternative. It is 
a military approved type package with excellent reli
ability characteristics. 

OlE 

REFRACTORY 
METALLIZATION 

GLASS OR 
AuSn SOLDER 
SEAL 

NI & Au PLATING 

PLATED KOVAR r ALLOY 42 LEAD 

The package consists of an Alumina (AI203) base and 
the same material lid, hermetically fused onto the base 
with low temperature solder glass. 
Available in 14, 16, 18, 22, 24, 28 and 40 pin configura
tions. 

1. ALUMINUM WIRE TO 

ALUMINUM 
METALLIZATION 
ON BONDING 
FINGERS 

2. GOLD WIRE GROUND BOND 
TO CAVITY METALLIZATION 
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Packaging 

Chip Carrier Package 
Chip carriers are the new industry standard In reducing packaging IC devices. 
package size. Built on the same concept as the highly 
reliable side-braze ceramic package, It Is made of three The package comes with a gold tin eutectic sealed 
layers of AL.,03 ceramic, refractory metalizatlon and metal lid or the low cost glass sealed ceramic lid 
gold plating."'-he chip carier also offers contact pads creating a standard hermetic cavity. 
equally spaced on all four sides of the carrier resulting Available in 20, 24, 28, 40, 44, 48, 52, 68 and 84 LD stan
in increased package density, better electrical dard 3-layer versions on 50 mil center lines to JEDEC 
characteristics, and a more cost effective way of standards. 

MULTILAYER CHIP CARRIER 

B-Pln Plastic 
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16-Pin Cerdip 
PIN 1 IDENTIFIER 

I 1 16 

."=,. ~f 0.015 

~ 8 9 !J!fl I I 0.290 
.100 MIN 0.200 MAX I-----l- 0.250 

.020MIN . f-- ggJgo BEND 

18-Lead Plastic S.O.I.C. 

tA. 
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16-Pin Plastic 

Q.l00TYP 

~::r;;U'6 070 MAX 
.050 MIN I 

! '8 9 

100 ~¥0'200 MAX 1----1 j~g ~~NX 
I .310 MAX 
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15uMAX ,/ I :g6~ 

'..../ I- -If.--.. 0.010 TYP 

16-Pin Ceramic 
PIN 1 IDENnAfR 
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--~ -1---' 16 ~ S~=F~~E . 
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0.810 MAX. 

I 1: 
I jl~ I 8 l' 

III I i D.m 
.100 MIN. -i r-+ 0.200 MAX. r--", 0.275 

--II- D.DlD Mlfl. BEND 1- + :·m 

18-Pln Ceramic 

0.020 MIN 
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0060 
0040 
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18·Pln Cerdlp 
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0040 

0020 
0015 
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,oo~JB0200MAX I I 0.285 I 1-----1- 0.250 
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20·Lead Chip Carrier 

22·Pln Plastic 
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18-Pln Plastic 

1-'0'8 0930 MAX 

.070 MAX 
.050 MIN 

.020 MAX -.--L 

.015 MIN 
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I .310 MAX 1-- 0020 MIN BEND 0 .290 MIN 

R 
15

0

MAX) ~ ~~~~ ~f~ 
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22·Pln Ceramic 
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22 

rr8:~~ 
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~ 
1.1130.~1l 

MARKINGS 
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22·Pln Cerdlp 

PIN 1 IDENTIFIER 

24·Pln Ceramic 

PIN 1 IDENTIFIER 

0.020 MIN 

~---'24 

~ 

MARKINGS 
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SURFACE 
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150 MAX)L JLOo012 
0.008 

24·Lead Chip Carrier 

MARKINGS ON LID 
SURFACE ONLY 
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PIN 1 IDENTIFIER 

24·Pln Cerdlp 
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PIN t IDENTIFIER \ 
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0015 
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24-Pin Plastic 

""C:::)- 24 
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28-Pin Plastic 

28-Pin Ceramic 
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15 0 MAX, / I II 
'! ~ --I!--::~~ 

28-Lead Plastic S.O.l.C. 
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28·Pln Cerdip 
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36·Lead Ceramic Chip Carrier 
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28·Lead Chip Carrier 
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40·Pin Ceramic 
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40-Pin Plastic 

40-Lead Chip Carrier 

.480 SQ, ~ :&1~ 

(12.1920 sa. ~ :~~g). 

D 
.065:1: .0013 020 40 PLes 
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~."~ 

.040 TYP. 
(1.0160 TYP,) 
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40-Pin Cerdip 

"i~~.\ 
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,.-.,,) - ~II-:::: 

.44-Lead Plastic Chip Carrier 

44-Lead Pin p.e.c. Outline 

TOP VIEW 

--i 

BonOMVIEW 

l.aoo ±.OO& J 
SQ, 

LEAD THICKNESS 0 0 + 
,010 ± .001~'010INT'RAO . 

. 170 ::!: .005 ,027 INT. RAD. 

,026 TYP. :-'.616 ± ,020-.J:P,018 ± .003 TYP. 
-11--,028 ± ,003 TYP. 



