CMPE-224

REGISTERS, COUNTERS AND THe MEMoRY LNIT

924 ga'sier includes o sed of flep-flops. Since each flip-flop (s
Capable of storing one bit, an n-bit register includes n flip-flops
and can store n bits of b[ﬂaﬁ formadion. Twn aweﬁ'l’ - Nﬂismler
Consists o.F a_(jfouip of .be) _J-F(ofs and 8&4‘65 that affect their state
transiHons and ™ perform cla&a—frocn_ss}rzj tasks.

9’4 CO__U_/’"ef‘ 15 a Natl‘n‘er that (7065 %/acﬁh o ffe-ﬂle'@efmiﬂé’—fl Sequant.
of states upon the agplication of clock pulses.

Wﬁﬂ«/ Na{sm arel counters are Se7uM1(l'a-( functone! blocks,
which ame wsed EK(-emjiVegj in the cl.e.s(fjn of di ital Systems .

94 memevy unit s a collection of stovage cells Hogether with associated
cireatly Reeled Fo transfer information in'and out-of Storage. A yandsm-
acass memory (RAM) differs from o read-onl meme g (Pou) in +hat
o RAM can Avansfer the stored information out (read) and (s also
capable of rEC_efvfrU New information in for S-.lo/‘a?/e (write).

REGISTERS:
The simplest Na{‘s}er is a ywdr'sler that consists of onfj Flp-flops
without extemal (jaule_s- A y-bit rlﬁvtﬁ‘f-ex- constrvcted with D flip-flops

'S Slﬂawn bdow )

C’?s Qg_ Q{
R q’) e 9 ra{a N Q
A D [ A D | A D j
clear [i
cp : —
I3 IZ‘ I‘L I° Sﬁmbol

n Pdfd-“e.[

The Bfmwa dote Tz To Ty To ave dramsferred fi:n’ro the u-bit negister on the

rising edge of each clock pulse. This data (s pefained ot the ovlput

vkl the next nisin eci?;_ of the clock.

The Cleaxr inpot 18 an achve -lows :‘npm’- and pged for clearing the th'sirar
4o ol O's priev 4o its clocted oﬂeroulion- T‘LULS, we maintain clear of

LoJl‘c L Ju.u'hU normol clocked o‘perd-ion-

The tmsfer of nuw informakion inbo a Naider I$ referred 4o as

Loading +he reaisfrar-
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an,t'éjrer UUH—IA pd/ranel LO«MZJ .
94 y- bt V\e(jfsﬁer with o control inPu.]L Load that determmes the
ackion to be taken with each clock ,aulse is shown below .

Load — >
LD‘—LL)>—~—D @,

T D CP,_
2 Sc
e iy .
i D @
= >
i 3

N
- - bit Ryishor with Al Lond
When boad (s L, the data on +he four 'm,OwB is Avamsferred into the
re:(? ister with the next pos;'H\fe of Hhe cloct .

W hen _J;__f_____a:i iso, the data nputs ane blocked and +he flep-flop
oubputs ame comnecked to the respective D fnﬁu.{s of the flp-Fops
to Leave the ou/ffu[; Uﬂcﬁpm;)ch ;

The .{e_e_ibm’_{'— connachon ﬁvm 00/79:4_/' to .f‘n/ﬂu.tL ,_9}( the. f&ﬁf—f{oﬁ 15
mtc,esuﬁ be,ca.u.g,e. the D fa/br,ﬂ/afo does sot e a tno change”
MPUJ' condidion : with each cfocé'_/)adse/ ta D fnf?uf‘ determines

the noxt S(‘afe. of' the ou/fm{-
Exevelse : Draw +the Log;‘(_ c{_"ajmm CJF o L{.Joh(' fﬂai‘sl‘ﬁ" W”“’\ PMGLUG.( l&a.cl USEOU ﬁj FFs-

SH\EFT REGISTERS:

