






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DATA ACQUISITION & CONVERSION HANDBOOK

at the analog input. V/F converters
today are available in a number of
full-scale frequency ranges with 10
KHz and 100 KHz being the most
popular; but there are also V/F’s
with 1 MHz and up to 10 MHz
outputs available. If, for example, a
1-MHz V/F converter were used in
the circuit of Fig. 4, then a 12-bit
conversion could be done in just
4.096 msec, or 100 times faster than
with a 10-KHz V/F converter.

The A/D converter circuit shown
in Fig. 4 is called a charge-
balancing, or quantized feedback,
A/D converter, since this is the
circuit technique employed in the
V/F converter. This type of A/D
converter falls into the general class
of integrating A/D converters,
which includes methods known as
single-slope, dual-slope, and triple-
slope A/D converters.

Integrating A/D converters are all
relatively slow devices but have two
important characteristics. First,
they integrate input noise to give a
relatively noise immune conversion.
Second, the linearity curve for these
converters is a smooth one with
slight curvature. This curvature,
illustrated in Fig. 5, is the
nonlinearity of the converter and is
the maximum deviation from a
straight line, expressed in percent.
How V/F converters work

The charge-balancing, or quan-
tized feedback, technique used to

Fig. 1. Ideal V/F converter
and transfer function.
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Fig. 3. Using V/F converters RECORDER
for remote data transmission.

make a V/F converter is shown in
Fig. 6. This is a unique method of
realizing voltage to pulse rate
conversion with a very high degree
of linearity. The circuit consists of
an operational integrator with a
pulse generating feedback loop
around it.

The circuit operates as follows. A
positive input voltage causes a
current to flow into the operational
integrator through R,. This current
is integrated by the amplifier and
capacitor to produce a negative-
going ramp at the output. When the
ramp crosses the comparator
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Fig. 4. The V/F converter used as an A/D converter.



threshold voltage at ground, the
comparator output changes state
and causes a pulse timing circuit to
generate a narrow voltage pulse.

This pulse controls switch S,,
which switches from ground to a
negative reference voltage for the
duration of the pulse. During this
time a narrow pulse of current flows
out of the integrator through R..
This current pulse is also integrated
by the operational integrator, and
causes a rapid ramp up in the output
voltage for the duration of the pulse.
This process is then repeated,
creating a sequence of pulses that
are also buffered as the output of
the V/F converter.

A higher input voltage to the
charge-balancing circuit causes the
integrator to ramp down faster,
thereby generating pulses at a higher
rate from the pulse timer circuit.
Likewise, a lower input voltage
causes the integrator to ramp down
slower and generates pulses at a
lower rate than before.

The term ‘‘charge-balancing” is
appropriate since the feedback loop,
which is closed around the integra-
tor, causes an average of the current
pulses (through R;). Each current
pulse through R; is a fixed charge of
value: vy

Q=—R—REzF xT=7I1,
where 7 is the width of the pulse.

“‘Quantized feedback” is a term
that describes the feedback around
the integrator, which is in the form
of quantized current pulses rather
than a continuous current. The
linearity, and hence accuracy, of the
V/F converter circuit depends on
both the linearity of the integrator,
the constant width of the pulses
generated, and on the switching
characteristic of S,.

Calibrating a V/F converter

In applying V/F converters,
optimum accuracy in a given
application is desired. This is
achieved by properly calibrating the
converter for both zero and gain in
the given application. Fig. 7 shows
the connections required for a
monolithic V/F converter. This

device requires a bias resistor, compensating capacitors. It has
output pull-up resistor, and two provision for both an external zero

Fig. 5. Nonlinearity of charge-balancing A/D converter.
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adjustment and external gain adjust-
ment. The connection shown is for a
10-KHz full-scale output frequency
with a +10V full-scale input.

To calibrate this V/F converter, a

precision voltage reference source
and a frequency counter are
required. Set the counter for a
one-second time base and the
precision voltage source to +0.01V
and adjust the zero trimming pot to
give an output frequency of 10 Hz.
Then set the precision voltage
source to +10.000V and adjust the
gain trimming potentiometer to give
an output frequency of 10,000 Hz.
Proper zero and gain calibration
resuits in optimum accuracy by
eliminating zero and gain errors,
leaving only the nonlinearity.
Some applications of V/F converters
REMOTE TRANSDUCER READ-
OUT IN A HIGH NOISE ENVI-
RONMENT

Fig. 8 shows a V/F converter
located at a transducer site. Because
of the high electrical noise environ-
ment, a differential line driver and
receiver are used to transmit the
pulse data over a twisted pair line.
At the readout location is a gate,
timer and counter. In this case a
BCD counter is used, which goes to
a driver and then an LED decimal
display. If the timer is set to
generate pulses at desired intervals,
then the display is automatically
updated.

INTEGRATING A REMOTE
TRANSDUCER OUTPUT

A most useful application of a
V/F converter is as a zero drift
digital integrator. Fig. 9 shows a V/F
converter that transmits a fluid flow
rate in digital form. In this
application there is a difference in
ground potentials between the
remote location and the measure-
ment location. Therefore an optical
isolator is used to isolate between
the two grounds and transmit the
pulses.

At the measurement location, if
the pulses are counted for fixed
intervals the result is flow rate. If,
however, the counter is allowed to

DIFF
AMPLIFIER  LINE DRIVER

TRANS-
DUCER

Fig. 8. Noisy environment
remote transducer readout.

Fig. 9. Digital integration of transducer output.
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.run for a long period of time, it

totalizes the pulses to give the
integral of flow rate, or total flow.
The V/F converter is a perfect
integrator when its output is
totalized. A 10-KHz V/F, for
example, produces one output pulse
for every millivolt-second of input
signal.
MULTIPLE REMOTE MONITOR
Another type of remote monitor,
shown in Fig. 10, automatically
scans a number of transducer
outputs in sequence, transmitting
the measurement results to a central
location for display or recording.
This is done by using an analog
multiplexer in conjunction with a
synchronized set of counters and a
single V/F converter. An additional
line is required for clock pulses to
synchronize the counters at both
locations.

At the remote location, the
channel counter steps the multiplex-
er input decoder through the various
channels in sequence. At the central
location the clock drives a digital
divider and a counter. The divider
gates the pulses from the V/F
converter to a BCD counter. The
channel counter drives a decoder
and display indicator that shows
which transducer output is being
displayed.

FUTURE PROGRESS IN V/F

At this point, V/F converters have
a bright future indeed. The advent
of low-cost, high-performance mon-
olithic units means that remote
industrial monitoring with a V/F
converter per transducer will be a
growing application area. At the
same time higher performance
modular devices will find applica-
tion in higher speed requirements.

Fig. 10. Multiple transducer remote monitor. Gz
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Voltage-to-frequency converters

versatility now at a low cost

Modular units that fit in your hand and g
are moving into low-cost instruments an

o for less than $50
d systems, putting their

excellent linearity and temperature stability to wider use

[0 Voltage-to-frequency converters can be purchased
today for one tenth the price they were going for as rack
mounted instruments less than three years ago. This, to-
gether with the v-f converter’s long-prized linearity and
temperature stability, accounts for the heightened inter-
est they now enjoy among systems designers.

There are other reasons as well. The converter’s re-
cent evolution into a modular component package gives
it a size advantage that widens the range of appli-
cations. One such application—not to be overlooked for
certain data acquisition or control functions—involves
the v-f converter’s capability to interface between
analog and digital circuits. By the same token, high
common-mode voltage isolation, ratiometric measure-
ments, and analog-signal integration also represent fer-
tile areas for v-f applications. It has already been put to
use in instruments that include low-cost 3'%-digit mul-
timeters, high-performance digital panel meters, and
hand-held probe-type digital multimeters.

While the modular component v-f converter is rela-
tively new, the basic technique of translating a given
voltage level into a frequency signal is not. Until fairly
recently, however, v-f converters have been available

HIGH VOLTAGE CIRCUITS

only in the form of rather expensive instruments.

A v-f converter accepts an analog voltage or current
input and generates an output train of digital pulses at a
rate directly proportional to the amplitude of the input.
In its most basic form [see Fig. (a) in the accompanying
panel, “Converting v-to-f: three techniques”] conver-
sion is accomplished by allowing the incoming voltage
to charge a capacitor until it reaches a value equivalent
to a reference voltage. At that point, a comparator trig-
gers a monostable multivibrator which puts out a con-
stant-width pulse. Other variations [panel figures (b), (c)
and (d)] provide improved linearity and stability, or
permit output pulses to be synchronized to a clock.

Datel Systems Inc. uses the charge-balancing tech-
nique in its v-f converters [see panel Fig. (c)]. And, by
changing the connections at the external pins, the same
module becomes a frequency-to-voltage converter. The
f-v connections remove the logic buffer and permit an
input pulse to be delivered to the timing circuit, and
voltage to be taken from the output of the op amp.

The v-f converter has as its key characteristics good
linearity—typically 0.002% to 0.05% over the input-out-
put operating range—and excellent temperature stabil-
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1. Isolation. Because the v-f converter has a serial output, the pulses can be transmitted through a single optical isolator. The v-f converter

is floated at the high comrnon-mode voltage at which the measureme

nt is made. It is also powered by a floating and isolated supply.
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ity—typically 10 to 100 parts per million per °C over the
operating temperature range. The analog input range is
0to +10 Vv or 0to -10 V for voltage inputs and 0 to +1
maA or 0 to -1 mA for current inputs; there is an input
overrange of 10%. The most popular models today are
units having output pulse rates of 0 to 10 kHz and 0 to
100 knz. The outputs are usually constant-width pulses
compatible with diode-transistor, transistor-transistor,
or C-MOsS logic levels, permitting a direct interface with
digital circuits.

On the input side, v-f converter modules take analog
inputs in the -10 v to +10 Vv range, making them di-
rectly compatible with analog modules and ICs such as
operational amplifiers, sample and holds, analog multi-
pliers, etc. In addition, they also operate from standard
*15 v op amp power supplies drawing only a moderate
amount of current. V-f converters also have provision
for external trimming for precise calibration of zero-and
full-scale values.

Using v-f as a-d

While the v-f module is a relatively slow way to con-
vert a-d, the cost is low and accuracy can be high. The
digital output of the converter is in serial form, and
must be counted over some period to give a final con-
version value in parallel form.

To get a complete digital measuring instrument, it is
only necessary to precede a v-f converter with a signal
conditioning circuit, such as a high input impedance
amplifier, and follow it with a digital counter and dis-
play. Then, if the time base for the counter is set to one
second, the actual output pulse rate of the v-f converter
will be displayed. If a 10 kHz converter is used, a full-
scale value of 10,000 would be displayed with a one-sec-
ond time base; with a 10-second time base a full scale
value of 100,000 would be displayed, although the

w

+Vg
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Vi wh DIGITAL NUMERIC
10 kHe COUNTER DISPLAY
RESISTANCE
BRIDGE
TRANSDUCER
= v-f DIGITAL
Va NO. 2 DIVIDE-
10 kHz BY-N
TIME v-f, a second converter is used as a reference and is followed by a
v (O P LAY OuTPMnT | divide-by-N digital circuit. The output of the divide-by-N is used as
the time base for the digital counter.
0.1V 10V 0.1 10 0.010
v 10V 0.1 100 0.100 counting time would be too long for many applications.
10V 10V 01 1,000 1.000 It is useful to discuss the characteristics of v-f convert-
10V v 1 10,000 10,000 ers in terms of well known a-d converter specifications.
For a v-f converter, conversion time is determined by
v oav 10 100,000 100.000 the time base, one second being a convenient time base
for many applications. For faster conversion time, a 0.1

second time base could be used, giving a full-scale
count of 1,000 for a 10 kHz converter. With a 100 kHz
converter, the full-scale count is 10,000.

For an a-d converter, resolution is expressed in bits
and is determined by the number of parts into which
the full-scale range is divided. By comparison, a 10 kHz
v-f converter has a resolution of 1 part in 10,000, assum-
ing a one-second conversion time. This is equivalent to
a resolution of greater than 13 bits (1 part in 8,192). A
100 kHz converter with a one-second time base gives
greater than 16-bit resolution (1 part in 65,536).

Linearity is another important a-d converter specifi-
cation. A good a-d converter has a linearity of +% LSB
(least significant bit) over its full-scale input range. For
a 10 kHz v-f converter with a typical linearity figure of
0.002%, the linearity is equivalent to that of a 14-bit a-d
converter. Therefore, a 10 kHz v-f converter, as de-
scribed, has equivalent performance to at least that of a
13-bit a-d converter in both resolution and linearity.

The 100 kHz converters, while offering better resolu-
tion, have generally worse linearity than 10 kHz con-
verters. The reason for this is that circuit parasitic time
constants vary with pulse duty cycle. At high output
pulse rates the small variations in pulse width with duty
cycle will be proportionately more significant, thus in-
creasing the amount of non-linearity. Therefore, the
best resolution and linearity are achieved with slower
pulse rates, namely the 10-kHz converters with a 10-sec-
ond time base. These achieve better than 16-bit resolu-
tion with better than 14 bits of linearity.

A 10-second time base is prohibitive for many appli-
cations, but is obtainable by using a sample-and-hold
circuit with a long holding time. A large holding capaci-
tor is needed to make voltage decay negligible.

Another useful way of looking at v-f converters is in
terms of dynamic range. This specification is critically
dependent on linearity. Some v-f converters become
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3. VCO improvement. A frequency-to-voltage converter is the key to a low-cost voltage-controlied oscillator. A special feedback control
loop forces the VCO output to track the superior linearity and stability of the f-v converter.

nonlinear near zero and, therefore, the dynamic range is
limited. A 10-kHz v-f converter that holds its linearity
down to zero can be calibrated externally from an input
of 1.0 millivolt to its full-scale value of 10 v. This is a
dynamic range of 4 decades, or 80 dB. Similarly a 100-
kHz converter has a dynamic range of 5 decades, or 100
dB, if its linearity is maintained through zero. One mv is
chosen as a practical lower limit because of drift in the
zero-adjust potentiometer, long-term drift of the circuit,
and noise at the input to the integrator.

V-f converters have two other significant features
when considered for analog conversion. First is their
monotonicity. (A monotonic a-d converter is one that
has a continuously increasing output for a continuously
increasing input over the full input range of the conver-
ter.) A v-f converter is naturally monotonic because its
output pulse rate must increase with increasing input
voltage.

Second is the excellent noise rejection inherent in us-
ing a reasonably long time base like one second. Ran-
dom and periodic noise are effectively integrated over
the conversion period. Periodic noise, such as a 60 Hz
power pick-up, is effectively integrated when the con-
version period is long compared to the 60 Hz period of
16.66 ms. For a 60 Hz noise that is integrated over an
unsynchronized 1-second measurement period, the
noise rejection is approximately 46 dB; for a 0.1-second
period the rejection is 26 dB.

Monitoring from a distance

Remote data monitoring is one application well
suited to the v-f technique. Remote monitoring can be a
difficult problem, especially when analog signals pass
through an environment with high levels of electrical
noise, as in a manufacturing facility where there is
heavy equipment. If a high degree of accuracy must be
maintained, analog signal transmission becomes pro-
hibitive.

An obvious solution is to transmit the signals in dig-

ital form. This can be done by applying the analog sig-
nal to an a-d converter. The digital pulses can then be
transmitted in parallel or serial format. If transmitted
serially, the pulses will have to be transformed ulti-
mately into parallel form at the receiving end for dis-
play or storage.

A superior solution in terms of cost is to use a v-f con-
verter to transmit the data directly in serial form. This is
a simple and effective way to achieve an accurate sys-
tem of 10 to 13 bits resolution (0.1% to 0.01%) if the
data rate is slow. At the monitoring end, the pulse train
can be simply counted for a one-second period and then
displayed to show the analog value. This can be done
with a low-cost 4-digit counter if a 10 kHz v-f converter
is used. The cost of the v-f converter is less than half
that of a good 12-bit a-d converter.

Some instrumentation problems involve parameters
that must be derived from high-voltage measurements.
In these circumstances, transmission of the desired in-
formation back to normal ground-potential circuits re-
quires some form of isolation. One answer to this is to
use an isolation amplifier powered from a non-isolated
supply. If the data eventually is desired in digital form,
the output from the amplifier would then go to an a-d
converter. The cost of an isolation amplifier and a good
quality 12-bit a-d converter (0.024% accuracy) runs
around $200.

An effective alternative is to use a v-f converter with a
floating power supply while optically coupling the dig-
ital data back to ground-level circuitry. The v-f conver-
ter output is a serial pulse train and, therefore, requires
only one low-cost optical isolator for a total of roughly
$60. The isolated power-supply cost must also be fac-
tored in. This can be relatively low (around $50) if the
voltage is not too high (up to 1,500 v peak). For slow
data rates this part of the system, shown in Fig. 1, is cur-
rently available for slightly over $100.

An interesting variation that would reconstruct the
original analog signal is shown dotted in Fig. 1. This
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might be useful for a feedback control system. Another
f-v converter hooked up to the isolator output recon-
structs the signal into analog form.

Measuring the ratio

Ratiometric measurements are important for appli-
cations in which a transducer output might be affected
by variations in the exciting power-supply voltage, as,
for example, in a resistor bridge. This can be overcome
by a measurement system that determines the ratio of
transducer output to excitation voltage.

There are several ways of taking this measurement.
One is simply to use a digital multimeter with ratio-
metric option. Such an option is usually obtainable on
the more expensive models of digital multimeters, and
sometimes on digital panel meters and a-d converters.
But, in general, this capability is limited to high-priced
models of a-d converters or digital panel meters, and
the range is usually quite limited. Many models permit
only a +10% variation in the reference voltage to
achieve ratiometric operation; some models go up to
about +50%. This means that ratios with wide dynamic
range cannot be measured at all by conventional
means.

A simple and inexpensive way of using two v-f con-
verters for accurate ratio measurements over a dynamic
range of up to 1,000 to 1 is illustrated in Fig. 2. The
resistance-bridge transducer is excited by reference volt-
age Vg which also goes to the input of v-f converter No.
2. The output of the bridge is amplified and goes to v-f
converter No. 1. The resulting pulse rate is fed to a dig-
ital counter circuit. The output pulse rate of v-f No. 2
representing Vy is fed to a divide-by-N circuit, and the
resulting pulse train is used as the time base for the
counter. The parallel output of the counter drives a nu-
merical display. Since the counting time is one half the
output period of the divide-by-N circuit, the output
count = 2N V;/Vg.

The value of N can be chosen so that the time base is
one second or less. The table in Fig. 2 gives the results
for different values of V; and based on the use of a 10
kHz v-f converter with N equal to 500. The ratio mea-
surement can be made over a dynamic range of 1,000 to
1 while keeping the time base one second or less. If the
time base is allowed to go to 10 seconds, the dynamic
range can be increased to 10,000 to 1. The time base can
also be shortened by a factor of 10 by using 100-kHz v-f
converters.

Integrating analog

Accurate analog integration over a wide dynamic sig-
nal range is difficult, especially over an extended period
like several minutes. The problem is drift error in the
operational integrator. In the end a very expensive, low-
input current amplifier with low drift must be used
along with an expensive, stable capacitor that has low
leakage and low dielectric absorption. Even with the
best of components, the operational integrator cannot
work well when the integration period exceeds 10 min-
utes. A simple alternative is an analog/digital integrator
using a v-f converter. The analog signal is applied to the
input of a v-f converter, and the output goes to a

%

counter operated in the totalizing mode to give a total
count equal to the time integral of the signal.

fVlt) dt =k/fdt =kdeIt/ dt/dt =kN

where N is the totat count and k is a constant.

Because of the superior linearity, the integration is
accurate for a signal dynamic range of 10,000 to 1. Since
the output is an accumulated pulse count, there is no in-
tegrator drift as there would be with an operational in-
tegrator. Also, the counter can be stopped at any time
for an indefinite period without affecting the integrated
value. The limitation on the total integral is the total
count capacity of the counter. Therefore, counter capac-
ity must be based on the signal values and period of in-
tegration.

The actual integration time can be days if a counter
has sufficient capacity. Assume, for example, a signal
with an average value around 2 Vv but with occasional
high peaks up to 10 v (full-scale input of the v-f conver-
ter). The output frequency of a 10 kHz converter is then
2 kHz, on average. If an 8-decade counter is used
(99,999,999 full scale count), the integration period can
be as long as 50,000 seconds, or 13.88 hours. The
counter itself can be made from low cost ICs and be op-
erated manually or by an external logic signal.

F-v useful, too

-Applications using the counterpart to v-f converters,
the f-v converter, can include frequency measurements
in flowmeters and tachometer problems in motor speed
controls. Output pulse rates from these devices are used
to develop an analog voltage proportional to speed or
flow. The voltage, in turn, is usually fed back to regulate
the process or system. The f-v converter basically is an
analog pulse counter as the output voltage is linearly
proportional to input rate—with excellent temperature
stability. Once the pulse rate is in analog form at the f-v
converter output, other analog operations can be per-
formed. Subtracting the output of two f-v converters
gives an analog frequency difference, a quantity more
difficult to obtain by other means.

Another application of the f-v converter is in stabili-
zation and linearization of a voltage-controlled oscilla-
tor. VCOs with a high degree of linearity and low tem-
perature coefficients are quite expensive, especially if a
wide variation of output frequency is needed. Very high
quality VCOs use an oven-controlled inductance-capaci-
tance element (LC) to stabilize the frequency. On the
other hand, low cost VCOs have only moderate linearity
and temperature stability.

A low-cost VCO can be combined with a low-cost f-v
converter to achieve a linearity of better than 0.005%
and a temperature coefficient of 20 ppm/°C maximum.
As shown in Fig. 3, the f-v converter is used in a feed-
back loop to control the VCO frequency. Of course, if a
pulse output is satisfactory for a system, a v-f converter
could be used directly. A large proportion of VCOs, how-
ever, are used with sinusoidal outputs and, in addition,
at frequencies higher than those available in v-f con-
verters.
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Converting v-to-f:

In its simplest form, Fig. (a), v-f conversion involves a
current source driving a capacitor that charges linearly to
a threshold voitage level determined by Vgrgr. At this volt-
age level, the comparator changes state and triggers a
monostable multivibrator which puts out a constant-width
pulse. At the same time a switch is used to discharge the
capacitor and the cycle repeats itself. If the current
source is designed to be proportional to input voltage, v-f
conversion takes place.

A better implementation of the ramp-threshold method
in Fig. (a) is the variation shown in Fig. (b). Here an oper-
ational integrator is used with a bipolar-transistor switch
across the integrating capacitor. Starting with a negative
input voltage, the circuit integrates in a positive direction
until the reference voitage level is reached. The com-
parator then trips and triggers the monostable multivibra-
tor, while at the same time resetting the integrator to zero
by means of the saturating transistor switch. The disad-
vantage of this circuit is that it seldom offers better than a
fraction of 1% linearity.

For higher linearity, the charge-balancing method is
preferred, Fig (c). Here voltage or current is fed to an op-
erational integrator. The output of the integrator goes to a

three techniques

precision pulse-timing circuit whose output drives a pul-
sed current source that pulls current pulses out of the
summing junction of the integrator. The current pulses
occur at a rate that exactly balances the positive input
current to the integrator.

This technique also can be used for frequency-to-voit-
age conversion by opening the teedback loop at the out-
put of the integrator and connecting the input pulses di-
rectly to the timing reference circuit, Fig. (e). In this case,
the input resistor of the integrator is also connected back
to the output to form a single-pole low-pass filter which
averages the train of input pulses.

Still another form, the “delta-sigma’ converter, Fig.
(d), is used when output pulses must be synchronized to
a clock. Current pulses are generated by a D flip-flop
when the integrator output is high and when a clock
pulse is present. Note here the assumption that a nega-
tive input current or voltage is used, and that the pulsed
current source is operating in a direction opposite that of
(c). Output pulses are a result of ANDing the Q output of
the D flip-flop with input clbck pulses. As a resuit the out-
put pulses are both proportional to the input voltage and
synchronous with the clock.
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Consider v/f converters fordate-
acquisition systems. They offer high resolution
and accuracy when used as analog-to-digital converters.

Examine the performance specifications of
voltage-to-frequency converters before you pick
an analog-to-digital converter for your application.
Three relatively inexpensive (under $100). meth-
ods—the successive-approximation, dual-slope and
voltage-to-frequency conversion schemes—can
deliver equal accuracy, but each is used best in
a different application (Table 1).

Look at the key converter specifications (Table
2) to evaluate the performance of v/f converters
compared to the two other methods. Some of the
most commonly specified parameters are resolu-
tion, linearity, conversion time, temperature sta-
bility and monotonicity (no missing codes).

V/f conversion: an alternative a/d method

Seldom used until a few years ago, v/f con-
version techniques are rapidly becoming popular
as an alternative to successive-approximation or
dual-slope techniques. There are several ways to
build a v/f conversion circuit, but the charge-
balancing method (Fig. 1a) is the most popular.

If V., is positive, the integrator output ramps
down until its output voltage V,, crosses the
comparator’s threshold (ground, in this case)
and causes the comparator to change state. The
transition, in turn, triggers a precision timing
circuit that delivers a constant-width pulse. The
pulse gets fed to two places: a buffer circuit that
then feeds the output; and the integrator, where
the pulse causes the integrator output to rapidly
ramp up (Fig. 1b).

