
Index

1’s complement 5, 6
10’s complement 5
15’s complement 5
16’s complement 5
16-bit microcontrollers 588–90

68HC12 family 588, 589, 590
68HC16 family 588

16-bit microprocessor 547–51
80186 microprocessor 548
80286 microprocessor 548–9
8086 microprocessor 547–8
MC68000 microprocessor 549–51

16XX series PAL 340–1, 342, 343, 344

2’s complement 5, 6
22V10 PAL 340

32-bit microcontrollers 590–2
683XX family 590–1
LPC3000 family 591–2
MCFXXX family 591
MCORE family 591
MPC500 family 591
TRICORE family 592

32-bit microprocessors 551–7
80386 microprocessor 551–3
80486 microprocessor 551, 555–7
MC68020 microprocessor 551, 553–4
MC68030 microprocessor 551, 554–5
PowerPC RISC microprocessor 557

4000 CMOS series 117, 165–7
4000 A CMOS series 117, 165
4000 B CMOS series 117, 165–7
4000 UB CMOS series 117, 165–7

4004 527
4040 527
4221 BCD code 20
4585 magnitude comparator 262, 263, 264

54/74AC CMOS series 117, 168
54/74ACT CMOS series 117, 168
54/74C CMOS series 117, 167
54/74HC CMOS series 117, 167
54/74HCT CMOS series 117, 167
5421 BCD code 20
555 monoshot triggering on leading edges 371
555 monoshot triggering on trailing edges 370
555 Timer IC 363–71

6800 microprocessor 528, 544–6
addressing modes 545
instruction set 545
registers 545

683XX family of microcontrollers 590–1
68HC05 family of microcontrollers 583
68HC11 family of microcontrollers 584–5, 586
68HC12 family of microcontrollers 588, 589, 590
68HC16 family of microcontrollers 588
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7’s complement 5
74164 SIPO shift register 452, 453
74166 PISO shift register 452, 454, 455
74182 look ahead carry generator 256, 259
74194 universal shift register 455–8
74199 PIPO shift register 453, 456
74284 multiplier 260, 261
74285 multiplier 260, 261
74293 counter 418, 419
7483 adder 246
7485 magnitude comparator 262, 263, 264
7491 SISO shift register 451

8’s complement 5
8008 527
80186 microprocessors 528, 548
80286 microprocessor 528, 548–9
80386 microprocessor 528, 551–3

addressing modes 552–3
instruction set 551–2
registers 551

80486 microprocessor 528, 555–7
instruction set 556
operating modes 556–7
registers 556

8080 528
8085 microprocessor 528, 541–4

addressing modes 542
instructions 542
registers 542

8086 microprocessor 528, 547–8
addressing modes 547
instruction set 547
internal architecture 547
pin-out configuration 547
registers 547

8088 528
80C31FA microcontroller 582
80C31RA+ microcontroller 583
80C32 microcontroller 583
80C51/87C51/80C31 580–2

addressing modes 581
architecture 580, 581
instruction set 582
interrupts 582
microcontroller related features 580
peripheral related features 580
pin connection diagram 580, 582
power modes 582
registers 580–1

8421 BCD code 19, 20, 21, 22
89C51 microcontroller 583

architecture 583
microcontroller related features 583
peripheral related features 583
pin-connection diagram 583

8-bit microcontrollers 580–8
68HC05 583
68HC11 584–5, 586
80C31RA+/8XC51RA+/RB+/RC+ 583
80C32/8XC52/54/58 583
80C51/87C51/80C31 580–2
89C51 583
8XC51 RD+ 583
PIC 16X84 family 585–6, 587
XC-800 family 586–8

8-bit microprocessors 541–6
6800 microprocessor 544–6
8085 microprocessor 541–4
Z80 microprocessor 546

8XC51FA/FB/FC microcontroller 582
8XC51RA+/RB+/RC+ microcontroller 583
8XC51RD+ microcontroller 583
8XC52/54/58 microcontroller 583

9’s complement 5

A/D converter 473, 495–522
A/D converter terminology 499–500
applications 520–2
integrated circuit A/D converters 513–20, 521
specifications 495–9
types 500–11

A/D converter applications 520–2
data acquisition 520, 521–2

A/D converter specifications 495–9
accuracy 495, 496
acquisition time 495, 498
aliasing phenomenon 495, 496
aperture time 495, 498
code width 495, 499
conversion time 495, 498
differential nonlinearity 495, 497–8
gain drift 495, 496
gain error 495, 496
nonlinearity 495, 497
offset drift 495, 496
offset error 495, 496
quantization error 495, 496–7
resolution 495–6
sampling frequency 495, 496

A/D converter terminology 499–500
bipolar mode operation 499
coding 499
command register 500



Index 709

A/D converter terminology (Continued)
control lines 500
high byte 499
left justified data 499
low byte 499
right justified data 499
status register 500
unipolar mode operation 499

A/D converter types 500–11
counter-type A/D converter 500, 504–5
dual-slope A/D converter 500, 506, 507–8
flash A/D converter 500–3
half-flash A/D converter 500, 503–4
multi-slope A/D converter 500, 506, 508–9
pipeline A/D converter, see Half-flash A/D

converter
quad-slope A/D converter 509
sigma-delta A/D converter 500, 509–11
simultaneous A/D converter, see Flash A/D

converter
single-slope A/D converter 500, 506–7
successive approximation type A/D converter

500, 505–6
tracking-type A/D converter 500, 505
triple-slope A/D converter 508–9

ABEL-Hardware Description Language 338, 339
Absolute addressing mode 534–5
Absorption law 197
Accumulator 530
Accumulator-based architecture 577
Accumulator register 260
Accuracy-A/D converter 495, 496
Accuracy-analogue oscilloscope 673, 674
Accuracy-D/A converter 476, 477
Accuracy-digital storage oscilloscope 674, 676–7
Accuracy-frequency counter 682, 683
Acquisition time-A/D converter 495, 498
Act-1 FPGA 350–1
Act-2 FPGA 350–1
Act-3 FPGA 350–1
Actel antifuse 336
Active HIGH decoding 429
Active LOW decoding 429
AD-5240 A/D converter 513, 516–518
AD-7524 D/A converter 486, 489
AD 7820 A/D converter 513, 516, 519
AD ADC-80 A/D converter 513, 515–516, 517
AD ADC-84 A/D converter 513, 516, 518
AD ADC-85 A/D converter 513, 516, 518
ADC-0800 A/D converter 513–514, 515
ADC-0808 A/D converter 513, 514–515, 516
ADC-80 A/D converter 513, 515–516, 517
ADC-84 A/D converter 513, 516, 518

ADC-85 A/D converter 513, 516, 518
Adder–subtractor 245–6, 247
Addition of larger-bit binary numbers 49–52
Addition using the 2’s complement method 49–52
Address bus 526
Addressing modes 534–7

absolute addressing mode 534–5
immediate addressing mode 534, 535
implicit addressing mode 534, 537
indexed addressing mode 534, 536–7
memory direct addressing mode, see Absolute

addressing mode
register direct addressing mode 534, 535, 536
register indirect addressing mode 534, 535–6
relative addressing mode 534, 537

Addressing modes-80C51 581
Advanced low power Schottky TTL 116, 124, 137–9
Advanced Schottky TTL 116, 124, 137, 139–40
Aliasing phenomenon-A/D converter 495, 496
Alphanumeric codes 27–38

American Standard Code for Information
Interchange, see ASCII code

ASCII code 27, 28–31, 37
EBCDIC code 27–8, 31–7
Extended Binary Coded Decimal Interchange Code,

see EBCDIC code
Unicode 28, 37–8

Alphanumeric terminal 645
ALU 260, 528, 529
AMD64 528
American Standard Code for Information Interchange,

see ASCII code
Analogue computer 608
Analogue oscilloscope 669, 672, 673–4
Analogue-to-digital converter, see A/D converter
Anatomy of a computer 605–7

central processing unit 605, 606
input/output ports 605, 607
memory 605, 606–7

AND gate 69, 71, 73–5
AND-OR-INVERT gates 87, 89, 90
ANSI symbols, see IEEE/ANSI standard symbols
ANSI X3.4-1968 28
ANSI X3.4-1977 28
ANSI X3.4-1986 28
ANSI/IEEE STD 754-1985 see IEEE-754 standard
Antifuse 300, 308, 334, 335–6, 337
Antifuse-based FPGA 349
Aperture time-A/D converter 495, 498
Application relevant information-arithmetic circuits

