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ACCURACIES OF THE AD590

Maximum errors over limited temperature spans, with Vg = +5V,
are listed by device grade in the following tables. The tables
reflect the worst-case departures of the ADS590 from linearity;
they invariably occur at the extremities of the specified tempera-
ture range. The trimming conditions for the data in the tables
are shown in Figures A-1 and A-2. The data is subject to the
considerations in the Notes, which follow the tables.

All errors listed in the tables are +°C. For example, if +1°C maxi-
mum error is requlred over the +25°C to +75°C range (i.e., lowest
temperature of +25°C and span of 50°C), then the trimming of a
Jgrade device, using the single-trim circuit (Figure A-1), will
result in output having the required accuracy over the stated
range. An M-grade device with no trims will have less than +0.9°
error, and an I-grade device with two trims (Figure A-2) will have
less than +0.2° error. If the requlrement is for less than £1.4°C
max error, from -25°C to +75°C (100° span from -25°C), it can
be satisfied by an M-grade device with no trims, a K-grade device
with one trim, or an I-grade device with two trims.
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M GRADE — Maximum Errors, °C

Lowest Temperature In Span —°C
Numb T
Ot Trims Span ~°C -55 -25 0 +25 +50 +75 +100 +125
None 10 0.6 05 0.6 0.6 07 0.7 0.7 0.9
None 25 0.8 0.8 0.7 0.7 08 08 1.0 11
None 50 10 08 0.8 0.9 09 11 1.2
None 100 1.3 14 1.3 14 15
None 150 1.5 16 1.6
None 205 1.7
One 10 02 0.1 0.1 0.1 0.1 0.1 0.1 0.2
One 25 04 0.3 0.2 0.2 0.2 02 0.3 04
One 50 05 04 0.3 0.3 0.3 04 0.5
One 100 08 0.8 0.7 0.7 0.8
One 150 0.9 0.9 0.9
One 205 1.0
Two 10 0.1 < < < < < < 0.1
Two 25 0.1 < < < < < < 0.1
Two 50 0.2 < < < < < 0.2
Two 100 0.2 0.1 < 0.1 0.2
Two 150 0.3 0.2 0.3
Two 205 03
< Less than £0.05°C
L GRADE — Maximum Errors, °C
Lowest Temperature In Span —°C
Numb T
Of Trims Span —°C -55 -25 0 +25 +50 +75 +100 +125
None 10 1.0 1.0 1.1 1.1 1.2 13 14 1.6
None 2% 13 13 13 14 15 186 17 1.8
None 50 1.8 1.8 1.7 1.8 1.9 21 24
None 100 24 24 24 24 27
None 150 27 26 28
None 205 30
One 10 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.2
One 25 05 04 0.3 0.3 03 03 04 05
One 50 1.0 08 0.6 06 0.6 0.8 1.0 .
One 100 13 1.2 11 14 1.3
One 150 14 13 1.4
One 205 1.6
Two 10 0.1 < < < < < < 0.1
Two 25 0.1 < < < < < < 0.1
Two 50 0.2 < < < < < 02
Two 100 03 0.2 0.1 0.2 03
Two 150 03 0.2 0.3
Two 205 04

< Less than +0.05°C
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K GRADE — Maximum Errors, °C
Lowest Temperature in Span —°C

N T
Of Trims Span —°C -55 -25 0 +25 +50 +75 +100 +125
None 10 2.1 23 25 27 29 3.1 33 386
None 25 26 27 28 3.0 32 35 38 4.2
None 50 38 35 34 36 38 43 5.1

None 100 42 43 44 4.6 5.1

None 150 48 4.8 53

None 205 55

One 10 02 0.1 0.1 0.1 0.1 0.1 0.1 0.2
One 25 0.6 04 03 03 03 04 05 06
One 50 12 1.0 07 0.7 0.7 1.0 1.2

One 100 15 14 1.3 13 15

One 150 1.7 15 1.7

One 205 20

Two 10 0.1 < < < < < < 0.1
Two 25 02 0.1 < < < < 0.1 0.2
Two 50 03 0.1 < < < 0.1 02

Two 100 08 03 02 03 07

Two 150 06 0.5 0.7

Two 205 0.8

< Less than $0.05°C

J GRADE — Maximum Errars, °C

Lowest Temperature In Span — °C

N T

Of Trims ~ Span—°C -55 -25 )] +25 +50 +75 +100 +125
None 10 4.2 45 5.0 54 58 6.2 6.6 7.2
None 25 50 5.2 55 59 6.0 6.9 75 8.0
None 50 6.5 6.5 64 6.9 7.3 82 9.0

None 100 7.7 8.0 83 87 94

None 150 9.2 95 9.6

None 205 10.0

One 10 03 0.2 02 0.2 0.2 0.2 0.2 03
One 25 09 06 05 0.5 05 0.6 0.8 09
One 50 19 15 10 1.0 10 1.5 19

