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SIPEX is a manufacturing company that serves 
the analog signal processing market. The 
company produces signal conditioning, signal 
conversion and data acquisition system products 
utilizing both hybrid and monolithic technologies. 
Excelling in the fields of high speed and high 
precision, SIPEX offers products of standard, semi
custom and full-custom design. SIPEX also 
produces and sells dielectrically isolated wafers 
produced to customer specifications. 
SIPEX's broad product offerings and capabilities 
are the result of recent mergers between Hybrid 
Systems Corporation, Datalinear Corporation 
Barvon and Dielectric Semiconductor Inc. As a 
result of the mergers, SIPEX provides its customers 
with multiple solutions to its signal processing 
needs. 
While the name SIPEX is new, the foundations of 
the company represent years of solid 
technological achievements. SIPEX, which stands 
for Signal Processing Excellence, is the 
summation of the strengths of our two 
operations. 

SIPEX ... EXCELLENCE 
IN SIGNAL PROCESSING 

• East Coast, in operation for over twenty years, 
a leader in technological advances and 
certified to MIL-STD-1772, produces standard 
and custom hybrid circuits and thin film 
substrates . 

• West Coast, designs and manufactures linear 
IC's and dielectric isolation base wafers, 
supplying military and commercial markets with 
full custom, standard, and ASIC products. 

Quality and reliability have long been inherent to 
our company, consequently the wafers, Ie's and 
hybrids manufactured by SIPEX are used in many 
major military and space programs including 
AMRAAM, Sparrow Missile, MILSTAR, Trident and 
SICBM. Industrially, SIPEX serves the ATE, process 
control, medical, seismics, telecommunications 
and other related market areas. 
A unified worldwide sales network provides easy 
access to our capabilities and applications 
engineers. We are committed not only to the 
most advanced signal processing products, but 
also to the highest level of customer service. 
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CERTIFIED TO MIL-STD-1772 

CAPABILITIES 

In addition to the standard hybrid and monolithic products shown in this catalog, Sipex offers the 
following additional capabilities: 

CUSTOM HYBRID CIRCUITS 

In addition to having a complete line of 
standard products, Sipex Corporation also 
provides many complex application specific 
products to its customers. 
Custom products include A/D converters, D/A 
converters, voltage to frequency converters, 
sample and holds, instrumentation amplifiers, OP 
amps, voltage references, multiplexers, 
modulators, filters, analog switches, bus 
interface, analog and digital interface, thin-film 
resistor networks, and thin-film substrates. 
With state-of-the-art design and manufacturing 
equipment, Sipex Corporation is an industry 
leader in the manufacturing of custom hybrid 
components. Send your custom requirements to 
your Sipex representative or directly to the 
factory. 

CLASS "5" PRODUCTION 

Sipex's commitment to the highest achievable 
quality control and reliability is exemplified 
through Military/NASA standard Class "S" hybrids 
used in aerospace satellite and manned space 
flight applications. Sipex has dedicated a special 
program management office to control all Class 
"S" production. Our hybrids are being used in the 
space shuttle program, MILSTAR defense satellite, 
shuttle/centaur booster rocket, and various 
military classified defense satellites. 

MIL-STD-1772 

Sipex Corporation has been certified to produce 
Sipex Circuits which meet the requirements of 
MIL-STD-1772. 
MIL-STD-1772 was established by the Defense 
Electronics Supply Center (DESC) to provide a 
standardized flow of fabrication processes and 
lines. It also provides for a standardization of 
Documentation and Testing. 
Military Sipex Components purchased to MIL-STD-
883 are now required to be manufactured and 
tested in a facility which is certified to MIL-STD-
1772. 

RADIATION TESTING 

For the past several years, Sipex has been 
conducting in-house programs to study the 
effects of radiation on our converter products. 
Converter circuits have become an integral part 
of military and space programs and for these 
programs, radiation survivability is an essential 
factor. We have completed studies on precision 
reference sources, analog-to-digital and digital
to-analog converters using the facilities at the 
University of Lowell radiation laboratory. We have 
performed total exposure using CO-60 and fast 
neutron exposure using both an accelerator and 
a research reactor. 

Sipex is willing and able to test for qualification 
any component which we manufacture and in 
addition, will be happy to quote on testing 
products from other manufacturers. Our 
experience testing and characterizing converter 
products makes us an ideal source for radiation 
testing. 

v 
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TECHNOLOGY/PRODUCTS 
Sipex offers a broad range of high performance 
linear, monolithic IC's which either require or 
benefit from the use of Dielectric Isolation (01) 
technology. This technology offers several 
significant user benefits: 

• Higher bandwidths and slew rates than are 
achievable with conventionallC technology. 

• High temperature operation (up to 200°C). 
• Radiation hardened parts. 

While 01 has long been known for its radiation 
hardening benefits, its features ex!end bey<;>nd 
just radiation hardening. 01 allows high fT' vertical 
NPN and PNP bipolar transistors to be fabricated 
on the same chip. The presence of the high 
speed, vertical PNP transistor allows the high 
bandwidths, slew rates and settling times as well 
as the excellent DC characteristics that are 
uniquely associated with 01 OP Amp type 
products. 
Sipex's technology extends beyond just high 
speed, complementary transistors. In addition to 
these transistors and other devices, the IC 
processes employ p channel and n channel 
JFET's MaS capacitors, sub-surface zeners and 

DIELECTRIC ISOLATION 
TECHNOLOGY 

thin film Nichrome (NiCr) resistors. The NiCr 
resistors offer extremely low temperature 
coefficients and can be laser trimmed to 
achieve the ultimate in matching and precision. 
This library of devices offers users the best 
combination of speed and precision available 
on one chip today. 

This 01 technology can be accessed at one of 
four levels: 

• Standard products 

• Full custom 
• Cell custom 
• Array custom 

FACILITIES 

Sipex has a 31,000 sq. ft. building located in 
Milpitas, CA which houses a wafer fab, assembly 
and test operations, a design engineering staff, a 
full array of CAD/CAE equipment and othe:r 
supporting staff and equipment. The wafer fab IS 

Class 100 in the photo area and all work stations. 
The assembly line is MIL certified. Off-shore 
assembly houses have been selected .a.nd 
audited for supplying parts to cost senSitive 
operations. 
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Sipex also provides high quality dielectrically 
isolated silicon substrates to a broad spectrum of 
semiconductor manufacturers. Sipex provides 
unique structures in silicon that serve as a 
foundation for: 

• High speed linear circuits 
• High voltage switching arrays 
• Opto-coupled photovoltaic devices 
• Radiation resistant integrated circuits 

Dielectric Isolation technology allows the 
fabrication of these product families because 
each active device area may be isolated in an 
individual tub region, separated from the other 
devices in the circuit. This eliminates parasitics 
that degrade circuit performance and improves 
reliability under conditions of extreme levels of 
ionizing radiation. 

01 WAFERS 

Sipex is actively involved in advanced 
processing techniques related to cost reduction 
of the material and improved island thickness 
control. In addition, research is currently 
underway to provide material's processing that 
may be applied to very high speed CMOS and 
BIMOS technologies. 
In addition, Sipex provides services related to the 
deposition of polycrystalline silicon, wafer 
thinning and chemical etching for transducer 
and solar cell applications. 

vII 
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MILITARY PROGRAM 
PARTICIPATION 

Sipex Corporation plays a vital part and is an expert in many major military and space programs, both 
in the United States and Europe. Some of the programs Sipex Corporation participates in are: 

• SPACE SHUTTLE • SPACE LAB 

• F-15 • TORNADO 

• F-16 • STING RAY 

• F-18 • JAS 38 

• STD MISSILE • ALRM 

• F-ll1 • SPEARFISH 

• B-1 • HOT 

• SEA SPARROW • DM2A3 TORPEDO 

• TOW-2 • ROLAND 

• MAVERICK • LEOPARD I & II 

• MILSTAR • AIRBUS 310 

• EA6B/B-1 • MAGIC 

• SPARROW MISSILE • MIRAGE 2000 

• PIVADS • HARM MISSILE 

• MIRAGE F1 • LARZAC & CFM 56 

• AMRAAM • TRIDENT 

• SICBM 

vIII 
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ORDERING INFORMATION 

Orders may be placed with either our regional 
sales offices, sales representatives or directly with 
sales headquarters. Addresses and telephone/ 
FAX numbers are listed in the sales office 
directory. 
International: Customers outside the United 
States are served by Sipex's subsidiaries; Sipex 
Systems GmbH and Sipex Systems U.K. Ltd; Sipex 
Systems S.A.R.L.; or international sales 
representatives located throughout Europe, the 
Far East, and Canada. All international orders 
may be placed with either our international sales 
offices, sales representatives or directly with 
International Sales Department at sales 
headquarters. Addresses and telephone/FAX 
numbers are listed in the sales office directory. 

TERMS AND CONDITIONS OF SALE 

Price and delivery information of any item in this 
catalog is available from our sales represen
tatives or direct from the Company. Quotations 
are F.O.B. factory of origin, and are subject to 
change without notice. On all orders, payment is 
net 30 days following date of shipment. 

APPLICATIONS ENGINEERING 

Sipex maintains a support staff of technical sales 
engineers, both domestically and internationally, 
who are expert in specific areas of analog, 
digital. and microelectronics technology. Staff 
engineers provide further technical support, as 
needed, on advanced circuit designs or 
application problems. 

SALES, SHIPPING & SERVICE 
INFORMATION 

SHIPPING INSTRUMENTS 

Shipping will be via United Parcel Service or 
Parcel Post unless other instructions are indi
cated. For rush service, we will ship by Air Freight, 
Air Express or Air Parcel Post on request. 

WARRANTY 

Sipex warrants its products to be free from 
defects in material and workmanship for a 
period of one year from the date of shipment. 
This warranty shall not apply to any product 
which has been abused or misused physically or 
electrically or whose leads have been clipped or 
soldered. Sipex's sole liability and the Purchaser's 
sole remedy under this warranty is limited to 
repairing or replacing defective components. 
Sipex shall not be liable for consequential 
damages under any circumstances. 

RETURNS 

When returning material for repair or replace
ment, it is necessary first to contact Customer 
Service. Upon acceptance of the request, a 
return material authorization will be issued. We 
require a detailed description of the reason for 
the return; the date and purchase order number 
-on which it was obtained, and the date of 
receipt. 

SPECIFICATIONS 

Sipex reserves the right to discontinue items and 
change specifications without notice. 
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SOUTHWEST TECH 
Phoenix 
602-893-1209 
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Dallas, TX 
214-484-5711 

CALIFORNIA (North) 
H-TECH SALES I 
Son Jose 
408-453-21 1 1 
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H-TECH SALES II 
Laguna Hills 
714-583-1488 

CANADA (Que.) 
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514-737-9344 

CANADA (Ont.) 
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Mississauga 
416-626-8221 
Ottowa 
613-236-1221 

CANADA (Ont.) 
ESP 
Ottawa 
613-236-1221 

CANADA (B.C.) 
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Delta 
604-943-0183 

CENTRAL REGION WESTERN REGION 
102 South Tejon Street 491 Fairview Way 
Suite 110 Milpitas, CA 95035 
Colorado Springs, CO 80903 Tel: (408) 945-9080 
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COLORADO IOWA 
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508-671-1940 316-794-8565 

DELAWARE KENTUCKY 
TECH SALES ASSOC. STB ASSOCIATES 
Willow Grove, PA Louisville 
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ELECTRO-CRAFT, INC. MREP 
Clearwater Dallas, TX 
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Boca Raton 
407 -394-9686 MAINE 

GEORGIA 
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Billerica, MA 

SACS 508-671-1940 
Norcross 
404-447-6154 MARYLAND 
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Annapolis 
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206-883-7792 MASSACH USETTS 

SIPEX CORP. 
ILLINOIS (North) Billerica, MA 
MARTAN, INC. 508-671-1940 
Schaumburg 
708-303-5660 MICHIGAN 

TRITECH SALES 
ILLINOIS (South) Farmington Hills 
MIDWEST TECH SALES 31 3-553-3370 
Lenexa, KS 

MINNESOTA 913-888-51 00 
WILLMAN ASSOC. 

INDIANA Brooklyn Ctr 
STBASSOC. 612-566-501 0 
Indianapolis 
317-844-9227 

SOUTHEAST REGION 
10480 Little Patuxent Parkway 
Suite 500 
Columbia, MD 21044 
Tel: (301) 740-5676 
FAX: (301) 740-5603 

MISSISSIPPI 
SACS 
Norcross, GA 
404-447-6154 

MISSOURI 
MIDWEST TECH SALES 
Earth City 
314-298-8787 

MONTANA 
HOWARD ASSOC. 
Parker, CO 
303-841-5755 

NEBRASKA 
MIDWEST TECH SALES 
Lenexa, KS 
913-888-5100 

NEVADA 
SIPEX CORP. 
Milpitas, CA 
408-945-9080 

NEW HAMPSHIRE 
SIPEX CORP. 
Billerica, MA 
508-671- 1940 

NEW JERSEY (North) 
PHASE 4 
Fairfield, NJ 
201-575-4343 

NEW JERSEY (South) 
TECH SALES ASSOC. 
Willow Grove, PA 
215-784-0170 

NEW MEXICO 
SOUTHWEST TECH 
Phoenix, AZ 
602-893-1209 



NEW YORK (Metro) OREGON TEXAS WEST VIRGINIA 
PHASE 4 OLSON TECH SALES MREP SIPEXCORP. 
Great Neck, NY Beaverton, OR Dallas Columbia, MD 
516-482- 1 790 503-643-9488 214-484-5711 301-740-5676 

Houston 
NEW YORK (Up-State) PENNSYLVANIA (East) 71 3-988-7613 WISCONSIN 
MICRO-TECH MKTG. TECH SALES ASSOC. 

UTAH 
LARSEN 

Rochester Willow Grove Wauwatosa 
716-328-3000 215-784-0170 HOWARD ASSOC. 414-258-0529 
Kingston Parker, CO 
914-338-7588 PENNSYLVANIA (West) 303-841-5755 WYOMING 
N. Syracuse J.N. BAILEY & ASSOC. HOWARD ASSOC. 
315-458-5254 Columbus, OH VERMONT Parker, CO 

NORTH CAROLINA 
614-262-7274 SIPEX CORP. 303-841-5755 
Brunswick, OH Billerica, MA 

SACS 216-273-3798 508-671-1940 
Raleigh 
919-859-9970 RHODE ISLAND VIRGINIA 

NORTH DAKOTA 
SIPEX CORP. EES 
Billerica, MA Annapolis, MD 

WILLMAN ASSOC. 508-671-1940 301-269-6573 
Brooklyn Ctr, MN 
612-566-5010 SOUTH CAROLINA WASHINGTON 

OHIO 
SACS OLSON TECH SALES 
Raleigh, NC Bellevue 

J.N. BAILEY & ASSOC. 919-859-9970 206-883-7792 
New Lebanon 
513-687-1325 SOUTH DAKOTA WASHINGTON, D.C. 
Columbus WILLMAN ASSOC. EES 
614-262-7274 Brooklyn Ctr., MN Annapolis, MD 
Brunswick 612-566-5010 301-269-6573 
216-273-3798 

OKLAHOMA 
TENNESSEE 
SACS 

MREP Norcross, GA 
Dallas, TX 404-447-6154 
214-484-5711 
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When using Analog/Digital Converters based on the suc
cessive approximation technique, careful attention must be 
paid to the dynamic behavior of the circuit in order to achieve 
the desired accuracy. This article shows how the desired 
accuracy can be maintained with rapidly changing dynamic 
signals. 

INTRODUCTION 
The block diagram in Figure 1 shows the typical configura

tion of a data acquisition system used to convert an analog 
value into a corresponding binary form. The analog signal, 
which is often non-electrical in nature (like pressure, tempera
ture, pH-value, distance) is converted to an electrical voltage 
by a sensor or transducer. In many cases, this voltage has an 
amplitude of just a few millivolts and is often superimposed 
on a common mode voltage. The instrumentation amplifier 
suppresses the common mode voltage and amplifies the 
analog signal to a level which is useful for subsequent pro
cessing (e.g., 0 to + 10 volts). Additional function blocks like 
low pass- or anti-aliasing-filters (to suppress noise and un
wanted frequency bands) can be inserted between the instru
mentation amplifier and the A/D Converter. After the conver
sion has been completed, the ADC will output a digital word 
which corresponds to the value of the analog input signal. 
Depending on the desired function of the circuit, the digital 
word can be further processed by a computer or micro
processor. 

To test the performance of such a circuit (as shown in 
Figure 1), usually a variable voltage source is used as the 
input instead of the sensor or transducer. Provided that the 
instrumentation amplifier has a linear transfer function and the 
ADC meets its specifications (especially differential linearity), 
all possible bit combinations (e.g., 4096 for 12-bit resolution) 
can be produced at the output of the ADC by varying the 
input voltage source. But once a dynamically changing 
voltage source, like a function generator, is connected to the 
analog input to simulate the response of the transducer, 
substantial linearity errors and so-called "missing codes" can 
be observed. This can easily degrade the accuracy of the 
data acquisition system from 12 to 10 or 8 bits or less. The 
reasons for this performance degradation and how these er
rors can be eliminated will be described below. 

TRANSDUCER 

~ H>-1 ~co'm'~ ~ 
INSTRUMENTATION 

AMPLIFIER 

Figure 1. Block Diagram of a Data Acquisition System 

DIGITIZING DYNAMIC SIGNALS 

CONVERSION PRINCIPLES 
Several analog-to-digital conversion techniques have been 

developed which are tailored to the specific needs of different 
applications. Following is a short description of the three 
major techniques. 

Integrating AID Converters: Integrating or Dual-Slope ADCs 
were the first on the market. They consist of a charging 
capacitor, a current source, an analog comparator and a 
digital counter with clock. The conversion is done in two 
phases. During the first phase, the capacitor is charged with 
a current derived from the input voltage for a fixed amount of 
time. In the second phase, the counter is started and the 
capacitor is discharged with a constant current source. The 
comparator stops the counter as soon as the capacitor is 
completely discharged. The reading of the counter is directly 
proportional to the value of the input signal. The conversion 
of the input signal and the conversion time is directly depen
dent on the value of the input signal. 

Integrating ADCs offer medium to high resolution at conver
sion speeds of 1 to 1000 samples per second. Their charac
teristics include high noise immunity, relatively simple design 
and low cost. Applications include digital voltmeters and ac
quisition of slow changing signals such as temperature. 
Special conversion techniques like Quad-Slope have been 
derived from the Dual-Slope principle for special applications 
such as very high precision voltmeters. 

Flash AID Converters: Offering the highest possible speed, 
Flash-converters are used in applications such as waveform 
recording and digitizing video signals. Sampling rates ex
ceeding 100 MHz are no longer a talk of the future. This ex
tremely high conversion speed is achieved with a single-step 
architecture. A reference voltage is applied to the top of a 
ladder of resistors with equal value. Each tab of the ladder is 
connected to one input of a voltage comparator, while the 
other input of each comparator is connected to the input 
voltage. For N bits of resolution, 2N - 1 resistors and com
parators are required. This limits the resolution of currently 
available Flash-converters to 10 bits (requiring 1023 resistors 
and comparators). Each comparator compares the input 
voltage with the scaled reference voltage resulting in a 
"bar"-type output code. A digital encoder finally converts the 
linear "bar"-type code into a binary code. 

Successive Approximation (SAR-type) AID Converters: This 
type of ADC fills the gap between the high resolution/low 
speed integrating ADC and the extremely fast, low resolution 
Flash converter. SAR-type ADCs offer medium to high resolu
tion with conversion speeds of 10,000 to 1,000,000 samples 
per second. 
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Figure 2 shows a block diagram of an 8-bit SAR-type ADC. 
The main building block is a Digital/Analog-Converter which 
deter.mines the accuracy of the ADC. A comparator com
pares the output of the DAC with the analog input and pro
vides a digital signal to the "Successive Approximation 
Register" (SAR). During the conversion time the SAR 
generates a digital code in such a manner that the output of 
the DAC equals the analog input signal. For N bits of resolu
tion only N clock cycles are required, far less than that for the 
integrating converter. Some converters require one additional 
clock pulse at the beginning of the conversion cycle to reset 
the SAR. The SAR determines the digital code in the same 
way as an unknown weight is determined with a beam 
balance with the least number of decisions. 

At the beginning of a conversion cycle, the MSB (Most Sig
nificant Bit) is switched on with all other bits switched off. After 
the output of the DAC has settled, the comparator decides 
whether the output voltage is greater or smaller than the input 
voltage and provides this information to the SAR. If the DAC 
output is smaller than the input voltage, the MSB remains 
switched on; otherwise it is reset to zero. The MSB of the final 
digital output is valid after the first clock cycle and may be 
read out (this is normally done for serial output). With the next 
clock pulse the second bit is switched on and based on the 
comparator's decision, is reset to zero or remains set. This 
process is repeated until the SAR has switched on all the re
maining bits and latched the comparator's decisions. The se
quence over time of the AID conversion is shown in Figure 3. 
It can be clearly seen how the DAC's output voltage ap
proaches the input signal during the conversion cycle. Figure 
4 shows the corresponding timing diagram. 

PERFORMANCE DEGRADATION 
It is essential to monitor the effects of changes in the input 

signal during an analog-to-digital conversion for the different 
conversion techniques. The output code of an integrating 
ADC depends on the amount of charing current applied to 
the capacitor during the first phase of the conversion. A 
change in the input signal during the second phase will not 
affect the result. Flash converters take an instantaneous snap
shot of the input signal, so the input signal doesn't really 
change during conversion. However, it must be determined 
at which point during the conversion time the data is latched 
from the comparator outputs into the digital encoder. 



For SAR-type ADCs the output code may represent any of 
the voltages between the start and the end of the conversion. 
Therefore, it is extremely important to keep the input voltage 
constant once a conversion has been started. The following 
example shows why. At the beginning of a conversion the in
put voltage may be just a little bit higher than the value of the 
MSB. After the first clock cycle the MSB will remain set. If the 
input voltage decreases during conversion to a value lower 
than the MSB, the resulting code will be erroneous because 
the MSB remains switched on. Once a comparator has made 
a decision it cannot subsequently be changed. However, the 
successive approximation principle, by its nature, insures that 
the digital code approximates the actual value, so errors are 
corrected within a limited band. For that reason the remaining 
error will never be greater than the voltage change during a 
conversion and no totally erroneous codes will be generated. 
At least the magnitude of the error can be estimated that way. 

When digitizing an analog waveform, the samples must be 
taken at precisely determined sampling intervals in order to 
be able to reconstruct the original signal. Even though some 
kind of error correction takes place during the conversion 
time, it cannot be said whether the digital code represents the 
input signal at the beginning or the end of the conversion 
time or somewhere in between. 

When the analog input signal changes during the conver
sion time, not only will the output code be erroneous, but 
some of the codes might also disappear. Since these codes 
can't be produced with any input voltage, this reduces the ef
fective resolution of the AID Converter. It doesn't make 
economical sense to use a 12-bit ADC when only 10 or 8 bits 
of effective resolution are achieved. As a rule of thumb, the 
analog input signal should not change more than V2 LSB dur
ing the conversion time (which will produce a maximum 
linearity error of V2 LSB) to maintain specified performance. 
This is because an ADC with a specified integral linearity er
ror of V2 LSB will not have any "missing codes" and the full 
resolution is available. If, however, the ADC itself has an in
tegral linearity error of 1/2 LSB, each additional error, 
regardless how small it is, can lead to missing codes. 

Figure 5a shows a computer program which can be used 
to simulate an ideal ADC when the input signal changes dur
ing conversion. The program reconstructs the function of an 
ADC by comparing the changing input signal with the output 
of the internal DAC and issuing a corresponding bit stream to 
the comparator. The program listing has been simplified for 
easier understanding and although it is written in HP 85 
basic, it can run on any computer after adapting the print for
mat (line 200). 

In Figure 5b the appropriate printout of two program runs 
can be seen. Column 1 shows the number of the clock cycle 
(cycle 0 is start of conversion) while column 2 shows the ac
tual input voltage. The voltage level here is expressed in 
LSBs for simplification, but can be converted to any other 
voltage level by multiplication with a constant factor. Column 
3 shows the digital code which is applied to the DAC and 
therefore compared with the input voltage. The comparator's 
decision is shown in the next column while the last column 
shows the SAR output code after the decision. The printout in 
Figure 5b shows two 12-bit conversions with input voltages of 
2047.66 and 2047.67 LSBs, respectively. In both cases, the 
input voltage changes at a rate of + 4 LSBs per conversion. 
With an analog input of 2047.66 LSBs, the resulting code is 
2047; if the input voltage is raised just 0.01 LSB at the begin
ning of the conversion, the resulting code is 2051. Thus, the 
three successive codes 2048,2049 and 2050 cannot be 
generated if the input voltage changes at a rate of + 4 LSBs 
during the conversion time. This means the effective resolu
tion of the 12-bit converter has been reduced to 9 bits in this 
case. 
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Figure 58. Printout 

The corresponding input signal frequency can be easily 
calculated if the conversion time is known. For a popular 
ADC like the industry standard HS 574, which has a maxi
mum conversion time of 30 /.I sec, the corresponding input 
frequency would have been 16 Hz in this case - pretty low 
for a reduction from 12 to 9 bits in resolution. 

Taking the above mentioned rule of thumb that the input 
signal should not change more than 112 LSB during conver
sion time, the following formula can be used to calculate the 
maximum input frequency. 

fmax. = 1 (1) 
2 * Pi * 2N * conversion time 

(2N = number of codes, e.g., 4096 for 12 bits of resolution) 

Using this formula, the maximum usable input frequency 
for the popular HS 574 is limited to 1.3 Hz (!), which is much 
too low for most applications and would make the high 
throughput rate of more than 30,000 samples per second 
unattainable (according to signal theory, two samples per 
period is sufficient to reconstruct the original signal .. .). 
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The above formula is based on the maximum slew rate of 
the input signal which for sine waves occurs during the zero 
crossing. Sometimes a slightly different formula (2) is applied 
which uses the average slew rate of a sine wave instead of 
the maximum slew rate. But even using this formula, the 
HS 574 would be limited to input frequencies of 2 Hz. 

fmax. = 
4 * 2N * conversion time 

(2) 

What are the implications to the user of this input signal 
limitation to 1.3 or 2.0 Hz? It simply means, that with input fre
quencies exceeding that limit, the specified accuracy of an 
AID-Converter cannot be achieved. The appendix graphic
ally shows the maximum input frequency as a function of 
conversion time and resolution for any given ADC. 

TEST RESULTS 
Because the quantitative measurement of the above men

tioned errors is quite difficult, a special test set-up has been 
used to demonstrate the resulting effects and prove theory in 
practice. The experiment has been made with the HS 574 
which is used for a wide range of industrial and military ap
plications. The converter has been used in the 8-bit conver
sion mode which results in a conversion time of 15 !.I sec. 
This has been done because the graphic resolution of the 
printer was limited to 256 dots (8 bits), but the results can be 
converted to any other resolution and conversion time. 

The ADC has been selected for the smallest linearity error 
so that the results reflect the influence of the input signal slew 
rate instead of the ADC's linearity error. The sample used 
showed an integral linearity error of less than 0.1 LSB at 
12-bit resolution which is about 5 times better than specified. 

I 
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Figure 6A. HS 574 AK, 8-Bit 
Resolution, Signal Frequency 

5000Hz 

Figure 6B. HS 574AK, 8-Bit 
Resolution, Signal Frequency 

1000Hz 

Figure 6e. HS 574AK, 8-Bit 
Resolution, Signal Frequency 

41 Hz 

In the test set-up a triangular waveform (which means a 
signal with a constant slew rate) was applied to the analog in
put of the ADC. The signal frequency was 41 Hz which is just 
the maximum value for an 8-bit converter running at 15 sec 
per conversion. The sampling frequency of the ADC was 
chosen so that it was asynchronous with the input signal. The 
amplitude of the triangular wave was made slightly larger 
than the input voltage range of the ADC so that the reversing 
points did not fall into the transfer curve of the ADC. 

A large number of samples of the input signal were then 
taken (about 100,000) and the digital data was fed to a desk
top computer for statistical analysis. Figure 6 shows the 
results of measurements at three different frequencies. The 
x-axis is scaled from 1 to 254 which represents each output 
code while the y-axis shows the density of each output code, 
i.e., how often the particular code occurred during all 
measurements. With a perfectly linear ADC, you'd expect 
every possible output code to occur as often as any other 
code (roughly 400 times for 100,000 measurements at 8-bit 
resolution). In Figure 6a, which shows the result of the test 
with a frequency of 41 Hz, it can be seen that this is almost 
true - the density of the codes in the output spectrum is 
about the same for each code. 

If one of the codes is a so-called "missing code," it will 
show a density of zero. This can be seen in Figure 6b, where 
the input frequency has been raised to 1000 Hz. Here more 
than 50 codes are missing while the remaining codes appear 
with many different densities. The two codes in the middle of 
the transfer function (127 and 128) appear more than 1500 
times, almost 4 times more than they should. This shows that 
not only has the resolution been degraded, but the remaining 
codes exhibit large linearity errors as well. Keep in mind that 
the same kind of graph would show up at an input frequency 
of 62.5 Hz (1/16th of 1000 Hz) if the ADC's resolution were 12 
bits. Figure 6c shows the results for a frequency of 5000 Hz 
(or 310 Hz for 12-bit resolution). Only 50 codes remained in 
the output spectrum while none of the other codes occurred 
even once during the 100,000 samples that were taken. 

HOW TO ELIMINATE 
THESE PROBLEMS 

To obtain the full accuracy and resolution from your ADC, 
you must insure that the analog input signal does not change 
during the conversion time, i.e., the input signal must be 
frozen. This can be done with Sample/Hold (StH) or Trackl 
Hold (T/H) Amplifiers. (Both amplifier types are similar and 
can be used for that specific purpose, but only the expres
sion Sample/Hold will be used hereafter.) 

In most applications, the digital control input of the Sample/ 
Hold can be driven directly from the STATUS- or EOC- (End 
of Conversion) line of the following A/D Converter. As long as 
no conversion is taking place, the Sample/Hold is in the sam
ple mode and its output follows or tracks the input signal. In 
this mode the S/H functions just like an ordinary buffer ampli
fier with a gain of 1. As soon as a conversion has been 
started, this will be indicated by the STATUS-output of the 
ADC. This forces the S/H to switch from the sample mode to 
the hold mode, "freezing" the input voltage. 

Sample/Hold amplifiers consist of three major building 
blocks: a capacitor, an analog switch and a buffer amplifier. 
In the sample mode the switch is closed and the input volt
age appears across the capacitor. When entering the hold 
mode, the switch is opened and the previous input voltage is 
stored on the capacitor. The amplifier inside the StH buffers 
the capacitor voltage and provides a low impedance output 
to the ADC. Some S/H amplifiers require an external hold 



capacitor. This capacitor must be chosen very carefully, 
otherwise, it will memorize the previously stored voltage. This 
"memory" is caused by an effect called dielectric absorption. 
Therefore, only polystyrene or teflon capacitors are suitable 
for S/H applications because their dielectric absorption is 
fairly small. 

When selecting an S/H amplifier one could be confused 
with all the data sheet specifications. Below is a short descrip
tion of the major S/H specifications. 

Acquisition Time: After switching from hold to sample mode, 
the S/H requires some time until the new input signal is ac
quired (the hold capacitor must be charged to the new volt
age). The time which is required until the buffer output has 
settled within a certain error band to the new voltage is called 
acquisition time. After an analog-to-digital conversion has 
been completed, the next conversion cannot be initiated until 
the S/H has acquired a new input Voltage. This delay is the 
S/H acquisition time. 

Aperture Delay: The logic circuit inside the S/H requires 
some time to detect the S/H command and some time until 
the analog switch has fully opened. The sum of these times is 
the aperture delay. For high speed applications where it is im
portant to have very precise timing, the S/H command can 
be advanced to compensate for this aperture delay. 

Aperture Uncertainty: This time is the variation of the aper
ture delay from one sample to the next one; it is sometimes 
called aperture jitter. This time is roughly 100 times less than 
the aperture delay and it determines the maximum usable in
put frequency for S/H amplifiers. * 

Hold Mode Settling Time: Every time the S/H switches from 
sample to hold, a glitch pulse can be seen at the output. The 
time required for the output to settle before the ADC's com
parator makes the first (MSB) decision is the hold mode settl
ing time. 

Sample-to-Hold Offset: This offset or pedestal is caused by a 
charge transfer of the analog switch when switching from 
Sample to Hold mode. As long as the resulting offset is linear 
with input voltage, it will be noticeable only as a small gain 
change and can be trimmed out easily. 

Droop Rate: Due to leakage and bias currents the hold 
capacitor cannot hold the stored voltage indefinitely and 
therefore, it will discharge. This discharge is specified as 
Droop Rate and it must be kept in mind that Droop Rate nor
mally doubles for every 1Q°C rise in temperature. 

• The maximum frequency can be calculated with the formulas (1) and (2). 
In the formulas conversion time has to be substituted with aperture jitter 
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While the S/H eliminates many analog Signal processing 
problems, it also has some drawbacks. Due to non-linearity of 
the Sample/Hold offset and other effects, the S/H will always 
add errors to the following ADC. If, for example, the S/H is 
specified for use in 12-bit linear systems, a S/H nonlinearity of 
0.012% will be specified in the S/H data sheet, which equals 
1/2 LSB at 12 bits. If you sum this error up with the 1/2 LSB 
linearity specification of the following ADC, the worst case 
linearity error will be 1 LSB which means that the system ac
curacy has been degraded to 11 bits. It also might be 
necessary to adjust the output offset of the S/H in addition to 
the offset adjustment of the ADC. 

SINGLE PACKAGE SOLUTION 
To overcome these disadvantages and still use the benefits 

of a S/H, Hybrid Systems has introduced the HS 9474, a 
12-bit AID Converter with built-in S/H amplifier. The ADC 
used in this device is the industry standard HS 574. All func
tions of the HS 574 such as microprocessor interface, soft
ware controlled 8- or 12-bit conversion and internal reference 
voltage are also available with the HS 9474. The Samplel 
Hold command input of the S/H is directly connected to the 
STATUS output of the ADC so that the S/H is automatically in 
the hold mode during conversion and is switched back into 
the sample mode as soon as the conversion has been com
pleted. 

The specifications of the HS 9474, such as linearity, 
temperature drift and conversion time are identical to those of 
the HS 574 but with the S/H amplifier included. This means 
the errors of the S/H do not add to the errors of the ADC; 
they are included in the ADC specifications. The required 
hold capacitor is also included in the HS 9474, eliminating 
the need for external components and the possibility of errors 
due to dielectric absorption of the capacitor. 

Figure 7 shows the block diagram of the HS 9474. It is im
portant to notice that the HS 9474 is pin compatible with the 
HS 574. This allows existing designs which use a S/H ampli
fier to be upgraded to the HS 9474 without any hardware or 
software modifications. Also, universal AID interfaces can be 
equipped with the HS 574 or HS 9474 depending on the ap
plication. In all existing designs where a 574 is used with an 
external S/H amplifier, the 574 and the S/H can be replaced 
by a HS 9474 when a connection is made from the input to 
the output pin of the S/H layout. This not only reduces the 
cost for stock and incoming inspection (one component in
stead of 2-4), but also improves system accuracy and even 
maintains compatibility to the existing design . 
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Figure 7. HS 9474 Functional Diagram 
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Attention must be paid to the acquisition time of the S/H 
amplifier. To acquire a new analog signal, a time span of 10 
!.I sec (max) is required between two consecutive conver
sions. Because the output data of the ADC must be read and 
stored in memory, this time span is available in almost any 
application. While the digital data is transferred, the S/H 
already acquires the new input signal. Unlike the HS 574, the 
input impedance of the HS 9474 is very high eliminating the 
need for additional buffer amplifiers. Due to the relatively low 
input impedance of the 574 (3 to 14k ohm), a buffer amplifier 
is required if the signal source doesn't have a very low output 
impedance. 

BUILDING DATA ACQUISITION 
SYSTEMS WITH THE HS 9474 

Due to the high input impedance of the HS 9474 only a 
single analog multiplexer is required to build a multichannel 
Data Acquisition System (DAS). The ON-resistance of the 
multiplexer can be neglected compared to the input imped
ance of the HS 9474. The schematic of such a DAS with 
eight single-ended inputs is shown in Figure 8. For differential 
measurements, as required when common mode voltages 
are superimposed on the input signal, the circuit can be ex
panded with a second multiplexer and an instrumentation 
amplifier as shown in Figure 9. The resistors R1 and R2 can 
be used to control the gain of the amplifier in a wide range. If 
it is required to change the gain from one channel to the 
next, small reed relays can be used to switch different 
resistors, one for each gain setting. But for more than two or 
three gain settings, the use of a digitally programmable gain 
amplifier is recommended. Such an amplifier is the HS 2020 
which has fixed gains of 1,2,4,8, 16,32,64 and 128. The 
gains can be programmed with a 3-bit binary code. Figure 10 
shows the building blocks for a DAS with a very high 
dynamic range. 

As an alternative to building a DAS with functional blocks, 
Hybrid Systems offers the HS 9410 series and the HS 94041 
9408 series. These are complete DAS' as shown in Figures 

CHANNEL 
1-8 
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CHANNEL 
1-8 
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MUX-08 

MUX-08 

MUXADDRESS 

G = 1 + 2 R1 
R2 

8-10 packaged in one hybrid. The advantages of less board 
space, less inventory, simpler manufacturing and quickness 
to market may be beneficial to you. 

INTERFACING THE HS 9474 TO AJJ P 
A built-in microprocessor interface allows easy interfacing 

of the HS 9474 to both 8- and 16-bit microprocessor systems. 
The device can also be operated in a stand-alone mode. The 
converter provides an Ao address input which is normally 
connected directly to the LSB of the address bus. In memory 
mapped applications two adjacent memory locations are allo
cated to the device and from a software point of view, the 
HS 9474 is treated like an ordinary random access memory. 
Start of a conversion is achieved by writing any data byte into 
one of the two corresponding addresses. Depending on 
which of the addresses was chosen, either an 8-bit or a 12-bit 
conversion is started. 

The STATUS-output of the converter is set to a logic high 
level during conversion and returns back to a low level as 
soon as the conversion is completed. Once a conversion is 
started, there are several methods to detect the end-of
conversion and to read the data. For example, the STATUS
output can be used to cause a hardware interrupt by con
necting the STATUS line to the IRQ input of the processor. An 
interrupt service routine then can be used to read the data. 

MUX-08 

CHANNEL 
ADDRESS 

HS 9474 

DATA 

CONTROL 

Figure 8. Block Diagram of an 8-Channel 
Data Acquisition System 

t--+--I/ DATA 

I,,--r--__ CONTROL 

Figure 9. Data Acquisition System with 8 Differential Channels 
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Figure 10. Data Acquisition System with Digitally Programmable Gain Amplifier 

But in order to achieve the maximum conversion rate this 
method is not very practical because serving an interrupt re
quires many processor cycles (saving and restoring all 
register information). Another possibility is to connect the 
STATUS line to an input port and to read that port until con
version is completed. Also just a couple of NOP statements 
can be inserted in the software after the start command. The 
amount of the NOP commands must be chosen in accor
dance with the processor cycle time so that a minimum time 
gap of 30/.1 sec is inserted between the start of conversion 
and the data read procedure. This method has the disadvant
age that even if the converter operates at a higher speed (25 
/.I sec typical), the time gap must be 30/.1 sec long to be 
within the maximum specification of the conversion time. 

However, the best method to interface the HS 9474 to a 
processor is to suspend all processor operation during con
version. This can be done by connecting the STATUS-output 
to the WAIT- or HALT-input of the processor; in some cases 
little additional hardware such as gates or inverters is neces
sary. When writing the software, the data read instructions 
directly follow the conversion start command. As soon as a 
conversion is started, the processor stops operation and all 
bus and control lines are absolutely quiet. This greatly 
reduces the possibility of noise pick-up in the analog signal or 
the converter itself. As soon as the conversion is completed, 
the processor resumes operation and continues in the soft
ware to read the output data. 

The data format can be chosen by means of the 12/8 input 
of the HS 9474. If this input is at logic high level, the data for
mat is 12-bit parallel; if it is low, the data is available in two 
8-bit bytes which are addressed using the Ao line. One byte 
contains the upper 8 bits, while the other one contains the 4 
remaining bits followed by 4 trailing zeros. The data format in 
the 8-bit mode is therefore left-justified. 

Figures 11 a and 11 b show how to interface the HS 9474 to 
the popular microprocessors 8080A and 8048. For the 
8080A no address decoding is shown; depending on system 
complexity an address decoder might be necessary to 
generate the Chip-Select signal. 

The data outputs of the HS 9474 are able to drive one stan
dard TTL load. For systems where this is not sufficient, an 
additional bus driver (e.g., 74LS245) must be placed be
tween the data outputs and the bus. The output buffers inside 
the HS 9474 are built-in CMOS technology, so pull-up 
resistors are not required for CMOS processor systems. The 
data outputs are switched into high-impedance (tri-state) if 
Chip-Select or Chip-Enable are not valid or the STATUS
output is logic high. 

DATA AND HIGH BYTE 
CONTROL 

BUSES 

MIDDLE 

8080A BYTE 

RIC 

HS 9474 
CE 

A15 

Ao Ao 

CS 12/8 

HIGH BYTE 
(or LOW BYTE) 

8048 
MIDDLE BYTE 

RIC 

WR HS 9474 
CE 

RD 

PORT 2 Ao 
(BIT 1) 

cs 12/8 

Figure 11A. Interfacing HS 9474 to 8080A I-IP (Top) 

Figure 11 B. Interfacing HS 9474 to 8048 /.I P (Bottom) 

HELPFUL HINTS WHEN USING AIDs 
When using AID converters, some design rules must be 

obeyed to achieve the desired accuracy. One should keep in 
mind that for 12-bit resolution and 10 volts full scale range. 1/2 
LSB corresponds to just 1.22 mV. However, the comparator 
inside an ADC must be capable of making accurate deci
sions with much smaller voltages. In digital circuits the noise 
margin is in excess of a couple of hundred millivolts, but for 
analog circuits the noise margin is absolutely zero. Therefore, 
already small amounts of noise might have an effect on the 
ADC and this noise must be kept far away from such 
components. 
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Care must be taken when selecting the power supplies. In 
particular, switching power supplies often have high fre
quency noise in excess of 100 mV on their outputs. The abil
ity of the ADC to suppress changes in the power supply 
voltage is specified as Power Supply Rejection Ratio, PSRR. 
But this specification only applies to DC changes such as 
long term drift of power supply voltages. With increasing fre
quency the suppression of variations in voltage decreases 
rapidly, so that high frequency noise is not suppressed at all. 
If possible, the analog supply voltages of an ADC (± 15 volts) 
should be produced with linear regulated power supplies. 
Careful bypassing of all power supplies directly at the con
verter package is very important. A tantalum capacitor in 
parallel with a multi-layer ceramic capacitor should be used. 

Correct layout of the ground lines is extremely important to 
the function of the ADC. To avoid ground loops, all ground 
lines of a system should be connected at one "star-point" 
which should be located as close to the ADC as possible. 
Generally, ground lines should be of very low impedance. 
Therefore, wide ground runs on the PC board should be 
used. If possible, a ground plane should be located directly 
underneath the converter package. This ground plane can 
also be used to connect analog and digital grounds. In some 
cases it might even be necessary to shield the converter 
package from the top. 

However, the best protective measures are useless if the 
analog signal itself is superimposed with noise. In this case 
the input signal must be filtered and shielded cable should be 
used to connect the analog signal to the board. 

If any problems persist while designing in a Hybrid 
Systems' AID Converter, one should not hesitate to contact 
the factory for technical assistance. We know our product 
very well and our applications engineers will be able to assist 
in solving any problems you may have. 
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Nomogram to determine the maximum input frequency 

versus resolution and conversion time of ADCs without SIH 
amplifiers. 
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SIGNAL PROCESSING EXCELLENCE 

As users of data acquistion systems become more sophisti
cated and their applications become more complex, the 
limited capabilities of simple systems become apparent. Two 
new quad sample/hold amplifiers from Hybrid Systems allow 
circuit designers to optimally address increasingly complex 
data conditioning and acquisition problems. 

In a simple data acquisition system (DAS), the usual 
method of digitizing multiple inputs utilizes an input multi
plexor (see Figure 1). This configuration utilizes a minimum of 
hardware to sequentially sample and digitize the multiple 
channels. The timing required is shown in Figure 1 b. The 
time to sample any channel will consist of the sum of at least 
three delays. First is the acquisition time of the S/H, which is 
the amount of time required for a worst case input voltage 
swing to settle out to the required accuracy at the hold 
capacitor. Second would be the aperture delay time, the finite 
time required to actually switch the S/H into hold mode. 
Because this time represents a delay, it can be pipelined out 

VI NO >--+------r+---.--, 
VINl '----'---..... 
VIN2 ,,---J,.._-~ 

VIN3 ,,---J,.._-~ 

Figure 1A. Simple Sequential Four-Channel DAS 
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Figure 1 B. Timing 

QUAD S/H SOLVES 
ACQUISITION PROBLEMS 

of the total time by applying the "hold" command earlier. 
When pipelined, the next will be the hold-mode settling time, 
the delay while the output buffer of the S/H settles out from 
the hold-mode switching transition. Third is the specified con
version time of the A/D converter. A fifth time, that for the 
multiplexor to switch channels, is usually pipelined to occur 
while the S/H is in hold mode, again not affecting the total 
aggregate system sampling rate. 

Assigning some typical numbers to these times gives an in
teresting view of the efficiency of such a system. Table 1 
shows that for a fast A/D converter, the large acquisition time 
(7 /As) is the bottleneck limiting a 500 kHz A/D to a 102 kHz 
aggregate throughput rate. Even with a slower A/D converter 
this time can prove to be troublesome. Consider the design 
of a four-channel time division multiplexor for four telephone 
channels. A 25 /As A/D (40 kHz) proves too slow to sample 
the four channels at 8 kHz each if the prescribed 7 /As worst
case acquisition time is allowed. 

Simple Simultaneous Pipellned 
Sequential Sampling Acquisition 

DAS DAS DAS 

Maximum Aggregate 
Sampling Rate 102.0 kHz 183.4 kHz 250 kHz 
(Assuming 2 ,.. sAID) 

Maximum Per Channel 
Sampling Rate 25.5 kHz 45.9 kHz 62.5 kHz 
(2 ,.. sAID, 4-Channels) 

Maximum Aggregate 
Sampling Rate 30.5 kHz 35.1 kHz 37.0 kHz 
(25,.. sAID) 

Maximum Per Channel 
Sampling Rate 7.6 kHz 8.8 kHz 9.3 kHz 
(25,.. sAID, 4-Channels) 

Table 1_ Maximum Data Throughput Rates for Four-Channel 
Data Acquisition Systems 

Another characteristic of the simple DAS is the-amount of 
stress that it applies to the S/H. The one S/H must be switched 
at the full conversion rate and with minimum sample-mode 
time to get maximum throughput. The required maximum 
slew rate in this configuration will be a full scale transition 
before adjacent conversions, even though each separate in
put signal must be antlalias filtered to less than 1/4 of this rate 
(for a four-channel system). Because of the time multiplexing 
of the input to the sample/hold, even slowly changing signals 
will require maximum slew rate if one signal is near full scale 
and the next near negative full scale. Failure to observe maxi
mum acquisition time specifications will lead to non-settling of 
the sample/hold independent of the input signal slew rate. In
deed, non-settling will show up as adjacent channel feed
through or for worst-case situations as differential linearity 
aberrations near the major carry codes (for a successive 
approximation converter where the initial major-carry test is 
fooled by non-settling). 
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A final characteristic of the simple sequential DAS is the 
time delay between the samples of each channel. When time 
and phase relationships between the channels are important 
aspects of the system being monitored, these delays make 
the simple DAS unuseable. Consider the class of problem 
where multiple inputs are used to infer a multidimensional 
parameter of interest. A straightforward example is a robotic 
controller for a mechanical arm. Four channels are used to 
represent the x, y, z and rotational position of the arm. The 
instantaneous position of this arm would be very difficult to 
control during complex motions without simultaneous samp
ling of the four-dimensional vector. 

Another example problem occurs during modal analysis, 
the testing of a structure's response to vibration. Multiple 
accelerometers are placed at a spacing determined by the 
expected maximum spatial frequency of the bending modes. 
A calibrated impact is applied to the structure and the result
ing accelerations are sampled. From the multiple channels a 
two- or three-dimensional map of acceleration, velocity and 
displacement can be generated. Any time skew in the 
samples will badly distort the spatial relations between the 
sensors and thereby distort any two- or three-dimensional 
reconstruction. This technique is used with finite element 
analysis to verify earthquake survivability of skyscrapers and 
the structural stability of airplanes. Other three-dimensional 
reconstruction techniques are used in seismic data analysis 
for oil exploration and earthquake studies. 

Another example of problems exists in an application 
where the spectra of two channels must be compared or cor
related. The phase shifts between various channels are plot
ted versus input frequency in Figure 2. It can be shown that 
the time delay between the channels will apply a systematic 
error term of difference between the spectrums' mathemati
cal descriptions. This shows up in the imaginary part of the 
spectrum as a linear slope. 
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Figure 2. Phase Shift Between Channels Versus Input 
Frequency in Four-Channel Sequential Sampling DAS 
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The optimal DAS architecture for these types of problems 
is one with a sample/hold for each channel with all channels 
simultaneously sampled, then converted sequentially. Figure 
3 shows a simultaneous DAS architecture and timing. Notice 
that for an n-channel system only one acquisition time delay 
is required per n channels converted. A four-channel system 
using the same A/D converters as before yields aggregate 
throughputs of 183.4 kHz and 35.1 kHz, respectively (see 
Table 1.). Notice that the hypothetical telephone time division 
multiplexor is now feasible using a 25 lAs A/D due to the 
throughput gain. Each input channel must be band limited to 
one quarter of the Nyquist frequency, which means that the 
maximum slew rates at each sample/hold will be one quarter 
of that in the simple sequential system. This implies that each 
channel will show less dynamic settling error. Finally, the 
samples will show time delays of less than 5 ns between each 
other, preserving the phase information between the channels. 

Figure 3A. Simultaneous Sampling DAS Using HS 9704 
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Figure 3B. Timing for Simultaneous Sampling DAS 
Using HS 9704 



While the simultaneous sampling DAS increases through
put substantially, even more throughput can be obtained by 
pipelining the acquisition time entirely out of the total cycle 
time. A pipelined DAS and its timing is shown in Figure 4. 
After the pipeline is filled (11 /As for the example in Figure 4), 
the system can continuously convert samples at a 250 kHz 
rate (assuming a 2 /As A/D) or 37 kHz for the 40 kHz A/D (as 
in Table 1). Again the slew rate settling requirements upon 
the sample/holds are minimized, yielding better dynamic per
formance. The phase shift between channels is minimized, 
but still very significant. When maximum throughput is the 
design goal, a pipelined DAS makes the most sense. 

Figure 4A. Pipelined Acquisition DAS Using HS 9705 
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Figure 48. Pipelined Sequential Data Acquisition System 
Using HS 9705 

An interesting class of problem can be addressed by hard
ware identical to the pipelined system above. A fast "window 
grabber" system can be used to sample a limited number of 
points spaced much closer in time than the A/D conversion 
rate. For example, consider an eight-channel pipelined hard
ware system where each of the channels is connected to the 
same input. If the problem at hand involves analyzing eight 
points spaced 1 /As apart (to examine the impulse response of 
system, for instance), it is possible to stagger the hold com
mands to each channel by 1 /As to "grab" eight points with 
1 /As spacing. The multiplexor is then used to route the 
samples to a slow A/D to sequentially convert them in non
realtime. 

In order to support the various applications mentioned 
above, Hybrid Systems has announced two different versions 
of quad multiplexed sample/holds. The HS 9704 is a binary 
encoded model. Each sample/hold can be uniquely addressed 
by a binary address for ease in /AP interfacing. It also supplies 
an overriding "hold all" single control in order to simplify the 
design of simultaneous S/H systems. An implementation of a 
simultaneous sampling system is shown in Figure 5. 

This synchronous circuit uses programmable counters to 
set various time delays. Converters of various speeds can be 
substituted by changing the programmed delays (possibly by 
useof dip switches) or by adjusting the master clock frequency. 

The first programmable delay represents the sample-mode 
acquisition time of the S/H. A 7 /As acquisition time requires 
56 clock periods of an 8 MHz clock. The most significant bit 
counter will output a terminal count when it counts to all ones. 
This occurs during count 1111 0000 = 240 Base 10. We use 
the leading edge of the 57th count to clear a flop and termin
ate the sample mode. Therefore, the preset data on the 
acquisition time counters is set to 240 - 57 = 183 Base 10 
or 1011 0111 binary. 

The next delay, the multiplex time, represents the amount 
of time each channel of held signal must be applied to the 
output buffer during each conversion. This time is equivalent 
to Tbs + Tcon, the output buffer settling time plus the A/D 
conversion time. For a per channel sampling rate of 8 kHz, 
we can allow up to 29.75 /As for this time. This is equivalent to 
238 periods of an 8 MHz clock. In order to prevent terminal 
count glitching, we use up two clock periods to sequentially 
load and then enable the counters. Therefore, the multiplex 
time data inputs are set to 240 - 239 + 2 = 3 or 0000 0011 
binary. 

The fastest simultaneous system requires that the first buf
fer settling time be pipelined to occur during the acquisition 
time. However, each successive channel requires a com
pletely symmetric sequence of control up to and including 
the nth channel. If we postulate symmetric timing for all four
channel conversions (in order to simplify the hardware), the 
beginning point of that symmetric cycle would occur before 
the end of the acquisition time. Specifically, it would occur 
Tbs - (Ths + Tad) before the end of the acquisition time. 
For Tbs = 2 /As, Ths = 800 ns and Tad = 200 ns, we re
quire this symmetric cycle to start 1 /AS before the hold mode 
is entered. Since we previously set the entrance to hold mode 
to occur after 56 counts, we need to decode 1 /As or 8 
counts prior to entering hold mode. This must be done 
carefully to avoid glitching caused by asymmetric rise and fall 
times on the counter outputs. The magnitude comparator P 
= Q output could be used by synchronously clocking it into 
a flop at a cost of another flop and one clock period delay. 
The P > Q output goes low one count after the selected 
count but doesn't glitch. This output is used by applying 240 
- 8 - 1 = 231 Base 100r 11100111 binary at the sym
metry start data inputs. 
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Figure 5. Four-Channel Time Division Multiplexing 
12-8it DAS Utilizing Simultaneous Sampling 

The industry standard HS 574A AID converter is an 
asynchronous device which requires a pulse to start. The 
simplified conversion time shown in Figure 3 must be further 
subdivided into a start pulse time, a true conversion time and 
a data latch time. By decoding one count of an 8 MHz clock 
we can supply a 125 ns start pulse (R/C*). The first pulse 
should occur Ths + Tad after entering hold mode. The next 
three pulses should occur Tbs after the multiplexor is switched. 
Because we initialize the multiplex time counter early, these 
two required timings can be generated by the same circuit, 
and the timing becomes symmetrical. The HS 9704 buffer 
settling time is 2 /As. Therefore, we set the buffer settling delay 
data inputs to decode 16 counts after the preset multiplex 
count of 3, where 16 + 3 = 19 Base 10 or 0001 0011 
binary. Again, the P = Q output can glitch due to input 
riselfall time differences. The 574 needs a minimum start 
pulse width of 50 nsec, so glitches don't start it; but at a cost 
of another flop the P = Q output could be synchronously 
clocked. This would require applying data to decode one 
clock earlier (data = 0001 0010). 
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The output data can be latched anytime between the end 
of the AID conversion and the next RIC· (start) pulse. The 
simplest circuit latches data one clock after the multiplexor 
channel is switched. To insure that no false data is latched, 
this pulse is not enabled until after the first acquisition. Drop
ping the convert request level also disables output data and 
eventually reinitializes the logic. 

The maximum true conversion time allowable runs from the 
rising edges of RIC· to the mux channel switch pulse 
(ct238h). Quantitatively this is equivalent to the multiplex time 
minus the buffer settling delay minus the RIC· pulse width, 
assuming that the multiplex switching and the data latching 
overlap for a small pipeline effect. In this example, the multi
plex edge time is 237 counts, the buffer settling (Tbs) = 16 
counts and RIC· = one count, so the maximum true conver
sion time at the AID is 220 counts or 27.500 /As. This 
specification is met by the Hybrid Systems HS 574A, an in
dustry standard 12-Bit AID converter with 27 /As maximum 
conversion time over the military temperature range. The 
HS 9704/5 can be obtained in military temperature grades 
also, so that if 541 s logic is used in the application circuit, the 
whole DAS should function over temperature. 



The HS 9705 incorporates unencoded direct control of 
each sample/hold. This feature allows the sampling times of 
each channel to be staggered in order to support pipelined 
system applications. A simultaneous sampling system can still 
be implemented by tying S/HO through S/H3 together exter
nally, then pulsing them in the same manner as a "hold all" 
control. An implementation of a pipelined DAS is shown in 
Figure 6. 

This application circuit takes advantage of the 16 /-Is total 
cycle time achievable with a sub-two /-IS converter like the 
HS 9520. This modulo 2 cycle time allows the 4-Sit binary 

counters to run open loop from clear using a 1 M Hz clock. 
Again, the simple conversion time of Figure 4 must be sub
divided into a start pulse time, a true conversion time, and a 
data latch time. The 8 MHz master clock allows the conver
sion time to be synchronously subdivided to decode these 
pulses. 

In operation the begin h level is brought high and the 
counters start from clear on the next 8 MHz clock. From this 
starting point (run h == 1) until the time decoded by the' 1 s20 
(7 /-Is here) will be the acquisition time for the first channel. 
This channel is then put in hold mode until the next cycle 
starts at 4 (Tbs + Tconv) == 16/-1s. 

Figure 6. Pipelined Acquisition DAS for 250 kHz 
Throughput Using HS 9705 
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In general, the next channels must have identical timing on 
their S/Hn* lines, except that each must be delayed by (Tbs 
+ Tconv), here equal to 4 /As. This can be accomplished with 
minimal hardware by simply delaying the original signal by 4 
/As taps using LS164 shift registers. No end-of-cycle reset is 
necessary as the 4-Bit counters roll over at the 16th count. 

The timing of Figure 4 shows that the optimum system 
would have its first conversion initiated at Tad + Ths after the 
end of the first acquisition time. This is 1 /As for Tad = 200 ns 
and Ths = 800 ns. For simple, symmetric hardware, this cir
cuit initiates the first conversion at a Tbs delay (2 /As), which 
incurs a one-time 1 /As penalty in filling the pipeline. This is 
legal because the aperture delay is included in the Tbs speci
fication on the data sheet. Note that a 200 ns aperture delay 
would otherwise become significant (a 10% longer (Tbs + 
Tad) delay would be required before each conversion if Tad 
isn't pipelined as in Figure 4). 

The mux address counter gets enabled from clear after the 
first acquisition (at 7 /As). Two /As later the divide-by-four 
(250 kHzh) output goes high. This edge is delayed by almost 
125 ns by the flip-flop and the two signals are gated to pro
vide a start pulse to the HS 9520. At the falling edge of the 
start pulse the conversion begins and the status output goes 
high. Output data is valid after the status line goes low, 
1.5 /As later. 
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The start pulse occurs during the first 125 ns of the "simple 
conversion time." The converter must complete its conver
sion within 1.875 /As, because at that point the multiplexor will 
be commanded to switch and the analog input will soon 
begin to change. Output data will be valid for 2.125 /As and 
can be latched anytime within this window. The simplest 
implementation is also the fastest and uses the inversion of 
250 kHzh to latch data at 1.875 /As after the start of true 
conversion. 

The HS 9704/5 quad multiplexed S/H's provide three of 
the major building blocks of a multichannel data acquisition 
system within one 24-pin double dip. The addition of an AID 
of the required speed and control logic form a complete four
channel DAS, expandable in four-channel increments. The 
choice of control logic offered by the otherwise identical units 
allows for the design of sophisticated systems optimized for 
throughput or the required application. Making use of the in

ternally trimmed offsets and pedestals and the temperature 
tracking allows the designer to construct unusual systems of 
high accuracy. "Window grabbers" require no extra external 
parts. The use of two parts and an external differential op
amp completes a two-channel true differentiator (y(t) = x(nt) 
- x(nt - 1 ». As AID converter speeds continue to rise, the 
sophisticated system designer will increasingly turn to inte
grated subsystems such as these for system solutions. 
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SIGNAL PROCESSING EXCELLENCE 

CMOS DACS 
IMPORTANT CONSIDERATIONS ABOVE 12-BITS 

BACKGROUND 
High resolution data converters are now more than just a 

design curiosity in current circuit designs. In particular, with 
the price of digital to analog converters becoming more cost 
efficient designers are increasing system performance with 
little increase in parts cost. The new 16-bit CMOS DAC's are 
now selling for what used to be the price of 14-bit DAC's 
and 14-bit DAC's are now replacing 12-bit DAC's for more 
demanding applications. The evolution from large rack 
mounted DAC's to modules and now to hybrids and mono
lithic devices has been made possible by the optimum use 
of each technology. Modules could accommodate precision 
resistors and individual bit trims along with thermal blankets 
(ovens) to achieve the desired stability. However, modules 
have been limited in terms of circuit density and reliability. 
With the development of CMOS IC technology along with 
the maturation of deposited resistor technology, circuit 
designs have taken full advantage of these advances to the 
benefit of the user. 

Hybrid Systems has been a leader in the design and 
production of high resolution hybrid and IC DAC's. Rec
ognizing the benefits of both CMOS and resistor tech
nology Hybrid Systems has introduced important and 
innovative products. . many of these products were 
industry firsts and are listed below: 

DAC370. Industry's first hybrid 18-bit MDAC linearity 
0.0008% (16 bits) with input registers. 

DAC377. Industry's first complete 18-bit DAC linearity 
0.0008% with output amplifiers and reference. 

DAC9331-16. Industry's first 16-bit MDAC with 0.0008% 
accuracy and guaranteed monotonic over temperature to 
16-bits with internal latches. 

DAC9377-16. 16-bit 0.0008% accurate complete DAC 
with voltage output and internal reference. Also available 
in 4 BCD. 

HS 3140. Industry's first 14-bit MDAC linearity 0.003% 
(14-bits) from O°C to 10°C (0° to +85°C, Eversion; 
-25°C to +85°C, B version). 

HS 3160. 16-bit monolothic MDAC, guaranteed monotonic 
to 0.003% (14-bits) from O°C to + 10°C (C version) 
and - 25°C to + 85°C for B version with MIL-STD-883 
screening. 

HS 3120. 12-bit MDAC, monolithic, double-buffered, lAP 
compatible, super stable ... 1ppm/oC Max.!! linearity drift, 
monotonic O°C to 10°C. 

HS 9338. 12-bit low cost, complete (0 to + 10V, ± 10V), 
lAP compatible. 

DAC9356. Low cost complete 12-bit DAC with lowest 
power ... 115 mW, ± 10V out DAC80 pinout. 

DAC80. Industry standard low cost DAC voltage and cur
rent versions ... no + 5V required. 

High resolution DAC's developed by Hybrid Systems include: 
DAC9331-16 (top) industry's first 0.0008% accurate Hybrid DAC 
and HS 3160 (bottom) 16-bit CMOS MDAC guaranteed monotonic 
to 14 bits (0.003%) from - 25°C to + 85°C. 

Figure 1 

DESIGN PROBLEMS 
Problems and technical issues must be addressed by 

both the designer of the DAC and the user in applying the 
DAC within an application circuit. The device design prob
lems and solutions are presented first. While it may seem to 
the user that the problems of the device designer are mat
ters of little importance to the application, quite the contrary 
is the case. These issues are relevant in that they serve to 
enlighten the designer with nontrivial considerations in 
device selection and in great measure the selection of a 
vendor to supply these parts. 

The most important issue in designing high resolution 
DAC's is the basic architecture, i.e. binary weighting versus 
others. The most common technique for building a D/A con
verter of n-bits is to use n-binary weighted switches to turn 
n-current or voltage sources ON or OFF, Figure 2. These 
switches are designed so that each switch or "bit" con
tributes twice as much to the D/A ouput as the preceding 
bit. This allows an nth-bit converter to generate 2(n-1) output 
levels by turning ON the proper combination of bits. 
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DESCRIPTION OF KEY SPECIFICATIONS 

MODEL 

TYPE 

DIGITAL INPUTS 

Resolution 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility 
Input Current 

REFERENCE INPUT 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 
Output Capacitance 
Important consideration for Scale Factor Scale Factor Accuracy 
settling time and feedthrough. Output Leakage 

"'-... @ +25°C 
Integral Linearity -........... @ + 125°C 
M 

.. Output Capacitance 
easured as the arithmetic Cout 1, all inputs high 

mean value of the magnl- Cout 1, all inputs low 
tudes of the greatest positive Cout 2, all inputs high 

HS 3160 

4 Quadrant Multiplying 

16-Bits 
Binary 
Offset Binary 
CMOS, TIL 
<11lA 

± 25V (max), AC or DC 
6.5kQ ± 50% 

150~IVREF ± 50% 
±1% 

10nA (max) 
200nA (max) 

100 pF 
50 pF 
50 pF 
100 pF deviation and the greatest Cout 2, all inputs low 

negative deviation from the S_T_AT_I_C_P_E_R_F_O_R_M_A_N_CE ______________ _ 

theoretical value for any give;--';::Integral Linearity 
input combination. HS 3160-3 

Stability of Linearity vs 
Offset 

HS 3160-4 

Differential Linearity 
HS 3160-3 

HS 3160-4 

Monotonicity 
HS3160-3 
HS3160-4 

DYNAMIC PERFORMANCE 

Digital Small Signal Settling 
The missing specification. Digital Full Scale 
After the HS 3160 was Transition Settling 

±0.006% F.S.R. (typ) 
±0.012% F.S.R. (max) Differential Linearity 
±0.003% F.S.R. (typ) ~The deviation of an output 
±0.006% F.S.R. (max) step from the theoretical value 

±0006% F.S.R. (typ) of 1 LSB for any adjacent in-
±0.012% F.S.R. (max) put codes. ± 0.006% Max 
±0.003:o F.S.R. (typ) is accuracy to 14 bits. The 
± 0.006 Vo F.S.R. (max) DAC9377 -16 is guaranteed to 

Guaranteed to 13-Bits 0.0015% (16 bits). 
Guaranteed to 14-Bits 

Reference Input BW 

characterized, it was found \ Reference Feedthrough Error 
that this specification is (V~F1 ;H~OVPP) 
0.0325mV/mVos. Because of @ 10kHz ~~~V 
this, external potentiometers Reference Input Bandwidth 1MHz 

The reference can be an AC 
signal. The dynamics of this 
parameter are important in 
high speed signal processing. 

can be eliminated. STABILITY (Over specified temp. range) 

4ppm/oC (typ) Scale Factor 
Integral Linearity 0.5ppm F.S.RJOC (typ) Linearity TC 

Monotonic Temperature 
Differential Linearity 

1ppm F.S.RJOC (max).::::::=======- Impressive stability only ob-
0.5ppm F.S.RJOC (typ) . db' 
1 ppm F.S.RJOC (max) talne y the decoding 

Range ~ M~~~1n~~~_;~:P. Range 
The temperature range over HS 3160B-3/-4 

O°Cto + 70°C 
-25°Cto +85°C 

which the analog output in- POWER SUPPLY (Voo) 
creases or remains constant ----:-N:-o-m-:-in-a:-:I V-:-o-:-lt-ag-e--=-=-----+-1-5-V-±--5-0;.-o --------
as the input digital code in- Voltage Range +8Vto +18V 
creases, but never decreases. Current 2mA 
This range of monotonicity is Rejection Ratio 0.0005%/% 
important in many servo or TEMPERATURE RANGE 

control systems. Operating HS 3160C-3/-4 
Operating HS 3160B-3/-4 
Storage 

SCREENING 

C-Models 
B-Models 

MECHANICAL 

Case Style 

Price ~ PRICE (1-9) 

Important key criteria in 
evaluating the price perform
ance ratio. 
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HS 3160C-3 
HS 3160C-4 
HS 3160B-3 
HS 3160B-4 

O°Cto + 70°C 
-55°C to + 125°C 
-65°C to + 150°C 

O.4%AQL 
MIL-STD-883B 

... 

22 pin DIP, ceramic 

techniques described. 

Screening 
0.4% AQL means that there 
will be no rejects in a sample 
lot of 100 pcs. All units have 
full burn-in at +85°C. 
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Binary weighted current sources. Note resistor valves increase geometri
cally. This form taken directly becomes difficult to implement at high 
resolution. 

2R 2R 2R 2R 2R 

R - 2R ladder network. By far the most basic approach in DAC 
construction. 

Figure 2 Binary Weighted DAC-Circuit Configuration 

Figure 3 illustrates graphically the binary bit weights. 
Since the most significant bit (MSB) contributes to 1/2 of the 
full scale output, bit 2 (MSB-1) contributes 1/4FS, bit three 
contributes 1/SFS etc. It follows that the worst errors occur 
at the major transitions of 1/2 scale, 1/4 scale etc. In bipolar 
modes where 1/2 scale is translated to 0; the greatest error 
in this case is at O. Because of these conditions, the stability 
of the resistors and switch elements must be closely con
trolled. As an example, a 1% change in the MSB of a 10-bit 
converter will affect the output by 0.05% of full scale. On 
the other hand, a 1% change in the LSB of the same 10-bit 
converter affects the output by only 0.001010 of full scale. To 
extend this discussion to 16-bits ... and to maintain say 
1/4LSB differential linearity the resistors have to be matched 
to 0.00015% (15 ppm) ... and be kept to this match over 
time and temperature. 

To overcome this basic drawback, Hybrid Systems has 
applied a decoding technique originally used in high speed 
"low glitch" DAC's. In 1979 Hybrid Systems introduced the 
first "low glitch" display DAC, DAC394, using a design ap
proach that would reduce glitches. The design task at the 
time was to develop a DAC structure that would reduce the 
amount of switching currents that occur at the major transi
tions inherent in the R-2R approach commonly used. 

Therefore, to reduce glitches (digital feedthrough) and to 
improve DAC performance ... linearity and stability ... the 
DAC is divided into two sections. This was the design ap
proach used in implementing all of Hybrid Systems' high 
resolution DAC's. Figure 4 shows a 16-bit DAC with 
decoding of the top 4 MSB's. 
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BIT 3 
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o 1 0 1 0 
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o 0 0 1 1 1 
BINARY INPUT CODE 

Figure 3 Binary Weighted DAC-Bit Weights 

2R 2R 2R 2R 2R 
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BIT 1 BIT 2 BIT 4 BIT 5 
MSB 

16-bit MDAC implemented by decoding top 4 MSB'S into 15 equal current 

sources followed by 12-bit R - 2R DAC 

BIT 40 1 
BIT 300 
BIT 200 
MSB 00 

o 1 0 1 
1 1 0 0 
1 1 0 0 

o 0 0, 1 1 
BINARY INPUT CODe 

Figure 4 16-bit decoded DAC, top 4 bits decoded 
into 15 steps. 
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The lower order 12-bits which together only constitute 
6.25% (4096/65536) of the total output current is im
plemented with a conventional R-2R current ladder. 
However, instead of the upper 4-bits driving current 
sources with a binary weight of 1/2, 1/4, 1/8, and 1/16 the 
input lines are decoded into 15 logic lines which drive 15 
equal current sources. Now, each of these equal sec
tions ... of the top 4 MSB's ... has a weight of only 
1/16th or 6.25% of the total output. Therefore, as the in
coming code on the 4 MSB's increment from 0 to 15, the 
equal current sources incrementally add 1/16th to the 
previous sum. As can be seen from the Truth Table 1, only 
1 current source is switched ON for each successive major 
transition. Further it can be seen that all switching between 
any of the 16 major transitions involves either turning ON or 
OFF current sources ... but never both in the same step. 
Using this technique greatly reduces the glitches produced 
by asymmetrical switching. 

INPUT BINARY CODe OUTPUT 
MSB BIT 2 BIT 3 BIT 4 123456789101112131415 

0 0 0 1 100000000000000 
0 0 1 0 110000000000000 
0 0 1 1 111000000 0 0 0 0 0 0 
0 1 0 0 111100000000000 
0 1 0 1 111110000000000 
0 1 1 0 111111000000000 
0 1 1 
1 0 0 
1 0 0 
1 0 1 
1 0 1 
1 1 0 
1 1 0 
1 1 1 
1 1 1 

1 111111100 0 
0 111111110 0 
1 111111111 0 
0 111111111 1 
1 111111111 1 
0 111111111 1 
1 1 1 1 1 1 1 1 1 1 1 
0 111111111 1 
1 111111111 1 

4 binary bits decoded into 15 LINES 
TRUTH TABLE 1 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
1 0 0 0 0 
1 1 0 0 0 
1 1 1 0 0 
1 1 1 1 0 
1 1 1 1 1 

In summary, by means of decoding, a high resolution 
DAC such as the HS 3160 can be made less sensitive to 
changes in individual bit switches. Further, differential lineari
ty, and stability both over temperature and time are 8 times 
better ... (the MSB contributes 1/16 vs 1/2). 

The HS 3160 is fabricated using a CMOS monolithic pro
cess in which the 4 MSB's are decoded. This requires 27 
analog. switches. 12 switches are used for the lower 12 bits. 

By far the most important benefit of the decoding tech
nique described here is the reduced VOS sensitivity of the 
DAC. The segmented DAC is less prone to linearity varia
tions due to the TC effects of VOS in the output amplifier. 

APPLICATION PROBLEMS 
The benefits of the decoding process will become ap

parent to the user. DAC specifications can be analyzed 
relating to user benefits. 

Temperature Stability 
As discussed above, the decoding of the 4 MSB's (as in 

the HS 3160) improves parameters affecting DAC output by 
a factor of 8 over conventional R-2R techniques. Hybrid 
Systems' thin film resistor process yields resistor tracking 
stability in the order of 2ppm/DC typ., 6ppm/DC Max. 
This stability will yield (in the R-2R approach) linearity 
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temperature coefficients of 1ppmlDC typ., 3 ppm/DC Max. 
However, in a decoded DAC we can divide these TC's by 
8 ... which yield linearity TC of 0.13ppm/DC, 1ppm/DC Max. 
In the case of the HS 3160, the specifications are conser
vatively rated at 0.5ppm/DC, 1ppm/DC Max. for both integral 
A.nd differential linearity. Monotonicity is then guaranteed 
o D to 75 DC (C models) and - 25 DC to + 85 DC (B models). 

Other high resolution DAC's from Hybrid Systems also 
feature impressive stability specifications due to the decod
ing process. Consider the DAC9331 (16-bit hybrid MDAC) 
with differential linearity TC of 0.5ppm/DC Max. Long term 
drift of linearity is specified at 3ppm FSR/1000 hrs. and 
scale factor TC is specified at 2ppm/DC FSR Max. 

Output Capacitance 
An undesirable specification of all CMOS DAC's is output 

capacitance. This is the capacitance effect of the FET bit 
switches and is present in all CMOS DAC's. The DAC 
equivalent circuit is represented in Figure 5. Co is the output 
capacitance which is the distributed switch capacitance 
apparent at the output terminals (10 terminals) to ground. 
The unwanted problems associated with this parameter are 
settling time and digital feedthrough; both will be discussed. 
However, because of the decoding technique previously 
described, Hybrid Systems' CMOS DAC's all exhibit in
dustry's lowest value for this important parameter. In the 
decoding scheme, the binary weights are smaller (resistors 
are larger), so small FET switches can be used with 
resulting low capacitance. Basic R-2R DAC's require very 
large FET switches in the MSB's to reduce ON resistance 
thereby increasing Co. 

For example, Hybrid Systems' HS 3120 is a 12-bit CMOS 
DAC, the specified Co of 25pF/50pF (shown with both con
ditions ... switches OFF/ON) is the lowest capacitance Co 
of any CMOS DAC available ... in fact at least 5 times bet
ter. The specification indicates the expected values for Co 
over all input codes. Hybrid Systems' HS 3140 and HS 3160 
(14- and 16-bit MDAC's) have specified Co of 50pF/100pF 
which is the lowest specified for this class of product. 

""fi {:, ).,1 i>L ~ 
C; 

Figure 5 MDAC Equivalent Output Circuit 

Settling Time 
Settling time is directly affected by Co. In Figure 5, Co 

combines with Rf to add a pole to the open loop response, 
reducing bandwidth and causing excessive phaseshift
which could result in ringing andlor oscillation. A feedback 
capacitor, Cf, must be added to restore stability. Even with 
Cf there is still a zero-pole mismatch due to RiCo, which is 
code dependent. Mismatch is minimized when RiCo = 
RfCf. However, Cf must now be made larger to compensate 
for worst case RiCo; resulting in reduced bandwidth and in
creased settling time. With Hybrid Systems' 16-bit HS 3160 a 
small value of Cf can be used. Resistor Rp can be added; 
this will parallel Ri decreasing the effective resistance. If Cf is 
reduced, the bandwidth will be increased and settling time 
decreased. However, a system penalty for lowering Cf is to 
increase noise gain. The tradeoff is noise versus settling 
time. If Rp is added then a large value (1/Ai= or greater) non
polarized capacitor Cp should be added in series with Rp to 
eliminate DC drifts. If settling time is not important, eliminate 
Rp and Cp and adjust Cf to prevent overshoot. 



Digital Feedthrough 
Digital feedthrough is never directly specified by manufac

turers, however, the user can assume that this will generally 
be directly proportional to Co. This parameter as applied to 
multiplying DAC's refers to the change in output with OV 
applied to the reference (analog input) and toggling the 
digital inputs at any worst case code. When uSing high 
resolution DAC's any feedthrough will affect system perform
ance considering that 78",V is 1/2 LSB at 16 bits! 

In the case where the DAC has on-board latches, 
measurements of feedthrough should be made with the 
reference set to full-scale and the data latched. Now tog
gling the input code any resultant output change is feed
through. Feedthrough does occur even when DAC's hav~ 
on-board latches. One can surmise that any feedthrough In 
latched DAC's is due first to capacitative coupling between 
CMOS cells where energy is coupled to the output in the 
form of spikes. Secondly, spikes can be coupled onto the 
output due to the capacitance of the package alone. 

Hybrid Systems' HS 3120 with on-board latches has been 
measured for feedthrough characteristics by several users. 
Even though the specification for Co is typically 4 times bet
ter (due to decoding) than equivalent devices: measure
ments confirm that feedthrough is an astounding 10 times 
better than others tested. 

Most manufacturers now concede that there will be digital 
feedthrough even with one or two (double-buffering) layers 
of registers built into the device. The solution is to keep all 
digital input lines to the DAC as inactive as possible by use 
of external buffers. An example of this shown in Figure 6 
where a rank of 74LS273's serve as separate latched buf
fers. Low power Schottky logic is recommended when ex
ternal latches are used because of the uniform nature of the 
propogation delays between the rising and falling signal. 
This is not usually the case with other logic (or standard 
Schottky) devices. The latches should be as close to the 
DAC as possible and DAC input lines should be of equal 
length. 
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ADDRESS DECODER lATCHES 
NOTES: 

UNIPOLAR MODE 
(2·QUAORANT) 

ROS' 

VOUT 
o to -VREF 

(1-2-") 

1. A1 can be selected with low pretrlmmed offset. ROS could then be replaced with a fixed R. 
2. HS REF·01 recommended fixed reference applications. 
3. Series resistor recommended to limit current during 'turn-on.' 
4. HP2800 recommended for high speed applications 

Figure 6 Microprocessor Interface to H5 3160 

Another suggestion to lower digital feedthrough is to 
clamp the MSB inputs to the DAC. As shown in Figure 7,. 
resistors can be added to the MSB inputs to keep the logiC 
"1" voltage as close to minimum as possible. Rather than 
allowing the TTL drive line to rise to + 3.5 or + 4.0 volts the 
lines can be kept at close to a minimum "1" or 2.4 volts. 
Pull down resistors are added from the inputs to ground. 
These resistors cause the driving element to source more 
current which lowers the DAC input voltage and source im
pedence. This impedance reduction will reduce noise 
pickup. Low power Schottky gates will source 400",A for a 
"1" output of + 2.4 volts. 

LSB 

HS 3120 

10 

MSB 

Figure 7 Clamp Resistors added to MSB Inputs 

Finally, digital feedthrough can be reduced if strobe lines 
are optimized. In Figure 8 note that the data is strobed to 
the DAC on the § positive going transition. In this case, the 
more desirable strobe to use would be Strobe B where the 
input pulse is not changing during the DAC transition. If 
Strobe B cannot be used, Strobe A should be made as nar
row as possible to reduce energy presented to the capac
itive feedthrough elements. 

L=~-
g~~PUT I 

o I _____ _ 
I 
I 

STROBE A J"lL.... __ ....;.. __ _ 
STROBEB 1.J 

I 
Figure 8 Strobe Input to DAC 

STROBE A should be made narrow if used. 
STROBE B recommended 

Grounding 
In addition to latched buffers, the designer must use the 

normal grounding and bypass techniques to further reduce 
unequal logic delays associated with external latches. If 
possible, a large ground plane and pin guarding should be 
used beneath and around the DAC and output amplifier, 
see Figure 9. With the ground as shown, the ground pin . 
should be soldered directly to the ground plane. Further, In 
high speed applications, plastic or ceramic sockets should 
not be used. 
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GROUND PLANE 
SHOWN - 2-SIDED 
PCB ASSUMED 

Figure 9 PCB Assembly Layout 
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NOTES: 
1. To maintain specified HS 3160 lineari

ty, the external amplifier (A) must be 
zeroed. 
Apply an ALL ·ZEROS" digital input 
and adjust ROS for VOUT - 0 ±lmV. 

2. Series resistor recommended to limit 
current during ·turn-on·. 

3. ROS may not be needed with many 
amplifiers. See discussion of offset. 
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Bipolar Transfer Characteristics 
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VOUT = - VREF + 1 LSB 

NOTES: 
1. To maintain specified HS 3160 lineari

ty, external amplifiers (Al and A2) 
must be zeroed. With a digital input of 
10 ... 0 and VREF set to zero: 
a) Set ROSl 'or VOl = 0 
b) Set ROS2 for VOUT = 0 
c) Set VREF to + 10V and adjust RB 

for VOUT to be 0 Volts 
2. Series resistor recommended to limit 

current during ·turn-on.' 
3. ROS may not be needed with many 

amplifiers. See discussion of offset. 

Figure 10 Typical output connections unipolar (top), bipolar (bottom) 

Ground placement associated with the output amplifier 
used to convert DAC output current to a voltage addressed 
to minimize system errors. Typical connections for unipolar 
and bipolar operation are shown in Figure 10. The amplifier 
input low (noninverting terminal) and analog ground must 
be connected directly at the DAC. If this is not done the ef-
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fective resistance ri (Figure 10) creates an undesired input to 
the amplifier resulting in loss of system accuracy. Consider 
the following: 

Track resistance from DAC 12 terminal to 
the amplifier input. Assume 100 milliohms. 
2mA (typical full scale DAC output current) 
Voltage apparent at amplifier input. 
2 x 10-3 X 100 X 10- 3 =200j.lV 

At 16 bits 200j.lV error results in an additional 1.31 
LSB's error where 1 LSB at 16 bits is 153j.lV on the 10V 
range. 

This example shows that ground returns at the output 
amplifier must be made with low impedance runs to reduce 
error created with unwanted IR voltages. 

Power supplies must be properly bypassed to provide low 
impedance ac paths to ground. All power supplies used in 
the DAC system should be bypassed with at least 0.1/-1F 
(low frequency) and paralleled with 0.01j.lF ceramic type 
(high frequency). Ideally, a large ceramic capacitor should 
be located as close to the DAC as possible. With high 
resolution DAC's (above 12 bits) switching power supplies 
should be avoided and if possible accurate linear regulated 
supplies should be used. 

Output Offset 
In most applications, the output of the DAC is fed into an 

amplifier which converts the DAC's current output to volt
age. A little known and not commonly discussed parameter 
is the linearity error associated with the offset voltage Vas of 
the output amplifier. All CMOS DAC's must operate into a 
virtual ground; i.e. the summing junction of an op amp. Any 
amplifier offset will appear as a linearity error at the output 
which can be treated as LS8's of error. 

Most all CMOS DAC's today are implemented using an 
R - 2R ladder network. Consider the following analysis (see 
Figure 11): 

Figure 11 R-2R DAC with output amplifier 

When: Vos 

VA .. N 

where VA 

o 
VREF/2(n-1j 

VB/2 

VB Vcl2 ... etc. 

VOUT 

For a 12-bit converter (R-2R type), where VREF = 10V 
VA = 4.88mV, VB = 9.77mV, 

Vc = 19.5mV, etc. 

However, when Vas = VA then 
(1) VC1 = (VREF/2n- 1) 22121 z Vc 

= (Vc)(i R) 
(2) VB1 > VB 

6 
R + "5 R 

but for simplicity let VB1 :::: VB then 

(3) VA1 = VB1 x 2R/(R+2R) > VA 

(4) VA1 =~VB= Vas 
3 



Where VAl is the voltage at the LSB node. From (4) one can 
see that when the offset voltage Vas is equal to VAl then 
11 = O. This results in a change in the linearity error of 1 
LSB. In this case, it has been shown that: 

(5) where Vas = 0, an LSB goes to "1" 

(6) Vas = VAl, an LSB goes to "0" 

Or to put it another way; to change output linearity 1 LSB 
(i.e. changing 2.44mV) the corresponding Vas change 
would have to be: 

2 2 
(7) /:::,.Vas-''3 VB = '3 (9.76) = 6.5mV 

Now we have a 1 LSB change in linearity for 6.5mV change in 
Vas· Therefore, it takes a 6.507mV change in Vas to vary the 
output linearity 1 LSB (VREF = 10V, 12-bit R - 2R type). 

However, due to decoding (Figure 12), the basic R - 2R 
portion of the DAC yields a larger voltage at VA and 
therefore the DAC is less prone to errors due to the am
plifier's offset voltage. 

MSB MSB-1 

Figure 12 HS 3120 Decoded 12-bit DAC-2MS8's decoded 
followed by conventional1O-bit R-2R DAC 

Hybrid Systems not only uses decoding (sometimes re
ferred to as "segmenting") in the implementation of high 
resolution DAC's, but also binarily weights the LSB's. This is 
shown in Figure 13. 

Figure 13 HS 3160 16-bit MDAC shown with implemented 
with decoder, R-2R, and binary weighting. 

By doing this, it can be seen that a change in offset con
tributed by the output amplifier affects DAt; linearity at a 
point "higher up" from the L8B switches. This will yield a 
greater insensitivity to changes in Vos. Data taken on the 
HS 3160 (Figure 14) confirms these calculations. Table 2 
compares high resolution DAC's with the method of decod
ing to illustrate this coefficient of sensitivity to amplifier offset. 

50.----.-----.----.----.----~ 

40~--_+----~----+---~--~~ 

30~--_+----~----+---~----_+2LSB 

20~--_+----~--~~--~----~ 

1 LSB 

10~--_+----~----+----4--~ 
V. LSB @ 16 BITS 

O~~~----~--~ ____ _L __ __ 

o 10 20 30 40 50 
Vos-mV 

1. Actual measurement of 26-27mV compares favorably with the calculated 
value of 28.5mV (Table 2). 

Figure 14 HS 3160 Additional Linearity Error vs. Output- Amplifier 
Offset-Voltage 

TABLE 2 

TYPE RESOLUTION DECODING R-2R BINI /::'Vos/l LSB 
(Bits) (Bits) WGT ERROR 

Gen. Pur. 12 NA 12 6.5mV 
HS 3120 12 2 MSB's 10 26.0mV 
Gen. Pur. 14 NA 14 1.63mV 
HS 3140 14 4 MSB's 9 1 LSB 28.5mV 
Gen. Pur. 16 NA 16 0.41mV 

HS 3160 16 4 MSB's 9 3 LSB's 28.5mV 
HS 9331-16 16 4 MSB's 12 3.56mV 

From the above table one can see that for a 12-bit DAC 
the HS 3120 is 4 times less sensitive to Vas than a standard 
R-2R type. At 16 bits the HS 3160 and the DAC9331-16 
are 69 and 9 times less sensitive than the standard schemes. 

What this means to the user is that many types of low 
cost amplifiers can be used with decoded DAC's without 
the need to adjust offset. 

Consider the following calculations, Table 3 of Vas, for 
specific amplifers: 

TABLE 3 

AMPLIFIER Vas TC Vas 
@25°C +25°C to +70°C 

LF411 0.5mV lO,..VloC 0.95mV 
LM301 7.5mV 30,..V/oC 8.85mV 
LM741 6mV 30,..VloC 7.35mV 
HA 2525 10mV 30,..V/oC 11.35 
ap07 75,..V· 0.25,..VloC 

* Drift specified at l0l-N/Month Max. 

Normally, CMOS DAC application notes will always show 
a potentiometer used to null out the amplifier's offset. Note: 
always use the offset terminal to insert a nulling voltage
never inject a correction current into the summing junction. 
The designer can readily see that with Hybrid Systems' high 
resolution DAC's the potentiometer can be eliminated saving 
PCB space and lowering system cost. 

Finally, while this discussion has dealt with the issues of 
change in linearity with respect to /:::"Vas it should be pointed 
out that this should in no way be confused with initial 
accuracy which will still be present ... but in many applica
tions can be calibrated out. 
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Output Amplifier- Finite Gain Effects 
The ideal model of an operational amplifier assumes in

finite open-loop gain. This implies zero differential input 
voltage at all output levels. In reality, operational amplifiers 
exhibit open-loop gains ranging from 80 to 100dB (104 to 
105 VIV). This results in finite measureable input voltage dif
ferentials. For example, in a typical DAC system with a full
scale output of 10 volts an amplifier having an open-loop 
gain of 100dB (105 VIV), the amplifier differential input 
voltage would be 1OOl-tV with respect to ground. This addi
tional "error" voltage appearing at the input terminals can 
be treated as an additional offset and would effect linearity 
according to Table 2 above. 

One can see that there are errors produced by "finite" 
amplifier gain. This can produce significant errors in high 
resolution 14- to 16-bit DAC's which might be justifiably 
ignored at the 12-bit level. 

To maintain system accuracy when using high resolution 
DAC's, we recommend output amplifiers such as the OP07 
or LF411 type which possess large, stable open-loop gain 
and reasonably low (but stable) offset voltages. For less 
demanding applications, the 741 or 301 type amplifier can 
be used provided the resultant errors are within acceptable 
limits and where cost is a consideration. 

Reference Voltage Level 
Performance of high resolution DAC's are optimized for a 

10 volt reference level. However, it should be noted that as the 
magnitude of the reference is lowered, offset voltages, leak
age currents and other higher order parasitics represent an 
increasing contribution to linearity and gain error. Typical 
linearity error versus reference voltage are shown in Figure 15. 
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Figure 15 Linearity VS Reference Voltage, HS 3160 (top), 
DAC9331-16 (bottom) 
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LOW COST HIGH RESOLUTION 
DAC SYSTEMS 

Discussion previously has focused on understanding high 
resolution DAC's from the combined perspectives of the 
DAC designers and the design engineer applying the DAC. 
The following application discussion will focus on compo
nent selection. 

12-Bit DAC System 
By using Hybrid Systems' HS 3120 and HS REF01 along 

with National's LF441 A, a low power economical 12-bit DAC 
system can be realized. 

HS REF01 
This reference element is by now an industry standard. It 
is multisourced and available in four temperature grades-
3, 10, 20, and 70ppm/oC. The 20ppm/oC plastic grade 
is generally available for $2.00 (100's)-even the 3ppm 
grade in a TO-99 is only $7.60 (100's approx.). The 
HS REF01 draws only 1 mA quiescent current and can 
deliver at least 10mA to a load. Therefore, one HS REF01 
can power several DAC's allowing the fullscale tempco of 
the entire system to be referenced to one source. 

HS 3120 
This popular 12-bit DAC has many design features that 
make it an ideal choice in this 12-bit system. The HS 3120 
is a monolithic 12-bit MDAC with double buffered input 
registers sectioned into 3 segments (nibbles) of 4 bits 
each. Each section is individually addressable for easy in
terface with 4-, 8-, or 16-bit data busses. The control logic 
allows the designer to use the DAC in a "memory map" 
mode. The decoding discussed above results in very im
pressive differentiai and integral linearity guaranteed at 
1ppm/oC maximum. Monotonicity is guaranteed O°C to 
+ 70°C along with scale factor TC of 2ppm/oC max. Due 
to decoding, feedthrough is low and the effects of Vas are 
also lower than conventional 12-bit DAC's. 

LF441A1LF411 A 

Now, two low cost JFET input op amps are available 
from National Semiconductor The LF441A has low power 
consumption (supply current 150 j.lA), low noise, and low 
offset voltage (0.5 mV, Max). It has the same bandwidth, 
gain, slew rate, and pin out of a 741 at 1/10 the power. 
The LF411A has 3 MHz gain BW (Min), low noise, and low 
offset voltage (0.5 mV, Max). 

These op amps are trimmed to reduce input offset voltage 
to 0.3 mV typical, 0.5 mV Max. Because of the decoding 
of the HS 3120 (Table 2), it takes 26mV of offset (Vas) to 
yield a linearity error of 1 LSB, so pots are not necessary 
to keep within 12-bit linearity even over temperature. The 
temperature coefficient of input offset voltage is 7 j.lV/oC 
typical, 10° j.lV/oC Max. 
For example: 

Max. Vas, DoC to 70°C: 0.5mV + (10)(70j.lV) = 1.2mV 

Typical Vas, O°C to 70°C: 0.3mV + (7)(70j.lV) = 0.82mV 
Additional linearity error, due to Vas and dVas (0/70°C) 

Maximum: 1.2 x 1/26 = 0.046 LSB's 

Typical: 0.82 x 1/26 = 0.032 LSB's 
Now include the specified 1 ppm/oC differential linearity 
drift (700j.lV over O°C to 70°C) and the system yields a 
total drift of linearity DoC to 70°C of less than 113 LSB. 



The HS 3120 with the LF441/LF411 requires no external 
trim pots which save PCB space and material cost. This 
system will provide monotonicity over a large temperature 
range. 

The 12-bit DAC system implemented using these parts is 
shown in Figure 16. The cost in 100's for the unipolar 
system is $20.15 while the bipolar version is $24.05. 
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COST (POWER BUDGET) 

UNIPOLAR: 0 to -10V CODING: SB. CSB BIPOLAR: - 10V to + 10V CODING: OB. COB 

Current Drain Current Drain 
PART TYP MAX COST/100's PART TYPE MAX COST/100's 

HS REF01C +1.0 + 1.4 $ 2.00 LF441ACN + .15 + .2 $ 2.40 
LF441ACN + .15 + .2 2.40 - .15 - .2 

- .15 - .2 5K Resistors W.w. 1.50 
HS 3120 +1.0 +2.5 15.75 Load Current, A2 + 1.25 +2.0 

Unipolar Parts +2.15 +4.1 
- .15 - .2 20.15 

Total +2.15 +4.1 $20.15 Total +3.55 +6.3 $24.05 
- .15 - .2 -0.3 -0.4 

Figure 16 Low Cost 12-Bit DAC System 
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High Speed System 
Fast settling times can be realized using the circuit in 

Figure 5. Three op amps are reviewed. The HA2525 is the 
fastest with 120V/J.lS slew rate and a gain BW of 20MHz. 
However, in low gain configuration, additional compensation 
is needed. So while this device is the fastest, system perfor
mance is limited by compensation required for G<3. The 
disadvantage is no short circuit protection and up to 
10mVos at 25°C. The LF357 is next best but requires trim 
pots. The LF411ACN is the least fast but requires no trim 
pots. Settling time and component values are shown in 
Table 4. 

TABLE 4 

OPAMP Rj CBW Cf SETTLING TIME 
to 0.1% 

HA2525 1K 5pF 1.8~sec. 
LF357 1K 20pF 2.0J.lsec. 
LF411ACN 1K 2.5J.1sec. 

Note: 
1. HA2525 uses a 'BW' capacitor on pin 8, therefore, 

no Cf is required. The LF411ACN has internal compensation 
and appears to operate well without the addition of Cf. 

2. Ri and Cf are designations from Figure 5. 

14-Bit DAC System 
The 12-bit DAC system described above can be up

graded to 14 bits by using Hybrid Systems' HS 3140. The 
HS 3140 is a single chip DAC implemented using decoding 
and binary weighting. The improved DAC performance has 
been discussed above. Monotonicity is guaranteed from 
- 25°C to + 85 °C and the specified stability of 1ppm/oC Max. 
is not matched by competitive devices. The diagram in Figure 
10 can be used along with external input latches shown in 
Figure6. 

16-81T DAC System 
Once again, upgrading from 12 or 14 bits to 16 bits can 

be accomplished by using either the HS 3160 or HS 9331-16 
Both DAC's use decoding for the MSB's along with an 
R - 2R ladder, and binary weighting for the LSB's. This 
makes it possible to use the amplifiers previously discussed. 

Bipolar Operation 
Most application notes including this one show bipolar 

operation as indicated in Figure 17A. As noted earlier, R1 
and R2 must and A1 and A2 must have low offset to elim
inate the offset adjustment. If A1 and A2 are LF411A type, 
the system would have to deal with Vas of 0.5mV Max. Us
ing the LF412A then Vas would be ± 1mV. The user should 
realize that in bipolar operation all additional linearity errors 
double. 
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VOl O.;;V01';;-
(VR+1 LSB) 

V02 -VREF';;V02" 
(0-1 LSB) 

R 

-VREF,;;V02(+VREF-1 LSB) 

Top: Standard Bipolar arrangement 
Bottom: Bipolar arrangement with A2 scaled by VREF 

Figure 17 Bipolar operation 

ConSidering an alternate configuration, Figure 17B, it can 
be seen that the errors need not be doubled as in Figure 
17A. This is because 102 is not used. Linearity is only ef
fected by A1. Note in Figure 17 B, the R's must track for 
good Vas and full-scale characteristics. A recommended 
resistor network is Hybrid Systems' HS R4100-5001-03 which 
has an absolute tolerance of ± 1 %, ratio match ± 0.5%, 
and tracking TC of 2ppm/oC. In this configuration, only A1 
must be selected for low Vas while A2 can a more common 
type say LF412CN (99¢/100's) and is a dual op amp. For a 
multiple DAC system A2 can be LF444CN which is a quad 
op amp. 

PRECAUTIONS WHEN USING 
CMOS DAC'S 

Most CMOS DAC's now on the market are the most well
protected CMOS devices ever produced. However, still 
observe the following precautions: 

1. Do not allow digital inputs to float. Digital inputs that 
are routed off the PC card should have at least 1 MQ 
resistors pull-ups or pull-downs (or termination net
works) to prevent accumulation of static charges when 
PC boards are disconnected from the system. CMOS 
DAC's should not be interfaced to TRI-state busses, 
even buffered (latched) DAC's, without pull-ups/downs, 
and/or terminations. 

2. No CMOS DAC input/or output should go more than 
.5V negative. 10 terminals should be schottky-clamped 
to ground to prevent high-speed op amps from slewing 
negative on power up or certain input changes. 

3. When VDD is lost while the digital inputs are driven with 
"1"'s an SCR-like effect can occur with the input swit
ches upon reapplication of VDD . Add a 500Q to 1 KQ 
resistor in series with the VDD line to current limit if this 
should occur. 

4. In particularly noisy systems, where the possibility ex
ists that the digital inputs can go below - .6V (due to the 
GND pin on the digital drivers spiking negative), it is a 
good idea to buffer the digital inputs with series resistors, 
say around 100KQ. Input currents are in the nano amp 
range so large resistors are ok, and logic compatibility is 
maintained. 

5. Use standard CMOS handling precautions. 
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With the advent of low-cost, highly-accurate digital com
putation and control systems, more emphasis is being put 
on convenient ways to process analog information to the 
digital section. For those who are not familiar with analog 
signal processing, there is often more to it than meets the 
eye. Component idiosyncracies often become apparent 
when operating in the often imperfect analog world. When 
building the data acquisition function, potential problem 
areas include grounding, noise, layout, individual compo
nent errors and component interaction effects. Optimal 
system performance can only be obtained when the 
designer has carefully understood and minimized all pos
sible error sources. 

In an effort to make this task easier, Hybrid Systems now 
offers standard data acquisition components in cost
effective hybrid format. Incorporating such functions as 
multiplexing, sample-and-hold circuitry and analog-to-digital 
conversion into one or two dual in-line packages, many 
potential problem areas have been minimized. 

Let's examine the Data Acquisition System and identify 
areas which may cause problems. Figure 1 shows a typical 
multichannel data acquisition system. It consists of an 
analog mutiplexer to select the desired analog input, an in
strumentation amplifier (if required) to amplify the input 
signal and remove any unwanted common-mode signal, a 
sample-and-hold amplifier to "freeze" the input signal, and 
an analog-to-digital converter (AID) to convert the sampled 
analog voltage into digital data. 

SIGNAL) 

INPUTS 

(+) 

INPUT 
GROUND ------' 
(-) 

Figure 1. Typical Data Acquisition System 

DIGITAL 
OUTPUT 

ANALOG PROCESSING FOR 
DATA ACQUISITION 

Multiplexing 

The multiplexer is a cost-effective way to time share an 
AID, as opposed to using one AID per channel to be digi
tized. Multiplexers generally come in 4,8 and 16 input con
figurations. Proper attention to multiplexer error sources 
can yield excellent performance, making the multiplexer a 
logical choice for DAS applications. 

When considering a multiplexer, one needs to look at the 
internal timing which controls the switching from one chan
nel to the next. Many multiplexers are designed to "break 
before make." This allows for delay between disconnection 
from the previous channel and connection to the next chan
nel. Thus, assuring no input channels are ever momentarily 
short together, thereby causing an invalid output. 

Many designers attempt to use an RC filter on each 
multiplexer input as an attempt at reducing grounding and 
noise problems. A typical set of values might be Rin = 
100KQ and Cin = O.01,.F The problem here is that when 
the multiplexer is switched to a new channel, Cout charges 
by acquiring some of the charge in Cin, thus reducing its 
voltage by about 1 % (see Figure 2). 

RSOURCE 

INPUT 
VOLTAGE 

RIN 

lOOK 

~u~ TIPLE2'ER 

RON 

cou;j 
100 PFt 

Figure 2. Input Decoupling Yields Poor Settling 

OUTPUT 
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While the voltage at Cin is within 1 % of where it should be, 
this is the equivalent of up to 40 LSBs on a 12-bit system. 
Final system settling involves charging Cin and Cout 
through Rin, and this RC product is on the order of 1 milli
second. In summation, worst case analysis requires several 
milliseconds of settling time after multiplexer channel 
changes with this topology and the component values 
chosen. 

If local RC decoupling is required at the multiplexer inputs, 
a better solution is to individually buffer each input at the 
multiplexer as shown in Figure 3. This method allows the 
use of very low frequency pole RC filters and yet presents a 
low source impedance to the multiplexer inputs for fast set
tling after input channel changes. 

RSOURCE RIN BUFFER 

100K 

CINI 
0.01 ~I -=-

MULTIPLEXER 

OUTPUT 

Figure 3. Op Amp Buffer on each Multiplexer Input Yields 
Improved Settling when RC Filter is Necessary 

Another important consideration is the series resistance of 
the multiplexer (see Figure 4). Most analog multiplexers 
utilize a CMOS switch which exhibits an on resistance 
which may vary from 50 ohms to 2K ohms. When current 
flows through the mUltiplexer, a voltage difference will be 
created between the signal input and multiplexer output. In 
this case, a high input-impedance amplifier can be used to 
buffer the multiplexer outputs. Imux, the current flowing 
through the Ron will be the summation of multiplexer 
leakage current and amplifier bias current. The offset 
voltage between the input signal source and multiplexer 
output is the product Imux and Ron and Rsource. A signifi
cant source of error at elevated temperature can be attribu
ted to the multiplexer leakage current which doubles with 
every 10°C increase in ambient temperature. "BI-FET" type 
op amps should also be carefully looked at as input bias 
current, while quite low at room temperature, can become 
quite significant at elevated temperature. 

RSOURCE .--------------, 

Figure 4. Simplified Multiplexer Model 
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Gain 
Some data acquisition applications may require an in
strumentation amplifier for further signal processing after 
multiplexing. The amplifier maintains a high impedance at 
both of its differential inputs, removes common-mode 
voltage, and amplifies the signal to match the voltage 
range of the AID. 

Gain setting can generally be set by either internal resistor 
networks or by externally applied resistors. Gain errors are 
often sources of inaccuracy in DC amplifiers, and are 
mostly due to mismatch in the individual resistor networks 
or external resistors when used. The highest accuracy and 
stability are obtained when all resistors reside in a common 
network. 

For precision applications, Hybrid Systems offers a wide 
range of thin film resistor networks both in package and 
chip form. Utilizing advanced processing techniques, ratio 
tolerances can be held as low as 0.02% with resistor-to
resistor tracking of 2.5ppm/oC. 

While one can speak of simple "offset error" equal to output 
voltage when Vin = OV, it is usually more instructive to 
view the offset as a summation of input-referred and output
referred terms. The difference between these is that an 
input-referred offset, like the input signal, appears to be 
proportional to amplifier gain while output-referred offset 
appears as a constant added to the amplifier output signal. 
Therefore, input-referred offset typically become a problem 
when operating at higher gains. In addition, manufacturers 
may also specify voltage drift (p.v/0C) as a combination of 
input- and output-related terms. A hypothetical example 
might be as follows: 

Voffs = 2mV + (50V x GAIN) 

Vdrift = 30V/oC + (10V/oC x GAIN) 

This amplifier has an input-referred offset of 50V, an input
referred drift of 10V/oC, an output-referred offset of 2mV, 
and an output-referred drift of 30V/oC. 

Common-mode rejection ratio is also an important param
eter of the instrumentation amplifier. An ideal differential in
put would respond only to the voltage that is common to 
both inputs. Although most manufacturers specify CMRR, 
the designer should consider two points. 

1. CMRR is a function of frequency. Higher frequencies 
decrease the ability of the amplifier to reject common
mode signals. 



2. The CMRR of the instrumentation amplifier may be 
effected by the circuitry around it. A "pseudo differential" 
setup in which all inputs share a common remote signal 
ground, can reject general differences between input 
signal ground and measurement system ground (Figure 
5). It does not, however, possess individual differential 
input signal pairs. This can cause low CMRR particularly 
at high frequencies. This is because the sum of the 
source resistance, multiplexer channel resistance, and 
multiplexer output capacitance form an RC pole. This 
attenuates any common-mode signal on the + input. A 
truly differential approach (Figure 6), contains an RC 
pole in each input lead, preserving the common-mode 
balance. This does assume that the + input and - input 
source resistors are kept balanced. 

RSOURCE 
+ 

MULTIPLEXER 

RSOURCE -

VCM 
(COMMON MODE) 

INSTRUMENTATION 
AMPLIFIER 

Figure 5. Pseudo-Differential Connection Degrades 
Common Mode Rejection 

MULTIPLEXERS 

Figure 6. Balanced Differential Approach Preserves Com
mon Mode Balance 

Hybrid Systems' superior thin film technology guarantees 
exceptional stability of CMRR over wide ranges of both 
time and temperature. 

A final consideration in the instrumentation amplifier area is 
settling time. Before the multiplexer switches to a new out
put signal, it is important the amplifier be allowed to settle 
acceptably close to it's final value. Settling time is gain 
dependent, generally increasing at higher gain ranges. 

Sample-and-Holds 

The sample-and-hold section of a data acquisition system 
can often be the most troublesome to utilize properly. Func
tionally, the sample-and-hold captures the input signal 
voltage, stores it on a high quality capacitor, and presents 
the AID a stable voltage level during conversion. As simple 
as it appears, there are many subtle factors which can 
degrade the sample-and-hold performance. Errors can 
occur within the circuit itself, be caused by external interac
tions, or can be due to a combination of both. 

To better understand potentials error sources, let's examine 
the sample-and-hold. A simplified circuit can be seen in 
Figures 7a and 7b. A high input impedance buffer amplifier 
is recommended for the input so the source is not loaded. 
It's output must be capable of driving enough current to 
charge the hold capacitor rapidly. A FET switch is usually 
utilized and controlled by a switch driver or level translator 
circuit interfaced with TTL inputs. Most hybrid sample-and
hold's use MOS type hold capacitors due to low leakage 
and low dielectric absorption. If an external hold cap is 
required, polystyrene, polypropylene, or teflon are recom
mended. A FET input amplifier with very low input bias cur
rent should be used to buffer the voltage of the hold 
capacitor. 

VIN 

l CN 
-=- 2000 pF 

01 

IN914. etc. 

"'-SAMPLE = + 15V 
HOLD = -15V 

Figure 7a. Simplified Sample-and-Hold Circuit 
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GLITCH 
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MODE __ ~S~A~M~P~LE~_~ ___ ~H~O~LD~ ____ __ 

ANALOG 
INPUT 

(PREVIOUS I 
CHANNEL) 

(NEW 
CHANNEL) 

Figure 7b. Typical Sample-and-Hold Output Behavior 

The first task for the sample-and-hold is the acquisition of 
the new input signal. The circuit is placed in the sample 
mode, and the new input voltage is made available. After a 
certain period of time allowed for amplifier slewing and set
tling, the output voltage will be sufficiently close to the input 
signal. This is known as acquisition time. 

Be careful when considering acquisition time required. 
Many manufacturers only specify "typical" acquisition times 
for a 10V step. A bipolar 10V application could see a 20V 
swing at the input, causing a longer acquisition time. Acqui
sition time can also be a function of hold capacitor size. 
The larger the hold cap, the longer the acquisition time. 
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Sample-and-Holds (cont.) 

After acquiring the input signal, the circuit is switched to 
the "hold" mode. The level translator develops a signal of 
-15V in the hold mode and + 15V in the sample mode. 
When the circuit switches from the sample-to-hold mode, 
the voltage on the gate of the FET switch goes from Vin to 
-15V. The switch ceases conduction and freezes the input 
signal voltage on the hold capacitor. Observing the buf
fered capacitor voltage at Vout before and after transition 
to hold mode, reveals the capacitor voltage has shifted 
negative by approximately 20mV. This is due to a junction 
capacitance that exists between gate and source of the 
FET switch. This couples the negative going gate drive sig
nal into the hold capacitor. This phenomenon is known as 
"hold step." Unfortunately, the hold step observed at the 
output is not constant, but is a function of analog input 
voltage. Figure 8 shows a graph of hold step versus analog 
input voltage in our simplified circuit. 

-30 

-25 

-20 

HOLD -15 
STEP 
(mV) -10 

-5 

~ 
~ 

DOTTED / ~ 
~TRAIGHT LINE 0....::::::: 
FOR COMPARISON) ~ 

0+~10~~8--~--~~2--~--_~2--_~4~~_~6--_~8--~_10 
ANALOG INPUT VOLTAGE 

Figure 8. Hold Step vs. Input Voltage for Simplified 
Sample-and-Hold 

Hybrid Systems has been able to overcome this problem 
with the HS 362K. By designing a proprietary sample-and
hold circuit, the hold step is small and well-controlled with 
respect to input voltage. An example of step size vs input 
voltage for the HS 362K and typical sample-and-hold cir
cuits is shown in Figures 9-11. 

VIN =OV 

BOTJ8: : ~:~~~~/~~[~I:~~~yAC COUPLED 
HORIZ. = 10llsec/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 
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HYBRID SYSTEMS HS 362 

Figure 9. Sample Hold Step Size Performance 

VIN = +10V 

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED 
BOTTOM = SAMPLE/HOLD IN 5V/DIV 

HORIZ. = 10llsec/DIV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 

HYBRID SYSTEMS HS 362 

Figure 10. Typical Sample-and-Hold Circuit 



VIN = -10V 

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED 
BOTTOM = SAMPLE/HOLD IN SV/DIV 

HORIZ. = 10 J.lseclDlV 

TYPICAL SAMPLE-AND-HOLD CIRCUIT 

HYBRID SYSTEMS HS 362 

Figure 11. Typical Sample-and-Hold Circuit 

An additional potential prob
lem area can be the sample
to-hold glitch. When the cir
cuit is switched from the 
sample-to-hold mode, a 
glitch will appear on the out
put. It is important this glitch 
is allowed to settle out 
before the AID conversion 
takes place. This can be 
especially troublesome in a 
system where the AID EOC 
(end of conversion) status 
signal directly controls the 
mode of the sample-and
hold. The glitch must settle 
between the time the AID starts conversion and the time it 
makes its first MSB decision. If this is a problem, the user 
can either use a separate logic signal-to-switch-to-hold 
mode sufficiently before initiation of the AID conversion, or 
utilize a sample-and-hold with a fast settling glitch. Figure 
12 shows an example of glitch performance of a typical 
sample-and-hold circuit vs the HS 362. 

Stray capacitance can also be a source of sample-and-hold 
error. It is possible to pick up unwanted signal from the in
put buffer amplifier through the circuit capacitance be
tween source and drain of the FET switch. Coupling while 
in the hold mode is known as "feedthru." A worst case con
dition for feedthru occurs when an input signal near - full 
scale is sampled and the DAS input multiplexer then swit
ches to a new signal at + full scale (or vice versa). To mini
mize feedthru errors, it's best not to switch input channels 
while the sample-and-hold is in the hold mode. Figure 13 
gives examples of proper timing relationships. 

ACTIVE 
MUXCHAN 

S&H 
ANALOG INPUT 

S&H MODE 

AID CYCLE 

CHANGING MUX CHANNEL DURING HOLD MODE (AND AID CONVERSION) INVITES 
FEEDTHRU AND NOISE ERRORS 

S&H 
ANALOG INPUT 

S&H MODE 

AID CYCLE DONE 

THIS TIMING MINIMIZES FEEDTHRU ERRORS 

Figure 13. Changing Mux Channel During Hold Mode 
(and AID Conversion) Invites Feedthru and Noise Errors 

VIN = OV 

TOP = ANALOG OUT 20 mV/DIV 
BOTTOM = SAMPLE/HOLD IN SV/DIV 

HORIZ. = 500 nsec/DIV 

TYPICAL SAMPLE·AND-HOLD CIRCUIT 

HYBRID SYSTEMS HS 362 

Figure 12. Sample-and-Hold Glitch 
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Analog-to-Digital Conversion 

Now that the front-end system has been examined, the in
corporation of the AID will make the DAS complete. Here 
again, there are potential error sources both within the AID 
itself, and from interaction with the other system com
ponents. Offset and gain errors in the AID have the same 
effect as offset and gain errors elsewhere in the front end. 
The sum of the system errors may be "tweeked" out at a 
single point, but care must be taken to allow for enough 
adjustment range. Applications information may contain 
trim circuits which only have enough range to accom
modate errors in the AID alone. 
The designer should carefully select an AID converter 
which meets requirements for linearity error. This specifica
tion governs accuracy of the device and is not user adjust
able. Linearity error refers to the deviation of each individ
ual code from a line drawn from "zero" through "full-scale," 
with offset and gain adjusted to zero. 

There is also a class of problems related to dynamic inter
actions between the AID and its surrounding circuitry. 
Although the analog input node appears like a simple 
resistive load on the manufacturer's data sheet, the 
behavior of the actual physical circuit is often more com
plex. This is because, during the AID cycle, various current 
sources (bits) are being switched in and out of the internal 
summing node to which the opposite side of this resistor is 
connected. These sudden voltage shifts couple through the 
AID input resistor and upset the amplifier output of the 
previous stage. If the amplifier does not recover by the time 
the AID makes its next bit decision, the conversion result 
will be erroneous (see Figure 14). A simple way to avoid 
this type of problem, is to be certain that the amplifier driv-

n 
GNDJ--+-IO--r-r-L:r="--=r=..-l..l 

--1 830 nsec r--
AID CLOCK ___ ....J 

AID ACTIVE BIT MSB 2SB 3SB 4SB 

OK 

Figure 14. Dynamic Voltage Shifts can Couple Back Thru 
Input Resistor and Upset Amplifier Output of Previous 

Stage. The Amplifier Driving the Analog Input must 
Settle Back between Succesive Bit Cycles. 
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ing the AID input has both suffiCiently high bandwidth and 
low output impedance. The glitches induced at its output 
must settle out in less than the time between successive bit 

decisions ( T conv). As a concrete example, an LM741 op 
#ofbits 

amp is a poor choice to drive the analog input of an ADC85 
AID converter. The HS ADC85 is an industry standard 
12-bit, 10 microsecond converter and allows about 830 

nanoseconds (10J.lSec) between successive bit decisions. 
12-bits 

The speed of the LM741 is such that, if upset, its output will 
take perhaps 1 or 2 microseconds to return to normal, but 
this is obviously too long. A better choice for a buffer op 
amp is the LM310 which settles sufficiently after only a few 
hundered nanoseconds. For this reason, most ADC85's 
contain an internal uncommitted LM310 buffer amplifier 
which is intended to be used to drive the analog input 
node. 

Similar dynamic problems can also occur at the AID 
voltage reference input. Some converters exhibit dynamic 
load changes at this node, and the user must be certain 
that the integrity of the reference is maintained. A low out
put impedance, fast-settling buffer amplifier may also be re
quired here. 

A final point to consider for proper AID operation is that of 
grounding. Figure 15 shows the most desirable method of 
grounding. Note the system uses separate analog and 
digital groundS and these are connected at only one point, 
near the AID. In addition, the grounds for the sample-and
hold and instrumentation amplifier are also located close to 
the AID ground. 

INSTR. SAMPLE AID 
- AMP AND 

f---- HOLD ~ 
- ANA DIG ANA ANA DIG 

GND GND GND +15V GND -15V GND + 5V 

I 1 / "-.. 
~ 

-
+5V 

GND 

-

r---
+15V 

GND 

-15V 
~ 

Figure 15. Proper Grounding Technique 
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SP1000 ANALOG ARRAY PRODUCTS 
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GENERAL DESCRIPTION 
The SP 1000 family is a high density, high per
formance semi-custom family of array products 
suitable for the implementation of analog ASIC 
functions. Using the pre-diffused transistors on the 
array, a variety of analog components such as op 
amps, comparators, references, and current 
buffers can be integrated into a system on a 
monolithic IC. This allows the user to save space, 
weight, and power while improving the 
performance and reliability of the circuit and 
reducing the unit cost. 

The SPlOOO family of products are personalized for 
each user's specific application by defining the 
thin film resistor layer, the two aluminum 
interconnect layers and the via layer which 
interconnects the two levels of aluminum. 

While arrays in the SP1000 family vary in size and 
component count to allow the user to define a 
circuit which is best suited to his specific 
application, the core tile layout is consistent within 
the family. This allows functional macro cells to be 
developed and repeated within a circuit, or 
transported to another base array. Users may 
access the Sipex library of cells or develop their 
own using the individual components and SPICE 
models provided. The availability of a large 
number of tiles on each array permits the 
integration of many complete analog functions 
on a single monolithic ASIC. 

Using the support tools offered by Sipex, a user 
can take full control of the circuit design from 
concept through layout. Kit parts of the 
components and macrocells in the Sipex library 
are available for evaluation and breadboard 
analysis. The Sipex DESMAN 1100 design manual 
offers a complete tutorial on design, simulation, 
and layout of an SP1000 array product using 
commonly available design systems. SPICE 
models are provided with the DESMAN 1100. 
Mylar layout worksheets and GDS II database 
tapes are available to support the layout. Sipex 
also offers training sessions 'and conducts design 
consultations prior to creating masks from the 
layout. 

Integration, which is performed by Sipex, consists 
of design rule and layout versus schematic 
continuity checks, mask manufacture, and 
fabrication of first silicon. Functional circuits, 
packaged and tested at room temperature are 
delivered to the customer to evaluate the design. 
An acceptable design can be rapidly moved into 
production with the addition of production probe 
and test programs. 

SP1000 FAMILY 

GENERAL DESCRIPTION 

ARRAY STRUCTURE 
Each pre-diffused analog array contains linear 
bipolar transistors as well as numerous other 
components commonly used to implement high 
performance analog functions. The SP1 000 family 
of arrays is configured around a tile architecture 
where each tile contains 24 1 x geometry 
transistors. 

TILES 

ATILE B TILE 

DDDDDDDDDDDDDDDD 
DIIDDIIDIDDIIDDI 
1111111111111111 

LEGEND 

SNPN 1 D SPNP 

High Gain, high bandwidth complimentary 
vertical NPN & PNP transistors coupled with 
preciSion thin film resistors and capacitors make 
the SP 1 000 family ideally suited for implementing 
cost effective ASIC solutions to high speed and 
high precision analog signal conditioning and 
signal processing applications. 

The SP 1 000 family is fabricated with Sipex's 
Dielectric Isolation CDI) process. DI eliminates most 
of the parasitics which commonly plague IC 
designs. Consequently, translation of discrete 
breadboard designs into a working monolithic 
silicon chip is greatly simplified. 

TECHNOLOGY 
The SP1000 Analog Array family is fabricated using 
Sipex's dielectrically isolated CDI) complementary 
vertical NPN/PNP bipolar process. Enhanced 
preciSion is achieved through the utilization of on
chip low temperature coefficient thin film resistors. 
Stable buried zener diodes, pinch resistors and 
MOS capacitor structures are also available on 
each chip. In addition, some arrays have high 
current transistors, P-JFETs, or other components. 

The DI technology used on the SPlOOO family is a 
key product feature which offers users both ease 
of design and high performance. DI serves to 
eliminate the four layer parasitic device structures 
which most often plague analog array designers 
and users. DI technology also allows the easy 
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inclusion of high performance (i.e. high ~ fr- Ic, 
etc .... ), full function complementary vertical NPN 
& PNP transistors on the array. The availability of 
both these transistor types on the SPlOOO family 
not only simplifies designs, but also leads to 
significantly enhanced performance. 

All monolithic integrated circuits are made up of 
individual circuit elements (i.e. transistors, resistors, 
diodes, etc.) fabricated in a common silicon 
substrate. Since this substrate can support current 
flow, it is necessary to electrically isolate each 
individual circuit element from the substrate. 

Conventional semiconductor processes create 
the required electrical isolation by utilizing a 
reverse biased P-N junction placed electrically 
between the individual circuit element and the 
common substrate. Physically, this is realized by 
fabricating the circuit element within an N-type 
island that has been diffused into the P-type 
substrate. This type of electrical isolation is referred 
to as Junction Isolation or JI. 

EPITAXIAL LAYER 

P SUBSTRATE 

With a DI process, the reverse biased P-N junction 
is replaced by a high-quality, high field strength 
(Breakdown >800 Volts) silicon dioxide dielectric 
layer. Physically, this is realized by fabricating the 
circuit elements in individual silicon islands that are 
surrounded by silicon dioxide. 

POLY SILICON 

The process steps by which the DI islands are 
formed in the silicon substrate involves a 
combination of crystallographic preferential 
etching, oxidation, thick poly-silicon deposition 
and grinding and polishing. 

BENEFITS 
Compared to JI arrays, DI offers users of the 
SP1000 family several key advantages: 

• The elimination of all parasitic 4-layer paths. 
These paths are prone to latch-Up which can 
cause catastrophic damage to an IC. 

• Elimination of isolation junction leakage 
currents. This is especially beneficial for 
applications that are required to work at high 
temperature. 

• Significant reduction in the parasitic capaci
tance due to the isolation element. This can be 
especially beneficial in high speed designs. 

• Availability of full function high performance 
(i.e. high bandwidth, high gain and high 
useable current) complementary NPN & PNP 
transistors. 

• Simplified design and modeling since most of 
the parasitics unique to conventional IC's are 
eliminated. 

PROCESS OPTIONS 
Maximum operating voltage is a key requirement 
in most applications. For an analog ASIC 
application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually V CEO and process application capability 
is specified by this parameter. The V CEO is 
determined by a combination of starting silicon 
resistivity and transistor geometries (i.e. spacings). 
Higher starting silicon resistivity gives higher V CEO, 
but at the expense of slightly higher transistor 
parasitics (mainly RC) which will ultimately limit 
circuit performance. 

The SP 1 000 arrays are available in two process 
options: 20 Volt and 35 Volt processes. VCEO's of 
35 Volts and 20 Volts are achieved through control 
of substrate resistivity. The 20 Volt V CEO process 
offers somewhat lower parasitics, and therefore, 
higher speed. This is the preferred process for high 
speed applications, if maximum voltages can be 
held below 20 Volts. 
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DESCRIPTION 
The SP 11 04 is a high density, high performance 
analog array containing 444 linear bipolar 
transistors. Twelve high current transistors capable 
of driving up to 100 mA each directly off the IC 
are available as well as numerous other 
components commonly used to implement high 
performance analog functions. The SP 11 04 is a 
member of Sipex's SP1000 family of analog arrays 
which is configured around a standard tile of 24 
1 x geometry transistors. 

High gain, high bandwidth complementary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors make the SPll04 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal conditioning and signal processing 
applications. 

FEATURES 

• Dielectric Isolation (DI) for Minimum Parasitics 
and Optimum Latch-Up Free Performance 

• 35 Volt or 20 Volt Operation 

• 16 Tile Array Structure 

• 222 Vertical NPN Transistors; ~ '" 200, 
fT'" 1000 MHz 

• 222 Vertical PNP Transistors; ~ '" 150, fT '" 600 MHz 

• High Output Drive Capability, up to 1 00 mA per 
output stage 

SPll04 

HIGH PERFORMANCE 
ANALOG ARRAY 

• Precision Low Tc Thin Film Resistors; 
TC = 100 ppm;oC or TC = 300 ppm;aC 

• Laser Trimming for Enhanced Precision; 
Matching to 0.02% 

• Dual Layer Aluminum Metalization 

• Tile Based Architecture Supported by a Macro 
Cell Library 
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SPll04 COMPONENT COUNT SUMMARY 

DESCRIPTION COUNT 

Tiles: 
A Type 8 
B Type 8 

Transistors: 
SNPN 192 
SPNP 192 

DBNPN 16 
DBPNP 16 

MNPN 8 
MPNP 8 

HNPN 6 
HPNP 6 

Thin Film Resistors: 
Clear Field Area 5700 sq. mil 

(Total 800 KQ Possible) 

Pinch Resistors 36 

Capacitors: 
5 pF (max) 6 
8 pF (max) 4 
18 pF (max) 4 

Buried Zener Diodes 6 

Bond Pads 24 

Die Dimensions 143 mils x 140 mils 

ARCHITECTURE & ORGANIZATION 
The organization and complexity of the SP 11 04 
array makes it ideally suited for integrating 
complete analog system functions on a single 
silicon chip. The SP1104 employs a tile based 
architecture where each tile has been configured 
(sized) so that it can contain a complete analog 
function. Pre-defined macro functions which fit 
these tiles are available and can be used to 
implement analog systems thus eliminating the 
tedious task of transistor level design. Using this 
approach also reduces both the manpower and 
elapsed time required to complete a design, 
while increasing the probability of first time 
success. 

Each tile on the SP1104 consists of 12 SNPN & 12 
SPNP transistors arranged in a 3 x 8 matrix. There 
are both A type & B type tiles. The only difference 
between the two tile types is that the locations of 
the SNPN & SPNP transistors in the middle row of 
the tile are reversed. As a result, A type tiles have 
two NPN Quads & one PNP Quad while the B type 
tiles have two PNP Quads and one NPN Quad. 
This feature simplifies many types of layouts. 

The SP1104 is organized as a 4 x 4 matrix of tiles. 
The top and bottom rows have A type tiles, and 
the two middle rows contain the B type tiles. 
Above and below each tile is a clear field area 
which is reserved for user defined thin film 
resistors. Interspersed between the tiles and 
around the periphery of the array are the various 
other components available on the array. 

To accommodate rapid layout, all SP1104 
components are positioned on a 15/-1 grid. Within 
the clear field area there is 5/-1 sub grid for thin-film 
resistor layout. The SP1104 is symmetric about the 
two perpendicular center lines of the array. There 
are additional symmetries within the tiles 
themselves as well as between adjacent tiles 
which facilitate replication of structures to speed 
design and layout. 

The dimensions of the SP11 04 are 140 mils x 
143 mils. 

PROCESS OPTIONS 
Maximum operating voltage is usually a key 
requirement in most applications. For an analog 
ASIC application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually V CEO and process application capability 
is specified by this parameter. The V CEO is 
determined by a combination of starting silicon 
resistivity and transistor geometries (Le. spacings). 
Higher starting silicon resistivity gives higher 
VCEO' but at the expense of slightly higher 
transistor parasitics (mainly RC) which will 
ultimately limit circuit performance. 
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The SP 11 04 array is available in two process 
options: 20 Volt and 35 Volt processes, By 
controlling substrate resistivity, VCEO's of 35 Volts 
& 20 Volts are achieved, The 20 Volt VCEO 
process offers somewhat lower parasitics, and 
therefore, higher speed, This is the preferred 
process for high speed applications. if maximum 
voltages can be held below 20 Volts, 

MACRO CELLS 
Design time, cost and risk can be reduced 
significantly by designing with proven macro celis 
rather than at the transistor device level. A library 
of macro celis has been developed to support 
SP1104 user designs, Additional macros will be 
added to the library as they become available, 
Before starting your design, consult your local 
SIPEX sales office or the factory to obtain the 
latest update on available macro cells, 

SPl104 MACRO CELL LIBRARY 

CELL # OF 
NAME DESCRIPTION TILES 

MXRB01 1 ,5V Voltage Reference 0,5 

MXRB02 2,5V Voltage Reference 1 

MXRB03 2,5V Voltage Reference 1 
a ±0,5 mA Current Reference 

MXRB05 5,OV Voltage Reference 1 

MXRB10 1 O,OV Voltage Reference 1 

MXOP01 General Purpose Wide band 1 
OpAmp 

MXOP02 Wideband. Medium Drive 2 
OpAmp 

MXOP03 Precision High Bandwidth 2 
OpAmp 

MXTA01 Transimpedance Amplifier 2+ 

MXCM01 General Purpose Comparator 1 

SUPPORT PRODUCTS & SERVICES 
• Commercially Available P-SPICE or Equivalent 

Simulators (Purchased Directly From the 
Vendor) 

• Design Manual (DESMAN 1100) 
• Mylar Layout Worksheets 
• GDS II Database Tape for Workstations Based 

Layouts 
• A Family of Proven Macro Cells (Circuit 

Schematics and Net Lists are Available in the 
Design Manual) 

• Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

• Application Assistance and Training by Sipex 
Personnel 
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SIGNAL PROCESSING EXCELLENCE 

DESCRIPTION 
The SP1204 is a high density, high performance 
analog array containing 428 linear bipolar 
transistors and 16 P-channel JFET transistors as well 
as numerous other components commonly used 
to implement high performance analog 
functions. The SP1204 is a member of Sipex's 
SPlOOO family of analog arrays which is configured 
around a standard tile of 24 1 x geometry 
transistors. 

High gain, high bandwidth complementary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors make the SP 1204 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal conditioning and signal processing 
applications. 

The availability of 16 P-channel JFETs makes the 
SP1204 particularly suited for those applications 
where extremely low input bias currents are 
required. These JFETs can also be used as 
switches. 

FEATURES 

• Dielectric Isolation CDI) for Minimum Parasitics 
and Optimum Latch-up Free Performance 

• 35 Volt Operation 

• 16 Tile Array Structure 

• 216 Vertical NPN Transistors; ~ '" 200, fT '" 1000 
MHz 

• 216 Vertical PNP Transistors; ~ '" 150, fT'" 600 MHz 

• 40 Bond Pads for High I/O Circuits 

SP1204 

HIGH I/O ANALOG ARRAY 
WITH JFETS 

• 16 P-channel JFETS 

• Precision Low TC Thin Film Resistors; TC = 100 
ppm/oC or TC = 300 ppm;oC 

• Laser Trimming for Enhanced Precision; 
Matching to 0.02% 

• Dual Layer Aluminum Metalization 

• Tile Based Architecture Supported by a Macro 
Cell Library 
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SP1204 COMPONENT COUNT SUMMARY 

DESCRIPTION COUNT 

Tiles: 
A Type 8 
BType 8 

Transistors: 
SNPN 192 
SPNP 192 

DBNPN 16 
DBPNP 16 

MNPN 8 
MPNP 8 

HNPN 0 
HPNP 0 
P-JFET 16 

Thin Film Resistors: 
Clear Field Area 5700 sq. mil 

(Total 800 Kn Possible) 

Pinch Resistors 8 

Capacitors: 
4.5 pF (max) 10 
6 pF (max) 12 
7 pF (max) 4 

Diodes: 
Buried Zener 2 
N+ jP+ Diodes 40 

Bond Pads 40 

Die Dimensions 146 mils x 140 mils 

ARCHITECTURE & ORGANIZATION 
The organization and complexity of the SP1204 
array makes it ideally suited for integrating 
complete analog system functions on a single 
silicon chip. The SP 1204 employs a tile based 
architecture where each tile has been configured 
(sized) so that it can contain a complete analog 
function. Pre-defined macro functions which fit 
these tiles are available and can be used to 
implement analog systems thus eliminating the 
tedious task of transistor level design. Using this 
approach also reduces both the manpower and 
elapsed time required to complete a design, 
while increasing the probability of first time 
success. 

Each tile on the SP1204 consists of 12 SNPN & 12 
SPNP transistors arranged in a 3 x 8 matrix. There 
are both A type & B type tiles. The only difference 
between the two tile types is that the locations of 
the SNPN & SPNP transistors in the middle row of 
the tile are reversed. As a result, A type tiles have 
two NPN Quads & one PNP Quad while the B type 
tiles have two PNP Quads and one NPN Quad. 
This feature simplifies many types of layouts. 

The SP1204 is organized as a 4 x 4 matrix of tiles. 
The top and bottom rows have A type tiles while 
the two middle rows contain the B type tiles. 
Sixteen P-JFETs, arranged in quads, lie across the 
center of the die. The P-JFETs are only available 
with the 35 Volt process. (These areas are inactive 
when using the 20 Volt process). 

Above and below each tile is a clear field area 
which is reserved for user defined thin film resistors. 
Interspersed between the tiles and around the 
periphery of the array are the various 
components available on the array. 

To accommodate rapid layout, all SP1204 
components are positioned on a 15f.! grid. Within 
the clear field area there is a 5f.! sub grid for thin
film resistor layout. The SP1204 is symmetric about 
the two perpendicular center lines of the array. 
There are additional symmetries within the tiles 
themselves as well as between adjacent tiles. 

The dimensions of the SP1204 are 140 mils x 
146 mils. 

PROCESS OPTIONS 
Maximum operating voltage is usually a key 
requirement in most applications. For an analog 
ASIC application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually V CEO and process application capability 
is specified by this parameter. The VCEO is 
determined by a combination of starting silicon 
resistivity and transistor geometries (Le. spacings). 
Higher starting silicon resistivity gives higher 
VCEO' but at the expense of slightly higher 
transistor parasitics (mainly RC) which will 
ultimately limit circuit performance. 
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The SP 1204 array is available in two process 
options: 20 Volt and 35 Volt processes. By 
controlling substrate resistivity, VCEO's of 35 Volts 
& 20 Volts are achieved. The 20 Volt VCEO 
process offers somewhat lower parasitics, and 
therefore, higher speed. This is the preferred 
process for high speed applications, if maximum 
voltages can be held below 20 Volts. 

MACRO CELLS 
Design time, cost and risk can be reduced 
significantly by designing with proven macro cells 
rather than at the transistor device level. A library 
of macro cells has been developed to support 
SP 1204 user designs. Additional macros will be 
added to the library as they become available. 
Before starting your design, consult your local 
SIPEX sales office or the factory to obtain the 
latest update on available macro cells. 

SP1204 MACRO CELL LIBRARY 

CELL # OF 
NAME DESCRIPTION TILES 

MXRB01 1 .5V Voltage Reference 0.5 

MXRB02 2.5V Voltage Reference 1 

MXRB03 2.5V Voltage Reference 1 
a ±0.5 mA Current Reference 

MXRB05 5.0V Voltage Reference 1 

MXRB10 1 O.OV Voltage Reference 1 

MXOPOl General Purpose Wideband 1 
OpAmp 

MXOP02 Wideband, Medium Drive 2 
OpAmp 

MXOP03 Precision High Bandwidth 2 
OpAmp 

MXCM01 General Purpose Comparator 1 

SUPPORT PRODUCTS Be SERVICES 
• Commercially Available P-SPICE or Equivalent 

Simulators (Purchased Directly From the 
Vendor) 

• Design Manual (DESMAN 1100) 
• Mylar Layout Worksheets 
• GDS II Database Tape for Workstations Based 

Layouts 
• A Family of Proven Macro Cells (Circuit 

Schematics and Net Lists are Available in the 
Design Manual) 

• Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

• Application Assistance and Training by Sipex 
Personnel 
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SIGNAL PROCESSING EXCELLENCE 

DESCRIPTION 
The SP2107 is a high density, high performance 
analog array containing 780 linear bipolar 
transistors. Twenty-four high current transistors 
capable of driving up to 100 mA each directly off 
the IC are available as well as numerous other 
components commonly used to implement high 
performance analog functions. The SP2107 is a 
member of Sipex's SP2000 family of analog arrays 
which is configured around a standard tile of 32 
1 x geometry transistors. 

High gain, high bandwidth complementary 
vertical NPN & PNP transistors coupled with 
precision thin film resistors make the SP2107 ideally 
suited for implementing cost effective ASIC 
solutions to high speed, high precision analog 
signal conditioning and signal processing 
applications. 

FEATURES 

• Dielectric Isolation (01) for Minimum Parasitics 
and Optimum Latch-up Free Performance 

• 35 Volt or 20 Volt Operation 

• 20 Tile Array Structure 

• 320 Vertical NPN Transistors; ~ "" 200, 
fT"" 1000 MHz 

• 320 Vertical PNP Transistors; ~ "" 150, fT "" 600 MHz 

• High Output Drive Capability, up to 1 00 mA per 
output stage 

SP2107 

SYSTEM LEVEL 
ANALOG ARRAY 

PRELIMINARY 
DATA 

• Precision Low TC Thin Film Resistors; 
TC = 100 ppm;aC or TC = 300 ppm;oC 

• Laser Trimming for Enhanced Precision; 
Matching to 0.02% 

• Dual Layer Aluminum Metalization 

• Tile Based Architecture Supported by a Macro 
Cell Library 
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SP2107 COMPONENT COUNT SUMMARY 

DESCRIPTION COUNT 

Tiles: 20 

Transistors: 
SNPN 320 
SPNP 320 

DBNPN 48 
DBPNP 48 

MNPN 10 
MPNP 10 

HNPN 12 
HPNP 12 

Thin Film Resistors: 
Clear Field Area 10,000 sq. mils. 

(Total 1200 KQ Possible) 

Pinch Resistors 30 

Capacitors: 
1 pF (max) 144 
2 pF (max) 96 

(Total 336 pF Possible) 

Diodes: 
Buried Zener 5 
N+ jP+ Diodes 96 

Bond Pads 54 

Die Dimensions 159 mils x 236 mils 

ARCHITECTURE & ORGANIZATION 
The organization and complexity of the SP2107 
array makes it ideally suited for integrating 
complete analog system functions on a single 
silicon chip. The SP21 07 employs a tile based 
architecture where each tile has been configured 
(sized) so that it can contain a complete high 
performance analog function. Pre-defined macro 
functions which fit these tiles are available and 
can be used to implement analog systems thus 
eliminating the tedious task of transistor level 
design. Using this approach also reduces both the 
manpower and elapsed time required to 
complete a design, while increasing the 
probability of first time success. 

Each tile on the SP2107 consists of 16 SNPN & 16 
SPNP transistors arranged in a 4 x 8 matrix. The 
symmetry of the array of transistors, capacitors 
and thin film area facilitates placement of 
macrocells within a tile. This feature simplifies 
many types of layouts. 

The SP2107 is organized as a 4 x 5 matrix of tiles. 
This structure is ideal for complex quad systems or 
5 channel systems of medium complexity. All tiles 
are identical to allow easy replication of multi
channel systems. Above and below each tile is a 
clear field area which is reserved for user defined 
thin film resistors. Interspersed between the tiles 
and around the periphery of the array are the 
various other components available on the array. 

To accommodate rapid layout, all SP2107 
components are positioned on a 151l grid. Within 
the clear field area there is 51l sub grid for thin-film 
resistor layout. The SP2107 is symmetric about the 
two perpendicular center lines of the array. There 
are additional symmetries within the tiles 
themselves as well as between adjacent tiles 
which facilitate replication of structures to speed 
design and layout. 

The dimensions of the SP21 07 are 236 mils x 
159 mils. 

PROCESS OPTIONS 
Maximum operating voltage is usually a key 
requirement in most applications. For an analog 
ASIC application the maximum possible voltage is 
ultimately limited by the breakdown voltage of 
the transistors. The lowest breakdown voltage is 
usually V CEO and process application capability 
is specified by this parameter. The V CEO is 
determined by a combination of starting silicon 
resistivity and transistor geometries (i.e. spacings). 
Higher starting silicon resistivity gives higher 
VCEO' but at the expense of slightly higher 
transistor parasitics (mainly RC) which will 
ultimately limit circuit performance. 
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The SP21 07 array is available in two process 
options: 20 Volt and 35 Volt processes. By 
controlling substrate resistivity, VCEO's of 35 Volts 
& 20 Volts are achieved. The 20 Volt VCEO 
process offers somewhat lower parasitics, and 
therefore, higher speed. This is the preferred 
process for high speed applications, if maximum 
voltages can be held below 20 Volts. 

MACRO CELLS 
Design time, cost and risk can be reduced 
significantly by designing with proven macro cells 
rather than at the transistor device level. A library 
of macro cells has been developed to support 
SP2107 user designs. Additional macros will be 
added to the library as they become available. 
The macrocells for the SPlOOO products are not 
usable on the SP2000 series arrays. Before starting 
your design, consult your local SIPEX sales office or 
the factory to obtain the latest update on 
available macro cells. 

SUPPORT PRODUCTS & SERVICES 
• Commercially Available P-SPICE or Equivalent 

Simulators (Purchased Directly From the 
Vendor) 

• Design Manual (DESMAN 1100) 
• Mylar Layout Worksheets 
• GDS II Database Tape for Workstations Based 

Layouts 
• A Family of Proven Macro Cells (Circuit 

Schematics and Net Lists are Available in the 
Design Manual) 

• Transistor Level and Macro Cell Kit Parts to 
Support Evaluation and Breadboarding (If 
Required) 

• Application Assistance and Training by Sipex 
Personnel 

SP2107 MACRO CELL LIBRARY 

CELL 
NAME DESCRIPTION 

Operational Amplifiers 

OPA-Ol General Purpose 
OPA-02 General Purpose w/Class A/B 
OPA-03 Precision Op Amp, Low IB 
OPA-05 General Purpose Clamped 

Output 

Transimpedance Amplifier 

TZA-Ol Wide Bandwidth 

Comparators 

CMP-Ol Wide Band, Single Supply 
CMP-02 Wide Band, Dual Supply 
CMP-04 2-lnput Window Comparator 

Multipliers 

MLT-Ol 2 Quadrant, Current Output 
MLT-02 4 Quadrant, Current Output 
MLT-03 4 Quadrant, Voltage Output 
MLT-04 4 Quadrant, Digital, I Output 

Sample and Hold Amplifiers 

SHA-Ol Voltage Output S/H 

Full Wave Rectifier 

FWR-Ol General Purpose, +1 Out 
FWR-02 General Purpose, -lOut 

General Bias Circuit 

BAS-Ol Low TC Current Bias 

# OF 
TILES 

<1 
1 

1.5 
1 

2 

1 
1 
1 

2 
2 
2 
2 

3 

1 
1 

1-2 
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SIGNAL PROCESSING EXCELLENCE 

COMPONENT DESCRIPTIONS 
Device level components available for use on the 
SP1000 arrays include both NPN and PNP 
transistors, thin-film resistors, pinch resistors, 
capacitors and buried zener diodes. Both nominal 
and worst case (i.e. process and temperature 
extremes) SPICE model parameters are available 
for all of these components. 

To meet the range of performance requirements 
(I.e. drive, noise, ratios, etc.) typically required in 
analog ASIC applications, the SP 1000 arrays 
contain several different complementary 
geometry bipolar transistors. 

SNPN/SPNP 
These transistors are the minimum geometry 1 X 

devices available on the array with drawn emitter 
dimensions of 10).! x 38).!. These devices offer 
excellent performance with a useable current 
range of 0.1 ).!A to 1 mA. These minimum 
geometry transistors have been designed to 
support a broad range of applications and are 
the workhorse transistors on the SP 1 000 array 
family. 

SNPN SPNP 
SP1104 192 192 
SP1204 192 192 

DBNPN/DBPNP 
These transistors are 4 x geometry devices with a 
double base contact stripe for low base 
resistance (RB)' Low base resistance is a key 
requirement in low noise designs. The higher drive 
capability inherent in these 4 x devices makes 
them ideal for driving high slew rate nodes or for 
driving directly off the chip. 

DBNPN DBPNP 
SPll04 16 16 
SP1204 16 16 

MNPN/MPNP 
These transistors are intended primarily as pre
drivers for the higher current HNPN/HPNP devices. 
Their emitter areas are 0.2 x those of the "H" 
devices. They have both double base and 
double collector stripe contacts for low RB & low 
RC' In addition to being used as a pre-driver for 
the "H" devices, these devices can be used to 
directly drive outputs or internal nodes requiring 
high slew rates. 

SP1104 
SP1204 

MNPN 
8 
8 

MPNP 
8 
8 

SP1000 FAMILY 

COMPONENT DESCRIPTIONS 

HNPN/HPNP 
These transistors are large geometry devices 
intended to drive large currents (i.e. up to 100 
mA) directly off the Chip. The HNPN is a 20 x 
device and the HPNP is a 30 x device. Both the 
HNPN and HPNP devices have double base and 
double collector stripe contacts for low RB and 
low RC' They also have triple emitter stripe 
contacts. 

SP1104 
SP1204 

HNPN 
6 
o 

THIN FILM RESISTORS 

HPNP 
6 
o 

Thin film nichrome metal resistors are the principal 
type of application resistor used on the SPlOOO 
array. Each resistor is user defined by specifying 
both the resistor length & width (i.e. R=p(w/I». For 
resistors which require trimming, the minimum 
width is 1 O).!. Trimmable resistors must be a 
minimum of 50).! wide. On chip resistor matching 
can be improved by utilizing larger than minimum 
widths. Thin film resistors are defined in the clear 
field areas available on the array. For the SPlOOO 
family the maximum resistance utilizing 175Q/ 
nichrome is approximately 800 KQ's. 

MAX RESISTANCE 
SP1104 800 KQ 
SP 1204 800 KQ 

PINCH RESISTORS 
Pinch resistors are high value resistors with very 
poor accuracy. Their principal attribute is the very 
small chip area they consume. They are useful in 
applications such as start-up and bleeder circuits 
that require neither absolute nor relative 
accuracy. The breakdown voltage of these 
devices is under 8.0 Volts. To achieve larger 
breakdowns, multiple resistors can be connected 
in series. 

QN 
SPll04 36 
SP1204 8 

CAPACITORS 
Capacitors on the SPlOOO arrays are of the MOS 
type (i.e. aluminum - silicon dioxide - N+ silicon). 
This structure has the advantage of virtually no 
voltage or temperature dependence. There are 
three different capacitor sizes on each array with 
maximum values ranging from 4.5 pF to 18 pF. Any 
capacitor may be programmed to a lower value 
by decreasing the area of the top aluminum 
plate. 
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QTY LARGEST 
CAPS CAP 

SPll04 14 18 pF 
SP1204 26 7 pF 

BURIED ZENER DIODE 

TOTAL 
VALUE 
134pF 
135pF 

Buried zener diodes are N+/P+ junctions with zener 
breakdown occurring below the silicon surface. 
This eliminates surface effects and makes the 
device an extremely stable element. The diode 
has a single anode contact (P+) and four 
cathode (N+) contacts. The latter permits Kelvin 
connections of the zener diode. 

QTY 
SP1104 6 
SP1204 2 

P-JFET TRANSISTORS 
These transistors are intended for applications 
requiring extremely low input bias or leakage 
currents (e.g. sample & hold functions). They are 
typically used as quads, and they are arranged 
as four quads spread across the center of the 
array. These devices are only available on the 35 
volt SP1204 array. 

20V 35V 
SP1104 0 0 
SPT204 0 16 

N+/P+ DIODES 
These diodes have breakdowns less than a VEBO 
and can be used to protect emitter base 
junctions from damage from excess reverse 
voltage. 

QTY 
SPll04 0 
SP1204 40 



ABSOLUTE MAXIMUM RATINGS - 20 VOLT PROCESS 
V CEO ......................................................................................................................... 20 Volts 
VEBO .......................................................................................................................... 6.5 Volts 
Storage Temperature Range ................................................................................. -65°C < TA < 150°C 
Maximum Operating Junction Temperature ....................................................... 150°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS* MIN TYP MAX UNITS 

SNPN 
Gain p Typical IC = 1 mA 200 
Bandwidth fT Typical IC = 2 mA V CE = 5V 990 1000 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-05 5 mA 
Early Voltage VA VA = RO * IC 110 V 

SPNP 
Gain p Typical IC = 1 mA 150 
Bandwidth fT TypicallC = 2 mA, V CE = 5V 660 700 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-05 4 mA 
Early Voltage VA VA = RO * IC 110 V 

DBNPN 
Gain p TypicallC = 1 mA 175 
Bandwidth fT TypicallC = 5 mA VCE = 5V 825 950 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-05 20 mA 
Early Voltage VA VA = RO * IC 100 V 

DBPNP 
Gain p TypicallC = 1 mA 160 
Bandwidth fT Typical IC = 5 mA V CE = 5V 380 500 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-05 20 mA 
Early Voltage VA VA = RO * IC 50 V 

MNPN 
Gain p Typical IC = 1 mA 180 
Bandwidth fT TypicallC = 10 mAVCE = 5V 850 900 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-04 30 mA 
Early Voltage VA VA = RO * IC 100 V 

MPNP 
Gain p TypicallC = 1 mA 150 
Bandwidth fT TypicallC = 10 mA VCE = 5V 580 620 MHz 
Current Range IC Range @ p = 0.7 P (max) 5E-04 30 mA 
Early Voltage VA VA = RO * IC 50 V 

HNPN 
Gain p TypicallC = 1 mA 190 
Bandwidth fT TypicallC = 25 mA V CE = 10V 750 850 MHz 
Current Range IC Range @ p = 0.7 P (max) 1 100 mA 
Early Voltage VA VA = RO * IC 100 V 

HPNP 
Gain p TypicallC = 1 mA 150 
Bandwidth fT TypicallC = 25 mA VCE = 10V 375 450 MHz 
Current Range IC Range @ p = 0.7 P (max) 1 100 mA 
Early Voltage VA VA = RO * IC 50 V 

*Unless otherwise noted, specifications apply for TA = 25°C 
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ABSOLUTE MAXIMUM RATINGS - 35 VOLT PROCESS 
VCEO ......................................................................................................................... 35 Volts 
VEBO .......................................................................................................................... 6.5 Volts 
Storage Temperature Range ................................................................................. -65°C < TA < 150°C 
Maximum Operating Junction Temperature ....................................................... 150°C 

ELECTRICAL CHARACTERISTICS 

PARAMETER SYMBOL CONDITIONS* MIN TYP MAX UNITS 

SNPN 
Gain j3 Typical Ie = 1 mA 200 
Bandwidth fT Typical Ie = 2 mA, VeE = 5V 900 950 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-05 5 mA 
Early Voltage VA VA = RO * Ie 110 V 

SPNP 
Gain j3 Typical Ie = 1 mA 140 
Bandwidth fT Typical Ie = 2 mA, VeE = 5V 490 500 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-05 4 mA 
Early Voltage VA VA = RO * Ie 100 V 

DBNPN 
Gain j3 Typical Ie = 1 mA 180 
Bandwidth fT Typical Ie = 5 mA, VeE = 5V 750 950 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-05 20 mA 
Early Voltage VA VA = RO * Ie 100 V 

DBPNP 
Gain j3 Typical IC = 1 mA 140 
Bandwidth fT Typical Ie = 5 mA, VeE = 5V 380 500 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-05 20 mA 
Early Voltage VA VA = RO * Ie 50 V 

MNPN 
Gain j3 Typical Ie = 1 mA 140 
Bandwidth fT TypicallC = 10 mA, VeE = 5V 850 900 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-04 30 mA 
Early Voltage VA VA = RO * Ie 100 V 

MPNP 
Gain j3 Typical IC = 1 mA 150 
Bandwidth fT Typical Ie = 10 mA, V CE = 5V 400 450 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 5E-04 30 mA 
Early Voltage VA VA = RO * Ie 50 V 

HNPN 
Gain j3 Typical Ie = 1 mA 190 
Bandwidth fT Typical Ie = 25 mA, VeE = lOV 700 850 MHz 
Current Range IC Range @ j3 = 0.7 j3 (max) 1 100 mA 
Early Voltage VA VA = RO * Ie 100 V 

HPNP 
Gain j3 Typical Ie = 1 mA 150 
Bandwidth fT Typical Ie = 25 mA, V CE = 10V 350 450 MHz 
Current Range Ie Range @ j3 = 0.7 j3 (max) 1 100 mA 
Early Voltage VA VA = RO * Ie 50 V 

P-JFET 
Gain j3 9 IlA/V 
Current IDSS 93 IlA 
Threshold VTP Typical Ie = 1 mA 1.1 V 
Lambda LAM 0.044 v-l 
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ABSOLUTE MAXIMUM RATINGS 

0fsEg.:::::::::::::::::::::::::::::::::::::::::::::::::: ::::::::::::::::::::::::::::::::::::::::::::: :::::::::::::::::::::::::: ~~~ or 35V 

Storage Temperature Range ...................................................... " ........................ , -65°C ~ TA ~ 150°C 
Maximum Operating Junction Temperature ....................................................... 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for TA = 25°C. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

NICHROME RESISTOR (I) 
Sheet Resistivity p 140 175 210 Q/sq. 
Temp. Coefficient .1 R/(R-.1 T) ((((Rl-R2)/(R1 +R2)/2))f(Tl-T2)) -1 E+6 100 150 ppm;oC 
Voltage Coefficient .1 R/(R-.1 T) ((((Rl-R2)/(Rl +R2)/2))/(Vl-V2)) -1 E+6 a ppm/V 
Parasitic Capacitance C Resistor Body and End Caps 4E-5 pF/1l2 

Matching .1 R/R Identical Geometry, ((Rl-R2)/(Rl+R2)/2))-100 0.1 % 
Resistor Width = 25 microns 

NICHROME RESISTOR (II 
Sheet Resistivity p 140 175 210 Q/sq. 
Temp. Coefficient .1 R/(R-.1 T) ((((Rl-R2)/(Rl +R2)/2))/(Tl-T2)) -1 E+6 300 350 ppm;oC 
Voltage Coefficient .1 R/(R-.1 T) ((((Rl-R2)/(Rl +R2)/2))/(Vl-V2)) -1 E+6 a ppm/V 
Parasitic Capacitance C Resistor Body and End Caps 4E-5 pF/1l2 

Matching .1 R/R Identical Geometry, ((Rl-R2)/(Rl+R2)/2))-100 0.1 % 
Resistor Width = 25 microns 

CAPACITOR 
Capacitance C 0.27 0.31 0.25 fF/1l2 
Matching .1 C/C ((Cl-C2)/(C1+C2)/2))-100 -5 +5 % 
Voltage Coefficient .1 C/.1 V (C l-C2)/(Vl-V2) a fF/V 
Temp. Coefficient .1 C/(C-.1 T) ((((C l-C2)/(C 1 +C2)/2))/(Tl-T2)) -SE-7 (Ocr1 

PINCH RESISTOR 
Resistance R 15 35 70 KQ 
Temp. Coefficient .1 R/(R-.1 T) ((((Rl-R2)/(Rl +R2)/2))/(Tl-T2)) -1 E+6 4900 ppm;oC 
Matching .1 R/R ((Rl-R2)/(Rl +R2)/2)) -1 00 -20 +20 % 

BURIED ZENER 
Zener Voltage Vz IZ - 500 IlA 5.3 5.5 5.7 Volts 
Temp. Coefficient .1 VZ/.1 T Kelvin Configuration 1.6 mV/oC 
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SIGNAL PROCESSING EXCELLENCE 

SP1000 FAMILY 

MACRO CELL DESCRIPTION 

The datasheets in this section describe the 
currently available macro cells for the SP1000 
family of arrays. Except as noted all macro cells 
can be implemented on any of the arrays in this 

family. The parameters presented are for the 35 
Volt process. Variations for the 20 Volt process are 
indicated in the notes for each cell as required. 

Cell 
~ 

MBRBOl 

MBRB02 

MBRB05 

MBRBlO 

MBOPOl 

MBOP02 

MBOP03 

MBTAOl 

MBCMOl 

Description 

1.25V Voltage Reference 

2.5V Voltage Reference 

5.0V Voltage Reference 

1 O.OV Voltage Reference 

General Purpose Wideband Op-Amp 

High Output Current, Wideband Op-Amp 

High Performance Op-Amp 

Transimpedance Amplifier 

High Speed Comparator 
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SIGNAL PROCESSING EXCELLENCE 

MBRBOl 

1.25V VOLTAGE REFERENCE 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBRB01 is a voltage reference macro cell 
featuring a 1.25 Volt output. It is useable with any 
SPlOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRB01 employs NiCr thin film 
resistors with appropriate matching to minimize 
temperature effects. 

Key features of the MBRBOl are its low output 
voltage (1.25 Volts), and the very simple circuit 
design which results in low component usage. It is 
ideally suited for low voltage applications. The low 
component usage, half a tile, makes it especially 
attractive in very dense designs where 
component count is stretched to the limit. The 
simple design does, however, result in higher 
Temperature Coefficients (i.e. 400 ppm;oC max) 
than other macro cell references in the SPlOOO 
library. 

Applications for the MBRB01 include setting 
threshold levels and establishing reference 
currents and bias levels. 

FEATURES 
• Low Voltage Operation - Stable With Supply 

Voltages as Low as 4 Volts 
• Extremely Low Component Usage (1/2 Tile) 

APPLICATIONS 
• General Purpose Reference 
• Setting Threshold Levels 
• Establishing Supply Voltage Independent Bias 

Levels 

BLOCK DIAGRAM 

MBRB01 1-----0 V REF 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
VREF REFERENCE VOLTAGE OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1/2 

Transistors: 

SNPN 6 
SPNP 6 
DBNPN 0 
DBPNP 0 
MNPN 0 
MPNP 0 
HNPN 0 
HPNP 0 

Resistors: 

Nichrome (KQ) 27.4 
Pinch (#) 6 

Capacitors: 

5 pF (max) 1 
8 pF (max) 0 
18 pF (max) 0 

Buried Zener 0 
Diodes 



MBRBO 1 - 1.2SV VOLTAGE REFERENCE 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 
Operating Temperature Range ............................................................................. -55°C::; TA ::; 125°C 
Storage Temperature Range ................................................................................. -65°C::; TA::; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for VEE = OV, VCC = 15V, O°C::; TA::; 70°C. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

OUTPUT CHARACTERISTICS 
Output Current, Sinking +IOUT 1 
Output Current, Sourcing -lOUT 1 
Output Voltage Vo TA = 25°C 1.25 
Vo Temperature Coefficient TCVO TA = 25°C, (~ VO/VO)/~ T 100 400 

POWER SUPPLY 
Operating Supply Voltage VSUPPLY VCC - VEE 4 35 
Quiescent Current ISUPPLY VCC = 15V, lOUT = 0 2 
Vo Load Regulation ~ VO/~ 10 3 10 
Vo Line Regulation ~ VO/~ Vs Vs = VCC - VEE 5 20 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

UNITS 

mA 
mA 
V 

ppm/oC 

V 
mA 

mV/MA 
mV/V 
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SIGNAL PROCESSING EXCELLENCE 

MBRB02 

2.5V VOLTAGE REFERENCE 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBRB02 is a voltage reference macro cell 
featuring a 2.5 Volt output. It is useable with any 
SP 1 000 family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRB02 employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The MBRB02 is one tile and is designed for low 
temperature drift (i.e. 55 ppm/oC typical). The 
design of MBRB02 is identical to the MBRB05 with 
the exception of different resistor scaling in the 
output which is required for 2.5V. The MBRB02 can 
be used with supply voltages as low as 7 Volts, 
operates over the full mil-temperature range, and 
can source 5 mA of output current. 

Applications for the MBRB02 include setting 
threshold levels and establishing reference 
currents and bias levels, etc. 

This macro cell has only been simulated and is not 
available as a kit part. 

FEATURES 
• Both Output Voltage and Temperature Co

efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

• Low Temperature Drift (50 ppm;oC Untrimmed) 
• Low Quiescent Current (0.5 mA) 
• Moderate Component Count (1 Tile) 

APPLICATIONS 
• General Purpose Reference 
• Setting Threshold Levels 
• Establishing Supply Voltage Independent Bias 

Levels 
• Establishing Reference Current 

BLOCK DIAGRAM 

MBRB02 1----0 VREF 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
VREF REFERENCE VOLTAGE OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 

SNPN 12 
SPNP 4 
DBNPN a 
DBPNP a 
MNPN a 
MPNP a 
HNPN a 
HPNP a 

Resistors: 

Nichrome (KQ) 16 
Pinch (#) 5 

Capacitors: 

5 pF (max) a 
8 pF (max) 1 
18 pF (max) a 

Buried Zener a 
Diodes 



MBRB02 - 2.5V VOLTAGE REFERENCE 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 
Operating Temperature Range ............................................................................. -55°C::; TA ::;125°C 

Storage Temperature Range ................................................................................. -65°C::; TA ::; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for VEE = OV, VCC = 15V, 55°C::; TA::; 125°C. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

OUTPUT CHARACTERISTICS 
Output Current, Sinking +IOUT 0.25 
Output Current, Sourcing -lOUT 5 
Output Voltage Vo TA = 25°C 2.5 
Vo Temperature Coefficient TCVO @TA:::25°C 50 150 

POWER SUPPLY 
Operating Supply Voltage VSUPPLY VCC - VEE 7 35 
Vo Line Regulation L1 VO/L1 Vs 5 20 
Quiescent Current ISUPPLY VCC::: 15V, lOUT::: a 0.5 
Vo Load Regulation L1 VO/L110 1 10 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

UNITS 

mA 
mA 
V 

ppm/DC 

V 
mV/V 
mA 

mV/mA 
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SIGNAL PROCESSING EXCELLENCE 

MBRB05 

5.0V VOLTAGE REFERENCE 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBRB05 is a voltage reference macro cell 
featuring a 5.0 Volt output. It is useable with any 
SPlOOO family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRB05 employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The MBRB05 fits in one tile and is designed for low 
temperature drift (i.e. 50 ppm;oC typical). The 
MBRB05 can be trimmed both for output voltage 
and reduced temperature coefficient; operates 
over the full mil-temperature range; and can 
source 5 mA of output current. 

Applications for the MBRB05 include setting 
threshold levels, establishing reference currents 
and bias levels. 

FEATURES 
• Both Output Voltage and Temperature Co

efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

• Low Temperature Drift (50 ppm/oC Untrimmed) 
• Low Quiescent Current (0.5 mA) 
• Moderate Component Count (1 Tile) 

APPLICATIONS 
• General Purpose Reference 
• Setting Threshold Levels 
• Establishing Supply Voltage Independent Bias 

Levels 
• Establishing Reference Currents 

BLOCK DIAGRAM 

MBRB05 t----o V REFOUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 
SNPN 12 
SPNP 4 
DBNPN 0 
DBPNP 0 
MNPN 0 
MPNP 0 
HNPN 0 
HPNP 0 

Resistors: 
Nichrome (Kg) 25.1 
Pinch (#) 5 

Capacitors: 
5 pF (max) 0 
8 pF (max) 1 
18 pF (max) 0 

Buried Zener 0 
Diodes 



MBRB05 - 5.0V VOLTAGE REFERENCE 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 
Operating Temperature Range ............................................................................. O°C::; TA::; 70°C 
Storage Temperature Range ................................................................................. -65°C::; TA::; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for VEE = OV, VCC = 12V, 55°C::; TA::; 125°C. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

OUTPUT CHARACTERISTICS 
Output Current, Sinking +IOUT 0.25 
Output Current, Sourcing -lOUT 5 
Output Voltage Vo TA = 25°C 4.7 5.0 5.3 
Vo Temperature Coefficient TCVO TA = 25°C 50 150 

POWER SUPPLY 
Operating Supply Voltage VSUPPLY VCC - VEE 8* 35 
Quiescent Current ISUPPLY VCC = 15V, lOUT = 0 0.5 
Vo Load Regulation ~ VO/~IO 1 6* 
Vo Line Regulation ~ VO/~ Vs 5 20 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

*Variations for 20V process 

Operating Supply Voltage Vs = 8V min 

- Vo Load Regulation ~ VO/~ 10 = 5 mV/mA max 

UNITS 

mA 
mA 
V 

ppm/oC 

V 
mA 

mV/mA 
mV/V 
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MBRB10 
SIGNAL PROCESSING EXCELLENCE LENCE 

lO.OV VOLTAGE REFERENCE 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBRB lOis a voltage reference macro cell 
featuring a 10 Volt output. It is useable with any 
SP1000 family array product fabricated on Sipex's 
35 Volt process. The basic reference element is a 
"BAND-GAP" with first order temperature 
compensation. To achieve optimum temperature 
performance, the MBRBlO employs NiCr resistors 
with appropriate matching to minimize 
temperature effects. 

The MBRB 1 0 fits in one tile and is designed for low 
temperature drift (i.e. 50 ppm;oC). The design of 
the MBRBlO is identical to the MBRB05, with the 
exception of the different resistors scaling in the 
output which is required to achieve 10 volts. The 
MBRB10 can be trimmed, both for output voltage 
and reduced temperature coefficient; operates 
over the full mil-temperature range: and can 
source 5 mA of output current. 

Applications for the MBRB 10 include setting 
threshold levels and establishing reference 
currents and bias levels, etc. 

This macro cell has only been simulated and is not 
available as a kit part. 

FEATURES 
• Both Output Voltage and Temperature Co

efficient Can Be Laser Trimmed for Improved 
Accuracy and Reduced Temperature Drift 

• Low Temperature Drift (50 ppm;oC Untrimmed) 
• Low Quiescent Current (0.5 rnA) 
• Moderate Component Count (1 Tile) 

APPLICATIONS 
• General Purpose Reference 
• Setting Threshold Levels 
• Establishing Supply Voltage Independent Bias 

Levels 
• Establishing Reference Currents 

BLOCK DIAGRAM 

MBRB10 ~---o VREF 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
V REF REFERENCE VOLTAGE OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 

SNPN 12 
SPNP 4 
DBNPN 0 
DBPNP 0 
MNPN 0 
MPNP 0 
HNPN 0 
HPNP 0 

Resistors: 
Nichrome (Kn) 41.4 
Pinch (#) 5 

Capacitors: 
5 pF (max) 0 
8 pF (max) 1 
18 pF (max) 0 

Buried Zener 0 
Diodes 



MBRB 1 0 - 1 O.OV VOLTAGE REFERENCE 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,"""""'"'''''''''''''''''''''''''''''''' 35V 

Operating Temperature Range """""''''''''''''''''''',,'''''''''''''''''''''',,,,'''''''''''''''''''' O°C ~ TA ~ 70°C 
Storage Temperature Range """"",,""""""""""",,"",,""""""''',,'''''',,'''''''''' " " -65°C ~ TA ~ 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for VEE = OV, VCC = 15V, TA = 25°C, 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

OUTPUT CHARACTERISTICS 
Output Current, Sinking +IOUT 0,25 
Output Current, Sourcing -lOUT 5 
Output Voltage Vo TA = 25°C 10 
Vo Temperature Coefficient TCVO TA = 25°C 50 150 

POWER SUPPLY 
Operating Supply Voltage VSUPPLY VCC - VEE 14 35 
Vo Load Regulation d Void '0 1 10 
Vo Line Regulation d VOid Vs 5 20 
Quiescent Current 'SUPPLY VCC = 15V, 'OUT = 0 0,5 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis, 

UNITS 

mA 
mA 
V 

ppm;oC 

V 
mV/mA 
mV/V 
mA 
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SIGNAL PROCESSING EXCELLENCE 

MBOPOl 

GENERAL PURPOSE WIDEBAND OP-AMP 
SP 1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBOP01 is a general purpose op-amp macro 
cell useable with any SP1000 family array product 
implemented on Sipex's 35 Volt process. Although 
it is the lowest performance op-amp in the SP 1000 
family library, the MBOP01 offers considerable 
higher performance than typical, off-the-shelf, 
general purpose op-amps. 

The MBOP01 design employs base current 
cancellation techniques in order to optimize DC 
performance. Key features include low initial 
offset voltage «1 mV), high bandwidth (25 MHz), 
and unity gain stable operation. 

The MBOP01 has a very low component usage for 
an op-amp - one tile for signal path and bias 
circuitry. Bandwidth and slew-rate of the MBOPOl 
can be enhanced by increasing the operating 
current levels. This is accomplished by connecting 
the appropriate RSET resistor between the ISET pin 
and VEE' 

For SP 1000 family general purpose op-amp 
applications, the low component count of the 
MBOP01 always makes it the preferred macro if its 
performance is adequate for the application. 

FEATURES 
• Low Offset Voltage (0.5 mV Typical) 
• Internally Compensated for Stable Operation 

at Unity Gain 
• 25 MHz Unity Gain Bandwidth 
• 10 V/~sec Slew Rate 
• Power/Bandwidth Programmable 

APPLICATIONS 
• General Purpose Op-Amp Applications Internal 

to the Array 

BLOCK DIAGRAM 

VOUT 

POSITIVE POWER SUPPLY 
NEGATIVE POWER SUPPLY 
INVERTING INPUT 
NON-INVERTING INPUT 
CIRCUIT BIAS CURRENT SETTING 
REFERENCE VOLTAGE OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 

SNPN 11 
SPNP 10 
DBNPN 2 
DBPNP a 
MNPN a 
MPNP a 
HNPN a 
HPNP a 

Resistors: 

Nichrome (KQ) 28 
Pinch (#) 6 

Capacitors: 

5 pF (max) a 
8 pF (max) a 
18 pF (max) 1 

Buried Zener 1 
Diodes 



MBOPOl - GENERAL PURPOSE WIDEBAND OP-AMP 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 
Differential Input Voltage, VD ................................................................................ 7V 

Input Voltage Range ............................................................................................... VEE -0.3V to VCC +0.3V 
Storage Temperature Range ................................................................................. -65°C::; TA::; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for TA = 25°C, RSET = 10 KQ, VCC = + 15V, VEE = -15V. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

INPUT CHARACTERISTICS 
Input Offset Voltage VOS 0.5 5 
Temp Coef. of Input TCVOS 10 
Offset Voltage 
Input Offset Current lOS 200 
Input Bias Current IB .5 1 

TRANSFER CHARACTERISTICS 
Common Mode Range VCM VEE+3.5 VCC-3.5 
Common Mode Rejection CMRR 80 90 
Ratio 
Open Loop Gain AV RL = 10K to GND 60 72 
Phase Margin PM CL = 1 pF, RL = 10K 60 
Gain Bandwidth Product GBWP CL = 1 pF, RL = 10K 25 

OUTPUT CHARACTERISTICS 
Output Sink Current lOUT 0.4 
Output Source Current lOUT 5 
Peak Positive Output VO+ RL = lOOK to GND VCC-2V 
Voltage 
Peak Negative Output VO- RL = lOOK to GND VEE+2 
Voltage 

TRANSIENT RESPONSE 
Slew Rate Rising SR+ CL = 1 pF, RL = 10K 5 10 
Slew Rate Falling SR- CL = 1 pF, RL = 10K 5 10 

POWER SUPPLY 
Supply Voltage Range VSUPPLY VCC - VEE 10 35 
Supply Current ISUPPLY RSET = 10K 1.6 
Power Supply Rejection PSRR 80 90 
Ratio 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

UNITS 

mV 
~V;oC 

nA 
~A 

V 
dB 

dB 
Deg 
MHz 

mA 
mA 
V 

V 

V/~S 
V/~S 

V 
mA 
dB 
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MBOP02 
SIGNAL PROCESSING EXCELLENCE 

HIGH OUTPUT CURRENT, WIDEBAND OP-AMP 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBOP02 is a general purpose op-amp macro 
cell useable with any SP 1 000 family array product 
implemented on Sipex's 35 Volt process, The 
MBOP02 is identical in design to the MBOPOl with 
the exception of its improved class AB emitter 
follower output stage, 

Compared to the MBOPOl design, the MBOP02 
offers higher open loop gain, symmetrical 10 
V /Ilsec slew rates, and higher output current 
source and sink capability, The MBOP02 does, 
however, have higher component usage and 
draws slightly higher power than the MBOP01, 

Layout of the MBOP02 can be accomplished in 
one tile, including the bias circuitry, Bandwidth 
and slew rate of the MBOP02 can be enhanced 
by increasing the operating current levels, This is 
accomplished by connecting the appropriate 
RSET resistor between the ISET pin and VEE' 

This macro cell has only been simulated and is not 
available as a kit part, 

FEATURES 
• Low Offset Voltage (0,5 mV Typical) 
• Internally Compensated for Stable Operation 

at Unity Gain 

• 25 MHz Unity Gain Bandwidth 
• Symmetrical 10 V /Ilsec Slew Rate 
• 20 mA Output Current Source & Sink Capability 

APPLICATIONS 
• General Purpose Op-Amp 
• High Output Current Applications 

BLOCK DIAGRAM 

VOUT 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
IN_ INVERTING INPUT 
IN+ NON-INVERTING INPUT 
ISET CIRCUIT BIAS CURRENT SETTING 
VOUT OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 

SNPN 12 
SPNP 12 
DBNPN 4 
DBPNP 1 
MNPN 1 
MPNP 1 
HNPN a 
HPNP a 

Resistors: 

Nichrome (KQ) 28 
Pinch (#) 6 

Capacitors: 

5 pF (max) a 
8 pF (max) a 
18 pF (max) 1 

Buried Zener 1 
Diodes 



MBOP02 - HIGH OUTPUT CURRENT, WIDEBAND OP-AMP 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 

Differential Input Voltage ........................................................................................ 7V 

Input Voltage Range ............................................................................................... VEE -0.3V to V CC +0.3V 
Storage Temperature Range ................................................................................. -65°C 5 TA 5 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for TA = 25°C, RSET = 10 Kn, VCC = + 15V, VEE = -15V. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

INPUT CHARACTERISTICS 
Input Offset Voltage VOS .5 5 
Temp Coef. of Input TCVOS 10 
Offset Voltage 
Input Offset Current lOS 200 
Input Bias Current IB .5 1 

TRANSFER CHARACTERISTICS 
Common Mode Range VCM VEE+3.5 VCC-3.5 
Common Mode Rejection CMRR 80 90 
Ratio 
Open Loop Gain AV RL = 10K to GND 80 92 
Phase Margin PM CL = 1 pF, RL = 10K 60 
Gain Bandwidth Product GBWP CL = 1 pF, RL = 10K 25 

OUTPUT CHARACTERISTICS 
Output Sink Current lOUT 20 
Output Source Current lOUT 20 
Peak Positive Output VO+ RL = lOOK to GND VCC-3.5 
Voltage 
Peak Negative Output VO- RL = lOOK to GND VEE+4 
Voltage 

TRANSIENT RESPONSE 
Slew Rate Rising SR+ CL = 1 pF, RL = 10K 5 10 
Slew Rate Falling SR- CL = 1 pF, RL = 10K 5 10 

POWER SUPPLY 
Supply Voltage Range VSUPPLY VCC - VEE 10 20 
Supply Current ISUPPLY RSET = 10K 2.5 
Power Supply Rejection PSRR 80 90 
Ratio 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis. 

UNITS 

mV 
IlV;oC 

nA 

IlA 

V 
dB 

dB 
Deg 
MHz 

mA 
mA 
V 

V 

V/IlS 
V/IlS 

V 
mA 
dB 
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SIGNAL PROCESSING EXCELLENCE 

MBOP03 

HIGH PERFORMANCE OP-AMP 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBOP03 is a high performance single gain 
stage Op-Amp useable with any SPlOOO family 
product implemented with Sipex's 35 Volt process. 
The design employs both input bias current and 
HOB cancellation to simultaneously achieve 
superior DC and AC characteristics. 

The MBOP03 is the highest precision Op-Amp in 
the SPlOOO macro cell library. As with the other 
op-amps in the library, bandwidth and slew rate 
of the MBOP03 can be enhanced by increasing 
the operating current level. This is accomplished 
by connecting the appropriate RSET resistor 
between the ISET pin and VEE' 

Key performance characteristics of the MBOP03 
include high open loop gain, low input offset 
current, high bandwidth, a symmetrical slew rate 
of 10 V/Ilsec and unity gain stable operation. The 
MBOP03 is designed to allow laser trimming of the 
offset voltage. VOS of 10011 volts is achievable. 

FEATURES 
• Trimmable Offset Voltage (Down to VOS 

~100 IlV) 
• High Open loop Gain (AVOl = 120 dB Typical) 
• High Slew Rate (10 V/Ilsec Typical) 
• Compensated for Unity Gain Stable Operation 
• 50 MHz Gain Bandwidth 

APPLICATIONS 
• Precision Op-Amp Usage 

BLOCK DIAGRAM 

VOUT 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
IN_ INVERTING INPUT 
IN+ NON-INVERTING INPUT 
ISET CIRCUIT BIAS CURRENT SETTING 
VOUT OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 1 1/2 

Transistors: 

SNPN 12 12 2 
SPNP 11 6 8 
DBNPN 1 0 1 
DBPNP 1 0 0 
MNPN 1 0 0 
MPNP 1 0 0 
HNPN 0 0 0 
HPNP 0 0 0 

Resistors: 

Nichrome (KQ) 19 12 
Pinch (#) 0 0 6 

Capacitors: 

5 pF (max) 0 0 0 
8 pF (max) 1 0 0 
18 pF (max) 0 0 0 

Buried Zener 0 0 1 
Diodes 



MBOP03 - HIGH PERFORMANCE OP-AMP 
ABSOLUTE MAXIMUM RATINGS 
VCC - VEE """"""""""""'"''''''''''''''''''''''''''''''''''''''''''''''''''''''''''",,,,,,,,,,,,,,,,,,,,,,,,,, 35V 
Differential Input Voltage",,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 7V 

Input Voltage Range """"""""''','''''''' "''',,'' """" '''",,'''''' "'" "" """" '" "" " " " "'" " VEE -0,3V to VCC +0,3V 
Storage Temperature Range """,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, -65°C::; TA::; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for TA = 25°C, RSET = 18 KQ, VCC = + 15V, VEE = 15V. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

INPUT CHARACTERISTICS 
Input Offset Voltage VOS Untrimmed 1 5 
Temp Coef, of Input TCVOS 10 
Offset Voltage 
Input Offset Current lOS 10 50 
Input Bias Current IB 50 200 

TRANSFER CHARACTERISTICS 
Common Mode Range VCM VEE+4 VCC-4 
Common Mode Rejection CMRR 70 110 
Ratio 
Open Loop Gain AVOL RL = 10K to GND 120 
Phase Margin PM CL = 1 pF, RL = 10K 60 
Gain Bandwidth Product GBWP CL = 1 pF, RL = 10K 15* 

OUTPUT CHARACTERISTICS 
Output Source Current lOUT 5 20 
Output Sink Current lOUT 5 20 
Peak Positive Output VO+ RL = lOOK to GND VCC-4 
Voltage 
Peak Negative Output VO- RL = lOOK to GND VEE+4 
Voltage 

TRANSIENT RESPONSE 
Slew Rate Rising SR+ CL = 1 pF, RL = 10K 10 
Slew Rate Falling SR- CL = 1 pF, RL = 10K 10 

POWER SUPPLY 
Supply Current ISUPPLY RSET = 18K, No Load 2,5 
Power Supply Rejection PSRR 80 90 
Ratio 
Supply Voltage Range VSUPPLY VCC - VEE 10 35 

Note: Design limits account for process and temperature variations and should be used for worst case 
design analysis, 

*Variations for 20 V process 
- Gain Bandwidth Product GBWP = 20 MHz max 

UNITS 

mV 
~V/oC 

nA 
nA 

V 
dB 

dB 
Deg 
MHz 

mA 
mA 
V 

V 

V/~S 
V/~S 

mA 
dB 

V 
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SIGNAL PROCESSING EXCELLENCE 

MBlAOl 

lRANSIMPEDANCE AMPLIFIER 
SP 1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBTAOl is a transimpedance amplifier macro 
cell useable on the SPll04 array implemented 
with Sipex's 35 Volt process, The MBTAOl utilizes 2 
tiles as well as HNPN and HPNP devices which 
allow it to supply high output currents (100 mA), 

As a current to voltage transimpedance amplifier, 
the MBTAOl exhibits relatively flat gain vs, 
frequency performance as well as excellent slew 
rate and settling characteristics, Since slew rate is 
a function of the voltage difference at the input 
terminals, a more exponential type settling 
characteristic is achieved. As a result, overshoot 
and settling time, compared to conventional op
amps, is greatly reduced, The MBTAOl also 
exhibits excellent phase margin and stability, 

The MBTAO 1 employs current mode feedback to 
achieve its relatively large bandwidth, A 1 Kn 
feedback resistor connected between VOUT and 
IN+ is required for proper operation, The bias 
current, power consumption, slew rate, and 
bandwidth can be programmed by connecting 
the appropriate RSET resistor between 'SET and 
GND, 

FEATURES 
• 100V/mA Transimpedance 
• Very High Slew Rate (400 V /~sec) 
• High Output Current Drive (± 100 mA) 
• Fast Settling (70 nsec to 1 %) 

• 10 MHz 3 dB Bandwidth 

APPLICATIONS 
• High Speed Current to Voltage Conversion 
• Video Amplifier 
• Precision Buffer 
• Automatic Test Equipment 
• Pulse Amplifier 

BLOCK DIAGRAM 

IN+ 

IN-

Vee 

VEE 

IN+ 
IN
VOUT 

ISET 

GND 

VOUT 

POSITIVE POWER SUPPLY 
NEGATIVE POWER SUPPLY 
INPUT (POSITIVE) 
INPUT (NEGATIVE) 
OUTPUT 
CURRENT SET 
GROUND 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 1 

Transistors: 
SNPN 11 9 
SPNP 11 11 
DBNPN 2 2 
DBPNP 2 2 
MNPN 1 0 
MPNP 1 0 
HNPN 0 0 
HPNP 11 0 

Resistors: 
Nichrome (Kn) 57,8 22,6 
Pinch (#) 0 0 

Capacitors: 
5 pF (max) 2 0 
8 pF (max) 0 0 
18 pF (max) 0 0 

Buried Zener 0 0 
Diodes 



MBlAOl - lRANSIMPEDANCE AMPLIFIER 

ABSOLUTE MAXIMUM RATINGS 
V CC - VEE .. ,', .. ,"", .... , .. ,""""', .. , .. ,"""""""""""', .. " .. ,"""""', .. , .. , .. , .. ,"""""""""'" 35V 
Operating Temperature Range , ............................................................................ DOC::; TA::; 700 e 
Storage Temperature Range ................ , ...... , ............ , ...... , .... """ .... ,"""",, .. ,,"""" -65°C::; TA::; 15Doe 
Input Voltage" .. "" .. , .. " .... ,""', .. ,""', .. ,', .. ,", .. ,""', .... ,"", .. " .. ", .. ,"""""""""""', .. ,', .. ±5V 
Peak Output Current",,,, .. ,"", .... ,", .. ,"""""""', .. , .. ,"""", .. ,, .. ,"'" """"""", .. ,"""'" Output Limited 

Inverting Input Current "''''''''''''''''''',''''"'',,'''','''''''''''''''''', .. ,'''''',, .. ,'''''''''''','','''''' ±5 mA 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for TA = 25°C, RSET = 24,8 KQ, VCC = + 15V, VEE = -15V. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX 

INPUT CHARACTERISTICS 
Input Bias Current +IB 1 
Input Bias Current -IB 20 

TRANSFER CHARACTERISTICS 
Bandwidth (3 dB) BW RL = 1 KQ, AV = 1, RF = 1 K 10 
Common Mode Rejection CMRR 60 
Ratio 
Open Loop Gain AV 40 
Transimpedance ROL RL = 1KQ 100 
Phase Margin VP f = 10 MHz, CL = 50 pf 80 

OUTPUT CHARACTERISTICS 
Output Source Current lOUT 100 
Output Sink Current lOUT 100 
Output Voltage Swing Va RL = 1 KQ VEE+5 VCC-5 

TRANSIENT RESPONSE 
Slew Rate SR CL = 200 pF, RL = 1 KQ 400 
Rise Time TR RL = 150Q, AV = 1, RF = 1 K 35 
Fall Time TF RL = 150Q, AV = 1, RF = 1 K 35 
1 % Settling Time TS RL = 150Q, AV = 1, RF = 1K (Note 1) 70 
Propagation Delay Tp RL = 150Q, AV = 1, RF = 1K 20 

POWER SUPPLY 
Quiescent Current ISUPPLY lOUT = 0 11 
Power Supply Rejection PSRR 75 
Ratio 
Supply Voltage Range VSUPPLY VCC - VEE 12 35 

Notes: 1, 10% to 1 % of final value, 

2, Design limits account for process and temperature variations and should be used for worst case 
design analysis, 

3, Note this macro cell is not available on the SP1204 array, 

UNITS 

/-LA 
/-LA 

MHz 
dB 

dB 
V/mA 
Deg 

mA 
mA 
V 

V//-Ls 
ns 
ns 
ns 
ns 

mA 
dB 

V 
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SIGNAL PROCESSING EXCELLENCE LENCE 

MBCMOl 

HIGH SPEED COMPARATOR 
SP1000 FAMILY - 35 VOLT PROCESS 

DESCRIPTION 
The MBCMOl is an efficient (less than one tile) 
quasi-TTL output comparator useable on any 
SPlOOO family product implemented with Sipex's 
35 Volt process. The output stage is current limited. 
Power dissipation and response time can be 
programmed by adjusting the bias current. 

Because of its moderate gain, the MBCMOl is very 
stable and exhibits excellent AC performance. It is 
intended for applications with moderate signal 
levels and can be used in high speed 
applications (i.e. 30 nsec response time). 

FEATURES 

• Single or Dual Supply Operation 
• Fast Response Time (30 nsec Typical) 
• Very Low Component Usage (Less Than 1 Tile) 
• Low Power Dissipation 
• High CMRR (90 dB Typical) 
• High PSRR (96 dB Typical) 

APPLICATIONS 
• A/D Conversion 
• Threshold/Level Detection 

BLOCK DIAGRAM 

VOUT 

Vee POSITIVE POWER SUPPLY 
VEE NEGATIVE POWER SUPPLY 
IN_ INVERTING INPUT 
IN+ NON-INVERTING INPUT 
VREF REFERENCE VOLTAGE OUTPUT 

COMPONENT COUNT SUMMARY 

COMPONENT TYPE USAGE 
SIGNAL PATH BIAS CIRCUITS 

A TILES B TILES A TILES B TILES 

Tiles (#) 1 

Transistors: 

SNPN 12 
SPNP 6 
DBNPN 0 
DBPNP 0 
MNPN 1 
MPNP 0 
HNPN 0 
HPNP 0 

Resistors: 

Nichrome (Kn) 22 
Pinch (#) 4 

Capacitors: 

5 pF (max) 0 
8 pF (max) 0 
18 pF (max) 0 

Buried Zener 1 
Diodes 



MBCMOl - HIGH SPEED COMPARATOR 

ABSOLUTE MAXIMUM RATINGS 
VCC - VEE ................................................................................................................. 35V 
Maximum Differential Input Voltage 
Operating Temperature Range ............................................................................. O°C ::;; TA ::;; 70°C 
Storage Temperature Range ................................................................................. -65°C::;; TA::;; 150°C 

ELECTRICAL CHARACTERISTICS 
Unless otherwise noted, specifications apply for O°C::;; TA::;; lOoC, VCC = + 15V, VEE = OV. 

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 
Input Offset Voltage VOS 5 20 mV 
Input Bias Current IB 1.5 IlA 

TRANSFER CHARACTERISTICS 
Gain 60 dB 
Common Mode Range VCM VEE+3 VCC-3 V 
Common Mode Rejection CMRR 70 90 dB 
Ratio 

OUTPUT CHARACTERISTICS 
Output Source Current -lOUT 2 mA 
Output Sink Current +IOUT 2 mA 
Output Low Voltage VOL +IOUT= 1 mA 650 mV 
High Output Voltage VOH 3.75 V 

TRANSIENT RESPONSE 
Propagation Delay TO 30 nS 

POWER SUPPLY 
Supply Current ISUPPLY VCC = 15V, lOUT = 0 2 mA 
Power Supply Rejection PSRR 70 96 dB 
Ratio 
Supply Voltage Range VSUPPLY VCC - VEE 8 35 V 
Max Output Voltage Vo 5 V 
Swing 
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MODEL 

SP230 
SP23 1 
SP232 

SP233 
SP234 

SP235 
SP236 
SP237 
SP238 
SP239 
SP241 

MODEL 

SP301 
SP302 

RS232 LINE DRIVERS/RECEIVERS 

NO. OF RS232 NO. OF RS232 lOW POWER 
DRIVERS RECEIVERS SHUTDOWN 

POWER SUPPLY 
VOLTAGE 

RS232/422 LINE DRIVERS/RECEIVERS 

NO. OF RS232 NO. OF RS422 NO. OF RS232 NO. OF RS422 
DRIVERS DRIVERS RECEIVERS RECEIVERS 

2 , .•.. " ,:2" ..... , ' ""2 I ," , , ,2' 
4 ~ . I· 

':4 ....•. ,.: 
: 2. 

Shaded area indicates new product since publication of 1988 catalog 

PAGE 

PACKAGE PAGE 
'. 24~f'ln SD. 
.....••• 24-Pin sD 
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SP230-SP241 

+5V POWERED RS232 DRIVERS/RECEIVERS 

FEATURES/BENEFITS 
• Operates from Single 5V Power Supply 

(+5V and + 12V - SP231 and SP239) 
• Meets All RS232C and V.28 Specifications 
• Multiple Drivers and Receivers 
• Onboard DC-DC Converters 
• ±9V Output Swing with +5V Supply 
• Low Power Shutdown $; 1 f.!A 
• 3-State TTL/CMOS Receiver Outputs 
• ±30V Receiver Input Levels 
• Low Power CMOS: 5 mA Operation 

APPLICATIONS 
• Computers 
• Peripherals 
• Modems 
• Printers 
• Instruments 

SELECTION TABLE 

No. of 
Part Power RS232 

Number Supply Voltage Drivers 

SP230 +5V 5 

SP231 +5V & +7,5V to 13.2V 2 

SP232 +5V 2 

SP233 +5V 2 

SP234 +5V 4 

SP235 +5V 5 

SP236 +5V 4 
SP237 +5V 5 

SP238 +5V 4 

SP239 +5V & +12V 3 

SP241 +5V 4 

No. of 
RS232 

Receivers 

0 
2 

2 

2 

0 

5 

3 
3 
4 

5 

5 

DESCRIPTION 
The SP230 family of RS232 line drivers/receivers 
from Sipex Corporation provides a variety of 
configurations to fit most communication needs, 
especially those applications where ± 12V is not 
available, The SP230 and SP236 feature a low 
power shutdown mode which reduces power 
dissipation to less than 5 f.!W, This is particularly 
beneficial in battery powered systems. The SP233 
and SP235 use no external components and are 
particularly useful in applications where printed 
circuit board space is critical. 
All of the SP230 family, except SP231 and SP239, 
include two charge pump voltage converters 
which allow them to operate from a single +5V 
supply, These converters convert the +5V input 
power to the ± 1 OV needed to generate the RS232 
output levels, The SP231 and SP239 are designed 
to operate from a +5V and + 12V supplies with the 
use of an internal + 12V to -12V charge pump 
voltage converter, 
Both the drivers and receivers meet all EIA RS232C 
and CCITT V.28 specifications, 

External low Power TTL 
Components Shutdown 3-State No. of Pins 

4 Capacitors Yes No 20 
2 Capacitors No No 14 

4 Capacitors No No 16 

None No No 20 
4 Capacitors No No 16 

None Yes Yes 24 
4 Capacitors Yes Yes 24 

4 Capactiors No No 24 

4 Capacitors No No 24 

2 Capacitors No Yes 24 
4 Capacitors Yes Yes 28 
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SP230-241 
+5V Powered RS232 Drivers/Receivers 

ABSOLUTE MAXIMUM RATINGS* 

Vee 

v+ 
V-

Input Voltages 

TIN .... .. 

