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LC circuit, 113

R:2R ladder, 697–698

RLC circuit, 113–118

resonance, 114

RON

analog switch (lab), 490

MOSFET (lab), 489

Ron

analog switch (lab), 490

fcrossover, 312

hfe, 158

re

. . . deriving, 207

’311 (lab), 337

’555, 341–343

.INC file (assembler/compiler), 817

.lst file (RIDE assembler/compiler/simulator), 951

#344 lamp (lab), 343

#47 lamp (lab), 174

“WATCH” window

RIDE assembler/compiler/simulator, 953

“active low”, 522

“loop” (program): origin of term, 815

“saturation” (FET usage), 500

“sticky” flag, 600, 601

1N5294 current-limiting diode, 342

1N5294 current-limiting diode (lab), 213

1N5717 Schottky diode (lab), 135

2’s-complement

cheap trick to calculate, 816

2N3904 (lab), 169

2N3906 (lab), 271

4046 PLL, 717

74HC00 (lab):, 540

74HC14 (lab), 339

74HC175 (lab), 594

74HC4040 (lab), 730

74HC4046 (lab), 730

74HC574 (lab), 728

74HC74 (lab), 588

74HCT139 (lab), 835

74HCT573 (lab), 786

74LS00 (lab), 540

74LS503 (lab), 725

78L05 regulator (lab), 454

8051 controller, 765

8051 port, 770–771

8051

pinout (lab), 786

addressing modes

bit operations, 862–864

DPTR, 857–858

examples (brief), 867–868

indirect addressing, 860–861

Rn, 859, 860

multiple address spaces, 864–868

off-chip operations, 857–860

on-chip operations, 857

portpins vs external buses (examples), 862

A in feedback: open-loop gain, 396

AB in feedback: loop gain, 397, 399

AC/DC (scope input select), 34

ACC

vs “A” SiLabs (lab), 846

active filter, 354

Bessel, 387

Bessel (lab), 374

Butterworth, 387

Butterworth (lab), 374

Chebyshev, 387

Chebyshev (lab), 374

transient response, 388

VCVS, 354

active filter (lab), 373–374

active low

. . . in Verilog, 526, 571

why prevalent, 529

active pullup gate output: CMOS (lab):, 545

active rectifier, 281

AD558 (lab), 724

AD7569 (lab), 926

ADC

see “analog ↔ digital conversion”, 701

ADC

SiLabs (lab) , 942–944

ADC (lab), 725–729

ADC & DAC to micro

modify waveforms

lowpass filter, 923–925

rectify: full-wave, 922

rectify: half-wave, 923

number formats, 922

reconstruction filter, 917

SiLabs

left-justify, 917

ADDC (lab), 841, 854
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adder

worked example, 556–559

address decoding, 675

address multiplexing (lab), 786

addressing modes

see “8051: addressing modes”, 857

ADx address/data lines (lab), 786

ALE (lab), 787

aliasing, 696, 735, 738–739

ALU

design with gates, 563

design with Verilog, 564

worked example, 563

AM radio (lab), 135

ammeter (lab), 29

analog

contrasted with digital, 513

analog ↔ digital conversion

R:2R ladder, 697–698

ADC designs, 701–712

. . . compared, 701

“flash” or parallel, 701

binary search (SAR), 705–707

delta–sigma, 706–712

dual-slope, 703

how delta–sigma high-passes quantization noise,

710–711

how delta–sigma low-passes signal, 711

oversampling, 709

pipelining, 703

tracking, 705

aliasing, 714

DAC designs, 697–701

current summing R:2R, 697

PWM, 700

switched-capacitor, 699

thermometer, 697

dither, 714

quantization error, 694

resolution, 694

sample and hold, 705

sampling artifacts, 712–714

sampling rate, 694–697

aliasing, 696

analog switch

application

chopper (lab), 491

flying capacitor (lab), 493

sample-and-hold (lab), 492

switched-capacitor filter (lab), 493–495

analog to digital conversion

ADC designs

single-slope, 616

AND as “if”, 574

AND as Pass/Block* function, 573

assembler directive (RIDE assembler/compiler/simulator),

947

assembly language, 813

assembler directive, 817

bit versus byte operations, 775, 776, 864

CALL subroutine, 826, 830

stack, 826

directives, 817

INCLUDE, 817

DPTR initialization, 822, 823

EQU, 818

extending operations beyond 8 bits, 830

format, typical, 823

INC, 817

INCLUDE, 817

indirect addressing, 823

