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INDEX

Accuracy, absolute, II-135
Accuracy, relative, 1I-144
Acquisition time, 11-135, III-74-78, 80,
81, 85, 86
Adjustment, automatic, 1-75, 76, 79-83,
105, 106, 111-113
automatic set point, I-75, 76, 105, 106
Amplifier, instrumentation, I-4,
20, 21, 23, 27, 32, 34,35,
82, 88, 105-106, 1I-158,
165-168, III-3142, 55, 56,
68, 69
Amplifier, isolation, I-4, 15, 31, 32,
4042, 82
Amplifiers, operational, I-3
applications, 1-23-25, 33, 37, 44, 48,
55,59-61, 63, 82,105, 11-34-39,
4144, 49, 57, 58, 60, 65, 67-71,
80, 106, 107, 109, 112, 113, 115,
123, 160, I11-1-30, 32-34, 52-56,
5865, 67, 78-81, 85, 86
choosing, 111-14-21, 29, 30
circuits, basic, 111-2-11
classifications, I1I-15-21
definitions of specs, 111-21-29
principles, I1I-1-14
Anomalous errors, I-102, 103, 11-32, 33,
127
Averaging, Digital, 140, 87, 88, I1I-71

Binary code (fractional), I1-3, 4, §
base-10 to, I-58

Bipolar conversion, I11-17-28, 4144, 48,
49, 51, 63, 68-71, 73, 76, 98-101,
110, 111, 132, 143, 146

Bus lines, 1-5,.6, 107, 108, 1II-50-51, 63-
65

Buffering, digital from analog, in DAC’s,
II-58-61

Cathode-ray tube (CRT) displays
(see Displays)

Checklists for conversion system design,
1-16, 17,41,42, 54, 55, 111-113,
11-23, 29, 131-135, 111-29, 30, 39, 40,
1V-1-8

Classifications
amplifiers, I11-15-20, 38
converters, [1-148, 149
sample-holds, I1-150

Code conversion, 11-13, 14, 23

Codes, digital, II-2,3
binary, I11-3, 4, §
binary-coded decimal (BCD) 84-2-1,
1I-10
BCD 2%4-2-1,11-12
Gray code, II-13-16
complementary, II-16, 17, 24, 25
bipolar, I1I-17-25
sign-magnitude, I1-18, 19, 20, 24
offset binary, 1I-18, 19, 21
two’s complement, 11-18, 19, 22
one’s complement, II-18, 19, 22, 24
Common-mode errors and rejection,
1-20, 21, 31, 32, 105, 106, 1I-135,
136, 166-168, I11-9, 10, 21, 22, 24,
31-42, 53, 55-56, 68-70
Common-mode range, 11-135, 136,
I11-22, 24, 25, 38, 40-42
Common-mode voltage, 14, I1-136
Communications, digital, 1-84-92, 106-
108
Comparators, 1-9, 73-76, 11-46-54, 80-87,
116-119, 127, 111-3, 82-84
Components, analog vs. digital, I-1, 2,
24, 53, 54, 63-65, 82-84, 92, 95, 96,
Compression
data, see Data compression
logarithmic, see Data compression
time, I-89, 90
Conversion, applications, I-1-113, II-81-
85
industrial, partial listing, 1-111-113
Conversion relationships, 11-5-10, 14-23,
25-28
Conversion time, I-14, 18-23, 27, 29,
11-138, 111-74, 81, 82
Converters, A/D, 17, 13-36, 63-65,
70-76, 82, 84-92, 104-110, I1-7-12,
20, 29, 30, 32
applying, I-2, I1-155-166
choosing, 1I-132, 133, 137, 149
circuits, 11-45-53
designing, 1I-80-87
testing, 11-92-94, 122-130
Converters, A/D, counter types, I-73, 74,
II-51, 52, 111-84, 85
Converters, A/D, dual-slope, I-18, 19,
1148-50, 139, I11-70-71
Converters, A/D, parallel, [1-52, 53
Converter (A/D)-per-channel, 1-26, 27,
28, 29