266
Application relevant information-counters and

registers 466, 468–9
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Application relevant information-flip flops 407–8
Application relevant information-level translator

ICs 184
Application relevant information-logic gates 107–9
Application relevant information-microcontroller

580–92
16 bit microcontrollers 588–90
32 bit microcontrollers 590–2
8 bit microcontrollers 580–8

Application relevant information-PLDs 340–52
application relevant information-CPLD 343–9
application relevant information-FPGA 349–52
application relevant information-SPLD

340–3, 344
Arbitrary waveform generator 690, 691
Arithmetic circuits 236–66

adder–subtractor 245–6, 247
application relevant information 266
arithmetic logic unit 260
BCD adder 246–9
controlled inverter 236, 244–5
full adder 236, 237–40, 241
full subtractor 236, 242–4, 245
half adder 236–7
half subtractor 236, 240–2
look ahead carry generator 254–7, 258, 259
magnitude comparator 261–4
multipliers 260–1

Arithmetic instructions 531, 532–3
Arithmetic logic unit, see ALU
Arithmetic operations 47
ARM926EJ core 591
ASCII code 27, 28–31, 37
ASCII-8 see US ASCII-8
Assembler 540
Assembly language 540
Associative laws 194–5
Astable multivibrator 357, 362–3, 364–7, 368
Astable multivibrator using timer IC 555 364–7, 368
Asynchronous communication interface 571–2
Asynchronous counter, see Ripple counter
Asynchronous input active pulse width 399, 401–2
Asynchronous inputs 398
Asynchronous SRAM 612, 613–616, 617
Asynchronous SRAM timing diagram 614–616, 617
Asynchronous timing mode-logic analyser 692
Auxiliary storage, see secondary storage

Bandwidth-analogue oscilloscope 673
Bandwidth-digital storage oscilloscope 674–5
Bandwidth-frequency counter 682
Basic logic gates 71

Basic multilingual plane 38
BCD 19–21

BCD-to-binary conversion 20
binary-to-BCD conversion 20
higher density BCD encoding 21
packed BCD numbers 21
unpacked BCD numbers 21

BCD adder 246–9
BCD addition in excess-3 code 57
BCD counter 426
BCD input D/A converter 482–3
BCD subtraction in Excess-3 code 57
BCD-to-binary conversion 20
BCD-to-decimal decoder 431, 432
BiCMOS inverter 171
BiCMOS logic 115, 116, 170–2

BiCMOS inverter 171
BiCMOS NAND gate 171–2

BiCMOS NAND gate 171–2
Bidirectional shift register 455
Binary addition 47–51
Binary coded decimal, see BCD
Binary codes 19–43

alphanumeric codes 27–38
ASCII code 27, 28–31, 37
binary coded decimal 19–21
cyclic redundancy check code 41–2
EBCDIC code 27–8, 31–7
error detection and correction codes 40–3
excess-3 code 21–22
gray code 23–6
Hamming code 42–3
parity code 41
repetition code 41
seven-segment display code 38–40
Unicode 28, 37–8

binary digit, see Bit
Binary division 60–2

repeated right-shift and subtract algorithm 61
repeated subtract and left-shift algorithm 62

Binary-Gray code conversion 24
Binary ladder network 475–6
Binary multiplication 58–60

repeated add and right-shift algorithm 58, 59–60
repeated left-shift and add algorithm 58, 59

Binary number system 2, 3–5
Binary reflected Gray code 23, 25
Binary ripple counter 413–420
Binary ripple counter with a modulus less than 2N

416–418
Binary subtraction 47, 48–9, 52–5
Binary-to-BCD conversion 20
Binary-to-decimal conversion 6
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Binary-to-hex conversion 10, 11
Binary-to-octal conversion 9, 11
BIOS 611
Bipolar-CMOS Logic, see BiCMOS Logic
Bipolar families 116
Bipolar mode operation-A/D converter 499
Bipolar output D/A converter 479, 480
Bistable multivibrator 357–8
Bit 4
Boolean algebra 189–226

postulates 192
simplification techniques 204–26
theorems 192–202

Boolean algebra-simplification techniques 204–26
Karnaugh map method 204, 216–26
Quine–McCluskey tabular method 204, 208–14

Boolean expressions 190–1, 204–8
canonical form of Boolean expression 206
complement of a Boolean expression 190–1
dual of a Boolean expression 191
equivalent of a Boolean expression 190
expanded forms of Boolean expression 206
literals 190
Pi (�� nomenclature 207–8
product-of-sums Boolean expression 204,

205–6
sigma (�� nomenclature 207–8
sum-of-products Boolean expression 204–5
terms 190
variables 190

Borrow-in 48–9
Borrow-out 48–9
Branch instructions, see Control transfer

instructions
Buffer register 529–30
Buffers 98
Burst extended data output (BEDO) DRAM 622
Bus 526
Byte 4

Cache memory 606, 622, 623
Call instruction 533, 534
CAN bus 569, 573
Canonical form of Boolean expressions 206
Carry generate 254, 256
Carry-in 48, 238–9
Carry-out 47–8, 238–9
Carry propagate 254, 256
Carry propagation 254
Carry propagation time 254
Cascading counters 433–6

cascading BCD counters 435–6

cascading binary counters 433–5
Cascading decoders 288
Cascading magnitude comparator 263–4
Cascading multiplexers 280
CD-R 649
CD-ROM 648, 649
CD-RW 649
Celeron processor 560
Central processing unit, see CPU
Channel count-logic analyser 695, 696
Character codes, see Alphanumeric codes
Characteristic equations 377
Characteristic parameters of logic families, see Logic

families-characteristic parameters
Characteristic table 376, 378
Check bits 40
Checksum method 665
Chen-Ho encoding 21
Circulating register, see Ring counter
CISC 528, 531, 541
Classification-digital ICs 183–4

large scale integration 183, 184
medium scale integration 183, 184
small scale integration 183, 184
ultra large scale integration 183, 184
very large scale integration 183, 184

Classification of computers 607–10
on the basis of applications 607–8
on the basis of size and capacity 609–10
on the basis of technology used 608

CLEAR input 398
Clock generator 560, 563
Clock pulse HIGH Time-flip flop 399, 401
Clock pulse LOW Time-flip flop 399, 401
Clock skew 659
Clock transition time-flip flop 399, 402
Clocked flip flop 377
Clocked R-S flip flop 377–81
Clocked R-S flip flop with active HIGH inputs 379
Clocked R-S flip flop with active LOW inputs 379,

380–1
CML, see ECL
CMOS AND gate 154, 155
CMOS AND-OR-INVERT gate 157–9
CMOS bilateral switch, see CMOS Transmission

gate
CMOS exclusive-NOR gate 156, 158
CMOS exclusive-OR gate 154, 156, 157
CMOS-floating inputs 162–3
CMOS-guidelines 179
CMOS-input protection 163, 164
CMOS inverter 151–2
CMOS-latch up condition 163–5



712 Index

CMOS logic family 116, 117, 151–68
AND gate 154, 155
AND-OR-INVERT gate 157–9
Exclusive NOR gate 156, 158
Exclusive OR gate 154, 156, 157
floating inputs 162–3
guidelines to using CMOS devices 179
input protection 163, 164
inverter 151–2
latch up condition 163–5
NAND gate 152–3
NOR gate 153–4, 155
open drain output 161–2
OR-AND-INVERT gate 157–60
OR gate 154, 156
subfamilies 117, 165–8
transmission gate 160–1
tristate outputs 162, 163
unused inputs 162–3

CMOS NAND gate 152–3
CMOS NOR gate 153–4, 155
CMOS open drain output 161–2
CMOS OR-AND-INVERT gate 157–60
CMOS OR gate 154, 156
CMOS subfamilies 117, 165–8

4000 series 117, 165–7
74AC/ACT series 117, 168
74C series 117, 167
74HC/HCT series 117, 167

CMOS-to-ECL interface 183, 184
CMOS-to-TTL interface 179–80, 181
CMOS transmission gate 160–1
CMOS-tristate output 162, 163
CMOS-unused inputs 162–3
Code density 539
Code table 37, 38
Code width-A/D converter 495, 499
Code width uncertainty-A/D converter 499
Coded keyboard 594
Coding-A/D converter 499
ColdFire Version 2 core 591
Combinational logic 69
Combinational logic circuit 233–6
Command register-A/D converter 500
Common anode seven-segment display 39, 40
Common cathode seven-segment display 39, 40
Commutative laws 194
Compact Disc Read, see CD-R
Compact Disc Read/Write, see CD-RW
Compact Disc ROM, see CD-ROM
Companding D/A converter 478, 479, 480
Compiler 540
Complement of a Boolean expression 190–1

