the feedback to be driven to reduce this difference signal to a
small value. The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied to the right-hand differential amplifier will
precisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback network is trimmed
so that the effective gain to the output, at pins 8 and 9, results
in a voltage of 10mV/°C of thermocouple excitation.

In addition to the feedback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/ADS595. This signal disturbs the
differential input so that the amplifier output must adjust to
restore the input to equal the applied thermocouple voltage.

The compensation is applied through the gain scaling resistors
50 that its effect on the main output is also 10mV/°C. As a result,
the compensation voltage adds to the effect of the thermocouple
voltage a signal directly proportional to the difference between
0°C and the AD594/AD595 temperature. If the thermocouple
reference junction is maintained at the AD594/AD595 tempera-
ture, the output of the AD594/ADS595 will correspond to the
reading that would have been obtained from amplification of a
signal from a thermocouple referenced to an ice bath.

The AD594/ADS595 also includes an input open circuit detector
that switches on an alarm transistor. This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point
compensation and recalibrate the AD594/AD595 as described in
the next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor between pins 5 and 9. External availability of the feedback
resistor allows gain to be adjusted, and also permits the AD594/
ADS595 to operate in a switching mode for set-point operation.

CAUTIONS: .

The temperature compensation terminals (+C and —C) at pins
2 and 6 are provided to supply small calibration currents only.
The AD594/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/ADS595 is internally frequency compensated for
feedback ratios (corresponding to normal signal gain) of 75 or
more. If a lower gain is desired, additional frequency compensation
should be added in the form of a 300pF capacitor from pin 10
to the output at pin 9. As shown in Figure 5 an additional 0.01pF
capacitor between pins 10 and 11 is recommended.

AD594/
AD595

Figure 5. Low Gain Frequency Compensation
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RECALIBRATION PRINCIPLES AND LIMITATIONS
The ice point compensation network of the AD594/AD595
produces a differential signal which is zero at 0°C and corresponds
to the output of an ice referenced thermocouple at the temperature
of the chip. The positive TC output of the circuit is proportional
to Kelvin temperature and appears as a voltage at +T. It is
possible to decrease this signal by loading it with a resistor from
+T to COM, or increase it with a pull-up resistor from +T to
the larger positive TC voltage at +C, Note that adjustments to
+T should be made by measuring the voltage which tracks it at
—T. To avoid destabilizing the feedback amplifier the measuring
instrument should be isolated by a few thousand ohms in series
with the lead connected to —T.

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifts the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the negative
input of the feedback amplifier, the =T pin. A current into this
terminal can be produced with a resistor between —C and =T
to balance an increase in + T, or a resistor from —T to COM 10
offset a decrease in +T.

If the compensation is adjusted substantially to accommodate a
different thermocouple type, its effect on the final output voltage
will increase or decrease in proportion. To restore the nominal
output to 10mV/°C the gain may be adjusted to match the new
compensation and thermocouple input characteristics. When
reducing the compensation the resistance between —T and
COM automatically increases the gain to within 0.5% of the
correct value. If a smaller gain is required, however, the nominal
47k() internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reference. It should be noted that inter-
mediate recalibration conditions may require the use of a negative
supply. An example using a type E thermocouple and an AD594
is given on the next page.

602



EXAMPLE: TYPE E RECALIBRATION - AD594/AD595
Both the AD594 and AD595 can be configured to condition the
output of a type E (chromel-constantan) thermocouple. Temper-
ature characteristics of type E thermocouples differ less from
type ], than from type K, therefore the AD59%4 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here. First, measure the device
temperature by tying both inputs to common (or a selected
common mode potential) and connecting FB to Vg. The AD59%4
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial output Vg is
240mV. Check the output at Vg to verify that it corresponds to
the temperature of the device.

Next, measure the voltage — T at pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the —T voliage
will be about 8.3mV. To adjust the compensation of an AD5%4
to a type E thermocouple a resistor, R1, should be connected
between +T and +C, pins 2 and 3, to raise the voltage at —'T
by the ratio of thermocouple sensitivities. The ratio for converting
a type ] device 1o a type E characteristic is:

r (AD594) =(60.9uV/"C)(51.70V/°C)= 1.18

Thus, multiply the initial voltage measured at —T by r and
experimentally determine the R1 value required to raise —T to
that level. For the example the new —T voltage should be
about 9.8mV. The resistance value should be approximately
1.8Kk().

The zero differential point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
Vo by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —C and - T,
pins 5 and 6. The target output value in this case should be
about 283mV. The resistance value of R2 should be approximarely
240k0).

Finally, the gain must be recalibrated such that the output Vg
indicates the device's temperature once again, Do this by adding
a third resistor, R3, between FB and — T, pins 8 and 5. Vg
should now be back to the initial 240mV reading. The resistance
value of R3 should be approximately 280k(). The final connection
diagram is shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E it should be 164.2.

Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
ADS595 the values for R1, R2, R3 and r will be approximately
65010, 84k, 93k} and 1.51, respectively. Power consumption
will increase by about 50% when using the AD595 with type E
inputs.

Note that during this procedure it is crucial to maintain the
AD594/AD595 at a stable temperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering
iron must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD595
Because of the similarity of thermal EMFs in the 0 to 50°C
runge beiween type K and wype T thermocouples, the AD595
can be directly used with both types of inputs, Within this
ambient temperature range the AD595 should exhibit no more
than an additional 0.2°C output calibration error when used
with type T inputs. The error arises because the ice point com-
pensator is trimmed to type K characteristics at 25°C, To calculate
the AD595 output values over the recommended — 200 to 350°C
range for type T thermocouples, simply use the ANSI ther-
mocouple voltages referred to 0°C and the output equation given
on page 3 for the ADS595, Because of the relatively large non-
linearities associated with type T thermocouples the output will
deviate widely from the nominal 10mV/°C. However, cold junction
compensation over the rated 0 to 50°C ambient will remain
accurate.

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperature with
the measuring thermocouple at 0°C. The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/ADS595 output over
the rated ambient temperature range. Figure 8 shows an AD594/
ADS595 drift error envelope. The slope of this figure has units of
°CrC.

TEMPERATURE OF ADSS4C/,

Figure 8. Drift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip to
ambient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800pW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid (unstirred)
the thermal resistance is about 40°C/watt, resulting in a self-heating
error of about 0.032°C.
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SET-POINT CONTROLLER
The AD594/AD595 can readily be connected as a set-point
controller as shown in Figure 9.

TEMPERATURE
COMPARATOR
out

LOW T < SET POINT
MIGH =T > SET POINT

v
| e i

SET-POINT
VOLTAGE INPUT

> oMl
z  OPTIONAL)
FOR HYSTERESIS

s SRRy

Figure 9. Set-Point Controller

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF to the input of the AD594/AD595.
The signal is cold junction compensated, amplified to 10mV/°C
and compared to an external set-point voltage applied by the
user to the feedback at pin 8. Table I lists the correspondence
between set-point voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the set-point
temperature range is within the operating range (—55°C to
+125°C) of the AD594/ADS595, the chip can be used as the
transducer for the circuit by shorting the inputs together and
utilizing the nominal calibration of 10mV/°C. This is the centigrade
thermometer configuration as shown in Figure 13.

In operation if the set-point voltage is above the voltage corres-
ponding to the temperature being measured the output swings
low to approximately zero volts. Conversely, when the temperature
rises above the set-point voltage the output switches to the
positive limit of about 4 volts with a +5V supply. Figure 9
shows the set-point comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 toggled output. Hysteresis can be introduced by injecting
a current into the positive input of the feedback amplifier when
the output is toggled high. With an AD594 about 200nA into
the +T terminal provides 1°C of hysteresis. When using a
single 5V supply with an AD594, a 20M{) resistor from Vg to

+ T will supply the 200nA of current when the output is forced
high (about 4V). To widen the hysteresis band decrease the
resistance connected from Vg to +T.

ALARM CIRCUIT

In all applications of the AD594/AD595 the — ALM connection,
pin 13, should be constrained so that it is not more positive
than (V+) — 4V. This can be most easily achieved by connecting
pin 13 to either common at pin 4 or V—at pin 7. For most
applications that use the alarm signal, pin 13 will be grounded
and the signal will be taken from + ALM on pin 12. A typical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20k pull up will cause the + ALM output on
pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the + ALM pin will be driven low. As shown in
Figure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

]
e
ACARR OUT ALARM
) TTL GATE
CONSTANTAN
SALUMELY |_| 10my T
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.
Y
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Figure 10. Using the Alarm to Drive a TTL Gate
(“Grounded” Emitter Configuration)
Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11.
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Figure 11. Alarm Directly Drives LED

A 270Q) series resistor will limit current in the LED to 10mA,
but may be omitted since the alarm output transistor is current
limited at about 20mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
rise well above ambient. Note that the cold junction compensation
will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The collector and emitter
of the output transistor can be used in any normal switch con-
figuration. As an example a negative referenced load can be
driven from —ALM as shown in Figure 12.

The collector (+ ALM) should not be allowed to become more
positive than (V—) + 36V, however, it may be permitted to be
more positive than V+ . The emitter voltage (— ALM) should
be constrained so that it does not become more positive than 4
volts below the V +applied to the circuit.

Additionally, the AD594/ADS595 can be configured to produce
an extreme upscale or downscale output in applications where

an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting —IN to common provides an upscale output.
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Figure 12. —ALM Driving A Negative Referenced Load

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone celsius
thermometer as shown in Figure 13.

6V TO +16V
—— =

OUTPUT

1 (V1 10mviee

GND

<
07018V
Lo

Figure 13. AD584/AD595 as a Stand-Alone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (pins 1
and 14) to common. The output now will reflect the compensation
voltage and hence will indicate the AD594/ADS595 temperature
with a scale factor of 10mV/°C. In this three terminal, voltage
output, temperature sensing mode, the AD594/AD595 will
operate over the full military —55°C to + 125°C temperature
range.

THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reasonably
good long-term stability. Because of their small size, they respond
quickly and are good choices where fast response is important.
They function over temperature ranges from cryogenics to jet-
engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal depends
on both temperature and composition of the metal, two pieces
of dissimilar metal in isothermal contact will exhibit a potential
difference that is a repeatable function of temperature, as shown
in Figure 14. The resulting voltage depends on the temperatures,
T1 and T2, in a repeatable way.

Since the thermocouple is basically a differential rather than
absolute measuring device, a known reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively characterized
in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

A\

- +
Cu Cu
CONSTANTAN  r1-===|=7 _ consTanTan
m Conmmme
L
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UNKNOWN ICE POINT
TEMPERATURE REFERENCE

Figure 14. Thermocouple Voltage with 0°C Reference

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards, The reference
junction temperature is allowed to change with the environment

v’ vi=v,
/<\ FOR PROPERLY SCALED V" =IT,)

Cu) V2 u
CONSTANTAN =1 — ===+ Cubs”

it

-

Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

of the measurement system, but it is carefully measured by
some type of absolute thermometer. A measurement of the
thermocouple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature
and to arrange its output voltage so that it corresponds to a
thermocouple referred to 0°C. This voltage is simply added to
the thermocouple voltage and the sum then corresponds to

the standard voltage tabulated for an ice-point referenced
thermocouple.

The temperature sensitivity of silicon integrated circuit transistors
is quite predictable and repeatable. This sensitivity is exploited
in the AD594/AD595 to produce a temperature related voltage
to compensate the reference or “cold” junction of a thermocouple
as shown in Figure 16.

CONSTANTAN

Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction” by con-
necting directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.
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ANALOG
DEVICES

Thermocouple Conditioners and
Set-Point Controllers

AD596*/AD597*

FEATURES

Low Cost

Operates with Type J (AD596) or Type K (AD597)
Thermocouples

Built-In Ice Point Compensation

Temperature Proportional Operation - 10mV/°C

Temperature Set-Point Operation - ON/OFF

Programmable Switching Hysteresis

High Impedance Differential Input

PRODUCT DESCRIPTION

The AD596/AD597 is a monolithic temperature set-point con-
troller which has been optimized for use at elevated temperatures
such as those found in oven control applications. The device
cold junction compensates and amplifies a type ] or K ther-
mocouple input to derive an internal signal proportional to
temperature. The internal signal is then compared with an ex-
ternally applied set-point voltage to yield a low impedance switched
output voltage. Dead-Band or switching hysteresis can be pro-
grammed using a single external resistor. Alternately, the AD596/
ADS597 can be configured to provide a voltage output (10mV/°C)
directly from a type ] or K thermocouple signal. It can also be
used as a stand-alone voltage output temperature sensor.

The AD596/ADS597 can be powered with a single supply from
+5V to +30V, or dual supplies up to a total span of 36V.
Typical quiescent supply current is 160pA which minimizes
self-heating errors.

The AD596/AD597 includes a thermocouple failure alarm that
indicates an open thermocouple lead when operated in the tem-
perature proportional measurement mode. The alarm output has
a flexible format which can be used to drive relays, LEDs or
TTL logic.

The device is packaged in a reliability qualified, cost effective
10-pin metal can and is trimmed to operate over an ambient
temperature range from + 25°C to + 100°C. Operation over an
extended ambient temperature range is possible with slightly
reduced accuracy. The AD596 will amplify thermocouple signals
covering the entire —200°C to +760°C temperature range
recornmended for type ] thermocouples while the AD597 can
accommodate —200°C to + 1250°C type K inputs.

*Protected by U.S. Patent No. 4,029,974,

ADS96/AD597 FUNCTIONAL BLOCK DIAGRAM

The AD596/AD597 has a calibration accuracy of =4°C at an
ambient temperature of 60°C and an ambient temperature stability
specification of 0.05°C/°C from +25°C to + 100°C. If higher
accuracy, or a lower ambient operating temperature is required,
either the AD594 (] thermocouple) or AD595 (K thermocouple)
should be considered.

PRODUCT HIGHLIGHTS

1. The AD596/AD597 provides cold junction compensation
and a high gain amplifier which can be used as a set-point
comparator.

2. The input stage of the AD596/AD597 is a high quality in-
strumentation amplifier that allows the thermocouple to float
over most of the supply voltage range.

3. Linearization not required for thermocouple temperatures
close to 175°C (+ 100°C to + 540°C for AD596).

4. Cold junction compensation is optimized for ambient temper-
atures ranging from +25°C to +100°C.

5. In the stand-alone mode, the AD596/AD597 produces an
output voltage that indicates its own temperature.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 11-13
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SPECIFICATIONS @ +srs snt v, = 10, 1 1 1059 e X hosan oo, s ot o

Model ADS96AH ADS9TAH
Min . Typ Max Min Typ Max Units
ABSOLUTE MAXIMUM RATINGS
+Vsto =V 36 36 Volts
Common-Mode Input Voltage (=V5-0.15) +Vs (-Vs —0.15) +Vy Volts
Differential Input Voltage -Vs +Vs -Vs +Vs Volts
Alarm Voltages
+ALM -Vs (—Vs +36) -Vg (=Vs +36) Valts
-ALM -V +Vs -V +Vg Volts
Operating Temperature Range - 55 +125 =55 +125 *C
Qutput Short Circuit to Common Indefinite Indefinite
TEMPERATURE MEASUREMENT
(Specified Temperature Range
+25°C 1o + 100°C)
Calibration Error' -4 +4 -4 +4 C
Stability vs. Temperature? =0.02 =0.05 =0.02 =0.05 “CrC
Gain Error ~1.5 +L5 -1.5 +15 %
Nominal Transfer Function 10 10 mVrC
AMPLIFIER CHARACTERISTICS
Closed Loop Gain* 180.6 245.5 viv
Input Offset Voltage *Cx53.21+235 “Cx41.27-37 nv
Input Bias Current 0.1 0.1 nA
Differential Input Range -10 +50 - 10 + 50 mV
Common-Mode Range (—Vs—0.15) (+Vs—4) (-Vs—-0.15) (+Vs —4) Volts
Common-Mode Sensiuvity -RTO 10 10 mV/iv
Power Supply Sensitivity - RTO 1 10 1 10 mV/v
Output Voltage Range
Dual Supplies (=Vs +2.5) (+Vs—2) (=Vs +2.5) (+V5-2) Volis
Single Supply 0 (+Vs=2) 0 (+V5-=2) Volis
Usable Output Current® =5 +5 mA
3dB Bandwidth 15 15 kHz
ALARM CHARACTERISTICS
Versat;at2mA 0.3 0.3 Volts
Leakage Current =1 +1 ph
Operating Voliageat — ALM (+Vg—4) (+Vs—4) Volis
Short Circuit Current 20 20 mA
POWER REQUIREMENTS
Operating® (+Vsto —Vg)=30 (+Vsto —Vg) =30 Volis
Quiescent Current
+Vs 160 300 160 300 pA
-Vs 100 200 100 200 pi
PACKAGE OPTION®
TO-100(H-10A) ADS59%AH ADS9TAH
NOTES
"Thus 15 a measure of the deviation from ideal with a measuring ?Defined as the slope of the line connecting the ADS9/ADS97 CJC errors
thermocouple junction of 175°C and a chip temperature of 60°C. The measured at 25°C and 100°C ambient remperature.
ideal transfer funcnion is given by: *Pmn 6 shorted to Pin 7.
ADS96. Vour = 180.57 (Vi = Vo + (ambient in *C)x 53.21uV/C “Current Sink Capability in single supply configuration 15 limuted to current
+235uV) drawn to ground through a 50k} resistor ar output voltages below 2.5V.
ADSY7. Vour = 245.46 % (Vy—V, + (ambient in °C) = 41,270V C ¥~ Vg must not exceed — 16.5V.
—37uV). “See Section 16 for package outline informatin.
Where Viy and V, the and ambient temp and  Speaifi subject to change wathout notice.
are taken from the approp Jor K ple table, The ideal %
transfer function mummizes the error over the ambient temperature range Specifications shown in boldface are tested on all production units at final
of 25°C 1o 100°C with a thermocouple temperature of electrical test. Results from those tests are used to calculate outgoing quality
approximately 175°C, levels, All mun and max specifications are guaranteed, although only those

shown in boldface are tested on all production unirs.
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Thermocouple Type] AD59% Type K AD597 Thermocouple Type] AD5% Type K AD597

Temperature  Voltage Qutput Voltage Output Temperature  Voltage Output Voltage Qutput
“C mV mV mV mV “C mV mV mV mV
- 200 - 7.890 - 1370 - 5.891 — 1446 500 27.388 5000 20.640 5066
— 180 to= 7402 -1282 - 5.550 -1362 520 28.511 5203 21.493 5276
- 160 - 6.821 -1177 = 5.141 - 1262 540 29.642 5407 22.346 5485
- 140 - 6.159 - 1058 ~ 4,669 —1146 560 30.782 5613 23,198 5694
— 120 — 5.426 - 925 - 4,138 - 1016 S80 31.933 5821 24.050 5903
- 100 - 4.632 - 782 - 3553 - 8N 600 33.096 6031 24.902 6112
- B0 — 3.785 - 629 - 2.920 - 77 620 34.273 6243 25.751 6321
- 60 — 2,392 — 468 - .243 - 551 640 35.464 6458 26.599 6529
= 40 = 1.960 - 29 - L527 - 375 660 36.671 6676 27.445 6737
- 20 - 995 - 125 = 017 - 191 680 37.893 6897 28.288 6944
- 10 - .50 - 36 - 392 - 9% 700 39.130 7120 29.128 7150
0 0 54 0 0 720 40.382 7346 29.965 7355
10 507 146 .397 97 740 41.647 7575 30.799 7560
20 1.019 238 798 196 750 42.283 7689 31.214 7662
25 1.277 285 1.000 245 760 ™ - 31.629 7764
30 1.536 EE Y] 1.203 295 T80 - - 32.455 7966
40 2.058 426 1.611 395 800 - - 33.277 8168
50 2.585 521 2.022 496 820 - - 34.095 8369
60 3.115 617 2.436 598 B40 = - 34.909 8569
80 4.186 810 3.266 802 860 = - 35.718 8767
100 5.268 1006 4.095 1005 830 " - 36.524 8965
120 6.359 1203 4.919 1207 900 - - 37.325 9162
140 7.457 1401 5.733 1407 920 - - 3g.122 9357
160 8.560 1600 6.539 1605 940 - - 38.915 9552
180 9.667 1800 7.338 1801 960 - - 39.703 9745
200 10.777 2000 8.137 1997 980 - = 40.488 9938
220 11.887 2201 8.938 2194 1000 % = 41.269 10130
240 12.998 2401 9.745 2392 1020 & = 42.045 10320
260 14.108 2602 10.560 2592 1040 - = 42.817 10510
280 15.217 2802 11.381 2794 1060 = = 43.585 10698
300 16.325 3002 12.207 2996 1080 - - 44.439 10908
320 17.432 3202 13.039 izol 1100 - = 45.108 11072
340 18.537 3402 13.874 3406 1120 = = 45.863 11258
360 19.640 3601 14.712 3611 1140 = & 46.612 11441
380 20.743 3800 15.552 3817 1160 - - 47.356 11624
400 21.846 3999 16.395 4024 1180 = = 48.095 11805
420 22.949 4198 17.241 4232 1200 - - 48.828 11985
440 24.054 4398 18.088 4440 1220 - - 49.555 12164
460 25.161 4598 18.938 4649 1240 - - 50.276 12341
480 26.272 4798 19.788 4857 1250 - = 50.633 12428

Table I. Output Voltage vs. Thermocouple Temperature (Ambient +60°C, Vs = —5V, +15V)

TEMPERATURE PROPORTIONAL OUTPUT MODE

The AD596/AD597 can be used to generate a temperature pro-
portional output of 10mV/°C when operated with ] and K type
thermocouples as shown in Figure 1. Thermocouples produce
low level output voltages which are a function of both the tem-
perature being measured and the reference or cold junction
temperature. The AD396/AD597 compensates for the cold junc-
tion temperature and amplifies the thermocouple signal to produce
a high level 10mV/°C voltage output which is a function only of
the temperature being measured. The temperature stability of
the part indicates the sensitivity of the output voltage to changes
in ambient or device temperatures. This is typically 0.02°C/°C
over the +25°C to + 100°C recommended ambient temperature
range. The parts will operate over the extended ambient tem-
perature ranges from —55°C to + 125°C, bur thermocouple
nonlinearity at the reference junction will degrade the temperature
stability over this extended range. Table I is a list of ideal AD596/
ADS597 output voltages as a function of Celsius temperature for
type ] and K ANSI standard thermocouples with package and
reference junction at 60°C. As is normally the case, these outputs

+5V to + 30V
CONSTANTAN

s IALUMEL]
IRON
|CHROMEL)

DO1uF  SPAT

5V 1O
O Vour
OPTIONAL
ADJUST

0TO -25V

Figure 1. Temperature Proportional Output Connection

are subject to calibration and temperature sensitivity errors.
These tables are derived using the ideal transfer functions:

ADS596 output = (Type ] voltage +301.5uV) = 180.57
ADS597 output = (Type K voltage) x 245.46

The offsets and gains of these devices have been laser trimmed
to closely approximate thermocouple characteristics over meas-
urement temperature ranges centered around 175°C with the
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AD596/AD597 at an ambient temperature between 25°C and
100°C. This eliminates the need for additional gain or offset
adjustments to make the output voltage read:

Vour = 10mV/FC x (thermocouple temperature in °C)
(within specified tolerances).
Excluding calibration errors, the above transfer function is accurate
to within 1°C from + 80°C to + 550°C for the AD596 and —20°C
to +350°C for the AD597. The different temperature ranges are
due to the differences in J and K type thermocouple curves.

European DIN FE-CuNi thermocouple vary slightly from ANSI
type J thermocouples. Table I does not apply when these types
of thermocouples are used. The transfer functions given previously
and a thermocouple table should be used instead.

Figure 1 also shows an optional trimming nctwork which can be
used to change the device’s offset voltage. Injecting or sinking
200nA from Pin 3 will offset the output aproximately 10mV
(1°C).

The AD596/AD597 can operate from a single supply from 5V to
36V or from split supplies totalling 36V or less as shown. Since
the output can only swing to within 2V of the positive supply,
the usable measurement temperature range will be restricted
when positive supplies less than 15V for the AD597 and 10V for
the AD596 are used. If the AD596/AD597 is to be used to
indicate negative Celsius temperatures, then a negative supply is
required.

Common-mode voltages on the thermocouple inputs must remain
within the common-mode voltage range of the AD5%6/AD597,
with a return path provided for the bias currents. If the ther-
mocouple is not remotely grounded, then the dotted line connection
shown in Figure 1 must be made to one of the thermocouple
inputs. If there is no return path for the bias currents, the input
stage will saturate, causing erroneous output voltages.

In this configuration, the ADS96/AD597 has circuitry which
detects the presence of an open thermocouple. If the thermocouple
loop becomes open, one or both of the inputs to the device will
be deprived of bias current causing the output to saturate. It is
this saturation which is detected internally and used to activate
the alarm circuitry. The output of this feature has a flexible
format which can be used to source or sink up to 20mA of
current, The collector (+ ALM) should not be allowed to become
more positive than (— Vs + 36V), however, it may be permitted
to be more positive than + Vs. The emitter voltage (— ALM)
should be constrained such that it does not become more positive
than 4V below + Vs. If the alarm feature is not used, this pin
should be connected to Pins 4 or 5 as shown in Figure 1.

SET-POINT CONTROL MODE
The AD596/AD597 can be connected as a set-point controller as
shown in Figure 2. The thermocouple voltage is cold junction
compensated, amplified, and compared to an external set-point
voltage. The relationship between set-point voltage and temper-
ature is given in Table I. If the temperature to be controlled is
within the operating range (—55°C 1o + 125°C) of the device, it
can monitor its own temperature by shorting the inputs to ground.
The set-point voltage with the thermocouple inputs grounded is
given by the expressions:
ADS596 Set-Point Voltage = °C x 9.6mV/°C +42mV
ADS597 Set-Point Voltage = °C x 10.lmV/°C —9.1mV

The input impedance of the set-point pin of the AD596/AD597
is approximately 50k(). The temperature coefficient of this
resistance is * 15ppm/°C. Therefore, the 100ppm/°C 5k{} pot

-
TEMPERATURE |
CONTROLLED

ok

(]

Figure 2. Set-Point Control Mode

shown in Figure 2 will only introduce an additional + 1°C de-
gradation of temperature stability over the +25°C to +100°C
ambient temperature range.

Switching hysteresis is often used in set-point systems of this
type to provide noise immunity and increase system reliability.
By reducing the frequency of on-off cycling, mechanical compo-
nent wear is reduced leading to enhanced system reliability.
This can easily be implemented with a single external resistor
between Pins 7 and 3 of the AD596/AD597. Each 200nA of
current injected into Pin 3 when the output switches will cause

Vour % 1

In the set-point configuration, the AD596/AD597 output is
saturated at all times, so the alarm transistor will be ON regardless
of whether there is an open circuit or not. However, —ALM
must be tied to a voltage below (+ Vg —4V) for proper operation
of the rest of the circuit.

about 1°C of hysteresis; that is: Ryyer (1) =

STAND-ALONE TEMPERATURE TRANSDUCER
The AD596/AD597 may be configured as a stand-alone Celsius
thermometer as shown in Figure 3.

-Vy
Figure 3. Stand-Alone Temperature Transducer
Temperature Proportional Output Connection

Simply omit the thermocouple and connect the inputs (Pins 1
and 2) to common. The output will now reflect the compensation
voltage and hence will indicate the AD596/AD597 temperature.
In this three terminal, voltage output, temperature sensing
mode, the AD596/AD597 will operate over the full extended
—55°C to+ 125°C temperature range. The output scaling will be
9.6mV per °C with the AD596 and 10.1mV per °C with the
AD3597. Additionally there will be a 42mV offset with the AD596
causing it to read slightly high when used in this mode.
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THERMOCOUPLE CONNECTIONS

The connection of the thermocouple wire and the normal wire
or printed circuit board traces going to the AD396/AD597 forms
an effective reference junction as shown in Figure 4. This junction
must be kept at the same temperature as the AD596/AD597 for
the internal cold junction compensation to work properly. Unless
the ADS596/AD597 is in a thermally stable enclosure, the ther-
mocouple leads should be brought in directly to Pins 1 and 2.

HEFEIIENCE JUNCTION

I.---

mSTANY.IH

-l M RETURN PATH
FROM PINS 1 AND 2
OF LESS THAN 1kil
IMPEDANCE MUST BE
PROVIDED

O

Figure 4. PCB Connections

To ensure secure bonding, the thermocouple wire should be
cleaned to remove oxidization prior to soldering. Noncorrosive
resin flux is effective with iron, constantan, chromel, and alumel,
and the following solders: 95% tin—5% silver, or 90% tn-10%
lead.

SINGLE AND DUAL SUPPLY CONNECTIONS

In the single supply configuration as used in the set-point controller
of Figure 2, any convenient voltage from + 35V to + 36V may be
used, with self-heating errors being minimized at lower supply
levels. In this configuration, the — Vg connection at Pin 5 is tied
to ground. Temperatures below zero can be accommodated in
the single supply set-point mode, but not in the single supply
temperature measuring mode (Figure 1 reconnected for single
supply). Temperatures below zero can only be indicated by a
negative output voltage, which is impossible in the single supply
mode.

Common-mode voltages on the thermocouple inputs must remain
below the positive supply, and not more than 0.15V more negative
than the minus supply. In addition, a return path for the input
bias currents must be provided. If the thermocouple is not
remotely grounded, then the dotted line connections in Figures
1 and 2 are mandatory.

STABILITY OVER TEMPERATURE

The AD5%6/AD597 is specified for a maximum error of +4°C
at an ambient temperature of 60°C and a measuring junction
temperature at 175°C. The ambient temperature stability is
specified to be a maximum of 0.05°C/°C. In other words, for
every degree change in the ambient temperature, the output will
change no more than 0.05 degrees. So, at 25°C the maximum
deviation from the temperature-voltage characteristic of Table I
is *5.75°C, and at 100°C it is +6°C maximum (see Figure 5).
If the offset error of +4°C is removed with a single offset ad-
justment, these errors will be be reduced to +1.75°C and +2°C
max. The optional trim circuit shown in Figure 1 demonstrates
how the ambient offset error can be adjusted to zero.

e

W//
Yo7

Figure 5. Drift Error vs. Temperature

THERMAL ENVIRONMENTAL EFFECTS

The inherent low power dissipation of the AD596/AD597 keeps
self-heating errors to a minimum. However, device output is
capable of delivering +5mA to an external load and the alarm
circuitry can supply up to 20mA. Since the typical junction to
ambient thermal resistance in free air is 150°C/W, significant
temperature difference between the package pins (where the
reference junction is located) and the chip (where the cold junction
temperature is measured and then compensated) can exist when
the device is operated in a high dissipation mode, These tem-
perature differences will result in a direct error at the output. In
the temperature proportional mode, the alarm feature will only
activate in the event of an open thermocouple or system transient
which causes the device output to saturate. Self-Heating errors
will not effect the operation of the alarm but two cases do need
to be considered. First, after a fault is corrected and the alarm
is reset, the AD596/AD597 must be allowed to cool before readings
can again be accurate. This can take 5 minutes or more depending
upon the thermal environment seen by the device. Second, the
junction temperature of the part should not be allowed to exceed
150°C. If the alarm circuit of the AD596/AD597 is made to
source or sink 20mA with 30V across it, the junction temperature
will be 90°C above ambient causing the die temperature to exceed
150°C when ambient is above 60°C. In this case, either the load
must be reduced, or a heat sink used to lower the thermal
resistance.

TEMPERATURE READOUT AND CONTROL

Figure 6 shows a complete temperature indication and control
system based on the AD596/AD597. Here the ADS96/ADS597 is
being used as a closed-loop thermocouple signal conditioner and
an external op-amp is used to implement set point. This has two
important advantages. It provides a high level (10mV/°C) output
for the A/D panel meter and also preserves the alarm function
for open thermocouples.

The A/D panel meter can easily be offset and scaled as shown to
read directly in degrees Fahrenheit. If a two temperature cali-
bration scheme is used, the dominant residual errors will arise
from two sources; the ambient temperature rejection (typically
+2°C over a 25°C to 100°C range) and thermocouple nonlinearity
typical +1°C from 80°C to 550°C for type J and + 1°C from
—20°C 1o 350°C for type K.

An external voltage reference is used both to increase the stability
of the A/D converter and supply a stable reference for the set-point
voltage.
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A traditional requirement for the design of set-point control
thermocouple systems has been to configure the system such
that the appropriate action is taken in the event of an open
thermocouple. The open thermocouple alarm pin with its flexible
current-limited output format supports this function when the
part operates in the temperature proportional mode. In addition,
if the thermocouple is not remotely grounded, it is possible to
program the device for either a positive or negative full scale
output in the event of an open thermocouple. This is done by
connecting the bias return resistor directly to Pin 1 if a high

:_TEMPEHATUFIE_‘I

| | CONSTANTAN
| | (ALUMEL)

L > e

| ; (CHROMEL)

! I

! 1

| HEATER |

I vy |

LI | I (9 |

output voltage is desired to indicate a fault condition. Alternately,
if the bias return is provided on the thermocouple lead connected
to Pin 2, an open circuit will result in an output low reading.
Figure 6 shows the ground return connected to Pin 1 so thar if
the thermocouple fails, the heater will remain off. At the same
time, the alarm circuit lights the LED signalling the need to
service the thermocouple. Grounding Pin 2 would lead to low
output voltage saturation, and in this circuit would result in a
potentially dangerous thermal runaway under fault conditions.

READOUT °F

595

LCD DiSPLAY

ICL7136

IN HI

iN LO

SET-POINT §

10kt

REF HI

REF LO

D OP-0;

ADJUST <
Bkil

AAA
Vi

10M12

| S5 e [P |
| ar |
| TR T
120V ac

Figure 6. Temperature Measurement and Control
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ANALOG
DEVICES

Loop-Powered 4-20mA
Sensor Transmitter

AD693

FEATURES

Instrumentation Amplifier Front End

Loop-Powered Operation

Precalibrated 30mV or 60mV Input Spans

Independently Adjustable Output Span and Zero

Precalibrated Output Spans: 4-20mA Unipolar
0-20mA Unipolar
12+ 8mA Bipolar

Precalibrated 1004} RTD Interface

6.2V Reference with Up to 3.5mA of Current Available

Uncommitted Auxiliary Amp for Extra Flexibility

Optional External Pass Transistor to Reduce

Self-Heating Errors

PRODUCT DESCRIPTION

The AD693 is a monolithic signal conditioning circuit which
accepts low-level inputs from a variety of transducers to control
a standard 4-20mA, two-wire current loop. An on-chip voltage
reference and auxiliary amplifier are provided for transducer
excitation; up to 3.5mA of excitation current is available when
the device is operated in the loop-powered mode. Alternatively,
the device may be locally powered for three-wire applications
when 0-20mA operation is desired.

Precalibrated 30mV and 60mV input spans may be set by simple
pin strapping. Other spans from 1mV to 100mV may be realized
with the addition of external resistors. The auxiliary amplifier
may be used in combination with on-chip voltages to provide six
precalibrated ranges for 10002 RTDs. Output span and zero are
also determined by pin strapping to obtain the standard ranges:
4-20mA, 12+ 8mA and 0-20mA.

Active laser trimming of the AD693’s thin-film resistors result
in high levels of accuracy without the need for additional adjust-
ments and calibration. Total unadjusted error is tested on every
device to be less than 0.5% of full scale at + 25°C, and less than
0.75% over the industrial temperature range. Residual nonlinearity
is under 0.05%. The AD693 also allows for the use of an external
pass transistor to further reduce errors caused by self-heating.

For transmission of low-level signals from RTDs, bridges and
pressure transducers, the AD693 offers a cost-effective signal
conditioning solution. It is recommended as a replacement for
discrete designs in a variety of applications in process control,
factory automation and system monitoring.

The AD693 is packaged in an 20-pin ceramic side-brazed DIP
and is specified over the —40°C to +85°C industrial temperature
range.
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AD693 PIN CONFIGURATION
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PRODUCT HIGHLIGHTS

1.

612

The AD693 is a complete monolithic low-level voltage-to-
current loop signal conditioner.

. Precalibrated output zero and span options include 4-20mA,

0-20mA, and 12 £8mA in two- and three-wire configura-
tions.

. Simple resistor programming adds a continuum of ranges to

the basic 30mV and 60mV input spans.

. The common-mode range of the signal amplifier input extends

from ground to near the device’s operating voltage.

. Provision for transducer excitation includes a 6.2V reference

output and an auxiliary amplifier which may be configured
for voltage or current output and signal amplification.

. The circuit configuration permits simple linearization of

bridge, RTD, and other transducer signals.

. A monitored output is provided to drive an external pass

transistor. This feature off-loads power dissipation to extend
the temperature range of operation, enhance reliability, and
minimize self-heating errors,

. Laser-wafer trimming results in low unadjusted errors and

affords precalibrated input and output spans.

. Zero and span are independently adjustable and noninteractive

to accommodate transducers or user defined ranges.

. Six precalibrated temperature ranges are available with a

1002 RTD via pin strapping.



SPECIFICATIONS

(@ +25°C and Vg = -+ 24V, Input Span = 30mV or 60mV, Output Span = 4-20mA,
R, = 25002, Veyy = 3.1V, with extemal pass transistor unless otherwise specified)

AD693AD
Model Conditions Min Typ Max Units
LOOP POWERED OPERATION
TOTALUNADJUSTED ERROR'+ +0.25 %05 % Full Scale
T inin 10 T +0.4 +0.75 % Full Scale
10002 RTD CALIBRATION ERROR? (See Fig. 17) +0.5 +2.0 €T
LOOP POWERED OPERATION?
Zero Current Error* Zero = 4mA +25 +80 pA
Zero = 12mA +40 *120 rA
.Zero = OmA® +7 +35 +100 nA
vs. Temp. Zero = 4mA +0.5 +1.5 nArC
Power Supply Rejection (RTT) 12V =Vop=36V® *3.0 +5.6 wViv
WV=Vcu=6.2V
Common-Mode Input Range (SeeFig. 3) 0 +Vop—4Ve |V
Common-Mode Rejection (RTT) 0V=Vcu=6.2V +10 +30 TAYAY
Input Bias Current” +5 +20 nA
T inin 10 T o +7 +25 nA
Input Offset Current” Vsig=0 +0.5 +3.0 nA
Transconductance
Nominal 30mV Input Span 0.5333 ANV
60mV Input Span 0.2666 ANV
Unadjusted Error +0.05 *=0.2 %
vs. Common-Mode 0V=Veu=6.2V
30mV Input Span +0.03 +0.04 %V
60mV Input Span +0.05  +0.06 %/V
Error vs. Temp. +20 +50 ppm/°C
Nonlinearity® 30mV Input Span +0.01  +0.05 %of Span
60mV Input Span +0.02  *0.07 % of Span
OPERATIONAL VOLTAGE RANGE
Operational Voltage, Vop® +12 +36 v
Quiescent Current Into Pin 9 +500 +700 pA
OUTPUT CURRENT LIMIT +21 +25 +32 mA
COMPONENTS OF ERROR
SIGNAL AMPLIFIER®
Input Voltage Offset +40 =200 wVv
vs. Temp +=1.0 *2.5 pVrC
Power Supply Rejection 12V=Vop=36V* +3.0 +5.6 AYAY
OVEVCﬁS_ﬁ.ZV
V/ICONVERTER®"'
Zero Current Error Output Span = 4-20mA +30 +80 pA
Power Supply Rejection 12V=Vop=36V°® +1.0 +3.0 RANV
Transconductance
Nominal 0.2666 ANV
Unadjusted Error =0.05 *0.2 %
6.200V REFERENCE®!2
Output Voltage Tolerance +3 =12 mV
vs. Temp. +20 +50 ppm/°C
Line Regulation 12V=Vap=36V°® +200 +300 WiV
Load Regulation'’ OmA=<Iggr=3mA +0.3 +0.75 mV/mA
Output Current? Loop Powered, (Fig. 10) | +3.0 +3.5 mA
3-Wire Mode, (Fig. 15) +5.0 mA
AUXILIARY AMPLIFIER
Common-Mode Range 0 +Vop—4Ve |V
Input Offset Voltage +50 +200 pV
Input Bias Current +5 +20 nA
Input Offset Current +0.5 *3.0 nA
Common-Mode Rejection 90 dB
Power Supply Rejection 105 dB
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AD693AD
Model Conditions Min Typ Max Units
Output Current Range PinI OUT +0.01 +5 mA
Output Current Error PinVx —Pinlx +0.005 %
TEMPERATURE RANGE
Case Operating'* TriaoTacy —40 +85 °C
Storage - 65 +150 *C
PACKAGE OPTION*® D-20
NOTES

"Total error can be significantly reduced (typically less than 0.1%) by trimming the zero current. The remaining unadjusted
error sources are transconductance and nonlinearity.

*The AD693 is tested as a loop powered device with the signal amp, V/1 converter, voltage reference, and application voltages
operating together. Specificarions are valid for preset spans and spans berween 30mV and 60mV.

*Error from ideal output assuming a perfect 10002 RTD at 0 and + 100°C.

*Refer to the Error Analysis to calculate zero current error for input spans less than 30mV.

*By forcing the differential signal amplifier input sufficiently negative the 7uA zero current can always be achieved.

“The operational voltage (Vp) is the voltage directly across the AD693 (Pin 10 to 6 in two-wire mode, Pin 9 to 6 in
local power mode), For example, Vop=Vs — (I oop % R1) in two-wire mode (refer to Figure 10).

"Bias ¢ are not sy rical with input signal level and flow out of the input pins. The input bias current of the
inverting input increases with input signal voltage, see Figure 2.

*Nonlinearity is defined as the deviation of the ourput from a straight line connecting the endpoints as the input is swept over a
30mV and 60mV input span.

*Specifications for the individual functional blocks are T of error that contribute to, and that are included in, the Loop
Powered Operation specifications.

"Includes error contributions of V/1 converter and Applicaton Voltages.

"Changes in the reference output voltage due to load will affect the Zero Current. A 1% change in the voltage reference output will
result in an error of 1% in the value of the Zero Current.

"*If not used for external excitation, the reference should be loaded by approximately ImA (6.2k(} to commeon).

"In the loop powered mode up to SmA can be drawn from the reference, however, the lower limit of the output span will be
increased accordingly. 3.5mA is the maximum current the reference can source while still maintaining a 4mA zero.

"“The AD693 is tested with a pass transistor so To=Te¢.

"%See Section 16 for package outline information.

Specifications subject to change without notice.

Specifications shown in boldface are tested on all production units at final electrical test. Results from those tests are used to

calculate outgoing quality levels. All min and max specifications are guaranteed, although only those shown in boldface are

tested on all production units.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage . . . . . ... ... .......... +36V
Reverse LoopCurrent . . . . . .. ... ... ..... 200mA
Signal Amp Input Range . . .. ........ =03VtoVep
Reference Short Circuit to Common . . . . . . . . Indefinite
Auxiliary Amp Input Voltage Range . . . . .. =0.3V 1o Vop
Auxiliary Amp Current Qutput . . . .. .. ... ... 10mA
Storage Temperature . . . . ... ...... —65°C to 150°C
Lead Temperature, 10sec Soldering . . . . .. ... . +300°C
Max Junction Temperature . . . . ... ....... +150°C
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Typical Characteristics
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How the AD693 Works

FUNCTIONAL DESCRIPTION

The operation of the AD693 can be understood by dividing the
circuit into three functional parts (see Figure 9). First, an in-
strumentation amplifier front-end buffers and scales the low-level
input signal. This amplifier drives the second section, a V/I
converter, which provides the 4-to-20mA loop current. The
third section, a voltage reference and resistance divider, provides
application voltages for setting the various “live zero” currents.
In addition to these three main sections, there is an on-chip
auxiliary amplifier which can be used for transducer excitation.

VOLTAGE-TO-CURRENT (V1) CONVERTER

The output NPN transistor for the V/I section sinks loop current
when driven on by a high gain amplifier at its base. The input
for this amplifier is derived from the difference in the outputs
of the matched preamplifiers having gains, G2. This difference
is caused to be small by the large gain, + A, and the negative
feedback through the NPN transistor and the loop current
sampling resistor between Iy and Boost. The signal across this
resistor is compared to the input of the left preamp and servos
the loop current until both signals are equal. Accurate voltage-to-
current transformation is thereby assured. The preamplifiers
employ a special design which allows the active feedback amplifier
to operate from the most positive point in the circuit, Ipy.

The V/1 stage is designed to have a nominal transconductance of
0.2666 A/V. Thus, a 75mV signal applied to the inputs of the
V/I (Pin 16, noninverting; Pin 12, inverting) results in a full-scale
output current of 20mA.

The current limiter operates as follows: the output of the feedback
preamp is an accurate indication of the loop current. This output
is compared to an internal setpoint which backs off the drive to
the NPN transistor when the loop current approaches 25mA. As
a result, the loop and the AD693 are protected from the conse-
quences of voltage overdrive at the V/I input.

VOLTAGE REFERENCE AND DIVIDER

A stabilized bandgap voltage reference and laser-trimmed resistor
divider provide for both transducer excitation as well as pre-
calibrated offsets for the V/I converter. When not used for
external excitation, the reference should be loaded by approxi-
mately ImA (6.2k() to common).

The 4mA and 12mA taps on the resistor divider correspond to
—15mV and —45mV, respectively, and result in a live zero of
4mA or 12mA of loop current when connected to the V/I converter’s

P1 P2

inverting input (Pin 12). Arranging the zero offset in this way
makes the zero signal output current independent of input span.
When the input to the signal amp is zero, the noninverting
input of the V/1 is at 6.2V.

Since the standard offsets are laser trimmed at the factory,
adjustment is seldom necessary except to accommodate the zero
offset of the actual source. (See “Adjusting Zero”,)

SIGNAL AMPLIFIER

The Signal Amplifier is an instrumentation amplifier used to
buffer and scale the input to match the desired span. Inputs
applied to the Signal Amplifier (at Pins 17 and 18) are amplified
and referred to the 6.2V reference output in much the same way
as the level translation occurs in the V/I converter. Signals from
the two preamplifiers are subtracted, the difference is amplified,
and the result is fed back to the upper preamp to minimize the
difference. Since the two preamps are identical, this minimum
will occur when the voltage at the upper preamp just matches
the differential input applied to the Signal Amplifier at the left.

Since the signal which is applied to the V/1 is attenuated across
the two 800() resistors before driving the upper preamp, it will
necessarily be an amplified version of the signal applied between
Pins 17 and 18. By changing this attenuation, you can control
the span referred to the Signal Amplifier. To illustrate: a 75mV
signal applied to the V/I results in a 20mA loop current. Nominally,
15mV is applied to offset the zero to 4mA leaving a 60mV range
to correspond to the span. And, since the nominal attenuation
of the resistors connected to Pins 16, 15 and 14 is 2.00, a 30mV
input signal will be doubled to result in 20mA of loop current.
Shorting Pins 15 and 16 results in unity gain and permits a
60mV input span. Other choices of span may be implemented
with user supplied resistors to modify the attenuation. (See
section “Adjusting Input Span”.)

The Signal Amplifier is specially designed to accommodate a
large common-mode range. Common-mode signals anywhere up
to and beyond the 6.2V reference are easily handled as long as
Vi is sufficiently positive. The Signal Amplifier is biased with
respect to Vi and requires about 3.5 volts of headroom. The
extended range will be useful when measuring sensors driven,
for example, by the auxiliary amplifier which may go above the
6.2V potential. In addition, the PNP input stage will continue
to operate normally with common-mode voltages of several
hundred mV, negative, with respect to common. This feature
accommodates self-generating sensors, such as thermocouples,
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Figure 9. Functional Block Diagram
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which may produce small negative normal-mode signals as well
as common-mode noise on “grounded” signal sources.

AUXILIARY AMPLIFIER

The Auxiliary Amplifier is included in the AD693 as a signal
conditioning aid. It can be used as an op amp in noninverting
applications and has special provisions to provide a controlled
current output. Designed with a differential input stage and an
unbiased Class A output stage, the amplifier can be resistively
loaded to common with the self-contained 1004} resistor or with
a user supplied resistor.

As a functional element, the Auxiliary Amplifier can be used in
dynamic bridges and arrangements such as the RTD signal
conditioner shown in Figure 17. It can be used to buffer, amplify
and combine other signals with the main Signal Amplifier. The
Auxiliary Amplifier can also provide other voltages for excitation
if the 6.2V of the reference is unsuitable. Configured as a simple
follower, it can be driven from a user supplied voltage divider
or the precalibrated outputs of the AD693 divider (Pins 3 and
4) 1o provide a stiff voltage output at less than the 6.2 level, or
by incorporating a voltage divider as feedback around the amplifier,
one can gain-up the reference to levels higher than 6.2V. If
large positive outputs are desired, Iy, the Auxiliary Amplifier
output current supply, should be strapped to either Vyy or
Boost. Like the Signal Amplifier, the Auxiliary requires about

3.5V of headroom with respect to Vyy at its input and about 2V
of difference between Ix and the voltage to which Vx is required
to swing.

The output stage of the Auxiliary Amplifier is actually a high
gain Darlington transistor where Iy is the collector and Vy is
the emitter. Thus, the Auxiliary Amplifier can be used as a V/I
converter when configured as a follower and resistively loaded.
Ix functions as a high-impedance current source whose current
is equal to the voltage at Vx divided by the load resistance. For
example, using the onboard 10042 resistor and the 75mV or
150mV application voltages, either a 750pA or 1.5mA current
source can be set up for transducer excitation.

The Ix terminal has voltage compliance within 2V of V. If the
Angyiliary Amplifier is not t¢ be used, then Pin 2, the neninverting
input, should be grounded.

REVERSE VOLTAGE PROTECTION FEATURE

In the event of a reverse voltage being applied to the AD693
through a current-limited loop (limited to 200mA), an internal
shunt diode protects the device from damage. This protection
mode avoids the compliance voltage penalty which results from
a series diode that must be added if reversal protection is required
in high-current loops.

Applying the AD693

CONNECTIONS FOR BASIC OPERATION

Figure 10 shows the minimal connections for basic operation:
0-30mV input span, 4-20mA output span in the two-wire, loop-
powered mode. If not used for external excitation, the 6.2V
reference should be loaded by approximately 1mA (6.2k{) to
common).

USING AN EXTERNAL PASS TRANSISTOR

The emitter of the NPN output section, Ioirr, of the AD693 is
usually connected to common and the negative loop connection
(Pins 7 to 6). Provision has been made to reconnect Igyrr to the
base of a user supplied NPN transistor as shown in Figure 11.
This permits the majority of the power dissipation to be moved
off chip to enhance performance, improve reliability, and extend
the operating temperature range. An internal hold-down resistor
of about 3k is connected across the base emitter of the external
transistor.

The external pass transistor selected should have a BVgo greater
than the intended supply voltage with a sufficient power rating

for continuous operation with 25mA current at the supply voltage.
Ft should be in the 10MHz to 100MHz range and B should be
greater than 10 at a 20mA emitter current. Some transistors that
meet this criteria are the 2N1711 and 2N2219A. Heat sinking
the external pass transistor is suggested.

The pass transistor option may also be employed for other ap-
plications as well. For example, Igyr can be used to drive an
LED connected to Common, thus providing a local monitor of
loop fault conditions without reducing the minimum compliance
voltage.

ADJUSTING ZERO

In general, the desired zero offset value is obtained by connecting
an appropriate tap of the precision reference/voltage divider
network to the inverting terminal of the V/I converter, As shown
in Figure 9, precalibrated taps at Pins 14, 13 and 11 result in
zero offsets of 0OmA, 4mA and 12mA, respectively, when connected
to Pin 12. The voltages which set the 4mA and 12mA zero
operating points are 15mV and 45mV negative with respect to
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6.2V, and they each have a nominal source resistance of 450{1.
While these voltages are laser trimmed to high accuracy, they
may require some adjustment to accommodate variability between
sensors or to provide additional ranges. You can adjust zero by
pulling up or down on the selected zero tap, or by making a
separate voltage divider to drive the zero pin.

The arrangement of Figure 12 will give an approximately linear
adjustment of the precalibrated options with fixed limits. To
find the proper resistor values, first select 15, the desired range
of adjustment of the output current from nominal, Substitute
this value in the appropriate formula below for adjustment at
the 4mA tap.

Rz[ = (16VHA)— 4004} and

Rz = Rzy % 3.IV/(15mV + Iy x 3.7502)

Use a similar connection with the following resistances for ad-
justments at the 12mA tap.

Rz[ = (48VHA}— 40002 and

Rz = Rz; X 3.1V/(45mV + Iy x 3.75Q)

These formulae take into account the + 10% tolerance of tap
resistance and insure a minimum adjustment range of 1. For
example, choosing Iy = 200pA will give a zero adjustment
range of * 1% of the 20mA full-scale output. At the 4mA tap
the maximum value of:

Rz; = 1.6V/200pA — 4002 = 7.6k(} and

Rz; = 7.6k} x 3.1V/(15mV + 200pA x 3.750) = 1.49M0
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Figure 12. Optional 4mA Zero Adjustment (12mA Trim
Available Also)

These can be rounded down to more convenient values of 7.5k{}
and 1.3M{), which will result in an adjustment range comfortably
greater than +200pA.

ADJUSTING INPUT SPAN

Input Span is adjusted by changing the gain of the Signal Amplifier.
This amplifier provides a 0-to-60mV signal to the V/I section to
produce the 4-to-20mA output span (or a 0-to-75mV signal in
the 0-t0-20mA mode). The gain of this amplifier is trimmed to
2.00 so that an input signal ranging from 0-to-30mV will drive
the V/I section to produce 4-t0-20mA. Joining P1 and P2 (Pins
15 and 16) will reduce the Signal Amplifier gain to one, thereby
requiring a 60mV signal to drive the V/I to a full 20mA span.

To produce spans less than 30mV, an external resistor, Rgy, can
be connected between P1 and 6.2V. The nominal value is given
by:
Re. = 4000
S 30mV -1
S
where § is the desired span. For example, to change the span to
6mV a value of:
_ 4000
R = 3omv -1
6mV
is required. Since the internal, 800() gain setting resistors exhibit
an absolute tolerance of 10%, Rs; should be provided with up to
+ 10% range of adjustment if the span must be well controlled.

For spans between 30mV and 60mV a resistor Rs; should be
connected between P1 and P2. The nominal value is given by:

4004 (1 - 60mV)
S
30mV -1
S
For example, to change the span to 40mV, a value of:

= 10002

Rg; =

is required. Remember that this is a nominal value and may
require adjustment up to = 10%. In many applications the span
must be adjusted to accommodate individual variations in the
sensor as well as the AD693. The span changing resistor should,
therefore, include enough adjustment range to handle both the
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sensor uncertainty and the absolute resistance tolerance of P1
and P2. Note that the temperature coefficient of the internal
resistors is nominally — 17ppm/°C, and that the external resis-
tors should be comparably stable to insure good temperature
performance.

An alternative arrangement, allowing wide range span adjustment
between two set ranges, is shown in Figure 13. Rs; and Rg; are
calculated to be 90% of the values determined from the previous
formulae. The smallest value is then placed in series with the
wiper of the 1.5k{} potentiometer shown in the figure. For
example, to adjust the span between 25mV and 40mV, Rg; and
Rs; are calculated to be 2000£} and 80012, respectively. The
smaller value, 800(2, is then reduced by 10% to cover the possible
ranges of resistance in the AD693 and that value is put in place.
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Figure 13. Wide Range Span Adjustment

A number of other arrangements can be used to set the span as
long as they are compatible with the pretrimmed noninverting

gain of two. The span adjustment can even include thermistors
or other sensitive elements to compensate the span of a sensor.

In devising your own adjustment scheme, remember that you
should adjust the gain such that the desired span voltage at the
Signal Amplifier input translates to 60mV at the output. Note
also that the full differential voltage applied to the V/I converter
is 75mV; in the 4-20mA mode, — 15mV is applied to the inverting
input (zero pin) by the Divider Network and +60mV is applied
to the noninverting input by the Signal Amplifier. In the 0-t0-20mA
mode, the total 75SmV must be applied by the Signal Amplifier.
As a result, the total span voltage will be 25% larger than that
calculated for a 4-20mA output.

Finally, the external resistance from P2 to 6.2V should not be
made less than 1k{) unless the voltage reference is loaded to at
least 1.0mA. (A simple load resistor can be used to meet this
requirement if a low value potentiometer is desired.) In no case
should the resistance from P2 to 6.2V be less than 2000).

Input Spans Between 60 and 100mV

Input spans of up to 100mV can be obtained by adding an
offset proportional to the output signal into the zero pin of the
V/1 converter. This can be accomplished with two resistors and
adjusted via the optional trim scheme shown in Figure 14. The
resistor divider formed by Rg; and Rg; from the output of the
Signal Amplifier modifies the differential input voltage range
applied to the V/I converter.

In order to determine the fixed resistor values, Rg, and Rgs,
first measure the source resistance (Rp) of the internal divider
network. This can be accomplished (power supply disconnected)

by measuring the resistance between the 4mA of offset (Pin 13)
and common (Pin 6) with the 6.2V reference (Pin 14) connected
to common. The measured value, Rp, is then used to calculate

Ry and Rg; via the following formula:

and R£| = 412RE2
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Figure 14. Adjusting for Spans between 60mV and 100mV
(Rey and Rez) with Fine-Scale Adjust (Res and Req)

Figure 14 shows a scheme for adjusting the modified span and
4mA offset via Rgs and Rgy. The trim procedure is to first
connect both signal inputs 1o the 6.2V Reference, set Rgq to
zero and then adjust Rgs so that 4mA flows in the current loop.
This in effect, creates a divider with the same ratio as the internal
divider that sets the 4mA zero level (- 15mV with respect to
6.2V). As long as the input signal remains zero the vpltage at
Pin 12, the zero adjust, will remain at — 15mV with respect to
6.2V.

After adjusting Rg; place the desired full scale (S) across the
signal inputs and adjust Rg4 so that 20mA flows in the current
loop. An attenuated portion of the input signal is now added
into the V/1 zero to maintain the 75mV maximum differential,
If there is some small offset at the input to the Signal Amplifier,
it may be necessary to repeat the two adjustments.

LOCAL-POWERED OPERATION FOR 0-20mA OUTPUT
The AD693 is designed for local-powered, three-wire systems as
well as two-wire loops. All its usual ranges are available in three-
wire operation, and in addition, the 0-to-20mA range can be
used. The 0-20mA convention offers slightly more resolution
and may simplify the loop receiver, two reasons why it is sometimes
preferred.

The arrangement, illustrated in Figure 15, results in a 0-20mA
transmitter where the precalibrated span is 37.5mV. Connecting
P1 to P2 will double the span to 75mV. Sensor input and excitation
is unchanged from the two-wire mode except for the 25% increase
in span. Many sensors are ratiometric so that an increase in
excitation can be used instead of a span adjustment.

In the local-powered mode, increases in excitation are made
easier. Voltage compliance at the Iy terminal is also improved;
the loop voltage may be permitted to fall to 6 volts at the AD693,
easing the trade-off between loop voltage and loop resistance.
Note that the load resistor, Ry, should meter the current into
Pin 10, Iy, so as not to confuse the loop current with the local
power supply current.
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Figure 15. Local Powered Operation with 0-20mA Output

OPTIONAL INPUT FILTERING

Input filtering is recommended for all applications of the AD693
due to its low input signal range. An RC filter network at each
input of the signal amplifier is sufficient, as shown in Figure 16.
In the case of a resistive signal source it may be necessary only
to add the capacitors, as shown in Figure 18. The capacitors
should be placed as close to the AD693 as possible. The value
of the filter resistors should be kept low to minimize errors due
to input bias current. Choose the 3dB point of the filter high
enough so as not to compromise the bandwidth of the desired
signal. The RC time constant of the filter should be matched to
preserve the ac common-mode rejection.

4 SIGNAL IN

= SIGNAL 1N

T

INTERFACING PLATINUM RTDs

The AD693 has been specially configured to accept inputs from
1004} Platinum RTDs (Resistance Temperature Detectors).
Referring to Figure 17, the RTD and the temperature stable
10042 resistor form a feedback network around the Auxiliary
Amplifier resulting in a noninverting gain of (1 +Ry/10002),
where Ry is the temperature dependent resistance of the RTD.
The noninverting input of the Auxiliary Amplifier (Pin 2) is
then driven by the 75SmV signal from the Voltage Divider (Pin
4). When the RTD is at 0, its 100{} resistance results in an
amplifier gain of + 2 causing Vx to be 150mV. The Signal
Amplifier compares this voltage to the 150mV output (Pin 3) so
that zero differential signal results. As the temperature (and
therefore, the resistance) of the RTD increases, Vx will likewise
increase according to the gain relationship. The difference between
this voltage and the zero degree value of 150mV drives the
Signal Amp to modulate the loop current. The AD693 is pre-
calibrated such that the full 4-20mA output span corresponds to
a 0 to 104°C range in the RTD. (This assumes the European
Standard of «=0.00385.) A total of 6 precalibrated ranges for
three-wire (or two-wire) RTDs are available using only the pin
strapping options as shown in Table 1.

