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Instructor: Dr. SUM Anthony

kwsum@cse.cuhk.edu.hk

Intended Learning Outcomes
e Understanding operations of logic gates, and flip-flops
EREE AR BRROIEIE
e Design and simplify digital logic circuits
o combinational logic circuit ({B&iBIEHEIR)

o sequential logic circuits (EtFEFB1EREER)

e Build memory and storage systems

Topics

e Digital Systems and Binary Numbers (3.5 hrs)
HFRFESTHEIE

e Boolean Algebra and Logic Gates (4 hrs)
IR SIZEE]

e Gate Level Minimization (2 hrs)
I &

e Combinational Logic (5.5 hrs)
HEPIE

e Synchronous Sequential Logic (5.5 hrs)
B FEE

e Registers and Counters (2 hrs)
SIFE ST e

e Memory and Programmable Logic (2 hrs)

PR SR wmiIEE e
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Tentative Schedule

\Week Date (Mon) |Lecture (2hrs Date (Tue Tutorial / Lab Date (Wed Lecture (1hr
1 Jan 6 Digital Systems and Binary Numbers|Jan 7 --- Jan 8 Digital Systems and Binary Numbers
2 Jan 13 Digital Systems and Binary Numbers|Jan 14 Lab1 Jan 15 Boolean Algebra and Logic Gates
3 Jan 20 - Jan 21 T Jan 22 Boolean Algebra and Logic Gates
4 Jan 27 Boolean Algebra and Logic Gates  |Jan 28 Lunar New Year Jan 29 Lunar New Year
5 Feb 03 Lunar New Year Feb 04 - Feb 05 Boolean Algebra and Logic Gates
6 Feb 10 Gate Level Minimization Feb 11 Lab2 Feb 12 Gate Level Minimization
7 Feb 17 - Feb 18 T2 Feb 19 Combinational Logic
8 Feb 24 Combinational Logic Feb 25 - Feb 26 Combinational Logic
9 Mar 03 Reading Week Mar 04 Reading Week Mar 05 Reading Week
10 Mar 10 Combinational Logic Mar 11 - Mar 12 Synchronous Sequential Logic
11 Mar 17 Synchronous Sequential Logic Mar 18 Lab3 Mar 19 Registers and Counters
12 Mar 24 - Mar 25 T3 Mar 26 Registers and Counters
13 Mar 31 Registers and Counters Apr 01 Homework Apr 02 Memory and Programmable Logic
14 Apr 07 Memory and Programmable Logic | Apr 08 Lab4 Apr 09 Review
15 Apr 14 - Apr 15 T4 Apr 16 -
Note: There is No Class with =--
Assessment
Assessment Items Percentages
Lecture Attendance 5%
Laboratory X 4 40%
Homework X 1 15%
Final Examination 40%

BRI Lab ZEIXEIL, AFTE.

Tutorial A~it Attendance.

Reference Book

Digital Design

e Authors: M. Morris Mano & Michael D. Ciletti

e Publisher: Pearson Education (US)

e Edition: Pearson International Edition, 4th Edition (or above, if any)

Lec 1 IFRFFI " HHIEN

Digital Systems and Binary Numbers

1.1 & RIESELFES
Analog vs. Digital

&R (Analog) IERMIELTUAMIERE (BE. BR%) RNEE RIUESE
BYES(E. -

o RIUES:

o RIUIIA:

AEESEUERXAERIELAIB ERY.
EESENEES RSB ENERET.

EER, BETLUE—NEER
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Nearly anything we can feel, hear, touch, and sense are analog signals
e We hear voice or sound waves
e We feel heat or temperature
e We see image or light waves

These signals are analog and are continuous functions of time

e They have value at any point in time

e For example, the electroencephalography (EEG, FXFE[E]) signal produced by the brain

RIUBIMR

OF:EI=EN

S5Z1EdH8F (Digital) BUEEEE (BER_#HHIK 05011) ®rER HFESRIBESN, RES%EE
BIE.

Unlike analog signals, digital signals are actually discrete samples

e They are not continuous

e They are only available at a certain period of time, known as sampling period, Ts

Sampling rate is Ts = 0.05 s Sampling rate is Ts =0.1s Sampling rate is Ts =05 s

Amplitude
°

Amplitude

Amplitude

0 05 1 15 2 25 3 35 4 45 5 "0 05 1 15 2 25 3 35 4 45 5 "0 05 1 15 2 25 3 35 4 45
Time (sec) Time (sec) Time (sec)

R
@ ZTEENER, FBRBEETI
@ FULUEHRES, TMRIVESEXEFISRELRE.
@ BRLUERMIE, WNESE. INES.
e Digital circuits are relatively easy to design
e Digital circuits have higher accuracy, and programmability

e Digital signals can be stored eastly

e Digital circuit is comparatively more immune to error and noise, error detection and
error correction can be implemented

e Digital signal transmzission will not be degraded over a long distance

e Digital signal is either high or low, hence there is less chance of con fusion



e Digital circuits have higher flexibility, we can change the functionality by software

e Digital circuits are more reliable, analog signal can be distorted by thermal noise

1.1.1 BERFEEE

Shannon Sampling Theorem
R—NERESHIRBIAERA finge, WRERERR f KT 2fine, FRESHAUMNERFERTEEE.

If a function z(t) contains no frequencies higher than f Hz, a sufficient sample-rate is therefore anything
larger than 2 f samples per second.

fo ) f=2.6

fo/ f=2.0

1.1.2 SR
Resolution
KEHE: NRRESTHRINNEHRINE.
Number of Samples
FIAESHULIBSRETERRERZBERE. REQMS, ESERGHIT.

The original signal can be reconstructed by interpolation between consecutive discrete samples. The
more samples we have, the better signal can be restored.

PR BEEIRBE, BERAEL (number of bits) IRE.
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o 4-bit: BPORESATLIA 2* = 16 MFEERERR.
o 8-bit: EMREEFTLIA 2° = 256 NMABHERT.
DHHEREES, BIRERNBEEEMEIELESIER.
The higher resolution, the more accurate value can be presented
REHETDHEHRREESERNRE. REFEMELABRSBUIRAE (WEE) SRR SHIEEXLR.
FEHEXT ¢ H, MOWEXE yH.

TR PPERNEHARE NSRBI, MEESHEEE. fia:
@ 1-bit THER
o B NEHERRAEE 2 NaTREROE (0F01) .
o JFERERE, ReERTAMIEE.
@ 8-bit HIE
o FAREESATLAR 28 = 256 M EEERR.
o ISRt LRI ESHEE.
® 16-bit DFFR
o B RHESAILIA 216 = 65536 MNEBUEETR.
s EHBE, ERTERESMEER.
MRESEETCEREEN (0 —12+1) , NESHNSYERSFEEIEEENERREEN. Fia0:
o 3-bit HEER: BIRESHL 2° = 8 NEEME (w0 -1, —0.75, — 0.5, ..., +1).
o B-bit DPER: BIEBEDHE 28 = 256 NEEUE, EEERE/.

1.1.3(5S5REE
Fidelity
LIETFRE N6 BggE RS 10.2 mV ESER, BEREHE 0 mV.

EXESHEE —0.2 mV ~ +0.2 mV Z[8), MRELEEFXEMFZRN. XERNREEFRLER NREF
W\, (BEETHRS, AEErETN.

ESREE (Fidelity) ERRESHERFREBELESHTAIEES.

1.2 SR G E IR

Number Systems and their conversions

X RITIeFREL.
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1.2.1 i

Common Number Systems

Name Base
Binary 2
Octal 8
Decimal 10
Hexadecimal 16

1.2.2 il

Decimal

e Decimal digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9

e Most Significant Digit (MSD)
—/NIFHI Most Significant Digit 2IZ8FPUENESARNSFN (BEERDLNEF)
MSD JRTE T —PMEIFRIABEER.
THFIRGF, MSD R&RLLAIIFETEZF. 0.045 Y MSD 2 4.

e |east Significant Digit (LSD)
—NIFRY Least Significant Digit 2iZ8FPUENESR/NIHFN (BEEREGUNET) .
LSD IR%E T EFHISR/ N AL

0.045 F9 LSD £ 5.

Positional values
(weights)

‘—» 10° 10% 10" 107 107'10%10°
Y OY Y Y Yy

217 ]| 4]151.1211 ] 4

f f f

MSD Decimal LSD
point

ER, XSRS ER.
THEHREES, MSD#LSD WS ERTHIFSE L (NESHF) .

THEIRSS, RAODOLLERE Least Significant Bit (LSB), EZIBAILLESFE Most Significant Bit (MSB).

a
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1.2.3 L
Decimal Numbers
e Decimal digits: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9
What does a decimal number 12347y means?

e 123410 =1 x10% +2 x 102 + 3 x 10! +4 x 10°
What is 56.7810?

e 56.78.0=5x 10" +6 x 10°+7x 107! + 8 x 102

1.2.4 Zi#HIER

ATRITCIES. X FLETHGIFRR, W 1.3.3 s .
e Binary digits: 0, 1
e Most Significant Bit (MSB)

e Least Significant Bit (LSB)

1.2.5 il
Binary to Decimal

e 1011, =1x234+0x224+1x21+1x20
e 1.01,=1x224+0x21+1x22

Positional
values
l 1 3 1
8 4 2 1 2 4 8
23 22 o1 20 o-1 o2 o-3

rYY Y Y Yy

1011*1 0| 1

T P

MSB Binary LSB
point
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1.2.6 i HIEE "]

Decimal to Binary
By reversing the process
4510=32+8444+1=1x2°4+0x244+1x22+1x224+0x214+1x2°
T6ip=64+8+4=1x2040x254+0x2%+1x2%+1x224+0x2'+0x2°

BHEOEIR: BRI 2 BlRiE
o EHPRLA2, ICRREL
o HMREERRLL 2, ESUEE, BEEANO.
o RN THFIEEHAEREURTEFHE.
By repeated divisions

e Divide the decimal number by 2

e Write down the remainder after each division
e Until a quotient of zero is obtained

e The first remainder is the LSB

The last remainder is the MSB

For example, 2519 = 11001,

N
%)

LSB

= 12 + remainder of 1

[

1

N

= 6 + remainder of 0

Im<~|_"’

3 + remainder of 0

-

| wo

= 1 + remainder of 1 ——

»

= 0 + remainder of 1
MSB

N | =

For example, 3719 = 100101,
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37 _ 18.5 —— remainder of 1 (LSB)

2 |

18
—_— = 00— 0
2
% = 45— 1
4
— = 2.0—> 0
2
% = 1.0—> 0
1
> = 0.5—> 1 (MSB)

INEIERDHEIR: SRLA 2 BNEEE
o INEEROIRLA 2, ICREHES (086 1)
o EGRIAAV/INEGERSY, drEBRLL 2, EEMIERE, BEINERD A 0.
o R THFIEUINTER D BERANCRIZIVFHES .
TR, BREERYFAS, IEBERINFHD, —EAFE.
For example, 0.2519 = 0.01,
e 0.25x2=05—=0
e 0.5x2=10—1

For example, 0.319 = 0.0100110011001 ...

TERR{EHA

e 0.3x2=06—0
e 06 x2=12—-1
°* 02x2=04—-0
e 04x2=08—0
e 08x2=16—1
e 06 x2=12—=1



1.2.7 +7%idl

Hexadecimal
e Hexadecimal digits: 0, 1, 2, 3, 4, 5,6, 7,8,9, A, B,C, D, E, F
e Useful in handling long binary strings

CIESHUMIERSR A7 i,

e By dividing them into 4-bit groups

Hexadecimal Decimal Binary

o
(=]

= Useful in handling long binary strings

* By dividing them into 4-bit groups

© O NG DA WD -
® N O A WN =

IA !
" | B ' !
Additional to T 2 |
Decimal ' D 13 11101 |
| E E :
I F

-
=T
-t b
= O
=
-

1.2.8 +7}8E i

Hexadecimal to Decimal

e 35616 =3 x 162+ 5 x 161 + 6 x 16° = 854,
e 2AFs =2 x 162+ 10 x 16" + 15 x 16° = 6871

1.2.9 +i5+75id
Decimal to Hexadecimal
1.2.9.1 BHEEIR
HfHiET, FARTRRAEA TR

For example, convert 423, to Hexadecimal
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T 26 + remainder of 7
—
2—2 = 1 + remainder of 10

1 |
1
— =0+ i
T 0 + remainder of 1 —l

423 10 &= 1A716

For example, convert 214, to Hexadecimal

214

—— = 13 + remainder of 6 ——
16 |
13
I8 = () + remainder of 13—l

21410 = D6 16

1.2.9.2 F kg

T RGN, AT, BRRE.
TEHE R I A R
@ EHEZ, BEFENNGERO DR, REHHE.
BHERS : BUREUE
NSRS 3 16 ENEEX

TRUX R ERL XA, B 16 B,
Example: 10.62510 = A. A1

EHERS: 1010 = Age

NGRSy 0.625 X 16 = 10.0, BV A, NERD A 0, HEHREER.
@ HHA |EEE 754 iERN T HTIZ A, AERTAT7REHEL

SR WEMFS (B8 0, U9 1) | BATHHIREEEGE, 1RIE IEEE 754 TREDECISERIRE (FRBE/
WUBE) . #hiE. “HA7NRs (0 1.2.8 e foNiltd )

Bk Examplem 1.2.9.3 IEEE 754%*.
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1.2.9.3 IEEE 754*

IEEE 754 RSB FIEIMS (IEEE) SIEN—MrE, BTFRNFAE RENTENFT&EEBIFRERTIR
.

EIff: F=E
258 (Floating Point Number) 2—FMARFITHEIERTIET, ERTRIIFEASIEENMNISIE

AR, FREEETEIRAT NG, EEECHERR, MASEREIRA/NG.
(== Wk

+ M x 2

+: HFN/S (Emkm, k) .

M: B# (Mantissa) , IRERET, BEE— ML

2: B (IEEE 754 iR EHERER 2) .

E: 18% (Exponent) , FrREHHEERNNIISRAE.
|EEE 754 i3 it RIFIHEUERRNERE, FBESA=ED: S0 18807 1 B#AL
@ BBE (3211)
BREEEAMORE4FT (321D

FFSHL (S) e8I (E) RB&L (M)
14z 81 231u

FFSAL (S)  FRREFMIER, 0 FFREH, 1 FJTRE

fedifs (E) : RTS8, FAWISE (Bias) 4wiD. BUSEIRIEE 127, BIFRAISE: — KRR + 127 (&
RAFHETIEEL, SCPMEEAIIERTTR)

EBE (M) : FEEHRVNGED (RUARERIEREED A 1, FAFHE) .
@ WUBE (64 1)
WUEREIZ UG 8 =1 (64 fi7)

FFSHL (S) HREL (E) RE(L (M)

141 114 92

EEREE Y 1023.

HERFAR
i = (—1)% x (1.M) x (27 Bias)

Example: EiEEFRHET
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R+t 10.625 1o FHa7 IEEE 754 SEREZ AL

@ FFSAL (S)
e 10.625 2IF#, &S S = 0.

@ BATHERIFIEE
BEERD: 1019 = 10102

BRLA 2 BUREUE.
INETERy: 0.62510 = 0.101,

3k 2 BUEEL.
10.62519 = 1010.101,
BARFIHEE

[RERERREE 2, IERFRDA.
1010.101 = 1.010101 x 23

® 54U (E)
fmizg: 127
AR EREPEE.
SCRRFEEL: 3
T = SehrdE s + 127 = 130
13019 = 10000010,
XEERIGF# 8 iz, EAWH 8 MEMEAMA 0 #h3%.

@ B#AL (M)
PP, THERIFTHEGENEERS 7 010101,
A2 23 {1, A 0#+5%: 01010100000000000000000

® HHE

fS4I: 0

$8%4{: 10000010

E#{z: 01010100000000000000000

BE4E: 010000010 01010100000000000000000

HRERTTENRRETZREREETN, BITR, ¥R, Wl TERASESE A7 2
W, EFEFRREEIEIEREIER.

GE:ysawavii

I 1.2.B =8t Nt .



Ti#HIs3ER: 0100 0001 0010 1010 0000 0000 0000 0000
$¥79+75: 0100 0001 0010 1010 0000 0000 0000 00002 = 4124000046

SR ER
IEEE 754 tnERIREN T JUMNFIRE:

OF (0)
o IEE: FSuN0, EMLFIREI2A 0.

o AT FEMLA 1, BEFARSILH 0.

@ FTFHK (Infinity)

o IER5S: FFSUAN0, iB8uei 1, BHL£M 0.
o TS SN, EEues 1, BEu£R 0.

® A= (NaN)
o BHfI2A 1, BHAAES.

@ JEHIB1LEL (Denormalized Numbers)
HigEIeN 0 i, Fr—NEENNEL, HiEM:

(—=1)% x (0.M) x (21 Bias)

154D R 1 — Bias T2 0 — Bias, EA [HRIFFMSHEASHBSHERMERZENFERTE] , B

BNORUIEIE: 1.0 x 27170, MEARUSHESREES TRE 1, RHITESETEN 1 — Bias B

il

1.2.A 775 T
Hexadecimal to Binary
ULV 25

e Each Hexadecimal digit gives 4 Binary bits

SR


af://n566

Hex Binary

o

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

M MOO T >P>»O© ©ONO O H WN —

e 9F2;6 = 10011111 0010,

1.2.B Z5&+7RitHl
Binary to Hexadecimal
ST 0, ASRIUPUAIEER.
e Group the binary number into 4-bit groups from LSB
e Leading 0 can be added to the left of the MSB

For example, convert 11101001102 to Hexadecimal

11101001102 = 0011 1010 0110 = 3A616

1.2.C/)\i#t#§l

Octal

e QOctal digits: 0, 1, 2, 3, 4, 5, 6, 7
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Octal Symbol Binary equivalent
0 000
1 001
2 010
3 011
-+ 100
5 101
6 110
7 111
1.2.0/)\ ++7 B

173 = 12319 = 7B1s

1.2.E J\§5_ 31

Octal to Binary

e Each Octal digit gives 3 Binary bits
e 1733 = 001111011,

1.2.F (FE=idHl5EH5E
Convert from any base to any base
B BRERIEERA ).
decimal = Y digit x base®9it rumber
digit: BAI LR
digit number: U, M 0FE.
BTH B HASIRE SR BimdtE.
EUREGE.

1.3 TitflizE

Binary Addition and Subtraction
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1.3.1 ZisIhniE

Binary Addition
NBEEZRLINE.

Bitwise addition from right to left.

Example: 01104 + 10015 = 01111, with Carry bit= 0

0 1 1 0

+ 1 0 0 1
Carry O 0 0 0

sSum 1 1 1 1

Example: 01109 + 11015 = 100114 with Carry bit =1

0 1 1 0
+ 1 1 0
Carry 1 1 0 0
Sum 0 0 1 1

If the system can only support 4-bit numbers, the result of the addition will be truncated to 4 bits.

This means that any overflow beyond the 4 bits will be lost in the result. However, the system can
detect and handle this overflow by using the Carry flag in the System Status Register.

1.3.2 ZithliRE
Binary Subtraction
NEEEIRADRE.
Bitwise substraction from right to left.

Example: 11102 — 00015 = 1101,
14—-1=13

Example: 01105 — 10015 = 1101 ??
6—-—9=-3

iR
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A IBES I NRHR — IR

133 BRSSHHESR

Signed Binary System

OF=VE 573
Sign-Magnitude Representation

Xf7giER, & (REMN) NTHEURIERSAL
o 0 FR/RIEEL
o 1FmEL

HituzmiE.
ot BEW.
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0111 0111 0111
+6 0110 0110 0110
+5 0101 0101 0101
+4 0100 0100 0100
+3 0011 0011 0011
+2 0010 0010 0010
+1 0001 0001 0001
+0 0000 0000 0000
-0 1000 1111 -—-
-1 1001 1110 1111
-2 1010 1101 1110
-3 1011 1100 1101
-4 1100 1011 1100
-5 1101 1010 1011
-6 1110 1001 1010
-7 1111 1000 1001
-8 -—- -—- 1000

Unsigned | Unsigned Signed 1’s Signed Signed 2’s Signed
Binary Decimal Complement Decimal Complement | Decimal

001 1 110 -1 111 1
010 2 101 -2 110 2
011 3 100 -3 101 -3
100 4 011 +3 100 4
101 5 010 +2 011 e
110 6 001 +1 010 +2
111 1 000 +0 001 +1



@ 1's #M3
1's complement, —#MEERIE.

