CMPE 2.2 4 @

SYNCHRONOUS SEQUENTIAL LoFicC
The CLESH'GLI circuts are classified inte +wo Jralo,_g’ 0 Combnadisnal”

O—MA " _Se_tfueﬂ“u.[”.

The Loaic‘_ c\rcuts C‘_onsicle.reci Iy CMPE 222 Wweve Cgmlo'mqi{omq_ﬂ_,

Combmational
Apets Cireuct > © +P o

In a Combinationa C.if‘cud‘.’ +he ou{PuJ*s Aepenci O“!‘_‘] on the
current inputs. i.e outputs = £ (Taputs).

94 Se_ctusm'lt'al Ladic_ circuit s one whose aul—f)u_{‘s clefoencf not cmlg,

on its current inputs, but also on the past Seguence. of inputs,
which delevmine the circuib 7internal states”. A bilock dia?’am.

OF a gc?mba.{ Cj'f‘ccu"" (s  sShown below :

Topubs — 3 com binakional | > outputs
(—> < ireuwil= s :t:m_] P‘;‘iﬁf

> It consists of o combinationd cireuit and Memory elements,
connected in o »F&erack pa.Hq, The memory elements axe devias
Capable of Storing binary information within them. The binary-
l‘.‘/\.-FofMaJ-{'gn stored In the mmo(j elements at MJ awm L
defines the state of the Se7u,mq£:'al Circwk .

Ou#p«d[s = F(exlafnal I'ﬂ,aufs,' ffe;ent‘ Sr‘ufe)

Next State — f (e,xf-e,mal f'n,aufs, Present 51‘4_1[&)
Th%s) o Sécfumf{ﬁz-/ Cireuwil s S/ec:'fg“gcf bd a. +ime Sc7umcg of
f'ﬂfam(‘s, cou/?au_ﬂ; and internal states .
Thele are Awo main fypes of Sqm#d Circuits , and their cluss-
(fication depends on the times at which thoir /h,aufs ove observed.
and their jnterndd skadi c,h:ua?zsr

Saﬂwkd cirauts

1

v ¥
San(cl? fo;o;)s Seqwz,nl-taL (’_ircul»ls qﬂsdnclnronousui&?mhd

clocke Civeulks
EMas‘r wIJ_Jd lksr&c’:[ Cwill be exf;rlainul Loter]
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A anc,lnronous circuit s one whose behaVior can be defined From
Ehe knouu(eeLfal_ aF ifs SiJnaJs at discrete instants of +time. The
memory elements can neplace thoir preseat shote with & new shate
in a controlled way - for Euws purpoge  clock pelses are Uged .

Lnputs “%N Com%:im:itmai > ovlputs
< T

r Ciockﬁ;\J

The behavior oF an asdnchronous Se,quenl-ia.l circwk can c:lno.ma,-&odf

any instant of Lime. -
The most basic di—omae elements are del‘e5, from which flp_Flops

Avre ““"’“'gj ConsJ'fuciLccl. TI’(E{C1COIQ. a »FL:.,O- FfoP f's a_ofevr'Ce {—Acd:
stores either a 0%or o ‘1"

In fact, & move Simple Stora element s a boffer which permena-
nHly stores a binagy value. I Simple boffer can be [mplemented

win; +uJO MVOH'-:.VS. W [‘E—
Tt b -
1

33 rep[acin\j the inverters with Nod o+ NAND E_H
304'25, we can store ether a 07 or a 1" D lalch.

/ e {3’#;:,{ ("
SR Latch with Nor 34—+35: Remember: (1+2) =0 ; (omt)’z_‘xf '
R (f€J€.£') ® Donrt Consider !
s 1@ &
/ ! o i O
5%
S (Set) 0O o L 0 (G}Her Sel ﬁ:o)
%J/ 0 L 0 L i-¢ Neo Chm?&
R l @ o o |0 L (e_‘fﬁe-; szo, ;;1)
5 L L | o o'undefined.
B, 5 — Truth 4eble for Sure

Se Labeh with NAND 8::.4'&!5: Lemember : (o.’)(_)/_f__;, ; (,1.1,);1/
Draw Lthe circuif.
Derive Ehe Trubh 4o ble .
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The OPGrau‘l-fon of the basic Nokk and NAND Llotches can be
modified by providing an additional control input that delermines
when Ehe state of the lofch can be dnmdeq{ = Flp-flops. -
Flip - Flops:

'T"na me.moij ele,wlen{s‘ wsed N c:.loc_ch( SG_ciu_an-l—io.l Circui.-l-s, ow e

Called flip- flops. The state of o flp- flop is the value that it
currm}\’j stores. The stoved value can be onlJ chmged only at
cevtain +imes determined by the ‘elock ” in,ou.{:.