jump offsets, 815

loop in slow motion, 818

moving pointer, 959–961

MOVX, 823

ORG, 817

assertion level logic notation, 522–528

assign (in Verilog), 1054

audio amplifier (LM386), 920

B in feedback: fraction fed back, 396

ballast resistor., 469

bandpass filter (worked example), 103

battery backup (lab), 832

Bessel filter, 387

beta, 158

bias current, 288

bias divider, 179

biasing, 161

details, 163

binary, 514

binary number codes, 518

binary numbers

hexadecimal notation, 519

signed, 518

unsigned, 518

binary search (lab), 724

binary search ADC, 705–707

binary search display (lab), 727

bipolar transistor, 154

four topologies, 167

impedance at collector, 167

bipolar transistor (defined), 152

bit defined, 514

bit move

using carry flag, 873

bit operations

bit move, 873

external bus, 869–870

in C, 873

port pins, 870–871

bit versus byte operations, 864

Black

formalizing feedback, 249

Black, Harold

memoir, 245

bleeder resistor, 143

blocking capacitor, 74

blocking vs non-blocking assignments, 1077–1079

Bluetooth, SiLabs (lab) , 989–991

Boole, 520–521

bootstrap (op-amp input), 397
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BPV11 (lab), 899

BR* (lab), 786

breadboard (use of), 25

breadboard printed-circuit, microcomputer (lab), 620

breakpoint

SiLabs (lab), 802

SiLabs IDE, 806

BS250 (lab), 271

BS250P (lab), 453

BUK9509–40B (lab), 486

bullet timer (worked), 642

bus, 648

bus activity

ISA/EISA , 768–770

Butterworth filter, 387

C code

bit operations, 873

C language

functions as subroutines, 829

c2 interface, SiLabs (lab), 793–796

C8051F410

pin use, all labs (lab), 796

C8051F410 (lab), 792

CA3096 array (lab), 209

CA3600 (lab), 544

cache memory, 653

CALL

see “subroutine”, 826

SiLabs (lab), 844

CALL (lab), 842

capacitance meter (lab), 749–750

capacitor

blocking, 74

decoupling, 75

dynamic description, 52

exponential RC charging), 53

hydraulic analogy, 52

polarized, 85

reading value, 85

static description, 52

tolerance codes, 89

carrier frequency

group audio project, 505

carry

counter carry-out glitch (lab), 630

carry (counter), 611

carry-out: synchronous, 612–613

carry flag

for bit move, 873

CC* (lab), 726

CD standard, 745

CD4007 (lab), 544

CE*, 649

CEM-1205C lab), 899

Chebyshev filter, 387

chopper op-amp, 317

clamp, diode (lab)

see “diode clamp”, 136

clipping

differential amplifier, 220

clock, 579

CMRR

in op-amp (worked example), 240

CMRR, op-amp from array (lab), 218

combinational logic, 520

common emitter amplifier (lab), 174

common-emitter amplifier

. . . modest gain, 157

bypassed-emitter, 197

distortion, 194

remedy: RE, 195

common-emitter amplifier (lab), 172

common-mode amplifier (discrete)

common-mode gain, 205

common-mode gain

measuring (lab), 212

comparator, 320–326

. . . contrasted with op-amp, 320

in SiLabs controller (lab), 897

digital

magnitude (design problem), 560–562

worked example, 559

hysteresis, 324–326

AC, 326

how much?, 325

Woody Allen, 325

Schmitt trigger, 324

comparator (lab), 337–338

compensation capacitor

op-amp (lab), 218

compliance

output voltage, 222

conditional branch, 874–875

counter, 583–586

16-bit

async load (lab), 622, 625

reset, sync (lab), 622

sync load (lab), 622

16-bit (lab), 621–626

application

stopwatch (lab), 631–633

Carryin & Carryout, 611

carry-out glitch (lab), 630

cascading, 611

load, 614

ripple, 583

ripple (lab) , 591

ripple versus synchronous, 606

synchronous, 584–586

synchronous (lab) , 591–592

synchronous clear, 613

counter (lab), 591–592

CPLD, 597

crossbar (lab), 798

crossbar switch

SiLabs output port enable, 872

SiLabs port enable, 775

crossover distortion

op-amp remedy, 259

crossover frequency, 312

crystal oscillator (lab), 788
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CS*, 649