RIN ...... . 

Output Voltages 

TOUT 

Rour ...... . 

· ........ +6V 

.... (VCC -0.3V) to + 13.2V 

· ....... -13.2V 

· -0.3 to (VCC +0.3V) 

. ............ ±3OV 

.. (V+. +0.3V) to (V-. -0.3V) 

. . . . . . -0.3V to (VCC +O.3V) 

Short Circuit Duration 

Tour ............................ Contlnous 

Power Dissipation 

CERDIP ............................ 675 mW 

(derate 9.S m WI 'C above + 7r:J' C) 

Plastic Dip . . . . . . . . . . . . . . . 

(derate 7 m WI 'C above + 7r:J' C) 

. 375mW 

Small Outline ............ . ........... 375 mW 

(derate 7 m WI 'C above + 7r:J' C) 

• This Is a stress rating only and functional operation of the device at these or any other conditions above those Indicated In the operation 
sections of this specification Is not Implied. Exposure to absolute maximum rating conditions for extended periods of time may affect rellablllly. 

ELECTRICAL CHARACTERISTICS 
Vee = 5V ± 10%. V+ = 7 .5V to 13.'N (SP231 only) & V+ = 1 'N ± 1 0% (SP239 Only). TA = Operating Temp. Range. unless otherwise noted 

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS 

Output Voltage Swing All transmitter outputs loaded ±S ±9 Volts 
with 3 K Q to Ground 

V ee Power Supply Current No load. TA = +2SoC S 10 mA 

No load. V+ = 12V S 10 mA 
V + Power Supply Current SP231 & SP239 only 

Shutdown Supply Current TA = +2SoC 1 10 "A 

Input Logic Threshold Low TIN 0.8 Volts 

Input Logic Threshold High TIN 2.0 Volts 

Logic Pullup Current TIN = 01 lS 200 "A 

RS232 Input Voltage Range -30 +30 Volts 

RS232 Input Threshold Low Vee = 5V. TA = +25°C 0.8 1.2 Volts 

RS232 Input Threshold High Vee = SV. TA = +25° C 1.7 2.4 Volts 

RS232 Input Hysteresis Vee = SV 0.2 O.S 1.0 Volts 

RS232 Input Resistance TA = +2SoC 3 S 7 Kohms 

TLUCMOS Output Voltage Low lout = 3.2mA 0.4 Volts 

TLL/CMOS Output Voltage High lout = -1.0rnA 3.5 Volts 

TLL/CMOS Output Leakage Current EN = Vee. 0 V S Rout s Vee O.OS ±10 "A 

Output Enable Time SP23S. SP236. SP239 400 nS 

Output Disable Time SP235. SP236. SP239 250 nS 

Propagation Delay RS232toffi 0.5 "S 
CL = 10pF. RL = 3-7 KQ 

Instantaneous Slew Rate TA=+25°C 30 V/"S 

R L = 3K Q. CL = 2500 pF 
Transition Region Slew Rate Measured from +3V to -3V 3 V/flS 

or-3Vto +3V 

Output Resistance Vce= V+ = V- =01. VOUT = ±2V 300 Ohms 

RS232 Output Short Circuit Current ±10 rnA 



SP230·SP241 
+5V Powered RS232 Drivers/Receivers 

SP230 Typical Operating Circuit 

+fN INPlJT 

8 10llF 
fI.3V 

~ 10pF 
1f1V 

T40ur 

SIPEX T5IN - T11N 2 
T10ur 

SP230 NC 

SO 
TllN T50ur T2IN 120ur 

GND T41N 

Vee niH TTI./CMOS T3IN T30ur RS232 
01+ Y- INPUTS OUTPUTS 

V+ C2-
01- T41N 

111 
C2t- T4 20 T40UT 

Til IN 
18 

TIS 
1f1 

T50UT 

18 17 He so 
GND 

SP231 Typical Operating Circuit 

C+ V+ .wINPUT 
·1N1I14 or IImll., diode 

C- SIPEX Vee required If If_lent 

13 +7.5VTO+I3.2V lhuadon. may occur 
Y- OND where V+ " greater 

T20UT 
SP23 1 

T10UT C1+ 
cc 

'" IhanVcc. Voltage 
".7I1F+ v+ range thown I. voltage 

R2 IN A1IN 
lev C1- +12V TO -12V alpin 14. 

VOLTAGE CONVERTER 
8 + R20ur R10ur v- )1. C2 

1'2 IN TllN 
4.7J1F 
lev 

8 Tl'N T10ur 11 

,. lead PIeatIc DIP 
T1 -[ Ra232 

INPI./TS OUTPUTS 
7 T2!N 

T2 T20ur " 

C+ V+ 
Rl'N 

[ 
8R1OUT 

Rl 
10 

C- Yee 

Y- OND TTl/CUOS ]_. 
OUTPUTS INPUTS 

120ur 4 T10ur 8 MOUT R2'N 8 

R2IN R1IN 
R2 

R20ur fI R10ur 
12 IN T1IN 

aND 

12 
NC NC 

18 lead SmaI 0udIne 
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SP230·SP241 
+ 5V Powered RS232 Drivers/Receivers 

SP232 Typical Operating Circul1 

+6V INPUT 

10pFU" 
10,* 

I 

+ "oc 2 4.7pF +511 TO +10'1 V+ +10'1 .. ~ VOLTN)E DOU6LER 

01+ Vee 

V+ GND 

C2+ +10'1 TO -10\1 V- -10'1 

VOLTAGE INVERTER • 10JJF 

I+ ,ev 

C1- T10ur SIPEX 
C2+ R1 IN 

02- SP232 Rlour 

V- 11 IN 

T2 OUT T2 IN 

R2IN R2 our l 
11 TlIN 

T1 
T10ur 14 

TltICM06 RS232 

INPUTS OUTP\JTS 
10 T21N T2 

T20ur 7 

l 
12 R10vr 

Rl 
R'IN 18 

TTlICMOS RS2S2 
Ol1TPl1TS INPUTS 

8 R20tIT R2IN 8 
R2 

GND 
15 

SP233 Typical Operating Circuit 

+5VINPUT 

l 
2 TlIH T10ur 5 

~ 
RS232 

n lN 
1i1./CMOS 

R2IH INPUTS OU'I'PUTS 

R10uT T20ur 12tN 12 
T20ur 18 

SiPEX 
RllN v-
T10ur SP233 C2- 3 R10UT RllN 4 

l 
Rl 

aND C2+ 
TT1JCMOS RS232 

Vcc V+ 0U11"UTS INPUTS 

01+ 01- 20 R20UT R2IN 18 
R2 

OND v-
C2- C2+ C1+ 

11 
DO NOT MAkE C2+ 

CONNECTION TO 13 15 
THESE PINS 01- 02+ 

INTERNAL 12 v- 10 
C2-

-lrNF'OWER 
17 1. SUPPLY v- C2-

INTERNAL 14 
+10'1 POWER V+ 

SUPPLY OND 

80 



SP230·SP241 
+ 5V Powered RS232 Drivers/Receivers 

SP234 Typical Operating Circuit 

+5V INPUT 

6 1 lOuF 
4.7u F + C1+ Vee V+ 8 + e.3V +5V TO +10\( 
6.3'1 C1- VOLTAGE DOUBLER 

T1 OUT T30lIT 
4.7"F + C2+ +1C1\I TO -lOV 

12 + 10uF 10 V- ~ T20UT T4 OUT 16V C2- VOLTAGE INVERTER 16V 
SIPEX 11 

T2 IN T4 IN 4 T1IH T10UT 1 
n IN SP234 

T3 IN 
T1 

GND V-

Vee C2- 3 T2IN T20UT 2 
T2 

C1+ C2+ ~MOS RS232 
IN S OUTPUTS 

V+ C1- 13 1'3IN T3 0 UT 16 
T3 

14 T41N 
T4 

T40ur 15 

GND 

SP235 Typical Operating Circuit 
+5V INPUT 

12 

+&1 Vee 

T1IN T10ur 

T40UT Fl3 iN T2IN 
4 

T20uT 
T30UT Fi3 OUT 

TTLlCMOS 15 flS232 
T10UT To IN INPlITS 1'3IN Taour OUTPlJTS 

T20UT 
SIPEX 

Sid 
T41N 

16 
T40uT 

R2IN SP235 EN 

R20UT T5 OUT T5IN 
22 1& 

T50ur 
T2 IN R41N 10 

T11N R4 OUT 
R10ur R11N 

Rl0UT T4 IN R20UT R2IN 

RllH TS iN 
TTIJCMOS 23 24 RS232 

GND RS OUT OUTPUTS R30ur ~N INPUTS 

Vee R5 IN 
fWour 

17 18 
R~N 

R50ur 
14 13 

R51N 

20 21 
EN SO 

GND 
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SP230·SP241 
+ 5V Powered RS232 Drivers/Receivers 

SP236 Typical Operating Circuit ~ INPIn" 

10pF 
4.7p F+ + 8.'$11 
8..'$11 

4.7p F+ +1OV TO -1OV 
15 + 10pF V- -l~ 

18V VOLTAGE INVERTER 18V 
1'3M 1 T40ur 

T10vr R2IN T11H 
7 2 

T10UT 
120vr SlPEX R20vr 

R11H 4 SO 
T21H T20ur 

R10vr SP236 ~N TnJCMOS RS2S2 
T4IN 

INPUTS 
18 OUTPUTS T21N nIH T30UT 

~N 1'31N 

RSovr 
T41N 

111 ~ T40uT 
Vee RaiN 

V- 4 
AllN 

C1+ 

[~~ V+ C2-

C2+ TTlICMOS 22 23 RS232 Cl-
A20vr A2IN OUTPUTS INPUTS 

17 18 
RlIour R3jN 

ER 
20 21 

SO 
GND 

=8 

SP237 Typical Operating Circuit 

+IN IHPUT 

10 10"F Vee 
4.'1l1 F+ C1+ 

+W TO +10V + 8.W 
UV 12

01
_ 

VOLTAGE DOUBlER 

4.7p F+ 13 C2+ 
+1tNTO -lOV 

15 + 10lllF 'I- ~ 1ev 14 C2- VOLTAGE INVERTER 1ev 

1'3ovr 

R2IN 
T1IN 

2 
T10vr 

SIPEX 
R20ur 

12IN T20uT 
R11N .. T6IN 

R10vr SP237 T60ur TT1JCMOS 1'31N 
18 

T30uT RS232 
12IN T41N 

INPUTS OUTPUTS 

T'N 1'31N T41N l' 24 T40uT 
Raour 

Vee RaiN T5IN 
21 20 

T50ur 

C1+ V-

" V+ C2-

l~ 
R11N 

C1- C2+ 
22 23 ~ ]Ma TTl/CMOS R20ur OUTPUTS IN INPUTS 

Raour 17 18 
R3jN 

GND 
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SP230·SP241 
+ 5V Powered RS232 Drivers/Receivers 

SP238 Typical Operating Circuit 
+5V INPUT 

10 lOu F 
4.7\l F + Cl+ + 8.3V 
UN 12 C1-

T30ur 
4.7\l F+ 02+ +10V TO -lOV v-
lev 14 C2- VOLTAGE INVERTER 

T10l1T R3JN 

R2IN R30vr T111N T10UT 

R20uT 
SiPEX 

T41N 18 
~N SP238 T40ur 

1'2jIN T20ur 
TTlICMOS RS232 

R10l1T 13IN 
INPUTS lQ OUTPUTS 

TSIN TSOUT 
R11N 12 IN 

T41N 21 T40UT GND R40ur 

Vee R4IN 

C1+ V- R10UT 
fl 

RllN 

V+ C2- .. 
Cl- C2+ ~ ~N 

TT\.JCMOS Rsm 
OUTPUTS 22 23 INPUTS 

R30uT ~N 

R40uT 17 111 
R<lJN 

GND 

8 

SP239 Typical Operating Circuit 

+5V INPtIT 

lOOn :l:5~ lN014or lknIIar 

C+ oc 5 +12V:!: 10% 
4.7111 F+ +12VTO-12V 

Rlour T1tN 
16V VOLTAGE INVERTER 

c-
R11N ~N 
GND R20UT T111N 24 18 

~~j Vee SIPEX 
R2IN 

TTl../CMOS T2JIN 
28 20 

T20ur =.n.s V+ SP239 ~ INPUTS 

c+ T10ur 1'3IH 
111 13 r.iour 

c- R3JN 
RWr '"our R11N 

R51N TSIN 22 21 
R60UT NC" 11lJCMOS 

A2tN 
RS232 

Moor ~A 
()UT1>UT$ 

17 18 INPUTS 
Raoul ~N 

R4IN TSour 
11 12 

~ fl.4JN 

"NC-NoComec:tlon 
10 R50uT AlitN 

m 14 15 
NO-

aND 
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SP230·SP241 
+5V Powered RS232 Drivers/Receivers 

SP241 Typical Operating Clrcul1 

+fN INPUr 

T30ur T40ur 

T10ur R31N T11N 

T20ur R30ur 
SIPEX T2'N 

R2IN SHUTDOWN Tll.JCM08 RS282 

EA 
INPUTS OUTPUTS 

R20UT SP241 n'N 

T2IN R4IN 

T11N R40ur 
T41N 

R10ur T41N R10ur • R1'N 

R1'N T3IN 

aND R50ur 1Tl.JCMOS R2 R2'N R$282 0UTPIIT8 INPIITS 
Voc R51N 

R30ur 2. 'D 
R3'N 

C1+ v-
R40ur 22 23 

R4tN V+ C2-

C1- C2+ 18 1. RSour RIIIN 

EN 
24 26 

3D 

GND 

10 
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SP230-SP241 ORDERING INFORMATION ------------------

TEMP. TEMP. TEMP. 
PART RANGE PACKAGE PART RANGE PACKAGE f'ART RANGE PACKAGE 

SP230 SP231 $P232 
SP230CP O°C to +70°C 20 Lead SP231CP O°C to +70°C 14 Lead SP232CP O°C to +70°C 16 Lead 

Plastic DIP Plastic DIP Plastic DIP 

SP230CT OoC to +70°C 20 Lead SP231CT O°C to +70°C 16 Lead SP232CT O°C to +70°C 16 Lead 
Small Outline Small Outline Small Outline 

SP230CX O°C to +70°C Dice SP231CX O°C to +70°C Dice SP232CX O°C to +70°C Dice 

SP230EP -40°C to +85°C 20 Lead SP231EP -40°C to +85°C 14 Lead SP232EP -40°C to +85°C 16 Lead 
Plastic DIP Plastic DIP Plastic DIP 

SP230ET -40°C to +85°C 20 Lead SP231ET -40°C to +85°C 16 Lead SP232ED -40°C to +85°C 16 Lead 
Small Outline Small Outline CERDIP 

SP230ED -40°C to +85°C 20 Lead SP231ED -40°C to +85°C 14 Lead SP232ET -40°C to +85°C 16 Lead 
CERDIP CERDIP Small Outline 

SP231MD -55°C to + 125°C 14 Lead SP232MO -55°C to + 125°C 16 Lead 
CERDIP CERDIP 

SP233 SP234 SP235 
SP233CP O°C to +70°C 20 Lead ,SP234CP O°C to +70°C 16 Lead SP23SCP O°C to +70°C 24 Lead 

Plastic DIP Plastic DIP Plastic DIP' 

SP233EP -40°C to +85°C 20 Lead SP234CT O°C to +70°C 16 Lead SP235EP -40°C to +85°C 24 Lead 
Plastic DIP Small Outline Plastic DIP' 

SP234CX O°C to +70°C Dice SP235EC -40°C to +85°C 24 Lead 
Ceramic' 

SP2~4EP .... -40°C to +85°C 16 Lead 
Plastic DIP 

SP234ET. -40°C to +85°C 16 Lead I 
Small Outline . 

SP2$4ED, -40°C to +85°C 16 Lead 
. 

CERDIP 

SP234MO -55°C to + 125°C 16 Lead 
CERDIP 

SP236 SP231 1'$1»2$ 
SP236Cs O°C to +70°C 24 Lead SP237CS. O°C to +70°C 24 Lead SP23aCS O°C to +70°C 24 Lead 

Plastic DIP .' Plastic DIP .... Plastic DIP 

SP236CT O°C to +70°C 24 Lead SP23iCT O°C to +70°C 24 Lead ·.·$P?3.8~t,. O°C to +70°C 24 Lead 
Small Outline ' .. " Small Outline Small Outline 

SP236CX O°C to +70°C Dice SP237CX O°C to +70°C Dice SP23I;lCX O°C to +70°C Dice 

SP236ES '.',' -40°C to +85°C 24 Lead $P237ES -40°C to +85°C 24 Lead . SP238eS -40°C to +B5°C 24 Lead 
Plastic DIP 

." 

Plastic DIP Plastic DIP 

SP236ET -40°C to +85°C 24 Lead SP237ET -40°C to +85°C 24 Lead SP2~8ET -40°C to +85°C 24 Lead 
Small Outline Small Outline Small Outline 

SP236ER -40°C to +85°C 24 Lead SP237ER -40°C to +85°C 24 Lead SP238ER -40°C to +85°C 24 Lead 
CERDIP , CERDIP CERDIP 

SP236MR -55°C to + 125°C 24 Lead SP238MR -55°C to + 125°C 24 Lead 
. CERDIP CERDIP 

SP239 5P241 " < 
SP239CS O°C to +70°C 24 Lead SP241Cr O°C to +70°C 24 Lead '.i 

Plastic DIP Small Outline 

SP239CT O°C to +70°C 24 Lead SP241ET -40°C to +85°C 24 Lead 
Small Outline Small Outline ""'. . '. 

SP239CX O°C to +70°C Die:e : •.... .' 

SP239'ES -40°C to +85°C 24 Lead 
""'. '.,~ . ... 

". Plastic DIP <". • .' 
SP239ET '.', -40°C to +85°C 24 Lead 

, . ";, " ". 

Small Outline c' .. . ' ,.'. '.' . 

SR239ER' -40°C to +85°C 24 Lead 
"'. 

.. 
CERDIP '.' 

SP239MR. -55°C to + 125°C 24 Lead i··,···. i,: CERDIP 
'" 

.... , ... 
i' .' 

• = 0.600" package. all other packages are 0.300" wide. 
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PLASTIC DIP PACKAGE OUTLINE 

L-~~I 

IT 
w M 

~hl 

T 

~------------Lb------------~ 

PLASTIC DIP PACKAGE DIMENSIONS (300 MIL) 

LEAD 24 24 
TYPE 14 16 20 SKINNY DIP DOUBLE DIP 

W 250 250 260 260 540 
Wt 235 235 245 243 525 
Wb 235 235 245 243 525 
L 750 750 1024 1240 1254 
Lt 739 739 1009 1225 1244 
Lb 739 739 1009 1225 1244 
T 132 132 132 130 150 
Tt 61 61 61 60 70 
Tb 61 61 61 60 70 
M 300-325 300-325 310-325 310-325 600-625 
N 100±2 100±2 100±2 100±2 100±2 
0 60±2 60±2 60±2 60±2 60±2 
P 18±2 18±2 18±2 18±2 18±2 
Q 10±.3 10±.3 10±.3 10±.3 10±.3 
R 350±25 350±25 350±25 350±25 650±25 

NOTE 
Package Dimension Tolerance for: 

1. Length (L) = ±4 mils 
2. Width (W) = ±2 mils 
3. Thickness CD = ±2 mils 
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SOIC PACKAGE OUTLINE 

r .005 RAD. MAX. TYP . 

. 041~ ~-r (1.04)~ IT.092 T T J.£234).101(2.57) 

~10 + 
(.25) I ~ ~ I L SEATING PLANE 

.016 (.41) TYP. 
... DIMENSION B .. 

NOTE 

1. TOLERANCE UNLESS OTHERWISE SPECIFIED .xxx = ±.002" 

,,295(7~)1 

#( ) ~:::d t $
~50TYP' 

~ 0.015 Rad. 

I I-- .328 (8.34) 0.032 (0.81) TYP. r.-- .406 (10.32) 

SOIC PACKAGE DIMENSION 

PACKAGE TYPE DIMENSION B 

16 Lead 0.409 
20 Lead 0.509 
24 Lead 0.609 
28 Lead 0.709 

EJ 
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CERDIP PACKAGE OUTLINE 

.310 

.2S0 

~~~~~~~~~ 

~---- DIMENSION B ---~ 

.023 .110 

.015 .090 

CERDIP PACKAGE DIMENSION 

.OSO 

.015 

PACKAGE TYPE DIMENSION B 

16 Lead 0.785 
18 Lead 0.960 
20 Lead 1.06 
24 Lead 1.28 

.170 

.140 
--..\\4-- .015 

.008 

~.400--l 
1-- .330 ~ I 
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SIGNAL PROCESSING EXCELLENCE 

SP301/302 

RS232/RS422 DRIVERS/RECEIVERS 

FEATURES/BENEFITS 
• RS232 and RS422 in One Chip 
• Loopback for Self-testing 
• Mode Selectable 
• Short Circuit Protection 
• Excellent Noise Immunity 
• Tri-state Driver Outputs 
• Low Power BiCMOS Technology 
• ± 15V Receiver Input Levels 
• Small 0.3" Wide 24-Pin DIP Package 

APPLICATIONS 
• DTE - DCE Interface 
• Packet Switching 
• Local Area Networks 
• Data Concentration 
• Data Multiplexers 
• Integrated Services Digital Network (ISDN) 

DESCRIPTION 
The SP301 and SP302 are single chip products 
containing both line drivers and receivers. They 
provide an interface between TTL level signals 
and Electronic Industries Associations Interface 

PIN CONFIGURATION 

SP301 
VDD (+ l2V) VCC (+5V) 

RlA2 N.C. 
RIAl ROA 

TOA2 N.C. 
TOAl TIA 

SELECT A LB 
SELECT B N.C. 

TOBl TIB 
TOB2 N.C. 
RIBl ROB 
RlB2 N.C. 

GND VEE (-l2V) 

SP302 
VDD(+l2V) VCC (+5V) 

RlA2 ROA2 
RIAl ROAl 

TOA2 llA2 
TOAl TlAl 

SELECT A LB 
SELECT B N.C. 

lOBl IIBl 
TOB2 IlB2 
RIBl ROBl 
RIB2 ROB2 

GND 12 13 VEE (-l2V) 

standard signals. They can be configured for 
either the single-ended interface Standard RS232 
or the differential interface Standard RS422 
modes of operation - or a combination of both. 
Each device has four different combinations of 
RS232 and/or RS422 drivers and receivers. The 
combination is selected by the logic inputs on the 
two selected pins - SEL A and SEL B. The SP301 and 
SP302 fully meet the requirements of the EIA 
standards when properly configured in the 
application circuits. 
The RS232 line drivers convert TIL input levels into 
inverted RS232 output signals. The RS422 line 
drivers convert TTL input levels into RS422 
differential output signals. The RS422 line driver 
output feature high source and sink current 
capability. All the line drivers are internally 
protected against short circuits on their outputs. 
The RS232 receivers convert the EIA RS232 input 
signal into inverted TTL output logic levels. The 
RS422 line receivers convert the EIA RS422 
differential input signals into non-inverted TTL 
output logic levels. The SP301 and SP302 receivers 
offer excellent noise immunity. 

PARTS NUMBERING 

Operating RS232 RS422 

Part Number Package Temperature Range Channels Channels 

SP301CS Plastic 

SP301 MR Ceramic 

SP301 MR/883 Ceramic 

SP302CS Plastic 

SP302MR Ceramic 

SP302MR/883 Ceramic 

DoC to 70°C 

-55°C to + 125°C 

-55°C to + 125°C 

DoC to 70°C 

-55°C to + 125°C 

-55°C to + 125°C 

4 

4 

4 

Parts with suffix "/883" are processed in strict compliance with 
MIL-STD-883. 
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Filtering at the receiver eliminates any response to high 
frequency nOise pulse. Input pulses with width of less than 1 
mirco-second are completely ignored. The RS232 receiver 
circuit also employs voltage hysteresis. This helps eliminate 
spurious output transitions that might result from low amplitude 
noise voltages during slower speed signal transitions. 

A loopback mode allows the driver outputs to be put into a 
tri-state (high impedance) level on the external line. Addition
ally, the driver outputs are intemally switched to their associ
ated receiver inputs. The internal switching provides a non
inverting signal path from the driver TTL inputs to the receiver 
TTL outputs. 

TYPICAL PERFORMANCE CURVES 

TIL 
INPUT 

t 

RS422 
OUTPUT 

lilt 

90 

RS232 DRIVER 

RS422 DRIVER 

AJ 1.1.8 V-

I 

I ~ 
I \ 

'--

IU ++2 

r--
I 

\ -SOGu 

~- .. 

/ 

The contrOlling system can then perform a diagnostic self-tes 
of its RS232/RS422 transimit/receive circuitry at speeds up tc 
3000 baud per second (BPS). This mode is enabled b\ 
providing a logic "0" on the LB pin. 

The SP301 and SP302 are manufactured using a BiCMO~ 
process to provide low power operation. 

Both parts are available in 24 pin 0.300" DIP packages 
Plastic-packaged parts are available for operation over the 
commercial temperature range of (Y C to 7Cf C. Ceramic· 
packaged parts are available for operation over the milita!'t 
temperature range of -550 C to + 1250 C. 

RS422 
INPUT 

TIL 
OUTPUT 

GND 

RS232 RECEIVER 

RS422 RECEIVER 



ELECTRICAL CHARACTERISTICS RS232 & RS422 DRIVERS/RECEIVERS 
VCC = +5V ±5%, VDD = + 12V ±10%, VEE = -12V ± 1 0% unless otherwise specified 
TA = Operating Temperature Range unless otherwise specified 

PARAMETERS CONDITIONS 

RS232 DRIVER 
ill Input level 

Vil 
VIH 

High level OUtput Voltage Rl = +3KOhms 
Vin + =O.fN 

low level Output Voltage Rl = +3KOhms 
Vln + = +2.OV 

Short Circuit Protection Current Voot = OV 
Output Voltage Rl = 3K. VEE = -12V 

@ loop Back Mode 
Slew Rate Cl = 15pF. Rl = +3KOhms 

Cl = 15pF. Rl = +3K Ohms 
Transition TIme Voot from +3V to -3V or -3V to +3V 
Transmission Rate 

RS232 RECEIVER 
Input Voltage Range 
Input High Threshold Voltage Positive GOing 

Input low Threshold Voltage Negative Going 

High level Input Current Vin = +15V 
low level Input Current Vin = -15V 

Input Impedance Cl < 2500pF 
ill Output level 

Va Vee = +4.75V. loot = + 1.6rnA 
VOH Vee = +4.75V.loot = + - 0.5rnA 

Receiving Rate 

RS422 DRIVER 
ill Input level 

Vil 
VIH 

High level Ouput Voltage IOH = - 20rnA 
low level Output Voltage la = +20rnA 
Differential Output Voltage RL = 1000hm 

RL = Infinity 
Short Circuit Output Current Note 1 

Output Current. Power Off - 0.25V < Vo < V6 
Transitlon Time From 10% to 90% of stea~ state 

RL = 100 Ohms. Cl = 15p 

Transmission Rate 

RS422 RECEIVER 
Common Mode Voltage Range Note 2 
Differential Input Voltage Note 2 

Differential Input Threshold Voltage 

Input Voltage Hysteresis Vern = OV 
Input Current Vin = + 15V 

Vin = - 15V 
Input Resistance -lV < Vcm <lV 

l~~ Output level 
Vee = +4.75V. loot = + 1.6rnA 

VOH Vee = +4.75V. loot = - 0.5rnA 
Receiving Rate 

Short Circuit Output Current Voot = OV 

Power Supply Current 
100 Note 3 
Ice Note 3 
lEE Note 3 

Note 1: Only one output drive pin per package will be shorted at any time. 

Note 2: This is an absolute maximum rating. normal operating levels will have VI < 5V. 

Note 3: Outputs unloaded; Inputs tied to GND; TA= +25°C; VIL = OV. 

MIN TVP 

2.0 

6.0 

- 1.0 

-15 

+ 1.75 
+0.75 

2.2 
- 2.2 

3 

2.4 

2.0 

2.75 

±2 

-0.2 

30 

3 

2.4 

7 
5 
11 

MAX UNITS 

0.8 Volts 
Volts 
Volts 

-6.0 Volts 

±20 rnA 

- 3.0 Volts 

30 VI f,l S 

5 f,lS 

20 KHz 

+15 Volts 

+2.5 Volts 

+1.35 Volts 

5.0 rnA 
- 5.0 rnA 

7 KOhms 

0.4 Volts 
Volts 

20 KHZ 

0.8 Volts 
Volts 

6.0 Volts 
1.0 Volts 

Volts 
±6 Volts 

±100 rnA 
±500 f.lA 

400 nS 

500 KHz 

±7 Volts 

±15 Volts 

+0.2 Volts 

mV 

+5.0 rnA 
- 5.0 rnA 

KOhms 

0.4 Volts 
Volts 

500 KHz 
±100 rnA 

12 rnA 
7 rnA 

15 rnA 
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SUGGESTED APPLICATIONS CIRCUITS 

Multiple SP30X 

VEX) 

T4 

AS 

"'1 

Voo 

GND 

RS 

DIE CHARACTERISTICS 

SP301 
164.41 X 271.44 Mils 

TOA1 

TOB1 

RIB2 GND VEE(-12v) 

92 

Vee 

R1-R2-R3-R4- 3.31< Ohms 
RS- 15K Ohms 
T1-T2-T3-T4- 2N2222A 

SP302 

GIND 

R4 

164.41 X 271.44 Mils 

VEE 

Voo 

GND VEE(-12v) 

ROA1 

TIA2 

TIA1 

LB 

TIB1 

TIB2 

ROB1 

ROB2 



CONTROL LOGIC CONFIGURATION SP301 
SELECT PIN LOGIC LOGIC LOGIC LOGIC 

VALUE VALUE VAWE VALUE 

SELA 0 0 1 1 
SELB 0 1 0 1 

NON-
LOOPBACK RIA2 

~ 
RIA2 

~ RCA RCA (LB-1) 
RIAl -{>o- RCA RIAl -(>0----- RCA RIAl RIAl 

TOAl --o<J- TIA TOA1 -<J- TIA TOAl =-- 1lA 

TOA1 =-- TIA 

TOA2 TOA2 

RIB2 

~ RIB2 

~ 
ROB 

RIBl -{>o- ROB 
ROB 

RIBl -(>0----- ROB RIBl 
RIBl 

TOBl --o<J- TlB TOBl -<J- TlB TOBl =-- TIB 
TOBl =-- TIB 
TOB2 

TOB2 

LOOPBACK RIA2 RIA2 
(LB-O) 

~~ ~~ RIAl 

~: 
RIAl 

~: 
RIAl RIAl 

TOA1· TOA1· TOA1· TOAl· 
TIA TIA 

TOA2* TOA2* 

RIB2 

"'~~ ~~ 
ROB 

RIBl ~R08 RIBl RIBl ~"O8 RIBl 

TOB1· TlB TOB1· TOB1· TlB TOB1· 

TlB TIB 

TOB2" TOB2" 

SYMBOL DEFINITIONS -<J- -(>0-----~ =--
RS232 Driver RS232 Receiver RS422 Receiver RS422 Driver 
"Tn-Stale Output 
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CONTROL LOGIC CONFIGURATION SP302 

SELECT PIN LOGIC LOGIC LOGIC LOGIC 
VALUE VALUE VAWE VALUE 

SELA 0 0 1 
SELB 0 1 0 

NON- RIA2 -{»- R0A2 RIA2 -{»- ROA2 RIA2 

==--
RIA2 

==--
LOOPBACK ROM RCA' 
(LB-1) RlA1 -{»- R0A1 RlA1 -{»- RCA1 RlA1 RlA1 

TOA1 -<J- TlA1 TOA1 -<J- TlA1 T0A1 

==II 
TOA1 

==II T1A1 TlA1 
T0A2 -<J- TIA2 TOA2 -<J- TIA2 T0A2 TOA2 

RIB2 -{»- ROB2 RIB2 -{»- ROB2 RI02 

==--
RI82 

==--
ROB' 

-{»- ROB1 -{»-RIB1 ROB1 RIB1 ROB1 RIB1 
RIB1 

TOB1 -<J- TIB1 
TOB1 

TOB1 -<J- TlB1 TOB1 

==II ==II TIB1 
T082 -<J- TIB2 

TIB1 
TOO2 -<J- TlB2 TOB2 TOB2 

LOOPBACK RIA2 ROA2 RIA2 ROA2 RIA2 RIA2 
(LB-O) ~~1 ~~ RlA1 

~ 
RCA1 RlA1 

~ 
ROA1 RlA1 RlA1 

TOA1· TlA1 TOA1· nA1 TOA1· TOA1· 
TlA1 TIA1 

TOA2* TIA2 TOA2* TIA2 TOA2* TOA2" 

RIB2 ROB2 RIB2 RIB2 ROB2 RIB2 

~~ 
ROB 

RIB1 

~ 
ROB1 RIB1 RIB1 

~ 
ROB1 Rlm~ 

TOB1· TIB1 TOB1· TOB1· TlB1 TOB1· 

TlB1 TIB1 

T082* TI82 T082* T082* TlB2 T082* 

SYMBOL DEFINITIONS 

-<J- -{»- ==-------
RS232 Driver RS232 Receiver RS422 Receiver RS422 DrIver 
"Tr\-State Output 
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SCHEMATIC OF SP301 

ROA1 TIA2 

RIA2 RIAl TOA2 

SCHEMATIC OF SP302 

ROA2 ROAl 11A2 

RIA2 RIAl TOA2 

POWER SUPPLY SYMBOLS 

?=VCC I=VEE 1 = GND 

T0A1 

TOAl 

TIAl SElA SEL B LB. 1181 ROB1 

TOBl T0B2 RIBl RIB2 

TlA1 SELA LB. SELB 11B1 ROB1 ROB2 

TOBl TOB2 RIB1 RIB2 
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PACKAGE OUTLINES 

24·PIN PLASTIC DIP 

24·PIN CERAMIC DIP I 1.2t(32.mMAX I 

~[[::::::::::) 
~ ~ ·088fL~MAX 

~ ~ ::~: ~ 

~ -1 ~ 
.015(0.38) ~ ~ 0 ... 125(8.18)->1_ 
.0lI0(1.52) IN.DOII (.209) 

0.80(128) .D15(.381) 

.D14(0.38) .110(2.80) 

.023(0.58) 
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SIGNAL PROCESSING EXCELLENCE OPERATIONAL AMPLIFIERS 
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SIGNAL PROCESSING EXCELLENCE 

-55°C 
TO 

MODEL +125°C 

SP111 X 

SP240D X 

SP2500 X 

SP2502 X 

SP2505 

SP2510 X 

SP2512 X 

SP2515 

SP2520 X 

SP2522 X 

SP2525 

SP2539 X 

SP254D X 

SP2541 X 

SP2600 X 

SP2602 X 

SP2605 

SP2620 X 

SP2622 X 

SP2625 

HS4010 X 

SP519D X 

SP5195 

SP961D X 

GAIN 
MODEL RANGES 

HS202D 1.2.4.8,16, 
32,64,128 
digitally 

programmed 

OPERATIONAL AMPLIFIERS 

HIGH SPEED OPERATIONAL AMPLIFIERS 

GAIN OPEN 
O°C SLEW BANDWIDTH BIAS LOOP MINIMUM 
TO RATE PRODUCT CURRENT GAIN STABLE 

+75°C (V /Ils) (MHz) (nA) (V/V) GAIN PAGE 

X 2 2 0,.0008, . 99 

X 30 40 50 .150,OdD 
. 

1 107 

30 12 100 30,,000 1 111 
30 12 125 25,000 1 111 

X 3D 12 125 25,000 1 111 
65 12 100 15,000 1 117 
60 12 125 15,000 1 117 

X 60 12 125 15,000 1 117 
120 20 100 15,000 3 123 
120 20 125 15,000 3 123 

X 120 20 125 15,000 3 123 
X 600 600, 5,0,00 30,000 1 129 
X 40,0, 400 5.,000' 30,,000, 1 131 
X 280 40 6,000 10,000 1 133 

7 12 1 150,0,00 1 135 
7 12 15 150,0,0,0 1 135 

X 7 12 5 150,000 1 135 
35 100 1 150,000 5 141 
35 100 5 150,000 5 141 

X 35 100, 5 150,000 5 141 
X 1,0,00, 70, 0.1 1 147 

.. 150: .. '200,. " . . ,:$,000 .. 30.000, ., 155 
X 150' ···~OO ... .. :" p;OOQ ····30,,000· 1 155 

:, 

·2;~i. 
..... : .. '·!O6::. : I:.:>':" "00 .: ....... ; .. . 

X .. .5, .. '0, . . '. ,~ ... " "' 1,159 . ' . 

PROGRAMMABLE GAIN AMPLIFIERS 

MAXIMUM INPUT OUTPUT SMALL SIGNAL 
GAIN BIAS SETTLING BANDWIDTH 

ERROR CURRENT (To 0.1%) (G = 1) PACKAGE PAGE 

±0.005 to ±200 pA G = 1, 5.2 Ilsec max 5 MHz 18-Pin DIP 
±O.2 G = 128,70 Ilsec max 105 

depending 
on range 

Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 

SPlll/121 

PRECISION OPERATIONAL AMPLIFIER 

FEATURES/BENEFITS 
• Low Noise 
• Low Input Bias Current 
• Low Input Offset Voltage 
• Low Drift 
• High Common-Mode Rejection 
• High Open-Loop Gain 

APPLICATIONS 
• Medical Instrumentation 
• Process Control Equipment 
• Sensors 
• Robotics 
• Test Equipment 
• Instrumentation 
• Avionics 
• Data Acquisition 

DESCRIPTION 
The SP111 and SP121 are precision monolithic 
operational amplifiers with outstanding 
performance characteristics that allow their use in 
even the most demanding instrumentation 
applications. 

CONNECTION DIAGRAMS 

OFFSET 8 TRIM 1 8 

IN- 2 7 

IN+ 3 6 

-Vee 4 5 

TOP VIEW 

SUBSTRATE AND CASE 

SUBSTRATE 

+Vee 

OUTPUT 

OFFSET 
TRIM 

Designed completely with vertical transistor 
structures and dielectric isolation along with the 
use of Sipex' special SiFET® field effect transistors, 
the SP111/l21 can provide superior performance 
in even the harshest of environments. This 
construction provides a latch-free performance in 
a radiation environment. Radiation tolerance is 
significantly improved over designs utilizing 
junction isolation, trench isolation, or lateral 
transistors in dielectric isolation. 
Precision performance characteristics such as low 
input bias current, low input offset voltage, low 
input noise current, minimal drift, high open-loop 
gain, high common-mode rejection ratio, and 
high power supply rejection ratio exceed those of 
other field effect transistor technology amplifiers. 
Improved performance in existing designs is easily 
obtained due to the industry standard 741 pin 
configuration. 

PARTS NUMBERING 

Part Number 
SP1llAIH 
SP111AMH 
SP111AMH/883* 
SP1ll BIH 
SP121BCH 
SP121ACP 

Package 
TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
TO-99 CAN 
8-PIN PLASTIC 
DIP 

Operating 
Range 

-25°C to +85°C 
-55°C to + 125°C 
-55°C to + 125°C 
-25°C to +85°C 
O°C to +70°C 
O°C to +70°C 

* Processed in compliance with MIL -STD-883 
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ABSOLUTE MAXIMUM RATINGS 1 
Voltage between +VCC and -VCC Terminals .................................................... 33V 
Differential Input Voltage ........................................................................................ 33V 
Input Voltage Range ............................................................................................... ± 16.5V 
Output Short Circuit Duration ................................................................................. Continuous 
Maximum Junction Temperature .......................................................................... + 175°C 
Maximum Storage Temperature Range .............................................................. -65°C < TA < + 150°C 

ELECTRICAL CHARACTERISTICS 
+V CC = + 15V, -V CC = -15V, and pin 8 connected to ground unless otherwise specified. 

SP111AMH 
SPll1AIH SP 111 AMH/883 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage VCM=OVdc 25°C ±100 ±500 ±100 ±500 /-lV 
Full ±220 ±1000 ±300 ±1500 /-lV 

Average Offset Voltage Drift Full ±2 ±5 ±2 ±5 /-lVrC 
Bias Current VCM=OVdc 25°C ±0.8 ±2 ±0.8 ±2 pA 

Full ±50 ±250 ±820 ±4100 pA 
Offset Current VCM=OVdc 25°C ±O.5 ±1.5 ±0.5 ±1.5 pA 

Full ±30 ±200 ±51O ±3100 pA 
Differential Impedance 25°C 1013 111 1013 111 QII pF 
Common Mode Impedance 25°C 1014 113 1014 113 QllpF 
Common Mode Range 25°C ±10 ±11 ±10 ±11 V 

Full ±10 ±11 ±10 ±ll V 
Input Noise Voltage Density 

fo = 10 Hz 25°C 40 80 40 80 nV/'JHz 
fo = 100 Hz 25°C 15 40 15 40 nV/~Hz 
fo = 1 Hz 25°C 10 15 10 15 nV/'JHz 
fo = 10 kHz 25°C 9 9 nV/'JHz 
f 0 = 10Hz to 10kHz 25°C 0.7 1.2 0.7 1.2 /-lVRMS 
fo = 0.1 Hz to 10 Hz 25°C 1.6 3.3 1.6 3.3 /-lVp-p 

Input Noise Current Density 
fo = 0.1 Hz to 10 kHz 25°C 9.5 15 9.5 15 fAp_p 
fo = 0.1 Hz thru 20 kHz 25°C 0.5 0.8 0.5 0.8 fA/'JHz 

Large Signal Voltage Gain RL;::: 2 kQ 25°C 114 125 114 125 dB 
Full 110 120 110 120 dB 

Common Mode Rejection VIN =±10Vdc 25°C 90 110 90 110 dB 
Ratio Full 86 100 86 100 dB 
Minimum Stable Gain Full 1 1 
Gain-Bandwidth Product 25°C 2 2 MHz 

Output Voltage Swing RL;::: 2 kQ 25°C ±11 ±12 ±11 ±12 V 
Full ±10.5 ±11 ±11 ±11.5 V 

Output Current Vo = ±10 Vdc 25°C ±5.5 ±10 ±5.5 ±10 mA 
Full ±5.25 ±10 ±5.25 ±10 mA 

Short Circuit Current Vo = 0 Vdc Full 10 40 10 40 mA 
Output Resistance DC, Open-loop 25°C 100 100 Q 
Full Power Bandwidth 20V p_p' RL = 2 kQ 25°C 16 32 16 32 kHz 

Slew Rate Vo = ± 10V, RL = 2 kQ 25°C 1 5 1 5 V//-lsec 
Settling Time AV = -1 , RL = 2 kQ 

10Vto 0.1% 25°C 6 6 /-lsec 
lOVto 0.01% 25°C 10 10 /-lSec 

Overload Recovery2 AV= -1 
50% Overdrive 25°C 5 3.5 5 /-lsec 

Supply Current 10= 0 mADC 25°C 2.5 3.5 2.5 3.5 mA 
Full 2.5 2.5 3.5 mA 

Power Supply Rejection Ratio VCC = ±lOVto 25°C 90 110 90 110 dB 
+16.5V Full 86 100 86 100 dB 
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ELECTRICAL CHARACTERISTICS 
+VCC = + 15V, -VCC = -15V, and pin 8 connected to ground unless otherwise specified. 

SPll1BIH 
PARAMETERS CONDITIONS TEMP MIN TYP MAX UNITS 

Offset Voltage VCM=OVdc 25°C ±50 ±250 IlV 
Full ±1l0 ±500 IlV 

Average Offset Voltage Drift Full ±0,5 :t 1.5 IlVrc 
Bias Current VCM =OVdc 25°C ±0,5 ±1 pA 

Full ±30 ±130 pA 
Offset Current VCM=OVdc 25°C ±0,25 ±0,75 pA 

Full ±15 ±100 pA 
Differential Impedance 25°C 1013 111 011 pF 
Common Mode Impedance 25°C 1014 113 011 pF 
Common Mode Range 25°C ±10 ±11 V 

Full ±10 ±11 V 
Input Noise Voltage Density 

fa = 10 Hz 25°C 30 60 nV/-vHz 
fo = 100 Hz 25°C 12 30 nVNHz 
fo = 1 kHz 25°C 9 12 nVNHz 
fo = 10 kHz 25°C 8 nVNHz 
f 0 = 10Hz to 10 kHz 25°C 0,6 1,0 IlVRMS 
fa = 0,1 Hz to 10 Hz 25°C 1,2 2,5 IlVp-p 

Input Noise Current Density 
fa = 0,1 Hz to 10 kHz 25°C 7,5 12 fAp_p 
fo = 0,1 Hz thru 20 kHz 25°C 0,4 0,6 fA/-vHz 

Large Signal Voltage Gain RL ~ 2 kO 25°C 115 125 dB 
Full 114 120 dB 

Common Mode Rejection Ratio VIN = ±10 Vdc 25°C 100 110 dB 
Full 90 100 dB 

Minimum Stable Gain Full 1 dB 
Gain-Bandwidth Product 25°C 2 MHz 

Output Voltage Swing RL ~ 2 kO 25°C ill ±12 V 
Full ill ±11,5 V 

Output Current Vo=±lOVdc 25°C ±5,5 ±10 mA 
Full ±5,25 ±10 mA 

Short Circuit Current Va = OVdc Full 10 40 mA 
Output Resistance DC, Open-loop 25°C 100 0 
Full Power Bandwidth 20V p_p' RL = 2 kQ 25°C 16 32 kHz 

Slew Rate Va = ± lOV, RL = 2 kQ 25°C 1 5 V/Ilsec 
Settling Time AV = -1 , RL = 2 kQ 

10V to 0,1% 25°C 6 Ilsec 
lOV to 0,01% 25°C 10 Ilsec 

Overload Recovery2 
500J0 Overdrive 25°C 6 Ilsec 

Supply Current Quiescent Current 25°C 2,5 3,5 mA 
with 10 = a mADC 

Full 2,5 3,5 mA 
Power Supply Rejection Ratio VCC = ±10V to ±16,5V 25°C 100 110 dB 

Full 90 100 dB 
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ELECTRICAL CHARACTERISTICS 
+Vee = + 15V, -Vee = -15V, and pin 8 connected to ground unless otherwise specified. 

SP121BCH SP121ACP 
PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage VCM =~OVdc 25°C ±0.5 ±2 ±0.5 ±3 mV 
Full ±1 ±3 ±1 ±5 mV 

Average Offset Voltage Drift Full ±3 ±1O ±3 ±10 IlVrc 
Bias Current VCM=OVdc 25°C ±1 ±5 ±1 ±1O pA 

Full ±23 ±115 ±23 ±250 pA 
Offset Current VCM=OVdc 25°C ±0.7 ±4 ±0.7 ±8 pA 

Full ±16 ±100 ±16 ±200 pA 
Differential Impedance 25°C 1013 111 1013 111 QII pF 
Common Mode Impedance 25°C 1014 113 1014 113 QllpF 
Common Mode Range 25°C ±1O ±11 ±1O ±11 V 

Full ±1O ±11 ±1O ±11 V 
Input Noise Voltage Density 

fa = 10 Hz 25°C 40 50 nVrVHz 
fa = 100 Hz 25°C 15 18 nVrVHz 
fa = 1 kHz 25°C 10 12 nV/v'Hz 
fa = 10 kHz 25°C 9 10 nV/v'Hz 
fa = 10 Hz to 10 kHz 25°C 0.7 0.8 IlVRMS 
fo=O.l Hz to 10Hz 25°C 1.6 2 IlVp_p 

Input Noise Current Density 
fa = 0.1 Hz to 10 kHz 25°C 15 21 fAp_p 
fa = 0.1 Hz thru 20 kHz 25°C 0.8 1.1 fA/v'Hz 

Large Signal Voltage Gain RL ~ 2 kQ 25°C 110 120 106 114 dB 
Full 106 116 100 110 dB 

Common Mode Rejection VIN = ±10 Vdc 25°C 86 104 82 110 dB 
Ratio Full 82 98 80 96 dB 
Minimum Stable Gain Full 1 1 
Gain-Bandwidth Product 25°C 2 2 MHz 

Output Voltage Swing RL ~ 2 kQ 25°C ±11 ±12 ±11 ±12 V 
Full ±10.5 ±11 ±10.5 ±11 V 

Output Current Vo =±lOVdc 25°C ±5.5 ±1O ±5.5 ±1O mA 
Full ±5.25 ±1O ±5.25 ±1O mA 

Short Circuit Current Va = 0 Vdc Full 10 40 10 40 mA 
Output Resistance DC, Open-loop 25°C 100 100 Q 
Full Power Bandwidth 20V p_p' RL = 2 kQ 25°C 32 32 kHz 

Slew Rate Va = ± lOV, RL = 2 kQ 25°C 5 5 V/Ilsec 
Settling Time AV = -1, RL = 2 kQ 

10Vto 0,1% 25°C 6 6 Ilsec 
10V to 0,01% 25°C 10 10 Ilsec 

Overload Recovery2 AV=-l 
50"10 Overdrive 25°C 5 5 Ilsec 

Supply Current 10= OmADC 25°C 2,5 4 2.5 4.5 mA 
Full 2.5 4.5 2,5 5,0 mA 

Power Supply Rejection Ratio VCC = ±lOV to 25°C 86 104 86 104 dB 
±16.5V Full 82 94 82 94 dB 

NOTES 
The following notes apply to the Electrical Characteristics and Absolute Maximum Ratings Tables: 

1, Absolute maximum ratings represent the values beyond which the part may be damaged. Functional operation at these 
values is not necessarily implied. 

2, Overload recovery is defined as the time required for the output to resume linear operation after reaching saturation due to 
a 50% input overdrive, 



PACKAGE OUTLINES 

8 PIN TO -99 METAL CAN 

) 
.335 
.370 

j 
.016 
.019 

-.185 .560 .165t505~ 
.O~O --l __ .010 

045 
-

~ 
.321 
.325 

JJ 
.027 

o 0 o~tl 
0 1 

o 

.190 

.210 ---

.028 

.034 

8 PIN PLASTIC DIP 

.348 (8.84) 

.430 (10.82) 

~ ~
.006(.203) 

~I .015 (.381) 

.325 (8.25) 

.375 (9.53) 
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SIGNAL PROCESSING EXCELLENCE HS 2020 

Programmable Gain Amplifier 

FEATURES 
• Digitally Programmable 1 to 128 
• Gain Nonlinearity 0.002% 
• Gain Accuracy 0.002% 
• Full Power Bandwidth 100 kHz 
• Low Offset Drift: < 5 /A v/oe 
• MIL-STD-883 Rev. e, Level B Screening 

Available 

APPLICATIONS 
• Autoranging AID 

• /A P Data Acquisition 
• AID Input Amplifier 
• Sample and Hold Buffer 

DESCRIPTION 

The HS 2020 is a precision hybrid amplifier that features 
high speed low offset performance in addition to being 
user programmable for gains from 1 to 128. A gain range 
from 1 to 128 can be achieved from binary (TTL) inputs to 
the HS 2020 in 8 steps. This gives the user a dynamic 
range of 19 bits with analog input steps from ± 20 mV to 
± 10V. The HS 2020 uses the precision JFET OP-15 

FUNCTIONAL DIAGRAM 
+15V 

amplifier along with a laser trimmed stable nichrome thin 
film resistor network. The HS 2020 features very low 100 
f-i V offset voltage which yields much less than V2 LSB in a 
12 bit ADC. The excellent performance over temperature 
( - 55 DC to + 125 DC) is achieved by combining a proven 
circuit configuration with the benefits of state-of-the-art 
hybrid manufacturing to achieve low cost, small size, and 
high reliability. The HS 2020 is available in 2 versions. 
The HS 2020C is specified over a temperature range of 
o DC to + 70 cC. The HS 2020B is specified from - 55 cC 
to + 125cC and is fully screened and tested to MIL
STD-883 Rev. C, Level B requirements. 

ANALOG o-10+-__ ....-j 

INPUT 7 ANALOG 
~--------~--------------------------------~~OUTPUT 

DIGITAL + 15 ANALOG -15 + 15 NC NC NC 
GND (DIGITAL) GND (ANALOG) 
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SPECIFICATIONS 
(Typical @+25°C, supply voltage ± 15VDC, unless otherwise specified) 

GAIN (Non-Inverting) 

Fixed Settings 
Gain Nonlinearity (% FSR) 

G = 1 
G=8 
G = 32 
G = 64 
G = 128 

Gain Accuracy 
Initial (+ 25°C) 

G = 1 
G = 128 

VS Temperature 
(-25°C to +85°C) 

G = 1 
G = 128 

(-55°C to + 125°C) 
G = 1 
G = 128 

ANALOG INPUT 

1,2,4,8,16,32,64,128 

0.005% max (0.002% typ) 
0.006% max (0.002% typ) 
0.007% max (0.003% typ) 
0.008% max (0.003% typ) 
0.008% max (0.003% typ) 

0.005% max (0.003% typ) 
0.2% max (0.1 % typ) 

0.008% max (0.003% typ) 
0.24% max (0.1 % typ) 

0.01 % max (0.004% typ) 
0.4% max (0.2% typ) 

Input Impedance 1099 
Input Voltage Range ± 12VDC 

VOLTAGE OFFSET, Referred to Input 

Initial (@+25°C) 
Adjustable to Zero 

G = 1 0.5mV max 
G = 128 0.5mV max (0.1 mV typ) 

VS Temperature 
(-55°C to + 125°C) 

G = 1 
G =128 

INPUT CURRENT 

Input Bias Current 
VS Temperature 
(-55°C to + 125°C) 

NOISE 

Voltage Noise, RTI 
0.1 Hz to 10 Hz 

G = 1 
G = 128 

10Hzto 1 MHz 
G = 1 

Current Noise 
0.1 Hz to 10 Hz 

G = 1 
G = 128 

10Hz to 10kHz 
G = 1 

LOGIC INPUT (TTL)l 

Logic "1" 
Logic "0" 
Input Current 
Switching Time 

OUTPUT CHARACTERISTICS 

Output Range 
Output Current 

DYNAMIC RESPONSE 

Small Signal BW (G = 1) 
Full Power BW 
Slew Rate (G = 1) 
Output Settling (to 0.1 %) 

G = 1 
G = 16 
G = 128 

TEMPERATURE 
Operating 

-8 
-C 

Storage 

POWER SUPPLY 

Power Supply Range 
Current 

MBTF 

NOTE:: 

2mVmax 
2mV max (0.5mV typ) 

±200pA max (±40pA typ) 

± 19nA max (±2.7nA typ) 

4,Np-p 
4"V POp 

200"V pop 

0.26pA POp 
0.26pA pop 

4pA pop 

+2.0V min 
0.8Vmin 
20~max 

0.7"Sec 

± 10V min (± 12Vtyp) 
±5mA max 

5 MHz 
100 kHz 
15VI"Sec 

5.2"Sec max (4"Sec typ) 
8"Sec max (5"Sec typ) 
70"Sec max (40!,Sec typ) 

- 55°C to + 125°C 
O°Cto + 70°C 
-65°C to + 150°C 

± 18V max (± 15V typ) 
+16mA, -8mA 

260,000 hrs 

1. Digital inputs should not exceed + 8V. Logic supply at pin 5 must be at 
least + 5V to maintain logic levels. 
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MECHANICAL 

Case Style Ceramic Pkg, Metal Lid 
Case Dimensions 

~ 0.165 

D
r-:-(2~':~4)'-::1 ""1mr-(W;) 

Q,~O ± 0.010 (~.:~~) 
(12.45±0.25) MAX 

.1 g.J ..i 
0.025 ± 0.010 Ml0+ 0.002 -O.OO.! 

PIN (1) 1""'-----~64±025) (0.25+0.05-0.03) 
INDEX(tj I" 

0.018 ± 0.002 ~t 0.205 
(0.46±0.05) 0.100 ± 0.005 I (5.21) 

--I ~(2:54±0.13) TVP MIN 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 DIGITALGND 18 NC 

2 Ao 17 NC 

3 A1 16 + 15 (ANALOG) 

4 A2 15 ANALOGGND 

5 + 15 (DIGITAL) 14 ANALOGGND 

6 -15 13 ANALOGGND 

7 ANALOG OUTPUT 12 ANALOGGND 

8 OFFSET 11 NC 

9 OFFSET 10 ANALOG INPUT 

APPLICATIONS INFORMATION 
RECOMMENDED POWER 
SUPPLY BYPASS CIRCUIT 

TO ±15V 
SUPPLIES 

OPTIONAL OFFSET ANLJ 
GAIN ADJUSTMENTl:i 

" 
Offset Adjust 

~~~ 
t4~~ 

+15 

(8) (9) 

OFFSET OFFSET 
(5, (6) (1,12-15) (e) 
+15V ANAOND -15V 

NOTE: 
,. Analog ground shown connected to digital ground. User may elect to 

segregate these in a system application. 

GAIN CODES AND SETTLING TIMES 

DIGITAL CODE OUTPUT SETTLING TIME· 
GAIN A, A, A. (to.I'MI 20V Step) 

1 0 0 0 4~Sec 
2 0 0 I 4~Sec 
4 0 I 0 4~Sec 
8 0 I 1 4~Sec 

16 1 0 0 5~Sec 
32 1 0 1 11~Sec 
64 1 1 0 20~Sec 

128 1 1 1 40~Sec 

• For each gain vatue the magnitude of the input step was chosen 
to make the output step 20V. 

GAIN ACCURACIES 

GAIN ACCURACY ('MI) 

25°C - 25°C to + 85°C - 55°C to + 125°C 

TYPICAL MAX TYPICAL MAX TYPICAL MAX 

1 0.002 0.005 0.003 0.008 0.004 0.010 
2 0.005 0.015 0.005 0.020 0.008 0.020 
4 0.005 0.015 0.005 0.024 0.015 0.040 
8 0.010 0.020 0.015 0.048 0.020 0.080 

16 0.020 0.030 0.020 0.048 0.025 0.080 
32 0.020 0.040 0.020 0.080 0.040 0.100 
64 0.040 0.100 0.040 0.180 0.100 0.300 

128 0.100 0.200 0.100 0.240 0.200 0.400 

ORDERING INFORMATION 
MODEL 

HS2020e 

HS 2020B 

DESCRIPTION 
Programmable Gain Amplifier 
QOCto + 7Qoe 
Programmable Gain Amplifier 
Per MIL-STD-B83 Rev. C, Level B 
-55°eto + 125°e 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Programmability 
• Low Offset Voltage 
• High Slew Rate 
• Wide Bandwidth 
• High Gain 
• Low Crosstalk 
• High Input Impedance 

APPLICATIONS 
• Signal Selection/Multiplexing 
.OpAmpGain 
• Comparator Level Control 
• Filter Programming 
• Oscillator Frequency Control 

DESCRIPTION 
The SP2400 is a unique four channel high speed 
programmable monolithic amplifier. Utilizing four 
input amplifier channels, any channel (or none) 
may be electronically selected and connected 

CONNECTION DIAGRAM 

TOP VIEW 

- 1 

,..,--. 
_...1_ -0 

SP2400 

PRAM FOUR CHANNEL 
PROGRAMMABLE AMPLIFIER 

to a single output stage through DTL/TTL 
compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op 
amp which delivers excellent slew rate, gain 
bandwidth, and power bandwidth performance. 
External compensation is not required at closed 
loop gains of greater than 10. 
Programmability coupled with 2 mV offset voltage 
and 5 nA offset current makes the SP2400 
outstanding for signal conditioning circuits. Each 
channel can be controlled and operated with 
suitable feedback networks in any of the 
standard op amp configurations. This ability 
makes the SP2400 ideal for multiplexing, signal 
selection, mathematical function designs, active 
filters, and data acquisition applications. 
The SP2400 is available in a 16 pin dual-in-line 
package and specified from aoc to + 70°C for 
commercial or -55°C to + 125°C for military 
applications. 

PARTS NUMBERING 
Operating 

Part Number Package Range 
SPI-2400-2 Ceramic Dip -55°C to + 125°C 
SP2400/883 Ceramic Dip -55°C to + 125°C* 
SPI-2404-4 Ceramic Dip -25°C to +85°C 
SPI-2404-5 Ceramic Dip O°C to +70°C 

* Processed in compliance with MIL -STD-883 

TRUTH TABLE 

SELECTED 
01 Do EN CHANNEL 

L L H 1 

L H H 2 

H L H 3 

H H H 4 

X X L NONE 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 
Voltage between V+ and V; Terminals """'''''''''''''''''''''''''''''''''''''''''''''''''''''''''' 45,OV 

Differential Input Voltage"""""""""""""""""""""""""""""""""""""""""""" ±V Supply 
Digital Input Voltage """"""""""'"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' -0,76V to + 10,OV 
Output Current"""""""""""", .. "" .. """""""""""""""""""""""""""""""""""" Short Circuit Protected 

(ISC ~ ±33 mA) 
Internal Power Dissipation (Note 13) """"""""" .. ,,, .. ,,,,,,,,,,,,,,,,,,,,,, .. , .. ,, .. ,, .. ,,,, .. ,,,300 mW 
Operating Temperature Range .. " .... """ .. """""",,,,,,, .... ,,,,,,,,,, .. ,, .. ,,,,,, .. ,,,,,,,,,,,,,, -55°C ~ TA ~ + 125°C (SP2400) 

-25°C ~ TA ~ +85°C (SP2404) 
O°C ~ TA ~ +75°C (SP2405) 

Storage Temperature Range " .. """ .. "" .... "" .... ,, ",,, .. ,,,,,,,, .... ,, .... ,, .. ,,,, .. ,,,,,, """'" , -65°C ~ TA ~ + 150°C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: VSupply = ± 15,OV unless otherwise specified, 
Digital Inputs: VIL = +0,5V, VIH = +2,4V. Limits apply to each of the four channels, when addressed. 

SP2400/SP2404 SP2405 
LIMITS LIMITS 

PARAMETERS TEMP MIN TYP MAX MIN TYP MAX UNITS 

Offset Voltage +25°C 1 2 1 2 mV 
Full 2 2 mV 

Bias Current (Note 12) +25°C 50 200 50 250 nA 
Full 400 500 nA 

Offset Current (Note 12) +25°C 5 50 5 50 nA 
Full 100 100 nA 

Input Resistance (Note 12) +25°C 30 30 MQ 
Common Mode Range Full ±9,0 ±9,0 V 

Large Signal Voltage Gain (Notes 1,5) +25°C 50K 300K 50K 300K VjV 

Full 25K 25K VjV 
Common Mode Rejection Ratio (Note 2) Full 80 100 74 100 dB 
Gain Bandwidth (Note 3,14) +25°C 20 40 20 40 MHz 

(Note 4,14) +25°C 4 8 4 8 MHz 

Output Voltage Swing (Note 1) Full ±10,0 ±12,0 ±10,0 ±12,0 V 
Output Current +25°C ±10 ±20 10 20 mA 
Full Power Bandwidth (Notes 3,5,14) +25°C 300 475 300 475 kHz 

(Notes 4,5,14) +25°C 100 200 100 200 kHz 

Rise Time (Notes 4,6) +25°C 20 45 20 50 ns 
Overshoot (Notes 4,6) +25°C 5 40 25 40 % 
Slew Rate (Notes 3,7) +25°C 20 30 20 30 V/IlS 

(Notes 4,7) +25°C 6 8 6 8 V/IlS 
Settling Time (Notes 4,7,8,14) +25°C 1,5 2,5 1,5 2,5 Ils 

Digital Input Current (VIN = OV) Full 1 1,5 1 1,5 mA 
Digital Input Current (VIN = +5,QV) Full 5 5 nA 
Output Delay (Note 9,14) +25°C 100 250 100 250 ns 
Crosstalk (Note 10) +25°C -80 -110 -74 -110 dB 

Supply Current +25°C 4,8 6,0 4,8 6,0 mA 
Power Supply Rejection Ratio (Note 11) Full 74 90 74 90 dB 
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NOTES 
1. RL = 2kQ 
2. VCM = ±5 Vdc 
3. AV = + 10, CCOMP = 0, RL = 2kQ, CL = 50 pF. 
4. AV = + 1, CCOMP =15 pF, RL = 2kQ, CL = 50 pF. 
5. VOUT = 20V peak to peak. 
6. VOUT = 200 mV peak to peak. 
7. VOUT = 1O.OV peak to peak. 
8. To 0.1% of final value. 
9. To 10% of final value; output then slews at normal rate to final value. 

10. Unselected input to output; VIN = ± 10 Vdc. 
11. VSUPP = ±10 Vdc to ±20 Vdc. 
12. Unselected channels have approximately the same input parameters. 
13. Derate by 4.3 mW;oC above 105°C. 
14. Guaranteed but not tested. 

TRANSIENT RESPONSE SLEW RATE AND SETTLING SLEW RATE AND TRANSIENT RESPONSE 

±200~~V ~ 

INP~ L 
OV 

OVERSHOOT 

+5.:J0V 
INPUT 

-5.0V 

+5.0V = = 
90% 

OUTPUT 10% 1 JV 1 

-5.0V -I JSLEWI 
I I tl.T I RATE I 

NOTE: Measured on both positive and 
negative transitions. 

i'.VIi'.T 

SETTLING TIME 

TYPICAL APPLICATIONS 

AMPLIFIER, NON-INVERTING 
PROGRAMMABLE GAIN 

15 pF 

\----+--o +15V 

1---_._-0 OUTPUT 

1K 

IN 

4512 

512 

SAMPLE AND HOLD 

Sample charging rate ; ~ V/sec. 

Hold drift rate; !g V/sec. 
e 

Switch pedestal error ; ~ Volts. e 

I----_--{) OUTPUT 

11 ~150x10-6A 
12 ~ 200 x 10-9 A @ +25°e 

~ 600 x 10-9 A @ -55°e 
~ 100 x 10-9 A@ +125°e 

Q ~ 2 x 1O-12eoul 
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16 LEAD CERAMIC DIP PACKAGE OUTLINE 

I I 0.060 ± 0.005 0.310 GLASS 

r-r- (1.524±O.127) (7.874) ~ 

(~:::5Rj::::::::)3:::1 )=:~:) . 
(0.635) I 0.785 1 - GLASS SEALANT I I 

0.125 - 0.150 

(3.175 - 3.610) 

0.80 

(2.032) 
MAX 

BOTH ENDS 

.. (19.939)" L 
'rrt===~ 

0.100 ± 0.010 

(2.540 ± 0.254) 

MAX 

I.. 0.365 ± 0.025 

(9.271 ± 0.635) 

-I 



~i~v 
"'I~~ 
SIGNAL PROCESSING EXCELLENCE 

Features 

• 30 V I~S Slew Rate 
• 1 0 nA Offset Current 
• 330 nS Settling Time 

To 0.1% 
• 500 KHz Full Power 

Bandwidth 
• 12 MHz Typical Gain Bandwidth 
• 20 MQ Minimum Input Impedance 
• Internally Compensated 

Applications 

• Video Amplifiers 
• Pulse Amplifiers 
• Signal Generators 

SP-2500102/05 
Precision, High Slew Rate Operational Amplifiers 

Description 
The SP-2500/02l05 operational amplifiers are fast 
settling, low offset voltage and current,and high 
slew rate operational amplifiers Their wide band
width and high input impedance combined with 
internal compensation make them excellant 
choices in high frequency signal conditioning 
applications. 

These devices are designed to allow additional 
compensation and offset trimming. A 1 OOKQ trim 
potentiometer is recommended for use between 
the balance pins (the wiper should be connected to 
V+). 

The SP-2502 and SP-2505 are the relaxed speci
fication military temperature range and the com
mercial temperature range of the SP-2500. 

• High Speed Sample-and-Hold Amplifiers All versions are available in metal can and ceramic 
mini DIP packages as well as in die form. LCC 
packaged versions are also available. 

Connection Diagrams 

IN+ IN- COMP 

v-

14 15 16 17 18 

OUT v+ 
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SP-2500102/05 
Precision, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current , Ip 

40.0V 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2500 -55°C ~ T A ~ 125°C 

Storage Temperature Range -65°C ~ TA ~ 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250 C unless otherwise specified in 

"Conditions" . 

SP-2500 

Parameter Symbol Conditions Min Typ Max Units 

In~ul Qbara~~rilili~1i 
Offset Voltage Vas 2 5 mV 

-55°C~TA~ 125°C 8 mV 
Offset Voltage Drift ~VoJ~T -55°C~TA~ 125°C; average 20 ~V/oC 

Bias Current Ie 100 200 nA 
-55°Cg A~ 125°C 400 nA 

Offset Current los 10 25 nA 
-55°Cg A~ 125°C 50 nA 

Input Impedance Zin Guaranteed by Design 25 50 MQ 
Common Mode Range Vern -55°C~T A~ 125°C ±10.0 V 

Tra!Jlif~r Qba[a~~rilili~1i 
Large Signal Voltage Gain AVOL RL= 2K1l, Vo= ±10V 20K 30K VN 

-55°C~TA~ 125°C, AL = 2KQ, Vo= ±1 OV 15K VN 
Common Mode Rejection 

Ratio CMRR -55°CgA~ 125°C, Vcm=±10V 80 90 dB 
Unity Gain Bandwidth 

Product GBW Ay> 10 12 MHz 

QUlgUl Qba[a~rili1i~ 
Output Voltage Swing Va -55°Cg A~ 125°C, RL = 2KO ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±10 ±20 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SA) (21t Vp)-l 350 500 KHz 

Tranlii~nl B~Ii~Q!JIi~ 
Rise Time tR RL= 2K1l, CL= 50pF, Vo= ±200mV 25 50 nS 

Overshoot 'Y AL = 2K1l, CL = 50pF, Vo= ±200mV 25 40 % 
Slew Rate SA RL= 2K1l, CL= 50pF, Vo= ±5V 25 30 VIS 
Settling Time to 0.1 % ts AL= 2KO, CL= 50pF, Vo= ±5V 0.33 S 

PQwer Sug~ly 
Supply Current Is 4 6 rnA 
Power Supply Rejection 

Ratio PSRR -55°C~TA~ 125°C, ~Vs= ±5V 80 90 dB 
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SP-2500102/05 
Precision, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current, Ip 

40_OV 
±15_0V 
300mV 

50 rnA 

Operating Temperature Range 
SP-2502 -55°C::; TA ::; 125°C 

Storage Temperature Range -65°C::; TA::; 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" _ 

SP-2502 

Parameter Symbol C0.!2ditions Min Typ Max Units 

h:U~L!t Qharacteristi~s 
Offset Voltage Vas 4 8 mV 

-55°C::;TA::; 125°C 10 mV 
Offset Voltage Drift AVos/AT -5soC::;T

A
::; 125°C; average 20 llV/oC 

Bias Current 18 125 250 nA 
-SsoC::;T

A
::; 125°C 500 nA 

Offset Current los 20 SO nA 
-55°C::;T

A
::; 12SoC 100 nA 

Input Impedance lin Guaranteed by Design 25 50 Mn 
Common Mode Range Vem -55°C::;TA::; 125°C ±10_0 V 

IraDsfer Qbara~eristi~s 
Large Signal Voltage Gain AVOL RL= 2Kn, Vo= ±10V 15K 2SK VN 

-55°C::;TA::; 12SoC, RL= 2Kn, Vo= ±1 OV 10K VN 
Common Mode Rejection 

Ratio CMRR -55°C::;TA::; 125°C, Vem= ±10V 74 90 dB 
Unity Gain Bandwidth 

Product GBW Av> 10 12 MHz 

Qutput Qhara~eristics 
Output Voltage Swing Va -55°C::;TA::; 125°C, RL= 2Kn ±10_0 ±12.0 V 
Output Current lOUT Vo= ±10V ±10 ±20 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vl 300 500 KHz 

TraDsient ReSPQnSe 
Rise Time tR RL= 2Kn, CL= 50pF, Vo= ±200mV 25 SO nS 

Overshoot y RL= 2Kn, CL= 50pF, Vo= ±200mV 25 50 % 
Slew Rate SR RL= 2Kn, CL= 50pF, Vo= ±5V 20 30 VIS 
Settling Time to 0.1 % ts RL= 2Kn, CL= 50pF, Vo= ±5V 0.33 S 

PQwer Sugply 
Supply Current Is 4 6 mA 
Power Supply Rejection 

Ratio PSRR -55°C::;TA::; 125°C, AVs= ±5V 74 90 dB 
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SP-2500102/05 
Precision, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Operating Temperature Range Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 

40.0V 
±15.0V 
300mV 

50 rnA 

SP-2505 0 °C ~ T A ~ 75°C 
Internal Power DisSipation , P d Storage Temperature Range -65°C ~ TA ~ 150°C 
Peak Output Current, Ip 

Electrical Characteristics: V+ = +15V, V· = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2505 

Parameter Symbol Conditions Min Typ Max Units 

Ingu1 Qba[aQ1~riS1i~s 
Offset Voltage Vos 4 8 mV 

o °C~TA~ 75°C 10 mV 
Offset Voltage Drift AVos/AT o °C~TA~ 75°C; average 20 JlV/oC 

Bias Current 18 125 250 nA 
o °C~TA~ 75°C 500 nA 

Offset Current los 20 50 nA 
o °C~TA~ 75°C 100 nA 

Input Impedance Zin . Guaranteed by Design 25 50 Mil 
Common Mode Range Vem o °C~TA~ 75°C ±10.0 V 

Transf~r QharaQ1~riS1i~s 
Large Signal Voltage Gain AVOL RL = 2K.Q, Vo= ±1 OV 15K 25K VN 

o °C~TA~ 75°C, RL= 2K.Q, Vo= ±10V 10K VN 
Common Mode Rejection 

Ratio CMRR o °C~TA~ 75°C, Vcm=±10V 74 90 dB 
Unity Gain Bandwidth 

Product GBW Ay> 10 12 MHz 

Qulgu1 QharaQ1~ris1iQS 
Output Voltage Swing Va o °C~T ~ 75°C, RL= 2K.Q ±10.0 ±12.0 V 
Output Current lOUT Vo=±10 ±10 ±20 rnA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vp)·l 300 500 KHz 

Transi~n1 R~sgQns~ 
Rise Time tA RL = 2K.Q, CL = 50pF, Vo= ±200mV 25 50 nS 

Overshoot 'Y RL= 2K.Q, CL= 50pF, Vo= ±200mV 25 50 % 
Slew Rate SR RL= 2K.Q, CL= 50pF, Vo= ±5V 20 30 VIS 
Settling Time to 0.1 % ts RL = 2K.a, CL = 50pF, Vo= ±5V 0.33 S 

PQwer SUggly 
Supply Current Is 4 6 rnA 
Power Supply Rejection 

Ratio PSRR o °C~TA~ 75°C, AVs= ±5V 74 90 dB 
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SP-2500102/05 
Precision, High Slew Rate Operational Amplifiers 

A.C. Performance 

INPU~ L 
5Vr--------, 

INPUT-'j L 
-5V~ 
'5V-----

90% -- I • 

OUTPUT : LJ v I ERROR BAND 
-5V~% 1 -+-' : _10mVFROM 

1 1 I SLEW 1 FINAL VALUE 
II.o"TJ RATE I 
II I~LJV/LJTI 
II I I 

SETTLING TIME 

Transient Response A.C. Test Circuit Slew Rate/Settling Time 

Ordering Information 

When ordering the SP-2500/02/05, specify the package and screening 

according to the following : 

~2-25QQ-2 

Prefix: ==r Generic l 
SP (SIPEX) Part # 

PACKAGE: SCREENING 

1 - 14 pin ceramic DIP 
2 - Metal Can 
3 - 8 Pin Plastic DIP 
4 - 20 Pin LCC 
7 - 8-Pin CERDIP 
0- DICE 

-2: -55°C to 125 °C 
-4: -25°C to 85°C 
-5 : 0 °C to 75°C 
-6 : 25°C 100% D.C. Probe 

(Dice Only) 
/883 : -55°C to 125 °C 

Full Mil Processing 

NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SIGNAL PROCESSING EXCELLENCE 

Features 

• 65 V IllS Slew Rate 
• 250 nS Settling Time to 0.1 % 
• 1 MHz Full Power Bandwidth 
• 12 MHz Gain Bandwidth 
• 100 MQ Input Impedance 
• Internally Compensated 

Applications 

• Video Amplifiers 
• Pulse Amplifiers 
• Signal Generators 
• High Speed Sample-and-Hold Amplifiers 

Connection Diagrams 

v-

SP-2510/12/15 
High Slew Rate Operational Amplifiers 

Description 
The SP-2510/12/15 operational amplifiers are 
optimally compensated for bandwidth, slew rate, 
and settling time. These characteristics make 
these devices the preferred candidates for high 
accuracy and high frequency analog signal proc
essing applications. 

These devices are designed to allow additional 
compensation and offset trimming. A 100KQ trim 
potentiometer is recommended for use between 
the balance pins (the wiper should be connected to 
V+). 

The SP-2512 and SP-2515 are the relaxed speci
fication military temperature range and the com
mercial temperature range of the SP-251 O. 

All versions are available in metal can, ceramic 
mini DIP packages, and in die form. The SP-251 0 
is also available in ceramic LCC packages. 

IN+ IN- COMP 

20 COMP 

19 

14 15 16 

OUT 
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SP-2510/12/15 
High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, V d 

Internal Power Dissipation , P d 

Peak Output Current, Ip 

40.0V 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2510 -55°C S; TA S; 125°C 

Storage Temperature Range -65°C S; TA S; 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2510 

Parameter Symbol Conditions Min Typ Max Units 

Ingut QbaraQl!uisli~ 
Offset Voltage Vas 4 8 mV 

-55°CS;TAS; 125°C 11 mV 
Offset Voltage Drift I:!.VoJI:!.T -55°CS;TAS; 125°C; average 20 J!V/oC 

Bias Current Ie 100 200 nA 
-55°CS;TAS; 125°C 400 nA 

Offset Current los 10 25 nA 
-55°CS;TAS; 125°C 50 nA 

Input Impedance Zin Guaranteed by Design 50 100 Mn 
Common Mode Range Vem -55°CS;TAS; 125°C ±10.0 V 

T[a[]sf~[ Qba[aQl~[isliQS 
Large Signal Voltage Gain AVOL RL= 2Kn, Vo= ±10V 10K 15K VN 

-55°CS;TAS; 125°C, RL = 2Kn, V 0= ±10V 7.5K VN 
Common Mode Rejection 

Ratio CMRR -55°CS;TAS; 125°C, Vem= ±1 OV 80 90 dB 
Unity Gain Bandwidth 

Product GBW Ay> 10 12 MHz 

Qutgut QharaQl~risliQS 
Output Voltage Swing Va -55°C~AS; 125°C, RL= 2Kn ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±10 ±20 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vl 750 1000 KHz 

T[ansi~nt R~sgQns~ 
Rise Time tR RL= 2Kn, CL= 50pF, Vo= ±200mV 25 50 nS 

Overshoot 'Y RL= 2Kn, CL= 50pF, Vo= ±200mV 25 40 % 
Slew Rate SR RL= 2Kn, CL= 50pF, Vo= ±5V 50 65 VIS 
Settling Time to 0.1 % ts RL= 2Kn, CL= 50pF, Vo= ±5V 0.25 S 

PQwer SUggly 
Supply Current Is 4 6 mA 
Power Supply Rejection 

Ratio PSRR -55°C~ AS; 125°C 80 90 dB 
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SP-2510/12/15 
High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current, Ip 

40.OV 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2512 -55°C ~ TA ~ 125°C 

Storage Temperature Range -65°C ~ T A ~ 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2S12 

Parameter Symbol Conditions Min Typ Max Units 

In~ul QharDriS1i~s 
Offset Voltage Vas S 10 mV 

-SsoC~TA~ 12SoC 14 mV 
Offset Voltage Drift tJ.Va~tJ.T -SsoC~TA~ 12SoC; average 2S JlV/oC 

Bias Current 18 125 2S0 nA 
-SsoC~T A~ 12SoC SOO nA 

Offset Current las 20 SO nA 
-SsoC~TA~ 12SoC 100 nA 

Input Impedance lin Guaranteed by Design 40 100 Mn 
Common Mode Range Vern -SsoC~TA~ 12SoC ±10.0 V 

Transf~r Qbara~risli~ 
Large Signal Voltage Gain AVaL RL= 2Kn, Va= ±10V 7.SK 1SK VN 

-SsoC~TA~ 12SoC, RL= 2Kn, Va= ±10V SK VN 
Common Mode Rejection 

Ratio CMRR -SsoC~TA~ 12SoC, Vern= ±10V 74 90 dB 
Unity Gain Bandwidth 

Product GBW Av> 10 12 MHz 

Qul~ut QharaQ1~risti~s 
Output Voltage Swing Va -SsoC~TA~ 12SoC, RL= 2Kn ±10.0 ±12.0 V 
Output Current lauT Va= ±10V ±10 ±20 mA 
Full Power Bandwidth FPBW Va= ±10V, FPBW= (SR) (21t V/ 600 1000 KHz 

Tra!lsi~!ll R~sgQns~ 
Rise Time tR RL= 2Kn, CL= SOpF, Va= ±200mV 2S SO nS 

Overshoot 'Y RL= 2Kn, CL= SOpF, Va= ±200mV 2S SO % 
Slew Rate SR RL= 2Kn, CL= SOpF, Va= ±SV 40 60 VIS 
Settling Time to 0.1 % ts RL= 2Kn, CL= SOpF, Va= ±SV 0.25 S 

pQwer SUggly 
Supply Current Is 4 6 mA 
Power Supply Rejection 

Ratio PSRR -SsoC~TA~ 12SoC 74 90 dB 
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SP-2510/12/15 
High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation, Pd 
Peak Output Current, Ip 

40.OV 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2515 0 °C ~ TA ~ 75°C 

Storage Temperature Range -65°C ~ TA ~ 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=25°C unless otherwise specified in 

"Conditions". 

SP-2515 

Parameter Symbol Conditions Min Typ Max Units 

In~ut QharaQteri~tiQ~ 
Offset Voltage Vos 5 10 rnV 

o °C~TA~ 75°C 14 rnV 
Offset Voltage Drift !J.Vos/!J.T o °C~TA~ 75°C; average 30 /lV/oC 
Bias Current 18 125 250 nA 

o °C~TA~ 75°C 500 nA 
Offset Current los 20 50 nA 

o °C~TA~ 75°C 100 nA 
Input Impedance lin Guaranteed by Design 40 100 MQ 
Common Mode Range Vem o °C~TA~ 75°C ±10.0 V 

Tran~fer QharaQteri~tiQS 
Large Signal Voltage Gain AVOL RL= 2KQ, Vo= ±10V 7.5K 15K VN 

o °C~TA~ 75°C, RL= 2KQ, Vo= ±10V 5K VN 
Common Mode Rejection 

Ratio CMRR o °C~TA~ 75°C, Vem= ±10V 74 90 dB 
Unity Gain Bandwidth 

Product GBW Av> 10 12 MHz 

Qut~ut QharaQteri~tiQS 
Output Voltage Swing Vo o °C~TA~ 75°C, RL= 2KQ ±10.0 ±12.0 V 
Output Current lOUT Vo= ±10V ±10 ±20 rnA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vp)-1 600 1000 KHz 

Transient Re~~Qn~e 
Rise Time tR RL= 2Kn, CL= 50pF, Vo= ±200mV 25 50 nS 

Overshoot 'Y RL= 2KQ, CL= 50pF, Vo= ±200mV 25 50 % 
Slew Rate SR RL = 2Kn, CL = 50pF, V 0= ±5V 40 60 VIS 
Settling Time to 0.1 % ts RL= 2Kn, CL= 50pF, Vo= ±5V 0.25 S 

PQwer Su~~ly 
Supply Current Is 4 6 rnA 
Power Supply Rejection 

Ratio PSRR o °C~TA~ 75°C 74 90 dB 
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SP-2510/12/15 
High Slew Rate Operational Amplifiers 

A.C. Performance 

L 
__ QVER§..HQQ.T ______ _ 

I 
I 

I 
I 

q 'OUT 

2kQ ~ 100pF 

INPUT
5V 'r--------,L 

-5V~ 
'5V-----

90% -- I • 

OUTPUT : L1 v I ERROR BAND 
_5V!P% 1-+-+ : _10mVFROM 

- II I SLEW I FINAL VALUE 
I !.oM..! RATE I 
II '~L1V/L1TI 

----' f4-RISE TIME 
I I 

II I I 

SETIUNGTIME 
I I 

Transient Response A.C. Test Circuit Slew Rate/Settring Time 

Ordering Information 

When ordering the SP-251 0/12/15, specify the package and screening 

according to the following: 

SP 2 - 2510 - 2 

Prefix: j- Generic r 
SP (SIPEX) Part # L 

PACKAGE: SCREENING 

1 - 14 pin ceramic DIP 
2 - Metal Can 
3 - 8 Pin Plastic 01 P 
4 - 20 Pin LCC 
7 - 8-Pin CERDIP 
0- DICE 

-2: -55 DC to 125 DC 
-4: -25 DC to 85 DC 
-5 : 0 DC to 75 DC 
-6 : 25 DC 100% D.C. Probe 

(Dice Only) 
/883 : -55 DC to 125 DC 

Full Mil Processing 

NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SIGNAL PROCESSING EXCELLENCE 

Features 

• 120 V/IlS Slew Rate 
• 200 nS Settling Time to 0.1% 
• 2.0 MHz Full Power Bandwidth 
• 20 MHz Gain Bandwidth 

Applications 
• Video Amplifiers 
• Pulse Amplifiers 
• Signal Generators 
• High Speed Sample-and-Hold 

Amplifiers 

Connection Diagrams 

SP-2520/22/25 
Uncompensated, High Slew Rate Operational Amplifiers 

Description 
The SP-2520/22/25 are high slew rate, wide band
width operational amplifiers which are stable at 
closed loop gains of 3 or greater without external 
compensation. These devices also exhibit fast set
tling times, high input impedance, and low input 
offset currents. These characteristics combine to 
make the SP-2520/22/25 prime candidates for 
high frequency analog processing applications. 

These amplifiers provide the designer with the 
ability to tailor its transfer characteristics through 
compensation. Offsets can be trimmed by con
necting a nulling potentiometer between its bal
ance pins, and connecting the wiper to the positive 
supply, V+. A 200Kn potentiometer is recom
mended. 

The SP-2522 and SP-2525 are the relaxed speci
fication military temperature range and the com
mercial temperature range of the SP-2520. 

All versions are available in metal can, ceramic 
mini DIP packages, and in die form. The SP-2520 
is also available in ceramic LCC packages. 

IN+ IN- COMP 
a 7 6 5 4 

20 CaMP 

OUT V+ 
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S P-2520/22/25 
Uncompensated, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current, Ip 

40.0V 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2520 -55°C =5: T A =5: 125°C 

Storage Temperature Range -65°C =5: TA =5: 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2520 

Parameter Symbol Conditions Min Typ Max Units 

Ingul QbaraQl~risli~s 
Offset Voltage Vos 4 8 mV 

-55°C=5:TA=5: 125°C 11 mV 
Offset Voltage Drift I1Vos/l1T -55°C=5:TA=5: 125°C; average 20 IlV/oC 

Bias Current 18 100 200 nA 
-55°Cg A=5: 125°C 400 nA 

Offset Current los 10 25 nA 
-55°C=5:TA=5: 125°C 50 nA 

Input Impedance Zin Guaranteed by Design 50 100 MQ 
Common Mode Range Vern -55°C=5:TA=5: 125°C ±10.0 V 

Transf~r Qhara~l~risli~s 
Large Signal Voltage Gain AVOL RL= 2KQ, Vo= ±10V 10K 15K VN 

-55°C=5:T A=5: 125°C, RL = 2KQ, V 0= ±10V 7.5K VN 
Common Mode Rejection 

Ratio CMRR -55°C=5:TA=5: 125°C, Vem= ±1 OV 80 90 dB 
Gain Bandwidth 

Product GBW Ay > 10, Guaranteed by Design 10 20 MHz 

Qulgul QharaQl~risli~s 
Output Voltage Swing Vo -55°C=5:TA=5: 125°C, RL= 2KQ ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±10 ±20 rnA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vp)-l 1500 2000 KHz 

Transi~nl R~sgQns~ 
Rise Time tA RL= 2Kn, CL= 5OpF, Vo= ±200mV, ~ = 3 25 50 nS 

Overshoot y RL= 2Kn, CL= 50pF, Vo= ±200mV, ~ = 3 25 40 % 
Slew Rate SR RL= 2KQ, CL= 50pF, Vo= ±5V, ~ = 3 ±100 120 VIS 
Settling Time to 0.1% ts RL= 2KQ, CL= 50pF, Vo= ±5V, \ = 3 0.20 IlS 

PQwer SUggly 
Supply Current Is 4 6 rnA 
Power Supply Rejection 

Ratio PSRR -55°C=5:TA=5: 125°C, fN s = ±5V 80 90 dB 
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SP-2520/22/25 
Uncompensated, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current, Ip 

40.0V 
±15.0V 
300mV 

50mA 

Operating Temperature Range 
SP-2522 -55°C::; TA ::; 125°C 

Storage Temperature Range -65°C::; TA ::; 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=25°C unless otherwise specified in 

"Conditions" . 

SP-2522 

Parameter Symbol Conditions Min Typ Max Units 

Ingut Qhar~~ri~i~s 
Offset Voltage Vos 5 10 mV 

-SsoCSTAS 12SoC 14 mV 
Offset Voltage Drift IlVoJIlT -S5°C::;TA::; 125°C; average 25 ~V/oC 

Bias Current Is 125 250 nA 
-55°C::;T A::; 125°C 500 nA 

Offset Current los 20 SO nA 
-S5°C::;TA::; 125°C 100 nA 

Input Impedance lin Guaranteed by Design 40 100 Mn 
Common Mode Range Vern -S5°C::;TA::; 12SoC ±10.0 V 

Transf~r Qhara~~ri~i~s 
Large Signal Voltage Gain AVOL RL= 2Kn, Vo= ±10V 7.SK 15K VN 

-S5°CSTAS 125°C, RL= 2Kn, Vo=±10V 5K VN 
Common Mode Rejection 

Ratio CMRR -SsoC::;TA::; 12SoC, Vern= ±10V 74 90 dB 
Gain Bandwidth 

Product GBW Av > 10, Guaranteed by Design 10 20 MHz 

QuillUi Qharacteri§ii~§ 
Output Voltage Swing Vo -SsoC::;TA::; 125°C, RL= 2Kn ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±10 ±20 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t V/l 1200 1600 KHz 

Transi~nt R~sgQns~ 
Rise Time tR RL= 2Kn, CL= 50pF, Vo= ±200mV, ~ = 3 25 SO nS 

Overshoot y Rl = 2Kn, Cl = SOpF, Vo= ±200mV, ~ = 3 25 50 % 
Slew Rate SR RL= 2Kn, CL= 50pF, Vo= ±5V, ~ = 3 ±80 120 VIS 
Settling Time to 0.1% ts RL= 2Kn, CL= 50pF, Vo= ±SV, ~ = 3 0.20 ~S 

PQwer SUggly 
Supply Current Is 4 6 mA 
Power Supply Rejection 

Ratio PSRR -55°C::;TA::; 125°C, IlVs = ±5V 74 90 dB 
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SP-2520/22/25 
Uncompensated, High Slew Rate Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 
Differential Input Voltage, Vd 
Internal Power Dissipation , P d 
Peak Output Current , Ip 

40.0V 
±15.0V 
300mV 
50mA 

Operating Temperature Range 
SP-2525 0 °C ~ T A ~ 75°C 

Storage Temperature Range -65°C ~ T A ~ 150°C 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2525 

Parameter Symbol Conditions Min Typ Max Units 

Input Chars. 
Offset Voltage Vas 5 10 mV 

o °C~TA5 75°C 14 mV 

Offset Voltage Drift ,1.Vosf,1.T o °C~TA~ 75°C; average 30 JlV/oC 

Bias Current Is 125 250 nA 
o °C~TA~ 75°C 500 nA 

Offset Current los 20 50 nA 
o °C~T A~ 75°C 100 nA 

Input Impedance lin Guaranteed by Design 40 100 Mn 
Common Mode Range Vern o °C~T A~ 75°C ±10.0 V 

Tran~fer QharaQteri~tiQS 
Large Signal Voltage Gain AVOL RL= 2KO, Vo=±10V 7.5K 15K VN 

Common Mode Rejection 
o °C5TA~ 75°C, RL= 2KO, Vo= ±10V 5K VN 

Ratio 
Gain Bandwidth 

CMRR o °C5TA~ 75°C, Vcm=±10V 74 90 dB 

Product GBW Av> 10, Guaranteed by Design 10 20 MHz 

Output QharaQteristiQS 
Output Voltage Swing Va o °C~T ~ 75°C, RL= 2KQ ±10.0 ±12.0 V 
Output Current lOUT Vo= ±10 ±10 ±20 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vp)-1 1200 1600 KHz 

Tran~ient ReSPQnse 
Rise Time tR RL= 2KO, CL= 50pF, Vo= ±200mV, A.= 3 25 50 nS 

Overshoot y RL= 2Kn, CL= 50pF, Vo= ±200mV, Av = 3 25 50 % 
Slew Rate SR RL= 2KO, CL= 50pF, Vo= ±5V, A. = 3 ±80 120 VIS 
Settling Time to 0.1 % ts RL= 2KO, CL= 50pF, Vo= ±5V, A. = 3 0.20 JlS 

Power Supply 
Supply Current Is 4 6 mA 
Power Supply Rejection 

Ratio PSRR o °C~TA~ 75°C, ,1.Vs = ±5V 74 90 dB 
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SP-2520/22/25 
Uncompensated High Slew Rate Operational Amplifiers 

A.C. Performance 

±67mV 

INP:j 
11.67V.,.--____ --, 

INPUT I L 
-1.67~ 

__ .QVER~HQQ.T ______ _ 
: • : + 

I 
I 
I 
I 

667Q 
I Ll,V I ERROR BAND 

1-+- !_10mVFROM 
II I SLEW I FINAL VALUE 

: ~M~~~Jt~T: 
--' I4-RISE TIME 

I I 

II I I 

SETILING TIME 
I I 

Transient Response A.C. Test Circuit Slew Rate/Settling Time 

Ordering Information 

When ordering the SP-2520/22/25, specify the package and screening 

according to the following : 

j
P -252Q-2 

Prefix: Generic 
SP (SIPEX) Part # 

PACKAGE: lSCREENING 

1 - 14 pin ceramic DIP 
2 - Metal Can 
3 - 8 Pin Plastic DIP 
4 - 20 Pin lCC 
7 - 8-Pin CERDIP 
0- DICE 

-2: -55°C to 125 °C 
-4: -25°C to 85°C 
-5 : 0 °C to 75°C 
-6: 25°C 100% D.C. Probe 

(Dice Only) 
/883 : -55°C to 125 °C 

Full Mil Processing 

NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Very High Slew Rate 
• Open Loop Gain 
• Wide Gain-Bandwidth 
• Power Bandwidth 
• Low Offset Voltage 
• Input Voltage Noise 
• Output Voltage Swing 

APPLICATIONS 
• Pulse and Video Amplifiers 
• Wideband Amplifiers 
• High Speed Sample-Hold Circuits 
• RF Oscillators 

CONNECTION DIAGRAM 

TOP VIEW 

SP2539 

VERY HIGH SLEW RATE 
WIDEBAND OPERATIONAL AMPLIFIERS 

600V/lls 
15 kV/V 
600 MHz 
9.5 MHz 
3mV 
6 nV/v'Hz 
±lOV 

DESCRIPTION 
The SP2539 represents the ultimate in high slew 
rate wideband, monolithic, operational amplifiers. 
It has been designed and constructed with Sipex 
high frequency Bipolar dielectric isolation process 
and features dynamic parameters never before 
available from a truly differential device. 
With a 600 V /IlS slew rate and a 600 MHz gain
band-width-product, the SP2539 is ideally suited 
for use in video and RF amplifier designs, in closed 
loop gains of 10 or greater. Full ± 1 OV swing 
coupled with outstanding A.c. parameters and 
complemented by high open loop gain makes 
the devices useful in high speed data acquisition 
systems. 
The SP2539 is available in the 14 pin ceramic and 
epoxy packages, as well as a 20 pin LCC 
package. The SP2539-2 denotes -55°C to ± 125°C 
operation while the SP2539-5 operates over the 
O°C to ±75°C range. 
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ABSOLUTE MAXIMUM RATINGS 1 
Voltage between V+ and V- Terminals ........... 35V Operating Temperature Range: 

Differential Input Voltage .................................... 6V (SP2539-2) ................................................... -55°C :5 TA:5 + 125°C 

Output Current .................................. 50 mA (Peak) (SP2539-5) ........................................................ O°C:5 TA $ +75°C 

Internal Power Dissipation2 ......... 870 mW (Cerdip) Maximum Storage Temperature Range .... -65°C:5 TA < + 150°C 

ELECTRICAL CHARACTERISTICS 
VSUPPLY = ± 15 Volts, RL = 1 Kohms, unless otherwise specified. 

SP2539-2 SP2539-5 
-55°<: to +125°C coC to +75°C 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 8 10 8 15 mV 
Full 13 15 20 mV 

Average Offset Voltage Drift Full 20 20 ,.NrC 
Bias Current 25°C 5 20 5 20 JlA 

Full 25 25 JlA 
Offset Current 25°C 1 6 1 6 JlA 

Full 8 8 JlA 
Input Resistance 25°C 10 10 Kohms 
Input Capacitance 25°C 1.0 1.0 pF 
Common Mode Range Full ±1O ±10 V 
Input Noise Voltage 25°C 6 6 nV/-vHz 

(f = 1 kHz, Rg = On) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain RL = 1 Kn, Vo = ±lOV 25°C 10K 15K 10K 15K V/V 
Full 5K 5K V/V 

Common Mode Rejection Ratio VCM == ±lOV Full 60 60 dB 
Gain Bandwidth Product Vo ==90 mV 25°C 600 600 MHz 

AV= 10 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL = 1 Kn, Vo = ± lOV Full ±10 ±10 V 
Output Current RL = 1 Kn, Vo = ± lOV 25°C 10 10 mA 
Output Resistance 25°C 30 30 Ohms 
Full Power Bandwidth RL = 1 Kn, Vo = ± lOV 25°C 8.7 9.5 8.7 9.5 MHz 

Full power bandwidth guar-
anteed based on slew rate 
measurement using FPBW= 
Slew Rate/2n Vpeak. 

TRANSIENT RESPONSE Refer to Test Ckts 
Section of data 
sheet 

Rise Time 25°C 7 7 nS 
Overshoot 25°C 15 15 % 
Slew Rate 25°C 550 600 550 600 V/JlS 
Settling Time: 

1 OV Step to 0.1% 25°C 200 200 nS 

POWER REQUIREMENTS 

Supply Current Full 20 25 20 25 mA 
Power Supply Rejection Ratio3 Full 60 60 dB 

NOTES 
1 . Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be 

impaired. Functional operability under any of these conditions is not necessarily implied. 
2. Derate at 8.7 mV;oC for operation at ambient temperatures above +75°C. Heat sinking required at temperatures above 

+75°C. TJA = 115°C/W; TJC = 35°C/W. Thermalloy model 6007 heat sink recommended. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Very High Slew Rate 
• Open Loop Gain 
• Wide Gain-Bandwidth 
• Power Bandwidth 
• Low Offset Voltage 
• Input Voltage Noise 
• Output Voltage Swing 
• Monolithic Bipolar Construction 

APPLICATIONS 
• Pulse and Video Amplifiers 
• Wideband Amplifiers 

400V/I!s 
200 ns 
400 MHz 
6 MHz 
BmV 
6 nV/-vHz 
±lOV 

• High Speed Sample-Hold Circuits 
• Fast, Precise D I A Converters 

CONNECTION DIAGRAM 

TOP VIEW 

3 
~ 
~ 

IN- ~ v+ 

IN+ + 3 OUTPUT 

V- ~ 
~ 

SP2540 

WIDEBAND, FAST SETTLING 
OPERATIONAL AMPLIFIERS 

DESCRIPTION 
The SP2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior 
speed and bandwidth characteristics. Bipolar 
construction coupled with dielectric isolation 
allows this truly differential device to deliver 
outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally, the SP2540 
has a drive capability of ± 10V into a 1 Kohm load. 
Other desirable characteristics include low input 
voltage noise, low offset voltage, and fast settling 
time. 
A 400V IllS slew rate ensures high performance in 
video and pulse amplification circuits, while the 
400 MHz gain-band-width-product is ideally suited 
for wideband signal amplification. A settling time 
of 200 ns also makes the SP2540 an excellent 
selection for high speed Data Acquisition Systems. 
The SP2540-2 is specified over the -55°C to ± 125°C 
range while the SP2540-5 is specified from O°C to 
+75°C. 
The SP2540 is available in 14 pin ceramic and 
epoxy packages, as well as a 20 pin LCC 
package. 
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ABSOLUTE MAXIMUM RATINGS 1 
Voltage between V+ and V- Terminals ........... 35V Operating Temperature Range: 

Differential Input Voltage .................................... 6V (SP2540-2) ................................................... -55°C::; TA::; + 125°C 

Output Current .................................. 50 mA (Peak) (SP2540-5) ........................................................ O°C::; TA::; +75°C 

Internal Power Dissipation2 ......... 870 mW (Cerdip) Maximum Storage Temperature Range .... -65°C::; TA < + 150°C 

ELECTRICAL CHARACTERISTICS 
VSUPPLY = ± 15 Volts, RL = 1 Kohms, unless otherwise specified. 

SP2540-2 SP2540-5 
-55°C to + 125°C O°C to +75°C 

PARAMETERS CONDITIONS TEMP MIN TVP MAX MIN TVP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 8 10 8 15 mV 
Full 13 15 20 mV 

Average Offset Voltage Drift Full 20 20 J.lV;oC 
Bias Current 25°C 5 20 5 20 J.lA 

Full 25 25 J.lA 
Offset Current 25°C 1 6 1 6 J.lA 

Full 8 8 J.lA 
Input Resistance 25°C 10 10 Kohms 
Input Capacitance 25°C 1.0 1.0 pF 
Common Mode Range Full ±1O ±1O V 
Input Noise Voltage 25°C 6 6 nV/v'Hz 

(f = 1 kHz, Rg = 00.) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain RL = 1 KQ., Vo = ±lOV 25°C 10K 15K 10K 15K V/V 
Full 5K 5K V/V 

Common Mode Rejection Ratio VCM=±10V Full 60 60 dB 
Gain Bandwidth Product Va = 90 mV 25°C 400 400 MHz 

AV= 10 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL=l KQ.,Vo=±10V Full ±10 ±10 V 
Output Current RL = 1 KQ., Va = ±lOV 25°C 10 10 mA 
Output Resistance 25°C 30 30 Ohms 
Full Power Bandwidth RL = 1 KQ., Vo = ±lOV 25°C 5.5 6 5.5 6 MHz 

Full power bandwidth guar-
anteed based on slew rate 
measurement using FPBW= 
Slew Rate/21t Vpeak. 

TRANSIENT RESPONSE Refer to Test Ckts 
Section of data 
sheet 

Rise Time 25°C 14 14 nS 
Overshoot 25°C 5 5 % 
Slew Rate 25°C 350 400 350 400 V/J.lS 
Settling Time: 

lOV Step to 0.1% 25°C 200 200 nS 

POWER REQUIREMENTS 

Supply Current Full 20 25 20 25 mA 
Power Supply Rejection Ratio3 Full 60 60 dB 

NOTES 
1. Absolute maximum ratings are limiting values. applied individually, beyond which the serviceability of the circuit may be 

impaired. Functional operability under any of these conditions is not necessarily implied. 
2. Derate at 8.7 mV;oC for operation at ambient temperatures above +75°C. Heat sinking required at temperatures above 

+75°C. TJA = 115°C/W; TJC = 35°C/W. Thermalloy model 6007 heat sink recommended. 
132 3. VSUPPLY = ±5 Vdc to ± 15 Vdc. 
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SIGNAL PROCESSING EXCELLENCE 

Features 

• 40 MHz Unity Gain Bandwidth 
• 280 V/JlS Slew Rate 
• 90 nS Settling Time 
• 4 MHz Power Bandwidth 
• Unity Gain Stable 
• Internally Compensated 

Applications 

• Video Amplifiers 
• Pulse Amplifiers 

SP-2541 
Wideband, Fast Settling, Unity Gain Stable Operational Amplifiers 

PRELIMINARY 

Description 

The SP-2541 is a monolithic operational amplifier 
which is unity gain stable at 40 MHz. The SP-2541 
is internally compensated for ease of application, 
and offers quick settling time and high slew rate to 
complement its wide bandwidth. 

The SP-2541 can be offset trimmed using a 5KU 
trim potentiometer between the balance pins and 
by connecting the wiper to the positive supply, V+. 

• High Speed Sample-and-Hold Amplifiers 

The SP-2541 is available as a full military tempera
ture range version (SP-2541-2) or as a lower cost 
version specified overthe commercial temperature 
range (SP-2541-5). 

• D/A Output Buffers 
• AID Input Buffers 

Connection Diagrams 

BALANCE 

BALANCE 

-IN n----~-t 

+IN 

These devices are available in metal can, ceramic 
DIP packages, or in die form. 

OUT 

v-
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SIGNAL PROCESSING EXCELLENCE 

Features 

• 12 MHz Unity Gain Bandwidth 
Product 

• 500 M.Q Input Impedance 
• 500 J,lV Input Offset Voltage 
• 150K VN Open Loop Voltage Gain 

Applications 

• Video Amplifiers 
• Pulse Amplifiers 
• High Speed, Precision 

Comparators 
• DAC Buffers 
• High Speed Sample-and-Hold 

Amplifiers 

Connection Diagrams 

v-

SP-2600102/05 
Wideband, Precision Operational Amplifiers 

Description 
The SP-2600/02l05 are internally compensated, 
bipolar operational amplifiers. Their wide band
width and high input impedance combine with low 
offset current to make them excellant candidates 
for high-gain amplification of analog signals; spe
cifically signals comprised of high frequencies. 

This operational amplifier provides the designer 
with the opportunity to supplement the compensa
tion (pin 8) where the application requires it. Off
sets can also be trimmed by attaching an external 
nulling potentiometer between the balance pins 
(pins 1 and 5) and by connecting the wiper to the 
positive supply, V+. A 100Kn potentiometer is 
recommended. 

The SP-2600 and SP-2602 are offered as military 
(-550 C to 125°C) versions; both are available in 
metal can, ceramic mini DIP and LCe packages as 
well as in die form. The SP-2605 is offered in 
plastic, ceramic mini DIP, and metal can packages 
as well as in die forms. 

IN+ IN- COMP 

14 15 16 

OUT 

135 



SP-2600102/05 
Wideband, Precision Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and v- Terminals 45.0V Operating Temperature Range 
Differential Input Voltage, Vd ±12.0V SP-2600 -55°C ~ T A ~ 125°C 
Internal Power Dissipation, Pd 300mV Storage Temperature Range -65°C ~ TA ~ 150°C 
Peak Output Current Full Short Circuit Protection 

Electrical Characteristics:v+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2600 

Parameter Symbol Conditions Min Typ Max Units 

IOgut Qharac;teristic;s 
Offset Voltage Vos 0.5 4 mV 

-55°C~T A~ 125°C 2 6 mV 
Offset Voltage Drift flVoJflT -55°C~TA~ 125°C; average 5 ~V/oC 

Bias Current 18 1 10 nA 
-55°C~T A~ 125°C 10 30 nA 

Offset Current los 1 10 nA 
-55°Csr A~ 125°C 5 30 nA 

Input Impedance Zin Guaranteed by Design 100 500 Mn 
Common Mode Range Vcm -55°C~TA~ 125°C ±11.0 V 

Transfer Qhara~eristi"s 
Large Signal Voltage Gain AVOL RL= 2Kn, Vo= ±10V 100K 150K VN 

-55°C~TA~ 125°C, RL = 2Kn, V 0= ±1 OV 70K VN 
Common Mode Rejection 

Ratio CMRR -55°Csr A~ 125°C, Vem= ±1 OV 80 100 dB 
Unity Gain Bandwidth 

Product GBW VOt< 90mV 12 MHz 

Qutgut Qhara~eristi"s 
Output Voltage Swing Va -55°C~TA~ 125°C, RL = 2Kn ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±15 ±22 rnA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vl 50 75 KHz 

Transient ResgQnse 
Rise Time tR RL = 2Kn, CL = 100pF, Vo= ±200mV 30 60 nS 

Overshoot y RL= 2Kn, CL = 1 OOpF, Vo= ±200mV 25 40 % 
Slew Rate SR RL= 2Kn, CL= 100pF, Vo= ±5V ±4 ±7 V/~S 
Settling Time ts RL= 2Kn, CL= 100pF, Vo= ±5V 1.5 S 

Power Suogly 
Supply Current Is 3.0 3.7 rnA 
Power Supply Rejection 

Ratio PSRR -55°CsrA~ 125°C, flVs= ±5V 80 90 dB 
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SP-2600102/05 
Wideband, Precision Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 45.0V Operating Temperature Range 
Differential Input Voltage, Vd ±12.0V SP-2602 -55°C S TA S 125°C 
Internal Power Dissipation, Pd 300mV Storage Temperature Range -65°C S TA S 150°C 
Peak Output Current Full Short Circuit Protection 

Electrical Characteristics: v+= +15V,V- = -15V, TA=25°C unless otherwise specified in 

"Conditions" . 

SP-2602 

Parameter Symbol Conditions Min Typ Max Units 

lngut QharDri~i!;;s 
Offset Voltage Vos 3 5 mV 

-55°CsT AS 125°C 7 mV 
Offset Voltage Drift AVoJAT -55°CSTAS 125°C; average 5 JlV/oC 

Bias Current Ie 15 25 nA 
-55°CsTAS 125°C 60 nA 

Offset Current los 5 25 nA 
-55° CsT AS 125°C 60 nA 

Input Impedance lin Guaranteed by Design 40 300 MQ 
Common Mode Range Vern -55°CsT AS 125°C ±11.0 V 

Transf~r Qhara~dsti~s 
Large Signal Voltage Gain AVOl Rl=21<O., Vo=±10V 80K 150K VN 

-55° CsT AS 125°C, Rl = 2KQ, V 0= ±1 OV 60K VN 
Common Mode Rejection 

Ratio CMRR -55°CSTAS 125°C, Vern= ±10V 74 100 dB 
Unity Gain Bandwidth 

Product GBW VOt< 90mV 12 MHz 

Qulgut Qha[ar;;t~ri~i~s 
Output Voltage Swing Vo -55°CSTA'5. 125°C, Rl= 2KQ ±10.0 ±12.0 V 
Output Current lOUT Vo=±10V ±10 ±18 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t V/ 50 75 KHz 

Transi~nl R~SgQns~ 
Rise Time ~ Rl= 2KQ, Cl= 100pF, Vo= ±200mV 30 60 nS 
Overshoot y Rl= 2KQ, Cl= 100pF, Vo= ±200mV 25 40 % 
Slew Rate SR Rl= 2KQ, Cl= 100pF, Vo= ±5V ±4 ±7 V/JlS 
Settling Time ts Rl = 21<0., Cl = 100pF, V 0= ±5V 1.5 S 

Power Suggly 
Supply Current Is 3.0 4.0 mA 
Power Supply Rejection 

Ratio PSRR -55°CsT AS 125°C, AV s = ±5V 74 90 dB 
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SP-2600102/05 
Wideband, Precision Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 45.0V Operating Temperature Range 
Differential Input Voltage, Vd ±12.0V SP-2605 0 °C ~ TA ~ 75°C 
Internal Power Dissipation, Pd 300m V Storage Temperature Range -65°C ~ TA ~ 150°C 
Peak Output Current Full Short Circuit Protection 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2605 

Parameter Symbol Conditions Min Typ Max Units 

In~ul Qhar~erisli~s 
Offset Voltage Vos 3 5 mV 

O°C~T A~ 75°C 7 mV 
Offset Voltage Drift !:1Vos/!:1T O°C~TA~ 75°C; average 5 IlV/oC 
Bias Current 16 5 25 nA 

O°C~TA~ 75°C 40 nA 
Offset Current los 5 25 nA 

O°C~TA5: 75°C 40 nA 
Input Impedance Zin Guaranteed by Design 40 300 Mn 
Common Mode Range Vern O°C5:TA~ 75°C ±11.0 V 

Transfer Qhar.a~erisli~s 
Large Signal Voltage Gain AVOL RL=2KO" Vo=±10V 80K 150K VN 

O°C5:TA5: 75°C, RL= 2Kn, Vo= ±10V 60K VN 
Common Mode Rejection 

Ratio CMRR O°C~TA~ 75°C, Vem= ±10V 74 100 dB 
Unity Gain Bandwidth 

Product GBW VOt< 90mV 12 MHz 

QL!l~L!l Qhara~eristiQS 
Output Voltage Swing Vo O°C5:TA5: 75°C, RL= 2KO, ±10.0 ±12.0 V 
Output Current lOUT Vo= ±10V ±10 ±18 mA 
Full Power Bandwidth FPBW Vo= ±10V, FPBW= (SR) (21t Vl 50 75 KHz 

Transienl B~~Qnse 
Rise Time tR RL= 2KO" CL= 100pF, Vo= ±200mV 30 60 nS 

Overshoot y RL= 2Ko., CL= 100pF, Vo= ±200mV 25 40 % 
Slew Rate SR RL= 2KO" CL= 100pF, Vo= ±5V ±4 ±7 V/IlS 
Settling Time ts RL = 2KO" CL = 100pF, V 0= ±5V 1.5 S 

PQwer SL!~~ly 
Supply Current Is 3.0 4.0 mA 
Power Supply Rejection 

Ratio PSRR O°C~TA5: 75°C, !:1Vs= ±5V 74 90 dB 
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SP-2600102/05 
Wideband, Precision Operational Amplifiers 

A.C. Performance 
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Ordering Information 

When ordering the SP-2600/02/05, specify the package and screening 

according to the following : 

re 2 -2QQQ-2 

Prefix: --"lr Generic L 
SP (SIPEX) ~ Part # 

PACKAGE: SCREENING 

1 - 14 pin ceramic DIP 
2 - Metal Can 
3 - 8 Pin Plastic DIP 
4 - 20 Pin LCC 
7 - 8-Pin CERDIP 
0- DICE 

-2: -55°C to 125 °C 
-4: -25°C to 85°C 
-5 : 0 °C to 75°C 
-6 : 25°C 100% D.C. Probe 

(Dice Only) 
/883 : -55°C to 125 °C 

Full Mil Processing 

NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements, 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SIGNAL PROCESSING EXCELLENCE 

Features 

• 100 MHz Gain Bandwidth 
Product (Av = 5) 

• 500 Mn Input Impedance 
• 500 IlV Input Offset Voltage 
• 150K VN Open Loop Voltage Gain 

Applications 

• Video Amplifiers 
• Pulse Amplifiers 
• High Speed Comparators 
• Low Distortion Oscillators 
• High-Q Active Filters 

Connection Diagrams 

v-

SP-2620/22/25 
Very Wideband, Uncompensated Operational Amplifiers 

Description 
The SP-2620/22/25 are uncompensated, wide 
bandwidth operational amplifiers. They are stable 
for gains of five (5) or greater. In addtion to their 
wide bandwidth, the SP-2620/22/25 offer the ad
vantages of high input impedance, low input bias, 
input offset currents, low input offset voltage, and 
short circuit protection. These characteristics 
combined with the option for complete control of 
the amplifier's compensation to make it a superior 
amplifier for high frequency analog signal applica
tions. 

These amplifiers provide the designer with the 
ability to tailor its transfer characteristics through 
compensation. Offsets can also be trimmed by 
connecting a nulling potentiometer between its bal
ance pins, and connecting the wiper to the positive 
supply, V+. A 100Kn potentiometer is recom
mended. 

The SP-2620 and the SP-2622 are offered in 
military (-55°C to 125°C) versions: both are avail
able in metal can, ceramic mini DIP, and LCC 
packages as well as in die form. The SP-2625 is 
offered in plastic, ceramic mini DIP, and metal can 
packages as well as in die form. 

IN+ IN- COMP 

20 COMP 

14 15 16 17 18 

OUT V+ 
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S P -2620/22/25 
Very Wideband, Uncompensated Operational Amplifiers 

Absolute Maximum Ratings 

Yoltage Between Y+ and Y- Terminals 45.0Y Operating Temperature Range 
Differential Input Yoltage, Yd ±12.0Y SP-2620 -55°C S T A S 125°C 
Internal Power Dissipation , P d 300mY Storage Temperature Range -65°C S T A S 150°C 
Peak Output Current Full Short Circuit Protection 

Electrical Characteristics: Y+ = +15Y, Y- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2620 

Parameter Symbol Conditions Min Typ Max Units 

Ingut Qbara~flristiQS 
Offset Voltage Vos 0.5 4 mV 

-55°CSTAS 125°C 6 mV 
Bias Current Ie 1 15 nA 

-55°CST AS 125°C 10 35 nA 
Offset Current los 1 15 nA 

-55°CSTAS 125°C 5 35 nA 
Input Impedance Zin Guaranteed by DeSign 65 500 Mn 
Common Mode Range Vern -55°CsTAs 125°C ±11.0 V 

T raosfflr Qhara~flristiQS 
Large Signal Voltage Gain AVOL RL= 2Kn, Vo= ±10V, CL = 50pF 100K 150K VN 

-55°CsTAS 125°C, RL= 2KO, CL= 5OpF,Vo= ±10V 70K VN 
Common Mode Rejection 

Ratio CMRR -55°CsT AS 125°C, Vern= ±10V 80 100 dB 
Gain Bandwidth 

Product GBW VOt< 90mV, RL= 2Kn, CL= 50pF, Ay= 40dB 100 MHz 

Qutgut Qhara~flristiQS 
Output Voltage Swing Vo -55°CsT AS 125°C, RL = 2KO, CL = 50pF ±10.0 ±12.0 V 
Output Current lOUT Vo= ±10V ±15 ±22 rnA 
Full Power Bandwidth FPBW Vo= ±10V,FPBW= (SR)( 27tVl,RL=2Kn,CL=50pF 400 600 KHz 

Transiflnt BflSgQnSfi 
Rise Time tR RL= 2Kn, CL=50pF, Vo= ±200mV, Ay= 40dB 17 45 nS 

Slew Rate SR RL= 2Kn, CL=50pF, Vo= ±5V, Ay= 40dB ±25 ±35 V/~S 

PQwflr SUggly 
Supply Current Is 3.0 4.0 rnA 
Power Supply Rejection 

Ratio PSRR -55°CsTAS 125°C, tJ..Vs= ±5V 80 90 dB 
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SP-2620/22/25 
Very Wideband, Uncompensated Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 45.0V Operating Temperature Range 
Differential Input Voltage, V d ±12.0V SP-2622 -55°C ~ TA ~ 125°C 
Internal Power Dissipation, P

d 
300mV Storage Temperature Range -65°C ~ TA ~ 150°C 

Peak Output Current Full Short Circuit Protection 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 

"Conditions" . 

SP-2622 

Parameter Symbol Conditions Min Typ Max Units 

Ingul QharaQl~rilili~li 
Offset Voltage Vos 3 5 mV 

-55°C~TA~ 125°C 7 mV 

Bias Current 18 5- 25 nA 
-55°C~TA~ 125°C 60 nA 

Offset Current los 5 25 nA 
-55°C~T A~ 125°C 60 nA 

Input Impedance lin Guaranteed by Design 40 300 MQ 
Common Mode Range Vem -55°C~TA~ 125°C ±11.0 V 

Tranlif~r Qha[aQl~rilili~li 
Large Signal Voltage Gain AVOl Rl = 2KQ, V 0= ±1 OV, Cl = 50pF SOK 150K VN 

-55°C~TA~ 125°C, Rl= 2KQ, Cl= 50pF,Vo= ±10V 60K VN 
Common Mode Rejection 

Ratio CMRR -55°C~TA~ 125°C, Vem= ±1 OV 74 100 dB 
Gain Bandwidth 

Product GBW VOt< 90mV, Rl= 2KQ, Cl= 50pF, Ay= 40dB 100 MHz 

Qulgul QbaraQl~rilili~li 
Output Voltage Swing Vo -55°C~TA~ 125°C, Rl= 2KQ, Cl= 50pF ±10.0 ±12.0 V 
Output Current lOUT Vo= ±10V ±10 ±1B rnA 
Full Power Bandwidth FPBW Vo= ±10V,FPBW= (SR)( 21tVp)-1,Rl=2KQ,Cl=50pF 320 600 KHz 

T ranlii~nt R~ligQnli~ 
Rise Time tR Rl= 2K!l, Cl=50pF, Vo= ±200mV, Ay= 40dB 17 45 nS 

Slew Rate SR Rl= 2KQ, Cl=50pF, Vo= ±5V, Ay= 40dB ±20 ±35 V//lS 

PQwer SUggly 
Supply Current Is 3.0 4.0 rnA 
Power Supply Rejection 

Ratio PSRR -55°C~TA~ 125°C, !:Ns= ±5V 74 90 dB 
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SP-2620/22/25 
Very Wideband, Uncompensated Operational Amplifiers 

Absolute Maximum Ratings 

Voltage Between V+ and V- Terminals 45.0V Operating Temperature Range 
Differential Input Voltage, Vd ±12.0V SP-2625 0 °C ~ TA ~ 75°C 
Internal Power Dissipation, Pd 300mV Storage Temperature Range -65°C ~ TA ~ 150°C 
Peak Output Current Full Short Circuit Protection 

Electrical Characteristics: V+ = +15V, v- = -15V, TA=250C unless otherwise specified in 
"Conditions" . 

SP-2625 

Parameter Symbol Conditions Min Typ Max Units 

In,M QharaQ1~risli~s 
Offset Voltage Vos 3 5 mV 

o °C~TA~ 75°C 7 mV 
Bias Current 18 5 25 nA 

o °C~TA~ 75°C 40 nA 
Offset Current los 5 25 nA 

o °C~TA~ 75°C 40 nA 
Input Impedance Zin Guaranteed by Design 40 300 M!l 
Common Mode Range Vern o °C~TA~ 75°C ±11.0 V 

Transf~r QharaQ1~[isli~S 
Large Signal Voltage Gain AVOL RL=2KO, Vo=±10V, CL =50pF 80K 150K VN 

o °C~TA~ 75°C, RL= 2KO, Vo= ±10V, CL = 50pF 70K VN 
Common Mode Rejection 

Ratio CMRR o °C~TA~ 75°C, Vcm= ±10V 74 100 dB 
Gain Bandwidth 

Product GBW VOt< 90mV, CL = 50pF, RL= 2KO, Ay = 40dB 100 MHz 

QulgUl QbaraQ1~risli~s 
Output Voltage Swing Vo o °C~T ~ 75°C, RL= 2Kn, CL = 50pF ±10.0 ±12.0 V 
Output Current lOUT Vo=±10 ±10 ±18 rnA 
Full Power Bandwidth FPBW V 0= ±1 OV,FPBW=(SR)( 2nV l ,CL =50pF,RL =2KO 320 600 KHz 

Transi~nt R~sgQns~ 
Rise Time tR RL= 2Kn, CL= 50pF, Ay= 5 17 45 nS 

Slew Rate SR RL= 2KO, CL= 50pF, Vo= ±5V, Ay= 5 ±20 ±35 V/~S 

Power SUggly 
Supply Current Is 3.0 4.0 rnA 
Power Supply Rejection 

Ratio PSRR o °C~TA~ 75°C, boVs= ±5V 74 90 dB 
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SP-2620/22/25 
Very Wideband Uncompensated Operational Amplifiers 

A.C. Performance 
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Ordering Information 

When ordering the SP-2620/22/25, specify the package and screening 

according to the following : 

~2-~-2 

Prefix: ~rr Generic l 
SP (SIPEX~ Part # 

PACKAGE: SCREENING 

1 - 14 pin ceramic DIP 
2 - Metal Can 
3 - 8 Pin Plastic DIP 
4 - 20 Pin LCC 
7 - 8-Pin CERDIP 
0- DICE 

-2: -55°C to 125 °C 
-4: -25°C to 85°C 
-5 : 0 °C to 75°C 
-6 : 25°C 100% D.C. Probe 

(Dice Only) 
/883 : -55°C to 125 °C 

Full Mil Processing 

NOTES: 1. Not all package types and screening option combinations are available. 
Consult local sales office or factory for availability information. 

2. Consult factory for special package or screening requirements. 

3. Consult factory for 883 revision C compliant data sheet. 

4. Consult factory for package mechanical dimensions. 
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SIGNAL PROCESSING EXCELLENCE 

SP4010 

WIDE BANDWIDTH, HIGH ACCURACY, 
HIGH SPEED BUFFER 

FEATURES 
• Bandwidth: 60 MHz 
• High slew rate: 1000V/~sec min 
• Low offset and drift: 1 mVI10~VI()e 
• FET input 
• 16-bit linearity @±10VDC; 1kQ load 
• Voltage gain of 1 ±0.002% 
• Settling time: 100nsec to O.OOS% (SV step) 

200nsec to O.OOS% (20V step) 

DESCRIPTION 
The SP4010 is a high accuracy, high speed, FET in
put buffer providing up to ±SO mA of continuous 
current at frequencies from DC to 60 MHz. High 
linearity, low offset, and excellent stability make it 
an ideal candidate for a high impedance input 
buffer for high resolution ND converters. With a 
slew rate of 1000VI,usec, good phase linearity and 
low distortion, the SP4010 is also well suited for a 

FUNCTIONAL DIAGRAM 

GAIN 
ADJ 

+Vos 

10 
V,N 0--+-----1 >----L----+--QVOUT 

11 

VEE Vee 

variety of video and high speed data acquisition 
applications. 

The SP4010 is specified for operation from ooe to 
+ 70°C for commercial grade and -55°C to 
+ 12SoC for military grades. 

SIMPLIFIED SCHEMATIC 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS 

MODEL SP 4010C 
Supply Voltage ± 18V 

Input Voltage VSUPPLY 

Power DIssipation 1 Watt 

Continuous Output Current 50mA 

Peak Output Current 100mA 

Operating Temperature Range O°C to + 70°C 

O[leratmg Junction Temperature 150°C 

Case to Junction Thermal 
Resistance 20°C/Watl 

Storage Temperature -65°C to + 125°C 

SP4010B 
± 18V 

VSUPPLY 
1 Watt 

50mA 

100mA 

- 55°C to + 125°C 

150°C 

20°C/Watt 

-65°C to + 150°C 

DC ELECTRICAL CHARACTERISTICS 
(TYPical @ + 25C. VCC ~ + 15VDC. VEE ~ -15 VDC u~less otherwise specified) 

MODEL 

Input Bias Current' 

Input Impedance 

Input Capacitance 

Output Offset Voltage' 

Offset Voltage T C 

Output Impedance 

SP 4010C 
100pA 

1GQ 

5pF 

± 1mV typo 
±2mV max 

± 1O"V/oC 

±01Q 

SP4010B 

100pA 

lGQ 

5pF 

± 1mV typo 
±2mV max 

± 1O"V/oC typ 
± 50" V/oC max 

±0.1~ tyP. 
±0.5Q max 

Output Voltage SWing (1 k Q Load) 

Output Current 

VCC -45V to VEE +4V VCC -4.5V to VEE +4V 

±25mA@VOUT ~ ±10V ±25mA@VOUT~ ±10V 

Supply Current (Quiescent) 

Power Consumption (Quiescent) 

PSRR 

Gain (1 K Load)' 

± 10V Linearity Error ( > 1 K Load) 

10mA 

300mW 

0.001%1% 

1 ± 0.002% typo 
±0.02% max 

± 0.0005% typo 
+0002% max 

±50mA@ VOUT ~ ±5V 
10mA tyP. 14mA max 

300mW 

0.001%1% 

1 ± 0.002% typo 
±0.02%max 

0.0005% typo 
+0.002% max 

AC ELECTRICAL CHARACTERISTICS 
(TYPical @ + 25 C. VCC ~ + 15VDC. VEE ~ 15VDC unless otherwise specified) 

MODEL SP4010C SP4010B 
Slew Rale 

Bandwidth 

± 1000V/" sec 

60 MHz 

± 1000VI "sec min 

60 MHz 

Harmonic Distortion Q 

@1OkHz(20Vp.p ' lKQLoad) 
@1 MHz (1OVp'P' lKQLoad) 
@10 MHz (5Vp.p. lKQLoad) 

-100dB typo - 90dB max - 100dB typo - 90dB max 
-SOdB -SOdB 
-60dB -60dB 

Settling Time (to 0.005%. ± 20V Step) 
1 KQ Load 200nS typo 300nS max 200nS tyPo 300nS max 

Settling Time (to 0.005%. ± 5V Step) 
1 KQ Load 100nS typo 200nS max 100nS tyP. 200nS max 

Noise Voltage Density 20nV/Hz 20nV/Hz 

NOTES 
1 Independent of Input voltage If allowable sWing IS not exceeded 
2. AdJuslable to zero. See galnloffset adJust procedure 

PACKAGE OUTLINE 
Dimensions In Inches 

0.130 ± 0.015 
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1--0.790 ± 0.015----1 

T 
0.490 

~----------------~~ 
tao., 

0.010 + 0.002 
- 0.001 

INDEX.,r 0.025 ± 0.010 "''')~ 
0.040 TYP to 205 

0.018 ---*- . 
+ 0.002 -L-b: ~ - 1--0.100 TYP 

0.600 

PIN ASSIGNMENTS 

N/C N/C 

GAIN ADJ CVOS 

-VOS +VOS 

N/C VCC 

VIN VOUT 

VEE N/C 

N/C N/C 

TOP VIEW 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 N/C 14 

2 GAIN ADJ 13 

3 -Vos 12 

4 N/C 11 

5 VIN 10 

6 VEE 9 

7 N/C 8 

INTERNAL ACTIVE DEVICE 

Bipolar Transistors 

JFET 

DIODES 

BURN IN SCHEMATIC 

ORDERING INFORMATION 

MODEL TEMP RANGE 

SP 4010B - 55DC to + 125DC 
SP 4010C ODC to 70 DC 

FUNCTION 

N/C 

CVOS 

+Vos 

VCC 

VOUT 
N/C 

N/C 

COUNT 

41 

2 

5 

SCREENING 

MIL-STD-883C 
-



TYPICAL PERFORMANCE CHARACTERISTICS 

Small Signal Bandwidth 

k 

v = 50mV/DIV 
H = 100nS/DIV 

y 

Small Signal Settling Into 100Q Load 

-/' 
I 
I \ 

V 

v = 5V/DIV The Generator slew rate V = 5V/DIV 
H = 100nS/DIV was purposely limited to H = 100nS/DIV 

250V/ .. S to illustrate large 
10V Settling Into 1KQ signal non-slew settling. 20V Settling Into 1KQ Load 

V = 200 .. V/DIV (Vout - Yin) 
H = 2V/DIV (Vin) 

20V pop Linearity Error With 1 KQ Load 

v = 50V/DIV 
H = 50nS/DIV 

5MHz, 20V Sinewave Into 1 KQ Load 

~ 

~ 

v = 2V/DIV 
H = 100nS/DIV 

5V Settling Into 1 KQ Load 

~ t·,.v +-,.v 

~ 
-- -~- - --~ - -- - ----- i- -- - - --

005%01 20V 

v = 2mV/DIV 
H = 100nS/DIV 

20V, 0.005% Settling Time Into 1KQ Load 

v = 5V/DIV 
H = 50nS/DIV 

10MHz, 10V Sinewave Into 1KQ Load 
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SUPPLY BYPASSING 
Power supply bypassing is necessary to prevent oscilla
tion with the SP 4010 in all circuits. Low inductance 
ceramic disc capacitors with the shortest practical lead 
lengths must be connected from each supply lead (with
in 1/4 If to 1/2" of the device package) to a ground plane. 
Capacitors should be one or two 0.1/-1 F in parallel; ad
ding a 4.7/-1 F solid tantalum capacitor will help in 
troublesome instances. 

RECOMMENDED LAYOUT PRECAUTIONS 
RF/video printed circuit board layout rules should be 
followed when using the SP 4010 since it will provide 
power gain to frequencies over 60 MHz. Ground planes 
are recommended and power supplies should be de
coupled at each device with low inductance capacitors. 
In addition, ground plane shielding may be extended to 
the metal lid of the device since it is electrically isolated 
from internal circuitry. Alternatively, the lid should be 
connected to the output to minimize input capacitance. 

The gain adjust pot and the offset adjust pot should be 
mounted within one inch of the SP 4010. An etch guard 
ring should be laid around the gain and offset adjust cir
cuitry and tied to the output to prevent dynamic 
deterioration from stray capacitance. (See Figure 1). 

GAIN AND OFFSET ADJUSTMENTS 
In most system applications there will be no need to ad
just the gain and offset of the SP 4010 separately. The 
system gain and offset adjustments could be used in
stead. However, it is not recommended that the gain 
and offset adjustment pots connected to the SP 4010 be 
used to compensate system gain and offset errors. 

Figure 1 shows the recommended gain and offset ad
justment circuit. 
IMPORTANT: The lead length on the gain and offset 
adjustment circuit should be kept short (within one inch) 
to avoid oscillation or deterioration of dynamic perform
ance. 

The DVM must have both inputs floating. A hand held 
DVM with 1 OOjAV or finer resolution may be used for this 
measu rement. 

For very critical adjustments a 5 minute warmup is 
recommended for the SP 4010. 

• PROTECTION 
RESISTANCE 

MAYBE 
OMITTED 

VOLTAGE 
SOURCE 

<100f0 
ACCURACY 

GAIN POT 

PC ETCH GUARD 

SOOQ 

49.9Q FLOATING DVM 

DC~V 

150 Figure 1. Gain and Offset Adjustment 

GAIN ADJUSTMENT 
The gain adjustment should be done before the offset 
adjustment to avoid the effect that the gain pot has on 
the offset voltage. 

The gain adjustment also affects the output resistance of 
the SP 4010. The output resistance will be closest to 
zero ohms when the gain is closest to one. 

The gain pot is adjusted while plus full scale and minus 
full scale voltages (as defined by the user's system) are 
applied to the SP 4010 by an external voltage source or 
by the previous stage in the system. This applied 
voltage needs to be only 10% accurate because the 
floating DVM is measuring gain error directly. The gain 
error has been compensated when the floating DVM 
reads the same value for plus full scale and minus full 
scale input Voltages. The input voltage applied to the 
SP 4010 can be a manually controlled DC voltage or a 
slow 2 to 10 second period full scale square wave. 

OFFSET ADJUSTMENT 

After the gain has been adjusted, the remaining error is 
eliminated by the offset adjustment. The input voltage 
applied to the SP 4010 should be zero volts. The offset 
pot is adjusted until the floating DVM reads zero volts. 

CAPACITIVE LOADING 

Two considerations must be taken into account when 
driving capacitive loads. These are frequency stability 
and charge current magnitude. 

For some values of load capacitance (>50pf) it may be 
necessary to isolate the capacitive load with a resistor 
from 1Q to 10Q to reduce ringing or oscillation tendency. 
The desired step response can be obtained with the 
right resistor value for each application. (See Figure 2) 

The charge current magnitude must be controlled not to 
exceed the maximum rated output current for the 
SP 4010. If the maximum output current is exceeded, 
the output stage will saturate during a transient and will 
take long to recover. 

The charge current into the capacitor is established by 

IC load = Cload x dv 
dt 

The charge current can be limited by controlling the 
slew rate of the signals driving the SP 4010, by reducing 
the amount of capacitive loading or by adding 
resistance in series with the capacitive load. 

VIN >------1 

Figure 2. Capacitive Loading 



SP 4010 THEORY OF OPERATION 
A source follower is a unity gain amplifier that uses field 
effect transitors in the main signal path. The input is ap
plied at the FET gate, while the output is taken from the 
FET source. The typical source follower has the advan
tage of very high input impedance and high speed, but 
its voltage range, accuracy, linearity and drive capability 
are poor. 

The SP 4010 employs a proprietary architecture that has 
all the high input impedance and speed of a source 
follower, as well as the full voltage range, accuracy, 
linearity and drive capability of a unity gain closed loop 
op amp. 

The SP 4010 is divided into the following circuit blocks: 
(See simplified schematic on page 1.) 

Signal FET Source Follower 
Output Buffer Emitter Follower 
DC Bias FET and Load Regulation 
Bias Current Mirror 
Current Feedback Loop (Common Emitter) 
Bootstrap 

The primary voltage signal path is from the input 
through the source follower to the emitter follower buffer 
to the output. The Signal FET Source Follower operates 
at the channel current set by the Bias FET. The Signal 
FET source drives the output buffer emitter follower 
directly through a Vgs shift that cancels its own Vgs. 

With matched FET's running at the same ID and Vds, it 
follows that the offset from gate to gate (or VIN to VOUT) 
of the FET's is zero. 

The Bias Current Mirror and the current feedback com
mon emitter loop adjust the signal FET current until it's 
matched to the Bias FET current. A residuallD mis
match error remains due to finite gain in the current 
feedback loop and mirror gain error. 

The signal FET is lightly loaded at its source by the finite 
impedance of the bias current source, output buffer and 
boot-strapped bias FET current. The current feedback 
loop is responsible for linearization of the signal FET 
source voltage under these load currents. The output 
impedance of the signal FET source is divided by the 
current gain of the loop. 

The DC Bias FET provides not only DC Bias, but also 
load regulation for the output buffer emitter follower. Any 
offsets presented by the output buffer simply appear as 
a minor shift in the Vgs which is common to both FET's 
and does not affect VOUT vs. VIN. 

Any signal dependent variation in the output buffer emit
ter follower offset as caused by a load resistor or its in
herent linearity error, gets transformed into a current by 
the gm of the Bias FET. This signal flows as a current 
through the mirror and the current loop forces an equal 
change in the signal FET current that transforms into an 
equal and opposite Vgs change with the matched gm of 
the signal FET. 

It is important to note here that the load regulation signal 
flows through the Bias FET and Mirror once into the cur
rent loop without recirculation through the Bias FET. 

VOUTIVIN variations on the output buffer emitter 
follower simply cause a small variation in the operating 
point of the FET's that is rejected by the CMRR of the 
FET's. 

DC CHARACTERIZATION METHOD 

The DC characterization of offset voltage, gain error, lin
earity, output resistance and output swing under load is 
done with the test system shown in Figure 3. This test 
approach was chosen because of it's immunity from 
source or DVM induced errors. 
The SP 4010 unity gain buffer is a 4 terminal device 
where signal is concerned. There are two power pins, 
an input pin and an output pin. A signal voltage may be 
applied with respect to ground or with respect to the 
supplies which are firmly defined with respect to 
ground. So, except for a signal inversion, it is the same 
to drive the input with respect to the supplies as it is to 
drive both supplies with respect to the input. 

The latter was chosen and the input of the SP 4010 was 
grounded so that the supplies may be driven by the DC 
source DAC OB. This scheme allows direct measure-

RL ~ lKQ 

CONTROL 
COMPUTER 

Figure 3. DC Test System 

ment of all errors with the H P 3456A DVM, using its 
more sensitive scales without the resolution and ac
curacy sacrifice presented by the ± 20V range. The ac
curacy of the signal source is also very non-critical. The 
DAC OB is more than adequate to measure 1B-bit lineari
ty on the SP 4010 because the DAC OB output does not 
appear in the error signal. 

One last point that should be addressed is the distinc
tion between Power Supply rejection ratio and the 
measurements carried out by this system. Note that 
while the two 15V "Battery" supplies are being moved 
with respect to the input pin, each supply is a constant 
well regulated and bypassed 15V. A power supply re
jection ratio test is done by changing the magnitude of 
the supply voltage individually or by the same amount. 
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AC CHARACTERIZATION METHOD 
STEP RESPONSE 

The AC characterization of step response settling time 
uses the same measurement philosophy as the DC 
characterization method. The test system is recon
figured by computer control into the test setup shown in 
Figure 4. 

The DAC 08 now controls the amplitude of the square 
wave that the HI 201HS switches generate. Careful 
layout and bypassing of all supplies are essential to 
generate a square wave free of ringing. Any slow droop 
or amplitude inaccuracy in the square wave is effectively 
rejected by this measurement method. 

The settling error is directly amplified by clamping ampli
fier and measured on the oscilloscope. As before, there 
is no need to cancel out the input square wave. The 
TEKTRONIX 2430 oscilloscope provides hard copy thru 
a HP 2225A Printer (see Page 3). 

R 

R 

I 

J1f 

J1f 

HI201HS 

CONTROL 
COMPUTER 

-4-
dv 
di 

FREQUENCY RESPONSE 

The frequency response characterization was done with 
the test system outlined in Figure 5. This test method 
yields good consistent accurate results with commonly 
available lab equipment. A small signal ( 250mV) 
square wave is fed to the device under test to produce 
a step response at the output. This square wave must 
be free of ringing and must have a rise time (= 2nS) 
that is faster than that of the device under test. 

One transition (positive or negative) is captured at the 
output of the SP 4010, by the TEK 2430 digital storage 
oscilloscope. The step response is differentiated in the 
HP 9826 Computer to produce the impulse response. A 
Fast Fourier Transform is performed on the impulse re
sponse to obtain the frequency response. The magni
tude of the frequency response is displayed on the CRT 
and hard copy may be obtained on the printer or pIot
ter. See Page 3 for a copy of the printout. 

RL = 1KQ 

Figure 4. Step Response Test System 

Cl FFT f(MHZ) 

PLOTTER 
OR 

PRINTER 

INPUT 
SQUARE 

WAVE 

OSCILLOSCOPE 
CAPTURE 

STEP RESPONSE 

COMPUTER 
DIFFERENTIATE, FFT. 
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APPLICATION CIRCUITS 

VIN 
+2V 
TO 
-2V 

+ 15V 

-15V 

10 

VOUT 50Q 

PRECISION CABLE DRIVER 

+15V 

-15V 

UN TERMINATED CABLE BUFFER 

''0 .... '" '.'7" MU' GLneNes 

CHO 

CH1 

CH3 

CH4 

50Q 

10 

VOUT 

VERY HIGH SPEED BUFFERED DAS FOR MAGNETIC RESONANCE IMAGING ON 
CAT SCANNER APPLICATIONS 

+15 

250Q to 1KQ VOUT 

10 

1}0PF -15 

OPTIMIZE FOR LARGE SIGNAL SETTLING 

TWO PRECISION PHOTOCELL AMPLIFIERS 
WITH SIGNAL INDEPENDENT BIAS CURRENT: 

1KQ 

LIGHT 

,-II 
~--------~~--------~\~ ~ 

+15V 

VOUT 
~---1-0~--~---VOUT 

10MQ 

-15V 

FAST 10MQ TRANS RESISTANCE AMPLIFIER FOR PHOTO DIODE DETECTOR 
BW= ______ _ 

2. x 10MQ x eSTRAY 

LIGHT 

\\ 
1KQ ..... '" 

~--------~~------~I , \ I 

+15V 

VOUT 
~----~------6-----~---VOUT 

10 

-15V 

FAST 10MQTRANS RESISTANCE AMPLIFIER FOR REVERSE 
BIASED PHOTO DIODE DETECTOR 

BW 
2. x 10MQ x CSTRAY 
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APPLICATION CIRCUITS 

Low Distortion Active Filters 

fo= 1 _____ _ 

2. vRl R2 Cl C2 

-15V 
.La -.~+.~ - V Ff2C2 V R2C1 HIGH PASS 

R 

BAND PASS 

.0011'F 

INPUT~ I--_-~ 

lMQ 

+15V 

-15V 

>!~:;:'~-U-T---<I---o VOUT 

"">.....:..:10:"""+.-_-0 VOUT 
VOUT 

fa = J2 
2. RC 

0= J2 

~1~0--1---0VOUT 

HIGH INPUT IMPEDANCE AC COUPLED AMPLIFIER 
BW = 16Hz to 60 MHz. RIN » 100MQ 

NOTE: REFER TO "RECOMMENDED LAYOUT PRECAUTIONS" FOR ALL 
APPLICATIONS CIRCUITS 

154 

VIN 

fo= 1 _____ _ 

2rr VRl R2 Cl C2 

.!...-.~+.~ a - V Ri'C1 V R2C1 

NOTCH 

LOW PASS 

+15V 

-15V 

-15V 

10 VOUT 

VOUT 

fo = 

2rrR1C1 

Rl = 2R2 

Cl = C2 

10 

VOUT VOUT 

PRECISION HIGH SPEED SAMPLE AND HOLD SP9760 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Fast Settling Time 
• Very High Slew Rate 
• Wide Gain-Bandwidth 
• Power Bandwidth 
• Low Offset Voltage 
• Input Voltage Noise 
• Monolithic Bipolar Construction 

APPLICATIONS 
• Fast, Precise D / A Converters 
• High Speed Sample-Hold Circuits 
• Pulse and Video Amplifiers 
• Wideband Amplifiers 
• Replace Costly Hybrids 

CONNECTION DIAGRAMS 

TOP VIEWS 

INV 
INPUT 

NON INV 
INPUT 

CASE TIED TO V- LH0032 PINOUT 

70 ns 
200 V /IlS 
150 MHz 
6.5 MHz 
3mV 
6 nV/"Hz 

SP5190/SP5195 

WIDEBAND, FAST SETTLING 
OPERATIONAL AMPLIFIERS 

DESCRIPTION 
SP5190/SP5195 are monolithic operational 
amplifiers featuring an ultimate combination of 
speed, precision, and bandwidth. Employing 
monolithic bipolar construction coupled with 
dielectric isolation, these devices are capable of 
delivering an unparalleled 200V /IlS slew rate with 
a settling time of 70 ns (0.1%, 5V output step). 
These truly differential amplifiers are designed to 
operate at gains ~5 without the need for external 
compensation. Other outstanding SP5190/95 
features are 150 MHz gain-bandwidth-product 
and 6.5 MHz full power bandwidth. In addition to 
these dynamic characteristics, these amplifiers 
also have excellent input characteristics such as 
3 mV offset voltage and 6.0 nV input voltage 
noise (at 1 kHz). 
With 200 V /IlS slew rate and 70 ns settling time, 
these devices make ideal output amplifiers for 
accurate, high speed D/A converters or the main 
components in high speed sample/hold circuits. 
150 MHz gain-bandwidth-product, 6.5 MHz power 
bandwidth, and 6 mV offset voltage make 
SP5190/5195 ideally suited for a variety of pulse 
and wideband video amplifier applications. 
The SP5190/5195 are available in metal can (TO-
5),20 pin LCC, and 14 pin ceramic packages. 
At temperatures above +75°C, a heat sink is 
required for SP5190. (See note 2). SP5190 is 
specified over the -55°C to + 125°C range while 
SP5195 is specified from O°C to +75°C. 
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ABSOLUTE MAXIMUM RATINGS 1 
Voltage between V+ and V- Terminals ........... 35V Operating Temperature Range: 

Differential Input Voltage .................................... 6V (SPS190) ...................................................... -55°C s TA S + 125°C 

156 

Output Current .................................. 50 mA (Peak) (SPS19S) ............................................................ O°C S TA S +75°C 

Internal Power Dissipation2 ........ 870 mW (Cerdip); 

1 W (TO-8) Free Air 

Maximum Storage Temperature Range .... -65°C s TA < + 150°C 

ELECTRICAL CHARACTERISTICS 
VSUPPLY = ± 15 Volts, RL = 200 ohms, unless otherwise specified. 

SP5190 SP5195 
-55°C to + 125°C O°C to +75°C 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Offset Voltage 25°C 3.0 5.0 3.0 6 mV 
Full 10.0 10.0 mV 

Average Offset Voltage Drift Full 20 20 IlV;oC 
Bias Current 25°C 5 15 5 15 IlA 

Full 20 20 IlA 
Offset Current 25°C 1 4 1 4 IlA 

Full 6 6 IlA 
Input Resistance 25°C 10 10 Kohms 
Input Capacitance 25°C 1.0 1.0 pF 
Common Mode Range Full ±5 ±5 V 
Input Noise Voltage 25°C 6 6 nV/~Hz 

(f = 1 kHz, Rg = On) 

TRANSFER CHARACTERISTICS 

Large Signal Voltage Gain RL = 200Q, CL < 10 pF, 25°C 15K 30K 10K 30K V/V 
Vo =±5V Full 5K 5K V/V 

Common Mode Rejection Ratio VCM = ±5V Full 74 74 dB 

Gain Bandwidth Product Vo=90mV 25°C 150 150 MHz 
AV= 10 

OUTPUT CHARACTERISTICS 

Output Voltage Swing RL = 200Q, CL<10 pF, Full ±5 ±8 ±5 ±8 V 
Vo =±5V 

Output Current RL = 200Q, CL<10 pF, 25°C 25 30 25 30 mA 
Vo = ±5V 

Output Resistance 25°C 30 30 Ohms 

Full Power Bandwidth RL = 200Q, CL<lO pF, 25°C 5 6.5 5 6.5 MHz 
Vo = ±5V 

Full power bandwidth guar-
anteed based on slew rate 
measurement using FPBW= 
Slew Rate/21t Vpeak. 



ELECTRICAL CHARACTERISTICS (cant' d) 

VSUPPLY = ± 15 Volts, RL = 200 ohms, unless otherwise specified, 

SP5190 SP5195 
·55°C to + 125°C O°C to +75°C 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

TRANSIENT RESPONSE Refer to Test Ckts 
Section of data 
sheet 

Rise Time 25°C 13 18 13 18 nS 
Overshoot 25°C 8 8 "10 
Slew Rate 25°C 160 200 160 200 V/I,lS 
Settling Time: 

5V Step to 0,1"10 25°C 70 70 nS 
SV Step to 0,01"10 25°C 100 100 nS 
2,SV Step to 0,1"10 25°C 50 50 nS 
2,SV Step to 0,01"10 25°C 80 80 nS 

POWER REQUIREMENTS 

Supply Current Full 19 28 19 28 mA 
Power Supply Rejection Ratio3 Full 70 90 70 90 dB 

NOTES 
1, Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be 

impaired. Functional operability under any of these conditions ;s not necessarily implied. 
2. Derate at 8,7 mV;oC for operation at ambient temperatures above +75°C, Heat sinking required at temperatures above 

+75°C. TJA = 115°C/W; TJC = 35°C/W. Thermalloy model 6007 heat sink recommended. 
3, VSUPPLY = ±5 Vdc to ± 15 Vdc, 
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SIGNAL PROCESSING EXCELLENCE 

SP9610 

Wide Bandwidth 
Fast Settling Time Operation Amplifier 

FEATURES 

• Ultrastable Unity Gain Bandwidth (lOOMHz) 

• 20nS Settling Time to 0.1 % 

• Superior DC Performance 

• Offset Voltage ±O.3mV 

• Bias Current 2.uA 

• ± 16mA Supply Currents 

DESCRIPTION 
The SP961 0 is a fast-settling, wide-bandwidth DC

coupled transimpedance operational amplifier 
which combines superior DC specifications and 
exceptional dynamic performance. This combina
tion provides remarkable versatility for high-speed 
designers. 

Thin-film technology and innovative design tech
niques help assure stable operation over the com
plete operating temperature range. Input offset 
voltage temperature drift is typically 5.uV ICC; input 
bias current drift is typically 70nArC. 

A unique internal architecture keeps the SP961 0 
inherently stable over its complete gain range and 
assures wide bandwidth at various gain settings. 
With G= -1, 3dB bandwidth is 100MHz; with G= -20, 
3dB bandwidth is an incredible 75MHz. Slew rate, 

BOTTOM VIEW ~lllF 
DS/SP961 0/2/89 

APPLICATIONS 

• Driving Flash Converters 

• High-Speed DAC's 

• Radar, IF Processors 

• Photodiode Preamps 

• ATE/Pulse Generators 

• Imaging/Display Drivers 

rise time, fall time, and settling time are also inde
pendent of gain. 

The design of the SP961 0 makes it easy to apply. 
The unit is internally compensated and needs no 
external components. An internal l.2k feedback 
resistor is available to the user by connecting Pin 4 
to output Pin 11. Pins 2 and 8 are bypass pins and 
should be connected to ground through O. l.uF 
ceramic capacitors; effective decoupling of the 
power supplies is also important for proper opera
tion. 

Three temperature ranges are available. The 
SP9610C is guaranteed over a case temperature of 
O°C to + 70°C; the SP961 OT is for a range of -55°C to 
+ 125°C, and the SP961 OT /B is MIL-STD-883C screened 
over a temperature range of -55°C to + 125°C. 

o 

-1 

dB 
-2 

-3 
o 10 20 30 40 SO 60 70 80 90 100 

MHz 

SP9610 I NVERT I NG GAl N 

© 1989 Sipex Corporation 
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PRrEl~M~NARV DATA 
SPECIFICATIONS 

SP9610 
Wide Bandwidth Fast Settling Time Operation Amplifier 

DC ELECTRICAL CHARACTERISTICS (±V = ± 15; Av = -10; R'N = 12000, RF = 1.2KQ, no RLOAD ) 

SP9610 SP9610C SP961 OT,T /B 
TYPICAL MIN/MAX@ MIN/MAX@ 

PARAMETER (CONDITIONS) @ +25°C O°C +25°C +70°C -55°C +25°C fr125°C UNITS 

Offset Voltage ±O.3 ±1.0 ±1.0 mV 
Offset Voltage Tc ±5 uvrc 
Input Bias Current 

Inverting ±5 ±15 ±15 uA 
Non-Inverting ±15 ±50 ±50 uA 

Input Bias Current Tc 
Inverting ±70 nArC 
Non-Inverting ±30 nArC 

Inverting Impedance 20 Q 
Non-Inverting 

Impedance 200k Q 
CapaCitance 4 pF 

Common-Mode Input ±5 ±5 ±5 V 
Internal Feedback Resistor (R

F
) 1200 1190/1210 1190/1210 0 

RF Temperature Coefficient 
Common-Mode Rejection Ratio (CMRR) >50 ~35 ~35 dB 
CMRR (RF-1500Q;R,N=150Q;6Vs=5V) >60 dB 
Common-Mode Sensitivity (CMS) 

Referred to Input (6Vs=5V) 
-CMS 3 8 8 uA/V 
+CMS 3 8 8 uA/V 
CMSYOLTAGE 62 ~50 ~50 dB 

Output impedance (DC to 100kHz) 0,05 0 
Output voltage swing (RLOAD=2000) ±10 ~±9 ~±9 V 
Output Current (continuous) ±50 ~±50 ~±50 mA 
Open Loop Transimpedance Gain(200Q) 4.8 3,0 3,0 Mil 
Supply Current 16 20 20 mA 
Power Consumption 480 600 600 mW 
Power Supply Rejection Ratio (PSRR) >50 ~35 ~35 dB 

PSRR(RF= 1500Q;R,N= 1500;6 V s= 1 OV) >60 dB 
Power Supply Sensitivity (PSS) 

Referred to Input (6Vs=1 OV) 
PSSYOLTAGE 68 50 50 dB 
-PSS 3 8 8 uA/V 
+PSS 3 8 8 uA/V 

AC ELECTRICAL CHARACTERISTICS (±V= 15V; Av= -10; R'N= 1200, RF= 1.2KQ, RLOAD=200Q) 

SP961 0 SP9610C SP96 lOT ,T /B 
TYPICAL MINLMAX@ MIN1MAX@ 

PARAMETER(CONDITIONS) @+25°C -25°C +25°C +85°C -55°C +25°C + 125°C UNITS 

Bandwidth (-3dB V OUT= 100mV p-p)G=-lO >100 MHz 
Amplitude of Peaking 

DC to 60MHz 0 dB 
>60MHz 0 dB 

Phase Nonlinearity (DC to 45MHz) 1 0 

Rise (Fall) Time (V OUT=±2,5V Step) <5 ns 
Slew Rate (V OUT= lOV Step) ~3 V/ns 
Settling Time to 0,1% (G=-1O;5V output step) 20 ns 
Settling Time to 0,02% (G=- 1 0;5V output) 30 ns 
Overshoot Amplitude (V OUT=5V Output) <1 % 
Propagation Delay 4,8 ns 
Total Harmonic Distortion (Freq=20MHz 

Output Vo!tage=2V p-p) 55 dB 
Input Noise (RloAD= lOOn) 

nVi'/HZ Voltage (5MHz to 150MHz) 0,7 
Current (5MHz to 150M Hz) 23 pA/-.JHS 

~i ...... v 
~I",,-
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APPLYING THE SP9610 OP AMP 
In applying the SP961 0 op amp, there are certain pre

cautions which must be obseNed to protect the unit from 
damage.: 
1. Shorting either power supply input pin (Pin 10 or 12) to 
the output (Pin 11) will destroy the device. 
2. Shorting the output (Pin 11) to ground will destroy the 
device; no internal protection is provided. 

The non inverting input of the SP9610 Operational 
Amplifier is a high impedance. This requires that it be 
driven from a low-impedance source, or connected to 
ground. Driving this input from a high impedance de
tracts from the wide bandwidth performance; connect
ing it to ground avoids the possibility of closed-loop ac 
peaking. 

Because the internal biasing network of the SP961 0 is 
connected to the +V and -v supply pins, it is important 
that these pins have adequate decoupling. Nominal 
supply voltages for the SP961 0 are ± 15V, but this can be 
reduced to a lower limit of ± 12V without serious degrada
tion of high-speed performance. When ± 12V supplies 
are used, output voltage swings from the amplifier must 
be reduced to 7 volts. 

Bypass Pins 2 and 8 should be decoupled to ground 
through 0.1 ~F capacitors to maintain stability on the bias 
network. 

Feedback resistor RF is internal to the SP961 0 and has 
been precisely adjusted to allow the widest possible 
range of operating conditions. While it is possible to use 
an external feedback resistor for the device, the user is 
urged to avoid the temptation to "tune" performance 
with this technique because it will inevitably detract from 
ac performace. 

A massive low-impedance ground plane is essential for 
optimum performance from the SP961 0 because it pro
vides a moderate level of shielding and helps reduce 
the effects of distributed capacitance. 

INPUT 

2 

1 
~ O.l~F 

SP9610 
Wide Bandwidth Fast Settling Time Operation Amplifier 

But the benefits of a large ground plane can be dimin
ished if components are grounded at multiple points on 
the ground plane. Single-point grounding is always pre
ferred for high-speed circuits to avoid the possibility of 
voltage differentials which might result from multiple 
grounds. 

The best high-frequency performance is obtained from 
the SP961 0 when total output capacitance is minimized. 
Realistically, this is not always possible; but performance 
can be improved with a 5-300 resistor in series with the 
output as shown in Figure 1. 

'----4.---oV OUT 

Figure 1. 

Isolation provided by the series resistor makes it possible 
for the SP961 0 to drive loads well outside its design limits, 
but at some loss of speed. Isolating the capacitance 
load from the output of the amplifier is particularly useful 
when driving flash AID converters. 

The power supplies for the SP961 0 must be decoupled 
effectively to obtain maximum performance from the 
device. Recommended choices are a 0.1 ~F ceramic 
capacitor and a 1 O~F tantalum capacitor in parallel on 
each supply. These connections show up in Figures 2 and 
3 which illustrate the connections for inverting and non
inverting operations, respectively. Decoupling compo
nents should always be connected as closely as possible 
to the amplifier's voltage supply pins. 

~ 10~F 

)--+------4.--0 V OUT 

GAIN==~ 
RIN 

RF == 12000 

FIGURE 2. SP961 0 INVERTING OPERATION 
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If the expected output voltage swings are small, it is 
possible to operate the output stages from ±5V supplies; 
this will reduce power dissipation and junction tempera-

INPUT 0-..----( 

SP9610 
Wide Bandwidth Fast Settling Time Operation Amplifier 

tures on the output transistors. For this, the ±5V and ± 15V 
supplies must be decoupled seperately. 

)-.... ----.... --0 V OUT 

RF= 1200(2 (INTERNAL) 

FIGURE 3. SP961 0 NONINVERTING OPERATION 
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As shown in Figures 2 and 3, bypass pins 2 and 8 should 
be decoupled individually with a O. 11lF capacitor in series 
to ground. Without this decoupling, power supply and 
common-mode rejection ratios (PSRR and CMRR) may 
be degraded. In some applications, the lack of this 
decoupling may show up as very high-frequency "ring
ing" on the output. RMATCH in Figures 2 and 3 is used to 
match the output impedance of the driving source. 

SP9610 POWER DISSIPATION 
Quiescent power supply currents for the SP961 0 are 

± 16mA. Supply currents this low allow the unit to be 
operated over a wide temperature range without dam
age. For high-temperature operation and long-term 
stability, however, the user is urged to use a heat sink. Two 
acceptable models for TO-8 packages are the Thermal
loy 2240 and the IERC Up-T08-48CB. 



~ir\AV 
'rI1~~ 
SIGNAL PROCESSING EXCELLENCE VOLTAGE REFERENCES 

163 



~iP\AV 
"I~~ 
SIGNAL PROCESSING EXCELLENCE 

I OUTPUT VOLTAGE 
MODEL RANGE 

HS2700 I + lOV, -lOV 
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VOLTAGE REFERENCES 

VOLTAGE REFERENCES 

OUTPUT VOLTAGE TEMPERATURE 
TEMPCO RANGE PACKAGE PAGE 

±3 to ± 1 0 ppm/oC -25°C to +85°C 14-Pin SO 165 
-55°C to + 125°C 
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FEATURES 
• High accuracy: 10,000 volts, ±2,SmV 
• Low temperature coefficient: 3 ppm/oC 
• 14-pin ceramic side brazed package 
• Performance guaranteed -SSoC to + 12SoC 
• AD2700 Series pin out compatibility 

MODEL OUTPUT 
HS2700 +10,OOOV 
HS2701 -10,OOOV 
HS2702 ± 10,OOOV 

DESCRIPTION 
The HS2700 Series offers a complete line of precision 
+ 10V, -10V, and ± 10Vreferences, All models can 
be processed to MIL-STD-883C or commercial/in
dustrial standards, The HS2700 Series combines 
precision laser trimmed nichrome resistors with 
premimum grade gain and reference components 
for ultra-stable overall performance, Versions with 
tempcos as low as ±3 ppm/oC are available, 

The HS2700 is a + 10 volt reference with 1 OmA output 
drive capability making it suitable for use with high 
accuracy bipolar D/A converters or as a general 
positive system reference, 

