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= he vode N1 vottage of op-Bmp Aig B V. So, that @il ke

appeasel  at the  mode Ne by Urtual Qrouncl connectim . So ~the
vottage  at vode Mo $s \\.
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Egcdic levels:

~ PN M

fov a cMos deuice epuaﬁnﬂ ak Uo\toﬁde Vo0 &

=2 Logic High (1) : Voltage close to U0 [Ugualhd 0-4u00 to VOO
= L,oca‘pc Low(0) ¢ uolt&tae cloee tO OV [Usuﬁ“'d oV to 0-3\!003

J Vol
Sv

In'_—_] Pog Loqic High (1)
- N
Jopur g4yl _ ~Nalid mcafx o
uncleblined zone
\ nMos
\+5Y .
Nalid low

G e - i

* When nput =0 Low L’Otatc (0)

PMO3 conducts, NMos bFF, output - 4
# When "me;:‘

Nmos conducts, PMos oFF ootput = O-
M03 TYansistors :-

A moskt i an metal oside Semiconductor Pield elflct tvoumiston-
tig a Uoltatae conbolled device [unlike BTF which {8 cument controlled] ,
vsed dicd‘qtql cinauits , ampliters and sw‘\tch‘mcu devicy.
stucture of o3 ;

P pAA A ~A )

Thee temmnals 5 @ake (@) , Sourte (3), VAL (V).
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HpPer oF Moghels

mA NAC AAL Ao PUANA

douT L

1y NMos [N - channel mosfet]
¥ cument Pflows when positive uon«a%e 13 [:|\
G.Ppﬁed to (daLe q;;;—[
oIaLn

¥ on- staoke ¢ ﬂok umtacﬂe > thneshod Uolw%ﬂ

(V&5 > NTh)
% conducts fyom ©Oaain -> Souje wWhn ON

ry pMos [ p~channal Mosket]

|’ % cunent Plows when neﬁaﬁue umtcuae 18 p—
applied to cdoh:
% Oon - stote 2 qake voltage < Thaeshold volta -4‘
qoee volteq e
| (VG5 < Vvih) st
% conducts from Jpure — Ovain when oN

Elh %T 13 impmtant .-
ia‘comumes almost no qake cuvvent
| ¥ formw 4e bosie of emMos loca'\c caaju

¥ Used 0 processors, m@mmtd chipsy powet elechronics.

Basic ctos _‘inum_t:c‘r:-

A posic cr0s iovetked ie the  simple loea'yc- ate 'bClﬂ'u.sana MosFeTs
[Metal oide sewiconductor field effect taniston) e It congists Of-

| % one p-channel moslects ab the top connecled to VOO

" ¥ one n-channe]l Tosket gt 4he bottod 1 connected to CJWUM"
~ Both Qe ave Hed tocaen‘hn end act @y the input (UID)

Poth dvains are tied B and act oy the outpur (Voub)
cneuit diafdmm-.

vop
e Prioy SOUNCL - v OO
peie ¢ PMog Ovaun - output
\I'n N T - ¢ NMOES {)’I'(lil’l = ouirplll«'
* Nmos gource - GNE
N 08

' Both qates— Enpuk -



umkmﬂ

x Snput =0 (bow)
pmos turms ON
Nmos tumg 0H

output comnected o uOR
|

x Topuk =1 (‘rﬁtﬂh)

' pmos tuts off

Nmos turs ON

Qutput connected o BIND

‘Thw, i inverts the input

r
|
|

ruth table -

C fppur Qi) output (Vo)
| 0 1

! 4 0
NANO_and NoR Gakes *

i nand aatc s

A wnand :aak ig the complement ©F the AND cda!re# AND cdakc svm'bm

with a_small circle o the oudput-
oOutput 130 when onhd all nputs 0ve 4’ ptherwise output i9 4’

A —
= A'B
| B__,_i )" 1

uth table +
A B th A°B
J) [9) \
o 1 !
! | © |
\ \ o

| NANS qore is an  onivesal qote

'NOR Gate -
A NoR cdale is the complement of ‘e OR qote- e oR cdate s:dmbou
' with small eacle (bubble) ab the output- The outpur is 1 when all inputs

ae 2,10 ,othawise e oubpuk s ‘0’

A _—
B@'ﬂdzmﬁ




Truih table :

A B

O o
| o
\ 0

D —

&‘3; L:oaie Oiaa'cotm Hov CHMos ANO -0 -
faueRT (aa.k

CMos - ANS-OR~ TNVCRT (AOL) Chieg implement  an AND ~ bR function
foll puoed bmd&n inuevtet P‘D}“dmﬂ a hiﬁhhﬂ efhicient complen caale n
I tuchnolocdu.
0t increcues ePhicien

They b betled perfvmonce and meduce power eonsurmphion .




OR- ANE}-—TNUE[{T E[abu §-
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upP

AP

[ 2y g - ead ox
wd“-LMB)(Hm r}—ndcgﬁ-1ﬂl(rf£i)
A j ). - |
| ‘_4 }——CE) o

|
o~
— =

OAL qale i3 Q compex locdic riake that- implements the  product of sums

(pos) Powm of @ Boolean function 10 @ eincdle -loca]c Stake -

ft Teducs trarvistos count

It consumes less powey

T has incteaxd speed -

Implementation of amy ~Function

Sfeps fo Tmplement o Boolean funchien

1y Oealue the boolean -function :

: atart with the boolean QapYLion wdou want to fmplement:

| /) Qvitan the pull - Oown  Network (pﬁ)m) J? |
¢ NIMos for sexies[pavallel | vse NMO3 oSS 1N

! NiMos tyanmstorsS in sevies for an AN® oPemHon [c,a\l A-B] .copneck
MMos  taowstors n pavallel fov an op opevakion Cuﬁ 'A+B]

the PON. connect

| ® compum(nl;crnd connection 2 he poN should implement the functhiony
term dhat pulls e outpub to logic  low-

3. Oe?iﬂn the pull-up Network (PUN):

| e pMos fov Sexies] panallel © vse prps hantistors in the PON - connect
PMos treuggtors o pagallel o3 an AN opemﬁon LCﬂ, AB). connect
PMos tranuistors Tn Series for an oR opeakion (c.cd, A-+B).