48·Lead Caramlc 

.0411.010 
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64-Pln Plastic 

.110",010 
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52·Lead Chip Carrier 
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ml 

64·Pln Ceramic 

1 1- .100 MIN. 
-- I-- .020 MIN. 
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Sa-Pin Qrld Array 

1 DlIID r' .". 011 ,-
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PIN '1 
IDENTIFtEA 
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SS·Lead Pilltic Chip Carrier 

TOPYIEW 

'O~ '--1 
r 
-11-.015 

1.-.110 + .010 SQ.
- .000 

Packaging 

aOTTOMYIEW [ ...... . 
(J3-

L.IOO :!: .005 SQ.J 

LEAD THICKNESS 
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8 ... Pln Grid Array Outline 

.~~ ~ 
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.010 DIA. .010 :!: .001 



84-Lead Plastic Chip Carrier 

TOP VIEW BOTTOM VIEW 

Jr-.045 

'5 - ~ .04 

i 
~ i 
5 [.015 

I 
.01 

L J 1.000 ± .005 SQ. 

1-1.150 + .010 SQ.~ 
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. 026 TYP.>- 1.117 ± .020 2;028 ± .003 TYP. 

1 Oo.:Pln Array Outline 
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,PIN AllDENlFYlla 
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'-'LD 

Packaging 

84-Lead Chip Carrier 

1.150 ~ :~ sa ,080 :l ,008 .~ TYP .025 ryp 
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.P 
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B.32 
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PIN'1 
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.080 DlA. TYP • 



144-f'ln Grid Array Outline 

,1.5Ta SQ. ± .020 I 

\ 
Luo 

PIN 1 INDICATOR 

,.019 MAX .080 ± .01~ 

'" .. 
~ 

+1 
C> 
C> 
"": .. 
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@~ PIN 1 ! @@) 
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@@)@)@)@)@@@@@@)@)@ 

.080 DlA. 

'ufu}li mm UU'-'-r 
STANOOFF .030 .~1~0~1:-H .. --~ .170 ± .020 
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Standard Products 
Any product in this MOS Products Catalog can be ordered 
using the simple system described below. With this system 
it is possible to completely specify any standard device in 
this catalog in a manner that is compatible with Gould 
AMI's order processing methods. The example below 
shows how this ordering system works and will help you to 
order your parts in a manner that can be expedited rapidly 
and accurately. 

All orders (except those in sample quantities) are normally 
shipped in plastic containers or aluminum tube containers, 

~?2@@® 

~?2@@®~ 

~©~©© 
~©~[AJ©© 

~@lJ©lJ D~ 

~lJ©lJlJ© 
\ v 

Device Number- prefix S, followed by four (or five*) num
eric digits that define the basic device type. Versions to the 
basic device are indicated by an additional alpha or numeric 
digit as shown in the above examples. 

*Organ Circuits 
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Ordering Infonnation 

which protect the devices from static electricity damage 
under all normal handling conditions. Either container is 
compatible with standard automatic IC handling equipment. 

Any device described in this catalog is an Gould AMI Stan
dard Product. However, ROM devices that require mask 
preparation or programming to the requirements of a par
ticular user, devices that must be tested to other than 
Gould AMI Quality Assurance standard procedures, or 
other devices requiring special masks are sold on a 
negotiated price basis. 

= [p 

= [p 

= [Q) 

= [Q) 

= ~ 
= ~ 

I '--.r--I 

Package Type-a single letter designation which identifies 
the basic package type. The letters are coded as follows: 

P - Plastic package 
o - Cerdip package 
C - Ceramic (three-layer) package 



Terms of Sale 

TERMS OF SALE JANUARY 1984 

1. ACCEPTANCE: THE TERMS OF SALE CONTAINED HEREIN APPLY TO ALL QUOTATIONS MADE 
AND PURCHASE ORDERS ENTEREO INTO BY THE SELLER. SOME OF THE TERMS SET OUT HERE 
MAY DIFFER FROM THOSE IN BUYER'S PURCHASE ORDER AND SOME MAY BE NEW. THIS 
ACCEPTANCE IS CONDITIONAL ON BUYER'S ASSENT TO THE TERMS SET OUT HERE IN LIEU OF 
THOSE IN BUYER'S PURCHASE ORDER. SELLER'S FAILURE TO OBJeCT TO PROVISIONS CON· 
TAINED IN ANY COMMUNICATION FROM BUYER SHALL NOT BE DEEMED A WAIVER OF THE 
PROVISIONS OF THIS ACCEPTANCE. ANY CHANGES IN THE TERMS CONTAINED HEREIN MUST 
SPECIFICALLY BE AGREED TO IN WRITING BY AN OFFICER OF THE SELLER BEFORE BECOM· 
ING BINDING ON EITHER THE SELLER OR THE BUYER. A11 orders or contracts must be approved 
and accepted by the Seller at Its home office. These terms shall be applicable whether or not they are 
attached to or enclosed with the products to be sold or sold hereunder. Prices for the Items called for 
hereby are not subject to audit. 

2. PAYMENT: 
(a) Unless otherwise agreed, all invoices are due and payable thirty (30) days from date of in

voice. No discounts are authorized. Shipments, deliveries, and perfonnance of work shall at all times 
be subject to the approval of the Seller's credit department and the Seller may at any time decline to 
make any shipments or deliveries or pertorm any work except upon receipt of payment or upon terms 
and conditions or security satisfactory to such department. 

(b) If, In the Judgment of the Seller, the financial condition of the Buyer at any time does not 
justify continuation of production or shipment on the terms of payment originally specified, the Seller 
may require full or partial payment in advance and, In the event of the bankruptcy or insolvency of the 
Buyer or in the event any proceeding is brought by or against the Buyer under the bankruptcy or insol· 
vency laws, the Seller shall be entitled to cancel any order then outstanding and shall receive reim
bursement for Its cancellation charges. 