FUNCTIONAL DIAGRAMS 

Rl R2 +15V(-15V) 
~~~--~~--~ 

R3 

>--+--+-------i __ 13
Q + 10V OUTPUT 

(-10V) 

COMMON o-7-+---~_~ 
+ l5V SUPPLY ~ 
(-15V) + l5V 

(-15V) 

HS2700 (2701) 

R4 

HS2700 SERIES 

PRECISION +10V, 
-10V, ±10V REFERENCES 

The HS2701 is a negative 10 volt reference designed 
to interface with CMOS D/A and AID converters, For 
systems requiring a dual tracking reference, the 
HS2702 offers both positive and negative precision 
10 volt outputs in a single package, Both are often 
used with the HSS210 Series 12-Bit AID converters 
which require -10V external references for high 
accuracy over a wide temperature range, 
Commercial "J" and "L" grades offer -2SoC to 
+8SoC operation while "S" and "u" grades 
operate from -SSoC to + 12SoC, Screening to MIL
STD-883C is available, 

R1 

7 

GND ':' 

+15VSUPPLY 

+10V OUTPUT 
>-----~~----------~13~ 

HS2702 

-10V OUTPUT 
>-~---:-o 
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SPECIFICATIONS 
(Maximum or minimum @EIN ± 15V @+25°C, RL = 2kQ unless otherwise noted.) 

MODEL 

ABSOLUTE MAX RATINGS 

Input Voltage (for applicable supply) 

Power Dissipation @ + 25°C 
HS 2700, 01 
HS2702 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (soldering, 10s) 

Short Circuit Protection (to GND) 

OUTPUT VOLTAGE ERROR @ + 25°C 
HS 2700 (10.000V) 

HS 2701 (-10.000V) 

HS 2702 (± 10.000V) 

OUTPUT CURRENT' 

@+25°C 

(VIN = ± 13 to ± 18V) over op. temp. range 

OUTPUT VOLTAGE ERROR (T min to T max)2 

HS2700, 01 

HS 2702 

LINE REGULATION 

VIN = ± 13.5 to ± 16.5V 

LOAD REGULATION 

Oto +10mA 
HS 2700 
HS 2701 
HS 2702 

OUTPUT RESISTANCE 

INPUT VOLTAGE, OPERATING 

QUIESCENT CURRENT 
HS 2700,01 

HS 2702 

NOISE 

(0.1 to 10Hz) 

OFFSET ADJUST RANGE 

(See Diagrams) 

OFFSET ADJUST TEMP DRIFT EFFECT 

PACKAGE 

NOTES: 

HS2700JD 

±20V 

300mW 
450mW 

-25°C to +8SoC 

-65°C to +1S0°C 

+ 300°C 

Continuous 

±0.OO5V 

±O.OOSV 

±O.OOSV 

±10mA 

±5mA 

10ppm/oC 
±11.0mV 

10ppmloC 
±11.0mV 

SO~VlmA 
200~VlmA 
SO~V/mA 

0.05Q 

±13Vto ±18V 

±14mA 
+17mA, -4mA 

50l'V p-ptyp 

±20mV min 

+4I'V/oC per mV of Adjust typ 

14-Pin Ceramic DIP 

HS2700LD 

±0.OO25V 

±0.OO25V 

±0.OO25V 

+ SmA, -2mA 

3ppm/oC 
±4.3mV 
Sppm/oC 
±5.5mV 

• Same as "JD grade performance •• Same as "LD' grade performance. •• 'Same as "SO" grade performance 

1. Specified With resistive load to common 

HS2700SD 

±8mV 

±10.0mV 

HS 2700UD 

±S.SmV 

3ppm/oC 
±S.5mV 

2 Output voltage error as a function of temperature IS determined uSing the box method. Each unit IS tested at T min. T max and + 25°C. At each temperature VOUT must fall Within the 
rectangular area bounded by the minimum and maximum temperature and whose maximum VOUT is equal to VOUT nominal plus or minus the maximum + 25°C error plus the maximum 
drift error from + 25°C. The box limits are noted below the drift values used to calculate the box 

Specifications subject to change Without notice 
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APPLICATIONS INFORMATION 
OPTIONAL ADJUSTMENTS 

HS 2700 

+10V TRIM 

Trim range is 15mV (min) 

HS 2701 

20kn 

6.,,, 
-10VTRIM 

Trim range is 15mV (min) 

HS 2702 

~ " 1 " 
+10V TRIM ~

Okn 

1 3 

-15V 

-10V TRIM 
1. Trim range is 20mV (min.) 
2. Trim +10V output first. 
3. Trim -10V output last. 

PACKAGE DIMENSIONS 

LEADS KOVAR 

'h. ... " ~(0:254) 

7 

'-- 0.300 -l 
,- (7.620)-1 

TOP VIEW 

14 

.... \.---,0""".2-8..,..8 -.1-': 
I (7.315) I 

14 Pin DIP 

PIN OUT, HS 2702 

1 -10V fine adj. 

2 -10V OUT 

3 -10V fine adj. 

4 -15V 

5 N/C 

6 N/C 

7 GND 

8 N/C 

9 N/C 

10 T.P. 

11 +15V 

12 +10V fine adj. 

13 +10V OUT 

14 +10V fine adj. 

PIN OUT, HS 2700, 2701 

1 N/C 

2 N/C 

3 N/C 

4 N/C 

5 N/C 

6 N/C 

7 GND 

8 N/C 

9 N/C 

10 N/C 

11 +15Vor (-15V) 

12 Vout fine adj. 

13 V out 
14 Vout fine adj. 

--~----------------------------------------------------------------~--------~---------- +15V 

---+--~--------------------------------~r-------------------------+---------~--~------ -15V 

---+---r--------~----------------------~--------------------------r_--------_+--_r--~-- +5V 

VOUT = 
-10.000V 

}--___________________ VOUT = + 10.000V 

Using HS 2702 Reference with the Fast, High Accuracy 
HS 5215 - 12-8it ADC 
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ORDERING INFORMATION 

OUTPUT OPERATING 
MODEL VOLTAGE ERROR STABILITY TEMPERATURE RANGE SCREENING 

HS 2700JD ±0.005V 10 ppm/oC - 25°C to + 85°C -

HS 2700LD ±O.0025V 3 ppm/oC - 25°C to + 85°C -

H8270080/883 ±O.OO5V 3 ppm/oC - 55°C to + 125°C MIL-STD-883C 
H82700UO/883 ±0.OO25V 3 ppm/oC -55°C to + 125°C MIL-STD-883C 

HS 2701JD ±0.005V 10 ppm/oC - 25°C to + 85°C -

HS 2701LD ±O.OO25V 3 ppm/oC - 25°C to + 85°C -

H8 270180/883 ±0.OO5V 3 ppm/oC - 55°C to + 125°C MIL-STD-883C 
H8 2701 UO/883 ±0.0025V 3 ppm/oC - 55°C to + 125°C MIL-STD-883C 

HS 2702JD ±O.OO5V 10 ppm/oC - 25°C to + 85°C -

HS 2702LD ±O.OO25V 5 ppm/oC - 25°C to + 85°C -

H8270280/883 ±0.005V 5 ppm/oC - 55°C to + 125°C MIL-STD-883C 
H82700UO/883 ±O.0025V 3 ppm/oC - 55°C to + 125°C MIL-STD-883C 
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MODEL ACCURATE TO 

HS9704/05 
(QUAD S/H) 12 bits 

HS346 12 bits 

SP5330 12 bits 

HS9720 12 bits 

SP97~ 12 bits 

HS9716 16 bits 

SP9760 16 bits 

ACQUISITION APERTURE 
(TIME) UNCERTAINTY 
(flSec) (nsec) 

4 5 

2 6 

0.5 0.1 

0.2 0.05 

0.1 0.05 

10 0.7 

0.3 

SAMPLE/HOLD AMPLIFIERS 

DROOP POWER 
RATE CONSUMPTION 

(flV/msec) (mW) PACKAGE PAGE 

20 750 24-Pin DD 177 

500 795 14-Pin SD 171 

10 555 14-Pin SD 173 

500 730 24-Pin DD 187 

5 1000 24-PinDD 193 

10 300 14-Pin DD 181 

24-PinDD 197 

Shaded area indicates new product since publication of 1988 Catalog 
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High Speed Sample/Hold 

FEATURES 
• Acquisition Time, 2.0/As 

• Linearity 0.01 % 

• Low Droop 0.5 mV/ms 

• Internal Hold Capacitor 

• - 55°C to + 125°C Operation 

• Small Size, 14 pin DIP 

DESCRIPTION 
The HS 346 is a high speed, high accuracy sample/hold 
amplifier in a 14 pin DIP. It is pretrimmed to a max of 
0.02% gain error with a low sample to hold offset of less 
than 4mV. The HS 346 is specially built for military appli
cations in the - 55°C to + 125°C temperature range 
and features precision laser trimmed thin film resistors, 
carefully selected active chips and is processed to the 
requirements of MIL-STD-883 Rev. C, Level B 
(HS 346B). HS 346 is a superior replacement of the 
MN346. Product highlights include: 

LOW GAIN ERROR - the gain of the HS 346 is laser
trimmed to an accuracy of ± 0.02% max at room temper
ature. It will stay within ± 0.05% max over the full - 55°C 
to + 125°C temperature range. 

FUNCTIONAL DIAGRAM 

SUMMING POINT 

12 

FAST SIGNAL ACQUISITION - a small internal hold
ing capacitor is combined with a high slew rate output 
amplifier for a fast signal acquisition time of 2/1 s max. 

HIGH-REL PROCESSING - HS 346 is specified for the 
full -55°C to + 125°C temperature range and is pro
cessed according to the requirements of MIL-STD-883 
Rev. C, Level B. 

13 
INo-+-~~~--~------------------~~~---------------------, 

CONTROL 
LOGIC 

CONTROL +15V -15V 

8 
">---------+------+-0 OUT 

9 
OFFSET 

7 
ADJUST 

DIGITAL ANALOG 
GND GND 
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SPECIFICATIONS 
(Typical @ + 25°C, rated supply unless otherwise noted) 

MODEL HS346 
SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time 
to 0.01 %, 10V step 
to 0.01 %, 20V step 

Aperture Delay 
Aperture Uncertainty 
Settling Time (10Vpp, 

1.01As (typ), 2.0 "'S (max) 
1.6",s (typ), 2.5 "'S (max) 
60ns (max) 

Sample Mode) 
Droop Rate1 

@ +25°C 

6ns 

2.01As (max) 

0.5mV/ms (max) 
@ + 125°C2 

Sample to Hold Offset 
200mV/ms (typ), 700mV/ms (max) 
2mV (typ), 4mV (max) 

@ -55°C to + 125°C2 
Feedthrough (Hold Mode) 

10mV (typ), 20mV (max) 

@ 1 kHz 0.02% (max) 

TRANSFER CHARACTERISTICS 
Gain -1.00 
Gain Accuracy 

@ -55°C to + 125°C2 ±0.05% (max) 
Full Power Bandwidth 1.4 MHz 
Output Slew Rate 50 VI", s 

ANALOG INPUT CHARACTERISTICS 
Voltage Range ± 10V 
Absolute Max Input Voltage ± V supply 
Offset Voltage3 ± 3mV (max) 

-55°C to + 125°C2 ±6mV (typ), ±20mV (max) 

DIGITAL INPUT CHARACTERISTICS 
Input Voltage 

Hold Mode 
Sample Mode4 

Input Current "0" 
Input Current "1" 

POWER REQUIREMENTS 
Supply Voltage5 

Supply Currents + Vs 
Supply Currents - Vs 
PSRR (both supplies) 
Consumption 

TEMPERATURE RANGE 

<+0.8 Volt 
>+2.0 Volt 
50",A (max) 
1.0",A(max) 

± 15V, ±3% 
28mA 
-25mA 
0.001%N 
795mW (max) 

Operating 
HS 346C 
HS 346B 

Storage 

O°C to + 70°C 
-55°C to + 125°C 
-65°C to + 150°C 

MECHANICAL 
Case Style 14 pin DIP 

0.018 

LTI·
457

) PIN(') • INDEX 

ok. 
(2.54) 

L:n 
0.205 0.025 

(5.207)(0.635) 

Pin 1 is marked by a dot on the top of the package. 

NOTES: 

PIN 

1 

2 

3 
4 

5 
6 

7 

8 

9 

10 

11 

12 

13 
14 

FUNCTION, 

DIGITAL INPUT 

N/C 
N/C 

DIGITALGND 

N/C 
ANALOGGND 

OFFSET ADJUST 

ANALOG OUTPUT 

OFFSET ADJUST 

N/C 

+15V 
SUMMING POINT 

ANALOG INPUT 

-15V 

1. The output droop in hold mode doubles every 10°C temperature rise. 
2. For HS 346B version only. 
3. Can be adjusted to zero. 
4. Maximum digital input voltage is 5.5 Volt. 
5. Maximum output swing is 4 Volts less than the supply voltage. 
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APPLICATION NOTES 
POWER SUPPLY BYPASS 
For optimum performance, the + 15V and -15V supplies should be 
bypassed to ground with a O.01IAF ceramic capacitor as close to 
the pins as possible. 

GROUNDING 
Analog ground and digital ground are not connected internally. 
They must be tied together as close to the package as possible. 

OFFSET ADJUST 

",., iL. ______ J< 5k _-----.... r "" 
T .. , 

Connect the input (pin 13) to ground and adjust the output to read 
zero volt, while HS 346 is in sample mode (pin 1 at + 5V). 

GAIN ERROR/SAMPLE TO HOLD OFFSET ERROR 
These errors are intrinsic with the HS 346 and cannot be adjusted 
directly at the unit. However, since the HS 346 is most likely used in 
front of an ADC, the system's gain error and sample to hold 
error can be adjusted using the trim circuitry of the ADC. 

TIMING DIAGRAM (not to scale) 

APERTURE 
ACQUISITION DELAY 

TIME -I r-
i -:11 

INPUT I 

I 
I 
1 

I 
I 

OUTPUT I 

HS 346 ACQUISITION TIME vs OUTPUT SWING 
1.8 

/ 
V 

1.6 

~ 1.4 
w 

0.01% 

0.1% 

~ 
v---__ 

0.2% 

~ 1.2 

~ 
;:: 1.0 

~ 
:;:...--------

~ 
iii 
~ 0.8 

0.6 

0.4 
o 10 15 20 

OUTPUT SWING (Volts) 

ORDERING INFORMATION 
MODEL DESCRIPTION 

High Speed StH, Commercial HS346C 
HS346B High Speed StH, MIL-STD-883 Rev. C, Level B 

Specifications subject tD change without notice. 



~ir\AV 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

SP5330 

VERY HIGH SPEED PRECISION 
MONOLITHIC SAMPLE AND HOLD AMPLIFIERS 

FEATURES 
• Very Fast Acquisition 

• Low Droop Rate 
• Very Low Offset 
• Power Bandwidth 
• Wide Supply Range 
• Internal Hold Capacitor 
• Fully Differential Input 
• TIL/CMOS Compatible 

APPLICATIONS 

350 ns (0.1 %) 
500 ns (0.01 %) 
0.01 fl V /flS 
0.2mV 
90 V/flS 
±11Vto±18V 

• Precision Data Acquisition Systems 
• D/A Converter Deglitching 
• Auto-Zero Circuits 
• Peak Detectors 

CONNECTION DIAGRAM 

OFFSET 
ADJUST 

........... 

-INPUT 0_1_4+-____ --1 

+INPUT 0 __ 1 +-------1 

S/H 8 
CONTROL o-~-------1 

SUPPLY v
GND 

DESCRIPTION 
The SP5330 is a very fast sample and hold amplifier 
designed primarily for use with high speed A/D 
converters. It utilizes Sipex isolation process to 
achieve a 500 ns acquisition time to 12-bit 
accuracy and a droop rate of 0.01 fl V /flS. The 
circuit consists of an input transconductance 
amplifier capable of producing large amounts of 
changing current, a low leakage analog switch, 
and an integrating output stage which includes a 
90 pF hold capacitor. 
The analog switch operates into a virtual ground, 
so charge injection on the hold capacitor is 
constant and independent of Vin. 
The SP5330 will operate at reduced supply 
voltages (to ± 11V) with a reduced signal range. 
This monolithic device is available in a ceramic 
14-pin DIP. The MIL-STD-883 data sheet for this 
device is available on request. 

11 

SIG 
GND 

7 

OUTPUT 
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ABSOLUTE MAXIMUM RATINGS 1 
Voltage between V+ and PWR/SIG GND ............ 20V Voltage between S/H Control and PWR/SIG GND ........ 8V, -6V 

Voltage between V- and PWR/SIG GND ............ -20V Output Current, continuous2 .......................................... ± 17 mA 

Voltage between PWR GND and SIG GND ...... ±2.0V Total Power Dissipation ....................................................... 1.33W 

Differential Input Voltage ...................................... ±24V Derate 13.3 mW rC above 75°C 

ELECTRICAL CHARACTERISTICS 
Test conditions (unless otherwise specified) VSUPPLY = ± 15V ±3%; Digital Input (Pin 8): VIL = +0.8V (sample): VIH = +2.0V 
(hold); SIG GND = PWR GND. 

SP5330 SP5330 
-2, -4 -5 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

INPUT CHARACTERISTICS 

Input Voltage Range Full ±10 ±10 V 
Input Resistance 25°C 5 15 5 15 Mn 

Derived from computer 
simulation only; not tested. 

Input Capacitance 25°C 3 3 pF 
Offset Voltage 25°C 0.2 0.2 mV 

Full 2.0 1.5 mV 
Offset Voltage lC. Full 1 10 1 10 ~Vrc 
Bias Current 25°C ±20 ±20 nA 

Full ±500 ±300 nA 
Offset Current 25°C 20 20 nA 

Full 500 300 nA 
Common Mode Range Full ±1O ±1O V 
CMMR VCM=±10Vdc Full 86 188 86 100 dB 

TRANSFER CHARACTERISTICS 

Gain, DC Full 2X106 2X107 2X106 2X107 V/V 
Gain Bandwidth Product Vo = 200 mVp_p; 25°C 4.5 4.5 MHz 

RL = 2K: CL = 50 pF 

OUTPUT CHARACTERISTICS 

Output Voltage Swing Full ±10 ±10 V 
Output Current Full ±1O ±1O mA 
Full Power Bandwidth 25°C 1.6 1.6 MHz 

Full power bandwidth guar-
anteed based on slew rate 
measurement using FPBW= 
Slew Rate/2lt Vpeak. 

Output Resistance 
(Hold Mode) 25°C 0.2 0.2 n 
(Sample Mode) 25°C 10-5 0.001 10-5 0.001 n 

Total Output Noise, DC to 4.0 MHz 
Sample 25°C 230 230 ~VRMS 

Hold 25°C 190 190 ~VRMS 

TRANSIENT RESPONSE 

Rise Time Vo = 200 mVp_p; 25°C 70 70 nS 
RL = 2K: CL = 50 pF 

Overshoot Vo = 200 mVp_p; 25°C 10 10 % 
RL = 2K: CL = 50 pF 

Slew Rate Vo = 20V Step; 25°C 90 90 V/~s 
RL = 2K: CL = 50 pF 



ELECTRICAL CHARACTERISTICS (cant' d) 
Test conditions (unless otherwise specified) VSUPPLY = ± 15V ±3%; Digital Input (Pin 8): VIL = +0,8V (sample): VIH = +2,OV 
(hold); SIG GND = PWR GND, 

SP5330 SP5330 
-2, -4 -5 

PARAMETERS CONDITIONS TEMP MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT CHARACTERISTICS 

Input Voltage (High), VIH Full 2,0 2,0 V 
Input Voltage (low), Vil Full 0,8 0,8 V 
Input Current (Vll = OV) Full 10 40 10 40 IlA 
Input Current (VIH = +5V) Full 10 40 10 40 IlA 

SAMPLE/HOLD CHARACTERISTICS 

Acquisition Time: 
(0,1%) 25°C 350 350 nS 

Full 500 500 nS 
(0,01%) 25°C 500 500 nS 

Full 900 900 nS 
Aperture Time 25°C 20 20 nS 

Derived from computer 
simulation only; not tested, 

Effective Aperture Delay Time 25°C -50 -25 0 -50 -25 0 nS 
(See Glossary) 
Aperture Uncertainty 25°C 0,1 0,1 nS 
Droop Rate3 25°C 0,01 om IlV/IlS 

Full 100 10 IlV/lls 
Hold Step Error VIN = OV; VIH = +3,5V; 25°C 0,5 0,5 mV 

tr = 20 ns (Vll to VI H) 
Hold Mode Settling Time 25°C 100 200 100 200 ns 

(0,01%) 
Hold Mode Feedthrough Full -88 -88 dB 

20Vp_p ' 100 kHz 

POWER REQUIREMENTS 

Positive Supply Current Full 18 22 18 24 mA 
Negative Supply Current Full 19 23 19 23 mA 
Power Supply Rejection V+, VA Full 86 100 86 100 dB 

NOTES 
1, Absolute maximum ratings are limiting values, applied individually, beyond which the serviceability of the circuit may be 

impaired, Functional operability under any of these conditions is not necessarily implied. 
2, Internal Power Dissipation may limit Output Current below ± 17 mA. 
3, This parameter is measured at ambient temperature extremes in a high speed test environment, Consequently, steady state 

heating effects from internal power dissipation are not included. 
4, Based on a three volt delta in each supply, i.e, 15V = ± 1 ,5 Vdc, 

175 



This page intentionally left blank. 

176 



~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

HS9704/9705 

12-BIT ACCURATE QUAD SAMPLE/HOLD 
FOR SIMULTANEOUS/SEQUENTIAL SAMPLING 

FEATURES 
• Simultaneous sampling 
• Sequential sampling 
• Four complete 12-bit S/Hs with MUX, interndl 

capacitors, control logic and buffered output 
in single 24-pin DIP 

• Internally trimmed offsets and S/H step 
• Control logic allows independent handling of 

MUX and S/Hs 

DESCRIPTION 
The HS9704/9705 consists of four complete 12-bit 
sample and holds with internal hold capacitors, 
MUX, control logic and a buffered output in a single 
24-pin DIP. The HS9704 control logic allows simulta
neous holding of all four S/Hs or holding of one at a 
time. The HS9705 allows the flexibility to hold any 
combination of S/Hs at any time. Simultaneous 
sampling allows the user to take a snapshot of up to 
four input signals, freezing their values in a 5 
nanosecond aperture uncertainty across all chan
nels. An analog ground pin is available at each 
sample and hold input to make it convenient 

FUNCTIONAL DIAGRAM 

for shielding the analog input signals. The 
HS9704/9705 is particularly suited for use with the 
HS574 ND, the HSADC85 and the HS5200 series. 

The HS9704/9705 is packaged in a 24-pin DIP and is 
specified for operation from O°C to + 70°C for com
mercial grades and from -55°Cto + 125°C for mili
tary grades. Full screening to MIL-STD-883 Rev. C, 
Levels B or S, is available. 

DIGITAL ANALOG 
POWER POWER 

+ 5V -15V + 15V GROUND GROUND 

VINl 
ANALOG GROUND 

VIN2 
ANALOG GROUND 

VIN3 
ANALOG GROUND 

VIN4 
ANALOG GROUND 

4-CHANNEL 
MULTIPLEXER 

CONTROL 
LOGIC 

1K 

HS 9704/9705 

HOLD ALL MEN MAo MAl S/HA, S/HAo S/H EN 
(S/H3l" (S/H2)*(S/HA,)* (S/Ho)· (·HS 9705) 

MUX 
19 OUTPUT 

MUX 
23 LOAD 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal supply voltages, unless otherwise 
noted) 

MODEL HS 9704/HS 9705 

DYNAMIC CHARACTERISTICS 
Acquisition Time to 0.01 %, 20V step 

Aperture Delay 

Aperture Delay Variation between 
Channels 

Aperture Uncertainty 

Settling Time (Hold Mode, to 0.01 %) 

Output Settling' (10V step, to 0.01%) 

Droop Rate 
@ +25°C 
@ +125°C 

Sample to Hold Offset (Pedestal) 

Feedthrough (Hold Mode) 
@ 1 kHz 

Power Supply Rejection Ratio 

Crosstalk (Channel to Channel) 

TRANSFER CHARACTERISTICS 
Gain 

Full Power Bandwidth 

Slew Rate 

DC Gain Linearity (Sample Mode) 

4 fA sec typ, 7 fA sec (max) 

200 nsec 

5 nsec 

200 psec 
SOO nsec 

1 ~sec typ, 3 ~sec max 

35 V/msec 
2 mV/msec 

± 1 mV typ, ± 2.5 mV max 

-SOdB 

60 dB (+ 15V), 
SO dB (-15V) 

-so dB max 

+1 
500 kHz 

13V//As 

0.015% typ, 0.035% max 

ANALOG INPUT/OUTPUT CHARACTERISTICS 
Voltage Range 

Absolute Max Input Voltage 

Offset Voltage Matching between S/Hs 

Offset Over Temperature Range 

Input Bias Current 

Input Impedance 

Buffered Output Resistance 

DIGITAL INPUT CHARACTERISTICS 
Input Voltage 

Low 
High 

Input Current 
Leakage 

POWER REQUIREMENTS 

Supply Voltage Range 

Current Drain 
+15V 
-15V 
+5V 

Power Dissipation 

TEMPERATURE RANGE 

Operating 
C 
B 

Storage 

MECHANICAL 
Case Style 

±10V min 

±V supply 

± 0.3 mV typ, ± 1 mV max 

±2 mV typ, ±5 mV max 

50 nA max, 100 nA 
@ +125°C 

1010 

0.05Q typ, 0.2Q max 

<+O.S volt 
>+2.4 volt 

±1/A A 

±15V,±1V 
+5V, ±0.5V 

37 mA typ, 46 mA max 
37 mA typ, 46 mA max 
5 mA typ, S mA max 

1Wtyp, 
1.5W max 

O°C to + 70°C 
-55°C to + 125°C 

-65°C to + 150°C 

24-pin ceramic DIP 

'Includes sWitching of MUX and settling of output buffer 
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PACKAGE OUTLINE 

0.165 
(4.191) 

t MAX 

TYPICAL 
DIMENSIONS 

inch 
mm 

• 1 

.12 

TOP 
VIEW 

24 • 

1 
1.310 

• (33.274) 
MAX 

13. j 

I 
0.800 I 

- (20.321)--1 
MAX 

0.018 
(0.451) 

_t_t 

-, 
0.100 
(2.54) 

PIN (1) 
INDEX 

1

_1
1

-- 0.025 
-- (0.635) 

0.205 
(5.207) 

Pin 1 is marked by a dot on the top of the package. 

PIN·OUT FOR HS 9704 (* . HS 9705) 
--

PIN FUNCTION PIN FUNCTION 

1 VINO 24 NC 

2 ANALOG GROUND 23 MUX LOAD" 

3 VIN1 22 +15V 

4 ANALOG GROUND 21 -15V 

5 VIN2 20 ANALOG POWER GROUND 

6 ANALOG GROUND 19 MUX OUT 

7 VIN3 1S BUFFER OUT 

S ANALOG GROUND 17 DIGITAL POWER GROUND 

9 +5V 16 S/HEN (S/HO)* 

10 MEN 15 S/HAO (S/H 1)* 

11 MAO 14 S/HA 1 (S/H2)' 

12 MA1 13 HOLD ALL (S/H3)' 

Note: NC - No Internal Connection 

"MUX LOAD must be grounded for proper operation. 

ABSOLUTE MAXIMUM RATINGS 
(Referenced to GND) 

(Exceeding anyone of these parameters may cause 
permanent damage to the unit) 

Analog Input Voltage. 

Logic Input Voltage . 

Output Buffer Short Circuit Duration. 

Output Mux Short Circuit Duration . 

Supply Voltages 
±15V. 
+5V. 

Temperature Soldering Duration. 

Storage Temperature Range. 

±15V 

- O.5V to + 5V supply 

. indefinite 

. indefinite @ 20 mA max 

± 1SV max 
-0.5V to + 7V 

10 sec @ 300°C 

-65°C to + 150°C 



APPLICATIONS INFORMATION 

(Ref. Application Note - QUAD S/H Solves 
Acquisition Problems) 

CONTROL FUNCTIONS 

All control functions are described in Tables 1,2, and 3. 

MEN MAO MAl YOUT 

H X X X 
L L L S/HO 
L H L S/H1 
L L H S/H2 
L H H S/H3 

Table 1. MUX Truth Table (HS 970419705) 

S/HEN HOLD ALL S/HAO S/HAl FUNCTION 

X L X X ALL HOLD 
L H L L ONLY S/HO HOLD 
L H H L ONLY S/H1 HOLD 
L H L H ONLY S/H2 HOLD 
L H H H ONLY S/H3 HOLD 
H H X X ALL TRACK 

Table 2. S/H Truth Table (HS 9704) 

S/HO S/Hl S/H2 S/H3 FUNCTION 

L X X X S/HO Hold 
X L X X S/H1 Hold 
X X L X S/H2 Hold 
X X X L S/H3 Hold 

Can hold any combination of 
S/H's at any time 

Table 3. SIH Truth Table (HS 9705) 

NOTES: 
1. L indicates logic LOW 2. X indicates don't care. 

S/H STEP 

The S/H step (also known as the sample-to-hold offset) 
depends on the input voltage. We have internally 
trimmed the step to be less than 1 mV for a grounded 
input. With the internally trimmed offset matching, this 
makes the offsets in both track and hold mode negli
gible across all channels for a 12-bit system. The S/H 
step with + 10V input is + 3.5 mV and with -10V input 
is - 3.5 mV and it is linear over the ± 10V range. 

This S/H step on the HS 9705 is also dependent on the 
S/H control lines. To improve the S/H step, pull up 
each S/H control line to the + 5V supply through a 1 K 
resistor. 

INPUT EXPANSION 

The HS 9704/05 can be easily expanded to more 
channels by connecting two or more devices in 
parallel. Also two (or multiples thereof) of the 9704/05s 
can be configured in a differential mode using an addi
tional instrumentation amplifier. 

Single-Ended Mode: Since the output of the analog 
multiplexer inside the HS 9704/05 can be disabled 
using the MEN input (pin 10), the output of another 

multiplexer can be fed into the input of the buffer 
amplifier. Figure 1 shows how to connect two HS 
9704/05s in parallel to achieve eight input channels. 

The MUX OUTPUT pins of both devices are tied 
together, and because the output buffer amplifiers of 
both devices remain connected to the multiplexer out
puts there will be two independant outputs, tracking 
each other within a few millivolts. Only one MUX LOAD 
should be grounded to avoid overloading the S/H. One 
of them might be used to drive the following circuit (like 
an AID converter) while the other one can be used for 
test and measurement purposes. Normally when a 
probe is connected to the buffer output, it's capaci
tance and lead length will have some influence on the 
measured signal, like ringing, overshoot etc. If the 
other buffer output is used for measurements, the 
probe will have no influence on the signal which goes 
to the ADC. 

MEN 

H 
H 
H 
H 
L 
L 
L 
L 

V1NO_ 

GND
V1Nl_ 

GND-
V1N2-

GND-

MUX TRUTH TABLE 

MAO MAl 

L L 
H L 
L H 
H H 
L L 
H L 
L H 
H H 

HS 9704 

Your 

V1Na- MUX 
_ OUT 

GND- MEN MAO MA 1 SHEN HRt!t
D 

SHA 1 SHAO f--

SHAO-_+_----if--_+_----if--_+_-r-...... 

SHA 1-_+_----if--_+_----i~_+_____. 

HOLDALL---r-r--r--r-~ 

SHEN-_+_----if---r---. 

MA1--+--+-", 

MEN MAO MAl SHEN HOLD SHAl SHAO 
VIN4_ 

GND
V1Ns_ 

ALL f--

GND
VIN&

GND
VIN7-

GND- HS 9704 

Figure 1. Single-Ended Mode 

MUX 
OUT 

YOUT 

VO 
V1 
V2 
V3 
V4 
V5 
V6 
V7 

AID 

1 MUX 
- LOAD 

MUX 
N.C. 

LOAD 
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APPLICATIONS INFORMATION (continued) 

INPUT EXPANSION (continued) 

Differential Mode: Four differential channels can be 
held simultaneously, if two HS 9704/05s are connected 
using an additional instrumentation amplifier as shown 
in Figure 2. Another solution to that problem could be 
to use four instrumentation amplifiers in front of one 
Quad S/H, but this will require 16 instead of 4 precisely 
matching resistors and offset adjustment has to be 
made for four amplifiers instead of one. As in the 
single-ended mode more channels can be achieved 
by simply adding more Quad S/Hs in parallel. Four of 
them will be required for eight differential channels, six 
for 12 channels and so on. 

VINO

GND 
VIN1-

GND 
VIN2-

GND 
VIN3-

GND 

MEN 

HS 9704 

__ HOLD 
MEN MAO MAl SHEN ill SHAD SHAl 

MAO 

MA1---t--t--~ 

SHEN--+--t--+-----i 

HOLDALL--+--t--+-~~-. 

SHAO--+--t--+-~~-+--. 

SHA1--+--t--+-~~--t--+--+ 

VINO+ 

GND 
VIN1 + 

GND 
VIN2+ 

GND 
VIN3+ 

GND 

MEN MAO MAl SHEN HOLD SHAO SHAt 
ill 

HS 9704 

Figure 2. Differential Mode 

TIMING DIAGRAMS 
+ lOV 

~ 
VI NO ==Y tl -tOV ~ OVt 

~
I +tOV 
I • 

Y'Nl~OV OVl 

MUX 

LOAD 
N.C. 

: tAD~ 
H~~ ~ + ::~Q : :~~~~~:~O~E~:: 
MAO: ! i tHS = ~~~~L~~E 
MA 1 I I DO = VALlD'DATA FROM 

S/HEN I VINO AT OUTPUT' 
I I , tas = BUFFER OUTPUT 
I + tOV, , SETTLING 
I ~ INCLUDING 

g~~~t~ ~ ~ OVt MUX SWITCHING 

:V ""~ 01 = VALID DATA FROM I: I: ; ; I; I VrNl AT OUTPUT 

tACQ tAD tHS DO tBS 01 

NOTES: 

t. NOTE THAT BECAUSE THE OUTPUT 
SETTLING IS FASTER THAN THE 
ACQUISITION TIME THERE EXISTS NO 
OUTPUT SETTLING TIME IF THE OUT· 
PUT HAS NOT BEEN MULTIPLEXED 
FROM ANOTHER CHANNEl. 

2. FOR SIMULTANEOUS SAMPLING 
USING HS 9705 (UN DECODED) S/HO· 
S/H3 WOULD BE EXTERNALLY TIED 
TOGETHER AND PULSED AS HOLD ALL. 

3. TIMING NOT DRAWN TO SCALE (FOR 
CLARITY). SEE SPECIFICATIONS FOR 
TRUE SCALE. 

Figure 3. Timing Diagram of Simultaneous Sampling (HS 9704)2 
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""~ ~ lAD I II lAD = APERTURE 
DELAY' 

I I 
VIN1 I-II-IAD:: : IACQ = ~~~UISITION 

IACQO.j I--! --I I-I~CQO 'I IHS = HOLD MODE 
II I II i II I II SETTLING TIME 

SlAG --' , ~ , ---+--:---_ ........-----. . 00-3 = BUFFER 
IACQ1~ I-- ---I I-IACQl I OUTPUT DATA 
S/H1~ VALID 

-I I--IACQ2 IBS = :~f~EI~8UTPUT 
S/H2~ INCLUDING 

-l I-IACQ3 MUX SWITCHING 

S/H3~ 

MAO~ 

MA1~ 

BUFFER 
OUT 

I , 
'I II 
II 
II 

THA = IHS + lAD 

lOA = IBS + lAD' 

NOTE: 
,I " , ,I 'lOA" 

1~~Dr-
1. lAD CAN BE PIPELINED BY DELAYING 

MUX ADDRESS CHANGES BY lAD 
MAX. (200 ns) 
THEN: 

IHA lOA = IBS 

Figure 4. Pipelined Acquisition Sequential Sampling USing HS 9705. 

ORDERING INFORMATION 

TEMPERATURE 
MODEL DESCRIPTION RANGE 

HS 97048 QUAD S/H, MIL-STD-883 Rev. e - 55°C to + 1250e 

HS 97058 QUAD S/H, MIL-STD-883 Rev. e - 55°C to + 125°C 
(Hold any combination) 

HS 9704e QUADS/H ooe to + 70°C 

HS 9705C QUADS/H O°C to + 70°C 
(Hold any combination) 

1.310 

I • (33.274) I I I 

-. -24---

MAX

---13-....... (1·3~) -~ ~.::1)D.D1D 
MAX (1;-24 r D.25) 

.1 12. 1 T 
'--_________ --..JI--!_ 0.010 + 0.002 - 0.001 

(0.25 + 0.005 - 0.003) 

F'PH~~i~ ~ n ~ ~ ~ ly~:r.M:21:Nl~~r DIMENSIONS 
inches -1 1--0.100 ±0.005 TVP (mm) 

(2.54 ±0.13) 

0.018 ± 0.002 
(0.46 ± 0.05) 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Dielectric absorption compensation to Y2 LSB at 

16-bits 
• Droop rate of 0,05j-tV/j-tsec at +25°C 
• Acquisition time of 10j-tsec max to 0,0008% of 

20V (8j-tsec max to 0,003%) 
• Hold mode feedthrough of -98 dB min 

(20 Vp-p, 20 kHz Signal) 
• Pin-for-pin compatible with AD389 

DESCRIPTION 
The HS9716 is a high accuracy sample/hold 
amplifier designed for use in high resolution data 
acquisition applications, Compensation networks 
include dielectric absorption compensation to Y2 
LSB at 16 bits making the HS9716 suitable for use with 
true 16-bit AID converters such as the HS9516, The 
HS9714 is suitable for use with 16-bit AID converters 
with 14-bit accuracy such as the HS9576, 

FUNCTIONAL DIAGRAM 

ANALOG 
GROUND 

+ 15V 

-15V 

6 

11 

14 

ANALOG 
INPUT 

DIGITAL DIGITAL 
INPUT GROUND 

SUMMING 
JUNCTION 

HS9716/HS9714 

16/14-BIT ACCURATE 
SAMPLE/HOLD AMPLIFIER 

The HS9716/HS9714 comes complete with an inter- II 
nal hold capacitor and is available for use over the .. 
O°C to 70°C temperature range and the -55°C to 
+ 125°C military temperature range, Full screening 
to MIL-STD-883C is available, 

OFFSET 
ADJUSTMENT 

OFFSET 
ADJUSTMENT 

ANALOG 
OUTPUT 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supply voltages unless otherwise noted) 

MODEL 

ANALOG INPUT 
Voltage Range 
Overvoltage, No Damage 
Input Impedance 

DIGITAL INPUT 
Track Mode, Logic "1" 
Hold Mode, Logic "0" 
Logic "1" Current 
Logic "0" Current 

ANALOG OUTPUT 
Voltage 
Current 
Short Circuit Current 
Impedance 

DC ACCURACY/STABILITY 
Gain 
Gain Error 
Gain Nonlinearity 

(± 10V Output Track) 
Gain Drift 
Offset' 

Output Offset @ T min' T max 
(Track) 

±10V min 
± 15V max 
10KQ 

2to 5.5V 
Oto 0.8V 

5,.. A max 
5,.. A max 

±10Vmin 
2mAmin 
25 mA max 

HS 9716K 

0.1 Q @ 1 kHz 
12Q@1 MHz 

-1.00VN 
±0.J2% max 

±0.0005% 
5 ppm/oC max 

±30mVmax 

±1 mV 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response 

Small Signal (- 3 dB) 1 MHz min 
Full Power Bandwidth 0.2 MHz 

Slew Rate 10V/IA sec 
Noise in Track Mode, DC to 

1.0 MHz 50,.. Vrms 

TRACK (SAMPLE)· TO·HOLD SWITCHING 
Aperture Delay 30 nsec 
Aperture Uncertainty 100 psec 
Offset Step (Pedestal) ± 2 mV 
SWitching Transient 

Amplitude 
Settling to 1 mV 
Settling to 0.3 mV 

Dielectric Absorption 

HOLD MODE DYNAMICS 
Droop Rate 
Droop Rate at T max 

Feedthrough Rejection 
(20 Vp-p @ 20 kHz) 
(20 Vp-p @ 200 kHz) 

Noise in Hold 

50mV 
0.5,.. sec 
1,..sec max 
7.5,.. VN max 

0.05 /JVI /J sec max 
10,.. V I,.. sec max 

98 dB min 
90 dB min 
25 ~Vrms 

HOLD· TO· TRACK (SAMPLE) DYNAMICS 
Acquisition Time to 

± 0.0008% of 20V 
Acquisition Time to 

± 0.003% of 20V 

POWER REQUIREMENTS 
Nominal Voltages for Rated 

Performance 
Supply Current 

+VS 
-VS 

Power Dissipation 
Power Supply Rejection 

TEMPERATURE RANGE 
Operallng 
Storage 

PACKAGE 
14-Pln Single DIP Ceramic 

Junction to Air, 8 JA (free air) 
Junction to Case, 8 JC 

NOTES: 

1. Adjustable to zero 

5,.. sec typ, 10,.. sec max 

4,.. sec tYP7.5,.. sec max 

± 15V (±3%)2 

10 mA, 25 mA max 

10 mA, 23 mA max 

300 mW, 720 mW max 
100/JVN max 

OOC to + 70°C 
- 40°C to + 85°C 

2. ± SV to ± 18V operating for operating to derated performance 
3 .• Same as 9716K speCificatIOn 

182 

HS 9716TB 

- 55°C to + 125°C 
- 65°C to + 155°C 

HS 9714K 

±0.03% max 

±0.001% 

50,..Vrms 

15,..VNmax 

0.1,..V/,..secmax 

90 dB min 
86 dB min 

N/A 

O°C to + 7Q°C 
-40°C to +8S oC 

HS 9714TB 

±0.03% max 

±0001% 

50,.. Vrms 

15,..VN max 

0.1 ",VI,.. sec max 

90 dB min 
86 dB min 

N/A 

- 55°C to + 125°C 
- 65°C to + 155°C 



PACKAGE OUTLINE 

~ ___ ----,--.l 0.145 

·1 14· 

TOP 
VIEW . 

8. 

L 0.500 I 
(12.700)

MAX 

(3.683) 
t MAX 

1 
0.805 

(20.477) 
MAX 

TYPICAL 
DIMENSIONS 

inch 
mm 

0.018 
(0.457) 

L PIN (1) 

• INDEX 

r 
0.100 
(2.54) 

Pin 1 is marked by a dot on the top of the package. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 DIGITAL INPUT 14 -15V 

2 NC 13 ANALOG INPUT 

3 NC 12 SUMMING JUNCTION 

4 DIGITAL GROUND 11 +15V 

5 NC 10 NC 

6 ANALOG GROUND 9 OFFSET ADJUSTMENT 

7 OFFSET ADJUSTMENT 8 ANALOG OUTPUT 

NC - No Internal connection' 

ABSOLUTE MAXIMUM RATINGS 
(Referenced to Grnd) 
(Exceeding anyone of these parameter may cause permanent 
damage to the unit.) 

Voltage Between + Vs and - Vs Terminals. . ....... 36V 
Input Voltage. . ..... Actual Supply Voltage 
Digital Input Voltage. . ............. - 0.5V to + 5.5V 

Output Current, Continuous. . ....... ± 40 mA 

Internal Power Dissipation. . ...................... 1000 mW 

Storage Temperature Range. . .. - 65°C to + 150°C 
Output Short-Circuit Duration ........................ Indefinite 

Lead Temperature (Soldering, 10 sees) ................. + 300°C 

OPERATING INSTRUCTIONS 
OFFSET ADJUST 
In most data acquisition systems only one offset adjust
ment is made. Usually, the offset adjust of the ADC is 
used to cancel all other accumulated system offsets. 
The offset of the HS 9716/9714 can be nulled by means 
of a Sk Q to 2Sk Q potentiometer between pins 7, 9, 
and 11. If the offset of the HS 9716/9714 is not ad
justed, then connect pins 7 and 9 to pin 14, the 

negative supply. Otherwise, the high impedance of the 
null pin together with parasitic capacitances can cause 
tail effects. 

SAMPLE/HOLD CONTROL 

A TTL logic "1 .. applied to pin 1 switches the 
HS 9716/9714 into the track (sample) mode. In this 
mode, the device acts as an amplifier which exhibits 
normal operational amplifier behavior. Application of a 
logic "0" to pin 1 switches the HS 9716/9714 into the 
hold mode, with the output voltage held constant at the 
value present when the hold command is given. 

INSTALLATION 
GROUNDING 

The HS 9716 is a true 16-8it performance sample/hold 
amplifier. Grounding of this component, as with any 
16-8it component, must be done with care for full per
formance. The analog ground (pin 6) is isolated from 
the digital ground (pin 4) in order to allow for isolation of 
digital and signal path ground currents. A low noise 
grounding circuit is shown in Figure 1. Notice that the 
logic grounds return to the + SV supply on a wire 
separate from the wire providing a logic return for the 
A/D converter. Also notice that only analog grounds 
directly in the signal path are joined together with the 
A/D converter analog ground. The result of this is that 
the signal path ground remains quiet to < 1 LS8 
(1S01A V) and full performance is obtained. 

HS 2020 

ANTI
ALIASING 

FIL TEA HS 9716/9714 

Figure 1. Basic Grounding Practice 

DECOUPLING 

HS 9576 LOGIC 

±15V +5V 
SUPPLY SUPPLY 

Internal 0.011A F power supply bypass capacitors are 
included in the HS 9716/9714 to maintain device stabili
ty. If the supply voltages contain excessive high 
frequency noise, additional external high frequency 
capacitors may be necessary to maintain low noise 
performance. 
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DISCUSSION OF SPECIFICATIONS 

TERMINOLOGY 

Sample/Hold Amplifier is actually a more common 
name for what really is a track/hold (T/H) amplifier. A 
true S/H amplifier normally spends most of its time in 
the hold mode. When commanded to the sample 
mode, it will take a very fast sample and immediately 
go back into the hold mode. A true T/H amplifier can 
track the input indefinitely and it can be in the hold 
mode indefinitely. In practice, most S/H amplifiers 
manufactured today are actually T/H amplifiers. This is 
why the HS 9716/9714 data sheet specifies track 
(sample) in many places. 
Acquisition Time is the time required by the device to 
"switch" from the hold mode to the track (sample) 
mode. This time is measured between the application 
of a "track" command and the point at which the out
put has settled to within a specified error band. This 
time includes the switch delay time, slewing time and 
settling time for a given output voltage change. 

Acquisition Time of a Worst Case 20V Step (Plus to Minus Input) 
Top trace shows hold command gOing high In the second hOrizontal 
division. Lower trace shows output settling to a 500 1.1 V/div. scale. 

Switching Transient Settling (Hold Mode Settling) is 
the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode signal has been given. 
Aperture Delay is the time lag between the application 
of the "hold" command and the instant the output 
stops tracking the input. It consists primarily of the pro
pagation delay of the switch driver. Since it is a known 
quantity, the "hold" command can be advanced to ac
count for this delay. 

Aperture Uncertainty (Jitter) is the variation in the aper
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 
Offset Step (Pedestal) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 
Feedthrough is the amount of analog input signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed as a ratio in 
dB's. Since feedthrough increases with frequency, it 
should be specified at a given frequency. 
Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter
mine how long a signal can be accurately held before it 
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changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an A/D converter can 
have to be used with a particular S/H. 
Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3 dB. 
Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 

Dielectric Absorption is the long term polarization of 
the dielectric material in the hold capacitor. This 
polarization changes the electric field strength in the 
capacitor producing a long term voltage error or 
"memory." 

=-1 
ov-

LOGIC "1"

LOGIC"O"-~ 

APERTURE DELAY 
10nsec 

TRACK MODE 

ANALOG INPUT __ _ 

ANALOG OUTPUT __ 

-1 
-1 

HOLD MODE 

Figure 2. Pictoral Showing Various StH Characteristics 

KEY SPECIFICATIONS 
DETERMINING 16-81T ACCURACY 

The key specifications of the HS 9716 which support its 
accuracy to 16 bits are listed below. 
1. Gain Nonlinearity - For a ± 10V output range, gain 
nonlinearity is ± 0.0005% which is less than V2 LSB at 
16 bits (0.0008%). 
2. Noise in Track Mode - For a noise bandwidth be
tween DC and 1 MHz, the noise is specified at 
20/J V rms. Since 1/2 LSB at 16 bits is 150 /J V 
(FSR = 20V), the noise level is well below that required 
for 16-Bit accuracy. 

3. Droop - The droop rate is specified at 
0.05 /J V//J sec max. For a 150", V change (V2 LSB, 16 
bits, FSR = 20V), this S/H can accurately hold a signal 
for 3000/J sec, or 3 milliseconds. This makes it ideal for 
use with 16-Bit integrating A/Os. The droop rate at 
+ 125°C is specified at 10", V/", sec max. Thus, for a 
150 J.l V change (1/2 LSB at 16 bits), the HS 9716 can 
accurately hold a signal for 15/-1 sec at + 125°C. 
4. Dielectric Absorption - This is specified at 7.5/J VN 
max. For a 20V input change which must be stored by 
the hold capacitor, the change in the stored voltage will 
be 150 /J V max, or 1/2 LSB at 16 bits. 

5. Acquisition Time - This is specified as 10 /J sec max 
settling to ± 0.0008% of 20V, or V2 LSB at 16 bits. 
6. Feedthrough - Feedthrough rejection is specified at 
98 dB min for a 20V p-p, 20 kHz input signal. This 
means that ~he hold mode output will move no more 
than 98 dB less than the input. For a ± 10V input, this is 
± 125 /J V which is less than ± 1/2 LSB at 16 bits. 



DISCUSSION OF DIELECTRIC ABSORPTION 
Dielectric absorption (D.A.) is often the biggest error 
source in a sample and hold or track/hold amplifier. 
D.A. is caused by either the rotation of polar molecules 
in a polar dielectric such as tantalum pentoxide, pro
ducing an error as big as 8%, or it is caused by slight 
distortions in the electron fields of molecules in a non-
polar dielectric such as polystyrene, producing errors 
only as big as 0.04%. 
Worst case dielectric absorption can be measured with 
a standard test. This test involves charging a capacitor 
for a period longer than T Max (50ms), discharging it for 
a period shorter than TMin (100 ,",s) and observing the 
open circuit voltage for a period longer than T Max 
(50ms). This assures that all of the molecules in the 
dielectric are completely polarized before the charge 
on the capacitor plates is removed with enough speed 
that the polarizations are not neutralized. Obviously, if 
the application involves sample and hold times which 

Hold Mode Dielectric Absorption Sag For 5J.1sec Sample Period 
Without Dielectric Absorption Compensation 
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are less extreme, then the dielectric absorption error 
will be less severe. 
These molecular distortions and polarizations exhibit 
multiple exponential decays which may be modeled by 
adding series R-C networks in parallel with the hold 
capacitor with time constants ranging from 100 
microseconds to 50 milliseconds. In the HS 9716/14, 
these multiple time constants are carefully matched 
and compensated to below 0.00075%/0.0015%. As 
can be seen in the absorption sag/sample time graph, 
even teflon capacitors exhibit absorption errors as large 
as 0.01% for a 10 microsecond sample time. Thus the 
HS 9716 is a substantial improvement from conven
tional sample and hold or track/hold amplifiers using 
the lowest dielectric absorbtion capacitors available. 
The two different hold mode oscilloscope photographs 
show how the HS 9716 hold capacitor dielectric ab
sorption behaves without and with the compensation 
circuit connected. 
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With Dielectric Absorption Compensation 

0.001 

TJJN 

""" """ - ~ 

io"'" ::::~ POLISURENE 
.... 1-' ~ 

II ~ 
"" 

I"" POLYPROPYLENE 

III ./ .... I 

~ 
0.01 

Cl 

'" III 
Z 
0 
f= 
Q. 
a: r-- -NPO .Jf' 

MICA 0 
III 
In 

~ """r-
'" 0.1 

f- :eAS~O:ED 1 ma AFTER 
~ START OF HOLD MODE 

1.0 1.0 
100~s 1ms 

TIME IN HOLD MODE 

Capacitor Dielectric Absorption 

10ms 100~s 

SAMPLE TIME 

lms 

Capacitor Dielectric Absorption 

10ms 

185 



APPLICATIONS 

DIGITIZING DYNAMIC SIGNALS 

Sample/hold amplifiers are normally used in front of 
AID converters to hold the input voltage constant dur
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than 1/2 LSB during conver
sion. In the case of the HS 9576, a 16-Bit AID with a 
conversion time of 15 J..l sec to 14 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 2 n Af where f = frequency and 
A = amplitude. If one allows a V2 LSB change 
(0.6mV) during conversion for a ± 10V input swing to 
the AID converter, the maximum rate of change limit 
would be 0.6mV/15 JAsec, or 0.04mVI JAsec. Thus, 
the maximum sine wave input frequency that can be 
accurately digitized is calculated as: 

0.04mV/J..l sec = 2nAf 
For a ± 10V input sine wave, this frequency limit is 
0.63 Hz. 

Expressed differently, the full scale bandwidth of the 
HS 9576 is slew rate limited to 0.63 Hz. By using a S/H, 
such as the HS 9716/9714 in front of the AID (ref. 
Fig. 1), this bandwidth can be significantly increased. 
The S/H will "freeze" an input signal that is changing 
too rapidly for the AID alone to handle and hold it con
stant while the AID performs a conversion. A S/H can 
accurately "freeze" signals moving as fast as V2 LSB 
during its aperture uncertainty of 100 psec. Thus, for 
use with the HS 9576 to 14-Bit accuracy, the maximum 
rate of change limit would be 0.6mV (V2 LSB, 14 bits, 
± 10V swing) during 100 psec, or 6VI J..l sec, which is 
within the slew limit of the HS 9716/9714 (10VI JAsec). 
Thus, the maximum full scale input frequency that can 
be accurately digitized is calculated as: 

6V/J..l sec = 2nAf 

For a ± 10V full scale input, this frequency limit is 
95 kHz. Expressed differently, the slew rate limited full 
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scale bandwidth of the HS 9576 has now been in
creased to 95 kHz with the use of the HS 97161 
9714 S/H. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination of the 
HS 9576 and the HS 9716/9714, the throughput is 
related to the sum of the conversion time of the AID 
(15 JA sec), the acquisition time of the S/H (5 JA sec) and 
the hold mode (switching transient) settling time of the 
S/H (1 JA sec). The total of 21 JA sec represents a 
throughput of 47.6 kHz. Based on the Nyquist criteria 
of sampling more than twice per cycle, the highest in
put signal frequency that can be accurately digitized is 
slightly less than 23.8 kHz. 

OVERSAMPLING/UNDERSAMPLING 

Oversampling is a technique where, for example, two 
samples are averaged to provide twice the resolution at 
half the bandwidth. The HS 9716 is well suited for this 
since its low noise of 20 J..l V rms produces a dynamic 
range of 7.14 V rms (rms equivalent of 20 Vp-p sine 
wave) divided by 20 J..l V rms, or 110 dB. This is 
equivalent to 18 bits of resolution. 

Undersampling is ~ bandpqss technique where one 
can sample a frequency higher than the Nyquist fre
quency. This is accomplished by bandpass filtering the 
input so that the bandwidth is less than the Nyquist fre
quency. The HS 9716 is well suited for this due to its 
large small signal bandwidth (1 MHz) and low aperture 
uncertainty (100 psec). 

ORDERING INFORMATION 
DIELECTRIC TEMPERATURE 

MODEL ABSORPTION RANGE 

HS 9716K 75JAVIV ooe to + 70°C 

HS 9714K 15JAVIV ooe to + 70°C 

HS 9716TB 75JAVIV - 55°C to + 125°C 

HS 9714TB 15/AVIV - 55°C to + 125°C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Pin-for-pin replacement for THA-05203, 

SHM-4860, TP-4860, MN376 and HTC-0300 
• Hold mode feedthrough of - 80 dB 

(20 Vp-p, 2.5 MHz) 
• Maximum power dissipation 790 mW 

DESCRIPTION 
The HS9720 is a high speed sample/hold amplifier 
designed for use with 12-bit ND converters. The 
maximum acquisition time of 200 nsec is specified 
to ±0.01% of 10V. The HS9720 is a complete 
sample/hold circuit containing a precision hold 
capacitor and a MOSFET switching driver. The 
HS9720 is particularly suited for use with high speed, 
12-bit ND converters. 

FUNCTIONAL DIAGRAM 
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HS9720 

HIGH SPEED, 12-BIT ACCURATE, 
SAMPLE/HOLD AMPLIFIER 

1 

HS 9720 

2 

The HS9720 is packaged in a 24-pin DIP and is 
specified for operation from O°C to + 70°C for com
mercial grades, and -55°C to + 125°C for military 
grades. Full screening to MIL-STD-883C is available. 

1K 
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1---0 GROUND 

HS 9720 

GROUND -15V +15V +5V 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supply voltages unless otherwise noted) 

MODEL HS9720K 

ANALOG INPUT 
Voltage Range ± 1'.5V typ, ± 10.25V min 

Input Impedance lKQ 

DIGITAL INPUT' 
Logic "1" + 2V min to + 5V max 

Logic "0" OV min to + 0.8V max 

Loading' 1 TTL Load 

ANALOG OUTPUT 
Voltage ± 1'.5V typ, ± 10.25V min 

Current ±20 mA 

Impedance 0.5Q 

Maximum Capacitive Load 200 pF 

DC ACCURACY/STABILITY 
Gain 

Gain Error 

Gain Nonlinearity 

Gain Dnft 

Offset 

Offset Dnft 

-1.00VIV 

±O.OI%typ, ±O.I%max 

± 0.005% typ, ± 0.01% of FS max 

± 1 ppm/DC typ, ± 5 ppm/DC max 

±0.5 mY, ±5 mV max 

± 5 mV typ, ± 20 mV max over full 
temperature range 

TRACK (SAMPLE) MODE DYNAMICS 
Frequency Response 

Small Signal (- 3 dB) 
Full Power Bandwidth 

Slew Rate 

NOise In Track Mode 
DC to 5MHz 
DC 101 MHz 
DC to 0.1 MHz 

13 MHz typ, 8 MHz min 
3.5 MHz typ, 2.4 MHz min 

170V/ ~ sec typ, 150V/ ~sec min 

90 ~V rms 
40 ~V rms 
13 ~V rms 

TRACK (SAMPLE)-TO-HOLD SWITCHING 
Aperture Delay' 

Aperture Uncertainty 

Offset Step (Pedestal) 

Offset Step (Pedestal) Dnft 

SWitching Transient 

6 nsec, 10 nsec max 

±50 psec 

± 0.5 mV typ, ± 10 mV max 

± 4 ppm of FSR/oC 

Seliling 10 ±10 mV (±0.1% FS) 40 nsec 
Settling to ±1 mV (±O 01% FS) 60 nsec, 100 nsec max 
Amplitude 180 mVp-p 

HOLD MODE DYNAMICS 
Droop Rate 

Droop Rale at T max 

Feedthrough Rejection 

±0.5 ~V/~sec. ±5 ~V/~secmax 

± 1.2 mV/ ~sec max 

(20 Vp-p @ 2.5 MHz) - 90 dB typ, - 80 dB min 

HOLD-TO-TRACK (SAMPLE) DYNAMICS 
AcqUisition Time to 

± 0.01% of 10V (± 1 mY) 

AcquIsition Time to 
±01% FS of 10V (± 10 mY) 

AcquIsition Time to 
± 1% FS of 10V (± 100 mY) 

AcquIsition Time to 
± 1,0% FS of 1V (+ 100 mY) 

POWER REQUIREMENTS 
Nominal Voltages for Rated 

Performance 

Supply Current 
+ 15V 
-15V 
+5V 

Power DIssipation 

Power Supply Rejection 

TEMPERATURE RANGE 
Operating 

Storage 

PACKAGE 
24·Pm Double DIP 

NOTES: 

160 nsec, 200 nsec max 

100 nsec, 170 nsec max 

90 nsec 

75 nsec 

±15V(±3%) 
+5V(±5%) 

25 mA max 
-25 mA max 
+8 mA max 

790 mW max 

±O.S mVIV 

O°C to + lOoC 

- 40°C to + 85°C 

,. Logic "1" to pin 12 or logic "0" to pin 11 will put the HS 9720 Into the 
track (sample) mode 

HS9720TB 

-55°Cto +125°C 

-65°C to +155°C 

2. One TTL load IS defined as Sinking 40 ~A With a logic' 1" applied and 
sourcing 1.6 mA With a logic "0" applied 

3. Manufacturer's option 
4. Lid IS Internally grounded 
5. From HDLD command pin 11 
6. FSR ~ 20 Volt Full Scale Range, FS ~ 10 Volt Full Scale 
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PACKAGE OUTLINE 

I-- 0,775 MAX--J 
I (19.685) I 

( ~ 0.018 ± 0.002 

J I (0.457 ± 0.050) 

(~:!~) 1-(~5~~~)--l 
RED DOT 
INDICATES PIN 1 

(5.588) 1--.!!.,,1li MAX 
I (4.45) 

1".1 
• · • 

0.220 MINI-L 

"~ 1 
· • • 
• • • 
.12 

• 1.275 MAX 

13. 

~ ~:::) ~'~ J(32.385) 

--TO-P-V-IE-W-- f j[ 
(~:!~) ~ 

(0.762) 

STANDOFFS 
SUPPLIED 

AT MFG. OPTION 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 ANALOG OUTPUT 24 +15V 

2 NC 23 GROUND 
3 NC 22 -15V 

4 NC 21 GROUND 
5 NC 20 NC 
6 NC 19 NC 
7 NC 18 NC 
8 NC 17 NC 
9 +5V 16 NC 

10 GROUND 15 GROUND 
11 HOLD COMMAND 14 NC 
12 HOLD COMMAND 13 ANALOG INPUT 

NC .. No Internal connection 



ABSOLUTE MAXIMUM RATINGS 
(Referenced to ground. Exceeding anyone of these parameters 
may cause permanent damage to the unit.) 

Voltage Between + 1SV and -1SV Terminals. . ... 36V 

Analog Input Voltage. . . ... Actual Supply Voltage 

Digital Input Voltage. . . - O.SV to + S.SV 
Output Current, Continuous. . .. ± SO mA 

Storage Temperature Range .. 

Output Short-Circuit to Ground. 
Lead Temperature (Soldering, 10 sees.). 

OPERATING INSTRUCTIONS 
Sample/Hold Control 

. -6SoC to + 1S0oC 

. Indefinitely 

. . +300°C 

A TTL logic' '0" applied to pin 11 (or a logic" 1 " 
applied to pin 12) will put the HS 9720 into the track 
(sample) mode. In this mode, the device acts as an 
amplifier which exhibits normal operational behavior. 
Application of a logic" 1 " to pin 11 (or a logic' '0" 
applied to pin 12) will put the HS 9720 into the hold 
mode, with the output voltage held constant at the 
value present when the hold command is given. 

INSTALLATION 
Grounding 

The HS 9720 is a high speed, 12-Bit accurate 
sample/hold amplifier. Grounding of this component 
must be done with care for full performance. The 
HS 9720 has four ground pins (pins 10, 15,21, and 
23). All must be tied together and connected to system 
analog ground as close to the package as possible. It is 
preferable to have a large analog ground plane 
beneath the HS 9720 and have all four ground pins 
soldered directly to it. Pin 10 is particularly noise sen
sitive because the fast switching currents from the 
switch drivers are grounded to this pin. Therefore, most 
digital ground currents will be routed through pin 10. 
Care must be taken to insure that no ground potentials 
exist between pin 10 and the other ground pins. 
Therefore, pin 10 must be tied to the analog and not the 
digital ground system. 

DECOUPLING 

Internal 0.01 /-I F power supply bypass capacitors are 
included in the HS 9720 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 

OUTPUT LOADING 

A capacitive load more than 50 pf will result in 
degrading acquisition time. Capacitive loads more than 
250 pf will result in a continuous oscillation. The 
specified load resistor is 500Q min. Lower value loads 
can be driven if the input/output range is lowered and 
the load current does not exceed ± 20 mA. 

KEY SPECIFICATIONS DETERMINING 
12-81T ACCURACY 
The key specifications of the HS 9720 which support its 
accuracy to 12 bits are listed below. 

1. Gain Nonlinearity - For a ± 10V output range, gain 
nonlinearity is ± 0.01 % max which is less than V2 LSB 
at 12 bits (0.012%). 

2. Noise in Track Mode - For a noise bandwidth 
between DC and 5 MHz, the noise is specified at 
90 /-IV rms. Since V2 LSB at 12 bits is 2.4 mV 
(FSR = 20V), the noise level is well below that required 
for 12-Bit accuracy. 

3. Droop - The droop rate is specified at 
± 5 /-IV/ j.lsec max. For a 2.4 mV change (V2 LSB, 12 
bits, FSR = 20V), this S/H can accurately hold a signal 
for 480 fAsec. The droop rate at + 125°C is specified at 
1.2 mV/ /-Isec max. Thus, for a 2.4 mV change, the 
HS 9720 can accurately hold a signal for 2 fAsec at 
+ 125°C. 

4. Acquisition Time - This is specified at 200 nsec 
max settling to ±0.01% of 10V, or V2 LSB at 12 bits. 

5. Feedthrough - Feedthrough rejection is specified at 
- 90 dB typ, - 80 dB min for a 20 Vp-p, 2.5 MHz input 
signal. This means that the hold mode will move no 
more than - 80 dB less than the input. For a ± 10V 
input, this is less than V2 LSB at 12 bits. 

DISCUSSION OF SPECIFICATIONS 

TERMINOLOGY 

Sample/Hold Amplifier is actually a more common 
name for what really is a track/hold (T/H) amplifier. A 
true S/H amplifier normally spends most of its time in 
the hold mode. When commanded to the sample 
mode, it will take a very fast sample and immediately 
go back into the hold mode. A true T/H amplifier can 
track the input indefinitely and it can be in the hold 
mode indefinitely. In practice, most S/H amplifiers 
manufactured today are actually T/H amplifiers. This is 
why the HS 9720 data sheet specifies track (sample) in 
many places. 
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Acquisition Time is the time required by the device to 
"switch" from the hold mode to the track (sample) 
mode. This time is measured between the application 
of a "track" command and the point at which the out
put has settled to within a specified error band. This 
time includes the switch delay time, slewing time and 
settling time for a given output voltage change. 

Acquisition Time of a + 10V Input Step 

Top trace shows hold command going low in the middle of the 

photo. Lower trace shows output settling to a 2 mV/div. vertical 

scale. Horizontal scale is 100 nsec/div. 

Switching Transient Settling (Hold Mode Settling) is 
the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode signal has been given. 

Aperture Delay is the time lag between the application 
of the "hold" command and the instant the output 
stops tracking the input. It consists primarily of the pro
pagation delay of the switch driver. Since it is a known 
quantity, the "hold" command can be advanced to ac
count for this delay. 

Aperture Uncertainty (Jitter) is the variation in the aper
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 

Offset Step (Pedestal) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 

Feedthrough is the amount of analog input Signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed as a ratio in 
dB's. Since feedthrough increases with frequency, it 
should be specified at a given frequency. 
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Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter
mine how long a signal can be accurately held before it 
changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an AID converter can 
have to be used with a particular S/H. 

Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3 dB. 

Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 

ANALOG INPUT ___ _ 

ANALOG OUTPUT __ 

LOGIC "1"-, 

LOGIC "0"- ..... ---------' 
TRACK MODE HOLD MODE 

Figure 1. Pictoral Showing Various SIH Characteristics 

APPLICATIONS 

DIGITIZING DYNAMIC SIGNALS 

Sample/hold amplifiers are normally used in front of 
A/D converters to hold the input voltage constant dur
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than Y2 LSB during conver
sion. In the case of the HS 9548, a 12-Bit A/D with a 
conversion time of 500 nsec to 12 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 2rr Af where f = frequency and 
A = amplitude. If one allows a 1/2 LSB change 
(2.4mV) during conversion for a ± 10V input swing to 
the AID converter, the maximum rate of change limit 
would be 2.4mV/2 J!sec, or 1.2mVI J!sec. Thus, the 
maximum sine wave input frequency that can be ac
curately digitized is calculated as: 

1.2mVI J!sec = 2n At 

For a ± 10V input sine wave, this frequency limit is 
19 Hz. 



Expressed differently, the full scale bandwidth of the 
AID is slew rate limited to 19 Hz. By using a S/H, such 
as the HS 9720 in front of the AID, this bandwidth can 
be significantly increased. The S/H will "freeze" an in
put signal that is changing too rapidly for the AID alone 
to handle and hold it constant while the AID performs a 
conversion. A S/H can accurately "freeze" signals 
moving as fast as V2 LSB during its aperture uncertain
ty of 50 psec. Thus, the maximum rate of change limit 
would be 2.4mV (V2 LSB, 12 bits, ± 10V swing) during 
50 psec, or 48VII' sec, which is within the slew limit of 
the HS 9720 (150VII' sec min). Thus, the maximum full 
scale input frequency that can be accurately digitized is 
calculated as: 

48VII' sec = 2 nAf 

For a ± 10V full scale input, this frequency limit is 
760 kHz. Expressed differently, the slew rate limited full 
scale bandwidth has now been increased to 760 kHz 
with the use of the HS 9720. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination of 21.1 sec 
ADC and the HS 9720, the throughput is related to the 
sum of the conversion time of the AID (2 J.I sec), the ac
quisition time of the S/H (0.21.1 sec) and the hold mode 
(switching transient) settling time of the S/H (0.11.1 sec). 
The total of 2.31.1 sec represents a throughput of 434 
kHz. Based on the Nyquist criteria of sampling more 
than twice per cycle, the highest input signal frequency 
that can be accurately digitized is slightly less than 
217 kHz. 

TYPICAL APPLICATION 

SP9548 

20 
+-----ISTS 

START 
CONVERT 

MSB 

1,15 

LSB 
54LS573s 

Two importantly overlooked parameters are output im
pedance and settling time. The AID is the S.A.R. type 
which means a current is injected into a comparator 
mode. This has a result of "dragging" the analog input 
to a new and distored value. The S/H must recover the 
signal to the original value before the comparator 
makes it's decision. For a 1.Sl'sec conversion this is 
115 nanoseconds. The HS 9720 settles within a 100 
nanoseconds, allowing it to be used with fast S.A.R. 
type AIDs. Output impedance is also important 
because the input impedance of the AID is relatively 
low (1OkQ). With a low output impedance of 0.5 Q max, 
this allows for very little distortion due to the HS 9720, 
and an adequate drive capability. 

TRACK/HOLD COMMAND 

There are two hold commands for the HS 9720, the 
HOLD AND HOLD. To use the HOLD command, tie 
HOLD (pin 12) to a TTL logic O. To generate a track 
command apply TTL logic 0 to HOLD (pin 11). In this 
mode, the HS 9720 will effectively be an op-amp in the 
- 1 gain mode. A TTL logic 1 wi" put the HS 9720 into 
the hold command. 

To incorporate the HOLD (pin 12), tie the HOLD (pin 
11) to a TTL logic 1 . A TTL logic 1 will put the HS 9720 
into the track mode, a TTL logic 0 wi" put the HS 9720 
into the hold mode. In using the HOLD command, 
there wi" be an additional delay of 4 nsec (typ), 12 nsec 
(max). This will increase aperture delay to 22 nsec 
(max), but will have no effect on settling time, acquisi
tion time, gain, etc. 

DRIVING THE INPUT OF THE HS 9720 

The input resistance of the HS 9720 is a 1 k Q(typical) 
load. If driven by a weak source a loss of accuracy can 
occur due to the relatively low input impedance of the 
HS 9720. This is especially true, if the source is driving 
a long cable with a high capacitive load. A high speed, 
low output resistance op-amp should be used to drive 
the HS 9720 (such as the SP2541) to increase system 
performance and accuracy. 

ORDERING INFORMATION 

MODEL TEMPERATURE RANGE MIL PROCESSING 

HS 972QK Que to + 70°C -

HS 9720TB - 55°C to + 125°C 883e 
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PRELIMINARY DATA 
SP9730 

SIGNAL PROCESSING EXCELLENCE 

VERY HIGH SPEED 
12-81T ACCURATE, S/H AMPLIFIER 

FEATURES 
• 120 llsec Acquisition Time to .01% for 5V 

200 llsec Acquisition Time to .005% for 20V 
• -94 dB Feedthrough Rejection Ratio (20V Step) 
• Low Aperture Uncertainty of 50 psec rms 
• Excellent Linearity: ±.005% for ±5V Range 

±.00l % for ± 1 OV Range 
• Low Droop Rate: ±5V Isec 
• Low Distortion: -90 dB (5V p-p @ 100 kHz) 

APPLICATIONS 
• Wideband, High Speed Data Acquisition 

Systems 
• Electronic Counter Measures 
• Radar 
• Deglitching Circuits 
• Peak Detectors 
• Telecommunications 
• ATE 

DESCRIPTION 
The SP9730 is an ultra fast 12 bit linear sample-and
hold, featuring an acquisition time of 200 llsec 
and 150 llsec for 20V and 10V signal step 
respectively. The ultimate combination of speed, 
accuracy and stability is evidenced by low 
aperture uncertainty of 50 psec rms, 12 bit 
linearity, 30 MHz small signal bandwidth and 
maximum pedestal of ±5 mY. 

FUNCTIONAL DIAGRAM 

750n 

PRELIMINARY 
INFORMATION 

The SP9730 accepts bipolar ± lOY input signal, 
dissipates 1 Wand is available in the 24 pin dua/-in
line package. The superior attributes of the SP9730 
make it an ideal candidate to use in conjunction 
with a high speed 12-bit AID in a multiplexed 
data acquisition applications such as guidance 
and control or ATE and signal processing systems 
such as ECM or Radar. 

Two temperature ranges are available. The 
SP9730C is guaranteed over a case temperature 
of O°C to +70°C; the SP9730B is MIL-STD-883C 
screened over a temperature range of -55°C to 
+ 125°C. 

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

VIN __ ------'\N'------+-----{ 

S/H .---------1 

S/H 

>---------------+---------- VOUT 

HOLD 
CAP 1 
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SPECIFICATIONS PRELIMINARY DATA 
(Typical @ +25°C and ± 15V power supply voltages unless otherwise noted) 

PARAMETER SP9730C SP9730B 

ANALOG INPUT 
Input Voltage ±lOV * 

Input Bias Current 100pA * 

Input Impedance 7500 * 

DIGITAL INPUT 
Logic "0" OV min, .8V max * 

Logic "1" 2V min, +5V max * 

ANALOG OUTPUT 
Voltage ±lOV 
Current ±2 mA @ ± 10V Swing 

TRANSFER CHARACTERISTICS 
Gain -1 * 

Gain Error .01% * 

Offset Error ±5 mV (max) * 

Dielectric Absorption .0005% * 

Linearity 
20V Range ±.001% * 

10V Range ±.005% * 

SAMPLE MODE DYNAMICS 
Frequency Response 

Small Signal (-3 dB) 16MHz * 

Full Power BW (20V p-p) 8 MHz * 

Slew Rate 200V/llsec * 

Distortion 
5V p-p @ 100 kHz 80dB * 

HOLD MODE DYNAMICS 
Droop Rate 50 (100 max) IlV/llsec * 

Feedthrough Rejection 20V step -80 dB * 

SAMPLE TO HOLD SWITCHING 
Aperture Delay 6nsec 
Aperture Uncertainty ±50 psec RMS * 

Pedestal ±5 mV max * 

HOLD-TO-SAMPLE-DYNAMICS 
Acquisition Time 

20V Step to .005% 200 nsec * 

lOV Step to .005% 150 nsec * 

5V Step to .01% 120 nsec * 

POWER REQUIREMENTS 
Nominal Voltages for Rated Performance 

+Analog +15V * 

-Analog -15V * 

Digital +5V * 

Power Dissipation 1.0W . 
TEMPERATURE RANGE 
Operating O°C to 70°C -55°C to + 125°C 
Storage -40°C to +85°C -65°C to + 155°C 

PACKAGE 24 Pin Double DIP 

'Same as SP9730C 
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PIN ASSIGNMENTS 
,---------

PIN FUNCTION 

1 Analog Output 
2 NC 
3 NC 
4 NC 
5 NC 
6 NC 
7 NC 
8 NC 
9 +5V Supply 

10 Ground 
11 Hold Command 
12 Hold Command 
13 Analog Input 
14 NC 
15 Ground 
16 NC 
17 NC 
18 NC 
19 NC 
20 NC 
21 Ground 
22 -15V Supply 
23 Ground 
24 +15VSupply 

PACKAGE OUTLINE 

I.... 0.775 __ J I (19.685) MAX I 

RED DOT 
INDICATES PIN 1 .1 24 • • • • • • • • • • • • • • • • • • • • • • 12 13 • 

TOP VIEW 

ORDERING INFORMATION 

MODEL 

SP9730C 

SP9730B 

TEMPERATURE 
RANGE 

O°C to 70°C 

-55°C to + 125°C 

DIMENSIONS 

INCHES 

(MM) 

SCREENING 

-

MIL -STD-883 

0.220 
(5.588) MIN l-{r- 0.175 MAX 

(4.45) 

1.275 
(32.385) MAX 

1 
1-4-- 0.03 

(0.762) 
STANDOFFS 
SUPPLIED 
AT MFG. OPTION 
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SP9760 

ULTRA HIGH SPEED 
16-81T ACCURATE, TRACK & HOLD AMPLIFIER 

FEATURES 
• 350 TJsec Acquisition Time to .005% for 20V step 

250 TJsec Acquisition Time to .005% for 10V step 
• -94 dB Feedthrough Rejection Ratio (20V step) 
• Low Aperture Uncertainty of 75 psec rms 
• Excellent Linearity: ±.0005% for ±5V range 

±.OO 1 % for ± 1 OV range 
• Low droop rate: 1 V /sec 
• Low distortion: -90 dB (5V p-p @ 100 kHz) 

-88 dB (20V p-p @ 10kHz) 

DESCRIPTION 
The SP9760 is an ultra fast 16 bit linear sample-and
hold, featuring an acquisition time of 250 TJsec 
and 350 TJsec for 20V and 10V signal step 
respectively. The ultimate combination of speed, 
accuracy and stability is evidenced by low 
aperture uncertainty of 75 psec rms, 16 bit 
linearity, 30 MHz small signal bandwidth and 
maximum pedestal of ± 1 mV. Two proprietary 
Dielectric-Isolation-based ASICs are utilized in the 
design of the SP9760 to achieve true 16 bit 
performance at specified conversion rates. 

The SP9760 accepts bipolar ± 1 OV input signal, 
dissipates 825 mW and is available in the 24 pin 
dual-in-line package. The superior attributes of the 

FUNCTIONAL DIAGRAM 
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SP9760 make it an ideal candidate to use in 
conjunction with a high speed 14 to 16 bit ADC's 
in multiplexed data acquisition applications such 
as audio digitizing, ATE, industrial data acquisition 
and signal processing such as magnetic 
resonance imaging and radar. 

Two temperature ranges are available. The 
SP9760C is guaranteed over a case temperature 
of O°C to +70°C; the SP9760B is MIL-STD-883C 
screened over a temperature range of -55°C to 
+ 125°C. 
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SPECIFICATIONS 

SP9760C 5P9760B (PRELIMINARY) 
O°Cto 70°C -55°C to + 125°C 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

ANALOG INPUT 
Input Voltage ±1O ±1O V 
Input Bias Current 100 100 pA 
Input Impedance 100 100 Mil 

DIGITAL INPUT 
Logic "0" a 0.8 a 0.8 V 
Logic "1" 2.0 5.0 2.0 5.0 V 

ANALOG OUTPUT 
Voltage ±10 ±10 V 
Current 20 20 mA 
Impedance 
Capacitive Load 1 

.1 .1 n 

SAMPLE MODE DC 
TRANSFER CHARACTERISTICS 
Offset Error ±1 ±5 ±5 ±20 mV 
Offset Drift ±20 ±50 ±2oo ',lVrC 
Gain +1 +1 
Gain Error ±.03 ±.1 ±.05 ±.2 %FSR 
Gain Drift ±2 ±20 ±2 ±20 ppm/DC 
Linearity 

20V Range .001 .002 .001 .002 %FSR 
10V Range .0005 .0005 %FSR 

SAMPLE MODE DYNAMICS 
Frequency Response 

Small Signal (-3 dB) 30 20 MHz 
Full Power (20V pop) 2 1 MHz 

(lOV pop) 4 2 MHz 
Slew Rate 75 120 40 60 V/Ilsec 
Acquisition Time 

±20V Step to .0015% 350 500 600 700 nsec 
± 10V Step to .0015% 250 450 nsec 
±5V Step to .01% 200 375 nsec 

Distortion 
5V pop @ 100 kHz -90 -80 dB 
20V pop @ 10 kHz -88 -78 dB 

HOLD MODE DYNAMICS 
Pedestal Offset Error ±O.2 ±1.0 ±2 ±5 mV 
Pedestal Offset Drift ±30 ±20 ±50 ',lV/DC 
Pedestal Gain Error ±.002 ±.OD5 ±.01 %FSR 
Pedestal Linearity ±.0005 ±.002 ±.0005 ±.002 %FSR 
Droop Rate ±1 ±100 ±150 ±loo0 ',lV/IlS 
Feedthrough Rejection2, 5 -103 -90 -103 -90 dB 
Dielectric Absorption2 .0005 .001 %FSR 
Aperture Delay 30 30 nsec 
Aperture Uncertainty 75 75 psRMS 
Sample to Hold Settling3 150 150 nsec 
Noise4 300 300 IlVRMS 
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SPECIFICATIONS 

SP9760C 5P9760B (PRELIMINARY) 
O°Cto 70°C -55°C to + 125°C 

PARAMETER MIN TVP MAX MIN TVP MAX UNITS 

POWER REQUIREMENTS 
Nominal Voltage 

+Vs +15 +15 V 
-Vs -15 -15 V 

Supply Current 
+Vs 31 31 mA 
-Vs 24 24 mA 

Power Dissipation 825 825 mW 
Power Supply Rejection 100 100 IlV/V 

TEMPERATURE RANGE 
Operating Oto +70 -55 to + 125 °C 
Storage -40 to +85 -65 to + 150 °C 

ABSOLUTE MAXIMUM RATINGS 
±Vs 16 16 V 

Analog Input -Vs +Vs -Vs +Vs V 
Digital Input -1 +6 -1 +6 V 
Junction Temp 150 °C 
0JC 30.3 °C/Watt 

NOTES 
1. Cload < lIoad lea Vout/a lout). See recommendations on capacitive loading. 
2. ±20VStep 

3. To ±O.OO5% 

4. DC to 30 MHz 

5. Feedthrough rejection tested at 25°C. 
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PIN ASSIGNMENTS 

PIN FUNCTION 

1 -In Vos 
2 In Gain 
3 +15V 
4 Yin 
5 -15V 
6 TP 
7 +15V 
8 TP 
9 Vout 

10 -15V 
11 +Out Vos 
12 Out Vos C 
13 -OutVos 
14 Out Gain 
15 +15V 
16 TP 
17 NC 
18 Buffer Out 
19 Ground 
20 +5V Ref 
21 S/Hln 
22 -15V 
23 +In Vos 
24 In Vos C 

ORDERING INFORMATION 

TEMPERATURE 
MODEL RANGE DESCRIPTION 

SP9760C O°C to 70°C -

SP9760B -55°C to + 125°C MIL-STD-883 

PACKAGE OUTLINE 

200 

L.. 0.775 I I (19.685) MAX~ 

[ ~ O.01S±O.002 

0.10 I 0.600 (0.457 ± 0.050) 
(2.54) ~ ~ (15.24)--.J 

• 1 24. 

• 12 13. 

TOP VIEW 

FUNCTIONAL PIN DESCRIPTIONS 

Pins 1,23,24 Input Offset Trim: Trim pot con
nection for external offset trim of 
input buffer. 

Pins 11, 12, 13 Output Offset Trim: Trim pot con
nection for external offset trim of 
output buffer. 

Pin 2 Input Gain Trim: Trim pot wiper 
connection for external gain trim 
of input buffer. 

Pin 14 Output Gain Trim: Trim pot wiper 
connection for external gain trim 
of output buffer. 

Pin 4 Analog Input: High impedance 
signal input to first buffer. 

Pin 9 Analog Output: Low impedance 
output of S/H amplifier. 

Pin 21 SIR' In: Logic control of sample 
mode (high) and hold mode 
(low). 

Pin 20 

Pin 19 
Pin 3 

Pin 22 

Pin 15 

Pin 10 

Pin 7 

Pin 5 

Pin 18 
Pin 16 
Pin 8 
Pin6 
Pin 17 

+5V Ref Out: Internal reference 
generated with 78L05. 
GND: Only ground pin. 
+ 15V Input Supply: Input buffer 
positive supply. 
-15V Input Supply: Input buffer 
negative supply. 
+ 15V Output Supply: Output 
buffer positive supply. 
-15V Output Supply: Output buffer 
negative supply. 
+ 15V Gate Drive Supply: Analog 
switch positive supply. 
-15V Gate Drive Supply: Analog 
switch negative supply. 
Buffer Out: Output of input buffer. 
TP: Factory test point. 
TP: Factory test point. 
TP: Factory test point. 
No Connect. 

0.220 
(5.588) MIN -. r- (4.45) MAX l r 0.175 

0.100 

(2.540) 

T 
1.275 
-- MAX 

NPl I 
~~ 

0.10 

(2.54) 

(0.762) 

STANDOFFS 
SUPPLIED 

AT MFG. OPTION 



TIMING DIAGRAM 
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APERTURE DELAY ACQUISITION TIME APERTURE DELAY ACQUISITION TIME 

TIMING 
The timing diagram illustrates the critical timing 
points for the SP9760. This is illustrated by sending 
the SP9760 into hold and back to sample on 
both positive and negative going signals. The 
key points on the timing diagram are defined 
below. 
Aperture Delay - the difference in time between 
when the hold signal is given and the SHA holds 
the input signal. 
Hold Settling - the time it takes the SHA to settle 
to the held signal. 
Pedestal - the difference in voltage between 
sample and hold for the same input voltage. 
Droop Rate - the rate at which the held signal 
changes (droops) due to leakage of charge off 
the hold capacitor. 
Feedthru - the extent to which a signal on the 
input of the SHA during hold mode, will change 
the signal being held. 
Slew Rate - the rate at which the sample and 
hold amplifier changes to the new signal being 
sampled. 
Acquisition Time - the time it takes the sample
and-hold to settle and fully acquire a new signal. 
This time is dependent on input voltage change 
and accuracy required. 

SUPPLY BYPASSING 
Power supply bypassing is necessary to prevent 
oscillation with the SP9760 in ali circuits. Low 
inductance ceramic disc capacitors with the 
shortest practical lead lengths must be 
connected from each supply lead (within 1/4" to 
1/2" of the device package) to a ground plane. 
Capacitors should be 0.1 jJ.F in parallel (for each 
supply pin) with a 10 jJ.F solid tantalum capacitor 
for each supply voltage. 

RECOMMENDED LAYOUT PRECAUTIONS 
RF/Video printed circuit board layout rules should 
be followed when using the SP9760 since it will 
provide power gain to frequencies over 30 MHz. 
Ground planes are recommended and power 
supplies should be decoupled at each device 
with low inductance capacitors. 

The optional gain adjust pots and the offset 
adjust pots should be mounted within one inch 
of the SP9760. An etch guard ring should be laid 
around the gain and offset adjust circuitry and 
tied to the output of each buffer to prevent 
dynamic deterioration from stray capacitance. 
(See Figure 1.) 

GAIN AND OFFSET ADJUSTMENTS 
In most system applications there will be no need 
to adjust the gain and offset of the SP9760 
separately. The system gain and offset 
adjustments should be used instead. However, it 
is not recommended that the gain and offset 
adjustment pots connected to the SP9760 be 
used to compensate system gain and offset 
errors. 

Figure 1 shows the recommended gain and 
offset adjustment circuit. The gain and offset 
adjustments should be repeated for each buffer. 
IMPORTANT: The lead length on the gain and 
offset adjustment circuit should be kept short 
(within one inch) to avoid oscillation or 
deterioration of dynamic performance. 

The DVM must have both inputs floating. A hand 
held DVM with 100 jJ.V or finer resolution may be 
used for this measurement. 

For very critical adjustments a 5 minute warmup 
is recommended for the SP9760. 

GAIN ADJUSTMENT 
The gain adjustment should be done before the 
offset adjustment to avoid the effect that the 
gain pot has on the offset voltage. 

The gain adjustment also affects the output 
resistance of the SP9760 buffers. The output 
resistance will be closest to zero ohms when the 
gain is closest to one. 

The gain pot is adjusted in sample mode while 
plus full scale and minus full scale voltages (as 
defined by the user's system) are applied to the 
SP9760 by an external voltage source or by the 
previous stage in the system. This applied voltage 
needs to be only 10% accurate because the 
floating DVM is measuring gain error directly. The 
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OUTPUT 
OFFSET POT 

FIGURE 1 
SUGGESTED TOPOLOGY AND RELATIVE PLACEMENT OF COMPONENTS 

gain error has been compensated when the 
floating DVM reads the same value for plus full 
scale and minus full scale input voltages. The 
input voltage applied to the SP9760 can be a 
manually controlled DC voltage or a slow 2 to 10 
second period full scale square wave. 

OFFSET ADJUSTMENT 
After the gain has been adjusted, the remaining 
error is eliminated by the offset adjustment. The 
input voltage applied to the SP9760 should be 
zero volts. The offset pot is adjusted until the 
floating DVM reads zero volts. 

CAPACITIVE LOADING 
Two considerations must be taken into account 
when driving capacitive loads. These are 
frequency stability and charge current 
magnitude. 
For some values of load capacitance (>50 pf) it 
may be necessary to isolate the capacitive load 
with a resistor from 1 n to 10n to reduce ringing or 
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oscillation tendency. The desired step response 
can be obtained with the right resistor value for 
each application. (See Figure 2.) 
The charge current magnitude must be 
controlled not to exceed the maximum rated 
output current for the SP9760. If the maximum 
output current is exceeded, the output stage will 
saturate during a transient and will take longer to 
recover. 
The charge current into the capacitor is 
established by 

IC load = Cload x dv 
dt 

The charge current can be limited by controlling 
the slew rate of the signals driving the SP9760, by 
reducing the amount of capacitive loading or 
by adding resistance in series with the capacitive 
load. 



CLDAD I 
LOADING 

APPLICATIONS 
The SP9760 is suited for data acquisition and 
signal processing applications with high speed 
14 and 16-bit analog-to-digital converters. In 
figure 3 the SP9760 is connected to an SP9588 
14-bit 2 Ilsec analog-to-digital converter. The 
figure shows everything required for these two 
parts to work together, in a 0 to + 1 OV unipolar 
mode. As can be seen in graph 1 with an input 
signal of 120 kHz at 0 dB the signal-to-noise + 
distortion ratio is 70 dB. 

FIGURE 2 
CAPACITIVE LOADING 
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dB 
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Sampling Rate 
Input Frequency 
Input Amplitude 
Noise Floor < 
Maximum Harmonic < 

a 
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-100 dB 
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The SP9760 and SP9588 can be used in the 
bipolar mode and be AC coupled for AC signal 
processing applications. In figure 4 the complete 
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schematic is given for ±5V input range and AC 
coupling. 
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FIGURE 4 
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The SP9760 and SP9588 can be used in 
conjunction with a multiplexer for multi-channel 
data acquisition systems. The configuration seen 

OV TO +10V .---r----, 

GND 
GND 

-10VANA 

500 nS 54HC02 
MIN 2flS MIN 

U--CO-N-V-ER-T-LS 

SAMPLE 

in figure 5 will handle eight input channels 
providing a total throughput of 100 kHz per 
channel. 
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FIGURE 5 
OV TO + 1 OV UNIPOLAR DATA ACQUISITION SYSTEM WITH 8 CHANNELS AND 100 KHz THROUGHPUT 
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The internal buffer amplifier on the SP9760 can 
be used to implement a multi-order anti-aliasing 
filter for signal processing applications. (See 
Figure 6.) The formula for calculating the 
frequency and Q of the filter are: 

OVTO +10V 
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OV TO + 1 OV UNIPOLAR DATA ACQUISITION SYSTEM WITH SECOND ORDER ANTI-ALIASING FILTER 
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MODEL RESOLUTION 

DAC336-8 8 bits 

DAC337 8 bits 

HS3020 8 bits 

DAC337 10 bits 

DAC347-10 10 bits 

DAC87 12 bits 

DAC87A 12 bits 

DAC331-12 12 bits 

DAC336-12 12 bits 

DAC338 12 bits 

DAC347-12 12 bits 

DAC349-12 12 bits 

DAC356 12 bits 

HS3120 12 bits 

HS3860 12 bits 

HS754 1 A 12 bits 

HS7584 QUAD 12 bits 

HS9338 12 bits 

HS9342 QUAD 12 bits 

SP9344 QUAD 12 bits 

DAC9349-12 12 bits 

DAC9356 12 bits 

HS9393/94 12 bits 

HS33806 12 bits 

HS3140 14 bits 

DAC331-14 14 bits 

DAC9331-14 14 bits 

SP1l48 Urolts •.•... 

HS3160 16 bits 

,SP9316 . 10 bits ·1· 

DAC9331-16 16 bits 

HS937 1 16 bits 

HS9372 16 bits 

DAC9377 16 bits 

HS9378 16 bits 

HS9390 16 bits 

DAC370-18 18 bits 

DAC377-18 18 bits 

SP9380 •. ·: .. · .' . ,18:t;?its' •• 

DAC349-3D 3 DEC 

DAC9349-3D 3 DEC 

DAC9377-4D 4 DEC 

SETTLING 
TIME 

41lsec 

5 JlSec 

31lsec 

51lsec 

20 Ilsec 

4j.t$ec 

61lsec 

3 JlSec 

51lsec 

2.5 JlSec 

20 Ilsec 

151lsec 

51lsec 

21lsec 

31lsec 

21lsec 

21lsec 

2.5 JlSec 

21lsec 

15 JlSec 

151lsec 

251lsec 

50/1000 nsec 

2.5llsec 

21lsec 

31lsec 

3 JlSec 

... 20JiSeC •. ··· 

21lsec 

21lsec 

51lsec 

lllsec 

20JlSec 

16 JlSec 

75 nsec 

21lsec 

20 
.... ,;"' .•.. j," , 

15 JlSec 

151lsec 

20 Ilsec 

DIGITAL TO ANALOG CONVERTERS 

lOUT POWER 
INPUT INTERNAL OR CONSUMPTION 

LATCHES REFERENCE VOUT (mW) PACKAGE PAGE 

Yes Yes V 150 16-Pin SD 225 

No Yes V 285 14-Pin SD 231 

Yes Yes V 680 18-Pin SD 255 

No Yes V 285 16-PinSD 231 

No Yes V 225 18-Pin SD 237 

No YeS V 450 24-PinDD 211 

Yes Optional V 360 24-Pin DD 217 

No No I 30 18-Pin SD 223 

Yes Yes V 300 24-Pin DD 227 

Yes Yes V 450 28-Pin DD 233 

No Yes V 225 18-Pin SD 237 

No Optional V 300 24-Pin DD 239 

No Yes V 75 18-Pin SD 243 

Yes No I 40 28-Pin DD 257 

Yes Optional V 675 24-Pin DD 269 

No No I 30 18-Pin SD 273 

Yes No I 20 40-Pin DD 279 

Yes Yes V 450 28-Pin DD 305 

Yes Optional V 750 28-Pin DD 309 

Yes 'NO v 600 28-Pin DD 313 

No Optional V 300 24-Pin DD 317 

No Yes V 200 24-Pin DD 319 

No Yes IN 495/900 24-Pin DD 351 

Yes No V 405 28-Pin DD 359 

No No I 30 20-Pin SD 261 

No No I 30 24-Pin DD 223 

No No I 30 24-Pin DD 299 
. :. Yes .' :;, . V 500 32-PinTD ". 251 

No No I 30 22-Pin SD 263 
. 

Yes : Nc;i I 60 24-PinDD 291 
Yes No I 60 24-Pin DD 299 

Yes No I 45 28-Pin DD 321 

Yes No I 50 24-Pin DD 329 

Yes Yes V 450 24-Pin DD 335 

Yes Yes V 425 28-Pin DD 339 

Yes Yes I 900 32-Pin DD 355 

Yes No I 60 28-Pin DD 245 

Yes Yes V 400 28-Pin DD 247 

. 'Yes' ;'" '; YE;I$: •...... ,v.,' .... ..;, '60Q:, 32~PinT6' 345·' 

No Optional V 300 24-Pin DD 239 

No Optional V 300 24-Pin DD 317 

Yes No V 450 24-Pin DD 335 

Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 

SP DAC87 

COMPLETE MONOLITHIC 12-81T 
D/A CONVERTER 

FEATURES 
• Single Chip Construction 
• On-Board Output Amplifier 
• Low Power Dissipation: 300 mW 
• Monotonicity Guaranteed Over Temperature 
• Guaranteed for Operation With ± 12V Supplies 
• Buried Zener Reference 
• ± 1/2 LSB Max Nonlinearity 

PRODUCT DESCRIPTION 
The SP DAC8? is a 12-bit digital-to-analog 
converter with both a high stability voltage 
reference and output amplifier combined on a 
single monolithic chip. 
Innovative circuit design reduces the total power 
consumption to 300 mW which not only improves 
reliability but also improves long term stability. 
The SP DAC8? incorporates a fully differential, 
non-saturating precision current switching cell 
structure which provides greatly increased 
immunity to supply voltage variation. This same 
structure also reduces nonlinearities due to 
thermal transients as the various bits are switched: 
nearly all critical components operate at 
constant power dissipation. High stability, SiCr thin 
film resistors are trimmed with a fine resolution 
laser, resulting in lower differential nonlinearity 
errors. A low noise, high stability, subsurface Zener 

FUNCTIONAL DIAGRAM 

(MSB) BIT 1 

BIT2 

BIT3 

BIT4 

BIT5 

BIT6 

BIT? 

BIT8 

BIT9 

BIT 10 

BIT11 

(LSB) BIT 12 

12-BIT 
RESISTOR 

1-----..,; LADDER 
NETWORK 

1-----., AND 
CURRENT 

1-----1 SWITCHES 

5 kO 

diode is used to produce a reference voltage 
with excellent long term stability, high external 
current capability and temperature drift 
characteristics which challenge the best discrete 
Zener references. 
The SP DAC8? is available in a hermetically sealed 
ceramic package and is specified for -55°C to 
+ 125°C temperature operation. MIL-STD-883 
processing is available. 

5kO 

6.3 kO 

VREF OUT 

GAIN ADJUST 

COMMON 

SUMMING JUNCTION 

20V RANGE 

10V RANGE 

BIPOLAR OFFSET 

REF INPUT 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 
+Vs to Power Ground .............................................................................................. OV to + 18V 
-Vs to Power Ground ............................................................................................... OV to -18V 
Digital Input (Pins 1 to 12) to Power Ground ........................................................ -1 .OV to + 7V 
Ref In to Reference Ground ................................................................................... ± 12V 
Bipolar Offset to Reference Ground ..................................................................... ± 12V 
10V Span R to Reference Ground ........................................................................ ± 12V 
20V Span R to Reference Ground ........................................................................ ±24V 
Ref Out ...................................................................................................................... Indefinite Short to Power 

Ground or +Vs 

(TA = +25°C, rated power supplies unless otherwise noted.) 

MODEL 
SP DAC87 MIN TYP MAX UNITS 

DIGITAL INPUT 
Binary - CBI 12 Bits 

Logic Levels (TIL Compatible) 

VIH (Logic" 1 ") +2.0 +5.5 V 

VIL (Logic "0") 0 +0.8 V 

IIH (VIH = 5.5V) 250 f.lA 

IIH (VIL = 0.8V) 100 f.lA 

TRANSFER CHARACTERISTICS ACCURACY 
Linearity Error @ +25° ±1/2 LSB 1 

TA @Tmin to T max ±1/2 ±3/4 LSB 

Differential Linearity Error @ +25°C ±3/4 LSB 

TA @ Tmin to T max ±1 LSB 

Gain Error2 ±0.1 ±0.2 "IoFSR3 

Offset Error2 ±0.05 ±0.1 "IoFSR3 

Temperature Range for Guaranteed 

Monotonicity -55 +125 °C 

DRIFT ( T min to T max) 
Total Bipolar Drift, max (includes gain, 

offset, and linearity drifts) ±30 ppm of FSR;oC 

Total Error ( T min to T max)4 
Unipolar ±0.18 ±0.3 "10 of FSR 

Bipolar ±0.14 ±0.24 "10 of FSR 

Gain 

Including Internal Reference ±20 ppm of FSR;oC 

Excluding Internal Reference ±1O ppm of FSR;oC 

Unipolar Offset ±3 ppm of FSR;oC 

Bipolar Offset ±1O ppm of FSR;oC 

CONVERSION SPEED 
Settling Time to ±0.01"1o of FSR for 

FSR change (2 knll500 pF load) 

with 10 kn Feedback 3 4 f.ls 
with 5 kn Feedback 2 3 f.ls 

For LSB Change 1 f.ls 
Slew Rate 10 V/f.lS 
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(TA = +25°C, rated power supplies unless otherwise noted.) 

MODEL 
SP DAC87 MIN TYP MAX UNITS 

ANALOG OUTPUT 
Ranges - CBI ±2.5, ±5, ± 10 V 

+5, + 10 
Output Current ±5 mA 

Output Impedance (dc) 0.05 Q 

Short Circuit Current 40 mA 

Internal Reference Voltage (VR) +6.23 +6.3 +6.37 V 

Output Impedance 1.5 Q 

Max External Current6 +2.5 mA 

Tempco of Drift ±1O ppm ofvRrc 

POWER SUPPLY SENSITIVITY 
± 15V ± 1 0%, 5V supply when applicable ±0.002 % of FSR/% Vs 
±12V±5% ±O.002 % of FSR/% Vs 

POWER SUPPLY REQUIREMENTS 
Rated Voltages ±15 V 

Range 
Analog Supplies ± 11.47 ±16.5 V 
Logic Supplies +4.5 +5.5 V 

Supply Drain 
+12,+15V 5 10 mA 

-12, -15V 14 20 mA 

TEMPERATURE RANGE 
Specification -55 +125 °C 
Operating -55 +125 °C 

Storage -65 +150 °C 

NOTES 
1 . Least Significant Bit. 

2. Adjustable to zero with external trim potentiometer. 

3. FSR means "Full Scale Range" and is 20V for the ± 10V range and 10V for the ±5V range. 

4. Gain and offset errors adjusted to zero at +25°C. 

5. CF = 0, see Figure 1. 

6. Maximum with no degradation of specifications, must be a constant load. 

7. A minimum of ± 12.3V is required for a ± 1 OV full scale output and ± 11.4V is required for all other voltage ranges. 

Specifications subject to change without notice. 
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DIGITAL INPUT CODES 
The SP DAC8? accepts complementary digital 
input code in binary (CBI) format. The CBI model 
may be connected by the user for anyone of 
three complementary codes: CSB, COB or CTC. 

DIGITAL INPUT ANALOG OUTPUT 

CSBCOMPL. COBCOMPL. 
STRAIGHT OFFSET CTC' COM PL. 

MSB LSB BINARY BINARY TWO'S COMPL. 

000000000000 +Full Scale + Full Scale -1 LSB 
011111111111 + 1 /2 Full Scale Zero -Full Scale 
100000000000 Mid-Scale -1 LSB +Full Scale 
111111111111 Zero -Full Scale Zero 

'Invert the MSB of the COB code With an external Inverter 
to obtain CTC code. 

Table I. Digital Input Codes 

ACCURACY 
Accuracy error of a D/A converter is the 
difference between the analog output that is 
expected when a given digital code is applied 
and the output that is actually measured with 
that code applied to the converter. Accuracy 
error can be caused by gain error, zero error, 
linearity error, or any combination of the three. 
Of these three specifications, the linearity error 
specification is the most important since it 
cannot be corrected. Linearity error is specified 
over its entire temperature range. This means 
that the analog output will not vary by more 
than its maximum specification, from an ideal 
straight line drawn between the end points 
(inputs all" 1 "s and all "O"s) over the specified 
temperature range. 
Differential linearity error of a D/ A converter is 
the deviation from an ideal 1 LSB voltage 
change from one adjacent output state to the 
next. A differential linearity error specification of 
± 1/2 LSB means that the output voltage step sizes 
can range from 1/2 LSB to 1 1/2 LSB when the 
input changes from one adjacent input state to 
the next. 

DRIFT 
Gain Drift is a measure of the change in the full 
scale range output over temperature expressed 
in parts per million of full scale range per °C 
(ppm of FSR;oC). Gain drift is established by: 1) 
testing the end point differences for each SP 
DAC8? model at the lowest operating 
temperature, +25°C and the highest operating 
temperature; 2) calculating the gain error with 
respect to the +25°C value and; 3) dividing by 
the temperature change. 
Offset Drift is a measure of the actual change in 
output with all "1 "s on the input over the 
specified temperature range. The maximum 
change in offset is referenced to the offset at 
+25°C and is divided by the temperature range. 
This drift is expressed in parts per million of full 
scale range per °C (ppm of FSR;oC). 
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SETTLING TIME 
Settling time for each model is the total time 
(including slew time) required for the output to 
settle within an error band around its final value 
after a change in input. 
Voltage Output. Three settling times are specified 
to ±O.O 1 % of full scale range (FSR); two for 
maximum full scale range changes of 20V, 10V 
and one for a 1 LSB change. The 1 LSB change is 
measured at the major carry (0 1 1 1 . . . 11 to 
1 0 0 0 ... 0 0), the point at which the worst case 
settling time occurs. The settling time 
characteristic depends on the compensation 
capacitor selected, the optimum value is 25 pF 
as shown in Figure 1. 

18 

FIGURE 1 
SETTLING TIME CIRCUIT 

POWER SUPPLY SENSITIVITY 
Power supply sensitivity is a measure of the effect 
of a power supply change on the D/A converter 
output. It is defined as a percent of FSR per 
percent of change in either the positive or 
negative supplies about the nominal power 
supply voltages. 

REFERENCE SUPPLY 
All models are supplied with an internal 6.3 volt 
reference voltage supply. This voltage (pin 24) is 
accurate to ± 1 % and must be connected to the 
Reference Input (pin 16) for specified operation. 
This reference may also be used externally with 
external current drain limited to 2.5 mA. An 
external buffer amplifier is recommended if this 
reference will result in gain variations. All gain 
adjustments should be made under constant 
load conditions. 



USING THE SP DAC87 
POWER SUPPLY CONNECTIONS 
For optimum performance power supply 
decoupling capacitors should be added as 
shown in the connection diagrams, These 
capacitors (1 ~F electrolytic recommended) 
should be located close to the SP DAC87, 
Electrolytic capacitors, if used, should be 
paralleled with 0,01 ~F ceramic capacitors for 
optimum high frequency performance, 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed by installing 
external OFFSET and GAIN potentiometers, These 
potentiometers should be connected as shown 
in the block diagrams and adjusted as described 
below, TCR of the potentiometers should be 100 
ppm;oC or less, The 3,9 Mn and 10 Mn resistors 
(20% carbon or better) should be located close 
to the SP DAC87 to prevent noise pickup, If it is 
not convenient to use these high-value resistors, 
a functionally equivalent ''1'' network, as shown 
in Figure 2 may be substituted in each case, The 
gain adjust (pin 23) is a high impedance point 
and a 0,01 ~F ceramic capacitor should be 
connected from this pin to common to prevent 
noise pickup, 

10M!! 
~-

3.9M!! 
~-

270 k!! 270 k!! 

T-
180 k!! 180 k!! 

T-
FIGURE 2 

EQUIVALENT RESISTANCES 

Offset Adjustment. For unipolar (CSB) 
configurations, apply the digital input code that 
should produce zero potential output and adjust 
the OFFSET potentiometer for zero output, For 
bipolar (COB, CTC) configurations, apply the 
digital input code that should produce the 
maximum negative output voltage, Example: If 
the FULL SCALE RANGE is connected for 20 volts, 
the maximum negative output voltage is -1 Ov. 
See Table II for corresponding codes, 
Gain Adjustment, For either unipolar or bipolar 
configurations, apply the digital input that should 
give the maximum positive voltage output, 
Adjust the GAIN potentiometer for this positive 
full scale voltage, See Table II for positive full 
scale voltages, 

1---...._--0 -v s 

FIGURE 3 
EXTERNAL ADJUSTMENT AND VOLTAGE SUPPLY 

CONNECTION DIAGRAM 

DIGITAL INPUT ANALOG OUTPUT 

12 BIT RESOLUTION VOLTAGE * 

MSB LSB o to +10V ±10V 

000000000000 +9,9976V +9,9951V 
011111111111 +5,0000V O,OOOOV 
100000000000 +4,9976V 4,88 mV 
111111111111 O,OOOOV -10,0000V 
1 LSB 2,44 mV -0 , 0049V 

* To obtain values for other binary ranges 0 to +5V 
range: divide 0 to + 1 0 values by 2; ±5V range: 
divide ± lOV range values by 2; ±2,5V range: 
divide ± 1 OV range values by 4, 

Table II. Digital Input/ Analog Output 
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VOLTAGE RANGES 
Internal scaling resistors provided in the 
SP DACB7 may be connected to produce 
bipolar output voltage ranges of ± 10, ±5 or ±2.5V 
or unipolar output voltage ranges of 0 to +5 or 0 
to + 1 OV (see Figure 4). 

REF 
INPUT 

r::l 
CONT~~~~iRC-U-ITJ---l=+--__ ----,6.3 kn_.._---@] ~~~i~~ 

SUMMING 
JUNCTION 

~ COM 

FROM WEIGHTED 
RESISTOR --"*----'VV'r---*"---'\I\<-.....-----1 
NETWORK -

FIGURE 4 
OUTPUT AMPLIFIER VOLTAGE RANGE 

SCALING CIRCUIT 

OUTPUT 

Gain and offset drift are minimized in the 
SP DACB7 because of the thermal tracking of 
the scaling resistors with other device 
components. Connections for various output 
voltage ranges are shown in Table III. Settling 
time is specified for a full scale range change: 4 
microseconds for a 10 kQ feedback resistor; 3 
microseconds for a 5 kQ feedback resistor when 
using the compensation capacitor shown in 
Figure 1. 

DIGITAL 
OUTPUT INPUT CONNECT CONNECT CONNECT CONNECT 
RANGE CODES PIN lSTO PIN 17TO PIN 19TO PIN 16TO 

±lDV COB or 19 20 15 24 

eTc 

±5V COBor 18 20 N.C. 24 

CTC 

±2.5V COB or 18 20 20 24 

eTe 

Oto eSB 18 21 N.C. 24 

+lDV 

Oto eSB 18 21 20 24 

+5V 

Oto eeD 19 N.C. 15 24 

+lDV 

Table III. Output Voltage Range Connections 
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ORDERING INFORMATION 

MODEL LINEARITY TEMPERATURE SCREENING 
ERROR RANGE 

SP DAC87- ±1/2 LSB -55°C to + 125°C MIL-STD-883C 
CBI-V/B 

Q I- 0 -I 

It~l LI+~r-t 
G B 81.-

H 

SYMBOL INCHES 

A .1BO 

B .01B 

C .012 

D 1.27 

E .535 

F .615 

G .070 

H .110 

J .225 

L .150 

Q .045 

S .090 

a 15° 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• True 14-bit (±O.006%) linearity 
• Superior replacement for DAC80/85/87, 

MN3850 and DAC335 
• Input register 
• Specified over -55°C to + 125°C 
• Low power: 360mW 
• +5V supply not required 

DESCRIPTION 
The HSDAC87A series is industry's most accurate 
complete 12-bit DAC. The DAC87A series is pin com
patible with the popular DAC87 but also contains 
an input storage register. The DAC87A is specified 
with several linearity grades rated over the full MIL 
temperature range -55°C to + 125°C. 
The DAC87A achieves its superior linearity rating 
resulting from the use of a high precision 18-bit de
coded switch set. This high precision switch is a pro
prietary monolithic CMOS circuit that when used 
with a low TC thin film network combine to provide 
the user with an ultra-stable 12-bit DAC. 

FUNCTIONAL DIAGRAM 

BIT 1 
(MSB) 

1 

HSDAC87A SERIES 

COMPLETE 0.006% LINEAR DAC 

The DAC87A series is pin compatible with the 
popular DAC87 DAC. An input register is incor
porated within the CMOS switch circuit. The latch 
control for the input register is connected to pin 13. 
Pin 13 can be connected to +5V or left open and 
the HSDAC87A will function as a DAC87. In addition 
pin 13 can be used to 'latch' data into the input 
registers, see Figure 3. 

LATCH 
CONTROL 13 INPUT REGISTER 

+5V 

COM 
21 

+VCC 22 

-VCC 14 

17 24 

BIPOLAR REF 
OFFSET OUT 

CURRENT SWITCHES AND 
12 BIT RESISTOR-LADDER NETWORK 

23 16 20 

5k 

5k 

18 19 

10V 20V GAIN 
ADJ 

REF 
INPUT RANGE RANGE 

SUMMING 
JUNCTION 

15 

OUTPUT 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise noted) 
MODEL HS DAC87A 

DIGITAL INPUT 

Resolution 
Coding 

Data Inputs1,2 

12 Bits 
Complementary Binaryl 
Complementary Offset Binary 

Logical "1" (at + 1/-1A) +2.4V min, + Vcc max 
Logical "0" (at -1/-1A) -0.5V min, +0.8V max 

Latch Control TTL Compatible, Level Triggered 

LINEARITY/ACCURACY (Max)3 

Model DAC 87AS DAC 87AT DAC 87AU 
Integral Linearity4 

+25°C 
- 55°C to + 125°C 

Differential Linearity 
+25°C 
- 55°C to + 125°C 

Monotonic Range 
Gain Error (FSR)5 

+25°C 
- 55°C to + 125°C 

Unipolar Offset 
+25°C 
-55°C to + 125°C 

Bipolar Offset 
+25°C 
- 550C to + 125°C 

DRIFT 

Total Bipolar Drift 
Gain, including REF 
Offset 

Unipolar 
Bipolar 

CONVERSION SPEED 

Settling Time 
For FSR change with 
10kQ feedback, 20V swing 
5kQ feedback, 10V swing 

For 1 LSB Change 
Slew Rate 

ANALOG OUTPUT 

Ranges 

Current 
Output Impedance 
Short Circuit Duration 

INTERNAL REFERENCE 
VOLTAGE 

Drift 
Ext Current 

POWER SUPPLY 

Power Supply Requirements 
Rated Voltage 
Rated Operation (max) 
Supply Drain 

+15V Supply 
-15V Supply 

Power Supply Sensitivity 
Power Consumption 

TEMPERATURE RANGE 

Operating 
Storage 

NOTES: 

±3,4 LSB 
±3,4 LSB 

±1/2 LSB ±1!4 LSB 
± 1/2 LSB ± 1/4 LSB 

± 3,4 LSB ± 213 LSB ± 1/3 LSB 
± 1 LSB ± 213 LSB ± 1/3 LSB 

- 55°C to + 125°C 

0.1% 
0.25% 

0.1% 
0.25% 

0.07% 
0.22% 

~ ±0.1%FSR----.. 
~±0.13% FSR----.. 

~±0.10%FSR----" 
~±0.12%FSR----" 

± 15ppm/oC max 
± 15ppm/oC max 

±3ppm/oC 
± 10ppm/oC 

lO/-Is max 
6/-1styp 
1.5/-1s typ, 3/-1s max 
10V//-Is, 5V//-Is min 

±2.5, ±5V, ±10V, Oto +5V, 
Oto +10V 
±5mA min 
0.05Q typ 
Indefinite to Common 

6.3V ±5% max 

±5ppm/oC 
±200/-IA max 

± 15V, ± 18V max 
± 12.5V to ± 16.5V 

15mA, 25mA max 
9mA, 20mA max 
±0.001% FSR/%Vs 
360mW typ, 525W max 

- 55°C to + 125°C 
-65°C to + 150°C 

1. Data inputs must not be applied without ± VCC first applied. 2. Unused data inputs must 
be grounded. 3. Fractions expressed to 2 decimals. 4. For this product. integral linearity is 
measured as the arithmetic mean value of the magnitudes of the greatest positive and 
negative deviations from the theoretical value (after gain and offset adjustment) for any given 
input combination. 5. FSR: Full Scale Range 
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PACKAGE OUTLINE 

1.310 
I------- (33.274)-1 
I MAX I 

0.165 
(4.191) 

MAX 

~~ 

D
24 130r 

O.BOO 
(20.321) 

MAX 

01 120 .-l ~
l 

0.600 ± 0.010 

(15'J (0.25) 

0.010 + 0.002 - 0.001 
(0.25) (0.05) (0.03) 

Pin 1 is marked by a dot on the top of the package. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 BIT 1 (MSB) 24 REF OUT (6.3V) 

2 BIT2 23 GAIN ADJUST 

3 BIT3 22 +15V SUPPLY 

4 BIT4 21 GROUND 

5 BIT5 20 SUMMING JUNCTION 

6 BIT6 19 20V RANGE 

7 BIT7 18 10V RANGE 

8 BIT8 17 BIPOLAR OFFSET 

9 BIT9 16 REF INPUT 

10 BIT 10 15 VOUT 

11 BIT 11 14 -15VSUPPLY 

12 BIT 12 (LSB) 13 LATCH CONTROL',2 

NOTES' 
1. When + 5V IS applied to pin 13 (or left open). as is the case with DAC 87 the Input register 

IS transparent; i.e .. data enters DAC normally. To use the input register see Figure 3 
2. Latch control is level trrggered 

CAUTION: ESD (Electro·Static·Discharge) sensitive device. Permanent damage may occur 
when unconnected devices are subjected to high energy electrostatic fields. Unused 
devices must be stored in conductive foam or shunts. Protective foam should be discharged 
to the destination socket before devices are removed. 



APPLICATIONS INFORMATION 
EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Offset and gain may be trimmed using the circuitry 
shown in Figure 1. The potentiometers should have a 
TCR of 100 ppm/oC or less and all resistors should be 
located as close to the HS DAC87A as possible. 

RG = 18MQ 

23 10kQ to 100kQ ~
+vs 

21~ -Vs 

~ GAIN ADJUSTMENTS 

Ro = 3.9MQ 

20 10kQ to 100kQ ~
+vs 

21~ -Vs 

~ OFFSET ADJUSTMENT 

NOTES: 
1. Series high value R's can be Iranslormed into a T network: 

~<=>~ 
l R, where: Rl = R/X, R2 = Rt (X - 2) 

For the above values this becomes: 
1) RG = 18MQ, X = 100 

Then, Rt = 180kQ and R2 = 1.84kQ 
2) RO = 3.9MQ, X = 10 

Then Rl = 390kQ and R2 = 47kQ (approx.) 

2. For users with other pin compatible DAC87 types, 
the following chart should be considered: 

DAC87A 
GAIN OFFSET ADJUSTMENT 

RESISTOR RESISTOR RANGE 
RG RO GAIN OFFSET 

10MQ 39MQ 0.6% 0.2% 
18MQ 39MQ 0.4% 0.2% 
18MQ 18MQ 0.4% 0.4% 
33MQ 3.9MQ 02% 0.2% 
45MQ 30MQ 0.15% 0.02% 

Figure 1. Gain And Offset Connection 

ADJUSTMENT PROCEDURE 
A voltmeter capable of 1/10 LSB resolution and 
accuracy is required (244/,Nfor a 0 to + 10V, 12-bit 
DAC). The accuracy of the converter subsequent to 
calibration is directly dependent upon the accuracy of 
the voltmeter. 
The offset adjustment should be made first followed by 
the gain adjustment. 

Offset Adjustment: Connect the voltmeter to the 
HS DAC87A output (pin 15). 
Unipolar operation: Strobe an input code (all 1 's) that 
will result in an output of zero. Adjust the offset until the 
converter is within ± 1/10 LSB of zero. 
Bipolar operation: Strobe an input code that will result 
in minus full scale (all 1 's). Adjust the output to within 
± 1/10 LSB's. 
Gain Adjustment: Strobe an input code that will result 
in positive full scale output (all O's). Adjust gain until the 
HS DAC87A output reads nominal full scale minus 1 
LSB to within ± 1/10 LSB. 

OUTPUT CONNECT CONNECT CONNECT CONNECT 
RANGE PIN 15 TO PIN 17 TO PIN 19 TO PIN 16 TO 

±10V 19 20 15 24 

+5V 18 20 N.C. 24 

+2.5V 18 20 20 24 

o to + 10V 18 21 N.C. 24 

o to +5V 18 21 20 24 

Table 1. Output Range Connections 

INPUT LATCH 
The HS DAC87A incorporates input buffering and 
decoding to achieve up to 14-bit linearity (Figure 2). 
This input buffer'S propagation time can introduce a 
skewing of the digital data reaching the bit switches. 

Figure 2. HS DAC87A Block Diagram 

The skewing results in the bit switches not operating 
synchronously with each data change, producing an 
increase in the settling time (1 to 2 microseconds) and 
output "glitches." The dynamic performance of the 
HS DAC87A is greatly improved by using internal 
latches. The latches are located after the input buffer 
circuits and just before the bit switches. When strobed 
the latches present a data change to the bit switches in 
a synchronous manner. The latches should be closed 
while the input data is changing and propagating 
through the buffers. After the digital data has settled the 
latch is loaded and the "new" data is transferred to the 
switches synchronously. The latch is then closed and is 
ready for the next data update. See latch control timing 
Figure 3. 

DATA DATA 

~ 
~I--~!-+~~I----------~[l~-----~~~~~OL 

I I '..:./"v, -----. 

DATA 

_OUTPUT 

t, = DATA SET UP TIME;;. 500ns 

t2 = LATCH CONTROL WIDTH;;. 250ns 

LATCH STROBE LATCH CONTROL' FUNCTION 
INPUT PIN 13 

0 - O.SV to + O.BV DATA LATCHED (HELD) 

1 + 2.4V to + Vce DATA CHANGING 

(TRANSFER) 

1. TIL Compatible. level triggered. 

Figure 3. Latch Control Timing 
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SETTLING TIME 

Output Range: ± 10V, 1 LSB = 4.88mV, Code Transition: 011111111111 to 100000000000 

w 
~~ 
~~ 
;:).J 
C).J 
C);:) 
<til. 

II. 
o 
.... 
z 
w 

0.3 \-------jf\-----l.-----jr--------1 

0.1 \-----f-\---+---If-----

0.01 ~----~-__+--+1r-------I 

~ 0.003 1-----I--------'tr-lH.--------I 
w 
D.. 

0.001 L-____ '-___ --J'-~___..;~---l 

0.1 10 

TYPICAL SETTLING TIME - "S 

4a. Data not latched. 
Scale: Vertical 10 LSBtDIV, Horizontal 0.5 stcm. 

See improved performance using latches, Fig. 4b. 

100 4b. Data latched. 
Scale: Vertical 10 LSBIDIV, Horizontal 0.5 s/cm. 
Note that with latch the "glitch area" is reduced by a 
factor of 2, as compared to Fig. 4a. 

4c. Small Scale Settling. 
Scale: Vertical 5mVtcm (approx. 1 LSB), 
Horizontall",s/cm. 
4c is basically an expanded version of 4b. 

Figure 4. Major Transition Settling Time Measurements 

Settling time for each HS DAC87A model is the 
total time (including slew time) required for the 
output to settle within an error band around its 
final value after a change in input (see Figure 4). 

Three settling times are specified to ± 0.01 % of 
full scale range (FSR); two maximum full scale 
range changes of 20V, 10V and one for a 1 LSB 
change. The 1 LSB change is measured at the 
major carry (0111 ... 11 to 1000 ... 00), the point at 
which the worst case settling time occurs. 
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Figure 5. Full Scale Slew Rate (Right) 
Output Range: 0 to + 10V 
Code Transition: 000000000000 to 111111111111 
Data Latched: Yes 
Vertical Scale: 2Vtcm 
Horizontal Scale: 0.5",s/cm. 



APPLICATIONS INFORMATION (continued) 
POWER SUPPLY CONSIDERATION POWER BURN-IN 
Power supplies used for the HS DAC87A should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. It is important 
to remember that 2.44mV is 1 LS8 for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable decoupling capacitors are 1J-lF tantalum 
type in parallel with 0.1J-lF disc ceramic type, see Fig. 6. 

140--rs...".--------O-VCCI-15V) 

l~F O.Ol~F 

21o--.... E---------o GND 

220 o +Vcc 1+ lSV) 

Figure 6. Recommended Power Supply Bypass 

TRANSFER CHARACTERISTICS 

HS DAC87A 
DIGITAL BIPOLAR 

All '8' HS DAC87A devices are burned in for 168 hours 
at + 125°C in accordance with MIL-STD-883 Method 
1015. Those DAC's not designated '8' are burned-in for 
48 hours at + 85°C. The burn-in circuit is shown in 
Figure 7. 

12 

NOTE: Bypass each supply with a 1j.<F tantalum and a O.Olj.<F 
ceramic to Common. 

Figure 7. Burn In Circuit 

UNIPOLAR 
INPUT CODE OUTPUT VOLTAGE RANGES OUTPUT VOLTAGE RANGES 

LSB MSB ±2.5V ±5V ±10V a to +5V a to + 10V 

000000000000 + 2.4988V +4.9976V +9.9951V +4.9988V +9.9976V 

011111111111 O.OOOOV O.OOOOV O.OOOOV +2.5V +5.0000V 

10000000000 -0.0012V -0.0024V -0.0049V +2.4988V +4.9976V 

111111111111 -2.5V -5V -10.0000V O.OOOOV O.OOOOV 

1 LSB VALUE 1.22mV 2.44mV 4.88mV 1.22mV 2.44mV 
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1.310 
1·· ___ (3:.:~4_) ___ ·1 

.1 

13· ] 

.800 
(20.321) 

MAX 

'2. J 

I I 
0.165 

- --(4.191) 

~
MAi 

0.600 ± 0.010 

(';-24 r 0.2,) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

PIN (1) INDEX 0.025 ±0.010 OJ (0.64 ± 0.25) 

F
I il ~ n n n n ~ 11 ~ r---DIMENS----'IONS 

I 
MIN Inches 

-- 1---0.100 ±0.005 TVP (mm) 
(2.54 ±0.13) 

0.018 ± 0.002 
(0.46 ± 0.05) 

ORDERING GUIDE 
MAXIMUM MAXIMUM 
INTEGRAL DIFFERENTIAL 

LINEARITY ERROR LINEARITY ERROR 
MODEL (T Min to T Max) (T Min to T Max) 

DAC87AS/B ± 3/4 LSB ±1 LSB 
DAC87AT/B ± 1/2 LSB ±2i3 LSB 
DAC87AUlB ± 1/4 LSB ± V3 LSB 

Specifications subject to change without notice. 

NOTICE: DAC335 USERS 
The HS DAC87A is pin compatible with the Hybrid 
Systems DAC335 except that users must change the 
gain and offset resistors as indicated in this data 
sheet. 
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MAXIMUM MAXIMUM 
GAIN GAIN 

ERROR ERROR 
25°C (T Min to T Max) SCREENING 

0.2% 0.25% 883 Rev. C 
0.1% 0.25% 883 Rev. C 

0.07% 0.22% 883 Rev. C 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Accuracy/resolution to 14-bits 
• 2 and 4-quadrant multiplication 
• -55°C to + 125°C operation 
• Ladders and feedback resistors trimmed to 

±5% absolute 
• Low power 
• Single power supply 

DESCRIPTION 
The DAC331 Series includes 12 and 14-bit multiply
ing digital-ta-analog (DAC) converters. Linearity er
ror of ± % LS8 maximum is standard for all models. 
All models are capable of both 2-quadrant (uni
polar) and 4-quadrant (bipolar) multiplication and 
2-quadrant division. Models are available in com
mercial/industrial grade ("C" versions) for 0 to 
+ 70°C operation. "8" versions are processed to 
the requirements of MIL-STD-883 Rev. C, Level 8 and 
are specified for use over a wide, -55°C to 
+ 125°C, temperature range. 
Ultra-stable R/2R thin-film resistor ladder networks 
are trimmed to 25K/50KQ absolute. Each DAC331 

FUNCTIONAL DIAGRAM 

25k 25k 

DAC331 

12 & 14 BIT 
MULTIPLYING DACs 

includes a 25KQ feedback resistor (for use with ex
ternal op amp) that closely tracks the R/2R ladder. 
Linearity tempco is a low ±2 ppm/oC FSR. Gain 
tempcos are for 12-and 14-bit models. 
Each DAC331 Series converter operates from a 
single, +5V power supply. Power consumed is less 
than 30 mW. All models are nUDTL and CMOS 
compatible. 
Uses for DAC331 Series converters include digital 
attenuation of AC and DC voltages, digital gain 
control, and stroke generators for CRT graphics 
displays. DAC331's low power is well suited to bat
tery powered equipment applications. 

25k 

50k 

-=- GND 

HS2700 
PRECISION 
VOLTAGE 

REFERENCE L-----+-..-~---I-r_+_-------+-,.......i~-----_<"1 lOut 2 

Recommended 
for Fixed Reference -= Applications 

'--r----......,----_+_,...-----------4~,..__-----~:_1 IOutl 

6 
Bit 1 
(MSB) 

6 
Bit 2 

6 
Bit3 

25k 

L...----'\J'V\r------4LJ R FEEDBACK 

6 
BitN 
(LSB) 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 
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SPECIFICATIONS 
(Typical @ +25°C unless otherwise noted; Using VDD nominal 
power supply, VREF = +10V) 
SERIES DAC331 

TYPE 

DIGITAL INPUT 

Resolution: 
-12 models 
-14 models 

2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility 
Logic Thresholds 1 

I npu t Leakage Current 

REFERENCE INPUT 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 

Gain Accuracy3 

Offset4 
Small Signal 

3 dB Bandwidth 
Output Capacitance 

Cout1 
Cout2 
Cout1 
Cout2 

STATIC PERFORMANCE 

Integral Linearity 
(all models) 
Differential Linearity 
(all models) 

DYNAMIC PERFORMANCE 

Major Code Transition Settling 
to ± 0.05% 

Multiplying, Current Output 

12 Bits 
14 Bits 
Binary 
Offset Binary 
DTL, TTL, 5V CMOS 
VIW3.OV (min), 
VIL=1.0V (max) 
±1/.LA (max) @ 

OV,;;VIN';;VDD 

401J,A/V ± 0.1% F.S.R.,typ; 
±1.0% F.S.R., max 
50/1V (max) 

600 kHz (min) 

100pF (max) all inputs high 

65pF (max) all inputs high 

65pF (max) all inputs low 

100pF (max) all inputs low 

±% LSB (max) 

±%LSB, typ; 
±1 LSB, max 

12 and 14 Bit models 3.0/1S (max) 
Reference Feedthrough Error 

(VREF = 20Vpp @ 10 kHz) 10mVpp 

STABIlITy4 (Over Specified Temp. Range) 

Scale FactorS 
12 and 14 Bit models 

Linearity (all models) 
Differential Li nearity 

(all models) 

POWE R SUPPLY (VDD)6 

Voltage Range @ Current 

Rejection Ratio 
Total Dissipation 

(inputs at GND) 

TEMPERATURE RANGE 

Specified: 
-C Versions 
-B Versions 

Operating (all models) 
Storage (all models) 

MECHANICAL 

Case Style 

±3ppm/oC F.S.R. (max) 
±3ppmtC F.S.R. (max) 

±2ppmtC F.S.R. (max) 

+5V (nom); +4.75V 
to +10V @ < 1mA 
0.005%/% (max) 

30mW (max) 

O°C to +70°C 
-55°C to +125°C 
-55°C to +125°C 
-65°C to +150°C 

metal 

CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 
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18- & 24- Pin Case Envelope Dimensions 

12-Bit models 

r,!;~'·"1 r?j 
R 

,-, 
J ,m.'''' 

o.tO 0.100 --,O.U7t OO501 

11MI 1--1'$."1~ anoMIN 

1=-'1"·' I1r"'-..... ~l 
•• 1275 M,u 

: : '''''''1 'j'''''' : .. ,,:"""~ 
" •• ,«w ~jl' 

"'" ·,,:;Jfi~~~~" 
NOTES: 

1. The switching threshold is typically VDD/2. 
2. 10K Q input impedance available. Consult factory. 
3. Using internal feedback resistor. 

1 I OUT 1 

2 I OUT2 
16 +Vnn 

1 RFEEDBACK 24 V REF 

lOUT 2 23 +VOD 

IOUTl 22 BITS 

4. USing the internal Rfeedback with nulled external amplifier in a constant 
25°C ambient (Offset doubles every 10°C). 

5. The DAC331 Series is designed to be used only in those applications where 
the current output is virtual ground; i.e., the summing junction of an op amp 
in the inverting mode. The internal feedback resistor (R Feedback)·must be 
used to achieve temperature tracking. 

6. The power supply voltage must not exceed + 10V. 
7. In case of discrepancy between package shown in photograph and 

package outline dimension. the mechanical outline is correct. 

ORDERING INFORMATION 
MODEL NUMBER DESCRIPTION 

DAC331C-12-1 Comm. 12-Bit, +5V Operation 
DAC331 B-12-1 Mil, 12-Bit, +5V Operation 
DAC331C-14-1 Comm, 14-Bit, +5V Operation 
DAC331B-14-1 Mil, 14-Bit, +5V Operation 

r "c" m"""'",,,, oom"",o.IIyp""""",. 4 "B" models are processed to MIL·STD·883 Rev. C, Level B. 
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SIGNAL PROCESSING EXCELLENCE DAC336-8 

8-Bit Storage Register DACs 

FEATURES 
• Input Storage Register 

• Compact and Complete 
Contains reference, ladder network, switches 
output amplifier, and input storage register in 
a 16-pin package 

• Adjustment-Free 

• Accurate to ±1/8 lSB (typ) 

• Very low Power . .. 150mW (typ) 

• -55°C To +125°C Operation 

DESCRIPTION 
The DAC336-8 includes a precision voltage reference, 
resistor ladder network, switches, output amplifier, and 
the input storage register. The reduced need for external 
circuitry lowers cost and improves reliability in micro
computer based process control and other applications. 

There is no need to add external adjustment potentio
meters or expensive capacitors to the DAC336-8. It is 
factory pre-trimmed to ±0.05% ... four times the ac
curacy normally associated with 8-Bit DACs. And simple 
pin jumpering allows a choice of four voltage range out
puts: 0 to + 10V, 0 to -10V, ± 5V, ± 10V. 

The STROBE input (Pin 5) controls the data flow to the 
DAC336-8latches (storage register). When the STROBE 
is low, data in the register is held. When the STROBE is 

FUNCTIONAL DIAGRAM 

S 
REF 

SOk SOk 

6 
BIP/UNI 

o 
9 

GND 

o 
10 

-15V 

high, the input register IS "transparent" and the analog 
output follows the digital input. 

The heart of the DAC336-8 is a laser-trimmed low drift 
thin-film nichrome resistor network. Low power con
sumption, typically 150 mW, is featured in the design. 
DAC336-8 will accept TTL, DTL, and 5V CMOS logic 
levels and will deliver a minimum of 5 mA @ ± 1 OV output. 

The features, accuracy, simplicity, and quality built into 
DAC336-8 are a result of Hybrid Systems' many years of 
experience in the converter field. Two DAC336-8 models 
are available: DAC336C-8 for commercial/industrial 
uses; DAC336B-8 where MIL-STD-883 Rev. C, Level B 
processing is required. 

+15V 

lOOk lOOk 

11 
>-~------~--------~---oVOUT 

o 
12 

+10V RANGE 
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SPECIFICATIONS 
(Typical @ +25°C and nominal supplies unless otherwise noted) 

MODEL DAC336·8 

TYPE 

RESOLUTION 

DIGITAL INPUTS 

Logic Compatibility 1 
I nput Current 
Input Codes 

Unipolar Positive 
Unipolar Negative 
Bipolar 

Strobe Width 2 
Data Set Up Time3 

ANALOG OUTPUT 

Scale Factor (Gain)4 
InitialOffset4 
Output Ranges5 

Unipolar 
Bipolar 

Output Current Capability 
Output Impedance 

REFERENCE6 

STATIC PERFORMANCE 

Integral Linearity 
Differential Linearity 

DYNAMIC PERFORMANCE 

Settling Time to 0.2% FSR7 
For a 1 LSB Change 
Slew Rate 

STABILITY 

Differential Linearity 
O°C to +70°C 

-55°C to +125°C 
Scale Factor (Gain) 

O°C to +70°C 

-55°C to +125°C 
Offset 

O°C to +70°C 

-55°C to +125°C 
Total Transfer AccuracyS 

O°C to +70°C 

-55°C to +125°C 

POWER SUPPL y9 

Requirements 
+15V 

-15V 

Rejection Ratio 
+15V 
··15V 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 

Case Style 

o 018 ~ 0 002 
(04$7·0050) 

Latched, Fixed Reference, 
Voltage Output 

S Bits 

TTLlDTL( CMOS 
1IlA (max} 

Complementary Binary 
Binary 
Complementary Offset Binary 
140nS (min) 
50nS (min) 

±0.05% FSR, ±0.2% FSR (max) 
±0.05% FSR, ±0.2% FSR (max) 

o to -1 OV, 0 to +lOV 
±5V, ±10V 
5mA (min) 
.;;;H1 

Internal -S.O VDC 

± 1/sLSB (typ). ± 'I2LSB (max) 
±Y:zLSB typ; ±1 LSB (max) 

4J..LS (max) 
0.5V /J..LS 

±15 ppm of FSR/"C, 
±25 ppm of FSR/"C (max) 
± 15 ppm of FSR/"C 

±20 ppm of FSR/"C, 
±30 ppm of FSR/oC (max) 
±20 ppm of FSR/oC 

±20 ppm of FSR/"C, 
±30 ppm of FSR/"C (max) 
±20 ppm of FSR/"C 

±30 ppm of FSR/"C, 
±50 ppm of FSR/oC (max) 
±50 ppm of FSR/"C 

+11.0V to +18.0V @ 3.5mA, 
6mA (max) 

-11.0V to -18.0V @ 6.5mA, 
12mA (max) 

0.005% FSR/%Vs (max) 
0.005% FSR/%Vs (max) 

_55° C to +125° C B Version 
O°C to +70°C C Version 

Metal 

INCHES 
{mmj 

RED 00' ~,'oo,O, M" -I . ,- 0 ", MAX 

O
,::,c"",,",:. rul - 1~~T(3'9J" 
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•• .In;9871 

• • 0'"0 '" 1 i 

:, ,: """ L--~ . J 
TO, VIEW C-li 

(~ ~~I--i ~~ 10
0 ~632! 

STANDOFfS 
SUPPLIED 

AT MFG. OPTION 

Pin Assignments 

PIN NO. FUNCTION 

1 BIT 1 (MSB) 

2 BIT2 

3 BIT 3 

4 BIT 4 

5 STROBE 

6 BIPOLAR OFFSET 

7 +15V 

8 REF OUT 

NOTES: 
1. 5V CMOS, 2.SV (nom.) threshold. 

Logic 1 > 3.5V (min). 
Logic 0 < 0.8V (max). 

PIN NO. 

16 

15 

14 

13 

12 

11 

10 

9 

2. Strobe input load is 2 CMOS inputs. 

FUNCTION 

BIT 8 (LSB) 

BIT7 

BITS 

BIT5 

+10V RANGE 

OUTPUT 

·15V 

GND 

3. Time data must be stable before Strobe goes to "0". 
4. Initially.pre·trimmed, no adjustment necessary. 
5. User pin programmable, see Gain Scaling Table. 
6. User accessible, 5 mA (min). 
7. Worst case for 20V range is 45 J..L s, and 25 J..L s for 10V range. 
8. Includes gain, zero, and linearity errors. 
9. Supply voltages must be at least 2.SV above maximum output voltage. 

10. In case of discrepancy between package shown in photograph and pack· 
age outline dimension, the mechanical outline is correct. 

APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

'~,*~' 
7 9 10 
~-- to OAC 336--~ 

STROBE LOGIC 

STROBE FUNCTION 

o 
1 

data latched (held) 
data changing (transfer) 

TRANSFER CHARACTERISTICS 

Analog Output 
Digital Input Code Unipolar Bipolar 

+10V -10V ±10V ±5V 
00000000 +9.961 0.000 +10.000 +5.000 
00000001 +9.922 ·0.039 +9.922 +4.961 
01111111 +5.000 -4.961 +0.078 +0.039 
10000000 +4.961 ·5.000 0.000 0.000 
11111110 +0.039 ·9.922 -9.S43 ·4.922 
11111111 0.000 ·9.961 ·9.921 4.961 

GAIN SCALING TABLE 

OUTPUT VOL TAGE CONNECT CONNECT CODING 
RANGE PIN 6 TO PIN 11 TO 

o to + 10V 8 12 Compo Bin 
o to· 10V Gnd 12 Bin 

±5V NC 12 Compo Off. Bin. 
±10V NC NC Compo Off. Bin. 

Note: NC means no connection 

CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 

ORDERING INFORMATION 
MODEL 
DAC336C·8 
DAC336B·B 

APPLICATION 
Commercial/Industrial 
Per MiI·STD-883 Rev. C, Level B 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE DAC336-12 

12-Bit Storage Register DACs 

FEATURES 
• Input Storage Register 

• Compact and Complete 
Contains reference, ladder network, switches, 
output amplifier, and input storage register in 
a 24 pin DIP style package. 

• Very Low Power ... 300mW typical 

• Operates -55°C to +125°C 

• MIL or Comm./lndust. Processing 

DESCRIPTION 
DAC336-12 models are easy to use because they're so 
complete. They're ideal for microprocessor applications. 
Each DAC336-12 operates reference, ladder network, 
switches, output amplifier and input register on just 300 
mW, typical; and all in a 24 pin package. 

DAC336-12's input register is both 8-Bit bus and 12-Bit 
bus compatible. Strobe input pins 23 and 24 can be 
operated independently to enter 8 bits and 4 bits of data 
respectively or both pins can be operated simultane
ously when operating from 12 bit or larger data bus. Data 
is held in the register when the Strobe inputs are low. 
When Strobe inputs are high, the input register is "trans
parent" and the analog output follows the digital inputs. 

FUNCTIONAL DIAGRAM 
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At the heart of the DAC336-12 is a laser-trimmed, low 
drift, thin-film nichrome network. The units accept TTL! 
DTL and 5V CMOS logic levels and deliver a minimum of 
5 mA at ± 10V out. Simple pin jumpering allows the user 
output choices of either ± 10V or a to + 10V. 

Two DAC336-12 models are available: DAC336C-12 for 
commercial/industrial uses; DAC336B-12 where MIL
STD-883 Rev. C, Level B processing is required. 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supply voltages unless other
wise noted) 

SERIES 

TYPE 

RESOLUTION 

DIGITAL INPUTS 

Logic Compatibility 1 
Input Current 
Coding 

Unipolar 
Bipolar 

Strobe Width 2 
Data Set Up Time3 

ANALOG OUTPUT 

Scale Factor4 
Initial Offset4 
Output Ranges5 
Output Current Capability 
Output Impedance 

REFERENCE 

STATIC PERFORMANCE 

DAC336-12 

Latched, Fixed Ref., 
Volt. Output 

12 Bits 

TTL, DTL, CMOS 
1jJA(max) 

Binary 
Offset Binary 
140nS (min) 
50nS (min) 

±0.2% F.S.R. (max) 
±0.2% F.S.A. (max) 
Oto +10V, ±10V 
5mA {min} 
0.2,n 
Internal 

I ntegral Linearity 
(best straight line) ±0.03% F .S.R. (max) 
Differential Linearity ± 1 LSB (max) 

DYNAMIC PERFORMANCE 

Maximum Settling Time 
10V Change 
20V Change 

Slew Rate 
STABILlT't 

Differential Linearity 
o to +70°C 
-55°C to +125°C 

Scale Factor (Gain) 
o to +70°C 
-55°C to +125°C 

Offset 
Oto +70°C 
-55°C to +125°C 

Total Transfer Accuracy6 
o to +70°C 
-55°C to +125°C 

POWER SUPPL y7 
Requirements 

+15V 
-15V 

Rejection Ratio 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 
Case Style 

NOTES: 

5,uS 
10,uS 
10V/,uS 

±2ppmrC of F.S.R. (max) 
±5ppm/oC of F.S.R. {max} 

±20ppm/oC of F.S.R. (max) 
±30ppmrC of F.S.R. (max) 

±20ppmrC of F.S.R. (max) 
±30ppmrC of F.S.R. (max) 

30ppmrC 
40ppmrC 

+11.0V to +18.0V @ 10mA {max} 
-11.0V to -18.0V@ 25m A (max) 
O.OOl%/%Vs 

-55°C to +125°C B version 
O°C to +70°C C version 

24-pin ceramic 

PIN FUNCTION PIN FUNCTION 
1 SIT1 (MSBI 24 STROBE BIT '-4 
2 BIT 2 23 STROBE BIT 5-12 
3 81T3 22 OUTPUT 
4 SIT4 21 SUMMING JUNCTION 
5 BITS 20 +15V 
6 BIT 6 ,. -15V 
7 BIT7 , . 10 V RANGE . BIT a 17 20 V RANGE . BIT9 16 GAIN ADJUST 

10 BIT 10 15 MODE 
11 BIT 11 14 GROUND 
12 BIT 12 lSB) 13 GROUND 

1. 5V CMOS, 2.5V (nom.) threshold. Logic 1 > 3.5V (min), Logic 0 < O.BV (max). 
2. Strobe input load is 2 CMOS inputs. 
3. Time data must be stable before Strobe goes to "0". 
4. Adjustable to zero ... see APPLICATIONS INFORMATION. 
5. Pin programmable ... see APPLICATIONS INFORMATION. 
6. Includes gain, zero, and linearity errors. 
7. Supply voltages must be at least 3.5V above maximum output voltage. 
8. In case of discrepancy between package shown in photograph and pack

age outline dimension, the mechanical outline is correct. 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

TO ±15 VDC POWER SUPPLIES 

, +15V COM -15V 

k~~ 
r'~~ 
20 13 14 19 
+15V~-15VDC 

GND 

RECOMMENDED BURN-IN CIRCUIT 
(Standard for MI L-STD-883 Models) 

GAIN SCALING 
Output Voltage Connect Connect 

Range Pin 15 to Pin 22 to 

o to +10V Gnd 
±10V 21 

STROBE LOGIC 

Strobe Function 

0 data latched {held} 
1 data changing (transfer) 

OPTIONAL ADJUSTMENTS* 
OFFSET 

-'"'0 '1:: 0"" 

18 
17 

Unipolar - Set inputs to 000 ... 0, and adjust for OV output. 
Bipolar - Set inputs to 000 ... 0, and adjust for -1 OV output. 

GAIN 
100kn 

-15V O>-------"11r-:;-:M-l:---...... 0+15v 

Unipolar' Set inputs to 111 ... 1, and adjust for +1 OV output. 
Bipolar - Same as above. 
* Allow for swing of ±0.5% minimum. 

TRANSFER CHARACTERISTICS 

DIGITAL UNIPOLAR 

INPUT OUTPUT OUTPUT 
CODE WEIGHTING VOLTAGE 

111 ... 1 (F.S.-l LSB) +9.9975V 

100 ... 0 F.S.!2 +5.000V 

000 ... 0 ZERO o Volts 

BIPOLAR 

OUTPUT OUTPUT 
WEIGHTING VOLTAGE 

(F.S.--1 LSB) +9.995V 

ZERO o Volts 

-F.S. -10.000V 
.. 

CAUTION: ESD (Electro-Static Discharge) senSItive deVice. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. Power supply should come up before, 
or at the same time, as the digital input supply. 

ORDERING INFORMATION 
MODEL 
DAC336C-12 
DAC336B·12 

PROCESSING 
Commercialllndustrial 
Per MIL-STD·883 Rev. C, Level B 

Specifications subject to change without notice. 



1.310 

1 

(33.274) 
... - ---.:...MAX------· I I I 0.165 

· 24 13 · 1~:,) -~ ~.~~rD.DlO 
MAX (';-24 ( 0.25) 

.1 12 • I T '---_________ LL 0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

F
' I~'~'i~Xn n ~ n 110~~r5~,~~r DIMENSIONS 

_I 1--0.100 +0.005
TVP 

-- MIN inches 
(2.54 ±0.13) cmmf 

0.018 + 0.002 
(0.46 ± 0.05) 
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SIGNAL PROCESSING EXCELLENCE DAC337 

Adjustment-Free, 8 & 10-Bit DACs 

FEATURES 
• 8 and 10 Bit Versions 

• No Zero Or Gain Adjusts 

• ± %LSB Linearity 

• Internal Reference and Output Amplifier 

• MIL-STO-883 or Comm./lndust. Processing 

• Low Power 

DESCRIPTION 
The DAC337 Series digital-to-analog converters are 
designed for completely adjustment-free operation. 

The word "simplicity" best characterizes the DAC337 
Series. All models are housed in hermetically-sealed DIP 
style packages and operate on ± 15V power supplies. 
Each model incorporates a precision reference, highly 
stable thin-film nichrome resistor network, output ampli
fier, and switches. ± 1/2 LSB linearity is achieved without 
the use of external zero and gain adjustment circuits. 

Both the 8- and 10-Bit versions are offered with the 

FUNCTIONAL DIAGRAM 
GND -15V GND +15V NC 

10 (11) 

RESISTOR NETWORK 

SWITCHES 

11 12 13 14 
(5) (12) (13) (14) (15~ (16~ 

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

BIT 1 
MSB 

9 10 

choice of four output voltage ranges: 0 to + 10, 0 to -10 
(unipolar) and ± 5, ± 10 (bipolar). 

Hybrid Systems offers two grades of processing: com
mercial/industrial (Option C) and MIL-STD-883 Rev. C, 
Level B (Option B). 

NC MEANS NO CONNECTION 

'---____ +--5 ",-(6_) -oVOL TAGE OUTPUT 

BIPOLAR ONl Y 

PIN OUTS 
n . DAC337·0, ·1, ·2,·6 
(n)· DAC337·3, ·4, ·5, ·7 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Output ranges: 0 to + 10V, ± 10V, 
• Coding: binary; offset binary 
• Linearity: ±O.01 % 
• Settling time: 2.5 J.LS 
• J.LP compatible 
• 28-pin package 
• CMOS, TIL compatible 
• Double buffered inputs 

DESCRIPTION 
DAC338 is a J.LP compatible, complete 12-bit dou
ble buffered digital-to-analog converter. To en
hance application flexibility, the data input regis
ters have been configured as 3 independent, 4-bit 
bytes. This enables the user to directly interface to 
4, 8, and 12-bit data buses. DAC338 comes com
plete with interface control logic. The three 
separate byte enable inputs latch data from the 
bus into the appropriate primary data latches. The 

FUNCTIONAL DIAGRAM 

DAC338 

COMPLETE J.tP COMPATIBLE 
12-BIT DAC 

LDAC input transfers data from the primary latches 
to the DAC register. In addition to these inputfunc
tions are two chip select inputs and a read/write in
put allowing direct memory-map configurations. 
All input controls are static to allow hardwired con
figurations. The DAC338 is packaged in a hermeti
cally sealed package and is rated -55°C to 
+ 125°C. The B-models of the DAC338 are fully 
screened and tested to MIL-STD-883C. 

DATA INPUTS SUM 5V 

CS 

CS 

WR 

HBE 

MBE 

LBE 

LDAC 

CONTROL 
LOGIC 

DAC338 

MSB 

+5V -15V +15V GND 

14 

GAIN 

LSB JCT RANGE 

BIPOLAR 

VOUT 
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SPECIFICTIONS 
(Typical @25°C unless otherwise noted. Power supply voltages: + 15V, -15V, + 5V, (± 5%)) 

MODEL 
DIGITAL INPUT 

Resolution 
Unipolar Code 
Bipolar Code 
Logic Compatibility1 
Control Logic Inputs 

IIH @VIH = 2AV 
IlL @VIL = OAV 

Data Input CurrentS 

ANALOG OUTPUT 
Scale Factor Accuracy2 
InitialOffset2 

Bipolar 
Unipolar 

Voltage Range2 

Bipolar 
Unipolar 

STATIC PERFORMANCE 
Integral Linearity3 
Differential Linearity 
Monotonicity 

DYNAMIC PERFORMANCE 
Full Scale Transition 

Settling Time 

Full Scale Transition 
Slew Rate 

Delay to Analog Output 
From Bits Input4 
From LDAC 
From CS4 or WE4 

STABILITY 
Scale Factor 
Integral Linearity 
Differential Linearity 
Offset Drift 

Bipolar 
Unipolar 

Monotonicity Temperature Range 

+ 15V POWER SUPPLY 
+ 15V Supply Current 
-15V Supply Current 
PSRR 

+ 5V POWER SUPPLY 
+ 5V Supply Current 

TEMPERATURE RANGE 
Operating 
Storage 

MECHANICAL 
Case Style 

DAC338-2 

12 Bit 
Binary 
Offset Binary 
CMOS, TTL 

20 ",A 
-0.36mA 
±1",A 

±O.1% FSR 

±O.1% FSR max 
± 0.05% FSR max 

±10V, 
o to +10V 

±0.015% FSR max 
± 0.024 FSR max 
12 Bits 

5",S max 
2.5",S max 

10V/",S min 

220nS 
220nS 
225nS 

20ppm FSR 
1ppm FSR max 
1ppm FSR max 

10ppm/oC 
5ppm/oC 
OOC to + 70°C 

12mA 
10mA 
0.005%/% 

24m A 

- 55°C to + 125°C 
- 65°C to + 155°C 

Metal 

DAC338-0 

± 0.050% FSR max 
± 0.097% FSR max 
10 Bits 

NOTES: 1. Controt inputs are TTL and 5V CMOS onty; data inputs are futty CMOS and TTL compatible 2. See APPLICATION NOTES for adjustment procedures 3. Specified as "Best Straight 
Line" 4. Operating the unit with the DAC Register transparent may result in output 'glltches" due to logic skewing with the unit. 5. Digital Input Voltage must not exceed supply voltage or go 
below - 0.5V. "0" 0.8V; 2.4V "1" VDD 

• Same as DAC338·2 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected devices are subjected to high energy electrostatic 
fields. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below - 0.5 volts. 

DAC338c 
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CONTROL LOGIC FUNCTIONAL DIAGRAM 

WR o-------------~~----~ 
CS1 o---------~--+_-Q 
CS2 o-----_---+---+--a 

LBE 

MBE o------+--~--+_~ ____ ~ 

HBE o------+---+---+-~ ____ ~ 

LDAC o----------------i 
TRUTH TABLE 

DAC338 CONTROL INPUTS 

WR CSI CS2 LBE MBE HBE 

X 

x 
X X 

x 
X 

TIMING DIAGRAM 

X 

LDAC 

TO DAC 

DAC33B OPERATION 

Device not selected 

Output reflects previously 

loaded data 

Write data Into low byte 

data register 

Write data Into middle 

byte data register 

Write data Into high byte 

data register 

Load OAC register with 
data In low byte middle 

byte and high byte data 

registers 

Write data Simultaneous 

Into all data registers 

Write data directly Into 

DAC register 

HBE ~1-o1'----ADDRESS VALlD----·~1C1 

~:: I I 
LDAC 1'-. ____________ _ 

1-0. -e------tAWS • I 

CS1 r------tCWS--+l tCWH r-= 
CS2 ----~~ I 1 
WR-----~ l-...- I 

\{ t
WRr 

I ......, '--tDH 

D11 __ D_O ___________ >r'DS~ k= 
--DATA VALlD~ 

tos : Data setup tlma, 250 nsec tcws : Chip selact to write setup time, 375 nsec 

tOH : Data hold tlma, 20 nsec tcWH : Chip selact to write hold time, 0 nsec 

twR : Write pulse width, 350 nsec tAWS: AddreBB to write setup tlma, 250 nsec 

PACKAGE OUTLINE 

PIN DIAGRAM 

PIN FUNCTION 

1 LOAC. LOADS DAC REGISTER AND CHANGES OUTPUT 

WR. WRITE INPUT. ACTIVATES ALL CONTROLS 

CS2, CHIP SELECT INPUT 2 

CS1, CHIP SelECT INPUT 1 

MBE, MIDDLE BYTE ENABLE, 04 TO 07 

HBE, HIGH BYTE ENABLE, 08 TO 011 

LBE, LOW BYTE ENABLE, DO TO 03 

GNO, GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

VCC, +15V SUPPL Y 

10 RANGE, 5V OUTPUT RANGE INPUT 

11 VOUT, OAC VOLTAGE OUTPUT 

12 SUMJCT, SUMMING JUNCTION OF OUTPUT OPAMP 

13 BIPOLAR, CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

14 GAIN, INPUT TO ADJUST FULL SCALE OUTPUT VOL TAGE 

15 VEE, -15V SUPPLY 

16 OIl, DATA INPUT, WEIGHT 2-1, MSB 

17 010, DATA INPUT, WEIGHT 2-2 

18 09, DATA INPUT, WEIGHT 2-3 

19 08, DATA INPUT, WEIGHT 2-4 

20 07, DATA INPUT, WEIGHT 2- 5 

21 06, DATA INPUT, WEIGHT 2-6 

22 05, DATA INPUT, WEIGHT 2-7 

23 04, DATA INPUT, WEIGHT 2-8 

24 03, DATA INPUT, WEIGHT 2-9 

25 02, DATA INPUT, WEIGHT 2-10 

26 01, DATA INPUT, WEIGHT 2 11 

27 ~O, DATA INPUT, WEIGHT 2- 12, LSB 

28 VOO. +5V SUPPL Y. CONTROL LOGIC 

OUTPUT CONNECTIONS 

RANGE OUTPUT CONNECT 
PIN 12 

o to +10V PIN 11 OPEN 

-10V to +10V PIN 11 PIN 13 

OUTPUT OFFSET ADJUST 

10kn to 100kn 

CONNECT 
PIN 10 
OPEN 

OPEN 

-15VT"5V 
CONNECT 

PIN 13 
OPEN 

PIN 12 

to PIN 12 (PIN 121S AT VIRTUAL GROUND) 

RANGE: ±0.25% F.S, 
Adjust for Vout = 0.000 Volt at input code 00 . , .0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation, 

OUTPUT GAIN ADJUST 

10kn to 100kn 
-15V 0----..JVV\r------, 

3Mn 

to PIN 14 (PIN 14 IS AT -6.4 VOLTS) 

RANGE: ±0.5% 

Adjust for Vout = +9.9976 Volt at input code 11 ... 1 (4,9988 Volt 
on 0- 5V range) or for Vout = -10.000 Volt at input code 00 ... 0 
(-5.0000 Volt on ±5V range) if set up for bipolar operation, 
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APPLICATIONS INFORMATION 
INTERFACING THE DAC338 TO AN 8-81T PROCESSOR 
USING NO EXTERNAL COMPONENTS 

H1 
DATA-BUS 

CPU 
8-BIT WR 

ADDRESS-BUS 

It> .. '" N 

:( :( :( :( :( 

I 

8 
cs CS HBE MBE LBE LDAC WR 

LB 
DATA 

DAC338 INPUTS 

~ 
HB,MB 

VOUT 

t-. 

V 

"-

V 

I ANALOG OUTPUT 

This mode of operation requires 13k bytes of unused addresses_ 
No additional address decoder is necessary. The two chip-select 
inputs together with the byte-enable and load-DAC inputs are used 
to control all functions of the DAC. Through selecting the address
lines the user can vary the addresses used to control the DAC. In 
the above figure the control signals have the following address
configurations (hex): 

HBE, MBE 2000 
LBE 1000 
LDAC 0800 

The LDAC input shold not be tied together to the LBE input to 
ensure correct data transfer between the DAC registers. 

INTERFACING THE DAC338 TO A 16-81T MICROPROCESSOR 

t. 

ADDRESS-BUS 

""> 
V 

CPU 

I 
ADDRESS 

16-BIT DECODER 

t. 

DATA-BUS 
r--

WR V 
I-
iii 
~ 

( + 

"" 7 
DATA INPUT ~ CS 

HBE I-

DAC338 
MBE I-

WR 
LBE -

LDAC 
VOUT 

I-

l ANALOG OUTPUT 

Interfacing the DAC338 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
the DAC. 
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INTERFACING THE DAC338 to a 4-81T MICROPROCESSOR 
USING 4-81T I/O-PORTS 

CPU 

4-BIT 

DATA INPUTS 

DAC338 

CSf CS2 WR VOUT 

t t 

HBE 

MBE 

LBE 

LDAC 1-----' 

ANALOG OUTPUT 

This figure shows how to operate the DAC338 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC's at the same port. In the 
first step data should appear at the port A outputs; in the second 
step the control flags should appear on port B. 

ORDERING INFORMATION 
MODEL 

DAC3388-12-2 
DAC3388-12-0 

DESCRIPTION 

~p DAC, 0.01% Linearity, 883C 
~ P DAC, 0.05% Linearity, 883C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 10- and 12-bit models 
• Very low power: less than 300 mW 
• Wide operating temperature range: 

-55°C to + 125°C 
• MIL-STD-883 Rev. C, Level B or commercial 

processing 
• 18 pin hermetic package 

DESCRIPTION 
This Series is specifically designed and tested for 
low power operation. The models feature low total 
power dissipation of less than 300 mW. Each unit in
corporates a pretrimmed output amplifier and a 
low power internal reference. 
The DAC347 Series are high performance, general 
purpose, digital-to-analog converters utilizing 
matched CMOS current switches and ultra stable 
thin-film nichrome resistor networks. All DAC347 
Series models provide optimum stability in per
formance over the full -55°C to + 125°C tempera
ture range. 

FUNCTIONAL DIAGRAM 

DAC347 

LOW POWER, WIDE 
TEMPERATURE RANGE DACs 

Unipolar models use complementary binary 
coding and bipolar models use complementary 
offset binary coding. Each DAC347 Series converter 
comes packaged in a hermetically-sealed 18-pin 
package, ideal for applications where maximum 
performance in minimum space is required. 

GAIN 
+15V -15V GND ADJ 

BIT 1 
(MSB) 

BIT2 

R 

R = 25k 

BIT3 

R 

BIT 12 
(LSB) 

2R 

OFFSET 
ADJ 

I 

FOR BIPOLAR ~ 
MODELS ~ 

I 
12 

.--I\IVI.,--__+---4--'OOUTPUT 
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SPECIFICATIONS 
(Typical @ +25°C using nominal supplies unless otherwise noted). 

SERIES 

TYPE 

DIGITAL INPUT 

Resolution 
-10 option 
-12 option 

Coding Unipolar 
Bipolar 

Logic Compatibility 1 

ANALOG OUTPUT2 

Voltage Output 
-U option 
-B option 
-G option 

Impedance 
Current 

REFERENCE 

STATIC PERFORMANCE 

I ntegral Linearity 
Differential Linearity 
End Point Accuracy 

DYNAMIC PERFORMANCE 

Settling Time for a Worst 
Case Digital Change 
-10 models (to ±0.05%) 
-12 models (to ±0.05%) 

-25°C TO +85°C OPERATION 

Change in Accuracy3 

DAC347 

Fixed Ref, Volt Output 

10-bits 
12-bits 
Compo Binary 
Compo Offset Binary 
DTL, TTL, CMOS 
VIH=2.4V (min), 
V I L =0.8V (max) 
IIH=IIL =lMA (max) 

o to +10V 
±5V 
±10V 
0.1!1 
±5mA 
Internal 

±Y:.LSB (max) 
±Y:.LSB ±lLSB (max) 
±0.1% 

20MS (max) 
20MS (max) 

-10 models ±0.15% F .S. R. 
-12 models ±0.1% F.S.R. 

Differential Linearity 
-10models ±O.l%F.S.R. 
-12 models ±0.025% F.S.A. 

Linearity Error 
-10 models ±0.05% F.S.R. 
-12 models ±0.0125% F.S.R. 

-55°C TO +125°C OPERATION 

Change in Accuracy 
-10models ±0.7%F.S.R. 
-12 models ±0.35% F.S.R. 

Differential Linearity 
-10 models ±0.1 % F.S.R. 
-12 models ±0.05% F.S.R. 

Linearity Error 
-10 models ±0.05%F.S.R. 
-12 models ±0.025% F.S.R. 

POWER REQUIREMENTS 

Power Supply 

Power Supply Rejection 
Ratio 

ENVIRONMENTAL 

Operating Temperature 
Range 

MECHANICAL 

Case Style 

~~,~, rn 
~nl .. i;r:~:' 
D'r" "~'JJ 
l~oV?.:~-.l ,:.~~,tm, 

NOTES: 

+15V, ±3% @ 6mA (typl, 
9mA (max) 
-15V, ±3% @ 9mA (typ), 
12mA (max) 

0.001%/% (typ), 
0.002%/% (max) 

-55°C to +125°C B Versions 
0° C to 70° C C Versions 

18 pin ceramic 

PIN FUNCTION PIN FUNCTION 

BIT 1 IMSB) 18 BIT 12 ILSB) 

BIT 2 17 BIT 11 

3 BIT 3 • 16 BIT 10 

BIT4 15 BIT9 

BIT 5 14 BIT 8 

6 BIT 6 13 BIT7 

7 GAIN AOJ 12 OUTPUT 

8 OFFSET ADJ 11 GND 

~ +_1_5V __ -,-I_0 ..J..-_1_5V __ ...J 

1. Logic input should not exceed + 5.5V or be below - 0.3V. 
2. Full scale range and offset voltage are externally adjustable. 
3. Includes effects of scale factor, zero and linearity. 
4. In case of discrepancy between package shown in photograph and pack· 

age outline dimension, the mechanical outline is correct. 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPL Y BYPASS CIRCUIT 

(

+'5V 0 1+'.F +O.Q1.F +'5VSUPPLY 

DAC347 GND @\----::E~--~I----
1'.F TO.01• f 

·'5V @I-----~---~~--_ 

RECOMMENDED BURN-IN CIRCUIT 
(Standard for MI L-STD-883 models) 

OPTIONAL OFFSET AND GAIN ADJUSTMENTS 

OFFSET ADJ GAIN ADJ 

Calibration Prodedures 
Unipolar models 
1. Apply a 111 ... 1 input code and set the OFFSET ADJUST 

potentiometer for 0 volt output. 
2. Apply a 000 ... 0 input code and set the GAIN ADJUST 

potentiometer for desired full scale output. 

Bipolar models 
1. Apply a 0111 ... 1 input code and set the OFFSET ADJUST 

potentiometer for 0 volt output. 
2. Apply a 000 ... 0 input code and set the GAIN ADJUST 

potentiometer for desired (+) full scale output. 

TRANSFER CHARACTERISTICS 

UN IPOLAR, -U MODELS (0 to +10V OUTPUT) 
Complementary Binary Input Code Analog Output 

MSB 2 3 4 5 6 7 8 9 10 11 LSB Weighting Voltage 
1 1 1 1 1 1 1 1 1 1 1 1 Zero +O.OOOV 
1 1 1 1 1 1 1 1 1 1 1 0 +1 LSB +0.0024V 
0 1 1 1 1 1 1 1 1 1 1 1 +y, F.S. +5.000V 
0 0 0 0 0 0 0 0 0 0 0 0 +F.S. -1 LSB +9.9976V 

BIPOLAR, ·B MODELS (±5V OUTPUT) 
Complementary Offset Binary Input Code Analog Output 

MSB 2 3 4 5 6 7 8 9 10 11 LSB Weighting Voltage 
1 1 1 1 1 1 1 1 1 1 1 1 -F.S. -5.000V 
1 0 0 0 0 0 0 0 0 0 0 0 -1 LSB -0.0024V 
0 1 1 1 1 1 1 1 1 1 1 1 Zero +O.OOOV 
0 0 0 0 0 0 0 0 0 0 0 0 +F.S. -1 LSB +4.9976V 

BIPOLAR,·G MODELS (±10V OUTPUT) 
Complementary Offset Binary Input Code Analog Output 

MSB 2 3 4 5 6 7 8 9 10 11 LSB Weighting Voltage 
1 1 1 1 1 1 1 1 1 1 1 1 -F.S. -10.000V 
1 0 0 0 0 0 0 0 0 0 0 0 -1 LSB -O.OO48V 
0 1 1 1 1 1 1 1 1 1 1 1 Zero +O.OOOV 
0 0 0 0 0 0 0 0 0 0 0 0 +F.S. -1 LSB +9.9951V 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0,5 volts or go below -0.5 volts. 

ORDERING INFORMATION 
MODEL DESCRIPTION 
DAC347LPB-10-G MIL, 10-Bit, ±10V 
DAC347LPB-12-G MIL, 12-Bit, ±10V 
DAC347LPB-10-B MIL, 10-Bit, ±5V 
DAC347LPB-12-B MIL, 12-Bit, ±5V 
DAC347 LPB-1 O-U MIL, 1 O-Bit, 0 to +1 OV 
DAC347LPB-12-U MIL, 12-Bit, 0 to +10V 
DAC347LPC-10-G Comm, 10-Bit, ±10V 
DAC347LPC-12-G Comm, 12-Bit, ±10V 
DAC347 LPC-l O-B Comm, 1 O-Bit, ±5V 
DAC347 LPC-12-B Comm, 12-Bit, ±5V 
DAC347 LPC-l O-U Comm, 1 O-Bit, 0 to +1 OV 
DAC347LPC-12-U Comm, 12-Bit, 0 to +1 OV 

• fLPC models are commercially processed. 
LLPB models are processed to MIL-STD·883 Rev. C, Level B. 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 12-bits binary or 3-decades BDC 
• Low power: 300mW 
• Commercial, industrial and MIL-STD-883 models 
• 5 pin selectable output ranges 

DESCRIPTION 
The DAC349 Series are versatile, low power 12-bit 
D/A converters that are intended for fixed reference 
applications. These units combine a novel CMOS 
switching technique with a precision, ultra-stable 
thin-film ladder to achieve accurate conversion 
with low power drain; improved reliability and 
near-instantaneous warmup are major advan
tages of reduced power consumption. All models 
include an internal preciSion reference and a gain
selectable output amplifier. 
The DAC349 Series offers a choice of either 12-bit 
binary coding (-12 models) or 3 decade BCD 
coding (-3~ models). 

By external pin jumpering, the binary models can 
be connected for unipolar output ranges of 0 to 

FUNCTIONAL DIAGRAM 

• r • 

DAC349 

LOW POWER, 12-811, 
CMOSDACs 

-5V or 0 to -10V and for offset binary coded 
bipolar outputs of ±2.5V, ±5V and ± 10V. For 
ratiometric applications, the units operate from an 
external fixed DC reference of -10V ± 10%. 
Both binary and BCD models are available in com
mercial/industrial and MIL-STD-883 Rev. C, Level B 
versions. The DAC349B is specified over a tempera
ture range of -55°C to + 125°C. Both versions 
operate -55°C to + 125°C. 

BIPOLAR 20V 10V SUMMING 
GND GND +15V -15V OFFSET RANGE RANGE JUNCTION 

GAIN ADJ 0----"-+--1 

RE F OUT ~-o.----.:::.-+--~ 

JUMPER 

REF IN PRECISION RESISTOR LADDER 
AND SWITCHES 

Rl R2 
50kn 50kn 

100kn 

13 14 15 16 17 18 19 20 21 22 23 24 

BINARY BIT 12 11 10 9 1 (-12 MODELS) 
(LSB) (MSB) 

BCD 4 8 10 20 40 80 100 200 400 800 (-3D MODELS) 

'FOR BCD (-3D MODELS). 
R1 + R2= 80kn 

>-----4~_o OUTPUT 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supplies unless otherwise noted) 

SERIES DAC349 

TYPE 

DIGITAL INPUT 

Resolution 

Unipolar Coding 
Bipolar Coding 
Logic Levels 

Binary 

BCD 

Input Current 

ANALOG OUTPUT 

Voltage Range 

Current Compliance 
Impedance 
Scale Factor 1 
Unipolar Offset 1 
Bipolar Offset 1 

REFERENCE 

Internal 2 
External (D.C. only) 

STATIC PERFORMANCE 

Linearity 
Differential Linearity 

DYNAMIC PERFORMANCE 

Settling Time 
Slew Rate 

STABILITY 

Fixed Reference, Voltage Output 

12 Bits Binary (-12) or 
3 Decades BCD (-3D) 
Binary or BCD 
Offset Binary 

VIH=2.4V min, 
V I L =0.8V max 
V IH=3.5V min, 
V I L =1.5V max 
±1/lA max 

o to -5V, 0 to -10 
±2.5V, ±5V, ±10V 
±5mA (min) 
'-;;0.1 
±0.1%of F.S.R. (max) 
±0.2% of F.S.R. (max) 
±0.1% of F.S.R. (max) 

-10VDC 
-10VDC ±10%@ 1mA 

±)f;, LSB (max) 
±1 LSB (max) 

15/lS (max) 
1V//lS 

Accuracy vs Temp.3 30ppmtC (max) 
Linearity vs Temp. 5ppmtC (max) 
Differential Linearity vs Temp. 2ppmtC (max) 

POWER SUPPLY 

VOltage @ Current 

Rejection Ratio 
Power Consumption 

TEMPERATURE RANGE 

Specified 
DAC349C 
DAC349B 

Operating, All models 
Storage, All models 

MECHANICAL 

Case Style 

NOTES: 

+15V@5mA (nom): 10mA (max) 
+13V to +18V; 
-15V @ 15mA (nom): 20mA (max) 
-13V to -18V 
0.005%/% 
375mW (max) 

-25°C to +85°C 
-55°C to +125°C 
-55°C to +125°C 
-65°C to +150°C 

Ceramic 

PIN FUNCTION PIN FUNCTION 

NO NO BINARY BCO 

OUTPUT BIT 1 (MSBI 800 

SUMMING JeT 

lOV RANGE BIT 3 

20V RANGE 21 BIT 4 100 

BIPOLAR OFFSET 20 BIT 5 80 

GAIN ADJ 19 BIT 6 

REFIN 18 BIT7 20 

REF OUT BIT 8 10 

BIT 9 8 

BIT 10 

14 SIT 11 

12 13 BIT 121LSBI 

1. Offset and gain are externally adjustable. See APPLICATIONS 
INFORMATION. 

2. For specified overall performance, external loading of the reference output 
(Pin 8) must not exceed 1.0 mAo 

3. Total effect of linearity, offset and gain tempco's on the transfer 
characteristics of the unit. 

4. In case of discrepancy between package shown in photograph and pack
age outline dimension, the mechanical outline is correct. 

Specifications subject to change without notice. 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER RECOMMENDED BURN-IN CIRCUIT 
SUPPL Y BYPASS CI RCUIT (Standard for MI L·STD-8S3 Models) 

TO±15VSUPPLIES 

~~
01~F COM + 001~F 

lJ,JF lJ.1.F 

* 
+15V -

10 11 

TO O';C349 

* SINGLE POINT GROUND WHERE POSSIBLE 

OPTIONAL ADJUSTMENTS 
OFFSETADJ 

TIE All 
lOGIC 
INPUTS 
TO GROUND 

+lSV -lSV 

20Kn 

+15V ------T---- -15V 

l20Mn ~
_15V 

OR 
PINS 

":' 301Kn 

PIN2 PING 
DAC349 DAC349 

Binary Unipolar Operation: 
1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot 

for OV out. 
2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 

- (F.S. - 1 LSB). 
Binary Bipolar Operation: 
1. Apply a 1 0 0 ... 0 input code and set the OFFSET ADJ pot for 

a zero output. 
2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 

-(F.S. -1 LSB). 
BCD Unipolar Operation: 
1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot for 

OVout. 
2. Apply 1001 1001 1001 input and set the GAIN ADJ pot for 

-9.990V. 
RANGE SCALlNG* 

Output Jumper Connect 
Voltage These Pin 5 
Range Pins to Pin 
o to -5V 1 & 3,2 & 4 11 
o to -1 OV 1 & 3 11 
o to -9.99V 1&4 ** 

±2.5V 1 & 3 7 
2&4 

±5V 1&3 7 
±10V 1 &4 7 

Coding 

Binary 

BCD 

Offset 
Binary 

*Pm 7 must be connected to either the mternal reference (Pm 8) or 
to an external -1 OVDC reference source. 
**No connection on BCD (-3D) models. 

TRANSFER CHARACTERISTICS 
Binary Unipolar Operation BCD Unipolar Operation 
Digital Input Analog Output Digital I nput Analog Output 

1 1 1 ... 1 -(F.S. -1 LSB) 1001 1001 1001 -9.99 
1 00 ... 0 -F.S./2 0101 00000000 -5.00 
000 ... 0 OV 0000 0000 0000 OV 

Binary Bipolar Operation 

Digital Input Analog Output 
1 1 1 ... 1 -(F.S. -1 LSB) 
100 ... 0 OV 
000 ... 0 +F.S. 

ORDERING INFORMATION 
MOQ!=L 

DAC349C-12 
DAC349C-3D 
DAC349B-12 
DAC349B-3D 

DESGRIPTION 

Comm, 12-Bit, -25°C to +85°C 
Comm, 3-Decade, -25°C to +85°C 
MIL, 12-Bit, -55°C to +125°C 
MIL,3-Decade, -55°C to +125°C 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 



1.310 

1 

(33.274) .... ----MAX------·I I I 0.165 

13 · J.~~1) - ~ ~~LolO 
MAX (1.5.24 ~ ± 0.25) 

12 • I + '--________ ---1-.L_ 0.010 + 0.002 - 0.001 
.1 

(0.25 + 0.005 - 0.003) 

FIPa'~'~D~~ n n n 11:.:~r5:;,~~~ DIMENSIONS 

_I 1---0.100 ±0.005 -- MIN inches 
(2.54 ±0.13) TYP (mIlif 

0.018 ±0.002 
(0.46 ± 0.05) 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Low power: 75mW versions 
• -55°C to + 125°C operation 
• MIL-STD-883 or commercial processing 
• Internal reference and output amplifier 
• Hermetic 18-pin package 

DESCRIPTION 
Only DAC356 Series 12-bit digital-te-analog con
verters (DACs) offer minimum power consumption of 
available low cost DACs with internal references 
and output amplifiers. DAC356LP-12 operates 
switches, ladder network, internal reference and 
output amplifier on just 75mW typical, 90mW max
imum. Each DAC is hermetically sealed in a com
pact 18-pin, single DIP width package. 
Low power operation is accomplished using 
matched CMOS current switches. All models are 
factory trimmed to ±O.1 % of full scale range (FSR) 
and may be further adjusted to an accuracy of 
±O.02% or better (see APPLICATIONS 
INFORMATION). 
The DAC356 Series uses complementary offset 
binary coding and delivers an output of ± 10V 
@5mA (consult factory for other ranges). Input logic 
is DTL TIL and CMOS compatible. Settling time for 1 
LSB change to ±O.02% FSR is 5J.lS; a full scale 
change settles in 50J.lS. Gain drift is ± 30ppm/oC FSR. 
Operation is from ± 13 to ± 18 volt power supplies 

FUNCTIONAL DIAGRAM 

(MSB) (LSB) 
Bit 1 Bit 2 Bit 3 ••• Bit 10 Bit 11 Bit 12 

DAC356 

ULTRA-LOW POWER 
12-BIT IC DACs 

(± 15V nominal). The DAC356 is an ultra low power 
version of the DAC346 and DAC347. 
DAC356 Series models are of particular advantage 
in systems that incorporate large numbers of 
DACs ... where the accumulated power consump
tion can be significant. DAC356 Series allows 
minimum power supply size and expense. Related 
heat removal requirements are also diminished. 
And DAC356 Series' wide tolerance on power sup
ply voltages (versus ± 3% tolerance usual for higher 
power drain units) further eases supply needs. In 
systems applications of large or small DAC quan
tities, DAC356 Series' units offer increased reliability 
and wider operating temperature range. 

GAIN 
ADJ 

t--------+-_____ ......... --'\oIll'v-_,...... ___ --t_12-o OUTPUT 

+15V 
SUPPLY 

-15V 
SUPPLY 

GND OFFSET 
ADJ 
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SPECIFICATIONS 
(Typical @ +25°C and nominal supplies unless otherwise noted) 

SERIES DAC356 

TYPE 

DIGITAL INPUT 

Resolution 
Coding 
Logic Compatibility 1 
Input Current 

ANALOG OUTPUT2 

Voltage @ Current 
Impedance 
Initial Accuracy3 
Output Protection 

REFERENCE 

STATIC PERFORMANCE 

Integral Linearity 
Differential Linearity 
End Point Accuracy 

DYNAMIC PERFORMANCE 

Settling Time for 1 LSB 
Change to ±0.02% F.S.R. 

Settling Time for Full Scale 
Change to ±0.02% F.S.R. 

STABILITY 

Gain 
Offset 
Differential Linearity 

POWER REQUIREMENTS 

+15V Supply Voltage 
+15V Supply Current 
-15V Supply Voltage 
-15V Supply Current 
Rejection Ratio 

TEMPERATURE RANGE 

Operating 

MECHANICAL 

Case Style 

0.010"'U- 0.300 If' 
(0.254) 1- (7.62) -l . , 1S • 

TOP 
VIEW 

·9 10· 

I 0.490 -l 
-(12.446) 

I 
0.992 

(25.197) 

I 

Fixed Ref, Volt Output 

12-Bits 
Complementary Offset Binary 
VIH= 2.4V min, VIL= 0.8V max 
±1/J.A max 

±10 Volts @ ±5mA 
0.1.11 
±0.1% F.S.R. 
Short Circuit to GND 
(Continuous) 

Internal 

±0.012% F.S.R. max 
±Y:.LSB typ, ±1 LSB max 
±0.1% max 

±30ppm/oC F.S.~. (max) 
±10ppm/"C F.S.R. (max) 
±5ppm/"C F.S.R. (max) 

+13 to +18 Volts 
2.5mA, typ; 3.0mA, max 
-13 to -18 Volts 
2.5mA, typ; 3.0mA, max 
0.002%/% max 

-55°C to +125°C B Version 
0°Ct070°C CVersion 

Metal 

L 
r-

0.100 
(2.54) 

PIN (1) 
INDEX 

I~I- 0.025 
0.200 4 (0.635) 

(5.207) 
MIN 

Pin 1 is marked by a dot on the top of the package. 

Pin Assignments 

PIN FUNCTION PIN FUNCTION 

1 BIT 1 (MSB) 18 BIT 12 (lSB) 

2 BIT 2 17 BIT 11 

3 BIT 3 16 BIT 10 

4 BIT4 15 BIT9 

5 BIT 5 14 BIT 8 

6 BIT6 13 BIT7 

7 GAIN AOJ 12 OUTPUT 

8 OFFSET AOJ 11 GNO 

9 +15V 10 -15V 

NOTES: 
1. Logic input should not exceed +15.0V or be below -0.3V. 
2. Full scale range and offset voltage are externally adjustable. 

See APPLICATIONS INFORMATION. 
3. Can be adjusted to ±0.02% F.S.R. or better. See OPTIONAL 

OFFSET AND GAIN ADJUSTMENTS in APPLICATIONS 
INFORMATION. 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

+15v0-1 

Io01PF 

OAC356 GNOG f" I 
-15vG I

1PF r 0,01 pF 

RECOMMENDED BURN-IN CIRCUIT 
(Standard for MIL-STD-883 models) 

OAC356 12 

+15V -15V 

+15V SUPPLY 

COM 

-15V SUPPLY 

OPTIONAL OFFSET AND GAIN ADJUSTMENT CIRCUITS 

Q T ""Q Q 

~OAC'" 
OFFSET ADJ 

Quick Calibration Procedure 

+ 15V 

20kQ 

20kQ 

7 DAC356 

GAIN ADJ 

1. Apply a 0 1 1 ... 1 1 1 input code and set the OFFSET ADJ pot 
for zero output. 

2. Apply a 1 1 1 ... 1 1 1 input code and set the GAIN ADJ pot for 
- F.S. output. 

TRANSFER CHARACTERISTICS 

Complementary Offset Binary Input Code Analog Output 

-15V 

MSB 2 3 4 5 6 7 8 9 10 11 LSB Weighting Voltage 

1 1 1 1 1 1 1 1 1 1 1 1 -F.S -10.000V 
1 0 o 0 0 o 0 0 0 0 0 0 -1 LSB -0.0048V 
0 1 1 1 1 1 1 1 1 1 1 1 ZERO +O.OOOV 
0 0 000 o 0 0 0 0 0 0 +F.S. -1 LSB +9.9952V 

CAUTiON: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices a~e subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destin
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig-
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in-
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 

ORDERING INFORMATION 
MODEL 

DAC356LPC-12 Comm, Ultra-Low Power, l'L-Bits 
DAC356LPB-12 MIL, Ultra-Low Power, 12-Bits 

lie models are commercially processed. L B models are processed to MIL·STD·883 Rev. C, Level B. 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• True 16-bit (0,0008%) linearity 
• Two chip construction 
• Input registers 
• Low power 
• Hermetic 28-pin DIP 
• 2- and 4-quadrant multiplication 
• Single-supply operation 
• Available with MIL-STD-883 screening and 

testing 

DESCRIPTION 
The DAC370-18 is a true 16-bit linear D/A converter 
manufactured with the most advanced proprietary 
monolithic devices1 and proven packaging tech
nique, A single, unique monolithic chip contains 
switches, storage registers and other electronics for 
high resolution and low linearity error, A second, 
passive chip provides all the resistors needed for 
this multiplying D/A. Input storage registers are in 
two 8- and one 2-bit segments with independent 
latching - a system that is compatible with most 
microprocessor data bus interfaces, Combining 
2-and 4-quadrant multiplying capability, TTUDTL 
and CMOS compatibility, low power consumption 
and operation from a single supply, the DAC370-18 
offers exceptional performance/cost ratio, 
Outstanding features include: 
True 16-Bit Linearity - 16-bit (0,0008%) linearity with 
18-bit resolution is now a reality, No other micro
circuit converter does better. 
Low Power - CMOS proprietary monolithic devices 
in a unique circuit configuration yield extremely low 
power (60 mW max), 
Two-Chip Construction - The most advanced 
monolithic device, combined with our own resistor 
network is all that is needed in this converter, Fully 
automatic wire-bonding makes the most consis
tently superior assembly available, 

FUNCTIONAL DIAGRAM 
81T9 10 11 12 13 14 15 16 

Ill) 
BIT 9·16 23 
LATCH 
CONTROL 

DAC370-18 

18-81T STORAGE 
REGISTER, MDAC 

Input Storage Registers - Designed as two 8-bit 
and one 2-bit segments, the input registers provide 
data storage when latched, but are "transparent" 
when unlatched. Data conversion can now be per
formed continuously or from stored data, 
Reliability - Our 28-pin hermetically-sealed pack
age offers the utmost in reliability microelectronic 
converter products, Combined with our proprietary 
monolithic device and automatic wirebonding, 
we've made the DAC370-18 the most reliable high 
resolution device to date, Reliability is further 
enhanced by batch-processed, precision laser
trimmed resistor networks fabricated in our own fa
cility, Networks are functionally trimmed and glass 
passivated to assure reliability under adverse envi
ronmental conditions, DAC370-18 converters are 
available fully screened and tested to MIL-STD-
883C, 
Advanced designs, proven processes and con
tinuous monitoring during all production opera
tions by our quality control organization are com
bined with rigorous AQL screening to provide the 
most reliable converter possible, 

IL3) BIT 17/18 
LATCH ANA 

17 18 CONTROL GNO +15V 

REF 15 
INPUT 

o=t_---1I--"--~-'---F;twiS\"Oi\ii's:iiIT'---L----'---'--1-----------~1~8 lOUT 2 

L_,-,--,--~~~-.----,-____ j----I~----~-,r-=-o19 lOUT 1 
IL2) 
BIT 1·8 24 
LATCH 
CONTROL 

~--'INI~_----r_-----,-,16'-{) FEEDBACK 
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SPECIFICATIONS 
(Typical @ + 2SoC and nominal power supply, VREF = + 10V, unipolar unless otherwise noted) 

MODEL 

TYPE 

DIGITAL INPUT 
Resolulion 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility 

Input Leakage Current 

Strobe Width 
Data Set-Up Time' 

REFERENCE INPUT 
Voltage Range 
Input Impedance 

ANALOG OUTPUT 
Gain Accuracy2 
Offset3 (Unipolar) 
Small Signal 

3 dB Bandwidth 
Output Capacitance 

COUT1 

COUT2 

STATIC PERFORMANCE 
Integral Linearity (best straight line) 
Differential Linearity (monotonic to 16-Bits) 

DYNAMIC PERFORMANCE 
Major Code Transition Settling 

DAC370-18 

Multiplying, latched inputs 

18 bits 
Binary 
OIIset binary 
DTL, TIL, CMOS 
VIH> 2AVmin 

VIL < 0.8V max 

± 11' A max, OAV > VLOGIC > 3.2V 

250 ns min 
SOO ns min 

±25Vmax 
SK 

0.1 % typ, 0.2% max 
SCI' V max 

1 MHz 

90 pF 

70 pF 

± 0.0008% typ, ±O.OOlS%max 
±O.o004%typ, ±O.OOlS%max 

to 0.01% FSR (strobed) 21' s 
Reference Feedthrough Error 

(VREF = 20 Vpp @ 10 kHz) 2 mVp-p 
STABILlTY3,5 (Over Specified Temp. Range) 
Scale Factor4 

Linearity 
Differential Linearity 
Linearity 

Differential Linearity 

POWER SUPPLY (VDD) 

Voltage Range @ Current 
Rejection Ratio (14.0V-16.0V) 
Power Dissipation (inputs @ GND, VREF = 0) 

TEMPERATURE RANGE 
Operating - B Option 
Operating - C Option 
Storage 

MECHANICAL 
Case Style 
Case Dimensions 

NOTES: 

2 ppm/oC FSR typ, 6 ppm/oC max 
1 ppm/oC FSR max 
1 ppm/oC FSR max 
±O.OllS% max@ + 125°C 
±0.0095% max @ -55°C 
±0.011S%max@+125°C 
±0.009S% max @ -55°C 

+ 15V nom; + 11.SVto + 15.5V@ 1.S mA 
0.002%1% max 
60 mW max 

-SSOCto +125°C 
O°C to +8SoC 
-65°C to +lS0°C 

28-pin double-DIP metal 

PIN FUNCTION PIN FUNCTION 
1 BIT 14 28 BIT 15 
2 BIT 13 27 BIT 16 
3 BIT 12 26 BIT 17 
4 BIT 11 25 BIT 18 
5 BIT 10 24 2- 1 _2-8 LATCH 
6 BIT 9 23 2-' 2- 1• LATCH 
7 BIT 8 22 2-" 2-'8 LATCH 
8 BIT 7 21 ANAGND 
9 BIT 6 20 +15V 

10 BIT 5 19 lout 1 
11 BIT 4 18 out 2 
12 BIT 3 17 DIGGND 
13 BIT 2 16 FEEDBACK 
14 BIT 1 15 REF INPUT 

1. Time data must be stable before Strobe goes to "1 ". 
2. Using internal feedback resistor. 
3. Using the internal Rfeedback with nulled external amplifier in a constant 25°C ambient. (011-

set doubles every 10°C.) 
4. The DAC370-18 is deSigned to be used only in those applications where the current output 

is virtual ground; i.e., the summing junction of an op amp in the inverting mode. The internal 
feedback resistor (R Feedback) must be used to achieve temperature tracking. See APPLI
CATIONS INFORMATION for recommended circuit configurations. 

S. For further information on long term dnft, refer to HS 377 Application Notes. page 140 
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APPLICATIONS INFORMATION 
UNIPOLAR OPERATION (2-0uadrant Multiplication) 

I 

DldlTAL 
INjUT 

I 
BIT·1SILSB) 

L3 

·os 

To maintain specified linearity,theexternalamplifier(A) 
must be zeroed. Apply an ALL "lEROS" digital input and adjust 
ROS for V OUT = 0 ±1mV. 

BIPOLAR OPERATION (4-0uadrant Multiplication) 

VREF 

BIT-l (MSB) 

2R 

VDD 

RFEEDBACK 

"ALL ONES": 
VOUT - VREF + 1 LSB 

VOUT 

NOTE: TO MAINTAIN SPECIFIED LINEARITY, EXTERNAL AMPLIFIERS 
t~DA:~E~2d:rU~J ~UJ,ROED. WITH A DIGITAL INPUT OF 10 ... 0 

0) SET RoSl FOR VOl - 0 
b) SET RoS2 FOR VOUT - 0 
c) SET VREF TO + IOV AND ADJUST 

RB FORVOUT TO BE 0 VOLTS. 

BIPOLAR OPERATION UNIPOLAR OPERATION 
Transfer Characteristics Transfer Characteristics 
BINARY INPUT ANALOG OUTPUT OFFSET 
111 .. _111 BINARY INPUT ANALOG OUTPUT 

100 ... 001 111 ... 111 -VREF (1-2-(N-l» 

1 0 0 .. . 00 1 -VREF (2-(N-l» 

1 0 O. .. 000 0 

-VREF 
-2-100_ .000 

o 1 1 .. _ 1 1 1 -VREF ('12-2-N) 011 ... 111 VREF (2-(N-l» 

000 __ . 00 1 -VREF (2-N) 000 _ .. 001 VREF (l_2'(N-l» 

000 ... 000 00 O . . 000 VREF 

STROBE LOGIC 

Strobe Function 

0 data latched (held) 
1 data changing (transfer) 

TIMING DIAGRAM 

I 
I I 0 0 
[Tf±------.~- OUTPUT 

,,-+--+-4-', 11 DATASETUPTIMe?500flS 
t 2 =STAOBEWIOTH';;'250ns 

PRECAUTIONARY NOTE: 
In order to realize the ultimate resolution which this unit Is capable 01 delivering, 
several precButlons must be taken. 
(1) Amplifiers must be balanced so the summing junction is as close to zero volts as can be 

achieved. Usually less than 100 I' V. 
(2) Amplifiers must have a large enough open loop gain to be consistent with the required 

linearity. To obtain optimum performance this should be in excess of 10sVN or 100 dB. 
(3) All grounds should be of low resistance. 
(4) Reference should be as high as possible to minimize errors due to offset at outputs. 
(5) To maintain accuracy over temperature amplifiers should have low bias current and off-

set voltage temperature coefficients. 
(6) For optimum performance refer to APPLICATIONS INFORMATION in front of catalog. 
(7) Tie unused inputs to ground. 
(8) Do not apply digital inputs before VDD supply. 
(9) Unused ,nputs must be grounded. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Perma
nent damage may occur when unconnected devices are subjected 
to high energy electrostatic fields. Unless otherwise noted, the volt
age at any digital input should never exceed the supply voltage by 
more than 0.5 volts or go below - 0.5 volts. 

ORDERING INFORMATION 
MODEL NUMBER 

DAC370B-18 

DAC370C-18 

DESCRIPTION 

18-Bit MDAC, +15V Operation, MIL 
l8-Bit MDAC, +15V Operation, COMM 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• True 16-bit (0.0008%) linearity 
• Complete with internal reference, input 

storage registers, output amplifier 
• Low power 
• Hermetic 28-pin DIP 
• Available with MIL-STD-883 screening and 

testing 

DESCRIPTION 
The DAC377-18 is a complete 18-bit D/A converter 
with true 16-bit linearity. Complete with storage 
registers, internal reference and output amplifier, 
DAC377-18 provides the user with exceptional per
formance and self-contained operation. Input 
storage resisters are in two 8-bit and one 2-bit 
segments with independent latching - a system 
compatible with most microprocessor data bus in
terfaces. A single proprietary1 monolithic chip con
tains switches, storage registers and other elec
tronics for high resolution and low linearity error. 
Outstanding features include: 
True 16-Bit linearity - 16-bit (±0.0008%) linearity 
with 18-bit resolution is unequaled. No other 
microcircuit converter does better. 
Low Power - CMOS proprietary monolithic devices 
in a unique circuit configuration yield the lowest 
power dissipation (450 mW typ) of any complete 
18-bit converter available. 
Complete - No external components are required 
for 18-bit conversion. 
Input Storage Registers - Designed as two 8-bit 
and one 2-bit segments, the input storage registers 
provide data storage when latched, but are "trans
parent" when unlatched, allowing data conver
sion to be performed continuously or from stored 

FUNCTIONAL DIAGRAM 

8 7 6 5 4 3 2 Bin 
(MSB) 

data. 

DAC3n-18 SERIES 

COMPLETE BUFFERED 
18-BIT DAC 

Reliability - Our 28 pin hermetically-sealed 
package performs reliably in adverse environ
ments. Together with our own proprietary 
monolithic device and automatic wirebonding, 
DAC377-18 is one of the most reliable high resolu
tion devices to date. Batch-processed precision 
thin-film resistor networks fabricated in our own 
facility are functionally laser-trimmed and glass 
passivated to assure proven performance in the 
toughest environments. Continuously monitored 
during assembly and test, each production lot is 
screened 100% to assure reliable performance to 
all specifications. DAC377B-18 models are fully 
screened and tested to MIL-STD-883 Rev. C, Levels B 
or S. 
Advanced designs, proven processes and con
tinuous monitoring during all production opera
tions by our quality control organization are com
bined with rigorous AQL screening to provide the 
most dependable converter possible. 

SIT 17-18 
LATCH CONTROL 

SUMMING 
JUNCTION 

GAIN BIPOLAR 
ADJUST 
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SPECIFICATiONS 
(Typical @ +2So C nominal power supply, no load, unless 
otherwise noted) 

MODEL DAC377-18 

TYPE 

DIGITAL INPUT 

Resolution 
Unipolar Coding 
Bipolar Coding 
Logic Compatibility 1 
Input Leakage Current 

Latch Control Width 
Data Set-up Time2 

Data Hold Time3 

ANALOG OUTPUT 

Scale Factor4 

InitialOffset4 
Unipolar 
Bipolar 

Voltage Range 
Unipolar 
Bipolar 

Current Compliance 
Output Impedance 
Noise 

PP-noise (wideband) 

REFERENCE 

InternalS 

STATIC PERFORMANCE 

Integral Lineari ty6 

Differential Linearity 7 

Monotonicity 

DYNAMIC PERFORMANCE 

Major Code Transition Settling 

Latched Inputs, Voltage Output 

18-Bits 
Binary 
Offset Binary 
DTL, TTL, CMOS 
±lJ.1A (max), 
O.4V>V LOG I c>3.2V 
2S0hS (min) 
SOOnS (min) 
OnS (min) 

±0.1S% F.S.R. (max) 

±O.OS% F.S.R. (max) 
±O.OS% F.S.R. (max) 

Oto+10V 
±10V 
±SmA 
<1.11 

O.OOOS% F.S.R. 

±0.00o.8% F.S.R. (typ) 
±O.OOlS% F.S.R. (max) 
±0.0004% F.S.R. (typ) 
±O.OOlS% F.S.R. (max) 
Guaranteed to 16-bits 

to 0.006% F.S.R. (strobed) 20J.lS 
Slew Rate 0.20 v/J.lS 

STABILITY (Over Specified Temp. Range) 

Scale Factor 2ppmtC F.S.R. (typ), 

Linearity 
Differential Li nearity 

Linearity 

Differential Linearity 

Offset Drift 
Unipolar 
Bipolar 

POWER SUPPLY 

Requirements 

Rejection Ratio 
Power Dissipation 

TEMPERATURE RANGE 

Operating - B option 
Operating - C option 
Storage 

MECHANICAL 

8ppmtC (max) 
lppm/"C F.S.R. (max) 
lppm/oC F.S.R. (max) 

±0.011S% max @+12SoC 
± 0.09S% max @ - 55°C 
+ 0.0115% max @ + 125°C ± 0.095% max @ - 55°C 

lppmtC F.S.R. 
SppmrC F.S.R. 

+lSV ±S% @ lSmA (max) 
-lSV ±S%@ 2SmA (max) 
0.001%/% 
400mW (typ), 600mW (max) 

-SSoC to +12SoC 
O°C to +70°C 
-6So to +1S0° C 

Case Style 28-pin hermetic double-DIP 

NOTES: 
1. Digital Input voltage must not exceed supply voltage, 

or go below -O.SV. "0"<0.8 volts, "1">2.4 volts. 
2. Time, data must be stable after Latch Control goes to "1". 
3. Time, data must be stable after Latch Control goes to "0". 
4. See APPLICATIONS INFORMATION for calibration procedure. 
S. See APPLICATION NOTES. 
6. Integral Linearity, for this product, is measured as the arithmetic 

mean value of the magnitudes of the greatest positive deviation 
and the greatest negative deviation from the theoretical value for 
any given input combination. 

7. Differential Linearity is the deviation of an output step from the 
theoretical value of 1 LSB for any two adjacent digital input 
codes. 
CAUTION: 
UNUSED INPUTS MUST BE GROUNDEDI 
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APPLICATIONS INFORMATION 
RECOMMENDED BYPASS CIRCUIT 

+15V GND -1SV 

13 16 

PIN CONNECTIONS 

1. UNIPOLAR OUTPUT: Ground pin 11 
BIPOLAR OUTPUT: Connect pin 11 to pin 10 

2. Unused bit pins should be grounded. If bits 17 and 18 are 
not used, the latch control (pin 17) must be tied to either 
+SV or to +1 5V 

OPTIONAL GAIN & OFFSET ADJUSTMENT CIRCUIT 

Optional Offset Adj. Optional Gain Adj. 

14 

+15V 20k -15V GND 20k -15V 

R2 10M 

10 

ADJUSTMENT 
RANGE = ±0.1% 

R1 5.1M 

15 

ADJUSTMENT 
RANGE = ±0.2% 

Values of Rl & R2 can be changed to increase or decrease the 
sensitivity of the adjustment. This adjustment should not be 
greater than ±'I % around the nominal value for best performance. 

CALIBRATION PROCEDURE 
(for optional external Gain & Offset adjustment 

Unipolar operation: 
1. Apply a 000 ... 0 input code and set the OFFSET ADJ pot for 

OVout. 
2. Apply all 1 ... 1 input code and set the GAIN ADJ pot for 

F.S. -1 LSB. 

Bipolar operation: 
1. Apply a 100 ... 0 input code and set the OFFSET ADJ 

pot for OV output 

2. Apply a 000 ... 0 input code and set the GAIN ADJ pot 
for -F.S. 

TRANSFER CHARACTERISTICS 

Unipolar Operation 

BINARY INPUT ANALOG OUTPUT 

111...111 +F.S. -1 LSB 
100 ... 000 +F.S'/2 
011...111 + F.S'/2 - 1 LSB 
000 ... 000 OV 

Bipolar Operation 

BINARY INPUT ANALOG OUTPUT 

111...111 +F.S. -1 LSB 
100 ... 000 OV 
011...111 -1 LSB 
000 ... 000 -F.S. 



I- 0.775 MAX_I I (19.685) 

[ ~ • • • 0.018 ±0.002 J I (0.457 ± 0.050) 

(~:~~) 1-(105~2°4°0)--1 
RED DOT 
INDICATES PIN 1 

0.220 MIN1-t (5.588) I--~ MAX 
I (4.445) 

[".1 28 

14 15. 

TOP VIEW 

PIN FUNCTION 
1 BIT9 
2 BIT8 
3 BIT7 
4 BIT6 
5 BIT5 
6 BIT 4 
7 BIT3 
8 BIT2 
9 BIT 1, MSB 

10 SUMMING JCT 
11 BIPOLAR 
12 OUTPUT 
13 +15 
14 -15 

TIMING DIAGRAM 

LATCH CONTROL 

Latch Strobe Input 

0 
1 

PIN 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 

~ MAX 
(37.465) 

STANDOFFS 
SUPPLIED 

AT MFG. OPTION 

FUNCTION 
BIT 10 
BIT 11 
BIT 12 
BIT 13 
BIT 14 
BIT 15 
BIT 16 
BIT 17 
BIT 18, LSB 
2-1-2-8 LATCH 
2-9-2-16 LATCH 
2-17_2- 18 LATCH 
GND 
GAIN ADJUST 

Function 

data latched (held) 
data changing (transfer) 

;~ 
I I I 

DATA 

LATCH 
CONTROL 

I I 1"0 '----_ 
t, I. .1 •• 1 t2 

OUTPUT 

t, = DATA SETUP TIME ;;>500", 
t2 = LATCH CONTROL WIDTH ;;>250", 

When loading the DAC from an 8- bit computer bus, opti
mum dynamic response will be obtained when the MSB 
segment is loaded first, followed by the LSB segments. This 
sequence allows the MSB's to settle while loading the LSB's. 

Note that this loading sequence is necessary only when the 
processor cycle time is longer than the DAC settling time. If 
the processor cycle time is shorter than the DAC settling 
time, the bits may be loaded in any sequence. 

APPLICATION NOTES 
INTERNAL REFERENCE (NOTE 4) 

Buffered bootstrap design of the reference voltage is totally 
internal. A temperature compensated -6.2 volt planar-zener 
diode minimizes temperature drift. The voltage can be moni
tored with a high impedance digital voltmeter at pin 15 
(GAIN ADJUST). 

OUTPUT NOISE 

Noticeable amounts of noise at both low and high input 
levels can be prevented through output noise filtering. Care 
must be taken in choosing an output filter network that will 
not slow down the operating speed beyond what is desired. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, DAC377 -18 should be 
allowed sufficient warmup time (5 minI. 

2. Due to the small bit weight (38,N), noise becomes a 
noticeable factor; if sockets are used, gold-plated ones 
are recommended to minimize contact resistance. 

3. When changing output/gain range, a resistor (connected 
between pins 10 and 12), with a temperature coefficient 
between 0 and 10 ppm/ C is required to keep the 
o AC377 -18 with in guaranteed specifications. 

4. Power supplies should come up before, or at the same 
time as the digital input supply. 

SETTLING TIME 

The DAC377-18 incorporates input buffering circuits whose 
propagation time introduces a skewing of the digital data 
reaching the bit switches. The skewing results in the bit 
switches not operating synchronously with each data 
change, producing an increase in the settling time (1 to 2 
microseconds) and large "glitches". The dynamic perform
ance of the DAC377 -18 can be greatly improved by using 
the internal latches which are available on these units. The 
latches are located after the input buffer circuits and just 
before the bit switches. When correctly strobed the latches 
present a data change to the bit switches in a synchronous 
manner. The latches should be closed while the input data 
is changing and propagating through the buffers. After the 
digital data has settled the latch is loaded and the "new" 
data is transfered to the switches snychronously. The latch 
is then closed and is ready forthe next data update. 
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LINEARITY VS TEMPERATURE 

The plots below show the distribution of the maximum error 
of a unit in a typical lot of DAC377-18's. 

INTEGRAL 

Integral Linearity is a measurement of the deviation of the 
DAC377-18 transfer function from a straight line through 
the end points. It is expressed in the number of bits as well as 
the percent error. 

DIFFERENTIAL 
TempoC 

Differential Linearity is a measurement of the maximum 
deviation of anyone LSB step change in the transfer function 
of the DAC377 -18 from its ideal weight (38IlV). It is ex
pressed in terms of the number of bits as well as the percent 
error. 

LONGTERM DRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several factors 
which are discussed below. 

a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. Then 
the offset drift will be typically 2.51lV for the first 1000 hrs 
and 11lV per 1000 hrs thereafter. 

b. Reference Voltage Drift. The intrinsic long-term drift 
of the breakdown voltage of the temperature compensated 
zener-diode in the reference voltage circuitry will cause a 
gain error at the output of the DAC. The drift that will 
occur is typically less than 1mV per year. A correction of 
this drift error can be made using the gain adjustment 
circuitry. 

c. Output Amplifier Gain Change. Any noticeable gain 
change will be caused by a drift of the internal feedback 
resistor relative to the DAC's network impedance. This can 
contribute 10ppm F.S.R./1000 hrs, which can be corrected 
using the gain adjustment circuitry. 

d. Linearity Drift. Due to the unique circuitry used in 
the DAC network, effects of resistor accuracy drift on 
linearity are greatly reduced. Typical differential linearity 
drift is less than 3ppm/1000 hrs. 

IMPORTANT NOTICE TO THE USER: When measuring the 
stability of the DAC377-18, care should be taken so that 
the drift of the measurement instruments can be separated 
from the drift factors mentioned above, and the measure
ments are taken at identical temperatures. 
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CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destin
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig-
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in-
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 

ORDERING INFORMATION 
MODEL 

DAC377B-18 

DAC377C-18 

DESCRIPTION 

18-Bit Complete DAC, 
MIL-STD-883 Screening 

18-Bit Complete DAC, Commercial 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 16-Bit Linearity 

• Low Power 
• Software Programmable Gain and Offset 
• On Chip Latches, Reference & Output 

Voltage Amplifier 

APPLICATION S 
• Automatic Test Equipment 
• Scientific Instrumentation 
• Beam Positioners 

DESCRIPTION 
The SP1148 is a 16-bit, latched input Digital to Analog 
converter. Two internal 8-bit latched input DAC's allow 
direct offset and gain adjustment via microprocessor in
terface. An 18-bit precision CMOS switch and a laser
trimmed thin-film resistor network are used to provide 
16-bit accuracy and excellent temperature stability. 

FUNCTIONAL DIAGRAM 

+v PGND -vs WR/C 0113 

25 

SP1148 

20 27 

CMSB CB8 

SP1148 

16-Bit D/A Converter 
J-lP Controlled Gain & Offset 

The correction DAC's inputs are separate from the main 
DAC's. The main (16-bit) DAC is loaded as a 16-bitword. 
The gain correction DAC's inputs are multiplexed with 
the offset DAC's 8-bit inputs. This allows for a separate 
8-bit bus interface with the correction DAC's - common 
in applications such as automatic test eqUipment. 

32 Vo 

31 MGND 

30 4 19 

WR/M MSB B16 
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OFFSET AND GAIN CALIBRATION 
Initial offset and gain error can be adjusted to zero using 
the two internal 8-bit calibration DAC's. There are three 
control lines used in the calibration sequence: WR/M is 
the write line for the MAIN (16-bit) DAC-the latches are 
transparent when the write line is low and latched when 
the write line goes high; WR/C is the write line for thesor
rection DAC's and operates the same as WR/M; O/G se
lects between the offset correction DAC and the gain 
correction DAC-a high level on this pin selects the offset 
DAC and a low level selects the gain DAC. Offset and 
Gain calibrations are performed as follows: 

1. With WR/M low, set the digital inputs of the MAIN DAC 
to "000 ... 00" (in unipolar mode) or "100 ... 00" (in 
bipolar mode). 

2. SetWRiM high to latch the digital input into the Main 
DAC. 

3. With WR/C low and O/Ghigh, adjust the digital inputs 
of the offset correction DAC until the Main DAC's out
put voltage (pin Vol is as close to 0.000000 volts as 
possible. Note that incrementing the digital input 
produces a more negative voltage output. 

4. SetWR/C high to latch the digital input into the offset 
correction DAC. 

5. With WR/M low, set the digital input of the Main DAC 
to "111 ... 11 " . 

6. Set WR/M high to latch the digital input into the Main 
DAC. 

7 With WR/C low and OIG low, adjust the digital inputs 
of the gain correction DAC until the Main DAC's out
put voltage (pin Vol is as close as possible to the 
positive full-scale voltage shown below in Table 2. 
Note that incrementing the digital input produces a 
more negative voltage output. 

8. SetWR/C high to latch the digital input into the gain 
correction DAC. 

9. Calibration is complete. Set WR/M low and beginl 
resume normal digital-to-analog conversion via the 
MainDAC. 

OUTPUT VOLTAGE RANGE POSITIVE FULL·SCALE VOLTAGE 
o to +5 volts +4.999924 volts 
o to + 10 volts +9.999847 volts 
±5 volls +4.999847 volts 
± 10 volts +9.999695 volts 

Table 2. Gain Calibration 

GROUNDING AND GUARDING 
The current from the measurement ground pin (MGND) is 
constant, independent of digital input, for ease of mak
ing measurements. This is the high quality ground for the 
SP1148. It should be connected to the high quality 
ground in the application. Power ground (PGND) should 
be connected to measurement ground (MGND) at the 
measurement point. 

8·BIT MICROPROCESSOR INTERFACE 
The SP1148 can easily be operated with an 8-bit bus by 
the addition of an octal latch. The 16-bit Main DAC is 
loaded from the 8-bit bus as two 8-bit bytes. Figure 2 
shows the configuration when using a 74HC573 latch. 

The eight most significant bits are latched into the 
74HC573 by setting the "latch enable" control line low. 
The eight least significant bits are then placed on the 
bus. Now all sixteen bits can be simultaneously latched 
into the Main DAC by setting WR/M high. 

The offset and gain correction DAC's are calibrated as 
they were for 16-bit microprocessor applications. See 
the "OFFSET AND GAIN CALIBRATION" section of this data 
sheet. 
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Figure 2. Connections For 8·Bit Bus Interface 

AUTOMATIC TESTING OF 12·BI1 ADC's AND DAC's 
The SP1148 can be used as a reference DAC to 
automatically test the integral and differential linearity 
of 12-bit ADC's and DAC's. An ideal reference DAC 
should be an order of magnitude more accurate than 
the devices to be tested. The SP 1148 is sixteen ti mes more 
accurate than the devices to be tested and therefore 
can be considered ideal. The general test procedures 
for ADC's and DAC's are shown below. Before actual 
testing proceeds, calibrate the offset and gain of the 
SP1148 (see "OFFSET AND GAIN CALIBRATION" section of 
this data sheet). 

ADC TESTING (refer to Figures 3 & 4) 
The differential nonlinearity of ADC's is the difference 
between the actual code widths of the analog input vs. 
the ideal, one LSB code widths of a perfect converter. A 
code width is the range of analog input voltage which 
produces the desired digital output word. 

A code width can be measured by determining the 
analog input voltage at which the transition occurs from 
the code under test to its next lower digital output code 
and then differencing that analog value with the same 
determined for the transition from the code undertest to 
its next higher digital output code. 

Virtually all converters exhibit a degree of noise. This will 
necessitate an averaging technique to determine the 
analog input value for a code transition where a reduc
tion in analog input voltage produces a majority of the 
lower digital code decisions and analog input increase 
produces a majority of the higher digital code decisions. 

Begin testing by calibrating the offset and gain of the 
ADC under test per the manufacturer's instructions. Set 
the digital inputs of the reference DAC to the nominal 
value of the desired transition edge (produces an 
analog input to the device under test that is either % LSB 
below or % LSB above the ideal analog input for the 
code test). Increment or decrement this digital input until 
the Device Under Test (D.U.T.) outputs the digital code 
below the transition 50% of the time and the digital code 
above the transition 50% of the time. Record this digital 
input and repeat the procedure for the next transition of 
the nominal code to be measured. Compare this sec
ond digital input with the recorded input. The difference 
between these two digital values is the width of the code 
bei ng measu red. A perfect code width is 16 counts of the 
reference DAC. Each count more, or less than 16, cor
responds to a differential linearity error of 1 I 16 LSB for the 
D.U.T. The arithmetic average of the two digital input 
values is the center of the code being tested. Each count 
of difference between this actual code center and the 
ideal, nominal code center represents an integral 
linearity error of 1/16 LSB. 



SPECIFICATIONS 
(Typical @25°C and rated supplies unless otherwise specified.) 

MODEL SPI148C SPI148B 

RESOLUTION 16-Bits 

ACCURACY 

Integral Nonlinearity ±0.0076% FSR 
Differential Nonlinearity ±0.00076% FSR 
Monotonic (16-Bits) Guaranteed 
Offset Adj. to Zero (±Y4 LSB) 
Gain Adj. to Full Scale 

(± Y4 LSB) 

STABILITY 

Differential Nonlinearity ± 1 ppm/oC max 

Bipolar Offset ±6ppm/oC max 
Gain (Includes Int. Ref.) ±10ppm/oC max 

DYNAMIC PERFORMANCE 
Settling Time to 0.00076% 
Voltage, Full-Scale Step 20",s 
Voltage, LSB Step 3",s 

DIGITAL INPUT CODES (5 Volt CMOS/TIL) 
Main DAC 

Unipolar Binary (BIN) 
Bipolar Offset Binary (OBN) 

Correction DAC's Binary (BIN) 

ANALOG OUTPUT 
Voltage ±10V 
Noise (100kHz BW) 60",V rms 

POWER REQUIREMENTS 
Voltage 

Rated Performance ±15V (±5%) 
Operating ±12.5Vto ±17V 

Supply Current Drain 20mA max 

Total Power @VS = 15V 500mW max 

POWER SUPPLY SENSITIVITY 
Offset ±10ppm/V 
Gain ±10ppm/V 

OFFSET ADJUSTMENT 
Range ±0.05% FSR 
Resolution (@±10V) Y4 LSB 

GAIN ADJUSTMENT 

Range 
Unipolar/Bipolar ±0.1% 

Resolution 
Unipolar/Bipolar '12 LSB 

TEMPERATURE RANGE 

Operating Temperature O°C to +70°C 
Storage Temperature -40°C to + 100°C 

'Specifications same as SP1148C 

Specifications subject to change without notice 

PACKAGE OUTLINE 

1.145 (29.08) ~" ____ -I~~I 
1.155 (29.34) 

-55°C to +125°C 
-65°C to + 120°C 

~H:5 . ~ ,190(4831 
RED DOT I 1- )~I"n~l ~J'-' 
INDIL.:: (22.86) ~:~g !~:g~ll i"O (5 OBI 

r 
32 i 
· · · · · · · · · · · · · : 16 17 : 

TOP VIEW 

1.735 (44.07) 

~'~f 1M2

" 

[0.125 
(3.2) 

PIN DESIGNATIONS 
PIN FUNCTION PIN FUNCTION PIN FUNCTION PIN FUNCTION 

1 +VS 9 B6 17 B14 25 CB6 
2 PGND 10 B7 18 B15 26 CB7 
3 -VS 11 B8 19 B16 27 CB8 
4 MSB 12 B9 20 CMSB 28 OIG 
5 B2 13 B10 21 CB2 29 WR/C 
6 B3 14 B11 22 CB3 30 WR/M 
7 B4 15 B12 23 CB4 31 MGND 
8 B5 16 B13 24 CB5 32 Va 

ORDERING INFORMATION 

MODEL 
TEMPERATURE 

RANGE SCREENING 

SP1148C 
SP1148B 

O°C to lO°C 
-55°C to + 125°C MIL-STD-883C 

APPLICATIONS IN FOR'MATION 
TIMING DIAGRAM 
The timing requirements for the SP1148 is shown in Table 
1, The timing diagrams for the MAIN 16-bit DAC and the' 
8-bit Correction DAC's are shown in Figure 1, The three 
control lines operate as follows: WR/M is the write line for 
the main DAC. The latches are transparent when the 
write line is low, and latched when the write line goes 
high, WR/C is the write line for the sorrection DAC's. 
Operation is the same as above, OIG selects between 
the offset correction DAC a nd the ga i n correction DAC. A 
high level on this pin selects the offset DAC. A low level 
selects the gain DAC. 

SYMBOL PARAMETER REQUIREMENT 

MainDAC 

tDS Data Setup Time 140ns min 

tDH Data Hold Time 120ns min 

twR Write Pulse Width 250ns min 

Correction DAC's 

tcs oj'G to Write Setup Time 200ns min 

tCH oiG to Write Hold Time 20ns min 

tDS Data Valid to Write Setup Time 110ns min 

tDH Data Valid to Write Hold Ons min 

twR Write Pulse Width 100ns min 

Table 1. Timing Requirements 

WRITE/MAIN (WR/M) ________ V_DDO __ ~R 

l ... tDs 1.-tDH 

~~-----VDD 
DATA IN (MSB-B16) ~DATA VALID 0 

MAIN DAC WRITE CYCLE TIMING DIAGRAM 

- - ,.. tcs -1 .. tCH-l V 
OFFSET GAIN (O/G) ---...; r DD 

~~-------~-- ---0 
WRITE/CORRECT (WR/C) ~twR------:k VDDO 

CORRECTION DAC's WRITE CYCLE TIMING DIAGRAM 

NOTES: 
1. All input signal rise and fall limes measured from 10% to 90% of 

VDDXVDD = +5V, tR = IF = 20ns. 
2. Timing measurement reference level is (VIH + VILl/2. 

Figure 1. SP1148 Timing Diagrams 
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16-BI1 lAP 
AND 

CONTROL 

32(2) 

24 

16(1) 

30 

20 

16(1) 

10 

Figure 3. ADC Testing 

IDEAL CODE CENTER 

rruAL -CODE 

CEfTER 

ACTUAL 12-BIT 
ADC OUTPUT 

DIFFERENTIAL 
LINEARITY 

I ERROR 

0.5 2.0 

VOLTAGE IN LSB's @ 12BITS 

Figure 4. 12-Bit ADC Linearity Testing 

DAC TESTING (refer fo figure ~J 
To test 12-bitDAC's begin with offset and gain calibration 
of the DAC under test per the manufacturer's instructions. 
Set the digital inputs of the reference DAC and the D.U,T. 
to the desired code. Latch this digital input into the 
reference DAC. The DAC's outputs are differenced and 
amplified by an instrumentation amplifier. The voltage 
error between the DAC's is the integral linearity error. 
Now null the meter and then increment or decrementthe 
digital input to the D.U.T. only, by one LSB. The meter 
reading will correspond to the code width of the new 
digital input word. The deviation of this voltage from the 
ideal value of one LSB is the differential linearity of the 
D.U,T. 

16-81T lAP 
AND 

CONTROL 

Figure 5. DAC Testing 
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SIGNAL PROCESSING EXCELLENCE HS3020 

a-Bit DAC with Input Registers 

FEATURES 
• ± 1/2 LSB Linearity 

± 1 LSB Absolute Accuracy 

• 4 Output Ranges 

• Internal References and Output Amplifier 

• Pin Compatible with MN 3020 
• Input Register 

• MIL-STD-883 Rev. C Processing Available 

DESCRIPTION 

The HS 3020 is an 8-Bit Digital-to-Analog Converter. It contains 
an internal reference, an input register and an output amplifier. 
It is packaged in a ceramic 18-pin DIP which is hermetically
sealed. The HS 3020's hybrid construction utilizes a precision 
network, a low drift reference, an input register and a fast set
tling output amplifier. 

FUNCTIONAL DIAGRAM 

BIT 1 
MSB 

REGISTER 

REGISTER 
ENABLE 

OFFSET D--+-''VV'\r-1 

OFFSET U--+-IV\~ ....... --t a-BIT DAC 

Hybrid Systems guarantees linearity and accuracy not only at 
room temperature but also at the extremes of the operating 
range of -55°C to + 125°C. 

BIT a RANGE 
LSB SUM SELECT 

14 
.-------'l....-O OUTPUT 

GND~12~ ____ ~ ____________________________ ~ 

+5V +15V -15V 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supplies unless otherwise 
notedl 
MODEL HS 3020 
TYPE D/A Converter 

DIGITAL INPUT 

Resolution 
Coding 
Logic Levels (Data Inputsl 

Logic "1" (at 30j.LAl 
Logic "0" (at -.6mAl 

Register Enable Logic 
Logic "1" (at 40j.LAl 
Logic "0" (at -.8mAl 
Pulse Width 
Setup Time 

ACCURACY 

Linearity Error 
O°C to +70° C 
-55°C to +125°C 

Monotonicity 
Absolute Accuracy Error 

O°C to +70°C 
_55° C to +125° C 

Unipolar Offset Error 
_55° C to +125° C 

Bipolar Offset Error 
_55° C to +125° C 

Offset Drift 1 
Unipolar + Range 
Unipolar - Range 
Bipola Ranges 

Gain Drift1 

CONVERSION SPEED 

Settling Time (10V change to 
±1/2 LSBI 

Output Slew Rate 

ANALOG OUTPUTS 

Output Impedance 
Output Current 
Short Circuit Duration 

POWER SUPPLIES 

Power Supply Range 
+15V 
-15V 
+5V 

Power Supply Rejection 

8 Bits 
Straight Binary /Offset Binary 

+2V min, +5.5V max 
-0.5V D.C. min, +0.7V max 

+2V min, +5.5V max 
-0.5V min, +0.7V max 
60nSec min 
40nSec min 

±1/4 LSB typ ±1 /2 LSB max 
±1/2 LSB max 
Guaranteed Over Temperature 

±1/2 LSB typ ±1 LSB max 
±1 LSB max 

±1 LSB max 

±1 LSB max 

±2ppm of F.S.R.tC typ 
±10ppm of F.S.RfC typ 
±10ppm of F.S.RfC typ 
± 15ppmt C typ 

3.0j.Ls max 
20V/j.Ls typ 

0.05n typ 
±5mAmin 
Indefinite to Common 

+14V to +18V 
-14V to -18V 
+4.75V to +5.25V 

+15V ±0.03% F.S.R./%Vs 
-15V ±O.Ol% F.S.R./%Vs 

Current Drain (Output Unloadedl 
+15V 20m A max 
-15V -13mA max 
+5V 

Power Consumption 
Package Outline 

I I 
0.01'011= 0.300 If 

(0.254) 1-(7.62) -1 
. . 

-10 9-

+ 

0.140 
(3.556) 

1 
0.992 

37mA max 
680mW 

0.018 
(0.457) 

PIN (1) 
INDEX 

0
181. 

I 0.490 I 
-- (12.446)-1 

T 1-11;::: 0.025 

0.2~ (0.635) 

(5.207) 

Pin 1 is marked by a dot on the top of the package. 

NOTE 
1. Over specified operating temperature range 
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PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

1 +15V 18 Unipolar Offset 

2 Bit 1 (MSBI 17 Bipolar Offset 

3 Bit 2 16 Summing Junction 

4 Bit 3 15 Range Select 

5 Bit 4 14 Analog Output 

6 Bit 5 13 -15V 

7 Bit 6 12 Ground 

8 Bit 7 11 +5V Supply 

9 Bit 8 10 Register Enable 

OUTPUT RANGE CONNECTIONS 

DIGITAL INPUT ANALOG OUTPUT (DC VOLTS) 

UNIPOLAR UNIPOLAR BIPOLAR BIPOLAR 

MSB LSB POSITIVE NEGATIVE ±5 ±10 

00000000 0.000 -9.961 -5.000 -10.000 

00000001 +0.039 -9.922 -4.961 - 9.922 

01111111 +4.961 -5.000 -0.039 - 0.078 
10000000 +5.000 -4.961 -0.000 0.000 
11111110 +9.922 -0.039 +4.922 + 9.844 

11111111 +9.961 0.000 +4.961 + 9.922 

CONNECT 14 to 15 14 to 15 14 to 15 

PIN TO PIN 17 to GND 16 to 18 16 to 17 16 to 17 

18 to GND 17 to GND 18to GND 18to GND 

APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BY-PASS CIRCUIT 

J=~~~=f 
1 12' 13 

.~t=1' 
11 O.01pF 12 

BURN-IN AND LIFE TEST CIRCUIT 

+15V 
11 LEAD15=OPEN 

OPTIONAL OFFSET ADJUSTMENT 
A constant offset voltage can be added to or subtracted from the 
output of the HS 3020 for the purpose of increasing accuracy at and 
around a particular output level. 
Connect the offset potentiometer as 
shown; apply the desired input code, 
adjust the offset potentiometer until 
the desired output level is achieved. 

REGISTER ENABLE 

1.8MQ 10k 
O--'VV\,.....-< TO 

100k 
Range of adjustment = ±1 LSB 

-15V 

When the Register Enable (Pin 101 is high (hold model the digital 
data in the input register will be latched, and when the Register 
Enable is low (track model, the converter's output will follow its 
input. In order to latch new digital data into the register, the 
Register Enable must go low for a minimum of 60nSec and digital 
input data must be valid for a minimum of 40 nSec prior to Register 
Enable going high again. 

ORDERING INFORMATION 
MODEL 

HS 3020B 
HS 3020C 

DESCRIPTION 

MI L, 8 BIT D/A, _55° to +125°C 
COMM,8 BIT D/A, 0° to +70°C 

Specifications subject to change without notice. 



~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE HS3120 

Double Buffered 12-Bit MDAC 

FEATURES 
• Monolithic Construction 

• 12 Bit Resolution 

• 0.01% Non-Linearity 

• pP Compatible 

• 4-Quadrant Multiplication 

• Latch-up Protected 

DESCRIPTION 
The HS 3120 is a precision monolithic 12-bit multiplying 
DAC with internal two-stage input storage registers for easy 
interfacing with microprocessor busses. It is packaged in a 
28-pin DIP to give high I/O design flexibility. 

DOUBLE BUFFERED - The input registers are sectioned 
into 3 segments of 4 bits each, all individually addressable. 
The DAC-register, following the input registers, is a parallel 
12-bit register for holding the DAC data while the input 
registers are updated. Only the data held in the DAC register 
determ ines the analog output value of the converter. 

MICRO PROCESSOR COMPATIBLE - The HS 3120 has 
been designed for great flexibility in connecting to bus
oriented systems. The 12 data inputs are organ ized into 3 
independent addressable 4-bit input registers such that the 
HS 3120 can be connected to either a 4,8 or 16-bit data 
bus. The control logic of the HS 3120 includes chip enable 
and latch enable inputs for flexible memory mapping. All 

FUNCTIONAL DIAGRAM 

CE 

HBE 

MBE 

LBE 

24 

23 

(MSB) 
BIT 1 2 

LDAC~2~1~----____ -4 

HS 3120 

controls are level-triggered to allow static or dynamic 
operation. 

VERSATILE OUTPUTS - A total of 5 output lines are pro
vided by the HS 3120 to allow unipolar and bipolar output 
connection with a minimum of external components. The 
feedback resistor is internal. The resistor ladder network 
termination is externally available, thus eliminating an 
external resistor for the 1 LSB offset in bipolar mode. 

MONOLITHIC CMOS CONSTRUCTION - The HS 3120 is 
a one-chip CMOS circuit with a resistor ladder network de
signed for 0.01% linearity without laser trimming. Small 
chip size and high manufacturing yields result in greatly 
reduced cost. 

(LSB) 
10 11 BIT 12 VREF 

.-----~v_----~------oFB1 

~~----------------~---oI01 

~~----------------~~-oI02 

L-~~~~~---~----~FB4 

~--~--_------3~OFB3 

LDTR 
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SPECIFICATIONS 
(Typical @ 25°C, nominal power supply, VREF; +10V, unipolar unless otherwise noted). 
MODEL HS 3120-2 

TYPE 

DIGITAL INPUT 

Resolution 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibili ty2 
Input Current 
Data Set-up Time3 
Strobe Width3 
Data Hold Time3 

REFERENCE INPUT 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 

~~:l; ~:~~~~ Accuracy4 
Output Leakage5 

@25°C 
@ 125°C 

Output Capacitance 
COUT 1. all inputs high 
COUT 1. all inputs low 
COUT 2, all inputs high 
COUT 2. all inputs low 

STATIC PERFORMANCE 

Integral Linearity 
Differential Linearity 
Monotonicity 
Monotonicity Temp. Range 

C-Models 
B-Models 

DYNAMIC PERFORMANCE 

Digital Small Signal Settling 
Full Scale Transition Settling 

to 0.01 % (strobed) 
R~e1r~~~e Feedthrough Error (VRef ; 20Vpp) 

@ 10kHz 
Delay to output 

from Bits input 
from LDAC 
from CE 

STABILITY (Over Specified Temp. Range) 

Scale Factor4 
Integral Linearity 
Differential Linearity 
Monotonicity Temp. Range 

C-Option 
B-Option 

POWER SUPPLY (VDD) 

Operating Voltage (specifications guaranteed) 
Maximum Voltage Range 
Current 
Rejection Ratio 

TEMPERATURE RANGE 

Operating C-Option 
Operating B-Option 
Storage 

MECHANICAL 

Case Style 
C-Option 
B-Option 

NOTES: 
* SameasHS3120-2 

MULTIPLYING, DOUBLE BUFFERED INPUTS 

12-Bits 
Binary 1, Compo Binary 1 
Offset Binary 
CMOS, TTL 
±1 /J.A (max) 
250nS (min) 
250nS (min) 
OnS (min) 

±25V (max) 
8kU ±50% 

125/J.AIVRef ±50% 
±0.4% 

<10nA (max) 
<200nA (max) 

80pF 
40pF 
40pF 
80pF 

±0.015% F.S.R. (max) 
±0.024% F.S.R. (max) 
Guaranteed to 12 bits 

O°C to +70°C 
-55°C to +125°C 

1.0/J.sec 

2.0/J.sec 

<1mV 
2mV 

100nS6 
200nS6 
120nS6 

2 ppm F.S.R.l°C (max) 
0.2 ppm F.S.R.l°C (max) 
0.2 opm F.S.R.l°C (max) 

O°C to +70°C 
-55°C to +125°C 

+15V ±5% 
+5V to 16V 
2.5mA (max) 
0.002%/% (max) 

O°C to +70°C 
-55°C to +125°C 
-65°C to +150°C 

28-pin double DIP 
plastic or ceramic 
ceramic 

1. The input coding is complementary binary if 102 is used. 
2. Digital input voltage must not exceed supply voltage or go below -O.5V. 

"0" <o.av, 2.4V < "1" ';;VDD. 
3. All strobes are level triggered. See TIMING DIAGRAM. 
4. Using the internal feedback resistor and an external opamp. 
5. The output leakage current will create an offset voltage at the external opamps output. It doubles 

every 10°C temperature increase. 
6. Delay times are twice the amount shown at T A; +125°C 
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HS 3120-0 

±O.05 % F.S.R. (max) 
±O.097% F.S.R. (max) 
Guaranteed to 10 bits 



PIN ASSIGNMENTS 

PIN FUNCTION 

1 FB4, Feedback Bipolar Operation 

2 LDTR, Ladder Termination 

3 FB3, Feedback Bipolar Operation 

4 VREF, Reference Voltage Input 

5 FB1, Feedback, Unipolar/Bipolar 

6 101, CUrrent out into virtual ground 

7 102, Current out-complement of 101 

8 VSs. Ground, Analog and DAC Register 

9 Bit 1, MSB 

10 Bit 2 

11 Bit 3 

12 Bit 4 

13 Bit 5 

14 Bit 6 

15 Bit 7 

16 Bit 8 

17 Bit 9 

18 Bit 10 

19 Bit 11 

20 Bit 12 

21 LDAC, Transfers data from input to DAC register 

22 CE, Chip Enable, active low 

23 LBE, Bit 12 to Bit 9 Enable 

24 MBE, Bit 8 to Bit 5 Enable 

25 HBE, Bit 4 to Bit 1 Enable 

26 VDD2, Supply Analog and DAC Register 

27 VSS1, Ground input latches 

28 VDD1, Supply input latches 

NOTE: Pins 8 and 27 and pins 26 and 28 must be connected 
externally. 

MECHANICAL 

1.3 
(33.02) 

CONNECTIONS 

TOP VIEW 

'--" 
,-

0 
PIN 1 

-

D 1.4 
(35.5 --6-) 

'-'-

Lg;!~)~ 
L--rL=====~-~ 

11 
,----'~------------~' (g:~~~) 

0.17 
4.3 (g:~~) TYP 

Unipolar Operation: Connect 101 and FB1 as shown in diagram. 
Tie 102 {Pin 7l. FB3 (Pin 3), FB4, (Pin 1) 
all to Ground (Pin 8) 

Bipolar Operation: Connect 101, 102, FB1, FB3, FB4 as shown 
in diagram. 
Tie LDTR to 102 

Grounding: Connect all GRD to system analog ground 
and tie this to digital ground. 

NOTE: All unused input pins must be grounded. 

APPLICATIONS INFORMATION 
Connection Diagram, Unipolar Operation 

400Q 
VREF +15V 

V DD1 

I 
FB1 

I 101 
I 

DIGITAL 
INPUTS 

HS 3120 LDTR 

I FB4 
I 
I FB3 
I 

102 

CE VSS1 
HBE 

MBE -= 
LBE 

LDACo----ooJ 

Connection Diagram, Bipolar Operation 

400Q 

I 
I 
I 

DIGITAL 
INPUTS 

I 

...--_......-"1'.,....-+ 15V 

VDD1 

HS 3120 N.C. 

I 
FB4 

FB3 
N.C. 4K -= 

I 
I 

CE 
HBE 

MBEo-----' 

LBEo----..J 

LDAC 0-------' 

3K 

VOUT1 

Al, A2, LF411ACN 

Connection Diagram, Bipolar Operation {for applications where 
bipolar offset temperature drift (,., 10 ppmrC) is not critical) 

NOTE: To maintain specified linearity, external amplifiers must be 
zeroed. This is best done with VREF set to zero and, 
Unipolar: load the DAC register with all bits at zero and 
adjust ROS for VOUT = OV 

Bipolar: load the DAC register with 10 ... 0 (MSB =1) and 
set ROS2 tor VOUT 1 = OV. Then set ROS1 for 

TRANSFER FUNCTION (N=12) 

BINARY INPUT UNIPOLAR OUTPUT BIPOLAR OUTPUT 

111 ... 111 -VREF (1 - 2-N) -VREF {1 - 2 -(N - 1)) 

100 ... 001 -VREF (1 /2 + 2- N) -VREF {2 -(N - 1)) 

100 ... 000 -VREF a 
-2-

011 ... 111 -VREF (1/2 - 2-N) VREF (2-(N - 1)) 

000 ... 000 a VREF 
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BIPOLAR OFFSET ADJUST (external) 

-15V +15V 

I 20k 

I-
TO 101 

ADJUSTMENT 
RANGE 0.2% 

I 

NOTE: External opamps have to be zeroed before the bipolar offset 
adjust circuit is connected. 

CONT~OL LOGIC 

CE 

HBEo--i--i 
)---. TO INPUT REGISTER BIT 1 . BIT 4 

MBE o---f---f )---- TO INPUT REGISTER BIT 5 - BIT 8 

LBEo----i }---- TO INPUT REGISTER BIT 9· BIT 12 

LDACO~--------__ , TO DAC REGISTER 

NOTE: The transfer from input register to DAC register can be 
performed without Enabling Chip. 

STROBE LOG IC 

Strobe Function 

0 data latched (held) 

1 data changing (transfer) 

TIMING DIAGRAM 

INPUT 
DATA 

LBE 

I 
I 
I 
I 

-If--t3 

~: 
11~~t3~~------------------'--------

~tll--
MBE --J t2 I-- n 
--------~ ~-----------

HBE n 
-----------------~ ~-----

LDAC r-l _____ , L--
--l t2 :-

OUTPUT iV-
-------------------~~-t4~1--

TIME AXIS NOT TO SCALE. ALL STROBES ARE LEVEL TRIGGERED. 

t1: Data Setup Time. Time data must be stable before strobe 
(byte enable/LDAC) goes to "0", t1 (min) = 250 nsec. 

t2: Strobe Width. t2 (min) = 250 nsec. (CE, LBE, MBE, HBE, LDAC), 

t3: Hold Time. Time data must be stable after strobe goes to "0", t3 = 0 nsec. 

t4: Delay from LDAC to Output. t4 = 200 nsec. 

NOTE: Minimum common active time for EE and any byte enable is 250 nsec. 
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ORDERING INFORMATION 
MODEL 

HS 3120C-0 
HS 3120C-2 
HS 3120B-0 
HS 3120B-2 

DESCRIPTION 

Double Buffered 12-Bil MDAC, Commercial 
Double Buffered 12-Bil MDAC, Commercial 
Double Buffered 12-Bil MDAC, MIL-STO-883C 
Double Buffered 12-Bil MDAC, MIL-STO-883C 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unused devices must be stored in conductive foam or 
shunts, Protective foam should be discharged to the destin
ation socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused dig-
ital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the supply voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below -0.5 volts. If this condition 
cannot be maintained, limit input current on digital in-
puts by using series resistors or contact Hybrid Systems 
for technical assistance. 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Monolithic CMOS circuit 
• On-chip resistors 
• Linearity ±0.004% 
• Monotonic over temperature 
• Latch-up protected 
• Small size, 20 pin DIP 
• Pin compatible to DAC-HA148 
• Commercial and MIL-STD-883 processing 

DESCRIPTION 
The HS3140 is a 14-bit CMOS multiplying D/A con
verter integrated in a single monolithic chip. It 
represents a major advance in the field of mono
lithic converter technology, extending resolution 
and linearity to 14 bits and 0.003%. The HS3140 
accepts AC or DC reference voltages, multiplies in 
all four quadrants, has latch-up protection, and is 
packaged in a hermetic 20 pin DIP. Outstanding 
features of the HS3140 include: 

14-Bit Performance - HS3140 offers a 0.003% in
tegral linearity and a 0.003% differential linearity 
and is monotonic over the entire specified opera
ting temperature range. The excellent differential 
linearity is achieved by using a unique bit decod
ing technique. The transfer function is actually 
divided into 16 segments (determined by bits 1 to 
4), each consisting of 1024 discrete voltage levels 
(determined by bits 5 to 14). Bits 1 to 4 are digitally 
decoded into 15 control signals, driving 15 equal 

FUNCTIONAL DIAGRAM 

HS3140 

MONOLITHIC 
14-811 MDAC 

current sources, rather than 4 binarily weighted 
sources; thus, reducing the matching accuracy re
quirement on the resistors and CMOS switches. 

Monolithic Construction - HS3140 is a single chip 
CMOS circuit using advanced design and manu
facturing techniques. It is the industry's first 
monolithic digital-to-analog converter offering 
14-bit resolution and a linearity of 0.003%. 
Processing - The HS3140 is offered in two versions. 
The -C version is commercially processed for appli
cations in the O°C to 70°C range. The -B version 
operates in the -55°C to + 125°C temperature 
range and is processed and screened to the re
quirements of MIL-M-38510 and MIL-STD-883C. 

I 15 EQUAL I 

iSECTIONS~ 
VREFo-~----~------~r----~----~~--~~~---, 

48k 
2 

GND 
3 

VDD 18 

BIT 1 BIT 2 BIT 3 BIT 4 
(MSB) 

BIT 14 RFEEDBACK 
(lSB) 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 
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SPECIFICATIONS 
(Typical @ +25°C, nominal power supply, VREF = +10V, unipolar 
unless otherwise noted) 
MODEL HS 3140 

TYPE 

DIGITAL INPUTS 

Resolution 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility 1 
Input Current 

REFERENCEINPUT2 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 

Scale Factor 
Scale Factor Accuracy 3, 4 
Output Leakage 

@+25°C 
@ +125°C 

Output Capacitance 
Cout 1, all inputs high 
Cout 1, all inputs low 
Cout 2, all inputs high 
Cout 2, ali inputs low 

STATIC PERFORMANCE 

Integral Linearity 5 
HS 3140-3 

HS 3140-4 

Differential Linearity6 
HS 3140-3 

HS 3140-4 

Monotonicity 
HS 3140-3 
HS 3140-4 

DYNAMIC PERFORMANCE 

Digital Small Signal Settling 
Digital Full Scale 

Transition Settling 
Reference Feedthrough 

Error (VREF = 20Vpp) 
@ 1kHz 
@ 10kHz 

4 QUADRANT MULTIPLYING 

14-Bits 
Binary 
Offset Binary 
CMOS, TTL 
<1JLA 

±25V (max), AC or DC 
6.5kQ'± 50% 

150JLA/V R EF ± 50% 
±1% max 

10nA (max) 
200nA (max) 

100 pF 
50 pF 
50 pF 
100pF 

±0.007% F.S.R. (typ) 
±0.012% F.S_R. (max) 
±0.003% F.S_R. (typ) 
±0.006% F.S.R. (max) 

±0.006% F.S.R_ (typ) 
±0.012% F.S_R. (max) 
±0.003% F .S_R. (typ) 
±0.006% F.S_R. (max) 

Guaranteed to 13-Bits 
Guaranteed to 14-Bits 

1JLS 

2JLS 

200JLV 
2mV 

STABILITY (Over specified Temp. Range) 

Scale Factor3 
I ntegral Linearity 

Differential Linearity 

Monotonicity Temp. Range 
HS 3140C-3/-4 
HS 3140B-3/-4 

POWER SUPPLY (VDD)7 

Nominal Voltage 
Maximum Voltage Range 
Current 
Rejection Ratio 

TEMPERATURE RANGE 

Operating HS 3140C-3/-4 
Operating HS 3140B-3/-4 
Storage 

MECHANICAL 

Case Style 

NOTES 

4ppm/OC (typ) 
0.5ppm F.S.R.fC (typl 
1ppm F.S.R.tC (max) 
0.5ppm F.S.Rfc (typ) 
1ppm F.S.R.rC (max) 

O°C to + 70°C 
-25°C to +85°C 

+15V ±5% 
+11Vto+18V 
2mA 
. 005%/% 

O°C to +70°C 
_55° C to +125° C 
_65°C to +150°C 

20 pin DIP, ceramic 

1. -0.5V< "0" < +0.8V, 2,4V < "1" .;; VDD, Worst Case. 
2. We recommend our HS REF 01 or R675B-1 for fixed reference 

application. 
3. Using the internal feedback resistor and an external Opamp. 
4. The Scale Factor can be adjusted externally by variable resistors 

in series with the reference input and/or in series to the internal 
feedback resistor (See APPLICATIONS INFORMATION), 

5. Integral Linearity is measured as the arithmetic mean value of 
the magnitudes of the greatest positive deviation and the greatest 
negative deviation from the theoretical value for any given input 
combination. 

6. Differential Linearity is the deviation of an output step from the 
theoretical value of 1 LSB for any two adjacent digital input 
codes. 

7. A 400Q resistor should be added in series with Voo and 
by-passed by a 0.1J.Lf capacitor" 
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Case Dimensions Pin Assignments 

PIN FUNCTION fUNCTION 
OUTPUT " loUT 1 20 R FEEDBACK 

OUTPUT 2. lOUT 2 19 VREf 
18 +VOD 

BIT llMSBI 11 BIT 14 
16 
15 BIT 12 

8 BIT5 13 BIT 10 
9 BIT6 12 BIT9 

10 BIT 7 11 BIT 8 

APPLICATIONS INFORMATION 
UNIPOLAR OPERATION (2-Quadrant Multiplication) 

I 
DIGITAL HS 3140 

1NiUT 

I 
BIT·16 (LSBI 

GND 

NOTES: 

470Q2 

RFEEDBACK 200Q 

OP-07 
Ras 

1. ::r:::ntain specified HS 314V linearity. the .lCternal amplifier (A) must be 

Apply an ALL ·ZEAOS~ digilal Input and adjust ROS lor VOUT = 0 :t 1 mV. 
2. Series reaiatorrecommendedto limit current during '1urn-on', 

BIPOLAR OPERATION (4-Quadrant Multiplication) 

NOTES: 
1, To maintain specified HS 3140 linearity, uternal amplifiors (A, and All must be 

zeroed. With a dlglta' Input 01 10 ... 0 and VREF 8et to zero: 
.)SetRoS1 lor VOl = 0 
b) Set ROS2 lor VOUT .. 0 
c)SetVREFto +10V.nd adjust Re lor VOUT to be 0 Volts 

2. Series resistor recommended to 'imitcurrentduring '1urn-on', 

VOUT 

UNIPOLAR OPERATION BIPOLAR OPERATION 
Transfer Characteristics Transfer Characteristics 

BINARY INPUT ANALOG OUTPUT OFFSET ANALOG OUTPUT BINARY INPUT 

111 __ .111 111 ... 111 -VREF 11 _2-(N-1I1 

100 .. a a 1 -VREF (112 + 2-N) 100. . a 01 -VREF (2-(N- 11 1 

100 ... 000 100 . .. a 00 

011 ... 111 all ... a 01 VREF (2-IN-lll 

000 .. 001 a a o. . a 01 VREF 11 _2-(N-l II 

000 .. 000 000. .. a a a VREF 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATIO~ 
MODEL 

HS3140C·3 
HS 3140C-4 
HS 3140B·3 
HS 3140B-4 

DESCRIPTION 

14·Bit MDAC. 0.006% lin. Commercial 
14·Bit MDAC. 0.003% Lin. Commercial 
14·Bit MDAC, 0.006% lin. MIL·STD·883C 
14·Bit MDAC, 0.003% lin. MIL·STD·883C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Monolithic CMOS circuit 
• Linearity ±0,003% 
• Linearity TC 1 ,0ppm/oC max 
• Latch-Up protected 
• Small size: 22 pin ceramic DIP 
• Commercial and MIL-STD-883 Rev, C 

processing 
• Single power supply: + 15VDC 
• Low power: 30mW 

DESCRIPTION 
The HS3160 is a 16-bit CMOS multiplying D/A con
verter integrated in a single monolithic chip, It 
represents a major advance in the field of mono
lithic converter technology, extending resolution to 
16 bits and with linearity to 14 bits and 0,003%, The 
HS3160 accepts AC or DC reference voltages, mul
tiplies in all four quadrants, has latch-Up protection, 
and is packaged in a hermetic 22 pin DIP, Out
standing features of the HS3160 include: 
14-Bit Linearity - HS3160 offers a 0,003% integral 
linearity and a 0,003% differential linearity and is 
monotonic over the entire specified operating tem
perature range, The excellent differential linearity is 
achieved by using a unique bit decoding tech
nique, The transfer function is actually divided into 
16 segments (determined by bits 1 to 4), each con
sisting of 4096 discrete voltage levels (determined 

FUNCTIONAL DIAGRAM 

I 15 EQUAL I 

HS3160 

MONOLITHIC 
16-BIT MDAC 

by bits 5 to 16), Bits 1 to 4 are digitally decoded into 
15 control signals, driving 15 equal current sources, 
rather than 4 binarily weighted sources; thus, re
ducing the matching accuracy requirement on the 
resistors and CMOS switches, 
Monolithic Construction - HS3160 is a single chip 
CMOS circuit using advanced design and manu
facturing techniques, 

Processing - The HS3160 is offered in two versions, 
The -C version is commercially processed for appli
cations in the O°C to 70°C range, The -8 version 
operates in the -55°C to +125°C temperature 
range and is processed and screened to the re
quirements of MIL-M-38510 and MIL-STD-883C, 

48k HS 3160 
21 i SECTIONS ~ 

VREF~~~--~+-------~>-----'-----~'~~AA~'---~ 

GNO 

VOO 

3 

20 

...-~--OIOUT2 

~~------(f---4-~----~'~----~~------~------~----()IOUT1 

BIT 1 BIT 2 BIT 3 BIT 4 
(MSB) 

BIT 16 RFEEOBACK 
(lSB) 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 
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SPECIFICATIONS 
(Typical @ +25°C, nominal power supply, VREF = +10V, unipolar unless 
otherwise noted) 

MODEL 

TYPE 

DIGITAL INPUTS 

Resolution 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility1 
Input Current 

REFERENCE INPUT2 

Voltage Range 
Input Impedance 

ANALOG OUTPUT7 

Scale Factor 
Scale Factor Accuracy3.4 
Output Leakage 

@ +25°C 
@ +125°C 

Output Capacitance 
Cout 1 , all inputs high 
Cout 1 , all inputs low 
Cout 2, all inputs high 
Cout 2, all inputs low 

STATIC PERFORMANCE 

Integral Linearity5 
HS 3160-3 

HS 3160-4 

Differential Linearity6 
HS3160-3 

HS 3160-4 

Monotonicity 
HS 3160-3 
HS3160-4 

DYNAMIC PERFORMANCE 

HS 3160 

4 Quadrant Multiplying 

16-Bits 
Binary 
Offset Binary 
CMOS, TIL 
<1jAA 

± 25V (max), AC or DC 
6.5kQ ± 50% 

150jAAIVREF ± 50% 
±l% (max) 

10nA (max) 
200nA (max) 

100 pF 
50 pF 
50 pF 
100 pF 

± 0.006% F.S.R. (typ) 
±0.012% F.S.R. (max) 
± 0.003% F.S.R. (typ) 
±O.006% F.S.R. (max) 

±0.006% F.S.R. (typ) 
± 0.012% F.S.R. (max) 
± 0.003% F.S.R. (typ) 
±0.006% F.S.R. (max) 

Guaranteed to 13-Bits 
Guaranteed to 14-Bits 

Digital Small Signal Settling 1 jAS 
Digital Full Scale 

Transition Settling 2jAS 
Reference Feedthrough Error 
(VREF = 20Vpp) 

@ 1kHz 200,N 
@ 10kHz 2mV 

Reference Input Bandwidth 1 MHz 

STABILITY (Over specified temp. range) 

Scale Factor3 

Integral Linearity 

Differential Linearity 

Monotonicity Temp. Range 
HS 3160C-3/-4 
HS 3160B-3/-4 

POWER SUPPLY (VOO)8 

Nominal Voltage 
Voltage Range 
Current 
Rejection Ratio 

TEMPERATURE RANGE 

Operating HS 3160C-3/-4 
Operating HS 3160B-3/-4 
Storage 

MECHANICAL 

Case Style 
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4ppm/oC (typ) 
0.5ppm F.S.R.l°C (typ) 
1ppm F.S.R.l°C (max) 
0.5ppm F.S.R.l°C (typ) 
1ppm F.S.R.l°C (max) 

O°Cto + 70°C 
-25°C to +85°C 

+ 15V ±5% 
+8Vto +18V 
2mA 
0.005% F.S.R.I%V 

O°Cto + 70°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

22 pin DIP, ceramic 

NOTES 
1. - 0.5V < "0" < + 0.8V, 2.4V < "1""; V::m, Worst Case. 

2. We recommend our HS REF 01 or R675B-1 for fixed reference application. 
3. Using the internal feedback resistor and an external Opamp. 
4. The Scale Factor can be adjusted externally by variable resistors in series 

with the reference input and/or in series to the internal feedback resistor 
(See APPLICATIONS INFORMATION). 

5. Integral Linearity is measured as the arithmetic mean value of the 
magnitudes of the greatest positive deviation and the greatest negative 
deviation from the theoretical value for any given input combination. 

6. Differential Linearity is the deviation of an output step from the theoretical 
value of 1 LSB for any two adjacent digital input codes. 

7. The HS 3160 has been used successfully with OP-07, OP-27 and LF441A. 
For high speed application HA2525, LF411 ACN and OP-01 are 
recommendArl. 

8. Use series 470Q resistor to limit startup current - See applications 
schematics. 

CAUTION: ESD (Electro-Static-Discharge) sensitive device. 
Permanent damage may occur when unconnected devices are 
subjected to high energy electrostatic fields. Unused devices must 
be stored in conductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices are removed. 

CASE DIMENSIONS 

0.18 ± 0.002 
(0.457 ± 0.050) 

~~ 
1.000 ± 0.005 

(25.40 ±[ 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 OUTPUT 1, lOUT 1 

2 OUTPUT 2, lOUT 2 

3 GND 

4 BIT 1 (MSB) 

5 BIT 2 

6 BIT 3 

7 BIT 4 

8 BIT 5 

9 BIT 6 

10 BIT 7 

11 BIT 8 

PIN FUNCTION 

22 R FEEDBACK 

21 VREF 

20 VDD 

19 BIT 16 (LSB) 

18 BIT 15 

17 BIT 14 

16 BIT 13 

15 BIT 12 

14 BIT 11 

13 BIT 10 

12 BIT 9 



PRINCIPLES OF OPERATION 

The HS 3160 achieves true 14 bit accuracy coupled with 16 bit 
resolution by using a decoded or segmented DAC scheme to imple
ment this function. The following is a brief description of this 
approach. 

The most common technique for building a D/A converter of n bits is 
to use n switches to turn n current or voltage sources on or off. The 
n switches and n sources are designed so that each switch or bit 
contributes twice as much to the D/A converter's output as the 
preceding bit. This technique is commonly known as binary 
weighting and allows an n-bit converter to generate 2n output levels 
by turning on the proper combination of bits. 

In such binary-weighted converter, the switch with the smallest con
tribution (the LSB) accounts for only 2 - n of the converter's full
scale value. Similarly, the switch with the largest contribution (the 
MSB) accounts for 2 -1 or half of the converter's full-scale output. 
Thus it is easy to see that a given percent change In the MSB will 
have a greater effect on the converter's output than would a similar 
percent change in the LSB. For example, a 1 % change in the LSB 
of a 10 bit converter would only affect the output by 0.001 % of full
scale. A 1 % change in the MSB of the same converter would affect 
the output by 0.5% of F.S.A. 

In order to overcome the problem which results from the large 
weighting of the MSB, the two MSB's can be decoded to three 
equally weighted sources. Table 1 shows that all combinations of 
the two MSB's of a converter result in four output levels. So by 
replacing the two MSB's with three bits equally weighted at V4 fuU
scale and decoding the two MSB digital inputs into three lines which 
drive the equally weighted bits. The same functional performance 
can be obtained. Thus by replacing the two MSB switches of a con
ventional converter with three switches properly decoded, the con
tribution of any switch is reduced from V2 to V4. This reduction in 
sensitivity also reduces the accuracy required of any switch for a 
given overall converter accuracy. 

Table 1. Contribution of the two MS8's 

2- 1(MSBl 
o 
o 
1 
1 

o 
1 
o 
1 

Output 
o 

V4 Full-Scale 
V2 Full-Scale 
3,4 Full-Scale 

With the decoded converter described above, a 1% change in any 
of the converter's switches will affect the output by no more than 
0.25% of full-scale as compared to 0.5% for a conventional con
verter. In other words the conventional d-a converter can be made 
less sensitive to the quality of it's individual bits by decoding. 

In the HS 3160 the first four MSB's are decoded into 16 levels 
which drive 15 equally weighted current sources. The sensitivity of 
each switch on the output is reduced by a factor of 8. Each of the 15 
sources contributes 6.25% output change rather than an MSB 
change of 50% for the common approach. 

Following the decoded section of the DAC a standard binary 
weighted R-2R approach is used. This divides each of the 16 levels 
(or 6.25% of F.S.) into 4096 discrete levels (the 12 LSB's). 

OUTPUT CAPACITANCE 
The HS 3160 has very low output capacitance (Co), This is specified 
both with all switches ON and all switches OFF. Output capacitance 
varies from 50pf to 100pf over all input codes. This low capacitance 
is due in part to the decoding technique used. Smaller switches are 
used with resulting less capacitance. Three important system 
characteristics are affected by Co and ll.Co; namely digital feed
through, settling time, and bandwidth. The DAC output equivalent 
circuit can be represented as shown in Figure 1. 

Figure 1. HS 3160 Equivalent Output Circuit 

Digital feedthrough is the change in analog output due to the 
toggling conditions 'on the converter input data lines when the 
analog input VREF is at OV. The HS 3160 has very low Co and 
therefore will yield low digital feedthrough. Inputs to the HS 3160 
can be buffered. This input latch with microprocessor control is 
shown in Figure 5. 

Settling time is directly affected by Co. In Figure 1, Co combines 
with Rf to add a pole to the open loop response, reducing band
width and causing excessive phase shift - which could result In 
ringing and/or oscillation. A feedback capacitor, Cf must be added 
to restore stability. Even with Cf, there is still a zero-pole mismatch 
due to RiCo which is code dependent. This code dependent 
mismatch is minimized when CoRi = RfCf. However Cf must now 
be made larger to compensate for worst case ll.RiCo - resulting in 
reduced bandwidth and increased settling time. With the HS 3160 
small values for Cf must be used. Resistor Rp can be added, this will 
parrallel Ri decreasing the effective resistance. If Cf is reduced the 
bandwidth will be increased and settling time decreased. However a 
system penalty for lowering Cf is to increase noise gain. The tradeoff 
is noise vs. settling time. If Rp is added then a large value (1mF or 
greater) non-polarized capacitor Cp should be added In series with 
Rp to eliminate any DC drifts .. If settling time is not important, 
eliminate Rp and Cp, and adjust Cf to prevent overshoot. 

OUTPUT OFFSET 
In most applications, the output of DAC is fed into an amplifier to 
convert the DAC's current output to voltage. A little known and not 
commonly discussed parameter is the linearity error versus offset 
voltage of the output amplifier. All CMOS DAC's must operate Into a 
virtual ground, i.e., the summing junction of an op amp. Any 
amplifier's offset from the amplifier will appear as an error at the out
put (which can be related to LSB's of error). 

Most all CMOS DAC's currently available are implemented using an 
R-2R ladder network. The formula for nonlinearity is typically 
0.67mV/mVos (not derived here). However the HS 3160 has a 
coefficient of only 0.065mV/mVos!! This is due to the decoding 
technique described earlier. CMOS DAC applications notes 
(including this one) always show a potentiometer used to null out the 
amplifier's offset. If an amplifier is chosen having 'pretrimmed' offset 
it may be possible to eliminate this component. Consider the 
following calculations: 

1. Using LF441 A amplifier (low power - 741 pinout) 
2. Specified offset: 0.5mV max 
3. Temperature coefficient of input offset: 10IlV/oC max 

Vos max (O°C to 70°C) = 0.5mV + (70I1V)1 0 = 1.2mV 
Additional nonlinearity (max) = 1.2mV x 0.065mV/mV 

= 7811V (V2LSB @ 16 Bits!) 
Where: 7811V ~ V2LSB @ 16 Bits (1 OV range) 
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CHARACTERISTIC CURVES 
(Typical @ + 25°C, Voo = + 15VDC, VREF = + 10VDC, unless otherwise noted.) 
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APPLICATIONS INFORMATION 
400Q 470Q2 

VREF VDD 

BIT-1 (MSB) RFEEDBACK 200Q 
22 

DIGITAL HS 3160 
INPUT ROS 

I lOUT 1 
I 

BIT-16 (lSB) 
19 

IOUT2 VOUT 

GND 

NOTES: 
1. To maintain specified HS 3160 linearity, the external amplilier (A) must be 

zeroed. 
Apply an ALL "ZEROS" digital Input and adlust ROS for VOUT = 0 ± lmV. 

2. Series resistor recommmended to limit current during 'turn~on'. 

Transfer Characteristics 

BINARY INPUT ANALOG OUTPUT 

111 ... 111 - VREF(1-2- N) 

100 ... 001 - VREF(1f2 + 2 - N) 

100 ... 000 -VREF/2 

011 ... 111 -VREF(1f2 -2- N) 

000 ... 001 -VREF(2- N) 

000 ... 000 0 

Figure 2. Unipolar Operation (2-Quadrant Multiplication) 

400Q 470Q2 
....---'VV-'-- VDD 

BIT·l (MSB) 200Q 

I 
DIGITAL HS 3160 
INPUT 

I 
I 

BIT·16 (LSB) 19 

GND 

NOTES: 
t. To maintain specified HS 3160 linearity, oxternalampllflers (At and A2) must be 

zeroed. With 8 digital Input of 10 ... 0 and VREF set to zero: 
a) Set ROSI for VOt = 0 
b) Set ROS2 lor VOUT = 0 
c) Set VREF to + t OY and adjust RB lor YOUT to be 0 Volts 

2. Series resistor recommended to limit current during 'turn-on.' 

Transfer Characteristics 

OFFSET 
BINARY INPUT ANALOG OUTPUT 

111 ... 111 -VREF(1 _2-(N-1» 

100 ... 001 -VREF(2-(fr"-1» 

100 ... 000 0 

011 ... 001 VREF(2-(N -1» 

000 ... 001 VREF(1-2-(N -1» 

000 ... 000 VREF 

Figure 3. Bipolar Operation (4-Quadrant Multiplication) 

YOUT 

(MSB) DIGITAL (lSB) 
BIT 1 INPUTS BIT N 

Via the above configuration, the HS 3160 can be 

YOUT 

used to divide an analog signal by a digital code (i.e, for 
digitally controlled gain). The transfer function is given as: 

VOUT '" 
Bit 1 

21 
+ 

-VIN 

+ + ... + 

where the value of each bit is 0 or 1. Division by all "O"s is 
undefined and causes the op amp to saturate. 

BDSEl 
A2 
AI 
AO 

Figure 4. Analog/Digital Division 

YREF 
(+25V MAX) 

DO-----..,.-I· .- f""-.--'-'I 
Dl ----H-1 Dl 

D2 ---"'"f"'"H-1 D2 
D3 ---"-+-++1 74273 D3 
D4--~t+++1 D4 
D5 --rl-t+t+I D5 
D6-~t+t+++1 D6 

D7 -,-t-t+t+t-+-I ClK 

ADDRESS DECODER lATCHES 

1. A1 can be selected with low pretrimmed oNset. Ras could then be replaced with a fixed R. 
2. HS REF-01 recommanded for fixed reference applications. 
3. Series resistor recommmended to limit current during 'turn-on'. 

Figure 5. Microprocessor Interface to HS 3160 

YOUT 
6 0 to - YREF 

(1·2·") 

267 



APPLICATIONS INFORMATION 

VOUT 

Figure 6. Cascade Multiplication 

LSB MSB 
FREQUENCY 

CONTROL, DIGITALLY 

.-____ -:--_---oS~~~E 

--1:::R:-

>---+_-+--oTRI:A~UELAR 

f=N(_l_) 
8Rt Ct 

WHERE: Rt = 10kQ 
0" N" (1-2-") 

I'\V,o." 

Figure 7. Programmable Function Generator 

LSB MSB A1: 8510 OR EQUIV VOUT = ± 25V up to 1 Amp 

Figure 8. DAC Controlled Power Output 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
Voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 

ORDERING INFORMATION 

LINEARITY LINEARITY MONOTONIC TEMP 
MODEL RESOLUTION ERROR (MAX) RANGE RANGE SCREENING 

HS 3160C-3 16 BITS 0.012% O°C to + 70°C O°C to + 70°C -
HS 3160C-4 16 BITS 0.006% O°C to + 70°C O°C to+ 70°C -
HS 3160B-3 16 BITS 0.Q12% - 25°C to + 85°C -55°C to + 125°C 883C 
HS 3160B-4 16 BITS 0.006% -25°C to +85°C -55°C to + 125°C 883C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE HS3860 

12-Bit DAC with Input Registers 

FEATURES 
• ±1/2 LSB Linearity 

• ±O.3% Absolute Accuracy Over Temperature 

• 7J1Sec Settling Time 

• Input Registers 

• MI L-STD-883 Screening Available (B Models) 

DESCRIPTION 
The HS 3860 is a 12-Bit digital-to-analog converter 
packaged in a hermetically sealed, 24 pin double-width, 
dual-in-line package. 

The D/A is constructed using hybrid microcircuit tech
nology and includes a precision thin-film network, laser
trimmed to produce a high linearity, high accuracy con
verter, stable over a wide temperature range. Errors in 
linearity and accuracy are specified at room temperature 
as well as operating temperature extremes for both MIL 
and Commercial products. 

FUNCTIONAL DIAGRAM 

REF 
OUT 

BIT1 
MSB 

REF GAIN 
IN ADJ 

BIPOLAR 
OFFSET 

BIT 12 
LSB 

The HS 3860 includes an internal, precision reference 
supply, a fast output amplifier for minimum settling time, 
and input registers for easier microprocessor interface. 

MIL-STD-883 Rev. C, Level B screening and processing 
is available in the "B" grade device. Operating tempera
ture range for the HS 3860B is - 55 cC to + 125 cC. 

6k 

>-+--_____ ~~1.::.5_o OUTPUT 
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SPECIFICATIONS 
(Typical for all models @ +25°C and nominal power supplies unless 
otherwise noted) 

MODEL HS 3860 
TYPE 

DIGITAL INPUTS 

Resolution 
Coding 

LO.Qic Levels (Data Inputs) 
Logic "1" (30~A max) 
LORic "0" (-0.6mA max) 

Register Enable Logic 1 
Logic "1" (60~A max) 
Logic "0" (-1.2mA max) 
Pulse Width 
Set up Time 

ANALOG OUTPUT 
Output Voltage Ranges 
Output Impedance 
Output Current 
Short Circuit Duration 

ACCURACY 
Linearity Error2, 3 

O°C to +70°C 
_55° C to +125° C 

Monotonicity 
Full Scale Absolute Error4 , 5 

+25°C 

_55° C to +125°C 6 

Zero Error4 , 5 
25°C 

-55°C to 125°C6 

Gain Error 
Gain Drift 

CONVERSION SPEED 

Settling Time 
20V Step 
10V Step 

Output Slew Rate 

REFERENCE OUTPUT 

Voltage 
Tempco 
Load Current 

POWER SUPPLIES 
Power Supply Range 

+15V Supply 
-15V Supply 
+5V Supply 

Power Supply Rejection 
+15V (from +14.55 to 
+15.45V) 

-15V (from -14.55 to 
-15.45V) 

Current Drain 
+15V Supply 
-15V Supply 
+5V Supply 

Power Consumption 

MECHANICAL 
Case ~tYle 

NOTES 

Digital to Analog Converter 

12 bits 
Complementary Binary/ 
Offset Binary 

+2V min, +5.5V max 
-0.5V min, +0.7V max 

+2V min, +5.5V max 
-0.5V min, +0.7V max 
60nS min 
40nS min 

o to +10; ±5; ±10 
0.05fl typ 
±5mA 
Indefinite to Common 

±1/4 LSBtyp;±1/2 LSBmax 
±1/2 LSBmax 
Guaranteed Over Temperature 

±0.05% F.S.R. typ; 
±0.1% F.S.R. max 
±0.15% F.S.R. typ; 
±0.3% F.S.R. max 

±0.025% F.S.R. typ; 
±0.05% F.S.R. max 
±0.05% F.S.R. typ; 
±0.1% F.S.A. max 
±0.1% 
±10ppmtC 

5MS typ; 7~S max 
3MS typ; 5~S max 
20 voltS/MS typ 

6.3 volts ±5% 
±10ppmtC 
100~A max 

+14V to +18V 
-14V to -18V 
+4V to +7V 

-0.01% F.S.R./% typ; 
±0.04% F.S.R./% max 

±0.001 % F.S.R./% typ; 
+0.004% F.S.R./%max 

25m A max 
25mA max 
50mA max 
675mW typ, 1000mA max 

24 Pin DIP. Ceramic 

1. The analog output follows the digital input when Register Enable 
is a logic "0". The analog output is constant when the Register 
Enable is a logic "1". 

2. Hybrid Systems guarantees and tests maximum Linearity Error 
at the extremes of the operating temperature and at room temp· 
erature. ±1 /2 LSB Linearity Error guarantees monotonicity and 
differential linearity of ±1 LSB. 

3. One LSB is 0.024% F .S.R. for a 12 bit DAC. 
4. F.S.R. is Full Scale Range. Forthe ±1 OV output range the F.S.R. is 

20 volts and 1 LSB is 4.88mV. 
5. Absolute Accuracy Error includes linearity, gain, offset and all 

other errors and is specified without the use of adjustments. 
6. Commercial Models are specified over a temperature range of 

O°C to +70° C. 
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Package Outline 
1.310 

~(33.274)-J (~:~:~) 

CJx ." ". ]";',~)-~~;;s~~~ 
MAX J 

.1 12. .-.l 
PIN (1) 
INDEX 0.025 ± 0.010 0.010 + 0.002·0.001 

(0.64) (0.25) (0.25) (0.05) (0.03) 

4I-4I-----~~ 0.205 MIN 

0.100±0.005 ::!I (5.21) ~--_ 
I.,..: (2.54) (0.13) TYP 

0.D18 ± 0.002 
(0.4S) (0.05) 

Pin Designatio,..,n,.."s".....".,..,.,..,.=::-=="-"".,..",=:-:--___ -, 
PIN FUNCTION PIN FUNCTION 

1 Bit 1 24 REF OUT 

2 Bit 2 23 -Full Scale Adjust (Gain Adj) 

3 Bit3 22 +15V 

Bit4 21 Common 

Bit5 20 Summing Junction 

6 BitS 19 Register Enable 
Bit 7 18 10V Range 

Bit 8 17 Bipolar Offset 

9 Bit 9 16 REF IN 

10 Bit 10 15 Analog Output 

11 Bitl1 14 -15V 

12 Bit 12 13 +5V 

APPLICATIONS INFORMATION 
FULL SCALE ADJUSTMENT 

+15V 

PIN 20 o-____ 6..J<."SMVn\,-____ -< ~~~~nTO 

Range of Adjustment = ±0.2% FSR -15V 

Connect the full scale potentiometer as shown and apply all "O's" to 
the digital inputs. Adjust the potentiometer until the analog output 
is equal to the maximum positive voltage for the chosen output range 
as shown in the table. 

ZERO (-FULL SCALE) AD.IUSTMENT 

6.SMn 10kn TO 
PIN 230----..... V\/\; tr- 100kn !

+15V 

-15V 
Range of Adjustment = ±0.35% FSR 

Connect the zero (-full scale) potentiometer as shown and apply all 
"l's" to the digital inputs. Adjust the potentiometer until the analog 
output is equal to zero volts for unipolar output ranges and -full 
scale voltage for bipolar output ranges. 

INPUT LOGIC CODING AND OUTPUT RANGE SELECTION 

DIGITAL INPUT ANALOG OUTPUT 
MSB LSB o to +10V ±5V >lOV 

0000 0000 0000 +9.997SV +4.997SV +9.9951V 
0000 0000 0001 +9.9951V +4.9951V +9.9902V 

011111111111 +5.0000V O.OOOOV O.OOOOV 
1000 0000 0000 +4.997SV -0.0024V -0.0049V 

111111111110 +0.0024V -4.997SV -9.9951 V 
111111111111 O.OOoov -5.00OOV -10.0000V 

CONNECT 24 to 16 24 to 16 24 to 16 
PIN TO PIN 17to 21 17 to 20 17 to 20 

15to 18 15to 18 

ORDERING INFORMATION 
MODEL 

HS3860B 
HS 3860C 

DESCRIPTION 

MIL,12 Bit D/A 
COMM. 12 Bit D/A 

Specifications subject to change without notice. 



1.310 

1'~·r-_____ (3~!~4_) ______ ~·1 

.1 12. 

L 
(20.321) 

MAX 

j 

I I 0.165 

-~ ~~J)o.olO 
(1;.24 rO.2S) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

f-H~'i~Xn n n ~ 1100:~r5!~'~~~ DIMENSIONS 

__ I 1-0.100 ±0.005 -- MIN inches 
(2.54 ±0.13) TYP {rTlmf 

0.018 ±0.002 
(0.46 ± 0.05) 
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intentionally left blank. 
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SIGNAL PROCESSING EXCELLENCE 

Features 

• Improved Accuracy and Ruggedness Over 
The 7541 
• 12 Bit Endpoint Linearity (± 112 LSB) 
• Improved Gain Error: ± 1 LSB (No User 
Adjustment Required) 
• Low Gain Tempco (5 ppm/oC Max) 
• 2 and 4 Quadrant Multiplication 
• Superior Power Supply Rejection. 
• Low Feedthrough Error and Digital Charge 
Injection. 
• Low Power Consumption. 
• TTUCMOS Compatible 
• All Data Input Pins Designed To withstand 200lV 
ESD 
• Direct Replacement for AD 7541 and AD 7541 A. 

Applications 

• Programmable Amplifiers 
• Function Generators 
• Digitally Controlled Attenuators 
• Digitally Controlled Power Supplies 
• Digital Filters 
• Digital/Synchro Conversion 
• Ratiometric AID Conversion 
• CRT Graphics Generator 

Functional Diagram 

20kQ 20kQ 20kQ 20kQ 20kQ 

SPOT 

20kQ 

HS-7541A 
CMOS 12 Bit Multiplying DAC 

Description 
The HS-7541 A is a 12-Bit, 4 quadrant multiply
ing digital-to-analog converter contained in a 
single high density monolithic CMOS Chip. It is 
manufactured using an advanced oxide isolat
ed, silicon-gate, monolithic CMOS technology. 

The HS-7541 A features circuitry designed to 
protect data inputs against damage from 2001 
volt electrostatic discharge. 

The HS-7541 A consists of a highly stable thin
film R-2R ladder network and twelve NMOS 
current switches on a monolithic chip. The 
thin-film resistors are laser trimmed to provide 
true 12 Bit linearity and excellent absolute lin
earity. The NMOS switches are temperature 
compensating and their "ON" resistances are 
binarily scaled so that the voltage drop across 
each switch is identical. This is essential in 
maintaining the accuracy of the binarily 
weighted current division performed by the 
ladder network. The internal feedback resistor 
used in the output current-to-voltage conver
sion operation is matched to the R-2R ladder. 

The HS-7541 A is a superior pin-compatible 
replacement for the industry standard 7541 
and the AD7541 A. Available in standard 
Epoxy and CERDIP packages, the HS-7541A 
is compatible with automatic insertion equip
ment. The improved performance of the HS-
7541 A permits upgrading existing designs with 
greater ruggedness and accuracy. Tight linear
ity and gain error specifications may permit 
reduced system parts count by eliminating 
trimming circuitry. 

Pin Connections 

NMOS 10UT2 
18 PIN Epoxy Dip 

(N-Suffix) 

SWITCHES 
LT---~+----*-i~.u-----44----"""*-+---,~.",.cl0UT 1 

RFEEDBACK 

BIT2 BIT3 BIT 11 BIT 12 (LSB) 

(SWITCHES SHOWN FOR DIGITAL INPUTS "HIGH") 

18 PIN Hermetic Dip 
(a-Suffix) 
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HS-7541A 
CMOS 12-Bit Multiplying DAC 
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Absolute Maximum Ratings 
(TA=+25°C, unless otherwise noted) 

Operating Temperature Range (TA= Full) 
Commerical (KN ,LN GRADES) 0° C to 70°C 

-25"C to +85°C 

VDO (to GND) 
VREF(to GND) 
VRFB(to GND) 
Digital Input Voltage Range 
Output Voltage (Pin 1, Pin 2) 
Power Dissipation (Package) 

Derate Above + 75°C 

+17V 
±25V 
±25V 

Voo to GND 
-0.3V, to Voo 

450mW 
6mW/oC 

Industrial (80, CO GRADES) 
Military (TO, UO GRADES) -55°C to + 125°C 

Dice Junction Temperature + 150°C 
Storage Temperature -65°C to + 150°C 
Lead Temperature (Soldering, 60 Sec) +300°C 
Do not apply voltages higher than Voo or less than GND 
potential on any terminal except V REF. 

Use proper ESD handling procedures 

Electrical Characteristics: 
v OD =+ 15V, V REF = + 1 OV,V OUT 1 = VOUT 2 = OV; TA = Full unless otherwise noted. 

Parameters Symbol Conditions Min Typ Max Units 

STATIQ AQQURAQY 

Resolution N 12 8its 
Nonlinearity INL ±1/2 LSB 

Differential DNL HS-7541 A - KN/80/T0 ±1/2 LS8 
Nonlinearity HS-7541A - IN/AO/SO ±1 LSB 

Gain Error GFSE Using Internal Feedback Resistor 
HS-7541 A - KN/80/T0 
TA = 25°C 1 LS8 
TA = Full 2 LS8 
HS-7541A - IN/AO/SO 
TA = 25°C 2 LSB 
TA = Full 3 LSB 

GAINTEMPCO TCGFS 
(~ Gain/Ll Temp.) ±2 ±5 PPM/DC 

Power Supply PSRR TA= 25°C, Ll Voo = ±5% ±0.001 %/% 
Rejection Ratio TA = Full, LlVoo = ±5% ±0.002 %/% 
(~ Gain/ Ll VOD) 

Output Leakage ILKG For lOUT 1 Digital Inputs = V1L 
Current HS-7541 A - KN/80/T0 

TA= 25°C 5 NA 
TA= Full 10 NA 
HS-7541A - IN/AO/SO 
TA = 25°C 5 NA 
TA = Full 100 NA 

Zero Scale IzsE V REF=+ 1 OV, all digital inputs=OV 
Error HS-7541 A - KN/80/T0 

TA=25°C 0.002 LSB 
TA=Full 0.01 LSB 
HS-7541A- IN/AO/SO 
TA=o25C 0.002 LS8 
TA=Full 0.05 LSB 



HS-7541A 
CMOS 12-Bit Multiplying DAC 

Electrical Characteristics: 
Voo=+ 15V, VREF = + 10V,VOUTl = VOUT2 = OV; TA = Full unless otherwise noted. 

Parameters Symbol Conditions Min Typ Max Units 

R~f~r~n~~ Ingut 

Input Resistance RpEF 7 11 15 kn 

Input Resistance TC 
T empco (Ll RILl T) R-REF 50 ppm/oC 

PQw~r SUgl2l~ 

Supply Current 100 Digital Inputs = VIL OR VIH 2 ma 
Digital Inputs = OV or V DO 100 JlA 

Digitallngut 

Digital Input High VIH 2.4 V 

Digital Input Low VIL 0.8 V 

Input Leakage I". TA = 25°C ±1 NA 
Current TA = Full ±1 JlA 

Input Capacitance CIN VIN = OV 8 PF 

D~narni~ P~rfQrman~~ 

Propagation Delay Tpo lOUT LOAD = 100n, CEXT = 13 PF, 100 150 NS 
Measured Fom Digital Input 
Change to 90% Of Final 
Analog Output, TA = 25°C 

Output Current Ts To ± 1/2 LSB, TA= 25°C 0.6 1 JlS 
Settling Time Extrapolated Measurement 

Feedthrough Error FT VREF = 20 Vpp @ f = 10 kHz 2 5 mVp_p 
(VREF to lOUT) All Digital Inputs Low 

TA = 25°C 

Digital To Analog Q VREF = OV, All Digital Inputs = OV 700 1000 NVS 
Glitch Energy To Voo Or Voo To OV, TA = 25°C 

AnalQg Qutgut§ 

Output Capacitance COUTl Digital Inputs = VIH 85 120 PF 
Digital Inputs = VIL 30 50 PF 

COUT2 Digital Inputs = VIH 30 50 PF 
Digital Inputs = Vil 85 120 PF 
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Circuit Description 
General 
The HS7541A is a 12-bit multiplying D/A con
verter consisting of a highly stable, silicon
chrome thin film R-2R resistor ladder network 
and twelve pairs of NMOS current steering 
switches on a monolithic chip. Most applica
tions require the addition of a voltage or current 
reference and an output operational amplifier. 

A simplified circuit of the HS754A 1 is shown in 
Figure 1. The R-2R inverted ladder binarily 
divides the input currents that are switched 
between lOUT 1 and lOUT 2 bus lines. This switch
ing allows a constant current to be maintained in 
each ladder leg independent of the input code. 

The twelve output current-steering switches are 
in series with the R-2R resistor ladder, and 
therefore, can introduce bit errors. It is essential 
then, that the switch "ON" resistance be binarily 
scaled so that the voltage drop across each 
switch remains constant. If, for example, switch 
1 of Figure 1 was designed with an "ON" resis
tance of 10 ohms, switch 2 for 20 ohms, etc., 
then with a 10 volt reference input, the current 
through switch 1 is 0.5mA, switch 2 is 0.25mA, 
etc., a constant 5mV drop will then be main
tained across each switch. 

To further insure accuracy across the full tem
perature range, permanently "ON" MaS switch
es are included in series with the feedback 
resistor and the R2-R ladder's terminating resis
tor. These series switches are equivalently 
scaled to two times switch 1 (MSB) and to 
switch 12 (LSB) respectively to maintain con
stant relative voltage drops with varying temper
ature. During any testing of the resistor ladder 
or RFEEOBACK (such as incoming inspection) Voo 
must be present to turn "ON" these series 
switches. 

2001ESD Protection 

In the design of the HS-7541 A's data inputs, 
2001 V ESD resistance has been incorporated 
through careful layout and the inclusion of input 
protection circuitry. 

Equivalent Circuit Analysis 

Figures 2 and 3 show the equivalent circuits for 
all digital inputs LOW and HIGH respectively. 
The reference current is switched to louT 2 when 

all inputs are LOW and lOUT 1 when inputs are 
HIGH. The I LEAKAGE current source is the com
bination of surface and junction leakages to the 
substrate; the 1/4096 current source repre
sents the constant 1-bit current drain through 
the ladder terminating resistor. The output 
capacitance is dependent upon the digital input 
code, and is therefore varied between the low 
and high values. 

Output Impedance 

The output resistance, as in the case of the 
output capacitance,varies with the digital input 
code. The resistance, looking back into the 
louT 1 terminal, may be anywhere between 
1 Okn (the feedback resistor alone when all dig
ital inputs are low) and 7.5kn (the feedback 
resistor in parallel with approximately 30kn of 
the R-2R ladder network resistance when any 
single bit logic is high). Static accuracy and 
dynamic performance will be affected by these 
variations. 

L----tl ........ --+++ .. I---+{+--....:::....---o'OUT2 
'+---+t---"""*"t----<.a---+t--.......---..."...,...o, OUT , 

BIT' (MSB) 

6 l----u-------b L....oo--o---J'J\;IC.oAFEEDBACK 

BIT 2 BIT 3 BIT '2 (LSB) 

DIGITAL INPUTS (DTlJTTlJCMOS COMPATIBLE) 
(SWITCHES SHOWN FOR DIGITAL INPUTS -HIGW) 

FIGURE 1: Simplified DAC Circuit 

RFEEDBACK 

__ ---+--+--0 'OUT' 

FIGURE 2: HS-7541A Equivalent Circuit 
(All Inputs Low) 

RFEEDBACK 

1REF R:::1OkQ 

VREF o--JVV\-----.~-_+_--........ ~'OUT' 

_-_--0 'OUT 2 

FIGURE 3: HS-7541A Equivlalent Circuit 
(All Inputs High) 



Application Information 
Unipolar Operation 

The connections required for digital unipolar 
operation are shown in Figure 4. The reference 
voltage VREF may be either positive or negative. 
The 2kn potentiometer in the VREF line and the 
1 kn resistor in the feedback loop are optional 
and are only needed when the gain error must 
be trimmed to less than 0.3% F.S.R. They 
should track each other to better than 0.1 %, but 
don't have to track 7541 's internal network 
resistors. 

As shown in Figure 4 the DAC current output is 
typically connected to an external OP-AMP with 
it's non-inverting input tied to ground. The 
amplifier selected should have a low input bias 
current and low drift over temperature. To main
tain specified HS7541 linerarity, the amplifiers 
input offset voltage should be nulled to less 
than ±200IlV (0.1 LSB). Table 1 shows the code 
table for unipolar operation. 

R1 

-15V 

FIGURE 4: Unipolar Operation 

DIGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99975 VREF 

100000000000 -0.50000V VREF 

011111111111 -0.49975 VREF 

000000000000 0 

TABLE 1: Unipolar Operation Code Table 

HS-7541A 
CMOS 12-Bit Multiplying DAC 

Bipolar Operation 

The connections required for bipolar operation 
are shown in Figure 5. The digital input is offset 
binary coded and produces an output according 
to the code table shown in Table 2. 

As in the case of unipolar operation the gain 
trim resistors can be omitted in applications that 
do not require minimum gain error. Amplifier 
considerations of low input bias current, low drift 
and offset nulling are also applicable for bipolar 
operation. 

R1 

VREFO-.l\lV~+------------, 

BIT 1 
(LSB) 

R5 
500Q 

10kQ 

FIGURE 5: Bipolar Operation 

DITGITAL INPUT NOMINAL ANALOG OUTPUT 

111111111111 -0.99951 VREF 

100000000000 -0.00049V VREF 

011111111111 +0.50000 VREF 

000000000000 + 1.00000 V REF 

TABLE 2: Bipolar Operation Code Table 
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Ordering Information 

TA-TEMP RELATIVE GAIN 
PART # PACKAGE RANGE (OC) ACCURACY ERROR 

(LSB's) (LSB's) 

HS-7541A IN 20-Pin Epoxy Dip Oto 70 ± 1/2 ±3 

HS-7541A KN 20-Pin Epoxy Dip o to 70 ± 1/2 ±2 

HS-7541A AO 20-Pin Hermetic Cerdip -25 to 85 ± 1/2 ±3 

HS-7541A SO 20-Pin Hermetic Cerdip -25 to 85 ± 1/2 ±2 

HS-541A SO 20-Pin Hermetic Cerdip -55 to 125 ± 1/2 ±3 

HS-541A TO 20-Pin Hermetic Cerdip -55 t0125 ± 1/2 ±2 

HS-7541 A SO/883 20-Pin Hermetic Cerdip -55 t0125 +1/2 ±3 

HS-7541 A TO/883 20-Pin Hermetic Cerdip -55 t0125 ± 1/2 ±2 

NOTES: 1) Consult Factory For 883 Data Sheet 
2) Package Designations: Suffix N-Plastic Dip, Suffix O-Hermetic Dip. For package 
mechanical dimensions, call DataLinear at (408) 945-9080. 

CROSS REFERENCE INFORMATION 

ADI ParI Ng. DalaLinlar ParI Ng. 
AD 7541A IN HS 7541AJN 

AD 7541A KN HS 7541A KN 

AD 7541A AD HS 7541A AO 

AD 7541A SD HS 7541A SO 

AD 7541A SO HS 7541 A SO 

AD 7541A TD HS 7541A TO 

AD 7541 A SD/883 HS 7541 A SO/883 

AD 7528A TD/883 HS 7541 A TO/883 

The information in this document is subject to change without notice. SIPEX Corporation makes no warranty of any kind 
with regard to this material, including, but not limited to, the implied warranties of merchantability and fitness for a particular 
purpose, SIPEX Corporation assumes no responsibility for any errors that may appear in this document. No part of this doc
ument may be copied or reproduced in any form or by any means without the prior written consent of SIPEX Corporation. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Four 12-Bit DACs on a Single Monolithic 

Chip 

• Independent VREF Input For Each DAC 
• Low Power CMOS (5 mW) 

• Single + 5V Operation 
• Double Buffered Input Structure for /A P 

Interface 

• Available in 40-Pin DIP or 44-Pin LCC/PLCC 

DESCRIPTION 
The HS 7584 contains four CMOS current output D/A 
converters on a single monolithic chip. All four DACs pro
vide 4-quadrant multiplication with a separate reference 
input and feedback resistor for each DAC. Monolithic 
construction ensures excellent matching and tracking 
between all four DACs. 

The double buffered input structure is designed to accept 
12-Sit parallel data or 8-Sitl4-Sit data allowing easy 

FUNCTIONAL DIAGRAM 
40·PIN PINOUT 

OBO-OBll 

BlIB2 0--'+---------' 

N/C 0--=-+------' 

WR2 0-+------' 

DIG ANA DIG ANA 
VOO VOO Vss Vss 

HS 7584 

Quad 12-Bit MDAC 

microprocessor interface. All four DACs may be simul
taneoulsy updated using a single XFER command. 

The HS 7584 is packaged in a 40-Pin DIP as well as a 
44-Pin LCC and PLCC and operates from a + 5V power 
supply. Processing to MIL-STD-8838, Rev C is available. 

VREF B VREF A 

RFB A 

101 A 

102 A 

RFB B 

101 B 

102 B 

28 
RFB C 

101 C 

102 C 

RFB 0 

1010 

1020 

VREF C VREF 0 
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SPECIFICATIONS 
(Typical@25°C with VDD=VSS= +5V, VREF= + 10V unless otherwise noted.) 

MODEL 

PACKAGE 
DIGITAL INPUTS 
Resolution 

VIH Logic Level 

VI L Logic Level 
liN Input Current 
2 Quad, Unipolar Coding 
4 Quad, Bipolar Coding 

REFERENCE INPUT 
Input Resistance 

STATIC PERFORMANCE 

DIP/LCC 

12-Bits 

2AV min 

O.SV max 

1~ A typ, 4~ A max 
Straight Binary 
Offset Binary 

5kQmin, 10kQtyp, 15kQmax 

HS 7584 

Integral Linearity 

Differential Linearity 
Monotonicity 

0.006% FSR typ, 0.012% FSR max 

0.006% FSR typ, 0.024% FSR max 
12-Bits 

DYNAMIC PERFORMANCE 
Output Current Settling Time 

Data Set-Up Time 

Data Hold Time 

Write Pulse Width 

ANALOG OUTPUT 
Scale Factor 

Scale Factor Accuracy 

10 Leakage 
Output Capacitance 

STABILITY 
Scale Factor 

Integral Linearity 

Differential Linearity 

Input Impedance 

lOUT Leakage (TMIN-TMAX) 
Scale Factor Tracking (DAC to DAC) 

POWER REQUIREMENTS 
Operating Voltage 
Supply Current 

VIN = 0 or 5V 
VIN = 0.8V or 2.0V 

Power Supply Rejection Ratio 

Power Dissipation 
VIN = 0 or 5V 
VIN = O.SV or 2.0V 

'Specifcations same as HS 7584-DIP/LCC 

ABSOLUTE MAXIMUM RATINGS 

2~ sec typ, 3~ sec max 
100 nsec min 

o nsec min 

100 nsec min 

100~AIVREF 
±0.048S% typ, 0.0976% max 

1 nA typ, 10 nA max 

SO pF typ 

1 ppm/oC typ, 2 ppm/oC max 

0.5 ppm/oC typ, 1 ppm/oC max 
0.5 ppm/oC typ, 1 ppm/oC max 

- 400 ppm/oC typ 

100 nA typ, 200 nA max 
2 ppm/oC typ, 4 ppm/oC max 

+5V ±5% 

0.5 mA typ, 1 mA max 
5 mA typ, 10 mA max 

0.0005%/%typ, .002%/% max 

2.5 mW typ, 5.0 mW max 
25 mW typ, 50 mW max 

~D················································N 
VSS. . ............. ±OAV 

VREF A,B,C,D . ± 20V 
RFBA,B,C,D . ±20V 
Digital Input Voltage. 

VplN 9,10,11,12,29,30,31,32· 
ANGNDto DGND . 
Power Dissipation (Any Package) 

. ... - 0.3V to 5.5V 

.±OAV 

±OAV 

To + 75°C ..................................... 450mW 
Deratesabove + 75°C. . ... 6mW/oC 

Operating Temperature Range 
Commercial . . ................ 0 to + 70°C 
Extended . - 55°C to + 125°C 

Storage Temperature. 
Lead Temperature (Soldering, 10 secs) . 
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. . - 65°C to + 150°C 
. . +300°C 

PDIP/PLCC 

±0.15% max 

0.0025%1% 



PIN ASSIGNMENTS (DIP, PDIP) 

PIN FUNCTION DESCRIPTION 

1 AI Address line 1 

2 X'FEi'i Transfer, Updales all DAC's 

3 WR2 Write Input, Active Low, Gates Transfer Fuction 

4 WRI Write Input, Active Low, Gates DAC Selection 

5 CS Chip Select Input, Active Low 

6 N/C No Connection 

7 VREF A Voltage Reference Input to DAC A 

8 RFB A Reference Feedback Resistor of DAC A 

9 101 A Current Output to Virtual Ground 

10 102A Current Output - Complement of 101 A 

11 102B Current Output - Complement of 102 B 

12 101 B Current Output to Virtual Ground 

13 RFB B Reference Feedback Resistor of DAC B 

14 VREF B Voltage Reference Input to DAC B 

15 DBll Data Bit 11 (MSB) 

16 DB10 Data Bit 10 

17 DB9 Data Bit 9 

18 DB8 Data Bit 8 

19 DB7 Data Bit 7 

20 DB6 Data Bit 6 

21 DB5 Data Bit 5 

22 DB4 Data Bit 4 

23 DB3 Data Bit 3 

24 DB2 Data Bit 2 

25 OBI Data Bit 1 

26 DBO Data Bit 0 (LSB) 

27 VREF C Voltage Reference Input to DAC C 

28 RFB C Reference Feedback Resistor of DAC C 

29 101 C Current Output to Virtual Ground 

30 102C Current Output - Complement of 101 C 

31 1020 Current Output - Complement of 101 0 

32 1010 Current Output to Virtual Ground 

33 RFB 0 Reference Feedback Resistor of DAC 0 

34 VREF 0 Voltage Reference Input to DAC 0 

35 AVSS Analog Ground 

36 DVSS Digital Ground 

37 AVDD Analog Supply 

38 DVDD Digital Supply 

39 BliEi2 Byte l/Byte 2, Selects Data Input Format 8-BIU4-Bit or 12-Bit Parallel 

40 AO Address line 2 

APPLICATIONS INFORMATION 

THEORY OF OPERATION 
The HS 7584 is a quad MDAC designed to provide 
maximum flexibility. Each current output DAC provides 
4-quadrant multiplication for unipolar and bipolar out
put and has an individual reference input and feed
back resistor. The monolithic HS 7584 gives a 
designer four DAC's with excellent matching and track
ing which accept separate AC or DC signals. The quad 
MDAC is therefore ideal for those applications where 
multiple digital to analog conversion roles are required 
in a small package with optimum thermal and gain 
error matching characteristics. 

PIN ASSIGNMENTS (LCC, PLCC) 

PIN FUNCTION DESCRIPTION 

1 AI Address line 1 

2 XFEi"i Transfer, Updates all DAC's 

3 WR2 Write Input, Active Low, Gates Transfer Fuction 

4 WAI Write Input, Active Low, Gates DAC Selection 

5 CS Chip Select Input, Active Low 

6 N/C No Connection 

7 VREF A Voltage Reference Input to DAC A 

8 RFBA Reference Feedback Resistor of DAC A 

9 101 A Current Output to Virtual Ground 

10 102AF Current Output (Forcing) )Complement of 101 A 
11 102 AS Current Output (Sensing) 

12 102 BS Current Output (SenSing)comPlement of 102 B 
13 102 BF Current Output (ForCing) 

14 101 B Current Output to Virtual Ground 

15 RFB B Reference Feedback Resistor of DAC B 

16 VREF B Voltage Reference Input to DAC B 

17 DB11 Data Bit 11 (MSB) 

18 DB10 Data Bit 10 

19 DB9 Data Bit 9 

20 DB8 Data Bit 8 

21 DB? Data Bit 7 

22 DB6 Data Bit 6 

23 DB5 Data Bit 5 

24 DB4 Data Bit 4 

25 DB3 Data Bit 3 

26 DB2 Data Bit 2 

27 OBI Data Bit 1 

28 DBO Data Bit 0 (LSB) 

29 VREF C Voltage Reference Input to DAC C 

30 RFB C Reference Feedback Resistor 01 OAC C 

31 101 C Current Output to Virtual Ground 

32 102 CF Current Output (Forcing) )ComPlement of 101 C 
33 102CS Current Output (Sensing) 

34 102 OS Current Output (senslng)ComPlement of 101 0 
35 102 OF Current Output (ForCing) 

36 1010 Current Output to Virtual Ground 

37 RFB 0 Reference Feedback ReSistor of DAC 0 

38 VREF 0 Voltage Reference Input to DAC 0 

39 AVSS Analog Ground 

40 DVSS D'gltal Ground 

41 AVDO Analog Supply 

42 DVOO Oigital Supply 

43 BllB2 Byte l/Byte 2, Selects Data Input Format 8-BIU4-Blt or 12-81t Parallel 

44 AO Address line 2 

Maximum flexibility has also been applied to the 
microprocessor compatible control inputs. A double 
buffered input structure allows simple interface to 
many microprocessors without the need for external 
latches. The first buffer has been split to accept 12-8it 
parallel data or 8-8itl4-8it data allowing direct interface 
to 8- or 12-8it bus structures. A separate control line 
"81/82" allows the four MDAC's to be selectively con
nected to an 8- and a 12-8it bus without the need for 
rewiring. 

The monolithic CMOS construction results in very low 
system level power requirements with a total dissipa
tion of 2mW. The very low power requirement contri
butes to the excellent thermal and gain error matching 
between the four DAC's. 
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PACKAGE OUTLINE (DIP) 

~~.roI ~ ~ ~ ~ ~ ~ I ~::J ~ ~ ~ ~ ~ ~ If::~l 
I.. 2.02 (51.31) _I 

1.98 (50.29) 
0.06 (1.52) 
0.02 (0.51) SIDE VIEW ~ 

~ 0.OJ(2.29) 
+ ___ I f-- 0.1 (2.54) TYP 0.07 (1.77) 

0.125 (3.22) MIN 

0.01 (0.25) TYP 

L:.==~:::J." 

PACKAGE OUTLINE (PLCC) 

BOTTOM VIEW 

PACKAGE OUTLINE (LCC) 

40 
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0.500 ± 0.008 sa 
(12.70 ±0.21) 

0.390 ± 0.006 sa 
(9.91 ±0.16) 

29 

~ ~7 
0.650 + 0.012, - 0.007 sa 

(16.51 +0.31, -0.18) 

TOP VIEW 

28 

18 

0.065 ± 0.007 
(1.65 ±0.18) 

0.020 ± 0.002 
(0.51 ± 0.05) 

PACKAGE OUTLINE (PDIP) 

ENDVIEW 

SIDE VIEW TOP VIEW 

SIDE VIEW BOTTOM VIEW 



HS 7584 CONTROL INPUTS 

AO A1 CS WR1 81/82 WR2 XFER HS 7584 OPERATION DESCRIPTION 

0 0 0 0 1 1 1 Address DAC A register and loads data (register only) 

1 0 0 0 1 1 1 Address DAC B register and loads data (register only) 

0 1 0 0 1 1 1 Address DAC C register and loads data (register only) 

1 1 0 0 1 1 1 Address DAC D register and loads data (register only) 

X X X X X 0 a Transfers data from first registers to all DAC's 

X X 1 X X X X No updated information 

X X X 1 X X X No updated information 

HS 7584 Truth Table 12-Bit Parallel Load 

HS 7584 CONTROL INPUTS 

AO A1 CS WR1 81/82 WR2 XFER HS 7584 OPERATION DESCRIPTION 

0 a 0 0 1 1 1 Address DAC A register and loads data (register only) 

0 0 a 0 0 1 1 Address DAC A register and updates lower 4 Bits 

1 a a a 1 1 1 Address DAC B register and loads data (register only) 

1 0 0 0 0 1 1 Address DAC B register and updates lower 4 Bits 

a 1 0 0 1 1 1 Address DAC C register and loads data (register only) 

0 1 0 0 a 1 1 Address DAC C register and updates lower 4 Bits 

1 1 0 a 1 1 1 Address DAC D register and loads data (register only) 

1 1 0 0 0 1 1 Address DAC D register and updates lower 4 Bits 

X X X X X 0 0 Transfers data from first registers to all DAC's 

X X 1 X X X X No updated information 

X X X 1 X X X No updated information 

HS 7584 Truth Table 12-Bit Parallel Load 

CONTROL FUNCTIONS 

PIN FUNCTION 

AO Address a for DAC selection 

A1 Address 1 for DAC selection 

CS Enables DAC input and AO, A1 (along with WR1) for writing (Active low) 

WR1 Enables AO, A1 (along with CS), active low, gated with CS 

B1/82 Selects high and low bytes. In 12-Bit mode, B1/B2 tied high; In 8-Bit mode, a 12-Bit word is loaded into first register 
when B1/82 is high, and a 4-Bit word is updated to the lower bits when B1/B2 is low. 

WR2 Gated with XFER, used to load all DAC's simultaneously (Active low) 

XFER Gated with WR2, used to load all DAC's simultaneously (Active low) 

TIMING CHARACTERISTICS 

LIMIT AT LIMIT AT 
PARAMETER TA = +25°C - 55°C to + 125°C UNITS 

TDS 100 min 125 mir ns Data Set Up Time 
(To rising edge of WR1 command) 

TDH o min o min ns Data Hold Time 

TWR 100 min 120 min ns Write Pulse Width 

TCS 100min 125 min ns Chip Select Width 

TXFER 100 min 120 min ns Transfer Pulse Width 

TWC 200 min 245 min ns Total Write Command 
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AQ. A1 

DATA 

DATA 

AO 

A1 

Cs + WR1 

81/82 

XFER 

WR2 

DATA 

I-----TCS-

1\ 

-TDS-

1\ 
-TDS-

-TWR 

--:r -TI?H 

TWC 

____________________________________ -J------
TWR 

LEVEL TRIGGERED DEVICE 

X X 
\ I 

\ 

Write Cycle Timing Diagram 

X X 
\ I 
I 

Typical Interface with a 12·Bit Data Bus 

X 
\ 
\ 

\ r
V 

-------
AO ~~ __ ~I \~ ____ ~I \~-----------------

\~----------------A1 ~~ __________ ~I 

WR1/CS 

81182 
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Typical Interface with an 8·Bit Data Bus 
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UNIPOLAR OPERATION 

+15V 

11 13 

HS 2700 

BlI82 = 1 Bl/82 = 0 

MSB 

10 

11 

LSB 

NUl 

NUl 

NUl 

NUl 

34 27 14 

OAC A 

36 

15 
011 

16 
010 

17 
09 

18 
08 

19 07 

20 
06 

21 
05 

22 
04 

~ 03 

~ 02 

~ 01 

~ DO 

'\J 

NUl = No Updated information. During the second load cycle, the informa
tion on pins 15 thru 18 will be loaded into the lower bits of the first register; 
information on pins 19 through 22 will not be recognized. Note: Upper 8 bits 
should be loaded first, then lower bits. 

8-Bit Bus Configuration 

OFFSET AND GAIN ADJUSTMENT 
Offset Adjust. Since the maximum output leakage is 
200nA (over temperature range) the offset voltage, due 
to the DAC, would be ± 1.4mV. This, plus any offset's 

RFB A 

OUT A 

OUT B 

OUT C 

OUT 0 

due to the op-amp, could be nulled out by the offset 
adjust circuit given by the op-amp manufacturer. The 
5K Q resistor, from the positive summing junction to 
ground, reduces offset voltages due to bias currents of 
the op-amp. They may be eliminated if cost factors out 
ways offset demands. 

Gain Adjust. The circuit may be modified which would 
lead the user to adjusting gain. A 100 Ohm trimpot in 
series between the reference and reference input 
would allow for a 0 to - 1 .4% adjustment range in 
gain. A 500 Ohm trimpot in series with the feedback 
resistor to output of the op-amp would allow for a 0 to 
+ 7% adjustment range. 

Note: Trimpots reduce stability coefficients given in 
specifications and should be used only in cases where 
the specified end point accuracy is not sufficient. 

Coding: Straight Binary 

INPUT OUTPUT 

MSB LSB 

0000 0000 0000 

000000000001 1 LSB 

011111111111 - VREF/2 - 1 LSB 

1 000 0000 0000 -VREF/2 

1000 0000 000 1 - VREF/2 + 1 LSB 

1111 1111 1111 -VREF + 1 LSB 

1 LSB = -VREF 
212 
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BIPOLAR OPERATION 

34 

+ 15V 

11 13 

HS 2700 

27 14 

DACA 10 

13 

12 

DAC B 11 

28 

29 

30 

33 

32 

DAC D 31 

36 35 

OPTIONAL GAIN 
ADJUST (Increase) 

OFFSET AND GAIN ADJUSTMENT Coding: Complementary Binary 

Offset Adjust. The resistor in feedback loop of the 
first op-amp can be a 3KQ resistor in series with a 
5KQ trimpot. This will give enough adjustment range 
to match the absolute tolerance of the DAC's resistors. 
Apply a 1 MSB and all O's code and adjust for 
0.000 Volts. 

Gain Adjust. The circuit may be modified which would 
allow the user to adjust gain. 100 Ohm trim pots in 
series between the reference and reference input 
would allow for a 0 to -1.4% adjustment range. A 500 
Ohm trimpot in series with the feedback resistor of the 
second op-amp would allow for a a to + 7% adjust
ment range. 

Note: Trimpots reduce stability coefficients given in 
specifications and should be used only in cases where 
the specified end point accuracy is critical. 
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INPUT 

MSB LSB 

0000 0000 0000 

0000 0000 000 1 

011111111111 

1 000 0000 0000 

1000 0000 0001 

111111111111 

VREF - 1 lSB 
a - 1 lSB 

a 
a + 1 LSB 

-VREF - 1 lSB 

1 lSB = VREF 
212 



BIPOLAR OPERATION 

34 27 14 

DAC A 

+ 15V 

11 13 

HS 2700 

DACD 

36 

OFFSET AND GAIN ADJUSTMENT 
Offset Adjust. The resistor from VREF to the negative 
summing junction of the second op-amp can be a 
9K Q resistor in series with a 2K Q trim pot. This will 
give a ± 10% adjustment range. Apply a 1000 0000 
0000 code and adjust for 0.000 Volts. 

Gain Adjust. Gain adjust should be performed after 
offset adjust and is done by utilizing a trimpot in the 
feedback loop of the second op-amp. Apply all ones 
digital input code and adjust for + VREF - 1 LSB. 
A 4.0K Q resistor in series with 2KQ trimpot will adjust 
out any errors, for ± VREF/2, or a 9K Q resistor in 
series with a 2KQ trimpot for ± VREF. 

Note: Trimpots reduce stability coefficients given in 
specifications and sould be used only in cases where 
the specified end point accuracy is not sufficient. 

35 

INPUT 

MSB LSB 

0000 0000 0000 

000000000001 

011111111111 

1 000 0000 0000 

111111111111 

10KQ 

Coding: Straight Binary 

10KQ FEEDBACK 

-VREF 
-VREF + 1 LSB 

o - 1 LSB 

o 
+VREF - 1 LSB 

1 LSB = 2 VREF 
212 

5KQ (VOUT = ± VREF ) 
2 

OPTIONAL OFFSET 
AND GAIN ADJUST 

4KQ 2KQ 

5KQ FEEDBACK 

-VREF/2 

- VREF/2 + 1 LSB 

o - 1 LSB 

o 
+ VREF/2 + 1 LSB 

1 LSB = VREF 
212 
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: DATA VALID; 

~OBO.OB11 

~ 
I 

~ i \ BlIB2~------.J 
I I 
I I 
I I 

~ 

~CS 
: '- iFER '-'1------..,..-,.-.....1 

:f·:r~~ ,·1 
•• v 

4t 

07 
'Ok 

ILJL 
>-'-'--____ -oi"v"N 

ILJL 

>-'-'-------oi"v"N 

NOTE: For clarity only the schematic for DAC A IS shown in full 

TRIANGLEISQUAREWAVE GENERA TOR 

TRIANGLE/SQUAREWAVE GENERATOR 
A programmable trianglelsquarewave generator can 
easily be implemented utilizing the HS 7584, providing 
micropressor control of multiple signal sources. 
The outputs are derived from an 8-Bit or 12-Bit source 
determined by the state of B 1 IB2. In a 12-Bit system 
this control line should be tied high. The digitally con
trolled integrator has a frequency determined by: 
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f = Digital Input 

4 RC 

C is the value of C1 to C4 and R is the resistance of the 
DAC. With the four DACs on a single chip the 
resistance matching is excellent resulting in very stable 
timing relationships at the generator outputs. The out
put of the comparator A2 determines whether the con
stant current source provided by A3 and A4 is positive 
or negative. The system performance is determined by 
the selection of the amplifiers A1 , A2, A3 and A4. For 
good high frequency performance the SP 2510 has 
been used. The SP 2510 has a slew rate of 65VI '" s 
and settles to 0.1% of the final output in 0.25 "'s .. 



INTEGRAL LINEARITY 
ERROR IN lSB's 

r----~ ____ _ - ~--------------~---~----------------~ 
0~'0--------~--------~--------~------~ 

Integral Linearity Error Vs. Reference Voltage 
Typical Results For 5V Supply 

Differential Linearity Error Vs. Reference Voltage 
Typical Results For 5V Supply 

REFERENCE INPUT FREQUENCY RESPONSE 
VSUPPLIES == + 5, REFERENCE == tOV PIP 
All BITS ON 

-10dB '----------'----------'----------'----------' 
100Hz 

ORDERING INFORMATION 

TEMPERATURE 
MODEL DESCRIPTION RANGE PACKAGE 

HS 7584C 12-Bit Quad DAC o to + 70 DC 40 Pin DIP 
HS 7584C/LCC 12-Bit Quad DAC o to + 70 DC 44 Pin LCC 
HS 7584B 12-Bit Quad DAC - 55 DC to + 125 DC 40 Pin DIP 
HS 7584B/LCC 12-Bit Quad DAC - 55 DC to + 125 DC 44 Pin LCC 
HS 7584C/PLCC 12-Bit Quad DAC o to + 70°C 44 Pin PLCC 
HS 7584C/PDIP 12-Bit Quad DAC o to + 70°C 40 Pin PDIP 

SCREENING 

-

-

MIL -STD-883C 
MIL -STD-883C 

-

-
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Monolithic Construction 
• Low Power (60 mW) 
• Input Registers 
• Single Supply Operation 
• LowCost 

DESCRIPTION 
The SP9316 is a 16-bit, monolithic CMOS, 
multiplying digital-to-analog converter with two 8-
bit input registers for direct microprocessor 
interface. The SP9316 offers two and four 
quadrant multiplying capability with TTL/DTL and 
CMOS logic compatibility. Operating from a single 
+ 15V supply, power consumption is less than 60 
mW. Its high accuracy and monotonicity is 
achieved without laser trimming through the use 
of a highly accurate, low TCR thin film resistor 
process. A unique digital decoding technique of 
the 4 MSB's results in excellent linearity and 
stability over time and temperature. 

FUNCTIONAL DIAGRAM 

BIT 9 10 11 12 13 14 15 16 

t~~CH 19 

4 3 

SP9316 

16-81T 
MONOLITHIC MDAC 

2 BIT 1 

Packaged in a hermetic 24-pin ceramic or 
molded plastic. The SP9316 is specified for 
operation from ODC to 70D C for commercial 
grades and -55DC to + 1 25DC for military grades. 

ANAGND +15V 

CONTROL~r---~=:~c=~~;C~~~~C=~ 
REF 13 PRECISION 16-BIT 1--_____________ ---",1--'-5-0 lOUT 2 

RESISTOR NETWORK 16 
INPUT '-~~==I&~SW~ITjC=H=ESt=~~~~~---------.----------,L=-O IOUT 1 
MSB 20 
LATCH ~r------I '-_'VIf\v ___ ---I'-----_1'--'4-o FEEDBACK 
CONTROL '--.-.--.-.~~--r-~ 

8 7 6 5 4 3 2 BIT 1 
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SPECIFICATIONS 
(Typical @25°C, nominal power supply, VREF= 10V, Unipolar unless otherwise noted) 

MODEL SP9316C-4 SP9316C-5 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

DIGITAL INPUT 
Resolution 16 Bits 
2-Quad Unipolar Coding Binary 
4-Quad Bipolar Coding Offset Binary 
Input High Voltage 2.4 VDD V 
Input Low Voltage -0.3 0.8 V 
Input Current 1 ±1 ±10 /lA 
Input Capacitance2 . 8 pf 

REFERENCE INPUT 
Voltage Range ±25 V 
Input Impedance 2.5 5k 7.5 KQ 

ANALOG OUTPUT 
Offset Error3 50 /lV 
Gain Accuracy4 0.1 0.2 %FSR 
Small Signal 3 dB Bandwidth 1 MHz 
Output Capacitance Coutl 90 pf 

Cout2 70 · pf 

STATIC PERFORMANCE 
Integral Linearity5 ±D.006 ±D.003 %FSR 
Differential Linearity ±D.006 ±D. 003 %FSR 

SWITCHING CHARACTERISTICS 
Strobe Width 80 60 nsec 
Data Set-Up Time 80 70 nsec 
Data Hold Time 40 20 nsec 

STABILlTY4 
Gain6 ±l ±4 ppm;oC 
Offset +1 . ppm;oC 
Integral Nonlinearity 0.1 ±l ppm/DC 
Monotonicity Guaranteed 14 15 Bits 

LONG TERM STABILITY 
Differential Nonlinearity 1 · ppm;oC 
Offset ±0.5 ppm;oC 
Gain ±l · ppm/DC 

POWER SUPPLY 
Voltage Range VDD +5 +15 +16 V 
Rejection Ratio (14-16V) ±0.0001 ±D. 002 %/% 
Power Dissipation 60 mW 
Supply Current IDD 2 4 mA 

IDD 0.2 1 mA 

TEMPERATURE RANGE 
Operating (7) a 70 . °C 
Storage -55 85 °C 

NOTES 
1. Logic inputs are MOS gates. I in typical is less than 1 nA @ 25°C. 

2. Guaranteed by design not production tested. 

3. Unipolar: Using the Internal Rfeedback with nulled external amplifier in a constant 25°C ambient (offset doubles every 10°C). 

4. USing internal feedback resistor. 

5. Integral Linearity, for this product, is measured as the arithmetic mean value of the magnitudes of the greatest positive deviation 
and the greatest negative deviation from the theoretical value for any given input combination. 

Differential Linearity is the deviation of an ouput step from the theoretical value of 1 LSB for any two adjacent digital input codes. 
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6. The SP9316 series is designed to be used only in those applications where the current output is virtual ground: i.e. the summing 
junction of an op-amp in the inverting mode. The internal feedback resistor must be used to achieve temperature tracking. See 
applications information for recommended circuit configurations. 

7. For military temperature range devices, please consult factory. 



AC PERFORMANCE CHARACTERISTICS 

These characteristics are included for design guidance only and are subject to sample testing only. 
VDD = + 15V, VREF = 10V 

MODEL SP9316C-4 SP9316C-5 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS 

PROPAGATION DELAY 1 300 * nsec 

CURRENT SETTLING TIME 
Major Code Settling to: 

0.01 "10 FSR (strobed) 2 · Ilsec 
0.00076"10 FSR (strobed) 3 · Ilsec 

OUTPUT CAPACITANCE 
CIOl Digital Inputs VIH 170 pf 
CI02 Digital Inputs VIH 30 pf 
CI03 Digital Inputs VIL 80 pf 
CI04 Digital Inputs VIL 100 pf 

GLITCH ENERGy2 250 · nVsec 

MULTIPLYING FEEDTHROUGH ERROR 
At 101 33 · mVp-p 

0.34 * mVp-p 

NOTES 
1. 101 load R = 1 ooQ, (ext 13 pf; all data inputs OV to VDD or VDD to Ov. From 50"10 digital input change to 9()"/o of final analog 

output. 

2. VREF = OV, DAC Register Alternately loaded with all a's and 1 'so 

3. VREF = 20 Vpp, f = 10kHz sine wave. 

4. VFEF = 20 Vpp, f = 1 kHz sine wave. 

PARAMETER CHANGE 
(%OF FSR) 

0.000 - - - - - - - - - - - - - - - - - - -

0.002 

0.004 

0.006 

0.008 

0.010 

a 2 3 

FIGURE 1 
WARM UP DRIFT 

4 

FINAL VALUE 

MINUTES 

5 

+ 15V 

PIN 17 

0.01 uF 

1 uF 

+ 

FIGURE 2 
RECOMMENDED BYPASS CIRCUIT 

GND 

PIN 18 
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PIN ASSIGNMENTS 

PIN FUNCTION 

1 Bit 12 
2 Bit 11 
3 Bit 10 
4 Bit 9 
5 Bit 8 
6 Bit 7 
7 Bit 6 
8 Bit 5 
9 Bit 4 

10 Bit 3 
11 Bit 2 
12 Bit 1 (MSB) 
13 Ref In 
14 Rfeedback 
15 lout2 
16 lout 1 
17 +15V 
18 AnalogGND 
19 LSB Latch 
20 MSB Latch 
21 Bit 16 (LSB) 
22 Bit 15 
23 Bit 14 
24 Bit 13 

ABSOLUTE MAXIMUM RATINGS 
(TA = 25°C unless otherwise noted) 
VDD to GND -0.3V, + 17V 
Digital Input Voltage to GND -0.3V, VDD +0.3V 
VREF or VRFB to GND ±25V 
Output Voltage (PIN 15, PIN 16) -0.3V, VDD +0.3V 
Power Dissipation (Any 
Package) to +75°C 
Derates above 75°C by 
Dice Junction Temperature 
Storage Temperature 

CAUTION 

450mW 
6mWrC 
+ 150°C 
-65°C to + 150°C 

1 . Do not apply voltages higher than VDD or less than GND 
potential on any terminal other than VREF or RFB. 

2. The digital inputs are diode clamp protected against ESD 
damage. However, permanent damage may occur on 
unprotected units from high-energy electrostatic fields. 
Keep units in conductive foam at all time until ready to 
use. 

3. Use proper anti-static handling procedures. 

4. Stresses above those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. 
This is a stress rating only and functional operation at or 
above this specification is not implied. 
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APPLICATIONS INFORMATION 
THEORY OF OPERATION 
The SP9316 can be configured for unipolar 
voltage operation (2-quadrant Multiplication) 
and bipolar voltage operation (4-quadrant 
Multiplication). Coding is binary and offset binary 
respectively. In bipolar operation both the 
reference signal and the number represented oy 
the digital input applied to the MDAC may be 
either positive or negative polarity. 
Individual latch controls are provided for the high 
and low bytes which may be tied together for 
single 16-bit word update. The data is latched 
with the strobe at logic O. The latches are level 
triggered and can be made transparent. 
However, use of the latches is recommended in 
most applications as they significantly reduce 
data bit skew to low glitch performance. 

STROBE FUNCTION 

a Data Latched (held) 
1 Data Changing (transfer) 

Table 1 

UNIPOLAR OPERATION 
Transfer Characteristics 

BINARY INPUT ANALOG OUPUT 

111 ... 111 -VREF (1-2-N) 
100 ... 001 -VREF (1/2 + 2-N) 
100 ... 000 -VREF/2 
011 ... 111 -VR£F (1/2 - 2-N) 
000 ... 001 -VREF (2-N) 

000 ... 000 a 

BIPOLAR OPERATION 
Transfer Characteristics 

OFFSET BINARY INPUT ANALOG OUTPUT 

111 ... 111 -VREF (1-2-(N-l)) 

100 ... 001 -VREF (2-(N-1)) 

100 ... 000 a 
011 ... 111 VREE (2-(N-1)) 

000 ... 001 VREF (1-2-(N-l)) 

000 ... 000 VREF 



TIMING INFORMATION 
Figure one details the SP9316 timing. If a 
transparent latch is required the latch control can 
be tied to logic 1. 

DATA CHANGING 

~ DATArABLE 

~:~:H 
I I ~ Q- OUTPUT 

t1 1- "I t2 
t1 = DATA SETUP TIME ~80ns 
t2 = STROBE WIDTH ~80ns 
t3 = SETILING TIME 21lSEC TYP 

FIGURE 3 
TIMING DIAGRAM 

UNIPOLAR OPERATION 

BIT 1 (MSB) 

4000-0 V
DD 

RFEEDBACK 

SP9316 ROS 

IOUT1 

"All ONES": 

VOUT = -VREF + 1 LSB 

FIGURE 4 
NOTE: To maintain specified linearity, the external 

amplifier (A) must be zeroed. Apply on ALL 
"ZEROES" digital input and adjust Ros for 
VOUT=O± 1 mY. 

BIPOLAR OPERATION 

BIT 1 (MSB) 

2R 

VDD 

RFEEDBACK 
R FOR±5V 
2R FOR±10V 

VOUT = -VREF + 1 LSB 

FIGURE 5 
NOTE: To maintain specified linearity, external amplifiers 

(AI and A2) must be zeroed. With a digital input 
of 10 ... 0 and VREF set to zero: 

a) Set ROSI for VOl = 0 
b) Set ROS2 for VOUT = 0 
c) Set V REF to + 1 OV and adjust RB for V OUT to 

be 0 volts. 

AMPLIFIER SELECTION 
The SP9316 allows the engineer to design the 
optimum voltage output 16-bit digital-to-analog 
system for each application. Selection of the 
correct operational amplifier is critical to the 
success of the design. 
To obtain the optimum linearity performance, the 
amplifiers must have an open loop gain in excess 
of 100 000 or 100 dB. The SP2600 series op-amps 
may be considered for specific applications as 
the requirement is met with a specification of 150 
000. 
Care should be taken to ensure that the summing 
junction is as close to analog ground as can be 
achieved. Most applications demand that this 
offset is kept to below 1 OO~ V. 
To maintain accuracy over temperature, 
amplifiers should have low bias currents and offset 
yoltage temperature coefficients. 
In bipolar applications, attention must be paid to 
the choice of resistors Rand 2R (see figure 5). As 
the analog voltage output increases from zero to 
full-scale, the power dissipated by the feedback 
resistor increases and the resistor heats up. This 
causes a small change in the resistance value 
which could lead to an alteration to the transfer 
function and which may be seen as integral 
linearity errors. 
The resistor network has been designed using 
ultra-stable thin-film nichrome. It is important that 
the external resistors come as close as possible to 
meeting the stringent temperature coefficient 
displayed by the DAC internal resistances. 
Resistors with a temperature coefficient of 
10ppm/oC or better should be used. 

LAYOUT, GROUNDING AND GUARDING 
16-bit system performance can be maintained 
with attention paid to the layout, grounding and 
guarding techniques employed. 
All grounds should be of as low resistance as the 
layout allows. Analog and digital grounds should 
be individually star-pointed and tied together as 
close as possible to the measurement point. 
Good layout techniques dictate that high speed 
digital inputs should be kept separate from low 
level analog outputs. 
The DAC output and op-amps inputs are high 
impedance and so are sensitive to interference 
from the digital input lines. Careful pinout design 
of the SP9316 has reduced this problem to a 
minimum but guarding of these points should be 
considered. Figures six and seven detail the low 
impedance guard track layout. 
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LONG TERM DRIFT 
All stability measurements require great attention 
to detail. When measuring the stability of the 
SP9316 great care should be taken to ensure that 
the drift of the measurement instruments can be 
separated from the device drift and that all 
measurements are taken at identical 
temperatures. 

The long term drift of a SP9316 voltage output 
system transfer function, after initial op-amp trim, 
will largely be determined by the choice of the 
external components. 

For minimum offset error the op-amps should be 
trimmed after one hour of continuous operation. 
The SP9316 contribution to the offset drift after 
that time will be ±C. 1 ppm;oC per 1000 hours. 

The long term gain drift error contribution of the 
SP9316 is ± 1 ppm/oC per 1000 hours. Also to be 
considered is the temperature coefficients of the 
external resistors, the op-amp drift specifications 
and the stability of the reference. The HS2700 LD 
with a stability of 3ppm;oC is recommended. 

The unique SP9316 network results in an 
exceptionally low linearity drfit with time. Typical 
differential linearity drift is 0.1 ppm;oC. 

DIGITAL CONTROL LOW PASS FILTER 
The SP9316 multiplying DAC can be used to 
construct active filters which display very low 
noise and distortion characteristics. Low pass filters 
can be built to give the engineer control over 
center frequency, gain and Q-factor. The SP9316 
is an ideal high resolution element for this 
application. 
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Figure eight shows a low pass filter deSigned to be 
independent of the resistance of the SP9316 DAC 

UNIPOLAR 

RFEEDBACK 14 
~--------------~ 

IOUT1 

SP9316 

IOUT2 

RFEEDBACK 14 

IOUT1 

SP9316 

IOUT2 

FIGURE 6 

FIGURE 7 

r------
I GUARD : 
1- _____ ... 

network by using it as a programmable gain 
element. The filter characteristic is given by: 

~;:" --=i1+i w ~3 R4 c) 
R2 D 

where D is the binary code applied to the DAC 
and C is the value of the capacitor. 



R1 

VIN 

ERROR IN LS8's 

2.0 

1.S 

1.0 

O.S 

-10 

D 

FIGURE 8 
DIGITALLY CONTROLLED LOW PASS FILTER 

-s 

~---- ....... ----------
o 

REFERENCE IN VOLTS 

FIGURE 9 
SP9316 LATCHED MDAC 

s 

INTEGRAL LINEARITY ERROR VS. PERFORMANCE VOLTAGE 
TYPICAL RESULTS@ +25°C AND NOMINAL + 15V 

10 
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PACKAGE OUTLINE 

24 PIN CERDIP 

13 

12 

.075 
T9f ------- ,.. -dar ~, 

.255 
5.72 

.200 
5.08 

--+--t -+y-: ~\: 3'~~:: 
-+l~ -+l \.- ~ ~ \ 

24 PIN SIDE BRAZE 

.023 
--:58 

.61 
15.49 

.070 
1.78 

T 
0.59 

(14.98) 

NO.1 LEAD 
IDENTIFIER ~~T""r""T"T""~ 

I_ 1.210 ± 0.01 1 
~ (30.73 ± 0.254) ~ ~ 

O.'2B~ (3.25) -,-

~111111 0.095 
~ ~ ---.I J,.- ---.I \.- (2.41 ) 

0.051 (1.29) 0.017 (0.43) 0.1 (2.54) 

0.085 
(2.16) 

~r====-, 
T 0.011 ± 0.001 

(0.28 ± 0.03) 

0.6 (15.24) 

SEATING 
PLANE 

NOTES 
1. In lieu of cerdip package Sipex reserves the right to ship 

side braze packaged parts. 

2. All dimensions max unless otherwise noted. 

ORDERING INFORMATION 

MODEL TEMPERATURE 
NUMBER DESCRIPTION RANGE SCREENING 

SP9316C-4 14-Bit Linearity DOC to 70°C -
MDAC 

SP9316C-5 15-Bit Linearity DOC to 70°C -
MDAC 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 14-bit resolution and accuracy 
• 2 and 4-quadrant multiplication 
• Precision laser trimmed ladder 
• Low power 
• Single power supply operation 
• Reliable 

DESCRIPTION 
The DAC9331-14 is a low cost 14-bit multiplying 
digital-to-analog converter packaged in a unique 
24-pin double DIP. Capable of 2 and 4-quadrant 
multiplication, the unit is nUDTL and CMOS com
patible with power consumption less than 30mW. 
Power supply options include +5V (-1) or + 15V (-2). 
Outstanding features of the DAC9331-14 include: 
True 14-Bit Performance - Up to 14-bit resolution 
and accuracy over the 0 to 70°C operating range. 
2 And 4-Quadrant Multiplication - Reference in
put range to ± 25 volts. 
Low Power - CMOS technology provides less than 
30mW total power dissipation - a real battery 
saver. 

FUNCTIONAL DIAGRAM 

25k 

DAC9331-14 

14-BIT MULTIPLYING DAC 

Reliability Plus - Packaged in a unique enclosure 
which has undergone extensive environmental 
testing during its development, the DAC9331-14 is 
continuously monitored during 01/ assembly and 
test operations by our quality control organization. 
Reliability is enhanced by batch-processed, preci
sion laser-trimmed resistor networks fabricated· in 
our own facility. Similar to monolothic circuits, the 
networks are processed and functionally trimmed 
to assure consistent performance. Networks are 
glass passivated to assure reliability under adverse 
environmental conditions. 

25k 

50k 

12 
GND 

L---1....;...~--~h-..... ------+~_-------:;--Q IOu'2 

L:.----!-;----~;_------~'l1r-----~ lou,' 
5 

1
6 17 13 1 I 

I I 

0 6 
Bit 1 Bit 2 
(MSBI 

I 

6 
Bit 3 

I 

6 
Bit 14 
(LSB) 

R FEEDBACK 

SWITCHES ARE 
SHOWN IN THE 
HIGH STATE 
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SPECIFICATIONS 
(Typical @+25°C and nominal power supply, VREF = +10V, 
unless otherwise noted) 

MODEL 

TYPE 

DIGITAL INPUT 

Resolution 
2-0uad_ Unipolar Coding 
4-0uad. Bipolar Coding 
Logic Compatibility 
Logic Thresholds 
Input Leakage Current 

REFERENCE INPUT 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 

Gain Accuracy2 
Offset3 
Output Leakage 
Small Signal 

3dB Bandwidth 
Output Capacitance 

Cout1 
Cout2 
Cout1 
Cout2 

STATIC PERFORMANCE 

Integral Linearity4 
Differential Linearity 

DYNAMIC PERFORMANCE 

Major Carry Transition 

DAC9331-14 
Multiplying 

14-Bits 
Binary 
Offset Binary 
DTL, TTL, CMOS 
VIH=3.5_Yjmin) ,VI L=1.0V(max) 1 
±1",A (max) 

±25V (max) 
25kfl 

0.1% 
50",V (max) 
40nA (max) 

600kHz (min) 

100pF (max) all inputs high 
30pF (max) all inputs high 
30pF (max) all inputs low 
100pF (max) all inputs low 

±Y:zLSB (max) 
±Y:zLSB (typ), ±1 LSB (max) 

Settling to ±0.05% 3.0",S (max) 
Reference Feedthrough Error 

(Vref=20Vpp@ 10kHz) 10mVpp 

STABILITy3 (Over Specified Temp. Range) 

Scale Factor5 ±3ppmrC F.S.R. (max) 
Linearity ±3ppmrC F.S.A. (max) 
Differential Linearity ±2ppm/oC F.S.R. (max) 

POWER SUPPLY (VDD)6 

Voltage Range @ Current 
-1 Option 

-2 Option 

Rejection Ratio 

Total Dissipation 
!inputs at GND) 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 

Case Style 
Case Dimensions 

0.65 -0.17 MAX 
(16.51) (4.318) 

r=MAXi~ 

Rt 
PIN 1 DOT 0.17 1 ~TYP 

'-1:. ~l • J!.WL 
: (3.048) JMlL 
: ..t. (34.036) 

,)~ JMAX 

TYP 
BOTTOM 0.010 0.020 

VIEW (0.254)x (0.508) 

NOTES 

+5V (nom); +4.75V to 
+7V@<1mA 
+15V (nom); +11.5V to 
+15.5V@2mA 
0.005%/% (typ), 
0.007%/% (max) 

30mW (max) 

O°C to +70°C 
O°C to +85°C 

24-pin double-DIP 

PIN FUNCTION PIN 
t RFEEDBACK 2. 
2 IOUT2 23 
3 IOUTt 

21 
5 BIT 1 (MSBI 20 
6 BIT2 

BIT3 

BIT 4 t7 

9 N.C. 16 
10 N.C. 

" t2 GROUND 13 

FUNCTION 

VREF 

+VOO 

BIT5 

BIT6 
BIT7 

BIT8 

BIT9 
BIT10 

BIT11 

BIT t2 
BI113 

BIT t41LSBI 

1. The switching threshold is typically V 00/2 for -1 models and V 00/6 for -2 models. 
The logic input must never exceed V 00/3 for -2 models .. 

2. Using internal feedback resistor. 
3. Using the internal Rfeedback with nulled external amplifier in a constant 25°C 

ambient. (Offset doubles every 10°C). 
4. Best straight tine method of test. 
5. The DAC9331-14 Series is designed to be used only in those applications where 

the current output is virtual ground; i.e., the summing j unction of an op amp in 
the Inverting mode. The internal feedback resistor (R Feedback) must be used to 
achieve temperature tracking. See APPLICATIONS INFORMATION for recommended 
circuit configurations. 

6. The power supply voltage must not exceed +10V for the -1 versions or +15.5V for 
the -2 versions. 
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APPLICATIONS INFORMATION 
UNIPOLAR OPERATION (2-0uadrant Multiplication) 

·os 

To maintain specified OAC9331 linearity, the external amplifier (AI 
must be zeroed. Apply an All "ZEROS" digital input and adjust 
Ras for V OUT " 0 ±1mV. 

BIPOLAR OPERATION (4-0uadrant Multiplication) 

2R 

VREF ::::I=;::;::4;;;00;.=~VD~D~1 ~~~TO~\s,;~F + 1 LSB 
BIT·l (MSB) 

Ll 
L2 
L3 

DAC 
933t 

RFEEDBACK 

R FOR ±SY 
2R FOR ± 10V 

VOUT 

NOTE: TO MAINTAIN SPECIFIED LINEARITY, EXTERNAL AMPLIFIERS 
l('~DA~~E~~:"U:J ~IMf:ROED. WITH A DIGITAL INPUT OF 10 ... 0 

0) SET ROSl FOR VOl = 0 
b) SET ROS2 FOR VOUT - 0 
c) SET YREF TO + lOY AND ADJUST 

RB FOR VOUT TO BE 0 VOLTS. 

UNIP9.IoAR OPERATION 
Transfer Characteristics 

ANALOG/DIGITAL DIVISION 

BIPOLAR OPERATION 
Transfer Characteristics 

Via the above configuration, the DAC331 can be used to divide an 
analog signal by a digital code (i.e., for digitally controlled gain). 
The transfer function is given as 

VOUT 
Bit 1 Bit 2 Bit 3 
--+--+--+ 

21 22 23 
Bit 14 

+ 2i4 
where the value of each bit is 0 or 1. Division by all "O"s is 
undefined and causes the op amp to saturate . 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0_5 volts or go below -0.5 volts. 

ORDERING INFORMATION 
MODEL NUMBER 
DAC9331-14-1 
DAC9331-14-2 

DESCRIPTION 
14-Bit MDAC, +5V Operation 
14-Bit MDAC, +15V Operation 

Specifications subject to change without notice. 
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DAC9331-16 Series 
SIGNAL PROCESSING EXCELLENCE 14, 15, and 16-Bit Linearity, 

Latched MDAC's 

FEATURES 
• Up to 16-Bit Linearity 
• Two Chip Construction 
• Input Registers 
• Low Power 
• Ceramic 24-Pin DIP 
• 2 and 4-quadrant Multiplication 
• Single-Supply Operation 
• Low-Cost 

DESCRIPTION 
The DAC9331-16 Series are true 16-8it D/A converters 
manufactured with advanced proprietary monolithic 
devices and proven performance packaging technique. 
A single, unique monolithic chip contains switches, 
storage registers and other electronics for high resolution 
and low linearity error. A second, passive chip provides 
all the needed resistors for these multiplying D/A's. Input 
storage registers are in two 8-8it segments with indepen
dent latching - a system that is compatible with micro
processor data bus interfaces. It's a truly "byte-sized" 
D/A input system. Combining 2- and 4-quadrant multiply
ing capability, TTLlDTL and CMOS compatibility; low 
power consumption (less than 60 mW) and operation 
from a single supply, the DAC9331-16 Series offers ex
ceptional performance/cost ratio. Outstanding features 
include: 

True 16-Bit Linearity - 16-8it (0.0008%) linearity with 
16-8it resolution is now a reality. No other microcircuit 
converter does better. 14- and 15-8it linearity versions 
available at lower cost. 

Low Power - CMOS proprietary monolithic devices1 in 
a unique circuit configuration1 yield the lowest power of 
any 16-8it converter available. 

Two-Chip Construction - An advanced monolithic 
device, combined with our own resistor networks are all 
that's needed in this converter. Automatic wirebonding 
makes the most consistently su perior assem bly available. 

FUNCTIONAL DIAGRAM 
BIT9 10 11 12 13 14 15 16 

LSB 19 LATCH 
CONTROL 

Input Storage Registers - Designed as two 8-8it 
segments, the input registers provide data storage when 
latched, or "transparent" registers when unlatched. 
Data conversion can now be performed continuously or 
from stored data - "byte-sized" input segments provide 
compatibility with most data bus lines. 

Reliability - A proven performer, the DAC9331-16 is 
packaged in a 24-pin ceramic double DIP for the utmost 
in reliability. Combined with our proprietary monolithic 
switches and automatic wirebonding, we've made the 
DAC9331-16 Series the most reliable industrial converter 
to date. Reliability is further enhanced by batch
processed, precision laser-trimmed resistor networks 
fabricated in our own facility. Networks are functionally 
trimmed and glass passivated to assure reliability under 
adverse environmental conditions. 

Advanced designs, proven processes and continuous 
monitoring during all production operations by our quali
ty control organization are combined with rigorous AQL 
screening to provide the most dependable, low cost D/A 
converter possible. 

ANAGND +15V 

REF 13 
INPUT 

o=.I_--II--'---'-P'R'tCiSi!>N'iitBiT~-'---'---I------------------':~~ IOUT2 

L_-'-""""T'"~~~'--"--"'T-"-'-_~--------I-----/r"-O I OUT1 

MSB 
20 LATCH 

CONTROL l..--'V\I\r----r----!..:!.-o FEEDBACK 

8 7 6 5 4 3 2 BIT 1 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supply, VREF = +10V, 
unipolar unless otherwise noted) 

MODEL DAC9331-16 -6 -5 -4 

TYPE Multiplying, Latched Inputs 

DIGITAL INPUT 

Resolution 
2-Quad. Unipolar Coding 
4-Quad. Bipolar Coding 
Logic Compatibility 1 
Input Leakage Current 

Strobe Width 
Data Set-up Time 2 

REFERENCE INPUT 

Voltage Range 
Input Impedance 

ANALOG OUTPUT 

Gain Accuracy 3 
Offset (unipolar)4 
Small Signal 

3dB Bandwidth 
Output Capacitance 

Cout1 
Cout2 

STATIC PERFORMANCE 

Integral Linearity (max) 
Differential Linearity (max) 
Monotonicity Guaranteed 

DYNAMIC PERFORMANCE 

Major Code Transition Settling 
to 0.01% F.S.R. (strobed) 

Reference Feedthrough Error 

16-Blt5 
Binary 
Offset Binary 
DTL, TTL, CMOS 
±1MA (max): 

~5~~~~~~? Ic>3.2V 

500nS (min) 

±25V (max) 
5Kn 

0.1% 
50MV (max) 

1 MHz 

90pF 

70pF 

±O.OOl% 
±O.OO15% 
16 bits 

±O.002% 
±O.OO3% 
15 bits 

(Vref=20Vpp @ 10kHz) 2mVp-p 

STABILlTy3 (Over Specified Temp. Range) 

±O.003% 
±O.OO6% 
14 bits 

Scale Factor 5 2ppm/oC F.S.A. (typ). 6ppm/oC (max) 

Linearity 
Differential Linearity 
Linearity Over Time ') 

POWER SUPPL Y(VDD) 

Voltage Range @ Current 

Rejection Ratio (14V-16V) 
Power Dissipation 

(inputs at GND, Vref=O) 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 

Case Style 
Case Dimensions 

FUNCTION PIN FUNCTION 

2 BIT 11 BIT 14 

3 BIT 10 SIT 15 

4 BIT 9 21 BIT 16 

5 BIT 8 MSB LATCH 

10 BIT 3 15 lOUT 2 

,1 14 RFEEDBACK 

12 

6ppm/oC (max) 
O.5ppm/oC F.S.A. (max) 
O.5ppm/oC F.S.R. (max) 
3ppm F.S.R.l1000 hrs. 

+15V (nom); +11.5V to 
+15.5V @ 1.5mA 
±O.002%/% (max) 

60mW (max) 

DOC to +70°C 
-55°C to +85"C 

24·pin double-DIP 

1.3,0 r-- (33.274) ---j (~: ::~) 

D24 MAlt 13· 28302~)---J~~i~:Z~02~ 
MAX 1 

., 12'~ 

PIN (11 
INDEX 0.025' 0.010 0.0'0 + 0.002 - 0.001 

(0.641 (0.251 (0.251 10.051 10.031 

"*'"\I----""'*~ 0.205 MIN 

0.100 ± 0.005 :TI15.211 
'-"12.54110.131 TYP 

0.013"! 0.002 
NOTES: T6:46fTO:05f 

1. V IH=2.4V (min); V I L =0.8V (max) 
Inputs not to exceed -0.5V to +VDD . 

2. Time data must be stable before Strobe goes to "0". 
3. Using internal feedback resistor. 
4. Using the internal Rfeedback with nulled external amplifier in a 

constant 25°C ambient. (Offset doubles every 10
c

C). 
5. The DAC9331-16 Series is designed to be used only in those appli

cations where the current output is virtual ground; i.e., the summing· 
junction of an op amp in the inverting mode. The internal feedback 
resistor (R Feedback) must be used to achieve temperature tracking. 
See APPI.~f;ATIONS INFORMATION for recommended circuit 
configurations. 

6. For fl/fther information on long term drift refer to HS 9377 Application 
Notes. 
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APPLICATIONS INFORMATION 
UNIPOLAR OPERATION (2-0uadrant Multiplication) 

Voo 

"os 

NOTE: To maintain specified OAC9331 linearity, the external amplifier (A) 
must be zeroed. Apply an ALL "ZEROS" digital input and adjust 
ROS for VOUT '" 0 ±lmV. 

BIPOLAR OPERATION \4-0uadrant Multiplication) 

To malntl," speCified DAC9331 hn"'lty. external amplifie" CAl and A21 

mun be zeroed. With Idl91tallnput of 10 ... 0 Ind VREf set to zero 

"I S.tROS1 lorVO,-a 

bl Set ROS2 for Vour" 0 

cl Set VREF to +10V and adjust RS for VOUT to be 0 Volts. 

UNIPOLAR OPERATION 
Transfer Characteristics 

ANALOG 
OUTPUT 

STROBE LOGIC 

Strobe 

0 
1 

TIMING DIAGRAM 

BIPOLAR OPERATION 
Transfer Characteristics 

BIN,::~r~PUT ~~~3¥ 
.. 11 t -VREF (1_2- IN- O 

100 ... 000 

0" ... ," VREF 12-IN• 1I 

VAEF 11_2-IN-ll 

000, .. 000 VAEF 

Function 

data latched (held) 
data changing (transfer) 

~~ -'" 
[T]'± Q_ OUTPUT 

11~12 11 = DATA SETUP TIME ,,500ns 
12 = STROBE WIDTH (250ns 
13 = SETTLING TIME 21'SEC TYP 

PRECAUTIONARY NOTES: 
In order to realize the ultimate resolution which this unit is capable of delivering. 
several precautions must be taken. 
I. Amplifiers must be balanced so the summing junction is as close to zero volts as 

can be achieved. Usually less than lOOI'V. 
2. Amplifiers must have a large enough open loop gain to be consistent with the 

required linearity. To obtain optimum performance Ihis should be in excess of 
I05VIV or IOOdB. 

3. All grounds should be of low resistance. 
4. Reference should be as high as possible to minimize errors due to offset at outputs. 
5. To maintain accuracy over temperature amplifiers should have low bias current and 

offset voltage temperature coefficients. 

ORDERING INFORMATION 
MODEL NUMBER 
DAC9331-16-4 
DAC9331-16-5 
DAC9331-16-6 

DESCR IPTION 
14-BIT Linearity MDAC' 
15-BIT Linearity MDAC 
16-BIT Linearity MDAC 

CAUTION: ESD (Electro·Static Discharge) sensitive device. Permanent damage may 
occur when unconnected devices are subjected to high energy electro-static fields. 
~~::~~ ~~:;,~;~~~~~e~5t~~1~0~t~g~ ~~~~ ~ig~~~~rsut should never exceed the supply 

Specifications subj ect to change without notice. 

BULLETIN DAC9331-16 SERIES/4-88/Printed in U.S.A. 



1.310 

1 

(33.274) 
... ·-----.:...MAX---·I I I 0.165 

-,. 13- J~~,) -~ ~.:~~LolO 
MAX ('; ... r 0.25) 

.1 12. j T 
'----________ -.J-L_ 0.010 + 0.002 - 0.001 

(0.25 + 0.005 - 0.003) 

F
I PH~'irH ~ ~ n ~ I ;:'~r5:~~~ mMENSIONS 

__ I 1--0.100 ±0.005 -- MIN inches 
(2.54 ± 0.13) TYP (illiTi) 

0.018 ± 0.002 
(0.46 ± 0.05) 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Output ranges: 0 to + 10V, ± 10V, 
• Coding: binary; offset binary 
• Linearity: ±O.01% 
• Settling time: 2.5J1S 
• J1P compatible 
• 28-pin package 
• CMOS, TIL compatible 
• Double buffered inputs 

DESCRIPTION 
HS9338 is a J1P compatible, complete 12-bit double 
buffered digital-to-analog converter. To enhance 
application flexibility, the data input registers have 
been configured as 3 independent, 4-bit bytes. This 
enables the user to directly interface to 4, 8, and 
12-bit data buses. HS9338 comes complete with in
terface control logic. The three separate byte 
enable inputs latch data from the bus into the 

FUNCTIONAL DIAGRAM 

DATA INPUTS 
MSB 

CS 

CS 

WR CONTROL 
HBE LOGIC 

MBE 

LBE 

LDAC 

HS 9338 
14 

+5V -15V +15V GND GAIN 

HS9338 

COMPLETE JlP COMPATIBLE 
12-BIT DAC 

appropriate primary data latches. The LDAC input 
transfers data from the primary latches to the DAC 
register. In addition to these input functions are two 
chip select inputs and a read/write input allowing 
direct memory-map configurations. All input con
trols are static to allow hardwired configurations. 

SUM 
JCT 

11 
VOUT 

-= 

BIPOLAR 
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SPECIFICTIONS 
(Typical @25°C unless otherwise noted. Power supply voltages: + 15V, -15V, + 5V, (± 5%)) 

MODEL 
DIGITAL INPUT 

Resolution 
Unipolar Code 
Bipolar Code 
Logic Compatibility' 
Control Logic Inputs 

JIH @VIH = 2.4V 
IlL @VIL = O.4V 

Data Input Current5 

ANALOG OUTPUT 
Scale Factor Accuracy2 
InitialOffset2 

Bipolar 
Unipolar 

Voltage Range2 

Bipolar 
Unipolar 

STATIC PERFORMANCE 
Integral Linearity3 
Differential Linearity 
Monotonicity 

DYNAMIC PERFORMANCE 
Full Scale Transition 

Settling Time 

Full Scale Transition 
Slew Rate 

Delay to Analog Output 
From Bits Input4 
From LDAC 
From CS4 or WE4 

STABILITY 
Scale Factor 
Integral Linearity 
Differential Linearity 
Offset Drift 

Bipolar 
Unipolar 

Monotonicity Temperature Range 

±1SV POWER SUPPLY 
+ 15V Supply Current 
-15V Supply Current 
PSRR 

+ SV POWER SUPPLY 
+ 5V Supply Current 

TEMPERATURE RANGE 
Operating 
Storage 

MECHANICAL 
Case Style 

HS 9338-2 

12 Bit 
Binary 
Offset Binary 
CMOS, TTL 

20/AA 
-0.36mA 
±1/AA 

±0.1%FSR 

±0.1% FSR max 
± 0.05% FSR max 

±10V, 
Oto +10V 

±0.015% FSR max 
± 0.024 FSR max 
12 Bits 

220nS 
220nS 
225nS 

20ppm FSR 
1ppm FSR max 
1ppm FSR max 

10ppm/OC 
5ppm/oC 
O°C to + 70°C 

12mA 
10mA 
0.005%1% 

24mA 

- 55°C to + 125°C 
-65°C to + 155°C 

Plastic 

HS 9338-0 

± 0.050% FSR max 
±0.097% FSR max 
10 Bits 

NOTES: 1. Control inputs are TTL and 5V CMOS only; data inputs are fully CMOS and TTL compatible 2. See APPLICATION NOTES for adjustment procedures. 3. Specified as "Best Straight 
Line". 4. Operating the unit with the OAC Register transparent may result in output "glitches" due to logic skewing with the unit. 5. Oigital Input Voltage must not exceed supply voltage or go 
below -O.5V. "0" 0.8V; 2.4V "1" VOD 

'Same as HS 9338·2. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected devices are subjected to high energy electrostatic 
fields. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below - 0.5 volts. 
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CONTROL LOGIC FUNCTIONAL DIAGRAM 

WR o-------------~~----~ 
CS1 o--------~--t_-Q 
CS2 0-----_--+---1--00 

LBE 

MBE o------+--4---t_~----/ 

HBE o------+--4---~~ ____ / 

LDAC o------------l ___ / 
TRUTH TABLE 

HS 9338 CONTROL INPUTS 

TODAC 

HS 9338 OPERATION 
WR CSl CS2 LBE MBE HBE LDAC 

x X X X X X Device not selected 
X 1 X Output reflects previously 
X X loaded data 

TIMING DIAGRAM 

Write data into low byte 
data register 

Write data into middle 

byte data register 

Write data into high byte 
data register 

Load DAC register with 
data in low byte middle 
byte and high byte data 
registers 

Write data simultaneous 
into all data registers 

Write data directly into 
DAC register 

HBE =><11~ .-----ADDRESS VALlD----·~x=1 

~:: I 
LDAC 1_. ___________ _ 

.... -e-----tAWS -I 
CS1 r-----tcWS~tCWH!_= 

CS2 -----,.~ i y-
WR ---------, ~t I 

'{ WR---y 

I =+I I--tDH 

D11-_D_0 ______ ..J>r·oo~ k= 
~DATA VAI"LD~ 

tDS : Data setup time, 250 nsec tcws : Chip select to write setup time, 375 nsec 

tDH : Data hold time, 20 nsec tcWH : Chip select to write hold time, 0 nsec 

twR : Write pulse width, 350 nsec tAWS: Address to write setup time, 250 nsec 

PACKAGE OUTLINE 

0.705 0.255 
(17.907) (6.477) MAX 

jMAXi-.:! 

Rt 
PIN 1 DOT 

. 017 

1~r-ll'm 

·15 

"l:T 
• 0.120 
: (3.048) 

:-t 
:. 

0100 
(2.540) 

14. TYP 

BOTTOM 
VIEW 

0.010 0.020 
(0.254)X (0.508) 

1.540 
(43.911) 

MAX 

J 

PIN DIAGRAM 

PIN FUNCTION 

1 LDAC, LOADS DAC REGISTER AND CHANGES OUTPUT 

WR, WRITE INPUT, ACTIVATES ALL CONTROLS 

CS2, CHIP SELECT INPUT 2 

CS1, CHIP SELECT INPUT 1 

MBE, MIDDLE BYTE ENABLE, 04 TO 07 

HBE, HIGH BYTE ENABLE, 08 TO 011 

LBE, LOW BYTE ENABLE, DO TO 03 

GND, GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

VCC, +15V SUPPLY 

10 RANGE, 5V OUTPUT RANGE INPUT 

11 VOUT, DAC VOLTAGE OUTPUT 

12 SUMJCT, SUMMING JUNCTION OF OUTPUT OPAMP 

13 BIPOLAR, CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

14 GAIN, INPUT TO ADJUST FULL SCALE OUTPUT VOL TAGE 

15 VEE, -15V SUPPLY 

16 011, DATA INPUT, WEIGHT 2-1, MSB 

17 010, DATA INPUT, WEIGHT 2-2 

18 09, DATA INPUT, WEIGHT 2-3 

19 08, DATA INPUT, WEIGHT 2-4 

20 07, DATA INPUT, WEIGHT 2-5 

21 06, DATA INPUT, WEIGHT 2-6 

22 05, DATA INPUT, WEIGHT 2-7 

23 04, DATA INPUT, WEIGHT 2-8 

24 03, DATA INPUT, WEIGHT 2-9 

25 02, DATA INPUT, WEIGHT 2-10 

26 01, DATA INPUT, WEIGHT 2-11 

27 DO, DATA INPUT, WEIGHT 2-.12, LSB 

28 VDD. +5V SUPPLY, CONTROL LOGIC 

OUTPUT CONNECTIONS 

RANGE OUTPUT CONNECT 

Oto +10V PIN 11 

-10V to + 10V PIN 11 

-5V to +5V PIN 11 

OUTPUT OFFSET ADJUST 

10kn to 100kn 

PIN 12 
OPEN 

PIN 13 

PIN 13 

CONNECT 
PIN 10 
OPEN 

OPEN 

PIN 12 

-'5VI-"5V 
CONNECT 

PIN 13 
OPEN 

PIN 12 

PIN 12 

to PIN 12 (PIN 12 IS AT VIRTUAL GROUND) 

RANGE: ±0.25% F.S. 
Adjust for Vo"t = 0.000 Volt at input code 00 ... 0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation. 

OUTPUT GAIN ADJUST 

10kn to 100kn 
-15V Q------..JV'V\,--------..., 

3Mn 

to PIN 14 (PIN 14 IS AT -6.4 VOL TS) 

RANGE: ±0.5% 

Adjust for Vout = +9.9976 Volt at input code 11 ... 1 (4.9988 Volt 
on 0-5V range) or for Vout = -10.000 Volt at input code 00 ... 0 
(-5.0000 Volt on ±5V range) if set up for bipolar operation. 
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APPLICATIONS INFORMATION 
INTERFACING THE HS9338 TO AN 8-BIT PROCESSOR 
USING NO EXTERNAL COMPONENTS 

=n DATA-BUS 

CPU 
8-BIT WR 

ADDRESS-BUS 

"' ... M '" :t :;( :t :;( :;( 

I 

t2 
cs CS HBE MBE LBE LDAC WR 

LB 
DATA 

9338 INPUTS 

HB, MB 
'-----V 

VOUT 

1\ 

V 

~ 

V 

I ANALOG OUTPUT 

This mode of operation requires 13k bytes of unused addresses. No 
additional address decoder is necessary. The two chip-select input 
together with the byte-enable and load-DAC inputs are used to con
trol all functions of the DAC. Through selecting the address-lines 
the user can vary the addresses used to control the DAC. In the 
above figure the control signals have the following address
configurations (hex): 

HBE, MBE 2000 
LBE 1000 
LDAC 9800 

The LDAC input should not be tied together to the LBE input to 
ensure correct data transfer between the DAC registers. 

INTERFACING THE HS9338 TO A 16-BIT MICROPROCESSOR --
~ 

ADDRESS-BUS 

~> 
V 

CPU 

I 
ADDRESS 

16-BIT DECODER 

~ 

DATA-BUS -r--

WR V 
.... 
iii 
~ 

( + 
'<: ;.. 

DATA INPUT cs CS 
HBE -

WR 9338 
MBE -
LBE -

LDAC -
VOUT 

I ANALOG OUTPUT 

Interfacing the HS9338 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
theDAC. 
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INTERFACING THE HS9338 to a 4-BIT MICROPROCESSOR 
USING 4-BIT I/O-PORTS 

cpu 
4-BIT 

DATA INPUTS 

9338 

HBE 

MBE 

LBE 

LDAC t------' 

ANALOG OUTPUT 

This figure shows how to operate the HS 9338 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC's at the same port. In the 
first step data should appear at the port A outputs; in the second 
step the control flags should appear on port B. 

PRODUCT SCREENING AND 
QUALIFICATION 
Products cataloged as Class B are fully screened in accordance 
with Method 5004 of MIL-STD-883, Class B. 
Hybrid Systems is equipped to perform qualification and quality 
conformance testing of its products to the Class B requirements of 
MIL-STD-883, Method 5005. Processing to applicable Class S 
requirements is available where the higher confidence level is 
required . 

ORDERING INFORMATION 
MODEL 

HS 9338-2 
HS 9338-0 

DESCRIPTION 

,..p DAC, 0.01% Linearity 
,..p DAC, 0~650/o Linearity 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Four 12-bit DAC's in a single package 
• Low power: 750 mW typ, 1.12W max 
• Double buffered input structure for JJP interface 
• 5jJsec max voltage output settling to 0.012% 

for a 10V step 
• Accepts internal or external voltage reference 

DESCRIPTION 

HS9342 

12-BI1, SPACE SAVING 
QUADDAC 

The HS9342 consists of four complete 12-bit digital
to-analog converters with a bipolar voltage output 
and reference circuit in a single 28-pin hybrid 
package. The design features latched monolithic 
12-bit CMOS DACs, which provides low power and 
high reliability. The HS9342 is ideally suited for ap
plications where board space is at a premium. 

The HS9342 is packaged in a 28-pin DIP and is 
specified for operation from O°C to 70°C for com
mercial grades and -55°C to + 125°C for military 
grades. Full screening to MIL-STD-883C is available. 

FUNCTIONAL DIAGRAM 

HBE 

LBE 

LDAC 

BITS 1 

BITS 9-

~17 

~ 
~ 

-8 

12 

II 
r-

H--
1== 

~ t--

'---

r---
~-+- I--
~ i== 

~ I--

'---
r---

~- t--
~ = 

r-r-= 1= 
-

REFERENCE 
IN OUT 

C 2~ 22 

L--f REFERENCE 
-10.00V 

I I 

[§F=~'"O'O" I 
r- LATCH ~t?d~ DAC 1 

./ 1== ~ LATCH '---== 

I 
r-~ ~~"" ~ LATCH 

~t?d~ DAC2 
....... 

i== L~~gHj== 
./ 

~ 

I 

~ 
12-BIT CMOS DAC I 

LATCH 12-BIT H DAC3 ~LATCH 
4-BIT 

LATCH 

I 
~ GiliD== 

,--- 12-BIT CMOS DAC 

LATCH 12-BIT H DAC4 LATCH 

~ LATCH '----r-

+ 15V - 15V GND 

1~ 2~ 2~ 

13-0 CE 1 

I ! 
- 1 24-0 
+ 

"> ~= 
14..0 

VOUT1 

CE2 

I t ---........ 1 25,.... 
+ "> 

~7 
15 

VOUT2 

CE3 

I L~ 
1 26,.., 

"> ~-
16,.., 

VOUT3 

CE4 

-b>J~ 
1 27,.... 

~ 

> ..... -
VOUT4 
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SPECIFICATIONS 
(Typical @ + 25°C with VDD = + 15V, VEE = -15V unless otherwise noted) 

MODEL 

DIGITAL INPUTS 

Resolution 
VIH Logic Level' 

VIL Logic Level' 

liN Input Current 

(OV VIN VDD) 
Data Set-Up Time2 

Strobe Width3 

Data Hold Time 
Four-Quadrant Coding 

VOLTAGE REFERENCE INPUT 

Input Voltage Range 
Input Impedance 

HS 9342 

12-Bits 
2.4V min 

0.8V max 

1.0~ A typ, 4.0 ~ A max 

250 nsec min 
250 nsec min 
o nsec min 
Offset Binary 

±10V 
1.2 KQmin, 2.5 KQnom, 
3.8 KQmax 

VOLTAGE REFERENCE OUTPUT (REF OUT connected to REF IN) 

Output Voltage Error 
Noise Voltage (peak-to-peak wide band) 
Total Available Current (T min to T max) 

(IREF + IEXT) 
Voltage Drift (T min to T max)4 

Current (Available for External Use) 

STATIC DAC PERFORMANCE 

Integral LinearityS 
Differential Llnearrty 
Bipolar Zero Error 
Gain Error 
Gain Error Matching 

DYNAMIC PERFORMANCE 

Small Signal Settling (to 0.012%) 
Full Scale Settling (to 0.012%) 
Slew Rate 
LDAC to Output Delay 

DRIFT (T min to T max) 
Gain 
Bipolar Zero 
Integral Linearity 
Differential Linearity 

POWER SUPPLY 

VDD 

VEE 
100 @VDD = + 15V ±5%6 

IEE@VEE = -15V :,:5%6 

100 @VDD = + 15V ±5%7 

lEE @VEE = -15V ±5%7 

Power Supply Rejection 

POWER DISSIPATION 

TEMPERATURE RANGE 

Operating 
C-Model 
B-Model 

Storage 

PACKAGE 

28-Pin Ceramic 
9342B 
9342C 

BJA 

NOTES: 

±10mVmax 
100 ~ V typ, 200 ~ V max 
15 mA min, 20 mA max 

5 ppm/DC typ, 8 ppm/DC max 

12 mA max 

± 1/4 LSB typ, ± '/2 LSB max 
± 1/4 LSB typ, ± 1 LSB max 
± 1 LSB typ, ± 2 LSB max 
± 2 LSB typ, ± 4 LSB max 
±3 LSB typ 

2.0 ~ sec 
5.0 ~ sec 
8V/ ~ sec min, 12V/ ~ sec typ 
300 nsec 

10ppm/oCtyp, 15ppm/oCmax 
3 ppm/ °c typ, 5 ppm/ DC max 
0.5ppm/oCtyp,1 ppm/oCmax 
0.5 ppm/DC typ, 1 ppm/DC max 

+ 13.5V to + 16.5V 

-13.5V to -16.5V 

20 mA typ, 35 mA max 

25 mA typ, 35 mA max 

20 mA typ, 35 mA max 

22 mA typ, 30 mA max 

VDD 0.002%/% typ 

VEE 0.001 %/% typ 

675 mW typ, 900 mW max6 

530 mW typ, 825 mW max7 

O°C to 70°C 
- 55°C to + 125°C 
- 65°C to + 150°C 

Case A 
Case A 
30°C/W 

1. Digital Inputs must never exceed VDD or go below - O.3V. 
2. Data must be stable before strobe (HBE, LBE, LDAC) goes to a 
3. CE, LBE, HBE, LDAC. (All strobes are level triggered.) 
4. The error band IS defined graphically in terms of a box (voltage vertically, temperature 

horrzontally) whose diagonals extend from 25 DC to T max and 25°C to T min, With a slope 
equal to the stated temperature coeffiCient 

5. Integral linearity, for this product, is measured as the arithmetic mean value of the 
magnitudes of the greatest positive deviation and the greatest negative deviation from 
the theoretical value of any combination 

6. UtiliZing Internal voltage reference 
7. Applying external voltage reference to REF IN 
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ABSOLUTE MAXIMUM RATINGS 
(Referenced to GND) 

(Exceeding anyone of these parameters may cause 
permanent damag~ to the unit) 

VDD 

VEE· 

VIN (Bits 1-12, LBE, HBE, CEl-4)' 

VREF IN 

DAC Outputs. 

Reference Output . 

Temperature Soldering Duration. 

Power Dissipation . 

PACKAGE OUTLINE 

CASE A 

rO.620 MA1 0.145 
(15.75) (3.68) 

--.:L 

~=i=0.010 
~ 0.600~ (0.254) 

f.(15.24Oj.J l 
·28 C,: T 

- 0,3V to + 18V 

+ 0.3V to -18V 

-0,3V to (VDD + 0.3V) 

±20V 

Infinite short to GND 

Infinite short to GND 

10 sec @ 300°C 

1800 mW 

0.020 =~ ::t=~ 
:\ (0.51) 

• PIN 1 
DOT 

• 15 14 • 

BOTTOM 
VIEW 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 BIT 1 (MSB) 

2 BIT 2 

3 BIT 3 

4 BIT 4 

5 BIT 5 

6 BIT 6 

7 BIT 7 

8 BIT 8 

9 BIT 9 

10 BIT 10 

11 BIT 11 

12 BIT 12 (LSB) 

13 CEl 

-
14 CE2 

PIN FUNCTION 

15 CE3 

16 CE4 

17 HBE 

18 LBE 

19 +15V 

20 -15V 

21 GND 

22 REF IN 

23 REF OUT 

24 VOUTl 

25 VOUT2 

26 VOUT3 

27 VOUT4 

28 LDAC 



APPLICATIONS INFORMATION 
The HS 9342 has been designed for maximum flexibil
ity in connecting to bus oriented systems. The HS 
9342 is designed to accept 12-bit parallel data or 8-bit! 
4-bit data formatted by control pins CE1-CE4, HBE, 
LBE, and LDAC. The input registers are double buf
fered allowing any primary register to be updated inde
pendently of the others. Loading of any given primary 
register is accomplished by bringing the appropriate 
chip enable low, HBE and LBE high. All four DAC out
puts are simultaneously updated by a single LDAC 
command. 

CONTROL FUNCTIONS 

PIN DEFINITION FUNCTION 

EEx Chip Enable X Enables the primary register of DACX 
for loading data in conjunction with 
the HBE and/or LBE function. 

HBE High Byte Enable Enables the 8 MSBs to be loaded 
into the primary register of the DACs 
selected by CEx. 

LBE Low Byte Enable Enables the 4 LSBs to be loaded into 
the primary register of the DACs 
selected by CEX. 

LDAC Load DAC Loads all data in all four DACs, from 
the primary to secondary registers 
and updates all DAC outputs. 

HS 9342 TRUTH TABLE 

CE1 CE2 CE3 CE4 HBE LBE LDAC DESCRIPTION 

a 1 1 1 1 1 a Enables 1 st rank 
ofDAC1 

1 a 1 1 1 1 a Enables 1 st rank 
of DAC2 

1 1 a 1 1 1 0 Enables 1 st rank 
of DAC3 

1 1 1 a 1 1 a Enables 1 st rank 
ofDAC4 

X X X X X X 1 Load DACs 1-4 
secondary register 
from primary 
registers. 

NOTE: 
By enabling HBE. LBE and LDAC. all latches become transparent on selected DACs 

CONTROL LOGIC 

CE 

~::~ TO INPUT REGISTER BIT 1-BIT 8 

TO INPUT REGISTER BIT 9-BIT 12 

LDAC 0>--------- TO DAC REGISTER 

NOTE: 
The transfer from input register to DAC register can be 
performed without Enabling Chip. 

STROBE LOGIC 

STROBE FUNCTION 

a Data Latched (Held) 

1 Data Changing (Transfer) 

TIMING DIAGRAM 

INPUT 
DATA 

LBE 

HBE 

LDAC 

OUTPUT 

I 
I 

I : 

~: 
~~~t3~~--------------