One 100 23 22 20 20 '2.3

One 150 25 24 25

One 205 30

Two 10 0.1 < < < < < < 0.1
Two 25 0.2 0.1 < < < < 0.1 0.2
Two 50 04 02 0.1 < < 0.1 0.2 <
Two 100 0.7 0.5 0.3 07 10

Two 150 1.0 0.7 1.2

Two 205 15

<:Less than +0.05°C
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{ GRADE — Maximum Errors, °C

Lowest Temperature In Span —°C

Numb Temp
Of Trims Span —°C -55 -25 0 +25 +50 +75 +100 +125
None 10 84 9.2 100 10.8 16 124 132 144
None 25 10.0 104 1.0 1.8 120 13.8 15.0 16.0
None 50 13.0 13.0 128 138 1486 164 180
None 100 15.2 16.0 166 174 188
None 150 18.4 19.0 19.2
None 205 20.0
One 10 0.6 04 0.4 0.4 04 04 0.4 0.6
One 25 18 1.2 1.0 1.0 1.0 1.2 1.6 18
One 50 38 30 20 20 20 3.0 38
One 100 4.8 45 4.2 4.2 5.0
One 150 6.5 48 55
One 205 58
Two 10 03 0.2 0.1 < < 0.1 0.2 03
Two 25 0.5 0.3 02 < 0.1 0.2 0.3 0.5
Two 50 1.2 0.6 0.4 0.2 0.2 03 0.7
Two 100 1.8 14 1.0 20 25
Two 150 28 2.0 28
Two 205 3.0

<: Less than £0.05°C
NOTES

1. Accuracy over the 205°C span is tested for all devices by a
4-point measurement, at -55°C, +25°C, +125°C, and +150°C.
Maximum errors over other ranges are guaranteed (but not tested),
based on the known characteristic behavior of the AD590.

2. For one-trim accuracy specifications, the 205°C span is assumed
to be trimmed at +25°C; for all other spans, it is assumed that the
device is trimmed at the midpoint.

3. For the 205°C span, it is assumed that the two trim temper-
tures are in the vicinity of 0°C and +140°C; for all other spans, the
specified trims are at the endpoints.

4.In precision applications, the actual errors encountered are
usually dependent upon sources of error which are often over-
looked in error budgets. These typically include:

a. Trim error in the calibration technique used

b. Repeatability error

c. Long-term drift errors

Trim error is usually the largest error source. This error arises
from such causes as poor thermal coupling between the device
to be calibrated and the reference sensor; reference sensor errors;
lack of adequate time for the device being calibrated to settle to
the final temperature; radically different thermal resistances
between the case and the surroundings (fca) when trimming and
when applying the device.
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Repeatability errors arise from a strain hysteresis of the package.
The magnitude of this error is solely a function of the magnitude
of the temperature span over which the device is used. Forexample,
thermal shocks between 0°C and 100°C involve extremely low
hysteresis and result in repeatability errors of less than £0.05°C.
When the thermal-shock excursion is widened to-55°C-to-+150°C,
the device will typically exhibit a repeatability error of 0.05°C
(£0.10 guaranteed maximum).

Long-term drift errors are related to the average operating temper-
ature and the magnitude of the thermal shocks experienced by
the device. Extended use of the AD590 at temperatures above
100°C typically results in long-term drift of +0.03°C per month;
the guaranteed maximum is +0.10°C/mo. Continuous operation
at temperature below 100°C induces no measurable drifts in the
device. Besides the effects of operating temperature, the severity
of thermal shocks incurred will also affect absolute stability. For
thermal-shock excursions less than 100°C, the drift is difficult to
measure (<0.03°C). However, for 200°C excursions, the device
may drift by as much as £0.10°C after twenty such shocks. If
severe, quick shocks are necessary in the application of the device,
realistic simulated life tests are recommended for a thorough
evaluation of the error introduced by such shocks.
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DEVICE INDEX

Analog Devices Products mentioned in the
the book and their properties are listed

in alphabetic, then numerical order, for
devices that have alphabetic prefixes (e.g.,
ADS590). Devices with numerical designa-
tions or prefixes follow (e.g., 2B31, 261),
in numerical order. In general, suffixes
designating options are omitted.