-Cornpleman’cwd connection > The pud  implements the complement of
the poN ) En,suﬁn? tat the output 18 pulled o loaic h‘nah_

Ly Connect networke to inputs and outpub :




T

| * Shaved inputs: Buoth the puN and pon aecieue the Same [c:caic

| foputs-

» dutput conpection : The Ouipul ie taken Pom he common nede between
the PpUN and PN |

o URO and Ground : The PUN i8 conpeckd to VOR ( pouoer guPP"‘d)’ ard
the pON i3 conneeted to camund-

Kvample = cHos oR gate

for o a-Tnput oR qate (F - AtE):

Cpow s

- Two NMos traunsistory ({-o'r A and p) @t connected n paialle] to
implement e OR operation.

' PUN =
lwo Pros hanistors (for A and B) ‘@re connected in sevies to implement

the Corvplemem-afru OR function(which becomes the pull ~up aqui\lalﬂnl‘ of
Q NOR Qaics loca‘nc). '




Code _C_O:\ue'r’ccrfrs ‘-

—

A code conuerter & Q d?ﬂiml elechonic cicuit thak ia wed to

. Cconuait a ditaital code lom one fovm t0 another 4o, A ditﬂﬁtaﬂ code
fe no1h‘m:d but & piee of dakta vepreyented in Bmmd foymat i-€ D
the form op 5mrﬂs of 0s and 45

Eaamples ¢ Binasy to decdmal conueTter >, GO to Encess =3 conuedted

B‘mcmi to decimal and Binonﬂ v octal conuedter. .

T‘-JPF-“ of Code conuentes:
¥ Bina to decimal conueTteY-

| % Oecimal o BCO conueTtT:
¥ peQ o Oecimal convedte”
‘ ¥ B'un(md o de code Convertes.
X G116.1d code to b\no::-d conve ey
¥ BcQ to areem 3 Conuerted

X Excum-3 0 BCR Conueated-

ecoders ¢
A decoder i8S O combinational logic civeuit  eohich conwets N
| fnput tnes into matimum of Q" ouput lines i3 called ©Qecodei-

AT == N
CB : Nwey +— Y
Becodet : N
il o
]I
== sy

per of decods s
¥ 9 to U decoder
% % tv 8 decode7
¥ 4 to 16 clecodeT -

¥ Q v Y Cecoden -

~a AL A oA
| the 9 iy decodty is one that hay 2 fn puk lines oand
() ouput lines. The Punctional  bloek diacamm of The 21U

decoder 19 showp  below:-
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)
8 ’4 Qeeodt? |y,
£ —> —> 13

Liheneues this decodur
then it8 one of the -fout
of Tnpujrs-

| 132
[R5 Remen

Cdhe 3 to & Recodey 19

ﬁ‘nEute
A
X
0
O

|

E
0
4
1

1

a -}

(93) outpul \inex. )
_ye | opubs
A Y) E° A ® C qdq.
B >y 0 x X R 0
2tog >ys 4 o o O 3]
. Oepdnn—>Yy¢ 4 o o 14 0
—Ys 1 o 14 © )
’ E— —> Y6 . 8 - 41 le)
| yq 4 1 0 0 o
‘ 1 4 © 1 o
! ‘ 1 1 14 0" o
1 i 1 1. 3
:JF uto 16 Qﬁc%ﬂ &
Ti_ —> Yo
| =
‘RA -— +— Y3
| — Yy
| . —> Yy
| & R —ﬁﬂdb
| Mbole -3
| C oD Qe(_och‘i — ‘jt
— i
- — Yo
' — Y\
I e — Yo
| — Y
| - "‘dn'

Qutputs

® N3 "da Y1 ’110.
X 0 ) () 0

(@] O (@) (@] 4

1 D O 1 0

V) 0.3, B, 0

| 4 0 0 (@)

one. OF that bhouw 3 IDput linet

.

ia enabled with the help of enable inpuk
outpuss il be active for each compiNaion

€,

and 3
Oubp uks

6 5 4 Y3 2 )
RO G N U T
5 ™ O 0.0 o4
o O (oo S« Bd’s TR A5y
o O 0 O .4 O 0o
(@) o O 4.8 6.0
@ 0 1 6 0 0 O
0 1 @] o © O ©°
1 @] (9] 6 0D B
o O o O OO0 0.
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| Applications oF ©ecodsrs -

! ¥ code conuersions

% Used in Memoy Svdéwm

¥ Oemultiplerting  data -

# vsed v tm ng o 5ecluenci_ncd puaposes.

pmcmhﬂ £ ncode s ¢
T is a combination togic clveut which proclucss Gukpuls N AespotLL

to omxd one input amon all those that mcru be activated at the Jame
tive ig called @ priovity encoduy:

7 TP oF priomity encoden :
¥ u fopub prionihy Encods?

¥ Recimal o BCO pﬁcm’rﬂ éncodey
¥ Octal o Binawy priovty encodar -
¥ U Wpur prionty encoded

InEu.lS Mg{}s '

To 1 2. T3 A B v

o o 0 (@) % N 0
| & 0 () @] o O -
X .: 3 o v o 1 1
X % 1 @) q g 1

X X X i ; § i 1




| % ecima) to BCO Prighty fncodur

Oecinal Tnputs BCO Ourpuks
9 . Ta {y s Je 3 Tg {q Az __:\9 A\ Ao
‘ 4 1 4 4 4 4 4 21 4 1 4 x 73
| p.& b4 A % b4 P 4 ; S V] 0 1 4 o
x x x X X X X 6 4 o 1 1 4
XX x X % X 0 4 1 4 o B . &
-« &% % ¥ »* 0 4 1 4 1 o o 1
X x X p (] 4 2 1 4 8 @) 4 o0
% = % & 4 4 141 1 © 4 4
lx x o 4 4 4 1 11 4 -4 60
'x o 4 1 2 ¢ 4 441 4 1 O 1
0 1 4 1 4 12 41 - . R | 1 ©
' L] rl la..
¥ @ctal to Bi%’nd mom ﬁwm
i Oedsa] 1Q2ut5' outputs
T £ fn
1 % B3 Sy U5 fg Ia Ag A, Ao N