A variety of other temperature ranges can be realized by using
different application voltages. For example, loading the Voltage
Divider with a 1.5k(} resistor from Pin 3 to Pin 6 (common)
will approximately halve the original application voltages and

62
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Figure 17. 0-to-104°C Direct Three-Wire 10002 RTD Interface, 4-20ma Output
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Temperature
Pin Connections
Oto +104°C 121013
Oto +211°C 1210 13,and
151016
+25°Co +130°C 121014
+51°Cro +266°C 1210 14, and
151016
=50°Cro +51°C 121l
= 100°Cto + 104°C 12to 11 and
151016

Table I. Precalibrated Temperature Range Options Using
a European Standard 1002 RTD and the AD693.

aliow for a doubling of the range of resistance (and theretore,
temperature) required to fill the two standard spans. Likewise,
increasing the application voltages by adding resistance between
Pins 14 and 3 will decrease the temperature span.

An external voltage divider may also be used in conjunction
with the circuit shown to produce any range of temperature
spans as well as providing zero output (4mA) for a non 0 tem-
perature input. For example, measuring Vx with respect to a
voltage 2.385 times the excitation (rather than 2 times) will
result in zero input to the Signal Amplifier when the RTD is at
100°C (or 138.501).

As suggested in Table I, the temperature span may also be
adjusted by changing the voltage span of the Signal Amplifier.
Changing the gain from 2 to 4, for example, will halve the tem-
perature span to about 52°C on the 4-20mA output configuration.
(See section “Adjusting Input Span”.)

The configuration for a three-wire RTD shown in Figure 17 can
accommodate two-wire sensors by simply joining Pins 1 and 5
of the AD693.

INTERFACING LOAD CELLS AND METAL FOIL
STRAIN GAGES

The availability of the on-chip Voltage Reference, Auxiliary
Amplifier and 3mA of excitation current make it easy to adapt
the AD693 to a variety of load cells and strain gages.

The circuit shown in Figure 18 illustrates a generalized approach
in which the full flexibility of the AD693 is required to interface
to a low resistance bridge. For a high impedance transducer the
bridge can be directly powered from the 6.2V Reference.

Component values in this example have been selected to match
the popular standard of 2mV/V sensitivity and 350} bridge
resistance. Load cells are generally made for either tension and
compression, or compression only; use of the 12mA zero tap
allows for operation in the tension and compression mode. An
optional zero adjustment is provided with values selected for
+2% FS adjustment range.

Because of the low resistance of most foil bridges, the excitation
voltage must be low so as not to exceed the available 4mA zero
current. About 1V is derived from the 6.2V Reference and an
external voltage divider; the Aux-Amp is then used as a follower
to make a stiff drive for the bridge. Similar applications with
higher resistance sensors can use proportionally higher voltage.

Finally, to accommodate the 2ZmV/V sensitivity of the bridge,
the full-scale span of the Signal Amplifier must be reduced.
Using the load cell in both tension and compression with 1V of
excitation, therefore, dictates that the span be adjusted 1o 4mV.
By substituting in the expression, Rg; =4000/[(30mV/S) —1],
the nominal resistance required to achieve this span is found to
be 61.54€). Calculate the minimum resistance required by sub-
tracting 10% from 61.54(} to allow for the internal resistor
tolerance of the AD693, leaving 55.3802 (See “Adjusting Input
Span™.) The standard value of 54.9() is used with a 201 poten-
tiometer for full-scale adjustment.

If a load cell with a precalibrated sensitivity constant is to be
used, the resultant full-scale span applied to the Signal Amplifier
is found by multiplying that sensitivity by the excitation

voltage. (In Figure 18, the excitation voltage is actually
(10k€2/62.3k0) (6.2V)=0.995V).

THERMOCOUPLE MEASUREMENTS

The AD693 can be used with several types of thermocouple
inputs to provide a 4-20mA current loop output corresponding
to a variety of measurement temperature ranges. Cold junction
compensation (CJC) can be implemented using an AD592 or
ADS590 and a few external resistors as shown in Figure 19.
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Figure 18. Utilizing the Auxiliary Amplifier to Drive A
Load Cell, 172mA +8mA Output
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Figure 19. Thermocouple Inputs with Cold Junction

Compensation
30mV 60mV
AMBIENT TEMP | TEMP
POLARITY | MATERIAL TYPE TEMP RCOMP | RZ RANGE | RANGE
+ IRON ] 25° 5170 | 301K
546°C 1035°C
= CONSTANTAN 75° 53.600 294K
+ NICKEL-CHROME 25° 40.201 392K
721°C =
- NICKEL-ALUMINUM | K 75° 4220 | 374K
+ NICKEL-CHROME 25° 60.400 | 261K
E 413°C 787°C
- COPPER-NICKEL 75° 64.901 243K
+ COPPER 25° 40.20) 392K
T USEWITH GAIN>2
— COPPER-NICKEL 75° 4530 | 340K

Tablell. Thermocouple Application- Cold Junction Compensation Table

From Table II simply choose the type of thermocouple and the
appropriate average reference junction temperature to select
values for Reomp and Rz. The CJC voltage is developed across
Rcomp as a result of the AD592 1pA/K output and is added to
the thermocouple loop voltage. The 50() potentiometer is biased
by Rz to provide the correct zero adjustment range appropriate
for the divider and also translates the Kelvin scale of the AD592
to °Celsius. To calibrate the circuit, put the thermocouple in an
ice bath (or use a thermocouple simulator set to 0) and adjust
the potentiometer for a 4mA loop current.

The span of the circuit in °C is determined by matching the
signal amplifier input voltage range to it's temperature equivalent
via a set of thermocouple tables referenced to °C. For example,
the output of a properly referenced type J thermocouple is
60mV when the hot junction is at 1035°C. Table II lists the
maximum measurement temperature for several thermocouple
types using the preadjusted 30mV and 60mV input ranges.

More convenient temperature ranges can be selected by deter-
mining the full-scale input voltages via standard thermocouple
tables and adjusting the AD693 span. For example, suppose
only a 300°C span is to be measured with a type K thermocouple.
From a standard table, the thermocouple output is 12.207mV;
since 60mV at the signal amplifier corresponds to a 16mA span
at the output a gain of 5, or more precisely 60mV/12.207mV = 4.915
will be needed. Using a 12.207mV span in the gain resistor
formula given in “Adjusting Input Span” yields a value of about
27041 as the minimum from P1 to 6.2V. Adding a 50{} poten-
tiometer will allow ample adjustment range.

With the connection illustrated, the AD693 will give a full-scale
indication with an open thermocouple.

ERROR BUDGET ANALYSIS

Loop-Powered Operation specifications refer to parameters
tested with the AD693 operating as a loop-powered transmitter.
The specifications are valid for the preset spans of 30mV, 60mV
and those spans in between. The section, “Components of Error”,
refers to parameters tested on the individual functional blocks,
(Signal Amplifier, V/I Converter, Voltage Reference, and Auxiliary
Amplifier). These can be used to get an indication of device
performance when the AD693 is used in local power mode or
when it is adjusted to spans of less than 30mV.

Table III lists the expressions required to calculate the total
error. The AD693 is tested with a 2502 load, a 24V loop supply
and an input common-mode voltage of 3.1V. The expressions
below calculate errors due to deviations from these nominal
The total error at zero consists only of offset errors. The total
error at full scale consists of the offset errors plus the span
errors. Adding the above errors in this manner may result in an
error as large as 0.8% of full scale, however, as a rule, the AD693
performs better as the span and offset errors do not tend to add
worst case. The specification “Total Unadjusted Error”, (TUE),
reflects this and gives the maximum error as a % of full scale
for any point in the transfer function when the device is operated
in one of its preset spans, with no external trims. The TUE is
less than the error you would get by adding the span and offset
€ITors Worst case.
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Thus, an alternative way of calculating the total error is to start
with the TUE and add to it those errors that result from operation
of the AD693 with a load resistance, loop supply voltage, or
common-mode input voltage different than specified. (See Example
1 below.)

ERROR BUDGET FOR SPANS LESS THAN 30mV

An accommodation must be made to include the input voltage
offset of the signal amplifier when the span is adjusted to less
than 30mV. The TUE and the Zero Current Error include the
input offset voltage contribution of the signal amplifier in a gain
of 2. As the input offset voltage is multiplied by the gain of the
signal amplifier, one must include the additional error when the
signal amplifier is set to gains greater than 2.

For example, the 300 °K span thermocouple application discuseed
previously requires a 12.207mV input span; the signal amplifier
must be adjusted to a gain of approximately 5. The loop trans-
conductance is now 1.333 A/V, (5 x0.2666 A/V). Calculate the
total error by substituting the new values for the transconductance
and span into the equations in Table [II as was done in Example
1. The error contribution due to Vg is 5 % Vgs, however, since
2 % Vs is already included in the TUE and the Zero Current
Error it is necessary to add an error of only (5—2) % Vs to the
error budget. Note that span error may by reduced to zero with
the span trim, leaving only the offset and nonlinearity of the
AD693.

EXAMPLE I

RTI Contributions to Offset Error

Error Source Expression for RT1 Error at Zero
Iz Zero Current Error 1z6Xs
PSRR  Power Supply Rejection Ratio (IVioop — 24V] +[[Ry. = 2500y = Iz]) = PSRR
CMRR  Common-Mode RejectionRatio Ve — 3.1V x CMRR

108 Input Offset Current
RTI Contributions to Span Error
Error Source

Ry % 10§

Expression for RTI Error at Full Scale

Xsn Transconductance Error Vspan = Xse

Xpsar  Transconductance PSRR' |Ry —2500) x I x PSRR
Xempr  Transconductance CMRR Vem —3.1V] % Vepaw * Xeman
Kpa Nonlmeanty Vpan % Xnp

Ipape  Dhfferential Input Curremt? Rg % lpwre
Abbreviations

Iz Zero Current (usually 4mA)

Is Output span (usually 16mA)

Rg Input source impedance

Ry Load resistance

Vioor  Loopsupply voliage

Vem Input common-mode voltage

Vseax  Inputspan

Xs Nominal transconductance w AV

"The 4-20mA signal, flowing through the metering resistor, modulates the power supply
voltage seen by the AD693. The change in voltage causes a power supply rejection error
that varies with the output curreat, thus it appears as a span error.

*The mput bias current of the invertung input increases with mput signal voltage, The differential
nput current, Inggp, equals the mverung mput current nuous the noninverung mput current;
see Figure 2, lmpp.ﬂumngmtnmmpulmmpoduu will cause an input voltage
error that varies with signal. If the change i differential input cumt with mput signal :s
approxunated as a linear funcuon, then any error due to source may

as a span error. To calculate Iy, refer to F"gur:Zandﬁndl.h: value for lnmn"*ln cor-
responding 1o the full-scale input voltage for your application. Multply by + In max to get
Ippsr. Multply Ingep by the source impedance to get the mnput voltage error at full scale.

Table . RTI Contributions to Span and Offset Error

The AD693 is configured as a 4-20mA loop powered transmitter
with a 60mV FS input. The inputs are driven by a differential
voltage at 2V common mode with a 300£) balanced source resis-
tance. A 24V loop supply is used with a 50002 metering
resistance. (See Table IV below.)

Trimming the offset and span for your application will remove
all span and offset errors except the nonlinearity of the AD693.

OFFSET ERRORS
Iz Already included in the TUE spec. 0.0pV
PSRR  PSRR=5.6uV/V; {24V — 24V 4 [|5006) — 2500} x 4mA]) = 5.6uV/IV = 5.6uV
Vioop = 24V
Ry = 500021z = 4mA
CMRR CMRR = 30pV/V; 12V - 3.1V] = 30pVV = 33.0uV
Vem=2V
108 10§ = 3nA, Rg = 300(}; 30002 x 3nA = 0.9V
‘Total Additional Error at 4mA 39.5uV
As % of full scale; (39.5uV > 0.2666 A/VY20mA x 100% = 0.053% of FS§
SPAN ERRORS
Xsg Already included in the TUE spec. 0.0V
Xpsrr  PSRR = 5.6pV/V; (50002 — 25002 = 16mA) = 5.6pV/IV = 22.4pV
Ry = 50041, I = 16mA
Xempr  Xempr = 0.06%/V; 2V = 3.1V % 60mV x 0.06%/V = 39.6p0V
Vem =2V, Vgpan = 60mV
Ipier Vspan = +60mV; 3000 > 2 % 20nA 12.0pV
Ipppl+In=2
from Figure 2}
X Already included in the TUE 0.0pV
Total Additional Span Error at Full Scale T4.0puV
Total Additional Error at Full Scale; egppser + €span = 39.5u0V + 7400V = 113.5uV
As%of Full Scale; (113.5pV % 0.2666 A/V)20mA < 100% = 0.151%of FS
New Total Unadjusted Error @ FS; eyue + €appimionar = 0.5% +0.151% = 0.651% of FS

TablelV. Example 1
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ANALOG
DEVICES

Isolated, Loop-Powered
Voltage-to-Current Converter

1B21

FEATURES
Wide Input Range: 0-1V to 0-10V
High CMV lsolation: 1500V rms
Programmable Output Ranges: 4mA to 20mA
0 to 20mA
Load Resistance Range: 0 to 1.35k{} max
High Accuracy
Low Offset Tempco: =300nA/°C
Low Gain Tempco: *=50ppm/°C
Low Nonlinearity: +0.02%
High CMR: 90dB min
Small Package: 0.7"x2.1"x0.35"
Meets IEEE Std. 472: Transient Protection (SWC)

APPLICATIONS

Multichannel Process Control

D/A Converter - Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION

The 1B21 is an isolated voltage-to-current converter that incor-
porates a unique circuit design utilizing transformer based isolation
and automated surface mount manufacturing technology. It
provides an unbeatable combination of versatility and performance
in a compact plastic package. Designed for industrial applications,
it is especially suited for harsh environments with extremely
high common-mode interference.

Functionally, the V/I converter consists of four basic sections:
input conditioning, modulator, demodulator and current source
(1B21 Functional Block Diagram). The input is a resistor pro-
grammable gain stage that accepts a 0-1V to 0-10V voltage input.
This maps into a 0 to 20mA output or can be offset by 20%
using the internal reference for 4mA to 20mA operation. The
high level signal is modulated and passed across the barrier
which provides complete input to output galvanic isolation of
1500V rms continuous by the use of transformer coupling tech-
niques. Nonlinearity is an excellent + 0.05% max.

1B21 FUNCTIONAL BLOCK DIAGRAM

SIGNAL w
ISOLATION
MODULATOR ;” DEMODULATOR —él
m
POWER TIMING T
[rone goven, | @
OSCILLATOR ;”é RECTIFIER
“ 1B21

Designed for multichannel applications, the 1B21 requires an
external loop supply and can accept up to 30V max. This would
provide a loop compliance of 27V, which is sufficient to drive a
1.35k(} load resistance.

The 1B21 is fully specified over —25°C to +85°C and operates
over the industrial (—40°C to +85°C) temperature range.

DESIGN FEATURES AND USER BENEFITS

High CMYV Isolation: The 1B21 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. The isolation
barrier will withstand continuous CMV of 1500V rms and meets
the IEEE Standard for Transient Voltage Protection (Std. 472-
SWC).

Small Size: The 1B21 package size (0.7" x 2.1" DIP) makes it
an excellent choice in multichannel systems for maximum channel
density. The 0.35" height also facilitates applications with limited
board clearance.

Ease of Use: Complete isolated voltage-to-current conversion

with minimum external parts required to get a conditioned
current signal. No external buffers or drivers are required.
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SPECIFICATIONS (typical at + 25°C and Vs = =15V unless otherwise noted)

Model 1B21AN OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Dimensions shown in inches and (mm).
Input Range 0to + 10V —
Full-Scale Input + 1V minto + 10V max 01 01 pax
Input Bias Current +30pA ( + 400pA max) "1_ ) = ":r-l =
OUTPUT SPECIFICATIONS 84 1821 B P
Current Output Range 4mA 1020mA, 010 20mA " E N e — o
Load Compliance at Vi oop = 30V 27V min saal ]
Max Output Current (@ Input Overload 25mA , o soreotolrni o]
Qutput Noise, 100Hz Bandwidth 10A p-p |— - b H'""“" ix

NONLINEARITY (% of Span)

= 0,02% % 0.05% max)

CMV, Input to Outpurt Continuous 1500V rms e 3001781
CMR, @ 60Hz 90dB min oL ;“*t_
Transient Protection IEEE-STD 472 (SWC) = —s i
ACCURACY d G5 1
Warm-Up Time to Rated Performance 5 min '(\ . - @-fisi 7w
Total Qutput Error @ + 25°C (Untrimmed) : -—— !
Offser (V]N = OV)I * 100[&.1'\ \mzﬁg
Span (Viy = +10V) +0.6% FSR v
vs. Tc:m]:zberature( ~25°C o +85°C)
” 6
by ;ggg:f;,o% PIN DESIGNATIONS
REFERENCEOUTPUT PIN FUNCTION
Voliage +6.4Vdc 1 QUTHI
Qutput Error + 1.5% max 17 IN
Temperature Coefficient + 20ppm/°C max 18 FB
DYNAMICRESPONSE 19 REF
Settling Time 10 0.1% of F.S. for 10V Step 9ms 20 +15V
Small Signal Bandwidth 100Hz 21 com
22 -15V
POWER SUPPLY 38 ouTLOW
Input Side
Operating Voltage +15V 5%
Quiescent Current
+ 15V Supply 10mA
— 15V Supply SmA
Power Supply Rejection *+0.01%/V
Loop Side
Operating Voltage +15V1to + 30V
Maximum Current 25mA
ENVIRONMENTAL
Temperature Range
Rated Performance —25°Cto +85°C
QOperating —40°Crto +85°C
Storage —~40°Cro + 85°C

Relative Humidity, Noncondensing

01095% (' +60°C

CASESIZE

0.7"%2.1"% 0.35"

(17.8 2 53.3 % 8.9)mm

NOTES

'For 0-20mA mode. For 4-20mA mode an additional 60 A 15 contributed by the + 1.5% reference error on the 4mA output.

2For a complete discussion of the
Speaifications subject to change without notice.
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INSIDE THE 1B21

Referring to the functional block diagram, the = 15V power
inputs provide power to both the input side circuitry and the
power oscillator, The 25kHz power oscillator provides both the
timing information for the signal modulator and drives transformer
T2 for the output side power supplies. The secondary winding
of T2 is full wave rectified and filtered to create the output side
power.

The input stage is configured as an inverting amplifier with
three user supplied resistors for gain, offset and feedback. The
conditioned signal is modulated to generate a square wave with
a peak-to-peak amplitude proportional to Vyy. This signal drives
the signal transformer T1. An internal reference with a nominal Figure 1. Basic Interconnections
output voltage of +6.4V and tempco of + 20ppm/°C is provided

4 TuFzov

to develop a 4mA offset for 4mA to 20mA current loop

applications. Input Output R; Re Ro
After passing through signal transformer T1, the amplitude Volts mA k€ k€ ke
modulated signal is demodulated and filtered by a single pole 0-5 0-20 25 25 Open
filter. Timing information for the output side is derived from 0-10 0-20 50 25 Open
the power transformer T2. The filtered output provides the 0-5 4-20 25 20 128
control signal for the voltage-to-current converter stage. An 0-10 4-20 50 20 128
external power supply is required in series with the load to 1-5 4-20 25 25 Open

complete the current loop.
Table l. Resistor Values for Typical Ranges

USING THE 1B21

Input Configurations: The 1B21 has been designed with a Adjustments: Figure 2 is an example of using potentiometers
flexible input stage for a variety of input and output ranges. for trimming gain and offset for a 0-5V input and 0 to 20mA
The basic interconnection for setting gain and offset is shown in  gurpur. The network for offset adjustment keeps the resistors
Figure 1. The output of the internal amplifier is constrained to relatively small to minimize noise effects while giving a sensitivity
0 to —5V, which maps into 0 to 20mA across the isolation of +1% of span. For more adjustment range, resistors smaller
barrier. Thus to create a 4mA offset at the output, the input than 274k can be used. Resistor values from Table I can be
amplifier has to be offset by 1V. substituted for other input and output ranges.
For example, for 0 to 20mA operation the transfer function for In general, any bipolar voltage can be input to the 1B21 as long
the input stage is: as it is offset to meet the 0 to — 5V constraint of the modulator
5/Viy = Re/Ry and the input signal range is 1V minimum.

and no offset resistor is needed. For 4mA to 20mA operation we

4V = Re/Ry
which maps the input voltage into a 4V span. To create a 1V
offset at the output of the internal amplifier (4mA at the output
of the 1B21) a current derived from the reference can be fed
into the summing node. The offset resistor (for a 1V output
offset) will be given by the equation: Rg = 6.4Rg. For most
applications it is recommended that Ry be in the 25k} =20%
range. Resistor values for typical input and output ranges are
shown in Table I.

HECTIFIER]

Figure 2. Offset and Span Adjustment
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TC Considerations of External Resistors: The specifications
for gain and offset temperature coefficient (TC) for the 1B21
exclude the effects of external components. The total gain TC
for the circuit in Figure 1 is:

Gain TC = 1B21 Gain TC + (Tracking TC of Ry and R;)

The offset TC is also affected by the thermal stability of the
internal voltage reference and its contribution is:

Rﬁf TC = (\c‘rRE}?](RI“.{R(})(“THAFVJ('[.C of V‘RIEF +
Tracking TC of Rg and Rp)/1x 10°

Total Offset TC = 1B2] Offset TC + Ref TC

Specifically using Ry:. Ry and Rgy from Case 3 in Table 1, with
absolute TCs of = 25ppm/°C we get:

Gain TC = 50 + (25+25) = 100ppm/°C
Offset TC = 300+ (6.4V)(20k/128K)}(4mA/V)(20 + 25 + 25)/
110
= +580nA"C
Similarly, when using a resistor network with a tracking spec of
=+ 5ppm/°C, the total gain TC would be +55ppm/°C and the
total offset TC would be =+ 400nA/C.

APPLICATIONS

Qutput Protection: In many industrial applications it may be
necessary to protect the current output from accidental shorts to
ac line voltages in addition to high common-mode voltages and
short circuits to ground. The circuit shown in Figure 3 can be
used for this purpose. The maximum permissible load resistance
will be lowered by the fuse resistance (typically 8(1) when
protection circuitry is utilized.

FUSE
N4002 11BA (S 81
___._l_(;P_q_ .
v GE
1 . Reons
1M4002 varzal

Figure 3. Output Protection Circuitry

Low Drift Input Network: Figure 4 shows a configuration
suitable for applications where errors have 1o be minimized over
a wide temperature range. A temperature tracking network such
as a 50k Beckman (PN 698-3R50KD) can be used to implement
both offset and gain for either 0 to 20mA or 4mA o 20mA
current loops. For 0-10V signals either IN1 or IN2 can be used
for input. For 0-5V signals, jumper IN1 to IN2. Similarly, for
4mA 1o 20mA operation the 4mA node should be jumpered to
OFFSET, while for 0 to 20mA it should be tied 1o COM.

BECKMAN 50k AN
-—=9 r-

ook | A s

Wi 18

N2 ©

N1
OFFSET O
4mA O

oy

NOTE
NODES LABELLED FOR
ILLUSTRATION OMLY

Figure 4. Low Tempco Resistor Network Configuration

Multiloop Isolation: Multiple 1B21s can be connected to a
single loop supply in parallel as shown in Figure 5. The amperage
of the loop supply should be sufficient to drive all the loops at
full-scale output.

ULOOP

<
> Riy
«

1821 38

1821

Figure 5. Multiple 1B21s with Single Loop Supply
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ANALOG
DEVICES

Programmable, Isolated |
Voltage-to-Current Converter

1B22

FEATURES
Internal Isolated Loop Supply Drives 1000(} Load
Pin Programmable Inputs: 0-5V or 0-10V
Pin Programmable Outputs: 4-20mA or 0-20mA
High CMV Isolation: 1500V rms
Normal-Mode Output Protection: 240V rms
Wide Input Range: 0-1V to 0-10V
High Accuracy
Low Input Offset Tempco: +300nA/°C
Low Gain Tempco: =50ppm/°C
Low Nonlinearity: +0.02%
High CMR: 90dB min
Small Package: 1.0"x2.1"x0.35"
Meets IEEE Std 472: Transient Protection (SWC)

APPLICATIONS

Multichannel Process Control

D/A Converter — Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION -

The 1B22 is an isolated voltage-to-current converter that incor-,
porates transformer isolation to achieve high performance and, *
automated surface mount manufa¢turing for lower cost and
increased reliability. Designed for industrial applications, it is ~*

especially suited for harsh envirénments with extremely high . [
common-mode interference. With programmable inputs and .,
outputs, the 1B22 provides an unbeatable combination of versarility
and performance in a compact plastic package.

Functionally, the V/I converter consists of four basic sections:
input conditioning, modulator/demodulator, isolated loop supply
and current source (Figure 1). The input is pin programmable
for 0-5V or 0-10V inputs and 0-20mA or 4-20mA outputs using
an internal resistor network. It can also be set by an external
resistor to accept 0-1V to 0-10V voltage inputs. Transformer
coupling provides 1500V rms galvanic isolation between the
inputs and the current loop. Nonlinearity is an excellent =0.05%
max.

Loop power is generated internally through a dc/dc converter
and is also isolated from the input side (1500V rms). Loop
compliance voltage is dependent on the voltage supplied to the

_

T

1B22 FUNCTIONAL BLOCK DIAGRAM

1822

DEMODULATOR

RECTIFIER!
LOOP SUPPLY

"“.1B22, and with Vy.00p = 28V, it is sufficient to drive a 10002
“Toad. 7 ‘: ’

. The 1B22is fully specified over —25°C to +85°C and operates
ver, the industrial (—40°C to +85°C) temperature range.

-

DESIGN FEATURES AND USER BENEFITS
g ;ﬁéla ‘Epop Power: Internal loop supply completely isolates
th"g_]oéi:l from the input terminals (1500V rms) and provides the

© . capability to drive 0 to 1000Q loads. This eliminates the need

‘for an external de/dc converter.

Ease of Use: The 1B22 offers complete isolated voltage-to-current
conversion with minimum external parts required to get a con-
ditioned current signal. No external buffers or drivers are
required.

High CMY Isolation: The 1B22 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. The isolation
barrier will withstand continuous CMV of 1500V rms and

meets the IEEE Standard for Transient Voltage Protection (Std.
472-SWC).

Small Size: The 1B22 package size (1.0" % 2.1" DIP) makes it
an excellent choice in multichannel systems for maximum channel
density. The 0.35" height also facilitates applications with limited
board clearance.
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SPECIFICATIONS wpea @-+ 25 and = 151 s ot oo

1B22AN
INPUT SPECIFICATIONS
Factory Calibrated, User Selectable Oto +5V,0t0 + 10V
Input Impedance
0-10V input range 50k}
0-5V input range 25k
OUTPUT SPECIFICATIONS
Current Ourput Range, User Selectable 41020mA, 0to 20mA
Load Compliance Range, Vigop= + 15V 8V min
Vioop= +28V 22V min
Mazimum Ouipui Cuiieni @ Inpui Overivad Z5mA
Output Noise, 100Hz Bandwidth 1pAp-p
NONLINEARITY (% OF SPAN) +0.02% (0.05% max)
ISOLATION
CMYV, Input to Output Continuous 1500V rms
CMR, @ 60Hz 90dB min
Normal-Mode Output Protection
Transient Protection
ACCURACY
Warm-Up Time to Rated Performance
Total Output Error @ +25°C

Offset (Vi =0V)

Span (Vpy = +10V)
vs. Temperature (— 25 °Cto + 85°C)

Offset

Span

DYNAMICRESPONSE s

Settling Time t00.1% of F.S. forl
Small Signal Bandwidth

POWER SUPPLY
Bipolar Input Supplies
Operating Voltage +15V £5%
Quiescent Current +7.5mA
Power Supply Rejection +0.001%/V
Loop Supply
Operating Voltage + 14V 1o 4+ 30V
Operating Current, at Full-Scale Output 30mA
ENVIRONMENTAL
Temperature Range
Rated Performance —25°Cto +85°C
Operating —40°Cto +85°C
Storage — 40°Cto +85°C
Relative Humidity, Noncondensing 01095% @ 60°C
CASESIZE 1.0" % 2.1" % 0.35"
NOTE

Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

015_1_

(3.81)

MAX
T —csozare— e
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7 sazsi[ ﬁ " 1 J,?—
TYP
2.10
BOTY (53.3)
VIEW L
01 _L
WF
S % b |
0.1
L— 1.00 (2.54) mx_in“i 54
PIN DESIGNATIONS
PIN FUNCTION
1 OUTHI
16 IN2
17 IN1
18 S.NODE
19 4mA OFFSET
20 +15V
21 ANA COM
22 -15v
23 SYNC
24 Vioor
25 POWERCOM
38 ouTLOW




ANALOG
DEVICES

Wide Bandwidth Strain Gage
Signal Conditioner

1B31

FEATURES
Low Cost
Complete Signal-Conditioning Solution
Small Package: 28-Pin Double DIP
Internal Half-Bridge Completion Resistors
Remote Sensing
High Accuracy

Low Drift: +0.25pV/°C

Low Noise: 0.3pV p-p

Low Nonlinearity: =0.005% max

High CMR: 140dB min (60Hz, G=1000V/V)
Programmable Bridge Excitation: +4V to + 15V
Adjustable Low Pass Filter: fc = 10Hz to 20kHz

APPLICATIONS

Measurement of: Strain, Torque, Force, Pressure
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems

Microcomputer Analog /O

GENERAL DESCRIPTION :

Model 1B31 is a high performance strain gage signal-conditioning
component that offers the industry’s best price/performance
solution for applications involving high-accuracy interface to
strain gage transducers and load cells. Packaged in a 28-pin
double DIP using hybrid technology, the 1B31 is a compact and
highly reliable product. Functionally, the signal conditioner
consists of three sections: a precision instrumentation ampli-
fier, a two-pole low pass filter, and an adjustable transducer
excitation.

The instrumentation amplifier (IA) section features low input
offset drift of +0.25pV/°C (RTI, G=1000V/V) and excellent
nonlinearity of +0.005% max. In addition, the IA exhibits low
noise of 0.3uV p-p typ (0.1Hz-10Hz), and outstanding 140dB
min common-mode rejection (G=1000V/V, 60Hz). The gain is
programmable from 2V/V up to 5000V/V by one external

resistor.

The two-pole low pass filter offers a 40dB/decade roll-off from
1kHz to reduce high frequency noise and improve system signal-
to-noise ratio. The corner frequency is adjustable downwards by
external capacitors and upwards to 20kHz by three resistors.
The output voltage can also be offset by =10V with an external
potentiometer to null out dead weight.

The 1B31’s regulated transducer excitation stage features low
output drift (+0.004%/°C typ) and can drive 1200} or higher
resistance load cells. The excitation is preset at + 10V and is
adjustable from +4V and + 15V. This section also has remote
sensing capability to allow for lead-wire compensation in 6-wire
bridge configurations. For half-bridge strain gages, a matched
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1B31 FUNCTIONAL BLOCK DIAGRAM

28) Vexc OUT

27) SENSE HIGH

BRIDGE EXCITATION

pair of thin-film 20k(} resistors is connected across the excitation
outputs. This assures temperature tracking of +5ppm/°C max
and reduces part count.

The 1B31 is available in a plastic package specified over the
industrial (—40°C to + 85°C) temperature range and will be
available soon in a bottom-brazed ceramic package specified
over the military (—55°C to +125°C) temperature range.

DESIGN FEATURES AND USER BENEFITS

Ease of Use: Direct transducer interface with minimum ex-
ternal parts required, convenient offset and span adjustment
capability.

Half-Bridge Completion: Matched resistor pair tracking to

+ 5ppm/°C max for half-bridge strain gage applications.

Remote Sensing: Voltage drops across the excitation lead-wires
are compensated by the regulated supply, making 6-wire load-cell
interfacing straightforward.

Programmable Transducer Excitation: Excitation source preset
for + 10V dc operation without external components. User-
programmable from a +4V to + 15V dc to optimize transducer
performance.

Adjustable Low Pass Filter: The two-pole active filter (fo = 1kHz)

reduces noise bandwidth and aliasing errors with provisions for
external adjustment of cutoff frequency (10Hz to 20kHz).
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SPECIFICATIONS tyca @ + 257 snav, = 15 s s e

Model 1B31AN IB31SDt
GAIN'

Gain Range 210 5000VIV »

Gan Equation Rg= SGD%? L4

Gain Equanon Accuracy, G= 1000V/V = 3% i

Gan Temperature Coefficient’ = 15ppm°C ( = 25ppm/°C max)| *

Nonlinearity + 0.005% max bl
OFFSET VOLTAGES'

Total Offset Voltage, Referred to Input
Initial, @ + 25°C{Adjustable to Zero)
G =2ViV
G = 1000V/V
Warm-Up Dnft. S mun . G = 1000V/V
vs. Temperature

+2mV (= 10mV max)
+ 50V (= 2000V max)
Within + 13V of final value

G=2ViV = 25uVAC(+ 50uV/ "Cmax) |*
G = 1000V/V £0.25uVFC( 2 2uV Cmax} |*
At Other Gains (:2 E- %.'o)u\’ﬁc .
vs. Supply
G=2VV +50uVIV M
G = 1000V/V +0.5uVIV *
Output Offser Adjust Range = 10V min ‘
INPUT BIAS CURRENT
Trutial @25°C = 10nA { = 50nA max) "
vs, Temperature +25pAFC o
INPUT DIFFERENCE CURRENT
Iminal @ +25°C +5nA (= 20nA max) e
vs. Temperature + 10pA~C ud
INPUT IMPEDANCE
Dafferential 1G4pF -
Common Mode 1Gl4pF .
INPUT VOLTAGE RANGE
Linear Differential Input (V) =5V w
. GxVp
Maximum CMV Input :(12 - T—H)\rw "
CMR, 1k{} Source Imbalance
G=2V/V,dcio60Hz B6dB *
G= 100V/V 1o 5000V/V
1kHz Bandwidth
(@ de 1o 60Hz 110dB min .
10Hz Bandwidth*
@ de 110dB min .
@ 60Hz 140dB min ¥
INPUT NOISE
Voltage, G = 1000V/V
0.1Hz to 10Hz 0.3uVp-p "
10Hz 10 100Hz IpVp-p *
Current, G = 1000V/V
0.1Hz 10 10Hz 60pA p-p *
10Hz to 100Hz 100pA p-p *
RATEDOUTPUT'
Valtage, 2k} Load, min =10V %
Current ) £ 5mA L
Impedance, dc to 2Hz, G=2V/V 1o 1000V/V 0.50 .
Load Capacitance 1000pF u
Output Short-Circuit Duration Indefinite "
DYNAMIC RESPONSE'
Small Signal Bandwidth — 3dB, G = 2V/V 1o 1000V/V 1kHz ]
Slew Rate 0.05V/ps »
Full Power 350Hz i
Sentling Time, G=2V/V 10 1000V/V, = 10V Qutput, 2ms i
Stepto =0.1%
LOW PASS FILTER
Number of Poles 2 -
Gain (Pass Band) =2Vv "
Curoff Frequency { — 3dB Point) 1kHz *
Roll-Off 40dB/decade ¥
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OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).
PLASTICPACKAGE(N)
. P—-— 08321 1)MAX ——d ....L
s sgozlsomx
= ¥
3 :1‘!le 001 [0,25]~‘Ht—
-
: HH
614 15
ety B 21 0 I1‘1°;I
max
) 25 &
Lo ! 28 O-t—
i 4
BOTTOM VIEW | |e— 0051127 GRID
CERAMIC PACKAGE (D)

185400

-+

+ e

-
010012 54) 00140 34
ua;mse 0 T00(2 54) % 8173 am
NOTES
1 LEAD NO 1 IDENTIFIED BY DOT OR NOTCH
. 877019 56|
LI ::J .
© o080 20
001540 38
:uﬂl:; 5 |
PIN DESIGNATIONS

PIN| FUNCTION PIN | FUNCTION

1 | +INPUT 15 | —Vs

2 | -inpUT 16 | COMMON

3 | Gan 17 | +Vs

4 | cain 18 | +VsREGULATOR

8 | Vour (UNFILTERED) 19 | REFOUT

3 | INPUT OFFSET ADJ. 20 | REFIN
10 | INPUT OFFSETADJ 21 | EXCITATIONAD.
11 | OUTPUTOFFSETADJ. |25 | HALF-BRIDGE COMP,
12 | BANDWIDTHADJ 1 26 | SENSELOW
13 | BANDWIDTHADJ, 2 27 | SENSEHIGH
14 | Vour|FILTERED) 28 | Vi OUT




Model 1B31AN 1B31SD} AC1222 MOUNTING CARD
BRIDGE EXCITATION L s J
Regulator Input Voltage Range +9.5V o + 28V * o A = e,
Output Voltage Range +4Vio + 15V * P Py - =3 ‘q(
Regulator Input/Output Voltage Differential | +3Vio +24V - \ 000 Qv
Output Current® 100mA max * o Gam T th cxcranon
Regulation, Output Voltage vs. Supply =0 05%/V - Fris Nz
Load Regulation, Iy = ImA to 50mA. =0.1% * b wr
Qutput Voltage vs. Temperature £0.004%°C * - .
Qutput Noise, 10Hz 1o 1kHz* 200pV p-p . . i =
Reference Voltage (Internal) +6.8V = 5% " s @
Internal Half-Bridge Completion =
Nominal Resistor Value 20k = 1% . L o
Temperature Tracking = Sppm/~°C max [:]" 3
POWERSUPPLY g 2
Voltage, Rated Performance =15Vde * € i - o8 o1
Voltage, Operating =12V1o = 18V de & " o[ Jom ﬁ"
Current, Quicscent” +10mA * s Jeu
ENVIRONMENTAL i v = — a @
Temperature Range T 1 i
Rated Performance —40°Co +85°C - 55°C1o + 125°C ﬂnﬂﬂnﬂﬂnnﬂﬂ""ﬂnnnnﬂﬂnﬂ
Operating = 40°C 1o +85°C =55°Cro +125°C — |~—— =’I
Storage —40°Co + 100°C - 65°Cto + 150"C
Relative Humudity 01095% @ +60°C . ACI1222 CONNECTOR DESIGNATION
CASESIZE B3"x L.64" % 0.25" 0.81"x ) 57" =0.23" PN | FUNCTION PIN | FUNCTION
(21 1%41.7 %6 350mm)max | (20 6 = 40.0 = 5.72mm) 1 | +mPUT 5 Vaxe OUT
2 | —INPUT T | SENSEHIGH
I‘quu:lfnlm sameas [BITAN 5 5“::”&} § :IHE.?:JII;IOI’GECDW
15D grade avarlable in Spring 19838 6 | Vour(UNFILTERED) Y REFIN
1 referred tothe putat Pin 14 7 OFFSETADJ [9) | Z | EXC ADJ
IEey r 1 | : mrm%ﬂ;m
"Unadjusted filter setung A it
*Filter cutofl setwith leag 4] s ADJ 2
*Derate from + $0°C as shown in Figure 14 3 ||| Yy tFTHREDy
*4 TuF capacator from Vagr s (Pin 2010 COMM Common
"Excluding bridge excitation’s current, and with no loading on the output :; ::’Mﬂ

Speaficanons subject tochange without natice

The AC1222 mounting card i1s available for the 1B31. The AC1222
15 an edge connector card with a 28-pin socker for plugging in
the 1B31. In addition, it has | for i the gain
resistor and adjusting the bndge excitation voltage and cutoff
frequency. Adjustment potentiometers for offset, fine gamn and
excitation are also provided. The ACI1222 comes with a Cinch
251-22-30-160 (or equivalent) edge connector

APPLICATIONS

The 1B31 can be interfaced easily and directly to a wide variety
of transducers for precise measurement of strain, torque, force
and pressure. For applications in harsh industrial environments,
such characteristics as high CMR, low noise and excellent tem-
perature stability make the 1B31 unsurpassed for use in indicators,
recorders and controllers.

The combination of low cost, small size and high performance
of the 1B31 allows the system designer to use one conditioner
per channel. The advantages include significantly lower system
noise and high resolution, and elimination of crosstalk and
aliasing errors.

FUNCTIONAL DESCRIPTION

Model 1B31 is based on a two-stage amplifier design and an
adjustable voltage regulator section, as shown in Figure 1. The
front end is a low noise, low drift, instrumentation amplifier
(IA) that is optimized to amplify low level transducer signals
(from 2mV full scale) riding on high common-mode voltage
(£9.5V). The gain of the IA is programmed by a single resistor
(1V/V to 2500V/V) and the input offset nulled out by an external
potentiometer across the offset adjust Pins 9 and 10. The inverted
signal (V_ pypyr — Vo epyr) is brought out to Pin 8 for applications
such as vibration and torque testing where the unfiltered output
is required.

The signal is also fed to an inverting Butterworth filter with a
fixed gain of —2V/V. This two-pole filter is preset with a 1kHz

28) Vexe OUT

27) SENSE HIGH

28) SENSE LOW

= (22) Compierion
& (@3) ne
E (22) ne

Figure 1. Block Diagram and Pinout
corner frequency which can be adjusted downwards to 10Hz by
using two external capacitors or upwards to 20kHz by three
resistors. This stage also provides a convenient means of adjusting
output offset voltage (£ 10V) by connecting a 50k} potentiometer
to Pin 11.
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The bridge excitation section is an adjustable output, regulated
supply with an internally provided reference voltage (+6.8V). It
is configured as a gain stage with the output preset at + 10V,
The excitation voltage is increased by connecting a resistor
between Pins 21 and 26, and decreased by connecting a resistor
between Pins 19 and 20. Sense lines are provided to compensate
for lead-wire resistance by effectively bringing the leads into the
feedback loop.

For half-bridge applications, two tracking thin-film resistors
(20k(}), +Sppm/°C max) are connected from Vexe OUT
(Pin 28) to SENSE LOW (Pin 26).

OPERATING INSTRUCTIONS
Cain Setting: The differsntial gain, G, is determined by the
equation:

80k}
G=2+ Re
where Rg is connected between the GAIN terminals (Pins 3 and
4) of the IB31, as shown in Figure 2. For best performance, a
low temperature coefficient (Sppm/°C) Rg is recommended. For
fine span adjustment, a 50{) potentiometer may be connected in
series with Rg.

COMM =15V 418V

1000pF
1000pF,
. vy
Lad + 4 TuF
WF +
15
e 1) 17 {18281
SHIELD COMM —Vs +Vs +Vs REFIN REFOUT
REG
1oV
/' H—1-0-(28) Vexcout
i Vour
oL@ sensenicH irurenes (9=
I
i
1]
35001 2]
BRIDGE
Vs
NOTES Vg 011

® USESppm/~C GAIN RESISTOR FOR LOW GAIN TEMPCO
# ALL TRIM POTS SHOULD BE 100 ppm/C ORBETTER
(TYPE 79PR 15 TURN CERMET RECOMMENDED)

Figure 2. Typical Application

Input Offset Adjustment: To null input offset voltage, an optional
10k(} potentiometer may be connected across the INPUT
OFFSET AD)]. terminals (Pins 9 and 10 in Figure 2). With
gain set at the desired value, connect both inputs (Pins 1 and 2)
to COMMON (Pin 16), and adjust the 10kQ} potentiometer for
zero volts at Pin 14. For applications using software nulling,
Pins 9 and 10 should be left unconnected.

Output Offset Adjustment: The output can be offset over the

+ 10V range to compensate for dead load or bridge imbalance
by using a 50k} potentiometer connected to Pin 11 as shown in
Figure 2. Pin 11 is normally grounded if output offsetting is not
desired.

Filter Cutoff Frequency Programming: The low pass filter
cutoff frequency is internally set at 1kHz. It may be decreased
from 1kHz by the addition of two external capacitors connected
as shown in Figure 3 (from Pin 12 to common and between
Pins 13 and 14). The values of capacitors required for a desired
cutoff frequency, fc, below 1kHz are obtained by the equations
below:

Ceprs = 0.01uF [‘—kfi—*z —1]
Csera = 0.0022uF [% —1]

Cggp ) can be polarized for large values,

010V

NOTE
* USESppmC GAIN RESISTOR FOR LOW GAIN TEMPCO

Figure 3. Narrow Bandwidth Application

The cutoff frequency may also be increased from 1kHz to 20kHz
by the addition of three external resistors, connected as shown
in Figure 4. The equations for determining the resistor values
are:

Rseri

fe
20k [KHZ-_ —l]

Ry = 16kV/ [‘1?{191:‘ —1]

)9

o-10v

NOTE
* USESppm~C GAIN RESISTOR FORLOW GAIN TEMPCO

Figure 4. Wide Bandwidth Application
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Table I gives the nearest resistor and capacitor values for several
common filter cutoff frequencies.

fc(Hz) Cseua(pF)  Csprz(pF)
10 1.5 0.2
50 0.27 0.039
100 0.15 0.02
200 0.056 0.0082
500 0.015 0.0022

Rsern (k€2)  Rspra(k€2)  Rseps(kil)
2000 20 16.2 40.2
5000 4.99 4.12 10.0
10000 2.21 1.78 4.42
20000 1.05 0.866 2:21

Tablel. Filter Cutoff Frequency vs. Rsg and Csgp

Note: The 25MHz gain bandwidth product of the IA should be
considered in high-gain, wide bandwidth configurations.

Voltage Excitation Programming: The excitation voltage is
preset to + 10V. To increase Vexc up to + 15V a resistor must
be connected between EXC. AD]. and SENSE LOW (Pins 21
and 26) as shown in Figure 5. For a desired Vgxc the resistor
value, Rgxr, is determined by the following equations:

10kQ % Vggg our

= Ve Ve 5 Vagrour = +6.8V

 20kQ X Ry
Rext = 2000 = R,

The + 10V to + 15V range can be covered by a 20k(}
potentiometer between the reference terminals.

4TpF

Vour
lm:rs_nmlﬁp_‘

o 1831

NOTE
TRIM POT SHOULD BE 100 ppm/"C OR BETTER
[TYPE 79PR 15 TURN CERMET RECOMMENDED]

Figure 5. Constant Voltage Excitation: + 10V to + 15V
Range

To decrease Veyc down to +4V, a resistor has to be connected
between REF IN and REF OUT (Pins 19 and 20) as shown in
Figure 6. The equations to determine the value of Rgx are:

Veer m = 0.68Vexc

Vi
Rexr = 10k} [%ﬁ = 1] 3 Veerour = +6.8V

A 20k() potentiometer between the REF IN and REF OUT
pins will span the +4V to + 10V excitation range. A 4.7uF
tantalum capacitor from REF IN (Pin 20) to COMMON (Pin
16) is recommended in all cases to lower the voltage noise at the
reference input.

+aVio + 10V

27) SENSE HIGH Vour
(FILTERED) q‘) -
+INPUT
1831

o ~INPUT

(26) SENSE LOW
BRIDGE

(16) comMMON

EXC ADJ
&)

200ki1

NOTE
TRIM POT SHOULD BE 100 ppm/°C OR BETTER
[TYPE 79PR 15 TURN CERMET RECOMMENDED)

Figure 6. Constant Voltage Excitation: +4Vto + 10V Range

The remote sensing inputs should be connected to the transducer
separately from the excitation leads or jumpered as shown in
Figure 2.

Power Supply Decoupling: The power supplies should be de-
coupled with 1uF tantalum and 1000pF ceramic capacitors as
close to the 1B31 as possible (Figure 2).

Input Protection: The differential inputs of the 1B31 can be
protected from accidental shorts to power line voltages (115V
rms) by the circuit shown in Figure 7. The back-to-back diodes
clamp the inputs to a maximum of +12.5V and were selected
for low leakage current. The 15k(} resistors in series with the
inputs will degrade the noise performance of the 1B31 to 4.2,V
p-p in a bandwidth of 0.1Hz to 1kHz. For six-wire load cells in

harsh environments the additional protection for the sense inputs 1 1
shown in Figure 7 is recommended.

15k}
1w
+ Vg O—
¥ FoH33 3
Lol L
15k}
we Y“[?
— Vi O—AAA-
¥ rom3z
LT -

v

*30k) ZW

Figure 7. 115V Input Protection for 1B31
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PERFORMANCE CHARACTERISTICS

Input Offset Voltage Drift: Total offset voltage drift is composed
of input and output drifts and is a function of gain. The 1B31
typically exhibits =0.25uV/°C RTI drift at a gain of 1000V/V
over the full temperature range. The RTI voltage offset drift vs.
gain is graphed in Figure 8.

100

Vi

INPUT OFFSET DRIFT - ke
]
1

10,000
GAIN - vV

Figure 8. Total Input Offset Drift vs. Gain

Low Pass Filter: The two pole Butterworth filter is a multiple
feedback design with a gain of —2V/V. It is preset at a cutoff
frequency of 1kHz (— 3dB) with a 40dB/decade roll-off. The
step response at 1kHz is 1.5ms settling time to 0.1% of final
value with less than 5% overshoot. The frequency response of
the filter is shown graphically in Figure 9.

N

AMPLITUDE IN dB
y

-100 N

01 1 10 100 1000
f-kHz

Figure 9. Fiiter Amplitude Response vs. Frequency

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as
a percent of full-scale output, and for the 1B31 it is +0.005%
maximum over the full-gain range. The IA design also offers
exceptionally quiet performance with typical input noise of
0.3pV p-p for a 10Hz bandwidth (Figure 10a) and 1pV p-p for
a 1kHz bandwidth (Figure 10b).

b. Bandwidth=0.1Hz to 1kHz

Figure 10. Voltage Noise, RTO @ G=1000V/V

Common-Mode Rejection: CMR as a function of gain and
frequency is shown in Figure 11. The best results (140dB @
60Hz) are obtained by programming the low pass filter with a
10Hz cutoff frequency, which contributes an additional 30dB to
the 1kHz specification where 60Hz noise is not attenuated by
the filter.

140
] |
‘20 [p— .""l-
I~ JH
@ G=1000V/V '*“\,"«\ |
2 UNFILTERED OUTPUT PN B A
3 " |+ Furese outeure
ez N
© g0 |-FLTERED OUTPUT® < P
E o1 .“\
S w0
z
g “
o
i i
o
1 10 100 1k 10k 100k

FREQUENCY - Hz
*1kHz CUTOFF FREQUENCY

Figure 11. Common-Mode Rejection vs. Frequency and
Gain
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Turn On Drift: The input offset of the 1B31 stabilizes to within
1.V of final value in 5 minutes (Figure 12). The test conditions
are: 35001 bridge with + 10V excitation and ambient temperature
of +25°C.

AV FROM FINAL VALUE - pV

1 2 3 4 5 B
WARM-UP TIME - Minutes

Figure 12. Offset Voltage, RTI, Turn-On Drift

Bridge Excitation: The adjustable bridge excitation is specified
over a wide regulator input voltage range (+9.5V to +28V).
Maximum load current I; as a function of regulator input-output
differential voltage is shown in Figure 13. The maximum output
current also depends on ambient temperature and above 50°C a
derating factor should be derived from Figure 14.

N

hoas - mA
2

i s 10 15 20 24 25

INPUT-OUTPUT VOLTAGE DIFFERENTIAL - V

Figure 13. Excitation Source Input - Output Voltage
Differential vs. Load Current; Ambient Temperature
=25°C.

APPLYING THE 1B31

Strain Measurement: The 1B31 is shown in a strain measurement
system in Figure 15. A single active gage (120}, Gage Factor =
2) is used in a bridge configuration to detect fractional changes
in gage resistance caused by strain. An equivalent resistance

i | [

CERAMIC PACKAGE \

PLASTIC PACKAGE

SAFE OPERATING REGION

i \ -4 150

INTEANAL POWER DISSIPATION - mW

V.
-55 =25 +25 +50 +75 +100 +125
AMBIENT TEMPERATURE - °C

Figure 14. Excitation Source Internal Power Dissipation
vs. Temperature

dummy gage mounted adjacent to the active gage provides tem-
perature compensation. The rest of the bridge is completed by
the 1B31 internal half-bridge network which consists of two
20k, 1% thin-film resistors tracking to within + 5ppm/°C max.
Bridge excitation is set at +4V to avoid self-heating errors from
the strain gage. System calibration produces a + 1V output for
an input of 1000 microstrains. The filter cutoff frequency is set
at approximately 100Hz.

ATuF

REF IN

REF QUT

NOTES
002uF
» USESppm"C GAINRESISTOR FORLOW GAIN TEMPCO u
 TRIM POT SHOULD BE 100ppm~C OR BETTER ok T |
(TYPE 79PF 15 TURN CERMET RECOMMENDED)

Figure 15. Strain Gage Application Using Internal
Half-Bridge

Pressure Transducer Inferface: A strain gage type pressure
transducer (Dynisco 800 series) is interfaced to a 1B31 in Figure
16. Regulated excitation of + 10V dc is provided for a 30mV
full-scale output. The gain is sett at 333.3 to achieve a 0-10V
output for a 0-10,000 psi range of the transducer. A shunt cali-
bration resistor is built into the transducer for easy verification
of the 80% point of its full-scale output. A typical shielding
scheme to preserve the excellent performance characteristics of
the 1B31 is also shown. To avoid ground loops, signal return or
cable shield should be grounded only at one point.
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P AT

Figure 16. Pressure Transducer Application

Multiple Load-Cells: For transducer configurations where the
maximum load current of 100mA of the 1B31 is not sufficient, a
buffer and a power transistor such as a TIP31 can be used as
shown in Figure 17. This design can supply 300mA at + 10V
excitation over the full industrial temperature range (- 25°C to
+85°C). In a multiple 1B31 system an added advantage is that
ratiometric operation can be preserved by using one excitation
source which also serves as the reference voltage for the system
A/D converter.

(28) vy 0uT
L

{27) sEmsE mGH

Figure 17. Multiple Load-Cell Application

Mobile Transducer Application: The small size and reliability
of the 1B31 make it an ideal choice for mobile applications.
Since the 1B31 requires a negative supply, one possible solution
for its generation is shown in Figure 18. The positive voltage of
a + 12V battery is used to drive a CMOS TLC555 oscillator
with a typical supply current of 360pA. The output is a square
wave that is rectified by the diodes and filtered to provide a
—9V supply. Excitation voltage should be equal to or less than
+9V for adequate headroom for the 1B31 voltage regulator.

Pressure Transducer Data Acquisition System: Figure 19
shows a two module solution for microcomputer based data
acquisition using a 1B31 and an AD1170 18-bit A/D converter.
A 3mV/V pressure transducer (e.g. Dynisco 800 series) is interfaced
to a 1B31 set up with a gain of 333.3 to give a 0 — 5V output,
The regulated excitation is + 5V, and for ratiometric operation
it is also used as the voltage reference input for the AD1170. An
initial ECAL command establishes the voltage excitation as the
full-scale input of the AD1170 and periodic calibration cycles
keep the converter tracking the reference input. This configuration
yields very high CMR (168dB @ 60Hz) enhanced by the 1B31
low pass filter and the integrating conversion scheme of the

REFIN  REFOUT

Weart
FILTERED “')""
L 1:x 1) ! ) oSy

Figure 18. Negative Supply Generation for 1831

ADI1170. In addition, fixed offsets caused by bridge imbalance
can be nulled out by the AD1170 with a power-up initialization
command from the microcomputer. This eliminates a poten-
tiometer or software overhead which might otherwise be

DATA
BUS

NOTES

= ImV/VLOADCELL

* +SVEXCITATION, 16mV FS
3

OW GAIN TEMPCO

-
* USE 1oppm/

Figure 19. Pressure Transducer Data Acquisition Using
1831 and AD1170

Isolated Current Loop Interface: The output of the 1B31 can
be interfaced to a process loop as shown in Figure 20. The 2B23
module produces an isolated 4-to-20mA output current which is
proportional to the input voltage and independent of the output
load resistance. Common-mode input/output isolation is + 1500V
pk continuous.

Figure 20. Isolated 4-20mA Transmitter
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ANALOG
DEVICES

Bridge Transducer
Signal Conditioner

1B32

FEATURES
Low Cost
Complete Signal-Conditioning Solution
Small Package: 28-Pin Double DIP
Internal Thin-Film Gain Network
High Accuracy
Low Input Offset Tempco: +0.07pV/ C
Low Gain Tempco: +2ppm/°C
Low Nonlinearity: +0.005% max
High CMR: 140dB min (60Hz, G=1000V/V)
Programmable Bridge Excitation: +4V to +15V
Remote Sensing
Low Pass Filter (fc=4Hz)

APPLICATIONS

Weigh Scales

Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems

Microcomputer Analog /0

GENERAL DESCRIPTION

Model 1B32 is a precision, chopper-based, signal-conditioning
component ideally suited for high-accuracy applications of load
cells and bridge transducers. Packaged in a compact 28-pin
plastic double DIP, the 1B32 takes advantage of hybrid technology
for high reliability as well as higher channel density. Functionally,
the signal conditioner consists of three basic parts: a high per-
formance chopper-based amplifier, a low-pass filter and an ad-
justable transducer excitation source.

The chopper-based amplifier features extremely low input offset
tempco of +0.07uV/°C (RTI, G=500V/V) and excellent non-
linearity of +0.005% max over its full gain range of 100 to
5000V/V. The 1B32 has a thin-film resistor network for pin-
strapping the gain to S00V/V or 333.3V/V (for 2mV/V and
3mV/V load cells). The gain tempco for these fixed gains is a
highly stable +2ppm/°C. Additionally, the gain can be set to
any value in the gain range with two external resistors. The
amplifier also has a wide-range input referred zero suppression
capability (£ 10V), which can easily be interfaced to a D/A
converter. The bandwidth of the chopper is 4Hz at G=100V/V.

The integral three-pole, low-pass filter offers a 60dB/decade roll-
off from 4Hz to reduce common-mode noise and improve system
signal-to-noise ratio.

The 1B32’s regulated transducer excitation stage features low
output drift ( +40ppm/°C typ) and can drive 120} or higher
resistance load cells, The excitation is preset at + 10V with
other voltages between +4V and + 15V programmable with
external resistors. This section also has remote sensing capability
to allow for lead-wire compensation in 6-wire load cells and
other bridge configurations.

1B32 FUNCTIONAL BLOCK DIAGRAM

The 1B32 is fully specified over the industrial (—25°C to +85°C)
temperature range.

DESIGN FEATURES AND USER BENEFITS
Pin-Strappable Gain: The internal resistor network can be pin-
strapped for gains of 500V/V and 333.3V/V for 2ZmV/V and
3mV/V load cells. The tracking network guarantees a gain tempco
of =6ppm/°C max.

Custom Trimmable Network: For volume applications, the
1B32 can be supplied with a custom laser trimmed gain network.
Contact factory for further information.

Wide Range Zero Suppression: The output can be offset by

+ 10V for nulling out a dead load or to do a tare adjustment.
Remote Sensing: Voltage drops across the excitation lead-wires
are compensated by the regulated supply, making 6-wire load-cell
interfacing straightforward.

Programmable Transducer Excitation: The excitation source is
preset for + 10V dc operation without external components. It
is user-programmable for a +4V to + 15V dc range (@ 100mA)
to optimize transducer performance.

