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Introduction

Datel Systems Inc. was founded in February, 1970, and began
production of a basic line of A/D converters, D/A converters,
miniature power supply modules, and other circuit modules.
Since then these basic lines have expanded considerably and
many new product lines have been developed. Now in its
seventh operating year, Datel Systems holds a leadership posi-
tion in the areas of data converters, data acquisition systems,
digital panel meters, digital panel printers, data logging systems,
and power supplies. Although still a young company compared
with others in these product areas, Datel has grown rapidly
and achieved significant diversification of its product lines.
This diversification is significant in assuring the future growth
of the company.

A recently added hybrid microelectronics division is dedi-
cated to the production of new lines of high performance
hybrid data converters. Datel Systems’ modern plant of 75,000
square feet is located on Route 138 in Canton, Massachusetts,
just 15 miles southwest of Boston. It is easily accessible from
Logan International Airport.

DATEL SYSTEMS’ PRODUCTS

Datel Systems’ product lines now include the following:

® A/D Converters ® Digital Panel Meters

® D/A Converters ® Data Acquisition Systems
® Sample Holds ® Data Logging Systems

® Analog Multiplexers ® Power Supplies

® QOperational Amplifiers e V/F Converters

® |nstrumentation Amplifiers ® Digital Control Instruments
® Active Filters ® Digital Panel Printers

® Computer Analog Peripheral ® Digital Cassette Transports

Systems and Systems

Datel Systems’ reputation in these product areas has been
established by the tens of thousands of products presently in
use throughout the world. These products are used in a wide
variety of applications from military and government systems
to industrial, scientific, medical, environmental, and ocean-
ographic systems.

Product reliability is an important part of any company’s repu-
tation. Reliability at Datel Systems begins with conservative
engineering design, use of quality pre-tested components, man-
ufacturing methods with built-in checking procedures, and
sufficient product electrical tests at the proper stages of the
manufacturing cycle. These procedures in conjunction with a
fully implemented Quality Assurance Program have resulted in
an extremely low return rate for delivered products.
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NEW PRODUCTS

Over the past year Datel Systems has introduced a significant
number of new products. Some of these products are:

e A line of high performance hybrid 12 bit A/D and D/A
converters (DAC-HZ, ADC-HZ, and ADC-HX series)

® A new portable data logging instrument for field use (DL-2)

® |ndustry’s fastest 12 bit A/D converter with a 2 usec. con-
version time (ADC-EH12B3)

e A new low cost 3-1/2 digit DPM selling for $59.00 in
quantities of 100 (DM-350)

e A new ultra low-power incremental digital cassette transport
(ICT Series)

e A new line of digital control instruments for industrial tim-
ing and control applications (8000 Series)

e A new high resolution, isolated, ratiometric dual slope
converter series (ADC-EP Series)

e A low-cost modular data acquisition system featuring 16
channels, 12 bit resolution and 50 kHz throughput rate.

Watch for future new products from Datel Systems announced
and advertised in the electronics trade journals. New products
are also discussed in detail in the periodical, ““Datel Digest”.

About this
Product
Handbook

ABOUT THIS PRODUCT HANDBOOK

This new edition of Datel’s Engineering Product Handbook is
written primarily for the systems and circuit design engineer
who requires a substantial amount of technical information
about products in order to select and apply the right product
in his specific requirement. The goal of this product handbook,
therefore, has been to present detailed technical data in an
easily readable form in order to simplify the product evalua-
tion and selection process.

This edition, however, is a departure in format from previous
editions. We have here, for the first time, combined product
data in tabular form with product data sheets. Not all Datel
Systems’ product data sheets are included here, but our most
significant products are included. Other data sheets may be
obtained by contacting the factory or Datel’s nearest sales
office.

The product evaluation and selection process in most cases
can be shortened by referring first to the specification tables in
order to compare performance and pricing, and then going to
the appropriate data sheet section of the catalog. In all cases
the data sheets of a particular product category immediately
follow the specification tables.
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Also included in this product handbook is a 13 page section
entitled “Principles of Data Acquisition and Conversion”
which is basic background material about the operation and
application of the products described in this catalog. This
material will serve as both a quick review of basics for those
already experienced in the application of data converters and
as tutorial material for those who are not familiar with data
conversion systems.

ORGANIZATION OF THIS
PRODUCT HANDBOOK

This product handbook is divided into the following major
sections: Data Conversion Devices, Converter Accessory Cir-
cuits, Modular Data Acquisition Systems, Power Supplies,
Digital Panel Instruments, Data Loggers, and Digital Cassette
Recording Systems. Most of these sections include product
specification tables in addition to product data sheets.

Also included in this catalog are sections on extended per-
formance modules, accessory products (sockets, trimming
potentiometers, etc.) and an ordering guide.

PRODUCT SUPPORT

All Datel Systems’ products are backed up by a detailed
technical data sheet. In many cases there is also an instruction
manual available. The appropriate literature may be obtained
by contacting the factory. In all cases the appropriate technical
data is shipped with each product ordered. There is also a
number of technical application notes available from the
factory.

While the available literature gives all the information normally
required to use any of our products, we also maintain an
applications engineering department to answer any additional
questions you may have regarding the application of these
products.

Our qualified team of field sales engineers is available to
service our customers throughout the United States, Canada,
Western Europe, and the Far East. Datel Systems has direct
sales offices in Santa Ana, California; Sunnyvale, California;
and Gaithersburg, Maryland. There are Datel sales subsidiaries
in London, England; Paris, France; Munich, West Germany;
Tokyo, Japan; and Osaka, Japan.
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QUALITY ASSURANCE

Datel Systems has a fully implemented Quality Assurance
Program in conformance with MIL-STD-9858A. This program
is under a full-time Quality Assurance Manager who reports
directly to the President of Datel Systems, Inc. The quality
assurance responsibility is superimposed over procurement,
material control, manufacturing, and shipping activities. The
Quality Assurance Manager is responsible for the following
areas: quality assurance engineering, systems test, in-process
inspection, purchased material inspection, and calibration. The
quality assurance program encompasses receiving inspection of
all components, in-process inspection of all assemblies, burn-in
or shock testing where required, calibration of all instruments
and maintenance of calibration records, component vendor
records and vendor rating systems, and implementation and
control of a material review board. The Q.A. Manager also
submits monthly, to management, in-house quality perform-
ance reports on all departments.

GSA CONTRACTS

Most of Datel Systems products are covered under appropriate
GSA contracts which permit a discount on purchases by U.S.

Government. f %

Eugene'L. Zuch
Product Marketing Manager

PRODUCTION MODULAR PRODUCTS
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Principles of Data
Acquistion and Conversion

Data acquisition and conversion systems are used to process
analog signals and convert them into digital form for subse-
quent processing or analysis by computer or for data transmis-
sion. In general a transducer takes a physical parameter such as
pressure, temperature, strain, or position and converts it into
an electrical voltage or current. Once in electrical form all
further processing of the signal is done by electronic circuits.
After the analog processing is complete the signal is converted
into digital form by an analog to digital converter and then fed
to a variety of possible digital systems such as a computer,
digital controller, digital data transmitter, or digital data
logger.

e —
P
PHYSICAL TRANS- AMPLI- ACTIVE ' S‘Z”:‘DLE :i;v
VARIABLE DUCER FIER FILTER A/D
HOLD
| CON-
VERTER

DIGITA_
QUTPLTS

ANALOG

MULTI-
PLEXER
OTHER

ANALOG

CHANNELS ﬁ

PROGRAMME R -
SEQUENCER

CONTROL
INPUTS

FIGURE 1. Complete Data Acquisition and Conversion System.

A complete representative data acquisition and conversion
system is illustrated in Figure 1. This diagram shows the
various components required for an interconnected system.
The input to the system, the physical parameter to be
measured, is converted to electrical fo_rm by the transducer
and then fed to an amplifier. The function of the amplifier is
to convert the signal to a high level (1 to 10 volt) signal which
is necessary for further processing. The signal from the
transducer may be a millivolt level signal, a high source
impedance signal, a differential signal with common mode
noise, or a current signal. In any of these cases the amplifier is
used to convert the signal to a high level voltage which can be
used to drive the next analog circuit. An operational amplifier
or instrumentation amplifier is used to accomplish this. The
amplifier is followed by a low pass active filter which is used
to eliminate ‘high frequency components or noise from the
signal. There may also be a need to perform some nonlinear
operation on the signal such as squaring, linearizing, or
multiplication by another function. Such operations, which
may be performed by an analog multiplier or other nonlinear
circuit, also require high level signals to maintain good
accuracy and may be performed either before or after the
active filter.

The signal then goes to an analog multiplexer which performs
a time division multiplexing operation between a number of

different signal inputs. Each input channel is sequentially
connected to the output of the multiplexer for some specified
period of time. The circuits which follow the multiplexer are
thus time shared between a number of analog signals. The
output of the analog multiplexer goes to a sample and hold
circuit which samples the output of the muitiplexer at a
specified time and then holds the voltage level at its output
until the analog to digital converter performs its conversion
operation. The timing and control of this system is accom-
plished by a programmer-sequencer circuit which controls the
multiplexer, sample and hold, an¢ A/D converter. The
programmer-sequencer in turn is controlled by digital control
inputs from a data processor.

QUANTIZING THEORY

The operation of quantizing a signal is illustrated by the
quantizer transfer functiont shown in Figure 2. Quantization is
the process of converting a continuous analog input into a set
of discrete output levels. The analog input is shown on the
horizontal axis and the discrete output leveis on the vertical
axis. The discrete output levels can be identified by a set of

numbers such as a binary code. The two processes of

quantization and coding represent the basic operation of
analog to digital conversion.
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FIGURE 2. Transfer Function for Quantizev.\

The quantizer transfer function has a number of important
characteristics. The function shown is ideal with analog
decision levels at values of 0.5, 1.5, 2.5, etc. The decision
levels are set at values which bracket the true levels. In other
words, an analog input value of 1 should correspond with a
binary output level of 001. The analog 1 value is halfway
between the decision levels 0.5 and 1.5. Thus an analog value
of 1 £0.5 is read out as a digital 001. The distance between
decision levels is Q, the quantization size or bit size. A
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quantizer with a binary output code has 2" discrete output
levels with 2"—1 analog decision levels. The decision levels in
an actual quantizer would not be precise but would have a
finite uncertainty band around them. For an analog value
within this uncertainty band the output could be at either of
two discrete output levels. In addition, in an actual quantizer
the decision levels would not necessarily be at precisely the
correct analog values, but would miss these values due to
nonlinearity, offset, and gain errors.

If the input to the quantizer is moved through its full range of
values and subtracted from the discrete output levels an error
signal will result. This error is called “quantizing error’” and is
an irreducible error due to the quantizing process and
dependent on the number of quantization levels, or resolution,
of the quantizer. When the quantizing error is plotted, as
shown in the illustration, it has the form of a sawtooth
waveform with a peak to peak value of Q. The output of the
quantizer can be thought of as the input analog signal with
quantization noise added to it. Thus the output, which is
restricted to a finite number of discrete values, jumps from
one value to the next as the input moves through its full range.
The quantization error is zero only midway between the
decision levels. The peak value of quantization noise is Q/2
and the RMS value can be computed from the triangular shape
and found to be 0/2\/5 Although the quantization noise can
be reduced by increasing the resolution of the quantizer, there
always remains a quantization uncertainty of at least +Q/2 for
any quantizer.

An A/D converter performs the operations of quantizing and
coding a signal in some finite amount of time. The time
required to do this depends both on the resolution of the
converter and the particular conversion method used. The
speed of conversion required in a particular situation depends
on the time variation of the signal to be converted and the
amount of resolution required. The time required to make a
measurement or conversion is generally called the “aperture
time.”’

av
dv(t)

vm\ AV 5oy x ta

ta = APERTURE TIME
OV = AMPLITUDE UNCERTAINTY

FIGURE 3. Aperture Time and Amplitude Uncertainty.

Aperture time can be considered to be a time uncertainty or
amplitude uncertainty. As shown in Figure 3 the aperture
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time and amplitude uncertainty are related by the time rate
of change of the signal. For the particular case of a sinusoidal
signal to be converted, the maximum rate of change occurs at
the zero crossing of the waveform and the amplitude change
is:

d
dt

&Y - o, = 2nft,

AV = (Vsino_;t)t:0 Xrti= Vot,

giving

From the result we can determine, for example, the aperture
time (or conversion time) required to digitize a 1 kilohertz
signal to 10 bits resolution. This is a resolution of 1 part in 2'°
or 0.1%, and using the above equation:

AV 1 .001

Ve

= = 9
BT on B2exios 1e0x 10

The result is a required aperture time of only 160 nanoseconds
to remain within 1 bit (0.1%) of resolution due to the rate of
change of the signal. It can be seen from this result that to
convert even a slowly varying signal to moderate resolution
levels requires an extremely fast and, therefore, expensive
analog to digital converter. Fortunately there is a simple and
inexpensive way around this problem by the use of the sample
and hold circuit which can reduce the aperture time con-
siderably by taking a rapid sample of the signal and then
holding its value for the required conversion time. The
aperture time required for sinusoids of other frequencies and
different resolutions is summarized by the graph shown in
Figure 4.

SAMPLING THEORY

The operation of sampling is illustrated in Figure 5 which
shows an analog signal and a train of periodic sampling pulses.
The pulses represent a fast acting switch which connects to the
analog signal for a very short time and then opens for the
remainder of the period. Sampling pulses thus have a very
short ON time compared to the total period. The result of the
sampling process is identical with multiplying the analog signal
with a train of pulses of unity amplitude. The resultant
modulated signal is shown in Figure 5 (c) where the amplitude
of the analog signal is preserved in the modulation envelope of
the pulses. If the switch-type sampler is replaced by a switch
and a capacitor, then the analog signal is sampled and stored
until the next sample pulse with the result shown in Figure 5
(d). This type of sampler is called a sample and hold.
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PRINCIPLES OF DATA
ACQUISITION AND CONVERSION
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FIGURE 5. Signal Sampling Process.

The purpose of signal sampling is the efficient use of data
processing equipment or data transmission facilities. A single
data transmission link can be used to transmit many channels
of information by simply sampling each channel periodically.
Likewise, for the efficient use of data processing equipment to
monitor and control a process, for example, it may only be

necessary to sample the state of a process once every 5
minutes, perform a computation and correction, and then free
the computer the remaining time for other tasks. Continuous
monitoring of a single information channel by a computer

would be very expensive indeed. In data conversion systems it
is also more economical to use a single A/D converter, which
may be the most expensive component in the system, for a
number of information channels by using sampling.

An important and fundamental question to ask about sampled-
data channels is “how often must | sample a given signal in
order not to loose information from the signal?”’ It seems
obvious that all useful Information can be extracted by
sampling a slowly changing signal at a much faster rate than
any change which occurs, and likewise that if a signal is
significantly changing value between samples, information is
being lost. The answer is contained in the well known
Sampling Theorem which can be stated as follows: /f a
continuous bandwidth limited signal contains no frequency
components higher than f_ then the original signal can be
completely recovered without distortion if it is sampled at the
rate of at least 2f, samples per second.

(a) CONTINUOUS
SIGNAL SPECTRUM

(0] fc

-

FREQUENCY FOLDING
\
(b) SAMPLED

SIGNAL SPECTRUM

o] fs-fc \k fs fs+fc
fs/2

FIGURE 6. Spectra Showing Frequency Folding.

The sampling theorem can be illustrated by the frequency
spectra shown in Figure 6. Figure 6 (a) shows the spectrum of
a continuous signal with frequency components limited to a
frequency f.. When this signal is sampled at a rate fs the
modulation process results in the signal spectrum shown in
Figure 6 (b). Here, because the sampling rate is not sufficient,
some of the high frequency components of the signal are
folded back into the signal spectrum. This effect is called
“frequency folding.” In the process of recovering the original
signal, the folded frequency components cause distortion and
cannot be separated or distinguished from the original signal.
It can be seen from the figure that by changing the sampling
rate such that f—f >f_, we obtain the result that f&>2f, which
demonstrates the sampling theorem. Frequency folding is
eliminated by either using a high enough sampling frequency
or filtering the original signal to eliminate any frequency
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components above one half the sampling rate. It should be
noted, however, that in practice there is always some
frequency folding due to wideband noise and non-ideal filters
and that one must attempt to reduce the effect to negligible
proportions.

Another effect which is the result of frequency folding is
known as an “alias.”” Figure 7 illustrates this by showing a
periodic signal which is sampled at a rate less than twice per
cycle. The sample amplitudes are shown connected by a
dotted line which obviously has a period quite different from
the original signal and is an alias. From this figure it can be
readily seen that if the waveform is sampled at least twice per
period as required by the sampling theorem, its original
frequency is preserved.

SIGNAL

v

G\ i

FIGURE 7. Alias Frequency Caused by Inadequate Sampling Rate.

-,
/\
ALIAS

FREQUENCY

SAMPLING
PULSES

The sample and hold device, which is so commonly used in
data conversion systems and also analog multiplexed data
systems, has some important characteristics which should be
briefly discussed. An ideal sample and hold, or zero order hold
as it is also known, takes a sample in zero time and then holds
the value of the sample indefinitely with perfect accuracy. In
practical units, a sample is taken in a time period which is
short compared to the holding time. During the holding time
there is some change in the output which is small compared to
the system accuracy. The effect of this process on a
continuous analog input signal can be determined by finding
the transfer function of a sample and hold. By use of the
impulse response of this device and wusing the Laplace
transform the transfer function is found to be:

— e _ 27 sin 7 w/w

Gljw) = jw E SINTottds epr( s)
S

T w/w

where T is the sampling period and W is the sampling radian
frequency. The magnitude and phase of this function are
plotted in Figure 8 which shows that a sample and hold device
acts like a low pass filter with a cutoff frequency of approxi-
mately f,/2 and a phase delay of T/2, or one half the sam-
pling period. Circuit characteristics of the sample and hold
will be discussed in a following section.
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FIGURE 8. Sample and Hold Transfer Function.

AMPLIFIERS AND FILTERS

The first part of a data acquisition and conversion system is
concerned with extracting the signal which is to be measured.
The initial processing of the signal is done with an amplifier,
filter, and possibly a nonlinear operator. The purpose of the
amplifier is to perform one or more of the following
functions: boost the amplitude of the signal, buffer the signal,
convert a signal current into a voltage, or separate a differen-
tial signal from common mode noise. For most data conver-
sion systems the desired voltage level out of the amplifier is 5
or 10 volts full scale. This is the level accepted by most analog
multiplexers, sample and holds, and A/D converters to give the
best accuracy.

INVERTING VOLTAGE GAIN

UNITY GAIN BUFFER

NON-INVERTING VOLTAGE GAIN

FIGURE 9. Operational Amplifier Configurations.

Operational or instrumentation amplifiers are used to perform
the above listed signal translations. Some of the operational
amplifier configurations used are shown in Figure 9 with their
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PRINCIPLES OF DATA
ACQUISITION AND CONVERSION

output relationships given. In general an operational amplifier
is a good choice for single ended signal inputs. Although it can
be used in some cases for differential signal inputs, the input
impedance and common mode rejection adjustments limit its
effectiveness. In such cases the instrumentation amplifier, or
data amplifier, is the best choice. This type of amplifier is a
closed loop configuration shown in Figure 10. It has the
following important characteristics.

1. high impedance differential inputs
2. wide range of gains set by a single external resistor
3. high common mode rejection ratio

Because of the closed loop configuration of the instrumenta-
tion amplifier, it does not use gain setting resistors or other
components connected to the input terminals thereby de-
grading the input impedance. Thus the high impedance inputs
maintain the high common mode rejection characteristic even
with moderate source impedances.

Rq 2R,
SR |:1+ |8

FIGURE 10. Instrumentation Amplifier Configuration.

The “common mode rejection ratio” is an important param-
eter of differential amplifiers. An ideal differential input
amplifier would respond only to voltage differences between
its input terminals without regard to the voltage level common
to both inputs. In practice, however, there is a variation in the
balance of the differential amplifier due to common mode
voltage which results in an output even when the differential
input is zero. The common mode error voltage is a nonlinear
function of the input common mode voltage.

Definition: Common mode rejection ratio is the ratio of the
common mode voltage to the common mode error referred to
the input and is generally expressed in dB.

CMRR = 20 |og,o[¥n_]

cm

where V¢m is the common mode voltage and ecy, is the
common mode error referred to the input. CMRR is a function

of both common mode voltage and frequency. At even
moderate frequencies a high CMRR can be significantly
degraded by small unbalances in source impedance and input
capacitances.

Following the amplifier in our system, it may be necessary to
use a low pass filter. Filtering is used in a data acquisition
system for two reasons: to limit the bandwidth of the
processed signal to less than half the sampling frequency in
order to eliminate frequency folding, and to reduce either
man-made or electrically generated noise in the system.
Man-made noise usually has some identifiable characteristic
such as periodicity and regular shape and can be eliminated by
some specific technique such as a notch filter. Thermal, or
Johnson noise, on the other hand is random noise with a noise
power proportional to bandwidth. It is minimized by re-
stricting the bandwidth of a system to the minimum required
to pass the necessary signal components.

No filter does a perfect job of eliminating noise or undesirable
frequency components and, therefore, the choice of a fiiter is
always a compromise. Ideal filters with flat response, infinite
cutoff attenuation, and linear phase response are simply
mathematical filters and not physically realizable. In practice
the engineer has the choice of a cutoff frequency, and an
attenuation rate and phase response based on the number of
poles and filter characteristic chosen. The effect of overshoot
and non-uniform phase delay must also be considered.

Active filters are very popular due to a number of excellent
features they have over older RLC type passive filters. They
eliminate inductors and associated saturation and temperature
stability problems. The response of an active filter can be
accurately set by temperature stable capacitors and resistors.
In addition, they overcome the problems of insertion loss and
loading effects by their use of operational amplifiers.

SETTLING TIME

A parameter that occurs very often in data acquisition and
conversion systems is “‘settling time.” Settling time is defined
as the time elapsed from the application of a full scale step
input to an amplifier to when the output has entered and
remained within a specified error band around its final value.
Although this definition is stated in the terms of an amplifier
response, settling time is also used in the specification of other
components such as D/A converters, analog multiplexers, and
sample holds. It has essentially the same meaning in these
other cases although in some of them the input step is actually
applied by turning on a switch and, therefore, a switching time
is included in the settling time. In the case of sample and
holds, the equivalent of settling time is the acquisition time
and includes both the turn-on time of the sampling switch and
the charging time of the holding capacitor to its final value.
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FIGURE 11. Amplifier Settling Time.

The settling time of a fast amplifier is illustrated in Figure 11.
After the application of the input step, there is a small delay
time after which the amplifier begins to slew or change its
output at the maximum possible rate. During this time the
amplifier is in a non-linear or saturated state. The output then
overshoots its final value, recovers from saturation, and then
settles into its specified error band after a small amount of
ringing. The definition distinguishes that the amplifier must
enter and remain in the error band rather than just enter it the
first time.

Settling time, unfortunately, is not readily predictable from
other amplifier parameters such as bandwidth, slew rate, or
overload recovery time although it depends on all of these. It
is also dependent on the amplifier open loop response
characteristic, dielectric absorption by internal capacitors,
output load capacitance, and input capacitance. An amplifier
must be designed and optimized for settling time, and settling
time is a parameter which must be evaluated by testing.

One of the important requirements of a fast settling amplifier
in addition to wide bandwidth, fast slew rate, and fast
overload recovery is that it have a true single pole open loop
response characteristic. This means a smooth 6dB per octave
frequency roll-off characteristic. Such an amplifier can never
settle to its final value in less time than that derived from the
number of time constants required to reach this accuracy.
Figure 12 shows a plot of the output error as a function of the
number of time constants. The settling time may actually be
quite a bit larger due to slew rate limitation and other
problems. An amplifier with a closed loop bandwidth of 1TMHz
has a time constant of 160 nanoseconds and to settle within
.01% of final value requires at least 9 time constants or 1.44
microseconds.

If an amplifier does not have a single pole response and,
therefore, an uneven gain roll-off characteristic, its output
response may get to the vicinity of the error band quickly but
then require a very long time to actually enter it. Likewise, it
may overshoot the error band and take a long time to enter it
a remain inside it. This is the case for amplifiers with pole-zero
mismatches in their response characteristic.
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Modern fast settling amplifiers are generally specified to 0.1%
or .01% settling for small closed loop gains and have settling
times of less than 1 usec. In data acquisition systems these
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FIGURE 12, Error as a Function of the Number of Time Constants
for a Single Pole Response.

amplifiers are useful in the design of sample and hold circuits,
buffer amplifiers for analog multiplexers or A/D converters,
and output amplifiers for fast D/A converters. In many cases
fast settling amplifiers are required even though slowly
changing signals are being processed. This is because of the
high data switching rate through the analog multiplexer.

DIGITAL CODING

A/D and D/A converters relate analog and digital values by
means of an appropriate digital code. The codes used are
various binary related codes, the most common of which is
natural binary. A binary number is represented as

N=a 2% ta 200 +. . o4 a;2% +a; 2" +.4,2°

where the coefficients a, assume the values of 0" or ““1".
Table 1 shows the decimal equivalents of 2" and 2™ for values
of nup to 16.

In an A/D or D/A converter the first bit is called the most
significant bit or MSB and has a weight of % of full scale of the
converter; the second bit has a weight of % FS and so on down
to the last bit which is called the least significant bit or LSB
and has a weight of 1/2" FS, The resolution of the converter is
determined by the number of bits, and the size of the LSB is
FS/2". It should be noted that the digital code used in general
does not correspond to its decimal equivalent in analog
voltage. The coding used is the set of coefficients of 2™
representing a fractional part of full scale. The MSB is always
positioned on the left and the LSB on the right of the digital
code. The binary code 10110 thus represents (1 X 1/2) +
0X1/4)+ (1 X 1/8)+ (1 X 1/16) + (0 X 1/32) or 11/16 of
full scale of the converter. The full scale analog value for a
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n 2" 2t dB
0 1 1 0
1 2 5 -6
2 4 .25 ~12
3 8 25 18.1
4 16 .0625 -241
5 32 .03125 -30.1
6 64 .015625 36.1
7 128 .0078125 -42.1
8 256 .00390625 -48.2
9 512 .001953125 -64.2
10 1024 .0009765625 —60.2
1" 2048 .00048828125 —66.2
12 4 096 .000244140625 =72.2
13 8192 .0001220703125 -78.3
14 16 384 .00006103515625 -84.3
15 32768 .000030517578125 -90.3
16 65 536 .0000152587890625 -96.3

TABLE 1. Decimal Equivalents of 2" and 2"

converter can be any convenient voltage, but voltages such as O
to +5, 0 to +10, 2.5, £5, and 10 are most commonly used.
A 12 bit converter, for example, has a resolution of 1 partin
4096. If the full scale analog voltage is 10 volts then the LSB
size is 10V/4096 or 2.44 millivolts. The resolution of a
converter can be conveniently related to dynamic range in dB
since a factor of 2 corresponds o 6.02dB. Therefore, the
number of bits X 6.02 gives the dynamic range in dB. A 12 bit
converter has a dynamic range of 72.2dB.

Scale +10VFS | Straight Binary | Complementary Binary
MSB LSB MSB LSB
+FS—1LSB +9.96 11 1317 0000 000OC
+3/4FS +7.50 1100 0000 0a1m 1111
+1/2FS +5.00 1000 0000 01 14 9344
+1/4FS +2.50 0100 0000 10112131
+1/8FS +1.25 (0010 0000 VTN 30T
+1LSB +0.04 (0000 0001 1141 1 M0
0 0.00 |0000 0O0OO 1B aany

TABLE 2. Binary Coding for 8 Bit Unipolar Converters.

Converters have both unipolar and bipolar analog values and
use a number of different binary related codes. Table 2 shows
binary coding for a unipolar 8 bit converter with a 10 volt full
scale. Notice ‘that all one’s in the digital code does not
correspond to full scale but (1-2 ™)FS. In some converters it is
convenient to use reverse sense binary coding, or complemen-
tary binary, where the most negative analog value corresponds
to full scale digital value. This code is just the binary code with
all 1's made 0's and vice versa. For bipolar analog values the
most common codes are offset binary and 2's complement
which are shown for an 8 bit converter in Table 3.

Scale +5VFS Offset Binary 2's Complement
MSB LSB MSB LSB

+FS-1LSB +4.96 P T 1 e B | BACLY YA
+3/4FS +3.75 1110 0000 0110 0000
+1/2FS +2.50 1100 0000 0100 00O0O
0 0.00 1000 0000 0000 0O0O0O
-1/2FS -2.50 0100 0000 1100 0000
-3/4FS -3.78 0010 0000 1010 0000
-FS + 1LSB -4.96 0000 0001 1000 0001
-FS -5.00 0000 00O0O 1000 0000

TABLE 3. Binary Coding for 8 Bit Bipolar Converters.

Offset binary is simply a shifted binary code where %2 FS
binary corresponds to analog zero. 2's complement coding is
the same as offset binary except that the MSB is comple-
mented, resulting in a digital code of all 0's corresponding to,
analog zero. Binary coded decimal or BCD coding is also
commonly used in converters and is illustrated by the 8 bit
coding shown in Table 4. In BCD, 4 binary digits are used to
code each decimal digit. This code can also be used for bipolar
analog values if a separate sign bit is used. Other codes such as
gray code, sign-magnitude binary, and 1’'s complement are
sometimes used but are not as common as the codes just
described.

Scale +10VFS BCD
MSD LSD
+FS—1LSD +9.9 1901 1007
+3/4FS +7.5 0131/010
+1/2FS +5.0 0101 0000
+1/4FS +2.5 0010 0101
+1LSD +0.1 0000 0O0O01
0 0.0 0000 0O0O0O

TABLE 4. BCD Coding for 2 Digit Unipolar Converter.

D/A CONVERTERS

In addition to being used as a basis for a large fraction of all
A/D converters that are manufactured, D/A converters have a
large number of important uses in their own right. Among
these uses are computer driven CRT displays, digitally con-
trolled power supplies for automatic test equipment, digital
generation of analog waveforms, and digital control of
automatic process control systems.
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FIGURE 13. Diagram of a D/A Converter.
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Although there exists a large array ot techniques for accom-
plishing digital to analog conversion, the methods discussed
here will be limited to the most commonly used parallel
conversion methods. The basic configuration of a D/A
converter, or DAC, is shown in Figure 13. A digital interfacing
circuit converts the logic inputs to the control levels of a set of
switches. These operate in conjunction with a precision
resistor ladder network to give binary weighted currents or
voltages; the ladder network is referenced to a stable precision
voltage source. The output of the ladder network is the sum of
all the binary weights in the form of a voltage or current. In
the figure a current output ladder is shown. The two types of
D/A converters are current output DAC’s and voltage output
DAC's. For current output types, the current output of the
ladder is brought out as the output of the converter; for
voltage output types the current goes to an operational
amplifier current-to-voltage converter circuit. In most high
speed applications a current output DAC is used since there is
always some loss of speed due to current-to-voltage conver-
sion.

A frequently used method of achieving a binary weighted set
of currents is the circuit shown in Figure 14. A series of
transistor current sources has its collector currents set by
emitter resistors with values of R, 2R, 4R, 8R, etc. A stable
reference voltage, compensated for the base to emitter voltage
variation with temperature, is used to bias the bases of all of
the transistors and thus set up constant emitter currents. The
current scurce transistors are switched on or off by logic
inputs connected through diodes to the emitters. Depending

s
AR e

= out

FIGURE 14. Weighted Current Source D/A Converter.

on the logic level at each diode input, the current will flow
either through the diode or through the transistor. The
weighted currents are summed at the collectors of all the
transistors and become either the current output of the
converter or the current input to an operational amplifier as
shown in the diagram. Alternatively, to preserve the high speed
of the current output, a resistor can be connected to this
output to convert the current directly to a voltage. This is an
excellent way of maintaining the speed of the converter but is
restricted to relatively small full scale voltages of a volt or so,
due to the limited positive voltage swing of the transistor
collectors.
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The weighted current source method has the advantage of
simplicity and high speed. Current output DAC's of this type
can also be used in configurations where one or more units are
used to sum their output currents together directly. The
disadvantage of this method is the wide range of resistance
values required for a high resolution converter and the
resultant effect on both temperature tracking and speed.
Nevertheless, high resolution converters with high speed can be
made by using several groups, with 4 or 5 current sources each,
and dividing down the current output of each group. This is
illustrated in Figure 15 which shows 3 groups of current
sources with resistive current dividers following groups 2 and
3. If each group has 4 binary current sources, then the dividers
would have to reduce the current outputs of groups 2 and 3 to
1/16 of their original value.

WEIGHTED
SOURCES
GROUP 3

WEIGHTED
SOURCES
GROUP 2

WEIGHTED
SOURCES
GROUP 1

Y Ro Y Ra Y

W VWA -
Ry R3 " out
MSB =

FIGURE 15. Groups of Identical Binary Weighted Current Sources
to Achieve High Resolution.

Figure 15 also shows the method of achieving a bipolar output
for a D/A converter. A current source with a current equal to
the MSB weight is connected to the output of all the other
weighted sources. This offsets the cutput of the converter by
one half the full scale value, thus setting analog zero at one
half digital full scale. This gives offset binary coding as
discussed previously.

A second popular method for D/A conversion is the R-2R
ladder technique. As shown in Figure 16 this consists of a
network of series values of R and shunt values of 2R. The
bottoms of the shunt resistors are switched between a voltage
reference source and common. The operation of the ladder

VR/6 VR6 % x \VR/12 Vr/24 Vr/48
& X At =
2R R ~ R R 2R -
* Vour
2R va/3 2R 2R 2R 1
LsB Ms8B

¥
VREF

FIGURE 16. R—2R Network D/A Converter.

network is based on the binary division of a current as it flows
down the ladder. This can be seen by examination of the
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points X and X' in the network. The following conclusions are
valid: from point X looking to the right a resistance R is seen
and looking to the left a resistance of 2R is seen; from point
X' looking to the right a resistance of 2R is seen and looking
to the left a resistance of R is seen. These properties hold for
any of the junctions along the ladder. If a 2R resistor is
switched to the voltage reference source, the source sees a
resistance of 2R plus 2R in paralle! with 2R, or 3R total, and a
current of Vgep/3R flows into the junction. At the junction
this current divides equally, with half flowing to the left and
half to the right. The right-hand current flows to the next
junction where it is again divided in half, and so on to the
right end of the ladder where it becomes part of the total
output current. The total output current is the sum of all the
currents from the shunt resistors which are weighted binarily
with the LSB at the leftmost switch and MSB at the rightmost
switch. The output of the ladder can be a current, as shown
going into the operational amplifier input, or it can be a
voltage appearing at terminal E.

An alternate way of driving the ladder is by means of equal
value switched current sources feeding each junction. The
bottom of the 2R resistors would then be connected to
common. The result is exactly the same as with the voltage
source, with each current being divided in half at each
junction. The advantages of the R-2R method are the
following:

1. All resistors are values of either R or 2R resulting in easy
matching and temperature tracking.

2. Resistor values can be kept low to insure high speed.

3. The output amplifier always sees a constant resistance
value at its input terminal.

Compared to the weighted current source method the R-2R
ladder requires two resistors per bit whereas the former
requires one resistor per bit.

A/D CONVERTERS

In analog to digital conversion there is an even larger number
of methods commonly used than in D/A conversion. This is so
because A/D conversion, except in the very fastest require-
ments, lends itself to many serial methods and indirect
methods. The discussion here will be limited to 4 widely used
types of A/D converters which are available in low cost
modules. These types are:

Counter or Servo Type

Dual Slope Integrating Type
Successive Approximation Type
Parallel Type

G i

Counter or Servo Type: This type of A/D converter is one of
the simplest and least expensive to implement. The converter
is illustrated in simplified form in Figure 17. At the start of
conversion the clock is gated on, and the digital counter begins
to count clock pulses. As it counts it changes the output of the
D/A converter which is compared to the analog input voltage.

When the DAC output is equal to the input, the comparator
changes state and inhibits the clock pulses. At this time
conversion is complete and the output digital number is
contained in the output register of the counter.

R COMPARATOR

ANALOG
INPUT

COUNTER

CONTROL
Losic [* TIME

Output from D/A Converter

FIGURE 17. Counter or Servo Type A/D Converter.

This converter features simplicity, low cost, and good accuracy
but has the disadvantage of slow speed. Conversion time is
proportional to input voltage and is longest for a full scale
input. In some applications the speed is improved if an
up-down counter is used, and the converter counts either up or
down from its previous value rather than resetting to zero. In
this way the counting converter can follow slowly varying
inputs. This converter is also called a servo type because of the
feedback method of controlling the counter.

Dual Slope Integrating Type: Integrating A/D converters
operate by the indirect method of converting a voltage to a
time period which is then measured by a counter. There are
several different types of converters using the integrating, or
ramp principle including single ramp, dual ramp, and triple
ramp which are all variations on the basic principle. The most
popular and widely used at present is the dual ramp, or dual
slope type, which is used in most digital voltmeters and digital
panel meters. The advantages of this method are relatively low
cost, simplicity, high accuracy and linearity, and excellent
noise rejection characteristics.

Conversion starts with the unknown input voltage switched to
the integrator input. When the output ramp crosses the
comparator threshold the clock is gated to the counter which
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FIGURE 18. Dual Slope Type A/D Converter.
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counts up to a predetermined number. At this time the input
of the integrator is switched to the reference and the counter
is reset to zero. The integrator then integrates the reference
back down to the comparator threshold at which time the
count is stopped. The input voltage is then the ratio of T,
counts to T; counts times the reference voltage, and can be
read directly from the counter register.

The dual slope method has a number of important features.
Conversion accuracy is independent of the clock frequency
and integrating capacitor value as long as they are stable within
a conversion period, and depends only on the accuracy and
stability of the reference. Resolution is basically only limited
by the analog resolution of the converter. In addition, this
converter gives excellent noise rejection because of the
integration operation; in particular, normal mode noise rejec-
tion is infinite for T; equal to a multiple of the period of the
interfering noise. The main drawback of this method is the
relatively long conversion time.

Successive Approximation Type: This conversion method is
the most widely used in general practice due to its combina-
tion of high resolution and high speed. The successive approx-
imation converter operates with a fixed conversion time per
bit, independent of the value of the analog input. The method
is illustrated in Figure 19 and operates by comparing the in-
put voltage with the D/A converter output, one bit at a time.

CONNECTION FOR
BIPOLAR OPERATION
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N D/A CONVERTER
REFERENCE
ANALOG
PROGRAMMER H CLOCK

D/A CONVERTER

LBIT TIME

FEETET NI T S SR |
TIME

(> S (S T T T

INPUT

DIGITAL
ouTPUT

FIGURE 19. Successive Approximation Type A/D Converter.

At the start of the conversion cycle, the D/A converter’'s MSB
output, which is % full scale, is compared with the input. If it
is smaller than the input, the MSB is left on and the next bit is
tried. If the MSB is larger than the input, it is turned off when
the next bit is turned on. This process of comparison is
continued down to the LSB after which the output register
contains the complete output digital number. Both serial and
parallel output data can be brought out of this converter and,
in addition, the conversion can be synchronized to an external
clock on some units. Speeds as high as 100 nanoseconds per bit
can be achieved by this method. Successive approximation
converters can also be quite accurate, but the accuracy
depends on the stability of the reference, the switches, the
ladder network, and the comparator. In the figure it is also
shown how bipolar operation is accomplished using a precision
resistor connected from the reference source to the compar-

»- 1 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

ator input, thus subtracting a % full scale current from the
input. Many converters have this resistor built in so that
bipolar operation can be achieved by external pin connection.

Parallel Type: While the successive approximation converter is
capable of speeds as high as 100 nsec. per bit, giving conversion
rates of 1 MHz for 10 bits, significantly faster conversion must
be achieved using the parallel technique. This method is
sometimes referred to as the simultaneous, or flash technique,
and is capable of 256MHz conversion rates for 4 bits. As shown
in Figure 20, the method employs an input quantizer com-
prised of 21 comparators biased 1 LSB apart by a reference
voltage. For a given analog input voltage to the comparators,
all comparators below the input level turn on while all
comparators above it are off. The quantization process is
accomplished in the switching time of a single comparator.

REFERENCE
INPUT
2n-1

3R/2 COMPARATORS

B ,_I>— =
5
J,>; DECODER BinARY,

—_—0

OUTPUT

0

R/2 :] :

FIGURE 20. Parallel Type A/D Converter.

The comparator outputs, however, are not in the binary code
and must, therefore, go through a decoder. The parallel
method has the advantage of the fastest speed but is limited to
a relatively few bits, usually about 4, due to the large number
of comparators required. To convert a large number of bits it
is necessary to employ a hybrid technique whereby. a parallel
conversion stage is followed by a fast D/A converter, the
output of which is subtracted from the input voltage, the
difference amplified and then converted using another parallel
stage. This results in a speed compromise but higher resolu-
tion.

There are a number of important parameters used to charac-
terize the accuracy of A/D and D/A converters. Since they
have specific meanings as applied to converters, these param-
eters are defined here.

Resolution: The smallest analog change that can be distin-
guished by an A/D converter or produced by a D/A converter.
Resolution is the analog value of the LSB, which is FS/2" for
an n bit binary converter and FS/109 for a d digit BCD
converter. Resolution is often specified in percentage of full
scale, as in a 10 bit converter which has a resolution of 0.1%.
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In many cases the useful resolution of a converter may be less
than its specified resolution.

T S (LM S ATRER € L i
IDEAL A/D CONVERTER [DEALL TRANSEER
TRANSFER FUNCTION oA
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FIGURE 21. Gain, Offset, & Linearity Errors.
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Linearity: The maximum deviation from a straight line drawn
between the end points of the converter transfer function.
Linearity may be expressed as a percentage of full scale or as a
fraction of LSB size. The linearity of a good converter is
+% LSB. See Figure 21.

Differential Linearity: The maximum deviation of an actual
bit size from its theoretical value for any bit over the full range
of the converter. A differential linearity of %2 LSB means that
the size of each bit over the range of the converter is 1 LSB *
> LSB. See Figure 22.

Monotonicity: Having a continuously increasing output for a
continuously increasing input over the full range of the con-
verter. Monotonicity requires that the differential linearity
be less than 1 LSB. See Figure 22.

Missing Code: In an A/D converter this occurs when the out-
put code skips a digit. This happens when the differential
linearity is greater than 1 LSB for some bit.

Quantizing Error: The basic uncertainty associated with
digitizing an analog signal due to the finite resolution of an
A/D converter. An ideal converter has a maximum quantizing
error of 2 LSB. See Figure 2.

Relative Accuracy: The input to output error as a fraction of
full scale, with gain and offset errors adjusted to zero. Relative
accuracy is a function of linearity.

Absolute Accuracy: The full scale analog error referenced to
the NBS standard volt:

Offset Error: The error by which the transfer function fails to
pass through the origin, referred tc the analog axis. This is
adjustable to zero in available converters. See Figure 21.

Gain Error or Scale Factor Error: The difference in slope
between the actual transfer function and the ideal function in
percent. This error is also adjustable to zero in available
converters. See Figure 21.

ALsB

|
le— 1 LSB
|

ANALOG OUTPUT
DIGITAL OUTPUT

NON-MONOTONIC
OUTPUT DIFF LIN= ALSB

D/A DIGITAL INPUT A/D ANALOG INPUT

MONOTONICITY DIFFERENTIAL LINEARITY

FIGURE 22. Monotonicity and Differential Linearity.

ANALOG MULTIPLEXERS

Analog multiplexer circuits are used for time sharing of analog
to digital converters between a number of different analog
information channels. An analog multiplexer consists of a
group of analog switches arranged with inputs connected to
the individual analog channels and outputs connected in
common, as shown in Figure 23. The switches can be
addressed by a digital input code. MOSFET switches are
generally used and may be connected directly to an output
load if it is a high enough impedance, or to an output buffer
amplifier which provides a very high impedance to the
switches. Using a fast bipolar transistor follower amplifier as a
buffer, an input impedance of 10° ohms is achieved resulting
in a negligible transfer error due to the switch resistance of
typically 2K ohms.

EQUIVALENT CIRCUIT InA
OF MOSFET SWITCH .

!

\ ),

ALOG ! b
INPUTS e e

CH lojy—/o—avv

2K
L
2x1oei

MOSFET
CH 2 SWITCH {
|

~
“w

10%, )—-—QOUTPUT
£l
OUTPUT

F
50pF BUFFER

i—

MOSFET
SWITCH

FIGURE 23. Analog Multiplexer Circuit.

Figure 23 shows the equivalent circuit of one of the MOSFET
switches which is characterized by series and shunt resistance,
shunt capacitance and a leakage current. Differential analog
multiplexing can also be accomplished by using two MOSFET
switches for each input channel.
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There are several important parameters used to characterize
analog multiplexers which are defined below.

Transfer Accuracy: The input to output error as a percentage
of the input. Transfer accuracy depends on the source
impedance, switch resistance, load impedance if the multi-
plexer is not buffered, and the signal frequency.

Settling Time: Same definition as discussed earlier. Here it
includes the switching time of the switches.

Throughput Rate: The highest rate at which the multiplexer
can switch from channel to channel at its specified accuracy.
This rate is determined by the settling time.

Crosstalk: The amount of signal coupled to the output as a
percentage of input signal applied to all OFF channels
together. The inverse of the above is expressed as an
attenuation in dB.

Input Leakage Current: The highest current that flows into or
out of an OFF channel input terminal due to switch leakage.

SAMPLE AND HOLD CIRCUITS

Some of the properties of sample and hold circuits were
discussed in the section on sampling theory. Here the circuit
configurations and operating parameters will be- discussed.
Sample and hold circuits are used in conjunction with both
A/D converters and D/A converters. With A/D converters they
are used to shorten the aperture time for the converter by
rapidly sampling the input signal and then holding its value
until the conversion is completed. In the case of D/A
converters they are used in display applications to remove
“glitches”” which appear at the output of all DAC’s as they
change from one analog level to another.

As described before, a sample and hold in its basic form
consists of a switch and a capacitor. When the switch is closed
the unit is in the sampling or tracking mode and will follow a
changing input signal. When the switch is opened the unitis in
the hold mode and retains a voltage on the capacitor for some
period of time depending on capacitor and switch leakage.

Q—L‘ :I_Jo E out - r(/' : T
1 el

(a) (b)
FIGURE 24. Sample and Hold Circuit Configurations.

Practical sample and hold circuits also use input and output
buffer amplifiers and sophisticated switching techniques. The
output buffer amplifier must be a low input current FET
amplifier in order to have as small an effect as possible on the
leakage of the capacitor. Likewise, the electronic switch used
must be a low leakage type such as an FET switch. Figure 24
illustrates two sample and hold circuit configurations which

DATEL

»- ] SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

are commonly used. Circuit (a) is used for fast sample and
holds and is an open loop configuration using fast voltage
follower amplifiers. For very fast circuits a diode bridge type
sampling switch is used. Circuit (b) is a closed loop configura-
tion with an operational integrator in the feedback path of the
input buffer amplifier. This circuit results in extremely good
accuracy and linearity.

Sample and holds are characterized by a number of important
parameters, each with a specific meaning for these circuits.
These are defined below.

Acquisition Time: The time from when the sample command
is given to the point when the output enters and remains
within a specified error bana around the input value. At the
end of the acquisition time the output is tracking the input.
Note similarity to definition of settling time.

Aperture Time: The time elapsed between the hold command
and the point at which the sampling switch is completely
open. Aperture time is also referred to as turn-off time.

Aperture Uncertainty Time: The variation in aperture time for
a sample and hold. The difference between maximum and
minimum aperture time.

Decay Rate: The maximum change in output voltage with
time in the hold mode.

Feedthrough: The amount of input signal appearing at the
output when the unit is in the hold mode. Feedthrough varies
with signal frequency and may be expressed as an attenuation
in dB.

A/D AND D/A CONVERTER ADJUSTMENTS

A timing diagram for a typical successive approximation A/D
converter is shown in Figure 25. The start of conversion is
initiated by a start convert pulse of 30 nsec. minimum
duration. The EOC (end of conversion) or status output then
goes high indicating that conversion is in process. The MSB
output of the D/A converter is turned on to be compared with
the input voltage, registering a logic “’1’" at the Bit-1 parallel
data output. If the MSB is smaller than the input voltage it
stays on and the logic ‘1" remains on the Bit 1 output. If it is
larger than the input, it turns off after the first clock pulse and
the Bit 1 output goes to logic “0". After the first clock pulse
the serial output for Bit 1 appears on the serial output pin.
After the first clock pulse, Bit 2 is compared with the input
remainder, after the second clock pulse Bit 3 is compared, and
so on down to Bit 10 in this case. Thus each succeeding bit is
compared to the remaining input during one clock interval,
and the true output for that bit appears at the next clock
interval. At the end of the 10th clock pulse, all parallel bit
outputs are true and the serial LSB output appears. Also, the
EOC output returns to logic ’0"" indicating that conversion is
complete. The EOC or status output may be used to control
the sample and hold preceding the A/D converter, since when

GOLD BOOK 76/77
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PRINCIPLES OF DATA
ACQUISITION AND CONVERSION
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FIGURE 25. Timing Diagram for 10 Bit A/D Converter.

it is low the sample and hold is putin the tracking mode, and
when it is high, during conversion, the sample and hold is put
in the hold mode.

Most Datel A/D and D/A converters are capable of both
unipolar and bipolar operation with several analog ranges
selected by external pin connection. The commonly used
ranges are 0 to +5V, 0 to +10V, 2.5V, *5V, and £10V. The
digital coding used is binary or BCD for unipolar operation
and offset binary or two’s complement for bipolar operation.
All Datel A/D and D/A converters have provision for user
adjustment of full scale and offset in order to obtain optimum
accuracy in a given application. Figure 26 shows the circuit
connection necessary to perform the calibration adjustments
on an A/D converter. Calibration is accomplished as follows
for a unipolar A/D converter:

+15v
GAIN
OFFSET
ADJUST aovust
-15v
ANALOG MSB
INPUT =
PRECISION : LAMP ARRAY
VOLTAGE DIGITAL AND
HEPEHENGE A/D CONVERTER OuTF:uTs DRIVER
SOURCE : CIRCUITS
e ol
i Lss

START CONVERT
Jnn

PULSE
GENERATOR

FIGURE 26. Connections for Calibration of A/D Converter.

2. Connect a precision voltage reference source to the
analog input terminal.

3. Adjust the output of the voltage reference source to
zero plus 2 LSB. This voltage is found by multiplying
the converter full scale voltage range by one half the
value of 2 for an n bit converter. Adjust the zero
offset trimming potentiometer until the LSB output
flickers between lagic 0" and logic ““1".

4. Adjust the output from the voltage reference source to
full scale minus 1% LSB. Adjust the gain trimming
potentiometer until the LSB output flickers between
logic 0’ and logic "“1"".

In the case of a bipolar A/D converter the calibration is
identical except that the first part of step three is modified as
follows:

3. Adjust the output from the voltage reference source to
minus full scale plus % LSB.

1. Connect a precision pulse generator to the “Start
Convert” input terminal. The generator should be set to
give a pulse width and amplitude as specified in the
converter data sheet. The repetition rate should be set
for the conversion time of the converter.

The calibration of D/A converters is similar but even simpler.
Zero digital input is applied to the converter and the offset
trimming potentiometer is adjusted to give zero analog output.
The full scale digital input is applied and the gain trimming
potentiometer adjusted to give analog full scale output minus
1 LSB.
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AlD Converter
Rapid Selection Guide

The Rapid Selection Guide presented below is a capsule
summary of all of Datel Systems’ A/D converter lines. Be-
cause we manufacture the broadest line of A/D converters in
the industry, this table is a useful guide for quickly locating
the converters, by price range and performance, that are best

suited for your particular application.

After locating the desired converter series, turn to the follow-
ing pages which present more detailed specifications of the
various models in tabular form.

Converter Conversion Conversion See
Type Resolution Method Time Price Range Page

o W ADC-Econo 6 Bits Count Up 50 usec. 100 ppm/°C $29.95 20
b ADC-89A 8 Bits Count Up 100-200 psec. 50 ppm/°C $69.00 20
Purpose ADC-D, K 8,10, 12 Bits Succ.Approx. 50 usec. 30-50 ppm/°C $ 79 - $139 20
ADC-MA 10, 12 Bits  Succ.Approx. 20-40 usec. 30 ppm/°C $ 95- %145 20

High ADC-149 14 Bits - Succ. Approx. 50 usec. 15 ppm/°C $239.00 22
Perfolinance ADC-CM 8,10, 12 Bits Succ.Approx. 250-350 usec. 30 ppm/°C $149 - $169 22
ADC-L, M 8,10, 12Bits Succ.Approx. 4-20 usec. 10 ppm/°C $135 - $349 22

ADC-E 8,10, 12 Bits Dual Slope 312 usec. - 5 msec. 50 ppm/°C $79-% 99 24

Dual Slope ADC-ER 8,10, 12 Bits Dual Slope 43.3-76.7 msec. 35 ppm/°C $79-% 99 24
ADC-EP 14 Bits Dual Slope 230 msec. 13 ppm/°C $179.00 24

ADC-EH 8,10, 12 Bits Succ.Approx. 2.0-8.0 usec. 30-50ppm/°C  $ 85 - $209 26

Fast ADC-N, P 8,10, 12 Bits Succ.Approx. 2.0-4.0 usec. 20 ppm/°C $275 - $325 26
ADC-SH4B 4 Bits Succ. Approx. 500 nsec. 200 ppm/°C $ 79.00 26

ADC-EH12B3 12 Bits Succ. Approx. 2.0 usec. 30 ppm/°C $249.00 28

BesFast ADC-G, H 4,6,8,10Bits Succ.Approx. 400 nsec.-1.0 usec. 20-50 ppm/°C  $239 - $349 28
ADC-UH, VH 4,6, 8 Bits Parallel (Flash) 40-200 nsec. 50 ppm/°C $695-$895 28

ADC-TV 8 Bits Parallel (Flash) 60 nsec. 100 ppm/°C i 28

Monolithic ADC-EK 8,10, 12Bits Volt. to Freq. 1.25-20 msec. 40 ppm/°C $ 1350-$36 30
ADC-HX 12 Bits Succ. Approx. 20 usec. 20 ppm/°C $ 85-$155 30

ADC-HZ, HS 12 Bits Succ.Approx. 8 usec. 20 ppm/°C $119 - $195 30

Hybrid ADC-HC 12 Bits Succ. Approx. 300 usec. 20 ppm/°C - 30
ADC-HF 12 Bits Succ. Approx. 2 usec. 20 ppm/bC i 30

ADC-HU 3 Bits Parallel 20 nsec. 5 ppm/°C X 30

*To be announced
GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/19



Low Cost, General Purpose
AlID Converters

Accuracy Conversion Output
Model Resolution (% FS) Time Coding (2) Input Ranges
ADC-Econo. 6 Bits 0.8% 50 usec. Bin +5,+10, 12.5,£6V
Lowest Cost ADC-89A8B 8 Bits 0.2% 200 usec. Bin 0 to +10V, 5V
ADC-89A8D 2 Digits 0.5% 100 usec. BCD 0 to +10V
ADC-D8B 8 Bits 0.2%
Low Cost
Successive ADC-D10B 10 Bits .05% 50 usec. Bin, 2C 0 to +10V, 5V
A d :
il ADC-D12B 12 Bits 01%
- 1 0
T G ADC-K8B 8 Bits 0.2%
Successive ADC-K10B 10 Bits .05% 50 usec. Bin, 2C 0to +10V, 5V
iy ADC-K12B 12 Bits 01%
ADC-MA10B2A 10 Bits .05% 40 usec.
ADC-MA10B2B 10 Bits .05% 20 usec. r 0 to +5, +10V
ADC-12Q2 ; Bin, 2C
Equivalent » ADC-MA12B2A 12 Bits .01% 40 usec. +2.5, 15, 10V
ADC-MA12B2B 12 Bits .01% 20 usec.

NOTES: 1. An optional high impedance buffer amplifier is available on special order
to give 1000 megohms input impedance. Add $20.00 to price.

2. Coding: Bin = Straight binary or offset binary
BCD = Binary coded decimal
2C = Two's complement

Vol 3/20 See inside back cover for DATEL sales offices Electronic Design’s



ADC-ECONOVERTER: This lowest cost model is a counting
type converter with 6 bit resolution and 50 usec. conversion
time for a full scale conversion.

ADC-89A SERIES: These low cost models are 8 bit binary or
2 digit BCD counting type converters with 200 and 100 usec.

conversion times respectively. DATEL DATEL
Bmmmamc » D SYSTEMS, INC.

ADC-D SERIES: This series uses successive approximation for
8, 10, and 12 bit resolutions with conversion time of 50 usec. A/D CONVERTER A/D CONVERTER
ADC-K SERIES: These models are also low cost successive ADC' Abc- MA12B2A
approximation types with 8, 10, and 12 bit resolutions and . 3

o , DSTEL
30 ppm/°C tempco. . as‘%‘;‘”& SYSTEMS ING.
ADC-MA‘ SERIES: These versat‘ile 10 and 12 bit modgls A/D CONVERTER A/DCONVERTEa
feature pin programmable operating features with conversion .

times of 40 and 20 usec. The ADC-MA12B2A is a pin and
performance equivalent of the popular ADC-12QZ model.

oo QTS | o ST

ALL MODELS: have operating temperature range of 0°C to
70°C; have DTL/TTL compatible outputs; use DILS-1 or
DILS-2 dual-in-line strips for sockets.

See pages 283 and 284 for information on Extended Perform-
ance versions.

Input Power Case Size
Impedance Gain Tempco Requirement (inches)
1/2 LSB 4.2 K 100 ppm/°C +15V, +5V 2 x°2 x.0.375 $29.95
1/2 LSB 5K 50 ppm/°C 15V, +5V 3%2x10.375 Ll ’
$69.00
$ 79.00
1/2 LSB 10K 50 ppm/°C +15V, +56V 4x2x04 $105.00 %
$129.00
$109.00
1/2.LSB 10 K 30 ppm/°C +15V, +5V 4x2x04 $129.00 ¥
$139.00
$95.00
1/2 LSB 2.5,5,10 K 30 ppm/°C +15V, +5V 4x2x04 Sl 51
(1) $125.00
$145.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet.
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High Performance
AlID Converters

Accuracy Conversion Output
Model Resolution (% FS) Time Coding (2) Input Ranges
14 Bits ADC-149-14B 14 Bits .005% 50 usec. Bin,2C —10,—20,+5,+10V
ADC-CM8B 8 Bits 0.2% 250 usec.
gl ADC-CM108 10 Bits 05% 300 sec. Bin ~5,-10,45,10V
ADC-CM12B 12 Bits .01% 350 usec.
High ADC-L8B 8 Bits 0.2% 12 usec.
Performance ADC-L10B 10 Bits .05% 16 usec. Bin, 2C | #5,+10, 5, £10V
i‘;c;:’;i‘i‘:aﬁon ADC-L12B 12 Bits 01% 20 psec.
ADC-L8D 2 Digits 0.5% 12 usec. BCD 0 to +5, +10V
ADC-L12D 3 Digits .05% 20 usec.
ADC-M8B 8 Bits 0.2% 4.0 usec.
High ADC-M10B 10 Bits .05% 11.5 usec; Bin, 2C +5,+10, 5, +10V
s b ADC-M128B 12 Bits - 01% 13.0 psec.
Approximation ADC-M8D 2 Digits 0.5% 4.0 psec. e 010 +6, +10V
ADC-M12D 3 Digits .05% 13.0 usec.

NOTES: 1. An optional high impedance buffer amplifier is available on special order to give
10 megohms input impedance. Add $20.00 to price.

2. Coding: Bin = Straight binary on offset binary
BCD = Binary coded decimal
2C =Two’s complement

Vol 3/22 See inside back cover for DATEL sales offices Electronic Design’s



ADC-149-14B: This low cost, high resolution converter uses
the successive approximation method to achieve 14 bit resol-
ution with a 15 ppm/°C tempco. Conversion time is 50 usec.

ADC-CM SERIES: These 8, 10, and 12 bit converters use
CMOS circuitry to achieve a low power consumption of
140mW for portable and remote instrumentation applications.
These units can operate from either a single +12 to +15V
supply or from dual £12 to £15V supplies.

ADC-L SERIES: These high performance successive approx-
imation converters feature 8, 10, and 12 bit conversions in
less than 20 usec. and a low tempco of 10 ppm/°C. Specific
input voltage ranges must be ordered by model number.

ADC-M SERIES: These models are also fast, high perform-
ance successive approximation converters with less than 13
usec. conversion time. Tempco is 10 ppm/°C and input volt-
age ranges must be ordered by model number.

ALL MODELS: have operating temperature range of 0°C
to 70°C; have DTL/TTL or CMOS compatible outputs; use
DILS-1 or DILS-2 dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Per-
formance versions.

Input Power Case Size
Impedance Gain Tempco Requirement (inches)
1 LSB 5,10 K 15 ppm/°C 15V, +bV 4x2x0.8 $239.00 55
$149.00
1/2 LSB 25,50 100 K 30 ppm/°C +12 to +15V Six2x0:8 $159.00 57
$169.00
3 x.2.x0.375 $135.00
$155.00
1/2 LSB 10 K (1) 10 ppm/°C +15V, +5V 4x2x0.4 $175.00 i
$135.00
$175.00
3 %2 x:0.375 $229.00
$295.00
1/2 LSB 10 K (1) 10 ppm/°C 15V, +5V 4x2x0.4 $349.00 i
$229.00
$349.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet.
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Dual Slope Integrating
AID Converters

Accuracy Conversion Output
Model Resolution (% FS) Time Coding (2) Input Ranges
ADC-E8B 8 Bits 0.2% 312 usec.
Reliag ADC-E10B 10 Bits 05% 125 msec.  SM.Bin  #1,%5 +10V
Integrating ADC-E12B 12 Bits .01% 5.0 msec.
ADC-E8D 2 Digits 0.5% 500 usec. SM.BCD +2, %5, +10V
ADC-E12D 3 Digits .05% 5.0 msec.
High ADC-EP14B 14 Bits 01% 230 msec. S.M. Bin LN 1)
Rasolution ADC-EP16D 4 Digits 01% 230 msec. SM.BCD +2V (1)
ADC-ER8B 8 Bits 0.2% 43.3 msec.
4 Wire ADC-ER10B 10 Bits .05% 43.3 msec. S.M. Bin 1V (1)
Haomxio ADC-ER12B 12 Bits 01% 43.3 msec.
ADC-ER8D 2 Digits 0.5% 76.7 msec. SM.BCD 2V (1)
ADC-ER12D 3 Digits .05% 76.7 msec.

NOTES: 1. Has four wire ratiometric inputs

2. Coding: S.M. Bin = Sign-magnitude binary
S.M. BCD = Sign-magnitude BCD
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ADC-E SERIES: These models feature 8, 10, and 12 bit resol-
ution with both binary and BCD coding. Conversion time is
from 312 usec. to 5 msec. depending on the resolution. Coding
is sign-magnitude binary or sign-magnitude BCD.

ADC-EP SERIES: These high resolution models feature 14
binary bits or 4 BCD digits with a conversion time of 230
msec. Temperature coefficient is 13ppm/°C. The analog front
end of this converter is electrically floated from digital ground
to give £300V common mode input range with greater than
100 dB CMR. The input is 4 wire ratiometric with a flying
capacitor reference input. An auto zeroing circuit stabilizes
zero drift to less than 1uV/°C. A crystal controlled clock re-
sults in better than 60 dB normal mode rejection to input
frequency noise.

EP148

ADC-ER SERIES: This series also features 4 wire ratiometric
input along with operation from a single +5V supply. The
analog input is differential with 70 dB of common mode re-
jection. The internal clock can be adjusted for synchronism
with the power line frequency to give 40 dB of normal mode
rejection to this noise. Resolution is 8, 10, and 12 bits with
both binary and BCD models.

ALL MODELS: have operating temperature range of 0°C to
70°C: have DTL/TTL compatible outputs; use DILS-1 or
DILS-2 dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Perform-
ance versions.

Input Power Case Size
Linearity Impedance Gain Tempco Requirement (inches)
$ 79.00
$ 89.00
.01% 100 Meg, 10K 50 ppm/°C 15V, 5V 4x2x04 $ 99.00 E
$ 79.00
$ 99.00
.01% 100 Meg. 13 ppm/°C £15V, +5V 4x2x0.8 —————$1 bl 65
$179.00
$ 79.00
$ 89.00
.05% 100 Meg. 35 ppm/°C +5V 4x2x04 $ 99.00 61
$ 79.00
$ 99.00
THESE CONVERTERS ARE COVERED UNDER GSA CONTRACT *Contact nearest Datel sales office for data sheet.
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Fast AID Converters

Conversion Output

Resolution Accuracy Time Coding (1) Input Ranges

- 1 0,
Fas.t ADC-EH8B1 8 Bits 0.2% 4.0 usec. Bin, 2C 0to +10V, +5V
8 Bit ADC-EH8B2 8 Bits 0.2% 2.0 usec.
- 1 0
Fast ADC-EH10B1 10 Bits .05% 4.0 usec. Mol Th o VL
10 Bit ADC-EH10B2 10 Bits .05% 2.0 psec.
- 1 0
ADC-EH12B1 12 Bits .01% 8.0 usec. Bin, 2C 0 to +10V, +5V
ADC-EH12B2 12 Bits 01% 4.0 usec.
Fast ADC-N10B 10 Bits .06% 4.0 usec. Bin 0 to -5, —10V
10 & 12 Bit ADC-N12B 12 Bits 01% 4.0 psec. 15 +10V
Eact ADC-P8B 8 Bits 0.2% 2.0 psec. =0 0to —5, —10V
8 & 10 Bit ADC-P10B 10 Bits 05% 2.0 usec. +5, +10V
4 Bit w. S/H ADC-SH4B 4 Bits 3.0% 500 nsec. Bin 0to +1V

OTES: 1. Coding: Bin = Straight binary or offset binary

2C = Two's complement

Vol 3/26 See inside back cover for DATEL sales offices Electronic Design’s



ADC-EH8B SERIES: These 8 bit successive approximation
converters feature 4 and 2 usec. conversion times at low
cost. Temperature coefficient is 50ppm/°C.

ADC-EH10B SERIES: This series of 10 bit converters uses
the successive approximation method with 4 and 2 usec.
conversion times and 30ppm/°C tempco.

ADC-EH12B SERIES: These 12 bit models are also succes-
sive approximation types with 8 and 4 usec. conversion
times. Tempco is 30ppm/°C.

ADC-N SERIES: This series features 10 and 12 bit models
both with 4 usec. conversion times and 20ppm/°C tempco.
Successive approximation is used.

ADC-P SERIES: These 8 and 10 bit models are successive
approximation converters both with 2 usec. conversion
time and 20ppm/°C tempco.

ADC-SH4B: This model is a 4 bit A/D converter with a self-
contained sample-hold circuit. Time for both acquisition
and conversion is 500 nsec. This device is designed for
optical scanning and fast pulse code modulation applica-
tions.

ALL MODELS: have operating temperature range of
0°C to 70°C; have DTL/TTL compatible outputs; use DILS-
1 or DILS-2 dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Per-
formance versions

SEART
CONVERT

DoarEL

SYSTEMSING.

AID CONVERTER

Input Power Case Size
Linearity Impedance Gain Tempco Requirement (inches)
.00
1/2 LSB 445K 50 ppm/°C 15V, +5V 2x2x0.375 %50 37
$129.00
1/2 LSB 2.3 K 30 ppm/°C +15V, +56V 3x2x0.375 hbifl 39
$189.00
1/2 LSB 23K 30 ppm/°C +15V, +5V 4 x2x0.375 $168.00 41
$209.00
1/2 LSB 500, 1K, 2K 20 ppm/°C 15V, +5V 4x2x0.8 $276.00 *
$295.00
; 305.
1/2 LSB 500, 1K, 2K 20 ppm/°C +15V, +5V ¥l Seo *
4x2x0.8 $325.00
2% 50 ohms 200 ppm/°C +15V, +5V 2x2x0.375 $ 79.00 *

THESE CONVERTERS ARE COVERED BY GSA CONTRACT

*Contact nearest Datel sales office for data sheet.
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Ultra=Fast AID Converters

Conversion Output
Model Resolution Accuracy Time Coding Input Ranges
12 Bit, 2 usec. ADC-EH12B3 12 Bits .01% 2.0 usec. Bin, 2C 0 to +10V, t5V
ADC-G8B 8 Bits 0.2% 800 nsec.
100 nsec./Bit Bin,2C -5,-10, 5, +10V
ADC-G10B 10 Bits .05% 1.0 usec,
ADC-H4B 4 Bits 3.0% 400 nsec.
ADC-H6B 6 Bits 0.8% 600 nsec. O0to-5,-10V
100 nsec./Bit Bin, 2C
ADC-H8B 8 Bits 0.2% 800 nsec. 15V, 10V
ADC-H10B 10 Bits .05% 1.0 usec.
ADC-VH4B 4 Bits 3.0% 100 nsec.
Parallel Type ADC-VH6B 6 Bits 0.8% 200 nsec. Bin 0 to -2.56 (1)
ADC-VH8B 8 Bits 0.4% 200 nsec.
ADC-UH4B 4 Bits 3.0% 40 nsec.
Parallel Type ADC-UH6B 6 Bits 0.8% 100 nsec. Bin 0 to -2.56 (1)
ADC-UH8B 8 Bits 0.4% 100 nsec.
8 Bit Video ADC-TVS8B 8 Bits 0.2% 50 nsec. Bin +0.25 to £10V (2)

NOTES: 1. Bipolar versions are also available with £1.28V input. Add $50.00 to price.

2. Input can be configured for unipolar operation by user. Input impedance

is 50 ohms for £0.25V input.

3. Coding: Bin= Straight binary or offset binary
2C = Two's complement

Vol 3/28
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ADC-EH12B3: This 12 bit converter with 2 usec. conversion
time is the fastest 12 bit modular converter in the industry.
Unipolar or bipolar operation is achieved by pin connection.

ADC-G SERIES: These converters feature conversions of 100
nsec. per bit for 8 and 10 bit conversions with a tempco of
50 ppm/°C.

L

ADC-H SERIES: This series also features 100 nsec. per bit
for 4 through 10 bit conversions. Tempco is 20 ppm/OC. A/D CONVERTER

ADC-VH SERIES: These models use the parallel (or flash)
conversion technique to realize a 4 bit conversion in 100 nsec.
and 6 or 8 bit conversions in 200 nsec.

ADC-UH SERIES: This series is identical with the VH series
except for faster conversion speed of 40 nsec. for 4 bits and
100 nsec. for 6 or 8 bits.

ADC-TV8B: This soon to be available model is a small circuit N i
card made up of hybrid and monolithic components. It per-
forms 8 bit conversions at better than 15 MHz rate.

ALL MODELS: Have operating temperature range of 0°C to
70°C; have DTL/TTL compatible outputs (ADC-TV8B has

ECL compatible outputs); use DILS-1 or DILS-2 dual-in-line See pages 284 and 285 for information on Extended Perform-
strips for sockets (ADC-TV8B uses a standard edge connector). ance versions.
Input Power Case Size See
Linearity Impedance Gain Tempco Requirement (inches) Price (1-9) Page
1/2 LSB 1.15 K 30 ppm/°C +15V, +5V 4x2x04 $249.00 43
4x2x0.4 $239.00
1/2 LSB 500, 1K, 2K 50 ppm/°C +16V, +5V
4x2x0.8 $279.00 45
4x2x04 $279.00
5 34 e ' v 4x2x04 $299.00 .
1/2 LSB 500, 1K, 2K m +15V, +5
e 4x2x04 $319.00
4x2x0.8 $349.00
1/2 LSB $695.00
1/2 LSB 100 ohms 50 ppm/°C +15V, 35V 5x3x1.15 $745.00 5
1LSB $795.00
1/2 LSB $795.00
1/2 LSB 100 ohms 50 ppm/°C +15V, 15V %3 x 1.15 $845.00 47
1LSB $895.00
1/2 LSB 50 ohms (2) 60 ppm/°C +15V, #5V 75 x4.25 x0.875 * o
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *To be announced

**Contact nearest Datel sales office for data sheet
and availability.
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Hvybrid and Monolithic
AlID Converters

ADC-EK SERIES: This series of monolithic converters are
integrating devices using the voltage to frequency conversion
principle. Resolutions of 8, 10, and 12 binary bits and 3 BCD
digits are offered. An external reference is required.

ADC-HX SERIES: This series of hybrid models offer 12 bit
conversion in 20 usec. The units have pin-programmable input
ranges and short cycling capability. Three temperature range
versions are available.

ADC-HZ SERIES: These hybrid converters give 12 bit resolu-
tion in only 8 usec. conversion time. Pin-programmable input
ranges and short cycle capability are featured. Short cycling
results in 10 bit conversion in 6 usec. and 8 bit conversion in
4 usec. Three temperature range versions are available.

Conversion Output
Model Resolution Accuracy Time Coding Input Ranges
ADC-EK8B 8 Bits 0.2% 1.25 msec. Bin
New!
"y ADC-EK10B 10 Bits .05% 5 msec. Bin
Monolithic 0 to +10, ¥5V
) ADC-EK12B 12 Bits .01% 20 msec. Bin
Series
ADC-EK12D 3 Digits .05% 10 msec. BCD
ADC-HX12BGC
New! Hybrid : . 0 to +5, +10V
12 Bit, 20 psec. ADC-HX12BMR 12 Bits 01% 20 usec. € Bin, C2C 2.5, +5, +10V
ADC-HX12BMM
ADC-HZ12BGC
New! Hybrid . . 0 to +5, +10V
12 Bit, 8 usec. ADC-HZ12BMR 12 Bits 01% 8 usec. CBin,C2C 2.5, +5, +10V
ADC-HZ12BMM
Coming! Hybrid ADC-HS12B (1) 12 Bits .01% 8 usec. CBin,C2C 45, +10, £2.5, 15, +10V
Coming! 12 Bit ADC-HC12B 12 Bits .01% 300 usec. Bin, 2C +5, +10, £2.5, 15, +10V
Hybird CMOS ADC-HC12D 3 Digits .05% 300 usec. BCD 0 to+b, +10V
Coming! Hybrid ADC-HF12B 12 Bits 01% 2 usec. Bin, 2C +5, +10, £2.5, 5, 10V
Coming! Hybrid ADC-HU3B 3 Bits 6% 20 nsec. Bin 2.5V

NOTES: 1. The ADC-HS12B has an internal sample hold circuit ahead of the

A/D converter.