There are diffevent »{-Jpg_s of flp-Fbps: . exl
y Skate Skhate
B o s NN TS
. sit) RG) QW) @ (t+1)
S
‘—J}\‘ @ o o o o
No change
cp—q. [ L (3__0 L %
DZ o’ e ® et
ese
D C Ll
Loa e clt'a.Jra.m L 0O o %
R ! L o | x
! ' 1 (
s ﬁq,ao ed A lo i L i ‘ x U/\JCFM&J_
[ ol|[L]] o o J (SK =) (leuchl—crisl-.;_)’T;-u{.h Lable

(L] = ﬂ“s

QU+)= S+ R @ R
Pohacacteristic equcd-('on

SO @ —

— 1R I

Gm‘olfu'c SJmém/
An uwpre.cl(cia.t:-{e stafe octvrs when CP=1 amd both S and P are

d?u.aj to 1.
’T"Le »l'v'vf'h 'I-o,Lgfe_ Ca Lc_ pv!‘ ff] d—ﬂ(?#lef -Form wéucj:! rs Ca.//ec{
the chovacteristic s fonctiona| table :

s R @t+t)

o o0 Q&) No change

o 1 o) Re set 4/( C havacteristic foble of the
L o i Set RS flip- £ lop

1 L ? undefined
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D Flp- F{OP;
One way to eliminate the wvndesirable condilion of the uvndefined
State of the RS flip-flop is 4o ensvre that inpuls S and R ave
never equal to L at the same time. This (s possible by applying
the Com()[e,m:ﬂ'f of S 4o the R rhpuf', /ea.c{fhj to the D {'.(.L}o_f/ofg:

D
i ) “S— ¢ Dl) QW) | Quirt)

D:’ (P, o : o
D i o L
Losic_ da'ajr'am - 4 L L

"T'r'u’*'h ‘EOL[OIQ
Gl+t) = D S characteristic ecfua_l-t'an

D | @)
oo — . I
, A
PR o Q@ —- -
Chavacteristic Lable
G—mplml.r_ Sdmbo,

As long as cp=o, the circwk coannot chwde stale . when cp=1,
the @ ovkput follows the D input (e Q=0 if D=0 ;and @-1if
D:—'{).

JTK FUp-Flop:

A TK flp-flop 1s a refinement of the RS Flip-Flop to eliminde

Fhe undefined sfale of the RS 1&1/0(-: 0s AlS
TW) k) Q@) @)
K Lﬁ‘ Y
@ o o) o) o) }}‘J
Cp - L s ___O_ & l'_ eﬁ
o L w
L L_-(?/ o L ‘i Z {})
L f-a-tpad
i o o 1w
Logic diagram L o L L
@ =_ ) & =
3‘\{((2- el LY Ho L L 0 [N
12 [L] o ]e° ] (?U—-H):TQI-}KIQ i S O@%
i L'i‘-l - F ‘?c_lqa.rad-erisf-fc Trovth '[:a.p/e.
e = ) e?ua,i—r'on

k
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T K Q@ Ub+1)

T g a
o [6) ® &) No change

'i ¢ — o 1 o Reset

i)

+
Graphic symbol . © .L, Se
Lt 4 @ (k) Toggle (complement)
Cc havaclteristic +able
T FlLp-Fflop:

The T flLp- flop s a anjle,_in,oul!‘ version of the JTK flyp-flp.
It s oblained from Ehe Tk flp-Flop when both inpvts are #ied
l:ajeHaer'. £Ljow’dfc§5 of the pre.ren/ stale , the T flopflop Com/a/emeﬂré
ids ouff)vf when cp=1.

T Ii\ T —7

® v
Cp c ,
Ea i , k. @—
¥ U
LOjr'a &'qjmm T r g~
T QU | @U+r) T | @U+i) o )
o o o 0 | QU] No chage @r—
o A L L) QW) Teggle Graphic Symbo |
L o L ¢ horacteristic table
L L1 O
Trvth table S QU+t) =T + T'p &5 chavacteristic ﬂ?ua-\'.-t'on.
Nole : You Can desijr\ and define Yowr own fup-f{op.
Go To Paﬁe-@

Fd

MASTER - SLAVE FLIP-FLOPS :

The wmaster- Slave Flep- flop consisks of two lalches and an inverter.
A wmaster-slave SR flyp-flop :

S — ¢ Gle ML
Q Y 2 @ e b el L

e e Y XA L R
W hen H'\einpu{ clock ¢ (s 0, the slave @ ROKA l TR

La.,l'tln 5 CM‘O[C:J,MJ :’fs ﬂ,l-’om‘ q? s e?a_au{—
to the Master octpet . when inpet clock is 4, the values on S omd R con trol
the value stored in the master [otch y. Go TO

8
rd
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Note: a TK flip-flop can be implemented Using o D FF and
Some lokjic.

o © Qemem'oer-'
D T D (&
K | @Utt)
| T e e
f g A
T K QW) OUw)
Q) o ] O
o o 4L 1
o 3. o O .
: : : : L_..D i
AT
9“50, a T FF Can be imrfemenkc{ > ,
LLSMJ a D FF and Some Lodfc'_. /_‘ QJ_I
cp

COﬂ—F{jLLIfaJo(e FF's :

For some circuits, one type of FF may bead o o moce
efficient fmp(ame.ﬂfajion than another fjfe_. In Ocu_neral purpose
chips ke  PLDs | the Ffs ane somebimes configurable. for etample
vy MAX Fooo cPLDs i Eha FEs  cam be Conﬁjumcf as D or T‘.-{y,de_.