The timing circuit is, in effect, a precision
one-shot multivibrator that is stable with both
time and temperature. The reference current, I,.;,
must also be stable, and a precision regulator
with a voltage reference source is included for
that purpose.

Since the reference current is pulled from the
integrator summing junction for a fixed
amount of time, and at intervals determined by
the input voltage, the positive-input current feed-

ing the integrator balances the current pulses
being pulled out. The integrator can be made ex-
tremely linear and, when combined with the
charge-balancing feedback loop, can achieve non-
linearities as low as 0.005%.

To form an a/d converter with the v/f tech-
nique, the output of the v/f circuit must feed a
counter that is gated for the desired maximum
count (for a converter with a 10-kHz output, a
four-digit BCD counter or a four-stage binary
counter can be used).

Nail down the definitions first

Before you start comparing specifications,
make sure the specs are defined. Resolution tells
you the smallest quantity the converter can dis-
tinguish. Even though the quantity is usually an
analog voltage the resolution is given in terms
of bits: 8, 10, 12 or more.

The usable resolution of a converter can be less
than the stated resolution. However, because it's
a function of linearity and stability, the usable
resolution can often change with time and tem-
perature.

In the v/f form of an a/d converter, the reso-
lution is determined by the full-scale frequency,
the time base and the capacity of the counter
used (Fig. 2). If a 10-kHz v/f converter is used
with a time base of 1 second and four decade coun-
ters, its resolution is one part in 10,000, or four
binary-coded decimal (BCD) digits. Successive-
approximation or dual-slope converters with
straight binary coding would have to deliver a
digital output of at least 13 bits to come close
(13 bits = 1 part in 8192). A v/f-based a/d
converter can also deliver straight binary. To
make a 12-bit unit, use three 4-bit binary count-
ers and set the time base equal to 0.4096 seconds.

In dual-slope converters, resolution is also a
function of integration time, clock frequency and
counter capacity. Successive-approximation units
use weighted current sources, and the number of
sources determines the resolution. The higher the
number of bits, the harder it becomes to main-
tain the linearity of the weighted sources.



Table 1. Typical converter applications

A/d converter type

Common applications

Successive approximation

High-speed data-acquisition systems
Pulse-code-modulation systems
Waveform sampling & digitizing
Automatic test systems

Digital process control systems

Dual slope

Digital multimeters

Digital panel meters

Laboratory measurements

Slow-speed data-acquisition systems
Monitoring systems

Ratiometric measurements

Measurements in high-noise environments

Voltage to frequency

Digital multimeters

Digital panel meters

Remote data transmission

Totalizing measurements

Measurements in high-noise environments
High-voltage isolation measurements
Ratiometric measurements

Table 2. Comparison of a/d converter types

Specification Successive approxirhation

Dual slope Voltage to frequency

Resolution 12 bits

Missing codes none by careful design

Nonlinearity +0.0129% max.
Diff. nonlinearity +1/2 LSB
Tempco 10 to 50 ppm/°C
Conversion time 2 to 50 us

Noise rejection, 60 Hz None

12 bits 12 bits
none, inherent
+0.05 to 0.01% max.

none, inherent

+0.005% max.

~ 0 =~ 0
10 to 50 ppm/°C 10 to 50 ppm/°C
5to 77 ms 0.041 to 0.41 s
40 to 60 dB 33.8 dB*

*For 0.41-s conversion time.

Linearity is the acid test of any a/d converter
specification since resolution can be unusable if
linearity error doesn’t hold to less than *0.5
LSB (1 LSB at the worst). At a fixed tempera-
ture, linearity is the only error that remains after
offset and gain errors have been adjusted out.

The linearity error of a converter is the maxi-
mum deviation of the output values from a
straight line drawn from zero to the maximum
output. For 12-bit a/d converters a ‘“good-qual-
ity,” successive-approximation unit has a non-
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linearity of about %0.012%. a dual-slope unit
about *0.05 to *0.01% and a v/f converter
about =0.01 to +0.005%. .

The nonlinearity characteristic of successive-
approximation converters differs fundamentally
from that of the dual-slope or v/f. Typical non-
linearity curves are shown (slightly exaggerated)
in Fig. 8.

Both the v/f and dual-slope converter linearity
characteristics tend to have a bow that is caused
by the operational integrators used in the con-
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nected in a feedback loop. The output pulse width (b) is
proportional to the charge stored in the capacitor.

verters. By contrast, the successive-approxima-
tion converter’s linearity is determined by the
magjor-carry trangitions of the weighted current
sources. These points are located chiefly where
1/2 and 1/4-scale current values are switched in
or out during the conversion process.

As shown in the graph of Fig. 3, a jump in the
curve signifies when a major-carry current value
is slightly off its correct value. A very linear con-
verter restricts these jumps to very small
amounts (*0.012% for a 12-bit converter).

Don't let the converter slow you down

The v/f converter takes the longest to do a
complete conversion. The time base used in Fig.
1 is 1 second for a single conversion—rather slow
for most applications. Dual-slope converters are
faster, with conversion times ranging from 5
ms to 100 ms.

Successive-approximation converters are the
fastest of the three, with conversion times as
short as 2 us for 12-bits. Most successive-approxi-
mation converters have conversion times between
3.5 and 50 us.

However, if time isn’t a problem, you can in-
crease the time base to 10 seconds, add another
decade counter and, voila: a converter with a
resolution of one part in 100,000. Such a long
conversion time could cause difficulty in many
applications. And, the linearity of the 10 kHz unit
would not be commensurate (+1/2 LSB) with
the increased resolution.

Since the time for conversion can be made
equal to the inverse of the line-voltage frequency,
the dual-slope converter can be designed to re-
ject much of the noise caused by the power line.
The integrating technique used by dual-slope and
v/f converters gives them the ability to reject



Successive approximation and dual slope conversion methods

The successive-approximation approach is the most
widely used (Fig. A) of the three most popular
conversion schemes. It compares the output of an
internal d/a converter against the input signal, one
bit at a time. Therefore, N fixed time periods are
needed to deliver an output N bits long, but the
total time needed is independent of input-voltage
value.

The first step after the start pulse in a successive-
approximation conversion cycle is turning on the
MSB, which sets the d/a converter’s output at half-
scale (Fig. B). This analog signal is then fed back
to the comparator. The MSB is left on if the d/a con-
verter's output is smaller than the analog input,
and turned off if the output is larger.

Next, the second bit is turned on, and the quar-
ter-scale value added to the d/a converter output
and the comparator again does its job. This process
continues until the LSB has been tested and the
final comparison made. When the process is com-
plete, the converter signals this by changing the
state of its end-of-conversion (status) output. The
final digital output can then be read from the out-
put of the successive-approximation register of the
converter.

Successive-approximation converters can achieve
conversion speeds of 100 ns/bit in medium-priced

ANALOG
IN

($250 to $350) 8 and 10-bit units. Converters with
12-bit outputs are typically available with conver-
sion times ranging from 2 to 50 us.

Dual-slope units slow the pace

The dual-slope converter uses a simple counter to
indirectly measure the input signal after an opera-
tional integrator converts a voltage into a time
period (Fig. C). This scheme is the second most
commonly employed method and is used, almost ex-
clusively, in such instruments as digital multi-
meters and panel meters.

The conversicn cycle begins when the analog-
input signal is switched to the input of the opera-
tional integrator. The voltage is integrated
(Fig. D) for a fixed time period determined by the
clock frequency and the counter size. At the end of
the period, the integrator input is switched to an
internal reference whose polarity is opposite that
of the original analog input. The reference is then
integrated until the output reaches zero and trig-
gers the comparator.

During the second integration, the clock is gated
into a counter chain that accumulates the count
until the comparator inhibits the clock. When the
clock signal stops, the conversion is complete.
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high levels of input noise.

For these two integrating converters, the
longer the signal is integrated, the better the
noise attenuation. When the integration period
equals a multiple of the inverse of the line fre-
quency (for dual-slope units), the noise rejection
becomes infinite at integral values Tf,, where T
is the integration period and f. is the noise fre-
quency (Fig. 4). V/f converters don’t, in general,
use a period that is a multiple of any periodic
noise, and so the asymptote of the noise-rejection
curve is used to determine the rejection at a
given Tf,.

The v,f converter’s noise-rejection asymptote
rises by 20 dB per decade, and, for a 60-Hz power
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4. Integrating a/d converters can have exceptional noise-
rejection capability if you merely adjust their measure-
ment cycle to equal the period (or a multiple) of the
noise frequency to be rejected.
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5. Simple digital measuring systems can be built with
dual-slope (a) and successive-approximation (b) con-
verters. Both systems shown usually require signal con-
ditioning for each input.
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line and a 0.41-s conversion time, the rejection
can be computed at 33.8 dB. Dual-slope converters
have rejection ratios as high as 60 dB when con-
version is synchronized with the noise frequency.

Successive-approximation converters have no
noise-rejection capability whatsoever. Input noise
at any time during the conversion process can
cause significant conversion errors. (Noise feeds
directly to the comparator and can change the
decision point.) The only way to minimize noise
is to add an input noise filter to the converter.

Temperature coefficients change converter specs

Operation at different temperatures can tre-
mendously alter converter performance, no mat-
ter which converter tvpe you select. These
changes affect offset and gain, two important
converter parameters. Even though offset and
gain are adjusted during calibration, they can
change significantly with temperature.

Offset is a function of current-source leakage,
comparator bias current and comparator input
voltage offset. Gain (sometimes called scale
factor) is a function of the voltage reference,
resistor tracking and semiconductor-junction
matching—and is usually the most difficult pa-
rameter to control. Absolute accuracy is affected
by offset and gain changes, so if these change
during operation, output errors will occur.

And, if the linearity degrades, a converter can
actually skip output codes (become nonmono-
tonic). (An a/d converter is said to have no
missing codes when, as the analog input of the
converter increases from zero to full scale or vice-
versa, the digital output passes through all of its
possib'e states.) Both the dual-slope and v/f con-
verters are inherently monotonic because of their
integration techniques and the use of counting
circuits to deliver the digital output.

The successive-approximation a/d converter,
on the other hand, is more prone to missing codes.
The code jumps occur when the analog transi-
tions between adjacent output codes become
greater than 1 LSB. Because the jumps can be
greater than 1 LSB, another spec differential
nonlinearity, becomes very important. Differen-
tial nonlinearity is defined as the maximum de-
viation of the size of any adjacent code transi-
tions from their ideal value of 1 LSB.

A specified differential nonlinearity of *0.5
LSB tells you that the magnitude of every code
transition is 1 LSB +0.5 LSB, maximum. The
differential nonlinearity can reach a maximum
of *1 LSB before converter performance is in
doubt.

Picking the right converter for your applica-
tion is no easy matter. For example, digital mul-
timeters typically use a dual-slope converter since
high speed isn’t necessary but high noise rejec-
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8. The integration process in a v/f converter can be de-
fined in terms of millivolt-seconds for each pulse de-
livered. To get the total area, simply multiply the total
count by 0.001.
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9. If you use two v/f converters, you can make a high-
accuracy, ratiometric a/d converter. Because of the wide
frequency span covered, the dynamic range of the con-
verter can reach 10,000:1.
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tion is. However, in other applications, such as
in fast-throughput data acquisition, the succes-
sive-approximation converter must be used.

Dual-slope converters are widely used in appli-
cations requiring human interface in measure-
ment and control. A simple digital measurement
system (Fig. 5a) that uses a 3-1 2 digit, BCD-
output converter can handle various signal in-
puts. The instrumentation amplifier used on the
front end offers flexible gain settings with a
single resistor value change.

The converter can be either a modular unit
manufactured by several vendors or one made
from the various IC building blocks. In many in-
dustrial and even in some lab environments, pick-
up from 60-Hz radiation or magnetic coupling
can cause measurement problems. By including
a conversion time adjustment, you can synchro-
nize the clock to the 60-Hz line and obtain noise
rejection of more than 40 dB.

When multiple channels of data must be han-
dled and you need all the data quickly, use the
speedy successive-approximation converter. The
circuit shown in Fig. 5b is a commonly used sys-
tem organization for multichannel data acquisi-
tion. Although various analog-input devices
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might be slow in responding—and not require a
fast a d converter—the fast scanning rate of the
multiplexer may require a new conversion every
2 to 30 us. Because of the speed requirement, the
a d converter can be an expensive part of the
system-—costing between $100 and $300 by itself.

You do have an alternative to sending analog
signals over long cables to a central multiplexer.
Instead of using a successive-approximation unit
split the converter into an analog front end (a
v f converter) and the digital receiving end (the
timing and counting circuits) as in Fig. 6a.

To get even better noise immunity, you can
use several simple circuits to manipulate digital
levels. Cable runs of several thousand feet are
possible if you let the v f circuit feed a differen-
tial line driver that, in turn, feeds a twisted pair
terminated in a receiver (Fig. 6b). When electri-
cal isolation is critical, use optocouplers to sepa-
rate the transducer output from the long lines
(Fig. 6c). This is especially important if large
ground potential differences are present.

Other converter-system variations are possible.
You can design a multichannel data-acquisition
system to operate under microprocessor control
with a minimum of hardware (Fig. 7a). Simple
totalizing a d converters can be built by using
manual start stop and reset switches (Fig. Tb).

W
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Drift-free integration is only one bonus

G

Unlike analog integrators that must use “su-
per high quality” components when the integra-
tion period extends past several minutes, the v f
integrator uses inexpensive components and can
even hold its value indefinitely.

A 10-kHz v f converter delivers a pulse every
0.1 ms if the input is 10 V, or a pulse every 1 ms
if the input drops to 1 V. You can manipulate
these facts and say that the converter generates
an output pulse for every millivolt-second of in-
put signal. The output-pulse count then repre-
sents a piece-by-piece addition of input voltage’
time area (Fig. 8). The integral of the signal
with time is the total count multiplied by 0.001

volt-seconds.
v

""""""" metric a/d coi-
verter (Fig. 9) by combining two v/f converters
and a divide chain. Input V, acts as the numera-
tor and V. as the denominator, while the divide
chain acts as a scale factor.

S'nce the gating pulse is half the output period,
N, of the divider circuit, the counter output is

Count = 2NV, /V..

If you use 10-kHz v/f converters, the time
base period is no longer than 1 second for ratios
of up to 1000 to 1. Unlike other ratio-measure-
ment methods that have rather limited dynamic
ranges, using two v/f converters permits a pos-
sible dynamic range of 10,000 to 1. =m

GZ



Sending transducer

signals over 100 feet?

Try voltage-to-frequency converters.

They should give you the accuracy you need.

A common problem confronting system and instrument
engineers is the measurement of low level transducer
analog output signals after transmission over long wires
(100 ft or more). Fortunately, the problems can be re-
solved by both traditional and newer, less known meth-
ods. The need for the remote monitoring of signals can
be for many reasons such as safety, due to potential
hazards at the actual monitoring site, for temporary
test setups at a nearby remote position, and of course,
for normal control applications and systems.

Remote monitoring can be a difficult problem, espe-
cially when analog signals pass through an environment
with high levels of electrical noise, as in a manufac-
turing facility where there is heavy electrical equip-
ment. If a high degree of accuracy must be maintained,
analog signal transmission becomes especially prohibi-
tive beyond a few hundred feet.

One obvious solution to the noise problem would be
to transmit the signals in digital form. This can be done
by applying the analog signal to an analog-to-digital
(a/p) converter. The digital pulses can then be trans-
mitted in either parallel or serial format. If transmitted
serially, the pulses may have to be transformed ulti-
matély into parallel form at the receiving end for dis-
play or storage.

A better solution, in terms of cost, is to use a voltage-
to-frequency (v/F) converter to transmit the transducer
data directly in serial form. This is a simple and effec-
tive way to achieve an accurate system of 10 to 13 bits
resolution (0.1% to 0.01%) if the data rate is slow. At
the receiving end, the pulse train can be simply count-
ed for a 1 second period or less and then displayed to
show the analog value. While this may be the “best ap-
proach” for many applications, direct analog signal
processing using instrumentation amplifiers is far from
extinct.

Here then are some important points, suggestions,
and applications to aid in selecting the most effective
method for your needs using commercially available
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Fig. 1: Here is a typical transducer bridge circuit (a) and
its equivalent circuit (b). The variable resistor, X, is the
actual monitoring transducer in the bridge.
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TABLE 1
Variable
Temperature bridge Transducer output
in resistance error voltage
c X (RTD) e, —e,
0 1009 0 volts
1 100.3929 9.78 mV
2 100.784Q 19.52 mv
3 101.176Q 29.23 mV
1 I 1
1 1 1
1 1 I
| 1 I
10 103.92Q 96.2 mV

e,—e,

100
then (e, —e,) = 5(x %
where X is the RTD device

X(©) = 100 +0.392(T)
Tin°C

Vexc

€78 =5~

Gr)
with Ve = 10 volts
and R=100 ohms,

€:—ey
e,_e.=ve_X° X-R
2 X-+R
Vexe| .
2

Fig. 2: This is the plot of a bridge transducer error volt-
age, e2—e» vs. the variable leg resistance, X. Plot shows
that there is excellent linearity between R and 5R for this
transducer, meaning that the transducer is good for
monitoring applications in the linear portion.

o
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Y ’ Vret
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Input/output relationship:
Cout = G(Vyin =Viin) + Vygr
€out = Gle; —€) + Vit

Fig. 3: Simple sketch of instrumentation amplifier illus-
trates the input and output signals. The resistor, Rg, is
used to adjust the instrumentation amplifier's gain.

where 1 < G(gain) <1000
G = 200k/Rg
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modular building blocks driven by transducers. So let’s
start at the beginning, with the transducers.

Transducer signal source

Transducers often take the form of a Wheatstone
bridge as shown in Fig. 1. With the advantages of high
null resolution and means for temperature com-
pensating, the bridge has the ability to measure a min-
ute voltage differential appearing across it in the pres-
ence of significantly larger excitation and noise volt-
ages. In other words, the output is differential:

e (zim)-

where Vexc is the bridge excitation voltage and X is the
variable resistor branch.

The resistor X might be a strain gage element or a re-
sistive thermal device (rTp!) which changes in a near-
linear manner with temperature. We will use the latter
as the X element in the Wheatstone bridge plot in Fig,
2. Note the excellent linearity between the values X =
R through X=5R. A commercially available platinum
RTD! with suitable linearity exhibits nominal 100 ohm
resistance at 0°C and a temperature coefficient of
+0.392 ohms/°C; the output of a 100 ohm bridge be-
tween 0°C and 10°C using this device is shown in
Table 1. With only millivolts of output, this circuit will
serve as a signal to be measured over long lines.

Vexc Vexc

ex—elr =

(X+R

Amplify first

To be useful, the millivolt-level differential output of
the bridge must usually be amplified to levels well
above ambient noise. Specifically designed for this task,
the instrumentation amplifier (1a) in Fig. 3 will boost
the differential bridge output by 1000 times or more.
The actual gain is a function of the values selected for
the external gain setting resistor, Rg. This resistor en-
ables the user to set the full scale output to a con-
venient value. It is possible to use a variable resistor
here for final trimming.

Another benefit of the instrumentation amplifier is that
it amplifies on the difference in voltage between the
signal and signal-return leads. Interference signals on
both leads in the same phase are not amplified. This is
known as common-mode rejection (CMR) and is the
principal advantage of using these amplifiers. It is this
property that enables the amplifier to ignore ground
loop voltages due, for example, to the long wires while
responding to differential signals as mentioned above
for transducer outputs.

The rTD measurement system, shown in Fig, 4 illus-
trates the need for shielding and bypassing techniques
to minimize RF1 (radio frequency interference) and line
frequency (60 Hz) interference. The need to keep the
bridge/amplifier ensemble in close proximity to one an-
other, to bypass the amplifier power supply input ter-
minals at the amplifier socket and to return the shield
to the single point input reference ground are crucial to
the success of this system.
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Fig. 5 shows an 1a transmitting its output, the ampli-
fied bridge signal, over long wires to a monitoring in-
strument. It is a fairly common practice to use twisted
and often shielded pairs of wires. Unfortunately, the ca-
pacitive effect of these wires degrades the amplifier's
frequency response, and encourages undesirable os-
cillation. In other words, this can distort the desired in-
formation being transmitted.

Permissible capacitive output loading of the instru-
mentation amplifier will vary from supplier-to-supplier;
typically this will range from 300 to 10,000 pF (picofa-
rads). Shielded twisted pairs of wire may have 25 pF of
capacitance per foot. So, in a 100 ft. run, equivalent ca-
pacitance would be 2500 pF. This is certainly not a lim-
iting factor, but it is one that must be seriously consid-
ered, especially when faced with longer telemetry dis-
tances.

A small series resistance, on the order of 50 ohms to

200 ohms, can be placed in the amplifier output to
maintain stability with capacitive loading. Series resist-
ance incurred with shielded twisted pairs of wire, (or
any good transmission line) is negligible; a practical
value is 50 ohms per mile, roughly 1 ohm per 100 ft.

You can see that direct analog measurement ap-
proach is vulnerable to all forms of electrical noise—
rF1, EMI and power line interference. Further, capaci-
tive loading can create amplifier instability and the
long lines, which can act as antennas, will themselves
induce undesired extraneous signals.

Finally, the amplifier can be scaled higher in order to
boost desired signals to the level of volts, improving
cMR capability while reducing the amplifier frequency

response. But this can be an advantage in low fre-

.quency because high frequency noise will be partially
filtered.

200K
Rg
for G=10.225
Rg=~19.56k

10 Vde = J

+1.999V
Shielded differential —_— -
twisted pair analog input | o / /=1 121171

IR

M
SOk .
{ Gnd

v
Transducer l[?;a. (decimal point
output

¢| SiFer les-10225(:—e1)|reading PoI"EMmaLle)
0 0 0 0.00
1| e78mv 100mv 1.00
2| 19.52mv 199.6mV 1,99
3| 2923mv | 298.87mv 298
10 | 96.2mv 983.64mV 9.83

Fig. 5: The RTD bridge output is amplified by an instru-
mentation amplifier and then sent over shielded twisted
wire pair. Note how gain resistor is calculated, and then
how the gain is used to overcome transmission losses.
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priced DPM will display the information through the addi-
tion of a divider and a AND gate.

T
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Digital or analog readout?

Acknowledging that “moving pointer” readouts (or
analog meters) cost less, some features of the digital
panel meter (pPM) can far outweigh the analog meters:

® The ppM provides unambiguous readings with up
to 0.01% resolution, with no guessing. '

® The ppM presents a high input impedance to its
signal source, making long line measurements less of a
chore.

® Many DPM's can be manipulated by digital sig-
nals to perform a surprising array of tasks.

In its simplest form, the ppM uses the single slope
conversion method. It is, in fact, nothing more than a
“dumb’” counter which can be made “smart” by ex-
ternally controlling the interval over which pulses are
counted. This feature allows the ppMm to perform like a
frequency meter. (See right hand portion of Fig. 6.)
This method can serve as a basis for digital transmission
of analog data. But first, why should we transmit digi-
tally?

Digital vs. analog data transmission
The wide noise margin and the relatively large am-
plitude of logic levels make digital transmission highly

immune to the effects of noise. For example, millivolt-
level analog signals can be represented by transistor-
transistor logic (tTL) digital signals that vary between 0
to 0.8 volts for zero levels and 2.4 to 5.0 volts for oNE
logic levels. Commercially available v/F converters can
produce this type of output in the form of a digital
pulse train with a rate proportional to the analog input
amplitude (voltage).

Most v/F’s have a 0 to 10 volt full-scale analog input
and they output either 0 to 10 kHz or 0 to 100 kHz dig-
ital pulse trains. The 10 kHz full-scale units are very
popular because of their extremely good linearity (ac-
curacy) performance. Linearity for the 10 kHz full scale
(F.S.) units is £0.005% or +% Hz. Thus, if 5 volts are
applied to the input, the output pulse train will be a 5
kHz +'% Hz rate, which is very accurate. For simple
systems, the hook-up is not very difficult. It can often
be “‘cook booked” from literature readily available
from the module manufacturers.

To recap briefly, the information from the transducer
is amplified to a high level (1-10 volts); it is then used
to drive the input of the v/F converter. The output of
the converter is then transmitted via wires to an in-
dicator, which is most commonly a ppm.

Signal conditioning To reduce
V/E circuit output ripple
T 55vdo! c
Vin l o | ext
f | |
10Vde = ¢ T 1 24k
_J9 N IkIn
[002.F_{ 2.6v | 1&7 1907
| , l Low High
5.1k pGnd
L/ ,
100 t— I _V_- 7.6V
ov HS o
L - 1| 2.4v

Fig. 7: A F/V converter is added to the system in Fig. 6.
This addition presents an analog signal to the DPM,
eliminating the need for a divider or AND gate. It also

_.;1_.

makes analog control signals available for other appli-
cations.




While it is not intended to be covered here, if you
had long wire runs of several hundred feet and more,
vou should use a differential line driver to drive the
twisted pair. Then, at the other end of the line, you
would use a differential line receiver to feed the digital
counter.