M—ANTHEEE (DA TEIR, S RIRERMEIZERT 1's complement.
B kR AL

XFIEEL, H 1's complement S[RISER; MTHRE, BZHRBHREHITRR.
JREG4E Unsigned, RDZERGRSESAIHEID.

Example: For a 4-bit 1's complement signed system, calculate 719 + 21 in binary numbers. What are the
values of the sum, carry flag, and overflow flag after the calculation?

710 = 0111,

2190 = 0010,

sum: 719 + 219 = 01115 4+ 00102 = 10015 = —619
Carry:0

Overflow: 1

It is overflow because adding two positive numbers yields a negative result (BB MNAEHEIIERIESL, B
£ overflow)

7 4+ 2 = 9 which is out of the numbering range of the system (i.e. —7 to +7)

R B [EF] 5 [T BitER, JEsEHEER.

® 2's #3

2's complement, —HNIETIE.
2's #MBZFE 1's *MIUERE BN 1. ER BT ENPEEREERNR S S BRI E.
XIIE#L, H 2's complement SERIGHERE; 3%y, FoREE 1's #M3, BE 1's *MEROEA B0 1.

Example: For a 4-bit 2's complement signed system, calculate —57y 4 41g in binary numbers. What are the
values of the sum, carry flag, and overflow flag after the calculation?

—510 = 0101, = 1011,

419 = 01002

sum: =519 + 419 = 10115 + 01004, = 11115 = 154
27, 1111, 7£ signed system EEE2E]
11119 = —1q9

carry: 0

overflow: 0
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R, WMERFEEEE signed B9, unsigned BUAMBRFATRIE.

1.3.4 854
Overflow
Carry ] Overflow 2RI

Overflow indicates that the calculation result is out-o f-range.

1.4 FRERT

Floating Point Representation

f£ 1.2.9.3 IEEE 754* JVEIER.

1.4.1 Z 5%+

Floating Point to Decimal
There are 3 elements in a 32-bit single precision floating point representation.
e Sign: fFE{I, FREFMIER. 0 TRES, 1 FXREE
0 for positive number, 1 for negative number

* Exponent: 358, FIEM, FRPE (Bias) fRi3. RISEIREPE 127, RIFREEM = SEINEE
+ 127 (BHpirpAtissl, STRREEAIERR) -

an exponent with a bias of 127
For an exponent = 3, the biased exponent = 127 4+ 3 = 130
For an exponent = —2, the biased exponent 127 — 2 = 125
e Mantissa: E#Uu, FHEHIVNGERD FOUABHAIBEED N 1, FREH) .
the rest of digital after the decimal point of the normalized binary number

For normalized number = 1.101, the mantissa is 1010 0000 0000 0000 0000 000
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v

32 Bits

A

Sign Exponent Mantissa

«— 1 Bit—> <«——8 Bits > 23 Bits >

Single Precision
|IEEE 754 Floating-Point Standard

Example: Convert —0.0781251¢ to IEEE 754 Floating Point Standard format.

Sign: 1

convert decimal to binary number:

0.078125;9 = 0.000101 = 1.01 x 2*

exponent: —4 + 127 = 1239 = 01111011,

mantissa: 01000000000000000000000

result: 1 01111011 01000000000000000000000

(optional) convert to Hexadecimal: 1011 1110 1101 0000 0000 0000 0000 00002 = BED00000

1.5 RIBESR

BCD and Gray Codes

1.5.1 BCD
Binary Coded Decimal, —#HImiBAY3E
T HIZR T3

Binary Coded Decimal (BCD) is a coding system that assigns a four-digit binary code to each decimal digit (i.e.
0-9)
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DECIMAL | BINARY BINARY CODE DECIMAL
8421

0 0000 0000
1 0001 0001
2 0010 0010
3 0011 0011
4 0100 0100
5 0101 0101
6 0110 0110
7 0111 0111
8 1000 1000
9 1001 1001
10 1010 0001 0000
11 1011 0001 0001
12 1100 0001 0010
13 1101 0001 0011
14 1110 0001 0100
15 1111 0001 0101

@ RzF
Application of BCD
BCD are commonly used in number display systems.

When you press a number on the keypad, the corresponding number is showed on a 7-segment LED display.

Processing

Unit Decoder

Encoder

>
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%

v

JU

viv v

— N\
!l—//
[0}
R
@ ,>_
[0}
(@]
@ "i/
[0}
o 1 ) >

fRFD 8%

IXEBS R TR ERORh AT,

FEW M 1. -BRERBE .

1.5.2 {& {8
Gray Code
el

all

\ﬁ/

!

)
wfw Y %y wﬁzy y}\;ry;y

wge s

(BT
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@ &k
TREIBERDIL: REMIE

Ny Vv %o
y Z p
2 ¢ &

O

O 0= 00 ——00-—= 000
l|~1=-=01 |—01-—= 001
] == 1] ||[—11-— 011
~=(0) == 10 |||—10— 010
-+ ]10—= 110
—]]l—e 111
—e=(0]—= 101
—e (00— 100

e Gray code is also called reflected binary number

1.5.3 ASCII 5

ASCIl Code (American Standard Code for Information Interchange)
A 7-bit code is used to represent all the alphanumeric data used in computer

T RITHEIEERR, S 128 M=RF (0 8 127) .
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| |

0 00 NUL 32 20 space 64 40 @ 96 80
1 0l SOH 33 21 ! 65 41 A 97 61 a
2 02 STX 34 22 " 66 42 B 98 62 b
3 03 ETX 35 23 # 67 43 C 99 63 c
4 04 EOT 36 24 & 68 44 D 100 64 d
5 05 ENQ 37 25 % 69 45 E 101 65 e
6 08 ACK 38 26 ) 70 486 F 102 66 f
7 07 BEL 39 27 2 71 47 e} 103 87 g
8 08 BS 40 28 ( 72 48 H 104 68 h
9 09 HT 41 29 ) 73 49 I 105 69 i
10 0A LF 42 2A * 74 4A ] 1086 GA i
11 0B vT 43 2B + 75 4B K 107 6B k
12 oC FF 44 2C , 76 4C L 108 6C 1
13 0D CR 45 2D - 77 4D M 109 6D m
14 0E S0 46 2E . 78 4E N 110 6E n
15 OF SI 47 2F / 79 4F (e} 111 6F o
16 10 DLE 48 30 0 80 50 P 112 70 r
17 11 DCI1 49 31 1 81 51 Q 113 71 q
18 12 DC2 50 32 2 82 52 R 114 72 r
19 13 DC3 51 33 3 83 53 S 115 73 s
20 14 DC4 52 34 4 84 54 T lle 74 t
2l 15 NAK 53 35 5 85 55 U 117 75 u
22 16 SYN 54 36 6 86 56 v 118 76 h's
23 17 ETB 55 37 7 87 57 w 119 17 w
24 18 CAN 56 38 8 88 58 X 140 78 X
25 19 EM 57 39 9 89 59 Y 121 79 v
26 1A SUB 58 3A 90 5A z 122 1A -4
27 1B ESC 59 3B ; 91 5B [ 123 1B {
28 1C Fs 80 3C < 92 5C \ 124 ic |
29 1D GS8 61 3D = 93 5D ] 125 D }
30 1E RS 62 3E > 94 5E A 126 1E =
31 1F us 63 3F ? 95 5F _ 127 F DEL
@ Wk AsCll
TR THERE, SUF 128 MNERT
il VAV | i F/EM iR
0 0x00 00000000 NUL (Null) s s
1 0x01 00000001 SOH (Start of Header) TR
2 0x02 00000010 STX (Start of Text) IEXFFA
3 0x03 00000011 ETX (End of Text) ISR
4 0x04 00000100 EOT (End of Transmission) fEtgsssR
5 0x05 00000101 ENQ (Enquiry) Bk
6 0x06 00000110 ACK (Acknowledge) Wz ZIE4%nN
7 0x07 00000111 BEL (Bell) 15222
8 0x08 00001000 BS (Backspace) 1Bi&
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il
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

40

+7RidHl
0x09
0x0A
0x0B
0x0C
0x0D
OxOE
OxOF
0x10
0x11
0x12
0x13
0x14
0x15
0x16
0x17
0x18
0x19
Ox1A
0x1B
0x1C
0x1D
Ox1E
Ox1F
0x20
0x21
0x22
0x23
0x24
0x25
0x26
0x27

0x28

—iHl
00001001
00001010
00001011
00001100
00001101
00001110
00001111
00010000
00010001
00010010
00010011
00010100
00010101
00010110
00010111
00011000
00011001
00011010
00011011
00011100
00011101
00011110
00011111
00100000
00100001
00100010
00100011
00100100
00100101
00100110
00100111

00101000

FH/EMW
TAB (Horizontal Tab)
LF (Line Feed)
VT (Vertical Tab)
FF (Form Feed)
CR (Carriage Return)
SO (Shift Out)
SI (Shift In)
DLE (Data Link Escape)
DC1 (Device Control 1)
DC2 (Device Control 2)
DC3 (Device Control 3)

DC4 (Device Control 4)

NAK (Negative Acknowledge)

SYN (Synchronous Idle)
ETB (End of Trans. Block)
CAN (Cancel)

EM (End of Medium)
SUB (Substitute)
ESC (Escape)

FS (File Separator)
GS (Group Separator)
RS (Record Separator)
US (Unit Separator)
(=H8)

ik
IKFHIZRFF
347
EEHIFRF
I
[ETk=
TRatI#R
[BRti%
A GEELIEONS
REH
REEH2
IREHI3
REEH4
BRI
BL=H
EIIREER
BUH
NG
b
Y
XASTRRF

3

o

HOTRER

&

IERDIRFT

BIToIRR

B

=
RIS
W55

HE

ETS

BOS

MS
B35
EES



il
41
42
43
a4
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71

72

+7RidHl
0x29
0x2A
0x2B
0x2C
0x2D
Ox2E
O0x2F
0x30
0x31
0x32
0x33
0x34
0x35
0x36
0x37
0x38
0x39
0x3A
0x3B
0x3C
0x3D
Ox3E
0x3F
0x40
0x41
0x42
0x43
0x44
0x45
0x46
0x47

0x48

—itl
00101001
00101010
00101011
00101100
00101101
00101110
00101111
00110000
00110001
00110010
00110011
00110010
00110011
00110011
00110111
00111000
00111001
00111010
00111011
00111100
00111101
00111110
00111111
01000000
01000001
01000010
01000011
01000100
01000101
01000110
01000111

01001000

FRY/BW

TS
S

TS



il
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
9%
97
98
99
100
101
102
103

104

+7RidHl
0x49
0x4A
0x4B
0x4C
0x4D
Ox4E
0x4F
0x50
0x51
0x52
0x53
0x54
0x55
0x56
0x57
0x58
0x59
0x5A
0x5B
0x5C
0x5D
Ox5E
Ox5F
0x60
0x61
0x62
0x63
0x64
0x65
0x66
0x67

0x68

—iHl
01001001
01001010
01001011
01001100
01001101
01001110
01001111
01010000
01010001
01010010
01010011
01010100
01010101
01010110
01010111
01011000
01011001
01011010
01011011
01011100
01011101
01011110
01011111
01100000
01100001
01100010
01100011
01100100
01100101
01100110
01100111

01101000

FRY/BW

NEFHa
INEFHEb
INEFHc
INEFHEd
INEFHe
INEFEf
INEFHg

NS



il
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126

127

+7RidHl
0x69
O0Xx6A
0x6B
0x6C
0x6D
Ox6E
Ox6F
0x70
0x71
0x72
0x73
0x74
0x75
0x76
0x77
0x78
0x79
0x7A
0x7B
0x7C
0x7D
Ox7E

O0x7F

0x Z 7 HHIRIRISR.

ASCIl iBZRAI D FREERSD :

=

txd

HF R
0-31#/1127

XL EBERATEGIRE (WM. B7e8) BidfE.

il

0

il

0x00

—iHl
01101001
01101010
01101011
01101100
01101101
01101110
01101111
01110000
01110001
01110010
01110011
01110100
01110101
01110110
01110111
01111000
01111001
01111010
01111011
01111100
01111101
01111110

01111111

il

00000000

FRY/BW

DEL

FRY/EW

NUL (Null)

faid
NEFE
INEFH
INEFRKk
NEFHI
INEFHEm
INEFEn
IN5=Fo
NEFEp
INEFHq
INEFHr
INEFHs
NEFEt
INEFHu
INEFHv
INEFBw
INEFExX
INEFHy
INEFHz

EXES

BAES
KRS
i3
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st
1

2

10
11

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

127

+7RidHl

0x01

0x02
0x03
0x04
0x05
0x06
0x07
0x08
0x09
O0x0A
0x0B
0x0C
0x0D
OxOE
O0xOF
0x10
0x11

0x12
0x13
0x14
0x15
0x16
0x17
0x18
0x19
Ox1A
0x1B
0x1C
0x1D
Ox1E
Ox1F

O0x7F

—iHl
00000001
00000010
00000011
00000100
00000101
00000110
00000111
00001000
00001001
00001010
00001011
00001100
00001101
00001110
00001111
00010000
00010001
00010010
00010011
00010100
00010101
00010110
00010111
00011000
00011001
00011010
00011011
00011100
00011101
00011110
00011111

01111111

FH/EMW
SOH (Start of Header)
STX (Start of Text)
ETX (End of Text)
EOT (End of Transmission)
ENQ (Enquiry)
ACK (Acknowledge)
BEL (Bell)

BS (Backspace)
TAB (Horizontal Tab)
LF (Line Feed)

VT (Vertical Tab)

FF (Form Feed)

CR (Carriage Return)
SO (Shift Out)

SI (Shift In)

DLE (Data Link Escape)
DC1 (Device Control 1)
DC2 (Device Control 2)
DC3 (Device Control 3)
DC4 (Device Control 4)
NAK (Negative Acknowledge)
SYN (Synchronous Idle)
ETB (End of Trans. Block)
CAN (Cancel)

EM (End of Medium)
SUB (Substitute)
ESC (Escape)

FS (File Separator)
GS (Group Separator)
RS (Record Separator)
US (Unit Separator)

DEL (Delete)

ik
A
IEX A
IEXER
EIEER

IKFHIZRRT
1T
EEHIFRM
R
EZE
TRatI#R
BRI
HIEERREE X
REEH
REEH2
IREHI3
REEH4
BRI
B
EIIREER
BUH
BRAMER
=00
23N
XS TRAF

&

SHDIRR
IERDIRFT
BT lReT

i3
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it
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

59

+7id
0x20
0x21
0x22
0x23
0x24
0x25
0x26
0x27
0x28
0x29
0x2A
0x2B
0x2C
0x2D
O0x2E
O0x2F
0x30
0x31
0x32
0x33
0x34
0x35
0x36
0x37
0x38
0x39
0x3A

0x3B

& BF. KMEFH. FREFSE

]
00100000
00100001
00100010
00100011
00100100
00100101
00100110
00100111
00101000
00101001
00101010
00101011
00101100
00101101
00101110
00101111
00110000
00110001
00110010
00110011
00110010
00110011
00110011
00110111
00111000
00111001
00111010

00111011

FE/BER
(Z18)

B
B

H}
%


af://n1836

il
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

91

+7id
0x3C
0x3D
O0x3E
0x3F
0x40
0x41
0x42
0x43
0x44
0x45
0x46
0x47
0x48
0x49
0x4A
0x4B
0x4C
0x4D
Ox4E
Ox4F
0x50
0x51
0x52
0x53
0x54
0x55
0x56
0x57
0x58
0x59
O0x5A

0x5B

il
00111100
00111101
00111110
00111111
01000000
01000001
01000010
01000011
01000100
01000101
01000110
01000111
01001000
01001001
01001010
01001011
01001100
01001101
01001110
01001111
01010000
01010001
01010010
01010011
01010100
01010101
01010110
01010111
01011000
01011001
01011010

01011011

FR/BMR

<

ik
NS

=]
=

TS
BS
RIS

AXEFHA



il
92
93
94
95
9%
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122

123

+7id
0x5C
0x5D
Ox5E
Ox5F
0x60
0x61
0x62
0x63
0x64
0x65
0x66
0x67
0x68
0x69
O0x6A
0x6B
0x6C
0x6D
Ox6E
Ox6F
0x70
0x71
0x72
0x73
0x74
0x75
0x76
0x77
0x78
0x79
Ox7A

0x7B

il
01011100
01011101
01011110
01011111
01100000
01100001
01100010
01100011
01100100
01100101
01100110
01100111
01101000
01101001
01101010
01101011
01101100
01101101
01101110
01101111
01110000
01110001
01110010
01110011
01110100
01110101
01110110
01110111
01111000
01111001
01111010

01111011

FR/BMR

\

ik
T
aEES
BARS
TRz
Er=1
NE=F1Ha
INEFHb
INEFHC
INEFHd
INEF e
INEFE
INEFHg
NEFHh
INEFH
INEFH)
INE=FRKk
NEFHI
INEFHEm
INEFHn
NEFHo
INEFHp
INEFHq
INEFEr
INEFHs
INEFHt
INEFHu
INEFEv
INEFEBw
INEFHX
INEFHy
INEFH7

EXES



itk TR
124 0x7C
125 0x7D
126 Ox7E
@ ¥R ASCII*

il
01111100
01111101

01111110

A0 1SO 8859-1, I EEI 256 M= (8 (I4RD) .

%,

1.5.4 Unicode

FZ—t9, HERD

ASCll is not sufficient for global intercommunication

A character set including all languages is needed

At most 4 bytes are required for a character

UTF8 and UTF16 are different encodings of Unicode

0 1 2

U+1F60x | & | @ | &

»
L))

U+1F61x | (a8 &= =

N
'\

U+iFex e @

U+IFe3x | 6 | ) &
UstFeax & O 0O
Notes

1.7 As of Unicode version 7.0

3

® | @

A
»
v/

o))
) )

-
1
p

4

Emoticons!'Z]
Official Unicode Consortium code chart A (PDF)

5 6
T
D | @
X .
L )

7

2.7 Grey areas indicate non-assigned code points

8

F/EW

9

A

"
')

e

v
A

(@]

o
‘(/

S

BAES
KRS

Unicode (%—13. AERS) E— 1 EffrE, EEASHRLEFABIESHNE. B, XEHSSRHE—EHEF
4D, TR TERFERED (A0 ASCIl, GB2312, I1SO 8859 &) th=={FE=AIR. FEANOE, FAEESNG
S0ILAET B P s — R~ .
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2HE: BETVFAECHNBERSE, 8FAITX. X, HifAX. Y. RE/FSE.
E—it: S FFAE— YRR (Code Point) .

HEMN: SITSESRmE (R0 ASCH) FRE.

R Unicodei@itRIFRNN, ARSI = RS,

@ UTF-8

=

® UTF-16

%,

@ UTF-32

.

1.6 IS SHIE

Error Detection and Correction

1.6.1 Hi75H1T
Parallel vs Serial Transmission

Data transmission can be done in parallel or serial.
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@ FHiTIEHE
Parallel Propagation

FTIERRERRMERS MEREEERNERES . B BENAZ MBERR R TSN H T ERAMEE.

B
o [ERTME - SNEURNEYS BTER—RT B BYER.

ERmR:

o JEIEEEAES, BUNITEYAERISE (FTEO) .
o ZIZANERZ RRYES D ECHIERS.

o EER: FILIRRHEMES NUREEIER.
s SRIE: ERTHERXESIER.

oy pa

o WHER: FEESHMERR (NSMEE) .
o ZET: FHTESEBZERHTI, FH2ERIEERIKAT.
o FFHEM: FEWRTIRSSZENESEE.

NF:

o HENNAFEESS: (RHRHTEUESE, WIDERD) .
o FHMTIIEDNEO (AIBAYLPTEZO) .
o BEIEREZHEFTHUTIES.

@ ERITIEHE
Serial Propagation

B TR ERSEIRERIT — ME— MUEEREEL . SRR —HBES R R ST UERETE.

e
o E(IE - BURRIRE—N—E— MR — N R L.

ERmR:

o KIEEEH (AMORFATINEE) .
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o BEREMMETAIEIEEE.

o HE4EER:

o MTHEEE: BTFRE—MESEE,

REEREREE, FRETRITNSENSERGE.
SRR THAY R REMERIE.

* EAKIEE: HTERERKEEEETERETISE.

o EHEERIE: BTEUEE, Ee LREIRETHTER (RINRBTRABEEISIIERIRA)
o FTEIVMIEHINK: BIAIEHERESHIIRC.

NZF:

e USB (BRS{TRL) .

o BEE (MRS-232tMfE) .

o WZBEHIEURNIER (FILLKK) .
o ER{TRESHED] (UNSATA) .