2. Coding: Bin
2C
BCD
C Bin
C:2C

L R | S [

Straight binary or offset binary
Two's complement

Binary coded decimal
Complementary binary or comp. offset Bin
Complementary two’s complement

Vol 3/30
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ADC-HS12B: This model combines a 12 bit 8 usec. converter
and a sample-hold circuit into a single hybrid package. Coming
soon.

ADC-HC SERIES: These models are 12 bit hybrid CMOS de-
vices for low power applications. Coming soon.

»

ADC-HF12B: This ultra speed hybrid converter provides 12 DATEL
bit conversion in just 2 usec. Coming soon. BS\-STFMS INC. Dmgvsm“&a'.m

A/D CONVERTER A/D CONVERTRER
ADC-HU3B: This hybrid model is a 3 bit parallel (flash) type. ADC-HZ12BGC ADC-HX12BM

A 3 bit conversion is performed in 20 nsec. Several units may
be used together to make an ultra fast 8 bit A/D converter.
Coming soon.

ALL MODELS: Have operating temperature range of 0°C to
20°C except for those models specified otherwise; have
DTL/TTL compatible outputs except for ADC-HC which has
CMOS compatible outputs; use DILS-1 or DILS-2 dual-in-line
strips for sockets except for ADC-IC and ADC-EK.

Power Case Size
Linearity Temp. Range Gain Tempco, Requirement (inches) Price (1-9)
$13.50
) $26.00
1/2 LSB 0to 70C 40 ppm/°C +5V 24 Pin DIP *x
$36.00
$29.00
0to 70C $ 85.00
1/2 LSB -25 to +85C 20 ppm/°C +15V, 46V 32 Pin DIP $125.00 33
-55to +100C $155.00
0 to 70C $119.00
1/2 LSB —-25 to +85C 20 ppm/°C +15V, +6V 32 Pin DIP $169.00 33
- 55 to +100C $195.00
1/2 LSB 0 to 70C 20 ppm/°C +15V, 45V 32 Pin DIP * *x
1/2 LSB 5 : *
- 0to70C 20 ppm/C +15V, +6V 32 Pin DIP *%
1/2 LSB *
1/2 LSB 0 to 70C 20 ppm/°C +15V, +56V 32 Pin DIP *
* ¥
0.2% 0to 70C 5 ppm/°C 5V 32 Pin DIP *
*To be announced
THESE CONVERTERS ARE COVERED BY GSA CONTRACT ** Contact nearest Datel sales office for data sheet

and availability.
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N DATEL

»- 4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

DATA ACQUISITION SYSTEM
PROGRAMMER SEQUENCER

FEATURES

LOW POWER 16 CHANNEL DATA
ACQUISITION SYSTEM CONTROL LOGIC

P Random/Sequential Channel Selection

P Gated Inputs for Computer Bus or Party
Line Operation

P 16 Channel Capacity-Expandable

P Compatibility with Other Datel Modules

GENERAL DESCRIPTION

The SCL-1 provides all of the necessary
control logic that is needed to integrate
Datel’s multiplexer, sample and hold,
and A/D converters into a working 16
channel data acquisition system, all at
substantial cost savings over prepack-
aged systems and with the additional
choice of speed and performance specs
of the components.

The SCL-1 reduces the basic external
control functions to a simple ready/
busy - strobe technique while providing
both random or sequential channel se-
{ection modes. Other features include all
the necessary controls for easy com-
puter interfacing such as device select
and strobe inputs for party line opera-
tions. All significant inputs are carried
through the SCL-1 for system varia-
tions.

The SCL-1 also has provisions for short
cycle (less than 16 channel operation)
and provides a frame sync output at
channel 1 for system expansion.

A single SCL-1 is capable of handling
one Model MM-16 analog multiplexer
for a 16 channel single ended system or
an MMD-8 analog multiplexer for an 8
channel differential system. Channel ca-
pacity can be expanded, in the incre-
ments mentioned above, by simply add-
ing MM-16’s and SCL-1's. By employing
the AM-201 instrumentation amplifier,
a low level differential system can be
configured for transducer monitoring
and digital processing. With the excep-
tion of the SHM-2, all of Datel Systems’
sample and hold circuits can be con-
nected directly to the SCL-1. Datel’s
selection of A/D converters will allow
for high conversion speeds with 8 bit to
14 bit resolution.

Price (1-9) $69.00

NOTE:
For low power applications contact
Datel for information on Model SCL-CM

DEVICE SELECT
STROBE

RESET

RANDOM/SEQUENTIAL

4 BIT BINARY j

RANDOM

ADDRESS SCL-1
INPUTS NOTE 1

BUSY

CONVERT INPUT

SHORT
CYCLE
INPUTS

GP
BLOCK DIAGRAM !
+5Vv GND

TTITILITI T

24
6

- -
L

2

2 CHANNEL

« [ ADDRESS
OUTPUTS

4 | (SEQUENCER)

8

)

CONVERT OUTPUT

FRAME SYNC
STROBE
RESET
CLOCK

SEQUENCER

CARRY
OUTPUTS

TYPICAL 16 Channel
DATA ACQUISITION SYSTEM
USING THE SCL-1

FUSE

wsvac 9 K 1
o

1l

ANALOG BPM - 16/200
GND

cH 1

415 COM. 18 +5 coMm.

UPM §/10008
POWER SUPPLY

NOTE: 1

2

MM 16 ANALOG MULTIPLEXER
=
=
=
o
=
2
e
T
=
<
[

20 PWR. GND

—A AL A auay conv

22 CONVERTER

v FCI e e
A/D

CH 16 - I
CONVERT

STROBE

RANDOM/SEQ.

SE
DEVICE SEL.

5] 30

sty S0

PROGRAMMER 4o

ADORESS
i INPUTS

oW 8/
Fom 12 CHL

scL 7 FRAME SYNC

RANDOM {i""_ 3  seouencen 3 } SHORT CYCLE
PR— INPUTS
S

1

I}

1 DIGITAL
1OUTPUT!
1

1
1
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DATEL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

b

LOW COST, 12 BIT HYBRID
ANALOG TO DIGITAL CONVERTERS

ADC-HX, ADC-HZ SERIES

FEATURES

P 12 Bit Resolution

» 8 or 20uSec. Conversion
P Programmable Ranges
» Internal Buffer Amp.

» Short Cycle Capability
P Glass or Metal Package

GENERAL DESCRIPTION

The ADC-HX12B and ADC-HZ12B are self-
contained, high performance, 12 bit A/D
converters manufactured with thin-film hy-
brid technology. They use the successive ap-
proximation conversion technique to
achieve a 12 bit conversion in 20 and 8
microseconds respectively. Five input volt-
age ranges are programmable by external
pin connection: 0 to +5V, 0 to +10V,
+2.5V, *5V, and *10V. An internal buffer
amplifier is also provided for applications
where 100 megohm input impedance is re-
quired.

These converters utilize a fast 12 bit DAC
consisting of tightly matched monolithic
quad current switches, a stable nichrome
thin-film resistor network, and a precision
zener reference source. The circuit also con-
tains a fast monolithic comparator, a mono-
lithic 12 bit successive approximation regis-
ter, a clock, and a monolithic buffer amplifi-
er. The thin-film resistor network is func-
tionally trimmed by a laser to precisely set
the 8-4-2-1 current weighting in the quad
current switches. The close tracking of the
thin-film resistor and quad current switches
result in a differential nonlinearity tempco
of only *2ppm/°C. Gain tempco is
+20ppm/°C maximum.

Both models have identical operation except
for conversion speed. They can be short-
cycled to give faster conversion in lower res-
olution applications. Use of the internal
buffer amplifier increases conversion time
by 3usec., the settling time of the amplifier.
Output coding is complementary binary,
complementary offset binary, or comple-
mentary 2's complement. Serial data is also
brought out. The package is a 32 pin her-
metically sealed glass or metal case. Six dif-
ferent models are offered covering the oper-
ating temperature ranges of 0 to 70°C, -25
to +85°C, and - 55 to +100°C.

+16V
POWER

18V
POWE

@

PRI

A/D CONVERTER
ADC-HX12BMR

REF
R out

5V

i
|
|
|
1

(ACTUAL SIZE)
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BUFFER
INPUT

BUFFER
ouTPUT @

BIPOLAR

BUFFER
AMPLIFIER

PRECISION
REF, (+6.3V)

GAIN

|

2, ADJ

orrseT &

MPAR.
20 22

INPUT
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INPUT

20v
INPUT
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[ COMPARATOR
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INPUTS
Analog Input Ranges, unipolar . .......
Analog Input Ranges, bipolar ........
Input Impedance .. ...............

Input Impedance with Buffer .........
Input Bias Current of Buffer ..........
Input Overvoltage .................
Start Conversion s sswssmasimas

ADC-HX12B ADC-HZ12B

0 to +5V, 0 to +10V FS

+2.5V, +5V, +10V FS

2.5K (0 to +5V, £2.5V)

5K (0 to +10V, +5V)

10K (+10V)

100 Megohms

125nA typ., 250nA max.

+15V

2V min. to 5.5V max. positive pulse with
duration of 100nsec. min. Rise and fall
times <30nsec.

Logic “1"" resets converter

Logic “0" initiates conversion.
Loading: 1 TTL load

OUTPUTS'
Parallel OQutputData . . ..............

Codiiig, UNIPOAT = o v « o & 4 5e% al Laseoils
Coding, bipolar ...« oo e o e wim o s dels
SerialQutputData . .. ..............

End of Conversion (Status) . ..........

Clock QUtput ...l wv e wmv s diwdnm v s

12 parallel lines of data held until next
conversion command.

VouT (“0”) < +0.4V

VouT (“1") = +2.4V

Complementary Binary
Complementary Offset Binary
Complementary Two's Complement
NRZ successive decision pulses out, MSB
first. Compl. Binary or Compl. Offset
Binary Coding

Conversion status signal. Output is logic
‘1" during reset and conversion and
logic ““0" when conversion complete.
Train of positive going +5V 100nsec.
pulses. 600 kHz for ADC-HX12B and
1.5MHz for ADC-HZ12B (pin 17
grounded).

PERFORMANCE

Resolution .....cecvvonovencaaiios
NORINBALITY. < & a5 5c ¢ s 300 o wiw & o 7aioe Vo e
Differential Nonlinearity .. .........
Gain Error, before adjustment . . . .. ...
Zero Error, unipolar, beforeadj. .. ... ..
Offset Error, bipolar, beforeadj. . ... ...
Temp. Coeff.of Gain . ........000:
Temp. Coeff. of Zero, unipolar . ... ...
Temp. Coeff. of Offset, bipolar .. .. ...
Diff. Nonlinearity Tempco. . . . .. ... ..
No MissingCodes . . .............
Conversion Time?, 12 bits . . . .. ... ...
TQBISY i wo'as s @sw s
BB T ik
Buffer Settling Time, 10V step . . ... ...

Power Supply Rejection . . ... ......

12 bits (1 part in 4096)
+1/2 LSB max.

+1/2 LSB max.

+0.1%

+.05% of FSR?

+0.1% of FSR?
+20ppm/° C max.
+5ppm/°C of FSR max.?
+10ppm/°C of FSR max.?
+2ppm/°C of FSR?

Over oper. temp. range

20 psec. max. 8.0 usec. max.
15 usec. max. 6.0 usec. max.
10 usec. max. 4.0 usec. max.

3.0 usec. to .01%
.002% / % Supply max.

POWER REQUIREMENT

+15VDC £0.5V @ 55mA
—15VDC +0.5V @ 45mA
+ 5VDC £0.25 @ 100mA

1. It is recommended that the +15V power input
pins both be bypassed to ground with a .01uF
ceramic capacitor in parallel with a 1uF electro-
lytic capacitor and the +5V power input pin be
bypassed to ground with a 10uF electrolytic
capacitor as shown in the connection diagrams. In
addition, pin 27 should be bypassed to ground
with a .01uF ceramic capacitor. These pre-
cautions will assure noise free operation of the
converter.

2. Digital Common (pin 15) and Analog Common
{pin 26) are not connected together internally,
and therefore must be connected as directly as
possible externaily. It is recommended that a
ground plane be run underneath the case between
the two commons. Analog ground and 15V
power ground should be run to pin 26 whereas
digital ground and +5V ground should be run to
pin 15,

3. External adjustment of zero or offset and gain are
provided for by trimming potentiometers con-
nected as shown in the connection diagrams. The
potentiometer values can be between 10K and
100K ohms and should be 100ppm/°C cermet
types (such as Datel Systems TP series). The ad-
justment range is £0.2% of FSR for zero or offset
and £0.3% for gain. The trimming pots should be
located as close as possible to the converter to
avoid noise pickup. In some cases, for example 8
bit short-cycled operation, external adjustment
may not be necessary.

4. Short cycled operation results in shorter conver-
sion times where the conversion can be truncated
to less than 12 bits. This is done by connecting
pin 14 to the output bit following the last bit
desired. For example for an 8 bit conversion, pin
14 is connected to bit 9 output. Maximum con-
version times are given for short-cycled conver-
sions of 8 or 10 bits. In these two cases the clock
rate is also speeded up by connecting the clock
rate adjust (pin 17) to +6V (10 bits) or +15V (8
bits). The clock rate should not be arbitrarily
speeded up to exceed the maximum conversion
rate at a given resolution, however, or missing
codes will result.

5. Note that output coding is complementary cod-
ing. For unipolar operation it is complementary
binary and for bipolar operation it is comple-
mentary offset binary or complementary 2's com-
plement. In cases where bipolar coding of offset
binary or 2's complement is required, this can be
achieved by inverting the analog input to the con-
verter (using an op amp connected for gain of
—1.0000). The converter is then calibrated so that
~FS analog input gives an output code of 0000
?(1)0(1) 0000, and +FS—1LSB gives 1111 1111

11

6. These converters dissipate approximately 2 watts
of power. The case to ambient thermal resistance
is approximately 25°C per watt. For ambient
temperatures above 50°C, care should be taken
not to restrict air circulation in the vicinity of the
converter.

PHYSICAL-ENVIRONMENTAL
Operating Temperature Range . . . . . .. ..

Storage Temperature Range . . . .. .. ...
PACKAGR!SIZE « i v 5o v ¢ iy oy e w4

Package Type
Ping ;i o s

0 to 70°C, -25 to +85°C,

or -55 to +100°C
-55°C to +100°C
1.70 X 1.10 X 0.2 inches (Glass)
1.74 X 1.14 X 0.2 inches (Metal)
Hermetically sealed glass or metal
Kovar
0.42 oz. (glass), 0.53 oz. (metal)

1. All digital outputs can drive 2 TTL loads.
. Without buffer amplifier used.

. Short cycled operation.

2
3. FSR is tull scale range and is 10V for 0 to +10V or +5V input and 20V for +10V input.
4

ORDERING INFORMATION

TEMP.
MODEL RANGE CASE PRICE(1-9)

ADC-HX12BGC 0to70C GLASS $ 85.00
ADC-HX12BMR -25to +85C METAL $125.00
ADC-HX12BMM -55 to +100C METAL $155.00
ADC-HZ12BGC 0to70C GLASS $119.00
ADC-HZ12BMR -25to +85C METAL $169.00
ADC-HZ12BMM -55 to +100C METAL $195.00

Mating Socket: DILS-2 (2/converter)
at $5.00 /pair

Trimming Potentiometers: TP2K, TP5K, TP10K,
TP20K, TP50K or TP100K at $3.00 each

THESE CONVERTERS ARE COVERED UNDER
GSA CONTRACT
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TIMING AND CONNECTION DIAGRAMS

TIMING DIAGRAM FOR ADC-HX12B, ADC-HZ12B OUTPUT: 101010101010 INPUT/OUTPUT
e R i T T T T T R R B B Y e e T — CONNECTIONS
4| lkwmm”
_‘L‘ ° | |ein FUNCTION |PIN| FUNCTION
I ‘*‘S"""‘ 1 | BIT120UT (LSBI| 17 |CLOCK RATE
eoc I T T Pamaccer 2 | BiIT110UT 18 [REF. OUT
(STATUS T R e — DATA NOW
lvave 3 | BIT100UT 19 [cLOCK OUT
I
Tl ﬁ la— to0mc "W‘F""'“‘ 4 | BIT9OUT 20 [E.0.C. (STATUS)
I - - e 5 | BIT8OUT 21 [START CONVERT
CLOCK
6 | BIT70UT 22 [COMPAR. INPUT
| [ i [ i | | | [ \ [ i o 7 | BIT6out 23 [BIPOLAR OFFSET
S e "f}%“’“‘“ T | y 13 [ - ! 8 | BIT50UT 24 |10V INPUT
SERIAL | I ' | | | | Ht————1
ou i (Msm} : | ; : ; ; | 1 L tLser 10 BIT 30UT 26 |ANALOG COM
el | [ | ! [ [ [ [ i ; : 11 | BIT20UT 27 [GAIN ADJUST
= : ; T ‘ f ‘ : b T t t T T 12 | BIT 10UT (MsB) | 28 [+15V POWER
Ms8) I ! [ | | | | | s
: -—-4———L-__'__—+___,‘_-_1___L___L.__L_-_r___¢ _____ , | [13] BIT10UT (MSB) | 29 [BUFFER OUTPUT
| | | | ! 1 I [ I A 14 | SHORT CYCLE |30 |BUFFER INPUT
| —————— e — e ___‘___,___‘_—_q___L__—_‘
a2 | i [ | | w | | ‘ i : | [ 15 | DIGITAL COM. |31 |15V POWER
[ - } " 1 16 | +5V POWER 32 [SERIAL OUTPUT
| | | |
- . + '
I | ! [ ADC-HX12B ADC-HZ128B
J‘r T4 20 usec. 8.0 usec.
| Tz 1.56 usec. 0.56 usec.
|
|
UNIPOLAR OPERATION, 0 TO +10V BIPOLAR OPERATION, -5V TO +5V
START START
CONVERT IN +5VDC CONVERT IN
16 17 o4 I 16 170— rl
15 180 ) + 15 180 &
o014 190 HIsyoe TouF I——ou 1o 15vDC
o013 200 —t013 200

—to12 210~ 10K sV Al =pot 210~ 10K
—ton AAA _.Sro GND = o011 o— 10
R n::l 29 MEG 100K ANALOG INPUT 22 39 MEG 100K ANALOG INPUT
—+o10 2301 ©TO +10V) —to10 SEAiE 230— (-5V TO +5V)
—1-09 ADC-HX128 24 vo) —t09 240- -0
+5V0C C 2
=08 ADC-H2128 %0 Gk 15V GND DATA — T8 =0 T 15V GND
—_— 01uF OUTPUTS —dl Ot 01uF —
; { o7 9 OWF o MEG 10K [= e o7 %, ‘—_{ 18 MEG b 10k | =
o —t06 270——;4/\/\:———': TO —106 270— —.% T0
u
s ; 100K B 100K
| : T L. 55 o ) )
sv ) ) e P Tw uF
GND = —to3 weoilf=" = =193 00 | f== =
DATA —02 31 Hemts 15v0C —1 02 3 > 15v0C
OUTPUTS ——0 1 320 [ I I °F' —t01 320 { I I o;
/' J /‘ .
1uF CAPS 01uF CAPS ARE CERAMIC TYPES 1uF CAPS 01 uF CAPS ARE CERAMIC TYPES

CODING TABLES

UNIPOLAR OPERATION BIPOLAR OPERATION

COMP. COMP. COMP. TWO'S

INPUT RANGE BINARY CODING INPUT VOLTAGE RANGE OFFSET BINARY COMPLEMENT
0TO+10V | 0 TO +5Vv | MSB LSB +10V +5V +2.5V MSB LSB | MSB LSB
+9.9976V | +4.9988V | 0000 0000 0000 +9.9951V | +4.9976V | +2.4988V | 0000 0000 0000 1000 0000 0000
+8.7500 +4.3750 0001 1111 1111 +7.5000 +3.7500 +1.8750 0001 1111 1111 1001 1111 1111
+7.5000 +3.7500 0011 1111 1111 +5.0000 +2.5000 +1.2500 0011 1111 1111 1011 1111 1111
+5,0000 | +2.,5000 | 0111 1111 1111 0.0000 0.0000 0.0000 | 0111 1111 1111 1119 1111 1111
+2.5000 +1.2600 1031 1111 ‘11 ~5.0000 ~2.5000 -1.2500 1011 1111 1111 0011 1111 1111
+1.2500 +0.6250 1101 A A ~7.5000 -3.7500 -1.8750 1101 1111 1111 0101 1111 1111
+0.0024 | +0.0012 1111 1111 1110 -9.9951 -49976 | —2.4988 1110 1311 1190 | 0191 111 1190
0.0000 0.0000 111 1 1 -10.0000 ~5.0000 —2.5000 11t 1111 111 0111 1111 AN
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CONNECTIONS AND CALIBRATION

ml INPUT CONNECTIONS

INPUT WITHOUT BUFFER WITH BUFFER

VOLT. |[INPUT| CONNECT THESE |INPUT CONNECT THESE

RANGE | PIN | PINS TOGETHER | PIN PINS TOGETHER
0TO +5V 24 |22&25 | 23& 26| 30 |22&25 | 23&26 | 29& 24
0TO +10V| 24 - 23&26| 30 - 23826 | 29&24
2.5V 24 |122&25 | 23&22| 30 (22&25 | 23&22 | 29&24
5V 24 - 23&22| 30 - 23&22 | 29&24
oV 25 — 23&22| 30 - 23&22 | 29&25

SHORT CYCLE OPERATION
CONNECTIONS
8,10, & 12 BIT CONVERSION

—— RESOLUTION 12BITS | 10BITS | 8BITS
ol L B ADC-HX12B CONV, TIME| 20 usec. | 15 usec. | 10 psec.
i ol — 45V ADC-HZ12B CONV. TIME| 8 psec. 6 usec. 4 psec.
el CONNECT THESE 17&15 | 17&16 | 17&28
| ovee ~ | PINS TOGETHER 14816 | 14&2 1484
TO SELECTED PIN 14 CONNECTION

DATA OQUTPUT PIN

CLOCK RATE VS. VOLTAGE RES. (BITS) PIN 14 TO RES. (BITS) PIN 14 TO

1 PIN 11 7 PINS

PIN 17 CLOCK RATE g PIN 10 8 PIN 4

PIN9 9 PIN 3
VOLTAGE | ADC-HX12B | ADC-HZ12B

o o 4 PIN 8 10 PIN 2

ov 600 kHz 1.5MHz 5 PIN 7 1 PIN 1

+5V 720 kHz 1.8MHz 6 PIN 6 12 PIN 16
+15V 880 kHz 2.2MHz
CALIBRATION PROCEDURE
1. Connect converter as shown in the Standard Connection diagrams. Use the CALIBRATION TABLE

Input Connection Table for the desired input voltage range and input

impedance. Apply Start Convert pulses of 100 nsec. minimum duration to pin UNIPOLAR RANGE | ADJUST. | INPUT VOLTAGE
21. The spacing of the pulses should be no less than the maximum conversion ZERO - 206
time. 0TO +5V .6 mV
GAIN +4.9982V
2. Zero and Offset Adjustments ZERO f1.2mV
Appl i ; 0TO +10V
pply a precision voltage reference source between the selected analog input GAIN +9.9963V
and ground. Adjust the output of the reference source to the value shown in BIPOLAR RANGE
the Calibration Table for the unipolar zero adjustment (zero +% LSB) or the
bipolar offset adjustment (—FS+% LSB). Adjust the trimming potentiometer so +2.5V OEZ?ST :g::g;x
that the output code flickers equally between 1111 1111 1111 and 1111 1111 OFFSET —4.9988V
1110. *
g i GAIN +4.9963V
3. Full Scale Adjustment OFFSET —9.9976V
Change the output of the precision voltage reference source to the value shown 10V GAIN 4+9.9927V
in the Calibration Table for the unipolar or bipolar gain adjustment
(+FS—1% LSB). Adjust the gain trimming potentiometer so that the output
code flickers equally between 0000 0000 0001 and 0000 0000 0000.
EXTERNAL CLOCK RATE ADJUSTMENT
+5V +15V
17 O 2K 17 Ot 5K
CLOCK RATE: CLOCK RATE:
—L— 600 kHz to 720 kHz (ADC-HX128B) ~L—- 600 kHz to 880 kHz (ADC-HX12B)
=~ 1570 1.8 MHz (ADC-HZ128B) ~ 1570 2.2 MHz (ADC-HZ12B)
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DATEL

»-J SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FAST, 8 BIT
ANALOG TO DIGITAL CONVERTER

MODEL ADC-EH8B

FEATURES

» 8 Bit Resolution

» 4.0 & 2.0usec. Conversion Time
p» Unipolar or Bipolar Operation
p Parallel & Serial Outputs

» Low Cost

GENERAL DESCRIPTION

The model ADC-EH8B is a fast, 8 bit
successive approximation type analog to
digital converter in a compact
2x 2 x.375 inch module. These con-
verters are low cost devices with applica-
tion in pulse code modulation systems
and instrumentation and control sys-
tems requiring fast data conversion rates
up to 400,000 per second. There are
two models to choose from based on
conversion speed: ADC-EH8B1 with a
conversion time of 4.0 usec. (250 kHz
rate), and ADC-EH8B2 with a conver-
sion time of 2.0 usec. (416 kHz rate).

The high speed in a small size is made
possible by the use of an MSI integrated
circuit which provides all the necessary
successive approximation logic, along
with other new integrated circuit com-
ponents. The analog input range is
either unipolar 0 to +10V or bipolar-5V
to +5V, determined by external pin
connection. For unipolar operation no
external adjustments are necessary; for
bipolar operation only a bipolar offset
adjustment must be made externally.
Parallel output coding is straight binary
for unipolar operation and offset binary
or two's complement for bipolar opera-
tion. A serial output gives successive
decision pulses in NRZ format with
straight or offset binary coding. Other
outputs are clock output for synchroni-
zation with serial data, and MSB output
for two’s complement coding.

Other specifications include full scale
temperature coefficient of 50 ppm/°C
max., long term stability of .05%/year,
and linearity of +1/2 LSB. Power re-
quirement is £15VDC and +5VDC.

The ADC-EH8B1 & 2 are improved
versions of Datel’s former models ADC-
EH1 & 2, and are identical in all specifi-
cations and pin positions except for a
small change in input impedance and
three added output pins for Clock Out,
MSB Out, and Serial Data Out.

+5VDC +15VDC - 15VDC PWR GROUND

@ ® @ @

ANALOG 3
GROUND

PRECISION
REFERENCE

-

ANALOG
weur @)

D/A CONVERTER

BIPOLAR BIPOLAR
oFFseT & OFFSET

COMPARATOR
START

PROGRAMMER
REGISTER

1 EOC
(STATUS)

SERIAL
2 ) DATA

converT@ }
cLock I

ouTt

cLock BITNO. T 1
out e
MSB Ms8

8

2

[ ] |
bo| Lafel
® DEOOOEEW6)

3 4 6

LS8
J

PARALLEL DATA OUT

MECHANICAL DIMENSIONS
INCHES (MM)
2.000
{50, 8)
SIDE VIEW 375 (9.5)
"‘U" 020 DIA /O PINS u 250 MIN. (6,4)
0,5)
2.000 (50, 8}
® i ¥ 1.850
@ 8 28 ’
e 9 i e
e 20 4« @ | 7SPACES
:” 5 8| AT .100EACH
b AN L e
BOTTOM VIEW
O 25 m e s @ —L— 850
2 0 ® | aspaces
2 1 o AT 100EACH
o 13 e 450
o o l 250
@ Neccr e e e ® 0 150
o
I‘——(‘ 80%———" L—- .100
45,
NOTES
1. Open dots designate omitted pins.
2.0.100 inch = 2.5 mm, 0.150 inch = 3.8 mm.

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION
1 E.O.C. (STATUS)
2 SERIAL DATA OUTPUT
3 START CONVERT
4 BIT 1 OUT (MSB)
5 8IT 1 OUT (MSB)
6 BIT 20UT
7 BIT 30UT
8 BIT 4 OUT
9 BIT 5 OUT
10 BIT 6 OUT
1 BIT 7 OUT
12 BIT 8 OUT (LSB)
13 CLOCK OUT
17 +5V POWER IN
18 +15V POWER IN
19 -15V POWER IN
20 POWER GROUND
21 BIPOLAR OFFSET
31 ANALOG GROUND
32 ANALOG INPUT

GOLD BOOK 76/77
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SPECIFICATIONS, ADC-EH8B TIMING DIAGRAM FOR ADC-EH8B  Output: 10101010

(Typical at 25°C, £15V & +5V Supplies, unless otherwise indicated) .
e
INPUTS S}
Analog Input Range OV to +10V FS or 5V FS o . v
Input Impedance.... 4.45K ohms +50 ohms | “"‘""V‘:ﬂ
+20V (no damage) S - I A | SRS y——

2V min. to 5.5V max. positive pulse with du- A (e 28 ; g
ration of 100 nsec. min. Rise and fall times out fo: T2
<50 nsec. u Ut |-| U U U I-I |- -
Logic “1” resets converter e

Logic ““0” initiates conversion
Loading: 1 TTL load

OUTPUTS
Parallel Output Data............. ... 8 parallel lines of data held until next con- ! 0 4 T
version command. ' - : 4 . et L -é
V out (“0”) < +0.4V wra | i ! i { ! ; I ooy B
Vout (“1”) > +2.4V 1 ! +— 4 T : vt 0
Each output capable of driving up to 4 TTL H H H H H l i E :
loads. tse E T T T T, !
Coding, Unipolar Operation....  Straight Binary, positive true ADCESS! 60 80 4l 880 ety : 0
Bipolar Operation....... Offset Binary, positive true. MEREL W A e i
Two's Complement, positive true.
Serial Qutput Data NRZ deci pulse output gener- OUTPUT CODING
ated during conversion, with MSB first. UNIPOLAR (0 TO +10V)
Straight binary or offset binary coding.
Loading: 4 TTL loads SCALE INPUT VOLTAGE STRAIGHT BINARY
End of Conversion (EOC)........ Conversion Status Signal. +FS-1LSB +9.96V 1M1 1111
V out (“0”) <+(.4V indicates +7/8 FS +8.75V 1110 0000
conversion time completed. +3/4 FS +1.50v 1100 0000
V out (“1”) = +2.4V during reset +1/2FS +5.00v 1000 0000
and conversion periods. +1/4 FS +2.50V 0100 0000
Loading: 4 TTL loads. LS8 30,04V 0000 0001
Clock OULPUL ..icoresssrssarernenisions Internal clock pulse train of negative g 0.00V 03000000
going pulses from +5V to OV gated on BIPOLAR (-5V TO +5V)
during conversion time. SCALE INPUT VOLTAGE | OFFSET BIN | 2'S COMPLEMENT
Loading: 6 TTL loads
+FS-1 LSB +4.96V 1M1 o111
PERFORMANCE +3/4 FS +3.75V 1110 0000 0110 0000
Resoluti 8 Bits (1 part in 256) +1/2 FS +2.50V 1100 0000 0100 0000
Accuracy at 25°C +0.2% of FS + 1/2 LSB 0 0.00v 1000 0000 0000 0000
Linearity +1/2 LSB -1/2 FS -2.50Vv 0100 0000 1100 0000
Differential Nonlinearity +1/2 LSB max. TS =205V 0010:0000 10100000
Temp. Coeff. of Gain . + 50ppm/°C max. :;2’1 138 : zgx m m :ggg g;
Temp. Coeff. of Zero, Unipolar + 100uV/°C max.

Temp. Coeff. of Offset, Bipolar + 35 ppm of FS/°C max.

Long Term Stability ............... + .05%/year ADC-EH8B CALIBRATION
Power Supply Rejection +.02% of FS/% supply, max.

+15VDC
Conversion Time 4.0 usec. max., ADC-EH8B1
#0'#sec: max.; ADCEHEB2 CONNECTION FOR 017
BIPOLAR OPERATION
POW 3 ONLY o BOTTOM
ER REQUIREMENT + 15VDC £0.5V @ 25mA max. °19 VIEW
+5VDC + 0.25V @ 125mA max.
TRIMMING POTENTIOMETER
IS 100 PPM/*C CERMET TYPE,
15 TURN. ORDER DATEL MODEL
PHYSICAL-ENVIRONMENTAL 1002 TP100 AT $3.00 EA
Operating Temp. Range.. 0°Cto70°C
Storage Temp. Range -55°C to +85°C 1. UNIPOLAR — No adjustments are necessary and 1002 trimming
Relative Humid| Up to 100% non-condensing pot is not used. Full scale and zero are internally set to better
Case Size..... 2 x 2 x 0.375 inches (50,8 x 50,8 x 9,5 mm) than 1/2 LSB. Pin 21 is left open.
Case Material............co..ooennene Black diallyl phthalate per MIL-M-14 2. BIPOLAR — Connect pin 18 (+15VDC) to pin 21 through a
Pins .020” round, gold plated, .250" Ig. min. 10082 trimming potentiometer as shown. Connect a precision
WIBMIBE crosnissiomsiisonioncsmmmitansn 2 0z. max. (57g.) voltage source to pin 32 and set the input voltage to + 1/2 LSB
or +0.020V. Adjust the trimming potentiometer so that the
output code flickers equally between 1000 0000 and 1000 0001 :
ORDER'NG |NFORMAT|ON For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.
-EX -25°C to +85° C operation
ADC-EH8B __T_ PRICES (1-9) —EXX-HS -55°C to +85°C operation with hermetically sealed

semiconductor components
NOTE: ADC-EH8B1 & 2 replace former models ADC-EH1 & 2 and are
improved models of these units respectively. The only difference from

ADC-EH8B1 $ 85.00

CONVERSION TIME ADC-EH8B2 $129.00

1= 4.0 uSEC. MATING SOCKETS: the previous models is the 3 additional output pins for serial output,
2 =2.4 uSEC DILS-2 (2/MODULE) $5.00/PAIR clock output, and MSB output, and a change in input impedance from
X g TP100 TRIMMING POT. $3.00 EA 5K ohms to 4.45K ohms. If the newly used pins (nos. 2, 4, and 13) cause

a problem in an existing application, they should be clipped off.
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DATEL

10205 Tuvoite Suest, Bulkiing ANALOG TO DIGITAL CONVERTERS

TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

MODEL ADC-EH10B

FEATURES

» 2.0 usec. Conversion — $189.

» 4.0 usec. Conversion — $149.

» 10 Bit Resolution

» Compact 3" x 2" x .375"" Module
» +30ppm/°C max. Tempco

GENERAL DESCRIPTION

Model ADC-EH10B is a very fast 10
bit successive approximation type A/D
converter in a compact low profile
package. Low pricing makes this con-
verter an ideal choice for many appli-
cations including fast scanning data ac-
quisition systems, PCM systems, and

fast pulse analysis. This converter is ADIUST SBV 415V, S1v- CRooND
available in two versions based on con- e ® ® @ T
version speed: ADC-EH10B1 with 4.0 =
usec. (250kHz rate) and ADC-EH10B2 BIPOLAR
with 2.0 usec. (600kHz rate). OERSET OFRSET i 5000
High speed and moderate power con- Ztho " @ A
sumption (1.7 watts) in a compact size = i CONPARATER
(3" x 2" x .375") are made possible by ANINOE ot S CORVERTER
use of an MSI integrated circuit succes- S
sive approximation programmer/regis- 003 1 l l I I [ {I l l
ter used with 10 fast switching current hoono @l 3 5t
sources driving a low impedance R-2R ki PROCRAMNER/REGISTER D sTaTUS)
ladder network. A fast precision com- ) SeRaL
parator and precision voltage reference SRt (3 Al b oot
circuit are also used. CONVERT
Operating features include unipolar (0
to +10V) or _b|polar (tSV) operation T
by external pin connection. The con- SUDeK =

" BITNO1 1 2 3 4 %5 6 7 8 9 10
verter has a maximum full scale tem- our 958 ws8 wse,
perature coefﬁqem of +30ppm/°C ALE s oot
and is monotonic over the full operat-
ing temperature range of 0°C to 70°C.
External offset and gain adjustments
are provided for prec?se calit]yration of MECHANICAL DIMENSIONS INPUT/QUTPUT
zero and full scale. Parallel output cod- INCHES (MM) CONNECTIONS
ing is straight binary for unipolar oper-
ation and offset binary or two’s com- l 3.000 (76, 2) - Fin FLBCS AN
plement for bipolar operation. A serial 1 E,0.C. (STATUS)
output gives successive decision pulses SIDE VIEW .355 (9,5) ;2, QSA%%NS)ESJQ%’:
in NRZ format with straight binary or L] 4 BIT 1 OUT (MSB)
offset binary coding. Other outputs in- U«—(%Zg) DIA. 1/0 PINS U _220mm (6,0 5 BIT 1 OUT (MSB)
clude clock output for synchronizing ‘ 3 :::383:
serial data, MSB output for two's com- 8 BIT 4 OUT
plement coding, and end of conversion g e 120 9 BIT 5 OUT
(status) signal. All outputs are DTL/ - : g :? 3113831
TTL compatible. Power requirement is H o | EacH o BIT 8 OUT
+15VDC and +5VDC. The ADC- e 8e 1150 13 BIT 9 OUT
EH10B is also availat?|e in extended ozs___:‘i’f_”:fi__“___g. - %50,8) :g :&:gLog:T\ksgLT
temperature range versions. o Ll T CLOCK OUT
The ADC-EH10B1 is an improved ver- s % ! B e
sion of Datel’s former ADC-EH10B A . 7 15VDC POWER IN
converter. The ADC-EH10B1 is identi- S @ B Bl i 20| POWER GROUND
cal in all specifications and pin posi- i,_____z”om‘,,___.i ’_,_,Am ? O AR ZER
tions with the former model except 3 GAIN ADJUST.
for a ghaqge in input impedance and "“Og?@ DOTS DESIGNATE OMITTED PINS 31 ANALOG GROUND
reduction in +5V supply current. 2. 0100 INCH : 2. 8mm 32 ANALOG IN

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/39




SPECIFICATIONS, ADC-EH10B

(Typical at 25°C, +15V & +5V Supplies, unless otherwise indicated)

INPUTS

Analog Input Range. . . . . . . OV to +10V FSor +5V FS

Input Impedance . . . . .. .. 23K +0.1%

Input Overvoltage . .. .. .. +20V, no damage

Start Conversion. . . . .. ... 2V min. to 5.5V max. positive pulse
with duration of 100 nsec. min. Rise
and fall times <500 nsec.
Logic “'1" resets converter
Logic 0" initiates conversion
Loading: 1 TTL load

OUTPUTS

Parallel Output Data . . . . . . 10 parallel lines of data held until
next conversion command.
V out (0") < +0.4V
Vout (1) = +2.4V
Each output capable of driving up to
4 TTL loads.

Coding, Unipolar operation . . Straight Binary, positive true

Bipolar operation . . . Offset Binary, positive true

Two's complement, positive true

Serial Output Data . . . . . .. NRZ successive decision pulse output
generated during conversion with
MSB first.

Straight binary or offset binary,
positive true coding.
Loading: 4 TTL loads

End of Conversion (EOC) . . . Conversion Status Signal.
V out (“0") = +0.4V indicates con-
version completed.
V out (“1") = +2.4V during reset and
conversion
Loading: 4 TTL loads

Cloek Qutpat . : : v va.5 » 55 Internal clock pulse train of negative
going pulses from +5V to OV gated on
during conversion time.
Loading: 6 TTL loads

TIMING DIAGRAM FOR ADC-EH10B Output: 101010101

WIART . PR T T A el e e e s S S L T 1
COMVERT 100 nsac min

—ird— 80 naac typ

|
€EocC T
{sTaTUS) (28 T
—

| | | \

‘V’"F"W“J‘“‘."’*“‘

2
3600 nsec tys %

PERFORMANCE

Resolution: . .'v. v v o s 10 Bits (1 part in 1024)
Accuracy at.25°C . . . o sows +.05% of FS +1/2 LSB.
Nonlinearity . . ... ... ... +1/2 LSB max.
Differential Nonlinearity . . . . +1/2 LSB max.
Differential Nonlinearity T.C. . +10ppm/ C max
Temp. Coeff. of Gain . . . . . . +30ppm/ C max.

Temp. Coeff. of Zero, unipolar +100 uV/ C max.

Temp. Coeff. of Offset, bipolar  +20ppm/°C max.

Power Supply Rejection . . .. .01% FS/% supply, max.

Conversion Time . . ...... 4.0 usec. max., ADC-EH10B1
2.0 usec. max., ADC-EH10B2

OUTPUT CODING
UNIPOLAR (0V TO +10V)

SCALE INPUT VOLTAGE STRAIGHT BINARY
+FS -1 LSB +9.9902V MmN n
+7/8 FS +8.7500V 1110 0000 00
+3/4 FS +7.5000V 1100 0000 00
+1/2 FS +5.0000V 1000 0000 00
+1/4 FS +2.5000V 0100 0000 00
+11LSB +0.0098V 0000 0000 01
0 0.0000V 0000 0000 00
BIPOLAR (—-5V TO +5V)
SCALE INPUT VOLTAGE OFFSET BINARY TWO'S COMPLEMENT*
+FS -1 LSB +4.9902V Mminnnnm 0111 1111 11
+3/4 FS +3.7500V 1110 0000 00 0110 0000 00
+1/2 FS +2.5000V 1100 0000 00 0100 0000 00
0 0.0000V 1000 0000 00 0000 0000 00
-1/2 FS -2.5000V 0100 0000 00 1100 0000 00
-3/4 FS -3.7500V 0010 0000 00 1010 0000 00
-Fs+1LsB -4.9902Vv 0000 0000 01 1000 0000 01
-FS -5.0000V 0000 0000 00 1000 0000 00

*Using MSB output for Bit 1

POWER REQUIREMENT +15VDC +0.5VDC @ 45mA max.
-15VDC +0.5VDC @ 20mA max.
+5VDC +0.25VDC @ 150mA max.

PHYSICAL-ENVIRONMENTAL

Operating Temp. Range . . .. 0°Cto 70°C
Storage Temp. Range . . . . . . -25°C to +85°C
Relative Humidity . . . . . . . Up to 100% non-condensing
CaSHISIZe s i) o B - 3 x 2 x .375 inches
(76,2 x 30,8 x 9,5mm)
Case Material . . .. ... ... Black Diallyl Phthalate per MIL-M-14
L [ ey R o Lot AN e e TR S .020" round, gold plated,
.250" long min
WEIgHE . .5 s sy amiese ol 3 0z. max. (85g.)

GAIN & OFFSET ADJUSTMENTS

+15v +15v
OFFSET
vy RO €04
20K 02! 5 o

15v [-: 023 GAIN
GAIT 200 ADJ 00
ANALOG ANALOG
GND. O o GND
ANALOG —0 32 Y[ o S—
IN IN
UNIPOLAR OPERATION BIPOLAR OPERATION

1. Apply START CONVERT pulses to pin 3 (see 1. Apply START CONVERT pulses to pin 3 (see
specifications and timing diagram). specifications and timing diagram).

2. Apply a precision reference voltage source 1o 2. Apply a precision reference voltage source to
ANALOG IN (pin 32) and ANALOG GROUND ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer- (pin 31). Adjust the output of the voltage refer-
ence to Zero +1/2 LSB (+4.9mV). Adjust the ence to -FS +1/2 LSB (-4.9951V). Adjust the
zero trimming potentiometer so that the output offset trimming potentiometer so that the output
code flickers equally between 0000 0000 00 code flickers equally between 0000 0000 00
and 0000 0000 01 and 0000 0000 01

3. Adjust the output of the voltage reference to 3. Adjust the output of the voltage reference to
+FS - 11/2 LSB (+9.9854V). Adjust the GAIN +FS - 11/2 LSB (+4.9854V). Adjust the GAIN
trimming potentiometer so that the output code trimming potentiometer so that the output code
flickers equally between 1111 1111 10 and flickers equally between 1111 1111 10 and

LARRIRARAR AN ARRRIRRRRIRE}

ORDERING INFORMATION
PRICES (1-9)

ABCEHI08 ADC-EH108B1 $149.00
ADC-EH10B2 $189.00
CONVERSION TIME
e MATING SOCKETS:
d ; DILS-2 (2/MODULE) $5.00/PAIR
2= 2.0 psec. TRIMMING POTENTIOMETERS:

TP20, TP200, TP20K $3.00 EACH

For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.
—EX -25°C to +85°C operation
—EXX-HS -55°C to +85°C operation with hermetically sealed
semiconductor components

NOTE: ADC-EH10B1 replaces former Datel model ADC-EH10B and
is an improved version of the model. The only differences from the
previous model is the change in input impedance from 10K ohms to
2.3K ohms, and the reduction in 5V supply current from 280mA to
150mA,

THE ADC-EH10B CONVERTERS ARE COVERED BY GSA CONTRACT
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NDATEL

»- 4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

12 BIT, 4.0

AND 8.0SEC.

ANALOG TO DIGITAL CONVERTERS
MODEL ADC-EH12B1,ADC-EH12B2

FEATURES

» 4.0 usec. Conversion — $209.
» 8.0 usec. Conversion — $169.
» 12 Bit Resolution

» 30PPM/°C Tempco

» Low Profile — 0.4" High

GENERAL DESCRIPTION

Model ADC-EH12B is a 4 microsec-
ond, 12 bit successive approximation
type A/D converter in a low profile 4
x 2 x 0.4 inch module. This high per-
formance converter is priced at about
half that of other competing models;
in addition, it consumes only 2.0 watts
of power, much less than competing

GAIN
ADJUST

POWER
+5V 415V -15V GROUND

)
i

devices. It is ideal for application in
PCM systems, data acquisition sys- =
tems, and other instrumentation and BieOcAR
control systems requiring very fast UnIPOLAR sooa. 5
data conversion rates up to 250,000 2 rAs
per second. The ADC-EH12B is also anaLOS COMPARATOR N EERTER
available in an even lower cost 8.0 2.0k
usec. version. 3000 [ l 1 l l l 1 l I I 1
. o Shoune @ 3 €E0cC
The ADC-EH12B design utilizes an B ST (D (starus)
MSI integrated circuit successive ap- Ok
. . . '
proximation programmer/register, 12 . df
fast switching current sources, a low CONVERT TERoEs
impedance R-2R resistor network, a
precision voltage reference circuit, and 0 OI0OILIBI B EIDIOID
gfast precision comparator to achieve ciocx BTN T 1234567850012
its very fast conversion rate. NsB Mse Lse
PARALLEL DATA OUT
Operating features include unipolar (0
to +10V) or bipolar (£5V) operation
by external pin connection. Full scale
temperature coefficient is 30ppm/°C MECHANICAL DIMENSIONS INPUT/OUTPUT
maximum and the converter is mono- INCHES (MM) CONNECTIONS
tonic over its full operating tempera-
PIN FUNCTION
ture range of 0°C to 70°C. External
. : { 450 lionel 1 E.O.C. (STATUS)
offset and gain adjustments are pro- ! 2 CLOCK OUT.
vided for precise calibration of zero ‘ ! 3 BIT 1 OUT (MSB)
g 2 SIDE VIEW 400 (10, 2)
and full scale. Parallel output coding is ; gff‘,AOLUDTA(L’;;UT
straight binary for unipolar operation U““(%?S,““' o i, mams sy 6 BIT 2 OUT
and offset binary or two’s complement 7 8::3 OuUT
for bipolar operation. A serial output . . o 3 2,{;881
gives successive decision pulses in NRZ 3 : 10 BIT 6 OUT
format with straight binary or offset : $ B0 }; ;g;gg;’
binary coding. Other outputs include o ! 1150 13 BITO OUT
clock output for synchronization with o S vy - - o 14 BIT 10 OUT
: VSR : & - 15 BIT 11 OUT
serla,l data, MSB output for use in § 5 e o St
two’s complement coding, and end of o | 21100 17 +5V POWER N
. . o .
conversion (status) signal. All outputs s ot - ‘g “g" POWER IN
Sa T e e 1 Z15V POWER IN
are DTL/TTL compatible. r T 2 20 POWER GROUND
] : P e = f"—"°° 21 UNIPOLAR ZERO
Power requirement is *15VDC and : 73 BIPOLAR OFFSET
+5VDC. Extended temperature range = CAIN ADJUST
h | ilable v 24 START CONVERT IN
versions are aiso avalla 2 1 OPEN DOTS DESIGNATE OMITTED PINS 31 ANALOG GROUND
2 0100 INCH = 2 5mm 32 ANALOG IN
GOLD BOOK 76/77 inside back cover for DATEL sales offices Vol 3/41




TIMING DIAGRAM FOR ADC-EH12B Output: 101010101010

SPECIFICATIONS, ADC-EH12B

STANT [ e e e e e e e e ————————— 1

(Typical at 25°C, +15V & +5V Supplies, unless otherwise indicated)

CONVERT 100 nese min
i O iy
INPUTS soc = i =y
Analog Input Range . . . . . .. 0V to +10V FS or +5V FS — i
Input Impedance . . ... ... 2.3K ohms +0.1% el 0Onisc s —of 27, fo— —of e X
Input Overvoltage . ... ... +20V, no damage j 5

Start Conversion. . . . ... .. 2V min. to 5.5V max. positive pulse
with duration of 100 nsec. min. Rise
and fall times <500 nsec.

Logic ““1"" resets converter

Logic ‘0" initiates conversion
Loading: 1 TTL load

OUTPUTS
Parallel Output Data

12 parallel lines of data held until
next conversion command.

V out (“0") < +0.4V

Vout ("1") > +2.4V

Each output capable of driving up to
4 TTL loads.

Straight Binary, positive true

Offset Binary, positive true

Two's complement, positive true

]
i
7
!
|
[
_______ iionehionss b oV SRR SN B e
(T Coe (e I i I h

-q4--=---0
or 2 H ———————
Lse) h n T |

ADC-EMI281 208 7600 neac, typ

ADC-EMI282 103 3900 neec, typ

}u« Start Convert & 100 nwec

Coding, Unipolar operation . .
Bipolar operation . . .

OUTPUT CODING
UNIPOLAR (0V TO +10V)

Serial Output Data . . . . . .. NRZ successive decision pulse output SCALE INPUT VOLTAGE | STRAIGHT BINARY
generated during conversion with +FS -1 LSB +9.9976V IRRRRRRIRRR!
MSB first. +7/8 FS +8.7500V 1110 0000 0000
Straight binary or offset binary, +3/4 FS +7.5000V 1100 0000 0000
positive true coding. +1/2 FS +5,0000V 1000 0000 0000
Loadina’ 4 TTL loads +1/4 +2.5000V 0100 0000 0000
g 9, +1188 +0.0024V 0000 0000 0001
End of Conversion (EOC) Conversion Status Signal. 0 | 0.0000v 0000 0000 0000

V out (“0") < +0.4V indicates con- "
version completed. BIPOLAR (—5V TO +5V)
V out (*'1”") = +2.4V during reset and [ SCALE

T INPUT VOLTAGE OFFSET BINARY | TWO'S COMPLEMENT®
conversion. (. T T - =
A +FS-1LSB +4.9976V REEREERREER! 0111 1111 1111
Loading: 4 TTL loads +3/4 FS +3.7500V 1110 0000 0000 0110 0000 0000
Clock Qutput . . .. ... ... Internal clock pulse train of negative +1/2 FS +2,5000V 1100 0000 0000 0100 0000 0000
going pulses from +5V to OV gated on 0 0.0000V 1000 0000 0000 0000 0000 0000
during conversion time. -1/2FS ~2.5000V 0100 0000 0000 1100 0000 0000
Loadin TTLI -3/4 FS -3.7500V 0010 0000 0000 1010 0000 0000
9:6 TTL loads JFS+1LSB 49976V 0000 0000 0001 1000 0000 0001
-FS $ -5.0000V ~ 0000 0000 0000 1000 0000 0000
PERFORMANCE *Using MSB output for Bit 1
Resolution . . .. ........ 12 Bits (1 part in 4096)

+.012% of FS +1/2 LSB.
+1/2 LSB max.
+1/2 LSB max.
+3ppm/°C max.
+30ppm/°C max. ZERO
+100 pV/C max. soxSe—AD L 55
+15ppm of F.S./°C max.

Accuracy at 25°C
Nonlinearity . « < ¢ s 52 ¢ 5 4%
Differential Nonlinearity . . . .
Differential Nonlinearity T.C. .
Temp. Coeff. of Gain . . . . . .
Temp. Coeff. of Zero, unipolar
Temp. Coeff. of Offset, bipolar

GAIN & OFFSET ADJUSTMENTS

+15v

Power Supply Rejection . ... .01% FS/% supply, max. ~15v 023
Conversion Time . ... .... 8.0 usec. max., ADC-EH12B1 GAIN S
4.0 psec. max., ADC-EH12B2 anaLos, 2% &

GND.
ANALOG o {32
IN

POWER REQUIREMENT +15VDC +0.5VDC @ 40mA max.

+5VDC :0.25VDC @ 150mA max.

UNIPOLAR OPERATION

BIPOLAR OPERATION

PHYSICAL-ENVIRONMENTAL

’ o Apply START CONVERT pulses to pin 24 (see 1. Apply START CONVERT pulses to pin 24 (see
Operating Temp. Range 0°C to 70°C » and timing di ) specifications and timing )
Storaga Temp. Range ...... _25" Cto +85°C 2. Apply a precision reference voltage source to 2. Apply a precision reference voltage source to

ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-
ence to Zero +1/2 LSB (+1.2mV). Adjust the
zero trimming potentiometer so that the output
code flickers equally between 0000 0000 0000
and 0000 0000 0001

ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-
ence to -FS +1/2 LSB (-4.9988V). Adjust the

offset trimming potentiometer so that the output
code flickers equally between 0000 0000 0000
and 0000 0000 0001

Adjust the output of the voltage reference 1o

Relative Humidity . . . .. ..
o SIZ® {0 TR, e s

Up to 100% non-condensing

4 x 2 x 0.4 inches
(101,6 x 50,8 x 10,2mm)

Case Material Black Diallyl Phthalate per MIL-M-14

3. Adjust the output of the voltage reference to 3

Binge o WA Nl e e .020" round, gold plated, +FS - 11/2 LSB (+9.9963V). Adjust the GAIN +FS - 1 1/2 LSB (+4.9854V). Adjust the GAIN
200" long min trimming potentiometer so that the output code trimming potentiometer so that the output code
2 . flickers equally between 1111 1111 1110 and flickers equally between 1111 1111 1110 and
UL L LS et i T 4 oz. max. (114 g.) 1111111 1111 IRREREERREER]
ORDERING For extended temperature range operation, the following suffixes are
INFORMATION PRICES (1-9) added to the model number. Consult factory for pricing.
ADC-EH12B —EX -25°C to +85 C operation
ADC-EH12B1 $169.00 o o X . icall fod
T ADC-EH12B2 $209.00 —EXX—HS -55°C to +85° C operation with hermetically seale

CONVERSION TIME

1= 8.0 Usec.

2= 4.0 Usec.

MATING SOCKETS:

DILS-2 (2/MODULE) $5.00/PAIR
TRIMMING POTENTIOMETERS:
TP20, TP200, TP20K $3.00 EACH

semiconductor components

THE ADC-EH12B CONVERTERS ARE COVERED BY GSA CONTRACT,
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~NTDATEL
L—4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

ULTRA FAST 12 BIT
ANALOG TO DIGITAL CONVERTER

MODEL ADC-EH12B3

FEATURES

» 2.0 usec. Conversion Time

» 12 Bit Resolution

» Low Power Consumption — 2.25W
» Low Profile Case — 0.4" High

» Economy Price — $249.00

GENERAL DESCRIPTION

Model ADC-EH12B3 is a new, ultra
fast, 12 bit successive approximation
A/D converter with a 2.0 microsecond
maximum conversion time. This con-
verter utilizes 12 very fast switched
current sources with a low impedance
R-2R ladder network, a fast precision
comparator, a precision zener refer-
ence source, and an MSI integrated cir-
cuit successive approximation register
to achieve its state of the art perfor-
mance. It is encapsulated in a low pro-
file 2 x4 x 0.4 inch module and con-
sumes only 2.25 watts of power. The
ADC-EH12B3 opens up a broad range
of fast data conversion applications
where conversion rates up to 500,000
per second are required.

Input voltage ranges are 0 to +10V
unipolar or *5V bipolar by external
pin connection; input impedance is
1.15K ohms. The parallel output is in

B SYSTEMS, INC.

A/D CONVERTER

%

ADC- EH12B3

GAIN POWER
ADJUST +5V 415V 15V GROUND
BIPOLAR BIPOLAR ﬁ
OFFSET -@“ REFERENCE
5000
UNIPOLAR - s
ZERO (3
| MEG ]
PARATOR
ANALOG COM 2 O/A CONVERTER ‘
i i I 5
N =
150 L \ V4
\ /
ANALOG (5 £, = -
GROUND 3! 1 (e -}

~EOC
I (sTATUS)

Ia) SERIAL
1% para out

PROGRAMMER/REGISTER

st @ Lo |

® OOEOEOOORBEE®

SLOCK BTNO T 1 2 34 567 8 9101112

ouT 2 oa
MSB MSB

=/

PARALLEL DATA OUT

straight binary, offset binary, or two's MECHANICAL DIMENSIONS INPUT/OUTPUT
complement coding. Serial output data INCHES (MM) CONNECTIONS
is also brought out in the form of PIN FUNCTION
an NRZ format MSB first pulse train. 4.000 ﬂc'.e»~———~{ 1 g&gk(sm;usa
full scalg tempe.rature coefficient is o view m;o(w) 2 sé'a:Aoug;;n::gm
+30ppm/°C maximum and zero teg’l- T B T zoominisu g !::;gﬁ: (MSB)
perature coefficient is +100 uV/°C o 7 T 300UT
maximum. Due to its low differential ST R ST - e g ::1;;23
i i ici s ! 10 BIT 6 OU
linearity t.en?perature coefficient othere i it 9 e
are no missing codes over the 0 C to . o | EAGH 12 8T 80U
o ; e L e 8e 1150 13 BIT90U
70°C operating temperature range. B0TTOM ViEW o] 14 BIT 10 OUT
e : : : 8@ G e e e 9e 850 15 BIT 11 OUT
Provision is made for precise alignment § E ¢ shaces . LEFETARTET
i i icati ° 82 17 +5V POWER IN
in a given application. 3 HE 1 SOV POWER
LelR R win 350 19 ~15V POWER IN
; 20 POWER GROUND
Other DTL/TTL compatible outputs %— 3809 ,J}}..__,m L .
N == i 22 BIPOLAR OFFSET
include clock, MSB output (for two’s 22| BIPOLARDOIFSET
complement coding), and end of con- e Z) START CONVERT IN
: ), OPEN DOTS DESIGNATE OMITTED PINS 31 ANALOG GROUND
version (status) output. Power supply 2 0100 INCH < 2 Smm 5 ANALOG N
requirement is *15VDC and +5VDC.
GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/43




SPECIFICATIONS, ADC-EH12B3

(Typical at 25°C, :15V & +5V Supplies, unless otherwise indicated)

Analog Input Range . . . . . . .
Input Impedance
Input Overvoltage
Start Conversion

OV to +10V FSor +5V FS

1.15K ohms +0 1%

+20V, no damage

2V min. to 5.5V max. positive pulse
with duration of 100 nsec. min. Rise
and fall times <500 nsec.

Logic ""1" resets converter

Logic ‘0" initiates conversion
Loading 1 TTL load

Parallel Output Data 12 parallel lines of data held until
next conversion command

V out (“0”) < +0.4V

Vout (“1") > +2.4V
Each output capable of driving up to
4 TTL loads

Coding, Unipolar operation
Bipolar operation

Straight Binary, positive true

Offset Binary, positive true

Two’s complement, positive true
NRZ successive decision pulse output
generated during conversion with
MSB first

Straight binary or offset binary,
positive true coding

Loading 4 TTL loads

Conversion Status Signal

Serial Output Data

End of Conversion (EOC)

V out (“0"") = +0.4V indicates con-
version completed
Vout (i) - +2.4V during reset and

conversion

Loading 4 TTL loads

Internal clock pulse train of negative
going pulses from +5V to OV gated on
during conversion time

Loading 6 TTL loads

Clock Output

REBOIURION . o S peevl = @ o mie
Accuracy at25'C . . ... ...
Nonlinearity . ... . . .. . ..
Differential Nonlinearity . . . .
Differential Nonlinearity T.C. .
Temp. Coeff. of Gain . . . . . .
Temp. Coeff. of Zero, unipolar
Temp. Coeff. of Offset, bipolar
Power Supply Rejection

Conversion Time

12 Bits (1 part in 4096)
+.012% of FS +1/2 LSB.
+1/2 LSB max

+1/2 LSB max.

+3ppm/ C max.
+30ppm/ C max

+100 uV/ C max.
+15ppm of F.S./ C max.
.01% FS/% supply, max.
........ 2.0 usec. maximum

+15VDC 0.5V @ 80mA max.
-15VDC +0.5V @ 20mA max.
+5VDC +0.25V @ 150mA max.

Operating Temp. Range

Storage Temp. Range . . . . . .
Relative Humidity
Case Size

0Cto70 C

-25 Cto+85C

Up to 100% non-condensing

4 x 2 x 0.4 inches

(101,6 x 50,8 x 10,2mm)

Black Diallyl Phthalate per MIL-M-14

A T R T s e V. .020" round, gold plated,
.200" long min.
WeIght st 0y ol Ve 4 0z. max. (114 g.)

TIMING DIAGRAM FOR ADC-EH12B3 Output 101010101010

START
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e =y
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fs?fxus» | = ko ALt
I lvawo
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OUTPUT CODING
UNIPOLAR (OV TO +10V)

=

SCALE INPUT VOLTAGE STRAIGHT BINARY
+FS-1LSB +9.9976V 1Mmrmmnnn
+7/8 FS +8.7500V 1110 0000 0000
+3/4 FS +7 5000V 1100 0000 0000
*1/2 FS +5.0000V 1000 0000 0000
+1/4 +2 5000V 0100 0000 0000
+1Ls8 +0.0024V 0000 0000 0001
0 0.0000V 0000 0000 0000

BIPOLAR (—5V TO +5V)

SCALE INPUT VOLTAGE OFFSET BINARY TWO'S COMPLEMENT*
+FS-1LSB +4 9976V [RRRIRERRIRRAR| [ RRIRRRRIRERA!
+3/4 FS +3.7500V 1110 0000 0000 0110 0000 0000
+1/2 FS +2.5000Vv 1100 0000 0000 0100 0000 0000

0 0.0000V 1000 0000 0000 0000 0000 0000
-1/2 FS -2.5000Vv 0100 0000 0000 1100 0000 0000
-3/4 FS -3 7500V 0010 0000 0000 1010 0000 0000
-FS+11LS8B -4.9976V 0000 0000 0001 1000 0000 0001
-FS -5.0000V 0000 0000 0000 1000 0000 0000

*Using MSB output for Bit 1

GAIN & OFFSET ADJUSTMENTS

+15v +15vV
ZERO OFFSET
ADJ ADJ 200n
20K —O 21 B
-15V —0
L 23 GAIN
G:D”J“ 200 ADY 200
ANALOG ANALOG
GND O 931 GND_ O-
ANALOG o032 ANALOG
N IN

UNIPOLAR OPERATION BIPOLAR OPERATION

Apply START CONVERT pulses 10 pin 24 (see 1
specifications and iming diagram)

Apply a precision reference voltage source to
ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer
ence to Zero +1/2 LSB (+1.2mV) Adjust the
zero trimming potentiometer so that the output
code flickers equally between 0000 0000 0000
and 0000 0000 0001

Adjust the output of the voltage reference to
+FS - 11/2 LSB (+9.9963V). Adjust the GAIN
trimming potentiometer so that the output code
flickers equally between 1111 1111 1110 and
LRRRIRERRRIRARA}

Apply START CONVERT pulses to pin 24 (see

specifications and timing diagram).

2 Apply a precision reference voltage source to
ANALOG IN (pin 32) and ANALOG GROUND
(pin 31). Adjust the output of the voltage refer-
ence to -FS +1/2 LSB (-4.9988V). Adjust the
offset trimming potentiometer so that the output
code flickers equally between 0000 0000 0000
and 0000 0000 0001

3. Adjust the output of the voltage reference to

+FS -1 1/2 LSB (+4.9854V). Adjust the GAIN

trimming potentiometer so that the output code
flickers equally between 1111 1111 1110 and

AR ARRIRRRR]

ORDERING INFORMATION

PRICES (1-9) —EX
ADC-EH12B3 $249.00
MATING SOCKETS:

DILS-2 (2/MODULE) $5.00/PAIR

TRIMMING POTENTIOMETERS:
TP20, TP200, TP20K $3.00 EACH

—EXX—HS

For extended temperature range operation, the following suffixes are
added to the model number. Consult factory for pricing.

-25°C to +85°C operation
-55°C to +85°C operation with hermetically sealed
semiconductor components

THE ADC-EH12B3 CONVERTER IS COVERED UNDER GSA CONTRACT.

Vol 3/44 See inside back

cover for DATEL sales offices
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N DATEL
AL 1 JISEC TOTAL CONVERSION TIME

Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES
» 8and 10 Binary Bit Versions pATEL
» 100 nsec/bit Conversion Time 9
» +1/2 LSB Linearity A0 CONVERTER
» Four Input Ranges To Choose From Aﬂc'

GENERAL DESCRIPTION

POWER

The ADC-G Series are 8 or 10 binary +5v 18y GND 15
bit, analog to digital converters offering (@) @® ®)
another price breakthrough by Datel
Systems. The ADC-G Series provide the
e . i = ANALOG REFERENCE REF
user with a combination of high speed, INPUT Z DIGIALZANALRG CONVERTER SOURCE our
moderate high resolution, and compact —
size, all for a cost well below competing i
units. All this is made possible by the ANALOG N ) SERIAL
. .pe . GND PROGRAMMER OUTPUT
use of a proprietary modified successive
approximation conversion technique, I
unique packaging methods and volume =
production.
CLOCK OUTPUT REGISTER
Both models use the inherently accurate
successive approximation conversion I | I | [ I I I l I
method to compare an unknown analog ® @ OEOEE®MEBE0 1
input signal against the output of a SR s, =
precision digital-to-analog converter in a b
high gain feedback loop. This method BLOCK DIAGRAM
guarantees a full monotonic conversion
and excellent linearity over the full scale
input range.
The ADC-G Series is completely self MECHANICAL DIMENSIONS — INCHES (MM) INPUT/OUTPUT
contained, consisting of an operational CONNECTIONS
temperature compensated voltage refer-
ence source, successive approximation e e e Frveos oncTion
logic circuitry, output storage register/ ’_'T 1__|EO.C. (STATUS)
programmer, an ultra-high speed low . 2 |INTERNAL CLOCK OUT
% SIDE VIEW 3 START CONVERT
noise voltage comparator and a pre- Fhe T
cision digital-to-analog converter. All : 1T 1 0UT (MSB)
. . . . 3 N 1T 2 OUT
units provide adjustment free operation S, A B § o e
over a temperature range of 0°C to 8 IT 40U
iri — 2.000 (50,8) 9 BIT 5 OUT
+70°C, requiring only D.C. power and a YT i S e L o T
start convert command, which will ois 28 7SPA‘ces 1 BIT 7 OUT
interface with DTL or TTL logic levels. alir, e e e T L 52| AT 100 EAcH ! STEOUT
] L e e e e s e e Sl I ¥ 14 BIT 10 0UT
Numerous other modules are available i e 15_|NO CONNECTION
i % i 30 850 16| NO CONNECTION
at little cost; these include a narrow BOTTOM ViEW . 1 e T
aperture sample and hold, an eight chan- by LR 18 | +15V POWER INPUT
nel multiplexer, ultra-miniature D.C. el 19|15V POWER INPUT
sk e e e e e o e 13 50 26 _[POWER GROUND
power supplies and system programmer. i i) e T TOFFSET
These modules are all compatible and ,]1* 2 REF:R::gs mT
. A . 300 R
can be easily integrated into a complete o hi l‘_;‘°° 2 BEERENGE UL
I PINS AT C
multi-channel data acquisition system. BN AT Ngjs L2 [ANALOG INPUT
& 16 OMITTED

X= 400 £.010(5,1) X=.800 %.0i0(10,2)

ADc_Gaa ADC‘G'OB NOTE FOR 8 BIT UNITS PINI2Z IS LSB

FOR (0 BIT UNITS PINI4 IS LSB

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/45



SPECIFICATIONS (typical @ 25°C unless otherwise noted)

ADC—G SERIES

ADC-G SERIES

START CONVERSION
(Trigger Command)

2V min. to 7V max. positive pulse
30 nanoseconds min. width

Loading, 3 TTL Loads 500 nSec
1" Resets max. rise
0" Starts Conversion time.

INPUTS
OV to -5V FS Range 1 500£&22 NRZ suc;:e;sswe decision pulse o::;;;:;e s
OV to —10V FS Range 2 1K generated during conversion, wi irs!
AND INPUT IMBEGANGE §8Y,55 Range3 1K £} SERIAL OUTPUT Voout ("0") < +0.4V
+10V FS Range 4 2k 2 V oat ("1 < 428V
INPUT OVERVOLTAGE +15VDC Loading up to 5 TTL loads
INPUT IMPEDANCE 2K Ohms typical PERFORMANCE
n
SOURCE CURRENT 5 ma Max. RESOLUTION One part in 2" (max. resolution 10 bits)

n = number of binary bits

ACCURACY (@ 25°C)

Adj. 10 +0.1% £1/2 LSB — all models

LINEARITY

+1/2LSB

LONG TERM STABILITY

+0.1%/6 month period

DIGITAL OUTPUTS

TEMPERATURE COEFFICIENT

+50 ppm/°C

ENCODING TIME.

PARALLEL OUTPUT DATA

8 or 10 parallel lines af data, held until
next conversion command

Vout (“0”) < +0.4V

Vout ("17) > +2.4V

Each output capable of driving up to 6 TTL loads

100 nsec/bit for all models

WORD RATE

1.25 MHz — 8 binary bits
1.0 MHz — 10 binary bits

INPUT POWER REQUIREMENTS

OUTPUT DIGITAL CODING
INVERTED OUTPUTS (2)

Straight Binary (Unipolar Input)
Offset Binary (Bipolar Input)
Two's Complement (Bipolar Input)

+ 5VDC, $0.25VDC @ 380 ma max.
+15VDC, 105 VDC @ 50 ma max.
—15VDC, 10,5 VDC @ 30 ma max.

PHYSICAL ENVIRONMENTAL

OPERATING TEMPERATURE RANGE

0° to+70°C

END OF CONVERSION OUTPUT

Conversion Status Signal
Conversion Complete — V out ("'0") < +0.4V

Reset & Conversion Period — V out (""1") > +2.4V

Loading up to 5 TTL loads

STORAGE TEMPERATURE RANGE

—55°C to +85°C

RELATIVE HUMIDITY

Up to 100% non-condensing

CASE MATERIAL (1)

Black Diallyl Phthalate, per MIL-M—14

CLOCK OUTPUT

Internal clock output

Negative going pulse from +5V max.
Pulse width 30 nsec

Loading up to 6 TTL loads

0.020" round gold plated

EINS 0.250" long min.
2"W x4""L x0.4"H (8 bits)
]
$IZE 2"W x4"L x0.8"H (10 bits)
WEIGHT 8 oz. max.

Note (1): Converters are fully repairable

CODING FOR ADC—G10B SERIES CONVERTERS

GAIN & OFFSET

EXTERNAL ADJUSTMENT CONNECTIONS

FOR ADC-G SERIES

DIGITAL OUTPUTS
ANALOG INPUT ANALOG INPUT ANALOG INPUT ANALOG INPUT NOTE (2) DIGITAL OUTPUTS
RANGE 1 RANGE 2 RANGE 3 RANGE OFFSET BINARY FOR TE (2)
07O -5V, F§ 0TO - 10V, FS +5V, FS 410V, FS RANGES 3AND 4 2'S COMPLEMENT FOR
STRAIGHT BINARY FOR RANGES 3 AND 4
AANGES 1 AND 2
ov ov +5v +iov 000000000000 100000000000
-0.625V -1.2%v +3.75v +7.5v 001000000000 101000000000
-1.28V -2,V +2.8v +5.0v 010000000000 110000000000
-1.878v ~3.75v +1.28v +2.5v 011000000000 111000000000
-2.3V+1LSB -5V+ILSE ov+iLSE OvV+)l LSB L I O O B R | f130°0 k300t
-2.8V -8V ov ov 100000000000 000000000000
-2.5V-1 LS8 -5v-1LS8B ovV-iLSB ov-iLse 100000000001 000000000001
-3.125v -6.25V -1.28v -2.5v 101000000000 001000000000
-3.75v -7.8V -2.8v -5.0V 110000000000 010000000000
~4.375v -8.75V -3.78v ~T.9V 111000000000 011000000000
~5V4lILSE ~10V+) LS8 ~S5V+ILSH ~10V+l LSB L I B B O ) L 2 I O O
Note 2: Reverse coding sense: Note that the most negative analog input corresponds

to full scale digital output (11-1 binary). Normal coding sense can be obtained
by using an external inverting input amplifier.

i+
a3t
27

G<<<

25K

N Y

GAIN
OFFSET

10on

ANALOG GRD
ANALOG INPUT

WIRING SIDE VIEW

ALL TRIM POTS ARE < 100 PPM/*C

Connections shown here must be made to insure
proper operation of converter.
Adjustment Ranges:

Offset: £0.5% of FS
Gain: £ 2% of FS

PRICE.(SINGLE QUANTITY)

L

1

’ Ana!og‘ (‘rgput_

~ OUTPUT FORMAT

ADC-G8B .... $239.00
ADC-G10B ... $279.00
MATING SOCKET
DILS=2........ $5.00/pr.