FLip-Flops with Preset and clear inpuds:

In Some c:_irc,ui.‘hs) it is Somehimes NeLessary to force the cirent
into a known [/H‘;l'a./f Sf‘mﬁe. For Huib pur/?o;c FFs area prow'uéznl
with two exbra M,aut‘} Preset and c,/ecw-j so that when ackvaked
the FE will go to State A and o MS/QC«LI.VC!B. Thege inpo ks
ane Mdmcﬁ\mmouj and Hnﬁ mad be ackve h/jlq or achve low .

preset sy preset
D @

>
cpr( —

(_',lea.r .__l
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Example: Master - slave ) FF:

D
CLK

D q-‘; S
Q}

The J:iminJ cl.foud ram [s:

cLy
D N ‘.
G — 1 L

s

Example: Master- Slawve TK fLp-Flop

T — S o
Cly
K
—D
- e

Draw khe Cor/e_sfoﬂckﬂj “"h”""‘i‘j J.ia(.jram.

&

&


qqq
Rectangle

qqq
Rectangle

qqq
Rectangle

qqq
Rectangle
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TRIGGERING OF FLIP-FLOPS:
The state of a flp-flop is switched by a momentary change in
the clock pulse 'MPUL% Si\jﬂﬂ" - This WIomeMaxd chm&e (s called a
"trigger . The <clock palse alternotes between ‘5% amd “L7,
i ,
o f/ S (S o I+ is not desivable bthat Hhe Flip-flops

S
Le el Pojzl-ive Mf-au.-\rwc respond to the level dwoabion since
e.cl.ae, =dge

Wt creates seme problems .

« Flip- flops must respond to elther the PosiJr-iV.e Qje. ?_ﬂ__f;__'{—he
ne\clahve ecld.e_ oilj' i.e when the clock is L (or 0), Ehe Elp-
flop 13 net Mspancliﬂj to any chmda in En{)m‘s unli| the clock
pulse  peturns 4o 0 (or L)

The a(ap[mir. S\\Jm’oob ave :

= A= —p e
PSS (5 —C —<pC

posikive Level triggesed fositive-edge. triggered Negakive-edge driqgered
1 ol
Remember, @) refers o Ethe preseat state prior ko khe epplic

cotion "F a.Pu.[SE. and C?(-‘fﬂ) is bthe nex{- glate one clock.
PUEDQ‘ Leter.

ANALNSI1S OF clLOckED SEQUENTIAL CIRCUITS:

The behavior of a Sequan-h'a.,( cirewt is delermined from the
‘{npu{'sl the oulputs, and the State of ifs flp-flops. The o_nafds;s
of & Seyumh‘ae, circuil <consists of oé%aﬁn/@ a State table or
a State ab‘a.jra.m For the tLine Se?ue.nca of !'npu.rl.S, ou@pu-fLS;
and 5}&4:5.

The flip- flops maxy be of any ﬂéyf?a; and  the logic cl:‘c?jmm.

ma.:j ov MU not  mclude combinational aafe;..
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EXxample: | _
> ®
B ® r A
¢
D @ B
/" s @ /
) G 3
cp
Do | Y

for khe D ’FL’P‘ 7[(0}0 / QG‘-—H) =D = Next “61"“—’{& C?L{b!rom
Altt) = AU AL + BH) L)
Bty = AW w(d).

for  simplicity | omit  the designation )

Ald+) = An + B2 ,

blE+) = A j Skt _equakions.

Sl'mf‘a.({j}

yae )= (AW el o y= (A+e)o
'ﬂauzﬁowf C?wulr‘o/)

5'}:0.4‘9_ ‘{:CLL)‘@..’

The kime sequences of Enf?ml_s, ou%pmts, and flp-flop states
can be Lsted in a shte Lable as shoon lbelow. T+ has fovr
sections | present shate i/)ﬁwf-(s)/ next state , and possible ovtputts).

of the flip-flops — Valuces Wﬁ%s ﬁ’u»:jfu{pun‘
the Stute efozacﬂ-ém )

Preseat state I"‘E“‘J' A_gg__x_lll-._,g, ouvlpul

A B v | A B 9
0o o o o o o

o] o 4 o 1 o

o L © & O L State Hable

o 4 % r 8

L 0 0 (V] o 1 é

L o ! -

L4 0 é 0 ?

T i o o !
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] general, o sequenkal circuit with m flp - Flops and -
Mputs Needs 2" rpws in the. stale table | =23 sometimes
t is more convenient +o express the state fable 1n another
form Shown below: (;'cf,ec._: # of rows = # of states )

Present Stale Next state ovkpdt
X =0 X=4 _ X = X=/1
A B A B A B B H
(@) O O o 0O 1L @] 0]
O L. o o R . /3 ) é Stade talbblo
L O C O 4 O L O
L A O 0 L o L @)

State cliad roum o

The information avallable in o stafe table can be repres-
ented ar'afh.cﬂ_l\lj in oo State Aia\jmm. Each stale 1o
nepresented li’j a Cl‘(‘c(&j and  khe Fransiton between
states is indicated by divected lines labeled with
inpu’r@) /ou}pu}{s) [aina{j Valuds .

= the stale aﬁadfam of the previovs €xample:

State cich ram

General steps of khe Md@ Sis & (i.e. fhp-Fhp input fonclions)

.L) obtain the inf)u:l' Q)(/Dfessfo/) -For each —fld,a—;c/op in terms
of the /01"256011' 64&(15.} and i/)/au:f- Varialoles .