Low-Pass Filter: The three-pole active filter (fo=4Hz) reduces
60Hz line noise and improves system signal-to-noise ratio.
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SPECIFICATIONS @ + 251 anv = o 15vtiss s s

OUTLINE DIMENSIONS

D ininch d (mm),

[ os8si21 8imAx _.l._L

Model 1B32AN
GAIN
Gain Range 100V/V to 5000V/V
Internal Gain Setting 333.3V/Vand 500V/V
Gain Equation 1+ ?
1
Gain Equation Accuracy’ +0.1%
Gain Temperature i + 2ppm/°C ( = 6ppm/°C max)
Gain Nonlinearity +0.005% max
OFFSET VOLTAGES
Total Offset Voltage, RTI
Initial, @ + 25°C, G = 1000V/V = 40uV
Warm-Up Drift, G = 1000V/V, 10 min Within + 1pV
vs. Temperature { —25°Cto + 85°C)
G = 1000V/V +0.07LV/°C ( % 0.2V C max)
At Other Gains + (ll(}ﬁ + %)”Vm
Output Offset Adjust Range =10V
INPUT BIAS CURRENT
Initial @25°C *3nA
vs, Temperature ( — 25°Cto + 85°C) +50pASC
INPUT DIFFERENCE CURRENT
Inital @ +25°C +3nA
vs. Temperature { — 25°C to + 85°C) + 10pAFC
INPUT RESISTANCE
Differential 100M1)
Common Mode 100M12
INPUT VOLTAGE RANGE
Linear Differential Input =0.1V
Maximum Differential Input +5V
CMV Input Range Oto +7.5V
CMR, 1k Source Imbalance®
G=100V/V 1o 5000V/V @ dc 86dB
G=100V/V, @ 60Hz 120dB
G=1000V/V, @ 60Hz 140dB min
INPUT NOISE
Voltage, G = 1000V/V
0.1Hz o 10Hz IuVp-p
Current, G = 1000V/V
0.1Hz 10 10Hz 3pApp
RATEDOUTPUT
Voltage, 2k{1Load, min +10V
Current +5mA
Impedance, dc to 2Hz, G = 100V/V 0.601
Load Capacitance 500pF
Qutput Short Circuit Duration (to Ground) Indefinite
DYNAMICRESPONSE
Small Signal Bandwidth
- 3dB Gain Accuracy, G= 100V/V 4Hz
G=1000V/V 3.5Hz
Slew Rate 20V/sec
Full Power 0.5Hz
Settling Time, G = 100V/V, = 10V Output 2sec
Stepto £0.1%
LOW PASS FILTER
Number of Poles 3
Cutoff Frequency ( — 3dB Point) 4Hz
Roll-Off 60dB/decade

{Continued on next page)
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PIN DESIGNATIONS
PIN | FUNCTION PIN | FUNCTION
1 | +INPUT 15 | -Vg
2 | =INPUT 16 | COMM
3 |INPUTOFFSETADJ | 17 | 4Vs
4 |NC 18 | +VsREG
5 |NC 19 | REFOUT
6 |NC 20 | REFIN
7 |NC 21 |EXCADJ
8 |SIGNALCOMM 22 |NC
9 |EXTGAINSET 23 | NC
10 [3333GAIN 24 | NC
11 | 500 GAIN 25 | NC
12 | GAINSENSE 26 | SENSELOW
13 | GAINCOMM 27 | SENSEHIGH
14 |Vour 28 | VaxcOUT




Model 1B32AN
BRIDGE EXCITATION
Regulator Input Voltage Range +9.5Vto + 28V
Output Voltage Range +4Vio + 15V
Regulator Input/Output Voltage Differential +3Vio + 24V
Output Current* 100mA max
Regulation, Output Voltage vs. Supply +0.05%/V
Load Regulation, I; = ImA to 50mA +0.1%
Ourtput Voltage vs. Temperature ( — 25°Cto + 85°C) = 40ppm/°C
Output Noise, 0.1Hz to 10Hz* 300pV p-p
Reference Voltage (Internal) +6.8V £ 5%
Sense & Excitation Lead Resistance 10£} max
POWER SUPFLY
Voltage, Rated Performance +15Vdc
Voliage, Operating +12Vto =18V de
Current, Quiescent® +4mA, — ImA
ENVIRONMENTAL
Temperature Range
Rated Performance —25°Cro +85°C
Operating —40°C1o +85°C
Storage —40°C1wo + 100°C
Relative Humidity 010 95%, Noncondensing, @ + 60°C
CASESIZE 0.83"x 1.64" x 0.25"
(21.1 % 41.7 x 6,35mm) max
NOTES
'Using internal nerwork for gain.
*For pi ped gain. The tempeo of the individual thin-film is = 50ppm/C max.
3V p-p60Hz le signal used in up
“Derate 2ZmA/~C from + 50°C.
*4,7uF capacitor from REF IN (Pin 20) to COMM.
*Excluding bridgs itation current and with no loading on the ourput.
Specifications subject to change without notice.
AC1224 Mounting Card ACI1224 C Designati
! si1nam —_— {
_IJI—-T/) . S—"
Fi IMPUT OFFSET EXCITATION ADJ
@/ c:u 500 N o PIN | FUNCTION PIN | FUNCTION
. L T Vexe OUT 1 +INPUT
s |l u SENSE HIGH 2 —=INPUT
A" SENSELOW 12 | Vour
X REFOUT 19 | —-Vs
Y REFIN 20 | COMM
oa z EXCADJ 21 +Vs
22 +VsREG

ssilo

AN

i r I5TSI00 81 -

The AC1224 mounting card is available for the 1B32. The AC1224
is an edge connector card with a socket for plugging in the
— 1B32. In addition it has provisions for switch selecting internal
gains as well as installing gain resistors. Adjustment pots for
offset, fine gain and excitation are also provided. The AC1224

comes with a Cinch 251-22-30-160 (or equivalent) edge

connector.
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FUNCTIONAL DESCRIPTION

Model 1B32 is based on a switched capacitor, chopper stabilized
amplifier followed by an active filter and an adjustable voltage
regulator section for excitation. The ultralow drift chopper
samples the difference between the + INPUT and — INPUT at
190Hz. The signal is modulated, amplified and then demodulated.
This stage introduces a pole with a 20dB/decade rolloff from
4Hz. The high-level signal is then filtered by a two-pole active
filter with a 4Hz cutoff frequency to give a = 10V output. The
clock signal for the chopper is generated by an on-board
oscillator.

As shown in Figure 1, the gain can be pin-strapped by an internal
resistor network. Standard gains of 333.3 and 500 can be achieved
by this method with gain tempco of +6ppm/°C max. Finally,
the offset adjust of the amplifier is input referred, and requires
a voltage input similar to the differential input voltage to implement
wide range suppression.

The bridge excitation section is an adjustable ouput, regulated
supply with an internally provided reference voltage (+6.8V). It
is configured as a gain stage with the output preset at + 10V.
The excitation voltage is increased by connecting a resistor
between Pins 19 and 20. Sense lines are provided to compensate
for lead-wire resistance by bringing the leads into the feedback
loop.

+INPUT

—INPUT
INPUT OFFSET
ADJ

NC
NG

NG

NE

SIGNAL COMM
EXTGAIN SET
3333 GaIN (10

500 GAIN
GAIN SENSE (12 0% osc ——

ZERQ
SUPPRESSION

BRIDGE EXCITATION

oW o)W ra)f=

CHOPPER
ao0n | o

20042

oY=
=

GAINCOMM (13

Vour (14 1832

FILTER

Figure 1. 1B32 Block Diagram and Pinout

OPERATING INSTRUCTIONS
Gain Setting: The differential gain of the 1B32 can be either
pin-strapped or programmed externally with two resistors. The
internal thin-film gain network (Figure 1) provides gains of 500
and 333.3 for standard load-cell sensitivities of 2mV/V and
3mV/V. This is achieved by connecting GAIN SENSE (Pin 12)
to GAIN COMM (Pin 13) and grounding Pin 10 or Pin 11
(Figure 2). The gain tempco using the internal network is an
excellent = 2ppm/°C typ (+ 6ppm/°C max).
To program the gain externally, two resistors are connected as
shown in Figure 3. The gain equation is:
Re
G=1+ R

The gain-strapping Piﬁs (11 and 12) and GAIN SENSE (Pin 12)
are left unconnected, effectively floating the internal network.

COMM  —15v  +15V

CABLE
SHIELD

SIG COMM -y
cOMM

+Vs +Vs REF REF
REG IN OUT

V, 4
o ( o-10v
+ INPUT 1832

a-{26) SENSELOW weUT
GAIN GAIN 3333 500 OFFSET
SENSE COMM GAIN GAIN ADJ

6 = « 15V
200kt

200k L

104 =15V

Figure 2. Internal Gain Strapping
4 TuF

S.‘}Etﬁ FH@

REF REF
] ouT

EXT INPUT
3333 500 GAIN  GAIN  GAIN OFFSET
GAIN  GAIN SENSE SET COMM  ADJ

+15v
200k1)

=15V

Figure 3. External Gain Setting

Offset Adjustment: The input-referred offset adjust has the
same sensitivity as the inputs of the 1B32. The voltage level at
INPUT OFFSET AD] (Pin 3) is gained by the same factor as
the input signal to provide a + 10V output adjust. Figure 2
shows an external network and potentiometer set up fora =7,5mV
span at the input, which gives a +2.5V (7.5mV x 333.3) output
adjust capability. Wider ranges can be chosen with the appropriate
resistor and potentiometer values.

Note: If offset adjustment is not required, Pin 3 must be
grounded.
Voltage Excitation Programming: The excitation voltage is
preset to + 10V. To increase Vexc up to + 15V a resistor must
be connected between EXC ADJ and SENSE LOW (Pins 21
and 26) as shown in Figure 4,
The Vs (REG) input (Pin 18) must be raised to + 18V to satisfy
the +3V min input-output voltage differential of the regulator.
Consult the Performance Characteristics section for safe operating
conditions of the regulator. For a desired Vgxc the resistor
value, Reyr, is determined by the following equations:
_ 10k(l x v“[.' ouT | -
R = Ve Vagrour ° VRerour = +68V
S 20kQ % Ry
EXT = 20kl — Ry

The + 10V to + 15V range can be covered by a 20k{} potentiometer
between REF IN (Pin 20) and REF OUT (Pin 19). Rgxt of
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Figure 4. Constant Voltage Excitation: + 10V to + 15V

Range.
200k(} is recommended for fine adjustment at + 10V excitation
voltage.
Similarly to decrease Vexc down to +4V, connect a 200k}
resistor and a 20k{) potentiometer between Pins 19 and 20,
between SENSE LOW and EXC ADJ (Pins 26 and 21), as
shown in Figure 5.

4.7uF

+
AL
+4Vto 20] 13
+10V
/ 28) Veyo OUT “"i,f gg;
27) SENSE HIGH
' Vour GD—.
H 1) +INPUT
: 2) -INPUT 1832
3501} 26) SENSE
BRIDGE 1 SE LOW

+—a—1—36) common T
7 ol &)

CABLE

SHIELD S Y

Figure 5. Constant Voltage Excitation: +4 to + 10V Range

A 4.7pF tantalum capacitor from REF IN (Pin 20) to COMMON
(16) is recommended in all cases to lower the voltage noise at
the reference input.

The remote sensing inputs should be connected to the transducer
separately from the excitation leads or jumpered as shown in
Figure 2. The resistance of the excitation and sense lines should
not exceed 10().

Power Supply: The Vs REG input (Pin 18) should be connected
to + Vs (Pin 17) even if the bridge excitation section is not
used. Also the power supplies should be decoupled with 1pF
tantalum and 1000pF ceramic capacitors as close to the 1B32 as
possible (Figure 2).

Input Protection: The 1B32 differential inputs can be protected
from accidental shorts to power line voltages (115V rms) by the
circuit shown in Figure 6. The back-to-back diodes clamp the
inputs to a maximum of *12.5V and were selected for low
leakage current. The 15k{} resistors in series with the inputs
will degrade the noise performance of the 1B32 to 4p.V p-p
(0.1Hz to 10Hz). When interfacing with six-wire load cells in
harsh environments, input protection for the sense inputs is also
recommended (Figure 6).

*30kI1IW 240V INPUT

Figure 6. 115V Input Protection

PERFORMANCE CHARACTERISTICS

Input Offset Voltage Drift: The chopper front end of the 1B32
gives it excellent input offset stability. As shown in Figure 7, it
typically exhibits drift of *+0.07uV/°C RTI at a gain of 1000V/V
(£75pV/C RTO). The measurement is two-point, and is taken
at —25°C and + 85°C, which covers the specified temperature
range of the 1B32.

400
¢
EI 300
E ~
G 200 ]
£ P
5 100 r
Ees
»
o 1000 2000 3000 4000 5000
GAIN - ViV

Figure 7. Total Output Offset Drift vs. Gain
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Figure 8. Common-Mode Rejection vs. Frequency
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Figure 9. Voltage Noise, 0.1Hz to 10Hz, G = 1000

Common-Mode Rejection: CMR as a function of frequency is
shown in Figure 8. Test conditions are a 3V p-p common-mode
signal and 1k() source imbalance. The CMR improves with
increasing gain. Note that the 4Hz filter enhances the CMR
performance above the corner frequency by attenuating the
normal-mode signal at 60dB/decade.

Gain Nonlinearity and Noise: Gain Nonlinearity is specified as
a percent of full-scale output, and for the 1B32 it is +0.005%
max over the full span. The chopper design also offers exceptional
low-noise performance, with typical input noise of 1pV p-p in
the 0.1Hz to 10Hz bandwidth (Figure 9).

Low-Pass Filter: The 1B32 has three poles at 4Hz in its design.
One is introduced in the amplifier, while the other two are
provided by an active Butterworth filter following the amplifier.
Total roll-off is 60dB/decade from 4Hz, The frequency response
of the filter is shown in Figure 10.

1 \
) \
g
. \
., \

1
FREQUENCY - Hz

Figure 10. Filter Amplitude Response vs. Frequency,
G=500

Turn-On Drift: The 1B32 offset voltage stabilizes to within
1V of its final value in 10 minutes (Figure 11). The test conditions
are: 3504 bridge with a + 10V excitation and ambient temperature
of +25°C,

INPUT OFFSET - uV

il

0 10 15
WARM-UP TIME - Minutes

Figure 11. Offset voltage RTI, Turn-On Drift

-1

Bridge Excitation: The adjustable bridge excitation is specified
over a wide regulator input voltage range (+ 9.5V to +28V).
Maximum load current I;_as a function of regulator input-output
differential voltage is shown in Figure 12, The maximum output
current also depends on ambient temperature, and above +50°C
a derating factor of 2ZmA/°C must be applied. The safe operating
region for internal power dissipation vs. temperature is graphed
in Figure 13.

R
] N
y =

L-mA

3 B 10 15 20 24 25
INPUT-QUTPUT VOLTAGE DIFFERENTIAL - V

Figure 12. Excitation Source Load Current vs. Input-Output
Voltage Differential, <25°C
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i
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Figure 13. Excitation Source Internal Power Dissipation
vs. Temperature
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APPLYING THE 1B32
Pressure Transducer Interface: A strain gage type pressure

transducer (Dynisco 800 series) is interfaced to a 1B32 in Figure

14. Regulated excitation of + 10V dc is provided for a 30mV
full-scale output for a 0-10,000 psi range of the transducer. A
shunt calibration resistor is built into the transducer for easy
verification of the 80% point of its full-scale output. A typical
shielding scheme to preserve the excellent performance charac-
teristics of the 1B32 is also shown. To avoid ground loops,
signal return and cable shield should be grounded only at one
point.

COMM —16V  +15V

t 1000pF

1uF |4
i 1uF ﬂ
+ 114, A TuF

+Ve +Vy REF REF
REG iN  OoUT

28) Ve OUT

’@ SENSEHIGH Vour (18)

DYNISCO
BO0SERIES

INPUT
GAIN 333 OFFSET
SENSE  COMM  GAIN

Figure 14. Pressure Transducer Interface

Pressure Transducer Data Acquisition System: A two module
solution for microcomputer based data acquisition using a 1B32
and an AD1170 18-bit A/D converter is shown in Figure 15. A
3mV/V pressure transducer (e.g. Dynisco 800 series) is interfaced
to a 1B32 configured with a gain of 333.3, 1o provide a 0 to 5V
output. The regulated excitation is + 5V, and is used as the
reference input for the AD1170 to produce ratiometric operation.

This configuration yields very high CMR enhanced by the 1B32
low pass filter and the integrating conversion scheme of the
ADI1170.

10 3kik

REF  REF
N our

REF IN
(27) sEnsE WGH

Vour ql (i8) + nvpuT
1)+ INPUT
~ INPUT 1832 AD1170 %JLTSﬁ >
(26) semse Low @) -weur
COMMON INPUT

GAIN  GAIN 3333 OFFSET
SENSE COMM GAIN  ADJ

ANA  DIG
coM  CcOMm

NOTES

® ImV/V Load Cell
® +5V Excitation, 15mV F5
® Gan=3313

Figure 15. Auto-Calibrating Data Acquisition Using
1832 and AD1170

In addition, fixed offsets caused by bridge imbalance can be
nulled out by the AD1170 with a power-up initialization command
from the microcomputer. The full-scale output of the 1B32 and
transducer can be normalized to the AD1170 full scale through
the electronic calibration command ECAL. Both the offset and
full-scale correction data will then be stored in nonvolatile memory
to eliminate the need for the trim process after each power-up.
The AD1170 eliminates a potentiometer or software overhead
which might otherwise be needed for these functions.

Multiple Load-Cells: For transducer configurations where the
maximum load current of the 1B32 is not sufficient, a buffer
and a power transistor such as a TIP31 can be used as shown in
Figure 16. This approach will supply 300mA at + 10V excitation
over —25°C to + 85°C temperature range. In a multiple 1B32
system an added advantage is that ratiometric operation can be
preserved by using the excitation voltage as the reference for the
system A/D converter.

ENSEHIGH
SENS ‘)

o-10v

Figure 16. Multiple Load-Cell Application
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Mobile Transducer Applications: The small size and reliability
of the 1B32 make it an excellent choice for mobile applications.
Since the 1B32 requires bipolar supplies, a possible circuit to
provide the negative voltage is shown in Figure 17. The CMOS
TLCS5S is powered by a + 12V battery, and typically draws
360pA. The output is a square wave that is rectified by the
diodes and filtered to provide a —9V supply. Excitation voltage
should be equal to or less than +9V for adequate headroom for
the 1B32 voltage regulator. Note that the 1B32 will operate with
* 9V supplies as long as the excitation voltage and the output
range are less than 5V.

100uF
25V
Tn m:léts‘ Ve
=
. &
> 33kil < 25k
<
INd149 W ;g:’“r
| +
T—u.uan
-9V

+5V

REF REF
IN ouTt

(28) VexcOUT tVs Vs

(27) sensEHIGH

35012

26) SENSELOW

BRIDGE

(16) common PR

GAIN  GAIN 3333 OFFSET

CABLE SENSE COMM GAIN  ADJUST
SHIELD

Figure 17. Negative Supply Generation for 1832

Digital Output Offset Adjust: A 10-bit multiplying DAC such
as the AD7533 can be used to control the output offset of the
1B32 as shown in Figure 18. The DAC is configured for unipolar
operation with an AD OP-07 generating a voltage output. This
0-10V output is attenuated by R, and Rgg; and superposed on
another fixed voltage derived from Vgxc. Thus the voltage at
Pin 3 (INPUT OFFSET ADJUST) is insensitive to the tempco
of the excitation voltage since it is also used as the reference of
the DAC. For best performance R; and R; should track to
+5ppm/°C. As an example, a =5V output adjustment can be
obtained by using Rggr. = 2000} for G = 500 and Vexe =
10V.

TO PIN 28
16832 Voo [+ 15V)

Figure 18. Output Offset Adjust Using a 10-Bit DAC

DIGITAL INPUT ANALOG OUTPUT
MSB LSB (Ep as shown in Figure 18)
1111111111 —Vnsr(-i“g%)
1000000001 -vm%%)
1000000000 —vm(-é%)=!&2‘£
0111111111 —vm(%)
0000000001 _Vw(llo_u)

0000000000

Table I. Unipolar Binary Code Table
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ANALOG
DEVICES

Isolated RTD
Signal Conditioner

1B41

FEATURES
Complete RTD Signal Conditioning Solution
Resistor Programmable Linearization
High CMV Isolation: 1500V rms Continuous
High Accuracy
Low Input Offset Tempco: =1VIC
Low Gain Tempco: =50ppm/°C
Low Nonlinearity: +0.01%
High CMR: 160dB (60Hz, G=1000V/V)
Small Package: 1.0"x2.1"x0.35" DIP
Low Pass Filter (fc=3Hz)
Pin Compatible with 1B51 Isolated mV/Thermocouple
Conditioner

APPLICATIONS

Multichannel RTD Temperature Measurement
Industrial Measurement and Control Systems
Data Acquisition Systems

GENERAL DESCRIPTION :
The 1B41 is a precision, isolated, RTD signal condlﬁn e t
incorporates a circuit design utilizing transformér based ?snlat
and automated surface mount manufaqn{l‘w‘tcdmd!ogy I *v
provides an unbeatable combina
in a compact plastic package.

control applications, it is especia

éd, for measurement.and

tg‘qn I!f.maﬂny and mfmmew

suned for lﬁ.rsh énvironments’ ¥

1B41 FUNCTIONAL BLOCK DIAGRAM

GAIN F8 FILTER
Y~ S . { ()
) G =
PROT 2
" SIGNAL 1 *
ISOLATION
H B
| MopuLATOR
Ac DEMODULATOR
AMP
™
TIMING
POWER TIMING
ISOLATION
ATION

POWER
OSCILLATOR

%
Eﬁ rvature can be set positive or negative by pin-
1B41. Filtering at 3Hz is implemented by a passive
sing filter at the input and a two-pole active filter at the
mpuEOverﬂll NMR is 60dB and CMR is 160dB min @ 60Hz.

fully specified over —25°C o + 85°C and operates
thiA industrial { —40°C to + 85°C) temperature range.

with extremely high common-mode interféféce. Unlike w"WES:GN FEATURES AND USER BENEFITS

solutions that require separate de/de con\rcrtcrs, c:ach lB4'i‘
generates its own floating current excitation, providing true’
cost channel-to-channel isolation.

Functionally, the signal conditioner consists of five basic sections:
chopper stabilized amplifier, dc/de converter, signal isolation,
RTD current excitation and output filter. The amplifier section
features user selectable gains from 10 to 1000 with a gain tempco
of +50ppm/°C. Wide-range zero suppression and low input
offset drift of 1uV/*C are accomplished by chopper stabilization.

The isolation section has complete input to output galvanic
isolation of 1500V rms continuous by the use of transformer
coupling techniques. Nonlinearity is an excellent +0.01% which
meets the demands of 12-bit systems.

A stable sensor excitation provides 0.25mA for most RTD ap-
plications. For nickel and platinum RTDs the excitation is
compensated to provide an output that is linear with temperature.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 11-53

Ease of Use: The IB41 has direct RTD interface with minimum
external parts required to get a high-level, conditioned signal.
High Noise Rejection: The combination of a chopper stabilized
front end with a low pass filter provides high system accuracy in
harsh industrial environments as well as good rejection of 50/60Hz
noise.

Small Size: The 1B41 package size (1.0"x2.1"x 0.35") and
functional completeness makes it an excellent choice in systems
with limited board space and clearance.

Wide Range Zero Suppression: This input referred function is
a convenient way to null large input offsets.

Low Pass Filter: The three-pole active filter (fo = 3Hz) reduces
50/60Hz noise and aliasing errors.
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SPECIFICATIONS (pca @ +25 ant v = +15v s thnis s

Model 1B41AN
GAIN 2
Gain Equation (1 + WHJ x4
Gain Error + 1%
Gain Temperature Coefficient + 50ppm/°C
Gain Nonlinearity +0.01% max
OFFSET VOLTAGES
Total Offset Voltage, Referred to Input
Initial, (¢ + 25°C (Adjustable to Zero) + 500pV max
vs. Temperature £1pVrC
vs, Time, Noncumulative #+ |wV/month max
Ourput Offset vs. Temperature +20uVi°C
INPUT IMPEDANCE
Power On SMI
Power Off 39k(}
INPUT VOLTAGE RANGE

Linear Differential Input
Max CMV, Input to Qurput
ac, 60Hz, Continuous
Continuous, dc
CMR, (« 60Hz, 1k{} Source Imbalance
NMR @« 60Hz
Transient Protection

+5mVio = 0.5V

1500V rms
+ 2000V peak
160dB min

INPUT NOISE
Voltage, 0. 1Hz to 10Hz, 1k{} Source Imbalance

INPUT BIASCURRENT
Initial @ +25°C
vs. Temperature

OUTLINE DIMENSIONS

D ininches and (mm).

0.15 —L

(3.81) s

0.35
{8.9)
Max

1

MAX
T fe—o:80(20.3 TYP—| 'f-ys;]
nls I
17.62)
TYP
017 20
] 230
01s
2.10
wme (&
gg, 6 330
s o
o o
o i}
o o
o1 380

RATEDOQUTPUT
Voltage, 2k{} Load, min’
Current
Output Noise, de to 100kHz PINDESIGNATIONS
Impedance, dc 0,142
DYNAMICRESPONSE PIN DESIGNATION
Bandwidth, - 3dB dcto 3Hz 3 I
LINEARIZATION 2 PROTHI
Temperature Measurement Range User Programmable 3 RTDEXC
Linearizing Accuracy ; EOOM
010100°C, Pt 100£2, 3 o = 0.00385 +0.05°C max ¢ RZEXC
CURRENT EXCITATION 15 GND
Excitation Level 0.25mA 16 =15V
vs. Temperature + 70ppm/°C ;; ; 16V
)
POWER SUPPLY 23 FILTER
Voltage, Rated Performance +15Vdc 33 PT
Voliage, Operating +12V1o + 18V g; ﬁ?m
Current, Quiescent 10mA pie LN
ENVIRONMENTAL 37 G
Temperature Range 38 FB
Rated Performance —25°Cto + 85°C
Operating —40°Cto +85°C
Storage —40°C1o +85°C
Relative Humidity 0t095% (n +60°C
CASESIZE 1.0"x 2.1" % 0.35"
(25.4%53.3x8.9)mm
NOTES

':lUVautpn(canb‘ b i by doubling the gain of th

Specifications subject to change without nonice,
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ANALOG
DEVICES

Isolated mV/Thermocouple
Signal Conditioner

1B51

FEATURES
Functionally Complete Precision Conditioner
High Accuracy

Low Input Offset Tempco: =1pV/°C

Low Gain Tempco: +=50ppm/°C

Low Nonlinearity: +=0.01%

High CMR: 160dB (60Hz, G=1000V/V}
High CMV Isolation: 1500V rms Continuous
Small Package: 1.0"x2.1"x0.35" DIP
Isolated Power
Low Pass Filter (fc=3Hz)

Pin Compatible with 1B41 Isolated RTD Conditioner

APPLICATIONS

Multichannel Thermocouple Temperature
Measurement

Low Level Data Acquisition Systems
Industrial Measurement & Control Systems

1B51 FUNCTIONAL BLOCK DIAGRAM

GAIN 8 FILTER
] ) ,’"‘,
1851 _| N f
WA
PROT (2
Hi SIGNAL /;;
- ISOLATION
w3
MODULATOR +
- AC ” DEMODULATOR
AMP
(s T m
TIMING
com (4 TIMING
| isoLamion
+Vias (35 INPUT POWER
. . rowes (3|E| osciefon
L3 L3 o
of T2

GENERAL DESCRIPTION AT T

The 1B51 is a precision, mV/thermocouple signal copditi¢ ?*;
thart incorporates a circuit design utilizing trmsfnﬂh : b
isolation and automated surface mount manuf: ology
It provides an unbeatable combination of{v y.and per- . -

formance in a compact plastic pack e,
and control applications, it is. '
ronments with extremely hlgh
Unlike costlier solntmns that

low-cost channel-to-channel isolation. LY ,;‘

Functionally, the signal conditioner consists of three basic sections:
chopper stabilized amplifier, isolation and output filter. The
chopper amplifier features a highly stable offset tempco of

+ |pV/°C and resistor programmable gains from 10 to 1000.
Wide range zero suppression can be implemented at this stage.

The isolation section has complete input to output galvanic
isolation of 1500V rms continuous using transformer coupling
techniques, Nonlinearity is an excellent +0.01% which meets
the demands of 12-bit systems. Isolated power of 2mA at +4.5V
is provided for ancillary circuits such as zero suppression and
open-input alarm, Filtering at 3Hz is implemented by a passive
anti-aliasing filter at the front end and a two pole active filter at
the output. Overall NMR is 60dB and CMR is 160dB min @
60Hz.

oy

'::f

DESIGN FEATURES AND USER BENEFITS
Rejection: The combination of a chopper stabilized
ith a low pass filter provides high system accuracy in
ustrial environments as well as good rejection of 50/60Hz

Luw Cost: The 1B51 offers a very low cost per channel for
high performance, isolated, low-level signal conditioners.

Small Size: The 1B51 package size (1.0" % 2.1" % 0.35") and
functional completeness makes it an excellent choice in systems
with limited board space and clearance.

Wide Range Zero Suppression: This input referred function is
a convenient way to null large input offsets.

Low Pass Filter: The three pole active filter (fc=3Hz) reduces
60Hz noise and aliasing errors.
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SPECIFI CATIONS (typical @ +25°C and Vg= =15V unless otherwise noted)

Voltage, 0.1Hz to 10Hz, 1k} Souvoezm‘wme e ﬁ, 19%1:

_Model 1B51AN OUTLINE DIMENSIONS
GAIN Dimensions shown in inches and (mm).
Gain Equation [l + I::: x4 e
Gain Error 1% _L !l\::;
Gain Temperature Coefficient + 50ppm/°C 0.15
Gain Nonlinearity +0.01% max 381 I | - 2
OFFSET VOLTAGES T osmarve— %0
Total Offset Voltage, Referred to Input —
Initial, @ + 25°C (Adjustable to Zero) 2001V max ‘332’1
vs. Temperature +1pV/reC TYP
vs. Time, Noncumulative + 1V/month max 017 20
Qurput Offset g 4 zo
vs. Temperature +20pV/C
INPUT IMPEDANCE
Power On SMQO
Power Off 39k() BOTTOM |§:i‘| gl
VIEW :
INPUT VOLTAGE RANGE MAX
Linear Differential Input
Max CMV, Input to Output
ac, @Hz, Continuous Os 330
Continuous, dc o -
CMR @ 60Hz, 1k Source Imbalance i oy L o o
NMR @ 60Hz ) g o o
Transient Protection oy %Jﬁ V“ ’ IEEQ&T}'}%@@W@ o g , |:|
INPUT NOISE p 2»;. s 0 F B e W e

INPUT BIAS CURRENT o
Initial @ +25°C o
vs. Tomperature PIN DESIGNATIONS
RATED OUTPUT
Voltage, 2k} Load, min’ 5V PIN DESIGNATION
Current +5mA 1 HI
Output Noise, dc to 100kHz TBD 2 PROTHI
Impedance, de 0.10 g EgM
FREQUENCY RESPONSE 15 GND
Bandwidth, — 3dB dcto3Hz :g -15V
+ 15V
ISOLATED POWER 2 | v
Voltage, No Load +4.5V 23 FILTER
Current 2mA 34 —Viss
Regulation, No Load to Full Load 5% 5 & ss
Ripple 100mV p-p s FB
POWER SUPPLY
Voltage, Rated Performance +15Vde
Voltage, Operating *=12Vito £ 18V
Current, Quiescent 10mA
ENVIRONMENTAL
Temperature Range
Rated Performance —25°Cto +85°C
Operating —40°Cto +85°C
Storage —40°Cto +85°C
Relative Humidity 0to95% @ +60°C
CASE SIZE 1.00"x 2.10" % 0.35"
(25.4%53.3%8.99mm
NOTES

'+ 10V output can be obtained by doubling the gain of the output stage.

Specifications subject to change without notice.
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INSIDE THE 1B51

Referring to the functional block diagram, the +15V power
inputs provide power to both the output side circuitry and the
power oscillator. The 10kHz power oscillator provides both the
timing information for the signal demodulator and drives trans-
former T2 for the input side power supplies. The secondary
winding of T2 is full wave rectified and filtered to create the
input side power.

The signal input (HI) is single pole filtered for noise rejection
and anti-aliasing. PROT HI is the output node of the filter, and
is used only for special input applications, as described in the
applications section of this data sheet. Timing information derived
from transformer T2 controls a precision input switch which
alternates between HI and LO input pins. The output of the
switch is a square wave with a peak-to-peak amplitude equal to
the difference between the HI and LO input voltages. A wide
bandwidth ac amplifier, whose gain is set by an external feedback/
gain resistor pair, amplifies the signal and drives the signal
transformer T1.

The amplitude modulated signal is demodulated after passing
through signal transformer T1. The demodulator output is then
passed through an active two pole filter, completing a three pole
3Hz low pass filter with the input anti-aliasing filter stage. The
output of the filter (Vo) is brought out separately from the ﬁ[tu
node (FILTER) to facilitate output side gain,

USING THE 1B51 -
Gain Setting: The gain of the 1B51 15,09
side by a pair of user provided r?mo' it
resistor of 20k{} = 20% is requ:

(FB) and the gain pin. The gain ﬁ;tt
between the gain pin and input side co n
equation is

|

E amg

R rf
1+5—| x4 1 ;*
&)
Gains of 10-1000 can be achieved by adjusting this ratio.

The accuracy of the resistor values must be taken into account
when calculating the initial gain accuracy of an application. The
initial accuracy of the 1B51 must then be added to the resistor
errors to predict the total accuracy. Likewise, the ratiometric
temperature coefficient of the gain and feedback resistors must
be added to the temperature coefficient of the 1B51 to predict
the total resulting thermal drift.

PROT
o 1851

33) FILTER
%2) Vo

7

T J7) +1sv
Vs POWER (16) -1sv
JL s) ano

Figure 1. Input Gain Setting and Zero Suppression
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It is possible to use a trimpot to correct for initial gain and
system gain errors. The feedback resistor can be comprised of a
resistor in series with a trimpot, as long as the total resistance
remains within =+ 20% of 20kf{). Alternatively, the gain resistor
can also be an adjustable resistor.

Output Gain Setting: On the output side, FILTER is normally
connected to Vo for £5V, These pins can be used to provide a
+ 10V ourput swing, or to increase the maximum gain of the
unit. This is described in the applications examples below.

Zero Suppression: Since the 1B51 is a differential input device,
true input referred zero suppression can be accomplished (see
Figure 1). A voltage reference powered by the input side power
supplies is applied to the LO terminal. Since the transfer function
is

Vo = (V(HI) - V(LO)) x GAIN

the input voltage for which the desired output is zero should be
applied to the LO pin. The equation is

Vz = L25(R Rz| + Rz2))
Any drlft t zero suppression voltage appears as offset

drift, qr a stable reference should be used. If the
seen by the LO input exceeds 10042, a 1pF

,,a_._;_ wga caﬁacno& should be connected between LO and COM.

LES
mﬁnm Although the 1B51 provides + 1500V of
4 e

‘mode protection, it is sometimes desirable to have

‘sﬁmc level of normal-mode protection as well. The signal input

mpt', %o
)

of ghe is normally less than = 500mV (5V out at a gain of

‘l(})}pum be very large under a fault condition.

Mrcult shown in Figure 2 illustrates how to use the PROT
1 pin to protect the 1B51 against accidental application of up
to 220V ac. Under normal operation, one of the diode connected

transistors is forward biased, while the other is reverse biased.

(23) FLTER
@ Vo

(17) + 15v
(16) - 15v
(15) anp

Figure 2. Input Protection

When the input voltage exceeds the reverse base-emitter break-
down voltage plus the forward bias voltage drop of the other
transistor (totaling about 8§ volts for the PN3906), current flows
through the input resistor and transistor pair to input side common.
The PN3906 also exhibits a very low base-emitter reverse leakage
current, so as not to affect normal operation of the device.
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The fault voltage appears mostly across the input resistor, which
must be 39k} + 10% because it is part of the input filter. This
resistor must be capable of dissipating the power supplied by
the fault source. For 130V ac, this is 0.43W, and for 220V ac, it
must be able to dissipate 1.24W,

Output Gain: The 1B51 can be configured to provide gain at
the output to produce an output range of = 10V or to increase
its maximum gain capability to 10,000, By connecting two resistors
as shown in Figure 3, the output gain is (R1+R2)/R1. This
ratio can be as high as 10. The gain of the 1B51 is multiplied by
this output gain to get the overall gain. The thermal drift of the
resistor ratio is added to the thermal drift of the 1B51 and input
side gain resistors. )

Open Input Detection: This can be accomplished by putting a
resistor from the HI input terminal to + Vygs or —Viss when a
low impedance input such as a thermocouple is used. For example,

a 1M} resistor from — V;ss to HI will cause the output voltage
to go below the minus full-scale output if the input is opened,
like a broken thermocouple.

1851
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ANALOG
DEVICES

High Performance, 4-20mA Output

Voltage-to-Current Converter

2B20

FEATURES

Complete, No External Components Needed

Small Size: 1.1" x 1.1" x 0.4" Module

Input: 0 to +10V; Output: 4 to 20mA

Low Drift: 0.005%/°C max; Nonlinearity: 0.005% max
(2B820B)

Wide Temperature Range: -25°C to +85°C

Single Supply: +10V to +32V

Meets ISA Std 50.1 for Type 3, Class L and U, Nonisolated
Current Loop Transmitters

Economical

APPLICATIONS

Industrial Instrumentation and Control Systems

D/A Converter — Current Loop Interface

Analog Transmitters and Controllers

Remote Data Acquisition Systems

GENERAL DESCRIPTION

Model 2B20 is a complete, modular voltage-to-current con-
verter providing the user with a convenient way to produce

a current output signal which is proportional to the voltage
input. The nominal input voltage range is 0 to +10V. The out-
put current range is 4 to 20mA into a grounded load.

Featuring low drift (0.005%/°C max, 2B20B) over the -25°C
to +85°C temperature range and single supply operation (+10V
to +32V), model 2B20 is available in two accuracy grades. The
2B20B offers precision performance with nonlinearity error

of 0.005% (max) and guaranteed low offset error of 0.1%
max and span error of +0.2% max, without external trims. The
2B20A is an economical solution for applications with lesser
accuracy requirements, featuring nonlinearity error of 0.025%
(max), offset error of +0.4% (max), span error of £0.6% (max),
and span stability of 0.01%/°C max.

The 2B20 is contained in a small (1.1" x 1.1" x 0.4"), rugged,
epoxy encapsulated package. For maximum versatility, two
signal input (Vg and Vi) and two reference input (REFpyg
and REFyy ) terminals are provided. Utilizing terminals Vg
and REFpy; eliminates the need for any external components,
since offset and span are internally calibrated. If higher accu-
racy (up to £0.01%) is required, inputs Viyz and REFpy2 with
series trim potentiometers may be utilized.

APPLICATIONS

Model 2B20 has been designed for applications in process con-
trol and monitoring systems to transmit information between

subsystems or separated system elements. The 2B20 can serve
as a transmission link between such elements of process con-

2B20 FUNCTIONAL BLOCK DIAGRAM

trol system as transmitters, indicators, controllers, recorders,
computers, actuators and signal conditioners.

In a typical application, model 2B20 may act'as an interface
between the D/A converter output of a microcomputer based
system and a process control device such as a variable position
valve. Another typical application of the 2B20 may be as a
current output stage of a proportional controller to interface
devices such as current-to-position converters and current-to-
pneumatic transducers.

DESIGN FEATURES AND USER BENEFITS

Process Signal Compatibility: To provide output signal com-
patibility, the 2B20 meets the requirements of the Instrument
Society of America Standard §50.1, “Compatibility of Analog
Signals for Electronic Industrial Process Instruments” for Type
3, Class L and U, nonisolated current loop transmitters.

External Reference Use: For increased flexibility, when ratio-
metric operation is desired, the 2B20 offers a capability of
connecting an external reference (i.e., from multiplying D/A
converter) to the REFy2 terminal.

Wide Power Supply Range: A wide power supply range (+10V
to +32V dc) allows for operation with either a +12V battery,
a +15V powered data acquisition system, or a +24V powered
process control instrumentation.

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 11-59
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SPECIFICATIONS (ysca @ 25 and v, = +15v st nte

Model 2B20A 2B20B
INPUT SPECIFICATIONS

Voltage Signal Range 0o +10V ?

Input Impedance 10k 2
OUTPUT SPECIFICATIONS

Current Output Range' 4 1o 20mA *

Load Resistance Range®

Vg =+12V 0 to 35052 max *

Vg=+15V 0 to 5000 max *

Vg= +24V 0 to 9508 max :
NONLINEARITY (% of Span) +0.025% max +{3.005% max
ACCURACY?

Warm-Up Time to Rated Specs 1 minute *
Total Qutput Error @ +25°C3+*

Offset (Vi =0 volts) +0.4% max +0.1% max

Span (Vg =+10 volts) +0.6% max +0.2% max

vs. Temperature (-25°C to +85°C)

Offset (V=0 volts) +0.01%/°C max £0.005%/°C max

Span (Viy = +10 volts)

£0.01%/°C max

+0.005%/°C max

DYNAMIC RESPONSE
Settling Time — to 0.1% of F.S.

for 10V Step 25us »
Slew Rate 2.5mA/us »
REFERENCE INPUT*
Voltage +2.5V de .
Input Impedance 10k *
POWER SUPPLY
Voltage, Rated Performance +15V de 24
Voltage, Operating +10V to +32V dc max  *
Supply Change Effect (% of Span)®
on Offset +0.005%/V *
on Span +0.005%/V .
Supply Current 6mA + I 0AD *

TEMPERATURE RANGE
Rated Performance

-25°C 10 +85°C

Storage -55°C 10 +125°C *
CASE SIZE 1.125" X 1.125"
X 0.4" *
NOTES

*Specifications same as 2B20A,

! Current ourput sourced into & grounded load over a supply voltage range of +10V to +32V.
2See Figure 1 for the maximum load resistance value over the power supply range.

* Accuracy is guaranteed with no external trim adjustments when REF|y is connected to REFgyuT.

“ Al accuracy s specified as % of output span where outpur span is 16mA (20.1%=20.016mA

output error).

¥ Reference input is normally connected to the reference output (+2.5V de).
¢ Optional trim pots may be used for calibration at each supply voltage.

Specifications subject to change without notice.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

r-ua (28.7) MAX -I _J_

041 (10.4]
MODEL 2820 LA

s

immm 0.04 [1.02)
5TO 84} DA
o e
It{I E ;;elm‘,“
:0!« el
39 Vim T oes 1.13 (25
pp pEmd i &t
dgeon
10 Ving, |
I HL
0 1625 e e = 0.1825
#.12) 18.12)
||
0.11(2.5) GRID
BOTTOM VIEW

WEIGHT 106 Grams

MATING SOCKET: AC1016

LOAD RESISTANCE RANGE

The load resistance is the sum of the resistances
of all connected receivers and the connection
lines. The 2B20 operating load resistance is
power supply dependent and will decrease by
50 ohms for each 1 volt reduction in the power
supply. Similarly, it will increase by 50 ohms
per volt increase in the power supply, but must
not exceed the safe voltage capability of the unit.

POWER SUPPLY [+Vg) — Volta

Ry MAX =

B

Figure 1. Maximum Load Resistance vs.
Power Supply



Applying the 2B20

PRINCIPLE OF OPERATION

The design of the 2B20 is comprised of high performance op
amps, precision resistors and a high stability voltage reference
to develop biasing and output drive capability. The 2B20 is
designed to operate from a single positive power supply over a
wide range of +10V to +32V dc and accepts a single ended, 0
to +10V voltage input. The internal reference has nominal out-
putvoltage of +2.5V (REFgyr) and is used to develop 4mA out-
put current for a zero volts input when REFyy is connected

to REFpuyr.

The output stage of the 2B20 utilizes a sensing resistor in the
feedback loop, so the output current is linearly related to the
voltage input and independent of the load resistance. There is
no minimum resistance for the loads driven by the 2B20; it
can drive even a short circuit with no damage to the unit. The
maximum resistance of the load as seen by the unit (resistance
of the load plus the resistance of the connecting wire) is lim-
ited. The maximum external loop resistance, Ry, is given by:

_ +Vg -5V
Ry, (£2) max = (——-——mmA )

Figure 1 shows the operating region of the 2B20. The load
must be returned to power supply common. The voltage
appearing between lgyT (pin 5) and COM (pin 2) should not
exceed Vipax = +Vg - 5V. Exceeding this value (up to +32V
dc) will not damage the unit, but it will result in a loss of
linearity.

The basic connections of the 2B20 are shown in Figure 2.

Figure 2. Basic Connections Diagram

OPTIONAL CALIBRATION AND TRIM PROCEDURE
Model 2B20’s factory trimmed offset error is £0.1% max and
span error is $0.2% max (2B20B). In most applications, further
trimming will not be required. If it is necessary to obtain cali-
brated accuracy of up to +0.01%, or, if a high signal source
resistance (with respect to 10k£2) introduces calibration error,
inputs Vinz and REFyN; and optional trim pots should be
used with Vg and REFyy open. To perform external trims,
connect 50062 potentiometers in series with Viyz (span trim)
and REFpy; (offset trim) as shown in Figure 3. Adjust span
pot, monitoring voltage drop across R pgap, to obtain an out-
put voltage of 5.000V (Igyt=20mA) for a +10V input. Next,
with 0 volts input, adjust offset pot to obtain 1.000V output
(Iopyt=4mA). Check both offset and span and retrim if neces-
sary after each adjustment.

Figure 3. Model 2B20 Connections Using Optional Offset
and Span Trims

CONNECTING THE 2B20 FOR 0 TO 10mA OUTPUT

The 2B20 may be utilized in applications requiring 0 to 10mA
current output for a 0 to +10V input voltage range as shown
in Figure 4a. To obtain OmA output for OV input, adjust the
offset potentiometer until there is no current flowing in the
output. The 2B20 span calibration may be adjusted by a 2k{2
gain potentiometer in series with the Vgjg input.

OFFSET Vs

ZNSIET
EQUIVALENT

Za22k
b

-18V

Figure 4a. 2B20 Configuration for 0 to 10mA Operation

CONNECTING THE 2B20 FOR 0 TO 20mA OUTPUT

The 2B20 may also be configured for use in applications
requiring 0 to 20mA output for a 0 to +10V input range as
shown in Figure 4b. To obtain OmA output for OV input,
adjust the offset potentiometer. The 2B20 span calibration
may be adjusted by a 2k§l gain potentiometer in series with
the Vg input.

1
17 8k 3
R
GRIN
0 TO 20mA
k
+ ’ Rioan
Vi
070 +10V de
- 20k S
O+ o) 2N5962
(5) oR
0 ) EOWIVALENT
20k
4 22k

-5V

Figure 4b. 2B20 Configuration for 0-to-20mA Operation
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OUTPUT PROTECTION

In many industrial applications, it may be necessary to protect
the 4 to 20mA output from accidental shorts to ac line volt-
ages. The circuit shown in Figure 5 can be used for this pur-

pose. The maximum permissible load resistance will be lowered

by a fuse resistance value when protection circuitry is utilized.

2820

ok FUSE (5.8
5
i 1/164
GE. Ruoap
@) = naooz 7 GuF VARISTOR-
il V272A1

v

Figure 5. Output Protection Circuitry Connections

APPLICATIONS

Interfacing Voltage Output D/A Converters: The 2B20 is well
suited in applications requiring 4 to 20mA output from

D/A converters. The voltage necessary to power the current
loop can be derived from the same +15V supply that is used
to power the converter. The D/A converter, such as the 12-bit
AD DACS80, should be connected for operation on the uni-
polar 0 to +10V output range. This is shown in Figure 6. After
the load resistor connection has been made, the current
loop can be calibrated using the offset and span adjustment
potentiometers associated with the 2B20 (or the AD DAC80).
First, a digital input code of all ones is loaded into the D/A,
and the offset adjustment potentiometer is adjusted for a
current output of exactly 4mA. Then, a digital code of all 0s

is loaded into the D/A, and the span adjustment potentiometer

is adjusted for a voltage across the load that corresponds to a
current of 20mA -1LSB =19.9961mA.

ADI 823 PR COM
FOWER SUFPLY
Y
a 18 |G ang
-1y i
1-': MFH F e, OnF  [asv
13 n"?_' AL L ECNE: ooy 6‘ U Dl [
BT 1 (M5E) g 6
2 AD DACEO " [eeanzor] 2820 oo
T qn T 10 i I il & dmd
oiaTaL | Your A wuT ouTRIT
NPUT ) 5001
bss Ry
BIT 12 LS50

[ I%‘I $
Figure 6. AD DAC80 — 4 to 20mA Current Loop Interface

Interfacing Current Qutput D/A Converters: To interface cur-
rent output D/A converters, such as the AD562, a circuit con-
figuration illustrated in Figure 7 should be used. Since the

AD562 is designed to operate with an external +10V reference,

the same external reference may be utilized by the 2B20 for
ratiometric operation. The output of the AD562 is used to
drive the summing junction of an operational amplifier to pro-

duce an output voltage. Using the internal feedback resistor of

the AD562 provides a 0 to +10V output voltage range suitable
to drive the 2B20.

Figure 7. 12-Bit — 4 to 20mA Current Loop Interface

Microcomputer — Current Loop Interface: Figure 8 shows a
typical application of the 2B20 1in a multichannel microcom-
puter analog output system. When a microcomputer is to con-
trol a final control element, such as a valve positioner, servo-
mechanism or motor, an analog output board with 4 to 20mA
outputs is often necessary. The output boards typically have
from one to eight channels, each with its own D/A converter.
The 2B20, in a compact package, allows for an easy installation
without any additional components and offers a 12-bit system
compatible performance.

]

]
]
]
r
I

VoL’
ou

U
O/A !
2830
ONVERTER| & 20mh,
OUTRUT

TAGE
T
+ ACTUATOR
DRIVE

MICRO
COMPUTER

§
i

g

Figure 8. Microcomputer Analog Output Subsystem

Pressure Control System: In Figure 9, model 2B20 is used in a
proportional pressure control system. The 3-15psi working
pressure of a system is monitored with a pressure transducer
interfaced by the model 2B31 signal conditioner. The high level
voltage output of the 2B31 is converted to a 4 to 20mA to
provide signal to the limit alarm and proportional control cir-
cuitry. A current-to-position converter controlling a motorized
valve completes the pressure-control loop.

D1 7831 tov [ 7820 | azoma
SIGNAL I°'_| Vil CON- AT
CONDITIONER VERTER

PROPORTIONAL
CONTROLLER

4.20mA

MOTORIZED |

VALVE
®

I CONVERTER

Figure 9. Proportional Pressure Control System

Isolated 4 to 20mA Output: For applications requiring up to’
+1500V dc input to output isolation, consider using Analog
Devices' model 2B22 isolated voltage-to-current converter,
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ANALOG
DEVICES

High Performance, Isolated
Voltage-to-Current Converter

2B22

FEATURES
Wide Input Range: 0 to +1V to 0 to +10V
Standard Output Range: 4 to 20mA
High CMV Input/Output Isolation: 1500V dc Continuous
Low Nonlinearity: 0.05% max, 2B22L
Low Span Drift: 0.005%/°C max, 2822L
Single Supply: +14V to +32V
Meets IEEE Std 472: Transient Protection (SWC)
Meets ISA Std 50.1: Isolated Current Loop Transmitters
APPLICATIONS
Industrial Instrumentation and Process Control
Ground Loop Elimination
High Voltage Transient Protection
D/A Converter — Current Loop Interface
Analog Transmitters and Controllers
Remote Data Acquisition Systems

GENERAL DESCRIPTION

Model 2B22 is a high performance, compact voltage-to-cur-
rent converter offering 1500V dc input to output isolation in
interfacing standard process signals. The input stage of the
model 2B22 is single resistor programmable to accept voltage
ranges from 0 to +1V to 0 to +10V. The isolated output cur-
rent range is 4 to 20mA, and the 2B22 can be operated with
0 to 1000£2 grounded or floating loads.

Using modulation techniques with transformer isolation for
reliable performance, the 2B22 is available in three accuracy
selections offering guaranteed nonlinearity error (2B22L:
#0.05% max, 2B22K: £0.1% max, and 2B22]: £0.2% max)
and guaranteed low span drift: £0.005%/°C max, +0.01%/°C
max, and £0.015%/°C max, respectively. The internally trim-
med span and offset errors are +0.1% max for the 2B22L and
10.25% max for the 2B22]/2B22K. Both span and offset are
adjustable by the optional external potentiometers.

Featuring a wide range, single supply operation (+14V to
+32V), the 2B22 provides isolated +28V loop power and is
capable of delivering rated current into an external 0 to 10008
load resistance. The unique output stage configuration also al-
lows the user to utilize an optional external loop power supply
to interface systems designed for a two-wire operation.
APPLICATIONS

Model 2B22 has been specifically designed for high accuracy
applications in process control and monitoring systems to offer
complete galvanic isolation and protection against damage
from transients and fault voltages in transmitting information
between subsystems or separated system elements. The 2B22
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2B22 FUNCTIONAL BLOCK DIAGRAM

MODEL 2B22

meets the requirements of the Instrument Society of America
Std. 50.1 ““Compatibility of Analog Signals for Electronic
Industrial Process Instruments” for Type 4, Class U isolated
current loop transmitters.

In the industrial environment, model 2B22 can serve as a
transmission link between such system elements as transmit-
ters, indicators, controllers, recorders, computers, actuators
and signal conditioners. In data acquisition and control sys-
tems, the 2B22 may act as an isolated interface between the
D/A converter output of a microcomputer and standard 4 to
20mA analog loops.

DESIGN FEATURES AND USER BENEFITS

High Reliability: Model 2B22 is a conservatively designed,
compact module capable of reliable operation in harsh
environments. To assure high reliability, the 2B22 has a
calculated MTBF of over 270,000 hours and has been de-
signed to meet the IEEE Standard for Transient Voltage
Protection (472-1974: Surge Withstand Capability).

Process Signal Compatibility: The versatile inpurt stage design
with a single resistor gain adjustment enables the 2B22 to ac-
cept any one of the standard inputs—0-1V, 0-10V, 1-5V; or
1-5mA, 4-20mA, 10-50mA; and provide standard, isolated
4-20mA output,

Isolated Loop Power: Internal 28V dc loop supply, completely
isolated from the input power terminals (+1500V dc isolation),

provides the capability to drive 0 to 100052 loads and elimi-
nates the need for an external dc/de converter.
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SPECIFICATIONS pecs @ +25 ana v, = +15 s terise e

Model 2haz) JEE2K 2800 OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Dl sl in iniches and (mm).
Voltage Signal Range, G = 1.6mA/V 0 to +10V . . SO N ()
G=16mA/V Oto+1V . . »
Gain Range 1.6 to 16mA/V e . shewacing 1
Maximum Safe Input +15V . .
Input Impedance 10M12 . MODEL 2822 W 118.1)
OUTPUT SPECIFICATIONS
Current Output Range 4 to 20mA " X 0040 (1 02~
Load Resistance Range, Vg = +14V 1o +32V,
Internal Loop Power 0 to 100082 max » = T T
Maximum OQutput Current, OUT 1101
@ Input Overload 25mA ¥ "
Qutput Ripple, 100Hz Bandwidth
G=1.6mA/V 60uA pk-pk . s
NONLINEARITY (% of Span) 10.2% max +0.1% max +0.05% max e
CMV, INPUT TO OUTPUT vadflead
ac, 60Hz, 1 Minute Duration 1500V rms * . e ‘”I‘lw‘
Continuous, a¢ or dc +1500V pk max . " T T
CMR, INPUT TO OUTPUT o ,«:
60Hz, 1kl Source Imbalance 9048 2 ks o i i
ACCURACY! —=| f=— 01284 GRID
Warm Up Time to Rated Performance § Minutes
Total Output Error @ +25°C'
Offset (Vi = 0V) +0.25% max +0.25% max +0 1% max
Span (Vpy = +10V) +0.25% max 0 25% max £0.1% max INTERCONNECTION PIAG_RAM
vs. Temperature (0 to +70°C, G = 1.6mA/V) e » Model 2B22 can be applied directly ro
Offset (Viy = 0V) £0.01%/°C max £0.005%/ Cmax 0 0025%/ Cmax  jchieve rated performance as shown in
Span (Vpy = +10V) £0.015%/Cmax  20.01%/ Cmax  *0.005%/°C max 4 P _ :
vs. Temperature (0 to +70°C) . Figure 1 below. The input stage gain of
Offset (Vpy = 0V, G = 1.6mA/V to A r 4 1.6mA/V, to convert a 0 to +10V signal
16mASY) +0.01%°C +0 005%/°C £0.0025%/°C . A
Span (G = 1.6mA/V to 16mA/V)’ +0.015%/°C +0 01%/°C +0 005%/°C into a 4 to 20mA output CUCtent, a5 ob
tained with the values shown. A single
DYNAMIC RESPONSE lari
Sertling Time — to 0.1% of F-S. for 10V Step  300us ’ . polarity power supply (+14V to +32V dc)
Slew Rate 0.06mA/us : * should be connected to pin 8. To elimi-
REFERENCE INPUT . nate ground loops, the user should ensure
Volags 32.3Vide , p that the signal return (common) lead does
Input Impedance 6kl -
not carry the power supply current. Pow-
OSCILLATOR ; 7
e 5 fEl 100KkHz £ 10% . . er common (pin 7) and signal common

$ i
External Sync Input

Frequency 100kHz £ 10% max * *
Waveform Square wave, . .
50% dury cycle
Valtage 20V pp *
POWER SUPPLY
Voltage, Rated Performance +15V de . .

Vaoltage, Operating
Supply Current (at Full Scale Qutput)

+14V 1o +32V de

Using Internal Loop Power 100mA . *
Using External Loop Power 50mA . .
Supply Change Effect (% of Span)
on Offset (Vi =0V) £0.0005%/V . .
on Span (Vi = +10V) £0.0005%/V B *
TEMPERATURE RANGE
Rated Performance 0to +70°C o .
Operating -25°Cto +75°C . .
Storage -55°Cto+85°C  * kg
CASE SIZE 22"X3"X06" * .
NOTES

! Accuracy 1 guaranteed at G = | 6mASV with no external tnm

sdyjustments when coanected as shown in Figure 1,

* All accuracy 15 % of span where span 15 16mA (20.1% = :0.016mA error).
*Span T.C. for guns hugher than 1.6mA/V s Rg; dependent — a low T.C.

ppm/C) Re; 18
*Speaifications same us 2822)

ded for bess perf

Specifications subject 1o change without nonice.
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(pin 6) should be tied at the power supply
common terminal. The voltage difference
between pins 6 and 7 should not exceed
0.2V. An internal de-dc converter pro-
vides isolated output loop power (pins 13
and 14), which is connected externally to
the current output terminals (pins 11 and
12) and a load resistance. The standard 4
to 20mA current output signal is delivered
into any external load between zero and

100052,

Y~

21500V de MAX

NOTE  Ressstons R and R are 1%, 50ppm/”C Metal Fiim Typs Valsss

shown are for G = 1 BmANV For G = 16mA/V, use 10ppm”C &
and CRg - -

Figure 1. Basic Connections



Applying the Isolated Voltage-to-Current Converter

FUNCTIONAL DESCRIPTION

The high performance of model 2B22 is derived from the
carrier isolation technique which is used to transfer both signal
and power between the V/I converter’s input circuitry and the
output stage. High CMV isolation is achieved by the transform-
er coupling between the input amplifier, modulator section
and the current output circuitry. The block diagram for model
2B22 is shown in Figure 2 below.

The 2B22 produces an isolated 4 to 20mA output current
which is proportional to the voltage input and independent of
the load resistance. The input amplifier operates single-ended
and accepts a positive voltage within 0 to +10V range. Gain
can be set from 1.6mA/V to 16mA/V by changing the gain
resistor Rg to accommodate input ranges from 0 to +1V (G =
16mA/V) to 0 to +10V (G = 1.6mA/V). The transfer function
is IOUT = (4mA +G XV]‘N).

An internal, high stability reference has nominal output volt-
age of +2.5V (REF OUT) and is used to develop a 4mA output
current for a 0 volts input. The terminals REF OUT (pin 1)
and REF IN (pin 2) should be connected via the offset setting
resistor Rg. For ratiometric operation, an external reference
voltage can be connected to the REF IN terminal.

The 2B22 is designed to operate from a single positive power
supply over a wide range of +14V to +32V dc. An internal
de-de converter provides isolated +28V loop power which is
independent of +Vg. The maximum resistance of the load Ry,
(resistance of the receivers plus the resistance of the connec-
ting wire) is 1000£2. Since the loop power is derived from the
input side, the current capability of the power supply (+Vg)
must be 100mA min to supply full output signal current.

