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DiGgITAL ELECTRONICS
Introduction

. I}iﬂital Electronics deals with the .sfud:j of discrete
electronic 5l'5nn.ls which have two Fﬁssihlt states :

0 (LOW) and 1 (HIGH).

* It uses digital circuits to process, store and transmit

data in the fnrm of hinnrﬂ l:l.u'ﬂH,‘s.

Features of Digital Electronics
Hiﬂh SFud operation

b

Hiﬂh accuracy and fclfa.bili{'ﬂ
Low power thSumFtiﬂn

Euaﬂ to store and process in_furmnﬁ:m

vodbod

Less affected bﬂ noise

Number System

1; BanrH Number S:fsf:em (Base-2)

e It uses only two diﬂi{:s : 0 and 1.

» Each position is o power of 2.

e Example : (1011), = 1x2%+ 0x2" + 1x2'+ 1x2
®« 8+ 02+ 1 =111,

3 1

oo - DM T ¢ R (R T

®



2. Decimal Number SHitr.rn ( Base-10)
¢ It uses ten digits : O to 9.
* Each position is o power of 10.
 Example : (345) = 3x10" + 4x10'+ 5x10°
- = 300 + 40 + 5 = (345),,
3. Hexadecimal Number Sﬁai‘:m ( Base-16)

o Tt uses |6 55mbnls : O to9 and A,B,C,D,E,F
(where A=10, B=ll, C=12, D=13, E= 14, F=15)
* Each position is a power of 16.
o Example : (2A), = 2x16' + 10x1¢” = 32+10= (42),,
4. Octal Number System (Base-8)
* It uses eight digits : 0 to 7.

e Each position is a power of 8.

* Example : (57), = Sug'+ 7x8% = 40+ 7 = (47),0

Conversions
Conversion Method
Eina.r:j «+ Decimal w:tﬂhfed method
Elim:u‘:l = Octal Gruuq: bits in 3's
Binary ¢ Hexadecimal | Group bits in &'s
ﬂn_ll:ulﬁ'lu — I}ui_mni Expand and convert
Decimal +— Others Eepeated division mmethod




inary Arithmetic

Einm'ﬂ Addition
A B Sum | Carry | Example : (lo11), + (1101),
0 0 0 (0]
5 . : 5 1ol |
+ | 10}
1 o 1 4] e
{ 1 . 1 | 1000

Einnrﬂ Subtraction

A B | Borrow | Difference Example : (1011}, - (0101),
gl o |l o 0
| = 1011
1 VR | L | T ~—0101
{ 4l g 0 —
| =| o110
0 N 1

1's Cmplement
' Replace 1 by 0 and 0 by 1.
Example : (10110) — (01001)

2's C.nmpl:me.nt
 Find 1's :nmpl-zmt.nt and add 1.
Example : (10110)
1's comp = (01001)
2's ecomp = (01001) +1 = (0l010)




Logic Gates

O,

Logic gates are the basic building blecks of digital ecircuits.

Tht‘.ﬂ Ft.r:Fm‘m lnﬂic.n.[ aFtraHans oM DOAE OF mMOre binnrﬂ inpuf.!.

to produce a s-l'nﬂlt. hinarﬁ output.
1. AND Gate

A ey
A ; 0 0 0

0 1 0
B e

| A T

e N e
Boolean Expression : Y= A-B

2. OR Gate

LAYLE o
A IV R
, L I 6

1 | (o] |
e ]\ T

Boolean Expression : Y= A+ B




| |

3. NOT Gate (Inverter)

ey

Boolean E:r.pressinn L Y= A

4. NAND QGote

e
i
i —

Boolean ExFrﬂssinn : Y= A-B

5. NOR QGate

A
Y
B

.Elnd-ltn.n Exl:.r'r'gﬁsfnn: Y

B |
oM
[
Al B Y
Fogll¥ o lit 1
o 1 1
i o 1
1 1 D
Al B[Y]
o| o 1
el L leg
W LA
PEDE:

Jr— T — - su—, —




XOR. Gate (Exclusive OR)

A B T
A o | o] o
T o . 1 -
B frul o 3
T
Boolean ExFrr_ssinn : Y= ADB = AB + AB
XNOR Gate (Exclusive NOR)
A B Y
A O 1 |
Y ) L
8 t et @
1 | 1

Boolean Expression : Y=A®B = AB + AB

Important Points
« NAND and NOR are universal ﬂ-nt:.s.