1 =0V to -5V
2 =0V to —-10V
3 =15V

4 = +10V

" A = STRAIGHT BINARY (UNIPOLAR)

B = OFFSET BINARY (BIPOLAR)
C = 2'S COMPLEMENT (BIPOLAR)

2 req'd per module

TP100 (10082)
TP25K (25 K2)
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See inside back cover for DATEL sales offices

Electronic Design's

TRIMPOTS ..... $3.00 each




-” SYSTEMS, |[\I|E 8 BINARY BITS-10 MILLION CONV'S/SEC
e il ANALOG TO DIGITAL CONVERTER

FEATURES

» Smallest Size ...3"W x 5L x 1.150"H

» Fast Encoding Time... ..... to 40nsec

» Excellent Temperature P
» Coefficient............. +0.005%/°C

A/D CONVERTER
GENERAL DESCRIPTION DoarEL |

The ADC-UH series are state-of-the-art ultra
high speed analog to digital converters consist-
ing of three models; six and eight binary bits

: £330 5 s @RI
operating at word repetition rates of up to 10
MHz and a four bit version capable of making
a conversion every forty nanoseconds.

SAMPLE AND HOLD

In addition to the cost and performance
advantages of all three models, close attention

to circuit detail has resulted in a highly SIMPLIFIED BLOCK DIAGRAM

reliable converter with relatively low power BIT 1 ]
consumption. —@ ms8
The entire converter is packaged in a black L@
anodtzgd alymlpum module to provide elec- (SEE DETAILED BLOCK DIAGRAM it 3
trostatic shielding. Overall physical size is AlSiog ON PAGE 2.) ———@
3"Wx5"Lx1.150"'H, or one fifth the size of ( ) INPUT BIT 4
the nearest rival. Power drain has been re- ANALOG A/D CONVERTER —=—{) DIGITAL
duced to eight watts, which is a fraction of INPUT MODEL ADC-UHBB BITS @ OUTPUTS
competing units and a good measure of the ANALOG
ADC-UH series reliability. . GROUND BIT6 @
Other features relating to the integrity of the it
circuit design, are its low temperature co- ()
efficient of 50ppm/°C and long term stability BITS e
of +.25%/year. .
Input power requirements are +15VDC and T
+5VDC. e CONVELT END OF CONVERSION
Output digital coding is straight binary for a e
unipolar input and inverted offset binary for
the optional bipolar input.
L=
@) SIDE VIEW O— "‘\50 == = S =
S L PIN ~ FUNCTION
IS e e Tl 200M | 1 | BIT4(LSB) MODEL ADC-UH48
- J #4401 150 0€€P THAEADED INSERT 2 B3 - i )
o2 Tve =
—— e e I s
x = 7 ] e [ aleTimse) |
‘ 5 | STARTCONVERT |
6 | E.O.C. (STATUS) ]
‘ 7 | *1SVRETURN 1) ]
s BOTTOM VIEW 0% 8 | —15vDC i "
END VIEW 9 +15VDC
P o emmaes s 10 | +5V RETURN (1) i
11 | —svDC o
12 | #5VDC
[ o— 13 BITS B
= ] h | 14 | BIT 6 (LSB) MODEL ADC-UH6B
—r500— 15 | BIT? =
= Cnil 00— 16 | BIT 8 (LSB) MODEL ADC-UH88
5000 17 | ANALOG INPUT
& [ anaa ] 18 | ANALOG GROUND (1) ——
CALIBRATION | zeno aos =3 O
TRIMPOTS [ — \ ZERO ADJ. AND F.S. ADJ. POTS ) -
N p— NOTES 1. PINS #7, 10 AND 18
ReF ADI— N\ NOT USED IN ADC-UH4B INTERNALLY CONNECTED
M A N * BER: AQL POTIUSEDONLY 2. CASE ALUMINUM, BLACK
200 b 12501A 4 "4 HOLES A
oo LF IN BIPOLAR UNITS. ANGBIZED
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THEORY OF OPERATION
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mL MODEL ADC-UH8B

BLOCK DIAGRAM
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15 LINE
10
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OECODER

= ™
5
[ELTEITHIIIIE

i |

15V0C  -SVDC END OF CONVERSION
™ €0C)

START
CONVERSION

|

nveRsion

MODEL ADC — UH4B
BLOCK DIAGRAM

DIGITAL QUTPUTS

sUNE [
0

STORAGE

REGISTER

4 LINE
DECODER r ==

]

T

15v0C
RETURN

18VDC  rsvoc wm
RET

convERsion

TECHNICAL DESCRIPTION

The model ADC-UH8B analog to digital converter em-
ploys a two step conversion technique as shown in the
block diagram. The analog input signal is fed to a 15 line,
4 bit comparator array (4 bit A/D converter) where the
four most significant bits are determined. This four bit
word is then stored in an output register which also
controls a 4 bit subtracting digital-to-analog converter
where the analog value of the first four most significant
bits is subtracted from the analog input. The voltage
difference is then fed to a second 15 line, 4 bit
comparator array (4 bit A/D converter) to determine the
remaining four least significant bits. This 4 bit word is
then stored in an output register with the four most
significant bits to complete the conversion cycle.

As shown in the timing diagram the leading edge of the

start convert pulse initiates a conversion cycle by acti-
vating the first stage A/D converter. One hundred and

thirty nanoseconds later the End of Conversion pulse will
go negative indicating the conversion is complete and the
data is ready at the output. Although the throughput
delay is 130 nanoseconds a new start convert input pulse
can be issued at a minimum interval of 100 nanoseconds
resulting in a maximum word rate of 10 MHz.

The 10 MHz word rate is made possible by the two stage
conversion technique which allows a new conversion cycle
to be started before the prior cycle is completed.

In transferring an output word, it should be noted that a
minimum of 15 nanoseconds is allowed for transfer set-up
while no time is allowed for holding the word after
transfer. Transfer can be implemented by using a zero
hold time register such as a SN 74H106.

The model ADC-UH4B block diagram shows that the 4-bit
converter employs a single step conversion method and
does not use the analog difference summing junction.

START
CONVERT

€oc

aLses

MODEL ADC-UH8B
TIMING DIAGRAM

WO I i o
ks

[T S POV — |

IEn

45

v
ot 100ms

|
|
|
|
o 130w MAX

-

MODEL ADC-UH4B
TIMING DIAGRAM

30 nsec !
(nom.) |

ADC-UH4B
TIMING DIAGRAM

NOTE NO SAMPLE & HOLD MODULE IS NEEDED FOR ADC-UH4B
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SPECIFICATIONS (typical @ 25°C, 5 minute warm-up, unless otherwise noted)

MODEL | ADC-UH4B | ADC-UH6B [ ADC-UH8B
INPUTS:

Analog Input Range 0V to —2.560V FS (1)

{nput Overvoltage +5VDC

Input Impedance 100 Ohms

Source Current 25.6 mA

Start Conversion 2V min. to 5V max. positive pulse, 40nsec min. width

(Trigger Command) positive excursion initiates a conversion

LOADING: 1 TTL LOAD
MAXIMUM REPETITION RATE —10MHz (2)

DIGITAL OUTPUTS:

Parallel Output Data 4 parallel lines 6 parallel lines 8 parallel lines
(See coding chart) (4 Binary Bits) (6 Binary Bits) (8 Binary Bits)
V out (“0") < +0.4V Vout ("'0") < +0.4V V out (“0") < +0.4V
Vout (1) > +2.4V Vout ("1") = +2.4V Vout (“1") = +2.4V
LOADING: 4 TTL LOADS LOADING: 4 TTL LOADS LOADING: 4 TTL LOADS
End of Conversion Positive Pulse,

Trailing edge (negative transition) indicates conversion complete
LOADING: 12 TTL LOADS

PERFORMANCE: .

Accuracy @ 25°C +3% of FS l +0.8% of FS +0.4% of FS

Long Term Stability £0.25%/year

Resolution 1LSB (160 mV) l 1LSB (40 mV) 1LSB (10 mV)

Linearity +1/2LSB +1/2LSB +1LSB

Temperature Coefficient +50ppm/°C

Encoding Time 40 nsec 100 nsec (2) 100 nsec (2)

Word Repetition Rate (MAX.) 25 MHz 10 MHz (2) 10 MHz (2)

Input Power Requirements +15VDC, £0.2VDC @ 80 mA +15VDC, +0.2vDC @ 80 mA +15VDC, +0.2VvDC @ 80 mA
(See Datel Systems Ultrami'niature —-15VDC, 0.2VvDC@ 9 mA —-15VDC, +0.2VvDC@ 9 mA -15VDC, £0.2VDC @ 9 mA
DC Power Supplies - Bulletin +5VDC, +0.1VDC @ 650 mA +5VDC, £0.1VDC @ 780 mA +5VDC, 0.1VDC @ 1300 mA
PSC-3-73-1) ~5VDC, +0.1VDC @ 150 mA ~5VDC, +0.1VDC @ 170 mA ~5VDC, 0.1VDC @ 250 mA

PHYSICAL-ENVIRONMENTAL:

Operating Temperature Range 0°Cto +70°C

Storage Temperature Range —55°C to +85°C

Relative Humidity Up to 100% NON-CONDENSING

Case Pins 0.020" round gold plated PC Board is covered with an aluminum electrostatic
0.250"" long minimum shield and encapsulated. All converters are fully repairable.

Size 3"Wx5"Lx1.150"H

Weight 15 oz.

NOTES: (1) A Bipolar input (+1.280V) is also available. Output data coding will be “‘reverse coding sense’’ (See below). When ordering a Bipolar input

add the number 2 to the model number.
(2) Models ADC-UH6B and ADC-UHB8B have a throughput delay of 130 nsec. because of the two stage conversion technique employed.Although the
throughput delay is 130 nsec both models can start a new conversion every 100 nsec, for a word rate of 10 MHz. See timing diagram for more details.

OUTPUT DATA CODING

2 ADC-UH4B ADC-UH6B ADC-UH8B
(:[B,ﬁg:o?nz fl)fsfaszt-BBi‘tnaa;:il(a‘::le) Reversecoding Straight Binary Straight Binary Straight Binary

Analog Digital sense: Note that Analog Digital Analog Digital Analog Digital

Input Output the most nega- Input Output Input Output Input Output
1270V | 11111111 2‘(‘)’3;"53;29"'(’":’[“; ~2.400V 1111 -2.520V 111111 ~2.550V 11111111
—0.640V | 11000000 full scale output | —1-920V 1100 —1.920V 110000 —1.920V 11000000
0.000V 10000000 (11 --- 1, binary) —1.280V 1000 -1.280V 100000 —-1.280V 10000000
+1.270V 00000001 —0.160V 0001 —0.040V 000001 —0.010V 00000001
$1.280V 00000000 0.000V 0000 0.000V 000000 0.000V 00000000
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| (nom.)

-SAMPLE
INPUT

FOR OBTAINING A TOTAL SYSTEM APERTURE TIME OF 200psec.

———————O MsB
o SAMPLE & HOLD HI Y
! MODEL SHM-UH ———0
ANALOG A/D CONVERTER ) DIGITAL
INPUT SEE BULLETIN Lo MODEL ADC UH8B | OUTPUT
Loo SUHA415309 I—————=0
F———>
——O LsB
START
1/6 7404 CONVERT
Po
f 1% O END OF CONVERSION
Q
22
74121 0 | imine
A A % PINS
1/6 7404 l ]J g it
SAMPLE
INPUT O '5
6 OR 8-BIT SYSTEM TIMING DIAGRAM
"—\50nnc———’|
(min )
—={  35nsec je— b |

=

TYPICAL 8-BIT SYSTEM CONFIGURATION

FOR MODEL ADC-UH8B ONLY
BLOCK DIAGRAM

|
jo—— 50nsec —ste— a5nsec —»
(min ) {nom.)
e 1
START
CONVERT
BN
[ 150nsec (min ) |
| — e
EOC ISTATUS) |
- 4 s
130nsec

I (max.) -l

ADC-UH8B AND SHM-UH INTERCONNECTIONS

START CONVERT

SAMPLE
INPUT

@
<

[=!

FEEEFEE—

5100

SN 7404N
SN 74121N

EOC
ADC-UHBB OUTPUT

~| o] [o]|8]|w] ] =

017
o018

Add suffix
number 2 for
bipolar input

ORDERING INFORMATION

PRICES (SINGLE QUANTITY)

i e f:
NUMBER OF BITS .......... o5
P
4B = 4 BINARY BITS D
6B = 6 BINARY BITS MODEL SHM-UH ... ... $ 229
88 = 8 BINARY BITS e

DN'EL
SYSTEMS, INC.

Printed in U.S.A.

1020 TURNPIKE STREET, CANTON, MASS. 02021
COPYRIGHT ©1973, DATEL SYSTEMS INC.

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE
TEL. (617) 828-8000 TWX: 710-348-0135 TELEX: 924461
Bulletin AUHCT 156312
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>~/ SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

GENERAL PURPOSE,
ANALOG-TO-DIGITAL CONVERTERS

ADC-MA SERIES

FEATURES

» 10 & 12 Bit Resolution

P Selectable Input Ranges

» 20 & 40 usec. Conversion Times
P Unipolar or Bipolar Operation
P Input Buffer Option

P Parallel & Serial Outputs

» ADC-MA12B1A & ADC-MA12B2A
Are Equivalents to ADC-12QZ

GENERAL DESCRIPTION

The ADC-MA series A/D converters consist
of 10 and 12 bit resolution models with 20
or 40 microsecond conversion times. These
units feature high performance and’ versa-
tility at a low price.

The exceptional versatility of the ADC-MA
series is seen in the following features.
Single-ended input voltage ranges of 0 to
+5V, 0 to +10V, *5V, and +10V are pin se-
lectable by the user. In addition, an internal
high input impedance buffer amplifier is
available as an option. This amplifier gives an
input impedance of 1000 megohms on all
voltage ranges. Without the amplifier the in-
put impedances are 2.5K, 5K, and 10K ohms
on 5V, 10V, and 20V full scale ranges respec-
tively. Digital output data is available in
either parallel form or serial NRZ format
with synchronizing strobe pulses. Serial data
is straight binary for unipolar operation and
offset binary for bipolar operation. Parallel
data is straight binary for unipolar operation
and offset binary or two's complement for
bipolar operation. The ADC-MA units can
operate either internally or externally
clocked. In addition, the internal clock rate
can be decreased by use of ah external
capacitor.

The ADC-MA series uses the successive
approximation technique to achieve excel-
lent linearity, speed, and stability. Tempera-
ture coefficient is held to +30ppm/°C for
gain and +5ppm/°C for offset in unipolar
operation. Tight temperature tracking of the
weighted current sources results in mono-
tonic operation with no missing codes over
the 0°C to 70°C temperature operating
range.

These converters are encapsulated ina 4 X 2
X 0.4 inch module with DIP compatible
100" pin spacing. Input power require-
ments are +15VDC and +5VDC and are
available from Datel’s line of modular power
suppdies. All digital inputs and outputs are
DTL/TTL compatible.

B SVSTEN\a\x‘E
AID CONVERTER

Ao SRS TS

- B e
e Q) " ]
~ UFFER o REFERENCE
gt - —_— REFERENCE ouTPUT
; | SOURCE I~ I (6.2V.
. ~_ | 0 | 010 5MA
ana . > _J
“ =] ‘ N
ot (O j e o S e
e - -
DIGITAL ANALOG CONVERTER

ﬁ
’\v
94
|
4
|

eYolo

z3 -
2 ":
AN N
|
| -
N
—4
|
|
L

- - ,j,4 PROGRAMMER o
{ = |

[ |
[
QUTPUT REGISTER ‘
T T 1 N
[ | [

NOTE: Pins 3 & 23 are connected internally. Pin 30 must be
externally connected to either pin 3 or 23.

MECHANICAL DIMENSIONS

INCHES (MM .
o { ) INPUT/OUTPUT
P el i CONNECTIONS
SIOE VIEW | i
+ o H R ? PIN| FUNCTION |PIN| FUNCTION
. R 1 | Gain Adjust 35 | Clock Input
- L 2 | Signal Input | 36 | Clock Output
. * i ‘ | 3| Signal Gnd. 39 | Strobe Output |
s 2 | NOTE:Open | 4 ]signal Outp 43 | EO.C. (Status)
: , i dotsdesignate | 5120V input | 48 | Bit 12 Out (LSB)
o soTTOM S jamio omitted pins. 6|10 V. input 50 | Bit 11 Out
o - 3 Pins 48 and 50 52 | Bit 10 Out
. §: ‘ ::E - are omitted on 54 | Bit 9 Out
L 2 102 10 bit versions 56 | Bit8 Out 0
L. . G and pin 52 is 23 | Analog Gnd | 58 | Bit 7 Out
e cunle i the LSB. Pin 25| 15V Pwr in 61 | Bit6 Out
2 s position toler- 27 | #15V Pwrin | 63 | Bit 5 Out
: = anceis £0.006" [ SoT3EvPwrin |85 [ Ea0w |
s ol from datum, 30| Power Gra | 67 | Bn 3 Out
e me 4 non-accumula- 37| Ciock Rate 70 | Bit 1 Out (MSB)
2 ol tive, | 32| Serial Outpur | 71 | Bit 2 Out e
. . | 33]E.0.c(Status) | 72 | Bit 1 Out (MSB)
3 34 | Start Convert l . i
. i
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SPECIFICATIONS (typical @ 25°C unless otherwise noted)

ADC-MA10B 1 ADC-MA12B

INPUTS
Analog Input Range . . .. ..

Input Overvoltage . .. . .. .
Input Impedance
0 to +5V FS Range
t5V and 0 to +10V FS Range
10V FS/Range . . ... « . .
With Optional Input Buffer
Start of Conversion

Cloek 1OpUEt <05 o5 9 =% =i

CloeK BRate = « v w o vus s lokova

0 to +5V FS, 0 to +10V FS,
*5V FS, t10V FS
15V without damage to unit

2.5K ohms 2.5K ohms
5K ohms 5K ohms
10K ohms 10K ohms

1000 Megohms 1000 Megohms
+2V min. to +5.5V max. positive pulse, DC coupled, with
duration of 100 nsec. min. Rise and fall times 500 nsec. max.
Three TTL loads‘. Logic ‘‘1" resets converter. Transition to
logic ‘0" initiates conversion.

Must be connected to Clock Output to use internal clock.
Clock Input can also be used with an external clock.

Rate is internally set to give maximum conversion rate of 20
or 40 usec. per conversion. This time may be increased with
an external capacitor connected between pin 31 (Clock
Rate) and pin 36 (Clock Out). See conversion time formulas.

CUTPUTS
Parallel Output Data

Coding
Unipolar Operation

Bipolar Operation . . . . .

Serial Output Data

Strobe OQutput . . & « vwww s

EOC (End of Conversion) . . .

Clock Output . . . . . ... ..

Signal Output

10 Lines of data 12 Lines of data
Data is held until next conversion command. Each output is
capable of driving 5 TTL loads.
V out (Logic ‘0"') € +0.4V
V out (Logic ““1"") = +2.4V

Straight Binary, positive true.
Offset Binary or Two’s Complement, positive true.

NRZ (nonreturn to zero) successive decision pulse output
generated during conversion with MSB first. Serial data is
straight binary for unipolar operation and offset binary for
bipolar operation. Output will drive 10 TTL loads. Two's
complement is not available with serial output.

Available for serial data synchronization. Serial output is
usable on strobe pulse leading edges. Will drive 9 TTL loads.

Conversion status output. Logic ‘0" for conversion com
plete, Logic ‘1" during reset and conversion period. Will
drive 10 TTL loads.

Complement of End of Conversion output. Logic ‘1" for
conversion complete and Logic ‘'O’ during reset and conver
sion period. Will drive 7 TTL loads.

Internal clock pulse train output gated on during conversion
time.

Output of optional internal buffer amplifier.

PERFORMANCE
Resolution
AECUTBEY s win s 5 & 9,00 e s

LinUanity Saks o o e e m
Temp. Coefficient of Gain
Temp. Coefficient of Zero
Unipolar < cownm v 8 g b o
Bipolar
Conversion Time, max.

Power Supply Sensitivity
(tracking *15V supplies)

10 Bits (one part in 1024)
+.05% FS +%LSB

12 Bits (one part in 4096)
+.012%FS +%LSB

+%LSB
+30 ppm/ C max. of Reading

AR}

+5 ppm/" C max. of Range +5 ppm/~ C max. of Range

+30 ppm/ C max. of Reading

+10 ppm/° C max. of Range
20 or 40 usec.
(depending on model)

+10 ppm/ C max. of Range
20 or 40 usec.
(depending on model)

TECHNICAL NOTES

The ADC-MA series contains an internal
clock which is set to the maximum
conversion rate. This rate may be de-
creased by connecting an external capac-
itor between pins 31 and 36. The
approximate capacitor value to achieve
the desired conversion time is shown in
the table at the bottom of the next page.
The longer conversion time obtained in
this manner does not improve accuracy
but it does permit compatibility or
synchronization with interfacing equip-
ment for many applications. To use the
internal clock a jumper must be con-
nected between pins 35 and 36. For
external clocking, which may be de-
sirable in some applications, the jumper
is removed and the external clock ap-
plied to pin 35. Use a symmetrical O to
+5V square wave with a minimum 3.0
usec. period for the 40 usec. converters
and a minimum 1.6 usec. period for the
20 usec. converters. The Start Convert
pulse should have a minimum 100 nsec.
width and should not be made too long
since clocking begins on the falling edge
of this pulse and, therefore, its width is
part of the total conversion time.

Analog inputs are connected to pin 6
for 10V ranges and pin 5 for the 20V
range when the input buffer amplifier
is not used. The input impedances in
these cases are 5K ohms and 10K ohms
respectively. For the O to 5V range, pin
5 is connected to pin 20, thus paralleling
the two internal 5K resistors to give a
2.5K ohm input impedance at pin 6.

The end of conversion or status pulse is
available at pin 33 and its complement
EOC is available at pin 43. Normally the
EOC output is used to control the mode
of the input sample and hold. Serial
output data is available at pin 32 in
straight binary code for unipolar opera-
tion or offset binary for bipolar opera-
tion. Nonreturn to zero (NRZ) format
is used and the data is valid at the
leading edge of the strobe pulse. Parallel

+20 ppm/%
+10 ppm/%

+20 ppm/%
+10 ppm/%

BEIN & g« v b e i data output is straight binary for uni-

polar operation and offset binary or

two’s complement for bipolar operation.
Two's complement is obtained by using
the complemented MSB output at pin

POWER REQUIREMENT
(with input buffer amplifier)

+15VDC 0.5V @ 40mA, max.
-15VDC 0.5V @ 45mA, max.
+ 5VDC £0.25V @ 200mA, max.

70.
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range
Storage Temperature Range . . -55°C to +85°C
Relative Humidity . . . . . .. Up to 100% non-condensing
CH8R:8IZ8 . o e s e x e 4" x 2" x 0.4"
Case'Material . . . .. . .... Black Diallyl Phthalate per MIL-M-14, epoxy encapsulated.
e g oS T R .020"" round, gold plated, .250"" long min.
8 0z. (227 grams)

Weight |
Mating Sockets (optional) . . . DILS-2, 4 required.

0°C to 70°C

DATEL
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100 nsec mun

e

CONVERT

TIMING DIAGRAM FOR ADC-MA12B

Output: 010101010101

NOTE: For 20usec, Conversion Time, T = 800 nsec. For 40 usec. Conversion Time, T = 1.5 usec.

1| 1
.{l:i 40 nse
END OF |
CONVERSION i
(STATUS) |
|
| T T |
L TR
| |
1 =
1]
[
|

CLOCK

|
4
i
1
ouTt ;

STROBE )

20 or 40 usec max ~——

@
<]
2

_________ 1"
Parallel Data
) Now Valid
e

ol 20 nsec

|
|
'
|
|

‘ﬁ& .

o
|
1 J
Ziuﬂr::r 010101010101) ! L g g ( 4 l 8 J 8 h 9 10 H 12
| |
40
PARALLEL ﬂ\\k’" msec ’t}‘ i
QuUTPUTS —}r—_:'[
BIT 1 IMSB) | !
(OFF) R :
: > fe 300 nsec
. !
|
BIT 2 {
ON)
BT 12 (LSB)
(ON)
OUTPUT DIGITAL CODING, ADC-MA SERIES
ADC-MA12B (12 BITS)
UNIPOLAR INPUT RANGE STRAIGHT BIPOLAR INPUT RANGE OFFSET TWO'S
BINARY BINARY COMPLEMENT
0TO +10V FS 0TO +5V FS MSB LSB +10V FS 5V FS MSB LSB MSB LSB
+9.9976 +4.9988 1M1 +9.9951 +4.9976 IRRRRERRRREE! [CARRERERRERAI
+8.7500 +4.3750 111000000000 +7.5000 +3.7500 111000000000 011000000000
+7.5000 +3.7500 110000000000 +5.0000 +2.5000 110000000000 010000000000
+5.0000 +2.5000 100000000000 0.0000 0.0000 100000000000 000000000000
+2.5000 +1.2500 010000000000 -5.0000 -2.5000 010000000000 110000000000
+1.2500 +0.6250 001000000000 -7.5000 -3.7500 001000000000 101000000000
+0.0024 +0.0012 000000000001 -9.9951 -4.9976 000000000001 100000000001
0.0000 0.0000 000000000000 -10.0000 -5.0000 000000000000 100000000000
ADC-MA10B (10 BITS)
+9.9902 +4.9951 ARRRRRREREI +9.9805 +4.9902 ARRRERRRER] o111111111
+8.7500 +4.3750 1110000000 +7.5000 +3.7500 1110000000 0110000000
+7.5000 +3.7500 1100000000 +5.0000 +2.5000 1100000000 0100000000
+5.0000 +2.5000 1000000000 0.0000 0.0000 1000000000 0000000000
+2.5000 +1.2500 0100000000 -5.0000 -2.5000 0100000000 1100000000
+1.2500 +0.6250 0001000000 - 7.5000 -3.7500 0010000000 1010000000
+0.0098 +0.0049 0Q00000001 -9.9805 -4.9902 0000000001 1000000001
0.0000 0.0000 0000000000 -10.0000 -5.0000 0000000000 1000000000

- EXTERNAL PIN CONNECTIONS

CONVERSION TIME
USING EXTERNAL CAPACITOR

R : The external capacitor is cc d b 1 pins 31 and 36. Con-
INPUT BUFFER INPUT | JUMPER JUMPER JUMPER version time in the table is in microseconds and capacitor value is in
RANGE (FS) | OPTION | TOPIN | PINATO | PIN20TO | PIN19TO i
, picofarads.
WITHOUT 6 - - 23
070 +10v WITH 2 6 - 23 Conversion Time Formula (approx.)
BV WITHOUT 6 - - 20 Conv. Time* ADC-MA10B ADC-MA12B
WITH 2 6 - 20
WITHOUT 5 - - 20 ! L o . C = 50 (T-20 .
+10V Wil 5 £ . B 2Qusec C = 60(T-20usec.) { 20usec )
WITHOUT 6 . 5 23 o . .
0TO +5v WITH 2 6 5 23 40 psec. C = 65(T-40usec.) C = 55(T-40usec.)
*Maximum internal conversion rate when no external capacitor is used.
GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/53
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JUMPER CONNECTING
INTERNAL CLOCK

CALIBRATION CONNECTIONS

L
—_—r (THE JUMPER BETWEEN PINS
=T 35 AND 36 MUST BE USED IF
i EXTERNAL CLOCK IS
————— o 31 NOT SUPPLIED)
+15V DC
OFFSET
ADJ o 23
1.5 MEGQ
20K L 620
157 i 019
1
|
1
]
: BOTTOM
-15v DC | VIEW
CONNECT FOR |
0 TO +5V INPUT ]
ONLY M:
+15V DC |
|
|
SRk INPUTS ! ik
5V ———
ADS 0TO+5V 0
0TO*10V L---|05
20K 2 " ARKAARA l o1
15T
150K $2
NOTE: Calibration is the same with optional input buffer amplifier.
Connect buffer as indicated in External Pin Connections.
-15v DC

UNIPOLAR OPERATION (WITHOUT BUFFER)

EXTERNAL CAPACITOR

USED TO DECREASE CLOCK

FREQUENCY
r——
S
-
-
|
e
+15v DC
OFFSET
ADJ
1.5 MEGS2
20KQ2

15T [ ro

BOTTOM
-15v DC VIEW
+15V DC
Gt IN:UTS Lo,
> Derte_was ool
ADJ o
10V O———+105
20K 52 AAAKA s
et 150K 2
-15v DC

BIPOLAR OPERATION (WITHOUT BUFFER)

CALIBRATION PROCEDURE CALIBRATION TABLE ADC-MA SERIES
Gain and offset adjustments are accomplished as shown in the
above diagram using the Calibration Table. The trimming ADJUST INPUT VOLTAGE
potentiometers used should be 15 turn 100ppm/ C temperature INPUT RANGE r
MENT 10BIT 12BIT
coefficient cermet type units and are available from Datel
Systems at $3.00 each. A pulse generator should be adjusted to OFFSET 2.4 V. 0.61 mV
give +5 volt pulses with 100 nsec. minimum duration and a
spacing equal to or larger than the specified maximum con- « 0TO +5V
version time (20 or 40 usec.). This generator should be 3 GAIN +4.9927V +4.9982V
connected to the “‘Start Convert'' input. A precision voltage 8
reference source should be connected to the selected analog E OFFSET .97V 1.2 mv
input terminal ")
Offset Adjustment: For unipolar operation set the output of the 0TO +10Vv
voltage reference source to zero plus 1/2 LSB. The value is GAIN +9.9854V +9.9963V
shown in the Calibration Table. Adjust the offset trimming
potentiometer until the LSB output flickers equally between
logic 0" and logic “1". (Output between 000 000 and OFRSET =4:3951V -4.9988V
000 . 001). For bipolar operation set the voltage reference o« +5V
source to minus full scale plus 1/2 LSB and make the same 3 GAIN +4.9854V +4.9963V
adjustment. @
Gain Adjustment: Adjust the output of the voltage reference &
source to full scale minus 1 1/2 LSB. This value is also shown in 2 OFFSET -9.9902v -9.9976V
the Calibration Table. Adjust gain trimming potentiometer until 10V
LSB output flickers equally between logic 0" and logic 1" GAIN +9.9707V +9.9927V
(Output between 111 .. .110and 111 ... 111).
ORDERING INFORMATION PRICES (1-9)
i e ADCMA10B2A .. § 9500  ADCMA1282A .. $125.00
l'_——:lr T ‘E—l ADC-MA10B2B $125.00 ADC-MA12B2B $145.00
NUMBER OF BITS WITH OR W/O CONVERSION For optional internal high impedance buffer amplifier add $20.00 to
AND CODING HIGH Z BUFFER TIME price.
10B = 10 BINARY BITS 1=WITH A = 40uSEC g ) .
- i . Mating Socket: DILS-2, 4 required @ $5.00 per pair
T ode e B0 arAr A P e Trimming Potentiometers: TP20K  $3.00 each (1-9)
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N DAT'EL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FEATURES

» 14 Bit Resolution

» 50 usec. Conversion Time

» Low Price—$279

» Unipolar or Bipolar Inputs

» 15ppm/°C Gain Temp. Coeff.

GENERAL DESCRIPTION

The ADC-149 is a 14 bit successive approxima-
tion type analog to digital converter for OEM
use. It was specifically designed to give high
resolution and accuracy at moderate cost for
incorporation into precision instruments for
process control systems and test and measure-
ment systems.

This converter accepts either unipolar or
bipolar input voltages of 0 to -10V, 0 to -20V,
+5V, or +10V full scale by external pin
connection and performs a 14 bit conversion in
50 usec. Several output codes are available
including straight binary for unipolar inputs
and either offset binary or two's complement
for bipolar inputs. Two's complement is
obtained by using the MSB output pin. Reverse
coding sense is used with the most negative
analog input corresponding to full scale digital
output. A serial data output is also provided
and has a nonreturn-to-zero (NRZ) format.
Logic outputs ate DTL/TTL compatible and
will drive 6 standard TTL loads.

The ADC-149 can resolve 1 part in 16,384
giving an operating dynamic range of 84.3dB.
On the 10 volt full scale range it can detect an
input change of less than 1 millivolt. Accuracy
is adjustable to +.005% of full scale +%LSB.
The temperature coefficient is held to a low
+15ppm/°C over the 0° to 70°C operating
temperature range.

This converter is encapsulated in a compact
2X 4% 0.8 inch module with DIP compatible pin
spacing for PC board mounting. It can be stored
from —55°C to +85°C. Power supplies required
are standard +15VDC and +5VDC. (Available
from Datel's line of modular power supplies.)

the
in

The high resolution and accuracy of
ADC-149 make it particularly valuable
applications such as moderate speed data
reduction, and computer arithmetic processing
of analog inputs. Digitizing inputs from sensors
and transducers allows data transmission or
storage with drastically reduced degradation of
accuracy compared to analog methods. This is
also vital for automatic process and alarm limit
computer control, and digital linearization of
logarithmic or special function analog inputs.
The ADC-149 offers at least a $100. price
advantage over competitive converters in these
applications.

HIGH RESOLUTION
ANALOG-TO-DIGITAL CONVERTER

MODEL ADC-149

POWER
+5VDC +15VDC -15VDC  GROUND

REFERENCE
QuTPUT

@ @
OFFSET
INPUT
6.2K
ANALOG
INPUT
(210VFS) |
5K
6
iNpUT Q)
f¢5v,010 -10V1| 5K _COMPARATOR

ANALOG "“ R
GROUND = |

|
START
CONVERT @

DIGITAL/ANALOG CONVERTER

REFERENCE
INPUT

4) END OF
CONVERSION
PROGRAMMER (STATUS)

QUTPUT REGISTER

2 34 567 8 91011 121314 SERIAL DATA
LsB, OUTPUT

PARALLEL DATA QUTPUT

MECHANICAL DIMENSIONS
INCHES (MM)

SIDE
VIEW

BOTTOW
VIEW

NN
[CIE'S

|

|

|

|

|

|
@

©
Cessesse ssssscss

>

— 3,800

|
—

4.000 *0.020 -
(101, 6)

jAﬁ

NOTES
1. OPEN HOLES DESIGNATE WHERE PINS ARE OMITTED

INPUT/OUTPUT
CONNECTIONS

FUNCTION '

BIT 1 (MSB) ]
2[BIT 2

o1V fe
a

2.000 +0.015(50, 8) t

BIT 14 (LSB)
BIT 1 (MSB)
NOT USED

— 0.850
7 SPACES
AT 0.100
EACH
— 0.150
—

+5V POWER
+15V POWER

15V POWER
POWER GROUND
START CONVERT
CLOCK OUTPUT
SERIAL OUTPUT
END OF CONVERT (STATUS)
NOT USED
NOT USED
REFERENCE OUTPUT
REFERENCE INPUT
OFFSET INPUT
ANALOG GROUND
ANALOG IN (0 to +10, ¥5V)
ANALOG IN (*10V)

0.100
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SPECIFICATIONS (Typical @ +25°C unless noted)

INPUTS

Analog Input Range ......
(single-ended input
referenced to ground)

Input Overvoltage . . .. ... .

Input Impedance . .....

Start of Conversion . .

+5V FS, +10V FS
0to -10V FS, 0 to -20V FS

+15VDC without damage to unit.
5K Ohms (+5V and 0 to -10V FS
range)

10K Ohms (+10V and 0 to —20V FS
range)

+2.5V min. to +5.5V max. positive
pulse with 150 nsec. min. duration.
Loading: TmA

Logic * resets converter

Logic ‘0" initiates conversion

OUTPUTS
Parallel Output Data . ... ..

COBING .5 s s svu o @ v bisi

Serial OQutput . . . ........

End of Conversion .

14 parallel lines of data held until the
next conversion command.

Vout (Logic “0") < +0.4V

Vout (Logic “1") = +2.4V
Each output capable of driving up to
6 TTL loads.
Straight Binary (Unipolar Input)
Offset Binary (Bipolar Input)
Two's Complement (Bipolar Input)
Pin 15 provides MSB output for this
coding. (Reverse coding sense used).
NRZ successive decision pulse output
generated during conversion with
MSB first. LO ="1", HI = 0"
Straight binary or offset binary coding

. Conversion Status Signal

Vout (Logic ““0") < +0.4V conver-
sion complete

Vout (Logic ““1") > +2.4V during
reset and conversion period.

TIMING FOR ADC-149-14B

ot

] o 150 osec e FOR OUTPUT OF 00000000 000000
AT [ = mm T e e '
CONVER .

o j- 50 nsec

| -
| -
€oc) Asvisec
m,,.-u Jusec Jusec s
Busec !
wF= LTI T T T T II
Lieh | | I
s[llAI ! s ' ! T
outeorel | ‘msm'"' 7'!'” "" lll"i mrsum um nl BT glmmnmnun 12| m '{s.“
I V)
i 1 L (= =1t
- BITY) | | |
5[ (M8, | | !
2
3\ i T T
2 y [
2§ oral v
Z ! T T
i | [l ]
H

wse !

.

“INSERIAL OUTPUT A LOW INDICATES 1° AND A MIGH INDICATES "0

OUTPUT DIGITAL CODlNG

BIPOLAR UNIPOLAR
I Ansiog
Analog Input Zs Complament Input
Range Offset Binary (MSB Output) Range Strawght Binary

Oto
*6V F§ T 10V FS Mms8 Lse ‘ mMs8 Lss 10V FS MSB Ls8
+5 0000 + 100000 00000000000000 ‘ 10000000000000 0 0000 00000000000000
+25000 + 50000 | 01000000000000 11000000000000 0 0006 0000000000000
+0.0006 40m|;{onnuvnvn\‘nnnnnnn 25000 | 01000000000000
0 0000 0 0000 10000000000000 00000000000000 5 0000 10000000000000
2 5000 5 0000 | 11000000000000 01000000000000 7 5000 11000000000000
-4.9994 99938 | 1111111111111 [ orrrstaantiaag 99994 | 1111111111110

NOTE: *Reverse coding sense is used with the most negative analog input corresponding to full scale digital

output. Normel coding sense can be obtained by using
binary cen b used by adjusting for 8 1 LSB offset.

an external inverting emplifier. Or complementary

Clock ................|Internal clock output, positive going
3 microsecond pulse. Loading up to
6 TTL loads.
PERFORMANCE
ROSOMISION | - a'c 5.0 5ol s dia o One part in 16,384 (max. resolution
14 binary bits)
Accuracy (25°C) . ....... Adjustable to +.005% of FS +%LSB.
Linsarity’ . owiis s o BALSB
Temperature Coefficient
of Full Scale .........+15ppm/°C
Temperature Coefficient !
of Zero, Unipolar . . . ... +10ppm/°C
Bipolar . ...... +10ppm/°C
Conversion Time ........50usec.
Throughput Rate . ....... 20kHz
Power Requirements . .. ... +15VDC +0.5VDC @ 80mA max.

+5VDC £0.25 VDC @ 200mA max.

GAIN & OFFSET ADJUSTMENTS

GAIN
apJ

R I

OFFSET
A0y 100K 1mn e
6K
-15v 5%
*1M12 provides =60 LSB offset L

2M$ provides 30 LSB offset =
UNIPOLAR

Adwstmenl Procedure — Unipolar Input
Connect a precision pulse generator to the ~Start
Convert™ input terminal See speci fications for
pulse width and amplitude

Connect a precision voltage reference source to
the appropriate analog input terminals See /0
Connections

Zero Offset Control

Adjust the voltage output from the reference to
minus % LSB. Rotate the zero offset control until
the LSB output (Least Significant Bit) flickers
between logic “'zero'  and logic ‘one

®

Full Scale Gain Control

Adjust the output from the reference source to full
scale minus 1% LSB Rotate the gain control until
the LSB output (Least Significant Bit} flickers
between logic “zero” and logic “‘one

GAIN
ADJ
100
OFFSET £
apy

WIRING SIDE VIEW
NOTE Al 11imming pors
a4 100ppm "C 15 wrn
Avalabie from Dater a1
5300 aach

BIPOLAR

Adjustment Procedure — Bipolar Input

A Connect a precision pulse generator to the ~Start
Convert' input terminals See specifications for
pulse width and amplitude

B Connect a precision voltage reference source to
the appropriate analog input terminals See |/0
connections

Zero Offset Control

Adjust the voltage Ou\Dul from the reference source
10 plus full scale minus % LSB

Rotate the offset control until the LSB output (Least
Signiticant Bit) flickers between logic “'zero” and
loaic “‘one

Gain Con'trol

Adjust the output from the reference source 1o
minus full scale minus 1% L

Rotate the gain control until LSB output (Least
Significant Bit) flickers between logic “'zero”” and
logic ““one

TRIMMING OF 3 MOST SIGN

IFICANT BITS (INTERNAL)

PHYSICAL-ENVIRONMENTAL
Operating Temperature
Range .............0°Cto+70°C
Storage Temperature Range -55°C to +85°C
Relative Humidity ....... Up to 100% non-condensing

The three trimming potentiomaters on the side of the module are for periodic adjustment of the three most
A y of these trims is necessary since they are calibrated st the factory at

26°C. Should readjustment be required for optimum sccuracy st 8 different temperature or to compensate

periodically for long term drift, the following procedure should be carefully followed:

1. Adjust external offset and gain as sbove.

2. Readjust external gain trim and then bits 3, 2, and 1 in accordance with the table balow. Adjust so that the
output flickers squally between the two codes shown

. Readjust external zero or offset and gain.
Repeat steps 2 and 3 as necessary.

2w

SIZO o vaiianna i s se e 2 WXAEX0:8"H
* Input Voltage Ou Code Adj
Pl e @ we.......020" round, gold plated, 0.250" i Timee
long min. Unipoler (0 to -10V) Bipolar (:5V)
Casze Material . . ......... Black Diallyl Phthalate per MIL-M-14 0625V -1/2 LSB +4.375V-1/2 LSB 00010. .. 01 Gain'THim
WEIghE: -5 i o svna e s v o BiO2, (-0.62531V) (+4.37469V) 00010...00
Mating Sockets ......... DILS-2, 2required @ $5/pair. e s A ST Toinilig
(-1.25031V) (+3,74969V) 00100. .. 00 (Bit 3)
-25V -1/2 LSB +2.50V -1/2 LSB 01000.. .01 Trim #2
ORDERING INFORMATION PRICE (-2.50031V) (+2.49969V) 01000 . .. 00 (Bit 2)
Model ADC-149-148B $239. (1-9) P rgpTE gy
2 i -5.0V - -1/2L 10000 . .. 01 Trim #1
Mating Socket DILS-2 (2 per module, $5./pair) (-5.00031V) (-0.00031V) 10000 . . . 00 {Bir 1)
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N DATEL 50 MILLIWATTS TOTAL POWER CONSUMPTION
SYSTEMS, INC. WILL OPERATE FROM 12 VOLT BATTERY
s ANALOG TO DIGITAL CONVERTER

FEATURES

» AUTOMATIC SHUTDOWN BETWEEN
CONVERSIONS

CHOICE OF C/MOS OR TTL OUTPUTS

UP TO 3000 CONVERSIONS
PER SECOND

» +0.025% ACCURACY
» FOUR INPUT RANGES

GENERAL DESCRIPTION

The most unique feature of the ADC-CM
series analog-to-digital converters is their low

power consumption, approximately two SEE POWER SUPPLY CONNECTIONS
> ———e
orders of magnitude lower than those VoD (+12VDC TO +15V0C) GRoLNE  TevoCTavDe ver
attainable with conventional A/D converters Gay 09 (T
o L
ADC-CM series are well adapted for [

applications in remote areas with limited
power. ldeally suited for operation from
battery power, they will find wide use in

oceanography, pollution monitoring,
meterology and seismology. They are also OFESET (G @
100K

" 5
ideal for other scientific uses both in the e Py A wc
5 5 S S ¥ oAy 50 TO LINEAR CIRCUITS REFERENCE
laboratory and in the field ANALGE iNBUT OF P} ELECTRICALLY DISCONNECTED N
Power consumption is a function of the (0V TO —10VFS OR £5VFS) LN e LB iON:

5K
conversion rate. For 100, 500 and 1000 ANALOG INPUT (26 £ DIGITAL ANALOG CONVERTER ,__@
conversions per second, the average power (ov

REFERENCE
our

drain is approximately 5, 25, and 50 ANALOG GROUND (&
milliwatts, respectively

Model ADC-CM converters have the capability
of operating from either a single +12VDC to START CONVERT O
+15VDC power source (interrupt power
mode) or from a 1 12VDC to ' 15VDC power
supply (continuous power mode) at a
maximum conversion rate of 3KHz

Another key feature of the ADC-CM series

when operating in the interrupt power mode
is its ability to normally reset in a standby O ) @ 4) SERIAL

CLOCK

OUTPUT REGISTER

state (power turned off to the analog section) CLOCK OUTPUT MSB 58 'eno ouTPUT
and upon receipt of a convert command signal S —— e — OF

the converter will turn on, stabilize in 50 DATA OUTPUTS CONVERSION
microseconds, make a complete conversion BLOCK DIAGRAM —INTERRUPT POWER MODE

and automatically return to standby status ADC CM SERIES — 12 BINARY BITS SHOWN

All input/output control signals and output
data are C/MOS compatible plus a separate

logic power supply connection (+VDC-Pin

17) is provided to allow the user the MECHANICAL DIMENSIONS (INCHES) INPUT/OUT CONNECTIONS
convenience of TTL compatibility when

required. I‘*i o N

The ADC-CM series converters utilize C/MOS SIDE VIEW ]

logic throughput and employ the inherently v

accurate successive approximation conversion 2001A Lk | o [PIN FUNCTION JPING FUNGTION
method to compare an unknown analog input 1/0 Pins ¥ wj ) | EOC (STATUS) | 15 | BIT11OUT

signal against the output of a precision G — e ey = § 1 ETLE;S"FCOCL));VERT' ;? SICTC1'2,§\,UJC(,LSB) =
digital-to-analog converter in a high gain . o [a | SERIAL OUTPUT | 18 | +15VDC

feedback loop. This method insures a full : R [ 5 | BIT10UT (MSB) 19 | —15VDC =
monotonic conversion and excellent linearity . se 6 | BIT20UT ”L@WER GROUND

over the full scale input voltage range 7:‘ [ 7 BIT3OUT | 21 [ VDD (+12VDC TO +15VDC)
Full scale input can be unipolar (0 to ~5V or BOTTOM VIEW e %*%83; = 5:2; E‘Egé'g’g%%é’g%fi’ =
0 to —10V) or bipolar (+5V or +10V) by o | 850 10 | BIT6 OUT | 24 | OFFSET SELECT i
simply making the appropriate  pin & - 11 | BIT70UT | 25 | ANALOG GROUND
connections [12 [ BITBOUT 26 | INPUT 3 (OV TO —5V) y
The entire converter is contained in a 2"'W x %*%%’?OQSJT gé H:mtﬂ 3 :ZYOI/? ~10V.0R25V)
3”L x 0.8"H plastic encapsulated module, yet

fully repairable — a wvery significant

consideration. Full scale accuracy is specified \‘—

at +0.025% with a temperature coefficient of ——— 280 g

+30ppm/°C.
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ELECTRICAL
Inputs:

Analog Input Voltage Range

Input Overvoltage
Input Impedance

Start of Conversion

DATEL

SPECIFICATIONS (Typical @ 25°C unless noted)

0V to — 5V FS — PIN 26
0V to —10V FS — PIN 27
+5V FS — PIN 27
+10V FS — PIN 28
+30VDC without damage to unit
25K Ohms, —5V Range
50K Ohms, —10V Range
50K Ohms, +5V Range
100K Ohms, +10V Range
Interrupt Power Mode
Positive Pusle With Duration of 50 Usec, +10 Msec.
Continuous Power Mode
Positive Pulse With Duration of 10 Usec.
Note: For either mode, the leading edge resets the converter and the trailing edge initiates
a conversion. Pulse amplitude is determined by power supply used as shown below.

PIN 17
COMPATIBILITY POWER SUPPLY LOGIC "0 | LOGIC 1" LOAD
Tl +5VDC < +0.4V 242.4V 1 TTL Load. Terminate Pin 3 to Pin 17 with 4.7K
C/MOS +12VDC to +15VDC oV VDD Input Impedance 20K to Ground
Outputs:

Parallel Output Data. . . ... ... ...

Up to 12 parallel lines of data held until next conversion command.
Output logic levels determined by power supply used, as per Table "'A’.

Encoding Time

Word Rate

Temperature Coefficient

Input Settling Time
Throughput Time

Input Power Requirements

Operating Temperature Range
Storage Temperature Range
Relative Humidity

TABLE 'A’
COMPATIBILITY POWER SUPPLY LOGIC 0" | LOGIC *'1" FAN OUT
Tk +5VDC < +0.4V >+2.4V 2 TTL Loads
+12 VDC Qutput Impedance
C/MQs to ov VDD V out Low — 100 Ohms
+15vDC V out High — 1.5K
5T L (e e ooy R Straight Binary (Unipolar Input)
Offset Binary (Bipolar Input
2's Complement (Bipolar Input)
Endiof CORVBFSIOR §. &g+ oiee wceais v ¢ Conversion status signal high during conversion.
Output logic levels — See Table ‘A’
CIOBK «:4s smmms s 58 1 2 5 55 e 14§ Internal clock out. Positive pulse train.
Pulse width: 20 psec.
Pulse Amplitude — See Table ‘A’
PERFORMANCE:
BB OO G s e 3 & ¢ 4 8 and Gl HE S One part in 22 (max. resolution 12 binary bits)
(n = Number of Binary Bits)
ACEUTACY = St R L L AT i 5 +0.025% of FS +% LSB (Externally adjustable)
LIOBANINY ta st o5 5 5 5 4 s d o 7 & +% LSB

PHYSICAL-ENVIRONMENTAL

+30ppm/’C of F.S.

25 Msec. per bit

10 usec for a full scale step at the input.

310 Usec — continuous power mode

350 Msec — interrupt power mode

Up to 3.2KHz — continuous power mode (12-bit)
Up to 2.8KHz — interrupt power mode (12-bit)
Continuous power mode:

+12VDC to +15VDC -~ See power curves next page
—12VvDC to —15VDC

+5VDC for TTL Compatibility

Interrupt power mode:

+12VDC to +15VDC — See power curves next page
See Input Power Connections

0°C to +70°C (—25°C to +85°C — add Suffix “EX'* to Part Number)
—55°C to +85°C
Up to 100% non-condensing

SRR T B M e i 5 5 3vadhdh i 5 2"W x 3"L x 0.8"H
PSS ot s R ts s § 9 & & SRS & 0.020" round gold plated, 0.250" long min.
CaseMaterial ...« . « v < v osiminie 5« Black Diallyl Phthalate per MIL-M-14
WYBBEIE Tl o % of o « & on s itk b o b 8 oz. Max.
Vol 3/58 See inside back cover for DATEL sales offices Electronic Design’s



MI TIMING — INTERRUPT POWER MODE
OUTPUT:000000000000 — 12 BINARY BITS
POWER INPUT +12VDC TO +15VDC

- te 50 USEC. (NOTE 1)
!

START
CONVERT
{, : g
—n:ﬁ—,susEc
i
I 1
EOC 350 uSEC
= 1}<-5usr:c ) —
- - 25 USEC —»I:q—.Z MSEC
cu_ocr(: .r;;”:ls |——~Im|——||—”—||_—]r||_”_”—,|‘_____
OUT: g 1 “sl | 1 | I
] 1 ] )
g HSECEE N Wl F1 & PR T
+ A i 1 1 i + 1 ! 1 1 1 1
SERIAL :‘BlT|:BIT2:BIT3:B|T4:BITSIBITG'BIT7|EIT8|BIYQ|BIT 10IBIT 11)BIT 12 (L.58)
VD i O i e e s MO T N B et
| | | |
BUSEC=wme-,eim=ilolC. R
BIT1! ' | T e
(MsB) ! | (O
susec—».'}‘».:k- 5 USEC
BIT 12 i—
(LSB) H

NOTE (1) Start Convert Input must have a minimum width of 50 uSec. This time is required to
internally generate +12VDC for the linear circuits

TIMING — CONTINUOUS POWER MODE
OUTPUT: 000000000000 — 12 BINARY BITS
POWER INPUT £12VDC TO £15VDC

) re-10 USEC

Sl e e e e e e = e A
CONVERT s

I 0|
EOC 310 HSEC 24|
-—IT' 5 USEC B :'
I :4— L fe=25 usec —>:I:—— 2 USEC
CLOCK: |[:”:]5 [—H—‘mmr—”—‘l_—”_‘mm TONEY)
OUT: L2 ] “Sl | 1 | | | | i
|
e T e N R S TR R T e |
+ 1 . i 1 i + 1 ! 1 1 1 1
SERIAL | :BIT|:BITQ:BITJ:BITA:EITBIBITS:BH llsurslangaen vo:an 1}BIT12 (1 5B)
OUTRUTESMERMNE e vl f o Lt iy
| ! !
5 USEC— re— —>1'ﬁ—5MSEC 4______________*J‘_i____
BIT1 ! T DR | :
(msB) ! i ! i
5 USEC —i e +lla- 5 USEC

1 i
BIT 12 i
(LSB) !

POWER DISSIPATION VERSUS CONVERSION SPEED SUGGESTED LOW POWER EXTERNAL INPUT AMPLIFIER
FOR NON-INVERTED CODING (See coding pg. 4)
INTERRUPT POWER MODE CONTINUOUS POWER MODE. 100K
N
100K .
é‘? (Hi) 2 28 £10V
100 3 100 Ein 2705 , 6>—————o0 A 27 10V, t5V
00 & 50K * e 26 5V
) +16V INPUT POWERY (Lol 2
" g ® L] 25 Lo
- S - l—
B % -
= = 80 2 ADC-CM
2’ OV INPUT L e 5N ; FULL SCALE INPUT]| 3
§ § 19 .15V
> = 18 416V
z 2
2 S &% NOTES
Ry =
£ 6;'? £ 1) CONNECTA TOPIN FOR OUTPUT
173 A @
g §° g 26 0 to +5V conventional dig.
c %0 SEES e 7 27 0 to +10V, +5V | output code.
w ,(‘P g 28 +10V
§ o 2) The inverting amplifier does not affect the con-
nections for the ZERO, GAIN & OFFSET Ad-
20, 20 justments.
3) The inverting amplifier requires a maximum of
5.5 mw of extra power for the continuous mode
of operation.
4) The inverting ag\plifier V\oli" cause a zero drift of
500 1000 1500 2000 1000 2000 1.4 mv for a 0°C to 70°C temperature change.
CONVERSIONS CONVERSIONS For a 0 to +10V, 12 bit ADC-CM this is about
PER SECOND PER SECOND % LSB.
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OUTPUT DIGITAL CODING *

DATEL

Analog Input Analog Input Straight Binary Analog Input Analog Input Offset Binary
0V to —5VFS 0V to —10VFS +5VFS +10V
0.000 0.000 000000000000 15000 110.000 000000000000 * Reverse coding sense:
0625 1.250 001000000000 13.750 17500 001000000000 Note that the most
1.250 2.500 010000000000 2.500 15.000 010000000000 negative analog input
1.875 3.750 011000000000 11.250 12500 011000000000 corresponds to full
2500+ 1LSB 5000+ 1LSB 011111111111 0000+ 1LSE 0.000 ¢ 1LSB 011111111111 ?ﬁi'edlglﬁa' output
2500 5.000 100000000000 0 000 0.000 100000000000 d,’ 1 binary). Normal
2,500 - 1LSB 5.000 - 1LSB 100000000001 0.000 1LSB 0.000 1LSB 100000000001 g‘t’)t'f‘g Ze’l‘)se can be
3.125 6.250 101000000000 1.250 2,500 101000000000 ext:f’::I inV “f,'“g an
3.750 7.500 110000000000 2.500 5.000 110000000000 i “ﬁ‘;err é“g 1n- 3
4.375 8.750 111000000000 3.750 7,500 111000000000 for 5 sup asicn) Sﬁc"j‘ie
5.000 + 1LSB 10.000 ¢ 1LSB (RRRRRRERERE! 50001 1LSB 10.000 + 1LSB 111111111111 99 s
INPUT POWER CONNECTIONS
INTERRUPT POWER CONNECTIONS CONTINUOUS POWER CONNECTIONS
46'\,\/ C
@ b —
BN\
I 15vDC 15vVDC GRD 15VDC +15VDC +5VDC
o o
+12vDC GRD 12VDC GRD +5VDC
_____ C MO YMPATIBLET O - — — — —C MOS COMPATIBLEI O
——— TTL COMPATIBLEI O ——— TTL COMPATIBLEI O

UNIPOLAR INPUT

50K 52

OFFSET
ADJ l—myxx;—‘—o 20
500 K$2 i o l
g GAIN ADJ

1K
LI:E*” B o
0 23 REF OUT
—AN—

—O 24 OFFSET SELECT
M0 025
026
027
028

NOTE: ALL TRIMPOTS ARE 100PPM/ C
AVAILABLE FROM DATEL - $3.00 each

Adjustment Procedure — Unipolar Input

A. Connect a precision pulse generator to the "Start Convert’’ input
terminal. See specifications for pulse width and amplitude.

B. Connect a precision voltage reference source to the appropriate
analog input terminals. See I/O Connections.

Zero Offset Control

Adjust the voltage input to the converter to minus /%2 LSB

Rotate the zero offset control until the LSB output (Least

Significant Bit) flickers between logic “‘zero’” and logic "‘one’

Full Scale Gain Control

Adjust the input to the converter to full scale minus 1%

LSB. Rotate the gain control until the LSB output (Least

Significant Bit) flickers between logic * zero' and logic “one’’.

% LSB.

1% LSB.

GAIN ADy

OFFSET ADJ

GAIN & OFFSET EXTERNAL ADJUSTMENT CONNECTIONS

BIPOLAR INPUT

NOTE. ALL TRIMPOTS ARE 100PPM/

AVAILABLE FROM DATEL

$3.00 EACH

Adjustment Procedure — Bipolar Input

A. Connect a precision pulse generator to the ‘‘Start Convert” input
terminals. See specifications for pulse width and amplitude.

B. Connect a precision voltage reference sourse to the appropriate
analog input terminals. See I/O Connections

Zero Offset Control

Adjust the voltage input to the converter to plus full scale minus

Rotate the offset control until the LSB output (Least Significant
Bit) flickers between logic
Gain Control

Adjust the input to the converter to minus full scale minus

‘'zero’ and logic “one”

Rotate the gain control until LSB output (Least Significant Bit)

flickers between logic ““zero’’ and logic “‘one’’.

ORDERING INFORMATION PRICE LIST (Single Quantity)
ADCCM T -—l—
e NOTE
: ADCEMBB o, vewioitssve v ADC-CM Series feature dual in-|
NUMBER OF B i e a ual in-line pinning
AND CODING. ADC-CM10B ........... 3189 compatibitty, 100" grid pin spacing
& ADC-EMI2B .. ueies oo $169.
8B = 8 BINARY BITS ADD SUFFIX 2
10B=10BINARY BITS FOR 2'S COMPLEMENT MATING SOCKET . . . DILS-2
12B=12 BINARY BITS OUTPUT CODING 2 Req'd per
module, $5 /pr
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NDATEL

»- 1 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

RATIOMETRIC DUAL SLOPE
ANALOG TO DIGITAL CONVERTERS

ADC-ER SERIES

FEATURES

P 4 Wire Ratiometric Operation

P Single +5V Power Requirement

P Differential Inputs

» 40 dB Normal Mode Noise Rejection
» 70 dB Common Mode Rejection

» Binary or BCD Coding

GENERAL DESCRIPTION

The ADC-ER series dual slope A/D con-
verters feature ratiometric operation pow-
ered by a single +5 volt logic supply. Four-
wire differential inputs give high com-
mon mode rejection with the useful capabil-
ity of operating with input signal and

+5 VOLT POWER ZERO GAIN
external reference at different common POWER IN  GND ADJ. ADJ
mode levels; the external reference voltage @ © &
can be varied over +50% of nominal refer- = T ron
ence value. In addmpn, the conversion time Ao ) : E— L.
can be externally adjusted to a 50 or 60 Hz M oG > REFERENCE _out
period to give 40 dB minimum normal mode e N0
rejection of AC power line noise. N @ 1
This series is available in 5 different models a0 ) NEGATIVE Ve
§ . " v SUPPLY &
with resolutions of 8, 10, or 12 binary bits GND REGULATOR our
. .. COMPARATOR
and sign and 2-1/2 or 3-1/2 BCD digits and CONTROL LOGIC
sign. Important applications for these con- o - 2
verters include test and instrumentation [ ] &
systems and signal conversion at transducer
locations. Other operating features include: COUNTER AT cLocK
a gated clock output with a counter reset
pulse for transmitting data to an external
counter; an internal start pulse generator aS00) 6969 6) 636D 63 63 6I6) 6Ib SERCICICEEG 5
with externally adjustable rate; and a £oc s oven A e o S
~5VDC power output supplying up to 5SmA (SEE wpu:AURUATLF'LUEYLCDOA:JNAE%JJ)N TABLE) N & it
for externally powering a transducer bridge
or auxiliary amplifier.
This combination of features makes the
ADC-ER an extremely versatile A/D con- MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
verter for systems applications. |t contains INCHES (MM) PIN FUNCTION PIN DIGITAL OUTPUTS
an internal precision reference of 1V for e e 1| ANALOG GROUND BINARY BIT | BCODIGIT
binary models and 2V for BCD models i ANALOGINLO | 188 1010 8oj 12p
which is used for normal, non-ratiometric T oeos im’wrm“m 7 1+ REFERENCE IN 58| X | X |12 x| 2
operation. In ratiometric operation the in- L N 9 | -REFERENCE IN R T
ut switches between input signal and ex- W . 17 | ZERO ADJUST 60f x |10 J10 | X| 8
5 el i . Hn T‘ 56| REFERENCEOUT | 61| X [ 8 [ 8 [ 1] 10
ternal reference during the conversion cycle. 34 el | | 58 | TREFERENCE OUT | 6218 5 8 > T 20
. . . . 32 A H
Full scale input signal is +1V for binary and 0 & ”Lm“ 30 | GAIN ADJ. BT T T 7T Al 4
+2V for BCD; the input common mode : i3] ar 100 | 32 [ -5VDC OUT 646 [ 6 [ 6 | 8] 80
voltage range is +3V. 5 o f;g PS\‘;VIESV?ERROIL:\JND :2 i i i ;g ;gg
5 +
The external reference voltage range is 0.5 - b i 37 T CLOCK ADJUST 57 13 13 [ 3 [40] 400
to 1.5V for binary models and 1 to 3V for SR S 39 | START RATEADJ. | 68 | 2 | 2 | 2 |80 | 800
BCD models. Common mode rejection for §” 51 T 41 [ START OUT 69| 1] 1 | 1 [100 1000
i inouts is 70 dB g 43 | GATED CLOCK OUT
bO-ﬂ"\ sidnal anq o gl AC li s w’sncss 45 | E.O.C. [STATUS) X INDICATES NO PIN
minimum. Optimum normal mode ine : AT 100 ‘ 26 | CLOCK OUT
noise rejection is achieved by external ad- 7 | 48 | START CONVERT
justment of the clock frequency to syn- “‘ 49 COU"::TE‘;;ESET
: % 3 £ s 5 i
chronize the signal integration time to either e 2 120 ;? CLJ(\)liﬂLOADU
50 Hz or 60 Hz line period. Sign-magnitude - Pl L 72 | SIGN
coding is used in all models. Notes: 1. Open dots designate omitted pins
Input power requirement is +5VDC at 2. 0.100 inch = 2.5mm : - e
i i i 3. Pin position tolerance is +0.005"' from datum, non-accumulative .
250mAfrlna:1m;m (e;r;d th: module size is a 4. Analog Ground, Power Ground, and Logic Ground are ali connected together internally.
low profile 4 x 2 x 0.4 inches.
GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/61




a d PP 0 oted
ADC-ER8B/10B/12B ADC-ER8D/12D
INPUTS (BINARY) (BCD)
Aralog Input Range . ... .... 1V +2V
Reference Input Range .. .... +0.5 to +1.5V +1 to +3V
Input Overvoltage, no damage +20V .
Input Impedance, both inputs 100 Meg. min. 3
Input Bias Current, both inputs . . .. ... 45nA typ., 500 nA max. »
Common Mode Input Range . . . ...... +3V min. *
Common Mode Rejection, DC-60Hz. . . . . 70 dB min. ¥
Normal Mode Rejection, 50 or 60Hz . . . . | 40 dB min. *
Start CONVOrsion . ... ¢ «oa v v eiv 0 via s 2V min. to 5.5V max. positive pulse
with duration of 100 usec. min.
Logic “1" resets converter
Logic ““0” initiates conversion
Loading: 1 TTL load
OUTPUTS
ParallelOutpiit Data oo o 5% 2 o o o s 8/10/12 parallel 8/12 parallel lines
lines and overrange
Output data held until next start convert pulse.
Vout (0”) < +0.4V
Vout (1) > +2.4V
Loading: 6 TTL loads
T R st g N S Output HI for positive input
Loading: 10 TTL loads
Overdoad i sa saivi s s e s e s e Output HI for + input > FS

Output HI during reset and conversion and LO
when conversion is complete
Loading: 4 TTL loads

1. Both analog input signal and extérnal
reference look into identical differential
inputs with an electronic switch switching
between the two during the conversion
cycle. A bias current of typically 45nA
flows out of the input terminals and must
be returned to ground. For single-ended
operation Analog LO and either reference
input should be connected to Analog
Ground. Only one reference is required for
either polarity of analog input.

2. Zero adjustment is required for either
ratiometric or normal operation, but the
gain adjustment is required only for nor-
mal operation (using internal reference) or
applications where the internally trimmed
accuracy of 0.1% is insufficient.

3. Optimum normal mode noise rejection for
AC line frequencies is obtained by exter-
nally adjusting the clock frequency to give
a signal integration time equal to the line
frequency period of 50 or 60 Hz. This is
most easily done by using a digital counter
connected to the Clock Output (pin 46).
If normal mode noise is negligible or of
high frequency, the adjustment is not
necessary. For short term measurements
an adjustment to within 0.1% of line
period can be achieved, resulting in 60 dB
of rejection. For longer term measure-
ments, both line frequency and clock
frequency drift slightly and a more reason-
able match to within 1% results in 40 dB
rejection.

4. The start rate adjustment allows operat-
ing at an internally set rate of 2 conver-
sions/sec. or at faster rates up to 23/sec.

Gatd/CIOCK:. 5 uiw v v s 9 s e b oa w g Output pulse train giving:
N+4096 pulses N+2000 pulses
where N is converted count
Loading: 8 TTL loads
Counter’Reset . ... oo a9 e wsn Pulse HI for resetting external counters
Loading: 4 TTL loads
Clock: OREPIE %o nie o 5 o 55" anie ;o iy v 16 Continuous clock pulses with nominal frequency
of 100 kHz
Loading: 1 TTL load
SArtIOULIE. oo wi o o 0 s enpibins i o xe Internally generated 100 nsec. start convert
pulse at 2/sec. Can be externally adjusted
for faster rate.
Power Outpit ; ooy o 4w o608 0w 3 o 4 -5VDC +5% @ 5mA max.
PERFORMANCE
ETPOY T e o o e T o ep el s o & 6 .05% Reading +1 count -
RESOIOTION 3o a5 0 b s s g, @ & 15 8/10/12 Bits 2%/3% Digits
OGS 2,1 5 o o ey & Sign-Mag. Binary Sign-Mag. BCD
Temp. Coeff. of Gain, converter . . . . ... +5ppm/°C max. »
Temp. Coeff. of Gain, reference . . . . .. . +30ppm/° C max. "
Tomp. JCOBEE. OF ZBYO T o oo v v'S mimre v s +30 uV/°C max. »
Intatnal BOTOreticn . o . « % 4 « = 25w oo wis 1V £0.1% 2V +0.1%
Power Supply Rejection . .......... .01%/% max. »
Conversion Time, 60Hz period . ... ... 76.6 msec. max. 43.3 msec. max.
50Hz period .. ..... 90.0 msec. max. 50.0 msec. max.
Warm Up TiM8 c: o ¢ v aw o5 o als v she o 5 minutes L

POWER REQUIREMENT

+5.0VDC +5% @ 250mA max.

PHYSICAL-ENVIRONMENTAL
Operating Temperature Range .. .. ...
Storage Temperature Range

Relative Humidity . . . - . o c 5 sl o w4 sas
Case Size
Casd BARteriall oo v o v ais a0 o viee apsaaie
1) | o A S S e R X 1

0°C to 70°C .
-55°C to +85°C »

Up to 100% non-condensing

4 X 2 X 0.4inches (101,6 X 50,8 X 10,2 mm)
Black diallyl phthalate per MIL-M-14

.020” round, gold plated, .200” Ig. min.

4 0z. max. (114 g.)

ORDERING INFORMATION

ADC-ER
o

NO. OF BITS & CODING
8B = 8 Binary Bits
10B = 10 Binary Bits
12B = 12 Binary Bits
8D = 2% BCD Digits
12D = 3% BCD Digits

PRICES (1-9)

ADC-ER8B ...... $79.00
ADC-ER10B . . .. .. $89.00
ADC-ER12B. ... .. $99.00
ADC-ER8SD ...... $79.00
ADC-ER12D. . .. .. $99.00

Mating Sockets: DILS-2 (4/module) $5.00/pair
Trimming Potentiometers:
TP100K, TP10K at $3.00 each
For extended temperature range operation, the
following suffixes are added to the model number.
Consult factory for pricing and delivery.
-EX -25° to +85°C operation
-EXX-HS -55°C to +85°C operation with her-
metically sealed semiconductor com-
ponents.
The ADC-ER Series Converters are covered by GSA
Contract
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TECHNICAL NOTES (Cont‘d) ’ TIMING DIAGRAM

(BCD) or 13/sec. (Binary) by external

START
adjustment. To operate with the internal
) Wi CONVERT __| 100 nsec. min
start convert, pin 41 must be connected to
pin 48. The converter may also be started 10 |
A e |
externally by means of a 100 nsec. min. EOC T CONVERSION
start convert pulse applied directly to pin (STATUS) ..,' = ——T COMPLETE [ 10 msec
48. : T = 33.3 msec. (BCD)* DATA VALID min
| ° 1
% | T = 66.7 msec. (Bin) *— ToL —»
5. The -5V power output from the convgrter COUNTER s {seereck Naie 8
may be used to power a transducer bridge RESET *: i |
aps . g —— Hsec a
or an auxiliary input amplifier such as | ;
uA776, LM308, or 4250 in conjunction 1 by i i
with the +5V input power. The 5mA o (T Wil '%:
maximum output should not be exceeded GATED | AT i R AR
e [ I Il
Yy ’ cLock | A i \ ‘
or it will affect the operation of the | ! | |
X ; =1 oy i i
converter. This output is short circuit | : NO. PULSES = 2000 + N (BCD) (N is count proportional to E,y)
protected to ground but should not under i | 4096 + N (Binary) | (‘
any circumstance be connected to +5V or b : |
any other power supply output voltage INTEGRATOR | ] | :
since damage to the converter will result. RAMP : : : |
I 4 ! |

The -5V output is regulated to give a
constant 10V difference with respect to
the +5V power input with a typical
tempco of +100ppm/°C.

<a—SIGNAL INTEG. -

6. Analog inputs exceeding the +5V supply OVERLOAD
voltage, although they will not cause any
damage up to +20V, will cause the input
switch to malfunction. This will cause the
overload output to remain high and the
sign output may be invalid. If inputs
exceeding +5V are to be encountered in an
application, it is recommended that clamp-
ing diodes be used from the inputs to +5V. DATA OUTPUTS COUNTING DATA OUT ’
Overload recovery time, TOL' after a +5V VALID:2HELD. ]
input overload is 30 msec. for all BCD
models and 50 msec. for all binary models.
See timing diagram.