MODEL 2822 1) SCURRENT

Figure 2. Block Diagram — Model 2B22

OPTIONAL TRIM ADJUSTMENTS

Model 2B22 is factory calibrated for a 0 to +10V input range
(G = 1.6mA/V). Asshipped, the 2B22 meetsits listed specifica-
tions without use of any external trim potentiometers, Addi-
tional trim adjustment capability, to reduce span and offset
errors to £0.05% max, is easily provided as shown in Figure 3.
The span and offset trim pots are adjusted while monitoring
the voltage drop across a precision (or known) load resistor.
The following trim procedure is recommended:

1. Connect model 2B22 as shown in Figure 3.

2. Apply Vi = 0 volts and adjust Rg (Offset Adjust) for
VouTt=+2V t4mV.

3. Apply Vi = +10.00V and adjust Rg (Span Adjust) for
Vout =+10V £4mV.,

Figure 3. Optional Span and Offset Adjustment

GAIN AND OFFSET SETTING

The gain of the 2B22 is a scale factor setting that establishes
the nominal conversion relationship to accommodate +1V to
+10V full scale inputs (Vpy ). The value of the gain setting re-
sistor Rg is determined by: Rg(kS2) = 6.314SF/(10.1 - SF)
where SF is a scale factor equal to the value of Vpy F.S. Ex-
ample: to convert a 0 to +1V input to the 4 to 20mA output,
SF =1 and Rg = 693§l. Due to device tolerances, allowance
should be made to vary Rg by £5% using the potentiometer.

The value of the offset resistor Rg is independent from the
gain setting and given by the relationship: Rg (k§2)=2.5
(VREF - 2.4) where Vygr is the reference voltage applied. For
example, the reference provided by the 2B22 is +2.5V and
therefore R = 25082, The accuracy of the RQ calculation from
from the above formula is £5%. When an external reference
operation is desired (i.e. for ratiometric operation), connect
the reference voltage via Rg to pin 2 and leave pin 1 open.

EXTERNAL LOOP POWER OPERATION

For maximum versatility, the 2B22’s output stage is designed
to operate from the optional, isolated external loop power sup-
ply. This feature allows the user to interface systems wired for
a two-wire operation. As shown in Figure 4, the same wiring is
used for loop power and output. The load resistance is con-
nected in series with an external dc power supply (+6V to
+32V), and the current drawn from the supply is the 4 to
20mA output signal. The input stage of the 2B22 still requires
+Vg power, but the current drain from +Vg is limited to 5S0mA.
Use of an external loop power may require gain and offset
trimming to obtain specified accuracy. The maximum series
load resistance depends on the loop supply voltage as shown
in Figure 4.

y

ITT1]

A 0 -
2822 g
20 L
COM oM "“'w
{7 11500V de MAX T R

EXTERAMAL *¥yope — Vaim

Figure 4. Optional External Loop Power Operation
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SYNCHRONIZING MULTIPLE 2B22’S

In applications where multiple 2B22’s are used in close prox-
imity, radiated individual oscillator frequencies may cause
“beat frequency" related output errors. These errors can be
eliminated by synchronizing multiple units by connecting the
SYNC OUT (pin 10) terminal to the SYNC IN (pin 9) terminal
of the adjacent 2B22. The SYNC OUT terminal of this
“slaved” unit can be used to drive another adjacent 2B22
(Figure 5). For best accuracy, each 2B22 should be retrim-
med when synchronizing connections are used.

TO ADDITIONAL
822

Figure 5. Multiple 2822°s Synchronization

OUTPUT PROTECTION

The current output terminals (pins 11 and 12) are protected
from shorts up to +32V dc but in many industrial applications,
it may be necessary to protect the 4 to 20mA output from
accidental shorts to ac line voltages in addition to back EMF
induced from long output connections. The circuit shown in
Figure 6 can be used for this purpose. The maximum per-
missible load resistance will be lowered by a fuse resistance
value when protection circuitry is utilized.

FUSE
1164 (5.8.)
N\
=01, Vamison 3R
o VZIZA1

Figure 6. Output Protection Circuitry Connections

Al

APPLICATIONS IN INDUSTRIAL MEASUREMENT AND
CONTROL SYSTEMS

Process Signal Isolator: In process control applications, model
2B22 can be applied to interface standard process signals (e.g.
1to 5mA, 4 to 20mA, 10 to 50mA, 1 to 5V) and convert
them to isolated 4 to 20mA output. A typical hook-up of
model 2B22 is illustrated in Figure 7, showing input resistor

ne- YuE3 -
6.314 5F *
Ra = e or

SF =V F.5.

MEASURING
RESISTOR

*Rg EQUATION ACCURACY IS +5%

Figure 7. Process Signal Current Isolator

Rg converting the current from a remote loop to a voltage in-
put, and a span adjustment resistor Rg. A value of R¢ should
be selected to develop a minimum of +1V signal with full scale
input current applied. For example, a 5080 resistor converts
the 4 to 20mA current input to a 200mV to 1V voltage input,
which the 2B22 isolates and converts to a 4 to 20mA output.
The reference input (pin 2) is not connected since the process
signal provides a desired offset.

Isolated D/A Converter: Model 2B22 offers total ground isola-
tion and protection from high voltage transients in interfacing
D/A converters to standard 4 to 20mA current loops. This
requirement is common in a microcomputer-based control
system. The voltage necessary to power the current loop can
be derived from the same +15V supply that is used to power
the D/A converter. The D/A converter, such as the 12-bit AD
DAC80, should be connected for operation on the unipolar

0 to +10V output range. This is shown in Figure 8. After the
load resistor connection has been made, the current loop can
be calibrated using the offset and span adjustment potentio-
meters associated with the 2B22. First, a digital input code of
all one’s is loaded into the D/A, and the offset adjustment
potentiometer is adjusted for a current output of exactly 4mA.
Then, a digital code of all zero's is loaded into the D/A, and the
span adjustment potentiometer is adjusted for a voltage across
the load that corresponds to a current of 20mA less 1LSB
(19.9961mA).

AD DACSOD

Figure 8. D/A Converter — Isolated 4 to 20mA Interface

Pressure Transmitter: In Figure 9, model 2B22 is used in a
pressure transmitter application to provide complete input-
output isolation and avoid signal errors due to ground loop
currents. The process pressure is monitored with a strain gage
type pressure transducer interfaced by the Analog Devices'
model 2B30 transducer conditioner. The bridge excitation and
system power is provided by the model 2B35 triple output
power supply. The high level voltage output of the 2B30 is
converted to the isolated 4 to 20mA current for transmission
to a remote recorder or indicator.

4 TO Do,

HECOHDER
INDICATOR

*1500V de MAX

Figure 9. Isolated Pressure Transmitter
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ANALOG
DEVICES

Programmable Output,

Isolated Voltage-to-Current Converter

2B23

FEATURES

Wide Input Range, Resistor Programmable

Pin Programmable Output: 4 to 20mA or 0 to 20mA

High CMV Input/Qutput Isolation: +1500V pk
Continuous

Low Nonlinearity: +0.05% max (2B23K)

Low Span Drift: £0.005%/°C max (2B23K)

Single Supply Operation: +14V to +28V

Small Size: 1.8" x 24" x 0.6"

Meets IEEE Std. 472: Transient Protection (SWC)

Meets ISA Std. 50.1: Isolated Current Loop
Transmitters

APPLICATIONS

Industrial Instrumentation and Process Control
Ground Loop Elimination
Transient Voltage Protection

Analog Transmitters and Controllers

Remote Data Acquisition Systems

GENERAL DESCRIPTION

The model 2B23 is a high performance, low cost voltage to
current converter featuring = 1500V pk input to output isolation
for interfacing with standard process signals. The input stage of
the 2B23 may be single resistor programmed to accept voltages
within a 0 to + 10V range (+ 0.1V to + 10V full scale). The
isolated output is pin programmable to provide current in the
range of 4 to 20mA or 0 to 20mA and can be operated with 0 to
80002 grounded or floating loads.

The 2B23 uses reliable transformer isolation techniques and is
available in two accuracy selections offering guaranteed non-
linearity error (2B23K: *0.05% max, 2B23]: +0.1% max) and
guaranteed low span drift (2B23K: +0.005%/°C max, 2B23]:
*+0.01%/°C max). The internally trimmed span and offset errors
are =0.1% for the 2B23K and +0.25% for the 2B23]. Both
span and offset may be adjusted using optional external
potentiometers,

Featuring wide range, single supply operation (+ 14V 1o + 28V
dc), the 2B23 provides isolated loop power, thus eliminating the
need for an external de/de converter.

APPLICATIONS

Model 2B23 has been designed to provide high accuracy, versatility
and low cost in industrial and laboratory system applications
requiring isolated current transmission. The 2B23 meets the
requirements of the Instrument Society of America Std. 50.1
“Compatibility of Analog Signals for Electronic Industrial Process
Instruments” and may serve as a transmission link between
such system elements as computers, controllers, actuators, re-
corders and indicators.

2B23 FUNCTIONAL BLOCK DIAGRAM

In data acquisition and control systems, the 2B23 may act as an
isolated interface between the D/A converter output of a micro-
computer analog I/O and standard 4 to 20mA or 0 to 20mA
analog loops. In process control systems, the 2B23 may be used
as a current output stage of a proportional controller to interface
devices such as current-to-position converters and current-to-
pneumatic transducers,

DESIGN FEATURES AND USER BENEFITS

High CMYV Isolation: The 2B23 features high input to output
galvanic isolation to eliminate ground loops and offer protection
against damage from transients and fault voltages. Its isolation
barrier will withstand continuous CMV of = 1500V pk and
1500V rms @ 60Hz for 60 seconds.

High Reliability: To assure high reliability in harsh industrial
environments, reliable magnetic isolation is used. The 2B23
meets the IEEE Standard for Transient Voltage Protection (472—
1974: Surge Withstand Capability) and offers reliable operation
over —25°C to +85°C temperature range.

Versatility: The 2B23 can be easily tailored to the user’s appli-
cation, accommodating a wide range of input voltages, providing
pin programmable, standard current outputs and offering wide
range, single supply operation,

Small Size: To conserve board space, the 2B23 is packaged in a
compact, 1.8" x 2.4" x 0.6" module.
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SPEBIFICATIONS (typical @ +25°C and Vg = + 15V unless otherwise noted)

Model 2B23) 2B23K OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Lusersions suowan: Inclies g (hrh).

Input Voltage Range I 241 812 i
Factory Calibrated 0to +10V * | 1
Full Scale Input +0.1V min to + 10V max % &

Transfer Function (TF) MODEL 2823 oy
Factory Calibrated 1.6mA/V * 1 i
User Programmable 1.6mA/V to 200mA/V * ]] 0040 (1 02) ==

Maximum Safe Input =15V n | B

Input Impedance 10M£1 * T 17

HG 1 +v,
OUTPUT SPECIFICATIONS R S

Currcnt Cutput Range inypes
User Selectable 41020mA, 010 20mA * T L

Load Resistance Range is .‘:‘!1, - -
Internal Loop Power 0 to 800{} max £ 118 gapes

Maximum Output Current IEeprRa. oo oM 1]

0 @ lng;lt pverIMd zzmﬁ typ * H 7 GAIN ADJUST l‘lﬁ;l SEL 120
utput Noise TITITITT TITITTT =
100Hz Bandwidth 1.5.A pk-pk * L R P,

NONLINEARITY +0,1% max +0.05% max ( +0.02% typ)

CMV, Input to Qutput AC1586
ac, 60Hz, 1 min 1500V rms % Dimensions shown in inches and (mm)
Continuous, ac or dc + 1500V pk * i

Eﬁrgiem Protection IEEE Std. 472 (SWC) * By oo 1
@ 60Hz, 1k Source Imbalance 86dB * b ot

ACCURACYI * ) BEALE THIM (§) —— oL

Warm Up Time to Rated Performance 5 Minutes ] ::::’ e :g T

Total Output Error @ +25°C*? o
Offset (Vi = OV) +0.25% max +0.1% max @rerm Acioos
Span (Vi = + 10V) +0.25% max +0.1% max 9““"‘: |

vs. Temperature (0 to +70°C) 3:‘:‘;,"" :’:_::
Offser, 4-20mA Mode +0.01%/°C max +0.005%"°C max o oy

0-20mA Mode +0.01%"C typ +0.005%"°C typ : iy
Span, Both Modes +0.01%/°C max +0.005%/°C max i Ll |
DYNAMICRESPONSE
Settling Time to 0.1% of FS for 10V Step Sms "
Small Signal Bandwidth 400Hz »
POWER SUPPLY

Voltage, Rated Performance ( + Vg) +15Vde w

Voltage, Operating + 14V min to + 28V max »

Supply Current (@ 20mA Output) 75mA *

Supply Change Effect
on Offset and Span = 0.0015%/V *

ENVIRONMENTAL

Temperature Range
Rated Performance 0to +70°C *

Operating —25°Co +85°C *

Relative Humidity
per MIL-STD 202, Method 103B +0.2% Error *

RFI Immunity
27MHz (@ 5W @ 3ft +0.1% Error "

CASESIZE 1.8" x 2.4" x 0.6" *
NOTES
! Accuracy is guaranteed @ TF = 1.6mA/V with no external tim adj when d in the basic confi

*Allaccuracy is % of span where span is 16mA (1.e., 0.1% = 0.016mA error),
*Span T.C. for transfer functions higher than 1.6mA/V 15 R dependent - low T.C. ( = 10ppm/°C)
Rg; recommended for best performance

*Speaifications same as 2B23],
Specificanons subject to change without notice.
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Applying the Isolated Voltage-to-Current Converter

FUNCTIONAL DESCRIPTION

The high performance of model 2B23 is derived from the carrier
isolation technique which is used to transfer both signal and
power between the V/I converter’s input circuitry and the output
stage. High CMV isolation is achieved by the transformer coupling
between the input amplifier stage, modulator, and current output
circuitry. A block diagram of the 2B23 is shown in Figure 1.

Figure 1. 2B23 Functional Block Diagram

Thé model 2B23 produces an isolated 4 to 20mA or 0 to 20mA
output current which is proportional to the input voltage and
independent of the output load resistance. The input amplifier
accepts a positive voltage within the range of 0 to + 10V, The
transfer function of the input stage may be set from 1.6mA/V to
200mA/V (dependent upon the output current range desired) by
changing the gain resistor Rg connected between pins 5 and 7.

An internal, high stability reference having a nominal output
voltage of +5V (REF OUT) is used to develop a 4mA output
current for a 0 volts input. REF OUT (Pin 3) and REF IN (Pin
4) should be connected via the offset scaling resistor Rg. An
output current bypass section allows scaling of the nominal 4 to
20mA output current to a range of 0 to 20mA. This is accomplished
by connecting the output range select pin (Pin 12) to the Ioyr
pin (Pin 10) thereby providing a bypass for the 4mA. For 4-20mA
operation, the bypass pin is connected to Ioyr COMMON

(Pin 11).

The 2B23 is designed to operate from a single positive power
supply (+Vs) over a range of + 14V 1o +28V dc. The power
supply section consists of an input voltage regulator, a dc/de
converter, plus associated rectifying and filtering circuitry. The
dc/dc converter generates isolated loop power which is independent
of Vg and capable of driving the maximum load resistance (re-
sistance of receivers plus the resistance of connecting wire) of
800€). The current capability of the power supply (+ Vs) must
be 75SmA minimum to supply full output signal current.

BASIC INTERCONNECTIONS

The 2B23 may be applied to achieve rated performance as shown
in Figure 2. The transfer function of 1.6mA/V, for conversion
of the 0 to + 10V input signal into a 4 to 20mA output current,
is obtained using the values shown (R = 10k}, Rgc= 30111,

R open). For best performance, Rge should be a metal film,
+0.1% tolerance, 25ppm/°C resistor and Ry should be = 1%,
100ppm/°C.

Vo
[+14V de 1o & 28V de]

0T +10V INPUT/4-20mA OUTPUT
=1500V pk MAX

Figure 2. Basic Interconnections

A power supply (+ V) is connected to Pin 1. To avoid ground
loops, the user should ensure that the input signal return (SIG
COM) does not carry the power supply return current. Power
common (Pin 2) and signal common (Pin 5) should be tied at
the power supply common terminal.

OPTIONAL TRIM ADJUSTMENTS

Model 2B23 is factory calibrated for a 0 to + 10V input range
and an output of 4 to 20mA, meeting its listed specifications
without use of any external trim potentiometers. If desired,
optional span and zero trim adjustments may be easily accom-
plished as described in the following sections.

Input Gain Adjustment: The input gain of the 2B23 is a scale
factor setting that establishes the nominal conversion relationship
to accommodate + 1V to + 10V full scale inputs (V). In addition,
full scale inputs as low as 100mV may be accommodated.

The value of the gain setting resistor Rg is determined by: Rg
(k2) = 10kQN(G—1) where G represents a ratio of 10V/Vp(V)
F.S. For example, to convert a 0 to + 1V input to 4 to 20mA
output, Viy F.§. = +1Vand G = 10V/1V = 10, therefore Rg
=10k2/9 = 1.1k{}. Due 1o resistor tolerances, allowance should
be made to vary Rg by using a series cermet type potentiometer -
(Figure 3). For best performance, Rg should be a metal film,

1% tolerance, 25ppm/°C resistor.

GAIN
ADJUST

070 +1V de INPUT/4-20ma OUTPUT

Figure 3. Input Gain Adjustment
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Offset and Output Scaling Adjustments: After selecting the
required input stage gain, the 2B23 must then be configured for
either 4 to 20mA or 0 to 20mA output current range. Figures 4a
and 4b illustrate the respective methods for each. The value of
the offset resistor Rg is independent from the gain setting and
may be adjusted by a series cermet pot.

For fine adjustment of the output current, Rsc value should be
trimmed as shown in Figure 3.

4 ) REF IN
Ao
201ki}
2001 2823
DFFSET
ADJUST
1 ) REF OUT
4a, 4-20mA Output Connections
)REF IN
200802 2823
OFFSET
ADJUST 3 ) REF OUT

4b. 0-20mA Output Connections
Figure 4. 4-20mA/0-20mA Scaling Connections

USING MULTIPLE 2B23s

Unlike other transformer-based isolators, the 2B23 does not
require any synchronizing circuits to eliminate beat frequency
related output errors in multichannel applications. This is due
to the use of pulse-width modulation technique in the 2B23.
Radiated individual oscillator frequencies will have no effect
upon performance, even in situations requiring multiple 2B23s
to be located in close proximity to one another. For this reason,
no provisions for external synchronization are necessary.

OUTPUT PROTECTION

The current output terminals (Pins 10 and 11) are protected for
reverse voltage and shorts up to +32V dc but in many industrial
applications it may be necessary to protect the 4 to 20mA from
accidental shorts to ac line voltages. The circuit shown in Figure
5 may be employed for this purpose. The maximum permissible
load resistance will be lowered by a fuse resistance value when
protection circuitry is utilized.

FUSE 1116 A. IS.8)
GE
VARISTOR

ol vz1ZA1
0.1aF.50v| g 1uF SOV
CERAMIC

Figure 5. Output Protection Circuitry

APPLICATIONS

In Figure 6, model 2B23 is used in multiloop application of the
data acquisition and control system to provide isolated current
interface to a recorder, indicator and a valve positioner.

2823

. i
Wl u] |1

|

=100 VALVE

Figure 6. Multiloop Isolation

In applications requiring current to voltage conversion, the
2B23 may be used as shown in Figure 7. An external — 10V
reference is used to provide necessary input offset. This circuit
will provide =+ 1500V isolation in converting 4-20mA into a 0 to
+ 10V output. The output measurement device must have a
high input impedance to avoid loading errors.

+18Y

Ve | apser I

Figure 7. 4-20mA to 0 to + 10V Isolated Converter
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ANALOG
DEVICES

High Performance, Economy
Strain Gage/RTD Conditioners

2B30/2B31

FEATURES
Low Cost
Complete Signal Conditioning Function
Low Drift: 0.5uV/°C max (“L"); Low Noise: 1uV p-p max
Wide Gain Range: 1 to 2000V/V
Low Nonlinearity: 0.0025% max (L")
High CMR: 140dB min (60Hz, G = 1000V/V)
Input Protected to 130V rms
Adjustable Low Pass Filter: 60dB/Decade Roll-Off (from 2Hz)
Programmable Transducer Excitation: Voltage (4V to 15V @
100mA) or Current (100uA to 10mA)
APPLICATIONS
Measurement and Control of:
Pressure, Temperature, Strain/Stress, Force, Torque
Instrumentation: Indicators, Recorders, Controllers
Data Acquisition Systems
Microcomputer Analog 1/0

GENERAL DESCRIPTION

Models 2B30 and 2B31 are high performance, low cost, com-
pact signal conditioning modules designed specifically for high
accuracy interface to strain gage-type transducers and RTD's
(resistance temperature detectors). The 2B31 consists of three
basic sections: a high quality instrumentation amplifier; a
three-pole low pass filter, and an adjustable transducer excita-
tion. The 2B30 has the same amplifier and filter as the 2B31,
but no excitation capability.

Available with low offset drift of 0.5uV/°C max (RTI, G =
1000V/V) and excellent linearity of 0.0025% max, both
models feature guaranteed low noise performance (1uV p-p
max) and outstanding 140dB common mode rejection (60Hz,
CMV =10V, G = 1000V/V) enabling the 2B30/2B31 to main-
tain total amplifier errors below 0,1% over a 20°C temperature
range. The low pass filter offers 60dB/decade roll-off from
2Hz to reduce normal-mode noise bandwidth and improve
system signal-to-noise ratio. The 2B31’s regulated transducer
excitation stage features a low output drift (0.015%/°C max)
and a capability of either constant voltage or constant cur-
rent operation.

Gain, filter cutoff frequency, output offset level and bridge
excitation (2B31) are all adjustable, making the 2B30/2B31
the industry's most versatile high-accuracy transducer-interface
modules. Both models are offered in three accuracy selections,
J/K/L, differing only in maximum nonlinearity and offset drift
specifications.

APPLICATIONS

The 2B30/2B31 may be easily and directly interfaced to a wide
variety of transducers for precise measurement and control of
pressure, temperature, stress, force and torque. For ap-

2B31 FUNCTIONAL BLOCK DIAGRAM

REF REF  EXC EXC
+Va  +VaIN out N

plications in harsh industrial environments, such characteristics
as high CMR, input protection, low noise, and excellent tem-
perature stability make 2B30/2B31 ideally suited for use in
indicators, recorders, and controllers.

The combination of low cost, small size and high performance
of the 2B30/2B31 offers also exceptional quality and value to
the data acquisition system designer, allowing him to assign a
conditioner to each transducer channel. The advantages of this
approach over low level multiplexers include significant im-
provements in system noise and resolution, and elimination of
crosstalk and aliasing errors.

DESIGN FEATURES AND USER BENEFITS

High Noise Rejection: The true differential input circuitry
with high CMR (140dB) eliminating common-mode noise
pickup errors, input filtering minimizing RFI/EMI effects, out-
put low pass filtering (f.=2Hz) rejecting 50/60Hz line frequen-
cy pickup and series-mode noise.

Input and Output Protection: Input protected for shorts to
power lines (130V rms), output protected for shorts to ground
and either supply.

Ease of Use: Direct transducer interface with minimum exter-
nal parts required, convenient offset and span adjustment
capability.

Programmable Transducer Excitation: User-programmable
adjustable excitation source-constant voltage (4V to 15V @
100mA) or constant current (100pA to 10mA) to optimize
transducer performance.

Adjustable Low Pass Filter: The three-pole active filter
(fe=2Hz) reducing noise bandwidth and aliasing errors with
provisions for external adjustment of cutoff frequency.
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SPECIFICATIONS wpca @ + 25 ant v = =150 e otrrws rote

28305 2m30K 2msoL OUTLINE DIMENSIONS
MODEL 2831} 2B31K 2B31L . " gy
CAIN' Dimensions shown in inches and (mm).
Gain Range 1 to 2000V/V . ¥
Gam Equation G=(1+94kil/Rg) [20kEH/(Rg + 0 W"m——"-l §
16 2k * A 041
Gan Equanon Accuracy +2% - » i MODELS 2830/3 I Iml
Fine Gan (Span) Adjust Range £20% * =
Gan Temperature Cocr'(mem‘ £25ppm/°C max (+10ppm/ Cryp) * N u Ll Lo "'u‘-_;
Gain Nonlineanity, +0 01% max +0.005% max 0 0025% max Egm::‘,
T
OFFSET VOLTAGES' 1 i
Total Offset Voltage, Referred 1o toe g
Input I T
Immal, @ +25°C Adjustable to Zero (20 SmV ryp)  * s t |
Warm-Up Dnft, 10 Min , G = 1000 Within 5V (RTI) of Final Value * = 1 I
vs Temperature - bt ':,‘:]
G=1V/V 1500V C max +75uVI°C max £50uV/°C max n 801 max
G o= I000VV 23V C max =1V C max 20 5V C max
At Other Gams #(3 + 150/G WV C max (1 £ 7SGVICmax HOS4 SO/G IV C max |r
vs. Supply, G = 1000v/VE L25uVIV . * -
vs. Time, G = 1000V/V *5uV imonth 4 * - 194
Qurput Offser Adjust Range 210V " 2 I 1
INPUT BIAS CURRENT BOTTOM VIEW -]
Inital @ +25°C +200nA max (100nA typ) . . WEIGHT 30 G P 01254 6RO
vs Temperature (0 to +70°C) -0 6nASC " » PIN DESIGNATIONS

INPUT DIFFERENCE CURRENT

Trmal @ +25°C £3nA . x 5
vs Temperature (0 to +70°C) +aopasc ] . 2 1SEL
3 "
INPUT IMPEDANCE H | e
Dnfferential 100MI|47pF i} b : :‘;:&m’:;};ﬂ : :E,:“é:llﬂll 1=l
. .
Commaon Mode 100MSUI47pF 7 | OUTPUT 2 (FILTEREDI 2z | meFouT
8 | mANDWIDTH ADY, 2 %
INPUT VOLTAGE RANGE o | maMOWIDTH ADS 1 £ | ReoUATON v m
Linear Differennial Input 10V L = 10 | Raum 25 | REFIN
Maximum Differential or CMV Input :; _'IG“I : :::

Without Damage 130V rms . 2 13 | INPUT OFFSET TRIM | common
Common Mode Voltage 10V 3 - 4| INPUT OFFSET TRIM 20 | OUTPUT OFFSET TRIM
CMR, 1k§2 Source Imbalance 15 | - ineur

G=1V/V, de to 60Hz' 9045 L s Moot Pam 16 thew 25 e not conmweted o Madel 2630

14048 min o .

G = 100V/V to 2000V/V, 60Hz"
dc?

90dB min (112 typ )

AC1211/AC1213 MOUNTING CARDS

INPUT NOISE
Volrage, G = 1000V/V 4 51143
0 01Hz to 2Hz 14V p-p max * »
10Hz to 100Hz* 1V pp * N
Current, G = 1000
0 01Hz to 2Hz TOpA p-p * -
10Hz 1o 100Hz" 30pA rms * | Mot O o
RATED OUTPUT!
Voltage, 2k€2 Load” £10V mun . .
Current +5mA min ® o
Impedance, dc to 2Hz, G = 100V/V 0182 * :
Load Capacitance 0 01pF max * "
DYNAMIC RESPONSE (Unfiltered)’
Small Signal Bandwidth
-3dB Gan Accuracy. G = 100V/V  30kHz e y
G = 1000V/V SkHz = * —————3mms— s
Slew Rate 1Vips - .
Full Power 15kHz : : AC1211/AC1213
Serthng Time, G = 100, 210V Output
Step to £0 1% ous . A CONNECTOR DESIGNATIONS
LOW PASS FILTER iBessel) =
. . FiN FUNCTION PIN] _ FumcTION
Number of Poles 3 i S A | REGULATOR +Viy iy T | EXCBEL 1
Gain (Pass Band) 1 B | SENSE LOW (-} 2 [18EL
Cutoff Frequency (-3dB Point) 2He * ¥ c | REFOUT 3 | Vexe our
Roll-Off G0dB/decade ‘ * 3 : L’:ié“.:.w 1
4
Offset (at 25°C) £5my . o ¥ 6 |excseLz
Serthing Time, G = 10OV/V, 10V ;l : DUTPUT OFFSET TRIM
Output Step to +0 1% 600ms = - : Vg ‘: My
BRIDGE EXCITATION (See Table 1) wl|™ i
POWER SUPPLY* ’ 5
Voltage, Rated Performance 15V de . = R :::E nll:m "
Voltage, Operating +(12 10 18)V de . : ¥ |ehormeiiin |
Current, Quiescent” +15mA . - U | FILTER OFFSET TRIM 17 | Rgawm
¥ | QUTPUT 2 (FILTERED] W | Rgam
TEMPERATURE RANGE wl- W | OUTPUT 1 [UNFILTERED)
x | NpuT OFFSET TRIM BANDWIDTH ADJ
Rated Performance o n:+?l_)°c i - . ¥ | INPUT OFFSET TRIM ;lﬂ BANDNIDTH ADJ ;
Operating -25°C 1o +85°C . . z | +imeuT 22 | BANDWIDTH ADS 2
Storage -55°C to +125°C . .
CASE SIZE %2 x04" (51x51x10 2mm) * ¥ The AC1211/AC1213 mounting card is available for the
= 2B30/2B31, The AC1211/AC1213 is an edge connector

card with pin receptacles for plugging in the 2B30/2B31
In addition, it has provisions for installing the gain re-
sistors and the bridge excitation, offset adjustment and
filter cutoff programming components, The AC1211/
AC1213 is provided with a Cinch 261-22-30-160 (or

*Specifications same s 2830)/2831)
" Speeificanons referred 1o output st pin 7 with 3 75k, 1%, 25ppmC
fumve span ressstor installed and internally see 2Hz filter cutoff

frequency
*Specificanions referred 1o the unfitered output at pin 1
*Protected for shorts 1o ground and/or enther supply voltsge
* Recommended power supply ADI model 902-2 or model 2835

Tracking power supplies qi ) edge o, The AC1213 includes the
s::,""“""‘ :‘:ﬂ":‘:_‘;‘“:;ﬁ':;“"“ adjustment pots; no pots are provided with the

AC1211,
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Understanding the 2B30/2B31

FUNCTIONAL DESCRIPTION

Models 2B30 and 2B31 accept inputs from a variety of full
bridge strain gage-type transducers or RTD sensors and con-
vert the inputs to conditioned high level analog outputs. The
primary transducers providing direct inputs may be 6082 to
10002 strain gage bridges, four-wire RTD’s or two- or three-
wire RTD’s in the bridge configuration.

The 2B30 and 2B31 employ a multi-stage design, shown in
Figure 1, to provide excellent performance and maximum
versatility. The input stage is a high input impedance (10%2),
low offset and drift, low noise differential instrumentation
amplifier. The design is optimized to accurately amplify low
level (mV) transducer signals riding on high common mode
voltages (£10V), with wide (1-2000V/V), single resistor (Rg),
programmable gain to accommodate 0.5mV/V to 36mV/V
transducer spans and 552 to 20002 RTD spans. The input
stage contains protection circuitry for accidental shorts to
power line voltage (130V rms) and RFI filtering circuitry.

The inverting buffer amplifier stage provides a convenient
means of fine gain trim (0.8 to 1.2) by using a 10k£2 poten-
tiometer (Rg); the buffer also allows the output to be offset
by up to 10V by applying a voltage to the noninverting input
(pin 29). For dynamic, high bandwidth measurements—the
buffer output (pin 1) should be used.

The three-pole active filter uses a unity-gain configuration and
provides low-pass Bessel-type characteristics-minimum over-
shoot response to step inputs and a fast rise time. The cutoff
frequency (-3dB) is factory set at 2Hz, but may be increased
up to 5kHz by addition of three external resistors (Rggp; -
Rsgrs):

INTERCONNECTION DIAGRAM AND SHIELDING
TECHNIQUES

Figure 1 illustrates the 2B3 1 wiring configuration when used
in a typical bridge transducer signal conditioning application.
A recommended shielding and grounding technique for pre-
serving the excellent performance characteristics of the 2B30/
2B31 is shown.

Because models 2B30/2B31 are direct coupled, a ground return
path for amplifier bias currents must be provided either by di-
rect connection (as shown) or by an implicit ground path
having up to 1M2 resistance between signal ground and condi-
tioner common (pin 28). The sensitive input and gain setting

8027 POWER SUPPLY

terminals should be shielded from noise sources for best per-
formance, especially at high gains. To avoid ground loops, sig-
nal return or cable shield should never be grounded at more
than one point.

The power supplies should be decoupled with 1uF tantalum
and 1000pF ceramic capacitors as close to the amplifier as
possible.

TYPICAL APPLICATION AND ERROR BUDGET
ANALYSIS

Models 2B30/2B3 1 have been conservatively specified using
min-max values as well as typicals to allow the designer to
develop accurate error budgerts for predictable performance.
The error calculations for a typical transducer application,
shown in Figure 1 (3508 bridge, ImV/V F.S., 10V excitation),
are illustrated below,

Assumptions: 2B31L is used, G = 1000, AT = +10°C, source
imbalance is 100£2, common mode noise is 0.25V (60Hz) on
the ground return.

Absolute gain and offset errors can be trimmed to zero. The
remaining error sources and their effect on system accuracy
(worst case) as a % of Full Scale (10V) are listed:

Effect on Effect on

Error Source % of F.5. % of F.5.
Gain Nonlineanty 0 0025 +0.0025
Gan Dnift 0,025
Voltage Offser Dnft 0 05
Offser Current Dnft +0.004
CMR +0.00025 $0.00025
Noise (0 01 ro 2Hz) 001 +0.01
Total Amphifier Error 10 09175 max +0.01275 max
Excitation Dnft 20.15 (20.03 oyp) __
Total Qutput Error 0.24175 max #0.0127 max

(Worst Case) (£0.1 typ)

The total worst case effect on absolute accuracy over £10°C is
less than *0.25% and the 2B31 is capable of 1/2 LSB resolu-
tion in a 12 bit, low inpurt level system. Since the 2B31 is con-
servatively specified, a typical overall accuracy error would be
lower than £0.1% of F.S.

In a computer or microprocessor based system, automatic
recalibration can nullify gain and offset drifts leaving noise,
nonlinearity and CMR as the only error sources. A transducer
excitation drift error is frequently eliminated by a ratiometric
operation with the system’s A/D converter.

COM 18V 1V
1pF [l
CABLE SHIELD J
xc D4
Vhﬂ
28 wd 1wl 2d we
REF| REF| ENC| EXC| lwaw| hxc
ouT( N SELy| SELy our
ADJUSTABLE
BRIDGE
EXCITATION v

weuT e g3

WOTE ALL TRIM POTS SHOULD BE  OFFEET
TTER (TRPRTYPE THIM ‘mﬂi ToRT1
15 TURN CEAMET RECOMMENDED) i Ry
FINE
AN
ADJ

l\\ 970 $10V
FILTE 4
T I
6 6 - LOAD
BW (BW aw
ADJ1ADJ 2| ADJ3)
G 8 B0 40 &
SRl Fgg, RMeery Pom  7ORT
vy FILTER
Vs OFFSET OFFSET
ADd TRIM

Figure 1. Typical Bridge Transducer Application Using 2B31
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BRIDGE EXCITATION (2B31)

The bridge excitation stage of the model 2B31 is an adjustable
output, short circuit protected, regulated supply with internally
provided reference voltage (+7.15V). The remote sensing
inputs are used in the voltage output mode to compensate

for the voltage drop variations in long leads to the transducer.
The regulator circuitry input (pin 24) may be connected to
+Vs or some other positive dc voltage (pin 28 referenced)
within specified voltage level and load current range. User-
programmable constant voltage or constant current excitation
mode may be used. Specifications are listed below in Table 1.

MODEL 2831] IB3IK 2B31L
Constant Voltage Output Mode

Regulator Input Voltage Range +3.5V 1o +28V . -
‘Cutput Voltage Range +V to +15V - -
Reguiator inpurGurpur Voitage

Differential 3V to 24V " x
Output Current’ 0o 100mA max  * "
Regulanion, Output Voltage

vs Supply 0 05%/V " =
Load Regulation, I = ImA o

I = S0mA 01% *
Ourput Voltage vs Temperature @ 015%/°C max * d

(0 to +70°C) 0003%/°C typ = -
Output Nowse ImV rms * *
Reference Voltage (Internal) 715V 3% L .

Constant Current Output Mode

Regulator Input Voltage Range  +9 5V 10 +28V . *
Output Current Range 100pA o 10mA .
Comphance Voltage 0w 10V 4 .
Load Regulanon 01% - -
Temperature Cocfficsent

(010 470°C) 0003%/°C N N
Output Notse 1pA rms L *

! Dutput Curvent derated to 33mA max for 24V regulator input/ourput
woltage differential

Table |, Bridge Excitation Specifications

OPERATING INSTRUCTIONS
Gain Setting: The differential gain, G, is determined according
to the equation:

G = (1 +94kQ/Rg) [20kS2/(RE + 16.2k82)]

where Rg is the input stage resistor shown in Figure 1 and Rg
is the variable 10k§2 resistor in the output stage. For best
performance, the input stage gain should be made as large as.
possible, using a low temperature coefficient (10ppm!° C) Rg,
and the output stage gain can then be used to make a +20%
linear gain adjustment by varying Rp.

Input Offset Adjustment: To null input offset voltage, an op-
tional 100k§) potentiometer connected between pins 13 and
14 (Figure 1) can be used. With gain set at the desired value,
connect both inputs (pins 12 and 15) to the system common
(pin 28), and adjust the 100k§2 potentiometer for zero volts
at pin 3. The purpose of this adjustment is to null the internal
amplifier offset and it is not intended to compensate for the
transducer bridge unbalance.

Qutput Offset Adjustment: The output of the 2B30/2B31 can
be intentionally offset from zero over the £10V range by apply-
ing a voltage to pin 29, e.g., by using an external potentiometer
or a fixed resistor. Pin 29 is normally grounded if output off-
setting is not desired. The optional filter amplifier offset null
capability is also provided as illustrated in Figure 1.

Filter Cutoff Frequency Programming: The low pass filter cut-
off frequency may be increased from the internally set 2Hz by
the addition of three external resistors connected as shown in
Figure 1. The values of resistors required for a desired cutoff
frequency, f;, above 5Hz are obtained by the equation below:

Rspr, = 11.6 X 10°/(2.67f - 4.34);
RsgL, = 27.6 X 108 /(4.12f, - 7)
RsgL 3 =1.05 X 10°/(0.806f, - 1.3)
where Rgg, is in ohms and f, in Hz. Table I1 gives the nearest

1% Rggy, for several common filter cutoff (-3dB) frequencies.

Rsgrr (k1) Rgppa (k) Rsges (kD)
fe (Hz) (Pin 110 9) i

{Pin 9to 8)  (Pin 8 10 6)

2 Open Open Open

5 1270.000 2050 00 383 000
10 523 000 BOG 00 154.000
50 S0 000 137.00 26.700
100 44.200 68.10 13 300
500 B 660 13 30 2610
1000 4.320 665 1300
5000 0866 133 0.261

Table Il. Filter Cutoff Frequency vs. RSEL
Voltage Excitation Programming: Pin connections for a con-
stant voltage output operation are shown in Figure 2. The
bridge excitation voltage, Vexc, is adjusted between +4V to
+15V by the 20k (50ppm/°C) RysgL potentiometer. For
ratiometric operation, the bridge excitation can be adjusted
by applying an external positive reterence to pin 25 ot the
2B31. The output voltage is given by: Vexc out = 3.265VREF
in- The remote sensing leads should be externally connected
to the excitation leads at the transducer or jumpered as shown
in Figure 2 if sensing is not required.

Mine ani o, r e O gy EXTS
n ni s n ﬂ ) I

TVnia Ve o R o
i TO B Ry W [eeewy
*Vane out o
s
i st

MODEL 2831

WY 1O IR

sanst
now.

oMM

TENFERATURE DRIFT WAY BF IWPNOVED 8Y USE
Vine ouy * 4V TE Y VT (w7 ¢ RATERNAL REFIRERCE

Figure 2, Constant Voltage Excitation Connections

Current Excitation Programming: The constant current excita-
tion output can be adjusted between 100uA to 10mA by two
methods with the 2B3 1. Figure 3 shows circuit configuration
for a current output with the maximum voltage developed
across the sensor (compliance voltage) constrained to +5V. The
value of programming resistor Ryggr, may be calculated from
the relationship: RisgL = (VREg INn — VREF IN)/1EXC OUT-
This application requires a stable power supply because any
variation of the input supply voltage will result in a change

in the excitation current output.
fexc amy

Wagow . EXCugy  Yeneour | Vg w +BEMSE +Venepur
et
-SENBE

fxc our
hexc pur = T00mA 18 10mh
Vagr o = Vet out = +7 16V

BV TO W28V

MODEL 2831

ﬂ SEMSE
[ comon
v

Paas, * Vines w - Ve wl e out
Vi me = 1YV TO 428V

Figure 3. Constant Current Excitation
Connections (VoompL = 0 to +5V)

A compliance voltage range of 0 to +10V can be obtained by
connecting the 2B31 as shown in Figure 4. The 2k{2 potenti-
ometer Ryggy is adjusted for desired constant current excita-
tion output.

PRETO IRV

100A TO WmAl TH

v

Figure 4. Constant Current Excitation
Connections (VocompL = 0 to +10V)
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Applying the 2B30/2B31

APPLICATIONS

Strain Measurement: The 2B30 is shown in Figure 5 in a strain
measurement system. A single active gage (12082, GF=2) is
used in a bridge configuration to detect small changes in gage
resistance caused by strain. The temperature compensation is
provided by an equivalent dummy gage and two high precision
1202 resistors complete the bridge, The 2B35 adjustable
power supply is set to a low +3V excitation voltage to avoid
the self-heating error effects of the gage and bridge elements.
System calibration produces a 1V output for an input of 1000
microstrains. The filter cutoff frequency is set at 100Hz,

44201 B8 133NN

Figure 5. Interfacing Half-Bridge Strain Gage Circuit
Pressure Transducer Interface: A strain gage type pressure
transducer (BLH Electronics, DHF Series) is interfaced by the
2B31 in Figure 6. The 2B31 supplies regulated excitation
(+10V) to the transducer and operates at a gain of 333.3 to
achieve 0-10V output for 0-10,000 p.s.i. at the pressure trans-
ducer. Bridge Balance potentiometer is used to cancel out any
offset which may be present and the Fine Span potentiometer
adjustment accurately sets the full scale output. Depressing
the calibration check pushbutton switch shunts a system cali-
bration resistor (Rgay ) across the transducer bridge to give an
instant check on system calibration.

S sy

CARLE SHITLD

e
BLH (]
ELECTRONICS +
DHF SERIES SV |
38011
8- 10,000
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L
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I
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Figure 6. Pressure Transducer Interface Application

Platinum RTD Temperature Measurement: In Figure 7 model
2B31 provides complete convenient signal conditioning in a

SIGNAL CONDITIONING COMPONENTS & SUBSYSTEMS 11-75

wide range (-100°C to +600°C) RTD temperature measure-
ment system. YSI - Sostman four-wire, 100§ platinum RTD
(PT139AX) is used. The four wire sensor configuration, com-
bined with a constant current excitation and a high input im-
pedance offered by the 2B31, eliminates measurement errors
resulting from voltage drops in the lead wires. Offsetting may
be provided via the 2B31's offset terminal. The gain is set by
the gain resistor for a +10V output at +600°C. This applica-
tion requires a stable power supply.

cOM 1R e1sY

m
| |—4 1000er

"R

SHH [
BH—O—0

Figure 7. Platinum RTD Temperature Measurement

Interfacing Three-Wire Sensors: A bridge configuration is par-
ticularly useful to provide offset in interfacing to a platinum
RTD and to detect small, fractional sensor resistance changes.
Lead compensation is employed, as shown in Figure 8, to
maintain high measurement accuracy when the lead lengths are
so long that thermal gradients along the RTD leg may cause
changes in line resistance. The two completion resistors (R1,
R2) in the bridge should have a good ratio tracking (+5ppm/°C)
to eliminate bridge error due to drift. The single resistor (R3)
in series with the platinum sensor must, however, be of very
high absolute stability. The adjustable excitation in the 2B31
controls the power dissipated by the RTD itself o avoid
self-heating errors.

Vg *Vagain REF
e our
EXC SELY

EXC SEL2

Figure 8. Three-Wire RTD Interface

Linearizing Transducer OQutput: To maximize overall system
linearity and accuracy, some strain gage-type and RTD trans-
ducer analog outputs may require linearization. A simple cir-
cuit may be used with the 2B31 to correct for the curvature
in the input signal as shown in Figure 9. The addition of feed-
back in the excitation stage will allow for the correction of
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nonlinearity by the addition of two components. The sense

of the feedback is determined by whether the nonlinearity

is concave upward or concave downward (jumper A to pin 21,
or to pin 25). The magnitude of the correction is determined
by the resistor, Rggy, and the linearity adjust pot provides

a fine trim.

If an RTD is to be used, the adjustment can be made effi-
ciently, without actually changing the temperature, by
simulating the RTD with a precision resistance decade. The
offset is adjusted at the low end of the resistance range, the
fine span is adjusted at about one third of the range, and
the linearity is adjusted at a resistance corresponding to
full-scale temperature. One or two iterations of the adjust-
ments will probably be found necessary because of the
interaction of linearity error and scale-factor error. This
circuit’s applications are not restricted to RTD’s; it will
work in most cases where bridges are used — e.g., load cells
and pressure transducers.

MONLINEARITY DIRECTION
ARPLR POl T T S0 4 £ TRAMADLCE R WORLINEARTTY OB FoAT

= TOPINI1 FOR -
RRGISTON Arr | B4 T1 MAAINES MALNITUCE 59 CORR
€ BAME CIACUIT MAY BE

ECTIOM
USED FOR ETRAM GAGE TYPE TRANSDUCERS
Figure 9. Transducer Nonlinearity Correction

PERFORMANCE CHARACTERISTICS

Input Offset Voltage Drift: Models 2B30/2B31 are available

in three drift selections: 0.5, 1 and £3uV/°C (max, RTI, G =
1000V/V). Total input drift is composed of two sources (input
and output stage drifts) and is gain dependent. Figure 10is a
graph of the worst case total voltage offset drift vs. gain for

all versions,
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Figure 10. Total Input Offset Drift (Worst Case) vs. Gain

Gain Nonlinearity and Noise: Nonlinearity is specified as a per-
cent of full scale (10V), e.g. 0.25mV RTO for 0.0025%. Three
maximum nonlinearity selections offered are: £0.0025%,

*#0.005% and +0.01% (G = 1 to 2000V/V). Models 2B30/2B31

offer also an excellent voltage noise performance by guaran-
teeing maximum RTI noise of 14V p-p (G = 1000V/V, Rg <
5k£2) with noise bandwidth reduced to 2Hz by the LPF.

Common Mode Rejection: CMR is rated at £10V CMV and
1k£2 source imbalance. The CMR improves with-increasing
gain. As a function of frequency, the CMR performance is en-
hanced by the incorporation of low pass filtering, adding to
the 90dB minimum rejection ratio of the instrumentation am-
plifier. The effective CMR at 60Hz at the output of the filter
(f. = 2Hz) is 140dB min. Figure 11 illustrates a typical CMR
vs. Frequency and Gain.
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Figure 11. Common-Mode Rejection vs. Frequency and Gain

Low Pass Filter: The three pole Bessel-type active filter attenu-
ates unwanted high-frequency components of the input sig-
nal above its cutoff frequency (-3dB) with 60dB/decade roll-
off. With a 2Hz filter, attenuation of 70dB at 60Hz is obtained,
settling time is 600ms to 0.1% of final value with less than 1%
overshoot response to step inputs. Figure 12 shows the filter
response,
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Figure 12. Filter Amplitude
Response vs. Frequency

Figure 13. Maximum Load
Current vs. Regulator Input-
Output Voltage Differential

Bridge Excitation (2B31): The adjustable bridge excitation is
specified to operate over a wide regulator input voltage range
(+9.5V to +28V). However, the maximum load current is a
function of the regulator circuit input-output differential volt-
age, as shown in Figure 13. Voltage output is short circuit
protected and its temperature coefficient is £0.015% Vour/°C
max (£0.003%/°C typ). Output temperature stability is directly
dependent on a temperature coefficient of a reference and for
higher stability requirements, a precision external reference
may be used.
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ANALOG
DEVICES

Isolated, Thermocouple
Signal Conditioner

2B30

FEATURES

Accepts J, K, T, E, R, S or B Thermocouple Types
Internally Provided Cold Junction Compensation
High CMV lsolation: £1500V pk

High CMR: 160dB min @ 60Hz

Low Drift: +1uV/°C max (2B50B)

High Linearity: +0.01% max (2B50B)

Input Protection and Filtering

Screw Terminal Input Connections

APPLICATIONS
Precision Thermocouple Signal Conditioning For:
Process Control and Monitoring
Industrial Automation
Energy Management
Data Acquisition Systems

GENERAL DESCRIPTION

The model 2B50 is a high performance thermocouple signal
conditioner providing input protection, isolation and common
mode rejection, amplification, filtering and integral cold junc-
tion compensation in a single, compact package.

The 2B50 has been designed to condition low level analog
signals, such as those produced by thermocouples, in the pres-
ence of high common mode voltages. Featuring direct thermo-
couple connection via screw terminals and internally provided
reference junction temperature sensor, the 2B50 may be jump-
er programmed to provide cold junction compensation for
thermocouple types J, K, T, and B, or resistor programmed for
types E, R, and S.

The high performance of the 2B50 is accomplished by the use
of reliable transformer isolation techniques. This assures com-
plete input to output galvanic isolation (1500V pk) and
excellent common mode rejection (160dB @ 60Hz).

Other key features include: input protection (220V rms),
filtering (NMR of 70dB @ 60Hz), low drift amplification
(£1uV/ C max - 2B50B), and high linearity (£0.01% max -
2B50B).

APPLICATIONS

The 2B50 has been designed to provide thermocouple signal
conditioning in data acquisition systems, computer interface
systems, and temperature measurement and control instrumen-
tation.
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2B50 FUNCTIONAL BLOCK DIAGRAM
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In thermocouple temperature measurement applications, out-
standing features such as low drift, high noise rejection, and
1500V isolation make the 2B50 an ideal choice for systems
used in harsh industrial environments,

DESIGN FEATURES AND USER BENEFITS

High Reliability: To assure high reliability and provide isola-
tion protection to electronic instrumentation, the 2B50 has
been conservatively designed to meet the IEEE Standard for
transient voltage protection (472-1974: SWC) and provide
220V rms differential input protection.

High Noise Rejection: The 2B50 features internal filtering
circuitry for elimination of errors caused by RFI/EMI, series
mode noise, and 50Hz/60Hz pickup.

Ease of Use: Internal compensation enables the 2B50 to be
used with seven different thermocouple types. Unique circuit-
ry offers a choice of internal or remote reference junction
temperature sensing. Thermocouple connections may be
made either by screw terminals or, in applications requiring
PC Board connections, by terminal pins.

Small Package: 1.5" X 2.5" X 0.6" size conserves board space.
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SPECIFICATIONS e @ + 25 ar v, = 150 s otevise e

MODEL 2BS0A 2B508B OUTLINE DIMENSIONS
INPUT SPECIFICATIONS Dimensions shown in inches and (mm).
Thermocouple Types )
Jumper Conﬁgurable Compensation LK, T,orB * _‘—A— ANALOG
Resistor Configurable Comp ion R,S,orE . DEVICES
Input Span Range +5mV to £100mV .
Gain Range S0V/V to 1000V/V . - znﬁnn
Gain Equation 1 +(200kQ2/Rg) " +
Gain Error +0.25% . ISOLATED THERMOCOUPLE
Gain Temperature Coefficient +35ppm/°C max +25ppm/°C max ot m e
Gain Nonlinearity' £0.025% max £0,01% max
Offset Voltage 2518378
Input Offser (Adjustable to Zero) L50uV .
vs. Temperature +2.5uV/C max +1uV/C max e
vs. Time +1,5uV/month ]
QOutput Offset (Adjustable to Zero) ﬂOm\:o 1
vs. Temperature +30uv/ C .
Total Offset Drift + (z,s + %9) uvic 1(1 + 302) uviec St s
Input Noise Voltage
0.01Hz to 100Hz, Rg = 1k 11V p-p . e 0020 (05081
Maximum Safe Differential Input Voltage 220V rms, Continuous * o
CMYV, Input to Output
Continuous, ac or dc +1500V pk max L 0,605
Common Mode Rejection I"uum‘“l
@ 60Hz, 1k§2 Source Unbalance 160dB min . T
Normal Mode Rejection @ 60Hz 70dB min . Hi 21 H
Bandwidth de to 2.5Hz (-3dB) » il
Input Impedance 100MQ2 * i
Input Bias Current? 5nA * o
Open Input Derecuon Downscale * Ll
Response Time®, G = 250 ldsec * Hes )
Cold Junction Com nsation Lins :
Initial Accuracy +0,5°C ¢ it =f pianisnonn
vs Temperature® (+5°C to +45°C) +0.01°C/°C i NOTE: TERMINAL PINS INSTALLED oty
OUTPUT SPECIFICATIONS
Output Voltage Range® 15V @ £2mA . PIN DESIGNATIONS
Output Resistance 0.1 g
Output Protection Continuous Short to Ground ~ * [iPN]FUNCTION. TIWN| FUNCTION = —
|1 Liweur L0 2
POWER SUPPLY 2 Tl )
Voltage FL
Output Vg (Rated Performance) £15V dc £10% @ £0.5mA . — %ﬁ» =
(Operating) . +12V to £18V dc max » T -
Oscillator +Vgsc (Rated Performance) +13V 1o +18V @ 15mA 24 ¥ il
ENVIRONMENTAL 4
Temperature Range, Rated Performance 0 to +70°C b ] =
Operating -25°C 1o +85°C s | O e o 2
Storage Temperature Range -55°C o +85°C . % ‘r% OPEN """‘-:":E‘
RFI Effect (SW @ 470MHz @ 3t) R
Error £0,5% of Span . HE S R —
PHYSICAL
Case Size 1.5"X2.5" X 06" o MATING SOCKET:
NOTES AC1218
*Specifications same as 2B50A.,

! Gain nonlinearity is specified as a percentage of output signal span representing peak deviation from the

ight line; e.g.,

* Open input rcq)onu time is dependent upon gain.
‘Whm used with intemally prmuded CJC sensor.

best ity at an output span of lo\l’pk-pk (£5V) is £0.01% or tlm\"
*Does not include open circuit detection current of 20nA (opti

1 by jumper

.. dul

at the

ermor

¥
& O\l!]!ut swing of 210V may be obtained through ou:;aut se'ltng {Figure 5).

Specifications subject to change without notice.
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Applying the 2B50

FUNCTIONAL DESCRIPTION
The internal structure of the 2B50 is shown in Figure 1. An
input filtering and protection network precedes a low drift,
high performance amplifier whose gain is set by a user supplied
resistor (Rg ) for gains of 50 to 1000V/V. Isolated power is
brought out to permit convenient adjustment of the input off-
set voltage, if desired.
“ronth

DUTPUT OF FSET
NMour  Mour ADJUET

SENSOR SENSOR 4 KT X
auT W et

OFEN INPUT
DETECTION
CIC SENSOR PRD;:‘"I:!WE
Figure 1. 2B50 Functional Block Diagram

Internal circuitry provides reference junction compensation.
An integral reference junction sensor is provided for direct
thermocouple connections, or an external reference sensor
(2N2222 transistor) may be used in applications having remote
thermocouple termination. Compensating networks for
thermocouple types J, K, and T are built into the 2B50. A
fourth compensation (X) may be programmed with a single
resistor for any other thermocouple type. The 2B50 can be
programmed for uncompensated output when used with
inputs other than thermocouples.

Transformer coupling is used to achieve stable, reliable input
to output galvanic isolation, as well as elimination of ground
loop error effects.

Normally, the full scale output of the 2B50 is £5V, However,
with the addition of an external resistive divider, the output
buffer amplifier may be scaled for a gain of up to 2, providing
a full scale outpurt swing of £10V.

OPERATING INSTRUCTIONS

The connections shown in Figure 2 are common to most appli-
cations using the 2B50, and, in many cases, will be all that is
required.

= 1%
[+ com
sy

4 —— cow

b VT
v

SIGNAL

* DISCONNECT IF SEPARATE
OSCILLATOR SUPPLY IS USED

Figure 2. Basic 2B50 Application

Two sets of parallel thermocouple input connections are pro-
vided. The thermocouple input may be connected by screw
terminals (input +, Input -) or to terminal Pins 1 (-) and

2 (+) in cases where thermocouples are to be remotely termi-
nated. The following sections describe a basic thermocouple
application, as well as detail some optional connections to en-
hance performance in more demanding applications, Jumper A
(Figure 2) is used to disconnect cold junction compensation
circuitry during offset adjustments.

INTERCONNECTION GUIDELINES

All power supply inputs should be decoupled with 1uF ca-
pacitors as close to the unit as possible. Any jumpers installed
for programming purposes should also be installed as close as
possible to minimize noise pickup effects.

Since the oscillator section of the 2B50 accounts for most
of the power consumption but can accept a wide range of
voltages (+13V to +18V), it may be desirable to power this
section from a convenient source of unregulated power.

If the same supply is to be used for both amplifier and oscil-
lator circuitry, the power supply returns should be brought
out separately so that oscillator power supply currents do not
flow in the low lead of the signal output. In either case, a
1uF capacitor must be connected from +Vgsc (Pin 28) to
Oscillator COM (Pin 29).

The oscillator and amplifier sections are completely isolated;
therefore, a dc power return path is not required between the
two power supply commons.

GAIN SETTING

The gain of the 2B50 is set by a user-supplied resistor (Rg)
connected as shown in Figure 2. Gain will normally be selected
so that the maximum output of the signal source will result in
a plus full scale output swing, The resistor value required

is determined by the equation: Rg = 200k{2/(G-1).

A series trim on the gain setting resistor can be used to trim
out the resistor tolerance and module gain error (Figure 3).
Since addition of a series resistance will always decrease gain,
the value of the gain-setting resistor should be selected to pro-
vide a gain somewhat higher than the desired trimmed gain. A
good quality (e.g., 10ppma’°C). metal-film resistor should be
used for Rg, since drift of Rg will add to the overall gain
drift of the 2B50. A cermet pot is suitable for the trim. Note
that a minimum gain of 50 is required for guaranteed operation.

Figure 3. Gain Adjustment
INPUT AND OUTPUT OFFSET ADJUSTMENTS
The 2B50 has provisions for adjusting input and output offset
errors of the module. None of the offset adjustments will af-
fect drift performance, and adjustments need not be used
unless the particular application calls for lower offsets than
those specified.

Connections for offset adjustments are shown in Figure 4.
Isolated supply voltages are brought out for input trimming
convenience only and are not for use as a power supply for
external components.
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Figure 4. (A) Input and (B) Output Offset Adjustment

OFFSET CALIBRATION

1. Short Input + and Input - together.

2. Disconnect cold junction compensation circuitry by
removing Jumper “A" (Figure 2).

3. Adjust input offset trim pot (£250uV range, RTI) to
zero output while operating at the desired gain. In most
applications, adjustment of the input offset alone will be
sufficient. Output offset adjustment (£30mV range) may be
performed if it is desired to adjust output offset on the
nonisolated side.

OPEN INPUT DETECTION

Connecting the open input detection pin (Pin 39) to Input
High (Pin 2) creates a 20nA bias current which will provide a
negative overscale response if the input is opened, or in case
of thermocouple “burn out”, The speed at which this occurs
is dependent on gain, with a typical response time of 1.4sec
@ G = 250. For positive upscale response, connect a 500M{2
resistor between +Vigg (Pin 8) and Input Hi (Pin 2).

OUTPUT SCALING

With the output scale (Pin 16) connected to the output (Pin
17), the full scale output range is 5V and the total gain is
equal to the gain set by Rg. For applications requiring a full
scale output of £10V, a resistive divider may be connected
to provide a gain of 2 at the output amplifier (see Figure 5).
In this configuration, total gain will be twice the gain set by
Rg. Output gains greater than 2 cannot be used.

*10Vout

Figure 5. Output Scaling Connections

COLD JUNCTION COMPENSATION

The 2B50 may be programmed to provide cold junction
compensation for types J, K and T thermocouples by con-
necting a jumper from Input Low (Pin 1) to the appropriate
programming points (Pin 42 for J, Pin 41 for K or T). To
compensate other themocouple types, a resistor (Ry) is con-
nected from the “X” programming point (Pin 40) to Input
Low (Pin 1). Table I shows the appropriate Ry values for
types E, R, and S. Ry should be a 50ppm/°C, 1% tolerance
resistor.