Tn computer saslems, it is ofien necessory to Pamsfar n-bit dofa items.
Thes Moy be deone !ij Fransmiting  all bits af once us.«'«y n _ce,oamk wires,
in which we so that the Hransfer 1s perfermed in” parallel

T i S
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T+ s also possilole. +o -l'vmds'Fe/ all L:i’-s (;Lsf(rj ca.,sfndlg wive [aj
PU{:@”‘““‘Q_‘j Hu dransfer one bit at o dime (n N oasecudive clock CJ(-_‘Q;’
M whch case we Y that the tansfer is performed in 56'__1:{_1::_!-

To do a serwl 4vansfer, we need a shift ister

The simplest possible. shift Na.[‘skw is one that uses an{j flep-Flops

s Shown below .

Serial Tnpuf b o215 o2 T5 o2 5 o Seiadovppet
(s1) > > (50)
P—P>—4
+, k L2 . 4s tu ts

T
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e
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L

clk _}—_— | / L
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=

|
1
{
— |
\ I
f | : 1
i | | | I \
Ql —_— | ]l | 1
} i
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Shitk ﬂ%gslref with Pllel Load:
qéshfqt /\%jisﬁ’/ W}[_LI aCCe,sjl.é/e -F.L.')p- f/of) 00!—/%0"5 MC{ /Oa/a,”e/ éoa_Q{

Can be wused for ConVe;r-l-filj {ncgmiﬁj /DMa-Hc:f dafa fo oot o:'nJ seriad
dada and viceversa . A . bif shft /'ed;sffer with /Da/aﬂe/ load s shown belo:
Shigt =

Load 1 . } L—D)——« \

Serial
{npel

2 —— VE——(

O

1, = Y
ST
: - s Q
L (=
) \L D1

clock
Theve ave two conbral inPuJ:s, one for the Shiff and the other for the load.
Tn. Cach 3 Hre ﬁy;nL AND enables +he S!u# a/cfavlrbn,' tthe Sewnd
AND enables the fn}ow{ d. (oad) ; and the third ﬁ/\/&ia.z: restores the
conlemzs o)fﬂm. Aﬁf&‘&f when Mo 0/064@1129;1 I ,.Q?Ma/

\S\'u.ﬂ: Load operation

o 0 No chan
o L Lood Pacallel data (Lo@, ; TG, a8y ; T -6
L X shifk  (SI5@; Q6 ; 0~ @, s h—G)
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Ridivectional shift R

Some Slu.f'l: fe isters Ffo\!m[e_ the recess
for forallel +rmsfer

iy

mfalod—he_s 74 L-bit

Show n e low .

ister with farallel | oad:

&

.mf’u.‘(‘ eurlcl. ou*’-‘ou‘f ‘Lez(m;ﬂah{_s

Parallel outputs

also have both «Sh'H-”EjH and sl - left-
o0a | Shift wea:s%or with parallel load (s

A, A, A; A,
Q 0] Q Q
C]ear—D—v—G " 3 ‘——( & N l—c % s & N
cp ]>c
T 4x1 g 4 x1 = 4x1 4x1
MUX MUX MUX MUX
S ——— > >
3210 3210 3210 3 21 @
Y A 4 A | A 4 A A 'y 1\ 43
Serial Serial
n}g;lt inputfoi‘
shift-right shiftleft
1 Iy 1
- Para[le'I inputs
. Mode Conbrol = iy i =i B
5 S; R(’dié‘l’ef OPUa,Jﬁm Note: The four mu ll-{Plgxers (M LlX)
O O No Cl«cun&v. ave Paf{i of +he_ Na,is%@"-
o L st right
L O shift Left
4 {. Pafal(e‘ koou:l
Serial dder: s
fd shifl- Shet~ 50 x
Tke_ two numbers r:@k!: Ve ister y FA
e Stored in the ¥ - B . t
: , Extemal > ShifE- S0
Awo 6‘@“ ﬂ’dlskrs- input 7} register
Bits are added one pair of o Fime. ® D

