! @ Bl oal kb g i i gl

: iy Sl lae

D wiyi buo Sl

539 ) Llae o lid Slpazeys @ 5)ls Siww Hlae Slpudgye @ aSiuly ogMe (=95
ols adadl> sy Hlao s Olgi (v - 2l St (dad Slpysgye U axis
RG]

: i Sl gl

2 95lh0 >9y5 5 Whaust SUS el WLSw b Ulojesd : Ulojad b wgySiow -)
3555 (5o Wyeo S99 il

3y OlSol 539,09 Husi b JLSw Vg (omr9y> Ol 1 Ulojod e b Ug,Siowl -Y
. ol

: wilcgogo

L MO udd loil b csulivl -)

o S,lae s b bl -Y

iy sblaio Sla)lae s>hb -Y

: ( FF L Flip-Flop ) LsMo wuld

3l @S5 lo Sl 1y oleMbl ca cly 1lg5 oo aS ol (sihio o

: FF glgsl

Rs-FF -\

D-FF -Y

jk-FF -¥



A s e (k5 bl

T-FF -¥
Reset R Q Lasss : Rs-FF
R.Q Ll
Set S | FF | o
R S|Q o
S 0 ) . )
. \ Set —Reset FF L

\ ' QZNOT:Q

NOR S>g)9 @ o5 3593 5L L Feed book &by Q cs=>g)> 5l

— 0 RS | Qu 0. e
(@)

) ) Qn Qn - ” . I

(Hold) L@

) y ) Reset
) ! ' ) Hold
R—] Q ! ~ ! ~ Set
) ! ) y Hold

~ ~ \ Vo e

33,5 s shio (sio ,9b A (5399 ey Wygo W w8 Luroy (x9S 1 AT



v A s e (k5 bl

: (NOR ,Lobw Sy ) o Joa>

R S Qn Qn-l Qn+1

. IS . IS )

. S \ ) .

. ) . ) S

. \ \ \ .

\ . . . )

\ . \ . \

) ) . *  Don't care *

) ) \ *  Don't care *

RQN 0.,

S . ) . . ,

Qn+l =S+R Qn
\ \ * * Rs=0

RQN - Q,.=R+S0,

. wowl yigo &by 1 High Active

\ . \
. \ N \
R {>O — 0 \ \ )\A.A).-}C

s JUS U MO aunlnd

CLK




¥ @ Bl oal kb g i i gl

CLK R S Qni Qny1 ==y
* * Qn O Hold
(Y ) ! ! ' Set
! ) y y ! Reset
Ll usy Hold w0l 5 5> wuly Clogk aS 1uS o Qe o> Shlold: aisy

Hold 3ib a5 ,5 S o R @ygail sk 15 0hiS sy [, S5 R as b se 5 278 lock

.p._{)lb

CLK
R

NS adow @ ywlbus U FRF L gdow a0 Gwlus JUS S3959

1S 50 s x> il « Jailo OUS 5l sl s Llao : JUS aw @ gwlws F.F

by WS ad @ as

CLK y v y




o 5 sl e (al sk 5 a5 sl

U pwlw> b« 0a6gy YU ) JUS o ad @y w1 2l Giaw Milgi oo > 9>

(029 b)) JUS (stio a

CLK A \ 4 \ 4 \ 4 \ 4

S

Q
0y

CLK T Q

LS aud Ol 5l ;e 55 930S (w0 sy [ RS S S0 ad alazd s bhad 1 aiSs
F S (o) SHS @ud S 0359y il Shy (si> (Hold ) S s

Sla F.F g 590 wswo oslasiwl Ug,Sicw wsuwiy Sd,)law )y ad & jwlwws> F.F 1 @S
3940 (s 03laiwl Ug,Sicwl (suriyi S,lae s adow @ pulus>

— R ol
CLK
s 0




@ Bl oal kb g i i gl

CLK R S | Qn:

Q'n+1

\ ) )

O'n

1 J9A> puw i

JUSew &b JUS 1 @S

Aol s elnga

Sinilo; JLSw 4 pod 9 L (S3959 4 9 B Sld (sn>9y5 A >9SS

C5l S

PRESET CPR P JUS U QM8 ki g
R— IR
_ lak N S—}LR
S—1S T )
T CLK
CLEARRESET (CLR)
PR 0
R Lk
CLK PR CLK R S | Qu 0w
” \ % * )
% \ * * \
N # % \ \
| \ * * Qn O'n
y \ Qn O'n