2) Use the C_Ol’fESf’o/)cla@ {L,P--f[op C.hcufacferr'sh"c -/-a.é;{a Lo
determine Lhe next State. (4 f states = .2*°‘c’c“"ﬁ”’$)

3) Find +he au}fou}(s) from the 00/7014} efccaf-for) ¢s) Lif a.»:ry---].

) Draw  the resvltant  tafe cz;ﬁmm.
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Example: Derive the state 4able and draw the stk effc(xjram of
Ahe ‘Fo([owf(ej Je_?m#ql circuit . Describe the fonction of +his

ctreuik.
.
T @ A
— @ g TA = BCcxw lip-Elop
T@: C’)( l'npu;-
. . ‘1;: X &fqa,h‘ons
S T Q]—L B3
> ®
]
y! T | @)
: (@) G?(:f:) No (’_(nm?z.
T @ e /
0. L] Q) Tgle
! @ £ F)«b‘{)-ﬁof Claalad-en'sh'c ‘l‘llo'e_
cp
Present Flip- Flop 1nputs Next skt
Stote
Y=o 1=L W =0 ~N.o=1.
A B C Ta | T T T T A B C A BC
0O OO0 O O O 0 O 1 o 0 0 0 o A\
o o L o 0O © o Y W % o o L o L o 1
Skate
o L © O 0 © 0O o0 |4 oLoolLéhu&
o | L 0O 0 o i 4. 4 o L L Il o0 o
i o0 o O 0 0o o o | L o0 o L o L
£ Q9 .1 O 0 o o 4 X L o L L 4 ©
i L 0 O 00 o o 1L L { © L1 L 1
L 1 1 O 00 L L % 1 1L 4 0O o O
5 O
1 o
A
; O
‘@ stale
O’}cﬁ:’qm

o
The cirewt (s a 3-bi

binary couvnter. The counter
Cou nts When Eha fnpuf‘ W s & and Eha clo

| ol

ck s cl.fﬁ’(&c{ .
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EXOLmP|e.: Derive the shtate table and draw the state ol;‘aéymm
of the ﬁnﬂawi@ Je?wznl-ia,[ c:‘ru_u;é.

,T_Tp—[__ﬁ_. A flﬁpe F{of’é fﬂpuf e7uoL/J1'ons'.
Jo= B ko= B
"——J—i’@ Y Ty= ke = (AO*) = AL 1A'y
il ovkput equation:
y=(ror)® 8
T @[ e Characteristic +taple:
= ® ,, K| GGt
k@ & 0o o @ ) Nochm\‘j&
cp | o 14 O QQS&t
x—I - —3D—Y L o | & get
L L] Q'(t) Toggle
fresent
State Tapot Flip-Flof 1n puts Mex b SJ"U&— 0”"19"{'
A B % T ka Jo ke | A B y
g O O o 1 i 1 o 1 O
O O 1 o |1 o 0 O o L
o |1 o) L o0 1 1 i o L
o 4 L L o o o L 4 o
L o0 0 e i o] (o] O O 1
i1 o A o 1 [} Qg % o)
1 L 6] A o o o L 4L o)
L % L L o & L 1 o 4
State

o/1
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DESIGN OF CLockeED SEQ®UENTIAL CIRCU(TS:
Before giving Ehe full Froaz,dure for the c[asijn of sdnchfonoqs
Sec{w’-iq.l civcuits, khe cl.e.si(jﬂefs (we) shovld kuow Hie 'IC“"”*’“’@
two important Concepts:

.State Redvchon

. Flip- flops excidadion Aalbles .

STATE REDUCTION:

State reduckon means m‘lﬂimi%i@ the cast of Hhe finad cireul;
which can lbe achaived by mi imi%:‘cj the number of flip-{lops
Exampfe_: :

Consider the -quowi'(lj state OL“Umm of a given S&TL{MHJ &St -

For Sc‘mf?h'cfbj the stetes i be denofed EU Letler Sdméofsj\

St 00 = a ; skl olzb ; stade 11 zc 3 skate 10 =d

Since the civewt has 4 states = we need 2 Ffs with other

Combina. lion af loctjfc. Lor fmp(emen-kclrbn-

For £ha above state QL‘oLJfOLM:
b

Stale: @ a b a a b ¢ o b a a b ¢ d
inpwl—@) o | (o} { o { | o} | o o I | L
Oul'pul': (o} o} i o I @& B { o] | o o 0 0 o

< NQJ(LSJ"JL Ou U-‘l‘
Present shate X=o X=L X =0 410)(:1

o o b o o)

b o b L o)

/2’ o dc & ) b ad ¢ Mﬁmlvm_(m_]'

?V a d & (o] C aud d o fiui\fa[eml'
The a.boril'lnmi

Two shtates are said +o be e?uLVq.le.n% if for each valus of the
input, ‘;L“(j 81\&: exach\[j e Some ovl-,awl' ainid wend Ele efreuk eithr
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Lo Fhe same 6'1-&1(& or 4o an e?uLVa_(en}L S-nla-#e W[«en +wo Sle-e,s
ong equLUaJemL, one of them can be pemoved.
= for the above example, £he reduced state table /s:

Nexl sk 0O ulbput
Pfﬂjtﬂ“' 511:.{'2. X:tx:) 5}(:[ X=o P}(:,{
% a b o o

b a b A & = Now, we have +wo stakes |

Tl\& Q"—_-,t-a..Jrﬁ Jiat?{am 2

6{'«-"& o=0 : % x P (‘P"[‘A
Shute b=4 i 9 —
Do —

IDA:: 2w U:: A’LI
Cwill be explained Later-.- ]

Check:

Stake : a2 a b a b a b b a b a a b b b b
put © 0 4 o L o L L o L o o 4 | 4 |
eobppt: 0 0 L o L 0 o L o L o 0 0 OO

Note : Somebimes, redvehion of states does not Lead +o o
Sautf:j in the wnumber of ,le,',o*-ﬂofs or the number of a,afe.s_’

E-(am()'&:
Reduce the number of gzla-f(ej of the Se_?ww!rwé circud S/EC:}C&:J

by te  follows alode HAeneien.
J U J Nex'-S“nTL Oul—pul-

% é‘ff:j;l‘ X=0 X=1 X=0 X=|
; o a o b o) o
* b c d o O

& @ d o o

' d e d o L

E@ e o i{ o 4L

f de £ o 4

9 a f o 1
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The veduwd shde table and stade ci{‘aaro\m will be as:

ok s e
a a b o o
b Ved d o O
e a d o 0
d e ol o A
A a d 0 {

Note that We couldnt reduce tha
number of  FFs. .

Example.:
Qe,eL‘LcP-& Hiec nuomber op states in the —Followir\rj Shote 'La.’o[e.
et SRR D fgp Stk o
a £ b o o) o f ls 0 o
b o ;’ia. ) o b o a o} ()
£ éb o Q) d 9 a [ o
rtrd 9 a 4 o 5 £ f b ! |
d C o) (0 9 9 d o |
£ v | I
9 39 Kk o { ReA:cl/e,lJ State table
L e 9 a |

v
a e i e L
Go To Page %@

FLIP ~-FloeP EXCITATION TABLES:

During the Ciesgﬁjm process, We wsu know the ’!"ramsfﬂ(l‘o/} fom
present stafe o ekt state and wish +o find Fhe flr.;o—f/o/o
1}1’0{/{' conditions that will cause iz y\u?buf/&:{ trnsition.
The CXCJ-“'GL'HO/) fable (s used for that.

RS FF: Ps NS

s r | QU] Q) QU+x) | S R
0 0| QK) No Ctlaﬂde. o o o X
04| 0 Resek o | |l o
| O A Set | O o |
Lt} 2 undefined ! { X o

Characterishe Aable Excitadion fable
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STATE ASSIGNMeENT:

Shate qssbvxmmt procedures ave concemed with methods for

assigning Io‘ma»(j valies to states 1 such o way Aas to veduc

He cost of the combinational cCivcuit  Hat drives the FFs.

Some Common rules for state assijnmem[‘ are:

A a.) check -For rows oF dhe stode -k-q(ole. LUL‘u'.c\n Inath ]c[encl-fc_a.!_
Next state entvies in eNery column. ;ﬂssisn adjocent
C,Oc‘.es +o such vows.

Ng
Ps | %= A=l
A D F E f-d-ﬁ{jf} a.n!J‘qcen'l—
28 D F Codes +o A and 2,

b) Check for rows of the shde 4able With the Same 1ext state
€-ﬂ+ﬁ€.5 ot N c.l,[{:[:e,re,n+ column order. 7&5510»’\ oLC{,jaCen"* Codes
o Such rows t‘F the next shude entries can loe mssudned

aclk]acux{- codes. NS .
PS \ MN=9 H={
s f D,f can be
A D F ass{aned m{jqc:m+
Bl F D Codes, then assigne

2. Next state entries of a aiue row may be J'xven addaant

Codes.

Example: _Ns oulpt

PsS =g A=l M=o A=
A C & 0 0 B, F must be adjaanl‘ (1.a)
B A A o © A, G ¢ 4 4 (1.a)
(4 D E 0 0
D B2 F O 0O Sincte B F are mi\]ac:mk =
E F F O O D,E  must be a\ja&nf’ (I-ia)
F A A o L WU
oo ol A (O

A,c can be a.c{jaamf be cau e cq BI1BICIA }
K, 6 ore adjaant (Leverse o4 1.b) L\Li_“ _"
B, F aLJJa,cg_nl—/' D.E Q.olJCLCﬂﬂ}" = 6D Can be L Azolo B=o000
cLolJoLQ,n[- (ﬁe,uefg.-_ ,,j_ l.lg), Czoll D=z ool

gz lol F= loo
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TK FF:

. @lt) QW) k) | Ik
o O @G No clmwoe. O o0 o X
o \ O  Resel O L L X
| © L set 2 i o) X i
L] Q') Teysle L & Ix ©
Chavacteristic 4oable Excitadion +able
D £
_D 4 @) R euw | P
ol o > o o o
i L -0 L L
Chavackeriskc 4. O o
table 4 4 L
Excitadion tabkle. -
T F€:
T Q) R Q) | T
O [ Q) No chomy = o O 0
L | @& 'Eaa,tn. o L L
N R L
Clr\Mchfl'e/is'l'i‘C, '{'a.ble_ i i e

excidabion tfalle

Desiqn Pmceclure:

{) The word description of the circuit behayvior (s stated, This May
be aLLOMPa,n{e.cl (od a slate QL;a(jmm or o -I—':MEU clia(jram-

2) Obtain the state table.

