
Content

1. In trod uc tion .............................................................................................................................11

2. Operational am plifie rs ...........................................................................................................13
2.1 Parameters of operational amplifiers...........................................................................13

2.1.1 Static parameters of operational amplifiers................................................. 13
2.1.2 Dynamic parameters of operational amplifiers............................................15
2.1.3 Noise parameters of operational amplifiers................................................. 16

2.2 Types of operational amplifiers.....................................................................................19
2.2.1 Bipolar operational amplifiers.........................................................................19
2.2.2 Unipolar operational amplifiers...................................................................... 22
2.2.3 Frequency characteristic correction of operational amplifiers................... 24
2.2.4 Transconductance operational amplifiers.................................................... 26
2.2.5 Transimpedance operational am plifiers.......................................................27
2.2.6 Auto-zeroed operational am plifiers.............................................................. 28
2.2.7 Overview of typical operational amplifiers................................................... 29

2.3 Feedback connections of operational amplifiers........................................................31
2.3.1 Negative feedback.......................................................................................... 31
2.3.2 Static properties of negative feedback amplifiers....................................... 31
2.3.3 Dynamic properties of negative feedback amplifiers..................................34
2.3.4 Frequency stability of negative feedback operational amplifiers...............37
2.3.5 Noise properties of negative feedback operational amplifiers................... 39

3. Linear signal p rocess in g ..................................................................................................... 41
3.1 Asymmetric voltage amplifiers..................................................................................... 41

3.1.1 Basic properties of voltage amplifiers...........................................................41
3.1.2 Frequency compensation of voltage amplifiers.......................................... 44
3.1.3 Input impedance in voltage amplifiers..........................................................44

3.2 Current amplifiers...........................................................................................................47
3.2.1 Properties of current amplifiers...................................................................... 47
3.2.2 Current amplifier with resistor T-network..................................................... 49
3.2.3 Frequency compensation of current amplifiers............................................50
3.2.4 Noise in current am plifiers.............................................................................52

3.3 Differential amplifiers..................................................................................................... 52
3.3.1 Differential amplifiers with asymmetric output.............................................52
3.3.2 Signal operations with differential am plifiers...............................................55
3.3.3 Differential amplifiers with differential voltage outputs............................... 57

3.4 Instrumentation am plifiers............................................................................................ 59
3.4.1 Asymmetric instrumentation voltage amplifiers.......................................... 59
3.4.2 Symmetric instrumentation voltage amplifiers ........................................... 61
3.4.3 Instrumentation amplifiers with switchable gain.......................................... 64
3.4.4 Instrumentation amplifiers with current output.............................................66

3.5 Integration and charge amplifiers................................................................................. 67
3.5.1 Inverting integration amplifiers ..................................................................... 67
3.5.2 Summing and differential integration amplifiers.......................................... 70
3.5.3 Charge amplifiers............................................................................................ 71



3.6 Sampling amplifiers.................................................................................................73
3.6.1 Direct coupled sampling amplifiers............................................................73
3.6.2 Feedback sampling amplifiers................................................................... 75

3 7 Amplifiers of resistance and reactance sensors.....................................................76
3 71 Potentiometrie sensor amplifiers................................................................76
3.7.2 Strain gauge amplifiers..............................................................................77
3.7.3 Capacitive sensor amplifiers..................................................................... 79
3.7.4 Amplifiers in measuring circuit for inductance sensors.............................82

3.8 Temperature sensor amplifiers............................................................................... 85
3.8.1 Resistance temperature sensor amplifiers............................................... 85
3.8.2 Linearization of resistance temperature sensors...................................... 87
3.8.3 PTC and NTC temperature sensor amplifiers.......................................... 88
3.8.4 Semiconductor temperature sensor amplifiers......................................... 90
3.8.5 Amplifiers for thermocouples..................................................................... 93

3.9 Isolation amplifiers....................................................................................................96
3.9.1 Isolation amplifier properties..................................................................... 96
3.9.2 Isolation amplifiers with transformer coupling........................................... 97
3.9.3 Isolation amplifiers with capacitive coupling............................................. 98
3.9.4 Modulating isolation amplifiers with optical coupling................................99
3.9.5 Directly optically coupled isolation amplifiers......................................... 100

4. Non-linear signal processing......................................................................................102
4.1 Comparators.......................................................................................................... 102

4.1.1 Comparators types.................................................................................. 102
4.1.2 Voltage comparators with hysteresis.......................................................103
4.1.3 Comparators with adjustable hysteresis..................................................106
4.1.4 Window comparators ..............................................................................107