The fwo SLLLF'F
o the

the A paafsi-e/ holds the resold alse -

Naisa‘efs ane shifled \

aht for one wprcd-Fme-

¢ lear
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R\PPLE COUNTERS!:
In aem’_{ql} Covnters are available n fwo c:aqLeJories: ri,aple/rcounler_s
and S\jnc['lfoﬂous covnters, (or asynchronovs)
In a r‘ipple counter, the ‘Fb'f” ﬂof? oul—f)wl‘ transition serves as c
Source for 4(:‘33‘2(5/:\3 other {lp- flops. i-e., the C :'n,ow* of Some or
all of the fblra-f/olos {s 4‘(@3&/&4 not %j e Ccommon Clpck pu/ses, bot
I{’j the 4vausition that occvrs in othar fldfa~-f(o/0 ou#/ouﬁ.
In o SJnchfonous counter, the C anuLJrs of all of the flp-flops are
J-r:'jjemecf QU the common clock pulse, and the chug]e of State is
determined from the p/EmmL state of the cﬁ;f;‘er-
The Lo:]ic_ cii?jmm of a 3-bit (oinard ripplefcounter using T FFs (s
given below:

L ——l—'-'r Q 11- @ | T @

clic > . >
e ; ;L% :
Count Sequenca Q. @ @, (MSBJ
@ @ Q@
O O O
0 o L
o t o @ goes from | 4o 0 Yt and @mplemenjr@.
o i |
l o o Qo Joes Y osit Camp{emen{s Q. Also @ goes Y >0t a;m,o/emem{s Q.
I o |
{ 1 o
b
f.e.

Ry is complemented with each clock pulse fﬂf?m[-

Eve(\] +ime that @, Joes from 4 1o o v, it Com,ofemeﬂ'ﬁs @, .

Every Lime thot @ goes fom L1400 ¥, it Camf{ememl-" Q2.

for norMoJ opefa.LI'On/\, the E Inpu‘l' shovd be disabled.

Exercise: Consider tha fo(/ow;'cja /‘fpfife Coonter and —Fﬂoe{ its amnHe?m-

A @ L'r @ ‘{—11-

T
clk —_— >

el

@, @ @ (MsB)

T L
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Exomple : 3-bil up [Down rl‘pple- cou nter US:‘/U JK FFs.

A ’ [

clk >Co
A

Up [Dow n

When 0p/Down conbrol fnpu,d- is 0 = Down counter
1, s 7 . ‘ . 4 =2 Lp covnter .
Note thal the FFs "]'DJS le. when thedr ¢ Enf)w}s go from o 4ol j‘_

i.e (Po.c{J—fve_ &.'[?,L -Hrjnaﬂaﬂ.c() .

Considev the cage whan vplDwn=0 <

vp/Down
clll'lk 1 : ) I 4 l u
Co { 1 ': E -: .: :u !
N /
o] e T L
y 3 j
§=c, — 'j‘ ———
¢ —
Draw tha #miflj qhod rom Afor UP/Down =4 case .(Exerciel )
oy |
‘8‘ K < T K J K T
AN I AN I\ N
o
N L I E cli '\
(T | \ Q@G %,
QO OO
@ is Complemen led on the m-gmlive edje of ewry clk po Ise- g g ?é
@ is complemented if @ =0 and @ goes from | 4o 0; and it A
(s cleared if @3 =1 and @, Joes from 4 +o 0. (> T=o, k=4) olo |
@ s Compl'emenl'eel f @ Joes from | 4o o- _ % : lq C{)
93 1s complemented when @@ = 1| and G goes from | to 0/ and it looo
is cleared "‘F ecthor G o "-?1 is 0 and @ dc)eﬁ -FKDWJ i to O+ (:J-:O, k:‘) 100023
= Nof Sf-ra,;dh‘}‘forwafci el quenaib and Ima(jinah'an are required ! wees
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_E_I.i_”f.‘l‘he Aesbn procedure s a 5dnchronou5 covnter (s the Same as
WiHﬂ oH’t&r Sdﬂdnroﬂou,s Ja?unnh'aj Cff'cw:'l's- ;4 Coun'}er m oloeruztt?_
withoot am external inPqu, excapt for the clock pulie  which is wpplied
to the C inf:u-{‘ of all HLP-HO,&S-
The Ledic_ Q"(ﬁmm of a 4-bit ’oinad Sdnclqrowous counter with paralle]
load s que.n below