(c) Each shipment shall be considered a separate and independent transaction, and payment 
therefore shall be made accordingly. If shipments are delayed by the Buyer, payments shall become 
due on the date when the Seller Is prepared to make shipment. If the work covered by the purchase 
orde~ Is delayed by the Buyer, payments shall be made based on the purchase price and the percen· 
tage of completion. Products held for the Buyer shall be at the risk and expense of the Buyer. 

3. TAXES: Unless otherwise provided herein, the amount of any present or future sales, revenue, ex· 
cise or other taxes, fees, or other charges of any nature, Imposed by any public authority, (national, 
state, local or other) applicable to the products covered by this order, Of' the manufacture or sale there
of, shall be added to the purchase price and shall be paid by the Buyer, or In lieu thereof, the Buyer 
shall provide the Seller with a tax exemption certificate acceptable to the taxing authority. 

4. F.O.I. POINT: All sales are made F.O.B. point of shipment. Seifer's title passes to Buyer, and 
Seller's liability as to delivery ceases upon making delivery of material purchased hereunder to canier 
at shipping point, the caJ!ler acting as Buyer'S agent. Ali claims for damages must be filed with the 
carrier. Shipments will normally be made by Parcel Post, United Parcel Service (UPS), Air Express, or 
Air Freight. Unless specific instructions from Buyer specify which of the foregoing methods of Ship
ment is to be used, the Seller will exercise his own discretion. 

5. DEUVERY: Shipping dates are approximate and are based upon ptompt receipt from Buyer of all 
necessary infonnation. In no event wlll Seller be liable for any re-procurement costs, nor for delay or 
non·delivery, due to causes beyond its reasonable control including, but not limited to, acts of God, 
acts of civil or military authority, priorities, fires, strikes, lockouts, slow-downs, shortages, factory or 
labor conditions, yield problems, and Inability due to causes beyond the Seller's reasonable control to 
obtain necessary la.bof, materfals, or manufacturing facilities. In the event of any such delay, the date 
of delivery shall, at the request of the Seller, be deferred for a period equal to the time lost by reason of 
the delay. 

In the event Seller's production Is curtailed for any of the above reasons so that Seller cannot 
deliver the full amount released hereunder, Seller may allocate production deliveries among its 
various customers then under contract for similar goods. The allocation will be made in a commer
cially fair and reasonable manner. When allocation has been made, Buyer will be notified of the 
estimated quota made available. 

6. PATENTS: The Buyer shall hold the Seller harmless against any expense or loss resulting from In
fringement of patents, trademarks, or unfair competition arising from compliance with ,Buyer's 
deSigns, specifications, or Instructions. The sale of products by the Seller does not convey any 
license, by Implication, estoppel, or otherwise, under patent claims covering combinations of said 
products with other devices or elements. 

Except as otherwise provided in the preceding paragraph, the Seller shall defend any suit or pro
ceeding brought aoalnst the Buyer, so far as based on a claim that any product, or any part thereof, 
furnished under this contract constitutes an Infringement of any patent of the United States, if notI
fied promptly In writing and given authority, Information, and assistance (at the Seller's expense) for 
defense of same, and the Seller shall pay all damages and costs awarded therein against the Buyer. In 
case said product, or any part thereof, Is, In such Buit, held to constitute Infringement of patent, and 
the use of said product Is enJoined, the Seller shall, at Its awn expense, either procure for the Buyer 
the right to continue using said product or part, replace same with non-Infringing product, modify It so 
It becomes non-Infrlnglng, or remove said product and refund the purchase price and the transporta
tion and installation costs thereof. In no event shall Seller's total liability to the Buyer under or as a 
result of compliance with the provisions of this paragraph exceed the aggregate sum paid by the 
Buyer for the sllegedly Infringing product. The foregoing states the entire liability of the Seller for 
patent Infringement by the said products or any part thereof. THIS PROVISION IS STATED IN LIEU OF 
ANY OTHER EXPRESSED, IMPLIED, OR STATUTORY WARRANTY AGAINST INFRINGEMENT AND 
SHALL BE THE SOLE AND EXCW$IVE REMEDY FOR PATENT INFRINGEMENT OF ANY KIND. 

7. INSPECTION: Unless otherwise specified and "&greed upon, the material to be furnished under this 
order shall be subject to the Seiler's standard Inspection at the place of manufacture. If It has been 
agreed upon and specified In this order that Buyer Is to Inspect or provide for Inspection at place of 
manufacture such Inspection shall be so conducted as to not interfere unreasonably with Seller's 
operations and consequent approval or rejection shall be made before shipment of the material. 
Notwithstanding the foregoing, If, upon receipt of such material by Buyer, the same shall appear not 
to conform to the contract, the Buyer shall Immediately notify the Seller of such conditions and afford 
the Seller 8 reasonable opportunity to Inspect the material. No material shall be returned without 
Seiler's consent. Seiler'S Return Material Authorization form must accompany such returned material. 
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8. LIMITED WARRANTY: The Seller warrants that the products to be delivered under this purchaee 
order wilt be free from defects In material and workmanship under normal use and service. Seller's 
obligations under this Warranty are limited to replacing or repairing or glYing credit for, at Its option, at 
its factory, any of said products which shall, within one (1) year after shipment, be returned to the 
Seller's factory of origin, transportation charges prepaid, and which are, after examination, disclosed 
to the Seller's satisfaction to be thus defective. THIS WARRANTY IS EXPRESSED IN LIEU OF ALL 
OTHER WARRANTIES EXPRESSED, STATUTORY, OR IMPliED, INCLUDING THE IMPLIED WAR
RANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, AND OF ALL 
OTHER OBLIGATIONS OR LlABILmES ON THE SELLER'S PART, AND IT NEITHER ASSUMES NOR 
AUTHORIZES ANY OTHER PERSON TO ASSUME FOR THE SELLER ANY OTHER LlABILmES IN 
CONNECTION WITH THE SALE OF THE SAID ARTICLES. this Warranty shall not apply to any of 
such products which shall have been repaired or altered, except by the Seller, or which shall have 
been subjected to misuse, negligence, or accident. The aforementioned provisions do not extend the 
original warranty period of any product which has either been repaired or replaced by Seller. , 