T
\
\
|
\
|
|
T O S
J

SIGN

DATA QUTPUTS | IpaTa OUTPUTS

ZERO I I zero
] e

*When synchronized to 60 Hz period. For 50 Hz period: T =40.0 msec. (BCD)
T =80.0 msec. (Bin)

CODING TABLES

BCD CODING
Shik 21/2 DIGIT 31/2 DIGIT
INPUT (3) | OUTPUTCODE | INPUT (¥) | OUTPUT CODE
FS-1LSD 1.99V 11001 1001 1.999V 11001 1001 1001
3/4 FS 1.50V 10101 0000 1.500V 10101 0000 0000
1/2 FS 1.00V 10000 0000 1.000V 1 0000 0000 0000
1/2 FS-1LSD 0,99V 01001 1001 0.999V 01001 1001 1001
1/4 FS 0.50V 00101 0000 0.500V 00101 0000 0000
1LSD 0.01V 0 0000 0001 0.001V 0 0000 0000 0001
0 0.00v 0 0000 0000 0.000V 0 0000 0000 0000
BINARY CODING
8BIT 10BIT 12BIT
SCALE
INPUT (£) CODE INPUT (%) CODE INPUT () CODE
FS-1LSB .996V 1111 1111 .9990V 1M1 111111 | 99976V | 1111 1111 1111
7/8 FS 875V 11100000 | .8750V 1110000000 | .87500V | 11100000 0000
3/4 FS 750V 11000000 | .7500V 1100000000 | .75000V | 1100 0000 0000
1/2 FS 500V 10000000 | .5000V 1000000000 | .50000V | 1000 0000 0000
1/4 FS .250V 01000000 | .2500V | 0100000000 | .25000V | 01000000 0000
1/8 FS 125V 00100000 | .1250vV | 0010000000 | .12500V | 0010 0000 0000
1LSB .004V 0000 0001 .0010V | 0000000001 | .00024V | 0000 G000 0001
0 .000V 00000000 | .0000V | 0000000000 | .00000V | 0000 0000 0000 r
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CALIBRATION & APPLICATION

STANDARD CONNECTIONS AND CALIBRATION

START PULSE RATE

Rs
AN Rs (K 440 - RATE
RATE - 2
4 Conversions Per Second
+5vDC Give Rs 0K}
36 +5V IN CLOCK ADJ 37
34 PWR GND START RATE 39
PWR CLOCK FREC
GND 1—0 32 -5V OUT START OUT 41 v H
200« ADJUST
1—0 30 GAIN ADJ

0 28 +REF OUT

+—O0 26 - REF OUT CLOCK OUT 46 TO FREQUENCY
COUNTER FOR
NORMAL MODE
NOISE REJECTION

ADJUSTMENT

START IN 48

017 ZERO ADJ

+—0 9 REF IN

-0 7 +REF IN
1—O 5 ANALOG IN HI

3ANALOG IN LO
S 1| ANALOG GND

CLOCK FREQUENCY FOR
OPTIMUM NORMAL MODE
NOISE REJECTION

e

50H:z 0H:

E, £
A M= BCD | 100kHz | 120kHz
BIN | 1024kHz | 1229kHz

CALIBRATION

1. Connect the converter as shown in the diagram. Allow a 5 minute warm-up before
making final adjustments.

2. Zero Adjustment. Short together Analog In HI (pin 5), Analog In LO (pin 3), and
Analog Ground (pin 1). Adjust zero trimming potentiometer to obtain a flickering
Sign (pin 72) and logic zero on all parallel data output lines

3. Gain Adjustment. Apply a precision reference input voltage between Analog In H|

(pin 5) and Analog In LO (pin 3) with the latter connected to Analog Ground
(pin 1). Set the precision reference to a voltage near full scale (see coding tables)
and adjust the gain trimming potentiometer to give the correct digital output
code.

NOTE: The gain adjustment is internally trimmed to within +0.1% accuracy. |f
this accuracy is sufficient, then pin 30 should be left open. The gain adjustment is
not necessary for ratiometric operation.

ADJUSTMENT OF CLOCK FREQUENCY AND START RATE

1.

To obtain optimum normal mode noise rejection at either 50 or 60 Mz, the Clock
Frequency Adjust potentiometer should be adjusted to give the appropriate clock
frequency shown in the table. This is most easily done using a frequency counter
connected to the Clock Out (pin 46). Although a 200K adjustment potentiometer
gives a full range of adjustment, most accurate adjustment is achieved by a 10K
trimming potentiometer in series with an appropriate fixed resistor value

2. The internal start pulse generator operates at a nominal rate of 2 pulses/second

with no connection to pin 39. To increase the conversion rate a resistor may be
connected as shown from pin 39 to +5V as illustrated in the calibration diagram.

RATIOMETRIC OPERATION

+5VDC

o

36 +5V IN
CoM 34 PWR GND

+—O 32 5VOuT

100K © 30 GAIN ADJ
ZERG O 28+REF OUT
ADJ
0 26 -REF OUT
O 17 ZERO ADJ

| Vags + Vew | <3v

+—O 9 -REF IN
t—O 7 +REF IN

—O 5 ANALOG IN HI

3ANALOG IN LO
1 ANALOG GND

3
N
OuTPUT = X 2000 (BCD 3% digit)
|En*Ecm | <3v Vaee i
E,
Ll 4096 (Bin 12 bit
Vaer

CM = COMMON MODE

USING WITH BRIDGE TRANSDUCER
EXCITED BY 5V SUPPLY

5VDC 36 45V IN
com ~O 34 PWR GND
! 0 32-5VOUT
>
O 30GAIN A
BRIDGE o4
TRANSDUCER O 28 + REF.OUT
O 26 -REF. OUT

9-REF IN

5 ANALOG IN HI

20
O 7 +REF IN
O
O

3ANALOG IN LO

USING WITH BRIDGE TRANSDUCER AND -5V OUTPUT
TO MINIMIZE INPUT COMMON-MODE VOLTAGE

+5VDC T
coMm

—O 36 +5V IN
-O 34 PWR GND

L e 0 32-5v0UT
BRIDGE
TRANSDUCER O 30GAIN ADJ
O 28+ REF. QUT
w " O 26-REF.OUT
R

—O 9-REF IN
O 7 +REF IN
S5 ANALOG IN HI

—O 3 ANALOG IN LO

For BCD Models: R, = Ry = 2R,
For Binary Models: R, = Ry = 4.5R;

DRIVING AN EXTERNAL COUNTER
WITH THE GATED CLOCK & COUNTER RESET

B JOCCTECET T

: GATED CLOCK
|
|
]
|

PULSES

GATED CLOCK 43 O-

+
|
|
I
|

COUNTER

COUNTER 4
= L RESET PULSE

RESET

|

LOGIC GND 70 © 0GICGND
SIGN 72 SIGN LOGIC
4 WIRE LINE
TO EXTERNAL
COUNTER

FOR LENGTHS GREATER
THAN 3 FT USE LINE
ORIVERS AT ADC ER
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SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 8288000

TWX: 710-348-0135 TELEX: 924461

b

PRECISION RATIOMETRIC DUAL SLOPE
ANALOG TO DIGITAL CONVERTERS

ADC-EP SERIES

FEATURES

» 4% Digit BCD or 14 Bit Binary
» 4 Wire Ratiometric Operation

» Auto-Zero Drift Correction

» Quartz Crystal Controlled Clock
» Floated Input, 2300V Range

» 60dB AC Line Noise Rejection

GENERAL DESCRIPTION

The ADC-EP series are high resolution, ra-
tiometric A/D converters using the dual
slope conversion principle. The analog input
is electrically floated from digital ground by
means of optical and magnetic coupling of
digital signals, to permit a +300V common
mode input voltage range with greater than
100dB common mode rejection. A four-wire
ratiometric input permits separate connec-
tion to input signal and reference; the refer-
ence input is a flying capacitor circuit which
allows the reference to operate at a different
common mode level from the input signal,
with greater than 70dB common mode re-
jection. The external reference may vary
+50% from the nominal value of 1.0 volt for
ratiometric measurements; a stable internal
reference of 1.00V +0.1% is also provided
for fixed reference operation.

These converters are available in two basic
models: a binary coded version with 14 bit
resolution, and a BCD coded version with
4 digit resolution. Both models use sign-
magnitude coding. An internal quartz crys-
tal controlled clock sets the signal integra-
tion time to a precise multiple of the AC
line frequency to achieve greater than 60dB
noise rejection of AC line noise. The con-
verters can be ordered with clock frequency
synchronized to either 50 or 60 Hz. An
auto-zeroing circuit stabilizes the zero drift
of the converters to less than +1uV/°C. The
conversion time, which includes an 80 msec.
period for auto-zeroing, is 230 msec. for a
60Hz synchronized model and 260 msec.
for a 50Hz synchronized model. Conversion
can be initiated by either an external start
pulse or by an internally generated pulse.
Accuracy of both converters is .01% of read-
ing +1 count.

All digital outputs are from a CD4050
buffer, which will drive 1 TTL load or
numerous CMOS loads. Other digital out-
puts include overrange on the BCD model,
overload, sign, clock out, start out, and end
of conversion (status). Two additional out-
puts, a gated clock and counter reset, permit
serial transmission of output data to an ex-
ternal counter.

The unique features of these converters
make them useful in a wide range of instru-
mentation and measurement applications.
Power requirements are *+15VDC and +5V
to +15VDC. Package size is 4 X 2 X 0.8
inches and operating temperature range is
0°C to 70°C.

FLYING CAPACITOR o,
REFERENCE INPUT
-
. i
| -

T [ .
—an

|

—

1

1]

& ,

[T

) (1) (53)(s)(55)(s8)5

MECHANICAL DIMENSIONS

INCHES (MM) INPUT/OUTPUT CONNECTIONS

00001 - PIN FUNCTION PIN DIGITAL OUTPUTS

= f ANALOG COMMON BINARYBIT | Bco DG ]
ANALOG INPUT — |__\J ADC-EP14B ADC-EP16D
REFERENCE HI INPUT _ 53 | BIT 14 (LSB) BIT 17 (1)

54 | 13
Y el 11 | REFERENCE HIOUTPUT | | 55 | 12
[ 13 | REFERENCE LO OUTPUT [ 56 4]
- 4+~ |14 | REFERENCE ADJUST { 67 | 10
s | ¥ 3800 L”w REFERENCE ADJUST [t 9
: 17 | ZERO ADJUST L ) R -
28 | Vec POWER COMMON (.. 0
30 | +Vec POWER IN (et |- ©
s | side [ 32 | -15VDC POWER IN }_% B
oo | 34 | 15V POWER COMMON 63 By ¥
sorrom o 4900 1101.6 36 | +15VDC POWER IN ... 0 M. (.
= 42 | CLOCK QUT B0 895 5
s I Sy [ a3 [ STARTOUT L., Lol P, J
e [—g— 1900 45 | START ADJUST 67 X
o -1 46 | COUNTER RESET (68l . ) __2.8000] |
: 47 | STARTIN = | reur 1 (MsB) BIT 1 (10,000
H 49 | GATED CLOCK OUT ST % 1
o | srhdes 50 | CLOCK IN
o | e 51 E.O.C. (STATUS) X INDICATES NO PIN
. 70 | LOGIC GROUND
H 71_| OVERLOAD
! Ll 72 | SIGN
120 Tl NOTES 3. Pins 66, 67, 68 are omitted on Binary models
| 1

Open dots designate omitted pins
2. 0.100 inch = 2.5 MM

4. Pin position tolerance is +0.005" from
datum, non-accumulative
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SPECIFICATIONS, ADC-EP SERIES TECHNICAL NOTES

Typical at 25°C, +15V and +5V supplies unless otherwise noted

ADC-EP14B ADC-EP16D
(inaiy} o 1. In order to make use of the floated analog
INPUTS input capability of the ADC-EP series, the
Analog InputRange . ............. +2V » +15VDC analog power supply must be
Reference Input Range . ........... 0.5 to 2.0V iy floated with respect to the digital logic
Input Overvoltage, no damage’ . .. ... .. +25V 2 supply (Vce). If floated analog input is not
Input Impedance’ . . .. ............ 100 Meg. min. 7 required, then analog and digital grounds
Input Bias Current’ . .. ........... 100pA max. . may be connected together. The analog
Common Mode Voltage Range” . . . . . ... +300V max. " input is single-ended with 100 megohm in-
Common Mode Rej., DC-60Hz, 1K unbal.? . 100dB min. ¥ put impedance. The input bias current be-
Common Mode Range, ref. to analog com.. . 15V 2 tween ANALOG IN and ANALOG COM-
Common Mode Rej. of Reference, DC-60Hz. 70dB min. ' MON is 100 pA max. and this value

Normal Mode Rej., 50 0r60Hz . . . . . ... 60dB min. % doubles every 10°C.
StartConversion . .......cc00000. CMOS input, positive 0 to +Vcc pulse with

2. The reference input is a flying capacitor
circuit which permits the external refer-
ence to operate at a +5V common mode
voltage with respect to analog common
with greater than 70dB CMR. The 1uF fly-

1 usec min. duration. 100K input impedance.
Logic ““1"* resets converter.

Logic 0" initiates conversion.

Clockin . ........co0veeenens CMOS input, positive 0 to +Vcc pulse with
approx. 50% duty cycle.

ing capacitor is charged from two 10K re-

OUTPUTS? sistors which give a time constant of 20
Parallel QutputData .. ............ 14 parallel lines 16 parallel lines msec. (not counting reference source im-
and overrange pedance). This means that if the external

Output data held until next start convert pulse. reference changes value, 9 time constants

Positive true buffered CMOS outputs or 180 msec. should be allowed before a

correct conversion can be initiated. Or,
more simply, after the reference changes

Vout (“0”) < +0.4V

for Vee = +5V
Vout (“17) > +25V } ot Moo= #4

Loading: 1 TTL load. to a new value approximately one full con-
G s Al M N S Output HI for + inputs version period should be allowed before
Overload ' Tis s s wis i w s e E R s s Output HI for + input > F.S. the next correct conversion. It should be
EIOLC.ASHtush o+ « infvolaiao s tinies Output HI during conversion and LO when con- noted that only one reference is required
version is complete.
Counter Rt - ¢ . vo s viwnsva swsnis Output HI during and up to 1 clock period
after start pulse for resetting external counter.
Gated'Cloek & s o s v som s e s s Output pulse train of
N+8,192 N+10,000 ORDERING INFORMATION
pulses where N is converted count.
Cloek . ::cv.osvssnitanunssmens Continuous clock pulses from crystal controlled ADC-EP -
clock. I |
StartOutpul . o olsv i ab e st Internally generated 1 usec. pulses at 2/second NO. OF BITS & CODING NOISE REJ. FREQ.
for starting converter. 14B = 14 Binary Bits 5 = 50Hz
PERFORMANCE 16D = 4% BCD Digits 6 = 60Hz
EFYOr, I8 w5 55013 & 6 s o 's 5 w 266 6 @8 .01% Reading +1 count
ROBOINHON 5 5.5 5. 6 4, 4 6 b 6 0 dom B8 oo 5 5 & 14 Bits 4% Digits
CORING. S5 =50 s, o) e, 5 e s o Sign-Mag. Binary Sign-Mag. BCD PRICES (1:9)
Temp. Coeff. of Ga‘tn, Converter . ...... +5ppm/°C max. E ADC-EP16D5. . .. ... $179.00
Temp. Coeff. of Gain, Reference . . . . ... +8 ppm/° C max. 3
Tatop, Coatt. 08 ZerD & s ureve s o 5 sors sa) +1 uV/°C max. % ADC-EPIBDE.. . . ;2 ¢ $179.00
ADC-EP14B5....... $179.00
Internal Reference Voltage . ......... 1.00V £0.1% * ADC-EP14B-6 $179.00
Conversion Time, 60Hz period . .. ..... 230 msec. R |t - e S 5 £
Conversion Time, 50Hz period . . ... ... 260 msec. o
WaEnUID TIN. o o i o s ote Gi0e 508 15 minutes = X
Mating Sockets: DILS-2 (4/module) $5.00/pair
POWER REQUIREMENT +15VDC +0.5V at 45 mA Trimming Potentiometers:
-15VDC +0.5V at 20 mA TP200, TP100K at $3.00 each

+5VDC to +15VDC (Vcc) at 6 mA

PHYSICAL-ENVIRONMENTAL

Operating Temperature Range . . . . ... . 0°C to 70°C For ex.(ended femperatiie rangs operation, the

o o following suffixes are added to the model number.
Storage Temperature Range . . . . ... ... —-55"Cto+85°C o 4 ; . ]
Relative Humidity. . . . ... ......... Up to 100% non-condensing onsult factory for pricing and delivery.
ComSize ......ccovv0cavmsnns 2 X 4 X 0.8 inches (50,8 X 101,6 X 20,3 mm) -EX -25° to +85°C operation
CaseMaterial . ................. Black diallyl phthalate per MIL-M-14 -EXX-HS -55°C to +85°C operation with her-
PINE 5 o 506 5 v 6905 5 20 95,8 508 G 8 ® 3 .020" round, gold plated, .150" long min. metically seaied semiconductor com-
WL & s b is 4 o # 8 0 aT e o d e 8 0z. max. (227 g) ponents.

*Specifications same as first column. The ADC-EP Series Converters are covered by GSA

1. Between ANALOG IN and ANALOG COM Terminals. Contract

2. Between either ANALOG IN or ANALOG COM and DIGITAL GND.
3. All outputs are from a CD4050 buffer which can drive 1 TTL load or CMOS circuits.
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TECHNICA TES (cont'd) PERFORMANCE DATA

TIMING DIAGRAM
for either polarity of analog input. The

polarity of the analog input is automati- Hycc=s

cally sensed by the converter. SONVERT "tuwc . min FI
3. Both ADC-EP models are internally cali- | |

brated to within +2 LSB’s at zero and !

+0.1% at full scale. If this accuracy is suffi- £oc fgtamed s & BT SR CONVERSION  Lg 80 msec. min

cient in an application, no external adjust- A | T = 150 msec. (60Hz sync) DATA VALID

ments are required. The internal 1.0 volt | R i

reference may also be used as a reference I

for other A/D converters or other circuits

provided that its output is buffered with a gg‘SJENT'E“ Pll o va max. (60 Hz sync.)
voltage follower op amp of sufficient | e
stability. Temperature coefficient of this |
reference is only +8 ppm/°C and output
impedance is 1.3K ohms.

|

4. For both models 80 milliseconds of the :
total conversion time is devoted to drift |
correction (auto-zeroing) before the next |
conversion cycle begins. A full scale input |
will be converted with parallel data ready |

in either 150 msec. (60Hz synchr.) or 180 INTEGRATOR |
msec. (50Hz synchr.). The E.O.C. (status) Ul |
~output changes state at this time, indicat- |
ing that data is ready. The next conver- [
sion, however, should not be initiated un- \

til the 80 msec. auto-zero is completed. |
|

|

|

|

|

|

T

|

|
I

- T —f
See Tech Note 4

RO 0

NO. PULSES 10,000 + N (BCD) | (N 15 count proport onal 1o EyN)
= 8,192 +N(Bin)

ol

|
| f
| |
| |
|
NTEG RESET
ke ? AUTO ZERO ”‘f

t
|
I :

SIGNAL
1 INTEGRATE 19— \NTEGRATE
COUNTER
|
I
-t

RESET

. OVERLOAD
For inputs less than full scale, the output
data is ready even sooner than 150 or 180
msec.

_ i e
5. The converters can be operated with the SIGN |

internal start generator at 2 conversions/
second or they can be started with an ex- |
ternal start pulse at 3.8 conversions/sec. LL'WA UL
(50 Hz models) or 4.3 conversions/sec. (60
Hz models). The internal start pulse gen- DATA OUTPUTS DATA OUTPUTS COUNTING bl
erator can also be slowed to less than 2

pulses/sec. by means of an external capaci-
tor as shown in the application diagram.

6. The GATED CLOCK OUT and COUNT- CODING TABLES
ER RESET are convenient outputs for use

[
‘ |
| | NEGATIVE |
| U ——
4 e s e e o s
|

TA OUTPUTS
_ ZERO

with an external or remote counter in
applications where serial data transmission
is required. BCD CODING
4% DIGIT
7. An external clock may also be used with SCALE

the ADC-EP converters by providing an in- INPUT (+) OUTPUT CODE
Gt ulee bl Sham OV & IV o o FS-1LSB 19999V | 1 1001 1001 1001 1001
proximately. B0% duty; evels. For propar 3/4 Fs 15000V | 1 0101 0000 0000 0000
operation, the external clock frequency 1/2FS 1.0000V L0000 8000020000 -10000
should be within +10% of the internal 1/2 FS-1LSB 0.9999Vv 0 1001 1001 1001 1001
crystal clock frequencies which are given 1/4 FS 0.5000V ( 0 0101 0000 0000 0000
here: 1LSB 0.0001V 0 0000 0000 0000 0001

0 0.0000V 0 0000 0000 0000 0000

50 Hz Sync. | 60 Hz Sync.
BCD | 166.66kHz | 200.00kHz
Bin | 136.53kHz |163.84kHz BINARY CODING
14 BIT
8. The excellent normal mode rejection of SCALE INPUT (=) OUTPUT CODE

AC powsr line frequency nolse of the FS-1LSB | 1.99988V | 1111 1111 1111 11
converters is due to the accurate and 7/8 FS 1.75000V | 1110 0000 0000 00
stable synchronization of the signal ln.tl- 3/4 FS 1.50000V | 1100 0000 0000 00
gration part of the conversion cycle with 1/2 FS 1.00000V | 1000 0000 0000 00
the line frequency. This synchronization is 1/4 S 0.50000V | 0100 0000 0000 00
held to within 0.1% by the quartz crystal 1/8 FS 0.25000V | 0010 0000 0000 00
controlied  plosk.  The .oorrest model 1LsB 0.00012V | 0000 0000 0000 01
should be specified for operation with the 0 0.00000V | 0000 0000 0000 00
appropriate AC line frequency. r
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CALIBRATION & APPLICATION

STANDARD CONNECTIONS & CALIBRATION CALIBRATION INSTRUCTIONS
0 36 +15VDC .
0 34 15V PWR COM 1. Connect the converter as shown in the diagram. Allow a 15 minute warm-up time before
0 32-15V0C CLOCK OUT 42 0 making final adjustments.
START OUT 43 O - " o
30 +Vee 2. Zero Adjustments. Short together ANALOG IN (pin 5) and ANALOG COM (pin 1).
-0 28 Vec PWR COM STANT INE Adjust the ZERO ADJ. potentiometer to obtain a flickering SIGN bit output (pin 72)
0-1 along with logic zeros on all parallel data output lines. NOTE: The autozeroed initial
anarat b F e AL 4ONED CLOCK IN 50 0 offset is factory calibrated to within 2 LSB s of z‘arov (for either bmar-v or QCD ver-
SL‘PVB' (Vee) sions). If this is accurate enough for the required application, then no zeroing adjustment
=15vDC +5 to +15vDC
3 is required and pin 17 should be left open.
100K 3. Gain Adjustment. Apply an external precision reference voltage between ANALOG IN
ot 17 2ERaARD (pin 5) and ANALOG COM (pin 1). Set the precision reference voltage to a voltage near
ADJ 1o Mefand full scale, say FS-1LSB (see coding tables), and adjust the GAIN ADJ. potentiometer to
AATRER 13 REF. LO OUT give the correct digital output code.
11 REF. HI OUT ] &
FREE LG NOTE: The gain (set by internal reference) is factory calibrated to within £0.1%. If this
(270 bits) ;ng: i is accurate enough for the required application, then no gain adjustment is required and
the GAIN ADJ. potentiometer should be omitted. For ratiometric operation, a gain
5 ANALOG IN +
gy adjustment is not required.
1 ANALOG COM
RATIOMETRIC OPERATION O WAYS TO ALTER CONVERSION RATE
REDUCING CONVERSION CONTROLLING CONVERSION
RATE WITH EXTERNAL CAPACITOR RATE WITH EXTERNAL START PULSE
0 36 +15vDC
<0 34 15V PWR COM
32 -15VDC
30 +Vee CLOCK OUT 42 ¢ CLOCK OUT 42 o—¢ FOR TTL
28 Vce PWR. COM START OUT 43 O— === START OUT 43 0 K S:}:s?vu
i START ADJ. 45 O—p 'H'.—‘ START ADJ. 45 0 DRIVE
] ’ START IN 47 0~ Cext* START IN 47 o—
ANALOG | | DIGITAL = \\
SUPPLY SUPPLY (Vee) - c
+15VDC +510 +15VDC ELOCKIIN :;n OLOCK IN 2‘33— +5V
=1 o CONV. 2 145, Min
530 | sec 1+ Cexr 830 START CONVERT
100K ov PULSE
=0 17 ZERO ADJ (Cext INuF
2ERO ¥$r must be +5V for
ADJ 0 15 REF ADJ L input
O 14 REF. ADJ
013 REF. LOOUT Th | | | f2
Vage. |.odier Mgt e internal start pulse generator operates at a nominal rate of 2 pulses/sec-
/ Lo kER LoiN ond. This rate may be decreased, however, by means of an external capacitor
L mies i between START OUT (pin 43) and START ADJ. (pin 45). A tantalum capaci-
tor may be used to give a conversion time as shown in the formula. Since the
0 5 ANALOG IN
conversion time of the ADC-EP is either 230 or 260 msec., depending on the
VRer * Vem| < 5V e model, a conversion rate as fast as 4.3 conversions per second may be achieved
LC M
Ecy <300V using an external start convert pulse as shown in the second diagram. If the
Ein pulse is froma TTL logic source, a 1K pull-up resistor must be used along with
= Y falich = R IAoRRDC A ) Vee voltage of +5VDC for the converter. The external start pulse may also be
E:R%L:»E GROUND N derived from CMOS logic in which case the same supply voltage must be used
Vaer ISR for the external logic and Vcc of the converter

MEASUREMENT OF LOAD CELL OUTPUT OVER LONG WIRES & HIGH COMMON MODE VOLTAGE

36 +15VDC
1. This circuit withstands a common mode voltage, Ecm, of +300V Max.
2. Common mode rejection of Ecm is 100dB, D.C. to 60 HZ. 34 15V PWR. COM
3. Normal mode rejection of line frequency noise is 60 dB. 32 -15vDC CLOCK OUT 42 o4
oo START OUT 43 O—
+Vee

28 Vec PWR. COM

LOGIC
GND = START IN 47 o—

ANALOG [ DIGITAL n n
SUPPLY SUPPLY (Vec) CLOCK 1N BD/0-
215 VDC +5 10 +15VDC
100K
0 17 ZERO ADJ
ZER
Ecym - 300V b £210 1015 REF. ADJ
H I MAX 10 14 REF. ADJ
| 10 13 REF. LO OUT
AD CELL
i Lo. | 011 REF. HI OUT
I i 10 9 REF.LOIN
| | —l =0 7 REF. HIIN
| | \_‘__( A 3 5 ANALOG IN
i : Ein
| | 1 ANALOG COM
| | lANALOb
| GND
| I
| I WEAE T, oF1 |
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DIA Converters
Rapid Selection Guide

The Rapid Selection Guide presented below is a capsule sum-
mary of all of Datel Systems’ D/A converter series. Because we
manufacture the broadest line of DAC’s in the industry, this
table is a useful guide for quickly locating the converters, by
price range and performance, that are most suitable for your

application.

After locating the desired converter series, turn to the follow-
ing pages which present more detailed specifications of the
various models in tabular form.

Converter

Settling

Type Series Resolution Output Time Tempco Price Range See Page
DAC-9, 19, 29 8 Bits Current,  300-500 nsec, 50-100 ppm/°C  $14.95 - $39 70
Low Cost Voltage 5-20usec.
General DAC-49 10 Bits Current, 300 nsec, 50 ppm/°C $49.00 70
Purpose Voltage 5 usec.
DAC-69 12 Bits Current, 300 nsec, 50 ppm/°C $59.00 70
Voltage 20 usec.
High Per DAC-HB 8,10, 12 Bits Voltage 5 usec. 30 ppm/°C $65 - $89 72
formance DAC-I 8,10, 12 Bits Current 150 nsec. 15 ppm/°C $69 - $89 72
"C":‘:e’a‘e DAC-R 8,10, 12 Bits Voltage 5 usec. 30 ppm/°C $69 - $79 72
s
DAC-V 8,10, 12 Bits Voltage 2 usec. 20 ppm/°C $79 - $119 72
’ DAC-FI-GI, HI 8,10, 12 Bits Current 25-100 nsec. 15-30 ppm/°C $79 - $129 74
High Speed
DAC-HV-100 6,8, 10 Bits  Voltage 50-100 nsec. 60 ppm/°C $169 - $189 74
DAC-169 16 Bits Current, 750 nsec, 10 ppm/°C $109.00 76
Cow Drife Voltage 30 usec.
and High DAC-HR 13, 14, 15, Current 1 usec. 1.5 ppm/°C $249 - $299 76
Resolution 16 Bits
DAC-TR 8, 10, 12 Bits Voltage 5 usec. 7 ppm/°C $129 - $179 76
DAC-CM 8, 10,12 Bits Voltage 25 usec. 30 ppm/°C $119 - $139 78
Speciol DAC-DG 12 Bits Voltage 600 nsec. 35 ppm/°C $249.00 78
Purpose DAC-MI, MV 8,10, 12 Bits Current, 150 nsec, 30 ppm/°C $119 - $159 78
Voltage 4 usec.
DAC-VR 8,10, 12 Bits Voltage 2 usec. 20 ppm/°C $89-%129 78
DAC-IG 8, 10 Bits Current 250-300 nsec. 20 ppm/°C $8.95 80
DAC-HZ, HK 12 Bi Vol ; - i 39 - %1
Hybrid and . its oltage 3 usec 10-20 ppm/°C $ $139 80
Monolithic DAC-HF 8,10,12Bits Current 50 nsec. 30 ppm/°C * 80
DAC-HA 12 Bits Current 500 nsec. 3 ppm/°C * 80
DAC-HC 12 Bits Voltage 10 usec. 20 ppm/°C * 80
DAC-HU 4 Bits Current 20 nsec. 40 ppm/°C * 80
*To be announced.
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Low Cost, General
Purpose DIA Converters

Accuracy Settling
Resolution (% FS) Time Linearity
DAC-98BI (1) 8 Bits 0.2%
DAC-98DI (1 igi .59
Lowest Cost ililil =240 L Current 500 nsec. 1/2 LSB
Current Output DAC-98BIR 8 Bits 0.2%
DAC-98DIR 2 Digits 0.5%
DAC-198B 8 Bits 0.2% Voltage 20 usec.
8 Bit Voltage & DAC-198D 2 Digits 0.5% Voltage 20 usec. 1/2 LSB
Current Output DAC-198BI 8 Bits 0.2% Current 300 nsec.
DAC-198DI 2 Digits 0.5% Current 300 nsec.
5usec. pac-an 8P i Voltage 5 usec. 1/2 LSB
Settling Time DAC-298D 2 Digits 0.5%
DAC-4910B 10 Bits .05% Voltage 5 usec.
10 Bit Voltage DAC-4910BI 10 Bits .05% Current 300 nsec.
& Current Output /2158
DAC4912D 3 Digits .05% Voltage 5 usec.
DAC-4912DI 3 Digits .05% Current 300 nsec.
12 Bit Voltage DAC-6912B 12 Bits .01% Voltage 20 usec.
& Current Output 172158
DAC-6912BI 12 Bits .01% Current 300 nsec.

NOTES: 1. These models derive their reference from the +15V supply.

2. Coding: Bin = Straight binary or offset binary
BCD = Binary coded decimal
2C = Two's complement
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DAC-9 SERIES: These low cost modular DAC's feature an ex-
cellent choice of both current and voltage output models with
8 to 12 bit resolutions. All units have internal voltage refer-
ences except for DAC-98BI and DAC-98DI which derive their
reference voltage from the +15 volt supply. Output settling
times vary from 300 to 500 nsec. for current outputs and from
5 usec. to 20 usec. for voltage outputs.

ALL MODELS: have operating temperature range of 0°C to
70°C; have DTL/TTL compatible inputs; use DIL-1 or DILS-2
dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Per-
formance versions.

Input Power Case Size
| Coding (2) Output Ranges Gain Tempco Requirement (inches)
Bin 0 to +2.6 mA $14.95
BLD g1o41.6mA 100 ppm/°C +15V 2 x 1 x0.375 L .
Bin 0 to +2.6 mA $16.95
BCD 0to +1.6 mA $16.95
Bin, 2C 0 to +10V, +5V $29.00
+ 29.00

oL Lol 50 ppm/°C +15V 2x2x0.375 .
Bin 0to +2.5 mA $29.00
BCD 0 to +1.54 mA $29.00

i +10V, + 39.00
Ui i 1g IV 0 50 ppm/°C +15V 2x2x0.375 . W
BCD 0to +10V $39.00
Bin, 2C 0 to +10V, £V 2 x2x0:375 $49.00

i +2. 2 x0.375 9.00
Bin 0 to +2.5 mA 50 ppm/°C £15V 2x2x% $4 g

"y 9.00

BCD 0to +10V 2%x2 x0.375 $4
BCD 0 to +1.54 mA $49.00

i o 59.00
Bl 2C O30 10V, =N 50 ppm/°C +15V 2 x 2 x 0.375 L
Bin 0to +2.56 mA $59.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet.
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High Performance, Moderate
Cost DIA Converters

Accuracy Settling
Resolution (% FS) Output Time Linearity
DAC-HB8B 8 Bits 0.2%
Voltage Output, DAC-HB10B . o,
5 usec. L L Voltage 5 usec 1/2 LSB
Settling DAC-HB12B 12 Bits .01%
DAC-HB12D 3 Digits .05%
DAC-I18B 8 Bits 0.2%
Current Output, DAC-110B 10 Bits .05%
150 nsec.
Settling DAC-112B 12 Bits .01% Current 150 nsec. 1/2 LSB
DAC-I18D 2 Digits 0.5%
DAC-112D 3 Digits .05%
DAC-R8B 8 Bits 0.2%
DAC-R10B 10 Bits .05%
DAC-12QZ2 .
DAC-R12B 12 Bits .01% Volt b usec. 1/2 LSB
Equivalent » : T Zigs
DAC-R8D 2 Digits 0.5%
DAC-R12D 3 Digits .05%
DAC-V8B 8 Bits 0.2%
Fast, Voltage DAC-V10B 10 Bits .05%
Output
2 usec. DAC-V12B 12 Bits .01% Voltage 2 usec. 1/2 LSB
Settling DAC-V8D 2 Digits 0.5%
DAC-V12D 3 Digits .05%

NOTE: 1.Coding: Bin = Straight binary or offset binary
BCD = Binary coded decimal
C Bin = Complementary binary
C BCD= Complementary BCD
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DAC-HB SERIES: These models feature voltage outputs with
settling time of 5 usec. Resolution is 8-12 bits with a 3 digit
BCD model. Unipolar or bipolar operation is obtained by pin
connection.

DAC-I SERIES: This series features low drift (15ppm/°C) D
current outputs with 150 nsec. settling time. Resolution is 8 SYSTEMS,INC.
through 12 bits with 2 BCD models.

DAC-R SERIES: This general purpose series features 8 through |
12 bit performance with complementary input coding. Voltage 1 D/A CONVERTER
output settling time is 5 usec. The DAC-R12B is a pin and per- |
formance equivalent of the popular DAC-12QZ converter.

DAC-V SERIES: These models are fast settling (2 usec.) volt- D‘c'n

age output devices with 8, 10, and 12 bit resolutions.

ALL MODELS: have operating temperature range of 0°C to
70°C; have DTL/TTL compatible inputs; use DILS-1 or DILS-2
dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Per-
formance versions.

Input Power Case Size Price See
Coding (1) Output Ranges Gain Tempco Requirement (inches) (1-9) Page
$ 65.00
Bin 0to +10V, t5V 30 ppm/°C 15V 2 1.8 x 0.375 $ 76840 *
$ 89.00
BCD 0 to +10V $ 89.00
$ 69.00
Bin Oto+2,+1 mA $ 79.00
15 ppm/°C 15V 2% 1 5%0.375 $ 89.00 *
BCD 0to +1.25 mA $ 69.00
< $ 89.00
.00
£2.5,£5. £10V L
C Bin 0to +5, +10V $ 75.00
30 ppm/°C 15V, +5V 2x2 x0.375 $ 79.00 99
C BCD 0 to +5, +10V $ 62.00
$ 79.00
79.00
5, 210V $
Bin 0 to +5, +10V $ 99.00
20 ppm/°C 15V 2% 2% 0.375 $119.00 *
79.00
BCD 0 to +5, +10V 37
$119.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet.
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High Speed DIA Converters

DAC-FI, GI, HI SERIES: These fast current output models
feature settling times from 100 nsec. down to 25 nsec. Resol-
ution is from 8 bits to 12 bits with temperature coefficients
from 30ppm/°C down to 15ppm/°C. This series is designed to
drive a small value load resistor directly or the summing junc-
tion of a fast operational amplifier.

DAC-HV-100 SERIES: These ultra fast voltage output models
have settling times from 100 nsec. to 50 nsec. with an output
drive capability up to 100mA. These devices are ideal for fast
applications where it is necessary to drive a 50 ohm cable
directly.

ALL MODELS: have operating temperature range of 0°C to
70°C; have DTL/TTL compatible inputs; use DILS-1 or DILS-2
dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Per-
formance versions.

Accuracy Settling
Model Resolution (% FS) Output Time Linearity
¥ i o
100 nsec. i 8 Bits ati Current 100 nsec. 1/2 LSB
Current Out DAC-FI10B 10 Bits .05%
o i D/u
050 nsic(.) 3 o s Lt Current 50 nsec. 1/2 LSB
Mirehn s DAC-GI10B 10 Bits .05%
DAC-HI8B 8 Bits 0.2% 25 nsec.
S DAC-HI10B 10 Bits 05% Current 25 nsec. 1/2 LSB
DAC-HI12B 12 Bits .01% 50 nsec.
- - i 8% 0 :
50 & 100 nsec. DAC-HV6B-100 6 Bits 0.8% 50 nsec.
Voltage Out DAC-HV8B-100 8 Bits 0.2% Voltage (1) 50 nsec. 1/2 LSB
DAC-HV10B-100 10 Bits .05% 100 nsec.

NOTES: 1. Has 100 mA output current drive capability.
2. Coding: Bin = Straight binary or offset binary
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Power Case Size

Output Ranges Gain Tempco Requirement (inches)
Bin +2.5, +6mA 30 ppm/°C +15V 2x2x0.375 > 798¢ 91
$ 99.00
Bin +2.5, +bmA 30 ppm/°C +165V 2x2x0.375 __h___$ Sy 91
$109.00
15ppm/°C $ 99.00
Bin +2.5, +6mA 15 ppm/°C +15V 2x2x0.375 $119.00 91
20 ppm/°C $129.00 95
$169.00
Bin 0 to +5V 60 ppm/°C +15V 3x2x0.375 $179.00 97
$189.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT
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Low Drift and High
Resolution DIA Converters

Accuracy Settling
Resolution (% FS) Output Time Linearity
DAC-169-16B 16 Bits 4 |SB
mieh : 005%  Voltage (1) 30 usec.
DAC-169-16D 4 Digits 1/2 LSB
DAC-HR13B 13 Bits .006% 1/2 LSB
Ultra Low Drift, DAC-HR14B 14 Bits .003% 1/2 LSB
1.5 ppm/°C Current 1 usec. e
DAC-HR15B 15 Bits .0015% 1/2 LSB
DAC-HR16B 16 Bits .0015% 1LSB
DAC-TR8B 8 Bits 0.2%
DAC-TR10B 10 Bits .05%
Low Drift, 4
7 ppm/°C DAC-TR-12B 12 Bits .01% Voltage 5 usec. 1/2 LSB
DAC-TR-8D 2 Digits 0.5%
DAC-TR-12D 3 Digits .05%

NOTES: 1. Can also be connected for current output. Current output is 0 to + 2mA or
+1 mA for binary version and 0 to + 1.25 mA for BCD version.

2. Coding: Bin = Straight binary or offset binary
BCD = Binary coded decimal
C Bin = Complementary binary
C BCD = Complementary BCD
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DAC-169 SERIES: These low cost, high resolution DAC’s
feature 16 bit or 4 BCD digit resolution with .005% linearity
and 10ppm/°C temperature coefficient. By pin connection the
output can be configured for either voltage or current output.

DAC-HR SERIES: This series features 13 through 16 bit resol-
utions with an ultra-low tempco of only 1.5ppm/°C. This is
achieved by a low T.C. resistor network and an oven controll-
ed zener reference. Linearity is .0015% and these models have
current outputs.

DAC-TR SERIES: These models feature low tempco (7ppm/°C)
voltage outputs with busec. settling time. Input coding is com-
plementary binary or complementary BCD.

ALL MODELS: have operating temperature range of 0°C to
70°C; have DTL/TTL compatible inputs; use DILS-1 or DILS-2
dual-in-line strips for sockets.

See pages 284 and 285 for information on Extended Perform-
ance versions.

Input Power Case Size Price See
Coding (2) Output Ranges Gain Tempco Requirement (inches) (1-9) Page
Bi +10V, —1 + o :
- Ll 10 ppm/°C +15V 2 x 2 x 0.375 _SI09.00 . o9
BCD +10V, —10V $109.00
$249.00
3.00
C Bin 0to +2mA, +1mA 1.5 ppm/°C +15V 4x2x0.4 2300 103
$276.00
$299.00
129.00
2.5, +5, 10V _$129.00
C Bin 0 to +5, +10V $159.00
7 ppm/°C 15V, +bV 2 x2:x0.375 $179.00 99
$129.00
CBCD 0 to +5, +10V et
$179.00

THESE CONVERTERS ARE COVERED BY GSA CONTRACT
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Special Purpose
DIA Converters

Accuracy Settling
Model Resolution (% FS) Output Time Linearity
DAC-CM8B 8 Bits 0.2%
P
(L:,‘\’n"‘(’)sm’"e' DAC-CM10B 10 Bits .05% Voltage 25 usec. 1/2 LSB
DAC-CM12B 12 Bits .01%
Deglitched DAC-DG12B1 12 Bits .01%
DAC Voltage (1) 600 nsec. 1/2 LSB
DAC-DG12B2 12 Bits .01%
DAC-MI8B 8 Bits 0.2%
Multiplying DAC-MI10B 10 Bits .05%
e i DAC-MI12B 12 Bits 01% Current 150 nsec. 1/2 LSB
Quadrant
DAC-MI8D 2 Digits 0.5%
DAC-MI12D 3 Digits .05%
DAC-MV8B 8 Bits 0.2%
Multiplying DAC-MV10B 10 Bits .05%
DAC, Four . o
Quadiant DAC-MV12B 12 Bits .01% Voltage 4 usec. 1/2 LSB
DAC-MV8D 2 Digits 0.5%
DAC-MV12D 3 Digits .05%
DAC-VR8B 8 Bits 0.2%
Digital Input DAC-VR10B 10 Bits .05%
Rogister DAC-VR12B 12 Bits 01% Voltage 2 usec. 1/2 LSB
DAC-VR8D 2 Digits 0.5%
DAC-VR12D 3 Digits .05%
NOTES: 1. Glitch amplitude is £2 LSB’s maximum.
2. Coding: Bin = Straight binary or offset binary
BCD= Binary coded decimal
2C = Two's complement
Vol 3/78 See inside back cover for DATEL sales offices Electronic Design’s



DAC-CM SERIES: These 8, 10, and 12 bit models are low
power CMOS devices consuming only 40 milliwatts of
power. They are ideal for portable and remote instrumen-
tation systems.

DAC-DG SERIES: These devices are 12 bit self-contained
deglitched DAC’s in a compact 4 x 2 x 0.4 inch module.
Output settling is a fast 600 nsec. and glitch amplitude is
less than 2 LSB's.

DAV-MI, MV SERIES: These 8, 10, and 12 bit DAC’s
feature 2 and 4 quadrant multiplying capability with
voltage or current outputs and excellent bandwidth.

DAC-VR SERIES: These 8, 10, and 12 bit models have a
fast (2 usec.) voltage output with a 20ppm/°C tempco.
They feature a digital input storage register for maximum
flexibility in transferring input data.

ALL MODELS: Have operating temperature range of
0°C to 70°C; have DTL/TTL compatible inputs, except for
DAC-CM, which is CMOS; use DILS-1 or DILS-2 dual-in-line
strips for sockets.

See pages 284 and 285 for information on Extended
Performance versions.

Input Power Case Size
Coding (2) Output Ranges Gain Tempco Requirement (inches)
$119.00
Bin 30 ppm/°C 15V 2 %:2 500.375 $129.00 *
$139.00
Bin —10V; %5, £10V 35 ppm/°C +1BV, 45V 449 %04 $249.070 g
2C 5V, +10V $249.00
$119.00
Bin +1mA $129.00
) 30 ppm/°C 15V 3 %:2:%0.375 - $159.00 %
$119.00
BCD 0to —1.25 mA el o
$159.00
$119.00
Bin 5V, 10V $129.00
30 ppm/°C 15V 3 x'2%0.375 $159.00 =
BCD 0 to +5, +10V __$119.00
$159.00
$ 89.00
Bin +5V, £10V
0 to +5, +10V $109.00
20 ppm/°C +15V, +5V 2 x. 2% 0:375 $129.00 ¥
$ 89.00
BCD 0 to +5, +10V $129.00
THESE CONVERTERS ARE COVERED BY GSA CONTRACT *Contact nearest Datel sales office for data sheet.

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/79



- DAC-IC SERIES: These 8 and 10 bit DAC’s are low cost
v rl a n current output models. They are monolithic devices in 16 pin

DIP packages. The 10 bit models are coming soon.

M ono l ith ic DAC-HA SERIES: These models are new 12 bit multiplying

CMOS DAC's with current output. Coming soon.

D 'A DAC-HC SERIES: These new models are high performance,

low power CMOS units with internal reference and output
amplifier Unipolar or bipolar operation is achieved by external

c o nve rte r s pin connection. Coming soon.

DAC-HP SERIES: This series consists of a 16 bit binary and a
4 digit BCD model. The two models have voltage outputs and
are housed in a metal case. Coming soon

DAC-HZ SERIES: These high performance 12 bit DAC's have
pin-programmable outputs and a 20 ppm/°C tempco Models
are available with either complementary binary or comple-
mentary BCD coding. A low drift version has a 10 ppm/°C
max tempco. The different models in this series operate over
3 different temperature ranges and are in glass or metal cases.

Accuracy Settling
Resolution (% FS) Time Linearity
8 Bit DAC-IC8BC 8 Bits 0.2%
e Current 300 nsec. 1/2 LSB
Monolithic DAC-IC8BM 8 Bits 0.2%
Coming! 10 Bit DAC-IC10BC 10 Bits .05%
Sk Current 250 nsec. 1/2 LSB
Monolithic DAC-IC10BM 10 Bits .05%
ing! i DAC-HA12B 12 Bits .01%
A - Current 500 nsec.  1/2 LSB
Hybrid CMOS DAC-HA12D 3 Digits .05%
Coming! 12 Bit DAC-HC12B 12 Bits .01%
; Voltage 5 usec. 1/2 LSB
Hybrid CMOS DAC-HC12D 3 Digits 01%
Coming! 16 Bit DAC-HP16BM 16 Bits .005% 4 LSB
v Voltage 10 usec. ——
Hybrid DAC-HP16DM 4 Digits .005% 1/2 LSB
DAC-HZ12BGC 12 Bits .01%
DAC-HZ12BGR 12 Bits .01%
High Performance DAC-HZ12BMC 12 Bits .01% Vol 3 1/2 LSB
: 5 oltage sec. L
12 Bit Hybrids DAC-HZ12BMR 12 Bits 01% . 4
DAC-HZ12BMR-1 12 Bits .01%
DAC-HZ12BMM 12 Bits .01%
inal Hvbrid DAC-HK12B 12 Bits 01%
Comingl Hyhes = Voltage 3 usec. 1/2 LSB
w. Input Register DAC-HK12D 3 Digits 05%
Coming! Fast, DAC-HF8B 8 Bits 0.2%
Current Output DAC-HF10B 10 Bits .05% Current 50 nsec. 1/2 LSB
Hybrids DAC-HF12B 12 Bits 01%
Coming! Ultra-Fast DAC-HU4B 4 Bits 3.0% Current 20 nsec. 1/4 LSB

NOTES: 1. All models in this series are also available with 3 digit BCD coding.
Prices are same as binary. For correct model designation, change
“B" to “D" in model number.

2. Coding: Bin = Straight binary or offset binary
BCD = Binary coded decimal
C Bin = Complementary binary or comp. offset Bin
C BCD = Complementary binary coded decimal

15 line = 8 bit input, no coding
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DAC-HK SERIES: These models are identical in performance
with the DAC-HZ series except that they have an input digital
register. Coming soon

DAC-HF SERIES: This series of 8, 10, and 12 bit current out-
put models feature a 10 mA full scale output current which
settles in 50 nsec. for high speed applications. Coming soon

DAC-HU4B: This model is a 4 bit, 15 line ECL input DAC for
very fast applications The 15 mA full scale output current
settles in 20 nsec. Coming soon.

B SYSTEMS, INC.

: o D/A CONVERTER D/A CONVERTER
ALL MODELS: Have operating temperature range of 0 C to DAC-HZ12BGC DAC-HZ12BMR

70°C except for those models specified otherwise; have
DTL/TTL compatible inputs except for DAC-HU4B which is
ECL compatible; use DILS-3 24 pin socket except for DAC-IC
series, DAC-HA series and DAC-HU4B.

Power
Output Ranges Gain Tempco Temp. Range Requirement
0to 70C $8.95
Bin 0to -2 mA 20 ppm/DC _ +5V, -15V 16 Pin DIP ———— 83
-55 to +125C $12.45
X 0 to 70C _ $14.90
Bin 0 to -4 mA 20 ppm/ C — +5V, -15V 16 PiInDIP ——————  #=
-65 to +125C *
Bin 5 *
1 mA 3ppm/ C 0to 70C +5V 18 Pin DIP ——————  *=*
BCD %
Bin +5, +10, 2.5, £5, +10V : *
20 ppm/°C 0to 70C +15V 24 Pin DIP —————  *x
BCD 0 to +5, +10V *
CBin 0 to +10, +5V . - *
20 ppm/°C 0 to 70C +15V AP DIE ___— .
C BCD 0to +10V (Metal) *
20 ppm/°C 0 to 70C $39.00
- 24 Pin DIP———
20 ppm/ C -25 to +85C $55.00
20 ppm/°C 0 to 70C $49.00
B in (- EAGSEION . 15V — 4y
0 to +5, +10V 20 ppm/ C -25 to +85C 24 Pin DIP $69.00
10 ppm/°C 25 to +85C (Metal) $139.00
20 ppm/°C -55 to +125C $119.00
Binary 0 to +10, 5, £10V J ) *
20 ppm/ C 0to 70C +15V, +6V 24 Pin DIP ——————  »
BCD 0 to +5, +10V *
*
o 24 Pin DIP ® i
. " O
Bin 0to +10 mA 20 ppm/ C 0to 70C +15V (Metal) ”
*
* ¥
15 Line 0to -15 mA 40 ppm/°C 0 to 70C -4.4v 32 Pin DIP *
*To be announced
THESE CONVERTERS ARE COVERED BY GSA CONTRACT **Contact nearest Datel sales office for data

sheet and availability.
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From radar to computer...

The Datel ADC-UH series gives you a choice of three
state-of-the-art ultra-high-speed analog to digital
converters. Available are four, six and eight binary
bits operating at word repetition rates of up to 25 MHz
and a four bit version capable of making a conversion
every forty nanoseconds.

They measure a mere 3"x5"x1.15” or about one fifth the
size of their nearest rival. Power drain has been
reduced to eight watts, temperature coefficient is
50ppm/ C and long term stability +.25% / year.

Output digital coding is straight binary for a unipolar
input and inverted offset binary for the optional
bipolar input. All control inputs, outputs and data
output lines are compatible with standard TTL logic
levels. A companion to the ADC-UH series is our
SHM-UH Sample/Hold amplifier unit, which features
a tracking capability of 35 nanoseconds with an
aperture time of less than 200 picoseconds. For
complete details on both devices, call or write

DATEL

>~ 4 SYSTEMS, INC.

S /N 1020G Turnpike Street, Building S

{ s o ) Canton, Massachusetts 02021 US.A.
N2 N TEL: (617) 828-8000
N S TWX: 710-348-0135 TELEX: 924461

Vol 3/82 See inside back cover for DATEL sales offices Electronic Design’s



DATEL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

b

LOW COST, 8 BIT MONOLITHIC
DIGITAL TO ANALOG CONVERTERS

MODELS DAC-IC8BC, DAC-IC8BM

FEATURES

» Low Cost—$5.95 in 100's

» 8 Bit Resolution

» Fast Settling—300 nsec.

» 1 or 2 Quadrant Multiplication
> +%LSB Linearity

» DTL/TTL Compatible Inputs

The DAC-IC8BC and DAC-IC8BM are 8 bit
monolithic DAC's with fast settling current
outputs. The units are housed in a 16 pin
ceramic DIP and require only an external
reference and output amplifier for fast volt-
age output operation. A full scale output
change settles in only 300 nanoseconds for
current output operation and 600 nano-
seconds for voltage output operation using a
fast monolithic output amplifier (Datel Sys-
tems AM-452). Digital input coding is
straight binary for unipolar operation and
offset binary for bipolar operation and is
compatible with standard DTL/TTL logic.
The DAC-IC8B converters consist of 8 fast-
switching current sources, a diffused R-2R
resistor ladder network, a bias circuit, and a
reference control amplifier. The diffused re-
sistor ladder gives excellent temperature
tracking resulting in a gain temperature co-
efficient of —20ppm/°C. The monolithic
fabrication results in excellent linearity and
tempco, fast output settling, and low cost.
Linearity is +%LSB.

An external reference current of 2mA nom-
inal programs the scale factor for the DAC;
this is done by means of an external voltage
reference source (such as a Zener diode) and
a resistor. This reference current can also be
varied, resulting in one or two quadrant
multiplying operation. The output voltage
can be unipolar or bipolar depending on
whether an external offsetting current (de-
rived from the reference) is used. Output
voltage compliance of the DAC is 0.6V to
+0.5V; this can be made as large as -5V to
+0.5V by external pin connection for cases
where direct voltage output from a load re-
sistor is desired.

Power supply requirement is +5VDC and
-5V to —15VDC. Model DAC-IC8BC has an
operating temperature range of 0°C to 70°C
while DAC-IC8BM operates over —55°C to
+125° C. The two models are pin compatible
with Motorola devices MC1408L-8 and
MC1508L -8 respectively.

$5.95 IN 100's

DIGITAL INPUTS

4

0.0.0000.0;

AMPL

+REF (14 +

-REF (15

REFERENCE CONTROL

CFITITI

FAST CURRENT SWITCHES

11 1 O

IFIER

DIFFUSED R-2R
LADDER NETWORK

BIAS
CIRCUIT

4 )OUTPUT

| ]

16

COMPENSATION

(OJOFO!

-VEE GND RANGE
CONTROL

MECHANICAL DIMENSIONS

INCHES (MM)

INPUT/OUTPUT CONNECTIONS

PIN FUNCTION
16 15 14 13 12 11 10 9 1 RANGE CONTROL
[» " Sacicsse Ig?g)w g 3:: i
p ; 4 OUTPUT
N TRl3 % B 6 78 5 BIT 1IN (MSB)
,l e 6 | BIT2IN
780 MAX, 165 MAX. 1325 MAX, 7 BIT 3 'N
R : | 8 BIT4IN
1, 9 | BIT5IN
5 des 10 _| BIT6IN
AT [\ e
SEATING A ’ 12 | BIT8IN(LSB)
018 13 V
*j 100 \'/ﬂ' e '\f’ 14 +g(i:5FERENCE
15 | — REFERENCE
16 | COMPENSATION
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SPECIFICATIONS, DAC-IC8BC & DAC-IC8BM (Typical at 25°C, TECHNICAL NOTES

Vo= +6V, Vgg = =15V, and Igee = 2mA unless otherwise specified)

1. The General Connection Diagram shows the basic connec-

'NPUTS_ tions for the DAC-IC8B converter. The scale factor is set
ROSOIUTION. 4 oo's w's e v miaimn vinbanin s s s Shisy by a reference current injected into pin 14. Pins 14 and
Coding, unipolar output .. .. ............... Straight Binary 15 are the input terminals to the reference control ampli-
Coding, BIpolaHOUteUE . . s s sas vs ss sa s 50 Offset Binary fier. When connected as shown, pin 15 is grounded
Input Logic Level, bit ON (“17) . . . ............ +2.0V to +5.56V @ 40uA through Rqg and pin 14 is at virtual ground. Therefore,
inputilogic:Level Bit OFF(M0%) . . o viw v d v aes 0V to +0.8V @ -0.8mA the reference current is determined by the external volt-
Logic Eoading e ot o n i s A i ain s b 1TTL load age reference and R14: IREF = VREF/R14. R14 should
Nominal Reference Current (+ Ref.) . . . ... .. ..... 2.0mA be a stable metal film resistor. Rqg is used only to com-
Reference Current Range (+ Ref.) .. ........... 0 to 4.2mA Rohsate for the input bias current _i"‘o pir\ ~15 (1 pA
Reference Bias Curteht (= REE) « « oo o vu i nv s e 3pA max. typical) and can be shorted out with negligible effect.

R1s, if used, should be equal to R14 and may be a
carbon composition type. An IRgf of 2.0mA is recom-
mended for most applications.

2. There is a second method of connecting the reference

OUTPUTS shown in Two Ways to Connect Reference. A negative
Output Current, lIgee =2.0mA . ... ........... 2.0mA +0.1mA reference can be applied to pin 15. In this case only the
Output Current Range, VEg = 5V . ... ......... 0to 2.1mA bias current must be supplied from the reference since pin

15 is a high impedance input. Pin 14 is at the negative

Output Current Range, VEE =-6to-18V ......... 0to 4.2mA | A1 Al i i 14 Andin. Hae i
Output Current, allbitsOFF . . . . .. ........... 4uA maximum voltags anid JREF sti o mtc? piy s akie
) : used only to compensate for bias current and may be
Output Voltage Compliance, pin 1 gnded . . . .. ... .. 0.6 to +0.5V omitted. There is an important requirement for this con-
Output Voltage Comp., pin 1 open, VEE * 0V ...... 5.0V to +0.5V nection: the negative reference voltage must always be 3

volts above VEE.
3. The reference amplifier must be externally compensated,
and this is done by capacitor Cg, connected from pin 16
PERFORMANCE to pin 3 (Vgg). C; may also be connected from pin 16 to
Relativei ACCuracy’ . . o v v s 5 s s 4sniv amis alba 565 5 +%LSB (£0.19%) maximum ground, but connection to pin 3 improves the negative
NONHNSAFItY: o v s e s smems a amses SEs66 +%LSB (+0.19%) maximum supply rejection. The value of C; depends on R4, and
Differential Nonlinearity .. ................. +%LSB (+0.19%) typical values are given in the compensation table. Com-
Temp. Coefficient of Gain. . . . . . ..o oo s e 20ppm/°C pensation is pértlgularly important when the DAC-ICBE is
e S used as a multiplying D/A converter. Proper compensation
Powgr Su?p'y Rejection (VEE) ... v vwv oo insus 2.7BAIN max, assures that output peaking does not occur when the
Settling Time, 2ZmAto %LSB . . . .. ............ 300 nsec. reference voltage steps to a new value. If pin 14 is driven
Update Rate. . .. ....................... 3.3MHz from a high impedance current source such as a transistor
Reference Current Slew Rate . . . . . . ... ........ 4.0mA/usec collector, then much larger values of C.. must be used and
the bandwidth of the reference amplifier is significantly

reduced.

4. The Alternative Compensation Diagram shows another

POWER REQUIREMENT way of achieving the desired compensation. Here a 1.0K

Ve Voltage +5VDC +0.5V resistor is always used at pin 14, but it is in series with
Ve Current 22mA maximum another R to the reference voltage. The junction of the
Vg Voltage —-4.5V to -16.5VDC two resistors is bypassed to ground by a 0.1uF capacitor.
Vg Current 13mA maximum For high frequencies pin 14 always "'sees’’ a 1K resistance,

thus allowing a 15pF capacitor for C.. Rys, if used,
should be the sum of 1.0K and R, This compensation
scheme is useful with voltage references such as 6.2 or 6.4

PHYSICAL-ENVIRONMENTAL volt Zener diodes.
Operating Temp. Range, DAC-IC8BC 0°Cto 70°C 5. It is recommended that pin 13 (Vgc) and pin 3 (Vgg)
Operating Temp. Range, DAC-IC8BM 55°C to +125°C always be bypassed to ground with at least 0.1uF capaci-

Storage Temp. Range, either model . . . . ... ... ... 65°C to +150°C tors located close to the pins.

PEBIGEOR. s s v 95y e s e S b L 16 pin ceramic DIP 6. As shown in the General Connection Diagram, pin 1 may

be either connected to ground or left open. This connec-
tion determines the voltage compliance at pin 4 (IoyT).
For pin 1 grounded, the output compliance is —0.6 to
+0.5 volt. This is satisfactory when pin 4 is used to drive
a current to voltage converter and pin 4 is held at virtual
ground. It is also satisfactory for low values of R con-
ORDERING INFORMATION nected to pin 4 to directly convert the output current to
a voltage. The voltage compliance may be extended to
DAC-IC8B —5.0 volts by leaving pin 1 open and using a Vgg more
negative than —10 volts. In this way a 2.5K load resistor

may be used at pin 14 to give an output voltage range

OPER. TEMP. RANGE of 0 to ~5 volts (with reference current of 2mA). As

'With zero and full scale adjustments made.

€ =06T070°C shown in the table of Sett/ing Time vs Ry, the output
M = -55 CTO+125 C settling time is constant (300 nsec.) for R values from
0 to 500 ohms; thereafter it increases to 1.2usec for
PRICES (1-9) (100’s) R = 256K,
DAC-IC8BC $8.95 $5.95 7. The accuracy of the DAC-IC8B is specified for a reference
DAC-IC8BM $12.75 $8.50 current of 2.0mA; the accuracy, however, is essentially
constant for reference currents from 1.5mA to 2.5mA,
Trimming Potentiometers: TP500, TP1K, and TP20K are available from Typically, this device is monotonic for all values of refer-
Datel Systems at $3.00 each. ence current above 0.5mA. Reference currents up to
4.2mA may be used. When using a 4mA reference current,
The DAC-IC8BC and DAC-IC8BM converters are covered under GSA contract. VEE must be more negative than —6 volts.
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TECHNICAL NOTES (Cont'd)

8. For fastest voltage output settling times in either unipolar
or bipolar modes, two circuits using Datel Systems
AM-452 monolithic operational amplifiers are recom-
mended. These circuits, with the compensation shown,
result in output settling times of typically 600 nsec. for a
10 volt change to 1 LSB. This is the worst case settling
time which occurs when all bits are turned on. For current
output and R less than 500 ohms, this time is 300 nsec.;
when all bits are turned off the time is shorter, typically
100 nsec. The two circuits shown also illustrate a simple
method of deriving both reference current and offset
current from a precision 6.4 volt Zener reference diode.

9. Both one and two quadrant multiplication are also possi-
ble with the DAC-IC8B as shown in the two diagrams.
VN is shown operating into pin 14; this results in an
input impedance of 2.6K. Alternatively, VN can be
applied to pin 15 for a high impedance input as explained
previously. The range of V| is then 0 to —10V. For two
quadrant multiplication V|p is unipolar and the digital
input is bipolar with offset binary coding. VoyT then
varies over the bipolar range of 5 volts. In multiplication
applications, it is recommended that full scale IRgf be
set to 4.0mA; the output is then monotonic as the refer-
ence current varies over 0.5mA to 4.0mA.

0

CONNECTION DIAGRAMS

Vegjktou) GENERAL CONNECTION DIAGRAM
0.1 'ReF = VRer/R1a
T
BIT 13 Rig 'REF
MSB 1 O—5 14 +—0 AN <
+
20— 6 15—0——"\/\/\1—1_
Ryg 1 VREF
30—7 =
4a0O—48 4 p—O—a——0 'ouT —
50— 9
® OPEN
60— 10 1 GND
70— 11 2
Lss8 80—12 16 — COMPENSATION TABLE
3
Riag Cc
1.0K 15 pF
25K 37 pF
5.0K 75 pF
0.1 Ce
uF I For high compliance output (+0.5V to -5.0V)
——  Vgg (-5TO 15V) leave pin 1 open and use 10 to -15V for Vg

ALTERNATIVE COMPENSATION

*ege

R
14
13 1.0K R

0.1uF

- \
15 /"HFV
Rys 3

R+1IK =
16
3

15pF

VEE

TWO WAYS TO CONNECT REFERENCE

<+— Z)\=Rqg

Ria 'REF

IRer = VRer/R14

'ReF = VRer/Ria
NOTE: -Vgeg must be 3 volts above Vee

HIGH COMPLIANCE OUTPUT

221K, 1%

0+6.4V REF

Vour
0710 5V)

OUTPUT CONNECTIONS

louT

louT Vour

Vour R

SETTLING TIME VS. R

EL ST.

0 300 nsec.

500 300 nsec

1K 400 nsec.

25K 1.2 usec.
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APPLICATION DIAGRAMS

ONE QUADRANT MULTIPLICATION

TWO QUADRANT MULTIPLICATION

NOTE +15V POWER SUPPLY
CONNECTIONS NOT SHOWN FOR
AMPLIFIER

0uF 15pF

current.
2. Zero and Offset Adjustments

the Coding Table.
3. Gain Adjustment

voltage shown in the Coding Table.
UNIPOLAR OPERATION-STRAIGHT BINARY CODING

CALIBRATION AND CODING TABLES

1. Select the desired output range by means of the feedback resistor of the external operational amplifier and the externally programmed reference

+5V sV
0.9iF 0.1uF
; — R, MUST BE EXACTLY
= = R 2xR
L 13 2.49K 1% MF L 13 249K 1% MF
Mse 1 5 14 Vin (0 TO +10V) MsB 1 O—{5 14 Vin (0 to +10V)
20—6 15 —O—’\M—_L AAA- 206 15 AA-
24K 249K 1% 249K 1%
30—7 = * MF 30— 7 MF
40O—8 4 —O— 4a0—8 4
sO—{9 —O 50— 9
Vour &
6 O—10 1 " (0 TO +10V) 60— 10 1 Vour (:5V)
70—11 2 70-—{1 2
Ls8 B8O—{12 16 = F Ls8 80— 12 16 = =
3 3
0.1uF 37pF 0.14F 37pF
Jr: 15V -]T: 15V
’
FAST, UNIPOLAR VOLTAGE OUTPUT FAST, BIPOLAR VOLTAGE OUTPUT
;L[IJSL SCALE s +6.4V GAIN ADJ
—AAA—O +15V
————O+15V 215K
1K 1%
0 1uF OFFSET &
Aod INaST
BIT 59K 1%
MSB — —
) : 01 §1mA =
499K 1% 20— uE AAA-
499K 1%
30—
40—8 4 &
lout
o 50— 9 620 —O
5 9
v o Vout -5V TO +6V)
e » ’()UWUCVHO\/\ % = ! OUTPUT SETTLING
OUTPUT SETTLING y " ) 600 NSEC. to 1 LSB
7 1 600 NSEC. TO 1 LSB 2 o 3 il Iwnr
Ls8 80O——12 Lss 8 O—12 = L
3 =

NOTE
CONNECTIONS NOT SHOWN FOR
AMPLIFIER

115V POWER SUPPLY

For unipolar operation, set all digital inputs to “0” (OV to +0.8V) and adjust the output amplifier ZERO ADJUSTMENT for zero output voltage.
For bipolar operation, set all digital inputs to 0" (0 to +0.8V) and adjust the OF FSET ADJUSTMENT for the negative full scale voltage shown in

For either unipolar or bipolar operation, set all digital inputs to “1'* (+2.0 to +5.5V) and adjust the GAIN ADJUSTMENT for the positive full scale

BIPOLAR OPERATION—-OFFSET BINARY CODING

INPUT CODE UNIPOLAR OUTPUT RANGES INPUT CODE BIPOLAR OUTPUT RANGE

MSB LSB|{ 0 TO +5V | 0 TO +10V | 0 TO 2MA | 0 TO 4MA MSB LS8 15V 10V +1MA +2MA

I a1l +4.980 +9.961V 1.992MA 3.984MA 1131 1119 +4.961V +9.922v ~0.992MA | -1.984MA
1110 0000 +4.375 +8.750 1.750 3500 1110 0000 +3.750 +7.500 -0.760 -1.500

1100 0000 +3.750 +7.500 1.500 -3.000 1100 0000 +2.500 +5.000 ~0.500 -1.000

1000 0000 +2.500 +5.000 -1.000 -2.000 1000 0000 0.000 0.000 0.000 0.000

0100 0000 +1.250 +2.500 0.500 -1.000 0100 0000 -2.500 -5.000 +0.500 +1.000

0000 0001 +0.020 +0.039 0.008 ~0.016 0000 0001 -4.961 ~8.922 +0.992 +1.984

0000 0000 0.000 0.000 0.000 0.000 0000 0000 -5.000 -10.000 +1.000 +2.000
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DATEL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

LOW COST, 12 BIT HYBRID
DIGITAL TO ANALOG CONVERTERS

FEATURES

» 12 Bit Binary or 3 Digit BCD

» Pin-Programmable Outputs

» Internal Reference & Output Amp.
» Glass or Metal Package

» *15VDC Supply Only

» Fast Settling Time

» 12 Different Models

GENERAL DESCRIPTION

The DAC-HZ series are high perfor-
mance, hybrid 12 bit binary and 3 digit
BCD digital-to-analog converters. These
converters are manufactured in volume
in Datel Systems’ modern in-house thin
film hybrid facility. They are complete
and self-contained with a precision in-
ternal reference and fast output opera-
tional amplifier. Pin programmable out-
put voltage ranges are provided for a
high degree of application flexibility;
the output voltage ranges are 0 to +5V,
0 to +10V, ¥2.5V, 5V, and £10V with
only unipolar ranges available on the
BCD models. Current output is also
provided.

The internal design utilizes three quad
current switches, two thin film resistor
networks, a precision zener reference
circuit, reference control circuit and
output amplifier. The thin film resistor
networks are functionally trimmed with
a laser to precisely set the binary
weights of the current switches. The ex-
cellent tracking of the thin film resistors
in conjunction with the tightly matched
current switches results in a differential
nonlinearity tempco of only 2ppm/°C.
Temperature coefficient of gain is
+20ppm/°C max. and tempco of zero is
+5ppm/°C of FS max. There are also
two low drift models in the series with
maximum gain tempco of +10ppm/°C.

The DAC-HZ series consists of 12 differ-
ent models covering the operating tem-
perature ranges of 0°C to 70°C, —25°C

BCD
BIT

B

,_
@«
@

BIN
BIT

1
2
3
a
5
6
7
8
9

)

~

. DAC-HZ12BMR

(ACTUAL SIZE)

B SYSTEMS,INC.

DSV‘S1&MS INC.

D/A CONVERTER

D/A CONVERTER
DAC-HZ12BGC

+15V GND -15V
8k* 5k
4\/\/\’—&@ 20V RANGE
o— —
@ S @ 10V RANGE
@;__{ — @von ouTt
o— — >
@ PROGRAMMABLE
WEIGHTED THIN FILM QUTESRAME)
6 }—— CURRENT RESISTOR
| SWITCHES NETWORK
G =
| =
- — |
| | 20) CURRENT OUT
(r— ‘
|
(or— ‘ e
@ { 22 %% :_Dswoum OFF
@ PRECISION N 5
‘ REF, (+6.3V) @(’A'N AR
(3)
©) © @)
N.C REF. IN REF. OUT

* For BCD model these resistors are 4K 2.
** For BCD model this resistor is open circuit.

MECHANICAL DIMENSIONS -

GLASS PACKAGE

.800
(20 3) l

.