Count TD,D‘

Load

—
>

SEn b
o=t

>

D, " D_:D ; c a,
i

D ) D> a
3 T 3
} | L
e
Clear________f
Carry
Cutput CO
Clock
Cleav cp Lead count Function
0 X X X Clear to 0
L X 0 o) No ckmde.
i .5 L X Loa-.c[ fHPI.k‘B
A _’F o A Count next loina(j 5 ‘n:b,

The WUOU" (CO) Can be used 4o extend the eouﬂ'h’r to more 5400165-
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Exmpb:' constrvel a mod-6 counter usiij Fhe MSI circeuif of
Fha previovs u-bit couvnter with parallel tood .
@3 Ql. @t q)o @3 @ ('17. Qo
a) . b) ﬁ ‘\
Counl =1 2 Count=) :' -
E Load clear
Clear=1 . Load=0
cp Dy 0. D p, “€—Aps b D D
Tapekszo [ U1
Tnputs have vo eF,(cc\"
Binary Sequene: fw; ol-e Binary sequnce: G,4,2,3,4,5,0,(, - -
Q_’; Qﬂ. Q Qo Q3 (QE. @I. @o
’ | YT
Counk=1 & Counl=t faad
Cleay=L el l Clea=1
<P D3 D D D <R D3 P Di Do
i o A o o o 4L L
E:inaﬁ Sequunie: W} to, 11, - - Binua Svquenc® 3,4,5 6,%,8,3,4,- -+

A/’Hﬂo@’q {jnctn’onous @unkrs an be QL&@HD.G[ wtyj M‘ILYQ-EJ(‘L‘OA&I
Ae{ijm f)mco.clure of ijndmno% Se?uﬁmﬁqﬂ cireadt, it is somedimas
Possible_ and more Hme janv:‘(:j to use intudvon method .
E,Xam'ole.f

l/{s;@ T Ffs, J@ijn o 3-bif {jnc%/onou.s vp- @unter that covnts

the bfﬂaﬁ Je?btm(p_.‘ 9,,234,563,0---
— —
C'\)z @\ @O

,,———:? The Cr‘fcdljf

o o T Note that : @ -thfe_s (cﬁa?zs) on each clock Cdc(e‘ 2 =L
C; C: s Q{ c_huae_s &4&7 whﬂ/ﬂ (?o:‘ Pfl‘of ‘f‘o ‘H’b. cloc{c
o 11 plee = T= Q.

o o @ chunges oaly when Q@ =ti peior o the
i ? (l cloclke PUL“;Z— 2> T, =Q4

[ S

Q 0 O



clk . )
Sf”"i-(&«’\j ] -fw an n-bit covnter we have:
L=l T=Q 5 T=@Q ; BRQE - W @Q--Q.

Of course, it is F"S".L’{C’— to inhibit Counl-r‘\/j lgaj MSF@ the @n%f:‘npui'
#C,ou/\f"’y "Ena_blc") Ao 9oty with +he clear anu’--

A y-bit {jnc(amwov.s counter with the above mfa.é;/[r[fej,md un‘nj
T FFls 1s  Shown below:

Count o th) ) I Q@

3 . @

T
Clock. &
c leay L

> Iif countzo 2 all Tk inputs are zeo > No dxmj}-
I'F Couﬂ!'-"‘-l— % I:k

1
I=Qo

L)
o
I

:!i-ﬁk = Counlf(ﬂj 5;0_70\911(0.-'
3;.=k2.— Qo@] Oj!)“‘";"g
U:gsz— (PO(R (Pz

Go To Io"je—@) —_—
MEMORY AND PROGRAMMABLE L OGIC DEVICES :

sMemory is a collechon of cells Cafodole of Sbri@ laimvrd informadion.
In addition o thase cells , mem Contotns elechonic circuts for
storing and re'|-r1‘e,vir\\7 the 1 formadion.
e JWo 'i:jp?_-s of wmemovies axve used M Various parts of a.cl{jf‘l'a} Sd_slemi
Random Hccoss MG_Me-r\\j (RAM) and A?ead-on\(y Meamory (RoM) . RAM acafﬁs
new information for Storage 4o be available later for uge.
o The procass of Storing Pew infpmaton in memory s yeferred

to a8 « Mamoly Write O/GUGL')LI'OW
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Exa.mf?{&'- DesiJn a 2-—4&514‘ BCD counter Usiﬂj the MSI cireud
of a L{_bfiL counter 6iven beleow : I
l |

(Enable) ot a, ®. & @

Loaol.__._.e <—clear
ck—3 D3 D2 9

Lod SRy Q. @, @, LCouat Lol @ @2 6§
Clear L

lear
T o 2 9 | 03 9. 0,

| [T T L 1]

; o

Do
7 T 1 T
[

{

Do

:

e

The above circutt consisks of Hwo modulo ~10 Co\:n-l-&rsl one

for each @cD éijﬂ‘- A fler /eadu‘ﬂj "c[";hl is /&cwaU 4o reset
khe Cpusﬁjre,r-

E xample: ( RING CouMTEE)

§z4 rn":“}J’ courﬂer 15 a circalar SLDCF'I' f%jl'j#cr waﬂ on\,j one fkp-f{op

b&'r\\j Set at any PM#Culw J-t"mej‘a.{{ others are < leared.

A y-bit ring counter s Shown below .

@,
Stark —{>o- ) 9 l@z ’
D‘}ﬁ-—LD ® J D 9 D @
il r [ R T R
[ i [
Ll i

95’ rf'@ Cour”lef <an CL{JO loe sz\szuclec/ {JJ ujf\f:j a cmmle,,f a.nr/acfer_oofer.
for €x¢mp[€.) 4‘0 Cons}-ruc,-J- a L,zJo.’lL V,‘tl? caunJ-ew’ WQW a 2-!.«:{% c,ou/}k/cmaf

a 2xy decoder as Fo{{owb'-‘ @’T qT q)}f '?)3
2xv decpde



qqq
Line

qqq
Line

qqq
Line
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Tohnson Counter:

A bt riny counter circulates a Sfﬂdfe. bif among the flip-flops to provide
k dishinquishable stites. The nomber of sfates can be dovbled if tha

Shift Narsataf is comected as a switch - tail rf(}j coonter. That 4‘5{ tha.
c.omplemenJr ovtput of the last Flp—flop 15 connected to the input of
the first Fhlo--ﬂolo

94 q_b;# Johnson Cou/!‘ler fnas £ Sttes cnd its cfrCu.d- (s aiuen be lnw:

@ ) @, )
D @ D @ D @ D @ I
> v o , > ) > y
@ | @} @ Q@ —
Klear I ) i
o 2 )J
@ @, Q@
O 0 O 0 ¢ by appl 9 clear
o o o | Clear (s disabled.
o o | | ;
ol 1| |
{ {4 |
i I 1 o
| 1 o o
| o 0 o

Nole that if aoun -Fo“ou) Ehe hadibional f{a(g.c'lm . { Je?uumlmf creuk
A&Slndv’\, a,wu will end uP with e Same circuit. f(.e:

@ Q. @ o | 03 @ Q@ @ Dgs De. Do, Do

© o o0 ¢ o o o | o o ©

o O oo L o o | /4 o o i ;}‘DQ:QZ. b

o T ot |0 T T RT S
o4 t | R T I S | Q= "
| 1 1 @ Il 1 oo I D?:@GI

{ | 0o [ 0 0o o o o o

| © o o 0o 00 0 © 0 o0 o

Exercise.: Moqli{ij the above Johnson counter so that 1+ becomes self- mmec_kv.
Noke: feu‘ﬁ counters and Johnson coonters are ujualéj Used o J,emra}g #mini Sequen ces.
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e The process of ‘l-mms{:exr}v:j the stpred in,fofma#on out of memory

Is referred 4o as a Memory read ofe.fou’-ibn-
o RAM can perform both the write and the vead o‘oefmtfons. RAMs
May Yamge in side from hundreds 4o billions of bifs.
« ROM is a.ffaa/‘ctma.b,a Lsa;t‘c_ device (PLD), The bEAWJ information
thot (s sfored” witun such a device Sp&cr‘-lfu‘a:[ and. then embesded
m hardware. Thes prowss s referred as progromming the devia.
Unlice RAM , ROM can perform c'm\[j +he mR_\.;HoU reac! ope,m_lfon-
o A Ma(j wnit  Stores He b:‘flMJ f‘ﬂfo«vmtl«b/) N fouﬂﬁ dv‘f: bids

called Ywords. A wodd is an entily of bils that moves in and ovt_
of mamory as a _y__ﬁ_ﬁ-—- a group o.F l's and o’s that foeJemz;_; Nomber,
QUA inskuoh‘on} a chaxad—ef, or othu foMaAU—cOc(a:f ;f‘lformJ-{o/!-
'5‘4 ?’WUP 01[ € biks is called a b(jl-e‘_
e Most Com,ouf-er memovies Uge wovds that arve MU/AP!ES of et'jM bik
(A |eden. Thws a 32-bit werd s pade up of b f:]r‘es ... ete.
o The Ca.r?ac;('b a_f o MQmoU onit IS usua_{\(j Stated as the toilal]
Number of bJHS that it “can store.
e The commoni cation between a memory and :‘113 environmen'} (s
acheived +hmudla dato :'ﬂf;ud oand 004/& L.'nes/ addvess felechon
lknes , amd control lines that s/ec:'.ﬁd the direction of fmnsfer
A block clr'adf‘am of the memony unt (s Shown be low:

o data input Lines

Addess L'vle._,t__’ ; 9__!\4 emoxy unit
R J 2k wOfd'S
ead 5
Wrile N bik perword

/Y”” data putput lines
‘Tke_ k. aclclress LCnes. 5/9‘ZC"FJ Hre ﬁMHCu[M wmfof clyosen.f'érav a JCCocfar:
- For example, a memer vt with a caf’ad& of UK words of b bids each:

[ = 1o Memory vess
=4 -
qur_lj Decimal Memmﬂ cmlenl-s
0000000000 o [te[t [ eI\ teTeTelel1T1To] 1f0]
[« X R-N-N-T-R-F- Fo¥ { i | i
sovooussly 2 { k=10

n=14{

TESININY, lo23 (T TTU LTI
X6 Mewovy .
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In oo RAM unijr) the equivalent (ogic of « loinwj cell (BC) can be
shewn as follows:

Select (Enable) B

|

Select (Ena l.')it.]

5 0 j' Output Input —— BC }—— Output

Read/write

JU

Input

Rcad,a‘\;m.e
(b) Block diagram
(a) Logic diagram . S

The lo&'lc.o..l construckon of o Lx3 RAM is shown below:

Data
inputs _
|||
Word 0
DU .
¥ 1R '
¢ BC = ¢ BC $=1 BC
$ } <
D, Word 1 _ I
Address ; *
inputs 5 o1 BC b BC o1 BC -
decoder i i +
Word 2 i
D &
% ; ¥ ¥
b= BC |—— ¢ BC —— =~ BC —"I
3 ! }
Word 3
D .
2 ¥ ¥ !
Memory ! Led BC Lo
enable _.1
Read/write i
L~ bt