Mating the V/F to the frequency meter

Fig. 6 shows the entire signal processing system using
an instrumentation amplifier to amplify and scale the
transducer output, a v/F converter to time encode and
digitally transmit the amplified analog signal, and a
DPM to present a properly scaled numerical display of
the transducer voltage (temperature). This circuit fea-

tures a 2.4 volt noise threshold. Over long distances it is:

advisable to include a line driver at the v/F converter
output and a line receiver at the corresponding aND
gate input; these drivers minimize the edge-rounding
that can be caused by capacitive storage in a system.

Another approach—somewhat more complex—
presents a pPM with an analog input signal in the man-
ner shown in Fig. 7. Here, a v/F converter drives an F/v
converter (the v/F counterpart) over long lines and the
/v drives the analog inputs of the ppm. This circuit re-
jects up to 1.8 volts of noise and is recommended for
applications. where the conditioned analog signal, the
ppM input, must also be available for other system
functions.

Other applications using the F/v converter can in-
clude frequency measurements in flow meters and ta-
chometer problems in motor speed controls. Qutput
pulse rates for these devices are used to develop an ana-
log voltage proportional to speed or flow. The voltage,
in turn, can be fed back to regulate the process or sys-
tem. Basically, the ¥/v converter is a temperature stable
analog pulse counter with an output voltage that is pro-
portional to input rate. Once the pulse rate is in analog
form at the ¥/v converter output, other analog oper-
ations can be performed.

Because the v/F converters perform integration, they
actively reject time varying signals that are symmetrical
about zero. This feature provides-even higher noise im-
munity in system applications.

All the components mentioned are readily available
products that can be obtained from numerous sources
in a variety of forms, performance levels and prices.
Further, applications assistance and notes are offered
by most manufacturers to help you with your require-
ments.

GM
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Frequency converter is a dual operator

Voltage-to-frequency converters are analog/digital
interface devices that generate digital output pulses
at a rate linearly proportional to the input voltage.
Universal voltage-to-frequency converters have
pin-programmable input/output features that make
them extremely versatile devices for a wide variety
of applications. They operate:

e As voltage-to-frequency or frequency-to-voltage
converters with either positive or negative volt-
age or eurrent inputs; or with cither positive or
negative going output pulses.

As an F/V converter with either positive or
negative output voltage. They are compatible
with DTL/TTL, CMOS, or other high level iogic
circuits.

The key specifications of Datel’s 10 kHz and 100
kHz universal V/F converters are given in Table 1.
The main advantage to using a universal type of
V/F converter is its flexibility. Since it is pin-
programmable, it isn’t necessary to stock various
models for different applications.

A typical V/F/V converter using charge balancing
is shown in Fig. 1. When operating as a V/F con-
verter, the Vi, terminal is connected to the Pulse
In terminal. Therefore, the timing reference circuit
is triggered by the integrator output as it passes
through a threshold level. The timing reference

circuit generates a precise, constant width pulse
that is converted into a current pulse by the charge
feedback circuit. The the current pulse, or charge,
is pulled from the integrator input terminal. The
rate of charge generation exactly balances the input
current to the integrator; therefore the output pulse
rate is linearly proportional to input voltage or
current. The voltage pulses from the timing refer-
ence circuit are fed to a special logic buffering cir-
cuit. This cireuit programs the pulse output level
and polarity. It also short-circuit proofs the unit.

The second amplifier in the diagram is a unity gain
amplifier, and is used to invert inputs when the
module is used as a V/F converter or to invert
outputs when used as an F/V converter. In the F/V
mode, pin 26 is connected to pin 1 and the input
pulses are applied to the Pulse In terminal. Thus,
the 10k input resistor at the + Vjy terminal is effec-
tively in parallel with C and the integrating amplifier
acts as a low pass filter that filters the current pulses
from the charge feedback circuit. An external
capacitor can be connected between the + 1y ter-
minal and Vour to increase the filter’s time constant.
The universal V/F converter’s usefulness centers
around its analog/digital interfacing capability. The
V/F converter is like an A/D converter with serial
output pulses.

415V
2
. -5V
: T 1
1 +15 -15 ZERO !
4 VL COM VDX ADJUST |
o1 R |
v ® O ® i
L i @ I ;
10K 4% DIGIT
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PRECISION v (@ VWA~ - l / o o
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SOURCE ’ / ]
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Fig. 1. The inverting amplifier shown in color switches the converter between the V/F and F/V

des. External

tions also in color are used when calibrating the converter in the V/F

mode. F/V calibrations are illustrated by dashed lines. Note the 10k gain pot and the 20k zero
adjust pot are used in both calibration procedures.
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TABLE |

SPECIFICATIONS OF UNIVERSAL V/F CONVERTERS
Specification VFK-10K VFK-100K
Input voltage Oto +10v,0to —10v
Input current Oto+1ma 0to—1ma
Input Z (voltage) 10 k ohms
Frequency range 0o 10 kHz 0to 100 kHz
Nonlinearity, max +0.005% *+0.05%
Gain Tempco, max +20 ppm/°C +100 ppm/°C
Zero temp drift *10uv/°C *+10 wv/°C
Outut pulse width 75 usec 1.5 usec
Output loading 12 TTL loads
Power requirement *+15 vdc at 25 ma
Case size 2"x2"x0.375"
Price (1to 9) $59 I $79

A 10 kHz V/F converter has a resolution of one
part in 10,000, equivalent to a resolution of better
than 13 binary bits (one part in 8192). The worst
case linearity is 50 ppm, also equivalent to that of
a 13 bit A/D converter. The gain temperature
stability of 20 ppm/°C for the Datel VFV-10K,
combined with the resolution and linearity figures,
makes this unit equivalent to a high quality A/D
converter. However, this is based on slow conversion
rates, and is not useful where high data conversion
rates are required, although somewhat faster con-
version times are possible by sacrificing resolution.
Alternatively, a faster unit, such as the 100 kHz
converter, can be used with a 0.1 second time base
to give the same resolution as the 10k unit, but

it does not have as good linearity.

The lower operating limit of these units is about

1 millivolt. This is due to the resolution of the zero
adjustment, long term stability, temperature drift,
etc. The useful dynamic range of both the 10 kHz
and 100 kHz models is 10,000:1, or 80 db.

Calibrating a V/F/V converter

In general, calibration is done in a manner similar to
that of A/D converters with external gain and zero
adjustments made by trimming potentiometers. The
calibration steps for the V/F mode are as follows:

o Connect the unit as a V/F converter with zero
and gain trimming potentiometers as shown in
Fig. 1.

Connect a precision voltage source to the input
and a digital counter set to a one second time
base to the pulse output.

o Set the precision voltage source to +10.000V and
adjust the gain trimming potentiometer to give
an output count of 10,000 (VFV-10K) or 100,000
(VFV-100K).

o Set the precision voltage source to +0.010V and
adjust the zero timming potentiometer to give an
output count of 10 (VFV-10K), or 100 (VF'V-100K).

o Repeat the +10.000V adjustment.
When used in the F/V conversion mode, the unit
can be calibrated in the V/F converter mode and
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reconnected as an F/V converter; or the module can
be directly calibrated as an F/V converter using
the following procedure:

o Connect the module as shown in Fig. 1 with an
external 1 uf (film type) integrating capacitor.
Connect a pulse ger.rator to the pulse input and
set to give +5 v negative going pulses 50 usec
wide for the VFV-10K or 5 usec wide for the
VFV-100K. Connect a digital counter to the output
of the pulse generator and set the pulse rate to
10 kHz for the VFV-10K or 100 kHz for the
VFV-100K.

Connect a 4'% digit DVM to the voltage output
terminal; adjust the gain trimming potentiometer
to give +10.000V output on the meter.

Set the pulse generator output to 10 Hz for the
VFV-10K and 100 Hz for the VFV-100K and
adjust the zero trimming potentiometer to give
+0.010V output.

e Repeat the +10.000V adjustment.

In the calibration procedure as a V/F converter,
the module was shown connected as a positive input,
voltage to frequency converter. By using the current
input terminal, the unit becomes a positive input,
current to frequency converter with a current range
of 0 to 1 ma. For negative input voltages and cur-
rents, the inverting amplifier is connected ahead

of the integrator. Since this amplifier has both
current and voltage inputs, the ranges are 0 to
—10V for voltage and 0 to —1 ma for current.

Operating point

The Logic Select terminal (pin 12) selects the logic
level used, either the 5 v levels for DTL/TTL or
the 15V levels for CMOS and high level logic. Other
arbitrary logic levels between 5V and 15V can be
obtained by leaving the Logic Select pin open and
connecting an external resistor from the Pulse Out
pin to ground. The outputs are summarized in
Table I1. For a given logic level V;, the value of
this resistance is derived from the equation:

+VL = 15 Rext
Rext + 10k
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TABLE 1l
PULSE OUTPUT PROGRAMMING 2y L= 07 |
¢ =01
Pulse Type Pulse Output Logic Select | Pulse Polarity, v i !
= |
Positive going 5 v pulses +5 I | ’ I I I Ground +15v g :
0 ’é 100 mV|
3 I
N . +5 é i
Negative going 5 v pulses | | | | I I Ground Open & C =10 uf :
0 e 10 mv)
= |
+15 & [
Positive going 15 v pulses I | I | I | Open +15v R ) l s
0 10 ™ 1 "
+15 INPUT PULSE RATE
Negative going 15 v pulses 0 | | || I I Open Open Fig. 2. Output ripple characteristics of the
F/F/V-10k.

where Rext is the external resistance between pin
10 and ground.

The Pulse Polarity terminal is connected to 15V

or left open, depending on whether the output pulse
is positive going from ground or negative going
from a positive level. )

When used as a F/V converter, the feedback loop
is opened and the input pulses are fed directly to
the input of the timing reference circuit. These
pulses must be negative going pulses from a high
state greater than 2.0V to a low state less than
0.8V. The pulse width must be between 10 and 60
usec for the VFV-10K and 1 and 6 useec for the
VFV-100K. For wider pulses and other waveforms,
input conditioning is necessary.

Acts as a filter

Again, in the F/V operating mode, the integrator
circuit is used as a single pole, low pass filter with a
time constant determined by the 10k ohm resistor
and capacitor C. The converter’s output ripple mag-
nitude (Fig. 2) depends on the input pulse rate

and the value of C (Fig. 1). The capacitor values
shown include an internal value of 0.047 uf. In-
creased external capacitance gives better filtering
but sacrifices response time. When C = 1 uf, the
peak to peak ripple component is 100 mV maximum
with a step response time of about 22 msee.

A V/F converter can be used to transmit data to
other locations with very high noise immunity. For
example, information from a transducer is amplified
to a high level (1 to 10V) and is used to drive the
input of the V/F converter. The converter feeds a
twisted-pair cable that carries the signal through
the noisy environment. At the other end of the line,
a differential line receiver feeds a digital counter
and display, or alternatively an F/V converter. The
counter and display read out data directly.

In some cases, however, it might be desired to re-
construct the original analog signal. This is done by
using an F/V converter with an appropriate external
capacitor to convert the digital pulses back to the
analog signal. Using differential line drivers and
receivers results in very high noise immunity to
common mode noise.

(4]

A universal V/F converter can be used to transmit
data directly from an industrial transducer with

4 to 20 ma output current. The V/F converter
differential line driver ahead of a is offset by a 2.5V
reference voltage applied to the inverting input
amplifier, and the output of this amplifier is fed
through a 10k ohm resistor to the summing junction
of the operational integrator and pins 1 and 2 are
shorted. A 665 ohm load resistor is connected across
the transducer’s output. Because of the offset, a 4
ma transducer output corresponds to a zero input to
the V/F converter, and a 20 ma output corresponds
to a full scale input of 10V. The digitally trans-
mitted data from the transducer can then be read
out at the other location on a digital counter and
display.

The universal V/F converter has 4 inputs (+ A, +B,
—C, —D) including both the integrator and invert-
ing amplifier inputs. If the inverting amplifier is
used, it must have its output connected either to
the +Vyy input or through a 10k ohm resistor to
the +Iix mnput. Additional input resistors added

to the +Ijy terminal result in the algebraic sum-
mation and subtraction of the input signals. The
output frequency, assuming a 10 kHz model, is:

B A+B-C-D
f=10kHz 10V

In addition to the straight summation shown, sum-
mation with gain can also be achieved. In this case,
the inverting amplifier is used as a gain stage rather
than as an integrator. This is done by hanging input
resistors with values less than 10k ohms on the’

- Iy terminal. Gain for a given input signal is

G = —10k/R. .

A number of data channels can be read out by a
single digital counter and display. The counter/dis-
play, for a low cost system, is simply switched from
one channel to another. Each data channel has its
own V/F converter that is programmed for the
particular transducer or signal used. Therefore gain,
addition or subtraction, inversion, etc., can be
individually accomplished for each separate infor-
mation channel.

GZ
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Test your
V/F converter 1Q

While V/F’s aren’t new, today’s designs transform them into highly
versatile, low-cost building blocks. Do you know how to use them?

A basic understanding of the operation and
characteristics of the modern voltage-to-
frequency converter is a must for system or circuit
design engineers. Based on an old method, V/F's
in modular or IC form combine latest component
and design technologies into ‘““data converters
with a difference.” Not only do they compete for
traditional analog-to-digital interface applications
with successive-approximation and dual-slope
type converters, they also compete with discrete

Given: a typical V/F converter
Voltage-to-frequency converters generate a
train of output pulses with a frequency
linearly proportional to the input voltage.
The input range, generally 0 to +10V,
interfaces with such analog circuits as op
amps, multipliers and sample/hold amplifi-
ers. The output, which typically has a F.S.
range of 10 or 100 kHz, is DTL/TTL or CMOS
compatible to interface directly with digital
logic.

VIF converters list among their most
important features high linearity, excellent
temperature stability and low to moderate
cost. When used with a precision timing
circuit, gate and counter, they make a
complete A/D converter with high resolu-
tion, linearity and stability, but not high
speed.

Table 1 lists the key specifications of a
typical commercially available V/F
converter—the Datel Systems’ VFV-10K.
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circuits of many types for cost-effective solutions
to general-purpose problems.

Unfortunately, though, V/F converters aren’t
widely appreciated and are often misunderstood.
To correct this situation we present, as a test of
skill and (hopefully) a source of inspiration, 14
multiple-choice questions based on the unit
described in the box. The correct answers, along
with brief discussions of the principles involved,
appear elsewhere in this issue. Good luck!

ZERO ADJ. GAIN ADJ.

DIGITAL QUTPUT
(DTL/TTL OR CMOS)

ANALOG 10 kHz
INPUT O——— V'F CONVERTER _“_”_"._
(070 +1T0V) (VEV-10k)

1

TABLE 1 — KEY SPECIFICATIONS, VFV-10k

INPUT VOLTAGE RANGE Ot +10V

INPUT OVERRANGE, MIN. 10%

INPUT IMPEDANCE 10kQ

OUTPUT FREQUENCY 0to 10kHz
FREQUENCY OVERRANGE, MIN 10%

PULSE WIDTH 70 psec

RISE & FALL TIMES 200 nsec

SETTLING TIME TO 0.01% 1 PULSE AT NEW FREQUENCY
OUTPUT COMPATIBILITY DTL/TTL OR CMOS
FULL SCALE ERROR ADJUSTABLE TO ZERO
OFFSET ERROR ADJUSTABLE TO ZERO
NONLINEARITY, MAX. 0.005%

TEMPCO OF ZERO, MAX +30uv/°eC

TEMPCO OF GAIN, MAX. +20 ppm/°C

POWER REQUIREMENT *15V DC @ 25 mA
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1. Which of the following circuit techniques has
no relation to V/F conversion?

a. Charge dumping

b. Voltage-controlled oscillator (VCO)

c. Charge balancing

d. Variable transconductance
2. Assuming that the linearity of the V/F convert-
er of Table 1 holds all the way down to zero input
voltage (which it does), and that the input offset
voltage can be accurately zeroed for an input as
low as +1 mV (which it can), what dynamic range
of the output frequency can be realized?

a. 60dB

b. 66 dB
c. 80dB
d. 100 dB

3. The V/F converter is useful for high noise-
immunity remote data transmission because:
a. It amplifies the input signal but not the
noise
b. It integrates the input signal, rejecting
noise
c. It transmits the data in the form of digital
pulses that are relatively noise immune
d. It can be used with an optical isolator at the
output for high common-mode rejection

C, SETS INTEGRATOR
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Fig. 1

4. In the V/F converter of Fig. 1, how does the
stability of ‘capacitors C, and C, affect the
accuracy of the converter?
a. C, directly affects the accuracy but C, does
not
b. C, directly affects the accuracy but C, does
not
Both C, and C, directly affect the accuracy
Neither C, nor C, directly affects accuracy
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5. In the V/F converter diagrammed in Fig. 2,
how does the stability of capacitors C, and C,
affect the accuracy of the converter?
a. G, directly affects the accuracy but C, does
not
b. C, directly affects the accuracy but C, does
not
c. Both C, and C, directly affect the accuracy
d. Neither C, nor G, directly affects accuracy
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Fig. 3

Questions 6 through 9 refer to the voltage-to-
frequency type A/D converter illustrated in Fig. 3.
The V/F converter used is described in Table 1.
6. To make a 12-bit binary A/D converter, we use
a 12-bit binary counter. Assuming that the V/F is
calibrated to give exactly 10 kHz at F.S. (+10V)
input, what should be the width of the pulse from
the timing circuit? .

a. 0.4096 sec
b. 1.000 sec
c. 2.048 msec
d. 40.96 msec

>



7. To change the circuit of Fig. 3 into a 4-digit
BCD A/D converter, which of the following
changes must be made?
a. Change the V/F converter to a 100-kHz unit
and the counter to a4-decade BCD counter
b. Change the counter to a 4-decade BCD
counter and the timing pulse width to 1.000
sec
Change the timing pulse width to 1.000 sec
d. Change the counter to a 4-decade BCD
counter, and NAND gate to a NOR
8. For the 12-bit A/D converter described in
Question 6, what is the approximate linearity?
a. =1/10 LSB

[a]

b. *+1/4 LSB
c. *1/2LSB
d. =11LSB

9. Voltage-to-frequency A/D converters possess
good noise rejection characteristics since they
average the input signal during the conversion
time. Assuming a 1.0-sec conversion time (or
counting time) for this type converter, what is its
noise rejection for 60-Hz input noise?

a. 26dB

b. 33.8dB
c. 35.6dB
d. 41.6dB

10. Which of the following is an advantage of
the successive approximation A/D converter over
the voltage-to-frequency A/D converter?

a. Noise rejection

b. Inherent monotonicity (no missing codes)

c. Excellent temperature stability

d. None of the above
11. Differential nonlinearity for an A/D convert-
er is defined as the maximum deviation of any bit
size from its theoretical value of 1 LSB over the
full conversion range. Since a voltage-to-
frequency'A/D converter has a smooth, bow-type
linearity characteristic, its differential nonlinearity
is approximately:

a. Zero

b. *=1/2 LSB

c. =1LSB

d. Cannot be determined

“D” FLIP-FLQOP
vE GLQUARE
VeonTrot CONVERTER ¢ a ‘g,}:/peu-r

]

PULSE OUTPUT

Fig. 4
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12. One of the applications for a V/F converter is
a voltage-controlled oscillator (VCO) with either
pulse- or square-wave output (Fig. 4). How does
the V/F converter basically differ from a VCO?

a. The V/F converter is linear over its full
operating range and the linearity holds
down to zero

. The V/F converter is smaller and cheaper

c. The V/F converter has a pulse output,
whereas a VCO has a sine-wave output

d. No difference

13. Which of the following characteristics do
voltage-to-frequency and dual-slope A/D con-
verters have in common?

a. Excellent noise rejection

b. Inherent monotonicity (no missing codes)

c. Slow conversion time

d. All of the above
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14. Fig. 5 shows a pulsed sine wave with a
peak-to-peak amplitude of 8V. This waveform is
squared by an analog multiplier and then inte-
grated by applving it to a 10-kHz V'F converter
and counting output pulses for a specified period
of time. If the capacitv of the counter is 10 BCD
digits, what is the length of time over which the
waveform can be integrated?

a. 6944.4 hrs.
b. 3472.2 hrs.
c. 2777.7 hrs.
d. 1000 hrs. 11
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Presenting: the answers
to our quiz on V/F converters

To ace this exam you need more than just a passing familiarity with
V/F’s. Our explanations should help clear up any misconceptions.

ANSWERS
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Fourteen questions do not an expert make. But
if you've answered all of our queries correctly,
consider yourself very well versed on at least the
basics of V/F converters. (An average score is 6-8
correct.) This quiz, combined with a careful
reading of the reference articles,should give you
an excellent grasp of the subject.

Our comments to the questions. follow.

1. Variable transconductance is a circuit tech-
nique used for analog multiplication, division and
other nonlinear functions. It has no relation to
V/F conversion.

2. The analog input range is 1 mV to 10V; the
corresponding output frequency range, 1 Hz to 10
kHz. This represents a dynamic range of 10,000:1
or 80 dB.

3. Although b and d are true statements, they do
not explain the V/F’s high noise immunity in the
transmission of remote data. Rather, the reason
for c is that the analog information is converted

(]
n

into a digital pulse train, which has relatively high
noise immunity compared to an analog signal.

4. Fig. 1 diagrams a charge-balancing V/F con-
verter. C, determines the amplitude of voltage
transition at the integrator output but does not
affect the accuracy of the output pulse frequency.
C, directly affects accuracy because the average
current pulled out of the integrator's summing
junction is directly determined by the width of
the pulse from the one shot.

5. A charge-dumping V/F is shown in Fig. 2.
Here C, directly affects accuracy since it deter-
mines how fast the output of the integrator gets
to the trip point of the comparator. C,, on the
other hand, merely sets the output pulse width
and has no effect on accuracy.

6. A 12-bit binary A/D converter has a total of
4096 output states. Therefore, the pulse width
must be 0.4096 sec to produce this number of
states from a 10-kHz pulse rate.

7. The 4-decade BCD converter has 10,000
output states, so it needs a 1.000-sec timing pulse
width and a 4-decade BCD counter.

8. The V/F converter used has a nonlinearity of
0.005% max. that corresponds to about 1/4 LSB
out of 12 bits (1 LSB in 12 bits is 0.024%).

9. Noise rejection of an averaging type A/D
converter is 20 log 2Tf,, where T is the averaging
or conversion time and f, is the noise frequency.
Therefore, 41.6-dB rejection of 60-Hz noise is
correct, based on the noise rejection asymptote.
Note that this doesn’t assume that the 1.000-sec
conversion time is a precise multiple of the 60-Hz



period. If it were an exact multiple, the noise
rejection would be infinite.

10. Choices a, b and c¢ are characteristics of
integrating and voltage-to-frequency type A/D
converters. Successive approximation machines
are noted for their speed.

11. Because of the V/F converter's smooth,
bow-type linearity characteristic, all bits over its
full range are almost exactly the same size (1 LSB)
and the differential nonlinearity is very nearly
zero.

12. Choices b and care true in many cases, buta
is the best choice. A VCO is basically linear over a
limited range of output frequency and does not
operate down to zero frequency.

13. The best answer is “all of the above.” We
might add that for a given resolution (=10 bits),
V/F based and integrating A/D’s generally cost
less than successive approximation types.
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14. This question involves some computation.
At the output of the multiplier the squared sine
wave has an amplitude of +1.6V and an average
value of +0.8V. Since it is ON only half the time,
the actual average is +0.4V. This voltage produces
an average output frequency of 400 Hz from a 10
kHz V/F converter. The maximum integration
time in hours is then: T = 10'"/(400 x 3600) =
6944.4 hrs. )
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Glossary of Data Conversion Terms

This glossary defines the most often used terms
in the field of data conversion technology. Each
of the terms has been described or referred to
elsewhere in this book.

ABSOLUTE ACCURACY: The worst-case input to
output error of a data converter referred to the
NBS standard volt.

ACCURACY: The conformance of a measured
value with its true value; the maximum error of

a device such as a data converter from the true
value. See relative accuracy and absolute accuracy.
ACQUISITION TIME: For a sample-hold, the time
required, after the sample command is given,

for the hold capacitor to charge to a full scale
voltage change and then remain within a

specified error band around final value.

ACTIVE FILTER: An electronic filter which uses
passive circuit elements with active devices

such as gyrators or operational amplifiers. In
general, resistors and capacitors are used but

no inductors.

ACTUATOR: A device which converts a voltage
or current input into a mechanical output.

ADC: Abbreviation for analog-to-digital con-
verter. See A/D converter.

A/D CONVERTER: Analog-to-digital converter.
A circuit which converts an analog (continuous)
voltage or current into an output digital code.
ALIAS FREQUENCY: In reconstructed analog
data, a false lower frequency component which is
the result of insufficient sampling rate, i.e., less
than that required by the sampling theorem.
ALIASING: See Alias Frequency.

ANALOG MULTIPLEXER: An array of switches
with a common output connection for selecting one
of a number of analog inputs. The output signal
follows the selected input within a small error.
ANTI-ALIAS FILTER: See Pre-Sampling Filter.

