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— = HXI0A E0t=2 28 2= HR20 LD, &8 X2
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W22 &=
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*ROM
— 239 2 )= =2l EXI(PLD, programmable logic device)
— Z = )il (programming): 2& A2 S ot=2 0 H&Eote &S
*PLD
— W2 =2l HIOIES0| FX 2t Hl=xst &2 otl= &J[& Q!
A2 AZE &2, 3 2= 720 HEE AEH0IH,
L2 1= Soll dote =28 J|s=S ot == o=/ E
d8ol) UHHA ERele #AE MAE

==
S TT

= T2 )fHZ2 =2l HdlOI(PLA, programmable logic array)
= T2 )2fiHZ2 Hell0l =2l(PAL, programmable array logic)

= 2 Z= ) 0i= HOIE Kdl0l (FPGA, field programmable
gate array)

= ROM
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Figure 7.1
Conventional and array logic diagrams for OR gate.

1> HED

(a) Conventional symbol (b) Array logic symbol
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7.2 RAM(Random Access Memory)

« UOIO] AN GIOIHE MAESIHLI HW =0 228t AI2H0] A ML

& | =0l ramdom access memory ct1) &

‘M2 FX 2 wordet= 0 Jf bite] O (ES 82 i)z R4 &

28 HEE ME. 10022 OIEO1KID4, <A G9dN, Jls S HEE
LIEHE. 801 bit2] 2= bytect ) F&. H22 =R ES=2 NEE =

U= &l byte=& (32HIE R & =4HI0|E)

HIDEIEP =H EAX=SUC SA2 HOIH 2= 242, HEd A 8=
ctol, MoetelE Saoll OlFHE
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Figure 7.2
Block diagram of a memory unit.

n data input lines

k address lines ——>
Memory unit

2% words
n bit per word

Read ——

Write ———>

ln data output lines

- S OIoIH &=

ctel2 HZ22lol M&EE
ctol2 HIEEIE—.—H EdJ0= EEE

388
2
[

Figure 7.3
Contents of a 1024 x 16 memory.

Memory address

Binary Decimal Memory content
(000000000 0 1011010101011101
0000000001 1 1010101110001001
00000000 10 2 DOOOTT010TO00T 10N
11111101 1021 1001T110100010100
IRRERRRRRIY 1022 0000110100011110
IRRRRRRERE 1023 1101111000100101

S MZot, nJHel UIOIH &=

« ke HEdA 2tel2 B2 A= JL20 otLE d8ot=0 AtE

« 20HS HIOf 2t M|, 9| e

@ Pearson

Copyright © 2019 Pearson Education Ltd.



« H =2l A (address)

~ SXEoILIS YES

EH
/™ O = L_ M

— k2 (I =dlA etels JHd B20 0F 8 2-10tK1 2] gt= IS
— HEdlA URIU KkBIE HEHIAE SE2E2=M H22 LHFE2

EXNGH QT2 MEH

‘HI2212 AJ/= 10HIE HEYAD} BB 10249 S(12 20l A
32H1E S AD} 282329 =(4D|0h
~ K=210, M =220 G =230
~ 0= S0, =2 3|7t 16HIE0/ 1 1KMW FEZ HES 4
HD2] S5 > 1K= 1024 =, 2100/ 1) 16HI E= 2610/ E0| 22
M 22/= 2048 = 2K HIO|EQ| 222 JI& = 1K x 16
~ 02 S0i, 64K x 10 HI22/1= 16HIE O S 2l A (U LB 64K=
2160| 2 2)9 10H|ER RAE Y =2 I}