Type B thermocouples are unique, in that they have almost

no output in the +5°C to +45°C range, and, therefore, do not
require cold junction compensation at all. To accommodate a
type B thermocouple, resistor Ry must be left open. Error due
to cold junction temperature will be less than +1°C for any
measurement above 260°C. In the measurement range above
1000°C (where type B thermocouples are normally used) the
error will be less than £0.3°C,

T Type
E 1.87
R,S 19.6
B Open

Table |. Compensation Vizlues for Tharmocouple Types E,
R,Sand B

REMOTE REFERENCE SENSING

In applications requiring termination of thermocouple leads
at a point located remotely from the 2B50, with connections
brought to the 2B50 (Pins 1, 2) by copper wires, reference
temperature sensing at the remote location will be ne

The 2B50 has provisions for connection of a 2N2222 tran-
sistor (metal can version) for use as a reference junction
sensor. The connections are shown in Figure 6. The remote
sensing transistor is calibrated by adjusting Rcay, to obtain
the value of Vgar as specified in Table I1.

(Example: Veay =570.0mV @ 25°C)

Figure 6. Remote Reference Junction Sensing

Sensor Temp o) Vear (mV)
5 616.5
10 604.9
15 593.3
20 581.6
25 570.0
30 558.4
35 546.8
40 535.1
45 523.5

(Values may be interpolated)
Table I1. Calibration Voltages vs. Sensor Temperature

Proper sensor placement is important. Close thermal contact
of the sensor and thermocouple termination point (reference
junction) is essential for accurate operation of the 2B50, The
sensor may be placed any distance from the 2B50. When the
sensor leads are more than ten feet long, or in the presence of
strong noise signal sources, shielded cable should be used.
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ANALOG
DEVICES

Four-Channel, Isolated
Thermocouple/mV Conditioners

2B54/2B53

FEATURES

Low Cost Per Channel

Wide Input Span Range: £5mV to +100mV (2B54)
+50mV to 5V (2B55)

Pin Compatible with 2B34 RTD Conditioner

High CMV lsolation: £1000V dc; CMR = 156dB min @ 60Hz

Low Input Offset Voltage Drift: +1uV/°C max (2B54B)

Low Gain Drift: +26ppm/°C max (2B54B)

Low Nonlinearity: £0.02% max (+0.012% typ)

Normal Mode Input Protection (130V rms) and Filtering

Channel Multiplexing: 400 chan/sec Scanning Speed

Solid State Reliability

APPLICATIONS

Multichannel Thermocouple Temperature Measurements
Low and High Level Data Acquisition Systems

Industrial Measurement and Control Systems

GENERAL DESCRIPTION

Models 2B54 and 2B55 are low cost, high performance, four-
channel signal conditioners. Both models are functionally
complete, providing input protection, isolation and common
mode rejection, multiplexing, filtering and amplification.

The 2B54 has been designed to condition low level signals
(£5mV to £100mV), like those generated by thermocouples

or strain gages, in the presence of high common mode voltages.
The 2B55 is optimized to condition £50mV to £5V or 4 to
20mA transmitter signals as inputs. The four-channel structure
of both models results in significant cost and size reduction.

The high performance of the 2B54 and 2B55 is accomplished
by the use of reliable transformer isolation techniques and an
amplifier-per-channel architecture. Each of the input channels
is galvanically isolated (£1000V dc) from the other input
channels and from output ground. The amplifier-per-channel
structure is used to obtain low input drift (+1uV/° C max,
2B54B), high common mode rejection (156dB @ 60Hz), and
very stable gain (+25ppm/°C max). Other key features include
low input noise (14V p-p), low nonlinearity (+0.02% max)
and open-thermocouple detection (2B54).

APPLICATIONS

Models 2B54 and 2B55 were designed to serve as a superior
alternative to the relay multiplexing circuits used in multi-
channel data acquisition systems, computer interface systems,
process signal isolators, and temperature measurement and
control instrumentation. Advantages over relay circuits include
functional versatility, superior performance, and solid state
reliability. Both models are also pin compatible with the
2B34, four-channel RTD/strain gage conditioner.

In thermocouple temperature measurement applications, out-
standing low drift, high noise rejection, high throughput and
1000V isolation make the 2B54 a natural choice over flying
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2B54/2B55 FUNCTIONAL BLOCK DIAGRAM

§) DIRECT
BENSE our

capacitor multiplexers in conditioning any thermocouple type.
When cold junction compensation is required in measurement
of temperature with thermocouples, the 2B54 may be used
directly with the model 2B56 Universal Cold Junction Com-
pensator.

DESIGN FEATURES AND USER BENEFITS

High Reliability: To assure high reliability and provide isola-
tion protection to electronic instrumentation, reliable trans-
former isolation and solid state switching are used. Both
models have been conservatively designed to meet the IEEE
standard for Transient Voltage Protection (472-1974:5WC)
and offer 130V rms normal mode input protection.

High Noise Rejection: To preserve high system accuracy in
electrically noisy industrial environments, the 2B54 and 2B55
provide excellent common mode noise rejection, RFI/EMI
immunity, and low pass filtering for rejection of series mode
noise and 50Hz/60Hz pickup.

Ease of Use: The multichannel, functionally complete design
in a compact (2" X 4" X 0.4") module, assures ease of use, con-
serves board space and eliminates the need for a number of
discrete components necessary in relay multiplexing circuits.

Low Cost: The 2B54 and 2B55 offer the lowest cost per chan-
nel for isolated, solid state, low level signal conditioners.
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SPECIFICATIONS (il @ +25° and Y, = 15V and Vg = + 15, utes ot e

OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

]-.—-—mm nw——ti

T

1B54A 2B54B IBSSA
ANALOG INPUTS
Number of Channels 4 ¥ .
Input Span Range £5mV o +100mV s £50mV to £5V
Gan Equation G=1+10kil/Re * .
Gain Error +0.2% max (G = 5010 300) * 0 2% max (G=1 to 100)
*1% max (G = 1000) - NA
Gain Temperature Coefficient +35ppm/”C max £25ppm/”C max £25ppm/"C max
Gain Nonlineanity *0,03% max (G = 50 1o 300)  £0.02% max(£0 012% typ) 10.02% miax (G =1 to 100}
0.03% (G = 1000) * NA
Offset Voltage
Input Offset, Ininial (Ad). to Zero) £20uV max . 250UV max
vs Temperature £2 5uV/°C max £1uV/7C max(£0 5uV/ C typ) £5uV/"C max
vs Time +1 5uVimanth he Y
Output Offser (Adjustable to Zero)  £12mV max . .
vs. Temperature +50pV/"C max # =
on .
Touat Offser Dift (RTH), max z (.e 54 Eg) avi"e :(1 -%‘-)gw‘c :(syw;—;“—)pvrc
Input Newse Voltage
0 01Hz ~100Hz, Rg = 1kil 1V pp . .
CMV, Channel-to-Channel or
Channel-to-Ground
Conunuous, ac, 60Hz 750V ms * .

Continuous, ac or de
Common Mode Rejection
Rg= 10042, { = 50Hz
Rg < 10082, f > 50Hz
Normal Mode Input, Without Damage
Normal Mode Rejection, @ 60Hz

1000V pk max

156dB min (G = 1000}
128dB mun (G = 50)
130V rms, 60Hz
55dB mun (G = 1000}

145dB mun (G = 100}
110dB mun (G=1)
.

55dB mun (G = 100}
.

Input Resistance, Power On 100M52
Power Off 35k{E min 74k muin
Input Bias Current +8nA max -
ANALODG OUPUT
Output Voltage Swing® 15V @ +5SmA . L
Ourput Noise, de - 100kHz 0.8mV p-p . .
Output Resistance
Direct Output 0158 LS .
Swirched Ourpur 3sn * "
CHANNEL SELECTION
Channel Selection Time to £0 01% FS 2 Sms max = .

Channel Scanning 5
Channel Select Input Reverse Voltage

400 chan/sec mm

Rating IV max . .
POWER SUPPLY
Voltage
Output £Vg (Rated Performance) 15V de £10% . 2

(Operating)
Oseillator +Vgse
(Rated Performance)

£12V 1o 18V de max

+13 5V to +24V

Absolute max +Vose +26V L *
Current
Ourput £Vg = 215V +4mA max " *
Oscillator +Vgse = +15V 40mA max b *
Supply Effect on Offset
Output £Vg 100pV/V RTO - s
Oscillator +Vgsc 1uV/V RTI - -
ENVIRONMENTAL
Temperature
Rated Performance 010 +70°C s -
Operating -25°C 1o +85°C * ’
Storage -55°C to +85°C . .
Relative Humidity
Mon-Condensing to +40°C 010 85% E b
CASE SIZE 2"X4" 04" . .
NOTES
*Speaficanons some as ZES4A.
* Gun noplwearity 1s specified as a pereentage of ourput signal spa

n representing pezk deviarion
kmumhenmkh: line, e g. nonlinearity at an output span of 10V pk-pk {25V} s 0.02% or :2mV
¥ Protected for shorts to ground and/or esther supply voltage.

Speaficanons subject 1o change without notioe.

MOUNTING CARDS
AC1215, AC1216

The AC1215 and AC1216 mounting cards are available to assist in evaluation of the
2B54 and 2B55. These 4 1/2" X 6" printed circuit edge connector cards have sockets
that allow a 2B54/2B55 and 2B56 to be plugged directly onto them, as well as offset
adjustment pots, and address decoding circuitry. The AC1215 and AC1216 differ only
in input signal connections: the AC1215 includes a screw terminal block and AC1216

has an edge connector,
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Understanding the 2B54/2B55 Isolated Conditioners

FUNCTIONAL DESCRIPTION

The internal structure of the 2B54/2B55 is shown in Figure 1.
Four individually isolated input channels are multiplexed into
a single output buffer, with the desired channel selected by
control inputs SELECT A through SELECT D. Isolated power
and timing signals for the input channels are provided by an
internal oscillator.

Each channel contains an input protection and filtering net-
work and a low-drift amplifier whose gain is set by a user-
supplied resistor (Rg). Additional filtering is provided in the
amplifier circuit. This structure preserves signal integrity by
taking all signal gain ahead of the isolation and multiplexing
circuits. The isolated power supply for each channel is brought
out to permit convenient fine adjustment of the inpur offset
voltage if desired.

Transformer coupling is used to achieve stable, reliable galvanic
isolation of each channel from all other channels and from out-
put ground. Although the bandwidth of the input channels is
small (<2Hz at high gains) to provide immunity to normal-
mode noise, the multiplexing technique allows the channels

to be scanned at a high rate (400 channels/sec). Thus a high
revisitation rate is maintained even in systems with a large
number of input channels.

The output buffer amplifier operates at unity gain with feed-
back provided by an external connection from the DIRECT
output to the SENSE input. The DIRECT output provides a
5V swing with low source resistance to permit error-free
operation with heavy loads. In addition, a separate series-
switched output with an active-low enable control is provided
s0 that multiple modules may be combined without the use of
external analog multiplexers. An offset trim point which does
not affect drift is also provided on the output channel.

Figure 1. 2B54/2B55 Functional Diagram

The internal oscillator has its own power supply pins for en-
hanced application flexibility, and a sync mechanism is pro-
vided to eliminate beat-frequency errors when multiple 2B54/

2B55's are used or when a system clock is present.

The 2B54 and 2B55 share the same design, differing only in
input specifications and filter characteristics.

OPERATING INSTRUCTIONS
The connections shown in Figure 2 are common to most
applications of the 2B54/2B55, and in many cases will be all
that is required. The following sections describe this basic
application and also detail some optional connections which
enhance the module’s utility in more complex applications.
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Figure 2. Basic 2B54/2B55 Application

Interconnection Guidelines

In any high accuracy isolator application it is important to
minimize coupling between input and output, and the 2B54/
2B55 pinout has been designed to make this easy to do. For
best results, keep all leads associated with signals on the input
edge as far as possible from signals on the output edge. This
will minimize the effects of board leakage and capacitance.
The use of a guard track on both sides of the board (Figure 2)
can also be helpful.

The power supplies should be decoupled with tantalum capac-
itors as close to the unit as possible. For lowest noise, the out-
put grounding scheme should be as shown in Figure 2. The
output signal common is connected directly to pin 12, with
power supply returns brought separately to that pin so that
power supply currents do not flow in the low lead of the signal
output.

Since most of the power taken by the 2B54/2B55 is supplied
to the internal oscillator which requires only a positive supply
and can accommodate a wide range of supply voltages, it is
sometimes desirable to power the oscillator from a convenient
source of unregulated power (such as +24V — Figure 2). A
0.1uF capacitor should be then connected directly from

pin 12 to pin 31. Since the output and oscillator circuits

are not fully isolated, a dc path must exist between the two
power supply commons. A small (one or two volts) potential
difference between OUT COM and OSC COM will not affect
operation.
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Gain Setting

The gain of each channel is independently set by a user-
supplied resistor (Rg) connected as shown in Figure 2. Chan-
nel gain will normally be selected so that the maximum output
of the signal source will result in a plus or minus full scale
(£5V) output swing. The resistor value required is Rg =
10k§2/ (G- 1). Thus if Rg = 10182, the gain will be 100, and
an input signal swing of 250mV will yield an output span of
5V,

A parallel trim on the gain-setting resistor can be used to trim
out the resistor’s tolerance and the module’s gain error (Fig-
ure 3). Since a parallel trim will always increase the gain, the
value of the gain-setting resistor should be chosen to give an
untrimmed gain somewhat lower than the desired trimmed
gain. Good quality metal-film resistors should be used for Rg
since gain accuracy and drift are a direct function of Rg's
characteristics. Cermet pots are suitable for the trim.

2B54/28565

Figure 3. Input Offset and Gain Adjustments

Optional Offset Adjustment

The 2B54/2B55 has provision for fine adjustment of the input
offset of each channel and the output offset of the entire
module. None of the offset adjustments affect offset drift, and
there is no need to make any adjustment unless the application
calls for tighter offsets than those specified for the module type.

Connections for input offset adjustment are shown in Figure
3. This is a fine trim with a limited range (£250uV — 2B54
and *1mV — 2B55, RTI), used to adjust each channel for
zero offset while operating at the desired gain. Since the
range of the input offset trim is small, it will usually be neces-
sary to adjust output offset first. This can be conveniently
done by operating one channel with zero input at unity gain
(by disconnecting the gain resistor) and adjusting the output
offset control for zero output. Connections for output offset
adjustment are shown in Figure 4,

2B54/2B65
SWITEHED
DIRECT

50001
sensa |2 T

1] | S
+1EV
g 1RO GuTPLT
20001 | OFFSET
0T | ADJUST
15y

10 PRESERVE GAIN STAEILITY THE OUTPUT GAIN ADAISTMENT
FANGE SHOULD NOT BE MORE THAK 10%

oUTPUT

Figure 4. Output Offset and Master Gain Adjustments

An alternative offset adjustment procedure is appropriate in
applications where the channel gains are field-selected by
switching the gain-setting resistor. Here it is desirable to set
the input offset so that there is no zero shift at the output
when the gain is changed. To make the adjustment, switch
back and forth from low to high gain with zero input and ad-
just the input offset control until no shift occurs at the output

when changing gains. Then adjust the output offset control for

zero output at the lower gain.

Stable components (a metal film resistor and a cermet pot)
should be used for the input offset adjustment to avoid com-
promising drift. Qutput offset adjustment components are not
critical and may be omitted altogether when a single 2B54/
2B55 is followed by an A to D Converter that has a zero
adjustment.

Channel Selection

Each channel in the 2B54/2B55 is turned on and off by a
SELECT input. As indicated in Figure 1, each SELECT input
consists of an LED in series with a resistor, and is not con-
nected to any other circuits in the module. Turning the LED
on (I22.5mA) turns the channel on, and turning the LED off
(1=<50uA) turns the channel off. This allows considerable
flexibility of connection, but the easiest way to use the SELECT
inputs 1s to tie all four SELECT + pins to +5V and drive the
SELECT—inputs from TTL logic (either open-collector or
totem-pole outputs can be used), as shown in Figure 2.

It is also possible to use CMOS logic to drive the SELECT
inputs (Figure 5), With a +15V logic supply a standard CMOS
decoder or gate can supply enough current to drive the SE-
LECT inputs directly, but at lower supply voltages it is advisa-
ble to use a buffer such as that shown in Figure 5b. The power
taken by the SELECT inputs is small, since only one is on at a
time, but at the higher CMOS supply voltages more current
than the required 2.5mA will flow. This does not affect opera-
tion, but if desired the current can be brought back to the min-
imum value with series resistors as shown in Figure 5. Use 2k§2
for 10V operation, and 3.9k{) at 15V.

The maximum reverse voltage applied to any SELECT input
must be limited to 3V to avoid damage to the LED. Maximum
forward current should be kept below 25mA. Each SELECT
input is isolated from all other circuits in the module and may
be operated up to £50V away from output and power ground,

Channels may be selected in any order, and there are no
restrictions on rate or duty cycle except the 2.5ms settling
time for access to a channel. It should be noted, however, that
selecting two or more channels simultaneously for more than

a few microseconds will result in a very long settling time when
the conflict is resolved. Timing overlaps should therefore be
avoided.

1BV LOGIC POWER

2854/
2855

» 112 CO4ESEE

SELECT 51

CHANNEL
" Al } SELECT

o ™

1 o0 [
DPTIONAL i_’- ]
HESISTORS LoGIC

T GROUND

reoPreooQ

30 CHANNEL
[] A
1
[]

1

Figure 5a,

Figure 5b.
Figure 5. CMOS Channel Selection
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Channel Expansion

The 2B54/2B55 has provision for directly interconnecting
several modules when more than four channels are needed.
The series-switched outputs of a group of modules are con-
nected together, the SELECT inputs are driven in parallel,
and the output of the desired module is selected using the
Output Enable pin. This is shown in Figure 6. A single
7415139 decoder is used to drive the SELECT inputs of up
to four modules, and also provides address expansion so that
the binary coded channel address word selects the appropriate
module output via the QOutput Enable pins. The overall opera-
tion of the series-switched outputs is analogous to three-state
logic, and the output rail is thus an analog bus.

It is possible to operate up to sixteen modules in parallel, for
a total of 64 input channels. Note that it will be necessary to
break up the SELECT inputs into several groups to avoid over-
loading the decoder when many modules are used. The set-
tling time of the output switches is <50pus to £0.01% and is
thus negligible in comparison to the channel selection times.

The Output Enable signal is active low, and is compatible with
both TTL and CMOS logic. The switching threshold is +1.8V;
input current at OV is typically -0.4mA.

The output resistance of the Switched Output (typically 350
+0.5%/°C) is low enough to provide fast switching times but
will cause gain errors when driving a heavy load. A single buf-
fer isolating the Switched Outputs from the load will solve
this problem in an “analog bus' application (Figure 6). In
single-module applications the DIRECT (low impedance) out-
put should be used. Note thart in all cases the SENSE pin must
be connected to the DIRECT output to provide feedback for
the outpurt amplifier.

TO ADDITIONAL MODULES

ANALOG  CHANNEL MODULE
BuUs SELECT SELECT

OPTIONAL
UFFER

}é&‘u‘?mn

L] T4LE 138
3
Il — 2va 0 f-— M58
e —a 7v2 I e BINARY
- i EL
v 18 [-— ADDRESS
3
v 14 f— 158
i w2
L w2
£ wi 26
L we G q

NOTE ALL “SELECT +" PINS TIED TOD 5V

Figure 6. Expansion to More than Four Channels
Synchronization
In applications where multiple 2B54/2B55’s are used in close
proximity or when system clock signals are present near the
isolator, differences in individual oscillator frequencies may
cause “beat frequency” related output errors. To eliminate
these errors, multiple units may be synchronized by con-
necting the SYNC OUT (pin 33) terminal to the SYNC IN (pin

32) terminal of the adjacent 2B54/2B55 (Figure 7). The first
of a group of modules may be synchronized to an external
source via the SYNC IN pin. To minimize noise pickup, sync
wiring should be separated from analog signal runs.

The frequency of the external sync source, when used, will

have a small effect on the gain and output offset of the 2B54/
2B55. Thus any adjustments should be made with the module
synchronized.

FROM EXTERMAL  NOTE MAKE NO COMNECTIONS TO SYNC iN OR SYNC OUT
SYNC SOURCE FOR URSYNCHROMIZED OPERATION

ot L)

Figure 7. Synchronization
Open Input Detection
The 2B54 can be programmed to respond to an open-circuit
condition on a channel input with either an upscale or down-
scale response when the affected channel is selected. The
response time to detect an open input can be in the tens of
seconds, since only a few nA of input bias current are avail-
able to charge the input filter. The circuits in Figure 8
indicate the selection of either downscale or upscale response
and can be used to provide shorter open-circuit response
times. Either circuit will produce a bias current of approxi-
mately 20nA which can be used to aid or oppose the 3nA
typically supplied by the module, as shown. The circuit of
Figure 8A has the advantage of simplicity, but the high-
value resistor may not be readily available. Figure 8B shows
how to solve the problem at the expense of complexity. The
values shown may be modified to give an optimum trade of
bias current for response time in a given application. A 2 to
5 second response is typical for the values shown.

If a downscale response is desired, a resistor divider circuit
like Figure 8B may be desired to prevent a negative over-
scale. If a negative overscale condition occurs (typically
-7V), the output will saturate on all channels.

2854/2855 2054/2855
o
"N:
L
oMl L [
il
W __
@
@

(1) GivEs DowNSCALE RESPONSE (1) GIvis DomSCALE RESPONSE

(@) sives wescaLe nesponse
"

Figure 8. High Speed or Reversed Open Input Detection
Output Filtering
In most applications, no output filtering will be required since
the effect of the small carrier-related noise spikes on the out-
put (<1mV p-p, 100kHz B.W.) drops off rapidly as bandwidth
decreases and in many cases will be negligible. In some applica-
tions (e.g., when driving a successive-approximation A to D)
the effective system bandwidth may be large enough to pass
the noise. To eliminate the carrier noise (without any effect
on switching times), a simple R-C filter may be used at the
output (Figure 9A). Only one filter is needed even when mul-
tiple modules are used, as shown in Figure 9B. If the load to
be driven has an input resistance of less than 10MS2, a buffer
will be needed.

(Z) iIves urscaLe ResPonsE
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Figure 9. Output Filtering

CMR AND NMR PERFORMANCE

Common mode rejection is a result of both isolation and
filtering and indicates ability to reject common mode inputs
while amplifying differential signal inputs. CMR is dependent
on source impedance imbalance, signal frequency and condi-
tioner gain.

Normal mode rejection is also a function of the 2B54/2B55
gain. Figures 10 and 11 illustrate typical CMR and NMR
performance. Note that any additional low pass filtering (e.g.,
an integrating A to D converter) at the output of the 2B54/
2B55 will further improve both CMR and NMR performance.
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Figure 10. Common Mode and Normal Mode Response —
Model 2B54
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Figure 11. Common Mode and Normal Mode Response —
Model 2855

APPLICATIONS

Thermocouple Temperature Measurement: Figure 12 shows a
four-channel thermocouple input system with isolation, amp-
lification, and multiplexing provided by the 2B54. Several
different thermocouple types are used, and the gain-setting
resistors on each channel have been chosen to take the stand-
ard ANSI range for each type to a 5V output span. Since

thermocouples must be compensated for the temperature of
the reference junction which is formed where the thermo-
couple leads are terminated, the 2B56 Universal Cold Junction
Compensator is used. The 2B56 monitors the temperature of
the reference junction (terminal block) via an external sensor
and corrects the signal at the output of the 2B54 for reference
temperature. Compensation for several thermocouple types is
selectable via digital control inputs. Thermocouple lineariza-
tion, if needed, would be typically performed in system’s
software.

DECOOER
12 TALSN

2 [ _._] 1

BELECT
- q

Figure 12, Four-Channel Thermocouple Temperature Measure-
ment with Cold Junction Compensation

Process Signals Interface: In Figure 13, the 2B55 is used to
provide floating inputs for four 4-20mA process signal loops.
The use of floating inputs in this type of application gives
protection from common-mode voltages and greatly simplifies
system configuration, since additional loads in series with the
loop can be connected on either side of the isolator input.

Each current input is converted into a 1 to 5 volt signal by

a 25082 resistor. The 2B55 is operated at unity gain (no gain-
setting resistors) so that a 1 to 5 volt signal appears at the out-
put. Since no gain-setting resistors are used, gain adjustment,
if required, is done by connecting trims directly across the
input resistors. Other current ranges can be accommodated

by changing the value of the input resistors.

When there are several loads on the loop, compliance voltage
at the transmitter may be at a premium. In this case it will
be advantageous to reduce the voltage swing at the isolator
inputs by using smaller resistors (perhaps 25£2) and scaling

' the output back to a 5V span by taking an appropriate gain

in the isolator.
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Figure 13. Isolated 4-20mA Loop Signals Interface
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ANALOG
DEVICES

Low-Cost, Two-Wire
Transmitters

2B Series

The 2B Series two-wire transmitters are versatile, rugged and
accurate (+0.1%) instruments designed to operate in harsh
environments. All units feature RFI/EMI immunity and an
operating temperature range of —30°C to +85°C. The 2B Series
transmitters accept input from thermocouples (both isolated and
nonisolated), RTDs, AD590 sensors and dc current or voltage
sources. The thermocouple and RTD models are FM approved
for intrinsically safe operation. A loop-powered isolator is also

available.

2B52 and 2B53: Thermocouple Input
® Accuracy: +01% ® Accuracy =01% ® Accuracy. =0.1%
® [solation: =800V pk (2B52 only) ® Lineanzed output ® |nputcument 1-30mA (2B24A), 1-50mA
® Supply voltage range. + 12V to +60V ® Sensorexatation. 05mA (2B24B)
® Load resistance range. 0 to 60002 ® Supplyvoltagerange + 16V o + 60V @ Inputvoltage requirement 3 5V plus voltage
(at Vs= +24V) ® Lopadresistancerange 0to 40002 drop across output load
® FM approved (2B52) [atVs= +24V) ® |solavon = 1500V pk
® FM approved
Ordering Information Ordering Information Ordering information
Example: Model 2B52A-1-J-03 Model 2ZB58A-1-1-01 Example: Model 2B24A
Enter Model Enter Modef Enter Model l
2B24A (1~
2B52A (Isolated) i 23248:1-gm
2B53A [Nomisolated) Enter Housing
Enter Housing 1-standard enclosure
I-standard enclosure Enter RTD Type
Enter Thermocouple Type 1-1000) P" « = 000385
LKorT Enter Temperature Range
Enter Temperature Range Qrroughe
01 through 06
Range In°C[°F) TCType Range In°C [°F) No.
—100to0 +300 LKT 01 - 100to + 100 0!
|— 14810 +572) |- 14810 +212)
0to + 200 i3 02 0to + 100 02
[+3210 +392) [+3210 +212)
Oro +500 J 03 Oto + 200 03
[+3210 +932) [+3210 +392)
Oto +600 K 04 0to +400 04
[+3210 +1112) [+3210 +752)
7
b 2 o Custom ranging is also avallable.
0Oto + 1000 K 06
{+32t0 +1832)
This two-page data ¥ key specifi to speed your selec-
Customranging s also available. tion of the proper solution for your application. Additional information on this

product can be obtained from

your local sales office.
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TRANSMITTERS FOR ENERGY MANAGEMENT
APPLICATIONS
The 2B57 in a modular form and 2B59 two-wire transmitters
were specifically designed to provide low cost, small size and
ease of installation in multipoint temperature monitoring appli-
cations. These transmitters can be mounted in a standard 2" x 4"
utility box with a probe for duct temperature sensing or in wall
thermostat boxes. The 2B57 is also available in a standard metal
enclosure.

2B59: RTD Input

WY

2WIRE 0584
AT ORGH

st

RED) A 20mA

® Accuracy =01%

RN I """“T =)
v

R s

® Supply voltage range. + 10V to +35V
® Load resistance range 0 to 70082

lat Vs = +24V)

Ordering Information

Example:

Enter Housing

Model 2B59A-0-1-01

Enter Model ]
2B59A

0-Module
Enter Sensor Type

1-10062 Pt, « = 000385

2-100001 NiFe, @ =
3-200001 NiFe, ¢ =

0.00527
0.00527

Enter Temperature Range

01 through 06

Avaliable Ti

Rangein’C¥)

Sensor Type

No.

—18to +38
{0to + 100]

1.2

01

-7 +49
[+20to +120)

.23

02

+10to +66
{+50t0 +150)

03

Oto + 100
[+32t0 +212)

—34to +54
[—30to +130)

+9310 +204
[+ 20010 +400]

2B57: Solid State Temperature
Transducer Input

® ADS90 or AC2626 probe input

® Accuracy =0 1%

® Supply voltage range: + 12V to + 50V

® Load resistance range: 0 to 6008}
[atVs = +24V]

Ordering Information
Example:

Enter Model
2B57A

Enter Housing
I-standard enclosure

Model 2B57A-1
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Outline Dimensions
Dimensions shown ininches and (mm)).

2B24,2B52,2B53, 2B57,
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ANALOG
DEVICES

The Complete

Signal Conditioning 1/0 Subsystem

3B Series

FEATURES/BENEFITS
Low Cost, Completely Integrated 16-Channel Modular
Signal Conditioning Subsystem
Wide Selection of Functionally Complete Input and
Output Plug-in Modules
Rugged Industrial Chassis, Rack or Surface Mounted
On-Board Power Supplies Available
Analog Input Modules Available for Direct Interface to a
Wide Variety of Signal Sources
Thermocouples, RTDs, Strain Gages, LVDTs
Millivolt, Voltage and Frequency Sources,
4-20mA/0-20mA Process Current Inputs
Current Output Modules
4-20mA/0-20mA Outputs
Complete Signal Conditioning Function
Input Protection, Filtering, Amplification,
Galvanic Isolation to =1500V,
Wide-Range Zero Suppression,
High Noise Rejection and RFI/EMI Immunity,
Simultaneous Voltage and Current Outputs

GENERAL DESCRIPTION

The 3B Series Signal Conditioning /O Subsystem provides a
low cost, versatile method of interconnecting real-world analog
signals to a data acquisition, monitoring or control system. It is
designed to interface directly to analog signals such as ther-
mocouple, RTD, Strain Gage, or ADS90/AC2626 solid state
temperature sensor outputs or millivolt or process current signals
and convert the inputs to standardized analog outputs compatible
with high level analog 1/O subsystems.

The 3B Series Subsystem consists of a 19" relay rack compatible
universal mounting backplane and a family of plug in (up to 16
per rack) input and output signal conditioning modules, Eight
and four channel backplanes are also available. Each backplane
incorporates screw terminals for sensor inputs and current outputs
and a connector for high level single ended outputs to the user’s
equipment.

The input and output modules are offered in both isolated

(= 1500V peak) and nonisolated versions. The input modules
feature complete signal conditioning circuitry optimized for
specific sensors or analog signals and provide high level analog
outputs. Each input module provides two simultaneous outputs:
0 to 10V (or = 10V) and 4-20mA (or 0-20mA). Output modules
accept high level single ended signals and provide an isolated or
nonisolated 4-20mA (or 0-20mA) process signal. All modules
feature a universal pin-out and may be readily “mixed and
matched” and interchanged without disrupting field wiring.

Each backplane contains the provision for a subsystem power
supply. The 3B Series Subsystem can operate from a dc/dc
converter or ac power supply mounted on each backplane or
from externally provided dc power. Two LEDs are used to
indicate that power is being applied.

APPLICATIONS

The Analog Devices 3B Series Signal Conditioning Subsystem is
designed 1o provide an easy and convenient solution to signal
conditioning problems in measurement and control applications.
Some typical uses are in mini- and microcomputer based systems,
standard data acquisition systems, programmable controllers,
analog recorders, dedicated control systems, and any other ap-
plications where monitoring and control of temperature, pressure,
flow, and analog signals are required. Since each input module
features two simultaneous outputs, the voltage output can be
used to provide an input to a microprocessor based data acquisition
or control system while the current output can be used for
analog transmission, operator interface, or an analog backup
system.

DESIGN FEATURES AND USER BENEFITS

Ease of Use: Direct sensor interface via screw terminals, stan-
dardized high level outputs, factory precalibration of each unit
and the modular design make the 3B Series Subsystem extremely
easy to use. The subsystem features rugged packaging for the
industrial environment and can be easily installed and
maintained.

High Protection and Reliability: All field wired terminations
offer 130V or 220V rms normal-mode protection. To assure
connection reliability, gold plated pin and socket connections
are used throughout the system. The isolated modules offer
protection against high common-mode voltages and are designed
to meet the IEEE Standard for Transient Voltage Protection
(472-1974: SWC).

High Performance: The high quality signal conditioning features
+0.1% calibration accuracy and chopper-based amplification
which assures low drift (= 1pV/°C) and excellent long-term
stability. For thermocouple applications, high accuracy cold
junction sensing is provided in the backplane on each channel.
Low drift sensor excitation is provided for RTD and strain gage
models. For RTD models, the input signal is linearized 1o provide
an output which is linear with temperature.

This four-page data summary contains key specifications to speed your selec-
tion of the proper ion for your ication. Additional information on this
product can be obtained from yourlocal sales office.
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FEATURES
Wide Variety of Sensor Inputs
Thermocouples, RTDs, Strain Gages, LVDTs,
AD590/AC2626
Dual High Level Outputs
Voltage: 0 to + 10V or =10V
Current: 4-20mA/0-20mA
Mix and Match Input Capability
Sensor Signals, mV, V, 4-20mA, 0-20mA
High Accuracy: £0.1%
Low Drift: £1pV/°C
Reliable Transformer Isolation:
+1500V CMV, CMR =160dB
Meets IEEE-STD 472: Transient Protection (SWC)
Input Prataction: 130V or 220V rms Continucus
Low Cost Per Channel

GENERAL DESCRIPTION

Each input module is a single channel signal conditioner that
plugs into sockets on the backplane and accepts its signal from
the input screw terminals. All input modules provide input
protection, amplification and filtering of the input signal, accuracy
of +0.1%, low drift of 1.V/°C (low level input modules), and
feature two high level analog outputs that are compatible with
most process instrumentation. The isolated input modules also
provide =* 1500V isolation.

The choice of specific 3B module depends on the type of input
signal and also whether an isolated or nonisolated interface is
required. Input modules are available to accept millivolt, volt,
process current, thermocouple, RTD, strain gage, and AD590
inputs. The voltage output of each module is available from the
voltage I/0 connector while the current output is available on
the output screw terminals.

THERMOCOUPLE INPUT MODELS 3B37, 3B47

The isolated thermocouple models incorporate cold junction
compensation circuitry which provides an accuracy of +0.5°C
over the +5°C to +45°C ambient temperature range. Open
thermocouple detection (upscale) is also provided. Standard
models are available for thermocouple types |, K, T, E, R, §
and B. Factory configured custom ranges are also available, The
3B37-X-00 can be user configured with the AC1310 ranging
card. The 3B47 internally linearizes the thermocouple signal.
All screw terminals have a 220V rms protection.

RTD INPUT MODELS 3B14, 3B15, 3B34

Each RTD model provides a sensor excitation current and produces
an output signal that is linear with temperature with a conformity
error of +0.05% of span and accuracy of +0.1% span. The
lead resistance effect for the three models is +0.02°C/(} for the
3B14 and the 3B34, and +.00001°C/Q for the 3B15. All excitation
input and output screw terminal connections have at least 130V
rms protection.

STRAIN GAGE INPUT MODEL 3B16

Models 3B16 accepts inputs from full four arm bridge strain
gage-type transducers. It provides a constant + 10V bridge
excitation and can be used with a bridge resistance of 3000} or
greater, All excitation input and output screw terminal connections
have 130V rms protection.

WIDEBAND STRAIN GAGE MODEL 3B18
Model 3B18 accepts inputs from full four arm bridge strain

gage-type transducers. It provies a switch selectable excitation of
+3.3V or +10.0V and can be used with 100{} to 10004} strain
gage bridges. The module has a 20kHz bandwidth to interface
to dynamic signals.

MILLIVOLT AND VOLTAGE INPUT MODELS 3B10,
3B11, 3B30, 3B31

Models 3B10 and 3B11 are nonisolated modules that accept mV
and V signals respectively. Models 3B30 and 3B31 are isolated
modules that accept mV and V signals respectively. All screw
terminal connections have at least 130V rms protection.

WIDEBAND MILLIVOLT AND VOLT INPUT

MODELS 3B40, 3B41

Models 3B40 and 3B41 are isolated modules that accept mV and
V signals respectively. The modules have a 10kHz bandwidth to
interface to dynamic signals. All screw terminal connections
have at least 130V rms protection.

CURRENT INPUT MODELS 3B12, 3B32

Models 3B12 (nonisolated) and 3B32 (isolated) accept process
current signals. Both models use a 100{) sensing resistor that is
mounted on backplane terminals 2 and 3. All screw terminal
connections have at least 130V rms protection.

AD5%0 INPUT MODEL 3B13

Model 3B13 accepts an AD590 as its input signal. Sensor excitation
is provided and a 2k} sensing resistor is mounted on backplane
terminals 2 and 3. All excitation input and output screw terminal
connections have 130V rms protection.

LVDT OR RVDT INPUT MODEL 3B17

Model 3B17 accepts signals from 4, 5 and 6 wire LVDT or
RVDT transducers. It provides an ac excitation of 1-5V rms at
frequencies ranging from 1kHz to 10kHz and has a 100Hz
bandwidth. All screw terminal connections have 130V rms
protection.

AC INPUT MODELS 3B42, 3B43 AND 3B44

Models 3B42, 3B43, and 3B44 accept ac signals from 20mV to
450V rms. The modules are rms calibrated for sinusoidal inputs,
such as ac power lines. All screw terminal connections have at
least 130V rms protection.

FREQUENCY INPUT MODELS 3B45, 3B46

Models 3B45 and 3B46 accept frequency input signals from
25Hz to 25kHz. User selectable thresholds of 1.6V and OV (for
zero crossing) are available. All screw terminal connections have
at least 130V rms protection.
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Output Modules

FEATURES

High Level Voltage Input (0 to +10V, =10V)

Process Current Output (4-20mA/0-20mA)

High Accuracy: +0.1%

Reliable Transformer Isolation: =1500V CMV, CMR =
90dB

Meets IEEE-STD 472: Transient Protection (SWC)

Output Protection: 130V or 220V rms Continuous

Reliable Pin and Socket Connections

Low Cost Per Channel

GENERAL DESCRIPTION

Each output module accepts a high level analog signal from the
system connector and provides a current output on the output
screw terminals, When a + 24V loop supply is used, loads up to
85012 can be driven. If desired, + 15V can be used to power the
output modules with a smaller load (up to 40002). Each output
module features high accuracy of =+ 1%. If isolation is required,
the 3B39 provides = 1500V peak common-mode voltage isolation
protection. '

NONISOLATED OUTOUT MODEL 3B19
The 3B19 output module accepts a 0 to + 10V or = 10V input
signal and converts it to a proportional current output. Qutput

ranges are jumper selectable for either 0-to 20mA or 4-t10-20mA.
The current output is protected to 130V rms continuous.

ISOLATED OUTPUT MODEL 3B39

Model 3B39 is an isolated module that accepts a 0 to + 10V or
+ 10V input signal and converts it to a proportional current
output. Qutput ranges are jumper selectable for either 0-to-20mA
or 4-to-20mA. Input to output isolation is rated 1o 1500V pk
continuous,

Backplanes

FEATURES
4-, 8-, or 16-Channel Versions Available
ac or dc Power Supply Options

GENERAL DESCRIPTION

The three backplane models, 3B01, 3B02 and 3B03 are designed
for 16, 8 and 4 channels, respectively, to give users the flexibility
to match the size of a system to specific applications. The 16-chan-
nel backplane can be mounted in a 19" % 5.25" panel space. The
backplanes can be surface mounted, mounted on a rack or mounted
in a NEMA enclosure.

POWER SUPPLY

The 3B Series Subsystem can operate from a common ac power
supply or de/de (+ 24V input) power supply mounted on the
backplane or an externally provided =+ 15V and + 24V supply.
The power supply is bussed to all signal conditioners in the
system. The current consumption is a function of the modules
that are actually used.
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3B Series Subsystem Specifications

INPUT MODULES

Input Types
Thermocouples: J, K, T, E, R, $, B
Thermocouples: J, K, T, E, R, §, B (Linearized)
RTDs: 1008} Platinum, 1002 Copper, 120£}Nickel (Linearized)
Strain Gage Transducers: +30mV and +100mV spans
LVDT or RVDT: 4, 5, 6 Wire
Solid State Temperature Transducers: AD590 or AC2626
DC Voltage: +10mV, +50mV, +100mV +1V, =5V, + 10V
DC Current: 4-t0-20mA, 0-to-20mA
AC Voltage: 0-50mV s, 0-100mV tms, 0-10V rms,
0-150V rms, 0-250V rms
Frequency: 0-25Hz, 0-300Hz, 0-1500Hz, 0-3000Hz, 0-25kHz

Outputs (Simultaneous)
0to +10V or =10V and
4-10-20mA or 0-to-20mA*

Performance

Accuracy: +=0.1% of span
Nonlinearity: +0.01% of span
Bandwidth: 3Hz (—3dB)

Isolated Modules

Common-Mode Voltage, Input to Qutput: = 1500V pk continuous
Transient Protection: Meets IEEE-Std 472 (SWC)

Normal-Mode Input Protection: 220V rms continuous

Current Output Protection: 130V rms continuous

Common-Mode Rejection @ 50Hz or 60Hz: 160dB

Normal-Mode Rejection @ 50Hz or 60Hz: 60dB

Nonisolated Modules

Common-Mode Voltage: +6.5V

Normal-Mode Input Protection: 130V rms continuous
Current Output Protection: 130V rms continuous
Common-Mode Rejection @ 50Hz or 60Hz: 90dB
Normal-Mode Rejection @ 50Hz or 60Hz: 60dB

OUTPUT MODULES

Input
0to +10V or £10V

Qutput
4-10-20mA or 0-to-20mA

Performance
Accuracy: =0.1% of span
Nonlinearity: *+0.01% of span

Isolated Module
Common-Mode Voltage,
Input to Output: + 1500V pk continuous
Current Output Protection
Transient: Meets IEEE-Std 472 (SWC)
Continuous: 220V rms

Nonisolated Module
Current Qutput Protection: 130V rms continuous

*There is no current output on the 3B47.
Specifications subject to change without notice.

BACKPLANES

Channel Capacity
3B01: 16 channels
3B02: 8 channels
3B03: 4 channels

POWER SUPPLIES

Backplane Mounted:
100, 115, 220, 240V ac, 50/60Hz
or +24V dc

External Power Option
+15V dc and +24V dc

MECHANICAL

Input or OQutput Modules:
3.150" x 0.775" x3.395"
(80.0mm X 19.7mm X 86.2mm)
Backplanes:
3B01: 17.40" x 5.20" x 4.37"
(442.0mm x 132.1mm X 111.1mm)
3B02: 11.00" x 5.20" x 4.37"
(279.4mm X 132.1mm x 111.1mm)
3B03: 7.80" x 5.20" x 4.37"
(198.1mm x 132.1mm x 111.1mm)

ENVIRONMENTAL

Temperature Range, Rated Performance:
—25°C 1o +85°C

Storage Temperature Range:
—55°C 1o +85°C

Relative Humidity: Conforms to MIL-STD 202,
Method 103

RFI Susceptibility: +0.5% span error,
5W @ 400MHz @ 3 ft.
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ANALOG
DEVICES

Alarm Limit Subsystem

4B Series

3 DIGIT DISPLAY

HiGics : TWO RELAY OUTPUTS I

AND PROC

DHGITAL 110 CONNECTOR
FOR ALARM READBACK
AND ACKNOWLEDGEMENT

FEATURES/BENEFITS
® Low Cost, Completely Integrated 12-Channel Modular
Alarm Limit Subsystem

Selection of Alarm Limit Modules
Rugged Industrial Chassis, Rack or Surface Mounted
On-Board Power Supplies Available

@ Alarm Modules Accept High Level Voltage and Process

Current Inputs

® Complete Alarm Function per Module
High Accuracy of £0.1%
Two Set Points, Adjustable Over 100% Span
Dead Band Adjustment per Set Point, Adjustable
Over 0.5%—10.0% Span
Alarm Types are Configurable for Hl or LO Operation
Two Relay Outputs
Three Digit Display Indicates Set Points and Process
Variable as a Percent of the Input Span
LED per Set Point Provides Local Alarm Indication
Input Protection
High RFVEMI Immunity

® Specifications Valid Over the 0 to +70°C Temperature
Range

e Easy to Install, Calibrate and Service
Direct Connections to Industrial Screw Terminals
Modules Removable without Disturbing Field Wiring
or Power
Front Panel Set Point and Dead Band Adjustments

e Convenient Connection to User's Equipment
Interfaces Directly to Analog Output Subsystems
Used for Single Board Computer Interfaces
Universal Adapter Board Allows Easy Interface
to Any Equipment

This two-page data summary contains key specifications to speed your selec-
tion of the proper ion for your application. Additional information on this
product can be obtained from your local sales office.

PER MODULE

ANY MIX OF
ALARM MODULES

STANDARD 19
= HACK MOUNTING

GENERAL DESCRIPTION

The 4B Series Alarm Limit Subsystem is a low cost method of
providing adjustable alarm limits. Used in conjunction with
either the 5B Series, the 3B Series or a module in the 2B Series
transmitter family, the 4B Series’ modules provide alarms for a
wide variety of process sensors and transducers. The Alarm
Limit Subsystem accepts a high level signal and provides fully
independent HI and LO relay outputs.

The subsystem consists of a 19" relay rack compatible universal
mounting backplane and a family of plug-in (up to 12 per rack)
alarm limit modules. A four channel backplane is also available.
The modules, designed for voltage or current inputs, can be
readily mixed and matched and interchanged without disturbing
field wiring. Each backplane incorporates screw terminals for
field wiring and a connector for high level single ended inputs
from the user’s equipment.

Each alarm module has two set points which are fully adjustable
over the 100% span. It will accept a standardized high level
analog input and will provide one or two ON/OFF outputs. The
allowable input ranges are + 10V, 0 to + 10V, 4-20mA and 0-
20mA. All input types can be connected to either the voltage
input connector or the input screw terminals,

The two set points within each module can be user configured
with push-on jumpers for HI-LO, HI-HI or LO-LO use. If
only one limit per channel is desired, the module can be used in
a HI or LO state. The value of each set point and the process
variable can be viewed with a 3 digit display which is controlled
with a rotary switch. Each set point has an adjustable dead band
(hysteresis) which can be adjusted up to 10% of span and can be
used to eliminate nuisance alarms.
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DESIGN FEATURES AND USER BENEFITS

Direct interface via screw-terminals or ribbon cable, two screw-
driver adjustable set points per module, adjustable dead band
per set point, a three digit display that indicates the value of the
process variable and set points, and the modular design make
the 4B Series Subsystem extremely easy to use. The subsystem
features rugged packaging for the industrial environment and
can be easily installed and maintained.

All input screw terminals offer 130V rms normal mode protection.
Connection reliability is assured by gold plated pin and socket
connectors. The high quality alarm modules feature +0.1%
accuracy and a low drift with temperature (+0.005%/°C).

APPLICATIONS

The Analog Devices’ 4B Series Alarm I imir Subsystem provides
an easy and convenient solution to alarm/annunciation problems
in measurement and control applications. When used with field
transmitters or any other device that provides a process current
or high level voltage output, it can provide either alarm indication
or ON/OFF control. In a typical application, the 4B Series
Alarm Subsystem provides alarm indication for any sensor input
when used with the 3B Series Signal Conditioning Subsystem.
The 3B Series interfaces directly to sensors and converts the
inputs to the standardized high level analog signal that the 4B
Series alarms. This modular approach provides a very flexible
means to alarm indication since the same 4B module can be
used to alarm a variety of sensors when used with the appropriate
3B module.

FUNCTIONAL DESCRIPTION

Each alarm module is a single channel unit that plugs into sockets
on the backplane and accepts its signal from either the input
screw terminals or the voltage input connector. All alarm modules
provide input protection, filtering of the input signal, accuracy
of *£0.1% and feature two relay outputs that are capable of
driving loads up to 3A.

The choice of a specific 4B module depends on whether the
input signal is a high level voltage or a process current. The
voltage inputs can be connected to a 4B module by either the
input screw terminals or the voltage input connectors. Process
currents can also be connected through either the screw terminals
or the voltage input connector, but must use a sensing resistor.
The current input models are shipped with the required sense
resistor, which is to be installed on the input screw terminals.

The transfer function provided by each alarm module is:
Inputs: High level voltage or process current
Qutputs: Two independent ON/OFF Relay Outputs

Figure 1 shows a functional diagram for the model 4B10 alarm
limit module which has been configured for HI-LO operation.
The high level voltage input signal is filtered and compared
against both set points. If the process variable is above the HI
limit or below the LO limit, the appropriate relay is turned on.

Each set point has an adjustable dead band (0.5%—10.0% span),
which is used to eliminate nuisance alarms. Dead band is the
amount of signal change necessary, after an alarm has occurred,
to return an alarm to its original condition. As an example, if
the HI limit is set at 75% of span and the dead band is 2%, the
alarm will turn on when the process variable is at 75% and will
not turn off until the process variable falls to 73%. For a LO
limit configuration, the dead-band relationship is reversed and
the alarm would not turn off until the process variable has risen
above the sum of the LO set point value and the dead-band
value.

Each set point has an LED which turns on when an alarm
condition occurs and provides local alarm indication.

Figure 1. 4810 Functional Block Diagram

The alarm status of both limits can be read externally from the
digital I/O connector. When an alarm state exists which is TTL
active high on the readback pins, the relay can be turned off
with an external override signal (TTL active low) that connects
to the digital I/O connector. The readback/override feature
allows for external monitoring of the alarm states as well as for
external control or alarm acknowledgement. When an override
signal is used, the readback feature reads the alarm state and
not the relay input signal so that the state of the process variable
can still be monitored.

For the modules with a display, positive overload is indicated

by ] ] ] and negative overload is indicated by a [ in the left
most position.

The 4B modules have five user programmable jumper options.
Each unit can be configured for unipolar or bipolar inputs, both
set points can be configured for HI or LO limit operation, and
both relays can be configured for Normally Open (NO) or Normally
Closed (NC) operation. These options allow the user to readily
tailor the 4B units to his specific needs. For instance, if HI-HI
operation were required, it is available by changing the appropriate
jumpers. All modules are shipped from the factory configured
for unipolar input, NO relay action, and HI-LO operation.

4B MODULE SPEGIF ICATIONS

@ +25'Tand =15, + Wdc

Mndel 4B10,4B20 4B11,4B21 4BI2,4B22

Inputs’ Oto + 10V, = 10V 0-20mA  4-20mA
Outputs (2 SPST Relays) Resistive Raung. A @
120V acor 24V de . ‘
Performance
Accuracy’ =0 1% span * .
Temperature Stabality = 0.005% span”C. ¥ iy
Bandwidth® 5Hz( - 3dB) - »
Normal Mode Input Protection 130V rms y *
Normal Mode Rejection @ 30Hzor 60Hz 20dB » ol
Input Resistance? 100M1 . .
Warm-Up Time to Rated
Performance 3 Munutes Ly .
Features

Two Set Poants per Module Adjustable over 100% span

by 25 wurn polentiometers

Dead band per Set Point 0.5%~10.0% span, adjustable
by | turn potentiometer . 4
Relay Acvon Field reversible by jumper change * *
Three Digit Display® 0-99.9% of input span . .
Alarm Status Readback TTL Level = &
External Override Signal TTL Level * *
Power Supply
Valtage, Rated Performance +15V, +5V o $
Valtage, Operaung =12V o £ 18V, +4.5V55V  * *
Current® =12mA, + 150mA » 2}
Size’ 4.020° % 1.050° = 4,020° L -
Environmental
T Range, Rated Oto +70°C 2
Storage Temperature Range - 25°Cwo +85°C . .
Relative Humidity, Conforms o MIL
Std 202, Method 1038 nmm(gw‘c,mndmm'ns * *
RFI Suscepubility +10.5% span.
W -wnmu @ 3. - »
NOTES

"Woltage input range 1 pumper selecabl

TAecuracy inchodes serabiiry, wuuahllry lmesnity, and bysteress Models 4810, 4B11, end 4812 have & quantmnon

error of = | digt

*napolas snputs only Bipolar mputs have & bandwidth of 10Hz ( - 3B}

*Unapolar mputs only Bipolar mputs have an input resstance of 400k}

*Oinly models 4810, 4B11 and 4812 have a three digit desplay

S0nly models 4B10, 4811 and 4812 Models 4820, 4821 and 4822 require = 12mA for =15V and +125mA

from +5V

’uﬂ,qﬂnmmmo 4811 and 4B12 Models 4820, 4821 and 4822 messure 4 0207 1 050° % 3 3307
same as 4B10, 4820

Spealicabons subject to change without notke
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ANALOG
DEVICES

Compact, Low-Cost
Modular Signal Conditioners

9B Series

FEATURES
® Rugged, Compact, Low Cost Signal Conditioners
@ Analog Input Modules for Direct Interface to
Sensors: Thermocouples and RTDs
Millivolt and Voltage Sources
4-20mA or 0-20mA Process Current Inputs
Analog Output Module
4-20mA or 0-20mA Process Current Output
Complete Signal Conditioning Function
240V rms Field Wiring Protection, Filtering,
Amplification, 1500V rms CMV lIsolation,
High Noise Rejection, RFVEMI Immunity, and
Wide Range Zero Suppression
High Accuracy: *=0.05%
Low Drift: £1pV/C
—25°C to +85°C Temperature Range
Mix and Match Module Capability
Convenient Connection to User's Equipment
Simplified Designer Application

GENERAL DESCRIPTION

The 5B Series represents a new generation of low cost, high
performance plug-in signal conditioners. Designed for industrial
applications, these modules incorporate a new circuit design
utilizing transformer-based isolation and automated surface
mount manufacturing technology. They are remarkably compact,
economical components whose performance exceeds thart available
from more expensive devices. Combining 1500V rms continuous
CMYV isolation, *+0.05% calibrated accuracy, small size and low
cost, the 5B Series is an attractive alternative to expensive signal
conditioners and in-house designs.

All modules are hard potted and identical in pinout and size
(2.25" % 2.25" % 0.60"). They can be mixed and matched, permit-
ting users to address their exact needs, and may be changed
without disturbing field wiring. The isolated input modules
provide 0 to + 5V outputs and accept J, K, T, E, R, 8, and B
thermocouples; 10002 platinum, 100 copper and 120(} nickel
RTDs; mV, V, 4-20mA or 0-20mA, and wide bandwidth (10kHz)
mV and V signals. These modules feature complete signal con-
ditioning functions including 240V rms input protection, filtering,
chopper stabilized low drift ( + 1uV/°C), amplification, 1500V
rms isolation, linearization for RTD and thermocouple (with
5B47) inputs and sensor excitation when required. The output
module converts a 0 to + 5V input to an isolated 4-20mA or 0-
20mA process current signal, All modules feature excellent
common mode rejection and meet IEEE 472-1974 surge withstand
specs.

The 5B Series provides system designers with an easy to use
solution for analog I/O in a minimum of board space. The modules’
simple pinout and easy mechanical application simplify design.

There are also a number of backplanes which provide a complete
signal conditioning solution for end users. Each backplane in-
corporates screw terminals for field wiring inputs and outputs
and cold junction compensation sensors for thermocouple appli-
cations. Nineteen-inch relay rack compatible units that can hold
up to sixteen modules are available,

APPLICATIONS

These signal conditioners are designed to provide an easy and
convenient solution to signal conditioning problems of both
designers and end users in measurement and control applications.
Typical uses include mini- and microcomputer-based measurement
systems, standard data acquisition systems, programmable con-
trollers, analog recorders, and dedicated control systems. The
5B Series modules are ideally suited to applications where moni-
toring and control of temperature, pressure, flow, and other
analog signals are required.
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DESIGN FEATURES AND USER BENEFITS

System Design: It is easy for a system designer to apply the
functionally complete 5B Series modules in his own circuit
board or backplane. These modules feature a simple pinout,
plug into widely available sockets and are secured with self-
contained mounting screws. Other features, which can be used
to minimize system interface cost, have also been incorporated
in the 5B Series design. Each input module has an output switch
which is controlled by a TTL-compatible enable input, eliminating
the need for an external multiplexer. Each output module has a
track and hold input which permits a single DAC to serve numerous
current output channels. For thermocouple applications, cold
junction compensation sensors are available,

Subsystem Solution: The 5B Series provides a complete signal
conditioning soiution. A famuly of backplanes, plug-in modules,
factory precalibration of each unit, direct sensor interface via
screw terminal connections, standardized high level outputs,

and ribbon cable system interface result in easy integration into
any system. For thermocouple applications, high accuracy cold
junction compensation sensing is provided on each channel. A
general susbsystem application is outlined in Figure 1.
Flexibility: The 5B Series can be easily tailored to meet each
user’s needs. These plug-in signal conditioners can be mixed
and matched to provide /O for various process sensors and
actuators. Many standard configurations of each module are
available, and, for added flexibility, factory laser trimmed custom
units can be supplied. A wide zero suppression capability allows
a user to map any portion of the input signal into the full ouput
span permitting improved system resolution within a selected
measurement range.

High Reliability: The 5B Series was designed to assure maximum
reliability under real-world conditions. The modules are specified
over the —25°C to + 85°C temperature range. Each module is
hard potted; there are no adjustment potentiometers which
could introduce mechanical and human errors that impair system
integrity. All field wired terminations, including sensor inputs,
excitations and current outputs, are protected against continuous
240V rms line voltage. This prevents a fault from damaging not
only the module itself but also the backplane and other devices
connected to the system. The modules also provide protection

against high common-mode voltages and are designed to meet
the IEEE standard for transient voltage protection (472-1974:
SWC). Gold plated pin and socket connections are used throughout
the system to assure connection reliability.

High Performance: The high quality signal conditioning features
+0.05% calibration accuracy, nonlinearity of only +0.02%
span, and chopper-based amplification which assures low drift
(£ 1pV/C) and excellent long-term stability. Low drift sensor
excitation is provided when required, and the RTD module
provides an output which is linear with temperature,

High Noise Rejection: The 5B Series Modules were designed
to accurately process low level signals in electrically noisy envi-
ronments by providing 1500V rms continuous transformer isolation
which eliminates ground loops, protects against transients and
solves common-mode voltage problems. To further preserve
signal integrity, 160dB common-mode rejection, 60dB normal-
mode rejection and excellent RFI/EMI immunity are provided.
Small Size: Each 5B Series module measures only

2.25" % 2.25" % 0.60" resulting in space savings for both system
designers and end users: each module occupies 1.35 square
inches of board space and a 16-channel backplane occupies only
3.5 inches in a rack.

mV, V, THERMOCOUPLE,
RTD, 4-20mA/0-20mA

SENSOROR
TRANSMITTER

ACTUATOR

4-20mA/0-20mA

INPUT MODULES ACCEPT REAL
WORLD ANALOG INPUTS AND
PROVIDE ISOLATED HIGH LEVEL
ANALOG OUTPUTS

INPUT MODULE

OQUTPUT MODULES ACCEPT
HIGH LEVEL VOLTAGE INPUTS
AND PROVIDE ISOLATED
PROCESS CURRENT OUTPUTS

OUTPUT MODULE

0to +5V/=5V

ANALOGI/O
I INTERFACE l" "'I CRMPUTER

0TO +5W/=5V

Figure 1. Functional Block Diagram of a General Measurement and Control Application Using the 58 Series
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INPUT MODULE FEATURES
® Variety of Signal Source Inputs
Sensors: Thermocouples and RTDs
Millivolt and Voltage Sources
4-20mA or 0-20mA Process Current Inputs
Mix and Match Input Capability
High Level Voitage Output: =5V or 0 to +5V
High Accuracy: =0.05%
Low Drift: =1pV/C
Reliable Transformer Isolation: 1500V rms CMV,
160dB CMR, Meets IEEE-STD 472: Transient
Protection (SWC)
Input Protection: 240V rms Continuous
Factory Ranged and Trimmed, Custom Ranges
Available

GENERAL DESCRIPTION

The galvanically isolated 5B Series input modules are single
channel, plug-in signal conditioners that provide input protection,
amplification and filtering, series output switching, and a high
level analog output. Key specifications include: 1500V rms
isolation, accuracy of +0.05%, *0.02% span nonlinearity and
low drift of £ 1pV/°C. All modules operate from a single +5V
supply with typical power consumption of 0.15W. The modules,
which measure only 2.25" % 2.25" % 0.60", are hard potted.

The transfer function provided by each input module is:
Input - specified sensor measurement range
Output —= 0to +5Vor £5V,

Each 5B Series input module is available in a number of standard
ranges, and special ranges can be factory configured. Analog
Devices will provide a special function when a model 5B
-CUSTOM is ordered with the desired range.