A

AC2626 Probe version of AD590, 156,
158-59

AD208 Superbeta IC op amp, 176

AD301A General-purpose IC op amp,
123, 13940, 153, 165, 171,
195-96, 202-203

AD311 IC comparator, 123, 164-65, 167-
168,202-203, 213-14

ADS503 FET-input IC op amp. See also
AD342,197

ADS515 FET-input IC electrometer op
amp, 54, 76

ADS517 High-accuracy low-drift IC op
amp, 4,37,76, 121, 165-66,
19596

AD521 Monolithic IC instrumentation
amplifier, 4, 36, 39, 50, 79, 109-
112,121, 146, 207-208, 212,
229-31

AD522 High-performance IC instrumen-
tation amplifier, 4, 36, 39, 50,
54, 13940, 149-50, 179-80,
19091, 229-31

ADS34 IC Multiplier/Divider, 102, 201-
203, 220-25

AD535 IC Divider/Multiplier, 201-202

AD536A True-RMS-to-dc converter IC,
197-98

ADS537.V/f converter IC, 125-26, 154-56,
175, 176-77, 182-84, 198-99,

. 216-17

AD3542 High-performance FET-input IC
op amp, 57, 59, 76, 139-40, 161-
163, 180, 195-99,212-13

AD545 Precision low-drift FET-input IC
op amp, 57, 19798

AD559 8-bit monolithic DAC, 167

AD580 2.5V IC reference, 36, 91, 92, 94,
109-111, 122-24, 135-36, 145-
146, 148, 158-59, 163, 167-69,
181-82, 185, 189,207

ADS581 10V monolithic IC reference,
115,161-62, 165-66,171, 176,
181-82, 185, 19091, 19597,
211-12

AD3582 Monolithic IC sample-hold, 204

AD584 Monolithic multi-reference, 135-
136,141-42,161-62
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AD590 IC absolute-temperature-to-cur-
rent transducer, 5, 14-16, 28, 91,
92,109-112,121-24, 156-76

AD741J General-purpose IC op amp, 36,
76,105, 135-36, 139, 146, 248,
150-51,161-62, 165, 168, 181-
182, 185-86, 189-90, 202-203,
207,211-12

AD2026 Low-cost 3-digit panel meter,
151,158-59, 161-62, 207-208

AD?2036 6-channel scanning digital
(thermocouple) thermometer,
93,129-31,152,173

AD2037 6-channel scanning digital volt-
meter, 14042, 151-52, 173,
184-85, 199, 208-209

AD2038 6-channel scanning digital
(AD590) thermometer, 16, 173-
174

AD2040 Low-cost temperature indicator,
16, 158-59, 171-72

AD?2700 Precision 10V IC reference fam-
iy, 115

AD7501 8-channel CMOS multiplexer,
171-72

AD7520 10-bit CMOS multiplying DAC,
22122

AD7533 10-bit CMOS multiplying DAC,
221-22

Amplifier

Chopper, non-inverting. See Model 261
Chopper-stabilized, inverting. See
Model 235
Instrumentation
High-performance hybrid IC. See
AD522
- High-performance modules. See
Models 605, 606, 610
Low-cost monolithic IC. See AD521
Isolation. See Models 277, 284, 288,
289
Isolated operational. See Model 277
Logarithmic. See Models 755, 759
Operational
Chopper types. See Models 235,
261

Electrometer types. See AD515,
Models 310 & 311

FET-input. See AD503, AD515,
AD542, AD545

General-purpose. See AD301A,
AD741]

High-accuracy. See AD517, AD545,
Models 235 and 261

Isolated. See Model 277

C
Comparator, IC. See AD311

D
DAC1423 10-bit isolated pP-compatible



d/a converter with 4-t0-20mA
current output, 85

Digital panel meter. See AD2026,
AD2036, AD2037, AD2038,
AD2040

Digital thermometer. See AD2036,
AD2037, AD2038, AD2040

Digital-to-analog converter. See AD7520,
AD7533,DAC1423

Digital voltmeter. See AD2037

Divider/Multiplier, Analog. See AD535

F
Frequency-to-voltage converter. See
Model 451

I
Input/Output Board for Microcomputer.
See RTI-1200
Isolator
Amplifier. See Models 277, 284, 288,
289
Multiplexer. See Models 2B54 and
2B55
Signal Conditioner. See Models 2B22,
2B50, 2B52, 2B54, 2B55
Transmitter, 4-t0-20mA. See
DAC1423, Models 2B22, 2B52

L
Log-antilog (exponential) amplifier. See
Models 755, 759

M
MACSYM Intelligent Measurement And
Control SYsteM, 4, 86-87, 93,
107
Multifunction component. See Model 433
Muttiplier/Divider. See ADS34
Multiplexer
CMOS. See AD7501
Isolated
High-level. See 2B55
Low-level. See 2B54
Scanning meter. See AD2036,
AD2037, AD2038

P
Power Supplies
DC-to-DC converters. See Models 940,
946
Excitation for Model 288 isolator. See
Model 947
Line-powered supplies. See Models
2B35,902-2, 904, 925
Transducer supply. See 2B35

