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Chapter 1 Digital Electronics Technology

Course Description:

Digital electronics technology, designed for sophomores, is one of the core courses related to
electrical engineering and computer science. The overall goals are to analyze and design digital logic
circuits which constitute the foundation for preparing a student to take follow-on courses, and to develop
skills required to solve engineering problems, Main topics include digital systems and codes, logic gates,
Boolean algebra, logic simplification, combinational logic circuits, flip-flops and related devices,
programmable logic devices. sequential logic circuits, large-scale integrated circuits, and analog-to-digital
and digital-to-analog converters. :

RENA: :

BFEFHEARN CEREEFITHRFIREMTENRAALEENRLRBZ—. MMEBRF
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FB—F #Hit
Section 1 Introduction
Bif5E analog signal b4 TR S ALY Sk ] L B

HF(ES digital signal complementary metal-oxide-semiconduetor (CMOS)
ZHEF  logic level izt  pulse duration ration

EFaFE  rise time N weights

THEmtE  fall time 3 ) 4 R Y - Y

FHAYEH) | seasonal binary-coded-decimals (BCD)

#Id amplitude modulation

¥4 frequency modulation
BH{ES discrete signal
%E%E{55 continuous signal

#1k quantification

#H¥ waveform

Mk ESH#E  pulse repetition rate (PRR)
HAF#E  bit rate

Z{H¥FZM binary digital logic
BfFF B  timing diagram
miEE—REEZR

transistor-transistor logic (TTL)

#h% complement code

¥ one’s complement

4 38 excess three code

#ER gray code

ZE¥ signed number _

LA E%  unsigned number

iS5 minus sign

IEE plus sign

%l overflow

i #{7 most significant dfgit (MSD)
KL least significant digit (L.SD)
B radix



BELERA

Electronic circuits can be divided into two broad categories: digital and analog. Digital circuits
involves quantities with discrete values, and analog circuits involves quantities with continuous
values. Although you will study digital fundamentals in this book, you should also know about analog
because many applications require both.

BT ARAE  BFHEMENEE. HFARaFEUERERANE . ERaBNaEEs
EHRANE., REEXERIIHFZIBFENELZARAE GAOTENEEMNBHTR. BHiFEH
BHEHSASE L. ' :

B3 Decimal to Binary Conversion: The converted decimal number should be divided successively by 2.,
ignoring the remainders. until you have a quotient of 0. The remainders will be used later to determine
the answer.

TREM R AR T E R ER RN T HRBEENE 2R B PR REARTE . HIE N
0,5 7] LIRIE & — L8 B AR HOR B — %K.

F=F BHERKMEA
Section 2 Logic Algebra Foundation

i R4C%  boolean algebra 4B adjacency
5  and ¥ 7 characteristic equation
m or - X% complement function
4E  not FFM  product term
54 nand 8% identity
#dE nor R commutative theorem
535%3E and-or-invert 45/  associative theorem
H5l exclusive-or SrAcfE  distributive theorem
[@Ek exclusive-nor/nonexclusive or FEHNFEHE De Morgan’s theorem
M4 combinational logic YR A% dual function
ZB Y logic function R#AN complementary operation theorem
48 A5 it logic variable {tf&  simplification
ZH A& logic constant +3# B karnaugh map
EHAFE  logic symbol FETT  don’t care terms
Bk  logic expression FEALE/MRBAF parity generation /checker
FH{HF truth table AL even
/Nl minterm AKRE odd
AT maxterm % EHF race and hazard

N Boolean Algebra:Boolean algebra which was formulated by George Boole, an English mathematician,
(1815—1864) described propositions whose outcome would be either true or false. In computer
work, in addition, it is used to describe circuits whose state can be either 1 (true) or 0 (false).

A R AR A RS B B B WO FTFIE « A /R (1815—1864) B Sr, AR RS R R A Ak EHFh 4
A, EFHEVLS B S AR A R AR RRE 10D 0(R).