--J t2 ~ 

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

------------~~ ---1 t2 l.-
I I I 

'Vi -------------=J~~t4~- I 

:-t5~ 
TIME AXIS NOT TO SCALE. ALL STROBES ARE LEVEL TRIGGERED. 
11: Data Setup Time. Time data must be stable before strobe 

(byte enable/LDAC) goes to "0", t1 (min) = 250 nsec. 
t2: Strobe Width. t2 (min) = 250 nsec. (CE, LBE, HBE, LDAC). 
t3: Hold Time. Time data must be stable alter strobe goes to "0", t3 = 0 nsec. 
t4: Delay from LDAC to Output. t4 = 300 nsec 

t5: Settling Time. 5~ sec (typical). 

NOTE: 
Minimum common active time for CE and any byte enable is 250 nsec. 

TRANSFER CHARACTERISTICS 

DIGITAL INPUT ANALOG OUTPUT 
CODE VOLTAGE 

0000 0000 0000 -10.000V - FULL SCALE 

0100 0000 0000 - 5.000V -1/2 SCALE 

1000 0000 0000 O.OOOV ZERO 

1000 0000 0001 + 4.88 mV +1 LSB 

1100 0000 0000 + 5.000V + 1/2 SC.ALE 

1111 1111 1111 + 9.9951V + FULL SCALE-1 LSB 

REFERENCE CIRCUITRY 
The HS 9342 is supplied with a precision internal -10V 
reference, trimmed to within ± 5 millivolts. The refer
ence is available for external use and can supply up to 
8 mA of output current. In normal operation, the REF 
OUT (Pin 23) is connected to REF IN (Pin 22)1. The 
REF OUT is then fully loaded. If a system reference is 
available, an external reference may be used. It is 
recommended if an external reference is used, it sup
plies a minimum of 8 milliamps of current. 

1. The reference is then fully loaded 
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APPLICATIONS INFORMATION (continued) 

POWER SUPPLY CONSIDERATION 
Power supplies used for the HS 9342 should be 
selected for low noise operation. In particular, they 
should be free of high frequency noise. Decoupling 
capacitors are recommended on all power supply pins 
located as close to the unit as possible. Suitable 
decoupling capacitors are 1 "" F tantulum type in 
parallel with 0.1 "" F disc ceramic type. 

20 -v 

0.011.1 F 

21 tr-------1~------------------<)GNO 

19 o ______ 
l

l.1 __ 

F 

_I .. /o::;.. __________ O_.O_ll.1_

F 

_____ 

o 
+v 

Recommended Power Supply Bypass 

MICROPROCESSOR INTERFACe 
The HS 9342 control logic is easily interfaced to most 
common microprocessors. Due to the 8-Bitl4-Bit input 
architecture, no external latches are required for 
interface to 8- or 16-bit bus structures. 

CPU DATA BUS 
8-BIT 
OR 

16-BIT 

00·07 Oa- 011 

HBE, LBE, LOAC' 

HS 9342 

'For 8-Blt Data Bus, HBE and LBE addressed separately as high byte and low byte. 
For 16-BIt Data Bus, HBE and LBE are tied together and addressed as one word. 

HS 9342 8- or 16-Bit Bus Interface 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 

ORDERING INFORMATION 
MODEL TEMPERATURE RANGE DESCRIPTION 

HS 9342C O°C to 70°C 12-Bit, QUAD DAC 

HS 9342B - 55°C to + 125°C 12-Bit, QUAD DAC 
883C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Four 12-bit DACs in a Single Package 
• Low Power (600 mW) 
• Double Buffered Inputs 
• Voltage Output 

DESCRIPTION 
The SP9344 is a QUAD 12-bit digital-to-analog 
converter with a bipolar voltage output in a single 
28-pin dual-in-line package. The design is based 
on a proprietary latched 12-bit DAC chip keeping 
chip count to a minimum. The SP9344 features a 
double buffered input structure for each DAC 
allowing easy microprocessor interface. Each 
DAC is independently addressable allowing a 
versatile control architecture. All four DACs may 
be simultaneously updated using a single XFER 
command. Featuring 15 Ilsec settling time and 
± 1/2 LSB accuracy the SP9344 is ideally suited for 

FUNCTIONAL DIAGRAM 

DB1·DB12 

B1/82 0-:-+-------' 

11 

CONTROL 
LOGIC 

+15V ·15V +5V GND 

SP9344 

12-811 QUAD DAC 

PRELIMINARY 
INFORMATION 

applications where multiple DACs are required 
and board space is at a premium. Typical 
applications include ATE, process controllers, 
robotics, and instrumentation. 

REF IN 
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SPECIFICATIONS PRELIMINARY TECHNICAL DATA 

(Typical @ 25°C and Nominal Power Supplies) 

MODEL SP9344C SP9344B 

DIGITAL INPUTS 
Resolution 12-Bits * 

VIH Logic 2,4V min * 

VIL Logic 0,8V max * 

4 Quad, Bipolar Coding Complementary Binary * 

REFERENCE INPUT 
Voltage Range ±lOV * 

Input Resistance 5 Kn min, 10 Kn typ, 15 Kn max * 

SWITCHING CHARACTERISTICS 
Strobe Width 120 nsec min * 

Data Set-up Time 125 nsec min * 

Data Hold Time o nsec min * 

ANALOG OUTPUT 
Gain ±3 LSB max ±2 LSB max 
Initial Offset Bipolar ±2 LSB max ±1 LSB max 
Voltage Range Bipolar ±lOV * 

Output Impedance TBD * 

STATIC PERFORMANCE 
Integral Linearity ±0,5 LSB typ, ± 1 LSB max * 

Differential Linearity ±0,5 LSB typ, ± 1 LSB max * 

Monotonicity (t min to t max) 12-bits * 

DYNAMIC PERFORMANCE 
Settling Time 

Small Signal to 0,012% 5 f-lsec * 

Full Scale to 0,012% 15 f-lsec * 

Slew Rate TBD * 

STABILITY (tmin to tmax) 
Gain 15ppmrC * 

Bipolar Zero 15ppmrC * 

Integral Linearity ± 1 ppm/ °C max * 

Differential Linearity ±lppmrC max * 

POWER REQUIREMENTS 

VDD +15V * 

VEE -15V * 

VLogic +5V * 

IDD 15 mA typ, 18 mA max * 

lEE 25 mA typ, 28 mA max * 

ILogic 0,1 mA typ, 0,2 mA max * 

Power Dissipation 600 mW typ, 690 mW max .. 
Power Supply Rejection ±0,004%/% max * 

TEMPERATURE RANGE 
Operating 

C Models O°C to 70°C 
B Models -55°C to + 125°C 

Storage -60°C to + 150°C 
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PIN ASSIGNMENTS 

PIN FUNCTION DESCRIPTION 

1 VOUT4 Voltage Output DAC 4 
2 VEE -15V Supply 
3 VDD +15VSupply 
4 Vlogic +5V Supply 
5 REF IN Reference Input 
6 GND Ground 
7 B1/~ Byte l/Byte 2, Selects Data 

Input Format 
8 AO Address for DAC Selection 
9 A1 Address for DAC Selection 

10 XFER Transfer, Updates all DACs 
11 WR2 Write Input, Gates XFER Function 
12 WR1 Write Input, Gates DAC Selection 
13 CS Enables DAC Input for Writing 
14 VOUT 1 Voltage Output DAC 1 
15 VOUT2 Voltage Output DAC 2 
16 DB12 Data Bit 12 
17 DB 11 Data Bit 11 
18 DB 10 Data Bit 10 
19 DB9 Data Bit 9 
20 DB8 Data Bit 8 
21 DB 7 Data Bit 7 
22 DB6 Data Bit 6 
23 DB5 Data Bit 5 
24 DB4 Data Bit 4 
25 DB3 Data Bit 3 
26 DB2 Data Bit 2 
27 DB1 Data Bit 1 
28 VOUT3 Voltage Output DAC 3 

CODING: COMPLEMENTARY BINARY 

INPUT OUTPUT 

MSB LSB 

0000 0000 0000 VREF 
0000 0000 0001 VREF - 1 LSB 
0111 1111 1111 0-1 LSB 
1000 0000 0000 a 
1000 0000 0001 0+1 LSB 
1111 1111 1111 -VREF + 1 LSB 

1 LSB = VREF 

212 

PACKAGE OUTLINE 
0.620 MAX 0.145 

r-~I~ 

~ ]c,::::, 
~ 0.600 --J 
I (15.240) I 
.28 ' .. ..., • 

~ 

:1\ 
• PIN 1 
• DOT 

. . 

.15 14. 

BOTTOM 
VIEW -I 

ORDERING INFORMATION 

I O.125MIN 

r- (3.18) 

MODEl TEMPERATURE RANGE SCREENING 

SP9344C ODC to 70DC -

SP9344B -55DC to + 125DC MIL-STD-883C 
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CONTROL FUNCTIONS 

PIN FUNCTION 

AO Address 0 for DAC Selection 

A1 Address 1 for DAC Selection 

WR1 Enables AO' A 1 (Along With CS), Active Low, Gated With CS 

B1/B2 Selects high and low bytes. In 12-bit mode, B1/B2 tied high. In 8-bit mode, a 12-bit word is 
loaded into first register when B 1 /B2 is high, and a 4-bit word is updated to the lower bits when 
B1/B2 is low. 

WR2 Gated with XFER, used to load all DACs simultaneously (Active Low) 

XFER Gated with WR2, used to load all DACs simultaneously (Active Low) 

TIMING CHARACTERISTICS 
-~-

LIMIT AT LIMIT AT 
PARAMETER TA = +25°C -55°C TO + 125°C UNITS 

--

TDS 100 min 125 min ns Data Set Up Time 
(To rising edge of WR1 command) 

TDH Omin Omin ns Data Hold Time 

TWR 100 min 120 min ns Write Pulse Width 

TXFER 100 min 120min ns Transfer Pulse Width 

TWC 200 min 245 min ns Total Write Command 

DATA 

~-----------------TWC------------~ 

WR2 

LEVEL TRIGGERED DEVICE 

WRITE CYCLE TIMING DIAGRAM 
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SIGNAL PROCESSING EXCELLENCE DAC9349 

Complete 12-Bit CMOS DAC 

FEATURES 
• 12-Bit Binary or 

3-Decade BCD Coding 

• ±2.SV. ±SV. ±10V. 0 to. -SV. 
o to -10V Output Ranges 

• Complete 

• low Power 

• low Cost 

• Reliable 

DESCRIPTION 
The DAC9349 is a versatile, economically-priced com
plete 12-Bit D/A converter intended for use in fixed refer
ence applications. The unit combines CMOS switches, 
precision laser-trimmed ladder, internal precision refer
ence and gain-selectable output amplifier in a unique, 
low-cost 24-pin double DIP'. An external fixed reference 
of -10V ± 10% may be used for ratiometric applica
tions. Features of the DAC9349 include: 

Choice of Coding - Units can be supplied in either 
12-Bit binary (-12 models) or 3 decade BCD coding 
( - 3D models). 

Pin Selectable Output Ranges - External pin jumpers 
provide unipolar output ranges of 0 to - 5V or 0 to - 10V 
(binary models), or ± 2.5V, ± 5V and ± 10V for (offset 
binary coded) bipolar outputs. 

Completeness - No additional external components 
are required for a 12-Bit D/A conversion. 

1. U.S. Patent Pending 

FUNCTIONAL DIAGRAM 

Good Dynamic Performance - Reduced settling time 
and higher slew rate compared to many 12-Bit con
verters. 

Reliability - Like other converters in the commercial 
product line, the DAC9349 is offered in a unique pack
age which has undergone the same extensive environ
mental testing to assure its reliability. 

Reliability is enhanced by batch-processed, precision 
laser-trimmed resistor networks fabricated in our own 
facility. Similar to monolithic circuits, the networks are 
processed and functionally trimmed to assure consistent 
performance. Networks are glass passivated to assure 
reliability under adverse environmental conditions. 

BIPOLAR 20V 10V SUMMING 
GND GND +15V -15V OFFSET RANGE RANGE JUNCTION 

Rl R2 
50kD 50kD 

GAIN ADJ O------'''+----i 

REF OUT ~~---"+-----1 lOOk" 

EXT. 
JUMPER 

REF IN 

BINARY BIT 12 11 10 9 8 7 6 5 4 3 2 1 (-12 MODELS) 
(LSB) (MSB) 

BCD 2 4 8 10 20 40 80 100 200 400 800 (-30 MODELS) 

'FOR BCD (-3D MODELS), 
Rl+R2"80kD 

">----+-'--<) OUTPUT 
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SPECIFICATIONS 
(Typical @ 25°C Using Internal Reference and VDD =±15V unless 
noted) 
MODEL DAC9349 

TYPE 
DIGITAL INPUT 

Resolution 
Coding 

Unipolar 
Bipolar 

Logic Levels (Threshold) 

ANALOG OUTPUT 
Scale Factor 1 
Initial Offset 1 

Unipolar 
Bipolar 

Voltage Range2 
Unipolar 
Bipolar 

Current Compliance 
Output Impedance 

REFERENCE 
Internal3 
External (D.C. Only) 

STATIC PERFORMANCE 
Linearity 
Differential Linearity 

DYNAMIC PERFORMANCE 
Settling Time (worst case) 
Slew Rate 

STABILITY 

Fixed Reference, Voltage Out 

12 Bits 

Binary; 3 DEC. BCD 
Offset Binary 
VIL=1.0V max 
VIH=3.5V min 

0.1% F.S.R. max 

±0.2% F.S.R. max 
±0.1% F.S.R. max 

o to -5V, 0 to -10V 
±2.5V, ±5V, ±10V 
±10mA typ ±5mA min 
0.1 Q max 

-10VDC 
-10VDC ±10%@ lmA 

±1/2 LSB max 
1 LSB max 

15}.Ls max 
lV/}.Ls 

(Over Specified Temperature Range) 
Linearity 5ppmfC max 
Differential Linearity 2ppmf C max 
Transfer Characteristics4 30ppmf C max 

POWER SUPPLY 
Requirements 

Rejection Ratio 

TEMPERATURE 
Operating 
Storage 

MECHANICAL 

Case Style 
Case Dimensions 

(~-/~57) (~.m) MAX r MAXi.J ...-------. 

R-t 
PIN 1 DOT 0.17 1 1(4.32) TYP 

"1'T ~l :.Q.,J,Zl!.. 
: (3.048) ~ 

: -1 (34.036) 

1)~ JMAX 

TYP 

BOTTOM J!.l!.lQ 0.020 
VIEW (0.254)x (0.508) 

NOTES: 

+15V @ 5mA typ 10mA max 
-15V @ 15mA typ 20m A max 
0.005%/% max 

O°C to +70° 
O°C to +85°C 

24-pin Double-DIP 

fUNCTION 

BINARY 

BI T 1 (M$B) 800 

21 BIT4 

BIPOLAR OFFSET 

10 +15V BIT 10 

13 BIT 12\lSB) 1 

lOr 10mV max, whichever is greater. Externally adjustable 
(see Figure 3). 

2The -3D models have a 3-decade BCD format with a unipolar FS 
output range of 0 to -9.99V. 

3 For specified overall performance, external loading of the refer
ence output (Pin 8) must not exceed 1.0mA. 

4 Total effect of linearity, offset and gain temperature coefficients 
on the transfer characteristic of the unit. 
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APPLICATIONS INFORMATION 
TO ±15V SUPPLIES 

COM 

TO OAC9349 

*SINGLE POINT GROUND WHERE POSSIBLE 

OPTIONAL GAIN AND OFFSET ADJUSTMENT CIRCUIT 
OPTIONAL OFFSET ADJ 

20KH 
+15V -15V 

20MH 

PIN 2 
DAC9349 

CALIBRATION PROCEDURE 

OPTIONAL GAIN ADJ 
20Kr1 

~~~~ 
~ ~ 301Kr1 

I PIN 6 
6 DAC9349 

(for optional external Gain & Offset adjustment) 

Unipolar operation: 
1. Apply a 000 ... 0 input code and set the OF FSET ADJ pot for 

OVout. 
2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 

-(F.S. -1 LSB). 
Bipolar operation: 
1. Apply a 000 ... 0 input code and set the OFFSET ADJ pot for 

a +F.S. output. 
2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot for 

-(F.S. -1 LBS). 
BCD Unipolar operation: 
1. Apply a 000 ... 0 input code and set the OFFSET ADJ pot for 

OVout. 
2. Apply 1001 1001 1001 input and set the GAIN ADJ pot for 

-9.990V. 
TRANSFER CHARACTERISTICS 
Unipolar Operation Bipolar Operation 
Digital Input Analog Output Digital Input Analog Output 

1 1 1 ... 1 -(F.S. -1 LSB) 1 1 1 ... 1 -(F.S. -1 LSB) 
1 00 ... 0 -F.S.l2 100 ... 0 OV 
000 ... 0 OV 000 ... 0 +F.S. 

BCD Unipolar Operation 
Digital Input Analog Output 

1001 1001 1001 -9.99 
0101 0000 0000 -5.00 
0000 0000 0000 OV 
OUTPUT RANGE SCALlNG** 

Output Jumper Connect 
Voltage These Pin 5 Coding 
Range Pins to Pin 

o to -5V 1&3,2&4 11 Binary 
o to -10V 1& 3 11 

o to -9.99V 1 & 4 * BCD 

±2.5V 1 & 3 7 2&4 
Offset 

±5V 1&3 7 Binary 
±10V 1 &4 7 

*No Connection on BCD (-3D) Models. 
**Pin 7 must be connected to either the internal reference 

(Pin 8) or to an external -10VDC reference source. 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 
MODEL 
DAC9349-12 
DAC9349-3D 

DESCRIPTION 
Complete, 12-Bit Binary DAC 
Complete, 3-Decade BCD DAC 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 

• Low cost 
• Complete 
• Low power 
• DACBO compatibility 
• Reliable 
DESCRIPTION 
The DAC9356 is a unique, low-cost, 12-bit DAC 
packaged in a 24 pin double DIP. As supplied, the 
unit provides an output of ± 10 volts at SmA; 25""S 
settling time for a full scale change; and 
±30ppm/oC gain drift. The addition of an external 
resistor permits ± 5 volt output with no loss in current 
capability - other ranges can be provided in OEM 
quantities. Matched CMOS current switches pro
vide the lowest static power consumption of 
available technologies, while the ±20% supply 
tolerance is a significant advantage over similar 
devices which may demand ±3% or better. 
Outstanding features of the DAC9356 are: 
Completeness - No external components are re
quired for a 12-bit D-A conversion function. The 
DAC9356 includes the switches, temperature com
pensated reference, precision ladder network and 
output amplifier in the same package. Nothing else 
is needed. 
Low Power Consumption - 175mW at ± 15 volts. 
Accumulated power, power supply size and ex
pense, and system heat removal are significantly 
reduced - and no +5 volt logic supply is required. 
Pin-Out Similarity with DAC80 - For ± 10 volt output 
the DAC9356 replaces the DACBO. DAC9356 is 
similar to other more expensive, higher power units 
as well. 

FUNCTIONAL DIAGRAM 
(MSB) (LSB) 
Bit1 Bit2 Bit3 ••• Bit 10 Bit11 Bit12 

DAC9356 

COMPLETE LOW-POWER 
12-81T DAC 

Reliability Plus - Packaged in a unique enclosure 
which has undergone extensive environmental 
testing during its development the DAC9356 is con
tinuously monitored during all assembly and test 
operations by our quality control organization. 
Reliability is enhanced by batch-processed, preci
sion laser-trimmed resistor networks fabricated in 
our own facility. Similar to monolithic circuits, the 
networks are processed and functionally trimmed 
to assure consistent performance. NetworkS are 
glass passivated to assure reliability under adverse 
environmental conditions. 
Because of its low cost low power, completeness 
and reliability, the DAC9356 is your best choice for 
systems which employ several DACs. With the ad
vantages of large supply tolerance and lack of ex
ternal components or adjustments, the DAC9356 is 
the most cost-effective converter product 
available. 

(-) F.S. ADJUST 
(GAIN) 

1-------4---------.-----'\>N'Ir--t-------lt-"15=-o OUTPUT 

DAC9356 

+15V 
SUPPLY 

-15V 
SUPPLY 

GND 

20 

(+) F.S. ADJUST 
(OFFSET) 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supplies unless otherwise 
noted) 
MODEL DAC9356 

DIGITAL INPUT 

Resolution 
Coding 
Logic Compatibility 1 

I nput Current 

ANALOG OUTPUT2 

Voltage @ Current3 
Impedance 
Initial Accuracy4 
Protection 

REFERENCE 

STATIC PERFORMANCE 

Integral Linearity 
(best straight line) 

Differential Linearity 

DYNAMIC PERFORMANCE 

12-Bits 
Complementary Offset Binary 
CMOS 2.0V threshold (nominal) 
V IH>3.0V (min), V IL <0.8V (max) 
±l1lA (max): 0.4V>VLOGIC>3.0V 

±10 Volts@ ±5mA 
<0.1.11 
±0.1% F.S.R. 
Continuous Short Circuit 
to Ground 

Internal; Temp. Compensated 

±0.02% (max) 
±Y:z LSB (typ), ±1 LSB (max) 

Settling Time, 10V Change 251lSec 
to ±0.02% F.S.R. 
Slew Rate 0.6V /Ilsec 

STABILITY 

Gain 
Offset 
Differential Li nearity 

POWER REQUIREMENTS* 

±30ppmrC F.S.R. 
±10ppm/oC F.S.R. 
±50pmrC F.S.R. 

Positive Supply Voltage 
+15V Supply Current 
Negative Supply Voltage 
-15V Supply Current 
Rejection Ratio 

+11.5 to +18 volts (max) 
2.5mA (typl, 3.5mA (max) 
-11.5 to -18 volts (max) 
11mA (typ), 15.0mA (max) 
0.05%/% (typ), 0.08%/% (max) 

*Supply voltage must exceed maximum converter output voltage 
by not less than 3 volts. 

ENVI RONMENTAL 

Operating Temperature Range O°C to + 70°C 
Storage Temperature Range O°C to +85°C 

MECHANICAL 

Case Style 24 pin double-DIP 
Case Dimensions 

I ~/~~71 I~·.~~~I MAX 
iMAX-I..l ,------....., 

R, PIN FUNCTION 
I BIT·lIMSBI 
2 BIT·2 
3 BIT·3 
4 BIT·4 

. S BIT·S 
6 BIT·6 
7 BIT·7 
S BIT·S 
9 BIT·9 

10 ' BIT·l0 
~t1. BIT·ll 

12 BIT·12IlSBI 

0.600 PIN I DOT ..QJ2. TYP 

11S.2401:1. 1 r:-14.321 

'1;]ci:gl ~l 
.1 ~MAX 
i~ ~gl 13J4 0361 

TYP 

BOTTOM 0.010 • 0.020 
VIEW 10.2541. 10.sOSI 

NOTES: 

PIN FUNCTION 
24 N.C. 
23 I-I F.S. ADJ 
22 +1SVDC 
21 GND 
20 1+1 F.S. ADJ 
19 N.C. 
IS N.C. 
17 N.C. 
16 N.C. 
IS OUTPUT 
14 -1SVDC 
13 N.C. 

1. Logic input should not exceed + 15 volts or be below -0.3V. 
2. Full Scale range and offset voltage externally adjustable. 

See APPLICATIONS INFORMATION. 
3. Can be supplied in unipolar ranges for OEM 

quantities. Consult factory. 
4. Can be adjusted to ±0.02% F.S.R. or better. See 

OPTIONAL ADJUSTMENT CIRCUITS. 

320 

APPLICATIONS INFORMATION 
OPTIONAL BYPASS CIRCUIT 

+1SV 01----1-+---1---- +1SV SUPPLY 

I ", I ,,,,, "":'~" 
DAC9356 GND 0 

I 
1 ~F I 0.Q1 ~F DISK CERAMIC 

-15V 0f-----..... -------- -15V SUPPLY 

OPTIONAL* ±5 VOLT (OUTPUT) CONNECTION 

DAC9356 

1 Total resistance f appro •. 250K ohms 

15 }-----+----- OUTPUT 

*TC of external resistors must be between 0 and +50ppmrC to 
maintain drift performance. 

OPTIONAL ADJUSTMENT CIRCUITS 

+15V +15V 

150K 150K 150K 150K 
>·~~~~-~~~20 

DAC9356 DAC9356 

1.2K !O~::E~?JUST O.25K !Gll~~ ADJUST 

-15V -15V 

CALlElRATION PROCEDURES 

1. Apply 000 ... 000 input code and set +F.S. ADJUST 
potentiometer for + F.S. -I LSB output. 
2. Apply 111 ... 111 input code and set -F.S. ADJUST 
potentiometer for -F.S. output. 

TRANSFER CHARACTERISTICS 

Ic~mplementary Offset Binary Input Code Analog Output 

MSB 2 3 4 5 ,6 7 8 9 10 1J LSB Weighting Voltage 

1 1 1 1 ·1 1 1 1 1 1 1 1 -F.S. -lO.OOOV 
1 0 0 o 0 0 0 0 0 0 0 0 -1 LSB -O.OO48V 
0 1 1 1 1 1 1 1 1 1 1 1 Zero +O.OOOV 
0 0 0 o 0 0 0 0 0 0 0 0 -:,:F.S. -1 LSB +9.9951V 

CAUTION: ESD (Electro-Static Discharge) sensitive de
vice. Permanent damage may occur when unconnected 
devices are subjected to high energy electrostatic fields. 
Unless otherwise noted, the voltage at any digital input 
should never exceed the supply voltage by more than 
0.5 volts or go below -0.5 volts. 

ORDERING INFORMATION 
MODEL DESCRIPTION 

DAC9356 Complete 12-Bii DiA Converter 

Specifications subject to change without notice. 



~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

HS9371 

JJP COMPATIBLE, CURRENT OUTPUT, 
16-BIT MDAC 

FEATURES 
• Monotonic to 16-bits over the military and 

commercial temperature ranges 
• Low power consumption, 45 mW max. 
• Double buffered input 
• Proprietary semicustom gate array signficantly 

reduces digital feedthrough 
• Pinout permits 16 digital input lines to be 

connected to an 8-bit data bus without 
crossing bus lines 

DESCRIPTION 
The HS9371 isa current output, 16-bitmultiplying D/A 
converter with 16-bit monotonicity guaranteed 
over the commercial and military temperature 
ranges. Complete with dual storage registers, the 
HS9371 Series easily interfaces with either 8-bit or 
16-bit bus structures, eliminating the need for exter
nallatches. 
A proprietary semicustom gate array is used to 
significantly reduce digital feedthrough while inter
nal decoupling capacitors reduce the effect of 
power supply perturbations. 

FUNCTIONAL DIAGRAM 

(MSB) 
BITS 1 2345678 

LBE 

HBE 

CS 

LDAC 

VREF 
IN 

+15V ANALOG 
GND 

(MSa} 
ans 1 2 :3 4 5 6 7 8 BITS 9 10 11 121 

The HS9371 has dual 8-bit input registers for direct 
interface to 8- or 16-bit bus structures. The pinout of 
the HS9371 allows the user with an 8-bit bus to run 
only 8 traces directly underneath the hybrid to con
nect to the 16-bit input register. 
The HS9371 is available for either commercial 
(+O°C to + 70°C) or military (-55°C to + 125°C) 
applications. Screening to MIL-STD-883C is 
available. 

(LSB) 
BITS 910 11 1213141516 

RF 
15 

12 
IOUT1 

11 
IOUT2 

HS 9371 SERIES 

DIGITAL +5V 
GND 
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SPECIFICATIONS 
(Typical @ + 25 DC unless otherwise specified) 

MODEL 

DIGITAL INPUT 
Resolution 

Coding 
Logic Compatibility 

VIL (max)5 

VIH (min)5 
Input Current 

Latch Control Minimum Pulse Width 
Data Set-Up Time 

Data Hold Time 

ANALOG OUTPUT 
Gain Accuracy 

Initial Offset Error 

Current Range 
Unipolar 
Bipolar 

Noise 
p-p noise 
(0.1 Hz to 100 Hz) 

Output Capacitance 

REFERENCE INPUT 
Input Impedance 

STATIC PERFORMANCE 
Integral Linearity Error3 

Differential Linearity Error4 

Monotonicity Guaranteed to: 

DYNAMIC PERFORMANCE 
Major Carry Transition Settling 

to 0.0015% F.S.R. 
Full Scale Transition Settling 

to 0.0015% F.S.R. 
Reference Feedthrough 

Attenuation8 

Glitch Energy8 

STABILITY 
Gain Drift 
Offset Drift 

Unipolar 
Bipolar 

Linearity Drift 

POWER SUPPLY 
Current 

+ 15V supply 

+ 5V supply 

Power Dissipation? 

Rejection Ratio 

TEMPERATURE RANGE 
Operating 

Storage 

PACKAGE 
28-pin, double DIP 

NOTES: 

1. - 55°C to + 125°C 
2. Adjustable to zero 

HS 9371K HS 9371J 

16-bits 

Straight/Offset Binary 
TTL, LSTTL, CMOS 

0.8V 

2.4V 

10ll A max 
100 nsec 

100 nsec min1 

o nsec 

± 0.1 % F.S.R. typ, ± 0.2% max2 

±0.0005% max2 

Oto +2 mA 
±1 mA 

50/-1 V 
80 pF 

±0.0015% max 
±0.0015% max 
16-bits 

1 /.l sec6 

5/.l sec6 

100 dB @ 
100 Hz sine wave 
80dB@ 
1 kHz sine wave 
3 nV-sec 

6 ppm/DC max 

1 ppm/DC max 
2 ppm/DC max 
1 ppm/DC max 

±0.003% max 
±0.003% max 

15-bits 

HS 9371TB 

± 0.0015% max 
± 0.0015% max 

16-bits 

HS 9371SB 

±0.003% max 
±0.003% max 

15-bits 

VLOGIC, all bit inputs 

o or +5V 

1 mA typ, 3 mA max 

0.1 Il A typ, 1 /-I A max 

45 mW max, VLOGIC = 0 or +5V, all bit inputs 
150 mW max, VLOGIC = +2.5V, all bit inputs 

± 0.0006% FS/% typ 
±0.002% FS/% max 

ODC to + 70 DC 

-25°C to +85 DC 

ODC to + 70 DC 

-25°C to +85DC 

+2.5V 

1 mA typ, 3 mA max 

12 mA typ, 20 mA max 

- 55 DC to + 125°C - 55°C to + 125°C 
-65DC to + 150°C -65°C to + 150DC 

5. Voltages at the digital Inputs may not go below a volts or exceed + 5V 
6.50 Q load 

3. Integral Linearity IS measured per best straight line method 

7. To minimize power consumption. add 2KQ pull-up resistors to the digital inputs when 
driVing with TTL 

8. Lid of Case should be grounded to analog ground for optimum performance. 

• Specifications same as 9371 K 
4. Differential Linearity is the deViation of an output step from the Iheoretlcal value of 1 LSB 

for any two adjacent digital Input codes 
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PACKAGE OUTLINE 

~620 MA~I 0.145 
1(15.75)1 (3.68) 

r-----,~ 

~ .. oo=t:r ~~::J 
~15.24O).j -.i. 

Dimensions shown in 
inches and (mm) 

:28 ~: T 
• 0.020 =O::t=::;:= 

:\ (0.51) 

• PIN 1 
DOT 

.15 14. 

BOTTOM 
VIEW 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 +5V 

2 BIT 1 (MSB) 

3 BIT 2 

4 BIT 3 

5 BIT 4 

6 BIT 5 

7 BIT6 

8 BIT 7 

9 BIT 8 

10 LDAC 

11 IOUT2 

12 IOUT1 

13 VREF 

14 +15V 

PIN FUNCTION 

28 DIGITAL GND 

27 BIT9 

26 BIT 10 

25 BIT 11 

24 BIT 12 

23 BIT 13 

22 BIT 14 

21 BIT 15 

20 BIT 16 

19 HBE 

18 CS 

17 LBE 

16 ANALOG GND 

15 RF 

ABSOLUTE MAXIMUM RATINGS 
(HS 9371) 

+ 15VSuppIY(+VDD)toAnalog GND . +17V 

+ 5V Supply (+ VCC) to Digital GND 

Analog GNDto Digital GND. 

Digital Input Voltage to Digital GND .. 

VREF IN to Analog GND 

Output Voltage (Pins 11, 12) . 
Power Dissipation of Package 

(Case A) . 
(Case B) . 

Lead Temperature, Soldering 
(Case A) . 
(Case B) . 

+7V 

±0.5V 

+ VCC + 0.3V max 
Digital GND -0.3V min 

±25V 

. . Analog GND ±0.1V 

1.4W@ +85°C 
1.5W @ + 125°C 

300°C, 5 sec 
. 300°C, 10 sec 

APPLICATION INFORMATION 
RECOMMENDED BYPASS CIRCUIT 

+ 15V 

1\ 

14 

ANALOG DIGITAL 
GND GND 

16 28 

0.01 /AF 

+ 
1 ~F 

UNIPOLAR OPERATION (2-0uadrant Multiplication) 

(MS8) (LSS) 

BIT ~ ____ O!~!~,,-___ !~T 16 
INPUT 

VREF 

VOO HS 9371 VOUT 
OP·07 

"ALL ONES": 

+5V 

VOUT = -- VREF + 1 LSB 

NOTE: To maintain specified HS 9371 linearity, the external amplifier (A) must be zeroed. 
Apply an ALL "ZEROS" digital input and adjust ROS for VOUT = 0 ± 1 mV. 

BIPOLAR OPERATION (4-0uadrant Multiplication) 

VREF 

VOO 

(MSB) 
BIT 1 DIGITAL 

(LSB) 
BIT 16 

--- - - INPUr ------

HS 9371 

RFEEDBACK 

"ALL ONES": ANA DIG HBE LBE CS 
GNOGNO VOUT = - VREF + 1 LSB 

NOTE: To maintain specified HS 9371 linearity, external amplifiers (Al and A2) must be 
zeroed. With a digital input of 10 ... 0 and VREF set to zero: 
a) Set ROSl for VOl = 0 ± 1 mV 
b) Set ROS2 for YOUT = 0 ± 1 mV 
c) Set VREF 10 + 10V and adjust RB for VOUT 10 be 0 volts. 

TRANSFER CHARACTERISTICS 
UNIPOLAR OPERATION 

BINARY INPUT ANALOG OUTPUT 

111. .111 + F.S. -1 LSB 
100 .000 +F.S'/2 
01 1 ... 111 + F.S'/2 - 1 LSB 
000 .. 000 OV 

BIPOLAR OPERATION 

BINARY INPUT ANALOG OUTPUT 

111 ... 111 + F.S. -1 LSB 
100 .. 000 OV 
011 .. 111 -1 LSB 
000 .. 000 -F.S . 
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MICROPROCESSOR 
INTERFACE CONSIDERATIONS 
General 

The HS 9371 is easily interfaced to either an 8-bit or 
16-bit microprocessor. First, a signal to select (or 
address) the HS 9371 must be generated. Then the 
input data must be written (or latched) to the DAC 
and after settling, the analog output is valid. 

The bus interface logic consists of three inde
pendently addressable registers in two buffers. The 
first buffer consists of two 8-bit registers which can 
be loaded directly from an 8- or 16-bit micro
processor bus. Once the complete 16-bit word has 
been assembled in the first buffer, it can be loaded 
into the second buffer for conversion. 

The required selection signal, CS, is easily derived 
in most systems. Usually a base address is decod
ed and this active low signal is used for CS. The ac
tive high signal for the low byte enable (LBE) and 
high byte enable (HBE) loads the two 8-bit registers 
into the first buffer while the LDAC signal loads the 
second buffer for conversion. The double-buffered 
input eliminates the generation of spurious analog 
output values. 

MEMORY MAPPED INTERFACE 
TO 8-BIT IJP 

Figure 1 shows the timing sequence for operating 
the HS 9371 with an 8-bit IJ P bus and Figure 2 
shows a general interface. Note that the pinout of 
the HS 9371 allows the user to run only 8 traces 
directly underneath the hybrid to connect to the two 
8-bit input registers in the first buffer. 

The HS 9371 is addressed by the chip select (CS) 
signal going low for a minimum of 100 nsec. Since 
tsu, the minimum time required for the input data to 
be valid before CS, LBE, or HBE are active, is 0 ns 

minimum, the CS signal can go low simultaneously 
with data. The low byte enable (LBE) signal going 
high loads the 8 LSBs into the lower register of the 
first buffer. After a minimum latch time of 100 nsec, 
the LBE signal going low latches the data in the 
lower register. A similar control signal and timing se
quence is used to load the 8 MSBs into the upper 
register of the first buffer (HBE). The load DAC 
(LDAC) signal going high loads the full 16-bits of 
data from the first buffer into the second buffer and 
the D/A for conversion. A minimum latch time of 
100 nsec is required for the LDAC signal. The 
analog output then changes to the new value within 
the specified settling time. Table 1 is a truth table for 
the control inputs. 

DATA ~~ VALID, LOW BYTE ~ VALID, HIGH BYTE 

-.: ~tH I 

CS --....~ ...... & ...... ~~ ...... ~,...,~ YI##!IMi/i/$4 1111111/l1li/1/1/14 
I I I I 
L.--1su ---.,J I I 

: {~~\: 
----! :..- Il : 

I I l~~=~~t't"t@=~~~~=~~ 

LBE 

HBE 
~[ :~tL 

LDAC ______________________ ----'-'to~~~W: ~ 
~ ~Il :1"------;--

DiA OUT __________________________ -4--'1 / I 

I I 

tsu 

:--------Iset~ 

~tup time required for input data to be valid before 
CS, LBE or HBE going active 
Hold time for CS to stay low 
Latch time for LBE, HBE, and LDAC 
Settling time from LDAC going active to valid output 

- 0.0015% F.S_R., all zeros to all ones 
- 0.0015% F.S_R_, midscale LSB transition 

o nsec min 
100 nsec min 
100 nsec min 

5 i' sec typ 
1 i' sec typ 

Figure 1. Timing Diagram for Interface to 8-Bit i' P Bus 

AO------------------------------------------------------------~ 

Al--------------------------------------------------------

8-BIT 
ADDRESS 

BUS 

A3----
A4.---
AS,------1 
A6------I 

ADDRESS 
DECODE 

74LS 
688 

BITS 
1-9 

07 

, , , I I I I 

""'" I " I I " 1111111 
I I II I I I 
I II I I II 
I I I I I II 

8-BIT DATA BUS 

BITS 
8-16 

DO 

LBE 

HS 9371 

LDAC 

A2------------------------------------------------------------~ 

Figure 2. Block Diagram of HS 9371 Interfaced to 8-Bit i' P 
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A7-A3 A2 A1 AO 
(CS) (LDAC) (HBE) (LBE) OPERATION 

Defined by switches 0 0 0 All data latched 
to give low signal 0 0 1 Data into low byte of 

to CS when 9371 IS 
1 st buffer, all others 
latched· 

addressed 0 1 0 Data into high byte 
of 1 st buffer, all 
others latched 

0 1 1 Invalid address 
1 0 0 Data into 2nd buffer 

(16 bits) and D/A, 
1 st buffer latched 

1 0 1 Invalid address 
1 1 0 Invalid address 
1 1 1 Data directly to D/A 

from bus, latches 
transparent 

Table 1. Truth Table - Control Inputs 
(References Figure 2) 

MEMORY MAPPED INTERFACE 
TO 16-BIT IJP 

Figure 3 shows the timing sequence for operating 
the HS 9371 with a 16-bit IJ P bus and Figure 4 
shows a general interface. Table 2 is a truth table for 
the control inputs. Note that the control inputs are 
simplified since the H BE and LBE signals can be 
connected together. 

DATA &.\\~\\\~\\\\\~\\\~~\\~\\'¥ DATA VALID, 2 BYTES 

-----,.........,<'<'l"<''<'''<'<''< .......... ~-' ....... I f--IH 
cs t\~~~\'\ y!Jf7T.~rTr.@'7T.%'7T.W!J'7T.%'7T.W!!Jr7T.Wr7T.W!Jr7T7 

I ¥ I 
~ ISU ----...J I 

HBE/LBE" I 1~--,~~, v~~~~_~_~~T<'~"""""'~~ 
--: j--IL 

LDAC _______ ...LOl..LJ,w',U,JrJIJ ~%\\\\\\\\\\\\~ 
~ f--tL 

D/A OUT : /""---Ir----
-----------_I~1 I 

*HBE and LBE are connected together. 
I I 

~Isel___: 

Figure 3. Timing Diagram for Interface to 16-Bit !J P Bus 

AIS 
A14 
A13 
A12 

All 
AID 
A9 
A8 

ADDRESS 
DECODE 

74LS 
688 

AO 
A1S-A2 A1 (HBE, 

(CS) (LDAC) LBE) OPERATION 

Defined by sWitches 0 0 Data latched 
to give low signal 0 1 Data into 1st buffer, 

to CS when 9371 IS 
2nd buffer latched 

addressed 
1 0 Data into 2nd buffer, 

1 st buffer latched 
1 1 Data directly to D/A, 

latches transparent 

Table 2. Truth Table - Control Inputs 
(References Figure 4) 

POWER SUPPLY CONSIDERATIONS 

Power supplies used for the HS 9371 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. 
It is important to remember that 0.03 J.t A is 1 LSB 
for a 2 mA output. This translates to 156 IJ V for a 10 
volt output range when converting to voltage. 

Decoupling capacitors are recommended on all 
power supply pins located as close to the converter 
as possible. Suitable decoupling capacitors are 
10 IJF tantalum type in parallel with 0.01 fA F disc 
ceramic type. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, HS 9371 should be 
allowed sufficient warmup time (5 min.). 

2. Due to the small bit weight (0.03 IJA), noise 
becomes a noticeable factor; therefore, high 
quality sockets are recommended (if sockets are 
used) to minimize contact resistance. 

3. No digital input should be left floating as the unit 
will draw excessive current. Unused digital inputs 
must be tied to a voltage potential between OV 
and +5V. 

1I216-BIT 
DATA BUS 

D7 DO 

BIT 9 BIT 16 

.---------Ics 16-BIT 
ADDRESS 

BUS 
~----I LDAC HS 9371 OUTPUT '>----

A7 
A6 
AS 
A4 

.------1 HBE 

~-___ILBE 

74LS 
688 

BIT 1 BIT 8 

A3 
A2 

Al----------------~ 

AO-----------------~ 

015 
1I216-BIT 
DATA BUS 

Figure 4. Block Diagram of HS 9371 Interfaced to 16-Bit p.P 

D8 
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4. If optimum transient and glitch energy perfor
mance are required, electrically connect the lid 
(Case 8) to pin 16. 

5. If the D/A is driven from a non-buffered or heavily 
loaded bus, best linearity is obtained by adding 
2K Q pullups to the digital bit inputs. 

CONTROL LOGIC 

Figure 5 details the control logic functio~ Note that 
the LDAC signal is independent of the CS signal. All 
the latches are level controlled as opposed to edge 
triggered. This allows each of the latches to be 
operated in a transparent mode by tying the latch 
control input to a fixed logic "1" level. Since all 3 lat
ches are independent of one another, the sequence 
of loading the 8 MSBs and the 8 LSBs is reversible. 

LBE----I 

HBE---+-I 

LDAC ---------t 

Figure 5. Control Logic Function 

LAYOUT CONSIDERATIONS 

Due to the small bit weight (0.03 /.I A for 1 LSB) 
special attention must be paid to the layout of the 
PC-board. To avoid capacitive coupling from digital 
lines to the hybrid substrate, a ground-plane should 
be placed directly under the converter package on 
the component side. This ground-plane can be 
directly connected to pin 16 of the HS 9371. All 
digital lines should run on the soldering side of the 
PC-board. 

The pin assignment of the HS 9371 has been ar
ranged so that the 16 digital inputs can be con
nected to an 8-bit data bus without crossing of bus 
lines (see Figure 2). 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa
citance. The ground connection to the converter 
should be made using a wide, low resistive run to 
minimize voltage drop. Analog and digital ground 
lines must be connected at only one point, prefer
ably directly at the converter package. 

TERMINOLOGY 

Major Carry Transition Settling: The total elapsed 
time between the application of a new input code 
and the point at which the analog output has settled 
to within a specified error band. The HS 9371 speci
fies settling to within 0.0015% FSR. For a major 
carry transition, the change is when the digital input 
goes from a "0" and all "1 's" to a "1" and all "a's" 
or vice versa. 
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Full Scale Transition Settling: The same as major 
carry transition settling with the exception that the 
change is a full scale change. For the HS 9371, the 
change is from IOUT1 = a to IOUT1 = 2 mA or 
vice versa. 

Monotonicity: A monotonic DAC means that the 
analog output does not decrease as the input is in
creased or vice versa. The relevant specification is 
over what temperature range and to what accuracy 
monotonicity is guaranteed. 

A PRECISION SENSE-AND-CONTROL 
ROBOTICS SYSTEM 

A counting AID converter can be configured as a 
sense-and-control servo system for robotics applica
tions. Figure 6 illustrates a bus-interfaced system 
which can: 

1. Use the precision 16-Bit accurate HS 9371 as a 
D/A to provide a control voltage to a positioning 
device such as a motor or a speed controller 
such as a voltage to frequency converter. 

2. Provide a tracking AID function which allows a 
digital readout of position information. 

3. Provide an infinite duration no-droop hold func-
tion for VSENSE, under microprocessor control. 

As shown, the system can traverse its entire output 
range of a to -10V at approximately 10 Hz, which 
covers the entire 65,536 digital input (output) codes. 
This allows 1.5 Ii s for each successive count, or a 
clock rate to CCK of 667 kHz. 

CIRCUIT OPERATION 
A standard counting type AID converter compares 
the output of a D/A converter to an external input 
signal and causes an N bit counter to move the N 
bit D/A inputs such that the D/A output converges to 
the external input signal. When the two signals are 
equal, the counter counts up and down on each 
successive clock, with the D/A output dithering on 
either side of the input by 1 LSB weight or less. The 
counter outputs are then a binary representation of 
the input (sense) voltage and the output (control) 
Voltage. 

This circuit has modified and expanded upon the 
basic configuration to provide a useable voltage out
put from the D/A (rather than the current output) and 
allow an easily scaled input voltage while being able 
to distinguish 16-Bit voltage difference levels 
(156 Ii V) at a 10V signal range). 

ANALOG INS AND OUTS 
The D/A-counter-comparator loop has been des
cribed. The HS OP-27 is used to convert the D/A 
output current to a a to - 10V signal. A comparator 
preamp is necessary at the 16-Bit level to ensure an 
adequate overdrive to a monolithic comparator 
because the response time of existing monolithic 
devices is inadequate for a 1.5 Ii s loop time. 
(Remember that all parts of the servo loop must set
tle to a 16-Bit level during each clock cycle; luckily 
the system moves by 1 LSB each cycle, so the volt
age excursion is small.) A CA3127 monolithic tran
sistor array is used for the differential pair and the 
output buffer devices. 
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Figure 6. Bus Programmable Sense and Control Servo Loop for Precision Robotics Applications 

The 1 N4104 zener diodes provide a level shift of the 
preamp output to 3.3V to keep the signals within the 
common mode range of ± 5V comparators such as 
the LT1 016 and the LM360. The 2N3904 cascode 
devices may not be necessary in lower speed sys
tems; a comparator such as the LM 319 or LM311 
may also be used in less critical applications. The 
1 K gain setting resistors may be adjusted to trim off
set voltage if the comparator has no such trim. The 
preamp is configured for a gain of 40, yielding an 
LSB output weight of (153 il V)*(40) = 6.1 mV to 
the comparator input. 

Resistors RC and RS are used to compare 
VCONTROL and VSENSE. With a positive 10V refer
ence to the D/A converter (an HS R675C-1 is used 
for low noise and good transient response), a - 10V 
full scale output is generated for VCONTROL. This 
allows a OV to positive V for VSENSE, where 

max VCONTROL 

RC 

max VSENSE 

RS 

is the constraint so that the input and output ranges 
match. If a OV to negative V range is required, a 
negative reference such as the HS R675-3 can be 
used. A multiplexer (2:1 analog mux with low Ron) 
can be used to switch between negative and 
positive references at the VSENSE zero crossing if a 
bipolar range is required. 

DIGITAL UPS AND DOWNS 

The comparator output must be a TTL or CMOS 
compatible signal which drives the UP/DOWN in
puts of the counters. The four 4-Bit synchronous 
counters are cascaded to yield 16 binary outputs. 

Cascading results in a maximum rollover delay (for 
"HC" logic) of about 60-80 ns, which is small com
pared to the 1.5 f..l s minimum clock period. The 
ENP enable input is used to stop the count se
quence for the "hold" function, while gate input G 
makes the outputs high impedance to allow the bus 
to load the D/A directly. If the system goes to the 
low or high end of the scale, the counter will roll 
over to the other end. If this is a problem (a linear 
versus rotary system), the ripple carry out RCO of 
the most significant counter can be exclusively 
NORed (XNOR) with the comparator output to 
cause the counter to toggle between its endpoint 
and 1 LSB away from the endpoint. 

The bus interface uses 74HC4053s as a bidirec
tional 2:1 multiplexer with tri-state capability. The 
bus can load data into the D/A to force a specific 
control voltage. The bus interface in the HS 9371 
can latch this data and act as a direct open-loop 
controller from the data bus with ENP high. If ENP is 
low, the 74HC4053s can be used to read the digital 
signal on the counter outputs in two 8-Bit bytes with 
the system in "track" mode. (If a two-byte read 
takes longer than one clock cycle, the tracking 
operation should be halted during READ to prevent 
erroneous data from being read.) To disconnect the 
bus from the servo system, make INH low. If both 
the counter and the bus can be tri-state, use pullup 
or pulldown resistors on the D/A inputs to prevent 
them from floating. 

The address decode logic will be different for differ
ent processors and systems. It must be tailored to 
mate the address with the proper output signal 
polarity needed to drive the D/A interface signals 
and counter logic. 
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FINAL FEEDBACK 

As with any highly sensitive analog circuit, care 
must be taken with circuit layout, power supply 
decoupling and ground paths. Keep clock signals 
away from analog signals, use analog ground plane 
underneath sensitive areas (especially the preamp 
and comparator) and minimize capacitive coupling 
between the comparator output and inputs. This 
coupling can cause oscillation which will preclude 
circuit operation. To prevent a linearity error due to 
ground resistance, route IOUT2 of the HS 9371 to 
the main analog ground via a separate trace from 
other low-level grounds. Connect analog and digital 
grounds at only one pOint, preferably near the O/A. 
Keep connections from the D/A to the preamp and 
comparator as short as possible. Follow decoupling 
procedures as described elsewhere in this data sheet. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Perma
nent damage may occur when unconnected devices are subjected 
to high energy electrostatic fields. Unused devices must be stored in 
conductive foam or shunts. Protective foam should be discharged to 
the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs 
must be grounded or tied to the logic supply voltage. Unless other
wise noted, the supply voltage at any digital input should never ex
ceed the supply voltage by more than 0.5 volts or go below -0.5 
volts. If this condition cannot be maintained. limit input current on 
digital Inputs by using series resistors or contact Hybrid Systems for 
techlncal assistance 
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LONG TERM DRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 
a. Offset Drift. For maximum performance, the off
set should be zeroed after at least one hour of 
operation. Then the offset drift will be typically 
200 V for the first 1000 hrs; and 100 V per 1000 
hrs thereafter. 
b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature 
compensated zener-diode in the reference voltage 
circuitry will cause a gain error at the output of the 
DAC. The drift that will occur is typically less than 
1 mV per year. A correction of this drift error can be 
made using the gain adjustment circuitry. 
c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC's network im
pedance. This can contribute 10ppm F.S.R.l1000 
hrs, which can be corrected using the gain circuitry. 
d. Linearity Drift. Due to the unique circuitry used 
in the DAC network, effects of resistor accuracy drift 
on linearity are greatly reduced. Typical differential 
linearity drift is less than 3ppm F.S.R.l1000 hrs. 

ORDERING INFORMATION 

MONOTONICITY TEMPERATURE 
MODEL (over temp.) RANGE SCREENING 

HS 9371K 16 bits min O°C to + 70°C -

HS 9371J 15 bits min O°C to + 70 0 e -

HS 9371TB 16 bits min - 55°C to + 125°C MIL-STO-883C 

HS 9371SB 15 bits min - 55°C to + 125°C MIL-STO-883C 

Specifications subject to change without notice. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Serial input 
• Monotonic to 16-bits 
• Asynchronous clear input 
• Low power 

DESCRIPTION 
The HS9372 is a serial input, 16-bit, current output 
multiplying D/A converter with 16-bit monotonicity 
guaranteed over the commercial and military tem
perature ranges, A proprietary semi-custom gate 
array is used to significantly reduce digital feed
through while internal decoupling capacitors 
reduce the effect of power supply perturbations, 

The data is clocked in serially (MSB first) to a shift 
register and then the 16-bit digital word is loaded 
into the DAC latch for conversion to analog out, 
Both unipolar and bipolar operation can be con
figured; in bipolar mode the input can be either off
set binary coding or 2's complement coding, 

FUNCTIONAL DIAGRAM 

DIG 
GND 

124 
LDAC 
() 

23 

STB 
() 

22 

SRI 

o 
20 

HS9372 

SERIAL INPUT, 
16-81T DAC 

A CLEAR input is provided for the asynchronous set
ting of the DAC latch to either all "a's" or "1" (MSB) 
and all "a's" depending on the user's choice, 

The HS9372 is available for either commercial (O°C 
to + 70°C) or military (-55°C to + 125°C) applica
tions, Screening to MIL-STD-883 Rev, C, Levels B or Sis 
available, 

REF IN 

o 
15 

ANA 
GND 

114 
) 

13 

16-BIT SHIFT REGISTER 

~1 
+5V 

CONTROL 
LOGIC 

2 3 4 5 

Q 0 0 ( 
WR CLR 1/0 2'5 

"\ 7 

16-BIT DAC LATCH 

HS 9372 

~----'A\1V'v-1 

,.,,' M"C h v 

8 9 110 111 112 
00666 

IOUT2 IOUT1 NC NC + 15V 
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SPECIFICATIONS 
(Typical @ +25°C unless otherwise specified) 

MODEL 

DIGITAL INPUT 

Resolution 

Coding 

Logic Compatibility 
VIL (max)2 
VIH(min)2 
Input Current 

SWITCHING CHARACTERISTICS3 

tWR (WR pulse width) 
tAW (STB and LDAC 

valid to end of WR) 
tow (DATA valid to 

end ofWR) 
tDH (DATA hold time) 

tA~o\~~~~)d LDAC 

tWCL (CLR pulse width) 

ANALOG OUTPUT 

Gain Accuracy 
Initial Offset Error 
Current Range 

Unipolar 
Bipolar 

Noise 
pop noise 
(0.1 Hz to 100 Hz) 

Output Capacitance 

REFERENCE INPUT 
Input Impedance 

STATIC PERFORMANCE 

Integral Linearity Error6 

Differential Linearity Error 
Monotonicity Guaranteed to: 

(over temperature) 

DYNAMIC PERFORMANCE 

Major Carry Transition Settling 
to 0.0015% F.S.R. 

Full Scale Transition Settling 
to 0.0015% F.S.R. 

Reference Feedthrough 
AttenuationS 

Glitch EnergyS 

STABILITY 

Gain Drift 
Offset Drift 

Unipolar 
Bipolar 

Linearity Drift 

POWER SUPPLY 

Current 
+15V 
+5V 

Static Consumption 
Dynamic Consumption9 

Power Dissipation 
Static 
Dynamic 

PSRR 

TEMPERATURE RANGE 

Operating 

Storage 

PACKAGE 

24-pin, double DIP 

NOTES: 

HS9372K 

16-bits, 
Serial MSB first 
Straight/Offset Binaryl 
2's Complement1 
TTL, LSTTL, CMOS 
0.8V 
2.4V 
10 ",A max 

120 nsec min 

120 nsec min 

120 nsec min 
o nsec min 

o nsec min 
200 nsec min 

±0.1% F.S.R. typ, ±0.2% max' 
50 ",V max"S 

Oto +2mA 
±1 mA 

50 "V POp 
80 pF 

5KQ 

± 0.0015% max 
±0.0015% max 

16-bits 

5 ",sec7 

100dB@ 
100 Hz sine wave 
80dB@ 
1 kHz sine wave 
3 nV-sec 

8 ppm/oC max 

1 ppm/oC max 
2 ppm/oC max 
1 ppm/oC max 

1 mA max 

50 ",A max 
7 mAmax 

15.25mW max 
50 mWmax 
±0.0006% FS/% typ 
± 0.002% FS/% max 

O°Cto + 70°C 
- 25°C to + 85°C 

1. The coding is determined by the logic level on the 2's pin (see further). 
2. Voltages at the digital inputs may not go below 0 volts or exceed + 5V. 
3. -55°C to + 125°C 
4. Adjustable to zero 
5. USing the internal RF with nulled external amplifier in a constant 25°C ambient. 
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HS9372J 

±0.003% max 
±0.003%max 

15-bits 

HS 9372TB 

± 0.0015% max 
± 0.0015% max 

16-bits 

-55°C to +125°C 
-65°Cto + 150°C 

6. Integral Linearity is measured per best straight line method 
7.50 Q load. 

HS9372SB 

±0.003% max 
±0.003% max 

15-bits 

8. Lid of Case B units should be grounded to analog ground for optimum performance. 
9. Conditions: WR = ~ 



PACKAGE OUTLINE 

1- l}i:~~fX --I 

D
24 130l 

0.800 MAX 
(20.32) 

01 120 J 

0.165 MAX 
(4.191) 

--j IJ 

~
l 

0.600 + 0.010 

(1 ;.2j± 0.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.05 - 0.03) 

~~J~ 0.025 ±0.010 

I b ~~()'''M'' 
F 

~~~ 
-l I- 0.100 ± 0.005 TYP 

(2.54 ± 0.13) 

0.018 + 0.002 
(0.46 ± 0.05) 

Pin 1 is marked by a dot on the top 01 the package. 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 +5V 24 

2 WR 23 

3 CLR 22 

4 1/0 21 

5 2's 20 

6 NC 19 

7 NC 18 

8 IOUT2 17 

9 lOUT 1 16 

10 NC 15 

11 NC 14 

12 +15V 13 

NC ~ No internal connection. 