R

Reference, voltage. See AD580, ADS81,
AD584, AD2700

RMS-to-DC conversion. See AD536A

xxviil

RTI-1200 input/output board for SBC-
80 microcomputer, 85

S

Sample-hold amplifier. See AD582
Signal conditioners

Bridge signal conditioner, external
excitation. See Model 2B30

Bridge signal conditioner, internal
excitation. See Model 2B31

Cold-junction compensator for 2B54
low-level multiplexer when used
with thermocouples. See Model
2B56

Multiplexer, 4-channel, highJevel. See
Model 2B55

Multiplexer, 4-channel, low-level. See
Model 2B54

Thermocouple signal conditioner, iso-
lated. See Model 2B50

Thermocouple signal conditioner, non-
isolated. See Model 2B51

Thermocouple to 4-to-20mA loop, iso-
lated. See Model 2B52

Thermocouple to 4-to-20mA loop,
non-isolated. See Model 2B53

Transducer supply, line-powered. See
2B35

Voltage to 4-to-20mA converter. See
Model 2B20

Voltage to 4-to-20mA converter, iso-
lated. See Model 2B22

T

Temperature-to-current converter probe.
See AC2626

Transmitter, 4-to-20mA loop. See
DAC1423, Signal conditioners,
2B20, 2B22, 2B52, 2B53

\Y

Voltage-to-frequency converter.
See ADS537, Model 452

Numerical designations and prefixes

2B20 Voltage to 4-to-20mA transmitter,
4, 93,94, 138-39, 150, 186,212

2B22 Isolated voltage to 4-t0o-20mA trans-
mitter, 4, 85, 93, 94, 138, 150,
186,212,215-16

2B30 Bridge signal conditioner, externally
excited, 36, 39, 55, 186-87,
19194

2B31 Bridge signal conditioner with exci-
tation supply, 4, 20, 55, 58, 100,
136-38, 138-39, 147, 180-81,
187, 19394

2B35 Transducer power supply: +15V for
amplifiers and programmable V
or 1 excitation, 19, 20, 36, 179-
80, 186-87,191-92




2B50 Isolated thermocouple signal con-
ditioner, 85, 93

2B51 Thermocouple signal conditioner,
93

2B52 Isolated thermocouple to 4-to-
20mA transmitter, 127

2B53 Thermocouple to 4-t0-20mA trans-
mitter, 127

2B54 Low-level isolated 4-channel multi-
plexer, all-electronic, 85, 93,
127-28,219, 228-29

2B5S High-level isolated 4-channel multi-
plexer, all-electronic, 85, 228-
229 ‘

2B56 Highevel cold-junction compensa-
tor for use with 2B54 multiplex-
er; logic selects compensation
function, 85,93, 127-29

235 Inverting chopper-stabilized opera-
tional amplifier, 226-28

261 Non-inverting chopper amplifier, 4,
41, 14849, 194-96

277 Isolated operational amplifier, 84
124, 14849, 174, 225-28

284 Isolation amplifier, 174-75

288 Synchronized isolation amplifier,
174,218-20

289 High-performance synchronizable
isolation amplifier, 4, 40, 82,
83

310/311 Parametric-type electrometer
amplifiers (inverter/follower), 76

433 Multifunction module, Y(Z/X)™,
103, 104

451 Frequency-to-voltage converter, 202-
204

452 100kHz full-scale voltage-to-frequen-
¢y converter, 150

605 Instrumentation amplifier, 104, 105

606 High-performance instrumentation
amplifier, 149

610 High performance, low-cost instru-
mentation amplifier, 39

755 Log/antilog amplifier, 204

759 Wideband log/antilog amplifier, 102

902-2 Line-powered supply, £15V,
+100mA, 193

904 Line-powered supply, 15V, +50mA,
226

925 Line-powered supply, 15V,
+350mA, 190, 195

940 DC-to-DC converter, 5V in to £15V,
+150mA out, 115

946 DC-t0-DC converter, 28V in to 15V,
+15V, #150mA out, 195

947 Excitation supply for Model 288 iso-
lator, 174, 218-20
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GENERAL INDEX
A

Absolute-temperature-to-current,
linear conversion. See
Semiconductor temperature
Sensors

Accelerometer, 1

Active filter. See Filtering

Active transducer: defined, 2

AD3590. See Semiconductor tempera-
ture sensors

Amplifier, 3543, 67-85

Chopper, 41,75, 114-15, 148,
226-28
Floating, 42, 226-28
Instrumentation, 36-39, 50, 60-
61,78-81,109-113
Isolation, 39-43, 54, 81-85
Logarithmic, 95, 100, 205
Operational, 21, 34-35, 36-37,
51-52;53-54,67-77
Programmable-gain, 77
Isolated 225-26
Anemometer, 25-26
Cup-type, 203-205
Hot-wire type, 205-207

