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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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508-671- 1940 
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Willow Grove, PA 
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WILLMAN ASSOC. 508-671-1940 301-269-6573 
Brooklyn Ctr, MN 
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513-687-1325 SOUTH DAKOTA WASHINGTON, D.C. 
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Brunswick 612-566-5010 301-269-6573 
216-273-3798 

OKLAHOMA 
TENNESSEE 
SACS 

MREP Norcross, GA 
Dallas, TX 404-447-6154 
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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 
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CHANNEL 
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MUX-08 

MUX-08 

MUXADDRESS 
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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 
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8080A BYTE 

RIC 

HS 9474 
CE 

A15 
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CS 12/8 

HIGH BYTE 
(or LOW BYTE) 

8048 
MIDDLE BYTE 

RIC 

WR HS 9474 
CE 
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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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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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lOUT I 
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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. 
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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) 

10 

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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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. 
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-25 

-20 

HOLD -15 
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(mV) -10 
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~ 
~ 

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. 
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- AMP AND 
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- ANA DIG ANA ANA DIG 

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

41 



~ N+ /P+ Diode 

D Buried Zener ~ P-JFET 

Nichrome Clear 0 Pinch Resistor 
Field Area 

42 

CD DBNPN 

(3) DBPNP 

CD MNPN 

o MPNP 

0) 4.5pF Capacitor 

® 6pF Capacitor 

® 7pF Capacitor BTile 



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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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 



~ir\AV 
"'I~'" SIGNAL PROCESSING EXCELLENCE 

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 
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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 
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T40uT 
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SP230·SP241 
+ 5V Powered RS232 Drivers/Receivers 

SP236 Typical Operating Circuit ~ INPIn" 

10pF 
4.7p F+ + 8.'$11 
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~N 1'31N 
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Vee RaiN 
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C2+ TTlICMOS 22 23 RS232 Cl-
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17 18 
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20 21 
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=8 

SP237 Typical Operating Circuit 
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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 
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SP239 Typical Operating Circuit 
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SP230·SP241 
+5V Powered RS232 Drivers/Receivers 

SP241 Typical Operating Clrcul1 

+fN INPUr 

T30ur T40ur 

T10ur R31N T11N 

T20ur R30ur 
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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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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 

POLYPROPYLENE .... ~ 
~ 

AV - 10V 
SAMPLE TIME l00~a 

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. 

Hold Mode Dielectric Absorption Sag For 5J.1sec Sample Period 
With Dielectric Absorption Compensation 
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