Complementary Metal Oxide Semiconductor logic
family, see CMOS logic family

Complementary output gates 91, 93
Complementation law 193
Complex Instruction Set Computer, see CISC
Complex programmable logic device, see CPLD
Components of a microcontroller 567–74

A/D converters 567, 569–70
central processing unit 567, 568
controller area network (CAN) bus 569, 573
counters/timers 567, 569, 570–1
I/O ports 569, 570
interintegrated circuit (I2C) bus 569, 572–3
local interconnect network (LIN) bus 569, 573–4
peripheral components 567, 569–74
random access memory 567, 569
read only memory 567, 569
serial communication interfaces 569, 571–2
special function registers 567, 569

Computer-instrument interface standards 696–7
IEEE-488 interface 696–7

Computer memory 610–635, 645–50
auxiliary storage, see secondary storage
expanding memory capability 632–5
magnetic storage devices 645–8
magneto-optical storage devices 648
optical storage devices 648–50
primary memory 610, 611–35
random access memory 611–22
read only memory 611, 612, 622–31
secondary storage 610, 611, 645–50

Computer system 607–10
mainframe computers 609
microcomputers 609
minicomputers 609
personal computers 610
supercomputer 609, 610
types 607–10
workstation 610

Computer terminal 645
Computer word 4
Conditional jump instruction 533, 534
Consensus theorem 198–9
Contact bounce 594, 595
Continuous-count counter 682
Control bus 526
Control lines-A/D converter 500
Control transfer instructions 531, 533–4
Control unit 528, 531
Controlled inverter 236, 244–5
Controller area network, see CAN
Conversion speed-D/A converter 476, 477–8
Conversion time-A/D converter 495, 498
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CoolRunner 347–8
Counter type A/D converter 500, 504–5
Counter/timer 567, 569, 570–1
Counters 411–42, 464–6, 467, 468–9

application relevant information 466, 468–9
asynchronous counter, see Ripple counter
BCD counter 426
binary ripple counter 413–419
binary ripple counter with a modulus of less than

2N 416–18
cascading counters 433–6
decade counter 426
decoding a counter 428–33
designing counters with arbitrary sequences

438–42
DOWN counter 421
IEEE/ANSI symbology 464–6
modulus of a counter 413
parallel counter, see Synchronous counter
presettable counters 426–8
propagation delay in ripple counters 412–413
ripple counter 411–419
ripple counters in IC form 418, 419
synchronous counter 413, 423–5
UP counter 423–4
UP/DOWN counter 425–6
variable modulus with presettable counters 428,

429
CPLD 306, 328–31

applications 330–1
internal architecture 328–30

CPLD-applications 330–1
CPLD-I/O control block 328
CPLD-internal architecture 328–30
CPLD-logic block 328
CPLD-programmable interconnect matrix 328, 329
CPU 567, 568, 605, 606
CRC code 41–2
CRT display 644
Current injection logic, see Integrated Injection Logic
Current mode logic, see ECL
Current output version-DAC-80 D/A converter 487,

488
Current steering mode-D/A converter 480–1
Current transients 142
Customized computing 333
Cyclic property of Gray code 23
Cyclic redundancy check code, see CRC code

D flip flop 394–5, 396, 397
J–K flip flop as D flip flop 395, 397

D latch 395, 397

D/A converter 473–95
applications 490–5
BCD input D/A converter 482–3
binary ladder network 475–6
bipolar-output D/A converter 479, 480
companding type D/A converter 478, 479,

480
current steering mode 480–1
integrated circuit D/A converter 486–9
modes of operation 480–2
multiplying-type D/A converter 479–80
resistive divider network 474–5
specifications 476–9
types 479–80
voltage steering mode 480, 481–2

D/A converter applications 490–5
audio attenuator 490
digitally controlled filters 490, 493–5
divider 490, 491
low-frequency function generator 490,

492–3
multiplier 490
programmable gain element 490
programmable integrator 490, 491–2

D/A converter-modes of operation 480–2
current steering mode 480–1
voltage steering mode 480, 481–2

D/A converter specifications 476–9
accuracy 476, 477
conversion speed 476, 477–8
differential nonlinearity 476, 478
dynamic range 476, 478
monotonocity 476, 478, 479
nonlinearity 476, 478
resolution 476–7
settling time 477–8

D/A converter types 479–80
bipolar output D/A converter 479, 480
companding D/A converter 479, 480
multiplying type D/A converter 479–80

DAC-08 D/A converter 486–7
DAC-0808 D/A converter 486, 487
DAC-1408/ DAC-1508 D/A converter 486,

489
DAC-80 D/A converter 486, 487, 488
Data acquisition 520, 521–2
Data integrity 573
Data selector, see Multiplexer
Data storage and transfer circuits 402
Data transfer instructions 531
Debugger 540
Decade counter 426
Decimal digits of precision 13
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Decimal equivalent 6–7
binary-to-decimal conversion 6
hexadecimal-to-decimal conversion 6, 7
octal-to-decimal conversion 6–7

Decimal number system 1, 2–3, 5
Decimal-to-binary conversion 7–8
Decimal-to-hexadecimal conversion 9
Decimal-to-octal conversion 8
Decimation filter 511
Decoder 285–8
Decoding a counter 428–33
Delay flip flop, see D flip flop
Delay line 98
Delta encoded A/D converter, see Tracking type A/D

converter
Delta modulator 509, 511
DeMorgan’s theorem 199–200
Demultiplexer 285
Densely packed decimal 21
Design entry 337
Designing counters with arbitrary sequences 438–42
Detecting the sequence of edges 404–5
Differential nonlinearity-A/D converter 495, 497–8
Differential nonlinearity-D/A converter 476, 478
Digital arithmetic 47–66

BCD addition 57
BCD subtraction 57
binary addition 47–51
binary division 60–2
binary multiplication 58–60
binary subtraction 47, 48–9, 52–5
floating-point arithmetic 64–6

Digital computer 608
Digital IC-based monostable multivibrator 363, 364,

365
Digital multimeter 665–7, 668

advantages 666
inside the digital multimeter 666
significance of the half digit 666–7

Digital oscilloscope 669–72
Digital storage oscilloscope 668, 669–70, 674–7
Digital-to-analogue converter, see D/A converter
Digital Versatile Disc ROM, see DVD-ROM
Digitally controlled filter 490, 493–5
Diode logic, see DL
Diode transistor logic, see DTL
Direct digital synthesis 687–9
Direct frequency synthesis 684– 685
Direct memory access, see DMA
Display 644–5
Distributive laws 195–6
DL 116, 117
DMA 526

DMA controller 526, 560, 561–2
Dot-matrix printer 644
Double-extended precision format 14
Double precision format 14, 15
DOWN counter 421
DRAM 612, 619–22

burst extended data output (BEDO) DRAM 622
DRAM architecture 620
extended data output (EDO) DRAM 622
fast page mode (FPM) DRAM 622
synchronous (S) DRAM 622
timing diagram 621
types of DRAM 622

DRAM architecture 620
DRAM timing diagram 621
DTL 116, 117
Dual of a Boolean expression 191
Dual slope A/D converter 500, 506, 507–8
Dumb terminal 645
DVD-ROM 649, 650
Dynamic RAM, see DRAM
Dynamic range-D/A converter 476, 478

EBCDIC code 27– 28, 31–7
ECL 116, 118, 147–50

logic gate implementation 148–50
salient features 150
subfamilies 118, 147–8

ECL-OR/NOR gate 148–50
ECL-salient features 150
ECL subfamilies 118, 147–8

ECLinPS 118, 147, 148
ECLinPSLite 118, 147, 148
MECL 10E 118, 147, 148
MECL 10H 118, 147, 148
MECL 10K 118, 147, 148
MECL-I 118, 147
MECL-II 118, 147
MECL-III 118, 147