current limit

op-amp output, 242

current mirror, 222

as load for op-amp first stage, 240

current source

op-amp, 257

single-transistor, 155

current source (lab), 172

current-hogging, 469

current-to-voltage converter (op-amp), 258

D flip flop, 579

D flip-flop, 579

D flip-flop (lab), 588–589

DA (lab), 839, 853

DAC

see “↔ digital conversion: DAC designs”, 697

DAC

SiLabs (lab) , 935–942

DAC (lab), 724–725

DAC reconstruction filter, 917

Darlington

switch, applied (worked example), 351

Darlington transistor pair, 349

debounce

pseudo (lab), 932

spst RC debouncer, 873

debouncer, 577, 582

debouncer (lab), 592–594

debug

DAC kinks can show wiring errors (lab), 927

folded pin, 671

oscillation frequency as clue, 673

power through I/O pin, 672

decibel, 64

decibel: two definitions, 41

decoder

2-to-4, 553

decoder

I/O (lab), 834

decoding (address and control), 675

decompensated op-amp, 384

decoupling capacitor, 75

decoupling capacitor (lab), 176

decoupling of power supply (lab), 176

decoupling power supplies (lab), 262

delay loop, Silabs (lab), 801

delta–sigma ADC, 706–712

deMorgan, 520

theorem, 522

depletion mode, 498

DG403 (lab), 489

DG403 analog switch, 475

difference amplifier, 189

op-amp version, 301

difference amplifier (discrete), 201–206

. . . evolves into op-amp, 206

design, 204–206

differential gain, 205

differential amplifier, 189

clipping, 220

op-amp version, 301

differential amplifier (discrete), 201–206

. . . evolves into op-amp, 206

design, 204–206

differential gain, 205

differential amplifier (lab), 209–213

differential gain

measuring (lab), 213

differentiator

op-amp, 300

passive RC, 55

differentiator (lab), 79–80

Digikey, 463

digital

alternatives to binary, 516

binary, 514

contrasted with analog, 513

resolution, 515

why, 514

digital logic

minimizing, 569

Dilbert, 776

diode

zener, 122

diode (lab) , 29

diode circuits, 118

diode clamp, 119

diode clamp (lab), 136–137

diode drop, 119

DIP package

breadboarding, 210

directives, 817

discrete transistor (defined), 152

display board (lab), 627

distortion

differential amplifier, 220–222

symmetric, 221

dropout voltage (lab), 454

DS89C430 (lab), 785

DSP, 957

dual-slope ADC, 703

dynamic RAM, 653

dynamic resistance, 122

E12 resistor values, 38

EA* (lab), 786

Early effect, 224–227

calculating Rout, 226

emitter resistors as remedy, 227

Wilson mirror, 227

Ebers–Moll, 190

re, 193

Ebers–Moll view of transistor, 190

Ebers-Moll

IS, 192

I versus V curve, 192

reconciling with IC = β × IB, 201

edge triggering

advantages, 603

how implemented, 605
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edge- versus level-sensitive input, 580

edge-triggering, 579

electret microphone (lab), 309

electronic justice, 196

emitter follower, 157

. . . as impedance changer, 159

clipping, 164

input impedance, 162

push–pull, 165

emitter follower (lab), 170–172

EPROM, 652

EQU (lab), 850

exponential

charge and discharge, 54

estimating, 55

function, 54

f3dB

placing (worked example), 101

FB73-110 ferrite bead (lab), 376

feedback

. . . versus open-loop, 250

effect on Rout, 252

examples without op-amps, 250

generally, in electronics, 249

positive, 320

quantitative view

A, 396

B, 396

benefit from phase shift, 399–400

loop gain, 397, 399

the golden rules, 251

feedthrough, analog switch (lab), 491

ferrite bead (lab), 376

FET, 152

similarities to bipolar transistors, 466

structure, 497

virtues, 468

Field Effect Transistor, 466

filter

software

FIR, 957

IIR, 956

filter, DAC reconstruction, 917

finite state machine, 655

FIR filter, 957

Firewire, 973

flag

hardware (lab), 883

flag (hardware), 873, 880

flash ADC, 701

flip flop

clock, 579

D type, 579

dangers

slow clock edge, 607

debouncer, 577, 582

edge- versus level-sensitive input, 580

edge-triggering, 579

jam clear, 580

master–slave, 579

setup time, 586

shift register, 586

SR latch, 576

T type

built from D, 585

transparent latch, 578

flip-flop, 575

D, 579

D type (lab), 588–589

debouncer (lab) , 592–594

divide-by-two (lab), 589

do-this/do-that (generalized), 601

edge-sensitive “flag”, 600

one-shot, synchronous (lab) , 595–596, 633

pathology: slow clock edge (lab), 589, 590

propagation delay (lab), 589

setup time, 605

shift-register (lab) , 594–595

SR, 599

SR (lab), 588

sync set, async clear, 600

sync set, sync clear, 601

T type, 584

T type (lab), 590

float

function generator common (lab), 211

floating logic inputs (lab), 541–543

FM demodulation

PLL (lab), 732

FM demodulator

group audio project, 506

FM using ’555

see “oscillator. . . ”, 342

folded pin, 671

follower (op-amp), 252

Ford, Henry, 520

Fourier (lab), 132

Fourier series, 117

square wave, 117

FPGA, 526, 598

frequency compensation (op-amp), 380–384

frequency domain (lab), 81

FSM, 655

full-wave rectifier, 120

fuse

duration of overload, 126

slow-blow, 126

GAL, 597

gate array, 526

glitch (digital), 608

asynchronous carry-out, 612

redundant cover as remedy, 609

GLUEPAL

Verilog code (lab), 803

pinout (lab), 803

GLUEPAL (lab) , 781–785

golden rules (feedback), 251

ground, 6

scope probe (optimal), 789

two senses, 20
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ground loop, 391–392