® FiT vs BT
i

feimisE
&R

EFERE

mTiieEen
EMIEE
R
RIS

FTIEE
ZEE (ZFER)
Hig FER (RRHERZSAD)
B (FEZMESK)
BE (BBZTIN)
GRS
FERLIE
PIEREERANEE (AT EEL)

ERITIEE
BiEE (BREKE)
®ig (Efeh, (EMREFARN)
B (REE—FESK)

BaE (PEEnTieER)

KIEH
FoRRE R
SMERIBIS (QNMIESAOER 1)
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1.6.2 §EIREN

Error Detection

e Electrical noise can cause errors during data transmission
e Fluctuations in voltage or current present in all electronic systems

e Error detection and correction is important

M.r ST

Transmitter —

& > Receiver

~v

1.6.3 HBEIE

Parity Check
BRI EUERERINI— MR (Parity Bit) R9730, (EHIBRITHSIEGHERF BN, MTsEIisE
=t
e Parity Check is a simple error detection method which requires one extra bit
e The extra bit is called the parity bit
e There are two parity options, either even or odd
e For even/odd parity, the number of 1s in a data group must be an even/odd number respectively

e |f the receiver find that the number of 1s is not matched the pre-set even/odd parity protocol (1Y) ,
an error is detected

TR, FERGEHRNEEES 1 HIMAYREL
e Assume we have an 8-bit original data 1011 1001
e For even parity, the transmitting data will become 1 1011 1001

e For odd parity, the transmitting data will become 0 1011 1001

DATHIEAERE, BRTEANAZSIRFLOE. WRIREEFLKESHE— RS, BREEEXAIHEER
B, RS ERIEEE RO R SR,

EuR{E AR RILTS VR EAIAY.
RidE
o R WRIBAUETERLM, FBERIIRIL—RAIE.

o iU WEIRHES, SRNTESIED 1 (M (BERRAER) | MERSHETE.

o
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o SCHIEER, FHE(RE.
o BB NMLRHEIR.

TR
o TEENBE MR (FIIF S RRRTEEE)

o REERN, FREMIEEIR.

@ FHEE
KX (RIEEET 1 AR E0NEE)
o WIRHED 1 M ESE, WRIEADN 0 ((RIFFEM) .
o WNSREMHET 1 BN EURBEL, WRSRA 1 (EAEFE) .
Bin (IEHET 1 RN HERNETEH)
o WNSREHET 1 BN ELREEL, NiRBRILERR.
o WNSREHET 1 BN ELRBE, WEER

@ (B
KXl (RIESET 1 R E0EE)
o WNSREHET 1 BN EURIBEL, RGN 0 (FRIFEEINE) -
o WIREGET 1 WM ETE, WEIEAN 1 EHEE) .
Biun (MEHET 1 NS EESHIEE)
o WNREHET 1 BN ELRBEL, NiRBBILEHER.
o WIREIET 1 WM RETH, WEHER

IR EERIRAEN BN R

® KIR: Ascll

R, AT,
2025.1.20 B52hk.
e An ASCll character must be framed, so that the receiver knows where the data begins and ends
e The first bit is a start bit which is logic 0
e Followed by 7-bit ASCIl code DO to D6
e Followed by a parity bit

e Ended with one/two stop bit(s) which is/are logic 1
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idle —— ~—— idle —

Even or Odd
parity?

—T>—®»
mwr oo
mwWZ o0

vO—-H®

<~ =D

e Start and stop bits are not included in the parity checking.
flgnEE, DO-D6 B 34 1. RAERSL, RIAENL, #5F41 1
At start # stop B{AE.

1.6.4 i BB
Hamming Code
ZEAGLEETD, BERINTARAL (BEGfz) AN IESRELEHER.

aigtatats, 27 —SEERME.

e An encoding scheme that can correct any single bit error
e Contains many parity bits that are placed in between the data bits strategically
e When the position number of the encoding bit stream is a power of 2, that bit will be used as check bits

e Each check bit has a corresponding check equation that covers a portion of the original data

= 8-bit original data: 0100 1011 (D8~D1)
= 8-bit original data with error: 0101 1011 (D8~D1)
= 4 parity bits: P4,P3,P2,P1=1,0,1,0

= For even parity, we have the received data: 0101 1101 0110

D8 DI D6 D5 P4 D4 D3 D2 P3 Dl Pz Pl
0 1 0 1 1 1 0 1 0 1 1 0

OF L /-
o FLUSTIFMIERLLHER, TTLURANEAEEL IEIELFHER.
o RIG(HESHIEEEMIIERE.
o FENATTHBISIEREE.
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@ R
Step 1: WF—MLEA m WZHEIEYE, FERN r ML, (55
2">m+r+1
13IERB.
Step 2: FEERIRAIIE
o M2MBIRHF, 1, 2,4, 8, ...
o FIRMIBRTHIRNL
Step 3: BB
TR, FRTFREEASERG T ERANET (BF) .
BABRIGRENIRAIE: IS n AR, 18 n A8 n i
Blgn: P2 TESS 21, MUMES 2 fUFFeA, 16 2 fuf@ 2 fiL.
2,3,6,7,...
Step 4: 4pkiXBBEG
BitEHRRIG BN, £
BT LAFEFRIEHBREGHINAGT, Z MRS T LASSIRZHEE.
12IERR.

Lec 2 f/RICENFIZSEI]

Boolean Algebra and Logic Gates

2.1 HFhE
Digital Logic
Digital logic allows only two values, 0 and 1
1 AR R A—ERERRR, BURTERRE.

e Logic 0 can be false, off, low, no, open switch

e Logic 1 can be true, on, high, yes, closed switch

2.2 HIEXR

Truth Table


af://n2753
af://n2780
af://n2784
af://n2796

2.2.1EX

A truth table describes the relationship between the input and output of a logic circuit.

(@) A 2-input table has 22 = 4 entries

Output
Inputs
A BJ||x
0 O 1
0 1 0
1 0 1
1 1 0
(b) A 3-input table has 23 = 8 entries
A B C||x
0 O 0 0
0 0 1 1
0 1 0 1
0 1 1 0
1 0 0 0
i1 0 1 0
1 1 0 0
1 1 1 1
(c) A 4-input table has 24 = 16 entries
A B C D X
0 0 0 ©O 0
0O 0 0 1 0
0 ©0 1 0 0
0 0 1 1 1
0o 1 0 O 1
0 1 0o 1 0
0o 1 1 0 0
0o 1 1 1 1
1 0 0 O 0
1 0 0 1 0
1 0 1 0 0
1 0 1 1 1
1 1 0 O 0
1 1 0o 1 0
1 1 1 0 0
1 1 1 1 1

BERN LR TEET R, ETER
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2.2.2 FimZIEFREE

One of the best ways to analyze a logic circuit to use a truth table.
FIEET ArE A RERY A\ 4HE.

= Step 1: For a N-input logic circuit, create a 2N-row truth table (excluding the header
row), and list all combinations of the inputs in oxrder

= Step 2: Create one column for each intermediate node
: HEREEBHEE
0 o
u=A
B
. } v=AB
2 _

B FIET REF 5.

0
0
0
3 0
1
1
1
1

—_ e O O e = O
_ O e O = O e

Step 3: Fill in the values of each column accordingly.

Step 4: Until the output values are determined.

EEEEEBE
o 1 [GHEGH

0 0 0
0 0 1 1 0
0 1 0 1 1
0 1 1 1 1
1 0 0 0 0
1 0 1 0 0
1 1 0 0 0
1 1 1 0 1

2.3 258

Logic Gates
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231517
AND Gate
RIZER &
ZLFTEMA 1/, Bt 1, SNELA 0.

AND logical operation is similar to multiplication:

X=A-B
AND
A B||[x=A-B
0O O 0
A e

0 1 0 _ AB

1 0 0 e

11 1 Ee

AND gate
(a) (b)
(a) The truth table
(b) the symbol of AND
SszEEHA:

A B C x = ABC
O 0 O 0
0O O 1 0
0 1 0 0 A e
0 1 1 0 B &— x = ABC
1 0 0 0 C &—
1 0 1 0
1 1 0 0
1 1 1 1

Three inputs AND gate

2.3.2 5]

OR Gate

PRIZERY | |
LEEBMAN 1A, B 1, BNEL 0.
OR logical operation is similar to summation:

X=A+B
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OR

A B x=A+B
0 0 0 A x=A+B
0 1 1
1 0 1 B
1 1 1
OR Gate
(a) (b)

(a) The truth table

(b) the symbol of OR

SiFsmA:

A B C x=A+B+C
0O 0 O 0
0O O 1 1

A x=A+B+C 0 1 0 1

B 0o 1 1 1

C 1 0 0 1
i 0 1 1
1 1 0 1
1 1 1 1

Three inputs OR gate

2.3.33H]
NOT Gate
JRIZEER
BEANESEUR. A7 0 Bt 1, BWAZ 1 EEEA 0.
NOT logical operation is the inverse/complement of the input

X=A4 or X=A
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NOT

Input A B Output

- O
O -

The truth table and the symbol of NOT

NOT 1
Ao L
0

A e X =A
Presence of small 1
circle always denotes X
inversion 0 = =

A NOT gate is also called an inverter

Logic level 1 (true) when pressed
(false when button is not pressed).

Pressed
NOT Pressed

+5V
% Logic level 1 (true) when not pressed

(false when button is pressed).

Application of a NOT gate

R ARIARSHFEEA.



2.3.4 5K
NOR Gate
(8] /58 (3R] ROES.
XIFEHA.
[8ki7]] MmHavEU, BP: WAE OB, @A 1, SlELH 0.
NOR gate is an inverted OR gate

An inversion "bubble" is placed at the output of the OR gate,

X=A+B or X=(A+B)

xi x=A+B OR NOR
) ——y
Be %
Detioian A B A+B A+B
inversion 0 0 0 1
@ 0 1 1 0
i v 1 0 1 0
A ) - g 1 1 1 0
Be
2.3.5 53E]
NAND Gate
(5071 B (3R] BEE.
STIFZEA.

(501 BHEER, B BA£A 18, &t 0; Bl 1.
NAND gate is an inverted AND gate
X=AB or X=(AB)

TRIXEAES TGS
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Ae x =AB
- >C\ ’

Denotes
(a) @

inversion
A o—— AB AB

Be

(b)

ZRERAYRIL, BTLAEE NOR #1 NAND RY4EESCHL:

C : C+D ©
0
D o
g
2.3.6 kI
XOR Gate

X g Exclusive, HEftr
BERSFREA, MREBRRIISHN, TEIELZE.

Similar to OR gate, except that when all inputs are 1s, the output will be 0
£ (3] ERE, R [&] | @HAA L

[FAMRANARRE] BA 1 [EMNMEAER] B 0.

A® B= AB+ AB

AND  NAND
f_H r_J%
A B AB AB
0 o0 0 1
0 1 0 1
1 0 0 1
11 1 0
(c)
x = AB(C + D)
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Boolean Expression Logic Diagram Symbol Truth Table
A X A B X
X=AO®B :)D— 0 0 0
B 0 1 1
1 0 1
1 1 0
R ZHA XOR
1EB02IE. ZHAA A, B,C - - /i, Y #E
Y=A¢BeaC---
fRFR: ZH XOR AILIE(EZE/MTE XOR HILEE. g0, BN A, B,C, DR,
Y=(A®B)®C)® D
RIBLZEE, =M, A, B, C#9R1, mHts 1.
(2025.2.24) f5l: Y = A® B @ C 473 SOP oK.
Y=A®BaC
=(A®B)aC
— (AB+AB)® C
—AB®C+AB®C  XOR j/Es?
— ABC + ABC + ABC + ABC

= (A+B)C+ABC + (A+ B)C + ABC
=AC+ BC+ ABC+ AC + BC + ABC
=C+ABC + ABC
XNMEREEIRN, FATEEENA XOR 33 OR IZEHEDEE.
BRECHERIGENSSE. LB FIEERIEAEEHGERR.
IEifE: FIRER, BEENEERTEEI SOP:

Y=AeoBoC
= ABC + ABC + A BC + ABC




2.3.7 EERH

Functionally Complete
IR—MNBEIIESRIRETEN, BARZESTHI ITLUSELERMRRRE, BHETIMHIFREERZE
EHEEIEREK.
ER/RAEF, BIEEE (0 AND. OR. NOT) EMRERMRRARAESTTER. B—HBE IR AREIERRE
XLERCER, HRXEIEARETEMT.

Fakl]
XOR
b=

BIRERRE IAEMIE AT REE, FEIABFRRENEEME.
{SFIERA.

@ 53]

NAND

NOT

CAND.

SUBMNBBHIE NOT, HCEURIE AND, FEEEfRIEMIE OR.

T+y=c-y=>c+y=2zc-y.

TR, REEREMIE OR[JEY, AND + NOT BJLAEHEF NAND F7x:
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{}1 NAND NOT ot
L '
{
£

NOT NAND OR

NOT

@..

OR BU¥Ii& i Atha] LA 2.3.8 &CiZ4] , ORZZAND, 1=/ bubble, ZEAFE4 bubble F§ NOT 3L
I, A0 bubble F§ NAND BB519 bubble SCHR.

® BRI

NOR



AND

SN BEBHE NOT, EHEEURISIE OR, FEEEMREMIE AND.

@

NOR



AND FIMNE LA RILAS%E 2.3.8 &RE#E(]T , ANDZ OR, JI= bubble, B/ bubble F§ NOT 5L
I, 715889 bubble B NOR B#5584 bubble SCHL.

@ IN4E5
1HIERR.
AND 1 NOT
ORF1NOT
XOR 1 AND

XOR #0 OR

JEThRES=%: ltnNeEayd(sEA AND & OR, Foi&SCHl NOT IE&.

2.3.8 HNiZ4El)
Alternative Logic Gates
Alternative logic gate is another type of logic gate that produces the same output as the original logic gate
It will be very useful when the original logic gate is not available
To convert a standard symbol to an alternate for AND, OR, NAND, NOR gates

e Change the basic gate from AND to OR, or OR to AND
e Add an inversion bubble if there is no inversion

e Remove the inversion bubble if there is an inversion
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]

Ae— A-B
AND
B o—

A
:D—O+B=AB
B
A —) i
A-B=A+B
B o—) )
e —
+B«~AB
B
" | A¥E — A-B=A+B
. J B=A+
; = g
A’—C{>—.A

mE>
[ ]
v
1l

Y
1

2.4 TIRFBER

Boolean Expression

/RFATL (Boolean Expression) RFRFBHEENFIAR, HEBEHN H (True) &R (False) .

2.4.1 48Pk
RFRIANHLA T LEBS HAK -
@ T/REE
o TEAHERALE True 5 False.
o flgn: A, B, C
Q@ W/IREE
o [EEMIF/RE: True = False.
o fFlaN0: 13K True, 0 &7 False.
@ WRIzE/
s AT EEARETENEENCER.
o Saidk, Bal, &4 SN
@ &S
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o BEERIATUUSER.

2.4.2 IZEHN

If an expression contains both AND and OR gates, the AND operation will be performed first.

A o— A-B

e
B &—— / x=A-B+C

C

Unless there is a parenthesis in the expression

A A+B
B x=(A+B):C
C o—

Rules of evaluating a Boolean expression:

e Perform all inversions of single terms
e Perform all operations with parenthesis
e Perform AND operation before an OR operation unless parenthesis indicate otherwise

e |f an expression has a bar over it, perform operations inside the expression, and then invert the result
Hoehk: B >ES>5>8
MRIAHER : TitEiz, AEBERIR.

2.4.3 {kia

Boolean Algebra

5%

@5—#


af://n3075
af://n3097
af://n3101
af://n3103

OF-2- -4
Idempotence Law

BN [BF] I8FN [B] 7 BFEN: THESHE s x s = s, WK s BN TIEE/T « 28
EM. 5SS FTETTEEEY « BF, WRZTIEER « 2BEH.

Bk BCFRTES, SREREE, XHMEREST.

r-r==x
rTt+r==x

@ BibE

R, XK [#TE] | AERRENTERSTE ¢, WEFEE T, BHE:

z-z=0
z+z=1
O HFE
z+0==
® H—#
z+1=1
@ iR
NI
rt+y=y+tzx
T Y=y
® &&f
AL
T+ (y+2)
= (z+y)+2
=zT+y+z
z(y2)
= (zy)z
= zyz
OF -1 [
N
z(y+ 2) = zy + x2
(w+z)(y+ 2) = wy + zy + wz + zz
© MRt
rt+trTy==
ct+zrzy=x+vy
Trzy=c+y
® FEERE
r+y=z-y
T y=z+y
T+ytz=x-y-2
Ty z=xz+y+z
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@ WEEER

S
I
8

® EZ—
A+B=AB+A®B=AB+ AB+ AB
R
A+rB=A+B X 7
—AB ol JE AL A
—AB+0 e
— AB+ AA M
— A(B+ A) SR
—A+B+ A AR
— A+ AB o AR A
= A(B+B) + AB M
— AB+ AB + AB Sy

R, TR RREIE, BIEmERRIRIIEATIEER.

B
A+B=A(B+B)+B(A+A) 1t / T
= AB+ AB+ BA+ BA Sy
= AB+ AB+ AB T ) Ak

Z0: 1 R9RHE.

B XBEEFA 1 KR, ERBERERIEER SOP, MR—MESHEERMN, BPAIERTIILUNE
FIRESEIRAAGEIANE, EANGBIZRE—, RAESARIENIEFZHRATRR.

®@ BN
AB + BC + AC = ABC + ABC + ABC + ABC
1FRR

AB + BC + AC = AB(C + C) + BC(A + A) + AC(B + B)
= ABC + ABC + ABC + ABC

FEAEAD EELE— L.


af://n3135
af://n3137
af://n3149

2.4.4 RTIZEBIE

Logic Circuits to Boolean Expression

Logic circuits can be expressed by Boolean expressions.

A A+B

D e

E &

x=[D+(A+B)C]-E

O W >

x =ABC(A + D)

A _
.—.—DO_ ABC
&
®

A

A+D
A+D {>c

D e

2.4.5 {9i&ZIERER
From the Boolean expression, we can also construct the logic circuit directly.

MEBiE: WNAEE.

Example: #8i& Y = AC + BC' + A'BC

Step 1: Use 3-input OR gate as below.
BC y =AC + BC + ABC

Step 2: Further implement the 3 inputs by using 2-input and 3-input AND gates accordingly.
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A o—o

B e

y=AC+Bé+ABC
Ce . 4

2.5 Zi5AF

An input/output can be active-HIGH or active-LOW

e Active-HIGH is indicated by an input/output has no inversion bubble

e Active-LOW is indicated by an input/output has an inversion bubble
For exampl, the Enable (E) signal of a memory

e Abar over a signal means active low

e Absence of a bar means active high

E Data E —O Data
Memory Memory
Address Address
25.1 SRERY
Active-high

LESATERF (BERTKEEL) i, TRZEESLTEEHEIRE.
1
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BEESHESEFER

Be1S

N =

o WMR—MEREES (Enable) NERIBEENBIEINEE, APAXME
o —/NLED H3i%h, HEHIESAEHEFA LED m=, BARESHESEFE

RGN E—LEREES R FT, BERCA "EN” B "Enable”, BUAEMEASEFENE.

2.5.2 (RBFEFH

Active-low
LIESATRETF (BEAREE0) i, BRZESLETHENETIRE.
TR

o SfIfE5 (Reset) BERITHREFEN, MASUESHIRE, REGHITERHIRE.

o —MRERSF, MRCNENERFHMAUMARIRE, MZBMNESHEEFER
AR BEESTRRIINGNT / S0RRS ~ |, fI80 /RESET 8 ~cs  (HIHES) . LIRBPIXESHEEFE
v

2.6.1 EiEFHA

Datasheet

2.6.2 {EEER

Propagation Delay
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2.6.3 IEFEAE

Noise Margin

2.6.4 BEARBH

Fan-in and Fan-out

Lec 3 [ JRxfi{L

Gate Level Minimization

3.1 R/MRFIRKIR
Minterms & Maxterms
FERRBEFRIAS, &/ (minterm) FI&AIT (maxterm) EMRHSBR/ANERRAAIEARETT.

e A binary variable may appear either in its normal form z, or in its complement form 2’

BN R EMURTESHNEENFIUHIL.

3.1.1 /MR
Minterm

T n MUREENRE, S &INEMEZEN—S (AND) 58, HP8MREIIRZENHINEERIT
NI, SNERERPNEE—N—RRANES M 1, ERERTEMHE 0.