ECL-to-CMOS interface 183, 184
ECL-to-TTL interface 180, 183
ECLinPS 118, 147, 148
ECLinPSLite 118, 147, 148
Edge detector circuit 381–2, 383
Edge-triggered Flip Flop 377, 381–2, 383, 384
Editor 540
EEPROM 612, 624, 628
Electrically Erasable Programmable Read Only

Memory, see EEPROM
Embedded microprocessors 560
Embedded system 526–7
Emitter coupled logic, see ECL
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Encoder 280–3
EPROM 612, 628
Equivalent of a Boolean expression 190
Equivalent time sampling 669, 670
Erasable Programmable Read Only Memory, see

EPROM
Error detection and correction codes 40–3

cyclic redundancy check code 41–2
Hamming code 42–3
parity code 41
repetition code 41

Essential prime implicants 211
Even parity 41
Evolution of microprocessors 527–8
Ex-NOR gate, see Exclusive-NOR gate
Ex-OR gate, see Exclusive-OR gate
Excess-3 code 21–2
Excitation table of a flip flop 438–9
Exclusive-NOR gate 69, 80–1
Exclusive-OR gate 69, 76–7
Expanded form of Boolean expressions 206
Expanding memory capacity 632–5

memory location expansion 634–5
word size expansion 632–3

Exponent 12, 13
Extended Binary Coded Decimal Interchange Code,

see EBCDIC code
Extended data output (EDO) DRAM 622

Fairchild Advanced schottky TTL, see Fast TTL
Fall time 121
Fan-out 95–7, 98, 122
Fast page mode (FPM) DRAM 622
Fast TTL 116, 124, 140–1
Fault detection 653, 654
Fault isolation 653, 654
Field programmable gate array, see FPGA
Field programmable logic array, see FPLA
FireWire 638, 639
Fixed logic 299–302
Fixed logic device 300
FLASH-370 CPLD 347, 349
Flash A/D converter 500–3
Flash memory 628–9, 630
FLEX-10000 FPGA 349–50
FLEX-8000 FPGA 349–50
Flip flop 357, 373–408

application relevant information 407–8
applications 402–5
D flip flop 394–5, 396, 397
J–K flip flop 382–5, 387, 388, 391, 393, 395, 397
master–slave flip flop 382–4, 388

R-S flip flop 373–82
timing parameters 399–402
toggle flip flop 390–1, 392, 393

Flip flop applications 402–5
data storage and transfer circuits 402
detecting the sequence of edges 404–5
flip flop synchronizarion 404, 405
frequency division and counting

circuits 402
switch debouncing 402–4

Flip flop synchronization 404, 405
Flip flop timing parameters 399–402

asynchronous input active pulse width 399, 401–2
clock pulse HIGH time 399, 401
clock pulse LOW time 399, 401
clock transition times 399, 402
hold time 399, 400
maximum clock frequency 399, 402
propagation delay 399, 401
set-up time 399, 400

Floating-gate transistor switch 334–5
Floating inputs 141–2
Floating-point addition 65
Floating-point arithmetic 64–6

addition 65
division 65–6
multiplication 65–6
subtraction 65

Floating-point division 65–6
Floating-point multiplication 65–6
Floating point number format 13–16

ANSI/IEEE-754 format 13, 14–15
IEEE-754r format 14, 15–16
IEEE-854 standard 14, 16

Floating point numbers 12–16
exponent 12, 13
formats 13–16
mantissa 12, 13
normalized binary numbers 13
normalized numbers 12–13
precision 13
range of numbers 13
significand, see Mantissa

Floating-point subtraction 65
Floppy disk 647
Floppy disk controller 560, 563
Four axioms 11
FPGA 307–8, 331–3, 349–52

application relevant information 349–52
applications 333
internal architecture 331–3

FPGA-applications 333
FPGA-internal architecture 331–3
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FPLA 312
Fractional binary value 480
Frank Gray 23
Free-running multivibrator 365
Frequency counter 678–84

architecture 679–80
continuous-count counters 682
frequency ratio A/B 679
microwave counters 683–4
period 679
phase A relative to Phase B 679
reciprocal counters 681–2
specifications 682–3
time interval average 679
time interval measurement 679
totalize 679
universal counter-functional modes 679

Frequency counter specifications 682–3
accuracy 682, 683
bandwidth 682
resolution 682
sensitivity 682
throughput 682, 683

Frequency range-frequency synthesizer 689
Frequency switching speed-frequency synthesizer

689
Frequency synthesizer 684–9

direct digital synthesis 687–9
direct frequency synthesis 684–5
indirect synthesis 685–7
sampled sine synthesis, see Direct digital

synthesis
specifications 689

Frequency synthesizer specifications 689
frequency range 689
frequency switching speed 689
resolution 689
signal purity 689

Front panel controls-oscilloscope 668
Full adder 236, 237–40, 241
Full scale error-D/A converter, see Gain error-D/A

converter
Full subtractor 236, 242–4, 245
Fundamental quantization error 497
Fuse 300, 308, 334

Gain drift-A/D converter 495, 496
Gain error-A/D converter 495, 496
Gain error-D/A converter 477
GAL 305–6, 325–8
GAL 22V10 342–3, 345, 346
General purpose computer 607–8

General purpose registers 529, 530
Generic array logic, see GAL
George Boole 3
Glitches-decoder 431–3
Graphic terminal 645
Gray code 23–6

applications 25–6
binary-gray code conversion 24
binary reflected gray code 23, 25
cyclic property 23
gray code-binary conversion 25
N-ary gray code 25

Gray code applications 25–6
Gray code-binary conversion 25
Guidelines-CMOS devices 179
Guidelines-TTL devices 176–8

HAL 317
Half adder 236–7
Half digit-digital multimeter 666–7
Half-flash A/D converter 500, 503–4
Half subtractor 236, 240–2
HALT instruction 534
Hamming (7,4) code 43
Hamming code 42–3
Hamming distance 42
Hard Array Logic, see HAL
Hard disk 645–7
Hard wired control unit 531
Hardware compilation 338
Hardware description language, see HDL
Harvard architecture 574, 575
HDL 337, 338–40

ABEL 338, 339
Java HDL 339, 340
Verilog 339–40
VHDL 339

Hexadecimal number system 2, 4, 5
Hexadecimal-to-decimal conversion 6, 7
Hex-to-binary conversion 10, 11
Hex-to-octal conversion 10, 11
High byte-A/D converter 499
HIGH level input current 118, 119, 120
HIGH level input voltage 119, 120
High level language 540
HIGH level off-state output current 118
HIGH level output current 118, 119, 120
HIGH level output voltage 120
High power TTL 116, 124, 134–5
Higher density BCD encoding 21
Hold time 399, 400
Hold time-logic analyser 695
Hollerith code 27
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Hybrid computer 608
Hysteresis 90–1, 360

I/O blocks 307
I/O port-microcontroller 570
I2L logic 115, 116, 172, 174–6
IC timer-based multivibrators 363–71

astable multivibrator using timer IC 555 364–7,
368

monostable multivibrator using timer IC 555
367–71

ICL 7106 513, 517–20, 521
ICL 7107 513, 517–20, 521
Idempotent laws 193
Identity laws, see Idempotent laws
Idle mode 579
IEEE/ANSI standard 100–1
IEEE/ANSI standard symbol-logic gates 101–2
IEEE/ANSI standard symbols 100–2
IEEE/ANSI symbology-counters 464–6
IEEE/ANSI symbology-registers 464, 466, 467
IEEE-1284 standard 640, 641–2
IEEE-488 interface 640, 641, 696–7
IEEE-754 standard 13, 14–15
IEEE-754r standard 14, 15–16
IEEE-854 standard 14, 16
Image input devices 643
Immediate addressing mode 534, 535
Impact printer 644
Implementing Boolean functions with decoders

286–8
Implementing Boolean functions with multiplexers

273–7
Implicit addressing mode 534, 537
Indexed addressing mode 534, 536–7
Indirect synthesis 685–7
Industry standard architecture bus, see ISA bus
Infrared port (IrDA) 569
Inhibit gate 82–3
Inkjet printer 644
Input devices 526, 642, 643

image and video input devices 643
keyboard devices 643
pointing devices 643

Input port 605, 607, 637–42
parallel ports 607, 637, 640–2
serial ports 607, 637–40

Instruction cycle 542
Instruction register 529
Instruction set 542
Instruction set-80C51 582
Integral nonlinearity-A/D converter 497, 498