O

=
MM T
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AU I

22 7H2 s&=2 CPUQF 22 22 X0l 2ol HHE. CPU=
Al 240l =)=t AIBH BI22l= LH—?— 24 s JtAl D UK

oF

2. Aol HiZ2cl2l &1, M| EXS T 220 o5 = =

O Al A& E}%!(access time): ¥ EE H&6t0 M&EE FE2E 2l= 0
st A2

AOI= Et&(cycle time): A)| S&= =2t=ot= Ul ERek Al2t
— CPUE LHE 250 et aldicl= Aralel S& U222
MIIJ] S&H0| SIS &= HIZ22l 0l X Ot

ot2= H2cl2 O”HIA EF Ol LE AF
JAE= =2t £010F S

= 0lE =0, 25 FU=+=Jt 50MHz, = 25 F=J|Jt 20ns=
S&ot= CPUDP HAIA EFR 2 AFOI2 EFRZ 0] 50nsE & Al
o U222 sS4l ettt o128, 2 W22l 2l s&0
MO & 204 Bt %S 32l 2 AOIZ20| B R
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Figure 7.4

Memory cycle timing waveforms. « 2 J| AIO|Z20l=T1,T2, T3
AMOIZ20| 2 R&. T12| AIEE
HEdAL &S UOIEHE M.

- M) mrsed -

& ’ . 0l =Y A 2Hol0] oHE BtHE
- CHS Ol Q1011012 1t 84D1/M )
e NS E & dstold 0|2 50ns
eV s SA. Sl A HIOIH &5
5 | HOAZ0 B2 AsE S0E
B2 A2 SOoHSX. TS24
M| S& 22,
. ) © 2J1 ALOI20I A = CPUIL
. - 04 CYAZ HZotn, ololol2n

- DM D] /\|§ DYz XK.
0| = 50ns OHOll I 22l=
wewry [\ HEHAN S5 MEAE 9=
=2 [{0lE 2+l %ams
=220| 5t & I CPUE LIE
s e e AIXIAEZ GOIE BSIts
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‘H22lo B2
SR UMA HIRE: HED SA HMAE 2 21D, SEF AIZHO]
[ X4 2 ks ()] ClA 3, H 0] )
HE HAIA HD2: =2 HE X0 A2 0] HAA EFO
& O

— SRAM(static RAM): 2&1 &
=

It Beke s & A AFE0l &0 &30/ )| MOIZOI
M=
ed O

— DRAM(dynamic RAM) MOS
HIHAIE Ol &0 S&ot= &
=2 2| =00 2| ZE A oH0

m] gl Eal:o X.l Il-j|-

FIF

0

DRAM)

[ g H(volatile): 80| =&KX Z2H KR X = HZ2El (SRAM,
L H|& 24 (non-volatile): XiJ| CIA 3, ROM, ScHAl HI 22l
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I=CIENe

889 0O} O|.L| a|. Oled . -Ll

9|5HIII*': D1|':’EITJ_E Ji“%*—ﬁ‘—%lé Ii 320t ERe
FEE XF=16HE K22 =S &9

-HIIM=48IEZ 24 4042

LHF 2
— SRXIE Ol=ct DXl SEHZ 1S & 24
21 J|/M J[(Read/Write) 2 = & & &4
2= AIE e X[ Off

— & Ei(select), 8
st HE, 003 &

— R/WO] 10| & EHII—.—E1
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i

Select

o Quiput

Figure 7.5
Memory cell. :
> et § — — Quitput  Input —»| BC(
,

>

Input —¢
NSS! w
Read/Write
ation Ltd.

Read/Write

(a) Logic diagram (b) Block diagram




Figure 7.6
Diagram of a 4 x 4 RAM.

Input data
Word 0 ; ; ‘L ‘
s> BC |, ¢! BC |, ¢ BC |, | BC }>»
: I : f
Address _ - a
inputs % ¥ M v
> BC > &> BC || &> BC | | BC >
: : ) f
Y Y Y Y
0-1 BC > &> BC |- ¢ BC > | BC >
Memory $ $ 3 }
enable
Y Y Y Y
| BC }» Ll BC > “e| BC }» - BC }»
Read/Write i i i J
Output data
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2> 2XE H8 225 It 2002 LI2GE
O M ERe HOIES =2t 24 HOIEL B85 =5 =

2 02 WAL 2909 k/2 2 CI20 AtE

ne

0\ i >

& AND AHIOl & 1024 H) ofLE CH&! 2002 5x32 Ll 2 H (502
2= JI&I AND HOIE 64H)E AtE

Figure 7.7

Two-dimensional decodina structure for a 1K-word memory.