, © o 0 0 6 o o0 O 2 % % B
|4 o o o o 0 00O o o o A4
? X 4. O O @ O o O ) O 1 1
' x x 4 0o o o ooO o 4 o 1
x X x 4 ©o ©o 0 0 o 12 1 1
x x x x 4 o 0 O g o o 1
| X X X X % 4 o O 4 o "4 >4 |
x X X X x x 40 i -4 @iqd
% 4 X X x X x 1 : i TR e o

Mol ﬁpl ALens 3

—_—

A mulhplener 2 an combipational circuit th
- ond aintdl,e. output and 0 Selection lines.

at- has 8% inputs




f Ty pes oF Bemultipleners <
* 1x9 Bemutt

2 o
Oemun ’dr

S
* A %Yy Oermun 2

Yo

— Y
\ X\ — Yu

|

S) 5o
¥ I8 Pemuw

b— Yo
ﬁ;ﬁ
—> q
A
Remu [ ¢ e

1
0y
.%.

92 =1 30
| * A6 Lemux -

' x 16
Oemud |t

.
-_

53 S ) So

Qemultiplemers - 6t is a combinational logie cicuit thak
conists of 1%a" fines. 4 input , 9" putpute, N Selection lines.

Selection line Oupub
6 Yy Yo
8 0 - 3
1 - . R
Selected lines ouwpub
SI 80 73 Na Y Yo
v} O O o-0.4
0O 1 g ©O i
L o o 1 o0 o
A 1 1 & @ 0
selected_lines coutpuls

82 & Se N3 ¥ ¥s 'Yy Y3 Y2 Y,
6 o o 0O o o o 0 O
0o O o © 0 0 0 o
(@) \ O o ()] o o O 1
0 | | © o O o 1 o
1 & © ®© © o I+ 0
I o 1 ®*r'0 1.0 O
I 1t O o 1 O o0 O
| | ! | o O O O
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X X)) munt

iq,_.?:
q, RXX)
5 mumn

Types oF ulFiplengas :-
#* %1 mun s

ol

7

St 5

So

H51 9

16 X)
mun

S0

_—3 "Ld 0“5

gelect line (8)

il T S =

0
8

Selection 11nes

81 9o
a] 8]
) 1
1 (3
. i 8

Selechon ling

Sa 58, So
(& () d
o (@) 1
@ 4 (@]
@] 1 1
L o) 0
L & O 4
j 4 (@]
1 i 4
Selection lines
Sz sa & SO
0O O i D
O O o |
9 O ! 0
O ¢ |
© 1+ o ©
O i1 0
o | 1 0
(@] | b .3
| O O 0O
| (W] o I
| @ ] la)
I ® { ]
1 1 O O
1 1 o 1
| ] { e
| \ |
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Paxallel - Binaty Adder / aubtractor -

pmallﬂ iﬁdﬂ - A d?q'ltal civeit that addy two ‘bina'r-d numbers Of
i any bit length fn pauvallel form and  products the SUM OF those number
in pavallel fovm 18 called o pavalle]l addev: A parallel adder cormists of

| )
!Pull aclders in @ chaih form. Heve the output bit oF each full adder i3
connected o the input ca*md tevminal 0f the nert full adduw cracuit m

the chain
Ay B3 s s .
| P r_L_\L
bl Addel c3 |f adder | Co [Run adowr] ¢ [ A ﬁdd”,g__(cm
cyl ] fay fas | Fha ~ Fa
ay S3 !

S5 S
Parallel ;%L’DHEC'M < A digital -Apthmetic crveuit wpich 1@ wed to

Lind the amithematic difference of two 'bincrr'd numbers 1 pawalle] form

s called a pavallel subhactoy- The 4 - bit pasalle]l subtrackr ; howeuer
we can implement . peaallel Subtractor btd addinci amd nuribexr OF
R adders n the chain of the civeuit-

| B3 o ?6: A2 Bl oag
i ' -
i ull Addle ] Acldey
s cy pra [y
' |

53 | IB'L

| g L_lan‘i‘mde compa*rato*r e

—

5)

# digital combinational civeuit wed T compase dhe mmﬂﬂmm
of two binay  numbers to debesmine Jhe. q,o'ualihd o noﬂ—(m,uaﬁf'-d 12
called a c:::mpo.mto't' Turede the main’ Puncton oF c:mpa'ra!UT 8 to

(Compore the Values OF input numbers and pioduce an euput indiceting
whdher numben ave equal Cpeader Ev) equal-

i L (ALB)
8 Comparatoy [ & (A=8)
= — G (A e)

| B4 ot composatos
| ¥ 1-hbt w|&tan'|mde cm\pa’mm'r
¥ 9-bit *ﬂafin'ihide CompareLto

L * - bit 11f1£3rfll'ude. comp et




G compate hoo binoa'd

! s 6 (arp)

—

A]b?; Y it

1 -bit nitude com paiadol -
H\‘Ia i numbe» ©OF ohe each bit -

Cnmpmuﬁw P
fossmcs B LA =B),

inpuls © ukpuks
A B Acg A=p AYB
O 0 o 1 6
18] | 4 o 0
10 0 " 1
| | (8] 14 o -
A> B
0
o
)
@]
1
0
Q)
®
I
i
o)
o
|
\
[
0

L(A<B)
G,[A>B)
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Tht SR it - flag hos fuld  inpuld and hup aufouts - 7

| i
|
'@-l:l_, $ !-,|.|I|',||IIII é’r." g Igﬁ'ﬂl LA ,5};_;;’ .