Integrated circuit A/D converter 513–20, 521
AD 7820 513, 516, 519
ADC-0800 513–514, 515
ADC-0808 513, 514–515, 516
ADC-80/AD ADC-80 513, 515–516, 517
ADC-84/ADC-85/AD ADC-84/AD

ADC-85/AD-5240 513, 516, 518
ICL 7106/ICL 7107 513, 517–20, 521

Integrated circuit D/A converter 486–9
AD7524 486, 489
DAC-08 486–7
DAC-0808 486, 487
DAC-1408/DAC-1508 486, 489
DAC-80 486, 487, 488

Integrated circuit multivibrators 363–71
IC based monostable multivibrator 363, 364, 365
IC timer based multivibrator 363–71

Integrated injection logic, see I2L logic
Intel’s Itanium 528
Intelligent terminal 645
Interface bus structure-virtual instruments 701–3
Interintegrated (I2C) bus 569, 572–3
Internal bus 642

ISA bus 642
local bus 642
PCI bus 642

Internal data bus 526
International Standards Organization (ISO) 28, 37
Interrupt 526
Interrupt instruction 533, 534
Interrupts-80C51 582
Inverting type programmable integrator 491–2
Involution law 202
ISA bus 642
ISO/IEC 8859 31
ISO-10646 37, 38
ISO-8859-1 31, 38
ispLSI series CPLD 346

Java HDL 339, 340
J–K flip flop 382–5, 387, 388, 391, 393, 395, 397

J–K flip flop as a toggle flip flop 391, 393
J–K flip flop as D flip flop 395, 397
J–K flip flop with PRESET and CLEAR inputs

382, 387
master–slave flip flops 382–4, 388

Johnson counter, see Shift counters

Karnaugh map method 204, 216–26
construction 216–21
Karnaugh map for Boolean expressions with a

large umber of variables 222–3
Karnaugh maps for multi-output functions 225–6
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Key hold 595
Keyboard devices 643

L1 cache, see Primary cache
L2 cache, see Secondary cache
Large scale integration, see LSI
Laser printer 644
Latency time 647
Left justified data-A/D converter 499
Level amplifier-D/A converter 476
Level-triggered flip flop 377, 381
LIN bus 569, 573–4
Linker 540
Liquid crystal display 644
Literal 190
LOAD instruction 531
Local bus 642
Local interconnect network, see

LIN bus
Logarithmic D/A converter 490
Logic analyser 692–6

architecture 692–5
operational modes 692
specifications 695–6

Logic analyser-architecture 692–5
clock generator 692, 694
memory 692, 693
probes 692, 693
storage qualifier 692, 695
trigger 692, 693
user interface 692, 695

Logic analyser-operational modes 692
asynchronous timing mode 692
synchronous state mode 692

Logic analyser-specifications 695–6
channel count 695, 696
hold time 695
memory depth 695, 696
probe loading 695–6
sample rate 695
set-up time 695

Logic blocks 307
Logic devices 299
Logic families 115–84

BiCMOS logic 115, 116, 170–2
characteristic parameters 118–23
CMOS logic family 116, 117, 151–68
CMOS subfamilies 117, 165–8
comparison 176, 177
ECL 116, 118, 147–50
ECL subfamilies 118, 147–8
guidelines 176–9

I2L logic 115, 116, 172, 174–6
interfacing 179–84
NMOS logic 116, 172, 174, 175
PMOS logic 116, 172–4
significance 115–116
TTL 115, 116, 124–43
TTL subfamilies 116, 124–41
types 116

Logic families-characteristic parameters 118–23
disable time from the HIGH state 121
disable time from the LOW state 121
enable time from the HIGH state 121
enable time from the LOW state 122
fall time 121
fan-out 122
HIGH-level input current 118, 119, 120
HIGH-level input voltage 119, 120
HIGH-level off-state output current 118
HIGH-level output current 118, 119, 120
HIGH-level output voltage 120
LOW-level input current 118, 119, 120
LOW-level input voltage 120
LOW-level off-state output current 119
LOW-level output current 118, 119, 120
LOW-level output voltage 120
maximum clock frequency 122
noise margin 122–3
power dissipation 122
propagation delay 121
rise time 121
speed-power product 122
supply current 121

Logic families-comparison 176, 177
Logic families-interfacing 179–84

CMOS-to-ECL interface 183, 184
CMOS-to-TTL interface 179–80, 181
ECL-to-CMOS interface 183, 184
ECL-to-TTL interface 180, 183
TTL-to-CMOS interface 180, 182
TTL-to-ECL interface 180, 183

Logic gate-applications 102–7
Logic gates 69–109

AND gate 69, 71, 73–5
AND-OR-INVERT gates 87, 89, 90
ANSI symbols 101–2
application relevant information 107–9
applications 102–7
Exclusive NOR gate 69, 80–1
Exclusive OR gate 69, 76–7
fan-out 95–7
gates with open collector/drain outputs 85–7
inhibit gate 82–3
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Logic gates (Continued)
NAND gate 69, 79, 85
NOR gate 69, 79–80, 85, 86
NOT gate 69, 71, 75, 76
OR-AND-INVERT gates 87–8, 89
OR gate 69, 71–2
Schmitt gates 88–91, 92
special output gates 91, 93
tristate logic gates 87, 88, 89
universal gates 85

Logic instructions 531, 533
Logic operations 47
Logic probe 691–2
Look-ahead carry 255
Look ahead carry generator 254–7, 258, 259
Look-up table, see LUT
Low byte-A/D converter 499
Low frequency function generator 490, 492–3
LOW level input current 118, 119, 120
LOW level input voltage 120
LOW level off-state output current 119
LOW level output current 118, 119, 120
LOW level output voltage 120
Low Power Schottky TTL 116, 124, 136–7
Low Power TTL 116, 124, 133–4
LPC3000 family of microcontrollers 591–2
LSI 172, 183, 184
LUT 331–3

Mach series CPLD 344–6
Machine control instructions 531, 534
Machine cycle 542
Macrocell 328
Magnetic ink character recognition, see MICR
Magnetic storage devices 645–8

floppy disks 647
magnetic hard disks 645–7
magnetic tapes 647–8

Magnetic tape 647–8
Magneto-optical storage devices 648
Magnitude comparator 261–4
Mainframe computer 609
Mantissa 12, 13
Mask programmable gate arrays, see MPGA
Mask programmable PLA 312
Mask-programmed ROM 624–6, 627
Master–slave flip flops 382–4, 388
Math coprocessor 560, 562
Mathematics of logic 3
Matrix keypad 594, 595–6
MAX-5000 CPLD family 343–4
MAX-7000 CPLD family 343–4, 347

MAX-9000 CPLD family 343–4
Maximum clock frequency-flip flop 399, 402
MC1600, see MECL III
MC6800 528, 544–6

addressing modes 545
instruction set 545–6
registers 545

MC68000 528, 549–51
addressing modes 549, 551
instruction set 549
registers 549

MC68010 528
MC68012 528
MC68020 551, 553–4

addressing modes 553
instruction set 553
registers 553

MC68030 551, 554–5
MC6809 528
MCFXXX family of microcontrollers 591
MCORE family of microcontrollers 591
MECL 10100 series 148
MECL 10200 series 148
MECL 10E 118, 147, 148
MECL 10H 118, 147, 148
MECL 10K 118, 147, 148
MECL-I 118, 147
MECL-II 118, 147
MECL-III 118, 147
Medium scale integration, see MSI
Memory 525, 605, 606–7, 610–635, 645–50
Memory address register 529–30
Memory buffer register 529–30
Memory cell-DRAM 619–20
Memory cell-flash memory 628–9
Memory depth-logic analyser 695, 696
Memory direct addressing mode, see Absolute

addressing mode
Memory length-digital storage oscilloscope 675–6
Memory location expansion 634–5
Memory-mapped I/O 576
Metal oxide semiconductor logic, see MOS logic
MICR 643
Microcoded control unit 531
Microcomputer 609
Microcontroller 527, 565–601

16-bit microcontrollers 588–90
32-bit microcontrollers 590–2
8-bit microcontrollers 580–8
analogue-to-digital converters 569–70
application relevant information 580–92
applications 567
architecture 574–9
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Microcontroller (Continued)
central processing unit 567, 568, 569
controller area network bus 569, 573
counters/timers 569, 570–1
I/O ports 569, 570
interfacing peripheral devices 592–601
interintegrated circuit (I2C) Bus 569,