R REEETASRAE TR (OR) , XBE SOP (5IizHl) .
e |If there are 2 variables = and y, there are 4 possible combinations: z'y’, z'y, zvy', zy

e Each of these 4 AND terms is called a minterm, or standard product

e |fthere are N variables, there are 2N minterms
NEBERTEIRMNEEFIEER, T N A T8, BAE 2N HEs.

e Asymbol for each minterm is denoted as m ;, where the subscript j denotes the decimal equivalent of
the binary number of the minterm designated
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3.1.2 & KIR
Maxterm

WF n NMIRZENRER, BMRATEEZEN— 8 (OR) B8, EHENTELUFRTEFEANTENF N
B S AIEEERPNEE—N—ERANEE TEE 0, HRER TEmEmE 1.
EEMRREETLLERE TRATINS (AND) , X2 POS (EIiziR) .

e |f there are 2 variables « and y, there are another 4 possible combinations:

r+yz+y,z +yz’ +y
e Each of these 4 OR terms is called a maxterm, or standard sum
o [fthere are N variables, there are 2%V maxterms

¢ A symbol for each maxterm is denoted as M, where the subscript j denotes the decimal equivalent of
the binary number of the maxterm designated

e mjis the complement of M;

MTHERZEEE, S/NIRATANZEEL AR BHER, SNIRESFTINEATRIZEIF (%
=5) .

3.2 HEBHHRER

Canonical and Standard Forms

HAFTENRIZEF, HEVROOTER. MBEEEZNSIEARAREMRES. BERR, BRHTHR
EREEBAIRDT, FArFLAREFRISZORE!.

[ABE (canonical) | 5 [t (normal) | BMIXBIEGETSR, KSEEHERAGEHENE 7 ISRAIE—FRTR
I, TERAERIE— .

Bl =ZEMREH
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Minterms and Maxterms for Three Binary Variables

Minterms Maxterms
x y z Term Designation Term Designation
0 0 'z ", Xty +g M,
0 0 1 x'y'z m xX+y¥z M,
0 1 0 x'yz' ms X+ y + g M,
0 1 1 x'yz nis x+y'+ 2 M,
1 0 0 xy'z’ iy xX'+y+z My
| 0 1 xy'z ms -y g M5
1 1 0 xyz' Mg X'ty A g M,
1 1 1 xyz iy Xyt ol M5

For example, we have the truth table of the following functions f;

Functions of Three Variables

X 4 z Function f;
0 0 0 0
0 0 1 1
0 1 0 0
0 1 1 0
1 0 0 1
1 0 1 0
1 1 0 0
1 | 1 1

A Boolean function can be expressed algebraically in terms of either minterms or maxterms

Functions of Three Variables

X y z Function f;
0 0 0 0
| 0 0 1 1|
0 1 0 0
0 1 1 0
| 1 0 0 1|
1 0 1 0
1 1 0 0
|1 1 1 1|

In terms of minterms, we have

fi(z,y,2) = 2'y'2 + 22" + zyz
=m1 +myg+ my

=> m(1,4,7)

fi(z,y,2) =Y m(0,2,3,5,6)

Flz,y,2) = S2m(0,2,3,5,6) WEER, REmq,ma, ms,ms, me PE—NR 1, SSEBHEM 1,
B fi(z,y,2) =1, XRL f1(z,y,2) = 0.

fi(z,y, 2) EETLUBRABEERT fi (ESERHT 0, 1 Bif, AR SOP &



Functions of Three Variables

X y z Function f;

| 0 0 0 0 |
0 0 1 1

| 0 1 0 0 |

[0 1 | 0 ]

1
1

| 1 1 0 0 |
1

In terms of maxterms, we have

filz,y,2) = (z+y+2)(z+y +2)(z+y +2) (' +y+2)(z +y +2)
= MyMyM;Ms Mg

:HM02356)
(z,y,2 HM14

1(2,y,2) = [ M(1,4,7) ERE, RE M, My, M7 pE—1 B0, SSEIHMNO0, &
1(z,y,2) =0, M5 f1(z,y, 2 )f .

fi(z,y, 2) CETLIERABEERT fi ESHT 0,1 ik, RAEMEH POS Fox.
& ER LB R/ NIRRT = -

RANEFRIAE, FrEBASTELEkEE 1, EEMARRE f JUSHE TR, SiEREREE—
TUh 1 EANMERA 1, BXETRINIFE—TAIIES, fRiEt 1; EILRA SOP i, &/NRRISERZMNS

BELL f i 1 AY input BETIRARIERINI. M f Regtat 08 1, 2 f Rt 1 (FrGEiL f Bt 1 s Eiss
PLEcE]) , MIPCECEITAEEL f it 1 A9 input BE, thERRERT f B9 0 RAUBRL input BE, NS TE
BERNE—T5 SOP R~ f B9——BRET.

RAEMAI N, FrEBMASTENIEkRESE 0, EEhRESATUERETRATNS, SHERERES—
I 0 BMERA 0, HXETRAMPE—TIAIHHNEES, fHiEd 0; FEIRA POS B, SAANEEHEAM
BRELL f B 0 AY input *MEETIRAIRAIN M f Reg@t 086 1, 2 f Aig 0 (FrEiL f Bt 0 AYSAIED
IREAMNLECR]) |, MAMCECE) T ABELL f it O B9 input BE, BMERERT f & 1 BB input BE, MMl
S T BfERE—1T5 POS F7R f HO—BRET.

Example 1

Given a truth table:

0 0 Condition0
1 1 Conditionl

By using Minterm, 1 = Normal, 0 = Complement
e X=A
e fA=1thenX =1
e |f Condition 1 happens, X = 1; if Condition 1 does not happen, X = 0.

By using Maxterm, 0 = Normal, 1 = Complement



o X =A
e fA=0thenX =0
e |f Condition 0 happens, X = 0; if Condition 0 does not happen, X = 1.

SOP XiFik f = 1 R&ERVES, POS XiFit f = 0 RERVES.

Example 2

Given a truth table:

o0 o 0 Condition0
o 1 1 Conditionl
1 o o0 Condition2
1 1 1 Condition3

By using Minterm, 1 = Normal, 0 = Complement
e X=A'B+ AB
e fA'AB=10RAB=1thenX =1

e [f either Condition 1 or Condition 3 happens, X = 1; if both Condition 1 and Condition 3 do not
happen, X = 0.

By using Maxterm, 0 = Normal, 1 = Complement
e X=(A+B)(A'+B)
e fA+B=00RA'"+B=0,thenX =0

e |f either Condition 0 or Condition 2 happens, X = 0; if both Condition 0 and Condition 2 do not
happen, X = 1.

3.2.1 R

Standard Forms
Standard Sum-Of-Products (SOP) forms
e Equations are written as AND terms summed with OR operators
e F=zyz+ay +2
Standard Product-Of-Sums (POS) forms
e Equations are written as OR terms multiplied with AND operators
s F=(z+y+2)(z+y)()
IR ER A RER SR, fia

F=zxyz+zy + 2
=xzyz+zy(z2+2)+ 2
=zyz+ayz+xyd +2
=zz(y+y)+ 2 (xy +1)
=xz+ 2

{13982 SOP . (BUNRAEFEBFIER SOP (B) Sum of minterms) , NBEW—5%X (INSEGEHRER—
fh) |, AANEEREHE—N.
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3.2.2 #iiiBH

Canonical Forms
Sum of minterms: F' = zyz + zvy'z + z'y2’

Product of maxterms: F = (z + y+ 2)(z + ¥ + 2)(z' + y + 2')

3.23RS®
Mixed Forms

Mixed forms is neither SOP nor POS: F' = (zy + 2)(z + ¥'2) + (z'y + 2)

3.3 IR
Gate Level Minimization
PR R FBER TR EGS EEMMIIIREBEEMZE (gate-level netlist) #HTH—THOANEE. FEB
FMETIE SRS, FEDFE. BOERURMAI RS, TENE— LB SiE N GE:
Bt
o F/NER: BEERTREE. SFHFNIBERESN, BESEINE, st R ER.
o [EHEINFE: MBEENSESER, LUV EISIFEIIRRSIAE, RIEBEEERIGELI/ERNE BT
o IRFEIERE: HEBEIIFIEENS S, MUKHEIER, BERNIEREHEREIRITEK, B/ EREIERF
BlEhagR.
o REBERIEMN: BUNRKRERIEESTT, MERESTHIZ. BEMBETENBEAERMETIRSENE.
ERBiE
o BIEEW: FAMARRE. REE (Karnaugh Map) #1 Quine-McCluskey EiEZFGAXNBEFRATHI T
f&, MR/ MZEE IS ERRE].
o HEHIERE (Constant Propagation) : 7ERREHIE BN EEESEBRHERERAEIEIRE, BRAR
WERBEIEE.
o MRIER: BRBERPATINEHNZR], BORRRE. fla0, BESENIINIEEERoTEtEe A
MRERD
o EEEFEML (Restructuring) : HRIERSFAIEAAERIIBIREHITREZE, INIERERXSEIRBER SR
ERDFBFTENR, FEERERZ BRFE.

APEEXTE WL - 2, ERMBERRRALH. SEEXERRREN.
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3.3.1 HREGE

Simplifying A Logic Circuit

To simplify a logic circuit, so as to implement the same function with less logic gates:

AC AB

Be

A

[\ aBcC
—

Before simplification: z = ABC + AB'(A'C")’
IR :

z= ABC + AB'(A'C")
— ABC + AB'(A+C)
= ABC + AB'A+ AB'C
= ABC + AB' + AB'C
= AC(B+ B') + AB'
= AC + AB'

After simplification: z = A(C + B')

B._Do_r\ B+C
Ce [ 4
Ae

7ERUXER Before simplification FIFRIAN 2 EIRREEHERN, EER

C

)

z = ABC + AB(AC)

z=A(B + C)

TR 1 B 1 IRET REE—

f, MTERBREZHE TEHNRELHE—FERRANAITIE (Step 1-3) |, XMITENERHRE
IRTUERLS I SOP fefivans, BiElEE.

TIREE LRI

e Step 1: setup its truth table as in Figure (a)

BEEFRAIGEHABIEM, sEBCH Logisim ll.

Step 2: write down the AND term for each row where output is 1
Step 3: combine the AND terms in SOP form
Step 4: simplify the expression by Boolean algebra, if possible

Step 5: implement the simplified circuit as in Figure (b)
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Be

AB

x
]

(b)

AND terms for each e
case where output is 1.

— ABC

— ABC
— ABC

A Bf|x
0 O 0
0 1 1
1 0[O
1 1 0
(a)
Example:
Step1lto3
Truth table.
A B (o X
0 0 0 0
0 0 1 0
0 1 0 0
0 1 1 1
1 0 0 0
1 0 1 1
1 1 0 1
1 1 1 1
Step4tob

o 0 0 o
0 O 1 0
0 1 0 O
0 1 1 1
1 0O 0 O
1 0 1 1
1 1 0 1
1 1 1 1

SOP expression for the output:
x = ABC + ABC + ABC + ABC @

x = BC + AC + AB

C —

B.—;D' Y |

A®

|_ AC
x=BC +AC + AB

D_AB

XEE Step 4 ATLIRBAMARTETAAN 1, Wz 1 FMIIEAN 2.4.3 i o E%EL " .

MRREUERTRR: BRA— (HRANEER, RIRLEIAARIRIIRER)
filan: Simplify the Boolean function, F(A, B,C) = Y m(0,2,3,4,5,7)

Calculation 1:

Calculation 2:

F=ABC+ ABC + ABC + ABC + ABC + ABC
BC + ABC) + (ABC + ABC) + (ABC + AB C)

—~

C+ BC + AB



F=ABC+ ABC + ABC + ABC + ABC + ABC
= (ABC +ABC) + (ABC + ABC) + (ABC + ABC)
=BC+ AB+ AC

Both calculations are correct and having the same numbers of terms, is there any systematic way to simplify
it?

IRCEBIEARRARSE, FRABEARER, HIEESE—RIRE, BLUSINREEZE 2, BIERRE
EtEMELSIZE2E—REER, RATR ERERANATEFESNEFNT.

[FEBAITLES, XMFLARMTE, SINREERBRART, ER-FERSTHIMEH T H—RItE TR,

EAREXRNER SR, THEEIRSHIER. BT REERESHIVFHISTE, B389 1 MM &
INIAEILAEF, XRBEHRREER (FEE—RE—Y, BEEXRSM/RRATVEZE M) SSUn, &
BANIEIEERREEANFHERSIE, EREEPEHSETAEE.

3.3.2 RiEEE
K-map Method / Karnaugh Map Method

TEERICH/REMNEERECA— " HERRT5E. ERE N BETRRREER ST — M EEER
B BRI XA (BEFREMIBRERIESETERN—AAR) |, FEthAIHESRETHEEER
EIRIX .

By BIEHEMBN 1 (50, MEAKEER) , NTERIESIRZETENFRAN, BHEERKANRT,
Pe{ AR SCIMAO S IR AR AN

e K-map method is a graphical method of simplifying logic equations or truth tables

e Theoretically, it can be used for any number of input varibles, but pratically limited to 5 or 6 variables

@ NEE
2-Variable K-map

For 2 input variables,  and y

Yy
Yy ’ )
X 0 1
m, ny
mO m[ O xry/ x’y
nm, ms
) ms3 X< 1| xy Xy

(a) (b)
For the following expressions, we have the K-maps below:
(@) zy

(b)z +y
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@

Ec
>

3-Variable K-map

—A—
0 1
my m,
m, my
1
(a) xy

XNEE (4 x 2) HALA, BIR

my

m

ns

ny

my

ms

my

mg

TEROMAMREMEEREN, LRI AR

(a)

y
¥ ‘ '
X 0 1
m, m, |
0 -
m, n,
1 1 1
X
(b)x +y
Zy
yz A
00 01 11 10
m m, m; m,
0 x/ylzf (Y/yfz ",/yz x,yz/
my ms m, mg
{1 xy'z' | xy'z | xyz | xyz’
——
z
(b)

71

Example 1:

Simplify F(z,y, 2) = > m(2,3,4,5)
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Yz ' ;

X 00 o1 11 10 /

My my 3 (71, —
0 ‘l 1 1 )|’
— e et ——
il LA TR I
x1{ 1 I 1 1 |
— e —
/ ;
Xy
Ans: F(z,y,2) = z'y + =y
Example 2:
Simplify F'(z,y, z) = Y_m(0,2,4,5,6)
X
6) yz ) )
'z’ X 00 01 11 10
\ o™ )™ ms rﬂz_ N
=
0 | 1 | | 1 ”!’
i?F - .r'm5_ ] m, Imﬁ 1
iflr l 1|
]‘g—_' N —J
z

Xy

Ans: F(z,y,z) = 2/ + zy/

© mEE

4-Variable K-map
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r <

yz
W 00 01 11 10
m, m, my m,
mo ml ,’13 mz 00 wfxly'zl wlxlyfz wl'vlyz wI'rIyZI
ny 1”5 m, mg
my ms my mg 01 | w'xy'z" | wxy'z | wxyz | wxyz'
&
my, myy ms my,
mys mi3 mis myy 11| wxy'z" | wxy'z | wxyz | wxyz'
w1 my mg my, my,
mg my mp my 10 |wx'y'z" | wx'y'z | wx'yz | wx'yz’
4
(a) (b)

ERXEENARIFERINE (00,01,11,10) |, XEAJLURIEIRCHISRINR (mo - my5) |, HREEXS
UIEFEHE K-map.
BJLAERGENM IR, B MEEXIFRIIE SR, EhECHEChIs F1E98.

ERLHR, FET.

Example 1:

Simplify F(w, z,y,2) = >, m(0,1,2,4,5,6,8,9,12,13,14)

2,13,14) . I
“’N 00 01 11 10

W'y’Z' v L m, rz s e N
IOO 1 I 1 | 1
I('L01 IIJ?J, ms 1 m, 'J[I-r‘l ="'I\I w'yz’
’ -|F12 I m; ms 14 = r.{I
xy'z' = ll_r_lj : ”L1 1= xyz'
g my m, m,
10 I 1 1 4

<
.

Z

Note.' wtyrzr 'l wryzr - H"Z’
xyfz! o xyzr — xz!

Ans: F(z,y,z) =y +w'z' + z2

Example 2:



Simplify F(A, B,C, D) = > m(0,1,2,5,8,9,10) in POS form

¢
AP 00 o Tn '
m m, rl'
00| 1 1 | 0 |
BC'D’ - |
$E ) nkl i 0 |
== ol | il 8]

=
he
iO
_...'__,.
_°_I_,
_=/£c
/C
!

n g

D
Note: BC'D' + BCD' = BD'
F'(A,B,C,D) =Y m(3,4,6,7,11,12,13, 14, 15)
F'(A,B,C,D) = BD' + CD + AB
F(A,B,C,D) = (BD' + CD + AB)'
Ans: F(A, B,C, D) = (B' + D)(C' + D')(A' + B)

=ACEEERRE, T 2.4.3 i o EEERA .

Example 3:

Simplify X(A, B,C, D) = > m(2,5,7,8,13,15) into the forms of

(a) SOP and

(b) POS.

FIRIEE:

AB\CD 00 01 11

00 0 0 0
01 0 1 1
11 0 1 1
10 1 0 0

Sop: X(A,B,C,D) = BD+ A'B'CD' + AB'C'D’

POS:

m— (AHREER)

X'(A,B,C,D) =B'D+ BD'+ A'B'C'D' + AB'CD'

X(A,B,C,D)=(B+D')(B' +D)(A+ B+C+D)(A'+B+C'+ D)

10



T (RRER)

BBLETE, NSEIDAT, B HAMA FRRZGHAT, TSRS,
X'(A,B,C,D) = B'D+ BD' + A'BC' + AB'C
X(A,B,C,D) = (B+D')(B'+ D)(A+ B+ C)(A' + B+ C')

@ BEE*
5-Variable K-map
%7
BRI REFRRXITR (FUIZIT1K) .

Example 1: F(A, B,C, D, E) = (0,10, 11, 13, 14, 15, 16, 21, 23, 29, 31)

EF— —1MN4 x 8
AB\CDE 000 001 011 010 110 111 101 100
00 0 1 3 2 6 7 5 4
01 8 9 11 10 14 15 13 12
11 24 25 27 26 30 31 29 28
10 16 17 19 18 22 23 21 20
F5ehk
F(A,B,C,D,E) == (0,10,11,13,14,15,16,21,23,29, 31)
= B'C'D'E' + A'BD + BCE + ACE
ET N4 x4
A=0
BC\DE 00 01 1 10
00 0 1 3 2
01 4 5 7 6
11 12 13 15 14
10 8 9 11 10
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BC\DE 00 01 1 10

00 16 17 19 18
01 20 21 23 22
11 28 29 31 30
10 24 25 27 26

BRIBE_EEE—ELH. EEEHILIGHK. ERIE—

® Don't Care
K-map with "don't care"

SREMNASIINEHETREER (W 05 1 &A1) | XEBEEHE K-map L3 NEATEAILUEATEE
1%, FELLE.

Example:

Simplify F(w, z,y,z) = >_m(1,3,7,11, 15) with mg, my and ms being "Don't Care".

y y
yz yz
wa 00 01 11 10 W 00 01 11 10
m" m \ m 3 n ) mg m 1 m 3 III:
0| X 1 1 X 00| ® [ 1 1 &
w'x / lv’z -//
my g m, my my me m; mg
01| 0 X 1 0 01| 0 & 1 0
X X
'"I.‘ ’"l? ’,’ls IIIN Illl: Illn IHI_‘ I"“
11|l 0 0 1 0 11l 0 0 1 0
w w
mg g my, my, my my my, my,
101 0 0 1 0 10 0 0 1 0
N N
—
p \ . - \
yz yz
(@) F=yz + w'x' (b)) F=yz+w'z
® HiEiRRE

Guidelines of K-map
e Group number of cells in powers of 2 — 1,2,4,8,16, ...
e Group as many cells as possible

NSEIVEH, ZEHESH.

e The larger the group, the smaller number of variables in that term
e Make use of the "Don't Care" states to get a larger group

e Make as few groups as possible to reduce the number of terms
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@ RIF: ZiRigit
Example: Alarm Design

.

3.3.3 FZRCIR

Two-Level Implementation
FIRMRMNEE JER LI —Mp/REAE]. B) SOP #0 POS.
SOP: 55—/ AND gate 5 inputs A&, EMZNRIAN; 52 OR gate MFETFATURI, BEIRK
B,
POS: H—I={EF OR gate 1§ inputs A&, EMEMIM; SEZMEMA AND gate JFTEFITUKRTR, BEIRLZEE
.