It Is understood that if this order calls for the de~very of semiconductor devices which are not 
finished and fully encapsulated, that no warranty, statutory, expressed or Implied, including the 1m- ' 
plied warranty of merchantability and fitness for a particular purpose, shall appty. All such devices are 
s.old as Is where Is. 

9. PRODUCTS NOT WARRANTED BY SELLER: The second paragraph of Paragraph 6, Patents, and Par· 
agraph a. Limited Warranty, above apply only to Integrated circuits of Seller's own manufacture. IN 
THE CASE OF PRODUCTS OTHER THAN INTEGRATED CIRCUITS OF SELLER'S OWN MANUFAC
TURE, SELLER MAKES NO WARRANTIES EXPRESSED, STATUTORY OR IMPUED INCLUDING THE 
IMPLIED WARRANTIES OF MERCHANTABILITY, FREEDOM FROM PATENT INFRINGEMENT AND 
FITNESS FOR A PARTICULAR PURPOSE. Such products may be warranted by the original manufac
turer of such products. For further Information regarding the possible warranty of such products con· 
tact Seller. 

10. PRICE ADJUSTMENTS: Seller's unit prices are based on certain material costs. These materials in· 
clude, among other things, gold packages and silicon. Adjustments shall be as follows: 

(a) Gold. The price at the time of shipment shall be adjusted for increases in the cost of gold In 
accordance with Seller's current Gold Price Adjustment List. this adjustment will be shown as a 
separate line Item on each invoice. 

(b) other Materials. In the event of significant increases In other materials, Seller reserves the right . 
to renegotiate the unit prices. If the parties cannot agree on such increase, then neither party shall 
have any further obligations with regard to the delivery Of purchase of any units not then scheduled 
for production. 

11. VARlATlON IN QUANTITY; If this order calls for a product not listed In Seller's current catalog, or for 
a product which is specially programmed for Buyer, It is agraed that Seller may ship a quantity which 
is five percent (5%) more or less than the ordered quantity and that such quantity shipped will be 
accepted and paid for in full satisfaction of each party's obligation hereunder for the quantity order. 

12. CONSEQUENTlAL DAMAGE!k In no event shall Seller be liable for special, incidental or consequen
tial damages. 

13. GENERAL: 
(8) The validity, performance and construction of these terms and all sales hereunder shall be 

governed by the laws of the State ~f Califomia 
(b) The Seller represents that with respect to the production of articles and/or performance of the 

services covered by this order it will fully comply with all requirements of the Fair Labor Standards Act· 
of 1938, as amended, Wllllams-Stelger Occupational Safety and Health Act of 1970, Executive Orders 
11375 and 11246, Section 202 and 204. 

(c) The Buyer may not unilaterally make changes in the drawings, designs or specifications for the 
Items to be furnished hereunder without Seller's prior consent. 

(d) Except to the extent provlded In Paragraph 14, below, this order is not subject to cancellation or 
termination for convenience. 

(e) If Buyer Is In breach of Its obligations under this order, Buyer shall remain liable for all unpaid 
charges and sums due to Seller and wit! reimburse Seller for all damages suffered or incurred by 
Seller as a result of Buyer's breach. The remedies provided herein shall be In addition to all other1egal 
means and remedies available to Seller. 

(f) Buyer acknowledges that all or part of the products purchased hereunder may be manufactured 
and/or assembled at any of Seller's facilities domestic or foreign. 

(g) Unless otherwise agreed In a writing signed by both Buyer and Seller, Seller shall retain title to 
and posseSSion of all tooling of any kind (Including but not limited to masks and pattern generator 
tapes) used in the production of products fumlshed hereunder. 

(h) Buyer, by accepting these products, certifies that he will not export or re-export the products 
furnished hereunder unlesB he complies fUlly with all laws and regulations of the United States 
relating to such export or re-export, InCluding but not limited to the Export Administration Act of 1979 
and the Export Administration Regulatlon.s of the U.S. Department of Commerce. 

(Q Seller shall own ail copyrights In or relating to each product developed by SeUer whether 01" not 
such product Is developed under contract with a third party. 