3) Reduce e vumber of statfes (l'F 'oosiblej :

H) Detevrmine the number of ‘F‘L‘P" Flops needed and qssgn_o.
Letter sdmbol to each fLop— flop -

5) Choose the type of flip-flop 4o be wsed:

6) From the state table, derive the excitation Hoble which
Contains the flip-flop iapals and combinatioaad circult ovfpots.

T{J U—sfo a Sf"/VPI,{F{c:a#r'cWi mu‘ﬁoi/ derive the fw-—ﬂoro ;'ﬂ/u_/- Fonchions
and  circuck du‘—PuJ' fonchions.

§) Draw the La(?ic, diaj/aM—
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EXcuMPle:
DeSian a clocted Seczug_nel‘iuj civeut whose stode ch‘a(jmm is given
Gl ity T 1 op. e
Q Pre!»et\-lslnji_ A=zo A=
._ A B A B A B___
C O

0 O O

O
i
{
{
Shode table (a!mséj mitimited )

o{ the C;‘/‘cw:f
The excitation table /Cln.n be derived fvom the stafe +able and Jk
B)Lcﬂ-a}ioﬂ table.

Inputs of Comb. civeik  Ovkpoks of  Comb. civeudl
Preseat stade  Tnpvl iieil sk Flip- flop iapets
2 g, A 2] Ja ka Tp ko =
o 0 0 0 © o X o X
'¢) 0 ] o o X LoX
o | o) { 1 ® | X X |
o | ! o | o X X O
Il o %) (o A O o X
[ © | [ X o | X
U 0 - X o X 0
l l o o X\ X
M.
A Bloo W \o A\glao i . Y G
o| O o o ! PR \ X r)?-” X
LIS I B N B '§A i LUL
———
3> Ja=0v"® & By e B
Ao ST w0 oo A0 o
- X1 x | s x| x {
: EIIE|Y, dx [0 [§a
e | .

& /
= L/_e,:: AN + A'x':: (AEB?(-J=A®K
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ob

Exqm.ofe,

J
—> ®
K

USW\\j QS ,FLLP —J[O'O_S c(e..\'d/l e c(ockecl Se?uﬂnz-aj CJ/sz‘ wﬁc)‘;fc

Shate JAJVQM (s a:um lo e fow - Fresginl Next stade ovkpet
stale Az A= Azo K=
A R AR AR ¥ 3
o O O O | © O @]
o | ol 41 o o
I o o ol o o
| A L1 oo o 1
er‘.:b, 4able.
Péi%l» il Aé%_xaﬁ_e ovipd flp-fop inpvts
A B8 1| A 8 Y Sn_R Se K
O © o O o O o X o A
o © | l o o l o O X
O 1 o o | O Y X & B
o 1 | [ o o r D
L o o Lo o & P @
I o | o | o g 3 o
| A o T o K o0 A0
| o O i l o | o |
cxcilodion +able . Remember :
QW) Q)| s &
O 1) o X
a:: ABX O A Lo
1 o o 1
Vo X ©




CMPe-224 @

o' W
AR = T g AN, TV 6
o| o |0 5S=A% x]oo]|x > B =A%
l\?\‘DOX‘JA OEEC'}A
. —_— —
e N
e “
A s '_é_{TG-\ to }\gxoe o4 _A1__\0
1O1o XX | sganna’ | XiXlolo] oo = a8
flo (|0 |x §A Al x| o[ 4
- ——————
B &

— R A!
s
Exercise! fe’oem{ thes
: Cxample USing Jlc fg.,
Sy PR e VU Pl i
®

—d

EXample :

Design the Je?umliaj circak whose  shate J.fadram (s a'n}en be low
Using D flp- flops.

Nexk sl
pgﬁfiﬁé n=o w={
“aBc  ABc  ABC
O 00 l oo Q 00
o ol © 00 {o o
olo © o1 lo |
ol | | o1 ool
oo L 1o oflo
| o 1 Otlo Lio
| o) ol I 1
LA L ol |

shd dable.
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Prem[.gth ’;el_ﬂ-“'-_:_ FLCP"HDP Mpmls
ABC A B c Nolel: No need +o pot  Flp-flop
0 00 o b o o !‘nf?ull.s in the excitakion
oo o0 | o 0 0 table becawpe for D Fe
o ol o o 0 o next Sf-aut (s the Sawneas
o o | | I o o its D f/?Fuli'.
o I o o o o |
o | o | I o | Nokez : J ;n{u‘wn it 0 exsy to
o W | o | o | Sce that
o 4 1| o o4 Dp=A ; D=
Il 0o o o I 1 o0 o
l o o 4 o Ao Ao, T D o
Lo | o o | o < W|o ]-L”O:,
o | 4 1 | o D m o |
14 oo o | 1 {“D LLI[O{}A
i ie 1 (1 iv lﬂ'] o M lo
. - ——
I 4 1o L4 &
UL o) | 5D, =(oc'+ e )n + (BcC!)’