fo eaeh olhir - e, when : .
§ will be 0. M logit ﬂ".‘ﬂﬂj’rqm of oA 'lfl'-'}i""'r"‘].’j‘r L S ATl

ke  fith takle ore hown 10 flgare

poted g
|—'_ '3 "'r'-_,\‘,
By s
.-"': g w
ff}ﬁnure : hogic diagram of U8 £hip- ﬁg‘p |
[ ; |' |
Papufo fouts
P. - |__E:'.u i —\{ondition
e R B S )
| frogtpus | Fagioas | o f_‘J'hfrI'h?t'
¢ [ W e el
g ' b f Aeirt
' 5 ! ¥ St
e | o o1 bicleen wof wedl

Figuee; Teuth totde of S8 flo- flog

MNARD q:fn‘u 3 and 4 Fum the ot ?"a"-‘l,t?' flop pirewli - T ﬂuTPu#'
of golt 5 8 o ceaniefed ar o ef the il o gate 4+ Simrlarl,
the outpul of goft 4 (o) u coomectid o oome gf the hpur #ry 5;-.:,11'“:!
% Thil far o horek fype of  panmectien iocolled crag ruurn.’uf COnmEC Hpn.

e

l_h'ﬁf’-'ﬂ goin L and & 0 wed qar AWOT gety mmphrfrmﬁn? S @i
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When ¢:2 and R- 1, tht oulputs @ and § will rot ehang¢
and  the prtu}ouj paluts are rdained - Whep $:0 and B=1, the
output @ will becomt 0 and 8 will become 2. This condition /3
called RESET condition . i.e. the output @ i resel to zero - When
I:14 gnd B:0 . the oufptﬁ O will decome 1 ond & will become
6. Ths condifion 7t ealled SET condition i.er the output @ irut? 70
DNE - |
But , when ¢:14 and B-1, hoth the Bafpufi ® and & w:ll become |
Y. Thu tr not allowed  in drqifa) cireui s beeawe the gu-fpm‘x g
and § are .gnmphmmf to eath . othu « flence ,thiv otate i colled
forbidden tafe and  wie should mot uwse the SB flip - flop with $:8-1.|

Clocked 8B (€SR) flip- flop:

The pin diaqram of clockd R fip fop
[T [5] 2] Tu] [eel =1 €]

S
AL

r—--'-'

DT Bl 41T EL
Nu:malhf ; Uequmﬁal !oq:'c eireuits  work  n gequene With on the
pecurence  of  clock Uigna)' Clock wignal it a tain of pulbits in 1he
form of GQuare wave - Clocked SR Aflip-flop #t dmilar 40 A Flip-flgp
with an gdd/fional  elock input . The oufpul of the FF c}moge; orm/
o the cock wgoal- The logic wymbol, hogic circuit
of (SR FF Ot Ghown in ﬁ'gurz e

|

2 q ————— Normal

CSR
Fr

o0 4he arriuo!)
diagrord pnd fruth fablt

Set

Clock

Reet

h s . Camjo)t’mm?arl/.

frqure: Logic Symbo| of IR FF




wq'gure hogie dircuit of (SR flip - Thp-

Tnputy Output s |
] (LK P o CDUdf"HUﬂ
S |A @
- LI G 0 | Pevious Previous ,N’a f}mngg
value | yaolut

oy Lih ! 0 f ) Rese t
4 P o r 0 I get
Ty l Forbidden I Aot ufed

CIDC'{ U’iEJﬂCll J ‘,.1-'

I £ o fiog
Tht Pin.dr‘aqra%'
I (3

Clkl CLRI K

07;‘ ﬂ‘uﬁ @P élﬂ

-Pfqurt-' Truth table of CoR 7l - ﬁﬂ/ﬂ'
The inpuiw S and R will be allwed o enter the chreuit onl
the Clk input it pruem‘ e at log!r w L Wwhen  there 2 po clock
pulte (ie. at logic »» 0" ), the fliptlop il retain the previous oigte.
7k OPErﬂﬁDn of CJR-H}Pf-Hop i Uim”ﬂf to SR ﬁf,()’ TC/O/J l'.UrL)Ef)' the

il

iz
5]

Voe Clka R Ja

r’
|

7 CU/JQ;) l'




| of UR FF hen UL, k=2 condiffon

(the present pulpud wlll

|

|
|
|
|
1

7
( )

The Nor usep  condition
eliminated In the JK ﬂffl--f'}up ke conditfon T4, k-4 M used 10
iToqqle 1he flip -Tlop- Togq ling mean? » when the  previows oulput 11 »0"

the present putpul ¥ b A St oty when  The pmn’ouj oul put i o 4
|
he $0"

I K nno (LK antl 1o ou'lpuh
s Lcr) fﬂpuf:} are obo prou,'(/ed
1 fOf]ff C/r cull d,'ﬂ[}l’ﬂr'ﬂ Qﬁd

Tk FF hay hret ;'npulf
& and & - fraet () and (I

‘n the Tk FF . The logi ¢ Ul/mhol |
fyuth  table of IK FF are <hown In fiqure:

b

o E e | Y
Tk
(oI AT S ep l 1
' |

]

G
-F:‘gure ! Logfc Uymbof of Tk FF -

Cr

—ﬁguru Z.o?r'f eireult dﬂagram of Tk EF.