14. GOVERNMENT CONTRACT PROVISIONS: If Buyer's original purchase order Indicates by contract 
number, that It is placed under a government contract, only the following provisions of the cUrTant 
Defense Acquisition Regulations are applicable in accordance with the terms thereof, with an appro
priate substitution of parties, as the case may be • I.e.,' "Contracting Officer" s~all mean "Buyer", 
"Contractor" shall mean "Seller", and the tenn "Contract" shall mean this order: 

7-103.1, Definitions; 7-103.3, Extras; 7-103.4, Variation in Quantity; 7·103.8, Assignment of Claims: 
7-103.9, Additional Bond Securlty; 7·103.13. Renegotiation; 7.103.15, Rhodesia and Certain Commu
nist Areas; 7·103.16, Contract Work Hours and Safety Standards Act· Overtime Compensation; 
7-103.17, Walsh·Healey Public Contracts Act; 7·103.18, Equal Opportunity Clause; 7·103-.19, om 
clals Not to Benefit; 7·103.20, Covenant Against Contlnoent Fees; 7·103.21, Termination for Con. 
nlence of the Government (only to the extent that Buyer's contract Is terminated for the con. 
nlence of the government): 7·103.22, Authorization and Consent: 7·103.23, Notice and Assistance 
Regarding Patent Infringement: 7·103.24, Responsibility for Inspection: 7·103.25, Commercial Bills 
of Lading Covering Shipments Under FOB Origin Contracts; 7-103.27, Listing of Employment 
Openings: 7-104.4, Notice to the Government of Labor Disputes; 7·104.11, Excess Profit; 7-104.15, 
Examination of Records by Comptroller General: 7·104.20, Utilization of Labor Surplus Area Con· 
cerns. 



Worldwide Sales Offices 

UNITED STATES 
Northwest Region 
HEADQUARTERS-3800 Homestead Road, Santa Clara, California 95051 ............................. (408) 246·0330 

TWX: 910·338·0018 

CALIFORNIA, 2960 Gordon Avenue, Santa Clara 95051 ......................................... . 
WASHINGTON, 20709 N.E. 232nd Avenue, Battle Ground 98604 .................................. . 
WASHINGTON, 10900 N.E. 8th Street, Suite 900, Bellevue 98004 ................................. . 

Southwest Region 
CALIFOFlNIA, 2900 Bristol Street, Suite A·202, Costa Mesa 92626 ................................ . 
CALIFORNIA,2850 Pio Pico Drive, Suite L, Carlsbad 92008 ...................................... . 
CALIFORNIA, 4529 Angeles Crest Highway, Suite 307, La Canada 91011 .......................... . 
ARIZONA, 7950 E. Redfield Road, Scottsdale 85260 ........................................... . 

Central Region 
COLORADO, 7346A So. Alton Way, Englewood 80112 .......................................... . 
ILLINOIS,500 Higgins Road, Suite 210, Elk Grove Village 60007 .................................. . 
MICHIGAN, 29200 Vassar Avenue, Suite 221, Livonia 48152 ..................................... . 
MINNESOTA, 5275 Edina Industrial Blvd., Suite 103, Edina 55435 ................................ . 

Southeastern Region 
FLORIDA, 139 Whooping Loop, Altamonte Springs 32701 ....................................... . 
FLORIDA, 2300 W. Sample Road, Suite 215, Pompano Beach 33067 .............................. . 
NORTH CAROLINA, 5711 Six Forks Road, Suite 210, Raleigh 27609 ............................... . 
ALABAMA, 555 Sparkman Drive, Suite 822, Huntsville 35805 .................................... . 
TEXAS,351 S. Sherman Street, Suite 106, Richardson 75081 .................................... . 

TEXAS, 8705 Shoal Creek Blvd., Suite 218, Austin 78758 ....................................... . 

Mid-Atlantic Area 
PENNSYLVANIA, 25 Skippack Pike, Suite 105, Ambler 19002 .................................... . 
VIRGINIA, Northway Building, 500 Westfield Road, Suite 26, Charlottesville 22906 .................. . 
INDIANA, 408 South 9th Street, Suite 201, Noblesville 46060 •.................................... 
MARYLAND, 5457 Twin Knolls Road, Suite 201, Columbia 21044 ................................. . 
OHIO, 100 East Wilson Bridge Road, Suite 225, Worthington 43085 .............................. . 

Northeastern Region 
NEW YORK, 20F Robert Pitt Drive, Suite 208, Monsey 10952 .................................... . 
MASSACHUSETTS, 24 Muzzey Street, Lexington 02173 ......................................... . 
CANADA, Ottawa, Ontario K2G 2H9 ......................................................... . 

EUROPE 
HEADQUARTERS-Austria Microsystems International GmbH, Schloss Premstatten 
8141 Unterpremstatten, Austria ............................ , .............................. . 

Sales Offices 
ENGLAND, AMI Microsystems, Ltd., AMI House, 56·58 Prospect Place., Swindon, Wiltshire SN1 3JZ ... . 
SWEDEN, AMI Microsystems Ltd., Fabriksvagen 7S, 17148 Solna, Stockholm ..................... . 
WEST GERMANY, AMI Microsystems GmbH, Rosenkavalier Platz 18, 8000 Munchen 81, Munich ...... . 
WEST GERMANY, AMI Microsystems GmbH, Fahltskamp 6,2080 Pinneberg 6, Hamburg ............ . 
FRANCE, AMI Microsystems, S.A.R.L., 124 Avenue de Paris, 94300 Vincennes ..................... . 
ITALY, AMI Microsystems S.RL, Piazzale Lugano, 9, 20158 Milano .............................. . 