ground noise, 391

grounded-emitter amplifier, 191, 193–195

Harvard Class computer, 771

hazard (digital), 608

HDL, 1053, 1080

heat sink

gasket, 463

HFA3096 array (lab), 209

high-pass filter (lab), 82–83

hysteresis (lab), 338

I/O

A register, 822

8051, 821

DPTR, 821

using buses, 820, 821

port address, 822

waveforms, 824

without buses, 821

I/O decoder (lab), 834

I/O decoding

8051 “lazy”, 818, 820

IC current source, 443

JFET type, 443

LT3092, 443

REF200, 443

ICM7555 (lab), 341

IF

bit test equivalents (lab), 849

IGBT, 470

IIR filter, 956

impedance

RC circuit, 68

worst-case, 68

. . . in a direction, 164

. . . output, 14

capacitor, 59

impedance relations: a rule of thumb, 21

INA149 difference amplifier, 276

INCLUDE

(RIDE assembler/compiler/simulator), 947

INCLUDE (assembler/compiler), 817

indirect addressing, 823, 860–861

inductor, 112

input protection clamp (lab), 542

instantiation (in Verilog), 1056–1058

integrator

op-amp, 294–299

passive RC, 57

integrator (lab), 80

interfacing

ADC & DAC to micro

big board, 912

SiLabs, 915–916

ADC &DAC to micro

Big Board, 911

interfacing among logic families

3V with 5V, 692

CMOS can behave like TTL, 690

low-voltage (<5V), 692–693

TTL to CMOS (5V), 690–691

interfacing among logic families , 689–693

interrupt, 829, 906–912

on timer overflow, SiLabs (lab), 891

SiLabs (lab) , 932–935

application examples, 906

edge-sensitive, 909

enabling, 909

implementation, 907–909

in C, 911

latency, 907

priority, 909–910

interrupt (lab) , 884–886

interrupt priority, SiLabs (lab), 935

inverting amplifier (op-amp), 254

IR remote (lab), 1016

IRLIB9343 (lab), 453

IRLZ34 (lab), 486

ISA/EISA bus, 766

ISA/EISA port, 767–770

ISR (lab), 886

JFET, 466, 497

linear region, 499

JFET as Variable Resistance, 499

JTAG, 973

justification

left/right, DAC, SiLabs (lab), 936

keypad (lab), 628

keypad scan, 1006

KiBi, 654

Kirchhoff’s Laws, 9

KRESET* (lab), 786

latched display (lab), 833

latency (interrupt), 907

LCD

interface, 1007

lead-lag filter, 720–721

LED

bi-color (lab), 896

left-justify (ADC/DAC), 917

LF411 (lab), 262

line noise, 390–391

little re, 193

LM311 (lab), 337

LM317, 440

LM358 (lab), 308

LM385–2.5 (lab), 452

LM386, 920

LM386 (lab), 931

LM4667 (lab), 495

LM4667 switching amplifier, 471

LM50 temperature sensor, 348

LM723 (lab), 452

LM741 (lab), 262

LM78xx, 439

LMC6482 (lab), 453

LMC7555 (lab), 341

load (counter), 614

loader (Dallas micro), 993

debugging
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COM port trouble (windows), 1000–1001