PRSEMAIRREATENT. BT OB, FIEERANIESERERS, AR~ EXERIBIRSE
%, SEERIEAMRERER. Fitt, LRt hRREGH SECEETRIRERE.

From the previous example, F(A, B,C, D) = > m(0,1,2,5,8,9,10) can be simplified

e In SOP form by collecting the 1s as F(A, B,C,D) = B'D' + B'C' + A'/C'D

e In POS form by collecting the 0s as F(A, B,C, D) = (B' + D)(C' + D')(A' + B')
The implementation of a function in a standard form is said to be a two-level implementation.
(a) In SOP form, AND gates are connected to a single OR gate

(b) In POS form, OR gates are connected to a single AND gate

oL o] O
el —— >—+ 1) D —
2’—_} D;Di

(a) F=B'D'+ B'C'+A'C'D (b)F=(A"+B")(C"+D")(B"+ D)
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Lec 4 A5 215

Combinational Logic

SHEBRIRA FEEEEE.

4.1 BFHBIRDHE

Digital Circuit Categories
REXTHGEEBE.

Combinational logic circuits

e The outputs at any instant of time depend upon the inputs present at that time instant
e No memory in these circuits

Sequential logic circuits

e The outputs at any instant of time depend upon the present inputs as well as the past inputs/outputs

e There are memory elements used to store past information

4.1.1 A5 Z4EHEE

Combinational Logic Circuits

e The outputs at any instant of time depend upon the inputs present at that time instant

e No memory in these circuits

A —
- — i
Multiple ) o Combinational One or More
Inputs Logic Circuit v Outputs
R

Output = f(input)

e A combinational circuit consists of input variables, logic gates, and output variables
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e Combinational logic gates react to the values of the signals at their inputs and produce the value of the
output signal

Example: BCD % jN=%5

Design a combinational logic circuit to convert Binary Code Decimal (BCD) to Excess-3 Code

Excess-3 Code (tBFR/IXS-3 Code) 2—FHEMB4RES (self-complementary code) , TERTFHFHFRSK
RIS, BERIAH BCD 4788 (Binary Coded Decimal) £t il ET—/MwigE 3.

EAMIMERT: XITEANEHIERY Excess-3 ARV, BATLASENZHBHIERT 9 AU*MBRY Excess-3 RS
THEHRBAHEX 9 WEMBER, E7F BCD NRBERBESN 3, MAREA 1, 2 siEE:

Bz RRTEHEE (0~ 9) , y AR Excess-3 Z#HIE, o FIRAEUREHI Excess-3 ZHEHIEL, =’ By 3
RIAg-HEtEIEL. RIRFEER 6.

{(w +6)10 = ¥2

! o / o o
(@' + O — gy~ @7+ 2000 =+ = 1111 =15

Let (z + z')10 = 910, we have 9 + 26 = 15 = 6 = 3.

rUEmA P, FIRER:

Table 4.2
Truth Table for Code Conversion Example
Input BCD Output Excess-3 Code
A B C D w X y z
0 0 0 0 0 0 1 1
0 0 0 1 0 1 0 0
0 0 1 0 0 0 1
0 0 1 1 0 1 1 0
0 1 0 0 0 1 1 1
0 1 0 1 1 0 0 0
0 1 1 0 1 0 0 1
0 1 1 1 1 0 1 0
1 0 0 0 1 0 1 1
1 0 0 1 1 1 0 0
BN

7EE Some of cells are X (i.e., "Don't Care") because there are only 10 digits (i.e., 0 ~ 9) in BCD.



D
AB 00 01 11 10
i, m, ", m,
00 1 1
m, ", i, m,
01 | 1
m” My LT m|‘ | B
11 X X X X
A ! "y n, my, my,
10 1 X X
D
Ty —
C
Bl w o 1 10
L™ m, my i,
00 | 1 1
m, m, my m,
01 1
! "y, m,, ", m,, B
11 X X X X
“ My iy My My
10 1 X X
D

x=8BC+BD+BCD |

RECEENRAN, B EGSERK:

C
CD ~
ABN__ 0001 1 10
m, ", "y m,
00 | 1
m, mq ms ", ]
01 1 1
m!! myy LT 'ﬂ" ; B
11 X X X b, ¢
A i, ", my, "y,
10 1 X X
D
| y=cp+CD )
C
D -
AB 00 01 11 10
", ", i, .
00
m, "y my m,
01 1 1 |
| My my Mgy "y, B
1] X X X X

| 1 sl ||| R

[ w=A+ BC+ BD ]

Use the simplified logic functions, the combinational logic circuit can be built as below:



Y

C+D

4.1.2 BFZIEREE
Sequential Logic Circuits
AERNTIE, 4.2 ~ 4.6 IWHEESBEBLE.
e The outputs at any instant of time depend upon the present inputs as well as the past inputs/outputs

e There are memory elements used to store past information

4.2 NNi%RS & MWik=R

Binary Adder and Subtractor

4.2.1 3008
Half Adder (HA)

A half adder is a 1-bit adder which do NOT take carry-in into consideration
IXBRTFERAIINE, AREIEHAAIN (WNREBLLERER—MAE, YRERENER)
AR, BRI,

The sum of two 1-bit binary numbers A and B, can be represented as S = A + B:
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0+0=0
0+1=1
1+0=1
1+ 1 =10, where 1 is known as carry-out bit, C,

the truth table of HA is shown below:

'-.“ For S, it is a XOR

operation of A and B

For C, it is an AND

operation of A and B

— G R
— RO
O EEi— &

HNNsEmFa] (XOR) F15(17J (AND) 4AF.
XOR i+& Sum, AND [JitE Carry out.

The Boolean functions of HA:

S=AB+AB=A®B
C,= AB

C, B9 C2 "Carry", o2 out. &~ A F1 B 1BINARF=4AIHL
S 2sum, ¥R A B, FEEHAL

The logic circuit of HA:

The block diagram of HA:



HA
B Co

NS HIEsEAERIESRT, BET
o ENZ/ATTRE.
o EERRVEIFRE, WTEEIEANEEIEE.
o IHEBMGFAMERTRIEEEESTT (ALU) |

4.2.2 2028
Full Adder (FA)
When the operations require more than 1-bit, HA is not good enough

e Carry-out bits from the lower significant bits are not considered/used at the higher bit operations

By extending the HA, one can implement a full adder (FA) which takes a carry-in bit as an extra input
EILASMEA AN, =HE AR

e The carry-out bit of the lower order bit can be connected to the carry-in bit of the immediate higher
order bit

BERET R,

FA becomes the basic unit for a multiple-bit adder
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A [ B G C | S
0 0 0 0 0
0 0 1 0 1
0 1 0 0 1
0 1 1 1 0
1 0 0 0 1
1 0 1 1 0
1 1 0 1 0
1 1 1 1 1
Three inputs:
e Two 1-bit numbers, A and B
e One Carry-in, Cy,,
Two outputs:
o sum, §
e Carry-out, C,
Equations of FA:
S=>(1,2,4,7)
Co= (3,5,6,7)

Sum of Product AYFZ=.
Simplify the Boolean functions of FA:
@S =>(1,2,4,7)
FIREE

A’B’ (00) 1
A’B (01 1

AB (11 1
AB’ (10) !

FTiraH, SXBMRFEE:

S=A'B'Cy, + A'BC}, + AB'C|, + ABC;,
=A®BdC;,

W 2.3.6 Fal] (2025.2.24) 1 .



@ Co = 2(3’ 5a 6, 7)

FIRIEE
A’B’ (00)
A’B (01) 1
a8 (11) (NIRRT
AB’ (10) 1 |
aHLE:

C,=AB+ BC;, + AC;,
= AB+ (A® B)Ci,
=C1+ 0

MFEERUBRIE - EESNFR, BIGESHN AB, SINENMRTARTEH, B (A® B)Cy. M
S = (A® B) © Cy, SEE¥INHEANMEHATR, ARSI TLURRA 08, Hp, $—10F
DRSNS A F0 B, S ENNRAYEMAA A © B (F— 02800 S i) 1 Cn. BTMEMNREM S
BHEAREH S, XMHE— MRS N FIRRANEALET OR BHEEIRLERIEHAL Co.

C1 BE—MHMBAGHAL, Cor BEZANFNZATHL

The logic circuit of FA:

The block diagram of FA:



A FA

4.2.3 e
Half Substractor (HS)

A half subtractor is a 1-bit subtractor which do not take borrow bit into consideration.

For Di, it is a XOR
operation of A and B

For B, it is an AND
operation of A’ and B

I [ | (@] ()
— O = O

The difference between two 1-bit binary numbers A and B, can be represented as D; = A — B:

0—-0=0
0-1=01oril
1-0=1
1-1=0

where we need to indicate a borrowing, as the output borrow bit, B,. Zi@FMANZE0 — 10+ (A=08
B=1) , F2@AFIfE—L, iBh B, = 1. HRERAZEMENM, B, = 0. B2—(fa, &OHEEA
2 — 1= 1. g—(#ENETAER 0 5 1, EXEREMITE, FAREFELIE.

FiFasHRE] (XOR) 1507 (AND) 4Hpk.
XOR i+& Difference, AND |[Ji+& Borrow out.

The Boolean functions of HS:

D,=AB+AB=A®B
B, = AB

B, 19 B £ "Borrow", o £ out. &x A 1 B {8mAIF=4ERIE(L.
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D; £ Difference, &= Al BHE, FEBELL

The logic circuit of HS:

* The logic circuit of HS: A

N
S

HS is very similar to HA, ‘: B,

with an additional inverter

The block diagram of HS:

A Dn

HS
B B,

4.2.4 2R
Full Substractor (FS)
When the operations require more than 1 bit, HS is not useful.
e Borrow-out bits from the lower significant bits are not considered/used at the higher bit operations
By extending the HS, one can implement a full substractor (FS) which takes a borrow-in bit as an extra input
BILASMEEAERN. =T

e The borrow-out bit of the lower order bit can be connected to the borrow-in bit of the immediate higher
order bit

EERIKT R

FS becomes the basic unit for a multiple-bit subtractor.
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Example: 8-3=5

1000
- 0011
0101

B,:11 0
Bo: 011

The truth table of FS:

0 O] 0 O
0 0 1 1 1
0 1 0 1 1
0 1 1 0 1
1 0O O 1 0
1 0 1 0O O
1 1 0 0 0
1 1 1 1 1
Three inputs:
e Two 1-bit numbers, A and B
e One Borrow-in, B;,
Two outputs:
o Difference, D;
e Borrow-out, B,
Equations of FS:
D; =) (1,2,4,7)
B, =) (1,2,3,7)

Sum of Product B9fZ=K.



Simplify the Boolean functions of FS:
@Dz = 2(172,4a 7)
FI-RIEE

B, (0) B, (1)

A’B’ (00) 1
A’B (01) [

AB (11 1
AB’ (10) [

FTEGF, =XARREAIE:

D, = A’B,Bin + A’BB;n + ABIB;n + ABB;,

D 2.3.6 Rl (2025.2.24) fi .

@ BO = Z(l’ 2) 37 7)

FI-REE
A’B’ (00)
A’B (01)
AB (11
AB’ (10)
BFLE:

B,= A'B+ BB,, + A'B,,
=A'B+ (A'® B)By,
=A'B+ (A® B)'By,
= B; + By

NREERILUSEIE N ESHERT, MOIBESHN A'B, B PRTREHITEF, B (A" © B)Biy.
i D; = (A® B) ® By, &&¥EEFR ML, TLURREHMEETTLURRA N FRHEE. Hh, F—
NEFSEEAD AT B, FTNERBENEAS A ® B (F—MEEE0 D; @) 1 By F5AFR
220 D; BHEAREMN D;, WHE—MFHERFISE M FHERHEH T OR BAFERIREMIER B,.

B, BE— M R=EER, By BEZFRESNERL

The logic circuit of FS:



o= T mm o =

Dy

\

~

\

om

The block diagram of FS:

D

FS

<

Q

B mn

1011001,

8910 =

11719 — 2849

11101015 — 00111004

Example: A — B

Di

o *O
1
[N IR (R
1
1 °C O
1 ) *
= 1
mm.-.nmnnnun_
1
| O
| o O
= 1
nv-.m_uuuuu_
EEEERAER “ ......... MO'I.“II
1 t
= |
m.u-.nmuuuun_
------- e s EEEEEEEEEEEED
I Of B ]
1 ] +
v = |
— oM |
1
1 ° O
I @ +
v 1= 1
— m |
1
" o ©
c
S o
= o
o o



4.2.5 FTINi%=R & RiERR
Parallel Adder and Subtractor
S5#17 (Parallel) 1BXJRIELE: EB4T (Serial)
e Binary additions or substractions could be implemented in either serial or parallel fashion
e Serial addition takes longer time to process as at any given time only a pair of bits are processed
e Parallel addition is much faster as all bits are processed nearly at the same time

e We can use FA and FS as the basic building blocks

@ 4 SHATIEES
4-bit Full Adder
Consider a 4-bit FA to process two 4-bit binary numbers: A = AsAsA1Ayand B = B3ByB1By.

1% Binary 2™ Binary
Number Number Cin

RN

A‘i AZ A‘l N 83 Bz B1 Bo
741583
Cor  4pitFull Adder CNW

S S2 S S

R

Cour Summed Output

Input: 4 bits for A, 4 bits for B, 1 bit for Carry-in (C;y,).

Output: 4 bits for Sum (.S5), 1 bit for Carry-out (Coyt).

To build a 4-bit FA, 1x HA and 3x FAs, or 4x FAs are required

FRSCELSR: — DR =2es (TL) |, s 2nes (B

4-bit Parallel Adder - Hybrid

RS XMERRIREAEAN 0. BEBT AR Flg0, (£ 4 4 4-bit Parrallel Adder AR—1 16 fi
Ini%Egs, TAERE(R 4 AIEB NI LAERE S SEH.
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A
AR A B, )
B
B3 BZ Bl BO
L.¢
A FA
"B
..
A FA
"B
L .c
4 FA
B C,e
B Bit4
4-bit Parallel Adder - Standard
BAFIERIR 4-bit I0iE.
LOW (; S —— W
Az||Ay | Ay Ay ) EA ;
G
B C,
B3 BZ B1 BO ?
—a s
A FA
B C,
!
L. s TS
A FA
" B c,
!
o —
A FA
"B C,e

Logisim SEHIANT :




A3 AZ AT AD

= % : DT - o

el [ & [ [o £@@@£
B3 B2 BT B0 Ci S3 52 Sl s0 Co

Commercial Package of 4-bit Adder

A commercial IC 7483 is a 4-bit parallel adder that implements a FA.

Ci_n'
&

ﬂ)
A1 .
N 4-bit 1
| Parallel =
| adder [
Bﬁ. gut
= (7483)
Iz
B_3_

Atotal of 9 input pins

e 4 bits per binary number

e 1 bitfor carry-in
A total of 5 output pins

e 4 bits for the sum



e 1 bit for carry-out

Pin Assignment of 7483

Dual-in-Line Package
Ca CO GND BY A o

16 15 14 2 12 n 10 e

L4 C4 ©0 BT A
— B4 L=
r- Ad A2 M
b A3 0l L2 82

Ad I3 A3 B Vee 2 B2 A2

@ 4 (FHTRER

4-bit Parallel Substractor
Consider a 4-bit FS to process two 4-bit binary numbers: A = A3 A3 A1 Ay and B = B3B, B By.
Input: 4 bits for A, 4 bits for B, 1 bit for Borrow-in (B;y,).

Output: 4 bits for Difference (D;), 1 bit for Borrow-out (B ).

To build a 4-bit FS, 1x HS and 3x FSs, or 4x FSs are required

PRSCELSE: — MR 2R (TEM) |, S 2REEs (BfELD)

4-bit Parallel Substractor - Hybrid
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A
A, B,|A A N
B
BS BZ Bl BO
I_’ Bm
4 FS
B —— B,
?
A FS
"B —— B,
?
‘_’ B, Di » >
A FS
B —— B,
4-bit Parallel Substractor - Standard
LOW B;, —
B — B,
B3 BZ Bl BO ?
|—> Bin Di e >
A FS
B —— B,
?
= — o —
A FS
"B —— B,
?
I_’Bz'n 'DZ ~— >
, A FS
B — B,

® 8 (FHiThniER

8-bit Parallel Adder Using 7483

Let's connect the following 2x 7483 to form an 8-bit parallel adder
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8.5, - B,-8, C\=0
12 18 12 18 13 13 |2 13 12 18 12 18 13 13 |12 13 |2
I Yo I 20 .
AN Q 5 9 N Q = 7
© 200 © 9T
& 8F= & 8F=
Ig 2 Te T2 Tg

4 MSB: bit 7 - bit 4

dn NI THHEINGERTLARR 7 4B 4 M TiEEIINE, SAEHE n A 4-bit £IN2E4ME. [ FFMESIIENgE, IEMK4
NIREINEEHY carry-out BAMES 4 SIAISINESHY carry-in, SCIURELY R, SSTFRMES/N 4 AH92inss, TJLUER
BAXH, SEFERMESSIIFHE carry-in FHIEE

4 L.SB: bit 3 - bit 0

@ 8 (uFITRER
B, 4n M HBIRERTLAREE n B 4 UTHSIRE, ARA n A 4-bit 2REESLIE. TR MEBHILRSR, &

IR 4 AY2IRESAY borrow-out IZAMES 4 (AYLIHESHY borrow-in, SCHIRERY E. SFUER/ 4 ISR
28, ILMEFRRASC, AR ESSIIFHE borrow-in FHIEE.

® INiZRRSCHUAIERS

Parallel Subtractor Using 2's complement
Binary additions can be used for subtractions.
2's complement is generated by

e Flipping the bit value from 1 to O or 0 to 1.

e Followed by an addition of 1.
W1.3.3 ARFS RS o 2's #MD .

In other words, all multi-bit substractor can be implemented using the commercial package parallel adder,
such as 7483.

1-Bit Subtractor Using FA & 2's complement
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EfFF 2's complement: C; = 1, {EAEEAL

EfFEF 1's complement: A%,

4-Bit Subtractor Using FA & 2's complement

A3 AZ A-] AO HIGH ()

A ——— FA

-BS BZ Bl BO B

4 0 I
[
. A

FA

FA

FA

E
Il ¥l] vl v

TR, 2's complement X B REFIN—, RFEE B HAMEEUR,

(AABANEFRINT 1) .

8-bit Subtractor Using 7483

RIEIEERIMIINERRR C; B 1 808



4 MSB: bit 7 — bit 4

4-Bit Subtractor Using FA & 1's complement

H
B,-B, A-A, B,-B, e
H
ONONONG) { ONOGHONG)
/ 12 18 | |3 3 18 |2 138 |f I I L L e L
Inverters

I 29 a I 95 .

N o = 9 N Q =S 9

© 200 o 209

L S~ L So~

19 1g Tg 12 1g

-

4 LSB: bit 3 —bit 0

REXTAEEINERREM. (TR B (A AHEERR, s/IVIINERN C; & 1.

Number A Number B
ok R
2 N r ™
\( \f T/
A A A A B B B B

4 bit parallel binary adder

%S 5 8 &
% /
Result of subtraction

EfFEF 1's complement: A%,

1's complememt
of B

+V=

-



©® BRAMNESS & Wik

Universal 8-bit Adder / Substractor

ICE
Bg oo - 69
A | . ; — S,
: 9 4bit | g
Az ________________ > 1
A, | o Parallel [ s,
adder = S,
B -r-m-ee- — BO | [Cout Cin|
Bo __________ — i (7483) A, s Aol
1 ) B2 A4 =2 S4
__________ — — o A ¥
B, 1> 5N 4pit oo
By -ooe- = 3> Ag ., n] 5
A, | Parallel 1= S,
"7  adder B S
B, - Y S 3 80 EU‘C
4 (o]
By oo 5> (7483)
ge ————————————————————————————————————————————————— z3>-F
B3
T 2 >
¢ | Switch: 0-add, 1 - subtract

Bi—NBEAX, AXA0M, YT A+ B; FXA1E, HiT A - B.
ERIXANREI NG FFEA 0 /Y, Bati @t B, FA 16, Baii @t B, H4T8 B RA.

4.3 LbEk=s

Comparator

Lb8=R (Comparator) REFHEERF—MERLNEETH, BTHERRDSZHHEIINKR. EREEINRERY
A MAANBIERSEE, HERENNANKR, FEbBNAER.