ABSOLUTE MAXIMUM RATINGS 
(HS 9372) 

+ 15VSupply( + VDD) to Analog GND. + 17V 

+ 5V Supply (- VCC) to Digital GND + 7V 

Analog GNDto Digital GND. . ± 0.5V 

FUNCTION 

DIGITAL GND 

LDAC 

STB 

NC 

SRI 

NC 

NC 

NC 

NC 

REFIN 

ANALOG GND 

RF 

Digital Input Voltage to Digital GND . + VCC + 0.3V max 
Digital GND - 0.3V min 

VREF IN to Analog GND ±25V 

Output Voltage (Pins 8,9). . ......... Analog GND ± 0.1 V 

Power Dissipation of Package 
(Case A) . 
(Case 8) . 

1.4W @ +85°C 
1.5W @ + 125°C 

Lead Temperature, Soldering 
(Case A) . . ......... 300°C, 5 sec 
(Case 8) . . ......... 300°C, 10 sec 

APPLICATION INFORMATION 

RECOMMENDED BYPASS CIRCUIT 

ANALOG DIGITAL 
+15V GND GND 

0,01 ~F 

II 

1 ~F 
+ II I, 

) 
14 16 28 

THEORY OF OPERATION 

0.01 ~F 

+ 
l~F 

+5V 

If the HS 9372 is to operate in unipolar mode or in 
bipolar mode with OFFSET BINARY coding, the 2's pin 
must be connected to 0 Volts. In bipolar mode with 2's 
COMPLEMENT coding, the 2's pin must be tied to + 5 
Volts. 
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The STB and LDAC pins address the shift register and 
the DAC latch respectively. When the shift register is 
addressed (LDAC = "0", STB = "1 "), serial data 
appearing at the SRI pin will be clocked in on the falling 
edge of WR. When the shift register is full, the DAC 
latch is addressed (STB= "0", LDAC= "1 ") and data 
will be transferred in by bringing WR momentarily low. 

Using 1/0 pin in conjunction with the CLR pin, the DAC 
output can be set asynchronously to 0 Volts in both 
unipolar and bipolar mode (offset binary or 2's comple
ment code). This occurs by bringing CCR low. Table 1 
indicates how to connect 1/0 pin in the different cases. 

MODE CODING 1/0 PIN 

Unipolar Straight Binary (2's = "0") "0" 

Bipolar Offset Binary (2's = "0") "1" 

Bipolar 2's Complement (2's = "1 ") "0" 

Table 1 

This feature allows an easy system initialization and 
simplifies the DAC calibration (see "Unipolar 
Operation" and "Bipolar Operation" paragraphs). 

Table 2 is a truth table for the logic control inputs. 

CONTROL INPUTS OPERATION 
CLR WR STB LDAC 

0 X X X Clear DAC latch to 
00 ... 00 if 1/0 is Dig Gnd 
10 ... 00 if 1/0 is +5V 

(asynchronous operation) 

1 1 X X Device not selected, output 

1 X 0 0 reflects previously loaded data 

1 ~ 1 0 Strobe data into the shift register 

1 'l..J 0 1 Load data into the DAC latch2 

1 -v- 1 1 Invalid address 

Table 2. Truth Table - Control Inputs 

NOTES: 
1.l.. = edge sensitive (falling edge) 

-v- = level sensitive (low) 

2. If 2's = "1 ", data is loaded in 2's complement coding for the bipolar mode. If 
2's= "0", data is loaded in offset binary coding for the bipolar mode and in 
direct binary coding for the unipolar mode. 

UNIPOLAR OPERATION (2's = "0") 
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DIG REF ANA 
GND LDAC STB SRI IN GND 

RFEEDBACK 

HS 9372 
VOUT 

"ALL ONES": 
VOUT - - VREF + • LSB 

+5V WR CUI 110 2'5 +.5V 

NOTE: To maintain specified HS 9372 linearity, the external amplifier (A) must be zeroed. 
This opera.!iQ..n is easily performed without having to serially load an "all O's" 
code: set CLR and 110 to logic leve' "0" and adjust Ras for VOUT = 0 ± 1 mV. 

BIPOLAR OPERATION (4-Quadrant Multiplication) 

DIG REF ANA 
GND LDAC STB SRI IN GND 

NOTE: ~:r~e~~~~~ ~fr:~~f~~aH~ ~!~~n "(;~i!y, .. g,)~e:~:bmP~If!'~~S8~Ad11j~d =Atp~~~t~ 
then follow steps A & B below. ~or two's complement coding (2'5 :: "1"), set CLR 
and 1/0 :: "0" and then follow steps A & S below, 
0) Wllh REF IN = O. se. ROS. lor VOl = 0 ±. mV and ROS2 lor 

VOUT = 0 ±. mY. 
b) Set REF IN to + 10V and adjust RS for VOUT to be 0 volts, 

TRANSFER CHARACTERISTICS 

UNIPOLAR OPERATION 

BINARY INPUT ANALOG OUTPUT 

111...111 +F.S. -1 LSB 
100 ... 000 +F.S.l2 
011...111 + F.S.l2 -1 LSB 
000 ... 000 OV 

BIPOLAR OPERATION 

OFFSET BINARY INPUT ANALOG OUTPUT 

111 ... 111 +F.S. -1 LSB 
100 ... 000 OV 
011 ... 111 -1 LSB 
000 ... 000 -F.S. 

BIPOLAR OPERATION 

2'8 COMPLEMENT INPUT ANALOG OUTPUT 

011 ... 111 +F.S. -1 LSB 
000 ... 000 OV 
111 ... 111 -1 LSB 
100 ... 000 -FS 



TIMING INFORMATION 

Figure 1 is the timing diagram for loading the shift 
register. Figure 2 is the timing diagram for loading the 
DAC latch. Figure 3 is a global timing diagram for the 
complete operation of the HS 9372. 

STB 

DATA 

tAW- = 120 nsec min tAH = 0 nsec 

tow = 120 nsec min tDH = 0 nsec 

II 

DATA VALID 

tWR = 120 nsec min 

Figure 1. Loading the Shift Register (LDAC = "0") through the SRI 
Pin. Write Cycle #1 to 16. 

LDAC / - \'-----

DAC OUTPUT 

Figure 2. Loading the DAC Latch (STB = "O'J from the Shift Register. 
Write Cycle # 17. 

~~ 
~~ 

_LD_A_C ____________ ~~-------------~ 

~DA~C_O~U_TP~U_T ________ ~~------------------~ 
Figure 3. Global Timing for Complete Operation of the HS 9372. 

MICROPROCESSOR INTERFACE 

The timing information described earlier is fully com
patible with the timing of several microprocessors (Intel, 
Zilog, etc.) without the addition of any external com
ponents. Figure 4 is a general example of interfacing 
the HS 9372 to an 8-bit lAP. It is followed by a routine 
example. 

A15 

AO 
ADDRESS BUS 

W WR 

lAP 
FROM 

SYSTEM CLR 
RESET 

07 

DO 
DATA BUS 

Figure 4. 

ROUTINE SOFTWARE PROGRAM 

Assumptions: 
1. The first byte of data is at memory address 0000. 
2. The second byte of data is a memory address 

0001. 
3. A = accumulator of the f..IP. 
4. B = general register of the lAP. 
5. 4000 is the address of the DAC latch 

(A 1 4 = 1; A 1 5 = 0) 
6. 8000 is the address of the shift register 

(A14 = 0; A15 = 1) 

LOAD the value 8 in register B. 
LOAD in the accumulator A of the IA P the 
content of memory address 0000. 
JUMP to SHIFT (SHIFT is the subroutine which 
allows the loading of data in the input register). 
LOAD the value 8 in register B. 
LOAD in A the second byte of data which is at 
memory address 0001. 
JUMP to SHIFT. 
WRITE at the address 4000 (a memory write in
struction at the address 4000 loads the data in 
the DAC latch). 
END. 

SHIFT WRITE at the address 8000 (a memory write 
instruction at the address 8000 loads the data 
bit by bit in the shift register). 
ROTATE LEFT the content of A. 
DECREMENT B. 
If B =t 0, GOTO SHIFT. 
RETURN from subroutine. 
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POWER SUPPLY CONSIDERATIONS 

Power supplies used for the HS 9372 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. It 
is important to remember that 0.03 I1A is 1 LSB for a 
2 mA output. This translates to 156 IJV for a 10 volt 
output range when converting to voltage. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable decoupling capacitors are 10 IJF tantalum 
type in parallel with 0.01 I1F disc ceramic type. 

LAYOUT CONSIDERATIONS 

Due to the small bit weight (0.03 IJA for 1 LSB) special 
attention must be paid to the layout of the PC-board. 
To avoid capacitive coupling from digital lines to the 
hybrid substrate, a ground-plane should be placed 
directly under the converter package on the compo
nent side. This ground-plane can be directly con
nected to pin 14 of the HS 9372. All digital lines should 
run on the soldering side of the PC-board. 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa
citance. The ground connection to the converter 
should be made using a wide, low resistive run to 
minimize voltage drop. Analog and digital ground lines 
must be connected at only one point, preferably 
directly at the converter package. 

1.310 
1 (33.274) -I -I I 0.165 .----MAX 

--(4.191) 

·24 13 • 

1 ~i 0.800 0.600 +0.010 
(20.321) ('tt25J 

MAX 

.1 12. j 
0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

PIN (1) INDEX 0.025 ±0.010 
~ (0.64 ± 0.25) 

p\U U n n n tiH5M'~210N1~ r--DIMENS------'IONS 
inches --I f--O.100 +0.005 TVP (mm) 

(2.54 ± 0.13) 

0.018 ±0.002 
(0.46 ± 0.05) 
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LONG TERM DRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 
a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. 
Then the offset drift will be typically 200 IAV for the first 
1000 hrs; and 100 IAV per 1000 hrs thereafter. 
b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature com
pensated zener-diode in the reference voltage circuitry 
will cause a gain error at the output of the DAC. The 
drift that will occur is typically less than 1mV per year. 
A correction of this drift error can be made using the 
gain adjustment circuitry. 
c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC's network im
pedance. This can contribute 10ppm F.S.R.l1000 hrs, 
which can be corrected using the gain circuitry. 
d. Linearity Drift. Due to the unique circuitry used in 
the DAC network, effects of resistor accuracy drift on 
linearity are greatly reduced. Typical differentiallineari
ty drift is less than 3ppm F.S.R.l1 000 hrs. 

ORDERING INFORMATION 

MONOTONICITY TEMPERATURE 
MODEL (over temp.) RANGE SCREENING 

HS 9372K 16 bits min aoc to + 7aoC -

HS 9372J 15 bits min aoc to + 7aoC -

HS 9372TB 16 bits min - 55°C to + 125°C MIL·STD-883C 

HS 9372S8 15 bits min - 55°C to + 125°C MIL-STD-883C 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• True 16-bit (0.0008%) linearity 
• f.lP compatible 
• Complete 
• 24-pin package 
• Low power - 450mW 
• Low cost 
• Binary or BCD code 

DESCRIPTION 
The DAC9377-16 is a complete, voltage output, 
16-bit D/A converter with true 16-bit linearity. Com
plete with storage registers, internal reference and 
output amplifier, DAC9377-16 provides the user 
with exceptional performance and self-contained 
operation. The input storage register is composed 
of 16 parallel latches - a system compatible with 
16-bit data bus interfaces. A single proprietary 
monolithic chip contains switches, storage registers 
and other electronics for high resolution and low 
linearity error. TIL and CMOS compatibility com
bined with low power dissipation in a ceramic 
24-pin DIP, makes the DAC9377-16 unsurpassed in a 
high resolution data conversion device. 
True 16-Bit Linearity - 16-bit (±0.0008%) linearity in 
a 24-pin DIP is unequaled. No other microcircuit 
converter does better. Additional versions with 
15-and 14-bit linearity are also available. 
Low Power - CMOS proprietary monolithic devices 
in a unique circuit configuration yield the lowest 
power dissipation (450 mW typ.) of any complete 
16-bit converter available. 
Complete - No external components are required 
for 16-bit conversion. 
Input Storage Registers - Designed in one 16-bit 
segment, the input storage register provides data 

FUNCTIONAL DIAGRAM 

DAC9377-SERIES 

COMPLETE BUFFERED 
16-BIT DAC 

storage when latched, but is "transparent" when 
unlatched. The latch control is level-triggered for 
either static or dynamic operation. 
Reliability - A proven performer, the DAC9377-16 is 
packaged in a 24-pin ceramic DIP for the utmost in 
reliability. Combined with our proprietary mono
lithic device and automatic wirebonding, we've 
made the DAC9377-16 the most reliable device to 
date. Reliability is further enhanced by batch
processed, precision laser-trimmed resistor net
works fabricated in our own facility. Networks are 
functionally trimmed and glass passivated to 
assure reliability under adverse environmental 
conditions. 
Advanced designs, proven processes and con
tinuous monitoring during all production opera
tions by our quality control organization are com
bined with rigorous AQL screening to provide the 
most dependable, low cost D/A converter possible. 

(MSB) DIGITAL INPUTS (LSB) 

BIT 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

DAC9377 

* TOLERANCE ± 30% 
GAIN + 15V -15V GND 

ADJUST 
BIPOLAR SUMMING 

JUNCTION 
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SPECIFICA TIONS 
(Typical @ + 25°C unipolar operation and nominal power supply, no load) 

MODEL DAC9377·16-6 

TYPE 

DIGITAL INPUT 

Resolution 
Unipolar Coding 
Bipolar Coding 

Latched Inputs 

l6-Bits 
Binary 
Offset Binary 
TIL, CMOS 

DAC9377·16-5 

Logic Compatibility 1 

Input Leakage Current 
Latch Control Width 
Data Set-up Time2 

Data Hold Time3 

± 1jAA (max) 0.4V>VLOGIC>3.2V 
250nS (min) 

ANALOG OUTPUT 

Scale Factor4 

Initial Offset4 

Unipolar 
Bipolar 

Voltage Range 
Unipolar 
Bipolar 

Current Compliance 
Output Impedance 
Noise 

PP-noise (wideband) 

REFERENCE 

Voltage 
Drift 
Stability 

STATIC PERFORMANCE 

Integral Linearity6 

Differential Linearity7 

Monotonicity 

DYNAMIC PERFORMANCE 

Major Carry Transition Settling 
to 0.006% F.S.R. (strobed) 

Slew Rate 

STABILlTY5 
(Over Specified Temp. Range) 

Gain 
Linearity 
Differential Linearity 
Offset Drift 

Unipolar 
Bipolar 

POWER SUPPLY 

Requirements 

Rejection Ratio 
Power Dissipation 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 

Case Style 
Case Dimensions 

NOTES: 

* Same as DAC9377-16-6 

SOOnS(min) 
OnS(min) 

0.1% F.S.R. (typ) 
0.15% F.S.R. (max) 
±O:rrSO/o F.SR (max) 
±0.10% F.S.R. (max) 

Oto +10V 
±10V 
±5mA 
<0.1Q 

± 0.0005% F.S.R. 

-10V (internal) 
5ppm/oC 
1mV/yr 

± 0.0008% F.S.R. (typ) 
± 0.0015% F.S.R. (max) 
± 0.0004% F.S.R. (typ) 
±0.001S% F.S.R. (max) 
Guaranteed to 16-bits 

20",S 
0.20V/",S 

8ppm/oC F.S.R. (max) 
1ppm/oC F.S.R. (max) 
1ppm/oC F.S.R. (max) 

3ppm/oC FS.R. 
5ppm/oC F.S.R. 

+ 15V ± 5% @ 1SmA (max) 
- 1SV ± 5% @ 20mA (max) 
0.003%1% (max) 
450mW, 600mW max 

O°C to + 70°C 
-25°C to +8SoC 

24 pin, double-DIP 

± 0.0015% F.S.R. (typ) 
± 0.002% F.S.R. (max) 
± 0.0008% F.S.R. (typ) 
± 0.003% F.S.R. (max) 
Guaranteed to 1S-bits 

1. Digital input voltage must not exceed supply voltage or go below - O.SV; 
2. Time, data must be stable before latch control goes to "0". 
3. Time, data must be stable after latch control goes to "0". 
4. See APPLICATIONS INFORMATION for calibration procedure. 
5. See APPLICATIONS NOTES. 

DAC9377 ·16-4 

±0.001S% F.S.R. (typ) 
± 0.003% F.S.R. (max) 
±0.001S% F.S.R. (typ) 
± 0.006% F.S.R. (max) 
Guaranteed to 14-bits 

6. Integral Linearity, for this product, is measured as the arithmetic mean value of the magnitudes of the greatest 
positive deviation and the greatest negative deviation from the theoretical value for any given input combination. 

7. Differential Linearity is the deviation of an output step from the theoretical value of 1 LSB for any two 
adjacent digital input codes. 
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DAC9377·4D 

BCD 
NA 

NA 

N.A. 

±0.002% F.S.R. (Iyp) 
±O.OOS% F.S.R. (max) 
± 0.005% F.S.R. (typ) 
±0.01% F.S.R. (max) 



Package Outline 

1.310 
(33.274) ~ 

I·" ... n·12~:,)-~~;~I"~~ 
MAX j 

.1 12. ~ 

PIN (1) 
INDEX 0.025 ± 0.010 0.010 + 0.002 - 0.001 

(0.64) (0.25) (0.25) (0.05) (0.03) 

4f--Y------4J.~ 0.205 MIN 

0.100±0.005 ::!J15.21) ,----, 
'--(2.54) (0.13) TYP 

0.Q18 ± 0.002 
(0.46) (0.05)-

Pin Connections 

Unipolar Output: Ground pin 11 (No Connection for BCD) 

Bipolar Output: Connect pin 11 to pin 9 (Binary Only) 

PIN DESIGNATIONS 

PIN FUNCTION PIN FUNCTION 

Binary BCD Binary BCD 

1 2- 8 (100) 24 2- 9 (80) 

2 2 7 (200) 23 2- 10 (40) 

3 2 6 (400) 22 2- 11 (20) 

4 2- 5 (800) 21 2- 12 (10) 

5 2- 4 (1000) 20 2- 13 (8) 

6 2- 3 (2000) 19 2- 14 (4) 

7 2-2 (4000) 18 2- 15 (2) 

8 2 1 (8000) 17 2- 16 (1) 

9 SUMMING JUNCTION 16 LATCH CONTROL 

10 OUT 15 -15V 

11 BIPOLAR NfC 14 GAIN ADJUST 

12 +15V 13 GND 

Note on BCD pin 11 must have no connection. 

APPLICATIONS INFORMATION 
RECOMMENDED BYPASS CIRCUIT 

+15V GND -15V 

12 13 15 

OPTIONAL GAIN & OFFSET ADJUSTMENT CIRCUIT 

Optional Offset Adj. 

+15V 20k -15V 

R2 10M 
ADJUSTMENT 
RANGE = ±O.l% 

GND 

Optional Gain Ad,. 

20k -15V 

Rl 5.1M 

14 

ADJUSTMENT 
RANGE = ±O.2% 

Values of R1 & R2 can be changed to increase or decrease the 
sensitivity of the adjustment. This adjustment should not be greater than 
± 1% around the nominal value for best performance. 

CALIBRATION PROCEDURE 
(for optional external Gain & Offset adjustment) 

Unipolar operation: 
1. Apply a 0 0 0 ... 0 input code and set the OFFSET ADJ pot 

for OVout. 
2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ pot 

for F.S. -1 LSB. 

Bipolar operation: 
1. Apply a 1 0 0 ... 0 input code and set the OFFSET ADJ pot 

for OV out. 
2. Apply a 0 0 0 ... 0 input code and set the GAIN ADJ pot 

for -F.S. 

TRANSFER CHARACTERISTICS 

Unipolar Operation Bipolar Operation BCD Operation -
BINARY ANALOG BINARY ANALOG BCD 
INPUT OUTPUT INPUT OUTPUT INPUT 

111 111 + FS -1 LSB 111 111 + F.S -1 LSB 9999 
100 000 +F.S.l2 100. 000 OV 5000 
all 111 + F.S.l2 -1 LSB all 111 -1 LSB 2500 
000 000 OV 000 000 -F.S 0000 

APPLICATION NOTES 
TIMING DIAGRAM 

LATCH CONTROL 

Latch Strobe Input 

0 

1 

Function 

data latched (held) 

data changing (transfer) 

t, = DATA SETUP TIME ;;>500n, 

t2 = LATCH CONTROL WIDTH ;;>250n' 

INTERNAL REFERENCE (NOTE4) 

VOLTAGE 
OUTPUT 

9.999 Volts 
5.000 Volts 
2.500 Volts 
0.000 Volts 

DATA 

LATCH 
CONTROL 

Buffered bootstrap design of the reference voltage is totally 
internal. A temperature compensated - 6.2 volt planar-zener 
diode minimizes temperature drift. The voltage can be 
monitored with a high impedance digital voltmeter at pin 14 
(GAIN ADJUST). 

SETTLING TIME 

The DAC9377 -16 incorporates input buffering circuits whose 
propagation time introduces a skewing of the digital data 
reaching the bit switches. The skewing results in the bit 
switches not operating synchronously with each data 
change, producing an increase in the settling time (1 to 2 
microseconds) and large "glitches". The dynamiC perfor
mance of the DAC9377-16 can be greatly improved by us
ing the internal latches which are available on these units. 
The latches are located after the input buffer circuits and 
just before the bit switches. When correctly strobed the 
latches present a data change to the bit switches in a 
synchronous manner. The latches should be closed while 
the input data is changing and propagating through the 
buffers. After the digital data has settled the latch is loaded 
and the "new" data is transferred to the switches syn
chronously. The latch is then closed and is ready for the 
next data update. 
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APPLICATION NOTES 
OUTPUT NOISE 

Noticeable amounts of noise at both low and high input 
levels can be prevented through output noise filtering. Care 
must be taken in choosing an output filter network that will 
not slow down the operating speed beyond what is desired. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, DAC9377-16 should be 
allowed sufficient warmup time (5 min). 

2. Due to the small bit weight (152,N), noise becomes a 
noticeable factor; therefore, high quality sockets are 
recommended, if sockets are used, to minimize contact 
resistance. 

3. When changing output/gain range, a resistor (connected 
between pins 9 and 10) with a temperature coefficient 
between 0 and 10ppm/oC, is required to keep the 
DAC9377 -16 within guaranteed specifications. 

4. No digital input should be left floating as the unit will 
draw excessive current. 

5. Power supplys should be applied before or at the same 
times as the digital input supply. 

LONG TERM DRIFT 

Long-term drift of the DAC's transfer function, after initial 
trim of offset and gain, is composed of several factors which 
are discussed below. 
a. Offset Drift. For maximum performance, the offset 
should be zeroed after at least one hour of operation. Then 
the offset drift will be typically 200~V for the first 1000 hrs; 
and 100/-IV per 1 000 hrs thereafter. 
b. Reference Voltage Drift. The intrinsic long-term drift of 
the breakdown voltage of the temperature compensated 
zener-diode in the reference voltage circuitry will cause a 
gain error at the output of the DAC. The drift that will occur 
is typically less than 1 mV per year. A correction of this drift 
error can be made using the gain adjustment circuitry. 

1.310 
1 .... ___ (3~.!~4_) ____ • I 

12. 

1...D 
(20.321) 

MAX 

j 

I I 
0.165 

-- --(4.191) 

~ D.:tD.D1D (1;." r D.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

~H~'i~X ~ ~ n ~ ~ ~ I ;oD:~~5M:'I:N1;~~ DIMENSIONS 

inches -I 1--0.100 +0.005 TVP (mm) 
(2.54 ± 0.13) 

0.018 +0.002 
(0.46 ± 0.05) 
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c. Output Amplifier Gain Change. Any noticeable gain 
change will be caused by a drift of the internal feedback 
resistor relative to the DAC's network impedance. This can 
contribute 10ppm F.S.R.l1000 hrs, which can be corrected 
using the gain circuitry. 
d. Linearity Drift. Due to the unique circuitry used in the 
DAC network, effects of resistor accuracy drift on linearity 
are greatly reduced. Typical differential linearity drift is less 
than 3ppm F.S.R.l1000 hrs. 

IMPORTANT NOTICE TO THE USER: When measuring 
the stability of the DAC9377 -16, care should be taken so 
that the drift of the measurement instruments can be 
separated from the drift factors mentioned above and the 
measurements are taken at identical temperatures. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electro-static fields. Unused 
devices must be stored in conductive foam or shunts. Pro
tective foam should be discharged to the destination socket 
before devices are removed. Devices should be handled at 
static safe workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Voltage at any 
digital input should never exceed the supply voltage by 
more than 0.5 volts or go below - 0.5 volts. If this condition 
cannot be maintained, limit input current on digital inputs b~ 
using series resistors or contact Hybrid Systems for 
technical assistance. 

ORDERING INFORMATION 
MODEL 

DAC9377-16·6 
DAC9377·16·5 
DAC9377·16-4 
DAC9377-4D 

DESCRIPTION 

16-Bit DAC with 16-bit linearity 
16-Bit DAC with 15-bit linearity 
16-Bit DAC with 14-bit linearity 
16-Bit 4 Decade BCD 

Specifications subject to change without notice. 



~ir\AV 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Monotonic to 16-bits at 25°C 
• Double buffered input 
• Proprietary semicustom gate array significantly 

reduces digital feedthrough 
• Pinout permits 16 digital input lines to be 

connected to an 8-bit data bus without 
crossing bus lines 

DESCRIPTION 
The HS9378 is a complete voltage output 16-bit D/A 
converter with 16-bit monotonicity guaranteed at 
room temperature. Complete with dual storage 
registers, internal reference and an output 
amplifier, the HS9378 series easily interfaces with 
either 8-bit or 16-bit bus structures, eliminating the 
need for external latches. 
A proprietary semicustom gate array is used to 
significantly reduce digital feedthrough while inter
nal decoupling capacitors reduce the effect of 
power supply perturbations. 
The HS9378 has dual 8-bit input registers for direct 

FUNCTIONAL DIAGRAM 
(MSB) 

BITS 1 2345678 

LBE 

HBE 

cs 

LDAC 

BIPOLAR 11 16·BIT MDAC 
OFFSET 

+ 15 -15 GND 

HS9378 SERIES 

JAP COMPATIBLE, 
16-BIT DAC 

interface to 8- or 16-bit bus structures. The pinout of 
the HS9378 allows the user with an 8-bit bus to run 
only 8 traces directly underneath the hybrid to con
nect to the 16-bit input register. 
The HS9378 is available for either commercial 
(+O°C to + 70°C) or military (-55°C to + 125°C) 
applications. Screening to MIL-STD-883 Rev. C, 
Levels B or S, is available. 

(LSB) SUMMING 
BITS 9 10 11 12 13 14 15 16 JUNCTION RANGE 

13 12 

~---l~14.()V OUT 

HS 9378 
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SPECIFICATIONS 
(Typical @ + 25°C unless otherwise specified) 

MODEL 

DIGITAL INPUT 
Resolution 

Coding 

Logic Compatibility 

VIL (max)6 

VIH (min)6 

Input Current 

Latch Control Minimum 
Pulse Width 

Data Set-Up Time 

Data Hold Time 

ANALOG OUTPUT 
Scale Factor Error 

Initial Offset 
Unipolar 

Bipolar 

Voltage Range 
Unipolar 
Bipolar 

Current Compliance5 

Output Impedance 

Noise 
pop nOise 

HS 9378C 

16-bits 

Straight/Offset 
Binary 

TTL. LSTTL, CMOS 

0.8V 

2.4V 

10·,Amax 

100 nsec 

100 nsec mini 

o nsec 

±0.20% FS.R. max2 

±0.15% F.S.R. max2 

±0.15% F.S.R. max2 

o to + 10V 
±5V, ±10V 

5mA 

lQ max 

(0.1 Hz to 100 Hz) 50fl V 

STATIC PERFORMANCE 
Integral Linearity Error3 0.0008% typ 

0.0015% max 

Differential Linearity 
Error4 

Monotonicity 
Guaranteed to 

0.0015% max 

(room temperature) 16 bits 
(over temperature) 15 bits 

GlItch Energy' 3 nV-sec 

DYNAMIC PERFORMANCE 
Major Carry TranSition 

Settling to 0.0015% 
F.S.R. 16 fl sec 

Slew Rate 1 7 v/flsec 

Full Scale TransltlOn 
Settling to 0.0015% 
F.S.R 22 jJ sec 

STABILITY 
Gain 10 ppm/De max 

uneanty Drill 1 ppm/De max 

Offset Drift 
Unipolar 5 ppm/DC max 
Bipolar 10 ppm/De max 

POWER SUPPLY 
Requiremenls + 15V, ± 5% @ 

26.3 mA max 

Rejection RatiO 

Power Dissipation 

-15V,±5%@ 
10.3 mA max 

±0.0006% FS/% Vcc typ, 
± 0.002% FS/% V cc max 

425 mW typ, 
550 mW max 

TEMPERATURE RANGE 
Operating 

e-model 
B-model 

Storage 
C-model 
B-model 

PACKAGE 
28-pin, double DIP 

NOTES: 

1. - 55°e to + 125°e 
2. Adjustable to zero 

+ ooe to + lOoe 
- 55°e to + 125°C 

- 25°e to + 85°e 
- 65°e to + 150 a C 

3. Integral Linearity IS measured per end pOint definition 

HS 9378TB HS 9378SB 

±0.05% 
F.S.R. max2 

±0.05% 
F.S.R. max2 

±0.05% 
F.S.R. max2 

±0.05% 
F.S.R. max2 

0.0008% typ 0.0015% Iyp 
0.0015% max 0003% max 

16 bits 
15 bits 

0.003% max 

15 bits 
14 bits 

10 ppm/De max 15 ppm/De max 

4. Differential Linearity IS the deviation of an output step from the theoretical value of 1 LSB 
for any two adjacent digital Input codes 

5. Analog output IS fully protected against Infinite duration short CirCUit to ground 
6. Voltages at the digital Inputs may nol go below 0 volts or exceed + 5V 
7. For minimum glitch, lid of Case B units should be grounded 
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PACKAGE OUTLINE 

r-620 MA~ 0.145 
(15.75) (3.68) 