flash error, 999

USB-to-serial translation , 993–994

loader program (lab), 976

LOADER* (lab), 786

loading, 14

logic families, 528

TTL and CMOS circuitry, 528

logic gate

active pullup, 533

noise immunity

differential transmission, 532

hysteresis, 514, 531

open drain/open collector, 533

speed versus power consumption, 535

three-state, 535

threshold, 529

logic gates

noise margin, 529

logic probe (lab), 537

loop gain, 397, 399

low-pass filter

microcontroller version (lab), 931

low-pass filter (lab), 81–82

LT1073 regulator (lab), 458

LT1215 (lab), 378

LT3092, 443

LTC1150 (lab), 305

LVDS, 532

macrocell, 597, 598

Mao, Chairman, 901

masking (software), 875–880

master–slave flop, 579

MAX294, 917–919

MAX294 (lab), 931

MAX294 frequency response, 747

memory

as data organization, 651

RAM (lab), 661–663

meter movement (analog), 27

microcomputer

. . . as state machine, 760

address multiplexing (8051), 772

Big Board lab computer

first test program, 815

single-step logic, 773

big-board lab computer

first test program, 818

single-step logic, 772

bootstrap startup, 762

bus activity (ISA/EISA), 768–770

elements of a computer, 760

. . . minimal, 760

Harvard Class vs Von Neumann, 771

history

microcontroller, 759

microprocessor, 758

pre-microprocessor, 757

microcontroller

. . . contrasted with microprocessor, 763

choosing a controller, 762, 765

microprocessor

. . . contrasted with microcontroller, 763

processor control signals, 765–767

68000 (Motorola), 767

8051, 770

address, 767

application examples, 767

I/O vs memory, 767

ISA/EISA bus, 766

single-chip controller

first test program, 774–776, 818

microcontroller

. . . contrasted with microprocessor, 763

history, 759

low-cost, 759

microprocessor

. . . contrasted with microcontroller, 763

history, 758

Miller effect, 371, 470

MJE2955 (lab), 378

MJE3055 (lab), 174, 378

module (Verilog), 1053

MOSFET, 152, 497

RON, 469

analog switch, 474–485

application: multiplexer, 477

application: sample-and-hold, 478–485

application: switched cap filter, 477

charge injection, 479, 483

CMOS, 474

imperfections, 475

body diode, 468, 474

CMOS

logic gate, 473

IGBT, 470

input capacitance, 470

logic gate, 473

power switch, 469

application: switching amplifier, 471

paralleling, 469

symbols, 467

moving pointer, 959–966

end tests, 964–966

store and playback

big-board version, 963

BSiLabs version, 964

table copy

assembly language, 960

in C, 961

MOVX at Rn, 962

MOVX at Rn (lab), 928

MOVX RAM, SiLabs(lab), 983

multimeter (lab), 27, 29

multiplexer

decoder included, 551

implemented with gates, 553

implemented with three-states, 553

implemented with transmission gates, 553

multiplexing, 550

address (lab), 786
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multiplexing

LCD data (lab), 840

multiplier

worked example, 563

MXD1210 (lab), 832

NAND latch (lab), 588

negative feedback

in ordinary usage, 248–249

noise

“line”, 390–391

ground, 393

ground loop, 391–392

ground noise, 391

parasitic oscillation, 394–395

power supply (lab), 176–177

RF pickup, 390, 393

non-inverting amplifier (op-amp), 252

NOSYMBOLS

(RIDE assembler/compiler/simulator), 947

Nyquist sampling theorem, 694

OE*, 649

offset binary, 922

offset current, 290

offset voltage (VOS), 286

Ohm’s Law

why it holds, 7

Ohm’s law, 5

one-shot, synchronous (lab), 595–596, 633

op-amp

stability

split feedback (worked example), 403

open-collector (lab), 538

operational amplifier

. . . designed from discrete transistors, 206

AC amplifier, 301

active rectifier, 281

amplifier, inverting (lab), 265

amplifier, non-inverting (lab), 265

amplifier, summing (lab), 266

as comparator (lab), 336

chopper, 317

current source, 257

current source (lab), 271–272

current-to-voltage converter, 258

current-to-voltage converter (lab), 269–271

detailed schematic (’411), 395

difference amplifier, 301

differential amplifier, 301

differentiator, 300

differentiator (lab), 306–307

feedback generalized, 259

finite gain

effect of phase shift, 402

follower, 252

follower (lab), 263

frequency compensation, 380–384

. . . imposes integration, 380–381

uncompensated and decompensated op-amps, 384

golden rules

conditional application, 281

when they apply, 256

imperfections, 284

balancing paths for Ibias, 288

bias current (Ibias), 288

DC, 284

dynamic, 284

gain rolloff (GBW product), 290

input and output voltage range, 292

noise, 292

offset current (Ioffset), 290

offset voltage, 286

output-current limit, 291

slew rate, 290

integrator, 294–299

integrator (lab), 303–306

offset trim, 304

self-trimming op-amp, 305

integrator tests op-amp, 298

inverting amplifier, 254

made from transistor array (lab), 214–219

non-inverting amplifier, 252

open-loop (lab), 263

phase shifter (lab), 266–267

photodetector (lab), 269–271

power booster, 258

push–pull buffer (lab), 268

rail-to-rail, 293

single-supply AC amplifier (lab), 308–309

slew rate (lab), 308

source of name, 251

specifications, ordinary and premium, 294

summing amplifier, 255

transresistance amplifier, 258

virtual ground, 255

OR as Set/Pass* function, 575

ORG

(RIDE assembler/compiler/simulator), 947

ORG (assembler/compiler), 817

OS-CON capacitor (lab), 459

oscillator, 326–335

applied as suntan alarm, SiLabs (lab), 899

implemented with SiLabs comparator (lab), 897

FM using ’555 (lab), 342

IC: ’555, 329

IC: recent, 330

relaxation (IC inverter), 328

relaxation (op-amp), 327

sinusoid: Wien bridge, 331–334

triangle (lab), 342

oscillator (lab)