PP P




M @ Bl oal kb g i i gl

xf 0ye0 4 L (Sawiloy ) SMUS L ;s wes (CLR ) PR wg,Siowl S39,9 1 aiSs
3,138 o il 9,3 S, Ulojod

. LQ)HM&) B tﬂws S ) tSLa)l.LD &l)b )= b)._l)ls : D-FF

D D D CLK D Qn-l Cuzaa g
S Ql__ U T o=
- | R o 0 JL 0 Reset
CLK  DFF I 1 ! Set
D Qn Qn+1=D
: Lo
- pasS s oslaiwl Sdg,9 Sy 5l ... 9 Reset g Set sl -)
w05 Gl L le jue s Y
PR
D PR CLK CLD D
S QI Qq : \ * PR
o (R0 L
Jar ' ' N
) ) [ D D
| ) | *Qn

 d o) locs s loguaxo 9 wsuwiyi SW)las s>Lb 5y 5,0,8 1 Ik-Ff

PR CLK CLD | Qw1 ¢'n1 Coaa g

* * Q. ¢ Hold

0 1 0 Set

1 0 1 Reset

0 Q. ¢ n Hold

1 on Qn Toggle (NOT)

PR P T

1
0
0
1




A s e (k5 bl

— ICLK Q

__ 1k O'——

L
J S Q
] —R o

\ . . Qn+1 = an' + JQ::

0,0 =J0, +kQ,

. ® 0a,lonw 9 3,0, Cowl Juasio pd o @ Ul K g aS wowl sl IK-FF : T-FF

T
j Qr—_ T
CLK s — Q
k o— g —
CLK 0
N
T—} D Q _
CLK 0

uwlbw> JKFF 9 aiwb el 95 ;8 j 9 K g 5,15 5959 CLK aS swlslo adaw >

CLK T Quuq Cumeas

X Q. Hold

I+ Q, Hold

— Y o, toggle
0,.=T0,+T0,=T®Q,

P JSeio (ul 89, Sy S (s Ulwgi (s>9,> il adaw @

Cl._oJ V) u.ul_uo JK-FF )'l oslaswl -)

.S sw W 4 ywbues 4 Juaw IK |l Master-Slave . F.F 5l oslawl b -Y

T Master Slave
S QF—s
» CLK — CLK
R R Q! Y R Ql

CLK

A 4

Q

: Master-Slave . F.F
Master -Slave
R Q
S

k|

0




A s e (k5 bl

CLk CLK  Master Slave
S Low disActive Active
Y | High  Active disActive
Q
R - IICII
o Master Slave Ck—7
] }s oF—s  Q+Q 1 —
Kt~ [ I y
) Y ——
Q
CLK . —
Cow J> S iy e g
b Q CLk — »>0
_’
0 D [ I Hold time
CLK Setlﬂoiin:e
- Q |
+—>
Td b

Ao a5 1) o3V wlhusi aslgn U sg i «1» CLK ool 51 Jud (oS b & aiss

U8 ol i (S Ol Jblas) aueS Setup time oloy ol @ as ((auwb osbol )

ohlae 53 o3V ohsi plsil Shy cuizod (los Stable) S3g,5 SUS @ Gl

Wio ol U aS 3,35 S LU asl s¢ui 80 CLK Uikl b Ulosed 1o D (sdsls



A s e (k5 bl

SWS aU vanl jl g D 83959 U wawl o3V aS (sulos wae =) 3iugS Hold time

38 W90 5>953 5 wwlio L U wiles wub

o U D o

wleMbl ws S 9 1S o LS Shiiuo SMS U as s FF 5l sl acgoxo au

Io

I

I

CLK

\4

DQ

A\ 4

DQ

\4

DQ

v

DQ

As

. -’-U9§ oz b old g, v, 99>

= . As-Ag CLK in puts | Out puts
4 bit —
— Regist L X S~
egister s
CLK _+_ I3'IO I3'IO