---L 
~=i=0.010 
~ 0.60~ (0.254) 

~~~ l 
-28 "': T 

Dimensions shown in 
Inches and (mm) 

0.020=0=+=:;:::: :1\ (0.51) 

_ PIN 1 
DOT 

- 15 14 -
BOTTOM 

VIEW 

PIN ASSIGNMENTS 
"' 

PIN FUNCTION 
1 BIT 1 (MSB) 
2 BIT 2 
3 BIT 3 
4 BIT 4 
5 BIT 5 
6 BIT 6 
7 BIT 7 
8 BIT 8 
9 LDAC 

10 GAIN ADJ 
11 BIPOLAR OFFSET 
12 RANGE 
13 SUM JCT 
14 You! 

PIN FUNCTION 
28 BIT9 
27 BIT 10 
26 BIT 11 
25 BIT 12 
24 BIT 13 
23 BIT 14 
22 BIT 15 
21 BIT 16 (LSB) 
20 HBE 
19 CS 
18 LBE 
17 GND 
16 + 15V 
15 -15V 

ABSOLUTE M~X-'MUM RATINGS (HS 9378) 
+ 15V Supply (+ VDD) to GND 

-15VSupply( - VDD)toGND 

Digital Input Voltage to GND . 

Analog Input Voltage to GND 
Pins 10, 12 

Pin 11 

Pin 13 

VOUT 

Package Power DISSipation 
(Case A) 
(Case B) 

Lead Temperature, Soldering 
(Case A) 
(Case B) 

+17V 

-22V 

6.5V 

±VDD 
+ VDD max, - 9V min 

±01V 

Indefinite short to GND 

lAW@ +85°C 
1.5W @ + 125°C 

. 300°C, 5 sec 
300°C, 10 sec 



APPLICATIONS INFORMATION 

RECOMMENDED BYPASS CIRCUIT 
+15V GND -15V 

16 

10i/F 
+ 
~------~------~ 

17 15 

OPTIONAL OFFSET & GAIN ADJUSTMENT CIRCUIT 
OFFSET 

+15V 20k -15V GND 
GAIN 
20k -15V 

13 

5.1M 
ADJUSTMENT 
RANGE = 
0.15% TYP 

10 

2M 
ADJUSTMENT 
RANGE = 

+0.44% TVP 
-0.33% TVP 

Values of R1 & R2 can be changed to increase or decrease the sensitivity of the 
adjustment. (This adjustment should not be greater than ± 1 % around the nominal 
value for best performance.) Decreasing the R1/R2 value increases the range of 
adjustment. 

CALIBRATION PROCEDURE 
(for optional external Gain & Offset adjustment) 

Unipolar operation: 
1. Apply a 0 0 0 ... 0 input code and set the OFFSET 

ADJ pot for OV out. 

2. Apply a 1 1 1 ... 1 input code and set the GAIN ADJ 
pot for F.S. - 1 LSB. 

Bipolar operation 
1. Apply a 1 0 O ... 0 Input code and set the OFFSET 

ADJ pot for OV out. 

2. Apply a 000 .0 input code and set the GAIN ADJ 
pot for - F.S. 

TRANSFER CHARACTERISTICS 
UNIPOLAR OPERATION 

BINARY INPUT ANALOG OUTPUT 

111 111 + F.S. -1 LSB 
100 000 + F.S.l2 
01 1 111 + F.S./2- 1 LSB 
000 000 OV 

BIPOLAR OPERATION 

BINARY INPUT ANALOG OUTPUT 

111 .111 + F.S. -1 LSB 
100 000 OV 
01 1 .111 -1 LSB 
000 000 -F.S. 

MICROPROCESSOR 
INTERFACE CONSIDERATIONS 
General 

The HS 9378 is easily Interfaced to either an 8-bit or 
16-bit microprocessor. First, a signal to select (or 
address) the HS 9378 must be generated. Then the 
input data must be written (or latched) to the DAC 
and after settling, the analog output IS valid. 

The bus interface logic consists of three inde
pendently addressable registers in two buffers. The 
first buffer consists of two 8-bit registers which can 
be loaded directly from an 8- or 16-blt micro
processor bus. Once the complete 16-bit word has 
been assembled in the first buffer, it can be loaded 
into the second buffer for conversion. 

The required selection signal, CS, is easily derived 
in most systems. Usually a base address is decod
ed and this active low signal is used for CS. The ac
tive high signal for the low byte enable (LBE) and 
high byte enable (HBE) loads the two 8-bit registers 
into the first buffer while the LDAC signal loads the 
second buffer for conversion. The double-buffered 
input eliminates the generation of spurious analog 
output values. 

MEMORY MAPPED INTERFACE 
TO 8-BIT I-' P 

Figure 1 shows the timing sequence for operating 
the HS 9378 with an 8-bit I-' P bus and Figl:Jre 2 
shows a general interface. Note that the pinout of 
the HS 9378 allows the user to run only 8 traces 
directly underneath the hybrid to connect to the two 
8-bit input registers in the first buffer. 

The HS 9378 is addressed by the chip select (CS) 
signal going low for a minimum of 100 nsec. Since 
tsu' the minimum time required for the input data to 
be valid before CS, LBE, or HBE are active, is 0 ns 
minimum, the CS signal can go low simultaneously 
with data. The low byte enable (LBE) signal going 
high loads the 8 LSBs into the lower register of the 
first buffer. After a minimum latch time of 100 nsec, 
the LBE signal going low latches the data in the 
lower register. A similar control signal and timing se
quence is used to load the 8 MSBs into the upper 
register of the first buffer (HBE). The load DAC 
(LDAC) signal going high loads the full 16-bits of 
data from the first buffer into the second buffer and 
the D/A for conversion. A minimum latch time of 
100 nsec is required for the LDAC signal. The 
analog output then changes to the new value within 
the specified settling time. Table 1 is a truth table for 
the control inputs. 
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8-BIT BUS INTERFACE 

DATA*,~\~\~_ VALlD.LOWBYTE X VALID. HIGH BYTE 

-: r--tH : 

~\\\\~~ f/$II#I$#11I4 1IIl!I/I/////////IIIIII!/IIJ CS 

I--tsu-----l I , 

I t~~: LBE 

-l :-It : ---=~m'\==~m'\ 
HBE ____ I_I ______ .r ~~\\~~\-\\~~ 

---: :---tL 
LDAC _________ ..u.lo,u.Wfltu7!: }\\\\\\\~~\\\~~ 

~ .;,.~_IL_;__--
D/AOUT ____________ -+-': (' i 

~tset~ 
I I 
I I 

tsu ~tup time required for input data to be valid before 
CS, LBE or HBE going active o nsec min 

tH Hold time for Cs to stay low 100 nsec min 

tL Latch time for LBE, HBE, and LDAC 100 nsec min 

tSET Selliing time from LDAC going active to valid output 

0.0015% F.S.R., ali zeros to ali ones 22 ~ sectyp 

0.0015% F.S.R., midscale LSB transition 16 ~sectyp 

Figure 1. Timing Diagram for Interface to 8-Bit II P Bus 

A7-A3 A2 A1 AO 
(CS) (LDAC) (HBE) (LBE) OPERATION 

Defined by sWitches 0 0 0 All data latched 
to give low signal 0 0 1 Data into low byte of 

to CS when 9378 is 1st buffer, all others 
latched 

Addressed 0 1 0 Data into high byte 
of 1 st buffer. all 
others latched 

0 1 1 Invalid address 
1 0 0 Data into 2nd buffer 

(16 bits) and D/A. 
1 st buffer latched 

1 0 1 Invalid address 
1 1 0 Invalid address 
1 1 1 Data directly to D/A 

from bus. latches 
transparent 

Table 1. Truth Table - Control Inputs 
(References Figure 2) 

MEMORY MAPPED INTERFACE 
TO 16-BIT I-' P 

Figure 3 shows the timing sequence for operating 
the HS 9378 with a 16-bit JJ. P bus and Figure 4 
shows a general interface. Table 2 is a truth table for 
the control inputs. Note that the control inputs are 
simplified since the HBE and LBE signals can be 
connected together. 

*HBE and LBE are connected together. 

Figure 3. Timing Diagram for Interface to 16-Bit II P Bus 

AO 
A1S-A2 A1 (HBE, 

(CS) (LDAC) LBE) OPERATION 

Defined by switches 0 0 Data latched 
to give low signal 0 1 Data into 1st buffer, 

to CS when 9378 is 2nd buffer latched 
1 0 Data into 2nd buffer. 

addressed 1 st buffer latched 
1 1 Data directly to D/A. 

latches transparent 

Table 2. Truth Table - Control Inputs 
(References Figure 4) 

AO----------------------------------, 
Al------------------------------, 

8·BIT 
ADDRESS 

BUS 

A3----t 
A4----i 
A5----i 
A6----t 

A7----i 

ADDRESS 
DECODE 

74LS 
688 

BITS 
1-9 

D7 

LBE 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I HS 9378 

I I I I I I I I 
I I I I I I I I 
I I I I I I I I LDAC 

BITS 
8-16 

DO 
8-BIT DATA BUS 

A2---------------------------------~ 

Figure 2. Block Diagram of HS 9378 Interfaced to 8-Bit liP 
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APPLICATIONS INFORMATION (continued) 

MEMORY MAPPED INTERFACE TO 16-BIT JA P (continued) 

ADDRESS 
DECODE 

A15 

9 A14 
A13 
A12 

74LS 
688 

All 

9 AID 
A9 
A8 

16-BIT 
ADDRESS 

BUS 

9 
A7 
A6 
A5 
A4 

74LS 
688 

A3 
A2 

Al----------------------------~ 

AO------------------------------~ 

07 

BIT 9 

cs 

LDAC 

HBE 

LBE 

BIT 1 

015 

1/216-BIT 
DATA BUS 

1/216-BIT 
DATA BUS 

DO 

BIT 16 

HS 9378 OUTPUT 

BIT 8 

08 

Figure 4. Block Diagram of HS 9378 Interfaced to 16-Bit II P 

POWER SUPPLY CONSIDERATIONS 

Power supplies used for the HS 9378 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable 
output voltage may result with noisy power sources. 
It is important to remember that 156 p.V is 1 LSB for 
a 10 volt output. 

Decoupling capacitors are recommended on all 
power supply pins located as close to the converter 
as possible. Suitable decoupling capacitors are 
10 p.F tantalum type in parallel with 0.01p.F disc 
ceramic type. 

ADDITIONAL RECOMMENDATIONS 

1. For optimum performance, HS 9378 should be 
allowed sufficient warmup time (5 min.). 

2. Due to the small bit weight (156 p.V), noise 
becomes a noticeable factor; therefore, high 
quality sockets are recommended (if sockets are 
used) to minimize contact resistance. 

3. No digital input should be left floating as the unit 
will draw excessive current. Unused digital inputs 
must be tied to a voltage potential of OV or + 5V. 

4. If optimum transient and glitch energy perfor
mance are required, electrically connect the lid 
(Case B) to pin 17. 

5. If the D/A is driven from a non-buffered or heavily 
loaded bus, best linearity is obtained by adding 
2k Q pullups to the digital bit inputs. 

CONTROL LOGIC 

Figure 5 details the control logic function. Note that· 
the LDAC signal is independent of the CS signal. All 
the latches are level controlled as opposed to edge 
triggered. This allows each of the latches to be 
operated in a transparent mode by tying the latch 
control input to a fixed logic "1" level. Since all 3 lat
ches are independent of one another, the sequence 
of loading the 8 MSBs and the 8 LSBs is reversible. 

LBE------I 

HBE ----±----I 

LDAC ----------1 

Figure 5. Control Logic Function 

LAYOUT CONSIDERATIONS 

Due to the small bit weight (156 p.V for 1 LSB) 
special attention must be paid to the layout of the 
PC-board. To avoid capacitive coupling from digital 
lines to the hybrid substrate, a ground-plane should 
be placed directly under the converter package on 
the component side. This ground-plane can be 
directly connected to pin 17 of the HS 9378. All 
digital lines should run on the soldering side of the 
PC-board. 
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APPLICATIONS INFORMATION (continued) 

The pin assignment of the HS 9378 has been ar
ranged so that the 16 digital inputs can be con
nected to an 8-bit data bus without crossing of bus 
lines (see Figure 2). In systems with 16-bit data 
buses, capacitive coupling of the data bus to the 
HS 9378 can be further reduced by not routing any 
of the digital lines under the package (see Figure 4). 

In general, analog and digital lines should be 
separated as far as possible and should not run in 
parallel. If analog and digital lines must cross, they 
should be at right angles to minimize coupling capa
citance. The ground connection to tDe converter 
should be made 'using a wide, low resistive run to 
minimize voltage drop. If your system distinguishes 
between analog and digital ground lines, they must 
be connected at only one point, preferably directly 
at the converter package. If the connection cannot 
be made at the package, only the analog ground 
should be connected to the HS 9378. 

TERMINOLOGY 

Major Carry Transition Settling: The total elapsed 
time between the application of a new input code 
and the point at which the analog output has settled 
to within a specified error band. The HS 9378 speci
fies settling to within 0.0015% FSR. For a major 
carry transition, the change is when the MSB just 
turns on or off; i.e., when the digital input goes from 
a "0" and all "1 's" to a "1" and all "O's" or vice 
versa. 

Full Scale Transition Settling: The same as major 
carry transition settling with the exception that the 
change is a full scale change. For the HS 9378, the 
change is -10V to + 10V, or 20V. 

Monotonicity: A monotonic DAC means that the 
analog output does not decrease as the input is in
creased or vice versa. The relevant specification is 
over what temperature range and to what accuracy 
monotonicity is guaranteed. 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon
nected devices are subjected to high energy electro
static fields. Unused devices must be stored in conduc
tive foam or shunts. Protective foam should be 
discharged to the destination socket before devices are 
removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply Voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below - 0.5 volts. If this condition cannot be 
maintained, limit input current on digital inputs by using 
series resistors or contact Hybrid Systems for technical 
assistance. 
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OUTPUT VOLTAGE RANGE 

The HS 9378 can be configured for 3 output ranges: 
± 10V, ± 5V and 0 to 10V. (If unipolar operation is 
desired, the 20V range is not possible since the output 
amplifiers saturate at approximately 13V.) Range con
nections are given in the following chart: 

OUTPUT RANGE PIN 12 PIN 11 

±10V Open Connect to Pin 13 

±5V Connect to Pin 14 Connect to Pin 13 

Oto 10V Connect to Pin 14 Connect to Pin 17 

LONG fERMDRIFT 

Long-term drift of the DAC's transfer function, after 
initial trim of offset and gain, is composed of several 
factors which are discussed below. 
a. Offset Drift. For maximum performance, the off
set should be zeroed after at least one hour of 
operation. Then the offset drift will be typically 200 
JAV for the first 1000 hrs; and 100JA V per 1000 hrs 
thereafter. 
b. Reference Voltage Drift. The intrinsic long-term 
drift of the breakdown voltage of the temperature 
compensated zener-diode in the reference voltage 
circuitry will cause a gain error at the output of the 
DAC. The drift that will occur is typica"Y less than 
1 mV per year. A correction of this drift error can be 
made using the gain adjustment circuitry. 
c. Output Amplifier Gain Change. Any noticeable 
gain change will be caused by a drift of the internal 
feedback resistor relative to the DAC's network im
pedance. This can contribute 10ppm F.S.R.l1000 
hrs, which can be corrected using the gain circuitry. 
d. Linearity Drift. Due to the unique circuitry used 
in the DAC network, effects of resistor accuracy drift 
on linearity are greatly reduced. Typical differential 
linearity drift is less than 3ppm F.S.R.l1000 hrs. 

ORDERING INFORMATION 

MONOTONICITY TEMPERATURE 
MODEL (over temp.) RANGE SCREENING 

HS 9378C 15 bits aoc to + 7Q°C -

HS9378TB 15 bits -55°Cto +125°C MIL·STD-883C 

HS 9378SB 14 bits -55°Cto +125°C MIL-STD-883C 

NOTE: Contact factory for serial input version or for voltage 
MDAC version. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete 18-Bit DAC Including an Internal 

Reference and an Output Amplifier 
• Input Latches Assist in Microprocessor 

Interface 
• Low Nonlinearity: 

- ±Y2 LSB 18-Bit Differential 
- ±Y2 LSB 18-Bit Integral 

• 18-Bit Monotonicity 
• Low Power: 600 mW Typ 
• High Stability Over Time and Temperature 

DESCRIPTION 
The Sipex SP9380 is a complete voltage output DAC 
offering 18-bit resolution (1 part in 262,144) and true 
18-bit accuracy in a component size hybrid package. 
The SP9380 comes complete with input latches, an inter
nal reference and a very low noise output amplifier. The 
analog output ranges are pin programmable for 0 to 
+5V, 0 to + 10V, ±5V and ± 10V. 

FUNCTIONAL DIAGRAM 

26 

DB17 
(MSB) 

DBD BIPOLAR 
DB2 DB1 (LSB) OffSET 

18-BII MDAC 

SP9380 

Complete Buffered 18-Bit DAC 

Using decoding techniques and ultrastable resistor 
technology, the SP9380 exhibits maximum nonlinearities 
of ±O.5 LSB (differential and integral) and high stability 
over time and temperature. The power dissipation is 
600mW typical. 

The device is available for either commercial (O°C to 
+ 70°C) or military (-55°C to + 125°C) applications in a 
32 pin triple DIP. 

1DV 
SPAN 

2DV 
SPAN 

28 29 

30 

.----_----1~31'--_C OUTPUT 

GAIN 
ADJUST 

DIG 
GND 

ANA 
GND 

-15V + 15V SUMMING 
JUNCTION 
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SPECIFICATIONS 
(Typical @25°C and rated supplies.) 

MODEL 

RESOLUTION 

DIGITAL INPUTS 
Unipolar Coding 
Bipolar Coding 
Logic 
Compatibility1 
Input Leakage CurrenF 
Data Setup3 
Latch Width 
Data Hold4 

ACCURACY 
Differential Nonlinearity 

Integral Nonlinearity 

Monotonicity 
INITIAL ERRORS 
Gain 
Offset 

Unipolar 
Bipolar 

STABILITY (ppm/ °C) 
Differential Nonlinearity 
Integral Nonlinearity 
Gain 
Offset 

Unipolar 
Bipolar 

STABILITY LONG TERM 
Differential Linearity 

Gain 
Offset 
WARM-UP TIME 

DYNAMIC PERFORMANCE 
Analog Settling Time (% LSB) 

10 Volt Step 
20 Volt Step 

LSB Change 
Slew Rate 
Major Carry Transition Settling 
to 0.006% FSR Strobed 

REFERENCE 
Voltage 
Drift 
Stability 
ANALOG OUTPUT 
Voltage 
Noise (Wideband) 
POWER SUPPLY REQUIREMENTS 
+ 15V DC (±5%) 
-15V DC (±5%) 
Power Dissipation 
Supply Rejection 
TEMPERATURE RANGE 
Operating 
Storage 
PACKAGE 

SP9380-18 

18-Bits 

Binary 
Offset Binary 
TIL CMOS 

±l.OflA 
150 nsec 
170 nsec 
100 nsec 

±0.0002% FSR typ, 
±0.0004% FSR max 
±0.0002% FSR typ, 
±0.0004% FSR max 
18-Bits 

±0.01% typ, ±0.10% max 

±0.01% typ, ±0.05% max 
±0.01% typ, ±0.05% max 

±0.1 typ, 0.4 max 
±0.2 typ, ±0.4 max 
±3 typ, ± 7 max 

±0.1 typ, ±0.5 max 
± 1 typ, ±4 max 

16ppm/168 hrs. @125°C 
1ppm/1000 hrs. @25°C 
15ppm/1000 hrs @25°C 
15ppm/1000 hrs. @25°C 
10 minutes 

30f../sec 
50f../sec 
8f../sec 
2V/f../sec 

10f../s 

+ 10V (internal) 
5ppm/oC 
1mV/year 

+5V, +10V, ±5V, ±10V 
0.0004% FSR p-p 

30mA max 
20mA max 
600mW 
±0.0001%/% 

-55 to + 125°C 
-65 to + 150°C 
32 Pin Metal 

NOTES: 1. Digital input voltage must not exceed supply voltage or go below O.5V. 2. V1L ~ 0.4, VHL '" 3.2. 

SP9380-16 

±0.0008% FSR typ, 
±0.0016% FSR max 
±0.0010% FSR typ 
±0.0016% FSR max 

18-Bits 

3. Time that data must be stable before latch control goes to O. 4. Time that data must be stable after latch control goes to O. 

346 



PACKAGE OUTLINE 

! .. : 1 32i · · · · · · · · · · · · · · · · · · · : 16 17: 
TOP VIEW 

[0.125 
(3.2) 

OPERATING INSTRUCTIONS 
POWER SUPPLY AND 
GROUN DING CONSIDERATIONS 
Clearly, the management of IR drops, power supply 
noise, thermal stability and environmental noise 
become critical issues when designing an 18-bit system. 
To optimize the absolute accuracy of a high resolution 
system, the following rules of thumb have to be followed: 

1. Selection of low noise operation power supplies. 

18·BIT DAC 

PIN DESIGNATIONS 
PIN FUNCTION PIN FUNCTION 

1 REF OUT 32 ANA GND 

2 GAIN ADJUST 31 OUTPUT 

3 +15V 30 SUMMING JUNCTION 

4 -15V 29 20V SPAN 

5 DIG GND 28 10V SPAN 

6 LEN 27 BIPOLAR OFFSET 

7 HEN 26 REF IN 

8 DBO (LSB) 25 DB17 (MSB) 

9 DB1 24 DB16 

10 DB2 23 DB15 

11 DB3 22 DB14 

12 DB4 21 DB13 

13 DB5 20 DB12 

14 DB6 19 DB11 

15 DB7 18 DB10 

16 DB8 17 DB9 

2. Proper decoupling of the supplies atthe DAC using a 
10fJF ceramic disk capacitor. 

3. Usage of the "holy point" grounding technique. 
4. "Kelvin-sensed-output" connection of the DAC at 

the load. 

Figure 1 illustrates the use of these rules to hook-up the 
SP9380. 

SP9380 

Figure 1. Typical Hook-Up Diagram with 
"Holy Point" Ground and "Kelvin·Sensed" Load 

(Unipolar IOV) 347 



The "holy point" grounding technique consists of choos
ing a ground reference point where ground returns of 
different systems' components are connecting, 
Separate ground returns are provided to minimize the 
current flow in the path from sensitive points to the system 
"holy" point, For example, supply currents do not flow in 
the same return path with an analog signal. or logic
gate return currents are not summed into the return from 
a precision reference, 

The Kelvin sense capability of the SP9380 allows driving 
heavy loads and long lines without the usual accom
panying gain errors, By sensing at the load, as de
scribed in Figure 1, the load current will pass through the 
amplifier's output and the ground, but not through the 
sense lines, The potential gain errors which would be in
duced by that load current are, therefore, minimized, 

REFERENCE 
The SP9380 comes with a zener reference circuit show
ing low drift over time and temperature, By strapping Pin 
1 (REF OUT) and Pin 26 (REF IN), the SP9380 will be properly 
biased from the internal reference, The reference output 
is used to adjust the total gain of the DAC (see further 
paragraph), In systems where several components 
need to track the same reference, an external 10V 
reference can be supplied through Pin 26, leaving Pin 1 
open, 

ANALOG OUTPUT RANGES 
The SP9380 is pin programmable to provide four dif
ferent analog voltage outputs, Table 1 gives the con
nections to realize to obtain them, 

EXTERNAL OFFSET AND GAIN ADJUSTMENT 
Initial offset and gain errors can be adjusted to zero by 
using external potentiometers as shown in Figure 2, 

OFFSET ADJUSTMENT CIRCUIT 

20KQ !, .... + .... 15_V_--J<,,10
tv
M'v-Q __ ---I.J 30 ~~~~:~~ 

-15V 

SP9380 

GAIN ADJUSTMENT CIRCUIT 

20MQ 
20KQ ~---,\N'v----( 

REF OUT 

REF IN SP9380 

GAIN 
ADJUST 

Figure 2, Gain and Offset Adjust Circuits 

The potentiometers selected should be good quality 
Cermet type, Multi-turn potentiometers with 20 turns and 
100ppm/oC temperature coefficients are adequate, 
The 20 the 10M Ohm (20% carbon or better) should be as 
close to the unit as possible to avoid noise pick-up, If it is 
not convenient to use such high value resistors, an 
equivalent 'T' network can substitute them as shown in 
Figure 3, 

10MQ 
~ 

20MQ 
C>--JV\I'v-----

301KQ 301KQ 

~ 
442KQ 442KQ 

~ 
Figure 3. Equivalent Resistances 

The procedure for the adjustments is as follows: 

UNIPOLAR MODE: 

1, Apply a digital input of all "O's", 
2, Adjust the offset potentiometer until a O,OOOOOOV 

output is obtained, 
3, Apply a digital input of all "1's", 
4, Adjust the gain potentiometer until plus full scale 

output is obtained (see Table 2 for exact value), 

CONNECT PIN 
OUTPUT 27 28 29 30 
RANGE (BIPOLAR OFFSEn (10V SPAN) 20V SPAN (SUMMING JUNCTION) 

to to to to 

Oto +5V END 31 30 29 
(OUTPUT) (SUMMING JUNCTION) 20V SPAN 

o to +10V END 31 N/C N/C 
(OUTPUT) 

±5V 30 31 N/C 27 
(SUMMING JUNCTION) (OUTPUT) (BIPOLAR OFFSET) 

±10V 30 N/C 31 27 
(SUMMING JUNCTION) (OUTPUT) (BIPOLAR OFFSET) 

N/C - NOT CONNECTED 
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BIPOLAR MODE: 

1, Apply a digital input of "1" and all "O's", 
2, Adjust the offset potentiometer until a O,OOOOOOV 

output is obtained, 
3, Apply a digital input of all "1's", 
4, Adjust the gain potentiometer until plus full scale 

output is obtained (see Table 2 for exact value), 

Code 000",00 Code111",11 

Unipolar +5V O.OOOOOOV +4.999981V 
+10V O,OOOOOOV +9.999962V 

Code 100".00 Code 111.,,11 Code 000",00 

Bipolar ±5V O,OOOOOOV +4,999962V - 5.000000V 
±10V O.OOOOOOV +9.999924V -10.000000V 

Table 2. Full·Scale and Offset Calibration Voltages 

Refer to Figures 4 and 5 for the relationship of offset and 
gain adjustments to unipolar and bipolar hooked-up 
SP9380's. 

+FULL 
SCALE 

1 LSB 

:::> (j) I>-

is z 
~ 

(.!) 

9 :;t 
« Sl z « 

7'· '''''" 
DIGITAL INPUT 

Figure 4. Relationship of Offset and Gain Adjustments 
in Unipolar Mode 

OFFSET ADJ 
TRANSLATES 

THE LINE 

INPUT : OOOOOH 

I 

RANGE OF 
GAIN ADJ 

"""~'''~ E 
/4 f;:INADJ //~ ROTATES 

// THE LINE 

j/ 
/" 

\ 
MSB ON, 

ALL OTHERS 
OFF 20000H 

-FULL SCALE 

DIGITAL INPUT 

Figure 5. Relationships of Offset and Gain Adjustments 
in Bipolar Mode 

TIMING DIAGRAM 
Timing requirements for loading a digital input word in 
the latches of the SP9380 are shown in Figure 6, The HEN 
line controls the 16 MSB's while LEN commands the two 
last LSB's, The latches are transparent when the control 
lines are HIGH, When they are activated LOW, the data 
present at the inputs is held in the latch and the cor
responding analog voltage is seen at the output, 

DBO-DB17 

HEN 
or LEN 

IDS : DATA SET-UP TIME: 150 ns min 
IDH : DATA HOLD TIME: 100 ns min 
tw : LEN or HEN PULSE WIDTH: 170 ns min 

Figure 6. SP9380 Timing Diagram 

APPLICATIONS 
IBM' PC INTERFACE 
Figure 7 illustrates a typical IBM personal computer inter
face which uses three 8-bit external latches and two 
decoders. The HCT374 latches are connected to the 
data bus of the PC (DO-D7), The HCT688 defines a base 
address for the SP9380, while the HCT 138 enables each 
latch including the SP9380's internal latch, This 
decoding scheme allows the computer to load digital 
words to the SP9380 when I/O write operations are per
formed. In the example of Figure 7, the base address is 
1CO hexadecimal. Table 3 lists the address position oc
cupied by each latch, 

1/0 Address 

Base Address 
Base Address + 1 
Base Address +2 
Base Address +3 

Selected Latch 

Low Byte 
Mid Byte 
High Byte 

SP9380 Latch 

Data Bits 

DBO-DB7 
DB8-DB15 

DB16, DB17 
DBO-DB17 

Table 3. IBM Interface Address Locations 

'IBM is a trademark of International Business Machine. 
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BUS 

07 

06 

05 

04 

03 

02 

01 

00 

WR 

AD 

A1 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

AEN 
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PIN' S 

""r (A3) 

(A4) 

(AS) 

(A6) 

(A7) 

(AS) 

(A9) 

+SV 

(A29) 12 

(A28) 
14 

(A27) 
16 

8 co 
(A26) CO 

3 

(A25) 11 ~ 
0 

(A24) 13 :J: 

(A23) 15 

(A22) 17 18 

10 

(A11) 

Figure 7. IBM PC Interface 

ORDERING INFORMATION 

MODEL 

SP9380C-18 
SP9380C-16 
SP9380B-18 
SP9380B-16 

TEMPERATURE 
RANGE 

O°C to 70°C 
O°C to 70°C 

-55°C to + 125°C 
-55°C to + 125°C 

SCREENING 

MIL-STD-883C 
MIL-STD-883C 
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HS9393/9394 

12-81T ULTRA HIGH SPEED, VOLTAGE or 
CURRENT OUTPUT D/A CONVERTER 

FEATURES 
• HS9393 - 50nsec settling time (4mA step 

to ±Y2 LSB) 
HS9394 - 1J.lSec maximum voltage output 
settling time 

• Monotonicity guaranteed over temperature 
• Current output (HS9393) 

DESCRIPTION 
The HS9393 is a very high speed, current output 12-bit 
DAC and the HS9394 is a high speed, voltage output 
DAC. The HS9393 can settle a 4mA step to ±O,01 % FSR 
in 50nsec (typ) while the HS9394 can settle a ± FS input 
change in 1!-,sec (max), Integral linearity is ± Y2 LSB max 
while monotonicity is guaranteed over the operating 
temperature range, The HS9393/9394 combines a pro
prietary high speed, dielectrically isolated current 
switch, a specially designed nichrome resistor ne1work 
and a buffered reference circuit. 

FUNCTIONAL DIAGRAM 

BIT 12 (LSB) 

BIT 11 

BIT 10 

BIT9 12-61T 

BIT 8 LADDER 
RESISTOR 

BIT 7 NETWORK 

The HS9393/9394 is packaged in a 24-pin ceramic DIP 
and is offered for commercial (O°C to + 70°C) and 
military (-55°C to + 125°C) applications with MIL-STD-
883C processing, 

REFERENCE CIRCUIT ..--------l~ 24 

~23 

-10V REF OUT 

-15 VDC 

POWERGND 

+15 VDC 

20 20V SCALE 

19 10V SCALE 

..-------<~------JV'V\..r------_O 18 BIPOLAR OFFSET BIT 6 AND 
QUAD 

BIT 5 CURRENT 17 

BIT 4 SWITCHES -'- 016 
BIT 3 10 

BIT2 11 

BIT 1 (MSB) 12 

·i----- -=- ---=6115 

:~ 0:14 
I -=- I L.. ___________ -' 

HS 9393/9394 13 

Analog ground and power ground must be externally connected to each other, Power ground is connected to case, 

"REFERS TO HS 9394 

GAIN ADJUST 

ANALOGGND 

N,C, (VOUT)" 

N,C, (liN)" 

lOUT 
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SPECIFICATIONS 
(Typical at + 25°C, ± 15V unless otherwise noted) 

HS 9393 HS 9394 

PARAMETER MIN TYP MAX UNITS PARAMETER MIN TYP MAX UNITS 

DIGITAL INPUTS DIGITAL INPUTS 

Logic Levels Logic Levels 
Logic "1" +2.0 +5.5 volts Logic "1" +2.0 +5.5 volts 
Logic "0" 0 +0.8 volts Logic "0" 0 +0.8 volts 

Logic Loading' 1 TTL load Logic Loading' 1 TTL load 

Logic Coding Logic Coding 
Unipolar Range Straight Binary Unipolar Range Straight Binary 
Bipolar Range Offset Binary Bipolar Range Offset Binary 

ANALOG OUTPUT ANALOG OUTPUT 

Output Range Output Range 
Unipolar Ot04 mA Unipolar Oto -5, volts 
Bipolar ±2 mA Oto -10 

Compliance Voltage ±06 volts Bipolar ±2.5, ±5, volts 

Output Resistance 
±10 

Unipolar 1.5 KQ Compliance Current ±5 mA 

Bipolar 1.2 KQ Output Resistance 0.05 Q 

STATIC PERFORMANCE STATIC PERFORMANCE 

Integral Linearity Error Integral Linearity Error 
+25°C ±v. ±'/2 LSB +25°C ±v. ±V2 LSB 
o to + 70°C (9393C) ±V2 LSB o to + 70°C (9394C) ±'h LSB 
- 55 to + 125°C -55to +125°C 

(9393B) ±'/2 LSB (9394B) ±'/2 LSB 

Differential Linearity Error ±V2 ±1 LSB Differential Linearity Error ±V2 ±1 LSB 

Guaranteed Monotonicity Guaranteed Monotonicity 
9393C 0 + 70 °C 9394C 0 + 70 °C 
9393B -55 +125 °C 9394B -55 + 125 °C 

Gain Error2 ,3 ±0.1 ±1 % Gain Error2 ,3 ±0.1 ±1 % 
Offset Error2 Offset Error2 

Unipolar (000 ... 000) ± '/2 ±1 LSB Unipolar (000 ... 000) ±2 ±4 LSB 
Bipolar (100 ... 000) ±V2 ±2 LSB Bipolar (100 ... 000) ±'12 ±2 LSB 

STABILITY STABILITY 

Offset Drift Offset Drift 
Unipolar ±0.5 ±1 ppm of FSR/oC Unipolar ±3 ±15 ppm of FSR/oC 
Bipolar ±3 ±1O ppm of FSR/oC Bipolar ±10 ±25 ppm of FSR/oC 

Gain Drift ±7 ±20 ppm/oC Gain Drift ±10 ±20 ppm/oC 

Reference Drift ±5 ±15 ppm/oC Reference Drift ±5 ±15 ppm/oC 

Warm-up Time to ± 1 LSB 30 seconds Warm-up Time to ± 1 LSB 30 seconds 

DYNAMIC CHARACTERISTICS DYNAMIC CHARACTERISTICS 

Settling Time (4 mA step Settling Time (10V step to 
to ±V2 LSB) 50 100 nsec ±'12 LSB) 1000 nsec 

Glitch Energy 0.6 mA-ns Slew Rate 50 V/!J-sec 

REFERENCE 
Small Scale Signal Settling 

(1 LSB Change) 100 nsec 
Voltage -10.00 V Glitch Energy 2500 mV-ns 
Accuracy ±1 % 

REFERENCE 
External Load mA 

Voltage -10.00 V 
POWER SUPPLIES Accuracy ±1 % 
Accuracy ±2 % External Load mA 
Current Drain 

POWER SUPPLIES + 15V supply ±30 ±35 mA 
-15V supply -13 -18 mA Accuracy ±2 % 

Power Consumption 650. 800 mW Current Drain 

Power Supply Rejection + 15V supply +40 +46 mA 

Ratio ±0.001 ±0.0024 %/FSR/%VS -15V supply -20 -26 mA 

TEMPERATURE RANGE 
Power Consumption 900 1000 mW 

Operating 
Power Supply Rejection 

9393C 0 + 70 °C 
Ratio ±0.001 ±0.0024 %/FSR/%VS 

9393B -55 +125 °C TEMPERATURE RANGE 

Operating 
9394C 0 + 70 °C 
9394B -55 +125 °C 

NOTES: 

1. 1 TTlioad IS defined as sinking 40" A with a logic '1" and sourcing 1.6 mA with a logiC "0" 
applied 

2. Gain and offset errors can be adjusted to zero uSing external trim potentiometers 
3. Gain error IS defined as the error In the slope of the converter transfer function. It IS ex· 

pressed as a percentage and IS equivalent to the deViation (diVided by the Ideal value) 
between the actual and the Ideal value for the full output current span from the 000 .. 000 
to the 111 . ,,111 output 
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PACKAGE OUTLINE 

r- 0.795-1 
(20.193) 

MAX n 
I "00 I 

r"'~~ 
.24 () 

* 

- . r I 

DIMENSIONS 

INCH 
(mm) 

'12 
.QJl1Il DIA TYP 
(0.457) 

BOTTOM VIEW 

ABSOLUTE MAXIMUM RATINGS 

+ 15 Volts Supply (Pin 21) . 

- 15 Volts Supply (Pin 23) . 

Digital Input Voltage (Pins 1-12) . 

Output Short Circuit Duration 

+ 18 volts 

-18 volts 

. . . . . . . 0 to + 7 volts 

- Current Output ... continuous to ground 
- Reference Output (Pin 24) ...... 2 seconds 

Storage Temperature (both models) . - 65°C to + 150°C 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 BIT 12 (LSB) 24 -10V REF OUT 

2 BIT 11 23 -15V 

3 BIT 10 22 POWER GROUND 

4 BIT 9 21 +15V 

5 BIT 8 20 20V SCALE 

6 BIT 7 19 10V SCALE 

7 BIT 6 18 BIPOLAR OFFSET 

8 BIT 5 17 GAIN ADJUST 

9 BIT 4 16 ANALOG GROUND 

10 BIT 3 15 N.C. (VOUT)' 

11 BIT 2 14 N.C. (lIN)' 

12 BIT 1 (MSB) 13 lOUT 

NOTES: 

. Refers to HS 9394 

N C - No tnternal Connection 

APPLICATIONS INFORMATION 

POWER SUPPLIES AND GROUNDS 
High speed systems require extra care in power distri
bution to obtain optimum performance. It is recom
mended that 1 /-t F tantalum capacitors be added exter
nally between each supply input and analog ground. 
The power ground (pin 22), which is internally con
nected to the case, must be externally connected to 
system analog ground to minimize ground loop errors. 

OUTPUT RANGE SELECTION (HS 9393) 

OUTPUT PIN PROGRAMMING 

OUTPUT RANGE OUTPUT PIN JUMPER PIN 18 TO 

Oto +4 mA Pin 13 -

±2 mA Pin 13 Pin 24 

OUTPUT RANGE SELECTION (HS 9394) 

OUTPUT PIN PROGRAMMING 

OUTPUT OUTPUT JUMPER JUMPER JUMPER JUMPER 
RANGE PIN PIN 14 TO PIN 18 TO PIN 19 TO PIN 20TO 

010 -5V Pin 15 Pin 13 Pin 16 Pin 15 Pin 13 
(Ground) 

010 -10V Pin 15 Pin 13 Pin 16 Pin 15 -

(Ground) 

±2.5V Pin 15 Pin 13 Pin 24 Pin 15 Pin 13 

±5V Pin 15 Pin 13 Pin 24 Pin 15 -

±10V Pin 15 Pin 13 Pin 24 - Pin 15 

LOGIC INPUTS 
Logic inputs are standard TTLlDTL compatible. Unused 
bits, if any, should be grounded since an "open" bit 
input line represents a logic "1". However, opening 
the bit lines should not be used to generate a logic" 1 " 
due to the possibilities of noise pickup. Table 1 shows 
the coding for the HS 9393. Note that 1 LSB equals 
O.98/-t A. Table 2 shows the coding for the HS 9394. 

ANALOG OUTPUT DIGITAL INPUT 

UNIPOLAR BIPOLAR OFFSET 
CURRENT BINARY BINARY 

-FS N/A 000 .. 000 

-112 FS N/A 010 .. 000 

-1 LSB N/A all .. 111 

0 000 . . 000 100 .. 000 

+ 1 LSB 000 .001 100 .. 001 

+ 1/2 FS 100 .. 000 110 .. 000 

+ FS -1 LSB 111 .. 111 111 .. 111 

Table 1. Input Coding/Output Value for HS 9393 
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ANALOG OUTPUT DIGITAL INPUT 

UNIPOLAR BIPOLAR OFFSET 
VOLTAGE BINARY BINARY 

+FS N/A 000 .. 000 

+ 1/2 FS N/A 010 .. 000 

+ 1 LSB N/A 011 .. 111 

a 000 .. 000 100 .. 000 

-1 LSB 000 .. 001 100 .. 001 

- V2 FS 100 .. 000 110 .. 000 

-FS +1 LSB 111 .. 111 111 .. 111 

Table 2. Input Coding/Output Value for HS 9394 

DYNAMIC CHARACTERISTICS 
To optimize settling time and to make the settling time 
independent of the digital driver characteristics, 2.2 KQ 
1/8 Watt pull-up resistors are recommended at all logic 
inputs. 

OPTIONAL TRIM PROCEDURES 
Offset and gain errors are trimmed at the factory to 
within the limits listed in the specifications table. These 
initial errors may be trimmed to zero using external 
potentiometers as shown in Figure 1. Adjustments 
should be made after sufficient time for warm-up (5 
minutes) and, to avoid interaction, offset should be ad
justed before gain. The fixed resistors should be 
located close to the connecting pins to reduce noise 
and the potentiometers should have a tempco of 100 
ppm/DC or less to minimize drift with temperature. 

~~O'AC '00' J ,. 
AO,"" 1 

-15V 
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+15V 

lOOK 
OPTIONAL 

OFFSET 
ADJUST 

lL 
-15V UNIPOLAR 2.2M Q 

BIPOLAR O.62MQ 

Offset Adjustment: Set the digital input code to 
000.:.000 and adjust the offset trim potentiometer for 
zero output current (unipolar) or minus full scale output 
current (bipolar). 

Gain Adjustment: Set the digital input code to 
111 ... 111 and adjust the gain trim potentiometer for 
plus full scale minus 1 LSB output current. 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon
nected devices are subjected to high energy electro
static fields. Unused devices must be stored in con
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply Voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below - 0.5 volts. 

ORDERING INFORMATION 

MODEL TEMPERATURE RANGE DESCRIPTION 

HS 9393C O°C to + 70°C Current Output DAC 

HS 93938 - 55°C to + 125°C Current Output DAC, 
883C Screening 

HS 9394C O°C to + 70°C Voltage Output DAC 

HS 93948 - 55°C to + 125°C Voltage Output DAC, 
883C Screening 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 75nsec settling time (4mA step to ±0,006%) 
• Segmented switching architecture reduces 

glitch area to 140% FSR-nsec 

DESCRIPTION 
The HS9390 is a very high speed, current output 
16-bit DAC that can settle a 4mA step to ± 0,006% in 
75 nsec, A segmented switching architecture for 
the top 3 bits reduces switching glitches, making 
the HS9390 suitable for high resolution video 
display applications, Proprietary high speed, 
dielectrically isolated current swtiches provide the 
HS9390 with its key specifications, 

FUNCTIONAL DIAGRAM 

HS9390 

16-81T ULTRA HIGH SPEED, 
LOW GLITCH D/A CONVERTER 

The HS9390 is packaged in a 32-pin metal triple DIP 
and is offered for commercial (O°C to + 70°C) and 
military (-55°C to + 125°C) applications with 
processing available in full compliance with 
MIL-STD-883C, 

DIG 
GND BIT 1 

BIT 12 BIT 11 BIT 10 BIT 9 BIT 8 BIT 7 BIT 6 BIT 5 STROBE ~ +5V BIT 4 BIT 3 BIT 2 (MSB) 

~ INPUT REGISTER 

U, 
16-BIT DAC 

l < 
?2.5K <" 5K 
.> > 

? ;> 2.5K 
;> 

0 17 (18 )19 020 621 622 623 (24 625 )26 ()27 0 28 629 

BIT 13 BIT 14 BIT 15 BIT 16 ~ lOUT + 20V + 10V BIPOLAR REF + 15V 
(lSB) ANALOG IN 

GND 

I SEGMENT 
DECODE 

III III 

HS 9390 

~.~ --w 

J 

I 

)30 031 632 

REF REF -15V 
ADJ OUT 
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SPECIFICATIONS 
(Typical at +25°C, ± 15V unless otherwise noted) 

HS 9390 

PARAMETER MIN TYP MAX UNITS 

DIGITAL INPUTS 

Logic Levels 
Logic "1" +2.0 +5.5 volts 
Logic "0" 0 +0.8 volts 

Logic Loading 1 TTL load 

Logic Coding 
Unipolar Range Straight Binary 
Bipolar Range Offset Binary 

ANALOG OUTPUT 

Output Range 
Unipolar Oto 4 mA 
Bipolar ±2 mA 

Compliance Voltage ±1.0 volts 

Output Impedance 
Unipolar 1.2K ohms 
Bipolar 1.2K ohms 

STATIC PERFORMANCE 

Integral Linearity 
+25°C ±0.003 ±0.006 %FSR 
Oto +50°C ±0.006 ±0.007 %FSR 

Differential Linearity 
+25°C monotonic to 14 bits 
o to +50°C monotonic to 13 bits 

Gain Error2,3 ±0.1 ±1.0 %FSR 

Offset Error2 

Unipolar (000 ... 000) ±0.05 ±0.1 %FSR 
Bipolar (100 ... 000) ±0.1 ±0.2 %FSR 

STABILITY 

Linearity Drift ±1 ±2 ppm/DC 
Offset Drift 

Unipolar ±1 ±2 ppm/oC 
Bipolar ±3 ±10 ppm/oC 

Gain Drift ±5 ±10 ppm/oC 

Reference Drift ±5 ±10 ppm/oC 

Warm-up Time See Figure 

DYNAMIC CHARACTERISTICS 

Settling Time 
to ±0.006% FSR 75 150 nsec 

Glitch Energy 0.8 nY-sec 

Data Set-up Time (t1) 70 nsec 

Strobe Pulse Width (t2) 20 nsec 

Data Transfer on Positive Edge of Strobe 

REFERENCE 

Voltage -10.1 -10.0 -9.9 volts 

External Current 2 mA 

POWER SUPPLIES 

Accuracy ±0.1 ±2 % 

Current Drain 
+ 15V Supply 20 25 mA 
-15V Supply 15 20 mA 
+5V Supply 80 100 mA 

Power Consumption 900 1200 mW 

Supply Rejection 
+ 15V Supply ±O.001 ±0.002 %1% 
-15V Supply ±0.0005 ±0.001 %1% 
+5V Supply ±0.001 ±0002 %1% 

TEMPERATURE RANGE 

Operating 
9390C 0 +70 °C 
9390B -55 +125 °C 

NOTES: 

1. Gain and offset errors can be adjusted to zero using external trim potentiometers. 

2. Gain error is defined as the error in the slope of the converter transfer function. It is ex
pressed as a percentage and IS equivalent to the deviation (divided by the ideal value) 
between the actual and the Ideal value for the full output current span from the 000 .. 000 
to the 111 ... t 11 output 
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FINAL VALUE 
~ 0.000 

~ 
LL. 
0 

! 0.002 

LlJ 
(.:J 
z 0.004 CC 
:z: 
U 
rz: 
LlJ 
~ 0.006 
LlJ 
~ 
CC rz: 
CC 0.008 11. 

12 15 
MINUTES 

Warm-up Drift of HS 9390 

PACKAGE OUTLINE 

1_1.145 (29.08) I 
1.155 (29.34)-

F-T 0.120 (3.05) j::::-(22.86)-1 
0.130(3.30)- ,.,,,,.,,, l 1-10.190 (4.83) RED DOT 

0.25 (6.35) 

INDICATES PIN 1 - 0.200 (5.08) 

"'-1 32. 

~ 
0.016 (0.406)T 
0.020 (0.508) 

1.735 (44.07) 
1. 745 (44.23) 

0.095 (2.41) 
0.105 (2.671 

16 17 -+-. 
TOP VIEW lO.125 

(3.2) 

ABSOLUTE MAXIMUM RATINGS 

+ 15 Volts Supply (Pin 29) . +18 volts 

-15 Volts Supply (Pin 32) . -18 volts 

+ 5 Volts Supply (pin 5) . + 7 Volts 

Digital Input Voltage (Pins 1-4, 9-20) o to + 7 volts 

Output Short Circuit Duration 
- Current Output. .......... continuous to ground 
- Reference Output (Pin 31) 2 seconds 

Storage Temperature (both models) -65°C to + 150°C 



PIN ASSIGNMENTS 
PIN FUNCTION PIN FUNCTION 

1 BIT 1 (MSB) 32 -15V 

2 BIT 2 31 REF OUT 

3 BIT3 30 REF ADJUST 

4 BIT 4 29 +15V 

5 +5V 28 REF INPUT 

6 DIG GND 27 BIPOLAR 

7 DIG GND 26 10V SCALE 

8 STROBE 25 20V SCALE 

9 BIT 5 24 lOUT 

10 BIT6 23 ANALOG GND 

11 BIT 7 22 ANALOG GND 

12 BIT 8 21 ANALOG GND 

13 BIT9 20 BIT 16 

14 BIT 10 19 BIT 15 

15 BIT 11 18 BIT 14 

16 BIT 12 17 BIT 13 

APPLICATIONS INFORMATION 

POWER SUPPLIES AND GROUNDS 
High speed systems require extra care in power distri
bution to obtain optimum performance. It is recom
mended that 1 IJF tantalum capacitors be added ex
ternally between each supply input and analog 
ground. The power ground (pin 22) must be externally 
connected to system analog ground to minimize 
ground loop errors. 

OUTPUT RANGE SELECTION (HS 9390) 

OUTPUT PIN PROGRAMMING 

OUTPUT RANGE OUTPUT PIN JUMPER PIN 27 TO 

010 +4 mA Pin 24 Pin 23 

±2mA Pin 24 Pin 28 

LOGIC INPUTS 
Logic inputs are standard TTLlDTL compatible. Unused 
bits, if any, should be grounded since an "open" bit 
input line represents a logic "1". However, opening 
the bit lines should not be used to generate a logic "1" 
due to the possibilities of noise pickup. Table 1 shows 
the coding for the HS 9390. Note that 1 LSB equals 
0.06 IJA. 

ANALOG OUTPUT DIGITAL INPUT 

UNIPOLAR BIPOLAR OFFSET 
CURRENT BINARY BINARY 

-FS N/A 000 ... 000 

-1/2 FS N/A 010 ... 000 

-1 LSB N/A 011.111 

0 000 ... 000 100 ... 000 

+1 LSB 000 ... 001 100 ... 001 

+ 1/2 FS 100 ... 000 110 .. 000 

+FS -1 LSB 111 ... 111 111 ... 111 

Table 1. Input Coding/Output Value for HS 9390 

CONNECTION FOR EXTERNAL AMPLIFIER 

PIN 26 
+ 10 + 10 

PIN 28 

PIN 25 
+20 

+20 

PIN 24 
lOUT 

PIN 27 PIN 23 

BI GND 

UNIPOLAR 

BIPOLAR 

OPTIONAL TRIM PROCEDURES 
Offset and gain errors are trimmed at the factory to 
within the limits listed in the specifications table. These 
initial errors may be trimmed to zero using external 
potentiometers as shown in Figure 1. Adjustments 
should be made after sufficient time for warm-up (5 
minutes) and, to avoid interaction, offset should be ad
justed before gain. The fixed resistors should be 
located close to the connecting pins to reduce noise 
and the potentiometers should have a tempco of 100 
ppm/oC or less to minimize drift with temperature. 

Offset Adjustment: Set the digital input code to 
000 ... 000 and adjust the offset trim potentiometer for 
zero output current (unipolar) or minus full scale output 
current (bipolar). 

Gain Adjustment: Set the digital input code to 
111 ... 111 and adjust the gain trim potentiometer for 
plus full scale minus 1 LSB output current. 

-15V +15V 

'00'1 
1,00, OPTIONAL 10M 3M OPTIONAL 

GAIN 
GAIN OFFSET 

ADJUST 30 ADJ ADJUST 

-15V 

Figure 1. 
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STROBE TIMING 

DATA 
CHANGING 

DATA 
STABLE 

I 

DATA T~~NSFER ..,.,.1 

'OSO"" "G' n 
1 1 1 

! i~'!----t-
1_11_1_ 12_1 

1 1 I 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon
nected devices are subjected to high energy electro
static fields. Unused devices must be stored in con
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless 
otherwise noted, the voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts 
or go below - 0.5 volts. 
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11 ~ 70ns MIN 
12 ~ 20ns MIN 
13 = 75ns TYP 

ORDERING INFORMATION 

MODEL TEMPERATURE RANGE 

HS 9390C O°C to + 70°C 

HS 9390B - 55°C to + 125°C 

DATA 

STROBE 

OUTPUT 

DESCRIPTION 

Current Output DAC 

Current Output DAC, 
883C Screening 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 2- and 4-quadrant multiplying 
• Coding: binary; offset binary 
• Linearity: ±O,01% 
• Settling time: 2,5J.lS 
• J.lP compatible 
• 28-pin package 
• CMOS, TIL compatible 
• Double buffered inputs 

DESCRIPTION 
HS33806 is a IJP compatible, complete 12-bit dou
ble buffered digital-to-analog converter. To en
hance application flexibility, the data input 
registers have been configured as 3 independent, 
4-bit bytes, This enables the user to directly inter
face to 4, 8, and 12-bit data buses, HS33806 comes 
complete with interface control logic, The three 
separate byte enable inputs latch data from the 
bus into the appropriate primary data latches, The 
LDAC input transfers data from the primary latches 

FUNCTIONAL DIAGRAM 

HS33806 

MULTIPLYING, VOLTAGE OUTPUT, 
IJP COMPATIBLE 12-BIT DAC 

to the DAC register, In addition to these input func
tions are two chip select inputs and a read/write in
put allowing direct memory-map configurations, 
All input controls are static to allow hardwired con
figurations, The HS33806 is packaged in a hermeti
cally sealed package and is rated -55°C to 
+ 125°C, Units are fully screened and processed to 
MIL-STD-883 requirements, 

DATA INPUTS 
RANGE 

CS 

CS 

WR 

HBE 

MBE 

LBE 

LDAC 

+5V -15V +15V GND 

14 

REFERENCE 
INPUT 

LSB 

13 

BIPOLAR 

11 
>-~~---+-oVOUT 
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SPECIFICATIONS 
(Typical @ + 25°C 'unless otherwise noted. Power supply voltages: 

+ 15V, -15V, + 5V (± 5%), Reference -10.0V) 

MODEL 

DIGITAL INPUT 

Resolution 
Unipolar Code 
Bipolar Code 
Logic Compatibility1,S 
Control Logic Inputs 

IH @ VIH = 2.4V 
IlL @ VIL = O.4V 

Data Input CurrentS 

REFERENCE INPUT 
Max Input Voltage 
Input Impedance 
Reference Feedthrough 

(VREF = 20 Vpp) 
@1 kHz 
@ 10 kHz 

Bandwidth 
Small Signal 
Full Power 

ANALOG OUTPUT 
Scale Factor Accuracy 
InitialOffset2 

Bipolar 
Unipolar 

Voltage Range2 
Bipolar 
Unipolar 

STATIC PERFORMANCE 

Integral Lineari ty3 
Differential Linearity 
Monotonicity 

DYNAMIC PERFORMANCE 

Full Scale Transition 
Settling Time 

Full Scale Transition 
Slew Rate 

Delay to Analog Output 
From Bits Input4 
From LDAC 
From CS4 or WE4 

STABILITY 

Scale Factor 
Integral Linearity 
Differential Linearity 
Offset Drift 

Bipolar 
Unipolar 

Monotonicity Temperature Range 

±15V POWER SUPPLY 

+15V Supply Current 
-15V Supply Current 
PSRR 

+5V POWER SUPPLY 

+5V Supply Current 

TEMPERATURE RANGE 

Operating 
Storage 

MECHANICAL 
Case Style 

NOTES 

HS 33806 

12 Bit 
Binary 
Offset Binary 
CMOS. TTL 

20fJA 
-0.36mA 
±lfJA 

±25V 
8k Q ±50% 

<1 mV 
2mV 

500 kHz 
200 kHz 

±0.1% F.S.R. 

10mV Max 
10mV Max 

± VREF, ± VREF/2 
o to - VREF, 0 to - VREF/2 

±0.015% F.S.R. Max 
± 0.024% F.S.R. Max 
12 Bits 

SfJS (max) 
2.SfJS (typ) 

10V{fJS (min) 

220nS 
220nS 
22SnS 

o 

2ppmF.S.R. 
1 ppm F.S.R. Max 
1 ppm F.S.R. Max 

100/AVioC 
100/AV/oC 
-55°C to + 125°C 

12mA 
7mA 
0.005%{% 

24mA 

-55°C to + 125°C 
-65°C to +150°C 

Case B 

1. Control inputs are TTL and 5V CMOS only; data input$ are fully 
CMOS and TTL compatible. 

2. See APPLICATION NOTES for adjustment procedureS!. 
3. Specified as "Best-Straight Line·.·. 
4. Operating the unit with the DAC Register transparent may result in 

output "glitches" due to logic skewing with the unit. 
5. Digital Input voltage must not exceed supply voltage qr go below -0.5V. 

"0" < O.SV; 2.4V < "1" < VDD. 
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APPLICATIONS INFORMATION 
TRANSFER CHARACTERISTICS 

UNIPOLAR OPERATION, PIN 11 OPEN 

BINARY ANALOG BINARY ANALOG 
INPUT OUTPUT INPUT OUTPUT 

111 ... 111 V .4095 
- REF 4096 011 ... 111 V .2047 

- REF 4096 

100 ... 001 V .2049 000 ... 001 1 
- REF 4096 -VREF . 4096 

100 ... 000 V 2048 
- REF' 4096 000 ... 000 0 

Formula: VOUT = - VREF . ~ where N represents the code 
4096 applied to the DAC 

UNIPOLAR OPERATION, PIN 11 CONNECTED TO PIN 10 

BINARY ANALOG BINARY ANALOG 
INPUT OUTPUT INPUT OUTPUT 

111 ... 111 - Y2 VREF . 4095 011 ... 111 _ 1/2 VREF . 2047 
4096 4096 

100 ... 001 - Y2 VREF . 2049 000 ... 001 -lhVREF' ~ 
4096 4096 

100 ... 000 -Y2 VREF 000 ... 000 0 

Formula: VOUT = - 1/2 VREF . ~ where N represents the code 
4096 applied to the DAC 

BIPOLAR OPERATION, PIN 11 OPEN 

OFFSET ANALOG OFFSET ANALOG 
BINARY INPUT OUTPUT BINARY INPUT OUTPUT 

111 ... 111 V 2047 
- REF' 2048 011 ... 111 +V .~ 

REF 2048 

100 ... 001 1 000 ... 001 V 2047 
- VREF . 2048 + REF' 2048 

100 ... 000 0 000 ... 000 +VREF 

Formula: VOUT = - VREF . (N - 2048) where N represents the code 
2048 applied to the DAC 

BIPOLAR OPERATION, PIN 11 CONNECTED TO PIN 10 

OFFSET ANALOG OFFSET ANALOG 
BINARY INPUT OUTPUT BINARY INPUT OUTPUT 

111 ... 111 - Y2 VREF . 2047 011 ... 111 +Y2 VREF' ~ 
2048 2048 

100 ... 001 -l/2VREF .~ 000 ... 001 + 1/2 VREF' 2047 
2048 2048 

100 ... 000 0 000 ... 000 +Y2 VREF 

Formula: VOUT = - 1/2 VREF . (N - 2048) where N represents the code 
2048 applied to the DAC 



CONTROL LOGIC FUNCTIONAL DIAGRAM 

WR o-------------r-<J 
CSl o---------~--~<l 
CS2 o-----....... --+---~<l 

LBE 

MBE o------+--+---t---l.---/ 
TO DAC 

HBE o------+--+---~~ ____ / 

LDAC o--------------~ __ / 

TRUTH TABLE 

HS 9338 CONTROL INPUTS 
HS 9~38 OPERATION 

WR CSl CS2 LBE MBE HBE LDAC 

X 

1 

X 

x X Device not selected 

Output reflects previously 

loaded data 

Write data Into low byte 

data register 

Write data into middle 

byte data register 

Write data Into high byte 

data register 

Load DAC register with 

data In low byte middle 

byte and hIgh byte data 
registers 

Write data simultaneous 

Into all data registers 

Write data directly Into 

DAC regISter 

PACKAGE OUTLINE 

CASE B 

0.220 MINll- 0.175 MAX 
(5.588) r(4.445) RED DOT 

)NDICATES PIN 1 

r~ 

0.100 TYP 
(2.540)1 

Lf= 
0.10 

1.475 MAX 
(37.465) 

28 

14 15 

TOP VIEW 
(2.54) __ 0.03 

(0.762) 

0.775 MAX 
r(19.685)-1 

0.018 ± 0.002 :B 
(0.457 ± 0.050) 

0.10 __ I- 0.600_1 
(2.54) . (15.240) 

Ceramic or metal package at manufacturer's option. 

TIMING DIAGRAM 

HBE ~""'I'----ADDRESS VALlD----~'}[1 

~:: I I 
LDAC 1_, ------------

"", .• o-----tAWS ' I 
cs; r---tCWS------I tCWH r-= 
CS2 --------..~ i 1 
W"R-----____.. ~ I 

'{ tWR-Y 

I .......l I.--tDH 

o,, __ o_o ______ .J~'DS~ k= 
~OATA VALfO---+i 

tos : Data setup time. 250 nsec tcws : Chip select to write setup time. 300 nsec 

tOH : Data hold time. 20 nsec tCWH: Chip select to write hold time. 0 nsec 

tWR : Write pulse width. 300 nsec tAWS: Address to write setup time. 250 nsec 

PIN DIAGRAM 

PIN FUNCTION 

1 LDAC, LOADS DAC REGISTER AND CHANGES OUTPUT 

WR. WRITE INPUT. ACTIVATES ALL CONTROLS 

CS2. CHIP SELECT INPUT 2 

CS1. CHIP SELECT INPUT 1 

MBE. MIDDLE BYTE ENABLE, 04 TO 07 

HBE. HIGH BYTE ENABLE. 08 TO 011 

LBE, LOW BYTE ENABLE. DO TO 03 

GND. GROUND, ANALOG AND DIGITAL GROUND CONNECTED INTERNALLY 

VCC. +15V SUPPLY 

10 OUTPUT RANGE 

11 VOUT. DAC VOLTAGE OUTPUT 

12 SUMJCT. SUMMING JUNCTION OF OUTPUT OPAMP 

13 BIPOLAR, CONNECTED TO SUMJCT FOR BIPOLAR OUTPUT RANGE 

14 REFERENCE INPUT 
15 VEE. -15V SUPPLY 

16 011. DATA INPUT. WEIGHT 2- 1• MSB 

17 010. DATA INPUT. WEIGHT 2-2 

18 09. DATA INPUT. WEIGHT 2-3 

19 08. DATA INPUT, WEIGHT 2-4 

20 07. DATA INPUT. WEIGHT 2-5 

21 06. DATA INPUT. WEIGHT 2-6 

22 05. DATA INPUT. WEIGHT 2-7 

23 04. DATA INPUT. WEIGHT 2-8 

24 03, DATA INPUT. WEIGHT 2-9 

25 02. DATA INPUT. WEIGHT 2-10 

26 01. DATA INPUT. WEIGHT 2- 11 

27 DO. DATA INPUT. WEIGHT 2-12, LSB 

28 VDD. +5V SUPPLY, CONTROL LOGIC 

OUTPUT CONNECTIONS 

RANGE OUTPUT CONNECT 
PIN 12 

Oto -VREF PIN 11 OPEN 

Oto -VREF/2 PIN 11 OPEN 

+ VREF to - VREF PIN 11 PIN 13 

+ VREF/2 to + VREF/2 PIN 11 PIN 13 

OUTPUT OFFSET ADJUST (OPTIONAL) 

10kn to 100kn 

CONNECT 
PIN 10 

OPEN 
PIN 11 

OPEN 
PIN 11 

-' 5VT"5V 

CONNECT 
PIN 13 

OPEN 
OPEN 
PIN 12 

PIN 12 

to PIN 12 (PIN 121S AT VIRTUAL GROUND) 

RANGE: ± 25 mV typ 
Adjust for Vout = 0.000 Volt at input code 00 ... 0 for unipolar 
operation or at input code 10 ... 0 for bipolar operation. 

SCALE FACTOR ADJUST: Scale factor is factory trimmed to 0.1 % typo 
Adjust external reference yoltage if initial accuracy is not sufficient. 
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APPLICATIONS INFORMATION 
INTERFACING THE HS 33806 TO AN 8-BIT PROCESSOR 
USING NO EXTERNAL COMPONENTS 

Hl 
DATA-BUS 

CPU 
8-BIT WR 

ADDRESS-BUS 

II) ... .., N 

:i :i :i :i :i 

I 

~ 
cs CS HBE MBE LBE LDAC WR 

LB 
DATA HS 33806 INPUTS 

HB,MB ----v REF 
IN VOUT 

~ 

V 

" 
V 

I I ANALOG OUTPUT 

This mode of operation requires 13k bytes of unused addresses. No 
additional address decoder is necessary. The two chip-select inputs 
together with the byte-enable and load-DAC inputs are used to con
trol all functions of the DAC. Through selecting the address-lines 
the user can vary the addresses used to control the DAC. In the 
above figure the control signals have the following address
configurations (hex): 

HBE, MBE 2000 
LBE 1000 
LDAC 0800 

The LDAC input shold not be tied together to the LBE input to 
ensure correct data transfer between the DAC registers. 

INTERFACING THE HS 33806 TO A 16-BIT MICROPROCESSOR 

" 
ADDRESS-BUS 

~~ V 

CPU 

I 
ADDRESS 

16-BIT DECODER 

~ 

DATA-BUS -
WR V 

I-

~ 
( + 

'" 7-
DATA INPUT OS cs 

HBE I-

WR HS33806 MBE I--

LBE I--

REF LDAC I--
IN VOUT 

I l ANALOG OUTPUT 

Interfacing the HS 33806 to a 16-Bit microprocessor is quite easy, 
because no multiplexing of the data inputs is necessary. An 
address decoder and the second chip-select input is used to select 
theDAC. 
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INTERFACING THE HS 33806 to a 4-BIT MICROPROCESSOR 
USING 4-BIT I/O-PORTS 

CPU 

4-BIT 

DATA INPUTS 

HS 33806 

HBE 

MBE 

LBE 

LDAC 1-------' 

ANALOG OUTPUT 

This figure shows how to operate the HS 33806 with two 4-Bit ports. 
The chip-selects are tied to ground allowing continuous operation; 
they can be used for operating more DAC's at the same port. In the 
first step data should appear at the port A outputs; in the second 
step the control flags should appear on port B. 

ORDERING INFORMATION 
MODEL DESCRIPTION 

HS33806 fA P MDAC, Voltage Output, MIL-STD-883 Screening 

Specifications subject to change without notice 

CAUTION: ESD (Electro-Static Discharge) sensitive device. 
Permanent damage may occur when unconnected devices 
are subjected to high energy electrostatic fields_ Unused 
devices must be stored in conductive foam or shunts. Pro
tective foam should be discharged to the destination socket 
before devices are removed. Devices should be handled at 
static safe workstations only. Unused digital inputs must be 
grounded or tied to the logic supply voltage. Unless other
wise noted, the supply voltage at any digital input should 
never exceed the supply voltage by more than 0.5 volts or 
go below - 0.5 volts. If this condition cannot be main
tained, limit input current on digital inputs by using series 
resistors or contact Hybrid Systems for techincal 
assistance. 
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SIGNAL PROCESSING EXCELLENCE 

MODEL RESOLUTION 

HS1068 8 bit 

SP1070 8 bit 

SPlon 80lt 

SP1078 8 bit 

BUFFER 
SAMPLING RATE AMPLIFIER 

20 MHz Yes 

25 MHz Yes 
,:v,',,: ,;' 

20 MHz: .: .• ; ••..•.. 1 :'",>7 " 

;' 
'. 

.':.;: 

50 MHz : 

FLASH AID SUBSYSTEMS 

POWER 
REFERENCE DISSIPATION PACKAGE PAGE 

Yes 1.75W 24-Pin DD 365 

Yes lW 28-Pin DD 377 

.. ;: ;;;,:"..<; .. , 
, 

388 . <yes,.":,, < 
.... ': $;(JW 42,;,pin 

. 

24.;P1110(f 399 
..... : .", 

Q,6W 

Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete analog front-end and ADC in a 

single package 
• 20 MHz sampling rate 
• Pin strappable unipolar or bipolar input ranges 
• Offset and gain adjust pins 
• Three-state output 

DESCRIPTION 
The HS1068 is a complete FLASH ANALOG to DIGITAL 
CONVERTER that combines all circuitry required to 
convert high speed analog signals into 8-bit digital 
data at a rate of 20 mega samples per second. The 
HS1068 is completely self contained providing an 
8-bit 20 MHz, flash ND; a wideband analog input 
amplifier; precision voltage reference and three
state outputs in a single 24-pin package. 
Combining all analog support circuitry with the ND 
converter offers significant savings of board space; 
along with component. assembly and design costs. 

FUNCTIONAL DIAGRAM 

HS1068 

FLASH PLUS 8-BIT 20 MSPS 
AID CONVERTER 

Designed to meet demanding military applica
tions, the HS1068 is housed in a hermetic 24-pin DIP 
and operates with guaranteed performance over 
the full -55°C to + 125°C case operating 
temperature range. Processing in compliance with 
MIL-STD-883C is available. 

AOUT CONVERT HIGH 

AIN ()--+-----A,/\I\r--<.---~ 
OFFSET o-:'-'-t--.----.---A,/\1'I,r--' 

ADJ 

21 19 

-2.07V 

8-BIT 
20 MHZ 

ADC 

20 

RB NMINV NLINV + SV 
DGND AGND 

DBl MSB 

DB8 LSB 

OUTPUT 
ENABLE LOW 

XJ---+-----n ZERO SCALE 

-S.2V 
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SPECIFICATIONS 

ABSOLUTE MAXIMUM RATINGS· 

PARAMETER SYMBOL VALUE UNITS 

Supply Voltage VCC 7.0 V 

VEE -7.0 V 

Digital Input Voltage VIN(D) 5.5 V 

Analog Input Voltage VIN(A) ±5.5 V 

Reference Voltage Span - 2.2 V 

Applied Output Voltage - 5.5 V 

Junction Temperature TJ 150 °C 

Operating Case Temperature TC 140 °C 

Storage Temperature TSTG -65 to + 150 °C 

• Absolute maximum ratings are Ilmlling values applied Individually while all other parameters are Within specified operating conditions. Functional operation under any of these condillons is not 
Implied 

RECOMMENDED OPERATING CONDITIONS 

TEMPERATURE RANGE 
PARAMETER SYMBOL DOC 10 +7DoC -55°Clo +125°C UNITS 

MIN TYP MAX MIN TYP MAX 

Digital Supply Voltage VCC 4.75 5.0 5.25 4.5 5.0 5.5 V 

Analog Supply Voltage VEE -4.9 -5.2 -5.5 -4.9 -5.2 -5.5 V 

Analog Ground AGND -0.1 0 +0.1 -0.1 0 +0.1 V 

Analog Input, Range ADJ and OFFSET ADJ Open VIN(A) -0.5 +0.5 ±0.5 +0.5 V 

Digital Input Voltage, HIGH VIN(D) 2.0 2.0 V 

Digital Input Voltage, lOW 0.8 0.8 V 

Applied Output Voltage Vo VCC VCC V 

CONV Pulse Width, lOW tpWl 18 18 nS 

CONV Pulse Width, HIGH tpWH 22 22 nS 

Clock Frequency, Max fClK 20 20 MHz 

Operating Ambient Temperature TA 0 70 °c 

Operating Case Temperature TC -55 + 125 °c 

PERFORMANCE CHARACTERISTICS 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°Clo + 70°C - 55°C to + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Resolution N 8.0 8.0 Bits 

Integral llneanty Error ELI DC, Best Straight Line ±0.35 lSB 

Differential llneaJlty Error EDI DC ±0.25 lSB 

SlgnaHo·NOIse Ratlol SNR 
RMS Slgnal/RMS NOise t.123 MHz Input 47 47 dB 
+ Distortion 2.234 MHz Input 46 46 dB 

4456 MHz Input 43 43 dB 

Differential Phase DP FS ~ 4 x NTSC Carner 1 1 Degree 

Differential Gain DC FS ~ 4 x NTSC Carrier 2 2 % 

Aperture Error EAP ±60 ±60 pS 

Code SIZe CS 25 175 25 175 % 

Full Power BandWidth BW No SpUJlOUS Code 7 13 5 13 MHz 

Input Amplifier BandWidth ABW Freq -3 dB 20 20 MHz 

Settling Time (to 0.4%) ts Full Scale TranSition 45 45 nS 

Amplifier Overshoot Os 1 1-, % 

Overload Recovery tREC ± 100 mV OverdJlve 5 5 nS 

Input Amplifier NOise 10 MHz BandWidth' 125 125 ".'/RMS 

Range AMP BandWidth 100 100 kHz 

Range AMP Settling One Volt Step at RBOT 14 50 14 50 ".Sec 
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SWITCHING CHARACTERISTICS 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS O°C 10 +70°C -55°C 10 + 125°C UNITS 

MIN TYP MAX MIN TYP MAX 

Maximum Conversion Rate FS VCC' VEE ~ MIN 20 20 MHz 

Sampling Time Offset tSTO VCC, VEE ~ MIN 0 10 10 0 10 10 nS 

Digital Output Delay to VCC ~ MIN 15 28 15 28 nS 

Digital Output Enable tpZL VCC ~ MIN 20 20 nS 

Digital Output Disable tpHZ VCC ~ MIN 15 15 nS 

Full Scale Flag tCFSL VCC ~ MIN 25 25 nS 

Zero Scale Flag tCZSH VCC ~ MIN 29 29 nS 

CONV Pulse Width, LOW tpWL VCC ~ MIN 18 18 nS 

CONV Pulse Width, HIGH tpWH VCC ~ MIN 22 22 nS 

INPUTS 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS O°C 10 +70°C 55°C 10 + 125°C UNITS 

MIN TYP MAX MIN TYP MAX 

Input Current, Logic LOW IlL NMINV, NLiNV -0.6 -0.6 mA 

OE -004 -004 mA 

CONV -0.8 -0.8 mA 

Input Current, Logic HIGH IIH NMINV, NLiNV 50 50 ",A 

OE 20 20 I'A 

CONV 70 70 Io'A 

Input Voltage, Logic LOW VIL 0.8 0.8 V 

Input Voltage, Logic HIGH VIH 2.0 2.0 V 

Analog Input Resistance RIN lK 1.05K lK 1.05K Q 

Analog Input CapaCitance CIN 3 3 pF 

Input Offset Current IB IB ~ VOS';- lKOhm ±4 ±4 !J.A 

Gain Error EG ±OA ±OA % 

Bipolar Offset Error VOS Offset Open ± 1 ±1 LSB 

Unipolar Offset Error VOS Offset ADJ ~ GND ± 1 ±1 LSB 

Bipolar Offset Error Tempco TCB LSB's/oC Case temp rise +0.05 +0.05 LSB/oC 

Unipolar Offset Error Tempco TCU LSB's/oC Case temp rise +005 +0.05 LSB/oC 

DIGITAL OUTPUTS 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°C 10 +70° 55°C 10 + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Output Leakage Current, Logic LOW ILOL -20 -20 ",A 

Output Leakage Current, Logic HIGH ILOH 20 20 )lA 

Output Voltage, Logic LOW VOL 10L ~ 12 mA3 0.25 004 0.25 004 V 

Output Voltage, Logic HIGH VOH 10H ~ -1 mA3 204 304 204 304 V 

Short Circuit Output Current lOS VCC ~ MAX, Output HIGH -30 -130 -30 -130 mA 

Output Capacitance COUT 

REFERENCE 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS O°Clo +70°C 55°C 10 + 125°C UNITS 

MIN TYP MAX MIN TYP MAX 

Reference Voltage VREF VREF OUT 1.224 1.19 1.224 1.26 V 

Reference Current, Sourced IREF 600Q, VREF to GND 2.0 2.0 mA 

RBOT Adjustment Range RADJ Recommended Range' ±02 ±0.2 V 
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POWER SUPPLIES 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS O°Cto +70oC 

MIN TYP MAX 

Digital Supply Current ICC VCC = MAX. Static' 101 

Digital Supply Current ICC Vec = MAX. Dynamlc6 117 

Analog Supply Current lEE VEE = MAX. Static' 207 

Power Dissipation PD VCC = MAX. VEE = MAX StaticS 1.67 

Power Dissipation PD VCC = MAX. VEE = MAX Dynamic6 1.75 

NOTES: 
1. SNR = Signal/NOise + Distortion. fSAMPLE = 20 MHz 
2. Referred to Input (AV = - 2) 
3. To minimize power dissipation within the HS 1068. It is better to load the deVice with a mlnimaf (1 LSTTL) foad 
4. Operation is possible down to RBOT = - 1.1 V with reduced dynamiC performance specifications. 
5. DC input. Output Codes = All low. 1 LSTTL load 
6. 1.1 MHz FS Input. 1 LSTTL load. 
7. Specifications subject to change without notice. 

PIN ASSIGNMENTS 

PIN SYMBOL FUNCTION 

1 REF + 1.22V Reference Output 

2 RANGE Gain adjust Input. Adjusts - 2.0V REF Nominal @Flash 

3 RB Test Point. -2.0V Nominal @Flash 

4 VEE Negative Supply Voltage, - 5.2V 

5 NMINV Not Most Significant Bit Invert 

6 VCC Positive Supply Voltage, + 5.0V 

7 FS Full Scale Low, Overflow Detector 

8 OE Output Enable, "High" Tristates Output Data Line 

9 Dl(MSB) Data Bit 1 

10 D2 Data Bit 2 

11 D3 Data Bit 3 

12 D4 Data Bit 4 

13 D5 Data Bit 5 

14 D6 Data Bit 6 

15 D7 Data Bit 7 

16 D8(LSB) Data Bit 8 

17 ZS Zero Scale, Underflow Detector 

18 DGND Digital Ground 

19 CONV Convert 

20 NLiNV Not Least Significant Bits Invert 

21 AOUT Test Point (Amplifier Output, Flash Input) 

22 AGND Analog Ground 

23 AIN Analog Signal Input 

24 OFFSET Offset Adjust 

REF ~ ::) 24 OFFSET 

RANGE .::: :) 23 AIN 

" 
RB ',,: ',- 22 AGND 

VEE 4 '.,: () 21 AOUT 
", 

NMINV " ... : 20 NLINV 

VCC ,,- I •• : 19 CONV 

FS 7 '.: =:;. 18 DGND 

OE 8 ~ .. " ", 17 ZS 

01 (MSB) 
," 

'" 16 08 (LSB) " 

02 10 ., C: 15 07 

03 11 ~ •. : :::: 14 06 

04 12 -,- ~:: 13 05 
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PACKAGE OUTLINE 
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APPLICATIONS INFORMATION 
THEORY OF OPERATION 

The HS 1068 consists of four circuit blocks: the input 
buffer amplifier, voltage reference, flash converter and 
digital output logic. Analog and digital grounds are 
separated to provide flexibility in system grounding 
and decoupling. 

The input amplifier has been designed to be compati
ble with baseband video signals. The input range is 
1 Volt pop, with pin strap selectable offsets to accom
modate 0 to 1 Volt unipolar or ± 0.5 Volt bipolar 
ranges. Typical sources can directly drive the 1 kOhm 
input impedance, or external resistors to ground can 
be used to terminate 75 or 50 Ohm cabling. The gain 
is set to - 2 to provide 0 to - 2 Volts to the flash con
verter. A resistor isolated (470 Ohm) analog output test 
point is available for debugging or for use in applica
tion circuits. Settling time is optimized at the factory by 
an internal variable capacitor. 

An internal + 1 .22 Volt bandgap voltage reference is 
used to derive a - 2.07 Volt nominal reference which 
drives the flash resistor ladder. The + 1.22 Volt 
reference is capable of sourcing up to 2 mA to drive 
external application circuits. A resistor isolated (470 
Ohms) negative reference output (Rbot) is also 
available for use in application circuits. These two out
puts can be used with external trim pots to obtain 
calibration of system offset and gain with good power 
supply rejection. In this case the trimpot ends would go 
to the two references and the wiper brought through a 
resistor to the offset or range adjust pins. The HS 1068 
is factory trimmed for offset and gain after 15 minute 
warmup under still room temperature air conditions. 

The gain of the converter is set by trimming the 
reference voltage at the bottom of the flash resistor 
ladder. This is equivalent to trimming the full scale 
range at the flash. A maximum adjustment range of 
± 0.2 Volts is recommended which corresponds to a 
± 10% gain change. The unit will operate under 
reduced dynamic performance specifications with the 
reference as low as 1.5V, corresponding to a gain in
crease of 33%. Gain decreases can easily be obtained 
by using a resistive divider at the analog input pin (see 
Analog Input section). 

The AID is an 8-bit fully parallel flash converter capable 
of digitizing at rates above 20 MSPS. A single convert 
(CONV) signal controls the conversion operation. The 
flash itself consists of 255 sampling comparators, 
encoding logic and a latched output register. On the 
rising edge of the CONV signal, the comparators are 
latched and on the falling edge, the 255 to 8 encoding 
is performed. The 8 bit value is transferred to a flash
internal data register on the next rising edge. At this 
time the internal zero scale and fullscale comparisons 
are made. At the third rising edge the data is latched 
into the output register. The zero scale and full scale 
flags will be valid before this third rising edge, to allow 
over and underflow conditions to be detected simultan
eously with the suspect data. This register also im
proves output fanout capability while providing a high
impedance disable function at the outputs. Data is 
latched into the output register regardless of whether 
the output is enabled or disabled. 

POWER SUPPLIES 

The HS 1068 requires two power supply voltages: VCC 
at + 5.0 Volts and VEE at - 5.2 Volts nominal. The 
return path for lEE is through AGND. The return path 
for most of ICC is DGND. A small amount of ICC is in
ternally separately routed from the VCC pin to the 
analog operational amplifiers. AGND and DGND are 
not internally connected. In normal operation they 
would be tied together at one point underneath the 
converter. In systems with unusually noisy digital 
grounds, some resistive isolation between AGND and 
DGND may be necessary. In this case a small (0.1IJF) 
decoupling capacitor may be necessary from VCC to 
AGND to keep the VCC noise from the op-amps. The 
voltage differential between AGND and DGND should 
be less than ± 0.5V. An alternate method of isolation 
would involve keeping the AGND and DGND tied 
together under the converter and using small resistors 
in series with ferrite beads to isolate the converter's 
DGND from noise-generating bus drivers. These 
resistors cannot be too large as they will degrade the 
noise margin at the non-isolated TTL inputs. 

NAME FUNCTION VALUE PIN 

Vee Positive Power Supply +5.0V 6 

VEE Negative Power Supply -5.2V 4 

AGND Analog Ground O.OV 22 

DGND Digital Ground O.OV 18 

ANALOG INPUT 
The HS 1068 has a nominal input impedance of 1 K 
Ohm and an input voltage range of 1 Volt pop. The 

• HS 1068 can accept either unipolar 0 to 1 V or bipolar 
± 0.5V. Both the input impedance and input voltage 
range may be changed for operation in other modes. 
The values of two external input resistors can deter
mine the input impedance and voltage range of the 
device. Suggested values for various input im
pedances and voltage ranges are shown in Table 1. 

For input voltage ranges and input impedances not 
covered by the Input Resistor Selection Table, the 
following formulas may be used to calculate series in
put resistor R1 and shunt resistor R2 (used to form an 
input "T" attenuator). 

R2 = 
VR 

liN 

R1 = liN -

1 
1000 

1000 R2 
R2 + 1000 

where VR is the desired input voltage range of the 
board, liN is the desired input impedance of the 
board, and the constant value 1000 is the input resistor 
RIN (internal). 

FUNCTION 

Analog Input Voltage 
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CONTROL INPUTS 

Two control inputs are provided for changing the for
mat of the output data. When NMINV is tied to logic 
"0" the most significant bit of the output data is in
verted. When the NLiNV is tied to logic "0" the seven 
least significant bits of the output data are inverted. By 
using these DC controls, the output data can be read 
in binary, inverted binary, two's complement or in
verted two's complement formats. Output data versus 
input voltage and control input state is illustrated in 
Table 2. 

NAME FUNCTION VALUE PIN 

NMINV Not Most Significant Bits Invert TTL 5 
NLiNV Not Least Significant Bits Invert TTL 20 

REFERENCE 

The HS 1068 includes circuitry for generating the 
negative voltage necessary for the flash converter. Two 
reference voltages are made available for application 
circuits. The actual bandgap reference ( + 1.22 Volts) is 
brought out directly. The fullscale reference at the bot
tom of the flash resistor ladder is brought out through a 
470 Ohm isolation resistor. If external trimpots are to 
be used to trim out system errors, these pins provide 
tracking sources exhibiting good power supply rejec
tion for that purpose. 

NAME FUNCTION VALUE PIN 

REF Reference Output 1.22V 1 
RBOT Negative REF -2.07V 3 

CONVERT 

The HS 1068 samples within 10 nS of the rising edge 
of the "CONV" signal. Data is latched into the flash 
data resigter on the next rising edge, then into the out
put register on the next rising edge. Note that there are 
minimum width requirements on the waveshape of the 
CONV signal. If these requirements are met, sampling 
frequencies higher than 20 MHz can be obtained. 
However, the performance specifications are only 
tested with a squarewave 20 MHz convert clock and 
therefore are only guaranteed under these conditions. 

FUNCTION 

AID Clock Input 

DATA OUTPUTS 

The outputs of the HS 1068 are LSTTL compatible and 
are capable of driving ten STTL loads to 50 LSTTL 
loads. The outputs can be put into the high impedance 
state by use of the output enable (low) control pin. A 
TIL low will enable the outputs. Note that the zeroscale 
and fullscale flags are unaffected by outenlow. 

NAME FUNCTION VALUE PIN 

01 (MSB) Most Significant Data Bit TTL 9 
02 TTL 10 
03 TTL 11 
04 TTL 12 
05 TTL 13 
06 TTL 14 
07 TTL 15 
08 (LSB) Least Significant Data Bit TTL 16 
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CALIBRATION 

The HS 1068 is trimmed after warmup at room 
temperature with still air. Operation in different ambient 
temperatures or different airflows may require offset 
voltage adjustment if absolute DC accuracy is impor
tant. The offset adjust pin is used for this purpose, as 
well as for choosing the unipolar/bipolar range of the 
converter. The recommended factory-trimmed bipolar 
range is obtained by leaving this pin "open" (NC). The 
factory trimmed unipolar range is obtained by shorting 
this pin to ground. 

The Thevenin model of this pin consists of 600 Ohms 
in series with a + 0.6 Volt voltage source. When 
shorted to ground 1 mA flows through this pin. Note 
also that this 1 mA "uses up" 1 mA of the current which 
would be available for application circuit use out the 
VREF pin. VREF loading should be kept under 1 mA 
when the converter is used in unipolar mode. When 
adjusting offset in the unipolar mode it is necessary to 
construct a circuit which can sink 1 mA to some delta 
voltage around ground. A simple circuit would use a 
trimpot connected as a rheostat to obtain 1600 Ohms 
nominal between the offset pin and - 2.07V (RBOT) 
(Figure 1). A rheostat connection depends upon ab
solute resistor stability over temperature for its' 
temperature stability. Moreover, with 1 mA through it 
the trim pot will incur self-heating errors. A more elegant 
circuit would use less current in a resistor ratio with an 
opamp buffer as shown in Figure 2. 

OFFSET 
REQUIV 

600Q + O.6V VTHEV 

24 

200Q 
CERMET 

1.SK 

ReOT 470Q - 2.07V 

3 

Figure 1. Unipolar Mode - External Offset Adjustment 

12K 

1K 
CERMET 

20K 

VREF 
.------.,c::.::>----- + 1.22V 

OP·07 

~ 
~ 24 

ReOT 
>----2.07V 

Figure 2. Unipolar Mode - Stable External Offset Adjustment 

The bipolar mode offset adjust requires a source sitting 
close to + 0.6 Volts with fairly high impedance. A 
± 30mV range at the amplifier output requires a 
± 18mV change into the Thevenin network implying 
± 30llA currents. A 5K Ohm potentiometer from 
+ VREF (1.22V) to ground can be used with a 20K 
Ohm resistor from wiper to offset pin to provide 
±30llA into 0.6 Volts for a 30m V offset adjust range 
when in bipolar mode. This loads the + VREF by only 
0.25mA while using a resistor ratio for better 
temperature stability. If the range at the potentiometer 



VREF 
___ .r-"---_ + 1.22V 

5K 
CERMET 

AGND 

20K OFFSET SOOQ 

24 O.SV 

Figure 3. Bipolar Mode - External Offset Adjustment 

VREF 
r----~>__- + 1.22V 

4.99K 

2KQ 
CERMET 

4.99K 

AGND 

OFFSET 600Q 

O.SV 

J" 
24 

Figure 4. Bipolar Mode - Stable External Offset Adjustment 

wiper was limited to ± 20mV by pad resistors at each 
end, the 10K series resistor can be eliminated entirely 
for true ratiometric operation (see Figures 3 & 4). 

The HS 1068 has been laser trimmed under typical 
conditions for a quantization range of 0.992 Volts p-p. 
In unipolar mode, for example, input voltages below 
+ 2mV output code "0" and input voltages above 
+ 0.994 Volts output code "255". System gain may be 
recalibrated at the converter by use of the range adjust 
pin. The recommended adjustment range should not 
exceed ± 10%. In practice, power dissipation con
siderations make it more practical to use this pin solely 
for gain increases, as this tends to reduce the power 
dissipated in the flash resistor ladder. Gain reduction 
can be accomplished over a wide range by use of 
resistor padding at the input. 

The Thevenin model of the range adjust pin is 933 
Ohms to + 1.035V nominal. This point drives an inver
ting gain of two amplifier which supplies the - 2.07V 
reference (at up to 40 mA) to the bottom of the flash 
resistor ladder. Thus converter gain is adjusted by 
directly adjusting the full scale range of the flash itself. 
A gain increase of 10% can be obtained by loading 
down the voltage at the range adjust pin by 10%. A 
simple 1 to 10% gain increase control could consist of 
a 8.6k Ohm resistor in series with a 100k rheostat
connected trimpot to ground (Figure 5). This adjust
ment rapidly becomes less sensitive as the rheostat ap
proaches zero Ohms. A more elegant approach is 
shown in Figure 6. 

lOOK 
CERMET 

RANGE 933Q REQUIV + 1.035VTHEV 

Figure 5. + 1 to + 10% External Gain Increase Circuit 

A negatively offset input range is available for an input 
range of -1.0V to zero volts. This can be accom
plished by tying the REF OUT pin to the OFFSET ADJ 
pin. 

1.82K 

lK 
CERMET 

10K 

VREF 
r------,c>---- + 1.22V 

Figure 6. + 8% to - 1 % External Gain Adjust Circuit 

NAME FUNCTION VALUE PIN 

Range Gain Adjustment 2 
Offset Offset Adjustment 24 

ZERO AND FULLSCALE FLAGS 

The endpoint codes of well behaved converters are of 
indeterminate width - that is they remain "clipped" for 
large values of out-of-range input Voltage. The zero 
and fullscale flags are separate TTL signals to indicate 
that the input voltage is within/outside of the quantiza
tion range of the converter. They can be used to flag 
input protection circuitry when out-of-range values are 
applied, or as start or stop flags to begin processes 
after input-value conditions are met. They are gated 
from data within the pipeline of the converter, so that 
generally they will be valid before the data is valid. This 
allows an external decision to be made based on these 
flags before the data enters the rest of the user's 
system. 

When the flash converter is running in the binary mode 
(and assuming unipolar offsets) the zero scale flag will 
detect the presence of zero or less than zero Volts at 
the input to the HS 1068 (all zeroes on the internal data 
bus). Similarly the fullscale flag corresponds to 
voltages of 0.994 Volts or greater at the input in binary 
mode (all ones on the internal data bus). When the 
flash converter is run in any of its other three possible 
coding formats, the meanings of these flags will 
change accordingly. The first one to consider is com
plementary binary (NMINV, NLlMV = low). In this 
mode the flags' meanings are interchanged. 
"Zeroscale" becomes active (high) at 0.994 Volts or 
greater and "Fullscale" becomes active (low) with in
puts more negative than 2mV. 

Note that "Fullscale" is an LSTTL output, while the 
"Zeroscale" is an LSTTL open collector gate with an 
internal 1.1 KQ pull up resistor. 

AOUT 
The AOUT pin is primarily used as a testpoint in 
calibrating the HS 1068. It supplies an inverted gain of 
two version of the input signal, exhibiting the offsetting 
necessary for unipolar or bipolar operation. A 470 
Ohm isolation resistor protects the internal amplifier 
from ground shorts. Note that a - 50mV nominal offset 
will be found here even in unipolar mode. It is added in 
at the input amplifier to compensate for offsets in the 
flash resistor ladder. This output can be buffered, even 
into a virtual ground, with minimal effect on the digi
tized signal. 
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Input Voltage Range 

ZIN 1V 2V 4V 5V 10V 

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 

50 0 52.3 24.9 24.3 37.4 12.7 40.2 10 45.3 4.99 
75 0 80.6 37.4 39.2 56.2 19.1 60.4 15.4 68.1 7.5 
93 0 102 46.4 48.7 69.8 23.7 75 19.1 84.5 9.31 
1k 0 open 499 1k 750 332 806 249 909 110 

Table 1. Input Resistor Selection Table (Values in Ohms) 

Binary Two's Complement 

Input Voltage True Inverted True Inverted 

Code Center NMINV-1 0 0 1 
In Unipolar Mode NLlNV-1 0 1 0 

0.0000 00000000 11111111 10000000 01111111 
+0.0039 00000001 11111110 10000001 01111110 

· * · * * 

· . · · . 
· . * · . 

+0.4960 01111111 10000000 11111111 00000000 
+0.5000 10000000 01111111 00000000 11111111 

· * · · * 

· * · * * 

· * · · * 
+0.9920 11111110 00000001 01111110 10000001 
+0.9960 11111111 00000000 01111111 10000000 

Table 2. Output Coding Table' 

Note. 1 Input voltages are at code centers and buffer amplifier offset voltage is nulled. 

TIMING DIAGRAMS 
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DYNAMIC TESTING OF THE HS 1068 

The HS 1068 has been designed to minimize the 
dynamic distortions normally found in high speed 
digitizers. Its excellent dynamic performance is due to 
the low aperture jitter in the flash converter and the 
wide gain-bandwidth of the input amplifier. Dynamic 
distortion tests can be compared to the Total Harmonic 
Distortion, Noise and Intermodulation Distortion 
measurements usually made on audio information
carrying channels. 

The dynamic tests done at Hybrid Systems utilize a low 
distortion oscillator, passive filters to insure signal puri
ty, a 20-25 MS/sec fifo buffer and a computer. A fiat
topped pulse generator is also used, without filtering, 
to measure settling times. 

The SNR test is the primary measurement of signal 
fidelity. As performed at Hybrid, the test sequence in
volves running the converter under typical still room air 
conditions at 20 MS/s and grabbing a buffer of 4k 
points length. The data is multiplied by a Von Hann 
window, then a 4k point FFT is computed. The 
resulting spectrum is very carefully measured. The fun
damental frequency is first identified, then the rms 
"Voltage" of the entire window-smeared fundamental 
section of the spectrum is computed. This section of 
the spectrum is then "notched out" by manually set
ting these frequency bins to zero. The rms sum of the 
rest of the spectrum is then computed and is 
designated the "noise". Note that any distortions or 
spurious signals (i.e. oscillations or power supply beats 
etc.) will be included as "noise". A linear spectrum ap
proximating the Fourier Integral is the result of an FFT. 
Any non-harmonic component in the data will faithfully 
be reproduced, without the ambiguity associated with 
a Fourier Series expansion, which assumes a signal 
may be completely described by its harmonics. 

Sampling theory can be used to derive the SNR of an 
ideal converter, one whose only error is due to the 
quantization of the numbers describing each point. 
The result is the well known formula: 

SNR (rms sig to rms "noise") = 6.02 x N + 1.76 dB 
where N = number of bits in quantized number 

In this formula the 1.76 dB applies for all practical 
cases where the quantization noise will be uncorrelated 
(white) with respect to the input signal. (This number 
approaches zero as the input signal approaches DC 
compared to the sampling frequency -- in so-called 
"coarse quantization"). 

Figure 11 shows the excellent agreement between 
theory and the SNR algorithm when ideal computer
generated data is measured. Remember that 49.92 dB 
SNR is the ideal number for an 8 bit converter with no 
linearity errors and is due to the quantization noise 
alone. If a converter were to exhibit 1/2 LSB of linearity 
errors, its SNR would be expected to show 3 dB less 
SNR. At 1 LSB of linearity error, 6 dB less SNR is ex
pected. The HS 1068 under typical conditions exhibits 
V2 LSB linearity at up to 1.1 M Hz (Figure 12) inputs 
and is still showing 1 LSB error at 4.0 MHz fullscale 
inputs. For less than fullscale input levels or when 
cooled, the HS 1068 can exhibit lower total linearity 
errors. 
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Figure 11. FFT of Ideal 8-Bit Converter 

The SNR vs. Input Level graph (Figure 14) points out 
one of the design compromises at the input buffer. 
Fullscale high frequency signals generate some (up to 
1 .25%) harmonic distortion when the buffer is internally 
compensated for settling time optimization. 

The converter power bandwidth is defined separately 
from the - 3 dB frequency of the input amplifier. 
Power bandwidth here means the frequency at which 
a full scale input sinewave causes spurious codes. As 
such it is related to a slew rate, above which the dif
ferential delay through the flash comparators can 
cause a gross encoding error. At room temperature 
conditions, the power bandwidth is typically 13 MHz, 
well above the normal Nyquist bandlimit for 20 MS/sec 
encoding. Spurious codes are detected by measuring 
the variance in 10 SNR measurements, representing 
40,960 samples. A variance of 0.1 dB or more in
dicates that a spurious code was present. (Some 
variance will always occur due to the random start 
points of the sampled sine waves -- typically sigma 
squared equals 0.01 dB or less.) 

The beat frequency test is another powerful dynamic 
test technique, and is used at Hybrid Systems to 
measure settling times, as well as a graphical tool for 
"seeing" spurious codes (Figure 15). A stable frequen
cy oscillator is set to a small delta frequency over the 
sampling rate. The resulting output data' 'walks 
through" the input wave with very small time steps. 
The frequency is picked to produce one full cycle of 
this beat frequency in one buffer (4k points) of data. 
Settling times may be measured very accurately 
because the very low aperture jitter of the flash con
verter ensures the accuracy of the resulting "walked 
through" data points. 

Histogram testing is a useful tool to evaluate the 
dynamic differential linearity of a video speed con
verter. A filtered sine wave is applied to the converter 
and 10 buffers of 4k points are stored. The number of 
occurences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of the same gain and offset. The ratio of the real 
number of occurences to the ideal number of occur
ences yields an effective code width for each code. 
The ideal code width (one) is subtracted from this ratio 
to yield the dynamic differential linearity error as shown 
in Figures 16 thru 18. The excellent dynamic perfor-



mance of this part shows up as near ideal dynamic dif
ferentiallinearity. even as the input frequency ap
proaches and exceeds the Nyquist bandlimit. Other 
flash converters must utilize internal grey scale en-
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coders to limit the extent of dynamic differential linearity 
errors at frequencies as low as one half the Nyquist 
bandlimit -- and still cannot guarantee no missing 
codes at these frequencies -- caveat emptor! 
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ORDERING INFORMATION 

TEMPERATURE 
MODEL RANGE DESCRIPTION 

HS 1068C - O°C to + 70°C 8-Bit, 20 MHz ADC 

HS 1068B - 55°C to + 125°C 8-Bit, 20 MHz ADC, 
MIL-STD-883C Screening 



~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete analog front-end and 25MHz ADC 

in a single package 
• Low power consumption, 1W 
• DC stabilized input amplifier 
• Pin selectable RS170/RS343 gains 

DESCRIPTION 
The SP1070 is a complete flash analog to digital 
converter that includes all the circuitry necessary to 
convert video frequency analog signals into 8-bit 
digital data at rates up to 25 mega samples per 
second. The SP1070 is completely self contained 
providing a low power, 8-bit, 25M Hz, flash ND; a 
DC-stabilized wideband input amplifier; overload 
protection/recovery circuitry and 2.5 volt boot
strapped reference in a single 28-pin package. 

FUNCTIONAL DIAGRAM 

SP1070 

8-BIT 25 MSPS 
AID CONVERTER 

The combination of all this circuitry into a single 
hermetic 28-pin DIP offers significant savings in 
board space; It also saves on component, assem
bly and design costs, while offereing tremendous 
flexibility in application circuits. Operation over the 
full military temperature range (-55°C to + 125°C) 
and full compliance with MIL-STD-883C is available. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Supply Voltage 

Digital Input Voltage 

Analog Input Voltage 

SYMBOL 

VCC 

+VA 

VEE 

-VA 

VIN(D) 

VIN(A) 

Reference Voltage Span (AGND - Vpin sJ. 

Applied Output Voltage -

Junction Temperature Tj 

Storage Temperature Tstg 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER SYMBOL 
MIN 

Digital Supply Voltage (Positive) VCC 4.75 

Analog Supply Voltage (Positive) +VA 4,75 

Digital Supply Voltage (Negative) VEE -3,0 

Analog Supply Voltage (Negative) -VA -4,7F 

Analog Ground (AGND-DGND), -0,1 

Analog Input, Range ADJ and OFFSET ADJ Open VIN(A) 0,0 

Digital Input Voltage, HIGH VIN(D) 2,0 

Digital Input Voltage, lOW 

Applied Output Voltage Vo 0,0 

CONV Pulse Width, lOW tpWL 15 

CONV Pulse Width, HIGH tpWH 5 

Clock Frequency, Max fClK 25 

Operating Ambient Temperature TA 0 

Operating Case Temperature TC 

PERFORMANCE CHARACTERISTICS 

PARAMETER SYMBOL TEST CONDITIONS 

(FSample = 20 MHz)' 

Resolution N 

Integral Linearity Error ELI DC, Best Straight Line 

Differential Linearity Error EDI DC 

RMS Signal/RMS Noise SNR 1,123 MHz Input 
+ Distortion 2.234 MHz Input 

'4A56 MHz Input 

Differential Phase DP FS = 4 x NTSC Carrier 

Differential Gain DC FS = 4 x NTSC Carrier 

Aperture Error EAP Apeture Jitter 

Full Power Bandwidth BW No Missing Code 

Input Amplifier Full Power Bandwidth ABW Freq -3 dB 

Settling Time (to 0,1%) ts Full Scale Transition 

Amplifier Overshoot Os 

Overload Recovery tREC ±500 mV Overdrive 

Input Amplifier Noise 10 MHz Bandwidth2 

Range AMP Bandwidth 

Range AMP Settling One Volt Step at RBOT 
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VALUE UNITS 

7,0 V 
17,5 V 

-7,0 V 

-17,5 V 

5,5 V 

±5,5 V 

2,2 V 

5,5 V 

150 °c 

-65 to + 150 °c 

TEMPERATURE RANGE 
O'Cto +70'C -55'C to + 125'C UNITS 

TYP MAX MIN TYP MAX 

5,0 5.25 4,5 5,0 5,5 V 

5,0 15,0 4,75 5,0 15,0 V 

-5,0 -6,0 -3,0 -5,0 -6,0 V 

-5,0 -15,0 -4,75 -5,0 -15,0 V 

0 +0,1 -0,1 0 +0,1 V 

+1,0 0,0 +1,0 V 

2,0 V 

0,8 0,8 V 

VCC 0,0 VCC V 

15 nS 

5 nS 

25 MHz 

70 °c 

-55 +125 °c 

TEMPERATURE RANGE 
O'Cto +70'C -55°C to + 125'C UNITS 

MIN TYP MAX MIN TYP MAX 

8,0 8,0 Bits 

±0,5' ± 1,0 to,5 ± 1,0 LSB 

tOA' to,85 tOA ±075 lSB 

45 47 44 47 dB 

44 45 43 45 dB 

38 40 36 40 dB 

Degree 

% 

±300 ±300 pS 

MHz 

20 20 MHz 

60 100 60 150 nS 

% 

10 10 nS 

200 200 "VRMS 

MHz 

0,5 1,0 0,5 1,0 "Sec 



SWITCHING CHARACTERISTICS 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°C to +70°C - 55°C to + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Maximum Conversion Rate FS VCC' VEE ~ MIN 25 30 20 25 30 MHz 

Sampling Time Offset tSTO VCC' VEE ~ MIN 0 10 0 10 nS 

Digital Output Delay to VCC ~ MIN 15 19 15 19 nS 

Digital Output Enable tpZL VCC ~ MIN 20 20 nS 

Digital Output Disable tpHZ VCC ~ MIN 15 15 nS 

Overflow tOVF VCC ~ MIN 20 20 nS 

CONV Pulse Width, LOW tpWL VCC ~ MIN 15 15 nS 

CONV Pulse Width, HIGH tpWH VCC ~ MIN 5 5 nS 

INPUTS 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°C to + 70°C - 55°C to + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Input Current, Logic LOW IlL 

OE@OAV -0.1 -0.4 -0.1 -08 mA 

CONV@OAV -0.1 -0.4 -01 -0.8 mA 

Input Current. Logic HIGH IIH OE@2.7V 20 40 I'A 

CONV 100 100 ~A 

Input Voltage, Logic LOW VIL 0.8 0.8 

Input Voltage, Logic HIGH VIH 2.0 20 

Analog Input Resistance RIN 0.99K 1K 101K 0.99K lK 101K 

Analog Input Capacitance CIN pF 

Input Offset Current IB IB ~ VOS/I K Ohm 0.1 01 mA 

Gain Error EG ±O 1 ±O 1 UIO 

Bipolar Offset Error ±05 ±01 LSB 

Unipolar Offset Error ±05 ±O 1 LSB 

Bipolar Offset Error Tempco TCB LSB's/oC Case temp rise ±0.01 + 0.005 LSB/oC 

Unipolar Offset Error Tempco TCU LSBs/OC Case temp rise ±0.01 +0005 LSB/OC 

DIGITAL OUTPUTS 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°Cto +70°C - 55°C to + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Output Leakage Current, Logic LOW ILOL Vo ~ OAV (3-State) -50 -50 ~A 

Output Leakage Current, Logic HIGH ILOH Vo ~ 2.4V (3-State) 50 50 ~A 

Output Voltage, Logic LOW VOL 10L ~ 4mA 0.35 0.4 0,35 OA V 

Output Voltage, Logic HIGH VOH 10H ~ -OAmA 2A 3,0 2A 3.0 V 

Short Circuit Output Current lOS VCC ~ MAX, Output HIGH, 1 sec 35 35 mA 

Output Capacitance COUT (3-State) 9 9 pF 

REFERENCE 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS O°Cto +70oC - 55°C to + 125°C UNITS 
MIN TYP MAX MIN TYP MAX 

Reference Voltage VREF VREF OUT 2A9 2,500 2,51 2A8 2,500 2,52 V 

Reference Current, Sourced IREF VREF to GND 8 8 mA 

Reference Adjustment Range RADJ Recommended Range4 -1,0 -2,0 -1.0 -2.0 V 
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POWER SUPPLIES 

PARAMETER 

Positive Oigltal Supply Current 

Negative Oigital Supply Current 

Positive Analog Supply Current 

Negative Analog Supply Current 

Power Dissipation 

Fs = 20 MHz 

PIN ASSIGNMENTS 

PIN SYMBOL 

1 RANGE ADJ 

2 POS IREFOUT 

3 REF OUT 

4 RANGE IN 

5 NEG IREFOUT 

6 -VAN 

7 OFLO 

8 +VAN 

9 +VDIG 

10 OE 

11 D1 

12 D2 

13 D3 

14 D4 

15 D5 

16 D6 

17 D7 

18 D8 

19 -VDIG 

20 DGND 

21 CONV 

22 -VAN 

23 AOUT 

24 AGND 

25 AIN 

26 POSOFF 

27 NEG OFF 

28 GAIN ADJ 

SYMBOL TEST CONDITIONS 

ICC VOIG = 5.0V 
VOIG = 5.5V 

lEE -VOIG = 5.0V 
-VOIG = 6.0V 

+IAN +VAN = 5.0V 
+V AN = 5.5V 

'-IAN -VAN = 5.0V 
-VAN = 5.5V 

VOIG = V AN = Nominal 

-VDIG = -VAN = 10% High 

FUNCTION 

Range Adjust 

Isolated Reference Out, Positive, 2.5V 

Reference Out, 2.5V 

Full Scale Range Adjust 

Isolated Reference Out, Negative, 2.05V 

Negative Analog Supply Voltage 

Overflow Detector, Active High 

Positive Analog Supply Voltage 

Positive Digial Supply Voltage, + 5V 

Output Enable Low 

Data Bit 1 

Data Bit 2 

Data Bit 3 

Data Bit 4 

Data Bit 5 

Data Bit 6 

Data Bit 7 

Data Bit 8 

Negative Digital Supply Voltage 

Digital Ground 

Convert Low 

Negative Analog Supply Voltage 

Test Point (Amplifier Output, Flash Input) 

Analog Ground 

Analog Signal Input 

Positive Offset Adjust 

Negative Offset Adjust 

Gain Adjust 

ORDERING INFORMATION 

TEMPERATURE 
MODEL RANGE DESCRIPTION 

SP 1070C -O°C to + 70°C 8-Bit, 25 MHz ADC 

SP 1070B - 55°C to + 125°C 8-Bit, 25 MHz ADC, 
MIL-STD-883C Screening 
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TEMPERATURE RANGE 
O°Cto +70°C 

MIN TYP MAX 

114 

10 
10 

26 

43 

0.965 

PIN ASSIGNMENTS 

RANGE ADJ 1 

POS IREF OUT 2 

REF OUT 3 

RANGE IN 4 

NEG IREF OUT 5 

-VAN 6 

OFLO 7 

+VAN 8 

+VDIG 9 

OE 10 

Dlll 

D2 12 

D3 13 

D414 

:::.' 

.::: 

::.". 

...... 

PACKAGE OUTLINE 

I- 0.775 MAX-J 
I (19.685) I 

MIN 
- 55°C to + 125°C 

TYP 

114 
123 

10 
10 

26 
26.5 

43 
43.5 

0.965 

1.117 

' .. : 
'0.: 

:::. 

',.: 

0'::; 

MAX 

28 GAIN ADJ 

27 NEG OFF 

26 POS OFF 

25 AIN 

24 AGND 

23 A OUT 

22 -VAN 

21 CONY 

20 DGND 

19 -VDIG 

18 D8 

17 D7 

16 D6 

15 D5 

UNITS 

mA 
mA 

mA 
mA 

mA 
mA 

mA 
mA 

W 

W 

l ~ • • 0.018 ±0.002 

J I (0.457 ± 0.050) 

(~:~~) 1-(105~:400)-l 
RED DOT 
INDICATES PIN 1 

['.1 28 

• 14 15 • 

TOP VIEW 

0.220 MINI-t (5.588) I- 0.175 MAX 
I (4.445) 

1.475 MAX 
(37.465) 

[ 0.03 
(0.762) 

STANDOFFS 
SUPPLIED 

AT MFG. OPTION 



THEORY OF OPERATION 
The SP 1070 consists of four circuit blocks: the input 
amplifier, the fullscale range amplifier, the 2.5 Volt 
reference, and the flash converter and its control logic. 
The analog and digital grounds are separated to pro
vide flexibility in system grounding and decoupling. 
The additional isolation of the amplifier supplies from 
the flash supplies allows a wide range of supply 
voltages or decoupling schemes to be utilized. 

The input amplifier is a DC stabilized feedforward 
design which overcomes the DC drift and warmup 
problems of a single stage design. It features two sum
ming inputs which may be pin strapped together for 
0.714 Volt (RS343) fullscale or used separately for 
1 Volt (RS170) or 2.5 Volt fullscale nominal levels. A 
third summing input can provide a 1.25 Volt input 
range. Any of these pins which are not used as signal 
inputs may be used as offset adjustment points. Un
used inputs should be left unconnected to maintain 
maximum amplifier bandwidth. 

Typical sources can drive the 714-to-2.5K Ohm input 
impedance. External resistors to ground can be used 
to terminate 50 or 75 Ohm cabling. Higher input 
fullscale voltages can be applied by constructing an 
external "Tee" attenuator of the desired impedance. 

The feedforward configuration provides two modes of 
adjusting system offset. Offset voltages may be applied 
to any of the unused summing inputs or to the amplifier 
non-inverting terminal at NEG OFF ADJ. Note that the 
operation of these two points is complementary - a 
positive voltage on a summing input will offset the 
amplfier output negatively, while the same voltage on 
the NEG OFF ADJ pin will force the amplfier in the 
positive direction. The NEG OFF ADJ pin is a high im
pedance point and is therefore preferred for use with 
trim pots or E2POTS. An external current output DAC 
can be used with any of the summing inputs to provide 
a current mode (high speed) programmable amplifier 
offset. The positive offset adjust pin can be used for 
this purpose when either of the video standard gains is 
chosen, and requires a DAC voltage compliance of on
ly 1.25 Volts for a full-scale offset change ( + 1 mA). 

When the 1 Volt range is chosen, the normal factory 
trimmed ranges may be chosen by: 
a) 0 to 1V - ground NEG OFF ADJ, 

POS OFF ADJ = unconnected 
b) - 0.5 to + 0.5 - ground NEG OFF ADJ, 

connect POS IREF to GAIN ADJ 
c) -1 to OV - ground NEG OFF ADJ, 

connect VREF to GAIN ADJ 

A resistor isolated (500 Ohm) analog output testpoint is 
brought out for debugging or application circuit use. 
Note that it will show any offsets necessary for proper 
operation over the - 25mV to - 2.025V (nominal) input 
range at the flash input. Amplifier settling time is op
timized at the factory by an internal variable capacitor. 

The 2.5 Volt reference is a fixed positive reference us
ed to generate tracking outputs for pin strap offset and 
gain options. VREF is normally tied to the inverting 
range amplifier input to generate the - 2.025V nominal 
reference to the bottom of the flash resistor ladder. 
User adjustment of system gain is normally done at the 
range amplifier adjust input. The VREF output is buf
fered and up to 8mA is available for use in application 
circuits. The second output, POS IREF, provides a 
2.5K Ohm series resistor to generate 1 mA nominal into 
a virtual ground. This pin is especially useful for sup
plying a reference current to an external DAC for pro
grammable gains or offsets. 

The range amplifier is an inverting amplifier with a 
power buffer used to generate the large currents need
ed to drive the flash resistor ladder. It directly sets the 
fullscale range at the flash converter. Any gain adjust
ment should be done here at the range adjust pin (nor
mally grounded for factory laser trimmed nominal 
gains). The settling time to 0.1 % of this amplifier is less 
than 1 s. By use of an external current mode DAC, the 
fullscale range of the converter may be updated very 
quickly, during one horizontal flyback interval, for 
example. A DAC drawing 0 to 1 mA from the RANGE 
ADJ pin can program an effective two-to-one gain 
increase at the expense of some loss of differential 
linearity at the highest gains. Gain decreases are best 
accomplished by attenuating at the input. 

The input amplifier, range amplifier and reference all 
share the isolated supplies + VAN and - VAN. For 
minimal power dissipation the best choice for these 
supplies is + 5V, - 5.2V, but any values up to ± 15V 
are possible, allowing the system designer to choose 
the "cleanest" supplies available. The flash converter 
requires + 5V nominal and a negative supply of - 3 to 
- 6 Volts ( - 5 Volts nominal if tied to - VAN) at VCC 
and VEE pins respectively. Only 53mA of current is 
necessary from a single - 5.2 Volt supply when VEE is 
tied to - VAN. 

The flash converter requires a TTL convert clock from 
DC to 25 MHz. The outputs are enabled when OUT 
EN is at TTL low. The OVERFLOW output is not three
stateable, and is not affected by the OUT EN control. 
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OUTPUT CODING OF SP 1070 
The SP 1070 outputs are in complement binary form. 
The table below gives the input voltage at pin 25 for 
both 0 to 1 V fullscale operation (pins 26, 28 open) and 
for ± 0.5V fullscale (pin 3 to pin 28). For a negative 
input voltage range ( - 1 to OV) tie pin 3 to pin 26. 
Operation at other ranges will be similar to the comple
ment binary and offset complement binary ranges 
shown. Binary coding requires external inverters at 
outputs. 

Bipolar 
+ Unipolar (VIN at Code Centers) -Unipolar Code Output Overflow Output 

00039 -0.5039 -1.0039 11111111 

00000 -05000 -1.0000 11111111 

+00039 -04960 -09960 11111110 

+04960 -00039 -05039 01111111 

+05000 00000 -05000 1000 0000 

+0992 +0.4920 -00080 00000001 

+0996 +04960 -00039 00000000 

+ 1000' +05000' 00000' 00000000' O' 

noldeteclpdaloverflowoulpul 

CALIBRATION 
The SP 1070 is laser trimmed for unipoar and bipolar 
gains and offsets utilizing the 1 Volt fullscale range in
put (pin 25). The other input resistors are passively 
trimmed to correctly ratio the input resistor at pin 25. 
Normal room temperature operation will require no ex
ternal trimming. Offset and gain errors arising from 
earlier stages of the system, or the utilization of the pro
grammable gain and offset pins for more sophisticated 
applications may require external gain or offset trim
ming. Pins 2 and 3 provide positive voltages and pin 5 
provides a negative reference voltage which exhibit ex
cellent power supply rejection and should be used to 
drive any external trim pots or current mode D/A con
verters used for trimming. 

One simple offset adjustment circuit is shown below. 
This circuit utilizes the internal resistors at pins 2 and 5 
to minimize the ratio drift that external resistors will ex
hibit. No input pins are "used up" by this circuit, allow
ing it to be used for all unipolar input ranges. Note that 
the resistor at pin 2 will show some variation from the 
absolute 2.5K Ohm value shown, as it has been laser 
trimmed when connected to pin 28 for bipolar offset 
adjustment. This circuit uses pin 28 and thus cannot 
easily be used to trim bipolar mode offset - the circuit 
of Figure 2 will trim both unipolar and bipolar offsets. 
Note that now pin 28 is "used up", and is unavailable 
for use in setting the fullscale input range, as in the 
± 0.357 Volt fullscale input range. Figure 3 shows a 
circuit which does not need pin 28 and allows in
dependent adjustment of unipolar and bipolar offsets. 
Unipolar offset should be adjusted first, as this trimpot 
will affect both unipolar and bipolar offsets. Note that 
for bipolar operation only, pin 27 can be grounded 
and the 200 Ohm trimpot is unnecessary. 
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The gain of the SP 1070 is adjusted by sinking or sour
cing current into the RANGE ADJ (pin 1). This opera
tion will cause the - 2.05 Volts at the flash converter 
reference to change, thus directly setting the fullscale 
range. The voltage at NEG IREF (pin 5) will change 
correspondingly. When NEG IREF is used to drive ex
ternal offset adjustment rimpots in fixed gain applica
tions the gain should be adjusted as early in the trim 
procedure as possible. This will minimize the inter
action between the gain and offset trims. 

Note that external trim circuits which use the NEG 
IREF pin to set the reference of a multiplying DAC 
(such as a DAC-08) will exhibit a very useful feature: 
the offset can be set to any percentage of fullscale 
which is desired, than as the gain is changed over the 
allowed 2 to 1 range, the offset will track accordingly. 

Some useful, although complex to analyze, circuits can 
be used for gain increases. For example, after tying 
pin 3 to pin 4 for normal operation, pin 5 can be tied to 
pin 1 for a 25% gain increase ( - 1 .52 Volts fullscale at 
the flash). If an external resistor is added, as in Figure 
4, infinitely adjustable gains of 0 to 10% can be 
achieved, although temperature stability will be deter
mined by the temperature stability of the ratio of exter
nal to internal resistors. 

Gain reduction (setting the flash reference more 
negative than the - 2.05V nominal) is discouraged, as 
the range amplifier headroom from the NEG VAN sup
ply is limited at minimum NEG VAN values. The refer
ence voltage at the flash can safely be brought to 
- 2.2 Volts only if the NEG VAN supply is more 
negative than - 4.9 Volts. Gain reduction is easily 
done by resistor padding at the inputs or by choice of 
an appropriate input pin. 

POS IREF 2.SK 
2 +2.SV 

-
~ 

200Q 
CERMET 

-b~ 
2.0K 

-2.0SV 

Figure 1. Simple Unipolar Range Offset Adjustment Circuit 

UNIPOLAR/BIPOLAR 

2.49K,l% VREF 

3 +2.SV 

I 
NEG OFFSET ADJ __ ...1 ~ 

;f0.1~F -J:: ~ 
NEG IREF 2.0K -2.0SV 

Figure 2. Unipolar/Bipolar Range Offset Adjustment Circuit 



Full Scale 010 714mV Unipolar or 
Range ±O 357V Bipolar 

BIPOLAR 
OFFSET ADJ 

1-------<p-------~+2.5V 

200Q NEG OFFSET ADJ .J 
CERMET~--

200Q 
CERMET 

"GAIN ADJ" 

NEG IREF 

-1.82 TO 
- 2.05V 

TO FLASH 

~[t,'6~k~RI ~O.l~F 
OFFSET ADJ - NEG IREF 

Figure 4. Gain Adjustment Circuit for 0 to 10% Gain Increase 

t-_"'2.yOK_---------' -2.05V 

Figure 3. Offset Adjustment Circuit for Bipolar Range 
When Pin 28 is Used in Pin Strapped Gain Selection 

System Timing Diagrams 

tCKDV and tH measured at output levels of 0.8 and 2.4 volts. 

-3.0V 
EN O.9V 

EN 

tEHZ-
HIGH DATA 

OUTPUT 

tELZ 
LOW DATA 

OUTPUT ---...II 

TIMING CHARACTERISTICS (TA 

Parameter 

INPUTS 

Min Clock Pulse Width - High 
Min Clock Pulse Width - Low 
Max Clock Rise, Fall Time 
Clock Frequency 

OUTPUTS 

New Data Valid from Clock Low 
Aperture Delay 
Hold Time 
Data High to 3-State from Enable Low' 
Data Low to 3-State from Enable Low' 
Data High to 3-State from Enable High' 
Data Low to 3-State from Enable High' 
Valid Data from Enable High (Pin 20 = OV)* 
Valid Data from Enable Low (Pin 19 = 5.0V)* 
Output Transition Time' (10%-90%) 

25°e, Vee = +5.0V, VEE = 5.2V. 

Symbol Min 

tCKH 
tCKL 
tR,F 
fCLK 0 

tCKDV 
tAD 
tH 

tEHZ 
tELZ 
tEHZ 
tELZ 
tEOV 
tEOV 

ttr 

See System Timing Diagram.) 

Typ Max Unit 

5.0 ns 
15 ns 

100 ns 
30 25 MHz 

19 ns 
4.0 ns 
6.0 na 
27 ns 
18 ns 
32 ns 
18 ns 
15 ns 
16 ns 
8.0 ns 383 



CLOCK 
INPUT 

"BNC" 
ANALOG 

INPUT 

INPUT 
RANGE 

N.C.-

"OPEN" = 0 TO 1 VIN 
"CLOSED" = 0.5 TO +0.5 VIN 

'" N '" 
Z ::t: « > 
> Z 

I 0 
U 

SP 1070 

-== rvYV"\ 
Notes 
1 Optional Ferrite bead or lO-SOQ resistor 
2 -VAN at pins 22. 61s mternallyconnected 
3 AGND DGND lied externally at pins 24.20 

Ground plane yrelds besl results 
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DYNAMIC TESTING OF THE SP 1070 

~ 
u. Z w « !E > 
I I 

The SP 1070 has been designed and characterized 
upon a high speed dynamic test system developed at 
Hybrid Systems. It's wide bandwidth amplifier and 
Gray scale encoded flash converter provide excellent 
dynamic performance at sampling frequencies to 
25 MHz. 

All dynamic performance characteristics as well as all 
DC trimming and linearity specifications are 100% 
tested at a sample rate of 20 MHz. Note that the DC 
linearity specifications become even better as the sam
ple rate is lowered. SP 1070 "B" grade parts are 
tested at 20 MHz over the full military temperature 
range. The parts are also characterized here at room 
temperature at 25 MHz. 

Figures (A) and (B) shown an FFT and a signal-to
noise + distortion number at each frequency input. Any 
harmonics of the fundamental which show in the 
graphs are due to integral nonlinearity in either the in
put amplifier or the flash converter transfer curve. Any 
noise in the hybrid or any dynamic differential linearity 
errors will raise the noise floor of the graph above that 
generated by 8-Bit quantization noise floor of an ideal 
converter. Note that higher order harmonics will alias 
back down into the FFT spectrums shown. The SNR 
number as defined here represents a figure of merit 
representing the total dynamic error of the converter. 
Integral non-linearity will usually be the error which 
limits this number, as any harmonic spectral lines will 
rapidly degrade this number. However, this method of 
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SP 1070 Connection Diagram 
Minimal Power Dissipation Application Circuit 

measurement insures that all potential sources of 
"spectral noise" have been accounted for, including 
potential oscillations of the reference, sub-harmonics of 
the clock frequency due to crosstalk, code dependent 
ground currents or any other error not related to ab
solute gain or offset. A SINAD of 47.1 dB at 1.12 MHz 
can be converted to 7.53 effective bits. The dominant 
error source is the two harmonic lines evident in the 
graph. Thus the integral linearity error at 1.12 MHz in
put can be seen to be better than 1/2 LSB. 

At 4.45 MHz input the FFT plot shows significant lines, 
aliased by the sampling process, at the second, third, 
fifth seventh and ninth harmonics. While none of these 
har~onics are greater than 50 dB below the funda
mental, the rms sum of these lines is primarily responsi
ble for the SNR decrease from the ideal 49.96 dB to 
the 41.6 dB shown. The 4K point FFT's done here at 
Hybrid Systems are four times the length of those done 
by many manufacturers. This results in a plotted quan
tization noise floor 12 dB below that of other manu
facturer's graphs. The advantage is that the cause of 
any SNR decrease can be identified - here the in
tegrallinearity of the amplifier/flash combination can be 
identified as the limiting factor to the SNR number. It 
can be said with confidence that no "spurious codes" 
or extremes in differential linearity error have raised the 
noise floor and limited the SNR measurement. Note 
that shorter length FFTs with the resulting raised plot
ted noise floor might not show these lines at all - they 
could be "buried" in the noise floor, and no such judg
ment would be possible. 



In addition, the SNR number as measured here at 
Hybrid is actually the average of 10 SNR computa
tions. If a non-Gray scaled flash is run near its power 
bandwidth limit, a finite probability exists that the con
verter can "make a mistake" in assigning a binary 
number to a voltage which was rapidly changing. This 
"mistake" would show up on an FFT as the raised 
noise floor, as described above. By measuring the 
variation in the 10 SNRs which are averaged, it is 
possible to detect this kind of spurious code. The Gray 
scaled flash converters used in the SP 1070 do not ex
hibit this type of catastrophic error. Some degradation 
with increasing input slew rate is unavoidable - it can 
only be helped by the use of an extremely fast 
sample/hold in front of the analog input. However, the 
use of an internal Gray scale as a minimum distance 
code will have a useful effect upon the severity of any 
errors: even when the comparator determining the 
MSB is in error, the binary number which is output will 
be only a few LSB's away from the correct code. Thus 
the relative accuracy of the SP 1070 will be seen to 
degrade with increasing slew rate in a gradual and 
graceful manner - no "sparkle codes" will show up in 
the reconstructed video output, and at most the output 
will exhibit a dither-like noise, which the eye would 
average out if displayed upon a screen: The new pro
blem is how to accurately specify the dynamic perfor
mance of such a device. 

The dynamic testing and specifications of this part 
were designed to give a true indication of its perform
ance. A new specification, dynamic differential linearity, 
is used to quantify the degradation in accuracy in
herent in flash converters as the input signal slew rate 
is increased. It can be shown from histogram testing of 
Gray scale error-corrected flash converters, that the 
first DC specification which begins to get worse as in
put signal slew rate increases is the width of each 
code. Normally the code widths are measured with a 
DC voltage reference and are shown in units of dif
ferentiallinearity error, which is the difference, in frac
tional LSB's, of each code width from the ideal code 
width. Dynamic differential linearity error is a measure 
of the width of each code when a pure sine wave of 
known frequency and amplitude (and hence one of de
fined maximum slew rate) is applied to the flash 
converter. 

FFT OF 1.123456789 MHz. SNR = 47.168583 dB 
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Histograms of pure sine waves are used to compute 
the code widths. Figure (C) shows the reconstruction of 
a sine wave of just over 5 MHz applied to the input of 
an SP 1070. Thirty buffers of 4K points each of these 
sine waves are stored, then used to generate the histo
gram of Figure (D). A curve fitting algorithm is then run 
to compute the "best fit ideal sinusoidal histogram" of 
Figure (E). The ideal histogram is used to calculate the 
number of times each code should have occurred. The 
number of actual occurrences of each code is ratioed 
to this ideal number. Codes which occurred fewer 
times than expected exhibited small code widths. The 
difference between the actual and the expected code 
widths can be normalized into units of differential 
linearity error in fractional LSB's. A plot of this "dyna
mic differential linearity error" is shown in Figures (F) 
and (G). The first was run with an extremely low fre
quency input, the second at 5 + MHz, and both were 
run at a sampling frequency of 25 MHz. An error of 
- 1 LSB would indicate a missing code. Operation at 
lower sampling frequencies will yield even better dyna
mic differential linearity than the plots at 25 MHz show. 

The specifications show an "input power bandwidth" 
number. This number is not related to the amplifier fre
quency response - typically the amplifier is only 2 dB 
down at 20 MHz fullscale inputs. What this number is 
meant to indicate is that for signals exhibiting slew 
rates equivalent to the slew rate of a fullscale input of 
this frequency (or lower), the code widths are guran
teed to be greater than zero - no missing codes. 
Signals of greater slew rate may begin to show the ef
fects of the Gray scale error minimization - appearing 
slightly noisy, especially near major transitions. If the 
application requires absolute fidelity in the reconstruc
tion of fullscale signals of comparable slew rates, the 
use of a properly timed sample/hold in front of the 
analog input is recommended. An example would be 
where a system was attempting to demodulate a 
fullscale 10 MHz intermediate frequency. Note that 
most bandwidth limited signals, such as broadcast 
quality video, or signals limited by an external anti
aliasing filter, exhibit only small amounts of high fre
quency energy, and that 1/2 scale inputs at twice the 6 
MHz input power bandwidth exhibit the same slew rate 
as fullscale inputs at 6 MHz, and are thus subject to 
only minimal degradation. 
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SIGNAL PROCESSING EXCELLENCE 

SP1072 

DUAL CHANNEL 
8-BIT 25 MSPS AID CONVERTER 

FEATURES 
• Two 8-Bit 25 MHz Flash A/Ds in a Single Package 
• Separate Input Buffer Amplifier and High Speed 

Limiter for Each Channel 
• Internal Precision Voltage Reference 

DESCRIPTION 
The SP1 072 is a dual channel 8-Bit Flash A/D 
Converter with a common reference and clock 
input. Each channel has its own 25 MHz flash 
converter, input amplifier and high speed input 
limiter. The limiter protects the input of the flash 
converter from positive and negative overrange 
conditions. The input amplifier provides a low 
impedance source to the input of the flash and 
can be configured for different gains. Each 
converter has internal coding to minimize spurious 
codes thereby increasing the accuracy of the 
output code. 

A precision voltage reference is common to both 
channels. The SP1072 is manufactured using low 
power bi-polar flash A/D's, and as a result. power 
consumption varies very little with increasing clock 
frequencies. 

FUNCTIONAL DIAGRAM 

AMP OUT A 

Voo + 12V 

POS INPUT A 

NEG INPUT A 

31 

21 

~33 

32 
~ 

The SPlO72 offers a significant savings in board 
space and analog design effort. Careful layout 
provides maximum interchannel isolation (-54 dB) 
while sampling time offset between channels is 
kept to a minimum (1 nsec). Packaged in a 
hermetic 42 pin package, operation over the full 
military temperature range (-55°C to + 125°C) with 
full compliance to MIL-STD-883C is available. 
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SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS 

.----~------

PARAMETER SYMBOL 

Supply Voltage VDD 

VSS 

VCC 

VEE 

Digital Input Voltage VIN(D) 

Analog Input Voltage VIN(A) 

Junction Temperature 

J ____ 
TJ 

Operating Case Temperature TC 

Storage Temperature TSTG 

RECOMMENDED OPERATING CONDITIONS 

PARAMETER 

Supply Voltage 

Digital Input Voltage. HIGH 

Digital Input Voltage. LOW 

CONY Pulse Width. LOW 

CONY Pulse Width. HIGH 

Clock Frequency. Max 

Operating Ambient Temperature 

Operating Case Temperature 

PERFORMANCE CHARACTERISTICS 

SYMBOL 

VDD 

VSS 

VCC 

VEE 

VIN(D) 

--~-

MIN -r--

+8 

-8 

+4.75 

-3 

2.0 

15 

5 

-55 

-55 
--- --

VALUE 

+15 

-15 

+7 

-7 

+7 

±6 

+150 

+135 

-65 to + 150 

TEMPERATURE RANGE 

-55°C to + 125°C 

TYP MAX 

+12 +15 

-12 -15 

+5 +5.25 

-5 -6 

0.8 

25 

+125 

+125 
-- -----

---- r----------------
TEMPERATURE 

PARAMETER SYMBOL TEST CONDITIONS -55°C to + 125°C 

MIN TYP 

Resolution N 

Integral Linearity Error ELI DC. Best Straight Line 

Differential Linearity Error EDI DC 

No Missing Codes NMC B 

RMS Signal/RMS Noise 1 SNR 1.123 MHz Input 39.B 46 
+ Distortion 9.678 MHz Input 33 

Differential Phase DP FS = 4 x NTSC Carrier 1 

Differential Gain DC FS = 4 x NTSC Carrier 1 

Aperture Delay EAP 4 

Full Power Bandwidth BW No Spurious Code 7 11 

Input Amplifier Bandwidth2 ABW 8 MHz -3 

Settling Time (to 0.4%) IS Full Scale Transition 50 

Delay Time (CH 1-CH2) 1 

Overload Recovery IREC ± 100 mV Overdrive 20 

Input Amplifier Noise 10 MHz Bandwidth 8.8 

Cross Channel Isolation -54 
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UNITS 

V 

V 

V 

V 

V 

V 

°C 

°C 

°C 

UNITS 

V 

V 

V 

V 

V 

V 

ns 

ns 

MHz 

DC 

°C 

UNITS 

MAX 

8 Bits 

±1 LSB 

±1 LSB 

Bits 

dB 
dB 

Degree 

% 

ns 

MHz 

0 dB 

ns 

ns 

ns 

nV/vHz 

dB 



SWITCHING CHARACTERISTICS 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS -55°C TO + 125°C UNITS 

MIN TYP MAX 

Maximum Conversion Rate FS VCC' VEE = MIN 25 MHz 

Sampling Time Offset tSTO VCC' VEE = MIN 4.0 8.5 ns 

Digital Output Delay tD VCC=MIN 19 ns 

Digital Output Enable tpZL VCC=MIN 27 ns 

Digital Output Disable tpHZ VCC=MIN 18 ns 

Full Scale Flag tCFSL VCC=MIN 19 ns 

CONY Pulse Width. LOW tpWL VCC=MIN 15 20 ns 

CONY Pulse Width, HIGH tpWH VCC=MIN 5 20 ns 

INPUTS 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS -55°CTO+125°C UNITS 

MIN TYP MAX 
Input Current. Logic LOW ',L 

OE -400 -100 IlA 

CONY -800 -160 IlA 

Input Current, Logic HIGH "H A 

OE -400 -100 IlA 

CONY -200 -40 IlA 

Input VOltage, Logic LOW V,L 0.8 V 

Input Voltage, Logic HIGH V,H 2.0 V 

Analog Input Capacitance C'N 
Inverting Input 1.0 pf 

Non-Inverting Input 1.0 pf 

Offset Voltage VOFF 13 mV 

Offset Voltage Drift VOFFTC 20 V/oC 

Bias Current 8 25 IlA 

Offset Current 8 IlA 

Open Loop Gain 5000 V/V 

CMRR 60 dB 

Gain Bandwidth Product 400 MHz 

DIGITAL OUTPUTS 

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS 

Output Leakage Current 'LEAK Output High Z -SO +SO IlA 

Output Voltage, Logic LOW VOL 'OL =4mA 0.4 V 

Output Voltage, LogiC HIGH VOH IOH = 100 !!A 2.4 V 

REFERENCE 

TEMPERATURE RANGE 
PARAMETER SYMBOL TEST CONDITIONS -55°C TO + 125°C I UNITS 

MIN TYP MAX 

Reference Voltage VREF VREFOUT 1.992 2.0 2.008 V 

Reference Current. Sourced 2.0 mA 
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POWER SUPPLIES 
-~ 

TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS -55°CTO+125°C UNITS 

MIN TYP MAX 

Supply Current 1003 +12V 80 110 mA 

ISS3 -12V -40 -90 mA 

ICC +5V 225 250 mA 

lEE -5V -20 -40 mA 

Power Dissipation Po VCC = MAX, VEE = MAX Dynamic 2.6 3.8 W 

NOTES 

1. SNR = Signal/Noise + Distortion, fSAMPLE = 20 MHz. 

2. Internal amplifier connected with RIN = 604(20 RF = 1.21 KQ, RNG = 97.6Q. 

3. For ±5V operation contact the factory. 

PACKAGE OUTLINE PIN ASSIGNMENTS 

0.800 
0.400 (20.32) 

I 80000000000008 

1.000 8 8 
(25.4) 8 8 

DIMENSIONS 
IN 

INCHES 
35 (MM) 22 

lJ8 8 

36CJ21 

(10.16) 42 15 

0,056 DIA 
(1.422) 

ODERING INFORMATION 
---------c--" 

TEMPERATURE 
MODEL RANGE 

1 14 

PIN LOCATION (TOP VIEW) 

DESCRIPTION 

SP1072B -55°C to + 125°C DuaI8-Bit, 
25 MHzADC 
MIL-STD-883C 
Screening 
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PIN 

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 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

SYMBOL FUNCTION 

A3 Data Bit 3 Flash A 

A2 Data Bit 2 Flash A 

A1 Data Bit 1 Flash A 

AO Data Bit 0 Flash A 

DGND Digital Ground 

DGND Digital Ground 

CLOCK Clock Input 

DGND Digital Ground 

DGND Digital Ground 

BO Data Bit 0 Flash B 

B1 Data Bit 1 Flash B 

B2 Data Bit 2 Flash B 

B3 Data Bit 3 Flash B 

B4 Data Bit 4 Flash B 

B5 Data Bit 5 Flash B 

B6 Data Bit 6 Flash B 

B7 Data Bit 7 Flash B 

OVERFLOW B Overflow Flash B 

OUTPUT ENABLE B Output Enable Flash B 

VCC Positive Supply +5V 

VDD Positive Supply + 12V 

POS INPUT B Positive Input Buffer Amp B 

NEG INPUTB Negative Input Buffer Amp B 

AMPOUTB Buffer Amp B Output 

AGND Analog Ground 

AGND Analog Ground 

VCC Positive Supply +5V 

N/C No Connect 

AGND Analog Ground 

AGND Analog Ground 

AMP OUT A Buffer Amp A Output 

NEG INPUT A Negative Input Buffer Amp A 

POSINPUT A Positive Input Buffer Amp A 

Vss Negative Supply -12V 

VEE Negative Supply -5V 

VREF Voltage Reference Output 

OUTPUT ENABLE A Output Enable Flash A 

OVERFLOW A Overflow Flash A 

A7 Data Bit 7 Flash A 

A6 Data Bit 6 Flash A 

AS Data Bit 5 Flash A 

A4 Data Bit 4 Flash A 



APPLICATIONS INFORMATION 
THEORY OF OPERATION 
ANALOG INPUTS 
The input amplifiers are uncommitted op amps, 
and inverting or non-inverting connections may 
be used. The recommended Feedback resistance 
is from 1 K to 2K ohms. The minimum noise gain 
should be 10 for optimum response. The amplifier 
output must go from nominal voltages of 0 Volts 
for the low end of the scale and +2 Volts for full 
scale. See figure 1 below. 

24/31 

>-__ .... OV-++2V 

F1=B =_2~ 
I1N FSR Volts 

FIGURE 1 

. if RFB = 1 Kn & FSR = 1 V 
I.e. 

then RFB = 2.I1N = .5 Kn 
I1N 

1 . if RFB = 1 Kn &I1N = .5 KQ 
Fl-GM'\)( =-9-1- I.e. 

~-RIN then Rfo.GM'\)( = 142.Sn 

FOR FULL RANGE 

A bipolar input can be accommodated by using 
another amplifier in conjunction with the internal 
reference. This is accomplished by placing a 
voltage equal to half scale on the negative input 
of the input amplifier (pin 23 or pin 32). In the 
example below the reference voltage (+2V) is 
shifted to -1 0 Volts and then attenuated by a 
factor of 10 to -1 V, which is one-half of full scale. 
This is accomplished by amplifying the reference 
by -5 and attenuating the output by 10 which is 
makes the attenuation resistor 10 times the RFB' 
This resistor should be high impedence to minimize 
its effect on the input amplifier, furthermore, the 
offsetting amplifier should be selected for good 
DC stability over temperature. 

10 RFB 

0.1~F 

10K 
2K 

24/31 

+2V REF OUT 
-1 OV '-'VV'v--~V\/\----{ }-------

36 

FIGURE 2 
TYPICAL BIPOLAR CONNECTIONS 

CLOCKS 
The clock input can easily be increased from the 
20 MHz frequency that is used for dynamic testing 
of the hybrid. Although higher clock frequencies 
have been used, 25 MHz should be used as a 
practical limit. The circuitry layout considerations 
are extensive at 20 MHz and become even more 
critical at higher clock frequencies. When the 
clock frequency is raised the di/dt noise present 
on the 5 Volt supplies increase and become more 
difficult to filter. The clock input is TIL compatible 
and since the clock is common to both channels 
it appears as two parallel nL gates. The analog 
input is digitized just prior to the falling edge of the 
clock signal and is latched from the same falling 
edge to the next rising edge of the clock input 
signal. 

ENABLE INPUTS 
Enable inputs are nL compatible and cause the 
data outputs of the flash to change from a high 
impedance to an active state when brought to a 
logic "1" level. These inputs only control the output 
data latches and do not disable the overrange 
output pins. Although these inputs do not reduce 
the power consumed by the flash converters, 
they also don't cause spurious output codes when 
toggled. The enable pins are resistively coupled to 
a logic level "1" in order to provide a known 
operating condition in the event of these pins 
becoming intermittent or left unconnected. 

POWER SUPPLIES 
Power supplies will consist of both analog and 
digital supplies. VDD(+ 12V) and VSS(-12V) will be 
considered as the analog supplies while 
VCC(+5V) and VSS(-5V) will be referred to as the 
digital supplies. Each supply should be bypassed 
with both a 10J.lF tantalum and a O.l).lF multi-layer 
ceramic capacitor to their respective grounds. 
The ceramic capacitor should be as close to the 
pins of the hybrid as possible. The values and the 
quantities of the bypass capacitors can be 
increased so long as they provide low inductance 
characteristics for a wide range of frequencies. 

GROUNDING 
Grounding has a large impact on the 
performance of flash converters since they have 
a high conversion rate and a 1/2LSB is less than 
4 mV. Steps have been taken in the design of this 
device to make sure that the series ground 
impedance for the references is less than 200 mQ 
for all frequencies up to 30 MHz. This is one 
example of how sensitive the grounds and the 
supplies can be to either series resistance or 
inductance. The device has both analog and 
digital ground pins available to the user. It is 
recommended that these grounds be tied 
together in order to provide a "MECCA Ground." 
The user may want to keep the grounds 
separated. It should be noted that the case of the 
hybrid is connected to the analog ground. 
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CALIBRATION 
The SPlO72 can be easily calibrated for offset and 
gain errors. This calibration is accomplished by 
external potentiometers set up in conjunction with 
the resistors used to set up the uncommitted 
internal amplifier (see Analog Inputs). The SPlO72 
connection diagram below shows all connections 
to make the SPlO72 function including offset and 
gain calibration circuitry. 
The gain error is adjusted through use of a 
potentiometer in series with RIN' The 
potentiometer should be chosen so that it is less 
than 10% of RIN' futhermore, RIN should be 
adjusted downward by one-half the value of the 
potentiometer in order to provide both positive 
and negative trim range. 
The offset error is trimmed by placing a small 
voltage on the positive terminal of the input 
amplifier (pin 22 or pin 33), by using a divider in 
conjunction with a potentiometer. A bipolar 
voltage is developed by using a 50 KQ 
potentiometer between the ± 12V supplies. This 
voltage is then attenuated by a factor of 500 to 
develop a small offsetting voltage to null the 
offset error of the amplifier. Furthermore, a .01 flF 
capacitor should be added on the positive 
terminal for bypassing. See figure 3. 
An example of the bipolar connection is shown 
on channel two of the SP 1072 connection 
diagram. The bipolar offset is accomplished by 
placing a potentiometer in series with the 
reference voltage which is 10% of the input resistor 
to the offset amplifier. The resistor should be 
decreased by one-half the value of the 
potentiometer similar to the gain trim. See 
figure 4. 
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0.1 RIN 0.95 RIN 
VIN ~"Nv---t-------A.Nv-

GAIN TRIM PIN 23 OR 32 

FIGURE 3 
SPlO72 GAIN TRIM AND UNIPOLAR OFFSET TRIM 

GAIN 
TRIM 

10 RFB 

FIGURE 4 

PIN 24 
OR31 

SP 1072 GAIN TRIM AND BIPOLAR OFFSET TRIM 



TIMING CHARACTERISTICS (TA = 25°e, Vee = +5.0V, VEE = 5.2V. See System Timing Diagram.) 

PARAMETER 

INPUTS 

---

-High 

-Low 

Min Clock Pulse Width 

Min Clock Pulse Width 

Max Clock Rise, Fall T 

Clock Frequency 

ime 

OUTPUTS 

New Data Valid from 

Aperture Delay 

Hold Time 

Clock Low 

rom Enable Low 

rom Enable Low 

rom Enable High 

rom Enable High 

Data High to 3-State f 

Data Low to 3-State f 

Data High to 3-State f 

Data Low to 3-State f 

Valid Data from Enab 

Valid Data from Enab 

Output Transition Time 

Ie High (Pin 20 = OV) 

Ie Low (Pin 19 = 5.0V) 

(10"10-90"10) 

tCKH -~--

CLOCK 1.5V 1.5V 

tCKDV and tH measured at output levels of 0.8 and 2.4 volts. 

EN------"""", 

SYMBOL MIN TYP MAX 

tCKH 5 20 -

tCKL 15 20 -

tR,F - 100 -

tCLK 0 30 25 

tCKDV - 19 -

tAD - 4.0 -

tH - 6.0 -

tEHZ - 27 -

tEll - 18 -

tEHZ - 32 -

tELZ - 18 -

tEDV - 15 -

tEDV - 16 -

ttr - 8.0 -

3.0V 

3.0V -_-----_ 

UNIT 

ns 

ns 

ns 

MHz 

ns 

ns 

no 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

O.9V O.9V 1'-______ _ 

HIGH DATA 
OUTPUT 

LOW DATA 
OUTPUT 

tELZ 
tELV 

OUTPUTS 
ACTIVE 

SYSTEM TIMING DIAGRAMS 
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+5V 

+12V 

-12V 

-5V 
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GAIN 

o TO 1V INPUT 
CHANNEL A 

UNIPOLAR 
OFFSET 

±0.5V INPUT 
CHANNELB 

TRIM 5012 TRIM 5012 
GAIN 
TRIM 
CHANNEL 
B 

CHANNEL 
A 

a. 
:E « 

CHANNEL 
A 

a. 
:E « 

RIN 

OGNO 

5 
6 
8 
9 

.011JF 

1.9KQ 

200Q 

VCC +5V 
-----..VOO+12V 

SP1072 CLOCK 1-'-7 ___ --< CLOCK 
INPUT 

VSS -12V 

VEE -5V 

FIGURE 5 
SP1072 CONNECTION DIAGRAM 

CHANNEL A 0 TO 1 V INPUT 
CHANNEL B ±O.5V INPUT 

FOR 1 VOLT RANGE 

RFB = 1KQ 

RIN = 475Q 

RNG = 142.8Q MAX 

BIPOLAR 
OFFSET 
TRIM 
CHANNEL 
B 



DYNAMIC TESTING OF THE SP1072 
The SP1 072 has been designed and characterized 
upon a high speed dynamic test system. Its wide 
bandwidth amplifier and Gray scale encoded 
flash converter provide excellent dynamic 
performance at sampling frequencies to 25 MHz. 
All dynamic performance characteristics as well 
as all DC trimming and linearity specifications are 
100% tested at a sample rate of 20 MHz. Note that 
the DC linearity specifications become even 
better as the sample rate is lowered. SPlO72 "B" 
grade parts are tested at 20 MHz over the full 
military temperature range. The parts are also 
characterized here at room temperature at 25 
MHz. 
Graphs 1 and 2 show an FFT and a signal-to-noise 
+ distortion number at each frequency input. Any 
harmonics of the fundamental which show in the 
graphs are due to integral nonlinearity in either 
the input amplifier or the flash converter transfer 
curve. Any noise in the hybrid or any dynamic 
differential linearity errors will raise the noise floor 
of the graph above that generated by 8-Bit 
quantization noise floor of an ideal converter. 
Note that higher order harmonics will alias back 
down into the FFT spectrums shown. The SNR 
number as defined here represents a figure of 
merit representing the total dynamic error of the 
converter. Integral non-linearity will usually be the 
error which limits this number, as any harmonic 
spectral lines will rapidly degrade this number. 
However, this method of measurement insures 
that all potential sources of "spectral noise" have 
been accounted for, incuding potential 
oscillations of the reference, sub-harmonics of the 
clock frequency due to crosstalk, code 
dependent ground currents or any other error not 
related to absolute gain or offset. A SINAD of 47.1 
dB at 1.12 MHz can be converted to 7.53 
effective bits. The dominant error source is the two 
harmonic lines evident in the graph. Thus the 
integral linearity error at 1.12 MHz input can be 
seen to be better than 1/2 LSB. 
At 4.45 MHz input the FFT plot shows significant 
lines, aliased by the sar:npling process, at the 
second, third, fifth, seventh and ninth harmonics. 
While none of these harmonics are greater than 
50 dB below the fundamental, the rms sum of 
these lines is primarily responsible for the SNr~ 
decrease from the ideal 49.96 dB to the 41.6 dB 
shown. The 4K point FFT's done here at Sipex are 
four times the length of tho se done by many 
manufacturers. This results in a plotted 
quantization noise floor 12 dB below that of other 
manufacturer's graphs. The advantage is that the 
cause of any SNR decrease can be identified -
here the integral linearity of the amplifier/flash 
combination can be identified as the limiting 
factor to the SNR number. It can be said with 
confidence that no "spurious codes" or extremes 
in differential linearity error have raised the noise 
floor and limited the SNR measurement. Note that 
shorter length FFT's with the resulting raised plotted 
noise floor might not show these lines at all - they 
could be "buried" in the noise floor, and no such 
judgment would be possible. 

In addition, the SNR number as measured is 
actually the average of 10 SNR computations. If a 
non-Gray scaled flash is run near its power 
bandwidth limit, a finite probability exists that the 
converter can "make a mistake" in assigning a 
binary number to a voltage which was rapidly 
changing. This "mistake" would show up on an FFT 
as the raised noise floor, as described above. By 
measuring the variation in the 10 SNRs which are 
averaged, it is possible to detect this kind of 
spurious code. The Gray scaled flash converters 
used in the SP 1 072 do not exhibit this type of 
catastrophic error. Some degradation with 
increasing input slew rate is unavoidable - it can 
only be helped by the use of an extremely fast 
sample/hold in front of the analog input. 
However, the use of an internal Gray scale as a 
minimum distance code will have a useful effect 
upon the severity of any errors; even when the 
comparator determining the MSB is in error, the 
binary number which is output will be only a few 
LSB's away from the correct code. Thus the 
relative accuracy of the SP 1 072 will be seen to 
degrade with increasing slew rate in a gradual 
and graceful manner - no "sparkle codes" will 
show up in the reconstructed video output, and 
at most the output will exhibit a dither-like noise, 
which the eye would average out if displayed 
upon a screen. The new problem is how to 
accurately specify the dynamic performance of 
such a device. 

The dynamic testing and specifications of this part 
were designed to give a true indication of its 
performance. Dynamic differential linearity is used 
to quantify the degradation in accuracy inherent 
in flash converters as the input signal slew rate is 
increased. It can be shown from histogram testing 
of Gray scale error-corrected flash converters, 
that the first DC specification which begins to get 
worse as input signal slew rate increases is the 
width of each code. Normally the code widths 
are measured with a DC voltage reference and 
are shown in units of differential linearity error, 
which is the difference, in fractional LSB's, of each 
code width from the ideal code width. Dynamic 
differential linearity error is a measure of the width 
of each code when a pure sine wave of known 
frequency and amplitude (and hence one of 
defined maximum slew rate) is applied to the 
flash converter. 

Histograms of pure sine waves are used to 
compute the code widths. Graph 3 shows the 
reconstruction of a sine wave of just over 5 MHz 
applied to the input of an SP1072. Thirty buffers of 
4K points each of these sine waves are stored, 
then used to generate the histogram of Graph 4. 
A curve fitting algorithm is then run to compute 
the "best fit ideal sinusoidal histogram" of Graph 5. 
The ideal histogram is used to calculate the 
number of times each code should have 
occurred. The number of actual occurrences of 
each code is ratioed to this ideal number. Codes 
which occurred fewer times than expected 
exhibited small code widths. The difference 
between the actual and the expected code 
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widths can be normalized into units of differential 
linearity error in fractional LSB's. A plot of this 
"dynamic differential linearity error" is shown in 
Graphs 7 and 9. Graph 9 was run with an 
extremely low frequency input, Graph 7 at 5 + 
MHz, and both were run at a sampling frequency 
of 25 MHz. An error of -1 LSB would indicate a 
missing code. Operation at lower sampling 
frequencies will yield even better dynamic 
differential linearity than the plots at 25 MHz show. 
The specifications show an "input power 
bandwidth" number. This number is not related to 
the amplifier frequency response - typically the 
amplifier is only 2 dB down at 20 MHz fullscale 
inputs. What this number is meant to indicate is 
that for signals exhibiting slew rates equivalent to 
the slew rate of a fullscale input of this frequency 
(or lower), the code widths are guranteed to be 

-30 

-40 

en 

m 

~ 

- 120 '--__ --'-__ --'-__ ---" ___ -L-__ --' 

o 2.Se+06 5e+06 7.Se+06 1e+07 1.2Se+07 

FREQUENCY IN Hz 

Graph 1. FFT of 1.23456789 MHz, SNR = 47. 168583 dB 

-10 

-20 

-40 

~ -60 

~ 
-70 

-120 0'------'-------'-------'---'---'.-'-' 0-7--,.2-'5e+ 07 

FREQUENCY IN Hz 

Graph 3. SP 1072 at Fin = 5+ MHz, FS = 25 MHz 
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greater than zero - no missing codes. Signals of 
greater slew rate may begin to show the effects 
of the Gray scale error minimization - appearing 
Slightly noisy, especially near major transitions. If 
the application requires absolute fidelity in the 
reconstruction of fullscale signals of comparable 
slew rates, the use of a properly timed 
sample/hold in front of the analog input is 
recommended. An example would be where a 
system was attempting to demodulate a fullscale 
10 MHz intermediate frequency. Note that most 
bandwidth limited signals, such as broadcast 
quality video, or signals limited by an external 
antialiasing filter- exhibit only small amounts of 
high frequency energy, and that 1/2 scale inputs 
at twice the 6 MHz input power bandwidth exhibit 
the same slew rate as fullscale inputs at 6 MHz, 
and are thus subject to only minimal degradation. 
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Graph 2. FFT of 4.4567890 12 MHz, SNR = 47.620953 dB 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete Analog Front-end and ADC in a sin-

gle package 
• DC to 50 MHz sampling rate 
• Selectable alTlplifier modes and input ranges 
• Precision 2.5 volt reference for external 

applications 
• Summing node available for external offset/ 

gain adjustment 
• Three-state TIL outputs 
• Minimal 15ns latency 
• Binary or two's complement coding 
• Half the power at twice the sampling rate of 

competing parts. 

DESCRIPTION 
The SP1078 is a complete flash analog to digital 
conversion subsystem capable of converting high 
speed analog signals into 8-bit digital words at up 
to 50 megasamples per second. It contains a wide
band current feedback amplifier, a precision 2.5 volt 
reference, and a 50 msps flash converter featuring 
3 stateable series-terminated TIL outputs and an 
out-of-range indicator. The input amplifier may be 
run in the inverting, non-inverting or differential 
modes. Pin strap selection provides a choice of 
unipolar or bipolar input range, independent of the 
amplifier mode. The circuit draws less than 570 mW 
from +5, -5.2 volt supplies. 

AIN+ 
AIN-

SP1078 

8-BIT 50 MSPS 
AID CONVERTER 

The combination of support circuitry and converter 
within one 24-pin package offers significant savings 
of board space. Other benefits include savings in 
component, assembly and design costs. 
Designed to meet military applications, the SP 1078 
is housed in a hermetic 24-pin double DIP and 
operates with guaranteed performance over the full 
-55°C to +125°C temperature range. Processing in 
compliance with MIL -STD-883C is available. 
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SP1078C and SP10788 SPECIFICATIONS 
ABSOLUTE MAXIMUM RATINGS: 

PARAMETER SYMBOL 

Supply Voltage: VCC 

+VAN 

-VAN 

Vdifference VCC-(+VAN) 

Gdifference %ND-DGND 

DigitalVin V,N(D) 

V,N(D) 

AnalogVin V(Ain) 

Junction Temp Tj 

Storage Temp Ts 

RECOMMENDED OPERATING CONDITIONS: 

PARAMETER SYMBOL 

Digital Supply Voltage VCC 

Positive Analog Supply +VAN 

Negative Analog Supply -Van 

Gdifference (%D-DGD) 

Analog Range A'N 

Conv Pulse LOW tPWL 

Conv Pulse HI tPWH 

Clock Free fCLK 

Ambient Temp tAMB 

Case Temp tCASE 

PERFORMANCE CHARACTERISTICS: 

PARAMETER SYMBOL TEST CONDITIONS 

Resolution N (FS = 20 MHz) 

Integral Linearity Error ELI DC, Best SI. Line 

Differential Linearity Error ELD DC 

Dynamic Differential Error EDD 5 MHz Input 

EDD 8.1 MHz Input 

Signal-la-Noise + Distortion SINAD 1.123 MHz 
2.234 MHz 
4.456 MHz 
8.1 MHz 

(FS =50 MHz) 
Differential Linearity Error ELD DC 

Dynamic Differential Error EDD 5 MHz Input 

EDD 10 MHz Inpul 

Signal-la-Noise + Distortion SINAD 1.123 MHz 
2.234 MHz 
4.456 MHz 
9.768 MHz 

Aperture Jitter EAP 

Full Power Bandwidth BW No Spurious Code 

Ampifier F.P. Bandwidth ABW Freq -3dB 

Settling Time ts FSXisition 

Rise/Fall tR FS Xisition 

Overload Recovery tREC 100% Overdrive 

Input Noise AN 10 MHz Bandwidth 

400 

TYP 
25'C 

5.0 

5.0 

-5.2 

0.0 

1.0 

50% 

50% 

-

25 

25 

VALUE UNITS 

7.0 V 

7.0 V 

-7.0 V 

+/-0.5 V 

+/-1.0 V 

5.5 V 

-0.6 V 

+Van + 0.6 V 

-Van -0.6 V 

150 ·C 

-65 to +150 ·C 

TEMPERATURE RANGE 

SP1078C O· to 70'C TYP SP1078B _55' to 125'C UNITS 

MIN MAX 25'C MIN MAX 

4.75 5.25 5.0 4.75 5.25 V 

4.75 5.25 5.0 4.75 5.25 V 

-4.9 -5.5 -5.2 -4.9 -5.5 V 

0.0 V 

1.0 VP_P 

8 - 50% 8 - nS 

8 - 50% 8 - nS 

0 50 - 0 40 MHz 

0 70 25 - - ·C 

- - 25 -55 125 ·C 

TEMPERATURE RANGE 

TYP 0'Ct070'C TYP -55'C to 12S'C UNITS 

25'C MIN MAX 25'C MIN MAX 

Bits 

+/-0.6 +/-1.0 +/-0.6 +/-1.0 LSB 

+/-0.4 +/-0.75 +/-0.35 +/-0.6 LSB 

+/-0.6 +/-0.5 LSB 
+.95, -.8 No Missing +/-0.6 No Missing LSB 

47 44 47 44 dBc 
46 46 dBc 
45 45 dBc 
43 39 43 40 dBc 

+/-0.5 +/-0.4 LSB 

+/-0.75 +/-0.6 LSB 
No Missing No Missing lSB 

46 46 dBc 
45 45 dBc 
44 44 dBc 
39 40 dBc 

50 50 pS 

10 10 12 MHz 

50 50 MHz 

18 18 nS 

nS 

nS 

125 125 I'VRMS 



SWITCHING CHARACTERISTICS: 

PARAMETER SYMBOL 

Fsomple FS 

Sampling Time Offset tSTO 

Digital Delay tD 

Digilal Hold tH 

Digital Enable tpZL 
IpZH 

Digital Disable tpLZ 
tpHZ 

CONVLOW tPWL 

CONVHIGH tPWH 

INPUTS: 

PARAMETER SYMBOL 

Input Current. Logic LOW 
("Note 1) 

IlL 

Input Current. Logic HIGH IIH 

Clock Input Resistance RINC 

Input Voltage, Logic LOW VIL 

Input Voltage, Logic HIGH VIN 

Analog Input Resistance RIN 

Analog Input Capacitance CIN 

Gain Error EG 

Offset Error EOU 
EOB 

Offset Tempco TCU 
TCB 

TEST CONDITIONS 

VCC = VEE = MIN 

VCC = VEE = MIN 

VCC = VEE = MIN 

VCC = VEE = MIN 

VCC = VEE = MIN 
VCC = VEE = MIN 

VCC = VEE = MIN 
VCC = VEE = MIN 

VCC = VEE = MIN 

VCC = VEE = MIN 

TEST CONDITIONS 

OEL=0.4V 
MINVL= 0.4V 
CONV=0.4V 

OEL=2.N 
MINVL=Vdig 
MINVL=2.N 
CONV=2.N 

CONV 

OEL, MINVL 
CONV 

OEL, MINVL 
CONV 

AIN+ 
AIN-

AIN+,AIW 

Endpoints 

Unipolar 
Bipolar 

Unipolar 
Bipelar 

TYP 
25°C 

60 

2 

15 

7 

18 
23 

10 
18 

-

-

-1.3 

-0.4 

417 
153 

+/-0.2 

+/-0.5 
+/-0.6 

+/-0.Q15 
+/-0.015 

TEMPERATURE RANGE 

SP1D78C SP1D78B 
DOC 10 7DoC TYP -55°C 10 125°C UNITS 

MIN MAX 25°C MIN MAX 

50 - 60 40 - MHz 

- - 2 - - nS 

- 18 15 - 18 nS 

6 - 7 6 - nS 

- 24 18 - 24 nS 
- 29 23 - 29 nS 

- 16 10 - 16 nS 
- 24 18 - 24 nS 

8 - - 8 - nS 

8 - - 8 - nS 

TEMPERATURE RANGE 

DOC 10 7DoC TYP -55°C 10 125°C UNITS 

MIN MAX 25°C MIN MAX 

-0.4 -0.4 mA 
-1.5 -1.3 --1.5 mA 
-0.4 -0.4 rnA 

20 20 /lA 
0 0 /lA 

-0.6 -0.4 -0.6 mA 
100 100 /lA 

kOhm 

0.8 0.8 V 
0.8 0.8 V 

2,0 VDIG 2.0 VDIG V 
2.0 2.7 2.0 2.7 V 

417 Ohms 
153 Ohms 

pF 

+/-0.1 % 

+/-0.4 LSB 
+/-0.5 LSB 

+/-0.007 LSBj"C 
+/-0.007 LSB/oC 

"Note 1: MINVL is internally tied to VDIG through a 5 kOhm nominal resistor and can be left unconnected for binary coded operation or tied to ground for 2's complement 
operation. 

DIGITAL OUTPUTS: 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS TYP DOClo 7DoC 
TYP -55'C 10 125°C UNITS 

25°C MIN MAX 25°C MIN MAX 

Output Leakage Current, Logic LOW 'LOL VO =O.4V - - -30 - - -30 flA 

Output Leakage Current. Logic HIGH ILOH Vo = 2,4V - - 30 - - 30 flA 

Oulput Voltage, Logic LOW VOL 'oL=1rnA 0,4 - 0,45 0.4 - 0,45 V 

Output Voltage, Logic HIGH VOH 10H = -.4 rnA - 2.6 - - 2,6 - V 

REFERENCE: 
TEMPERATURE RANGE 

PARAMETER SYMBOL TEST CONDITIONS TVP DOClo 7DoC TVP -55°C 10 125°C UNITS 

25°C MIN MAX 25°C MIN MAX 

Reference Voltage VREF 2.500 2.49 2,51 2,500 2.49 2.51 V 

Reference Current IREF Sourced 2 2 - 2 2 - rnA 
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POWER SUPPLIES: 

PARAMETER SYMBOL TEST CONDITIONS 

VDIGCurrent IoIG VDIG=MAX 

+VANCurrent +IAN +VAN= MAX 

-VANCurent -IAN -VAN = MAX 

Power Dissipation PD MAX Supplies, (FS = 50 MHz) 

MISCELLANEOUS: 

PARAMETER SYMBOL TEST CONDITIONS 

Input Voltage Range VIN+ ArN+ = Input. ArN- =~ND' Blpaff = n.C. 

Blpaff=-VAN 
VIN- ArN+ = ~ND' ArN- = Input. Bipaff = n.C. 

Blpaff=-VAN 

Output Coding MINVL = HIGH (or n.c.) 
MINVL = LOW (or DGND) 

PIN ASSIGNMENTS 
PIN SYMBOL FUNCTION 

1 2.5Vref Reference Voltage Output 

2 SUM Amplifier Summing Junction 

3 BIPOFF Strap to -Van for Bipolar Inputs 

4 -VAN -5.2 Volt Analog Supply 

5 AGND Analog and Signal Ground 

6 +VAN +5 Volt Analog Supply 

7 O/UFLOW Out-of-range TTL Output 

8 OEL Output Enable Low 

9 D1 MSB TTL Data Output 

10 D2 TTL Data Output 

11 D3 TTL Data Output 

12 D4 TTL Data Output 

13 D5 TTL Data Output 

14 D6 TTL Data Output 

15 D7 TTL Data Output 

16 D8 LSB TTL Data Output 

17 +VDIG +5 Volt Digital Supply 

18 DGND Digital Ground 

19 CONV Convert Command to Flash 

20 MINVL MSB Invert Low 

21 AOUT Amplifier Output. Resistor Isolated 

22 SIGGND Signal Ground, internally tied to AGND 

23 +AIN Positive Signal Analog Input 

24 -AIN Negative Signal Analog Input 

PIN DESCRIPTION 

2.SVREF ~ 0 24 -AIN 

SUM 0 23 +AIN 

BIP OFF 0 0 22 SIG GND 

-VAN 0 0 21 AOUT 

AGND 0 0 20 MINVL 

+VAN 0 0 19 CONV 

O/U FLOW 0 0 18 DGND 

OUT EN L 0 0 17 +VDIG 

D1(MSB) 0 0 16 D8(LSB) 

D2 10 0 0 15 D7 

D3 11 0 0 14 D6 

D4 12 0 0 13 D5 
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TEMPERATURE RANGE 

1VP O·Cl070·C 1VP 
25·C MIN MAX 25·C 

30 - - 30 

56 - - 56 

20 - - 20 

561 - - 561 

TEMPERATURE RANGE 

1VP O·CI070·C 

25·C MIN MAX 

PACKAGE OUTLINE 

r-- 0.795 ~ 

(20193) - I 
MAX 

) 

24 ( .... ""1 1 

* 

1'*1' 
..... 1 ..... ' 

,3 12 

1VP 
25·C 

-55·C 10 125·C 

MIN MAX 

- -

- -

- -
- -

-55·C 10 125·C 

MIN MAX 

Oto1 

-.5 to +.5 

Ota-1 

+.5 to -.5 

Binary 
2'5 complement 

DIMENSIONS 

INCH 

(mm) 

0.030" +1-0010' 
STANDOFFS SUPPLIED AT 
MANUFACTURERS OPTION 

UNITS 

rnA 

rnA 

rnA 

mW 

UNITS 

V 

V 

V 

V 

0.250 

(6350) 
TYP i--l r 0.185 ~ 

MAX 

T 
1.370 

'(4:6'991 
MAX 

0.018 

(0.457) 
DIA TYP 

J_ 
I I 0.295 

BOTTOM VIEW 

r-------1 (7.493) 

ORDERING INFORMATION 

TEMPERATURE 
MODEL RANGE DESCRIPTION 

SP1078C O°Cta + 70°C 8-Bit. 50 MHz ADC 

SP1078B -55°C to + 125°C 8-Bit. 50 MHz ADC, 
MIL-STD-883C Screening 



APPLICATIONS INFORMATION 
THEORY OF OPERATION 
The SP1 078 consists of four circuit blocks: the input 
amplifier, the flash converter, the precision 2.5 Volt ref
erence and an amplifier offsetting circuit used to pin
strap select either unipolar or bipolar input voltage 
ranges. 

The analog and digital grounds are internally tied 
through 100 Ohms on the flash converter, but are 
brought out separately to provide flexibility in system 
grounding and decoupling. The +5 Volt nominal analog 
and digital supplies are brought out separately, 
although they may not exceed one diode drop of volt
age difference during operation. In most applications 
these supplies are tied together or generated from a 
common supply. The power supplies may be "brought 
up" in any order and supplies may be connected and 
disconnected without any known latchup modes. If the 
potential difference between +Van and +Vdig exceeds 
one diode drop, the current through the internal diode 
should be limited to less than 100 mA, or the two sup
plies tied externally through power diodes. 

The input amplifier is a wideband transimpedance 
amplifier with application resistors configured such that 
it may be used in the inverting, non-inverting or differ
ential modes. The inverting input (Sum, pin 2) has been 
brought out to enable non-standard offset and gain 
configurations. Due to the nature of trans-z amplifiers, 
this is a low impedance point, capable of sinking and 
sourcing current. Connecting a resistor from Sum to 
Ain- (or Agnd if Ain- is grounded) will increase the 
amplifier gain with only minor change of offset. A resis
tor from Sum to Vref at pin 1 can be used to decrease 
the offset at the amplifier output. 

The Ain+ non-inverting input pin exhibits a resistance 
of 417 Ohms, nominal. One Volt fullscale sources need 
to be able to supply 2.4 mA of current to this pin. An 
external 56 Ohm resistor to ground will provide termi
nation for a 50 Ohm system. The Ain- inverting input 
pin exhibits 153 Ohms to virtual ground, when +Ain is 
grounded. If the input is applied here in the inverting 
amplifier mode, the source should be capable of 6.5 
mA of sink current in 0 to -1 Volt unipolar range, or 
± 3.3. mA for the +0.5 to -.5 V range. An external 75 
Ohm resistor to Agnd wi!1 terminate a 50 Ohm system. 

The Signal ground at pin 22 has been internally con
nected to Agnd at pin 5 in order to minimize ground 
noise during 50 Msps operation. It should be externally 
connected to Agnd at pin 5 and any external termina
tion resistors. The amplifier output is available through 
an internal 450 Ohm nominal resistor at Aout, pin 21. 
This point will also exhibit the offset induced into the 
amplifier by the unipolar/bipolar range offset choice. A 
50 Ohm resistor to ground will provide a 10 to 1 atten
uated replica of the amplifier output suitable for view
ing on an oscilloscope, without affecting the amplifier 
performance. 

The flash converter initiates a new conversion at the 
rising edge of the clock at Conv, pin 19. Old data is 
held for 7 to 8 ns at the flash outputs, and the new 
data has settled typically 15 ns from this edge. No 
internal pipelining is used in the flash conversion 
process - a single clock edge will generate correct 
data. The clock input has been designed to be able to 
use low-level ac coupled signals, or low level dc 
coupled signals centered about 1.5 Volts. The c;:lock 

amplitude should not exceed 2.5 Volts peak to peak. If 
a full TTL level clock is to be used, a small series termi
nation resistor can be used to both series-terminate the 
clock trace transmission line and to limit the voltage 
swing at the clock input pin. 

The converter control line at MINVL, pin 20, is used to 
invert the polarity of the msb data at the flash output. 
An internal 5 kOhm resistor pulls this line up to +Vdig. 
If this line is externally tied to a logic "Iow", the msb 
will be inverted yielding 2's complement coded data. 
This trace internally shields the CONV signal from ana
log circuitry. In order to minimize crosstalk it is desira
ble to connect this pin to a low impedance source, 
such as +Vdig or Dgnd. The output high impedance 
control, OEL at pin 8, is used to enable the digital out
puts, including the over/underflow flag. Outputs are 
enabled when this line is at a logic "Iow". 

The digital outputs consist of 8 data lines plus an over/ 
underflow indicator. This O/UFLOW, pin 7, is at a TTL 
"Iow" when data has been clocked through the flash 
converter representing a valid code between 0 and 225. 
If the analog input was below the voltage representing 
a valid 0 code, this indicator will be at a TTL "high", 
indicating a true "underflow" condition. If the analog 
input was above the voltage representing a valid 255 
code, this indicator will be at a TTL "high", indicating a 
true overflow condition. The output data will clip at the 
255 code when in overflow, or at zero when in under
flow. Both data and O/UFLOW become valid simultane
ously after a rising CONV edge. 

The nine digital outputs all are series-terminated inter
nally with 47 Ohm resistors. These terminators limit the 
rise and fall times of the digital signals which results in 
less noise generation and lower crosstalk. Any capaci
tive loading upon these lines will degrade the digital 
data settling times. In applications where capacitive 
loads such as a large tri-state bus or cables must be 
driven, an external bus driver or latch, such as a 74F374 
is recommended. Note that Advanced CMOS loads may 
require pullup resistors or the use of the TTL compati
ble (74ACTxxx) series at the SP1 078 output pins. 

The precision 2.5 Volt reference is used internally to set 
the full scale range of the voltages at the flash con
verter inputs and to generate a precision current pulled 
out of the input amplifier inverting input. This current 
produces an offsetting voltage at the amplifier output. 
When BipOff (pin 3) is unconnected, the current pulled 
generates enough offset voltage to guarantee that 
+1.95 mV at the Ain+ pin will make the flash converter 
toggle between codes hex 00 and hex 01. When BipOff 
is pin strapped to -Van (pin 4), the current pulled gen
erates an amplifier offset voltage such that +1.95 mV 
at the +Ain pin will make the flash converter toggle 
between codes hex 80 and hex 81 (assuming that 
MINVL is a high and binary coding is chosen). The 2.5 
Volt reference is available at pin 1 and can source up to 
2 mA for use in external application circuits. 

The low power dissipation of the circuit minimizes any 
case temperature rise at room temperature operation 
(around 5°C). The temperature-dependant errors are 
small - typically the offset moves less than 1.5 Isbs 
over the -55 to +125°C range. Absolute accuracy of 
the part will be best after a 1 minute warmup, but the 
warmup drift is typically much less than 0.2 Isb, and 
will be negligible for most applications. 
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CALIBRATION 
The SP1 078 is a laser trimmed for unipolar and bipolar 
offset and gain from both the positive and negative 
inputs. The transimpedance amplifier summing junction 
has been brought out to facilitate applications requir
ing non-standard offsets and gains. If system gain and 
offset is to be calibrated at the converter, external cir
cuitry can sink or source current from this pin. 

The offsetting circuitry within the SP1 078 depends 
upon sinking a precision current across the amplifier 
feedback resistor. Gains can easily be increased by 
paralleling the internal resistor at the AIN- pin with a 
resistor from the SUM pin. Because the value of the 
feedback resistor remains unchanged, the offset at the 
amplifier output will remain essentially unchanged and 
will not interact with this type of gain trim. Similarly, an 
external resistance can be added in series with the 
resistor at the AIN- pin for a gain reduction. This idea 
can be used to generate an external gain trim of 
roughly ± 6% which can be used in either the inverting 
or non-inverting amplifier mode, and which will have 
only secondary effects upon the offset of the amplifier. 
This circuit is shown in figure 1. 

Offset adjustments can make use of the summing junc
tion, or in either unipolar mode of operation, current 
can be sunk or sourced from the BipOff pin. In the 
inverting mode, the voltage of AIN+ could alternately 
be adjusted, and in the non-inverting mode the voltage 
at AIN- could be trimmed. One circuit which can raise 
and lower the effective gain, as well as increase or 
decrease the required offset for unipolar operation is 
shown in figure two. The gain trim will reflect the ratio 
drift of the trimpot over temperature, while the offset 
trim will depend upon the absolute drift of the offset 
resistors (shunted by the stable 540 Ohm internal 
resistor). 
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The amplifier resistors have been designed to support 
use as a differential input amplifier, and common mode 
rejection is laser trimmed to support this feature. No 
use of the summing junction should be made in this 
mode, as any impedance from this point will degrade 
the common mode rejection of the amplifier. A circuit 
for ± 0.5 volt p-p differential signals showing balanced 
75 Ohm termination is illustrated in figure 3. The input 
impedance of 41 7 Ohms at the AIN+ terminal is 
shunted by 90.9 Ohms to achieve 75 Ohm impedance 
to ground. The 153 Ohms at AIN- is shunted by 147 
Ohms to produce 75 Ohms at the second input. If the 
source is not floating, it may be necessary to ground 
the shield only at the source end. The high capacitance 
between the two signal wires limits the useful band
width of such a system to less than 20 MHz, but 
excellent magnetic and electric noise rejection make 
such a system very useful for low to moderate fre
quency signals in a noisy environment. 

FIGURE 1 
UNIVERSAL GAIN ADJUST CIRCUIT 

CAPABLE OF ± 6% ADJUSTMENT WITH 
LITTLE EFFECT ON AMPLIFIER OFFSET 

FIGURE 2 
OFFSET AND GAIN TRIM FOR POSITIVE UNIPOLAR 

INPUT APPLICATIONS: ± 1% GAIN AND OFFSET 
TRIM RANGE, MINIMUM 



LINE BALANCING RESISTORS 

+VIN 

SHIELD 

-VIN 

/ 14711 

7511 TWINAX CABLE 
VIN = ± 0.5Vp-p 
DIFFERENTIALLY 

FIGURE 3 
DIFFERENTIAL MODE OPERATION 

DRIVEN BY BALANCED 75 OHM 
TWINAX FOR COMMON MODE 

NOISE REJECTION 

Output Coding of SP1078 

Input Voltage at Code Centers 

Ain+ = Signal Ain+ = Signal 
Ain- = Agnd Ain- = Agnd 
BipOff = n.c. BipOff = -Van 

-0.0039 -0.5039 
0.0000 -0.5000 

+0.0039 -0.4961 

+0.4961 -0.0039 
+0.5000 0.0000 
+0.5039 +0.0039 

+0.9922 +0.4922 
+0.9961 +0.4961 
+1.0000 +0.5000 

Ain- = Signal Ain- = Signal 
Ain+ = Agnd Ain+ = Agnd 
BipOff = n.c. BipOff = -Van 

+0.0039 +0.5039 
0.0000 +0.5000 

-0.0039 +0.4961 

-0.4961 +0.0039 
-0.5000 0.0000 
-0.5039 -0.0039 

-0.9922 -0.4922 
-0.9961 -0.4961 
-1.0000 -0.5000 

22 

153 

8 BIT 
50 MHZ 

ADC 

-VAN AGND + VAN 

Output Code 

MINVL = n.c. MINVL = "low" 
(or = +Vdig) (or = Dgnd) 

0000 0000 1000 0000 
0000 0000 1000 0000 
0000 0001 1000 0001 

0111 1111 1111 1111 
1000 0000 0000 0000 
1000 0001 0000 0001 

1111 1110 0111 1110 
1111 1111 0111 1111 
1111 1111 0111 1111 

MINVL= n.c. MINVL = "low" 
(or= +Vdig) (or = Dgnd) 

0000 0000 1000 0000 
0000 0000 1000 0000 
0000 0001 1000 0001 

0111 1111 1111 1111 
1000 0000 0000 0000 
1000 0001 0000 0001 

1111 1110 0111 1110 
1111 1111 0111 1111 
1111 1111 0111 1111 

OjUFLOW 

1 
0 
0 

0 
0 
0 

0 
0 
1 

1 
0 
0 

0 
0 
0 

0 
0 
1 
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SAMPLE 1 

AIN+ 

t TpWH :r TpWL 1 
CONY ------'f \-... ____ -11 t - -....,,1-''"----------:------'~'c=----- Li\~ni~~RENCE 

Dl-D8, 
O/U FLOW 

,"o~-1~1 
DATA 0 ~~---DA-T-A-l-----~~ ____ DA_T_A_2 _____ ~~~_D_AT_A_3_ 

DATA TIMING DIAGRAM 

OEL-
f ~ 

-- 2.4 VOLTS 

-- 0.4 VOLTS 

1.5 VOLTS 

(REF LEVEL) 

~ r''''''"' --1 r-'''"'''' 
Dl-D8, --------..) ('"----------------

O/U FLOW '-____________ V_A_L_ID_D_A_T_A ___________ _ 

--2.4 VOLTS 

--0.4VOLTS 
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Eel CLOCK ON 
SYSTEM GROUND 

F SAMPLE = 0 TO 30 MHZ SUPPLlE\ 

FERRITE 
BEAD 

CONVERTER ANALOG AND 
DIGITAL GROUNDS TIED 
TO LOCAL GROUND PLANE 

-5.2VQLTS .. 

- S.2V RETURN ~ 

HIGH IMPEDANCE OUTPUT TIMING 

(100 OHM SERIES TERMINATIONS 

101lF, TANTALUM 

II 
FERRITE 
BEAD 

5.1 OHMS 

.. +5VOLTS 

~ 5VRETUAN 

FERRITE BEAD 

#18 WIRE. 8 FEET. TO ISOLATED SUPPLIES 

FIGURE 4 
BIPOLAR INPUT, NON-INVERTING CIRCUIT 

FOR OPERATION UP TO FSAMPLE = 30 MHZ 

+5VDIG 
(SYSTEM) 

GROUND PLANE 
CABLE, 2 FEET 

~ 
(9) 47 OHM 
SERIES 
TERMINATION 
RESISTORS 

SHORT BETWEEN 
LOCAL GROUND PLANE 
AND SYSTEM DGND 



DYNAMIC PERFORMANCE OF THE SPi078 
The SP1 078 can be considered a major breakthrough in 
terms of the quality of the dynamic performance at 
such low power dissipation. The transimpedance input 
amplifier offers superb linearity and low distortion com
bined with excellent settling performance. The flash 
converter holds its differential and integral linearity up 
to 10 MHz fullscale inputs at sampling rates up to 50 
MHz. This combination provides an excellent solution 
for high resolution video digitizing, pulse height meas
urement systems or even for direct downsampling 
applications from a 10.7 MHz i.f. system. The small 
signal bandwidth at the flash converter is roughly 20 
MHz, and signals of less than fullscale amplitude can be 
recovered out to that frequency range. 

The SNR test is the primary measurement of signal 
fidelity. As performed, the test sequence involves run
ning the converter under typical still room air condi
tions at 50 MS/s and grabbing a buffer of 4k points 
length. The data is multiplied by a Von Hann window, 
then a 4k point FFT is computed. The resulting spec
trum is very carefully measured. The fundamental 
frequency is first identified, then the rms "Voltage" of 
the entire window-smeared fundamental section of the 
spectrum is computed. This section of the spectrum is 
then "notched out" by manually setting these fre
quency bins to zero. The rms sum of the rest of the 
spectrum is then computed and is designated the 
"noise". Note that any distortions or spurious signals 
(i.e. oscillations or power supply beats etc.) will be 
included as "noise". A linear spectrum approximating 
the Fourier Integral is the result of an FFT. Any non
harmonic component in the data will faithfully be 
reproduced, without the ambiguity associated with a 
Fourier series expansion, which assumes a signal may 
be completely described by its harmonics. 

Sampling theory can be used to derive the SNR of an 
ideal converter, one whose only error is due to the 
quantization of the numbers describing each point. 
The result is the well known formula: 

SNR (rms sig to rms "noise") = 6.02 x N + 1.76 dB 
where N = number of bits in quantized number 

In this formula the 1.76 dB applies for all practical cases 
where the quantization noise will be uncorrelated 
(white) with respect to the input signal. (This number 
approaches zero as the input signal approaches DC 
compared to the sampling frequency - in so-called 
"coarse quantization"). 

The beat frequency test is another powerful dynamic 
test technique, and is used to measure settling times, 
as well as a graphical tool for "seeing" spurious codes. 
A stable frequency oscillator is set to a small delta fre
quency over the sampling rate. The resulting output 
data "walks through" the input wave with very small 
time steps. The frequency is picked to produce one full 
cycle of this beat frequency in one buffer (4k points) of 
data. Settling times may be measured very accurately 
because the very low aperture jitter of the flash con
verter ensures the accuracy of the reSUlting "walked 
through" data points. 

Histogram testing is a useful tool to evaluate the 
dynamic differential linearity of a video speed con
verter. A filtered sine wave is applied to the converter 
and 10 buffers of 4k points are stored. The number of 
occurrences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of the same gain and offset. The ratio of the real 
number of occurrences to the ideal number of occur
rences yields an effective code width for each code. 
The ideal code width (one) is subtracted from this ratio 
to yield the dynamic differential linearity error. 

The circuit used to measure the dynamic performance 
of the SPl 078 at sampling rates up to 30 MHz is 
shown in figure 4. The test computer is at the far end 
of 2 feet of ground planed cable, and its noisy digital 
ground must not be allowed into the signal path. A dif
ferential ECl clock is generated from a crystal the com
puter. The clock is converted to TTL levels with 
extremely low jitter a few inches from the DUT. Two 
74F374's are used to latch the output data and drive 
the cable. Both a local digital ground plane, referenced 
to the computer ground, and 47 Ohm output series 
termination resistors are used on the DUT card to 
minimize ground noise generation and digital noise 
radiation. The digital supplies on this section of the cir
cuit are common with the computer. 

A programmable voltage supply is used to generate 
two voltages for use on the DUT. A +5 Volt nominal 
supply and a -5.2 Volt nominal supply are referenced 
together at a local ground plane at the DUT. The single 
+5 Volt supply is further isolated by ferrite beads and a 
small series resistor into an "Analog" and a "Digital" 
supply, with separate decoupling capacitors. The use of 
a single supply requires that the converter digital 
ground-be tlea to the converter analog ground. This is 
not a large problem due to the internal 47 Ohm series 
termination resistors and the low switching currents 
drawn by this flash converter. At 30 MHz and below 
the local DUT ground plane can be tied at one point to 
the system digital ground without much signal degra
dation. This assures a full noise margin on the output 
TTL lines. The same rising edge used to generate new 
data can be used to latch old output data, thus remov
ing any ground noise that a second clock might gener
ate. SIGGND and AGND at the hybrid should always be 
tied together to the local ground plane to assure a low 
impedance path from the hybrid substrate to ground. 

At 20 MHz sampling rates, the performance of this 
circuit is exhibited in the graphs 1 - 6. Differentiallin
earity at low frequency inputs exhibits less than ± 0.35 
Isbs of error, rising to less than ± 0.6 Isbs at Nyquist 
frequency inputs. The best fit straight line integral 
linearity is typically ± 0.5 Isb. This is reflected in the 
excellent 47.7 dBc of Sig-to-Noise-and-Distortion 
(abbreviated as SNR on the graphs) at 1.123 MHz ful1-
scale input and an incredible 45.1 dB at near Nyquist 
fullscale input. The 45.1 dBc includes the increased dig
ital noise due to driving the cable with the rapidly 
changing digital data representing the 9.678 MHz 
input. 
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At 30 MHz sampling rates the circuit shows little 
change. 

Graphs 7 through 11 illustrate this performance. Low 
frequency differential errors are less than ± 0.35 Isbs, 
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Graph 7. SP1078 Difflin Error at Fin = 7.324 kHz, 
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shows ± 0.52 Isbs of error, and SNR's of 47.5 and 45.0 
are virtually the same. 
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In order to measure the performance of 40 to 50 MHz 
sampling rates, (on a tester only capable of 30 MHz 
operation) the DUT card needed to be modified. A TTL 
clock equal to 1/2 of the Fsample clock was generated 
at the computer. It was used to latch "every other" 
digital word at the converter output - a hardware 
"decimate-by-two" function. Because any high har
monic will be aliased back into the output data, no loss 
of generality is incurred in the SNR or other measuring 
algorithms, although the frequency axis on the FFT 
graphs only extends to 1/2 of the decimated rate 
(i.e. to 10 MHz after decimating the 40 MHz data down 
to a 20 MHz data rate). 

+ 5VDIG (SYSTEM) 

- 5.2VDIG (SYSTEM) 

HII--t-jf--1 10"F, TANTALUM 

FERRITE 
BEA.O 

CONVERTER ANALOG AND 
DIGITAL GROUNDS TIED 
TO LOCAl- GROUND PLANE 

-5.2VOLTS 4-
- S.2V RETURN ~ 

• +5 VOLTS 

L- 5VRETURN 

#18 WIRE, 8 FEET, TO ISOLATED SUPPLIES 

While the latching of the data occurred at no higher 
rates than at previous tests, the termination of the 
clock itself and its jittery timing after propagating 
down the cable increased the digital ground noise sig
nificantly. It was found necessary to isolate this noisy 
system ground from the DUT for best performance. 
The braid from the DUT ground plane to the local dig
ital ground plane was replaced by twenty Ohms in 
series with a 20 MHz ferrite bead. Note that 20 Ohms 
is near the practical limit as values much higher will 
"use up" all the noise margin for TTL logic "Iows", and 
"spurious-Iooking" codes will corrupt the digital data. 

7 
R-L ISOLATION 8ETWEEN 
LOCAL GROUND PLANE 
AND SYSTEM DGND 

FIGURE 5 
TEST CIRCUIT USED TO MEASURE 40 TO 50 MHZ 
SAMPLING RATE: NOTE R-l GROUND ISOLATION, 

AND HARDWARE "DECIMATE BY TWO" USED 
TO MINIMIZE GROUND NOISE GENERATION AND 

COUPLING (Eel CLOCK ON SYSTEM DGND PLANE) 

The higher frequency clock now was also generating 
more noise on the DUT digital supply. Increased isola
tion resistors were inserted between +Van and +Vdig 
at the DUT. Figure 5 shows the test circuit. To illustrate 
the use of the unipolar mode selection, these tests 
were run at a unipolar input voltage range of 0 to +1 
Volt, (BIPOFF = n.c.). The tests were repeated at 40 
MHz sampling rates. The results appear in graphs 
12 - 17. DC differential linearity actually improved to 
± 0.33 Isbs. Differential error at 10 MHz in is near 
± 0.7 Isbs. Low frequency integral linearity error is 
within ± 0.6 Isbs. SNR at 1.123 MHz stayed at 
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47.8 dBc, while at 9.678 MHz it degraded marginally to 
44.9 dBc. The settling time test graph shows two fea
tures of interest. The first is the well behaved 18 ns 
settling time of the amplifier. The second point is the 
presence of spurious codes during the digitization of 
the fast-slewing edge of the square-wave input. 
Because the amplifier is cable of 4 ns rise times, the 
slew rate must be limited before the input to the 
SP1078 in applications where no spurious codes can be 
allowed. Note that in pulse height measurement appli
cations, the flash converter is typically not strobed until 
the pulse has settled at the output of the amplifier. 
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The tests were repeated at 50 MHz sampling fre
quency. The graphs 18 - 25 show excellent dynamic 
performance at this rate. Low frequency differential 
error is better than ± 0.35 Isbs. At a 10 MHz input fre
quency, the dynamic differential error is less than +1.0, 
-0.8 Isb. Integral linearity error is still ± 0.6 Isb. SNR at 
1.123 MHz degraded slightly to 46.4 dBc, and second 
harmonic distortion limits the SNR at 9.678 MHz to 
41.1 dBc. To demonstrate the true 12 MHz spurious
free fullscale power bandwidth, a plot of the SNR at 
12.123 MHz input displays 37.5 dBc, dominated by 
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Attempts to run at 60 MHz were unsuccessful until 
system timing and isolation were again modified. 
Timing was adjusted by shorting the 100 Ohm series 
termination at the converter CONY pin, to satisfy the 
output data settling time at the 74F374. Ground isola
tion was brought up to 24 Ohms to limit ground noise 
coupling (at further expense to TTL noise margin). The 
duty cycle of the 16.6 ns 60 MHz clock pulse violated 
the minimum 8 ns Tpwl, and thus this mode of opera
tion is not recommended for customer use over tem
perature. The resulting data shows that the converter is 
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second and third harmonic distortion components. The 
variance between 10 SNR measurements was less than 
0.1 dB, revealing the absence of spurious codes. The 
beat frequency plot of a 12.5 MHz fullscale input 
shows no spurious codes at this slew rate and no 
dynamic differential linearity aberrations. The settling 
time plot of a 12.5 MHz square wave provides finer 
detail of the amplifier's 18 ns settling time. Again the 
spurious codes generated at digitization of the fast
slewing edges are apparent. 
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Graph 21. FFT of 1.123456 MHz, SNR = 46.430019 dB 

capable of operation at 60 MHz if the system is care
fully tweaked. DC difflin error was within ± 0.4 Isbs, 
while dynamic difflin at 10 MHz input showed one 
almost-missing code and one of width greater than 1 
Isb. DC integral linearity error was within ± 0.8 Isbs and 
SNR's of 43.2 and 40.0 dBc at 1.123 and 9.678 MHz 
displayed variances of less than 0.1 dB, attesting to no
spurious-code operation. The beat frequency test 
displays the no-spurious-code behavior, although the 
widening of some codes reveals the onset of dynamic 
differential linearity aberrations. 
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The dynamic performance of this part is unrivaled by any 
circuit dissipating less than 1.5 Watts, and represents a 
new standard for signal purity while eliminating the 
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thermal management headaches associated with high 
power circuits. 
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SIGNAL PROCESSING EXCELLENCE ANALOG-TO-DIGITAL CONVERTERS 

CONVERSION POWER 
SPEED IlP INTERNAL INPUT CONSUMPTION 

MODEL RESOLUTION (Ilsec) COMPATIBLE CLOCK RANGES (mW) PACKAGE PAGE 

ADC541/542 8 bits 2.5 No Yes 6 ranges 650 24-Pin DD 427 

HSADC82 8 bits 2.5 No Yes 6 ranges 650 24-Pin DD 417 

HS5131 8 bits 2.5 No No ±5V 680 18-Pin SD 451 

HS5150 8 bits 2.5 Yes No 7 ranges 680 24-Pin DD 453 

HSADC85 12 bits 10 No Yes 5 ranges 1320 max 32-Pin TO 421 

HS52 10 12 bits 13 No No 4 ranges 785 24-Pin DD 457 

HS5251 12 bits 175 No No ±5V 56 24-Pin DD 463 

HS574A 12 bits 25 Yes Yes 4 ranges 150 28-Pin DD 431 

SP674A 12 bits 15 Yes Yes 4 ranges 150 28~PinDD 441 

SP9548 12 bits 0.5 No Yes o to +5V 1700 32-Pin TO 471 

SP9550 12 bits 0.2 
... 

No Yes Oto+5V 1700 32-PinTD 477 

SP9588 14 bits 2 No Yes o to -10V 2100 32-Pin TO 487 

HS9516 16 bits 100 No Yes 6 ranges 1200 32-Pin TO 467 

HS9576 16 bits 15 No Yes 6 ranges 1000 32-Pin TO 481 

Shaded area indicates new product since publication of 1988 Catalog 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 2.8 IlS Conversion Time 
• Low Power ... 650 mW 
• Completely Self Contained 
• Fully Compatible with ADC82 AG 
• Low Cost 

DESCRIPTION 
The HS ADC82 is a fast, low power, hybrid IC 
analog-to-digital converter (ADC). It features 8-Bit 
resolution and accuracy with 2.8 Ilsec maximum 
conversion time. The inputs can be pin
programmed for 0 to +5V, 0 to + 10V, 0 to +20V 
and ±2.5V, ±5V and ± 1 Ov. All digital inputs and 
outputs are TTL compatible. The outputs are 
provided in either parallel or serial format. HS 
ADC82 is completely self-contained with internal 
clock, reference, comparator, successive 
approximation register and a monolithic 8-Bit 
DAC. 
Outstanding features include: 
No External Adjustments - HS ADC82 is pre
trimmed for 8-Bit accuracy to eliminate external 
adjustments. However, HS ADC82 provides offset 
and gain adjust pins to obtain even greater 
accuracy. 
Low Power - HS ADC82 is designed for minimum 
power consumption. The reference circuitry and 
resistor values were chosen for lowest possible 
currents, to avoid excessive dissipation and heat 
spots within the hybrid circuitry. 

FUNCTIONAL DIAGRAM 

HSADC82 

FAST 8-BIT ADC 

Hybrld ~ems. 
HS ADC62 

! I ~ U! ! ! I 

Pin-to-Pin Compatibility - The HS ADC82 is a 
superior replacement for the BURR-BROWN 
ADC82 AG. Reduced power consumption and a 
new packaging technique offer increased 
reliability and reduced cost. 
Reliability Plus - Our unique 24-pin double DIP 1 is 
a proven performer, offering the utmost in reliable 
packaging for our 9000 Series converter products. 
Reliability is enhanced by batch-processed, 
precision laser-trimmed resistor networks 
fabricated in our own facility. Similar to monolithic 
circuits, the networks are processed and 
functionally trimmed to assure consistent 
performance. Networks are glass passivated to 
assure reliability under adverse environmental 
conditions. 

1. U.S. Patent Pending 

STATUS CLOCK IN SERIAL OUT +5V +15V -15V ANALOG GND DIGITAL GND 

CLOCK OUT 

START 

BIT 1(MSB) 

BIT 1(MSB) 

7 

BIT 8(LSB) 

~ 
12 

11 

10 

9 

8 

7 

6 

5 

4 

39 

8 1 

~ 6.3k 

130 
GAIN 
ADJUST 

16 0 
BIPOLAR 
OFFSET 

229 

I 
SAR 

I 

I 
8-BIT DAC 

219 249 199 209 179 29 

I 
J 

,.----. 

~ ~ 
<> 5k 

-

)- ,-----< 

:> 5k 
< 

14 0 15 18C) 

10V 20V SUMMING 
JUNCTION 417 



SPECIFICATIONS 
(Typical @ +25°C and nominal power supply unless otherwise noted) 
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MODEL HSADC82 

RESOLUTION 8-Bits 

TYPE Successive Approximation 

ANALOG INPUT 

Unipolar o to +5V, 0 to + 10V, 0 to +20V 
Bipolar ±2.5V, ±5.0V, ± 1 OV 
Impedance 500Q/Volt 

DIGITAL INPUT 

Start Command 1 Positive Pulse 50 nS (min). TIL 
Logic Loading 1 TIL Load 
Clock Input 1 TIL Load 

DIGITAL OUTPUT 

Data Coding 
Parallel, Unipolar Complementary Binary 
Parallel, Bipolar Complementary Offset Binary 

Complementary 2's Complement 
Serial Coding NRZ, Complementary Binary 

Complementary Offset Binary 
Data Output Drive Capability 3 TIL Loads 

Logie" 1" > 2.4V, "0" < 0.4V 
Status Output Driver Capability 2 TIL Loads 

Logie" 1" During Conversion 
Clock Output Frequency 2.85 MHz 

CONVERSION TlME2 2.8 IlS (max) 

ACCURACY 

Quantization ± 1/2 LSB 
Linearity ±0.2% F.S.R. (max) 
Gain Error3 ±O.l% 
Offset Error,3 Unipolar and Bipolar ±0.05% F.S.R. 
No Missing Codes Temp. Range O°C to 70°C 
Total Accuracy Error4 ±1 LSB (max) 

STABILITY (Over Specified Temp. Range) 

Linearity ±20 ppm of F.S.R.;oC (max) 
Gain ±40 ppm;oC (max) 
Offset 

Unipolar ±20 ppm of F.S.R.;oC (max) 
Bipolar ±35 ppm of F.S.R.;oC (max) 

Monotonicity Guaranteed 

POWER SUPPLY 

Requirements 
+15V±3% 24 mA max 
-15V ±3'7'0 12 mAmax 
+5V±S% lOS mA max 

Rejection Ratio 
+15V ±0.05%/% max 
-lSV +5V 0.01%/% max 

Total Power Consumption 650 mW, 1 W max 

TEMPERATURE RANGE 

Specified, Operating5 O°C to 70°C 
Storage -S5°C to +8SoC 

MECHANICAL 

Case Style 24 Pin Double DIP 

NOTES 
1. 
2. 
3. 
4. 

5. 
6. 

Starting edge resets register. trailing edge starts conversion. 
Conversion time with internal clock. 
Can be adjusted to zero using external trim circuitry. See APPLICATIONS INFORMATION. 
Gain and offset error adjusted to zero. 
Specify Hybrid Systems Model ADC542 for operating temperature range of -55°C to + 125°C. 
Use trailing edge of clock to strobe serial output. 



CASE DIMENSIONS 

DIMENSIONS 
inches 
(mm) 

24 ': I T 
(3.048) • • • • • • • • 

13 12 

~ 

T 
0.100 

(2.540) 

L..:::::======~~ TYP 

BOTTOM 
VIEW 

PIN DESIGNATIONS 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

0.010 0.020 
(0.254) x (0.508) 

1.340 
(34.036) 

MAX 

1 
FUNCTION 

CLOCK OUT 

DIGITALGND 

STATUS 

BIT 8 (LSB) 

BIT 7 

BIT 6 

BIT 5 

BIT 4 

BIT 3 

BIT 2 

BIT 1 (MSB) 

BTfl (MSB) 

GAIN ADJUST 

10V INPUT 

20V INPUT 

BIPOLAR OFFSET 

ANALOGGND 

SUMMINGJCT 

+15V 

-15V 

SERIAL OUT 

CLOCK IN 

START 

+5V 

APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

TO± 15V 
SUPPLIES 

TO+5V 
SUPPLY 

r-------A~------~ r~' 
+ COM + COM 

(19) 
+15V 

(17) 
ANAGND 

(20) 
-15V 

o 
(24) 
+5V 

(2) 
DIG GND 

OPTIONAL OFFSET AND GAIN ADJUSTMENTS 

Offset Adjust 

+15V 10kQ to 100kQ -15V +15V 10kQ to 100kQ -15\ 

1MQ 

18 
SUMMING 
JUNCTION 

10kQ 

10kQ 

18 

Two Methods Offering a ±1% Swing 

Unipolar: Apply a + 1/2 LSB analog input and set the potentiometer 
for a digital output that alternates between 111 ... 1 and 111 ... O. 
Bipolar: No adjustments necessary. 

Gain Adjust 

+ 15V 1 OkQ to 100kQ -15V + 15V -15V 

100kQ 

3.6MQ 

100kQ 

13 13 

Two Methods Offering a ±1% Swing 

Unipolar & Bipolar: Apply a +(F.S. -3/2 LSB) analog input and 
set the potentiometer for a digital output that alternates 
between 000 ... 0 and 000 ... 1. 
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INPUT VOLTAGES, TRANSITION VALUES, LSB VALUES AND CODE DEFINITIONS 

BINARY (BIN) 
OUTPUT INPUT VOLTAGE RANGE 

ANALOG INPUT 

VOLTAGE RANGES DEFINED AS ±10V ±5V ±2.5V o to + 10V Oto -5V o to +20V 

CODE COB COB COB 
DESIGNATION orCTC orCTC orCTC CSB CSB CSB 

ONE LEAST FSR 20V 10V 5V lOY 5V 20V 
SIGNIFICANT BIT 2n 2n 2n 2n 2n 2n 2n 

(LSB) n=8 78.13 mV 39.06 mV 19.53 mV 39.06 mV 19.53 mV 78.13 mV 

TRANSITION VALUES 

MSB LSB 

000 ... 00$ +FULL SCALE + lOY -1 1 /2 LSB +5V -1 1 /2 LSB +2.5V -1 1/2 LSB + 1 OV -1 1 /2 LSB +5V -1 1/2 LSB +20V -1 1/2 LSB 

$$<\l ... $$$ MID SCALE -1/2 LSB -1/2 LSB -1/2 LSB +5V -1/2 LSB +2.5V -1/2 LSB + 1 OV -1 /2 LSB 
111 ... 11$ -FULL SCALE -1 OV -1 /2 LSB -5V -1/2 LSB -2.5V -1 /2 LSB 0+ 1/2 LSB 0+ 1/2 LSB 0+ 1/2 LSB 

The voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the 
output bits indicated as $ will change from" 1" to "0" or from "0" to "1" as the input voltage passes through the level indicated. 

TIMING DIAGRAM 

START 

I 

~100m5MIN 
.. TIME 

CONVERSION IN PROGRESS DATA INVALID 
STATUS -----.,....1------- 2.5115 ---------1~-------__t .. TIME 

CLOCK 

BIT1 

BIT2 

BIT 8 

SERIAL 
OUT 

INPUT SELECTION 

INPUT VOLT. 
RANGE 

o to +5V 

±2.5V 

o to + lOY 

±5V 

o to +20V 

±lOV 

L-______ ~ TIME 

MSB I BIT 2 I BIT 3 - - - - - - - - - - - - - LSB 

ORDERING INFORMATION 

PIN INPUT MODEL DESCRIPTION 
CONNECTIONS PIN HSADC82 8-Bit ADC, Commercial 

16 to 17 & 15 to 18 

16 to 18 & 15 to 18 14 Specifications subject to change without notice. 

16to 17 

16to 18 14 

16to 17 

16to 18 14 



SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• -55°C to + 125°C Operation 
• MIL-STD-883 Processing 
• 10 IJ,S Conversion Time 
• Low Power. 1 .32W (max) 
• Replacement for ADC85/84 and 

ADC-HX12B/HZ12B 

DESCRIPTION 
The HS ADC85 is specifically designed to replace 
the ADC58L ADC85/84 and ADC-HX12B/HZ12B. 
Complete with internal clock, reference and input 
buffer amplifier, the HS ADC85 can also be used 
with an external clock for synchronization (see 
EXTERNAL CLOCK section under APPLICATIONS 
I~FORMA~ION). Conversion speeds of 10 IJ,s for 12-
Bit operation, and 8 IJ,s for 10-Bit operation allows 
the ~S ~DC85 to be used in a wide range of 
applications. Short cycle and internal clock rate 
may also be externally adjusted to provide faster 
conversion speeds at lower resolutions. Gain and 
offset can be externally trimmed to zero 
providing full scale accuracy of ±O.O 12% ± 1/2 LSB: 
Data is obtainable in both parallel and serial form 
w.it~ co.rresponding clock and status signals. 
Digital Input and output signals are DTL/TTL 
compatible. Other features include: 
Low Power - A 33% reduction in power 
di~sipation .allows the HS ADC85 to operate 
reliably at high temperatures without failure due 
to excessive package heating. Total power 
consumed is only 1.32W maximum. 

FUNCTIONAL DIAGRAM 

HSADC85 

12-BI1, 10 JlS HYBRID ADC 

Selectable Input Ranges - Input scaling resistors 
allow the selection of input ranges of ±2.5V, ±5V, 
± 1 OV, 0 to +5V or 0 to + 1 Ov. 
Reliability - Packaged in a 32-pin hermetically 
sealed case, and utilizing advanced devices and 
laser-trimmed thin-film resistors, the HS ADC85 is 
one of the most reliable analog-to-digital 
converters to date. Specified over the -55°C 
temperature range, it has a low linearity drift 
specification of only ±2 ppm/DC maximum. All "B" 
versions of the HS ADC85 series are fully screened 
and tested to MIL-STD-883 Rev. C, Level B 
requirements. 

20 
STATUS 

ANAGND rrm.SAR 

t-----------+--DIG GND 

32 
SERIAL OUT 

14 
SHORT CYCLE 

21 
START 

CLOCK 
RATE CONTROL 

CLOCK OUT 
+5V 

DAC REF OUT 

+15V 

-15V 31 
BUFFER OUT 

BUFFER IN 

23 22 

GAIN 10V 20V BIPOLAR 
ADJ RANGE OFFSET COMPARATOR IN 421 



SPECIFICATIONS 
(Typical @ +2SoC and rated power supply unless otherwise noted) 
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SERIES 

TYPE 

RESOLUTION 

ANALOG INPUTS 

Bipolar Ranges 
Unipolar Ranges 
Impedance (Direct Input) 
Buffer Amplifier 

Impedance 
Bias Current 
Settling Time 1 

DIGITAL INPUTS2 

Start 

Logic Loading 
External Clock 

DIGITAL OUTPUTS2 

Parallel Data 
Output Codes 

Unipolar 
Bipolar 

Output Drive 
Serial (Non Return to Zero) Data 

Output Codes 
Output Drive 

Status 
Status Output Drive 

Clock Out4 
Output Drive 
Frequency 

REFERENCE 

Ref Out 

Drift 

CONVERSION TIME/THROUGHPUT RATE 

ACCURACY @ 25°C 

Quantization 
Linearity 
OffsetS 

Unipolar 
BiRolar 

Gain5 
Monotonicity 

STABILITY 

Linearity 
-25°C to +85°C 
-55°C to + 125°C 

Scale Factor (Gain) 
-2SoC to +8SoC 
-55°C to + 125°C 

Offset (Unipolar) 
-25°C to +85°C 
-55°C to + 125°C 

Offset (Bipolar) 
-25°C to +85°C 
-55°C to + 12SoC 

Total Transfer Accuracy 
-25°C to +85°C 
-55°C to + 125°C 

HSADC85 

Successive Approximation 
12-Bits 

±2.SV, ±SV, ± lOV 
o to +SV, 0 to + lOV 
300n/Volt 

100 Mn (min) 
SO nA 
2gS 

Positive Pulse SO nS Wide (min), Trailing Edge 
(" 1 " to "0") Initiates Conversion3 
1 TIL Load 
Optional4 

Compo Straight Bin. 
Compo Offset Bin., Compo Two's Compo 
2 TIL Loads (min) 

Compo Straight Bin" Compo Offset Bin. 
2 TIL Loads (min) 
Logic "1" During Conversion 
2 TIL Loads (min) 

2 TIL Loads (min) 
1.4MHz 

Internal +6.2V ±S% 

200 IlA Maximum with no Degradation 
of Specs 
± 1 0 ppm;aC (max) 

8.8IlS, Typ; 10 IlS, max/lOO kHz 

± 1/2 LSB 
±0.012% of F.S.R. (max) 

±0.05% of F.S.R. 
±0.1% of F.S.R. (max) 
±0.1% of F.S.R. 
No Missing Codes 

±1 ppm;aC; ±2 ppm;aC, (max) 
±2 ppm;aC, (max) 

±8 ppm;aC; ±lS ppm;ac, (max) 
±20 ppm;aC, (max) 

±2 ppm;aC; ±3 ppm;aC, (max) 
±3 ppm;aC, (max) 

±4 ppm;aC; ±7 ppm;aC, (max) 
± 12 ppm;aC, (max) 

± 1 0 ppm;aC; ±20 ppm;aC, (max) 
±30 ppm;aC, (max) 



SPECIFICATIONS 
(Typical @ +25°C and rated power supply unless otherwise noted) 

SERIES HSADC85 

POWER SUPPLY 

Requirements 
+15V, Rated + 14.25 to + 15. 75V @ 28 mA (max) 
-15V, Rated -14.25V to + 15.75V @ 30 mA (max) 
+5v'Rated +4.75V to +5.25V @ 91 mA (max) 

Rejection Ratio 
+15V Supply ±0.005% F.S.R./% Vs 
-15V Supply ±0.002% F.S.R./% Vs 
+5V Supply ±0.002% F.S.R./% Vs 

Power Consumption 1.32W (max) 

TEMPERATURE 

Operating -55°C to + 125°C B Version 
O°C to 70°C C Version 

MECHANICAL 

Case Style 32-Pin Hermetic Metal 

NOTES 
1. For 20V step to 0.01 %, Settling Time adds to Conversion Time when buffer is connected to input. 
2. DTLjITL compatible, i.e. logic "0" = 0.8V max, logic" 1" = 2.0V min., for inputs and, for digital outputs, logic "0" = +0.4V max. 

and logic" 1" = 2.4V min. 
3. See TIMING DIAGRAM under APPLICATIONS INFORMATION. 
4. HS ADC85 can accept external clock. See TIMING DIAGRAM under APPLICATIONS INFORMATION. 
5. Externally adjustable, see OPTIONAL OFFSET AND GAIN ADJUSTMENTS under APPLICATIONS INFORMATION. 

CASE ENVELOPE DIMENSIONS 

L. 1.150 ... _1 r-- (29.21) MAX I 

[ ~ 0.018 ± 0.002 j I (0.457 ± 0.050) 

~ 0.900 -----..l 

(2.54) (5.588) MIN 

~ r-- (22.86) I 0.220 1-1 
RED DOT 0.220 MAX 

INDICATES PIN 1 r- (5.59) 

,~. T 

16 17 

1.750 
--MAX 
(44.45) 

""'0)1 ~100 I 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 BIT 12 (LSB) 

2 BIT 11 

3 BIT 10 

4 BIT9 

5 BIT 8 

6 BIT 7 

7 BIT 6 

8 BIT 5 

9 BIT 4 

10 BIT 3 

11 BIT 2 

12 BIT 1 (MSB) 

13 BIT 1 (MSB) 

14 SHORT CYCLE 

15 DIGITAL GND.* 

PIN FUNCTION 

32 SERIAL OUT 

31 -15V 

30 BUFFER IN 

29 BUFFER OUT 

28 +15V 

27 GAIN ADJ. 

26 ANALOG GND.* 

25 20V RANGE 

24 10V RANGE 

23 BIPOLAR OFFSET 

22 COMPARATOR IN 

21 START 

20 STATUS 

19 CLOCK OUT 

18 REF OUT 
TOP VIEW ~-

16 +5V 17 CLOCK RATE CONTROL ** 
(2.54) 

* DIGITAL GND (Pin 15), and ANALOG GND (Pin 26), 
should be tied together as close to the unit as 
possible. If these grounds must be run separately, 
use a wide conductor pattern, and a non
polarized 0.01 f..LF to 0.1 f..LF bypass capacitor 
between the two. 

** See APPLICATIONS INFORMATION for connections. 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

+5V ~ O.01,uF
T 

~+ l 1,uF 
@} TO 

DIG. .. @ HSADC85 
COM. 

{® ~ 
l/1,uF 

~~8500 @ 
O.01,uF

1 I+
1
,uF O.01,uF

T @ T+ 

RECOMMENDED BURN-IN CIRCUIT 
(Standard for MIL-STD-883 Versions) 

• -15V 

• AN. 
COM. 

• +15V 

29 r---16 ______ u + 15V 

HSADC85 
31 -15V 

25 r---28 ______ u + 1 5V 

15 

INPUT RANGE SCALING 

To maximize signal resolution using the HS ADC85, 
the analog input should be scaled as close to the 
maximum input signal range as possible. The 
analog input can be connected through an 
internal buffer amp (pin 30) or directly to the 
converter (pin 24 or 25). Be sure to ground pin 30 if 
the internal buffer amp is not used. Use the table 
below for the necessary pin jumping for various 
input scales. 

BUFFERED OR BUFF. INPUT DIR.INPUT 
DIRECT INPUT ONLY 

INPUT 
SIGNAL OUTPUT PIN 23 TO PIN 25 PIN 29 
RANGE CODE PIN TO TO PIN 

±lOV COB.CTC 22 INPUT 25 
±5V COB,CTC 22 OPEN 24 
±2.5V COB,CTC 22 PIN 22 24 
OTO+5V CSB 26 PIN 22 24 
o TO + lOY CSB 26 OPEN 24 

Note: COB is Complementary Offset Binary Coding 
CTC is Complementary Two's Complement Coding 
CSB is Complementary Straight Binary Coding 

22r-------~~---~~ 

®--------. 
VREF 
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ONLY 

INPUT 
TO PIN 

25 
24 
24 
24 
24 

OPTIONAL OFFSET AND GAIN ADJUSTMENTS 

External GAIN and OFFSET trim potentiometers 
may be used to adjust HS ADC85 Series gain and 
offset errors. A multiturn potentiometer with 100 
ppm;oC or better TCR of any value from 10 kQ to 
100 kQ is suggested. Typical optional adjustment 
circuits offering adjustment ranges of 0.4% and 
0.6% of Full Scale respectively for OFFSET and 
GAIN are shown below. 

OFFSET ADJUST 

~
'8MQ +15V 

10kQlo 
22 100kQ 

-15V 

GAIN ADJUST 

+15V 

10kQlo 
r...---'V'V\r-...... c 100kQ 

-15V 

+15V 

10k!2 10 
)---'VV~-'V'V\r-~ 100kn 

+15V 

10kQlo 
l-+-'\I\I\.-. ....... \I\I\~~ 100k!2 

CALIBRATION PROCEDURE (For CSB Unipolar and 
COB Bipolar Codes) 

Unipolar 
1 . Apply a + 1/2 LSB analog input and adjust the 

OFFSET ADJ. potentiometer (pin 22) for a 
digital output that alternates between 111 ... 
11 and 111 ... 10. 

2. Apply a (FS -3/2 LSB) analog input and set the 
GAIN ADJ. potentiometer (pin 27) for a digital 
output that alternates between 000 ... 01 
and 000 ... 00. 

Bipolar 
1 . Apply a (-FS + 1/2 LSB) analog input and adjust 

the OFFSET ADJ. potentiometer (pin 22) for a 
digital output that alternates between 111 ... 
11 and 111 ... 10. 

2. Apply a (FS -3/2 LSB) analog input and adjust 
the GAIN ADJ. potentiometer (pin 27) for a 
digital output that alternates between 000 ... 
01 and 000 ... 00. 



TRANSFER CHARACTERISTICS 

UNIPOLAR1 DIGITAL BIPOLAR2 
INPUT VOLTAGE RANGES OUTPUT CODE INPUT VOLTAGE RANGES 

o to +5V o to + lOV MSB LSB ±2.5V ±5V ±lOV 

4.9982 9.9963 0000000000<jl 2.498V 4.9963V 9.9927V 

2.4994 4.9988 <jl<jl<jl<jl<jl<jl<jl<jl<jl<jl<jl 0.0006V +0.00122V -0.00488V 

0.006 +0.00122 11 111 111 11<jl -2.4994V -2.4988V -9.9976V 

NOTES 
1. CSB (Complementary Straight Binary) Coding is shown for Unipolar Input Ranges. 
2. COB (Complementary Offset Binary) Coding is shown for Bipolar Input Ranges. Use MSB (pin 13) in place of MSB (pin 12) for 

CTC coding. One LSB = (FSR)/4096. 
3. The voltages given are the theoretical values for the transitions indicated. Ideally. with the converter continuously 

converting the output bits indicated as <jl will change from" 1 " to "0" or from "0" to "1" as the input voltage passes through 
the level indicated. 

TIMING DIAGRAM 

START1 

STATUS 

INTERNAL2 
CLOCK 
OUT 

BIT1 

BIT2 

BIT12 

SERIAL3 
DATA 
OUT 

OPTIONAL2 

EXTERNAL 
CLOCK 

NOTES: 

.... I .. f------- MAXIMUM THROUGHPUT TIME -----4(/") ---.~I 

~~--------~S(~J n~_ 
___ ---'11-0 .. t------- CONVERSION IN PROCESS ______ S_~~ DATA VALID 

JLJL 
~I -----,I "1" 

II L---"0" ------->,(/r---) __ 

I 
(I ) 

,-"_0'_' _____ _ 

BIT1 BIT3 

,---BIT-----,4 I~ ------~ BIT2 

"1" ru--
----+I I+- 200nS (MAX) 

1. CONVERSION IS INITIATED BY THE TRAILING EDGE OF THE START INPUT. 
THE PULSE MUST HAVE A MINIMUM DURATION OF SOnS AND MUST REMAIN LOW DURING A CONVERSION. 

2. WHEN USING AN EXTERNAL CLOCK TO SPEED UP CONVERSIONS, PERFORMANCE WILL BE DECREASED AND LINEARITY 
ERROR CAN BE GREATER THAN ±1/2 LSB. 

3. USE TRAILING EDGE OF CLOCK TO STROBE SERIAL OUTPUT. 
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CLOCK RATE CONTROL 

Higher conversion speed may be obtained by 
connecting the CLOCK RATE CONTROL to an 
external multi-turn trim potentiometer with a TCR 
of ± 100 ppm/DC or less. Configurations for 8, 10 
and 12 bit resolution are shown below. If these 
alternate adjustments are used, delete the 
connections for pin 17 shown in the table for 
SHORT CYCLE connections. 

12 BIT RESOLUTION 

CLOCK (0 
RATE 17 - --
CONTROL 

CLOCK 
2kn FREQUENCY 

ADJUST 

RANGE OF ADJUSTMENT IS 1 OilS TO 6.81lS 

8 OR 10 BIT RESOLUTION 

CLOCK (0 
RATE 17 - - -
CONTROL 

CLOCK 
5kn FREQUENCY 

ADJUST 

RANGE OF ADJUSTMENT IS TYPICALLY 7.51ls TO 4.01lS 
FOR 10 BIT AND 6.51ls TO 3.51ls FOR 8 BIT RESOLUTIONS. 

CONVERSION TIME VS. CLOCK RATE 
CONTROL VOLTAGE 

Cii 
6 
w 
~ 
~ 
z o 
U5 a: 
w 
> z 
o 
() 

8 BIT OPERATION 

-5-4 -2 0 2 4 6 8 10 12 1415 
CONTROL VOLTAGE ON PIN 17 

SHORT CYCLING 

For applications where lower bit resolution can be 
tolerated, connecting the "short cycle" input, pin 
14, as shown in the following table, will result in 
shorter conversion time. 

426 

CONVERSION TIME VS. BIT RESOLUTION 

Resolution (Bits) 12 10 8 

Maximum Conversion 
Time (~S) (1) 10 8 4 

Maximum Nonlinearity 
at 25°C (% of F.S.R.) 0.012 0.048 0.20 

Connect Pin 17 to (2) Pin 15 Pin 16 Pin 28 

Connect Pin 14 to Pin 16 Pin 2 Pin 4 

LINEARITY ERROR VS. CONVERSION TIME 

0.20 ..-------r--,----r---r--r---.----,.--r---.-----, 

[( 0.175 f----+-+-I----It---+-+---+---+-+---+----l 
o 
a: ffi 0.150 

~ 0.125 f----+-I---f-R--+---+---+-+---+----l 
a: 
~ 0.10 
a: 
w 
j:: 0.075 

~ 0.05 f----+-~r+___+~t.-~--+-+---+----l 
w 
~ 0.025 

OL--L_L-~_L_L-~~_L-~~ 

o 2 3 4 5 6 7 8 9 10 
CONVERSION TIME (IlS) 

EXTERNAL CLOCK 

The HS ADC85 has an internal clock and is able to 
accept external clocks if synchronism with other 
system elements is required. Connect the external 
clock to start (pin 21); the start triggering pulse 
shown in the timing diagram is not used. A 
negative going pulse having a width of 100 to 200 
nS must be used to accomplish external clocking. 
A total of 13 pulses are necessary to perform 
conversion; the falling edge of the following pulse 
will initiate a new conversion, 

ORDERING INFORMATION 

MODEL 

HSADC85C 

HSADC85B 

DESCRIPTION 

Commercial 

Per MIL-STD-883 Rev. C, Level B 

Specifications subject to change without notice. 
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FEATURES 
• 2.5J.lS conversion time 
• Low power: 650mW 
• Wide temperature range models: - 55°C to 

+ 125°C operation 
• MIL-STD-883 or commercial/industrial 

processing 
• Plug-in replacements for ADC82 

DESCRIPTION 
The ADC541/542 Series are fast, low power, hybrid 
IC analog-to-digital converters (ADCs). The series 
features 8-bit resolution and accuracy with 2.5J.lS 
typical conversion time. The low power drain of 
650 mW is from standard ± 15 VDC and +5 VDC 
power supplies. All models are hermetically-sealed 
in 24-pin DIP style packages and are complete with 
precision thin-film DAC, clock, comparator, refer
ence and successive approximation register. 
The ADC541C-8 and ADC542C-8 are processed to 
commercial/industrial standards and operate 
-25°C to +85°C. ADC541B-8 and ADC542B-8 are 
processed to MIL-STD-883 Rev. C, Level B 
requirements, and operate -55°C to + 125°C. In 
addition, the ADC542 versions are plug-in replace
ments for the ADC82. 

FUNCTIONAL DIAGRAM 

22 (19) 

2 (17) 

~I ~ o--~.- ._.-.J 

3 (18) 

24 (14) 

SkU I SkU I 23 (15) 
~ 

ANAGND 

SUMMING JUNCT 

10V INPUT 

20V INPUT 

6.2kU 1 (16) 

20 (20) I 
BIPOLAR OFFSET 

o-~~--
! ___ ..J -15V 

ADC541/542 

8-BIT, WIDE TEMPERATURE, 
2.5JlS ADCs 

All models can be externally pin-connected for 3 
unipolar and 3 bipolar input ranges. Output 
coding in the bipolar mode is user selectable as 
either offset binary or 2's complement. ADC541/ 
542 feature an overall temperature coefficient of 
±45 ppm/oC and long-term stability of 0.1 %/year. 
ADC541/542 models provide systems designers 
with greater flexibility, savings in space and weight, 
and the ultimate in reliability. Their compact size, 
8-bit resolution, accuracy and extensive self
contained features are particularly well suited to 
microprocessor applications. 

DAC -- _ lE)-<> 

19 (4) 

18(5) 

17 (6) 

16 (7) 

8 (8) 
~ 

7 (9) 

REF~~ 
6 (10) 

-= 5(11) 

9 (12) 

10 (3) 

GAINADJ 

BIT 8 (LSB) 

BIT7 

BIT6 

BITS 

BIT 4 

BIT3 

BIT 2 

BIT 1 (MSB) 

MSB 

o--(!!.. 

=~---1--9----14(24) 

15 
0------

CLOCK OUT 

+5V 

SUCCESSIVE 
APPROXIMATION 

REGISTER 1---

r--

13 (23) 

J32~ 

_E.1~ 

12 (2) ,.. 

STATUS 

START 

CLOCK IN 

SERIAL OUT 

KEY 
LINES 
--ALLUNITS 
--- ADC541 ONLY 
--- ADC542 ONLY 

PIN OUTS 
n - ADC541 
(n)- ADC542 

L ___ -!1_.-O DIG GND 
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SPECIFICATIONS Pin Assignments 

(Typical @ +25°C and nominal power supplies unless otherwise 
noted) 

SERIES 

RESOLUTION 

TYPE 

ANALOG INPUT 

Unipolar 
Bipolar 
Impedance 

DIGITAL INPUTS 

Start Command Pulse Input 

Logic Loading 
Clock In (ADC542 only) 

DIGITAL OUTPUTS 

Data Coding, ADC541 
Unipolar 
Bipolar 

Data Coding, ADC542 
Unipolar 
Bipolar 

Data Output Drive Capability 

Status Output Drive Capability 

Clock Out (ADC542 only) 
Frequency 

REFERENCE 

CONVERSION TlME/ 
THROUGHPUT RATE 

ACCURACY 
Quantization 
Linearity 
Offset, 
Unipolar and Bipolar 1 
Gain1 

ADC541/542 

8-Bits 

Successive Approximation 

o to +5V, 0 to +10V, 0 to +20V 
±2.5V, ±5V, ±10V 
500nIVoit 

lOOnS wide, min. 
Logic "1" > +2.0V; 
Logic "0" < +0.8V 
2 TTL Loads 
2 TTL Loads 

Parallel Outputs Only 
Binary 
2's Complement, Offset Binary 
Parallel and Serial Outputs 
Complementary Binary 
Complementary Offset Binary, 
Complementary 2's Complement 
3 TTL Loads 
Logic "1" > +2.4V 
Logic "0" < O.4V 
2 TTL Loads, 
Logic "1" during conversion 

2.85 MHz 

Internal 

2.5}.LS, typ; 2.8}.LS max/400 kHz 

±v, LSB max 
±0.2% of F.S.R. max 

±0.2% of F.S.R. max 
±0.2% of F .S.A. max 

ADC541 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 

11 

12 

ADC542 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

NOTES 

FUNCTION PIN FUNCTION 

BIPOLAR OFFSET 24 +10V INPUT 

ANALOG GND 23 +20V INPUT 

SUMMING JCT. 22 +15V 

ANALOG GND 21 -15V 

BIT 1 (MSBj 20 -15V 

BIT2 19 BIT8 (LSB) 

BIT3 18 BIT7 

BIT4 17 BIT6 

BIT 1 (MSB) 16 BIT5 

STATUS 15 +5V 

DIGITAL GND 14 +5V 

DIGITAL GND 13 START 

FUNCTION PIN FUNCTION 

CLOCK OUT 24 +5V 

DIGITAL GND 23 START 

STATUS 22 CLOCK IN 

Bit 8 (LSB) 21 SERIAL OUT 

Bit 7 20 -15V 

Bit 6 19 +15V 

Bit 5 18 SUMMING JCT 

Bit 4 17 ANALOG GND 

Bit 3 16 BIPOLAR OFFSET 

Bit 2 15 20V INPUT 

Bit 1 (MSBj 14 10V INPUt 

Bit 1 (MSB) 13 GAIN ADJUST 

STABILITY 

Over Specified Temperature Range 

1. I nitial offset and gain errors are externally adjustable. See APPLI
CATIONS INFORMATION. 

Li nearity ± 1 Oppm 1° C 
2. Includes effects of Linearity, offset, and gain errors. 

Gain ±40ppm 1°C 
Offset ±1 Oppm rc 
Transfer Accuracy2 ±45ppm 1°C 

Long Term ±0.1 %/year @ +25°C 
ORDERING INFORMATION 

POWER SUPPLY 

Requirements 
+15V ±3% 
-15V ±3% 
+5V ±5% 

Rejection Ratio 
Power Consumption 

TEMPERATURE RANGE 

Specified 
ADC541 C/542C 
ADC541 B/542B 

Storage, All Models 

MECHANICAL 

Case Style 
Case Envelope Dimensions 

CASE A (CERAMIC): ADC542 

20mA max 
12mA max 
105mA max 
0.05%1% (+15V); 0.01%/% (-15V) 
lWmax 

MODEL 

ADC541C-8 
ADC541B-8 
ADC542C·8 

ADC542B-8 

DESCRIPTION 

Commercial/Industrial Process 
MIL-STD·883 Rev. C, Level B Process 
Commerciallindustrial Process; 
ADC82 Pin Out Compa!. 
MIL-STD-883 Rev. C, Level B Process; 
ADC82 Pin Out Compa!. 

Specifications subject to change without notice. 

0° to 70°C 
_55° C to +125° C 
-65°C to +150°C 

Case A (ceramic): ADC542 
Case B (metal): ADC541 

CASE B (METAL): ADC541 

I (108~5) MAX1 DI~::~~NS 
t:=:=J (mm) 

J11 - - - r- (:::~~ ~ ::::!) 
(H!) 1-(~5~)-l 

1D
"::'",~~SPIN: ... '::::)MINl~-11-
•• 1.275 MAX 
•• (32.315) 

• • I~';:) TVPl J 
.t2 ". ~j 

TOPYIEW ci [ 0.03 

(2.541 (0.762) 

428 Pin 1 II marked by a dot on the top of the package. 
STANDOFFS 
SUPPLIED 

AT MFG. OPTION 



APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

22 
(19) 

+15V 

TO ± 15V 
SUPPLIES 

COM 

0.01 fJ.F 0.01 fJ.F 

2&4 
(17) 

ANAGND 

20 & 21 
(20) 
-15V 

TO +5V 
SUPPLY , 

COM 

0.01 fJ.F 

14&1511&12 
(24) (2) 
+5V DIG GND 

Pin Connections 
n - ADC541 

(n)· ADC542 

RECOMMENDED BURN-IN CIRCUITS 
(Standard for MI L-STD-883 Versions) 

ADC541 +15V -15V +5V 

23 

24 

ADC541B-8 

13 

3 

ADC542 +15V -15V +5V 

18 

10 

3 

* = DO NOT 
CONNECT 

* = DO NOT 
CONNECT 

TIMING DIAGRAM 

----------....!...-----_ TIME 

DATA VALID , _____ .L------_ TIME 

CLOCK L-. _____ TIME 

:, 8 :9 

BIT 1 __ .l::~CLL.!-; --J@~ .... 0J'_"~_::.W0%CLL.L£.::LL·Wf:LL~~""~CLL.CLL.; LLLL:L.L ___ TIME 

B!T 2 __ .l::ImCJCLL.\-; --.JL--....If&%t:L.:::CLL.B""b"">:.::;;W;;;;<LL.CLL.~""~""~::.c~: ~~~ ___ TIME 

BiTS ~: ~: LSB __ J.;_.£.._"4-_________ ...L_L_~CLL.Ld.. ____ TIME 

~\~~~_2_ O_N_L_VI __ --J1 MSB I BIT 2 I BIT 3 - - - - - - - LSB 

~ SHADED REGION INDICATES BIT OUTPUT STATE THAT MAY BE "1 
L::L:::J DEPENDING UPON ANALOG INPUT MAGNITUDE 

INPUT SELECTION 

INPUT VOLT. 
ADC541 

RANGE 
PIN INPUT 

rONNECTIONS PIN 

o to +5V 23 to 3 & 1 to 2 

±2.5V 23 to 3 & 1 to 3 
24 

o to +10V 1 to 2 24 
±5V 1 to 3 

o to +20" 1 to 2 
23 

±10V 1 to 3 

OPTIONAL ADJUSTMENTS 

ADC541 OFFSET ADJ 
50Kn. 

ADC542 
PIN 

CONNECTIONS 

16 to 1 7 & 1 5 to 18 

16t018&15t018 

16 to 17 

16 to 18 

16 to 17 

16 to 18 

INPUT 

PIN 

14 

14 

15 

~ j"'------lMn ~ h 
+15V SUMMING 

JCT 
-15V 

Unipolar: Apply a +Y:.LSB analog input and set the potentiometer 
for a digital output that alternates between 000 ... 0 and 000 ... 1. 
Bipolar: The bipolar offset is factory calibrated and requires no 
external adjustment. 

ANALOG 
INPUT 

GAIN ADJ 

TO INPUT PIN 
SEE INPUT SELECTION TABLE 

Unipolar & Bipolar: Appiy a +(F.S. -3/2LSB) analog input and set 
the potentiometer for a digital output that alternates between 
11' ... 0 and 111...1. 
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OPTIONAL ADJUSTMENTS (continued) 

OFFSET ADJ GAIN A 

ADC542 +15V +15V +15V +15V 

10kn TO 
10kn 

18 1Mn 18 10kn 10kn TO 13 3.SMn 100kn 
100kn 

10kn 10kn 
TO 13 100kn 100kn TO 
100kn 100kn 

SUMMING SUMMING GAIN GAIN 
JUNCTION JUNCTION ADJ. ADJ. 

100kn 3.0kn 

-15V -= -15V -15V -15V 

Two Methods Offering A ± 1 % Swing. Two Methods Offering A ± 1 % Swing. 

Unipolar: Apply a +%LSB analog input and set the potentiometer 
for a digital output that alternates between 111 ... 1 and 111 ... 0. 
Bipolar: No adjustments necessary. 

Unipolar & Bipolar: Apply a +(F.S. -3/2LSB) analog input and set 
the potentiometer for a digital output that alternates between 
000 ... 0 and 000 ... 1. 

INPUT VOLTAGES, TRANSITION VALUES, LSB VALUES AND CODE DEFINITIONS 

BINARY (BIN) 
OUTPUT INPUT VOLTAGE RANGE 
ANALOG INPUT 
VOLTAGE RANGES DEFINED AS ±10V ±5V ±2.5V o to +10V o to +5V 010 +20V 
CODE COB COB COB 
DEISGNATION orCTC orCTC orCTC CSB CSB CSB 
ONE LEAST FSR 20V 10V 5V 10V 5V 20V 
SIGNIFICANT BIT 2n 2n 2n 2n 2n 2i1 2n 
(LSB) n=8 78.13 mV 39.0S mV 19.53 mV 39.0S mV 19.53 mV 78.13 mV 
TRANSITION VALUES 

541 542 
MSB LSB MSB LSB 
111 ... 110 000 ... 000 +FULL SCALE + 10V -1 1hLSB +5V-l1hLSB + 2.5V - 1 V2LSB + 10V -lV2LSB +5V -lV2LSB + 20V -1 V2LSB 
000 ... 000 000 ... 0!J0 MID SCALE -lhLSB - V2LSB -lhLSB +5V_lhLSB + 2.5V - lhLSB +10V_lhLSB 
000 ... 000 111 ... 110 -FULL SCALE -10V +lhLSB -5V +lhLSB - 2.5V + lhLSB 0+V2LSB o + V2LSB 0+V2LSB 

NOTES: 
1. Codings shown for ADC541 are Binary and Offset Binary. Use MSB for 2's Complement Coding. 
2. Codings shwon for ADC542 are Complementary Binary and Complementary Offset Binary. Use MSB for Complementary 2's Complement Coding. 
3. One LSB = FSR/256. 
4. The voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the output bits indicated as 0will change from "t" to "0" 

or from "0" to "1" as the input voltage passes through the level indicated. 

1.310 

1· .. ____ (3~!~4-)-----. I 

.1 12. 

L 
(20.321) 

MAX 

1 

I I 
0.165 

--- ...... (4.191) 

~
MAX 

T 
0.600 ± 0.010 ('; ... r 0.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

PIN (1) INDEX 0.025 ± 0.010 f (0.64 ± 0.25) 

pi =nun ~~nnJJ~ DI~:::NS 
.... 1 1--0.100 +0.005 TVP (mm) 

(2.54 ±O.13) 

0.018 ±0.002 
(0.46 ±O.OS) 
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HS574A 

COMPLETE 12-BIT, 25J.lSEC 
AID CONVERTER WITH J.lP INTERFACE 

FEATURES 
• Complete 12-bit NO converter with 

sample-hold, reference, clock, and three state 
outputs 

• Low power dissipation: 150mW max 
• 12-bit linearity over temperature 
• Fast conversion time: 25J..tSec max 
• Monolithic construction 

DESCRIPTION 
The HS574A is a complete 12-bit successive-approx
imation NO converter with three-state output buf
fers for direct interface to 8-, 12- or 16-bit micro
processor buses. The device is integrated on a 
single die and includes an internal reference, 
clock and a sample-hold. 
The HS574A has standard bipolar and unipolar in
put ranges of 10V and 20V that are controlled by a 
bipolar offset pin and laser trimmed for specified 
linearity, gain and offset accuracy. Power re
quirements are +5V and + 12V to + 15V with a 
maximum dissipation of 150mW at the specified 
voltages. Power consumption is about five times 

FUNCTIONAL DIAGRAM 

lower than currently available devices, and a 
negative supply is not required. Conversion time of 
25J..tSec (max) is also featured. 
The HS574A is available in 9 product grades. The 
HS574AJ, AK and AL are specified over a DOC to 
+70°C temperature range; the HS574AA, AB and 
AC: -40°Cto +85°C; andtheHS574AS,ATandAU: 
-55°C to + 125°C. Processing in accordance with 
MIL-STO-883C is also available. 

STS DBll DB10 DB9 DB8 DB7 DB6 DBS DB4 DB3 DB2 DBl DBO DGND 

N/C 

10 12 13 

V LOGIC 12/8 CS Ao RIC CE VCC REF AGND REF VEE BIP 10V 20V 
OUT IN OFF IN IN 
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SPECIFICATIONS 
(Typical @ +25°C with Vcc = + 15V, VEE = OV, VLOGIC = +5V unless otherwise specified) 

MODEL HS 574AJ HS 574AK HS 574AL HS 574AS HS 574AT HS 574AU 

RESOLUTION (max) 12 Bits 

TYPE Successive Approximation 

ANALOG INPUTS 
Input Ranges 

Bipolar ±5V, ±10V 
Unipolar Oto +10V, Oto +20V 

Input Impedance 
10 Volt Span 3. 75k Q min, 6.25kQ max 
20 Volt Span 15k2min, 25k2max 

DIGITAL INPUTS 

Logic Inputs 

CE, CS, R/C, Ao' 12/8 
Logic 1 + 2.4V min, + 5.5V max 
Logic 0 - 0.3V min, + 0.8V max 
Current 

- O.3V to 5.5V Input ±0.1"A typ, ±50"A max 
o to 5.5V Input ±5"A max 

Capacitance _ 5pF 
Control Input, 12/8 Hardwire to VLOGIC or DIG COM 

DIGITAL OUTPUTS 

Logic Outputs 
DB11 -DBa, STS 

Logic 0 +O.4V max, ISINK .:;1.6mA 
Logic 1 +2.4V min, 'SOURCE.:;500"A 
Leakage (High Z State) ± 40 IJ.A max (Data Bits Only) 
Capacitance 5pF 

Parallel Data 
Output Codes 

Unipolar Positive True Binary 
Bipolar Positive True Offset Binary 

REFERENCE 

Internal 10.00 ± 0.1 Volts max 
Output Current' 2mA 
CONVERSION TIME 
12-bit 13"Sec min, 251'Sec max 
8-bit lO~Sec mi\1, 19"Sec max 

ACCURACY 

Linearity Error @25°C ±1 LSB ±V2 LSB ±V2 LSB ±1 LSB ±V2 LSB ±V2 LSB 
(tmin to tmax) ±1 LSB ±V2 LSB ±V2 LSB ±1 LSB ±h LSB ± 1/2 LSB 

Differential Linearity Error2 @25°C 11 Bits 12 Bits 12 Bits 11 Bits 12 Bits 12 Bits 
(tmin to tmax) 11 Bits 12 Bits 12 Bits 11 Bits 12 Bits 12 Bits 

Offset3 

Unipolar ±2 LSB 
Bipolar ± 10 LSB ±4 LSB ±4 LSB ± 10 LSB ±4 LSB ±4 LSB 

Full Scale Calibration Error (% of FSR) 
F:xed 50 Q resistor from REF OUT to REF IN 0.3% 
No Adjustment at + 25°C tmin to tmax 0.5% 0.4% 0.35% 0.8% 0.6% 0.4% 
With Adjustment at +25°C tmin to tmax 0.22% 0.12% 0.05% 0.5% 0.25% 0.12% 

STABILITY 
Unipolar Offset (ppm/oC max) 

O°C to + 70°C ±10 ±5 ±5 
-55°C to +125°C ±5 ±2.5 ±2.5 

Bipolar Offset (ppm/oC max) 
O°C to + 70°C ±10 ±5 ±5 
- 55°C to + 125°C ±10 ±5 ±2.5 

Gain (Scale Factor)(ppm/oC max) 
O°C to + ?OoC ±50 ±27 ±10 
- 55°C to + 125°C ±50 ±25 ±12.5 

POWER SUPPLY 

VLOGIC + 4.5 to + 5.5 Volts @ 3mA 
VCC + 11.4 to + 16.5 Volts @ 9mA 
Power Dissipation 110mW typ, 150mW max 

POWER SUPPLY REJECTION 
Max. change in full scale calibration 

+ 13.5V.:; VCC':; + 16.5Vor + 11.4V .;,VCC ':; 12.6V ±2 LSB ±1 LSB ±1 LSB ±2 LSB ±1 LSB ±1 LSB 
+4.5V.:; VLOGIC ':; +5.5V ±V2 LSB 

TEMPERATURE RANGE 
Operating O°C to + 70°C -55°C to + 125°C 
Storage -25°C to +85°C -65°C to +150°C 

NOTES: 1. Available for external loads. External load should not change during conversion. When supplying an external load and operating on a + 12V supply, a buffer amplifier must be 
provided for the reference output. 2. Minimum resolution for which no missing codes are guaranteed. 3. Externally adjustable to zero. See applications information 
'Specificatlons same as HS 574AJ •• Specifications same as HS 574AS. 
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PACKAGE OUTLINE 

TOP VIEW 

o 1'-' l-PIN 1 

-'----

L(~;!~)~ 

..c=======:::J....;-~ 
If I f-------------I I 0.006 

(0.152) 

(g:~~1 TYP 

NOTE: See ordering information for Leadless Chip Carrier & 
CERDIP package outline. Sipex reserves the right to ship CERDIP 
in lieu of ceramic package. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 VLOGIC 28 STS 

2 12/8 27 DBII (MSB) 

3 CS 26 DBlO 

4 Ao 25 DBg 

5 RIC 24 DBs 

6 CE 23 DB7 

7 VCC 22 DB6 

8 REF OUT 21 DB5 

9 ANA GND(AC) 20 DB4 

10 REF IN 19 DB3 

11 N/C' 18 DB2 

12 BIP OFF 17 OBI 

13 10VIN 16 DBa (LSB) 

14 20VIN 15 DIGITALGND 

'This pin IS nol connecled Inside Ihe deVice so It can be tied 10 - 15V. ground. or lell 
Iloating 

ABSOLUTE MAXIMUM RATINGS 

Vcc to Digital Common. 

VLOGIC to Digital Common. 

Analog Common to Digital Common . 

Control Inputs (CE, CS, Ao' 12/8, RIC) to 
Digilal Common. 

Analog Inputs (REF IN, BIP OFF, 10VIN) to 
Analog Common. 

20VIN to Analog Common . 

REF OUT 

Power Dissipation . 

Lead Temperature, Soldering 

J/C. 
MTBF-25°C Ground Base. 

MTBF-125°C Missile Launch. 

. .. Oto + 16.5V 

Oto + 7V 

. ....... ± 1V 

- 0.5V to VLOGIC + 0.5V 

. ............ ±16.5V 

.. ±24V 

...... Indefinite short to common 
Momentary short to V CC 

1000mW 

. 300°C, 10Sec 

...... 45°C/W 

. .... 2.915 million hours 

. . 10.16 thousand hours 

CONVERT MODE TIMING CHARACTERISTICS 
Typical@25°C, VCC= +15Vor +10V, VLOGIC= +5V, VEE=OV, 
unless otherwise specified_ 

AC ELECTRICAL CHARACTERISTICS 

TEST 
PARAMETER CONDITIONS1 MIN MAX UNITS 

tDSC STS Delay from CE 200 ns 

tHEC CE Pulse Width 50 ns 

tssc CS to CE Setup 50 ns 

tHSC CS Low during CE High 50 ns 

tSRC RIC to CE Setup 50 ns 

tHRC RIC Low during CE High 50 ns 

tSAC Ao to CE Setup 0 ns 

tHAC Ao Valid during CE High 50 ns 

tc Conversion Time 

12-Bit Cycle Tmin to Tmax 13 25 ~s 

8-Bit Cycle Tmin to Tmax 10 19 ~s 

NOTE: 1. Time is measured from 50% level 01 digital transitions. Tested with a 100pF and 
3kQ load lor high impedance to drive and tested with 10pF and 3K Q load for drive to high 
impedance 

CE-----------/ ~~----IHEC------~ '--------

RIC 

Ao 

STS------------~------~ 

IOSC IC 

OBll-0BO ____________ -+ ____ ..:.H:::IG::.H.:..:I::::M::...P:::EO::.::A~N:.::C:::.E ______________ _ 

Figure 1. Convert Mode Timing Diagram 

READ MODE TIMING CHARACTERISTICS 
Typical@25°C, VCC= +15Vor +12V, VLOGIC= +5V, VEE=OV, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNITS 

too Access Time from CE 150 ns 

tHO Data Valid After CE Low 25 ns 

tHL Output Float Delay 150 ns 

tSSR CS to CE Setup 50 0 ns 

tSRR RIC to CE Setup 0 0 ns 

tSAR Ao to CE Setup 50 ns 

tHRS CS Valid After CE Low 0 0 ns 

tHRR RIC High After CE Low 0 50 ns 

tHAR Ao Valid After CE Low 50 ns 

tHS STS Delay After Data Valid 300 1000 ns 
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CE----.../ 

CS tHSR 

R/C----r---!--------+'"'" 

Ao 

STS 

0811-080-----+-

Figure 2_ Read Mode Timing Diagram 

STAND-ALONE MODE TIMING 
CHARACTERISTICS 

Typical@25°C, VCC= +15Vor +12V, VLOGIC= +5V, VEE=OV, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNITS 

tHRL Low RIC Pulse Width 50 ns 

tDS STS Delay from RIC 200 ns 

tHOR Data Valid After RIC Low 25 ns 

tHS STS Delay After Data Valid 300 1000 ns 

tHRH High RIC Pulse Width 150 ns 

tDDR Data Access Time 150 ns 

SAMPLE AND HOLD 

Acquisition Time1 

Aperture Uncertainty Time1 

NOTE: 1. Parameter is guaranteed by design and sampled characterization data 

RIC 

n 
STS 

M~ J tc 

f1.HS 

D811-DBO DATA VALID > < DATA VALID 

Figure 3. Low Pulse For RIC - Outputs Enabled After Conversion 
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R/C-riHRH tos I 
~-.. ~. 

----L 
STS_

r1
-OOR I~-" tHOR -I ~~tC-----.j1 

HIGH-Z < ) HIGH-Z 
0811--0-80---< OATA VAllO >------------

Figure 4. High Pulse For RIC - Outputs Enabled While RIC is High, 
Otherwise High Impedance 

CIRCUIT OPERATION 
The HS 574A is a complete 12-bit analog-to-digital 
converter which consists of a single chip version of the 
industry standard 574. This single chip contains a 
precision 12-bit capacitor digital-to-analog converter 
(CDAC) with voltage reference, comparator, 
successive-approximation register (SAR), sample and 
hold, clock, output buffers and control circuitry to 
make it possible to use the HS 574A with few external 
components. 

When the control section of the HS 574A initiates a 
conversion command, the clock is enabled and the 
successive-approximation register is reset to all zeros. 
Once the conversion cycle begins, it can not be 
stopped or re-started and data is not available from the 
output buffers. 

The SAR, timed by the clock, sequences through the 
conversion cycle and returns an end-of-convert flag to 
the control section of the ADC. The clock is then 
disabled by the control section, the output status goes 
low, and the control section is enabled to allow the 
data to be read by external command. 

The internal HS 574A 12-bit CDAC is sequenced by 
the SAR starting from the MSB to the LSB at the begin
ning of the conversion cycle to provide an output 
voltage from the CDAC that is equal to the input signal 
voltage (which is divided by the input voltage divider 
network). The comparator determines whether the ad
dition of each successively-weighted bit voltage causes 
the CDAC output voltage summation to be greater or 
less than the input voltage; if the sum is less, the bit is 
left on; if more, the bit is turned off. After testing all the 
bits, the SAR contains a 12·bit binary code which accu· 
rately represents the input signal to within ± V2 LSB. 

The internal reference provides the voltage reference 
to the CDAC with excellent stability over temperature 
and time. The reference is trimmed to 10.00 Volts 
± 1 % and can supply up to 2mA to an external load in 
addition to that required to drive the reference input 
resistor (1 mA) and offset resistor (1 mA) when operating 
with ± 15V supplies. If the HS 574A is used with ± 12V 
supplies, or if external current must be supplied over 
the full temperature range, an external buffer amplifier 
is recommended. Any external load on the HS 574A 
reference must remain constant during conversion. 

The sample and hold is a default function by virtue of 
the CDAC architecture. Therefore the majority of the 
S/H specifications are included within the AID 
specifications. 



Although there is no sample and hold circuit in the 
classical sense, the sampling nature of the capacitive 
DAC makes the HS 574A appear to have a built in 
sample and hold. This sample and hold action sub
stantially increases the signal bandwidth of the 
HS 574A over that of similar competing devices. 

Note that even though the user may use an external 
sample and hold for very high frequency inputs, the in
ternal sample and hold still provides a very useful isola
tion function. Once the internal sample is taken by the 
CDAC capacitance, the input of the HS 574A is discon
nected from the user's sample and hold. This prevents 
transients occuring during conversion from being in
flicted upon the attached sample and hold buffer. All 
other 574/674 circuits will cause a transient load cur
rent on the sample and hold which will upset the buffer 
output and may add error to the conversion itself. 

Furthermore, the isolation of the input after the 
acquisition time in the HS 574A allows the user an 
opportunity to release the hold on an external sample 
and hold and start it tracking the next sample. This will 
increase system throughput with the user's existing 
components. 

SAMPLE AND HOLD FUNCTION 
When using an external S/H, the HS 574A acts as any 
other 574 device because the internal S/H is trans
parent. The sample/hold function in the HS 574A is in
herent to the capacitor DAC structure, and its timing 
characteristics are determined by the internally 
generated clock. However, for limited frequency 
ranges, the internal S/H may eliminate the need for an 
external S/H. This function will be explained in the next 
two sections. 

The operation of the S/H function is internal to the 
HS 574A and is controlled through the normal R/C 
control line (refer to Figure 5.) When the RIC line 
makes a negative transition, the HS 574A starts the 
timing of the sampling and conversion. The first 2 clock 
cycles are allocated to signal acquisition of the input by 
the CDAC (this time is defined as tACO). Following 
these two cycles, the input sample is taken and held. 
The AID conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

During tACO, the equivalent circuit of the HS 574A 
input is as shown in Figure 6 (the time constant of the 
input is independent of which input level is used). This 
CDAC capacitance must be charged up to the input 
voltage during tACQ. Since the CDAC time constant is 
100 nsecs, there is more than enough time for settling 
the input to 12 bits of accuracy during tACO. The ex
cess time left during tACO allows the user's buffer amp 
to settle after being switched to the CDAC load. 

Note that because the sample is taken relative to the 
RIC transition, tACO is also the traditional "aperture 
delay" of this internal sample and hold. 

Since tACO is measured in clock cycles, its duration 
will vary with the internal clock frequency. This results 
in tACO = 2.9l-1secs ± 1.1 I-Isecs between units and 
over temperature. 

Offset, gain and linearity errors of the S/H circuit, as 
well as the effects of its droop rate, are included in the 
overall specs for the HS 574A. 

CE-----J/ 

RIC 

~ACQ) 
ACQUISITION 

TIME 

CDAC VOLTAGE 

o VOLTS 

\'-------

ACQUISITION TIME = 

WAIT FOR BUS 
READ 

APERTURE DELAY TIME = 0.12 x tCONVERT 

- - -- ------ --'-----

Figure 5. Sample and Hold Function 

1 

I 
25 pF 

CEO 

REO = 4K OHMS AT ANY RANGE 

T = REO CEO = 100 NSEC 

Figure 6. Equivalent HS 574A Input Circuit 

APERTURE UNCERTAINTY 
Often the limiting factor in the application of the sample 
and hold is the uncertainty in the time the actual sam
ple is taken - i.e. the "aperture jitter" or tAJ. The 
HS 574A has a nominal aperture jitter of 20 nsecs bet
ween samples. With this jitter, it is possible to accurate
ly sample a wide range of input signals. 

The aperture jitter causes an amplitude uncertainty for 
any input where the voltage is changing. The approx
imate voltage error due to aperture jitter depends on 
the slew rate of the signal at the sample point (See 
Figure 7). The magnitude of this change for a sine 
wave can be calculated: 
Assume a sinusoidal signal, maximum slew rate, 
SR = 2 n fVp (Vp = peak voltage, f = frequency of 
sine wave). For an N-bit converter to maintain ± V2 
LSB accuracy: 
VERR ~ VFS/2N + 1 (where VERR is the allowable error 
voltage and VFS is the full scale voltage). 

From Figure 10: 
SR = D. VI D. T = 2 n fVp 
Let D. V = VERR, Vp = VIN/2 and D. T = tAJ (the time 
during which unwanted voltage change occurs) 
The above conditions then yield: 
VFS/2N+1~ n fVIN tAJ orfMAX~VFs/(nVIN tAJ)2N+1 
For the HS 574A, tAJ = 20 nsec; therefore, 
fMAX~ 2kHz 

For higher frequency signal inputs, an external sample 
and hold is recommended. 
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I 61 I 6VERROR = 6'rJ:V 

Figure 7. Aperture Uncertainty 

TYPICAL INTERFACE CIRCUIT 
The HS 574A is a complete AID converter that is fully 
operational when powered up and issued a Start Con
vert Signal. Only a few external components are 
necessary as shown in Figures 8 and 9. The two 
typical interface circuits are for operating the HS 574A 
in either a unipolar or bipolar input mode. Further infor
mation is given in the following sections on these con
nections, but first a few considerations concerning 
board layout to achieve the best operation. 

For each application of this device, strict attention must 
be given to power supply decoupling, board layout (to 
reduce pickup between analog and digital sections), 
and grounding. Digital timing, calibration and the 
analog signal source must be considered for correct 
operation. 

To achieve specified accuracy, a double-sided printed 
circuit board with a copper ground plane on the com
ponent side is recommended. Keep analog signal 
traces away from digital lines. It is best to lay the PC 
board out such that there is an analog section and a 
digital section with a single point ground connection 
between the two through an RF bead. If this is not 
possible, run analog signals between ground traces 
and cross digital lines at right angles only. 

POWER SUPPLIES 

The supply voltages for the HS 574A must be kept as 
quiet as possible from noise pickup and also regulated 
from transients or drops. Because the part has 12-bit 
accuracy, voltage spikes on the supply lines can cause 
several LSB deviations on the output. Switching power 
supply noise can be a problem. Careful filtering and 
shielding should be employed to prevent the noise 
from being picked up by the converter. 

Capacitor bypass pairs are needed from each supply 
pin to its respective ground to filter noise and counter 
the problems caused by the variations in supply cur
rent. A 10 /A F tantalum and a 0.1 /A F ceramic type in 
parallel between VLOGIC (pin 1) and digital common 
(pin 15), and VCC (pin 7) and analog common (pin 9) 
is sufficient. VEE is generated internally so pin 11 may 
be grounded or connected to a negative supply if the 
HS 574A is being used to upgrade an already existing 
design. 
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Figure 8. Unipolar Input Connections 

1:~~ 0-----=4-..-.,1'.-, 
4-----Jf..-----+--' 

Figure 9. Bipolar Input Connections 

GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground 
should be as low resistance as possible to accomodate 
the ground currents present with this device. 

The analog ground current is approximately 6mADC 
while the digital ground is 3mADC. The analog and 
digital common pins should be tied together as close 
to the package as possible to guarantee best perfor
mance. The code dependent currents flow through the 
VLOGIC and VCC terminals and not through the 
analog and digital common pins. 



The HS 574A may be operated by alA P or in the 
stand-alone mode. The part has four standard input 
ranges: OV to + lOV, OV to + 20V, ± 5V and ± 10V. 
The maximum errors that are listed in the specifications 
for gain and offset may be adjusted externally to zero 
as explained in the next two sections. 

CALIBRATION AND 
CONNECTION PROCEDURES 
UNIPOLAR 

The calibration procedure consists of adjusting the 
converter's most negative output to its ideal value for 
offset adjustment, and then adjusting the most positive 
output to its ideal value for gain adjustment. 

Starting with offset adjustment and referring to Figure 
8, the midpoint of the first LSB increment should be 
positioned at the origin to get an output code of all as. 
To do this, an input of + V2 LSB or + 1.22mV for the 
10V range and + 2.44mV for the 20V range should be 
applied to the HS 574A. Adjust the offset potentiometer 
R1 for code transition flickers between 0000 0000 0000 
and 0000 0000 0001. 

The gain adjustment should be done at positive full 
scale. The ideal input corresponding to the last code 
change is applied. This is 1 V2 LSB below the nominal 
full scale which is + 9.9963V for the 10V range and 
+ 19.9927V for the 20V range. Adjust the gain poten
tiometer R2 for flicker between codes 1111 1111 
1110 and 1111 1111 1111. If calibration is not 
necessary for the intended application, replace R2 with 
a 50Q , 1 % metal film resister and remove the network 
from pin 12. Connect pin 12 to pin 9. Connect the 
analog input to pin 13 for the OV to 10V range or to pin 
14 for the OV to 20V range. 

BIPOLAR 

The gain and offset errors listed in the specifications 
may be adjusted to zero using the potentiometers R 1 
and R2 (See Figure 9). If adjustment is not needed, 
either or both pots may be replaced by a 50 Q , 1 % 
metal film resistor. 

To calibrate, connect the analog input signal to pin 13 
for a ± 5V range or to pin 14 for a ± 10V range. First 
apply a DC input voltage V2 LSB above negative full 
scale which is - 4.9988V for the ± 5V range or 
- 9.9976V for the ± 10V range. Adjust the offset 
potentiometer R1 for flicker between output codes 
0000 0000 0000 and 0000 0000 0001. Next, apply a 
DC input voltage 1 V2 LSB below positive full scale 
which is + 4.9963V for the ± 5V range or + 9.9927V 
for the ± 10V range. Adjust the gain potentiometer R2 
for flicker between codes 1111 1111 1110 and 
111111111111. 

ALTERNATIVE 

The 100 Q potentiometer R2 provides gain adjust for 
the 10V and 20V ranges. In some applications, a full 
scale of 10.24V (for and LSB of 2.5mV) or 20.48 (for an 
LSB of 5.0mV) is more convenient. For these, replace 
R2 by a 50 Q, 1 % metal film resistor. Then to provide 
gain adjust for the 10.24 range, add a 200Q poten
tiometer in series with pin 13. For the 20.48V range, 
add a 1000Q potentiometer in series with pin 14. 

CONTROLLING THE HS 574A 
The HS 574A can be operated by most micro
processor systems due to the control input pins and 
on-chip logic. It may also be operated in the "stand
alone" mode and enabled by the RIC input pin. Full 
lAP control consists of selecting an 8- or 12-bit conver
sion cycle, initiating the conversion, and reading the 
output data when ready. The output read has the op
tions of choosing either 12-bits at once or 8 followed by 
4-bits in a left-justified format. All five control inputs are 
TIL/CMOS compatible and include 12/8, CS, Ao, RIC 
and CEo The use of these inputs in controlling the con
verter's operations is shown in Table 1, and the internal 
control logic is shown in a simplified schematic in 
Figure 10. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to 
RIC. The other controls must be tied to known states 
a~ follows: CE and 12/8 are wired high, Ao and CS are 
Wired low. The output data arrives in words of 12-bits 
each. The limits on RIC duty cycle are shown in 
Figures 3 and 4. It may have duty cycle within and in
cluding the extremes shown in the specifications on 
the pages. In general, data may be read when RIC is 
high unless STS is also high, indicating a conversion is 
in progress. 

CONVERSION LENGTH 

A conversion start transition latches the state of Ao as 
shown in Figure 10 and Table 1. The latched state 
determines if the conversion stops with 8-bits (Ao high) 
or continues for 12-bits (Ao low). If all 12-bits are read 
following an 8-bit conversion, the three LSB's will be a 
logic "0" and DB3 will be a logic "1". Ao is latched 
because it is also involved in enabling the output buf
fers as will be explained later. No other control inputs 
are latched. 

) Ao 
ADDRESS BUS \ 

~ 

STS ~ 
2 12/8 DB11 (MSB) 

27 

G 26 

~ Ao 
25 

24 

23 

HS 574A 
22 

21 

20 

19 

18 ---
17 

f-----.-----
16 

DBO (LSB) 
DIG 15 

COMh 

Figure 10. Interfacing the HS 574A to an 8-Bit Data Bus 

DATA 
BUS 
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CONVERSION START 

A conversion may be initated by a logic transition on 
any of the three inputs: CE, CS, RIC, as shown in Table 
1. The last of the three to reach the correct state starts 
the conversion, so one, two or all three may be dynam
ically controlled. The nominal delay from each is the 
same and all three may change state simultaneously. 
In order to assure that a particular input controls the 
start of conversion, the other two should be setup at 
least 50ns earlier. Refer to the convert mode timing 
specifications. The Convert Start timing diagram is 
illustrated in Figure 1. 

The output signal STS is the status flag and goes high 
only when a conversion is in progress. While STS is 
high, the output buffers remain in a high impedance 
state so that data can not be read. Also, when STS is 
high, an additional Start Convert will not reset the con
verter or reinitiate a conversion. Note, if Ao changes 
state after a conversion begins, an additional Start 
Convert command will latch the new state of Ao and 
possibly cause a wrong cycle length for that conver
sion (8 versus 12-bits). 

READING THE OUTPUT DATA 

The output data buffers remain in a high impedance 
state until the following four conditions are met: RIC is 
high, STS is low, CE is high and CS is low. The data 
lines become active in response to the four conditions 
and output data according to the conditions of 12/8 
and Ao. The timing diagram for this process is shown 
in Figure 2. When 12/8 is high, all 12 data outputs 
become active simultaneously and the Ao input is ig
nored. This is for easy interface to a 12 or 16 bit data 
bus. The 12/8 input is usually tied high or low, although 
it is TTL/CMOS compatible. 

CE CS RIC 12/8 Ao OPERATION 

0 X X X X None 

X 1 X X X None 

j 0 0 X 0 Initiate 12 Bit Conversion 

t 0 0 X 1 Initiate 8 Bit Conversion 

1 t 0 X 0 Initiate 12 Bit Conversion 

1 -, a X 1 Initiate 8 Bit Conversion 

1 0 • X 0 Initiate 12 Bit Conversion 

1 0 + X 1 Initiate 8 Bit Conversion 

1 0 1 1 X Enable 12 Bit Output 

1 a 1 a a Enable 8 MSB's Only 

1 a 1 0 1 Enable 4 LSB's Plus 4 
Trailing Zeroes 

Table 1. Truth Table for the HS 574 Control Inputs 
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When 12/8 is low, the output is separated into two 8-bit 
bytes as shown below: 

BYTE 1 BYTE 2 

Ix x X X X X X Xlix X x X 00001 
I '~~I----~' 

- MSB LSB 

This configuration makes it easy to connect to an 8-bit 
data bus as shown in Figure 10. The Ao control can be 
connected to the least significant bit of the data bus in 
order to store the output data into two consecutive 
memory locations. When Ao is pulled low, the 8 MSB's 
are enabled only. When Ao is high, the 4 MSB's are 
disabled, bits 4 through 7 are forced to a zero and the 
four LSB's are enabled. The two byte format is "left 
justified data" as shown above and can be considered 
to have a decimal point or binary to the left of byte 1 . 

Ao may be toggled without damage to the converter at 
any time. Break-before-make action is guaranteed bet
ween the two data bytes. This assures that the outputs 
which are strapped together in Figure 10 will never be 
enabled at the same time. 

In Figure 2, it can be seen that a read operation usual
ly begins after the conversion is complete and STS is 
low. If earlier access is needed, the read can begin no 
later than the addition of times too and tHS before STS 
goes low. 
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Figure 11. HS 574A Control Logic 
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ORDERING INFORMATION 

RESOLUTION MAX 
NO MISSING FULL SCALE 

MODEL CODES LINEARITY T.C. TEMP. MIL 
NUMBER (T min to T max) ERROR (ppm/oC) RANGE SCREENING 

HS 574AJ 11 Bits ±1 LSB 50.0 O°C to + 70°C -

HS 574AK 12 Bits ± V2 LSB 27.0 O°C to + 70°C -
HS 574AL 12 Bits ± V2 LSB 10.0 O°C to + 70°C -
HS 574AA1 11 Bits ± 1/2 LSB 50.0 -40°C to +85°C -
HS 574AB1 12 Bits ± V2 LSB 27.0 -40°C to +85°C -
HS 574AC1 12 Bits ± V2 LSB 10.0 -40°C to +85°C -

HS 574AS 11 Bits ± 1 LSB 50.0 -55°C to + 125°C -

HS 574AT 12 Bits ±V2 LSB 25.0 - 55°C to + 125°C -

HS 574AU 12 Bits ± 1/2 LSB 12.5 -55°C to + 125°C -

HS 574S/B 11 Bits ± 1 LSB 50.0 -55°C to + 125°C MIL -STO-883C 
HS 574AT/B 12 Bits ±V2 LSB 25.0 - 55°C to + 125°C MIL-STO-883C 
HS 574AU/B 12 Bits ± 1/2 LSB 12.5 -55°C to + 125°C MIL -STO-883C 

NOTE: 1. Electrical specifications for AA. AB, and AC grades are the same as AJ, AK, and AL models, respectively with the exception of 
extended operating temperature range performance from -40°C to +85°C. 

PACKAGE OUTLINE 
28 Pin Leadless Chip Carrier 

-Jl-
0.013 
(0.33) 

0.010R 
(0.26R) 

I 0.450 ± 0.008 sa I r-- (11.431: 0.20) ~ 

PIN 26 

PIN 27 

PIN 28 

PIN 1 

PIN 2 

PIN 3 

PIN 4 

NOTE: To order leadless Chip Carrier version add flCC suffix to model number. 
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SYMBOL 

A 

b 
b, 
c 
D 

E 

El 

e 
L 

L 1 
Q 

S 

Sl 

a 

s 

SEATING 
PLANE 

INCHES 
MIN MAX 

0,225 

0.014 0.026 

0.030 0.070 

0.008 0.018 

1.490 

0.500 0.610 

0.590 0.620 

0.090 0.110 

0.125 0.200 

0.150 

0.015 

0.100 

0.005 

0° 15° 

MILLIMETERS 
MIN MAX NOTES 

5.72 

0.36 0.66 7 

0.76 1.78 2, 7 

0.20 0.46 7 

37.85 4 

12.70 15.49 4 

14.99 15.75 6 

2.29 2.79 8 

3.18 5.08 

3,81 

0.38 3 

2.54 5 

0.13 5 

0° 15° 
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SIGNAL PROCESSING EXCELLENCE 

SP674A 

COMPLETE 12-BIT, 15IJSEC 
AID CONVERTER WITH IJP INTERFACE 

FEATURES 
• Complete 12-bit ND converter with sample-

hold, reference, clock, and three-state outputs 
• Low power dissipation: 150mW max 
• 12-bit linearity over temperature 
• Fast conversion time: 15IJsec max 
• Monolithic construction 

DESCRIPTION 
The SP674A is a complete 12-bit successive-approx
imation ND converter with three-state output buf
fers for direct interface to 8-, 12- or 16-bit 
microprocessor buses. The device is integrated on 
a single die and includes an internal reference, 
clock and a sample-hold. 

The SP674A has standard bipolar and unipolar in
put ranges of 10V and 20V that are controlled by a 
bipolar offset pin and laser trimmed for specified 
linearity, gain and offset accuracy. Power re
quirements are +5V and + 12V to + 15V with a 
maximum dissipation of 150mW at the specified 
voltages. Power consumption is about five times 
lower than currently available devices, and a 

FUNCTIONAL DIAGRAM 

12 BIT SAR 

negative supply is not required. Conversion time of 
15IJsec max is also featured. 

The SP674A is available in 9 product grades. The 
SP674AJ, AK and AL are specified over a O°C to 
+ 70°C temperature range; the SP674AA, AB and 
AC: -40°C to +85°C; andtheSP674AS,ATandAU: 
-55°C to + 125°C. Processing in accordance with 
MIL-STD-883C is also available. 

V LOGIC 1211 fS Au RIC CE VCC REF AGND REF VEE BIP IOV 20V 
OUT IN OFF IN IN 
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SPECIFICATIONS 
(Typical @ +25°C with Vcc = + 15V, VEE = OV, VLOGIC = + 5V unless otherwise specified) 

MODEL SP 674AJ SP 674AK SP 674AL SP 674AS SP 674AT SP 674AU 

RESOLUTION (max) 12 Bits 

TYPE Successive Approximation 

ANALOG INPUTS 
Input Ranges 

Bipolar ±5V, ±10V 
Unipolar o to + 10V, 0 to +20V 

Input Impedance 
10 Volt Span 3.75kQ min, 6.25k>l max 
20 Volt Span 15k2.min, 25kQ max 

DIGITAL INPUTS 

Logic Inputs 

CE, CS, RIC, Ao' 12/8 
Logic 1 + 2.4V min, + 5.5V max 
Logic 0 -0.5V min, +0.8V max 
Current 

o to 5.5V Input ±50/lA max 
Capacitance 5pF 

DIGITAL OUTPUTS 

Logic Outputs 
DB11 -DBo, STS 

Logic 0 +O.4V max, ISINK 1.6mA 
Logic 1 + 2.4V min, ISOURCE 500 ,.A 
Leakage (High Z State) ± 40/lA max (Data Bits Only) 
Capacitance 5pF 

Parallel Data 
Output Codes 

Unipolar Positive True Binary 
Bipolar Positive True Offset Binary 

REFERENCE 

Internal 10.00 ± 0.1 Volts max 
Output Current' 2mA 

CONVERSION TIME 

12 Bit 9,.Sec min, 15,.Sec max 
8 Bit 6,.Sec min, lO,.Sec max 

ACCURACY 

Linearity Error @25°C, max ±1 LSB ±V2 LSB ±V2 LSB ±1 LSB ±Y2 LSB ±V2 LSB 
(tmin to tmax), max ±1 LSB ±'/2 LSB ±V2 LSB ±1 LSB ±V2 LSB ±V2 LSB 

Differential Linearity Error2 @25°C, min 11 Bits 12 Bits 12 Bits 11 Bits 12 Bits 12 Bits 
(lmin to tmax), min 11 Bits 12 Bits 12 Bits 11 Bits 12 Bits 12 Bits 

OffseP 
Unipolar, max ±2 LSB 
Bipolar, max ± 10 LSB ±4 LSB ±4 LSB ± 10 LSB ±4 LSB ±4 LSB 

Full Scale Calibration Error (±% of FSR), max 
Fixed 50 resistor from REF OUT to REF IN 0.3% 
No Adjustment at + 25°C tmin to tmax 0.5% 0.4% 0.35% 0.8% 0.6% 0.4% 
With Adjustment at +25°C tmin to tmax 0.22% 0.12% 0.05% 0.5% 0.25% 0.12% 

STABILITY 

Unipolar Offset (ppm/OC max) 
O°C to + 70°C ±10 ±5 ±5 
-55°C to + 125°C ±5 ±2.5 ±2.5 

Bipolar Offset (ppm/OC max) 
O°C to + 70°C ±10 ±5 ±5 
-55°C to + 125°C ±10 ±5 ±2.5 

Gain (Scale Factor)(ppm/OC max) 
aoc to + ?DoC ±50 ±27 ±10 
-55°C to + 125°C ±50 ±25 ±12.5 

POWER SUPPLY 

VLOGIC + 4.5 to + 5.5 Volts @ 3mA 
VCC + 11.4 to + 16.5 Volts @ 9mA 
Power Dissipation 110mW typ, 150mW max 

POWER SUPPLY REJECTION 

Max. change in full scale calibration 
+ 13.5V.; VCC'; + 16.5Vor + 11.4V .;VCC '; 12.6V ±2 LSB ±1 LSB ±1 LSB ±2 LSB ±1 LSB ±1 LSB 
+4.5V.;VLOGIC <;.+5.5V ±V2 LSB 

TEMPERATURE RANGE 

Operating O°C to + 70°C -55°C to + 125°C 
Storage -25°C to +85°C -65°C to + 150°C 

NOTES: 1 Available for external loads. External load should not change during conversion. When supplying an external load and operating on a + 12V supply, a buffer amplifier must be 
provided for the reference output. 2. Minimum resolution for which no miSSing codes are guaranteed. 3. Externally adjustable to zero. See applications information. 
·Specifications same as SP 674AJ .• ·Specifications same as SP 674AS 
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PACKAGE OUTLINE 

1.3 
(33.02) 

TOP VIEW 

0 1'-" 
PIN 1 

.---

D 1.4 
(35.5 --6-) 

I_L. 

L O.610 I 
(15.49)----l 

NOTE: See ordering information for Leajless Chip Carrier & 
CERDIP package outline. Sipex reseNes the right to ship CERDIP 
in lieu of ceramic package. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 VLOGIC 28 STS 

2 12/8 27 DB11 (MSB) 

3 CS 26 DB10 

4 Ao 25 DBg 

5 RIC 24 DBa 

6 CE 23 DB? 

7 VCC 22 DB6 

8 REF OUT 21 DB5 

9 ANAGND(AC) 20 DB4 

10 REF IN 19 DB3 

11 N/C" 18 DB2 

12 B)P OFF 17 DB1 

13 10VIN 16 DBo (LSB) 

14 20VIN 15 DIGITAL GND 

"This pin is not connected to the device; VEE is generated internally. 

ABSOLUTE MAXIMUM RATINGS 

VCC to Digital Common. 

VLOGIC to Digital Common. 

Analog Common to Digital Common .. 

Control Inputs (CE, CS, Ao' 1218, RIC) to 
Digital Common. 

Analog Inputs (REF IN, BIP OFF, 10VIN) to 
Analog Common. 

20VIN to Analog Common . 

REF OUT . 

Power Dissipation . 

Lead Temperature, Soldering 

... Oto + 16.5V 

. ........ Oto + 7V 

. ..... -0.5to + 1V 

-0.5Vto VLOGIC +0.5V 

. ... ±165V 

. ......... ±24V 

. .. Indefinite short to common 
Momentary short to V CC 

....... 1000mW 

... 300°C, 10Sec 

CONVERT MODE TIMING CHARACTERISTICS 
Typical @25°e, Vee = + 15V or + 10V, VLOGle = + 5V, VEE = OV, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 

TEST 
PARAMETER CONDITIONS' MIN MAX UNITS 

tDSC STS Delay from CE 200 ns 

tHEC CE Pulse Width 50 ns 

tssc CS to CE Setup 50 ns 

tHSC CS Low during CE High 50 ns 

tSRC RIC to CE Setup 50 ns 

tHRC RIC Low during CE High 50 ns 

tSAC Ao to CE Setup 0 ns 

tHAC Ao Valid during CE High 50 ns 

tc Conversion Time 

12-Bit Cycle Tm,n to Tmax 9 15 ~s 

8-Bit Cycle T min to Tmax 6 10 ~s 

NOTE: 1. Time is measured from 50% level of digital transitions. Tested with a 100pF and 
3k 0 load for high Impedance to drive and tested with lOpF and 3KQ load for drive to high 
Impedance 

CE __________ -J ~----tHEC----~ 

RIC 

Ao 

STS-------------4-------/ 
tosc tc 

OB11-0BO ____________ -+ ____ ..:.H::.;IG~H.:..I=M.:..PE=O~A.;;.N;,;;C:=E _________ _ 

Figure 1. Convert Mode Timing Diagram 

READ MODE TIMING CHARACTERISTICS 
Typical @25°e, Vee= +15Vor +12V, VLOGle= +5V, VEE=OV, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNITS 

too Access Time from CE 150 ns 

tHO Dala Valid Aller CE Low 25 ns 

tHL Outpul Float Delay 150 ns 

tSSR CS to CE Setup 50 0 ns 

tSRR RIC to CE Setup 0 0 ns 

tSAR Ao to CE Setup 50 ns 

tHRS CS Valid After CE Low 0 0 ns 

tHRR RIC High After CE Low 0 0 ns 

tHAR Aa Valid After CE Low 50 ns 

tHS STS Delay After Data Valid 100 600 ns 
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CE 

CS 

RIC 

tSRR 

Ao 

tSAR 

STS 

DB11-DBO-----+_ 

Figure 2. Read Mode Timing Diagram 

STAND·ALONE MODE TIMING 
CHARACTERISTICS 

tHSR 

Typical@25°C, VCC= + 15Vor + 12V, VLOGIC= +5V, VEE=OV, 
unless otherwise specified. 

AC ELECTRICAL CHARACTERISTICS 

PARAMETER MIN TYP MAX UNITS 

tHRL Low RIC Pulse Width 50 ns 

tDS STS Delay from RIC 200 ns 

tHDR Data Valid After RIC Low 25 ns 

tHS STS Delay After Data Valid 100 600 ns 

tHRH High RIC Pulse Width 150 ns 

tDDR Data Access Time 150 ns 

SAMPLE AND HOLD 

Acquisition Time' 

Aperture Uncertainty Time' 

NOTE: ,. Parameter IS guaranteed by design and sampted characterization data 

RIC 

n 
STS 

A~ ~tHS te 

0811-080 DATA VALID > < DATA VALID 

Figure 3. Low Pulse For RIC - Outputs Enabled After Conversion 
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.'c-R t~ 1 
STS-~~-IOOR I~~-: '"0.=.1 1""---. I-C } 

HIGH-Z < ) HIGH-Z 
OB11--0-BO---< DATA VALID )...----------

Figure 4. High Pulse For RIC - Outputs Enabled While RIC is High, 
Otherwise High Impedance 

CIRCUIT OPERATION 
The SP 674A is a complete 12-bit analog-to-digital 
converter which consists of a single chip version of the 
industry standard 674. This single chip contains a 
precision 12-bit capacitor digital-to-analog converter 
(CDAC) with voltage reference, comparator, 
successive-approximation register (SAR), sample and 
hold, clock, output buffers and control circuitry to 
make it possible to use the SP 674A with few external 
components. 

When the control section of the SP 674A initiates a 
conversion command, the clock is enabled and the 
successive-approximation register is reset to all zeros. 
Once the conversion cycle begins, it can not be 
stopped or re-started and data is not available from the 
output buffers. 

The SAR, timed by the clock, sequences through the 
conversion cycle and returns an end-of-convert flag to 
the control section of the ADC. The clock is then 
disabled by the control section, the output status goes 
low, and the control section is enabled to allow the 
data to be read by external command. 

The internal SP 674A 12-bit CDAC is sequenced by 
the SAR starting from the MSB to the LSB at the begin
ning of the conversion cycle to provide an output 
voltage from the CDAC that is equal to the input signal 
voltage (which is divided by the input voltage divider 
network). The comparator determines whether the ad
dition of each successively-weighted bit voltage causes 
the CDAC output voltage summation to be greater or 
less than the input voltage; if the sum is less, the bit is 
left on; if more, the bit is turned off. After testing all the 
bits, the SAR contains a 12-bit binary code which accu
rately represents the input signal to within ± V2 LSB. 

The internal reference provides the voltage reference 
to the CDAC with excellent stability over temperature 
and time. The reference is trimmed to 10.00 Volts 
± 1 % and can supply up to 2mA to an external load in 
addition to that required to drive the reference input 
resistor (1 mA) and offset resistor (1 mA) when operating 
with ± 15V supplies. If the SP 674A is used with ± 12V 
supplies, or if external current must be supplied over 
the full temperature range, an external buffer amplifier 
is recommended. Any external load on the SP 674A 
reference must remain constant during conversion. 

The sample and hold is a default function by virtue of 
the CDAC architecture. Therefore the majority of the 
S/H specifications are included within the AID 
specifications. 



Although there is no sample and hold circuit in the 
classical sense, the sampling nature of the capacitive 
DAC makes the SP 674A appear to have a built in 
sample and hold. This sample and hold action sub
stantially increases the signal bandwidth of the 
SP 674A over that of similar competing devices. 

Note that even though the user may use an external 
sample and hold for very high frequency inputs, the in
ternal sample and hold still provides a very useful isola
tion function. Once the internal sample is taken by the 
CDAC capacitance, the input of the SP 674A is discon
nected from the user's sample and hold. This prevents 
transients occuring during conversion from being in
flicted upon the attached sample and hold buffer. All 
other 674 circuits will cause a transient load current on 
the sample and hold which will upset the buffer output 
and may add error to the conversion itself. 

Furthermore, the isolation of the input after the 
acquisition time in the SP 674A allows the user an 
opportunity to release the hold on an external sample 
and hold and start it tracking the next sample. This will 
increase system throughput with the user's existing 
components. 

SAMPLE AND HOLD FUNCTION 
When using an external S/H, the SP 674A acts as any 
other 674 device because the internal S/H is trans
parent. The sample/hold function in the SP 674A is in
herent to the capacitor DAC structure, and its timing 
characteristics are determined by the internally 
generated clock. However, for limited frequency 
ranges, the internal S/H may eliminate the need for an 
external S/H. This function will be explained in the next 
two sections. 

The operation of the S/H function is internal to the 
SP 674A and is controlled through the normal RIC 
control line (refer to Figure 5.) When the RIC line 
makes a negative transition, the SP 674A starts the 
timing of the sampling and conversion. The first 2 clock 
cycles are allocated to signal acquisition of the input by 
the CDAC (this time is defined as tACO). Following 
these two cycles, the input sample is taken and held. 
The AID conversion follows this cycle with the duration 
controlled by the internal clock cycle. 

During tACO, the equivalent circuit of the SP 674A 
input is as shown in Figure 6 (the time constant of the 
input is independent of which input level is used). This 
CDAC capacitance must be charged up to the input 
voltage during tACO. Since the CDAC time constant is 
100 nsecs, there is more than enough time for settling 
the input to 12 bits of accuracy during tACO. The ex
cess time left during tACO allows the user's buffer amp 
to settle after being switched to the CDAC load. 

Note that because the sample is taken relative to the 
RIC transition, tACO is also the traditional "aperture 
delay" of this internal sample and hold. 

Since tACO is measured in clock cycles, its duration 
will vary with the internal clock frequency. This results 
in tACO = 1.4 ",secs ± 0.4 J.lsecs between units and 
over temperature. 

Offset, gain and linearity errors of the S/H circuit, as 
well as the effects of its droop rate, are included in the 
overall specs for the SP 674A. 

CE------/ 

RIC 

~ACQ) 
ACQUISITION 

TIME 

\'-------

WAIT FOR BUS 
READ 

ACQUISITION TIME = 
CDAC VOLTAGE 

o VOLTS 

APERTURE DELAY TIME = 0.12 x tCONVERT 

------------'-----

Figure 5. Sample and Hold Function 

1 

I 
25 pF 

Rea = 4K OHMS AT ANY RANGe 

T = Rea CEa = 100 NSEC 

Figure 6. Equivalent SP 674A Input Circuit 

APERTURE UNCERTAINTY 
Often the limiting factor in the application of the sample 
and hold is the uncertainty in the time the actual sam
ple is taken - i.e. the "aperture jitter" or tAJ. The 
SP 674A has a nominal aperture jitter of 20 nsecs bet
ween samples. With this jitter, it is possible to accurate
ly sample a wide range of input signals. 

The aperture jitter causes an amplitude uncertainty for 
any input where the voltage is changing. The approx
imate voltage error due to aperture jitter depends on 
the slew rate of the signal at the sample point (See 
Figure 7). The magnitude of this change for a sine 
wave can be calculated: 

Assume a sinusoidal signal, maximum slew rate, 
SR = 2 n fVp (Vp = peak voltage, f = frequency of 
sine wave). For an N-bit converter to maintain ± 1/2 
LSB accuracy: 
VERR ~ VFS/2N + 1 (where VERR is the allowable error 
voltage and VFS is the full scale voltage). 

From Figure 7: 
SR = ~ V I ~ T = 2 n fV P 
Let ~ V = VERR, Vp = VIN/2 and ~ T =tAJ (the time 
during which unwanted voltage change occurs) 
The above conditions then yield: 
VFS/2N+1~ n fVIN tAJ or fMAX~ VFs/(n VIN tAJ)2N+1 

For the SP 674A, tAJ = 20 nsec; therefore, 
fMAX~2kHz 

For higher frequency signal inputs, an external sample 
and hold is recommended. 
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VFS 

Figure 7. Aperture Uncertainty 

I 

I 
r-- t::,.VERROR = t::,.~~V 

TYPICAL INTERFACE CIRCUIT 
The SP 674A is a complete AID converter that is fully 
operational when powered up and issued a Start Con
vert Signal. Only a few external components are 
necessary as shown in Figures 8 and 9. The two 
typical interface circuits are for operating the SP 674A 
in either a unipolar or bipolar input mode. Further infor
mation is given in the following sections on these con
nections, but first a few considerations concerning 
board layout to achieve the best operation. 

For each application of this device, strict attention must 
be given to power supply decoupling, board layout (to 
reduce pickup between analog and digital sections), 
and grounding. Digital timing, calibration and the 
analog signal source must be considered for correct 
operation. 

To achieve specified accuracy, a double-sided printed 
circuit board with a copper ground plane on the com
ponent side is recommended. Keep analog signal 
traces away from digital lines. It is best to lay the PC 
board out such that there is an analog section and a 
digital section with a single point ground connection 
between the two through an RF bead. If this is not 
possible, run analog signals between ground traces 
and cross digital lines at right angles only. 

POWER SUPPLIES 

The supply voltages for the SP 674A must be kept as 
quiet as possible from noise pickup and also regulated 
from transients or drops. Because the part has 12-bit 
accuracy, voltage spikes on the supply lines can cause 
several LSB deviations on the output. Switching power 
supply noise can be a problem. Careful filtering and 
shielding should be employed to prevent the noise 
from being picked up by the converter. 

Capacitor bypass pairs are needed from each supply 
pin to its respective ground to filter noise and counter 
the problems caused by the variations in supply cur
rent. A 10 J.< F tantalum and a 0.1 I.l F ceramic type in 
parallel between VLOGIC (pin 1) and digital common 
(pin 15), and VCC (pin 7) and analog common (pin 9) 
is sufficient. VEE is generated internally so pin 11 may 
be grounded or connected to a negative supply if the 
SF) 674A is being used to upgrade an already existing 
design. 
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OTOIOV I,~V 

ANALOG 

INPUTS o--~~..w Lf--.,-+--_-+--, 

Figure 8. Unipolar Input Connections 

Figure 9. Bipolar Input Connections 

GROUNDING CONSIDERATIONS 

Any ground path from the analog and digital ground 
should be as low resistance as possible to accomodate 
the ground currents present with this device. 

The analog ground current is approximately 6mADC 
while the digital ground is 3mADC. The analog and 
digital common pins should be tied together as close 
to the package as possible to guarantee best perfor
mance. The code dependent currents flow through the 
VLOGIC and VCC terminals and not through the 
analog and digital common pins. 



The SP 674A may be operated by a IJP or in the 
stand-alone mode. The part has four standard input 
ranges: OV to + 10V, OV to + 20V, ± 5V and ± 10V. 
The maximum errors that are listed in the specifications 
for gain and offset may be adjusted externally to zero 
as explained in the next two sections. 

CALIBRATION AND 
CONNECTION PROCEDURES 
UNIPOLAR 

The calibration procedure consists of adjusting the 
converter's most negative output to its ideal value for 
offset adjustment, and then adjusting the most positive 
output to its ideal value for gain adjustment. 

Starting with offset adjustment and referring to Figure 
8, the midpoint of the first LSB increment should be 
positioned at the origin to get an output code of aliOs. 
To do this, an input of + 112 LSB or + 1.22mV for the 
10V range and + 2.44mV for the 20V range should be 
applied to the SP 674A. Adjust the offset potentiometer 
R1 for code transition flickers between 0000 0000 0000 
and 0000 0000 0001. 

The gain adjustment should be done at positive full 
scale. The ideal input corresponding to the last code 
change is applied. This is 1112 LSB below the nominal 
full scale which is + 9.9963V for the 10V range and 
+ 19.9927V for the 20V range. Adjust the gain poten
tiometer R2 for flicker between codes 1111 1111 
1110 and 1111 1111 1111. If calibration is not 
necessary for the intended application, replace R1 with 
a 50Q , 1 % metal film resister and remove the network 
from pin 12. Connect pin 12 to pin 9. Connect the . 
analog input to pin 13 for the OV to 10V range or to pin 
14 for the OV to 20V range. 

BIPOLAR 

The gain and offset errors listed in the specifications 
may be adjusted to zero using the potentiometers R1 
and R2 (See Figure 9). If adjustment is not needed, 
either or both pots may be replaced by a 50Q , 1 % 
metal film resistor. 

To calibrate, connect the analog input signal to pin 13 
for a ± 5V range or to pin 14 for a ± 10V range. First 
apply a DC input voltage 112 LSB above negative full 
scale which is - 4.9988V for the ± 5V range or 
- 9.9976V for the ± 10V range. Adjust the offset 
potentiometer R1 for flicker between output codes 
0000 0000 0000 and 0000 0000 0001. Next, apply a 
DC input voltage 1112 LSB below positive full scale 
which is + 4.9963V for the ± 5V range or + 9.9927V 
for the ± 10V range. Adjust the gain potentiometer R2 
for flicker between codes 1111 1111 1110 and 
111111111111. 

ALTERNATIVE 

The 100Q potentiometer R2 provides gain adjust for 
the 10V and 20V ranges. In some applications, a full 
scale of 10.24V (for and LSB of 2.5mV) or 20.48 (for an 
LSB of 5.0mV) is more convenient. For these, replace 
R2 by a 50Q , 1 % metal film resistor. Then to provide 
gain adjust for the 10.24 range, add a 200Q poten
tiometer in series with pin 13. For the 20.48V range, 
add a 1000 potentiometer in series with pin 14. 

CONTROLLING THE SP 674A 
The SP 674A can be operated by most micro
processor systems due to the control input pins and 
on-chip logic. It may also be operated in the "stand
alone" mode and enabled by the RIC input pin. Full 
JlP control consists of selecting an 8- or 12-bit conver
sion cycle, initiating the converSion, and reading the 
output data when ready. The output read has the op
tions of choosing either 12-bits at once or 8 followed by 
4-bits in a left-justified format. All five control inputs are 
TIL/CMOS compatible and include 12/8, CS, Ao, RIC 
and CEo The use of these inputs in controlling the con
verter's operations is shown in Table 1, and the internal 
control logic is shown in a simplified schematic in 
Figure 10. 

STAND-ALONE OPERATION 

The simplest interface is a control line connected to 
RIC. The other controls must be tied to known states 
as follows: CE and 12/8 are wired high, Ao and CS are 
wired low. The output data arrives in words of 12-bits 
each. The limits on RIC duty cycle are shown in 
Figures 3 and 4. It may have duty cycle within and in
cluding the extremes shown in the specifications on 
the pages. In general, data may be read when RIC is 
high unless STS is also high, indicating a conversion IS 
in progress. 

CONVERSION LENGTH 

A conversion start transition latches the state of Ao as 
shown in Figure 10 and Table 1. The latched state 
determines if the conversion stops with 8-bits (Ao high) 
or continues for 12-bits (Ao low). If all 12-bits are read 
following an 8-bit conversion, the three LSB's will be a 
logic "0" and DB3 will be a logic" 1 ". Ao is latched 
because it is also involved in enabling the output buf
fers as will be explained later. No other control inputs 
are latched. 

~ Ao 
ADDRESS BUS \ 

'-./ 

STS ~ 
2 12/8 DB11 (MSB) 

27 

G 26 

25 
~ Ao 

24 

23 

22 

SP 674A 21 

20 

19 

18 

17 

16 
DBO (LSB) 

DIG n COM 

Figure 10. Interfacing the SP 674A to an a-Bit Data Bus 

DATA 
BUS 
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CONVERSION START 

A conversion may be initated by a logic transition on 
any of the three inputs: CE, CS, RIC, as shown in Table 
1. The last of the three to reach the correct state starts 
the conversion, so one, two or all three may be dynam
ically controlled. The nominal delay from each is the 
same and all three may change state simultaneously. 
In order to assure that a particular input controls the 
start of conversion, the other two should be setup at 
least 50ns earlier. Refer to the convert mode timing 
specifications. The Convert Start timing diagram is 
illustrated in Figure 1. 

The output signal STS is the status flag and goes high 
only when a conversion is in progress. While STS is 
high, the output buffers remain in a high impedance 
state so that data can not be read. Also, when STS is 
high, an additional Start Convert will not reset the con
verter or reinitiate a conversion. Note, if Ao changes 
state after a conversion begins, an additional Start 
Convert command will latch the new state of Ao and 
possibly cause a wrong cycle length for that conver
sion (8 versus 12-bits). 

READING THE OUTPUT DATA 

The output data buffers remain in a high impedance 
state until the following four conditions are met: RIC is 
high, STS is low, CE is high and CS is low. The data 
lines become active in response to the four conditions 
and output data according to the conditions of 12/8 
and Ao. The timing diagram for this process is shown 
in Figure 2. When 12/8 is high, all 12 data outputs 
become active simultaneously and the Ao input is ig
nored. This is for easy interface to a 12 or 16 bit data 
bus. The 12/8 input is usually tied high or low, although 
it is TTL/CMOS compatible. 

CE CS RIC 12/8 Ao OPERATION 

0 X X X X None 

X 1 X X X None 

t 0 0 X 0 Initiate 12 Bit Conversion 

t 0 0 X 1 Initiate 8 Bit Conversion 

1 ~ 0 X 0 Initiate 12 Bit Conversion 

1 ~ 0 X 1 Initiate 8 Bit Conversion 

1 0 ~ X 0 Initiate 12 Bit Conversion 

1 0 ~ X 1 Initiate 8 Bit Conversion 

1 0 1 1 X Enable 12 Bit Output 

1 0 1 0 0 Enable 8 MSB's Only 

1 0 1 0 1 Enable 4 LSB's Plus 4 
Trailing Zeroes 

Table 1. Truth Table for the SP 674A Control Inputs 
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When 12/8 is low, the output is separated into two 8-bit 
bytes as shown below: 

BYTE 1 BYTE 2 

I X X X X X X X X Ilx X X X 0 0 0 0 I ·1 ~~I----~ 
MSB LSB 

This configuration makes it easy to connect to an 8-bit 
data bus as shown in Figure 10. The Ao control can be 
connected to the least significant bit of the data bus in 
order to store the output data into two consecutive 
memory locations. Whn Ao is pulled low, the 8 MSB's 
are enabled only. When Ao is high, the 4 MSB's are 
disabled, bits 4 through 7 are forced to a zero and the 
four LSB's are enabled. The two byte format is "left 
justified data" as shown above and can be considered 
to have a decimal point or binary to the left of byte 1 . 

Ao may be toggled without damage to the converter at 
any time. Break-before-make action is guaranteed bet
ween the two data bytes. This assures that the outputs 
which are strapped together in Figure 10 will never be 
enabled at the same time. 

In Figure 2, it can be seen that a read operation usual
ly begins after the conversion is complete and STS is 
low. If earlier access is needed, the read can begin no 
later than the addition of times tDD and tHS before STS 
goes low. 
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Figure 11. SP 674A Control Logic 
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Figure 12. Burn-In Schematic 

NIBBLE B ZERO 
OVERRIDE 

t--+----_NIBBLE A,B 

}-+-------__ NIBBLE C 

+5.5V 

COMMON 

449 



ORDERING INFORMATION 

RESOLUTION MAX 
NO MISSING FULL SCALE 

MODEL CODES LINEARITY T.C. TEMP. MIL 
NUMBER (T min to T max) ERROR (ppm/DC) RANGE SCREENING 

SP 674AJ 11 Bits ±1 LSB 50.0 ODC to + 70°C -

SP 674AK 12 Bits ± V2 LSB 27.0 ODC to + 70°C -
SP 674AL 12 Bits ± 1/2 LSB 10.0 ODC to + 70°C -
SP 674AA1 11 Bits ±1 LSB 50.0 - 40°C to + 85°C -
SP 674AB1 12 Bits ± V2 LSB 27.0 -40DC to +85 DC -
SP 674AC1 12 Bits ± V2 LSB 10.0 -40DC to +85 DC -
SP 674AS 11 Bits ±1 LSB 50.0 - 55°C to + 125 DC -
SP 674AT 12 Bits ± V2 LSB 25.0 - 55°C to + 125DC -
SP 674AU 12 Bits ± 1/2 LSB 12.5 - 55°C to + 125DC -
SP 674AS/B 11 Bits ±1 LSB 50.0 - 55 DC to + 125 DC MIL-STD-883C 
SP 674AT/B 12 Bits ±V2 LSB 25.0 - 55°C to + 125 DC MIL-STD-883C 
SP 674AU/B 12 Bits ± V2 LSB 12.5 -55DC to + 125°C MI L-STD-883C 

NOTE: 1.Electrical specifications for AA, AB, and AC grades are the same as AJ, AK, and AL models, respectively with the exception of 
extended operating temperature range performance from - 40 DC to + 85 DC. 

PACKAGE OUTLINE 
28 Pin Leadless Chip Carrier 

-11-
0.013 
(0.33) 

I 0.450 ± 0.008 sa I 
~ (11_43 ±0.20) ~ 

NOTE: To order leadless Chip Carner verSion add !lCC suffix to model number 
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PIN 26 

PIN 27 

PIN 28 

PIN 1 

PIN 2 

PIN 3 

PIN 4 

SYMBOL 

A 

b 

bl 
c 
D 

E 

El 
e 
L 

L 1 
Q 

S 

Sl 
a. 

PLANE 

INCHES MILLIMETERS 
MIN MAX MIN MAX NOTES 

0.225 5.72 

0.014 0.026 0.36 0.66 7 

0.030 0.070 0.76 1.78 2, 7 

0.008 0.018 0.20 0.46 7 

1.490 37.85 4 

0.500 0.610 12.70 15.49 4 

0.590 0.620 14.99 15.75 6 

0.090 0.110 2.29 2.79 8 

0.125 0.200 3.18 5.08 

0.150 3.81 

0.015 0.38 3 

0.100 2.54 5 

0.005 0.13 5 

0 0 150 00 150 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 2.5J,tS Conversion Time 

• Low Power ••• 680mW Typical 

• Small 1 S.Pin 01 P 

• Replacement for MN5131 

• Adjustment Free 

• ±%LSB Linearity 

• Guaranteed Monotonic 

DESCRIPTION 
The HS 5131 is a fast, low-power 8-Bit successive ap
proximation AID converter with both parallel and serial 
output capability_ It is designed as a replacement unit for 
the MN5131 and maintains ± 2 LS8 accuracy over the 
full temperature range. Conversion speed is 2.5 iJ s, 
maximum_ 

Analog input range of the HS 5131 is ± 5V and input cir
cuits are DTLITTL compatible_ 

The HS 5131 is housed in a hermetically-sealed 18-pin 
side brazed ceramic package and incorporates preci-

FUNCTIONAL DIAGRAM 

HS 5131 
a-Bit, 2.5J-LS ADC 

sion, laser-trimmed resistors for excellent long-term 
stability. 

Monotonicity of the HS 5131 is guaranteed over the 
specified temperature range. 

All "8" versions of the HS 5131 are fully screened and 
tested to MIL-STD-883 Rev_ C, Level 8 requirements to 
assure highest reliability in severe environments. 

ANALOG DIGITAL 
STATUS CLOCK IN SERIAL OUT +5V +15V -15V GND GND 

71 101 111 121 11 181 171 91 

~ SAR I 
8 I START 

BIT 1(MSB) 
16 

15 

~ 14 

'" 13 8>-~ 6 

5 

:4 r ,.. 3 BIT B(LSB) 

I 
REF I I B-BIT DAC >- 5k 

2 

ANALOG IN 
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SPECIFICATIONS 
(Typical @+25°Cand nominal power supplies unless otherwise noted) 

MODEL HS 5131 

TYPE 

RESOLUTION 

ANALOG INPUT 

Range 
Impedance 

DIGITAL INPUT 

Logic 1 
Logic 0 
Clock 

Pulse Width, High 
Pulse Width, Low 
Frequency 
Start, High 
Start, Low 

DIGITAL OUTPUTS 

Logic 1 
Logic 0 
Fan-out High 
Fan-out Low 
Coding 
Serial Output 

ACCURACY 
Linearity 1 
Absolute Accuracy2 
Absolute Accuracy 1 
Bipolar Offset 
Bipolar Offset 1 
Conversion Time 

POWER SUPPLY 

Requirements 
+15V (nominal) ±3% 
-15V (nominal) ±3% 
+5V (nominal) ±5% 

Rejection Ratios 
+15V Supply 
-15V Supply 

Total Power Consumption 
TEMPERATURE RANGE 

Operating 1 
C Versions 
B Versions 

Storage 

MECHANICAL 

Case Style 
Case Dimensions 

Pin Designation~ 

PIN 

1 

2 

3 

4 

5 

6 

7 

8 

9 

NOTES 

FUNCTION 

+15V 

Analog In 

Bit 8 

Bit7 

Bit 6 

Bit 5 

Status 

Start 

Digital Gnd 

PIN 

18 

17 

, 16 

15 

14 

13 

12 

11 

10 

Successive Approximation 

8 Bits 

-5V to +5V 
5kQ 

+2.0V min 
+O.4V max 
1 TTL Load max 
25nS min 
50nS min 
3.2 MHz max 
2 TLL Loads max 
1 TTL Load max 

2.4V min 
O.4V max 
11 TTL Loads min 
5 TTL Loads min 
Offset Binary 
NRZ 

±1/2 LSB max 
±1 LSB max 
±2 LSB max 
1 LSB max 
2 LSB max 
2.5J..LS max 

@21mA max 
@ -10mA max 
4.75 to 5.25V @ 100mA max 

±0.05%/% max 
±0.01 %/% max 
965mW max 

O°C to 70°C 
-55°C to +125°C 
-65°C to +150°C 

18 Pin DIP, ceramic 

0.155 MA.( 

Imi(3~7) 

0.300' 0.010 

""',.~ 
10.25110.05110.031 

FUNCTION 

-15V 

Analog Gnd 

Bit 1 

Bit 2 

Bit3 

Bit4 

+5V 

Serial Out 

Clock In 

1. Specification applies for operation over the temperature range. 
2. Absolute accuracy includes all errors due to gain, offset and 

non-linearity . 
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APPLICATIONS INFORMATION 
RECOMMENDED POWER SUPPLY BYPASS CIRCUIT 

TO ± 15V 
SUPPLIES 

COM 

0.01 J.lF 0.01 J.lF 

(1) 

+15V 
(17) 

ANA GND 

TIMING DIAGRAM 

(18) 
-15V 

TO +5V 
SUPPLY 

+ 

(12) 
+5V 

, 
COM 

0.01 J.lF 

(9) 
DIG GND 

START ~r------------------

STATUS __ ..J_----

: LSB 

NOTES: 
1. For continuous operation connect start (Pin 8) to status (Pin 7). 
2. Reset the converter by holding the start 'low' during a low to 

high transitir.n of the clock. The start must be low for a minimum 
of 20nS prior to the clock transition. After the start is again set 
high the conversion will begin on the next low to high transition 
of the clock. The start may be set low at any time during a 
conversion to reset and begin again. 

3. At the end of conversion the status will remain low until the 
converter is reset. The parallel data is valid for the entire time 
the status is low. 

4. The serial output is non-return to zero. 
5. For the user's design flexibility, digital and analog grounds are 

brought out separately and must be externally connected. For 
optimum results, this external connection should be made as 
close to the converter as is possible. 

TRANSFER CHARACTERISTICS 

ANALOG DIGITAL OUTPUT 
INPUT MSB LSB 

-4.961 0 0 0 0 0 0 0 0 
-0.039 0 1 1 1 1 1 1 0 

0.000 0 0 0 0 0 0 0 0 
4.922 1 1 1 1 1 1 0 0 
4.961 1 1 1 1 1 1 1 0 

'The voltages given are the theoretical values for the transitions indicated. Ideally, with 
the converter continuously converting the output bits indicated as 0 will change from 
"1" to "0" or from "0" to "1" as the input voltage passes through the level indicated. 

ORDERING INFORMATION 
MODEL NUMBER 

HS5131C 
HS 5131 B 

DESCRIPTIOI\i 

8-Bit ADC, Commercial 
8-Bit ADC, MI L 

Specifications subject to change without notice. 



SIGNAL PROCESSING EXCELLENCE HS 5150 
High Speed a-Bit ADC with ~p Interface 

FEATURES 
• 2.5",sec Conversion Time 
• Three State Outputs 
• Full MIL Operation 

- 55°C to + 125°C 
• 7 User-Selectable Input Ranges 
• Adjustment Free -

No Gain or Offset Adjustments Necessary 

DESCRIPTION 
The HS 5150 is a complete, 8-bit, successive approxima
tion analog to digital converter with three-state output buf
fers for direct interface to microprocessor buses. The 
ADC converts in 2.5 '" sec (max), and features ± 1/2 LSB 
linearity with no missing codes guaranteed over an oper
atingtemperatureof -55°Cto +125°C. TheHS 5150in
corporates highly stable thin-film resistor networks enabl
ing adjustment free operation. No external gain or offset 
adjusting potentiometers are required for ± 1 LSB ab
solute accuracy. The inputs can be pin programmed for 0 

FUNCTIONAL DIAGRAM 

CLOCK IN (23) 

START (24) I 

to +5V,Oto +10V, ±2.5V, ±5V, ±10V,Oto -5V,andO 
to -10V. 
Three state output buffers enable interface to a variety of 
8-bit microprocessors. In memory mapped applications, 
the ADC resembles a RAM location with 2.5 '" sec access 
time. The HS 5150 is available with MIL-STD-883 Rev. C, 
Levels B or S screening for military/aerospace applica
tions. 

I SUCCESSIVE APPROXIMATION I 
(21) EOC 

SUM. JUNCT. (8) 

10V (11) 

20V (12) 
(14) 

UNBUFFERED 
REF OUT 
6.3V 

~ 
5K 

5K 

LAR OFFSET 
(7) 

BIPO 
(9) 

I 

I 

8 

REGISTER 

DIGITAL TO ANALOG 
CONVERTER 

t t t 
(16) (13) (6) 

+15V -15V +5V 

----L-
~ 

w 
CJI 
~ 

~ 
m 
III 
c: 
"T/ 
"T/ m 
:II 
CJI 

-
I 

f---

t---

f--

f--

f--

f---

f---

t---

(1) SERIAL OUT 

(15) ENABLE 

(5) MSB 

(4) BIT 2 

(3) BIT 3 

(2) BIT 4 

(20) BIT 5 

(19) BIT 6 

(18) BIT 7 

(17) LSB 

n -fJ '::" 

(10) GROUND 
ANA 

( 22) 
DIG 
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SPECIFICATIONS 
(Typical @ + 2SoC with ± 1SV and + SV, unless otherwise specified) 

SERIES HS 5150 

TYPE 

RESOLUTION 

ANALOG INPUTS 
Input Voltage Range 
Input Impedance 

DIGITAL INPUTS 
Logic "0" (Except Enable) 
Logic "1" (Except Enable) 
Loading (Note 1) 
Logic "0" Enable (Outputs "ON") 
Logic "1" Enable (Outputs "OFF") 
Loading 
Clock Pulse Width 
Start Pulse Width 

DIGITAL OUTPUTS 
Parallel Outputs 

Output Current "0" and "1" 
Logic "1" 
Logic "0" 

Serial and EOC Output Fanout1 
Delay from Enable Pulse to Data Valid 

REFERENCE, INTERNAL 
Voltage 
Drift 
Output Current 

CONVERSION TIME2 

ACCURACY 
Absolute Accuracy3 
Absolute Accuracy 

(-55°Cto + 125°C) 
Zero Error 
-55°Cto + 125°C 
Linearity (-55°C to + 125°C) 
No Missing Codes (-55°C to + 125°C) 

POWER SUPPLY 
Requirements 

+15 
-15 
+5 

Rejection Ratio 
+15 
-15 

Power Consumption 

TEMPERATURE 
Operating 

C- Model 
B- Model 

Storage 

NOTES: 

Successive Approximation 

8-Bits 

7 Input Ranges 
2.S/S/10 K2 

0.8V max 
2.0Vmin 
1 TIL Load 
1.SVmax 
3.SVmin 
0.11" A max 
46 nsec min 
SO nsec min 

1.6mAmin 
2.4V min 
O.4V max 
STIL Loads 
85 nsectyp 
120 nsec max 

6.3V ±S% 
25 ppmloC 
2001" A max 

2.51" sec max 

± 1/2 LSB typ ± 1 LSB max 
±2 LSB max 

± 1/4 LSB typ ± 1/2 LSB max 
± 1/2 LSB typ ± 1 LSB max 
± 1/4 LSB typ ± 1/2 LSB max 
Guaranteed 

+ 14.5V to + 15.5V @ 20 mA max 
-14.5Vto + 15.5V@ -13mAmax 
+4.75Vto +S.2SV@101mAmax 

± 0.03% FSR/% Supply 
±0.01% FSR/% Supply 
680 mWtyp 
1000 mWmax 

O°Cto 70°C 
- 5SoC to + 125°C 
- 65°C to + 150°C 

1. A TIL Load is defined as 401" A at Logic "1" and 1.6 mA at Logic "0". 
2. Conversion time of 2.5 I" sec corresponds to an external clock frequency of 

3.6 MHz. 
3. Absolute Accuracy includes all errors gain, zero and linearity. 
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PACKAGE OUTLINE 

Case Dimensions max unless 
otherwise noted. 

0.770 
j+"IT9.55T-, ~ 
I I IV v V I t 0.185 

• (4.19) 

0_600 ~ 0.085 
(i5.24i)) I ~(2.464) 1 

:24 (-, 1· 0.135' 
- (3.429) 

• 0.100 
: (, • (.: (2.540) TYP * 
·13 12· 

DIMENSIONS 
inch 
(mm) 

0.240 TYP 
~(6.1) 

B~TJ~M (~'.~~~) DIA TYP 

10 J61 
*0.030 (0.76) ±0.010 (0.25) STANDOFFS 
SUPPLIED AT MANUFACTURERS OPTION. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 SERIAL OUT 13 -15V 

2 BIT 4 14 VREF OUT (6.3V) 

3 BIT 3 15 DATA ENABLE 

4 BIT 2 16 +15V 

5 BIT 1 (MSB) 17 BIT 8 (LSB) 

6 +5V 18 BIT 7 

7 BIPOLAR OFFSET 19 BIT6 

8 SUMMING JUNCTION 20 BIT 5 

9 BIPOLAR OFFSET 21 EGC 

10 ANALOG GND 22 DIGITAL GND 

11 10V INPUT 23 CLOCK 

12 20V INPUT 24 START 

ABSOLUTE MAXIMUM RATINGS 

+15VSuppy .................... -O.5Vto +18V 
-15VSupply .................... + O.5V to -18V 
5V Supply ........................ - O.5V to + 7V 
Analog Input ............... _ ............ ± 20V 
Digital Inputs .................... - O.5V to + 5.5V 



APPLICATIONS INFORMATION 
The three state outputs of the HS 5150 make interfac
ing to data busses of minicomputers very easy. A 
typical application would consist of using the HS 5150 
in the basic 6800 microprocessor system as shown in 
the block diagram below. 

In this application, the HS 5150 is treated as a memory 
location and is addressed by using the extended 
addressing mode. Just two instructions are needed to 
acquire the desired information. First, the HS 5150 
receives a start command by the use of a STORE 
instruction, and then a LOAD or arithmetic instruction 
is used to obtain the digital information by addressing 
the HS 5150 as a memory location. Since the HS 5150 
converts in 2.5 /A sec, there is no delay waiting for the 
information to be valid. Several HS 5150s may be in
corporated in one system by changing the address of 
the enable signal. The HS 5150 may be used in a 
similar manner with other microprocessors. 

CLOCK INPUT 

1/0 PORT 

TRANSFER CHARACTERISTICS 

MPU 
.-----l 6800 

TIMING DIAGRAM 

CLOCK 

START ~ 

MSB 11 

BIT2 

BIT3 

BIT" L-J1 

BIT5 

BIT6 

BIT7 

LSB 

~ij~IAL %:2.,B+II,wll 1 Lur -=l--;--=-l 'I 0 
MSB 

E.O.C. -.J 

NOTES: 

1. Shaded area represents indeterminate logic level. 

LSB 

2. Code shown represents an analog input of + 7.226 volts for the 0 
to + 10 volts range. 

3. The converter will reset on the first rising edge of the clock after 
the start command has gone low. Conversion will begin on the 
first rising edge of the clock after the start has returned high. 

4. The start has to be low for a minimum of 50 nSec prior to the 
edge of the clock. 

5. The EOC will go low approximately 45 nSec prior to Bit 8 (LSB) 
being valid. 

6. For continuous conversion connect the EOC to the start command. 

DIGITAL OUTPUT ANALOG INPUT RANGE 

MSB LSB Oto +s Oto +10 ±2.S ±S ±10 Oto -S Oto -10 

0000 0000 0 0 -2.500 -5.000 -10.000 -4.981 -9.961 

0000 0001 +0.019 +0.039 -2.481 -4.961 -9.922 -4.961 -9.922 

0111 1111 +2.481 +4.961 -0.019 -0.039 -0.078 -2.500 -5.000 

1000 0000 +2.500 +5.000 0 0 0 -2.481 -4.961 

1111 1110 +4.961 +9.922 +2.461 -4.922 -9.844 -0.019 -0.039 

1111 1111 +4.981 +9.961 +2.481 +4.961 +9.922 0 0 

Input Impedance 2.5K 5K 2.5K 5K 10K 2.5K 5K 

Connect Input to Pin 11 11 11 11 12 11 11 

Connect Pin 8 to Pin 12 Open 12&9 9 9 12,7&9 9,7 

Connect Pin 10 to Pin 7&9 7&9 7 7 7 NC NC 

'Voltages given are theoretical values for the transitions indicated. Ideally, the digital output will change as the input voltage passes through 
the voltage level indicated. 
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APPLICATIONS INFORMATION (continued) 
OPERATION 
Data Enable - The data enable line controls the state 
of the parallel outputs. For a high impedance output 
(outputs in the off state) the Data Enable line must be at 
a logic "1" level. For the data to be available on the 
outputs, the Data Enable line must be at a logic "0" 
level. Data will be available 120 nsec (max) after the 
Data Enable goes low. 

Grounds - To obtain optimum performance analog 
and digital grounds are not connected internally and 
must be tied together as close to the unit as possible. If 
these grounds must run separately, a non-polarized 
0.01 J.I F capacitor should be connected between Pins 
10 and 22. The power supplies should be decoupled 
with a tantalum or electrolytic type capacitor located as 
close to the HS 5150 as possible. For optimum perfor
mance, a 1 /.l F paralleled by a 0.01 /.l F ceramic 
capacitor should be connected between analog 
ground and the ± 15 volt supplies and between digital 
ground and the + 5 volt supply. 

1.310 

I • (33.274) • I 
-------MAX-------

456 

13· 1 
.800 

(20.321) 
MAX 

12 • J 

I I 
0.165 

- --(4.191) 

~
MAX 

T 
0.600 ±0.010 ('; ... r 0.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

Analog Input - Since the HS 5150 is a high speed 
converter, the signal source must have a low output 
impedance at high frequencies to allow for fast 
changes in the current sinking and sourcing to the 
analog input. A suitable amplifier would be the Harris 
HA2525 operational amplifier or a high speed sample 
and hold amplifier such as Hybrid Systems' HS 346. 

ORDERING INFORMATION 

MODEL 

HS 5150C 

HS 5150B 

DESCRIPTION 

COMM., 8-BIT, ADC 

MIL., 8-BIT, ADC 



~ir\AV 
~.~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 12-bit conversion in 10l-'S typ; 131-'S max 
• Adjustment-free, ±0.0125% linearity 
• Low power: 670 mW typ 
• Wide operating temperature range: -55°C to 

+125°e 
• Small size: 24-pin, metal-ta-metal, hermetic 

package 
• Full MIL-STD-883 Rev. e, Levels B or S, or 

commercial processing 

DESCRIPTION 
HS5210 Series are extremely fast 12-bit succesive 
approximation ND converters providing both par
allel and serial output. All models have a maximum 
conversion time of 131-'S which allows full accuracy 
with a 1 MHz clock. 
HS5210 Series hybrid microcircuit converters are 
housed in hermetically-sealed 24-pin dual-in-line 
packages. Miniature size, low power consumption 
and adjustment free operation are product fea
tures. The HS5210 Series provides the user with the 
best possible performance in systems requiring 
maximum reliability in the smallest space. All con
verters are completely laser-trimmed, adjustment 
free, and incorporate highly stable thin-film resistor 
networks which provide long-term maintenance 
free operation. 

HS5210 SERIES 

12-81T ADJUSTMENT 
FREE ADCs 

HS5210 Series ADes are available in four input 
voltage ranges: 0 to -10 volts (HS5210/13), ±5 volts 
(HS5211/14), ±10 volts (HS5212/15), and 0 to +10 
volts (HS5216). For each of these input ranges, the 
user has the option of specifying a model complete 
with an internal reference or for improved absolute 
accuracy, models which require an external 
reference. 
In all cases ± % LSB linearity is guaranteed over the 
entire operating temperature range. 
All models of the HS5210 Series may be procured for 
operation over the -55°C to + 125°C military tem
perature range ("B" models) with the same operat
ing characteristics as the commercial ooe to 
+ 70°C range. In addition, full military temperature 
range models are available processed to MIL-STD-
883 Rev. e, Levels B or S. 
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HS 5210 SERIES SUCCESSIVE APPROXIMATION 12-81T AID Converters 

ABSOLUTE MAXIMUM RATINGS: 

Operating Temperature 
Storage Temperature 
Positive Supply 
Negative Supply 
Logic Supply 
Analog Input 
Digital Outputs 
Digital Inputs 
Reference Supply (Models HS5213, 14, 15) 

-55°C to +125°C 
-65°C to +150°C 
+18 Volts 
-18 Volts 
+7 Volts 
±25 Volts 
o to Logic Supply 
-0.5 to +5.5 Volts 
-15 Volts 

SPECI F ICATIONS (T A=25°C, Voltages ±15, +5 Unless otherwise stated) 

PERFORMANCE (NOTE 1): 

INPUT RANGE 
INPUT 

IMPEDANCE 
HIGH 

PERFORMANCE HIGH ACCURACY 
(Internal Reference) (Ext. Ref.= -10.000V) 

o to -10V 
+5V to -5V 
+10V to -10V 
o to +10V 

Resolution 
Linearity (25°C) 
Zero Error 
tmin totmax 
Absolute Accuracy (25°C) (Note 2) 
Absolute Accuracv ( - 55°C to + 125°C) (Note 2) 
Conversion Time 
Power Supply Requirements 

Current Drain +15 Volt Supply 
Current Drain -15 Volt Supply 
Current Drain + 5 Volt Supply (Note 5) 
Current Drain @ Reference Input 

Power Supply Rejection 
±15 Volts (Note 3) 
+ 5 Volts 

Power Consumption 

LOGIC RATINGS 

Input Logic Commands 
Logic "0" 
Logic "1" 
Loading 

Clock Input Pulse Width 
Logic "0" 
Logic "1" 

Output Logic 
Logic "0" 
Logic "1" 
Serial Output 
Parallel Output (See Timing Diagram) 
Fanout-High 
Fanout-Low 

HS5210/5213 HS5211/5214 

O.OOOOV +5.0000V 
- 0.0024V +4.9976V 

- 4.9976V +0.0024V 
- 5.0000V O.OOOOV 
- 5.0024V -0.0024V 

- 9.9976V -4.9976V 
-10.0000V -5.0000V 

3.6k 
3.6k 
7.2k 
3.3k 

MIN. 

2.0 

180 
100 

2.4 

8 
2 

HS5210 
HS5211 
HS5212 
HS5216 
MAX. 

12 
±% 
1 
±3/4 
2 
±A 
13 

16 
28 
50 

±0.002 
tilDOl 
910 

LOGIC CODING 

HS5212/5215 

+ 10.0000V 
+ 9.9951V 

+ 0.0049V 
O.OOOOV 

- 0.0049V 

- 9.9951V 
-10.0000V 

TYP. 

0.5 

0.15 
3.6 

HS5213 
HS5214 
HS5215 

MAX. 

12 
±% 
1 
±3/4 
2 
±.1 
13 

10 
28 
50 
2 

±0.002 
±Q<OOl 
825 

MAX. 

0.7 

0.4 

HS5216 

+ 10.0000V 
+ 9.9976V 

+ 5.0024V 
+ 5.0000V 
+ 4.9976V 

+ 0.0024V 
O.OOOOV 

MSB 

UNITS 

Bits 
LSB 
LSB 
LSB 
LSB 
% 
IlSec 

mA 
mA 
mA 
mA 

%F.S.R.I%Supply 
%F.S.R./%Supply 
mW 

UNITS 

Volts 
Volts 
TTL Load 

nSec 
nSec 

Volts 
Volts 
NRZ 

TTL Load 
TTL Load 

LSB 

0000 0000 0000 
0000 0000 0000· 

0111 1111 1110" 
0000 0000 0000· 
100000000000· 

1111 1111 1110· 
1111 1111 1111 

The voltages given are the theoretical values for the transitions indicated. Ideally, with the converter continuously converting the output 
bits indicated as 0 will change from "1" to "0" or from "0" to "1" as the input voltage passes through the level indicated 

EXAMPLE' 
With an HS 5210/13 (0 to - 10V range), the transition from an output 0000 0000 0000 to 0000 0000 0001 will ideally occur at an analog 
voltage of - 0.0024V and the transition from 1111 1111 1110 to 1111 1111 1111 will occur with an analog voltage of - 9.9976. 

NOTE 1. Parts can be tested to meet MIL·38510/120. Consult factory. 
NOTE 2. Absolute accuracy includes all errors, gain, zero, and linearity. No missing codes guaranteed over temperature. 
NOTE 3. For proper operation ± 15V power supplies tolerance should not be greater than ± 5%. 
NOTE 4. FSR is the abbreviation for "Full Scale Range" and is equal to the peak-to-peak output voltage, i.e., lOV for ± 5V range. 
NOTE 5. Model HS 5216 + 5V current is 57 mA max. 
NOTE 6. In case of discrepancy between package shown in photograph and package outline dimension, the mechanical outline is correct. 
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FUNCTIONAL DIAGRAM 

+15V ~ 

-15V ~ 

+5V o--?--

DIG GND ~ 

I o---!Q-N/C 

ANAGND o---!!-
14 

~ ANA IN 

MSB 
BIT 1 

9 

( 0 

8 7 

( ( 

6 5 4 

DAC 

21 20 

LSB 
9 10 11 12 

( ( ( 

19 18 17 16 

NOTE 1. N/C for internal reference models. -1 OV ref input for external reference models. 

TIMING DIAGRAM 
CLOCK 

22 
~ 

1 
~ 

24 
-" 

SAR 

3 
~ 

~ 
~ 

STATUS 
(EOC) 

START 

CLOCK IN 

SERIAL 
OUT 

NOTE 1 

MSB II I IIIII IZZZZZ ZIIZZ Z Z Z Z I Z Z Z7 I Z I I I Z Z Z Z I Z Z Z Z Z Z Z Z Z Z Z Z I Z Z Z Z Z Z 
BIT2 ZZZZZZ~ vZZ Z Z Z I Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z 
BIT3 ZZZZZZZI vZZZZZZZZZZZZIZZZZ Z Z Z Z Z Z Z ZZ 7Z Z Z ZZ ZZ lIZ, 
BIT4 'Z ZZZZZZI fZZZZZZZZZZZZZZZZZZIZZZZZZZZZZZIZZt 
BIT 5 ZZZZZZZJ I/ZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ 
BIT6 ZZZZZZZI IZZZZZZ/ZZZZZ/ZZZZZZZZZZZ/Z 
BIT7 ZZZZZZJ vlZZZZZZZZZZZZZZZZZZZIZ 
BITS ZZZZZZ21 I ZZ ZZZ Z IZZZllZ/ZZZ/Zt 
BIT 9 IZZZZZZI IZ Z Z ZZZZZZZZZZZZZZ 
BIT 10 Z Z Z Z Z Z A V Z 7 Z Z Z Z Z Z Z Z Z Z Z 
BIT 11 'I I Z Z I 21 IZ Z Z Z Z Z Z Z Z Z 
LSB Z Z I Z I 71 I Z Z Z Z 7 Z / 
E.O.C. ___ .....J I 

SERIAL -----+--+-1 --+1 --+1--+1--+1--+1 --+1--+1--+1--+1--+1--+-
OUT MSB BIT 2 OBIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT S BIT 9 BIT 10 BIT 11 LSB 

NOTES: 

1. Shaded areas shown for parallel data outputs denote bit states determined by successive approximation of analog input. 
2. For continuous operation connect start convert (Pin 1) to end of conversion (Pin 22). 
3. Reset the converter by holding the start 'low' during a low to high transition of the clock. The start must be low for a 

minimum of 25 nSec prior to the clock transition. After the start is again set high the conversion will begin on the next 
low to high transition of the clock. The start may be set low at any time during a conversion to reset and begin again. 

4. At the end of conversion the E.O.C. will remain low until the converter is reset. The parallel data is valid for the entire time 
the E.O.C. is low. 

5. The serial output is non-return to zero. 
6. For the user's design flexibility, digital and analog grounds are brought out separately and must be externally connected. 

For optimum results, this external connection should be made as close to the converter as is possible. 
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APPLICATIONS INFORMATION 
SERIAL TO PARALLEL CONVERSION 

74164 

SERIAL OUT 7474 

HS5200 
~E~.O~,~C~· ______________________ ~D 

lSB 
Bit 11 
Bit 10 
Bit 9 
Bit 8 
Bit 7 
Bit 6 
Bit 5 

ClK 

PIN DESIGNATIONS 

PINNa. FUNCTION PIN NO. 

Pin 1 Start Pin 24 

Pin 2 +5V Pin 23 

Pin 3 Serial Out Pin 22 

Pin4 Bit 6 Pin 21 

Pin 5 Bit 5 Pin 20 

Pin 6 Bit 4 Pin 19 

Pin 7 Bit 3 Pin 18 

Pin 8 Bit 2 Pin 17 

Pin9 MSB Pin 16 

Pin 10 No connection Pin 15 

Pin 11 Analog Ground Pin 14 

Pin 12 N/C (int.ref.models) Pin 13 
-V ref in (ext.ref.models) 

MECHANICAL 
(Ceramic Package) 

,.--------, + 0.165 

~ 
J (4.191) 

0.010 -- 0.600 r 
(0.254) \--[15.24)--\ 

• 1 

TOP 
VIEW 

24 • 

.12 13. 

I 0.800 I 
- (20.320)---l 

MAX 

t MAX 

1 
1.310 

(33.274) 

T 

TYPICAL 
DIMENSIONS 

0.018 
(0.451) 

inch 
mm 

PIN (1) 
INDEX 

Pin 1 is marked by a dot on the top of the package. 
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CLOCK 

FUNCTION 

Clock Input 

DIG GND 

E.O.C. (end of conversion) 

Bit 7 

Bit 8 

Bit 9 

Bit 10 

Bit 11 

lSB 

+15V 

Analog in 

-15V 

ClK 

Bit 4 
Bit 3 
Bit 2 
MSB 

RECOMMENDED POWER SUPPLY BYPASS CIRCUITS 

+15V 0 15 

£ I • + 15V SUPPLY 

GND011 
I1f'F I o

.
o1

f'F 
• ANALOG 

GROUND 

-15V 0 13 
Tlf'F T O.Olf'F 

• -15V SUPPLY 

+5V • 
0

2 +5V 
SUPPLY I ]j 

DIG. COM .• 

O.Olf'F I Tlf'F 

0
23 DIG.GND. 

ORDERING INFORMATION 
Model Description 

HS52XXC Comm., 12-8its, 13~S 
HS52XXB MIL, 12-8its, 131-1S 

1. Model Selection Number 

Specifications subject to change without notice. 



1.310 
I ....... __ (33.274) 

MAX _I I 0.165 
.... (4.191) 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Low power: 80mW 
• Low standby power: 10nW 
• Adjustment-free, ±0.0125% linearity 
• Small size: 24-pin DIP 

Full Mil operation -55°C to + 125°C 
• Full MIL-STD-883, Class B or commercial 

processing 
• Improved replacement for MN5251 
• No missing codes: DoC to + 70°C 

DESCRIPTION 
The HS5251 Series is a complete adjustment free 
successive approximation type ADC requiring a 
low 80mW of power. The ADC provides digital out
put in both parallel or serial form. The HS5251 is 
packaged in a hermetically-sealed dual-in-line 
package and has the pinout of the popular HS5200 
family of ADC's. 
Miniature size, ultra low power consumption and 
adjustment free operation are product features. 
The HS5251 provides the user with the best possible 
performance in systems requiring maximum relia
bility in the smallest space. All converters are com
pletely laser-trimmed, adjustment free, and incor
porate highly stable thin-film resistor networks 

FUNCTIONAL DIAGRAM 

HS5251 

12-811 LOW POWER 
CMOSADC 

which provide long term maintenance free opera
tion. Linearity of ±% LSB is guaranteed over the en
tire operating temperature range, 
All models of the HS5251 may be procured for oper
ation over the -55°C to + 125°C military tempera
ture range ("B" models) with the same operating 
characteristics as the commercial DoC to + 70°C 
range, In addition, full military temperature range 
models are available screened to MIL-STD-883 Rev, 
C, Level B and are processed in accordance with 
the Method 5008,1, 

MSB BIT 1 2 3 5 6 
LSB 

9 10 11 12 

+12V ~ 
.~ -12V 

VDO o--!-
,cE-DIGITAL GND 

N/C 

ANALOGGND 

ANALOG INPUT 

~ 
~ 14 
~ 

( 9 8 

I 

q ( ( ( 

7 6 5 4 21 

DAC 

RIN 

( ( 

20 19 18 17 16 

SAR 

I 

J 
COMP 

HS 5251 

-
-

-

-

~ 
f!-o 
~ 

STATUS 
(EOC) 

START 

CLOCK 
IN 

~. SERIAL 
OUT 

f-o REF 
OUT 
(-6.3V) 
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SPECIFICATIONS 
(Typical @ + 2SoC with ± 12V, and Voo = +SV, unless otherwise specified) 

SERIES 

TYPE 

RESOLUTION 

ANALOG INPUTS 

Bipolar Range 

Impedance 

HS 5251 

Successive Approximation 

12 Bits 

±SV 

SOkQ 

DIGITAL INPUTS (CMOS Compatible) 

Logic Level 
Logic 1 

Logic 0 

Loading 
Input Current 
Input Capacitance 

Pulse Width (Start) 

Clock Input 
Frequency 
Pulse Width 

Rise/Fall Time 

DIGIT AL OUTPUTS 

Parallel Data 
Output Codes 

Unipolar 
Bipolar 

Logic Levels 
Logic 1 

Logic 0 

Output Drive 
Logic 1 

Logic 0 

Serial Output 

NOTES: 

3.SV min, Voo = + SV 
8.4V min, Voo = + 12V 
1.Smax, Voo = +SV 
3.S max, Voo = + 12V 

10pA 
SpF 
7S0ns min, Voo = +SV 
2S0ns min, Voo = + 12V 

71kHz max 
600ns min, Voo = + SV 
300ns min, Voo = + 12V 

1S/As max, VDD = +SV 
4/.1s max, Voo = + 12V 

Complementary Binary 
Complementary Offset Binary 

4.9SV min, VDO = +SV 
11.9SV min, VOD = + 12V 
0.01V max, VDD = + SV 
O.OSV max, VDD = + 12V 

0.2mA min, VDD = + SV, VOH = 2.SV 
0.3mA min, VDD = + 12V, VOH = 11V 
0.1 mA min, VDD = + SV, VOH = O.4V 
1.0mA min, VDD = + 12V, VOH = 1.SV 
NRZ (see coding) 

vOD logic is CMOS compatible. It can vary between +5V and + 12V as indicated. 
Absolute accuracy Includes all errors, gain, zero, and linearity. 

3. For proper operation ± 12V power supplies tolerance should not be greater than ±3%. 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 START 24 CLOCK INPUT 

2 VDD (+5V) 23 DIGITAL GND 

3 SERIAL OUT 22 STATUS (EOG) 

4 BIT 6 21 BIT 7 

5 BIT 5 20 BIT 8 

6 BIT 4 19 BIT 9 

7 BIT 3 18 BIT 10 

8 BIT 2 17 BIT 11 

9 BIT 1, MSB 16 BIT 12, LSB 

10 N/C 15 +12V 

11 ANALOG GROUND 14 ANALOG INPUT 

12 REF OUT 13 -12V 
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REFERENCE, INTERNAL 

Voltage 
Drift 
Output Current 

CONVERSION TIMEI 
THROUGHPUT RATE 

ACCURACY 

Linearity, +2SoC 
Over Temperature 

(Tmin to Tmax) 
C-Model 
B-Model 

Differential Linearity 
Monotonicity5 
Absolute Accuracy2 + 2S OC 

Over Temperature 
(Tmin to Tmax) 
C-Model 
B-Model 

Zero Error, + 25°C 
Over Temperature 

(Tmin to Tmax) 
C-Model 
B-Model 

Gain Error 
GainTC 

POWER SUPPLY 

Requirements 
+ 12V, rated 
-12V, rated 
VDO 1( + 5V nominal) 

Rejection Ratio 
+12V 
-12V 
VOD (+ 5V nominal) 

Power 

TEMPERATURE 

Operating 
C-Model 
B-Model 

Storage 

-6,3V ±S% 
± 1Sppm/oC 

10/.lAmax 

17S/.Is max/S,7kHz 

±0.012%max 

±0,012% max 
±0.024%max 
V2 LSB 
No Missing Codes 
± O.OS% FSR, ± 0.1 % FSR max 

±0.2% FSR, ±0.5% FSR max 
±0.3% FSR, ±0,6% FSR max 
±0.01 % FSR, .1 % max 

±0.04% FSR, ±0.1% FSR max 
±O.OS% FSR, ±0,1% FSR max 
±O.OS% FSR, .1% max 
±20% ppm/oC 

+ 11.64V to + 12,36V, @3.5mA max 
-11.64Vto -12.36V,@ -2.7mAmax 
+4,7Sto +12,36,@1.0mA 

± 0,003% FSR/% 
±0,03% FSR/% 
± 0.0003% FSR/% 
56mW, 80mW max 

0° to + 70°C 
- S5°C to + 12SoC 
- 6S °C to + 150°C 

4 . FSR is the abbreviation for "Full Scale Range' and is equal to the peak to peak output 
voltage, i.e. 10Vfor ±5V range. 

5 . No missing codes 0 DC to + 70 DC 

ABSOLUTE MAXIMUM RATINGS 

+ 12V Supply to Digital Common . 

-12V Supply to Digital Common . 

VDD to Digital Common .. 

Analog Input to Analog Common. 

Digital Inputs to Digital Common .. 

PACKAGE OUTLINE 

I o,~~~i,~~s I 
c-=J~(~:i:~) mm 

O.Ol~fM.4.X 
(0254)1 0 .600 1 

--(15.24)- ~ 

D111 :~']'" ~~~:' 
l]T 
1 ·"~13·I~ Ij'I::;~' 
--(20.321)---- 0.205 

MAX (5.207) 

Pin I iSl11arkedbyadotonlhelopollhepackage 

.. +18V 

. ., -18V 

...... -0.5Vto +16V 

. .. , ±25V 

. -0.5Vto +VDD 



APPLICATIONS INFORMATION 
RECOMMENDED 
POWER SUPPLY BYPASS CIRCUIT 

TO ±12V 
SUPPLIES 

/'--------~~~-------, 

(15) 
+12V 

COM 

(11) 
ANA GNO 

TIMING DIAGRAM 

Clock~ 

(13) 
-12V 

TO +5V (VOO) 
SUPPLY 

/ 

(2) 
+5V 

" COM 

(23) 
DIG GND 

TRANSFER CHARACTERISTICS 

DIGITAL BIPOLAR 
OUTPUT CODE INPUT VOLTAGE 

MSB LSB RANGE 

000000000000 +4.9976 

100000000000 O.OOOOV 

111111111110' -4.9976V 

'The voltages given are the theoretical values for the transitions indicated. Ideally, with 
the converter continuously converting the output bits indicated as 0 will change from 
"1" to "0" or from "0" to "1" as the input voltage passes through the level indicated. 

StartConvert------J~~I------------------~----------------------------------------------------L-______ _ 

MSB~U/////4 ~IO ______________________________________________________ ~~-----

Bit 2 J/ZZ77/ZZ4 
Bit 3 177%7777711 
Bit 4 IJ077/0~ 

Bit 5 IIZZ77/ZZZ~ 

Bit 6 IOZZZZZ7Z~ 
Bit 7 ZZ7777ZzzZl 
Bit 8 7777777777: 
Bit 9 7/77/ZZ774 

Bit 10 777777777/1 
Bit 11 7Z7777ZZZtI 
LSEI 7Z/7ZZ77z;/ 

1 
r---I~O~ ________________________________________ ;_------

1 
r---I~O~ ______________________ +_-----

1 
r---I~O ______________ ~ ______ _ 

r---I~O __________ ~ ____ __ 

STATUS ri ________________________________________________________ ~r------

Serial Output ZZZZZZZZ)/t/ZZZZA MSB ~Bit4 

NOTES: 
1. Shaded areas shown for parallel data outputs denote bit states determined by successive 

approximation of analog input 
. For continuous operation connect START (Pin 1) to STATUS (Pin 22) 
. Reset the converter by holding the start high during a low to high transition of the 
clock. The start must be high for a minimum of 300 nSec prior to the clock transition 
The conversion will begin on the next low to high tranSition of the clock. The start may 
be set high at any time dUring a conversion to reset and begin again 

Bit 5 Bit 6 ~ Bit 9 Bitl0 I Bit 11 Bit 12 

4 . At the end of converSion, the E.O.C. will remain high until the converter IS reset. I he 
parallel data is valid for the entire time the E.O C. is high 
The serial output is non·return to zero . 
For the user's design flexibility, digital and analog grounds are brought out separately 
and must be externally connected. For optimum results, this external connection 
should be made as close to the converter as is possible 
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1.310 

1·· ___ (3~!~4_) ___ ·1 I I 0.165 

13· (1~) -~ ~.~)o.o,o 
MAX (';-24 rO

•
25

) 

12 • I T 0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

'H~i~Xn n n ~ I ;o~~~~~ ~~~"::NS 
PI 1--0.100 ±0.005 TVP MIN (mm) 

(2.54 ±O.13) 

0.018 ± 0.002 
(0.46 ± 0.05) 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 

ORDERING INFORMATION 
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MODEL 

HS 5251C-12 
HS 5251B-12 

DESCRIPTION 

Comm., 12-Bits, Low Power ADC 
MIL, 12-Bits, Low Power ADC 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• True 16-bit (±0.0008%) linearity error 
• Full 16-bit resolution (1 part in 65,536) 
• No missing codes (16-bits) O°C to +70°C 
• Six user selectable input ranges 
• Completely self-contained 
• Parallel data output 
• Low full scale drift 10ppm/oC (max) 

DESCRIPTION 
The HS9516 is a 16-bit successive approximation 
analog to digital converter in a 32 pin triple DIP 
package. The 9516 is completely self-contained 
with clock, reference, comparator, successive ap
proximation register and low power 16-bit DAC. It 
converts in 100 microseconds on 0 to +5V, 0 to 
+10V, 0 to +20V, ±2.5V, ±5Vand ±10V input 
ranges. Output data is available in parallel binary 
and 2's complement formats. Short cycle and inter
nal clock rate control may be externally adjusted to 
provide less conversion time at lower resolutions. 

FUNCTIONAL DIAGRAM 

START CONVERT 1 
SHORT CYCLE 2 

+5V 3 
DIG GND 12 

+15V 21 

ANA GND 20 
-15V 19 

REF OUT 17 

GAIN ADJ 18 

20V 15 

lIlY 14 
BIPOLAR 13 

SUMMING JUNCTION 16 

>---
(>---
<>---
>---
C)--

~AA 
y 

I 
I 
I 

HS 9516 

~ 
~ A.A." 

T vv 

1 -
T + 

HS9516 

COMPLETE 0.0008% ACCURATE 
(16-811) ADC 

The HS9516 is available with 14-bit (±O.003% FSR), 
15-bit(±O.0015% FSR) or 16-bit(±O.0008% FSR) non
linearity. The B versions are fully screened and 
tested to MIL-STD-883C and are packaged in a 
hermetic 32-pin DIP. 

STATUS OUT 
30 

CLOCK RATE 
CONTROL 

32 
'" 

,... 

CLOCK & SAR 

16 BIT D/A 

1 I 

I 
I 

+ 

-

COMPARATOR 

31 2:t 

11 2-1 
10 2-2 
9 2-3 
8 2-4 
7 2-5 
6 2-6 
5 2-7 
4 2-8 
29 2-9 
28 2-10 
27 2-11 
26 2 -12 
25 2- 13 
24 2-14 
23 2 -13 
22 2 -16 
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SPECIFICATIONS 
(Typical @ + 2SoC and nominal supply voltages) 

MODEL HS9516C-6 HS9516C-5 HS9516C-4 HS9516B-6 HS9516B-5 HS9516B-4 

ANALOG INPUT 
Nominal Input Voltage Ranges SV, 10V, 20V, ±2.SV, ±SV, ±10V 
Absolute Max Input Voltage ±2SV 
Input Impedance 2.SKQ on SV ranges, SKQ on 10V 

ranges, 10KQon 20V ranges 
Input Circuitry Settling Time 20 I' sec for full rated accuracy after 

FSR analog change 

DIGITAL OUTPUTS 

Data Coding 
Unipolar 16-bits binary 
Bipolar Offset binary, 2's complement 

Status Output 'H' = conversion in process; goes low 
San sec before LSB is stable 

Logic '1 ' Voltage 2.4V min to SV 
Logic '0' Voltage OV min to O.4V max 
Max Loading 2 std TTL loads, each output 

DIGITAL INPUTS 

Start Convert Positive pulse, SOnsec min width, 
initiates conversion on trailing edge. 
Must remain low during conversion. 

Short Cycle 'H' enables conversion. Must be tied to 
logic supply for 16-bit conversion and 
to bit N + 1 for N bit conversion. 

Logic '1' Voltage 2V min to S.SV max 
Logic '0' Voltage - O.SV min to O.BV max 
Loading 1 LPTTL load max each input 

POWER REQUIREMENTS 
+ 1SV Supply Range + 15V ± 10% 
+ 1SV Supply Current 30mA max 
-1SV Supply Range -1SV ±10% 
- 1SV Supply Current 30mA max 
+ 5V Supply Range +5V ± 10% 
+ 5V Supply Current 60mA max 
Total Power Dissipation 1.2Wmax 

REFERENCE OUTPUT 

Voltage +10V ±10% 
Output Resistance 01Q 
Max Loading ±1mA 

ACCURACY 

Quantization ±V2 LSB 
Scale Factor Error ±0.1% max1 

Zero Error (Unipolar or Bipolar) ±0.1% FSR max1 

Differential Linearity Error 
(% of FSR, max) ±0.0015 ±0.003 ±0.006 ±0.0015 ±0.003 ±0.006 
No Missing Codes2 16 bits 15 bits 14 bits 14 bits 
Integral linearity Error 
(% of FSR, max) ±O.OOOBtyp ±0.0015 ±0.003 ±O.OOOBtyp ±0.0015 ±0.003 

±0.0015 max ±0.OO3 ±0.OO6 ±O.OO15 max ±O.OO3 ±D.006 
Noise (2op-p. RTI) Va LSB 

CONVERSION TIME2 100fAsec max 

STABILITY 

Scale Factor Tempco ± 10ppm/oC max 
Zero Tempco 

Unipolar ± 2ppm FSR/oC 
Bipolar ± 5ppm FSR/oC 

Integral linearity Tempco ± 1 ppm FSR/oC max 
Differential Linearity ± 0.5ppm FSR/oC max 
Change in Absolute Accuracy with 
Change in Power Supply Voltages 

+15V 0.002%1% f:,. Vs max 
-15V 0.002%1% b. Vs max 
+5V 0.002%1% b. Vs max 

ENVIRONMENTAL LIMITS 

Operating Temp Range DOC to + 70 0e - 55°C to + 125°C 
Storage Temp Range -55°Cto +B5°C -65°C to + 150°C 

PACKAGE Case A Case A 

NOTES 1 . Adjustable to zero 2. Over full operating temperature range 

• Specifications same as HS 9516C·6 •• Specifications same as HS 9516B·6 
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PACKAGE OUTLINE 

I-- 1.155 MAX -l 
I (29.34) I 

Jo 
1120 (3.05) ~(22.86)-j 
0.130 (3.30) 

RED DOT 
INDICATES PIN 1 

r- 1 32 

.16 17 

TOP VIEW 

0.20MINl-t (5.08) I- 0.210 MAX 
I (5.33) 

0.016 (0.40;:1= 1 
0.020 (0.508) 

0.095 (2.41 
0.105 (2.671 

~ 
[0.125 

(3.2) 

1.745 
(44.23) 

J 
PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 START CONVERT 32 CLOCK RATE CONTROL 

2 SHORT CYCLE 31 2- 1 

3 +5V 30 STATUS OUT 

4 2- 8 29 2- 9 

5 2- 7 28 2- 10 

6 2- 6 27 2- 11 

7 2- 5 26 2- 12 

8 2- 4 25 2- 13 

9 2- 3 24 2- 14 

10 2- 2 23 2- 15 

11 2- 1 (MSB) 22 2 -16 (LSB) 

12 DIG GND 21 +15V 

13 BIPOLAR 20 ANAGND 

14 10V INPUT 19 -15V 

15 20V INPUT 18 GAIN ADJ 

16 SUMMING JUNCTION 17 REF OUT 

TIMING 

CONVERT ~=-:::_Il ____ _ 
COMMAND 

STATUS~ 
11 ;. 50nsec CONVERT COMMAND MUST STAY LOW 
12 '" 100~sec 

APPLICATIONS INFORMATION 
OPTIONAL OFFSET AND GAIN ADJUSTMENTS 

PIN 20 
ANA. 
OND. 

GAIN ADJUST CIRCUIT MIN ADJUST RANGE = ± 0.2% FSR 

Unipolar & Bipolar: Apply + F.S. - 3/2 LSB analog in
put and set the potentiometer for a digital output that 
alternates between 111 ... 1 and 111 ... 0. 

~15V 

rr'K51K 

'~~~ I~~o~g PIN 16 
10 1020 TURNS SUMMING 

JUNCTION 
1.3K 

_15V -=-

OFFSET ADJUST CIRCUIT MIN ADJUST RANGE = + 0.2% FSR 

Unipolar: Apply .+ V2 LSB analog input and set poten
tiometer for a digital output that alternates between 
000 ... 0 and 000 ... 1. 
Bipolar: Apply + V2 LSB and set potentiometer for a 
digital output that alternates between 1000 ... 0 and 
1000 ... 1. 

CONNECTIONS FOR VARIOUS INPUT RANGES 

CONNECT 
ANALOG IN PIN 13 

INPUT RANGE TO PIN TO NOTES 

- 2.5V to + 2.5V 14 17 Connect pinS 15 + 16 

-5Vto +5V 14 17 

-10V to + 10V 15 17 

OV to 5V 14 20 Connect pms 15 + 16 

OV to 10V 14 20 

OV to 20V 15 20 

CLOCK RATE CONTROL 

ADJUSTMENT RANGE IS 50jJsec to 200!-, sec 
at 16-BIT RESOLUTION 

The HS 9516 clock rate is set by the factory for a con
version time of 100J,.lsec, i.e. Pin 32 left open. For 
higher or lower clock rates, connect Pin 32 to a 
multi-turn potentiometer as shown above. 

GROUNDING AND 
POWER SUPPLY DECOUPLING 
Connect Analog GND to Digital GND at package pins. 
If not possible, connect 1 J,.I f* tantalum capacitor in 
parallel with a 0.1J,.1 f ceramic capacitor between Analog 
GND and Digital GND pins. Decouple + 15V and 
- 15V supplies to Analog GN D and + 5V supply to 
Digital GND at package pins with 1J,.1 f tantalum and 
0.1 J1 f ceramic capacitors . 
• Non·polarized 469 



TRANSFER CHARACTERISTICS 
BIPOLAR UNIPOLAR 

INPUT VOLTAGE RANGE INPUT VOLTAGE RANGE 

MSB LSB ±2.5 ±5V ±10V Ot05V Otol0V Ot020V 

l11111111111111qf 2.49989V 5.99977V 9. 99954V 4. 99989V 9.99977V 19.99954V 

0000000000000000 -0.038mV -0.076mV -0.153mV 2.49996V 4.99992V 9.99985V 

0000000000000000 -2.49992V -4.99992V -9.99985V -O.038mV -O.076mV -0.153mA 

NOTES: 
1. Codings shown are binary and offset binary. Use MSs for 2's complement coding 2. One LSB = FSR/2'6 3. The voltages given are the theoretical values for the transitions 

indicated. Ideally. with the converter continuously converting the output bits indicated as 0 will change from "1" to "0" or from "0" to "1" as the input voltage passes through the 
level indicated 

TYPICAL CHARACTERISTIC CURVES 

200rr,-"""""-,o-rr,-",-ro""-,,,-..-,, 

180r+~~-r~_~1~1_~1-r~~~-++-~~~-r~~ 
rrl--t--t-t-++([~ 115J: +A 1= ~5;C,1 lei =Igd"! I +--+-+-~-+-+-~-H 

160 \ II I i: : ~2;;~C,I~e ==g~5~~:s+--+-+-~-+-+-~-H 
:% 140 @2V: TA = -25°C, Ie = 85"s 

~ 120 ~:: !~g:g: t : :~cI':s+-+-+-+-+-+-+-+-+-~---l 
t= ~ 
~ 100~+-I'clI'+--I-++-+@4V: TA = -25°C, Ie = 60"s+--+~+-+--+-+-+---l 
~ 80~~t--/'>d-~-t--¥-I-+-TA = + 25°C, Ie = 59"s+-+-+-+-+-+-+-+---l 

~ 60~~~-r~~~~~~~T_A~=+--++_70~o+C'---lte_=+-+58_"~Stj=ttj~tt~;j 
8 I'-

9 10 11 12 13 14 

CONVERSION TIME VS. CONTROL VOLTAGE, T A = + 25°C 

NOTE: CONVERSION TIME WILL BE 1001' sec MAX IF VOLTAGE TO PIN 3215 
'OPEN', AND TYPICALLY 200" sec IF PIN 32 IS AT OV (GROUND). 

~ T = +125°C 
~ O.Ol%r--~'"""'l.,:--~",+-f-+-~T =-55°C_f--

~ ..... J NO MISSING CODES 
~ \ 1 @ 14-BITS 

j _ _ _ __ _ _ _ _ NO MISSING CODES 
~ \ @ IS-BITS 

~ - ___ \ _ __ ~Ol~~I~~G CODES 

~ 0.001o/·t::t=t=f$~~1;g;;t;;i~ 
is ~ 

t 

0.0001% 20 40 60 80 100 120 140 160 180 200 

CONVERSION TIME {JAs) 

HS 9516-6 DIFFERENTIAL LINEARITY VS. CONVERSION TIME 
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ORDERING 
INFORMATION 

~ 0.05 
Ie 
l. 
a: 

I 
~ -0.05 

--r-----'----
r------r--r--

-55 -35 -15 25 45 65 85 105 125 
TEMPERATURE(OC) 

GAIN DRIFT VS. TEMPERATURE 

+0.0 1 

~ ~ -----
-0.0 1 

-55 -35 -15 5 25 C 45 65 85 105 125 

O. 

~ 0.0 

<l 

i 
If! 
#. 
- 0.00 

1 

1 

1 

1 0.000 
100 

MODEL 

HS 9516C-6 

HS 9516C-5 

HS 9516C-4 

HS 9516B-6 

HS 9516B-5 

HS 9516B-4 

TEMPERATURE (OC) 

OFFSET DRIFT VS. TEMPERATURE 

III / 
Vcc. + ISV V 

\ 

~ 

/ V 

/ 
VEE. -ISV V V 

1\ 
/ / VLOGIC. + SV 

lLV 

V 
..... V 

1kHz 10kHz 100kHz 

POWER SUPPLY RIPPLE FREQUENCY 

POWER SUPPLY REJECTION 

DESCRIPTION 

/ 

/ 
L' 

16-8it ADC with ± 0.001 % Integral Linearity, O°C to 70°C 

16-8it ADC with ±0.0015% Integral Linearity, O°C to 70°C 

16-Bit ADC with ± 0.003% Integral Linearity, O°C to 70°C 

16-8it ADC with ±0.001% Integral Linearity, -55°C to + 125°C 

16-8it ADC with ±0.0015% Integral Linearity, -55°C to + 125°C 

16-8it ADC with ± 0.003% Integral Linearity, - 55°C to + 125°C 
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SIGNAL PROCESSING EXCELLENCE 

DESCRIPTION 
The SP9548 is a 12-bit, 500 nanosecond, analog-to
digital converter employing the SIPEX state-of-the
art Multipass™ subranging Flash technology while 
consuming much less than 2 Watts. The subranging 
Multipass process is optimized for low power opera
tion by multiplexing a single 8-bit Flashe for each of 
the two ranges to yield a final resolution of 12 bits 
The SP9548 can be used in either a single or con
tinuous mode. In the single mode, a START com
mand initiates the conversion on the next CLOCK 
cycle. Total conversion can is completed in 500 
nanoseconds ... in synch with the clock. 
In the continuous mode, the SP9548 can operate at 
a 2 MHz sampling rate and can be interfaced with 
the HS9720 Sample/Hold Amplifier. The SP9548 pro
vides a control signal to the HS9720 permitting the 
S/H to begin tracking as soon as the Flash has 
latched the subrange data. This results in no con
version time degradation for the SP9548/HS9720 
pair ... the sampling time remains 2 MHz. 

FUNCTIONAL DIAGRAM 

INPUT 
o TO +sov 

START 

CLOCK 

STATUS 

E.O.C. 

REF OUT 
( -1.667V) 

SP9548 

2 MHz, MULTIPASS™ 
12-81T AID CONVERTER 

The SP9548 input range, 0 to +5V, has been op
timized for high speed applications such as radar, 
sonar and video digitization, and high speed data 
acquisition systems. The SP9548 is ideal in all ap
plications that require 12-bit performance at high 
speed with low power consumption. 

MSB's 

LSB's 

OVERRANGE 

12 
DATA 
BITS 
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SPECIFICATIONS 
(Typical @25°C and nominal supply voltages unless 
otherwise specified.) 

MODEL 

RESOLUTION 

ANALOG INPUTS 

Input Voltage Range 

Input Impedance 

DIGITAL INPUTS 

Logic Levels Logic" 1 " 
Logic "0" 

Logic Loading 

ACCURACY 

Integral Linearity 
@25°C 
O°C to + lOoC 

Differential Linearity 
@25°C 
O°C to + lOoC 

No Missing Codes 
Offset Error 

Gain Error 

DYNAMIC PERFORMANCE 

Conversion Time 

STABILITY 

Integral linearity Tempco 

Differential Linearity Tempco 

Unipolar Offset Error Drift 

Gain Error Drift 

DIGITAL OUTPUTS 

Output Coding (Straight Binary) 

Output Drive Capability 

REFERENCE 
Voltage 
External Current 

POWER SUPPLY REQUIREMENTS 

Current @nominal Voltage 
+ 15V(± 10%) 
-15V (± 10%) 
+ 5V Digital (± 10%) 
+5V Analog (±1%) 
-5V(±1%) 

DIssipation 

PACKAGE 
Triple DIP - Metal 

PACKAGE OUTLINE 
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RED DOT 
INDICATES PIN 1 

• 1 32 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 1$ 17. 

TOP,VIEW 

SP 9548 

12-Bits 

o to +5V 

1kQ 

2.4V min 
O.4V max 

1 TTL Load 

± V2 LSB 
± 1 LSB 

±'12 LSB 
± 1 LSB 

Guaranteed 

0.1% of FSR typ, 0.3% max 

0.2% of FSR typ, 0.5% max 

500nsec 

10 ppmloC 

2 ppmloC 

5 ppmloC 

40 ppmloC 

See Table 

4 TTL Loads 

-1.67V nom 
5mA 

20m A 
20mA 
100mA 
50mA 
50mA 

1.6W typ, 2.0W max 

32-Pln 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 CLOCK 32 

2 STATUS 31 

3 EOC 30 

4 BIT 12 (LSB) 29 

5 BIT 11 28 

6 BIT 10 27 

7 BIT 9 26 

8 BIT 8 25 

9 BIT 7 24 

10 BIT 6 23 

11 BIT 5 22 

12 BIT 4 21 

13 BIT 3 20 

14 BIT 2 19 

15 BIT 1 (MSB) 18 

16 OVERRANGE 17 

THEORY OF OPERATION 
INTERFACE INFORMATION 

FUNCTION 

STAf)T 

+5V DIGITAL 

DIGITAL GND 

+5V ANALOG 

-5V 

ANALOG GND 

ANALOG GND 

-15V 

+15V 

REF OUT 

TEST POINT 

NC 

TEST POINT 

NC 

TRIM 

ANALOG INPUT 

The SP 9548 is designed primarily for high speed ap
plications that require a sampling rate of up to 2 MHz. 
It should be noted that the SP 9548 will also operate at 
slower rates than 2 MHz with no degradation in perfor
mance. The rate of conversion is set by the CLOCK 
signal that is applied to it. For ideal operation the 
CLOCK signal should be a square wave at twice the 
desired sampling rate ... it takes two clock cycles for a 
total conversion. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
StH amplifiers and multiplexers. As such, the input 
signal should be driven by a low impedance source 
sufficient to drive the 1 K ohm input impedance at 12-bit 
accuracy. Most StH amplifiers and fast operational 
amplifiers are adequate. 

CONVERSION PROCESS 
As shown in the block diagram, the input analog signal 
is attenuated and switched, via the input multiplexer 
(INPUT MUX) to the input of the 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 1.667 volts. The input signal is com
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is internally latched for further processing by both the 
8-bit DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the "first pass" or 
"input" conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 12-bit ac
curacy. The DAC output is then directly subtracted 
from the input signal to determine the "error" or "se
cond pass" input signal to be converted by the Flash. 

The "second pass" occurs when the INPUT MUX swit
ches the ERROR AMPLIFIER output to the input of the 
FLASH converter. The result of this conversion pro
cess is a digital word which represents the least signifi
cant bits (LS8). This digital output is also latched for 
processing by the CORRECTION LOGIC. 



INPUT BINARY BITS 
VOLTAGE OR 1 2 3 4 5 6 7 8 9 10 11 12 HEX CODE 

0.00000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.00122 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

2.49878 0 1 1 1 1 1 1 1 1 1 1 1 0 7 F F 

2.50000 1 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 

2.50122 1 0 0 0 0 0 0 0 0 0 0 1 0 8 0 1 

4.99878 1 1 1 1 1 1 1 1 1 1 1 1 0 F F F 

5.00000 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 
5.00122 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 

5.29175 1 0 0 0 0 1 1 1 0 1 1 1 1 1 0 E F 

5.83% Overrange 

SP 9548 Coding Table @5 Volt Full Scale 

The CORRECTION LOGIC accepts the 8 MSB's and 
the 8 LSB's and combines them by an improved, uni
que algorithm using digital addition. The result is a 
12-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which requires requires a 
square wave CLOCK at twice the sampling speed i.e., 
the clock should be 4 MHz for 2 MHz operation. This is 
not to be confused with the Nyquist Criterion ... 2 MHz 
sampling can only convert input signals up to 1 MHz. 
The SP 9548 requires two such clock cycles (4 MHz) 
for a complete (2 MHz) sampling cycle or (500nsec) 
conversion. 

SINGLE CONVERSION MODE 
The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required ... the START pulse is applied just before the 
rising edge of the clock. If the START pulse is applied 
immediately after the rising edge of the clock, the pro
cess will not begin until the next clock cycle. 

If the START pulse is applied asynchronously then the 
conversion time will vary with the relationship of the 
START pulse to the clock ... in any case the resulting 
data will still be accurate even though the conversion 
time may be varying from 350nsec to 850nsec. 

Referring to the timing diagram, the process is as 
follows: 

1. Negative going START pulse (50nsec min) is 
applied to the SP 9548 initiating conversion. In 
this mode the STATUS signal can be used to con
trol a StH amplifier as shown. 

2. The rising edge of the next CLOCK cycle causes 
the FLASH to perform a conversion to determine 
the MSB's. 

3. The FLASH data is latched for the DAC and 
accordingly the INPUT MUX is switched to the 
ERROR AMPLIFIER connecting it to the FLASH 
converter. 

4. On the next CLOCK cycle, positive edge, the 
FLASH converts the error to determine the LSB's. 

5. The FLASH data is latched for the CORRECTION 
LOGIC. 

6. The positive edge of the E.O.C. (end of conver
sion) signal can be used to externally latch the 
valid data to the outside world. Note, that the data 
is not valid during the conversion process as in
dicated by the STATUS signal. 

Note, that if the START pulse stays negative for more 
than two clock pulses a second conversion process 
will commence. If this happens the STATUS signal will 
stay high until that conversion is completed. In fact, if 
the START pulse is kept low ... the SP 9548 will be in the 
continuous mode of operation. 

CLOCK 
@4MHz 

START 

STATUS 

LATCH & MUX 
(INTERNAL) 

E.O.C 

DATA BITS 

TRACK 

INPUT 

r--soons---j 

HOLD 

ERROR 

PIs 

U 6 

~ DATA 

SP 9548 Timing Diagram: Single Conversion Mode 
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CONTINUOUS CONVERSION MODE 
The SP 9548 will be in the continuous conversion 
mode as long as the START signal is kept low. This 
mode is used to follow high speed input signals and is 
capable of up to a 1 MHz (Nyquist Limit) input signal at 
a 2 MHz sampling rate by simply applying a 4 MHz 
CLOCK to the SP 9548. Since the STATUS signal will 
remain high during this mode, the E.O.C. signal should 
be used to control an input StH amplifier. Also, by 
using the E.O.C. signal the maximum conversion rate 
will not be affected by the addition of the StH process. 
Of course, the StH amplifier should be of the high 
speed variety such as the HS 9720. 

Referring to the timing diagram, the process is as 
follows: 

1. The positive edge of the E.O.C. signal causes 
the external StH, HS 9720 or equivalent, to hold 
the input signal. 

2. The rising edge of the next CLOCK cycle causes 
the FLASH to perform a conversion to determine 
the MS8's. 

3. The FLASH data is latched for the DAC and 
accordingly the INPUT MUX is switched to the 
ERROR AMPLIFIER connecting it to the FLASH 
converter. 

4. On the next CLOCK cycle, positive edge, the 
FLASH converts the error to determine the LS8's. 

5. The negative edge of the E.O.C. causes the StH 
amplifier to track the input signal in preparation for 
the next conversion cycle. 

6. The FLASH data is latched for the CORRECTION 
LOGIC. 

7. The positive edge of the E.O.C. (end of conver
sion) signal can be used to externally latch the 
valid data to the outside world. Note, that the data 
is not valid during the conversion process as in
dicated by the STATUS signal. 

The process is repeated continuously as shown in the 
timing diagram. The STATUS signal remains high as 
long as the START pulse remains low and the SP 9548 
is in the continuous conversion mode. 

CLOCK 
@4MHz 

START 

STATUS 

LATCH & MUX 
(INTERNAL) 

E.O.C. 

DATA BITS 

@LOGIC"O" 

@LOGIC"l" 

ERROR 

~DATAf%?Jj 

SP 9548 Timing Diagram: Continuous Conversion Mode 
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TYPICAL APPLICATIONS 
The application block diagram illustrates a typical 
system using the SP 9548 with an external S/H ampli
fier such as the HS 9720 and an external latch for the 
data bits. Note that the E.O.C. signal from the SP 9548 
can be used for both the hold command and the latch 
strobe. 

The SP 9548 can be used directly without a StH ampli
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol
lowed without a StH amplifier is approximately 20 kHz 
which allows for the conversion of audio band signals. 

ANALOG 
IN 

ADe 

Typical Application: SP 9548 Continuous Mode 
With External s/H Amplifier & External Latch 

DIGITAL 
DATA 

POWER SUPPLY CONNECTIONS 
As shown in the Power Supply Connection diagram, 
5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9548. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9548. Also, the analog and 
digital + 5V supplies should be separate for optimum 
performance. 

31 

30 

29 

28 

27 
SEE 

NOTE 
26 

25 

24 

Note: • Pin 26 & Pin 27 
are internally connected. 

... 5V DIGITAL 

DIGITALGND 

+5V ANALOG 

-5V 

ANALOGGND 

ANALOGGND 

-15V 

+15V 

RECOMMENDED BYPASS CONSIDERATIONS 

1. Connect digital and analog system 
ground at unit. 

2. All caps are 1." I (min) tantalum in parallel with 
0.01 or 0.1. "I ceramic. 

SP 9548 Power Supply Connections 



TRIM ADJUSTMENTS 
The SP 9548 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (1 K ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Ro 
(5Dk ohm). The interaction of the gain and offset trim is 
minimal; some readjustment may have to be made if 
one or the other trim is extreme. 

To change sensitivity of GAIN Trim Increase/decrease Rg 

To change sensitivity of OFFSET Trim Increase/decrease Ro 

SP 9548 Fine Trim Adjustments 

BIPOLAR OPERATION 
Since the SP 9548 is a unipolar AID converter, bipolar 
operation can only be obtained by level shifting the in
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 

SUMMARY 
The SP 9548 has been designed to simplify high 
speed conversion and operate at reasonably low 
power levels. The subranging technique and correc
tion logic have been optimized to provide the ac
curacy. With this in mind, the SP 9548 is a reasonable 
solution to most high speed data conversion problems. 

ORDERING INFORMATION 

MODEL I 
OPERATING 

TEMPERATURE RANGE SCREENING 

SP 9548C 
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SIGNAL PROCESSING EXCELLENCE 

DESCRIPTION 
The SP9550 is a 12-bit. 200 nanosecond, analog-to
digital converter employing the SIPEX state-of-the
art Multipass™ subranging Flash technology. The 
subranging Multipass process is optimized for high 
accuracy operation by using two 8-bit Flashes in a 
feed-forward error correction scheme to yield a 
final resolution of 12 bits while consuming less than 
2.5 watts. 
The SP9550 can be used in either a single or con
tinuous mode. In the single mode, a START com
mand initiates the conversion on its rising edge and 
completes the conversion on its falling edge. Total 
conversion can be completed in less than 200 
nanoseconds. By repeating the START command 
every 200 nanoseconds, the SP9588 will operate in 
a continuous mode at a maximum of 5 MHz. 
The SP9550 input range, 0 to +5V, has been op
timized for high accuracy applications such as 
radar, sonar and video digitization, and high 

FUNCTIONAL DIAGRAM 

INPUT 
o TO +5V 

START 

8-BIT 
FLASH 

SP9550 

5 MHz, MULTIPASS™ 
12-BIT AID CONVERTER 

speed data acquisition systems. The SP9550 is ideal 
in all applications that require 12-bit performance 
at relatively high speed with moderately low power 
consumption. 

MSB's 

LATCH 

8-BIT 
ERROR FLASH 

AMPLIFIER 

CORRECTION 
LOGIC 

OVERRANGE 

12 
DATA 
BITS 
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SPECIFICATIONS 
(Typical @25°C and nominal supply voltages unless 
otherwise specified.) 

MODEL 

RESOLUTION 

ANALOG INPUTS 

Input Voltage Range 

Input Impedance 

DIGITAL INPUTS 

Logic Levels: Logic "1" 
Logic "0" 

Logic Loading 

ACCURACY 

Integral Linearity 
@25°C 
O°C to + 70°C 

Differential Linearity 
@25°C 

SP 9550 

12-Bits 

o to +5V 

1kQ 

2.4V min 
0.4V max 

1 TTL Load 

±'12 LSB 
±1 LSB 

±V2 LSB 
±1 LSB 

Guaranteed 

O°C to + 70°C 

No Missing Codes 

Offset Error 

Gain Error 

0.2% of FSR typ, 0.5% max 

0.2% of FSR typ, 0.5% max 

DYNAMIC PERFORMANCE 

Conversion Time 

STABILITY 

Integral Linearity Tempco 

Differential Linearity Tempco 

Unipolar Offset Error Drift 

Gain Error Drift 

DIGITAL OUTPUTS 

Output Coding (Straight Binary) 

Output Drive Capability 

REFERENCE 

Voltage 
External Current 

POWER SUPPLY REQUIREMENTS 

Current @nominal Voltage 
+ 15V (± 10%) 
-15V (± 10%) 
+ 5V Digital (± 10%) 
+5V Analog (±1%) 
-5V(±1%) 

200nsec 

10 ppm/oC 

2 ppm/DC 

5 ppm/oC 

40 ppm/oC 

See Table 

4 TTL Loads 

+2.0V nom 
5mA 

15mA 
15mA 
225mA 
125mA 
75mA 

Dissipation 2.4W typ, 2.7W max 

PACKAGE 

Triple DIP - Metal 

PACKAGE OUTLINE 

1_ 1.150 _I I (29.21) MAX I 

32-Pin 

l ~ 
~ I 

0.018 +0.002 
(0.457 ± 0.050) 

0.10 L 0.900 -----..I 
(2.54) 1~(22.86)-1 

RED DOT (~:~~~) MIN l-D 
INDICATES PIN 1 1..- 0.220 MAX 

(5.59) 

~, " T 

r·" 0.100 
(2.540) TV} 

S 
[JU!l 

16 17 

TOP VIEW 
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(2.54) 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 START (CLOCK) 32 

2 NC* 31 

3 NC* 30 

4 BIT 12 (LSB) 29 

5 BIT 11 28 

6 BIT 10 27 

7 BIT 9 26 

8 BIT 8 25 

9 BIT 7 24 

10 BIT 6 23 

11 BIT 5 22 

12 BIT 4 21 

13 BIT 3 20 

14 BIT 2 19 

15 BIT 1 (MSB) 18 

16 OVERRANGE 17 

'Inlernally connecled 10 ground 

THEORY OF OPERATION 
INTERFACE INFORMATION 

FUNCTION 

NC 

+5V DIGITAL 

DIGITAL GND 

+5V ANALOG 

-5V 

ANALOG GND 

ANALOG GND 

-15V 

+15V 

REF OUT 

TEST POINT 

NC 

TEST POINT 

NC 

TRIM 

ANALOG INPUT 

The SP 9550 is designed primarily for high speed ap
plications that require a conversion time as low as 200 
nanoseconds (185ns min). Of course, the SP 9550 will 
operate at slower conversion times with no degrada
tion. The rate of conversion is set by the START signal 
that is applied to it. The rising edge of the START 
signal initiates the conversion process and the falling 
edge of the START signal completes the process. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
S/H amplifiers and multiplexers. As such, the input 
signal should be driven by a low impedance source 
sufficient to drive the 1 K ohm input impedance at 12-bit 
accuracy. Most S/H amplifiers and fast operational 
amplifiers are adequate ... but some thought must be 
given to their selection. 

CONVERSION PROCESS 
As shown in the block diagram, the input analog signal 
is directed to the input of the first 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 2.0 volts. The input signal is com
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is internally latched for further processing by both the 
8-bit DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the "first pass" or 
"input" conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 12-bit ac
curacy. The DAC output is then directly subtracted 
from the input signal to determine the "error" or "se
cond pass" input signal to be converted by the Flash. 

The "second pass" occurs when the ERROR 
AMPLIFIER output is directed to the input of the se
cond FLASH converter. The result of this conversion 
process is a digital word which represents the least 
significant bits (LSB). This digital output is now ready 
for further processing by the CORRECTION LOGIC. 



INPUT BINARY BITS 
VOLTAGE OR 1 2 3 4 5 6 7 8 9 10 11 12 HEX CODE 

0.00000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.00122 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

2.49878 0 1 1 1 1 1 1 1 1 1 1 1 0 7 F F 

2.50000 1 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 

2.50122 1 0 0 0 0 0 0 0 0 0 0 1 0 8 0 1 

4.99878 1 1 1 1 1 1 1 1 1 1 1 1 0 F F F 

5.00000 1 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

5.00122 1 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 

5.29175 1 0 0 0 0 1 1 1 0 1 1 1 1 1 0 E F 

5.83% Overrange 

SP 9550 Coding Table @5 Volt Full Scale 

The CORRECTION LOGIC accepts the 8 MSB's and 
the 8 LSB's and combines them by an improved, uni
que algorithm using digital addition. The result is a 
12-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which only requires a START 
signal as previously described. The falling edge of the 
START signal indicates that the digital data is ready. 

SINGLE CONVERSION MODE 
The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB's. Old data from the previous conversion 
remains intact. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter
mine the LSB's. New data will be valid 50 
nanoseconds later. 

CONTINUOUS CONVERSION MODE 
The SP 9550 will be in the continuous conversion 
mode as long as the START signal is repeated. This 
mode is used to follow high speed input signals and is 
capable of a 5 MHz converting rate. However, an ex
ternal StH amplifier is required ... the time necessary for 
the StH amplifier to acquire and settle must be taken 
into consideration. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MSB's. Old data from the previous conversion 
reamins intact. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter
mine the LSB's. New data will be valid 50 
nanoseconds later. 

The process is repeated continuously as shown in the 
timing diagram. When operating at the maximum rate 
of 5 MHz, the START signal should be high for only 
185 nanoseconds and low for 15 nanoseconds. When 
using an external StH amplifier, the START signal 
should be high for the full 200 nanoseconds and low 
for the time required for the S/H amplfier to acquire 
and settle. The resulting conversion rate will be propor
tional to the total time required for both the S/H 
amplifier and the SP 9550. 

f.--185nS MIN-l 

CDf ®t 
~ ~50ns 

OLD DATA W///1 NEW DATA 

SINGLE CONVERSION 

1_185nS MIN------.j 

®U u 
--1 1-15nS 

~ 1-50nS 

DATA 

5 MHZ CONVERSION 

SP 9550 Timing Diagram 

TYPICAL APPLICATIONS 
The application block diagram illustrates a typical 
system using the SP 9550 with an external S/H ampli
fier and an external latch for the data bits. Since the 
data is valid 50 nanoseconds after the falling edge of 
the START signal, the START signal needs to be de-
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layed by more than 50 nanoseconds if it is to be used 
as the strobe for the latch. 

The SP 9550 can be used directly without a StH ampli
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol
lowed without a StH amplifier is approximately 20 kHz 
which allows for the conversion of audio band signals. 

ANALOG 
IN 

HOLD 
COMMAND 

START 
DELAY 
lOOnS 

DIGITAL 
DATA 

Typical Application: SP 9550 With External 
SIH Amplifier & External Latch 

POWER SUPPLY CONNECTIONS 
As shown in the Power Supply Connection diagram, 
5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9550. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9550. Also, the analog and 
digital + 5V supplies should be separate for optimum 
performance. 

31 

30 

29 

28 

27 
SEE 

NOTE 
26 

25 

24 

Note .. Pill 26 & Pin 27 
are Illternally connected 

+5V DIGITAL 

DIGITAL GND 

+5V ANALOG 

-5V 

ANALOG GND 

ANALOG GND 

-15V 

+15V 

RECOMMENDED BYPASS CONSIDERATIONS 

1 Connect digital and analog system 
ground at unit 

2 All caps are 1 ~ f (inlll) tantalum III parallel wllI, 
a 01 or a 1 ~ f cerallilC 

SP 9550 Power Supply Connections 

TRIM ADJUSTMENTS 
The SP 9550 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (300 ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Ro 
(25k ohm). The interaction of the gain and offset trim is 
minimal; some readjustment may have to be made if 
one or the other trim is extreme. 

480 

t 

1<0 TO +5V) 
1 UNIPOLAB 
<>-------~ INPUT 

lK 
GAIN 

SP 9550 
Rg 300 Q R 

INVERTING 
BIPOLAR 

SK 

To change sensitivity of GAtN Tnm Increase/decrease Rg 

To change sensitivity of OFFSET Tnm Increase/decrease Ro 

SP 9550 Fine Trim Adjustments 

BIPOLAR OPERATION 

TRIM 

Since the SP 9550 is a unipolar AtD converter, bipolar 
operation can only be obtained by level shifting the in
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 

SUMMARY 
The SP 9550 has been designed to simplify high 
speed conversion and operate at reasonable power 
levels. The subranging technique and correction logic 
have been optimized to provide the accuracy. With this 
in mind, the SP 9550 is a realistic solution to most high 
speed data conversion problems. 

ORDERING INFORMATION 

OPERATING 
MODEL TEMPERATURE RANGE SCREENING 

SP 9550C Oto +70°C -

SP 9550B - 55°C to + 125°C MIL-STO-883C 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete 16-bit ADC with internal reference 

and clock 
• Linearity error ±0.003% max 
• Fast conversion time: 151-1Sec max 
• Pin for pin compatible with BB ADC 76 and 

AD 376 

DESCRIPTION 
The HS9576 is a low cost, 16-bit successive approx
imation ND converter. The converter is complete 
with internal reference, short cycling capabilities 
and thin-film scaling resistors which allow analog 
input ranges of ±2.5V, ±5V, ± 10V, 0 to +5V, 0 to 
+ 10V and 0 to +20V. Integral non-linearity is 
specified at ±0.003% of FSR maximum while no 
missing codes to 14 bits is guaranteed over the full 
operating temperature range. Conversion time is 
151-1sec maximum for 14 bits with the option for faster 
conversion times to resolutions less than 14 bits. 
Power consumption is specified at 1W typical. 

FUNCTIONAL DIAGRAM 

(MSB) BIT 1 

BIT 2 

BIT 3 
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BIT 5 

BIT 6 
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BITll 
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(LSB FOR 14 BITS) BIT 14 
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HS9576 

I 
16-BIT SAR 

I 

HS9576 

HIGH SPEED, LOW COST 
16-BIT AID 

The HS9576 is a versatile building block for high
accuracy, high-speed systems. When used with the 
HS9716 sample (track)/hold, a high-speed acquisi
tion system is formed which can digitize signals at a 
rate of 50,000 conversions per second. The HS9576 
is available for operation over the commercial 
(O°C to + 70°C) temperature range or -55°C to 
+ 125°C with full MIL-STD-883C screening. 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise specified) 

MODEL 

RESOLUTION 

ANALOG INPUTS 
Voltage Range 

Bipolar 
Unipolar 

Impedance 

DIGITAL INPUTSI 

HS9576J 
16 bits 

±2.5, ±5, ± 10V 
o to +5, + 10, +20V 

2.5K Qon 5V ranges 
5K Q on 10V ranges 
10KQ on 20V ranges 

HS9576K 

Convert Command 

Logic Loading 

DIGITAL OUTPUTS 1 

Positive pulse 50 nsec wide (min) trailing edge initiates conversion 

1 LSTTL load 

(All Codes Complementary) 

Output Codes2 

Unipolar 
Bipolar 
Output Drive 

Status 

Status Output Drive 

Internal Clock4 

CSB 
COB, CTC3 
8 LSTTL loads 

Logic" 1 " during conversion 

8 LSTTL loads max 

Clock Output Drive 4 LSTTL loads max 
Frequency 933 kHz 

TRANSFER CHARACTERISTICS 
Integral linearity Errors 

Differential linearity Error 

Gain Error" 

Offset Error" 
Unipolar 

Bipolar 

3aNoise at Transitions (pk-pk) 

CONVERSION TIME4 
12·Bits 

14·Bits 

t6·Bits 

POWER REQUIREMENTS 
Power Consumption 

Rated Voltage, Analog 

Rated Voltage, Digital 

Supply Drain 

± 0.006% of FSR max 

± 0.003% of FSR typ 

± 0.05% typ; ± 0.2% max 

± 0.05% of FSR typ; 
±0.1% of FSR max 
± 0.05% of FSR typ; 
±0.2% of FSR max 

0.001% of FSR typ; 
0.003% of FSR max 

13 ~sec max 

15 I'sec max 

17 usec max 

1000mWtyp; 1100mWmax 

± 15V (±0.5V max) 

+ 5V (± 0.25V max) 

+ 15Vdc +23 mA max 
- 15Vdc -38 rnA max 
+ 5Vdc + 37 mA max 

Power Supply Sensitivity 0.001 % of FSR/%LI.VS (all supplies) 

± 0.003% of FSR max 

HS9576S/B HS 9576T/8 

to.006% of FSR max ± 0.003% of FSR max 

WARM.UP~T~IM=E=-________ ~3~m=i~nu~te=s ________________________________________________________________________ __ 

DRIFT 
Gain 

Offset 
Unipolar 
Bipolar 

Linearity 

Guaranteed No Missing 
Codes' 

Temperature Range 

TEMPERATURE RANGE 
Operating Temperature 

Range 

Storage Temperature 
Range 

NOTES: 

± 15 ppm/oC max 

± 4 ppm of FSR/oC max 
± 10 ppm of FSR/oC max 

±3 ppm of FSR/oC max 

13 Bits (DOC to + 70°C) 

±2 ppm of !'SR/oC max 

± 2 ppm of FSR/oC max 

14 Bits (OOC to + 70°C) 

±4 ppm of !'SR/oC max 

± 3 ppm of FSR/oC max ±2 ppm of FSR/oC 

13 Bits (-55°C to + 125°C) 

-55°C to + 125°G 

-65°C to + 150°C 

1. Logic "0" ~ 0.8V max, Logic "1" ~ 2.0V min for inputs. For digital outputs Logic "0" ~ + O.4V max, Logic "1" = 2.4V min. 2. CSB - Complementary Straight Binary. COB -
Complementary Offset Binary. CTC - Complementary Two's Complement. 3. TCB coding obtained by inverting MSB (Pin 1). Valid for parallel output data only. 4. With CLK RATE GTRL (Pin 
23) left open. 5. End Point Definition. 6. Adjustable to zero. 7. A missing code is defined as less than 0.2 LSB wide. 

'Speciflcations same as HS 9576J. 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 BIT 1 (MSB) 32 
2 BIT 2 31 
3 BIT 3 30 
4 BIT 4 29 
5 BIT 5 28 
6 BIT 6 27 
7 BIT 7 26 
8 BIT 8 25 
9 BIT 9 24 

10 BIT 10 23 
11 BIT 11 22 
12 BIT 12 21 
13 BIT 13 (LSB FOR 13 BITS) 20 
14 BIT 14 (LSB FOR 14 BITS) 19 
15 BIT 15 18 
16 BIT 16 17 
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FUNCTION 
SHORT GYCLE 
CONVERT COMMAND 

+5V 
GAIN ADJUST 
+15V 
COMPARATOR IN 
BIPOLAR OFFSET 
10V INPUT 
20V INPUT 
CLOCK RATE CONTROL 
ANALOG GROUND 
-15V 
CLOCK OUT 
DIGITAL GROUND 
STATUS 
SERIAL OUT 

PACKAGE OUTLINE 

1.72 

r--~---I 
-32 17" t 

1.10 
TOP VIEW (27.97) 

MAX 

16- ~ 

0.193 
(4.90) 

MAX 

~~ 

~
l 

0.900 0.010 
(22'j ~ US) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 0.003) 



Analog Input 
Voltage Range Defined As: ±10V ±SV ±2.SV Oto +10V o to +SV o to +20V 

Code COBI COBI COB I 
Designation orCTC2 orCTC2 orCTC2 CSB3 CSB3 CSB3 

One Least FSR 20V 10V SV 10V SV 20V 
Significant 2n 2n 2n 2n 2n 2n 2n 

Bit (LSB) n= 12 4.88mV 2.44mV 1.22mV 2.44mV 1.22mV 4.88mV 
n= 13 2.44mV 1.22mV 61O/AV 1.22mV 610/AV 2.44mV 
n=14 1.22mV 610/AV 30S/AV 610/AV 30S/AV 1.22mV 
n=15 610/AV 305/AV 152/AV 30S/AV 152/AV 610/AV 

Transition Values 

MSB LSB 
000 ... 0004 + Full Scale + 10V - 3/2LSB +SV-3/2LSB + 2.SV - 3/2LSB + 1 OV - 3/2LSB +SV -3/2LSB + 20V - 3/2LSB 
011...111 Mid Scale 0-1/2LSB 0-1I2LSB 0-1/2LSB +SV-1/2LSB + 2.SV - 1/2LSB + 10V -1I2LSB 
111 ... 110 -Full Scale - 1 OV + 1I2LSB -SV+ 1I2LSB - 2.SV + 1/2LSB O+1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

1. Complementary Offset Binary. 
2. Complementary Two's Complement - obtained by inverting the most significant bit. MSB (pin 1 l. 
3. Complementary Straight Binary. 
4. Voltages given are the nominal value for transition to the code specified. 

Table 1. Input Voltages, Transition Values, LSB Values, and Code Definitions 

INSTALLATION 

GROUNDING AND LAYOUT PRECAUTIONS 

Due to the small bit weight (610 ~V for 1 LSB, 14 bit, 
10V range) special attention must be paid to the layout 
of the PC board. To avoid capacitive coupling from 
digital lines to the hybrid substrate, a ground-plane 
should be placed directly under the converter package 
on the component side. This ground plane can be directly 
connected to pin 22 of the HS 9576. All digital lines 
should run on the soldering side of the PC board. 

In general, analog and digital lines should be separated 
as far as possible and should not run in parallel. If 
analog and digital lines must cross, they should be at 
right angles to minimize coupling capacitance. The 
ground connection to the converter should be made 
using a wide, low resistive run to minimize voltage 
drop. Analog and digital ground lines must be con
nected at only one point, preferably directly at the con
verter package. For the HS 9576, pin 19 (digital 
ground) and pin 22 (analog ground) should be tied 
together as close as possible to the converter. 

POWER SUPPLY OECOUPLING 

Internal 0.01 ~F power supply bypass capacitors are in
cluded in the HS 9576 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 

OPERATING INSTRUCTIONS 
TIMING 

The timing diagram is shown in Figure 1 . A conversion 
is initiated by the "trailing edge" of the CONVERT 
COMMAND. Simultaneous to a CONVERT COMMAND 
signal, the STATUS flag goes high indicating a conver
sion is in progress and removing the inhibit applied to 
the gated clock. The conversion is accomplished by 
successively comparing the analog input to the feed-

gg:~~~~Jl~'========~~~~~========~~ 
INTERNAL 

CLOCK 

STATUS __ Jto 
MSB::..--""=+--ir--;,---i-......;--i-+-i--l---i----i--+--i-+-;--+---

BIT 2::: 
BIT 3---

::~ :~~~IL==j'tl&.::lH-rIIIIt-H---,L-L 
::~ ~~~~:L_ ___ __' 

BIT 8:::~======-=-=-=-=-=-'~i=1xf.j==rTf=~n=L: BIT 9:::!-
BIT 10:::L_ ______ ---' 

BIT 11:::~---------' 
BIT 12:::L_ ________ --' 

::~ ~:~~t===================~~=tR=j=t==c= 
BI~SI:~~~L-------------' 

SERIAL OUT::: 

1"1" "0" "0" "1" "1" "0" "0" "0" "I" "0" "0" "0" "0" "I" "0" "1" I 
NOTES: 
1. THE CONVERT COMMAND PULSE WIDTH IS SOns MIN. THE CONVERSION IS INITIATED 

BY THE "TRAILING EDGE" OF THE CONVERT COMMAND. IF A NEW CONVERT 
COMMAND HAPPENS DURING CONVERSION. ALL THE LOGIC OF THE AID IS RESET 
AND A NEW CONVERSION BEGINS. 

2. 15~s FOR 14 BITS. 

Figure 1. Timing Diagram (Output Code 1001100010000101)* 

back DAC output, one bit at a time (MSB first, LSB last). 
After the LSB decision is made, there is a 30 nsec 
delay period before the STATUS flag goes low in
dicating that the conversion is complete and that the 
output data is valid. Incorporation of this 30 nsec delay 
guarantees that the digital data is valid at the logic "1" 
to "0" transition of the STATUS flag, allowing parallel 
data transfer to be initiated by the trailing edge of the 
STATUS signal. Resetting the STATUS flag to logic "0" 
restores the gated clock inhibit signal forcing the clock 
output to the logic "0" state. The clock remains low un
til the next conversion is initiated. 

* Note that all codes are complementary coded. Thus, 
the output code in Figure 1 represents an analog input 
whose positive true digital equivalent is 
0110011101111010. 
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OPTIONAL OFFSET ADJUST 

The unipolar offset or bipolar zero error may be 
trimmed to zero (optional) using an external trim poten
tiometer connected to the HS 9576 as shown in Figures 
2 or 3. +15V 

10kQ~'BMQ TO 27 HS 9576 
100kQ 

_____ ....J 

-15V 

Figure 2. Unipolar Offset or Bipolar Zero Adjustment Circuit 
(± 0.4% FSR) 

+15V 

OFFSET l~~Q >+-"'VV'v-----..--'l/\J~ 
ADJ 100kQ 

HS 9576 

Figure 3. Low Tempco Adjustment Circuit 

The adjustment circuit shown in Figure 2 consists of a 
100 ppm/oC potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1.8MO resistor to pin 27. In this case a car
bon composition resistor is adequate: if we assume that 
its tempco is -1200 ppm/oC and that the adjustment 
range required is no more than 16 LSB14 (0.1 % of FS), 
it contributes only 1.17 ppm/ °C of tempco (0.001 x 
1200). The low tempco adjustment circuit in Figure 3 
contributes negligible tempco if metal film resistors 
(tempco <1 00 ppm/°C) are used. 

With both circuits the fixed resistor connected to pin 27 
should be located close to the converter to keep the pin 
connection runs short. Offset or zero should be ad
justed after warm-up and before gain (see below) to 
prevent interaction of the two adjustments. Offset or 
zero is adjusted with the analog input near zero volts. 
Refer to Table 1 for the appropriate values. 

OPTIONAL GAIN ADJUST 

The gain error may be trimmed to zero (optional) using 
an external offset trim potentiometer connected to the 
HS 9576 as shown in Figure 4. 

+lSV 

100 ppm/oC HS 9576 

Figure 4. Gain Adjustment Circuit ( ± 0.2% FSR) 

The gain adjustment circuit shown in Figure 4 consists 
of a 100 ppm/DC potentiometer connected across the 
analog supply voltages with its slider connected 
through a 300 K Q resistor to pin 29. Gain should be 
adjusted after warm-up and after unipolar offset or 
bipolar zero (see above) to prevent interaction of the 
two adjustments. Gain is adjusted with the analog input 
near the most positive end of the analog range. Refer 
to Table 1 for the appropriate values. 
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OPTIONAL CONVERSION TIME ADJUST 

Short Cycle: A SHORT CYCLE input, pin 32, permits 
the timing cycle shown in Figure 1 to be terminated 
after any number of desired bits has been converted. 
For instance, when 14-bit resolution is desired, pin 32 is 
connected to bit 15 (output pin 15). The conversion cy
cle will then terminate and the STATUS flag reset after 
the bit 14 decision has been made. SHORT CYCLE 
connections and associated conversion times are 
summarized in Table 2 below for a 933 kHz clock. 

Resolution Max Conversion Connect SHORT CYCLE 
Bits (%FSR) Time (~s) Pin 32* to Pin: 

16 0.0015 17.1 N/C (open) 
15 0.003 16.1 16 
14 0.006 15.0 15 
13 0.012 13.9 14 
12 0.024 12.9 13 
10 0.100 10.7 11 

• Pin 32 cannot be connected to + 5V. 

Table 2. Short Cycle Connections 

Clock Rate Adjust: The HS 9576 may be operated at 
faster or slower conversion times by connecting the 
CLOCK RATE CONTROL, pin 23, to an external multi
turn trim potentiometer with a TCR of ± 100 ppm/DC or 
less as shown in Figure 5. The conversion time is 
trimmed to 17 ",sec (16-bits) at the factory with ClK 
RATE CTRl open. The typical conversion time versus 
the clock rate control voltage is shown in Figure 6. The 
nonlinearity errors will vary with speed as shown in 
Figure 7. 

+lSV de 

HS 9576 

Figure 5. Optional Clock Rate Control Circuit 

0 30 r-.--.-.-.-.--.-.-
::t. 

I 25~+-~-+--~+-~-+-
w 

!20~+-~-+--~+-~-+--

~ 1~~-~r-~+-~-+--~+-
~ 

~ 101i~~~==~~~~=l 
o o 5~~-L~ __ L-~-L~~ 

o 2 4 6 B 10 12 14 16 
1.5' CONTROL VOLTAGE ON PIN 23 

'l.5V = VOLTAGE ON OPEN ClK RATE CTRl PIN 

Figure 6. Conversion Time Vs. Clock Rate Control Voltage 

0.1 
SHORT CYCLED TO 12 BITS 

I 
SHORT CYCLED TO 13 BITS 

II: I 

~ SHORT CYCLED TO 14 BITS 

u.. 
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#. V.lSB 12-BIT 
0.01 

0.006 

V.lSB 13-BIT 
0.003 

V.LSB 14-BIT 

0.001 
5 10 15 20 

CONVERSION TIME - 1'8 

Figure 7. HS 9576 Nonlinearity Vs. Conversion Time 



EXTERNAL CLOCK 

An external clock may be connected to the CONVERT 
COMMAND input (pin 31); the CONVERT COMMAND 
of Figure 1 is not used in this case. The external clock 
must consist of negative going pulses 100 to 200 nsec 
wide and must be at a lower frequency than the internal 
clock. The result is that each falling edge of the external 
clock turns on the internal clock for a single cycle, 
completing a conversion in 16 clock cycles. 

The converter begins to convert when the external 
clock is started and will provide a continuous string of 
conversions with each conversion starting on the first 
falling edge of the external clock after the STATUS out
put has gone low, signaling the end of the previous 
conversion. When continously converting in this man
ner, the STATUS output goes low for one external clock 
period following the completion of each conversion. 
Figure 8 shows continuous conversion using an exter
nal clock. 

-, rI II r-" ~ II II r- EXTERNAL -u- U U U U U CLOCK 
100-200 
nsec 

n r:l r:l r:l 0 n INTERNAL 
~ 1 U 2 U 3 L,,;...--J 16 U 17 U 1 L CLOCK 

Figure 8. Continuous Conversion Using External Clock 

PARALLEL DIGITAL OUTPUT DATA 

Parallel data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. Complementary two's complement 
may be obtained by inverting MSB (pin 1). Table 1 
shows the LSB, transition values and code definitions 
for each possible analog input signal range for 12-15 
bits of resolution. The output data is CMOS compatible 
and the drive capability is 8 LSTTL loads. If long digital 
lines have to be driven, external output buffers are 
recommended. 

SERIAL DIGITAL OUTPUT DATA 

Serial data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. It is CMOS compatible and has a drive 
capability of 8 LSTTL loads. At the first low to high tran
sition of the AID clock, serial out is set to "1" (See 
Figure 1). The digital word becomes available (bit by bit 
MSB first) 30nS maximum after the low to high transi
tions of the clock (Figure 9). 

CLOCK OUT 

SERIAL OUT ~ L4--~ _~-.IUI ""'--~ _ 

30nS 
MAX OVER TEMP 

Figure 9. Serial Data to Clock Relationship 

INPUT SCALING 

The HS 9576 inputs should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID con
verter. Connect the input signal as shown in Table 3. 

Input 
Signal 
Range 

±10V 
±5V 

±2.5V 
Oto +5V 
a to + 10V 
o to +20V 

Output 
Code 

COB or CTC' 
COB or CTC' 
COB or CTC' 

CSB 
CSB 
CSB 

Connect 
Pin 26 
To Pin 

27 
27 
27 
22 
22 
22 

Connect 
Pin 24 

To 

Input Sig. 
Open 
Pin 27 
Pin 27 
Open 

Input Sig. 

'Obtained by inverting MSB (pin 1). Parallel output data only. 

Table 3. HS 9576 Input Scaling Connections 

Connect 
Input 

Signal 
To Pin 

24 
25 
25 
25 
25 
24 

CONNECTIONS AND CALIBRATION PROCEDURE 
(14-Bit Resolution Example) 

Figures 10 and 11 show the different analog and power 
connections required for unipolar 0 to 10V and bipolar 
-10V to + 10V input range operation. 

10kQ 

~~OkQ i~~O 
NOTE: -15V 
ANALOG ("~) AND DIGITAL (<7) GNDS 
ARE NOT TIED INTERNALLY AND MUST BE 
CONNECTED EXTERNALLY. 

Figure 10. Analog and Power Connections for Unipolar 
o to + 10V Input Range 

Figure 11. Analog and Power Connections for Bipolar 
+ 10V to + 10V Input Range 

External ZERO ADJ and GAIN ADJ potentiometers, 
connected as shown in Figures 10 & 11, are used for 
device calibration. To prevent interaction of these two 
adjustments, unipolar offset or bipolar zero is always 
adjusted first and then gain. 
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CALIBRATION FOR 0 TO + 10V RANGE 

Set analog input to + 1 LSB14 = 0.00061 V. Adjust 
ZERO for digital output = 11111111111110. ZERO is 
now adjusted. Set analog input to + FS - 2 LSB14 = 
9.99878V. Adjust GAIN for 00000000000001 digital 
output code; GAIN is now calibrated. Half scale calibra
tion check: set analog input to + 5V; digital output code 
should be 01111111111111. 

CALIBRATION FOR -10V TO + 10V RANGE 
(Complementary Offset Binary Code) 

Set analog input to O.OOOOOV; adjust ZERO for 
01111111111111 digital output code. Set analog input 
to 9.99756V (+ FS - 2 LSB14); adjust GAIN for 
00000000000001 digital output code. 

OTHER RANGES 

Coding relationships and calibration points for 0 to 
+ 5V, - 2.5V to + 2.5 Vand - 5V to + 5V ranges can 
be found by halving proportionally the corresponding 
code equivalents listed for the 0 to + 10V and -10V to 
+ 10V ranges, respectively, as indicated in Table 1. 

Unipolar offset or bipolar zero and full-scale calibrations 
can be accomplished to a precision of ± 1/2 LSB using 
the static adjustment procedure described above. 

SAMPLE/HOLD REQUIREMENTS FOR 
THEHS 9576 

Sample/hold amplifiers are normally used in front of 
AID converters to hold the input voltage constant dur
ing conversion. Digitizing errors will result if the analog 
input signal varies by more than 1/2 LSB during conver
sion.ln the case of the HS 9576, a 16-Bit AID with a 
conversion time of 15 ",sec to 14 bits, this results in a 
low input frequency which can be accurately digitized 
as explained below: 

For a sine wave input, its maximum rate of change is 
calculated as 2 nAf where f = frequency and 
A = amplitude. If one allows a 1/2 LSB change 
(0.6mV) during conversion for a ± 10V input swing to 
the AID converter, the maximum rate of change limit 
would be 0.6mV/15 ",sec, or 0.04mVI /Asec. Thus, 
the maximum sine wave input frequency that can be 
accurately digitized is calculated as: 

0.04mVI ",sec = 2 nAf 

1.72 

1-·---------'(~~5~)'------------·1 I I 0.193 
-- -(4.90) 

• 32 

TOP VIEW 

16. 

1 
1.10 

(27.97) 
MAX 

1 
[E

AX 

1 
0.900 + 0.010 

('i"j"" 
0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

0.025 +0.010 

F
P

:t=IN=;=(:=;ol):;=;IN""D=;=E:=;X ::;:=;::::;:~:::;=;:::==;::;=;:::;=;:::=~~ (0.64 ± 0.25) 

L-Y--Y-1=W-'.t-I=H=i--w--1=lY=f--lFi--'r/~~-\=I::::' _. _ ,-------, 
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--, I 0.205 
+ (5.21) 

-- MIN 

For a ± 10V input sine wave, this frequency limit is 
0.63 Hz. 

Expressed differently, the full scale bandwidth of the 
HS 9576 is slew rate limited to 0.63 Hz. By using a S/H, 
such as the HS 9716/9714 in front of the AID this band
width can be significantly increased. The S/H will 
"freeze" an input Signal that is changing too rapidly for 
the AID alone to handle and hold it constant while the 
AID performs a conversion. A S/H can accurately 
"freeze" signals moving as fast as 1/2 LSB during its 
aperture uncertainty (100 psec for the HS 9716/9714). 
Thus, for use with the HS 9576 to 14-Bit accuracy, the 
maximum rate of change limit would be 0.6mV (1/2 LSB, 
14 bits, ± 10V swing) during 100 psec, or 6VI /Asec, 
which is the slew rate of the HS 9716/9714. Thus, the 
maximum full scale input frequency that can be ac
curately digitized is calculated as: 

6VI ",sec = 2 nAf 

For a ± 10V full scale input, this frequency limit is 
95 kHz. Expressed differently, the slew rate limited full 
scale bandwidth of the HS 9576 has now been in
creased to 95 kHz with the use of the HS 97161 
9714 S/H. 

Throughput and the Nyquist criteria are other factors 
which will determine the highest input signal frequency 
that can be sampled. For the combination of the 
HS 9576 and the HS 9716/9714, the throughput is 
related to the sum of the conversion time of the AID 
(15 /Asec), the acquisition time of the S/H (5 j.lsec) and 
the hold mode (switching transient) settling time of the 
S/H (1 j.lsec). The total of 21 j.lsec represents a 
throughput of 47.6 kHz. Based on the Nyquist criteria 
of sampling more than twice per cycle, the highest in
put signal frequency that can be accurately digitized is 
slightly less than 23.8 kHz. 

ORDERING INFORMATION 
MAX TEMPERATURE 

MODEL LINEARITY ERROR RANGE SCREENING 

HS9576J 0.006% FSR O°C to + 70°C -

HS 9576K 0.003% FSR O°C to + 70°C -

HS 9576S/8 0.006% FSR - 55°C to + 125°C MIL-STD-883C 

HS 9576T/8 0.003% FSR - 55°C to + 125°C MIL-STD-883C 
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SIGNAL PROCESSING EXCELLENCE 

DESCRIPTION 
The SP9588 Is a 14-bit 2.0 microsecond, analog-to
digital converter employing the SIPEX state-of-the
art Multipass™ subranging Flash technology. The 
subranging Multipass process is optimized for high 
accuracy operation by using two 8-bit Flashes in a 
feed-forward error correction scheme to yield a 
final resolution of 14 bits while consuming less than 
3 watts. 

The SP9588 can be used in either a single or con
tinuous mode. In the single mode, a START com
mand initiates the conversion on its rising edge and 
completes the conversion on its falling edge. Total 
conversion can be completed in less than 2.0 
microseconds. By repeating the START command 
every 2.0 microseconds, the SP9588 will operate in 
a continuous mode at a maximum of 500 kHz. 

The SP9588 input range, a to + 10V, has been op
timized for high accuracy applications such as 

FUNCTIONAL DIAGRAM 

INPUT 
o TO +10V 

START 

8-BIT 
FLASH 

SP9588 

500 kHz, MULTIPASS™ 
14·81T AID CONVERTER 

high speed, high accuracy data acquisition 
systems. The SP9588 is ideal in all applications that 
require 14-bit performance at relatively high speed 
with moderately low power consumption. 

MSB's 

8-BIT 
ERROR FLASH 

AMPLIFIER 

CORRECTION 
LOGIC 

OVERRANGE 

14 
DATA 
BITS 
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SPECIFICATIONS 
(Typical @25°C and nominal supply voltages unless 
otherwise specified.) 

MODEL 

RESOLUTION 

ANALOG INPUTS 

Input Voltage Range 

Input Impedance 

DIGITAL INPUTS 

Logic Levels: Logic" 1 " 
Logic "0" 

Logic Loading 

ACCURACY 

Integral Linearity 
@25°C 

Differential Linearity 
@25°C 

No Missing Codes 0 to 70°C 

Offset Error 

Gain Error 

DYNAMIC PERFORMANCE 

Conversion Time 

STABILITY 

Integral Linearity Tempco 

Differential Linearity Tempco 

Unipolar Offset Error Drift 

Gain Error Drift 

DIGITAL OUTPUTS 

Output Coding (Straight Binary) 

Output Drive Capability 

REFERENCE 

Voltage 
External Current 

SP 9588 

14·Bits 

o to + 10V 

5kQ 

2.4V min 
O.4V max 

1 TTL Load 

± 1 LSB max 

±'/2 LSB 

Guaranteed 

0.1% of FSR typ, 0.3% max 

0.1% of FSR typ, 0.5% max 

2.0~ sec 

2.5 ppmloC 

2 ppmloC 

1 ppmloC 

25 ppmloC 

See Table 

3 TTL Loads 

+2.0V nom 
5mA 

POWER SUPPLY REQUIREMENTS 

Current @nominal Voltage 
+ 15V (± 10%) 
-15V (±10%) 
+ 5V Digital (± 10%) 
+ 5V Analog (± 1010) 
-5V(±1%) 

Dissipation 

PACKAGE 
Triple DIP - Metal 

PACKAGE OUTLINE 

1_ 1.150 J 
1(29.21) MAX I 

25mA 
25m A 
300mA 
30mA 
30mA 

2.5W typ, 3.0W max 

32·Pin 

l ~ 0.018 ±0.002 

~'I . (0.457 t o.050) 

0.10 L 0.900 ~I 
(2.54) 1(22.86), 

.1 32 • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • .16 11_ 

TOP VIEW 
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PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 START (CLOCK) 32 

2 BIT 14 (LSB) 31 

3 BIT 13 30 

4 BIT 12 29 

5 BIT 11 28 

6 BIT 10 27 

7 BIT 9 26 

8 BIT 8 25 

9 BIT 7 24 

10 BIT 6 23 

11 BIT 5 22 

12 BIT 4 21 

13 BIT 3 20 

14 BIT 2 19 

15 BIT 1 (MSB) 18 

16 OVER RANGE 17 

'Internally connected to case 

THEORY OF OPERATION 
INTERFACE INFORMATION 

FUNCTION 

8/14 SELECT 

+5V DIGITAL 

DIGITAL GND* 

+5V ANALOG 

-5V 

ANALOG GND 

ANALOG GND 

-15V 

+15V 

REF OUT 

TEST POINT 

ANALOG GND 

TEST POINT 

ANALOG GND 

TRIM 

ANALOG INPUT 

The SP 9588 is designed primarily for high accuracy 
applications that require a conversion time as low as 
2.0 microseconds. The SP 9588 will also operate at 
slower conversion times with no degradation. The rate 
of conversion is set by the START signal that is applied 
to it. The rising edge of the START signal initiates the 
conversion process and the falling edge of the START 
signal completes the process. 

The input stage has been designed for fast settling so 
as to function in a data acquisition environment with 
StH amplifiers and multiplexers. As such, the 'input 
signal should be driven by a low impedance source 
sufficient to drive the 5K ohm input impedance at 14-bit 
accuracy. This requires a careful selection of appro
priate StH amplifiers and fast operational amplifiers. 

CONVERSION PROCESS 
As shown in the block diagram, the input analog signal 
is directed to the input of the first 8-BIT FLASH ADC. 
The FLASH converter also receives a reference 
voltage (REF) of 2.0 volts. The input signal is com
pared to this reference in the conversion process by 
the FLASH converter and the resulting digital 8-bit 
word, which represents the most significant bits (MSB), 
is generated for further processing by both the 8-bit 
DAC and the CORRECTION LOGIC. 

The above sequence is refered to as the "first pass" or 
"input" conversion. The resulting 8-bit word is sent to 
an 8-bit DAC which is trimmed to better than 14-bit ac
curacy. The DAC output is then directly subtracted 
from the input signal to determine the "error" or "se
cond pass" signal to be converted by the Flash. 

The "second pass" oc(;urs when the ERROR 
AMPLIFIER output is directed to the input of the se
cond FLASH converter. The result of this conversion 
process is a digital word which represents the least 
significant bits (LSB). This digital output is now ready 
for further processing by the CORRECTION LOGIC. 



The CORRECTION LOGIC accepts the 8 MS8's and 
the 8 LS8's and combines them by an improved, uni
que algorithm using digital addition. The result is a 
14-bit digital word which accurately represents the 
analog input. The CORRECTION LOGIC also provides 
an overrange (O.R.) bit to indicate that the input has 
exceeded full scale. The output coding is straight 
binary. Refer to Coding Table. 

The entire conversion process is controlled by the 
TIMING GENERATOR which only requires a START 
signal as previously described. The falling edge of the 
START signal indicates that the digital data is ready. 

SINGLE CONVERSION MODE 
The single conversion mode is shown on the TIMING 
GENERATOR timing diagram. The timing sequence 
shown reflects the nominal minimum conversion time 
required. 

Referring to the timing diagram, the process is as 
follows: 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MS8's. Old data from the previous conversion 
is no longer valid. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter
mine the LS8's. New data will be valid 50 
nanoseconds later. 

CONTINUOUS CONVERSION MODE 
The SP 9588 will be in the continuous conversion 
mode as long as the START signal is repeated. This 
mode is used to follow high speed input signals and is 
capable of a 500 kHz converting rate. However, an ex
ternal StH amplifier is required ... the time necessary for 
the StH amplifier to acquire and settle must be taken 
into consideration. If the StH amplifier requires 500 
nanoseconds then the throughput rate is 400 kHz. 

Referring to the timing diagram, the process is as 
follows: 

OLD DATA V//J/////I/!lj1 NEW DATA 

SINGLE CONVERSION 

~1.8 ~S MIN-.j 

~<D ®U U 
~ r-- 200nS MIN 

-.j j.- 50nS 

~ V/J//J/!I/////bATAWJ//////////A V////I/j 
CONTINUOUS CONVERSION 

SP 9588 Timing Diagram 

1. The rising edge of the START signal causes the 
first FLASH to perform a conversion to determine 
the MS8's. Old data from the previous conversion 
is no longer valid. 

2. The falling edge of the START signal causes the 
second FLASH to perform a conversion to deter
mine the LS8's. New data will be valid 50 
nanoseconds later. 

The process is repeated continuously as shown in the 
timing diagram. When operating at the maximum rate 
of 500 kHz, the START signal should be high for only 
1.8 microseconds and low for 0.2 microseconds. 
When using an external StH amplifier, the START 
signal should be high for the full 2.0 microseconds and 
low for the time required for the S/H amplfier to acquire 
and settle. The resulting conversion rate will be propor
tional to the total time required for both the StH 
amplifier and the SP 9588. 

INPUT BINARY BITS 
VOLTAGE OR 1 2 3 4 5 6 7 8 9 10 11 12 13 14 HEX CODE 

0.00000 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0.00061 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 

4.99939 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 F F F 

5.00000 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 

5.00061 1 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 0 1 

9.99939 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 F F F 

10.00000 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 

10.00061 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 0 0 1 

10.11658 1 0 0 0 0 0 0 1 0 1 1 1 1 1 1 4 0 8 F 

1.17% Overrange 

SP 9588 Coding Table @ 10 Volt Full Scale 
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TYPICAL APPLICATIONS 
The application block diagram illustrates a typical 
~ystem using the SP 9588 with an external S/H ampli
fier and an external latch for the data bits. Since the 
data is valid 50 nanoseconds after the falling edge of 
the START signal, the START signal needs to be de
layed by more than 50 nanoseconds if it is to be used 
as the strobe for the latch. 

The SP 9588 can be used directly without a S/H ampli
fier to take a quick snapshot of a slow moving input 
signal. The maximum input frequency that can be fol
lowed without a S/H amplifier is approximately 300 Hz. 

ANALOG 
IN 

HOLD 
COMMAND 

START 

DIGITAL 
DATA 

Typical Application: SP 9588 With External 
SIH Amplifier & External Latch 

POWER SUPPLY CONNECTIONS 
As shown in the Power Supply Connection diagram, 
5 pairs of capacitors are recommended for bypassing 
the power supplies at the SP 9588. Also note that it is 
recommended to externally connect the analog and 
digital grounds at the SP 9588. Also, the analog and 
digital + 5V supplies should be separate for optimum 
performance. 

31 

30 

29 

28 

27 
SEE 

NOTE 
26 

25 

24 

Note • Pin 26 & Pin 27 
are Internally connected 

+5V DIGITAL 

DIGITAL GND 

+5V ANALOG 

-5V 

ANALOG GND 

ANALOG GND 

-15V 

+15V 

RECOMMENDED BYPASS CONSIDERATIONS 

1. Connect digital and analog system 
ground at unit 

2. All caps are 1 1'1 (min) tantalum In parallel with 
0.01 or 0.1 I' f ceramiC 

SP 9588 Power Supply Connections 

TRIM ADJUSTMENTS 
The SP 9588 can be externally trimmed for gain and 
offset as shown in the block diagram. To change the 
sensitivity of the gain trim, increase or decrease the 
value of Rg (750 ohm). To change the sensitivity of the 
offset trim, increase or decrease the value of Ro 
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(100k ohm). The interaction of the gain and offset trim 
is minimal; some readjustment may have to be made if 
one or the other trim is extreme. 

NON INVERTING 
BIPOLAR 

1 

'

1(0 TO + 10V) 
UNIPOLAR 

0----.------1 INPUT 

750 Q 
SP 9588 

R 

INVERTING 
BIPOLAR 

10:r Ro 

I OFFSET 

-15V 

To change sensitivity of GAIN Trim increase/decrease Rg . 

To change sensitivity of OFFSET Trim increase/decrease Ro. 

SP 9588 Fine Trim Adjustments 

BIPOLAR OPERATION 

TRIM 

100K 

Since the SP 9588 is a unipolar AID converter, bipolar 
operation can only be obtained by level shifting the in
put signal. The FINE TRIM block diagram illustrates 
this process for either inverting or non-inverting opera
tion using a suitable Operational Amplifier. The value of 
R should be carefully selected for speed and accu
racy. The GAIN and OFFSET adjustments can be used 
to trim the final input range as previously described. 

LINEARITY % FSR 

0.016 -,--------------------. 

0.012 

0.008 

0.004 

0.50 1.00 1.50 2.00 2.50 

CONVERSION TIME IN MICROSECONDS 

SP 9588 Linearity Vs. Conversion Time 

SUMMARY 
The SP 9588 has been designed to simplify high 
speed, high accuracy conversion and operate at 
reasonable power levels. The subranging technique 
and correction logic have been optimized to provide 
the high accuracy. With this in mind, the SP 9588 is 
then the solution to most high speed, high accuracy 
data conversion problems. 

ORDERING INFORMATION 
OPERATING 

MODEL TEMPERATURE RANGE SCREENING 

SP 9588C o to + lO°C -

SP 9588B - 55°C to + 125°C M IL-STD-883C 

3.00 



~ir\AV 
~I~~ 
SIGNAL PROCESSING EXCELLENCE SAMPLING AID CONVERTERS 
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~ir\AV 
~I~I' 
SIGNAL PROCESSING EXCELLENCE 

MODEL RESOLUTION 

HS9474 12 bits 

SP9560 

SP9478 

HS9476 16 bits 

THROUGHPUT 

37 kHz 

50 kHz 

SAMPLING AID CONVERTERS 

POWER 
~P CONSUMPTION 

COMPATIBLE (mW) PACKAGE PAGE 

Yes 300 28-Pin DD 493 

Yes 1520 32-Pin TD 501 

Shaded area indicates new product since publication of 1988 catalog 
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~ir\AV 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Complete 12-bit AID converter with reference, 

clock and three state outputs 
• Internal sample-and-hold amplifier 
• Internal hold capacitor 
• Pin compatible with industry standard 574 
• 37kHz throughput 
• Low power: 390mW 

DESCRIPTION 
The HS9474 is a complete HS5 74 AID converter with 
internal sample-hold amplifier. Requiring no exter
nal sample-hold connections, the HS9474 is pin for 
pin compatible with the industry standard 574. It is 
specifically designed for systems applications 
where the sample-hold is an integral part of the 
conversion process. Incorporation of the sample
hold into the same circuit with the AID converter 
reduces real estate, parts count, design time, and 
component interaction errors. 
The sample-hold has a 7/Asec acquisition time to 
0.01% for a full10V input change. A 1000 pF hold 

FUNCTIONAL DIAGRAM 

~"' 
HS 9474 

20V 14 
...... : .... S/H • / 

5k 

10V 13 ./ ' 
::r 1000 pF 

5k 
BIPOLAR 12 
OFFSET 

10k 

REF OUT REF 
(10V) 

REF IN 
10 

·INTERNAL OPTION 
Vcc 
+15V 

VEE 
-15V 

HS9474 

37kHz SAMPLING, 
12-81T AID CONVERTER 

capacitor is included in the circuit. Input voltage 
ranges available are ±5V or 0 to + 10V for the -1 
model and ± 10V for the -2 model. 
The HS9474 is offered in a hermetically-sealed 
ceramic package for use over a wide temperature 
range and for MIL-STD-883 Rev. C requirements. 

VLOGIC DIGITAL 
+5V GND 

OUTPUTS 

ANALOG 
GND 

1--+-+2,-,---8 --0 STS (STA TUS) 
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SPECIFICATIONS 
(Typical @ +25°C with VCC = + 15V, VEE = -15V, VLOGIC = +5V unless otherwise specified) 

MODEL 

RESOLUTION (max) 

TYPE 

ANALOG INPUTS 

Input Ranges 
-1··· 
-2 

Input Impedance 

DIGITAL INPUTS 

Logic Inputs 

CE, CS, RIC, Ao' 12/8 
Logic 1 
Logic 0 
Current 
Capacitance 

Minimum Start Pulse 
CE-Positive 
CS-Negative 
RIC-Negative 

DIGITAL OUTPUTS 

Logic Outputs 
DB,,-DBo, STS 

Logic 0 
Logic 1 
Leakage (High Z State) 
Capacitance 

Parallel Data 
Output Codes 

Unipolar 
Bipolar 

REFERENCE 

Internat 
Output Current 

CONVERSION TIME 

ACQUISITION TIME 

ACCURACY 

Linearity (% of FS.R. max) 
Monotonicity (Bits)2 

No Missing Codes 
OffseP 

Unipolar (% of FS.R. max) 
Bipolar (% of FS.R. max) 

Gain3 . 4 (% fo F.S.R. max) 

STABILITY 

Linearity (ppm/OC max) 
aoc to + 70°C 
-55°C to + 125°C 

Unipolar Offset (ppm/OC max) 
O°C to + 70°C 
-55°C to + 125°C 

Bipolar Offset (ppm/OC max) 
aoc to + 70°C 
-55°C to + 125°C 

Gain (Scale Factor)(ppm/OC max) 
aoc to + 70°C 
-55°C to + 125°C 

POWER SUPPLY 

VLOGIC 
VCC 
VEE 
Power Dissipation 
RejectionS 

VLOGIC 
Vec· VEE 

TEMPERATURE RANGE 

Operating 
Storage 

NOTES: 

HS 9474J 

12 Bits 

Successive Approximation 

±5V, 0 to +WV 
±lOV 
10,oQ 

+2.4V min, +5.5V max 
- 0.5V min, + 0.8V max 
±5~A max 
5pF 

50nsec 
50nsec 
50nsec 

+O.4V max, ISINK "1.6mA 
+ 2.4V min, ISOURCE ';;500/AA 
±5 ~A max (Data Bits Only) 
5pF 

Positive True Binary 
Positive True Offset Binary 

10.00 ± 0.1 Volts max 
1.5mA···· 

18 ~ sec (25 ~ sec max) 

7 ~ sec (10 ~ sec max) 

±0.025 

11 

±0.05 
±0.25 
±03 

±0.5 

±10 

±15 

±50 

+ 4.5 to + 5.5 Volts @ 3mA max 
+ 13.5 to + 16.5 Volts @ 12.5mA typ, 17mA max 
- 13.5 to -16.5 Volts @ 8mA max 
390mW max 

±O.002%1% 
±O.005%1% 

O°C to + 70°C 
-25°C to +85°C 

HS 9474K HS 9474S HS 9474T 

±0.012 ±0.025 ±0.012 

12 11 12 

±0.1 ±0.25 ±0.1 

±05 .. 
±0.5 .. 

±5 
±10 ±5 

±10 
±15 ±10 

±27 
±50 ±25 

- 55°C to + 125°C 
-65°C to + 150°C 

,. Conversion time shown for a complete '2 bit conversion. 2. T min to T max' 3. Externally adjustable to zero. See application information 4. Connect 50Q between REF OUT and 
REF IN Initial gain and offset adjustable to zero. 5 Maximum change over rated supply range 

• Specifications same as HS 947 4J •• Specifications same as HS 947 4S 

•• ·Input range selected at factory •••• Recommend buffer for external use 
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PACKAGE OUTLINE 

r·620 MA1 0.145 
(15.75) (3.68) 

~ 

~~0.010 
~ 0.600~ (0.254) 

f.(15.24Oj.J l 
• 28 (,: T 

0.020 =¢:l :::t=~ :1\ (0.51) 

• PIN 1 
DOT 

• 15 14 • 

BOTTOM 
VIEW 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 VLOGIC 

2 12/8 

3 CS 

4 Ao 

5 RIC 

6 CE 

7 VCC 

8 REF OUT 

9 ANAGND(AC) 

10 REF IN 

11 VEE 

12 BIP OFF 

13' 10VIN (-1) 

14" 20VIN (-2) 

PIN FUNCTION 

28 STS 

27 DBll (MSB) 

26 DBlO 

25 DB9 

24 DBs 

23 DB7 

22 DB6 

21 DB5 

20 DB4 

19 DB3 

18 DB2 

17 DBl 

16 DBO(LSB) 

15 DIGITAL GND 

'Input not selected at factory will not be connected. 

ABSOLUTE MAXIMUM RATINGS 

VCC to Digital Common. 

VEE to Digital Common. 

VLOGIC to Digital Common. 

Analog Common to Digital Common . 

Control Inputs (CE, CS, Ao' 12/8, RIC) to 
Digital Common. 

Analog Inputs (REF IN, BIP OFF, VIN) to 
Analog Common. 

REFOUT. 

Power Dissipation . 

Lead Temperature, Soldering. 

. .Oto + 16.5V 

Oto -16.5V 

Oto + 7V 

±1V 

......... -0.5VtoVLOGIC +0.5V 

±16.5V 

. ... Indefinite short to common 
Momentary short to VCC 

........ 1000mW 

. . 300°C, 10sec 

CONTROL FUNCTIONS 
The HS 9474 contains all control functions necessary to provide for 
complete microprocessor interface and also 'stand alone' operation 
including continuous conversions. All control functions are defined in 
Table 1 and Table 2. 

Function Definition Function 

CE Chip Enable 1. Typically used as clock 
synchronization with iJ P 

2 . Must be high (1) for a conversion 
to start 

3 Must be high (1) to read data on 
the output 

4 Stransition may be used to 
initiat" conversion. 

CS Chip Select 1 Typically the address pin when 
used with iJ P. 

2 . Must be low (0) for a conversion to 
start or read data at the output 

3 Ltransition may be used to 
initiate conversion. 

R/C Read/Convert 1. Linitiate conversion 
2. Sinitiate read 

Ao Address 1. Selects conversion mode. 12 Bits 
if low (0). 8 Bits If high (1) 

2. In read mode Ao selects the out-
put format. If low (0) then 8 MSB's 
(high and middle byte) or if high 
(1) then only low byte and 
trailing zeros 

12/8 Output Format 1. Must be hard wired. 
2 Normal 12 Bit format if high (1) 
3. 8-Bit format as set by Ao 

If low (0). 

Table 1. Defining the Control Functions 

CONTROL INPUTS HS 9474 OPERATION 

CE CS RIC 12/8 Ao 

0 X X X X No Operation 

X 1 X X X No Operation 

1 0 L. X 0 Initiates 12-Bit Conversion 

1 0 L X 1 Initiates 8-Bit Conversion 

S 0 0 X 0 Initiates 12-8it Conversion 

S 0 0 X 1 Initiates 8-Bit Conversion 

1 L. 0 X 0 Initiates 12-8it Conversion 

1 L 0 X 1 Initiates 8-Bit Conversion 

1 0 S Pin 1 X Enables 12-Bit Parallel 
Output 

1 0 S Pin 15 0 Enables 8 MSB's 

1 0 .s Pin 15 1 Enables 4 LSB's and 
4 Trailing Zeros 

NOTES: 1. 1 indicates logic HIGH. 
2. 0 indicates logic LOW . 
3. X indicates don't care. 
4 . ...1 indicates operation commences on low to high transition . 
5. MSB ---.~ XXXX ~.- LSB 

High Middle Low 
By1e By1e By1e 

6. Not a common use of this function. 
7. When using the HS 9474 in the S-bit bus mode with 12-bit resolution. the 

high byte must be externally hard wired to the low byte. 

495 



TIMING 
The timing diagrams are shown in Fig. 1. Note that to start a conver
sion CS, CE, and RIC must have an overlap time of 50ns minimum. 
CS and RIC may be advanced or delayed if needed (by the applica
tion) but no specifications are given for this - only the coincidence 
of SOns must be met. Typically RIC is used to initiate a conver-
sion - however other lines may be used. See truth table (Table 2). 

In the READ mode note the access time too is 75ns typ, 150ns 
max. This means that an entire conversion can be completed and 
read in 20 ".s typ, 25 lIS max including setup, conversion time and 
access time. 

I---CONVERT CYCLE -I' READ CYCLE--..I 
I I I 

CE~~ z'~~ 
- --: __ IHSC I 

cs~~~ 
R/C~IHRC~lJ' I 

~ I~: ~~ 
I I I 

Ao =:xc::x :~,--I ----'----i 
: 'f--IHAC I 

STS -- ~ISAC/I, \ 
(STATUS) I '~l-'-----"':"----i 

_ IDSC --IC .,. 

DB 11-DBO __ --'-'H~'G::..H:....:I.:.::M-=-PE::.:D:.:.A.::.N:.:C=E __ ~I__'--_< 

CONVERT CYCLE 
SYMBOL PARAMETER 

tACO Acquisition Time 7 ~s typ, 10 min 

tHEC CE Pulse Width 50ns min 

tHsc CS LOW during 50ns min 
CE high 

tHRC RIC LOW during 50ns min 
CE high 

tHAC Ao valid during 50ns min 
CE high 

tSAC Maximum Ao Ons max 
delay from CEo Set 
up as shown 
(negative time wrt' 
CE) not needed 

loSC STS delay from CE 200ns max 
tc Conversion time 

8 Bit cycle 13~styp, 19~smax 
12 Bit cycle 20 ~ s typo 25 ~s max 

CONVERSION START 

, r 
I 
I 
_IHL 

A conversion may be initiated by a logic transition on any of the 
three inputs: CE, CS, RIC, as shown in Table 1. The last of the three 
to reach the correct state starts the conversion, so one, two or all 
three may be dynamically controlled. The nominal delay from each 
is the same and all three may change state simultaneously. In order 
to assure that a particular input controls the start of conversion, the 
other two should be setup at least SOns earlier. Refer to the convert 
mode timing specifications. The Convert Start timing diagram is il
lustrated in Figure 1. 

The output signal STS is the status flag and goes high only when a 
conversion is in progress. While STS is high, the output buffers re
main in a high impedance state so that data can not be read. Also, 
when STS is high, an additional Start Convert will not reset the con
verter or reinitiate a conversion. Note, if Ao changes state after a 
conversion begins, an additional Start Convert command will latch 
the new state of Ao and possibly cause a wrong cycle length for that 
conversion (8 versus 12-bits). 

too Access time 
from CE high 

tHL Output Float 
Delay 

'wrt=With Respect To. 

READ CYCLE 
75ns typ, 150ns max 

150ns max 

Figure 1. HS 9474 Interface Timing 
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STAND-ALONE OPERATION 
The HS 9474 can be used in a 'stand-alone' mode in systems having 
dedicated input ports. Connections and timing for this mode are 
shown in Fig. 2. 

AC 

HS 9474 
~---IBO 12 BITS 

I-----l---l REF OUT 

NOTE: HS 9474 wired for 12-Bil conversion 

RIC NEGATIVE PULSE 
t-CONVERT CYCLE -j-READ--I 

_ I I CYCLE I 

R/C~I:: ~ 
: : ~r----.:' : tACQ_1 

STS I 1/1 . ~ r 
(STATUS) I ': ,J I 

_____ ....;., I I I 

DATA VALID PREVIOUS, DATA VALID~ 
DB11-DBO CONVERSION, : NEWCONVE~ 

IHRL~ I I I 

SYMBOL 

tHRL 
tDS 
tc 
tHS 
tACO 

I I --I I-IHS 
.-IOS_IC--o.< 

CONVERT CYCLE 
PARAMETER 

Low RIC Pulse Width 
STS Delay from RIC 
Conversion Time 
Data valid after STS low 
Acquisition Time 

READ CYCLE 

50ns min 
200ns max 
25 ~s max 
70ns max 
71'S typ 
10l's max 

1. Data always in 'read' mode except during a conversion in which data lines 
revert to high impedance. 

2. Output always valid after conversion is complete 

RiC POSITIVE PULSE 

_--CONVERT CYCLE ~ ~;t~E'" T--\ : - ~'~j ---

R/C----I I s~: 
STS I: ~f---...!. : I 

(STATUS) I': ~'f-f----
HIGH I I I I 

DB11_DBO~EDANCE I. DAiA VALID 
DATA VALID ~:. ~ I NEW CONVERSION 

PREVIOUS CONVERSION I"4IH'RH":'-iDS---I-~ IC--'; 

SYMBOL 

tHDR 

tHRH 
tDS 
tDDR 
tc 

IDDR~ ~: IDDR-' 
~ ~IHDR 

CONVERT CYCLE 
PARAMETER 

Valid Data (Previous Conversion) 
after RIC low 
High RIC Pulse Width 
STS Delay from RIC 
Data Access Time 
Conversion Time 

READ CYCLE 

25ns min 

150nsmin 
200nsmax 
150ns max 
25 ~s max 

1. Converter output remains in high impedance state after conversion 
(STS goes low) until RIC goes high (to 'read' data). 

Figure 2. HS 9474 Stand-Alone Operation 
Top: Using negative RIC pulse 

Bottom: Using positive RIC pulse 



CONTINUOUS CONVERSION 
Requirements for self triggered-continuous conversions are popular 
applications for an analog to digital converter, see Fig. 3. 

12 
BITS 

USING THE Ao LINE 
The state of the Ao line at the start of a conversion places the 
HS 9474 in either a full 12-bit conversion or in an 8-bit 'short cycle' 
mode. During a READ at the end of a conversion the Ao line is used 
to the format of the data as follows: 

1. Prior to Conversion 

Ao= 1 
Ao=O 

2. After Conversion (READ) 
Ao= 1 

In a IJP application the Ao line can 
locations as follows: 

1. Prior to Conversion (WRITE) 

~R = 0 in low address (Ao = 0) 
WR = 0 in high address (Ao = 1) 

2. After Conversion (READ) 
~R = 1 in either address (Ao = X) 
'!iR = 1 in high address (Ao = 1) 
WR = 1 in low address (Ao = 0) 

MODE 
Short cycle 8-bit conversion 
Full 12-bit conversion 

Data = Low Byte (LSB) 
followed by zeros 
Data = High Byte (MSB's) 
followed by middle and low byte. 

be considered a pair of WR 

MODE 
Full 12-bit conversion 
Short cycle 8-bit conversion 

Full 12-bit word with 12/8 = 1 
LS8's & zeros when 12i8 = 0 
8 MSB's only when 12/8=0 

INTERFACING THE HS 9474 WITH 8·BIT MICROPROCESSORS 
The HS 9474 which has 12-bit data can be used directly with 
popular 8-bit microprocessors. The data however, must be 

B~~S multiplexed by setting the output mode select 12/8 pin to GND. 

10 !,sec BUSY DONE 
STS ~ ,....1--___ ..c.I ____ ....., I 

(STATUS) I I, tc = 25~S • I r---
: ~ :-tDS = 200nS : 

RIC I 

CLOCK to 
74LS374 

OUTPUT 
DATA I 

I 
IHs=70nS---+-I 

I 
~ 

:.- tHDR = lOOnS 

I HIGH Z 

DATA 
VALID 

I 

I 

tHS = 70nS---+-I 

Figure 3. Continuous Conversion 
Top: DATA BUS 12 Bits or greater 

Bottom: DATA BUS 8 Bits 

I 
r--

DATA 
VALID 

CS and Ao are tied low (0) while 12/8 is tied high (1) to select the 
converter and enable a 12-Bit conversion. Note Ao is 'don't care' in 
the truth table. 

CE is connected to a 1 K Q and 0.11J F integrator as shown, this en
sures an initial conversion on power up. CE will see a rising edge 
which will initiate a conversion (CS = 0, RIC = 0). The RC network will 
then integrate the initial 1 at the output of the first inverter causing a 
delay in the RIC command. After the first conversion, continuous 
conversions are caused by delaying the STATUS (STS) into RIC. 
After the conversion is complete the output data lines come out of 
tri-state approximately 70ns after STS goes low (DONE). Data will 
remain valid (from previous conversion) 1 OOns after the new 
RIC L command which allows for the positive edge S triggered 
data to be loaded into the external buffer (75LS374 or equivalent). 

Using the R-C network as shown, 1.51Js is allowed between conver
sions. Shorter times can be used but a longer time will cause long 
rise and fall of the RIC line and the clock input to the buffer. The 
setup time for the latch shown is 20ns and the hold time is Ons. 

The user may access the octal latches asynchronously by means of 
the OUTPUT ENABLE (CONTROL OUTPUT) line. The data will 
always be valid,for a 12-bit conversion. Using this method, data will 
always be current and the STATUS bit need not be tested for valid 
data. 

In the first case, a 6800 (or 6502) is used. See Figure 4. 

+ t 
IREO DATA A 

STS 

BUS ~ 
8 

[ 
HIGH BYTE 

(or LOW BYTE) 

6800 MIDDLE BYTE 
or 6502 

L--

Riw Ric 
HS 9474 

<1>2 ~ CE 

A15 
SEE NOTE 1 

~ cs 
Ao Ao 

12/8 

...L Note 1. Decoding may be needed for a large system. -= 

Figure 4. Interfacing the HS 9474 and a 6800 IJP 

The STATUS (STS) is tied directly to IREO which is the interrupt line. 
When STS goes to 0 (at the end of a conversion) the 6800 ~ 
either service the interrupt or be timed for 25J.1s (since this IREO is 
software maskable) the time required for a conversion. 

Figure 5 shows the 8080A IJP as interfaced with the HS 9474. In 
this case, a 8228 controller is shown with gates to generate needed 
siQnals. 

DATA AND HIGH BYTE 
CONTROL 

BUSES 

MIDDLE 

8080A BYTE 

RIC 

HS 9474 
CE 

A15 
Ao Ao 

cs 12/8 

Figure 5. Interfacing the HS 9474 and 8080A J.lP 
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Figure 6 shows the HS 9474 connected with a 8048 ,..P. A single 
NAND gate is used to generate CE. 

8048 

HIGH BYTE 
(or LOW BYTE) 

MIDDLE BYTE 

r---------I RIC 

HS 9474 
1)------1 CE 