Average temperature sensing (ina

spatial array), 163-64

B

Bias current
As a major unsuspected simply
dealt-with cause of appli-
cation problems, 81
In instrumentation amplifiers,
80-81
In op amps, 73, 75-76
Need to always provide return
path in instrumentation
amplifiers, 81
Bimetallic switches, 5-6, 119-20
Bridge, 2,3143
As offsetting device, 89-90
In RTD measurements, 137-38
Pulsed-mode, driven, 229-31
Sensitivity, 33
Small-deviation, thermistor,
148-50
Bypassing, 51

C
Capacitor
Bypass, 50-52
Choice for filtering, 58, 59
Flying-, multiplexer, 127, 229
In normal-mode filtering. See
Filtering
Chopper amplifier. See Amplifier
CMR. See Common-mode rejection

Cold-junction compensation (for
thermocouples), 9-10, 91-
93, 121-22,123, 124,127,
128-29

Common-mode error (CME), 38, 77.
See also Common-mode re-
jection

Common-mode rejection (CMR), 37-
39

As a design consideration, 111,
112,114
As alog ratio. 38-39
In instrumentation amplifiers, 81,
111,112
In isolation amplifiers, 84, 217
In op amps. 76-77
Common-mode rejection ratio
(CMRR), 38-39, 77, 81
Common-mode voltage (CMV), 38,
41,77,78,81, 84,112,
163,219
Compensation, coldjunction. See
Cold-junction compensation
Conditioning, signal, v, 4, 5, 35-43,
45—665, 85-87, 89-105, 109-
11
Control, pressure-, 187
Control, temperature-, 122, 123, 139-
40, 164-69
Copper RTD, 10-11. See also Resist-
ance temperature detectors
“Creep,” in strain gages, 4, 20
Current,
Bias. See Bias current
Leakage. See Leakage current
Offset. See Offset current
Current loops. See Current trans-
mission
Current transmission, 4, 85, 89, 93-
95,215-17
Flow, 208-209
Force, 199
Level, 212
Pressure, 186-87
Temperature, 127, 138-39, 150,
157,176
Cutoff frequency, 56-60, 65, 220-225

D

Derivative-controlled filter. See
Filtering

Differential pressure, 22-23
Flowmeter, 201-202

Differential temperature measurement
IC transducers, 159-63
Thermistors, 14748
Thermocouples, 9

Digital linearizing, 96

Digital readout, 16, 36, 63, 85-87, 96
Force, 194-96




Pressure, 184-85
Temperature, 129-31, 14042,
151-52,158-59,173-74
Digitally controlled temperature
set-point, 167
Digitally programmed filter. See
Filtering
Diode, ideal

As applied to linearizing, 101-105
As temperature sensor, 14, 153-154
In derivative-controlled filter, 223

Drift. See individual parameter listing

E

Error. See also individual parameters

or transducers
Budgets, 110-112, 193-94
Considerations, 23, 28-30, 108

Excitation, v, 2, 3, 11, 15-18, 31, 33,
35-37,42-43, 85, 109, 136-

138,151, 179-80, 191-94,
22931

Current, 2-3, 35, 136-37, 140-142,

219-220
Floating, 114-15, 194-96
Programmable, 35, 147
Pulsed, 3, 4, 229-231
Ratiometric, 35-36, 190, 194
Role in linearizing, 99-101

F

Filtering, 35-37, 54-65, 127, 137, 147,

181, 195-96, 212, 213, 220-

225,229
Active vs. passive, 60

Derivative-controlled, 63, 223-25
Digitally programmed, 63, 221-22

Low-pass
1st order, 55-56, 139-40, 180,
182,207,227
2nd order, 56-57

3rd order, Bessel, 55, 57-58, 192,

193
Multiplexed, 63
Normmal-mode, 60-62, 113, 123,
139-40, 146
Notch, 59
Sampling, 203-204
State-variable, 59-60
Switched time-constant, 195-96,
22123
Synchronous, 64-65
Voltage-controlled, 59-60, 202-
203,220-25
Floating chopper amplifier. See
Amplifier
Float-type level measurement, 26,
211-12
Flow measurement, 24-26, 30, 63,
201-209
Anemometer. See Anemometer

xxxi

Current-loop transmission, 208-209

Force-based, 30

Frequency-output, 24-25, 30, 202-
203

Isolation, 209
Mass- vs. volume-, 24
Pressure-based, 24, 30, 201-202
Readout, 209
Thermal, 30, 208
Flying-capacitor multiplexer, 127, 229
Follower, follower-with-gain (op-amp
application), 68-69, 72, 83,
129, 141, 148, 149,195, 203
Force-balance principle, 2, 32
Force measurement, 16-21, 29, 32,
33,63,189-99
Current-loop transmission, 199
High-resolution load-cell platform
interface, 113-15, 194-96
Isolation, 199
Piezoelectric transducer, 21, 29,
65, 197-98
Scanning strain meter, 199
Semiconductor strain-gage, 20-21,
9