4.2 Function approximation circuits.............................................................................107
4.2.1 Piecewise-function approximation circuits...............................................107
4.2.2 Circuits with continuous approximation of a function..............................112

4.3 Analog multipliers and dividers..............................................................................115
4.3.1 Multipliers properties................................................................................ 116
4.3.2 Transconductance multipliers................................................................. 116
4.3.3 Logarithmic multipliers.............................................................................118
4.3.4 Modulation multipliers..............................................................................119

4.4 Mean value converters.......................................................................................... 120
4.4.1 Non-controlled rectifiers...........................................................................120
4.4.2 Controlled rectifiers.................................................................................. 123

4.5 F̂ MS converters......................................................................................................125
4.5.1 Thermal RMS converters......................................................................... 126
4.5.2 Logarithmic RMS converters................................................................... 127

4.6 Peak and peak-to-peak values detectors.............................................................. 128
4.6.1 Peak detectors......................................................................................... 128
4.6.2 Peak-to-peak detectors............................................................................130

5. Analog signal filte ring..................................................................................................131
5.1 Types of analog filters............................................................................................ 131
5 2 Approximation of frequency characteristics.......................................................... 133



5.3 Passive filte rs............................................................................................................... 135
5.3.1 Passive RC filte rs ......................................................................................... 135
5.3.2 Passive LR filters.......................................................................................... 137

5.4 Active filters...................................................................................................................139
5.4.1 Active LP and HP filters of the 1st order..................................................... 139
5.4.2 Active LP and HP 2nd order filters.............................................................. 140
5.4.3 Active HP and LP filters higher order..........................................................142
5.4.4 Active BP and BS filters of the 2nd order.................................................. 143
5.4.5 All pass filters................................................................................................. 145
5.4.6 Universal filte rs..............................................................................................146

5.5 Switched capacitor filters.............................................................................................148

6. Switching and multiplexing of analog signals......................................................... 150
6.1 Signal switches............................................................................................................. 150

6.1.1 Contact switches........................................................................................... 150
6.1.2 Diode switches...............................................................................................150
6.1.3 Switches with bipolar transistors.................................................................152
6.1.4 Switches with Unipolartransistors...............................................................154
6.1.5 CMOS switches.............................................................................................155

6.2 Analog multiplexers..................................................................................................... 156

7. Voltage and current references.................................................................................160
7.1 Voltage reference.........................................................................................................160

7.1.1 Voltage references with Zener diodes........................................................ 160
7.1.2 Voltage references with bipolar transistors................................................ 162
7.1.3 Voltage references with Unipolartransistors.............................................. 163

7.2 Current sources............................................................................................................ 164
7.2.1 Current sources with ungrounded loa d ......................................................164
7.2.2 Current sources with grounded load .......................................................... 164

8. Signal digitization and reconstruction..................................................................... 167
8.1 Sampling of continuous signals..................................................................................167

8.1.1 Equidistant sampling.....................................................................................167
8.1.2 Band pass sam pling.....................................................................................168
8.1.3 Equivalent sampling......................................................................................170
8.1.4 Random sampling......................................................................................... 170
8.1.5 Adaptive sam pling........................................................................................ 171

8.2 Quantization of signals................................................................................................171
8.2.1 Quantization of harmonic signals................................................................171
8.2.2 Signal-to-noise ratio of quantized harmonic signals.................................173
8.2.3 Uncertainty of sampling time and quantizing signals................................175

8.3 Methods of increasing the resolution of quantizes.................................................. 176
8.3.1 Increase the resolution by oversampling....................................................176
8.3.2 Increasing the resolution by dithering......................................................... 177

8.4 Signal coding................................................................................................................ 179
8.4.1 Binary coding................................................................................................. 179
8.4.2 BCD cod ing................................................................................................... 180



8 5 Reconstruction of quantized signals......................................................................... 181
8 5.1 Signal reconstruction by stepped interpolation............................................181
8 5.2 Signal reconstruction by linear interpolation................................................183
8 5 3 Reconstruction of the signal by higher order polynomials.........................184
8.5.4 Harmonic signal reconstruction.....................................................................185

Analogue to Digital C onvers ion .......................................................................................187
9.1 Parameters of ADCs.....................................................................................................187

9.1.1 Static parameters of ADCs........................................................................... 187
9.1.2 Dynamic parameters of ADCs......................................................................188
9.1.3 Noise parameters of A D C s.......................................................................... 190

9.2 High speed ADCs......................................................................................................... 191
9.2.1 Parallel A D C s................................................................................................ 191
9.2.2 Propagation ADCs.........................................................................................193

9.3 Feedback ADCs........................................................................................................... 195
9.3.1 Approximation ADCs..................................................................................... 195
9.3.2 Tracking ADCs............................................................................................... 197

