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SIPEX . . . EXCELLENCE
IN SIGNAL PROCESSING

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.

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

B 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, IC’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
dlso to the highest level of customer service.
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CAPABILITIES

CERTIFIED TO MIL-STD-1772

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 “S” 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,
shuttie/centaur booster rocket, and various
military classified defense satellites.

MIL-STD-1772

Sipex Corporation has been cettified 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 cerfified 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
aresearch 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.
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DIELECTRIC ISOLATION
TECHNOLOGY

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 (DI)
technology. This technology offers several
significant user benefits:

B Higher bandwidths and slew rates than are
achievable with conventional IC technology.

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

While DI has long been known for its radiation
hardening benefits, its features extend beyond
just radiation hardening. DI allows high fr, 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 DI OP Amp type
products.

Sipex’s technology extends beyond just high
speed, complementary fransistors. In addition to
these transistors and other devices, the IC
processes employ p channel and n channel
JFET's MOS capacitors, sub-surface zeners and

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 DI technology can be accessed at one of
four levels:

B Standard products
B Full custom

H Cell custom

B Array custom

FACILITIES

Sipex has a 31,000 sqg. ff. 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 other
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 and
audited for supplying parts to cost sensitive
operations.
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DI WAFERS

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:

W High speed linear circuits

B High voltage switching arrays

B Opto-coupled photovoltaic devices
B 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.

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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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:

o SPACE SHUTTLE o SPACE LAB
o« F-15 « TORNADO
e F-16 « STING RAY
e F18 o JAS 38

* STD MISSILE o ALRM

e E111 * SPEARFISH
o B o HOT

¢ SEA SPARROW

 DM2A3 TORPEDO

o TOW-2 ¢ ROLAND

* MAVERICK ¢ LEOPARD | & I
e MILSTAR * AIRBUS 310

o EA6B/B-1 * MAGIC

o SPARROW MISSILE * MIRAGE 2000

* PIVADS * HARM MISSILE
* MIRAGE F1 ¢ LARZAC & CFM 56
e AMRAAM o TRIDENT

e SICBM
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SALES, SHIPPING & SERVICE
INFORMATION

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.

Intfernational: 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
headqguarters. 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.

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,
Alr 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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SGNAL PROCESSING EXCELLENCE SALES REPRESENTATIVES
REGIONAL SALES OFFICES:

EAST REGION CENTRAL REGION WESTERN REGION | SOUTHEAST REGION

Six Fortune Drive
Billerica, MA 01821
Tel: (508) 663-7811
FAX: (508) 670-9001

102 South Tejon Street
Suite 110

Colorado Springs, CO 80903

Tel: (719) 578-3346
FAX: (719) 578-8869

491 Fairview Way

Milpitas, CA 95035
Tel: (408) 945-9080
FAX: (408) 946-6191

10480 Little Patuxent Parkway

Suite 500

Columbia, MD 21044
Tel: (301) 740-5676
FAX: (301) 740-5603

ALABAMA

SACS
Norcross, GA
404-447-6154

ARIZONA
SOUTHWEST TECH

Phoenix
602-893-1209

ARKANSAS

MREP
Dallas, TX
214-484-5711

CALIFORNIA (North)

H-TECH SALES |
San Jose
408-453-2111

CALIFORNIA (South)
H-TECH SALES Il

Laguna Hills
714-583-1488

CANADA (Que.)
ESP

St. Laurent
514-737-9344

CANADA (Ont.)

ESP
Mississauga
416-626-8221
Ottawa
613-236-1221

CANADA (Ont.)

ESP
Oftawa
613-236-1221

CANADA (B.C.)
ESP

Delta
604-943-0183

COLORADO

HOWARD ASSOC.
Parker
303-841-5755

CONNECTICUT
SIPEX CORP.
Billerica, MA
508-671-1940

DELAWARE

TECH SALES ASSOC.
Willow Grove, PA
215-784-0170

FLORIDA

ELECTRO-CRAFT, INC.
Clearwater
813-573-2277

Boca Raton
407-394-9686

GEORGIA

SACS
Norcross
404-447-6154

IDAHO

OLSON TECH SALES
Bellevue, WA
206-883-7792

ILLINOIS (North)

MARTAN, INC.
Schaumburg
708-303-5660

ILLINOIS (South)

MIDWEST TECH SALES
Lenexa, KS
913-888-5100

INDIANA

STB ASSOC.
Indianapolis
317-844-9227

IOWA

MIDWEST TECH SALES
Cedar Rapids
319-393-5115

KANSAS

MIDWEST TECH SALES
Goddard
316-794-8565

KENTUCKY

STB ASSOCIATES
Louisville
502-499-6404

LOUISIANNA

MREP
Dallas, TX
214-484-5711

MAINE

SIPEX CORP.
Billerica, MA
508-671-1940

MARYLAND

EES
Annapolis
301-269-6573

MASSACHUSETTS

SIPEX CORP.
Billerica, MA
508-671-1940

MICHIGAN

TRITECH SALES
Farmington Hills
313-553-3370

MINNESOTA

WILLMAN ASSOC.
Brooklyn Ctr
612-566-5010

MISSISSIPPI

SACS
Norcross, GA
404-447-6154

MISSOURI

MIDWEST TECH SALES
Earth City
314-298-8787

MONTANA

HOWARD ASSOC.
Parker, CO
303-841-5755

NEBRASKA

MIDWEST TECH SALES
Lenexa, KS
913-888-5100

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

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

NEW JERSEY (North)

PHASE 4
Fairfield, NJ
201-575-4343

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

NEW MEXICO

SOUTHWEST TECH
Phoenix, AZ
602-893-1209



NEW YORK (Metro)
PHASE 4

Great Neck, NY
516-482-1790

NEW YORK (Up-State)
MICRO-TECH MKTG.
Rochester
716-328-3000
Kingston
914-338-7588

N. Syracuse
315-458-5254

NORTH CAROLINA

SACS
Raleigh
919-859-9970

NORTH DAKOTA
WILLMAN ASSOC.
Brooklyn Cir, MN
612-566-5010

OHIO

J.N. BAILEY & ASSOC.
New Lebanon
513-687-1325
Columbus

© 614-262-7274
Brunswick
216-273-3798

OKLAHOMA

MREP
Dallas, TX
214-484-5711

OREGON

OLSON TECH SALES
Beaverton, OR
503-643-9488

PENNSYLVANIA (East)

TECH SALES ASSOC.
Willow Grove
215-784-0170

PENNSYLVANIA (West)
J.N. BAILEY & ASSOC.
Columbus, OH
614-262-7274
Brunswick, OH
216-273-3798

RHODE ISLAND

SIPEX CORP.
Billerica, MA
508-671-1940

SOUTH CAROLINA

SACS
Raleigh, NC
919-859-9970

SOUTH DAKOTA

WILLMAN ASSOC.
Brooklyn Ctr., MN
612-566-5010

TENNESSEE

SACS
Norcross, GA
404-447-6154

TEXAS

MREP

Dallas
214-484-5711
Houston
713-988-7613

UTAH

HOWARD ASSOC.
Parker, CO
303-841-5755

VERMONT

SIPEX CORP.
Billerica, MA
508-671-1940

VIRGINIA

EES
Annapolis, MD
301-269-6573

WASHINGTON

OLSON TECH SALES
Bellevue
206-883-7792

WASHINGTON, D.C.

EES
Annapolis, MD
301-269-6573

WEST VIRGINIA

SIPEX CORP.
Columbia, MD
301-740-5676

WISCONSIN

LARSEN
Wauwatosa
414-258-0529

WYOMING

HOWARD ASSOC.
Parker, CO
303-841-5755

xi
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Sipex NORTH AMERICAN
SIGNAL PROCESSING EXCELLENCE AUTHORIZED DISTRIBUTORS
CALIFORNIA KANSAS NEW JERSEY - TEXAS
JAN DEVICES, INC. MILGRAY MILGRAY MILGRAY
Reseda, CA Overland Park, KS Marlton, NJ Dallas, TX
818-708-1100 913-236-8800 609-983-8010 214-248-1603
800-257-7111 800-637-7227

MILGRAY MASSACHUSETTS
Camairillo, CA MILGRAY MILGRAY MILGRAY
805-484-4055 Wilmington, MA Parsippany, NJ Stafford, TX

508-657-5900 201-335-1766 713-240-5360
CONNECTICUT
MILGRAY NORTHSTAR NEW YORK OMNI PRO ELEC
Milford, CT ELECTRONICS MILGRAY Dallas, TX
203-878-5538 Wilmington, MA Farmingdale, NY 214-233-0500
800-922-6911 508-657-5155 516-391-3000 800-356-9095

800-MILGRAY
FLORIDA MARYLAND UTAH
MILGRAY MILGRAY NEW YORK MILGRAY
Winter Park, FL Columbia, MD MILGRAY Salt Lake City, UT
407-647-5747 301-621-8169 Pittsford, NY 801-272-4999
800-432-0645 800-638-6656 716-381-9700
WISCONSIN

GEORGIA MICHIGAN OHIO MARSH ELECTRONICS
MILGRAY CALDER ELECTRONICS | MILGRAY Milwaukee, WI
Norcross, GA Grand Rapids, Ml Cleveland, OH 414-727-6000
404-446-9777 616-698-7400 216-447-1520
800-241-5523 800-321-0006 CANADA

NORTH CAROLINA MILGRAY
ILLINOIS MILGRAY Willowdale, Ontario
MILGRAY Raleigh, NC 416-756-4481
Arlington Heights, IL 919-790-8094 800-268-3315
312-253-1212 800-562-3118

800-322-6271
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GERMANY FRANCE ENGLAND JAPAN
SIPEX GmbH SIPEX S.AR.L. SIPEX LTD NIPPON SIPEX CORP.
Rheinstrasse 32 14, Rue du Morvan 333 London Road Tohyama Building 81
6100 Darmstadt SILIC 525 Cambertley Surrey Yamabuki-chyo
West Germany 94633 Rungis Cedex GU15-3HQ Shinjuku-ku Tokyo 162
Tel: 06151-291595 France England Japan
Fax: 06151-292762 Tel: 01-46-87-83-36 Tel: 0276-28128 Tel: 03-266-8585

Fax: 01-45600784 Fax: 0276-691131 Fax: 03-266-8587
SIPEX GmbH
Moosstrasse 10 A
8130 Starnberg

West Germany
Tel: 08151-89810
Fax: 08151-7598

SIPEX GmbH

Wacholderstrasse 38
2000 Wedel/Holstein
West Germany
Tel: 04103-2845
Fax: 04103-7534

xiii
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SIGNAL PROCESSING EXCELLENCE INTERNATIONAL SALES REPRESENTATIVES
AUSTRIA ISRAEL NORWAY SWITZERLAND
SIPEX GmbH SEG TEC ESTRONIC A/S ABALEC AG
Rheinstrasse 32 Office 10 Torstadbakken 4B Grabenstrasse 9
6100 Darmstadt Ashita Street P.O.Box 174 CH-8952 Schlieren
West Germany Holon N-1364 Hvaistad Switzerland

Tel: 06151-291595 Israel Norway Tel: 041-1-730-0455
Fax: 06151-292762 Tel: 972-3-5567458 Tel: 02-846010 Fax: 041-1-730-9801

BELGIUM

BETEA SA/NV
Leuvensesteenweg 31
B-1940 Sint-Stevens-Woluwe
Belgium

Tel: 027368050

Fax: 027251619

DENMARK

E. FRIIS MIKKELSEN A/S
Krogshojvej 51
DK-2880 Bagsvaerd
Denmark

Tel: 02-986333

Fax: 02-988140

FINLAND

OXXO OY AB

Latokartanontie 7A5
SF-00700 Helsinki
Finland

xiv

Fax: 972-3-5569490
ITALY

CELTE S.R.L.

Via le Lombardia 15
20131 Milano

Ifaly

Tel: 02-2367602
Fax: 02-2666960

KOREA

SUNHO CORPORATION

Seoul Yeong Dong
P.O. Box 1846
Seoul

Tel: 02-558-4415
Fax: 02-558-4412

NETHERLANDS

KONING EN HARTMAN

P.O. Box 125

2600 AC Delft
Netherlands

Tel: 031-156-609906
Fax: 031-15-19194

Fax: 02-981677
SPAIN

ANATRONIC S.A.

Avda de
Valladolid, 27
E-28008 Madrid
Spain

Tel: 034-1-542-4455
Fax: 034-1-248-6975

TAIWAN

KALTEC INT'L LTD

18, Lane 46, Sec. 2
Shuang Shi Road
Panchiao City
Taipei, Taiwan
R.O.C.

Tel: 2-2537387
Fax: 2-2537636
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DIGITIZING DYNAMIC SIGNALS

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 voitage 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
SieNaL | [:D——» A/D CONVERTER | DATAY
INSTRUMENTATION
AMPLIFIER

Figure 1. Block Diagram of a Data Acquisition System

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 A/D Converters: Integrating or Dual-Slope ADCs
were the first on the market. They consist of a charging
capagcitor, 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 siow changing signals such as temperature.
Special conversion technigues like Quad-Slope have been
derived from the Dual-Slope principle for special applications
such as very high precision voltmeters.

Flash A/D 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) A/D 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
determines 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 A/D 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 resuit. 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 wili 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 A/D 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 ¥2 LSB dur-
ing the conversion time (which will produce a maximum
linearity error of ¥2 LSB) to maintain specified performance.
This is because an ADC with a specified integral linearity er-
ror of ¥2 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 ¥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 5B. 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 u 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 %2 LSB during conver-
sion time, the following formula can be used to calculate the
maximum input frequency.

’
2 * Pi « 2N = conversion time

M

fmax. =

(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...).




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.

1
4 « 2N « conversion time

@

fmax4 =

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
A/D-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 u 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.

Figure 6A. HS 574 AK, 8-Bit
Resolution, Signal Frequency
5000 Hz
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Figure 6B. HS 574AK, 8-Bit
Resolution, Signal Frequency
1000 Hz
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Figure 6C. HS 574AK, 8-Bit
Resolution, Signal Frequency
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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 6¢ 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 (S/H) or Track/
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 S/H 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 10°C rise in temperature.

* The maximum frequency can be calculated with the formutas (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
Y2 LSB at 12 bits. If you sum this error up with the %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 A/D 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 Sample/
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 A/D 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 ampilifier, 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.