L]

=9= A L2000 = kIS 5= JH 2kJH 2 AND
R Kt

A= U222 2xE dS2EH 2 10x1024 CI2 (1002 & S
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O.|C'CL||/\ D-IEl-\—'-E-II/\I
~ 12! 752/ SRAM2 6742 EMXIAEIZ 4. DRAME 5L+2)
MOS EH X AE 2 HIHAIEI2 2. [t A DRAME SRAME CH
AR HE =2 YT 2 M Jtsotl, B2 340 M, HE
_ DRAMS 220 2| 20 0T A CIDYS 2018 B2
Lot CIXHR B S ALR BT &

— IC I2|AI2] & =5 =0[J| ?lof &= HEdA B Hag=s HEdL
A0 HE0HH HEdlA EHEISE A AMES
Figure 7.8

Address multiplexing for a 64K DRAM.

8-bit ! 8 x 256 ;
.o row —p S 4 g > memory — Read/Write
code )
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Figure 7.8

Address multiplexing for a 64K DRAM.

Y

CAS p S-bit column
cAs i register
Y
8 X 256
decoder
RAS *
1 l ‘,
: 8-bit 256 x 256
8-bit R 8 x 256 = :
address b2 2 decoder 2 memory <— Read/Write
register cell array
Data Data
in out
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k2= LIZ20 Gial 2002 k2 25 L2 AFS
A= H222 2XE A E 2 10x1024 LIZEH(0HL S =
& AND H Ol & 10240H) ofLt CHA!N 2JH2] 5x32 LI 2L (5902

= )& AND HIOIE 64H)E AHE

-

I
M2 N xS

‘oY D& (by RW. Hamming)
— nHIE2| GI0IH |AZ=0l kB E2| IHelEl =D}
— 29| M= /X0 elEl BHIEE =Itot] LIH X | X1l G0l E
==
— € =0, 8HIE UI0OIH ®* & 11000100 42| Uf2|El HIE
=JtotH
= HERX 12 3 45 678 910 11 12
- P,P,1TP,1 0 0OPsO0O 1 0 O
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— 2 TH2IEl HIES TSI 20| HIAHE
= P, = XOR of bits (3,5,7,9, 1) =11 G0 DO PH0=0
= P, = XOR of bits (3,6,7,19, 11) =100 D0 P 1 D0 =0
= P, = XOR of bits (5,6,7,12) =1 @0 H 0D 0 =1
= Pz = XOR of bits (9, 10, 11,12) =0 ® 1 A0 D0 = 1

[t A BHIEC| HIOIEf RIEQH4HIES| MHElEIE &XIH 12HIE 2
%é‘ 2 & (composite word)Z X & &

= H|EL X 12 3 456 78 910 11 12
i 00111001010 O
— Olddet 120 E UIOIE It H22lHIA SHAHEDH, i E == F ok
CEAl 2 A
= C, = XOR of bits
= C, = XOR of bits
= C, = XOR of bits (4, 5, 6, 7, 12)
= Cg = XOR of bits (8, 9, 10, 11, 12)
= ‘0 dAHIE= &= IH2lEl, ‘1" 2 At BI|E= == U2l E

1,3,5,7,9, 11)
2,3,6,7,19, 1)

I~ N N N
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00| OtLIctH, 2= HIE= dd= 40 E 24
FAXE LEHS

adl
00

- 02 S0, 129 301X ZR
“HIESXI1 2 3456 78 910 11
. 00111001010
. 10111001010
. 00110001010
- CE a2 Y,
. Cs C. G,
- 2298 0 0 0
- 1B HIE 28 0 0 0
- 581 HIE 28 0 1 0

0 >1BHHIELE
0 >5BHERQE
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Table 7.2
Range of Data Bits for k Check Bits.