Data
autputs
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Lemember that RoM i JU&‘!‘ one exampl of a PLD. Other such
cle\ffte.s are the FKOJf“’”Ma.b{e_ lojfr_ a-rfa.\j (PLA)I the pajmmma(ol(e
arrey logic (PAL) device, the complex pf.?jmmm«able_ logic de vice
(cPLD) , and the fa‘eu_rmijmmmab{e Qf}.a_w (FPGcA).
TN ener«l, a PLD (s an Tc with internal LDJ;‘(_ Jaje_s andlo r
Connech‘on Fhat can in Some wsj be Chm\jigl Lij a_ fmjrammf:] pross.
one of the Sfm,Ofele ‘Iﬂclmo'od:‘es emrolo s fuses. Ofa(’jt'ﬂml!jj all foses
ane Intact - Pﬂﬁfammi:l} tHhe device (avolves [o[owlt!} Some o]C Ha fuses .

= > Jrrrd =

conveational S\\jmbol of OR fjal-e Arrgj LoJI‘c, Sdm'ool o/‘oé Jdﬁ.
If an % 13 frejen+ at the intersechon of two fimes => Fheve (s a Gmnechon .
tfan x 15 not preseat > thre is No connechon -
The block CL‘GLJMM of « 2% n ROM (s as follows:

fapubs (addvess) £ St o RoM |3 ovlprls (date)
"

9gn €xampf¢ aF /rajmmm;'rlj a 32x8 RoM ((‘.e fxﬁ’) dCLaYcA.hJ to +he
ﬁiw_m toble I's Jbown be‘ou}-‘

Inputs Outputs
Iy ls l2 Iy Iy Az As A; A, A, A, A A
0 0 0 0 o0 1 ¢ 1 1 0 1 1 o
O 0 0 1 0 1 1 0 0 0 1 0 1
0 0 0 1 1 1 0 1 1 0 0 1 0
11 1 0 0 o 0 0 0o 1 0 o0 1
1 1 1 0 1 1 1 1 0 0 0 1 0
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PROGRAMMABLE Locic ARRAY (PLA):
PL.A is a \(jene,ra}, projc fffjmeCoML)l‘ﬂa.kkol ciro.u'k Wko(.x. lo(oc_lf. CL?T’“M

s yuu\bebw.

NXk -Fv:su
fuses | Kk PFOJW.L
Fevrms D s
n | (AND gates) ookpols
inpv ks XK
fuses

Tt consisks of n inpuks, m ovlpuks, k produck derms, and m sum terms. Tha
prodvct fexrms Constitute agrop of k AND (ja}tj and the som terms conshbube a

g rovp of m or (7a.1‘zs . Fuses ane inserted behveen all n inpots and their complements
to each of the AND acpl‘dﬁ. Fuses ane also F/'av}cl-_cf. Lebween the oul-,oui's of tHa
AND gates and the inpubs of the 0R gates . Asother st of fuses ot the ovfpot
allows the Oul'Pu\l' funclions 4o be ae.mmn.ied ecthor Tn AND-0R form ov in
AND-0R - INyerT form (i.e C_amplemenjrs of ‘F-uﬂchbMS),

(Note: Tf +he oR gates are not FmemmaJole. Ci-e Mo kam fues) > PAL).

Exampl&-‘

Coﬂsfiw ‘-l"\l_'f-a“ﬁld;ﬂj PLA WIMLI/\ l\as (1 'mPu{'_S, 3 f’/‘&{vcf‘ terms a»ﬂclg OU"FU)(S.

%

™
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PLA program 4able

Example: E F v
odvel | Tnputs Ovtput = 7
Implemenl' Fhe FgllewimJ funchons F{em:' ABCD I Fi F'f. f:s
Ag’ Lo-~—-| 4L -~ =
Usin\cl the above PLA. 8 :
' AcC 2 A-4t-|1141 4 -
F= AB +AC i ol ¢
F=(Acs c'p)f 2 Ll R il
T C - |T/k

HW#2: 35,37, 78; F4; .21, 7-32;%.33
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