Minterm: A product term in which all the variables exactly once, either complemented or
uncomplemented, is called a minterm, Its characteristic property is that it represents exactly one
combination of the binary variables in a truth table, It has the value 1 for that combination and 0 for
all others,

B/ AT, A BRI FEERSRERENE R E A —W, B Rt —K, 0 Z T Hm
FERAT. BTN AEERSERN—EAREASHNN, REZXAREAFEEY 1,2
9 48 A B E#R 24 0.
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Section 3 Logic Gate Circuit

—HR%E diode

=#E® bipolar junction transistor(BJT)
Z% 54E( 1 & multilevel nand circuit
R E R E R [E] reverse recovery time
—HiA5[l]l two-input and gate
[TEE% gate array

5% dynamic characteristics
FEE totem pole

=Z511 threestate gate

S RIFEE open collector

Fi#(E2 disturbance signal

THEA operating point

LA pull-up resister

FE 8 E threshold voltage

JFEmf[a switching time

FH 81 switching characteristics
ZEHHW=H%T multiemitter transistor
fI B it draw-off current

HE FHLEBEPE active pull-down circuit
Bid  fan out

BA fanin

G4 #84E emitter-coupled

1% power dissipation

HE f— I FEFR

time delay-power dissipation product
i FNER i  saturation current

Y5 wire-and

175 258 noise margin

5+ critical

&P high impedance state

{E%i IER BF 6]  propagation delay time
{&EHi %5 E  transfer characteristics
k% chip select

Ei#Z% positive logic

1i#4 negative logic

HErEE Y schottky diode

R ##% inverter

WH) EifKE % dual in-line package (DIP)
{&4il] transmission gate (TG)
BiflFF £  analog switch

BB Three -state gate: The three-state, tri-state, or 3-state logic allows output ports to assume a high
impedance state in addition to the fundamental 0- and 1-levels, effectively “removing” the output from
the circuit. This allows multiple circuits to share the same output line or lines (such as a bus).
= .SER=AZR, AGFHESBETH L OREM 1LREZH, Bl —PREAS. XS
BEL 75 T LA 280 0 0 56 S A R B TR “RE BR . SR BRI B A o B JE B — SRl A ARt R CRLEERD .

EA Positive and Negative Logic: Except during transition, the binary signals at the inputs and outputs of
any gate have one of two values: H or L. One value represents logic 1 and the other logic 0. Choosing
the high level H to represent logic 1 defines a positive-logic-system while choosing the low level L to

represent logic 1 defines a negative-logic-system.

AR08 40 - T e A5 R0 8 oh , — /> (5 5 e 17T o B S A I L s AT R IO - 785
B SR , — B 1, 5 —MUEER 0.t AR EAREZE LR EZBRLE, 10

RAMEEFARER LUWERRZHEERL.

B EAuHiA SR RS
Section 4 Combinational Logic Circuit

/I LB AR AL B

small-scale integrated (SSI) circuit

P HLBLSE AL B B

medium-scale integrated (MSI) circuit

A A e B

large-scale integrated (LSI) circuit
A8 R A A L

very large-scale integrated (VLSI) circuit

4 R 4 A P B

application specific integrated circuit
M fE#% function table

HH  pin

%8 coding

——+3EHiFEEEF  BCD decoder
e 4q 4% priority encoder

L BRI demultiplexer



£ F MR A R 4% multiplexer o] B ALFEL  carry-out

IS 8% magnitude comparator 2AngE  half adder

B il #s sk code converter 2% full adder

¥oid 5375 2% - digital display BATHLI R  ripple carry adder

fii AMEfB¥  enable input AT 4%  parallel adder

235 inhibit W A% subtracter

4" expansion &L  borrow

BG4 decoder B minuend

HENEEIL Y  glow discharge nixie tube U8 subtrahend

AL fluorescent nixie tube # difference

LB R AA#F seven-segment display BATHENL N & 2%  look-ahead carry adder
Wi Bamas  liquid crystal display (LCD) AT HEAL =4 2% look-ahead carry generator
¥ addend BARBEYIT arithmetic logic unitCALU)
#in¥  augend PR =4 8%  function generator

BE{E  carry

K BARALBEQL  carry-in

BN Decoder: A decoder is a combinational circuit that converts binary information from the n coded inputs
to a maximum of 2" unique outputs. If the #-bit coded information has unused bit combinations, the
decoder may have fewer than 2" output,

AT DA R — R AR n O 2 AR SRR L 2 M A S ERE R, MR
ZHEH B BRI R4L A W IR B AN T 2e,

A Encoder: An encoder is a combinational logic circuit that essentially performs a “reverse” decoder
function. An encoder accepts an active level on one of its inputs representing a digit, such as a
decimal or octal digit, and converts it to a coded output, such as BCD or binary.