IC oscillator: ’555, 341–343

op-amp relaxation, 338

PWM motor drive, 340

RC: IC Schmitt trigger, 339–341

sinusoid: Wien bridge, 343–344

oscilloscope

probe, 109

oscilloscope (lab: first view), 32

triggering, 32–33

oscilloscope advice

triggering, 1099–1103
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“auto” vs “norm”, 1102

vertical mode, 1101

oscilloscope probe

compensation, 112

output current limit

op-amp (lab), 264

output impedance, 14

overflow (worked), 644

oversampling, 709

PAL, 526, 597

parasitic oscillation, 394–395

discrete follower, 367–371

discrete follower (lab), 374–376

general remedies, 372

generally, 356

op-amp

capacitive load as problem, 362–365

capacitive load: remedy 1, feed back less, 363

capacitive load: remedy 2, move feedback, 364

capacitive load: remedy 3, split feedback, 364

capacitive load: remedy 4, specialized driver, 365

frequency compensation as remedy, 359–360

gain roll-off as remedy, 361

generally, 356–359

phase lag as cause, 358

op-amps

stability criteria, generally, 365–367

operational amplifier (lab), 377–379

remedy: snubber, 379

remedy: split feedback, 379

remedy: base resistor (lab), 376

remedy: ferrite bead (lab), 376

parasitic oscillation (lab)

comparator, 337

PCA, SiLabs (lab), 895

phase margin, 383

phase shift

hiding from it, 60

rules of thumb, 69

phase splitter, 189–190

phase splitter (worked), 182

phase-locked loop, 716–722

applications, 720

FM demodulation (lab), 732

loop filter (lab), 730–731

phase detector

edge-sensitive, 717

edge-sensitive compared to XOR, 717

XOR, 716

XOR (lab), 732

stability, 720–722

lead-lag filter, 720–721

phase-locked loop (lab), 729–733

phasor diagram, 70

PID

‘I: integral of error (lab), 432

controller design, 410

D: derivative of error

calculating (lab), 429

D: derivative of error (lab), 428

effect of derivative, 415–420

formal description, 411

I: integral of error (lab), 430

integral, 420

motor control loop, 408

P: proportional to error (lab), 427–428

phase margin, 413

sample applications, 408

setting D gain, 417

the problem, 407

PLD, 526, 597–1079

structure, 598–599

PLL

see “phase-locked loop”, 716

POP

SiLabs (lab), 846

positive feedback

hysteresis, 324–326

oscillators, 326–335

potentiometer, 12

as variable resistor, 12

construction, 13

power, 4, 8

P = IV justified, 9

power dissipation

variable resistor, 459

power supply

filter capacitor, 124

fuse, 125

split, 120

transformer current rating, 125

transformer voltage, 123

unregulated, 123–126

power, in resistor, 8

priority

interrupt, natural (lab), 935

probe

oscilloscope, 109

probe compensation, 112

program “loop: origin of term, 815

program microcontroller

Dallas 89C430

hardware (lab), 1013

Dallas DS89C430 (lab), 1012

programmable logic array, 526

project

examples

etch-a-sketch, 1027

game: asteroids on scope, 1042

game: pacman on scope, 1041

inverted pendulum, 1039

laser character display, 1025–1026

sound source detector, 1026

spinning LED display, 1036

vehicles, 1036–1039

X–Y table, 1028

inverted pendulum, 1041

projects

hardware

displays, 1048

motors, 1044, 1045
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muscle wire, 1045

stepper motor drive, 1049–1051

nitinol actuator, 1045

software

LCD drive, keypad scan, 1052

transducers

accelerometer, 1047

color discriminator, 1046

force, 1047

gyro, 1047

infrared, 1046

magnetic field, 1047

speech recognition, 1048

ultrasonic, 1046

projects (general advice), 1025

PROM, 652

propagation delay (lab), 589

PSEN* (lab), 786

PSENDRV* (lab), 786

pseudo-static RAM, 653

PSOC (Cypress), 1023

pulse duration program (lab), 1018

pulse-width measuring program (lab), 1014

pulse-width modulation, 700

PUSH

SiLabs (lab), 846

push–pull

SiLabs port option, 871

push–pull follower

. . . simple, 158

PWM

controller hardware, SiLabs (lab) , 894–897

configuration, SiLabs (lab), 895

see “pulse-width modulation”, 700

Q, 115–116

Q (quality factor), 131–133

QAM, 516

Quality factor, 115

quiescent defined, 178

race (digital), 608

radio

AM demodulation, 127, 130

AM receiver, 126–130

radio (lab)