.150 (3,8)

I

230
T W 020 DIA. MAX.
KOVAR

U f

INCHES (MM)
METAL PACKAGE

0.775
(19,71

I “\ 070 DIA.

znu
(5,1)

to +85°C, and —55°C to +125°C. The
models are ava|!able in miniature glass e 13 e 1.200
or metal hermetically sealed cases. Pow- . 2 . 812 13 11875
er requirement is +15VDC at 35mA :/ e . .
with no 5V logic supply required. Input 0357 HIGH, F® * | spaces R i 5
coding is complementary binary or com- STAND-OFFS§ = 1B TTOMEL L] IR (33,0 . . " |
plementary BCD. Voltage output set- wt T R * sorrow e | waces 127
tling time is 3 usec. to 1/2 LSB. :\ : . ST

DOT ON @ % - >

TOP REF- .‘1’ ___422. 100 o o

ERENCES ; DOT ON TOP * ®

PIN1 F 600 e 106 S‘i‘F‘ERENCES *l————— 240 0875

(15, 2) i

NOTE: .100 inch = 2.5 MM prch l‘_ i
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SPECIFICATIONS, DAC-HZ SERIES TECHNICAL NOTES

(Typical at 25 C and +15V supplies unless otherwise noted)

1. The DAC-HZ12 series converters are designed
DAC-HZ12B DAC-HZ12D and factory calibrated to give +%LSB linearity
(Binary) (BCD) (binary version) and +%LSB linearity (BCD ver-
sion) with respect to a straight line between end
INPUTS points. This means that if zero and full scale are
ROOIUtION & 5« oov 56 wv s oo p e o 12 Binary bits 3 BCD digits exactly adjusted externally, the relative accuracy
Coding, unipolar output . . . . . ++.++... |Complementary Binary| Complementary BCD will be £+1/2 LSB (+1/4 LSB, BCD) everywhere
Coding, bipolaroutput . . .. ........ Comp. Offset Bin, = over the full output range without any additional
Input Logic Level, bit ON (0”) . . . . . ... OV t0 +0.8V @ -1mA adlust.ment.s to acﬁ,eve_ a t?est straight line fit.
Input Logic Level, bit OFF (“1) ... ... +2.0V to +5.5V @ +40uA Thg IlnearltY specification is therefore a conser-
Logic Loading 1 TTL load vative one since the user does not have to make
""""""""" more complicated adjustments for a best straight
line fit.
OUTPUTS »
Output Current, unipolar . . . . ... ..... 0to—2mA, £10% | 010.~1.26mA; £10% |2 The extarnal zero or offset adjustment for the
Output Current, bipolar . ........... +1mA, +10% - converters has'a rarfge of 20.2% of fyll scale and
Volags Confiliance; 1o’ = 5. " <« « « s £25V M the external gain adjustment has a range of +0.3%
Output | d: lout, unipolar .. .... 5K ohms % of il scals.
Output Impedance, lout, bipolar. . . . .. .. 2.8K ohms - 3. These converters must be operated with local
Output Voltage Ranges, unipolar . .. ... 0V to +5V 0to 425V supply by-pass capacitors from +15V to ground
0V to +10V 0to +5V and —15V to ground. Tantalum type capacitors of
0to +10V 1uF are recommended and should be mounted as
Output Voltage Ranges, bipolar . . . ... .. +2,5V - close as possible to the converter. If the convert-
+5V - ers are used in a high frequency noise environ-
+10V - ment a .01uF ceramic capacitor should be used
OutputCurrent,Vout . . . . .. ........ +5mA min. ¥ across each tantalum capacitor.
*
by el R e 4. When operating in the current output mode the
equivalent internal current source of 2mA
PERFORMANCE, Voltage Output (1.25mA, BCD) must drive both the internal
Nonlinearity . ................. +1/2 LSB max., +1/4 LSB max. source resistances and the external load resistor.
Differential Nonlinearity . . . ... ...... +1/2 LSB max, +1/4 LSB max. A 300 nsec. output settling time is achieved for
Gair Error, before trimming . . ... ..... +0.1% of FSR! * the voltage across a 100 ohm load resistor; for
Zero Error, before trimming . . .. ... ... +,05% of FSR! = higher value resistors the settling time becomes
Gain Tempco, max.? . . ..o v nnnnn +20ppm/°C * longer due to the output capacitance of the con-
Zero Tempco, unipolar, max. . ....... +5ppm/°C of FSR! P verter. For fastest possible voltage output for a
Offset Tempco, biopolar, max.> . . ... ... +10ppm/°C of FSR! g large transition, an external fast settling amplifier
Diff. Nonlinearity Tempco . .. ....... +2ppm/°C of FSR! * such as Datel Systems AM-100 should be used in
MONOLONICILY . o s viv s 5 0 & e e sie 8w e Over oper. temp. A\ the inverting mode. Settling time of less than
range 1 usec. can be achieved. See application diagram.
Settling Time, loutto 1/2LSB® . . ... ... 300nsec. ®
Settling Time, Voutto 1/2LSB . . .. ... 3 psec.? .
SHWREE T 1. iisimsramenarnus 20V /usec. ? ORDERING INFORMATION
Power Supply Rejection . .. ......... +,002% FSR/ *
% Supply'
Model Temp. Range  Case Price (1-9)
POWER REQUIREMENT DAC-HZ12BGC 0to 70C Glass $ 39.00
Power Supply Voltage . ........... +15VDC +0.5V DAC-HZ12BMC 0to 70C Metal $ 49.00
QuiescentCurrent . . . . . ... ........ 35mA DAC-HZ12BGR —25 to +85C Glass $ 55.00
DAC-HZ12BMR —25 to +85C Metal $ 69.00
PHYSICAL-ENVIRONMENTAL *DAC-HZ12BMR-1 —251t0 +85C  Metal  $139.00
Operating Temperature Ranges . . ... ... 0°C to 70°C, —25°C to +85°C, DAC-HZ12BMM  —55 to +125C  Metal $119.00
and —55°C to +125°C
Storage Temperature Range . . ... ..... —55°C to +125°C DAC-HZ12DGC 0 to 70C Glass $ 39.00
PRCKRO.SIES: ,» + o 4« o 5 ¢ 6 5 5 5w & B 9% W6 1.300 x 0.800 x 0.150 inches (Glass) DAC-HZ12DMC 0to 70C Metal $ 49.00
1.275 x 0.775 x 0.200 inches (Metal) DAC-HZ12DGR —25 to +85C Glass $ 55.00
Package Type . ..........c000... Hermetically sealed glass or metal DAC-HZ12DMR  —25 to +85C Metal $ 69.00
PEOE o u i s i s 6 o 5w 5 60 ek e e e w e Kovar DAC-HZ12DMR-1 —25 to +85C Metal $139.00
Weight .. o'vinms smamesmesen fms 0.15 oz. (Glass), 0.27 oz. (Metal) DAC-HZ12DMM _55to +125C  Metal $119.00
*Specifications same as first column *NOTE: Models DAC-HZ12BMR-1 and DAC-HZ12DMR-1
are low drift models with gain tempco’s of +10ppm/°C
1. FSR is full scale range and is 10V for O to +10V or —5V to +5V output; 20V for £+10V max,
output, etc.
2. For models DAC-HZ12BMR-1 and DAC-HZ12DMR-1 the temperature coefficients are: Mating Socket: DILS-3 (24 pin socket) $1.95 ea.
Gain, +10ppm/°C max.; Bipolar Offset, +5ppm/°C max. Trimming Potentiometers:
3. Current output mode. TP10K OR TP100K at $3.00 each.
4. _For 2.5K or 5K feedback (2K or 4K, BCD). For 10K feedback (8K, BCD) the settling time THE DAC-HZ12 SERIES CONVERTERS ARE COV-
184/ jzsec, ERED BY GSA CONTRACT.
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INTERCONNECTIONS AND CALIBRATION

CALIBRATION PROCEDURE OUTPUT RANGE SELECTION
BIN.RANGE |CONNECT THESE PINS TOGETHER
1. Select the desired output range and connect the converter up as shown in the Output Range Selection table and the +10V 15& 19 |17 & 20 16 & 24
Standard Connection diagrams below. +5V 15& 18 |17 & 20 16 & 24
2. To calibrate refer to the Coding Tables below. Note that complementary coding is used +2.5V 15& 18 ([17&20 [19& 20 |16 & 24
Zero and Offset Adjustments +10V 15& 18 |17 & 21 16 & 24
For unipolar operation set all digital inputs to 1" (+2.0 to +5.5V) and adjust the ZERO ADJ. potentiometer for zero +5V 15& 18 | 17& 21 |19& 20 |16 & 24 |
output voltage or current. For bipolar operation (binary model only) set all digital inputs to 1" and adjust the *1mA (17 & 20 16 & 24 |
OFFSET ADJ. potentiometer for the negative full scale (for voltage out) or positive full scale (for current out) output 2mA | l 17 & 21 | 16 & 24
value shown in the Coding Table.
: BCD RANGE CONNECT THESE PINS TOGETHER
4. Gain Adjustment = iy ek it ed 1 Ul E i Snai-siardgfiski bt 4
For the binary model set all digital inputs to “0” (OV to +0.8V) and adjust the GAIN ADJ. potentiometer for the +10V 15& 19 16 & 24
positive full scale (for voltage out) or negative full scale (for current out) output value shown in the Coding Table +5V 15& 18 16 & 24
For the BCD mode! (unipolar only) set each BCD digit to 0110 and adjust the GAIN ADJ. potentiometer for the +2.5V 15& 18 19& 20|16 & 24
positive full scale (for voltage out) or negative full scale (for current out) output value shown in the Coding Table. 1.25MA 16 & 24
VOLTAGE OUTPUT IS ATPIN 15
CURRENT QUTPUT IS AT PIN 20
STANDARD CONNECTIONS
VOLTAGE OUTPUT CONNECTIONS CURRENT OUTPUT CONNECTIONS
(FOR DIFFERENT OUTPUT SCALING REFER TO OUTPUT RANGE
BT
SELECTION TABLE) \S8  120——p=012 \sa UNIPOLAR
UNIPOLAR to——an 1o—|
15V 15V
BIT 100—4—0 10 150 1uF
Lse 12 O 12 130 9 O—t—09 -]— oy
11o——on wo—t—oo po] op DACHZIZB = Z€RO AD)
= e SoT6% OR
Hae=peoin s =c ==X = I TORIgY e, 17 DACHZIZD e 19 MEG
*T1°° pachHzize ° Weurs 8o—1—o6 190 \
so—t—o8 ofi v so1d o5 (BOTTOM Pl
DIGITAL 70—1—07 DAC-HZ12D 18o—1— Y to—f—o4 N I b3
INPUTS
T worrom 3P MEG i i = 2"’__1_,"? L 1 o0 S o0
T view g 10K TO 100K 20——02 2 11' - T own
40—t—o4 0 = _L l et i wss 10— o1 2 o e
30——03 no——9g—u | L o D14F) a o 2
20——02 2 = e = T A ADJ i ey
—[ 18 MEG 10K TO 100K
o AR piig [ Tox 10 100K
115V
BIT
Lse 12 g0 12 130
arr BIPOLAR BIPOLAR
no——o11 140—f 15V
s8 12 2 °
; ] = 10 0—4—010 150 T uF 12y HHEY
11o——ors Ho—t—y-w v = i T L
10 0——o10 " T O Vour - 5V T0 v E: e
" - 80—1—08 7 =
9 o—1 16 ~
I ro——o7 DACHZ212B! .. .
80—t1—08 "
GITA -
7o——07 DACHZ12B 180——] sV weors T°% (gotTom  "°° lout
i o P e :
(BOTTOM 39 MEG erb At s0——o4 ouT - 1100 mV
So—T—o% yigw) P 10K 10 100K 2 i
o—1 ) 1008
vl I - T T e
Oiamy 22 o—4¢
Sy =2 I 10K T0 100K
1 O 1 24 1peee
L
= X GAIN ADJ
10K TO 100K
CODING TABLES
UNIPOLAR OUTPUT — COMPLEMENTARY BINARY UNIPOLAR OUTPUT — COMPLEMENTARY BCD
BINARY INPUT CODE UNIPOLAR OUTPUT RANGES BCD INPUT CODE UNIPOLAR OUTPUT RANGES
MSB LSB 0TO+10V][ 0TO+5V [ 0 TO -2MA MSD LSD 0TO+10V| OTO+5V |0 TO +2.5V |0 TO -1.25MA
0000 0000 0000 +9.9976V +4,9988V | -1,9995MA 0110 0110 0110 +9.990V +4.995V +2.498V 1.2488MA
0011 1111 1111 +7.5000 +3.7500 -1.5000 0111 1010 1111 +7.500 +3.750 +1.875 0.9375
0111 1111 1111 +5.0000 +2.5000 -1.0000 1010 1111 111 +5.000 +2.500 +1.250 0.6250
1011 1111 1111 +2.5000 +1.2500 -0.5000 1101 1010 1111 +2.5000 +1.250 +0.625 0.3125
1111 1111 1110 +0.0024 +0.0012 -0.0005 1111 1111 1110 +0.0100 +0.005 +0.003 0.0013
1111 1111 1 0.0000 0.0000 0.0000 1111 1111 1 0.0000 0.000 0.000 0.0000
BIPOLAR OUTPUT — COMPLEMENTARY OFFSET BINARY
INPUT CODE BIPOLAR OUTPUT RANGES
MSB LSB 10V +5V +2.5V +1MA
0000 0000 0000 +9.9951V +4,.9976V +2.4988V | -0.9995MA
0011 1111 1111 +5,0000 +2.5000 +1.2500 -0.5000
0111 1111 I 0.0000 0.0000 0.0000 0.0000
1011 1111 1111 -5.0000 -2.5000 -1.2500 +0.5000
1111 1111 1110 -9.9951 -4.9976 -2.4988 +0.9995
1M1 1111 1 -10.0000 -5.0000 -2.5000 +1.0000
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EQUIVALENT CIRCUITS & APPLICATIONS

EQUIVALENT CURRENT MODE OUTPUT CIRCUIT

6.3k*
BIPOLAR
A
‘;V\' ") oFFseT
R VOUT = 2.5V MAXIMUM
CURRENT (OUTPUT VOLTAGE
ouT "
20 COMPLIANCE)
T IL
+ Ry
6.3V C)i'UUT 5K == Moyy R
(Bin or EQ
BCD)
21)
GND
DAC-HZ12B OR DAC-HZ12D
REO = RQ = 5K for unipolar operation

*Open circuit in DAC-HZ12D Rgq = RR I Ry = 4K for bipolar operation

'OUT = 2mA binary
=1.25mA BCD

USE OF HIGH SPEED EXTERNAL OP AMP
FOR FASTER SETTLING

Refer to the
Output Range
Selection Table.
7} BIEOLARIOFRSET Pin 20 or 21 Where pin 15 appears
A use pin X of external
amplifier and scale as

| 10 V. RANGE
DAC-HZ12B @ desired
OR
DAC-HZ12D 20 V. RANGE S
NE» =

[
CURRENT OUT out N

20

— A, = EXTERNAL HIGH SPEED INVERTING
OP AMP. USE DATEL SYSTEMS AM-100
FOR LESS THAN 1.0 uSEC. OUTPUT
SETTLING

USE OF A SINGLE BUFFERED REFERENCE IN A MULTI-DAC SYSTEM FOR IMPROVED TEMPERATURE TRACKING

DAC #2 DAC #3
DAC #1 012 130 012 130
o o o o
012 130 o o o o
o o o 16 O [e} 16 O
o o o *170 o *170
o 16 O—+—— () o o o
o 170 o o o o
o o o o ) o
o o o o o o
o o o o o o
(o] (o] uA741 o o] o o
o o OR EQUIVALENT | ©1 240 o1 240
o o
o1 24 0 4
BUFFER AMP,
EACH REFERENCE INPUT (PIN 16) DRIVEN *PIN 17 SHOULD BE CONNECTED TO
BY THE BUFFER AMP. DRAWS .125 MA PIN 20 FOR BIPOLAR OPERATION OR
IN UNIPOLAR OPERATION AND 1.125 MA LEFT OPEN FOR UNIPOLAR OPERATION
IN BIPOLAR OPERATION, OF DAC'S #2 AND #3.
PRECISION, LOW COST BASE LINE RAMP GENERATOR INPUT/OUTPUT CONNECTIONS
12 130
TIMING ) o v
N 5 out
ok 2 :5: 32 (0 TO+10V)
5 12BIT o y o PIN FUNCTION|PIN FUNCTION
BINARY -0 DAC 18 Ot
T COUNTER o HZ128 ) 1 BIT 1IN 13 NO CONN.
. ; g 2 BIT 2 IN 14 -15VDC
ADJUST ° 3 BIT 3 IN 15 VOLT. OUT
—0 o 4 BIT 4 IN 16 REF. IN
! B 5 | BIT6IN |17 | BIPOLAROFF
B 6 BIT6 IN 18 10V RANGE
7 BIT 7 IN 19 20V RANGE
RESET o 8 BIT8 IN 20 CURRENT OUT
THIS CIRCUIT DEVELOPS A HIGHLY LINEAR (.01%) 2 2 BITo TN g SHOLND
OUTPUT VOLTAGE RAMP FROM 0 TO +10V. THE RAMP 2 10 BIT10IN |22 +15VDC
CAN BE MADE AS SLOW AS DESIRED WITHOUT 2 R RERELY CINEAR 1 BIT11IN |23 GAIN ADJ.
AFFECTING LINEARITY BY SETTING THE PULSE i: OUTPUT 12 BIT12IN 24 REF. OUT
RATE OF THE TIMING CIRCUIT TO THE PROPER ’
VALUE. THE OUTPUT RAMP IS GENERATED IN
DISCRETE STEPS OF .024% FS (4096 STEPS FOR ov
FS CHANGE). £

DATEL
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N %%EAIE FOR ULTRA-HIGH SPEED APPLICATIONS
=4 SYSTEMS, INC. 25 NANOSEC. OUTPUT SETTLING TIME

Canton, Massachusetts 02021 U.S.A
TEL: (617) 828-8000

DIGITAL TO ANALOG CONVERTERS
DAC-FI-GI-HI SERIES

FEATURES

Fastest settling time available
High Resolution

Small Size

Low Temperature coefficient
Ultra linear

Adjustment-Free operation

vV vvvyyVvyy

GENERAL DESCRIPTION

This series of D/A converters are min-
iature ultra high speed devices offering
the user state-of-the-art output settling
time. Twenty-five nanoseconds for
DAC-HI, fifty nanoseconds for DAC-
Gl and one hundred nanoseconds for

DAC-F| series. Standard versions are s ) ot
available with either eight bit or ten ) 0
bit resolution. Accuracy specifications
include *1/2 LSB linearity,
+15ppm/°C temperature coefficient, Or—=
and +0.05% full scale accuracy. : r *: %: & ot
Bipolar operation is achieved by exter- DiGITAL © gneur ) ; : L_@ GROUND
nally connecting the built-in offset- il Or—= “eic [ eLecTRONIC PRECIN =
ting reference. Input coding can be © O Comp" SWITCHES 1—e= neTwORK
straight binary for unipolar output or @ = =7
a choice of offset binary or two's ® "1 = LI ACE b
complement for bipolar output. ® 1 o i LT
© S
Each D/A is completely self-contained
requiring only %15 volts D.C. power.
Packaged in 2" x 2" x 0.375", low pro-
file m%dules, they are readily solde?red BLOCK DIAGRAM MODEL DAC-FL, GI, HI
or plugged directly into P.C. cards or
other mother board hardware. In-
cluded in each module i$ digital inter-
face logic, a precision resisior ladder
network, high speed electronic
switches, and a temperature compen-
sated precision voltage reference MECH&I\(I:I’_('IEASL_D:MEATSIONS INPUT/OUTPUT
source. o CONNECTIONS
M - £015(50.8) 020 DIA
One of the many prime features is the ! — 2000 gl 5 UNe ¥ RNe
output flexibility — 5 ma current R o " .'750 j :N a((%uﬁ%%ﬁhusif PT QHEF.%T.I*UL
output can be fed directly into an 404 f: SPACES 2 | Bit2 input 10 | Bit 10 input (LSB)
s 5 ) H 3 | inpu +15 npt
extefnal resistor to develop a 1.2'V .‘,Y: R i X _ 1380 3 j S\:i.:::m: :1 :;\\j §ZZ§: ‘:::,:::
maximum output or by external pin I p il e = 5 [Bit5input 13 | Common ground
strapping a bipolar output of +1.2V : BOTTOM A Rl > [ 2000 | 6 |Bit6inpur 14 | Offset
maximum can be generated across the | VIEW se T .850 Ié-l ‘ }73 g:énmm 15 | Analog output
i % | nput 16 | No connection
output load resistor. The output cur- [ BT 4 s e ~ =
rent car) glso be fed into an Ope_rat“_)n- PIE= = = = os|L -.250 1. Pins 9 and 10 omitted on 8 bit models
al amplifier for those who require sign | | g | 2. Pin position tolerance +.005"" from da-
inversion, scaling, etc. This amplifier e J 3 tum, non-accumulative
can be selected to suit a particular e UB00; T B e L
0.100 MIN 0378

application.
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SPECIFICATIONS (TYPICAL @ 25°C UNLESS OTHERWISE NOTED)

DAC-FI — DAC-GI — DAC-HI

PARAMETERS

DAC-FI SERIES (100nsec settling)

DAC-GI SERIES (5Cnsec settling)

DIGITAL INPUTS

Optional Optional
RESOLUTION 8 or 10 Binary Bits 8 or 10 Binary Bits
CODING Straight Binary (Unipolar Output) Straight Binary (Unipolar Output)
Offset Binary (Bipolar Output)

(Parallel Data in the following Formats)

Offset Binary (Bipolar Output)
Two's Complement (Bipolar Output)
with MSB (1)

Two's Complement (Bipolar Output)

with MSB (1)

DATA INPUTS

INPUT VINPUT BIT

CODE  MIN. MAX. STATUS
0 oV +0.8V OFF
" 420V +5.5V ON

DTL or TTL Compatible
Positive Logic
Loading: 2 standard TTL loads

DTL or TTL Compatible
Positive Logic
Loading: 2 standard TTL loads

ANALOG OUTPUT (@ 25 C)

ACCURACY

Adj. to +0.05%

Adj. to +0.05%

TYPE OF OUTPUT

Current

Current

FULL SCALE OUTPUT

5 ma @ +1.2V max. (Unipolar)
+2.5ma @ +1.2V max. (Bipolar){1)

5 ma @ +1.2V max. (Unipolar)
+2.5 ma @ +1.2V max. (Bipolar) (1)

OUTPUT IMPEDANCE

600 Ohms %1%

600 Ohms +1%

OUTPUT ZERO OFFSET

15 na

15 na

OUTPUT LOADING

300 ohms for O to +1V Output
2.325K for +1.0V Output

300 ohms for 0 to +1V Output
2.325K for + 1.0V Output

OUTPUT SETTLING TIME

100 nsec to +0.1% of FS

50 nsec to +0.1% of FS

OUTPUT RESOLUTION

+ 1 LSB(5ua for 10 Binary Bits)

1+ 1 LSB(5ua for 10 Binary Bits)

LINEARITY

+1/2 LSB(+ 2.5ua for 10 Binary Bits)

+1/2 LSB(+ 2.5ua for 10 Binary Bits)

TEMPERATURE COEFFICIENT

+50 ppm/°C of FS

+30 ppm/°C of FS

LONG TERM STABILITY

+0.5%/Yr.

+0.5%/Yr

REFERENCE SOURCE

Internal

Internal

INPUT POWER REQUIREMENTS

+15VDC, 0.5V @ 75mA max
-15VDC, 0.5V @ 20mA max

+15VDC, +0.5V @ 75mA max
-15VDC, +0.5V @ 20mA max

POWER SUPPLY

REJECTION RATIO 0.05%/V 0.05%/V
PHYSICAL — ENVIRONMENTAL
OPERATING TEMPERATURE RANGE 0° to +70°C 0° to +70°C

STORAGE TEMPERATURE RANGE

—55°C to +85°C

—55°C to +85°C

RELATIVE HUMIDITY

Up to 100% Non-Condensing

Up to 100% Non-Condensing

2"L x 2"W x 0.375"'H

SIZE 2"L x 2"W x 0.375"H
Plug-in Module Plug-in Module
PINS 0.020" Round Gold Plated 0.020"" Round Gold Plated

0.250"" Long Min.

0.250" Long Min.

MATING SOCKET

DILS—2, 2 per module req’d, $5/pr.

DILS—2, 2 per module req'd, $5/pr.

CASE MATERIAL (2)

Black Diallyl Phthalate Per MIL-M-14

Black Diallyl Phthalate Per MIL-M-14

WEIGHT 2 oz. 2o0z.
DAC-FI - PRICE (1-9) DAC»GIT PRICE (1-9)
ORDERING INFORMATION Number of Bits $79 Number of Bits $ 89

8 B = 8 Binary Bits
10 B = 10 Binary Bits i

8 B = 8 Binary Bits 1
10 B = 10 Binary Bits $109.

NOTE 1: The converter does not directly accept 2's
complement coding without first externally comple-
menting the 2's comp MSB by using an external
inverter or FF Q output. Aftar this bit is comple-
mented the coue appears as ndrmail offseét binary
wnicn the converter can process.

NOTE 2: All converters are fully repairable.

DATEL
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mL APPLICATION NOTES
h
DAC-HI SERIES (25nsec settling) F———————— 1
i R OFFSET na
! AN +O OFFSET
| s
Optional OUTPUT
8 or 10 Binary Bits : SEE NOTE
|
Straight Binary (Unipolar Output) |
Offset Binary (Bipolar Output) | COMMON
Two's Complement (Bipolar Output) | = |
with MSB (1) | T e
CURRENT CONTROLLED BY X~~~ —— =~~~ + NQTE: Output Voltage
INPUT DIGITAL CODE Figure 1 Limited to 1.2V max.
DTL or TTL Compatible —
Positive Logic
Loading: 2 standard TTL loads e M L 4
| R OFFSET 114
| OFFSET
) 2.48K |
| 6000 |5
QUTPUT
|
Adj. to +0.05% [ = 6.2V 4 ; SEE NOTE
| I
Current |+ 13
g | COMMON
5 ma @ +1.2V max. (Unipolar) | Al i
+2.5 ma @ +1.2V max. (Bipolar) (1) ) V=0TO +3v |
VOLTAGE CONTROLLED BYL T R
600 Ohms +1% DIGITAL INPUT CODE Figure 2
15na UNIPOLAR CURRENT OUTPUT
300 ohms for 0 to +1V Output 14
2.325K for + 1.0V Output (MSB) BIT |
25 nsec to +0.1% of FS : =
|
+ 1 LSB(5ua for 10 Binary Bits) | 5
- ! PNPUTS ' CONVERTER OUHE U
+1/2 LSB(4 2.5ua for 10 Binary Bits) : OV TO +1V F.S.
300N
+15 ppm/°C of FS BIT 9 O 5
+0.5%/Yr. (LSB)BIT 10 O— COMMON
Internal Figure 3
+15VDC, +0.5V @ 75mA max
-15VDC, +0.5V @ 20mA max
BIPOLAR CURRENT OUTPUT
0.05%/V Connect external |
w0ad resistor of 2.32K (MSB) BIT | O
Ohms across pins 13 :
& 15. |
0° t0 +70°C DIGITAL ! D/A
Connect a 500 Ohm |
—55°C to +85°C potentiometer® INPUTS | CONVERTER
between pins 14 9l
Up to 100% Non-Condensing & d15 a?d1 Ogggog};)&; BIT 9 I%J-t
code o i
2L x 2"W x 0.375"H adjust for zero volts (LSB)BIT 10 H
Plug-in Module output.
*Available from Datel, $3/each FIGURE FOUR
0.020"" Round Gold Plated
0.250" Long Min. UNIPOLAR OR BIPOLAR VOLTAGE OUTPUT
DILS—2, 2 per module req’d, $5/pr. | (s 3 R¢ x 6002
=
Black Diallyl Phthalate Per MIL-M-14 ((MSB) +-O SE§ R. + 6008
; Bidth i NOTES Ry f
For Unipolar voltage |
2 0z, ;
output connect jumper | v
< J |
DAC-HI PRICE (1-9) between pins 13 & 14. e ira) : D/A 2
Number of Bits For Bipolar voltage INPUTS ) I| CONVERTER (VOUT =—Rg
8B - 8 Binary Bits $ 99 gifnf:“;oct‘e’r"‘;‘i;c;efer?m a4 EXTERNAL x 5MA)
10 82110 Binary Bits $119 between pins 14 & 15. BIT 9 I%—*- R<  AMPLIFIER
*Available from Datel, $3/each (LsB) 0— COMMON
BIT 10
FIGURE FIVE
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Input Coding for DAC-FI, DAC-GI and DAC-HI Series (10 Bits shown)

Analog . Analog

Output Range 2's Complement | Qutput Range

(2.5 ma FS) | Offset Binary (See Note) (0 to +5ma FS)| Straight Binary
+2.495 1t 0111111111 +4.995 111111111
+2.187 1111000000 0111000000 +4.375 1110000000
+1.875 1110000000 0110000000 +3.750 1100000000
+1.250 1100000000 0100000000 +2.500 1000000000

0.000 1000000000 0000000000 +1.250 0100000000

—1.250 0100000000 1100000000 +0.625 0010000000
-1.875 0010000000 1010000000 0.000 0000000000
-2.187 0001000000 1001000000
—2.495 0000000001 1000000001
—2.500 0000000000 1000000000

Note 1: The converter does not directly accept FF Q output. After this bit is comple-

2's complement coding without first
externally complementing the 2's comp
MSB by using an external inverter or

mented, the code appears as normal
offset binary which the converter can
process.

Because of the phenomenal output settling time of these devices, great care must be taken when measuring
the output performance. Model 454 Tektronix Oscilloscope with low capacitance probe and probe ground
lead is recommended for measuring output settling time. Input/Output connections should be made as close
as possible to the “DAC" pins. Best results occur when the digital input source has a time skew of less than

5 nanoseconds.

Output settling time for these devices can be defined as that time between application of an input digital
word and the analog output settling to £0.1% of full scale, it includes switch delay, slewing time and final

exponential decay time.

PULSE
GENERATOR

MEASURING OUTPUT SETTLING TIME

BIT
CONTROL
Mt i (MSB)
1—04—0— — BIT |
- [
|
] | SCOPE OSCILLOSCOPE
| PROBE
' D/A
10 BIT | CONVERTER
LOW SKEW DAC-F1I
|
| | REGISTER DAC-GI
| DAC-HI
| O
—0 9 |
[—%¢—o—— — BIT 9 — =
L
~ 1o BIT 10
STROBE [—
—_g‘_o\? (LSB)
= THREE
POSITION
TOGGLE SWITCH TRIGGER TO SCOPE

DELAY

Typical Test Set Up For Measuring Output Settling Time.

DATEL
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~IDATEL 12 BINARY BIT RESOLUTION

—4 SYSTEMS, INC. 25 NSEC OUTPUT SETTLING TIME
DIGITAL TO ANALOG CONVERTER

Canton, Massachusetts 02021 U.S.A.

TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES

» ULTRA FAST SETTLING
» HIGH RESOLUTION
» SMALL SIZE

GENERAL DESCRIPTION

The DAC-HI12B is a 12 bit Digital to
Analog converter featuring a state-of-
the-art output settling time of 25
nanoseconds combined with a

+1/2LSB linearity and a temperature @ @
coefficient of £20ppm/°C.

Bipolar operation is achieved by exter- —f i7) outeut
nally pin strapping a built-in offsetting I ®
: ” —of ) GRoUND
reference. Input coding can be straight e
. . . DIGITA ELEC [—*1 CISION
binary for unipolar output, or a choice L;l'.:'u:'{ BECLY Lxgben
of offset binary or two’s complement COMPATIBLE . Wk
for bipolar output. [l
VOLTAGE
; = Rerenence [—(1e) oreser
The DAC-HI12B is completely self- L

contained, requiring only *15 volts
D.C. power. Packaged in a

e ]

2""x2''x0.375", low profile module, it (9 (s
is readily soldered or plugged directly BLOCK DIAGRAM N Bor
into P.C. cards or other mother board MODEL DAC—HI12B

hardware. Included in each module is
digital interface logic, a precision re-
sistor ladder network, high speed elec-

tronic switches, and a temperature
s . 1 i P ? MECHANICAL DIMENSIONS—INCHES (MM) INPUT/OUTPUT
compensated precision voltage refer-
e, - , CONNECTIONS
C urce. 5 y 1o
2000 + “""’OB’—d,i 2000 ;;;;Z PIN FUNCTION
. a TS 50.8) DIA
One of the prime features is the unit’s s ; S:I,LII'L:%TT‘MSB)
i g S . — Sl .
output flexibility with a 5 ma current ey A7 00 EACH = 3 [ BIT 3INPUT
A o A - —— -~ =2 == =1
output which can be fed directly into oy i +s = ‘; g::;:::z:
4 SPACES |5 o
an external resistor to develop a 1.2V & ; il TR == 6 | BIT6INPUT
. - I
maximum output or, by external pin o . ‘ — ; :::;:ﬁ:g:
strapping, a bipolar output of £1.2V BOTTOM ViEw 2000 | sioE 9 | BIT 9INPUT
s &0 B8O, B 10 [ BIT 10 INPUT
maximum can be generated across the Yo T == TR RET
output load resistor. The output cur- Z: oseaces | — 12 | BIT 12 INPUT (LSB)
rent can also be fed into an opera- TN i = 32 TSV EOVER INPLIT
oe = NIRRT BT T = 14 | —15V POWER INPUT
tional amplifier for those who require o19- : —- 120 z0 | — 15 | COMMON GROUND
. . o 5 . & 16 | OFFSET
sign inversion, scaling etc. This ampli- 3 1_ J 17 T ANALGOG GUTPUT
fier can be selected to suit a particular o —— et 18 | REFERENCE OUTPUT
Ly i 5o 19 | REFERENCE INPUT
application. ©2)
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SPECIFICATIONS (typical @ 25° C unless otherwise noted)

DAC—HI 12B
APPLICATION NOTES

MODEL NUMBER DAC-HI 12B
DIGITAL INPUTS
RESOLUTION 12 Binary Bits
Straight Binary
(Unipolar Output)
CODING Offset Binary

(Parallel Data in the following Formats)

(Bipolar Output)
Two's Complement (Note 1)
(Bipolar Output)

CURRENT EQUIVALENT CIRCUIT

CURRENT CONTROLLED BY:
INPUT DIGITAL CODE

DATA INPUTS
INPUT|_VINPUT BIT DTL or TTL Compatible
CODE |[MIN. [MAX. |STATUS Positive Logic >

0" [ OV |+0.8V | OFF Loading: 2 standard TTL

"1 [+2.0vV |+55V| ON loads
ANALOG OUTPUT (@25°C)
ACCURACY Adj. to £0.01%
TYPE OF OUTPUT Current

8 ma_@ +1.2V max.
FULL SCALE OUTPUT e
(Bipolar)

OUTPUT IMPEDANCE 600 Ohms £1%
OUTPUT ZERO OFFSET 15 na

OUTPUT LOADING

300 ohms for 0 to +1V Output
2.325K for £1.0V Output

VOLTAGE EQUIVALENT CIRCUIT

VOLTAGE CONTROLLED BY
DIGITAL INPUT CODE

r
|
|
|
|
1
1
|
L
)
|
|
|

=
R OFFSET |16

OFFSET

2.475K |
600N 17

QUTPUT
SEE NOTE

]
|
his

COMMON

OUTPUT SETTLING TIME

50 nsec to £0.025% of FS

UNIPOLAR CURRENT OUTPUT

1 LSB (1.25ua for 12 16
OUTPUT RESOLUTION Binary Bits) (MsB) BIT lo-r 1
LINEARITY +.625uA (1/2 LSB) \
TEMPERATURE COEFFICIENT +20 ppm/°C of FS DIGITAL i D/A 7 OUTPUT
LONG TERM STABILITY +0.5%/Yr. INPUTS | ‘CONVERTER OV TO +IV Fs.
REFERENCE SOURCE Internal BIT 11 01 3000
INPUT POWER +15VDC, +0.5V @ 40 ma (LSB)BIT 12 0 OMMON
REQUIREMENTS —15VDC, 0.5V @ 20 ma REF.OUTYL o o HREF IN EXST
POWER SUPPLY 1000 POT.| 2
REJECTION RATIO DOS5%/V d ARy:
PHYSICAL — ENVIRONMENTAL
OPERATING TEMPERATURE RANGE 0° to +70°C S S rei{szAR CUR RENT OUTPUT 6
STORAGE TEMPERATURE RANGE  —55°C to +85°C 2.32K Ohms across pins 15 & 17. (MSB)BIT 1 O]
RELATIVE HUMIDITY Up to 100% Non-Condensing Connect a 500 £2 pot. as shown : ZERO
fs e - across pins 16 & 17. Connect a H 500 N
SIZE |29| = X 2dex |0.3f7|5| H I ;g‘os ?892'1;‘ shown across DIGITAL | D/A 17
R ot o
PINS i Vi oun > 0! ate Calibration Procedure B8 i 23 :
0.250"" Long Min. With input code 000000000000 T n %
CASE MATERIAL Black Diallyl Phthalate cjust the 500 2 pot. for (LsBYBIT 12 COMMON
WEIGHT 2 oz. With inpuvlocosd':u‘ B REFOUTL 0 190R°F N exr
DILS-2 2 per module required adjust the 100 £2 pot. for 1000 POT| .S
MATING CONNECTOR $5.00 per pair +0.99976 volts output. ‘) ADJ.
PRICE (1-9) $129 ea.
UNIPOLAR OR BIPOLAR VOLTAGE OUTPUT
NPUT CODIN ) 16
I TCO G (MSB) [OSEE
ANAL S Qr T | OFFsET BINARY 2'S COMPLEMENT (1) A bl ey
+2.49875mA MA11111139111 | 011114001301 DIGITAL ; o/A MG
+1.25000mA 110000000000 | 010000000000 INPUTS !l CONVERTER (Vour=-Ry
OmA 100000000000 | 000000000000 i EXTERNAL * SMA)
~1.25000mA 010000000000 | 110000000000 For Unipolar voltage output con- | BIT 1194 AMPLIFIER
—2.50000mA 000000000000 | 100000000000 nect jumper between pins 15 & 16. 12 ¢
For Bi;;calarov:ltm output con- (BLI$81)2 T o E OMMON
ANALOG OUTPUT nect a ) Ohm potentiomu.ar 3 18 19 REF, IN| EXT.

(0 to +5mA FS) STRAIGHT BINARY ?::mr::::-u&&‘ 17 and adijust for % i ‘OSO-?- :DSJ R‘mf‘
+4,99875mA 1111431 11 input. B Ry + 60092
+3.75000mA 110000 00 J
MBS sanmoenes T

b DATEL NO. TP100 (100 )
A
00000m 00,0000 9.0 DATEL NO. TP500 (500 £2)
Note: (1) The converter does not directly accept 2's complement Offset Binary Coding
coding without first externally complementing the 2's
comp MSB by using an external inverter or FF Q output. 2’S COMPLEMENT TO

After this bit is complemented, the code appears as
normal offset binary which the converter can process.

DATEL

OFFSET BINARY CONVERSION (1)

2's
Complement
Coding

LSB
Bit1

Digital
Inputs

DAC-HI 128
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Y DATEL HIGH SPEED 50 LINE DRIVER

DIGITAL TO ANALOG CONVERTERS
DAC-HV-100 SERIES

TWX: 710-348-0135 TELEX: 924461

FEATURES

» Ultra High Speed

» High Output Current

» High Resolution

» Excellent Linearity

» Adjustment Free Operation

DESCRIPTION

The Model DAC-HV-100 Series Digital
to Analog Converters are ultra high
speed devices with a settling time of 50
nanoseconds. Standard versions are
available with six, eight or ten binary bit
input resolution. The output swings
from 0 to +5 volts and is capable of
driving a 50 ohm transmission line.

The superior transfer characteristic of
the DAC-HV-100 Series include an ac-

REFERENCE

curacy of 0.1% of full scale, a linearity SOURCE

of £1/2 LSB and a temperature coeffi-

cient of *#100 PPM/°C. Long term GROUND l

stability of these converters is £0.5% per

year. +15V PRECISION LADDER NETWORK @

Each D/A is completely self contained POWER (1) ANALOG

OUTPUT

requiring only 15 VDC power. Pack- 15V ﬂ@*@; _____ ,@
aged in a 2""Wx3"L x.375"'H low profile POWER @ 3¢
module, they are readily soldered or

plugged into PC boards which can then )

be mounted on 1/2 inch centers. The INTERFACE LOGIC
module includes digital interface logic

and precision resistor ladder networks, I I F______l
high speed electronic switches, a tem- > o~ 7

perature compensated precision voltage

reference source and featuring an ultra BIT BIT BIT BIT
3 % A 1 2" g 10
high speed amplifier capable of settling MSB
to within 0.4% accuracy in 50 nano-
seconds after a full scale output excur- MODEL DAC-HV-100 SERIES BLOCK DIAGRAM
sion.
MECHANICAL DIMENSIONS (INCHES) INPUT/OUTPUT CONNECTIONS
e 3000—»| 020
: s T el i PIN FUNCTION PIN FUNCTION
S e e nemme | 1 BIT 1(MSB) 9 BIT9
———————— —1.550 —
A0 o e e s 1. |—1.350 = 2 BIT 2. 10 BIT 10
2+ |—1:250
3+ |—1.150 obas 3 BIT 3 1 +15V POWER INPUT
-0 3 i — 4 BIT 4 12 15V POWER INPUT
8 lespaces — - it
o, 5 BIT S5 13 GROUND
9. it
e i 18s |—.250 .1 6 BIT 6 14 | ANALOG OUTPUT
—o MINI /
. : 7 BIT 7 15 NO CONNECTION
F———z.soo——»{ }4—.100 Ir.375 L_
BOTTOM VIEW SIDE VIEW 8 Blfie
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ELECTRICAL SPECIFICATIONS (typical @ 25°C, +15 VDC unless otherwise specified) mL

DIGITAL INPUTS: INPUT POWER REQUIREMENTS
Resolution . . . . . Optional 6, 8, or 10 Binary Bits "
Coding . . . . . . Parallel datain Straight Binary +15VDC, 20.5VDC @ 70mA max.
b ieharmt -16VDC, #0.5VDC @ 50mA max.
Datalnputs . . . . . Binary “0" <+0.8V (Switch off) Power Supply Rejection
Binary 1" Z+2.0V (Switch on) Ratio. . . . . 0.1%per Volt
DTL or TTL compatible, positive
Voltage logic PHYSICl.\L -ENVIRONMENTAL
Input Code Output Operating Temperature
0000000000 OV Loading; 2 standard TTL loads Range. . . . . 0°Cto+70°C (extended operating
1111111111 +5V-1LSB (See coding chart below) temperature ranges optionally avail-
able)

Storage Temperature

ANALOG OUTPUT (@25° C)

Range . . . . . -55°Cto+85°C
AcCurasy « . cxi... L % +.2% of FS(6&8 Bits); £.1% of FS Relative Humidity . . Up to 100% Non-Condensing
(10 Bits) Sizgl o . & owow o 2"W X 3L X 0.375"'H
Output Voltage Range . . 0V to+5V Plug-in Module
Full Scale Output . . . +5V @ 100mA Pins . . . . . . 0.020" Round Gold Plated
OutputLoad. . . . . 500hm (min) 0.250" Long, min.
Output Settling Time . . 50 typ., 75 max. nanoseconds to Case Material . . . . Black Diallyl Phthalate Per MIL-M-14
4% of F.S. (6 & 8 Bits); 100 typ, Weight . . . . . 4oz
250 max. nanoseconds to .1% of Mating Socket . . . Model DILS-2 2 Req'd per module,
FS (10 Bit) $4 per pair
Linearity' . . <« . & *1/2 LSB
Temperature Coefficient
of FS. . . . . . 160ppm/°C
Temperature Coefficient
ofZero . . . . . *a0ppm/°C

INPUT CODING FOR DAC-HV-100 SERIES

‘ ANALOG OQUTPUT
STRAIGHT 1B, £3)
BINARY INPUT S
i .
TEe e | 6BIT 8BIT 108BIT
E g 10 DAC-HV6B-100 DAC-HV8B-100 DAC-HV 10B-100
et e 41 13 +4.9219v +4.9805V +4.9951V
110000 00 00 +3.7500V +3.7500V +3.7500V
10p0000 00 00 +2.5000V +2.5000V +2.5000V
010000 00 0O +1.2500V +1.2500V +1.2500V
000000 00 00 0.0000V 0.0000V 0.0000V

ORDERING INFORMATION

MODEL NUMBER OF BITS PRICE (1-9) OPTIONS*
DAC-HV6B-100 6 BINARY BITS $169. —EX (-25°C to +85° C)
DAC-HV8B-100 8 BINARY BITS $179. —EXX (-65°C to +86°C)
DAC-HV10B-100 10 BINARY BITS $189.

+(Extended operating temperature ranges)

Vol 3/98 See inside back cover for DATEL sales offices Electronic Design’s




~1DATEL
| SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FEATURES

» 8, 10, 12 Bit Resolutions

P 5 u sec Settling Time

P 5 Voltage Output Ranges

» Temp. Coeff. to 7ppm/°C
P 2 x 2 x .375 Inch Module

GENERAL DESCRIPTION

The DAC-R and DAC-TR series digital
to analog converters feature high per-
formance voltage outputs for 8, 10,
and 12 bit resolutions. There are 5
different output voltage ranges which
can be selected by external pin con-
nection: 0 to +5V, 0 to +10V, -2.5V
to +2.5V, -5V to +5V, and -10V to
+10V. Internally these models contain
input buffer logic and an electronic
switch array, a precision resistor net-
work, a precision stable zener voltage
reference, and an output amplifier.

The output voltage settling time is 5
usec. to specified accuracy, result-
ing in an update rate of 200kHz.
The output can drive a load up to
5mA on the 0 to +10V and -10 to
+10V ranges and up to 10mA on the
other ranges. Input coding is com-
plementary binary or complementary
BCD for unipolar operation and com-
plementary offset binary for bipolar
operation. The logic inputs are DTL/
TTL compatible. External offset and
gain adjustments are made using two
100K ohm trimming pots., resulting in
an accuracy of .01% FSt% LSB. The
DAC-R models have a gain temperature
coefficient of 30 ppm/°C while the
DAC-TR models feature an exception-
ally low coefficient of 7 ppm/°C.

These converters are encapsulated in
compact 2 x 2 x .375 inch modules
with DIP compatible .100” pin spac-
ing. Pins are .020” diameter gold
plated. Input power requirements are
+5VDC and +15 VDC and are available
from Datel Systems’ broad line of
modular power supplies. Extended
temperature range versions are also
available by consulting the factory.

GENERAL PURPOSE, HIGH PERFORMANCE

DIGITAL TO ANALOG CONVERTERS

DAC-R, DAC-TR SERIES

D SYSTEMS, /N'E

D/A converreg

DAC-“

=B
=

| rRonic
SWITCHES|

b
——4

2ERO
&% ADJUST

‘ SRR L
FEEDBACK

J D%

FEEDBACK

AMPLIFIER
@ ourrur

PRECISION|
LADDER |
NETWORK |

Powen &
.

1 SUMMING
JUNCTION

PRECISION
VOLTAGE
REFERENCE

BIPOLAR
OFFSET
ADJUST

[

o

Pins 15, 16, 17, and 18 are omitted on 8 bit
models. Pin position tolerance is + 0.005"
From datum, non-accumulative.

REFERENCE GAIN
OUTPUT ADJUST
(+46.2V
MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
INCHES (MM) PIN FUNCTION
I K ' F KBY
2.000
}‘,, —  (50.8 — 77-t ‘ 1 —15 VoIt Power Input
R s T i el 2 + 15 Voit Power Input
StaE view 375 3 + 5 Volt Power Input
49.5) 4 | No Connection (pin is omitted)
55 oia ” t 5 Power and Signal Ground
: 250 MIN ; -
- .”. ey - |5 | NoConnection (pin is ormittad)
e ¥ 7 8it 1 (MSB)
eree e e 8 Bit 2
K ® * —1.800 9 Bit 3
P e e o ! 10 Bit 4
> > 7 sll-"ACES 11 Dise
. 3 . -
o o | AT 100 12 gito
: % o | iEacH 13 Bit 7
5 s 14 Bit 8
. 22 BOTTOM T —=1.100 2.000 15 Bit9*
VIEW (50,8 16 Bir 10*
. 27 8 . — 900 17 Bit 11 **
o . p o
° . 6 SPACES 38 RS A 5 .
. 18 3 AT 100 19 No Connection (pin is omitted)
. . EACH 20 No Connection (pin is omitted)
. . 21 Bipolar Offset
S U e S R Y 300 22 Full Scale Gain Adjust
23 + 10V Feedback
1
i | 24 010 +10V, +5V Feedback
TR 1.800 £ ’1 . 300 25 Reference Output
6 Amplifi
NOTE: Open dots indicate omitted pins. 2 mp‘, » Shot
4 z 27 Summing Junction
Pins 17 and 18 are omitted on 10 bit models. P T
28 Zero Adjust

* Omitted on eight bit modeis
** Omitted on ten bit models
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SPECIFICATIONS

(Typical @ 25°C unless otherwise noted) DaBh s
INPUTS
ResolUHON S % Smvectau s s 5w s 4 6 8,10, 12 Bits *
Coding, Unipolar Output . . . .. .. ... Complementary Binary *
Complementary BCD *
Coding, Bipolar Qutput . . . . . ... ... Complementary Offset Binary *
Input Voitage Input Bit
Input Logic | Code Min. Max. | Status DTL/TTL Contpatible *
o i +2V | #56.5V | OFF One TTL Load/Bit *
“Q* oV | +0.8V | ON
Update Bate, o v« o 5.5 e 5w ot g 200 kHz *
OUTPUTS
KEPUPReN B8R B i a s o o i o Adj. to .01% FS +% LSB %
LEVARACIEY S i Rt~ 17 2 M e e t% LSB *
Temperature Coefficient
Gl iRE oo e s LN 30 ppm/°C of FS 7 ppm/°C of FS
Zoco, Unigolat: . e bl n e e ey 10uv/°C *
Offsot, Bipolar, , .y ¢ whie < s % cs's 100uV/°C 20uv/°C
Output Voltage Ranges . ... ... ... 0 to +10V @ 5mA max. *
(selected by external pin connection). . 0 to +5V @ 10mA max. *
-5V to +5V @ 10mA max. @
-10V to +10V @ 5mA max.
—2.5Vto+2.5V @ 10mA max. *
StHAGTITG . o6 = 5 wsiliin ohe o v 5 5 usec to +.01% of FS *
OUtpUL IMPeABNCE « & i w7 ws ¢ wwrs no o 0282 *
Internal Reference . . . . . .. ... .... Precision temperature
compensated, derived from
Zener diode
Power Supply Rejection . . . .. ...... 20 ppm/% i
POWER REQUIREMENT . . . . . .. .. ... +5VDC £.25V @ 30mA max. *
+15VDC *.5V @ 35mA max. *
-15VDC +.5V @ 45mA max. *
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range . . . . . 0°C w0 +70°C 5
Storage Temperature Range . . . . . . . . . —55°C to +85°C *
Relative Humidity . . . . ... o v v on Up to 100% non-condensing *
o T R R R L I 2" 2 % 375" *
PiNS 2 v com’s vomn 5 in s ¢winr o ns @ @ 0.020"" dia. round, gold- *
plated brass, .250" long, min.
Casa@ Material ... . v v s 5 vois 3w 3 a5 3 Black Diallyl Phthalate *
CONSIrUCHIoN o wis voo it 2 cwe o ma s ¢4 2 Epoxy-encapsulated
(fully repairable)
MatingSocket = i :ow s s 55 h 8wk s DILS-2, 2 per module *
@ $5/pr. *
WRIghL : & vv a5 38 §ws @ 55 8 &5 % 2 0z. (56.79) *

*Specifications same as model DAC-R

CALIBRATION PROCEDURE

1. Refer to the unipolar and bipolar adjustment
diagrams and the coding tables. Note that
complementary binary coding is used.

2. OFFSET OR ZERO ADJUSTMENT: Set all

digital inputs high (+2.0V to +5.5V). For uni-
polar output adjust the zero trimming poten-
tiometer for zero output voltage. For bipolar
operation adjust the offset trimming poten-
tiometer to give —FS output voltage as shown

GAIN & OFFSET ADJUSTMENTS

=16V

+15V

100KQ

UNIPOLAR ZERO AND GAIN ADJUST

-15V +16V

OUTPUT VOLTAGE RANGE

EXTERNAL PIN-STRAPPING

FULL SCALE | CONNECT THE FOLLOWING
OUTPUT RANGE PINS TOGETHER
-2.5V t0 +2.6V | 21,23 & 27|24 & 26
-6V to +5V 21827 24 & 26
~10V to +10V | 21 & 27 23 & 26
0to +5V 23 & 27 24826 | 21&5
0 to +10V 24 & 26 21& 5

in the coding table.

3. GAIN ADJUSTMENT: Set all digital inputs
low (OV to +0.8V) and adjust the gain trim-
ming potentiometer to give +FS output volt-
age as shown in the coding table.

CODING TABLES ORDERING INFORMATION
UNIPOLAR OUTPUT — Complementary Binary & Complementary BCD
DAC-R
OFFSET ADJ. OUTPUT GAIN ADJ. OUTPUT VOLTAGE RANGE DAC-TR
b bV dihogli i e’ |
NO.BITS |DIGITAL INPUT VOLTAGE | biGITAL INPUT 0TO+10V__ | 07TO+5V
8 Bin 1111 1111 [ ov 0000 0000 19.9609V | +4.9805V NUMBER OF BITS AND CODING
10 Bin 1111 1111 1 ov 0000 0000 00 +9.9902V +4,9951V
12 Bin e i g O s T T ov 0000 0000 0000 +9.9976V +4.9988V 8B = 8BIT COMPLEMENTARY BINARY
8BCD | 1111 1111 ov 0110 0110 +9.9000V +4.9500V 10B = 10 BIT COMPLEMENTARY BINARY
12 BCD 111 2111 134 | ov 0110 0110 0110 | +9.9900V | _+4.9950v 12B =12 BIT COMPLEMENTARY BINARY
8D= 2DIGIT COMPLEMENTARY BCD
BIPOLAR OUTPUT — Complementary Offset Binary 12D= 3 DIGIT COMPLEMENTARY BCD
OUTPUT OFFSET ADJ. OUTPUT GAIN ADJ. OUTPUT
NO.BITS [VOLTAGE RANGE| DIGITAL INPUT VOLTAGE DIGITAL INPUT | VOLTAGE PRICES (1-9)
8 1111 1111 ~2.5000V 0000 0000 32,4805V DAC-R8B $69.00 DAC-TR8B $129.00
10 +2.5V 1111 1111 1 -2.5000V 0000 0000 00 +2.4951V DAC-R10B $75.00 DAC-TR10B $159.00
12 1111 1111 1111 2.5000V 0000 0000 0000 | +2.4988V DAC-R12B $79.00 DAC-TR12B $179.00
8 1111 1111 5.0000V 0000 0000 +4.9609V DAC-R8D $69.00 DAC-TR8D $129.00
10 +5V e A ~5.0000V 0000 0000 00 +4.9902V DAC-R12D $79.00 DAC-TR12D $179.00
12 1111 1111 1111 -5.0000V 0000 0000 0000 | +4.9976V
8 111 1111 10.0000V 0000 0000 +9.9219V MATING SOCKET DILS-2 (2 per module
10 10V 1111 1111 1 -10.0000V 0000 0000 00 49,9805V @ $5/pair)
12 1111 1111 1111 10,0000V 0000 0000 0000 +9.9951Vv

Vol 3/100
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DATEL 16 BINARY BIT

o SYSTEMS, INC. D/A CONVERTER-$109. SINGLE QUANTITY

T atn DIGITAL TO ANALOG CONVERTERS
DAC-169 SERIES

FEATURES

» High Resolution — One Part In 65,535
> 4 Digit BCD Version

> 3 Selectable Voltage Outputs

» 2 Selectable Current Outputs

D‘ : :
ms.IN D& EL
a gYSTE D STEMS,INC

sY

RTE

E
n coN

D CONVERTER

D
&=
DAC DA

GENERAL DESCRIPTION

The DAC-169 series Digital-to-Analog
Converters are low cost, moderate perform-
ance 16 binary bit or 4 digit BCD units
contained in compact modular form,
2"Lx2""Wx0.375"'H case, ideal for 0.5 inch

card spacing. * O
Both models offer selectable current and (m Msa@_. ]
voltage outputs. The user selects the desired @—* =
output by externally jumping selector pins on - Y
the unit. There are five available output @ T “\@ e
ranges for the 16 binary bit unit and three @*_’ T OUTPUT AMPLIFIER o—@—‘svoc
output ranges for the 4 digit BCD model. ; @,_. —ef 19) GNO
Input digital coding is straight binary or < (o S 5 ) VOLTAGE DUTIUT
binary coded decimal for unipolar operation § = R2
and offset binary for bipolar applications. pr ®'_q :J I (il
DAC-169 series were specifically designed for ; r—- INPUT B @.mmv
: : : : B, | )
incorporation in systems and equipment e @H L Gueern | e R1 @nmas - 3
demanding a wide dynamic range. For 5 OTL/TTL NETWORK i
example, with a full scale output of ten volts, H (10— cowr —
DAC-169 can resolve down to 150 microvolts, z ®>__. el 24) CURRENT OUTPUT
a 96.3 db change. I3 R4

) . a @’—- ey @OFFSET (BINARY ONLY)
Output settling time is specified at 750 :
nanoseconds and 30 microseconds for current Er— feel @"E‘"ENCE 27,
and voltage outputs respectively. Output @»——- e ~6.2V @nmnsucs N
settling time is defined as that time between — L HOLTAE
the application of an input digital word and SOURCE
the output settling to +0.005% of full scale, 1 LSB@—«
and it includes switch delay, nonlinear slewing L ‘ REF
time and final exponential decay time. - AMP.
Full scale output ranges for the binary version CODING
are 0 to +10V, 0 to —10V, or +5V @ +5ma. (DAC-169- 5550
The current output can be selected for 0 to 16D ONLY) [DAC 169 160] 8802 | 8% 9522 [N.U]

+2ma or *1ma. The BCD model can have a
full scale voltage output of O to +10V or O to
—10V @ 5ma. The current output can be pin
strapped for O to +1.25ma full scale.

BLOCK DIAGRAM MODELS DAC-169-16B, DAC-169-16D

MECHANICAL DIMENSIONS (INCHES) INPUT/OUTPUT CONNECTIONS
¥
| T #
1
e Ba i i MODEL | DAC—169—16B| DAC—169—16D | MODEL DAC-169-168 DAC-169-16D
PIN FUNCTION FUNCTION PIN FUNCTION FUNCTION
*\] e 1 BIT 1 _(MSB) _|BIT 8000 (MSB) 15 BIT 1 BIT 2
2 . g 2 BIT 2 BIT 4000 16 BIT 16 (LSB) BIT 1_(LSB)
o . 3 BIT 3 BIT 2000 17 +15 VDC POWER INPUT +15 VDC POWER INPUT
L4 ‘ 4 BIT 4 BIT 1000 18 —15 VDC POWER INPUT —15 VDC POWER INPUT
. 5 BIT 6 BIT 800 19 COMMON GROUND COMMON GROUND
Y B 1¢ 4 6 BIT 6 BIT 400 20 VOLTAGE OUTPUT VOLTAGE OUTPUT
i 7 BIT 7 BIT 200 21 —INPUT —INPUT
8 BIT 8 BIT 100 22 +INPUT +INPUT
9 BIT 9 BIT 80 23 RANGE SELECT RANGE SELECT
10 |BIT 10 BIT 40 24 CURRENT OUTPUT CURRENT OUTPUT
1 BIT 11 BIT 20 256 |OFFSET (BINARY MODELS ONLY]| N/A
1 BIT 12 BIT 10 26 REFERENCE OUT REFERENCE OUT
. 1 BIT 13 BIT 8 27 REFERENCE IN REFERENCE IN
| i 14 BIT 14 BIT4
o #00 of fo 100
o 000 —

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/101



SPECIFICATIONS (typical @ 25°C, unless otherwise noted)

PARAMETERS

MODEL DAC—-169-16B

MODEL DAC-169-16D

DIGITAL INPUTS

16 Binary Bits

4 Digit BCD

Parallel data in the following formats

(Unipolar Output)
(Bipolar Output)

Straight Binary
Offset Binary

BCD (8-42-7) (Unipoler Output)

DATAINPUTS

Tnput _Mﬂ'_‘lﬁ‘a_ls?t DTL or TTL compatible DTL or TTL compatible

Code | Wies, | Mex. | Stirus positive TRUE logic positive TRUE logic

e o:‘:’v :g»gv 1 %';‘F LOADING: One Standard TTL Load LOADING: One Standard TTL Load
1 2 -5V | |

UPDATE RATE
Voltage output limited by output
amplifier settling time

5 MHz typical

5 MHz typical

ANALOG OUTPUT (@25°C)

ACCURACY

Adj. t0 0.005% of F.S.

Adj. to 0.005% of F.S.

LINEARITY

+0.005% of F.S. 4)

+0.005% of F.S. 4]

LINEARITY TEMPERATURE COE

+0.0005%/°C

$0.0005%/°C

TEMPERATURE COEFFICIENT (GAIN)

+10ppm/°C (1), +15ppm/°C (5)

+10ppm/° C(1), + 15ppm/ C (5)

TEMPERATURE COEFFICIENT (OFFSET)

+50 UV/°Ctyp (+10V), +10 uV/C(-10V, :5V)

+50 uV/°C typ (+10V), 110 uV/°C(—-10V, :5V)

TYPE OF OUTPUT

Current or Voltage

Current or Voltage

OUTPUT

Currnm ou lpu! configuration

Externally selectable
0to +2.0 mA or t1 mA

0to +10V, 0to —10V, or t5V

“Externally selectable |

Oto +1.25mA

0 to +10V ov 0to —10V

555 Ohms for +1.0V output
1.57K Ohrm 'or +1.0vV autpul

1K Ohms faf +5V output

952 Ohms for +1.0V output

OUTPUT SETTLING TIME

Current output configuration

750 nsec to +0.005% of F.S.

— | 30psecto TOOSKOFFS T T T T T T

750 nsec to +0.005% of F.S.

[ 30usec o 000B% oI FS

REFERENCE SOURCE
[ INPUT POWER REQUIREMENTS

30 nA (1LSB) 200 nA (1LSD)
~ ~ Voltage out WOV — T T i R T sy
LONG TERM STABILITV +0.005%/ yr. +0. nosx/vr

internal: TC = +0.0005%/° C (2) o

4 Internal: TC = +0.0005%/ C (2)

~15VDC +.5VDC @ 25 mA

+15VDC ¢.8VDC @ 25 MA (,. ciuding output current)

+15VDC +.5VDC @ 25 mA
15VDC +.5VDC @ 25 mA (excluding vutput current)

PHYSICAL ENVIRONMENTAL
OPERATING TEMPERATURE RANGE

0°Cto +70°C

0°Cto +70°C

STORAGE TEMPERATURE RANGE --55 Cto +85 C —55°Cto +85 C
RELATIVE HUMIDITY Up to 100% non-condensing 5 Up to 100% non-condensing
SIZE 27 x2"Wx0.375"H 27 Lx2"Wx0.375"H
plug-in module plug-in module
PINS = 0.020" round gold plated = 0.020" round gold plated
0.250" long minimum 0.250"" long minimum
CASE MATERIAL Black Diallyl Phthalate (3] Black Dially! Phthalate (3)
WEIGHT SR 20z, o]
PRICE (1-9) $109.00 Each $109.00 Each

MATING SOCKET

DILS-2 (2 per module)
$5.00 per pair

DILS 2 (2 per modulse)
$5.00 per pair

NOTES: (1) Current output (4) Linearity +0.012% of F.S. for
(2) Power Supply rejection 0.005%/% Unipolar positive outputs.
(3) Converters are fully repairable (5) Voltage output

INPUT DIGITAL CODING TABLE FOR DAC-169 SERIES

OUTPUT RANGE SETTING TABLE

settmg table.
(2) 0FF$&T ADJUSTMENT

propriate digital input.

(1) Make the appropriate connections as shown in the output range

Refer to the Input Digital Codmg Table and connect the ap«

Adjust the offset potentiometer in order to bring the analog out-
put to the corresponding value as shown in table.

(3) GA[N ADJUSTMENT - .
Refe to the lnput ﬂsg!tal Coding Table and cl nmt the ap-
il :

e AVAILABLE OFFSET ADJUSTMENT USING
ADIOST: | (16 BINARY BITS] ANALOG QUTPUTS MODEL| ouTpuTs _[EXTERNALLY AN EXTERNAL POTENTIOMETER e
MENT NUMBER AT
MSB LS8 +2mA 1mA 0 v |o -10v sV
s Iom o +0 1 2 F.S. VALUE | PIN Fites VALUE | MIGHEND | WIPER |LOWEND | USEP
GAIN AARRERRRRRRRARARI +1.99997mA |+ 99997mA | +9. 5V | -9. V | ~4.99985V
= £x 9008 i | 0to+2mA | 24 191025 N/A - - - “;; 72'3
N/A 1000000000000000 TmA 0A +5v -5V ov DAC— N/A 20,. Fil
180188 "'mA 24 5000 | topin24 | 10pin25 | towiper P
OFFSET|  0000000000000000 OmA ~1mA ov ov +5V KBINAR 19 to 23 to 25, thru 1M
0 wov 20 5
Kineur o+ S 100k | topn 17 |10 | wpin 18 N/A
- 21 10 24, thru 1M
4DIGIT BCD (84-2-1) DI Heugon VOOKIY | Ao T s piaan . [ s | A
ANALOG OUTPUTS
ADJUST- INPUT WORD v 21 10 24, thra 1M
MENT R o~ 5 20 1025 100K 51 topin 17 10 pin 22 topin 18 N/A
8 LSB|| Oto +1.25mA | 0 to +10V | 0 to =10V
o o d DAC— (010 +1.25mA 24 N/A nixLll o= = = T
169- 16D =
GAIN 1001 - 1001 - 1001 — 1001 +1.2499mA +9.999Vv -9.999V
( 8CD Ot +10v | 20 19.16:23; 100k | topinty [PUIMRT . inis P
INPUT: 2210 24 to pin 22
OFFSET| 0000 — 0000 — 0000 — 0000 oma ov ov Thra TV
O -10v | 20 211024 100Ksl | topin 17 topin 18 25
to pin 22
(3) Use cormet typs
EXTERNAL GAIN POTENTIOMETER e Rl C
FOR ALL OUTPUT CONFIGURATIONS Datel model TPE00
. trimpot - $3.00 ssch
)
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Y DATEL 16 BINARY BIT RESOLUTION
=iimsibn | DIGITAL TO ANALOG CONVERTERS

TWX: 710-348-0135 TELEX: 924461

DAC-HR SERIES

FEATURES

» Output Dynamic Range of 96db

» 1.5ppm/°C Temperature
Coefficient

» $0.0015% Accuracy

» 1 usec Output Settling Time
(.0015%FS)

» 1% LSB Linearity
» 2"Wx4"Lx0.4"H

GENERAL DESCRIPTION

The DAC-HR series Digital-to-Analog convert- +15VCD —15VCD POWER GND.
ers are characterized by a resolution of up to @)
one part in 65,535, with a linearity error of
+0.0015% and the lowest temperature coef- Ms8
ficient of any commercially available D/A
converter of 1.5ppm/° C.

DAC-HR's excellence in both linearity and
stability has been achieved by utilizing a pre-
cision thin film resistor ladder network which DIGITAL
tracks to within 1ppm/°C; an oven controlled INPUTS
zener reference which exhibits a temperature
coefficient of 0.25ppm/°C and is current
controlled within a high gain servo loop; plus
the use of four individual monolithic quad
switches. These switches all being in close LsB
proximity on the same monolithic chip, have
beta’s which tend to track, both initially and
with temperature. Also, the superior unifor-
mity of these monolithic transistor switches
leads to inherently high accuracy of matching
thus requiring minor trimming.

The DAC-HR series are completely self con-
tained in a 2"'Wx4"Lx0.4"'"H plastic encapsu-
lated module, yet fully repairable — a very @
significant consideration. +15VDC_—15VDC
DAC-HR series were specifically designed for OVEN POWER
incorporation in systems and equipment de-
manding a wide dynamic range. For example,
with a full scale output of one volt, DAC-HR

Ezzn;s.olve down to 15 microvolts, a 96.3db MECHANICAL DIMENSIONS k »v INPUT/OUTPUT
| CONNECTIONS

The output settling time is specified at 200 INCHES  (MM) 8 — -+ 2

nanoseconds to 0.025% of full scale, and a v | v

maximum of 2 microseconds to 0.0015% of PIN FUNCTION
SIDE VIEW )|

full scale. Output settling time is defined as C Ly ! 1] BIT 1IN (MSB

that time between the application of an input T ¥ A5 + F :;}m—
digital word and the output settling to ,‘L 00 OVAL WD PE . H 3 [BIT 3
0.0015% of full scale, it includes switch CM.“”.DN} R 4 :"1 f)—
delay, nonlinear slewing time and final ex- TRISEOLS 65 1BIT 6
ponential decay time. ¥
DAC-HR series may be used for either uni- —— 7 000 (50.8)

polar or bipolar applications. For unipolar [ o]
operation full scale output is O to —2ma and S Wi o e S g s Ria SR SR
+1ma for bipolar output. Maximum voltage
compliance is *1V. Provisions have been
provided for the user to connect an external
operational amplifier for scaling, sign inver-
sion, impedance transformation, etc. Feed- =
back and offset resistors are included inter- . .
nally. These resistors have temperature coeffi- .
cients matched to the ladder network. The .
values of the internal feedback and offset A I——— S SIS e e S L S TS o
resistors are set to produce a unipolar (OV to 8 B o o o o i o T i M e R e =
+10V) or bipolar (+5V or +10V) output from

an external amplifier. The amplifier should be L~—— y .l

selected to suit particular applications.

TC Matched
@ FEEDBACK
FOR

EXT. AMPLIFIER

5K 2 Ry

INPUT 5K @

BUFFER PRECISION R
ELECTRONIC

LOGIC WEIGHTED ‘ ANALOG OUT (H1)

DTLATL SECHEy NETWORK

comp

ANALOG GND. (LO}

PRECISION
VOLTAGE 64

BLOCK DIAGRAM

29 REFERENCE OUT

) OFFSET OUT
[2) REFERENCE IN

L3

@®
(@]
o
-~
o
<
=
m
=

AL LL‘V ANA u(:um,wmuﬁuj
1 | FEEDBACK RES 5K

gy

[22 | FEEDBACK RES 10K |

GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/103



SPECIFICATIONS (typical @ 25°C, unless otherwise noted)

ELECTRICAL DIGITAL INPUTS:

Resolution Up to 16 Binary Bits

Coding Parallel data in the following

format:

Straight Binary (Unipolar Output)

Offset Binary (Bipolar Output)

NOTE: Two's complement bi-
polar output can be achieved
when an externally
complemented MSB is
provided.

DTL/TTL compatible, NEGA-

TIVE LOGIC TRUE

Logic Levels

INPUT [ V INPUT BIT
CODE [MIN. MAX.|[STATUS
Q" |+2.0V +55VL OFF
=t OV +0.8V| ON
LOBING . § oo oy saswisnidy v v One standard TTL load
ANALOG OUTPUT (@25 C)
BECUTBLY & 00000 s v il S Adjustable to +0.0015% of FS
+%LSB
ReIOIGON : ;.- 0 G Bies sl 1LSB (30na for 16 Binary Bits)
2O Offeat . .. g i ot e 5na
Linsarity’ . .. ..ot Soalgds-can +%L.SB(1)
Temperature Coefficient ... .... 1.5ppm/° C with reference oven ON.

5.0ppm/° C with reference oven OFF

Full Scale Qutput Current . .. ... —2ma — Unipolar Qutput

+1ma — Bipolar Output

—1V — Unipolar Qutput

+1V — Bipolar Output

5K

200 nanosec. to +0.025% of FS

2 microsec. to +0.0015% of FS
.Internal — Oven Controlled

D/A +15VDC, +0.5VDC @ 30ma
ONLY/ —-15VDC, +0.5VDC @ 35ma

REF. ) +15VDC, +0.5VDC @ 41ma
OVEN/ —-15VDC, +0.5VDC @ 41ma

0°C to +70°C
—55°C to +85°C
Up to 100% NON-CONDENSING

Output Voltage Compliance. . . . .
Output Impedance . . . .........
Output Settling Time . .. .......
Reference Source ., . .......
Input Power Requirements

PHYSICAL-ENVIRONMENTAL

Operating Temperature Range . . .
Storage Temperature Range
Relative Humidity

SUZOT o n s o nsans s s REvraiGe 2""Wx4"Lx0.4""H

[ T e SRR SR S 0.020" round gold plated
0.250" long minimum

CommMEtNIa) ... .0 5o vanins & Black Diallyl Phthalate, per MIL-M-14
Modules are fully repairable

WOIGHE .oz sasidinses s o5 4 o0z.

NOTE: An ooerating temperature range from —25°C to +85°C is
available at additional cost. Add suffix "EX'’ to part number,

(1) Dpifferential linearity is 1 LSB for 16 Binary Bits (i.e., remains monotonic)

DATEL

CODING FOR DAC-HR SERIES

NT EQUIVALENT CIRCUIT
DAC-HR SERIES

VOLTAGE EQUIVALENT CIRCUIT
DAC-HR SERIES

24) OFFSET

OuTPUT
(NOTE)

COMMON

______ S |

ouTPUT
(NOTE)

CURRE
ANALOG ANALOG
Output Range OFFSET BINARY Output Range STRAIGHT BINARY
(+1ma, FS) 010 -2 ma, FS) Fm————
—0.99997 | 111111 1111111111 ~1.99997 | 1111111111111 |
20.75000 | 1110000000000000 1.75000 | 1110000000000000 i
—0.62500 | 1101000000000000 | ~-1.50000 | 1100000000000000 |
—0.50000 | 1100000000000000 1.00000 | 1000000000000000 |
0.00000 | 1000000000000000 0.50000 | 0100000000000000 ==
+0.50000 | 0100000000000000 | —0.25000 | 0010000000000000 |
+0.62500 | 0011000000000000 0.00000 | 0000000000000000 I
+0.75000 | 0010000000000000 b ol
+1.00000 | 0000000000000000

NOTE OUTPUT VOLTAGE
LIMITED TO - 1VFS

CURRENT CONTROLLED

ternally complemented MSB is provided.

Note that 2's complement bipolar output is available when an ex

BY INPUT DIGITAL CODE 1=0TO ~2ms

VOLTAGE CONTROLLED
BY INPUT DIGITAL CODE

V=0TO-10v NOTE OUTPUT VOLTAGE
LIMITED TO -1VF!

DAC-HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING)

APPLICATION NOTES — WHEN USING AN EXTERNAL OUTPUT AMPLIFIER
(Use a high accuracy, low drift output amplifier to avoid degrading system performance)

DAC-HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING)

DAC-HR SERIES WITH EXTERNAL AMPLIFIER (INVERTING)

UNIPOLAR OUTPUT OV TO +10VFS BIPOLAR OUTPUT +5VFS BIPOLAR OUTPUT +10VFS
| Hadielad sttt = B | e et i al | St st b et ok b
’ = 1 T | @
H 'Y.S;b‘::uh” 75* | | TC matched ($ e H Z.Ea'::;ihm * |
: resistors 5 ! o : resistors " ! : resistors \ ! @
i : Al 1o : :
: o, : : S > : e $J a ——o Vour : ——o0 Vour
\ Te : | Te : 18K | 22K
: :—@ ZERO ADJUST : t :
{ | ! |
i I I
: FULL SCALE ADJUST } FULL SCALE ADJUST : FULL SCALE ADJUST
| | :
| oACHH ! i i
I 5 T | L
Note: Use external trim pots and resistors with 100 PPM/° C max tempco (available from Datel)
ORDERING INFORMATION LIST PRICE (single quantity)
DAC-HR
T DAC-HR 138 . . . $249.
NUMBER OF B AND CODIN DAC-HR 14B ... $263. NOTE: Add 30% to List Price for
i sl i DAC-HR 15B. .. $276. Extended Temperature Range
13B = 13 BINARY BITS DAC-HR 16B . .. $299. and Suffix “EX"' to Model Number
148 = 14 BINARY BITS MATING SOCKET DILS-2; 2 req'd per module
158 = 15 BINARY BITS $5.00 per pair
168 = 16 BINARY BITS
Vol 3/104 See inside back cover for DATEL sales offices Electronic Design’s




DATEL

»- 4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

Data Conversion
Accessory Circuits
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Analog Multiplexers

Modular

Modular

Number of Channels 8 8 16

Type Input Sing. End. Differ. Sing. End.
Input Voltage Range 10V 10V 10V
Input Overvoltage, max. +15V 136V +35V
Channel ON Resistance 300 ohms 2K 2K
Channel OFF Resistance 100 Meg. 200 Meg. 200 Meg.
Channel OFF Leakage 30 pA 30 pA 30 pA
Channel Addressing 3 bit code 3 bit code 4 bit code
Address Logic Compatibility DTL/TTL DTL/TTL/CMOS DTL/TTL/CMOS
Internal Buffer Amplifier No Yes Yes
Output Current Drive, max. — +10 mA +5 mA
Output Settling Time — 4 usec. (1) 3 usec. (1)
Output Slew Rate — 100V /usec. 120V/usec.
Output Offset Drift =N +60uVv/C +30uV/C
Transfer Accuracy 01% .01% .01%
Crosstalk -80dB -80dB -80dB
Common Mode Rejection — 110 dB -

Turn ON Time 300 nsec. 500 nsec. 500 nsec.
Turn OFF Time 1 usec. 500 nsec. 500 nsec.
Power Requirement +15V, -20V 15V 15V
Package Size, inches 1x2x0.375 2x2x0.375 1.5 x2 x0.375
Operating Temp. Range 0to 70°C 0to 70°C 0to 70°C
Price (1-9) $69.00 $169.00 $129.00

NOTES: 1. For 20V step to .01%

Vol 3/106
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This complete line of analog multiplexers offers a choice of
operating features and prices for data acquisition system appli-
cations. The four modular models offer 8 and 16 channel
capability. The MMD-8 is an 8 channel model with differential
inputs and output and an internal differential buffer amplifier.
The MM-16 features single-ended 16 channel operation and
also includes an internal buffer amplifier.