572–3
local interconnect network bus 569, 573–4
peripheral components 569–74
power-saving modes 579–80
random access memory 569
read only memory 569
serial communication interfaces 569, 571–2
special function registers 569

Microcontroller applications 567
Microcontroller architecture 574–9

accumulator-based architecture 577
architecture to access memory 574–5
Harvard architecture 574, 575
mapping special function registers into memory

space 574, 576
memory-mapped I/O 576
pipeline architecture 577, 579
processor architecture 574, 577–9
register-based architecture 577, 578
separate I/O and memory spaces 576
stack-based architecture 577, 578
Von Neumann architecture 574, 575

Microcontroller-A/D converter interface 600, 601
Microcontroller-D/A converter interface 600, 601
Microcontroller-keyboard interface 594–6
Microcontroller-LCD display interface 598–600
Microcontroller-LED interface 592–3
Microcontroller-relay interface 593–4
Microcontroller-seven segment display interface

596–8, 599
Microprocessor 525–63

16-bit microprocessors 547–51
32-bit microprocessors 551–7
8-bit microprocessors 541–6
addressing modes 534–7
ALU 528, 529
CISC processors 528, 531, 541
control unit 528, 531
embedded microprocessors 560
evolution 527–8
inside a microprocessor 528–31
instructions 531–4
Pentium series 557–60
peripheral devices 560–3
programming 540
registers 528, 529–30

RISC processors 528, 531, 541
selection criteria 537–9

Microprocessor instructions 531–4
arithmetic instructions 531, 532–3
branch instructions, see Control transfer instructions
control transfer instructions 531, 533–4
data transfer instructions 531
logic instructions 531, 533
machine control instructions 531, 534
program control instructions, see Control transfer

instructions
Microprocessor selection criteria 537–9
Microwave counter 683–4
Miller-killer configuration 141
Minicomputer 609
Minterm expression, see Sum-of-products Boolean

expression
Minuend 48
MOCRE family of microcontrollers 591
MOD number, see Modulus of a counter
Modulus of a counter 413
Monoshot, see Monostable multivibrator
Monostable multivibrator 357, 360–2, 363, 364,

365, 367–71
digital IC based monostable multivibrator 363,

364, 365
monostable multivibrator using Timer IC 555

367–71
retriggerable monostable multivibrator 361–2,

363, 365
Monostable multivibrator using Timer IC 555

367–71
Monotonocity-D/A converter 476, 478, 479
Moore’s law 527
MOS logic 115
MOVE instruction 530, 531
MPC500 family of microcontrollers 591
MPGA 331
MSI 172, 183, 184
Multi-master support arrangement 573
Multi-output function 212, 225
Multi slope A/D converter 500, 506, 508–9
Multiple keys 595
Multiplexer 269–80

cascading 280
implementing Boolean functions with multiplexers

273–7
inside a multiplexer 271–3
multiplexers for parallel-to-serial data conversion

277
Multiplier-D/A converter 490
Multipliers 260–1
Multiplying type D/A converter 479–80
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Multivibrator 357–71
astable multivibrator 357, 362–3, 364–7, 368
bistable multivibrator 357–8
integrated circuit multivibrators 363–71
monostable multivibrator 357, 360–2, 363, 364,

365, 367–71
retriggerable monostable multivibrator 361–2,

363, 365
Schmitt trigger 358–60

MUX, see Multiplexer

NAND gate 69, 79, 85
N-ary Gray code 25
N-key rollover 595
Negative AND 70
Negative edge triggered flip flops 381–2, 383, 384
Negative logic system 69–70
Negative NAND 70
Netlist 338
Nexperia platform 591
NMOS logic 116, 172, 174, 175
Non-Boolean Gray code 25
Non-inverting type programmable integrator 492
Non linearity error-D/A converter 477
Nonimpact printer 644
Nonlinearity-A/D converter 495, 497
Nonlinearity-D/A converter 476, 478
NOP instruction 534
NOR gate 69, 79–80, 85, 86
Normalized binary numbers 13
Normalized numbers 12–13
NOT gate 69, 71, 75, 76
Number representation in binary 5–6

1’s complement 5, 6
2’s complement 5, 6
sign-bit magnitude 5

Number systems 1, 2–5
binary number system 2, 3–5
common terms 4–5
decimal number system 1, 2–3, 5
hexadecimal number system 2, 4, 5
octal number system 2, 4, 5

OCR 643
Octal bus transceiver 563
Octal number system 2, 4, 5
Octal-to-binary conversion 9, 11
Octal-to-decimal conversion 6–7
Octal-to-hex conversion 10, 11
Odd parity 41
Offset drift-A/D converter 495, 496
Offset error-A/D converter 495, 496
Offset error-D/A converter 477

OLED display 644, 645
OLMC 327–8
OMR 643
Open collector gate-TTL 131–2
Open-collector output 85–7
Open-drain output 85–7
Operational modes-logic analyser 692
Operations with ‘0’ and ‘1’ 192–3
Optical character recognition, see OCR
Optical mark recognition, see OMR
Optical storage devices 648–50

CD-R 649
CD-ROM 648, 649
CD-RW 649
DVD-ROM 649, 650
USB flash drive 650
WORM 649

Optimized reconfigurable cell array, see ORCA
OR-AND-INVERT gates 87–8, 89
OR gate 69, 71–2
ORCA 350
Organic light-emitting diode display, see OLED

display
Oscilloscope 668–78

analog vs digital oscilloscopes 672
analogue oscilloscopes 669, 672, 673–4
CRT storage type analogue oscilloscopes 669
digital oscilloscopes 669–72
digital storage oscilloscopes 668, 669–70, 674–7
front panel controls 668
probes 677–8
specifications 672–7
types 669–72

Oscilloscope probe 677–8
probe compensation 677–8

Oscilloscope specifications 672–7
accuracy-analogue oscilloscope 673, 674
accuracy-digital storage oscilloscope 674, 676–7
analogue oscilloscope specifications 673–4
analogue storage oscilloscope specifications 674
bandwidth and rise time-analogue oscilloscope

673
bandwidth and sampling rate-digital storage

oscilloscope 674–5
digital storage oscilloscope specifications 674–7
memory length-digital storage oscilloscope 675–6
resolution-digital storage oscilloscope 674, 676–7
vertical sensitivity-analogue oscilloscope 673, 674

Output devices 526, 642, 643–5
computer terminals 645
displays 644–5
plotters 644
printers 644
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Output logic macrocell, see OLMC
Output port 605, 607, 637–42

parallel ports 607, 637, 640–2
serial ports 607, 637–40

Oversampling 509, 510

Packed BCD numbers 21
PAL 300, 304–5, 317–23

architecture 319–20, 321
numbering system 320–3

PAL architecture 319–20, 321
PAL numbering system 320–3
Parallel binary adder 254
Parallel counter, see Synchronous counter
Parallel-in parallel-out shift register 449, 453, 456
Parallel-in serial-out shift register 449, 452, 454, 455
Parallel port 607, 637, 640– 642

IEEE-1284 640, 641–2
IEEE-488 640, 641
small computer system interface 640, 641

Parallel-to-serial data conversion 277
Parity bit 41
Parity checking circuits 104, 105
Parity code 41
Parity generation circuits 104
pASIC-2 FPGA 352
pASIC FPGA 352
PC incrementer 569
PCI bus 642
PECL 149
PEEL 306
Pentium D 559–60
Pentium Extreme Edition 559–60
Pentium II 528, 559
Pentium III 528, 559
Pentium IV 528, 559
Pentium M 559–60
Pentium Pro 528, 559
Pentium series of microprocessors 528, 557–60

Celeron microprocessor 560
Pentium D microprocessor 559–60
Pentium Extreme Edition microprocessor 559–60
Pentium II microprocessor 528, 559
Pentium III microprocessor 528, 559
Pentium IV microprocessor 528, 559
Pentium M microprocessor 559–60
Pentium Pro microprocessor 528, 559
salient features 558
Xeon microprocessor 560

Percentage resolution-BCD input D/A converter 482
Perfect induction 192
Peripheral control interconnect bus, see PCI bus

Peripheral devices 560–3
clock generator 560, 563
DMA controller 560, 561–2
floppy disk controller 560, 563
math coprocessor 560, 562
octal bus transceiver 563
programmable communication interface 560, 562
programmable CRT controller 560, 562–3
programmable interrupt controller 560, 561
programmable keyboard/display interface 560,

