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see alw Design shstraction Jevels
Dataflow model, 57, 101, 102, 548, 570
Datapath, 284, 287
control signals, 2835
construction, 267
datu transfer methods. 295
functional units, 204
registers, 293
need for o datapath, 286
register-tranafer level (RTL) design, 287
stiitus aignaly, 297
Data transfer methods, 295
miultiple destinations, 296
muitiple sources, 295
tri-state bus, 296
De-assert, 114
Decoder, 137
Dedicated microprocessor, 2, 283
algorithmic mode|, 354
Verilog, 355
VHDL. 355
control input 245
vontrol outputs, 2835
control signals, 285, 303
control unit, 285, 302
duta mputs, 285
duts outputs, 285
datapath, 284, 286, 287, see ulvo Datapath
examples
greatest common divisor, 321

Iigh-low number guessing game, 330
truffic light microcontroller, 337
FSMD Model, 341, 351
Verilog code, 352
VHDL code, 353
FSM +D Model, 341,342
Verilog code, 344
VHDL code, 347
stutus signaly, 283, 297
DeMorgan's Theorem, 39
Demultiplexer, 137
Design abstraction levels
behavioral level, 6, 7
dataflow level, 12
gatelevel 6,9
register-transfer level, 6
structural Jevel, 12
transistor level, 6, 11
D Flip-Flop, 171
smaller circuit, 175
edpe-triggered, 171
with enable, 176
Digital cirewit, 53
D lutch, 164
with enuble, 166, 168
Don't-cares, 85
Dual, $}
Duality principle, 41
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Excitatton vulues, 21§
Exscute, 364, 365, 382
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FA. 117, see Full adder
Falling edge. 170
Feedback loop, 158
Fetch, 365, 369
Field-programmable gate array (FPGA),
315
Altern development, 512, 514, 525, 528
Xilimx development, 486, 489, 500, 505
Finite-state machine (FSM), 216
nnalysis, 224
cxamples, 230
next-state equations, 225
next-stare thle, 226
output equations, 228
output table, 228
state diagram, 229
Mealy, 218,219
behavioral Verilog code, 265
behavioral VHDL code, 269
elevator controller, 258
Moore, 218, 220
behaviors! Verilog code, 261
behavioral VHDL code, 266
elevator controller, 254
next-stite logic, 217
optimizations
state encoding, 240
state reduction, 239
unused stutes, 243
output logic, 216
stute dingrams, 221, 229, 235
state memory, 216
synthesis, 234
circuit, 238
next-stite equation, 237
next-state table, 236
output equation, 237
output table, 237
state diagram, 235
Flip-flop, 158
FPGA. 3,
see Field-programmable gate army
FSM, 215, see Finite-state machine
FSMD model, 341, 351
Venlog code, 352
VHDL code, 353
FSM +D Model, 41, 342
Vertlog code, 34|
VHDL code, 347
Full ndder. 117, 118, 126, 130
Function, see Boolean function

G

Gate, 6, 35
AND, 3§
inverter, 35
NAND, 3§
NOR, 35
NOT, 35
OR, 35
XNOR, 35
XOR, 35
Gated D luwch, 166
Gated SR latch, 164

Gate level, 6, 9, see alio Design abstraction levels

Generalspurpose microprocessors, 284
EC-1, 366
complete arcuit, 373
control unit, 369
datapath, 367
hardware implementation, 375
instruction set, 366
memory, 368
sample program, 373
simulation, 37§
EC-2, 376
complete circuit, 384
control unit, 379
datapath, 377
hurdware implementation, 387
instruction set, 376, 388
memory, 3835
sample program, 354
using and interfacing, 391
FSMD model
behavioral FSMD Verilog code, 406
behavioral FSMD VHDL code. 408
FSM+D Model
behaviarul Verilog code. 401
structural Verilog code, 400
instruction cycle, 365
overview, 364
program, 373, 184
progrum counter, 365, 367, 368, 377
Generating status signul, 297
Glitch, 89,91
Greatest common divisor (GCD), 323

H

Half adder, 205
Half adder-subtractor, 213

Hardware description lunguages (HDL), 11, 533, 5353

Hazards, 397
Hexadeaimal number, 24
Hex number, 24

High impedance. 140
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High-low number guessing game. 330
Hold ume, 211

I°C bus controller, 475
Implementation table, 283
Instruction cycle, 365
Instruction encoding
EC-1, 366
EC-2, 376
EC-2 extension, 388
Instruction register, 365
Instruction set
EC-1, 366
EC-2, 376
EC-2 extension, 388
Intel Pentium 4 CPU, 16
Inverse. 41
Inverter, 34
IR, 365
ISE Design Suite software
creste new project, 486
FPGA specification, 489
new schematic source file, 491
top-level module design file, 500
Verilog/VHDL source file, S00
Trerative circuit, 143

J

JK tip-flop, 213

K

Karnaugh map, 78
Keypud controller, 427
Keywords
Venlog language. 533
VHDL, 553
K-map, 78

L

Latch, 158

Level-sensitive, 169

Linear feedback shift regisier, 202
Liquid-crysial display (LCD), 450
Logic expression, 33