(alhen T:0 ﬂnd k:0 p?’h!ff alll] he no P}’Gn?t‘ i ?'/)f 0“?‘;?!1?5 ©
and @ will refain the previvus stafe . inhen J-0 & k4 & k. ©
will become "0" and @ will become "' This condition i) sl ik ok
when T71 ard k<0 and  CLk =1, & will hecome 2" and & Wil becore

wp". iy condiflon i called SET - when Jo! o1, the oulput & togole
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Ie

_F}ql'..”e Ll:l,?qr' ':-pllll'ﬂb[a.'r ﬂn'r T#MJ ,|r.l':'
tivn JeEEs . poe maiee SRFE @on ant e

(ehow 0 'ﬁ'ﬂﬂft‘

P JkMIEE fhert e
Tk FE o The Cik Jnu.'rr of AR o Fer okEBE 0 fnbechd and Phin
given v fhe cik input af the Dave i,
P
] { [
J 2 T 2 T
sARL T e
ﬂ.l.nliﬂ- rlE Tk 1_£ ik 1_r|__
i FE
P k ﬁ,‘T | 1% 5——
—nf ] |
II:".r
o

ﬁ:?urﬂ TE M1 EF mm? Tuin T8 EL

iy fogc eheatt  diagran and Huth fokle of TeMi £C
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make 1ht Fre fo opuate & T (Togqle) fiip- ﬂop_-r}ﬁé_r' FF d_mn?”
s otate (i-e fom 0 P2 or L 70 0) for evtry input clock pube . ke
clock tnpur o opplied 0 the et Tlp - flop A+ The @ outgur of she
fr a0 given s clock nput v the wvecond 1‘/;,9-{/.3;; P g a !
clock ‘nput v the third  Tlip flop € - The @ oulput of flin- thp ¢ ‘
q?wn ai Clock (nput T the Horth ”P’ 7%}? 0. The @ outour of all the |
ﬂ"P"ﬁ”P" are maken o the Counter oulpuld DCBA - The Du'fpu? A it calkd '|
the Least Uigoificant B (158) ond the output D u called the Mot |
Siqnificant  8it (wg) - The CLEAR (0) inpul of all the frr aie comected |
to qmund through the Martu Resed it ch
thep the Moaster  Rejet swyltch 1t prmfdJ all 1he FFs are

cleared and the countu outpuf pgA 1 0000, During tht mgatiue
gd(,jg of the firet clock pu{u; Fr A will be 'h}t]qiﬂd Pt the output

4 Chenge fom b 4 1+ At this Hmtr the sutpul! of all vther
Henat » the coupter output  DCBA [+ 0004

flip- Flops will not ehangt
Input Output
Clock D c| 8

Reset 0 6f 0610

1 0]o0 0 I

R 0 0 I 0

3 0 11 l

4 0 r B | o

5 0 | '0 ]

6 T 1] 0

i 0 | 1 )

8 f | af o} o

9 106 [o {1

10 ! o 1|0

H il LB

I | [ 0 0
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14 A I SR

15 [ I I !

16 0 0 i

L3

D
Durmcj the apph*cnﬁun of the cecond clock pulie, FF A will be fog?&o’
ons  agaln hom 1 0 0 Thid will glue @ megative gdqe higgerng
P”'” o FFB and hie FE 8 alo mqqur hom 0t 2 The counter
putput pegd  will hecorne 0000,

Simtlorly , £F € il foggle  when the oufput of Fr g nqgle.
porn | fo 0 and FFO will fogele when tht output of Fre m?;jmﬁom
110 0+ Dt chould bt noted that FFA foggles for wery clock pulse, Fr 5
togqle for ety Two clock pulies, Fre togglu for ety 4 clock pulses
and FF O tuggle for every eight clock ~pulses - The freguency of adput
ay b of the clock frsqua.ncy: 0ufpuf @ it 4+ of clock » ou?puf ¢
tr g of clock and oulpul D {1 i of clock ﬁf?”mf?' thince the four
pit counter acty at @ “divided by 16" counter -

For the 154 clhck pabes 3he output it 11, Whe he pevt (e ) clack

pulie iy applied , all the flip - flops will #o98le from 11 0 at the came tme
and heoce the oulput U 0000 - The eutputs of the Counter dw;n? the

14



- T DT T TR o

e —
C——

appication of eath dock pulie e chown i the tuth ool ond |
alio in the Nave forms - |

e bit binary wypchionou (pple) down Gougter
TF! TC da"aqram D',ﬂﬁ“'ﬁ}f b’{'?a”f an(,-\;f/-,m,wwl dﬁmn? sutee o

< @ mND )
O e &) 2 I\ o 88y sy
_.-‘! [___,,———/ ‘._______.._./J'-_._ =

la 5 W 5 |e |
CKB RLCO JmCa) nlJc \J;'.: Ne reC
The logic diagram of 4-0If. bf'ﬂaﬂj mynfhronouf DOWN tounnter g

shown 10 fiqure . The Down counter countt fom 1) 10 0000

TE_LMSED LC i A (L_sg')
| a 3J Q = ._[ Q

e T 5
TJKMS
TRMS
TKMS

FF D=1 FE T kMS clock.
C§ I e L T LL &8 €Ix =B

® (O ¢k I a g 5

+5\i £ r G | ;T Cx

Raret

Pfqurz s four bt br‘nary al!fﬂf/wrunar,u(rrpph) DOWN counter | ﬁT;L
four negative edqe tiggered JkMs flip- flops aue wsed fn thit counter. T
and K r'npuf.f of all the FPe are conpected to 45y (7= k-14)  Thir makes
the FFs o optrate of T (Toqql) flip-flop: The T FF change iw
orate (1.ex fom 9 fo L o L P 0) for wiry toput clock pulse. The
elock  input it opplied tv the At f/f'fl'ﬂop 4. The @ output of the
FEA 11 giuen pf ek [fnput fo the gecond flip - flop B - The & output
of FFB T giuen @l clock input T dhe thicd flipfhp ¢ The & outpur

15



e € E Rl T T S S T T O At ——

of ﬂfpﬁop ¢ & g o clock fnpul 10 the  pywth fhp-fhp D
The Q@ output of all the f/;pf/apf are taken af the counter oulputs
peBA - The oulput A U called  the Leatt d:qn'?ﬁ'rgn'l jBFLT[NB}“g;d
tht outpul D I called the Mot drc}nlﬁ'rcm'f Bit IMJAZ- e C!. i
[¢v] input of all the FFro Qe connected o groun thivugh 1h

Master  Restd ij'mf"rf}\-
Mast Resel  wilch p:med, all the FFs m‘e
counter eutput DCBA i 0000 During the nenatvt
%oqqitd frer the @
char;?u fom