5B37 FUNCTIONAL DESCRIPTION

Figure 2 shows a functional diagram for a typical input module,
the 5B37 thermocouple conditioner. The module provides cold
junction compensation for the associated screw terminals as well
as a bias current to give a predictable (upscale) response to an
open thermocouple. Input protection allows safe operation even
in the event of a 240V rms power line being connected to the
signal terminals. (In modules designed to work with sensors
requiring excitation, low drift sensor excitation is provided and
is protected at the same level).

A three-pole filter with a 4Hz cutoff provides 60dB of normal-mode
rejection and CMR enhancement at 60Hz, One pole of this filter
is located at the module input while the other two poles are in
the output stage for optimum noise performance. A chopper-
stabilized input amplifier provides all of the module's gain for
ultra-low drift. This amplifier operates on the input signal after
subtraction of a stable, laser trimmed zero-suppression signal
which sets the zero-scale input value. It is, therefore, possible to
suppress a zero-scale input which is many times the total span
to provide precise expanded scale measurements.

Signal isolation is provided by transformer coupling, using a
proprietary modulation technique for exceptionally linear, stable
performance at low cost. A demodulator on the output side of
the signal transformer recovers the original signal, which is then
filtered and buffered to provide a clean, low-impedance output.
A series output switch is included to eliminate the need for
external multiplexing in many applications. This switch has a
low output resistance (501) and is controlled by an active-low
enable input which is compatible with CMOS and LSTTL
signals. In cases where the output switch is not used, such as
single-channel and conventionally multiplexed applications, the
enable input should be grounded to power common to turn on
the switch.

A single + 5V power supply input (as used for all 5B Series
modules) operates a clock oscillator which drives power trans-
formers for the input and output circuits. The input circuit is,
of course, fully floating. In addition, the output section acts as a
third floating port, eliminating many problems that might be
created by ground loops and supply noise. The common-mode
range of the output circuit is limited; however, output common
must be kept within + 3V of power common, and a current
path must exist between the two commons at some point for
proper operation of the demodulator and output switch.

+25Y

DIFF  siGnAL
AMP isoLATION

i ||

Figure 2, 5837 Block Diagram
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INPUT MODULE SPECIFICATIONS i@ + 27 and +5vpower

Model 5B30/5B31 5B32 5B34 SB37/SB47 5B40/5B41
Input Ranges demVide V Process Current RTD Thermocouple Wideband de mV/V
Oulputkangcs +5VarQto +5V Oto +5V Oto +5V Oto +5V *
Accuracy' =0.05% Span - * */0.10% Span *
thnearlty +0.02% Span » 0.05% Span Conformity | *NA h
vs. Ambient T

Input Offset + LuNFPCR20uVAC +0.0025% SpanC | =0.02°C°C =0.02°CAC/RVIC = 2u VPG 2 40 VFC

Output Offset +20uVFC * i o */NA *

Span + 25ppmof rdg/"C =+ 35ppm of rdg”C = 50ppm of rdg°C » *
Common-Mode Voltage, Input to Output 1500V rms Continuous L * * *
Common-Mode Rejection(@ 50Hz 1o 60Hz

1k Source Unbalance 160dB/150dB - * * 100dB/90dB
Normal-Mode Rejection @ S0Hz or 60Hz 60dB W " - N/A
Dnfferential Input Protection 240V rms Continuous b = 5 Ly
QOurput Resistance 5001 . - x =
Voltage Output Protection Continuous Short to Ground | * * ® -

Input Transient Protection Meets IEEE-STD 472(SWC) | = . . .

Input Resistance SMIV650kIL * L » 200MIV650k(}
Bandwidth 4Hz * " » 10kHz

Ourput Selection Time 20ps . ' - n

Power Supply +5V =5% ® . o »

Power Consumpuon 0.15W * * * b

Size 2.25"% 2.25" % 0.6" * > * »
Environmental

Temperature Range, Rated Performance —25°Cro 4+ 85°C = - % *

Temperature Range, Operanon —40°C1o +85°C * * e =

Storage Temperature Range —40°Co +85°C ¥ " * »

Relative Humdity Conforms to 0o 95% @ 60°C

MIL Spee 202 Noncondensing ® " " »

RFI Susceptibility +0.5% Span Error, 5W

@ 400MHz G 3' - » x '

NOTES
*Specificaons same as SB!0

| Accuracy specif the combined eff

d linearty and does not include sensor or signal source error

Thls Wxﬂnn w5 for the 5B Senes farmaly and may not apply woall ran.ges of all modules Consult the 58 Series User's Manual for detailed specifications.

P ige without notice

Input Type/Span Output | Model
dc, =5mV 1o +500mV *5V 5B30, 5B40
dec, £500mVto = 10V +5V 5B31,5B41
Process Current, 4-20mA or 0-20mA 0-5V SB32
Thermocouple Types ], K, T,E,R,5,B | 0-5V SB37
Linearized Thermocouple

Types],K,T,E,R,S,B 0-5V 5B47
2, 3,4 Wire RTDs~ 1000 Platinum,

1002 Copper, 1200} Nickel 0-5V 5B34

Tablel. InputSelection

ISOLATED MILLIVOLT AND VOLTAGE INPUT

MODELS 5B30, 5B31

Model 5B30 and 5B31 accept millivolt and voltage signals re-
spectively and have a 4Hz bandwidth.

ISOLATED CURRENT INPUT MODEL 5B32
Model 5B32 accepts process current signals. A resistor is supplied
to convert the signal current to a voltage, and, since that resistor
cannot be protected against destruction in the event of inadvertent
connection of the power line, it is provided in the form of a
separate pluggable resistor carrier assembly. Extra current con-
version resistors are available as accessories.

ISOLATED RTD INPUT MODEL 5B34

This RTD input module provides 3 wire lead resistance com-
pensation and can be connected to 2, 3, or 4 wire RTDs. The
lead resistance effect is +0.02°C/(}. It provides a low drift sensor
excitation current of 0.25mA for the 5B34 or 5B34-N or 1.0mA
for the 5B34-C and produces an output signal that is linear with
temperature with a conformity error of +0.05% of span and
accuracy of +0.05% of span.

ISOLATED THERMOCOUPLE INPUT MODELS 5B37,
5B47

The isolated thermocouple model incorporates cold junction
compensation circuitry which provides an accuracy of £0.5°C
over the +5°C to +45°C ambient temperature range. Open
thermocouple detection (upscale) is also provided. Standard
models are available for thermocouple types |, K, T, E, R, §,
and B. Model 5B47 provides a linearized 0-5V output.

ISOLATED WIDEBAND MILLIVOLT AND VOLTAGE
INPUT MODELS 5B40, 5B41

Models 5B40 and 5B41 accept millivolt and voltage signals
respectively and have a 10kHz bandwidth for interface to dynamic
signals.
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5B SERIES MODULE OUTLINE

D ions shown in inch d (mm).
0.345
{s.8)
0.150 et
3.8) —» |o
@ og}'é_o T
2.250 0590 0.375 (9.2) | y
|L‘ (572 =J] j‘_ 159 S
— ... i V-0
— O 1
0525 (129) | o OT
09
o—
0.275(6.7) b
C-) INSERT
FOR
A 3
{2?)%_5;: 0.475 (11.6) SOREW
3 -_—
5°
0375095 | o ©
-0_02
50%';“‘/ 1
Fi i
0.038PIN 0.590
I IQdu.lsm_.l'
HUI!U[I[II]H @ ﬂﬂﬂﬂﬂﬂ (TOP)
—={%52 0.095 (2.4} - l -
— L ,l G ER -l PIN DESIGNATIONS
-1———-&:5;: 0.245 (6.2) —af L— WRITEEN (0) 23
22 READENI(0)
RESERVED 21
20 Vour
vocom 19
18 Vi
+5V 17
16 POWERCOM
6 INHI
INLO 5
4 +EXC
—EXC 3
2 SENSOR +
SENSOR - 1
= + e 41.
['e 29 30 «o] [(o 29 0 «o]
Lo HI
Loo N
THERMOCOUPLE
mv, Vv
-+
LO' HI
1o 29 39 +9]
r = |
| 2WIRE |
| | 3&4WIRE
| I A _J
4WIRE
RTD

Figure 3. 5B Series Input Connections
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OUTPUT MODULE FEATURES

® Voltage Input Ranges: 0 to +5V or £5V

Process Current Output: 4-20mA or 0-20mA

High Accuracy: +0.05%

Reliable Transformer Isolation: 1500V rms CMV,
CMR=90dB

Meets |[EEE-STD 472: Transient Protection (SWC)

Output Protection: 240V rms Continuous

GENERAL DESCRIPTION

The 5B39 Current Qutput Module accepts a high level analog
signal at its input and provides a 4-20mA or 0-20mA process
current signal at its output. The module features high accuracy
of £0.05% and 1500V rms common-mode voltage isclation pro-
tection.

The transfer function provided by this module is:
Input - Oto+5Vor x5V
Output — 4-20mA or 0-20mA.

To provide this range of functions four varicties of the 5B39 are
available; unipolar or bipolar input and output range must be
specified when ordering.

5B39 FUNCTIONAL DESCRIPTION

Figure 4 is a functional block diagram of the SB39 current
output module. The voltage input, usually from a digital-to-analog
converter, is buffered and a quarter scale offset is added if a
4-20mA output is specified.

The signal is latched in a track-and-hold circuit. This track-and-
hold allows 1 DAC to serve numerous output channels. The
output droop rate is 80pA/s which corresponds to & refresh
interval for 0.01% FS droop of 25ms. The track-and-hold is
controlled by an active-low enable input which is compatible
with CMOS and LSTTL signals. In conventional applications
where one DAC is used per channel and the track-and-hold is
not used, the enable input should be grounded to power common.
This keeps the module in tracking mode.

The signal is sent through an isolation barrier to the current
output (V-to-I converter) stage. Signal isolation is provided by
transformer coupling using a proprietary modulation technique
for linear, stable performance at low cost. A demodulator on the
output side of the signal transformer recovers the original signal,
which is then filtered and converted to a current output. OQutput
protection allows safe operation even in the event of a 240V rms
power line being connected to the signal terminals.

INPUT
\F‘N(L' RANGE —— TR:CK
ELECT
5 f [ HoLp
ocom &2 o4

o & [7s ]

POWER
ISOLATION
FUWER i" RE&FT
PWR .18 | OSC FILT

A single +5V supply powers a clock oscillator which drives
power transformers for the input circuit and the output’s high
compliance, current loop supply. The output current loop is, of
course, fully floating. In addition, the input section acts as a
third floating port, eliminating many problems that might be
created by ground loops and supply noise. The common-mode
range of the input circuit is limited; however, input common
must be kept with = 1V of power common, and a current path
must exist between the two commons at some point for proper
operation of the track-and-hold control input.

OUTPUT MIJHIME SPECIFICATIONS

(typical @ +25°Cand +

Input Ranges
Qutput Ranges
Load Resistance Range'
Accuracy’
Nonlinearty
Stability vs. Ambient Temperature
Zero
Span
Common-Mode Voltage, Output to
Inputand Power Supply
Common-Mode Rejection
Normal-Mode Output Protection
Qutput Transient Protection
Sample & Hold:
Qutput Droop Rate
Acquisition Time
Over Range Capability
Maximum Ourput Under Fault
Inpurt Resistance
Bandwidth
Power Supply
Power Consumption

Maximum Input Voltage Without Damage

Size
Environmental

Temperature Range, Rated Performance

Storage Temperature Range
Relative Humidity Conforms to
MIL Spec 202

RFI Susceptibility

0to +5Vor =5V
4-20mA or 0-20mA
01065002

+0.05% Span
+10.02% Span

=0.5pA
20ppm of Span/C

1500V rms Continuous

90dB

240V rms Continuous

Meets IEEE-STD 472 (SWC)

B0pA/s

50ps

10%

26mA

10M02

400Hz

+5Vde 5%
0.85W (170mA)
+10V

225" 2.25" x0.6"

-25°Cto + 85°C
—40°Cro +85°C

01095% @ 60°C
Noncondensing
+0.5% span error, W
@ 400MHz @ 3 f1.

NOTES

"With & mimmum poser supply voltage of 4 95V, Ry can be up to 75001

2 Accuracy specification includes th

linearity Does not include signal source error

b h hout notice

SIGNAL
ISOLATION

Vic

8;
o]
Y
b}

Figured4. 5839 Block Diagram
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DESIGNER APPLICATION FEATURES

o Module Pins Fit Widely Available Sockets

e Single Threaded Insert for Module Hold Down

¢ Cold Junction Compensation Sensors Available

¢ Input Modules Have Internal Series Output
Switches

o Output Modules Have Track-and-Hold Inputs

DESIGNER APPLICATION INFORMATION

The 5B Series was designed to facilitate integration by a system
designer into his own circuit board or backplane. Only a single
3.0mm threaded insert is required for module hold down. Module
pins are accommodated by widely available sockets, and temper-
ature sensors for thermocouple cold junction compensation are
available as one-piece precalibrated units.

The 5B Series was also designed to minimize system interface
space and cost. Each input module has an internal series output
switch which can be controlled by a TTL-compatible enable
input eliminating the need for external multiplexers. Each output
module has a track-and-hold input which allows a single digital-to-
analog converter to serve numerous channels. In applications
where it is desirable to do so, the module enable lines can be
grounded, and the 5B Series input modules can be used with a
conventional external mux and the output modules with a DAC
per channel.

Ease of system application of these modules is enhanced by the
fact that the output modules have enable and signal input pin
assignments which do not coincide with the enable and signal
output pins of the input modules, see Figure 5. This means that
in a single mix-and-match backplane environment the reading of
inputs and the writing and refreshing of outputs are completely
independent and occur simultaneously. For example, the input
system may dwell for a long time on a single channel to collect
thousands of samples without having to interrupt the process to
do an output refresh or set a new output value, Similarly, a
“dumb”" refresh circuit can be built which can maintain outputs
without even knowing which channels have output modules; it
refresh all channels, and those that are really inputs will
ignore the operation.

BASIC DESIGN GUIDELINES

Modules may be mounted in any position and will normally be
placed next to the screw terminals connecting to the associated
field wiring. The temperature sensor is only used by thermocouple
modules, but it is normally installed in all channel locations in a
“mix-and-match’ application. This sensor must be physically
close to the terminals where the thermocouple wire connects to
copper. Because the low power dissipation of the 5B Series
minimizes temperature gradients on the backplane, no special
precautions are needed to get accurate temperature sensing.
Provision must be made on each channel for the 5B32’s current
conversion resistor.

The width of the modules is intended to permit installation on
0.6" centers where required, but consideration must be given in
each application to the required distance between backplane
conductors where large interchannel voltages exist or where
code requirements apply. The nature of the screw terminals
used for field wiring will also factor in determining practical
interchannel spacing.
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The 5B Series User's Manual includes an extensive discussion of
system design issues. Design of backplanes which take full
advantage of the 5B Series’ capabilities by maintaining isolation
is emphasized.
OUTLINE DIMENSIONS
Dimensions shown in inches and (mm).

0.345
(8.8)

>y

o}
0525 (129) | o
o

2.250
0.275(6.7) 57.2)
) NserT
FOR

0.475 {11.6)

F £ .
003BPIN
—0.590 —»{
115.0)

(TOP)

Figure 5. Module Footprint and Pinout

PIN DESIGNATIONS
WRITEEN(0) 23
22 READEN(0)
RESERVED 21
vocom 19
18 Vi
+5V 17,
16 POWERCOM
6 INHI
INLO 5
4 +EXC
-EXC 3
2 SENSOR +
SENSOR — 1
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BACKPLANE FUNCTIONAL DESCRIPTION

To address diverse applications, the 5B Series includes an ex-
panding family of backplanes. Two 16 channel backplanes which
can be mounted in a 19" x 3,5" panel space are available. Each
channel has four screw terminals for field connections. These
connections satisfy all transducer inputs, process current outputs,
and provide transducer excitation when necessary. A cold junction
sensor is supplied on each channel to accommodate thermocouple
modules. A system interface connector provides high level voltage
I/O for all channels. Both 5B Series backplanes require a +5V
external power source. Other backplanes with integral power
supplies are under development.

The 5B Series offers high density packaging to conserve mounting
space and can be easily tailored to fit the user’s needs. All modules
feature universal pin out which assures interchangeability. The
screw down design allows easy reconfiguration.

The 5B01, diagrammed in Figure 6, provides sixteen single
ended input/output pins on the system connector. It is pin
compatible with Analog Devices’ 3B Series applications. (Note,
however, that 5B Series modules provide a = 5V output swing
rather than the + 10V swing provided by 3B Series modules).

Aiﬂz

VOLTAGE
w

AL T (T

M 420 @,
v @ oA | (@
POWER @ t 1 1
1 ]
[ ¢ ol[e ¢ ¢ o] [e @ @ olfc @ @ @]
CHANNEL EMI‘\IIEK Clll‘t:ﬂil EM‘I;M
o

Figure 6. 5801 Block Diagram

The 5B02, diagrammed in Figure 7, incorporates an input and
an output bus which take advantage of the internal series output
switches in the input modules and the track-and-holds in the
output modules. Designers integrating the SB02 into a measure-
ment and control system do not need external multiplexers and
can use a single digital to analog converter to serve numerous
output channels.

For smaller applications, the 5B03 and 5B04 module sockets are
available for one and two 5B Series modules, respectively. These
module sockets may be clustered for groups of three or more
signals, and they are DIN rail compatible using Phoenix Universal
Module UM elements.

ADDRESS

BACKPLANE SPECIFICATIONS
SB01, 5B02 5B03/SB04

Channels 16 1,2

External Power

Requirement +5V *

Cold Junction Sensor | On Each Channel *

Physical Size 3.5"x17.4" 4.25"x 1.37"
88.9mm x 442mm 108mm x 34.7mm

*Same as 5B01, 5B02.

che 1| o o |z cue Vesan 1] © 0 l2 wocou
coM 3| o o |4 cHa Ve 3| © © |4 swsL0
Y sl o o s com vocom 8| O o |& 1ocom
oz 7 o o5 cHn [E o8 wma2
READ
com 8| © O 1w cni mrut) | B3 8| © O |10 wWTa
cHI N o o 12 com BTs vl o o |12 msE
cHa ul o o [ cnn el o © |te ez
WRITE
CoM 15| © O [w CH1y 1ouUTPUT) | BIT3 1| O O | mTa
ADORESS
cHs 17| © © [w com BITS 17| © © |18 ms8
cHe 13| © O |20 CcHW READ ENB j0; 18) © O |20 WRITE ENE (3]
com 1| o O |zonmn ne 2| o © |22 mesenven
cHrn| o o |24 com Ne 1| o o [= ne
SENSE 25| O 0 |2 NC DCOM S| O © |2 Dcom
BOTTOM VIEW BOTTOM VIEW

Wagan 15 THE ANALOG OUTPUT OF INPUT MODULES
Vs 5 THE ANALOG INPUT OF QUTPUT MODULES

MATING CONNECTOR AMP P 45358 6 ON EGUVALENT

Figure 8. System Connector Pinout

MATING CONNECTOR AMP PN 459586 OR EQUIVALENT

ACCESSORIES

To ease the board design process for designers and to complete
the SB Series subsystem solution, the following accessories are
available.

CJC Sensors. SIP temperature sensors are available to provide
cold junction temperature measurement for thermocouple appli-
cations on user designed backplanes. These sensors are provided
on each channel of the 5B01 and 5B02 backplanes. Model number
AC1361.

Current Conversion Resistors. Supplied with each 5B32 Current
Input Module, a replacement pluggable resistor (20(1) assembly.
Model number AC1362.

Single Channel Socket. A single channel test socket with screw
terminals and cold junction compensation for module evaluation.
DIN rail compatible. Model number AC1360.

Rack Mount. A single piece metal chassis for mounting 5B
Series backplanes in a 19" rack. Model number AC1363.

Power Supplies. Chassis mounted 1A (model number 955) and
3A (model number 976) SV power supplies are available.

Cables. A 2' (60cm) 26-pin cable with two connectors, model
number AC1315. For daisy chaining 5B02 backplanes, a 26-pin
cable with three connectors, model number CAB-01.

Interface Board. A universal interface board with a 26-pin
connector in and 26 screw terminals out. Model number
ACI1324.

DECODERS
4 "’1_ OUTPUT ENABLE .
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e i Gt L 1 GUTPUT BUS ) 3
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CHAMAEL, CHANNEL CHANN
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Figure 7. 5802 Block Diagram
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Digital Panel Instruments
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Selection Guide
Digital Panel Instruments

DIGITAL PANEL METERS
~ v
] 2 ~ ]
& & & S
7 Q"\r Q"\o 3]
/) v 9
Digits; F.S. Range  3;-99 to +999mV L o
31%;£199.9mV [ ] ®
+1.999V . b
+19.999V .
4%, £1.9999V «
Input Type Limited Differential L] L *
Floating °
Data Qutputs Character Serial @
Paralle] BCD Latched °
Display Type LED L] L o L]
Display Size in/mm 0.5/13 0.27/7 0.5/13 0.5/13
Max Case DepthI in/mm 0.65/17 | 1.4/36 1.9/48 244/63
Power Supply  +5V ° ™ ™
AC Line E
Page 12-13 12-9 | 12-11 12-13
NOTES

! Case depth includes mating connector. All logic powered DPMs use industry standard case with 3.175" X1.810"
(80.65 X 45.97mm) cutout. AC-powered AD2026-2 uses industry standard case with 3.930" X 1.682" (99.82 X
42.72mm) cutout.

"s Other products that are still available are listed on page 17 -4.
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DIGITAL TEMPERATURE/TRANSDUCER METERS*

5 ~ ] ~ N >
S & & &S /& /D
§ /5 /)8/5/8 /8

< < < /< <

Input Number of 1 ® . ® » © ®
Channels *
Sensor Function Switch Selected L) @ °
(Determines User Specified L] ® .
Temperature Thermocouple J,K, T L] ® ® L]
Range) Type E,R,S ® ® e L]
C,B, ] DIN, T DIN . bl
RTD ] [
Thermistor L ®
Features Self-Calibration ° ° ° ] 3 .
Cold-Junction Compensation . ® . e
Linearization ° ™ ° ™ ° L]
Isolation o! o! o o' * *
Readout Digits
3% [] L] [ £
4% ® °
LED
Display Height  0.56", 14.3mm ® . ° . ° .
Digital
Data Qutput 7-Bit Character-Serial ASCII o ° ® @ . ®
Isolated, 20mA Current Loop . ° ] @ b -
RS232/TTL . ®
Analog Voltage o . w ® ® O
Output
Power AC Line . . L] L] . °
Supply DC +7.5V to +28V ® ) L] L] ® °
Page 12-15 |12-15 |12-17 | 12-17] 12-19 | 12-19
NOTES

' AC line-operated versions,

* Other products that are still available are listed on page 17-4.
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Orientation
Digital Panel Instruments

A digital panel instrument is a self-contained instrument designed
for panel mounting. It contains circuitry for measuring analog
quantities, converting them to digital and providing a numeric
readout. In addition, it usually provides data outputs for interfacing
with a printer and/or a computer system.

Digital panel instruments manufactured by Analog Devices fall
into two classes: digital panel meters for voltage measurements
and microprocessor-based digital thermometers to read out
temperature measurements from user-chosen sensors. A digital
panel meter measures voltage, generally with fractional-millivolt
resolution. A temperature meter accepts inputs from standard
thermocouples, RTDs, and thermistors, and provides readouts
directly in temperature, to 3 1/2 or 4 1/2 digits; thermocouple
meters provide reference-junction compensation and linearization,
while RTD/thermistor meters also provide current excitation for
RTDs and thermistors.

Two useful publications from Analog Devices may be helpful in
understanding the issues involved in signal conditioning and
data conversion: Analog-Digital Conversion Handbook, third
edition (1986, $32.95) and Transducer Interfacing Handbook
(1980, $14.50). Both are available from the Analog Devices
Literature Center at P.O. Box 796, Norwood MA 02062.

A DPM samples the input voltage periodically, converts that
voltage to digital, and displays the corresponding reading visually.
A digital panel meter, then, consists of four basic functional
sections: the input section, including signal conditioning and
analog to digital conversion circuitry; the display; the data outputs
and the power supply.

Processing the Input Signal

The primary function of the input section is to convert an analog -

input voltage into a digital signal for display. Besides this basic
function, the input section also buffers the input to provide a
high input impedance, prevent circuit damage in overvoltage
conditions, reject both normal-mode and common-mode noise
on the input signal, compensate for large variations in operating
temperature and sometimes even measure the ratio of two separate
input voltages.

The analog to digital conversion scheme used on most DPMs is
the dual-slope type due to its inherent stability and normal-mode
noise rejection. The dual-slope converter can also be used to
measure the ratio of two input voltages in some DPM designs.
Lower-resolution DPMs sometimes use staircase or single slope
converters which require RC filtering of the input signal for a
normal-mode-noise rejection.

The input of the DPM may be single-ended, differential or
floating. Single-ended inputs measure the input voltage with
respect to input common and may require some care in application
to avoid ground loop problems. To prevent ground loops, some
of Analog Devices” DPMs use a “limited differential input,”
where a resistor separates analog and digital grounds allowing
up to 200mV of common-mode voltage and providing up to
60dB of common-mode rejection.

AC-powered DPMs can be floated on the power-supply trans-
former to provide isolation and CMR. For example, the line-
powered AD2026-2 has floating inputs with 116dB of CMR and
a 1,000-volt common-mode rating.

12-4 DIGITAL PANEL INSTRUMENTS

699

Displaying the Data — Digital Outputs

Once the input signal is digitized, it is decoded and displayed
on a digital readout. Analog Devices DPMs use large seven-
segment light-emitting diode (LED) displays.

DPM full-scale range, including overrange, is defined by the
number of digits and polarity. In mixed-fraction designations
(e.g., 3 1/2 digits), a full digit is one capable of displaying any
numeral from 0 through 9. The fraction generally means the
ratio of the display’s maximum leading digit to the power of two
that corresponds to the number of overrange bits; for example,
a 3 1/2-digit meter’s maximum reading is 1999, a 4 3/4-digit
meter's maximum reading is 39999,

Since the visual display of a DPM must be in a decimal format,
counter chips used in DPM conversion circuitry are generally
binary-coded decimal (BCD) types. The data output format
depends on the circuit design of the meter; for example, the
AD2010 has parallel BCD data outputs with all BCD bits available
simultaneously, while the AD2021 has character-serial outputs —
each BCD digit is gated onto a single set of parallel output lines
in sequence. The latter technique requires fewer connections
and simplifies data interfacing.

Digital data outputs from DPMs are generally compatible with
DTL or TTL logic systems; many DPMs are also compatible
with CMOS logic.

Control

The kinds and number of control inputs and outputs — and
their interpretation — may differ from one model to another, but
they are well defined on the data sheets. Examples of typical
control functions that may be found in DPMs include triggering
of conversions, external kold, decimal points (jumper or logic-
programmable), display blanking and status output.

DIGITAL TEMPERATURE METERS

Microprocessor-based devices in this class include the AD2050/
AD2051 Thermocouple Meters, the AD2060/AD2061 Autoranging
RTD/Thermistor Meters and the AD2070/AD2071 Autoranging
Thermocouple Meters.

In addition to the basic panel-meter circuitry, these instruments
have signal-conditioning front ends with overvoltage protection
and open-sensor detection, automatic self-calibration and sophis-
ticated output options. Besides linearization, their functions
include cold-junction compensation for thermocouples and exci-
tation for RTDs and thermistors. They read out in degrees
Fahrenheit or Celsius, and the autoranging types choose between
0.1° and 1° resolution, depending on range.

The AD2050, AD2060, and AD2070 are dedicated instruments
for optional specific sensor types (e.g., type K thermocouple),
while the AD2051, AD2061, and AD2071 are “universal instru-
ments” for any one of a set of specified sensors, programmable
by the user to meet the needs of the application.
Communication options simplify temperature recording with
computers, strip-chart recorders or printers. In addition to 7-bit
character-serial ASCII outputs, the user has the option of a
linearized analog output for strip-chart recorders, and serial
ASCII output in two forms: isolated 20mA digital current-loop
and/or nonisolated TTL. The AD2070/AD2071 has optional
isolation for all data outputs, including RS-232.



Understanding Performance Specifications

Resolution, Accuracy and Stability — these three specs are very
important in the selection of a DPM. Although more digits may
mean more resolution, the digits themselves are useless unless
the accuracy is sufficient for the digits to have real meaning.
Therefore, accuracy and resolution should be comparable.

Besides temperature variations, there are three components of
DPM inaccuracy: zero offset error, gain error and quantization
error. In any device using a counter and clock to determine a
digital output, there is always a potential + 1 count error in the
output. This is caused by the timing of the input gate of the
counter; when the gate closes asynchronously with the clock, a
clock pulse that occurs just as the gate closes may or may not be
counted, hence the fixed =+ 1 digit inaccuracy.

Zero-level offsets in the analog circuitry cause errors specified as
a percentage of full-scale reading. These errors can be corrected
by a zero-calibration potentiometer requiring periodic resetting,
or by internal calibration circuits that set the zero level automat-
ically between each pair of readings, assuring no zero-level
contribution to the error.

Gain variations occur as a function of signal level in the analog
circuitry and produce errors which are specified as a percentage
of the reading. These are the hardest errors to design out of a
DPM circuit, but they can be minimized by component specifi-
cation and selection. A range potentiometer is used for periodic
adjustment of the gain. Gain errors may also be calibrated out
in “smart” instruments having an automatic internal calibration
facility (e.g. AD2070).

Since all the electronic components used in the design of a
DPM have some temperature dependence, one can expect the
accuracy of the DPM to be affected by changes in operating
temperature. If automatic zero correction circuitry is not used,
the zero level may drift with temperature. Variations in the
reference voltage circuitry and its associated switches will cause
changes in the gain of the DPM, but careful selection and matching
of components can minimize this error.

To illustrate these specifications, consider a 3 1/2 digit DPM
(1999 counts full scale). The resolution of the unit is the value
of one digit, 1 part in 2000 or 0.05% of full scale. If the accuracy
is comparable to the resolution (exclusive of digital indecision),
the DPM should have a maximum error of £0.05% =1 digit.

Temperature coefficient specifications for a DPM should be
very good to maintain the accuracy. A tempco of only 50ppm/°C
(0.005%/°C) will produce an additional error of +0.05% over a
range of only +10°C.

Since each manufacturer tends to use a different method of
specifying accuracy and temperature coefficients, specifications
must be expressed in common terms to be comparable.

DEFINITIONS - DPM TERMS & SPECIFICATIONS
Accuracy (Absolute): DPMs are calibrated with respect to a reference
voltage which is in turn calibrated to a recognized voltage standard.
The absolute accuracy error of the DPM is the tolerance of the
full-scale set point referred to the absolute voltage standard.

Accuracy (Relative): Relative accuracy error is the difference
between the nominal and actual ratios to full scale of the

digital output corresponding to a given analog input. See also:
Linearity.

Automatic Zero: To achieve zero stability, a time interval during
each conversion is provided to allow the circuitry to compensate
for drift errors, thereby providing virtually no zero drift error.

Bias Current: The current required from the source at zero
signal input by the inpurt circuit of the DPM. Bias current is
normally specified at typical and maximum values. Analog Devices’
DPMs using transistor input circuitry are biased current sinks.

Binary Coded Decimal (BCD): Data coding where each decimal
digit is represented by a group of 4 binary coded digits (called
“quads”). Each quad has bits corresponding to 8, 4, 2 and 1
and 10 permissible levels with weights 0-9, BCD is normally
used where a decimal display is needed.

Bipolar: A bipolar DPM measures inputs which may be of either
positive or negative polarity and automatically displays the polarity
as well as the magnitude of the input voltage on the readout.
Character Serial BCD: Multiplexed BCD data outputs, where
each digit is gated sequentially onto four common output lines.

Commaon-Mode Rejection: A differential-input DPM will reject
any input signals present at both input terminals simultaneously
if they are within the common-mode voltage range. Common-
mode rejection is expressed as a ratio and usually given in dB.
(CMR = 20 log CMRR 120dB of common-mode rejection.)
(CMRR = 10°%) means that a 10V common-mode voltage is
processed as though it were an additive differential input signal
of 10p.V magnitude.

Common-Mode Voltage: A voltage that appears in common at
both input terminals of a device, with respect to its ground.

Conversion Rate: The frequency at which readings may be pro-
cessed by the DPM. Specifications are typically given for internally
clocked rates and maximum permissible externally-triggered
rates,

Conuversion Time: The maximum time required for a DPM 1o
complete a reading cycle, specified for the full-scale reading.
Dual-Slope Conversion: An integrating A/D conversion technique
in which the unknown signal is converted to a proportional time
interval, which is then measured digitally. This is done by inte-
grating the unknown for a predetermined time.

DIGITAL PANEL INSTRUMENTS 12-5
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Then a reference input is switched to the integrator, and integrates
“down” from the level determined by the unknown, until a
“zero” level is reached. The time for the second integration
process is proportional to the average of the unknown signal
level over the predetermined integrating period.

Input Impedance: The complex ratio of signal voltage to signal
current at the input terminals. For dc measuring DPMs, the
inpul is measured at de. For ac measuring DPMs, it 1s expressed
as a dc resistance shunted by a specified capacitance.

Linearity: The conventional definition for nonlinearity of a DPM
is the deviation from a “best” straight line which has been fitted
to a calibration curve. Analog Devices defines nonlinearity as
the deviation from a straight line drawn between the zero and
full-scale end points, Not only is this an easier method for customer
calibration, it is also a more conservative method of specifying
nonlinearity.

IDEAL
L.

READING

ERROR

ViN FS

Linearity

Normal-Mode Rejection: Filtering or integrating the input signal
improves noise rejection of undesired signals present at the
analog high input. Normal-mode rejection is expressed as the
ratio of the actual value of the undesired signal to its measured
value over a specified frequency range. (NMR (dB) = 20 log
NMRR, e.g. NMR = 40dB means an attenuation of 100:1.)
Overload: An input voltage exceeding the full-scale range of the
DPM produces an overload condition. An overload condition is
usually indicated by conspicuous manipulation of the display
such as all dashes, flashing zeros, etc. On a 3 1/2 digit DPM
with a range of 199.9mV, a =200mV, signal will produce an
overload condition.
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Owerrange: An input signal that exceeds all nines on a DPM,
but is less than an overload. On a 3 1/2 digit DPM with a full-scale
range of 199.9mV, the all-nines range is 0-99.9mV, and signals
from 100-199.9mV are said to fall in the 100% overrange region.
Some DPMs have higher overrange capability. A 3 3/4 digit
DPM has a full-scale range of 3.999 or 300% overrange.

Qwervoltage Protection: The input section of the DPM must
provide protection from large overloads. Specifications are given
for sustained dc voltages that can be tolerated.

Parallel BCD: A data output format where all digital outputs
are available simultaneously.

Range (Temperature Operating): The range of temperatures

over which the DPM will meet or exceed its performance
specifications. A

Range (Full Scale): The range of input signals that can be measured
by a DPM before reaching an overload condition. A 3 1/2 digit
DPM’s full-scale range consists of three digits (all-nines range)
and 100 percent overrange capability.

Ratiometric: Dual Slope DPMs compare voltage inputs to a
stable internal reference voltage. In some systems, the voltage
being measured is a function of another voltage, and accurate
measurements should be made as the ratio of the two voltages.
Some DPMs provide inputs for external reference voltages for
ratiometric measurements.

Resolution: The smallest voltage increment that can be measured
by a DPM. It is a function of the full-scale range and number
of digits of a DPM. For example, if a 3 1/2 digit DPM has a
resolution of 1 part in 2000 (0.05%) over a full-scale range of
199.9mV, the DPM can resolve 0.1mV.

Digits Counts(F.S.) Resolution (% F.5.)
212 199 0.5%

3 999 0.1%

3112 1999 0.05%

33/4 3999 0.025%

4 9999 0.01%

41/2 19999 0.005%

43/4 39999 0.0025%

Temperature Coefficient: The additive error term (ppm/°C or %
Reading/°C) caused by effects of variations in operating temper-
ature on the electronic characteristics of the DPM.

Unipolar Input DPM: A DPM designed to measure input voltages
of only one polarity.
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ANALOG
DEVICES

Low-Cost, 3 1/2 Digit
DPM for OEM Applications

AD2010

FEATURES

LED Display with Latched Digital Outputs

Small Size, Lightweight

Automatic Zero Correction; Max Error: 0.05% 1 Digit
High Normal Mode Rejection: 40dB @ 50 or 60Hz
Optional Ratiometric Operati

Leading “'0" Display Blanking

5V dc Powered

APPLICATIONS
Medical/Scientific/Analytic Instruments
Data Acquisition Systems

Industrial Weighing Systems

Readouts in Engineering Units

Digital Thermometers

GENERAL DESCRIPTION

Analog Devices’ model AD2010 represents an advance in price/
performance capabilities of 3% digit digital panel meters. The
AD2010 offers 0.05% *1 digit maximum error with bipolar,
single ended input, resolution of 1004V, and a common mode
rejection ratio of 60dB (CMRR) at £200mV (CMV).

The AD2010 features a light-emitting-diode (LED) display
with a full scale range of 0 to £199.9 millivolts, latched digital
data outputs and control interface signals, and leading zero dis-
play blanking. Automatic-zero correction circuitry measures
and compensates for offset and offset drift errors, thereby
providing virtually no error. Another useful feature of the
AD2010 is its 5V dc operation. The AD2010 can operate from
the users’ 5V dc system supply, thereby eliminating the shield-
ing and decoupling needed for line powered units when the ac
line must be routed near signal leads.

To satisfy most application requirements, the conversion rate
of the AD2010 is normally 4 readings per second. However, an
external trigger may be applied to vary the sampling rates from
a maximum of 24 readings per second down to an indefinite
hold time. The AD2010 can also be connected for automatic
conversion at its maximum conversion rate. During conversion,
the previous reading is held by the latched logic. The numeric

factory.

AD2010 FUNCTIONAL BLOCK DIAGRAM

ANALOG SECTION
I DIGITATO D

DIGITAL SECTION
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readout is available as BCD data. Application of the metering
system in a computer or data logging system is made easy with
the availability of the “overrange,” “polarity,” “‘overload,”
and “status’ signals.

A simplified block diagram of the AD2010, illustrating the
features described above is shown in Figure 1.

IMPROVED NOISE IMMUNITY, ACCURACY AND

ZERO STABILITY

Dual-slope integration, as used in the AD2010 and as described

in the theory of operation section, offers several design benefits,

@ Conversion accuracy, for example, is independent of both
the timing capacitor value and the clock frequency, since
they affect both the up ramp and down ramp integration
in the same ratio.

® Normal mode noise at line frequencies or its harmonics is
rejected since the average value of this noise is zero over the
integration period.

® To achieve zero stability, a time interval during each conver-
sion is provided to allow the automatic-zero correction cir-
cuitry to measure and compensate for offset and offset drift
errors, thereby, providing virtually no zero error.

DIGITAL PANEL INSTRUMENTS 12-9
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SPECIFIGATIUNS (typical @ +25°C and +5VDC unless otherwise noted)

DISPLAY OUTPUT |

® Display consists of four LED’s (0.27" (6.9mm) high).
for dara digits plus 100% overrange and polarity
indication.

® Overload — three data digits display zeros
and flashes.

® Decimal Points — selectable at input connector.

® Leading “0"" Display Blanking — controlled externally.

INPUT
® Full Scale Range — 0 to £199.9 millivolts
® Automatic Zero
® Automatic Polarity
® Bias Current — 3nA
® DC Impedance — 100M§2
#® Overvoltage Protection — 20V sustained, 50V momentary
without damage.
® Decimal Points (3) — dluminate with logic “1", extin-
guish with logic 0",
ACCURACY
® Maximum Error — 0.05% of reading £1 digie
® Resolution — 0.1 millvolt
® Temperature Range — 0 to +50°C operating
-30°C to +85°C storage
® Temperature Coefficient — £50ppm/°C

NORMAL MODE REJECTION
® 40dB @ 60Hz

COMMON MODE REJECTION
e 60dB @ £200mV

CONVERSION RATE

® External Trigger — up to 24 conversions per second

® [nternal Trigger — 4 conversions per second

® Automatic — A new conversion is initiated automatically
upon completion of conversion in process; conversion
rate will vary from 24/sec to 40/sec depending on input
magnitude.

® Hold and Read upon command.

CONVERSION TIME
® Normal Conversion — 42ms max (full scale input)
® Overload Conversion — 62ms max

INTERFACE SIGNALS

® DTL/TTL Compatible IN our
logic 0" <08V <04V
logic 1" >20V  >24V
® Inpurs
External Trigger — Operation in the “External Trigger”
mode requires that the “External Hold” input be a logic
“0" or ground.

Negative Trigger Pulses — Applying a logical "low” to
the “HOLD" input disables the internal trigger. A
negative trigger pulse (logic 1" to logic “0") of
1.0ps mimimum applied to the "EXT TRIGGER" in-
put will imitiate conversion in the same manner as the
internal oscillator. The external trigger should not be
repeated, however, until the “status” indicates com-
pletion of the conversion in process.

Posiive Trigger Pulses — The “"HOLD" input can be

used to trigger the AD2010 from a “normally low"

signal with the “EXT TRIGGER" inpur open or logic 1",

Following a "hold™ a new reading will be initiated on the
leading edge of the “hold" signal. Thus, a momentary
positive pulse on the “*HOLD" input can be used to
trigger the AD2010. The drift correct interval, how-
ever, begins on the trailing edge of the positive pulse,

so if the pulse widch exceeds 1ms, the conversion will
actually be imnated by the internal trigger.

Specifications subject to change without notice.
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Ma G Rate - Automatic — The AD2010
can also be connected for automatic conversion at its
maximum conversion rate by connecting the “status”
output back into the “hold" input, In this manner the
status signal going high at the end of one conversion
immediately initiates a new conversion. The pulses
appearing on the status line can be used to stepa
multiplexer directly, since the built-in drift-correct
delay of 8.33ms will allow settling of the input prior
to conversion. A logic “0" applied to the “EXT TRIGGER"
will inhibit the automatic trigger mode. )
External Hold — Logic “0” or ground applied to this in-
put disables the internal trigger and the last conversion is
held and displayed. For a new conversion under internal
control the input must be opened or at logic "1". For a
new conversion under external control, a positive pulse
of less than 1.0ms can be applied (as previously explained).
OUTPUTS
® 3 BCD Digns (8421 Positive True) - latched - 3TTL loads
® Overrange - logic "'1" - latched - 6 TTL loads, indicates
overrange.
® Overload - logic 0" indicates overload (>199.9mV)
logic 1" - latched - 6TTL loads, indicates
data valid.
® Polarity - logic 1" - latched - 6TTL loads, indicates
positive polarity input.
® Status - logic “0" - conversion in process
logic ““1" - latched - 6TTL loads, indicates con-
version complete.

POWER
® +5V dc£5%, 500mA
WARM UP
® Essentially none to specified accuracy
ADJUSTMENTS
® Range potenniometer for full scale calibration. Calibra-
tion recommended every six months,
SIZE
® 3"W x 1.8"H x 0.84"D (76.2 x 45.7 x 21.3mm) (overall
depth for case and printed circuit board extension 15
1.40" (35.6mm)).
ORDERING GUIDE
® AD2010 - Standard AD2010 as described above - tuned
for peak normal mode rejection at 60Hz and its
harmonics.
WEIGHT
® 40z (113.5gm)

OVERALL DIMENSIONS

All dimensions are given in inches and (mm).

PIN A KEY PIN "'S"

i anoneza miN

ua!oizlaim
i

141
135 8}
MAX

|

r=——3 020 {76 7} MAX ——=
p——13 420 (86 3) MAX

|
0155 (3 34) MAX

LENS

NORMAL MODE
ADJUSTMENT
(AD201OR ONLY)

\- GAIN ADJUSTMENT



ANALOG
DEVICES

Low-Cost, 3 1/2 Digit

Logic Powered DPM with LED Displays

AD2021

FEATURES

“Second Generation” MOS-LSI Design

Large 0.5” (13mm) LED Displays

+5VDC Logic Powered

+1.999V, +199.9mV or +19.99V Full Scale Ranges
Limited Differential Input

Low Power Consumption: 2.0 Watts

Small Size, Industry Standard Case Design

APPLICATIONS
General Purpose Logic Powered DPM Applications
Portable Applications Requiring Low Power Consumption

GENERAL DESCRIPTION

The AD2021 is a low cost, 3% digit, +5V dc logic powered
digital panel meter with large LED displays. While designed for
general purpose DPM applications, the small size, light weight
and low power consumption of the AD2021 make it an ideal
digital readout for modern, compact instrument designs.

THE BENEFITS OF “SECOND GENERATION" DESIGN
The AD2021 is designed around MOS-LSI (Metal-Oxide-Semi-
conductor, Large Scale Integration) integrated circuits, which
greatly reduce the number of components, and thereby the
size, and reduce power consumption to 2.0 watts. Both the
lower power consumption and fewer interconnections between
components promise greatly increased reliability, and the cir-
cuit design maintains the performance and features of earlier
DPMs. Large 0.5 inch (13mm) LED displays offer the visual
appeal of gas discharge displays with the ruggedness and life-
time of all solid state devices.

EXCELLENT PERFORMANCE AND EASY APPLICATION
The AD2021 measures input voltage over a full scale range of
+1.999V dc or £199.9mV dc (S’ option) with an accuracy
of £0.05% reading £0.025% full scale £1 digit. Using the

_“limited differential” input first used on Analog Devices’
AD2010, the AD2021 prevents ground loop problems and
provides 35 to 50dB of common mode rejection at common
mode voltages up to £200mV., Normal mode rejection is
40dB at 50Hz to 60Hz,

BCD data outputs are provided in a bit parallel, character serial
format compatible to CMOS logic systems. For those applica-
tions requiring parallel BCD data, schemes for making the ser-
ial to parallel conversion are available. Controls to hold readings,
select decimal points and blank the display are provided.

DESIGNED AND BUILT FOR RELIABILITY

The AD2021 is packaged in Analog Devices’ logic powered
DPM case size, only 1.25 inches (32mm) deep. The small size
of this DPM makes it easy to accommodate in any instrument
design, and since several other manufacturers now use the same
panel cutout for logic powered DPMs, this industry standard-
ization allows mechanical second sourcing. In addition, the

For detailed information, contact factory.

Znzay ™

AD2021 uses the same pin connections as the AD2010 (except
in BCD outputs, of course) as a convenience to allow updating
designs to take advantage of the second generation design and
larger display of the AD2021. Each AD2021 receives a full
one week failure free burn-in before shipment.
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Figure 1. AD2021 Bit Parallel Character Serial to Full Parallel
Data Conversion. AD2021 Pin Connections are Shown in
Parentheses,
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SPEC|FlCAT|0NS (typical at +25°C and nominal power supply voltage)

DISPLAY OUTPUT

® Light emitting diode, planar seven segment display read-
outs, 0.5" (13mm) high for three data digits, 100% over-
range and negative polarity indication. Overload indicated
by flashing display, polarity remains valid.

® Decimal points selectable at input connector.

® Display blanking on three data digits (does not affect
overrange digit, polarity sign of decimal points).

ANALOG INPUT
® Configuration: bipolar, limited differential
® Full Scale Range: +1.999V &r £199.9mV (*‘S”" option)
*19.99V ("'V" option)
Automatic Polarity
Auto Zero
Input Impedance: 100ME2 (1M — “V" option)
Bias Current: 50pA
® Overvoltage Protection: 50V dc, sustained

ACCURACY
® +0.05% reading £0.025% full scale *1 digit'
® Resolution: 1mV, 10mV (*V" option) or 100uV
(*‘S™" option)
® Temperature Range?: 0 to +50°C operating; -25°C to
+85°C storage
® Temperature Coefficient: Gain: 50ppm/°C
Zero: auto zero
® Warm-Up Time to Rated Accuracy: less than one minute
® Settling Time to Rated Accuracy: 0.4 second

NORMAL MODE REJECTION
® 40dB at 50-60Hz

COMMON MODE REJECTION
® AD2021: 35dB (dc -10kHz)
® AD2021/S: 50dB (dc -10kHz)
® AD2021/V: 15dB (dc -10kHz)
COMMON MODE VOLTAGE
® +200mV

CONVERSION RATE
® 5 conversions per second
® Hold and read on command

CONTROL INPUTS

@ Display Blanking: (TTL, DTL compatible, 2 TTL loads).
Logic “0" or grounding blanks the three data digits only,
not the decimal points, overrange digit (if on) and polar-
ity sign. Logic *“1"" or open circuit for normal operation.
Display blanking has no effect on output data and the
display reading is valid immediately upon removal of a
blanking signal.

@ Hold: (CMOS, DTL, TTL compatible, 1LP TTL load).
Logic 0" or grounding causes the DPM to cease conver-
sions and display the data from the last conversion. Logic
*“1" or open circuit for normal operation. After the
“Hold" input is removed, one to two conversions are
needed before the reading is valid.

® Decimal Points: Grounding or Logic 0" will illuminate
the desired decimal point. External drive circuitry must
sink 35mA peak at a 25% duty cycle when the decimal
points are illuminated.

12-12 DIGITAL PANEL INSTRUMENTS

DATA OUTPUTS (See Application Section for details on
data outputs)
® BCD Data Outputs: (CMOS, LP TTL or LP Schottky
compatible), bit parallel, character serial format.
® Digit Strobe OQutputs: (CMOS, DTL, TTL compatible,
one TTL load). Logic *“1” on any of these lines indicates
the outpur data is valid for that digit.
® Polarity Output: (CMOS, TTL, DTL compatible, one
TTL load). Logic *“1" indicates positive polarity input,
logic *'0” indicates negative polarity.
® Status: (CMOS or LP TTL compatible). When this signal
is at Logic ““1”, the output data 1s valid.
® Clock: (CMOS, DTL, TTL compatible, one TTL load).
The clock signal is brought out to facilitate conversion
from character serial to parallel data.

® INTERFACING DATA QUTPUTS. The BCD data outputs
are in a bit parallel, character serial format. There are four’
BCD bit outputs (1, 2, 4, 8) and four digit uutpurs(on, 10!
102, 10%). The BCD digits are gated onto the output lines
sequentially, and the BCD bits are valid for the digit whose
digit line is high. The data is valid except when being updated
which occurs within 2 milliseconds after the status line
goes low.

REFERENCE OUTPUT
® A 6.4V 5% analog reference output is made available.
This reference should be buffered and filtered if use in
external circuitry is desired.

POWER INPUT
® +5V dc £5%, 1.45 watts

CALIBRATION ADJUSTMENTS (See Application Section for
calibration instructions)

® Gain

® Zero

® Recommended recalibration interval: six months

SIZE
e 3"W x 1.8"H x 1.33"D (76 x 46 x 34mm)
® 1.90" (48mm) overall depth to rear of card edge connector.
® Panel cutout required: 3.175" x 1.810" (80.65 x 45.97mm).

WEIGHT
® 4 ounces, (115 grams)

OPTIONS — ORDERING GUIDE
® Input Voltage Range: AD2021 — 1,999V dc Full Scale
AD2021/S — 199.9mV dc Full Scale
AD2021/V — 19.99V dc Full Scale

CONNECTOR
® 30 pin, 0.156" spacing card edge connector. Viking
2VK15D/1-2 or equivalent.
® Optional: Order AC1501

NOTES

! Guaranteed at 25°C and nominal supply voltage
? Guaranteed

Specificat bject to change without notice.
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ANALOG
DEVICES

Low-Cost, 3 Digit
AC Line or Logic Powered DPM

AD2026*

FEATURES

Third Generation 12 L LS| Design

Either Line Powered or Logic Powered
Large 0.56" Red Orange LEDs

Balanced Differential Input/Floating
1000V, CMV

Terminal Block Interface {ac Version)
High Reliability: > 250,000 Hour MTBF
Small Size and Weight

Low Cost

GENERAL DESCRIPTION

The AD2026 is specifically designed to provide a digital alter-
native to analog panel meters. The AD2026 is available either
logic powered (+5V dc) or ac line powered. Most of the
analog and digital circuitry is implemented on a single 2L
LSI chip, the AD2020, Only 13 additional components are re-
quired to complete the AD2026 +5V dc version, The entire
dc version is mounted on a single 3" X 1 5/8” PCB. AC line
power is achieved with the addition of a second PCB contain-
ing the ac power transformer and power supply circuitry.

The AD2026, on both the ac line and logic powered versions,
offers as a standard feature, 0.56" high LED Displays. Brightness
is enhanced on both versions due to the Red Orange lens. In ad-
dition to the Red Orange lens, the AD2026 is also available
with a dark red lens for applications where maximum bright-
ness is not required and minimum backlighting is desired.

A unique patented case design utilizes molded-in fingers, both
to capture the PCB in the case and to provide snap-in mount-
ing of the DPM in a standard panel cutout. No mounting hard-
ware of any kind is used. The dc version occupies less than 1"
of space behind the panel. The line powered version offers the
same mounting features but occupies 2 1/2" of behind-panel
space.

EXCELLENT PERFORMANCE

The AD2026 offers the instrument designer digital accuracy,
resolution and use of readout while occupying less space than
its analog counterpart. Other features of analog meters such as
reliability and instantaneous response are retained in the
AD2026.

The AD2026 measures and displays inputs from -99mV to
+999mV, with an accuracy of 0.1% of reading *1 digit. Zero
shift is less than one bit over the full operating temperature
range, resulting in the same performance as a DPM with auto
zero. The balanced differential input of the dec powered
AD2026 rejects common mode voltages up to 200mV, enough
to eliminate most ground loop problems. The floating differ-
ential input inherent in the ac line powered version offers
1000V of common mode voltage rejection.

*Covered by patent numbers: 4,092,698; 29,992; 3,872,466,
and 3,887,863,

Optional 10.0V full scale (F.S.) range is available on the ac
line version that will accept inputs from -0.99V to 9.99V.

WIRING CONNECTIONS

For Balanced Differential operation with the AD2026 dc ver-
sion, connect input as shown in Figure 1. The common mode
loop must provide a return path for the bias currents internal
to the AD2026. The resistance of this path must be less than
100k§2 and total common mode voltages must not exceed
200mV,

For applications where attenuation is required, scaling re-
sistors can be connected between pins 6 and 7 and between
pins F and H. Pin 5 must be used as the High Analog Input
when scaling resistors are used and pin 4 when they are not.
Pin E is the Analog Low Input.

(L3
h s
<_tﬁ| 15 i
i
A
AESISTORS
'3 paz 1€} i ] m
w T T
12 [
& 4
i st A= 100KL1)

Figure 1.

Connection to the ac line powered AD2026 is via the terminal
strip on the rear. AC line power is connected to terminals 4
and 5 and the signal input is connected to terminal 1 (An-
alog HI) and 2 (Analog Ground).
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SPECIFICATIONS (typical at +25°C and nominal supply voltage unless otherwise noted)

DISPLAY OUTPUT
® Light emitting diode, planar seven segment display readouts, 0.56" (14.6mm)
high (orange)
® Overload Indicanon: EEE
® Negative Indicauion: -XX
® Negative Overload Indicatuon: ———
® Decimal Points: three (3) selectable at input connector (de version), internally
on ac version
ANALOG INFUT
® Confy bal
{ac versmn)
® Full Scale Range. -99mV to +999mV
~0.99V to +9.99V (10V opuon on ac version)
® Automatic Polarity
® Input Impedance: 100ME2, 100kS2 (10V nprion)
® Bias Current. 10UnA
® Overvoltage Producnon: £15V de, sustained
ACCURACY
® 20,1% %1 dign
® Resolution ImV or 10mV
® Temperature Range’ -10°C to +60°C operaung, -25°C ro +80°C storage
® Temperature Coefficient Gan 50ppm/’C
Zero 10uV/7C (essentially auto zero)
® Warm-Up Time to Rated Accuracy Instantaneous
® Scrthing Time to Rated Accuracy, 0.3 second for full input voltage
swing (dc version), 0.75 second for full input voltage swing (ic version)

COMMON MODE REJECTION (1k{2 source imbalance, dc to 1kHz)
® 5048, £200mV common mode voltage (de version)
® 116dB (96dB on 10V range), 1000V rms max CMV (ac version)

NORMAL MODE REJECTION
® 30dB at 50-60Hz (ac versian)

CONVERSION RATE
® 4 conversions per second
* Hold and read on command (dc version only)

CONTROL INPUTS
Display Blanking/Display Power Input, (dc version only) The display of the
AD2026 can be blanked by removal of power to the display power input, with
no effect on conversion circuitry, If external logic switching is used, the display
requires 110mA peak (85mA average) when illuminated.

Hold (dc version only) When the Hold input 15 at Logic “'0", grounded or open
circuit, the AD2026 will convert at 4 conversions per second, If a voltage of
0.6V to 2.4V 15 applied to this input, the DPM will stop converting and hold the
last reading, A 122 resistor in series with this input to +5V will provide the
proper voltage input. (Consult factory for "HOLD" on ac version.)
DECIMAL POINT
® Toilluminate decimal points on de version, ground appropriate pin
{A, B or 3).
® To llurminate decimal points on ac version, remove shroud and bndge
appropnate solder pad (A, B or 3),

A4 A

I input (de version) single ended solated

POWER INPUT LOGIC POWER®
® Converter. +5V £5%, 0.2 wates typ, 0.33 watts max
® Display: +5V *40%, 0,45 watts typ, 0.75 watts max
POWER INPUT AC LINE POWER
® AC line, 50-60Hz, 1.5 watts
CALIBRATION ADJUSTMENTS
® Gain
® Zero
® Rec ded
size?
® 3.43"W X 2.0"H X 0.85"D (87 X 52 X 22mm)
® 0.88" (22mm) overall depth to rear of connector
® Panel cutout xequlrcd 3,175 20.015" X 1.810 £0,015"
{B0.65 £0.38 X 45.57 =0.38mm/
WEIGHT
® 1.8 ounces (53 grams) (dc version)
® 7 ounces (198 grams) (ac version)
CONNECTIONS
A 10-pin T&B/Ansley 609-1000M with two feet of 10 conductor nbbon
cable 15 available. Order AC2618 (dc version, only).
Conductor to pin A 15 color coded. Sequence of nbbon connecnons 15
A 1,B,2,C 3 e,
The AD2026 ac version is complete with terminal stnip for casy interface

ORDERING GUIDE

AD2026
Power Input
+5V dc 1
90-129V ac 2 ENTER
198-264V ac 3
Full Scale Input®
1V de Full Scale l
10V dc Full Scale® z ENTER
Lens®
Red Lens 1 ENTER

interval six h

Red Orange Lens 2
NOTES
! Guaranteed at +25°C and nomunal supply voltage,
*Guaranteed,

*When the same power supply 1s used to power both display and converter, +5V, £5%,
0.65 watts typical, 0.9 watts max 15 required.

* Dimensions for ac line powered version 3 43"W X 2.0°H X 2 447D (B7mm ¥ 52mm X
63mm)

#No Charge Options

* 10V de full scale option is available on ac power only
Speafications subject to change without notice.

OUTLINE DIMENSIONS

Dimensions shown in inches and {(mm).

———d |
{ a3 1 - ] ,.-i:l:‘:.‘ I-.amn-lu L J
; i s ]
——— T |: MODEL AD2026 ]
b TI - jn [ D 12348 & , é D 1[ ‘
i weol ¢ :: ln'u‘:n
i e ST = :
I"“ T |=::nu
AC VERSION PIN CONNECTIONS
|EI % e o AC VERSION DC VERSION
[» ] ﬁﬁﬂu Decimat Pount XXX
IE“EIH AD2026 mﬂwﬂ
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® @ W &.«:.:_of_&h
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ANALOG
DEVICES

Microprocessor-Based
Thermocouple Meters

AD2050/AD2051

FEATURES
Automatic Self-Calibration for Gain, Offset, Cold Junction
Compensation and Thermocouple Linearization
J, K, T, E, R, S Thermocouple Selections (AD2050)
Universal Meter (AD2051), User Programmable
Character Serial ASCII Digital Qutput
Optional Linearized Analog Output: 1mV/degree
Optional Isolated 20mA Loop/TTL Serial Outputs
Meets DIN/NEMA Dimension Specifications
Temperature Ranges: —265°F to + 1999°F
—165°C to +1760°C
Power Options: 120V ac, 240V ac, +7.5V dc to +28V dc

APPLICATIONS

Temperature Monitoring in Laboratory, Manufacturing,
and Quality Control Environments

Process Control Temperature Measurements

Remote Data Logging

GENERAL DESCRIPTION

The AD2050 and AD2051 are high performance single channel
3V: digit thermocouple meters that can measure temperatures
accurately between —265 and + 1999 in degrees Celsius or
Fahrenheit. The AD2050 is supplied factory programmed to
interface directly with any of the following six thermocouple
types: J, K, T, E, R and 8. The AD2051 is a universal instrument
in which the user selects one of the six thermocouple types via
switch programming. Being microprocessor based, all gain and
offset error correction, cold junction compensation, thermocouple
linearization, and °C/°F scaling are automatically performed in
firmware.