562
programmable peripheral interface 560, 561
programmable timer/counter 560, 561

Personal computer 610
Pi (�� nomenclature 207–8
PIC 16X84 family of microcontrollers 585–6, 587
Pipeline A/D converter, see Half-flash A/D converter
Pipeline architecture 577, 579
PLA 302–4, 312–314
Place and route 338
Plasma display 644, 645
PLD 299–352

application relevant information 340–52
complex programmable logic device 306, 328–31
design and development 337–8
field programmable gate array 307–8, 331–3,

349–52
generic array logic 305–6, 325–8
programmable array logic 300, 304–5, 317–23
programmable interconnect technologies 333–7
programmable logic array 302–4, 312–314
programmable ROMs 302, 308–11
programming languages 338–40

PLICE 336
Plotter 644
pLSI series CPLD 346
PMOS logic 116, 172–4

inverter 173–4
NOR gate 173–4

Pointing devices 643
POP instruction 530
Positive ECL, see PECL
Positive edge triggered flip flops 381–2, 383, 384
Positive feedback 90
Positive logic system 69–70
Positive NOR 70
Positive OR 70
Postulates of Boolean algebra 192
Power consumption-microprocessor 537, 538
Power dissipation 122
Power down mode 579
Power modes-80C51 582
Power saving modes 579–80
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Power supply decoupling 142–3
PowerPC 620 528
PowerPC RISC microprocessor 557
Practical D/A converter 476
Precision 13
Precomposed characters 38
PRESET input 398
Presettable counters 426–8
Presettable counters-variable modulus 428, 429
Primary cache 622
Primary memory 525, 606, 610, 611–35

cache memory 606, 622, 623
dynamic RAM 612, 619–22
erasable ROM 612, 624, 628
expanding memory capability 632–5
flash memory 628–9, 630
mask-programmed ROM 624–6, 627
programmable ROM 612, 624, 626–7, 628
RAM applications 622, 623
random access memory 606, 610, 611–22
read only memory 606, 610, 611, 612, 622–31
ROM applications 629–31
ROM architecture 623–4
static RAM 612–619
types of ROM 624–9, 630

Prime implicant table 211
Prime implicants 208
Printer 644
Priority encoder 281–3
Probe compensation 677–8
Probe loading-logic analyser 695–6
Processor architecture 574, 577–9
Product-of-sums Boolean expression 87, 204, 205–6
Program address register 569
Program control instructions, see Control Transfer

instructions
Program counter 529, 569
Programmable array logic, see PAL
Programmable communication interface 560, 562
Programmable CRT controller 560, 562–3
Programmable Electrically Erasable Logic, see PEEL
Programmable integrator 491–2
Programmable interconnect technologies 333–7

antifuse 300, 308, 334, 335–6, 337
floating-gate transistor switch 334–5
fuse 300, 308, 334
static RAM-controlled programmable switches

334, 335, 336
Programmable interconnects 307
Programmable interrupt controller 560, 561
Programmable keyboard/ display interface 560, 562
Programmable logic 299–302
Programmable logic array, see PLA

Programmable logic devices, see PLD
Programmable logic devices-advantages 301–2
Programmable logic devices-disadvantages

301–2
Programmable logic hardware-design 337–8
Programmable peripheral interface 560, 561
Programmable Read Only Memory, see PROM
Programmable ROM, see PROM
Programmable timer/counter 560, 561
Programming languages 338–40

ABEL-hardware description language 338, 339
Java HDL 339, 340
Verilog 339–40
VHDL-VHSIC hardware description language

339
PROM 302, 308–11, 612, 624, 626–7, 628
Propagation delay-flip flop 399, 401
Propagation delay-ripple counters 412–413
PS/2 connector 640
Pull-up resistor 85, 86, 87
PUSH instruction 530

Quad-precision format 15
Quad slope A/D converter 509
Quantization error-A/D converter 495, 496–7
Quasi-stable state 360, 361, 362
Quaternary Gray code 25
Quine–McCluskey tabular method 204, 208–14

for multioutput functions 212–214

R-S flip flop 373–82
clocked R-S flip flop 377–81
edge triggered flip flops 377, 381–2, 383, 384
level triggered flip flops 377, 381
R-S flip flop with active HIGH inputs 375–7,

378
R-S flip flop with active LOW inputs 374–5, 377,

378
R-S flip flop with active HIGH inputs 375–7, 378
R-S flip flop with active LOW inputs 374–5, 377,

378
R-S latch 374
Race problem 384
Radix 2
Radix-2 3
RAM 569, 606, 610, 611–22

applications 622, 623
asynchronous SRAM 612, 613–616, 617
cache memory 606, 622, 623
DRAM architecture 620
dynamic RAM 612, 619–22
static RAM 612–619
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RAM (Continued)
synchronous SRAM 612–613, 616–619
types of DRAM 622

RAM address register 569
Random access memory, see RAM
Random interleaved sampling 670–1
Range of numbers 13
Read only memory, see ROM
Read/write memory 525
Real time sampling 669–70
Reciprocal counter 681–2
Reconfigurable computing 333
Reduced Instruction Set Computer, see RISC
Redundancy law, see Absorption law
Reflect-and-prefix method 23, 24
Reflected Gray code 23
Register based architecture 577, 578
Register direct addressing mode 534, 535, 536
Register file 528, 529–30

buffer register 529–30
general purpose registers 529, 530
instruction register 529
program counter 529
stack pointer 529, 530
status register 529, 530
temporary registers 529, 530

Register indirect addressing mode 534, 535–6
Registered outputs 317, 319
Registers 411
Relative addressing mode 534, 537
Repeated add and right-shift algorithm 58, 59–60
Repeated left-shift and add algorithm 58, 59
Repeated right-shift and subtract algorithm 61
Repeated subtract and left-shift algorithm 62
Repetition code 41
Resistive divider network 474–5
Resistor transistor logic, see RTL
Resolution-A/D converter 495–6
Resolution-D/A converter 476–7
Resolution-digital storage oscilloscope 674, 676–7
Resolution-frequency counter 682
Resolution-frequency synthesizer 689
Retriggerable monostable multivibrator 361–2, 363,

365
Return instruction 533, 534
Right justified data-A/D converter 499
Ring counter 459–60
Ripple counter 411–419

binary ripple counter 413–419
binary ripple counter with a modulus of less than

2N 416–418
propagation delay in ripple counters 412–413
ripple counters in IC form 418, 419

Ripple counters in IC form 418, 419
RISC 528, 531, 541
Rise time-analogue oscilloscope 673
ROM 308, 569, 606, 610, 611, 612, 622–31

applications 629–31
architecture 623–4
erasable ROM 612, 628
flash memory 628–9, 630
mask-programmed ROM 624–6, 627
programmable ROM 612, 624, 626–7, 628
types 624–9, 630

ROM architecture 623–4
ROM read operation-timing diagram 625
Rotate operation 533
RS 232 port 569, 638–9
RTL 116, 117

Sample and hold circuit-A/D converter 498
Sample rate-logic analyser 695
Sampled sine synthesis, see Direct digital synthesis
Sampling frequency-A/D converter 495, 496
Sampling oscilloscope 670
Sampling rate-digital storage oscilloscope 674–5
Schmitt gates 88–91, 92
Schmitt trigger 358–60
Schmitt trigger-transfer characteristics 360
Schottky TTL 116, 124, 135–6
SCI 569, 571–2
SCSI standard 640, 641
Secondary cache 622
Secondary memory, see Secondary storage
Secondary storage 525, 606, 610, 611, 645–50

CD-R 649
CD-ROM 648, 649
CD-RW 649
DVD-ROM 649, 650
floppy disks 647
magento-optical storage devices 648
magnetic hard disks 645–7
magnetic storage devices 645–8
magnetic tapes 647–8
optical storage devices 648–50
USB flash drive 650
WORM 649

Seek time 647
Sensitivity-frequency counter 682
Sequential logic circuit 233
Sequential single sample technique 670
Sequential sweep equivalent time sampling 670, 671
Serial communication interface, see SCI
Serial counter, see Ripple counter
Serial-in parallel-out shift register 449, 452
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Serial-in serial-out shift register 449–51
Serial peripheral interface, see SPI
Serial port 607, 637–40

FireWire 638, 639
PS/2 connector 640
RS-232C port 638–9
universal serial bus 639–40