INhen tht

cliared and  the |
edge of the firt clock pule , FFA wil] be

outpud of A changes fiom 0 fo £ and @ oulput vf 4
b 0 Hene, fhp-Tlp 8 alio quqlu-drm,'/m/y fliptlop ¢ and O

alro fuqqlt- Henet , the counter outpuj pesf st |

Tnput Output
Clock D C ] B P
Reset 0 0 0 0
! ! I | [
2 | | ! 0
J f '. 0 |
g I ( 0 0
5 | 5 1 !
6 ! 5 : .
¢ h § 50 B
8 ! 0 g [N
1 0 1 1 :
10 0 i | 2
I 0 | 0 |
W 0 ] 0 0
13 0o | o |
14 0 0 | 0
19 0 0 0 J‘*—
16 0 0 0 "o‘
|

16
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F““ﬂm.l@i;mg.’-;!; T

-}_- o 9 10 "
e s P
eI

Atk
chot I \Jf ‘
inptt

BF Wﬁ_/ 13 EiES |

@ur?nq
FF B will
110

Ouring
aqm‘n

fuqqlf Wik

noted  that

for EUU[{
the  Clock

and oulpd
attt ar o

£rA  will fugqlfd

Learon 0 4 2 tanps Q8 haml Db Ok gt FF 8 Wil 7{3??/0 this
sme- The countu putput DeBA il bcome 110

f'bqqh when  Tht

two clock pubes,

The ﬂpphmﬁa
olio fn The wave forms -

o+ bipary Osynmehronoud (1 (e UP |powN counter :
Four bit binary QHTNTO0ON (ripple > UP (DowN eounter

The logic cireult dfarjram of 4- bit b:‘nary OJ'?”C)TYDODUJ«
e [ powiN - counfer ir shown in ﬁ’gwf-

s o

rcatfon of the qewopd clock pulie, the @ oulpul of
once A9aAin from & fo 0 and @ Hom 0 to L0 |
w'me + The counter output  DC8A wil hecome |

the app!

not fvgqh 1hH
jhe  third  clock puhe, the @ oulput of FFA will fp%!: orce

Similarly » Fre will
n the B oufput of FFB toggles fom | tv o and FRD wil
@ output of FFC fopgles hom | v o . gy Ghould be
FFA  toggle Hor every clock pulse, FFa gl for ever
BELe hagqhu for every 4 clock pu/m and FF D fuy(u
e;q}n‘ clock Puhtr- The f”?”"-’?fy o7 output A (1 Y, jjg
ﬁequt’ﬂfl{- output B { '/:} of clock » output ¢ U Yo of Clock
t p i M of clock Fequenty. Hena, the four pit counter
Yivided by 167 counter The oulputs of the counter durin
. ; e ch clock lpuhe Qre Ghown In  the tuth mble 0,,0/9

O L T 2T
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Wil sieset and Stasile countin

“The

De code_ coun‘tas] yi—

g s 1’ H ’ﬂ (V8 ‘ .‘:P't |
The Logfe c{i’agslqm of decode counleq is shewn n quie

counls 'fslc)m 0 49 and at the 16" alock pu|.5f8 the countes '

8 aﬂq_i’n " The o'{hw[ name fm| decade
C‘ﬂun-t?q IS Mod-Jo murﬂ?;r

IC of decade counles| fs as shgeon below - 6co Outps

ok 2 O

!
I IS = |
L CLKh @ @ Q =
5] Oui' = "('. n ,r";-[ 0
Qd [ |
fn 1L IC 7490 - |
CLKa
clock pufse Ri Ko Gnp S) S'l_ﬂ
L T 7

“The logic dfagftun of decado Courley 1 shown ‘ﬁguqe:
O = B f-
9 ¢ )
"_"__ B il M Wiiim "‘-Q TrkMS J_-_CIOCK
B TkMg “ TKMG \ KMy Ff?n iput
" FF & i FE @ e
" ) b
€] © kH |@ © kH | |& ® kM =g KM
g o
. G Cy Ce 5V
o T
:Reset
Fowie i~ Decade Counlsy-
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T couitey has to count Fom o000 o 10g.

Hence, fous nega‘fr've
edge —t1igﬂes1ed, TkMS  flip—Flops  asje used fn his courtess T and |

K 7nPuf5 of all 4he FFs ase connecled o 5V (7=

,; K—_I)‘
This  makes the ==

to opesale as T (Toggle) Flip-flop. The TFF
stale Ci-e;faom 0 tol or | & 0) Fosi' Eveﬂj ?ﬂpu‘t |
clock pulse . The clock mput iz applied to5 the “figst Flip-flop A- |

|
Te § output of the FF A fs grven as clock input 1o Hhe Sffﬂﬂd{
'Flfp~?lop B

¢ hange's tts

The Q@ Ou‘l‘Pu{— of FEF B s 9fuen as clock Tnput {}
to the hiyd -Fl.’PPFlop C. The @ oubput of FF Cis glen ag

clock input to the fousth Alip—flop - The @ output of all the |
flp-—flops ave taken 0g the Quntesy outpuls  DCBA. The output

A de called the [east significant Bit (L3B) and +he oulput- D
ts called -he Most signiticant Bt (MsB) . The CLERR ()

of—all 4he Ffs awe connected o qound  hyg
Keset switch.

an)u-f
ugh  the Magtes

We need -to Jeset the countesy ot Igth
DCBR

clock pube ie; at
=1010+ -Hence, we have 4 jeset —the countey when p=J
and B=[- The NAND gole {5 ysed o apply RESET o

gnal.
The inputs foy dhe  NAND qate o taken fiom D and B.