The four monolithic models use dielectrically isolated CMOS
circuitry. The analog and digital inputs are protected from
both the loss of power and from overvoltages that exceed the
power supplies. The CMOS FET analog channel switches have
fast settling time, low capacitance, low leakage current, and
high OFF resistance. These monolithic devices offer 4, 8, and
16 channel single-ended operation and 8 channel differential
operation at economical prices. Channel addressing is done by
a 2, 3, or 4 bit binary code, depending on the particular
model. There is also an inhibit input which enables or disables
the multiplexer.

4o O

PDRAE:
SYSTEMS.INC.

MULTIPLEXER

' g

Modular Monolithic Monolithic Monolithic Monolithic
6 D-409 308 D-80 606

16 - 8 8 16
Sing. End. Differ. Sing. End. Differ. Sing. End.
+10V +15V +15V 15V +15V
35V 35V +35V 35V +35V
2K 1.5K 1.5K 1.5K 1.5K
200 Meg. 200 Meg. 200 Meg. 200 Meg. 200 Meg.
30 pA 30 pA 30 pA 30 pA 30 pA
4 bit code 2 bit code 3 bit code 3 bit code 4 bit code
DTL/TTL/CMOS | DTL/TTL/CMOS | DTL/TTL/CMOS | DTL/TTL/CMOS | DTL/TTL/CMOS
No No No No No
01% 01% .01% .01% .01%
-80dB —86 dB —86 dB —86 dB —86 dB
- 120 dB - 120 dB -
500 nsec. 500 nsec. 500 nsec. 500 nsec. 500 nsec.
500 nsec. 300 nsec. 300 nsec. 300 nsec. 300 nsec.
+15V +15V +15V +15V +15V
1.5:x2x%0.375 16 Pin DIP 16 Pin DIP 28 Pin DIP 28 Pin DIP
0to 70°C 0to 70°C 0to 70°C 0to70°C 0to 70°C
$119.00 $14.00 $14.00 $34.00 $34.00
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~DATEL

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

»-J SYSTEMS, INC.

4,8, AND 16 CHANNEL
CMOS MULTIPLEXERS

FEATURES

Dielectrically Isolated CMOS
Break-Before-Make Switching
Single-Ended and Differential
Overvoltage Protection
DTL/TTL/CMOS Compatible
7.5 mW Standby Power

YVYVVY V'Y

GENERAL DESCRIPTION

The MX series analog multiplexers
are 4, 8, and 16 channel monolithic
devices manufactured with a dielec-
trically isolated complementary
MOS process. The circuits incorpo-
rate analog and digital input protec-
tion which protects the units from
both overvoltage and loss of power.
The digital inputs are DTL/TTL/
CMOS compatible and address the
proper channel by means of a 2, 3,
or 4 bit binary code. An inhibit in-
put enables or disables the entire
device and thus permits expansion
of the number of channels by using
several devices together. Another
important feature of these multi-
plexers is the use of break-before-
make switching to insure that no
two channels are ever momentarily
shorted together.

Transfer accuracies of .01% can be
achieved at channel sampling rates
up to 200 kHz and over =10V signal
ranges. These multiplexers are ideal
for multi-channel data acquisition
systems where the multiplexer op-
erates into a high impedance load
such as a sample-hold, buffer am-
plifier, or instrumentation amplifier.
Channel ON resistance is typically
1.5K at 25°C and is less than 2K
over the operating temperature
range.

Power consumption is only 7.6 mW
at standby and 15 mW at 100 kHz
switching rate. Power supply range
is ¥6V to *20V. The devices are
packaged in 16 pin or 28 pin DIP's
and operate over the 0°C to 70°C
temperature range.

SWITCH
DRIVER
CIRCUITS

N
Tt

CHANNEL
ADDRESS
DECODER

CA1

INHIBIT

SYSTEMS 550 MAX. ' G S ‘ }
MX-1606 DATEL SYSTEMS
IDENT --t. PIN ONE ( D MX-808 A
UUUU0D0000o0U0UUyg 0wy 0 ‘ i
1 " B T O G

MECHANICAL DIMENSIONS (INCHES)

MX-1606, MXD-807 MX-808, MIXD-409
28 Pin DIP 16 Pin DIP
»n 15
nnn onnnon nnn
DATEL L ?

INDEX NOTCH
i //|<_ 700 ————=| alll’)‘

145 MAX

185
MAX. 115 MAX

— §3) —>

701}; T
mﬂ[:J l" 0|‘:H°M 120 MIN

NON-CUMULATIVE
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SPECIFICATIONS, Typical at 25°C, +15V supplies, R source <1K, unless otherwise noted.

MX-808 MX-1606 MXD-409 MXD-807
ANALOG INPUTS
Number of Channels 8 16 4 8
Type Inputs Single Ended Single Ended Differential Differential
Input Voltage Range +15V +15V +15V +15V
Input Overvoltage, max. | Vs +20V | | Vs+20V | +| Vs+20V | +| Vs +20V |
Channel ON Resistance 1.5K 1.5K 15K 1.5K
Channel ON Resistance, max., 0 to 70°C 2.0K 2.0K 2.0K 2.0K
Channel OFF Input Leakage 30 pA 30 pA 30 pA 30 pA
Channel OFF Output Leakage 1.0 nA 1.0 nA 1.0 nA 1.0 nA
Channel ON Leakage 100 pA 100 pA 100 pA 100 pA
Channel OFF Input Capacitance 5 pF 5 pF 5 pF 5 pF
Channel OFF Output Capacitance 25 pF 50 pF 12 pF 25 pF
DIGITAL INPUTS'
Logic 0" Threshold, max. +0.8V +0.8V +0.8V +0.8V
Logic ““1” Threshold, min. (TTL)? +4.0V +4.0V +4.0V +4.0V
Logic ““1"* Threshold, min. (CMOS)? +6.0V +6.0V — -
Input Current, max., high or low 5 uA 5 uA 5 uA 5 uA
Channel Address Coding 3 Bits 4 Bits 2 Bits 3 Bits
Channel Inhibit, all channels OFF Logic “‘0"” Logic ‘0" Logic ‘0" Logic 0"
PERFORMANCE
Transfer Error, max.” 01% .01% 01% 01%
Crosstalk, 10 kHz -86 dB -86 dB -86 dB -86 dB
Common Mode Rejection — - 120 dB 120 dB
Settling Time, 20V step to 0.1% 2 usec. 2 usec. 2 usec. 2 usec.
Settling Time, 20V step to .01% 5 usec. 5 usec. 5 usec. 5 usec.
Turn ON Time 500 nsec. 500 nsec. 500 nsec. 500 nsec.
Turn OFF Time 300 nsec. 300 nsec. 300 nsec. 300 nsec.
Break Before Make Delay 80 nsec. 80 nsec. 80 nsec. 80 nsec.
Inhibit/Enable Delay 300 nsec 300 nsec. 300 nsec. 300 nsec.
POWER REQUIREMENT
Rated Power Supply Voltage +15 VDC +15vDC +15 VDC +15 VDC
Power Supply Voltage Range +5 to 20V 5 to 20V 5 to +20V +5 to +20V
Quiescent Current, max. +5, -2mA +5, —-2mA +5, -2mA +5, —2mA
Power Consumption, 10 kHz sampling 7.5 mW 7.5 mW 7.5 mW 7.5 mW
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range 0to 70°C 0 to 70°C 0to 70°C 0to 70°C
Storage Temperature Range - 65 to +150°C -65 to +150°C -65to +150°C - 65 to +150°C
Package 16 Pin DIP 28 Pin DIP 16 Pin DIP 28 Pin DIP
Package Dissipation, max. 725 mW 1200 mW 725 mW 1200 mW
PRICE (1-9) $14.00 $34.00 $14.00 $34.00

NOTES: The digital inputs are the channel address inputs and the inhibit input.

. Todrive from DTL/TTL circuits 1K pull-up resistors to +6V are recommended.

With models MX-1606 and MXD-807 pin 13 should be left open.

. For a +6.0V threshold with models MX-1606 and MXD-807 pin 13 is connected to +10V.
. For output load >20 megohms.

THESE MULTIPLEXERS ARE COVERED BY GSA CONTRACT.

S w N =
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CONNECTION & APPLICATION

PIN CONNECTIONS CHANNEL ADDRESSING
MX-808 MX-1606
MX-1606 MX-808, MXD-807
CA1—{1e 16 |—CA2 +vs —{ 1@ 28— ouT
INHIB — 2 15 |— CA4 NC —] 2 27— _vs .
-vs —3 14 |— GND NC —3 26— 8IN ON ON
1IN —] 4 13 —+Vs 16IN — 4 25— 71N 8 4 2 1 |INHIB.| CHANNEL 4 2 1 |INHIB. |CHANNEL
2IN—]5 12 F—5IN 15IN — 5 24— 6IN
= 5 T [ b5 bl 3 pol i X X X1 o NONE XXX~ ra NONE
4IN—{7 10 F—7IN 13IN — 7 22— 4IN Q"0 0 0 1 1 04010 1 1
ouT—{8 9l—sIN 12IN —{ 8 21}— 3IN
1IN — 9 20— 2IN 0 gve 1 1 2 0 01 1 2
1010, =110 19— 1N 00 10 1 3 DI§1 10 1 3
9IN —11 18 — INHIBIT
GND —‘17 17— cA1 0011 1 4 8.1 1 e
Ve —{13 16 F— CA2
MXD-409 PN o [ 0100 1 5 1.0, 0 1 5
cAl—] 1e 16— ca2 (vl VO A 1 6 1 01 1 6
e MXD-807 a3t T B v
1AIN— 4 13— 1BIN i P o 01 7 1 1 8 { | 1 8
A IN— 12— IN
§A|N42 1? - igm BO=ia o 1800 ! # MXD-409
4AIN—]7 \oliaalm NC—13 2BI=BAIN 100 1 1 10
AOUT—{8 9b—Bout BRIN= 4 =0/ [ TAIN ON
7BIN— 5 24 f— BAIN 10 4 9 1 1 2 1 |INHIB. | CHANNEL
6B IN 6 -
i iy g P TG ate 1] 12 X £ R0 NONE
NOTES: BIN— 8 21— 3AIN RS (o B o) 1 13 00 1 1
CA = CHANNEL ADDRESS 3BIN— 9 20 |—2aIN
Vs = SUPPLY VOLTAGE 28IN—]10 19— 1am 1101 1 14 01 1 2
Vr = REFERENCE VOLTAGE
NC = NO CONNECTIONS 1BIN—] 11 18 [— INHIBIT 1 140 1 15 1 1 3
GND—] 12 17 |— CA1
vR—{13 16 |— ca2 1 33 1 16 11 1 4
NC —] 14 15— CA4
TECHNICAL NOTES EXPANSION TO 64 CHANNELS
1. Thetransfer accuracy of these multiplexers depends on both
the source resistance and the load resistance. With zero
source resistance, and assuming 2K ohms max. channel ON
resistance, the load impedance should be at least 20 meg-
ohms to achieve .01% accuracy. In practice it is recom-
mended that a load impedance of at least 100 megohms be ANALOG i
used to minimize errors. This can be done by using a good e out ese Meore
high gain, high CMR operational amplifier as a buffer (such -
as Datel’s AM-462). Source resistance should be kept as low mx-1808  |[CA2
as possible so that accuracy is not affected; less than 1K LE 2
ohms is recommended. Higher source resistance, in addition o 4] NI
to affecting accuracy, will degrade the settling time of the 1
multiplexer. 17— our CHARNEL
ADDRESS
2. For differential operation two buffer amplifiers or a good e t car
quality instrumentation amplifier (such as Datel’s AM-201) ” cAs | s
should be used. To maintain high CMR, source impedance fﬁ.e; cas
unbalance should be kept to a minimum, the highest pos- atas] 15 - g’:f
sible load impedance should be used, and an amplifier with | .
high CMR should be chosen. i o7
3. The maximum analog input overvoltage for these models el
is *|Vs+20V|. Maximum logic input overvoltage CAB ‘ 1
is *|Vs+4V|. 18 — INHE : [
4, Channel expansion is accomplished by use of the inhibit et .
input of the multiplexer. A logic “0” on this input disables
the multiplexer. The expansion technique shown in the MX-1606 o
diagram to the right applies to all of the multiplexer models. “ g::
5. The reference terminal (VR) sets the noise immunity level 64— Ll
of the input logic for models MX-1606 and MXD-807. In
most cases this terminal is left open (TTL inputs). For
higher level inputs (+6V min.) this terminal should be con-
nected to +10V. When addressing from DTL/TTL logic it is
recommended that 1K ohm pull-up resistors to the +bV
supply be used.

Vo
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PERFORMANCE GRAPHS

BREAK-BEFORE-MIAKE DELAY LEAKAGE CURRENT VS. TEMP.
(t OPEN)
100nA =
IE
-
OFF OUTPUT
vavlllt‘Jw‘ SRR/REESS I LEAKAGE CURRENT A
Ip (OFF)
10nA
\| 7/ =yt
OUTPUT - ON LEAKAGE .4
i i 5V/0IV I 15 CURRENT /7
| é Ip (ON) /
YA @ InA — A A
i 2 o
— HetoPEN 3 =
U i /1 7
100ns/Div. // P
‘EAKAGE CURRENT
o Ig (OFF)
CROSSTALK VS. FREQUENCY lll
OF INPUT SIGNAL A
- 1 7
.g / 10pA
b / / 250 500 750 1000 1250
E y. Temperature °C
c 0.1 &
2 +
5 &
o% S
W e 0/ od NORMALIZED ON RESISTANCE
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< / / Yo '\OQ T T : |
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® // &6 8% 15 0°CSTaS (]C_1
2 "4 £> VIN =+5V
g S 14
S 0.0001 / /4 25 |, N
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i -
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©
EL o9
SETTLING TIME VS. SOURCE 25 os _
RESISTANCE (20V STEP) RS e o H R ey
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1000 T
SUPPLY CURRENT VS.
100 / SAMPLING FREQUENCY
: /
E 5 | | T00.01% // g .
o @
£3 10 o |
i §°
3 3 v =415
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N DATEL 8 CHANNEL DIFFERENTIAL—ANALOG
“4 SYSTEMS, INC. | TIME SHARING, WITH THREE OUTPUT AMPLIFIERS

1020G Turnpike Street, Building S

Canton, Massachusetts 02021 US.A.
TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES
» Differential Output Amplifier
» High Transfer Accuracy
» Fast Settling Time
Break-Before-Make Switching

v

DESCRIPTION

The Datel Systems Model MMD-8 is a complete
analog multiplexer with buffer amplifiers and a
differential output amplifier for selectively
switching one of eight differential input chan-
nels.

The MMD-8 exhibits excellent transfer charac-
teristics with high speed break-before-make
switching. A channel select inhibit (all channels
off) is provided so that two MMD-8 multi-
plexers can be stacked to provide 16 differen-
tial input channel multiplexing with a four bit
binary address.

The 1.6 cubic inch module contains an elec-

tronic switch array with an associated decoder BLOCK DIAGRAM
and digital input buffers, two analog buffer
amplifiers and a differential output amplifier. i oy Aok G NPT i i A AN
The common differential pair from the switch 'Wlﬁ T T ':T?TE ’T.fﬁ‘ ’W’IE‘ '.TPE
is brought out through an 1/O pin along with D G 00 060 00 0O O ® 6
the inputs and outputs of the two buffer [ 1 T T e
amplifiers and the differential amplifier. [ ,(% _(% %1 _(% %T ,? %'. ‘@ _% L:mygu
The MMD-8 can accept differential analog | . - i T HI
inputs of up to +10 volts with a transfer +15v(i8) I I l 1 | vl—._E/zLo
accuracy of 0.01%. Without the amplifiers, the I e | | SN | S § S | —-—_—
switching time is typically 500 nanoseconds. GROUND @I [ [ | ‘ [ ‘ |
With the amplifier, the settling time is only 4 @ i T =
microseconds to 0.01% of full scale. i RIS DR bR ‘
The differential output amplifiers will deliver >L I = o, = T (ziga';{kii_
+10 milliamps at +10 volts full scale. Linearity I n 1 = ] —ty, OO0 CMR 2
of this amplifier is 0.01% with an offset Oneur 7 W=
adjustable to less than 1 millivolt and an offset [saaR | N/ LY ;
vs. temperature of 60 microvolts per degree & 4
centigrade. The amplifiers can be slewed at a |
rate of 100 volts per microsecond. L5 fl\—sz‘/ & é’ B 2 o) @
The entire 8-channel differential multiplexer is 12 4 INHIBIT N OuT ouT IN INVERT NON-INVERTING
completely encapsulated in a 2"X2"X.375" BINARY BUFFER BUFFER DIFFERENTIAL
module with dual in-line pinning (0.1” grid) and ROORESS ‘ & N
requires only +15 volts at +20 mA max for
power.
MECHANICAL DIMENSIONS — INCHES (MM) INPUT/OUTPUT CONNECTIONS
- DMP @}N ADJ DC CMR ADJ
com+@ 0.8 @ | - PIN FUNCTION PIN FUNCTION
][ orer awe ZERoAS 1 0Z00MIN I CHANNEL 1 HI INPUT || 17 | DIFF. AMP.POS. IN
— 2 CHANNEL 1 LO INPUT 18 +15V POWER
: N1/ 1 igeom 3 | CHANNEL 2 HI INPUT [[19 | —15V POWER
45T ==yl === ||y 4 | CHANNEL 2 LO INPUT || 20 | PWR & SIG. GND
|2 ADJUSTMENTS 2 | | 5 CHANNEL 3 HI INPUT || 21 ADDRESS INPUT 1
| o o | AT0100 6 CHANNEL 3 LO INPUT 22 ADDRESS INPUT 2
o ° 7 CHANNEL 4 HI INPUT 23 ADDRESS INPUT 4
ety e s o ([0 AC CMR ADJ 8 | CHANNEL 4 LO INPUT || 24 | BUFFER 1 INPUT
U TN e 2T (SINGLE TURN POTS) 9 | CHANNEL 5 HI INPUT || 25 | ADDRESS INHIBIT
. - T i ROV 10 | CHANNEL 5 LO INPUT || 26 | DIFF. AMP. OUTPUT |
[ ) - 2 : 11__| CHANNEL 6 HI INPUT || 27 | BUFFER 1 OUTPUT
|- . | &0 DIFF AMP ZERO ADJ 12| CHANNEL 6 LO INPUT || 28 | MUX. HI OUTPUT
: : DIFF AMP GAIN ADJ 13 | CHANNEL 7 HI INPUT |[ 29 | BUFFER 2 INPUT
e e Tl e DC CMR ADJ 14 | CHANNEL 7 LO INPUT || 30 | DIFF. AMP. NEG. IN
= ey s 16 | CHANNEL 8 HI INPUT || 31 | BUFFER 2 OUTPUT
2000 £0.015 (50, 8)———=] 16 CHANNEL 8 LO INPUT || 32 MUX. LO OUTPUT
PIN POSITION TOLERANCE:$0.005 NON-ACCUMULATIVE
FROM DATUM

Vol 3/112 See inside back cover for DATEL sales offices Electronic Design’s



SPECIFICATIONS (Typical @ 25°C)

ANALOG INPUT

Enable/Inhibit Delay

300 ns Typ.

No.# of Inputs

8 channel differential

Input Voltage Range

+10V

Break Time (Break before
make)

80ns Typ. to 50% points

Input Overvoltage

+35V max.

amplifier

Input Impedance

Without Buffer or Differential

2k Ohm switch Res. with
50 pf to Gnd. (High & Low inputs)

Common mode Voltage
Common mode rejection ratio,
At 0 to 100 Hz

Ein Diff + CMV = +10Vpk
Adjustable for both

AC & DC to: >

110dB with 1K$2 unbalance

Adjustable
DC & AC

With Buffer Amplifier

100 meg Ohms (Channel on)
200 meg Ohms (Channel off)

OUTPUT AMPLIFIER CHARACTERISTICS

Output Voltage

+10V max.

Leakage

.03 nA typ. from off channels into
source (+20V differential)

Output Current

+10mA max.

Output Loading

1k$2 in parallel with 1000 pf max.

Channel Select 3 lines straight binary code (1 Gain 1.000 adjustable

through 8 channel select) Linearity 0.01% of Full Scale
Inhibit (All channels off) Logical 0" Offset (Vout—Vin) Adjustable to <+1mV
Input Logic Levels Offset — vs — Temperature +60uV/°C
DTL/TTL/CMOS compatible INPUT V INPUT Slew rate 100 V/ us
(For TTL compatability use an CODE MIN. MAX. Settling Time (20 V step in) | 4us to 0.01% of Full Scale
open collector device with - Input Power Requirements +15V @ +20 mA max.
resistor pull up to +5V). “0” ov +0.8V

1 +4V | +15V PHYSICAL ENVIRONMENTAL

SWITCHING CHARACTERISTICS
(Independent of Amplifier)

Operating Temperature
Storage Temperature

0" to+70°C
-55°C to +85°C

Switching Time

500 ns typ., 1uSec max.

Relative humidity

Up to 10C% non-condensing

Sequence Rate 500k Hz Size 2"LX2"WX 375" H
Crosstalk @ 10kHz 1 mvp-p Price (1-9) $169.00
@100kHz 4 mv p-p
@1MHz 40 mv p-p Mating Socket DILS-2, 2 req’d per module, $5/pr.
MULTIPLEXER SWITCH CHANNEL . TIMING DIAGRAM
L
EQUIVALENT CIRCUIT ADDRESSING IS e e s 3 a7 e e
SL,JWUJO “ON"" INHIBIT I =
s1nA o 4 12| 1/[INHIB : j
At T o i age CHANNEL | | ¢y aporess 1 —! ‘ , [
X | XX 0 NONE CH ADDRESS 2 I ! |
0 0 0 1 1 ; ! ‘ | :
oo 1] 1 2 ; : i i ;
| 8 oot oo 0 R o ] ]
e 2x1080 0 1 0 1 3 CH ADDRESS 4 : : | ! '
! —  tlnAmox 0 1 1 1 4 1 ! o} i :
! P T 1 L A 5 ouTRUT o Y =S98 Y N—
1o 1] 1 6 T e Y ¥ e T T
1 1 0 1 7 = T SET P
1 1 1 1 8 T) ENABLE/INHIBIT DELAY 500nsec typ.
T2 SWITCHING TIME 500nsec typ. 1usec max
zgﬁ;gf?;’gg?g:s RATION, T3 BREAK TIME (BREAK-BEFORE-MAKE) 80nsec typ. to 50% points

Datel Systems.

TYPICAL SYSTEM APPLICATION —
An 8 Channel, Differential,
Noninverting Data Acquisi-
tion System, using the
MMD-8 along with other
off-the-shelf Modules from

=
oo

s

Urn 3/ (e
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0IGITAL 18
INPUT
surrer
B ﬁ
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08 sl
o5 e s iss

14 BIT. 8 CHANNEL DIFFERENTIAL DATA ACQUISITION SYSTEM
01% ACCURACY

COnvERT in —]

STROBE

RANDOM ADDRESS

s

R

RAND
SEQUENT!

DIFFERENTIAL AMPLIFIER
CALIBRATION PROCEDURE

1. Ground both the differential amplifier in-
verting and non-inverting inputs. Adjust the
output to zero volts using the ZERO trim as
seen on a DC-coupled scope

. Connect both the inverting and non-inverting
inputs to a 100 Hz, 20V pk-pk squarewave
source referenced to ground. Adjust the DC
CMR trim for minimum output on a DC
scope.

. Repeat step 2 but use a 1 kHz sinewave source
and adjust the AC CMR for minimum output

. Ground the inverting input. Connect the non-
inverting input to a 20V pk-pk, 100 Hz sine-
wave source. Connect the differential inputs
of a calibrated scope between the amplifier's
non-inverting input and the amplifier output
Adjust the GAIN trim for minimum output
on the scope. Note that the CMR trim is
essentially independent of GAIN adjust-
ments but the GAIN is affected by CMR ad-
justments.
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Sample-Holds

Acquisition Aperture Voltage

Model Accuracy Time Delay Range Gain Band-Width

SHM-1 .025% 5 usec. 50 nsec. + 10V +1.00 650 kHz

SHM-2 0.1% 100 nsec. 10 nsec. 10V +1.00 10 MHz

SHM-2E 0.1% 100 nsec. 10 nsec. 10V +1.00 10 MHz

Modular SHM-3 .005% 50 usec. 40 nsec. + 10V +1.00 100 kHz
SHM-4 .005% 7 usec. 40 nsec. + 10V +1.00 1 MHz

@ SHM-5 .01% 350 nsec. 20 nsec. £ 10V —1.00 5 MHz
SHM-CM 01% 100 usec. 20 nsec. 12V +1.00 40 kHz

SHM-CMI 01% 150 usec 20 nsec 12V —1.00 40 kHz

SHM-UH 0.25% 50 nsec. 10 nsec. + 5V +0.95 45 MIHz

Monolithic ~ SHM-I1C-1 01% 5 usec. 50 nsec. + 10V +1.00 (1) 2 MHz
@ SHM-LM-2 0.1% 5 usec. 100 nsec. + 10V +1.00 1 MHz
Hybrid SHM-HU 0.1% 25 nsec. 6 nsec. + 2.5V +0.975 20 MHz
SHM-6 .01% 1 usec. 20 nsec. £ 10V +1.00 (1) 5 MHz

NOTES: 1. Can also be configured for gains greater than £ 1.
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This line of sample-hold devices includes modular, hybrid, and
monolithic models and is the most comprehensive line in the
industry. The models listed here cover a broad range of appli-
cations from ultra-fast and high accuracy down to low cost,
moderate performance units.

SHM-1: General purpose, high accuracy model with 5 usec.
acquisition time.

SHM-2, SHM-2E: Very high speed units with open loop cir-
cuit to achieve acquisition times as fast as 100 nsec.

SHM-3: A low cost, .005% accuracy model with 50 usec.
acquisition time.

SHM-4: A low cost, .0056% sample hold with a faster 7 usec.
acquisition time.

SHM-5: A new ultra-fast sample hold designed for use with
fast 10 and 12 bit A/D converters. Acquisition time is 350
nsec. to .01% and 200 nsec. to 0.1%. The SHM-5 also features
high input impedance.

SHM-CM, SHM-CMI: These two CMOS models are designed for
low power applications such as portable data acquisition sys-
tems. They offer inverting or noninverting performance and
can operate from a single polarity power supply.

SHM-UH: This ultra-fast model features acquisition time of
50 nsec. and is ideal for use with ultra-fast 8 bit A/D con-
verters such as ADC-UH8B.

SHM-IC-1: This monolithic sample-hold offers excellent per-
formance characteristics for .01% accuracy at a low cost.

SAMPLE START
COMMAND COMVERT

ULTRA FAST DATA ACOUISITION

SHM-LM-2: This “coming soon’’ monolithic unit also gives
excellent performance at even lower cost.

SHM-HU: Thfs “coming soon” hybrid model is specifically
designed for ultra-fast video data conversion applications.

SHM-6: This “‘coming soon’ hybrid unit features.01% ac-
curacy with 1 usec. acquisition time.

Hold-Mode Power Case Size
Droop Requirement (inches)
1 uV/usec. 20 ppm/°C + 15V, — 20V 2x1x0.375 $ 69.00 *%
50 uV/usec. 30 ppm/°C + 15V 2x1x0.375 $ 89.00 120
330 uV/usec. 30 ppm/°C * 15V 2 x 1 x:0:375 $ 95.00 120
20 uV/msec. 30uV/C + 15V 2x1.5x0.375 $ 49.00 **
20 uV/msec. 30 uV/PC + 15V 2x1.5x0.375 $ 59.00 122
20 uV/usec. 15 ppm/°C + 15V 2x2x0.375 $189.00 *%
2 uV/usec. 30 uV/C + 10 to +15V 2x2x0.375 $ 89.00 *%
2 uV/usec. 60 uV/°C +10 to +15V 2x1.5x0.375 $ 89.00 *x
50 uV/usec. 50 uVv/°C + 15V, + 5V 2x1.5x0.375 $229.00 124
50 uV/msec. 20 uv/°C + 15V 14 Pin DIP $ 19.00 116
200 uV/msec. 40 uv/c + 15V 8 PinTO-99 $ 795 i
20 uV/usec. 50 uV/°C 16V, BV 24 Pin DIP * e
10 uV/usec. 50 uVv/C + 15V, + 5V 32 PinDIP * **

THESE SAMPLE-HOLDS ARE COVERED BY GSA CONTRACT

*To be announced.
**Contact nearest Datel sales office for data sheet.
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NDATEL

b,
SYSTEMS, INC. INTEGRATED CIRCUIT SAMPLE AND HOLD

Canton, Massachusetts 02021 US.A
TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES

5 usec. Acquisition t0.01%
50 nsec. Aperture
Inverting or Noninverting
2MHz Bandwidth

.01% Feedthrough

14 Pin DIP Package

VY VvYVYVYY

GENERAL DESCRIPTION

The SHM-IC-1 is a new monolithic
integrated circuit sample and hold
with excellent performance features. |t
is a self-contained device requiring

only an external holding capacitor, the 15VDC +15VDC  GND
value of which can be chosen by the Q @
user to achieve his desired speed and
accuracy requirement. The unit con-
sists of a high gain differential input HIGH GAIN.

amplifier, a digitally controlled elec- € ELECTRON Y

tronic switch, and a high input o~

7 ) OUTPUT
impedance buffer amplifier. The n

SHM-IC-1 operates in a closed loop
configuration, either inverting or non- ~*N@

inverting, with accuracy and speed
determined by the input amplifier
characteristics and the value of the
holding capacitor. The electronic
switch is controlled by a DTL/TTL
compatible logic input.

3 (a 1 10) (1) (12 @/
® © 9 (9 () )
OFFSET OFFSET DIGITAL GUARD GUARD CASE
TRIM TRIM CONTROL

The most common configuration for
the SHM-IC-1 is a unity gain, nonin
verting sample and hold. In this con I"
figuration the device hasa +10V input =

HOLD
CAPACITOR

and output range with 10° ohms input

impedance. Specifications are given for
this unit with two different values of
holding capacitor, .001uF and .01uF MECHANICAL DIMENSIONS INPUT/OUTPUT
The .001uF capacitor gives a 4 usec. INCHES (MM) CONNECTIONS
acquisition time to 0.1% for a 10V

14 13 12 11 10 9 8
change, a 2MHz tracking bandwidth o 08 2 i o ) 0 o O S5 1
and 50mV/sec. maximum hold mode

Y DATEL SYSTEMS
droop. The .01uF capacitor gives a 10 D SHMIC I

+IN

OFFSET TRIM
OFFSET TRIM
-15VDC POWER
NO CONNECTION
QUTPUT
CASE
+15VDC POWER
GUARD
HOLD CAPACITOR (Cp)
GUARD
GROUND
DIGITAL CONTROL

2
2

FUNCTION

usec. acquisition time, TMHz tracking *

bandwidth, and 5mV/sec. maximum ONE 200
IDENT )

droop. Characteristics for other values

-————~‘7oon7a)——~—ol ‘ 250

of holding capacitor can be deter B4

mined from graphs which are shown
The SHM-IC-1 can also be configured
as either an inverting or noninverting

iSO s [Win |-

-
o

.
-

. 010
sample and hold with gain by the use . .o’oz’\\"

-
N

of two external resistors.

w

This device is housed in a 14-pin

=

hermetically sealed dual-in-line pack
age. Operating temperature range is
0Cto+75C
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SPECIFICATIONS, SHM-IC-1

(Typical at 25°C, +15V Supplies, unless otherwise noted)

INPUT AMPLIFIER SPECIFICATIONS
DC-Gain, YoIts/VaIt . . v o v W vs s s 20 s & w5 e 506
BIDSCOTRONT '\ oo h 8 R ol s v s oy ) 4% 0 4 & & &1 & 4
RS COTIeNT: 4, o nandr ol B i L ry (o o ar o ot fo7 e g
Offset Voltage (adjust. tozero) . . . ... ............

50K, 25K min.
50nA, 200nA max.
10nA, 50nA max.
3mV, 6mV max.

Oftset Voltage: DIriEtnt oot B0 gt s s o s v s & s & 20 uV/OC
Common Mode Voltage Range . .. ............... 10V min.
Common Mode RejectionRatio . . ............... 74dB min.
Power Supply Rejection . . . .. ... ... ...uuuuu... +30UV/% max.
Gain'BandwidthProdtct - « o/ w/a' s o wl £l0 e 50 5 « om0 om0 0e 2MHz
GENERAL SPECIFICATIONS, SAMPLE & HOLD, G = +1
input Voltage RANGR: & . i .+ & o & cusind S92 5 o Bk 0w o oo o +10V min.
Input ImPRdanca’ ; . o & v w555 & vl ) 508 5§ s i w8 8 @ 103 ohms
Output Voltage Range . . . . ... ... .. ..uvn... +10V min.
OutputCurrent, S.C. protected . i . « v s s 55 s o a 5o n +10mA min.
Output IMpedance . ..« 5% 5 «m & ¢ 0w sl o s o & s 0w 0.2 ohm
ADPOrtur@DOIAY o ¢ o o 00 wn 5 dor e i d v ek e s 50 nsec.
Aperture!UnCertainty s ¢ v v v s 5 s wmtois o o i i 6w %S 5 nsec.
Gain Error, samplingmode . . . ... ... ........... .01% max.
HoldMode/NOISe: . .5 s s s smims s 5 s e 95 ¢ a5 8550 3501V RMS

Digital Input, Sample Mode, DTL/TTL . ... .........
Hold Mode; DTL/TTL < ux: i s o ombme s

0to +0.8V @-0.8mA
+2.0 to +5.5V @ +20UA

SAMPLE & HOLD, G = +1, Cy = .001uF
Acquisition Time, 10Vt00.1% . . .. ... ...... e
Acquisition Time, 10Vt0.01% . ... ... .o v v s enan
Bandwidth, small signal, sampling. . . . . ... .........
SIEOWIRAE: . o vac o a5 o WP g o SRS 5 eSOk T R E 2
Hold Mode Voltage Droop . . . . . v v v v v v v v i v v e oo
HoldiMode Feedthroughi. " 5 ey 1 sy sosiia: furk 1 41 8 & o
Sample-to-Hold Offset Error, Vi =0 . .. ... o000 n
Sample-to-Hold Gain Error, Vi =410V . .. .. ... ...
Sample-to-Hold Nonlinearity Error . . . .. .. ... ... ...

4 lsec.

5 usec.

2.0MHz

5V/usec.

50mV/sec. max.
.01% max.

20mV max.

.05% max. of output
.01% max. of output

SAMPLE & HOLD, G = +1, C, = .01uF
Acquisition Time, 10Vt00.1% . . . .. .. .. ... ... ...
Acquisition Time, 10V t0.01% - « « -« « v« o v v v o v v s
Bandwidth, small signal, sampling. . . . . . ... ... .....
Slow Rate s o5 6 6 soi o' s 5w n /s miore wors o 3 &4 o a s s
Hold Mode ' Voltage:Droop . . o s « o nieis o 0 e smio oo s »
Hold Mode Feedthrough . . . . .. ... .............
Sample-to-Hold Offset Error, Viy =0 . . . .. .. ... ....
Sample-to-Hold Gain Error, Viy=+10V. . . . . ... ... ..
Sample-to-Hold Nonlinearity Error . . . . .. .. ... .....

10 Usac.

12 psec.
1.0MHz
3V/usec.
5mV/sec. max.
.002% max.
2mV max.
.005% max.
.001% max.

POWER/REQUIREMENT . . . w0 snsiiar s e s o wosis ¢ a s

+15VDC @ 5mA max.

PHYSICAL-ENVIRONMENTAL

Operating Temperature Range . . . . .. ............ 0Cto+75°C
Storage Temperature Range . . . . ... ............ -65°C to +150°C
Package, hermetically sealed ceramic DIP . . .. .. ... .. TO-116

PRICE (1-9), a5 0 0 s, wie 9 ) s o) 68 (it 780 3006 0 101 @ & 0 $19.00

TECHNICAL NOTES

The most commonly used sample and hold
configuration for the SHM-IC is the noninvert-
ing unity gain circuit. This gives a high input
impedance of 10° ohms, and the output voltage
in the sample mode follows the input. Specifi-
cations are given for this configuration for two
values of Cyy, .001uF and .01uF. The .001uF
capacitor gives excellent speed (4 usec. acquisi-
tion) with good hold mode voltage droop (only
50mV/sec. max). For even better speed, a 100
pF capacitor may be used to give an acquisition
time of only 2 usec. The hold mode droop,
however, increases by an order of magnitude to
500mV/sec., and the sample-to-hold errors also
increase. For excellent accuracy a .01 uF
capacitor should be used, giving an acquisition
time of 10 usec., and a hold mode droop of
only 5mV/sec. max. Even larger values of
holding capacitor can be used with propor-
tionate increases in accuracy but slower speed.
The application graphs show the results for the
different values.

For best results, Cyy should be a good quality
capacitor with very high insulation resistance
and low dielectric absorption. For temperatures
up to +85°C polystyrene type capacitors are
recommended. It is also recommended for
lowest hold mode droop that a guard ring be
used around the Cy terminal (pin 11) in the
circuit board layout as shown on the last page.
This is done to present leakage to other
conductors on the circuit board due to board
leakage and contamination. If a large value
polystyrene capacitor is used, such as 1uF, hold
mode droop as low as 20uV/sec. (typical) can
be achieved with an acquisition time of about 3
milliseconds.

Three error contributions are specified for
sample-to-hold errors: offset error, gain error,
and nonlinearity error. These sampling errors
are caused by a small amount of charge being
dumped to or from the holding capacitor by
the sampling switch and are reduced by a larger
value of Cy. It is possible to compensate for
these errors by changing the gain and offset
elsewhere in the external circuitry for the
noninverting unity gain case. For the inverting
case, the gain can be accomplished by adjusting
the external resistor values and an offset can be
applied to pin 2 of the input amplifier. When
this external compensation is used, the output
will be in error during sampling, but will be
accurate in the hold mode. Only the nonlinear-
ity error will remain of the sample-to-hold
errors. The offset adjustment of the input
amplifiers should be used only to zero the
device in the sample mode.

In the inverting gain of one operating mode, the
feedback and input resistors should be carefully
matched or trimmed to give the desired gain of
one. In general, the operating parameters are
the same as in the noninverting unity gain
configuration except that the sampling band-
width is reduced by a factor of two. Likewise,
for higher gain configurations the sampling
bandwidth is proportionately reduced.
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OPERATING MODES

SAMPLE & HOLD, UNITY GAIN,

NONINVERTING
GAIN = +1
f 4o outeut
‘ o= o——— {f The 100K ohm offset trimming potentiometer
INPUT o- -O*—t/*‘//‘ ‘ | should be a 100 ppm/°C cermet 15 turn type.
| These are available from Datel Systems at $3.00
each. To zero, ground input (pin 2) and digital
control (pin 14) and adjust 100K offset trim
QK\ © DICHONO® e for zero output (pin 7).
[ | I [
vy S ]
o] oo L =
115VDC aNe. TE,
—— o — =
als
! 15VDC +15VDC ’7
Sy G =
m3 W‘ SAMPLE & HOLD, NONINVERTING
[ == WITH GAIN
L """" { - “i GAIN =1+ 2
; A - 1
INFUT =900 1/,// ] i i | Bandwidth decreases proportionately with gain. R,
AR is equal to the parallel combination of R, and R,
and is used to compensate for voltage offset
J l J caused by input bias current. R, and R, should be
5 s e 100 ppm/°C metal film type resistors.
N T ¥
DIGITAL
ok e | 4 y ==
"f;f,ﬁ"é aRD L ;
15vDC g I
\ =
‘ :
15VDC +15VDC
60 & ® . SAMPLE & HOLD, INVERTING
) |
ot ay GAIN =-2
l 1
) o [~ For a gain of -1 the bandwidth is one half of that
AT AR AT + . | i 7( ) 0 0UTPUT : ; ‘
' - given for the noninverting mode. IS equal to e
‘ |, for th t de. R, I to th
>ty - —e-
[} L parallel combination of R, and R, and is used to
‘ F{‘F b A compensate for voltage offset caused by input bias
dins 2 | | current. R, and R, should be matched 100 ppm/°C
R, ) S |
ARy S| ‘ metal film type resistors for a gain of —1. For
‘L | | higher gains the ratio should be matched closely or
L O T O OS] [® O trimmed with a small value carbon composition
Lanand ‘“;J‘E‘,";jfn > | = 1., type resistor.
100K § g L
OFFSET =
TRIM UARD ke =
-} RING e——
+15VDH f\'
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PERFORMANCE PARAMETERS

Open Loop Volitage Gain dB

OPEN LOOP FREQUENCY RESPONSE
Typical at 25°C, +15V Supplies

L} -~y v
: T
" H U
N : Cyy = 1.000pF
n +—HHHH
Cy < 100pF
0 " -
N N Cy = 01uF
0
S
“ -+
Cpy = 1.0uF AN
0 o \
Cy = 0.1uF
n =
R i
0 TL:‘ ! [
0 Hil— o+
Il
"
T : N
0 . 1
| {1
0 1 [' L I
100 " 0K 100% Ll 10w 100M

Frequency, Hz

ACCURACY CHARACTERISTICS VS. Cy

Typical at 25°C, + 15V Supplies

10 000,
™
HOLD MODE VOLTAGE §
DROOP (mV/Sec.) =
™
= =
== =
] =
0
==
—_— (\ N — o
o
—_—— = ===
e — —— .
o
R ge—i_—
iAMPLE TO H(EEOFKSET ERROR 2 o N
FN MILLIVOLTS NN
9014 T 1 T
A o | oot aowr o Tour

CH

SPEED CHARACTERISTICS VS. Cy
Typical at 25°C, +15V Supplies

1000
1 T 7
1 ! II
UNITY GAIN PHASE MARGIN; T7
DEGREES
" o
v
7
7
"
1 UNITY GAIN——
XBANDWIDTH, MHz
|
—
10 SLEW
F— ACQUISITION TIME ——} IRNAJ(E)LYES
F— INWSEC FOR 10V /uSEC —]
— CHANGE TO 0.1%
2
ﬂlb \
00!

100F 1000F 1 0000¢ 001uF 01uf 1ouf
Cy

HOLD MODE VOLTAGE DROOP VS. TEMPERATURE

Typical, +15V Supplies

Hold Mode Voltage Droop, mV/sec

Temperature, Degrees C

RECOMMENDED CIRCUIT BOARD LAYOUT
USING GUARD RING

DIGITAL
CONTROL

—_—-r——

IN (-)
SHM:-IC-1 m IN+
éOFFSET TRIM

OFFSET TRIM

(BOTTOM VIEW)

ORDERING INFORMATION

PRICE (1-9)
Model SHM-IC-1 $19.00
Trimming Potentiometer

TP100K (100KS2) $3.00

Contact Factory for Quantity Pricing

The SHM-IC-1 is covered under GSA Contract

DATEL
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N DATEL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FEATURES

» Ultra Fast Acquisition Time
» Short Aperture Time

» Wide Frequency Response

» Fast OQutput Settling

» Low Temperature Coefficient

DESCRIPTION

Model SHM-2 Sample and Hold is the
ultimate in speed. Designed to operate
in conjunction with Datel’s analog to
digital converters; Series H, P, N, M
and L. SHM-2 can track a full scale
analog input in less than 100 nsec’s to
within %0.1% of full scale accuracy.
Additional features include wide fre-
quency response (D.C. to 500 KHz),
an aperture uncertainty of less than 10
nsec’s and an output settling time of
one usec to within 0.1%.

SHM-2 is usually connected between a
signal source to be quantized and
analog to digital converter, providing
an excellent throughput rate for an
overall data system.

APPLICATION

When digitizing an analog signal which
varies with time and having a fre-
quency spectrum, it is difficult to
determine what point of this signal is
exactly represented by the resultant
digital output. Since the maximum
time “‘uncertainty” of the conversion
is the total conversion time of the
converter which may be called “aper-
ture time or ambiguity time’’; there-
fore, the maximum error due to this
uncertainty is the difference of two
points of the analog signal under mea-
surement from Tg to time, T1q repre-
senting the time required to con-
vert the changing analog signal.

A faster converter will obviously
shorten the aperture and the error will
be reduced proportionately, but a
device such as the SHM-2 with very
narrow aperture characteristics, con-
trolled by command, is far more use-
ful in trying to determine the exact
point of the changing analog signal
when converting. The purpose of
SHM-2 is to “hold” upon command at
the beginning of the conversion (Tg
time) the analog voltage applied at its
input. The “held” value will remain
constant during the conversion process.
Relationships of error due to time
uncertainty versus input frequency is

plotted on the reverse side ot this sheet.

ULTRA FAST / ACCURATE ANALOG STORAGE
SAMPLE & HOLD

BLOCK DIAGRAM — SHM-2

+15VvDC GND -—-15VDC
[ i
{8 )7}
ELECTRONIC
SWITCH
H D) VU, 5) HI
ANALOG AMP ANALOG
INPUT OUTPUT
Lo (/0 = LO
‘E
SWITCH
DRIVER
SAMPLE/ HOLD
Howo (s CAP.
CONTROL 2(?:0
p
SAMPLE = L
LOGIC 0"
HOLD = J\\I/ 23
LOGIC “1 e o m
CONN. EXTERNAL
CAPACITOR
MECHANICAL DIMENSIONS (INCHES) INPUT/OUTPUT
CONNECTIONS
— 2.000 020 DIA r
©6 - 104 1.750 & — PIN FUNCTION
67—+ — 1650 [ ——
i =—f - -, 1| NO CONNECTION
o8 1 13s0 — N eReHanG 2 | LO EXTERNAL CAPACITOR
/ SERNDTES 3 | HI EXTERNAL CAPACITOR S
1/0 PINS ; 4 | LO ANALOG OUTPUT
Pos 5 | HI ANALOG OUTPUT
204— 650 - 6 | +15V POWER IN
Fo— 240 = 7 | — 15V POWER IN
it L el = 8. [LGHOUND
| 9 | SAMPLE/HOLD CONTROL
=i — 10 | LO ANALOG INPUT
L 800 _.] la— 100 d’sg.‘ 1" HI ANALOG INPUT
rf*— 1000 — 375 -
USE POLYSTYRENE
HOTE 1. ADJUST FOR HOLD OFFSET AT Vi 0OVOLTS TYPE CAPACITOR
OR GROUNDED ANALOG INPUT
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SPECIFICATIONS

ELECTRICAL
Analog Input:
Analog input voltage range
Input overvoltage . . . ... ...

Input source current

Mode control input

Analog Output
Output voltage range

Output current

Dynamic Characteristics:
Bandwidth

Acquisition time . . . . . .. ..

Aperture time

Feedthrough @ any input

(Typical @ 25°C unless noted)

. Upto+10 VFS

+ 15V (max.) with a recovery
time of 500 nsec

+12mA max drive during transition

+2mA bias during steady state.
(Switching circuit is a diode bridge
driven by 2 current sources.)

DTL or TTL compatible, positive
logic

Input Vinput
A Code | Min. [ Max.
Sample 0™ oV +0.8V
Hold o 192.0V ] 5.5V

Rise and Fall time < 10 nsec to
maintain aperture time spec s.

Up to +10 VFS

15 mA

DC to 500 KHz (max.) full power
@ 3 db point

100 nsec (max.) to +0.1% of FS
of input signal  (5V step)

10 nsec max. (8 nsec delay, 2 nsec
jitter)

Settlingtime . . . . . .. ...
Hold decay rate
Output slewingrate . . . . . . . .

Performance:
Gain
Accuracy (@ 25°C)
EIDSRRIRY . o i s & i 4
Temperature coefficient . . . . .
Long term stability . . . . . . ..
Input power requirements . . . .

1 usec (max.) to £0.1%
50 puvin 1 usec
30V /usec

+ 1.00 Max. to +0.999 Min
+0.1% of FS

10.1% of FS

+30 ppm/° C of FS

+0.025%/6 months (gain & offset)

+15£.5VDC @ 35 ma
—15*.5VDC @ 35 ma

PHYSICAL-ENVIRONMENTAL

Operating temperature range . .
Storage temperature range . . . .
Relative humidity
Size

Welght - cear s s iivi x4
Mating Socket
Price (1-9)

0°C to +75°C

—55°C to +85°C

Up to 100% non-condensing
2"L x 1”"W x 0.375"'H plug-in
module

0.020" round gold plated
0.250" long minimum
Black diallyl phthalate, per
MIL-M-14. Fully repairable
20z

DILS-2, 2 Req'd.,

Model SHM-2

Model SHM-2 sample and hold module is fully encapsulated and
features dual in-line pinning compatibility (i.e., 0.100" grid pin

FrOGUONCY < i v s i0 s s dtan 0.5% spacing and 0.800" between rows of pins).
TYPICAL SYSTEM CONFIGURATION
ANALOG o
OUTPUT /
s MSB
ANALOG SAMPLE / HOLD ANALOG / DIGITAL CONV,[T™ 2 DIGITAL
INPUT SHM-2 . ! OQUTPUTS
HOLD EOC START | L | 5B
END OF CONVERSION START

ERROR DUE TO TIME UNCERTAINTY (APERTURE TIME)
AS A FUNCTION OF INPUT SIGNAL FREQUENCY

100

IS SS:
W T
T 5 e
= e “
Yo = > @LL‘ e
ruw B e :
w O e
o o\g T 1
£ %
i =
y 2 SEi=
Ia) < > W =
pult =R W $TatllI NS
cw E =
o
2
> i r
w 2001 .
. w0 o o0

INPUT SIGNAL FREQUENCY TO BE DIGITIZED

FULL SCALE

TYPICAL EXAMPLE

ANALOG DIGITAL CONV. W WO SAMPLE & HOLD

WITH S & H (10 NANOSEC APERTURE)

WITHOUT S & H
(20 pusec CONVERSION TIME)

ACCURACY
06’ 10 KHz (MAX. INPUT FREQUENCY) 400 Hz (MAX. INPUT FREQUENCY
01 2000 Hz (MAX INPUT FREQUENCY) 1 Hz (MAX. INPUT FREQUENCY)

DATEL
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N Q%Ek FOR SIMULTANEQUS SAMPLE AND
SYSTEMS, INC. HOLD APPLICATIONS
e e SAMPLE AND HOLD

FEATURES

» Fast Acquisition Time

» Low Droop

» Adjustable Aperture Delay
» Low Gain Error

» High Input Impedance

DESCRIPTION

The SHM-4 is ideally suited to simultaneous
sample and hold applications, where the gain
and aperture delay between units must be
matched, and where the output droop of the
sampled signal is minimized for time shared
A/D conversion.

A double inversion circuit in the SHM-4

places the FET sampling switch near ground, ~15vDC, 10k §

which means that all variations of hold step
and of aperture delay with input voltage are BLOCK DIAGRAM — MODEL SHM-4
eliminated. G0)(1) EXT. OFFSET ADJ. (OPTIONAL) Adj. for zero out-
A unique closed loop design gives high accura- put with grounded
cy and allows the rate error to be factory HOLD CAP input and in sam-
nulled. Rate error is the delay by which the CECTRONIG ple mode.
output Ia_gs an input ramp and may be SWITCH
expressed in nsec or in mV/V/usec. For conven- ANALOG : ANALOG
tional sample and hold applications rate error INPUT @- ;—~® ¢ AMP @ OUTPUT
is not serious because it merely causes an EV
advance in the effective time of hold and ANALOG 5 @é:éb%g
tends to cancel out part of the aperture delay. GROUND
However, for simultaneous applications the AN
aperture delay minus the rate error must be
matched between units so that the effective
time of hold is the same for all. The SHM-4 SAMPLE/HOLD SWITCH
accomplishes this by nulling the rate error to CONTROL £ DRIVER TEST
less than 1 nanosecond and for critical appli- @ POINT
cations, by providing an external 5 nano- ( o : SaMPLE
second adjustment of aperture delay. Also, % {
the high accuracy and low droop of the
SHM-4 make it useful in conventional sample
and hold applications. THRESHOLD (8) (b @ (55 1) APERTURE DELAY
Careful attention to circuit detail in elimi- X GND 15V +15V ADJ. (OPTIONAL)
nating leakage currents has decreased the FOR 157 C/MOS CONNECT 5 81 ZENER 1K 2
output droop to less than 20 microvolts per FROMIPIN & XOOAOUND = =
millisecond allowing several SHM-4 modules
to be time shared between one A/D converter.
Sk HoLO T —*— MECHANICAL DIMENSIONS (Inches)
L aosusTMENT —(]) 375 PIN FUNCTION
(see Note
1 EXT. APERTURE DELAY
.25<m_l|_r\i‘[]b SADERVIES | 2 | APERTURE TEST POINT
| A2LIL LGSl — 2000001 3 ANALOG GROUND
- ORI K 1 o—1 750 4 ANALOG OUT
| o6 S s ST 5 +15 vDC
(S [ P s g e Bt 6 15 vDC
Lo e T 7 POWER GROUND
| 8 THRESHOLD
T e R o 9 | HOLD COMMAND INPUT
A I —— SEFTan R 11 | OFrser
e 0 W=t = g 12 | ANALOG GROUND
crreenve | Pl mareennon o | P e e 13 | ANALOG IN
ATERTURE |“’1 | 012 3 0 3%0
| | | . % [ O 4 0+ 250 Note: Adjust hold offset for minimum output
| | o with analog input at ground while
| =1 3005 0.100 toggling sample/hold control with mod-
l | | 1.500 erate speed 0 to +2.4V. squarewave.
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SPECIFICATIONS (typical @ 25°C unless
otherwise noted)

ELECTRICAL

Analog Input

Input Voltage Range t10v
Max. Safe Input . +15v

108 ohms in parallel with:
1) 400 nA current source and

Impedance

Digital Inputs

(TTL, DTL, C/MOS Compatible) Nominal Limits
Sample ov Oto+.8V@-1.5mA
Hold 4V +21to +15V @ +0.1 mA

(For 15V C/MOS threshold may be raised to 6.5V with a
5.6V zener from pin 8 to ground)

Sample

2) 33K ohm in series with 20pF .

Hold to Sample
Acquisition Time (1)

Output

Max. Current.
Impedance S
Short Circuit Protection
Input Power .

PHYSICAL - ENVIRONMENTA

Operating Temperature Range .
Storage Temperature Range

DATEL

20V step, to £ .05% 6 U sec
to £.005% 7 U sec

5 mA

50 milliohms

Output to GND indefinitely
+15VDC @ 14 mA max
-15VDC @ 12 mA max

b
0°C to +70°C
-65°C to +85°C

ffset V, (V. -Vi in= j
gff:: V,c:vec:‘:;mvmr’af \eh(f;) 9 E);t() A‘t'/:zo Relative Humidity Up to 100% non-condensing
AL ' il Size 2"Lx 1.5"Wx0.375"H plug-in
Offset V vs Supply Voltage 100 Vv/v module
i i +
Gafn Ector fuffest V v Vin) *.005% Pins .020"" round gold plated
Gain Error over temp. range +.001%/70°C i .
R E (offset V Vi : .250" Long Min.
Bat: ':;OI: ;dl:etz vvs dVin/dt) (1) 2on(:e:H Case Material Black diallyl phthalate,
Bandvv:fdth, " , 20V p-p (1) . s MHz par MILM14
andwidth, 3db, 1V .p-p (1) . z Weight A
Slew Rate (1) 3 5V/ U sec Miting Connacto BILES. 2 Rea’d dul
r - r module,
Settling Time, 20V step, to * .05% (1) 6 i sec iy eq-diner mao
to +.005% (1) 7 U sec 2
Noise, wideband . 300 4V rms Price (1-9) $59.00
Sample to Hold : Model SHM-4 sample and hold modaule is fully encapsulated and fea-
Hold Step (2). Int. Adj. to 0 tures dual in-line pinning compatibility
Peak Transient 400 mV
A i [s)l ln 3 M \ NOTES:(1)Source resistance of 5K ohm or less
perture Delay (3) . Ext. Adj. 40-45 nsec (2)Adjust for hold offset at Vin=0 Volts or with analog input
Aperture Jitter (One Unit) . 1 nsec at ground.
Hold (3) Aperture delay is nominally 40 nsec independent of Vin.
Droop 20 {4 V/msec This delay may be increased by up to 5 nsec by connect-
Broop Ve Tempi - x2/10°C inga 1K qhm pot from pin 1 tq ground and viewing the
delay at pin 2 when the test point voltage crosses -5V.
Feedthrough . +.01%
; ¢ =90° ¢ = 180°
TYPICAL SYSTEM CONFIGURATION Wil
10% - /
0— SHM-4
1 UNNULLED
¥ € % /]
g
o
o
SHM-4 [ "] MULTI- u
Ot 5 PLEXER - = NULLED
ADG F— T ow /
ANALOG 'T__4 MM-8 S — o
onboht I AMP DIGITAL
: ouT
1
01%
0— ShM 4 l 100Hz 1KHz2 10KHz 100KHz2 1MHz
8
t LOGIC INPUT FREQUENCY -20Vpp SINE WAVE
Curve A represents the SHM-4 before rate error nulling where
the rate error is 450 nsec. Curve B shows a nulled production
Note: The (8) Channel Select Input of the Mux 8 should go to SHM-4, The quadrature error due to the first order pole has
the Inhibit Level (1 State) for 200 nsec beginning with an been removed leaving only a residual gain error due to a
address change to protect the outputs of the SHM-4's. second order pole.
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D SnYS%AEr\IE 200 PICOSECOND APERTURE TIME

1020G Turnpike Street, Building S

Canton, Massachusetts 02021 US.A.
TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES

» 100 MEG OHM Input Impedance
» 35 Nanosec Acquisition Time
» 500 V/usec. Output Slew Rate

» 10 MHz Sample Rate
» +30ma Output Current
> 2"Wx2"Lx.375"H

GENERAL DESCRIPTION

Model SHM-UH is characterized primarily by
very high speed. Its tracking capability of 35
nanoseconds with an aperture uncertainty

time of less than 200 picoseconds is the BLOCK DIAGRAM MODEL SHM-UH
most unique feature of the device.

A 200 picosecond aperture time (uncer- %533
tainty) enables tracking and holding of high e
bandwidth Video, Radar, or Television sig- SWITCH
/ ipUT
nals as well as wide band data for communi- [ w @ BuFeen @ HI
cation systems. The SHM-UH ingredients ANALOG | _I_ ANALOG
p s 5 A INPUT OUTPUT
consist of a high impedance FET input I T\
\ Lo (10 —o—{ LO/

buffer amplifier, a floating high speed elec-

tronic switch, holding capacitor, and a high e o BiNG @ GGG FOWER RETURM
power FET output amplifier. S, CAPACITOR

Model SHM-UH was primarily designed to @“SVDC
“freeze’”” fast moving video signals during i @f‘SVDC
A/D conversion or to store multiplexed

outputs while the signal is being digitized 0 @ @ @ _______

and the multiplexer is seeking the next +5VDC  +5VDC Lo H r 1004b3/2 W

signal to be converted. In wideband data- RONER e SN745140
reduction, SHM-UH may be used to deter- ShupLe ARV,
mine peaks or valleys, or measure fast single INPUT et BRI

shot pulses of arbitrary width. IFREQUIRED = NOTE: SAMPLE COMPAND INPUT

Model SHM-UH can track a full scale input
(+5V) in 35 nanoseconds. Input impedance

is 100 megohms shunted by 20 pf. An

aperture time of 200 picoseconds has been
obtained by utilizing a proprietary ultra

high speed electronic switch. MECHANICAL DIMENSIONS (INCHES) INPUT/OUTPUT
Output characteristics include a slewing rate CONNECTIONS
of 500V/usec, settling time (includes input J:L SIDEVIEW }
acquisition time) of 50 nsec, output voltage g o
range of +t5VFS @ +30 ma and an output MMJ—H ]I\U TS s FoNCTIoN -~
impedance of less than 10 Ohms. Other ) [ 1| SAMPLE COMMAND INPUT (HI} |
specifications include a Hold Decay Rate of 1 R .. & o i “ 2 SAMPLE COMMAND INPUT (LO) |
50u volts/usec, a feedthrough attenuation of 4 caua saces e e S 2 L j | ::‘Ztgg 831::31 (;ﬂ) R
—60db @ 10 MHz (Sine Wave input) and as o oy F e Ee T =
—46db for a step input. BOTTOMVIEW /_o?fl‘.‘. 205 6 | +5VDC POWER RETURN
The Sample Command input is transformer 2000 P 7| +15VDC POWER INPUT =
coupled to the electronic switch and has an ' % [ii8-=16VDe FOWERIINEUTS |
vden |9 | -15VDC POWER RETURN

input impedance of 50 Ohms and requires a —T [10 [ ANALOG INPUT (LO) =
35 nanosecond positive going pulse. The ! s & (= ANALOG INPUT (H1) ) a
maximum sample rate is 10 MHz. Input SCarm, Sl ee Loy JL
power requirements are +15VDC @ +50 ma Y lL j
and +5VDC @ 100 ma. 'mﬁ b -o J L.

( ' 2. PINS #3 AND #10 ARE INTERNALLY

CONNECTED TO PIN #9
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SPECIFICATIONS ML TYPICAL TIMING DIAGRAM — SQUARE WAVE INPUT

INPUTS: e——05 ysoc. ——|

+5Vv "
Analog Input Range . . . .. ... Up to +5VFS I l I
Input Impedance 100 Megohms (shunted with ARALUGIRPUIS OV

20pf) - !
Sample Command ........... 35 +10nsec OV to +5V, POSI- e ﬂ H |
i

TIVE PULSE. (3nsec max. rise s

& SV
and fall time) NOTE: This input A
is transformer coupled to the AL TN
» 'onmc

electronic switch.

Sample Command Input :5501 ey rer INPOTTHE 'o%'r'r'f:’ruvrnum
Impedance . . ........... 50 Ohms — Requires 100 ma ov BE R MLLIVORTS
of Source Current. OU:!:"T";‘E““NG o
NOTE 3 See B|°ck Diagram for (INCLUDES INPUT ACQUISITION TIME)
Buffer Input.
PERFORMANCE:
utput Voltage Range . . . . . . to+ e sl g
Output Voltage Range Up to +5VFS ANALOG INPUT ;('xf,s‘;‘c‘w" Acquisition Time
Output Current . . . ....... +30 ma, max. — SIGNAL The acquisition time is the time necessary to charge the holding
\ capacitor and start to track the input signal. To sample the input
Output Impedance. . . . ... .. 10 Ohms, max. \ iNPUT signal the Sample Command input must be a positive five volt
% 2 A\ signal with a duration of 35 +10 nsec.
Gain ................ 9-9 to 0.95 non- The total acquisition time for a five volt input step is 35
inverting nanosec.
Linearity .. covsvuvvsnn e +0.25% of F.S. Aperture Time
sa s - . The aperture time is the uncertainty of the actual point in time
Input Acquisition Time/ ... ... 35nsec for full scale input the switch is opened. It is a measure of the repeatability of the
Outpu i i .29 switch characteristics. Aperture time for the SHM-UH is less than
" 9 t‘ Se‘ﬂllng Tlm_e, t_o 0 ?A 50nsec for full scale output J F 200 psec. This time should not be confused with the fixed delays
(including input acquisition time) APERTURETIME  \yhich can be compensated for. Typical delay between the hold
Aparture Delay . . . ... ... 10nsec ACQUISITION TIME f‘gf:o';‘:c"d input and the actual switch open is approximately 10
Aperture Uncertainty . ... .. 200 psec 25 NSEC :
Output Slewing Rate . . . ... . 500V /usec
Maximum Sample Rate . . . . .. 10 MHz
Hold Decay Rate. . . ....... 50 uV/usec SINEWAVE INPUT
Feedthrough™™; < ¢ < s5s w5 90 —60db @ 10 MHz (Sine Wave
Odt
Input) < Feedthrough Attenuation
—46db (Pulse Input) - o _
ter the switch has been
Output ZeroT.C. ........... +50uV/°C o opened and the signal is
Input Power Requirements. . . . +15VDC, +0.2VDC @ +50 ma being held, a certain am -
+5VDC, +0.25VDC @ 100 ma ~30db \ o:n_t of ‘he_|5"9"3| T“” on
! the input will couple over
Operating Temperature Range . . 0°C to +70°C . A to the output.
Storage Temperature Range . . . —55°C to +85°C
Relative Humidity . . . . . . . . . Up to 100% NON- o AN
CONDENSING s =
- N R 2"Lx2"Wx.375"'H
Case Material . . . ......... Black Dyallyl Phthalate, per T0HZ 100HZ 1KHZ 10KHZ 100KHZ TMHZ 10MHZ
MIL-M-14 FEEDTHROUGH ATTENUATION
R
Weight . . . ............ 3oz. MODELSHMUM

EQUIVALENT CIRCUIT OF SAMPLING SWITCH

ZORO OFFSET ADJUSTM'ENT PROCEDURE |

|
I OUTPUT BUFFER
|
|

1) Connect the Analog Inputs together — Pin 11 to Pin 10. !
2) Cc a precision pulse generator via a coaxial cable vin ; | : | “ Vour
_ to the “Sample Command Input’’ terminals. Pin 1 (High) :ggm;gm i J_
SWITCH I

and Pin 2 (Low). . | (oFF conpITION) If«%ofglrnc CAPACITOR
Adijust its output to display the following: ey

Pulse RepetitionRate. . . . . . .. . 10 KHz

PulseWidth . . .. ......... 35nsec +10 nsec

Pulse Amplitude , . . . . ....... +5V
NOTE: Sample Command Input Impedance is 50 Ohms ORDERING INFORMATION
Connect a precision D.C. digital voltmeter to the Analog
Output terminals. Pin 4 (High) and Pin 3 (Low). MODEL—-SHM—-UH MATING SOCKET
Adjust the offset control until the analog output is CV. PRICE (1-9) .. .. $229.00 MODEL DILS-2

‘ . 2 req'd/module, $5/pr.

3

=

4]
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Monolithic and Hybrid 1.C.
Operational Amplifiers

MONOLITHIC MONOLITHIC MONOLITHIC MONOLITHIC

MOD.SLEW RATE
AM-450-2

FAST SETTLING
AM-452-2

SPECIFICATIONS (Typical at 25°C,

+15V supplies unless otherwise noted) AM-460-2 AM-462-1/2

LOW COST ’ WIDEBAND

DC Open Loop Gain 25K 15K 150K 150K
Gain Bandwidth Product 12 MHz 20 MHz 12 MHz 100 MHz
Slew Rate 30V /usec. 120V /usec. 7V/usec. 35V /usec.
Settling Time, 10V to 0.1% 330 nsec. 200 nsec. 1.5 usec. 1.0 usec.
Output, min. 10V @ 10mA 10V @ 10mA +10V @ 10mA 10V @ 10mA
Common Mode Range, min. 10V 10V 11V 11V
Common Mode Rejection 90 dB 90 dB 100 dB 100dB
Input Impedance 50 Meg. 100 Meg. 300 Meg. 300 Meg.
Input Bias Current, max. 250nA 250nA 25nA 25nA
Input Offset Current, max. 50nA 50nA 25nA 25nA
Input Offset Voltage, max., adj. to 0 +8mV +10mV +5mV +5mV
Input Offset Voltage Drift 20uVv/ C 30uVv/°C 10uVv/°C 15uV/°C
Power Requirement +15V @ 4mA +15V @ 4mA +15V @ 3mA +15V @ 3mA
Temperature Range 0°C to 70°C 0°C to 70°C 0°C to 70°C 0°C to 70°C
Package TO-99 TO-99 TO-99 TO-116/TO-99
Price (1-9) $7.50 $10.50 $6.50 $9.00
See page 136

THESE AMPLIFIERS ARE COVERED BY GSA CONTRACT
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This broad line of monolithic and hybrid operational
amplifiers is designed for data acquisition and conversion
applications where high speed and small size are required.
The devices shown in this table are wide bandwidth, high
slew rate, fast settling amplifiers. In addition to high
speed, they also have excellent DC characteristics making
them good choices for high accuracy applications.

Four basic models of bipolar input amplifiers are offered

along with two FET input models. The AM-464-2 is a

new high voltage, fast settling amplifier with +35V out-

put swing. The AM-500 is a new hybrid, ultra-fast

amplifier for inverting-only applications. It features
1000V/usec. slew rate, 100 MHz gain bandwidth product,
and 200 nsec settling time to .01% for a 10V step input.
The AM-490-2 series are monolithic, chopper stabilized
operational amplifiers with open loop gain of 5 x 108

and input offset drifts of 1.0, 0.3, and 0.1 xV/°C maximum.

<

a3

T e

AM-490 Series: Monolithic Chopper Amplifiers

4

MONOLITHIC

MONOLITHIC

MONOLITHIC

HYBRID

MONOLITHIC

FAST SLEW FET WIDEBAND FET +35V SWING ULTRA FAST CHOPPER STABILIZED
AM-405-2 AM-406-2 AM-464-2 AM-500 AM-490-2
15K 150K 100K 1x10° 5x 10°
20 MHz 100 MHz 4 MHz 100 MHz 3 MHz
120V /usec. 35V/usec. 5V /usec. 1000V /usec. 2.5V/usec.
400 nsec. - - 100 nsec.(1) —
10V @ 10mA +10V @ 10mA +35V @ 10mA +10V @ 50mA +10V @ 7mA
+10V £10V +35V = 10V
90 dB 90 dB 74 dB = 120 dB
10'2 ohms 10'? ohms 200 Meg. 30 Meg. 100 Meg
20 pA 20 pA 30nA 4nA 150 pA
20 pA 20 pA 30nA 0.5nA 50 pA
+30mV +15mV +6mV +3mV +20 uV
50 uV/°C 50 uV/°C 15uVv/°C 5uV/°C 1.0 (2) 0.3 (2) 1.0 (2)
15V @ 6mA 15V @ 4mA +10V to #40V @ 3.2mA +15V@22mA +12V to +20VDC @ 5mA
0°C to 70°C 0°C to 70°C 0°C to 70°C 0°Cto 70°C 0°Cto 70°C
TO-99 TO-99 TO-99 0.76 x 0.45 x 0.25"" TO-99
$16-00 $13.75 $6.75 $75.00 $29.00 $34.00 $39.00
Contact Factory Contact Factory See page 140

Notes:

(1.) Max. settling time for 10V to .01% is 200 nsec max.

(2.) uV/C maximum.
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Modular Operational Amplifiers and

Instrumentation Amplifiers

Fast Settling FET Operational Amplifiers

SPECIFICATIONS (Typical at 25 C,

+15V supplies unless otherwise noted)

FAST SETTLING
AM-100

CAPACITIVE
LOADS
AM-101

FAST FOLLOWER
AM-102

FAST SLEWING
AM-103

(1) Unity gain inverting
(2) Unity gain follower

DC Open Loop Gain 300K 300K 130K 130K

Gain Bandwidth Product 13.5 MHz 5.5 MHz 32 MHz 32 MHz

Slew Rate 45V /usec. 45V /usec. 140V /usec. 400V /usec.

Settling Time, 10V to .01% 550 nsec. (1) 1.0 usec. (1) 550 nsec. (2) 350 nsec. (1)

Output, min. 10V @ 20mA +10V @ 20mA +10V @ 20mA +10V @ 20mA

Common Mode Range, min. 10V 10V +10V 10V

Common Mode Rejection 3,000 45,000 45,000 3,000

Input Impedance 10'? ohms 10" ohms 10" ohms 10'? ohms

Input Bias Current, pA max. 100 50 | 20 50 | 20 50 50

Input Offset Current, max. 10 pA 10 pA 10 pA 10 pA

Input Offset Voltage Adj. to 0 Adj. to 0 Adj. to 0 Adj.to 0

Input Off. Voltage Drift, uV/°C max. 50 | 25 ] 10 40 | 20 40 20 40 20

Power Requirement 15V @ 13mA +15V @ 13mA +15V @ 18mA +15V @ 18mA

Temperature Range 0°Cto 70°C 0°Cto 70°C 0°Cto 70°C 0°Cto 70°C

Package 1.12% 1.02%0:4% | 1.32x 11204 | 1.12%x 1.12 X 0.4 1.12x 1.12%.0.4"

Socket MS-6 MS-6 MS-6 MS-6

Price (1-9) $40 | $45| $52 $46 $52 $49 $55 $49 $55

See page 134

Notes:
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DESCRIPTION

The AM-100 series of fast settling, FET input amplifiers,
is designed for data conversion applications where optimum
settling time is desired for up to 12 bit accuracy. While
featuring exceptionally fast slew rates, wide bandwidths,
and settling times faster than one microsecond, these
amplifiers also have low drift and exceptionally low

input bias currents. Output currents are rated at 20mA

for good load driving capability.