APERTURE DELAY TIME: In a sample-hold, the
time elapsed from the hold command to the actual
opening of the sampling switch.

APERTURE JITTER: See Aperture Uncertainty
Time.

APERTURE TIME: The time window, or time
uncertainty, in making a measurement. For an A/D
converter it is the conversion time; for a sample-
hold it is the signal averaging time during the
sample-to-hold transition.

APERTURE UNCERTAINTY TIME: In a sample-
hold, the time variation, or time jitter, in the opening
of the sampling switch; also the variation in aperture
delay time from sample to sample.
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AUTO-ZERO: A stabilization circuit which servos
an amplifier or A/D converter input offset to zero
during a portion of its operating cycle.

BANDGAP REFERENCE: A voltage reference
circuit which is based on the principle of the pre-
dictable base-to-emitter voltage of a transistor to
generate a constant voltage equal to the extra-
polated bandgap voltage of silicon (x1.22V).

BANDWIDTH: The frequency at which the gain of
an amplifier or other circuit is reduced by 3 dB
from its DC value; also the range of frequencies
within which the attenuation is less than 3 dB from
the center frequency value.

BCD: See Binary Coded Decimal.
BINARY CODE: See Natural Binary Code.

BINARY CODED DECIMAL (BCD): A binary code
used to represent decimal numbers in which each
digit from 0 to 9 is represented by four bits
weighted 8-4-2-1. Only 10 of the 16 possible states
are used.

BIPOLAR MODE: For a data converter, when the
analog signal range includes both positive and
negative values.

BIPOLAR OFFSET: The analog displacement of one
half of full scale range in a data converter operated
in the bipolar mode. The offset is generally derived
from the converter reference circuit.
BREAK-BEFORE-MAKE SWITCHING: A char-
acteristic of analog multiplexers in which there is

a small time delay between disconnection from the
previous channel and connection to the next channel.
This assures that no two inputs are ever momen-
tarily shorted together.

BUFFER AMPLIFIER: An amplifier employed to
isolate the loading effect of one circuit from another.
BURIED ZENER REFERENCE: See Subsurface
Zener Reference.

BUSY OUTPUT: See Status Output.

BUTTERFLY CHARACTERISTIC: An error
versus temperature graph in which all errors are
contained within two straight lines which intersect
at room temperature, or approximately 25°C.

CHARGE BALANCING A/D CONVERTER: An
analog-to-digital conversion technique which em-
ploys an operational integrator circuit within apulse
generating feedback loop. Current pulses from the
feedback loop are precisely balanced against the
analog input by the integrator, and the resulting
pulses are counted for a fixed period of time to
produce an output digital word. This technique is
also called quantized-feedback.

CHARGE DUMPING: See Charge Transfer.
CHARGE INJECTION: See Charge Transfer.
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CHARGE TRANSFER: In a sample-hold, the phe-
nomenon of moving a small charge from the sampling
switch to the hold capacitor during switch turn-off.
This is caused by the switch control voltage change
coupling through switch capacitance to the hold
capacitor. Also called charge dumping or charge
injection.

CHOPPER-STABILIZED AMPLIFIER: An opera-
tional amplifier which employs a special DC
modulator-demodulator circuit to reduce input
offset voltage drift to an extremely low value.
CLOCK: A circuit in an A/D converter that gener-
ates timing pulses which synchronize the operation
of the converter.

CLOCK RATE: The frequency of the timing pulses
of the clock circuit in an A/D converter.
COMMON-MODE REJECTION RATIO: For an
ampiifier, the ratio of differential voitage gain to
cor(;lmon-mode voltage gain, generally expressed
indB.

Ap

CMRR = 20 log,o
Acm

where Ap is differential voltage gain and Acy is
common mode voltage gain.

COMPANDING CONVERTER: An A/D or D/A
converter which employs a logarithmic transfer
function to expand or compress the analog signal
range. These converters have large effective dy-
namic ranges and are commonly used in digitized
voice communication systems.

COMPLEMENTARY BINARY CODE: A binary
code which is the logical complement of straight
binary. All 1’s become 0’s and vice versa.
CONVERSION TIME: The time required for an
A/D converter to complete a single conversion to
specified resolution and linearity for a full scale
analog input change.

CONVERSION RATE: The number of repetitive
A/D or D/A conversions per second for a full scale
change to specified resolution and linearity.

COUNTER TYPE A/D CONVERTER: A feedback
method of A/D conversion wkereby adigital counter
drives a D/A converter whicl generates an output
ramp which is compared with the analog input.
When the two are equal, a comparator stops the
counter and output data is ready. Also called a
servo type A/D converter.

CREEP VOLTAGE: A voltage change with time
across an open capacitor caused by dielectric absorp-
tion. This causes sample-hold output error.
CROSSTALK: In an analog multiplexer, the ratio of
output voltage to input voltage with all channels
connected in parallel and off. It is generally ex-
pressed as an input to output attenuation ratioin dB.

[
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DAC: Abbreviation for digital-to-analog converter.
See D/A Converter.

D/A CONVERTER: Digital-to-analog converter.
A circuit which converts a digital code word into
an output analog (continuous) voltage or current.

DATA ACQUISITION SYSTEM: A system con-
sisting of analog multiplexers, sample-holds, A/D
converters, and other circuits which process one or
more analog signals and convert them into digital
form for use by a computer.

DATA AMPLIFIER: See Instrumentation
Amplifier.

DATA CONVERTER: An A/D or D/A Converter.

DATA DISTRIBUTION SYSTEM: A system which
uses D/A converters and other circuits to convert
the digital outputs of a computer into analog form for
control of a process or system.

DATA RECOVERY FILTER: A filter used to
reconstruct an analog signal from a train of analog
samples.

DATA WORD: A digital code-word that represents
data to be processed:

DECAY RATE: See Hold-Mode Droop.

DECODER: A communications term for D/A
converter.

DEGLITCHED DAC: A D/A converter which in-
corporates a deglitching circuit to virtually elim-
inate output spikes (or glitches). These DAC’s are
commonly used in CRT display systems.
DEGLITCHER: A special sample-hold circuit used
to eliminate the output spikes (or glitches) from a
D/A converter.

DIELECTRIC ABSORPTION: A voltage memory
characteristic of capacitors caused by the dielectric
material not polarizing instantaneously. The result
is that not all the energy stored in a charged
capacitor can be quickly recovered upon discharge,
and the open capacitor voltage will creep. See also
Creep Voltage.

DIFFERENTIAL LINEARITY ERROR: The maxi-
mum deviation of any quantum (LSB change) in the
transfer function of a data converter from its

ideal size of FSR/2".

DIFFERENTIAL LINEARITY TEMPCO: The
change in differential linearity error with temper-
ature for a data converter, expressed in ppm/°C of
FSR (Full Scale Range).

DIGITIZER: A device which converts analog into
digital data; an A/D converter.

DOUBLE-LEVEL MULTIPLEXING: A method of
channel expansion in analog multiplexers whereby
the outputs of a group of multiplexers connect

to the inputs of another multiplexer.

DROOP: See Hold-Mode Droop.



DUAL SLOPE A/D CONVERTER: An indirect
method of A/D conversion whereby an analog
voltage is converted into a time period by an
integrator and reference and then measured by a
clock and counter. The method is relatively slow
but capable of high accuracy.

DYNAMIC ACCURACY: The total error of a data
converter or conversion system when operated at
its maximum specified conversion rate or through-
put rate. )
DYNAMIC RANGE:, The ratio of full scale range
(FSR) of a data converter to the smallest difference
it can resolve. In terms of converter resolution:
Dynamic Range (DR) = 2"
It is generally expressed in dB:
DR = 20 log|o2" =6.02n
where n is the resolution in bits.
EFFECTIVE APERTURE DELAY: In a sample-
hold, the time difference between the hold command
and the time at which the input signal equalled
the held voltage.
ELECTROMETER AMPLIFIER: An amplifier
characterized by ultra-low input bias current and
input noise which is used to measure currents in
the picoampere region and lower.
ENCODER: A communications term for an A/D
converter.
E.O.C.: End of Conversion. See Status Output.
ERROR BUDGET: A systematic listing of errors
in a circuit or system to determine worst case total
or statistical error.
EXTRAPOLATIVE HOLD: See First-Order Hold.

FEEDBACK TYPE A/D CONVERTER: A class of
analog-to-digital converters in which a D/A con-
verter is enclosed in the feedback loop of a digital
control circuit which changes the D/A output until
it equals the analog input.

FIRST-ORDER HOLD: A type of sample-hold, used
as a recovery filter, which uses the present and
previous analog samples to predict the slope to the
next sample. Also called an extrapolative hold.
FLASH TYPE A/D CONVERTER: See Parallel
A/D Converter.

FLYING-CAPACITOR MULTIPLEXER: A multi-
plexer switch which employs a double-pole, double-
throw switch connected to a capacitor. By first
connecting the capacitor to the signal source and
then to a differential amplifier, a signal with a high
common-mode voltage can be multiplexed to a
ground-referenced circuit.
FRACTIONAL-ORDER HOLD: A type of sample-
hold, used as a recovery filter, which uses a fixed
fraction of the difference between the present and
previous analog samples to predict the slope to the
next sample.
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FREQUENCY FOLDING: In the recovery of
sampled data, the overlap of adjacent spectra caused
by insufficient sampling rate. The overlapping re-
sults in distortion in the recovered signal which can-
not be eliminated by filtering the recovered signal.
FREQUENCY-TO-VOLTAGE (F/V) CONVERTER:
A device which converts an input pulse rate into an
output analog voltage.

FSR: Full Scale Range.

FULL POWER FREQUENCY: The maximum
frequency at which an amplifier, or other device,
can deliver rated peak-to-peak output voltage into
rated load at a specified distortion level.

FULL SCALE RANGE (FSR): the difference be-
tween maximum and minimum analog values for an
A/D converter input or D/A converter output.

F/V CONVERTER: See Frequency-To-Voltage
Converter.

GAIN-BANDWIDTH PRODUCT: The product of
gain and small signal bandwidth for an operational
amplifier or other circuit. This product is constant
for a single-pole response.

GAIN ERROR: The difference in slope between
the actual and ideal transfer functions for a data
converter or other circuit. It is expressed as a
percent of analog magnitude.

GAIN TEMPCO: The change in gain (or scale factor)
with temperature for a data converter or other
circuit, generally expressed in ppm/°C.
HIGH-LEVEL MULTIPLEXING: An analog multi-
plexing circuit in which the analog signal is first
amplified to a higher level (1 to 10 volts) and then
multiplexed. This is the preferred method of multi-
plexing to prevent noise contamination of the
analog signal.

HOLD CAPACITOR: A high quality capacitor used
in a sample-hold circuit to store the analog voltage.
The capacitor must have low leakage and low dielec-
tric absorption. Types commonly used include
polystyrene, teflon, polycarbonate, polypropylene,
and MOS.

HOLD-MODE: The operating mode of a sample-hold
circuit in which the sampling switch is open.
HOLD-MODE DROOP: In a sample-hold, the output
voltage change per unit of time with the sampling
switch open. It is commonly expressed in V/sec.

or uV/usec.

HOLD-MODE FEEDTHROUGH: In a sample-hold,
the percentage of input sinusoidal or step signal mea-
sured at the output with the sampling switch open.
HOLD-MODE SETTLING TIME: In a sample-hold,
the time from the hold-command transition until
the output has settled within a specified error band.
HYSTERESIS ERROR: The small variation in ana-
log transition points of an A/D converter whereby
the transition level depends on the direction from
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which it is approached. In most A/D converters
this hysteresis is very small and is caused by the
analog comparator.

IDEAL FILTER: A low pass filter with flat pass-
band response, infinite attenuation at the cutoff
frequency, and zero response past cutoff; it also
has linear phase response in the passband. Ideal
filters are mathematical filters frequently used in
textbook examples but not physically realizable.

INDIRECT TYPE A/D CONVERTER: A class of
analog-to-digital converters which converts the un-
known input voltage into a time period and then
measures this period..

INFINITE-HOLD: A sample-hold circuit which
converts an analog voltage into digital form which
is then held indefinitely, without decay, in a register.

INPUT DYNAMIC RANGE: In an amplifier, the
maximum permissible peak-to-peak voltage across
the input terminals which does not cause the output
to slew rate limit or distort. Mathematically it is
found as

IDR (Input Dynamic Range)__ SR _

=GB

where SR is the slew rate and GB is gain bandwidth.
INSTRUMENTATION AMPLIFIER: An amplifier
circuit with high impedance differential inputs
and high common-mode rejection. Gain is set by one
or two resistors which do not connect to the input
terminals.
INTEGRAL LINEARITY ERROR: The maximum
deviation of a data converter transfer function from
the ideal straight line with offset and gain errors
zeroed. It is generally expressed in LSB’s or in
percent of FSR.
INTEGRATING A/D CONVERTER: One of several
types of A/D conversion techniques whereby the
analog input is integrated with time. This includes
dual slope, triple slope, and charge balancing type
A/D converters.
INTERPOLATIVE HOLD: See Polygonal Hold.

ISOLATION AMPLIFIER: An amplifier which is
electrically isolated between input and output in
order to be able to amplify a differential signal
superimposed on a high common-mode voltage.
LEAST SIGNIFICANT BIT (LSB): The rightmost
bit in a data converter code. The analog size of

the LSB can be found from the converter resolution:

LSB Size =FSR
2n

where FSR is full scale range and n is the resolution
in bits.

LINEARITY ERROR: See Integral Linearity Error
and Differential Linearity Error.

LONG TERM STABILITY: The variation in data
converter accuracy due to time change alone. It is
commonly specified in percent per 1000 hours or
per year.
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LOW-LEVEL MULTIPLEXING: An analog multi-
plexing system in which a low amplitude signal
is first multiplexed and then amplified.

LSB: Least Significant Bit.
LSB SIZE: See Quantum.
MAJOR CARRY: See Major Transition.

MAJOR TRANSITION: In a data converter, the
change from a code of 1000...000 to 0111...1111
or vice-versa. This transition is the most difficult
one to make from a linearity standpoint since the
MSB weight must ideally be precisely one LSB
larger than the sum of all other bit weights.

MISSING CODE: In an A/D converter, the charac-
teristic whereby not all output codes are present in
the transfer function of the converter. Thisis caused
by a nonmonotonic D/A converter inside the A/D.

AR TAMARTY Y T

MONOTONICITY: For a D/A convertier, the char-
acteristic of the transfer function whereby an
increasing input code produces a continuously
increasing analog output. Nonmonotonicity may
occur if the converter differential linearity error
exceeds =1 LSB.

MOST SIGNIFICANT BIT (MSB): The leftmost bit
in a data converter code. It has the largest weight,
equal to one half of full scale range.

MSB: Most Significant Bit.

MULTIPLYING D/A CONVERTER: A type of
digital-to-analog converter in which the reference
voltage can be varied over a wide range to produce
an analog output which is the product of the input
code and input reférence voltage. Multiplication
can be accomplished in one, two, or four algebraic
quadrants.

MUX: Abbreviation for multiplexer. See Analog
Multiplexer.
NATURAL BINARY CODE: A positive weighted
code in which a number is represented by

N = 2020 + a12! + ag22 + a323 + ... + a,2"
where each coefficient “a” has a value of zero or
one. Data converters use this code in its fractional
form where:

N =a121 + a52-2 + a32-3 +...a,2"
and N has a fractional value between zero and one.
NEGATIVE TRUE LOGIC: A logic system in which
the more negative of two voltage levels is defined
as a logical 1 (true) and the more positive level is
defined as a logical 0 (false).
NOISE REJECTION: The amount of suppression of
normal mode analog input noise of an A/D converter
or other circuit, generally expressed in dB. Good
noise rejection is a characteristic of integrating
type A/D converters.
NONMONOTONIC: A D/A converter transfer
characteristic in which the output does not continu-
ously increase with increasing input. At one or more
points there may be a dip in the output function.



NORMAL-MODE REJECTION: The attenuation of
a specific frequency or band of frequencies ap-
pearing directly across two electrical terminals.

In A/D converters, normal-mode rejection is deter-
mined by an input filter or by integration of the
input signal.

NOTCH FILTER: An electronic filter which attenu-
ates or rejects a specific frequency or narrow band
of frequencies with a sharp cutoff on either side

of the band.

NYQUIST THEOREM: See Sampling Theorem.

OFFSET BINARY CODE: Natural binary code in
which the code word 0000....0000 is displaced by
one-half analog full scale. The code represents analog
values between —FS and +FS (full scale). The code
word 1000. . .. 0000 then corresponds to analog zero.

OFFSET DRIFT: The change with temperature

of analog zero for a data converter operating in the
bipolar mode. It is generally expressed in ppm/°C
of FSR.

OFFSET ERROR: The error at analog zero for a
data converter operating in the bipolar mode.

ONE’S COMPLEMENT CODE: A bipolar binary
code in which positive and negative codes of the
same magnitude sum to all one’s.

PARALLEL TYPE A/D CONVERTER: An ultra-
fast method of A/D conversion which uses an array
of 2" —1 comparators to directly implement a quan-
tizer, where n is the resolution in bits. The quantizer
is followed by a decoder circuit which converts the
comparator outputs into binary code.

PARALLEL TYPE D/A CONVERTER: The most
commonly used type of D/A converter in which
upon application of an input code, all bits change
simultaneously to produce a new output.

PASSIVE FILTER: A filter circuit using only
resistors, capacitors, and inductors.

POLYGONAL HOLD: A type of sample-hold, used
as a signal recovery filter, which produces a voltage
output which is a straight line joining the previous
sample value to the present sample. This results

in an accurate signal reconstruction but with a one
sample-period output delay.

POSITIVE TRUE LOGIC: A logic system in which
the more positive of two voltage levels is defined
as a logical 1 (true) and the more negative level is
defined as a logical 0 (false).

POWER SUPPLY SENSITIVITY: The output
change in a data converter caused by a change in
power supply voltage. Power supply sensitivity is
generally specified in %/V or in %/% supply change.
PRECISION: The degree of repeatability, or repro-
ducibility of a series of successive measurements.
Precision is affected by the noise, hysteresis, time,
and temperature stability of a data converter or
other device.
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PRE-SAMPLING FILTER: A low pass filter used
to limit the bandwidth of a signal before sampling
in order to assure that the conditions of the Sampling
Theorem are met. Therefore frequency folding is
eliminated or greatly diminished in the recovered
signal spectrum.

PROGRAMMABLE GAIN AMPLIFIER: An am-
plifier with a digitally controlled gain for use in
data acquisition systems.
PROGRAMMER-SEQUENCER: A digital logic
circuit which controls the sequence of operations

in a data acquisition system.

PROPAGATION TYPE A/D CONVERTER: A type
of A/D conversion method which employs one com-
parator per bit to achieve ultra-fast A/D conversion.
The conversion propagates down the series of
cascaded comparators.

QUAD CURRENT SWITCH: A group of four cur-
rent sources weighted 8-4-2-1 which are switched
on and off by TTL inputs. They are used to imple-
ment A/D and D/A converter designs up to 16

bits resolution by using multiple quads with current
dividers between each quad.

QUANTIZATION NOISE: See Quantization Error.

QUANTIZATION UNCERTAINTY: See Quantiza-
tion Error.

QUANTIZED FEEDBACK A/D CONVERTER:
See Charge Balancing A/D Converter.
QUANTIZER: A circuit which transforms a con-
tinuous analog signal into a set of discrete output
states. Its transfer function is the familiar stair-
case function.

QUANTIZING ERROR: The inherent uncertainty
in digitizing an analog value due to the finite reso-
lution of the conversion process. The quantized
value is uncertain by up to =Q/2 where Q is the
quantum size. This error can be reduced only by
increasing the resolution of the converter. Also
called quantization uncertainty or quantization
noise.

QUANTUM: The analog difference between two
adjacent codes for an A/D or D/A converter. Also
called LSB size.

R-2R LADDER NETWORK: An array of matched
resistors with series values of R and shunt values
of 2R in a standard ladder circuit configuration.
RATIOMETRIC A/D CONVERTER: An analog-
to-digital converter which uses a variable reference
to measure the ratio of the input voltage to the
reference.

RECONSTRUCTION FILTER: See Data Recovery
Filter.

RECOVERY FILTER: See Data Recovery Filter.

REFERENCE CIRCUIT: A circuit which produces
a stable output voltage over time and temperature
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for use in A/D and D/A converters. The circuit
generally uses an operational amplifier with a

precision Zener or bandgap type reference element.

RELATIVE ACCURACY: The worst case input to
output error of a data converter, as a percent of full
scale, referred to the converter reference. The error
consists of offset, gain, and linearity components.
RESOLUTION: The smallest change that can be
distinguished by an A/D converter or produced by
a D/A converter. Resolution may be stated in per-
cent of full scale, but is commonly expressed as the
number of bits n where the converter has 2"
possible states.

SAMPLE-HOLD: A circuit which accurately ac-
quires and stores an analog voltage on a capacitor
for a specified period of time.

SAMPLE-HOLD FIGURE OR MERIT: The ratio of
capacitor charging current in the sampie-mode to the
leakage current off the capacitor in the hold-mode.
SAMPLE-MODE: The operating mode of a sample-
hold circuit in which the sampling switch is closed.
SAMPLER: An electronic switch which is turned
on and off at a fast rate to produce a train of analog
sample pulses.

SAMPLE-TO-HOLD OFFSET ERROR: For a
sample-hold, the change in output voltage from the
sample-mode to the hold-mode, with constant input
voltage. This error is caused by the sampling
switch transferring charge onto the hold capacitor
as it opens.

SAMPLE-TO-HOLD STEP: See Sample-to-Hold
Offset Error.

SAMPLE-TO-HOLD TRANSIENT: A small spike
at the output of a sample-hold when it goes into
the hold mode. It is caused by feedthrough from the
sampling switch control voltage.

SAMPLING THEOREM: A theorem due to Nyquist
which says if a continuous bandwidth-limited signal
contains no frequency components higher than f.,
then the original signal can be recovered without
distortion if it is sampled at a rate of at least 2f,
samples per second.

SAR: Successive approximation register. A digital
control circuit used to control the operation of a
successive approximation A/D converter.

SCALE FACTOR ERROR: See Gain Error.

SERIAL TYPE D/A CONVERTER: A type of
digital-to-analog converter in which the digital in-
put data is received in sequential form before an
analog output is produced.

SERVO-TYPE A/D CONVERTER: See Counter-
Type A/D Converter.

SETTLING TIME: The time elapsed from the
application of a full scale step input to a circuit to
the time when the output has entered and remained
within a specified error band around its final value.
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This term is an important specification for opera-
tional amplifiers, analog multiplexers, and D/A
converters.

SHORT CYCLING: The termination of an A/D
conversion process at a resolution less than the
full resolution of the converter. This results in a
shorter conversion time for reduced resolution in
A/D converters with a short cycling capability.
SIGNAL RECONSTRUCTION FILTER: A low pass
filter used to accurately reconstruct an analog
signal from a train of analog samples.
SIGN-MAGNITUDE BCD: A binary coded decimal
code in which a sign bit is added to distinguish
positive from negative in bipolar operation.
SIGN-MAGNITUDE BINARY CODE: The natural
binary code to which a sign bit is added to dis-
tinguish positive from negati--< i» hipolar operation.
SIMULTANEOUS SAMPLE-HOLD: A system in
which a series of sample-hold circuits are used to
sample a number of analog channels, all at the
same instant. This requires one sample-hold per
analog channel.

SIMULTANEOUS TYPE A/D CONVERTER: See
Parallel Type A/D Converter.

SINGLE-LEVEL MULTIPLEXING: A method of
channel expansion in analog multiplexers whereby
several multiplexers are operated in parallel by
connecting their outputs together. Each multi-
plexer is controlled by a digital enable input.
SINGLE-SLOPE A/D CONVERTER: A simple
A/D converter technique in which a ramp voltage
generated from a voltage reference and integrator
is compared with the analog input voltage by a
comparator. The time required for the ramp to equal
the input is measured by a clock and counter to
produce the digital output word.

SKIPPED CODE: See Missing Code.

SLEW RATE: The maximum rate of change of the
output of an operational amplifier or other circuit.
Slew rate is limited by internal charging currents
and capacitances and is generally expressed in volts
per microsecond.

SPAN: For an A/D or D/A converter, the full scale
range or difference between maximum and mini-
mum analog values.

START-CONVERT: The input pulse to an A/D
converter which initiates conversion.

STATIC ACCURACY: The total error of a data
converter or conversion system under DC input
conditions.

STATUS OUTPUT: The logic output of an A/D
converter which indicates whether the device is in
the process of making a conversion or the conver-
sion has been completed and output data is ready.
Also called busy output or end of conversion output.



STRAIGHT BINARY CODE: See Natural

Binary Code.

SUBSURFACE ZENER REFERENCE: A compen-
sated voltage reference diode in which avalanche
breakdown occurs below the surface of the silicon
in the bulk region rather than at the surface. This
results in lower noise and higher stability. The
reversed biased diode is temperature compensated
by a series connected, forward biased signal diode.
SUCCESSIVE APPROXIMATION A/D
CONVERTER: An A/D conversion method that
compares in sequence a series of binary weighted
values with the analog input to produce an output
digital word in just n steps, where n is the resolu-
tion in bits. The process is efficient and is analogous
to weighing an unknown quantity on a balance scale
using a set of binary standard weights.
TEMPERATURE COEFFICIENT: The change in
analog magnitude with temperature, expressed

in ppm/°C.