HICAT - MDA EA LR SEMMSREARN— N AZEB ., S RD8H 0% A %NS A G
B, BEAR— AN E AT RUR - e M AT LR\ 5 AR TS e R AR R B A el — — 1
b LA E i

FBAY BFEIIORRAIS
Section 5 Latch and Flip-Flop

i Fr e % sequential circuit #i%%: overturn

D #ifE4% D latch BEA{I reset

i ehfih % 4%  clocked flip-flop B set

B85S clock signal HE clear

ikt pulse VLA F % mechanical on-off
HZA& RS fil & 8% basic RS flip-flop £z dithering
FEMfhEAE  master-slave flip-flop FEMN undefined

B edge B 4FE  graphics symbol
fik &% trigger JEJR  postpone

Ml % level trigger ¥tEs%  characteristic table
EFH#E  rise edge IRF 77 driving equation
FHEY  fall edge FAEIRZ  initial state
E#W  positive edge o] GEARZAS  potential state
MBH; negative edge {245 0fE  hold time
[Bl2Efih % #% synchronous flip-flop




F—F BFBFEA

Bl D Latch:Latch is an electronic device that can be used to store one bit of information. The D latch is
used to capture, or ‘latch” the logic level which is present on the Data line when the clock input is
high. If the data on the D line changes state while the clock pulse is high, then the output changes
follows the input.

DEifFS TSR —MEARFM—(CEENE TR, 20 8hi A& B F5, D 8528 F 3k
MRS Y BUER LR B E, 7T ah ik ek @ R F A, R BB R BE R 4 T 2k,
AR 2 i o £ Bl A A B9 ZE T 2R 4k .

K3 Master-Slave Flip-Flop: The Master-Slave Flip-Flop consists of two grade Flip-Flop. One is called
the Master; which receives the input signals and whose state is determined by input; the other is
called the Slave, whose input is linked up with Master’s output and whose state is determined from
Master’s state.

3 D fioh 22 85 - 3 A ik 2 2% ey PO B R AR AO AL, KR — MEMUR ARG S, ERRES EEZH A BER,
FRAEMER. B—A 0 A NS E ik & 20 B G A0 EE , T AR A 32 3 fh & 2% A9 L FR O M file
p-2 1

I s N s R
Section 6 Sequential Logic Circuit

B4Rt feedback HHEE fil 4 7% toggle flip-flop
FHEBEE memory circuit {#+F hold .

S8BT F#EEE asynchronous sequential circuit FM . 468 manuals

BE2EmFFE B  synchronous sequential circuit BALFFfEas  shift register

Fih3* excitation table Bi# it frequency counter

BITHI A serial input HAHBH parallel-in serial-out

P present state F45  byte

WA next state M4 bus

A& F state table — el i ¥a% binary counter
RABE  state diagram i3 —# Wi 8%  up-down counter
RAEHM  state convert 4r%8  frequency division

A4 ERE closed circuit A] i # g% reversible counter
RAEALT  state simplification JAzh startup

ZHMARAE  equivalence state HHAEX  counter mode

THARAS  invalid state it 4% orbicular counter

#  module L) B 2F 77 4%  bidirectional shift register

BN Sequential Logic Circuit: The behavior of a sequential logic circuit is determined by the input, output,
and present state of the circuit. The output and the next state are functions of the inputs and the
present state, _
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EA Register: A register includes a set of flip-flops. Since each flip-flop is capable of storing one bit of
binary information, an n-bit register, including n flip-flops, is capable of storing n bit of binary
information. By the broadest definition, a register consists of a set of flip-flop, together with gates
that implement their state,
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Section 7 Pulse Waveform Generation and Transformation