U b 531 g ,ls pU CLK « 39,8 SMS 2ib ad @y yuliss D-FF 31 1 auss

30 oL (S ) G SUS 3,9 1wl adaw

SWS L) puli wld Sq) S gud « piunw SMS @ CLK (sinunlb Ug> & asss

pusiS oo oslaiwl (Laod ) LD ob au 5305 39,9 S 5l 1A (2] Lswo Tolgi sovimw

. wowl Enable s aylo gj i @ aS



AR

A s e (k5 bl

I
0 [ D—s | A
I i I3-1
1 — s —* ’ °L=D_> 4bit | Agh
> ) R — Register
D S A
D——r CLK
D S As
D ol LD Io CLK | Ao
x| Y| S
CLK—
\ . j 0
LD CLK inputs | Out puts ) VLY |
0 X X Rfgd
\ j I3-Io I3-Io
: LD 399 b g D-FF SaS L (i ¥ 0l S
Max D Q
I 2%1 > Ae
LD
L Max b Q S
A
2*1 ) — R
CLK
IZ Max - D Q
T [ A,




VY 5 sl e (al sk 5 a5 sl

D D i)
owl) U coow 4 (weand ) Syl oleMbl (sl auls iy,

\ 1 0 1 0
s | 0 1 0 1
\ 1 0 1 0
s Jlo
Qs Q. Qi Qo

CLK ) ) ) )

D U b i) i lae

D Q D Q D Q D Ql__SIR

A
A A

B 1

D9y 9 Sd9,9 V A>9i U Sau puansti

SI | 1 0 1 0 SI/SO S uw (5>9,3> — S uw Sdg,9 -)
cg—| O 1 0 1 SI/PO Sjlgo (s>9)5> — Syw Sdg,9 -Y
1 0 1 0 |, PI/SO Spw (s=9)5 — Sslgo Sxgg -T

0 1 0 1 PI/PO Sjlgo (s>9,5> — Sjlgo Sxg)9 -¥




VY

A s e (k5 bl

P3 PZ . Pl PO
| L? | ?
Q3 Qz H) Ql
— D Q » D Q | > D Q | > D Q—>Q0
— > —> >
éLK H%LK CLK ¢CLK
Ps P> P, Po

Qs-Qo

'

4 bit S.R

Qo

CLK p_lp, LD

Uls o5, Jlocl S, St olsisl b 95 b aS i, v (s>lb : wad

o asS . 1o o plssl |, oleMbl ,lapSs o, 0d U cwly b oz @ (sl

D3 Dz jl DO
Ds QJ& D QJD_l D Do D J
S: So Jae
e
. ' ) SHR
) y SHL
D5 D, D; ) ) Load
f i f f
Max Max Max Max
| 4¥1 o 4%¥1 4%1 4%1
A 4 4 A A 4 T A A | T T T T
(P.0)Q5-Qo
1 S.0. (SHR)
S;—» . L »Q /
S, 4bitSR °
_’
Q3\‘s.o. (SHR)

CLK p_'p, SIL SIR




V¥

A s e (k5 bl

) O.U)LOJ'A"J

G (il 5u3U U F.F olod (o>9,35 ;i | Ulojod U Ug,Siow =) 1 S wlls>)s

35S sw wgo CLK @

s ) sugio 30 b b FLF plod (529,35 st 1 Olyb | Ulojod sue b wgySiunl -Y

358 s wygo (CLK @

: 00, locds (0 03lw

_ L Q
li A Y A
CLK 1 I

FQ:fC% 2)-’/°-*—*-**-°J 0 S\>9) >

;00 oy asawgs

A 4 A A A
CLK
Q0 0 0
Q" 01 of 1
Q o2

CLK




Yo

8 Sl (al sl 5 i sl )l

Q _0 0 1 1 0 0
—{7 o T
_’
k QOJ k
CLK
0, -9, 0—>1 2-53
CLK 4 Y y A 0 0
0 1
o 1 ) 10
1 1
A
Q1
Q2 ‘
j -—QO ] _Qlf _]
] ] )
CLK
0—-1->2—>..>7
T T HEB R
7—>6—>5—>..—-0
T T EPRET

Q2



V7

A s e (k5 bl

onl U VU comw au IS b S L aS oS obb csugsSicwl 010, lonis ¢ Jlio

C S Gy load
I j QX ;. Q2
4’:’ k 0’ k 0 k o'
CLK
Qo Q|
Max — 1
o | 0, | M |[Tak
up