The AD2050 and AD2051 display temperature information on
large 0.56" (14.3mm) high LEDs. Digital information is provided
in standard ASCII character serial format with rate selection for
easy interface to printers, terminals, and other peripherals. For
remote data acquisition applications, an optional isolated 20mA

serial loop/TTL compatible interface is available. Also an optional
analog output linearized to ImV/degree is provided for driving
recorders and other analog instruments. Selection of °C or °F
scaling is accessed by removing the front panel lens and setting
the selector switch to its proper position.

The AD2050 and AD2051 can also be ordered with any of the
following power versions: 120V ac, 240V ac, or +7.5V dc to

+ 28V dc. Input overvoltage protection for 300V peak (ther-
mocouple to ac line shorts) and common mode voltages as high
as 1400V peak (ac version) with overrange and open thermocouple
detection are provided. These instruments are rated for operation
over the + 10°C to +40°C temperature range. Testing is performed
per MIL-STD-202E Method 103B to insure specified operation
over various relative humidity conditions. The AD2050 and
AD205] are supplied in rugged high impact plastic cases that
meet DIN/NEMA standard dimensions.

AD2050/AD2051 FUNCTIONAL BLOCK DIAGRAM

INTEGRATOR
CONTROL

SELF-CALIBRATION CHANNEL SELECT

POWER
SUPPLY

factory.

DIGIT ADORESS ‘ DIGIT SELECT |
M —=—
] 1t - -~
: DIGIT orspLay [ ' ’ ’ l' '
| NFORMATION A nanver [ - -— —
o - -t
o = !
£
5 DIGIT QUTPUT 7-8IT CHARACTER
3 ASCI INFO BUFFER SERIAL ASCI
R
REQ
N e >——5
ANALDG
OUTPUT
TTLSERIAL
ouUTPUT
OPTICAL SERIAL INPUT [OPTIONALI
b iar ISOLATED
20mA LOOF
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S P Ec I F I c ATI 0 N S (typical @ + 25°C and rated supply voltages unless otherwise specified)

THERMOCOUPLE INPUTS
® Thermocouple Types: |, K, T,E, S, R
* Input Impedance: > 100M0
® External (Lead) Resistance Effect: <20pV per 35001 of Lead
Resistance
# Cold Junction Compensation Error: +0.5°C max (+ 10°C w0
+40°C)
@ Open Thermocouple: + EEE Display; + EEEE ASCIT
Digital Qutput; + 2.048V Analog Output
® Thermocouple Short to ac Line: Internal Protection Provided
10 300V peak (200V ac rms)
® Common Mode Voltage: 1400V peak (dc or ac), between
Input and Power Line Ground (ac Versions)
® Common Mode Rejection Ratio: =130dB with 25001 Source
Imbatance (ac Versions), (dero 60H2)
e Normal Mode Rejection Ratio: >80dB @ 50/60Hz
DIGITAL OQUTPUTS
® Character Serial ASCII
Data: Nine itted ch (each 7 bits pl be)
Drive Capability: 2TTL loads, CMOS/TTL compatible
Strobe: Negative transition determines when character serial
data is valid. CMOS/TTL compatible.
Character Rate; Selectable on P1 (pin 32)
Grounded: 25 characters/sec. (SLOW)
Open: 100 characters/sec. (FAST)
@ Isolated Serial Output {Optional)
Data: Asynchronous ASCII 20mA current loop
(Optically isclated to = 600V peak)
Baud Rate: Selectable on P1(Pin 32)
Grounded: 300 baud (SLOW)
Open: 1200 baud (FAST)
Distance: 10,000 fr. max
Serial Output (Nonisolated, Optional)
Data: Serial ASCIT
Drive Capability: 2TTL Loads, CMOS/TTL compatible
Baud Rate: (same as Isolated Serial OQutput)
® Overrange: + EEEE
® Mimimum Time Between New Data Update: 150ms

DIGITAL INPUTS
o REQ: Low-Level Triggered: Must go low at any time other
than during data i to be ized, REQ line

taken low during data transmission will not be acknowledged
and the ASCII digital output transmission will not occur. Dis-
play readings are not effected by REQ.

SERIAL INPUT (Optional): Edge Triggered, Current On to
Current Off: Must be tnggered at any time other than during
data ission 1o be 1. Serial Input triggered
during data transmission will not be acknowledged and the
20mA isolated/TTL compatible serial outpur transmission
will not occur. Display readings are not effected by Serial
Input.

ANALOGOUTPUT (OPTIONAL)
® Voltage: ImV/degree, lineanzed
® Current: = 2mA max drive
® CMV: 1400V peak (ac or dc) Peak between Analog Qutput

Ground & ac Power Line Ground
e Overrange: +2.048V, —=0.512V
ACCURACY

® Temperature Resolution: 15C/1°F
# All Ranges are Guaranteed Monotonic
® Range Temperature Coefficient: 2 25ppm/C typ, + 60ppm/

“C max
o Readout Accuracy @25°C:
Sensor
Type Range Accuracy
] =165Cro760°C +0.7°C = 12LSD
] =265°F1o 1400°F +1.3°F =12LSD
K -50°Cwo1250°C +0.9°C = 1/2LSD
K ~-5Fwl%9F +1.6°F  =12LSD
T =150°Cw400°C +0.8°C =12LSD
T -DB8Fwl52F +14°F =12LSD
E —100°C 1o 870°C =1.0°C = 1/2LSD
E  —148°Fuo 1598°F +2.0°F =12LSD
S,R +300°Ctwo 1760°C +=1.5°C =12LSD
0" 10299°C £6.0°C = 12LSD
S,R  +572F101999°F +3.0°F =1/2L5SD
+3Fo571°F +12.0°F =1/2LSD

ANALOG TO DIGITAL CONVERSION
® Techmque: Offset Dual Slope with Gain and Offset Error
Correction

12-16 DIGITAL PANEL INSTRUMENTS

® Rate: 2.5 Conversions/Second Typical
e Input Integration Period: 100ms for 50/60Hz
Noise Rejection
POWER REQUIREMENTS (Choice of Three Supply Ranges)
® gc: 90V ac to 132V ac @ 25mA (47Hz 1o 500Hz)
198V ac to 264V ac @ 12.5mA (47Hz 1o 500Hz)
® do: +7.5V 10 + 28V dc @ 200mA (Protected Against
Supply Reversals)
DISPLAY
® Type: Seven Segment Orange LED 0.56" (14.3mm) high
® Polarity Indication: *+" or " =" displayed
® Overrange Indication: +EEE
® Display Test: At Power Turn-On, 3 Second Display of
“+ 1888" Tests all Segments of Display
ENVIRONMENTAL
® Rated Temperature Range: + 10°C 1o +40°C
® Operating Temperature Range: — 10°C 1o +50°C
® Storage Temperature Range: —40°C o +85°C
® Relative Humidity: Meets MIL-STD-202E, Method 103B

DIMENSIONS
® Case: 3.78" = 1.89" x 5.13" (96.8mm x 48.9mm x
131.3mm), high impact molded plastic case. DIN'/NEMA
Standard
® Weight: 15.2 oz (431 grams) max, ac powered
12.0 oz (341 grams) max, dc powered.
RELIABILITY
® Burn In: 168 Hours at +50°C and Power ON/OFF Cy-
cles.
e Calibration: NBS Traceable
® Recalibration: Recommended 15-Month Intervals
® Warranty: 12 months
CONNECTOR
One 44 pin 0.1" (2.54mm) spacing card edge connector
Viking 3VH22/1 NS or equivalent
Optional: Order AC2630
Ll
- /" ourrut soano

f‘o.: z

Rear Panel View
ORDERING GUIDE
AD2SL L/
AD20S0__ /S /.
THERMOCOUPLE TYPE* A A
]
K
T ENTER:
E
R
s
POWER OPTION*
(1) 120V ac
(2)240V ac ENTER—
(3) +7.5Vdcto +28Vde
ANALOGOUTPUT OPTION
(A) Contains Analog Output ‘ ENTER
(Blank) Does Not Contain Analog Cutput
SERIAL OUTPUT OPTION
($) Contains Serial Output ENTER
(Blank} Dioes Not Contain Serial Ourput
Oy T e type does not nieed to be specified

AD205E umu‘;m progr
Specifications subect 1o change without notice
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ANALOG Microprocessor-Based Autoranging
DEVICES RTD/Thermocouple Meters

AD2060/AD2061

FEATURES
Temperature Ranges: —328°F to + 1562°F
—200°C to +850°C
Autoranging: 0.1° from —199.9° to + 199.9°; 1°=200°
Sensor Selection (AD2060): RTD 10042 Platinum
«=0.00385, 0.00390, 0.00392 or 22521} Thermistor
Universal Meter (AD2061) Sensor User Programmable
Switch Selectable Sensor Configuration: 2, 3 or 4-wire
7-Bit ASCIl Character Serial Data Output
Automatic Self-Calibration for Gain, Offset, Excitation
and Sensor Linearization
Optional Linearized Analog Voltage Output:
1mV/degree
Optional Isolated 20mA ASCH Loop/TTL Serial Outputs

APPLICATIONS
Temperature Monitoring in Laboratory, Manufacturing
and Quality Control Environments

Process Control Temperature Measurements format with baud rate selection for easy interface to printers,

Remote Data Logging terminals and other peripherals. For remote data acquisition
applications, an optional isolated 2-wire 20mA ASCII serial
loop/TTL compatible interface is available. For driving recorders

GENERAL DESCRIPTION : or other analog instruments, an optional linearized analog voltage

The AD2060/AD2061 are high performance single channel 3% output of lmedegreF is available. Selection of °C or."F scaling
digit RTD/Thermistor meters that can measure temperature is accessed _b‘-" FemovIgE the frorft_ panel lens and setting the
accurately between — 328°F and + 1562°F (—200°C and +850°C).  Selector switch to its proper position.

Both meters offer autoranging from 0.1°C/F to 1°C/F. The The AD2060/AD2061 can be ordered in one of the following
AD2060 is supplied factory programmed for one of four sensor power versions: 120V ac, 240V ac or +7.5V dc to +28.0V dc.
types: 1000} Platinum RTDs: «=0.00385, 0.00390, 0.00392 or Input voltage protection of 180V peak (RTD short to ac line),

a 2252() Thermistor. The AD2061 is a universal meter in which common-mode voltage to 1400V peak (ac version) with overrange
the user selects one of the four sensor types via switch program-  and open sensor detection is provided. These meters are rated
ming. The microprocessor based AD2060/AD206]1 provides for operation over the 0 to +40°C temperature range. Each
gain, offset and excitation error correction, linearization and °C/ AD2060/AD2061 is burned-in for 168 hours @ 50°C with on/off
°F scaling in firmware. The AD2060/AD2061 display temperature  power cycles for increased reliability. The AD2060/AD2061 are
information on large 0.56"(14.3mm) high LEDs. Digital infor- supplied in rugged molded plastic cases that meet UL94V-0 and
mation is provided in 7-bit standard ASCII character serial DIN/NEMA standard dimensions.

AD2060/AD2061 FUNCTIONAL BLOCK DIAGRAM
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For detailed information, contact factory.
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SPECIFICATIONS s @ + 25 ant e sy votags s s e

RTDINFUTS
® RTD Types: 10012 Platinum
o =0.00385 (Per DIN 43760)
a=0.003%0
a=0,00392

® Configuration: 2, 3 or 4 Wire
® Excitation Current: 0.25mA nomunal
. Ewemli Lead
Effect: A C d for 3 & 4 wire confligurations
® Lead Resistance; 5001/Lead max; RTD + Lead Resistance must be less than 40002
® 3 Wire Error: 2.8°C/() of impedance imbalance
# Open Sensor: DISPLAY +EEE
® RTD Short 10 ac Line: Internal protection provided to 180V peak {130V rms)
® Maximum Common-Mode Voltage: 1400V peak (ac or dc) between input and power
line ground (ac version)
# Common-Mode Rejection Rabw, 1B e power w RTD inpui
® Normal Mode Rejection: 60dB @ 50/60Hz
THERMISTOR INPUTS
® Thermistor Type: Senies 400 R = 225201
#® Configuration: 2 Wire
® Open Sensor: DISPLAY -EEE
ACCURACY
. T Resol R
* All Rm,nu Guaranteed Monotonic
® Range Temperature Coefficient: 20ppm/C typ, 30ppm/°C max
# Readout Accuracy* @ +25°C

(0.1° from — 199.9° 10 +199.9%, 1°=200")

Sensor Range Accuracy
10001 RTD e = 0.00385 = 200°Cro +850°C +0.3°C= 12LSD
—328°Fro + 1562°F =0.6°F = 12LSD
10001 RTD o = 0.00392 = 200°Cro +640°C +0.3°C= 12LSD
-328°F o + 1184°F =0.6°F = 12LSD
1000} RTD o = 0.00390 = 200°C 10 + 640°C +0.3°C= 12LSD
- 328°F 1o + 1184°F =0.6°F = 12LSD
Thermistor R = 22521} =30°Cro + 100°C *0.4°C= 12L5D
—22Fro + 212°F =0.8°F = 112LSD

*Readout Accuracy: Includes Gain and Offset Errors. Recommended
Recalibration Interval 15-MONTHS.

DIGITAL OUTPUTS
& Character Serul ASCII
Data: Eleven transmitted characters, (each 7 bits plus strobe)
Drive Capability; 2TTL Joads, CMOS/TTL compatible
Strobe: Negative transition determines when character serial data s valid, CMOS/TTL
compatible.
Character Rate: Selectable on P1 (Pin 32)
Grounded: 25 characters/sec. (SLOW)
Open: 100 characters'sec. (FAST)
® [solated Serul Ourput (Opnenal)
Data: Asynchronous ASCII 20mA current loop (Optically isolated to = 600V peak)
Baud Rate: Selectable on J1 (Pin 32)
Grounded: 300 baud (SLOW)
Open: 1200 baud (FAST)
Distance: 10,000 fi. max
Nonwsolated Sertal Ourput (Optional)
Data: Seral ASCII
Drive Capability: 2TTL Loads, CMOS/TTL compatible
Baud Rate: (same as Isolated Serial Outpur)
® Overrange: = EEE.E
® Miuumum Tune Berween New Data Update: 150ms
DIGITAL INPUTS
® REQ. Low-Level Triggered: MEE_@ iow at any time other than during da.a
transmission 10 be recogmized. REQ line taken low during data transmission will
not be acknowledged and the ASCII digital outpur transmission will not occur.
Display readings are not effected by REQ.
SERTAL INFUT (Optional); Edge Triggered, Current On to Current Off: Must be
tnggered at any tume other than during data transmission 1o be recognized. Serial
Input triggered during dat will not be acknowledged and the 20mA
solated/TTL compatible serial output transmussion will not occur Display readings
are not effected by Serial m

ANALOG OUTPUT (OPTIONAL)
® Voltage: 1mVidegree, linearized
® Current: *2mA max drive
® CMV: 1400V peak (ac or dc) between Analog Output Ground & ac Power Line
Ground
® Overrange: +2.048V, —0.512V
® Accuracy: +2mV from Display Reading

12-18 DIGITAL PANEL INSTRUMENTS
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ANALOG TO DIGITAL CONVERSION
#® Technique: Offset Dual Slope with Gain and Offset Error Correction
® Rate: 2.5 Conversions/Second Typical
@ Input Integration Period: 100ms for 50/60Hz Noise Rejection

POWER REQUIREMENTS (Choice of Three Supply Ranges)
® ac: 90V ac to 132V ac @ 25mA (47Hz 1o 500Hz)
198V ac 1o 264V ac @ 12.5mA (47Hz 1o 500Hz)
® dc: +7.5V 1o + 28V de @ 200mA (Protected Against Supply Reversals)

DISPLAY
® Type: Seven Segmem Orange LED 0. 36' {14 Imm) high
® Polarity Indis "op -
® Overrange Indication: + EEE
® Display Test: At Power Turn-On, 3 Second Display of * + 188.8." Tests all
Scgments of Display
ENVIRONMENTAL
® Rated Temperature Range: 0 to +40°C
® Operating Temperature Range: — 10°C to + 50°C
® Storage Temperature Range: —40°C 1o +85°C
® Relative Humidity: Meets MIL-STD-202E, Method 103B
(0 1o 90%, Noncondensing)
DIMENSIONS
® Case: 3.78" % 1.89" x 5.13* (9%.8mm % 48.9mm x 131.3mm), rugged molded
plastic case. Meets UL94V-0 and DIN/NEMA Swndard dimensions
® Weight: 15.2 oz (431 grams) max, ac powered
12.0 oz (341 grams) max, dc powered.
RELIABILITY
® MTBF: >55.000 hours calculared
® Burn In: 168 Hours at + 50°C and Power ON/OFF Cycles.
# Calibration: NBS Traceable
® Recalibration: Recommended 15-Month Intervals
® Warranty: 12 months

CONNECTOR
One 44 pin 0.17 (2.54mm) spacing card edge connector Viking 3VH2Z2/1 JNS5 or

equivalent
Optional: Order AC2630

ORDERING GUIDE

SENSOR TYPE* l
(385) 10002 Platinum RTD a =0, uo:ss
(390) 10001 Platinum RTD a = 0. N!N
(392) 1000 Platinum RTD a = 0.00392
(2252) Thermistor R = 225200
POWER OPTION*
(1) 120V ac
(2)240V ac

(3) +7.5Vde1o +za\rdc
ANALOGOUTPUT OFTION
(A) Contains Analog Ourput

(Blank) Does Not Contain Analog anmt
SERIAL OUTPUT OPTION

(5)Contains Serial Output

(Blank) Does Nor Contain Serial Output

*Only one option can be ordered. Th type does not need to be specified
when ordering the AD2061 since it is user programmable.

Specifications subject to change without notice.
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ANALOG
DEVICES

Microprocessor-Based Autoranging

Thermocouple Meters

AD2070/AD2071

FEATURES

Autoranging (0.1° - 1°)

4 1/2 Digit Resolution

Automatic Self-Calibration for Gain, Offset, Cold
Junction Compensation and Thermocouple
Linearization

J,K, T,E,R, S, C,B, JDIN, and T DIN Thermocouple
Selection

Universal Meter (AD2071), User Programmable for all
Thermocouple Types

Four Port Isolation: Input, Power, Digital Output
and Analog Output

Optional Isolated and Linearized Analog Voltage Out-
put T1mV/Degree

Optional Isolated 20mA Loop/TTL Serial Data Output

Optional Isolated RS-232/TTL Serial Data Output

Heavy Gauge Rugged Metal Case

GENERAL DESCRIPTION

The AD2070/AD2071 are high performance, microprocessor
based, autoranging, single channel thermocouple meters that
can measure temperature accurately from —328°F to + 4200°F
(=200°C 1o +2315°C). The AD2070 is supplied factory pro-
grammed for any of the following ten thermocouple types: J, K,
T,E,R, S, C, B, ] DIN, and T DIN. The AD2071 is a universal
meter in which the user selects one of the ten thermocouple
types via switch programming, Both meters offer autoranging
from 0.1°C/°F to 1°C/°F. The microprocessor based AD2070/
AD2071 provides gain and offset error correction, cold junction
compensation, thermocouple linearization and °C/°F scaling in
firmware.

The AD2070/AD2071 display temperature information on large
0.56" (14.3mm) high LEDs. Digital information is provided in
standard ASCII character serial format with rate selection for
easy interface to printers. For remote data acquisition applications,
an optional isolated 20mA serial loop or RS-232 compatible

interface is available. For driving recorders or other analog
instruments, an optional isolated and linearized analog voltage
output of 1mV/degree is available. Selection of °C or °F scaling
is accessed by removing the front panel lens and setting a selector
switch.

The AD2070/AD2071 can be ordered in one of the following
power versions: 120V ac, 240V ac or +7.5V dc to +28.0V dec.
Input overvoltage protection rating is 300V peak (thermocouple
to ac line shorts). The common-mode voltage rating is 1400V
peak. Overrange and open thermocouple detection are provided
in all models. Analog output and digital outputs are isolated to
500V peak from power, input and output sections. Each meter
is burned-in for 168 hours at 50°C with on/off power cycles for
increased reliability. These meters are rated for operation over a
+10°C to +40°C range. The AD2070/AD2071 are supplied in a
heavy gauge, rugged metal case that meets DIN/NEMA standard
dimensions.

AD2070/AD2071 FUNCTIONAL BLOCK DIAGRAM

BowwmAOEIOIN -

OPTIONAL ISOLATED
ANALDG OUTFUT

e +8¥
AC OR DC J
NFuT o GROUND
POWER SUPPLY }
o—
= -8V
For infor factory.

TIL SERIAL
OQUTPUT ISOLATED

OPTIONAL
20ma
g BERIAL INPUT rir]
BOLATION SERIAL DUTPUT
TTL SERIAL
QUTPUT ISOLATED
OFTIONAL
OPTICAL SERAL IWPUT RS-203
[EOLATION SERIAL OUTPUT
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THERMOCOUPLE INPUTS

THERMOCOUPLE TYPES:

LK, T,E, R.S,B,C,]DIN and T DIN
INPUT IMPEDANC

100M0
EXTERNAL LEAD RESISTANCE EFFECT:

<20pV per 35011 of Lead resistance
COLD JUNCTION COMPENSATION ERROR:

+0.3°C max (+ 10°C to +40°C)
OPEN THERMOCOUPLE:

+ EEEE Display; + EEEE.E ASCIH DIGITAL OUTPUT: +3.500V

ANALOG OUTPUT
ﬂIERMOOOUPLE SHORT TO AC LINE:

ternal Protection Provided to 300V peak, (200V ac rms)

GOMMON-MODE VOLTAGE:

1400V peak (dc or ac), Between Input and Power Line Ground
COMMON-MODE REJECTION RATIO:

=>130dB with 25011 Source Imbalmne (dc o 60Hz)
NORMAL-MODE REJECTION RAT!

>B80dB @ 50/60Hz

DIGITAL OUTPUTS

ISOLATED CHARACTER SERIAL ASCII (Standard)
DATA:

Eleven transmitted characters, each 7 bits plus strobe
DRIVE CAPABILITY:

2TTL Loads, CMOS/TTL compatible
OVERRANGE: =EEEE.E
STROBE:

Positive ition d when ch

CMOSTTL mmpeuhk
ISOLATION:

500V Between Input, Analog Output and Power Input
CHARACTER RATE:

Selectable on P1 (Pin 20)

G ded: 25 Ch (SLOW)

Open: 100 Characters/sec. (FAST)
ISOLATED SERIAL OUTPUT (Optional)
DATA:

Asynchronous ASCII 20mA current loop or RS-232
BAUD RATE:

Selectable on P1 (Pin 20)

Grounded: 300 baud (SLOW)

Open: 1200 baud (FAST)
OVERRANGE:

+EEEE.E
DISTANCE:

50 ft. (RS -232), 10,000 ft. (20mA loop)
ISOLATION

S00V Bemen Input, Analog Output and Power Input
ISOLATED SERIAL OUTPUT
DATA:

Serial ASCII TTL
DRIVE CAPABILITY:

2TTL Loads, CMOS/TTL Compatible
BAUD RATE:

serial data is valid.

ISOLJ\TIUN
500V Between Input, Analog Output and Power Input
MINIMUM TIME BETWEEN NEW DATA UPDATE:
100ms

DIGITAL INPUTS

REQ: LOW-LEVEL TRIGGERED:
Must go low at any time other than during data transmission to be
recognized. mhnemkmhwdunngd:ummmnmﬂmibc
acknowledged and the ASCII digital output transmission will not occur.
Display readings are not effected by A

SERIAL INPUT: EDGE TRIGGERED, CURRENT ON TO CURRENT OFF
Must be tri at any time other than during data transmission to be
recognized. put triggered during data transmission will not
bcacknwhdgodtnddmﬂadeOmAhoprTquohudRSZ!\ImL

serial output ission will not occur. Display readings
are not effected by Serial Tnput.

ISOLATED ANALOG OUTPUT (OPTIONAL)

VOLTAGE:
1mV/degree, Fahrenheit or Celsius linearized

12-20 DIGITAL PANEL INSTRUMENTS

CURRENT:
+2mA max
OVERRANGE:
+3.500V, —0.328V
ACCURACY:
+2mV from Display Reading
ISOLATION:
500V Berween Input, Digital Output and Power Input

ACCURACY

TEMPERATURE RESOLUTION:
Autoranging 0.1°CF - 1°C*F

RANGE TEMPERATURE COEFFICIENT:
20ppm/C tvp, *40ppm/C max (of Reading)
All Ranges are Guaranteed Monotonic.

POWER REQUIREMENTS (Choice of Three Supply Ranges)
ac:
90V ac to 132V ac @ 25mA (dc to 1kHz)
198V ac to 264V ac @ 12.5mA (dc to 1kHz)
de:
+7.5V o + 28V dc @ 600mA (Protected Against Supply Reversals)

DISPLAY

TYPE:
Seven Segment Orange LED 0.56" (14.3mm) high
POLARITY INDICATION:
w4 op %% displaved
OVERRANGE INDICATION:
+EEEE
DISPLAY TEST:
At Power Turn-On, 3 Second Display of “ -+ 1888.8." Tests All Segments
of Display

DIMENSIONS

ASE:
3.78" % 1.89"x6.75" (96,8mm x 48.0mm x 171.0mm), rugged
aluminum case. DIN/NEMA Snmdl.ni

PANEL CUT OUT: 3.622"‘"0'03] (92 nJID.InX] a7 F0. 024(45 6]mm

PANEL THICKNEss: 000" -0
1/16" (1.5mm) 1o 3/16" (4.8mm)

WEIGHT:
23 oz. (650 grams) typ

ORDERING GUIDE

THERMOCOUPLE TYPE*

AD207) f—f——

AD2070 /. / / /.

! !

ENTER

EOwREme A

JDIN
TDIN

POWER OPTION*
(1) 120V ac

(2) 240V ac } ENTER
(3) +7.5V dcwo +28V de

ANALOG OUTPUT OPTION
(A) Contains Analog Ouput E ]
(BLANK) Does Not Contain Analog Output } &
SERIAL OUTPUT OPTION*
(81) Contains RS-232 Serial Qutput
(82) Contains 20mA Loop Serial Qutput ENTER
(BLANK) Does Not Contain Serial Output
Example Order Number: AD2070/J/1/A/81=AD2070 for ] Thermocouple
Type, 120V ac Power, Analog Voltage Output and
RS-232 Serial Quiput.
*Omly one opion can be ordered. The thermocouple type does not need 1o
be specified when ordening the AD2071 since it 15 user programmable.

Specifications subject to change without notice.
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Application Specific Integrated Circuits

Analog Devices offers a full spectrum of capabilities in application-
specific integrated circuits (ASICs). These chip-level systems
can implement designs with 12-bit accuracy and 16-bit resolution
that formerly required board-level solutions.

Analog Devices can incorporate most of the functions of its
standard monolithic parts in full-custom and semicustom ICs.
Full-custom parts optimize performance and space requirements,
while cell-based semicustom parts reduce development time and
engineering expense. Development costs can be cut further

by tailoring a generic predefined system-on-a-chip to your
application.

Analog's experienced design engineers work with powerful
computer-aided design tools to design and lay out your circuit.
Design centers are currently in Massachusetts, California and
England.

Multiple locations for fabrication, assembly, and testing ensure
a ready supply of production parts. Products can be processed
in full MIL-38510 certified facilities.

DESIGN EXAMPLES

Analog Devices has created a variety of customer-specific and
function-specific ASIC parts. Described here are two examples,
a custom chip set and a semicustom chip.

AD75004 QUAD DAC

Vanrour Venrmi

AD75004 Quad DAC

This circuit contains four separate 12-bit D/A converters with
amplifiers for voltage output and an on-board reference. Double-
buffering latches interface with an 8-bit parallel bus and permit
updating of all four channels individually or simultaneously.

AD75003 Data Acquisition System
This DAS converts analog signals on 8 input channels to 12-bit
values and interfaces via an 8-bit parallel bus. The chip integrates

an 8-channel multiplexer, programmable-gain amplifier, sample-
and-hold, and 12-bit A/D converter with internal voltage
reference.

AD75003 DATA ACQUISITION SYSTEM

PROGRAMMADLE GAIN
AMPLIFIER AND
SAMPLE AND HOLD

Derivative Circuits

The circuits outlined above can be modified to suit a specific
customer’s application. One such device is a serial-interface
DAS. The AD75003 design was altered to have programmable
gains of 1 to 20 instead of 1 to 16, and a serial UART instead of
an 8-bit parallel interface. In addition to the AD75003 functions,
this part contains a precision instrumentation amplifier, a pro-
grammable line-frequency notch filter, a 7-bit trim DAC, and

a temperature sensor.

Modem Chip Set

Library cells can be combined to form macro building blocks
for high-speed modems. This two-chip design concept filters
and converts data to interface a digital signal processor with the
analog circuitry of a 9600-baud modem. On one chip, the received
signal passes through an anti-aliasing filter, sample-and-hold,
12-bit A/D converter, 8th-order digital filter and decimation.
On the other chip, transmit data is 8 x oversampled, then goes

to an 8th-order filter, a 12-bit DAC and an active reconstruction
filter. ], 3

HIGH-SPEED MODEM CHIP SET

PAG.

TZBIT FAST

STH-ORDER WA xim CESS

o enor T [ 3 5kH: LOW.PASS oECI- e
s DIGITAL FILTER MATION FACE
BURIED
TENER

IREFERENCE

RECEIVE CHIP

TRANSMIT CHIP

RECON- 28T §7TH-ORDER xa L Lt
stTRucTION | oac eamL DN INTER-
FILTER ik FACE
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Transversal Filter Element

This design implements 5 taps of a finite-impulse response
filter. Each tap comprises an 8-bit DAC and a multiplier, which
handle signals up 1o 40MHz. A parallel interface sets the tap
weights.

TAANSVERSAL FILTER ELEMENT

ARALOG
MEUTS

HIGH-PERFORMANCE PROCESSES

Analog Devices’ semicustom and custom circuits are fabricated
using the same high-performance processes as our standard ICs.
These technologies include two mixed bipolar-CMOS processes,
a high-voltage CMOS process, and high-speed and low-power
bipolar processes. These processes can include thin-film resistors,
which may be laser trimmed for precise matching and stable
performance over a wide temperature range.

The BiMOS II and Linear-Compatible CMOS (LC*MOS) pro-
cesses combine bipolar and CMOS devices on one chip. Functional
density is an order of magnitude greater than previous mixed-signal
processes; over 20,000 devices can be placed on a single chip.
Bipolar transistors provide low-noise, low-offset input stages and
high-power output stages. The CMOS devices offer high input
impedance, and make dense logic and good switches for data
converters and switched-capacitor filters. LC*MOS also provides
a JFET for very low input noise.

The bipolar-CMOS processes operate on supply voltages ranging
from single +5 volts to split = 15V, with signal levels ranging
from single-ended + 3V to = 10V. These processes are ideally
suited for applications in data acquisition, instrumentation,
industrial automation and telecommunications.

The High-Voltage Switch (HVS) process provides quality analog
switches that can operate with supply voltages up to +22 volts.
It can combine switches and multiplexers with CMOS logic.

The Flash bipolar process makes high-speed linear signal pro-
cessing, data conversion, and ECL logic functions on one chip.
Signal levels are =4 volts with =5V supplies or + 10V with a

+ 12V supply. Applications include disk-drive read/write circuitry
and high-speed telecommunications equipment.

The Complementary Bipolar (CB) process features high-speed
PNP and NPN devices for precision, low-power linear applications.
It also offers low-noise buried-Zener references and dual-gate
JFETs. CB runs on +5V to =15V supplies.

The table below summarizes the processes available for designing
ASICs. Other processes in development will offer even higher
speed, denser logic and higher integration of analog and digital
functions.

ANALOG DEVICES HIGH-PERFORMANCE PROCESSES FOR ASICs

Process Power Signal
BiMOS 11 +12V +5V
LC*MOS +5w =15 +30=10
HVS +5t0 22 +2to £18
Flash +50r +12 +4or + 10
CB +5w0 +15 +2w0+10

13-2 APPLICATION SPECIFIC ICs

Features

Wide Variety of Precision Linear and Digital Functions
Wide Variety of Precision Linear and Digital Functions
High-Voltage Switches, Muxes and Logic Functions
High-Speed Linear and Digital Functions ,
High-Speed, Low-Power Linear Functions
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CELL LIBRARIES

Cell libraries for the bipolar-CMOS processes are described
below. These libraries are growing with the development of new
processes, macrocells and cells. Many new catalog parts will also
be available as cells. Your local sales office can give you current
information on the cell libraries and available generic

circuits.

Operational amplifiers are available in bipolar and CMOS con-
figurations. Representative bipolar opamp cells have performance
characteristics similar to an AD OP-27 and a slew-enhanced
AD741. The LC*MOS process offers JFET op amps, including
an AD544 equivalent.

Instrumentation amplifiers with performance comparable to the
AD521 and AD524 are available. Comparators suitable for 12-bit-
accurate applications are available. Linear comparators have
response times down to 100 nanoseconds and strobed comparators
have setup/access times down to 50 nanoseconds.

Digital-to-analog converters range in resolution from 8 to 14
bits, and include a cell similar to the AD667. Analog-to-digital
converters vary from 8 to 12 bits in resolution, and include cells
equivalent to the AD7572 and AD574. One half-flash ADC cell
converts to 8-bit accuracy in 500 nanoseconds, and one successive
approximation-cell converts to 12 bits in 5 microseconds.

Support cells include sample-and-hold amplifiers with performance
comparable to the AD585, low-voltage bandgap references com-
parable to the AD584 and low-noise buried-Zener references.

RC active filters and programmable switched-capacitor filters
are available with specifications in these ranges:

Topology: all classical filter types
Frequency Range: 200Hz to 20kHz (switched-cap)
Number of Sections: up to 10th-order (switched-cap) or
4th-order (RC)
Signal/Noise and THD: >72dB, compatible with
12-bit data acquisition.

Logic cells include gates, counters, registers, PLA, RAM and
ROM. Interface cells include 8- and 16-bit parallel I/O ports
and UARTS.

DESIGN AND LAYOUT

Analog Devices engineers are available to design your integrated
circuit, drawing on their years of experience and using powerful
computer-aided design (CAD) tools. These comprehensive CAD
tools help design, simulate and lay out the circuit and aid in
generating test programs.

The following figure shows the standard design cycle, which
begins with schematic entry. After logic and initial electrical
simulation, the designer uses the graphics editor to lay out the
circuit. Parasitics and other data are extracted from the layout
and circuit operation is simulated again. Finally, the system
checks that the layout follows process design rules and matches
the schematic.

IC DESIGN WITH
COMMERCIAL CAD SYSTEM

SCHEMATIC
ENTRY

GRAPHICS
EDITOR
LAYOUT

DATABASE

DESIGN.
DATABASE

ELECTRICAL p.l::uoll_'Y'[n
SIMULATION EXTRACTION

LAYOUT ¥§
VERIFICATION

g
m
=
»
2
a

In addition to using these commercial CAD tools, Analog Devices
has developed a proprietary compiler for mixed-signal IC design,
called JANUS. By integrating all design functions into one
environment with a common database, JANUS reduces design
time by an order of magnitude.

IC DESIGN WITH JANUS
PROPRIETARY CAD SYSTEM

SCHEMATIC
ENTRY

AUTOMATIC
CIRCUIT
TRIM PROGRAM|
GENERATION SIMULATION

AUTOMATIC
TEST PROGRAM
GENERATION

POST-LAYOUT
SIMULATION

LAYOUT
PARAMETER
EXTRACTION

LOGIC
SIMULATION
FUNCTIONAL
SIMULATION

AUTOMATIC/
INTERACTIVE
PLACEMENT

UNIFIED
DATABASE

AUTOMATIC/

INTERACTIVE
ROUTING
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To speed schematic entry, the designer selects devices, cells and
macrocells from comprehensive menus. Device generators allow
the designer to specify devices for maximum performance and
minimum size. Analog, logic and functional simulators verify
the performance of individual cells and the overall chip design.
Placement and routing algorithms complete circuit layouts auto-
matically, vet allow interaction with the designer to handle
special cases. When placing devices, JANUS considers thermal
and electrical matching as well as die area. An expert system
optimizes routing to minimize interconnect length and number
of vias. Post-layout simulation comprehends the parasitics of the
final routing and is more accurate than the initial simulation.

Furture goals for JANUS include automatically generating pro-
grams for production trim and test of analog/digital ICs.

TEST AND TRIM

Analog Devices has over 20 years of experience in testing complex
circuits and manufactures commercial test systems for precision
linear ICs. In each fabrication facility, a computer network
integrates Analog Devices, Teradyne and LTX test equipment.
The design, wafer probe and test areas share data on the network
for statistical analysis and device modelling.

All Analog Devices ASICs are tested at the wafer level, and
most are laser-wafer trimmed to achieve high accuracy. Untrimmed
thin-film resistors match within 1% to 0.1%, depending on area.
Trimmed resistors can match to better than 0.01%. Wafers may
be laser-drift trimmed with a hot-chuck probe to minimize the
effects of temperature on accuracy.

After packaging, all parts are tested to assure that they meet
guaranteed specifications. Environmental handlers can verify
parts at multiple temperatures. Burn-in is performed as specified
by the customer.

PACKAGING

Analog Devices ICs are available in most modern package types,
including high-pin-count and surface-mount varieties. ASICs
may be assembled in any of Analog Devices’ standard packages,
listed below. This list is constantly expanded and other packages
may be used if they are suitable for high-performance
applications.

Available Packages

Pin-grid array (PGA): 68 to 144 pins

Leadless ceramic chip carrier (LCC): 20 to 68 pins
Plastic leaded chip carrier (PLCC): 20 to 44 pins
Plastic dual in-line package (DIP): 14 to 64 pins
Side-brazed DIP: 14 to 64 pins

Frit-seal DIP (Cerdip): 14 1o 28 pins

Small outline (SO): 14 and 16 pins

13-4 APPLICATION SPECIFIC ICs
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PROGRAM RESPONSIBILITIES AND INTERFACES

The following chart shows the major phases in developing an
ASIC, and responsibilities during each phase. The overall de-
velopment time depends on the complexity of the circuit and on
how custom the design is.

Your Analog Devices Sales Engineer is your first interface for
ASIC development. Your local sales office can provide further

information on Analog Devices’ « fsemicustom capabilities

PROGRAM RESPONSIBILITIES AND INTERFACES

JOINT CUSTOMER/ADI ANALOG DEVICES

GENERATE
DETAILED
CIRCUIT DESIGN

CREATE NEW
CELLS IF NEEDED

SIMULATE
DESIGN

([ review oeson Jo ey )
GENERATE
TEST PROGRAM

FABRICATE
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CUSTOMER

GENERATE DESIGN,
TEST AND
RELIABILITY
SPECIFICATIONS

EXECUTE
NONDISCLOSURE
AGREEMENT
AND CONTRACT

REVIEW DESIGHN,
LAYOUT AND TEST
PROGRAM

FABRICATE

AND ASSEMBLE
PROTOTYPES
EVALUATE F
TYP
LA FABRICATE
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Power Supplies

Modular AC/DC Power Supplies

GENERAL DESCRIPTION

Analog Devices offers a broad line of modular ac/dc power
supplies that provide both OEMs and designers a reliable, easy
to use, low-cost solution to their power requirements, Models
are available in PC mountable and chassis mountable designs
with 5 volt to 15 volt (single, dual, triple) outputs and current
ratings from 25mA to 3 amps. Since these modular supplics are
fully encapsulated, no trimming or external component selection
is necessary; simply mount the unit, connect power and output
leads, and you're on the air! Most Analog Devices’ power supplies
are available from stock in hoth large and small quantities with
substantial discounts being applied to large quantity orders.

AC/DC POWER SUPPLY FEATURES
® Current Limit Short Circuit Protection
® PC Mounted and Chassis Mounted Versions
® Single (+5V), Dual (=12V, =15V), and Triple
(£ 15V/+5V, £15V/+1V 1o +15V) Output Supplies
@ Current Qutputs:
25mA to 1000mA for Dual and Triple Output Supplies
250mA to 3000mA for Single Output Supplies
® Wide Input Voltage Range
® Low Output Ripple and Noise
® Excellent Line & Load Regulation Characteristics
® High Temperature Stability
® Free-Air Convection Cooling; No External Heat Sink Required

GENERAL SPECIFICATIONS

Power Requirements
Input Voltage Range:
Frequency:

Electrical Specifications
Temperature Coefficient:

Output Voltage Accuracy:

Breakdown Voltage:
Isolation Resistance:
Short Circuit Protection:

Environmental Requirements

Operating Temperature
Range:

Storage Temperature
Range:

SPECIFICATIONS - Typical @ + 25°C and 115V ac 60Hz unless otherwise noted*

105V acto 125V ac
S0Hz 1o 250Hz

0.02%/°C

+ 2%, max

See Specification Table
500V rms, min

S50M12

All ac/dc power supplies

employ current limiting. They

can withstand substantial
overload including direct
short. Prolonged operation
should be avoided since
excessive temperature rises
will occur.

-25°Cto +71°C

—25°Co +85°C

Output Output  Line Reg. Load Reg. Qutput Ripple &
Voltage Current max max Voltage Noise Dimensions
Type Model Volts mA % % Error max mV rms max Inches
904 =15 =50 0.02 0,02  =200mV 05 315x25x0.875
= 0mV
902 =15 =100 0.02 0.02  +300mV 05 3.5x25x125
—0mV
902-2 =15 =100 0.02 002 +300mV 05 35x%25x0.875
Dual -+ PV
Output 920 =15 =200 0.02 0.02  +300mV 0.5 35x2.5x1.25
—0mV
T 925 =15 =350 0.02 002 =1% 0.5 35%25x%1.62
§ 921 =12 =240 0.02 002 =300mV 0.5 3.5%x2.5x1.25
2 ~OmV
Single 905 5 1000 0.02 005 =1% 1 3.5%2.5%1.25
Ouiput 922 5 2000 0.02 005 =1% 1 15x2.5x1.62
Q 928 5 3000 005 010 =2% 5(typ) 3.5%2.5%1.25
923 =15 =100 0.02 002 =1% 0s 3.5%2.5%1.25
+5 500 0.02 005 =1% 0.5
927 =15 =150 0.02 002 =2% 0.50yp)  35x2.5x1.62
Triple +5 1000 002 010 =2% 1.0(typ)
Output 2B35] =15 =65 00k 01 {=0, + 300mV) 05 3.5x2.5x125
+1to+15%* 125 008 01 0.25
2BISK =15 =65 0.01 0.02 (-0, +300mV) 0.5 3.5x2.5x1.25
+1to +15% 125 0.01 0.02 0.25
’ 952 =15 =100 0.05 0.05 £2% 1 44x27x1.44
Dual 970 =15 =200 005 0.05 =2% 1 4.4%2.7% 144
'g Output 973 =15 +350 0.05 005 =2% | 4.4x2.7x2.00
975 =15 =+ 500 0.05 0.05 =2% 1 4.4x2.7x2.00
i Single 955 5 1000 0.05 0.15 =2% 2 44%27%1.44
i Output 976 5 3000 0.05 010 =2% 5(1yp) 4.75%2.7x2.00
g 972 =15 =150 0.02 002 =2% 05(typ)  4.75%2.7x1.45
Triple +5 300 002 010 2% 1.0(typ)
Output 974 =15 =150 0.02 0.02 +2% 05(typ) 4.75x27x1.45
+5 1000 0.02 0.10 =2% 1.00typ)
*Consult Analog Devices Power Supply Catalog for add:  infl P stubyect o ch rthout notce
**Resstor programmable.
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Modular DC/DC Converters

GENERAL DESCRIPTION

Analog Devices’ line of compact de/de converters offer system
designers a means of supplying a reliable, easy to use, low-cost
solution to a variety of floating (analog and digital) power appli-
cations. These devices provide high accuracy, short circuit pro-
tected, regulated ontputs with very low output neise and ripple
characteristics.

Fourteen models are offered in five power levels of 1 watt, 1.8
watts, 4.5 watts, 6 watts and 12 watts. Input voltage versions
include 5 volt, 12 volt, 24 volt and 28 volt with output ranges as
follows: +5 volt, = 12 volts and =+ 15 volts at +60mA to 1000mA
output current capability.

Most models are high efficiency (typically over 60% at full load)
and feature complete 6-sided continuous shielding for EMI/RFI
protection. A w-type input filter is contained, in some models,
which virtually eliminates the effects of reflected input ripple
current. Most Analog Devices' de/de converters are available
from stock in both large and small quantities with substantial
discounts being applied to large quantity orders.

DC/DC POWER SUPPLY FEATURES
@ [naudible (>20kHz) converter switching frequency
e Continuous, Six-Sided EMI/RFI Shielding Except on 1 Watt
and 1.8 Watt Models
@ Output Short Circuit Protection (either output to common)
e Automatic Restart After Short Condition Removed
® Automatic Starting with Reverse Current Injected into
Outputs
e Low Output Ripple and Noise
® High Temperature Stability
® Free Air Convection Cooling
No external heat sink or specification derating is
required over the operating temperature range.

GENERAL SPECIFICATIONS FOR 1W AND
1.8W MODELS
Line Regulation—full range: =0.3% (= 1% max, 949)
Load Regulation-no load to full load: +0.4% (+0.5% max,
949)
Cutput Noise and Ripple: 20mV p-p (wiih 15pF wnaium
capacitor across each output) (2mV rms max, 949)
Breakdown Voltage: 300V dc min (500V dc min, 949)
Input Filter Type: =
Operating Temperature Range: —25°C to +71°C
Storage Temperature Range: —40°C to + 125°C (4 100°C, 949)
Fusing: If input fusing is desired, we recommend the use of a
slow blow type fuse that is rated at 150%-200% of the
dc/dc converter’s full load input current.

GENERAL SPECIFICATIONS FOR 4.5W, 6W,
12W MODELS
Line Regulation—full range: +0.07% max ( +0.02% max, 951,
960 series) (+0.1% max, 943)
Load Regulation-no load to full load: =0.07% max (£0.02%
max, 951, 960 series) { = 0.1% max, 943)
Qutput Noise and Ripple: 1mV rms max
Breakdown Voltage: 500V dc min
Input Filter Type: w
Operating Temperature Range: —25°C to +71°C
Storage Temperature Range: —40°C to +125°C
Fusing: If input fusing is desired, we recommend the use of a
slow blow type fuse that is rated at 150%—200% of the
de/de converter’s full load input current.

SPECIFICATIONS - Typical @ +25°C at nominal input voltage unless otherwise noted*

Input!

Output  Output  Input  Voltage Input Output  Temperature Efficiency

Voltage Current Voltage Range Current Voltage Coefficient FullLoad Dimensions
Model Volts mA Volts Volts Full Load Errormax /*C max min Inches
943 5 1000 5 4.75/5.25 1.52A *1% +0.02% 62% 2.0x2.0x0.38
958 5 100 5 4.5/5.5 200mA + 5% *+0.01% (typ) 50% 1.25%0.8x0.4
941 +12 %150 5 4.75/5.25 1.17A *1% +0.01% 58% 2.0x2.0x0.38
960 +12  *40 5 4.5/5.5 384mA +5% = 0.01% (typ) 50% 1.25%0.8%0.4
962 *15 *33 5 4.5/5.5 396mA =5% =0.01% (typ) 50% 1.25 2 0.8x0.4
964 +15 *33 12 10.8/13.2 165mA = 5% =0.01% (typ) 50% 1.25x0.8x0.4
965 =15 =190 5 4.65/5.5 1.7A *1% = 0.005% (typ) 62% (typ) 2.0x2.0x0.38
966 15  =1%0 12 11.2/13.2 710mA *1% +0,005% (typ) 62% (typ) 2.0x2.0x0.38
967 =15 =190 24 22.3/26.4 350mA *1% = 0.005% (typ) 62% (typ) 2.0x2.0x0.38
949 =15 +60** 5 4.65/5.5 0.6A +2% =0.03% 58% 2.0x1.0x0.375
940 +15 + 150 5 4.75/5.25 1.35A *1% +0.01% 62% 2.0%2.0x0.38
953 =15 =150 12 11713 0.6A *=0.5% =0.01% 62% 2.0x2.0x0.38
945 215 +150 28 23131 250mA =0.5% =0.01% 61% 2.0x2.0x0.38
951 =15 +410 5 4.65/5.5 3.7A *=0.5% =0.01% 62% 3.5%2.5x0.88
NOTES

" Models 940 and 941 will deliver up to 120mA output current (and model 943 will deliver up to 600mA ) over an input voltage range of 4 65V dcand 5.5V dc

*Consult Analog Devices Power Supply Catalog for add

**Single-ended or unbalanced operation is permussible such that total output current load does notexceed a total of 120mA

Specificanons subject to change without notice.

14-2 POWER SUPPLIES
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LTS-2020 Component Test Systems

BI-DIRECTIONAL RS-232 PORT

FOR COMMUNICATING WITH
ANY RS-232 DEVICE

HANDLER INTERFACE FOR
HANDLER CONTROL SIGNALS

UNI-DIRECTIONAL RS-232 PORT
FOROPTIONAL PRINTER

DEVICE SOCKET

SOCKET P.C. BOARD

PLUG-IN SOCKET ASSEMBLY

PLUG-IN FAMILY BOARD MODULE (E.G

DUAL DISK DRIVES, DOUBLE-SIDED FOR
OPERATING SYSTEM, MASS STORAGE OF DATA,
USER PROGRAMS, AND SUPPLIED PROGRAMS

IEEE 488 PORT (OPTIONAL)

ESTBUTTON - OPERATOR INSTALLS
DEVICEIN THE SOCKET AND PUSHES THE BUTTON

LINEAR, DIGITAL, DATA CONVERSION, ;:IISCHETE]

THE LTS CONCEPT

The LTS-2020 is a versatile component test system which tests
a multitude of components to the manufacturer’s specifications
(linear, digital, data conversion and discrete devices). The system
offers such features as RS-232 ports for networking, IEEE for
compatibility with handlers and probers, dual disk drives for
mass storage of data, automatic self calibration, and a full statistical
analysis software package.

The LTS-2020 provides several data output formats — datalog,
yield analysis and statistical analysis. The console provides the
primary measurement and control functions to test a specific
class of devices. The socket assembly is the mechanical and
electronic interface for the family board and the DUT board.
The DUT board plugs directly into the socket assembly and
contains the circuitry and socket, specific to the actual device
under test.

Analog Devices' component test systems are the first benchtop
testers that are programmable in BASIC and fill-in-the-blanks
CREATE. CREATE is menu-driven software which prompts
the user for data sheet limits and conditions, then builds a com-
pleted test program for the specified device. Turnkey program
libraries are available for each of the device families.

Far more than just comprehensive production testers, these test
systems can handle complex engineering analysis and incoming
inspection. They are the first systems that can provide all the
capabilities of today’s large centralized test systems at a price
that is approximately one-third the cost. The LTS-2020 not
only provides the flexibility of distributed or decentralized testing,
it allows for cost effective multiple system purchases. They
increase overall test reliability, since the threat of a single big
failure is eliminated in a distributed testing environment.

LTS-2020 CONSOLE SPECIFICATIONS

Voltage Measurement Range Current Range

=10V HI Z

Current Measurement Range Voitage Range
10mA to + 150mA 0to +20V

—150mA to + 10mA 0to ~20V

- 1.0mA o + 1.0mA Oro + 10V

—10mA to + 10mA =10V

Voltage Forcing Range Current Range

Oto +20V —=10mA to + 150mA

0w - 20V —150mA to + 10mA

Oto + 10V ~1.0mA o +1.0mA

~10Vio + 10V - 10mA 1o + 10mA

Operating Voltage Range

105V 10 125V ac @ S0Hz 1o 60Hz
210V 10 250V ac @ 50Hz to 60Hz

System Reference Stability

10V + 25 ppm/1000hrs. noncumulative

Resolution Accuracy
10uV +(0.0015% + 1500 V)
Resolution Accuracy
2uA +(2,5% + 100pA/V + 15pA)
2uA +(2.5% + 100LA/V + 15pA)
0.2pA +(0.5% + 10pA)
0.1pA +(0.5% + 10pA)
Resolution Accuracy
100mV = 50mV
100mV = 50mV
50mV =25mV
ImV =500V

Console Dimensions

W 19in. % D 26in. (66cm.) x H 12in. (31cm.)
Wt. 751bs. (39K gs.)

Operating Temperature Range
Oto +40°C, + 32°F to 104°F

COMPONENT TEST SYSTEMS 15-1
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LTS-2020 Test Capabilities

LINEAR DEVICE TEST CAPABILITY

The LTS-2101 Operational Amplifier Family Board tests today’s
very demanding high precision op amps, comparators and reg-
ulators. This board houses the test loop used in testing op amps
and comparators and the pulse load circuitry used in developing
the high currents needed for voltage regulator testing.

For testing devices under 100pV, the LTS-2101 offers a tight
offset spec of =(0.25% + 5pV). Use of low thermal Emt relays
and a test loop gain of 10,045 ensures superior low level Vog
measurement performance for optimum repeatability of low
level signals.

Testing of low current devices is achieved with the LTS-0614
Socket Assembly which is designed to test bias and offset currents
with an accuracy of +(5% + 25fA) for any FET amplifier,
including quad devices. Program libraries containing prewritten
test programs for many standard op amps, comparators and
regulators are available on disk.

ANALOG-TO-DIGITAL TEST CAPABILITY

The LTS-2200 ADC Family Board provides the test circuitry
required for testing monolithic, hybrid or modular ADCs. An
on-board 16-bit microprocessor with 8K bytes of memory acts
as a slave for the system console and executes preprogrammed
test routines such as linearity, all codes existence, transition
noise measurements and conversion lime measurements at high
speed. Absolute accuracy can be measured within 2000V, Linear-
ity, differential nonlinearity, offset, gain and PSSR are tested to
+.05 DUT LSB +200pV. Turnkey test packages are available
for many of the standard ADCs currently in use.

DIGITAL-TO-ANALOG TEST CAPABILITY

The LTS-2302 DAC Family Board utilizes advanced state of the
art test techniques to provide comprehensive test capabilities for
a wide variety of D/A converters. It will test both voltage and
current output DACs, DACs with and without buffer registers
and serial or parallel input DACs to 16-bit accuracy.

High repeatability on low level signals is achieved because of the
grounding scheme on the L.TS-2302. The incorporation of high
level components in the V/I circuits ensures true accuracy. In
addition, the methodology for measuring low bit currents allows
appropriate testing of this parameter on CMOS DACs.

Output leakage current on the LTS-2302 is measured with the
bit drivers to the DAC set to logic 0. Current is measured using
the I to V converter. A 1m{} resistor within the I to V circuitry
ensures sensitivity, thereby measuring current down to + 1pA
full scale.

15-2 COMPONENT TEST SYSTEMS
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DIGITAL DEVICE TEST CAPABILITY

The LTS-2510 Digital Device Family Board provides 24 pin
driver/detectors and a precision, four quadrant V/I source for
testing SSI/MSI TTL and CMOS digital devices. This board
contains four programmable device supplies and switching cir-
cuitry necessary for performing accurate parametric measurements
on all device pins.

Together with the LTS-0655 remote ac test fixture, dynamic
parametric testing of 24-pin SSI/MSI TTL digital devices can
be achieved. Accuracies are achieved down to +4% + 1.5ns at
a resolution of 500ps. Dynamic parameters tested are propagation
delay, setup and hold times.

DISCRETE DEVICE TEST CAPABILITY

The LTS-2600 Transistor Family Board tests bipolar transistors,
JFETs, diodes and optocouplers. An on-board 16-bit micro-
processor with 4K bytes of memory acts as a slave for the LTS
system and coordinates the timing and pulse width control of
the stimulus and measurement signals. In addition, the micro-
processor monitors the interlock circuitry to insure safe handling
of high power test signals.

MOSFET software packages support the testing of N and P
channel enhancement mode and N channel depletion mode
devices. Tests which may be performed on MOSFET devices
include Idss, Igss, 1gssf, Igssr, Id (off), Id (on), B Vdss, B
Vgss, B Vgssf, B Vgssr, Vds (on), Vgs (th), Vgsoff, Vsd, Rds
(on) and Gsf.

ANALOG SWITCH TEST CAPABILITY

The LTS-2700 Analog Switch Family Board adds switch and
multiplexer testing capability to the LTS-2020, This test capability,
with CREATE software allows datalogged device testing at the
incoming inspection and semiconductor manufacturing levels
and includes software power for use in component evaluation
applications.

The LTS-2700 tests on and off drain to source leakage currents
with an accuracy of 250pA, while forcing differential voltages
up to S0V (£25V from GND). Other tests performed are drain
to source on resistance, greatest change in drain-source on
resistance between channels, digital input current and supply
current.

Twenty high integrity analog lines are provided - 4 to be used
as drain connections and 16 for source connections. Also provided
are 8 programmable digital drivers, 4 digital control bits, 6
variable power supplies and 1 fixed + 5V supply. These combi-
nations of sources provide testing of devices such as 4-channel
switches, 16 to 1 multiplexers and other combinations of switches
and multiplexers.



Package Information
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ADILETTER DESIGNATOR

Side Brazed DIP (Ceramic)
D-14

D-16

D-18

D-20 ,

Bottom Brazed DIP (Ceramic)
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Metal Platform DIP

DH-14B
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Package Outline Dimensions

D-14

14-Lead Side Brazed Ceramic DIP

s

o o

14
SEE
NOTE1
1
I
SEATING
PLANE
L
INCHES MILLIMETERS
SYMBOL| MIN MAX MIN MAX NOTES
L 0.200 5.08
b 0.014 0.023 0.36 0.58 L]
b, 0.030 | 0.070 0.76 1.78 2,6
c 0.008 0.015 0.20 038 | 6
D 0.785 19594 | 4
E 0.220 0.310 5.59 787 | 4
E, 0.290 | 0.320 7.37 8.13
e 0.090 0.110 229 279 | 7
L 0.125 | 0.200 3.18 5.08
L, 0.150 3.81
Q 0.015 0.060 0.38 152 3
S 0.098 249 5
S, 0.005 0.13 5

16-2 PACKAGE INFORMATION
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. Index area; a notch or a lead one identification mark

is located adjacent to lead one.

The minimum limit for dimension b, may be 0.023"
{0.58mm) for all four corner leads only.

. Dimension Q shall be measured from the seating plane

to the base plane.

This dimension allows for off-center lid, meniscus
and glass overrun.

. Applies to all four corners.
. All leads — increase maximum limit by 0.003" (0.08mm)

measured at the center of the flat, when hot solder
dip lead finish is applied.

. Twelve spaces.



D-16

16-Lead Side Brazed Ceramic DIP

s

16

SEE
NOTE
0\1\)

o fos

. Index area; a notch or a lead one identification mark

is located adjacent to lead one.

. The minimum limit for dimension b, may be 0.023"

(0.58mm) for all four corner leads only.

to the base plane.

. Dimension Q shall be measured from the seating plane

This dimension allows for off-center lid, meniscus

and glass overrun.

. Applies to all four corners.

. All leads — increase maximum limit by 0.003" (0.08mm)
d at the center of the flat, when hot solder

dip lead finish is applied.

INCHES MILLIMETERS
SYMBOL | MIN | mAX MIN | MAX |NOTES | NOTES
A 0.200 5.08 1
b 0.014 | 0.023 0.36 058 |6 2
b, 0.030 | 0.070 0.76 178 | 2,6
c 0.008 | 0.015 0.20 038 |6 3
D 0.840 2134 |4
E 0.220 | 0.310 5.59 787 |4 4.
E, 0.290 | 0.320 7.37 8.13 :
o 0.090 | 0.110 2.29 279 |7
L 0.125 | 0.200 3.18 5.08 s
L, 0.150 3.81
Q 0.015 | 0.060 0.38 152 |3 7. Fourteen spaces.
s 0.080 203 |5
s, 0.005 0.13 5
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s

SEE
NOTE1

10

18

1

D-18

18-Lead Side Brazed Ceramic DIP

o s

0 T I g 9 0 9 9 =9

——

e

. Index area; a notch or a lead one identification mark

is located adjacent to lead one.