OUTPUTS

mMsB
o o Q '
5] 6 27| 26| 25| 24| 23| 22| 21| 20| 19| 18] 17| 16/

HIGH T "MIDDLE LowW
CONTROL
gyTe | BYTE | BYIE
status HS 9474 LoGIC THREE-STATE OUTPUT BUFFER ]
20v14 G\-\ &M - O Tu [>
> S BIPOLAR 28
1ov 130—10"” b CHIP cLocK | SAR 1= O STS(STATUS)
1000 pF S 6 L
BIPOLAR o, 12 = N N~ f j 12 C
OFFSET 10k V

8
REF OUT

CMOS

CHIP

(ov)

SWITCHES & DECODING
NETWORK

10
REF IN O—

*INTERNAL OPTION

i
11J)
VEE
Y

vee
+15V

I
1!} 15.!> gé
VLOGIC DIGITAL ANALOG
+5V GND GND

Figure 7. HS 9474 Functional Diagram




Attention must be paid to the acquisition time of the S/H
amplifier. To acquire a new analog signal, a time span of 10
usec (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 ampilifiers. 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 9404/
9408 series. These are complete DAS' as shown in Figures
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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 AuP

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 Ag 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.
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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 4 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
usec typical), the time gap must be 30 u 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 Ag 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 11a and 11b 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., 74L.5245) 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.
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Figure 11A. Interfacing HS 9474 to 8080A uP (Top)

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

HELPFUL HINTS WHEN USING A/Ds

When using A/D 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, 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.




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’ A/D 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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APPENDIX

Nomogram to determine the maximum input frequency

versus resolution and conversion time of ADCs without S/H

amplifiers.
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QUAD S/H SOLVES
ACQUISITION PROBLEMS

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 1b. 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

MULTIPLEXOR H

ViNo T
VIN1 >——~’j I A/D
A

VINZ >—— =
S/H OUTPUT
CONVERT DATA
COMMAND

MUX OUTPUT | =
VINg >———"
Figure 1A. Simple Sequential Four-Channel DAS
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CONVH T —tcony 1 I
DATA X CHANNEL 0 DATA_X CHANNEL 1 DATA
ouT 1
S/H I i :
L
out [0 el

b—taco—g| [f—taco—r] L~

HS tCONV tHs tconv
tacQ = ACQUISITION TIME ASSUMING:
tHs = HOLD MODE SETTLING TIME tacQ = 748 MAX
tcONv = A/D CONVERSION TIME tys = 800 ns MAX
taAp = APERTURE DELAY TIME tCONV = 2 us MAX
tMs = MUX SWITCHING TIME 1CYCLE = 39248
tcycLE = TIME REQUIRED TO .. PER CHANNEL
DIGITIZE ALL FOUR CHANNELS SAMPLING RATE = 25.5 kHz

tcycLe = (4) (taca + tHs + tCONV)
*NOTE THAT tap AND tyg HAVE BEEN PIPELINED FOR MAXIMUM SAMPLING RATE

Figure 1B. Timing

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 us) 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 us A/D (40 kHz) proves too slow to sample
the four channels at 8 kHz each if the prescribed 7 us worst-
case acquisition time is allowed.

Simple Simuitaneous Pipelined
Sequential Sampling Acquisition
DAS DAS DAS

Maximum Aggregate
Sampiing Rate 102.0 kHz 183.4 kHz 250 kHz
(Assuming 2 u s A/D)
Maximum Per Channel
Sampling Rate 255 kHz 45.9 kHz 62.5 kHz
(2 u s AID, 4-Channels)
Maximum Aggregate
Sampling Rate 30.5 kHz 35.1 kHz 37.0kHz
(25 u s AD)
Maximum Per Channel
Sampling Rate 7.6 kHz 88 kHz 9.3 kHz
(25 u s A/D, 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 antialias 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).



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
(shown below)
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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 us 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.
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Figure 3A. Simultaneous Sampling DAS Using HS 9704

Vino /\)/
- V—

HOLD 31« 'AD

ALL | ;
MA1 : | p—— T 1
1 | i
MAo T | == N
i | I
1 il 1
CONVH ! : i
0 i :
out o DATA )\ DATA /\ DATA DATA
[
Y

[ " taca
tHs | tBs1 | tes2 | 'BS3

| | |
~| ~tBso |
BUFFER ' i
out | ' | !
i
|
1

™ taca I_L‘
tCONV tCONV CONV tCONV
tgs = MUXSWITCHING AND OUTPUT  ASSUMING: tacq = 7 us MAX
BUFFER SETTLING TIME tHs = 800 ns MAX
= TIME REQUIRED TO DIGITIZE -
Y OLE = N UR CHANNELS IcoNV = 2us
iBs = 2 us MAX

teYcLE = (1) {taca + tHS + tcoNV)
+ (3) (tBs + tcoNV)
.. PER CHANNEL SAMPLING RATE = 45.87 kHz

*NOTE THAT tap AND tggg HAVE BEEN PIPELINED FOR MAXIMUM SAMPLING
RATE

CYCLE = 21.8us

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 us for the example in Figure 4),
the system can continuously convert samples at a 250 kHz
rate (assuming a 2 us 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.
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Figure 4A. Pipelined Acquisition DAS Using HS 9705
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Figure 4B. 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 us apart (to examine the impuise response of
system, for instance), it is possible to stagger the hold com-
mands to each channel by 1 us to “‘grab’ eight points with
1 us spacing. The multiplexor is then used to route the
samples to a slow A/D to sequentially convert them in non-
real time.

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 uP 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
use of 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 us 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 us 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 us, Ths = 800 ns and Tad = 200 ns, we re-
quire this symmetric cycle to start 1 us 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 us 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 10 or 1110 0111 binary at the sym-
metry start data inputs.
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Figure 5. Four-Channel Time Division Multiplexing
12-Bit DAS Utilizing Simultaneous Sampling

The industry standard HS 574A A/D 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 us. 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
rise/fall 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).

14

The output data can be latched anytime between the end
of the A/D conversion and the next R/C* (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 reinttializes the logic.

The maximum true conversion time allowable runs from the
rising edges of R/C* to the mux channel switch pulse
(ct238h). Quantitatively this is equivalent to the multiplex time
minus the buffer settling delay minus the R/C* 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 R/C* = one count, so the maximum true conver-
sion time at the A/D is 220 counts or 27.500 us. This
specification is met by the Hybrid Systems HS 574A, an in-
dustry standard 12-Bit A/D converter with 27 us maximum
conversion time over the military temperature range. The
HS 9704/5 can be obtained in military temperature grades
also, so that if 541s 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 us total
cycle time achievable with a sub-two us converter like the
HS 9520. This modulo 2 cycle time allows the 4-Bit binary

counters to run open loop from clear using a 1 MHz 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 '1s20
(7 us 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 us.
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In general, the next channels must have identical timing on
their S/HNn* lines, except that each must be delayed by (Tbs
+ Tconv), here equal to 4 us. This can be accomplished with
minimal hardware by simply delaying the original signal by 4
us 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 us for Tad = 200 ns
and Ths = 800 ns. For simple, symmetric hardware, this cir-
cuit initiates the first conversion at a Tbs delay (2 us), which
incurs a one-time 1 us 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 us). Two us 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 us 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 us, because at that point the multipiexor will
be commanded to switch and the analog input will soon
begin to change. Output data will be valid for 2.125 us 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 us after the start of true
conversion.

The HS 9704/5 quad multiplexed S/H’s provide three of
the major building blocks of a muitichannel data acquisition
system within one 24-pin double dip. The addition of an A/D
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 A/D 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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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 0°C to 70°C (0° to +85°C, E version;

-25°C to +85°C, B version).

HS 3160. 16-bit monolothic MDAC, guaranteed monotonic

to 0.003% (14-bits) from 0°C to + 70°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, uP

compatible, super stable . . . 1opm/°C Max.!! linearity drift,

monotonic 0°C to 70°C.

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

uP compatible.

DAC9356. Low cost complete 12-bit DAC with lowest

power . .. 175 mW, + 10V out DAC8O pinout.

DACB80. 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

HS 3160

TYPE

4 Quadrant Multiplying

DIGITAL INPUTS

Resolution

2-Quad. Unipolar Coding

4-Quad. Bipolar Coding

Logic Compatibility

Input Current
REFERENCE INPUT

16-Bits
Binary
Offset Binary
CMOS, TTL
<1pA

Voltage Range
Input Impedance
ANALOG OUTPUT

+25V (max), AC or DC
6.5kQ + 50%

Output Capacitance

ftance |
Important consideration for Scale Factor

Scale Factor Accuracy

settling time and feedthrough. Output Leakage
@ +25°C
. . @ +125°C
Integral Linearity Output Capacitance

Measured as the arithmetic
mean value of the magni-
tudes of the greatest positive
deviation and the greatest
negative deviation from the

Cout 1, all inputs high
Cout 1, all inputs low
Cout 2, all inputs high
Cout 2. allinputs low
STATIC PERFORMANCE

150uA/VRer + 50%
+1%

10nA (max)
200nA (max)

100 pF
50 pF
50 pF
100 pF

Integral Linearity

theoretical value for any given
HS 31603

input combination.
HS 3160-4

Differential Linearity
HS 3160-3

HS 3160-4

Monotonicity
HS 3160-3
HS 3160-4

Stability of Linearity vs DYNAMIC PERFORMANCE

+0.006% FS.R. (t . o .
+0.012% FSR. E%‘;l) Differential Linearity

+0.003% FS.R. (typ) The deviation of an output
+0.006% F.S.R. (max) / step from the theoretical vaiue
+£0.006% FSR. (iyp) of 1 LSB for any adjacent in-
+0.012% F.S.R. (max) put codes. +0.006% Max
+0.003% FS.R. (typ) is accuracy to 14 bits. The
+0.006% F.S.R. (max) DAC9377-16 is guaranteed to
0.0015% (16 bits).

Guaranteed to 13-Bits
Guaranteed to 14-Bits

Offset

The missing specification.
After the HS 3160 was

characterized, it was found (F\‘ffereicgg\fss)‘hmugh Error
that this specification is R kHz
0.0325mV/mVs. Because of @ 10kHz

this, external potentiometers Reference Input Bandwidth
can be eliminated.

Digital Small Signal Settling
Digital Full Scale
Transition Settling

s Reference Input BW

2uS The reference can be an AC
signal. The dynamics of this

2004V parameter are important iq

- high speed signal processing.

1MHz

STABILITY (Over specified temp. range)

Scale Factor
Integral Linearity
Differential Linearity

Monotonic Temperature Monotonicity Temp. Range

4ppm/°C (typ) .
0.5ppm FS.R./°C (typ) Linearity TC

tppm F.S.R./°C (max) Impressive stability only ob-
e T
o techniques described.

0°Cto +70°C
-25°Cto +85°C

Range HS 3160C-3/-4

The temperature range over HS 3160B-3/-4
which the analog output in- POWER SUPPLY (Vpp)
creases or remains constant Nominal Voltage

as the input digital code jn- Voltage Range

creases, but never decreases. g;’;ggn Ratio

This range of monotonicity is

) . RAI
important in many servo or TEMPERATURE RANGE

+15V +5%
+8Vio +18V
2mA
0.0005%/%

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

SCREENING

0°Cto +70°C
-55°Cto +125°C

Screening
~65°Cto +150°C

0.4% AQL means that there

C-Models
B-Models

MECHANICAL

will be no rejects in a sample

+— lot of 100 pcs. All units have
fult burn-in at +85°C.

0.4% AQL
MIL-STD-883B

Case Style
PRICE (1-9)

22 pin DIP, ceramic

Price _

Important key criteria in
evaluating the price perform-
ance ratio.

HS 3160C-3
HS 3160C-4
HS 3160B-3
HS 3160B-4
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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 1/8FS 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 O; the greatest error
in this case is at 0. 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 0.001% 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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16-bit MDAC implemented by decoding top 4 MSB'S into 156 equal current
sources followed by 12-bit R - 2R DAC

16-BIT DAC
BITS 1-4 DECODED— 16 LEVELS
BITS 516 BINARY WGTD
<4096 (12 BITS)
RESOLUTION
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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 O 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

MSBBIT2BIT3BIT4] 1234567891011 12131415
0 0 0 1 100000000 0 0 0 0 00O
0 0 1 0 110000000 0 0 0 0 O O
0 0 1 1 111000000 0 0 0 0 0 O
0 1 0 0 |111100000 00 00 0O
0 1 0 1 111110000 0 0 0 0 0O O
0 1 1 0 111111000 0 0 0 0 0 0
0 1 1 1 111111100 0 0 0 0 0 O
1 0 0 0 111111110 0 0 0 0 0 O
1 0 0 1 111111111 0 0 0 0 0 O
1 0 1 0 [111111111 1 0 0 0 0O
1 0 1 1 111111111 1.1 0 00 0
1 1 0 0o |111111111 1 1 1 0 0 0
1 1 0 1 111111111 1 11 1 0 0
1 1 1 o [111111111 11 1110
1 1 1 1 111111111 11 11 11

4 binary bits decoded into 15 LINES
TRUTH TABLE 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 VQg sensitivity of the
DAC. The segmented DAC is less prone to linearity varia-
tions due to the TC effects of VOg 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/°C typ., 6ppm/°C Max.

This stability will yield (in the R-2R approach) linearity
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temperature coefficients of 1ppm/°C typ., 3 ppm/°C Max.
However, in a decoded DAC we can divide these TC’s by
8 ... which yield linearity TC of 0.13ppm/°C, 1ppm/°C Max.
In the case of the HS 3160, the specifications are conser-
vatively rated at 0.5ppm/°C, 1ppm/°C Max. for both integral
and differential linearity. Monotonicity is then guaranteed

0° to 75°C (C models) and —25°C to +85°C (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/°C Max. Long term
drift of linearity is specified at 3ppm FSR/1000 hrs. and
scale factor TC is specified at 2ppm/°C 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. Cg is the output
capacitance which is the distributed switch capacitance
apparent at the output terminals (I 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 Cq.

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

VREF O——"WA\

Ri 7 RCo A"i
T

f
+ Eo

Figure 5 MDAC Equivalent Output Circuit

Settling Time

Settling time is directly affected by Cq. 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 and/or oscillation. A feedback
capacitor, Cf, must be added to restore stability. Even with
Ct there is still a zero-pole mismatch due to RiCp, which is
code dependent. Mismatch is minimized when RiCq =
R¢Cs. However, Ct must now be made larger to compensate
for worst case RiCo; resulting in reduced bandwidth and in-
creased setiling time. With Hybrid Systems’ 16-bit HS 3160 a
small value of Cf can be used. Resistor Rp can be added;
this will parallel Rj decreasing the effective resistance. If Ct is
reduced, the bandwidth will be increased and settiing time
decreased. However, a system penalty for lowering Cj is to
increase noise gain. The tradeoff is noise versus settling
time. If Rp is added then a large value (1uF or greater) non-
polarized capacitor Cp should be added in series with Ry to
eliminate DC drifts. If settling time is not important, eliminate
Rp and Cp and adjust Cs 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 Cq. 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 78V 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 resuitant output change is feed-
through. Feedthrough does occur even when DAC's have
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 Cg, 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 74L.S273'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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Figure 6 Microprocessor Interface to HS 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 400uA for a
“1" output of +2.4 volts.