THREE-STATE OUTPUT: A type of A/D converter
output used to connect to a data bus. The three
output states are logic 1, logic 0, and off. An enable
control turns the output on or off.

THROUGHPUT RATE: The maximum repetitive
rate at which a data converison system can operate
to give specified output accuracy. It is determined
by adding the various times required for multi-
plexer settling, sample-hold acquisition, A/D
conversion, etc. and then taking the inverse of
total time.

TRACK-AND-HOLD: A sample-hold circuit which
can continuously follow the input signal in the sam-
ple-mode and then go into hold-mode upon command.
TRACKING A/D CONVERTER: A counter-type
analog-to-digital converter which can continuously
follow the analog input at some specified maximum
rate and continuously update its digital output as
the input signal changes. The circuit uses a D/A
converter driven by an up-down counter.
TRANSDUCER: A device which converts a physical
parameter such as temperature or pressure into an
electrical voltage or current.

TRANSFER FUNCTION: The input to output
characteristic of a device such as a data converter
expressed either mathematically or graphically.

TRIPLE-SLOPE A/D CONVERTER: A variation
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on the dual slope type A/D converter in which the
time period measured by the clock and counter is
divided into a coarse (fast slope) measurement and
a fine (slow slope) measurement.

TWO’S COMPLEMENT CODE: A bipolar binary
code in which positive and negative codes of the
same magnitude sum to all zero’s plus a carry.
TWO-STAGE PARALLEL A/D CONVERTER:
An ultra-fast A/D converter in which two parallel
type A/D’s are operated in cascade to give higher
resolution. In the usual case a 4-bit parallel con-
verter first makes a conversion; the resulting out-
put code drives an ultra-fast 4-bit D/A, the output
of which is subtracted from the analog input to form
a residual. This residual then goes to a second 4
bit parallel A/D. The result is an 8 bit word con-
verted in two steps.

UNIPOLAR MODE: In a data converter, when the
analog range includes values of one polarity only.

V/F CONVERTER: See Voltage-to-Frequency
Converter.

VIDEO A/D CONVERTER: An ultra-fast A/D con-
verter capable of conversion rates of 5 MHz and
higher. Resolution is usually 8 bits but can vary
depending on the application. Conversion rates of
20 MHz and higher are common.

VOLTAGE DECAY: See Hold-Mode Droop.
VOLTAGE REFERENCE: See Reference Circuit.
VOLTAGE-TO-FREQUENCY (V/F) CONVERTER:
A device which converts an analog voltage into a
train of digital pulses with frequency proportional
to the input voltage.

WEIGHTED CURRENT SOURCE D/A
CONVERTER: A digital-to-analog converter design
based on a series of binary weighted transistor
current sources which can be turned on or off by
digital inputs.

ZERO DRIFT: The change with temperature of
analog zero for a data converter operating in the
unipolar mode. It is generally expressed in uV/°C.
ZERO ERROR: The error at analog zero for a data
converter operating in the unipolar mode.
ZERO-ORDER HOLD: A name for a sample-hold
circuit used as a data recovery filtet. It is used

to accurately reconstruct an analog signal from a
train of analog samples.
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Selector Guide
N-Channel Enhancement Mode
V-MOS Power MOS

Pp BVpss — DRAIN-SOURCE BREAKDOWN VOLTAGE
DS(on) Ip(on) Vas(th) | WATTS
OHMS AMPS VOLTS [T¢ = 250¢ 35V MIN 40V MIN 60V MIN
MAX. |[STEADY|PEAK |[MIN|MAX| MIN |ZENER |NON-ZENER|ZENER |NON-ZENER| ZENER [NON-ZENER
0.5 5.0 12 o8] 20 50 IVN5200KND 1IVN5200KNE
0.5 5.0 12 |08 36 50 IVN5201KND IVN5201KNE
2.5 24 | 30 |08/ 20 25 VN35AJ
25 24 | 30 (08| — 25  [VN35AA
3.0 24 | 30 |08]|20 25 IVNB657| VN66AJ
35 24 | 30 |08]20 25 VN67AJ
35 24 | 30 |08| — 25 VN67AA
4.0 24 | 30 [08]20 25
45 24 | 30 |08]20 25
45 24 | 30 |o8| — 25
5.0 24 | 30 |08]| — 25  [VN30AA
0.5 40 10 |os8| 20| 125 IVN5200TND IVN5200TNE
0.5 4.0 i0 [0.8]36] i25 IVN5201TND IVN5201TNE
25 | 12 | 30 |o8|20]| 625 VN35AK IVN5000TND IVN5000TNE
2.5 12 | 30 (08| —| 625 [VN35AB IVN5001TND IVN5001TNE
3.0 12 | 30 |08]20]| 625 IVN6660| VNEBAK
35 12 | 30 |08| 20| 6.25 VN67AK
35 12 | 30 (o8| —| 6.25 VN67AB
4.0 12 | 30 o8| 20| 6.25
45 12 | 30 o8| 20| 6.25
45 12 | 30 [08| —| 6.25
5.0 12 | 30 [08| —| 6.25 [VN30AB
25 09 | 30 |os]|20] 313 1IVN5000SND 1IVN5000SNE
2.5 09 | 30 |08|36| 313 IVN5001SND IVN5001SNE
05 5.0 12 |08 ]20 30 IVN5200HND IVN5200HNE
05 5.0 12 |08 |36 30 IVN5201HND IVN5201HNE
3.0 1.7 | 30 [o8]| — 12 VN46AF VN66AF
35 1.7 | 30 |08 — 12 VN67AF
4.0 17 | 30 (08| — 12
45 1.7 30 |08| — 12
5.0 1.7 30 |08| — 12 VN40AF
25 1.7 30 08|20 12 IVN5000BND IVN5000BNE
25 1.7 30 {08]3s6 12 IVN5001BND IVN5001BNE
0.5 5.0 12 |o08]| 36 30 IVN5201CND IVN5201CNE
2.5 0.7 20 |08|20]| 20 IVN5000AND IVN5000ANE
2.5 07 | 20 |08]36| 20 IVN5001AND IVN5001ANE
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PACKAGE

80V MIN 90V MIN AND
PIN-OUT
ZENER | NON-ZENER | ZENER | NON-ZENER
IVN5200KNF
IVN5201KNF
SOURCE Vi
TO-3 ardl o)
3 DRAIN
IVN6658 VN9BAL
VN99AJ
VNBIAA
VN9OAA
IVN5200TNF
IVN5201TNF
IVN5000TNF IVN5000TNG
IVN5001TNF IVN5001TNG
TO-39 |
IVN6661 VNOBAK
VN99AK offaare
v sounce
VN9OAB
IVN5000SNF
IVN5001SNF
mn —
TO-52  om »
SOURCE 1
IVN5200HNF
IVN5201HNF =
TO-66 sounce XS, -;»-
GATE
VNBBAF (PTI'.%-S")TOEC) ‘
VNB9AF /W
IVN5000BNF )
IVN5001BNF °
IVN5201CNF
TO-220
(PLASTIC)
s
D, TAB G
IVN5000ANF
IVN5001ANF TO-237
(PLASTIC) .
[
D. TAB
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Switches—Junction FET

Ordering Information
eferred Tos (on) \ loss BVoss I oty loss tap Ciss Chss
Part max min/max max min max min/max max max max
Numb Pack ohm v pA v pA mA nS pt pt
N-channel: Generally requires driver circuit to translate the popular logic levels to voltages required to drive the JFET.
2N3970 TO-18 30 -4.0|-10.0 —_ -40 250 50 150 50 25 6.0
2N3971 TO-18 60 -20| -5.0 — -40 250 25 75 90 25 6.0
2N3972 TO-18 100 -05| -3.0 —_ —-40 250 5 30 180 25 6.0
2N4091 TO-18 T0O-92 30 -5.0| -10.0 —-200 -40 200 30 65 16 5.0
2N4092 TO-18 TO-92 50 -20| -7.0 —-200 -40 200 15 95 16 5.0
2N4093 TO-18 TO-92 80 -1.0| -5.0 -200 -40 200 8 140 16 5.0
2N4391 TO-18 TO-92 30 -4.0 | -10.0 -100 -40 100 50 150 55 14 3.5
2N4392 TO-18 TO-92 60 -20| -5.0 -100 -40 100 25 75 75 14 3.5
2N4393 TO-18 TO-92 100 -05| -3.0 -100 -40 100 5 30 100 14 35
2N4856 TO-18 25 -4.0 ] -10.0 -250 -40 250 50 34 18 6.0
2N4857 TO-18 40 -20| -6.0 -250 -40 250 20 100 60 18 6.0
2N4858 TO-18 60 -08| -4.0 -250 -40 250 8 80 120 18 6.0
2N4859 TO-18 T0O-92 25 -4.0 | -10. —-250 -30 250 50 34 18 8.0
2N4860 TO-18 TO-92 40 -20| -6.0 -250 -30 250 20 100 60 18 8.0
2N4861 TO-18 TO-92 60 -0.8| -4.0 —-250 -30 250 8 80 120 18 8.0
2N5432 TO-52 TO-92 5 -4.0]| -10.0 -200 -25 200 150 41 30 15.0
2N5433 TO-52 TO-92 7 -30| -9.0 -200 -25 200 100 41 30 15.0
2N5434 TO-52 TO-92 10 -1.0| -4.0 -200 -25 200 30 41 30 15.0
2N5555 TO-92 150 -10.0 -1nA -25 10nA 15 35 5 1.2
N563 TO-92 30 -12.0 ~-1nA -30 1nA 50 24 10 4.0
2N5639 TO-92 60 -8.0 -1nA -30 1nA 25 54 10 4.0
2ME5840 TO-82 10C A —1nA -30 1nA 5 63 i0 4.0
ITE4091 TO-18 TO-92 30 -5.0 | -10.0 -200 -40 200 30 65 16 5.0
ITE4092 TO-18 TO-92 50 -20 | -10.0 -200 -40 200 15 95 16 5.0
ITE4093 TO-18 TO-92 80 -1.0 | -10.0 —-200 —-40 200 8 140 16 5.0
ITE4391 TO-18 TO-92 60 -40 | -10.0 -100 -40 100 50 150 55 14 3.5
ITE4392 TO-18 TO-92 100 -20| -10.0 -100 -40 100 25 75 75 14 3.5
ITE4393 T0-18 TO-92 30 -0.5 | -10.0 -100 -40 100 5 30 100 14 35
Ji TO-92 30 -3.0 | -10.0 1nA 35 1nA 20 - — —
J112 TO-92 50 -1.0| -5.0 1nA 35 1nA 5 — — —
J13 TO-92 100 -05| -3.0 1nA 35 1nA 2 — — —
P-channel: Can be used to switch into inverting input of op-amps and needs no driver circuit; can be switched directly from TTL logic.
2N3993 TO-72 150 4.0 9.5 1.2nA 25 1.2nA -10 16 4.5
2N3994 TO-72 300 1.0 5.5 1.2nA 25 1.2nA -2 16 45
2N5114 TO-18 TO-92 75 5.0 10.0 500 30 500 -30 -90 37 25 7.0
2N5115 TO-18 TO-92 100 3.0 6.0 500 30 500 -15 -60 68 25 7.0
2N5116 TO-18 TO-92 150 1.0 4.0 500 30 500 -5 -25 102 25 7.0
1IT100 TO-18 TO-92 75 2.0 45 200 35 100 -10 35 12.0
IT101 TO-18 T0O-92 60 40| 100 200 35 100 -20 35 12.0
J174 TO-92 85 50| 10.0 1nA 30 -1nA -20 -100 — — —
J175 TO-92 125 3.0 6.0 1nA 30 -1nA -7 -60 — — —
J176 TO-92 250 1.0 4.0 1nA 30 -1nA -2 -25 — — —
J177 T0-92 300 0.8 2.25 1nA 30 -1nA -1.5 20 — — —
J270 T0-92 — 0.5 2.0 200 30 — -2 -15 — 20 5.0
Ja71 TO-92 — 1.5 45 200 30 —_ -6 -50 — 20 5.0
- - L]
Switches and Amplifiers—MOSFET
Ordering Information Vas (tv)
Preferred 65 (ot BVss loss Yoss Ges Tos (on) To om
Part min/max min max max min max min
Number Package v v pA pA n mho ohm mA
P-channel Enhancement: Gen. used where max isolation btwn. signal source and logic drive req'd: sw. “On” resistance varies with signal amplitude
3N160 T0-72 -15 | -5.0 -25 -10nA -50.0 3.5 - -40 -120
3N161 TO-72 -15 | -5.0 -25 -10nA —-100.0 3500.0 -40 —120 Diode Protected
3N163 TO-72 -20 | -5.0 —40 -200 -10.0 2000.0 250 -5 -30
3N164 TO-72 -20 | -5.0 -30 400 10.0 1.0 300 -3 -30
3N172 TO-72 -20 | -5.0 —-40 —400 -10.0 1500.0 250 -5 ~30 Diode Protected
3N173 TO-72 —2.0 | -5.0 -30 -10nA -500.0 — 350 -5 -30
IT1700 TO-72 02 | -5.0 —40 200 10.0 2.0 400 2 —
N-channel Enhancement: Can switch positive signals directly from TTL logic; gen. requires driver or translator circuit to switch bipolar signals
2N4351 TO-72 1.0 5.0 25 10nA 10.0 1000.0 300 3
3N169 TO-72 0.5 1.5 25 10nA 10.0 1000.0 200 10
3N170 TO-72 1.0 2.0 25 10nA 10.0 1000.0 200 10
3N171 TO-72 1.5 3.0 25 10nA 10.0 1000.0 200 10
1T1750 TO-72 0.5 3.0 25 10nA 10.0 30.0 50 10 100
M116 TO-72 1.0 5.0 30 — 100.0 — 100 — —
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Amplifiers—N-Channel Junction FET

Ordering Information
Preferred Grs loss 0 loss B Vass Ciss Chss e,
Part min min/max min/max max min max max max
Numb Packag umho mA pA v pf pt nv/VHz
2N3684 TO-72 TO-92 2000 25 7.5 20| -5.0 -100 -50 4 12 140 @ 100 Hz
2N3685 TO-72 TO-92 1500 1.0 3.0 -1.0| -35 -100 -50 4 1.2 140 @ 100 Hz
2N3686 TO-72 TO-92 1000 0.4 1.2 -06| -2.0 -100 -50 4 12 140 @ 100 Hz
2N3687 TO-72 TO-92 500 0.1 0.5 -03]-1.2 -100 -50 4 1.2 140 @ 100 Hz
2N3821 TO-72 1500 0.5 25 —-4.0 -0.1nA -50 6 3.0 200 @ 10 Hz
2N3822 TO-72 TO-92 3000 2.0 | 100 -6.0 -100 -50 6 3.0 200 @ 10 Hz
2N3823 TO-72 3500 4.0 |20.0 -8.0 -0.5nA -30 6 2.0 —
2N3824 TO-72 — — — -0.1nA -50 6 3.0 —_
2N4117 TO-72 TO-92 70 0.03| 0.09 -06]-18 -10 -40 3 15
2N4117A TO-72 TO-92 70 0.03| 0.09 -06|-18 -1 -40 15
2N4118 TO-72 TO-92 80 0.08| 024 -1.0|-3.0 -10 -40 3 15
2N4118A TO-72 TO-92 80 0.08]| 024 -1.0| -3.0 -1 -40 3 15
2N4119 TO-72 TO-92 100 0.2 0.6 -20[-6.0 -10 -40 3 1.5
2N4119A TO-72 TO-92 100 0.2 0.6 -2.0[-6.0 -1 -40 3 1.5
2N4220 TO-72 TO-92 1000 0.5 3.0 -4.0 -100 -30 6 2.0
2N4221 TO-72 TO-92 2000 2.0 6.0 -6.0 -100 -30 6 2.0
2N4222 TO-72 TO-92 2500 50 | 150 -8.0 -100 -30 6 2.0
2N4223 TO-72 3000 3.0 | 18.0 -0.1|-80 —250 -30 6 2.0
2N4224 TO-72 2000 2.0 |20.0 -0.1|-0.8 -150 -30 6 2.0
2N4338 TO-18 TO-92 600 0.2 0.6 -03|-1.0 -100 -50 7 3.0 65@ 1 kHz
2N4339 TO-18 TO-92 800 0.5 1.5 -06|-1.8 -100 -50 7 3.0 65@ 1kHz
2N4340 TO-18 TO-92 1300 1.2 3.6 -1.0|-3.0 -100 -50 7 3.0 65@ 1kHz
2N4341 TO-18 TO-92 2000 3.0 9.0 -20}|-6.0 -100 -50 7 3.0 65 @ 1 kHz
2N4416 TO-72 TO-92 4500 50 {150 -6.0 -100 -30 4 2.0
2N4867 TO-72 TO-92 700 0.4 1.2 -0.7|-20 -250 -40 25 5.0 10@ 1kHz
2N4867A TO-72 TO-92 700 0.4 12 -0.71]-2.0 -250 —-40 25 5.0 5@ 1 kHz
2N4868 TO-72 TO-92 1000 1.0 3.0 -1.0}-3.0 -250 -40 25 5.0 10@ 1kHz
2N4868A TO-72 TO-92 1000 1.0 3.0 -1.0|-3.0 -250 —40 25 5.0 5@ 1kHz
2N4869 TO-72 TO-92 1300 25 7.5 -1.8|-5.0 -250 —-40 25 5.0 10 @ 1 kHz
2N4869A TO-72 TO-92 1300 2.5 7.5 -1.8|-5.0 -250 —40 25 5.0 5@ 1kHz
2N5397 TO-72 TO-92 6000 @ 1 mA 10.0 |30.0 -1.0]-6.0 -100 -25 5 12 3db @ 450 mHz
2N5398 TO-72 5000 5.0 |40.0 -1.6|-0.1 -25 55 1.3
2N5457 TO-92 1000 1.0 5.0 -0.51-6.0 1nA 25 7 3.0 3dB @ 450 mHz
2N5458 TO-92 1500 2.0 9.0 -1.0|~-7.0 1nA 25 7 3.0 3dB @ 450 mHz
2N5459 TO-92 2000 40 |[16.0 -20(-80 ~1nA -25 7 3.0 3dB @ 450 mHz
2N5484 TO-92 3000 1.0 5.0 -0.3|-3.0 -1nA -25 5 1.0 120 @ 1 kHz
2N5485 TO-92 3500 40 | 10.0 -05|-4.0 —-1nA -25 5 1.0 120 @ 1 kHz
ITE4416 TO-72 TO-92 4500 5.0 |15.0 -6.0 -100 -30 4 2.0
2N5486 TO-92 4000 8.0 |20.0 -2.0(-6.0 -1nA -25 5 1.0 120 @ 1 kHz
U308 TO-52 TO-92 10,000 12.0 |60.0 -1.0[-6.0 —150 -25 7 typ. 4.0typ. 10 @ 10 Hz typ.
U309 TO-52 TO-92 10,000 12.0 |30.0 -1.0}(-40 -150 -25 7 typ. 4.0typ. 10 @ 10 Hz typ.
U310 TO-52 TO-92 10,000 240 |60.0 -251-6.0 -150 -25 7 typ. 4.0typ. 10 @ 10 Hz typ.
U3it1 TO-92 10,000 20.0 |60.0 -1.0 -150 -25 — - 10 @ 100 Hz
J308 TO-92 8000 12.0 | 60.0 -1.0 -1nA -25 — — 10 @ 100 Hz
J309 TO-92 10,000 12.0 | 30.0 -1.0 -1nA -25 — —_ 10 @ 100 Hz
J310 TO-92 8000 240 |600 -2.0 -1nA -25 - —_ 10 @ 100 Hz
-gu .
Amplifiers—P-Channel Junction FET
Ordering Information
Preferred Grs loss Ve loss B Vass Ciss Chss e,
Part min min/max min/max max min max max max

Number Package umho mA v nA v pt pt nV/VHz
2N2606 TO-18 TO-92 110 -0.1 -0.5 1.0 | 40 1 30 7 2 400 @ 1 kHz
2N2607 TO-18 TO-92 330 -03] -15 1.0 | 40 3 30 7 2 400 @ 1 kHz
2N2608 TO-18 TO-92 1000 -09| -45 10 | 40 10 30 7 2 180 @ 1 kHz
2N2609 TO-18 TO-92 2500 ~-2.01} -10.0 10 | 40 30 30 7 2 180 @ 1 kHz
2N3329 TO-72 1000 @ -1 mA -1.0| -3.0 5.0 10 20 7 2 400 @ 1 kHz
2N3330 TO-72 1500 @ -2 mA -20| -6.0 6.0 10 20 7 2 400 @ 1 kHz
2N3331 TO-72 200 @ -5mA -5.0|-15.0 8.0 10 20 7 2 400 @ 1 kHz
2N5265 TO-72 900 -051 -1.0 3.0 2 60 7 2 115 @ 100 Hz
2N5266 TO-72 1000 -08) -1.6 3.0 2 60 7 2 115 @ 100 Hz
2N5267 TO-72 1500 -15| -30 6.0 2 60 7 2 115@ 100 Hz
2N5268 TO-72 2000 -25| -50 6.0 2 60 7 2 115@ 100 Hz
2N5269 TO-72 2200 -40| -80 8.0 2 60 7 2 115@ 100 Hz
2N5270 TO-72 2500 ~7.0( -14.0 8.0 2 60 7 2 115@ 100 Hz
2N5460 TO-92 1000 ~-10| -5.0 0.75| 6.0 5 40 7 2 115@ 100 Hz
2N5461 TO-92 1500 -20| -90 10 |75 5 40 7 2 115 @ 100 Hz
2N5462 TO-92 2500 -4.0| -16.0 15 | 9.0 5 40 7 2 1156 @ 100 Hz
2N5463 TO-92 1000 -1.0| -50 0.75| 6.0 5 60 7 2 115@ 100 Hz
2N5464 TO-92 1500 -20| -90 10 | 75 5 60 7 2 115@ 100 Hz
2N5465 TO-92 2500 -4.0 16.0 1.8 | 9.0 5 60 7 2 115@ 100 Hz
U304 TO-18 -30 -90 5 5 30 27 7 —

U305 TO-18 ~15 -60 3 5 30 27 7 —

U306 TO-18 -5 -25 1 .5 30 27 7 —
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Differential Amplifiers-Dual Monolithic N-Channel Junction FETS

Ordering Information
Preferred Vosi-2 A Vs le BVsss A 9is loss e,
Part max max max min min/max min/max min/max max