4.3.1 4 {uLbi=R

4-bit Comparator
Consider a 4-bit comparator to compare the magnitute of two 4-bit binary numbers, A and B
After comparison, only one of the following three outputs will be HIGH

e D;represents A= B
e Djrepresents A > B
e Dgjrepresents A < B

Assume A = A3 A3 A1 Ay and B = B3ByB1 B,
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If A= B, DyisHIGH ifand only if A3 = B3, Ay = By, A1 = By, Ag = By
In Boolean function, if A = B,xz; = 1 fori=0,1,2,3
z; = A;B; + Zigi
Di: A= B= z329212%0
Dy: A> B= A3B;3+ z3A45B5 + z32941 B + 232921408y
Ds: A< B= A3Bs + 2345Bs + z379A1B1 + 232271 A0 B

Commercial Package of Comparator

A commercial IC 7485 is a 4-bit comparator

(a) Pin diagram (IC 7485)



SREFER, flan7S5IM, H A< BRAL
A < B: L

Vee: # 45V B

GND: #i0V.

I RERGN, BNGRERESNAAILRES.

IR, HERZERNRBATTRLL, EEMERE / FSEREERM LSB 1 MSB £, RIERFEEEAR RSN
EUR =R AN 1. ST RRE AN AR AR, EdET mrEt S T AT R E/IMU
RIELREER, M TENIRAILRIREEX.

To compare two 1-byte binary numbers, two 7485 can be cascaded with each other.

IFiH:8 & mhSes
Decoder and Encoder
Encoder and Decoder are combinational logic circuits, they are working in pair.
They are used to convert information to codes (encoding) or codes to information (decoding).

Applications: Encryption, decryption, efficient transmission, and error detection and correction

4.4.1F928

Decoder
n @A, &% 2" BEREY, SMIARNN—FZEK
FATFHEANRAD, $MOEIXNE.

®2 X 4iF988

2-Bit Decoder (Active-High)

5 1%0 A 15 c | 0 B Acivo G

outputs

1

—— = O O

0
1
0
1

[—
o = O\O

0
O O
0

In order to make an efficient hardware implementations, we have modified the truth table as below, by
adding the complements of X0 and X1
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St [0 1t %0 A | B ¢ D J Acuvemon
o 0 1 1|1 0 0 o0

outputs
0 1 oo
10 oo
‘11 0 oo

By making such modification, only 4 AND gates and 2 NOT gates are required.

HLHRIHREIFFIRNR, ERE—HN, flin A = X1'X0'.

1 0 0
0 1 0
0 0 1

et TR X1 | X0 X' |X0” A B C D
o 0o 1 1|1 0 o0 o0

0o 1 1 o]0 1 0 o
1 0 o 0 0 1 0
11 0 0|0 0 0 1

Rl <1 o xi o A s oo
o o 11l 1

1 1

0 1 1
1 0 1
1 1 0
Active-LOW: HitH9 0 SR-ide, BT TTL 884 TTL RIK(RFESFIXEIRE I5R.

2 X 4 FEEEREEEIT



X1 XO

i

VimanEs- 1
T ®
1 rms B
D——g]c c’
D~—§j D D’

Active-HIGH Active-LOW

@3 x 8 itk
3-Bit Decoder

[RIEER, RERZT—:

el R e e e A B S0 e L e L

0
o---001oooooo
- - -00 1 0 0 0 0 0
- o o|lo o o 1 0o o0 0 o
0 -0000 1 0 0 0
0 olo o o o o0 1 0 0
- 0-00000010
- o o|lo o o o o o0 0 1

Commercial Package of 3 X 8 Decoder

74138 isa 3 X 8 decoder.
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E3

E2

54 |
S

X__(_)_ 3X8
Decoder

e 3-bit code input
e 8-bit Active-LOW output

In addition, there are 3 enabling bits which is used to provide an external control to the device

e Chip selection

e Reset

BEEX:



* = Don’t Care

Disabled

Enabled -

(® BCD-Decimal i¥t3s8

Commercial Package of BCD Decoder

7442 is a BCD to DEC decoder

e 4-bit code input
e 10-bit Active-LOW output

BEX:

EIEEE (325 a5 o]
H & & © & & H H H H H H H H
E H i i & w H H H H H H H H
& & L = & © H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H|H H H H H H H 1L

0

1

2

Xo 3

X1 4

BCD

X2 5

e Decoder B

X3 6

7

8

9
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=

ﬂﬂﬂ-ﬂﬂ-ﬂﬂ

I I T =T
I T T =T
I I T I T

a5 e | 22 ) 22 | 20 | 28

ISR [NETENN INSTERN NSTERN IRSTERN ERSTENN IRETS

e
H H H H H IIIII
EUSRTTUIS SIS SIS R

I T T T IT T IT I T

- I IT =T
I I =T
I

I —m I —m I rr I r I
T I* T I I I I I T

I I T I I T

L

L

L

H

H

H

H

L

L
=
B
==
i
o
n

4.4.2 fRB=E

Encoder

3 x 8 FREFREPEERNAIE 8 < 3 Encoder.

B.ﬂﬂﬂﬂl!l

0 0
o 0 1|0 1 0 0 0 0 0 O
C o 1 olo o 1 0 0 0 0 O S
puts utputs
0 1/o o o 1 0o 0 0 o0
- o olo o 0o o 1 0 0 o
‘1 0 1]0o 0o 0 0 0 1 0 0
1 1 o|l0 0o 0 0 0 0 1 0
1 1 1|0 o 0 0o 0 0 0 1

FOsRHIHE OR [ NILE R REBNLL

f5: 8 x 3 Encoder RUEEEE
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A —
) X2=E+F+G+H
b
C L
D -
) X1=C+D+G+H
E .
B
G ) X0=B+D+F+H
H »

Commercial Package of Encoder
74147 is a commercial package of a DEC to BCD encoder

e 10 decimal inputs from 0 to 9 (Active-LOW)

e 4 bits BCD output (Active-LOW)

Q
1]
Xo
2_ L
X1
3— =
X2
4_‘ b
BCD | X3
S Encoder
6
7
8 |
A

74147 2 Priority Encoder



e When there are more than one inputs active, higher priority will be given to the larger decimal input.

BEX:

B RN R N KR
H H H H H H H H H H H H H

TT_*__*__*__*_T_*__*__L_IL 5 | o 1
l'T_*__*__*__*_T_*__,___H_L 5 | w | &
* * * * * * L H H | H L L L
* * * * * L H H H | H L L H
* * * * L H H H H | H L H L
* * * L H H H H H | H L H H
* * L H H H H H H | H H L L
* L H H H H H H H | H H L H
L H H H H H H H H | H H H L

4.5 SRS A & SR HcEs

Multiplexer (MUX) & Demultiplexer (DEMUX)
ZIRSFARRERIRN [HREIRERR]
SO TR ERARY [EUEDEC=R]
Multiplexing means transmitting a large number of information over a smaller number of channels or lines

e Data selection is involved by a control signal

e |Implemented in the transmitting end

ZREM: N — 1, BSRESEIRVLELIE.

Demultiplexing means distributing a single source of information from a large number of channels or lines

e Work like a decoder

e Implemented in the receiving end

ek 1 - N, ERERRRFEIESER.

Given a multiplexer circuit, the information cannot be accurately demultiplexed, unless exact knowledge of
the multiplex circuit is known.
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4.5.1 ZIESHHE

Multiplexer (MUX)

n x 1 MUX

(I
I, —
Iz_

In- 1

Sm-l Sl SO

o n FEHIEMA

o [log,n| £ select line
EVEnMEAS, BB, 2 AR R

o 1Mg

) )

:D— y MUX

I

" )=
4 —"_(>°_ s

(a) Logic diagram (b) Block diagram

Copyright ©2013 Pearson Education, publishing as Prentice Hall

iEE select line B9MIE, FEAANNAIESRANBEIFIREM, BXBEERS], BRAMRKEREASH].

Quadruple 2 x 1 Multiplexer
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Ay

Yy

Ay

Ay

B,

B,

B,

s —>od o

(select)

Utfkljkg JUU U

E
(enable)

4 x 1 Multiplexer
2 MEHIES.

HEx

the block diagram

Do

Copyraght 2011 Pearion Educaton, pubitaherg »s Prentate Mall

| Output Y

L allo's
select A
 select B

—oX |t

Function table

I

= = O O

0 DO
1 D1
0 D2
1 D3



Data
i S output

Data
input

S1 " §o Control
signal

pecke=ishizd

DO m-

D1m-

D2m-

D3m-

Slélsle

I

S1 SO

TRIXERECOERTIEA], BEEMEAES (DO, D1, D2 B D3) {E/R—E. SAEERIE]
MREERIZINERM, SR EERE, ARRHER.

Commercial Package of 8 X 1 MUX

74151 is a commercial package of 8 X 1 MUX



the block diagram

vt ol

— D, Y
ot Dy B
e I 8x1 —
| D, MUX

et L

— Dg

— D;  S2 .81 So

IR

HE*

0 0 0

o 0 1 D1
o 1 0 D,
0 1 1 D
1 0 0 D,
1 0 1 D
1 1 0 D
1 1 1 D,

peke=izzhizd



S2m-
I

S1m-
I

SODL

4.5.2 ZIRH TR

Demultiplexer (DEMUX)

Consider a 4-output DEMUX
DO to D3
Only one output is selected and assigned the value of X

The selection is performed by control signals, SO and S1
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Data
input PRSI £, |

Data
e output

Control
signal S1

A DEMUX can be implemented by a decoder

Input /
FI Data

lo Tno To To

Be, * ®H * *|H H H H
1 Eo —9
2X4 I~ L L L L H H H 1X4
X1 | Decoder _2 Demultiplexer
Xo 3 L L H H L H H
L H L H H L H
L H H|H H H L 1

Xo Xa

1]




4.6 B

N-bit codes m N-bit codes

ZN channels

4.7 =& WP=E

Appendix: Tri-state Buffer

Lec 5 BIFiZ45HER

5.1 BIFFiZiEsE

Types of Sequential Circuits
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5.1.1 A HFZE
Synchronous Sequential Logic
ITHTERSBRIZIERRTER (clock) =l
Its behaviour can be defined from the knowledge of its signals at discreteinstants of time
A timing device is required and called a clock generator

A clock signal is a periodic train of clock pulses

5.1.2 RERFZE
Asynchronous Sequential Logic
TR TN RIR T, WIREEE, RITHEEX.

Its behaviour depends upon the input signals at any instant of time, and the order in which the inputs change

5.2 =fiTeit

Storage Elements
There are two types of storage elements in sequential circuits

e Latches

e Flip-flops

5.2.1 §iifz22
Latches
BSEEURK (Level-sensitive) .

Not useful for synchronous sequential circuit, but they are the building blocks of flip-flops

@ NAND B! RS Latch

A crossed NAND RS (Reset-Set) latch is a digital circuit whose output is
e Set by the SET' input (Active-LOW)
e Reset by the RESET' input (Active-LOW)


af://n4530
af://n4539
af://n4547
af://n4558
af://n4564

SET'R— — Q

RESETE—— ~ EBQ

NAND F9#5m: B—1 9 0 ftstn 1

State of RS Latch (NAND)

SETmQ : SETE1l
. - Q . }

RESET'Dli[t —02Q" pEgeT D&}

I
:

)
;

SETEL ). Oyq SETEE ) 144
1 1

RESET'DOLL —1%Q" ResET DOLL}J{IJQ'

SMARERN, EFRAWREBREZHEESTIE, BRI NAND [AYEHi#E BE—ESHIZE. B(IR
HRBRS, BIARREZBIPRE.

o

\/

72, unchanged R&EEFIMER, Q =1,Q' =08 Q = 0,Q’ = 1. EpR LB, ERELEN, HES
FEEERS (Q' 1 Q #¥EEF) . BIRRIYIENEI <%,

HE*



EECACICIT

1 PROHIBITED
mi _______ 6 _______ b_"""_1"""_1""0"""_"S_E_i _______
0 1 1 0 0 1  RESET
0 0 1 1 Q Q@ UNCHANGED

R, Q1 Q' FeestERE.

RS iR E

Timing Diagram of RS Latch (NAND)

O
Q
(&)
=
©

£
&)
=

-

Unchanged
Prohibit

Reset
Reset

State

Set
Set



@ NOR B! RS Latch
A crossed NOR RS (Reset-Set) latch is a digital circuit whose output is

e Set by the SET input (Active-HIGH)

e Reset by the RESET input (Active-HIGH)

S ET Ol_l_.j Ql

1
RESET R —mQ

NOR AFR: B—1 1 @itinis 0.
TR XA,

There are 3 valid states (Set, Reset, Unchanged), and 1 prohibited state

SET UNCHANGED

1 1
0 Ly 0 1y
RESETD@ ®Q RESETD@—DQ

SETD(’@ lgQ SETDIQ Om Q'
0 0

1 oL 0 0.
RESETDl—LD@*—DQ RESET@l—LD*—DQ

HEx
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E RESET | SET’ | RESET’ Q Q’ STATE

PROHIBITED

1
0 RESET
0 0 1 1 Q Q' UNCHANGED

AR, QM Q TeBEHERIE

R iR E

Unchanged
Prohibit

State

E®]

()
o
=
©

7=
O
=

=

Reset
Set
Reset

Set

Although they are both RS Latches, the input signals are different (Active-LOW vs. Active-HIGH), the outputs Q
will be totally different.



SET/SET INPUT

RESET / RESET INPUT J

Q

CROSSED NAND

= ipL

Q |
CROSSED NOR 9
Q —
P lifFEE R A E.
RIF3: EBESEL

MRS/ RESR ), EREERIZIREKY, A RS Latch IFRERERTS,

ISR,

O
L

= To avoid the problem, a RS latch can be used to debounce the switch

Ve

Vee




5.2.2 il Es

Flip-flops
Storage elements that controlled by a clock transition
DiABURL (Edge-sensitive) .

Latch 2 Flip-Flop AUNI%EHR.

R $ehBk i
Clock Pulses
The clock signal is a rectangular pulse train or square wave
The FFs will change its state when there is a valid clock signal
Clock inputs are usually labeled as CLK, CK, or CP
RMESE—FMTRINMES, BEtEtA 021, BMN1 0.
FF R ESHE B BRI BERES.
RERHEERABHEEHAE.

Control : Q
inputs .

* L S CLK

Ol

CLK is activated
by a PGT

PGT: tFHBftk (Positive-Going Transition) , EHH

NGT: TFgAftA (Negative-Going Transition)

@ RS-FF

Clocked Flip-Flop

Control ’
inputs .

It

B CLK

Ol

CLK is activated

by an NGT
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T

SET ) SET
CLOCK —
RESET j RESET

To make a RS latch be useful in synchronous sequential circuit
Modified version with a clock input and becomes a Flip Flop (FF)
3inputs: RESET, SET, and CLOCK

2 outputs: Q and Q'

The CLOCK input is also known as ENABLE

e When the CLOCK is LOW, the FF is disabled
e When the CLOCK is HIGH, the FF is enabled

SET

BEX

0 00 Q Q@
0 01 Q Q
0 10Q Q
0 11Q Q
1 00 Q Q

......... P
1 101 0
il o B

RS iR E



R
I I |
I 1 |
S I [ [
I I |
I 1 |
9 I | | I I
| I | 1 |
| I | I |
1 | I T | |
| I | | |
R | I I I I
| I | | |
| | | [ |
0 I 1 | I 1
| I | [ |
| I | | |
1
CLK A Y A Y A Y A [ A Y
0
a b c d e f g i i
| | | | :
| I | |
1 | T
| |
Q | [
| |
| |
0 T '
——— > Time
No Set Reset Set Set
change

okt ERERM 138 0 B2 unchanged.
IR, XBEMRELE @BF) BT (S, R 1) . ATHRRIX/NIE, 3|\ D-FF.

@ D-FF

Data Flip-Flop (DFF), X#R D fiti& 28
AR: 7E RS-FFOMI—ESRIBEE, I8 D AAHi%E SET #1 RESET
HET [$HF—(SiE. TSR] .

When the CLOCK is HIGH, the output Q will be equals to input D

When the CLOCK is LOW, the output Q will remain unchanged

DATA (D) | SET

—

CLOCK

L

£>”f RESET

BEx
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D CLOCK Q| Q |  STATE
0 Q Q’

0 UNCHANGED
1 0 Q
0 1 0 1
1 1 1 0
EFHBRE.

IR, QD EEELAALDENS, REEGMAR, Q A2WEHN D E

D-FF consists of a RS-FF

SET SET
D — S Q— —— D Q l——
Rcor QF— —— cr Q ——
Use of D-FF
I __l____:—_—___l“l )
= Parallel data transfer —{—:D B =X
‘ [
X | —ob oLk Ql—e
l ______ I
| |
Combinational | Y | EEsasa |
logic > + 1D Qz:-r—-o Q,=Y*
circuit | | !
I | !
Z | | !
- | .,
| ¢—cbok  al—e
||~ = |
! [
| | PEEERR [
: {B Qa‘LI—. Qy=2Z
|
! : i
| | )|

1
TRANSFER ., [ Y .
0 o—a—o—d>c|_|< oal-,—o

——— e ——— ———

*After occurrence of NGT

ThEEMA: CLKiRERMA.



® JK-FF
JK Flip-Flop (K-FF)

To make use of the unused state at NOR RS-FF, 3|\ JK-FF

JK-FF is similar to RS-FF, except when both J and K are HIGH, the FF toggles (&#4%) its output value

BIEMNT B EREIERIRE, tE RS-FF B3R K.

=, NAND B RS-FF RBEX AR, BIFARE.

CLOCK ——

v U

HE*
Iﬂﬂﬂ
0 Q Q UNCHANGED
A 1 0 1 O SET
A 01 0 1 RESET
A 11 Q Q TOGGLE

“A" stands for Active, it could be level, rising-edge, or falling-edge trigger

J SETQ

Ol

K CLR_Q_

ERK-FF oh Q F1 Q' KiztER, Ak Toggle RAREE, EHSMTRAREECHI bit.

An edge-triggered D flip-flop can be implemented by an INVERTER and an edge-triggered J-K flip-flop

De

CLKe®

\Y4
O
=
A

XEHRRIRBERAL, EA DM D AREA 1.

e——> CLK

Ol
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@ T-FF
Toggle Flip-Flop (T-FF)
For repeated toggling of the output values, JK-FF is modified as T-FF.
5 JK-FF IREINFEHRISZISREA T (Toggle).
T =15, W@, T = 0 BHRER
RIF: 1HEg=8. DImss.

CLOCK

Q|

U

T

—1> Clk
K o—— > Clk > Clk o——
(a) From JK flip-flop (b) From D flip-flop (c¢) Graphic symbol

Copyright ©2013 Pearson Education, publishing as Prentice Hall

iER D-FF #4338 T-FF:

T-FF (UEBEATARILAEE D = T © Q T, Heh Q B EREGERAYEHIE. ErEnaskIarIB—2, D BE
RIESRIR Q 70 T i8R, RJ5 D BERGETEH Q. MR T = 1, U Q SFUmENE.

=65
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0 Q Q TUNCHANGED

A 1 Q@ Q TOGGLE

clk
P

175 FFEER

= = O O
—_— O
0 = O

5.3 EiES

Preset and Clear
Inputs that depend on the clock are synchronous

RURSSIREIE AL, BERRLE Preset (PR/PRE) 55 Clear (CLR) i : 2RSS, SIEERATZIE Q&) 15k
0.