Japan and Pacific Basin 
JAPAN, Asahi Microsystems, Inc., 17F, Imperial Tower, 1-1·1, Uchisaiwai·Cho, Chiyoda·Ku, Tokyo 100 .. 
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or 91 0·338·0024 
(408) 738·4151 
(206) 687·3101 
(206) 462·8870 

(714) 751·1634 
(619) 434·6031 
(818) 952·1126 
(602) 996-5638 

(303) 694-0629 
(312) 437-6496 
(313) 478-4220 
(612) 893-1214 

(305) 830-8889 
(305) 979-8775 
(919) 847-9468 
(205) 830-1435 
(214) 231-5721 
(214) 231-5285 
(512) 467-6977 

(215) 643-0217 
(804) 973-1213 
(317) 773-6330 
(301) 964-2322 
(614) 436-0330 

(914) 352-5333 
(617) 861-6530 
(613) 727-1577 

(43)3136/3666 

(0793) 37852 
(08) 7349595 

(089) 91 9064 
(04101) 24960 
(01) 374 00 90 

(02) 3761275 
or 3763022 

(81) 3-507-2371 



Domestic Representatives 

CANADA, Burnaby B.C.. . . . . . . . . . . . . . . . . . . . . . . . .. Woodbery Elect. Sales Ltd ................... . 
CANADA, Misslssauga, Ontario. . . . . . . . .. . . . . . . .. Vitel Electronics .......................... . 
CANADA, Ottowa, Ontario ................. , . . . .. Vitel Electronics .......................... . 
CANADA, St. Laurent, Quebec .................. ,. Vitel Electronics .......................... . 
CANADA, Stittsvllle, Ontario ........... , . . . . . . . .. Vltel Electronics ............ , ...... , . , .. , " 
IOWA, Cedar Rapids. , . , , . , ... , .. , ........... , .. R.F. Welch Co ....... , .. , ..... , ........... , . 
MASSACHUSETTS, Tyngsboro. . . . . . . . . . . . . . . . . . .. Comptech ...... ,., ........... ,., ......... . 
NEW YORK, N. Syracuse .. , ........... , ..... , . . .. Advanced Components .... , ... '! ....... , ..•. 
PUERTO RICO, San Juan ............. , . . . . . . . . . .. Electronic Tech. Sales, Inc .................. . 

(604) 430-3302 
(416) 676-9720 
(613) 592-0090 
(514) 331-7393 
(613) 582-0090 
(319) 377-1575 
(617) 649-3030 
(315) 899-2671 
(809) 790-4300 