Converters, A/D, successive-approxima-
tions, I-19, 1146, 47, 48, 80-87
errors, 1-19, 20, 22, 23,11-3,4, 5
Converters, D/A, I-7, 8, 41-52, 55-76,
82, 84-92, 95-108, 1I-5, 6, 7, 16, 19,
217, 28, 29, 30, 32, 33
circuits, I1-34-45
designing, 11-56-80
testing, 11-89-92, 95-122
choosing, 11-131, 132, 136, 148
current-source, 1-59-61, 11-32-36, 38-
44, 56-80

multiplying, I-7, 61-64, 66-71, 90-91,
100-102, 11-27, 28, 29, 132, 142,
143, 148

Converter, frequency-to-voltage, 1-72

Correlation, I-70, 90

Counters, up, down, up-down, I-8, 9, 34,
51, 52,65, 68-70, 97, 108, 11-48-52,
107, 109, 114, 111-84

Crosstalk, I-32, 11-138, 111-66, 67, 68

Current, bias and difference, I1I-3, 12-17,
19, 20, 23, 24, 27, 29,62, 77

Current sources (see also converters,
D/A), HI-11, 15, 21
digitally-controlled, I-59, 60, 61
floating load, 1-60, I11-36, 37
buffered load, I-60, I1I-36
grounded load, I-61, I1I-36, 37

Data acquisition, 1-1340,
81, 104-113,11-150-153, 155-168,
III-31, 32, 34, 35, 37, 39-42, 43-71
vs. distribution, 1-48, 49
Data compression,
log devices in, 1-24, 35-38, 11-158, 159
Data distribution, -41-52, I11-82
Definitions of specifications
amplifiers, 111-21-29, 37
converters, II-135-146
multiplexers, III-57, 69
sample-holds, I11-74-78
Deglitcher (see Glitches)
Delay lines, analog, I-70, 71, 72, 85-92,
99, 100
tapped, 1-71, 91, 92
Digital servo techniques, 1-50-52, 75, 76,
105, 106, 111-84, 85
Displays, CRT, 1-93-103
rasters, 1-95, 96
dot-matrix, 1-96-98
graphic, 1-98-103
vectors and segments, 1-100-102
Displays, digital, I-11

xviii

Dither, use of in testing, II-113-115,
124-127
Division, Signal
ratiometric conversion, 1-33, 34, 63,
64, 11-27, 28, 48, 50, 133
using ratio module, 1-24, 26
Dot-matrix displays (see Displays), I-96-
98
Droop (sample-hold), I-6, 29, 42, 43, 49,
73,11-139, I11-77, 81, 84, 85
Dynamic-crossplot ADC test, II-124-127
Dynamic range, extended, 1-34, 35, 36,
37,38, 11-158, 159 ‘
Electron-beam recording, 1-93, 94, 96
Encoder
Gray-code, 1I-14, 15, 16
thumbwheel-switch, I-56
toggle-switch register, 1-57, 58, 11-93,
94,96, 113,114, 115,123, 128
Environment, I-15, 16, 11-131, 132, II-
29, 30
Error budgets, I-17, 1I-76, 77, 131-135,
151-153, 162, 163, 111-39, 40

Feedthrough, I1-132, 139, 143, 11145,
57, 65-67,77
Filters, active, I-9, 24, 49, 50, 91, 92,
1147, 70, 133, 159, 160, 11I-11, 15,
19,70
digital, 1-91, 92
recursive (digital), 1-92
Force measurement, 1-3, 105, 106
Four-quadrant, 1-61-67, 69, 70 11-27, 28,
132, 140
Functional relationships, 1-64, 65, 66,
84-92
and function generators, I-64, 68, 69,
70
time functions, -70-76, 84-92
Function modules, 14, 5, 23, 24, 26,
35-38, 82

“Gain” in converters, 1-20, 21, 23,
33-38, 50-52, 61-64, 11-5, 27, 28, 29,
32-34, 41, 43, 63, 65-77, 94-101,
107-111, 124-126, 131-133, 140,
153,157,158

Glitches, 142, 49, 50, 102, 103, 1145,
79, 89, 113, 120, 121, 132, 138,
140, I11-82

Graphic displays (see Displays)



Grounding, grounds, I-15, 27, 52, 1I-29,

30, 77-80, 84, 86, 87, 163-168, I11-2,
32-37,40-42

High-resolution ADC’s and DAC’s, 1-34,
35, 51, 52, 55, 63, 64, 82, 94, 96,
98,114, 9, 11, 56, 64, 148, 149