If the asynchronous inputs are not used, they will be “inactive”
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16 [15 [14

13 [2] [11] [io

i i
| 1
' J CLR @ {J PR O
> K > CK
—K PR § K CLR @
o T

41 (5] LB]) [/

Dual J/K

7476
M/S Flip—Flop

with Preset and Clear

l PRESET

— Ql—e
—(> CLK
— K Ql—e

T CLEAR

J |K|Ck |PRE|CLR|Q

0|0 ¥ 1 1 | Q (no change)
0|1 ¥ 1 1 |0 (Synch reset)
1[0 & | 1 1 |1 (Synch set)
U2 1 | Q (Synch toggle)
| B e 1 1 | Q (no change)

% bl x 1 1 0 |0 (asynch clear)
X [x| x| O 1 |1 (asynch preset)
X || 0 0 | (Invalid)




PRESET AND CLEAR

= AJ-K FF that responds to a NGT on its clock input and has active-LOW
asynchronous inputs "
+5V PRE JK {

l 1
J PRE gl g CLK | l | | | l | | I |
0

CLK > CLK | | | | |
= [ [ | 1 |

K =% Qe 1 T T T T T

o PRE | | ! | |

0 1 1 1 1 I

1 [ 1 | I

; 1 | | 1 |

i T y I +

e CLR & | | | |

Point Operation 0 : : : : | : :
1 [ 1 |

Synchronous toggle on NGT of CLK

1
Asynchronous set on PRE = 0 1 ‘ !

Synchronous toggle Q :

Synchronous toggle 0 5 |
Asynchronous clear on CLR = 0

A |
CLR overrides the NGT of CLK | :
Synchronous toggle ab c d e f g

@ -~0ao0oon

5.4 iz FNER

Triggering and Timing

In synchronous sequential logic, an external clock is required as a periodic pulses to trigger the synchronous
FFs

There are 3 types of clock triggering methods
Level triggering which relies on the magnitude of the pulses
Edge triggering which relies on the transition in the waveform

Master Slave triggering which relies an extra FF to generate triggering signal

5.4.1 i

Triggering

OF::B2:73
Level Triggering
The circuit is activated by either HIGH or LOW level of the clock signal

e HIGH level triggering

e LOW level triggering
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— J

Triggers on high level ﬂ

K CLR6

SET
Q

Triggers on low level u R —"

J SET Q
P
K CLRE

The triggering process depends on the duration of the pulse, which may cause instability problem

@ biaMA

Edge Triggering

The circuit is activated by the transitions of the clock signal

Rising-edge / Positive-pulse triggering, from LOW to HIGH

Falling-edge / Negative-pulse triggering, from HIGH to LOW

Positive pulse

Negative
edge
/

Positive
edge
Negative
edge
Positive
edge
\
CLOCK

J

o

-

Negative

Negative pulse

edge

Positive
edge

Q of +ve-edge FF

Q of -ve-edge FF

— — —— —

— et el a—
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Se

I | . Edge

CLK detector

Re

Pulse-steering NAND latch
circuit

RS Latch A 2P, BIT—MNIAENESERT A EFHEE PR —MEMm R TES, MM
RS-FF B9 R 85URx.

BiBEER
Edge Detector

BT RC PE8aK IR B ESLIIE/ KT 4RS (PGT/NGT), REZAIARARRARBEEIIARIE.

CLK CLK
CLK CLK
CLK" CLK"
O
CLK ! CLK
S | - |
CLK : CLK —————————

CLK* |-

(a) (b)

® MK

Master-Slave Triggering

B RS-FF 4%B%: Master H CLK, Slave §F CLK.
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SSETQ Q

> Master > Slave
R R car Q Rar Q

C 4> Y

If Cis LOW, the master is DISABLED (inputs S and R have no effect to the circuit) while the slave is ENABLED
(the slave clock is HIGH), and producing the slave output Q =Y

Q|

FPFEE Master 221 (RIIRaAN: SFIR)
MBiTFES Slave 2'BA'H (EAERIBTE2E C A9KIE)
Slave #itH Q = Y (#@HAYE Master E—RAVER)

If C becomes HIGH, the master is ENABLED and the information of the master inputs S and R is transmitted
to the circuit, BUT the slave being DISABLED will be isolated from an impact from these inputs - slave outputs
remain intact

Master #f5F, FHASREEAN S/R
Slave #FZEF, A5 Master HaT LAY
Slave S5 E—MAS (BiE@EH)

Note: there are delays the change in the master clock and the slave outputs -avoiding glitches (unwanted
logic pulses resulting from multiple logic components operating at different speeds)

Master-Slave Flip-Flop SCFRE#E CLK Y REEG"EfHEL, & in: B2 " LFHERE, THEahmE"

5.4.2 FERY

—ESHNE. [Tk

5.5 BRIASH

Finite State Machine, FSM
FSM is a mathematical model of computation used in many digital systems.
FSM controls the behavior of systems and dataflow paths.
The machine is in only one state at a time.
It can change from one state to another by a triggering event or condition, this is called a transition

There are two types of FSMs
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e Mealy FSM
e Moore FSM

5.5.1 KFUIBBIRIASN
Mealy Finite State Machine, Mealy FSM

Mealy FSM R9% H A RIAZSFN RIS

Inputs » Outputs
Circuit
Next State
Storage Elements
Present State (Memory)

@ BEFEHE
—\ Mealy FSM BHEATRILANEBS4EAL :
o REES (States) : RAABLTHFIBERE.
BMAES (Inputs) : REHZWKAIINBEIA.
BHES (Outputs) : REGF=4ERYEL.
INSEERBAEY (Transition Function) : HEPIRSFIBNRE F— M.
HHEREL (Output Function) @ HERASFIENRERL.
HIRZS (Initial State) : RGEFHIRTITAIFTALAIIATS.

OFL 1=
HERSE, MEIEER

@ fliF: EiEEIER

Mealy FSM Example (Parity Checker)

LUERES (Even Parity) F9ffl:
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W 1.6.3 #HEKE o MKK .

1x/0 01/1 Inputs .
= Reset, Input Bit
=00

00/0 00/1 Output
= Parity Bit
=1

01/0
SO: =T 1 A9 ERIBEL
S1: =m0 1 MRS

XE2— T RATREFERBRILMAT Mealy R SHRIEIRINRE (1 NBERSHLEMEE) AL, Bt—
MREGNL, EEE 1 BIEE B

Bk biR: BN/
BN (FHI) : ResetBit InputBit

wWH (—{1) : ParityBit

5.5.2 EE/REBRIKSIN
Moore Finite State Machine, Moore FSM

Moore FSM BURIHHRIKI T SRIRZS, TR

Inputs ¢ Combinational
Circuit
Next State
Storage Elements
Present State (Memory) » Outputs

@ XS
—A> Moore FSM HLARLANEB 4R :
o JRBES (States) : RFEABELTHIFFEIRES.
BMINES (Inputs) : ZRFHEUAIINEBIEAN.
HiHES (Outputs) | RFE=ERVEE.
IWEEERBREL (Transition Function) : HEPASHIBINAE F— M
HiHHEREL (Output Function) : HEHAZREHH.
AR (Initial State) : RAETFHRISITITAMLRIIRT.
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iE&, Moore FSM RUBIHREAXRPASRE, BE T—MASBABEARPASHMALRIRE.

OF=
FEEFSNERAERINGE, WAIRERIE. BRI EEMH, &5

® fliF: EiEEIER

Moore FSM Example (Parity Checker)

LUERES (Even Parity) F9f):

W 1.6.3 HFERE o MR .

1x Inputs

= Reset, Input Bit

= Parity Bit
=1

01
=00
00 ‘ 00
Output
01

5.5.3 ¥tk
Mealy B FSM: EREINZ{UAT, IZBNGEH DR
Moore & FSM: BIHEHATERSEANE, SHATEIEXR.

5.6 BIFFRERIZIT

Sequential Circuit Design
M FSM ZUiZ4EFRES, SCHPBRANT:
o EHIREE (State Diagram)
o BHUIRZSEE (State Table) / E{EZR (Truth Table)
o NEANMURRERESRIMARS (Flip-Flop)
o RINfRAR=RMAS (Flip-Flop inputs)
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o KA RRMNINBIERIAT
o KFHHANEEREL
o SCHIEBEE

5.6.1 EIRZSE

Design a State Diagram

ACTION:
RED Timer
Expires

ACTION: ACTION:
GREEN Timer Timer
Expires Expires

STATE: STATE: STATE:
GREEN RED

State diagram of a parity checker in Moore FSM

1x
01

00 00

01
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5.6.2 &R / HiEER

State Table / Truth Table

L) State diagram of a parity checker in Moore FSM 7945,

1x
01

00 00

01

State Table / Truth Table Z0F:

(opace® | PresentState |  Input | NextState |  Output |
states by bits Present State

.o | x o | .z |
SO 0 SO 0
SO 1 S1 0
S1 0 S1 1
Sl 1 SO 1

PresentState |  Input | NextState | Output |
.o | x| o |z |

<
N

— = O O
— O ~ O
O —~ = O
=~ O8N ©

BERVRERSERPIORSHETHHHAE. IRE n MMEIRSE, NEERPIRSII AT HEHR
%9 [logy m] fiL.

5.6.3 ERLR R

FF Selection

Truth Tables of FFs
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EEENEKE ENEKE IIIIII!II[II BN
0 0 Q 0 0 0 0 Q
0 1 0 1 1 0 1 0 Q’
1 0 1 1 0 1
1 1 ? 1 1 Q’

From Truth Table to Excitation Tables
T NHEPRASERE TS, fAssavEAN (BDER) RiZ2H4.

The excitation table helps to answer the question that "In order to get a particular next state output Q+, what
should be the input?"

Use RS-FF as an example, where X="Don't Care” :

| RSFF | RSFF |
“ﬂm ﬂﬂﬂ

I r==x1
0O WO
r==r
0 1 1.0 1 0
L0 LiLL v
1 1 ? X 0
Excitation Tables of FF; ————— -
T | Fr | | rrr |
|
(o [o+| s | R NN o /o+| D I 0 [0+ J | K| [ 0 [or [ T |
0 0 0 X I o 0 0 | 0 0 o0 X o 0 o
0 1 1 o0 I o 1 1| 0 1 1 X 0 1 1
1 ) 1 I 0 o | 1 0 X 1 1 0 1
1 1 X 0 I\l 1 1 | 1 1 X o 1 1 0
- _ /
5.6.4 iRNNfLAZ 2R

Add FF Inputs

LA State diagram of a parity checker in Moore FSM 79§, {Ri&S%F D-FF
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Present State I Input I Next State | FF Input

X o+ ‘ D

0 | 0 0 0 | 0
| 0 1 | 1 1 0
| 1 | 0 | 1 1 | 1
L_a_ v Lot _ o1
5.6.5 filAZ BRI\ FTIATY

FF Inputs' Equations

Solve the equations for Flip-Flop Inputs

Next State FF Input

O+ D

IOl—-l—'O
= = O O

5.6.6 fEithFRIAT

Outputs' Equations

Solve the equations for the outputs

Next State FF Input
o+ )
0 0 0 0 | 0
I S S B ! 0
| 1 | 0 | 1 1 | 1
L_a_t v L_o_ Y _o_1
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5.6.7 SEIMFRER
Implement the circuit

D=m(1,2)=Qa X

Z=m(2,3)=0Q

-

Xn-

*

Lec 6 HiFsaoitEiss
Registers and Counters

Registers

Counters

e Asynchronous counter

e Synchronous counter

6.1 F1Fa8
Registers
B17as = —HMRER.

o B MARSRT 1 bit.
o n{UFFHR=n Mk TFn LTHFNEE.
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ItE5h, tEECERAREY FF, SFRRREEEMAREE] (Combinational Gates) LAsehkEsizEa#=H.

ALU PC IR
I/0 =
Inter e
- -face |- ﬁ'
Address Bus =
> MAR Ny
e (@)
E : Data | MDR IBus j (s
v ﬁ I/0 =
s | | Inter | | @
Control Ccu Bus v §
]
Accu- General
mula- Purpose
tor Registers
6.1.1 9%
=] 2 (8&X) FR3ZINEEER
IR Instruction Register 1BSSFEE EARIEERTHIES
REHFER: REERERAGA
. . +Z (Zero) 5824 0
R R / Flag R
S Status Register / Flag Register N (Negative) &85
+ V/O (Overflow) j&H
AC Accumulator Register HNs: FHREANZERTRIZEER
MAR Memory Address Register FiEstitH7es: FRIEERNRFItit
PC Program Counter RFITEES: (RF T —RIE<SHE

Shift Register

6.1.2 B{uFHFR

Shift Registers

Shifting binary information either to the right or to the left.

Arithmetic Shift:
o ERB—I: ‘2
o BB &2

Shift Register

Blusfras: LU/ AfpE R LR
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// a = 5(00000101)
unsigned char a = 5

// The result is 00000010
a >> 1;

TR AR A REE R,

AU Fea o] LASCHR R FH AR,
@ PIPO

Parallel-in to Parallel-out (PIPO)

FiTEmA, FHTHEH

o L
PyLbbb LT

Parallel out

FBNU—RIEBAN. —RMHEH, FRTRARE, (NATEHE.

4-bit PIPO Shift Register
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4-bit Parallel Data Output

| Qp Q¢ Qg QA]
— D Q—T—D Q—T—D Q—T—D Q—I
FFA FFB FFC FFD
CLK CLK CLK CLK
Clock
l |
4-bit Parallel Data Input
® SISO
Serial-in to Serial-out (SISO)
BTN, BiTEL
Serial out

Serial in ‘/f[?//i

—_—
T Rl e 7 el e

HiR—R—htim N, RE——(otET.
HERTEIEERSEFIFO (BAF) &,
BRIEHERR:

o |BEUEGEB—I

o FEUEMA (MSB) HA

o mAW (LSB) HIEUEMEHEL (TEAEIL) .

4-bit SISO Shift Register
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1 1

0 /0 Mo
Es)e”—a', p al’+lp al-+lp alF’+lp a}l=o
Aain | EFA FFB FFC FFD Serial
Data out
CLK CLK CLK CLK
Clock [ l 1 1

1 SIPO (Serial-In Parallel-Out) #B{IFHEFRNHTELEEO (319 Q TRRNRE—EMNEME Q &L
T—/ SISO (Serial-In Serial-Out) B{ISTFE [IIHAE.

® PISO

Parallel-in to Serial-out (PISO)

FT@MAN, ST
—IRMINEE ML, AR——(H
BT TEIERRNSTHE (NENERE)

4-bit PISO Shift Register

The logic controls either
loading data from input or
shifting data from previous FF

1 —a Q
D O —fnw{D Q——fuwD QI —fmwfD Q%4
(1) FFA (1) FFB (1) EEE é FFD | Dataout .
1 1 0 1 01
! CLK | CLK X CLK h CLK 101
1 1 1 1 0101
S
Clock
Pp 0 Pcl Pz 0 Pa 1

4-bit Parallel Data Input
BIToARE, XKERBEH MUX BUIEEEF% (DO NEaE %) .
BIERIXEERY: MUX SR 1, FHTRAN, 2AETE/K 0, i3 EBkTE 4 (TR S THE.

3-bit PISO Shift Register EBER{ATS


af://n5161

Da Ds Dc

QA QB QC
D Q D Q D ‘Q SO
Sl ' i
— cl j‘ e jL 21 O
Q Q Q
o— o— o—
CLK |‘ |‘ |‘

SHIFT/LD=0

Parallel-in/ serial-out shift register showing parallel load path

FIAND. OR. NOT I MUX, B8 SHIFT / LD #£4(=S55%4%.
1 B384z, O BnEEdE.
EEBTRA/ HEEN TR bit, EILBEA SIEA.

@ SIPO
Serial-in to Parallel-out (SIPO)
BITHEA, FTHEH
—(—A, RE—REEHS M
T ERfTHUREHT (Anikm)

Parallel in Parallel out
¥ VRSEREERNEIRY [ - SRSEKENRSER™ ¥
(. ol1|afa]ofa|[a]1 P Transmission o[l x [l w] A -

4-bit SIPO Shift Register

4-bit Parallel Data Output

Qa Qs Qe Qo
OOOI—S = D QO D QOI;D Qi.o D Q?T
eria
0000 Data in FFA |i FFB 0 FFC |o FFD |o
0000 0 1 0 0
0000 —{CLK 0 —CLK 0 —CLK 1 —CLK 0
0000 0 0 0 1
CLR CLR CLR CLR
Clear
Clock | 71
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A eh A HA ERITIA QA QB QcC QD RE (MEHH)

1 1 1 0 0 0 0001
2 0 0 1 0 0 0010
3 0 0 0 1 0 0100
4 0 0 0 0 1 1000
5 0 0 0 0 0 0000

D28 EE— T EFHE (posedge) €I b NESHZAME o , HATFE bit GE—{I, LSB HIR
SEROEIEEE — (3%, MSB H Serial Data in #h%8. i¥2= QAQBQCQD Z£{E 4 bits FERT (F4T) HiHHav.

1
Data 0 I 0
Input

|
|
EURIEURORL
|
Ck -1 I | I T
by o1 | I I
:D 0 I 0 I 0 : 0
| I I
Qa il I | I I
L . I I
oo o Lo i
|
Qs | I [ I I
T [ E N A |
ol o | o 0 1 0
Qe = [ | | |
PR
01 0 1 0 i O 0
- I



© EREBUSEFSR

Parallel Data Output

Dz D: D:

X
Parallel Data Input

Register Select

Parallel Data Output ‘
s & N L |

Vce Qs Qs Q: Qp CLK S; Sy
16 et 15 pt 14 et 13 s 12 e 11 = 10 9

) Universal Shift Register

1 2 bd 3 jd 4 {5 i 6 7{8}-4
CLR SRI Pa Ps Pc Pp SL GND

/ 4 \
Serial Data Parallel Data Input Serial Data
Shift Right Input Shift Left Input
6.2 i1#453

Counters

o Serial
» Data

Output

(Mode Control Register il
g 17 Type
0 0 Hold
0 1 Shift to right
1 0 Shift to left
1 1 Parallel Mode

J

A counter is essentially a register that goes through a predetermined sequence of binary states

The gates in the counter are connected in such a way as to produce the prescribed sequence of states

KR B7es + FikiEtk, EREBMEN"HENASFS.
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6.2.1 MOD-8 i}&§422

MOD-8 Counter

Counting from 0 to 7 and repeat again

0 0 8 0

8k 0

1 1 9 1 8k+1 1

2 2 10 2 . 2

3 3 11 3 “ 5 3

4 4 12 4 8k+n 4

5 5 13 5 . 5

6 6 14 6 . 6

7 7 15 7 8k+7 7
R E

cockpuse O | 1O [1]O|1]Of1|O0O]1]O[1[0O]1]O0]|H1

e 0 Oof1 10 O|1 110 O0O|1 110 O|1 1

2 0 0 0O OoOf17 1 1 10 O O O}|1T 1 1 1

XEEREE, MizsicE Q0 7. iFRAHAS—RAER—MAT bit.

6.2.2 B
Timing (%EHT)
e From higher frequency to lower frequency
e e.g. alarm clocks, stopwatches, alerts, etc.
Sequencing (JIfRs#4!)
e Devices ON/OFF at specific order
e e.g. digital switches and controls
Counting (120

e Measuring the data flow

e e.g. traffic on highway
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6.2.3 FLitHi=R

Ripple Couters, tBIUfEGRITEMERaERITELES.

The clock signal is NOT connected to each flip-flop directly

Ripple counters are also known as asynchronous counter

Instead, a flip-flop output transition serves as a source for triggering other flip-flop

e RA%S— FFiEiM, ERKEpKEHEE oK.
e FBEsER, 10
R B ERERERER, SHBUAHES, RElESIIFRE.

Ripple counters are not directly connected to the clock

Instead, it rely on the propagation of the outputs from the previous FFs

Time delay will be accumulated along the chain of FFs

IR ERERR ARESHE N IFRRF, MEEHFRIMESARSTRE ERTER

(propagation delay) ”

BT ZREXFEAN JK-FF 323 MOD-4 Counter

1—J ¥ q 1—J ¥ ql—
| ctk —> —>
fC 1—Kar Q 1— Kaoar Q
fcl2 fcl4

o [ LT LI L LI 11
__ [ 7 1

XEAAREN, BLESHL

BT EAPY JK-FF SCE MOD-16 Counter

bo b1 b2 b3
1 | J SET Q 1 J SET Q 1 J SET Q 1 J SET Q _J
CLK —o> —-o> —-o> —o>
1_KCLR6 1_KCLR6 1_KCLR6 1_KCLR6

Gl
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s teo | L1 L o0 1 L4 [ [/

Q3 | | |
MSB | Q4 | |
0000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111
Period 1 — 16 MOD
6.2.4 N $5hi+E528

Divide-by-N Counter

BY MOD-N it#8s, AERLITEESAIE EIn—NEE.
XEBEARERN = 2",

#F [logy N| 4 FFs RIRE.

{5: Divide-by-5 Counter

bo b1 b2
1_JSETQ 1_JSETQ 1 JSETQ_I
CLK —o> —> >
1_KCLR6 1_KCLR5 1—KCLR6

T T T

f5]: Divide-by-10 Counter
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bo b1 b2 b3

1_JSETQ 1_JSETQ 1_(JSETQ 1__JSETQJ
CLK —<P> —> > —>
1_KCLR6 1—KCLR6 1_‘KCLR-6 1_‘KCLR6

[ I ] I

6.2.5 @Lita=s

Synchronous Counter
To avoid the accumulation of propagation delays, synchronous counter can be used
In synchronous counter, every FF is directly connected to the same clock input

f5]: MOD-16 Synchronous Counter

1 JSETQ l JSETQ

DD
| J SET Q | J SET Q Lo b3
> s P —} > —} >
J— 0 — 1 W 2 —_
K CLR Q K CLR Q K CLR Q K CLR Q

[ i i i

RESET
CLK

All JK inputs are identically connected, except the first pair is HIGH

All CLR inputs are connected to external RESET

The outputs of two successive FFs are ANDed to become the inputs to the next stage, but NOT connected to
the CLK

TR, 8 KMARRRVEA ) F K SR HBRIEATEHIHAA) AND SRz, RAZREEA 1 F8EETR
—LSEEEC.