Domestic Distributors 

ALABAMA, Huntsville. . . . . . . . . . . . . . . . . . . . . . . . . .. Schweber Electronics ...................... . 
ALABAMA, Huntsville .......................... Klerulff ................................. . 
ARIZONA, Phoenix ............................ Klerulff Electronics ....................... . 
ARIZONA, Phoenix ............................ Schweber ............................... . 
ARIZONA, Scottsdale... . . . . . . . . . . . . . . . . . . . . . . .. Western Mlcrotechnology .................. . 
ARIZONA, Tempe ............................... Anthem Electronics ....................... . 
CALIFORNIA, Canoga Park ...................... Schweber Electronics ..................... . 
CALIFORNIA, Chatsworth ....................... Anthem Electronics ...................... . 
CALIFORNIA, Chatsworth ....................... Klerulff ................................. . 
CALIFORNIA, Cupertino ................... :.... Western Mlcrotechnology ................. . 
CALIFORNIA, Irvine ............................ Schweber Electronics ..................... . 
CALIFORNIA, Los Angeles ...................... Kierulff Electronics ....................... . 
CALIFORNIA, San Jose ......................... Klerulff Electronics ....................... . 
CALIFORNIA, Sacramento....................... Schweber Electronics ...................... . 
CALIFORNIA, San Diego ........................ Anthem Electronics ...................... . 
CALIFORNIA, San Diego ........................ Kierulff Electronics ....................... . 
CALIFORNIA, San Jose ......................... Anthem Electronics ., .................... . 
CALIFORNIA, Santa Clara ................ ,...... Schweber Electronics ..................... . 
CALIFORNIA, Tustin ........................... Anthem Electronics ............... , ..... ,. 
CALIFORNIA, Tustin ........................... Klerulff Electronics ................ , ...... . 
CANADA, Alberta, Calgary ...................... Future Electronics ........................ . 
CANADA, British Columbia, Vancouver ........... Future Electronics, Inc .................... . 
CANADA, Ontario, Downsview ................... Cesco Electronics, Ltd. . ................... . 
CANADA, Ontario, Downsvlew ................... Future Electronics, Inc. . .................. . 
CANADA, Ottawa .............................. Future Electronics, Inc. . .................. . 
CANADA, Quebec, Montreal .................... Cesco Electronics, Ltd ..................... . 
CANADA, Quebec, Point Claire .................. Future Electronics, Inc. . .................. . 
CANADA, Quebec ............................. Cesco Electronics, Ltd ..................... . 
COLORADO, Englewood. . . . . . . . . . . . . . . . . . . . . . . .. Anthem Electronics ....................... . 
COLORADO, Englewood. . . . . . . . . . . . . . . . . . . . . . . .. Kierulff Electronics ........................ . 
COLORADO, Englewood ........................ Schweber ............. , ................. . 
CONNECTICUT, Danbury ....................... Schweber Electronics ..................... . 
CONNECTICUT, Wallingford ..................... Kierulff Electronics ....................... . 
FLORIDA, Altamonte Springs ........ ,........... Schweber Electronics ..................... . 
FLORIDA, Ft. Lauderdale ....................... Kierulff Electronics ....................... . 
FLORIDA, Hollywood .......................... Schweber Electronics ..................... . 
FLORIDA, St. Petersburg ....................... Klerulff Electronics .... , .. , ............... ' 
GEORGIA, Norcross ",.,., ... ' .. '.,., ..... "., Klerulff Electronics ....... ,." ..... "., ... , 
GEORGIA, Norcross " .... , .. " ... ,., ... , .. ".. Schweber Electronics ""., .. , .... ,., ... ',. 
ILLINOIS, Itasca .... ,., .............. ,', ... ,'" Kierulff Electronics .. ,., .. ", ... " ... ,.,.,. 
ILLINOIS, Elk Grove Village , ........... , ....... ' Schweber Electronics ... '., .. , .. ,.,., .... ,' 
IOWA, Cedar Rapids .,.,., .. , ..... ,., ... ', .. ,.. Schweber Electronics .,.'., ....... " ..... ,. 
KANSAS, Overland Park '.,.,' .. , .... " .. " .. ,.. Schweber Electronics .. ,',., .. , ... ".'.,.,. 
MARYLAND, Linthicum, ........ , ....... ,., .. " .. Klerulff Electronics.,.,., ... " .... ,.,., .. ,., 
MARYLAND, Gaithersburg ,., ...... , ..... "..... Schweber Electronics .,', ..... , ...... ,., .. . 
MASSACHUSETTS, Bedford .'., ..... ,.,.,." .. ,. Schweber Electronics ,', .. ,' ... ,., .... ,.,., 
MASSACHUSETTS, Billerica , .. , .......... , .. "., Klerulff Electronics .,.,.,.,." .. , ... , .... ,. 
MICHIGAN, Livonia .'.', .. ,.,., ...•..... , ... ,., Schweber Electronics .,.' ....... "',.,., .. . 
MINNESOTA, Edina ..... ,., ...... , ... , •....... ' Schweber Electronics ., ... , ... , ...... , .. , .. 
MINNESOTA, Edina .. , .... , ... , .. , ...... , ... ,.. Klerulff Electronics .,.,., .......... , ...... . 
MISSOURI, Earth City ... , . , .. , ... , ....... , . . . . .. Scheweber, ... , .... ,., ....... "., ... , .. , .. 
MISSOURI, Maryland Heights ,., ......... , .. ,.... Klerulff Electronics .. , ... ".,., ......... ,., 
NEW HAMPSHIRE, Manchester .. , . , ...•... , . . . . .. Schweber Electronics. , .. , , , .. , . , .. , ... , ... . 
NEW JERSEY, Fairfield ... '.,., .. ,., ...... ,..... Klerulff Electronics .. ,.,., .. , .. ,., ... ".,., 
NEW JERSEY, Fairfield ,.,., .. ,." .... , .... ,.... Schweber Electronics ... ,., .. , .. ,., ... ,., .. 
NEW JERSEY, Mt. Laurel ., .... ,',., ...... , .. ,... Klerulff .,., ........ , ... " ..... ,., .. " ... . 
NEW YORK, Farmingdale .... , ... , ........... ,.. Nu·Horlzons .' .......... , .. , .. ,', .... ,., .. 
NEW YORK, Rochester .... , ... , .. ' .......... ,.. Schweber Electronics .".,.,', .... , ... ,., .. 
NEW YORK, Westbury L.1. .... ,.,.,',............ Schweber Electronics ................... ,., 
NORTH CAROLINA, Raleigh ., ... , .... , .. , ... ,.,. Klerulff Electronics ,., .... ,', .. , .......... , 
NORTH CAROLINA, Raleigh ... , ..... '., ..... , .. , Schweber Electronics ., ... , .. , .. ,., ...... ,' 

B,38 

(205) 882·2200 
(205) 883·6070 
(602) 437·0750 
(602) 997·4874 
(602) 948·4240 
(602) 244·0900 
(213) 999·4702 
(213) 700·1000 
(213) 341·2211 
(408) 725·1660 
(714) 863·0220 
(213) 725·0325 
(415) 971·2600 
(916) 929·9732 
(619) 453·4871 
(619) 278·2112 
(408) 946·8000 
(408) 748·4700 
(714) 730·8000 
(714) 731·5711 
(403) 235·5325 
(604) 438·5545 
(416) 661·0220 
(416) 663·5563 
(613) 820·8313 
(514) 735·5511 
(514) 694·7710 
(418) 687·4231 
(303) 790·4500 
(303) 790·4444 
(303) 799 0258 
(203) 792·3742 
(203) 265·1115 
(305) 331·7555 
(305) 486·4004 
(305) 921·0301 
(813) 576·1966 
(404) 447·5252 
(404) 449·9170 
(312) 250·0500 
(312) 364·3750 
(319) 373·1417 
(913) 492·2922 
(301) 636·5800 
(301) 840·5900 
(617) 275·5100 
(617) 935·5134 
(313) 525·8100 
(812) 941·5280 
(612) 941·7500 
(314) 739·0526 
(314) 739·0855 
(603) 625·2250 
(201) 575·6750 
(201) 227-7880 
(609) 235·1444 
(516) 694·2500 
(716) 424·2222 
(516) 334·7474 
(919) 872·8410 
(919) 867·0000 