VRer —

LsB

74LS
273

1

HS 3120

—lg

74LS

175
DATA BUS | MSB
> >

>
<
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%‘.<’R

Figure 7  Clamp Resistors added to MSB Inputs
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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.

Fs1|——
oureur |
A
|
smosea— L—

STROBE B —LJ_—___—._
[

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 ampilifier,
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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Figure 9 PCB Assembly Layout
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current during ‘turn-on.’

Ros may not be needed with many
amplifiers. See discussion of offset.

o4

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 rj (Figure 10) creates an undesired input to
the amplifier resulting in loss of system accuracy. Consider
the following:

rj = Track resistance from DAC I, terminal to
the ampilifier input. Assume 100 milliohms.
ln 2mA (typical full scale DAC output current)
> Vin+ = Voltage apparent at amplifier input.
= 2x10-3x100 x 10-3 =200uV
At 16 bits 200 u V error results in an additional 1.31
LSB's error where 1 LSB at 16 bits is 153uV 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 0.1uF
(low frequency) and paralleled with 0.01uF ceramic type
(high frequency). ldeally, 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 Vg of
the output amplifier. Al 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 LSB's of error.

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

VN R Vc R V8 R Va

VREF

Ry

B

Figure 11 R—2R DAC with output amplifier

When: Vos = 0
Va. N = Vrer2O-1)
where v, = Vg2
Vg = Vgl2. .. etc.

For a 12-bit converter (R-2R type), where Vger = 10V
Va = 4.88mV, Vg = 9.77mV,
Ve = 19.5mV, etc.

However, when Vog = Vj then
(1) Vey = (Vepf2n-1) 2221 = V¢

@ Vg = (V_C)(iﬂ_) > Vg

R+%R

but for simplicity let Vg = Vg then
@) Va1 = Vgyx 2RI(R+2R) > Vp
4) Var = -g—VB = Vos



Where V,; is the voltage at the LSB node. From (4) one can
see that when the offset voltage Vg is equal to Va1 then

Iy = 0. This results in a change in the linearity error of 1
LSB. In this case, it has been shown that:

(5) where Vpg = 0, an L.SB goes to “1”
(6) Vos = Va1, an LSB goes to 0"

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

@ AVOS-*—g- Vg = % (9.76) = 6.5mV
Now we have a 1 LSB change in linearity for 6.5mV change in
Vos: Therefore, it takes a 6.507mV change in Vgg to vary the
output linearity 1 LSB (Vger = 10V, 12-bit R— 2R type).

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

DECODE R-2R (10 BIT)
[+—PoRTION R Vc R Ve R Va
VREF
2R R 2R 2R

::Tl TT?er‘”'“—>_L
oo Vos

14

~]

DECODE
2703

MSB  MSB-1

Figure 12 HS 3120 Decoded 12-bit DAC—2MSB’s decoded
followed by conventional 10-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.

VREF
— BINARY WEIGHTS LSB'S
DECODING [~ R-2R t
4MSBS [ | 9BITS SR fm 16R
]
MTHE?
4
T Vour

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 DAC linearity at a
point “‘higher up” from the LSB switches. This will yield a
greater insensitivity to changes in Vgg. Data taken on the
HS 3160 (Figure 14) confirms these calculations. Table 2
compares high resolution DAC's with the method of decod-
ing to illustrate this coefficient of sensitivity to amplifier offset.

50

40 /

1 LSB CHANGE IN
LINEARITY FOR
APPROX. 26 mV of Vos'/

30 21SB

20

- — —— ——-L1LSB

LINEARITY ERROR-PPM

(R S ——— - ——+%LSB @ 16 BITS

[ 10 20 30 a0 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-Voitage

TABLE 2

TYPE RESOLUTION| DECODING[R-2R| BIN/ |AVos/1 LSB
(Bits) (Bits) [ WGT |__ERROR

Gen. Pur. 12 N.A. 12 6.5mV
HS 3120 12 2 MSB’s 10 26.0mV
Gen. Pur. 14 N.A. 14 1.63mV
HS 3140 14 4 MSB’s 9 1188 28.5mV
Gen. Pur. 16 N.A. 16 0.41mV
HS 3160 16 4 MSB'’s 9 |3LSB'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 Vg 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 Vg, for
specific amplifers:

TABLE 3

AMPLIFIER | Vos TC Vos

@25°C +25°C to +70°C
LF411 0.5mvV 10uV/°C 0.95mv
LM301 7.5mv 30uV/°C 8.85mV
LM741 6mv 30uvi°C 7.35mV
HA 2525 10mV 30uV/°C 11.35
OPO7 75uV* 0.25uv/°C

*Drift specified at 1.0uV/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 infect 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 AVgg 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 V/V). 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 V/V), the amplifier differential input
voltage would be 100uV with respect to ground. This addi-
tional “error” voltage appearing at the input terminals can
be treated as an additional offset and would effect linearity
according to Table 2 above.

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

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

Reference Voltage Level

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

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

12-Bit DAC System

By using Hybrid Systems’ HS 3120 and HS REFO1 along
with National's LF441A, a low power economical 12-bit DAC
system can be realized.

HS REFO01

This reference element is by now an industry standard. It

is multisourced and available in four temperature grades—

3, 10, 20, and 70ppm/°C. The 20ppm/°C 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 REFO1 draws only 1mA quiescent current and can

deliver at least 10mA to a load. Therefore, one HS REFO1

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/°C maximum. Monotonicity is guaranteed 0°C to
+70°C along with scale factor TC of 2ppm/°C max. Due
to decoding, feedthrough is low and the effects of Vg are
also lower than conventional 12-bit DAC's.

LF441A/LF411A

Now, two low cost JFET input op amps are available

from National Semiconductor The LF441A has low power
consumption (supply current 150 uA), 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 1110 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 (Vpg) 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 uV/°C
typical, 10° uV/°C Max.
For example:

Max. Vgg, 0°C to 70°C: 0.5mV + (10)(70uV) =1.2mV

Typical Vgg, 0°C to 70°C: 0.3mV + (7)(70uV) = 0.82mV
Additional linearity error, due to Vg and dVgg (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 1ppm/°C differential linearity

drift (700uV over 0°C to 70°C) and the system yields a
total drift of linearity 0°C to 70°C of less than 1/3 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

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.

range.
HS REFO1 +15V
IVDDZ TVDD1
ol—— FBq
| o1 PN WA
DIGITAL HS 3120 LDTR + vouT
INPUTS
| FB4 =
ol__ FB3
] lo2
ce Vss |Vssi1
HBE O————
MBE O— |
o— =
LBE — A1, LF411ACN
LbAC O———— -
HS REFO01 + 15V
—I PDDz I VDpD1
o_.__l FBq
| ’ -
I 101 A1 —0
DIGITAL HS 3120 [F5, ©ONC + vouT
INPUTS ——0 N.C. 5k
| FB3 (note 1) § =
) [ 5k
o 02 —AA—
LDTR |
cE0 vss |vsst
o
HBE VouT 1
MBE O——
o—
LBE = = A1, A2, LFA11ACN
LDAC O—mM8MM™M—
:‘O;St:ernal resistors should be selected for good bipoiar offset tempco and need only track well.
Absolute TC or tolerance is not important. The internal 5K resistors can be used if 10ppm/°C drift is tolerable.
COST (POWER BUDGET)
UNIPOLAR: O0to —10V CODING: SB, CSB BIPOLAR: —10Vto + 10V CODING: OB, COB
Current Drain Current Drain
PART TYP MAX COST/00's | PART TYPE MAX COST/100's
HS REFO1C +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 +20
Unipolar Parts +2.15 +4.1
- .15 - 2 20.15
Total +215 | +41 $20.15 Total +355 | +63 $24.05
-5 -2 -03 -04

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/uS 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
10mVgs 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 | R | Caw | ©f SETTLING TIME
10 0.1%
HAZ525 | K | BpF 1 Busec.
LF357 1K 20pF 2.0usec.
LF411ACN| 1K 2.5usec.

Note:

1. HA2525 uses a ‘BW’ capacitor on pin 8, therefore,
no Cj is required. The LF411ACN has internal compensation
and appears to operate well without the addition of Ct.

2. Rjand Ci 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/°C Max.
is not matched by competitive devices. The diagram in Figure
10 can be used along with external input latches shown in
Figure 6.

16-BIT 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, R,
and R, must and Ay and A, must have low offset to elim-
inate the offset adjustment. if Ay and A, are LF411A type,
the system would have to deal with Vog of 0.5mV Max. Us-
ing the LF412A then Vgg would be +1mV. The user should
realize that in bipolar operation all additional linearity errors
double.
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Top: Standard Bipolar arrangement
Bottom: Bipolar arrangement with Ao scaled by VRefp

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 lgo is not used. Linearity is only ef-
fected by Aq. Note in Figure 17 B, the R’s must track for
good Vog 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/°C. In this configuration, only A4
must be selected for low Vg while A, can a more common
type say LF412CN (99¢/100’s) and is a dual op amp. For a
multiple DAC system A, 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, stil
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 1MQ
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. |, 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 Vy, 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 V5. Add a 500Q to 1 KQ
resistor in series with the V,; 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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SIGNAL PROCESSING EXCELLENCE

ANALOG PROCESSING FOR
DATA ACQUISITION

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 (A/D) to convert the sampled
analog voltage into digital data.

DIGITAL
OUTPUT
MULTIPLEXER
— INSTRUMENTATION
SIGNAL AMPLIFIER
SAMPLE
INPUTS { —— : AD
goB, [ converter
(+)
INPUT
:i_R'OUND HOLD CONVERT STATUS
COMMAND  REQUEST

Figure 1. Typical Data Acquisition System

Multiplexing

The multiplexer is a cost-effective way to time share an
A/D, as opposed to using one A/D 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 Rjn =
100KR2 and Cijp, = 0.01uF. The problem here is that when
the multiplexer is switched to a new channel, Cqoyt charges
by acquiring some of the charge in Cjp, thus reducing its
voltage by about 1% (see Figure 2).

MULTIPLEXER

RSOURCE OUTPUT

RIN RON
v AAAAA .
100K
CiN [0.01 uf Cout
100 pF

INPUT
VOLTAGE

f

Figure 2. Input Decoupling Yields Poor Settling
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While the voltage at Cjp, 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 Cijn and Cqyt
through Rijp, 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.

MULTIPLEXER

RSOURCE RIN BUFFER

RON OUTPUT
.

CIN Cout
0.01 4t

L

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. Imyx, the current flowing
through the Rgp, 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 Imyx and Rgon and Rgource. 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 INSTRUMENTATION
IMUX—» AMP
4 AR
—— +
VIN ] 1 IBIAS—>]
[N TR cout | —

ILEAK|

Figure 4. Simplified Muitiplexer 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 A/D.

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/°C.

While one can speak of simple “offset error” equal to output
voltage when Vi, = 0V, 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 ampilifier gain while output-referred offset
appears as a constant added to the ampilifier output signal.
Therefore, input-referred offset typically become a problem
when operating at higher gains. In addition, manufacturers
may also specify voltage drift (uV/°C) as a combination of
input- and output-related terms. A hypothetical example
might be as follows:

Voffs = 2mV + (50V x GAIN)
Vdrift = 30V/°C + (10V/°C x GAIN)

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

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.
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Figure 5. Pseudo-Differential Connection Degrades
Common Mode Rejection
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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-hoid captures the input signal
voltage, stores it on a high quality capacitor, and presents
the A/D 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.
A2
{ : vout
+1

INg14, etc.
TTL

SAMPLE/HOLD

CONTROL— ™|

LEVEL
TRANSLATOR | ™SSAMPLE = + 15V
HOLD = - 15V

Figure 7a. Simplified Sample-and-Hold Circuit
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HOLD XS Sy
STEP

=  =|ACQUISITION TIME

S/H
MODE SAMPLE | HOLD

ANALOG
INPUT
(PREVIOUS
CHANNEL)

(NEW
CHANNEL)
Figure 7b. Typical Sample-and-Hold Output Behavior

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

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

After acquiring the input signal, the circuit is switched to
the “hoid” 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 Vi to
—15V. The switch ceases conduction and freezes the input
signal voltage on the hold capacitor. Observing the buf-
fered capacitor voltage at Vot 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.

S

- - (DOTTED
HoLp 18 gTRAIGHT LINE
f;g;’ FOR COMPARISON)

10 |

L I s L L

1 J I W S |
+10 8 6 4 2 0 -2 -a -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 smail 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.

VN =0V

TOP = ANALOG OUT 2 mV/DIV, AC COUPLED
BOTTOM = SAMPLE/HOLD IN 5V/DIV
HORIZ. = 10 usec/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. = 10 usec/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 5V/DIV

HORIZ. = 10 usec/DIV
TYPICAL SAMPLE-AND-HOLD CIRCUIT

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 wili appear on the out-
put. It is important this glitch
is allowed to settle out
before the A/D conversion
takes place. This can be
especially troublesome in a
system where the A/D EOC
(end of conversion) status
signal directly controls the
mode of the sample-and-
hold. The glitch must settle

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 0 1
MUX CHAN

S&H
ANALOG INPUT

S&H MODE SAMPLE [ HOLD | SAMPLE [ HOLD
I L] |

A/D CYCLE ] _pone | aulsv ] _opone | BU!SY ] _pone IBUST

CHANGING MUX CHANNEL DURING HOLD MODE (AND A/D CONVERSION) INVITES
FEEDTHRU AND NOISE ERRORS

SAMPLE |HOLD

ACTIVE |
MUX CHAN

S&H
ANALOG INPUT

S&HMODE _SAMPLE [ HOLD | SAMPLE [ HOLD | SAMPLE [ HOLD |

A/DCYCLE DONE IBUSY DONE BUSY l DONE BUSY

THIS TIMING MINIMIZES FEEDTHRU ERRORS

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

VIN = OV

TOP = ANALOG OUT 20 mV/DIV

BOTTOM = SAMPLE/HOLD IN 5V/DiV
HORIZ. = 500 nsec/DIV

TYPICAL SAMPLE-AND-HOLD CIRCUIT

HYBRID SYSTEMS HS 362

between the time the A/D 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 A/D 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.