. ﬁlntl :h'ﬂi{‘u.l circuit can be implemented using ml: NAND
ﬂnl‘:s or mlj NOR ﬂm‘.’ts.




7.  Universal Gates in Detail @

1. NAND Gate as Universal Gate
L Anﬂ lnﬂ-ic circuit can be imFltm:ni:cd usfnﬂ unl:r NAND ﬂni:u-
« NOT, AND, OR can be realized usinﬂ NAND ﬂntu.

Realization usinﬂ NAND ﬂﬁicf
NOT Gate :

n_} Y=A
e

1 r O vw

_ K‘Eﬂ Point
| o MNAND 34{1: is called I'l-‘.;1-|"u:f]':l:'n-' Stroke ",




2. NOR Gate as Universal Gate 8.
. Fi.nﬂ {a-&ir. circuit can be imph:m:ntl:i u.s-inﬂ unl:.l NOR ﬂn.h.s. e
o NOT, AND, OR can be realized usl'nﬂ NOR Entzs. =
Rf_n.l.i zation wsi nﬂ HDR 3n.|:t i 1
NOT Gate : :
oty 5
OR QGate
A A
= A I =
3 i +B 3
0
AND Gate : _1
A j }D [~y
8 - [
Y=AB
Key Point '
* NOR gate is called “Peirce Arrew”. I
= = F




Bubbled Gates ©)

. small circle (bubble) at the output indicates complement.
. bubble ot the Input indicates the wvariable is mrnplr.m:n‘h.i-

wubbled ﬂND 2 E}uH:Lu:l OR 3 Bl.l.i‘!l‘-it-d. InFutS
NAND  Gate) (NOR Gate) (Input Complement)
| G_
i
O
B lwremal | A 3 =g i 8 e s
0 1 0 1 o | O 1
1 1 0 0 [ [ § 0
0 1 1 1o 0 180 0
1 0 1 o) 1 1 0
nportant

sbble can be moved across the ﬂnb: b:[ El:rnpi.-em:nﬂnﬂ the inFui:.-"'nui:Fut.

Uus  is u.s-t._ful. in 5i""'FL:]t'ji"ﬂ circuits.




d.

Doolean Algebra — Dasic

kl_li...l‘,l

Lows

. Commutative Laws

A+B=B+A , A:-B=B-A

Associative Laws

(A+B)Y+C = A+ (B+C)

(A-B)-C = A-(B-C)
Distributive Laws
A-{B+C) = A-B+ A-C
A+ (B-C) = (A+B)-(A+C)
Tdentity Laws

A+0=A ., A:-1=A
Null Laws

A+ =1 A-0=20
f:nmPL:menl' Laws

A+ A=1. A-A=0
Id.e.mFutent Laws

A+A = A A-A=A

(i)
(i)
(iii)
(iv)
(v)

- —. = — e S E o

Mote
These laws help in

_— e

sEmFlifﬂinﬂ Boolean
:xFﬂssians and duijninﬂ

:ﬁﬂi tal circuits.

]
N o T = R e e S

(o ————

. . S

—— . BN S




10. DBoolean ExFressinn & Sim!::-lifica.‘tiuﬂ ok,

Boolean E:tl:r'r‘tssinn is an ul&zl}ru.ic. axP'm:'.siun that
uses wvariables lnﬂic. nlueru.l'iuns ll:+, = f}.

E:lmmlz-l.t-' Y= ﬁE"'IB*‘ﬂE

Steps  for Sim!:llfic:l.ﬂnn :

1. Apply Beolean Algebra laws.

2. Combine similar terms.

3. Remove redundant terms.

4. Obtain simplest form.

Exanle : Simplify Y = A-B + A-B

Solution :

Y=AB+ A'B
=A-(B + B) [ Distributive Law ]
= A-1 [ Complement Law ]
= A
Im'{_mrfnn‘t .

e EEmFLificn{:inn reduces the number nf ﬂu.‘cts.