Spring-driven rheostat, 189-90
Strain-gage-and-signal-conditioner,
191-94
Strain-gage-load-cell, 16-20, 29,
113-15, 19091
-to-frequency conversion, 198-99
Frequency, filter-cutoff. See Cutoff
frequency
Frequency-output
Transducers, 24-25, 30, 154-56,
175, 176-77, 209
Interfaces, 125-26, 150-51, 153-54,
182-84, 198-99, 202-205,
216-17
Frequency,
Potentiometer-to-, 182-84
Strain-gage-to, 198-99
Temperature-to-, 125-26, 150-51,
153-54, 154-56
Thermistor-to-, 150-51
Thermocouple-to-, 125-26

G
Gain
Adjustment, 37, 38, 40, 83, 128,
136-37, 142, 147-48, 158,
161-62, 19091, 215-16, 225-
226,227,228-29
Blocks, instrumentation-amplifier,
37-38,77,78-80
Errors, 80, 111-12, 193-94
Instrumentation-amplifier, 78-80,
109-112
Isolation-amplifier, 83, 128, 225-29
Op-amp, 67-72, 142
Programmable, isolated, 225-26



Gold RTD, 10-11. See also Resistance
temperature detectors

Grounding, 45, 47-52, 113, 147, 193,
212,218

Ground return, in instrumentation-
amplifier circuits, 81, 193

Grounds, and isolation, 3943, 81-82,
114-15, 127-29, 14749, 174-
176, 186-87, 194-96, 212,
215-20, 225-229

Ground, virtual (op-amp input null),
21,34-35, 53, 68-73, 74-77,
161-63, 181-82, 197-98,
205-207

Guarding, 53-54

And shielding, 113, 181, 191, 193,

218,219,225,227-28

H
High-level
Semiconductor pressure transduc-
ers, 185-86
Isolated multiplexing, 228-29
High-low temperature monitoring, 169
Hysteresis, 6, 212-14

I

Instrumentation amplifier. See
Amplifier
Interfacing
Principles, v, 2,4-5,31-116
Issues in design, v-vi, 107-109, 211
Interference, 45-65, 108
Isolation, 4, 3943, 81-85, 89, 174-76,
186-87, 199, 202, 217-220,
225-29
Amplifier. See Amplifier
Conversion to frequency, 150-51,
202,209,216-17
Isolation in
All-electronic multiplexing, 93,
127-29, 218-20, 228-29
Flow measurements, 202-203, 208-
209

Force measurement, 194-99

4-t0-20mA transmission, 93-95,
138,150, 176,209,215-17

Level measurement, 211, 212-14

Precision bridge measurements, 40-
43,114-15, 147-50, 194-96,
225-28

Pressure measurement, 182-87,
218-19

Scanning meters, 129-31, 14042,
151-52, 173-74, 184-85, 199,
209

System solutions, 85, 93-95

Temperature measurement, 85,
123-31, 14042, 150-52, 153-
156, 173-76,218-19

L

Leakage current
Of isolation amplifiers, 84
Return path for bias current in
instrumentation amplifiers,
81,120-21,195
Level control, thermistor-sensed, 213
Level measurement, 26-28, 30, 211-214

Float and potentiometer, 211-12

Optical sensing, 212-13

Thermal sensing, 213-14

Weighing, 211
Level sensors, 26-28, 30, 211-14

Acoustic, 28

Differential-pressure, 27, 30

Float-type, 26, 30

Heat-transfer, 26-27, 30

Load-cell, 27-28, 30

Magnetic, 28

Mass-sensor, 27-28, 30

Optical, 27, 30

Thermal, 28

Using medium as variable resistor

or capacitor, 26

Using weight, 27-28, 30
Limit sensing

Temperature measurement, 5-7, 28,

119-20, 122-23, 164-69

Level measurement, 26-27, 212-14

Op-amp, 68, 103-105
Line (mains)-frequency

Pickup, 38, 45, 52-53, 81, 108,

111,218 (“hum™)

Filtering, 55, 59, 65, 108
Linearized thermistor. See Thermistor
Linearity. See Nonlinearity
Linearizing, 4, 89, 95-105, 109

Analog signal processing, 101-105

Bridge circuits, 33, 34-35, 99-102

Digital, 96

RTDs, 99-101, 138

Thermistors, 13, 97-99, 14548,

150-52
Thermocouples, 102-105, 129-31
Transducer-circuit modification,
101
Load cell. See also Force measurement,
18-20, 29
Logarithmic amplifier, 101-102, 204-205
Low-pass filter. See Filtering
Lowest temperature, 163-64