Figure 12. Sample-and-Hold Glitch



Analog-to-Digital Conversion

Now that the front-end system has been examined, the in-
corporation of the A/D will make the DAS complete. Here
again, there are potential error sources both within the A/D
itself, and from interaction with the other system com-
ponents. Offset and gain errors in the A/D 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 A/D alone.

The designer should carefully select an A/D 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 A/D 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 A/D 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
A/D input resistor and upset the amplifier output of the
previous stage. If the amplifier does not recover by the time
the A/D 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-

lam 1

! SUCCESSIVE |

|ADC8S  [APPROXIMATION |

I REGISTER |

' i

I I

| |

{ |

| |

|ANALOG |

| INP ]

| |

PREVIOUS STAGE | !
OUTPUT AMPLIFIER | |
(SEE WAVEFORMS BELOW) L _ _ ./ [~ _ ______ J

—| 830 nsec |—
meok——1 LT LT LT 1Ly,

A/D ACTIVE BIT | mse | 2sB | 3sB | 4ss

[T

LM741 DRIVING

A/D INPUT ~——— NO GOOD
LM310 DRIVING /L
A/D INPUT M A A

V oK

Figure 14. Dynamic Voltage Shifts can Couple Back Thru
Input Resistor and Upset Amplifier Output of Previous
Stage. The Ampilifier Driving the Analog Input must
Settle Back between Succesive Bit Cycles.
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ing the A/D 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 (M). As a concrete example, an LM741 op
# of bits
amp is a poor choice to drive the analog input of an ADC85
A/D converter. The HS ADC8S5 is an industry standard
12-bit, 10 microsecond converter and allows about 830

ive bit decisions.

nanoseconds (10}4590) between succ
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 A/D
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 aiso be re-
quired here.

A final point to consider for proper A/D 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 A/D. In addition, the grounds for the sample-and-
hold and instrumentation amplifier are also located close to
the A/D ground.

INSTR. SAMPLE A/D
+ —] AMP AND
HOLD >
- ANA DIG ANA ANA DIG
GND GND_GND +15V GND - 15V GND +5V
+5V
GND
+15V
GND
- 15V

Figure 15. Proper Grounding Technique
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SIGNAL PROCESSING EXCELLENCE

GENERAL DESCRIPTION

The SP1000 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 1o save space,
weight, and power while improving the
performance and reliability of the circuit and
reducing the unit cost.

The SP1000 family of products are persondlized for
each user’s specific application by defining the
thin film resistor layer, the two aluminum
inferconnect layers and the via layer which
inferconnects 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 il 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 fo 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 fo impiement high
performance analog functions. The SP1000 family
of arrays is configured around a tile architecture
where each tile contains 24 1x geometry
transistors.

TILES

ATILE BTILE

HooOEUO0 OO
NN N |
HNNEENEE ENNREEER

LEGEND

SNPN l D SPNP

High Gain, high bandwidth complimentary
vertical NPN & PNP transistors coupled with
precision thin fiim resistors and capacitors make
the SP1000 family ideally suited for implementing
cost effective ASIC solutions to high speed and
high precision analog signal conditioning and
signal processing applications.

The SP1000 family is fabricated with Sipex’s
Dielectric Isolation (DI) 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 (DI) complementary
vertical NPN/PNP bipolar process. Enhanced
precision is achieved through the utilization of on-
chip low temperature coefficient thin fim 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 SP1000 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 B fy, Ic,
etc....), full function complementary vertical NPN
& PNP transistors on the array. The availability of
both these transistor types on the SP1000 family
not only simplifies designs, but also leads o
significantly enhanced performance.

All monolithic integrated circuits are made up of
individual circuit elements (i.e. fransistors, 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.

/'
A
P N P [4— EPITAXIAL LAYER
N + BURIED 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 readlized by fabricating the
circuit elements in individual silicon islands that are
surrounded by silicon dioxide.

SILICON OXIDE 7

N + BURIED LAYER

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:

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

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

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

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

m Simplified design and modeling since most of
the parasitics unique tfo 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
ulfimately limited by the breakdown voltage of
the transistors. The lowest breakdown voltage is
usually Voeo and process application capability
is specified by this parameter. The Vcgo is
determined by a combination of starting silicon
resistivity and transistor geometries (i.e. spacings).
Higher starting silicon resistivity gives higher Ve,
but at the expense of slightly higher transistor
parasitics (mainly R¢c) which will ultimately limit
circuit performance.

The SP1000 arrays are available in two process
options: 20 Volt and 35 Volt processes. VogQ's of
35 Volts and 20 Volts are achieved through control
of substrate resistivity. The 20 Volt Voo 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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SIGNAL PROCESSING EXCELLENCE

HIGH PERFORMANCE
ANALOG ARRAY

DESCRIPTION

The SP1104 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 SP1104 is a
member of Sipex’'s SP1000 family of analog arrays
which is configured around a standard tile of 24
1x geometry fransistors.

High gain, high bandwidth complementary
vertical NPN & PNP transistors coupled with
precision thin film resistors make the SP1104 ideally
suited for implementing cost effective ASIC
solutions to high speed, high precision analog
signal conditioning and signal processing
applications.

FEATURES
m Dielectric Isolation (DI) for Minimum Parasitics m Precision Low Tc Thin Film Resistors;
and Optimum Latch-up Free Performance TC =100 ppm/°C or TC = 300 ppm/°C
m 35 Volt or 20 VoIt Operation m Laser Trimming for Enhanced Precision;

Matching to 0.02%
m Dual Layer Aluminum Metalization

m 16Tile Array Structure

m 222 Vertical NPN Transistors; B = 200,
fr = 1000 MHz m Tile Based Architecture Supported by a Macro

® 222 Vertical PNP Transistors; B = 150, fr = 600 MHz Cell Library

m High Output Drive Capability, up to 100 mA per
output stage
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SP1104 COMPONENT COUNT SUMMARY

DESCRIPTION COUNT
Tiles:

AType 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 sg. mil

(Total 800 KQ Possible)

Pinch Resistors

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

Buried Zener Diodes

Bond Pads

Die Dimensions

143 mils x 140 mils

ARCHITECTURE & ORGANIZATION

The organization and complexity of the SP1104
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 file 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 files.
The top and bottom rows have A type tiles, and
the two middle rows contain the B type files.
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 15y grid. Within
the clear field area there is 5y 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 sfructures to speed
design and layout.

The dimensions of the SP1104 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 breckdown voltage of
the transistors. The lowest breakdown voltage is
usually Vepo and process  application capability
is specified by this parameter. The Vcgo is
determined by a combination of starting silicon
resistivity and tfransistor 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 SP1104 array is available in two process
options: 20 Volt and 35 Volt processes. By
controlling substrate resistivity, Vogo'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
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.

SP1104 MACRO CELL LIBRARY

CELL # OF
NAME DESCRIPTION TILES
MXRBO1 1.5V Voltage Reference 0.5
MXRB0O2 2.5V Voltage Reference 1
MXRBO3 2.5V Voltage Reference 1
a 0.5 mA Current Reference
MXRBO5 5.0V Voltage Reference 1
MXRB10 10.0V Voltage Reference 1
MXOPO1 General Purpose Wideband 1
Op Amp
MXOP02 |Wideband, Medium Drive 2
Op Amp
MXOPQO3  {Precision High Bandwidth 2
Op Amp
MXTAO1 Transimpedance Amplifier 2+
MXCMO1 | General Purpose Comparator| 1

SUPPORT PRODUCTS & SERVICES

m Commercially Available P-SPICE or Equivalent
Simulators (Purchased Directly From the
Vendor)

m Design Manual (DESMAN 1100)
m Mylar Layout Worksheets

m GDS Il Database Tape for Workstations Based
Layouts

m A Family of Proven Macro Cells (Circuit
Schematics and Net Lists are Available in the
Design Manual)

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

m Application Assistance and Training by Sipex
Personnel
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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
SP1000 family of analog arrays which is configured
around a standard tile of 24 1x geometry
transistors.

High gain, high bandwidth complementary
vertical NPN & PNP transistors coupled with
precision thin film resistors make the SP1204 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

m Dielectric Isolation (D) for Minimum Parasitics
and Optimum Latch-up Free Performance

m 35 Volt Operation
m 16 Tile Array Structure

m 216 Vertical NPN Transistors; B = 200, fr = 1000
MHz

m 216 Vertical PNP Transistors; B = 150, fy = 600 MHz
m 40 Bond Pads for High I/O Circuits

SP1204

HIGH 1/0 ANALOG ARRAY
WITH JFETS

m 16 P-channel JFETS

m Precision Low TC Thin Film Resistors; TC = 100
ppm/°C or TC = 300 ppm/°C

m Laser Trimming for Enhanced Precision;
Matching to 0.02%

m Dual Layer Aluminum Metalization

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

DESCRIPTION COUNT
Tiles:

AType 8

B Type 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 KQ Possible)

Pinch Resistors 8
Capacitors:

4.5 pF (max) 10

6 pF (max) 12

7 pF (max) 4
Diodes:

Buried Zener 2

N+/P+ 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 SP1204 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 fo complete a design,
while increasing the probability of first time
success.

Each file 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 files 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 files.
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 15y grid. Within
the clear field area there is a 5u 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 ftiles
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 voitage is
ultimately limited by the breakdown voltage of
the transistors. The lowest breakdown voltage is
usually Vego and process application capability
is specified by this parameter. The VCEO is
determined by a combination of starting silicon
resistivity and fransistor geometries (i.e. spacings).
Higher starting silicon resistivity gives higher
VcEQ. but at the expense of slightly higher
transistor parasitics (mainly Rc) which will
uitimately limit circuit performance.
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The SP1204 array is available in two process
options: 20 Volt and 35 Volt processes. By
controlling substrate resistivity, Vogg's of 35 Volts
& 20 Volts are achieved. The 20 Volt Voo
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
SP1204 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
MXRBO1 1.5V Voltage Reference 0.5
MXRB02 2.5V Voltage Reference 1
MXRBO3 2.5V Voltage Reference 1
a 0.5 mA Current Reference
MXRBO5 5.0V Voltage Reference 1
MXRB10 10.0V Voltage Reference 1
MXOPO1 | General Purpose Wideband 1
Op Amp
MXOP02 [Wideband, Medium Drive 2
Op Amp
MXOPO3 | Precision High Bandwidth 2
Op Amp
MXCMO1 | General Purpose Comparator| 1

SUPPORT PRODUCTS & SERVICES

m Commercially Available P-SPICE or Equivalent
Simulators (Purchased Directly From the
Vendor)

m Design Manual (DESMAN 1100)
m Mylar Layout Worksheets

m GDS Il Database Tape for Workstations Based
Layouts

m A Family of Proven Macro Cells (Circuit
Schematics and Net Lists are Available in the
Design Manual)

m Transistor Level and Macro Cell Kit Parts to

Support Evaluation and Breadboarding (If
Required)

m Application Assistance and Training by Sipex
Personnel
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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
1x 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

m Dielectric Isolation (DI) for Minimum Parasitics
and Optimum Latch-up Free Performance

m 35 VoIt or 20 Volt Operation
m 20 Tile Array Structure

m 320 Vertical NPN Transistors; § = 200,
f7 = 1000 MHz

m 320 Vertical PNP Transistors; B ~ 150, ff =~ 600 MHz

m High Output Drive Capability, up to 100 mA per
output stage

SP2107

SYSTEM LEVEL
ANALOG ARRAY

PRELIMINARY
DATA

m Precision Low TC Thin Film Resistors;
TC =100 ppmy/°C or TC = 300 ppm/°C

m Laser Trimming for Enhanced Precision;
Matching to 0.02%

m Dual Layer Aluminum Metalization

m 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 sqg. 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+/P+ 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 SP2107 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 tfo
complete a design, while increasing the
probability of first time success.

Each file on the SP2107 consists of 16 SNPN & 16
SPNP fransistors arranged in a 4 x 8 matrix. The
symmetry of the array of fransistors, 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 file is a
clear field area which is reserved for user defined
thin film resistors. Interspersed between the ftiles
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 15u grid. Within
the clear field area there is 5 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 files
themselves as well as between adjacent tiles
which facilitate replication of structures to speed
design and layout.

The dimensions of the SP2107 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 Vg and process application capability
is specified by this parameter. The Ve 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 R¢) which will
ultimately limit circuit performance.
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The SP2107 array is available in two process
options: 20 Volt and 35 Volt processes. By
controling substrate resistivity, Vogp's of 35 Volts
& 20 Volts are achieved. The 20 Volt Voo
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 SP1000 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

m Commercially Available P-SPICE or Equivalent
Simulators (Purchased Directly From the
Vendor)

m Design Manual (DESMAN 1100)

m Mylar Layout Worksheets

m GDS Il Database Tape for Workstations Based
Layouts

m A Family of Proven Macro Cells (Circuit
Schematics and Net Lists are Available in the
Design Manual)

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

m Application Assistance and Training by Sipex
Personnel

SP2107 MACRO CELL LIBRARY
CELL # OF
NAME DESCRIPTION TILES
Operational Amplifiers
OPA-01 General Purpose <1
OPA-02  General Purpose w/Class A/B 1
OPA-03  Precision Op Amp, Low IB 1.5
OPA-05  General Purpose Clamped 1
Output
Transimpedance Amplifier
TZA-01 Wide Bandwidth 2
Comparators
CMP-01  Wide Band, Single Supply 1
CMP-02  Wide Band, Dual Supply 1
CMP-04  2-Input Window Comparator 1
Multipliers
MLT-01 2 Quadrant, Current Output 2
MLT-02 4 Quadrant, Current Output 2
MLT-03 4 Quadrant, Voltage Output 2
MLT-04 4 Quadrant, Digital, | Output 2
Sample and Hold Amplifiers
SHA-01 Voltage Output S/H 3
Full Wave Rectifier
FWR-01 General Purpose, + Out 1
FWR-02 General Purpose, -| Out 1
General Bias Circuit
BAS-01 Low TC Current Bias 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
(l.e. drive, noise, ratios, efc.) typically required in
analog ASIC applications, the SP1000 arrays
confain 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 10u x 38u. These devices offer
excellent performance with a useable current
range of 0.1 pA to 1 mA. These minimum
geometry fransistors have been designed to
support a broad range of applications and are
the workhorse fransistors on the SP1000 array
family.

SNPN SPNP
SP1104 192 192
SP1204 192 192

DBNPN/DBPNP

These transistors are 4 x geometry devices with @
double base contact stripe for low base
resistance (Rp). 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
SP1104 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 Rg & 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.

MNPN MPNP
SP1104 8 8
SP1204 8 8

SP1000 FAMILY

COMPONENT DESCRIPTIONS

HNPN/HPNP

These transistors are large geometry devices
infended 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 Rg and
low Rc. They also have triple emitter stripe
contacts.