20



ck | D | c B oo ]
Reeet | 0 | 0 |0 | O
| pOS: RGP
oSl b By B0
9 0 @ ! I
4 0 & i @ | O
c D | O I |
7 0 I I J |
B ] 0 0 (0] | ]
9 | 0 0] i |
10 0 i O 0
| [ 0 0 | O l
Clock
T sl s Y e, A £ 3 E .
v 1% Y ¥ ’_V h 4 f ( i T
H— -~
2 N h o Y
B
4 \/
e
D
g
When the Mastes; Reset switch s pressed) all the FFs awe

clea)[ed and the cmﬁ&q' ou‘L‘Puf DCBA 8 QQ00 -Du-afnj The

mgtrﬂve edge of he fiyst clock pulse, FE A will be togqled .
ie; the output A changee foom 0 4o |- A —this ~time, “the outpte |

21
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of all slhey flip-flops  will nat change: Hence, “the  couritey curlpil,

DCBA 15 000 Du'ai'n(] “Ihe qpp}.‘m{fwn of Ahe second clock pulze,
FF A wll be toggled  ence again fiomn | 19 0. This oAl gie
Pegative edge tiqqesing pulse o FF B and hence FF g also
TLOggles ‘dom 0 tol. “The counles ou‘lPu-l DCBA will becosme
0010 ,S;m,-[mlltr, “the c‘oun‘ling conlinues.

At dhe 16" clock pulée, the outpit DcBA wwill Tay Lo become
010 (D=1 and B=1). /& 4he NAND qate npuls, D and B aze 11,
the O n dhe gdale output Rese7 the courites: The ”ﬁ;equency of
ou{]ou‘tD s Yio of clock s‘:’gnal ‘Fﬂequeﬂcg. —Hence, the mod-10
counley acls as aq.., divided by 1 counley: The outpals of +he

couitey cusing the applieation of each clpek pulse ave shown i |

|
|
-the Tidlh table and also in ~The ume'%vms.

Fegistene :—
# Flip-flop can  stoye only one bfnavﬂ digit. ?eg?s{-eq s @

combinattion of N Flip-flops 1o stoe N bits . For example, an
&bit segistes con be used to stoye a ddla of s-bit infoymation.
4-bit- Shift yeqiclesi-

Shift ﬁtegis'lisi s a type of vegisteyy I which data is shifted
o one flip ~flop 1o anblhey —F{rp—*FloF oy stoslng and fn?hieu?ng
the infoimation. Depandfna upon how we enles the data inty he
ahift seqistes) (nput) and bow we -lake Tthe dala -Hom the shift

22



36335&11 Courlput), shift ’399"&5@313 are classified into faus Tipaé ii
Feﬂ s - |

|

I+ Sevtal 1N~ Sesial 0UT (S150) Shift Registesy

2 Seolal IN = Pasallel 0UT (SIP0) Shift Registey.
3 Poca{a“el IN - Sesial 00T (BIs0) Shift Kegistey

4 Povallel IN~ pascllel 00T (PIPO) Shift F?eqigteﬂ' i

The Lajn'c Dl'agvam ot ahitt RQS;SL&( with al 4he four Hfunctions

8150, 8190, PISO, PIPO is shown in figuye- . Pl
lbad  » Pla 2 Pl Plle Pavalle]
Hv | tﬁ | E @ E oatps (ABGD)
Senal ;
: DFF L‘su
S]:{.E—D - f o e & D i 4 b % seral
@ | @ 3 @ @ outpil
i gl roPaSER 4o g g 0§
r Cq‘t Crcﬁ l Cr?\ Cy
c,lc'x:k-}r [ L L
inpu .
' 1
Reset —
Figupe i SHft Registey

The. mpevcftion of- 5180, 51P0. PISO and PIPO ause explained in the
-Follom‘mg seclions.

Sesial IN — Sestal 0UT (5150) Shiftneqlstes:-

n SIS0 shift qegfs(:m the inpuj_‘ is given in sewial form
Cie; one bit by one bit) and the output is token in Sewial form-
The logic diagram of S150 shift segistey fs shown in figuye.

23



Fous D FFs A, B, C and D awve used in synchvonous mode .

Clock pulse fg applied o all the Fro ,sinuulhmemelg ‘The Sesfal |
Input: Oata (1) 1s gien tohe D input of e fiost FF. T G
Dtﬂ:put— of FF 4 is given +5 the DD input of FFB. “The Q@ output
F FF e & gien B D input  of FFC The @ output of
it e & given 15. the D input of FFp.The Sesial Output
date (s0) % taken Tijom the @ output of FF 0. The CLERR
;nPuTs of all -the FEs  aiye connected 16 ﬂ*mund thaough fhe

| Mastes Reset Sutzh .

Sewal

Sewial | DFF DFF DFF DFE ﬂtpu
mg]'l Pt p e D q—1P g D =

>CLK —q >CL’: q >CI]:: "_(5 ‘_(>cu: a
ie=i=h=alis
W Jhal

e =
The gequence  fos input and

oulpu"t operations is giver in 4able;

Sipat CWate) opesyation Qutput (Read) opesiation
S'Ng  Sequence (Sesial ffnpuﬂ 50 Sequ_ence ( Sesial Chflpu‘l_:)
T press the Mosles RESET suitch | * Tﬁe“ﬁﬂs{—- bit is available in The
to. cleoy all Hhe' Fre Sesial Ourt put (50) “lewminal.

2. | Give the sesial dala 15 Hhe || Clive fiogst clock pulse to get

Sevial Gnpet Tesminal S1, one by the second bit faom  Sp
| ore ( 4 bits) te4rinal - |

24



'——-—_________—___ _.___________'—_-______’___________

_éiiue second clock pulee o
get the Thigd bit fs0m S0

3 [toy each Tn[)u’w One clock 3

Pulee  must be applied (y clock
putlses)

4 | The dala (4 bits) Q9|P‘S£U?]Ed Iy | Give thisd clock pulse To get|
in The ‘F(Ju?( FFe \ the "rOLl'J_ﬂh bit Fr—ﬂ,om SO |

| _'_[E"fmfna[. o il Sl

Tewminal.