* Tt reduces cast, power Lunsumlﬂ.[nﬁ and delnﬂ-




Lombinational L-::aic L Arcults

he -n-u.'l:F-u.t nf a combinational cireuit d.tpr.nds anlu on

resent

inpuis.

here s no memory elerment .

ﬂEl:s :
alf Adder

=l

ull Adder
Fui: :
fj:u-.h I

% Sum (5)
} f:n.rr:l {E}

.Iﬁl, B', Cin {‘:ﬂ.'l'rﬂ in.]
Sum {5}, f.u.'r'rtr out {'l:nut}

e —

e

Full
Adder

— Summi(S)

—— Cout

y Point

_ombinational circuits are huild.inﬂ blocks n_f

ﬁ&iinl 5y stems .

A B Sum {5} Cm-ﬂ_.l I:C}
] ] ] O
0 1 i (o]
3 0 1 g
1 1 : 0 4 _1 o
A | BiCn .S [Cout]
i ] 0 ﬂ' ] ]
0] a 1 1 o
P [ vl
o | LalFtsuli oalet
i 0 Q 1 o
_ _1 L] _‘1 '5 1
1 1 Q0 0 1
i 1 1 1 1




13.

SE':': uential Circuits

®

- Suﬁl'unﬁul circuits are those circuits whose nu:l:Fut

depends on present input as well as Fn..'-i state .

L T h Eﬁ L'I. anE

memary element .

L ] Thtﬂ are built u.si.nﬂ f'.iF fLﬂFi or Llatches.

EDI'I"IFMLEGH. A

Sutur_ntlu.l Cireuits

Combinational Cireuits

'Du‘l'.Fui. J.EFEnds an Frtunt
in-F-u.”c. + F-ul: state .

Have memory element

ﬂ'u‘tput d.r_an-:ls unlﬂ on
F-fuent 'mFu.t-

Ma memery element .

Use fudbm:k .

Ne fud.hncl-c. :

Hﬂr‘ﬂ- i:ﬂﬂ"IFLI-I '

Less complex.

ExamE[es i Eeq'uenl:in.l Circuits :

—  Counters
— Diﬂﬂ:ﬂl Clack

IrnF_nr‘l.a.n‘l: :

- R:ﬂ-irtcrs
— loatches

— Sh i.f t Reﬂishr:

— Tirmers

—rf Stl'.ll.l.ﬂhtl G Er‘LEFﬂ.'I:EIi"E

FiiF F[qu and Latches are the basic huilﬂ.inﬂ

blocks nf all s:qur_rd:inl circuits




14. Latches and FliE Hn!:rs @‘
o |latches and Flii: Fl.nl:r!- are bistable multivibrators .

. Ti'l.e.ﬁ cann be in one -n-f twe stable states.

- Tht:j are wused to store 1 bit uf infurmu.ﬂun.

Difftranu between Latch and FliF FluF :

Latch

Fiir.- Fl.up

level sensitive device.

Eiﬂu *.ri.ﬂﬂ!.fcd. device .

inFut is active .

ﬂl.l'i:Fu.‘L Ehﬂﬂﬂu- as lﬂﬂﬂ ak ﬂ"l-:.tPlA'li ﬂl‘hﬂ.ﬂﬂ;!_"i. ﬂl‘"ll.ﬁ I't

the {:riﬂszrlnﬂ tdﬁr_-

Simpi-r. and fu.star-

Mare f.urnplr,x A

Jsed in us:lnc.hr:mnui circuits Used in sun:.hrnru:us circuts .
Characteristics
1. Twe stable states — O and 1

e

Rermember :

Lateh — Traﬂ:.l:n.r

Corn stere 1 bit n"l'. dota .
Curﬂpl:rﬂ:ninru nu.tp-.s.ts I:Q arved E:I

Built I.-I-J-i-ﬂﬂ fe:di:m:.h.

ent (level sensitive)

FI.EI:- Fl-n]: - E.:laa Tfiﬂﬂere.:i {r':sina ar f-u.l.linﬂ ed.az‘}




Tq!:ne.s O‘F F I.LE F E.DEE @
3 Flnp& are :.la.ssi.fi:d. on the basis o:f inFu'l.s :
SR FI.EI:- Fl.np 2. JK Flip FI.nF 3.D FI.-'.F F|.a|:- 4. T FU.F Fl.ul:-

parison  Table :

THF‘ Inp-u.h Characteristic
4 Fl.iJ: H.nF 5 {5:1:}, R {Rusat]l EImPiut fl.lP -ILnF, but has invalid state.
K. Fl.l.i:l Fl.l:tF I, K ImFruﬂd SR fl,ip 'HHF, ne invalid state.
Flil:- Flop D {Dntn.} No invalid state, used in registers .