see “AM radio”, 135

rail-to-rail op-amp, 293

RAM

block diagram, 649

synchronous SRAM, 652

types: static vs dynamic, 653

vs ROM, 652

RAM (lab), 661–663

ramp waveform, 53

RC

time constant, 55

RC circuit

impedance, 68

worst-case, 68

reactance, 59

capacitor, 59

reaction timer

controller version (lab), 1016

reaction timer (lab), 750

rectifier

full-wave, 120

half-wave, 119

rectifier, full-wave (lab), 134

rectifier, half-wave (lab), 133

redundant cover, 609

REF200, 443

REF200 current-source IC, 463

reflections, 1092

relaxation: see oscillator, 327

relay, 486

RESET vector, 815

RESET51 (lab), 786

resistance, 7

dynamic, 7

parallel, 10

shortcuts, 11

resistor

“E12” values, 37

“ten percent” values, 37

carbon composition, 35

color code, 36

fabrication, 7

metal-film, 35

power, 38

tolerance, 36

resonance, 114

resonant RLC circuit, 113–118

resonant circuit (lab), 131–133

RETI, 910

RETI (lab), 886

reverb, 958

RIDE

.LST file, 951

“WATCH” window, 953

assembler directive, 947

simulation, 951–955

RIDE (assembler/compiler/simulator), 946–955

ringing, 117

ringing (lab), 133

ringing of LC circuit, 138

ripple counter, 583

contrasted with synchronous, 606

ripple counter (lab), 591

RLC circuit

ringing, 117

RLC (lab)

see resonant circuit, 131

ROM

varieties: EEPROM, 652

varieties: EPROM, 652

varieties: Flash, 652

vs RAM, 652

Romeo and Juliet, 574

Romeo and Juliet , 690

RS232, 966

RS232, SiLabs (lab) , 986–989
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sample and hold, 705

sample-and-hold

charge injection, 479, 483

errors, 480

sampling

aliasing, 735, 738–739

analogy with amplitude modulation, 740–743

artifacts of sampling, described in frequency domain, 739

filtering artifacts, 735

seen as multiplication, 742–743

sampling rate, 694

SAR

see binary search ADC, 705

SAR (lab), 724

saturation (bipolar)

effect upon Rin, 199

saturation voltage (discrete transistor) (lab), 175

Schmitt trigger, 324

Schmitt trigger (lab), 338

scope multiplexer (lab), 752

self-checking testbench, 1088

self-checking testbench (in Verilog), 1058–1060

sequential circuit, 575

SerDes, 966

serial buses, 966–974

I2C, 973

. . . a comparison, 974

“one-wire”, 973

Firewire and Thunderbolt, 973

IR remote, 972

JTAG, 973

SerDes, 966

several serial buses, compared, 973

SPI, 969–972

UART (RS232), 966

USB, 968

serial link

LCD, 1007

servomotor (lab), 981

SET*, RESET* (lab), 589

setup time, 586, 605

shadow RAM, 653

Shannon

see Nyquist sampling theorem, 694

shift register, 586

shift-register (lab), 594–595

simulation

RIDE assembler/compiler/simulator, 951–955

sinewave generator (lab), 751

single-breadboard counter lab, 620

single-slope ADC, 616

single-step

SiLabs IDE, 806

slow clock edge (lab), 590

slow-blow fuse, 126, 143

SPI, 969–972

SPI RAM, 1009

SPI bus (lab), 979

SPI RAM

hardware (lab), 1018

SPI, SiLabs (lab) , 984

split feedback (lab), 379

split feedback (worked example), 403

split power supply, 120

SR flip-flop (lab), 588

SR latch, 576

SR latch (lab), 588

stack, 826

for short-term storage, generally, 827

state machine, 655–660

(lab), 663–669

RAM-based (lab), 665–669

state machine (in Verilog), 1071

static RAM, 653

STEP PAL

schematic (lab), 803

single-step (lab), 787

Verilog code (lab), 804

STEP PAL (lab) , 787–790

stopwatch (lab), 631–633

storage scope program (lab), 978

subroutine, 826, 830

equivalent to function in C, 829

SiLabs (lab), 844

simulation, 828

subroutine (lab), 842

summing circuit, 255

suntan alarm (lab), 899

sweeping frequencies (lab), 81

sweeping function generator frequencies, 93

analog generator

analog scope: timed display, 97

analog scope: XY, 95–96

digital scope, 97

artifacts caused by fast sweep, 96, 98

digital generator

digital scope, 98

switch

bipolar transistor, 166

switch debouncer, 577, 582

switch, bipolar transistor (lab), 174, 176

switched-capacitor DAC, 699

switching amplifier, 471

switching amplifier (lab), 495

symbols, descriptive (assembler/compiler), 818

SYNC OUT (function generator output), 33

synchronizer

on carry-out (worked), 646

synchronizer (lab), 595

synchronous

meaning, 584

synchronous carry

for overflow (worked), 645

synchronous carry-out, 612

synchronous circuit

advantages, 603

synchronous counter, 584–586

contrasted with ripple, 606

synchronous counter (lab), 591–592

synchronous SRAM, 652

T flip-flop, 590
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T network, 297