Number Package mv wV/°C pA v v 1 mho mA nV/VHz
2N3921 TO-71 5 10 -250 -50 — -3.0 1500 7500 1.0 100 —
2N3922 TO-71 5 25 -250 -50 —_ -3.0 1500 7500 1.0 10.0 —
2N3954 TO-71 5 10 -50 ~50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3954A TO-71 5 5 -50 -50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3955 TO-71 10 25 -50 -50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3955A TO-71 10 15 -50 -50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3956 TO-71 15 50 -50 -50 -10 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3957 TO-71 20 75 -50 -50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N3958 TO-71 25 100 ~-50 -50 -1.0 -45 1 3 0.5 5.0 160 @ 100 Hz
2N5196 TO-71 5 5 -15 ~50 -07 -40 700 @ 200 A 0.7 7.0 20 @ 1 kHz
2N5197 TO-71 5 10 -15 -50 -0.7 -4.0 700 @ 200 A 0.7 7.0 20 @ 1 kHz
2N5198 TO-71 10 20 -15 -50 -0.7 -40 700 @ 200 A 0.7 7.0 20 @ 1 kHz
2N5199 TO-71 15 40 -15 -50 -0.7 -40 700 @ 200 A 0.7 7.0 20 @ 1 kHz
2N5452 TO-71 5 5 IGSS -100 -50 -1.0 -45 1 4 0.5 5.0 20 @ 1 kHz
2N5453 TO-71 10 10 IGSS -100 -50 -1.0 -45 1 4 0.5 5.0 20 @ 1 kHz
2N5454 TO-71 15 25 IGSS - 100 -50 -1.0 -45 1 4 0.5 5.0 20@ 1 kHz
2N5515 TO-71 5 5 -100 -40 -0.7 -40 1 4 0.5 7.5 30@10Hz
2N5516 TO-71 5 10 -100 -40 -07 -40 1 4 0.5 7.5 30@ 10Hz
2N5517 TO-71 10 20 -100 -40 -0.7 -40 1 4 0.5 7.5 30@10Hz
2N5518 TO-71 15 40 -100 -40 -0.7 -40 1 4 0.5 7.5 30@ 10 Hz
2N5519 TO-71 15 80 -100 -40 -0.7 -40 1 4 0.5 7.5 30@10Hz
2N5520 TO-71 5 5 -100 -40 -07 -40 1 4 0.5 7.5 15@ 10Hz
2N5521 TO-71 5 10 -100 -40 -0.7 -4.0 1 4 0.5 75 15@10Hz
2iN5522 JO-71 i0 20 ~i00 —-40 ~-0.7 -4.0 1 4 0.5 7.5 15@ 10Hz
2N5523 TO-71 15 40 -100 -40 -0.7 -40 1 4 0.5 7.5 15@10Hz
2N5524 TO-71 15 80 -100 -40 -0.7 -40 1 4 0.5 7.5 15@10Hz
2N5902 TO-99 5 5 -3 -40 -06 -45 70 250 03 0.5 100@ 1 kHz
2N5903 TO-99 5 10 -3 -40 -06 -45 70 250 0.03 .05 100 @ 1 kHz
2N5904 TO-99 10 20 -3 -40 -06 -45 70 250 0.03 .05 100 @ 1 kHz
2N5905 TO-99 15 40 -3 -40 -06 -45 70 250 0.03 0.5 100 @ 1 kHz
2N5906 TO-99 5 5 -1 -40 -0.6 -45 70 250 003 05 100 @ 1 kHz
2N5907 TO-99 5 10 -1 -40 -06 -45 70 250 003 05 100 @ 1 kHz
2N5908 TO-99 10 20 -1 -40 -06 -45 70 250 003 05 100 @ 1 kHz
2N5909 TO-99 15 40 -1 -40 -0.6 -45 70 250 003 05 100 @ 1 kHz
2N5911 TO-99 10 20 -100 -25 -1.0 -5.0 5/10@5mA 7.0 40.0 20 @ 10kHz
2N5912 TO-99 15 40 -100 -25 -1.0 -5.0 5/10@5mA 70 400 20 @ 10 kHz
2N6483 TO-71 5 5 -100 -50 -0.7 -40 1000 4000 0.5 7.5 10@ 10 Hz
2N6484 TO-71 10 10 -100 -50 -0.7 -4.0 1000 4000 0.5 75 10@ 10Hz
2N6485 TO-71 15 25 ~100 -50 =07 -4.0 1000 4000 0.5 7.5 10@10Hz
IMF5911 TO-99 10 20 -100 -25 -1.0 -5.0 5/10 @5mA 7.0 400 20 @ 10kHz
IMF5912 TO-99 15 40 -100 -25 -1.0 -5.0 5/10 @5mA 7.0 40.0 20 @ 10kHz
IMF6485 TO-71 25 40 -100 -50 -07 -40 1000 4000 0.5 75 15@10Hz
IT500 TO-52 5 5 -5 -50 -0.7 -4.0 700 1600 0.7 7.0 35@ 10Hz
17501 TO-52 5 10 -5 -50 -0.7 -40 700 1600 0.7 7.0 35@ 10Hz
17502 TO-52 10 20 -5 -50 -0.7 -40 700 1600 0.7 7.0 35@ 10Hz
IT503 TO-52 15 40 -5 -50 -07 -4.0 700 1600 0.7 7.0 35@10Hz
SuU2365 TO-71 5 10 -100 -30 -35 1/2@ 200 pA 05 10.0 15@ 1 kHz
SU2365A TO-71 5 10 -20 -30 -3.5 1/2@ 200 pA 0.5 10.0 50 @ 1 kHz
SuU2366 TO-71 10 10 -100 -30 -3.5 1/2 @200 uA 0.5 10.0 15@ 1 kHz
SU2366A TO-71 10 10 -20 -30 -35 1/2@ 200 uA 0.5 10.0 50 @ 1 kHz
SU2367 TO-71 10 25 -100 -30 -35 1/2@ 200 A 05 10.0 15@ 1 kHz
SU2367A TO-71 10 25 -20 -30 -35 1/2 @ 200 pA 0.5 10.0 50 @ 1 kHz
SuU2368 TO-71 15 25 -100 -30 -3.5 1/2@ 200 pA 0.5 10.0 15@ 1 kHz
SU2368A TO-71 15 25 -20 -30 -3.5 1/2@ 200 A 0.5 10.0 50 @ 1 kHz
U231 TO-71 5 10 -50 -50 -05 -—45 600 1600 0.5 5.0 80 @ 100 Hz
U232 TO-71 10 20 -50 ~-50 -05 -45 600 1600 0.5 5.0 80 @ 100 Hz
U233 TO-71 15 50 -50 -50 -05 -45 600 1600 0.5 5.0 80 @ 100 Hz
U234 TO-71 20 75 -50 -50 -05 -45 600 1600 0.5 5.0 80 @ 100 Hz
U235 TO-71 25 100 -50 -50 05 -45 600 1600 0.5 5.0 80 @ 100 Hz
U401 TO-71 5 10 -15 -50 -05 -25 2000 7000 0.5 100 20@10Hz
U402 TO-71 10 10 -15 -50 -05 -25 2000 7000 05 10.0 20@10Hz
U403 TO-71 10 25 -15 -50 -05 -25 2000 7000 0.5 10.0 20 @10 Hz
U404 TO-71 15 25 -15 -50 -05 -25 2000 7000 05 10.0 20@ 10Hz
U405 TO-71 20 40 -15 -50 -05 -25 2000 7000 05 10.0 20 @ 10Hz
U406 TO-71 40 80 -15 -50 -05 -25 2000 7000 0.5 10.0 20@10Hz
U421 TO-99 10 10 0.1 -60 0.4 2.0 300 800 60-1000 nA 20 @ 10 Hz
U422 TO-99 15 25 0.1 ~60 04 20 300 800 60-1000 A 20@ 10 Hz
u423 TO-99 25 40 0.1 —-60 0.4 2.0 300 800 60-1000 A 20@10Hz
U424 TO-99 10 10 0.5 -60 0.4 3.0 300 1000 60-1800 A 20@10Hz
U425 TO-99 15 25 0.5 -60 0.4 3.0 300 1000 60-1800 A 20@10Hz
U426 TO-99 25 40 0.5 —-60 0.4 3.0 300 1000 60-1800 uA 20@10Hz
2N5564 TO-71 5 10 — -40 -05 -30 7.5 125 5.0 30.0 10@ 10 Hz
2N5565 TO-71 10 25 —_ -40 -05 -3.0 75 125 50 300 10@ 10 Hz
2N5566 TO-71 20 50 — —-40 -05 -30 7.5 125 50 300 10@ 10 Hz
IMF5564 TO-71 5 10 — —-40 -05 -3.0 7.5 125 50 300 10 @ 10 Hz
IMF5565 TO-71 10 25 —_ —-40 -0.5 3.0 75 125 50 300 10@ 10 Hz
IMF5566 TO-71 20 50 —_ -40 -05 -3.0 75 125 5.0 30.0 10@ 10 Hz
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Differential Amplifiers—Dual Monolithic P-Channel MOSFETS
(Enhancement)

Ordering Information
Preferred Vs (1w BVoss loss loss Ges 1o on) Tos (on) Ves1-2
Part min/max min/max max max min min/max max max
Number Package v v pA PA pmho mA ohm mvV
3N165 TO-99 -2 -5 -40 -200 -10 1500 -50 | -30 300 100
3N166 TO-99 -2 -5 -40 -200 -10 1500 -5.0 | -30 300
3N188 TO-99 -2 -5 -40 ~200 -200 1500 -50 | -30 300 100 Zener Protected
3N189 TO-99 -2 -5 -40 ~200 -200 1500 -50 | -30 300 Zener Protected
3N190 TO-99 -2 -5 -40 -200 ~200 1500 -50 | -30 300
3N191 TO-99 -2 -5 -40 -200 -200 1500 -50 -30 300
. - .gu - .
Differential Amplifiers—Dual NPN Bipolar Transistors
Ordering information he @ \ 1g 'i’o@A
=10 p
Preferred Vaero | AVee | 1o=10uA Vee = 5V BVeeo | femo Noise f, Coo
Part m nViI°C lce = 5V nA \' nA dB MHz @1, pf
Number Package max max min max min max max min max Structure
2N2453 TO-78 3 10 80 30 5 7 150 @ 1 mA 8 Junc. Isol.
2N2453A TO-78 3 5 80 6 uA @ 100 nA 60 5 4 150 @ 1 mA 4 Junc. Isol.
2N4044 TO-78 3 3 200 5 60 A 2 200 @ 1mA .8 Dielec. Isol.
2N4045 TO-78 5 10 80 25 45 A 3 150 @ 1 mA .8 Dielec. Isol.
2N4100 TO-78 5 5 150 10 55 A 3 150 @ 1 mA .8 Dielec. Isol.
2N4878 TO-71 3 3 200 5 60 B 2 200 @ 1 mA .8 Dielec. Isol.
2N4879 TO-71 5 5 150 10 55 A 3 150 @ 1 mA K:} Dielec. Isol.
2N4880 TO-71 5 10 80 25 45 A 3 150 @ 1 mA K:} Dielec. Isol.
IT120 TO-78 TO-71 2 5 200 5 45 1 2typ. 150 @ 1 mA 2 Junc. Isol.
1T120A TO-78 TO-71 1 3 200 25 60 1 2 typ. 150 @ 1 mA 2 Junc. isol.
IT124 TO-78 5 10 1500 BAVee =1V 2 A 3 100 @ 200 A .8 Dielec. Isol.
IT124A TO-78 3.2 15 1500 0.6AV;e = 1V 2 A 3 100 @ 100 A .8
iT124B TO-78 5 15 4000 0.6A Ve = 1V 2 i 3 100 @ 100 A .8
1T125 TO-78 — — 1000 0.6A Ve = 1V 2 A 3 100 @ 100 «A .8
IT126 TO-78 TO-71 1 3 200 25 60 A 1typ. 250 @ 10 mA 4 Dielec. Isol.
1127 TO-78 TO-71 2 5 200 5 45 A 1typ. 250 @ 10mA 4 Dielec. Isol.
1T128 TO-78 TO-71 5 10 100 10 45 5 1typ. 250 @ 10 mA 4 Dielec. Isol.
IT129 TO-78 TO-71 10 20 100 25 45 5 1typ. 250 @ 10mA 4 Dielec. Isol.
LM194 TO-5 0.05 0.3 300 — 40 — —_ — —
LM394 TO-5 0.15 0.8 200 — 40 _ —_ —
- - - - - -
Differential Amplifiers—Dual PNP Bipolar Transistors
Ordering Information hee @ | Ig 'i'o@A
FE c= Lot
Preferred Vee 12 A Vge lc=10uA Vee =5V BV Vceo Noise f, Covo
Part mv uV/I°C Vee = 5V nA \'] nA dB MHz @1, pf
Number Package max max min max min max max min max Structure
2N5117 TO-78 3 3 100 10 45 A 4 100 @ .5mA .8 Dielec. Isol.
2N5118 TO-78 5 5 100 15 45 A 4 100 @ .5mA .8 Dielec. Isol.
2N5119 TO-78 5 10 50 40 45 A 4 100 @ .5mA .8 Dielec. Isol.
IT130 TO-78 TO-71 2 5 200 5 ~45 1 2 typ. 150 @ 1 mA 2 Junc. Isol.
IT130A TO-78 TO-71 1 3 200 25 ~60 1 2typ. 150 @ 1 mA 2 Junc. Isol.
IT131 TO-78 TO-71 5 10 80 10 ~45 1 2typ. 150 @ 1 mA 2 Junc. Isol.
IT132 TO-78 TO-71 10 20 80 25 —-45 1 2typ. 150 @ 1 mA 2 Junc. Isol.
1T136 TO-78 TO-71 1 3 200 25 -60 A 21typ. 250 @10mA | 4 Dielec. Isol.
1IT137 TO-78 TO-71 2 5 200 5 _-45 A 21typ. 250 @10mA | 4 Dielec. Isol.
1T138 TO-78 TO-71 5 10 100 10 -45 5 2typ. 250 @ 10mA 4 Dielec. Isol.
1T139 TO-78 TO-71 10 20 100 25 —-45 5 2typ. 250 @10mA | 4 Dielec. Isol.
Specialty items
1D-100 This product is a back to back diode combination used to protect P-channel MOSFET duals (non-diode protected). Their chief characteristic is < 1 pa
ID-101 leakage when voltage across them is less than 5 mV. If voltage across diodes is adjusted to OV + 0.1 mV, leakage is less than 0.01 pa.
VCR2N -
VCR3P | The VCR family consists of three terminal variable resistors
VCR4N | where the resistance value between two of the terminals
VCRSP | is controlied by the voltage potential applied to the third.
VCR7N
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Analog Switches with Driver

Electrical Characteristics @ +25°C—Military Temperature Devices

Intersil fosom | lown | ton Lo Logic Input Power
No. of Device Switch 1) us us Input Consumption
Type | Channels No. Technology | max(1) max max | max Logic Level Typ(2) mw
1H5001 N-JFET 30 50| 05 1.0 DTL, TTL,RTL lo 175
1H5002 N-JFET 50 50 05 1.0 DTL, TTL,RTL lo 175
IH5021 P-JFET 100 02] 05 0.5 TTL High Level lo
IH5022 P-JFET 150 02| 05 0.5 TTL Low Level lo
1 IH5022 P-JFET 100 02| 05 0.5 TTL High Level lo
IH5024 P-JFET 150 02 ] 05 0.5 TTL Low Level lo
IH5037 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5038 P-JFET 150 05| 0.2 0.2 TTL High Leve! lo
1H5040 CMOS 75 10| 05 0.25 | DTL,TTL, RTL,CMOS, PMOS hi .350
IH5140 CMOS 75 1.0 | 0.08 | 0.05 | TTL,CMOS hi 450
DG111 PMOS FET 450 -1.0| 03 1.0 DTL, TTL,RTL lo 330
DG112 PMOS FET 450 -1.0| 03 1.0 DTL, TTL,RTL lo 300
DG133A | N-JFET 30 10| 03 0.8 DTL, TTL,RTL hi 175
DG134A | N-JFET 80 10| 03 0.8 DTL, TTL,RTL hi 175
DG141A | N-JFET 10 1001} 05 1.25 | DTL,TTL,RTL hi 175
DG151A | N-JFET 15 100 | 05 1.25 | DTL, TTL,RTL hi 175
DG152A | N-JFET 50 20| 03 0.8 DTL, TTL,RTL hi 175
DG180 N-JFET 10 100 | 03 0.25 | DTL,TTL,RTL lo 150
DG181 N-JFET 30 1.0 [ 0.15 | 0.13 | DTL,TTL,RTL lo 150
DG182 N-JFET 75 10| 025 | 0.13 | DTL,TTL,RTL lo 150
DG433A | N-JFET 35 50| 05 1.0 DTL, TTL,RTL hi 175
DG434A | N-JFET 80 50| 05 1.0 DTL, TTL,RTL hi 175
DG441A | N-JFET 15 1501 075 | 125 | DTL TTL RTL hi 178
DG451A | N-JFET 20 150 | 0.75 | 1.25 | DTL,TTL,RTL hi 175
DG452A | N-JFET 100 50| 05 1.0 DTL, TTL,RTL hi 175
IH181 Vara FET 30 0.1 | 0.25 | 0.13 | DTL,TTL, RTL, CMOS, TTL High Level lo .350
2 IH182 Vara FET 75 0.1 ] 025 | 0.13 | DTL, TTL, RTL, CMOS, TTL High Level lo .350
1H200 CMOS 75 10| 1.0 0.5 DTL, TTL, RTL, CMOS, TTL High Level lo .350
IH5003 N-JFET 30 10| 03 0.8 DTL, TTL,RTL hi 175
IH5004 N-JFET 50 10| 03 0.8 DTL, TTL,RTL hi 175
SPST IH5005 N-JFET 10 100 1.0 25 DTL, TTL, RTL hi 175
IH5006 N-JFET 30 10| 05 1.0 DTL, TTL, RTL hi 175
IH5007 N-JFET 1.0 | 05 1.0 DTL, TTL, RTL hi 175
IH5017 P-JFET 100 02| 05 0.5 TTL High Level lo
1H5018 P-JFET 150 02| 05 0.5 TTL Low Level lo
IH5019 P-JFET 100 02| 05 0.5 TTL High Level lo
1H5020 P-JFET 150 02| 05 | 05 | TTLLowLevel lo
IH5033 P-JFET 100 05| 0.2 0.2 TTL High Level lo
1H5034 P-JFET 150 05} 0.2 0.2 TTL High Level lo
IH5035 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5036 P-JFET 150 05| 0.2 0.2 TTL High Level lo
1H5041 CM 75 10| 05 0.25 | DTL, TTL,RTL,CMOS, PMOS hi .350
IH5048 CMOS 35 10| 025 { 0.15 [ DTL, TTL, RTL, CMOS, PMOS hi .350
IH5141 CMOS 75 10| 0.08 | 0.05 TTL, CMOS hi 450
IH5013 P-JFET 100 02| 05 0.5 TTL High Level lo
IH5014 P-JFET 150 02| 05 0.5 TTL Low Level lo
IH5015 P-JFET 100 02| 05 0.5 TTL High Level lo
IH5016 P-JFET 150 02| 05 0.5 TTL Low Level lo
3 1H5029 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5030 P-JFET 150 05| 0.2 0.2 TTL High Level lo
IH5031 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5032 P-JFET 150 05| 0.2 0.2 TTL High Level lo
DG116 P-MOSFET 450 -40| 03 1.0 DTL, TTL,RTL lo 600
DG118 P-MOSFET 450 -40| 03 1.0 DTL, TTL,RTL lo 660
IH201 CMOS 75 10| 05 0.25 | DTL, TTL, RTL,CMOS lo .350
1H202 CMOS 75 10| 05 0.25 | DTL, TTL,RTL, CMOS hi .350
IH5009 P-JFET 100 02| 05 0.5 TTL High Level lo '
IH5010 P-JFET 150 02| 05 0.5 TTL Low Level lo
IH5011 P-JFET 100 02| 05 0.5 TTL High Level lo
4 IH5012. P-JFET 150 02| 05 0.5 TTL Low Level lo
IH5025 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5026 P-JFET 150 05| 0.2 0.2 TTL High Level lo
1H5027 P-JFET 100 05| 0.2 0.2 TTL High Level lo
IH5028 P-JFET 150 05| 0.2 0.2 TTL High Level lo
IH5052 CMOS 75 10| 05 0.25 | DTL, TTL, RTL, CMOS, PMOS lo .350
1H5053 CMOS 75 10| 05 0.25 | DTL, TTL,RTL,CMOS, PMOS hi .350
5 DG123 P-MOSFET 450 -40| 03 1.0 DTL, TTL,RTL hi . 750
DG125 P-MOSFET 450 -40| 03 1.0 DTL, TTL, RTL lo 825
DG143A | N-JFET 80 10| 04 0.8 DTL, TTL, FTL (3) 175
DG144A | N-JFET 30 10| 0.4 0.8 DTL, TTL,RTL 3) 175
DG146A | N-JFET 10 100 | 05 1.25 | DTL,TTL,RTL (3) 175
DG161A | N-JFET 15 100 | 0.5 1.25 | DTL,TTL,RTL (3) 175
DG162A | N-JFET 50 20| 04 0.8 DTL, TTL,RTL (3) 175
DG186 N-JFET 10 100 03 0.25 | DTL,TTL,RTL (3) 80
DG187 N-JFET 30 0.1 0.15 | 0.13 | DTL,TTL,RTL (3) 80
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Tos (on) ton Logic Input Power
No. of Device Switch Q n ne Consumption
Type | Channels No. Technology | max(t) max max Logic Level mw
DG188 N-JFET 75 0.1 . 0.13 | DTL, TTL,RTL 80
DG443A N-JFET 80 5.0 . 1.0 DTL, TTL, RTL 175
DG444A | N-JFET 35 50| 05 1.0 DTL, TTL,RTL 175
DG446A | N-JFET 15 150 | 0.75 | 1.25 | DTL, TTL,RTL 175
1 DG461A N-JFET 20 150 | 0.75 1.25 DTL, TTL,RTL 175
DG462A | N-JFET 100 50| 05 1.0 DTL, TTL,RTL 175
IH187 Vara FET 30 0.1 | 0.25 | 0.13 | DTL, TTL, RTL, CMOS, PMOS, TTL High Level .350
IH188 Vara FET 75 0.1 | 025 | 0.13 | DTL, TTL, RTL,CMOS, PMOS, TTL High Level .350
SPDT IH5042 CMOS 75 10| 05 0.25 | DTL,TTL,RTL, PMOS, CMOS .350
IH5050 CMOS 35 1.0 [ 0.25 | 0.15 | DTL,TTL, RTL, PMOS, CMOS .350
IH5142 CMOS 75 1.0 | 0.08 0.05 TTL, CMOS 450
DG189 N-JFET 10 100 | 0.3 0.25 | DTL, TTL,RTL 150
DG1910 | N-JFET 30 1.0 | 0.15 | 0.13 | DTL, TTL,RTL 150
DG191 N-JFET 75 1.0 { 025 | 0.13 | DTL, TTL,RTL 150
2 IH5043 CMOS 75 10| 05 0.25 | DTL,TTL, RTL, PMOS, CMOS .350
IH5051 CMOS 35 1.0 [ 0.25 | 0.15 | DTL, TTL, RTL, PMOS, CMOS .350
IH190 CMOS 30 0.1 | 0.25 [ 0.13 | TTL,CMOS, PMOS, TTL High Level .350
1H191 CMOS 75 0.1 | 0.25 | 0.13 | TTL,CMOS, PMOS, TTL High Level .350
IH5143 CMOS 75 10| 0.08 0.05 ,CMOS 450
1 IH5044 CMOS 75 10| 05 0.25 DTL, TTL, RTL, CMOS, PMOS .350
IH5144 CMOS 75 10| 0.8 0.5 TTL, CMOS 450
DG126A N-JFET 80 1.0 03 0.8 DTL, TTL, RTL 175
DG129A N-JFET 30 1.0| 03 0.8 DTL, TTL, RTL 175
DG140A | N-JFET 10 100 | 05 1.25 | DTL, TTL,RTL 175
DG153A N-JFET 15 100 | 05 1.25 DTL, TTLRTL 175
DG154A | N-JFET 50 20| 03 0.8 DTL, TTL, RTL 175
DG183 N-JFET 10 100 | 03 0.25 DTL, TTL, RTL 150
DG184 N-JFET 30 1.0 ] 0.15 0.13 DTL, TTL, RTL 150
DG185 N-JFET 75 1.0{ 025 | 0.13 | DTL, TTL,RTL 150
DPST 2 DG426A | N-JFET 80 50| 05 1.0 DTL, TTL, RTL 175
DG429A N-JFET 35 50| 05 1.0 DTL, TTL, RTL 175
DG440A N-JFET 15 15.0 | 0.75 1.25 DTL, TTL, RTL 175
DG453A N-JFET 20 15.0 | 0.75 1.25 DTL, TTL, RTL 175
DG454A N-JFET 100 50| 05 1.0 DTL, TTL, RTL 175
IH184 Vara FET 30 01| 0.25 0.13 DTL, TTL, RTL, CMOS, PMOS .350
IH185 Vara FET 75 0.1 0.25 0.13 DTL, TTL, RTL, CMOS, PMOS .350
IH5045 CMOS 75 1.0( 05 0.25 DTL, TTL, RTL, PMOS, CMOS .350
|H5049 CMOS 35 10| 025 0.15 DTL, TTL, RTL, PMOS, CMOS .350
IH5145 CMOS 75 10| 0.08 0.05 TTL, CMOS 450
3 DG120 P-MOS FET 450 -30| 03 2.0 DTL, TTL, RTL 150
DG121 P-MOS FET 450 -30| 03 2.0 DTL, TTL, RTL 165
DG139A | N-JFET 30 10| 04 0.8 DTL, TTL, RTL 175
DG142A N-JFET 80 10| 0.4 0.8 DTL, TTL, RTL 175
DG145A N-JFET 10 100 | 05 1.25 DTL, TTL, RTL 175
DG163A N-JFET 15 10.0 | 05 1.25 DTL, TTL, RTL 175
DG164A N-JFET 50 20| 04 0.8 DTL, TTL,RTL 175
DPDT 1 DG439A N-JFET 35 50| 05 1.0 DTL, TTL, RTL 175
DG442A N-JFET 80 50| 05 1.0 DTL, TTL, RTL 175
DG445A N-JFET 15 1560 ] 0.75 1.25 DTL, TTLQ, RTL 175
DG463A N-JFET 20 15.0 | 0.75 1.25 DTL, TTL, RTL 175
DG464A N-JFET 100 50| 05 1.0 DTL, TTL, RTL 175
IH5046 CMOS 75 10| 05 0.25 DTL, TTL, RTL, CMOS, PMOS .350
4PST 1 IH5047 CMOS 75 10| 05 0.25 | DTL, TTL, RTL, CMOS, PMOS .350
10of8 IH6108 CMOS 400 100 | 15 1.0 DTL, TTL, RTL, CMOS 5
10f16 IH6116 CMOS 400 100 15 1.0 DTL, TTL, RTL, CMOS 5
MUX 20f8 1H6208 CMOS 400 50| 15 1.0 DTL, TTL, RTL, CMOS 5
20f16 IH6216 CMOS 400 50| 15 1.0 DTL, TTL, RTL, CMOS 5
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Multi-Channel FET Switches