HNPN HPNP

SP1104 6 6
SP1204 0 0
THIN FILM RESISTORS

Thin film nichrome metal resistors are the principal
type of application resistor used on the SP1000
array. Each resistor is user defined by specifying
both the resistor length & width (.e. R=p(w/)). For
resistors which require trimming, the minimum
width is 10p. Trimmable resistors must be a
minimum of 50p 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 SP1000
family the maximum resistance utilizing 175Q/
nichrome is approximately 800 KQ's.

MAX RESISTANCE
SP1104 800 KQ
SP1204 800 KQ
PINCH RESISTORS

Pinch resistors are high value resistors with very
poor accuracy. Their principal atffribute 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.

Qry
SP1104 36
SP1204 8
CAPACITORS

Capacitors on the SP1000 arrays are of the MOS
type (.e. aluminum - silicon dioxide - N+ silicon).
This structure has the advantage of virtually no
voltage or femperature 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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QY LARGEST TOTAL

CAPS CAP VALUE
SP1104 14 18 pF 134 pF
SP1204 26 7 pF 135 pF
BURIED ZENER DIODE

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.

Qry
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
SP1204 0 16
N+/P+ DIODES

These diodes have breakdowns less than a Vego
and can be used to protect emitter base
junctions from damage from excess reverse
voltage.

QY
SP1104 0
SP1204 40



ABSOLUTE MAXIMUM RATINGS - 20 VOLT PROCESS

20 Volts
6.5 Volts

-65°C < Tp < 150°C

Maximum Operating Junction Temperature ... 150°C

ELECTRICAL CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS* MIN TYP MAX UNITS
SNPN

Gain B Typicallc =1 mA 200

Bandwidth fr Typicallc =2 mA. Vg =5V 990 1000 MHz
Current Range Ic Range @B =0.7 B (max) 5E-05 5 mA
Early Voltage Va Va=Ro "Ic 110 \
SPNP

Gain B Typical lc = 1 mA 150

Bandwiath T Typicallc =2 mA, Ve =8V 660 700 MHz
Current Range icRange | @B =0.7 B (Mmax) 5E-05 4 mA
Early Voltage VA Va=Ro *ic 110 \
DBNPN

Gain B Typicallc =1 mA 175

Bandwidth fr Typicalic =5 mA, Vg = 8V 825 950 MHz
Current Range Ic Range @p=0.7p (max) 5E-05 20 mA
Early Voltage Va Va=Ro "I 100 \
DBPNP

Gain B Typicallc =1mA 160

Bandwidth f1 Typical lc =5 mA, Vg = 5V 380 500 MHz
Current Range lc Range @B =0.7p (max) 5E-05 20 mA
Early Voltage VA Va=Rp "I 50 \
MNPN

Gain B Typical lc = 1 mA 180

Bandwidth fr Typicallc = 10 mA, Vg =5V 850 900 MHz
Current Range Ic Range @B =0.7p (max) 5E-04 30 mA
Early Voltage Va Va=Ro " Ic 100 \%
MPNP

Gain B Typicallc =1 mA 150

Bandwidth fr Typicatic = 10 MA, Vg =5V 580 620 MHz
Current Range Ic Range @B=0.7p (max) 5E-04 30 mA
Early Voltage Va Va=Ro "I 50 \%
HNPN

Gain B Typicallc = 1 mA 190

Bandwidth T Typicallc =25 mA, Vg = 10V 750 850 MHz
Current Range Ic Range @pB=07pmax) 1 100 mA
Early Voltage Va Va=Ro *ic 100 \
HPNP

Gain B Typicallc = 1 mA 150

Bandwidth fr Typical lc =25 mA, Vg = 10V 375 450 MHz
Current Range Ic Range | @B =0.7 B (Max) 1 100 mA
Early Voltage VA Va=Rpo *Ic 50 \

*Unless otherwise noted, specifications apply for Ta = 25°C
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ABSOLUTE MAXIMUM RATINGS - 35 VOLT PROCESS

35 Volts
... 6.5 Volts

.. -65°C < Tp < 150°C
150°C

ELECTRICAL CHARACTERISTICS

PARAMETER SYMBOL CONDITIONS* MIN TYP MAX | UNITS
SNPN

Gain B Typicallc =1 mA 200

Bandwidth fr Typicallc =2 mA, Ve =5V 900 950 MHz
Current Range IcRange [ @B =0.7 B (max) 5E-05 5 mA
Early Voltage Va Va=Ro "lic 110 \
SPNP

Gain B Typicallc =1 mA 140

Bandwidth T Typicallc =2 mA, Ve = 5V 490 500 MHz
Current Range Ic Range @pB=07pBmax) 5E-05 4 mA
Early Voltage VA Va=Ro " Ic 100 \
DBNPN

Gain B Typicallc = 1 mA 180

Bandwidth fr Typicdl lc =5mA, Veg =5V 750 950 MHz
Current Range Ilc Range @pB=0.7pmax) S5E-05 20 mA
Early Voltage VA Va=Ro " Ic 100 \
DBPNP

Gain B Typicallc = 1mA 140

Bandwidth fr Typicallc =5 mA, Vo =5V 380 500 MHz
Current Range Ilc Range @B =07pMmax) 5E-05 20 mA
Early Voltage Va Va=Ro ™" Ic 50 \
MNPN

Gain B Typicallc =1 mA 140

Bandwidth fr Typical lc = 10 MA, Ve = 8V 850 900 MHz
Current Range Ic Range | @B =0.7 B (max) 5E-04 30 mA
Early Voltage \7N Va=Ro "Ic 100 \
MPNP

Gain B Typicallc = 1mA 180

Bandwidth fr Typicallc = 10 mMA, Ve = 5V 400 450 MHz
Current Range lc Range @B=0.7p (Mmax) 5E-04 30 mA
Early Voltage Va Va=Ro " Ic 50 \
HNPN

Gain B Typical lc = 1 mA 190

Bandwidth fr Typical Ic = 26 mA, Vg = 10V 700 850 MHz
Current Range Ic Range | @B =0.7 B (max) 1 100 mA
Early Voltage VA VA=Ro "Ic 100 \
HPNP

Gain B Typicallc =1mA 150

Bandwidth fr Typical I =25 mA, Vo = 10V 350 450 MHz
Current Range Ilc Range | @B3=0.7  (Max) 1 100 mA
Early Voitage Va Va=Ro "ic 50 \
P-JFET

Gain B 9 HA/V
Current IDSS 93 MA
Threshold Vip Typicallc = 1 mA 1.1 \
Lombda LAM 0.044 vl

*Unless otherwise noted, specifications apply for Ta = 25°C




ABSOLUTE MAXIMUM RATINGS

20V or 35V
. 6.5V

-65°C < Tp < 150°C
150°C

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

PARAMETER SYMBOL CONDITIONS MIN | TYP | MAX UNITS
NICHROME RESISTOR ()

Sheet Resistivity p 140 | 175 | 210 Q/sq.
Temp. Coefficient AR/(Re AT ((RT1-R2)/(R1+R2)/2))/(T1-T2)) e 1E+6 100 150 | ppm/°C
Voltage Coefficient AR/(ReAT)| (((R1-R2)/(R1+R2)/2))/(V1-V2)) e 1E+6 0 ppm/V
Parasitic Capacitance C Resistor Body and End Caps 4g-5 pF/ p2
Matching AR/R Identical Geometry, (((R1-R2)/(R1+R2)/2))e 100 0.1 %

Resistor Width = 25 microns

NICHROME RESISTOR (I

Sheet Resistivity p 140 175 | 210 Q/sq.
Temp. Coefficient AR/(ReA T ((RT-R2)/(R1+R2)/2))/(T1-T2)) o 1E+6 300 [ 350 [ ppm/°C
Voltage Coefficient A R/(ReAT)| ((URT-R2)/(R1+R2)/2))/(V1-V2)) e 1E+6 0 ppm/V
Parasitic Capacitance C Resistor Body and End Caps 4E-5 pF/u2
Matching AR/R |ldentical Geometry, ((R1-R2)/(R1+R2)/2))s 100 0.1 ' %
Resistor Width = 25 microns
CAPACITOR
Capacitance C 027 | 031 | 025 fr/u2
Matching AC/C  [(((C1-C2/(C1+C2)/2))e100 -5 +5 %
Voltage Coefficient AC/AV |(C1-C2)/(V1-V2) 0 fF/V
Temp. Coefficient A C/(CeA T} ((UCT-C2/(CY+C2)/2))/(T1-T2)) -5E-7 coy!
PINCH RESISTOR
Resistance R 15 35 70 KQ
Temp. Coefficient AR/(ReATD| (((RT1-R2)/(R1+R2)/2))/(T1-T2)} e 1TE+6 4900 ppm/°C
Matching AR/R [ ((R1-R2)/(R1+R2)/2))« 100 -20 +20 %
BURIED ZENER
Zener Voltage Vz I7 - 500 pA 53 55 57 Volts
Temp. Coefficient AVz/AT [Kelvin Configuration 1.6 mV/°C
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SIPEX SP1000 FAMILY

SIGNAL PROCESSING EXCELLENCE

The datasheets in this section describe the family. The parameters presented are for the 35
currently available macro cells for the SP1000 Volt process. Variations for the 20 Volt process are
family of arrays. Except as noted all macro cells indicated in the notes for each cell as required.

can be implemented on any of the arrays in this

Cell

Name Description Page
MBRBO1 1.25V Voltage Reference
MBRB02 2.5V Voltage Reference
MBRB0O5 5.0V Voltage Reference
MBRB10 10.0V Voltage Reference
MBOPO1 General Purpose Wideband Op-Amp
MBOPO02 High Output Current, Wideband Op-Amp
MBOPO3 High Performance Op-Amp
MBTAO1 Transimpedance Amplifier

MBCMO1 High Speed Comparator
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SIGNAL PROCESSING EXCELLENCE

MBRBO1

1.25V VOLTAGE REFERENCE

SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBRBO1 is a voltage reference macro cell
featuring a 1.25 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 MBRBO1 employs NiCr thin film
resistors with appropriate matching to minimize
temperature effects.

Key features of the MBRBO1 are its low output
voltage (1.25 Volts), and the very simple circuit
design which resulfs 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/°C max)
than other macro cell references in the SP1000
library.

Applications for the MBRBO1 include setting
threshold levels and establishing reference
currents and bias levels.

FEATURES

» Low Voltage Operation — Stable With Supply
Voltages as Low as 4 Volts

m Extremely Low Component Usage (1/2 Tile)

APPLICATIONS
m General Purpose Reference
m Sefting Threshold Levels

® Establishing Supply Voltage Independent Bias
Levels

BLOCK DIAGRAM
VCC
MBRBO1 |—o Vrer

;

VEE

POSITIVE POWER SUPPLY
e NEGATIVE POWER SUPPLY
ner  REFERENCE VOLTAGE OUTPUT

< <

COMPONENT COUNT SUMMARY

COMPONENT TYPE USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES | B TILES | A TILES [B TILES

Tiles (#) 1/2

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

[afoaNoReNaNe e

Resistors:

Nichrome (KQ)
Pinch (#)

N
~
on

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

o OO0 —

Buried Zener

Diodes




MBRBO1 — 1.25V VOLTAGE REFERENCE

ABSOLUTE MAXIMUM RATINGS
VO~ VEE ettt 35V
Operating Temperature Range ... -55°C <Tp £125°C

Storage Temperature RONGE ... -65°C < Tp £150°C

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for VEg = 0V, Vo = 15V, 0°C < Ta < 70°C.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
OUTPUT CHARACTERISTICS

Output Current, Sinking +ouTt 1 mA
Output Current, Sourcing -lourt 1 mA
Output Voltage Vo Ta =25°C 1.256 \
Vo Temperature Coefficient] TCVqo |Tao =25°C, (AVp/VE)/AT 100 400 | ppm/°C
POWER SUPPLY

Operating Supply Voltage VsuppLy |Vee - Vee 4 35 \Y
Quiescent Current Isuppy |Vee =18V.ioyr=0 2 mA
Vo Load Regulation AVo/Alp 3 10 mV/MA
Vo Line Regulation AVo/AVg|Vs=Vee - VEE 5 20 mvVv/V

Note: Design limits account for process and temperature variations and should be used for worst case
design analysis.
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Vi MBRB02
SIGNAL PROCESSING EXCELLENCE
SP1000 FAMILY — 35 VOLT PROCESS
DESCRIPTION BLOCK DIAGRAM
The MBRBO02 is a voltage reference macro cell
featuring a 2.5 Volt output. It is useable with any Veo
SP1000 family array product fabricated on Sipex’s
35 Volt process. The basic reference element is a T
"BAND-GAP” with first order temperature
compensation. To achieve optimum temperature
performance, the MBRB02 employs NiCr resistors Veer
with appropriate matching to minimize MBRB02 [—o0
femperature effects.
The MBRBO2 is one tile and is designed for low
temperature drift (i.e. 55 ppm/°C typical). The l
design of MBRBO2 is identical to the MBRB05 with
the exception of different resistor scaling in the V

output which is required for 2.5V. The MBRB02 can
be used with supply voltages as low as 7 Volts,
operates over the full mi-temperature range, and
can source 5 mA of output current.

Applications for the MBRBO2 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

m Both Output Voltage and Temperature Co-
efficient Can Be Laser Trimmed for Improved
Accuracy and Reduced Temperature Drift

B Low Temperature Drift (50 ppm/°C Untrimmed)
m Low Quiescent Current (0.5 mA)
m Moderate Component Count (1 Tile)

APPLICATIONS
m General Purpose Reference
m Setting Threshold Levels

m Establishing Supply Voltage Independent Bias
Levels

m Establishing Reference Current

EE

V,, POSITIVE POWER SUPPLY
.. NEGATIVE POWER SUPPLY
wer REFERENCE VOLTAGE OUTPUT

< <

COMPONENT COUNT SUMMARY

COMPONENT TYPE USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES| BTILES | ATILES | B TILES

Tiles (#) 1

Transistors:

SNPN 1
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

coooocoOoOMN

Resistors:

Nichrome (KQ) 16
Pinch (#) 5

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

Buried Zener 0
Diodes




MBRB02 — 2.5V VOLTAGE REFERENCE

ABSOLUTE MAXIMUM RATINGS

VO~ VEE oo b s 35V

Operating Temperature Range ... . -865°C Ty £125°C
Storage Temperature RANGE ... -65°C <Tp £150°C
ELECTRICAL CHARACTERISTICS

Unless otherwise noted, specifications apply for Vgg =0V, Vo = 15V, 85°C < Tp < 125°C.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
OUTPUT CHARACTERISTICS

Output Current, Sinking +out 0.25 mA
Output Current, Sourcing -lourt 5 mA
Output Voltage Vo Ta =25°C 2.5 \4
Vo Temperature Coefficient] TCVp @Tp =25°C 50 150 ppm/°C
POWER SUPPLY

Operating Supply Voltage VsuppLy | Vee - VEE 7 35 \%
Vo Line Regulation AVp/AVg 5 20 mV/V
Quiescent Current Isuppy | Voo =18V lpoyr=0 0.5 mA
Vo Load Regulation AVp/Alp 1 10 mV/mA

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

MBRBO5

5.0V VOLTAGE REFERENCE

SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBRBO5 is a voltage reference macro cell
featuring a 5.0 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 MBRB0O5 employs NiCr resistors
with appropriate matching to minimize
temperature effects.