T-flop, 584

temperature effects

current mirror, 223

temperature instability, 196–201

remedy

RE, 197

compensation with second transistor, 200

explicit feedback, 199

temperature response (bipolar), 196

temperature stability

diff-amp (worked example), 239

Terminal (SiLabs utility) (lab), 987, 992

test loop (lab), 791

testbench (in Verilog), 1055

thermal calculation: MOSFET (lab), 486

thermal runaway

op-amp push–pull, 242

thermally conductive gasket, 463

Thevenin

model, 15

resistance, 15

shortcut, 16

shortcut: justifying, 15

voltage, 15

Thevenin model (lab), 26–27

three-state, 535

buffer keypad (lab), 662

where needed, 648

three-state (lab), 545

three-state buffer (lab), 545

Thunderbolt, 973

time constant, 55

time constant (lab), 78–79

time-domain (lab), 78

timer

code, SiLabs (lab), 891, 893

timer, 8051 (lab), 980–982

TIP110 Darlington transistor pair, 349

tolerance (resistor), 36

tolerance codes, capacitor, 89

tracking ADC, 705

transistor (bipolar)

beta, 158–160

Early effect, 224–227

calculating Rout, 226

emitter resistors as remedy, 227

limit to amplifier gain, 230

remedies, 227–230

Wilson mirror, 227

first model, 154

symbol, 154

temperature effects

mirror, 223

transistor pinout (lab)

by experiment, 169

transistor summary

Early Effect, 235

impedances, common-emitter amp, 234

impedances, diff-amp, 234

Miller Effect, 235

switch, 235

transistor switch

bipolar, 166

transistors (bipolar)

. . . why they are hard, 189

common-emitter amplifier

bypassed-emitter, 197

Ebers–Moll model, 190

effect of saturation upon Rin, 199

grounded-emitter amplifier, 193–195

phase splitter, 189

temperature instability, 196–201

transmission gate, 466

transmission lines, 23, 1089

reflections, 1092

series termination, 1095

transparent latch, 578

transresistance amplifier, 258

tri-state, 535

triangle waveform, 53

truth table, 520

TTL

syncing output from function generator, 33

TTL (function generator output), 33

two’s-complement, 518

worked example, 555–556

two’s-complement (lab), 841

UART, 966

uncompensated op-amp, 384

universal gate, 521

USB, 968

variable resistor, 12

VCO

group audio project, 504, 505

VCVS (lab), 374

VCVS filter, 354, 386

VCVS filter (lab), 373

Verilog, 526, 527, 571, 1053–1079

“always @” form, 1060–1062

“case”, 1072

“parameter”, 1072

behavioral versus structural design, 1064–1065

blocking vs non-blocking assignments, 1077–1079

case, 1071

flip-flop, 1060–1062

hierarchical design, 1065–1070

instantiation, 1056–1058

state machine, 1071

bus arbiter example, 1075

synchronous carry out, 1072

template files, 1076

testbench, 1055

initialize, 1062, 1069

self-checking, 1058–1060

tabular output, 1057

verilog

schematic views, 1083

simulation, 1085

simulation procedure, 1087

synthesize, 1082
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testbench, 1086

self-checking, 1088

VHDL, 526

virtual ground, 255

volatility (of memory), 653

voltage divider, 11

voltage divider (lab), 26

voltage regulator

317 (adjustable), 441

78xx (fixed), 439

crowbar (lab), 457

crowbar circuit, 444

current limit, 436

dropout voltage, 437

evolving a design , 434–437

IC regulator

adjustable, 440

fixed, 439

LM317 (adjustable), 440

low-dropout regulator, 438

stabilization, 436

switching, 445–450

configurations: boost, buck, invert, 446

efficiency, 447

inverting (lab), 461

step-down (“buck”) (lab), 460

step-up (“boost”) (lab), 458

web applications for design, 449

Williams, Jim, 450

switching (lab), 457

thermal calculation (lab), 454

thermal design, 441

three-terminal, adjustable (lab), 456

three-terminal, fixed (lab), 454–456

voltage reference IC, 435

zener, 434

voltage, defined, 6

Von Neumann computer, 771

VP01 (lab), 271, 453

watch

SiLabs IDE, 807

watchdog (microcontroller), 777

watchdog timer (lab), 798

waveform

ramp, 53

triangle, 53

WE*, 649

Wien bridge, 331

Wien bridge oscillator (lab), 343–344

Wilson mirror, 227

wired OR, 534

Woody Allen, 325

worst-case impedance, 68

XC9572, 1081

XC9572XL, 1081

Xilinx, 598

Xilinx ISE, 1081

XOR as Invert/Pass* function, 574

ZC , 60

zener diode, 122
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