Boc)x + God) 2
= (QGJC @)L)/

Il

> @
—

EXample_: Problem 6-22:
4;4 s€.9uULm -l-mu{ civew b hias #hree «FL;p-F/op.s, A B c,; one ('n,auii %,
and one  oulput y. The shle &tham (s show below. Design
Fhe civewf: (a) U$f:1j D H“?'ﬂ%‘“

(b) Using Tk flp-flops .
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A B C © A B C Y
g 00 o o | | (@)
ooo | { 0o o |
=> 0014 o0 o o0 | o
o o | { I oo |
o410 O o |l o o
o Lo | 0 0o |
ol o o o | o
ot | ol o [
1l oo 0 o1 o o
loo | o 1| o
state duble. = cxcitakivg fable o
D £f£.
Aot L
ololo] 1P| e]of Mo 1 ]1]]o
olllllo olo | ol _E) A ‘JO
XXX X[ ] xTflx X| x| x[x
L] x| x o |4 ] 1]l oo |x|X
= Da=ate'n Dg = A+C+Bcn D, = Ax+Cnt a'g'y Y= A'n
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o) PSSt | N ok _flip flop inpots
A B C ol A B c Y 3A ka Jg ke T k.._ﬁ_
© 0 0 o ol 1 o o X I X X
0 © O 1 l oo ! I X O X o X
o o | 0 0o o | o o X o X X o
o o | | | oo ( | X o X X |
ol o o) olo o o X X o o X
o |l o { 0 00 | o X X | o X
o A 4 0 o ol ) o X A X O
o (A | o lo A o X X 0 X |
I 0o 0 o lo o X | [ X O X
o0 | o 11 o X b X l X
excitadion table .
USUU Hhe k- Mq.,o I’Vle;l—hoc[(exeycf;&.t)} we lacw'e,'
J, = 8% T = A+ %= A+ a'eY
e L ko= X /L =con Ke= U
and Y= AN
1 - F bl
.
1 K Al
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Example: (_Sea‘u_cw\ce_ R&L@ﬂl%&r)
FEs a Sdncln. SQ?UMLGLI c,}r’cu.d: ‘Hﬂni' will P"eaUni%e

T)esijq Us‘anj

@)

the occurrence of the sequunte of bits ol on an input A by
,ma_k.u'V\lJ the oul—pvf (jzl when the V/?_V:'ous Hirnee ifpo to the circwt
wenre Alo CLMc[ current fnpv‘l" (s a 4. Oﬂwwik_, 2 =0.

(Note that in the SﬁTum& Mol : the occovrence orderv s 1 they

1, then ©, thea 4 . for Exanple  in

(1odlof we hawe Hwo occorreras

of {lol)
e
Present Mﬂud» 5(—-:,& o uhm:"
Stad  d=o k=l A2 Aaf
a £ b o o
b 9 C 0 o
e d h o o
d 1 e o 4
e a o o 0
f £ b o ©
9 9 b O O
h d h o o0
1 1 b o o

= (abcetght) (d)

b (abefai)(ch) (d)
P, - (af9i) (be) (chy(d)
Py = (afgyt) (be) (ch) (d)

NS oulpdd
Ps  xme 2=t P
a @ b o o
b ou s v o
é d & o o
o O- b o 4

ofo

Reduved sdul CLij rfam
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a d Mad be a“n/en a‘i-‘lJGLCM‘{' codes =y \o 4

a,c “ 4 5 . s (2) = q}d

> az00; b=l ; Cc=10 ; d=zo0l A_c:lb
£S5 inpoh ns, ot FLop- Hop ;‘n‘aufs

AL \ A B Y | Ja % TJa ks Pemember:
co o |lo o o 0O X o X QW @), T K
a
io o 4 {1 0 ! X Il X O o o X
A[o Lo |0 o0 o o X x| o A X
o 41 | | X X o | o X
qloo o { o X 1 L X L1 [ X o
{o 4 | o © X o 0 X
Li\ 1 o 0o 0 0 x| X |
A A | O o X 0 X A
8
P‘-gEoW\o
) ol[l_ l“oT x\x X (X OEQK x|o|ll'l S:Alex
A \_?ir?_\_Hx EA \:o o1 1 o|x i |EIERID
e i 4. ik ! 1 1/
Th=% & Kp = Jo=AX+AN  Kp= A+
A

!
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Example.'- ,A 5:‘/@ [e-inpvf' Sl’f{jle—od—iau1L chcked Jecfunm‘{nj circuct
s +o be Jes@"&d‘ The circut will determine whethesr qu—rifU of
four Consecutive 'lnf:u.:f' bits constitute a valid BGcD code o nof.
The oul'f?td Z=1 f the four consecuwdive bits Do NoT c:ons-‘ivﬁmle
avalid BCD Mf?t\agaenfm“on, and 2= othrwise. Least 5{'7/;{,(@4'6
bit of the BCD code is aﬁa!ﬂgcl to the chocker f'nfuf first-

RS Bep checkerl—>2 (afler the L th ""f”#)

)

p N5 ovlpd
 To 2 %o %A R = (abedefght) ({jkmnp)

a b ¢ o o P, = (abbchl) (dF) (e9) (zjkmnp)

b d e o o Py = (aht) (bc) (d£)(eg) (yjemnp)

c £ 9 o o P, =(a)(hi) (be) (df) (e9) Gyrmnp)
d h 1 o o

3 n P o o 7 a b b o 0

h o . 0 0 b d [ 0O o)

T a a o0 | 4 h - 0 o

J a a o | e i 1 0 o

kK @ a o | h o 0 o0

L. a o o o i o o o L

m o o o | Reduced Stite fable.

n o« o o | = h,i st be ai(]ch_ml 20 54 1o

P o 0 { c:l,e_ mad Ioea.cgac_q,ml' -_-%F_d_b a

Hile |- l,..