Domestic Distributors 

OHIO, Beachwood .................. '........... Schweber Electronics ..................... . 
OHIO, Cleveland .............................. Klerulff Electronics ....................... . 
OHIO, Dayton ................................. Klerulff ................................. . 
OHIO, Dayton. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Schweber Electronics ...................... . 
OKLAHOMA, Tulsa ............................ Klerulff Electronics .................... , .. . 
OKLAHOMA, Tulsa ............................. Schweber Electronics ..................•..•. 
OREGON, Beaverton .... ,...................... Western Micro ........................... . 
OREGON, Lake Oswego ........................ Anthem ................................. . 
OREGON, Portland .............. ,............. Klerulff Electronics ...... , ............. , .. . 
PENNSYLVANIA, Horsham ...................... Schweber Electronics ............•..... , .. . 
PENNSYLVANIA, Pittsburgh ...................... Schweber Electronics ......... , ............ . 
TEXAS, Austin ................................ Klerulff Electronics .................... , .. . 
TEXAS, Austin ................................ Schweber Electronics ....... , .......... , .. . 
TEXAS, Dallas ................................ Klerulff Electronics ....................... . 
TEXAS, Dallas ................................ Schweber Electronics ................ , .... . 
TEXAS, Houston .............................. Klerulff Electronics ....................... . 
TEXAS, Houston , .... ,........................ Schweber Electronics ..................... . 
UTAH, Salt Lake City ............... , ...... ,.... Anthem .............................. , .. . 
UTAH, Salt Lake City ............... ,........... Klerulff Electronics ..................... , .. 
WASHINGTON, Redmond ........................ Anthem Electronics .................... , .. . 
WASHINGTON, Redmond ....................... Western Micro ........................... . 
WASHINGTON, Tukwila ........................ Kierulff Electronics ....................... . 
WISCONSIN, Brookfield ..................... , .. , Schweber Electronics, ............... , ..... . 
WISCONSIN, Waukesha ... , ........ ,........... Klerulff Electronics ....................... . 

(216) 464·2970 
(216) 587-6558 
(513) 439·0045 
(513) 439·1800 
(918) 252·7537 
(918) 622·8000 
(503) 829·2082 
(503) 684·2661 
(503) 641·9150 
(215) 441·0600 
(412) 782·1600 
(512) 835·2090 
(512) 458·8253 
(214) 343·2400 
(214) 661·5010 
(713) 530·7030 
(713) 784·3600 
(801) 973·8555 
(801) 973·6913 
(206) 643·4800 
(206) 881·8737 
(206) 575·4420 
(414) 784·9020 
(414) 784·8180 



International Representatives & Distributors 

ARGENTINA, Buenos Aires ...................... YEL S.R.L. ............................... . 
BRAZIL, Sao Paulo ............................. Itaucom ................................ . 
CHILE ....................................... Victronics Ltda. . ......................... . 
DENMARK, Glostrup ........................... In Unlcomp ............................. . 
ENGI,AND, Derby .............................. Quarndon Electronics Ltd. . ................ . 
ENGLAND, Pangbourne ........................ Reglsbrooke Ltd .......................... . 
FINLAND, Helsinki ............................. Satt Helsinki ............................ . 
FRANCE, Sevres .............................. Tekelec Alrtronlc ......................... . 
HONG KONG, Kowloon ......................... Electrocon Products Ltd. . ................. . 
INDIA, Nagar, Punjab .......................... Semiconductor Complex Ltd. . ............. . 
ISRAEL, Tel Aviv .............................. Professional Elect. Ltd.(P.E.L.) .............. . 
ITALY ....................................... International Commerce Co ................ . 
JAPAN, Tokyo .................... -. . . . . . . . . . .. Internlx, Inc .............................. . 
MEXICO ..................................... Dlcopel S.A. . .... .' ....................... . 
NETHERLANDS, Badhoevedere .................. Techmation Elec. NV ...................... . 
NETHERLANDS, Rotterdam ..................... DMA Nederland, BV ....................... . 
NEW ZEALAND, Auckland ....................... David P. Reid (NZ) Ltd ...................... . 
NORWAY, Oslo ............................... Rifa-Hoyem A/S .......................... . 
SINGAPORE, Singapore ........................ Dynamar Int'l. Ltd ......................... . 
SOUTH AFRICA, Transvaal ...................... Promllect ............................... . 
SPAIN, Madrid ................................ Actron .................................. . 
SWEDEN, Spanga ............................. A.B. Rila ................................ . 
SWITZERLAND, Zurich ......................... W. Moor AG ............................. . 
WEST GERMANY, Berlin ........................ Aktlv Elektronik GmbH .................... . 
WEST GERMANY, Frankenthal ................... Gleichman .............................. . 
WEST GERMANY, Munich .............. , .. , .. , .. Dema Electronic GmbH ................... . 
WEST GERMANY, Viersen ....................... Mostron Halbieitervertriebs ................ . 
YUGOSLAVIA, Ljubljana ........................ ISKRA/Standard/Iskra IEZE ................ . 

B.40 

(54) 1-46 2211 
(011) 13014 

56(2)36440-30237 
024531 22 

(0332) 32651 
073574841477 

358032300 
(01) 534-75-35 

3- 687214-6 
91 (172) 87495 
9723482241 

(81) 3-369-1101 
(903) 561-3211 

(04189) 2222 
010-361288 
(9) 488049 

010472413755 
(65) 746 6188 
(011) 485712 
254680304 

00468 752 2500 
(01) 8406644 

(030) 6845088 
(06233)24277 

(089) 272 40 53 
(0216) 217024 
(051) 551-353 



Gould AMI Semiconductors 
3800 Homestead Rd. , Santa Clara CA 95051 
Telephone: (408) 246-0330 
TWX: 910-338-0018 or 910-338-0024 

-} GOULD 
AIM I Semiconductors 