The MBRBO5 fits in one file and is designed for low
temperature drift (i.e. 50 ppm/°C typical). The
MBRBO5 can be trimmed both for output voltage
and reduced temperature coefficient; operates
over the full mil-temperature range; and can
source 5 mA of outfput current.

Applications for the MBRBO5 include setting
threshold levels, establishing reference currents
and bias levels.

FEATURES

m Both Output Voltage and Temperature Co-
efficient Can Be Laser Trimmed for Improved
Accuracy and Reduced Temperature Dirift

B Low Temperature Drift (50 ppm/°C Untrimmed)
m Low Quiescent Current (0.5 mA)
m Moderate Component Count (1 Tile)

APPLICATIONS
m General Purpose Reference
m Setting Threshold Levels

m Establishing Supply Voltage Independent Bias
Levels

m Establishing Reference Currents

BLOCK DIAGRAM

VCC

I

MBRB05 |——o©0 V“EFOUT

!

VEE
COMPONENT COUNT SUMMARY

COMPONENT TYPE USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES | BTILES | ATILES | B TILES

Tiles (#) 1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

COO0OOOoOONMN

Resistors:

Nichrome (KQ)
Pinch (#)

N
s
Z

Capacitors:
5 pF (max)
8 pF (Mmax)
18 pF (max)

o |o—0O

Buried Zener
Diodes




MBRB0O5 — 5.0V VOLTAGE REFERENCE

ABSOLUTE MAXIMUM RATINGS

VG m VEE cerrr ittt 35V
Operating Temperature RANGE ... 0°C<Tp<70°C

Storage Temperature RANGE ... -65°C <Tpo <150°C

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for Vgg = 0V, Vo = 12V, 85°C < Ta < 125°C,

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
OUTPUT CHARACTERISTICS

Output Current, Sinking +Hout 0.25 mA
Output Current, Sourcing -lout 5 mA
Output Voltage Vo Ta =25°C 47 5.0 5.3 \
Vo Temperature Coefficient| TCVy Ta =25°C 50 150 | ppm/°C
POWER SUPPLY

Operating Supply Voltage VsuppLy | Ve - VEE 8" 35 \
Quiescent Current Isuppy | Ve =15V loyT1=0 0.5 mA
Vo Load Regulation AVo/Alp 1 6" mV/mA
Vo Line Regulation AVQ/A Vg 5 20 mv/V

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 Vg =8V min
— Vo Load Regulation AVo/Alg =5mV/mA max
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SIGNAL PROCESSING EXCELLENCE LENCE

MBRB10

10.0V VOLTAGE REFERENCE

SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBRB10 is 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 MBRB10 employs NiCr resistors
with appropriate matching to minimize
temperature effects.

The MBRB10 fits in one file and is designed for low
temperature drift (i.e. 50 ppm/°C). The design of
the MBRB10 is identical to the MBRBO5, with the
exception of the different resistors scaling in the
output which is required to achieve 10 volts, The
MBRB10 can be frimmed, 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 MBRB10 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

m Both Output Voltage and Temperature Co-
efficient Can Be Laser Trimmed for Improved
Accuracy and Reduced Temperature Drift

m Low Temperature Drift (50 ppm/°C Untrimmed)
u Low Quiescent Current (0.5 mA)
m Moderate Component Count (1 Tile)

APPLICATIONS
m General Purpose Reference
m Setting Threshold Levels

m Establishing Supply Voltage independent Bias
Levels

m Establishing Reference Currents

BLOCK DIAGRAM

VCC

I

MBRB10

!

VEE

l———o0 VREF

POSITIVE POWER SUPPLY
= NEGATIVE POWER SUPPLY
= REFERENCE VOLTAGE OUTPUT

< <

COMPONENT COUNT SUMMARY

COMPONENT TYPE USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES | BTILES | ATILES | B TILES

Tiles (#) 1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

—_

OOO0OO0OO0OOMN

Resistors:

Nichrome (K)
Pinch (#)

o
o=
IS

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

—

Buried Zener 0
Diodes




MBRB10 — 10.0V VOLTAGE REFERENCE

ABSOLUTE MAXIMUM RATINGS

VEEC T VEE i 35V

Operating Temperature Range ... 0°C<Tp<70°C
Storage Temperature Range ........... -65°C <Tp £150°C

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for Veg = OV, Vo = 18V, Tp =25°C.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX | UNITS
OUTPUT CHARACTERISTICS

Output Current, Sinking +ouT 0.25 mA
Output Current, Sourcing -lourt 5 mA
Output Voltage Vo Ta =25°C 10 \
Vo Temperature Coefficientf TCVo | Ta =25°C 50 150 | ppm/°C
POWER SUPPLY

Operating Supply Voltage Vsuppiy | Ve - VEE 14 35 \
Vo Load Regulation AVo/Alp 1 10 | mV/mA
Vo Line Regulation AVp/AVg 5 20 mvV/V
Quiescent Current Isuppy | Ve =18V.Ipyr=0 05 mA

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

63



64

Cimav
Vip AN

SIGNAL PROCESSING EXCELLENCE

MBOPO1

GENERAL PURPOSE WIDEBAND OP-AMP
SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBOPO1 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 SP1000
family library, the MBOPO1 offers considerable
higher performance than typical, off-the-shelf,
general purpose op-amps.

The MBOPO1 design employs base current
cancellation fechniques 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 MBOPQ1 has a very low component usage for
an op-amp — one tile for signal path and bias
circuitry. Bandwidth and slew-rate of the MBOPO1
can be enhanced by increasing the operating
current levels. This is accomplished by connecting
the appropriate Rggt resistor between the Iger pin
and V.

For SP1000 family general purpose op-amp
applications, the low component count of the
MBOPO1 always makes it the preferred macro if its
performance is adequate for the application.

FEATURES
m Low Offset Voltage (0.5 mV Typical)

m Internally Compensated for Stable Operation
at Unity Gain

m 25 MHz Unity Gain Bandwidth
m 10 V/usec Slew Rate
m Power/Bandwidth Programmable

APPLICATIONS

m General Purpose Op-Amp Applications Internal
to the Array

BLOCK DIAGRAM

VCC

Vee

VOUT

ISET

POSITIVE POWER SUPPLY

e NEGATIVE POWER SUPPLY

n-  INVERTING INPUT

n.  NON-INVERTING INPUT

er CIRCUIT BIAS CURRENT SETTING
aer REFERENCE VOLTAGE OUTPUT

COMPONENT COUNT SUMMARY

COMPONENT TYPE

USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES| BTILES [ ATILES | B TILES

Tiles (#)

1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

—_

OCOO0OOONO —

Resistors:

Nichrome (KQ)
Pinch (#)

N
O~ 00

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

p—

Buried Zener
Diodes




MBOPO1 — GENERAL PURPOSE WIDEBAND OP-AMP

ABSOLUTE MAXIMUM RATINGS

VEEC T VEE ettt e s 35V

Differential Input Voltage, Vp N

Input Voltage Range ............... Vg -0.3V to Ve +0.3V

Storage Temperature Range

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for Ta = 25°C, Rger = 10KQ, Vo = +168V, Vg =-15V.

-65°C < Tp < 150°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT CHARACTERISTICS

Input Offset Voltage Vos 0.5 5 mV
Temp Coef. of Input TCvos 10 uv/eC
Offset Voltage

Input Offset Current los 200 nA
Input Bias Current IB 5 1 pA
TRANSFER CHARACTERISTICS

Common Mode Range Vem VEg+3.5 Vee-3.5 \
Common Mode Rejection CMRR 80 90 dB
Ratio

Open Loop Gain Ay R_ = 10K to GND 60 72 dB
Phase Margin PM CpL=1pF R =10K 60 Deg
Gain Bandwidth Product GBWP | C = 1pF R =10K 25 MHz
OUTPUT CHARACTERISTICS

Output Sink Current lout 0.4 mA
Output Source Current lout 5 mA
Peak Positive Output Vo+ R = 100K to GND Vee-2v \
Voltage

Peak Negative Output Vo- R = 100K to GND VEE+2 \
Voltage

TRANSIENT RESPONSE

Slew Rate Rising SR+ CL=1pFR R =10K 5 10 V/us
Slew Rate Falling SR- CL=1pFR R =10K 5 10 V/uS
POWER SUPPLY

Supply Voltage Range Vsupply | Ve - VEE 10 35 Vv
Supply Current IsuppLy | RseT = 10K 1.6 mA
Power Supply Rejection PSRR 80 90 dB
Ratio

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

MBOPO2

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

DESCRIPTION

The MBOPO02 is a general purpose op-amp macro
cell useable with any SP1000 family array product
implemented on Sipex’s 35 VoIt process. The
MBOPO02 is identical in design to the MBOPO1 with
the exception of its improved class AB emitter
follower output stage.

Compared to the MBOPO1 design, the MBOP02
offers higher open loop gain, symmetrical 10
V/usec 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 MBOPOT.

Layout of the MBOP02 can be accomplished in
one tile, including the bias circuitry. Bandwidth
and slew rate of the MBOPO2 can be enhanced
by increasing the operating current levels. This is
accomplished by connecting the appropriate
Rse resistor between the Isgt pin and Vig.

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

FEATURES
m Low Offset Voltage (0.5 mV Typical)

1 Internally Compensated for Stable Operation
at Unity Gain

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

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

BLOCK DIAGRAM

VCC

VEE

VOUT

|SET

V., POSITIVE POWER SUPPLY
V.. NEGATIVE POWER SUPPLY
ly.  INVERTING INPUT

l, NON-INVERTING INPUT

|

«r CIRCUIT BIAS CURRENT SETTING

Vour OUTPUT

COMPONENT COUNT SUMMARY

COMPONENT TYPE

USAGE

SIGNAL PATH

BIAS CIRCUITS

ATILES | B TILES

A TILES

B TILES

Tiles (#)

1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

12
12

0O ———=h

Resistors:

Nichrome (K)
Pinch (#)

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

Buried Zener
Diodes




MBOP02 — HIGH OUTPUT CURRENT, WIDEBAND OP-AMP

ABSOLUTE MAXIMUM RATINGS

VEEC T VEE tverrsieiein ittt et 35V

Differential INpUT VORGAGE ....cveeiiiisiicomei e et 7V

Input Voltage Range ............... VEg 0.3V ioVee +0.3V

Storage Temperature Range

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for Ta = 25°C, Rggt = 10KQ, Vo = +15V, VEp = -15V.

~65°C <Tp <150°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT CHARACTERISTICS

Input Offset Voltage Vos 5 5 mV
Temp Coef. of Input TCvos 10 uv/eC
Offset Voitage

Input Offset Current los 200 nA
Input Bias Current I 5 1 HA
TRANSFER CHARACTERISTICS

Common Mode Range Vem VEE+3.5 Vee-3.5 \
Common Mode Rejection CMRR 80 Q0 dB
Ratio

Open Loop Gain Ay R = 10K to GND 80 92 dB
Phase Margin PM CL=1pF R = 10K 60 Deg
Gain Bandwidth Product GBWP | C| =1pF R =10K 25 MHz
OUTPUT CHARACTERISTICS

Output Sink Current lourt 20 mA
Output Source Current lour 20 mA
Peak Positive Output Vot R = 100K to GND Vee-3.5 \
Voltage

Peck Negative Output Vo- R = 100K to GND VEp+4 \
Voltage

TRANSIENT RESPONSE

Slew Rate Rising SR+ CL=1pR R =10K 5 10 V/uS
Slew Rate Falling SR- CL=1pk R =10K 5 10 V/uS
POWER SUPPLY

Supply Voltage Range Vsueply | Vee - VEe 10 20 \%
Supply Current lsuppLy | RseT = 10K 2.5 mA
Power Supply Rejection PSRR 80 90 dB
Ratio

Note: Design limits account for process and temperature variations and should be used for worst case
design analysis.
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MBOPO3

HIGH PERFORMANCE OP-AMP
SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBOPQ3 is a high performance single gain
stage Op-Amp useable with any SP1000 family
product implemented with Sipex’s 35 Volt process.
The design employs both input bias current and
HOB canceliation to simultaneously achieve
superior DC and AC characteristics.

The MBOPO3 is the highest precision Op-Amp in
the SP1000 macro cell library. As with the other
op-amps in the library, bandwidth and slew rate
of the MBOPO3 can be enhanced by increasing
the operating current level. This is accomplished
by connecting the appropriate Rggrt resistor
between the Iget 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/usec and unity gain stable operation. The
MBOPOQ3 is designed to allow laser trimming of the
offset voltage. Vog of 100 p volts is achievable.

FEATURES

® Timmable Offset Voltage (Down to Vog
<100 uV)

m High Open Loop Gain (Ayo = 120 dB Typical)
m High Slew Rate (10 V/usec Typical)

m Compensated for Unity Gain Stable Operation
m 50 MHz Gain Bandwidth

APPLICATIONS
m Precision Op-Amp Usage

BLOCK DIAGRAM

VCC

VOUT

ISET
VEE

POSITIVE POWER SUPPLY
NEGATIVE POWER SUPPLY
INVERTING INPUT
NON-INVERTING INPUT

¢ CIRCUIT BIAS CURRENT SETTING
o+ OUTPUT

COMPONENT COUNT SUMMARY

z < <
rm O
moo

z
n

<s

COMPONENT TYPE USAGE
SIGNAL PATH | BIAS CIRCUITS
ATILES [ B TILES | ATILES | 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




MBOPO3 — HIGH PERFORMANCE OP-AMP
ABSOLUTE MAXIMUM RATINGS

VG = VEE et i 35V

Differential INPUF VOIAGE ..ot VA"

INPUT VOIFAGE RANGE ... VEg 0.3V 1o Ve +0.3V
Storage Temperature RANGE ... -65°C <Tp <180°C

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for Ta = 25°C, Rggr = 18 KQ, Vo = +18V, VEg = 15V.