. The minimum limit for dimension b; may be 0.023"

(0.58mm) for all four corner leads only.

. Dimension Q shall be measured from the seating plane

to the base plane.

. This dimension allows for off-center lid, meniscus

and glass overrun.

16-4 PACKAGE INFORMATION
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. Applies to all four corners.
. All leads — increase maximum limit by 0.003" (0.08mm)

measured at the center of the flat, when hot solder
dip lead finish is applied.

. Sixteen spaces.

INCHES MILLIMETERS |

SYMBOL | MIN | MAX MIN | MAX | NOTES | NOTES
A 0.200 5.08 L
b 0.014 | 0.023 0.36 058 | 6 2
b, 0.030 | 0.070 0.76 178 | 2,6
c 0.008 | 0.015 0.20 038 | 6 3
D 0.960 2438 | 4
E 0.220 | 0.310 5.59 787 | & 4
E, 0.290 | 0.320 737 8.13 i
e 0.090 | 0.110 2.29 279 |7 .
L 0.125 | 0.200 3.8 5.08
Ly 0.150 3.81
) 0.015 | 0.060 0.38 152 | 3 7
S 0.098 2.49 5
s, 0.005 0.13 5



D-20

20-Lead Side Brazed Ceramic DIP

o fs

1

1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.

2. The minimum limit for dimension b; may be 0.023"

(0.58mm) for all four corner leads only.

3. Dimension Q shall be measured from the seating plane

to the base plane.

4. This dimension allows for off-center lid, meniscus

and glass overrun.
5. Applies to all four corners.

6. All leads - increase maximum limit by 0.003" (0.08mm)
measured at the center of the flat, when hot solder

dip lead finish is applied.

7. Eighteen spaces.

INCHES MILLIMETERS
SYMBOL | MIN | MAX MIN | MAX |NOTES | NOTES
A 0.200 5.08
b 0.014 | 0.023 0.36 058 |6
b, 0.030 | 0.070 0.76 178 | 2,6
¢ 0.008 | 0.015 0.20 038 |6
D 1.060 2652 |4
E 0.220 | 0.310 5.59 787 |4
E, 0290 | 0.320 7.37 8.13
e 0.090 0.110 229 2.79 7 =
L 0125 | 0.200 3.18 5.08
Ly 0.150 3.8
Q 0.015 0.060 0.38 1.52 3
s 0.080 203 |5
S, 0.005 0.13 5
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DH-14A
14-Lead Bottom Brazed Ceramic DIP

14

il

s, __“:1 l".,. o s e

8
7
Il o Ll| |
_._'_T o
L, c
¥
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INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. Index area; a notch or a lead one identification mark
A 0.220 5.59 is located adjacent to lead one.
b 0.014 | 0.023 0.36 0.58 2. The minimum limit for dimension b, may be 0.023"
by 0.030 0.070 0.76 1.78 2 {0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 3. Dimension Q shall be measured from the seating plane
2 0.808 2045 4 "tr‘:.ﬂ‘: b?selplmel ing is 0.100" (2.54mm) betw.
. The basic pin spacing is 0. .54mm een
E 0.480 0.505 12.19 12.83 centariines.
E, 0.290 0.320 7.37 8.13 6 5. Applies to all four corners.
. .9080¢ 254BSC 47 6. E, shall be ed at the line of the leads.
L 0.125 0.200 3.18 5.08 7. Twel
Ly 0.180 4.57 -
Q 0.015 | 0.060 0.38 1.52 3
s 0.098 2.49 5
S, 0.005 0.13 5



DH-14B
14-Lead Metal Platform DIP

r N\
14 8
SEE
NOTE 1
1 1 7
it
D E
A [ Q
SEATING k ¥ =—=
PLANE — 7 !

_;_ b=t -
v Al 8 e 4

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. Index area; a square corner or a lead one identification
A 0.225 572 mark is located adjacent to lead one.
b 0.014 0.023 0.36 0.58 2 2. The minimum limit for dimension b, may be 0.023"
D 0.885 22.48 (0.58mm) for all four corner leads only.
E 0.490 0.520 12.45 13.21 3. Dimension Q shall be measured from the seating plane
E, 0.295 0.305 7.49 7.75 6 to the base plane.
° 0.100 BSC 2.54BSC a7 4. The basic pin spacing is 0.100" (2.54mm) between
. ! lines.
t u.:qo 9,200 :'56 508 5. Applies to all four corners.
0‘ : 1&0 il 7] 6. E, shall be d at the line of the leads.
.015 0.075 0.38 9 3 7. Twelve spaces.
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DH-16B
16-Lead Metal Platform DIP

16 s )

SEE
NOTE1

SEATING
PLANE

et A A

INCHES MILLIMETERS G
SYMBOL |/ N i s MAX NOTES 1. lndsex area; a square corner or a lead one identification
A 0.175 0.215 4.45 5.46 mark is located adjacent to lead one.
dbb 0.016 0.020 0.41 0.51 2. Pin 6 is electrically connected to the case.
D 0.960 0.985 24.4 25.0 3. Case has metal bottom surface.
E 0.490 0.520 12.45 13.21 4. E, shall be ed at the centeriine of the leads.
E, 0.295 0.305 7.49 7.75 4 5. Fourteen spaces.
e 0.095 0.105 241 2.67 5
L, 0.160 0.255 4.06 6.48

16-8 PACKAGE INFORMATION
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E-20A

20-Terminal Leadless Ceramic Chip Carrier

uh

(h x 45°)
3PLACES

4

+-
-LI

¥+

—-0D

i
L

B,

"T

R
NO. 1 PIN INDEX

BOTTOM VIEW

4

(j % 45°)

4.|—T
JHHHOR D

INCHES MILLIMETERS
SYMBOL { MIN | MAX MIN | MAX | NOTES
A 0.064 | 0.100 163 | 254 |1
B, 0.022 | 0.028 056 | 0.71

D 0342 | 0358 869 909 [2
D, 0.075 REF 1.91REF

e 0.050 BSC 1.27BSC

i 0.020 REF 051

h 0.040 REF 1.02

L 0.045 | 0.055 114 | 140

732

NOTES
1. Dimension A controls the overall package thickness.

2. Applies to all 4 sides.
3. All terminals are gold plated.
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E-28A
28-Terminal Leadless Ceramic Chip Carrier

PR

4

_T B,
. -
ot NO. 1PININDEX
BOTTOM VIEW
“'I % 45“} .Li
3PLACES _*__ Al (i%45°)
D
B 3 [ )
W 4 a A
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES )
A 0.064 0.100 163 254 1 ; :im;::lr: ‘:I T:\;::s the overall package thickness.
B, 82 _1 ON2S 058 971 3’ A::l:erminals are olé plated
D 0.442 | 0.458 1123 | 1163 |2 : ¥ :
D, 0.075 REF 1.91 REF
e 0.050 BSC 1.27BSC
i 0.020 REF 0.51
h 0.040 REF 1.02
L 0.045 | 0.055 114 | 1.40

16-10 PACKAGE INFORMATION
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2-Lead Flat Pack (Ceramic)

F-2A

POSITIVE LEAD

b INDICATOR

N =
Tr—‘f—?rm i

e ' - E
(=" - l
— 7S
fo D,
I Ly D
c T
c > ¥ o2 DY A
Yy YW/ /LA
INCHES MILLIMETERS
SYMBOL |MIN MAX MIN MAX NOTES NOTE -
A 0.041 0.050 1.04 127 1. Th.iJs dl;nv::l's‘i':? allows for off-center lid, meniscus and
b 0.015 0.019 0.38 0.48
c 0.0045 |0.0065 0.12 0.17
D 0.250 6.35 1
D, 0.220 5.59
E 0.081 0.093 2.06 2.36 1
e 0.045 0.055 1.14 1.40
Ly 0.500 12.69

734
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H-03A
3-Lead Metal Can (TO-52)

e |,
— A —
-— L,

Ly

| ¢

, |
$D, I

le— @

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NO{_'I;ES y ’ E L
1. (Three Leads) &b, applies between L, and L;. &b applies
A 0.115 | 0.150 292 | 3.81 between L; and 0.5" (12.70mm) from seating plane.
$b 0.021 0.53 1,4 Diameter is uncontrolled in L, and beyond 0.5"
&b, | 0.016 | 0.019 041 | 048 | 1.4 " :_‘:':"':""i from “;‘““9 ::‘“:-“ —
. Leads having maximum diameter 0. 48mm
9D 0209 | 023 531 5.84 measured in gauging plane 0.054" (1.4mm) + 0.001"
&D, 0.178 0.195 4.52 4.95 (0.03mm) — 0.000" (0.00mm) below the seating plane
e 0.100 T.P. 254T.P. 2 of the device are within 0.007" (0.18mm) of their true
P 0.050 T.P 1.27TP 2 positions relative to a maximum-width tab.
- - — = 3. Measured from maximum diameter of the actual
F 0.030 0.76 device.
i 44008 |9.8% 091 | 197 4. All leads - increase maximum limit by 0.003" (0.08mm)
k 0.028 0.048 0.71 1.22 3 when hot solder dip finish is applied.
L 0.500 12.70 1
L 0.050 127 |1
L, 0.250 6.35
« 45°T.P.

16-12 PACKAGE INFORMATION
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H-03B

3-Lead Metal Can (TO-5 Style)

IT
L

pr—

| 4

E

— SEATING PLANE
— L
- L,
Ly
J L —
||
i L J
N 1Y
$b

bb;
ol
Q
o
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. This zone is controlied for automatic handling. The

A 0.165 0.185 4.18 4.70 variation in actual diameter within the zone shall not
bb 0.016 0.021 0.41 0.53 2,7 exceed 0.010” (0.25mm).
by 0.016 0.019 0.41 0.48 2,7 2. (Three leads) &by applies between L, and L,. &b applies

between L, and 0.500" (12.70mm) from seating plane.
#D b i 9.378 0.59 240 Diameter is uncontrolled in L, and beyond 0.500"
Dy 0.305 | 0335 775 | 851 (12.70mm) from seating plane.
e 0.200T.P. 5.08T.P. 4 3. Measured from maximum diameter of the actual
ey 0.100 T.P. 2.54T.P. device.
h 0.015 0.035 0.38 0.89 4, Leads having maximum diameter[ﬂ.ﬂﬂf' 'lt;.iismm]

measured in gauging plane 0.54" (1.37mm) + 0.001"
i 0.028 0034 o 0.86 (0.03mm) — 0.000" (0.00mm) below the seating plane
k 0.029 | 0.045 0.74 | 114 3 of the device are within 0.007" (0.18mm) of their true
L 0.500 12.70 2 positions relative to the maximum-width tab.
L, 0.050 1.27 2 5. Details of outline in this zone optional.
L2 0.250 6.35 2 6. Lead #3 connected to case.
P 0.100 254 1 7. All leads - increase maximum limit by 0.003" (0.08mm])
a 5 when hot solder dip finish is applied.
r 0.007 0.18
a 45°T.P.
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B,

H-08A
8-Lead Metal Can (TO-99)

— REFERENCE PLANE
pe——— L

ob &b,

i
s t
o
SEATING PLANE
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. (All leads) &b applies between L, and L. 4b, applies
A 0.165 0.185 4.19 4.70 between L; and 0.500" {12.?nmm‘I from the reference
b 0.016 0.019 0.41 0.48 1.4 plane. Di ter is lled in L, and beyond 0.500"
&b, 0.016 0.021 0.41 053 1,4 (12.70mm) from the reference plane.
$D 0.335 | 0.370 851 9.40 2. mmt::rted from the maximum diameter of the
4D, 0.306 | 0335 1.8 as 3. Leads having a maximum diameter 0.019" (0.48mm)
$D; 0.110 | 0.160 2.79 4.06 measued in gauging plane 0.054" (1.37mm) + 0.001"
L) 0.200BSC 5.08BSC 3 (0.03mm) — 0,000" (0.00mm) II)alow mr bfuo plane of
the product are within 0.007" (0.18mm) of their true
1 0.100BSC 2.5488C 3 position relative to the maximum width tab.
F 0.040 1.02 4. All leads — increase maximum limit 0.003" (0.08mm)
k 0.027 0.034 0.69 0.86 when hot solder dip finish is applied.
Ky 0.027 0.045 0.69 1.14
L 0.500 0.750 12.70 19.05
L, 0.050 1.27
L 0.250 6.35
Q 0.010 0.045 0.25 1.14
[ 45°BSC 45°BSC 3

16-14 PACKAGE INFORMATION

737



B
L

H-08B
8-Lead Metal Can (T0Q-99 Style)

rﬂ

— REFERENCEPLANE

NOTES

1. (All leads) b applies between L; and L,. &b, applies
between L; and 0.500" {12.70mm) from the reference
plane. Diameter is uncontrolled in L, and beyond 0.500"
(12.70mm) from the reference plane.

2. Measured from the maximum diameter of the

3. Leads having a maximum diameter 0.019" (0.48mm)

d in gauging plane 0.054" (1.37mm) + 0.001"
(0.03mm) — 0.000"? 0.00mm) below the base plane of
the product are within 0.007" (0.18mm) of their true
position relative to the maximum width tab.

4, All leads - increase maximum limit 0.003" (0.08mm)
when hot solder dip finish is applied.

o l 1
¥ \
F —4-‘lo—
t SEATING PLANE
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES
A 0.165 0.185 4.19 4.70
&b 0.016 0.019 0.41 0.48 1.4
by 0.016 0.021 0.41 0.53 1.4
&D 0.335 0.370 8.51 9.40
oduct.

oD, | 0.305 | 0.335 7795 | 851 PO
&D; 0.110 0.160 279 4.06
e 0.230BSC 5.84BSC 3
= 0.115BSC 2.92BSC 3
F 0.040 1.02
k 0.027 0.034 0.69 0.86
Ky 0.027 0.045 0.69 1.14 2
L 0.500 0.750 12.70 19.05 1
Ly 0.050 1.27 1
Lz 0.250 6.35 1
Q 0.010 0.045 0.25 1.14
o 45°BSC 45°BSC 3
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H-10A
10-Lead Metal Can (T0-100)

— REFERENCEPLANE

-—A,—-—-

rr_A: ‘—l
"‘D‘w' =
==

B

F"‘l o $b b,

e
SEATING PLANE

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES

. (Three Leads) b, applies between L, and L,. b applies
A 0.165 | 0.185 4.19 4.70 between L, and 0.5" (12.70mm) Iror:i seating plane.
b 0.016 | 0.019 0.41 048 1.4 Diameter is uncontrolled in L, and beyond 0.5"
&b, | 0.016 | 0.021 041 | 053 | 1.4 (12.70mm) from seating plane.

2. Leads having maximum diameter 0.019" (0.48mm)

L 1o 0.5 0.370 859 .40 measured in gauging plane 0.054" (1.4mm) + 0.001"
$D, 0.305 | 0.335 7.75 8.51 (0.03mm) — 0.000" (0.00mm) below the seating plane
D, 0.110 0.160 2.79 4.06 of the device are within 0.007" (0.18mm) of their true
= 0.230BSC 5.84 BSC 3 positions relative to a maximum-width tab.
o 0.115BSC 2.92BSC 3 3. hdﬂ:v?::rud from maximum diameter of the actual
£ 0.040 Jee 4. All leads - increase maximum limit by 0.003" (0.08mm)
k 0.027 0.034 0.69 0.86 when hot solder dip finish is applied.
ky 0.027 0.045 0.69 1.14 2
L 0.500 0.750 12.70 19.05 1
Ly 0.050 127 1
L 0.250 6.35 1
Q 0.010 0.045 0.25 1.14
o 36°BSC 36°BSC 3

16-16 PACKAGE INFORMATION
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H-12A
12-Lead Metal Can (T'O-8 Style)

REFERENCE PLANE

&D
&Dy
SEATING PLANE
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX | NOTES NOTES
1. (All leads) &b applies between L and L,. b, applies
& S.048 1 0a81 2 aee between L, and 0.375" (9.50mm) from the reference
b 0.016 | 0.019 0.41 048 | 1 plane. Diameter is uncontrolled in L, and beyond 0.375"
$b, 0.016 | 0.021 0.41 053 |1 {9.50mm) from the reference plane.
oD 0.592 0.610 15.04 15.44 2. Measured from the maximum diameter of the
$D, 0.545 | 0.555 13.84 | 14.10 product.
ps 0.400 BSC 3 3. Leads having a maximum diameter 0.019" (0.48mm)
< measued in gauging plane 0.054" (1.37mm) + 0.001"
e 0.200BSC 3 (0.03mm) — 0.000" (0.00mm) below the base plane of
ey 0.100BSC 3 the product is within 0.007" (0.18mm) of their true
E 0.040 1.02 position relative to the maximum width tab.
k 0.026 0.036 0.66 0.91
Ky 0.026 0.036 0.66 0.9 2
L 0.375 9.50 1
L 0.050 1.27 1
Q 0.010 0.045 0.25 1.14
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N-8
8-Lead Plastic DIP

see | 8 5 |
NOTE1 | E
\ 1
1 o | 4
—— ]4— E ——‘
T a pl=—=-
A
A A 2
SEATING k 3% B 5 T
PLANE ; i c
. J — %
b e b1
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
A 0.210 5.33 1. Index area; a notch or|a lead one identification mark
is located adjacent to lead one.
A, 0.115 0.195 2.93 4.95 5o 5
b 0014 0.022 0.356 0558 2. I::f dimension does not include mold fiash or
by 0.045 0.070 1.15 1.77
c 0.008 0.015 0.204 0.381
D 0.348 | 0.430 8.84 10.92 2
E 0.300 0.325 7.62 8.25
E, 0.240 0.280 6.10 7.11 2
e 0.100BSC 2.54BSC
L 0.125 0.200 3.18 5.05
L, 0.150 3.81
a 0.015 0.060 0.38 1.52

16-18 PACKAGE INFORMATION
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SEATING *
PLANE 4

N-14

14-Lead Plastic DIP

AYAWAWAVAWAWAY
SEE | 14
NOTE 1
Na

7
(YAYAVAYAY,

v

1

A

INCHES MILLIMETERS

SYMBOL | MIN MAX MIN MAX NOTES

A 0.210 5.33

Az 0.115 0.195 293 4.95

b 0.014 0.022 0.356 0.558

by 0.045 0.070 1.15 1.77

c 0.008 0.015 0.204 0.381

D 0.725 0.795 1842 [20.19 2

E 0.300 0.325 7.62 8.25

E, 0.240 0.280 6.10 7.1 2

e 0.100BSC 254BSC

L 0.125 0.200 3.18 5.05

L, 0.150 3.8

a 0.015 0.060 0.38 1.52

742
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NOTES

1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.

2. This dimension does not include mold flash or

protrusions.
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SEE | 16

N-16

16-Lead Plastic DIP

T
4

1 8
YYVVVVYYY

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES
A 0.210 5.33 )
A 0.115 0.195 293 4.95
b 0.014 0.022 0.356 0.558
b, 0.045 0.070 1.15 1.77
c 0.008 0.015 0.204 | 0.381
D 0.745 0.840 18.93 21.33 2
E 0.300 0.325 7.62 8.25
E4 0.240 | 0.280 6.10 7.1 2
e 0.100BSC 2.54 BSC
L 0.125 0.200 3.18 5.05
Ly 0.150 3.81
a 0.015 0.060 0.38 152

16-20 PACKAGE INFORMATION
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NOTES

1. Index area; a notch or a lead one identification mark
is located adjacent to lead one.

2. This dimension does not include mold flash or
protrusions.



AVAVAWAWAVAWAYAYA

N-18
18-Lead Plastic DIP

see | 18 10
NOTE1 E,
A
1 9
D o
'f a
A
SEATING
PLANE s f L,
A B X
wleb e by
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
A 0.210 5.33 1. Index area; a notch or a lead one identification mark
Az 0115 0.195 2.93 4.95 is located adjacent to lead one.
- - = - 2. This dimension does not include mold flash or
b 0.014 | 0.022 0.356 | 0.558 protrusi
b, 0.045 0.070 1.15 1.77
1] 0.008 0.015 0.204 0.381
D 0.845 0.925 21.47 23.49 2
E 0.300 0.325 7.62 8.25
E, 0.240 0.280 6.10 7.11 2
e 0.100BSC 254 BSC
L 0.125 0.200 3.18 5.05
Ly 0.150 8
Q 0.015 0.060 0.38 1.52

744
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SEATING
PLANE

N-20
20-Lead Plastic DIP

AVAVAVAVAYAVAVAVAYA
oL "1t

£
il 2l

.t

O ‘

AL

.
oo

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
A 0.210 5.33 1. !:?::a:;:a; ;an;t:rtgrl:al;a:n:ne identification mark
Az Yiiih D135 293 oL 2. This dimension does not include mold flash or
b 0.014 | 0.022 0.356 | 0.558 protrusions.
by 0.045 0.070 1.15 1.77
c 0.008 0.015 0.204 0.381
D 0.925 1.060 23.50 26.90 2
E 0.300 0.325 7.62 8.25
E, 0.240 0.280 6.10 7.11 2
e 0.100BSC 2.54BSC
L 0.125 0.200 3.18 5.05
L, 0.150 3.8
Q 0.015 0.060 0.38 1.52

16-22 PACKAGE INFORMATION
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P-20A

20-Lead Plastic Leaded Chip Carrier (PLCC)

--vl-
R Y o O O o By
w 3 o 19
1_1:‘ rosﬂ?réen 18]
[ ]
C TOP ] v
0 VIEW N
e 14[] l
9 13 |
2 A O O [ i A
e————— R

g5
s

je— E
.—
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES

A 0.385 0.395 9.78 10.02
B 0.385 0.395 9.78 10.02
c 0.165 | 0.180 4.19 457
D 0.025 | 0.040 0.64 1.01
E 0.085 0.110 2.16 2.79
F 0.013 0.021 0.33 053
G 0.050 BSC 1.27BSC

H 0.026 0.032 0.66 0.81
J 0.015 | 0.025 0.38 0.63
K 0.290 0.330 1.37 8.38
R 0.350 0.356 8.89 9.04
U 0.350 0.356 8.89 9.04
\') 0.042 0.048 1.07 1.21
W 0.042 0.048 1.07 1.21
X 0.042 | 0.056 1.07 1.42
Y 0.020 0.50

746

PACKAGE INFORMATION 16-23



P-28A
28-Lead Plastic Leaded Chip Carrier (PLCC)

:vmﬂl_ll_lr'll"ll"l'—r-.xl-
w 4 [o) 26 S /— —--1F-
o o = 4
C ] T
O ] K
C Jor Ju s F
3 0 —
Eu : —
19[] H
12 18 -_i_-—'l
Luuuuuuu__l_iit. =
* R | L_.T‘ g
A D
I =y E
——C

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES

A 0.485 0.495 12.32 12.57
B 0.485 0.495 12.32 12.57
c 0.165 0.180 4.19 4.57
D 0.025 0.040 0.64 1.01
E 0.085 0.110 2.16 2.79
F 0.013 0.021 0.33 0.53
G 0.050BSC 1.27BSC

H 0.026 0.032 0.66 0.81
J 0.015 0.025 0.38 0.63
K 0.390 0.430 9.91 10.92
R 0.450 0.456 11.43 11.58
u 0.450 0.456 11.43 11.58
v 0.042 0.048 1.07 1.21
w 0.042 0.048 1.07 1.21
X 0.042 0.056 1.07 1.42
Y 0.020 0.50

16-24 PACKAGE INFORMATION
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Q-8

8-Lead Cerdip

A

SEE

NOTE1

e——— D ——

4

r
JHHAH

o s
5

Q
¥
SEATING ?
PLANE ‘
B Ll E]
X 4
JA - e,
b b SEE
! NOTE?
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. Index area; a notch or a lead one identification mark
A 0.200 5.08 is located adjacent to lead one.
b 0.014 0.023 0.36 0.58 7 2. The minimum limit for dimension b; may be 0.023"
b, 0.030 | 0.070 0.76 178 | 2,7 (0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 7 3. Dimension Q shall be measured from the seating plane
D 0.405 1029 a to the base plane. - »
4. This di or id, meniscus
E 0.220 0.310 5.59 7.87 4 and glass overrun.
Ey 9390 9320 187 6.1 L 5. Applies to all four corners
. 9.000 e110 229 279 s 6. Lead center when « is 0°. E, shall be measured at the
L 0.125 0.200 3.18 5.08 centerline of the leads.
Ly 0.150 3.81 7. All leads — increase maximum limit by 0.003"(0.08mm)
a 0.015 0.060 0.38 1.52 3 measured at the center of the flat, when hot solder
s 0.055 1.35 5 dip lead finish is applied.
s, 0.005 013 5 8. Six spaces.
o 0° 15° 0° 15°
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s,

Q-14
14-Lead C

erdip

...|s

o N s s s N

14
SEE
NOTE1

NOTE7
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
A 0.200 5.08 1. Index area; a notch or a lead one identification mark
. is located adjacent to lead one.

b 0014 | 0.023 0.36 058 | 7 2. The minimum limit for dimension b, may be 0.023"
by 0.030 0.070 0.76 1.78 2,7 (0.58mm) for all four corner leads only.
c 0.008 | 0.015 0.20 038 | 7 3. Dimension Q shall be measured from the seating plane
D 0.785 1994 | & to the base plane.
E 0.220 0.310 5.59 7.87 4 4. This dimension allows for off-center lid, meniscus
E, 0.290 | 0.320 737 813 | 6 . e .‘.""’;";:f::::’mmm
e 0.090 0.110 2.29 2.79 B i y

6. Lead center when « is 0°. E, shall be measured at the
L 0.125 | 0.200 3.18 5.08 centerline of the leads.
Ly 0.150 3.81 7. All leads - increase maximum limit by 0.003" (0.08mm)
a 0.015 0.060 0.38 1.52 3 1 ed at the ter of the flat, when hot solder
S 0.098 2.49 5 dip I:wd finish is applied.
s, 0.005 0.13 5 8.T P
o 0° 15° 0° 15°

16-26 PACKAGE INFORMATION
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Q-16
16-Lead Cerdip

-.l_r}‘-_ls:_l M I_II'_II""II"I-.I‘!_II--s

see | 16 9
NOTE 1

SEATING
PLANE

Index area; a notch or a lead one identification mark
The minimum limit for dimension b, may be 0.023"

Dimension Q shall be measured from the seating plane

. This dimension allows for off-center lid, meniscus

. Lead center when « is 0°. E, shall be measured at the

. All leads — increase maximum limit by 0.003"(0.08mm)

measured at the center of the flat, when hot solder

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES

1.
A 0.200 5.08 is located adjacent to lead one.
b 0.014 | 0.023 0.36 0.58 7 2.
b, 0.030 0.070 0.76 1.78 2,7 {0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 7 3.
D 0.840 21.34 2 to the base plane.
E 0.220 0.310 5.59 787 | 4 4

and glass overrun.

E, 0.290 0.320 7.37 8.13 6 i

5. Applies to all four corners.
e 0.090 | 0.110 229 279 | 8 6
L 0.125 | 0.200 3.18 5.08 centerline of the leads.
L, 0.150 3.8 7
Q 0.015 | 0.060 0.38 152 | 3 N it th €
s 0.080 2.03 5 dip lead finish is applied.
s, 0.005 0.13 5 8. Fourteen spaces.
[ o 15° 0° 15°

750
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Q-18
18-Lead Cerdip

I i
S o O e O o IO N e O o O o | I""'I‘
1
SEE 18 10
NOTE1

9
I_ILIUI_IJ
»|

1
|EJULI|_I

- D |-—E—-
L L |

‘
e e el
4 —
e o] ol o e o »ffe

SEE
NOTE7
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTES
1. Index area; a notch or a lead one identification mark
A 0.200 5.08 is located adjacent to lead one.
b 0.014 0.023 0.36 0.58 7 2. The minimum limit for dimension b, may be 0.023"
by 0.030 0.070 0.76 1.78 2,7 (0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 7 3. Dimension Q shall be measured from the seating plane
D 0.960 24.38 4 to the base plane.
E 0.220 0310 559 787 r 4. This dimension allows for off-center lid, meniscus
and glass overrun,
Ey 0.290 0.320 7.37 8.13 6 e
0.050 CXET) 539 279 s 5. App to all four corners.
L = . : 6. Lead center when « is 0°. E, shall be measured at the
L 0.125 | 0.200 3.18 5.08 centerline of the leads.
L, 0.150 3.81 7. All leads - increase maximum limit by 0.003"(0.08mm)
a 0.015 0.060 0.38 1.52 3 measured at the center of the flat, when hot solder
3 0.098 2.49 5 d{p lead finish is applied.
s, 0.005 0.13 5 B. Sixteen spaces.
o 0° 15° 0° 15°
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Q-24
24-Lead Cerdip

j=-s, l-—s
-.|r1 o I o O s A s N s e S o s e O s O

1 '
see | 24 3
NOTE1
1 12
I n
f |
A

INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES l:dc'lTES " St — .
A 0.200 5.08 A i: .ex freJa, f_ notcA t::rl:‘ gaungrle identification mar
b 0.014 0.023 0.36 0.58 7 2. The minimum limit for dimension b, may be 0.023"
b, 0.030 0.070 0.76 1.78 2,7 (0.58mm) for all four corner leads only.
c 0.008 0.015 0.20 0.38 7 3. Dimension Q shall be measured from the seating plane
D 1.280 32.51 a :-o 'the‘hase !:Iane. . . y ;
E 0.220 0.310 559 7.87 4 4. a:;s:lgn;:r;zl:;::nws or off-center lid, meniscus
E 028010530 .37 %33 1.8 5. Applies to all four corners.
e 0N 10119 429 1 1 8 6. Lead center when « is 0°. E, shall be measured at the
L 0125 | 0.200 3.18 5.08 centerline of the leads.
Ly 0.150 3.81 7. All leads - increase maximum limit by 0.003"(0.08mm)
Q 0.015 0.060 0.38 152 3 ed at th_e of the flat, when hot solder
s 0.098 249 5 dip lead finish is applied.
s, 0.005 0.13 5 8. Twenty-two spaces.
o 0" 15° 0° 15°
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R-8

8-Lead Small Qutline (SOIC)

e A ————

i

m

@

5

[ ——

ENgeL
e E ¥
K J

INCHES MILLIMETERS

SYMBOL | MIN MAX MIN MAX NOTES

A 0.188 0.198 4.77 5.03

B 0.150 0.158 3.8 4.01

Cc 0.089 0.107 2.26 2.72

D 0.014 0.022 0.36 0.56

F 0.018 0.034 0.46 0.86

G 0.050 BSC 1.27BSC

J 0.007 0.015 0.18 0.38

K 0.005 0.011 0.125 0.275

L 0.195 0.205 4.95 5.21

P 0.224 0.248 5.69 6.29
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TO-92
3-Lead Plastic

ja—&D —»f

]“—i—-l-

rF===9

-

w

(-
s

SEATING __3
PLANE “
1 h =
"‘{ €
o
® l-_ =
s keie)
INCHES MILLIMETERS
SYMBOL | MIN | mAX MIN | MAX | NOTES
A 0.170 | 0.210 458 | 533
c 0.016 | 0.019 0.407 | 0.482
D 0175 | 0.205 496 | 5.20
e 0.095 | 0.105 242 | 2.66
e 0.0a5 | 0.055 115 | 1.39
E 0.125 | 0.165 394 | 4.19
J 0.175 | 0.205 496 | 520
L 0.500 12.70
Ia 0.050 1.27
S 0.080 | 0.105 242 | 2.66
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Y-10
10-Lead Single In-Line Package (SIP)

D A ja—
-— A
L s -4
s, [ _ SEE L Y
¥ ® & =" NOTE1
] __,_
O
E;
E O
E, O
Ol_s
Q
1 10
SEATING ¥
PLANE ¥
Ly
b-»|je— e b, ~»le-c
INCHES MILLIMETERS
SYMBOL | MIN MAX MIN MAX NOTES NOTE
A 0.123 0.150 3.12 3.81 1. Metal tab is electrically insulated from circuitry.
A, 0.038 0.042 0.97 1.07
b 0.016 0.020 0.41 0.51
by 0.040 0.070 1.02 1.78
c 0.009 | 0.012 0.23 0.31
D 1.566 1.586 39.78 | 40.28
E 0.990 1.050 25.15 26.67
E, 0.750 REF 19.05 REF
E; 0.810 REF 20.57 REF
e 0.100 BSC 2.54BSC
Ly 0.150 0.350 3.8 8.89
a 0.060 0.080 1.52 2.03
[ 0.780 REF 19.51 REF
S, 0.115 REF 2.92REF
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Ordering Guide

INTRODUCTION
This Ordering Guide should make it easy to order Analog Devices products, whether you're buying one IC op amp, a
multi-option subsystem, or 1000 each of 15 different items. It will help you:

1. Find the correct part number for the options you want.
2, Get a price quotation and place an order with us.
3. Know our warranty for components and subsystems.

For answers to further questions, call the nearest sales office (listed at the back of the book) or our main office in Norwood,
Mass. U.S.A. (617-329-4700).

MODEL NUMBERING

Many of the data sheets in the Databook for products having a number of standard options contain an Ordering Guide.
Use it to specify the correct part number for the exact combination of options you want. 1.C. and hybrid part numbers are
created using one of these two systems:

Figure 1 shows the form of model number used for our proprietary standard monolithic ICs and many of our hybrids. It
consists of an “AD” (Analog Devices) prefix, a 3-to-5-digit model number*, an alphabetic performance/temperature-range
designator and a package designator. One or two additional letters may immediately follow the digits (A" for second-generation
redesigned ICs, “DI" for dielectrically isolated CMOS switches, e.g., ADS36AJH, AD7512DIKD).

Figure 2 shows the somewhat different numbering scheme used by our Computer Labs Division for some hybrid circuits.
The number starts with a three-character alphabetic prefix, followed by a hyphen, a three- or four-digit number, and
alphabetic designators (as applicable) to indicate additional functional designations or options and packaging options.

[NANN]
AD XXXX A Y Z

T
ANALOG
DEVICES
PREFIX
THREE-TO-FIVE
DIGIT NUMBERS
1 OR 2 LETTERS
EMWDELﬁmﬁmm PACKAGE OPTIONS
A SECOND GENERATION 1] HERMETICALLY SEALED DIP,
DI. DIELECTRICALLY CERAMIC OR METAL
ISOLATED E LEADLESS CHIPCARAIER
F CERAMIC FLATPACK
Z OPERATION ON 12V SUPPLIES / g N AL A EAMETICALLY
SEALED)
PERFORMANCE- L
M METAL-CAN DIP, HERMETICALLY
;Em:gggf RANGE SEALED-COMPUTERLABS
N PLASTIC DIP
| | INCREASING P PLASTIC LEADLESS CHIP
PARAMETRIC CARRIER
0 7o +70°c < ' PERFORMANCE a CERDIP
L R SMALLOUTLINE
M BEST OVERALL CHIPS  MONOLOTHIC CHIP'
EXAMPLES.
INCREASING KCHI
A ¥ PERFoRMANCE ADjszann ©
- 25°C OR -40°C TO +85°C C BEST OVERALL
PERFORMANCE ADFEIZ0ND:
'MONOLITHIC CMOS CHIPS IN THE AD75XX
F'"&;gﬁ"‘:ﬁcs SERIES WERE FORMERLY DESIGNATED
_BE'C TO+125°C T ADTSXX/COM/CHIPS AND ADTSXX/MIL/CHIPS
AND MAY APPEAR ON PRICE LISTS WITH
v _BET OVER‘L: THOSE TIONS CONSULT ANALOG
DEVICES FOR CURRENT PRICING OF AD76XX

Figure 1. Model-Number Designations for Standard
Analog Devices Monolithic and Hybrid IC Products.

S, T and U Grades have the Added Suffix, /8838 for
Devices that Qualify to the Latest Revision of MIL-STD-
883, Level B.

*For some models, the combination [digit][letter][two or three digits] is used instead of ADXXXX, e.g., 2580.
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Figure 2. Computer Labs Video Hybrid Product Designations

SECOND SOURCE

In addition to our many proprietary products, we also manufacture devices that are fit-, form-, and function-compatible
(and often superior in performance and reliability) to popular products that originated elsewhere. For such products, we
usually add the prefix “AD” to the familiar model number (example: ADDACS85C-CBI-V).

ORDERING FROM ANALOG DEVICES

When placing an order, please provide specific information regarding model type, number, option designations, quantity,
ship-to and bill-to address. Prices quoted are list; they do not include applicable taxes, customs, or shipping charges. All
shipments are F.O.B. factory. Please specify if air shipment is required.

Place your orders with our local sales office or representative, or directly with our customer service group located in the
Norwood facility. Orders and requests for quotations may be telephoned, sent via TWX or TELEX, or mailed. Orders
will be acknowledged when received; billing and delivery information is included.

Payments for new accounts, where open-account credit has not yet been established, will be C.0.D. or prepaid. On all
orders under fifty dollars ($50.00), a five-dollar ($5.00) processing charge is required.

When prepaid, orders should include $2.50 additional for packaging and postage (and a 5% sales tax on the price of the
goods if you are ordering for delivery to a destination in Massachusetts).

WARRANTY AND REPAIR CHARGE POLICIES

All Analog Devices, Inc., products are warranted against defects in workmanship and materials under normal use and
service for one year from the date of their shipment by Analog Devices, Inc., except that components obtained from others
are warranted only to the extent of the original manufacturers’ warranties, if any, except for component test systems, which
have a 180-day warranty, and pMAC and MACSYM systems, which have a 90-day warranty. This warranty does not
extend to any products which have been subjected to misuse, neglect, accident, or improper installation or application, or
which have been repaired or altered by others. Analog Devices’ sole liability and the Purchaser’s sole remedy under this
warranty is limited to repairing or replacing defective products. (The repair or replacement of defective products does not
extend the warranty period. This warranty does not apply to components which are normally consumed in operation or
which have a normal life inherently shorter than one year.) Analog Devices, Inc., shall not be liable for consequential
damages under any circumstances.

THE FOREGOING WARRANTY AND REMEDY ARE IN LIEU OF ALL OTHER REMEDIES AND ALL OTHER
WARRANTIES, WRITTEN OR ORAL, STATUTORY, EXPRESS, OR IMPLIED, INCLUDING ANY WARRANTY
OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE.
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Product Families Not Included in the Databook
(But Still Available)

The information published in this Databook is intended to assist the user in choosing components for the design of new
equipment, using the most cost-effective products available from Analog Devices. The popular product types listed below
may have been designed into your circuits in the past, but they are no longer likely to be the most economic choice for
your new designs. Nevertheless, we recognize that it is often a wise choice to refrain from redesigning proven equipment,

and we are continuing to make these products available for use in existing designs or in designs for which they are uniquely
suitable. Data sheets on these products are available upon request.

Modei
ADI101
ADI108/208/308
ADI108A/208A/308A
ADI111/211/311
AD293
AD294
AD351
AD370/371
AD503
AD506
ADS510
ADSIS
AD518
ADS528
ADS530
AD531
ADS533
ADS535
ADS545
AD567
AD6l11
AD651
ADS01
AD2004
AD2006
AD2008
AD2009
AD2016
AD2020
AD2022
AD2023
AD2033
AD2036
AD2037
AD2038
AD2040
AD3554
AD3860
AD6012
AD7110
AD7118
AD7520
AD7521
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AD7522
AD7523
AD7525
AD7530
AD7531
AD7541
AD7546
AD7550
AD7552
AD7571
AD7574

AD ADC-816
ADC-8S
ADC-10Z
ADC-12QZ
ADC-141/171
ADC1100
ADC1102
ADCI1105
ADCI1111
ADC1133
ADC1143
ADC-QM
AD DAC-08
ADG201
ADSHC-85
API1620/1718
BDM 1615/16
BDM 1617
CAV-0920
CAV-1210
DAC-M
DAC-QS
DAC-QZ
DAC-10Z
DACI1009
DAC1106
DAC1108
DAC1132
DAC1146
DAC1420
DAC1422
DAC1423

Model

DASI1128
DAS1150
DAS1151
DASI1155
DAS1156
DRCI1765/66
DSC1705/06
DTMI1716/17
HAS-0802
HAS-1002
HDD-1409
HDH-0802
HDH-1003
HDH-1205
HDL-3806
HDS-0810E
HDS-0820
HDS-1015E
HDS-1025
HDS-1240E
HDS-1250
IPA1751
IRDC1730
IRDC1731
IRDC1732
IRDC1733
MATV-0811
MATV-0816
MATV-0820
MCI1794
MDA-10Z
MOD-1005
MOD-1020
0SC1754
RDCI1721
RTM Series
SAC1763
SBCD1752/53
SBCD1756/57
SCDX1623
SCM1677
SDC1604
SDCI700/RDC1700
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Model

SDC1702/RDC1702
SDC1704/RDC1704
SDCI1711/RDC1711
SDC1721
SDC1725/RDC1725
SDC1726/RDC1726
SDC1768/RDCI1768
SHA-1A

SHA-2A

SHA-4

SHA-5

SHA-1114
SHA-1134
SHA-1144
SSCT1621

STM Series
TSL1612

2B24

2B34

2B52

2B53

2B56

2B57A-1

2BS8A

2B59A

2820

40

43

45

Model
234
235

261
272



Substitution Guide for Product Families
No Longer Available

The products listed in the left-hand column are no longer available from Analog Devices. In many cases, comparable functions

and performance may be obtained with newer models, but — as a rule — they are not directly interchangeable. The closest

recommended Analog Devices equivalent, physically and electrically, is listed in the right-hand column. If no equivalent is

listed, or for further information, contact your local sales office.

Model

ADS501
AD502
ADS505
ADS508
AD511
ADS512
AD513
AD514
AD516
ADS520
AD523
AD546
ADS555
AD559
AD612
AD614
ADS10-813
ADS814-816
AD818
ADS820-822
ADS$30-833
ADB835-839
AD1408
ADI1508
AD2003
AD2024
AD2025
AD2027
AD2028
ADS5010/6020
AD7115
AD7513
AD7516
AD7519
AD7527
AD7544
AD7555
AD7560
AD7570
AD7583
ADCI1103
ADC1109
ADCI1121
AD DAC100
ADG200
ADMS3501
ADP501
ADSHM-5
CAV-1020
DAC-100F
DAC-10H
DACI112

Closest
Recommended
Equivalent

AD711
ADT711
ADS09
ADS517
AD711
AD711
AD711
AD711
AD711
ADS524
ADS549
AD711
AD7519
None
ADS24
ADS524
None
None
None
None
None
None
None
None
AD2021
None
None
None
None
AD9000
None
None
AD7510DI
None
None
None
None
None
None
None
None
None
AD7550
None
None
ADMS01/506
ADP511
HTC-0300
MOD-1020
None
DAC-10Z
DACI12QS

Model

DAC1118
DAC1122
DAC1125
HDL-3805
HTC-0500
IDC1703
MAH-0801
MAH-1001
MAS-0801
MAS-1001
MAS-1202
MDA-LB
MDA-LD
MDA-UB
MDA-UD
MDA-8H
MDA-10H
MDA-11MF
MDH-0870
MDH-1001
MDH-1202
MDMS-0801
MDMS-1001
MDMS-1101
MDS-0815
MDS-0815E
MDS-0830
MDS-0850
MDS-1020
MDS-1020E
MDS-1040
MDS-1080
MDS-1240
MDSL-0802
MDSL-0825
MDSL-1002
MDSL-1035
MDSL-1201
MDSL-1250
RTI-1200
RTI-1201
RTI-1202
SERDEX
SHA-3
SHA-6
THC-0300
THC-0750
THC-1500
THS-0025
THS-0060
THS-0225

Closest
Recommended
Equivalent

None
AD7541
AD7533
HDL-3806
HTC-0300
IRDC1730/1731
HAS-0802
HAS-1002
HAS-0802
HAS-1002
HAS-1202
None

None

None

None
MDA-10Z
MDA-10Z
AD7521
None

None

None
AD9768
HDM-1210
HDM-1210
None

None
HDS-0820
HDS-0820
None

None
HDS-1025
HDS-1025
None
HDS-0820
None
HDS-1025
None
HDS-1250
None
RTI-711 Series
RTI-711 Series
RTI-711
LMAC-3000
None
SHA1144
HTC-0300
None

None
HTC-0300
HTC-0300
None

TSDC1608-1611 TSL1612
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Model

2N3954
2N35900
41

47

101 (Module)
102

106

107

108

110

111

114

115

120

142

143

146

149

153

161

163

170

180

220

231
274]
279

280
282]
283]

301 (Module)
302

350

427
602710
602]100
602K 100

Closest
Recommended
Equivalent

None
None
ADSIS
48

45

48

118

118

52

48
AD308
119

43

50

48

52
AD382
50
ADS317
165

165

171
AD OP-07
234
233
284]
286]
281
292A
292A
52
310(Module)
None
424
ADS524
ADS524
ADS524
AD524
ADS524
904
921

921

921
None
None
None
None
None
947
None
921
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Technical Publications

TECHNICAL PUBLICATIONS

Analog Devices provides a wide array of FREE technical publi-
cations. These include Data Sheets for all products, Catalogs,
Application Notes and Guides and four serial publications:
Analog Productlog, a digest of new-product information;
DSPatch™, a newsletter about digital signal-processing (appli-
cations); Analog Briefings, current information about products
for military/avionics and the statns of reliability at ADI; and
Analog Dialogue, our technical magazine, with in-depth discussions
of products, technologies and applications.

In addition to the free publications, three technical Handbooks,
and Synchro & Resolver Conversion, are available at reasonable
cost. System and subsystem products are supported with hardware,
software and user documentation, at prices related to content.

Brief descriptions of typical publications appear below. For
copies of any items, to subscribe to any of our free serials or to
request any other publications, please get in touch with Analog
Devices or the nearest sales office.

CATALOGS

DATA ACQUISITION PRODUCTS DATABOOKS. Contain
selection guides, data sheets and other useful information about
all Analog Devices ICs, hybrids, modules and subsystem com-
ponents recommended for new designs. The 1988 series consists
of:

DATA CONVERSION PRODUCTS DATABOOK — 1988.
Data Sheets and Selection Guides on D/A, A/D, V/F, and F/V
Converters, Sample-Track/Hold Amplifiers, Voltage References,
Multiplexers & Switches, Synchro-Resolver Converters, Data-
Acquisition Subsystems, Application-Specific ICs. (Available
FREE with the Linear Products Databook as a 2-volume set.)

DSP PRODUCTS DATABOOK - 1987. Data Sheets, Selection
Guides and Application Notes on DSP Microprocessors, Micro-
coded Support Components, Floating-Point Components and
Fixed-Point Components. Available FREE.

LINEAR PRODUCTS DATABOOK - 1988. Data Sheets and
Selection Guides on Op Amps, Instrumentation Amplifiers,
Isolators, RMS-10-DC Converters, Multipliers/Dividers, Log/
Antilog Amplifiers, RMS-to-DC Converters, Comparators,
Temperature-Measuring Components and Transducers, Special
Function Components, Digital Panel Instruments, Signal-Condi-
tioning Components and Subsystems. (Available FREE with the
Conversion Products Databook as a 2-volume set.)

1987 MILITARY PRODUCTS DATABOOK. 704 pages of

information and data on products processed in accordance with
MIL-STD-883C Class B.

APPLICATION NOTES AND GUIDES
Application Notes. All are available individually upon request.

A/D Converters:
“AD670 8-Bit A/D Converter Applications.”
“Exploring the AD667 12-Bit Analog Output Port,”
“Interfacing the AD7572 to High-Speed DSP Processors.”
“The AD7574 Analog-to-Microprocessor Interface.”

Analog DSPatch is a trademark of Analog Devices, Inc.
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Amplifiers:

“An IC Amplifier User’s Guide to Decoupling, Grounding,
and Making Things Go Right for a Change.”

“Applications of High-Performance BiFET Op Amps."”

“A User’s Guide to IC Instrumentation Amplifiers”

“How to Select Operational Amplifiers.”

“How to Test Basic Operational Amplifier Parameters.”

“Low-Cost, Two-Chip Voltage-Controlled Amplifier and
Video Switch.”

“Using the AD9610 Transimpedance Amplifier.”

D/A Converters:

“AD7528 Dual 8-Bit CMOS DAC.”

“Analog Panning Circuits Provide Almost Constant Qutput
Power.”

“CMOS DACs and Operational Amplifiers Combine to Build
Programmable-Gain Amplifiers.” In wo parts.

“CMOS DACs in the Voltage Switching Mode Can Work
from a Single Supply.”

“CMOS D/A Converter Circuits for Single + 5-Volt
Supplies.”

“14-Bit DACs (AD7534/AD7535) Maintain High Performance
Over Extended Temperature Range.”

“Gain Error and Tempco of CMOS Multiplying DACs.”

“Interfacing the AD7549 Dual 12-Bit DAC to the MC5-48
and MCS-51 Microcomputer Families.”

“Methods for Generating Complex Waveforms and Vectors
Using Multiplying D/A Converters.”

“Simple Interface Between D/A Converter and Micro-
computer Leads to Programmable Sine-Wave Oscillator.”

“The AD7224 DAC Provides Programmable Voltages Over
Varying Ranges.”

Digital Signal Processing (Note: Eight additional DSP

Application Notes will be found in the DSP

Products Databook):

“A Guide to Designing Microcoded Circuits.”

“Implement a Writeable Control Store in Your
Word-Slice™ System.”

“Variable-Width Bit Reversing with the ADSP-1410
Address Generator.”

Resolver-to-Digital Conversion:

“Dynamic Characteristics of Tracking Converters.”

“Dynamic Resolution-Switching on the 1574 Resolver-to-
Digital Converter.”

“Resolver-to-Digital Conversion — A Simple and Cost-
Effective Alternative to Optical Shaft Encoders.”

“Why the Velocity Output of the 1574 and 1564 Series R/D
Converters is Continuous and Step-Free Down to
Zero Speed.”

Sample-Holds:

“Applying IC Sample-Hold Amplifiers.”

“Generate 4 Channels of Analog Output Using AD7542
12-Bit D/A Converters and Control It All with Only
Two Wires.”

Switches:

“ADG201A/202A and ADG221/222 Performance with

Reduced Power Supplies.”



V/F Converters:
“Qperation and Applications of the AD654 IC V-10-F
Converter.”
“Analog-to-Digital Conversion Using Voltage-to-Frequency
Converters (AD651).”

Application Guides. All are available upon request.

Analog CMOS Switches and Mulnplexers. A 16-page short-form
guide to high-speed CMOS switches, CMOS switches with
dielectric isolation, and CMOS multiplexers. Also included are
reliability data and information on single-supply operation.
Applications Guide for Isolation Amplifiers and Signal Conditioners.
A 20-page guide to specifications and applications of galvanically
isolated amplifiers and signal conditioners for industrial, in-
strumentation, and medical applications.

CMOS DAC Application Guide 2nd Edition by Phil Burton
(1986 — 63 pages). Introduction to CMOS DACs, Inside CMOS
DACs, Basic Application Circuits in Current-Steering Mode,
Single-Supply Operation Using Voltage-Switching Mode, The
Logic Interface, Applications.

ESD Prevention Manual — Protecting ICs from electrostatic
discharges. Thirty pages of information that will assist the reader
in implementing an appropriate and effective program to assure
protection against electrostatic discharge (ESD) failures.
High-Speed Data Conversion — A 24-page short-form guide to
video and other high-speed A/D and D/A converters and
accessories, in forms ranging from monolithic I1Cs to card-level
products.

RMS-to-DC Conversion Application Guide 2nd Edition by

C. Kitchin and L. Counts (1986 - 61 pages). RMS-DC Conversion:
Theory, Basic Design Considerations; RMS Application Circuits;
Testing Critical Parameters; Input Buffer Amplifier Requirements;
Programs for Computing Errors, Ripple, and Settling Time.

Surface Mount IC — A 28-page guide to ICs in SO and PLCC
packages. Products include op amps, rms-to-dc converters,
DACs, ADCs, VFCs, sample-holds, and CMOS switches.

ADSP-2100 SUPPORT PUBLICATIONS - for the ADSP-2100
single-chip digital signal processor, available at no charge for
single copies.

ADSP-2100 USER’S MANUAL - Introduction, Architecture,
System Interface, Instruction Set, Appendix — 180 pages.

ADSP-2100 CROSS-SOFTWARE MANUAL - Development
System, System Builder, Assembler, Linker, Simulator, PROM
Splitter, Appendix — 102 pages.

ADSP-2100 APPLICATIONS HANDBOOK - Introduction,
Fixed Point Arithmetic, Floating-Point Arithmetic, Fixed-
Coefficient Digital Filters, FFTs, Adaptive Filters, Image Proc-
essing, Linear Predictive Speech Coding, High-Speed MODEM
Algorithms, Bibliography — 178 pages.

* T l 4

isa k of Farrand Industries, Inc.

BOOKS - Can be purchased from Analog Devices, Inc.; send
check for indicated amount to One Technology Way, P.O, Box
796, Norwood, MA 02062. If more than one book is ordered,
deduct a discount of $1 from the price of each book.

ANALOG-DIGITAL CONVERSION HANDBOOK: Third
Edition, by the Engineering Staff of Analog Devices, edited by
Daniel H. Sheingold. Englewood Cliffs, NJ: Prentice-Hall (1986).
A comprehensive guide to A/D and D/A converters and their
applications. This third edition of our classic is in hardcover
and has more than 700 pages, an Index, a Bibliography, and
much new material, including: video-speed, synchro-resolver,
V/F, high-resolution, and logarithmic converters, ICs for

DSP, and a “Guide for the Troubled.” Seven of its 22 chapters
are totally new. $32.95

NONLINEAR CIRCUITS HANDBOOK: Designing with
Analog Function Modules and ICs, by the Engineering Staff of
Analog Devices, edited by Daniel H. Sheingold. Norwood MA:
Analog Devices, Inc. (1974). A 540-page guide to multiplying
and dividing, squaring and rooting, rms-to-dc conversion, and
multifunction devices. Principles, circuitry, performance,
specifications, testing, and application of these devices —
325 illustrations. $5.95
SYNCHRO & RESOLVER CONVERSION, edited by Geoff
Boyes. Norwood MA: Analog Devices, Inc. (1980). Principles
and practice of interfacing synchros, resolvers, and Inductosyns*
to digital and analog circuitry. $11.50

TRANSDUCER INTERFACING HANDBOOK: A Guide to
Analog Signal Conditioning, edited by Daniel H. Sheingold.
Norwood MA: Analog Devices, Inc. (1980). A book for the
electronic engineer who must interface transducers for tempera-
ture, pressure, force, level, or flow to electronics, these 260
pages tell how transducers work — as circuit elements — and how
to connect them to electronic circuits for effective processing of
their signals. $14.50
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Worldwide Service Directory

North America

Alabama
(205) 536-1506

Alaska
*(206) 251-9550
*{714) 641-33%1
Arizona

(602) 949-0048

*(303) 590-9952

Arkansas
*(214) 231-5094

California

*(714) 641-939N
*(408) 559-2037
*(619) 268-4621

Colorado
(303) 443-5337
*(719) 590-9952

Connecticut
(516) 673-1900
*(617) 329-4700

Delaware
*(215) 643-7790

Florida
(305) 855-0843
(305) 724-6795
(813) 963-1076
Georgia
(404) 449-7662
Hawaii
*(714) 641-9391

*Analog Devices, Inc. Direct Sales Offices
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Idaho

(303) 443-5337
*(303) 590-9952
*(206) 251-9550

Hlinois
{312) 520-0710

Indiana
(317) 244-7867

lowa
(319) 373-0200

Kansas

(913) 829-2800
Kentucky

(615) 459-0743
*(617) 329-4700
Louisiana
*(214) 231-5094

Maine
*(617) 329-4700

Maryland
*(301)992-1994
Massachusetts
*(617) 329-4700
Michigan

(313) 559-9700

Minnesota
(612) 835-2414
Mississippi
{205) 536-1506
Missouri
(314) 521-2044
Montana

(801) 466-9336
*(714) 641-9391

Nebraska
(913) 829-2800

Nevada

(505) 828-1300
*(408) 559-2037
*(714) 641-9391

New Hampshire
*(617) 329-4700

New Jersey
(516) 673-1900

*(617) 329-4700

*(215) 643-7790

New Mexico
(505) 828-1300
*(303) 590-9952

New York
(516) 673-1900
(716) 425-4101

763

North Carolina
(919) 373-0380

North Dakota
(612) 835-2414

Ohio
(216) 248-4995
*(614) 764-8795

Oklahoma
*(214) 231-5094

Oregon
*(206) 251-9550

Pennsylvania
*(215) 643-7790
*(614) 764-8795
Rhode Island
*(617) 329-4700
South Carolina
(919) 373-0380
South Dakota
(612) 835-2414

Tennessee
(205) 536-1506
{615) 459-0743

Texas
*(214) 231-5094

Utah
(801) 466-9336
*{303) 590-9952

Vermont
*{617) 329-4700
Virginia

*(301) 992-1994
Washington
*(206) 251-9550

West Virginia
*(614) 764-8795

Wisconsin
(414) 784-7736

Wyoming
(801) 466-9336

Puerto Rico
*(617) 328-4700

Canada
(416) 821-7800
(613) 729-0023
(514) 697-0804
(604) 941-7707

Mexico
*{617) 329-4700



International |

Australia
(03)5750222
(02)8888777
(619)2422000

Austria
*(222)885504

Belgium
*(3)2371672

Brazil
{11)531-9355

Denmark
*(2)845800

Finland
(0)8041041

France
*(1)46873411
*(76)222190
*(61)408562
*¥{99)535200
*(83)515200

Holland
*(1620)81500

Hong Kong
(5)8339013

India
(212)53880
(11)611823
(812)560506

Ireland
*(932)232222
(United Kingdom)

Israel
*{052)911415
*(052)914461

Italy
*(2)6883831
*(6)8393405
*{11)6504572
(2)9520551
(51)555614
(49)633600
(6)390083
(11)599224
(55)894105

Japan
*(3)2636826
*(6)3721814
Korea
(82)7841144
Malaysia
*{617)329-4700

*Analog Devices, Inc. Direct Sales Offices

WORLDWIDE HEADQUARTERS
One Technology Way, P.O. Box 9106, Norwood, Massachusetts 02062-9106 U.S.A.

Tel: (617) 329-4700, TWX: (710) 394-6577; FAX: (617) 326-8703, Telex: 924491

Cable: ANALOG NORWOODMASS

Mexico
(83)351721
(83)351661

New Zealand
(9)592629
Norway
(3)847099
People’s Republic
of China - Beijing
(1)890721, Ext. 120
Romania
*(222)885504
(Austria)
Singapore
(65)2848537
South Africa
(11)882-1300
Spain
(1)7543001
(3)3007712

Sweden
*(B)282740

764

Switzerland
*(22)315760
(18)200102

Taiwan
(2)5018231

United Kingdom
*(932)232222
*(01)9411066
*(635)35335
*(506)30306
*(021)5011166
*(0279)418611

United States of
America
*(617) 329-4700

West Germany
*(89)570050
*(4181)8051
*(721)616075
*(30)316441
*(221)686006

Yugoslavia
*(222)885504
(Austria)
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Product Index

Alpha-Numeric by Model Number
Model

AC2626
ADI01
ADI108/208/308
ADI08A/208A/308A
ADI111/211/311
AD202/204
eAD210

AD369 . - oo

*C = Data C Products Dy

Page* Model Page*
L 10-5 BADSIE .o o s suwne wm sawie s i @ eEs S L 6-23
E I7-8  ADS39 s e om amds a5 S em e WEs Ew 8 L 6-31
L17-4  ADS42 . . o it e e e e e e e e e e L 2-47
L T78  ADSHE v wvie 5o sows sl sre BN BN SLee Ege L 247
L 174 ADMS 0 wann im0 suw dn s adE e s C 144, L 174
L 357 ADSMT (- v oc vis ciis v 58 5.0 wie wais win e L 2-47
L 5-19  ADS48 . . . . 0t e e e e e L 2-55
L 174 QADSEY . cov o sas on wd aved wi e s w L 2-63
E 174 ®ADSST i wion vl iels a5 A BV Ea sl e s C 2-41
L 5-27  ADSS8 . . . o v e e e e e e e e e e C 2-45
L 9-5 ADSOY i wosis ws s a0 s wleTm R S eUE 0 s C 2-53
C 65 RSB oo oogvn v SR MR U4 DR B P B % C 257
L1744 ADS63 . . . o ot e e e e e e e C 2-57
C 95 NESESR - apae oox wosie o5 SEs SHET 6E6 BITOZE K R C 2-61
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