W5 hysteresis AR EE A nonretriggerable
TREAELZEIRG4F astable multivibrator 555 R #% 555 timer

=75 FEH oscillatory period MEE il & #% Schmitt trigger
B{E#EF threshold level FIRB{E®BEE upper threshold voltage
AEREIRT 2  crystal oscillator TREEBE lower threshold voltage
i 4r&  differential B ZHBE backlash voltage
iM% 4% monostable trigger B E 3 voltage comparator
WEaZA  Dbistable FuH, charge

fkrhSERE  pulse stretcher Je  discharge

WEEME retriggerable

B Monostable trigger: Monostable trigger involves two states, in which one is stable, while the other is
unstable. A trigger causes the circuit to enter the unstable state, After entering the unstable state,
the circuit will return to the stable state after a set time. Such a circuit is useful for creating a timing
period of fixed duration in response to some external event.
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B Schmitt trigger: Schmitt trigger is a special trigger that has backlash voltage. As the input voltage

rises, the output stays at a low or 0 value until the input voltage reaches upper threshold. At this
upper threshold, the output snaps to a logic 1 value. When the input voltage drops, the output does
not return to logic 0 until the input voltage drops below the lower threshold. The difference in the
upper threshold and lower threshold is called backlash voltage.
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E TSRS, TREMET T MR E S, AR At i W FTREBEREE. EREES
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Section 8 Semiconductor Memory

FEALAEE R random access memory(RAM) 4 (RI#E) regenerate(refresh)

HiEF#SS  read only memory(ROM) fTik$ELE  row-select line

/B fER%  read-write memory(RWM) B ##ELE  column-select line

AT static memory ¥ word

EEFFE#E4: dynamic memory Al 4i# ROM programmable ROM (PROM)
HNFENESE  flash memory - AR5 4% ROM

FHEMFE memory array erasable programmable ROM (EPROM)
R IC memory cell & A K A PROM

TRl E  storage time electricity EPROM (E*PROM)

FEEM  read period T 42 FE5 8% programmable array logic (PAL)

ROM: Read only memory (ROM) is a class of storage medium used in computers and other electronic
devices. Data stored in ROM cannot be modified, or can be modified only slowly or with difficulty.
So it is mainly used to distribute firmware (software that is very closely tied to specific hardware and



F—=

HFEFHEA

unlikely to need frequent updates).

HEFFf AF ROM.: REEFF 85 (ROM) R — R eI AL Bl F & R A7 A4 . 77 72 ROM
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B3 RAM:. Random access memory(RAM) is one of typical memories that are used in various parts of a
computer. RAM accepts new information for storage to be available later for use. The process of
storing new information in memory is referred to as a memory write operation. The process of
transferring the stored information out of memory is referred to as a memory read operation.
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Section 2 Programmable Logic Device( PLD)

BRI RS B 25  generic array logic (GAL)
g hard link

RG] 45 in-system programmability(ISP)
ERTLEK global routing pool(GRP)

iH A generic logic block(GLB) -

& cushion
KR erase
i 37 ] 4 A8 S

{ield programmable logic array ( FPLA)
W5 E wmETEEF

B %] G B AR AR 1

complex programmable logic device (CPLD)
FZHIG  macro cell

HiH BRI output logic macro cell (OLMC)
iR intellectual property (IP)

B TR logic cell array (LCA)

A e A Z B configurable logic block (CLB)
I A input output block (I0B)
HEBEL  interconnect

4k wiring

field programmable gate array (FPGA)

BB Programmable logic device(PLD): A programmable logic device or PLD is an electronic component
used to build reconfigurable digital circuits, Unlike a logic gate, which has a fixed function, a PLD
has an undefined function at the time of manufacture, Before the PLD can be used in a circuit it must
be programmed, that is, reconfigured.
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B3 FPGA: A field programmable gate array (FPGA) is an integrated circuit designed to be configured by
a customer or a designer after manufacturing hence “field programmable”. The FPGA
configuration is generally specified by using a hardware description language (HDL), similar tothe
language used for an application-specific integrated circuit (ASIC).
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