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT CHARACTERISTICS

Input Offset Voltage Vos Untrimmed 1 5 mv
Temp Coef. of Input TCvos 10 uv/eC
Offset Voltage

Input Offset Current los 10 50 nA
Input Bias Current I 50 200 nA
TRANSFER CHARACTERISTICS

Common Mode Range Vem VEg+4 Vee-4 v
Common Mode Rejection CMRR 70 110 dB
Ratio

Cpen Loop Gain AvolL | RL=10Kto GND 120 dB
Phase Margin PM CL=1pFR R =10K 60 Deg
Gain Bandwidth Product GBWP | C =1pF R =10K 15 MHz
OUTPUT CHARACTERISTICS

Output Source Current lout 5 20 mA
Output Sink Current lout 5 20 mA
Peak Positive Output Vo+ RL = 100K to GND Vee-4 \%
Voltage

Peak Negative Output Vo- R = 100K to GND VEg+4 \Y
Voltage

TRANSIENT RESPONSE

Slew Rate Rising SR+ CL=1pF R = 10K 10 V/uS
Slew Rate Falling SR- CL=1pR R =10K 10 V/uS
POWER SUPPLY

Supply Current IsuppLy | Rsgr = 18K, No Load 2.5 mA
Power Supply Rejection PSRR 80 Q0 dB
Ratio

Supply Voltage Range VsyppLy | Ve - 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
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MBTAO1

TRANSIMPEDANCE AMPLIFIER

SP1000 FAMILY — 35 VOLT PROCESS

DESCRIPTION

The MBTAO1 is a transimpedance amplifier macro
cell useable on the SP1104 array implemented
with Sipex's 35 Volt process. The MBTAO1 utilizes 2
files 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 MBTAO1 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 fime, compared fo conventional op-
amps, is greatly reduced. The MBTAO1 also
exhibits excellent phase margin and stability.

The MBTAOT employs current mode feedback to
achieve its relatively large bandwidth. A 1 KQ
feedback resistor connected between Vot and
IN+ is required for proper operation. The bias
current, power consumption, slew rate, and
bandwidth can be programmed by connecting
the appropriate Rggt resistor between Iggt and
GND.

FEATURES

m 100 V/mA Transimpedance

a Very High Slew Rate (400 V/usec)

m High Output Current Drive (100 mA)
m Fast Settling (70 nsec to 1%)

m 10 MHz 3 dB Bandwidth

APPLICATIONS

m High Speed Current fo Voltage Conversion
m Video Amplifier

m Precision Buffer

m Automatic Test Equipment

m Pulse Amplifier

BLOCK DIAGRAM
Vee
IN+ -
Vour
IN- ——o +
lseT
Vee
GND
Vo, POSITIVE POWER SUPPLY
V.. NEGATIVE POWER SUPPLY
IN+ INPUT (POSITIVE)
IN-  INPUT (NEGATIVE)
Vgyr OUTPUT
ser CURRENT SET
GND GROUND

COMPONENT COUNT SUMMARY

COMPONENT TYPE USAGE

SIGNAL PATH | BIAS CIRCUITS

ATILES | B TILES | A TILES

B TILES

Tiles (#) 1 1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

—
—

SO —=—=NN — —
OOOONN—=0

pu—

Resistors:

Nichrome (KQ)
Pinch (#)

0%
x
N

oN
o

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

o joonN
o |Jooo

Buried Zener
Diodes




MBTAO1 — TRANSIMPEDANCE AMPLIFIER

ABSOLUTE MAXIMUM RATINGS

VO = VEE toreriemiiemiins it s s 35v

Operating Temperature RANGE ... e 0°C<Tp< 70°C

Storage Temperature Range ....... -65°C <Tp £160°C

Input Voltage ..., PP 5V

Peak Output Current ... ... Output Limited

Inverting INPuUt CUIMENT ...t 5 mA E
ELECTRICAL CHARACTERISTICS

Unless otherwise noted, specifications apply for Ta = 25°C, Rge7 = 24.8 KQ, Vo = +18V, VEg = -18V.
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT CHARACTERISTICS

Input Bias Current +ig 1 HA
Input Bias Current -Ig 20 pA
TRANSFER CHARACTERISTICS

Bandwidth (3 dB) BW R = 1KQ, Ay=1,Rp=1K 10 MHz
Common Mode Rejection CMRR 60 dB
Ratio

Open Loop Gain Ay 40 dB
Transimpedance RoL RL = TKQ 100 V/mA
Phase Margin VP f=10MHz, C| = 50 pf 80 Deg
OUTPUT CHARACTERISTICS

Qutput Source Current lout 100 mA
Output Sink Current lout 100 mA
Output Voltage Swing Vo R =1KQ VEg+5 Veed \
TRANSIENT RESPONSE

Slew Rate SR CL=200pF. R_=1KQ 400 V/us
Rise Time Tr R =150Q, Ay =1, Rp = 1K 35 ns
Fall Time Te RL=150Q, Ay =1,Rg = 1K 35 ns
1% Seftling Time Ts R =150Q, Ay = 1, Rg = 1K (Note 1) 70 ns
Propagation Delay Tp RL=150Q, Ay =1,Rp= 1K 20 ns
POWER SUPPLY

Quiescent Current IsuppLy | lour=0 1 mA
Power Supply Rejection PSRR 75 dB
Ratio

Supply Voltage Range Vsupply | Vee - VEE 12 35 \V;

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.
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DESCRIPTION

The MBCMO1 is an efficient (less than one file)
quasi-TTL output comparator useable on any
SP1000 family product implemented with Sipex’s
35 Volt process. The output stage is current limited.
Power dissipafion and response time can be
programmed by adjusting the bias current.

Because of its moderate gain, the MBCMO1 is very
stable and exhibits excellent AC performance. It is
infended for applications with moderate signal
levels and can be used in high speed
applications (i.e. 30 nsec response time).

FEATURES

m Single or Dual Supply Operation

m Fast Response Time (30 nsec Typical)

a Very Low Component Usage (Less Than 1 Tile)
m Low Power Dissipation

= High CMRR (90 dB Typical)

= High PSRR (96 dB Typical)

APPLICATIONS
m A/D Conversion
m Threshold/Level Detection

MBCMO1

HIGH SPEED COMPARATOR
SP1000 FAMILY — 35 VOLT PROCESS

BLOCK DIAGRAM

VCC

IN_

IN+ +

VEE

Vee
V

m

E

z

b

VOUT

POSITIVE POWER SUPPLY
NEGAT{VE POWER SUPPLY
- INVERTING INPUT
NON-INVERTING INPUT

Veer REFERENCE VOLTAGE OUTPUT

COMPONENT COUNT SUMMARY

COMPONENT TYPE

USAGE

SIGNAL PATH

A TILES

B TILES

A TILES

Tiles (#)

1

Transistors:

SNPN
SPNP
DBNPN
DBPNP
MNPN
MPNP
HNPN
HPNP

—_

OO0 —~00O0N

Resistors:

Nichrome (KQ)
Pinch (#)

N
BN

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

[eXote)

Buried Zener

Diodes

BIAS CIRCUITS
B TILES




MBCMO1 — HIGH SPEED COMPARATOR
ABSOLUTE MAXIMUM RATINGS

VEE m VEE corrriorienieiisi it bbb 35V
Maximum Differential Input Voltage
Operating TemMPerature RANGE ... 0°C<Tp<70°C

Storage Temperature Range

ELECTRICAL CHARACTERISTICS
Unless otherwise noted, specifications apply for 0°C < Tp < 70°C, Ve = +15V. VEg = 0V.

-65°C < Tp < 150°C

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
INPUT CHARACTERISTICS

Input Offset Voltage Vos 5 20 mV
Input Bias Current Ig 1.5 pA
TRANSFER CHARACTERISTICS

Gain 60 dB
Common Mode Range Ve VEg+3 Vee3 \
Common Mode Rejection CMRR 70 90 dB
Ratio

OUTPUT CHARACTERISTICS

Output Source Current -lout 2 mA
Output Sink Current +oyt 2 mA
Output Low Voltage VoL +Hoyr=1mA 650 mvV
High Output Voltage VoH 3.75 Vv
TRANSIENT RESPONSE

Propagation Delay ll») 30 nS
POWER SUPPLY

Supply Current IsupPry | Voo =15V ioyr=0 2 mA
Power Supply Rejection PSRR 70 96 dB
Ratio

Supply Voltage Range VsuppLy | Vec - VEE 8 35 Vv
Max Output Voltage Vo 5 vV
Swing
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SGNAL PROCESSING EXCELLENCE RS232/422 INTERFACE PRODUCTS

RS232 LINE DRIVERS/RECEIVERS

NO. OF RS232 | NO. OF RS232 | LOW POWER POWER SUPPLY
SHUTDOWN VOLTAGE

NO. OF R5232 NO. OF RS422
RECEIVERS RECEIVERS

Shaded area indicates new product since publication of 1988 catalog
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SP230-SP241

+5V POWERED R$232 DRIVERS/RECEIVERS

FEATURES/BENEFITS

m Operates from Single 5V Power Supply
(+5V and +12V - SP231 and SP239)

Multiple Drivers and Receivers
Onboard DC-DC Converters

Low Power Shutdown <1 pA

+30V Receiver Input Levels

Meets All RS232C and V.28 Specifications

19V Output Swing with +5V Supply
3-State TTIL/CMOS Receiver Outputs
Low Power CMOS: 5 mA Operation

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 uW. 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.

APPLICATIONS All of the SP230 family, except SP231 and SP239,
m Computers include two charge pump voltage converters
m Peripherals which allow them to operate from a single +5V
® Modems supply. These converters convert the +5V input
m Printers power to the +10V needed to generate the R$232
& Instruments 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 CCIT V.28 specifications.
SELECTION TABLE
No. of No. of
Part Power RS232 RS232 External Low Power .

Number Supply Voltage Drivers | Receivers Components Shutdown 3-State | No. of Pins
SP230 +5V 5 0 4 Capacitors Yes No 20
SP231 +5V & +7.5V to 13.2V 2 2 2 Capacitors No No 14
SP232 +5V 2 2 4 Capacitors No No 16
SP233 +5V 2 2 None No No 20
SP234 +5V 4 0 4 Capacitors No No 16
SP235 +5V 5 5 None Yes Yes 24
SP236 +5V 4 3 4 Capacitors Yes Yes 24
SP237 +5Vv 5 3 4 Capactiors No No 24
SP238 +5V 4 4 4 Capacitors No No 24
SP239 +5V & +12V 3 5 2 Capacitors No Yes 24
SP241 +5V 4 5 4 Capacitors Yes Yes 28
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SP230-241

+5V Powered RS232 Drivers/Receivers
ABSOLUTE MAXIMUM RATINGS*

VeC e +6V
VA e (VCC -0.3V) o +13.2V'
Ve -13.2v
Input Voltages
TN -0.3to (VCC +0.3V)
RN . +30V
Output Voltages
TOUT o v e e e e e (V+, +0.3V) fo (V-, -0.3V)
RoUT . o -0.3V o (VCC +0.3V}

Short Circuit Duration
TOUT o e e e e Continous
Power Dissipation
CERDIP . . . . . e 675 mw
{derate 9.5 m W/ °C above +70° C)
PlasticDip . . . . . . .. o 375 mw
(derate 7 m W/ °C above +70° C)
SmallOutine . . ... ... .. 375 mwW

(derate 7 m W/ °C above +70° C)

* This Is a stress rating only and functional operation of the device at these or any other condifions above those indicated in the operation
sections of this specification is not implied. Exposure to absolute maxmum rating conditions for extended periods of time may affect reliabliity.

ELECTRICAL CHARACTERISTICS

Vee = 5V £10%, V+ = 7.5V 1o 13.2V (SP231 only) & V4 =12V +10% (SP239 Only), Ta = Operating Temp. Rbnge, unless otherwise noted

PARAMETERS CONDITIONS MIN. TYP. MAX. UNITS
Output Voltage Swing All transmifter outputs loaded +5 +9 Volts
with 3K Q to Ground
V cc Power Supply Current Noload, Ta = +25°C 5 10 mA
Noload, V+ = 12V 5 10 mA
V+ Power Supply Current SP231 & SP239 only
Shutdown Supply Current Ta=+25°C 1 10 rA
Input Logic Threshold Low Tin 0.8 Volts
Input Logic Threshold High TN 20 Volts
Logic Pullup Current Tin= 0V 15 200 HA
R$232 Input Voltage Range -30 +30 Volts
R5232 Input Threshold Low Vee = 8V, Ta = +25°C 0.8 1.2 Volts
RS232 Input Threshold High Vee = 8V, Ta = +25°C 1.7 2.4 Volts
RS5232 Input Hysteresis Vee = &V 02 05 10 Volts
R$232 Input Resistance Ta= +25°C 3 5 7 K ohms
TLL/CMOS Output Voltage Low lowt = 3.2mMA 0.4 Volts
TLL/CMOS Output Voltage High lout = -1.0mA 35 Volts
TLL/CMOS Output Leakage Curent EN = Vce, 0V < Rout < Voo 0.05 =10 BA
Output Enable Time SP235, SP236, SP239 400 nS
Output Disable Time SP235, SP236, SP239 250 nS
Propagation Delay RS232 to TIL 0.5 us
Ci=10pF,RL=3-7KQ
Instantaneous Slew Rate Ta=+25°C 30 V/us
Ry = 3KQ C = 2500 pF
Transition Region Slew Rate Measured from +3V fo -3V 3 V/uS
or-3Vio +3V
Output Resistance Vee=V+ = V- =0V, Vour = 2V 300 Ohms
RS232 Output Short Circuit Current +10 mA




SP230-SP241

+5V Powered RS$232 Drivers/Receivers

SP230 Typical Operating Circuit

+5V INPUT
7
8 u ¢ T. 100F
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SP230-SP241

+5V Powered R$232 Drivers/Receivers

SP232 Typical Operating Circuit

+5V INPUT
100F 6.3V
100F ‘II .
) N
\v4
c1+ [7 [16 ] veo 1 Voo
azeF *L 10 gy 10 a10v va |2 10V
v+ 2] [75] anD asv 3| Ci-  VOLTAGE DOUBLER
4
c1- [3 4T a1 €2+ 4OV TO -V w [T
B ogpex [ A1 our ::v” IT_; VOLTAGE INVERTER 8 1 your
co+ [ 13 N e Y
c2- 5 SP232 2] R our <
" Tour 14
= I S
T2 qur (7] [10] 72 )y TTUCMOS Rs 202
R2 R2 INPUTS ouTPUTS
IN 9 ouT 10| T2m {}% T2our|7
Ri1,
12| Mour O@ W (138
e RS 292
A g INPUTS
R2,
9| Regur 0@ wis |
GND
rs
SP233 Typical Operating Circuit
+5VINPUT
I,
Voo
m m
- 2| T W'}c out| 8 _
T2 [ Reout
T 2, TTLCMOS RS 252
N (2] (18] A2 INPUTS OUTPUTS
1 T2out| 18
Pour[3]  gpex |18 T2our o bo B
RinN 4 17 ] w
Tour(5] SP233 58] o 3| migur *@ Ry le
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TTLCMOS RS 232
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|
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SUPPLY 17} c2-| 18
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SP230-SP241