Number of Check Bits, k Range of Data Bits, n
3 2-4
4 5-11
5 12-26
6 27-57
7 58-120
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CHY o2 2 F, 015 Ol HE
- Y DEE=GHLIO MM S HES D 28 Jts
- Y REJ HEE AT FII2 el HIES =I16t8 0|5
S 2EE 5 US
~ 012 S0, & GIXS 1261 E GIOIE(BHIE FAS Nl SHY BE 4HIE
= 9}) 0011100101000/ 13 Al HIEQ! P,y S S0t IH2IE HIER
Mg, Oror 2 T2 E2HH 0011100101001S A A
~ [2tA 13HIE YEE AOH HE HIE I, SAl0H TH2IEl
P& TOtat,
= C =0,P=0:02f giS
= Cl1=0,P=12F& & Q= oh ol 2a
= C!=0,P=0: 01 0l 2, X8 4 gls
“C =0,P=1:HEP;; 0l A Ofl2f Za
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7.5 ROM (Read-Only Memory)

« FAAHOI2M FEI MEE = HZ2 &X
Figure 7.9
ROM block diagram.

k inputs (address) ——> 2‘:())(“'1’ —— n outputs (data)
ke &SN nille =22 = L8 = ROM= =. 942 HlE22 <
HEHIA, =282 HEH AN 2lof HAEHE %’—IIIOH ME=E =2 {0 EH
HE=
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Figure 7.10
Internal logic of a 32 x 8 ROM.

crosspoint

0

1
2

5% 32
decoder

28

30

ATATAT

Ay As As A, A; A, A

« 8HIE V|2 32K E=2 2H.5) 2==25x32L2HE Sl
3212 =gz LY dE. LZH2 =80l HEHAY. C2H2
32 222 812 ORHIOIEN HZ&EE.

« 2kx nROM2 kx 2k L& LIZEHS2 nJiS OR HOl1EZ 14
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Table 7.3
ROM Truth Table (Partial).

Inputs Outputs
Is I Iz h fo A;  As A5 Ay A3 A A A
0 0 0 0 0 10 1 1 0 1 1 0
0 0 0 0 1 0o 0 0 1 | 1 0 1
0 0 0 1 0 1 1 0 0 o0 1 0 1
0 0 0 1 1 10 1 10 0 1 0
1 1 1 0 0 0O 0 0 0 1 0 0 1
1 1 1 0 1 1 1 10 0 0 1 0
1 1 1 1 0 o 1 0 0o 1 0 1 0
1 1 1 1 1 0 0 1 10 0 1 1
Figure 7.11
Programming the ROM according to Table 7.3.

0

1
Il)— 2 4
ly —— 3
! LG 2 I

decoder .

. o
I, —— 29

30 -

31 +
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Figure 4.18 Table 4.6
Three-to-eight-line decoder. Truth Table of a Three-to-Eight-Line Decoder.
=) = 3
[——.‘ x y z D, D, D, by D, Dy D¢ D,

0 0 | 0 0 {0 0 0 {)
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‘ROME| &=

OtA3 E2 )2 = BHEX 2 ALOIA 22 1eil 2 = ROM
PROM(programmable ROM): =#AE O|EoilAl 181 22 12 Jt=
EPROM(erasable PROM): At/ 822 x| 3t Jt=set PROM
EEPROM(electrically EPROM): )& <22 FxJ|3t Jtsst PROM

Flash memory: On-board AHEH0I A AFZ XD} LIE S Byte &9 2 X2 20| Read
st = UKL Write= Page &= Sector 2t1) =2|= Block &2 =28t =3 & &~
Aq= B = EEPROMO|ICH 52| 3J|= Memory 2 AtLt Maker0fl (+2} Ct=2 X Bt
LH Xl = 64Byte, 128 Byte, 246Byte S0llAl S E 128KBIHAI = AtE&HLE Ol E Al Flash
Memory= EEPROM1}t 01 = AFot K| B, Bytet?| 2 Writeot= 210| 2Jts0ot2 =2
Page mode write 7| S8t JtXl= EEPROMO| 2t 0 M26HH I, TetM G A
SRAMX & & Al2t Data memory2 At&Eot= 22 ZJtsottt. 12U, Flash
memory= EEPROME C} Memory Cell 20t 2HHGHH 284 e B 22l