~~~~:~--------~ Ao 
cs 

Figure 6. Interfacing the HS 9474 and a 8048,..P 

A summary of ,..p types and connections is in Table 3. 

MICRO-
PROCESSOR HS 9474 CONTROL INPUTS 

CE RIC CS Ao 

8080 
MEMORY MAPPED (MEMW 0 MEMR) (MEMR) Ao 

1/0 DECODED 
PROGRAMMED (I/OW 0 I/OR) (I/OR) ADDRESS 

110 

6800 '2 RIW DECODED Ao 
ADDRESS 

6502 +2 RIW DECODED Ao 
ADDRESS 

Z80 
(RDoWR) (RD) MEMORY MAPPED DECODED Ao 

I/O ADDRESS 

-- WITH MREQ 
PROGRAMMED (RDoWR) (RD) DECODED Ao 

1/0 ADDRESS 
WITH lOR 

8048 ~ (m5) PORT 20-3· PORT 20_3· 

• Pori 2. Lines 0-3 can be used as a 4-Bit address bus. System address decoding 
requirements vary from no hardware to a fully latched 12-Bit address, depending on 
system complexity. 

Table 3. Summary of HS 9474 Control Inputs 
with Various Microprocessors 

ENABLING DATA IN 8-BIT MODE 

To operate the HS 9474 in a 12-bit conversion mode with an 8-bit 
data bus, use the basic configuration shown in Figure 7. The Ao 
control can be connected to the least significant bit of the data bus 
in order to store the output data into two consecutive memory loca
tions. When Ao is pulled low, only the 8 MSB's are enabled. When 
Ao is high, the 4 MSB's are disabled, bits 4 through 7 are forced to 
a zero and the 4 LSB's are enabled. The two byte format is "left 
justified data" as shown above and can be considered to have a 
decimal point or binary to the left of byte 1. Ao may be toggled 
without damage to the converter at any time. Break-before-make ac
tion is guaranteed between two data bytes. This assures that the 
outputs which are strapped together in Figure 7 will never be en
abled at the same time. 

ZERO AND GAIN CONNECTIONS 

The HS 9474 is normally used with external zero and gain calibra
tion potentiometers. However, if maximum accuracy is not required, 
they may be omitted. If no trims are used, the gain calibration will be 
within approximately ± 2LSB zero offset error, and ± 12LSB max
imum full scale error. See Figure 8 for connection with no trims. If 
gain and zero adjustment potentiometers are used, they should be 
connected as shown in Figure 9. The zero control has a range of 
about ±20LSB, and the gain control has a range of about ± 13LSB. 

Proper gain and zero calibration requires great care and the use of 
extremely sensitive and accurate instruments. The voltage source 
used as a signal input must be very stable. It also should be capable 
of being set to within 1/10LSB at both ends of its range. 

The HS 9474's zero and gain adjustments are independent of each 
other if the zero (or offset) adjustment is made first. 
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\ Ao ADDRESS BUS \ 
27 

26 

-t 12/8 
25 

24 

23 

22 
Ao 21 

20 

f-!!-
f-1!---

17 

16 

BYTE 1 BYTE 2 

I rxx xxxx I ~ 
MSB LSB 

Figure 7. Enabling Data in 8-Bit Mode 

STS 28 

HIGH BYTE 
24-27 

MIDDLE BYTE 

2 12/8 

3Cs 
4 Ao 

5 Ric 
6 CE 

HS 9474 20-23 

O----Wv----I10 REF IN 

8 REF OUT 

o...-\ivv-----I12 BIP OFF 

LOW BYTE 
16-19 

±5V Rl +5V 1 

ANALOG * 13 10VIN + 15V 7 
INPUTS 0-------114 20VIN -15V 11 

±'0V 
9 ANA COM DIG COM 15 

1. 50Q ± 1 % metal film 

Figure 8a. No Trim Biplor Input Connections 

2 12/8 

3 cs 
4 Ao 

STS 28 

HtGH BYTE 
24-27 

MtDDLE BYTE 5 RIC 

6 CE 
HS 9474 20-23 

R\ 
10 REF IN 

8 REF OUT 

12 BIP OFF 

OTO +10V 
ANALOG'O---+--~ 13 10V,N 
INPUTS 

LOW BYTE 
16-19 

+5V 1 

+ 15V 7 

-15V 11 

9 ANA COM DIG COM 15 

1. 50Q ± 1% metal film 

Fiflure 8b. No Trim Unipolar Input Connections 

DATA BUS 



2 12/8 

3CS 
4 Ao 

STS 28 

HIGH BYTE 
24·27 

5 Ric MIDDLE BYTE 

6 CE HS 9474 20·23 

LOW BYTE 
16·19 

See 
Note 1 

±5V 

<>--,""'--4--l10 REF IN 

t---~ 8 REF OUT 

6-'111('--.,..-112 SIP OFF 
+5V 1 

ANALOG * 13 10VIN + 15V 7 

INPUTS o------i14 20VIN -15V 11 
±10V 

9 ANA COM DIG COM 15 

1. To increase adjustment range: 
a) Change Rl and R2 to 300 . 
b) Add series resistor l00Q to ± 5V input and 200Q to 

± 10V input. 

• Selected at factory. 

··May be changd to 300Q for greater adjustment capability. 

Figure 9a. Bipolar Input Connections with Trim Adjustment 

See 
Note 2 

STS 28 

HIGH BYTE 
24·27 

MIDDLE BYTE Rl 
lOOk 

-15V o--'IIIr---o+ 15V 

2 12/8 

3CS 
4 Ao 
5 RIC 

6 CE 
HS 9474 20·23 

10 REF IN 

8 REF OUT 

r--"NV-~----o....., 12 SIP OFF 

O------l13 10VIN 

LOW BYTE 
16·19 

+5V 1 

+15V 7 

-15V 11 

9 ANA COM DIG COM 15 

2. To increase adjustment range: 
a) Change R3 to 33kQ, and R2 to 300 
b) Add series resistor l00Q to ±5V input and 200Qto 

±10Vinput. 

Figure 9b. Unipolar Input Connections with Trim Adjustment 

ZERO ADJUSTMENT PROCEDURE 
1. For unipolar ranges: 

a) Set input voltage precisely to + V2LSB. 
b) Adjust zero control until converter is switching from 

000000000000 to 000000000001 . 
2. For bipolar ranges: 

a) Set input voltage precisely to V2LSB above - F.S. 
b) Adjust zero control until converter is switching from 

000000000000 to 000000000001 

GAIN ADJUSTMENT PROCEDURE 
1. Set input voltage precisely to V2LSB less than 'all bits on' value. 

Note that this is 1 V2LSB less than nominal full scale. 
2. Adjust gain control until converter is switching from 

111111111110to 111111111111. 

Table 4 summarizes the zero and gain adjustment procedure, and 
shows the proper input test voltages used in calibrating the 
HS 9474. 

Table 4 Calibration Data 

Input Adjust input to point 
Voltage Adjust- Input where converter is 
Range ment Voltage just on the verge of 

switching between 
the two codes shown. 1 

-1 Model ZERO 1.22mV 0000 0000 0000 

o to + 10V GAIN 9.9963V 111111111110 

-1 Model ZERO -4.9988V 0000 0000 0000 

±5V GAIN 4.9963V 111111111110 

-2 Model ZERO -9.9976V 0000 0000 0000 

. ±10V GAIN 9.9927V 11111111 1110 

lCodes shown are natural binary for unipolar input ranges and off
set binary for bipolar ranges. 
f) = a transition between logic "1" and logic "0". 

POWER SUPPLY CONSIDERATION 
Power supplies used for the HS 9474 should be selected for low 
noise operation. In particular they should be free of high frequency 
noise. Unstable output codes may result with noisy power sources. It 
is important to remember that 2.44mV is 1 LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power supply pins 
located as close to the converter as possible. Suitable decoupling 
capacitors are 10 /-IF tantalum type in parallel with 0.1 /-IF disc 
ceramic type. 

GROUNDING CONSIDERATIONS 
The analog common at pin 9 is the ground reference paint for the 
internal reference and is thus the high quality ground for the 
HS 9474; it should be connected directly to the analog reference 
point of the system. In order to achieve all of the high accuracy per· 
formance available from the HS 9474 in an environment of high 
digital noise content, it is recommended that the analog and digital 
commons be connected together at the package. In some situa· 
tions, the digital common at pin 15 can be connected to the most 
convenient ground reference point; analog power return is pre· 
ferred. If digital common contains high frequency noise beyond 
200mV, this noise may feed through the converter, so that some 
caution will be required. 

It is also important in the layout, to carefully consider the placement 
of digital lines. It is recommended that digital lines not be run directly 
under the 9474. For optimum system performance, if space permits, 
a ground plane is advised under the 9474. This should be can· 
nected to a digital ground. Finally, in packaging the assembled 
9474, the designer should also try to minimize any capacitive coup· 
ling that might occur at the top to the device. 

+5V 

+5V NC 
28 

+5V NC 27 

GND NC 
26 

GND NC 25 

+5V NC 24 

+5V NC 
23 

+15V +15V NC 22 

TO PIN 10 NC 
21 

GND NC 
20 

10 TO PIN 8 NC 
19 

-15V 11 -15V NC 
18 

12 GND NC 
17 

13 GND NC 16 

14 
GND GND 15 

Figure 10. Burn-In Schematic 
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ORDERING INFORMATION 

MODEL RESOLUTION INPUT TEMPERATURE 
NUMBER MONOTONICITV RANGE(S) RANGE SCREENING 

HS 9474J-1 11 Bits ±5V, 0 to + 10V 0° to + 70°C 
HS 9474J-2 118its ±10V 0° to + 70°C 
HS 9474K-1 128its ±5V, 0 to + 10V 0° to + 70°C 
HS 9474K-2 12 Bits ±lOV 0° to + 7Qoe 
HS 9474S/8-1 118its ±5V, 0 to + 10V - 55°C to + 125°C 883 Rev. e, Level 8 
HS 9474S/8-2 11 Bits ±10V -55°C to + 125°C 883 Rev. e, Level 8 
HS 9474T/8-1 128its ±5V, 0 to + 10V -55°C to + 125°C 883 Rev. e, Level 8 
HS 9474T/8-2 12 Bits ±10 -55°C to + 125°C 883 Rev. e, Level 8 

Specifications subject to change without notice. 
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~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 16-bit ADC with internal 16-bit sample and 

hold amplifier 
• 50kHz system throughput 
• Pin for pin compatible with HS9576, BB ADC 76, 

AD 376 

DESCRIPTION 
Combining a 16-bit ADC and sample and hold 
amplifier (S/H) in a single 32 pin DIP, the HS9476 is a 
high accuracy sampling ADC capable of through
put rates up to 50kHz. Based on the HS9716, 16-bit 
4f,AsecS/H and HS957616-bit 15f,AsecADCtheHS9476 
is a pin compatible upgrade for the industry stand
ard ADC 76/376 pin out. The S/H section has been 
specifically designed to match the requirements of 
the ADC for optimal performance. By integrating 
the S/H into the same package as the ADC, design
ers can avoid poor performance due to ground 
loops, signal coupling, and digital noise intro
duced when separate S/H and ND converters are 
interconnected. 

FUNCTIONAL DIAGRAM 

HS9476 

16-81T SAMPLING 
AID CONVERTER 

The HS9476 allows analog input ranges of ±5V, 
± 10V, 0 to + 10V, and 0 to +20V. Integral non
linearity is specified at ±O.003% of FSR maximum, 
while no missing codes is guaranteed for the full 
operating temperature range. The HS9476 is 
available for operation over the commercial (O°C 
to 70°C) temperature range or -55°C to + 125°C 
with full MIL-STD-883C screening. 

(MSB) BIT 1 0--+-----, 

BIT 20-=+-----, 

HS 9476 SHORT CYCLE 

I---;:::::===~--------Ito CONVERT COMMAND 

BIT 3 U--''t---, +5V 

BIT 4 ~-.-----. ...::=+=~---------~~ GAIN ADJUST 

BIT 5 ~ill~~~~~m~~l-~l +15V BIT 6 COMPARATOR IN 

BIT 7 t-4-t---JV'V'v----------t=n BIPOLAR OFFSET 

BIT 8 <Y:E====:;is:an=t:1~ 
BIT9 

BIT 10 

BIT 11 

BIT 12 

(lSB FOR 13 BITS) BIT 13 

(lSB FOR 14 BITS) BIT 14 

16-BIT DIA 
CONVERTER ,-'\,N'v...,.--JlI/V\,---+-<J 10V INPUT 

20V INPUT 

ClK RATE CTRl 

ANALOG COMMON 

-15V 

.--------+=_<~ CLOCK OUTPUT 

DIGITAL COMMON 

BIT 15 

BIT 16 cr:-'T----......J 
L=============t=~====:=!~~STATUS 

T/H 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise specified) 

MODEL 

RESOLUTION 

ANALOG INPUTS 

Voltage Range 
Bipolar 
Unipolar 

Overvoltage, No Damage 
10V Range 
20V Range 

Impedance 
10V Range 
20V Range 

DIGITAL INPUTS' 

Convert Command (Pin 31) 

L~ic Loading 
TIH Command (Pin 17) 

DIGITAL OUTPUTS' (All Codes Complementary) 

Output Codes2 

Unipolar 
Bipolar 
Output Drive 

Status 
Status Output Drive 
Internal Clock3 

Clock Output Drive 
Frequency 

TRANSFER CHARACTERISTICS 

Integral Linearity Error 
Differential Linearity Error 
Gam Error' 
Offset Error' 

Unipolar 
Bipolar 

30 Noise at Transitions (pk·pk) 
DRIFT 

Gain 
Offset 

Unipolar 
Bipolar 

Linearity 
Guaranteed No MIssing Codes5 

THROUGHPUT' 

Sampling Rate 
14·Blt Resolution 
16·Blt Resolution 

ADC CHARACTERISTICS 

Conversion Time3 (tCONV) 
12·Blts 
14·Bits 
16·Blts 

SAMPLE/HOLD CHARACTERISTICS 

Track (Sample) Mode Dynamics 
Frequency Response 

Small Signal (- 3 dB) 
Full Signal Bandwidth 

Slew Rate 
Noise in Track Mode, DC to 1.0 MHz 

Hold Mode Dynamics 
Droop Rate 
Droop Rate at T max 
Feedthrough Rejection 
(20Vp·p @ 20 kHz) 
(20Vp·p @ 200 kHz) 

Track (Sample)-To-Hold Switching 
Aperture Delay 
Aperture Uncertainty 
Offset Step (Pedestal) 
Switching Transient 

Amplitude 
Settling to 1 mV 
Setlling to 0.3mV (tTH) 

Hold-To-Track (Sample) Dynamics AcqUisItion Time to 
±0.003% (20V Step) (tACO) 

POWER REQUIREMENTS 

Power Consumption 
Rated Voltage, Analog 
Rated Voltage, Digital 
Supply Current 

+ 15V 
-15V 
+5V 

Power Supply Rejection 
Warm·Up Time 
TEMPERATURE RANGE 

Operating 
Storage 
PACKAGE 

32 Pin 

NOTES: 

HS 9476J 

16 bits 

±5V, ± 10V 
a to + 1OV, 0 to +20V 

±15V max 
±30V max 

10kQ 
20kQ 

Positive pulse 50 nsec wide, 
trailing edge initiates conversion 
1 LSTTL load 
TRACK MODE, Logic" 1 " 
HOLD MODE, Logic "0" 

CSB 
COB, CTC 
8 LSTTL loads 
Logic" 1" during conversion 
8 LSTTL loads 

4 LSTTL loads 
933 kHz 

HS9476K 

0.006% of FSR max 0.003% of FSR max 
0.003% of FSR typ, 0.006% of FSR max 
±0.05%typ; ±O.2%max 

± 0.05% of FSR typ, ± 0.2% of FSR max 
±0.05% of FSR typ, ±0.2% of FSR max 
0.003% of FSR max 

± 20 ppm/oC max 

± 5 ppm/oC of FSR max 
± 15 ppm/oC of FSR max 
±3 ppm/oC of FSR max ±2 ppm/oC of FSR max 
13 bits (O°C to 70°C) 14 bits (OOC to 70°C) 

50 kHz typ, 47.6 kHz min 
45.4 kHz typ, 43.4 kHz min 

13~ sec max 
15~ sec max 
17~ sec max 

1 MHz 
0.2 MHz 
6V/~sec 

50~V rms 

0.1~V/~sec max 
lO~V/~sec max 

90 dB min 
86 dB min 

30 nsec 
100 psec 
±2mVmax 

50mV 
0.5~sec 
1~sec max 

1520mW max 
± 15V (±0.5V max) 
+5V (±0.5V max) 

+38 rnA max 
-51 rnA max 
+37 rnA max 
0.001%1% (all supplies) 
1 minute 

O°C to + 70°C 
-25°C to +85°C 

HS9476S/B 

0.006% of FSR max 

± 3ppm/oC of FSR max 
13 bits (-55°C to 125°C) 

-55°C to +125°C 
-65°C to + 150°C 

HS 9476T/B 

0.003% of FSR max 

±2ppm/oC of FSR max 
14 bits (-55°C to 125°C) 

1. Logic "0" ~ O.8V max, Logic" 1" ~ 2.0V min for inputs. For digital outputs Logic "0" ~ + O.4V max, logic "1" ~ 2.4V min. 2. CSB - Complementary Straight Binary. COB -
Complementary Offset Binary. CTC - Complementary Two's Complement. 3. With ClK RATE CTRl (Pin 23) left open. 4. Adjustable to zero. 5. A missing code is defined as less than 
0.2 LSB Wide. 6. Throughput Rate ~ 1/(tACO + tTH + tCONV)' 'Specifications same as HS 9476J. • 'Specifications same as HS 9476S. 
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PACKAGE OUTLINE 

1.72 

------~(::~)~-------

-rs,;,,~ ·32 

TOP VIEW 

• 1 16 • 

r 
1.10 

(27.97) 
MAX 

1 0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

0.025 ± 0.010 
F.P~IN~(I=)I=ND~E~X~~~~~~~:0.64±0.25).-____ -. 

0.018 ±0.002 
(0.46 ± 0.05) 

Analog Input 
Voltage Range 

Code 
Designation 

One Least 
Significant 
Bit (LSB) 

Transition Values 

MSB LSB 
000 ... 0004 

011...111 
111...110 

+ + r5~201~ 
--- MIN 

Defined As: 

FSR 
2n 

n=12 
n=13 
n=14 
n=15 

+ Full Scale 
Mid Scale 

- Full Scale 

±10V 

COB' 
orCTC2 

20V 
2n 

4.88mV 
2.44mV 
1.22mV 
610j.tV 

+ 1 OV - 3/2LSB 
0-1/2LSB 

-10V + 1/2LSB 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 BIT 1 (MSB) 32 SHORT CYCLE 

2 BIT 2 31 CONVERT COMMAND 

3 BIT 3 30 +5V 

4 BIT 4 29 GAIN ADJUST 

5 BIT 5 28 + 15V 

6 BIT6 27 COMPARATOR IN 

7 BIT 7 26 BIPOLAR OFFSET 

8 BIT 8 25 10V INPUT 

9 BIT 9 24 20V INPUT 

10 BIT 10 23 CLOCK RATE CONTROL 

11 BIT 11 22 ANALOG GROUND 

12 BIT 12 21 -15V 

13 BIT 13 (LSB FOR 13 BITS) 20 CLOCK OUT 

14 BIT 14 (LSB FOR 14 BITS) 19 DIGITAL GROUND 

15 BIT 15 18 STATUS 

16 BIT 16 17 T/H 

±5V Oto +10V o to +20V 

COB' 
or CTC2 CSB3 CSB3 

10V 10V 20V 
2n 2n 2n 

2.44mV 2.44mV 4.88mV 
1.22mV 1.22mV 2.44mV 
610lN 61Oj.tV 1.22mV 
305j.tV 305j.tV 61Oj.tV 

+5V-3/2LSB + 1 OV - 3/2LSB + 20V - 3/2LSB 
0-1/2LSB +5V -1/2LSB + 10V -1/2LSB 

- 5V + 1/2LSB 0+ 1/2LSB 0+ 1/2LSB 

1. Complementary Offset Binary. 3. Compleme~tary Straight Binary. 
2. Complementary Two's Complement - obtained by inverting the most significant bit. MSB (pin 1). 4. Voltages given are the nominal value for transition to the code specified. 

Table 1. Input Voltages, Transition Values, LSB Values, and Code Definitions 

INSTALLATION 
GROUNDING AND LAYOUT PRECAUTIONS 

Due to the small bit weight (610 J.lV for 1 LSB, 14 bit, 
10V range) special attention must be paid to the layout 
of the PC board. To avoid capacitive coupling from 
digital lines to the hybrid substrate, a ground-plane 
should be placed directly under the converter package 
on the component side. This ground plane can be 
directly connected to pin 22 of the HS 9476. All digital 
lines should run on the soldering side of the PC board. 

In general, analog and digital lines should be separated 
as far as possible and should not run in parallel. If 
analog and digital lines must cross, they should be at 
right angles to minimize coupling capacitance. The 
ground connection to the converter should be made 
using a wide, low resistive run to minimize voltage 
drop. Analog and digital ground lines must be con
nected at only one point, preferably directly at the con
verter package. For the HS 9476, pin 19 (digital 
ground) and pin 22 (analog ground) should be tied 
together as close as possible to the converter. 

POWER SUPPLY DECOUPLING 
Internal 0.01 jAF power supply bypass capacitors are 
included in the HS 9476 to maintain device stability. If 
the supply voltages contain excessive high frequency 
noise, additional external high frequency capacitors 
may be necessary to maintain low noise performance. 

OPERATING INSTRUCTIONS 
The HS 9476 tracks an analog input signal when the 
T/H command is high. When entering the hold mode 
(T/H goes low), time must be given to the sample-hold 
amplifier for settling in the hold mode. Hence, the AID 
conversion, initiated by the falling edge of the 
CONVERT COMMAND cannot begin immediately after 
the T/H command is low: a 1 J.l sec delay must be 
added to account for the hold mode settling as shown 
in the system timing diagram of Figure 1. 

STATUS 

r----~/~~/-----. r 
----------~I··--~t~comNNv----··LI------~ 

SYSTEM THROUGHPUT 

tACQ = SAMPLE-HOLD ACQUISITION TIME - 4~SEC TYP, 5~SEC MAX 
ITH = SAMPLE-HOLD HOLD MODE SETTLING TIME - I~SEC MAX 
tCONV = AID CONVERSION TIME - 14-BITS RESOLUTION - 15 SEC MAX 

16 BITS RESOLUTION - 17~SEC MAX 
SYSTEM THROUGHPUT = 14-BITS - 20~SEC TYP. 21~SEC MAX 

16-BITS - 22~SEC TYP, 23~SEC MAX 

Figure 1. System Timing Diagram 
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Simultaneous to a CONVERT COMMAND signal, the 
STATUS flag goes high indicating a conversion is in 
progress and removing the inhibit applied to the gated 
clock. The conversion is accomplished by successively 
comparing the analog input to the feedback DAC out
put, one bit at a time (MSB first, LSB last). After the LSB 
decision is made, there is a 30 nsec delay period 
before the STATUS flag goes low indicating that the 
conversion is complete and that the output data is 
valid. Incorporation of this 30 nsec delay guarantees 
that the digital data is valid at the logic" 1 " to "0" tran
sition of the STATUS flag, allowing parallel data transfer 
to be initiated by the trailing edge of the STATUS signal. 
Resetting the STATUS flag to logic "0" restores the 
gated clock inhibit signal forcing the clock output to the 
logic "0" state. The clock remains low until the next 
conversion is initiated. 

Figure 2 shows the detailed timing for the AID con
verter of the HS 9476. 

1"1" "0" "0" "1" "1" "0" "0" "0" "1" "0" "0" "0" "0" "1" "0" "1" I 
NOTES: 
1. THE CONVERT COMMAND PULSE WIDTH IS 50nS MIN. THE CON· 

VERSION IS INITIATED BY THE "TRAILING EDGE" OF THE CONVERT COM
MAND. IF A NEW CONVERT COMMAND HAPPENS DURING CONVERSION, 
ALL THE LOGIC OF THE AID IS RESET AND A NEW CONVERSION BEGINS. 

2. 15~s FOR 14 BITS. 

Figure 2. AID Timing Diagram (Output Code 1001100010000101)* 

* All codes are complementary coded. Thus, the output 
code in Figure 2 represents an analog input whose 
positive true digital equivalent is 0110011101111010. 

APPLICATIONS CIRCUIT 

The purpose of this paragraph is to describe circuit 
examples for the implementation of the timing 
described earlier in Figure 1. 

Figure 3 shows the circuit and the associated timing. 
The idea is to generate the T/A" command from the 
CONVERT COMMAND signal and the STATUS flag. 
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CONVERT 
COMMAND 

gg~~~AJD~~_"SEe '5~V 
STATUS 

T/H 

Figure 3. Generation of the TIH Command from 
CONVERT COMMAND and STA TUS 

The rising edge of the CONVERT COMMAND makes 
the T/R' command going low (hold mode). The falling 
edge of the STATUS fl~ makes the sample-hold going 
back in track mode (T/H = "1 "). 

To obtain the maximum throughput (HS 9476 short 
cycled to 14 bits), the CONVERT COMMAND should 
be a 50 kHz signal. Figure 4 shows how to obtain it 
from a 500 kHz clock. Slowing down this frequency 
reduces the throughput rate, which is given by 
fclock/10. 

Aeo 

gg~~EARNTD 

20"SEC 

CONYERT 
COMMAND 

Figure 4. Generation of the CONVERT COMMAND 

Using the schematics of Figure 3 and Figure 4 for 
applying the HS 9476 necessitates only 41Cs: 74LSOS, 
74LS04, 74LS74 and 74LS160. 

OPTIONAL UNIPOLAR OFFSET OR BIPOLAR 
ZERO ADJUST 

The unipolar offset or bipolar zero error may be 
trimmed to zero (optional) using an external trim poten
tiometer connected to the HS 9476 as shown in Figures 
5 or 6. 
The adjustment circuit shown in Figure 5 consists of a 
100 ppm/oC potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1.SM Qresistor to pin 27. In this case a car
bon composition resistor is adequate: if we assume that 
its tempco is - 1200 ppmloC and that the adjustment 
range required is no more than 16 LSB14 (0.1 % FS), it 
contributes for only 1.17 ppm/oC of tempco (0.001 x 
1200). The low tempco adjustment circuit in Figure 6 
contributes for negligible tempco if metal film resistors 
(tempco <100 ppm/°C) are used. 

+15V 

10kQ~'8MQ TO 27 
100kQ 

_____ ....J 

HS 9476 

-15V 

Figure 5. Unipolar Offset or Bipolar Zero Adjustment Circuit 
( ± 0.40,4) FSR) 

+15V 

OFFSET l~~Q >-_18_0'V'kQV\M,-.F_. ~~'\NI,...--{ 
ADJ 100kQ 

-15V 

Figure 6. Low Tempco Adjustment Circuit 



With both circuits the fixed resistor connected to pin 27 
should be located close to the converter to keep the pin 
connection runs short. Offset or zero should be ad
justed after warm-up and before gain (see below) to 
prevent interaction of the two adjustments. Offset or 
zero is adjusted with the analog input near zero volt. 
Refer to Table 1 for the appropriate values. 

OPTIONAL GAIN ADJUST 

The gain error may be trimmed to zero (optional) using 
an external offset trim potentiometer connected to the 
HS 9476 as shown in Figure 7. 

+15V 

100 ppm/oC HS 9476 

Figure 7. Gain Adjustment Circuit (± 0.2% FSR) 

The gain adjustment circuit shown in Figure 7 consists 
of a 100 ppm/oC potentiometer connected across the 
analog supply voltages with its slider connected 
through a 300 K Q resistor to pin 29. Gain should be 
adjusted after warm-up and after unipolar offset or 
bipolar zero (see above) to prevent interaction of the 
two adjustments. Gain is adjusted with the analog input 
near the most positive end of the analog range. Refer 
to Table 1 for the appropriate values. 

OPTIONAL CONVERSION TIME ADJUST 

Short Cycle: A SHORT CYCLE input, pin 32, permits 
the AID timing cycle shown in Figure 2 to be terminated 
after any number of desired bits has been converted. 
For instance, when 14-bit resolution is desired, pin 32 is 
connected to bit 15 (output pin 15). The conversion cy
cle will then terminate and the STATUS flag reset after 
the bit 14 decision has been made. SHORT CYCLE 
connections and associated conversion times are 
summarized in Table 2 below for a 933 kHz clock. 

Resolution Max Conversion Connect SHORT CYCLE 
Bits (%FSR) Time (liS) Pin 32' to Pin: 

16 0.0015 17.1 N/C (open) 
15 0.003 16.1 16 
14 0.006 15.0 15 
13 0.012 13.9 14 
12 0.024 12.9 13 
10 0.100 10.7 11 

• Pin 32 cannot be connected to + 5V 

Table 2. Short Cycle Connections 

Clock Rate Adjust: The AID of the HS 9476 may be 
operated at faster or slower conversion times by con
necting the CLOCK RATE CONTROL, pin 23, to an ex
ternal multiturn trim potentiometer with a TCR of ± 100 
ppm/oC or less as shown in Figure 8. The conversion 
time is trimmed to 17J.Lsec (16-bits) at the factory 
with ClK RATE CTRl open. The typical conversion 
time versus the clock rate control voltage is shown in 
Figure 9. The nonlinearity errors will vary with speed as 
shown in Figure 10. 

HS 9476 

Figure 8. Optional Clock Rate Control Circuit 

o 30r-.--.--,-.--,--,-.--, 
~ 

I 25~4--+--~~-+--r-~~ 
w 

~ 20~4--+--~~-+--r-~~ 
Z17 
~ 15~~-+--~~-+--r-~~ 
II: 

~ l0r-H-~~~~~==$=:5:1 
o 
u 5L,~~--L--L~--L--L~ 

o 2 4 6 8 10 12 14 16 
1.5" CONTROL VOLTAGE ON PIN 23 

"1.5V = VOLTAGE ON OPEN ClK RATE CTRl PIN 

Figure 9. Conversion Time Vs. Clock Rate Control Voltage 
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Figure 10. HS 9476 Nonlinearity Vs. Conversion Time 

DIGITAL OUTPUT DATA 

Parallel data output coding is complementary binary for 
unipolar ranges and complementary offset binary for 
bipolar ranges. Complementary two's complement 
may be obtained by inverting MSB (pin 1). Table 1 
shows the LSB, transition values and code definitions 
for each possible analog input signal range for 12-15 
bits of resolution. The output data is CMOS compatible 
and the drive capability is 8 LSTTL loads. If long digital 
lines have to be driven, external output buffers are 
recommended. 

INPUT SCALING 

The HS 9476 inputs should be scaled as close to the 
maximum input signal range as possible in order to 
utilize the maximum signal resolution of the AID con
verter. Connect the input signal as shown in Table 3. 

Input 
Signal 
Range 

±10V 
±5V 

Oto + 10V 
Oto +20V 

Output 
Code 

COB or CTC' 
COB or CTC' 

CSB 
CSB 

'Obtained by inverting MSB (pin 1) 

Connect 
Pin 26 
To Pin 

27 
27 
22 
22 

Connect 
Pin 24 

To 

Input Sig. 
Pin 22 
Pin 22 

Input Sig. 

Connect 
Pin 25 

To 

Pin 22 
Input Sig. 
Input Sig. 

Pin 22 

NOTE: The unused analog inpul is grounded 10 reduce noise pickup. 

Table 3. HS 9476 Input Scaling Connections 
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CONNECTIONS AND CALIBRATION PROCEDURE 
(14-Bit Resolution Example) 

Figures 11 a and 11 b show the different analog and 
power connections required for unipolar 0 to 10V and 
bipolar -10V to + 10V input range operation. 

External ZERO ADJ and GAIN ADJ potentiometers, 
connected as shown in Figure 11, are used for device 
calibration. To prevent interaction of these two ad
justments, unipolar offset or bipolar zero is always 
adjusted first and then gain. 

Figure 11 a. Analog and Power Connections for Unipolar 
o to + 10V Input Range 

Figure 11 b. Analog and Power Connections for Bipolar 
- 10V to + 10V Input Range 

CALIBRATION FOR 0 TO + 10V RANGE 

Set analog input to + 1 LSB14 = 0.00061V. Adjust 
ZERO for digital output = 11111111111110. ZERO is 
now adjusted. Set analog input to + FS - 2 LSB14 = 
9.99878V. Adjust GAIN for 00000000000001 digital 
output code; GAIN is now calibrated. Half scale calibra
tion check: set analog input to + 5V; digital output code 
should be 01111111111111. 

CALIBRATION FOR -10V TO + 10V RANGE 
(Complementary Offset Binary Code) 

Set analog input to O.OOOOOV; adjust ZERO for 
01111111111111 digital output code. Set analog input 
to 9.99756V (+ FS - 2 LSB14); adjust GAIN for 
00000000000001 digital output code. 

OTHER RANGES 

Coding relationships and calibration points for 0 to 
+ 20V and - 5V to + 5V ranges can be found by 
doubling and halving respectively the corresponding 
code equivalents listed for the 0 to + 10V and -10V to 
+ 10V ranges, as indicated in Table 1. 

Unipolar offset or bipolar zero and full-scale calibrations 
can be accomplished to a precision of ± V2 LSB using 
the static adjustment procedure described above. 
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DISCUSSION OF SPECIFICATIONS 
SYSTEM SPECIFICATIONS 

The actual conversion errors that are associated with 
the HS 9476 are combinations of analog errors due to 
the sample-hold amplifier and the AID. 

Figure 12 shows the ideal HS 9476 transfer 
characteristics. 

All the system specifications include the errors in
troduced by both the sample-hold amplifier and the 
AID converter. The offset error is a shift (left or right) of 
the ideal transfer characteristics. Gain error is an error 
in the slope of the transfer function. Both these errors 
can be trimmed externally as explained earlier. Lineari
ty error is defined for unipolar ranges as the deviation 
from a true straight line transfer characteristics from a 
zero input voltage (which calls for an "all 1 's" digital 
output) to a point which is defined as a full scale (END 
POINT definition). Differential nonlinearity is a measure 
of the deviation in the staircase step width between 
codes from the ideal least significant bit step size. If the 
differential linearity is too negative, a code can be miss
ing. The HS 9476K and T/B are specified as having no 
missing codes at the 14 bit level for the commercial and 
military temperature ranges. 

Figure 12. Ideal HS 9476 Tran:;;er Characteristics (Bipolar Mode) 

SAMPLE/HOLD SPECIFICATIONS 
Acquisition Time is the time required by the 
sample/hold amplifier to "switch" from the hold mode 
to the track (sample) mode. This time is measured bet
ween the application of a "track" command and the 
point at which the output has settled to within a 
specified error band. This time includes the switch 
delay time, slewing time and settling time for a given 
output voltage change. 
Switching Transient Settling (Hold Mode Settling) is 
the time required for the device to stabilize in the hold 
mode to within specified limits of its final value after the 
hold mode Signal has been given. 

Aperture Delay is the time lag between the application 
of the' 'hold" command and the instant the output 
stops tracking the input. It consists primarily of the pro
pagation delay of the switch driver. Since it is a known 
quantity, the "hold" command can be advanced to ac
count for this delay. 
Offset Step (Pedestal) is a track (sample)-to-hold offset 
that results from unequal charge transfers when the 
device is switched into the hold mode. 
Aperture Uncertainty (Jitter) is the variation in the aper
ture delay from sample to sample. This time uncertainty 
produces a voltage uncertainty proportional to the input 
slew rate. 



Feedthrough is the amount of analog input signal that is 
coupled through to the analog output while the circuit is 
in the hold mode. It is usually expressed in dB's. Since 
feedthrough increases with frequency, it should be 
specified at a given frequency. 
Droop Rate is the rate of change in output voltage over 
time while in the hold mode. The droop rate will deter
mine how long a signal can be accurately held before it 
changes more than 1 LSB. This, in turn, determines the 
maximum conversion time that an AID converter can 
have to be used with a particular S/H. 
Full Power Bandwidth is the frequency at which a full 
scale input/output sine wave becomes slew rate limited 
to -3 dB. 
Small Signal Bandwidth is the maximum analog signal 
frequency that can be tracked before the gain is re
duced by 3 dB. This assumes the signal amplitude is 
small enough so as not to be slew rate limited. 

ov-

LOGIC''1''

LOGIC"O"-~ 

APERTURE DELAV 
30 NSEC 

TRACK MODE 

ANALOG INPUT ___ _ 

ANALOG OUTPUT_-

--l 
--l 

HOLD MODE 

Figure 13. Illustration of the Main s/H Characteristics 

DYNAMIC PERFORMANCE 
The system specifications discussed earlier describe 
the DC performance of the HS 9476. For digital signal 
processing oriented applications, however, the 
response of the sampling A to D converter to AC 
signals must be known. 

At Hybrid Systems, two different kinds of dynamic 
testing can be performed on the device: 

1. Signal-to-Noise Ratio (SNR) test 
2. Histogram test 

These tests are discussed in the following paragraphs. 
They have been performed on devices short cycled to 
14 bits (in order to get a 50kHz throughput rate) and 
configured in bipolar 10V mode. 

The SNR test is the primary measurement of signal 
fidelity: distortion of an input sinewave due to Integral 
Linearity errors is quantified by this test. More precisely 
a finite time sequence of sampled data from a spectral
ly pure sine wave input is computed by the tester into a 
frequency spectrum using a Fast Fourier Transform 
algorithm. From this frequency domain representation 
of the output data, the effect of Integral Non-Linearity 
may be measured: harmonics of the input sine wave 
caused by Integral Linearity errors are aliased into the 
baseband spectrum. The magnitude of the fundamen
tal's spectral lines (the signal) is summed, then divided 
by the sum of the remaining spectral lines (the noise). 
The logarithm of this number, multiplied by 20 pro
vides the SNR expressed in decibels. For an ideal con
verter, it can be shown that: 

SNR = 6.02 x N + 1.76dB 
(N = number of bits of the converter) 

For a 14 bit converter, the SNR should be 86dB for all 
frequencies below the Nyquist rate (25kHz for the 
HS 9476). If the linearity error is ± 1I2LSB, a SNR of 
3dB less is expected. 

Figure 14 to 16 show the SNR results of the HS 9476 
for full scale input frequency of 2.345, 12.345, 
23.456kHz respectively. This shows the very slow 
degradation of the SNR with the input frequency. 
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Figure 14. FFT of the HS 9476, Fin = 2.234kHz, Fsample = 50kHz 
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Figure 15. FFT of the HS 9476, Fin = 12.234kHz, Fsample = 50kHz 
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Figure 16. FFT of the HS 9476, Fin = 23. 234kHz, Fsample = 50kHz 
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The HS 9476 will exhibit an improvement in SNR when 
less than full scale input signal is applied. Figure 17 il
lustrates that improvement. 

-20 

-40 

C/l 

~ -60 
z 
JJ 

UJ " Ql -.J 

8 '" '" Q -so 0-
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Figure 17. FFT of the HS 9476, Fin = 23. 346kHz, Fsample = 50kHz, 
- 6dB input levels 

Histogram testing is used to evaluate the dynamic dif
ferentiallinearity of a converter. A sine wave is applied 
to the converter and a finite number of sampled data is 
taken and stored by the tester. The number of occur
ences of each code is then determined, and this 
histogram is compared with an ideal quantized sine 
wave of same gain and offset. The ratio of the real 
number of occurences to the ideal number yields an 
effective code width for each code. Figure 18 shows 
the good dynamic differential linearity of the HS 9476 
even when the input signal approaches the Nyquist 
bandlimit. 
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Figure 18. HS 9476 Dynamic Differential Linearity, 
Fin = 23.456kHz, Fsample = 50kHz 

ORDERING INFORMATION 
MAX TEMPERATURE 

MODEL LINEARITY ERROR RANGE SCREENING 

HS 9476K ±O.003% FSR O°C to + 70°C -

HS 9476J ±O.006% FSR O°C to + lOoC -

HS 9476T/8 ±O.003% FSR -55°Cto +125C MIL-STD-883 

HS 9476S/8 ±O.006% FSR -55°C to 125°C MIL-STD-883 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 400 kHz Throughput 
• Internal Sample-Hold 
• Three State Output 
• 0.003% FSR Accuracy 

DESCRIPTION 
The SP9478 is a high speed, 14-Bit AID which 
combines a high speed sample hold and AID in a 
single package. The AID section utilizes the 
Multipass process, combining two 8-Bit flash 
converters in a feed-forward error correction 
scheme to yield resolution of 14-Bits. The sample
hold section has been specifically designed to 
match the requirements of the ADC for optimal 
performance. The SP9478 provides user selectable 
input ranges of ±2.5V, ±5V and ± 1OV. Three state 
outputs provide easy interface to microprocessor 
bus structures. Packaged in a 32 pin dual in-line 
package the SP9478 is available for -550 C to 
+ 1250 C operation with MIL-STD-883C screening. 

FUNCTIONAL DIAGRAM 

±5V 
±10V 
S.J. 

14-BIT 

MULTIPASS 

AID 

CONTROL 
LOGIC 

SP9478 

14-811, 400 kHz 
SAMPLING AID CONVERTER 

PRELIMINARY 
INFORMATION 

r--------<O 3 STATE ENABLE 

LATCH 

2J 

: "111....1" -> +FULL SCALE 
• "000 .... 0" -> -FULL SCALE 

• 2J4 

START +5V -15V +15V +5VA +5VD AGND DGND 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Typical @25°C and Nominal Supply Voltages unless otherwise noted) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

ANALOG INPUTS 
Voltage Range -10 +10 Volts 

-5 +5 Volts 
-2.5 +2.5 Volts 

DIGITAL INPUTS 
Logic Levels Logic 1 2.4 Volts 

Logic 0 0.4 Volts 
Logic Loading 1 TTL Load 

STATIC PERFORMANCE 
Integral Linearity ±1 LSB 
Differential Linearity ±1/2 ±1 LSB 
No Missing Codes 14 Bits 

CONVERSION & THROUGHPUT 
Throughput 400 kHz 
A/D Conversion Time 1.5 ~ec 

S/H Acquisition Time 1.0 ~ec 

STABILITY 
Integral Linearity Tempco 2 ppm;oC 
Differential Linearity Tempco 2 ppm/oC 
Offset Error Drift 5 ppm;oC 
Gain Error Drift 25 ppm;oC 

DIGITAL OUTPUTS 
Coding Straight Binary 
Output Drive 3 TTL Loads 

DYNAMIC PERFORMANCE 
Signal to Noise + Distortion 
Fin=10 kHz Input = 0 dB 80 dB 
Fin=100 kHz Input = -20 dB 55 dB 

POWER SUPPLY REQUIREMENTS 
+15V 45 mA 
-15V 45 mA 
+5V Digital 175 mA 
+5V Analog 85 mA 
-5V 25 mA 
Dissipation 2.75 W 
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PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 Analog Ground 17 Bit 7 
2 Analog Ground 18 Bit 6 
3 +5VAnalog 19 Bit 5 
4 -5VAnalog 20 Bit 4 
5 +5VDigital 21 Bit 3 
6 Digital Ground 22 Bit 2 
7 Digital Ground 23 Bit 1 (MSB) 
8 start Convert 24 Analog Ground 
9 Output Enable (High) 25 -15V 

10 Bit 14 (LSB) 26 +15V 
11 Bit 13 27 NC 
12 Bit 12 28 Analog Ground 
13 Bit 11 29 Digital Ground 
14 Bit 10 30 Summing Junction 
15 Bit 9 31 ±lOV 
16 Bit 8 32 ±5V 
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-36 i! 
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-48 I: 

:: 
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dB -60 'I 
;\ 

-72 
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I' 

-120 ~----+-----~-----+----~~----+-----~-----+----~------r-----~ 

o 12 24 36 48 eO 
KHz 

Graph 7. SINAD = 79.84 dB 

72 84 96 108 
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PACKAGE OUTLINE 

I. 1150 __ ~ I (2921) MAX I 
DIMENSIONS 

INCHES 

(MM) l ) 
~ II 0.'" ~ I-~:-~~-~-:-~:~-~-~) 
".~' ~ ~ '''''' -1 

512 

RED DOT 
INDICATES PIN 1 

.1 32 • 

• • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• 16 17 • 

TOP VIEW 

(~:::~) MIN l {~0'220 
- MAX 
(5.59) 

(2.54) 

1.750 

(44.45) MAX 

TIMING DIAGRAM 

I 
START 
CONVERSION 

I~ ! 
END : ~ 
CONVERSION: DATA 

: LATCHED 

t 
DATA 
VALID 

~OA" VALID 



~i~v 
~I~~ 
SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• 10 MHz Sampling Rate 
• Complete with SHA and Reference 
• High Signal/Noise Ratio: 69 dB 
• High SINAD Ratio: 68 dB 
• Low Harmonic Distortion: -72 dB 
• Low Power Consumption: 3,6W 
• O°C to + 70°C and -55°C to + 125°C 

DESCRIPTION 
The SP9560 is a 10 MHz sample rate, 12-Bit 
Analog-to-Digital converter which includes 
all components necessary to digitize an 
incoming analog signal. The SP9560 includes 
a 12-Bit A/D Converter. a sample and hold 
amplifier, an on-board reference and all of 
the control logic necessary for complete 
functionality, The SP9560 has very low power 
consumption of 3,6 Watts, can digitize signals 
up to 10 MHz, and has excellent Signal to 
Noise + Distortion performance of 68 dB with 

FUNCTIONAL DIAGRAM 

-5.2VANA AGND +5VANA 

7BIT 
FLASH 

+2V REF +2V 

VREF 

-2V REF -2V 
S/H OUT 

VIN 

V Bias 
200 

SGND 

CLOCK 
24 

TIMING 

SP9560 

12-81T 10 MHz 
SAMPLING AID CONVERTER 

PRELIMINARY 
INFORMATION 

total harmonic distortion of -72 dB, The SP9560 
uses two's complement or inverted two's 
complement coding and is designed to function 
over the military temperature range of -55°C to 
+ 125°C, All this is packaged in a 46-pin dual in-line 
package, and will be available with MIL-STD-883C 
screening, 
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513 



SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Typical @ 25°C and Nominal Supply Voltages unless otherwise noted) 

PARAMETERS CONOInONS MIN TYP MAX UNITS 

ANALOG INPUTS 
Voltage Range ±1.0V Volts 

DIGITAL INPUTS 
Logic Levels Logic 1 2.4 Volts 

Logic 0 0.5 Volts 
Logic Loading 1 TIL Load 

STATIC PERFORMANCE 
Differential Linearity ±D.5 LSB 
Integral Linearity ±D.5 LSB 
No Missing Codes Bits 
Gain Error ±D.75 %FSR 
Offset Error ±D.75 %FSR 

DYNAMIC PERFORMANCE 
Signal to Noise Ratio (10 MHz clock) 

Fin=100 kHz 69 dB 
Fin=4.99 MHz 69 dB 

Signal to Noise + Distortion (10 MHz clock) 
Fin=100 kHz 68 dB 
Fin=4.99 MHz 64 dB 

Total Harmonic Distortion (10 MHz clock) 
Fin=100 kHz -0.5 dB -72 dB 
Fin=4.99 kHz -0.5 dB -68 dB 

Dynamic Differential Linearity (10 MHz clock) ±D.5 LSB 

AC. PARAMETERS 
Throughput 10 MHz 
S/H Aperture Delay 5 nsec 
S/H Aperture Time 1 nsec 
S/H Aperture Jitter 10 psec RMS 

DIGITAL OUTPUTS 
Coding Two's Complement 

Inverted 2' s Comp 
Output Drive 2 TIL Loads 

POWER SUPPLY REQUIREMENTS 
PSRR ±D.01 %/% 
+5VDigital 193 mA 
+5VAnalog 350 mA 
-5.2V Analog 280 mA 
Dissipation 3.6 W 
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PIN ASSIGNMENTS PACKAGE OUTLINE 

PIN FUNCTION 

1 AGNO 
2 N.C. 
3 +SVAnalog 
4 S/H Out 
S A/Din 
6 -SVAnalog 
7 N.C. T 

_ I.. 2.380 

~i· ~ ·1 
~ 000000000000000000 

8 N.C. 
9 Bit 1 Dll (MSB) 

lD Bit 2 OlD 
11 Bit 3 09 
12 Bit 4 08 
13 BitS 07 
14 Bit 6 06 

11.3001 

1 
1.580 

__ l ___ 000000000000000000 

~II~ 
TYP. 

lS Bit 7 OS 
16 Bit 8 04 
17 Bit9 03 
18 Bit lD 02 
19 Bit 11 01 
20 Bit 12 DO 
21 +SV Digital 
22 N.C. 

±.01O • 
.240 ~ 

+ ...----~lt-ltlt-ltlt-ltl-tlt-ltlt----.".,lt~T 
T ~~±.002 

I .018 DIA. 
TYP. 

GEN. TOL. 

±.005 inches 

23 OGNO 
24 Clock 
2S Output Enable 
26 OGNO 
27 Logic Invert 
28 N.C. 
29 N.C. 
30 +SVA 
31 N.C. 
32 AGNO 
33 N.C. 
34 N.C. 
3S AGNO 
36 N.C. 
37 N.C. 
38 Test Point 
39 -2V Ref 
40 +2V Ref 
41 V Bias 
42 -S.2V Analog 
43 N.C. 
44 N.C. 
45 Vin 
46 SGNO 
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TIMING DIAGRAM 

CLOCK 

DATA 

TRACK/HOLD 

\ ........ 1-----100 ns' ~ 1 

1..- 50 ns ------.J 

l_c::::~_1 
1 ..... .__--- 120 ns ----------~~: 

DATA VALID 
N-1 SAMPLE 

DATA VALID 
N SAMPLE 

DATA VALID 
N+1 SAMPLE 

(INTERNAL_) _____ -'~'_ __ H_O_L_D ___ ____' TL--__ r-T'-__ 
'DUTY CYCLE MUST BE 50% 
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CHANNELS 

DATA-ACQUISITION SYSTEMS 

S/H AID 
ACQUISITION CONVERSION IA POWER 

RESOLUTION NO. OF TYPE OF TIME TIME GAIN MAXIMUM CONSUMPTION 
MODEL (BITS) INPUTS INPUTS (Ils) (Ils) RANGE THROUGHPUT (mW) PACKAGE PAGE 

HS9404/08 12 4/8 DI/SE 6 25 1-100 35kHz 950 40-Pin DD 529 

HS9410 12 8 SE 6 25 N/A 25kHz 600 28-Pin DD 535 

HS9414 12 4 DI 6 25 1-500 25 kHz 980 40-Pin DD 543 

SP9415 12 8 SE 1 12 N/A 75kHz 1100 28-Pin DD 555 

HS9403 12 8/16 DI/SE 9 10 1-1000 50kHz 1500 62-Pin 523 

HS362 12 8/16 DI/SE 7 N/A N/A N/A 1000 32-Pin TD 519 

SP9462/63 12 8/16 DI/SE 5 25 '.1-100 I 45kHz 1000 68·pin ,$63" 
.' 

SP9480 16 8 SE 13 20 N/A 25kHz J200 32-PinTD' :567 

.. .' .' . 
SP9488 16 8/16 SE 3 16 1 50kHz 1400 62-Pi6 ..... 575 

. ." 

Shaded area indicates new product since publication of 1988 Catalog 
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FEATURES 
• 16SE or 8DIF inputs switchable mode control 
• High speed: 7 lASec acquisition time to 0.01 % 
• Complete front end for 12-bit DAS 
• Protected multiplexer inputs 

DESCRIPTION 
The HS362 is a complete 12-bit data acquisition 
system front end network. The HS362 contains two 
8-channel multiplexers and a precision sample 
and hold that can be user configured to accept 
either 8 differential inputs or 16 single-ended inputs. 

The sample and hold amplifier is designed to work 
in conjunction with most ADC's by connecting the 
'status' output of the ADC to the SAMPLE/HOLD con
trol input of the HS362. The 'convert' command to 
the ADC will switch the HS362 into 'hold' mode dur
ing conversion. An output buffer is provided so that 
the user can connect the HS362 directly to the un
buffered analog input of most 12-bit successive ap
proximation type ADC's. 

When the HS362 is used with a 12-bit 25-micro
second ADC such as the HS574, system throughput 
rate is 30kHz for full 12-bit precision. 

FUNCTIONAL DIAGRAM 

r- CHO 
I CH 1 

HIGH CH 2 
ANALOG CH 3 
INPUTS CH 4 

L
CHS 
CH 6 
CH 7 

11 
10 
9 
8 
7 
6 
5 
4 

~ 
INPUT CHANNEL SELECT 

HS362 

16-CHANNEL MULTIPLEXER WITH 
PRECISION SAMPLE·AND·HOLD 

PRODUCT HIGHLIGHTS 
1. The 16-input channels can be user configured 

for either single-ended or differential opera
tion. The mode select switching is LSTIL com
patible for greater system flexibility. 

2. The HS362 when used with a 12-bit ADC such as 
the HS574 forms a complete, high speed, lAP 
compatible data acquisition system. 

3. Channel select addressing is combined with a 
latch control to facilitate interface to lAP busses. 

4. A precision hold capacitor is provided with 
each HS362. 

SEIDIFF MODE SELECT 

DIGITAL +15V ANALOG -15V 
GROUND GROUND 

SAMPLEI 
OFFSET HOLD 
ADJ~ CMD HOLD 

CAPACITOR 

1415 1312 

HS 362 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise specified) 

MODEL 

ANALOG INPUTS 

Number of Inputs 

Voltage Range6 

Bias Current, per Channel 
'Impedan-ce 

ON Channel 
OFF Channel 

Fault Current 
CMR 

Differential Mode 
@1kHz, 20Vp_p 

MUX Crosstalk 
Any OFF Channel to any 
ON Channel @1kHz, 20Vp.p 

Offset, Channel to Chan,lel 

ACCURACY 

Offset Error, T Min to T Max 
Gain Error, T Min to T Max 
Linearity Error 

@25°C 

T Min to T Max 
Noise Error 

@25°C 
TMln to TMax 

DRIFT (TMin to TMax) 

Gain 
Offset, ± 10V Range 

DIGITAL INPUT2 

HS 362K 

16 Single-Ended or 
B Differential 
±10V 
±50nA max 

1010 QII 100pF 
1010 QII 10pF 
20mA, Internally limited 

70dB min (BOdB typ) 

- BOdB max (- 90dB typ) 
±500/-lVmax 

±4mVmax 
± 0.02% FSR max 

±0.01%max 
±0.015% max 

1mVp _p' 0.1 to 1MHzmax 
2mVp.p' 0.1 to 1 MHz max 

± 4ppm/oC max 
± 4ppm/oC max 

HS 362S/HS 362S81 

±0.005%max 
±0.01% max 

± 2ppm/oC max 

INPUT CHANNEL SELECT 4-Bit Binary, CHANNEL ADDRESS • 
1LS TTL Load 

CHANNEL LATCH 

SE/DIFF 

SAMPLE/HOLD 

"1" = Latch Transparent 
"0" = Latched 
8LS TTL Loads 
"0" = Single·ended Mode 
"1" = Differential Mode 
2LS TTL Loads 
"0" = Sample 
"1" = Hold 
High Impedance Input3 
VTH = + 1.4V 

SAMPLE AND HOLD DYNAMICS 

Acquisition Time, for 20V Step 
to ± 0.D1 % of Final Value4 

SAMPLE TO HOLD Step 
Settling Time, Hold Mode 
to ± 1mVof Final Value 
Feedthrough @1kHz 
Droop Rate 
Aperture Delay 
Aperture Uncertainty 

7/-1sec, 10/-1 sec max 
6mV 

600nsec 
- 70dS, - 60dB max 
0.02mV/ms, 1 mV/ms max 
225nsec 
10nsec 

POWER SUPPLY REQUIREMENTSs 

Rated Voltage/Current 

Total Power 

TEMPERATURE RANGE 

Operation 
Storage 

NOTES: 

+ 15V, ±5%@40mAmax 
-15V, ±5%@20mAmax 
+ 5V, ± 5% @ 25mA max 
775mW(typ) 1.0Wattmax 

o to 70°C 
- 25°C to + B5°C 

30mA max 
30mA max 
20mA max 
500mW typ, 1W max 

-55°C to + 125°C 
-55°C to + 150°C 

1. The HS 362SB is processed and screened to the requirements of MIL·STD·883C, 
Rev C, Level B. 

2. One LS TTL load IS defined as: IlL = -0.36mA max @VIL =20 .. A max @VIH=2,7V, 
3. Less Ihan 1 LSTTL load 
4. For optimum acquisition time performance the analog input should be buffered with a 

low output impedance. 
5. The power supplies should be sequenced in this order: + 15V, -15V, +5V to avoid 

latch-up 
6. Input voltage is limited to VDO-4 volts maximum, or 11 volts for a 15 volt supply, 

'Specifications same as HS 362K. 
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PACKAGE OUTLINE 

I-~-IL 
I I rci~:~ MAX 

U 0.900 U 'PIN1DOT 

1-(ID6Oj L I 1
_°·230 

-~T 
:32 Gl. t 0.185 

(4.19) 

t TYP 

tJ!J.!!l!.. 
(2.540) 

TYP 

:17 16 
: 

0.010 x 0.018 
BOTTOM VIEW (0.25 x 0.46) 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 SE/DIFF MODE SELECT 

2 DIGITAL GROUND 

3 +5V 

4 ANALOG INPUT. CHANNEL 7 

5 ANALOG INPUT. CHANNEL 6 

6 ANALOG INPUT, CHANNEL 5 

7 ANALOG INPUT, CHANNEL 4 

8 ANALOG INPUT. CHANNEL 3 

9 ANALOG INPUT. CHANNEL 2 

10 ANALOG INPUT, CHANNEL 1 

11 ANALOG INPUT. CHANNEL 0 

12 HOLD CAPACITOR 

13 SAMPLE/HOLD COMMAND 

14 OFFSET ADJUST 

15 OFFSET ADJUST 

16 ANALOG OUTPUT 

PIN 

32 

31 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

1.712 
(43.48) 

MAX 

J 

"DIMENSION IS FOR 
TEFLON CAPACITOR 
SUPPLIED WITH 
HS 362S/362S8. 

HOLD 
CAPACITOR 

FUNCTION 

CHANNEL LATCH 

INPUT CHANNEL ADDRESS. BIT A2 

INPUT CHANNEL ADDRESS, BIT A1 

INPUT CHANNEL ADDRESS, BIT AD 

INPUT CHANNEL ADDRESS, BIT AE 

ANALOG INPUT, CHANNEL 8 

ANALOG INPUT, CHANNEL 9 

ANALOG INPUT, CHANNEL 10 

ANALOG INPUT, CHANNEL 11 

ANALOG INPUT, CHANNEL 12 

ANALOG INPUT, CHANNEL 13 

+ 15V 

-15V 

ANALOG INPUT, CHANNEL 14 

ANALOG INPUT, CHANNEL 15 

ANALOG GROUND 

ABSOLUTE MAXIMUM RATING 

+ V, Digital Supply 

+ V, Analog Supply' 

- V, Analog Supply 

VIN, Signal. 

VIN, Digital 

AGNDtoDGND· 

.. +5.5V 

.. +16V 

..... -16V 

± V, Analog Supply 

.0 to + V, Digital Supply 

......... ± 1V 

. + V Analog Supply must remain" + V Digital Supply 

1.72 

I. (43.50) I 
··-----'-MAX'------... • 

·32 17. 

TOP VIEW 

16. 

I 
1.10 

(27.97) 
MAX 

1 

I I 0.193 

--lli-(~:~ 1 
0.900 ±0.010 
(2:.8J±0.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

0.025 ±0.010 
F
P

:;tIN;=;::;=(l;::;) ;=,:IN::;=D;::;E;=,:X~;:=;:;=:;:::;=;~;:::;:;::;:::;=;::;=;::;=;=;='!I (0.64 ±0.25) 
_t_ .... ---...... 

4oI~'R-t.f-'Rf-*~rf--'RI-'Ft-WFf-'FI-'Fi-~;t:: t ~ 0.205 
(5.21) 
MIN 



APPLICATIONS INFORMATION 
INPUTS 
The HS 362 has two 8-channel multiplexers as input 
elements. The output of these multiplexers are con
nected via analog switches to a differential amplifier. 
One unique feature of the HS 362 is that the internal 
analog switches can be controlled externally by a 
digital signal that configures the multiplexer output 
between single-ended and differential modes. This 
feature allows the user to select either of these input 
configuration modes without external hard-wire inter
connections. See Table 1. 

TTL LOGIC 
SE/DIFF INPUT MUX CONFIGURATION 

MODE SELECT 0 I Single-ended, 16-channels 
(PIN 1) 1 Differential, 8-channels 

Table 1. SE/DIFF Mode Select Truth Table 

MULTIPLEXER ADDRESSING 
Multiplexer channels are addressed by means of a 
level-triggered latch. A logic '1' applied to CHANNEL 
LATCH causes the address signals to feed directly to 
the multiplexer to select the desired input channel. The 
address information is held in the address select logic 
when a '0' is applied to the CHANNEL LATCH input. 
Input channel addressing is defined in Table 2. 
Although the fastest mode of operation involves chang
ing the channel address during the A/D conversion 
while the sample-and-hold amplifier is in the 'hold' 
mode, this is not the recommended mode of operation. 
Latch control logic is shown in Table 3. 

ADDRESS ON CHANNEL (Pin Number) 

Differential 
AE A2 A1 AO Single Ended "Hi" "Lo" 

0 0 0 0 o (11) None 

0 0 0 1 1 (10) None 

0 0 1 0 2 (9) None 
0 0 1 1 3 (8) None 

0 1 0 0 4 (7) None 

0 1 0 1 5 (6) None 

0 1 1 0 6 (5) None 

0 1 1 1 7 (4) None 

1 0 0 0 8 (27) 0(11) 0(27) 
1 0 0 1 9 (26) 1 (10) 1 (26) 

1 0 1 0 10 (25) 2 (9) 2 (25) 
1 0 1 1 11 (24) 3 (8) 3 (24) 

1 1 0 0 12 (23) 4 (7) 5 (23) 
1 1 0 1 13 (22) 5 (6) 5 (22) 
1 1 1 0 14 (19) 6 (5) 6 (19) 

1 1 1 1 15 (18) 7 (4) 7 (18) 

Table 2. Input Channel Addressing Truth Table 

TTL LOGIC 
CHANNEL LATCH INPUT INPUT ADDRESS 

INPUTS 1 Address Passes To MUX 

(PIN 32) 0 Address Latched 

Table 3. CHANNEL LA TCH Truth Table 

SAMPLE-AND-HOLD 
The sample-and-hold circuitry of the HS 362 is an 
improvement over other designs. Specifically, it offers a 
smaller hold step, faster acquisition and hold mode 

settling times, and lower noise in hold mode to improve 
system performance. A logic "1" on the SAMPLE/ 
HOLD command input causes the sample-and-hold to 
"freeze" the analog signal while the ADC performs the 
conversion. Normally, the SAMPLE/HOLD command is 
connected to the ADC status output which is at logic 
"1" during conversions and logic "0" between conver
sions. For slowly changing inputs, throughput speed 
may be increased by grounding the SAMPLE/HOLD 
command input and eliminating the hold capacitor. 

A 2000 pf polystyrene hold capacitor is provided with 
each HS 362K. A 2000 pf teflon hold capacitor is pro
vided with each HS 362S and HS 362S8. Use of this 
external hold capacitor ensures optimum performance 
with respect to sample-to-hold step size and dielectric 
absorption effects. Smaller hold capacitors may be 
used for somewhat faster acquisition times with some 
penalty paid in a larger sample-to-hold step (see Figs. 1 
and 2). 

+40mV 

Q. + 20mV 
W 
~ 
III 
C 
..J o 
::t: 

-20mV 

-40mV 

Figure 1. Acquisition Time Vs. Hold Cap 
(20V Step to .01%) 

~ 
I-----

/ 
/ 

-

2000 4000 6000 8000 

CH (pf) 

Figure 2. Typical Hold Step Vs. Hold Cap 

The hold capacitor is connected between pins 12 
and 17. If an alternate capacitor IS used, the designer 
must consider the errors that will be introduced. 
CAUTION: Polystyrene capacitors will be damaged if 
subjected to temperatures above + 85°C. 

OFFSET ADJUSTMENT 
When the HS 362 IS used with an ADC, normally 
the system offset is adjusted at the ADC. However, 
an offset adjustment for the HS 362 IS provided 
Refer to Figure 3 for offset adjustment connections. 

+ 15V 

~ 50kQ 

15 

>-___ -+-16=-0 OUTPUT 

Figure 3. HS 362 Offset Voltage Adjustment 

ADCINTERFACE 
The HS 362 is designed to be coupled with a 
preCision ADC forming a complete data acqUisition 
system (DAS). This generalized connection is 
shown in Fig. 4. 
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APPLICATIONS INFORMATION 
(Continued) 

CHANNEL INPUT 
LATCH CHANNEL 

SELECT 

HS 362 

SAMPLE/HOLD 
COMMAND 

Figure 4. Data Acquisition 

ANALOG 
TO 

DIGITAL 
CONVERTER 

STATUS 

Timing of the DAS system (Fig. 4) is shown in 
Fig. 5. This configuration assumes the following 
Important considerations: 

1. Input channel is not changed during a 
conversion. 

DIGITAL 
OUTPUT 

2. The MSB decision should not occur until after the 
S/H amplifier has settled in HOLD mode (tSH). 

3. The LSB decision must be made prior to 
STATUS going low (tLSB~O). 

The S/H amplifier transient during the sample-to
hold transition is shown in Figure 6. 

~~~JNEL =::J< '0' OR T X ::~ 
SELECT I....-------il~---

~~¢~~El. ~ (0 = LATCHED, 1 = TRANSPARENT) ~ 
~, ---------~(~- ~-.. -~ 
I NEXT CHANNEL 

~~~RESS=======*---------~:~;-----X== 

~g~VERT :-4-- t
A -fl'-----~u,~------

ADC 
STATUS 

I tSD _'t..-: 'I I~ 
, I (( \--

ANALOG OUTPUT : ~~ .... 
(ADC INPUT)~ --::- tSH . I'------..-/" 

: I 

~~~E~~~'fS-----------!ruuu-----~nrt+--
~ ~ tMSB '-"'1 1-4-- tLSB 

ADC r: MSB r: LSB VALID 
OUTPUT _________ ~ __ ~V~A~LI~D __ ~_~ ___ ___ 

SYMBOL PARAMETER 

tA = Acquisition time, includes. 7~s typ, 10~~ max 
MUX and sample/hold amplifier settling 

tSH = Sample to Hold settling 600ns typ 

tc = Conversion time depends on ADC 

tMSB = MSB delay from STATUS ~ tSH 

tSD = Delay of STATUS from ADC CONY depends on ADC 

tLSB = Time from LSB decision to " 0 
STATUS low 

tLCH = Minimum pulse width 20 nanoseconds (min, room) 

Data set up time for tLCH 20 nanoseconds (min, room) 

NOTES: 

1. Input address shown is recommended to be 'latched' during A/D 
conversion cycle. 

2. The MSB decision should not occur until after the S/H amplifier has 
settled in HOLD mode (tSH)' 

3. LSBdeclsion must be made prlorto STATUS going low (tLSB" 0). 

Figure 5. Data Acquisition System Timing 
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Figure 6. Sample-to-Hold Step (Top), HOLD Command (Bottom) 
Scale: 20mV/div, vertical; 500 ns/div, horizontal 

POWER SUPPLY CONSIDERATIONS 
Analog and digital ground lines should be separated to 
prevent induced spurious signals being introduced into 
the system. Analog and digital grounds are not 
connected internally to the HS 362. These must be 
connected externally by the user. The choice of an 
optimum 'star' point is an important consideration in 
the system layout. Grounds should be arranged to 
avoid loops and to minimize the coupling of voltage 
drop to sensitive analog sections. A suggested ground
Ing approach is shown In Fig. 7. 

DIGITAL ANALOG 
GND GND 

17 

- 15V O---f--f----... 

+ 15VU----i--. 

+ 5V 

AN~~gGcr--+--~-~-+---4----~ 

Dlg~TtLcr--~-----~------------l 

Figure 7. Power Supply and Grounding Connections 

In this example the system ground has been chosen to 
be located at the ADC for optimum performance. 
Should the grounds be connected at a different point in 
the system then back-to-back diodes (1 N914 or 
equivalent) are recommended to prevent potential 
variations between the grounds from exceeding 
± 1 volt. The HS 362 will function properly with as 
much as ± 200mV between grounds. 

Power leads should be bypassed to ground as shown 
in Fig. 7. Either 1J..1f tantalum or O.1J..1f ceramic 
capacitors are recommended. 

ORDERING INFORMATION 

MODEL 

HS 362K 
HS 362S 
HS 362SB* 

TEMPERATURE 
RANGE 
o to 70 0 e 
- 55°e to + 125°e 
- 55°e to + 125°e 

DESCRIPTION 
Precision 16-channel 
data acquisition system 
analog input section. 

*Processed to MIL-STO-883C. 

Specifications subject to change without notice. 
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FEATURES 
• Multiplexer, instrumentation amp, S/H, NO and 

control logic in a 62-pin package 
• Three state output buffer 
• Instrumentation amp with selectable gain 

ranging 1 to 1000 
• Single-ended (-16) and differential (-8) inputs 
• 50 kHz minimum throughput 

DESCRIPTION 
The HS9403-8 and 9403-16 provide complete 12-bit 
data acquisition functionality in a single, 62-pin 
package. The 9403 includes 8- or 16-channel 
multiplexing, a programmable gain instrumenta
tion amplifier, sample-hold circuit, 10V buffered 
reference, 12-bit 10/-lsec NO and three-state out
put buffers. 
The 9403 is flexible enough to accept full scale in
put ranges from ± 10 mV to ± 10V. Three-state out
put buffers allow output data to be accessed in 
any combination of three 4-bit bytes. Expansion to 
32 single-ended or 16 differential inputs can be 
achieved with the addition of only 2 ICs. 

FUNCTIONAL DIAGRAM 

HS9403 

16-CHANNEL, 12-81T 
DATA ACQUISITION SYSTEM 

The 9403 is packaged in a 62-pin, hermetically
sealed, ceramic package. Temperature ranges 
available are O°C to lO°C for commercial versions 
and -55°C to 125°C with MIL-STO-883C screening 
for military grades. 

AMP GAIN EXTERNAL 

CHO( + )/CHO (4) 
CH1( + )/CH1 (3) 
CH2( + )/CH2 (2) 
CH3( + )/CH3 (1) 
CH4( + )/CH4 (62) 
CH5( + )/CH5 (61) 
CH6( + )/CH6 (60) 
CH7( + )/CH7 (59) 
CHO( - )/CHS (5S) 
CH 1( - )/CH9 (57) 
CH2( - )/CH10 (56) 
CH3( - )/CH11 (55) 
CH4( - )/CH12 (54) 
CH5( - )/CH13 (53) 
CH6( - )/CH14 (52) 
CH7( - )/CH15 (51) 

MUX 
ENABLE 

(5) 

INPUT SETTING HOLD S/H BIPOLAR 
+ - RESISTOR CAPACITOR OUT INPUT 

(49) (50) (4S) (47) (45) (46) (39) (3S) 

r--t---t-""t-Tir---t:-:::Jr--i""--t--:::======+---<:>(37) ~~~~g 

16 CHANNEL 
SINGLE 

OR 
S CHANNEL 

DIFFERENTIAL 
MUX 

(19) (16)(15)(14)(13) (20) (S) (6) (41) (42) 

LOAD ::XR:~:::::S CLEAR STROBE R DELAY SI~~;L P~~~R 
INPUTS GND GND 

....-LL.-.r:::::;--;==:::;----t-o (36) GAIN ADJUST 

(17) 

DIG 
GND 

(35) BIT 1 (MSB) 
(34) BIT 2 
(33) BIT 3 
(32) BIT 4 

L---I--o (31) f~~:~~4) 

12-BIT 
AID 

CONVERTER 

(30) BIT 5 
(29) BIT 6 
(2S) BIT 7 
(27) BIT S 

(26) f~~:~~s) 

(25) BIT 9 
(24) BIT 10 
(23) BIT 11 
(22) BIT 12 (LSB) 

(21) f~~:~~12) 
'-------+-0 (7) roc 

r-------+---O (40) + 10V 
REF OUT 

(1S) (44) (43) 

+ 5 VDC -15 VDC + 15 VDC 
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SPECIFICATIONS 
(Typical @ +25°C and nominal power supplies unless otherwise specified) 

ANALOG INPUTS 
Number of Input Channels 

HS 9403-8 
HS 9403-16 

Input Voltage Range1 

Unipolar 
Bipolar 

Common Mode Voltage Range 

CMRR 
G= 1 (1 kHz) 
G = 1000 (60 Hz) 

Input Bias Current 

Bias Current Drift 

Input Offset Current 

Offset Current Drift 

Input Offset Voltage 

Offset Voltage Drift 

Voltage Noise (RTI)2 
G=1 
G = 1000 

Input Resistance 

Input Capacitance 
OFF Channel 
ON Channel 9403-8 

9403-16 

DIGITAL INPUTS 
Logic Levels 

Logic "1" 
Logic "0" 

Logic Loading 
Logic "1" 
Logic "0" 

STATIC PERFORMANCE4 
No Missing Codes 

Integral Linearity Error 

Differential Linearity Error 

Unipolar Offset Errors 

Bipolar Zero Errors 

Gain Errors 

+ 10V REFERENCE 
Output Voltage 

Output Voltage Drift 

DYNAMIC PERFORMANCE 
Throughput Rate 

S/H Acquisition Time? 

AID Conversion Time 

Aperture Delay 

Sample·Hold Droop 

Feedthrough (@ 1 kHz)S 

MUX Crosstalk (@ 1 kHz) 

Strobe Command Pulse Width 

Setup Time Digital Inputs to Strobe9 

Hold Time Digital Inputs from Strobe9 

ENABLE 
Tri State to Valid 
Valid to T ri State 

DRIFT CHARACTERISTICSlO 
Integral Linearity 

Differential Linearity 

Unipolar Offset 

Bipolar Zero 

Gain 
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HS 9403 

8 Differential 
16 Single-Ended 

Oto +10V 
±10V 

±11Vmin 

74dB 
110dB 

±50 pA typ 

Doubles every 10°C 

±25 pA typ, ± 100 pA max 

Doubles every 10°C 

±2mV 

(20 + 7G)/l VloC 

150 /l V (RMS)3 
1.6'ji V (RMS)3 

1012 

10pF 
50pF 
100 pF 

+2V min, +5.3V max 
- 0.3V min, + 0.8V max 

20pA 
-0.2 mA 

Guaranteed over operating 
temperature range 

± V. LSB typ, ± V2 LSB max 

± v. LSB typ, ± V2 LSB max 

± 0.025% FSR typ, 
±0.1% FSR6 max 

± 0.025% FSR typ, 
±0.1% FSR6 max 

± 0.025% typ, ± 0.2% max 

+ 10.000V ± 10 mV . 

±3 ppm/oC typ, ±8 ppm/oC max 

50 kHz min 

91l sec typ, 10 Il sec max 

10", sec max 

25 nsec typ 

0.1", V/",sec 

±0.01%max 

-80dB min 

40 nsec min 

50 nsec min 

50 nsec max 

40 nsec max 
30 nsec max 

± 1 ppm/oC typ, ± 2 ppm/oC max 

± 1 ppm/oC typ, ± 2 ppm/oC max 

± 3 ppm/oC typ, ± 7 ppm/oC max 

± 3 ppm/oC typ, ± 10 ppm/oC max 

±8 ppm/oC typo ±20 ppm/oC max 

DIGITAL OUTPUTS 
Logic Levels 

Logic "1" 
Logic "0" 

Logic Coding 
Unipolar Ranges 
Bipolar Ranges 

Fanout 

POWER SUPPLIES 
Power Supply Range 

±15V 
+5V 

Current Drains 
+15V 
-15V 
+5V 

Power Dissipation 

P.S.R.R. for 3 supplies 

P.S.R.R. (+ 10V ref) 

TEMPERATURE RANGE 
Operating C-Option 

Operating B-Option 

Storage 

2.4V min 
O.4V max 

Straight binary 
Offset binary 

5 TIL Loads 

± 14.5Vto ± 15.5V 
+ 4.5V to + 5.5V 

55 mA typ, 55 mA max 
68 mA typ, 60 mA max 
32 mA tyP, 45 mA max 

1.4W typ, 2.0W max 

0.005%/% max 

0.01%/% max 

O°Cto + 70°C 

- 55°C to + 125°C 

-65°C to +150°C 

ABSOLUTE MAXIMUM RATINGS 
+VCC 

-VCC 

VDD 

Analog Input Channels 

Digital Inputs 

NOTES: 
1. For unity gain 
2. Referred to input. 
3. Measured at output of StH. 

-0.5Vto +18V 

+0.5Vto -18V 

-0.3 to + 7V 

±35V 

- 0.3 to VDD + 0.3V 

4. Specifications refer to entire system from MUX input to AtD output with instrumentation 
amplifier G = 1 . 

5. Initial offset and gain errors are adjustable to zero with optional external potentiorneters 
6. FSR = full scale range. Unipolar FSR = 10V. Bipolar FSR = 20V. For a 12-bit system. 

1 LSB = 0.024% FSR. 
7. Includes MUX switching and settling time. instrumentation amp unity gain settling time 

and StH acquisition time. Specified for 10V step settling to 0.01 % FSR 
8. Measured at StH output with StH in hold mode 
9. Includes MUX address. MUX enable, clear and load inputs 

10. Unipolar 10V FSR is the basis for parts per million specifications 

PACKAGE OUTLINE 

DOT ON TOP 
REFERENCES 

PIN 1 

I--- 20 SPACES ----l I--- 0.150 
I AT 0.100 (2.5) EACH I I (3.810) 

5.2 ••••••••••••••••••• 3.2 _(~:~~g) 
I (~:~;g) 

9 SPACES 
BOTTOM VIEW • AT 0,100 

:'; ................... ;, r:f, ~::r'" . ., 
PIN SPACING IS 0.100 
INCHES ± 0.005 NON
CUMULATIVE (2,5mm) 

MAXIMUM PIN DIMENSIONS 
ARE 0.012 x 0.022 INCHES 
(0.3 x 0.5mm) 



PIN ASSIGNMENTS DIGITAL PIN FUNCTIONS 

PIN FUNCTION FUNCTION LOGIC 
NO. HS 9403-16 HS 9403-8 FUNCTION PIN NO. STATE DESCRIPTION 

1 CH31N CH3(+)IN 
2 CH21N CH2(+)IN 
3 CH11N CH1(+)IN 
4 CHO IN CHO(+)IN 

MUX ENABLE 5 "0" Disables internal MUX 
"1" Enables internal MUX 

EOC 7 "0" Signal acquisition cycle in 
progress 

"1" AID conversion in progress 
5 MUX ENABLE "1" to "0" Conversion complete 

6 R DELAY STROBE 8 "1" to "0" Initiates acquisition and 
7 EOC conversion of analog signal 

8 STROBE 
9 A8 

10 A4 
MUX ADDRESS OUT 

11 A2 
12 A1 

MUXADDRESS 9-12 Output of MUX address 
OUT register. Straight binary 

coding 

MUX ADDRESS 13-16 Selects MUX for random 
IN address mode. Straight 

binary coding 
13 RA8 LOAD 19 "0" Random address mode 
14 RA4 

MUX ADDRESS IN 
15 RA2 

initiated on falling edge of 
STROBE 

16 RA1 "1" Sequential address mode 

17 DIGITAL GROUND 
18 +5V 
19 LOAD ENABLE 

CLEAR 20 "0" Forces MUX address to 
CHO on next falling edge 
of STROBE regardless of 
LOAD and MUX address 

20 CLEAR ENABLE inputs 

21 ENABLE (BITS 9-12) 
22 BIT 12 OUT (LSB) 
23 BIT 11 OUT 

ENABLE 21 "0" Enables three-state outputs 
(BITS 9-12) bits 9-12 

"1" Disables three-state out-
puts bits 9-12 

24 BIT 10 OUT 
25 BIT 9 OUT 

ENABLE 26 "0" Enables three-state outputs 
(BITS 5-8) bits 5-8 

26 ENABLE (BITS 5-8) 
27 BIT 8 OUT 

"1" Disables three-state out-
puts bits 5-8 

28 BIT 7 OUT 
29 BIT 6 OUT 

ENABLE 31 "0" Enables three-state outputs 
(BITS 1-4) outputs bits 1-4 

"1" Disables three-state out-
30 BIT 5 OUT puts bits 1-4 
31 ENABLE (BITS 1-4) 
32 BIT 4 OUT 
33 BIT 3 OUT 
34 BIT 2 OUT 
35 BIT 1 OUT (MSB) 
36 GAIN ADJ ANALOG PIN FUNCTIONS 
37 OFFSET ADJ FUNCTION PIN NO. DESCRIPTION 
38 BIPOLAR INPUT 
39 SAMPLE/HOLD OUT 
40 + 10V REFERENCE OUT 

R DELAY 6 Connect external resistor to 
lengthen S/H acquisition time 
when instrumentation AMP is 

41 ANALOG SIGNAL GROUND 
42 ANALOG POWER GROUND 
43 +15V 
44 -15V 
45 EXTERNAL HOLD CAP HIGH 
46 EXTERNAL HOLD CAP LOW 

set for high gain (for normal 
operation, R DELAY tied to 
+5V). 

GAIN ADJUST 36 External gain adjust (optional) 
OFFSET ADJUST 37 External offset adjust (optional) 

BIPOLAR INPUT 38 For unipolar operation (0 to 
+ 10V), connect to pin 39 (S/H 

47 R GAIN LOW OUT). For Bipolar operation 

48 R GAIN HIGH 
49 INSTRU. AMP (+) INPUT 
50 INSTRU. AMP H INPUT 
51 CH151N CH7(-)IN 
52 CH141N CH6(-)IN 
53 CH131N CH5(-)IN 

(± 10V), connect to pin 40 
(+ 10V REF OUT) 

S/H OUTPUT 39 Sample-Hold output 

+10V REF OUT 40 Buffered + 10V reference output 
EXTERNAL HOLD 45,46 Add external polypropylene, 
CAPACITOR polystyrene or teflon hold 

capacitor to improve S/H droop 
54 CH121N CH4(-)IN rate (optional) 

55 CH111N CH3(-)IN 
56 CH10 IN CH2(-)IN 
57 CH9 IN CH1(-)IN 
58 CH8 IN CHO(-)IN 
59 CH7 IN CH7(+)IN 

RGAIN 47,48 Optional gain selection point. 
R = 20k/(G - 1). Leave open for 
G=1 

INSTRUMENTATION 49,50 Use when adding additional 
AMP INPUTS external multiplexers for ex-

panded single-ended or differ-
60 CH6 IN CH6(+)IN 
61 CH5 IN CH5(+)IN 
62 CH4 IN CH4(+)IN 

ential operation (see Appli-
cations Information). Connect 
pin 50 to analog common for 
HS 9403-16 
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APPLICATIONS INFORMATION 
NOTES: 

1. Input channels are protected to 20V beyond power 
supplies. 

2. To improve sample-hold droop rate, an external hold 
capacitor may be connected between external hold 
cap pins 45 and 46. Polypropylene or teflon capaci
tors are recommended for best results. Acquisition 
time must be increased accordingly. 

3. R GAIN (Q) = 20,000 (±0.1%typical) 
(GAIN-1) 

4. To increase acquisition time allotment, connect a 
resistor from R DELAY (pin 6) to + 5V (pin 18). 

R DELAY (Q) = AMP settling time -9K (see Table 1) 
10.9 

AMP 
INPUT RGAIN SETTLING SYSTEM 
RANGE GAIN (R) TIME R DELAY THROUGHPUT ACCURACY 

±10V 1 None 91'sec None 55.5 kHz 0.009% 

±5V 2 20 Ok 9!,sec None 55.5 kHz 0.0090/0 

±25V 4 6.667k 91'sec None 55.5 kHz 0.009% 

±1V 10 2.222k 91'sec None 55.5 kHz 0.009% 

±200mV 50 408.2 161'sec 7K 40.0 kHz 0.010% 

±100mV 100 202.0 30 I'sec 21K 25.6 kHz 0.011% 

± 50mV 200 100.5 6Ol'sec 51K 14.5 kHz 0.016% 

± 20mV 500 4008 1441'sec 135K 6.5 kHz 0.035% 

± 10mV 1000 20.02 2881'sec 279K 3.3 kHz 0.089% 

Table 1. Input Range Parameters 

MUX CHANNEL ADDRESSING 

The HS 9403-8 and HS 9403-16 are capable of having 
their input multiplexer channels either randomly or 
sequentially addressed. 

ADDRESS MUX ADDRESS 
MODE ENABLE LOAD CLEAR INPUTS 

Random Next channel On channel "1" to "0" 

Sequential Don't care On channel "1" to "0" 

Free·Running Don't care On channel "1" to "0" 
Sequential 

Table 2. 
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RANDOM ADDRESS 
Set LOAD (pin 19) to LOGIC "0". The next falling edge 
of STROBE will load the MUX channel address present 
on pin 13 to pin 16. Address inputs must be stable 50 
nsec before and after falling edge of STROBE pulse. 

TRIGGERED SEQUENTIAL ADDRESS 
Set LOAD (pin 19) and CLEAR (pin 20) to LOGIC "1 ". 
Applying a falling edge trigger pulse to STROBE (pin 8). 
This negative transition causes the contents of the ad
dress counter to increment by one followed by a 
sample-hold acquisition and AID conversion. Chang
ing digital data appearing at the address inputs will not 
affect the HS 9403 when it is in the sequential address 
mode. 

FREE-RUNNING SEQUENTIAL ADDRESS 
Set LOAD (pin 19) and CLEAR (pin 20) to LOGIC "1" 
Connect EOC (pin 7) and STROBE (pin 8) together. 
The falling edge of EOC will increment channel 
address. When the EOC goes low, the digital output 
data is valid for the previous channel for approximately 
10 sec while the multiplexer is switching channels 
and the SIH is acquiring the new signal. 

VALID OUTPUT 
During the conversion (EOC high), the output of the 
AID is changing during the successive approximation 
sequence. If the outputs are connected to a Data Bus, 
the enable inputs (pins 21, 26 and 31) must be held 
high to prevent invalid data from reaching the bus. If 
data is to be read immediately after conversion is com
pleted, connect EOC to ENABLE (bits 1-4), ENABLE 
(bits 5-8) and ENABLE (bits 9-12), pins 21,26 and 31. 
This will tri-state the outputs during conversion and 
enable them during the acquisition period. 

ADDRESS INPUTS MUX CHANNEL 
AS A4 A2 A1 ENABLE SELECTED 

X X X X 0 None 
0 0 0 0 1 0 
0 0 0 1 1 1 
0 0 1 0 1 2 
0 0 1 1 1 3 
0 1 0 0 1 4 
0 1 0 1 1 5 
0 1 1 0 1 6 
0 1 1 1 1 7 HS 9403-8 

1 0 0 0 1 8 
1 0 0 1 1 9 
1 0 1 0 1 10 
1 0 1 1 1 11 
1 1 0 0 1 12 
1 1 0 1 1 13 
1 1 1 0 1 14 
1 1 1 1 1 15 HS 9403-16 

Table 3. MUX Channel Addressing 



APPLICATIONS INFORMATION (continued) 

INPUT EXPANSION 
The HS 9403 can be easily expanded to 32 single
ended channels or 16 differential channels. When ex
tending channel capacity, the multiplexer settling time 
must be extended through the use of R DELAY (pin 6). 

CHO(+) 

CH1S(+) 

A1 
MUX 

A2 ADDRESS 
INPUTS A4 

As 

STROBE 

CHO(-) 

CH1S(-) 

MSB 

HS 9403-16 

AS A4 A2 A1 
LSB 

II 9 
~ 
a.. 
::!E 
c( 

INSTRU. 
AMP(-) 
INPUT 

+SV 

~------~~~~---oAS 

~--------__ ~~---oA4 MUX 

1--------------+----0 A2 ~~~~~~~ 
I--------------+----<l A1 

Figure 2. 16-Channe/ Differential Input Expansion 

ORDERING INFORMATION 

MODEL TEMPERATURE 
NUMBER RANGE DESCRIPTION 

HS 9403C-8 O°C to +70°C 8 differential input, 12-bit, data 
acqusition system (DAS) 

HS 9403C-16 O°C to +70°C 16 single-ended input, 12-bit, 
DAS 

HS 94038-8 -55°C to +125°C 8 differential input, 12-bit, DAS 
MIL-STD-883C 

HS 94038-16 -55°C to +125°C 16 single-ended input, 12-bit, 
DAS MIL-STD-883C 

HS 9403C-16 
FP O°C to +70°C 16 single-ended input in flat 

pack 

HS 94038-16 
FP -55°C to +125°C 16 single-ended input, in flat 

pack, MIL-STD-883C 

Specifications subject to change without notice 

C H00---j""-

! HS 9403-16 
I 

CH 1So--!-
AOA2A4As ASA4A2A1 

Ao J I~ ~ ~ ~ +~- ANALOG 
A2_ l:-'ID SIGCOM Z z c( 

A4 --z 
a..a..UJ 

AS 
::!E::!E x 
c(c(:::l 

::!E 

A 160- r- 0 NEGATIVE a I--
EDGE-

TRIGGERED 

BEo->- CK FLIP FLOP a I--

,..---
MUX OUT r--o---r- ENABLE 

~A16 
CH16 

I 
16 CH AS AS I 

I 
MUX A4 ~A4 I 

o--l- A2 A2 

A1 A1 
CH31 

-----
Figure 3. 32-Channel Single-Ended Input Expansion 

MSB 

LSB 

M UX 
DDRESS 
UTPUTS 

A 
0 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon
nected devices are subjected to high energy electro-static 
fields. Unused devices must be stored in conductive 
foam or shunts. Protective foam should be discharged to 
the destination socket before devices are removed. 
Devices should be handled at static safe workstations 
only. Unused digital inputs must be grounded or tied to 
the logic supply voltage. Unless otherwise noted, the 
voltage at any digital input should never exceed the sup
ply voltage by more than 0.5 volts or go below - volts. If 
this condition cannot be maintained, limit input current on 
digital inputs by using series resistors or contact Hybrid 
Systems for technical assistance. 
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TIMING DIAGRAM 

STROBE 

----y~--------------~~~--~ , 
, 

-----I 1--40 nsec MIN 

EOC : 9 !,sec TYP 9 !,sec TYP CHO 

~. .1· -I DATAVALID I 
I ACQ~I~~TION I CON~~~SION I ACQ~I~~TION I CON~~~SION 

---l 1--40 nsec MIN 

~ ~'------EXTERNAL i STROBE PULSE 

~~ I I I ! ACQ~~WION I CON~~~:ION I 
CH12 

DATA VALID 

:, 
LOAD ----~,----------------~--------------~:--~\~L----~:----------------------

I : ::, ~'q : 
CLEAR I' ." -I tl, t2 ;;, 50 nsec I: I : I . \'~'-------+!----------------------

i , i -l I--t ;;, 50 nsec 

RA8 ~d\\\\\\WDON'T CARE\\\\\"\:..~'0\\~\\\%~\'\'0\\\\\\\\\~\i r-t=J----,---~---------------------, , , 
RA4 *,~~~\\\\~DON'T CARE~\\~\\\~'0\\\\'0\\t'\'»\\\\\\~~~ t==J 
RA2 »""'\"& ~ \\\\\'\§DON't (:W!¢1\'0 ""'~~ \\\\"*'''&\,\,»\\\\,\,»\\ \\\\ ~\\\0 '\{ t==J\-__ ----L __ -:-__________________ _ 

RAl ~'%~~~DON'T CARE~\~\\\\\\\\\\\\\\~'&\\\\"&~\\\"\{t=J \-__ -+ __ -;-__________________ _ 
: : ~: 

A8 ===-' ! \ \ SELECTED ----: r!:=-4":":0,-n-se-c-=T:"::YP::-------------

, , ,--------------------
! \ \ I 
I: I 

A2 ===-' r \ L--_____ _ 

, 
Al~ 

I 
---l F40 nsec TYP ~ '\-, ______ ----:--:--__________________ _ 

, CHl ADDRESSED CH2 ADDRESSED : I CH12 ADDRESSED CHO ADDRESSED 
CODE 

ADDRESS MODE f.-CLEAR_ .. ~I .... ---SEQUENTIAL (EOC TIED TO STROBE)I-----•• +oI .. ----RANDOM---_ .. 
MAY CHANGE 

OR 
DON'T CARE 

OFFSET AND GAIN ADJUST CONNECTIONS 
The HS 9403 offset and gain adjustments may be 
made by connecting two 20K trim potentiometers as 
shown below: 

+15VDC 

(36) 
GAIN ADJUST 

20K 

HS 9403 

(37) 
OFFSET ADJUST 

20K 

1 5VDC 

Figure 1. Offset and Gain Adjust Connections 

Offset Adjustment - Connect the OFFSET poten
tiometer as shown above and apply an analog input 
voltage equivalent to + V2 LSB if operating in a uni
polar mode or - FS + 1/2 LSB if operating in a bipolar 
mode. While performing repeated conversions, adjust 
the offset potentiometer down until all output bits are 
"0". Then adjust up until the LSB just turns to a "1 " 

Gain Adjust - Connect the gain potentiometer as 
shown and apply an analog input voltage equivalent to 
+ FS -1 V2 LSB. While performing repeated conver
sions, adjust the gain potentiometer up until all the out
put bits are "1". Then adjust down until the LSB just 
turns to "0". . 

NOTE: 
Since the offset adjustments effects the gain of the 
system, offset voltage must be adjusted first. 
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DIGITAL OUTPUT CODING 

+ FS -1 LSB 
+V2 FS 
+1 LSB 
ZERO 

+FS -1 LSB 
+V2 FS 
+1 LSB 
ZERO 
-FS + 1 LSB 
-FS 

UNIPOLAR 
o to + 10V 

+ 9.9976 
+ 5.0000 
+ 0.0024 

0.0000 

BIPOLAR 
±10V 

+ 9.9951 
+ 5.0000 
+ 0.0049 

0.0000 
- 9.9951 
-10.000 

o to +5V 

+4.9988 
+2.5000 
+0.0012 

o.oobo 

±5V 

+4.9976 
+2.5000 
+0.0024 

0.0000 
-4.9976 
-5.0000 

GROUNDING CONSIDERATIONS 

STRAIGHT BINARY 

1111 1111 1111 
1000 0000 0000 
0000 0000 0001 
0000 0000 0000 

OFFSET BINARY 

1111 1111 1111 
1100 0000 0000 
1000 0000 0001 
1000 0000 0000 
0000 0000 0001 
0000 0000 0000 

The HS 9403 brings out separate pins for analog 
power ground, analog signal grounds, and digital 
ground. All three should be connected together as 
close to the unit as possible and connected to system 
analog ground. If the ground pins cannot be con
nected directly at the package, wide low resistive 
ground lines should be used and a non-polarized 
capacitor (0.1 to 1 /A F) should be connected between 
analog and digital ground directly at the package. 

Internal 0.01 /A F ceramic decoupling capacitors are 
used in the device. However, it is advisable to add a 
1 /A For 10 /A F tantalum capacitor to each power sup
ply pin from the central ground point to minimize 
power supply noise problems. 
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SIGNAL PROCESSING EXCELLENCE 

HS9404/9408 

8-CHANNEL, 12-BIT 
DATA ACQUISITION SYSTEM (DAS) 

FEATURES 
• Complete 12-bit DAS 

8-channel multiplexer 
Instrumentation amp with programmable gain 
Sample/hold circuit 
12-bit NO 
3-state output buffer 

.40 pin DIP 
• 35 kHz throughput 
• Low power 

DESCRIPTION 
The HS9404 and HS9408 are compact single
package solutions to multichannel acquisition ap
plications. These units are complete data acquisi
tion systems which include input multiplexing, in
strumentation amplifier with programmable gain, 
sample and hold circuit, 12-bit NO converter, and 
control logic. Accuracy and linearity are specified 
for the complete system from analog input to digital 
output. The need for ordinary component specifi
cations such as instrumentation amp linearity. gain 
accuracy, and sample-hold pedestal error are 
eliminated, as they are guaranteed in system 
specifications. 
The HS9404 offers four differential inputs while the 
HS9408 provides eight single-ended inputs. Both 
devices feature overvoltage input protection (to 
± 35V) and the instrumentation amp provides gain 
ranges of 1 to 100·. The gain range is selected 
through the use of a single external resistor and 
allows a variable input range of ± 100 mV to ± 10V. 

FUNCTIONAL DIAGRAM 

CHO/CHO HI 

CH2JCH2 HI 

CH4/CHO LO 

CHS/CHll0 

CH6/CH2tO 

(39)(38)(37) 

-MA2 MAl MAO 

GAIN GAIN AMP 
- our STATUS 

ANA DIG + 5V + 15V - 15V 
GND GND 

Expansion to seven differential or fifteen single
ended inputs is easily accomplished with two addi
tionallCs. 
Total system linearity is specified as ± 1/2 LSB at 25°C 
and ± % LSB is guaranteed over the military 
operating temperature range. System throughput 
rates of up to 35 kHz can be achieved, while a 
three-state output buffer permits easy interface with 
a microprocessor bus. 
The HS9404 and HS9408 operate from ± 15V and 
+5V with a total power dissipation of 655 mWand 
650 mW respectively. Both models are offered in 
40-pin ceramic packages and are specified for 
operation from O°C to 70°C for commercial grades 
and -55°C to + 125°C with MIL-STD-883 Rev. C, 
Levels B or S screening for military grades. 

'Gain can be set to higher values but operation to 12-bit 
accuracy is not guaranteed. 

GAIN BIPOLAR OFFSET 
ADJ ADJ. 

(15)(17) (16) 

12-81T 

AID 
WITH 

THREE-STATE 

f------I:=~~!.(); BIT 1 (MSB) 

(31) 

I---~"?{J BIH 

f------Ie:.::!<) BIT 5 

OUTPUT f------I"-'O BIT 7 
BUFFER BIT 8 

f------I"-'O BIT 12 (lSB) 

(36)35) (34) 

REF RIC MODE CS 

OUT 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise specified) 

ANALOG INPUTS 
Number of Inputs 

HS 9404 
HS9408 

Input Voltage Range3 

Unipolar 
Bipolar 

Common Mode Voltage Range 

CMRR2 
G = 1 @ 200 Hz, Vcm = 20 Vpp 

Input Bias Current 
+25°C 
- 55°C to + 125°C 

Input Resistance 

Input Capacitance 
OFF Channel 
ON Channel 9404 

9408 

Gain Equation (AV) 

DIGITAL INPUTS (tMIN to tMAX) 

Logic Levels (RIC, MODE, CS) 
Logic "1" 
Logic "0" 

Logic Loading 

STATIC PERFORMANCE3 
Integral Nonlinearity5 (K) 

(T) 
(S,J) 

Differential Nonlinearity (T,K) 
(S,J) 

No Missing Codes (T,K) 
(S,J) 

Unipolar Offset Error3,. 

Bipolar Minus Full Scale Error3,4 

Gain Error' 

Channel to Channel Offset Voltage 

DYNAMIC PERFORMANCE 
Throughput Rate: 

Gain ~ 1 
Gain = 10 
Gain = 100 

System Acquisition Time (20V step, 
0.01%) to AID Input 

AID Conversion Time 
SfH Feedthrough Attenuation 

MUX Crosstalk Attenuation (off isolation) 

t Settling, MUX IN to AMP OUT 
(0.01%) 

Gain =1 
Gain = 10 
Gain = 100 

Slew Rate, AMP OUT 

Adjacent Channel Coupling Error7 

(VIN = 20 Vp-p sine wave) 

DRIFT CHARACTERISTICS 
Integral Nonlinearity 

Differential Nonlinearity 

Unipolar Offset6 

Bipolar Zer06 

Gain6 

DIGITAL OUTPUTS 
Logic Levels 

Logic "1" 
Logic "0" 

Leakage 

Logic Coding 
Unipolar Range 
Bipolar Range 

POWER SUPPLIES 
Power Supply Range 

PSRR (all supplies) 

Current Drain 

+15V 
-15V 
+5V 

Power Dissipation 

530' 

4 Differential 
8 Single-Ended 

Oto +10V 
± 10V or ±5V1 

±10V 

90dB 

± 15 nA typ, ± 100 nA max 
± 200 nA (max) 

1012Qtyp 

5 pF 
10pF 
10pF 

20K + 1 

RG 

2AV min 
0.8V max 

1 LSTIL load max 

± V2 LSB over temperature 
± 3,4 LSB over temperature 
± 1 LSB over temperature 

± 1 LSB over temperature 
± 2 LSB over temperature 

12 bits over temperature 
11 bits over temperature 

±0.05%max 

± 0.05% typ, ± 0.1 % max 

± 0.1 % typ, ± 0.3% max 

1 mVmax 

35 kHz 
28 kHz 
15 kHz 

3.5", sec typ, 10", sec max3 

20", sec typ, 25", sec max 
90dB 

68dB 

2.5", sec 
10", sec 
40 ",sec 

13V/",sec 

- 78 dB @ 40 kHz 
-90 dB @ 0.5 kHz 

±2ppm/oC 

±2 ppmfoC 

±10ppmfoC 

±10ppm/oC 

±25 ppm/oC 

2AVmin 
OAV max 

±51lA max 

Straight binary 
Offset binary 

±15V, ±5% 
5V, ±5% 

0.002%f% typ, 0.005%f% max 

HS 9404 

27mA 
15mA 
5mA 

655mW 

HS 9408 

22mA 
18mA 
10mA 

650mW 

TEMPERATURE RANGE 
Operating (J,K) 

Operating (S,T) 

Storage 

PACKAGE 
Weight 

NOTES: 
1. Input range selected at factory. 
2. HS 9404 only. 
3. Unity gain configured. 
4. Adjustable to zero; see application 

notes. 
5. End point definition. 

PACKAGE OUTLINE 

kll! 

O°Cto +70OC 

-55°C to + 125°C 

-65°C to + 150°C 

15 grams 

6. Gain and offset drift specifications as stated 
in data sheet are maximum (average) limits 

~~~~~h~~~r~r~ ~~m~¥~e range. tested 

7. For best performance above 1 kHz. con
nect package lid to analog ground. 

(53.74) 
----------~M~~-------- I I 0.250 -+ _I::) 

21° 

r ~f .!.H!l l!,t!!!t 
!(20.32) (1

1
4) 

MAX 

1 ZOo 
0.020 

°40 

40 PIN 

.1 

TOP VIEW (mJ 

NOTE: Initial commercial offerings will be in ceramic wilh future offerings in plastic. 