+ 5V Powered RS$232 Drivers/Receivers

SP234 Typical Operating Circuit

+5V INPUT
7 8 J’ 10uF
4TuF * c1+ 46VYI’°('§ "oV v+l Te eav
n s s 63V T ®lci-  VOLTAGE DOUBLER
our l_1—j [167] T our a7uF *[ggl 02 v To v v_lzﬂi 10uF
™ our (2] spex e ™ our oL oW
2N E E T4 N - 4 |TN N Tout| 1 _
Tin ] P24 5] T3,
GND [5 2] w
T2 T2
Vee [8 11 ] C2- 3 |2 \'> our| 2
c1+ [7] 0] C2¢ TL{guos RS282
OUTPUTS
v+ 8 [] C1- 13| T3y }0 T3our| 16
T4 T4,
14| T4y > OUT| 15
GND
1s
SP235 Typical Operating Circuit
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SP230-SP241

+5V Powered RS232 Drivers/Receivers

SP236 Typical Operating Circult

+5V INPUT
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SP237 Typlcal Operating Circuit
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SP230-SP241

+5V Powered RS232 Drivers/Receivers

SP238 Typical Operating Circuit

+5V INPUT
10 : 100 F
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SP230-SP241
+5V Powered R$S232 Drivers/Receivers

SP241 Typlcal Operating Circuit

+5V INPUT
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SP230-SP241 ORDERING INFORMATION

TEMP.
RANGE PACKAGE

TEMP.
RANGE PACKAGE

TEMP.
RANGE PACKAGE

0°C to +70°C | 20 Lead 0°C to +70°C 14 Lead 0°Cto+70°C |16 Llead

Plastic DIP Plastic DIP Plastic DIP
0°C to +70°C | 20 Lead 0°C to +70°C 16 Lead 0°C to +70°C 16 Lead
Small Outline Small Outline Small Qutline

0°C to +70°C | Dice
-40°C to +85°C | 16 Lead

0°C to +70°C Dice
-40°C to +85°C | 14 Lead

0°C to +70°C Dice
-40°C to +85°C | 20 Lead

Plastic DIP Plastic DIP Plastic DIP
-40°C to +85°C | 20 Lead -40°C to +85°C | 16 Lead -40°C to +85°C | 16 Lead
Small Outline Small Outline CERDIP
-40°C to +85°C | 20 Lead -40°C to +85°C | 14 Lead -40°C to +85°C | 16 Lead
CERDIP CERDIP Smail Outline
-65°C to +125°C| 14 Lead -55°C to +125°C| 16 Lead
CERDIP CERDIP

0°Cto +70°C | 20 Lead 0°C to +70°C 16 Lead 0°Cto +70°C {24 lead

Plastic DIP Plastic DIP Plastic DIP*
-40°C to +85°C | 20 Lead 0°C to +70°C 16 Lead -40°C to +85°C |24 Lead
Piastic DIP Small Outline Plastic DIP*
0°C to +70°C Dice -40°C to +85°C |24 Lead
Ceramic*
-40°C to +85°C | 16 Lead
Plastic DIP
-40°C to +85°C | 16 Lead
Smaill Outline
-40°C to +85°C | 16 Lead
CERDIP
-55°C to +125°C| 16 Lead
CERDIP

0°Cto +70°C | 24 Lead 0°Cto +70°C | 24 Lead Q°Cto +70°C 24 lead

Plastic DIP Plastic DIP Plastic DIP
0°C to +70°C 24 Lead 0°C to +70°C 24 Lead 0°C to +70°C |24 Lead
Smaill Outline Small Outline Small Outline

0°C to +70°C Dice
-40°C to +85°C |24 Lead

0°C to +70°C | Dice
-40°C to +85°C | 24 Lead

0°C to +70°C Dice
-40°C to +86°C | 24 Lead

Plastic DIP Plastic DIP Plastic DIP
-40°C to +85°C | 24 Lead -40°C to +85°C | 24 Lead -40°C to +85°C | 24 Lead
Small Outline Smail Outline Small Outline
-40°C to +85°C | 24 Lead -40°C to +85°C | 24 Lead -40°C to +85°C |24 Lead
CERDIP CERDIP CERDIP
-565°C to +125°C| 24 Lead -55°C to +125°C| 24 Lead
CERDIP CERDIP

0°C to +70°C 24 lead 0°C o +70°C 24tead

Plastic DIP Small Outline
0°C to +70°C 24 Lead -40°C to +85°C | 24 Lead
Small Outline Small Outline

0°C to +70°C Dice

-40°C to +85°C | 24 Lead
Plastic DIP
-40°C to +85°C | 24 Lead
Small Outline
-40°C to +85°C | 24 Lead
CERDIP

-66°C to +125°C| 24 Lead
CERDIP

* =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) ampilifier. 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 ampilifiers
manufactured today are actually T/H ampilifiers. This is
why the HS 9716/9714 data sheet specifies track
(sample) in many places.

Acaquisition 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 u 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

184

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."”

ANALOG INPUT - —
ANALOG OUTPUT.

PEDESTAL
+1mV

+0.0008%
FSR

, FEEDTHROUGH
/" 98dB MIN

NTanr

APERTURE \/ 0.05,V/
DELAY 10 nsec usec MAX

|~—TRack TO HOLD
SETTLING TIME
1usec

ACQUISITION
TIME

ov 10usec

SLEW RATE

10V/usec —

APERTURE DELAY
-10v 10nsec

LOGIC *1"— _I-—--|
LOGIC “0"— TRACK MODE

Figure 2. Pictoral Showing Various S/H Characteristics
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HOLD MODE

KEY SPECIFICATIONS
DETERMINING 16-BIT 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

20u V rms. Since V2 LSB at 16 bits is 150 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 u V/ u sec max. For a 150 uV change (2 LSB, 16
bits, FSR = 20V), this S/H can accurately hold a signal
for 3000 u sec, or 3 milliseconds. This makes it ideal for
use with 16-Bit integrating A/Ds. The droop rate at
+125°C is specified at 10 u V/u sec max. Thus, for a
150 u V change (V2 LSB at 16 bits), the HS 9716 can
accurately hold a signal for 15u sec at +125°C.

4. Dielectric Absorption — This is specified at 7.5u VIV
max. For a 20V input change which must be stored by
the hold capacitor, the change in the stored voltage will
be 150 u V max, or V2 LSB at 16 bits.

5. Acquisition Time — This is specified as 10 u sec max
settling to + 0.0008% of 20V, or %2 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 thai the hold mode output will move no more
than 98 dB less than the input. For a + 10V input, this is
+125uV which is less than + V2 LSB at 16 bits.



DISCUSSION OF DIELECTRIC ABSORPTION

Dielectric absorption (D.A.) is often the biggest error are less extreme, then the dielectric absorption error
source in a sample and hold or track/hold amplifier. will be less severe.

D.A. is caused by either the rotation of polar molecules These molecular distortions and polarizations exhibit

in a polar dielectric such as tantalum pentoxide, pro- multiple exponential decays which may be modeled by
ducing an error as big as 8%, or it is caused by slight adding series R-C networks in parallel with the hold
distortions in the electron fields of molecules in a non- capacitor with time constants ranging from 100

polar dielectric such as polystyrene, producing errors microseconds to 50 milliseconds. In the HS 9716/14,
only as big as 0.04%. these multiple time constants are carefully matched
Worst case dielectric absorption can be measured with and compensated to below 0.00075%/0.0015%. As

a standard test. This test involves charging a capacitor can be seen in the absorption sag/sample time graph,
for a period longer than Tpax (50ms), discharging it for even teflon capacitors exhibit absorption errors as large
a period shorter than Tyin (100 us) and observing the as 0.01% for a 10 microsecond sample time. Thus the
open circuit voltage for a period longer than Tpax HS 9716 is a substantial improvement from conven-
(50ms). This assures that all of the molecules in the tional sample and hold or track/hold amplifiers using
dielectric are completely polarized before the charge the lowest dielectric absorbtion capacitors available.
on the capacitor plates is removed with enough speed The two different hold mode oscilloscope photographs
that the polarizations are not neutralized. Obviously, if show how the HS 9716 hold capacitor dielectric ab-
the application involves sample and hold times which sorption behaves without and with the compensation

circuit connected.

Hold Mode Dielectric Absorption Sag For Susec Sample Period Hold Mode Dielectric Absorption Sag For Susec Sample Period

Without Dielectric Absorption Compensation With Dielectric Absorption Compensation
0.001 a~ il 0.001
N |TEFLON I 1 I I i
1d
N I:OLV STYRENE TEFL b
s N A 2. ol
! [
= 001 FRS 2 0.01 i
g POLYPROPYLENE W] N N g o A
< N N g o
b N \\ p POLYSTYRENE T A 1
2 & g
2 { 2 AT PoLvPROPYLENE
Qo o [
£ & |
3 NPO. |3 t—NPO
3 3 MICA
o0 m
< 04 < 01 -
Lt -
| av = 10v
v = 10v MEASURED 1ms AFTER
[ SAMPLE TIME = 1008 START OF HOLD MODE
— 1T T 11 ) G
HHEE— T o
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1us 10us 100us 1ms 10ms 1us 10us 100us ims 10ms
TIME IN HOLD MODE SAMPLE TIME
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SPECIFICATIONS

(Typical for all models @ +25°C and nominal power supplies unless
otherwise noted)

SERIES DAC337
TYPE Fixed Ref., Volt, Output
DIGITAL INPUT
Resolution
DAC337-0,-1,-2,6 8 Bits
DAC337-3, -4, -5, -7 10 Bits
Coding
DAC337-0, -3 Complementary Binary
DAC337-1, -4, 6, -7 Offset Binary
DAC337-2,-5 Binary

Logic Compatibility TTL, DTL, CMOS (from 5.0V
Supply)

ViH=2.4V (typ), 3.5V (min)
V| =0.8V (max)

ANALOG OUTPUT

Voltage
DAC337-0, -3 0to -10V @ -BmA
DAC337-1, -4 +5V @ +5mA
DAC337-2, -5 0 to +10V @ +6mA
DAC337-6, -7 +10V @ +5mA
Impedance <0.1
REFERENCE Internal

STATICPERFORMANCE

+% L.SB, max
+% LSB, typ; *1 LSB, max

Integral Linearity
Differential Linearity

DYNAMIC PERFORMANCE

Settling Time to % Isb for F.S.R. Change
DAC337-0,-1,-2,-3,4,-5 20uS

DAC337-6, -7 40us
For 1 Isb change 5u8, typ; 10uS, max
Slew Rate 0.5V/us
STABILITY (Tpn to Tpmax)
Accuracy
DAC3370,-1,-2, 6 1LSB
DAC337-3, 4, -5, -7 4LSB
Linearity +% LSB, max

Offset +1 LSB, max
POWER SUPPLY

Voltage @ Current +16V * 20% @ +6mA, max
-16V + 20% @ -13mA, max
Power Supply Rejection Ratio +15V Supply, 0.1% F.S.R./Volt

-15V Supply, 0.2% F S.R./Voit
TEMPERATURE RANGE

Operating
“C" models 0to +70°C
“B" models -55°C to +125°C
Storage -65°C to +150°C
MECHANICAL
Case Style Metal or ceramic at

manufacturer’s option.
Case Envelope Dimensions

DAC337-0, -1, -2, -6

0475 may.
(12069 "‘I

0.018 40.002
(0.457 +0.050)

l:’:::) b " e oss
l‘_ aan A%

sl
(%4) L—‘%ﬁ—"

ED DOT
INDICATES PIN 1

0.600 pax
20.320)
0.100 1vp-
. o| @540 —
. . g
TOP VIEW 'L .10
(254)
PN FUNCTION PN FUNCTION
7 BIT 1 (MSET 4 BIT8L58)
2 (i i3 BITT
3 CE] 2 BTE
a BITE g BITS
5 OUTPUT 1 NE
O GND 5V
7 - GND
NGTE: N.C. MEANS NO CONNECGTION

232

DAC337-3, 4, -5, -7

@sh
D 0.155
< “‘l ""r’*qsv mn M4
0505
@ison "
003
{0.762)
STANDOFF!
SUPPLIED
. OF"
v | FuncTion P NETIoN

1 BIT 1iMS8B) 16 0 {LSB}

2 8IT2 5

3 wiTs T

T wia

5 BITE s

6 OUTPUT 1 .C..

7 GND 1 +15V

3 BGY (5T

NOTE NE. oy

APPLICATIONS INFORMATION

RECOMMENDED POWER SUPPLY BY-PASS CIRCUIT

+15 com -15
1uF 14
+ +
001 4F 0.014F
PING PINGS PIN7 (8BIT)
PIN 10 PINT9 PING [108IT)

TRANSFER CHARACTERISTICS

TRANSFER CHARACTERISTICS
DAC337 ANALOG OUTPUT
INPUT PINS | 337-0 -1 -2 -6 3 [ 4 [ 5 T -7
EREEEEEE oV 45V | +9.961 | +10V
10000000 |-4.961V [ +0.040V | +5V | +0.080V
01111111 | -5V 0 44961 ov
00000000 |-9.961V [-4961V | OV | -9.921v
Ti1131111 oV +5V  [+9.990V| +10V
1000000000 -4.990V |+0.010V | +5V |+0.020V
0111111111 -5V ov |+a9%0v| ov
0000000000 -9.990V [-4.990v | OV |-9.980V

CAUTION: ESD (Electro-Static Discharge) sensitive device. Permanent
damage may occur when unconnected devices are subjected to high energy
electrostatic fields. Unused devices must be stored in conductive foam or
shunts. Protective foam should be discharged to the destination socket before
devices are removed. Devices should be handled at static safe workstations
only. Unused digital inputs must be grounded or tied to the logic supply
voltage. Unless otherwise noted, the supply voltage at any digital input should
never exceed the supply voltage by more than 0.5 volts or go below —0.5
volts. If this condition cannot be maintained, limit input current on digital inputs
by using series resistors or contact Hybrid Systems for technical assistance.

Specifications subject to change without notice,































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