Hysteresis, I-75, I1-127, 111-82, 83
in peak-follower, I-75, I11-83

Integrator, 1-23, 99, 100, I11-11, 15, 19

in dual-slope conversion, 11-48, 49,
50

delay-line, I-99, 100

Interquad divider, I-59, 11-36, 37, 40, 41,
65,66,71,72

Layout considerations,
163-168, 11145, 63

Leakage, switch, III-55, 59-61

Least-significant bit (LSB), II-3-11, 140

Linearity, 1-91, 93, 96, 102, 11-5-8, 71-
74,90-97, 100-113, 122-128, 141,
142, 111-3, 39, 40, 59, 74
in displays, 1-93, 96, 102

Linearizing nonlinear data, 1-23, 25,
111

Logarithmic amplifier, 1-35, 36, 37, 38,
11-158, 159

Log conformity, I-35, 36

11-77-80,

Major carry
glitch, 142, 49, 50, II-21, 113, 121,
122, 140
linearity, II-15, 21, 102, 104, 120,
121,138
testing, II-106-111, 113, 114,

120-122, 124-126
Memory, read-only (ROM), I-65, 66, 70
delay-line, I-70, 71, 72, 84-92
recirculating, 1-86-92
Meters, DVM, DPM, 1-10, 17, 78, 11-96
Monitoring, I-96
power rectifiers, I-108-110
Monotonicity, 11-5-8, 102-1085, 125, 142
Most-significant bit (MSB), 1-34, I1-3-8,
10, 11, 17-25, 43, 44, 46, 142
Multiplexers, analog, -5, 29-33, 47, 48,
107-110,11-133, 134, 154, 156-163,
11143- 50 52-71
high level, I11-52-54
errors in, I11-57-67
high noise environments, 1-24-28,

Xix

111-70, 71
in music distribution, I-107, 108
low-level, I-31-33, I1I-55, 56
errors in, 111-68, 69
Mutltiplexers, digital, I-5, 26, 27, 28, 42,
43, 45, 46, 111-4345, 50-51
Multipliers, analog, 1-24, 25
high-precision, using con-
version, 1-63, 64
Multiplying DAC (see Converters, D/A,
multiplying)
Music-distribution, 1-107, 108

Noise, I-38, 39, 40, 84, 87, 88, 106, 107,
11-104, 105, 122, 125, 133, 143, 157,
159, 111-8, 9, 15, 25, 38, 70, 71

Nonlinearity, differential, [-102, I1-5-8,
89, 100-104, 111-113, 123-126, 138,
157
temperature coefficient, II-137, 138,
157

Offset (in bipolar converters), II-18,
21-22, 25-27, 41-44, 48, 49, 51, 62,
63, 70,71, 73,92, 98-100, 143

Peak follower, I-75, 111-82, 83

Polarity of converters, (analog), 11-17-28,
1V-3

Power supplies, I-9, 10, 11-30
sensitivity to, 1I-136, 137, 143-144,
111-22, 38
precision, 1-55, 56, 11-94-96

Preamplification, I-3, 20, 21, 82, 105,
106, 11-158, 165-168, 111-31-42, 55,
56, 68,69

Pumpback, II1-65, 66, 75, 76

Quantizing uncertainty, II-7, 94, 104,
105, 122-124, 128, 144

Raster displays (see Displays), 1-95, 96

Ratiometric conversion, I-33, 34, 63, 64,
87, 88,1I-27, 28, 33

Ratios (see Division)

Reference input, 1-33, 34, 56, 61-64,
66-68, 70-72, 88, 91, 100, 101, I1-27-
30, 33,41,42,67-71
data amplifier, 111-32-37

Reference loop, 11-39-43, 66-71

Registers, shift, I-8, 70, 71, 72, 85-92,

106-108, 1147, 81, 82

Registers, storage, 1-8, 35, 43, 44, 71,
72,105,11-29, 44, 45, 81, 104, 123,
128



Register, toggle-switch, I-57, 58, 11-93,
94,96, 113, 114, 115,123, 128

Resistance networks, 1-3540, 11-61-66,
71-76

Resolution, I-16, 24, 34-40, 42, 48, 49,
106, 108, 11-5, 17, 18, 49, 56, 71,
131, 133, 144, 151, 157