Electrical Characteristics @ +25°C—Military Temperature Devices

705 (on To o ton Lo Logic Input
No. of Device Switch ohms ohms na ns ns
Type | Channels No. Technology max(4) max(1) max max* max* Logic Level type
3 MM-455 P-MOS 200 600 0.2 50 50 P-MOS lo
MM-555 P-MOS 200 600 20.0 50 50 P-MOS lo
G-124 P-MOS 100 450 2.0 100 100 P-MOS hi
G-125 N-JFET 500 500 0.05 30 50 -5V PMOS hi
G-126 N-JFET 250 250 0.05 30 50 —-10V PMOS hi
G-127 N-JFET 90 90 0.1 30 50 -5V PMOS hi
G-128 N-JFET 45 45 0.1 30 50 -10V PMOS hi
G-129 N-JFET 500 500 0.05 30 50 -5V PMOS hi
G-130 N-JFET 250 250 0.05 30 50 -10V PMOS hi
G-131 N-JFET 90 90 0.1 30 50 -5V PMOS hi
4 G-132 N-JFET 45 45 0.1 30 50 -10V PMOS hi
SPST G-1330 N-JFET 20 20 0.5 30 50 -5V PMOS hi
G-1340 N-JFET 10 10 0.5 30 50 -10V PMOS hi
G-1350 N-JFET 20 20 0.5 30 50 -5V PMOS hi
G-1360 N-JFET 10 10 0.5 30 50 -10V PMOS hi
MM-451 P-MOS 200 600 0.2 50 50 P-MOS o
MM-452 P-MOS 200 600 0.2 50 50 P-MOS lo
MM-551 P-MOS 200 600 20.0 50 50 P-MOS lo
MM-552 P-MOS 200 600 20.0 50 50 P-MOS lo
5 G-116 P-MOS 100 450 -25 100 100 P-MOS lo
G-117 P-MOS 100 450 -0.5 100 100 P-MOS lo
6 G-115 P-MOS 100 450 -10.0 100 100 P-MOS lo
G-118 P-MOS 100 450 -3.0 100 100 P-MOS lo
G-123 P-MOS 125 500 -10.0 100 100 P-MOS lo
Ditf 2 MM-450 P-MOS 200 600 0.2 50 50 P-MOS lo
MM-550 P-MOS 200 600 20.0 50 50 P-MOS fo
SPST 3 G-119 P-MOS 100 450 -15 100 100 P-MOS lo
*These times are dependent on the driver used.
L) -
Drivers for FET Switches
Electrical Characteristics @ +25°C—Military Temperature Devices
Vour ton tonr bin er
No. of Device Positive Negative ns ns Lo Hi Logic Input Consumption
Channels No. volts volts max max mA (Max) 1A (Max) vel (mwr'
D112 +9.9 -19.2 250 1500 0.7 1.0 TTL 200
D113 +9.9 -19.2 250 1500 1.0 1.0 TTL 200
2 D120 +9.9 -19.2 250 600 0.7 1.0 TTL 200
D121 +9.9 -19.2 250 600 1.0 1.0 TTL 200
1H6201 +14.0 -14.0 200 300 1.0pA 1.0 TTL .350
4 D129 Vee -19.3 250 1000 -0.2 0.25 TTUDTL 100
6 D123 Vee -19.7 250 600 1.0 1.0 TTLDTL 125
D125 Vee -19.7 250 600 0.7 1.0 TTL 300
NOTES:
1. Switch Resistance under worst case analog voltage.
2. Positive logic lo (“O”) or hi (“I") voltage at driver input necessary to turn switch on.
3. Logic “O" or “I" can be arbitrarily assigned for double-throw switches.
4. Switch resistance under best case analog voltage.
r V, | | t t V., Vin
m(iw v ’p‘X" I:Isi ns n°: Packlio ;'I:l:’ v ,u,ﬂ
Type max max max min max max 4 FETS/Pkg mi max
1H401 30 75 200 45 min 50 150 16 Pin Dip 15 10
1H401A 50 5. 200 35 min 50 150 16 Pin Dip 20 10
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LOWEST QUIESCENT CURRENT HIGHEST SPEED LOWEST rps (on)
T 1 i T 1T
1H5040 FAMILY and IH5140 FAMILY IH181 FAMILY DG180 FAMILY DG126, DG126A FAMILY and
1H200 FAMILY 1H5001 FAMILY
Monolithic CMOS driver gate Monolithic CMOS driver gate CMOS driver and Varafet gate. | Bipolar/MOS driver with N-JFet | Bipolar driver with N-JFet gate.
combination. combination. gate.
Features Features Features Features qures
1. Very low quiescent current 1. High speed switch. 1. Low charge injection. 1. Low ros (o) 1. Low
resulting in very low power 2. Low quiescent current 2. Almostas fastas 5140and | 2. As fastas the IH5140 2. Only swnch with true chip
consumption. resulting in low power DG 180 Families. Family. enable pin.
2. Low cost. consumption. 3. Very low quiescent current 3. Moderate leakage 3. Lowcost .
3. Good speed with moderate | 3. Low leakage resulting in resulting in low power 4. Moderate leakage & quies-
Tos (on) @nd leakage. low error term. consumption. cent current specifications.
4. Overvoltage protection to 4. Lower cost than the compar- | 4. Ultra low leakage.
+25V. able speed DG 180 Family.
5. Canswitchupto +13V 5. Can switch signals almost to
signals with 15V supplies. the supply rails.
Notes Notes Notes Notes Notes
1. TTL, DTL,CMOS and 1. TTLand CMOS compatible. | 1. TTL, HTL, CMOS and 1. DTL, TTL, RTL compatible . "A’ selection devices have
PMOS compatible. 2. Pin compatible with the more PMOS compatible. 2. DG180,183,185 and 189 ghar speeds.
2. 5048 through 5053 and the B é)ular members of the 2. Pin f(l))rgn compatible have 10 2 max on resis- 426/ A family is a slightly
Lle)fog Lami y are I%;chi;;l 180 Family. with DG180 Family. tancehbut ht:ve hlg?her lfeaki g%w;r\z%?gm versign ofthe
ybrid devices with 35! age than others in the family. series. See spec
T os (om MaX @ 25°C. 5140  SPST IH181,182  Dual SPST 3. DG181,184,187 and 190 tables for comparison.
3. 5040 through 5047 have 5141 Dual SPST IH184,185 Dual DPST have 300 max fos
7580 ps (on) Max @ 25°C 5142  SPDT IH187,188  SPDT 4. DG182,185,188 and 191 DG133,134,141,  Dual SPST|
e 5143  Dual SPDT IH190,191  Dual SPDT have 750 max . 151,152
5040 SPST 5144  DPST 0 ton® DG126,129,140,  Dual DPST
5041,5048 Dual SPST 5145  Dual DPST DG180,181,182  Dual SPST 153,154
5042,5050 DG183,184,185 Dual DPST | DG 143,144,146, Diff. Input
5043,5051 Dual SF'DT DG186,187,188 SPDT 161,162 SPDT
5044 DPST DG189,190,191 Dual SPDT | DG139,142,145, Diff. Input
5045,5049  Dual DPST 163,164 DPDT
5046 DPDT IH5001,5002 SPST
5047 4PST IH5003, 5004 5005 Dual SPST)|
5052,5053  Quad SPST 5006,50
200 Dual SPST
201,202 Quad SPST
Notes:

- 1. Intersil continues to produce the older DG111 family of switches (DG 111 through (DG 125).
The most significant feature of this family is that it has the maximum number of switches per

package.

N

and gates only (G115 through G 135, MM450 through MM555 and the 1H401).

. Intersil also markets devices that consist of drivers only (D112 through D129 and the IH6201)

For switches whose outputs go into
the input of an Op Amp:

For switching positive signals only:

N 5009 FAMILY
VIRTUAL GROUND SWITCH

Output of switch must go into the
virtual ground point of an Op Amp
(unless signalis <0.7V).

Features

1. Very low quiescent current

2. Does not need driver, can be
driven directly by TTL.

3. Low cost.

Notes

1. All switches in 5009 family

are SPST.

2. Odd numbered devices are
driven by TTL open collector
logic.

. Even numbered devices are driven
by TTL low level logic.

4. Commonly used for signals

going into the inverting input
of Op-Amps.

w

5009,5010 quad, compensated
5011,5012 quad, uncompensated
5013,5014 triple, compensated
5015,5016 triple, uncompensated
5017,5018 dual, compensated
5019,5020 dual, uncompensated
5021,5022 single, compensated
5023,5024 single, uncompensated

5025 FAMIL)
POSITIVE SIGNAL SWITCH

Can switch positive signals only
unless a translator driver is used.

Features

1. Very low quiescent current

2. Does not need driver, can be
driven directly by TTL.

3. Low Cost

Notes

1. All switches in 5025 family
are SPST.

2. All devices can be driven by
TTL open collector logic. All
devices can be driven by low
level TTL logic if input signal
is less than 1V.

3. Commonly used for signals
going into the non-inverting
input of Op-Amps.

4. Odd numbered devices have
1002 max rpg (on) @ 25°C

5. Even numbered devices have
150 max rpg on) @ 25°C.

5025,5026 quad, common drain
5027,5028 quad.

5029,5030 triple, common drain
5031,5032 triple.

5033,5034 dual, common drain

5035,5036 dual.

5037,5038 single.
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Integrating Analog-to-Digital Converters for Display

Maximum Electrical Specification at 25°C unless otherwise noted.

‘Single Chip Two Chip System .
‘New . ICL8052/ 1CL8052/ ICL8068A/ ICL8052A/
Mode! ICL7126 ICL7106/ICL7116 | ICL7107/ICL7117 | ICL8053 ICL7101 71C03A 71C03A
Resolution +37, digit +3Y, digit +3%2 digit Depends on +3% digit +4Y, digit +4Y, digit
counter used
Accuracy
Nonlinearity +1 count +1 count +1 count +0.002% +1 count +1 count +1 count
Zero Input Reading +0.000 - +0.000 +0.000 +0.0000 +0.000 +0.000 +0.0000
Ratiometric Reading +1.000 +1.000. +1.000. +1.0000. +1.000. +1.000. +1.0000.
(Ratiometric) +1 count +1 count +1 count +1 count +1 count +1 count +1 count
Rollover Error +1 count +1 count +1 count +1 count +1 count +1 count +1 count
Stability
Offsetvs
Temperature 1uV/°C 1uV/°C 1uV/°C 5uV/°C 5uV/°C 2uVfrC 2uV/°C
Gainvs
Temperature 5 ppm/°C 5 ppm/°C 5 ppm/°C 15 ppm/°C 15 ppm/°C 5 ppm/°C 5 ppm/°C
Conversion Rate 01t03 0.1t0 15 0.1t0 15 0.1t0 30 0.1t030 0.1t0 30 0.11030
conv/sec conv/sec conv/sec conv/sec conv/sec conv/sec conv/sec
Analog Input
Voltage Range *200mVto +2V +200 mVto +2V +200 mVto 2V *2V +200mVto =2V | =200 mVto =2V | 2V
Impedance 1020 102Q 10202 10°0Q) 10°0 10°0Q 10°Q
Leakage Current 2pA 2pA 3pA 30pA 30pA 200pA 10pA
Noise (peak-to-peak) | 15uVtyp 15uV typ 15uVtyp 20uVtyp 20uVtyp 2uVtyp 20uVtyp
Digital Input Display Hold (7116)|Display Hold (7117)
Digital Outputs
armat 7 segment 7 segment 7 segment Depends on Laiched Muilipiex Wiuitipiex
LCD display LCD display LED display counter used Parallel BCD BCD
Logic Level AC:4.5V 1 4.5V 11. Comm Anode Depends on TTL/CMOS TTL/CMOS TTL/CMOS
down from V + down from V + DTL TTL CMOS counter used
Power Supply ;
Voltage +9V +9V +5V +15V; +5V +15V; +5V +15V; +5V +15V; +5V
Current 100uA 1.8mA 1.8mA 12mA 17mA; 25mA 20mA; 30mA 18mA; lS)BOPmI\
Package i 40 pin DIP 40 pin DIP 2) 14 pin 16 pin DIP 16 pin DIP 16 pin DI
o 40pin DIP P P & 40 pin DIP 24 pin DIP 24 pin DIP

Also available LD110/111/114 (not recommended for new designs)

Integrating Analog-to-Digital Converters for Data Acquisition

Maximum Electrical Specifications at +25°C unless otherwise noted

Type Single-Chip Two-Chip
New ICL8068/ |(ICL8068/ |ICL8068/ |ICL8052/ ICLB068A/ ICL8052A/ ICL8052/
Model ICL7109 ICL7104-12 | ICL7104-14| ICL7104-16 | ICL7101 ICL7103B ICL7103A ICL8053
Resolution +12-Bit +12-Bit +14-Bit +16-Bit 312-Digit 4v2-Digit 4Y2-Digit +12-Bit
Binary Binary Binary Binary BCD BCD BCD Binary
nP Compatible yes yes yes yes yes yes yes yes
Output Programmable: Programmable: Latched Multiplexed Multiplexed Interface to MOS,
1. Latched parallel | 1. Latched parallel 3 state binary paraliel BCD BCD TTL, uP
3 state Binary 2. Controlled 3 2-8 Bit byte for ICL7104- | BCD
2. Controlled 12/14, 3-8 bit byte for ICL7104-16
2-8 bit byte
Control Lines Start/Convert, Busy, Byte Enable, Mode, Load, Send Enable, | Start/Convert. Start/Convert, | Start/Convert | Auto-zero, Signal
Out of Range Busy, Out of Range| Busy, Strobe | Busy, Strobe | Interpret Two Reference,
. Out of Range | Outof Range | Integrate, and
Underrange Underrange Comparator Output
UART Compatible| yes [ yes ]yes [yes no yes yes no
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Digital-to-Analog Converters*

Maximum Electrical Specifications at +25°C unless otherwise noted

New New New New New

Model AD7523 AD7533 AD7520 (7530) ICL7113 AD7521 (7531) AD7541 ICL7112
Resolution 8 bit 10 bit 10 bit 3 digit 12 bit 12 bit 12 bit
Accuracy J/K/L JIK/L JIK/L B/A JIK/L JIK/L J/IK

Linearity 0.2%/0.1%/0.05% | 0.2%/0.1%/0.05% | 0.2%/0.1%/0.05% | 0.2%/0.05% 0.2%/0.1%/0.05% 0.02%/0.01%/0.01%] 0.02%/0.01%

Zero Offset S50 A 200 nA 200 nA (300 nA) 200 nA 200 nA (300 nA) 50 nA 200 nA

Full Scale Reading| 1.5% max 1.4% 0.3% typ 0.3% typ 0.3% typ 0.3% 0.3%
Stability

Gain vs. Temp 10 ppm/°C 10 ppm/°C 10 ppm/°C 10 ppm-°C 10 ppm/°C 10 ppm/°C 5 ppm/°C

Linearity vs. Temp | 2ppm/°C 2 ppm/°C 2 ppm/°C 2ppm/°C 2 ppm/°C 0.2 ppm/°C 0.2 ppm/°C
Setting Time

to +0.05% F.S. 150 ns 600 ns typ 500 ns typ 500 ns typ 500 ns typ 1us 500 ns typ
Input Code DTL/TTL/CMOS [ DTL/TTL/CMOS |DTL/TTL/CMOS | DTL/TTL/CMOS| DTL/TTL/CMOS DTL/TTL/CMOS DTL/TTL/CM:

ogic Compat- Binary Binary Binary BCD Binary Binary Binary

ibility option Offset Binary Offset Binary Offset Binary Offset Binary Offset Binary Offset Binary
Power Supply

Voltage +5to0 +16V +5to +15V +5to0 +15V +5t0 +15V +5t0 +15V +5to0 +16V +5t0 +15V

Current 100 nA 2mA 2mA 2mA 2mA 2mA 2mA
Package 16 pin DIP 16 pin DIP 16 pin DIP 18 pin DIP 18 pin DIP 18 pin DIP 18 pin DIP

*R2R Ladder Multiplying Type

Successive Approximation Registers AM2502/2503/2504

8(2502/2503) and 12 bit (2504) successive approximation registers can be used as serial to
parallel counter or ring counter. Contains storage and control for SAR A to D converters.

Quad Current Switches ICL8018/8019/8020

High speed precision current switches for use in current summing D/A converters. Can be purchased
individually or in matched sets with accuracies of 0.01% (ICL8018), 0.1% (ICL8019), or 1.0% (ICL8020)

Sample and Hold

Vanaiog zZ, Vos Drift
Type (Vo) (Mil @ 10 Hz) (mV) Rate (mV/sec) Package
IH5110 *15 100 40 5
IH5111 *20 100 40 5
IH5112 *15 100 10 5 Ceramic
IH5113 +20 100 10 5 DIP
IH5114 *15 100 5 5
IH5115 *20 100 5 5

Monolithic Voltage Converter — The ICL7660

Converts positive voltage into negative voltages over a range of +1.5V through
+10V. May be cascaded for higher negative output voltages, paralleled for greater
output current, used as a positive voltage multiplier, or any combination of the
above. Typical supply current is 170uA, and output source resistance is 55() at
Ta = 25°C and lo = 20 mA.
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Operational Amplifiers—General Purpose

Vos Iy Avor GxB/W lec Ta .

Type Description (mV) (nA) (V/ivV) {MHz) (mA) (°C) Packages Remarks
101A Gen Purpose, Uncompensated 20 75 50,000 0.8* 3.0 -55,+125 JFT
101ALN Guaranteed Noise 101A 2.0 75 50,000 0.8* 3.0 —-55,+125 JFT 50nV/VHz @ 10 Hz
107 Gen Purpose, Compensated 2.0 75 50,000 3.0 -55,+125 T
108 Low Level, Uncompensated 2.0 2.0 50,000 1.0* 0.6 —-55,+125 JFET
108A Low offset 108 0.5 2.0 80,000 1.0* 0.6 -55,+125 JET
108LN Guaranteed Noise 108 2.0 2.0 50,000 1.0* 0.6 —-55,+125 T 70nV/VHz @ 10 Hz
124 Quad, Compensated 5.0 300 100,000* 1.0* 2.0 —-55,+125 J
207 Low bias, Compensated 2.0 75 50, —_ 3.0 —-25,+85 T
208 Low Level, Uncompensated 2.0 2.0 50,000 1.0* 0.6 —-25,+85 JFET
208A Low offset 208 0.5 2.0 80,000 1.0* 0.6 -25,+85 JFET
224 Quad, Compensated 7.0 500 100,000* 1.0* 2.0 —-25,+85 J
301A Gen Purpose, Uncompensated 7.5 250 25,000 0.8* 3.0 0,+70 PT
301ALN Guaranteed noise 301A 7.5 250 25,000 0.8* 3.0 0,+70 PT 50nV/\VHz @ 10 Hz
307 Low bias, Compensated 7.5 250 25,000 — 3.0 0,+70 RT
308 Low Level, Uncompensated 75 7.0 25,000 1.0* 0.8 0,+70 FJ,PT
308A Low offset 308 0.5 7.0 80,000 1.0* 0.8 0,+70 JT
308LN Guaranteed noise 308 7.5 7.0 25,000 1.0* 0.8 0,+70 T 70nV/VHz @ 10 Hz
324 Quad, Compensated 7.0 500 100,000* 1.0* 2.0 0,+70 J,P
741 Gen Purpose, Compensated 5.0 500 50,000 1.0* 2.8 —-56,+125
741C Gen Purpose, Compensated 6.0 500 25,000 1.0* 2.8 0,+70 PT
741HS Guaranteed Slew Rate 741 5.0 500 50,000 1.0* 28 —55,+125 JT Slew Rate 0.7V/uS
741CHS Guaranteed Slew Rate 741C 6.0 500 25,000 1.0* 2.8 0,+70 PT Slew Rate 0.7V/uS
741LN Guaranteed Noise 741 5.0 500 50, 1.0* 2.8 -56,+125 JFT 50nV/VHz @ 10 Hz
741CLN Guaranteed Noise 741C 6.0 500 25,000 1.0* 2.8 0,+70 PT 50nV/VHz @ 10 Hz
741K High Accuracy 741 0.5 50 50,000 1.0 28 0070 T
748 General Purpose 1.0 80 25,000 0.8 2.0 -5510 125 PT
748C General Purpose, Compensated 1.0 80 25,000 0.8 2.0 0to 70 PT
777 General purpose comparator 0.7 25 150,000 0.8 25 —-55,+125 PT
777C General purpose comparator 0.7 25 150,000 0.8 25 0,+70 PT
8008M Low bias current, Compensated 5.0 10 20,00 1.0* 28 —55,+125 4T
8008C Low bias current, Compensated 6.0 25 20,000 1.0* 2.8 0,+70 JRPT
IH5101 Ultra low noise 1,000 100,000 10.0 15.0 -5510 +125 |
LH2101A | Dual high performance 2.0 100 25,000 0.8 25 —5510 125 D
LH2108 Dual super beta 2.0 3.0 25,000 1.0 0.4 -5510 125 D
LH2108A | Dual super beta 0.5 3.0 40,000 1.0 0.4 —-5510 125 D
LH2301A | Dual high performance 75 300 15,000 0.8 25 0to70 D
LH2308 Dual super beta 7.5 10 15,000 1.0 0.4 0to70 D
LH2308A Dual super beta 0.5 10 60,000 1.0 0.4 0to 70 D
LM2902 Quad, Compensated 2.0 45 100,000 1.0 0.7 -40t0 85 P

Operational Amplifiers—Low Power Programmable

Iy Avor GxB/W fec atbser atVs Ta
Type Description . (mv) (nA) (viv) (MHz) (nA) (uA) (v) (°C) Packages * .
4250 Programmable, Uncompensated 5.0 10 25,000 —_ 8.0 1 *1.5 ~55t0125 T
4250C Programmable, Compensated 5.0 10 25,000 — 8.0 1 *1.5 0,+70 T
6.0 75 25,000 — 90 10 +15

8021M Programmable, Compensated 3.0 20 50,000 0.27 40 30 +6.0 —55,+125 J.T
8021C Programmable, Compensated 6.0 30 50,000 0.27 50 30 +6.0 0,+70 T
8022M Dual 8021M 3.0 20 50,000 0.27 40 30 +6.0 -55,+125 J,F
8022C Dual 8021C 6.0 30 50,000 0.27 50 30 +6.0 0,+70 J,P
8023M Triple 8021M 3.0 20 50,000 0.27 40 30 +6.0 —55,+125 J
8023C Triple 8021C 6.0 30 50,000 0.27 50 30 +6.0 0,+70 J,P

*See package key, page 391.
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Operational Amplifiers—FEE.T. Input