T=0—= No I:hu.nﬂt.

FLiF Fl.uF a5 {Tnﬂﬂlt.} T TusaL,.

th  Table Summu.rﬂ {Ehn.ra-r.t:ﬁsﬁr:. E:lua.‘tinn)

B iong | Elaractoniie: JEauabion Bt
SR Quey = S+R-Q, (S5:R=0) -SR___JVI,;_P flop has
TK Qo = TQ, + K&, one invalid state
D Gr = D (5=1, R=1},
Qo = 1.8 Q,




16.

It has twe inpwt:l- :

It is the simplest flip flop.
S (Set) and R (Reset),
It can be implemented using cross coupled NOR gates.

R
Sogas
| E_EFLu.nﬂ.‘f‘.i.nn
|le 521, Ru0
o SWiD w4
s S5 =0 R=0
| lsis= goopad

-

SR _Flip Flep (NOR based)

a
5 R Q“H E,H.; Dp-:rn*.iun
0|0 @ | @ | NoChange
(8] | (8] 1 | Reset

- il ol alio Set

& | |
1 i - - | Tnvalid

Im!:clr’l'.unt Paints :
[P, * Avoid invalid state (Se1, R=1),

Reset — Q=10 :
|

Mo c.hn.nﬂr_
Irvalid (both cutputs 0) '

MOR iMFL: mentotion s

active hiﬂh-

Used in 5i.m|:r1.r_ memary

app Lications .




It is an imFrMmgnt -ﬂ:ih SR, fliP fl-nl:
It has no invalid state.
It is i.mF-lcmr_niad uiina CFOSS c.-nu.FLtd. NAND ﬂn.i:zs.

J- ﬁ JK FI.I.F F[uf )
) K [ &, Operation
_ﬂ _D | Q. . Ne Gi-u.ngt
0 1 | 0 Reset
T 1 ] | | Set
K —— @ T
1 i l Q“ Tuaﬂl.:.

C]ﬂn.rn.c.ttriiﬁc. E:Lun.ﬁun H

K:ﬂ Points :

e JT=1, K=1 — Tnﬂﬂlt 'f':ha.nﬂts state ) .
# Mo irvalid state.
] "I.l'rg:r'::l uitful- in counters and centrol circuits.

« MNAND imrl:mtntu.tim is active Llow.

- oa




pe In]:u.ts Cirewit Used Sluf.i,n.l. Feature Characteristic Eo‘un.i.lnn
3 < R NOR  (active hu.ﬂh]l Simrltst, !::I_"'_i_1 = 5+ R-Q,
' or NAND (active low)| has invalid state (5-R = 0)
- T K NAND Ne invalid state, Q L J’ﬁ + EQ
LR L3 Lt
; y {:u:.tl'u't Lows } hﬂﬂiﬁ operation
D NAND No invalid state, G.,..H - D
wsed in rtﬂish.rs
| T NAND T"?l_ﬂ"‘ pohan Baa= T 80
= 1
| —

cam Tip (DSSSB_TGT CS) :

Know truth table and characteristic t-qrud:l'.imt af all fLiF fl..dl}.s..

Remember invalid state -u'f SR fitF flnF-
Understand H.i.f-ftrtnu betwseen level iriﬂﬂar:d Latch and

ﬁd’.ﬂc lr'l.ﬂf'l.-.r:d. fLF fLﬂF.

Practice conversion nf one fLF anF te another.




19. D Flip Flop

e Tt s a data {d.tl.uﬂj flip flep.

e It has sim.ﬂh input D (Data).

* QOutput follows the input at the active edge n{ clock .
* It has no invalid state.

. Imrlr.m:nl:ul using two cross i:nu.l;tE.t:l NAND gates .