A AE e E%*om# 1JH2| Block & X E Wr tedt=0l =ms 8%t Z22B&
= & Datas Writee! (= EEPROMEZLCH 24 it 2Ct= &= JH&ILCH

= X: https://treeroad.tistory.com/entry/Flash-Memory 2-EEPROM- X} 0| &
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. PLD (Z202HHE =2l &)

Figure 7.13
Basic configuration of three PLDs.

Fixed bl
Inputs » AND array > ngg?:;a € L Qutputs
(decoder) y
(a) Programmable read-only memory (PROM)

o it ,| programmable s Fixed >
npuls AND array OR ariay = Quitputs
(b) Programmable array logic (PAL)

s | programmable | programmable .
Inputs AND array OR array - Quiputs

(¢) Programmable logic array (PLA)
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7.6 PLA (Programmable Logic Array)

LHoll =2t&ol LIRE = AI&otAl 21 2lAsts 25
=Ll= 8= M2otH HEH 2= PROML = At
2 1H20| Jt=get AND HOIE Oidllol =2 CHAl

Figure 7.14

PLA with three inputs,
four product terms, and
two outputs.

/\ f AB'

)
/ L=y
‘F,=AB’+AC + ABC’ - 2 [ "
¢ F2 = (AC + BC), 1 _‘/ + B
11 1 D t p A'BC

Y

@ Pearson




Table 7.5
PLA Programming Table.

Outputs

Inputs (M (©)

Product Term A B C FF K
AB' 1 1 0 — 1 —
AC 2 1 — 1 l 1
BC 3 - 1 I — 1
A'BC’ 4 0 1 0 I —

- OABIN Wl &
- PO HOIM HHM REE2 22 &2 =z UE, S8l 222
H H

2 S 1t AND HIO[E ALO

HOIE2FOR HOIE AIOI2] IHAE ESSH) XOR HIOIE
T2 oM T(true)Lt C(complement)E XI&S =~ JUS
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7.7 PAL (Programmable Array Logic)

DEE OR HYIOI2F EZ202HH= AND HAI0IE JHXI D U=
ﬁijEHm;‘ =c| AKX . AND HOIECFZ 2 Y Jtsdhd| 20
PAL=Z PLAZ LI =2 _)efeot)| A8t RAAH0| 5

HE =
— w(A, B, C,D)=2(2,12,13)
— x(A, B, C,D)=%(7,8,9,10,11,12, 13, 14, 15)
~ y(A, B, C,D)=1%(0,2,3,4,5,6,7,8,10,11, 15)
— z(A, B, C,D)=1x(1,2,8,12,13)
219 OIE R A0 SO 2tABloHH
— w=ABC +ABCD
— x=A+BCD
— y=AB+CD+BD
— z=ABC +ABCD +ACD +AB'CD=w +ACD + AB'CD
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Figure 7.16
PAL with four inputs, four outputs,
and a three-wide AND-OR structure.

AND gates inpats
1. 23 4 5. &7 8 92 0

- | Table 7.6
T T T ) w PAL Programming Table.
1 | ! |\
| |
A ! _ 1 D ou
W13 ' { <l AND Inputs
D ‘ l Product Term A B C D w Outputs
:—/; X 1 1 1 O = w = ABC' + A'B'CD’
s £, 2 0 0 1 o -~
3 R < B,
6 | A D’J’ a I - = = =  x=A+BCD
B . | | 5 = 1 1 [, =
h—12 L - 6 — = - i ==
7 0 i . e em y=A'B+CD+B'D'
‘ 8 = = 1 1 =
y 9 0 0 :
_) D 10 = pem e 7 z=w+ AC'D' + A'B'C'D
) D_' 11 1 = 0 0 =
C | 12 0O o0 0 |

g —

A= 2fH= AND
HOIE 40|

7 8 9 1

10 —p—{—va— S 1= B2 . | 3 CD-l ORJ-”OlE 3
| | &0 A EN%%WEEU” AE

o &0l

-
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Figure 7.17
Fuse map for PAL as specified in
Table 7.6.