Slew
Vos Iy Avo GxB/W Rate lec T
Type Description (mV) (pA) (VIV) (MHz) v/s (mA) (°C) Packages * Remarks
LHO042 General Purpose 5.0 10 50,000 6 23 -5510125 T
LF155 BIFET, Compensated 5 100 | 50,000 2.5* 5* 4 -55,+125 T
LF155A BIFET, Compensated 2 50 | 50,000 2.5* 3 4 -56,+125 T
LF156 BIFET, Compensated 5 100 | 50,000 5* 7.5 7 -55,+126 T
LF156A BIFET, Compensated 2 50 | 50,000 4 10 7 ~55,+125 T
LF157 BIFET, Compensated for A, = 5 5 100 50,000 20* 30 7 -55,+125 T All BIFET amplifiers
LF157A BIFET, Compensated for Ayga= =5 2 50 50,000 15 40 7 —55,+125 T offer low noise—
Lv255 BIFET, Compensated 5 100 50,000 2.5 5* 4 —-25,+85 T See data sheets
LF256 BIFET, Compensated 5 100 50,000 5* 7.5* 7 -25,+85 T
LF257 BIFET, Compensated for A, =5 5 100 50,000 20* 30 7 -25,+85 T
LF355 BIFET, Compensated 10 200 25,000 2.5* 5* 4 0,+70 TP
LF355A BIFET, Compensated 2 50 50,000 2.5* 3 4 0,+70 TP
LF356 BIFET, Compensated 10 200 | 25,000 5* 12* 10 0,+70 P
LF356A BIFET, Compensated 2 50 | 50,000 4 10 7 0,+70 P
LF357 BIFET, Compensated for A =5 10 200 | 25,000 20" 50* 10 0,+70 P
LF357A BIFET, Compensated for A, =5 2 50 50,000 15 40 7 0,+70 TP
AD503 High accuracy, low offset 20 10 50,000 3 7 max 0,+70 T
SuU536 General Purpose 30 30 50,000 6 6 -55t085 T
740M General Purpose 20 200 50,000 3 6* 5.2 -55,+125 T
740C General Purpose 110 2000 20,000 1* 6* 8.0 0,+70 T
8007M General Purpose, Compensated 20 20 50,000 1.0* 6* 52 ~55,+125 T
8007AM 8007M, Low |, 30 1.0 20,000 1.0* 25 6 —-55,+125 T
8007CC Geneéal Purpose, Compensated 50 50 20,000 1.0* 6* 6 0,+ ;g ;
8007A 8007C, Low | 30 1.0 20,000 1.0* 25 6 0,+
8007M-5 8007M, Low \Zs, Iy 10 10 50,000 1.0* 3.0 52 -55,+125 T 15uV/°C
8007C-4 8007C, Low V,,, Offset Null 10 10 50,000 1.0* 3.0 6 0,+70 T 10uV/°C
8007C-5 8007C, Lohvlll V,s, Offset Null 10 10 50,000 1.0* 3.0 6 0,+70 ]’ 15uV/°C
8043M Dual 8007 20 20 50,000 1.0* 6.0* 6 —-5665,+125
8043C Dual 8007C 50 50 | 20,000 1.0* 6.0* 6.8 -55,+125 J.P
8500 MOSFET Input, Compensated 50 0.1 20,000 0.7+ 0.5* 2.7+ —25,+85 T
8500A MOSFET Input, Super Low I, 50 0.01 20,000 0.7* 0.5* 2.7 -25,+85 T
- - - -
Operational Amplifiers—High Speed
Slew
Vo [ Ao, GxB/W Rate lec A
Type Description (mV) (nA) (VIV) (MHz) Vius (mA) (°C) Packages *
HA2500 High slew rate, Compensated 5.0 200 20,000 12* 25 6.0 —-55,+125 FTJ
HA2502 High slew rate, Compensated 8.0 250 15,000 12* 20 6.0 -55,+125 FTJ
HA2505 High slew rate, Compensated 8.0 250 15,000 12* 20 6.0 0,+75 FT
HA2507 High slew rate, Compensated 5.0 125 15,000 12 30 4.0 Oto75 T
HA2510 High slew rate, Compensated 8.0 200 10,000 12* 50 6.0 -55,+125 FT
HA2512 High slew rate, Compensated 10.0 250 7,500 12* 40 6.0 —-56,+125 FT
HA2515 High slew rate, Compensated 10.0 250 7,500 12* 40 6.0 0,+75 FT
HA2517 High slew rate, Compensated 5.0 125 7,500 12 60 4.0 O0to 75 FT
HA2520 Compensated for A, =3 8.0 200 10,000 30" 100 6.0 -55,+125 FTJ
HA2522 Compensated for Ay =3 10.0 250 7,500 30* 80 6.0 —-55,+125 FTJ
HA2525 Compensated for Ay =3 10.0 250 7,500 30* 80 6.0 0,+75 FTJ
HA2527 High slew rate, Compensated for A, >3 5.0 125 7,500 20 120 4.0 —-65, to 150 FT
8017M High speed, Inverting 5.0 200 25,000 10* 130* 7.0 ~566,+125 TF
8017C High speed, Inverting 7.0 200 25,000 10* 130" 8.0 0,+70 TF
- LY -
Operational Amplifiers—High Impedance
Slew
Vo Iy Ao Rate loc T,
Type Description (mV) (nA) (VIV) (V/uS) (mA) (°C) Packages *
HA2600 High impedance, Compensated 4.0 10 100,000 4 37 —-55,+125 FJ.T
HA2602 High impedance, Compensated 5.0 25 80,000 4 4.0 -55,+125 FJ.T
HA2605 High impedance, Compensated 5.0 25 80,000 4 4.0 0,+75 J,
HA2607 High impedance, Compensated 4.0 5 70,000 7 3.0 0to 75
HA2620 2600 Comfensated for Ay =5 4.0 15 100,000 25 37 -55,+125 FJ,T
HA2622 2602 Compensated for Ay = 5 5.0 25 80,000 20 4.0 -55,+125 FJ,T
HA2625 2605 Compensated for A, =5 5.0 25 80,000 20 4.0 0,+75 FJ.T
HA2627 2607 Compensated forA, =5 4.0 5 70,000 35 3.0 Oto 75 P
- - -
Video Amplifiers
Gains Bandwidths E, (IN) Output lec Ta
Type Description (VIV) (MH2) uV (rms) Offset (V) (mA) (°C) Packages *
733M Gain selectable video amp. 400,100,10* 40,90,120* 12 1.5 24 -55,+125 T
733C Gain selectable video amp. 400,100,10* 40,90,120* 12 15 24 0,+70 T

*See package key, page 391.
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Voltage Followers

Slew
Vg I Ay (MIN) 3db B/W Rate Swing bec T .
Type Description (mV) (nA) (Viv) (MHz2) (V/uS) (\Y] (mA) (°C) Packages
102 Voltage Follower 5 10 0.999 — —_ +10 4.0 —-55,+125 FT
110 Voltage Follower 4 3 0.999 —_ - +10 —_— -55,+125 DFT
202 Voltage Follower 10 15 0.999 — — +10 — —-25,+85 T
210 Voltage Follower 4 3 0.999 15* 30* +10 4.0 - —25,+85 DT
302 Voltage Follower 15 30 0.9985 15* 30* +10 4.0 0,+70 T
310 Voltage Follower 75 7 0.999 15* 30* +10 — 0,+70 D.RT
LH2110 4.0 3 0.999 — —_ +10 4.0 -5510 125 D
LH2310 75 7 0.999 — — +10 4.0 0to 70 D
Notes: Tpd measured for 100 mV step with 5 mV overdrive.
loc measured for \§ = =15V
Vs Iy A, tpd loc Vo at o Ty
Type Description v) (nA) (Vimv) (nS) (mA) ) (mA) (°C) Packages*
111 Precision Comparator 3 100 200* 200* 6 0.4 8 —-55,+125 DFT
211 Precision Comparator 3 100 200* 200* 6 0.4 8 —25,+85 FT
311 Precision Comparator 7.5 250 200* 200* 75 04 8 0,+70 DFRJPT
8001M Low Power Comparator 3 100 15 250* 2 0.5 2 —55,+125 T
8001C Low Power Comparator 5 250 15 250* 2 0.4 2 0,+70 T
LM139 Quad. Comparator 5 100 200* 1300* 2 0.7 4 —-55,+125 D
LM135A Low Offset 135 2 100 2007 1300° 2 0.4 3 —55,+125 D
LM239 Quad. Comparator. 5 250 200* 1300* 2 0.7 4 —-25,+85 D
LM239A Low Offset 239 2 250 200* 1300* 2 0.4 3 -25,+85 D
LM339 Quad. Comparator 5 250 200* 1300* 2 0.7 4 0,+70 D,P
LM339A Low Offset 339 2 250 200* 1300* 2 0.4 3 0,+70 D,P
LH2111 Dual Precision Comparator 3 100 200 200 6 0.4 8 —551t0 125 D
LH2311 Dual Precision Comparator 75 250 200 200 75 04 8 0to 70 D
MC2901 Quad. Comparator 2 25 100 300 0.8 .25 4 0to 70 D,F
MC3302 Quad. Comparator 3 25 30 300 0.8 .25 4 0to 70 D,F
Power Amplifiers
Note 1. Specifications apply at +30V supplies.
2. All units packaged in 8 lead TO3 can.
3. Fully protected against inductive current flow.
4. Externally settable output current limiting.
Slew Quiescent
Output Output Vos I, Ao, Rate lec Ta
Type Description Use Current (A) Swing (V) (mV) (nA) (Viv) (V/uS) (mA) (°C)
ICH8510M Hybrid Power Amp. Servo 1.0 +26 3.0 250 100,000 0.5 40 —55,+125
ICH18510C Hybrid Power Amp. and 1.0 +26 6.0 500 100,000 0.5 50 —25,+85
ICH8520M Hybrid Power Amp. Actuator 2.0 +26 3.0 250 100,000 0.5 40 —-55,+125
ICH8520C Hybrid Power Amp. 2.0 +26 6.0 500 100,000 0.5 50 —25,+85
ICH8530M Hybrid Power Amp. 2.7 +25 3.0 250 100,000 05 40 —~55,+125
ICH8530C | Hybrid Power Amp. 2.7 £25 6.0 500 | 100,000 0.5 50 -25,+85
ICL8063C Monolithic Power Amp. Power 2.0 +27 50 6 250 0,+70
ICL8063M Monolithic Power Amp. Transistors 2.0 +27 75 6 300 —55,+125
Input Output Input/Output Load Load Avg.
Voitage Voltage Differential Current Reg" Line Tem Pd at
V) v (mA O-FL. Reg" Coef 25°C T
Type MIN MAX MIN MAX MIN MAX MIN MAX (=) (w/V] (u/°C) (mW) (°C) Packages *
100 8.5 40 2.0 30 3.0 30 3.0 12 0.5 0.2 0.005 500 —~55,+150 | FT
105 8.5 50 4.5 40 3.0 30 0 12 0.05 0.06 0.005 500 -55,+160 FT
300 8.0 30 20 20 3.0 20 3.0 12 0.5 0.2 0.03 300 0,+70 T
305 8.0 40 45 30 3.0 30 0 12 0.05 0.06 0.03 500 0,+70 T
723 9.5 40 20 37 3.0 38 0 50 0.15 0.03 0.015 800‘ —55,+125 TJ
723C 9.5 40 2.0 37 3.0 38 0 50 0.2 0.03 0.015 660 0,+70 PT

*See package key, page 391.

Monolithic Voltage Converter — The ICL7660

Converts positive voltage into negative voltages over a range of +1.5V through
+10V. May be cascaded for higher negative output voltages, paralleled for greater
output current, used as a positive voltage multiplier, or any combination of the
above. Typical supply current is 170uA, and output source resistance is 55() at
Ta =25°C and lo = 20 mA.
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Special Function Circuits

Vs Ta
Type Accuracy ) (°C) Packages *
AD590 Temperature transducer—output linear at 1xA/°K +1°C 41015 -5510 150 H
8013AM Four quadrant multiplier. Output proportional to algebraic products +0.5% +15 ~-65,+125 T
80138M of two input signals. Features +0.5% accuracy; internal op-amp +1.0% *15 —-55,+125 T
8013CM for level shift, division and square root functions; full =10V +2.0% *15 —55,+125 T
8013AC input/output range; 1 MHz bandwidth. +0.5% *+15 0,+70 T
80132C +1.0% *15 0,+70 T
8013CC +2.0% *15 0,+70 T
8038AM Simultaneous Sine, Square, and Triangle wave outputs T2L 1.5% +5t0 +15 —55,+125 J
8038AC compatible to 28V over frequency range from 0.001 Hz to 1.0 MHz. 1.5% +5to0 +15 0,+70 P
8038BM Low distortion (<1%); high linearity (0.1%); low frequency drift with 3.0% +5t0 =15 -55,+125 J
8038BC temperature (50ppm/°C max.), variable duty cycle 2%-98%). 3.0% +5t0 +15 0,+70 P
8038CC External frequency modulation. 5.0% +5t0 15 0,+70 P
8048BC Log amp. 1V/decade (Adjustable). 120 db range +30mV +15 0,+70 J.P
8048CC with current input. Error referred to output +60 mV +15 0,+70 J,P
8049BC Antilog amp, adjustable scale factor. +10mvV +15 0,+70 J.P
8049CC Error referred to input +30 mV *15 0,+70 J.P
ICL8061 The ICL8061 converts a wide range of photographic variables
1CL8062 to electronic signals from which f-stop, aperture, EV and BV may
be obtained. The ICL8062 converts the signals from the 8061 into
oute ut drive voltages.
8069 temperature compensated voltage reference 5to 15 -55t0 125 Q
8211M Micropower voltage detector/indicator/voltage regulator/ 21030 -55,+125 T
8211C programmable zener. Contains 1.15V micropower reference 2to 30 0,+70 PT
8212M plus comparator and hysteresis output. Main output 21030 -55,+125 T
8212C inverting (8212) or non-inverting (8211). 2t0 30 ,+7 PT
Notes: 1. All parameters are specified at Vs = £ 15V and T, = +25°C unless otherwise noted.
2. All parameters are worst case MIN/MAX limits except for those marked * which are typical.
PACKAGE KEY
D—Salder lid side brazed ceramic dual in line.
F —Ceramic flat pack.
J —Glass frit seal ceramic dual in line.
P —Plastic dual in line.
T —Metal can (TO5 size)
Operat|onal Amplifiers—CMOS
Description Compensation | Offset Null | V,s Selection los [ Input CMR Output Swing | Packages *
7611 Single, Selectable I Internal Yes 2,5,15mV | 0.5pA | 1pA | Vsypey — 100MV [ Vgypp vy — 100 mV PT
7612 | Single, Selectable |, Extended CMVR Internal Yes 2,5,15mV | 0.5pA | 1pA | Vsyppry +300mV | Vsyppy — 100mV PT
7613 | Single, Selectable Iq, Input Protected Internal Yes 2,5,15mV [ 0.5pA | 1pA | Vsypery — 100mMV | Vsyppy — 100 MV PT
7614 | Single, Fixed Io External Yes 2,5,15mV | 0.5pA | 1pA| Vsyppry — 100mV | Vsyppy — 100mV PT
7615 | Single, Fixed Io, Input Protected External Yes 2,5,15mV | 0.5pA | 1pA | Vsyppry — 100mV | Vgyppy — 100V PT
7621 | Dual, Fixed 1o Internal No 2,5,15mV | 0.5pA [ 1pA | Vsyepry — 100mV | Vsyppy — 100 MV PT
7622 | Dual, Fixed lo Internal Yes 2,5,15mV | 0.5pA | 1pA | Vsuppry — 100 MV | Vsyppy — 100 mV PJ
7631 | Triple, Selectable I Internal No 5,10,20 mV 5pA | 1pA | Vsypery — 100 MV | Vgyepy — 100 mV PJ
7632 | Triple, Selectable 4 None No 5,10,20mV | 0.5pA [ 1pA | Vsyppy — 100mMV | Vsypey — 100 MV PJ
7641 | Quad, Fixed lq Internal No 5,10,20mV | 0.5pA| 1pA | Vsyppry — 100 MV | Vgype v — 100 MV PJ
7642 | Quad, Fixed lq Internal No 5,10,20mV | 0.5pA| 1pA| Vsypery — 100mV | Vsyppy — 100 mV PJ
- - - -
Instrumentation Amplifiers—Commutating Auto Zero
VOS A VOS lSUPP AV IBI AS *
Type Description (uV) (uVlyear) (pA) (dB) VsuppLy (PA) Packages Ta°C
ICL7600C Compensated +2 0.2 1 90 min +5t0 +16 +30 JP 0to 70
ICL76001 Compensated +2 0.2 1 90 min +5t0 +16 +30 J,P -251085
ICL7600M Compensated +2 0.2 1 90 min +5t0 +16 +30 J,P -55t0125
ICL7601C Uncompensated *2 0.2 1 90 min +5t0 +16 +30 J.P Oto7®
ICL76011 Uncompensated +2 0.2 1 90 min +5t0 +16 +30 J,P -25t085
ICL7601M Uncompensated *2 0.2 1 90 min +5t0 +16 +30 J,P -551t0125
- - - -
Operational Amplifiers—Commutating Auto Zero
vOS AVDS ISUPF AV IBI AS -
Type Description (uV) (uV/year) (mA) (dB) VsuepLy (PA) Packages T,°C
ICL7605C Compensated +2 0.5 1.7 90 min 5t010 +30 J.P 0to 70
ICL7605! Compensated +2 0.5 1.7 90 min 5t010 +30 J.P -251t085
ICL7605M Compensated 2 0.5 1.7 90 min 5to 10 +30 J,P -55t0 125
ICL7606C Uncompensated *2 0.5 1.7 90 min 51010 +30 J,P 0to 70
ICL76061 Uncompensated +2 0.5 1.7 90 min 5t0 10 +30 J.P -25t085
ICL7606M Uncompensated *2 0.5 1.7 90 min Sto10 *30 J,P -55t0 125

*See package key above.
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Counters, Timers and Display Drivers

Part Number | Circuit Description Package Crystal Frequency | Output
ICM7045A Complete industrial stopwatch precision decade timer to 28-Pin DIP Seconds: 1.31 MHz | Seven-digit common-cathode LED drive.
count seconds, minutes or hours by selection of suitable Minutes: 2.18 MHz | Displays up to 240,000 seconds, 2,400
oscillator frequencies. minutes, 24 hours.
ICM7201 Low battery voltage indicator TO-72 Not applicable Lights LED at voltage below 2.9V.
ICM7206 Touch-tone encoder; requires one contact per key 16-Pin DIP 3.57954 MHz 2-of-8 sine wave for tone dialing
ICM7206A Touch-tone encoder; requires two contacts per key with 16-Pin DIP 3.57954 MHz 2-of-8 sine wave for tone dialing
common line connected to + supply.
ICM7206B Touch-tone encoder; common line connected to negative 16-Pin DIP 3.57954 MHz 2-of-8 sine wave for tone dialing
supply and oscillator enabled when key is pressed.
ICM7207 Frequency counter timebase. Includes 0.01, 0.1, or 1-second | 14-Pin DIP 6.5536 MHz Crysal frequency + 2%, + 27, + 10 (2")
ICM7207A count window plus store, reset and MUX 14-Pin DIP 5.24288 MHz divider stage
ICM7208 7-digit unit counter. With addition of 7207 the circuit becomes | 28-Pin DIP - LED display drive
a complete timer-frequency counter
ICM7209 High-frequency clock-generator for 5-volt systems 8-Pin DIP to 10 MHz Crystal frequency, + 2° divider stage
ICM7211 Four-digit display decoder drivers; ICM7211 is LCD; 40-Pin DIP (plastic) | — Four-digit, seven-segment direct display
ICM7212 ICM7212is LED; Non-multiplexed for low noise, BCD input, drive; LED or LCD
decoded display drive output.
ICM7213 Oscillator and frequency divider 14-Pin DIP (plastic) | to 10 MHz 1pps, 1ppm, 10 Hz, composite
ICM7216 Eight-digit universal counter; measures frequency, period, 28-Pin DIP 1or10kHz Eight-digit common anode or common
ICM7226 frequency ratic, tims intsival, units. 40-Pin DiP cathode direct LED drive
(Cerdip, ceramic,
plastic)
ICM7217 Four-digit CMOS up/down counter; presettable start/count 28-Pin Cerdip - Four-digit, seven-segment common anode
ICM7227 and compare register; for hard-wired or microprocessor or plastic or common cathode direct LED display
control applications; cascadable drive; equal, zero, carry/borrow
ICM7218A/D | LED display driver system with 8 x 8 memory; numeric ordot | 28-Pin DIP — Eight-digit, seven-segment plus decimal
ICM7218E (1 of 64) decoding; microprocessor compatible 40-Pin DIP point; common cathode or common anode
(ceramic or plastic)
ICM7219 Audio generator; digitally programmable; 5 bit input 14-Pin DIP 0-100 kHz output; waveform fuily
(ceramic or plastic) programmable
ICM7224 4Y»-digit high speed counter/decoder/driver; 40-Pin DIP - 4Y2-digit seven-segment direct display
ICM7225 25 MHz typ; ICM7224 is LCD, ICM7225 is LED; direct (plastic) driver; LED or LCD
display drive; cascadable
ICM7555 Single or dual CMOS version of industry-standard 555 timer; | 8-Pin DIP —
ICM7556 80 pA typ. supply current; 500 kHz guaranteed; 2-18V 14-Pin DIP
power supply
ICM7240 CMOS programmable counters/timers using external RC time | 16-Pin DIP External Timed output
ICM7242 base set. Programmable from minutes to years. Hr. accuracy
ICM7250 = +0.5% typ.
ICM7260
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Dynamic RAMS

Max Min Min No. Input Max Standby Temp
Access Read Read/Mod of Levels Power Operating Power Pkg Range
Organization Time (ns) | Cycle(ns) | Write Cycle (ns) Pins | V,/V,(V) | Supplies(V) | Power (mW) (mw) (note1) | (note2)
16384 x 1
IM4116-2 150 375 375 16 .8/2.4 +12, 5 550 27 J C
IM4116-3 200 375 375 16 .8/2.4 +12, =5 550 27 J C
IM4116-4 250 375 375 16 .8/2.4 +12, £5 550 27 J C
4096 x 1
IM7027-1 120 250 325 16 .8/l2.2 +12, =5 462 27 J C
MK4027-2 150 320 325 16 .8/2.2 +12, £5 462 27 J C
MK4027-3 200 375 420 16 .8/2.2 +12, £5 462 27 J [o]
MK4027-4 250 375 480 16 .8/2.2 +12, £5 462 27 J [}
Static RAMS
Max Min No Input Max Temp
Access Read of Levels Power Operatln& Pkg Range
Organization Time (ns) Cycle (ns) Pins V.V (V) Supplies (V) Power (mW) (note 1) (note 2)
4096 x 1
IM7141-2 200 200 18 .8/2.0 +5 370 J CM
IM7141-3 300 300 18 .8/2.0 +5 370 J CM
IM7141 450 450 18 .8/2.0 +5 370 J CM
iM7141L2 200 200 18 .8/2.0 +5 265 J C
IM7141L3 300 300 18 .8/2.0 +5 265 J [}
IM7141L 450 450 18 .8/2.0 +5 265 J c
1024 x 4
IM2114-2 200 200 18 .8/2.0 +5 525 J [}
IM2114-3 300 300 18 .8/2.0 +5 525 J [o]
IM2114 450 450 18 .8/2.0 +5 525 J C
IM2114L2 200 200 18 .8/2.0 +5 370 J CM
IM2114L3 300 300 18 .8/2.0 +5 370 J CM
IM2114L 450 450 18 .8/2.0 +5 370 J CcM
IM7114L2 200 200 18 .8/2.0 +5 265 J (o}
IM7114L3 300 300 18 .8/2.0 +5 265 J C
IM7114L 450 450 18 .8/2.0 +5 265 J C
IM2147 70 70 18 .8/2.4 +5 880/110 DJ C
IM2147-3 55 55 18 .8/2.4 +5 990/165 DJ (o}
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CMOS RAM’s

UV-ERASABLE CMOS PROMS

CMOS ROM’s

BIPOLAR PROM’s

Max
Access Time|No.of| V. loc Max Temp
Organization (ns) Pins [max (V)| (xA) |[Pkg?|Range
4096 x 1
IM6504 170 18 5.5 [0.2(typ.)|D.J.F| CIM
1024 x 1
IM6508/6518 460 16/18 7.0 100 DJ,F| CIM
IM6508-1/6518-1 300 16/18 7.0 10 DJF| IM
IM6508A/6518A 150 16/18| 11.0 500 DJF| M
IM6508A-1/6518A-1 95 16/18| 120 100 DJF| IM
56 x 4
IMB551/61 360 18/22| 80 | 100 |DJF| IM
IM551A/61A 180 18/22| 120 | 500 |DJF| IM
256 x 1
IM6523 800 16 7.0 50 |DJF| 1M
64x12
IM6512 460 18 8.0 100 |DJ,F| CIM
IM6512A 150 18 12.0 500 |DJF| M
Max
Access Time | No. of | Operating | 1. max Temp
Organization (ns) Pins | Range(V) | (nA) | Pkg? | Range
1024 x 4
6653 600 24 5 20 D,J 1M
6653-1 450 24 5 20 DJ |
6653A 300 24 10 20 DJ |
512x8
6654 600 24 5 20 D,J M
6654-1 450 24 5 20 D,J 1
5554A 300 24 10 20 D,J 1
Max No. of Ve loc Max Temp
Organization | Access Time (ns) | Pins | max(V) | (nA) | Pkg?| Range
1024x 12
IM6312 400 18 7.0 100 DJ | CIM
IM6312A 200 18 11.0 500 DJ |
2048x 8
IM6316 350(typ) 24 7.0 |100(¢typ)|] DY | CIM
8192x 8
IM6364 350(typ) 24 7.0 |100(typ)] DJ | CM
Max No. of | Output
Organization Access Time(ns) | Pins | Type' | Pkg? | Temp
FPLA
IM5200 100 24 ocC J Cc
48 Product Terms
14 Inputs, 8 Outputs
32x8
IM5600 50 16 ocC | DJF| CM
IM5610 50 16 TS DJF| CM
256x4
IM5603A 60 16 OoC [DJF| CM
IM5623 60 16 TS DJF| CM
512x4
IM5604 70 16 oc DJF| CM
IM5624 70 16 TS DJF| CM
512x8
IM5605 70 24 ocC D CM
IM5625 70 24 TS D CM

Note 1: OC-Open Collector Output
TS-Tri-State Output

Note 2: D: Ceramic Dual-In-Line
J: Cerdip Dual-in-Line
F: Ceramic Flat Package
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This is Datel-Intersil

The merger of Intersil and Datel Systems, Inc. has made the Company the
third largest data acquisition supplier in the industry. The “marriage” of these
two groups provides an ideal blending of Intersil’s integrated circuit capability
with Datel’s expertise in the system’s marketplace.

Intersil’s Semiconductor Division produces virtually all the circuits required
to produce complete data acquisition systems, including analog to digital
converters, digital to analog converters, operational amplifiers, multiplexers,
display drivers, analog switches, sample-holds, operational and instrumentation
amplifiers, and temperature sensors.

The Datel-Intersil Division produces a broad spectrum of data conversion
modules, hybrid and monolithic circuits, power supplies, analog input/output
boards, digital panel instruments, digital printers, data loggers and high-speed
data acquisition systems.

‘The merging of these complementary technologies has now created the most
comprehensive line of data acquisition products in the industry. If you would
like additional information on any of these products please send in the form
in the back of this handbook.
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