M

MACSYM intelligent Measurement
And Control SYsteM, 4, 86-
87,93,107

Mains frequency. See Line frequency

Mercury thermometer, 6-7

Minimum temperature, 163-64

Multi-channel measurements, 63, 65,
85-87,93,218-20,228-29
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Flow, 208-209

Flying-capacitor-, 127, 229

Force, 199

Pressure, 184-85

Temperature, 127-31, 14042, 151-
152,163-64,170-73

Multiplexing. See multi-channel mea-

surements

N

Nickel RTD. See also Resistance
temperature detectors, 10-11
Noise. See also Filtering, Interference,
15,46, 51-52, 54-65, 74, 108,
111, 193-194, 212, 217-18,
224-25,226-28
Elimination, using
Amplitier CMR, 60-61, 120
Filtering, 54-65, 224-25
Nonlinearity. See also Linearizing, 71,
73,9596,102, 108, 184
Amplifier, 39, 79, 84, 111-12, 194,
228

Bridge, 18-19,32-35,37, 101

Flow-transducer, 24-25, 30

Load-cell, 29, 113-14

Pressure-transducer, 22-23

RTD, 10, 28, 135, 138, 142, 143,
205

Thermistor, 12-13, 28, 97-99

Thermocouple, 9, 28, 103, 134

Semiconductor strain-gage, 29

Semiconductor temperature-sensor,
14-15, 28,111, 156,
Appendix

Strain-gage, 18-19

Notch filter, 59

&)

Offset current, 81, 149, 194
Drift, 194
Tempco, 149
Offset voltage, 41,49, 68, 73-75, 80,
84,111-12,114,194,227-28
Drift, 39,41, 75, 80, 111-12, 149,
194, 226-28
Offsetting, 89-95
Operational amplifier (op amp).
See Amplifier, operational
Output. See specific devices or circuits
Overload-resistance specification (iso-
lation-amplifier input), 84-85

P

Passive filter. See Filtering

Passive transducer, defined, 1

Photodiode, 1, 212-13

Pickup, line-frequency. See Line-
frequency pickup

Piezoelectric transducer, 1, 16, 21-22,
29,197-98

Pitot tube, 24
Platinum-resistance tables, 142-143
Platinum-resistance thermometer.
See also Resistance tempera-
ture detector, 2-3, 10-11, 28,
61-62,13543
Platinum RTD. See Platinum-resistance
thermometer
Potentiometer-to-frequency interface,
182
Pressure control, 187
Pressure measurement, 22-24, 29,
179-87
Isolation of, 186-87
Potentiometer-to-frequency, 182-
184
Rheostat-output, 181-82
Scanning, 184-85
Semiconductor-transducer, 185-86
Strain-gage-based, 179-81, 184-85
Transducer, 22-24, 29
Programmable-gain amplifier, 77, 225-
226
Pulsed measurements, 24, 229-31

R

Read-only memory (ROM), in digital
linearizing, 96
Readout of bridges, 3543
Reference, voltage. See also AD580,
AD581, AD584, AD537 in
Device Index, 35, 100-101,
109-112, 135-36, 14142,
14546, 154-56, 161-63, 181-
182, 18991, 198-99, 211-12
Remote sensing, for insensitivity to
voltage drops. See also 2B30,
2B31 in Device Index, 11,
19-20, 35-36, 78-79, 136-37,
137-38, 147,179-81, 191-94
Resistance temperature detector (RTD
(RTD), 2-5, 10-11, 28, 60-
62, 64,90,99-101, 102, 108,
13543
Bridge circuits. See also Bridges,
60-63, 64, 99-102, 137-140,
205-207
Hot-wire anemometer, 25-26, 205-
207
Linearizing. See also Linearizing,
99-102, 138
Multi-channel thermometer, 14042
Op-amp interface, 135-36
Remote sensing. See Remote sens-

ing
Resistance tables, 10, 14243
Signal conditioner, 136-38
Temperature control, 13940
Transmitters (4-to-20mA), 138
RTD. See Resistance temperature
detector



S
Scale, high-resolution weighing, 113-
115, 194-96
Scanning measurement, 218-20, 228-
229
Flow, 209
Force, 199
Pressure, 184-85
Temperature 127,31, 14042, 151-
152,170-74
Semiconductor strain gage. See Force
measurement
Semiconductor temperature sensors.
See also AD590 in Device
Index, 13-16, 28,91, 153-77
Accuracy specifications, 156-57,
Xiv-xix
In coldjunction compensation, 91-
93, 121-24,127-29
In control, 164-69
In measurements
Average of several locations,
163-64
Differential temperature, 159-
163

High-low monitoring, 169
Isolated, 174-76
Maximum, 163-64
Minimum, 163-64
Multiplexed, 170-74
Sound-speed monitoring, 177
Temperature (absolute)-to-cur-
rent conversion, 14-16, 156-
157
Analog-meter readout, 157
Voltage readout, 157-59
Temperature-to-frequency con-
version, 153-54, 154-55,
174-76
Transmission, 4-to-20mA, 176
Thermometer-design example, 109-
113