> hz000; dzool j *zolo; bz
VzZloo j ex=lol

4

|




D
RS FE for B

and T FE for C.

ia# ws Use JTK FF for A
0

H O = = ©

Ns
O

- Q =

QO QO = =

Ps

¥l X O ~ O

o)
0
0 |

O

o
0
0
0

v)
o

n

0 O
{nph

[l

0 00 0
0o ol
o 0 {op
o 1oo0
{ o |
{10

fs

A

es { o |

h——)O 0 o0
dso o |
a-y O
bs ©
Tey o

O — Q -~
Sl gy B TF
{lOOKXXX S
< XK x® X KK g
= Y W
XX Xl 0 — % X
~— ©0 0 0 o x x X X MO..AO...I
— 0 © — — X ¥ X y | © © —
....IO:A..O{O]:O.I. ..W
- 0 0 - o g Q = =< ¢
..alOOOO..ﬂ..ﬂlﬂlﬂ m
llllll _— = Q)
=V}
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Wsina +he Simplificadion ; &
iy + k-Maf P ficakion g_ﬁ- ABN S f:";_’*" -
SIEEENIOIE
Do not uge in Exams ! = Jp=CU XX K||x }
L x| x KJ,,\— A
5‘-.m'\\obe s eomfj to find oui: =
Ky =c’ S,= ¢ fg=cC T=ce4+nc =8@®C  Z-Acx

(l\lol-c Held in Exams |, aout howe 4o show the k.'ma‘o —ﬁg{ e,ueU Cas,g)

\
FLL ¥ i [ e £

+— R
—E)D'—\HT 2

cf

DesIGN of COUNTERS:

A sequantiaf circuit that goes thewh a /a/mc;riéeo[ seguence of & bodes
vpon the apflr'm#on of fnpml /aufsu Is called a " couvnter”’. The :‘rym‘-

pulses , called  count pulses, may be clock pulies or they may or@imz‘e

From an external gurce.

An  N-bit [or‘nog Counter consists of n FFs and can count from o 4

ASS

EX¢mp|e: Des{'j/] a 3-—19:4' é);‘na,U up - Counter (/5;‘(}} T fﬁf»ﬁé/ﬂs

:T-fUUJ‘J"\Oﬂj oClur

e,UbU clo ck Pu.{ge.
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CMPQ’ZZELF NS Ff inputs
AlAﬁ- Ao AZ Al Ab TA:. Tﬁl -mo
o 0o ool o o | Using the K-map simplfication
o o | o 1 o o | | =
o Vo o (4 o o | Ta,= AA.
o | | l o o /U Ta,= A
b o o Ao | o o | "l;'\.:.&
| o | 1 40 O 4 |\
L 4 o L4 o o |
A d ) A ¢
A, A, Ao
| @ Q (o @ ¥
Az. A; Au
ES & Y T
cp . ™
el f[: R A

Examyle: usirlj TR FEs, @Uﬂ a BcD cpunter.

ABCD ABCD Taka T ke T ke Tp kp
0 0 0 o o o o | o X 0 X o X [ X
O o0 o | o 04 o0 o X o X I x X A
o ol o o o4 1 9 X g9 X X O | X
o o | | o koo o X X x| X |
o | oo o1o | o X X o o X I X
o 1o | o L1l o o X X o L x x|
o L1410 o A4 o X X o X o i X
o414 l 000 L X X b x &t x 4
hooo Lo o1 X 0 o X o x |1 X
bo o | 0000 X 0o X o X X 4
Mji@ k-map Srmpliﬂ'c&}{onj we have:

Jp = Bco Jg = Ale D L= AD =i

k—A = D Ms — CD ka: D kD:_-L
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& D
{}‘ Q o 9 ® Q@ [er @
K N T | K A 7 K N T k p T
o 1 i | -

Example:

LLsfnj D F{.'J,}ele\sijn a coonter With the Fo”owf;'lj /\(_fep_"-acl Sequene.:

0,2 u,6. |
@oo)—>(21 ({0 9(1ic)

PS EF inpvis
A B C A B C Da De De
o oo o 1{1o o |1 o
o | o | 0 o bt o o
| o o b 1 o | 4 o
| | o 0O 00 o o O
C
ANBC Aﬁc,—fh——q
ol x |[x]1] 1| x| o] ox\xO]
W{x{x|o 1;5;(0]4 o|x|x
— B
Dp=hAB+Ae=AGR D, ¢ ° D=0
A | 3 C
q’)f

A
A

—o ©

37 Q' @] o 9|
B c
D D
| AN T AN
cp

Nole the circut s IS‘dF— Cprreclz'@
e if it I’la;o/aenj that the circait is in one of +he unused states
(because of an exrar;{;na() = it Joes to one of the used shtfes.

NaMeJy, if #Hhe circwit 13 in 0od, it goes 4o olo (f.e 1—>2) and if

3>y ,if 556 end if 7>0. (check by Sforming +he cireurd-
excitaton -f”ala[e),

HW 1) 66,568,610, 614, .18, §-20, 6.25 (¢).
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