Set-up time-flip flop 399, 400
Settling time-D/A converter 477–8
Setup time-logic analyser 695
Seven-segment display code 38–40
Seven-segment displays 38–40
Shift counters 411, 459, 460–1
Shift operation 533
Shift register 447–58

application relevant information 466, 468–9
bidirectional shift register 455
IEEE/ANSI symbology 464, 466, 467
parallel-in parallel-out shift register 449, 453, 456
parallel-in serial-out shift register 449, 452, 454,

455
serial-in parallel-out shift register 449, 452
serial-in serial-out shift register 449–51
universal shift register 455–8

Shift register counters 459–61
ring counter 459–60
shift counter 459, 460–1

Sigma (�� nomenclature 207–8
Sigma-delta A/D converter 500, 509–11
Sign-bit magnitude 5
Signal purity-frequency synthesizer 689
Significand, see Mantissa
Simple programmable logic device, see SPLD
Simplification techniques 204–26

Karnaugh-map method 204, 216–26
Quine–McCluskey tabular method 204, 208–14

Simulation 338
Simultaneous A/D converter, see Flash A/D converter
Single-extended Precision format 14
Single precision format 14, 15
Single slope A/D converter 500, 506–7
Small computer system interface standard, see SCSI

standard
Small scale integration, see SSI
Smart terminal 645
Special function registers-microcontroller 567, 569
Special output gates 91, 93
Special purpose computer 608
Speed-power product 122
SPI 569, 572
SPLD 306, 328, 340–3, 344, 345
Square wave oscillators 105
SRAM 612–619

asynchronous SRAM 612, 613–616, 617
synchronous SRAM 612–613, 616–619

SRAM-based FPGA 349
SSI 172, 183, 184
Stack-based architecture 577, 578
Stack pointer 529, 530
Standard TTL 116, 124, 125–33

AND gate 128–9
AND-OR-INVERT gate 131
characteristic parameters 127
circuit operation 125–6
Exclusive-OR gate 130
NAND gate 125–7
NOR gate 127–8
NOT gate 127, 128
open collector gate 131–2
OR gate 129–30
totem pole output stage 126–7, 131–2
tristate gate 132–3

State transition diagram of a counter 438,
439, 440

Static RAM, see SRAM
Static RAM-controlled programmable switches 334,

335, 336
Status register 529, 530
Status register-A/D converter 500
Stop clock mode 579
STORE instruction 531
Strobe signal 432
Subtraction of larger-bit binary numbers 52–5
Subtraction using 2’s complement arithmetic 53–5
Subtrahend 48
Successive approximation A/D converter 500,

505–6
Sum 47–8, 238
Sum-of-products Boolean expression 87, 204–5
Supercomputer 609, 610
Switch bounce phenomenon 402–3
Switch debouncing 402–4
Switch matrix 306
Synchronous communication interface

571–2
Synchronous counter 413, 423–5
Synchronous DOWN counter 423
Synchronous DRAM 622
Synchronous inputs 398
Synchronous SRAM 612–613, 616–619
Synchronous state mode-logic analyser 692
Synthesis 338
Synthesized function generator 684,

689–90
Synthesized signal generator 684, 690
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T-flip flop 390–1, 392, 393
J–K flip flop as a toggle flip flop 391, 393

Temporary registers 529, 530
Term 190
Ternary Gray code 25
Test and measuring equipment 665–703

arbitrary waveform generator 690, 691
computer-instrument interface standards 696–7
digital multimeter 665–7, 668
frequency counter 678–84
frequency synthesizers 684–9
logic analyser 692–6
logic probe 691–2
oscilloscope 668–78
oscilloscope probes 677–8
synthesized function generators 684, 689–90
synthesized signal generator 684, 690
virtual instrumentation 697–703

Theorems of Boolean algebra 192–202
Throughput-frequency counter 682, 683
Time interval average 679
Time interval measurement 679
Time period 679
Timer input block 570, 571
Timer output block 570, 571
Toggle flip flop, see T-flip flop
Totalize 679
Totem pole output stage 126–7, 131–2
Tracking type A/D converter 500, 505
Transceiver 98–100
Transistor logic, see TTL
Transposition theorem 200–1
TRICORE family of microcontrollers 592
Triple slope A/D converter 508–9
Tristate gate-standard TTL 132–3
Tristate logic gates 87–8, 89
Troubleshooting arithmetic circuits 663
Troubleshooting guidelines 653–65

faults external to digital integrated circuits 655–6
faults internal to digital integrated circuits 654–5
troubleshooting arithmetic circuits 663
troubleshooting memory devices 664–5
troubleshooting RAM devices 664
troubleshooting ROM devices 664–5
troubleshooting sequential logic circuits 659

Troubleshooting memory devices 664–5
troubleshooting RAM devices 664
troubleshooting ROM devices 664–5

Troubleshooting RAM devices 664
Troubleshooting ROM devices 664–5
Troubleshooting sequential logic circuits 659
Truth table 70–1
TTL 115, 116, 124–43

advanced low power Schottky TTL 116, 124,
137–9

advanced Schottky TTL 116, 124, 137,
139–40

current transients 142
Fairchild Advanced Schottky TTL 116, 124,

140–1
floating and unused inputs 141–2
guidelines to using TTL devices 176–8
high power TTL 116, 124, 134–5
low power Schottky TTL 116, 124, 136–7
low power TTL 116, 124, 133–4
power supply decoupling 142–3
Schottky TTL 116, 124, 135–6
standard TTL 116, 124, 125–33
subfamilies 116, 124–41

TTL subfamilies 116, 124–41
advanced low power Schottky TTL 116, 124,

137–9
advanced Schottky TTL 116, 124, 137, 139–40
fairchild advanced Schottky TTL 116, 124, 140–1
high power TTL 116, 124, 134–5
low power Schottky TTL 116, 124, 136–7
Schottky TTL 116, 124, 135–6
standard TTL 116, 124, 125–33

TTL-to-CMOS interface 180, 182
TTL-to-ECL interface 180, 183
Two-key lock-out 595
Types of A/D converter 500–11
Types of D/A converter 479–80
Types of ROM 624–9, 630

ULSI 183, 184
Ultra large scale integration, see ULSI
Unconditional jump instruction 533–4
Unicode 28, 37–8
Unicode consortium 28, 37
Unipolar mode operation-A/D converter 499
Universal counter 679

frequency ratio A/B 679
functional modes 679
period 679
phase A relative to phase B 679
time interval average 679
time interval measurement 679
totalize 679

Universal gates 85
Universal serial bus port, see USB port
Universal shift register 455–8
Unpacked BCD numbers 21
Unweighted binary code 23
UP counter 423–4
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UP/DOWN counters 425–6
US ASCII-8 28
USB flash drive 650
USB port 569, 639–40

Variables 190
Verilog 339–40
Vertical sensitivity-analogue oscilloscope

673, 674
Very High-Speed Integrated Circuit, see VHSIC
Very large scale integration, see VLSI
VHDL-VHSIC hardware description language 339
VHSIC 339
Video input devices 643
Virtual instrument components 700–3

computer and display 700
instrument hardware 703
interface bus structure 701–3
software 700

Virtual instrumentation 697–703
components 700–3
graphical programming technique as a virtual

instrument 699
reconfigurable building blocks as a virtual

instrument 699–700
set of instruments as a virtual instrument 698
software graphical panel as a virtual instrument

698, 699
use 698

VLSI 183, 184
Voltage output version-DAC-80 D/A converter

487, 488
Voltage steering mode-D/A converter 480,

481–2

Von Neumann architecture 574, 575
Von Neumann bottleneck 575

Weighted BCD code 20
Weighted code 19
Windows-1252 31
WIRE-AND connection 86–7, 131
Word length 4
Word size, see Word length
Word size expansion 632–3
Workstation 610
WORM 649
Write once read many, see WORM

XC-2000 FPGA 349
XC-3000 FPGA 349
XC-4000 FPGA 349, 350
XC-5000 FPGA 349
XC-7000 series CPLD 347–8
XC-800 family of microcontrollers 586–8

XC-866 586–8
XC-886/888 586–8

XC-8100 FPGA 349
XC-9500 CPLD 347–8
Xeon processor 560

Z80 microprocessor 528, 546
instruction set 546
registers 546

Z800 microprocessor 528
Z8000 microprocessor 528
Z80000 microprocessor 528
Zero scale error-D/A converter, see Offset error-D/A

converter