9.4 Integrating ADCs.......................................................................................................... 198
9.4.1 Voltage-to-frequency converters................................................................. 198
9.4.2 Single slope integrating A D C s.................................................................... 200
9.4.3 Dual slope integrating ADCs........................................................................201
9.4.4 Triple slope integrating A D C s..................................................................... 202
9.4.5 Quad slope integration ADCs...................................................................... 204
9.4.6 Series mode rejection by integration ADCs............................................... 205

9.5 Delta sigma ADCs........................................................................................................207
9.5.1 Delta sigma modulation............................................................................... 207
9.5.2 Noise suppression by delta sigma modulators..........................................210
9.5.3 Circuit solution of delta sigma modulators................................................. 211
9.5.4 Digital filters in delta sigma AD C s...............................................................214

9.6 Data acquisition systems.............................................................................................218
9.6.1 Parallel data acquisition systems................................................................218
9.6.2 Multiplexing data acquisition system s........................................................ 218
9.6.3 Error correction of in data acquisition systems..........................................222

Digital to Analogue C onvers ion ......................................................................................223
10.1 Parameters of DACs....................................................................................................223

10.1.1 Static parameters of DACs...........................................................................223
10.1.2 Dynamic parameters of DACs..................................................................... 224
10.1.3 Noise parameters of DACs..........................................................................224

10.2 Parallel DACs............................................................................................................... 224
10.2.1 DACs converters with switched resistor networks.................................... 224
10.2.2 DACs with switched current sources.......................................................... 228
10.2.3 Multiplying DACs.......................................................................................... 230
10.2.4 Switching capacitors DACs..........................................................................231

10.3 Modulation DACs........................................................................................................231
10.3.1 Pulse width modulation DACs..................................................................... 232
10.3.2 Delta sigma D AC s........................................................................................ 234



11. Signal genera tion ................................................................................................................ 236
11.1 Analog signal generators............................................................................................ 236

11.1.1 Sinewave oscillators.................................................................................... 236
11.1.2 Function generators......................................................................................240
11.1.3 Crystal controlled oscillators (XTAL oscillators)........................................ 242
11.1.4 Analog noise generators..............................................................................244

11.2 Digitally controlled generators................................................................................... 246
11.2.1 Generators of deterministic signals with D D S .......................................... 246
11.2.2 Pseudo-random signals generators........................................................... 248

11.3 Phase synchronization and frequency synthesis.................................................... 249
11.3.1 Phase synchronization circuits....................................................................249
11.3.2 Frequency synthesis.....................................................................................254

12. Testing o f d ig itize rs.............................................................................................................256
12.1 Critical parameters of d igitizers................................................................................. 256
12.2 Testing of static parameters.......................................................................................256
12.3 Testing of dynamic properties of digitizers................................................................257

12.3.1 Sine wave fit tests.........................................................................................258
12.3.2 Spectral analysis methods...........................................................................260
12.3.3 Histogram tests............................................................................................. 266
12.3.4 Noise histogram tests .................................................................................. 269

13. Design o f data acquisition sys tem s................................................................................ 272
13.1 Long distance signal transmission.............................................................................272
13.2 Connecting of amplifiers to ADCs and DACs.............................................................276
13.3 DAQs powering and grounding.................................................................................. 277
13.4 Printed circuit design...................................................................................................281

14. Simulation o f electronic c irc u its ......................................................................................284
14.1 Overview of typical simulation programs...................................................................284
14.2 Program MULTISIM..................................................................................................... 284
14.3 Examples of circuit properties simulations................................................................285

14.3.1 Non-inverting voltage amplifier.................................................................... 286
14.3.2 Inverting current am plifier............................................................................288
14.3.3 Differential amplifier......................................................................................289
14.3.4 Instrumentation amplifier..............................................................................290
14.3.5 Pt sensor amplifiers......................................................................................291
14.3.6 Impedance sensor amplifiers...................................................................... 294
14.3.7 Logarithmic amplifiers.................................................................................. 296
14.3.8 Exponential amplifiers.................................................................................. 298
14.3.9 Operational rectifier......................................................................................300
14.3.10 Logarithmic RMS converter......................................................................... 302
14.3.11 Second order low-pass active filters........................................................... 303
14.3.12 Second order high pass active filte rs ......................................................... 305
14.3.13 Second order band pass active filte rs ........................................................306
14.3.14 Second order band stop active filters......................................................... 307
14.3.15 Delta sigma modulator................................................................................. 308
14.3.16 Analogue signal digitization and reconstruction........................................ 310

List of sym bols...............................................................................................................................315

References..................................................................................................................................... 317