PIN ASSIGNMENTS 
PIN FUNCTION PIN 

1 CHO/CHOHI 40 
2 CHlfCHl HI 39 
3 CH2fCH2 HI 38 
4 CH3/CH3 HI 37 
5 CH7fCH3 LO 36 
6 CH6/CH2 LO 35 
7 CH5/CHl LO 34 
8 CH4fCHOLO 33 
9 +15V 32 

10 GAIN(-) 31 
11 GAIN(+) 30 
12 AMP OUT 29 
13 REF OUT 28 
14 ANALOGGND 27 
15 GAIN ADJ 26 
16 OFFSET ADJ 25 
17 BIPOLAR 24 
18 -15V 23 
19 DIGITALGND 22 
20 +5V 21 

• HS 9408 only. 

ABSOLUTE MAXIMUM RATINGS 
(HS 9404/HS 9408) 
+ 15V(+VDD) .. 

-15V(-VDD) . 

+5V (+VCC). 

Analog GNDto Digital GND .. 

Digital Inputs to Digital GND 

Analog Inputs to Analog GND 

FUNCTION 

LATCH 
MA2* 
MAl 
MAO 
RfC 
MODE 
CS 
BIT 1 (MSB) 
BIT2 
BIT3 
BIT 4 
BIT5 
BIT6 
BIT 7 
BIT8 
BIT9 
BIT10 
BIT11 
BIT 12 (LSB) 
STATUS 

+ 16.5V 

-16.5V 

+7V 

±0.5V 

+5.5V max 
-0.5V min 

Pinslthrough8 ... " ............. ±35V 
Pinsl0.11, 15.16.17....... .. .. ±VDD 

AmpOuttoAnalogorDigitalGND. Indefinite short circuit 

REF OUT to Analog or Digital GND Indefinite short circuit 
to ± VDD . 100 ms short circuit 

Voltage on Digital Ouputs in Tri-State Mode ..... + VCC + 0.5V max 
-0.5V min 

Lead Temperature, Soldering .. 300°C, 10 sec 



APPLICATIONS INFORMATION 

CONTROL FUNCTIONS 

The HS 9404/HS 9408 contains control functions 
necessary to provide for microprocessor interface. 
All control functions are defined in Tables 1, 2, and 3. 

FUNCTION DEFINITION FUNCTION 

RIC Read/Convert 1.L initiates conversion 

2. High (1) init@1es read 
along with CS low 

CS Chip Select 1. High (1) disconnects 
data bus 

2. low (0) connects data 
bus, must be low for 

conversion to start 

latch latch 1. High (1) transparent 
2. low (0) MUX address 

latched 

MAO Multiplexer Select Channels 
MA1 Address (see MUX logic Table 3) 
MA2* 

MODE 12-bitiS-bit 1. High (1) indicates 8-bit 
conversion 

2. low (0) indicates 
12-bit conversion 

• HS 9408 only. 
Table 1. Defining the Control Functions 

CONTROL INPUTS 

R/C CS OPERATION 

L 0 Initiates conversion 

1 1 Output goes to high impedance state 

1 0 Initiates read 

Table 2. Truth Table - Contro/lnputs 

MUX ADDRESS INPUTS CHANNEL SELECTED 

MA2* MAl MAO HS 9404 HS 9408 

0 0 0 CHO HI/CHO lOW CHO 

0 0 1 CH1 HI/CH1 lOW CH1 

0 1 0 CH2 HIICH2 lOW CH2 

0 1 1 CH3 HI/CH3 LOW CH3 

1 0 0 - CH4 

1 0 1 - CH5 

1 1 0 - CH6 

1 1 1 - CH7 

NOTES: 
• Applies to HS 9408 only. Latch high allows MUX address to MUX. 

Latch low latches the address present during low edge and keeps that channel 
selected. 

Table 3. Truth' Table - Multiplexer Address 

TIMING 

The timing diagram in Figure 1 shows how the 
HS 9404/HS 9408 works when controlled by a 
microprocessor. The normal sequence of events is 
as follows: 

1. The input signal is acquired by the MUX, AMP 
and S/H (track mode) after the MUX address is 
changed. 

2. A conversion is initiated by the RIC control line 
going to logic "a". Concurrent with this event, the 
status line goes to logic "1" to indicate the AID is 

"busy". When the AID is "busy", the S/H is in 
the hold mode. 

3. The AID indicates completion of the conversion 
by returning the status line to logic "0". 

4. Data is placed on the output bus when the RIC 
control line is set to logic "1" and when the CS 
line is set to logic "0". 

Reference Figure 1 for timing constraints of various 
operations. 

Figure 2 shows the timing requirements for stand
alone operation. The major difference between 
stand-alone and bus compatible operation is the use 
of the CS control line. Since stand-alone operation 
does not require the output data to arrive at a 
specified time, the CS line is kept at logic "0". This 
presents output data immediately after conversion is 
complete. Reference Figure 2 for timing constraints 
of various operations. 

cs ------:t:-cs-~--;-I "'....e--__ ~I 
: -I 1-100 

LATCH-------~:---------+,------+----------
I I 

: ' 
MAN ADDRl x:§:X ADDR3 ,I 
----~I I I~----~----~----------

:tAT~ f 

~tHAl I 

RIC --------' --;j I i .-1------+---------
: -: I-tRS 

: : 
STATUS ______ ---'V!--tcON --:'''-___ +-____ _ 

!..--tOE ~ 1-4- tov 

DIGITAL HIGH IMPEDANCE (I r-----------------------------------1 DATA 1 VALID 
OUTPUT . 

les - CHIP SELECT DELAY TIME - 100 nsec MAX. 
too - OUTPUT DISABLE DELAY AFTER L OF STATUS - 35 nsee MAX. 

tAT - ~~J~~:g~~~~1~N~~IME OF MUX, AMP, SIH (TRACK MODE) -

tHA - S/H HOLD APERTURE TIME - 500 nsee. (MINIMUM TIME BEFORE SWITCHING 
MUX ADDRESS) 

tRS - READ SETUP TIME - 0 nsee MIN. 
toE - OUTPUT ENABLE SETUP TIME - 0 nsee MIN. 
tov - DATA VALID TIME - 250 nsee. 
icON - CONVERSION TIME OF AID - 251'see (12 BITS) MAX 

19 I'see (8 BITS) MAX 

Figure 1. Timing for Bus Compatible DAS 

CS __ ~L~OW~ ________________________________ _ 

LATCH -------------------, 

*-tAA-----l ~! --i !--tHA 
MAN ~;-' "7A=:DD:::-R2:-1t---~----l: ____ x: 

_ ~t,u""'; I--tHA: ~IAT--i 
R/C~tCPl rtASH~ U 

! :--: 
STATUS -----""'Il~ 

tFD-!r-

g~+~t\ ===)---~ 
PREVIOUS DATA DATA 1 DATA 2 DATA 3 

tAT - TOTAL ACQUISITION TIME OF MUX, AMP, S/H (TRACK MODE) -
THIS IS THE TIME FROM CHANGING THE ADDRESS TO STARTING A NEW 
CONVERSION. SEE SPECIFICATIONS. 

IcP1 - NEGATIVE CONVERT PULSE WIDTH - 50 nsec MIN., 1 I'see MAX. 
IFO - OUTPUT FLOAT DELAY TIME - 150 nsee. 
icON - CONVERSION TIME OF AID - 25 I'see MAX. 
IHA - S/H HOLD APERTURE TIME - 500 nsee. 
tAA - MUX AND AMP ACQUISITION TIME - SEE SPECIFICATIONS. 
tASH - S/H ACQUISITION TIME - 71'see TYP., 10 I'sec. MAX .. 
tov - DATA VALID TIME - 1000 nsee MAX, 250 nsee MIN. 
lLA - LATCH TO ADDRESS CHANGE TIME - 30 nsec. 
lLw - LATCH PULSE WIDTH - 80 nsee MIN. 

Figure 2. Timing for Stand-Alone Operation 
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OFFSET AND GAIN CONNECTIONS 

The DAS is normally used with external offset and 
gain calibration potentiometers. However, if maxi
mum accuracy is not required, they may be omitted. 
The offset control has a range of about ± 20 LSB, 
and the gain control has a range of about ± 13 LSB. 

Proper gain and offset calibration requires great 
care and the use of extremely sensitive and accur
ate instruments. The voltage source used as a sig
nal input must be very stable. It also should be 
capable of being set to within 1/10 LSB at both ends 
of its range. 

The DAS's offset and gain adjustments are indepen
dent of each other if the offset adjustment is made 
first. To minimize transition noise at the gain and off
set pins, a 1 /J F decoupling capacitor should be 
connected as shown on the diagram of Figure 3. 

""1 20K 

-15V 

""! 20K 

-15V 

MUX 
ADDRESS 

ANALOG 
INPUTS 

Vf R2 

6K 

Vo R, 

4K 

+1~F 

~1~F 

HS 9404/9408 

37-39 22-33 

1-8 

15 GAIN 
ADJ. 

MODE 35 

RIC 36 

STS 21 

+5V 20 

+15V 9 

-15V 18 

DIGGND19 

DBo-DBl1 

Figure 3. Gain and Offset Input Connections 

OFFSET ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 
a) Set input voltage precisely to + 1/2 LSB. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001. 

2. For bipolar ranges: 
a) Set input voltage precisely to 112 LSB above 

-FS. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001 . 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to 112 LSB less than 
"all bits on" value. Note that this is 1-1/2lSB less 
than nominal full scale. 

2. Adjust gain control until converter is switching 
from 11111111111 0 to 111111111111 . 
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GAIN ADJUSTMENT PROCEDURE (continued) 

Table 4 summarizes the offset and gain adjustment 
procedure and shows the proper input test voltages 
used in calibrating the DAS. 

Adjust input to point 
where converter is 

Input just on the verge of 
Voltage Input switching between 
Range Adjustment Voltage the two codes shown.' 

OFFSET 1.22mV 0000 0000 0000 
Oto +10V 

GAIN 9.9963V 1111 1111 1110 

OFFSET -4.9988V 0000 0000 0000 
±5V 

GAIN 4.9963V 1111 11111110 

OFFSET -9.9976V 0000 0000 0000 
±10V 

GAIN 9.9927V 1111 1111 1110 

'Codes shown are natural binary for unipolar input ranges and offset binary for 
bipolar ranges. 

o = transition between logic "1" and logic "0". 

Table 4. Calibration Data 

Note: For bipolar operation, OFFSET adjust sets 
-full scale (or all zeros out code), not OV in 
(midscale code). 

The offset and gain adjustments at pins 16 and 15 
only affect the AID converter. The offset adjustment 
as shown should have enough range to compensate 
for any internal errors. If the internal amplifier is used 
at greater than unity gain, a gain adjustment should 
be added to the RG circuit of the instrumentation 
amplifier. Note: If the gain and offset pins are not 
being used, they should be left floating. 

GROUNDING CONSIDERATIONS 

To insure maximum accuracy, the HS 94041 
HS 9408s have a separate analog and digital 
ground; these two grounds must be routed properly 
to prevent DC and transient errors. 

DC errors can be caused by current flowing through 
a run resistance between the system ground 
reference and the DAS ground reference. (One mA 
through 2.5Q will cause an LSB of error.) The best 
way to prevent this type of error is to connect the 
digital and analog grounds very close to the HS 
9404 or HS 9408 and use this point as the system 
ground. This can be done as a so-called "star 
ground" as shown in Figure 5a or as shown in 
Figure 5b. In Figure 5a, the single common ground 
reference insures no ground current or ground loop 
errors. The circuit of Figure 5b sends all digital cur
rents to the digital supply reference thereby prevent
ing any digital current flow through a common 
ground supply return. 



APPLICATIONS INFORMATION (continued) 

GROUNDING CONSIDERATIONS (continued) 

Figure Sa. 

Figure 5b. 

Since all ground currents are returned to their 
respective power supplies, no current flows through 
the connection between analog and digital ground; 
this causes both ground points to be at the same 
potential. If possible, a ground plane should be 
placed underneath the package to reduce noise 
pickup. If this is not the case, do not run any digital 
lines underneath the package. The HS 9404/9408 
Series has been layed out such that the analog sec
tion is on pins 1 through 20 and the digital section is 
on pins 21 through 40. To get 12-bit accuracy, the 
PC board should adhere to the same general layout 
rules. 
To minimize transient-caused errors, decoupling 
capacitors are recommended between all supplies 
and their respective grounds. The HS 9404 and 
HS 9408 have three 0.01 ~ F ceramic bypass 
capacitors inside, so an external 10 f.'F for each 
supply should be all that is required. 

INSTRUMENTATION 
AMPLIFIER & ANALOG FRONT END 

The HS 9404 has a full instrumentation amplifier with 
high impedance differential inputs and resistor pro
grammable gain. The output of the amplifier is avail
able for driving other analog circuitry or accessing 
the signal after amplification. Be aware that any 
loading in excess of 2 K ohms in parallel with 10 pF 
will adversely affect output voltage swing and set
tling time. 

The formulas for calculating gain and the gain 
resistor are as follows: 

AV = 20K + 1 
RG 

RG = 20K 
AV -1 

Some typical values are as follows: 

5 10 50 100 GAIN 

RG infinite 5.000 K Q 2.222 K Q 408.2 Q 2020Q 

Special care must be exercised when operating at 
high gains (>20) to avoid coupling error signals into 
the relatively high impedance GAIN (-) and GAIN 
( + ) pins. The gain set resistor should be placed as 
close to the HS 9404/9408 package as possible and 
the connections should be guarded with a quiet, low 
impedance signal trace such as analog ground, 
REF OUT, + 15V or AMP OUT. The use of a ground 
plane is preferred. To minimize gain errors due to 
temperature, a low drift (low temperature coefficient 
of resistance) resistor should be used for RG with a 
TCR<25 ppm/oC over the required temperature 
range. 

Reference output current capability decreases as 
temperature increases. If REF OUT must supply 
more than ± 1 mA above 70 oe, an external current 
buffer is recommended. 

If the circuit is to be used at or near its maximum 
throughput rate, care must be used to prevent 
dynamic errors due to source impedance at the 
multiplexer inputs. If a low-pass anti-alias filter is 
used at the analog inputs (Figure 6a), it is suggested 
that a buffer be used (Figure 6b) to eliminate 
charge-transfer errors between CFILTER and 
CMUX,AMP (Figure 6c). 

Vs 

Vs 

HS 94041 

RS RFILTER 
HS 9408 

.--'VV\r---VVl,,-,-----! ~~:LOG 
IN 

eFILTER r 
Figure 6a. (not recommended) 

HS 94041 
HS 9408 

>--,.--1 ~~:LOG 
IN 

Figure 6b. (recommended) 

RS RFILTER 

i~~;:g:' 
I RMUX 

CMUX, AMP 

Figure 6c. (equivalent circuit of 6a) 

The multiplexer used on the military processed 
devices is made with dielectrically isolated CMOS 
analog switches. They can withstand a continuous 
voltage of 10 volts greater than either supply and 
transient spikes of several hundred volts. This can 
eliminate the need for complex protection. The com
mercial devices use a multiplexer which can with
stand voltages no greater than VSUPPL y4. Thus, 
for commercial devices, make sure that power is ap
plied to the device before or at the same time 
analog voltages appear at the MUX. This will save 
the device from destruction. 
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APPLICATIONS INFORMATION (continued) 

UNIPOLAR/BIPOLAR CONFIGURATION 

The HS 9404/HS 9408 - 2 are 20 volt range units 
which must be operated in bipolar configuration to 
give a ± 10V input signal range (for unity gain 
amplification). The HS 9404/HS 9408 - 1 are 10 volt 
range units which can be operated in unipolar or 
bipolar modes. 

To connect for bipolar operation, short pin 17 to pin 
13. For unipolar operation, short pin 17 to analog 
ground. 

Noise performance is improved in bipolar mode if 
pin 17 is decoupled to analog ground with a 0.01 I-' F 
ceramic capacitor. (This value may be inadequate at 
+ 125°C, causing the reference to oscillate.) 

INPUT EXPANSION 

The DAS is configured with either an 8-channel 
single-ended or 4-channel differential input. This 
was done to optimize package size and cost. In the 
event the user wishes to increase the number of in
put channels, examples of input expansion are 
shown in Figures 7a and 7b. 

ADDR2 

0 
0 
0 
0 
1 
1 
1 
1 

ADDR1 AD ORO 

0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
1 1 

INPUT EXPANSION FOR HS 9408 
(FROM 8 TO 15 CHANNELS) 

MA2 MA1 MAO 

'------lEN 
INS CHO 
IN9 CH1 
IN10 CJ-I2 
IN11 CH3 
IN12 CH4 HS 

m~: g~~ 750801 

Figure 7a 

ADDR3 2 1 0 

a a a a 
a a a 1 
a a 1 a 
a a 1 1 
a 1 a a 
a 1 a 1 
a 1 1 a 
a 1 1 1 
1 a a a 
1 a a 1 
1 a 1 0 
1 a 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 
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CHANNEL OUT 

NONE 
±IN1 
±IN2 
±IN3 
±IN4 
±IN5 
±IN6 
±IN7 

IN7 
IN6 
INS 
IN' 
IN3 
IN2 
IN' 

CHANNEL OUT 

NONE 
IN1 
IN2 
IN3 
IN4 
IN5 
IN6 
IN? 
IN8 
IN9 
IN10 
IN11 
IN12 
IN13 
IN14 
IN15 

INPUT EXPANSION FOA HS"eM 
(FROM 4 TO 7 CHANNELS) 

Figure 7b 

=:: 
-IN7 

To allow the HS 9404/9408 to be used with an 8-bit 
bus, Figure 8 should be utilized. 

.-------, MSBI 
33 
32 
31 

PARTIAL 30 
DIAGRAM 29 
FOR 28 
HS 94041 27 
HS 9408 26 

25 
24 
23 
22 

IVUB = TIME FOR UPPER BITS TO GO TO HIGH IMPEDANCE - 125ns 
IVLB = TIME FOR LOWER BITS TO REACH VALID STATE - 250ns 

Figure 8. 8-Bit Bus Read Mode - 12-Bit Conversion 

CAUTION: ESD (Electro-Static Discharge) sensitive 
device. Permanent damage may occur when uncon
nected devices are subjected to high energy electro
static fields. Unused devices must be stored in con
ductive foam or shunts. Protective foam should be 
discharged to the destination socket before devices 
are removed. Devices should be handled at static safe 
workstations only. Devices should never be plugged in 
under power and the PC board the device is in should 
be handled with caution. Unused digital inputs should 
never exceed the logic supply by 0.5 volts or go below 
ground by 0.5 volts. Thus, when powering up these 
devices, all supplys should come on at the same time. 
If not, a logic" 1 " on an unpowered device can 
destroy the digital inputs. 

ORDERING INFORMATION 

MODEL INTEGRAL INPUT TEMPERATURE 
NUMBER LINEARITY RANGE(S) RANGE SCREENING 

HS 94DX·Jl ± 1 LSB ±5V.Dto+1DV DOC to +7Doe 

HS 94DX·J2 ±1 LSB ± lDV ooe to +7Doe 

HS 94DX·Kl ±'12 LSB ±5V.Dto+l0V ooe to + 70°C 

HS 940X·K2 ±V2 LSB ± 10V DOC to + 70°C 

HS 94DX·S/B·l ±1LSB ±5V.Dto+l0V - 55°C to + 125°C 883 Rev. e 

HS 940X·S/B·2 ±llSB ±10V - 55°C to + 125°C 883 Rev. e 

HS 94DX·T/B·l ±V2 LSB ±5V,Dto+l0V - 55°C to + 125°C 883 Rev. e 

HS 94DX·T/B·2 ±V2 LSB ± lOV - 55°C to + 125°C 883 Rev. C 

NOTES 

HS940X Specifications subject to change without notice 

MODEL INPUT 
SUFFIX CHANNELS 

4 4 OJ 

8 8 SE 



~iP\AV 
~I~~ 
SIGNAL PROCESSING EXCEllENCE 

HS9410 SERIES 

8 CHANNEL, 12-81T DATA ACQUISITION 
SYSTEM WITH JAP INTERFACE 

FEATURES 
• Complete 8 channel, 12-bit data acquisition 

system with MUX, S/H, REF, clock and three
state outputs 

• Full 8- or 16-bit microprocessor bus interface 
• Guaranteed linearity over temperature 
• High throughput rate: 25kHz 
• Hermetic 28-pin ceramic or low cost epoxy DIP 
• Low Power: 400mW 

DESCRIPTION 
The HS9410 Series is a complete 8 channel, micro
processor compatible, 12-bit data acquisition 
system with all the interface logic to connect direct
ly to 8- or 16-bit microprocessor buses. It is con
tained in a 28-pin DIP and includes an 8 channel 
multiplexer, a sample-and-hold amplifier, and a 
12-bit ND converter along with the control logic 
needed to perform a complete data acquisition 
function. System throughput rate is 25kHz for full 
rated accuracy. 
The analog-to-digital converter section contains 
the HS574 12-bit ADC. The HS9410 Series is offered 
in a hermetically-sealed package for use over a 
wide temperature range and for MIL-STD-883 
requirements. 
The HS9410 Series operates from ± 15V· and +5V 

FUNCTIONAL DIAGRAM 

I 
CH 1 11 

CH 2 12 

CH 3 
13 
14 

ANALOG CH 4 
18 INPUTS CH 5 

L 
17 

CH 6 16 
CH 7 15 
CH 8 

8 CHANNEL 
MULTIPLEXER 

r MAD 
10 

MUX MAl 
ADDRESS MA2 L 

HS 9410 SERIES 

with a total power consumption of 400mW. To take 
advantage of the 28-pin package the user must 
specify an input range of 0 to + 10V, ±5Vor ± 10V 
when ordering. Four basic product grades are 
available; J and K models are specified over a 
temperature range of O°C to + 70°C while the S 
and T models are specified over an extended 
temperature range of -55°C to + 125°C. Full 
screening to MIL-STD-883C and processing in ac
cordance with Method 5008.1 is available with 
models specified as "8." 
• ± 12V operation possible; consult factory for further information. 

STS 
(STATUS) GAIN OFFSET 

22 

HIGH DBll (MSB)/DB3 
BYTE DB10/DB2 OR 28 
LOW 

27 
DB9/DBl 

BYTE DB8/DBO (LSB) 
12- BIT 26 

ADC 25 
DB7 

MIDDLE 24 
DB6 

BYTE 23 
DB5 
DB4 

AD R/C VCC VEE VLOGIC GND 
+15V -15V +5V 
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SPECIFICATIONS 
(TYPical @ + 25°C with VCC = + 15V, VEE = -15V, VLOGIC = + 5V, unless otherwise specified.) 

MODEL 

TRANSFER CHARACTERISTICS 

Resolution 
Number 01 Channels 
Throughput Rale 

ANALOG INPUTS 

HS 941XJ 

12-Blts 
8 Single-Ended 
25kHz 

Input Ranges 1 (Specified as a suffIX ,n the model number. See Ordering GUide.) 
HS 9410 0 to + tOV 
HS 9411 ±5V 
HS 9412 ± 10V 

Input Bias Current per Channel 
liB 25°C 

- 55°C to + 125°C 
Input Impedance 

ON Channel 
OFF Channel 

DIGITAL INPUTS 

Logic Inputs 
R/C.Ao 

VIH min 
VIH max 
VIL max 
VIL min 
IlL max 
IIHmax 

Multiplexer Inputs 
VIL max 
VIH min 

Input CapaCitance (All Olgltallnputs) 
Minimum Start Pulse 

RIC-Negative 

SIGNAL DYNAMICS 

Conversion Time 
12-Blt Conversion 
8-Blt Conversion 

DIGITAL OUTPUTS 

Logic Outputs 
OBII-OBO. STS 

Logic 0 
Logic I 
Leakage (High Z State) 
Capacitance 

Output Code Configuration 
Unipolar 
Bipolar 

POWER SUPPLY 

VLOGIC 
VCC 
VEE 
Power DISSipation 
Re)ectlon 3 

VLOGIC 
Vec 
VEE 

ACCURACY 

Linearity Error (% of F.S.R. max) 
Offset 4 

Unipolar (% of F S R. max) 
Bipolar (% of F.S R. max) 

Galn 4 (% to F.S R max) 

STABILITY 

Linearity (ppm/oC max) 
Unipolar Oftset (ppm/OC max) 
Bipolar Offset (ppmlDC max) 
Gain (Scale Factor)(ppm/OC max) 

TEMPERA lURE RANGE 

Operating 
Storage 

NOTES 

±IOnA 

1010 QII 100pf 
1010 QII 10pf 

+2AV 
+5.5V 
+0.8V 
-0.5V 
±5~Amax 
±5~A max 

+0.8V 
+24V 
5pF typ 

50ns 

25~s max 
19~s max 

+OAV max. IOL ~ 1.6mA 
+2AV min. IOH ';0.5mA 

± 5~A typ (OBIIOBO only) 
5pF typ 

PosItive True Binary 
POSitive True Offset Binary 

;. 4.5 to + 5.5 Volts @ II mA max 
;. 13.5to + 16.5 Volts@ 16mA max 
-13.5to -16.5Volts@lmAmax 
400mWmax 

0.002%1% typo 0.005%1% max 
0.002%1% typo 0.005%1% max 
0.002%1% typo 0.005%1% max 

±0.025 

±0.05 
±025 
±03 

±05 
± 10 
±25 
±50 

0° to + lO°C 
-25 DCto +85°C 

HS 941XK HS941XS HS941XT 

±250nA max 

+4.0V2 +4.0V2 

700mW typ, lW max 700mW typ, IW max 

±0012 ±0.025 ±0.012 

±Ol ±0.25 ±O.I 

±05 ±2.5 ±25 
±5 ±25 ±20 

±20 ±25 ±20 
±20 ±50 ±25 

- 55°C to + 125°C - 55°C to + 125°C 
- 65°C to + 150°C - 55°C to + 125°C 

I For J and K models. positive analog Input voltage should not exceed VCC - 4 volts. Exceeding VCC -4 volts can cause an OFF channel to be turned ON. Negative input voltages and input voltages for 
Sand T models may go to supply voltages Input voltages exceeding these values Will not result in permanent damage as long as the absolute maximum ratings are not exceeded 2. I K pull up to + 5V 
recommended for MAO-MA2 when driven by TTL 3. Maximum change over rated supply voltage. 4. Externally adlustable to zero. See Apphcallons Information 

• SpeCifications same as HS 941 OJ 
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PACKAGE OUTLINE 
Dimensions shown In inches and (mm) 

r·620 MA1 0.145 
(15.75) (3.68) 

---'
~=;=0.010 
~ 0.600~ (0.254) 

~15.240~ J. 

-28 ~ T 
0.020=:!J:+=~ 

[\ (0.51) 

15 14 

BOTTOM 
VIEW 

_ PIN 1 
DOT 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 DB1O/DB2 

2 DB,,(MSB)IDB3 

3 Ao 

4 RIC 

5 GROUND 

6 VLOGIC 

7 VEE 

8 MUX ADDRESS A2 

9 MUX ADDRESS A, 

10 MUX ADDRESS Ao 

11 INPUT CH 1 

12 INPUT CH 2 

13 INPUT CH 3 

14 INPUT CH 4 

PIN 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

ABSOLUTE MAXIMUM RATINGS 

FUNCTION 

DBgIDB, 

DBalDBo 

DB7 

DB6 

DBs 

DB4 

STS(STATUS) 

GAIN 

OFFSET 

Vcc 

INPUT CH 5 

INPUT CH 6 

INPUT CH 7 

INPUT CH 8 

VcctoCommonGND ................. Oto + 16.5V 
VEEtoCommonGND ... Oto -16.5V 
VLOGlctoCommonGND.. . . .. Oto + 7V 
Control Inputs (Ao' RIC) to 

CommonGND .. . .... - 0.5Vto VLOGIC + 0.5V 
Power Dissipation .... 
Lead Temperature, Soldering. 
Maximum Input Voltage ...... . 
Minimum Input Voltage ....... . 
Analog Input Maximum Current .. 

. .... 1.3W 
. .. 300°C, 10Sec 

.... Vcc +20V 
. .. VEE -20V 
. ..... 25mA 

CONTROL FUNCTIONS 
The HS 9410 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1, 2, and 3. 

Function Definition Function 

RIC Read/Convert 1. 1.. initiates conversion. 
2. Low (0) disconnects data bus. 
3. High (1) initiates read. 

Ao Device Address 1. Selects conversion mode. 
12-bits if low (0), 8-bits if 
high (1) when RIeL.. 

2. In read mode Ao selects the out-
put format. If low (0) then 8 
MSB's (high and middle byte) or 
if high (1) then only low byte 
and trailing zeroes. 

MAo 

MA, Multiplexer Select Channels 1-8 
MA2 Address (see MUX Logic Table 3) 

Table 1. Defining the Control Functions 

Control Inputs Operation 

RIC Ao 

't 0 Initiates 12-bit conversion 

'- 1 Initiates 8-bit conversion 

1 0 Enables 8 MSB's (high byte) 

1 1 Enables 4 LSB's (low byte) and 
4 trailing zeros 

0 X Output data (DB) goes to high 
impedance state. 

Table 2. Truth Table-Control Inputs 

Mux Address 
Inputs 

A2 A1 Ao 

Channel 
Selected 

NOTES: 

, , indicates logic HIGH 

2 0 indicates logic LOW 
3. X indicates don't care 

I 

0 0 0 1 4 L indicates operation commences 
on high to low transition 

0 0 

0 1 

0 1 

1 0 

1 0 

1 1 

1 1 

1 2 

0 3 

1 4 

0 5 

1 6 

0 7 

1 8 

5 MSB-'~ ~ 
High Middle 
Byte Byte 

~'-LSB 
Low 
Byte 

Table 3. Truth Table-Multiplexer Address 
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APPLICATIONS INFORMATION 

TIMING 
The timing diagrams are shown in Figures 1 through 6. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the convert cycle, while Figures 3 and 4 
show the timing sequence to start either a 12- or an 
8-bit conversion. Figures 5 and 6 show how to read the 
multiplexed data from the internal register in the 
HS 9410. 

Figures 1 and 2 
The multiplexer address can be changed either during 
or after a conversion, but care must be taken not to 
change the address within 1 microsecond after the 
convert command to insure that the samplelhold will 
not start to acquire the signal of the new channel. After 
the multiplexer address has been changed, you must 
allow the samplelhold at least 10 microseconds in 
sample mode to acquire the new input signal. 

ICON 

STATUS 
I 

AD~~~SS i t~------------,~ 
I I 
I I r,1 ___________ -. 

R/C~i U 
'.....-----....I~' 
I I I 

IMUXH 

tMUXH Multiplexeraddress hold time after convert command 1"s min 

tACO Minimum time between conversions (S/H acquisition time) 10"s min 

tCON Conversion time for -12 bit resolution 25"s max 

- 8 bit resolution 

Figure 1. Timing Diagram 8/12-Bit Conversion, 
MUX Address Changes During Conversion 

STATUS ~.:.: • __ ~IC~O!!!N~ __ .J'------:,--..J'

AD~~~SS ---------------'l~'------

tACO Minimum time between MUX address change 
and convert command 

tCON Conversion time - Specifications, see Figure 1 

Figure 2. Timing Diagram 8/12-Bit Conversion, 

I I 

i.IACQp~ 
I I 

1O"smin 

MUX Address Changes Between Conversions 

Figures 3 and 4 
Figures 3 and 4 show how to start a convert cycle. The 
logic level of the Ao line determines whether a 12- or 
8-bit conversion will be initiated. If Ao is low during the 
start convert command, a 12 bit conversion will be 
started; if Ao is high, an 8-bit conversion will occur. The 
Ao line has to be setup when the RIC line goes to logic 
'0' and must remain in the desired level for at least 
150 ns. The RIC line is used both to start a conversion 
and to read the output data. If RIC is going Iowa con-
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version is initiated. This is indicated by the STATUS line 
going high. A second start conver!..9ommand during a 
conversion will be ignored. The RIC pulse must have a 
minimum width of 150 ns. For optimum performance 
the rising edge of the RIC pulse should not occur dur
ing a conversion if the conversion has been in progress 
for more than 1.5 microseconds, i.e., the negative RIC 
pulse should be either shorter than 1.5 microseconds 
or longer than the conversion time. 

I IRC i I 
I I 
I I 

AO\ 

I l: 
I I 
I I 
I I 
I 

/ R/C~ 
I I I 
I I 
I I 
I IDS 

Y I 
STATUS I 

I 
I I 

I 
I I 
I I 
I I 

1 

y HIGH-Z 
DATA OUTPUT 

I I 
I I 
I tHL I: 
I 
I I 

tRC RIC pulse width, Ao pulse width (NOli, 1) 
tos Status delay from RIC 
tHL Output float delay 

Figure 3. Timing Diagram to Start a 12-Bit Conversion 

I I 
I I 

AO~ ~ 
I I 

RIC I IRC 
I I 

I I 

~ J 
I 

! 
I 

IDS .1 

STATUS 1 I 
I I 

I I 

I I 

i 

I 

DATA OUTPUT } 
I I 
I I 
I. I 
I IHL I 
I I 

tRC RIC pulse width, Ao pulse width (Note 1) 
tos Status delay from RIC 
tHL Output float delay 

Figure 4. Timing Diagram to Start an 8-Bit Conversion 

50 ns min 
200 ns max 
1S0nsmax 

50 ns min 
200 nsmax 
150 ns max 



Figures 5 and 6 
If a conversion is in progress the data output lines are 
disabled and in the high-impedance state. Data can be 
enabled by bringing the RIC line high after a conver
sion is complete (this is indicated by the STATUS line 
going low; Fig. 6). If RIC has been returned high during 
a conversion the data outputs will be enabled auto
matically after STATUS goes low (Fig. 5). The Ao line is 
used to address either the 8 upper data bits or the 4 
lower data bits followed by 4 trailing zeros. If an 8-bit 
conversion has been performed the lower 4 bits will 
always be '0'. After an 8-bit conversion, it is not 
necessary to read the lower 4 bits prior to starting a 
new conversion. Note that Ao only controls the address 
of the two data bytes while the high impedance state of 
the output buffers is controlled by the RIC and STATUS 
line. The output buffers will not return to the high 
impedance state when Ao is changed to address the 
second data byte. 

t tSRC 1 
14 'I 
I 1 

RIC ___ ---Jl i 
! I i 

STATUS 

Ao------~*~~ir---------~~.-------
1 I I 1 

I 1 1=1 oU~:~~ _____ H_IG_H_-z-----tl---«'-______ ""!/,.J<_..IL.IU'-"I'-___ _ 
1 I 
1_--1 1..--1 
I tRl I 1 tR2 I 

tSRC RIC set-up time prior to status going low 
tSA Ao set-up time prior to status going low (Note 2) 
tR1 Access time, 1st data byte (from status) 
tR2 Access time, 2nd data byte (from Ao) 

Figure 5. Timing Diagram Read Cycle, 
RIC Going High During Conversion 

NOTES: 

Onsmin 
100ns min 
125 nsmax 
225 nsmax 

1. For optimum performance the positive edge of the RIC pulse 
should not occur during a conversion if the conversion has been 
started for more than 4.5 microseconds. The negative RIC pulse 
should be longer than the 4.5 microseconds before STATUS goes 
high. 

2. If the set-up time for Ao cannot be met, the access time for the first 
data byte will be increased. In that case the first data byte will 
become valid 225 ns max after the change of the Ao line. 

I, tSTS : 
: Ir--_________________ _ 

RIC ------I: __ +-I ---J! 
:LJ ____ --,1 I tSA 1 

STATUS \: 1 
!~---+I--+I-----------------------

------~ir-~:----------,'.------
Ao ~ i ~------

1 1 1 
I I I 

OU~;~~ _____ H....:IG_H_-;o..Z ____ -il __ -<{r'~-_ -_ -_ -_ -_ -_ m.I'IlI.'IItA:::x~I:====== 
I I I I 

ftR1i ~ 

Status going low prior to RIC going high Ons min 
100 ns min 
125 ns max 
225 ns max 

Ao set-up time prior to RIC going high (Note 2) 
Access time, 1 st data byte (from RIC) 
Access time, 2nd data byte (from Ao) 

Figure 6. Timing Diagram Read Cycle, 
RIC Going High After Conversion 

'USING THE Ao LINE 
The state of Ao at the start of a conversion places the 
DAS in either a full 12-bit conversion or in an 8-bit 'short 
cycle' mode. During a READ at the end of a conversion 
Ao is used to format the data as follows: 

1. Prior to Conversion (WRITE) 

Ao=1 
Ao=O 

2. After Conversion (READ) 
Ao= 1 

Ao=O 

MODE 
Short cycle 8-blt conversion 
Full 12-bit conversion 

Data = Low Byte (LSB) 
followed by zeros 
Data = High Byte (MSB's) 
followed by middle byte 

In a f-tP application Ao can be considered a pair of W/R 
locations as follows: 

1. Prior to Conversion (WRITE) 

W/R = 0 in low address (Ao = 0) 
W/R = 0 in high address (Ao>= 1) 

2. After Conversion (READ) 
W/R = 1 in high address (Ao = 1) 
W/R = 1 in low address (Ao = 0) 

MODE 
Full 12-bit conversion 
Short cycle 8-bit conversion 

LSB's & zeros 
8 MSB's only 
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MICROPROCESSOR INTERFACE 
The HS 9410 Series DAS can be interfaced with most 
popular 8-bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
I/O device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instructions 
are given to the selected address. When the DAS is con
nected as an I/O device, the I/O enable can be 
substituted for the MEMR or MEMW command. Figure 7 
shows a typical scheme to implement this interface. 

STS is not used in this example; the JAP must read data 
30JAs after conversion starts. This delay can be generated 
with NOP or other instructions inserted between the 
WRITE and READ functions. The STS line can also be 
used to cause the processor to WAIT or HALT or can be 
used as an interrupt line such as IREO (in the case of 
6800 or 6502). 

AO----------------------______________ ~ 

SEE TEXT -4-----------------------, 

DATA 
BUS 

ADDRES 
BUS 

Ao A, WR RD ADDR SEL 

X o U 1 0 

0 1 L..S 1 0 

1 1 L..S 1 0 

0 X 1 0 0 

1 X 1 0 0 

NOTES: 

AO 

IG IYO 

IA 
IYI 

IB 

2G 

2A 
2YO 

2B 

HS 9410 Function 

ReadlWrite Operation 

WRITE MUX ADDRESS 

WRiTE START 12-BIT CONV. 

WRITE START a-BIT CONV. 

READ HIGH BYTE (8 MSB's) 

READ LOW BYTE (4 LSB's) 

1. 1 indicates logic HIGH. 2.0 indicates logic LOW. 3. X indicates don't care. 
4. U- indicates operation commences on low to high transition. 
5. '---J indicates operation commences on high to low transition. 

Figure 7. Interfacing the HS 9410 Series 
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INPUT EXPANSION 
The DAS is configured with an 8 channel high level 
multiplexer input. This was done to optimize package 
size (28 pin DIP) and cost. In the event the user wishes 
to increase the number of input channels, a double 
rank MUX input is recommended (series connected). 
This typical configuration is shown in Figure 8. 

11 

12 

13 

14 HS 9410 
18 SERIES 
'7 
16 n -15 

LOG ANA 
INP UTS 

U 
MUX ADDRESS 

1\ 

8 
CHANNEL f--ou;:" MUX 

11 
NOTE: EXPANSION SHOWN FOR CHANNEL 8 OF DAS i.e. I X \ X I X 11 \1 11 I 

Figure 8. Multiplexer Expansion 

ZERO AND GAIN CONNECTIONS 

~'--.--I 
8 CHANNEL 9410 MUX 
EXPANSION ADDRESS 

The DAS is normally used with external zero and gain 
calibration potentiometers. However, if maximum ac
curacy is not required, they may be omitted. The zero 
control has a range of about ± 20LSB, and the gain 
control has a range of about ± 13LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in
struments. The voltage source used as a signal input 
must be very stable. It also should be capable of being 
set to within 1/1 OLSB at both ends of its range. 

The DAS's zero and gain adjustments are independent 
of each other if the zero (or offset) adjustment is made 
first. 

MUX 1,2, 
DBo-DBt1 

ADDRESS 8-10 23-28 

HS 9410 
ANALOG SERIES AO 3 

INPUTS 11-18 R/~ 4 

+15V I STS 22 
Vf R2 

20K 21 GAIN +5V 6 
6K 

-15V -15V 7 

+15V Iv' R1 +15 19 
20K 20 OFFSET 

4K GND 5 
-15V 

Figure 9. Gain and Offset Input Connections 



ZERO ADJUSTMENT PROCEDURE 
1. For unipolar ranges: 

a) Set input voltage precisely to + V2LSB. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001. 
2. For bipolar ranges: 

a) Set input voltage precisely to V2LSB above - F.S. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001 
3. When offset adjust is not used, tie pin 20 to ground. 

GAIN ADJUSTMENT PROCEDURE 
1. Set input voltage precisely to V2LSB less than 'all 

bits on' value. Note that this is 1 V2LSB less than 
nominal full scale. 

2. Adjust gain control until converter is switching from 
111111111110to 111111111111. 

3. When gain adjust is not used, tie pin 21 to ground. 

Table 4 summarizes the zero and gain adjustment pro
cedure, and shows the proper input test voltages used 
in calibrating the DAS. 

Input Adjust input to point 
Voltage Adjust- Input where converter is 
Range ment Voltage just on the verge of 

switching between 
the two codes shown. 1 

ZERO 1.22mV 0000 0000 0000 
Oto +10V 

GAIN 9.9963V 111111111110 

ZERO -4.9988V 0000 0000 0000 
±5V 

GAIN 4.9963V 111111111110 

ZERO -9.9976V 0000 0000 0000 
±10V 

GAIN 9.9927V 1111 1111 1110 

'Codes shown are natural binary for unipolar input ranges and offset binary for bipolar 
ranges. 

o = transition between a logic 0 and a logic 1 state. All gain, offset and linearity 
measurements are performed using the transition test method. 

Table 4. Calibration Data 

POWER SUPPLY CONSIDERATION 
Power supplies used for the DAS should be selected 
for low noise operation, In particular they should be 
free of high frequency noise. Unstable output codes 
may result with noisy power sources. It is important to 
remember that 2.44mV is 1 LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable decoupling capacitors are 1O/-lF tantalum 
type in parallel with 0.1/-lF disc ceramic type. 

GROUNDING CONSIDERATIONS 
The common at pin 5 is the ground reference point for 
the internal reference and is thus the high quality 
ground for the DAS. In order to achieve all of the high 
accuracy performance available from the DAS in an 
environment of high digital noise content, care should 
be taken when handling analog and digital grounds, as 
follows. Where analog and digital grounds are run 
separately on the PCB, these should be connected 
together at the package (pin 5). However, if the 
grounds are connected separately in the system for 
other reasons, then only the analog ground should be 
connected at the package to pin 5. If digital common 
contains high frequency noise beyond 200mV, this 
noise may feed through the converter, so that some 
caution will be required. 

It is also important in the layout to carefully consider 
the placement of digital lines. It is recommended that 
digital lines not be run directly under the DAS. For op
timum system performance, if space permits, a ground 
plane is advised under the DAS. This should be con
nected to a digital ground. In packaging the assem
bled DAS, the designer should also try to minimize any 
capacitive coupling that might occur at the top to the 
device. Parallel runs between analog and digital 
signals should be avoided. A star system ground is the 
most preferred layout method. See Figure 10. 

OUT 

NC 2- 2/2- 10 2-3/2- 11 NC 

NC 2-1/2-9 2-4/2-12 NC 

AO 2-5 NC 

RIC 2-' NC 

GND 2-7 NC 

+5V +5V 2-8 NC 

-15V -15V 5T5 NC 

MA2 GAIN NC 

MA1 OFF NC 
10 

MAO + 15V +lSV 
11 

51 55 
18 

12 
52 56 

17 

13 
53 57 

16 

14 
54 58 

15 

GND 

Figure 10. HS 9410 Burn-In Schematic 
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ORDERING INFORMATION 

System Full Scale 
Model Input Accuracy T.C. Temp. MIL 
Number1 Range (% FSR) (ppm/OC) Range Screening 

HS 94XXJ ±0.025 50.0 OOC to + 70°C -
HS 94XXK ± 0.012 20.0 OOC to + 70°C -
HS 94XXS SEE ±0.025 50.0 --55°C to + 125°C -
HS 94XXT NOTE 1 ± 0.012 25.0 - 55°C to + 125°C -
HS 94XXS/B ±0.025 50.0 - 55°C to + 125°C B83C 
HS 94XXTlB ±0.012 25.0 - 55°C to + 125°C B83C 

NOTES 

HS 94XX 

MODEL INPUT 
SUFFIX RANGE 

Specifications subject to change without notice. 

10 o to + 10V 

11 ±5V 

12 ± 10V 

Add letter suffix as requrred above 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Unless otherwise noted, the voltage at any digital input should never exceed the supply voltage by more 
than 0.5 volts or go below - 0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by 
using series resistors or contact Hybrid Systems for technical assistance. 

542 



~i~v 
"'I~~ 
SIGNAL PROCESSING EXCELLENCE 

HS9414 

SOFTWARE PROGRAMMABLE, 12-BIT, 
DATA ACQUISITION SYSTEM (DAS) 

FEATURES 
• MUX, inst. amp, S/H, AID in a compact 

40-pin DIP 
• Software programmable gain instrumentation 

amplifier (SPGIA) 
• Input and output offset adjust 
• 126 dB dynamic range 

DESCRIPTION 
The HS9414 provides complete 12-bit data acquisi
tion functionality in a 40-pin DIP. The HS9414 in
cludes a 4-channel differential input multiplexer, a 
software programmable instrumentation amplifier, 
a sample and hold circuit and the HS574A, 12-bit. 
25",sec AID converter. Specifications are 
guaranteed for the complete system instead of for 
each individual component. 

FUNCTIONAL DIAGRAM 

The HS9414 is offered in a ceramic package for 
commercial (O°C to + 70°C) and military (-55°C to 
+ 125°C) applications with processing available in 
full compliance with MIL-STD-883C. 

ANA DIG DB11 
LATCH MAO MAl GAO GAl +15V -15V GND GND +5V 12/8 CS Ao RIC (MSB) DB10 DB9 DBB DB7 DB6 

TRANSPARENT 
LATCH 

CHO CHO 
HI LO 

CHl 
HI 

CHl 
LO 

CH2 
HI 

CH2 
LO 

CH3 CH3 
HI LO 
~ 

INPUT 
OFFSET 
ADJUST 

OUT REF 
OFF OUT 
ADJ, +10V 
BIP 

REF STS 
IN, 

GAIN 
ADJ 

DBO 
(LSB) 

DBl 

f-
::;) 
II. 
f-
::;) 

0 
III 

S 
III ... 

21 

NIBBLE 
B 

NIBBLE 
C 

20 

DB2 DB3 DB4 DB5 
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SPECIFICATIONS 
(Typical @+25 oe, Vee = + 15V, VEE = -15V, VLOGle = + 5V 
unless otherwise specified) 

MODEL 

ANALOG INPUTS 
Number of Inputs 
Input Voltage Range (G ~ 1)' 

Unipolar (- 1) 
Bipolar (- 2) 

Common Mode Voltage Range 

Differential Mode Voltage Range 

Input Offset Vollage (Unipolar)' 
G~1 
G~10 
G~100 
G~500 

Input CH 10 CH Offset Voltage 
CMRR 
G~1 
G~10 
G ~ 100, G ~500 

Input Dynamic Range 
Input Bias Current 

Input Resistance 
Inpul Capacitance 
Inpul Offset Current 
Input NOise Voltage 

DIGITAL INPUTS 
L02c In~ts _ 

CE~~~C:{~p, 12/8 

Logic "0" 
Current 
Capacitance 

Control Input, 12/8 

Minimum Start Pulse 
CS-Negatlve 
R/C-Negatlve 

LATCH 
Data Set-Up Time 

MAO, MA 1, GAO, GA 1 

Fan-Out 

SIGNAL DYNAMICS 
A/D Conversion Time 

System Throughput Rate2 

G ~ 1,10 (0.01% Settling Accuracy) 
G ~ 100 (0.015% Settling Accuracy) 
G ~ 500 (0.02% Settling Accuracy) 

Gain Switching Time and 
IA Settling Time 
G~1,10 
G~ 100 
G~500 

Amplifier Bandwidth (- 3 dB) 
G~l 
G~10 
G~ 100 
G~500 

S/H Acquisition Time to 0.01 % 
S/H Aperture Jitter 

S/H Feedthrough 

Crosstalk (VIN ~ 20V pop sine wave) 

ACCURACY 
Integral Linearity 

HS 9414C (0 DC to + 70 dc) 
HS 9414B (O°C to + 70°C) 

(tMIN to tMAX) 
Differential Linearity 

HS 9414C (O°C to + 70°C) 
HS 9414B (O°C to + 70°C) 

(tMIN to tMAX) 
No Missing Codes 

12-Bits 
ll-Bits 

Total Gain Error @G ~ l' 
@other gains referred to G ~ 1 
G~10 
G~100 
G~500 

Bipolar Offset' 
tMIN totMAX 

DRIFT 
Integral Nonlinearity 

Differential Nonlinearity 
Unipolar Output Offset 

Bipolar Output Offset 
Gain Tempco G ~ 1 

REFERENCE 
Output Voltage 
Tempco 

Output Current 
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HS9414 

4 Differential 

o to + 10V or ± 5V 

: ;1
0
1
V 

_ IVIN Diffl x Gain) 
2 

± ( 2(10 - ICMVI) ) 
Gain 

±0.5 LSB 
± 100 ",V 
± 50 ",V, 250 ",V max 
± 50 ",V, 250 ",V max 
2 ",V 

- 80 dB typ, - 76 dB max 
-100 dB typ, - 90 dB max 
-120 dB typ 

126 dB 

60 nA 
1 GQ 
25 pF 
60 nA 

2 JAV RMS, 10 JAV pop @G ~ 500 

+ 2.0V min, + 5.5V max 
-0.5V min, +0.8V max 
±50 A max 
5 pF 

Hardwrre to VLOGIC or DIG COM 

120 nsec 
120 nsec 
33 nsec 

33 nsec 
1 TTL Load 

25 ",sec typ, 30 JAsec max 

28.6 kHz max 
17 kHz max 
10 kHz typ 

10 JAsec typ 
50 JAsec typ 
90 JAsec typ 

3 mHz 
2.5 mHz 
100 kHz 
20 kHz 

10 JAsec max 
50 psec typ 
76dB 
- 78 dB @40 kHz 
- 90 dB @05 kHz 

±'12 LSB max 
±'12 LSB max 
±1 LSB max 

± v. LSB typ, ± 1 LSB max 
± V. LSB typ, ± 1 LSB max 
± V. LSB typ, ± 1 LSB max 

O°C to 70°C 
-55°C to +125°C 
O,l%typ, 0,3% max 

0.02% typ, 0.1% max 
0.03% typ, 0.1% max 
0.05% typ 

± 1 LSB typ, ± 3 LSB max 
15 LSB max 

±2 ppm/DC 
±2 ppm/DC 

±10ppm/ oC 
±10ppm/oC 

±25 ppm/DC 

10.00V nominal, ±O.lV max 
± 30 ppm/DC typ, ± 50 ppm/DC max 

1.5mA 

MODEL 
POWER REQUIREMENTS 
Power Supply Range 
PSSR (All Supplies) %FSR/% Supply 
Current Drain 

+15V 
-15V 
+5V 

Power DiSSipation 

TEMPERATURE RANGE 
Operating 

9414C 
9414B 

Storage 

NOTES: 

1. Input range selected at factory. 
HS9414C-l ~ Oto +10Vor ±5Vinput 
HS 9414C-2 ~ ± 10V input 
HS9414B-l ~ Oto +10Vor ±5Vinput 
HS 9414B-2 ~ ± 10V input 

HS9414 

±15V, ±5% 
0.002%/% typ, 0.005%/% max 

22 mA typ, 27 mA max 
10 mA typ, 15 mA max 
2 mA typ, 5 mA max 
490 mW typ, 655 mW max 

- O°C to + 70°C 
- 55°C to + 125°C 
-65°Cto +165°C 

2. Assumes pipelining - signal is applied to I.A , acquired by sample/hold and converted 
by AID 

3. Externally adjustable to zero. See Applications Information 

PACKAGE OUTLINE 

r--{~3~~~)~ 
40 211 

40 PIN (~O~~~)MAX 

~ ____________ 2~0 ~ 
TOP VIEW 

PIN (1) INDEX 0.025 ± 0.01 0 b (0." "·"l 
I ~IL Jj O.200 MIN T (5.08) 

~ 1-0.100 ±0.005 TVP (2.54 ± 0.12) 
0.018 ± 0.002 
(O.45 ± 0.05) 

PIN ASSIGNMENTS 

11i~~'~' 
0.020 
(0.51) 

PIN FUNCTION PIN FUNCTION 
1 CHO HI 40 LATCH 
2 CHOLO 39 MAO 

3 CH1 HI 38 MA1 
4 CH1 LO 37 GAO 

5 CH2 HI 36 GAO 

6 CH2LO 35 VCC (+15V) 
7 CH3 HI 34 VEE (-15V) 
8 CH3 LO 33 Analog GND 
9 Input Offset Adjust- 32 Digital GND 

10 Input Offset Adjust + 31 VLOGIC (+5V) 
11 Output Offset Adjust, Bipolar 30 12/8 

12 Ref Out (+ 10V) 29 CS 
13 Ref In, Gain Adjust 28 Ao 
14 Status 27 RIC 
15 DBO (LSB) 26 DB11 (MSB) 
16 DB1 25 DB10 
17 DB2 24 DB9 
18 DB3 23 DB8 
19 DB4 22 DB7 

20 OAt 21 DB6 



ABSOLUTE MAXIMUM RATINGS 
VCC to Digital Common. 

VEE to Digital Common. 

VLOGIC to Digital Common. 

Analog Common to Digital Common . 

. ........ Oto + 16.5V 

. ....... Oto -16.5V 

. ...... Oto + 7V 

. .............. ±1V 

Control Inputs (CE, CS, Ao , 12/8, RIC, LATCH, 
MAO, MA 1, GAO, GA 1) to Digital Common. . ..... - 0.5V to VLOGIC + 0.5V 

Analog Inputs (REF IN, BIP OFF, CHO-CH3) to 
Analog Common. 

Input Offset Adjust Pins 9,10 

REFOUTto Analog or Digital GND. 
to ±VDD. 

±16.5V 

........... VCC ± 1V 

. Indefinite short circuit 
. ... 100 ms short circuit 

Voltage on Digital Outputs in Tri·State Mode. . ... +VCC +0.5Vmax 

Lead Temperature, Soldering .. . ....... 300°C, 10 sec 

APPLICATIONS INFORMATION 
AID CONTROL FUNCTIONS 
The HS 9414 contains all control functions necessary 
to provide for complete microprocessor interface and 
also 'stand alone' operation including continuous con
versions. All AID control functions are defined in Table 
1 and Table 2. 

FUNCTION DEFINITION FUNCTION 

CS Chip Select 1 Typically the address pin when 
used with ~P. 

2. Must be low (0) for a conversion to 
start or read data at the output. 

3. 1. transition may be used to 
initiate conversion. 

RIC ReadlConvert 1. 1. initiate conversion 
2. S initiate read 

Ao Address 1 . Selects conversion mode. 12 Bits 
if low (0). 8 Bits if high (1). 

2. In read mode Ao selects the out-
put format. If low (0) then 8 MSB's 
(high and middle by1e) or if high 
(1) then only low by1e and 
trailing zeros. 

12/8 Output Format 1. May be hard wired. 
2. Normal 12-Bit format if high (1). 
3. 8·Bit format as set by Ao 

if low (0). 

Table 1. Defining AID Control Functions 

CONTROL INPUTS HS 9414 OPERATION 

CS RIC 12/8 Ao 

1 X X X No Operation 

0 1. X 0 Initiates 12·Bit Conversion 

0 1. X 1 Initiates 8-Bit Conversion 

1. 0 X 0 Initiates 12·Bit Conversion 

1. 0 X 1 Initiates 8·Bit Conversion 

0 S Pin 31 X Enables 12·Bit Parallel 
Output 

0 S Pin 32 0 Enables 8 MSB's 

0 S 
Pin 32 1 Enables 4 LSB's and 

4 Trailing Zeros 

1. 1 Pin 31 X Enables 12 Bit 
Parallel Output 

1. 1 Pin 32 0 Enables 8 MSB's 

1.. 
1 Pin 32 1 Enables 4 LSB's & 

4 Trailing Zero's 

NOTES 1. 1 indicates logic HIGH 
2 0 Indicates logic LOW. 
3 X Indicates don't care. 

S indicates operation commences on low to high transition 
MSB -.XXXX XXXX XXXX..-LSB 

High Middle Low 
Byte Byte Byte 

6 Not a common use of this function 

Table 2. HS 9414 AID Section Truth Table 

SPGIA CONTROL FUNCTIONS 
The HS 9414 has a 4-Bit transparent latch that selects 
input MUX channel as well as Gain. The SPGIA control 
functions are defined in Table 3, 

NAME DEFINITION FUNCTION 

LATCH MUX, Gain, 1. 1. Update input MUX & Gain 
Clock 2, S Hold input MUX & Gain 

3. High (1) is hold mode 
4. Low (0) is transparent mode 

MA1, MAO MUX Address Select Input MUX Channel 

MAO MA1 CH 

0 0 0 
0 1 1 
1 0 2 
1 1 3 

GA1, GAO Gain Address Select Gain 

GA1 GAO Gain 

0 0 0(x1) 
0 1 1 (x10) 
1 0 2(x100) 
1 1 3(x500) 

Table 3. Defining the SPGIA Control Functions 

TIMING 

The timing diagrams are shown lD Figure 1. Note that 
to start a conversion CS, and RIC must have an 
overlap time of 120 nS minimum. CS and RIC may be 
advanced or delayed if needed (by the application) but 
no specifications are given for this - only the coin
cidence of 120 nS must be met. Typically RIC is used 
to initiate a conversion - however other lines may be 
used. See truth table (Table 2). 

In the READ mode note the access time tDD is 
125 nS typ, 150 nS max. This means that an entire 
conversion can be completed and read in 25.3 IlS 
typ, 30.35 IlS max including setup, conversion time 
and access time. 

I-CONVERT CYCLE-I- READ CYClE--J 
I I I I 

cs~~}-
RIC---\. :tHRcl r------I~I I 
~ I I ~. 

I I: I""""f f-
Ao~ ~04: ~ 

I h---l tHAC I I 

STS -l :-tSAC/I 'Y" I : //-

(STATUS.5/H) I I I r I 
_ tosc J-tc---

I 
I 

LATCH --tJ :-tLW ": : 'L- II ~ iF l I IT-

tLS-..J I I I I 

~:& ~:11 xxxxxxxOXXXXXX$$X~XXXXXX*»1l 
I I I I I 

'~OATA OBll-0BO I I I VALID I 'I-
I I I 
~ too 1-_1 l-tHL 

Figure 1a. HS 9414 Interface Timing 
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CONVERT CYCLE 

SYMBOL PARAMETER 

tHSC CS Pulse Width 120 nS min 

tHRC RIC LOW during CS LOW 120 nS min 

tHAC Aovalid during CS LOW 120 nS min 

tSAC Maximum Ao delay from CS 60 nS max 
Set up as ~own (negative 
time wrt* CS) not needed 

tDSC STS delay from CS 150 nS min 

tc Conversion time 
8 Bit cycle 15 "S typ, 25 "S max 
12 Bit cycle 25 "S typ, 30 "S max 

tLS LATCH Setup Time 33 nS min 

tLW LATCH Pulse Width 33 nS min 

NOTE: No setup for CS, RIC or Ao is required. The oL!!Y condition that must be 
satisfied is 120 nS coincidence, as shown. RIC, or CS, can be 
advanced or delayed as needed as long as this condition is met. 
Should _Ao be delayed (tSAC 60 nS) then this must be added to CS 
and RIC. This condition not shown above. 

READ CYCLE 

Access time from CS LOW 
Output Float Delay 

'wrt=With Respect To. 

125 nS typ, 150 nS max 
150 nS max 

Figure 1b. HS 9414 Interface Timing 

STAND-ALONE OPERATION 

The HS 9414 can be used in a 'stand-alone' mode. 
Connections and timing for this mode are shown in 
Figure 2. 

38 37 36 

GAO GAl 

CHO-CH3 

STATUS 
14 

ANA GND 
DBll 

DIG GND (MSB) 

HS 9414 
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BIP OFFSET 

100Q 

+10V REF OUT DBO 

100Q 
(LSB) 

REF IN 

10 

VCC- 10kQ INPUT OFFSET 
R3 9 

Ric es 12/8 

30 

Figure 2a. Bipolar Stand-Alone Connections with Offset 
and Gain Adjustments 

'Trimpots can be 300Q for greater range adjustments. 
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Vee 

VEE 

50Q 
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CHa-CH3 
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DIGGND 
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HS 9414 

12 
+10V REF OUT 
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10 
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9 
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Figure 2b. Unipolar Stand-Alone Connections with Offset 
and Gain Adjustments 
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Figure 2c. No Trim Unipolar Connections 
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GAO GA1 
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STATUS 
14 
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HS9414 
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Figure 2d. No Trim Bipolar Connections 

RIC NEGATIVE PULSE 

r-CONVERT CYCLE-!- READ --J 
_ I I CYCLE I 

RIC ~i ~I----+- I 
~ I I 
I I .,r--I~: I 

STS I I '<r----II--
(STATUS,1iH) : i: ~: I 

~::::~~ ::~ 
'-ISPGIA--t-I 

I I I I : 'I---
DATA VALID PREVIOUS I I I DATA VALID 

DB"-DBO CONVERSION I I NEW CONVERSION 

SYMBOL 

IHRL 

tDS 

Ie 
tHS 

tSPGIA 

IHRL-t--I I IHS-: 'r-
I I I I I 
r-IDS-l-tC-1 

CONVERT CYCLE 

PARAMETER 

Low RIC Pulse Width 

STS Delay from RIC 

Conversion Time 

Data valid after STS low 

Software programmable gain 
instrumentation amplifier and SIH 
settling time after input MUX, gain 
or input signal change 

READ CYCLE 

100nSmin 

200 nS max 

30 .. Smax 

70 nS max 

1. Data always in read mode excegt during a conversion in which data lines revert 
to high impedance or when RIC goes low (0). 

2 .Output always valid after conversion is complete. 

RIC POSITIVE PULSE 

!--CONVERT CYCLE-I ~i6'~E' i 
~ : -F-If~(----

Ric----'I r Il---f---JI: 
I ,..--J~ I i 

STS I /1 - ~.~. ___ _ 
(STATUS,S/H) I : II I I f 

I I I 
MAO,MA1~ I ~-
GAO,GA1~ I ~~ 

HIG~tSPGIAt---l I I • 

~
MPEDANCE 1 HIGH IMPEDANCE I OAfA VALID 

OB,'-0BO I 'I I NEW CONVERSION 
DATA VALID I I 1 I J I l}ol ~()~---
PREVIOUS CONVERSION I~HRH+!-jIOS-l-tC---1 I I 1 

tDDR...! i--l- I tOOR--t 1--
-l I_tHOR 

CONVERT CYCLE 

SYMBOL PARAMETER 

tHOR Valid Data (Previous Conversion) 100 nS min 
after RIClow 

tHRH High Ric Pulse Width 90 nS min 

tos STS Delay from RIC 200 nS max 

tDDR Data Access Time 150 nS max 

Ie Conversion Time 30 .. S max 

tSPGIA Software programmable gain 
instrumentation amplifier and SIH 
settling time after input MUX, gain 
or input signal change 

READ CYCLE 

1. Converter output remains in high impedance state after conversion 
(STS goes low) until RIC goes high (to read data). 

Figure 3. HS 9414 Stand-Alone Operation 
Top: Using Negative Ric Pulse 

Bottom: Using Positive RIC Pulse 

INCREASING THROUGHPUT 

To minimize added set-up delay, overlapping the multi
plexer channels can significantly improve throughput. 
The technique involved is the same as normal opera
tion; however, instead of waiting for the AID to com
plete a conversion before selecting a new multiplexer 
channel, the new channel is selected at the start of the 
AID conversion. By doing this, the AID digitizes the 
analog voltage that is held in the sample and hold and 
the new multiplexer channel's voltage can start to settle 
through the multiplexer and intrumentation amplifier. 
An added 25 IlS (AID conversion time) can be saved 
from the front end settling time required by preselec
ting the new channel. After the AID is finished conver
ting, the sample and hold will switch back to sample to 
acquire the newly selected channel's voltage and the 
process repeated. 
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Figure 4. HS 9414 Pipeline Timing for Highest Throughput 

1.1.10 RIC pulse slarts new conversion and sample and hold goes 10 hold 
mode. 

10.12 New SPGIA gain, new inpul MUX channel and new input signal while 
the AID is converting. 

13.16 Sample and hold samples the new input signal. 

t3·t4 AID data from the last signal is retrieved. 

t5-t6 RIC starts conversion of the new input signal. 

t6 Sample and hold holds the new signal. 

t6-t7 Next SPGIA gain, next input MUX channel and next input signal. 

t7·t9 The new signal is converted. 

tlO The new signal digital dala is retrieved. 

NOTE: Pipeline delay from 10 to tlO 
Throughput is 11t6 to Hz 
SPGIA settling time from to to t6 
SIH acquisition time from t2 to t6 

USING THE Ao LINE 

The state of the Ao line at the start of a conversion 
places the HS 9414 in either a full 12-Bit conversion or 
in an 8-Bit 'short cycle' mode. During a READ at the 
end of a conversion the Ao line is used to format the 
data as follows: 

1. Prior to Conversion 

Ao=1 
Ao=o 

2. After Conversion (READ) 
Ao=1 

MODE 
Short cycle a-Bit conversion 
Full 12·Bit conversion 

Dala = Low By1e (LSB) 
followed by zeros 
Data = High By1e (MSB's) 
followed by middle and low by1e. 

In a J.lP application the Ao line can be considered a pair 
of WR locations as follows: 

1. Prior to Conversion (WRITE) 

~A = 0 in low address (Ao = 0) 
WA = 0 in high address (Ao = 1) 

2. After Conversion (READ) 
WA = 1 in either address (Ao = X) 
WA = 1 in high address (Ao = 1) 
WA = 1 in low addre~p (Ao = 0) 
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MODE 
Full 12·Bit conversion 
Short cycle a-Bit conversion 

Full 12·Bit word with 12/8= 1 
LSB's & zeros when 12/8=0 
a MSB's only when 12/8=0 

INTERFACING THE HS 9414 WITH 
8-BIT MICROPROCESSORS 

The HS 9414 which has 12-Bit data can be used 
directly with popular 8-Bit microprocessors. The data 
however, must be multiplexed by setting the output 
mode select 12/8 pin to GND. 

In the first case, a 6800 (or 6502) is used. See Figure 5. 

14 

STS 

HIGH BYTE 
(or LOW BYTE) 

MIDDLE BYTE 

1----------1 Ric 
HS 9414 

CS 

1------------1 Ao 
12/8 

30 

NOTE 1. Decoding may be needed for a large system. 

Figure 5. Interfacing the HS 9414 and a 6800 I-'P 

The STATUS (STS) is tied directly to IREO which is the 
interrupt line. When STS goes to 0 (at the end of a con
version) the 6800 may either service the interrupt or be 
timed for 30 J.lS (since this IREO is software maskable) 
the time required for a conversion. 

Figure 6 shows the 8080A J.lP as interfaced with the 
HS 9414. In this case, a 8228 controller is shown with 
gates to generate needed signals. 

DATA AND HIGH BYTE 
CONTROL (or LOW BYTE) 

BUSES 

MIDDLE 

8080A BYTE 

RIC 

HS 9414 
cs 

A1S 
Ao Ao 

12/8 

30 

Figure 6. Interfacing the HS 9414 and 8080A I-' P 



Figure 7 shows the HS 9414 connected with a 
8048 lAP. A single AND gate is used to generate CS. 

8048 

WR 
RD 

HIGH BYTE 
(or LOW BYTE) 

HS 9414 

MIDDLE BYTE 

,---------=:; RIC 

~~~~:r-------~ 
12/8 

Figure 7. Interfacing the HS 9414 with a 8048 J.lP. 

A summary of lAP types and connections is in Table 4. 

MICRO· 
PROCESSOR HS 9414CONTROL INPUTS 

RIC CS Ao 
8080 
MEMORY MAPPED (ME'MRi Ao 

1/0 DECODED 
PROGRAMMED (iiOR) ADDRESS 

1/0 

6800 RIW DECODED Ao 
ADDRESS 

6502 RiW DECODED Ao 
ADDRESS 

Z80 
MEMORY MAPPED (RD) DECODED Ao 

1/0 ADDRESS 
WITH MREQ 

PROGRAMMED (AD) DECODED Ao 
1/0 ADDRESS 

WITH lOR 

8048 (lID) PORT 20-3' PORT 20-3 

• Port 2. Lines 0·3 can be used as a 4-Bit address bus. System address decoding 
requlfements vary from no hardware to a fully latched 12-Bit address. depending on 
system complexity. 

Table 4_ Summary of HS 9414 Control Inputs 
with Various Microprocessors 

ENABLING DATA IN 8-BIT OUTPUT MODE 

For an 8·bit system Figures 5,6 and 7 show no direct 
connection of the low bytes. Hybrid Systems has pro· 
vided internal multiplexing prior to the output tri-state 
drivers of the MSB's and LSB's. During the READ 
cycle when Ao = 0 the 8 MSB's are enabled and 
appear on pins 19-26. When Ao = 1 the LSB's are 
multiplexed onto pins 23-26, pins 20·23 to "0", and 
pins 15-18 float (High Z). The LSB's may be hardwired 
directly to the MSB's (23·26) with no loss in system 
performance but this will decrease the system 
versatility. 

A recap of the output data in an 8-bit system is as 
follows: 

CONDITIONS 

1. 12/8 (pin 2) grounded or at "0" 

2. READ cycle. 

OUTPUT 

Ao State 23·26 (High) 19·22 (Middle) 15·18 (Low) 

0 MSB Data Middle Bit Data Float 

(Bits 1-4) (Bits 5-8) (High Z) 

LSB Data O's Float 

(Bits 9-12) (High Z) 

USING THE LATCH LINE 

The LATCH line controls the internal 4·Bit transparent 
latch that holds the input MUX channel number (MAO, 
MA 1) and the gain selection word (GAO, GA 1). A low 
(0) on this line updates this latch and a high (1) holds 
the new word. 

If the system where the HS 9414 is being used already 
has fully implemented output ports, then the LATCH 
line may be hardwired low so that an output port may 
control the timing of the input MUX and SPGIA gain 
directly. (See Figure 8). 

LATCH h 
39 

MAO DO 

38 
MA1 01 

OUTPUT PORT 

HS 9414 
OR 

HARWARE 

37 
SEQUENCER 

GAO 02 

GA1 
36 

03 

Figure 8. 

If the system does not have available output ports for 
the input MUX channel and gain selection, then 4·Bits 
from the system data bus can be directly tied to the 
MAO, MA 1, GAO and GA 1 lines. Port address control 
decoding circuitry is connected to the LATCH line so 
that the 4·Bit data is grabbed from the system bus at 
the proper time. (See Figure 9). 
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DECODER 

40 
LATCH 

39 
MAO 

38 
MA1 

4-BITS FROM 
HS 9414 THE SYSTEM 

DATA BUS 
37 

GAO 

36 
GA1 

Figure 9. 

OUTPUT OFFSET AND GAIN ADJUSTMENT 
AT GAIN = 1 

The output offset and gain adjustments are used to 
calibrate the AID section at a gain of one. The HS 9414 
is normally used with external zero and gain calibration 
potentiometers. However, if maximum accuracy is not 
required, they may be omitted. If no trims are used, the 
gain of one calibration will be within approximately 
± 2 LSB zero offset error, and ± 12 LSB maximum full 
scale error. See Figure 2c & 2d for connection with no 
trims. If gain and zero adjustment potentiometers are 
used, they should be connected as shown in Figure 2a 
& 2b. The zero control has a range of about ± 20 LSB, 
and the gain control has a range of about ± 13 LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in
struments. The voltage source used as a signal input 
must be very stable. It also should be capable of being 
set to within 1/10 LSB at both ends of its range. 

The HS 9414's zero and gain adjustments are indepen
dent of each other if the zero (or offset) adjustment is 
made first. 

SPGIA INPUT OFFSET ADJUSTMENT 
AT HIGH GAIN 

The HS 9414 provides input offset adjustment to allow 
calibration of input offset errors to less than 5 JAV 
( < V2 LSB @G = 500) at high gains. The initial offset 
error before calibration is typically less than 50 JAV or 
250 fAY maximum at G = 500. This input offset error 
may be adequate in some applications, and input off
set adjustment may be omitted. See Figure 2 for the 
various adjustment options. 
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Proper use of the input and output offset adjustment 
pots results in an offset free system regardless of 
SPGIA gain setting or input channel. This can be 
achieved by calibrating the AID section output offset 
and gain adjustments first and the input offset second. 
After the input offset is adjusted at G = 500 the output 
offset at G = 1 may need a minor adjustment. 

AID CALIBRATION 

1. Center input offset pot if used. 
2. Set SPGIA gain to one. 
3. Tie channel LO to analog ground (Pin 33) and 

apply the input voltage standard between HI and 
LO of that channel. 

4. Make sure that the voltage standard is grounded 
externally only at the input channel LO. 

ZERO ADJUSTMENT PROCEDURE 

1. For unipolar ranges: 
a) Set input voltage precisely to + V2 LSB. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001. 
2. For bipolar ranges: 

a) Set input voltage precisely to V2 LSB above 
-F.S. 

b) Adjust zero control until converter is switching 
from 000000000000 to 000000000001 

GAIN ADJUSTMENT PROCEDURE 

1. Set input voltage precisely to V2 LSB less than "all 
bits on" ideal value. Note that this is 1V2 LSBless 
than nominal full scale. 

2. Adjust gain control until converter is switching from 
11111111111 0 to 111111111111 . 

Table 5 summarizes the zero and gain adjustment pro
cedure, and shows the proper input test voltages used 
in calibrating the HS 9414. 

SPGIA OFFSET CALIBRATION PROCEDURE 

1. Calibrate the AID section first. 
2. Set the SPGIA gain to 500. 

a) Apply V2 LSB to the input channel via a 500:1 
attenuator as shown in Figure 10 or via the 
external front end circuitry. V2 LSB at gain of 500 
is 4.8 IAV for 20V range units (HS 9414X-2) and 
2.4 JAV for 10V range units (HS 9414X-1). 

b) Unipolar configuration: 
Adjust input offset pot until converter is switching 
from 000000000000 to 000000000001 

c) Bipolar configuration: 
Adjust input offset pot until converter is switcnlng 
from 100000000000 to 1000000000001 



Adjust input to point 
where converter is 

Ideal Input Voltage Value just on the verge of 
Voltage Adjust- switching between 
Range ment GAIN=1 GAIN=10 GAIN=100 GAIN =500 the two codes shown.1 

ZERO 1.22mV 0.122mV 12.21'V 2.4I'V OOOOOOOOOOOQ) 
Oto + 10V 

GAIN 9.9963V 0.99963V 99.963mV 19.9926mV 11111111111 Q) 

ZERO -4.9988V -0.49988V -49.988mV 9.9976mV OOOOOOOOOOOQ) 
±5V 

GAIN 4.9963V 0.49963V 49.963mV -9.9926mV 11111111111 Q) 

ZERO -9.9976V -0.9976V -99.976mV -19.9952mV OOOOOOOOOOOQ) 
±10V 

GAIN 9.9927V 0.99927V 99.927mV 19.99859mV 11111111111Q) 

NOTE 1. Codes shown are natural binary for unipolar input ranges and offset binary for bipolar ranges. 

The term "qJ' is the transition between a logic a and a logic 1 state. 

Table 5. Calibration Data 

POWER SUPPLY CONSIDERATION 

Power supplies used for the HS 9414 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable out
put codes may result with noisy power sources. It is im
portant to remember that 5 fJV is 1 LSB for a 10 volt 
range, at a gain of 500. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable decoupling capacitors are 10 J.I F tantalum 
type in parallel with 0.1 fJF disc ceramic type. 

GROUNDING CONSIDERATIONS 

To insure maximum accuracy, the HS 9414 has a 
separate analog and digital ground; these two grounds 
must be routed properly to prevent DC and transient 
errors. 

DC errors can be caused by current flowing through a 
run resistance between the system ground reference 

5kQ 1% 

"'} 10Q INPUT 

VOLTAGE 1% CHANNEL 

SOURCE LO 

33 
ANAGND 

HS 9414 
DIGGND 

VCC-
10 

INPUT OFFSET ADJUST 
10kQ 9 

Figure 10. Suggested SPGIA Input Offset Calibration Circuit 

and the DAS ground reference. (One mA through 2.5Q 
will cause an LSB of error.) The best way to prevent 
this type of error is to connect the digital and analog 
grounds very close to the HS 9414 and use this point 
as the system ground. This can be done as a so-called 
"star ground" as shown in Figure 11. The single com
mon ground reference insures no ground current or 
ground loop errors. 

Figure ". 

ANALOG FRONT END 

If the circuit is to be used at or near its maximum 
throughput rate, care must be used to prevent 
dynamic errors due to source impedance at the multi
plexer inputs. If a low-pass anti-alias filter is used 
at the analog inputs (Figure 12a), it is suggested that a 
buffer be used (Figure 12b) to eliminate charge-transfer 
errors between CFILTER and CMUX,AMP (Figure 12c). 
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RS RFILTER HS 9414 

r-"VV'v--VV'v----.------1 MUX 

Vs 
ANALOG 
IN 

Figure 12a. (Not Recommended) 

Vs 

Figure 12b. (Recommended) 

: HS 9414 
RS RFIL TER i RMUX 

HS 9414 

MUX 
ANALOG 
IN 

I CMUX, AMP 
Vs : CFIL TER ' 

~ ~ i ~ 

Figure 12c. (Equivalent Circuit of 12a) 

The H I and LOW inputs for each channel are adjacent 
to each other in the package. This simplifies layout of 
closely spaced HI and La lines and eases connection 
of shielded and twisted pairs for each channel. (See 
Figure 13). These wiring consideration are particularly 
important at high SPGIA gain settings. The close prox
imity and similarity of the HI and La conductors also 
reduces thermoelectric errors due to Seebeck effect. 

- - - - - - - - - - - - - ",- - - - 1-GROUNDED GUARD 

I 

=- -=--=- -=- -=- -=- -=- -=- -=- -= =-.; - --:} -1 ~ CHO HI 
L ___ CHO LO 

- - - - - - - - - - -b ! CH1 HI 
-= L _ _ _ _ _ _ _ _ CH1 LO 

5 CH2 HI 
CH2 LO 

CH3 HI 
CH3 LO 

~_-_-_-;-- ~ __ s- - - ---- --: 

HS 9414 

ANAGND 33 

r 
-\--;f---------------J 
TWISTED SHIELDED PAIR 

DIG GND 
32 

Figure 13. Recommended Input Wiring Layout 

DYNAMIC PERFORMANCE CONSIDERATIONS 

The analog signal path in the HS 9414 has a 
characteristic settling time for each gain setting. If 
maximum accuracy is desired, enough settling time for 
each gain setting must be allowed. If not, each new 
conversion may have vestigial amounts of signal from 
the previous conversion. This phenomenon also 
manifests itself as poor crosstalk performance among 
successively converted channels or input signals. 
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Coherent noise coupling and input MUX crosstalk is 
more detrimental at certain time slots of the DAS 
pipeline (Figure 4) than others. System coherent noise 
spikes and adjacent channel dynamic swings will affect 
the signal that is being converted more severely if they 
happen in the last 1 to 10 lAs before the status line 
goes high. 

When switching the SPGIA to a higher gain it is impor
tant to make sure that the input MUX is not switched to 
the new low level signal later than the gain. Momentary 
saturation may occur while the signal presented to 
SPGIA is still high level and the new gain is high. 

FIXED GAIN ASSIGNMENT FOR 
EACH INPUT CHANNEL 

The HS 9414 has four input channels and four 
independent gains. Any input channel can be software 
or hardware programmed for any gain in any 
sequence of DAS conversions. However, in some 
applications it suffices to preassign a fixed gain for 
each channel. This reduces the number of SPGIA 
control bits from four (MAO, MA 1, GAO, GA 1) to two 
(MAO, MA 1). Figure 14 shows an implementation of 
this configuration using a dual 4-input multiplexer. 

LATCH 

MAO 

MA1 

HS 9414 GAO 

GA1 

40 

39 

38 

37 

36 

EXAMPLE: 

210, 110 = 1,1 CHO HAS GAIN OF 500 
211,111 = 0,0 CH1 HAS GAIN OF 1 
212,112 = 1,0 CH2 HAS GAIN OF 100 
213,113 = 0,1 CH3 HAS GAIN OF 10 

INPUT CHANNEL ASSIGNED GAIN AT: 

CHO 210,110 
CH1 211,111 
CH2 212,112 
CH3 213,113 

Figure 14. Input Channel Assigned Gain 



UNIPOLAR/BIPOLAR CONFIGURATION 

The HS 9414-2 units are 20 volt range units which must 
be operated in bipolar configuration to give a ± 10V 
input signal range (for unity gain amplification). The 
HS 9414-1 units are 10 volt range units which can be 
operated in unipolar or bipolar modes. Refer to Figure 
2 for various configurations. 

INPUT EXPANSION 

The DAS is configured with a 4-channel differential 
input. In the event the user wishes to increase the 
number of input channels, examples of input expan
sion are shown in Figure 15. 

ADDR2 ADDR1 ADDRO ACTIVE CHANNEL 

0 0 0 NONE 

0 0 1 ±IN1 

0 1 0 ±IN2 

0 1 1 ±IN3 

1 0 0 ±IN4 

1 0 1 ±IN5 

1 1 0 ±IN6 

1 1 1 ±IN7 

2.116 
(53.74) 

·1 -I I 0.250 MAX _(6.35) 

r 

MAX 
-40 21-

llif 
1

0
.
800 0.600 

40 PIN (20.32) 
.(114) MAX 

1 .1 20. 
0.020 

TOP VIEW (0.51) 

PIN (1) INDEX 0.025 ;1;0.010 
(0.63 ± 0.25) 

L 
T to.2OO 
__ (5.08) 

MIN 

0.018 ±0.002 
~ 

+0 ~ +IN3 
+1 S +IN2 

HS :~ 7 
+INl 

9414 
-0 2 -IN3 
-1 4 -IN2 
-2 6 -INl 
-3 

MAO 

ADOR2 

AOORl 

ADORO 

ENA1 AO 
+0 +IN4 

+OUT 
+1 +IN5 
+2 +IN6 

HI-509A +3 +IN7 
OR 

-0 -IN4 MUX-24 
-1 -INS 

-OUT -2 -INS 
-3 -IN7 

Figure 15. Input Expansion for HS 9414 
(From 4 to 7 Channels) 

ORDERING INFORMATION 

MODEL INPUT TEMPERATURE 
NUMBER RANGE RANGE SCREENING 

HS 9414C-1 10V O°C to + 70°C -

HS 9414C-2 20V O°C to + lO°C -

HS 9414B-1 10V -55°C to + 125°C 883C 

HS 9414B-2 20V -55°C to + 125°C 883C 
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~I~~ 
SIGNAL PROCESSING EXCELLENCE 

SP9415 SERIES 

a-CHANNEL, 12-BIT, 
75kHz DATA ACQUISITION SYSTEM 

FEATURES 
• Multiplexer, sample-and-hold, AID in a 

compact 28-pin DIP 
• Input overvoltage protection 
• 75 kHz system throughput 
• Three state output buffer 
• Pin for pin compatible with 

HS9410 Series 

DESCRIPTION 
The SP9415 Series is a complete 8-channel, micro
processor compatible, 12-bit data acquisition 
system with all the interface logic to connect direct
ly to 8-or 16-bit microprocessor buses. Packaged in 
a ceramic, 28-pin DIP, the SP9415 Series includes an 
8-channel multiplexer, 1 microsecond sample
and-hold-amplifier and a 15 microsecond, 12-bit 
AID converter. Pin for pin compatible with the 
popular HS9410 Series, the SP9415 Series offers 
faster acquisition time, AID conversion time and 
system throughput. 

FUNCTIONAL DIAGRAM 

I 
CH 1 

11 

CH2 
12 

CH3 
13 
14 

ANALOG CH 4 
18 INPUTS CH 5 

L 
17 

CH 6 16 
CH 7 15 
CH 8 

r MAO 
10 

MUX MAl 
ADDRESS 

MA2 L 

8 CHANNEL 
MULTIPLEXER 

SP 9415 SERIES 

To take advantage of the 28-pin package the user 
must specify an input range of 0 to + 10V, ±5Vor 
± 10V when ordering. Four basic product grades 
are available; J and K models are specified over a 
temperature range of O°C to + 70°C while the 
Sand T models are specified over an extended 
temperature range of -55°C to + 125°C. Full 
screening to MIL-STD-883C is available. 

STS 
(STATUS) GAIN OFFSET 

22 

HIGH DBll (MSB)/DB3 
BYTE 1 

DB10/DB2 OR 28 
lOW 27 

DB9/DBI 
BYTE DBa/DBo (lSB) 

12- BIT 26 
DB7 ADC 25 

MIDDLE 24 
DB6 

BYTE 23 
DBS 
DB4 

AD RIC VCC VEE VlOGIC GND 
+15V -ISV +SV 
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SPECIFICATIONS 
(Typical @ + 25°C with VCC = + 15V, VEE = -15V, VLOGIC = + 5V, unless otherwise specified.) 

MODEL 

TRANSFER CHARACTERISTICS 

Resolution 
Number of Channels 
Throughput Rate 

ANALOG INPUTS 

SP 941XJ 

12·Bits 
8 Single·Ended 
75 kHz typ, 60 kHz min 

Input Ranges 1 (Specified as a suffix in the model number. See Ordering Guide.) 
SP9415 Oto+l0V 
SP 9416 +5V 
SP 9417 :;; 10V 

Input Bias Current per Channel 
ItB 25°C 

-55°Cto + 125°C 
Input Impedance 

ON Channel 
OFF Channel 

DIGITAL INPUTS 

Logic Inputs 
RIC, Ao 

VIH 
VIH 
VIL 
VIL 
IlL 
IIH 

Multiplexer Inputs 

VIL 
VIH 

Input Capacitance (All Digital Inputs) 
Minimum Start Pulse 

R/C·Negatlve 

SIGNAL DYNAMICS 

Acquisition Time (20V STep) 
0.1% 
0.01% 

Conversion Time 
12·Bit Conversion 

8·Bit Conversion 

DIGITAL OUTPUTS 

Logic Outputs 
OBn080, STS 

Logic 0 
Logic 1 
Leakage (High Z State) 
Capacitance 

Output Code Configuration 
Unipolar 
Bipolar 

POWER SUPPLY 

VLOGIC 
VCC 
VEE 
Power DIssipation 
ReJection 3 

VLOGIC 
VCC 
VEE 

ACCURACY 

Linearity Error (% of F.S.R. max) 
Offset4 

Unipolar (% of F.S.R.) 
Bipolar (% of F.S.R. max) 

Gain4 (% to F.S.R. max) 

STABILITY 

Linearity (ppm/Oe max) 
Unipolar Offset (ppm/OC max) 
Bipolar Offset (ppml °c max) 
Gain (Scale Factor)(ppm/Oe max) 

TEMPERA TURE RANGE 

Operating 
Storage 

NOTES: 

±10nA 

5MQ II 25pf 
5MQ II 5pf 

+2.4V min 
+ 5.5V max 
+0.8V max 
-0.5Vmin 
±5~A max 
±5~A max 

+0.8V max 
+4.0Vmax2 

5pF typ 

50ns 

0.8~sec typ, 1.2~sec max 
1.0~sec typ, 1.5~sec max 

12~s typ, 15~s max 
8<08 typ, 12~s max 

+ O.4V max, IOL = 1.6mA 
+2.4Vmin,IOH=0.5mA 
± 5~A typ (OB11 ·OBO only) 
5pF typ 

Positive True Binary 
Positive True Offset Binary 

+4.5 to +5.5 Volts@5mAmax 
+13.5to + 16.5 VOlts@25mAmax 
-13.5 to - 16.5 Volts @ 10mA max 
550mWmax 

0.002%1% typ, 0.005%1% max 
0.002%1% typ, 0.005%1% max 
0.002%1% typ, 0.005%1% max 

±0.025 

± 0.05 typ, ± 0.1 max 
±0.25 
±0.3 

±0.5 
±10 
±25 
±50 

OCto + 70 0e 
-25°Cto +85°e 

SP 941XK SP 941XS SP 941XT 

±250nA max 

±0.012 ±0.025 ±0.012 

±0.1 ±0.25 ±0.1 

±0.5 ±2.5 ±2.5 
±5 ±25 ±20 
±20 ±25 ±20 
±20 ±50 ±25 

-55°Cto +125°C -55°C to +125°C 
-65°eto +150 0 C -55°C to +j25°C 

1. All models Input may exceed supply voltages up to 70Vpp without permanent damage to device 2. 1 K pull up to + 5V recommended for MAO·MA2 when driven by TTL. 3. Maximum change over 
rated supply Voltage. 4. Externally adjustable to zero. See Applications Information 

• Specillcalions same as SP 9415J 
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PACKAGE OUTLINE 

F.620 MA~ 0.145 
(15.75) (3.68) 

---L-

~=i=0.010 
~o.8cio~ (0.254) 

~~~ J... 
28 i T 

0.020 
[\ (0.51)c::::~:t=;::: 

• PIN 1 
DOT 

15 14 

BOTTOM 
VIEW 

PIN ASSIGNMENTS 

PIN FUNCTION 

1 DB1O/DB2 

2 DB11(MSB)/DB3 

3 Ao 

4 RIC 

5 GROUND 

6 VLOGIC 
7 VEE 

8 MUX ADDRESS A2 

9 MUX ADDRESS A1 

10 MUX ADDRESS Ao 

11 INPUT CH 1 

12 INPUT CH 2 

13 INPUT CH 3 

14 INPUT CH 4 

PIN 

28 

27 

26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

FUNCTION 

DB9/DB1 

DBs/DBo 

DB? 

DBs 

DBs 

DB4 

STS(ST ATUS) 

GAIN 

OFFSET 

Vcc 

INPUT CH 5 

INPUT CH 6 

INPUT CH 7 

INPUT CH 8 

ABSOLUTE MAXIMUM RATINGS 

VcctoCommonGND ................. Oto +16.5V 
VEEtoCommonGND ................. Oto -16.5V 
VLOGlctoCommonGND .................. Oto + 7V 
Control Inputs (Ao' RIC) to 

Common GND ............ - O.5Vto VLOGIC + 0.5V 
Power Dissipation ......................... 1.6W 
LeadTemperature,Soldering ......... 300°C, 10Sec 
Maximum InputVoltage ................. Vcc + 20V 
Minimum Input Voltage .................. VEE -20V 
Analog Input Maximum Current .............. 25mA 

CONTROL FUNCTIONS 
The SP 9415 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1,2, and 3. 

Function Definition Function 

RIC ReadlConvert 1.l initiates conversion. 
2. Low (0) disconnects data bus. 
3. High (1) initiates read. 

Ao Device Address 1. Selects conversion mode. 
12-bits if low (O),~bits if 
high (1) when RIC 1,. 

2. In read mode Ao selects the out-
put format. If low (0) then 8 
MS8's (high and middle byte) or 
if high (1) then only low byte 
and trailing zeroes. 

MAo 
MA1 Multiplexer Select Channels 1-8 
MA2 Address (see MUX LogiC Table 3) 

Table 1. Defining the Control Functions 

Control Inputs Operation 

RIC Ao 

1. 0 Initiates 12-bit conversion 

l 1 Initiates S-bit conversion 

1 0 Enables 8 MSB's (high byte) 

1 1 Enables 4 LS8's (low byte) and 
4 trailing zeros 

0 X Output data (DB) goes to high 
impedance state. 

Table 2. Truth Table-Control Inputs 

Mux Address 
Inputs 

A2 A1 Ao 

0 0 0 

0 0 1 

0 1 0 

0 1 1 

1 0 0 

1 0 1 

1 1 0 

1 1 1 

Channel 
Selected 

1 

2 

3 

4 

5 

6 

7 

8 

NOTES: 

1. 1 indicates logic HIGH. 
2. 0 indicates logic LOW. 
3. X Indicates don't care. 
4. 1. indicates operation commences 

on high to low transition. 
5. MSB---".2QQQS. XXXX 

High Middle 
Byte Byte 

6. lQQQS~LSB 

Low 
Byte 

Table 3. Truth Table-Multiplexer Address 

557 



APPLICATIONS INFORMATION 

TIMING 
The timing diagrams are shown in Figures 1 through 6. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the convert cycle, while Figures 3 and 4 
show the timing sequence to start either a 12- or an 
8-bit conversion. Figures 5 and 6 show how to read the 
multiplexed data from the internal register in the 
SP 9415. 

Figures 1 and 2 
The multiplexer address can be changed either during 
or after a conversion, but care must be taken not to 
change the address within 1 microsecond after the 
convert command to insure that the samplelhold will 
not start to acquire the signal of the new channel. After 
the multiplexer address has been changed, you must 
allow the samplelhold at least 1.5 microseconds in 
sample mode to acquire the new input signal. 

ICON 

STATUS 

AD~~~SS ---<------'l'¥----------c:=. 
\ I 

I ~'-----------_, 
RIC I I 

:~i'----'! 
I I I 

IMUXH 

tMUXH Multiplexer address hold time after convert command 
tACO Minimum time between conversions 

(S/H acquisition time) 
tCON Conversion time for -12 bit resolution 

- 8 bit resolution 

Figure 1. Timing Diagram 8/12-Bit Conversion, 
MUX Address Changes During Conversion 

1,..smin 

1.5,..smin 
15,..s max 
12,..s max 

AD~~~SS --------------J'r'------
R/C-U 

tACO Minimum time between MUX address change 
and convert command 

tCON Conversion time - Specification, see Figure 1 

Figure 2. Timing Diagram 8/12-Bit Conversion, 

I I 

MUX Address Changes Between Conversions 

Figures 3 and 4 

1.5,..s min 

Figures 3 and 4 show how to start a convert cycle. The 
logic level of the Ao line determines whether a 12- or 
8-bit conversion will be initiated. "if Ao is low during the 
start convert command, a 12 bit conversion will be 
started; if Ao is high, an 8-bit conversion will occur. The 

. Ao line has to be setup when the RIC line goes to logic 
'0' and must remain in the desired level for at least 
50 ns. The RIC line is used both to start a conversion 
and to read the output data. If RIC is going Iowa con-
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version is initiated. This is indicated by the STATUS line 
going high. A second start convert command during a 
conversion will be ignored. The RIC pulse must have a 
minimum width of 50 ns. For optimum performance the 
rising edge of the RIC pulse should not occur during a 
conversion if the conversion has been in progress for 
more than 1 microsecond, i.e., the negative RIC pulse 
should be either shorter than 1 microsecond or longer 
than the conversion time. 

I IRC i 
I I 
I I 

AO~~---~l:r-----------
I I 
I I 
I I 

~c~ ; 
I 

STATUS yr-------------
----~----~! 

IDS 

I 
I 

I 
I 

-----+------1\ HIGH - Z 
DATA OUTPUT 1>-------:,;;;:;;.;.....;::;,-----

I 
I 

IHL 

tRC RIC pulse Width, Ao pulse width (Note 1) 
tos Status delay from RIC 

tHL Output float delay 

Figure 3. Timing Diagram to Start a 12-Bit Conversion 

I ! 
I I 

AO~ ~ I I I IRC 
RIC I_ I 

I I 

~ J 
I 

! 
I 

IDS I 

STATUS I I 
I 
I 

I 
I 

DATA OUTPUT > I 
I 
I 

IHL I 
I 

tRC RIC pulse width, Ao pulse width (Note 1) 
tos Status delay from RIC 
tHL Output float delay 

Figure 4. Timing Diagram to Start an 8-Bit Conversion 

50 ns min 

200 nsmax 
25 ns min 

50 ns min 
200 ns max 

25 ns min 



Figures 5 and 6 
If a conversion is in progress the data output lines are 
disabled and in the high-impedance state. Data can be 
enabled by bringing the RIC line high after a conver
sion is complete (this is indicated by the STATUS line 
going low; Fig. 6). If RIC has been returned high during 
a conversion the data outputs will be enabled auto
matically after STATUS goes low (Fig. 5). The Ao line is 
used to address either the 8 upper data bits or the 4 
lower data bits followed by 4 trailing zeros. If an 8-bit 
conversion has been performed the lower 4 bits will 
always be '0'. After an 8-bit conversion, it is not 
necessary to read the lower 4 bits prior to starting a 
new conversion. Note that Ao only controls the address 
of the two data bytes while the high impedance state of 
the output buffers is controlled by the RIC and STATUS 
line. The output buffers will not return to the high 
impedance state when Ao is changed to address the 
second data byte. 

1 tSRC I 
1 I 

~C t'----~i----------------------
______ ...J! I I 

STATUS 

Ao----------'*~-;i---------...Jxr----------
I I 1 I 

HIGH - Z I, Y------ii7t!t4,.".,...,nd',.------
DATA OUTPUT --------'---------1,·r---<Q,.I" I~ 

1---..J'-------'!,.lLII.JJ.lLJI..lo!I'-, ------

I tRl I hR21 

tSRC RIC set-up time prior to status going low 
tSA Ao set-up time prior to status going low (Note 2) 

tR1 Access time, 1 st data byte (from status) 

tR2 Access time, 2nd data byte (from Ao) 

Figure 5. Timing Diagram Read Cycle, 
RIC Going High During Conversion 

NOTES: 

o ns min 

50 ns min 
125 ns max 
225 ns max 

1. For optimum performance the positive edge of the RIC pulse 
should occur during a conversion if the conversion has been started 
for more than 4.5 microseconds. The negative RIC pulse should be 
longer than 4.5 microseconds before the STATUS goes high. 

2. If the set-up time for Ao cannot be met, the access time for the first 
data byte will be increased. In that case the first data byte will 
become valid 225 ns max after the change of the Ao line. 

I tSTS I 
1--=-=----1 
I 1.---------------------

RIC : I / -------+: ----!L.J~I 
______ ,' I tSA I 

STATUS \ i I 

i~~:--4i----------------------
------------,:~-+'------------.:~---------

Ao ¥ i ~-----------
I I I 

1 I 1 

DATA OUTPUT _____ HI_GH_-_Z ____ --;.: ___ ~ twn 
I 1 I I 

hR1i hR21 

tSTS Status going low prior to RIC going high o ns min 

50 ns min 
125 ns max 

225 ns max 

tSA Ao set-up time prior to RIC going high (Note 2) 
tR1 Access time, 1st data byte (from RIC) 

tR2 Access time, 2nd data byte (from Ao) 

Figure 6. Timing Diagram Read Cycle, 
RIC Going High After Conversion 

USING THE Ao LINE 

The state of Ao at the start of a conversion places the 
DAS in either a full 12-bit conversion or in an 8-bit 'short 
cycle' mode. During a READ at the end of a conver
sion Ao is used to format the data as follows: 

1. Prior to Conversion (WRITE) 

Ao=1 
Ao=O 

2. After Conversion (READ) 
Ao= 1 

MODE 
Short cycle 8-bit conversion 
Full 12-bit conversion 

Data = Low Byte (LSB) 
followed by zeros 
Data = High Byte (MSB's) 
followed by middle byte. 

In a JAP application Ao can be considered a pair of W/R 
locations as follows: 

1. Prior to Conversion (WRITE) 

W/R = 0 in low address (Ao = 0) 
W/R = 0 in high address (Ao = 1) 

2. After Conversion (READ) 
W/R = 1 in high address (Ao = 1) 
W/R = 1 in low address (Ao = 0) 

MODE 
Full 12-bit conversion 
Short cycle 8-bit conversion 

LSB's & zeros 
8 MSB's only 
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MICROPROCESSOR INTERFACE 
The SP 9415 Series DAS can be interfaced with most 
popular 8-bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
110 device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instruc
tions are given to the selected address. When the DAS is 
connected as an I/O device, the I/O enable can be 
substituted for the MEMR or MEMW command. Figure 7 
shows a typical scheme to implement this interface. 

STS is not used in this example; the !.l P must read data 
15",s after conversion starts. This delay can be 
generated with NOP or other instructions inserted bet
ween the WRITE and READ functions. The STS line can 
also be used to cause the processor to WAIT or HALT or 
can be used as an interrupt line such as IREO (in the 
case of 6800 or 6502). 

AO----------------------------------~ 
SEE TEXT -4----------------------. 

DATA 
BUS 

ADDRE 
BUS 

WR 

Ao Al WR RD ADDR SEL 

X 0 it..f 1 0 

0 1 U 1 0 

1 1 l..J 1 0 

0 X 1 0 0 

1 X 1 0 0 

NOTE: 
1. 1 indicates logic HIGH. 
2. 0 indicates logic LOW. 
3. X indicates don't care. 

AO 

lG lYO 

lA 
lYl 

lB 
2G 
2A 

2YO 
2B 

SP 9415 FUNCTION 

Read/Write Operation 

WRITE MUXADDRESS 

WRITE START 12-BIT CONY. 

WRITE START 8-BIT CONY. 

READ HIGH BYTE (8 MSB's) 

READ LOW BYTE (4 LSB's) 

4. U indicates operation commences on low to high transition. 
5. W indicates operation commences on high to low transition. 
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INPUT EXPANSION 
The DAS is configured with an 8 channel high level 
multiplexer input. This was done to optimize package 
size (28 pin DIP) and cost. In the event the user wishes 
to increase the number of input channels, a double 
rank MUX input is recommended (series connected). 
This typical configuration is shown in Figure 8. 

11 
12 
13SP 9415 
14 SERIES 
18 
17 
16 

LOG -15 
UTS 

/\ 

8 
CHANNEL 

MUX OUT 

n 
MUX ADDRESS 

NOTE: EXPANSION SHOWN FOR CHANNEL 8 OF DAS I... I x I X I X 11 I 1 11 I 

ZERO AND GAIN CONNECTIONS 

~'---' 
8 CHANNEL 9415 MUX 
EXPANSION ADDRESS 

The DAS is normally used with external zero and gain 
calibration potentiometers. However, if maximum ac
curacy is not required, they may be omitted. The zero 
control has a range of about ± 20LSB, and the gain 
control has a range of about ± 13LSB. 

Proper gain and zero calibration requires great care 
and the use of extremely sensitive and accurate in
struments. The voltage source used as a signal input 
must be very stable, It also should be capable of being 
set to within 1/1 OLSB at both ends of its range. 

The DAS's zero and gain adjustments are independent 
of each other if the zero (or offset) adjustment is made 
first. 

MUX 11-10 
1,2, 

DBo-DStl ADDRESS 23-28 

SP 9415 
ANALOG SERIES AO 3 

INPUTS 11-18 Rle 4 

.15V I STS 22 
VI 

21 GAIN 20K +5V 6 

-15V 
6K 

-15V 7 
+15V Ivo Rl +15 19 
20K 20 OFFSET 

4K GND 5 
-15V 



ZERO ADJUSTMENT PROCEDURE 
1. For unipolar ranges: 

a) Set input voltage precisely to + V2LSB. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001. 
2. For bipolar ranges: 

a) Set input voltage precisely to 112LSB above - F.S. 
b) Adjust zero control until converter is switching 

from 000000000000 to 000000000001 
3. When zero adjust is not performed pin 20 should be 

a no connect. 

GAIN ADJUSTMENT PROCEDURE 
1. Set input voltage precisely to 112LSB less than 'all 

bits on' value. Note that this is 1 V2LSB less than 
nominal full scale. 

2. Adjust gain control until converter is switching from 
11111111111 0 to 111111111111 . 

3. When gain adjust is not performed pin 20 should be 
a no connect. 

Table 4 summarizes the zero and gain adjustment pro
cedure, and shows the proper input test voltages used 
in calibrating the DAS. 

Input Adjust input to point 
Voltage Adjust- Input where converter is 
Range ment Voltage just on the verge of 

switching between 
the two codes shown.' 

ZERO 1.22mV 0000 0000 0000 
Oto +10V 

GAIN 9.9963V 1111 1111 1110 

ZERO -4.9988V 0000 0000 0000 
±5V 

GAIN 4.9963V 111111111110 

ZERO - 9.9976V 0000 0000 0000 
±10V 

GAIN 9.9927V 111111111110 

'Codes shown are natural binary for unipolar input ranges and offset binary for bipolar 
ranges. 

0= transition between logic "1" and logic "0" state. All gain, offset and linearity 
measurements are performed using the transition test method 

Table 4. Calibration Data 

POWER SUPPLY CONSIDERATION 
Power supplies used for the DAS should be selected 
for low noise operation. In particular they should be 
free of high frequency noise. Unstable output codes 
may result with noisy power sources. It is important to 
remember that 2.44mV is 1 LSB for a 10 volt input. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable decoupling capacitors are 1 OJ.lF tantalum 
type in parallel with 0.1 J.lF disc ceramic type. 

GROUNDING CONSIDERATIONS 
The common at pin 5 is the ground reference point for 
the internal reference and is thus the high quality 
ground for the DAS. In order to achieve all of the high 
accuracy performance available from the DAS in an 
environment of high digital noise content, care should 
be taken when handling analog and digital grounds, as 
follows. Where analog and digital grounds are run 
separately on the PCB, these should be connected 
together at the package (pin 5). However, if the 
grounds are connected separately in the system for 
other reasons, then only the analog ground should be 
connected at the package to pin 5. If digital common 
contains high frequency noise beyond 200mV, this 
noise may feed through the converter, so that some 
caution will be required. . 

It is also important in the layout to carefully consider 
the placement of digital lines. It is recommended that 
digital lines not be run directly under the DAS. For op
timum system performance, if space permits, a ground 
plane is advised under the DAS. This should be con
nected to a digital ground. Finally, in packaging the 
assembled DAS, the designer should also try to mini
mize any capacitive coupling that might occur at the 
top to the device. 
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ORDERING INFORMATION 
System Full Scale 

Model Input Accuracy T.C. Temp. 
Number1 Range (% FSR) (ppm/OC) Range 

SP 94XXJ ±0.025 50.0 OOC to + 70°C 
SP 94XXK ± 0.012 20.0 OOC to + 70°C 
SP 94XXS SEE ±0.025 50.0 -55°C to + 125°C 
SP 94XXT NOTE 1 ± 0.012 25.0 - 55°C to + 125°C 
SP 94XXS/B ±0.025 50.0 - 55°C to + 125°C 
SP 94XXT/B ±0.012 25.0 -55°C to + 125°C 

NOTES: 
SP 94XX 

MODEL INPUT 
SUFFIX RANGE 

15 Oto +10V 

16 ±5V 

17 ±10V 

Add letter suffix as required above. 

Specilications subject to change without notice. 

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent damage may occur when unconnected 
devices are subjected to high energy electro-static fields. Unused devices must be stored in conductive foam or 
shunts. Protective foam should be discharged to the destination socket before devices are removed. Devices should 
be handled at static safe workstations only. Unused digital inputs must be grounded or tied to the logic supply 
voltage. Voltage at any digital input should never exceed the supply voltage by more than 0.5 volts or go below 
-0.5 volts. If this condition cannot be maintained, limit input current on digital inputs by using series resistors or 
contact Hybrid Systems for technical assistance. Unused analog input channels should be tied to ground. If the 
gain and offset circuitry is not used, pins 20 and 21 should be floating with no "antenna" type runs attached, and if 
possible be surrounded by a ground plane. Unused digital inputs should be tied to ground OV to + 5V. 
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SIGNAL PROCESSING EXCELLENCE 

SP9462 
SP9463 

12-81T DATA ACQUISITION SYSTEM 

FEATURES 
• Complete 12-Bit Data Acquisition System 
• Guaranteed No Missing Codes over 

Temperature 
• Three State Output 
• 33 kHz Throughput Rate 
• Selectable Gains of 1, 10 and 100 
• Small Pin Grid Array Package 
• Low Power: 500 mW 

DESCRIPTION 
The SP9462 and SP9463 are complete data 
acquisition systems in a 68 pin grade array 
package. The SP9462 includes a 16 channel input 
multiplexer, selectable gain instrumentation 
amplifier, sample and hold amplifier, a 12-Bit 
Analog to Digital Converter, and 3-state output 
buffers. The SP9463 is the 8 differential input 
channel device equivalent to the SP9462. The 
SP9462 and SP9463 will accept unipolar or bipolar 
voltage inputs of a to + 1 OV, ±5V and ± 1 Ov. The 
instrumentation amplifier can be selected for 
gains of 1, 10 and 100 by pin-strapping pins. The 

FUNCTIONAL DIAGRAM 
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PRELIMINARY 
INFORMATION 

SP9462 and SP9463 are available in three 
temperature ranges: a to +70°C, -25 to +85°C and 
-55 to + 125°C, with MIL-STD-883C screening 
available. 
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SPECIFICATIONS 

ELECTRICAL CHARACTERISTICS (Typical @25°C and Nominal Supply Voltages unless otherwise noted) 

PARAMETERS CONDITIONS MIN TYP MAX UNITS 

ANALOG INPUTS 
Voltage Range ±5,±10,O to + 10 Volts 
CMRR 80 85 dB 
Crosstalk -85 -80 dB 
Feedthrough -85 -80 dB 
Offset 1 30 100 ~Volts 

DIGITAL INPUTS 
Logic Levels Logic 1 2.4 Volts 

Logic 0 0.4 Volts 
Logic Loading 1 TTL Load 

ACCURACY 
Integral Linearity ±O.012 (±O.D24)* %ofFSR 
Differential Linearity ±O.012 (±O.O24)* %ofFSR 
No Missing Codes 12 Bits 
Gain Error (G= 1) 0.7 % 
Gain Error (G= 1 00) 0.9 % 
Unipolar Offset Error 16 mV 
Bipolar Offset Error 50 mV 
Droop Rate 50 500 ~V/ms 

CONVERSION & THROUGHPUT 
Throughput (Serial Mode) 45 ~ec 

A/D Conversion Time 20 25 ~ec 

S/H Acquisition Time 5 ~ec 

S/H Aperture Delay 50 nsec 
S/H Aperture Jitter 2 nsec 

STABILITY 
Unipolar Offset Tempco 15 (20)' ppmrC 
Bipolar Offset Tempco 25 (30)' ppmrC 
Gain Error Drift 35 (60)' ppmrC 

DIGITAL OUTPUTS 
Coding Straight Binary 
Output Drive TTL Loads 

POWER SUPPLY REQUIREMENTS 
+15V 20 27 mA 
-15V 10 18 mA 
+5VDigital 10 14 mA 
Dissipation 500 750 mW 

TEMPERATURE RANGE 
J,K 0 70 °C 
A,B -25 +85 °C 
R,S -55 +125 °C 

NOTES ·Spec In parenthesis is for J, A and R grades. 

1. Gain = 1, all inputs grounded. 
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PACKAGE OUTLINE 
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---.j ~ P.G.A. OUTLINE 

PIN ASSIGNMENTS 

PIN FUNCTION PIN FUNCTION 

1 Amp Out 35 S/H Out 
2 Amp Ref 36 Hold Cap 
3 + 15V (1) 37 S/H Out 
4 -15V (1) 38 NC 
5 +5V 39 S/H In 
6 Status 40 CH7 (CH7+)* 
7 011 41 CH6 (CH6+)* 
8 010 42 CH5 (CH5+)* 
9 09 43 CH4 (CH4+)* 

10 08 44 CH3 (CH3+)* 
11 07 45 CH2 (CH2+)* 
12 06 46 CHl (CH1+)* 
13 05 47 CHO (CHO+)* 
14 04 48 Mux Enable 
15 03 49 Mux Address 0 
16 02 50 Mux Address 1 
17 01 51 Mux Address 2 
18 00 52 Mux Address 3 (NC)* 
19 AOCOCOM 53 ACOM (1) 
20 -15V (2) 54 CH8 (CHO-)* 
21 AOC In (20V) 55 CH9 (CH1-)* 
22 AOC In (10V) 56 CH 10 (CH2-)* 
23 Bipolar Offset 57 CHll (CH3-)* 
24 Ref In 58 CH12 (CH4-)* 
25 ACOM (2) 59 CH13 (CH5-)* 
26 Ref Out 60 CH14 (CH6-)* 
27 + 15V (2) 61 CH15 (CH7-)* 
28 C~ 62 RG (Gain Range) 
29 RjC 63 GlO 
30 Oata Mode 64 Gl00 
31 CS 65 Mux Out+/ Amp In+ 
32 Byte Select 66 Amp In-
33 SjH Control 67 NC (Mux Out-)* 
34 SjHCommon 68 Amp Sense 

* Applicable to the SP9463 
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P.G.A. MECHANICAL OUTLINE 

566 

rA~/ I PIN 11DENT 

6'~ ~~ 
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~J 

DIM 

A 

B 

C 

D 

E 

F 

G 

H 

J 

INCHES MILLIMETERS 

MIN MAX MIN MAX 

1.087 1.109 27.610 28.169 

1.087 1.109 27.610 28.169 

.115 .140 2.921 3.556 

.162 .198 4.115 5,029 

.045 ,055 1.143 1,397 

,045 ,055 1.143 1,397 

,016 ,020 ,406 ,508 

,100 BASIC 2,540 BASIC 

,100 BASIC 2,540 BASIC 
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SIGNAL PROCESSING EXCELLENCE 

SP9480 SERIES 

8 CHANNEL, 16-BIT DATA ACQUISITION 
SYSTEM WITH JJP INTERFACE 

FEATURES 
• Complete 8 channel, 16-bit data acquisition 

system with MUX, S/H, REF, clock and three
state outputs 

• Full 8- or 16-bit microprocessor bus interface 
• Guaranteed no missing codes 14-bit over 

temperature 
• Hermetic 32-pin ceramic 
• Low power: 1, 2W 

DESCRIPTION 
The SP9480 Series is a complete 8 channel, micro
processor compatible, 16-bit data acquisition 
system with all the interface logic to connect direct
ly to8- or 16-bit microprocessor buses, Contained in 
a 32-pin DIP it includes an 8 channel multiplexer, 
sample-and-hold amplifier, and a 16-bit ND con
verter along with the control logic needed to per
form a complete data acquisition function, System 
throughput rate is 25kHz for full rated accuracy, out
put data is multiplexed and read as two bytes after 
conversion, 

FUNCTIONAL DIAGRAM 

SP 9480 

The SP9480 Series is offered in a hermetically
sealed 32-pin package and operates from ±15V 
and +5V with a total power consumption of 
1200mW, Four basic product grades are available; 
J and K models are specified over a temperature 
rangeofO°Cto + 70°CwhiletheS/BandT/B models 
are specified over an extended temperature 
range of -55°C to + 125°C. Full screening to MIL
STD-883C is available with models specified as "B," 
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SPECIFICATIONS 
(Typical @ + 25°C and nominal power supplies unless otherwise specified) 

MODEL SP 9480J SP 9480K SP 9480S/B SP 9480T/B 

RESOLUTION 16 BI:::ts ___________________________________ _ 

ANALOG IN-'-PU"--T'-"S ___ _ 

Number of Channels 

Input Voltage Ranges 
Untpolar 
Blpotar 

Input Bias Current 

tnput Offset Current 

Input Offset Voltage 

Input Voltage NOise (RTI)' 

Input Resistance 

Input Capacitance 
OFF Channet 
ON Channet 

DIGITAL INPUTS 

RI~AO 
Logic "1" 
Logic "0 
Logic Loading 

MAO. MA I , MA2 
Logic "I 
Logic "0 

Input Capacitance (All Dlgltat Inputs) 

DIGITAL OUTPUTS 

Logic Levets 
Logic "I 
Logic '0 
Leakage (High Z) 
Capacitance 

Output Codes4 

Unipolar 
Bipolar 
Dnve Capability 

Status 
Logic "I" DUring AID Conversion 
Dnve Capability 

STATIC PERFORMANCEs 

Integral Linearity Error' 

Dlfferentlat Llneanty Error 

Gam Error7 

Unipolar Offset Error' 

Bipolar Zero Error' 

DYNAMIC PERFORMANCE 

AID Conversion Time 

Acqulsl!lon Tlme8 

Throughput Rate 

MUX Crosstalk (20Vp_p ' 1kHz) 

SIH Aperture Delay 

SIH Droop Rate at 25°C 

SIH Droop Rate at T max 

Feedthrough9 (20Vp_p ' 1kHz) 

DRIFT CHARACTERISTICS 

Linearity 

Guaranteed No Missing Codes 

Gain 

Offset 
Unipolar 
Bipolar 

+ 10V REFERENCE 

Output Current 

Output Voltage 

POWER REQUIREMENTS 

Power Consumption 

Rated Voltage Analog 

Rated Voltage, Digital 

Supply Current 
+ 15V 
-15V 
+5V 

Power Suppty Rejection 

Warm-Up Time 

TEMPERATURE RANGE 

Operating 
Storage 

8 Single-Ended 

o to lOV 
± 10V 

70nA 

30nA 

2mV max 

125il VRMS' 
5MQ 

5pF 
lOpF 

+ 2.0V min, + 5.5V max 
OV min, + 0.8V max 
1 LSTTL max 

2AV min 
a.8V max 

5pF 

+2AV min 
+OAV max 
± lilA typ 
4pF 

TSB 
TOB 
8 LSTTL 

2 LSTTL 

±0.006% of FSR max 

±0_003% of FSR typ 
±0.a06% of FSR max 

±0.05%typ 
±0.2%max 

±0.05% of FSR typ 
±0.2% of FSR max 
±0.05% of FSR typ 
±0.2% of FSR max 

20~s typ, 25~s max 
13ilS min, 15ils max 

25 kHz min 

85dB 

25ns 

0025ilVlilS 

8.5ilVI~s 

120dB min 

± 3ppmloC of FSR max 

13 Bits (0 to + 70°C) 

± 20ppm/oC max 

± Sppm/oC of FSR max 
± 15ppm/oC of FSR max 

2.5mA 

+ lOV ± lOmV 

1.2W typ, 1.3W max 

± 15V (±0.5V max) 

+ 5V (± 0.5V max) 

35m A max 
39m A max 
38m A max 
0.001%1% (AJI Supplies) 

1 minute 

O°C to + 70°C 
-25°C to +85°C 

± 0.003% of FSR max 

± 2ppm/oC of FSR max 

14 Bits (0 to + 70°C) 

±0_006% of FSR max 

±3ppm/oC of FSR max 

13 Bits (-SSOC to + 125°C) 

-S5°Cto + 125°C 
-65°C to + 150°C 

± 0_003% of FSR max 

± 2ppm/oC of FSR max 

14 Bits (-55°C to + 12S°C) 

NOTES: 1 Referred to Input 2. Measured at the output of the sample/hold 3_ I KQpuliup to + 5V recommended for MAO-MA2 when driven by TTL. 4. TSB = True Straight Binary; 
TOB = True Offset Binary 5. SpeCifications refer to entire system from MUX Input to AID outputs 6. End point definition. 7. Adjustable to zero. 8_ Includes MUX switching and settling time 
and S/H acquISition time. 9 Measured at the output of the S/H with S/H in hold mode 

• SpeCifications same as SP 9480J. •• Specifications same as HS 9476S/B 
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PACKAGE OUTLINE 

0.193 
(4.90) 
MAX 

~~ 

~
l 

1.72 

r-(::)~ 

17- f 
TOP VIEW 

-1.:1L.. 
(27.97) 

MAX 

16 - --.l 
0.900 + 0.010 
(22'j ± 0.25) 

0.010 + 0.002 - 0.001 
(0.25 + 0.005 - 0.003) 

PIN (1) 
INDEX 0.025 ±0.010 

(0.64 ± 0.25) 

'-+I--W----tt-1 O.~ 
T (5.21) 

MIN 

PIN ASSIGNMENTS 

PIN FUNCTION PIN 

1 2- 1(MSB)/2- 9 17 

2 2- 2/2- 10 18 

3 2-3/2- 11 19 

4 2- 4/2- 12 20 

5 2- 5/2- 13 21 

6 r 6/2- 14 22 

7 2- 7/2- 15 23 

8 2 - 8/2 -16(LSB) 24 

9 S/H OUT 25 

10 BIP IN 26 

11 REF OUT 27 

12 GAIN ADJ 28 

13 OFF ADJ 29 

14 +15V 30 

15 -15V 31 

16 ANA GND 32 

FUNCTION 

STATUS 

CH7 

CH6 

CH5 

CH4 

CH3 

CH2 

CH1 

CHO 

MA2 

MA1 

MAO 

+5V 

DIG GND 

RIC 

Ao 

APPLICATIONS INFORMATION 
INPUT RANGES 
Two input ranges are selectable on the SP 9480: 
- Unipolar 10V is obtained by connecting "S/H OUT" 

(pin 9) to "SIP IN" (pin 10). 
- Bipolar 20V is obtained by connecting "SIP IN" 

(pin 10) to "REF OUT" (pin 11). 

CONTROL FUNCTIONS 
The SP 9480 Series contains control functions 
necessary to provide for microprocessor interface. All 
control functions are defined in Tables 1, 2, and 3. 

Function Definition Function 

RIC Read/Convert 1:-t. initiates conversion. 
2. Low (0) disconnects data bus. 
3. High (1) initiates read. 

Ao Address In read mode Ao selects the 
byte to be read. If low (0) then 
the high byte (MSB's) is 
selected, if high (1) the low byte 
(LSB's) is selected. 

MAD 
MAl Multiplexer Select Channels (CHO-CH7) 
MA2 Address (see MUX Logic Table 3) 

Table 1. Defining the Control Functions 

Control Inputs Operation 

RIC Ao 

L X Initiates 16·bit conversion 

1 0 Enables 8 MSB's (high byte) 

1 1 Enables 8 LSB's (low byte) 

0 X Output data goes to high 
impedance state. 

Table 2. Truth Table-Control Inputs 

Mux Address Channel 
Inputs 

MA2 MA1 

0 0 

0 0 

0 1 

0 1 

1 0 

1 0 

MAD 

0 

1 

0 

1 

0 

1 

Selected 

CHO 

CH1 

CH2 

CH3 

CH4 

CH5 

NOTES: 

1. 1 indicates logic HIGH. 

2. 0 indicates logic LOW, 

3, l$: indicates don't care, 
1 1 

1 1 

0 

1 

CH6 

CH7 
4, L indicates operation commences 

on high to low transition, 

Table 3. Truth Table-Multiplexer Address 

TIMING 
The timing diagrams are shown in Figures 1 through 5. 
Figures 1 and 2 show how the multiplexer addressing 
is related to the conversion cycle while Figure 3 shows 
the timing reference to start a 16-Sit conversion. 
Figures 4 and 5 show how to read the multiplexed data 
from the SP 9480's internal register. 

Figures 1 and 2 
The multiplexer address can be changed either during 
(Figure 1) or after (Figure 2) a conversion. To improve 
the feedthrough performance of the device, the multi
plexer is disabled during conversion. The conse
quence is that the sample/hold amplifier must stay in 

569 

II 



sample mode at least 13 microseconds after the con
version is over to acquire the new input signal, EVEN if 
the multiplexer address has been changed during con
version. In other words, "pipelining" to increase 
throughput is not possible. 

ICON 

STATUS 

: I I 

AD~~~SS i * !-c= 
~ Jr.:------------~:~--~I 

RIC : IACO ~ i ! IACO W 
I~I"""--""I :~ 

I ~MUXH !! 

tMUXH Multiplexer address hold time after convert command 100ns min 

tACO Minimum time between conversions (S/H acquisition time) 13,..s min 
tCON Conversion time for 16-Bit resolution J,K-Models 25,..s max 

S,T-Models 25,..s max 

Figure 1. Timing Diagram 16-Bit Conversion, MUX Address 
Changes During Conversion 

STATUS --.J:. ____ ~IC~O~N~ ____ ..jL------__;_------'r---
I 

AD~~~SS ----------------------------~,r_' ----------

tACQ Minimum time between MUX address change 
and convert command 

tCON Conversion time - Specifications, see Figure 1 

I I 

13,..smin 

Figure 2. Timing Diagram 16-Bit Conversion, MUX Address 
Changes Between Conversions 

Figure 3 
Figure 3 shows how to start a conversion cycle. The 
RIC line is used both to start a conversion and to read 
the output data. If RIC is going Iowa conversion is in
itiated. This is indicated by the STATUS line going 
high. During a conversion RIC can stay low or go high 
again. The RIC pulse must have a minimum width of 
SOns. For optimum performance the rising edge of the 
RiC pulse should not occur during a conversion if the 
conversion has been in progress for more than 1.S 
microseconds, i.e., the negative RIC pulse should be 
either shorter than 1 .S microseconds or longer than the 
conversion time. 

RIC 

STATUS 

DATA. 
OUTPUT 
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Figures 4 and 5 
If a conversion is in progress the data output lines are 
disabled and in the high im.e.edance state. Data can be 
enabled by bringing the RIC line high after a conver
sion is complete. This is indicated by the STATUS line 
going low (see Figure 4). If RIC has been returned high 
during a conversion the data outputs will be enabled 
automatically after STATUS goes low (Figure S). The 
Ao line is used to address either the 8 upper data bits 
or the lower data bits. Note that Ao only controls the 
address of the two data bytes while the high im
pedance state of the output buffers is controlled by the 
RiC and STATUS line. The output buffers will not return 
to the high impedance state when Ao is changed to 
address the second data byte. 

I. ISTS -I 
I 1,,-----------------------

RIC 1 I I 
--------i~--+~~I 

STATUS ----------,~ : ISA : 

~~---+:--+I-----------------------
: I 1 

----------~:r_~I~--------~Ir_----------
Ao ~ ! ; 

I I I 

DATA HIGH-Z 'I ~ t 
OUTPUT ---------------;-l--...... ~ t'fJ\JJ\X~ 

hR1i hR21 
tSTS STATUS going low prior to RIC going high 

tSA Ao set-up time prior to RIC going high 
tR1 Access time, 1st data byte (from RIC) 
tR2 Access time, 2nd data byte (from Ao) 

Figure 4. Timing Diagram Read Cycle, 
RiC GOing High After Conversion 

Onsmin 
10 ns min 

30ns max 
30ns max 

I ISRC I 
I----""-'-'--t-I 
1 I 

l,,~----~'---------------------RIC , 1 
---------'I I 1 

STATUS 

AO-----------.~L--:r----------~r-----------
1 I 1 I 1 

g~~~UT ____ .....:.;HI:,;:G::.:,H...,;. Z=--____ ..,i __ ---« I wwW 
I I' I~ 
I~ I I 

I IR1 1 i'tR21 

tSRC RIC set-up time prior to STATUS going low 
tSA Ao set-up time prior to STATUS going low 
tR1 Access time, 1st data byte (from STATUS) 

tR2 Access time, 2nd data byte (from Ao) 

Figure 5. Til1Jjng Diagram Read Cycle, 
RIC Going High During Conversion 

o ns min 
10 ns min 

30ns max 
30ns max 



MICROPROCESSOR INTERFACE 
The SP 9480 Series DAS can be interfaced with most 
popular 8-Bit microprocessors. The DAS may be either 
positioned in a memory location (memory map) or as an 
I/O device. In the case of memory mapping, the DAS 
acts as a static RAM where READ and WRITE instruc
tions are given to the selected address. When the DAS is 
connected as an I/O device, the I/O enable can be 
substituted for the MEMR or MEMW command. Figure 6 
shows a typical scheme to implement this interface. 

AO----------------------------------~ 

SEE TEXT ..----------------------. 

DATA 
BUS 

ADORE 
B 

Ao Al WR RD ADDR SEL 

X 0 L..f' 1 0 
X 1 t......l 1 0 

0 X 1 0 0 

1 X 1 0 0 

NOTE: 
1. 1 indica1es logic HIGH. 
2. 0 indicates logic LOW. 
3. X indicates don't care. 

...-'-----1....., 
AO 

SP 9480 Function 

Read/Write Operation 

WRITE MUX ADDRESS 

WRITE START 16-BIT CONY. 

READ HIGH BYTE (8 MSB's) 

READ LOW BYTE (8 LSB's) 

4.""Lf indicates operation commences on low to high tranSition. 
5. LS indicates operation commences on high to low transition. 

Figure 6. SP 9480 IlP Interface 

The STATUS line is not used in this example; the I-IP 
must read data 20l-ls typical after conversion starts, 
This delay can be generated with Nap or other instruc
tions inserted between the WRITE and READ func
tions. The STATUS line can also be used to cause the 
processor to WAIT or HALT or can be used as an in
terrupt line such as IREO (in the case of 6800 or 6502), 

INPUT EXPANSION 
The DAS contains a single 8 channel multiplexer, This 
was done to optimize package size (32 pin DIP) and 
cost. The expansion to 15 channels is possible by con
necting an external multiplexer in "series" with the in
ternal one, This typical configuration and its associated 
addresses are shown in Figure 7, 

ANALOG 
INPUTS 

IN7 

IN6 

IN5 

IN4 

IN3 

IN2 

INl 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
,~ 

ADD 

ADD 

ADD 

ADD 

R3 

R2 

R 1 

RO 

ADDR3 ADDR2 

0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
0 1 
0 1 
1 0 
1 0 
1 0 
1 0 
1 1 
1 1 
1 1 
1 1 

25 
CHO 

24 
CHl 

23 
CH2 

22 
CH3 

21 
CH4 SP 9480 

20 
CH5 

19 
CH6 

.------!!- CH7 

MA2 MAl MAD 

CHO 
2612

] 21 
CHl HI508A OR 

CH2 MUX-08 

CH3 

CH4 OUT r------
CH5 

CH6 

CH7 

A2 Al AD EN 

I I 
I 

ADDR1 ADDRO SELECTED INPUT 

0 0 NONE 
0 1 IN1 
1 0 IN2 
1 1 IN3 
0 0 IN4 
0 1 IN5 
1 0 IN6 
1 1 IN? 
0 0 IN8 
0 1 IN9 
1 0 IN10 
1 1 IN11 
0 0 IN12 
0 1 IN13 
1 0 IN14 
1 1 IN15 

Figure 7. Multiplexer Expansion (15 Channels) 
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OPTIONAL OFFSET ADJUST 
The offset error may be trimmed to zero (optional) 
using an external offset trim potentiometer connected 
to the SP 9480 as shown in Figures 8 and 9. 

+ 15V 

10kQ ~~'8MQ TO 13 
100KQ '---__ ---' 

SP 9480 

-15V 

Figure 8. Offset Adjustment Circuit (± 0.4% FSR) 

-15V 

Figure 9. Low Tempco Offset Adjustment Circuit 

The offset adjustment circuit shown in Figure 8 consists 
of a 100ppm/oC potentiometer connected across the 
analog supply voltages with its slider connected 
through a 1.8MQ resistor to pin 13. In this case a 
carbon composition resistor is adequate: if we assume 
that its tempco is 1200ppm/oC and that the adjustment 
range required is no more than 16 LSB14 (0.1 % of 
FSR), it contributes for only 1.17ppm/oC of offset 
tempco (0.001 x 1200). The low tempco adjustment cir
cuit of Figure 9 contributes for negligible offset tempco 
if metal film resistors (tempco<100ppm/°C) are used. 

With both circuits the fixed resistor connected to pin 13 
should be located close to the converter to keep the 
pin connection runs short. Offset should be adjusted 
after warm-up and before gain (see below) to prevent 
interaction of the two adjustments. Offset is adjusted 
with the analog input near the most negative end of the 
analog range. Refer to Table 4 for the appropriate 
values. 

OPTIONAL GAIN ADJUST 
The gain error may be trimmed to zero (optional) using 
an external trim potentiometer connected to the 
SP 9480 as shown in Figure 10. 

+ 15V 

"'QI~ I ic?oKQ I 1~ SP 948~ 

-15V 

Figure 10. Gain Adjustment Circuit (± 0.3% FSR) 

The gain adjustment circuit shown in Figure 10 con
sists of a 100ppm/oC potentiometer connected across 
the analog supply voltages with its slider connected 
through a 30kQ resistor to pin 12. Gain should be ad
justed after warm-up and after offset (see above) to 
prevent interaction of the two adjustments. Gain is 
adjusted with the analog input near the most positive 
end of the analog range. Refer to Table 4 for the 
appropriate values. 
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Adjust potentiometers 
to point where 
converter is just on the 

Input verge of switching 
Voltage Adjust- Input between the two 
Range ment Voltage codes shown .• 

OFFSE1 0.0003V 000000000000 
(lhLSB14) 000000000001 

o to + 10V 
GAIN 9.9991V 111111111110 

(10V - 3/2LSB14) 111111111111 

OFFSET -9.9994V 000000000000 
(-1 OV + 1hLSB14) 000000000001 

-10Vto +10V 
GAIN +9.9982V 111111111110 

(10V - 3/2LSB14) 111111111111 

'Note The codes shown are 14·blt codes. The adjustment Will be 14·blt accurate 

Table 4. Calibration Data 

POWER SUPPLY CONSIDERATIONS 
Power supplies used for the SP 9480 should be 
selected for low noise operation. In particular they 
should be free of high frequency noise. Unstable out
put codes may result with noisy power sources. It is im
portant to remember that 610"V is 1 LSB14 for a 10 volt 
range. 

Decoupling capacitors are recommended on all power 
supply pins located as close to the converter as possi
ble. Suitable capacitors are 10 /IF tantalum types in 
parallel with O.1"F disc ceramic types. 

GROUNDING CONSIDERATIONS 
To ensure maximum accuracy, the SP 9480 has a 
separate analog and digital ground, which must be 
routed properly to prevent DC and transient errors. DC 
errors can be caused by current flowing through a run 
resistance between the system ground reference and 
the SP 9480 ground reference (1 mA through 0.6 Q will 
cause an LSB14 of error). The best way to prevent this 
type of error is to connect the digital and analog 
grounds very close to the SP 9480 and use this point 
as the system ground. This can be done as a so-called 
"star ground" as shown in Figure 11. The single com
mon ground reference ensures no ground current or 
ground loop errors. 

Figure 11. Grounding the SP 9480 



DYNAMIC PERFORMANCE 
The accuracy performance of the SP 9480 IS 

specified statically. In certain applications, however, it 
can be important to know how well it digitizes "fast" 
moving signals. 

Following the Nyquist theorem, the fastest signal the 
SP9480 can digitize is 12.5kHz (throughput/2) when 
one channel is used. If the eight channels are looked 
at successively, the maximum frequency of the input 
signal is 1.56kHz (12.5/8). 

The most common way of characterizing a converter 
dynamically is performing a Signal to Noise Ratio 
(SNR) test, which quantifies Integral Linearity under 
dynamic conditions. In this test a finite time sequence 
of sampled data from a spectrally pure sine wave in
put is computed by the tester into a frequency spec
trum using a Fast Fourier Transform algorithm. From 
this frequency domain representation of the output 
data, the effect of Integral Non-Linearity may be 
measured: harmonics of the input sine wave caused 
by I.L. errors are aliased into the baseband spectrum. 
The magnitude of the fundamental's spectral lines (the 
signal) is summed, then divided by the sum of the re
maining spectral lines (the noise). The logarithm of this 
number multiplied by 20 provides the SNR expressed 
in decibels. For an ideal converter, it can be shown 
that: 

SNR = 6.02 x N + 1.76 dB 
(N = number of bits of the converter) 

For a 14 bit converter the SNR should be 86dB. If the 
linearity error is ± 1/2 LSB, a SNR of 3dB less is 
expected. 

Figure 12 shows the behavior of the SP 9480 with a 
1.123kHz sine wave input: the accuracy is 14 bits. 

~ 
UJ 
m 
U 
UJ 
C 

-10r--r-r---~-----r----+-----r---~~ 

-80f---+t--+-----+-----+-----f-----+------f--1 

6 

FREQUENCY in kHz 

10 12 

Figure 12. FFT of the SP9480, Fin = 1. 123kHz, Fsample = 25kHz 

ORDERING INFORMATION 

LINEARITY TEMPERATURE 
MODEL ERROR RANGE SCREENING 

SP9480J +0.006% O°C to 70°C -
SP9480K +0.003% O°C to 70°C -
SP9480S/S +0.006% - 55°C to + 125°C MIL-STD-883C 
SP9480T/S +0.003% - 55°C to + 125°C MIL-STD-883C 
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SIGNAL PROCESSING EXCELLENCE 

SP9488 

16-81T 
fl,P CONTROLLED DATA ACQUISITION SYSTEM 

FEATURES 
• Integral Linearity - 0.001% FSR 
• Differential Linearity - 0.003% FSR 
• High CMRR - 80 dB min. 
• High Throughput - 50 kHz 

DESCRIPTION 
The SP9488 provides complete 16-bit data 
acquisition functionality in a single 62 pin 
package. It includes user selected 8 differential or 
16 single-ended input channel multiplexing, an 
instrumentation amplifier with gain of 1 and a self 
calibrating 16-bit sampling AID converter. 
Different modes and ranges (bipolar 20V, 10V and 
5V; unipolar 10V, 5V and 2.5V) are digitally 
selectable. The SP9488 is suited for intelligent 
(microprocessor based) applications. A "shared" 
16-bit data bus reads the result of a conversion or 
the status word of the AID, writes control bits to 
the AID and selects a new input signal. The 

FUNCTIONAL DIAGRAM 

SP9488 is offered in a 62 pin hermetically sealed 
package. Temperature ranges available are 0 to 
70°C for commercial versions and -55 to + 125°C 
with MIL-STD-883 Rev C screening for military 
grades. 
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SPECIFICATIONS PRELIMINARY TECHNICAL DATA 
(Typical @ +2SoC and nominal power supplies unless otherwise specified) 

MODEL SP9488C SP9488B 

ANALOG INPUTS 
Number of Channels 
Input Voltage Range 1 

User selectable 16 SE or 8 DI * 

Unipolar o to +2.SV, 0 to +SV, 0 to + 1 OV * 
Bipolar -lOV to + lOV, -SV to +SV, -2.SV to +2.SV * 
Common Mode Voltage ±llVmin * 
CMRR (1 kHz. 20 Vp-p) 80dB min * 
Multiplexer Crosstalk 80 dBtyp * 
Inputs Bias Current SOnAmax * 
Input Offset Current 20nAmax * 
Input Offset Voltage 1 mVmax * 
Input Impedance 11 GOhm * 
Full Power Bandwidth 2S kHz * 

DIGITAL INPUTS 
High Level Input Voltage 2.0Vmin * 
Low Level Input Voltage 0.8Vmax * 
Input Current 10 /lA max * 

DIGITAL OUTPUTS 
High Level Output Voltage 3.7SVmin * 
Low Level Output Voltage 0.4Vmax * 
Tri-State Leakage Current ±10/lAmax * 
Digital Output Pin Capacitance 9 pFtyp * 
Output Coding 
Unipolar Straight Binary * 
Bipolar Offset Binary * 
Output Drive 8 LSTIL Loads * 

SWITCHING CHARACTERISTICS 
Refer to the "THEORY OF OPERATION" section for details, 

STATIC PERFORMANCE 
Integral Linearity Error2 ±O.OOl% of FSR typ, ±O.002% of FSR max * 
Differential Linearity Error ±O.003% of FSR max * 
Gain Error3 ±O.03% typ, ±O.l% max * 
Unipolar Offset Error3 ±O.02% of FSR typ, ±O.OS% max * 
Bipolar Offset Error3 ±O.03% of FSR max, ±O.l % max * 
Noise 0.9 LSB 16 bit RMS typ * 

CONVERSION and THROUGHPUT 
Throughput4 SO kHz max * 
AID Conversion TimeS 16 JlS typ * 
S/H Acquisition TimeS 3 JlS typ * 
Front End Acquisition Time6 lS JlS typ * 

DRIFT CHARACTERISTICS 
Integral Linearity Error (tMIN-tMAX) ±O.003% of FSR max * 
Differential Linearity (tMIN-tMAX) No Missing Codes lS-Bits * 
Gain ± lS ppmrC max * 
Unipolar Offset ±S ppm of FSR;oC max . 
Bipolar Offset ± 10 ppm of FSRrC max * 

POWER REQUIREMENTS7 
Current Drains 
+lSV SOmAmax . 
-15V 40 mA max * 
+SV 10 mA max * 
Power Consumption 1.4Wmax * 
PSRR (All Supplies, Any Range and Mode) 0.001% of FSR/% of Vsupply max * 

TEMPERATURE RANGE 
Operating O°Cto 70°C -55°C to + 12SoC 
Storage -6SoC to + 1SOoC * 

NOTES ·Same as SP9488C 
1 . Digitally selectable by the user. 
2. End point definition. 
3. Specification valid for any selectable ranges. Assumption is made that Pins 27 and 28 are tied together. 
4. Throughput specified when the pipeline technique is used to acquire the new input signal. A 4 MHz external clock and 

synchronous sampling are assumed to be used. 
5. A 4 MHz external clock and s~hronous sampling are assumed to be used. The conversion time is defined as the time 

between the falling edge on WR and the falling edge on EOC. 
6. Includes the settling time of the multiplexers, instrumentation amplifier and scaling amplifier. 
7. The +5V supply should not be applied before the ± 15V supply. Otherwise, latch up condition may occur. 
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PIN ASSIGNMENTS 

PIN # FUNCTION 

1 DBO (lSB) 
2 DB1 
3 DB2 
4 DB3 
5 DB4 
6 DB5 
7 DB6 
8 DB7 
9 DB8 

10 DB9 
11 DB 10 
12 DBll 
13 DB12 
14 DB13 
15 DB14 
16 DB15 (MSB) 
17 ClKIN 
18 AO 
19 A1 
20 CS2 
21 CS1 
22 RD 
23 WR 
24 REF 
25 Reserved 
26 PGND-2 
27 ANA IN 
28 DIFFAMP OUT 
29 +AMP IN 
30 CHO 
31 CH1 
32 CH2 
33 CH3 
34 CH4 
35 CH5 
36 CH6 
37 CH7 
38 CH8 
39 CH9 
40 CHlO 
41 CHll 
42 CH12 
43 CH13 
44 CH14 
45 CH15 
46 MUXOUT 
47 -AMP IN 
48 +15V 
49 PGND-l 
50 -15V 
51 PGND-3 
52 MA2 
53 MAl 
54 MAO 
55 EN2 
56 EN1 
57 +5V 
58 DGND 
59 EOT 
60 EOC 
61 SClK 
62 SDATA 

PACKAGE OUTLINE 

.100 TYP 
(2.54) 

.056 DIA TYP 
(1.42) 

...--------------rl~ 210 

~l11111mrrrrrrrrttr~ ; t ::i~1 ~ ,W41 
.018 ± .002 DIA t- ±.010 

(.457 ± .051) ---+- (.254) 

1 
2 

11 
12 

CHOP 

62 

•• @@@@@@@@@@@@@@@@@@. 

TOP VIEW 

PIN SEQUENCE 

GENTOL 
±.005 
(.127) 

ABSOLUTE MAXIMUM RATINGS 

+15Vto PGND 
(Positive Analog Supply) ..................... + 18V 

-15Vto PGND 
(Negative Analog Supply) .................. -18V 

+5V to DGND (Digital Supply) ............. 5.8V 

43 
42 

33 
32 

Analog Input Voltage .......................... Analog Supplies 
+20V 

Digital Input Voltage ............................ Digital Supply 

ORDERING INFORMATION 

TEMPERATURE 
MODEl RANGE SCREENING 

SP9488C O°C to 70De -

SP9488B -55°C to + 125°C MIL-STD-883C 
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PIN DESCRIPTION 
The description given in this paragraph is not 
exhaustive: a more complete explanation of 
how to use the different pins is done in the 
"THEORY OF OPERATION" chapter. 
A. Power Pins: 

- + 15V (pin 48): positive analog power 
supply. Nominally + 15V. 

- -15V (pin 50): negative analog power 
supply. Nominally -15V. 

- PGND (pins 26, 49 and 51): analog 
ground reference. These three pins must 
be tied together close to the package. 

- +5V (pin 57): positive digital supply. 
Nominally +5V. 

- DGND (pin 58): digital ground reference. 
B. Analog Pins: 

1. Inputs: 
- CHO to CH 15 (pins 30 to 45): analog inputs 

channels of the SP9488. They can be 
used individually as single-ended 
channels or in pair as differential inputs. 
+AMP IN and -AMP IN (pins 29 and 47): 
non-inverting and inverting inputs of the 
instrumentation amplifier. These pins used 
with MUX OUT (pin 46) permit the choice 
between single-ended and differential 
configuration for the input multiplexers of 
the SP9488. 

- ANA IN (pin 27): A/D input of the SP9488. 
This signal generally comes from the 
DIFFAMP OUT pin (pin 28) and can be 
either a bipolar 20V, 10V or 5V, or a 
unipolar lOV, 5V or 2.5V following the 
mode and range selected digitally. 

2. Outputs: 
- MUX OUT (pin 46): output of one of the 

multiplexers of the SP9488. Used with 
+AMP IN and -AMP IN (pins 29 and 47), 
this pin permits the choice between 
single-ended and differential config
uration for the input multiplexers of the 
SP9488. 

- DIFFAMP OUT (pin 28): output of the 
instrumentation amplifier. This pin is 
generally tied to ANA IN (pin 27), unless a 
filter, a PGA. etc., is used between the 
output of the instrumentation amplifier 
and the A/D input. 

- REF (pin 24): output of the internal 
reference of the sampling A/D (4.5V). A 
0.47f.LF tantalum capacitor must be tied 
to this pin. This output can not be used for 
other purposes without being buffered. 

- Pin 25: this pin is reseNed for factory use. It 
must be left open for the correct 
operation of the SP9488. 

C. Digital Pins: 
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1. Inputs: 
ClKIN (pin 17): all conversions and 
calibrations are timed from a master 
clock which can be either supplied by 
driving this pin with an external clock 
signal, or can be internally generated by 
tying this pin to DGND (pin 58). 

- AO, A 1, CS2, CS1, RD, WR (pins 18 to 23): 
control inputs for the proper 
management of the Data Bus (pins 1 to 
16) of the SP9488. 

2. Outputs: 
- DBO to DB15 (pins 1 to 16): bidirectional 

Data Bus. It can carry FROM the SP9488 
the result of a conversion or a status word 
of the A/D. It can carry TO the SP9488 
control bits to the A/D or a new input 
channel address. The bus is controlled by 
the input pins 18 to 23. 
SClK (pin 61): serial clock. Used to 
synchronize the serial result of an A/D 
conversion coming from the SDATA pin 
(pin 62). 
SDATA (pin 62): serial output data. The 
result of an A/D conversion is presented 
bit by bit after each bit is determined by 
the successive approximation algorithm. 
Valid on the rising edge of SClK (pin 61), 
data appears MSB first, lSB last. 
EOC (pin 60): this output indicates the 
end of a conversion or calibration cycle 
of the A/D. It is high during conversion 
and will fall to a low state upon 
completion of the conversion cycle 
indicating the data is valid at the output. 
Returns high on the first subsequent read 
or the start of a new conversion. 
EOT (pin 59): if low, it indicates that 
enough time has elapsed since the last 
conversion for the A/D to acquire the 
analog input signal. 
MA2, MA 1, MAO, EN2 and EN 1 (pins 52 to 
56): multiplexer addresses pins. They are 
used for addressing external multiplexers 
when more than 16 single-ended or 8 
differential input channels are desired. 

THEORY OF OPERATION 
The SP9488 includes complex circuitry. The 
description of its operation will be gradual, 
starting at a system level to finish with a detailed 
explanation, including timing informations. 

A. System Description: 

The SP9488 can be seen as a two part system: 

- The "Signal Conditioning" section, 
including the multiplexers and the 
instrumentation amplifier. 

- The "Converting" section, including the 
sampling A/D (plus an input amplifier). 

The Data Bus (pins 1 to 16) is shared by both 
sections. The "Signal Conditioning" section uses it 
to get new channel addresses and the 
"Converting" section uses it to get control bits 
(like selection of the mode and range) or to give 
the external world the result of a conversion or a 
status report. The management of the bus 
between these two sections is insured by the 
control lines AO, A 1, CS2, CS1, RD and WR (pins 
18 to 23). 



Table 1 gives a summary of the SP9488 functions, 
versus the logic levels on the control lines: 

CSI CS2 AD Al WR lID FUNCTION 

1 1 X X X X No operation (Data Bus in tri-state) 

1 0 X X 1.. 1 The external world selects a new 
input channel 

0 1 X 1 1 1 The external world writes control bits 
to the AID 

0 1 1 0 1- 1 The A/D starts a conversion 

0 1 1 0 X 0 The external world reads the result of 
a conversion 

0 1 0 0 1 0 The external world reads the status 
register of the AID 

Note: X means "do not care" (but do not leave pin open). 
1. means that the event occurs on a high to low transition. 

Table 1. SP9488 Functions 

B. "Signal Conditioning" Section Description: 
1. Single-Ended or Differential Input 

Configuration: 
The SP9488 contains two 8 single-ended 
channels multiplexers which can be configured 
in 1 16 single-ended channels or 8 differential 
channels multiplexer following the user's choice. 
Table 2 shows the connections to obtain one or 
the other input configuration. 

2. Addressing the Multiplexers: 
As mentioned earlier the multiplexer addressing 
is done through the shared Data Bus: the 7 LSB's 
(DBO to DB6) are used to carry a new input 
channel address. Table 1 indicates that CS1 and 
RD must be high and CS2 low (the logic levels on 
AO and A 1 do not care) to select a new input 
channel. A high to low transition on the WR 
control line makes the new channel selection. 
Table 3 lists the selected channel as a function of 
the code on the Data Bus. 

INPUT CONFIGURATION 

16 Single-Ended 
Channels 

8 Differential 
Channels 

CONNECT PIN 46 
(MUX OUT) TO 

Pin 29 
(+AMP IN) 

Pin 47 
(-AMP IN) 

In Table 3, the value on DB5 and DB6 does not 
care. These two addresses are important only 
when a channel input expansion is desired. 

Single-Ended Input Configuration: 
DB6 DB5 DB4 DB3 DB2 DB I DBD SELECTED CHANNEL 

X X 0 1 0 0 0 CHO 

X X 0 1 0 0 1 CHl 

X X 0 1 0 1 0 CH2 

X X 0 1 0 1 1 CH3 

X X 0 1 1 0 0 CH4 

X X 0 1 1 0 1 CH5 

X X 0 1 1 1 0 CH6 

X X 0 1 1 1 1 CH7 

X X 1 0 0 0 0 CH8 

X X 1 0 0 0 1 CH9 

X X 1 0 0 1 0 CHlO 

X X 1 0 0 1 1 CHll 

X X 1 0 1 0 0 CH12 

X X 1 0 1 0 1 CH13 

X X 1 0 1 1 0 CH14 

X X 1 0 1 1 1 CH15 

Differential Input Configuration: 

DB6 DBS DB4 DB3 DB2 DB I DBO 

SELECTED 
DIFFERENTIAL 
CHANNELS 

X X 1 1 0 0 0 CHO/CH8 

X X 1 1 0 0 1 CH1/CH9 

X X 1 1 0 1 0 CH2/CHlO 

X X 1 1 0 1 1 CH3/CHll 

X X 1 1 1 0 0 CH4/CH12 

X X 1 1 1 0 1 CH5/CH13 

X X 1 1 1 1 0 CH6/CH14 

X X 1 1 1 1 1 CH7/CH15 

Table 3. Multiplexer Addressing in the SP9488 

CONNECT PIN 47 
(-AMP IN) TO 

Pin 49 
(PGND1) 

Pin 46 
(MUX OUT) 

CONNECT PIN 29 
(+AMP IN) TO 

Pin 46 
(MUX OUT) 

Left Open 

Table 2. Multiplexers Configuration for the SP9488 
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Figure 1 shows the Data Bus timing when used to 
address the multiplexers. 

WR 

CS2 

AO,A1 

HI-Z ~r:)~~~---DBO-DB6 -------K~ 

Note: CS1 is high 

-Ids = tcs = tas = data and address set-up times = 20 ns min. 
-Idh = data hold time = 5 ns min. 
-Ich = tah address hold time = 40 ns min. 
-Iww = write width pulse = 40 ns min. 

FIGURE 1 
DATA BUS TIMING (MULTIPLEXER ADDRESSING) 

3. Input Channel Expansion: 
The SP9488 can be extended to 24 or 32 single
ended, or 16 differential input channels without 
the addition of any component. Figure 2a shows 
how to connect two external 8 channels single
ended multiplexers to get a 32 channels single
ended input system. Table 4a shows the 
associated addresses. 
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FIGURE 20 
INPUT EXPANSION OF THE SP9488 
(32 SINGLE-ENDED CHANNELS) 

7 
6 
5 
4 
3 
2 
1 

DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 

DB6 DBS DB4 DB3 DB2 DB 1 DBO SELECTED CHANNELS 

0 0 0 1 CHOto CH7 

0 0 1 0 CH8toCH15 

0 1 0 0 CH16 to CH23 

1 0 0 0 CH24 to CH31 

Table 4a. Addresses for the Input Expansion of 
the SP9488 (32 Single-Ended Channels) 

Figure 2b shows how to connect one external 16 
channel single-ended multiplexer to get the 
same 32 single-ended expansion and table 4b 
indicates the associated addresses. 
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FIGURE2b 
INPUT EXPANSION OF THE SP9488 
(32 SINGLE-ENDED CHANNELS) 

7 
6 
5 
4 
3 
2 
1 

DB6 
DB5 
DB4 
DB3 
DB2 
DB1 
DBO 

DB6 DBS DB4 DB3 DB2 DB lOBO SELECTED CHANNELS 

0 0 0 1 CHOto CH7 

0 0 1 0 CH8toCH15 

1 0 0 CH16 to CH31 

Table 4b. Addresses for the Input Expansion of 
the SP9488 (32 Single-Ended Channels) 



Figure 2c shows how to connect 2 external 8 
single-ended multiplexers to get a 16 differential 
input channels system. Table 4c indicates the 
associated addresses. 
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FIGURE 2c 
INPUT EXPANSION OF THE SP9488 

(16 DIFFERENTIAL CHANNELS) 

DB6 DBS DB4 DB3 DB2 OBI DBO SELECTED CHANNELS 

CHO/CH 16 to CH7/CH23 

CH8/CH24 to CHI5/CH31 

Table 4c. Addresses for the Input Expansion of 
the SP9488 (16 Differential Channels) 

Note: In Tables 4a, 4b, and 4c, only a range of 
selected channels is given: the value on 
DBO, DB 1 and DB2 determines one 
channel. 

C. "Converting" Section Description: 
1. AID Description: 

The AID used in the SP9488 is a 16-bit sampling 
AID converter using the successive approx
imation algorithm. It uses a charge redistribution 
architecture that achieves high accuracy: the 
linearity, offsets and gains can be calibrated in 
different ways (see next paragraph). The AID 
converter of the SP9488 comes complete with 
an internal reference. The modes and ranges are 
digitally programmable. However, the user has to 
supply a master clock (through the ClKIN pin) 
with a frequency between 100 kHz and 4 MHz. 
The relationship between the clock frequency 

and the conversion time is explained in 
paragraph 3c. Paragraph 3b explains how to 
initiate a conversion. 

2. Set-up of the AID Through the Data Bus; 
As mentioned earlier, the mode and range of 
the AID and the calibration modes are selected 
through the Data Bus. To be able to write control 
bits to the AID, Table 1 shows that a high to low 
transition on the WR pin is necessary at the same 
time as CS2, Aland RD are high, CS1 is low (the 
logic level on AO does not care). The control bits 
are brought to the AID by the DBO to DB6 line 
(the same as the ones which carry the 
multiplexers addresses): 

- DB3, DB4, DB5, DB6 carry the mode and 
range selection bits. Table 5 shows a truth 
table for these bits. 

DB3 DB4 DB5 DB6 MODE AND RANGE SELECTED 

1 0 1 1 Bipolar 20V 

1 1 0 1 Bipolar lOY 

1 1 1 0 Bipolar5V 

0 0 1 1 Unipolar lOY 

0 1 0 1 Unipolar5V 

0 1 1 0 Unipolar 2.5V 

X 0 0 0 Forbidden 

Table 5. AID Mode and Range Selection Bits 

- DB 1 sets the format of the conversion 
result (16-bit output code). When high, 
the output code can be read in one shot 
(16-bits); if low it can be read in two bytes 
available on pins DBO to DB7, the eight 
most significant bits first. 

- DBO and DB2 are calibration bits. These 
two bits allow the user to choose 
between two different calibration 
procedures: 

1. DB2: When this bit is brought high, all the 
internal logiC of the AID clears. When it returns 
Iowa full calibration begins, which takes 
1 ,443,840 master clock cycles (360 ms with a 4 
MHz clock) to complete. The same reset cycle 
can be obtained by performing a write 
operation with AO, CS1, A 1, low; CS2 and RD 
high. The EOC output remains high throughout 
the reset operation and will fall upon 
completion. This mode of calibration is 
performed after a power-up or after the 
operating temperature of the SP9488 has 
changed. 

2. DBO: When this bit is low, a calibration, 
termed "interleave" is initiated. Interleave 
appends a single calibration experiment to each 
conversion cycle and thus requires no dead time 
for calibration. A calibration cycle is performed 
after 72,192 conversions. Practically this type of 
calibration extends the conversion time by 20 
master clock periods. Other than reduced 
throughput, interleave is totally transparent to 
the user. 
Table 6 summarizes the functions of DBO, and 
DB2 when used as control bits for the AID of the 
SP9488. 
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DBO DB2 FUNCTIONS 
X 1 Full Reset Calibration 

0 0 Initiate Interleave Calibration 

1 0 Terminate Interleave Calibration 

X means" do not care" 
Table 6. Calibration Control Bits for the SP9488 

The timing for writing control bits to the A/D is 
given at Figure 3. 

CS1 

AO,A1 

HI-Z ~E~~~~>----DBO-OB6 ------1C:~ 

Note: CS2 is high 

-tds = tes = tas = data and address set-up times = 20 ns min. 
-tdh = data hold time = 5 ns min. 
-tch = tah address hold time = 40 ns min. 
-tww = write width pulse = 40 ns min. 

FIGURE 3 
DATA BUS TIMING (WRITING OF CONTROL BITS TO A/D) 

Generally before starting a conversion, a set of 
bits must be written to the A/D in order to be sure 
that the conversion will be properly performed 
and to take advantage of the high accuracy of 
the SP9488. A calibration must be performed 
after the system is powered up. 

3. Detailed Timing of the AID: 
a. Master Clock 

The A/D of the SP9488 operates from a master 
clock which can be externally supplied or 
internally generated. The internal oscillator is 
activated by externally tying the ClKIN input low. 
Alternatively, the SP9488 can be synchronized to 
the external system by driving the ClKIN pin with 
a TTL or CMOS clock signal. All calibration, 
conversion and throughput times directly scale 
to the master clock frequency. Thus, throughput 
can be precisely controlled and/or maximized 
using an external master clock. In contrast, the 
A/D's internal oscillator will vary from unit to unit 
and over temperature. Its tolerance gives rise to 
minimum and maximum conversion times and 
throughput rates. The SP9488 is specified for 
accurate operation with an external clock up to 
4 MHz; its internal is specified at a minimum of 
2 MHz. 

b. Initiation of Conversion 
Table 1 indicates that a falling transition on the 
WR input with CS1, Allow and CS2, AD, RD high 
will initiate a conversion. Under microprocessor 
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control, it means that a "write" instruction to the 
base address of the SP9488's AID (determined 
by CS 1, CS2, AD and A 1) will initiate a 
conversion. A falling edge on the WR input puts 
the AID sample-hold in the hold mode. The WR 
input is latched internally by the master clock, so 
it can return high anytime after one master clock 
cycle plus 50 ns. Upon completion of the 
conversion cycle, the sample-hold automatically 
returns to the track mode. 

c. Conversion Time/System Throughput 
Upon completion of a conversion cycle and 
returning to the track mode, the SP9488's AID 
requires time to acquire the analog signal before 
another conversion can be initiated. The 
acquisition of the A/D is specified as six master 
.clock cycles plus 2.25 J.1s. This adds to the 
conversion time to define the AID and the 
SP9488's maximum throughput. The conversion 
time of the AID, in turn, depends on the 
sampling, calibration and master clock 
conditions. There are basically two different 
sampling modes: the asynchronous and 
synchronous modes. Figure 4 shows their timing 

. respectively, while Table 7 shows the conversion 
times and throughput rates associated with 

. these two modes. 

.ASYNCHRONOUS SAMPLING 

WR 
INPUT 

EOC 
OUTPUT 

EOT 
OUTPUT 

SYNCHRONIZATION UNCERTAINTY (4 CYCLES) 

SYNCHRONOUS SAMPLING 

WR 
INPUT 

EOC 
OUTPUT -----

EOT 
OUTPUT 

FIGURE 4 
ASYNCHRONOUS AND SYNCHRONOUS SAMPLING 

OF SP9488'S (A/D) 



SAMPLING 
MODE 

CONVERSION 
TIME 

THROUGHPUT 
TIME 

Asynchronous 65T min. 
69T+235 ns max. 75T+2.25115 max. 

Synchronous 65T 80T 

T =one master clock cycle 

Table 7. Conversion and Throughput Times 

The 4 cycles uncertainty that can be seen in the 
asynchronous mode are due to the fact that the 
sampling clock (on the WR pin) and the master 
clock are not synchronous. The maximum 
throughput is obtained by tying the EOT output 
to the WR input. In this case the master clock 
and the sampling clock are synchronous and the 
maximum throughput (50 kHz with a 4 MHz 
master clock) is achievable. 
EOC is high during conversion. It will fall at the 
end of the conversion and will return high within 
four master clock cycles from the start of a read 
data operation or a conversion cycle. Figure 5 
shows the conversion timing. 

WR 

EOC 

RD 

~ __ Q_
hPW 

_-t

c ~tt=-:-
thpw = WR pulse width = 1/fCLK + 50 ns min.; tc max. 
te = conversion time 

tepw = EOC pulse width = 4/fCLK -20 ns. 

FIGURE 5 
CONVERSION TIMING 

So far only the A/D has been taken in account in 
the evaluation of the throughput rate. In fact the 
total throughput of the system (SP9488) is not 
reduced by the presence of the multiplexers and 
the instrumentation amplifier, because of the 
pipeline technique for acquiring the analog 
signal. This technique selects a new channel 
immediately after the conversion of the former 
channel has started. So the acquisition of the 
"Signal Conditioning Section" is done while the 
conversion of the former channel is performed. 
Figure 6 illustrates the pipeline technique. 

WR 
INPUT 

EOC 
OUTPUT 

MUX 
ADDRESS 

CHANNEL 
INPUT 

CONVERT CONVERT 
CHANNEL N CHANNEL N + 1 I 

j U ~ 
::;A::;DD;;R;:ES~S~ 

N 

FIGURE 6 
PIPELINED MUX INPUT CHANNELS 

d. Reading of the Output Code 
The result of a conversion can be read by 
strobing low the RD control input with CS2, AD, 
high and CS 1, A 1 low (the value on WR does 
not care). The data is read in one 16-bit word or 
two bytes following the control bits written to the 
A/D. Figure 7 shows a detailed timing of the 
reading cycle. 

RO 

CS1 

AO,A1 

080-0815 -------( 

tas = address set-up time = 20 ns min. 

tah = address hold time = 50 ns min. 

tra = RO low to data valid (access time) = 150 ns max. 

ttd = RO high to output HI-Z (output float delay) = 140 ns max. 

FIGURE 7 
DATA BUS TIMING (READING THE OUTPUT 

DATA OF THE SP9488) 

The A/D of the SP9488 internally buffers its output 
data, so data can be read while the device is 
tracking or converting the next sample. 
Therefore, retrieving the converter's digital 
output requires no reduction in the SP9488 
throughput. Enabling the tri-state outputs while a 
conversion is in process will not introduce errors. 
When TTL loads are utilized, the potential for 
crosstalk between digital and analog sections of 
the system is increased. This crosstalk is due to 
high digital supply and signal currents arising 
from the TIL drive current required of each digital 
output. Connecting CMOS logic to the Data Bus 
of the SP9488 is therefore recommended. 

e. Reading of the Status Word of the AID 
A status information byte can be read from the 
SP9488 when RD is strobed low while CS1, AD, A 1 
are low, CS2, and WR are high (see Table 1). The 
timing for reading the status byte is the same as II 
reading the result of a conversion (figure 7). 
Table 8 defines all the status bits and their 
position on the Data Bus. 

f. Serial Interface 
The SP9488 presents also the result of a 
conversion serially (MSB first). It is available on the 
SDATA pin (pin 62) and to ease the interface with 
the external world, a serial clock, SCLK (pin 61) is 
provided. Figure 8 shows the general timing for 
the serial output. 
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PIN 

DBO 

DBl 
DB2 

DB3 

DB4 
DB5 
DB6 
DB? 

MASTER 
CLOCK 

WR 

SCLK 

SDATA 

EOC 

STATUS DEFINITION 

End of conversion Falls upon completion of a conversion and returns high on the 
first subsequent read 

Reserved Reserved for factory use 
Low byte/high byte When data is to be read in an 8 bit format, indicates which byte 

will appear at the output next 
End of track When low, indicates the input has been acquired to the 

A/D accuracy 
Reserved Reserved for factory use 
Tracking High when the A/D is tracking the input 
Converting High when the AID is converting a held input 
Calibrating High when the A/D is in a calibration cycle 

Table 8. Status Bit Definition 

o 4 6 10 61 64 67 69 79 80 
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Notes: 1. td can vary from 135 ns to 235 ns over military temperature range and over ±1 0% supply variation. 

2. For asynchronous mode, transitions of SCLK, SDATA, EOC, EOT can shift by up to 4 clocks; e.g. the first high to low transition of 

SCLK may be on clock #6 to #9. The timing relationship between SCLK, SDATA, EOC, and EOT is fixed. 

FIGURE 8 
SERIAL OUTPUT TIMING 

Figure 8 shows that, just subsequent to each bit 
decision the serial clock (SCLK) will fall and return 
high once the bit information on SDATA has 
stabilized. Hence the rising edge of the SCLK 
output should be used to clock the data out of 
the SP9488. It can be seen too that the first bit of 
information is available after 8 master clock 
cycles (from the falling edge of WR). Figure 9 
specifies the timing for the SCLK and SDATA pin. 
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SCLK 

SDATA 

Ipwl = pulse width low = 2/fCLK ns 

Ipwh = pulse width high = 2/fCLK ns 

Iss = SDATA to SCLK rising = 2/fCLK -100 ns min. 

Ish = SCLK rising to SDATA = 2/fCLK -100 ns min. 

FIGURE 9 
TIMING FOR THE SCLK AND SDATA OUTPUT PINS 

APPLICATION INFORMATION 
A. Power Supply and Grounding Considerations, 

Layout Precautions: 
Power supplies for the SP9488 should be selected 
for low noise operation. In particular they should 
be free of high frequency noise. Unstable output 
codes may result with noisy power supplies. It is 
important to remember that 31 0 ~v is 1 LSB 15 bit 
for a 10 volt range. Decoupling capacitors are 
recommended on all power supply pins located 
as close to the converter as possible. Suitable 
capacitors are 1 0 ~F tantalum types in parallel 
with O. 1 ~F disc ceramic types. 
To ensure maximum accuracy, the SP9488 has 
three different analog grounds separated from 
the digital ground, which must be routed 
properly to prevent DC and transient errors. DC 
errors can be caused by current flowing through 
a run resistance between the system ground 
reference (1 mA through 0.3 Ohm can cause 
1LSB15 bit of error for a 10 volts range). The best 
way to prevent this type of error is to connect 
the digital and analog grounds very close to the 
SP9488 and use this point as the system ground. 
This can be done as a so-called "star-ground" as 
shown in Figure 10. The single common ground 
reference ensures no ground current or ground 
loop errors. 



ANALOG 
SUPPLY 

+15V GND -15V 

DIGITAL 
SUPPLY 

+5V GND 

+15V GND -15V +15V PGND1 -15V PGND2 PGND3 +5V DGND +5V DGND 

ANALOG 
CIRCUITRY 

DIGITAL 
CIRCUITRY 

SP9488 

FIGURE 10 
GROUNDING THE SP9488 

The SP9488 has been laid out so that all the 
analog pins (24 to 51) and the digital pins (52 to 
62 and 1 to 23) are together. This can simplify the 
design of a printed circuit board layout and 
make easier the separation of analog and digital 
signals. Figure 11 shows a suggested layout of 
the SP9488 and other circuitry. 
B. Reference Capacitor: 
As mentioned in the "pin description" paragraph, 
a 0.47 IlF tantalum capacitor must be provided 
by the user at pin 24 (REF). This pin is the output 
of the 4.5V voltage reference used by the AID of 
the SP9488. It can not be used for other purposes 
without being buffered. 
C. Utilization of the SP9488 Under Static or 

Dynamic Input Signals: 
The SP9488 has been designed to give the user 
the liberty of tailoring the "Signal Conditioning" 
section following his application. More precisely, 

there is no filtering element in the "Signal 
Conditioning" section, limiting the bandwidth of 
the input amplifiers; this gives maximum 
performance (fast settling time) when DC input 
signals are digitized. When wideband AC signals 
are digitized however, no filtering means that 
wideband noise is presented to the input of the 
AID of the SP9488. Such noise is sampled at 50 
kHz, and aliased back into the DC to 25 kHz 
band. The Signal-to-Noise measurement of the 
system can then be affected seriously. In this 
type of application, it is recommended that the 
user provides a filter between Pin 28 
(DIFFAMPOUT) and Pin 27 (ANAIN) to limit the 
bandwidth of the input Signal. A filter may even 
be needed for each input channel, depending 
on the application. Figure 12 shows the 
frequency response of the analog front end of 
the SP9488 when no filtering is processed (Pins 27 
and 28 tied together). 

~DIGITAL 

PROGRAMMABLE 
GAIN 

AMPLIFIER 
~P INTERFACE 

CIRCUITRY 

DGND 

+15V 

PGND 

-15V 

FIGURE 11 
PCB LAYOUT FOR THE SP9488 
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dB ,-______ -=--=-___ ----, 
3 dB CUTOFF FREQUENCY 

-1 0 I================~ 

-20 

-30 

-40 

SLOPE = 40 dB/DECADE 

10 100 1 ,000 10,000 100,000 1,000,000 Hz 

FIGURE 12 
FREQUENCY RESPONSE OF THE SP9488 

ANALOG FRONT END 

D. General Interface of the SP9488 to a 
Microprocessor: 

The interface of the SP9488 to a microprocessor 
involves several questions. First, write instructions 
must be executed by the processor to select 
new input channels, control the A/D or start a 
conversion. Read instructions have to be 
performed to inform the IlP on the SP9488 status 
or receive the result of a conversion. When a 
conversion has been started, the processor has 
to wait for its end before reading valid 
conversion results. The SP9488 provides an output 
signal EOC which indicates when a conversion is 
in progress. This signal can be polled by reading 
it through an external tri-state buffer. The EOC 
can also generate an interrupt upon completion 
of conversion, if the processor has other tasks to 
perform (for instance selecting a new input 
channel). Another possible time-out method is to 
insert a sufficient number of "do-nothing" 
instructions to ensure that enough processor time 
has elapsed before reading the conversion 
result. Once established that the conversion is 
finished, the processor can get the result. For the 
SP9488 it can be read immediately by 8 or 16 bits 
~P, thanks to the user selected output format 
(two bytes or one 16 bit word). 
The following paragraphs show the SP9488 
interface to different families of microprocessors. 
For clarity, no linear hardware has been shown. 

1. Intel: 
The interface of the SP9488 to any INTEL 
processor is basically the same. It is the simplest 
too because INTEL processors have RD and WR 
output signals directly compatible with the RD 
and WR input signals of the SP9488. Figure 13 
shows the interface to a 8088 IlP. Writing data to 
the SP9488 consists in <MOV addr, AX> where AX 
is the register containing the data to be loaded, 
and addr the decoded address of the SP9488. 
The read instructions are <MOV AX, addr> type 
instructions. 

AS AO 

A15 A1 

101M J ADDRESS [ CS1 
CS2 1 DECODE 

8088 
- AD SP9488 RD 
- -WR WR 

-8 NC~ 
DB15 

ALE DB8 

ADO DBO 

AD? 
00 

DB? 

FIGURE 13 
INTERFACE OF THE SP9488 TO AN INTEL ~P 

2. Motorola 8-Bit Non-Multiplexed Format 
(6800. 6500 Series): 

Figure 14 shows this interface. Writing data to the 
SP9488 consists of <STAA,addr> instructions, 
where A is the accumulator (register) containing 
the data to be loaded and addr is the decoded 
address of the SP9488. The conversion result or 
the status word of the A/D is read by 
<LDAA,addr> type instructions: the data is then 
transferred from the SP9488 to the processor's 
accumulator. 

AO AO 
A1 A1 
A2 ADDRESS CS1 

A15 DECODE CS2 

J.1P 

RIW 

FIGURE 14 
INTERFACE OF THE SP9488 TO A 6800 TYPE ~P 

3. Motorola 8-Bit Multiplexed Format 
(6801, 146805 Series): 

The interface is very similar to the non
multiplexed format. Same type of instructions 
can be used to execute data transfers between 
the processor and the SP9488. Figure 15 shows 
how to demultiplex the data/address bus when 
the processor is used in expanded multiplexed 
mode. The rest of the interface is the same as 
Figure 14. 



AS 

PORT 3 ~!;II ADDRESS/ 
DATA 

~~~:ADDRESS 5 AO-A7 

FIGURE 15 
DEMULTIPLEXING THE ADDRESS/DATA BUS 

OF A 6801 flP TYPE 

4. Motorola 16-Bit Multiplexed Asynchronous 
Format (68000 Series): 

A typical interface to the 68000 is shown in Figure 
16. The extra~ gates are necessary to 
generate the DTACK signal of the 68000 when it 
writes to the SP9488 or reads the status word of 
the SP9488. If the processor tries to read the result 
of a conversion while the SP9488 is still 
converting, the read cycle will be stretched out 
over the entire conversion time by taking the 
EOC output of the SP9488 back into the DTACK 
input of the 68000. Writing data to the SP9488 
consists of a <MOV.B Dn,addr> where Dn is the 
data register which contains the data to be 
loaded to the SP9488 and addr is the decoded 
address. Data is read from the SP9488 using a 
<MOV.B addr,Dn> instruction with the result of a 
conversion or a status report placed in the 
register Dn. 

A1 AO 
A2 A1 
A3 

A23 
CS1 

AS 
GS2 

LOS 

RD 

RNI WR 

68000 SP9488 

OTAGK EOG 

DBO OBO 

OB15 OB15 

FIGURE 16 
INTERFACE OF THE SP9488 TO A 68000 TYPE flP 

E. Autocalibrated System: 
The AID of the SP9488 is self-calibrating: it means 
that when the opportunity is given to the device 
to perform a calibration, offset and gain errors 
due to it are negligible. Most of the offset and 
gain errors of the SP9488 are due to the front-end 

circuitry. These errors are actively trimmed at the 
factory to reduce them to a minimum. However, 
if the user desires it, there is an elegant way to 
reduce these errors to zero: the system 
autocalibration. Figure 17 shows a block 
diagram of the hardware configuration. 

FIRST INPUT 
CHANNEL 

VCAl 

DATA MICRO 14 INPUT 
CHANNELS SP9488 COMPUTER 

16th INPUT 
CHANNEL 

FIGURE 17 

BUS SYSTEM 

HARDWARE CONFIGURATION OF AN AUTOCALIBRATED 
SYSTEM USING THE SP9488 

The different steps for correcting offsets and gain 
errors are as follows: 

1. Measure of ground (GND): it gives the 
offset system error. 

2. Measure of a known voltage (VCAl): the 
following formula gives the system gain 
error (GE): 

GE = (ACVCAl - ACGND) I ICVCAl 

Where ACVCAl is the actual code 
measured for VCAl, ACGND is the actual 
code measured for GND, and ICVCAL is 
the ideal code for VCAL. 

3. Storage of these numbers to correct 
future readings. The following formula 
gives the corrected code for any reading 
(CC): 

CC = (AC - ACGND) * GE 

Where AC is the actual code measured. 
To apply this adjustment procedure, a stable and 
accurate VCAl is required. 

SP9488 PERFORMANCE 
A. Integral Linearity 
Integral linearity is defined as the deviation of 
the transfer function from an ideal straight line 
through zero and full scale (End Point definition). 
Thanks to a unique calibration algorithm in 
SP9488's AID and a fine design of the analog 
front end the integral linearity errors are kept 
below 0.001% of full scale typically. 
Table 9 shows the integral linearity errors of a 
typical unit measured at the center code on 
both sides of each major 15 bit transition (bipolar 
5V mode). 
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CODE-1 
(OCTAL) 

1 
2 
4 

10 
20 
40 

100 
200 
400 

1000 
2000 
4000 

10000 
20000 
40000 
60000 
70000 
74000 
76000 
77000 
77400 
77600 
77700 
77740 
77760 
77770 
77774 
77776 

I.L. ERR 
(%) 

0,0000 
-0,0000 
-0,0001 
-0,0003 
-0.0003 
-0,0004 
-0.0003 
-0.0002 
-0,0004 
-0.0003 
-0.0002 
-0,0001 
-0.0002 
-0,0001 
-0,0009 
-0.0006 
0.0004 

-0.0000 
0,0001 
0,0003 
0.0001 
0,0003 
0,0004 
0.0004 
0,0003 
0,0003 
0.0002 
0,0001 

CODE 
(OCTAL) 

1 
2 
3 
5 

11 
21 
41 

101 
201 
401 

1001 
2001 
4001 

10001 
20001 
40001 
60001 
70001 
74001 
76001 
77001 
77401 
77601 
77701 
77741 
77761 
77771 
77775 
77777 

I.L. ERR 
(%) 

0,0000 
0,0001 

-0,0001 
-0.0002 
-0,0004 
-0.0001 
-0.0002 
-0,0001 
0.0001 

-0,0003 
0.0001 
0.0001 
0,0002 
0.0002 
0.0003 

-0,0008 
-0.0004 
0,0007 
0,0002 
0.0003 
0,0006 
0,0002 
0.0005 
0,0006 
0,0007 
0.0005 
0,0002 
0,0000 
0,0001 

Table 9. Integral Linearity Error of a Typical Unit 
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B. Dynamic Performance: 
The integral linearity is specified statically for the 
SP9488. This type of error under dynamic 
conditions is generally quantified by a Signal to 
Noise Ratio (SNR) test. In this test a finite time 
sequence of sampled data from a spectrally 
pure sine wave input is computed by the tester 
into a frequency spectrum using a Fast Fourier 
Transform algorithm. From this frequency domain 
representation of the output data, the effect of 
integral non-linearity may be measured: 
harmonics of the input sine wave caused by I.L. 
errors are aliased into the base band spectrum. 
The magnitude of the fundamental's spectral 
lines (the signal) is summed, then divided by the 
sum of the remaining spectral lines (the noise). 
The logarithm of this number multiplied by 20 
provides the SNR expressed in decibels. For an 
ideal converter, it can be shown that: 

SNR = 6.02 x N + 1.76 dB 
(N = number of bits of the converter) 

Graph 1 shows the behavior of the SP9488 with a 
1.123 kHz sine wave input: the accuracy is 
14 bits. 
C. Noise: 
The result of each conversion performed by the 
SP9488 depends on the analog input level on the 
selected channel and the instantaneous value 
of noise sources in the data acquisition system, 
Because the SP9488's output is in digital form, 
any filtering of its noise must be performed in the 
digital domain and can be implemented in 
software with minimal overhead, 
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An easy way of measuring the noise of the 
SP9488 is to plot an histogram of the codes 
obtained for a given DC input voltage. Figure 18 
shows the histogram for the results of 5000 
conversions performed by a SP9488 in bipolar 
10V mode; the decimal code 49,152 was 
arbitrarily chosen and the analog input was set 
close to the code center. 

SP9488 NOISE MEASUREMENT AT CODE 49,152 
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FIGURE 18 

49,145 
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49,148 
49,149 
49,150 
49,151 
49,152 
49,153 
49,154 
49,155 
49,156 
49,157 
49,158 
49,159 

HISTOGRAM PLOT AT CODE 49,152 FOR THE SP9488 

With a noiseless converter, code 49152 would 
always appear. The histogram shows a bell 
shape with all codes other than 49152 due to 
internal noise. From this histogram it is possible to 
extract the RMS value of the noise: in this case it 
is 0.9 LSB 16-bit RMS. 
Noise in digital domain can be reduced by 
sampling at higher than the desired word rate 
and averaging multiple samples for each word. 
Oversampling spreads the noise over a wider 
frequency band (leading to a lower noise 
density in the desired bandwidth), then the 
averaging applies a low-pass filtering of the 
noise above the desired signal bandwidth. 
In general, the SP9488's noise performance can 
be maximized in any application by always 
sampling at the maximum specified rate of 50 
kHz and digitally filtering to the desired signal 
bandwidth. 
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SIGNAL PROCESSING EXCELLENCE 

FEATURES 
• Extremely stable thin-film resistors 

• Wide range of packages 

• High density circuits using ASICs 

• Short time to market 

• Industrial, Military & Class S processing 

APPLICATIONS 
• Data Conversion Products 

• Data Acquisition Systems 

• Filters 
• Mixed Analog/Digital Circuits 

• Reactive Load Drivers 

DESCRIPTION 
As a fully certified 1772 hybrid facility, Sipex offers 

high quality processing on all custom designs. The 
same rigorous quality assurance program that is 
used on standard products is applied to each 
custom product to deliver product that meets the 
requirements of MIL-STD-883. With access to the 
Class S facilities and program management, we 
also process custom hybrids that are suitable for 
space applications. 

The Custom Products Group offers full service 
from design through manufacturing, but is quite 

CUSTOM PRODUCT DEVELOPMENT CYCLE * 

DESIGN BREAD 
BOARD 

LAYOUT & 
HYBRID 

PROTOTYPE 

Custom Hybrid Products 

flexible allowing a customer to enter the system at 
the point that meets their needs. Some customers 
have design capability and only come to the Cus
tom Products Group for full scale manufacturing or 
added capacity. Others come to us to take ad
vantage of the proprietary Sipex technology (ASICs, 
high performance DACs and A/D products, or other 
analog products). Combining several technolo
gies in a cu~tom hybrid is often the most effective 
way to obtain the performance for a demanding 
application. 

PILOT 
MFG 

PRODUCT 
MFG 

HYBRID 
QUAL 

* This is a typical cycle. It can be taylored to meet customer requirements. 
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Custom Hybrid Products 

TECHNOLOGY 

• Chip & Wire 
• Thin-Film Substrates 
• Thick-Film Substrates 
• Thin-Film Chip Resistors 
• Resistors on Ceramic 
• Compatible with ASIC Components 

FACILITY 

• 1772 Certified 
• Typical output 10-20k units/week 
• 20,000 Sq. Ft. Manufacturing Facility 
• Class 10,000 + Class 100,000 Clean Rm 
• Class 100 work areas 
• Dedicated Class S area 

SERVICE 

• Full Design Capability 
• Analog Circuit Simulation 
• Thermal Management Analysis 
• Partnership with Customer 
• Flexible Production Volumes 
• Short Design & Production Cycles 
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SUBSTRATES 
Circuits are manufactured using single-level thin

film and multi-level thick-film technologies. Thin
film substrates are alumina (10-25 mil thick) with 
gold traces «0.02 Q/square) for all conductor runs. 
Line widths and spacings down to 2 mils are pos
sible. Thin-film resistors can also be built directly 
onto the substrate in order to reduce parasitic 
capacitance for high frequency applications or 
increase circuit density. 

Soecitications 
T¥R Range Max Range 

Resistance Value 20Q-500kQ 4.7Q-lOMQ 

Resistance Tolerance 
Absolute ±0.1% ±1% 
1:1 Ratio ±0.02% ±0.05% 

Temperature Coefficient 
Absolute <10ppm/oC < 50ppm/oC 

1: 1 Ratio (Tracking) 2.5ppmjDC 5ppmjDC 

Stability 
+25°C Absolute ±0.05%/yr. ±O.l%/yr 

1:1 Ratio ±0.005%/yr. ±O.Ol%/yr 

+ 125°CAbsolute ±O.05%/lOOOhrs ±O,l%/lOOOhrs 
1:1 Ratio ItO,005%/ 1 OOOhrs to, 0 1 %/ 1 OOOhrs 

PACKAGES 
Packages are available in metal and ceramic. 

Sizes range from fractions of a square inch to over 
four square inches. Pin counts of over 100 are 
available. Most packages are hermetically sealed 
using an electric seam sealing process. Epoxy, 
solder, and glass seal packages are also available. 

• Flat Pack • TO-types 

• DIP • Plug-in 
• Lec • SLAM-packages 

• J-Iead • Custom packs 

Custom Hybrid Products 

RESISTORS 
Sipex has full thin-film capability for the manufac

ture of high precision resistors. Using a stable Ni
chrome thin-film process on passivated silicon sub
strates we are able to provide a wide range of 
resistor values. 

In addition to standard resistor products, Sipex is 
able to take advantage of in-house design, manu
facture, and laser trim capabilities to provide cus
tom resistor networks, Many resistors over a wide 
range of values can be combined on a custom 
network to deliver the ultimate in temperature track
ing and component density. 
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DESIGN 
A dedicated design engineer is assigned to each 

custom product. This engineer takes the customer 
requirements and translates them into a suitable 
design. He is responsible for the design, prototype, 
and early manufacturing runs of a product. 

Design tools including analog simulation and a 
thermal analysis program are used to prepare a 
design. Schematic capture and layout are done 
using full capabilities of the Sipex CAD group. These 
include several workstations from CALMA, VIA, 
ViewLogic and Sun. 

THERMAL MANAGEMENT 
Thermal management is becoming a more im

portant issue as circuit densities increase. Sipex has 
been aware of this problem and has developed 
tools to model heat flow within a hybrid. Conduct
ing a thermal analysis is a routine part of the design 
of a custom product. The temperature rise of each 
active and resistive component is calculated, and 
predicted junction temperatures are compared to 
maximum ratings. This data is reviewed with the 
customer, and, if necessary, design or process 
changes are implemented to lower junction tem
peratures. 

In addition to the thermal models, Sipex has a 
Hughes thermal mapping system. This can be used 
to measure the actual temperature of individual 
components within a hybrid. 

COMPONENTS 
Sipex has the ability to use most active and pas

sive components available in chip form. This allows 
a designer to mix chip technologies (bipolar, CMOS, 
and others) and circuit functions (analog and digi
tal) in a single integrated circuit. Freedom to 
combine such a wide range of components allows 
a Sipex custom hybrid to offer the highest perform
ance in a single package. 

In addition to standard products, one or more 
ASICs can be integrated in a hybrid to provide the 
ultimate in circuit density. For analog applications, 
Sipex offers a full line of compatible, semi-custom 
linear gate-arrays and full custom monolithic ICs 
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Custom Hybrid Products 

from the Custom Monolithic Products Division. ASIC 
devices from other manufacturers can also be 
used in custom hybrids. Sipex has several foundry 
relationships to provide ASICs, or we can work with 
your ASIC supplier. 

Passive components such as capacitors and re
sistors can also be integrated in a hybrid. Resistors 
are described in greater detail below. Capacitors 
smaller than 0.1 uF can be easily handled in a cus
tom hybrid. Larger caps can be integrated, but 
usually require special processing. Inductors are 
not well suited for integration within a hybrid and 
should be placed externally where possible. If 
inductors must be used in a hybrid their values 
should be made as small as possible. 

CHIP MOUNT 
Active and passive components are mounted on 

the substrate with electrically conductive epoxies. 
Eutectic mounting is available for high power appli
cations and other special requirements. Non-con
ductive epoxies are also used to help secure large 
components such as capacitors to improve the 
reliability of the hybrids under stressful environmental 
conditions. 

Most integrated circuits and other semiconduc
tors available as single die can be mounted in a 
hybrid using these techniques, Passive compo
nents such as capacitors and resistors are also 
attached in this fashion. 

WIRE-BONDING 
Sipex typically uses 1 mil diameter gold wires with 

thermosonic bonding for all wires within a hybrid. 
Gold wirebonding from 0.70 to 2 mils is available for 
special needs. Thermal compression aluminum 

. wire-bonding from 1 to 20 mils is also available. 

ACTIVE LASER TRIM 
Active laser trim allows Sipex to achieve high pre

cision analog circuits. With the hybrid circuit pow
ered up, a laser is used to trim resistors setting circuit 
parameters such as gain, offset, and phase to very 
high accuracies. This process is used to obtain 18-
bit accuracy on several products. Manual systems 



and automated LTX systems are used for this proc
ess. 

ENVIRONMENTAL TESTING 
The full range of environmental testing required 

for military product is available including: tempera
ture cyclingJine and gross leak tests, constant 
acceleration, PIND test, thermal shock, x-ray, and 
others. 

ELECTRICAL TESTING 
Automated test equipment is available for testing 

an exceptionally wide range of parameters. HP, 
LTS, MassComp, and Tektronix equipment is used for 
test. Temperatures from -55°C to 125°C are avail
able with Thermonics temperature forcing systems. 

SUMMARY 

Custom Hybrid Products 

BURN-IN 
Dynamic or static burn-in at 125°Cfor 168 hours is 

typical for Custom Products. 1000 hour life-tests are 
conducted as required. Other requirements can 
be reviewed. 

PARTIAL EQUIPMENT LIST 

Wire Bonders --> K & S, Mech-el, Orthodyne 
Chip Mount --> Westbond 
Seam Seal --> Benchmark 
Laser Trim --> LTX and manual systems 
Temp Forcing --> Thermoncs 
Test --> HP, Analog Devices LTS, 

MassComp, Tektronix 

Sipex wants to be your partner in analog hybrid design. We have a wide range of technology and 
capability available to respond to yuor needs, and the special requirements of your design. Our engineers 
and program managers are specialists at listening to a customer's needs and translating those into a well 
designed and manufacturable product that is compatible with the Sipex operations and your specifica
tions. 

The individuals assigned to a custom product take personal responsibility for the success of that device 
and stay with it from the beginning through production. Open and interactive communication with the 
customer on all aspects of the program reduces the risk of misunderstandings in a custom design and allows 
Sipex to deliver the highest quality product to you on schedule. 
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