390w o9 ) Toi> K,j Slpusg,e aS 5,1 swgy) 27 s -

3|0 39>9 (oS g, 2" Hue Ug,Sowsl Sl o1 ,loni Sy -

Sl Lasod | Gioledio i
L Q L Q 50 ol
L Q L O 5oL
L O L Q PBR L
*Y%) *Y%) 30 ol

Q Q1 Qo

P Ug,Siow 0.5, o

—
> < vV & 6 1t t — -



YV 5 sl e (al sk 5 a5 sl

Qo

— T Q Qo T QQl T Q.JQZ

CLK F s
L, ol (>9,5> SUS U.)..oT)'| Ju8 AND il Ug> . puls | a9, U SUS U bhad

. .LLSQ\OO)LQT
\

FF »alb+ AND sl

Max FCLK =

1 T
MaXFCLK :% . UJ‘)S“““\ LS\)-’ L.A}

S 030, loiy by ) € cwl Had> Foy s iy ol b FF, =20, 1 Jlis
(M Y U_g)s_a.uji

td, =4%1d =80, —>F_ =125MH
: o S o) lowi

Soil> o, loww -)

Qs Q; Q1 Qo
5 5 AT M) [

vy




VA A I al b 5l sl )l
fatch
P P, P P
S oo Load Jee
Decod
QB Q@ Q Q
EA \ . . N C O lad s i
. \ . .
Xe . . \ .
~ ] L] \
\ . . .
Qs Q2 Qi Qo
—»D | S D L, Lo
_’
P3 P,
) . .
\ \
\ \
. \ \
|




4 A s e (k5 bl
i sbuo SW,)lae )b
s 3™ sl e
v ralic F.F.L
S I —
(12 Cuza g

D swaiy csddaio e 5l Jlie
A(t+1) = A()x(t) + B(t)x(?)

B(t+1) = A'(x)x(?)

y=(A+B)x'
X - Di D Q J x'(t)
(s2505) A(t)
S —>
4
B
— D Q
) R ) E—
CLK
) = )
>0 [ (>38)

W Joa>

WIl> Jga> ol (oa> 5o | Le FF wus g 9 Lpa>g,s> ¢ Lpudgsg (siloy waini

Sae s Sdg)9 ¢ d=d I Slpsoawd Joli Jgas ul .+ dg00 Uly Ulgi (sw

cCowl (n>9)5 9



A A s e (k5 bl

: VU Jbo wds Jga>
srédlla g3, gmdlla s

A B X A B y

. . \ . \ .

. \ . . . \

. | | ) ) .

\ : : : g )

\ ) | . .

\ ) : : . )

\ ) ) ) . _

A B y A B y S0 Yy U Jgax seolib
x=0 x=1 x=0 x=1

. . N ) . .

. S B \ .

) N \ .

) Yoo e Y \ .

: ( State Diagram ) <Jl> pl,SL>

Doy Sl glgdl

1090 9 o S0
39l (W pasiw lgadg e (sded s jwlwl 3 (s>9,3 1 sduo 2o -)
PABian 0 WHg0 A ¢ D9l (s o (sed WVl> S 5l had (a>9,5 1,90 do -Y

C 390 (swod 09 Lpadg )9 gy S adayl, 5o b o)l day, Sng59 @



V) A s e (k5 bl

PXLPSY) =
o S [ TlesA
| y=F(xg) sl
Mode Mili

0=g(g.x) 3 s g

aladls

y= F(qL)HJw—’ S i e
Mode Mol o S5 adails S| L A
0=g(x,q) |

S Cwl Sow CLK Uil Uga (sui> AuS i 39,9 ,S| sduo 3o H> 1 asss
o Slpidgye JSuino (il ) Sy 14 s Guiz j90 30,5 (o AS Lk 9,5

LS (sw Uloyod CLK L |, (sduo
290 305l (Lo Sl oa)lods 9 a0 S5l Wlie L8 S axa o lae TS

ey Cowl S99 w4 Lpis State Diagram Giwlos jg0 a0 5> 1 aaSs

QQQ
O o

° e 0 : @ F.F Sy Jga>

ey B Qs @ b oS by 5> ax |, SR
Qt+1 Qt+1)|S R|/D|J K| T




vy A s e (k5 bl

Powinl S, oLk J>le

wiloy oL, =Y s oL,Shs ) 1 s)law 5,SMec (sdas) aogi -)