Response, full power, II-136, 145, I11-22,
23, 26, 217, 38, 65, 74

Sample-Holds, I-6, 21-23, 27, 29-31, 44,
48, 49, 87-91, 106-108, I1I-73-86
characteristics, I11-73-76
digital (peak-follower), I-75, IH-83-
85

digital (pulse-stretcher), I-74, H1-81,
83-85

digital (tracking), 1-73, I111-84, 85
Sawtooth generator, I-68, 95, 96
Scale factors (see also Gain)
digitally-controlled, 1-34, 35, 61, 62,
63, 100, 101 (see also Converters,
D/A, multiplying)

direct, I-62

inverse, I-63

Sensors, 1-2, 3, 111-32, 42

Sequencer, in A/D converters, 1146, 47,
81-83

Serial data, I-27, 28, 41, 47, 72, 106-108,
11-2, 32, 81, I1-51

Settling time, 1-41, 49, 52, 102, 103,
1145, 47, 116-122, 132, 144, 153,
157,161, 162, 111-15, 19, 26, 27, 38,

44,45, 46, 54, 63-66, 70, 74. 75

Shafts, position-sensing, I-3, I1-14, 15

Shift register (see Register, Shift)

Signal analysis, 1-84-92
Signal-conditioning, I-17, 23, 24, 25, 26,
33-38,11-133, 158-160, 166-168,
111, 12, 15, 19, 20, 31, 32, 34-37,

40-42

Sinusoidal functions
input-output, I-65, 66, 67
function generation, 1-69, 70

Slew(ing) rate, I-73, 75, 11-69, 145,
I-16, 17, 22, 23, 27, 74

Stability, converter, 11-66, 145

“Status” line, I-5, 6, 8, 11, 15, 18-24,
71, 72, 15, 76, 11-29, 30, 32, 4648,
80-83, 123, 128

Strobe, 1-4348, 51, 52, 71, 72, 85-92,
105, 11-29, 30, 32, 44, 45, 123, 128,
I11-81-83

Sweeps, digital, 1-68
in displays, 1-95-98
Switches, I-34, 44, 48, 111-46-50
converter, I1-35-39, 41
mechanical, 148, 56-58, I1I-46
monolithic, 11-42, 57-65, 111-49, 50
multiplexer, 1-32, 48, 111-43-71
sample-hold, 1-44, 111-78-81, 85, 86
Switching time, 11-145, 11146, 51, 67,
75-78
aperture: II1-75, 76

Tables
BCD, 2-4-2-1,11-12
BCD code, II-11
BCD' coding, toggle-switch register,
I-57
BCD vs, binary resolution, II-11
Binary equivalents of decimal frac-
tions, I-58
Binary resolution (to 20 bits), II+4
Binary vs, Gray Code, II-13
Bipolar code conversion, 11-23
Bipolar codes, II-18
Bipolar codes, modified & comple-
mentary, II-25
Complementary unipolar codes, II-16
Code transitions in differential linear-
ity test, II-111
Converter interface connections,
11-29
Fractional binary code, I11-3
Industrial applications, a small sampl-
ing, I-111-113
LSB and FS-LSB for 10 & 10.24V
(to 20 bits), I1-9
Peak-to-peak vs. rms, for Gaussian
noise, 1-39
Specifications
A/D converter, 11-137, 149
D/A converter, 11-136, 148
Instrumentation amplifiers, 111-38
Operational amplifiers, 111-16, 17
Sample-holds, II-150
Temperature coefficient, 1I-62, 63, 67,
73-76, 100-102, 109-11, 131-135,
145, 146, 157, 162, 111-16, 17, 19,
20, 27, 28, 37-40, 60-63, 74, 86
Temperature measurement, I-3
Testing,
automatie, 1-79-83



converter, I1-89-128
dynamic programming, 11-106-111
Time delay (see delay lines)
Time functions (see functional relation-
ships) -
Tolerances, component, I1I-60-76
Transducers, I-3
Transient storage and recording, 1-84-86
Triangular-wave generator, 1-68, 69,
11126
Trigonometric functions
digital phase shifter, 1-66
digital/resolver converter, I-67
resolver (digital) control trans-
former, [-67
Trimming converters, II-71-76

Update, simultaneous, I-29, 30

Vector generation (see Displays)
Voltage source, digitally-controlled, I-55,
56, 82

Waveform averaging, 1-87, 88.

Weighing, automatic
scale zeroing (tare-weight nulling),
1-104-106

Weighted current sources (see Current
sources)

xxi
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