Logic gates, 35, see also Gate
Logic operator, 33

Logic symbal, 7, 35, 495, 524

M

Master-slave D flip-flop, 172
Maxterm. 46, 49
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Mealy FSM, 217, 258
Memories
RAM, 192
ROM. 190
Microcontrollers, 2, 286
Microprocessar, 2
control unit, 285, 302
datapath, 284, 286, 267
dedicated, 2, 284
design overview, 3
generil-purpose, 2, 284, 364
Minimization of combinational circuits, 76
Boolean algebra, 77
K-map, 78
Quine-McCluskey, 87
tubulation, 86
Minimize 1-hit scheme, 240
Minimum bit change scheme, 240
Minterm, 46
Modulo-6 up-counter, 245
Monitor, 457
Moore FSM, 217, 254
Multiplexer, 7, 114, 538
Multiplies, 149
MUX see Multiplexer

N

NAND gate, 35, 75
Negative edge-tnggered flip-flop, 172
Negative logic, 113
Negative numbers, 27

signed number arithmetic, 30

sign extension. 29

two's complement representation, 27
Netlist, 12, IS
Networks, 53
Next-state equations, 223, 237
Next-state logic circuit, 4, 217, 218, 285
Next-state table, 226, 236
NMOS, 139, 14}
Nonstandard form, §3
NOR gate, 35
NOT gate, 6. 3¢, 35,37

O

Octal sumbery, 23
Oos-bot socoding scheme, 242
Oneshot oovuit 91,299
Opcode, 363
Optimizancs of FSM arcaits, 239

state excoding 230

state seductios, 299

unused states, 243
OR.6, 34 35 %7
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Or-of-ands, 42
Output equations, 228, 237

Output logic circuit, 4, 216, 218, 285
Ouipur mble, 228, 237

P

Parallel-to-serial shift register, 200
Period, clock. 170
Pipeiining
basic pipelined processor, 395
hazands, 197
PMOS. 138, 14]
Positive edge-tnggered D flip-flop, 171
Positive logie, 113
Prime implicant (PI), 83
Prioritized ndjucency scheme, 240
Product-of-maxterms, 49
Product-of-sums, 43
Product term, 41, 46,77
Progrum counter (PC). 365, 368, 377
PS2 keyboard, 431
PS2 mouse, 436
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Quartus [T softwars, 512
unalysis and synthesic 523, 527
create new project, 512
FPGA specification, 514
graphic editor, 516
lugic symbol, 516, 324
managing files, 521
pin mapping, 525, 527
programming the FPGA, 528
sctting top level entity, 523
Qume-McCluskey method, 76, §7

RAM, 192

Random numbers, 202
Real-time clock, 475
Register, 181

Register file, 182

Register transfer, 6. 171, 287, 312
Ripple-carry adder, 118
Rising cdge, 169

ROM, 190

Rotator; 147

RS-232 444

RTL, see Register transfer

S

Schematic diagram, 9, 35, 53
Sequential circuits, 66, 157
bistuble element, 159

characteristic equation, 180

characteristic table, 150

clock, 169

Flop-flop, 171

latch, 160

memories, 188

register, 181

regster file, 182

shift registers, 197

state, 216

state diagram, 180

timing issues, 210
Serinl communication, 431, 444, 475
Serinl-to-parallel shift register, 199, 200
Setup time, 211
Shifter, 146
Shift registers, 197

linear fecdback, 202

sertul-1o-puralled and parallel-to-serial, 200

seriul-to-parallel, 199
Signal neming conventions, 113
Signed numbers, 27
Sign extension, 29
Simulation trace, 56
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adder
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ripple-carry adder, |18
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arithmetic logic umit (ALU), 129
comparator, 142
decoder, 137
multiplexer, 114
multiplier, 149
shifter, 146
subtractor, 123
tri-state buller, 140
Standard form, 53
Stute. 158, 216
State diagram, 221, 229, 23§
State encoding, 240
State memory, 4, 216, 218
State reduction, 239
Status signals, 285, 297
Structural level, 12
see also Design abstraction levels
Structural model
Verilog, 550
VHDL, 573
Subcube, 80
Sabtractor, 123, 128
Sum of minterms 47
Sum-of-products, 42
Sum term, 43
Switch, 32,420
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Synthesis, 15
Altera development, 523, $27
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finite-state machines, 234
Xilinx development. 503
Synthesizer, 6, 11, i35
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Tebulstion method, 76, 86
Temperutute sensor, 467
Theprems, 38

Timing hazands, 89

Timing lssues, 210, 306, 312
Timing trace, $7

Traffic light controller, 337
Trunsistor, 6, 11

Trunsistor level, 6, 11
Trunsmission gate, 11
Transparent latch, 166
Tri-stite buffer; 140
Tri-state bus, 296

Truth table, 36, 67, 2
Two's complement representition, 27

U

Unsigned numbers, 19,27
Unused states, 243, 246

\

Veniog, 7, 11
wlgorithmic model, 341, 354

behavioral, 8, 95, 103, 261, 263, 265
dutaflow, 95, 101
dedicated mictoprocessor. 341, 344, 352
FSM=D, 342, 344 399
FSMD, 351,352, 408
genernl-purpose microprocessor, 399
memory element, |69
structural level, 95
syntax summary, 533

VGA monitor controller, 457

VHDL, 7, 11
algorithmic, 341, 354
behavioral, 9, 95, 104, 261, 266, 269
dataflow, 95, 102
dedicated microprocessor, 341, 347, 353
FSM+D, 342, 347, 399
FSMD, 351, 353, 405, 408
general-purpose microprocessor, 399
memory clement. 168
structural, 95, 97
syntux summary, 553

X

Xiliox development, 486, see ISE Design
Suite softwars

XNOR gate, 35

XOR gate, 35
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