Pridact AAB B CCDD ww

- Table 7.6

PAL Programming Table.

iy

% _ﬁ AND Inputs
Product Term A B C D w Outputs
‘ | 1 1 1 0 - - w = ABC' + A'B'CD’
2 0 0 1 0 -
5 A 1 = ey, = 2 e
2 ) 4 1 - - - - x=A+ BCD
5 — I 1 1 -
L . 6 - - 2 e -
All fuses intact
e (always = 0) 7 o 1 - - - y=A'B+CD+ BD
’ s - - 1 1 -
9 - 0 - 0 -
. 4 10 - - - =1 z=w+AC'D' + A'B'C'D
11 1 - 0 0 -
9 12 0 0 0 1 -
10
" | g
12
D_Q Fuse (stact
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78 =AA8 T2 ]S =cl &K

. X8 PLDE HOIESZ0 R 20 25 ZYEES
2 OYst B350 == T2 00 S AKX
Xt

Eé:AIJ#OIE S =)
=004 Ml 2 ALOHCE 72 ]
— X2 1fH= =it =2l & A (SPLD, sequential/simple PLD): AND-
OR HelO|2tD SE==22 245 = IHa=24 8-104 AtE
—ZzOue =8 :al A X} (CPLD, complex PLD): 0424 PLD2)
X8t 8-160C A2 A4S Z&6l= PLDE T2 J2HHE AKX
(HESAZE Solf A&
o Tz A= HOIE HdlOl (FPGA, field programmable gate
array): =80 =2l =52 Hdl0lz +4
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Figure 7.18

Sequential programmable logic device.

Inputs

>

Figure 7.19

Basic macrocell logic.

Quitputs

r> CLK

I |

o
AND-OR array
(PAL or PLA)
> Flip-flops T»
CLK OF
i)
[
i)
—
= =
L
R
—-
)
=
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Figure 7.20
General CPLD configuration.

PLD PLD PLD PLD
A A A A
10 Y Y Y Y Vo
- Programmable switch matrix -
block i A A A block
Y Y Y Y
PLD PLD PLD PLD

@ Pearson Copyright © 2019 Pearson Education Ltd.



Figure 7.21

Basic architecture of Xilinx Spartan and predecessor devices.

10B

10B

10B

10B

10B

10B 10B 10B 10B 10B
Switch Switch Switch
Matrix Matrix Matrix 10B
CLB CLB 10B
Switch Switch \\\ Switch 0B
Matrix Matrix <= Matrix
W
N
N
N
CLB CLB \lOB
Vertical
p long line
Switch + Switch Switch 0B
Matrix /,’ Matrix Matrix
10B / 10B 10B 10B 10B
Horizontal
long line
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F A St == X
2o L4 s =&
52 U AAE EB
CIXNEZ248H 2 AN EE361
— St UXNEIZE es8H2Z PG WE AlZH LI 2I22] Jls= ZdS0tk4,
OIE MAIEE &= A== ot= otER/IH EHHAHO CHet J|l== St
=c|3|Z22| K[AS BIE2 2 CIXE AMAES A0 2 et e A2l &H,
S ) 24 Hdl0l, ROM, FPGA(FleId Programmable Gate Array)0i| IZH@
)= 55t =, 012 EHot=0 2RetotEAH dHHAAHN CHet XA &
SE)|l=s 2t
OOl A2 X2 Al A EE364
UHICIEAIABIA A EE367
SRMAHE= EE461
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