Sensor. See appropriate phenomenon
Setpoint, temperature, digitally con-
trolled, 167-68
Shaker-table servo, 197-98
Shielding. See Guarding
Signal conditioning. See also individual
item, v, 4-5, 86
Signal conditioners, packaged, 35, 37, 39
4243, 85-86,93,99-102, 215-
216,228-29
In flow measurement, 208-209
In force measurement, 191-94, 199

In pressure measurement, 179-82, 184-

185, 186-87
In temperature measurement, 127-31,
137-38, 14042, 147, 151-52,
158-59,173-74
Silver RTD. See aiso Resistance tempera-
ture detector, 10-11

Sound-speed monitor, 176-77
State-variable filter, 59-60
Strain gage. See also Force measurement,
16-21
And signal conditioner, 191-94
In pressure measurement, 179-81, 184-
185,186
(load-cell) interface, 190-91
-to-frequency conversion, 198-99
Strain meter, scanning, 199
Switch, bimetallic thermal, 5-6, 119-20
Switch, mechanical, 46
Synchronous filter, 64

T

Tables
Cold-junction-compensation resist-
ances for 1uA/°C sensor, 92, 122
Electronic device illustrative specifica-
tions, AD521L, AD580L, and
ADS907, 111
Filter responses, 56, 57
Load-cell platform transducer illustra-
tive specifications, 114
RTD properties, 10, 14243
Semiconductor temperature-transducer
specifications, 111, 156, xiv-xix
Thermocouple properties, 8, 131-34
Transducer interface properties, 28-30
Temperature.
See also
AD3590 (in Device Index)
Bimetallic switches
Mercury thermometer
Resistance temperature detectors
Semiconductor temperature sensors
Thermistors
Thermocouples
Control, 122-23, 13940, 164-69
Digi%ally controlled setpoint, 167-
169

Differential, 9, 14748, 159-63

Measurements, 24, 89, 15, 60-62, 64,
90-93, 97-105, 109-113, 119-77

Isolated, 85, 93, 123-24, 127-31,

14042, 151,52,173-76

Multiplexed, 127-31, 140-42, 151-52,
170-74,228-29

Minimum, maximum, average, 163-64

Monitoring, high-low, 169

-to-current converter (AD590).
See Semiconductor temperature
Sensors

-to-frequency conversion, 125-26, 150-
51, 153-56, 174-76

Transmission via 4-t0-20mA current
loops. See Current transmission

Thermistors, 11-13, 96-99, 145-52
Linearized types, 13, 145-48, 150-52
Differential thermometer, 147-48
High resolution, 14748
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Scanning thermometer, 151-52 W
Simple interfaces, 145 Weighing platform, 113-15, 194-96
-to-frequency conversion, 150-51 Wheatstone bridge, 31-34
Linearizing, 13, 97-99, 14548, 150-52
Sensitive bridge, 148-50
Small-deviation bridge, 148-50
Transmitters, 4-to-10mA, 150
Thermistor-sensed level control, 213
Thermocouples, 1-2, 5, 7-10, 120-34
Ambient-reference, 9, 120-21
Cold-junction compensation, 9-10, 91-
93,121-22,123, 124,127, 128-
129
Isolated measurements, 123-24
Linearizing, 96, 102-105
Mutltiplexing (isolated), 127-31, 219
Output tables, 131-34
Scanning-reading-printing, 129-31
Temperature-control circuit, 122-23
-to-frequency conversion, 125-26
Transmitters (4-to-20mA), 127
Thermometer. See also Platinum resist-
ance thermometer
Design example, 109-13
Differential, 147, 159-63
Electrical output, mercury, 6-7
High-resolution, 14748
Muitichannel, RTD, 14042
Scanning, linear-thermistor, 151-52
Thermopile, 2
Thermoswitches, 5-6, 119-20
Time constant. See also Filtering
Digitally controlled, 63, 221-22
Fixed, 55-59, 60-63
Switched, 221-23
Time-varying, 59-60, 63, 220-25
Transducers as circuit elements, 1-30
Active, 2
Considerations in designing interfaces
for, 107-109
Flow, 24-26, 30
Force, 16-21,29
Force-balance, 2, 32
Input, 1
Level, 26-28, 30
Passive, 1
Pressure, 22-24, 29
Temperature, 2-16, 28
Transmission, using current. See Current
transmission
Transmission, current loops. See Current
transmission
Tungsten RTD. See also Resistance
temperature detector, 10-11

V '
Vane-type flowmeter, 25
Virtual ground. See Ground, virtual
Voltage, common-mode. See Common-
mode voltage
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