RS iR E

s teoo | L [ 1 L1 L1 L

MSB | Q4 P ]
0000 ; 0001 001030011 0100 0101 011030111 1000 : 1001 1 1010 : 1011 1 1100 ; 1101 1110 ; 1111

Period 1 - 16 MOD
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6.2.6 Iffizita=R

Ring Counters

ERUsrrRaREE, BNE— 1 T5FRT1ER.

Similar to synchronous counters (all FFs are connected to a common clock), but their outputs are not in TRUE
binary but a repetitive sequence of digital output levels - a way for generation of timing sequence

Ring Shift Counter 2—METHUS 7N 4E:, SIMHARNENTHHE, ME—ESHN "R 1"F
5, BTERFHERIES.

Aring shift counter is a circular shift register with

e Only one FF set at a particular time and others are cleared
e One bitis shifted from one FF to the other to produce the sequence of timing signals

e The output of the last FF is fed back to the first FF

R, B 1 MRS PRI E S E SRR .

ffl: 4-bit Ring Shift Counter

» Initial value = T3T,T,T, = 0001 T T T

Shift right
— To | Th | T2 | T3

\

é

+5

@+ |

[T — L

GHE FBEEN, SEBRNEENTTE—MEEREEEK . Ziktitg A/ SET fi8ipy CLR, 7=

£— 1 FEE AR CLR EBHYF, BIFRES.
IR, JKFFASR EFnfA, EEMTMRE (/BN . X2 oA

Provide a short period
of LOW initially

\Y4

b
Soo—

1

V

5]
So—0)

1

vV

Q
S—00)

V

o]

L T —cocol—1

|—KCLR6 KCLR5 Kcha Kcha

0.001 pF

R FriRd 2
CLK
LSB  Qa [
Qs
Qe

MSB @,
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6.2.7 988t E0ES

Johnson Shift Counter
A4 Twisted Ring Counter B Switch-Tail Ring Counter

—FEIHIRA RS, FRRETRE— MURSHIRAERHERSE —MIAS (RXRE) -

JOHNSON SHIFT COUNTER

JS‘ETQ JSETQ JSETQ JSETQ_

4K ear Q Keoar Q Kear Q K ar Q H-
T

TIEFOHRA.

0000-1000-1100-1110-1111-0111-0011-0001-0000-1000...

Lec 7 AFE5=EE

Memory and Storage
Memory
Types of Memory

Memory Expansions
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7.1 =fiE=8

Memory
One of the major features of any digital or computer systems is that memory capability is available
With different types of memory available in a system, more data can be processed in a faster manner
Types of memory circuits we have learnt

e Flip-flop

e Register

7.1.1 93

Classifications of Memory

R Volatile (55M) or non-volatile

Based on the nature of the memory

Stored values will be erased when the volatile memory is powered off
WTEBEEEERX.
SKM: RAM (BEH7FAERS)

JEZLLMEAN: ROM, Flash, @&, SSD

&kl Semiconductor (3S4K) or magnetic (FETFAE)
Based on the physical materials of the memory
H84K: RAM, ROM, Flash

Hi: %84t (HDD) , Wi, W=k

RERMIEIR . Primary (FE1F) or secondary (4#7F)
Based on the architecture of the memory system
F7F: CPU ATEHEAIA. f: RAM, Cache, 57788
W RATHEEE, haRE, i &, SSD, U
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Types of
Memory =

MEEIT, EEZE

Processor

and More...

EDO, SD-RAM, DDR-SDRAM, RD-RAM

SSD, Flash Drive

FHTEE, BEE

em
CPU Register
CPU Cache
Physical Memory

Solid State Memory

SUPER FAST
SUPER EXPENSIVE
TINY CAPACITY

FASTER
EXPENSIVE
SMALL CAPACITY

PHYSICAL MEMORY

SOLID STATE MEMORY

Mechanical Hard Drives VIRTUAL MEMORY sLow
CHEAP
FILE-BASED MEMORY LARGE CAPACTITY.

b L— N .

FHATIER, PASEHTEE.

Al

Processor Register

L1, L2, L3 Cache

RAM (%0 DDR. SDRAM)

SSD, Flash Drive

HDD, ST R

v =i Virtual Memory
7.1.2 RAM
BEH/FZENZA%E8, Random Access Memory

Speed
FAST - and Size
PRICED REASONABL!

AVERAGE CAFACIT\'

AVERAGE SPEED
PRICED REASONABLY
AVERAGE CAPACITY

\

il
¥
g
]
im}
I}
B
]
>|.

RAM B—Fh A TIGRITFEEIRHIEFIE SRR, ERiriEilinRERAEREE.

RAM is used for temporary storage of data and program instructions in microprocessor-based systems

Random Access means the user can access data at any location within the entire memory device randomly

Types of RAM

e Static RAM (SRAM)

e Dynamics RAM (DRAM)

it
E2 i)
HRRIFO T
TR
i3

AV%:S

SRAM

| EIEIMS

REFHEHRET

1R

{E\E (E?lu\ﬁj)

K/

(flip-flop)

DRAM

NRIRE + 1 N EEERS
HEFEERIET
®ig

= (ERE)
N EE
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51 SRAM DRAM

WizE CPU Cache FRX7F (40 DDR RAM)

SRAM fR{BR, EAMEETT, DRAM IBEEE, EEHMERT.

7.1.3 ROM
HiEfFM%E8, Read Only Memory
ROM 2—FPIEZLM (non-volatile) AITFfiERS, SIISHENILIE (random access) , HFITF BIOS. EHEE.
Capable of random access
Non-volatile

e Do not lose their memory contents when power is removed
e e.g. BIOS (Basic Input Output System)

e e.g. Firmware in some embedded systems
Mask ROM

e Fabricated with the desired data permanently stored

e Unique mask is required in the fabrication

User-Programmable ROM (PROM)
Avoid the high one-time cost of producing a custom mask (Mask ROM)
FFTI%HE ROM, H BfAE, —BEAN (BERR") , MAEEL
EPROM (Erasable PROM)
Use UV light source to erase the stored data
—MIETLUEIRFHFERRRIER PROM
BRI ERRRIME (UVlight) | BT TRERRVIERE DRSS
ALRESES, BUER. F~hE
SHERAONEERRES R, BiE EPROM
EEPROM or E2PROM (Electrically Erasable PROM)
Use high voltage to erase the chip
EFRRESERISASIE, MAREINE
JLUEFTHERE (A& EPROM EEHUZRR)
BEUEER. E5E
NIFAZ): EBIMLERSEE (TV Tuner) . BIOS iR EBTFiEE

XFR E2PROM
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* Truth Table (Partial)

= Internal Logic

5X32
decoder

[y
U

D
N\
D
Fan)
N
D
A\

0
1
2
3

28

29

30
31

Table 7.3
ROM Truth Table (Partial)
Inputs Outputs I 0
o
s L L0 A, As As Ay A A A A i 0
0 0 0 0 0 1 0 1 1 0 1 1 0 | ! 0
0 0 0 0 1 0 0 0 1 1 1 0 1 I
0 0 0 1 0 1 1 0 0 0 1 0 1 0
0 0 0 1 1 1 0 1 1 0 0 1 0 I —
: 0
1 1 10 0 o0 0o 0 1 0 0 1 I
1 1 | 0 1 1 1 1 0 0 0 1 0
1 1 1 1 0 0 1 0 0 1 0 1 0
1 1 1 1 1 0 1 0 0 1 1
7.1.4 PLD

AYRIEZIESEY (PLD, Programmable Logic Device)

Y

Inputs

YYYYYYWY

Ay A As Ay Ay A, A Ay

1 01 10110

Fixed bl
AND array > pr(g;{amma - . Qutputs
(decoder) alray

(a) Programmable read-only memory (PROM)

Inputs

Y

Inputs >

programmable _ Fixed
AND array " OR array Cuus
(b) Programmable array logic (PAL)
programmable ,| programmable Outputs
AND array OR array

PLA (RI4misiZ1EME5)

(c) Programmable logic array (PLA)

Copyright ©2013 Pearson Education, publishing as Prentice Hall


af://n5559

a—3
Exclusive-OR gate
Input
B —| S PUA ’D Output
Inputg
c—5 ] L
P utput
X : @ o
o L4 o1 1
[—\ 1[0 1
I 220} AC /1 0
[
B8 BC
=
l 4 A'BC'
L/

C IC' B B A A (7 @
1
K&_AD}F' Fl = AB'+AC+A'BC’

— > . F2=ACC

7.1.5 G2

Magnetic Disk
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«— spindle

sector s | I x
I
-y
| | :
| I
| l
[
cylinder ¢ —» I read-write
I : head
[
platter
‘J arm
rotation
Sectors Tracks
Inter-sector gap

— arm assembly

Inter-track gap

1s and Os are represented on the magnetic medium as a tiny northsouth or south-north magnet

Write: Magnetize the medium into a particular orientation

Read: Detect the direction of the induced voltage when the tiny magnet passes the read/write head



7.1.6 &

Optical Disk
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T,
©2000 How Stuff Works

Aluminium alloy coating on a rigid polycarbonate wafer



1s and Os are represented on the medium as existence of an indentation (pits) or absence of the indentation
(land)

Write
Print the required data during mass manufacturing. (e.g. Music CD)

Use Laser beam to burn the pits on blank CD (e.g. CD ROM)

FERAREENL.

7.2 {HBNERREN

Computer System Architecture

Peripherals

Graphics
Adapter

Controller

Memory
Controller

CPU (FhoR4bIREE) : iHEHAY “KhN”
MEHITIES. EhEdERs. EBREIE
Memory Controller + Memory: R{FEEHISE + 75

RTFEHIRRRSEnE CPU SAFZERENE SR, THEBEREEAT (RAM) |, FHRERNETIEFIE
1=

Buses: &gk

BB 84 (Bus) OB, AGEMHENEGEES, BTEHLE BITSHES, BEs
HARERGRLE.

Peripherals Controllers: 4M&¥=tH88

XEAEHIRERINR, S—IBId RS CPU BfE.

=hlzR EERINE 1588

Disk Controller R EEHRHIEINES
USB Controller FBitn. B, FIEE B USB EMIRE
Graphics Adapter E7~&% (Monitor) EEERAEIER

HMgizhlse 2R, IEREFRERM
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73 2%

Bus Architecture

Address bus

I T

Control bus

S&2M IheE

Address Bus (iBiltE2k) {Ehattbiit, IBHEUENNEIR/S (BE)

Data Bus (#UER4R) SCPRMERIEE (WE)

Control Bus (1=#lGi2k) EEiEEEs, IE/Sad. Mg NE)
7.4 IFEE

Memory Size
8K, BAFFRIRSH 141 bit TR, # 8 bits RRTeEIRE.
BNHER—RRES, N7 =522 1, —3E 16K

ICREXRIFH, RFEFHE—RIVEUE.
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Location Data

address contents

0000 LRk

0001 Laadaaad

0010 SEELECTE

0011 Lol il

0100 Loaliaad > 16 Bytes
1101 Lt Llicil

1110 [

1M A TR

FESDAERFHEXLER?
16 x 8 bits = 16 bytes

Total capacity of the memory is the number of memory words times the data size.
BAMBITERASTE: 2" X m bits. H:

o n 2 address bits, HBHEE/HBIEESREL

e m 2 Data bits per record, /S NSRRIV SRS

o 2" FERITTRATRAHNE.
XE 16 FICRNIIFAzT, BRRHRA—ER, 2" AXRCRFHNE.

7.4.1 IFifET

memory locations / memory words: FEEIT, —RICRWM—MFERTT. REEEIHUEFE A LTS
RERTTHE, THEEMESTRTEFASEIEE.

The number of memory words depends on the size of the address bus
n-bit address provides 2™ memory locations

1K: 210 = 1024.

@ TiHflfFiEETT
Binary Memory Cell
7hiE 1 bit FNEAREIT.
—/M#EF RS Latch MR RIEAFEERTT.
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Select
e Address Bus
| Select

mmmmmmme yrmmmmmmn )
>—L \ i H .
T ' S 0 } Output ~ Input —>| BC —> Output
Input —9¢ : J T :
\—[>< J—1R Data Bus
et i Read/Write
°<} RradWite Control Bus

(a) Logic diagram (b) Block diagram

¢

Read =1;
Write =0

@4 x 4 IEHESI

4 x 4 Memory Array

4X4 MEMORY ARRAY o e Ao e

Input data

Word 0

BC

¥
[#]

¥
8]
2]

Address
inputs Word 1

2x4
decoder

*
’
Word 2
m—
Memory 3
enable N
4

@
»!
»E
=
»H

¥
i

¥
]

Y
i

Word 3

B

2]

»E
=

»H

Read/Write

Read/Write is from :7 W w :7

the Control Bus Output data Q
o R ST R S
EN kBEEHIEL.

®EHh—17, —IRIE/E 4 bits.

R, XERA 4 4 memory locations, EAE{THI 4 4 bits FEERTHES, BTFE—MRITEREEE. S ik
SFR— 4-bit memory word.

® 16 x 8 PITFRE5Y
74LS374 is octal D flip-flop with three-state outputs to store the data

74LS154 is a 4-Line to 16-Line Decoder/De-multiplexer to select the appropriate memory location for
input/output
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For READ, the Output Enable (OE) pin is LOW to get the value stored in the D flip-flop

For WRITE, the rising edge on the clock input will latch the data into flip-flop

Enabled by Read, and
connected to Output
Enable (OE)

Enabled by Write, and

connected to Cp (Clock)

EEREHIR.

]
— A, Ik" T rarr7rry
2 p- \
A 1P
A 4 -
5 P
o [ oo
7415154 7 p- Lm
s p- ADD
LR v
0 o~ D, o,
np- r4L5378
2 p- doe o 0,
l° ‘33— LB L L
€ 14 D~
15 o~
ADOR 0010 ll
| e
L]
0 7415374
— A 1p— —{ 0E Q,
A, 2 p—— rTTTTTTY
ap- --
A 4 po— —
— o
A 4 .
i
41884 1 p -
8 p- -
|-} =, ]
10 P~ - -
npg
£ 12 0 -
: £, H°—I ADDR 1110 |[
150
L D, o,
7415374
OE q, 0,
™ rrrrTrT
ADDR 1IT) [
L Dy o,
74L8374
—q 0F Q. ﬂ,

5. AR, BiFEUE; i B\ OF, HHEgRE.

IR, BTHEREZ, PRRE-RRAE—NCRIVEEEER, RttELtTSEE,
R

BB, Kt



@ =S

Timing diagrams of memory cycles

|
|
|
: [ nn \ [ 12 [ g3 / 11
| Clock  — s | | :
|
' I
' Memory N\ e N |
| address 7 S - e |
l |
! l'l |
| | I|
1 Memory J :
- - enable — - - -~ === === - === — e m e ARG EEEEE
.~ Initiate writing Lalchcdl
Read/ \¢
Write .
Data valid X
{a) Write ¢vele
CPU provides
the Data
-+ 50 nsec -
Sl e T e VY =l
! ' TF 'S [ 72 [ T3 ) A & I
' Clock — ' . ‘ |
! I
Memory — . R
| address Adirons ol >
l |
| /N |
1 Memory I\ \
enable - Mmmersd
Read/
Write
Da“l ) Ny _ 3 “-I!’_r--
oulput ) Data valid 2
(b) Read cycle
CPU waits for
Copynight ©2011 Pesrucn Fducation, publisting s Prentice Mall
the data
Write cycle

CPU provides the address & control signals, and data
Initiate the writing

Latch before the data expired

Read cycle

CPU provides the address & control signals
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Initiate the reading

Wait for the data from the data bus

7.4.2 EUREL
Data Size

The data size depends on the size of the data bus

n-bit data bus means the size of memory words is n-bit

BMFRERITAIZSE.

7.5 AfFH &
Memory Expansion

RN BRERMAR, ¥ RSN BEERTHE.
MRBTEEE, TR—ISRNE—1, RIEFENE.

0000 [F  [
0001 [

0010 N
0011 [

\/

Expand the Size (e.g. 8-bit to 32-bit)

e Share all control and address signals

e Data In/Out signals are independent

RI—AIIEERIZ N R, SNTRASEAREIEMR (Fan—1 8-bit Stz DO~D7)
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Expand the Locations (e.g. 4K to 16K)

e Share all control signals and Data In/Out signals (i.e. share the same data bus)

e Share part of address signals (start from LSB) and the remaining address signals are used for IC

selection

L

} 16 Bt address bus
A |Ara|Arz|Ass
<
<
(12)
Ag-Ass Mieroprocessor
RD
2732 (4K X 8)
AQ'A" ADDR 0000-0FFF
(0-4K)
CE OE
—C EN1 0 T 1
Ay
] EN2 1 P
1 =i EN3 2 p————
B 2732 (4K X B)
. Ag-A,, ) ADDR 1000-1FFF
4D [4K-BK)
A
a2, sb CE OE
Ay
= A, 6p
-
14 - 7b
7415138
1-0f-8
address " 2732 (4K X 8)
decoder Ag-Ayy ADDR 2000-2FFF
[BK-12K)
CE OE
-’
2732 (4K % B
Ag-Asy ADDR 3000-3FFF
{12K~16K)
cE

XaKER 7@ it 23 B SiFienE =, B T AECRASHR— N EARIESbIE

#'®’ (Location Expansion) , E—MEBIFY"SRAREFT gt

BENE

e

]

D,-0,

Dy-D,

Dy-D,

-D,

N

2], SCIR Stehk

(8}

(8)

8)

8 Bit data bus  *
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1. EERETRE

7-segment

KT ERETRI—MEMRE (RXEHF1,2,3,4) , WLab 2.

=B

Decimal | Input lines Output lines

0
0
0

a=A'B'C'D'+ A'B'CD' + A'B'CD + A'BC'D + A’'BCD' + A'BCD + AB'C'D' + AB'C'D
b=A'B'C'D'+ A'B'C'D+ A'B'CD'+ A'B'CD+ A'BC'D' + A'BCD + AB'C'D' + AB'C'D
c=A'B'C'D'+ A'B'C'D+ A'B'CD + A'BC'D' + A'BC'D + A'BCD' + A'BCD + AB'C'D' + AB'C'D
d=A'B'C'D'+ A'B'CD' + A'B'CD + A'BC'D + A’'BCD' + AB'C'D' + AB'C'D

e=A'B'C'D'+ A'B'CD' + A'BCD' + AB'C'D’

f=A'B'C'D'+ A'BC'D'+ A'BC'D + A'BCD' + AB'C'D' + AB'C'D

g=A'B'CD'+ A'B'CD + A'BC'D' + A'BC'D + A'BCD' + AB'C'D' + AB'C'D

fRIDSE: K-map {4f&

IXE x 7~ Don't Care HHEEHE.
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AB\CD

00

01

11

10

a=A+C+ BD+ (B+ D)

AB\CD
00
01
11

10

b=B +(C+D) +CD

AB\CD
00
01
11

10

c=B+C'+D

AB\CD
00
01
I

10

00

00

00

00

01

01

01

01

1

1

1

1

10

10

10

10



d=A+BD +CD + (B+C")+BC'D

AB\CD

00

01

11

10

00

e=(B+ D) + (C'+ D)’

AB\CD

00

01

11

10

f=A+B({C'"+D')+

AB\CD

00

01

11

10

00

(C+ D)

00

g=A+(C'"+D)+BaC

FRERE

01

01

01

1

1

1

10

10

10



b=B(C+D)+CD - - - - -

O

o|® ) a=A+C+BD+(EB+D)- - | - -
1@ b A B> ﬁ>_@_ .
o 4 o o

:‘-,\\\ L

;
\/

2| @
3@
[0 |

EA+B(C+D)+(C+D)
+H+G+

j./ ® ‘}-(-cun)')c: S ©—

5|0 1 S
b g=A+{C'+D)+B XOR C
HI ): . I;.. o
[0 m ©® ' ] el
9.—_1'/ ° ‘}-(-B+C')‘>C D_@_I -

T\d=A+B‘D'+CD'+(B+C pCD
\ o o
_.'_// e .

c=B+C+D - -

Q
£
w,

Q

v

o

)

\

\

MRIGEE
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