Datel Systems' new AM-201 amplifiers are high perform-
ance instrumentation amplifiers designed for critical data
acquisition applications where programmable gain at very
low drifts is required. Input offset voltage drifts are 1.0,
0.5, and 0.25uV/°C maximum for these models. In addi-
tion, these units have a bandwidth of 45 kHz at a gain

of 1000.

+140V FET

AM 303

10¢
10 MHz
100V /usec.
2.5 usec.

+140V @ 20mA
+140V
100,000
10'? ohms

INSTR,
STRUM
AMPLE e NTATIGy

AM-201 Series: High Performance, Instrumentation Amplifiers

Instrumentation Amplifiers

Feature Low Cost

100 pA

30 pA
*1mV

50 J20

+15V to £150V @ 12mA
0°C to 70°C
1.8x24x.61"
MS-11

$90 $120

SPECIFICATIONS (Typical at 25 C HIGH PERFORMANCE

15V supphies unless otherwise noted) AM 201
Gain Range 1 to 1000
Gain Nonlinearity, max. 01%
Gain Equation 200K/Rg
Bandwidth, G=1000 45 kHz
Slew Rate 1V/usec.
Output, min., S.C. protected +10V @ 5mA
Common Mode Range, min., £15V Supply 10V
Common Mode Rejection, min. G=1000 100 dB 106 dB 114 dB
Input Impedance, differential 10” ohms
Input Bias Current, max. 50nA 25nA 25nA
Input Offset Current 2.5nA 1nA 1nA
Input Offset Current Drift, nA/°C .02
Input Offset Voltage Adj. to zero
Input Off. V. Drift, uV/°C max., G=1000 +1.0 105 | +025
Output Offset Voltage Drift, G=1 +100uV/°C
Power Requirement +12V to £18VDC
Quiescent Current 5mA
Temperature Range 0°C to 70°C
Package 1.5:%:1.5:x:375"
Socket MS-9
Price (1-9) $69 $79 $89

See page 130

THESE AMPLIFIERS ARE COVERED BY GSA CONTRACT
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NDATEL

»- 4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

Gain Range 1 to 1000

Input Drift to .25 uV/°C

CMRR to 114 dB

Gain Nonlinearity .01% Max.
180kHz Bandwidth at G=100
Small Size — 1.5” x 1.5 x .375"

vVVYyVVVYY

The AM-201 series instrumentation ampli-
fiers offer the highest available performance
in a compact, low cost module. These
amplifiers are specifically designed for crit-
ical applications where the lowest input
drifts and noise are required together with
the highest possible common mode rejec-
tion; at the same time wide bandwidth and
excellent settling time are achieved. This
series rivals the performance of expensive
rack-mounted instrumentation amplifiers
and yet is packaged in a small 1.5 x 1.5 x
.375 inch module.

The key to the performance of the AM-201
series is a unique very high transcon-
ductance (gm = 50 mhos) input stage which
gives optimum results for high gains of 100
to 1000. The amplifiers are programmed by
a single external resistor for gains of 1 to
1000 and give guaranteed total voltage
offset drifts referred to the input of 1.0,
0.5, and 0.25uV/°C at a gain of 1000 for
the three models AM-201A, AM-201B, and
AM-201C respectively. At a gain of 1000
the common mode rejection ratio is 100,
106, and 114 dB minimum for the three
models, with a source unbalance of 1
kilohm. The input stage gives very low bias
currents and an input offset current drift of
only 20pA/°C, allowing use of up to 50
kilohm balanced input source impedances.
These performance characteristics are
achieved without sacrificing good band-
width: 3 dB bandwidth is 45 kHz at G=1000
and 180 kHz at G=100. Output settling time
is 20 usec. for a 10V step to .01%.

The gain equation for these models is:
G=200K/R6. Gain equation accuracy is
+0.5% with a gain nonlinearity of .01%
maximum and gain temperature coefficient
of 20ppm/° C maximum. Other input speci-
fications include input voltage noise of 1uV
peak to peak from 0.1 to 10 Hz and 1uV
RMS from 10 Hz to 10 kHz. The input
offset voltage is adjustable to zero by means
of an external trimming potentiometer.
These amplifiers also have sense and refer-
ence terminals for load sensing and ex-
ternally offsetting the output voltage. Out-
put capability is +10V at 5mA, with output
short circuit protection.

HIGH PERFORMANCE
INSTRUMENTATION AMPLIFIERS

MSJN'E

INSTR,
UM
AMPL,F,EENTAUQN

L
B gvSTEMS.ING

AN
STRUMENTATION 2018

AMPLIFIER

{

DEAE:
SYSTEMS,INC.

INSTRUMENTATION
AMPLIFIER

TRIM +15V CO@M 15V
5
L
E 100K
IWr—W—@SENSE
+in (10 = 10K
Al
R (8 HIGH Gy _
OUTPUT
INPUT 4)OUTPUT
Re (M STAGE AT STAGE ©
IN(9 10K
e 100K
REFERENCE
MECHANICAL DIMENSIONS INPUT/QUTPUT
INCHES (MM) CONNECTIONS
1,500
" @ey 'V"i
i PIN FUNCTION
SIDE VIEW 1375 (9,5) 1 +15V POWER IN
U U 250 MIN (5,1) 2 COMMON
N s 3 | ~15V POWER IN
1.0 ‘ 7 4 | outpuT
5 o 5 | TRIM
02 | { 6 REFERENCE
80 | 1080 |
. °3 | espaces 1500 ! SENSE
e iR
e oo Gl TR ; 9 | -INPUT
| 28 | 10 | +INPUT
i o7 —;ﬁr.lzo ' 11 RG
800 350
"” tzo.a»""‘ ™ &9
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INPUT CHARACTERISTICS

Differential Input Voltage Range . ... ..
Common Mode Input Voltage Range

Input Overvoltage, nodamage . . . ... .. .
Input Impedance, Diff. or Com. Mode . . . .
Input Bias Current, NnAmax. ........ G
Input Offset Current, nA. . . .. wociara o
Input Impedance, Ref. & Sense Inputs

Input Offset Voltage

A B Cc

+10V min.
+10V min.
+V supply
10° ohms

50 25 25
2.5 i) 1

110K
Adij. to zero

OUTPUT CHARACTERISTICS

OutputVoltags ... . i 8. vu ae s e +10V min.
Output Current, S.C. protected . ... ... +5mA min.
Outputimpedance . .. ............ 0.1 ohm
Capacitive ll.oad 5 « 905 v 65 s @8 % & .01uF max.
Output Offset Range . ............ +10V min.
PERFORMANCE

GanBANge ¢ us v s wn i MmN e 1 to 1000
GRIVEGUATIONT .l 4100 ) oo b oy oliaiad % 200K/Rg
Gain Equation Accuracy . .. ... ..... +0.5%
Gain Nonlinearity . . ............. .01% max.

Gain Temperature Coefficient . . ... ...

+20ppm/°C max.

CMR, +£10V, 1K unbal., DC-120 Hz :
G=1000,dBmin. ... ...:%%'. 100 106 114
G=100 dBMIN.: o s wa v 80 86 94
G=10" cdBMin. . . . vescoaine 60 66 74
G=1 BN o o ws by on 40 46 54
DRIFT AND NOISE
Input Offset Voltage Drift’, uV/°C max.
SCCNTO00T 5. 02 5 e e s e e +1.0 +0.5 +0.25
Output Offset Voltage Drift, G=1 .. ... +100uV/°C
Input Bias Current Drift . . ... ...... 100pA/°C
Input Offset Current Drift . . . ... .... 20pA/°C
Power Supply Rej., uV/V at G=1000 e 10 J 5 I 2
Input Voltage Noise, 0.1to 1T0Hz . . ... . 1uV P-P
Input Voltage Noise, 10 Hz to 10 kHz 1uV RMS
Input Current Noise, 10 Hz to 10 kHz 20pA RMS
DYNAMIC RESPONSE
Small Sig. Bandwidth, -3 dB, G=1000 . . . . 45 kHz
G=100 180 kHz
G=10 300 kHz
SlewW Rate:- 1 orihoditine S ol tmaiaat s W 1 V/usec.
Full Power Response, 20VP-P ... ..... 15 kHz
Settling Time, 10V to .01% at G=1000 20 usec.
Overload Recovery .. ............ 10 usec.

POWER REQUIREMENT
Voltage, rated performance . . . .. ... ..
Voltage Range, operating” . . . .. ......

+15VDC +0.5V
+12V to +18VvDC

¥

The guaranteed input offset voltage drift
specification requires that the input offset
voltage be zeroed. This is done by means
of an external 50K trimming potentio-
meter connected from the TRIM pin to
+15V. For minimum effect upon input
offset drift, a low tempco trimming pot is
recommended such as Vishay type 1203
(20ppm/° C). If the operating temperature
range is relatively constant, then a
100ppm/°C cermet type trimming pot
may be used (Datel Systems TP50K at
$3.00 each). A 100ppm/°C drift in the
trimming pot causes a 0.3pV/°C input
offset voltage drift in the amplifier.

For optimum gain stability a low tempco
gain setting resistor is recommended. The
temperature coefficient of this resistor
adds directly to the 20ppm/°C maximum
gain tempco of the amplifier. For negli-
gible effect on tempco Vishay type S102
(+1ppm/°C) is recommended. For less
critical applications a 5 or 10ppm/°C
metal film resistor is recommended. The
resistor should be located as close as
possible to the R terminals of the ampli-
fier, and shunt capacitance across the
resistor should be kept to a minimum in
order to prevent noise pick-up or in-
stability at low gains. For gain-switched
applications it is recommended that reed
relays located close to the amplifier be
used rather than running leads from a
panel switch to the R terminals.

. The differential input terminals require a

bias current path to ground and therefore
cannot be used with floating inputs. Due
to the very low input offset current drift
of 20pA/°C, balanced source resistances
up to 50K ohms can be used with these
amplifiers. For example, 50K ohms x
20pA/°C gives an equivalent input offset
voltage drift of 1uV/°C.

. The guaranteed input offset voltage drifts
of 1.0, 0.5, or 0.25 uV/°C include both
input and output drifts referred to the
input at a gain of 1000. Drifts at other
gains are approximately (referred to input):

1
A Eos (uV/°C) = (A Eos)1ggp + __g_l)

Current, Quieseent . . .. < o a5 s o s s 50 5 mA
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range . ... ... . 0°C to 70°C

Storage Temperature Range . . ... ... .
Relative Humidity ... « « o « o o v b0 0le e
(o TR AT SRR AR BT

-55°C to +85°C

Up to 100% non-condensing

1.5 x 1.5 x .375 inches

(38,1 x 38,1 x 9,5 mm)

Black Diallyl Phthalate per MIL-M-14

PINS & h s s ame e s il s .040 round, gold plated, .250"" long min.
Waight |, oh o v b s oimis v iw oip s a e s 2.5 0z. max. (71 g.)
PRICE (1-9) $69.00 l $79.00 I $89.00

1. With input offset voltage initially zeroed.
2. Signal input and output range is +7V to +13V.

ORDERING INFORMATION

PRICES (1-9)
BM2OTVAL o o s e & s w6 $69.00
AM-201B. . . ..... ... . $79.00
AM-201C.. . . o v v v vnn o $89.00

Mating Socket: MS-9 . ... .. $3.50 each
Trimming Pot:  100ppm/°C Cermet Type
TS0 < ...° 0. $3.00 each
THE AM-201 SERIES AMPLIFIERS
ARE COVERED BY GSA CONTRACT

GOLD BOOK 76/77

See inside back cover for DATEL sales offices

Vol 3/131



TECHNICAL NOTES (Cont'd) PERFORMANCE DATA

SMALL SIGNAL BANDWIDTH AT SELECTED GAINS

where [A Eos] 19gq is the drift spec. at |
G=1000 and G is the programmed gain. 1000 *’ A5KHG

5. The sense terminal is normally connected
to the output terminals, and the reference
terminal is normally connected to ground.
For remote loads or for load current 100 - 180k Hz, - 3dB
sensing, the sense terminal is run sep- \0\<
arately to the load or to the current
sensing resistor. The reference terminal
may be connected to a voltage source in
the range +10V in order to directly offset
the output of the amplifier by the same
amount. Both sense and reference ter- /0\‘\ Piferdion dhl,
minals should be connected only to low N
impedance sources (less than 10 ohms), as K
any impedance seen by these terminals
will degrade the power supply rejection of
the amplifier in proportion to the source
impedance. A unity gain buffer amplifier
can be used to isolate the reference ter- 01 s
minal from high impedance sources. See 10 Hz 100 Hz TkHz 10 kHz 100 kHz 1 MHz
application diagram, FREQUENCY (Hz)

N\
N\

<o—1 300kHz, 3dB

GAIN (V/V)
=]

A

50kHz, +3dB

6. The AM-201 series amplifiers have a dis- ANALYSIS OF SIGNIFICANT ERROR SOURCES
tinct advantage over many other instru- USING BRIDGE TRANSDUCER

mentation amplifiers in gain-switched
The following errors are computed for an AM-201C operated from a bridge

applications. Because the gain formula is >
200K/Rg the switched gain varies pre- transducer over a +10 C ambient temperature range at a gain of 1000.

cisely inversely with Rg. If Rg is halved,

2 Error
for example, the gain is exactly doubled. Error Source Calculation (% 10V FS)
Therefore, unlike instrumentation ampli- Volt, Offset Drift .25 uv/°C x 10°C x 1000 .025%
fiers with a constant term of 1 in the gain Cur. Offset Drift 20 pA/°C x 10°C x 10K x 1000 .020%
formula, the selection of gain setting Galn Ghangn -002%/°C x 10°C .020%

. < | : fified. 1 itchad Noise (.1 to 10 Hz) 1 uV P-P x 1000 .010%
resistors is greatly simplified. In switche Bain NoBitadarit Oha i

gain applications the AM-201 amplifiers
should be zeroed at the highest gain. The
input offset voltage then will not change

Power Supply Drift Negligible —_—
TOTAL OUTPUT ERROR .085%

Power supply drift (assuming .02%/°C) contributes a negligible amount to the error and there-

with gain. fore the computation is omitted. The total output errors for a 10°C temperature change are less
than 0.1%.
TOTAL VOLTAGE OFFSET DRIFT (REFERRED TO INPUT)
VS. GAIN
COMMON MODE REJECTION i
RATIO VS. GAIN NG
NN
£
120 N

AM-201C
// AM-2018 N
100 AM-201A

<

// 2
&0 f— =
80 s =
o A\
o / S \Q\
o
= 60 ] = AN ‘
s - BT GUARANTEED
S = \\\L WORST CASE
v ! DRIFT AT G=1000
40 m \ ‘
& NN AM-201A (1uV/°C)
(= .
20 2 \\ ~-
= AN AM-2018B (0.54V/°C)
o .
0 o N
1 10 100 1000 N\ AM-201C (0.254V/°C)
GAIN (V/V) S
01
1 10 100 1000

mL -
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APPLICATION DIAGRAMS

STANDARD CONNECTION

-15V +15V
Q

INPUT OFFSET TRIMMING: Short input terminals together and
connect to ground or to common mode voltage at which input will be
used. Adjust 50K trimming pot for zero output voltage. For critical
applications Rg should be a Vishay type S102 and the trimming pot
should be a Vishay type 1203. See technical notes.

USING AN OUTPUT CURRENT BOOSTER

-15V +15V

OFFSETTING THE OUTPUT BY USE OF
THE REFERENCE TERMINAL

15V +15V

Eour = Ew G+ Vo

Rg
En Rg
RG Ry
o—

CONNECTION FOR DRIVING LOAD WITH CURRENT
BOOSTER USING LOAD CURRENT SENSING

15V +15V

T—’—O OuTPUT

o

NOTE: The output voltage using the gain equation will appear across
Rg. The load impedance and output of the current booster must be
compatible with this. Highly inductive loads may cause ringing or
oscillation. In this case add Rp and Cp as shown.

DRIVING A GROUNDED LOAD USING
CURRENT SENSING

15V +15V

+IN
O
Rg
Re
Ein G AM 201
Rg Rg
o—
IN

GAIN SWITCHING WITH THE AM-201

16V +15V

Gain is inversely proportional to Rg. Thus if Rg is halved the gain is
exactly doubled. Input offset voltage does not change with Rg.
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>4 SYSTEMS, IN WIDE BAND FAST SETTLING
, INC.
1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A. FET INPUT omTloNAl AMHJFIERS
TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461
AM-100-SERIES
MODEL AM-100 A/B/C
DESCRIPTION: FEATURES:
Designed specifically to drive C.R.T. displays, the DATEL Models AM-100 A/B/C permit » 60 Volts/usec. Slew Rate
settling (to 0.01%) of a 0.5 V step within 0.15 usec. Clean, crisp alpha/numeric characters, » Settles to 0.01% Within 0.15 usec. (Small
together with sharp, linear vectors are the result on the screen face when these amplifiers Step)
with their fast settling, true 6dB/octave response and minimum overshoot and undershoot » Recovery From Overload in 0.5 usec.
characteristics are used. These devices are also excellent choices for use in high speed » Gain of 500,000
applications such as D/A output drivers, integrators, comparators, buffers and many other » 10'* Q Differential Input Resistance
analog sampling circuits. » True 6 dB/Octave Response
MODEL AM-101 A/B
DESCRIPTION: FEATURES:
Models AM-101 A/B are FET-input differential operational amplifiers designed specifically » Will drive high capacitive load 2000 pF,
for applications requiring a combination of high accuracy, high gain and fast settling with min.
the ability to drive substantial capacitive loads. They have a gain bandwidth product of 5 » Gain Bandwidth Product . . .. 7MHz
MHz and will settle to 0.01% within 1.5 usec., min. in a unity gain inverting mode while » D.C. Gain at Rated Load . . 500,000
driving a capacitive load of 300 picofarads. These amplifiers will settle to 0.01% within 1 » Differential Input Resistance. . . 10'* 2 min.
usec., min., in the same mode driving a 1000 picofarad load and are stable driving a load of » Output . : +10V @ +20 mA, min
2000 picofarads, minimum. Typically they are stable up to 5,000 picofarads. In addition, » CMRR s i 40,000
low dnft, low noise and excellent overload recovery characteristics together with a » Fast Overload Recovery Time . 1 usec.
reasonable price make these amplifiers a must to consider wherever analog voltage sampling » Low Profile Case o PRI o -
s required
Model AM-101 A/B has a CMRR of 40,000 typical and 20,000 minimum and should be
considered wherever a non-inverting amplifier is necessary such as in buffer or multiplexer
applications. Since settling time to 0.01% is approximately the same in the non-inverting
mode, excellent gain and linearity characteristics are achieved with the high CMRR of the
AM-101 Series
MODEL AM—-102 A/B
DESCRIPTION: FEATURES:
The Model AM-102 A/B is a differential FET input fast settling operational amplifier » 140 Volts/usec. Slew Rate
designed primarily for use in circuits where polarity reversal is not desired. All the » 0.4 usec, Settling Time to 0.01% as
ingredients of a good, fast and accurate FET Follower can be found in the AM-102 A/B. Follower
High CMRR, very high common mode resistance, high gain, wide bandwidth and fast » 0.5 usec. Overload Recovery Time
settling along with high input impedance, excellent drift and noise characteristics all » 400,000 Gain at Rated Load
combine to make the AM-102 A/B one of the best all around Follower Amplifiers available. » 45 MHz Gain Bandwidth Product
MODEL AM—-103 A/B
DESCRIPTION: FEATURES:
The fastest yet of the DATEL Systems operational amplifiers, the AM-103 A/B features a » 400 Volts/usec. Slew Rate
250 Volt per microsecond slew rate, a guaranteed 400 nanosecond settling time (to 0.01%), » Settles to 0.01% Within 0.3 usec.
an overload recovery time of 1 microsecond, max. together with a minimum gain of » Recovery From Overload in 0.5 usec.
100,000. Designed especially for use in high speed comparators, integrator, A/D and D/A » Gain of 400,000
converter circuits, the AM-103 A/B is an excellent choice for consideration whenever analog » 10'* Differential Input Resistance
sampling 1s necessary » Stable Unity Gain Frequency 37 MHz
MECHANICAL DIMENSIONS (INCHES) INPUT/QUTPUT e
125 CONNECTIONS  MatingSocketMS6 4 T
Yo — f o For All Models
i 1 ° EXTERNAL = j 1 . o |
SI0E ViEW 040 016 e . wa (s) . . g w2
° 15V I
1 0.20(TYP} U8 e out N\ SOLOER LUGS
o.m(mm’g i H,__}f +.050 l BOTTOM viEw | TRIM - 2
+.010 i BOTTOM 27
010 PIN SPACING 0.2” * 010 view L__m
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THESE AMPLIFIERS ARE COVERED UNDER GSA CONTRACT

I ! MODEL MODEL MODEL MODEL
AM-100 AM-101 AM-102 AM-103
A l B l c A ] B ] A I B [ A B
SPEClFICOAT!ONS HIGH SPEED HIGH SPEED HIGH SPEED SUPER FAST
Typical @ 25 C, 15 VDC, rated load DIFS(E’F’E‘E%E;\ELCFET opFFERENTRlALEFET FET FOLLOWER DIFFERENTIAL FET
3 & 4 A . WILL DRIV 45 MHz2 400 V/,
unless otherwise specified. SETTLING TIME 2000pF CAP. LOAD GAIN BANDWIDTH SLEW ﬁ?ﬁ
PARAMETER
Input
Differential Voltage, max., no damage t15v t15v t1sv t15v
Common Mode Voltage Range F10V min. 10V min. 10V min. F10V min.

[ Common Mode Hejection Ratio 10,000 40,000 40,000 10,000
Common Mode Resistance 1012 9 min. 1012 Q min. 1012 O min. 1077 O min.
Differential Input Resistance 1012 Q min. 1012 Q min. 1012 Q min. 1012 QO min,

Output
Voltage 10V min. +10V min. *10vV min, *10v min.
Current, Continuous T20mA min, T20mA min. T20mA min. T20mA min.
Current, Transient ¥30mA ¥30mA I30mA f3omAa
Capacitive Load 300 pF 2000pF min. 300 pF 300 pF
Gain and Frequency Response
D.C. Gain at Rated Load 500,000 500,000 400,000 400,000
Gain Bandwidth Product 18 MHz 7 MHz 45 MHz 45 MHz
Stable Unity Gain Frequency 18 MHz 7 MHz 37 MHz 37 MHz
Full Power Response 900 KHz (1) 900 KHz (1) 2 MHz (2) 6 MHz (1)
Transient Response
Slew Rate 60V/us. (1) 60V/us. (1) 140V/us. (2) 400V/us. (1)
Settling Time to 0.01% 0.4 us. (1) 1us. (1) 0.4 us. (2) 0.3 us. (1)
Settling Time to 0.01% 0.15 us. (3) 1.5 us. (4)
Overload Recovery Time 0.5 us. TUs. 0.5 us. 0.5 us.
Rise Time to 90% (Small Signal) 50 ns. (1) 100 ns. (1) 20 ns. (2) 20 ns. (1)
Offset and Noise (5) (5) (5) (5)
Offset Voltage (Initial) @ 25°C Adj. to 0 Adj. to 0 Adj. to 0 Adj. to 0
Vs. Temp. Range -25°C to +85°C, uV/°C 50 max | 25 max [10 max| 40 max. [20 max | 40 max.|20 max. | 40 max. 20 max.
Vs. Power Supply F1o0uv/% T1ouv/% F10uVv/% F1ouv/%
Vs. Time T50uV/day T50uV/day ¥50uv/day F50uV/day
Input Offset Current +10pA max. *10pA max. *10pA max. F10pA max.
Bias Current @ 25°C, pA 100 max.] 50 maxJ20 max| 50 max.[20 max] 50 max, 50 max

Vs. Temperature Range
-25°C to +85°C

Doubles every 10°C

Doubles every 10°C

Doubles every 10°C

Doubles every 10°C

Input Noise (Voltage) 25nV /Hz 25nV§7Hz 25nV 4/ Hz 25nV y/ Hz
Power Requirements
Operating Voltage Range t15v t15v tisv t15v

Quiescent Current

T13mA max.

F13mA max.

T18mA max.

T18mA max.

Temperature Range

(5) Ext. balance pot, Model TP-1K — $3.00

Operating -25 to +85°C -25 to +85°C -25 to +85°C -25 to +85°C
Storage -55 to +125°C -55 to +125°C -55 to +125°C -65 to +125°C
CASE SIZE 1.12"L x 1.12""W x 1.127L x 1.12""W x 1.12"L x 1.12"W x 1.12°L x 1.12"W x
0.4"'H 0.4"H 0.4"H 0.4"H
Mating Socket MS-6 $3.50 ea. MS-6 $3.50 ea. MS-6 $3.50 ea. MS-6 $3.50 ea
Price 1-9 $40 | $45 [ $52 $46 | $52 $49 T 855 T $a5 | $55 |
NOTES: (1) Unity gain inverting.  (2) As Follower. (3) Unity gain inverting 0.5 volt step. (4) Unity gain inverting with 1000pF capacitive load

SETTLING TIME

Settling time is one of the most important requirements an amplifier should meet for high speed applications. It is defined as the time that is required,
after a full scale input step is applied, for the output voltage to reach a predetermined percentage of its final value. Settling time contributes a dynamic
error. It characterizes the transient behavior of the amplifier, encompassing slew rate and other important effects. For high speed data system
applications, the output signal should be within a specified error band before it is ready to be further processed. In all applications involving abrupt
changes in gradient, the settling characteristics of an amplifier determine how long the output signal deviates from the true value and should be a

prime consideration for its selection.

Settling time is a complex function of the open loop response and slewing rate under operating conditions. For optimum settling characteristics, the
DATEL amplifiers have true 6 dB/octave stabilization determined by a single component instead of the usual multielement response shaping which

introduces irregularities in the response curve.

Test circuits for measuring a settling time in both the inverting and non-inverting modes are shown. The test circuits are self explanatory but it is wise
to keep the leads short, stray capacitance to a minimum and use a signal source that is a good clean squarewave with minimum aberrations.The
oscilloscope and plug-in recommended in the test circuit will, in general, give good results on amplifiers with settling times of 1 microsecond or less.
Many oscilloscopes of other types will introduce errors far in excess of the amplifier errors due to the overload condition to which they are subjected

by this method of measurement.

SETTLING TIME TEST ¥
CIRCUIT FOR T2 >
INVERTING " et ey
AMPLIFIERS & és‘,'“:‘fzzﬁ‘,‘f";‘:'.“i 99K AN6OD

ir uAx LonaT.

For amplifiers with 15ma or
more output capablity

Ry =Ry« 1K RN6OD

Ry = Rg * 2K ANGOD

Cy = 20pFd

SETTLING TIME TEST [,

CIRCUIT FOR

NON-INVERTING
AMPLIFIERS

i

moen T3

a
10900
ey

o
Lawet
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~1DATEL
~4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FEATURES

» 120 V/uSec Slew Rate

» 2 MHz Full Power Bandwidth

» 200n Sec Settlingto 0.19 of FS
» 102 Q Input Impedance

» FET or Bipolar Differential Input

GENERAL DESCRIPTION

Datel’s AM-400 Series operational am-
plifiers are designed specifically for
fast acquisition of wide bandwidth sig-
nals. They feature high input imped-
ance (102 Ohms, AM-405 and
AM-406) and high full power band-
width (2MHz, AM-405). Models
AM-405 and AM-406 feature FET dif-
ferential inputs and the remaining
models employ bipolar differential in-
puts. Settling time less than 200 nsec
(within 0.1% of FS, AM-452) and slew
rates up to 120V/usec (AM-452) are
available and all models may be oper-
ated in non-inverting as well as invert-
ing configurations. Because of their
superior high speed, high input im-
pedance characteristics, these devices
are ideal for applications such as fast
acquisition sample and hold amplifiers,
D/A and A/D converter amplifiers.

TO—-99 PACKAGE
Models

HIGH SPEED MONOLITHIC
OPERATIONAL AMPLIFIERS

AM-400 SERIES

BLOCK DIAGRAM AND INPUT/OUTPUT CONNECTIONS

BANDWIDTH
CONTROL

IDENTIFICATION MARK
ON LEAD NO. 1

NO CONN. 1 >|4 comuml.”
No conn. 2 213 NO CONN.
OFFSET
aps 3 < :>12 NO CONN.

-n o (] S v
s 4> it

Vour
Vg OFFSET
ST 6 < D 9 Aoy
NO CONN. 7 < 8 NO CONN.
TOP VIEW

TOP VIEW

AM-405-2 Note (1) Internal feedback capacitor TO-116 PACKAGE
AM-406-2 provided on models AM-405 and AM-406

AM-452-2 only 10 cancel input capacitence phase Model AM-462-1 Only.
AM-462-2

MECHANICAL DIMENSIONS (INCHES)

JEDEC TO-99

8-Pin Metal Can Package
MODELS AM-405-2

JEDEC TO-116

14-Pin Dual Inline Ceramic Package
Model AM-462-1 Only

ﬁxjg’g 14 13 2 N0 10 9 8
s ANNANNN
1DENTIFICATION
o msmax = coomin xgm: ?:‘AD
= '°'°"q =V VUV
‘ 1 2 3 a 5 6 7
x ]
’?:;: — 200TYP -‘UO—FI -
- 3% 020 MIN i
’\ ~ B LEADS 1—L
017 TYPICAL
N\ SEATING PLANE i.'ggg r
:;45‘,017 100 TYP
Note 1: All leads gold plated KOVAR Note 1: All leads and base gold plated KOVAR
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MODEL MODEL MODEL MODEL

SPEC IFICATIONS AM-405-2 AM-406-2 AM-452-2 AM-462-1, AM-462-2

Typical @ 25°C Differential Differential Differential Differential  olar

Vg =+15VDC FET input, 2MHz FET input Bipolar input Bipolar input

R = 2K Ohms unless Full Power 150 K DC Gain 200 nsec settling 150 K DC Gain

otherwise noted Bandwidth 100 MHz f; Slew 120 V/usec 100 MHz f,

Input

Characteristics

Differential Voltage +15V max. +12V max. +15V max. +12V max.
E’:.':_’.';‘i""‘“";‘:’n‘wv°“‘°' +10V min. +10V min. +10V min. +11V min.

Common Mode

iy A 90 db typ. 90 db typ. 90 db typ. 100 db typ.
Rajaction Aatle 70 db min. 70 db min. 74 db min. 74 db min.

(Vem = £5vDC)

Input Impedance
(Differential)

10'? Ohms || 5pF

10'? Ohms || 5pF

100 MegOhms typ.
40 MegOhms min.

300 MegOhms typ.
40 MegOhms min.

Voltage Offset Initial
(without external trim.
Adjustable to zero
with trim)

30mV typ. @ 25°C
60mV max. @ 25°C
65mV max, 0 to 75°C

15mV typ. @ 25°C
60mV max. @ 25°C
65mV max, 0 to 75°C

5mV typ. @ 25°C
10mV max. @ 25°C
14mV max, 0 to 75°C

3mV typ. @ 25°C
5mV max. @ 25°C
7mV max, 0 to 75°C

Voltage Offset vs. Temp

30uV/°C,0to 75°C

15uV/°C, 0to 75°C

Zero Adjust (optional)

100K Ohms trimpot

100K Ohms trimpot

20K Ohms trimpot

100K Ohms trimpot

Bias Current 5 o o
+ - 1pA typ. @ 25°C 125nA typ. @ 25°C S5nA typ. @ 25°C
2 |_."’_|_| 20pA max. @ 25°C 250nA max. @ 25°C 25nA max. @ 25°C
2 20pA typ, 0 to 75°C 500nA max, 0 to 75°C | 40nA max, 0 to 75°C

1nA max, 0 to 75°C - =

0.5pA typ. @ 25°C 20nA typ. @ 25°C 5nA typ. @ 25°C

Offsat Current 20pA max. @ 25°C 50nA max. @ 25°C 25nA max. @ 25°C
-||*-|—| 5pA typ, 0 to 75°C = =

40nA max, 0 to 75°C

500pA max, 0 to 75°C 100nA max, 0 to 75°C

Equivalent Input Noise
(10Hz to 10KHz,
zero source impedance)

10uVrms

2uVrms

Output

Characteristics

Voltage . L
(Full Temperature Range) +10V min.
Current, Continuous PR STNES

(VouT = £10V)

Short circuit protected Short circuit protected
Current, Peak 50mA max. (output to common) 50mA max. (output to common)
current limited current limited

Gain and Frequency
Response
Open loop gain, DC 15K V/V typ. 150K V/V typ. 15K V/V typ. 150K V/V typ.
Vour = 10V 7.5K V/V min. 80K V/V min. 7.5K V/V min, 80K V/V min.
Full Power 2MHz typ. 600KHz typ. 1.6MHz typ. 600KHz typ.
Bandwidth - - 1.2MHz min. 320KHz min.
Slew Rate
(VouT = 10 Volt step il otk Ryt 30V see min 20V hsec i
transition, Cy_= 50pF) i ; i
Unity Gain, 20MHz (closed 100MHz (closed 20MHz (closed 100MHz (closed loop
small signal loop gain > 10 loop gain > 10) loop gain > 10) gain = 100, C|_= 50pF)

Ext. comp. Ext. comp. Ext. comp. Ext. comp.
Stability required at required at required at required at

closed loop gain <3 closed loop gain <5 closed loop gain <3 closed loop gain <5
Settling time to within
0.1% (Vog‘r =110V step, 400 nsec - 200 nsec
CL'50p .Av""3)
Power Supply
Operating Voltage +15VDC, rated specifications
Max. Voltage Difference between
Vg+ and Vg— Terminals 35V max 40V max 45V max
Absolute Max. Internal
Power Dissipation 300mw e = . b

7 6mA typ. 4mA typ. 4mA typ. 3mA typ.
Quiescent Current 8mA max. 6mA max. 6mA max. 4mA max.
Temperature
Range
Operating, rated specs. 0°Cto 75°C
Storage —65°C to +150°C
AM-462-1 TO-116
Package T0-99 TO-99 TO-99 AM-462-2 TO-99
Price (1-9) Contact factory
for quantity pricing $16.00 $13.75 $10.50 $ 9.00
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TYPICAL PERFORMANCE CURVES

DATEL

Open Loop Frequency Response

and External Bandwidth Compensation
(26°C, R|_= 2K, Vg = +15V, small signal)

(Values of capacitance shown are to be connected between

the bandwidth terminal and ground.)

Input Bias and Offset Current
Vs. Temp (Vs =*15V)

Models AM—405-2 and AM—452-2

Models AM—405-2 and AM—406-2
1000

8

<
Q ~
- St
% 120 ]'I g & :5
£ 100 - 5 AR
Op o .7 G
S » . A
= I :. NI N & 30pF 10 ~ :,:
= 2 o
S0 NSRS T oor J=
8 2 3000¢ QNN. NI oy VA
o
- g 1000pF NS \~ ™
c +
i 4 Hin SN
S 100 1K 10K 100K ™M 1M 100M 0 +25 +50 +75 +100 +126
Frequency (Hz) Temperature ‘e
Model AM -452-2
+120
N
Model AM—406-2 1 .
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TYPICAL OPEN LOOP FREQUENCY AND PHASE RESPONSE
(25°C, Vg = *15VDC, Small Signal, Rated Load)

120
NG
100
o
Q.v 80
gL % PHASE |
Model AM-405-2 ;‘% e TN
Model AM-452-2 8% 20 GAIN TN |
5 ™
-20
10 100 1K 10K 100K 1M 10M 100M
Frequency (Hz)
120 l 0°
@ 100 + °
a2 N 300 %
c 80 60° €
33 N N g
Model AM-406-2 cs %2 PriaseE [T 9%’ 3
g8 40 64/4/\ ! 120o &
OE 20 q l 150
0 H180°
N
=20 Y
10 100 1K 10K 100K 1M 10M 100M
Frequency (Hz)
100 al-14 A
Gyt 0
o
@ 20° [
2 2
§5 60 60° <
< ‘)& §
Model AM-462-1, 2 § § 40 w"e 100° 8
L N iy
g 20 \\ 140
o 180°
-20
10 100 1K 10K 100K 1M 1UM 100M

Frequency (Hz)

Phase Angle

+V

—IN O—————ri

NGO

1

-V

% BANDWIDTH
COMPENSATION

OFFSET ZERO ADJ
100K (AM-405, AM-406, AM-462)

20K (AM-452)

ouTt

(SELECT CAPACITOR FROM CURVES
ON REVERSE SIDE TO ACHIEVE
DESIRED ROLLOFF)

EXTERNAL OFFSET ADJUSTMENT AND BANDWIDTH COMPENSATION (All Models)
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NDATEL

SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461

FEATURES

p Differential Inputs

p» 120 dB CMR

» Drift to 0.1uV/°C max.

» 5 x 108 Open Loop Gain
P 20uV Input Offset Voltage
» 200 msec. Warm-Up

GENERAL DESCRIPTION

Model AM-490-2 is a monolithic, chopper
stabilized operational amplifier with differ-
ential inputs; it is specifically designed for
applications requiring ultra-stable DC char-
acteristics together with good bandwidth.
This device is available in three different
grades of maximum input offset voltage
drift: 1.0, 0.3, and 0.1uV/°C. The ex-
tremely low input offset voltage drift and
initial input offset voltage of only 20uV
eliminate the requirement for zero adjust-
ment in most applications. Other important
input characteristics include an input imped-
ance of 100 megohms, input bias current of
150pA, and input offset current drift of
1pA/°C. This permits the AM-490-2 to
operate accurately with source impedances
over 100 kilohms. A common mode rejec-
tion of 120 dB minimum and open loop
gain of 5 x 10° result in extremely low out-
put errors. Long term stability is typically
5uV per year.

The circuit of the AM-490-2 utilizes a
complex monolithic chip 93 x 123 mils with
256 active devices. Both bipolar and N
channel MOS FET's are used to implement

MONOLITHIC, DIFFERENTIAL INPUT, CHOPPER
STABILIZED OPERATIONAL AMPLIFIER

MODEL AM-490-2

the linear and switching portions of the

circuitry. The chopper circuitry utilizes two
DC coupled sample-hold circuits driven by a
multivibrator circuit. The DC coupling, con-
trasted with AC coupling commonly used in
chopper amplifiers, results in fast overload
recovery. Three external capacitors are re-
quired for the sample-hold circuits and the
multivibrator which generates a 750 Hz
chopping square wave.

Other specifications of the AM-490-2 in-
clude +10V input common mode range and
+10V output at 7mA which is short circuit
protected. The operating power supply
range is +12V to +20VDC with a constant
quiescent current drain of 3.5mA typical
over this range. Power supply rejection is
120dB. The low power drain and fast
warm-up time of 200 msec. make this device
ideal for use in battery operated, inter-
rupted service circuits. Other applications
include inverting, noninverting, and bal-
anced gain amplifier configurations in addi-
tion to very accurate integrators and
sample-holds. The AM-490-2 is packaged in
a hermetically sealed, 8 pin TO-99 case.

CAUTION: The AM-490-2 has MOS FET
input devices and should be handled care-
fully to prevent static charge pick-up which
might damage the devices. The amplifiers
should be kept in the shipping carriers until
ready for installation.

-IN(2)
CHOPPER
CIRCUITRY (&) ouTPuT
+IN G
A
TIMING
OSCILLATOR
3
1 5 (8)
BLOCK DIAGRAM
Ca Cg  Cc
-15vDC +15vDC
MECHANICAL DIMENSIONS
INCHES (MM)
.360
——g,1) —> INPUT/OUTPUT
325 —¥ CONNECTIONS
170
a,
‘. ‘ f’ PIN FUNCTION
7“'_]—-“—””7 t 1 | HOLD CAPACITOR (C4)
Seating Plane .040 i 2 [ =IN
8Lead8/{”] U D[]_.___i 3 | +IN
017 Typ.
b 4 | -15VDC POWER
PACITOR (C
1A 5 | HOLD CAPACITOR (Cg)
PACKAGE 6 | OUTPLT
7 | +15VDC POWER
} 8 | TIMING CAPACITOR (C¢)
______ BOTTOM
VIEW

NOTE: All leads gold plated KOVAR
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SPECIFICATIONS, AM-490-2
(Typical at 26°C, +15V supplies and Cp =Cg=0.14F, Cgc = .0015uF unless etherwise noted)

TECHNICAL NOTES

INPUT CHARACTERISTICS

Common Mode Voltage Range . ........ +10V min.
Maximum Diff. Input Voltage, no damage . . . +Vs
Input Impedance, diff. or com. mode . . ... 100 megohms
Input Capacitance . .. ......0vc000.. 10pF
Input:BiasiCurrent’ . ..v ¢ 5e & s stue o s 150pA
Input OffsetCurrent . . . .. .......... 50pA
Input Offset Voltage . . . ............ +20uV
OUTPUT CHARACTERISTICS
Output'Voltage ... v s s w95 swwsmms s +10V min.
Output Current, S.C. protected . . .. .. ... +7mA min.
Dutput'Resistance . . . ¢ w5 & e a6 s s 200 ohms
Stable Capacitive Load . . . ... ........ 1000pF
PERFORMANCE
DC Open Loop Gain, 2K load .. ....... 5x 10°
Common Mode Rejection, DC, 5V . ... .. 120 dB min.
Warm-UpTime :u: iwss v iom damss 200 msec.
DRIFT AND NOISE
Input Offset Voltage Drift, uV/°C max. 1.0 0.3 0.1
Input Offset CurrentDrift . ... ....... +1pA/“C
Input Voltage Noise, .01to 10 Hz ... .. .. 13uV P-P
Input Voltage Noise, 10 Hz to 10 kHz . . . . . 33uV RMS
Input Current Noise, .01 to 10Hz .. ... .. 8pA RMS
Input Current Noise, 10 Hz to 10 kHz . . . . . 700pA RMS
Chopper Voltage Noise, RTI, 100K unbal. 200uV P-P
Power Supply Rejection . .. .......... 120 dB min.
Long TermStability . . ¢ « w s v wvs wpslaiels +5uV/year
DYNAMIC CHARACTERISTICS
Gain Bandwidth Product . . .......... 3 MHz
Rise Time, small signal, 10%-90%"' . . . . . .. 200 nsec.
SINRAE . 2 5 e e e o B e B 2.5V /usec.
Full Power Frequency . .. ........... 40 kHz
Overload Recovery Time . ........... 200 msec.
POWER REQUIREMENT
Voltage, rated performance . .. ........ +15VDC, +0.5V
Voltage, operating . . . ... .......... +12V to +20VDC?
Current, quiescent . . .. ............ 3.5mA typ., 5mA max.
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range . . .. ... .. 0°C to 70°C
Storage Temperature Range . . . . . ... ... -65°C to +150°C
Package, hermetically sealed . ... ...... TO-99
PRICE (1-9) " 577 wis aiimin s 6.0 1 5% Feas & G447 $29 $34 $39

1. Connected as voltage follower.

2. Input common mode range and output range are +7V to +15V.

ORDERING INFORMATION

PRICES (1-9)

1.0pV/°C max.
0.3uV/°C max.
0.1uV/°C max.

AM-490-2A
AM-490-2B
AM-490-2C

AM-490-CK1 CAPACITOR KIT

$29.00
$34.00
$39.00

$4.50

Consists of 3 miniature metallized polycarbonate capacitors for CA, Cg, and CC:

2ea. 0.1uF £10%
1 ea. .0015uF £10%

(.203""D x .438"'L)
(.156"'D x .438"'L)

THESE AMPLIFIERS ARE COVERED BY GSA CONTRACT

1. Three external capacitors are required for
operation of the AM-490-2. One of these,
C. (0015 uF) is used to set the timing
oscillator to give a chopper frequency of
750 Hz; the other two, C, and Cg (both
0.1uF), are used as holding capacitors for
the direct coupled internal sample-holds.
All three of these capacitors should have
good temperature stability, low leakage,
and low dielectric absorption. Polystyrene,
teflon or polycarbonate types are recom-
mended. As a convenience, the capacitors
are available as a kit of three miniature
metallized polycarbonate types; the
AM-490-CK1 capacitor kit is priced at
$4.50.

2. In most requirements the AM-490-2 elim-

inates the need for a zeroing adjustment.
Typical input offset voltage is only +20uV
while the maximum is only +80uV over
the operating temperature range. In cases
where zeroing is still necessary, however,
there are two methods shown in the
application diagrams. In the inverting
mode where the negative summing junc-
tion is at virtual ground, the zeroing can be
accomplished by injecting an offset current
into the summing junction by means of a
high value resistor connected to a potenti-
ometer. (See ‘‘Precision Integrator’ di-
agram). In all other cases, zeroing is accom-
plished by means of a voltage divider
connection to the positive input terminal.
(See "Differential Amplifier Connection’’).

3. The superior input offset voltage drift (1.0,

0.3 or 0.1uV/°C max.) and input offset
current drift (1pA/°C) of this amplifier
permit it, when properly applied, to re-
solve microvolt and picoampere level sig-
nals. To successfully amplify these very
low level signals, it is necessary to use great
care in circuit layout and assembly with
particular attention given to proper
grounding and shielding. Other potential
error sources include leakage, thermal envi-
ronment, and thermocouple effects.

4. The highest practical input impedance

which can be used with the AM-490-2 is
determined by the point where input
offset current drift and input offset voltage
drift produce equal errors. Thus:

A & AEos/AT
MAX = Alos/AT

Where RMAX is the maximum practicable
input resistance seen by either input termi-
nal of the amplifier. This comes out to 1
megohm for the A version, 300 kilohms
for the B version, and 100 kilohms for the
C version.

5. The amplifier input terminals are differen-

tial and symmetrical; for best results the

DATEL
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TECHNICAL NOTES (Cont'd.) OPERATION AND APPLICATIONS

BATTERY POWERED LOAD CELL AMPLIFIER FOR DISCONTINUOUS SERVICE
| LOWF
11

101K l

impedance to ground seen by each input
terminal should be equal. Matched imped- ==
ance (resistance and capacitance) as shown
in the application diagrams result in min-
imum output offset drift due to bias
currents and also minimum output chop-
per noise. Chopper noise appears as a
common mode input current signal, and
under balanced conditions of both resis-
tance and capacitance this noise can be
minimized to less than random noise at the
output.

6. The AM-490-2 is dynamically stable with
100% feedback (unity gain follower) and
1000pF capacitive load. In very high
closed loop gain configurations (>70 dB), INPUT OFFSET CURRENT AND CHOPPER NOISE CONSIDERATIONS
it may become desirable to put a capacitor
in parallel with the feedback resistor for
better stability. This should be done to
yield a gain-bandwidth product of 2MHz
(RC=80 usec.) to insure absolute stability.
In general, the closed loop bandwidth
should be limited to that necessary to pass
the required signal frequency components
only; this results in minimum output noise.
Minimum bandwidth should also be used
to eliminate small modulation effects of
input signal frequencies near the chopper
frequency (750 Hz).

Equr=100AE

oTo

'
= POWER INTERRUPT

For power interrupt applications the amplifier has a warm-up time of only 200 msec.

Ry
>—OEUU1:R'<E, Ej)
1

* gy 1g2)R2

Errors due to bias current and
chopper spike current are
minimized by making both
amplifier inputs look back into
equal impedances to ground.

7. Other features of these amplifiers include
an exceptionally high open loop gain of &
x 10%. For an output voltage swing of
+10V, this reduces the input error due to PRECISION INTEGRATOR
gain to only %20 nanovolts, Common BV
mode rejection is very high (120 dB min-
imum) at DC, but falls off rapidly with
frequency as shown in the graph under
Performance Parameters. CMR is typ-
ically greater than 100 dB at 10 Hz. For
best common mode rejection, therefore,
the signal frequency should be limited to
about 10 Hz. The noise performance of the
amplifier can be readily computed from
the two noise graphs shown under Perfor-
mance Parameters.

0 g R‘CJE‘N dt

This configuration shows zeroing
by use of a current into the
summing junction.

8. The AM-490-2 amplifiers draw a quiescent =
current of only 3.5mA typical and 5mA
maximum; the current is virtually constant
over the operating power supply range of
+12V to +20V. Bandwidth and slew rate
change only slightly over this range as
shown in the graph ““Normalized AC Pa-
rameters vs. Power Supply’’. For the +12V
to 20V supply range input common mode

voltage range and output voltage range 10K*
become 7V to +15V. The wide supply B O MW——
range together with the fast warm-up time O Egur = 100(E,-E;5)

of only 200 msec. make the AM-490-2 an sV
excellent amplifier for precision, low :
power, interrupted supply operation in
portable and remote instrumentation 50K
systems.

*For .01% match between

1 Meg. resistors and 10K
resistors, common mode

uF rejection ratio will be approx.
120 dB for this circuit.

15v

mL Capacitors C are used only to reduce bandwidth and hence output noise.
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OPEN LOOP FREQUENCY RESPONSE

Open Loop Voltage Gain dB
3

40

1 10 100 K 10K 100K ™ 108

Frequency (Hz)

CMRR (dB)

COMMON MODE REJECTION VS.
FREQUENCY (TYPICAL)

160

140

N

B

¥

60

10 10’ 10 10*

10°
Frequency (Hz)

NORMALIZED AC PARAMETERS VS. POWER SUPPLY

TYPICAL INPUT DRIFT
CHARACTERISTICS VS. TEMPERATURE
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Active Filters:
Resistor Tuned

GSA Special Item Nos. 66-31a and 66-31b

GAIN
- MODEL FREQUENCY (1) TYPE — ACCURACY (2

@ FLT-BP4B50Q5 .05-50 Hz 5
wg FLT-BP4B50Q10 .05-50 Hz 10
o FLT-BP4B500Q5 0.6-500 Hz Butterworth 5 +0.3dB
€9 FLT-BP4B500Q10 0.5-500 Hz 10
Sl FLT-BP4B20KQ5 20-20 kHz 5

o FLT-BP4B20KQ10 20-20 kHz 10
FLT-LP4B50 1-50 Hz s
FLT-LP4B500 10-500 Hz -

wa FLT-LP4B5K 100-5 kHz Butterworth S +.02dB
= g FLT-LP4B50K 1 k-50 kHz N
= 2 FLT-LP4L50 1-60 Hz ¥

= FLT-LP4L500 10-500 Hz =
FLT-LP4L5K 100-5 kHz Bl - Py
FLT-LP4L50K 1 k-50 kHz "

FLT-LP6B50 1-50 Hz %

FLT-LP5B500 10-500 Hz -
2 2 FLT-LP6B5K 100-5 kHz Butterworth T +.02dB
2 g FLT-LP6B50K 1 k-50 kHz .
* % FLT-LP6L50 1-50 Hz =

FLT-LP6L500 10-500 Hz -

o Bessel .02dB
FLT-LP6L5K 1005 kHz e - £
FLT-LP6L50K 1k-50 kHz -

NOTES:
(1) For Low Pass models the frequency range can be extended (2) For again of +1, using no external gain setting resistors.

another decade on the low frequency side with an increase by a
factor of 10 of voltage offset and drift.

~NDATEL

>~ 4 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461
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GENERAL SPECIFICATIONS FOR ALL FILTERS:
Accuracy of Center or Cutoff

Frequency ............. +3% (using 1% tuning resistors)
Input Voltage Range ........ 10V
Offset Voltage (adj. to zero) .. *2mV
Output Voltage Range . ...... 10V
Output Current DMEL
(S.C. prot. to ground) .... 2mA SYSTEMS,INC.
Output Impedance ......... 1 ohm
Temperature Range, Operating 0°C to 70°C
E
80KSE .o . o . < < e MS-12 ($5.00 each) ek
ACTIVE
TUNING RESISTOR FORMULA: FILTER
f :
R=2 [—‘f—’ = 1] FLT- CIEED
0 L
R is in kilohms
fo is center frequency for Band Pass models or cutoff frequency
for Low Pass models.
fo (max.) is the maximum specified frequency for the model
chosen.
INPUT FREQUENCY OFFSET POWER CASE PRICE
IMPEDANCE DRIFT DRIFT REQUIREMENT SIZE (1-9)
$109.00
2.0"x3.0"x0.99" $109.00
100K ohms +.03%/°C +20uV/°C $+15VDC @ 16mA Fllh ” $ 99.00
2.0"x3.0"X.605 $ 99.00
$109.00
$109.00
$ 79.00
¥, $ 79.00
100K ohms +.05%/°C +50uV/°C +15VDC @ 22mA 1.37"'X2.87"'X 0.99 $ 79.00
$ 79.00
$ 79.00
100K ohms +.05%/°C +50uV/°C £15VDC @ 22mA 1.37""X2.87"X0.99" 2 ;3-88
$ 79.00
2.0'X3.0'x0.99" $109.00
1.37"X 2.87'%0.99" $109.00
10° ohms +.06%/°C +75uV/C +15VDC @ 28mA 1.37"X 2.87"x 0.99" $109.00
1.37"X 2.87"%0.99" $109.00
2.0"x3.0"x0.99" $109.00
1.37'x2.87'x0.99" $109.00
10° ohms +.06%/°C +75uV/°C +15VDC @ 28mA 1.37"X2.87"X 0.99" $109.00
i 1.37"x2.87'x0.99" $109.00

THESE FILTERS ARE COVERED BY GSA CONTRACT

N DATEL

»- 1 SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 US.A,
TEL: (617) 828-8000

TWX: 710-348-0135 TELEX: 924461
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Universal Active Filter

1000 pF

100k

DESCRIPTION SPECIFICATIONS (Typical at 25°C, +15V supplies)

Datel Systems’ model FLT-U2 is a universal-type active filter
manufactured with hybrid technology. It uses the state variable
active filter principle implemented with three committed op

.001 to 200 kHz

Q BaNGO: «s wiw s s 05 5% 50 & sim sen Woe 4 HAae 0.1 to 1000
amps, resistors and capacitors, and a fourth uncommitted op
amp which can be used to provide summing, buffering, gain, or foAccuracy ... +5%
an additional pole. The filter provides 2 pole lowpass, highpass,
and bandpass functions simultaneously in addition to use in fo TOmPCo . v vvivnversernmavsinnnnss 100ppm/’C
phase correction and notch circuits. The filter is tuned by 4 VOItage Gain. « o oo vesveennenrsrennnns 0.1 to 1000
external resistors which set the gain, center frequency and Q of
the circuit. Output Voltage Range . . .. .. .ovvunnnn. +10V
The Q range is up to 1000 and resonant frequency range is up Output Voltage «......cccovnunnnn.. 10 mA
to 200 kHz. Resonant frequency accuracy is typically +5% and gt : ;
k d B Prod. v sivn wie o 3 MH
frequency stability is 100ppm/°C. The units are packaged in a Armplifier Gl Bandwidith Prod 5
16 pin double spaced ceramic DIP. Input Offset Voltage ................. +6 mV max.
Amp:: Voltage Gain « « s « s sie siws s mas 300,000
314 137 510 4
TO O? T ? Input Offset Current . ................ 200 nA max.
W InpUEBRASCURRENT .- ¢ v o8t visintolali 578 500 nA max.
d 10k 1000.0F i OUtpul Slew Rate oo s w6 siss s nsas s 1 V/usec.
Power Supply, rated. . . .......co0nunn 15 VDC
: Power Supply Range .........ccceueeun +5to 18 VDC
100k QuiTeSCENt CUFFEAT uv oo o v v 0 570t wislosatataiin 9 mA
Operating Temperature Range . ......... 0°Cto 70°C
) & & PACKAGE « v v e v ee e e e e e 16 pin double DIP
9 6 12
Prioe: (120 5 sim wins ws 96 o0 woa smn o 5500 4im $16.00
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DATEL

b SYSTEMS, INC. UNIVERSAL VOLTAGE TO FREQUENCY
10205 Tt S Bkt AND FREQUENCY TO VOLTAGE CONVERTER

TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

FEATURES

P Linearity to .005%

P Vor |l Input

» V/F or F/V Conversion

p 10kHz or 100kHz FS

p DTL/TTL or CMOS Output

GENERAL DESCRIPTION

The VFV series voltage to frequency
converters, with universal operating
characteristics, offers significant ad-

vantages over other available units.
e
These converters can be operated as Y18V GND. 216V AD.

either voltage to frequency or fre- @ @ @

quency to voltage converters by exter-

PWR ZERO

nal pin connection. In addition, volt- . > 11L©
3 IN el
age inputs of 0 to +10V or 0 to - 10V 4 10K
and current inputs of 0 to +1TmA or 0 In(26 VAN N DVour
i ;o SIG
to - TmA can be chosen by purn connec com. (&8 + +16V
tion. As an F/V converter either 0 to INV. (57 T
+10V or 0 to - 10V outputs can be OUD 10K CHARGE TIMING o) PULSE
" % FEEDBACK REFERENCE IN
chosen by pin connection. Qutput
pulses can be selected to be positive or + 10K il
. . ” a LOGIC
negative going, with DTL/TTL, CMQOS, Iin (30 B 19) Gy
or high level logic interfacing. The fle A by 47K
output is short circuit proof to com- 10K 2
mon or either supply voltage. The @ @ 14 @
result of these universal pin connect- GAIN GAIN GAIN PULSE LOGIC
able operating characteristics is wide POT. ADJ. POT. POLARITY SELECT
flexibility in applications.
There are two basic models in this
series, the VFV-10K and VFV-100K,
. MECHANICAL DIMENSIONS INPUT/OUTPUT CONNECTIONS
with 10kHz and 100kHz full scale INCHES (MM)
A - PIN FUNCTION
output frequencies respectively. Both el
models have a linear minimum over- (50, 8) 'l ; \P/SLLSTEA%EOuv
range capability of 10%. The linearity . 3 OMITTED i
- 7] %
holds down to zero input, resulting in SOk MG -376 (9, 5) : =
an extremely wide dynamic range of & u
. . ? . U~ 20 im0 pins U Ceerbitie : i
operation. The output pulses are con- ¥ . A —
stant width pulses of 70 usec. for the 0 PULSE OUT
»3-- e = = 1800 1 OMTTTED
VFV-10K and 7 wusec. for the VFV- . 2e 7 TOGIC SECECT
. . o [7sPAces 3 OMITTED
100K. Both models are internally . 0 |AT 100 5 o0 T i FOLAETES
- » ° o 4 =
trimmed to 1% accuracy with external . o [EACH (50 8) = ‘g‘c’fci?)‘cfsi
: . a 2 o v
offset and gain adjustments for precise 025 o 8o Y1100 :; OMITTED
calibration in a specific application. 024 VIEW ge | _ 900 g GAIN POTENTIOMETER
20 OMITTED
When used as an F/V converter, an e "2)3 7 SPACES 21 GAIN ADJUST
d 021 12e
external capacitor can be used to o ") :}IC:_‘OO 4 AN POTERTIONETER
t ripple ifi o 7 GMITTED
reduce output ripple to a specified . e e 2 i
level. 2% TVOLTAGE IN
27 INVERTED OUT
The modules are epoxy encapsulated i‘- ,{ 100 & VOLTAGE IN
in a compact 2 x 2 x .375 inch case Z SIGNAL COMMON
¢ : . : _ : NOTE: OPEN DOTS INDICATE OMITTED PINS. PIN POSITION -] e
with DIP compatible 0.100 inch pin TOLERANCE IS £0.005” FROM DATUM, NON- ACCUMULATIVE 5 G

WEIGHT: 1.80Z. (51 G)

spacing.
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SPECIFICATIONS

Typical at 25°C, +15V Supplies unless

X VFV-10K VFV-100K
otherwise noted
V/F CONVERTER INPUT
InputiVoltage’Bange? .. . o - s « wcin s oo o 0 to +10V *
0 to -10V *
Input Current Range. . . v ww v iaei o mw s o 0 to +1mA *
0to-1TmA *
Input Overrange, min. . . . . . . . ... ... 10% *
Input Impedance, voltage in . . .. ..... 10K ohms *
V/F CONVERTER OUTPUT
Frequency Range . . . .. ... ....... 0 to 10kHz 0 to 100kHz
Frequency Overrange, min. . . ... .... 10% *
PUISEWIEN <o oo s o ek D 70 usec 7 usec
Rise;and Fall Time, max.w: < s s s s o ws i s 200 nsec. *
PUISE POIARIE ry » o ivs o & Moo SUBEBEL' & 0 indl Pos. or Neg. *
SettlingTimeto .01% . . . . ... ...... 1 pulse of new freq. »
Overload Recovery. . . . . ... ... .... 1 pulse of new freq. *
Capacitive Loading, max. . . . . . ... ... 1000pF 100pF
Output Logic | Output
Code | Min. | Max. DTL/TTL or CMOS *
1 +2.4V | +15V
0 oV | +0.4Vv
Output Loading, S.C. protected . . . . . . . 12 TTL loads '
ACCURACY
Full Scale Error, pretrimmed, max. (adj.

ROZBOO) s 4 5 s 5w 5 s g w e +1% #
Noalinearity, maX. . 34 5533 cmsswi +.005% +.05%
Offset Voltage, max. (adj. to zero). . . . . . +10mV A
Temp. Coefficient of Gain max. . . . . . . . +20ppm/°C +100ppm/°C
Gain've: tME : 64 s 594 s wws sws d9s +100ppm/day £
Temp. Coefficient of Zero, max.. . . .. .. +30uV/°C ¥
Zero Driftvs. Time . .z « voiv avm s s +10uV/day *
Power Supply Sensitivity, max. . ... ... .002%/% .02%/%
Warm Up Time to Rated Accuracy . . . . . 1 minute 5 minutes

F/V CONVERTER SPECIFICATIONS
Input Pulses Input
Code | Min. | Max. Negative Going ¥
1 oV [+0.8V <1TTL Load *
0 +2.0V | +15V
Input Impedance, min. . . . . ... .. ... 30K ohms 4K ohms
Input PulseWidth . . . .. ... ....... 10 - 60 usec. 1 - 6 usec
Filter Time €onstant ;v /s « % s s w5 ¢ wx 0.5 msec. .025 msec
QUIPUEVORAGE .o - ¢ o ol s e e S s 5 m e 0to +10V *
0to-10V "
Output Impedance . . . ... ........ 0.1 ohm i
Output Current, S.C. protected . . .. . .. +5mA L4
POWER REQUIREMENT +15VDC@25mA *
quiescent
PHYSICAL-ENVIRONMENTAL
Operating Temperature Range. . . . . . . . 0°C to 70°C *

Storage Temperature Range
Relative Humidity, . . .. .. ... .....
1T T e ol ) R NS R SN 1

Welght c i ¢ ssis s # s s smaams s
Mating Sockets . @z s s cwms s wrs b

-55°C to +85°C

Up to 100% non. cond.

2% %2 % 378"

Black Diallyl Phthalate,
Epoxy Encapsulated

0.020" dia. round, gold
plated, .250"" min.

1.8 oz. (51 g.)

DILS-2, 2 ea.

*Specifications same as VFV-10K

TECHNICAL NOTES

V/F CONVERTER OPERATION

The V/F converter can be thought of as an A/D
converter with serial output pulses which must
be counted. The first applications diagram
shows the V/F converter used as A/D converter
by connecting the output to a digital counter
and register The digital counter is shown with a
one second counting time base and an output
register to store the output data while the V/F,
converter is making a conversion. The
VFV-10K has a resolution of 1 part in 10,000
using a 1 second time base. This is equivalent to
better than 13 bits binary resolution (1 part in
8,192). The nonlinearity of this model is 50
ppm maximum which is equivalent (50 ppm =
1/2 LSB) to a better than 13 bit binary
converter. With a gain temperature stability of
20 ppm/°C worst case, the VFV-10K is equiv-
alent to a very high quality A/D converter in its
performance.

The VFV-100K has a resolution of 1 part in
100,000 using a 1 second time base. This is
equivalent to better than 16 bits binary res-
olution (1 part in 65,536). The VFV-100K can
be used to give equivalent resolution to the
VFV-10K with only one tenth the time base, or
0.1 second for a resolution of 1 part in 10,000.
An important characteristic of both the
VFV-10K and VFV-100K is that their linearity
does not fall off near zero as with some other
converters. They are both linear right to zero,
and this resuits in a wide dynamic operating
range. In practice the lower limit of operation is
about 1 millivolt input due to adjustment ac-
curacy, long term stability, temperature drift,
etc. This results in 8 dynamic range of 10,000
to 1 of 80dB for both models.

As a V/F converter positive inputs are achieved
using inputs directly into the integrator (pins
26 or 31). For negative inputs the internal
inverting amplifier is connected ahead of the
integrator and the input is applied to pin 28 or
30. Using both the inverting amplifier inputs
and the integrator inputs it is possible to
algebraically add and subtract inputs for V/F
converter operation.

The output logic level can be set from O to
+15V by use of an external resistor connected
to pin 10 while pin 12 is left open. The output
voltage is determined by the resistor ratio with
the internal 10K ohm resistor as shown in the
Output Logic Connections diagram.

F/V CONVERTER OPERATION

For operation as an F/V converter negative
going input pulses must be used. The pulses
must go from a HI logic level of +2.0V to +15V
to a LO logic level of O to +0.8V. The pulse
widths must be between 10 and 60 usec for the
VFV-10K and 1 and 6 usec for the VFV-100K.
If these pulse widths are not available, then
input conditioning circuits must be used as
shown in the diagrams of Input Conditioning
for F/V Converter.

Output ripple of the F/V converter can be
made arbitrarily low by using an external
filtering capacitor. This also slows down the
output response time. As an F/V converter, a
positive output is taken directly from the
integrator output (pin1). For a negative output
voltage the internal inverting amplifier is used
after the integrator and the output is taken at
pin 27.
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CALIBRATION PROCEDURE

+15v

DATEL

AS F/V CONVERTER

15V

AS V/F CONVERTER
+15V
ZERO
ADJ
20KQ fo 32 1 o
2 O—:
an
PRECISION [ -15V
VOLTAGE » VEV-10K
OR
S = VFV- 100K COUNTER

(1 SEC
TIME BASE)

8
23 10
|0Kn%.——oz| 2o4+—
L o109 14 o+ ¥
GAIN BV

ADJ

V/F CONVERTER
1. Connect the unit as a V/F converter as shown above
with zero and gain trimming potentiometers.

2. Connect a precision dial-up voltage source to +Vin
(pin 26) and a digital counter and display set to a 1
second time base to PULSE OUT (pin 10) as shown.

3. Set the precision voltage source to +.010 volt and
adjust the zero trimming potentiometer to give an
output count of 10 for the VFV-10K or 100 for the
VFV-100K.

4. Set the precision voltage source to +10.000 volts and
adjust the gain trimming potentiometer to give an
output count of 10,000 for the VFV-10K or
100,000 for the VFV-100K.

The above procedure applies for a positive input
voltage V/F converter. For a negative input voltage,
connect pin 27 to pin 26 and use pin 28 as the input.

Trimming potentiometers are 100ppm/°C, 15 turn type, available from Datel Systems at $3.00 each.

2. Connect a 4-1/2 digit DVM to the Vout terminal (pin

4. Adjust the gain trimming potentiometer to give

]L 32 1 ovm
ZERO 3 2 04 44 DIGIT
ADJ 029
COUNTER PULSE
1026 VFV-10K (1SEC
ok BASE) GENERATOR
VFV-100K
023
10»({2%
o 21 NEGATIVE GOING
+019 PULSES:
GAIN

+5V to +15V
ADJ
ov-----

F/V CONVERTER

1. Connect the unit as an F/V converter as shown with
desired external filter capacitor and zero and gain
trimming potentiometers.

1). Connect the PULSE IN terminal (pin 2) to +15
volt supply, and adjust the zero trimming potenti-
ometer for 0.000 volts output.

3. Connect a pulse generator to PULSE IN (pin 2) and
set the generator to give +5 volt negative going pulses
50 usec wide for the VFV-10K or 5 usec wide for the
VFV-100K. Connect a digital counter to the pulse
generator output and set the pulse rate to exactly
10kHz for the VFV-10K or 100kHz for the
VFV-100K.

+10.000 volts output.

The above procedure applies for a positive output
voltage F/V converter. If negative output voltage is
desired, connect pin 1 to pin 28 and measure the
output at pin 27.

OUTPUT LOGIC CONNECTIONS

OUTPUT PULSE PROGRAMMING

S— LOGIC PULSE
== —Vour 15 R xr PULSE PULSE SELECT | POLARITY
e € ﬁ Roxr v 10K TYPE ouTPUT PIN12) | (PIN 14)
EXT
+15Vv P 5
il I + -
A V_  OPEN CIRCUIT OUTPUT OSITIVE GOING M GND +18V
PULSE TS 5V PULSES |
TIMING 4 2~ N 0 (BTN
| REFERENCE <
J Y e = i Z
10K + -y
> | | NEGATIVE GOING = GND OPEN
PULSE o 5V PULSES
LDG\L L_J L 0
ourpuw
2 . +15 ‘
2 Rext POSITIVE GOING
OPEN 15V
< 15V PULSES }
L 0 -
PULSE ) LOGIC = pale
1) 15V 12
POLARITY SELECT ?gEOZ;Z}NOgG:pUT *+15 i
/ NEGATIVE GOING .
« OPEN LOGIC LEVELS OTHER 15V PULSES OPEN OPEN
OPEN © at. THAN +5V or +15V 0
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DATEL

VFV OPERATING MODES

V/F CONVERTER, +V or +I INPUT V/F CONVERTER, -V OR -1 INPUT
10 -y O 10 10+
+,y 0——1031 el W7 L =0 204
-Vin 0—1028
“+V,y 0——1-026 L 027
o2
PULSE PULSE
—=0 O—+——0
Cly ouT ouT
F/V CONVERTER, +V OUT F/V CONVERTER, -V OUT

Csxﬂ_ 4 CEXT_L

l 31 10 0 *Vour [ 31 10
20—oOPULSE o5 2 0+—o0 PULSE
026 IN - IN
Vout© 0 27
028
OUTPUT RIPPLE FOR F/V CONVERTER INPUT CONDITIONING FOR F/V CONVERTER
VFV- 10K NOTE: FOR VFV-10K C = .02uF
FOR VFV- 100K C = .002uF
C- 04 INTERNA
o EE = SBPOINTS ALL RESISTORS SHOWN ARE FOR VFV-10K.
e C- 0.14F (TOTAL) FOR VFV-100K DIVIDE ALL VALUES BY 10.
&
z
% T C- 1uF (TOTAL) 1
< i it
& r : WIDE PULSE L o ;
S I OR SQUARE H CONVERTER © Vour
¥ oy i WAVE INPUT
;-‘ 10mV p————m :
k. B <.
10 00 T — INPUT CONDITIONING CIRCUIT FOR WIDE PULSE OR
INPUT PULSE RATE SQUARE WAVE
VFV-100K
- 70092.} INTERNAL) 308 POINTS .
w C - 014F (TOTAL { +15V +15V
g whbe—o— | \
&
5 ' SINE WAVE OR 4
£ ; e TRIANGULAR 10K 24k
2 € - 0.1uF (TOTAL) | WAVE c
< 100mV —— — | 2 F/V 1 v
= T, CONVERTER © Vour
F o
e ! 9 d
z | N = ol S 2 5.1K
b i =
S C = 1.0uF (TOTAL) | \ L i
10mv f— " 1 — =
= = =
L : \\\
i "
| S INPUT CONDITIONING CIRCUIT FOR SINE WAVE, TRIANGULAR WAVE,
S T O . S AND OTHER ZERO CROSSING WAVEFORMS
100 1K 10K 100K
INPUT PULSE RATE
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LINEARITY NEAR ZERO INPUT, VFV-10K and VFV-100K NORMALIZED STEP RESPONSE, F/V CONVERTER
VFV
-10K  -100K
30—[‘300
: w
o ] e e
£ 201200 =
o )
w >
3 5 7= 10(.047+C¢ y7) MSEC (VFV-10K)
= é 05 7= 10(.0022+C¢ yy) MSEC (VFV-100K)
E 104100
3 /,/ Cexr IN MICROFARADS
-
R i ‘ | e e e S S
-10mV 0 10mV 20mV 30mV TIME CONSTANTS, 7
INPUT VOLTAGE (OFFSET ZEROED)
APPLICATIONS
A/D CONVERTER USING V/F CONVERTER RATIOMETRIC MEASUREMENT
PULSE RATE
. e A 1
vo—2  cowventen 2 COuATER '—@ Vi 2 couvemeen. [ CIETLSJ:LTAE\:‘ ouTPuT CouNT - 2
QUTPUT
REGISTER l’“}
Va = comysgren = D?\‘/GII;AELV
PARALLEL DIGITAL L &

QUTPUT

FREQUENCY DIFFERENCE MEASUREMENT

31
1 Cext
f, 2 FIV 1
CONVERTER
26
1
TaRISE V/F 10 e
1% 3,,| CONVERTER [ ©h-fh
2 PULSE
ouTt
28
2 FIV 1
10—  CONVERTER
31

INTERFACING WITH 4 TO 20 MA
INDUSTRIAL TRANSDUCER

425V
REF
10
+—o 31
o 2001
i o028
4-20MA 1 027 VFV-10K
TRANSDUCER ©26 R VFV-100K T
6650 100———o PULSE
5 out
o—T
= uT &

|

+16V

DATEL
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APPLICATIONS (cont'd)

SIGNAL ISOLATION FOR HIGH COMMON MODE REMOTE INSTRUMENTATION
VOLTAGE SIGNAL

TWO WIRE

REMOTE LOCATION
CABLE OR COAX

W
&

. °
8 . 4 +15V BN e =) [
BRIDGE CONVERTER (
gl ; $: | LOCTICAL ¢ — TRANSDUCER COM ™ gom 1510008 GNp| | SuRLY
COMMON —— [ SOLATORf — o} B [ 15V o e UPM 5/1000
i
Moot 2| P N b | \ W = ==
mvuv«»-{——w Hj " ! i et (,.14 =
SIGNAL | ~
] ! \ LONVERTER m ¥,,?‘IA/ = f oo
| - & v [Baa8
! N RECONSTRUCTED =T COUNTER/

I e i I AMPLIFIER
This remote instrumentation technique utilizes a two-wire

LR
| ~—7L DC power line for transmitting data back to the counter
HIGH =
6 and display
COMMON MODE VOLTAGE

: |
‘ | | \ \ —=] CONVERTER [—°SIGNAL = T St =
|
| - y (
i ISOLATED | [ J g
! POWER SUPPLY | =t
L |__eeee) iy INSTRUMENTATION

HIGH NOISE IMMUNITY DATA TRANSMISSION ANALOG SIGNAL INTEGRATION

DIFFERENTIAL DIFFERENTIAL

LINE DRIVER LINE RECEIVER ’—;'
™ COUNTER/ 26 VIF l1o N

26 - 10 &

AM:200 WF DISPLAY fio | cONVERTER
— TWISTED L I
S| |

PAIR CABLE

OUTPUT COUNT
N = [f{tidt

COUNTER/
DISPLAY

INSTRUMENTATION  V/F CONVERTER
AMPLIFIER

TOTALIZE

MULTI-CHANNEL DATA TRANSMISSION AND READOUT

b, PRICES (1-9)
CH:NNEL
T VFV-10K (0 to 10 kHz) $49.00
4

5 COUNTER/DISPLAY
VFV-100K (0 to 100 kHz) $69.00

ORDERING INFORMATION

Mating Socket: DILS-2, 2 required at $5.00 per pair

Trimming Potentiometers: TP10K, TP20K, $3.00 each (1-9)

DATEL
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DATEL
SYSTEMS, INC.