-390 pabais OV Jgax Hlae 390 55 pog,ae wleMbl @y axgi U -Y

e JudlS ulSel wigw > | WV slass Y

w9395 ks U I, Lesl ¢ 5,05 39 >9 (s8> Sa Juoew « WYL Jga>,> , 81 -¥
(o parsis ) wS oSl

Jow plaS ;o a9 (Wl Joga=> a4 a=gi L) 3uS oo |, W F.F slasei -0
C DS pawaRs (89>

((Uluso w)9.0 55 Vgamo ) auS paxiw |,  F.F ggi -¢

el Cowy | 29> 9 Sy Jolax ¢ WV Jgas @ axgil -V

L S 9 e=9y3 Jga> S, 5l Susxi Slpusgg « s>x93 balg, S5Lw oslw -A
90 vy, Jio WO)leio Slpig, SoS

el ol,Shs 1 Jle

S oo JKFF SaS @y 1) 03V cwsini sl . cowl pogy80 505 > oLSL>

) A, 8l 3
N . y N
. \ . \ . (‘5:")\-3-1 4
. \ \ . \

FF s 5
\ . \ .
\ Yoy IKFF 6
\ \ . \ \
\ \ \ .



Y A s e (k5 bl

AB
Ja Ka Jg Kg
Xt X . . . \ |, =Bx
X ) X X X X X
\ X X \ A\QX
X X v X | X | X | X | :k,=Bx
X © X . . \ .
X 1 X OX
A .
X X . \ X X | Jp=x
X ) X ) . \ X X
Bx
A
X X . Y | ik, = (4D x)
X X ) .
A iB
o Q o Q
K ] K ]

T.F.F oS U 5, bowin 505 wiyy aS auS s>l Slos, lowis 1 (00

’—'0—> 1—>2—’£

7
T—6—»5—»4—>|
: T.FF oS L BCD o159, low @ Jlo

—1—»2—»3—4

9«—8«7<«—6<«75



vy A s e (k5 bl

(o) (=)
Q Q QQ QQ QQ
8 4 2 1 8 4 2 1
. 0 . ) \ ¢ ) ‘
R . \ R . . \ \
N U
. \ . . . \ . \
oY ) U I R
. \ \ . . \ \ \
. \ \ \ ) . . '
Yoo e Yoo )
\ A
t el Jga>
Tg T4 T, Ty
] L] L] \
. . \ \
. . . \ TQs :QDSQAI +QC4QBZQA1
: j j : TQ4 :QZQI
. . \ \ TQ2 :QZQI
. o) Ty =1
\
\
\
%k

20| 00niU o Uiy U9 39y .. 9 YT LY adgl Hlase Hloe e 5l as ST @SS

35S ey L OV ol 0L 13 5,8 adleze Joe sow)d> @ law 13

Qs Qs Qo Q1 Qg Q4 Q Q 0—>1—»2—3—4
YooY YooY )

\ . \ \ . \ \ . 94—84—74—64—5
L S S SN > !
\ \ ] \ . \ . . 11
A R B 2l IS ylae 1A l
AN T B 10



A 5 sl e (al sk 5 a5 sl

Dont slacl as oS d\_>|)b Liwo u_Jl)_J |))|J.o BV ULQ.&)|M|9J w0 ST
. gy o0 a, Care
|, X 39,9 waclw pudly Sudguy g U aS 1S bbb S)lowe 13l 5l sl

c 39l SO gy sudl,y S slasi Usgy 39,9 WHgo 5 9 Lsaw

—
£ ——»t
X
A
y CLK
r LYl Jga>
x=0 x=1 x=0 x=1 : Wlie Sl
; E ?} 8 8 UlwSy Slpasg g oSl @
431 f15 Z (1) 8 $>9,> 9 Sz >
5 1 1 0 1
6 1 1 1 0
7 9 1 0 1



v A s e (k5 bl

. uowd Sl 7 9 6 S Ulgi (oo Azt > diiowd wliww 7 U5 96 L 414

: Up dateed State Diagram

Joa> 55 wsiihio yolmo ,Sus s @ el ol | 390 (s wraw § WVl> Larass

S VN PRV L
(i il (S A
x=0 x=1 x=0 x=1
1 . R R .
2 . \ RN Yo
3 \ \ Yo RN . . T.F.FéloSl._J
4 ) . \ v v \ .
O I . | s\
A B C

T,=C

T, = AB+Cx+ ACx
T.=A+C

y = ABx+ ABx