=
Sesial N— Pecrallel ouT (SIPO) Shift Reg:’s'i’ef?];%

(.‘

dn SIPY shift RegigYé»i “The Tnput ig given in sesial foory Cre ;

one bit- by ope bit) and the oalpyt is taken in pavallel fosm
Gee; all 4he bits at™ e same time) . The Logic dt‘aﬂmm of SIPO
shift Regisﬁ;‘ s Shown in ﬁguqe. Four D FFs A,B,C and D e
Used is  synchaonous mede. olpek pufse is épplfed To all the FFs
s?muf'ﬁanewsiﬂ -The  Sesial FnPqu Dala (81) #g given~to “the D input
of the -fiyst FF- The .@ Ochput of FFA is givento +he D input
of FFB. The G- output oF FFé is Qiven{p the D inpet of .FF ¢. The
il SR SRR B .D input of Frp .

i OB e Do
cenial [ DFF T DFF T DFF- 7 o DFF j

fopt—p Q D q D q O Q

® ® © ©)

l-«>cu¢ 4 (—Q>OLK g |—<>Ctt Q ek g
o

3
T—_yrc
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co) ase taken fyom the g outpils
Rl of qf

I the Ffe aue conpected
Jraund Thfﬂough “The Mog‘l’é;, Reset g

witch .,

The SPquence £ nput  apd output oPew‘q{fOns I8 given in {able
r_\nﬁﬁh' V)

Leon Srput (Waile)' opesalion i o~

SN) Sequence ( Sequence Qppui-)__m____&_l_\tﬂ
I ?s;ess The, Magless RreseT Switch

15 Cleasy all e fr.

Cive the seyial data 15 be Semal | 1
input tewninal 31, one by one (ybits)

|ore Taken out fio /nri:ABCD
Fbi'; each Tnput; one cloek Pulse Teiminals. :
Must pe applied € ¢ clpek pu Ises)

The data, (4 pits) Qsje Stased n

the %mr FFs .

G (o]
_ Sequence (Pasallel Cudput)

W Y-bits pavallsl data !I

Tazallel IN< Seial 0UT (PISO) Shift Regicte s

A4n P50 Shift Registey The oput™ is given 1 parallel fosm (re;
bits at the same lime) and “fhe Output is  taken in sesfal
fosm (ie; one bit by one bit):

The logte dfagmm of Clpo shift
*egistesy 8 shewn Figuwe. fouy D FFs A,p, ¢ and D axe

- Clock pulse is applied to allhe FF
simulwneouslﬂ-'fﬁe paallel i'nPut data Py, Ple, Pi¢, and Plp age

given to The FPRESET Tewminals of “The Fr, Through NAND gales

§

used s 8ynchonous moge

l
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|
The NPND qq'lgs asje enabled by The LOAD switeh  The @ au’fput ‘

O FFA e given o The Dhpul of FF&. T G oulput of FF B
iS 97\!60 5. e D input of FFC. The @ cu‘[put of- FF C is given ‘
ts the p input of FFD - The Sesia] Qulpul dala C0) 76 faken |
Pom the Q edlput of FFD -The cLeRR ippuls of al dhe Ffe
ave comnected to g'roun({. Jrhfqough The Masley Kesel switch.

Pla Pla V., o) R
Eoai dolos i
¥ [szf ?P‘: é’g"' ‘ \B;PY 'SQ'in'Qﬂ
D oulp
. DFE Q 5 \DFF 4 " DFF- g o q___gtPiuI
@ ® © ©)

ra>m 5 ,—OM g PC'LZ f 'I“*>C”“C |
| Fef | ‘Fcfr %r | T,,

clock | g
nput- E | Q;E)—_"J—:T
Shput (Waite) opexation Qutput (Read) ope&lcit?en
SN0 Sequence Cpazalle| r'nput) §Ni_ Sequerce ( Sesial c.‘)ut'pm‘)
| | Press “the Masles; ReseT switch | I |he 4-bits parallel dala ave taken
to cleas all -he FFL , out fvom ABCD teminals.

2. |Give the Af.v-bff ?nPdl‘ data 15 the | 2. Gitve 'H’ISL'C[OCK Pulse g gei‘ The
pavallel tewsmninale Pln, Pla ,Plc andPlp|  [%¢cond bit fyom SO Tesminal.

3"| pgess the LOAD switch 3 |Give secomd clock pule T5 get

The thisd bit- from So texminal -

. e data (4 bits) ae stojed Y |Give “thisd clock pulse to qet The
n the HJouy FFs fouify bit Fiom s0 tesminal ¢
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r?cura“el IN ";Da'mne‘ ouT ( PIPD) Shift Qeg?s’(eﬁk

. Sn pipy shift Regfstef?] “The i'n[')ui‘ s g?wn n Pmall@l foxm Cre; all

e bits ot he same time) and' -lhe ou‘lpu{ IS taken in pavallel

oo - The loﬂfc dfaﬂs]am of PIPO shift Reg:’ﬂef e Shecwn in

ﬁ‘ﬁ"‘*" Fouy, D FBa. AR coond Divares deeds tn 8yrichyonous

Mmode:  clock pulee 18 applied to all the Frs slmultaneously

The “pavaliel Drput  data Plg, Plg,

Pl and Plp aze given to the
PRESeT Teiminals of The Frg

*hvough NAND gates .The NAND
ﬂa‘fés aje enabled by the ronp switch: The ©) outpyt of FF 4

te given to e D Tput of FF B-he @ ouput of FFB is
qiven to fhe D input= of FFC. The @ output- of FFC 18 given

to The p 1'nf3ut‘ of- FFD+ The Pavallel Outprt data  CARcp)
ase token fhom the @ oputs of each Fr. The cLERR inpule

of dll the FRs am conpected 1 g'iound 'f;lrmugh The Mas’tes‘]
Reset  switch -

Plg | Ple 0 (artew ) Pl
:l’lmd ]P“} l J ) J N Rlvu”efo{p;
tsv = | = ; HHB)F}D
: fr : - B IR @iy ? p
T DFE T " PRE T OFF j
D 5 g 0 FAE 1P S T LA,
b R W e el | SR Tk | q§ l—q>cna )
1 [®) ! L '
; r Tcx r by (' Cor r[‘«r | TC»/
=. SRS ' ‘ < [o—
Clof-ﬁwt— . : | : | |
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