1020G Turnpike Street, Building S
Canton, Massachusetts 02021 U.S.A.

TEL: (617) 828-8000
TWX: 710-348-0135 TELEX: 924461

Modular Data
Acquisition Systems

[~
ol
—
v
=
s
L5
o
-T

See inside back cover for DATEL sales

offices

Vol 3/153

GOLD BOOK 76/77



Modular Data

Acquisition Systems

DAS-16 DAS-8D

0 0 0 0
No. Channels 16 8
Input Type Single Ended Differential
Input Voltage Ranges, Unipolar 0 to +5, +10V 0to +5, +10V
Input Voltage Ranges, Bipolar 2.5, 5, £10V +2.5, £5, 10V
Input Impedance 100 Meg. 100 Meg.
Channel Addressing 4 Bit Code 3 Bit Code
Address Logic Compatibility BTL/TTE DTELTTL
Resolution 12 Bits 12 Bits
Nonlinearity, max. 1/2 LSB 1/2 LSB
Differential Nonlinearity, max. 1/2 LSB 1/2 LSB
Max. Error at maximum throughput | .025% .025%
Temp. Coefficient, max. 30 ppm/°C 30 ppm/oC
No Missing Codes 0to 70°C 0to 70°C
Throughput Rate, max. 50 kHz 50 kHz
Acquisition Time 12 usec. 12 usec.
Conversion Time 8 usec. 8 usec.
Aperture Time 50 nsec. 50 nsec.
Output Coding Bin, 2C Bin, 2C
Power Requirement +15V, +b6V 16V, 45V
Package Size, inches 46 x25x0.375 4.6 x2.5 x0.375
Operating Temp. Range 0to70°C 0to 70°C
Price (1-9) $295.00 $295.00

Vol 3/154
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DESCRIPTION

This comprehensive line of modular data acquisition systems navae A A |MDAS-16 N DATE!

» 5 bt s STEMS.INC
gives the user a range of choices from a miniature low cost 8 or T —— — ;
16 channel system, a 16 channel high speed system, to an 8 or
16 channel low power CMOS system.

MDAS-16, MDAS-8D: These new models are only 4.6 x 2.5 x
0.375 inches in size and cost $295. Features are 5 programmed
input ranges, 16 single-ended or 8 differential channels, 12 bit
resolution, and 50kHz throughput rate. These models represent
the best price-performance combination available.

DAS-250: This model, soon to be available, offers 16 channel
capability at 250 kHz throughput rate. Resolution is 12 bits
and the unit offers 0 to +10V or 5V single-ended input
ranges. Package size is 5.0 x 4.5 x 1.5 inches.

DAS-16-LP12B, DAS-8D-LP12B: These two CMOS systems
are low power units specifically for battery operated portable
and remote data acquisition requirements. Both units operate
from a single +12V to +15V power supply. The package is a
6.5 x 4.5 inch circuit card.

B.COMING SOON g

ANALOG DATA,

16 CHANNELS
75 kHZ RATE

TRESTATE

QUTPUT DATA L

TO MICRO COMPUTER BUS
12 BIT RESOLUTION

DAS-250 DAS-16-LP12B DAS-8D-LP12B
High Speed Low Power CMOS Low Power CMOS
16 16 8

Single Ended Single Ended Differential
0to +10V 0 to +5, +10V 0to +5, +10V
5V 15, £10V 15, £10V

100 Meg. 1000 Meg. 1000 Meg.

4 Bit Code 4 Bit Code 3 Bit Code
DTL/YTE CMOS CMOS

12 Bits 12 Bits 12 Bits

1/2 LSB 1/2 LSB 1/2 LSB

1/2 LSB 1/2 LSB 1/2 LSB
.025% .05% .05%

40 ppm/°C 150 ppm/°C 150 ppm/°C
0to 70°C 0o 70°C 0to70°C

250 kHz 2.2 kHz 2.2 kHz

2 usec. 150 usec. 150 usec.

2 usec. 310 usec. 310 usec.

20 nsec. 100 nsec. 100 nsec.

Bin, 2C Bin, 2C Bin, 2C

+15V, +5V +12 to +15V +12 to +15V
5.0x45x 1.5 65x4.5x1.0 6.5x4.5x1.0
0to 70°C 0to 70°C 0 to 70°C
$595.00 $495.00 $545.00
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N DATEL
Szerzeahaiv LOW POWER 16 CHANNEL

DATA ACQUISITION SYSTEM
Canton, Massachusetts 02021 U.S.A.
TEL: (617) 828-8000
MODEL DAS-16-LP

TWX: 710-348-0135 TELEX: 924461

FEATURES

LESS THAN 120 MICROWATTS STANDBY POWER
LESS THAN 200 MILLIWATTS OPERATING POWER

» 16 Analog Input Channels
(8 Channel Differential Optional)
P 12 Bit Output Resolution

P Transfer Accuracy of +0.05% of FS L gyrga\gggGRAMMER
P 100 Nanosecond Aperture Time o BMEL
i SYSTEMS, INC.
P 2.2 KHz System Throughput Word Rate - scL @ETEIEND
) LOW POWER
GENERAL DESCRIPTION —= A/D CONVERTER
- DATEL.
The DAS-16-LP is a low power 16-channel (or il sts”i’ma ING
8 channel differential) data acquisition system .- 16 CHANNEL LOW POWER
complete with an analog multiplexer, a high - 7 MULTIPLEXER SAMPLE/HOLD
performance sample and hold amplifier, a high -
accuracy 12 bit analog-to-digital converter, o D Anc'm

plus all the necessary control logic for both sim- QD
random and sequential channel selection — all
mounted on a 4% by 6% inch PC board.

The remarkable feature of the DAS-16-LP
however is its low power consumption of less
than 200 milliwatts while operating, and only
120 microwatts in stand-by. A unique power
supply operating from +12 to +15 volts
generates bipolar power to the analog section
only when a conversion is in process, thus ORDERING INFORMATION
providing power savings during standby. In
addition, the system can be operated contin- MODEL NUMBER DAS — X e
uously from a bipolar power source.

Since the DAS-16-LP can be powered from a | J
12 volt battery for long periods of time, it
easily lends itself to remote applications. As |
such, the DAS-16-LP is an ideal acquisition
system for gathering oceanographic, meteoro- NUMBER OF OUTPUT DATA
logical, seismological, pollution or general CHANNELS FORMAT
environmental data. The system’s computer
compatible interface also makes it ideal for
laboratory or industrial control use.

MM scaiss

1= STRAIGHT BINARY

o 8D-LP-12B= (UNIPOLAR)
The 16 single-ended input channels (or 8 8 DIFFERENTIAL

channel differential) can accept either 0 to +5 2 = OFFSET BINARY
volt or 5 volt full scale signals with 12 volt

-UPs = IPOLAR
power and when 15 volt power is provided, 16-LP-128 £ BEQ :
either 0 to +10 volt or £10 volt full scale 1G/SINGLE-ENDED
signals can be accepted in addition. System

3=2's COMPLEMENT

transfer accuracy is 0.05% of full scale, +1/2 | (BIPOLAR)
LSB, with a linearity of *1/2 LSB and a | -

temperature coefficient of 1560 ppm/°C. Dy-

namically, the input data acquisition time is

150 microseconds and the aperture time of

the sample and hold amplifier is less than 100 FULL SCALE
nanoseconds. Data conversion is completed in ANALOG INPUT

less than 460 microseconds therefore the

system throughput rate is 2.2 KHz.

The control logic-included with the DAS- 2

16-LP provides for input command storage A=1010:#3Y)

using the device select and strobe inputs to B Qo0

enable the other input commands. As such, C= i5v

the input commands are only required to be D= #10v

true during the strobe period thus allowing for

party line or computer bus operation. Besides

providing random access to the input chan-

nels, an internal counter allows sequential

addressing and a frame sync output indicates PRICE (SINGLE QUANTITY)
when the counter is at channel one. Short 16 CHANNELS . ........... $495.00
cycle inputs and outputs are also provided so 8 DIFF. CHANNELS........ $545.00
the counter can be preset to jump back to CONNECTOR (3VH36/1JN-5). $ 3.95

channel one from any channel.

Vol 3/156 See inside back cover for DATEL sales offices Electronic Design’s



>4 SYSTEMS, INC. MINIATURE MODULAR
bt DATA ACQUISTION SYSTEM

TWX: 710-348-0135 TELEX: 924461

MODELS MDAS-16, MDAS-8D

FEATURES

» 16 Channels Single Ended
or 8 Channels Differential

12 Bits Resolution

50 kHz Throughput Rate
Tri-State Outputs

Low Cost -

Miniature Size

vVVvyVvyyvYyYYy

DESCRIPTION

The MDAS-16 and MDAS-8D data ac-
quisition modules are complete, self-
contained systems featuring 16 channel
single ended or 8 channel differential
operation respectively. Resolution is 12
bits and throughput rate is 50 kHz. Qut-
put data is buffered tri-state for interfac-
ing to mini or micro-computer data buses.
Output data can be transferred in three
4 bit bytes. Output coding is straight
binary for unipolar operation and offset
binary or two's complement for bipolar
operation.

@
[l
E- B
2
ot

5=
29
£0
NZ
R <
om
O3
83
2

The 4.6 x 2.5 x 0.375 inch size of these
modules is V2 inch narrower than other
competitive models. The small size and

low cost are made possible by extensive MECHANICAL DIMENSIONS - INCHES (MM)
use of hybrid and monolithic circuits to

reduce parts count and increase reliabil- T 36T *

ity. Both models use Datel Systems’ new -'- l-

ADC-HZ12BGC 12 bit hybrid A/D con- f::::::::::::::::::::::::::::::::::iJ" 0.375 (9,5)

verter along with a monolithic sample-

- 35 SPACE
hold and analog multiplexer. 18 /}4_—_ A? Smocgf ‘—-{ 368 f

WHEN MOUNTING TO CIRCUIT
The MDAS-16 and MDAS-8D feature a BOARD ALLOW THIS CLEARANCE

high degree of user flexibility with pin- IN ORDER TO SEPARATE MODULE
programmable input ranges of O to +5V, "‘_1249?»‘.}"7;503)"* ________ 1__‘_//__F_R92A_R'_GHT ANGLE CONNECTOR
0 to +10V, +2.5V, 5V, and +10V. The
systems may be operated in either ran- T

dom or sequential channel addressing na -
modes. For applications where lower GAIN ADJ.  OFFSET ADJ /

than 12 bit resolution can be used, the S aLL SHNTERNAC) s
A/D converter can be short-cycled to HOLE FOR MOUNTING 450G
achieve a faster conversion rate. Output (63.5)
data is also available in serial form with o

a gated clock output. (54,0

The modules are housed in a shielded _é_
steel case. Input-output connections are

made by means of a 72-pin connector. | =1 450
The number of channels may be ex- v iy 465 (106.7)
panded by 32 for the MDAS-16 or by 16 [~ (116.8)
for the MDAS-8D by use of the multi-
plexer expander modules MDXP-32, and
MDXP-32-1.

e—— 200

5
A
.
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SPECIFICATIONS, MDAS-16 & MDAS-8D

(Typical at 25°C, +15V and +5V supplies unless otherwise indicated)

ANALOG INPUTS DIGITAL INPUTS
Number of Channels ....... 16 Single Ended (MDAS-16) Enable®®ess .0 0. s, Three separate inputs which enable
8 Differential (MDAS-8D) tri-state outputs in 4 bit bytes.
Input Voltage Ranges 1 TTL load
unipolar ................. 0 to +5V O to +10V Mux Address In ... .. .. 3 bit (MDAS-8D) or 4 bit
DIPOIAT «oscocicsssnipaenn +2.5V, 15V, +10V (MDAS-16) binary address
Common Mode Range, min. +10V 1 LS TTL load
Max. Input Voltage, SO ooviiisiiiiiniag 1 LS TTL load with 10K pull-up
no damage .............. +15V resistor
Input Impedance .......... 100 megohms A/D Trigger ........... 1 LS TTL load with 10K pull-up
Input Bias Current ......... 3nA, 10nA max. O to 70°C resistor
Input Capacitance A/D Trigger 1 LS TTL Load
OFF channel ............. 10 pF Mux Enable ...... .... 1 TTL load with 10K pull-up
ON channel ............. 100pF resistor
Count Enable. . . .. ... 1 LS TTL load with 10K pull-up
resistor
Load Enable ..... .. ... 1 LS TTL load with 10K pull-up
resistor
Clear Enable ...... ... .. 1 LS TTL load with 10K pull-up
ACCURACY % resistor
4 ’ MSBAIN ... i550000.- 1 TTL load
ROSOIURION - . .v.itins b ossaais 12 Bits
Error, max. 50 kHz sampling +.025% of FSR Short Cycle ceo...... 1 TTL load with 10K pull-up
Nonlinearity, max. ......... +% LSB resistor
Diff. Nonlinearity, max. .... 1% LSB
GBI Emor= o ... S Adj. to zero
OHsot Evtar .....0.05ns s, Adj. to zero
Temp. Coeff. of Gain, max.  +30ppm/°C
Temp. Coeff. of Offset, max. +7ppm/°C of FS o ST S
Diff. Linearity Tempco, max. +3ppm/°C of FS
Common Mode Rejec., min. 70 dB at 1 kHz
Monotonicity .............. 0°C to 70°C POWER REQUIREMENT .. +15VDC +0.5V@65mA
Power Supply Rejection ... .01%/% Supply -15VDC +0.5V @ 60 mA

+5VDC +0.25V @ 200mA

DYNAMIC CHARACTERISTICS PHYSICAL ENVIRONMENTAL

Throgqh_put Bate, IBXs ieie s 50 kHz Operating Temp. Range .... 0°C to 70°C

Acqunsntllon T:|me ......... 12 usec. Storage Temperature Range 225°C to +85°C
Conversion Time ......... 8 usec. Package Size ... .. ... . 4.6x25x0.375 inches
Aperture Time, max. ...... 50 nsec. (116,8 x 63,5 x 9,5 mm)
Sample-Hold Droop, max. .. 50 uV/msec. Package Type .............. Steel, shielded on 5 sides
Feedthrough, max......... 01% Weight . ; 6 oz (170 g)

Channel Crosstalk (Mux.)... -80 dB at 1 kHz

NOTES: 1. All outputs are Vout( O ) =+0.4V, Vout( ‘17) =+2.4V

DIGITAL OUTPUTS 2. All inputs are Vin ("0 +0.8V, Vin (“1") =+2.0V
Parallel Data Out .. .. 12 parallel lines of buffered tri e —————— —
state output data
Drives 12 TTL loads
Codmgs 1. el RS Straightbinary, offsetbinary, and ORDERING INFORMATION
two's complement p (1-9)
Serial Qut ... ... .. .. QOutput data in MSB first, NRZ rice\1-
format. Straightbinary and offset MDAS-16 $295.00
binary coding. MDAS-8D $295.00
Miix Address Out g;'f\;gfeg th.pll?tagfsaddress Included with each module is a mating right-angle 72 pin
= register connector.
Drives 20 TTL loads Trimming Potentiometers: TP 20K $3.00 each.
Delay Out ........... Drives 5 TTL loads ; 3
Clock Qut ............ Drives 5 TTL loads Multiplexer expander modules are also available. The
EOC (Status) ......... Drives 4 TTL loads MDXP-32 adds 32 single ended or 16 differential channels
MSBOuUt .........ivuns Drives 5 TTL loads with control logic. Price is $199.00. The MDXP-32-1 is
MSBOut ............ Drives 5 TTL loads identical but without control logic. Price is $179.00.

Consult factory for delivery.
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BLOCK DIAGRAM MDAS-16, MDAS-8D
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MULTIPLEXER FIER SHM-1C-1 A/D
CONVERTER
MX-1606. ADC-HZ12BGC
MXD-807
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DELAY — MUX
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O 24T MSB IN

O 29T BIT 1
O 298 BIT 2
O 30T BIT 3

O 14T ENABLE
O 31TBIT 5 }

O 30B BIT 4
O 31B BIT 6
O 15B ENABLE

O 32T BIT 7
O 33T BIT 9
O 338 BIT 10
O 34T BIT 11

O 32B BIT 8
O 34B BIT 12
0 17T ENABLE

——0 278 EOC

[—0 23B MSB OUT
————©0 288 MSB OUT

TRI-STATE OUTPUT DATA
(BUFFERED)

18T SERIAL OUT
268 CLOCK OUT
—————————0 2BT.SHTCYCLE

PIN CONNECTIONS for MDAS-16

+15VDC

Analog Gnd.
Ch.0lIn

Ch.11In

Ch. 21In

Ch. 3In

Ch.41In

Ch.51n

Ch. 61In

Ch.7In
Amplifier In Hi
Range 1 Select
Sample Hold Out
Enable (Bits 1-4 Out)
Bipolar Offset
Ext. Offset Adjust
Enable (Bits 9-12)
Serial Out

8 Out -‘ Mux

4 Out JAddress

? 8:;1 Lines
Delay Out

MSB In (TTL)
Strobe

A/D Trigger
A/D Trigger
Short Cycle

Bit 1 Qut* (MSB)
Bit 3 Out*

Bit 5 Out*

Bit 7 Out*

Bit 9 Out*

Bit 11 Qut*
Digital Gnd.
+5VDC

16T
177
18T
19T
20T
21T
227
237
247
25T
26T
277
28T
29T
30T
317
32T
33T
347
35T
36T

*Tri-State Outputs

Bottom
1B
2B
3B
4B
5B
6B
78
8B
9B

10B
11B
12B
13B
14B
15B
16B
178
18B
19B
20B
21B
22B
23B
24B
25B
26B
27B
28B
29B
308
31B
32B
33B
34B
358
36B

-15vDC

Analog Gnd.

Ch. 8In

Ch. 9in

Ch.101In

Ch.111In

Ch.121In

Ch. 13 1In

Ch. 14 In

Ch. 15 1In

Amplifier In Lo
Range 2 Select
Amplifier Out
Sum.Junc.(Bipolar Off.)
Enable (Bits 5-8 Out)
Ext. Gain Adjust
Mux Enable

Count Enable

81In .‘ Mux

41n jAddvess

% :: Lines

MSB Out (TTL)
Load Enable
Clear Enable
Clock Out
EOC (status)
MSB Out (TTL)
Bit 2 Out*

Bit 4 Out*

Bit 6 Out*

Bit 8 Out*

Bit 10 Qut*
Bit 12 Out* (LSB)
Digital Gnd.
+5VDC

PIN CONNECTIONS for MDAS-8D

+15vDC

Analog Gnd.

Ch. OHiln

Ch. 1 Hiln

Ch. 2 Hiln

Ch. 3Hiln

Ch. 4 Hiln

Ch. 5 Hiln

Ch. 6 HiIn

Ch. 7HilIn
Amplifier In Hi
Range 1 Select
Sample Hold Out
Enable (Bits 1-4 Out)
Bipolar Offset
Ext. Offset Adjust
Enable (Bits 9-12 Out)
Serial Out

8 Out Mux

4 Out Address
2 OQut Lines

1 Out

Delay Out
MSB In (TTL)
Strobe

A/D Trigger
A/D Trigger
Short Cycle

Bit 1 Out* (MSB)
Bit 3 Out*

Bit 5 Out*

Bit 7 Out*

Bit 9 Out*

Bit 11 Out*
Digital Gnd.
+5VDC

Top
1T
27
3T
47
5T
6T
il
8T
9T

10T

19T

127

13T

147

15T

16T

177

18T

197

20T

29T

227

23T

247

25T

26T

277

28T

297

30T

31T
32T
33T

347

35T

36T

Bottom
1B
2B
3B
4B
5B
6B
78
8B
9B

10B
11B
128
138
148
158
16B
178
18B
19B
208
21B
22B
23B
24B
25B
26B
278
28B
298B
308
31B
328
33B
34B
358
368

-15vDC
Analog Gnd.
Ch.OLolIn
Ch.1Loln
Ch.2 LolIn
Ch. 3 LoIn
Ch.4 LolIn
Ch.5 Lo In
Ch.6Loln
Ch.7 Lo In
Amplifier In Lo
Range 2 Select
Amplifier Out

‘Sum.Junc.(Bipolar Off!)

Enable (Bits 5-8 Out)
Ext. Gain Adjust
Mux Enable

Count Enable

81In 7 mMux

41n Address

12an Lines

MSB Out (TTL)

Load Enable
ear Enable

Clock Out

EOC (status)

MSB Out (TTL)

Bit 2 Out*

Bit 4 Out*

Bit 6 Out*

Bit 8 Out*

Bit 10 Out*

Bit 12 Out* (LSB)

Digital Gnd.

+5VDC

*Tri-State Outputs
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TABLE | DESCRIPTION OF CONTROL PIN FUNCTIONS

FUNCTION PIN DESCRIPTION

Amplifier In Lo 11B Analog monitoring point for MDAS-8D. For the MDAS-16 this pin must be
grounded.

Amplifier InHi 1T Analog monitoring point.

Range 2 Select 12B These pins program analog input voltage range. See Table Il

Range 1 Select 127

Amplifier Qut 13B Analog monitoring point.

Sample Hold Out 13T Analog monitoring point.

Summing Junction 14B Used to program analog input voltage range and bipolar offset. See Table Il

Enable 14T Input LO enables tri-state outputs for bits 1-4. Input HI inhibits outputs.

Enable 15B Input LO enables tri-state outputs for bits 5-8. Input HI inhibits outputs.

Bipolar Offset 15T Connects to 14B for bipolar operation and to analog ground for unipolar
operation. See Table Il

Ext. Gain Adjust 16B Used to adjust out gain error. Operates independently of the internal
adjustment. See External Adjustments diagram.

Ext. Offset Adjust 16T Used to adjust out offset error. Operates independently of the internal
adjustment. See External Adjustments diagram.

Mux Enable 17B Input HI enables analog multiplexer. Input LO inhibits analog multiplexer.

Enable 17T Input LO enables tri-state outputs for bits 9-12. Input HI inhibits outputs.

Count Enable 18B Input HI enables Mux Address Register. Input LO inhibits Mux address
Register.

Mux Address In 19B, 20B, Digital inputs for channel address selection in random addressing mode.

21B, 22B Straight binary coding. See Table IlI

Mux Address Out 19T, 20T, Straight binary coded output of Mux Address Register.

21T, 22T

MSB Out 23B Bit 1 TTL output of A/D converter. Connect to pin 24T for straight binary
or offset binary output coding.

Delay Output 23T An output delay pulse set for 12usec. to allow for multiplexer and am-
plifier settling time and sample hold acquisition time. This pin is nor-
mally connected to A/D Trigger (pin 27T) to initiate A/D conversion.

Load Enable 24B Input HI for sequential addressing. Input LO for random addressing.

MSB In 24T Bit 1 input to tri-state output buffers. Connect to either pin 23B (MSB Out)
or pin 28B (MSB Out).

Clear Enable 25B Input LO and a negative transition on pin 25T resets Mux address counter
to zero.

Strobe 25T Negative input transition initiates channel scanning sequence in sequential
mode or a conversion in the random mode. A Schmidt trigger input adds
hysteresis for good noise rejection.

Clock Output 26B A/D converter clock pulses for synchronization of serial data. Negative
going pulses of approximately 100 nsec. duration.

A/D Trigger 26T A positive logic transition on this input initiates A/D conversion.

EOC (status) 27B End of conversion (status) output. Output HI during conversion and LO
when conversion is complete.

A/D Trigger 27T A negative logic transition on this input initiates A/D conversion. This pin
is normally connected to pin 23T (Delay Output).

MSB Out 288 Complemented bit 1 TTL output of A/D converter. Connect to pin 24T for
two’s complement output coding.

Short Cycle 28T For 12 bit resolution connect this pin to ground. To short cycle A/D
converter for lower resolution, connect this pin to output bit n + 1 for a
resolution of n bits. Short cycling of the A/D converter can only be done
with the Enable inputs (pins 14T, 15B and 17T) LO.
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CONNECTION DIAGRAMS AND TABLES

TABLE Il INPUT RANGE SELECTION TABLE IV
THROUGHPUT RATES VS. NO. BITS FOR
CONNECT THESE PINS TOGETHER SHORT-CYCLED A/D CONVERTER
INPUT RANGE 1 RANGE 2 BIPOLAR OFF.
RANGE PIN 12T | PIN 12B PIN 15T THROUGHPUT
0TO +5V 138 13T 2B OR 2T NO. BITS RATE
07O +10V 2B OR 2T 137 2B OR 2T 12 50 kHz
+2.5V 138 137 14B 10 53 kHz
+ 5V 2B OR 2T 137 148 8 57 kHz
+10V 2B OR 2T OPEN 148 3 67 kHz
TABLE 1ll MUX
CHANNEL ADDRESSING
e— MUX ADDRESS—H g
PIN w
198 | 208 [ 21B | 22B 178 =
<
8 4 2 1 MUX 2T
ENAB. Q0
X X X X 0 NONE
0 0 0 0 1 0
0 0 0 1 1 1
0 0 1 0 1 2
0 0 1 1 1 3
0 1 0 0 1 4
0 1 0 1 1 5
0 1 1 0 1 6 MDAS-8D
0 1 1 1 1 7 (3 BIT ADDRESS)
1 0 0 0 1 8
1 0 0 1 1 9
1 0 1 0 1 10
1 0 1 1 1 11
1 1 0 0 1 12
1 1 0 1 1 13
1 1 1 0 1 14 MDAS-16
1 1 1 1 1 15 (4 BIT ADDRESS)
TABLE V
CALIBRATION TABLE
UNIPOLAR RANGE | ADJUST. | INPUT VOLTAGE =) +15VDC
ZERO +0.6 mV GAIN
BTQABY GAIN +4.9982V ADJ
20K
ZERO +1.2 mV 168
g GAIN +9.9963V
BIPOLAR RANGE 16T > 20K
OFFSET
OFFSET -2.4994V ADJ
iid GAIN +2.4982V o
i OFFSET -4.9988V e SR
GAIN +4.9963V
+10V OFFSET -9.9976V FIG. 1 EXTERNAL ADJUSTMENTS
GAIN +9.9927V
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SET-UP AND CALIBRATION INSTRUCTIONS

. Select input voltage range desired and connect pins 12B,
12T, and 15T in accordance with Table II. If the
MDAS-16 is used, ground pin 11B. Ground all analog
channel inputs which are not to be used. Leave pin
17B open.

. Determine resolution to be used. For full 12 bits, ground
pin 28T. For lower resolution requirements, connect pin
28T to bit output n + 1 for n bit resolution. For example:
for 8 bit resolution connect pin 28T to pin 33T (Bit 9 Out).
To operate the A/D converter in this short cycled mode,
the Enable inputs (pins 14T, 15B, and 17T) must be
connected to ground thereby enabling the tri-state outputs.
For 12 bit resolution the tri-state outputs can be either
enabled or disabled. .

. Select the output coding desired. For straight binary
(unipolar) or offset binary (bipolar) connect pin 23B
(MSB Qut) to pin 24T (MSB In). For two’s complement
(bipolar) connect pin 28B (MSB Out) to pin 24T.

. Select desired multiplexer mode. Connect pin 23T (Delay
Out) to pin 27T (A/D Trigger).

A Free Running Sequential Addressing

Connect pin 27B (EOC) to pin 25T (Strobe). Leave
pins 24B (Load Enable) and 25B (Clear Enable)
open. Sequencing is initiated by a positive logic
transition applied to pin 26T (A/D Trigger). Pin 26T
must remain HI during free running sequential
addressing. Sequencing is stopped by a LO applied
to pin 26T.

B.Triggered Sequential Addressing

Leave pins 24B (Load Enable) and 25B (Clear Enable)
open. Apply a falling edge trigger to pin 25T
(Strobe). The negative transition of the strobe will
cause the contents of the address counter to be
incremented by one.

C.Random Addressing

Ground pin 24B (Load Enable). Leave pin 25B
(Clear Enable) open. Each negative transition
applied to pin 25T (Strobe) will cause the data at
pins 19B, 20B, 21B and 22B (Mux Address In) to be
loaded into the Address Register. Address inputs
must be stable for at least 300 nsec. after negative
transition of Strobe.

5. Calibration Procedure

A. Offset and gain adjustments may be made either
internally or externally. Self-contained trimming
potentiometers are provided for the internal
adjustments. For external adjustment, 20K
trimming potentiometers must be used with pins
16B and 16T. Connect as shown in Figure 1.

B. Connect power supplies to the module and a
precision voltage source to pin 3T (Chan O In).

If the MDAS-8D is used, connect pin 3B (Chan O LO)
to analog ground. Ground pin 25B (Clear Enable)
and momentarily short pin 25T (Strobe) to ground.
Use an oscilloscope to monitor the serial output code
at pin 18T. Trigger the A/D converter with 50kHz
positive going pulses applied to pin 26T (A/D Trigger).

C. Adjust the precision voltage source to the value
shown in the Calibration Table for the unipolar zero
adjustment (zero + 2 LSB) or the bipolar offset
adjustment (-FS + 2 LSB). Adjust the offset trimming
potentiometer so that the output code flickers equally
between 0000 0000 0000 and 0000 0000 0001.

D. Change the output of the precision voltage source to
the value shown in the Calibration Table for the
unipolar or bipolar gain adjustment (+FS - 12 LSB).
Adjust the gain trimming potentiometer so that the
output flickers equally between 1111 1111 1110
and 131Y 11171 11119

MDAS-16, MDAS-8D TIMING DIAGRAM Output Code: 010101010101

STROBE
DELAY
T
A ?)urmc ~— 12 uSEC. —

MUX )\
ADDRESS |
ouT

EOC

8 9 101112

8 USEC. —lL
cLock |
out |
! \;2&34 > & F 16 1Y gar 43
SERIAL | teir|eim|em|eir|em | e |8 |8 |8 |8iT|Bim (8T
out | 1] 2 a|5]|6 |7
|
'
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pOWER SUPPLY
100-5/500
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Single Output Line Operated
Power Modules

SPECIFICATIONS, 25°C UPM-5/500 UPM-5/1000 UPM-5/1000B UPM-5/2000 UPM-5/4000
Output Voltage 5VDC 5VDC 5VDC 5VDC 5VDC 5VDC
Output Voltage Accuracy 1% *1% +1% +2% +1% *1%

Rated Output Current 250mA 500mA 1.0A 1.0A 2.0A 4.0A

Line Regulation, max. .05% 05% .05% 0.25% .05% .05%

Load Regulation, max. 0.1% 0.1% 0.1% 0.25% 0.1% 0.1%

Temp. Coefficient, max. .02%/°C .02%/°C .02%/°C .02%/°C .02%/°C .02%/°C
Output Ripple, RMS max. imV 1imV imV mV imV 2mV

Output Impedance, max. 0502 050 .01Q .01Q .0050 .005Q)
Trans. Recovery Time, max. 50 usec. 50 usec. 50 usec. 50 usec. 50 usec. 50 usec.
Isolation Resistance, min. 100 Meg. 100 Meg. 100 Meg. 100 Meg. 100 Meg. 100 Meg.
Isolation Capacitance, max. 250pF 250pF 250pF 250pF 250pF 250pF
Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC
Operating Temp. Range —25°C to +71°C (No Derating)

Storage Temp. Range —25°C to +85°C

Case Material Phenolic Phenolic Phenolic Phenolic Phenolic Phenolic
Module Size, inches 3.5X2.5X.875 3.5X2.5X.875 3.5X2.5X1.25 3.56X2.56X1.25 3.6X2.5X1.56 3.5X2.5X1.56

Module Size, millimeters

88,9X63,5X22,2

88,9X63,5X22,2

88,9X63,5X31,8

88,9X63,5X31,8

88,9X63,5X39,6

88,9X63,5X39,6

Module Weight 14 0z.(397g) 14 0z.(397g) 18 0z.(510g) 18 o0z. (510g) 24 0z.(680g) 24 0z.(680g)
Case/Pin Configuration C1 C1 c2 Cc2 C3 C3
Other Versions EJ(1) EJ (1) EJ EJ EJ EJ
Mating Socket MS-7 MS-7 MS-7 MS-7 MS-7 MS-7
Price (1-9) $39.00 $49.00 $69.00 $49.00 $79.00 $99.00
Note:
1. For “E" version module size is C2 (3.5X2.5X1.25 inches, 18 oz.)
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S srsten DESCRIPTION

This line of single output, voltage regulated DC
power supplies features six 5 volt output models
with output currents from 250mA to 4 amperes. In
addition, there are 4 other models with 6V to 15V
outputs. All outputs have current limiting short cir-
cuit protection. Temperature coefficients are
.02%/°C and output ripple voltage is 1 to 2 milli-
volts RMS.

029%/°C 029/°C 102%/°C 02%/°C Model UPM-5/4000 is a special high current, high
i R e T " ¥ o efficiency supply in a compact C3 case size. Full

UPM-6/150A UPM-9/100A UPM-12/100A

s ik i i load efficiency of 65% is achieved by a high per-
05Q 0.10 0.10Q 0.1Q formance switching regulator.
_ SOmsecc . oOpsech o WoOusec. ., ~ SOpsec. = INPUT VOLTAGE SPECIFICATIONS
100 Meg. 100 Meg 100 Meg. 100 Meg. Standard input specification: 115VAC £10%
s e e P - g — @ 60 Hz
_ %P0oF L  2%0pF . 2800F L WP . Eversion: 220VAC £10% @ 50-80 Hz
1500VAC 1500VAC 1500VAC 1500VAC J version: 100VAC =10% @ 50-60 Hz
—259C to +71°C (No Derating) There is no extra charge for E and J versions. When

ordering, add E or J suffix after model number.
Note that in some instances the module size is

Phenolic Phienoiic Phenolic Phenolic larger for the E version. MS-7 sockets are $3.50
S N T = R e o each.

—25°C to +85°C

3.56X2.5X.875 3.5X2.5X.875 3.6X2.5X.875  3.5X2.5X.875

88,9X63,5X 22,2 88,9X63,5X 222 88,9X63,5X22,2 889X63,5X222

14 0z. (397g) 14 oz, (3979) 14 02.(397g) 14 02.(397g) THESE POWER SUPPLIES ARE COVERED
e e e T BY GSA CONTRACT

C1 C1 C1 C1

EJ(1) CEdy - EJENED L L - MEQIOY L
MS-7 MS-7 MS-7 MS-7 P
$39.00 $39.00 $49.00 $49.00
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Dual Output,Line Operated
Power Modules

SPECIFICATIONS, 25°C BPM-5/250 BPM-5/500 BPM-12/60 BPM-12/100 BPM-12/200 BPM-12/300
Output Voltage +5VDC _ *5VDC +12VDC *12vbC +=12VDC +12VDC
Output Voltage Accuracy == [ 4 11% = 1% *1% +1% = |8

Rated Output Current +£250mA +500mA +=60mA +=100mA +200mA +300mA
Line Regulation, max. 05% 05% .02% .02% 02% .02%

Load Regulation, max. *>7071% 770 1% 05% .05% .05% .05%

Temp. Coefficient, max. OZ‘%L’OC 702%/%’__ 02%/°C .02%/°C 02%/°C .02%/°C
Output Ripple, RMS max. imV imV 2mV 2mV 2mV 2mV

Output Impedance, max. 050 0302 0.2Q) 0.1Q .05Q .05Q

Trans. Recovery Time, max. 50 usec. 775_07}1.58(3. 50 usec. 50 usec. 50 usec. 50 usec.
Isolation Resistance, min. Meg 100 Meg. 100 Meg. 100 Meg. 100 Meg. 100 Meg.
Isolation Capacitance, max. 250pF 72509F 250pF 250pF 250pF 250pF
Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC
Operating Temp. Range —25°C to +71°C (No Derating)

Storage Temp. Range —25°C to +85°C

Case Material Phenolic Phenolic Phenolic Phenolic Phenolic Phenolic
Module Size, inches 3.6X2.5X.875 3.56X2.5X1.25 3.56X2.5X.875 3.56X2.5X.875 3.56X2.56X1.25 3.56X2.5X1.56

Module Size, millimeters

88,9X63,5X22,2

88,9X63,5X31,8

88,9X63,5X22,2

88,9X63,56X22,2

88,9X63,5X31,8

88,9X63,5X39,6

Module Weight 14 0z.(3979) 18 0z.(510g) 14 0z.(3979) 14 0z. (3979g) 18 0z.(510g) 24 0z.(680g)
Case/Pin Configuration C1 Cc2 C1 C1 Cc2 C3
Other Versions EJ(1) E.J(2) EJ(1) EJ(1) EJ EJ
Mating Socket MS-7 MS-7 MS-7 MS-7 MS-7 MS-7
Price (1-9) $69.00 $79.00 $39.00 $49.00 §59.00 $79.00
Notes:
(1) For "E" version module size is C2 (3.5X2.5X1.25 inches, 18 0z.)
(2) For "E" version module size is C3 (3.5X2.5X1.56.inches, 24 oz.)
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BPM-15/60 BPM-15/100 BPM-15/200 BPM-15/300

*15VDC +15VDC +15VDC =15VDC
+19 Tl +1% +1% 1%
+60mA +100mA +200mA +300mA
.02% 02% .02% .02% B
.05% .05% .05% .05%
.02%/°C .02%/°C .02%/°C .02%/°C
2mV 2mV 2mV 2mV
0.2Q 0.1Q 05Q 030
50 usec. 50 usec. 50 usec. 50 usec
100 Meg. 100 Meg. 100 Meg. 100 Meg
250pF 250pF 250pF 250pF
1500VAC 1500VAC 1500VAC 1500VAC
—25°C to +71°C (No Derating)
—25°C to +85°C
Phenolic Phenolic Phenolic Phenolic

3.56X2.5X.875 3.5X2.5X.875

3.5X2.5X1.25 3.5X2.5X1.56

88,9X63,56X,22,2 88,9X63,5X,22,2

88,9X63,5X31,8 89X63,5X39,6

DESCRIPTION

This broad line of dual output, voltage regulated
DC power supplies features 10 different models
with a wide choice of output voltages and currents.
Output voltages are =5, £12, and =15VDC with
*+1% accuracy. Rated output currents range from
+60 to =500mAwith output short circuit protection.

Temperature coefficient is .02% per degree Centi-
grade and output ripple voltage is 1 to 2 millivolts
RMS. These rugged, encapsulated modules are
useful for powering a wide variety of devices in-
cluding linear IC's, op amps, data converters, and
other analog circuits.

INPUT VOLTAGE SPECIFICATIONS

Standard input specification: 115VAC £10%
@ 60Hz.

E version: 220VAC =10% @ 50-60Hz.
J version: 100VAC £10% @ 50-60Hz.

There is no extra charge for E and J versions. When
ordering, add E or J suffix after model number.
Note that in some instances the module size is
larger for the E version. MS-7 sockets are $3.50
each.

THESE POWER SUPPLIES

1A%z DO el Iv RE(00LEL. | 189269100k » 15584 §2.10800) ARE COVERED BY GSA CONTRACT
C1 C1 C2 C3
EJ (1) EJ(1) EJ EJ .
MS-7 MS-7 MS-7 MS-7
$39.00 $49.00 $59.00 $79.00
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Triple Output Modules

These power modules are specially designed for
operation with data conversion and other circuits
where both a dual analog supply and a 5V logic
supply are required. Using a triple output supply to
power these circuits can be more economical than
using two separate equivalent supplies.

INPUT VOLTAGE SPECIFICATIONS

Standard input specification: 115VAC =10%
@ 60 Hz

E version: 220VAC =10% @ 50-60 Hz

J version: 100VAC £10% @ 50-60 Hz

Mating MS-13 sockets are $3.50 each

SPECIFICATIONS, 25°C

TPM-12/100-5/500

TPM-15/100-5/500

Output Voltages = 12VDC/5VDC +15VDC/5VDC .
Output Voltage Accuracy +19% +1%
Rated Output Current +100mA/500mA +£100mA/500mA

Line Regulation, max.

.02% / .05%

02% / .05%

Load Regulation, max.

.05%/0.1%

05% /0.1%

_'I’e_n_ip_erature quﬂicient, max. 02%/°C 1 02%/°C
Output Ripple, RMS max. 2mV/1mV 2mV/1mV
Output Impedance, max. 0.1/.05 ohm e 0.1/.05 ohm
Transient Recovery Time, max. 50usec. 50usec.
Isol_a_tion Resistance, min. y » 100 Meg. 100 Meg.
Isolation Capacitance, max. " add ) 250pF 250pF
Breakdown Voltage, min. 1500VAC 1500VAC

Operating Temp. Range

—25°C to +71°C (No Derating)

Storage Temp. Range

—25°C to +85°C

Case Material

Phenolic

Phenolic

Module Size, inches

3.5X2.5X1.56

3.5X2.5X1.56

Module Size, millimeters

88,9X63,5X39,6

88,9X63,5X39,6

Module Weight 24 0z. (681g) 24 0z. (681g)
Case/Pin Configuration E3 E3
Other Versions E.J EJ
Mating Socket MS-13 MS-13
Price (1-9) $67.00 $67.00
THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT
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Chassis Mounting Modules

This line of popular power supplies has input-output

connections made to a terminal strip on top of the
modules. These supplies are useful in applications
where it is impractical or undesirable to use printed
circuit cards or sockets. For simple mounting to a
metal chassis, screw inserts are provided on the

bottom of the modules.

INPUT VOLTAGE SPECIFICATIONS pOWER SUPPLY
Standard Input Specification: 115VAC +=10% scw- BT

@ 60 Hz

E version: 220VAC =10% @ 50-60 Hz
J version: 100VAC £10% @ 50-60 Hz

SPECIFICATIONS. 25°C

DUAL OUTPUT

UCM-5/1000 UCM-5/2000 BCM-15/100 BCM-15/200 BCM-15/300
Output Voltage e T i;Si\/RC\V =— 5VDCi o +15VDC +15VDC +15VDC S
Output Voltage Accuracy +1% ,,7,7i1% . 77t1% oy ‘7¥'{l% 7:1% -
Rated Output Current 1.0A 2.0A 100mA 200mA 300mA
Line Regulation, max. .05% .= ¥O5%, e ol 703%7“ - 072%7 7.027% ey
Load Regulation, max. e 70117%7 el J 1& 7‘.(&% 7Oi% I+ 770% =
Temperature Coefficient, max. _02%/eC  .02%/°C  .02%/°C  .02%/°C ~02%/°C
Output Ripple, RMS max. imV imV 2mV 2mV 2mV
Output Impedance, max. 77012 o 77‘00\507\ " 07197 770570 s 70570 Lol s
Transient Recovery Time, max. 50usec. jpuisec; = 759£52 e Soiuseci 775ousec.
Isolation Resistance, min. = 71%!\/'2-77 -~ 1(10 Meg. = 7100 Meg. [ s 710707'\/‘99 ~ 100Meg.
7Isolation Capg@?ﬁe,ﬂaL " 250pF . 725@{ _ QEOPF = 72@1 ESQBF -
Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC 1500VAC 1500VAC
Operating Temp. Range e *725f91i+1007(N@er78tm£1 e BT it
Storage Temp. Range ~252C 10::£kB52C
Case Materia_l‘i‘ me Phenolic P@QIE e 7PEQOJC7 ~_ Phenolic rnPh(inoIﬁic -
Module Size, inches 73.?@1;2'5 ‘38(2.5X1 56 3.6X2.5X.875 3 5X2.5X1725 3.56X2.5X1.56 e

Module Size, millimeters

88,9X63,5X31,8 88,9X63,5X39,6 88,9X63,5X22,2 88,9X63,5X31,8 88,9X63,5X39,6

Module Weight 18 0z.(510g) 243{@(277, 1192.(3979) 18 oz (51709) 24*027@(7))‘
Case/Pin Configuration D2 D3 D1 D2 D3
Other Versions Ed E.J . B4y EJ EJ °
Price (1-9) $69.00 $79.00 $54.00 $64.00 §79.00
Note:

1. For "E" version module size is D2 (3.5X2.5X1.25 inches, 18 0z.)
THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT
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Miniature Power Modules

MINIATURE POWER MODULES

These miniature line operated, regulated power sup-
plies are ideal for applications where space is at a
premium, and yet power supply performance cannot be

compromised. The two models offered in this series
have outputs of 5VDC at 350mA and *=15VDC at
+60mA. Performance specifications include voltage
accuracy of £1%, temperature coefficient of .005%/°C,
and isolation resistance of 100 megohms with only

100pF capacitive coupling.

INPUT VOLTAGE SPECIFICATIONS

Standard input specification: 115VAC =10% @ 60Hz.

J version: 100VAC =10% @ 50-60Hz.

There is no extra charge for the J version. When order-
ing add J suffix after the model number.

SPECIFICATIONS. 25°C UPM-5/350 BPM-15/60A

Output Voltage - i =y ELVD7C7 e L ES@C 8 . e -
- Do Aecuey . . 5 e BT .. | PR,

Rated Output Current 350mA +*60mA
7Line Regula@i max. 057%7 e O% =
SlosiBeguioneme®e. . %06 . e s

Temperature Coefficient, max. 005%/°C 005%/°C

Output Ripple, RMS max. 2mV imV
_OutputImpedance, max. sohm  01sohm
_Transient Recovery Time, max. ek el o BORSRG . W) e
Bl s i i L TR S * 2 o . 1 PR ... ... o

Isolation Capacitance, max. 100pF 100pF

Breakdown Voltage, min. 300VAC 300VAC

Operating Temp. Range

Storage Temp. Range

—55°C to +85°

—25°C 1 +71°C (Mo Deratinig)

C

Case Material

Module Size, inches

Module Size, millimeters

Diallyl Phthalate

2x2x.432

50,8x50,8x11,0

Diallyl Phthalate

_ oexas2

50,8x50,8x11,0

_ Module Weight L e 2O0Z G . o 2S0ZTTBM . e
Case/Pin Configuration G1 G1

JOimtVeewens, . . . A et 0 L T o abee pgd
Mating Socket - AL Bt DILS-1, DILS-2 - DILS-1, DILS-2 by
Price $69.00 $69.00

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT
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HighVoltage Modules

This series of dual high voltage supplies is specially
designed for use with high voltage operational
amplifiers such as Datel Systems AM-300 series.
The 3 supplies in this series offer output voltages
of £120, =150, and =180 volts with excellent
regulation, stability, and low output ripple.

INPUT VOLTAGE SPECIFICATIONS

Standard input specification: 115VAC =10%
@60 Hz

E version: 220VAC =10% @ 50-60 Hz

J version: 100VAC =10% @ 50-60 Hz

Mating MS-7 sockets are $3.50 each

SYSTEMS.INC

DoATEL

POWER SUPPLY

SPECIFICATIONS. 25°C BPM-120/25 : BPM-150/20
Output Voltage ~ #120vDC = +150VDC i =180VDC
SOUVORAGE RS o s Ber . . =1 . E1%
Rated Output Current 25mA 20mA 16mA
_Line Regulation,max. ~~  .05% 05% 05%
~ Load Regulation,max. ~ 01% i , 0.1% 0.1%
,,E"?pej‘“,“ﬁ??!fiﬂin?ﬂ‘;,i i S H025%/°C 02%/°C 02%/°C
Output Ripple, RMS max. 10mV 10mV 10mV
Q}xftputﬂpedirr\ce, max. g et 5 50ohms ~ 5ohms =l ~ 5ohms
_ Transient Recovery Time, max. ] ~ 50usec. i 50usec 50usec
lioilatioiniﬂesirsitancci Tin.i e B " LOO Mgg. = . 109 Me% . 1007r\/leg.
jolgﬁﬂci!ficita!ﬁg. max. B 27570pF 2599}: 250pF
Breakdown Voltage, min. 1500VAC 1500VAC 1500VAC
*Opgriliin_g_[gyp.ﬂfng_eih . g } . 25:C to +71°C (No Derating)
Storage Temp. Range —25°C to +85°C
~ Case Material Phenolic Phenolic Phenolic
Vﬂdule SJ?@‘?"?L g M, st~ - 3.5x2.5x1.56 3.5%2.5%1.56 3.5x2.5x1.56
: Mgdqle Sifzerﬂmeiterisr L L 78778A9x63,5x39,6 88,9x63,5x39,6 88,9x63,5x39.6
MﬁogulgiwggAmW WAy 2 %4 oz @819 ) 24 0z. (681g.) 5 24 0z. (681g.)
Case/Pin Configuration C3 C3 €3
~ Other Versions A R = EJ E.J
7Matin97$oql(eil = =N .. ;- i MS-? B MS-7 MS-7
Price (1-9) $79.00 $79.00 $79.00

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT
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VP Series: High Power,
Line Operated Supplies

MP SERIES: SUPPLIES FROM
DATEL SYSTEMS ARE BETTER
IN 12 WAYS

1. No output derating over 0°C to 65°C operation.
Twice as much power available at 65°C compared
with open frame type supplies.

2. No derating for 50 Hz operation. Open frame type
supplies have 109 derating for 50 Hz operation.

3. Overvoltalge protection on 5 volt outputs is standard.
This is optional on most open frame type supplies.

4. Barrier strip connector for input and output connec-
tions. Open frame type supplies require soldering
connectionsdirectly to transformer and circuit board.

5. Aluminum cover protects power supply circuitry.
Open frame type supplies have no cover.

6. High efficiency (40-50%) series regulated design.
Open frame type supplies have efficiencies as low
as 25%.

1 Rugged, four-sided anodized aluminum chassis has
3 different mounting positions.

8. Output current limiting protects supplies from short
circuit or overload conditions.

9. Remote sensing with open lead protection is a
standard feature.

10. No turn-on or turn-off overshoot for protection of
your circuits.

11. Dual output supplies are tracking for best perform-
ance of your circuits.

12. Low prices start at $38.00 for 5V at 3 amps.

CHECK THESE
RELIABILITY FEATURES:

“]( Hermetically sealed series pass transistor with case
temperature rise limited to 50°C.

\*/ Computer grade 85°C aluminum electrolytic capac-
itors with conservative rating

[‘7{ Custom designed integral heat sink with conservative
thermal design for cool operation.

L\’( Layer wound, polyester impregnated transformer
with integral Faraday shield

W/ Single sided circuit board with wide conductor runs
for best reliability

CV{ All heat generating components directly connected
to heat sink

f\/ Low loss transformer and circuit technique to mini-
mize internal power dissipation

\/ 4 hour burn-in at full load and 65°C before shipment

Vol 3/172
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GENERAL SPECIFICATIONS COMMON
TO ALL MODELS

Input Voltage. ................... 115/230VAC =10%

Line Frequency. . «s s sas s« e 50-60 Hz

Output Voltage Adjustment........ 5%

Output Ripple. .. ................ 1mV RMS, max.
3mV P-P typ.

Transient Response.............. 50 usec. max.

Current Limiting or
Foldback Limiting

Output Protection

Overvoltage Protection, 5V outputs..6.2V =59,

Voltage Stability, after warmup. .. .. +0.25%, 24 hours
Dual Output Tracking. ............. 05%. 0.1% over
temp. range

Operating Temperature Range. . . .. 020 71°C

Storage Temperature Range. . . ... -25°C to +85°C

DESCRIPTION

The MP Series high power, line operated supplies are
new entries in the field of low cost, open frame type sup-
plies. Although priced competitively with the open frame
units, The MP Series offers significant advantage in per-
formance and design features. The 16 models in this
series offer popular single, dual, and triple outputs for
use with data conversion devices, operational amplifiers,
and other analog and digital circuits. Output power capa-
bility ranges from 15 Watts to 105 Watts and prices are
from $38 to $149.

The unique feature of the MP Series over open frame
type supplies is its conservative thermal design which
results in full rated output over 0°C to 65°C ambient
temperature and only 15% derating at 71°C. This re-
sults in approximately twice the output power at 65°C
compared with open frame supplies. The careful atten-
tion to thermal design is evidenced by use of conserva-
tively rated components including 85°C computer grade
aluminum electrolytic capacitors, integral heat sink and
chassis design, and a high efficiency linear regulator de-
sign. The power transformer is a low loss type with no
derating for 50 Hz operation. It is layer wound with poly-
ester impregnation, and incorporates a Faraday shield
which is connected to chassis ground. Power supply ef-
ficiency is 50% for =12V and =15V outputs and 409% for
5V outputs.

Other significant features include output current limit-
ing protection, .05% tracking of dual outputs, barrier strip
terminal connector, ventilating protective cover, remote
sensing with open lead protection, and =59% output volt-
age adjustment by means of externally accessible trim-
ming potentiometers. In addition, all 5V outputs have
built-in overvoltage protection as a standard feature.

GOLD BOOK 76/77
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MP Series: High Power,
Line Operated Supplies

OUTPUT VOLTAGE

& CURRENT (0 to 65°C)

OUTPUT I
AT 71°C’

LINE REG.
(MAX.)?

LOAD REG.
(MAX.)?

TEMPCO
(TYPICAL)

RIPPLE
(RMS MAX.)*

SINGLE OUTPUT

01%/°C

MPSBI3. . SVE3OA e ik Gk o R “imy. ‘
MPs66 = s5v@60A  50A  01%  01%  .01%°C TRy
_MPs5/12 = 5V@120A ___ 100A 0%k T 0% 0 wOIRe - W AeVEa
MPS-5/18 5V @ 18.0A 15.0A 0.1% 0.1% 01%/°C 1mV
DUALOUTPUT " e T} - e et RS L
_MPD-121  *12ve1oA 085A OS5k 0 05% @ Owk/fCT dmV ¢ 7
_MPD151 = *15Ve1oA 0000 08  05%  05%  O1%°C  AmV
_MPD-1215 *12ve@i1sA . 1eA 00 05% 4056 B ROIACRIN Sy
_MPD-15/16 =~ *15"@15A 2 125A = 08%  O5%  Oi%°C = imv
_MPD12/3 =~ *12v@30A LROA U8k, v o008 | LOIKCC. imV
MPD-15/3 +15V @ 3.0A 2 5A 05% 05% 01%/°C 1mV
ERMLEQUERSY . - o 0 el et oty o - PR RE S
MPT-12/15/3 ~  =*12Vv@1A/sV@3A 085/25A  05/01%  05/01%  .01%/°C imv.
MPT-15/1-5/3  *15V@1A/sV@3A 085/25A  .05/01%  05/01%  .01%/°C  1mV
_MPT-12/165/6  *12ve15A/sVe6A  1.25/50A  05/01%  05/01%  O01%°C  1mv.
MPT-15/165/6  =*15V@15A/5V@6A  1.25/50A  05/0.1%  05/01%  O01%°C  mv
,,“.”PT‘12/1'5'5/12 +12V @ 15A/5V @ 12A  1.25/100A  05/01%  .05/0.1%  0O1%°C 1mV
MPT-15/1.5-5/12 +15V @ 1.5V /5V @ 12A 1.25/10.0A 05/0.1% 05/0.1% 01%/°C 1mV
NOTES 1. 15% derating from 65°C output. 3. No load to full load 5. 0.1% tracking over operating temp. range

2. For £10% line change

4. Typically 3mV peak to peak

Vol 3/174
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EFFICIENCY TRACKING REMOTE OVER-VOLT. CASE SIZE WEIGHT PRICE
(NOM. LINE) (DUALS)® SENSING PROTECTION (HXWXL, INCHES/CM) (LBS./KG) (1-9)

40% = YES YES 2.0X4.6X7.6 / 50,8X116,8X193,0 36/1,6 $ 38.00
40% = YES YES 4.9X5.3X10.3 / 12,4X13,5X26,2 6.5/2,9 $ 56.00
40% — YES YES 4.9X5.3X11.9 /12,4X13,5X30,2 10.4/4,7 $ 88.00
40% = YES YES 4.9X5.3X11.9 /12,4X13,56X30,2 14.0/6,3 $ 99.00
50% .05% YES NO 2.5X4.9X10.0/ 6,4X12,4X25,4 5.0/2,3 $ 54.00
50% .05% YES NO 2.5X4.9X10.0 / 6,4X12,4X25 4 5.0/2,3 $ 54.00
50% .05% YES NO 3.7X5.3X10.3 / 9,4X13,5X26,2 6.5/2,9 $ 65.00
50% .05% YES NO 3.7X5.3X10.3 / 9,4X13,5X26,2 6.5/2,9 $ 65.00
50% .05% YES NO 4.9X5.3X10.3 /12,4X13,5X26,2 10.5/4,8 $ 95.00
50% .05% YES NO 4.9X5.3X10.3 / 12,4X13,56X26,2 10.5/4,8 $ 95.00
45% .05% 5V ONLY 5V ONLY 3.4X4.9X11.0/ 8,6X12,4X27,9 11.0/5,0 $ 85.00
45% .05% 5V ONLY 5V ONLY 3.4X4.9X11.0/ 8,6X12,4X27,9 11.0/5,0 $ 85.00
45% .05% 5V ONLY 5V ONLY 4.9X5.3X14.0 / 12,4X13,5X35,6 14.0/6,3 $116.00
45% .05% 5V ONLY 5V ONLY 4.9X5.3X14.0 / 12,4X13,56X35,6 14.0/6,3 $116.00
45% .05% 5V ONLY 5V ONLY 4.9X5.3X15.6 / 12,4X13,56X39,6 17.0/7,7 $149.00
45% .05% 5V ONLY 5V ONLY 4.9X5.3X15.6 / 12,4X13,5X39.6 17.0/7,7 $149.00
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1and 3Watt
DC-DC Converters

1 WATT SERIES

MODEL OUTPUT OUTPUT  INPUT  INPUT VOLT. NO LOAD FULLLOAD  EFFICIENCY LINE
VOLTAGE CURRENT VOLTAGE TOLERANCE INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION
UPM-5/200-D12  + 5V 200mA  12VDC £10% 40mA 170mA 50% 05%
UPM-5/200-D28  + 5V 200mA  28VDC +10% 10mA 75mA 50% .05%
UPM-12/80-D5  +12V 80mA 5VDC +10% 85mA 360mA 53% .05%
UPM-12/80-D28  +12V 80mA  28VDC +10% 15mA _ 62mA 55% 05%
UPM-24/40-D5 +24V 40mA 5\DC  =10%  95mA 350mA 55% .05%
UPM-24/40-D12  +24V  40mA  12VDC +10% 40mA 145mA 55% .05%
UPM-28/25-D5 +28V  25mA 5VDC +10% 95mA 250mA 55% .05%
UPM-28/25-D12  +28V  25mA  12VDC +10% 40mA  105mA 55% 05%
BPM-12/25-D5 +12V 25mA 5\DC  *10%  95mA 210mA 58% 05%
BPM-12/25-D12  +12V 25mA _ 12VDC +10% 40mA 85mA 60% .05%
BPM-12/25-D28 =12V 25mA  28VDC +10% 15mA 36mA 60% 05%
BPM-15/25-D5 +15V  25mA 5VDC +10% 95mA 260mA 58% .05%
BPM-15/25-D12 15V 25mA  12VDC +10% 40mA 105mA 60% .05%
BPM-15/25-D28  +15V  25mA  28VDC +10% 15mA 45mA 60% 05% )
BPM-18/25-D5 +18V  25mA 5VDC +10% 95mA 310mA 58% .05%
BPM-18/25-D12  +18V  25mA  12VDC +10% 40mA 125mA 60% 05%
BPM-18/25-D28 =18V 25mA __ 28VDC +10% 15mA 55mA 60% .05%

3 WATT SERIES

OUTPUT OUTPUT  INPUT INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE

VOLTAGE CURRENT VOLTAGE AGE TOLER. |NPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION
UPM-5/500-D5 +5V 500mA 5VDC _*10% 240mA 1100mA 45% {0 o
UPM-5/500-D12 +5V 500mA 12VDC +=10% 90mA 430mA 48% .05% -
UPM-5/500-D28 +5V 500mA 28VDC +10% 32mA 180mA 50% .05% R
UPM-12/250-D5 +12V 250mA  5VDC +10% 240mA 1100mA 55% .05%
UPM-12/250-D28  +12V 250mA 28VDC +10% 30mA  195mA 55% .05%
UPM-24/125-D5 +24V 125mA 5VDC +10% 240mA  1100mA 55% .05%
UPM-24/125-D12  +24V 125mA 12VDC *+10% 75mA = 450mA 55% 05%
UPM-28/100-D5 +28V 100mA 5VDC *+10% 200mA 1000mA 55% 05%
UPM-28/100-D12  +28V 100mA 12VDC +10% 75mA 420mA 55% .05%
BPM-12/100-D5 +12V 100mA 5VDC *+10% 190mA 900mA 53% .05%
BPM-12/100-D12 =12V 100mA 12VDC +10% 75mA 410mA 50% .05%
BPM-12/100-D28 +12V 100mA 28VDC *+10% 30mA 156mA 55% .05%
BPM-15/100-D5 +15V 100mA 5VDC +10% 240mA 1100mA 53% .05%
BPM-15/100-D12 =15V 100mA 12VDC +10% 85mA 470mA 53% .05%
BPM-15/100-D28 =15V 100mA 28VDC +10% 30mA 195mA 55% .05%
BPM-18/100-D5 +18V 100mA 5VDC +10% 200mA 1360mA 53% .05%
BPM-18/100-D12 =18V 100mA 12VDC *+10% 75mA 545mA 55% .05%
BPM-18/100-D28  +18V 100mA 28VDC *+10% 30mA 235mA 55% .05%
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a0y 1510005 4

LOAD TEMP. OUTPUT CASE  PRICE
REGULATION COEFFICIENT IMPEDANCE COMNFIG. (1-9)
0.1% .02%/°C 07Q F $42.00
01% .02%/°C 070 F $42.00
.05% .02%/°C 0.2Q E $42.00
.05% .02%/°C 0.2Q F $42.00
.05% .02%/°C 0.20 F $42.00
.05% 02%/°C 0.2Q) = $42.00 DESCRIPTION
05% L 0.203 F e 84200 This broad line of DC-DC converters features 17 one
-05% -02%/°C 0.200 B 34200 watt models and 18 three watt models with single and
05% :02%/°C 0.2Q F $49.00 dual output voltages. Input voltages are 5. 12, and 28V
.05% .02%/°C 0.20) F $49.00 with single outputs of 5. 12, 24, and 28V, and dual out-
.05% .02%/°C 0.20Q F $49.00 puts of =12, £15, and £18V. Output voltage accuracies
05% 102%/°C 0.20 E $49.00 are 1% with .02%/°C temperature coefficient. Other
05% 02%/°C 0.20 F $4900 features include low output ripple, 100 megohm isola-
05% 02%/°C 020 E $49 00 tion, grqunded internal copper shield, and output
E == current limiting.
.05% .02%/°C 0.2Q F $49.00
05% 02/°C 020 F $49.00 GENERAL SPECIFICATIONS — ALL MODELS
05% 02%/°C 0.20 F $49.00 Output Voltage Accuracy +£19%
Output Noise and Ripple, max. 20mV P-P (2mV RMS)
Back Ripple Current, max 1% of lIN
Capacitive Coupling, max 250 pF
LOAD TEMP. OUTPUT CASE  PRICE Breakdown Voltage, min. 300VDC
REGULATION COEFFICIENT IMPEDANCE CONFIG. (1-9) Transient Recovery Time, max. 50usec
0.1% 02%/°C 070 G1 $64.00 Operating Temp. Range —25°%Cte +71°C
0.1% 02%/°C 07Q G1  $64.00 Storage Temp. Range —55°Cto +85°C
0.1% 02%/°C o0 P $82 .00 Internal Shield Copper, connected to
common
05% -02%/°C 020 o1 $64.00 Case Material Diallyl Phthalate
.05% .02%/°C 0.2Q G1 $64.00
05% 02%/°C 020 G1  sea00  MODULE SIZES
.05% 02%/°C 0.20 G1 $64.00 F Case: 1.56X2.0X0.375 inches
.05% .02%/°C 0.20 G1 $64.00 38,1X50,8X9.5 mm
.05% .02%/°C 0.2Q G1  $64.00 Weight: 1.5 0z. (43g))
05% 102%/°C 0.20 G1 $69.00 G1 Case: 2.0X2.0X0.432 inches
05% 02%/°C 0.20 G1  $69.00 50,8X50.8X11,0 mm
.05% .02%/°C 0.20 G1 $69.00 Weight: 250z (71g))
.05% .02%/°C 0.20) G1 $69.00 Both 1 and 3 watt series use 2 DILS-1 or DILS-2
.05% .02%/°C 0.2Q G1 $69.00 terminal strips (at $5.00/pair) for sockets.
.05% .02%7°C 0.2Q G1 $69.00
.05% .02%/°C 0.2Q G1 $69.00
.05% .02%/°C 0.20) G1 $69.00
.05% .02%/°C 0.20 G1 $69.00
GOLD BOOK 76/77 See inside back cover for DATEL sales offices Vol 3/177



5 and 10 \Watt
DC-DC Converters

5 WATT SERIES

OUTPUT OUTPUT INPUT  INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE

VOLTAGE CURRENT VOLTAGE AGE TOLER. |INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION
UPM-5/1000-D12 +5V 1000mA  12VDC  *10% 88mA 776mA 54% .05%
UPM-5/1000-D28  +5V 1000mA  28VDC +10% 45mA ) 300mA 60% .05%
UPM-12/420-D5 +12V 420mA 5VDC +10% 300mA 1800mA 56% 05%
UPM-12/420-D28 +12V 420mA  28VDC  *10% __40mA 270mA 67% .05%
UPM-24/210-D5 +24V  210mA 5VDC +10% 300mA 1800mA 56% .05%
UPM-24/210-D12  +24V 210mA  12VDC +10% 80mA 760mA 55% .05%
UPM-28/180-D5 +28V 180mA  5VDC +10% 300mA 1800mA 56% .05%
UPM-28/180-D12  +28V 180mA  12VDC +10% 80mA 760mA 55% .05%
BPM-12/210-D5 +12V 210mA 5VDC +10% 330mA 1800mA 56% .05%
BPM-12/210-D12 =12V 210mA  12VDC +10% 110mA 660mA 64% 05%
BPM-12/210-D28  +12V 210mA  28VDC +10% 43mA ~ 278mA 65% .05%
BPM-15/165-D5 +15V 165mA  5VDC  *10% ~ 370mA ~ 1750mA 56% .05%
BPM-15/165-D12 =15V 165mA  12VDC ~ *10% 110mA 660mA 63% .05%
BPM-15/165-D28 +15V 165mA  28VDC  *10% 43mA 278mA 64% .05%
BPM-18/140-D5 +18V 140mA 5VDC +10% 370mA 1750mA 58% .05%
BPM-18/140-D12  +18V 140mA  12VDC  *10% 110mA g 660mA 64% .05%
BPM-18/140-D28 =18V 140mA  28VDC +10% 43mA 278mA 65% .05%

10 WATT SERIES

OUTPUT OUTPUT INPUT INPUT VOLT- NO LOAD FULL LOAD EFFICIENCY LINE

VOLTAGE CURRENT VOLTAGE AGE TOLER. INPUT CURRENT INPUT CURRENT (FULL LOAD) REGULATION
UPM-5/2000-D12 +5V 2000mA 12VDC *£10% 105mA 1700mA 49% .05%
UPM-5/2000-D28 +5V 2000mA 28VDC +10% 38mA 550mA 65% .05%
UPM-12/840-D5 +12v 840mA 5VDC *10% 400mA 3680mA 55% .05%
UPM-12/840-D28 +12V 840mA 28VDC =10% 38mA 550mA 65% .05%
UPM-24/420-D5 +24V 420mA 5VDC =10% 400mA 3400mA 59% .05%
UPM-24/420-D12  +24V 420mA 12VDC +10% 118mA 1230mA 68% .05%
UPM-28/360-D5 +28V 360mA 5VDC +10% 400mA 3400mA 59% .05%
UPM-28/360-D12  +28V 360mA 12VDC +10% 118mA 1230mA 68% .05%
BPM-12/420-D5 12V 420mA 5VDC +10% 600mA 3600mA 56% .05%
BPM-12/420-D12 =12V 420mA 12VDC +10% 150mA 1410mA 60% .05%
BPM-12/420-D28 +12V 420mA 28VDC +10% 56mA 613mA 59% .05%
BPM-15/330-DS *15V 330mA 5VDC *10% 600mA 3600mA 55% .05%
BPM-15/330-D12 15V 330mA 12VDC +10% 150mA 1410mA 59% .05%
BPM-15/330-D28 *15V 330mA 28VDC +10% 56mA 613mA 58% .05%
BPM-18/280-D5 +18V 280mA 5VDC +10% 600mA 3600mA 56% .05%
BPM-18/280-D12 =18V 280mA 12vDC +10% 150mA 1410mA 60% .05%
BPM-18/280-D28 *18V 280mA 28VDC +10% 56mA 613mA 59% .05%

THESE POWER SUPPLIES ARE COVERED BY GSA CONTRACT
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LOAD TEMP.

OUTPUT

CASE

PRICE

DESCRIPTION

This comprehensive line of higher power DC-DC con-
verters features 34 different models with both single and
dual outputs. Input voltages are 5 12, and 28V with
single output voltages of 5, 12, 24, and 28 volts, and dual
outputs of =12, =15, and =18 volts. Output voltage
accuracies are =1% with .02%/°C temperature coeffi-
cients. Other features include low output ripple, 100
megohm isolation, grounded internal copper shield,

and output current limiting protection.
GENERAL SPECIFICATIONS — ALL MODELS

Output Voltage Accuracy

Output Noise and Ripple, max

Back Ripple Current, max.
Capacitive Coupling, max
Breakdown Voltage, min.

Transient Recovery Time, max.

Operating Temp. Range
Storage Temp. Range
Internal Shield

Case Material

MODULE SIZES
G2 Size:

Weight
CB Size:

Weight

*19%,

20mV P-P (2mV RMS)

1% of lIN

250 pF

300VDC

50usec.

—=25°C {0 +712C

—55°2C to +85°€

Copper, connected to
common

Diallyl Phthalate (G2)

Phenolic (CB)

2.0X2.0X.750 inches
50,8X50,8X19,Tmm

4.5 0z. (128g.)

3.56X2.5X.875 inches
88,9X63,5X22,2 mm

14 0z. (397q.)

REGULATION COEFFICIENT IMPEDANCE CONFIG. (1-9)
0.1% .02%/°C .005Q2 G2 $69.00
0.1% .02%/°C .005() G2 $69.00
.05% .02%/°C .0150) G2 $69.00
.05% .02%/°C .15Q G2 $69.00
.05% .02%/°C .03Q2 G2 $69.00
.05% .02%/°C .03Q2 G2 $69.00
.05% .02%/°C .035Q2 G2 $69.00
.05% .02%/°C .035Q2 G2 $69.00
.05% .02%/°C .03Q G2 $75.00
.05% .02%/°C .03Q G2 $75.00
.05% .02%/°C .03Q2 G2 $75.00
.05% .02%/°C .03Q2 G2 $75.00
.05% .02%/°C .03Q G2 $75.00
.05% .02%/°C .03Q G2 $75.00
.05% .02%/°C .03Q G2 $75.00
.05% .02%/°C .03Q2 G2 $75.00
.05% .02%/°C .03Q) G2 $75.00

NEW g
LOAD TEMP. OUTPUT CASE PRICE

REGULATION COEFFICIENT IMPEDANCE CONFIG. (1-9)
0.1% .02%/°C .005(Q2 CB $89.00
0.1% .02%/°C .005Q) CB $89.00
.05% .02%/°C .02 CB $89.00
.05% .02%/°C .02Q CB $89.00
.05% .02%/°C .02Q) CB $89.00
.05% .02%/°C .02Q CB $89.00
.05% .02%/°C .02Q CB $89.00
.05% .02%/°C .02Q CB $89.00
.05% .02%/°C .02Q CB $94.00
.05% .02%/°C .020) CB $94.00
.05% .02%/°C .02 CB $94.00
.05% .02%/°C .020 CB $94.00
.05% .02%/°C .02Q) CB $94.00
.05% .02%/°C .02Q2 CB $94.00
.05% .02%/°C .02Q) CB $94.00
.05% .02%/°C .02Q CB $94.00
.05% .02%/°C .02Q) CB $94.00

The 5 watt series use 2 DILS-1 or DILS-2 terminal strips
(at $5.00/pair) for sockets. The 10 watt series use the
MS-7 socket at $3.50 each.
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4.5Watt DC-DC Converters

These miniature, aluminum cased DC-DC convert-
ers are ideal for applications where mounting
space is tight, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>