J
b = Y
CLK —l—
L £ — q
Truth Tu.l::le. : I {:Llﬂ-l'ﬂ.l;*.l.risl:i:. Ec!un.ﬁnn - :
D Q, ﬂn+1 Drtmﬁnn G,.,_.” = D :
¢ o i 2 e I{E.H Points :
_i - 3 e Reset * D=0 — Reset
1 0 1 Set = D=1 = Set
| i | Cet #  All invalid states are eliminaked.

# Used in raﬂistr.rs and.
shift resi.:l:tr:..




20. T Flip Flop
» I'; s a hﬂﬂLﬂ fLF
e It has a'.inﬂll!. i.rl.l:u.t

¥

i3

e TaD — No :hnnsn in  state .
¢ T=1 — Toggle the state (0 e 1),
L] Imlzlt.mm{.t.-nl usiﬂﬂ JK fLF fLu? L:I :‘.umtt.ﬂnﬂ I = K =T,

J

=y

CLK l

>

[
(]

— Q

K
Truth Table -
T @, | @.,, | Operation
o | o | o [ No Change
AmE T s
2 b5 1 Togge
1 | o Tufrualt

| Characteristic Equation :

Q.. =TeQq,

HEH Points :
T=0 — Held

T=1 — Tﬂﬁﬂh
Used in counters and

-frr.riu:m'.ﬂ dividers .




Excitation Tables o-f FL?.F Fla!:us @

xeitation table shows the r-aq.u.irr.d. 3.n|:u.ts fn-r
desired state transition.

R Flp Flop 2. JK Flip Flop
G 5 R & | G dlt T
0 0 X 0 0 0 X
1 1 0 0 1 1 X
0 0 1 1 0 X 1
1 X 0 i 1 X 0
v Dk Lars X = Dalk Core
FLF FlaF &7 FLF Fl.nF {_R:,...,_;l,!:- _ =
Covs | D G "G T (Ui e
0 0 0 0 0 i Gl oy
| 1 0 | 1 L et
0 0 1 0 1 i Flip Flop
: i 5 1 0 : eircuit .




22. Half Adder

. A |ﬂm.|.f adder adds twe 1-bit numbers.
* It has twe nputs (A,B) and twe outputs {Su.rn.{:w-ru).

s Tt does not consider carry -fﬂ:rrn previous 54;0.31-

Luﬂir. Dia.ﬂrm : Truth Table :
A A E 5um {5} 'Cﬁl"‘u {":}
I;DDD-—-—— Sum (5) ¢ | o 0 0
B:—t 0 1 i 0
1 L] 1 0
L] p—— Camy (0 .t s 0 1
Boolean Ehpﬂ:ssluns : ImFLf.mr.nl:nl:Enn ;
S= ABB 1 XOR Gate -_fnr Sum
C= A.B 1 AND Gate fn-r En.rrﬂ_

Impnrl'.u.nt :

Hn.f.{ adder iz used in LSB siu.ﬂn ﬂ'f an adder.




23. Full Adder

« A full. adder adds three 1-bit numbers.
* Inputs : A B and Carry in )

* Outputs : Sum (5) and Carry out LC i)
Lnﬂic ﬂinﬂrn.m :

i Sum (5
B Az
Eiﬂ }' il ﬁD_

L1:‘/L‘ _D:)—- Cout

Truth Table :

Al B G, | Sum(S) | Cos Boolean Expressions :

o| 0| O o o =

o| o 1 1 0 _5_=_ o ‘
o 1 Q 1 Q == -

ol 1] 1 0 1 Cout = AB + BC, + AG,
1| 0] O i | 0

P Tl i

ybiea: | q 1 : Full adder is used in all

|

stn&u t.:-:upt LSE .




Hml.f Subtractor @

lw.l-_f subtractor F:rfw-u subtraction o-I two 1-bit numbers.
has twe mFui:.; {ﬁ. . Minuend , B : Euhl:rnhmd]
iFu.I:s : I}Lfftrmu (D) and Borrow (BM‘:}

Dinﬂ'mm :
%

D* Difference (D) Trath Table :

: NEAR

0 0 i)

r A BT T 0

(2] |

il u.t

—

solean E?LFT'-E.ESL'DH-E s

‘D=H$E‘ ‘Bm=.ﬂ.-

==}

Euri:mi: f

TDwW OCCWrs ﬂl'l.l..ﬂ HI'I.EI'I.. A = EI II.I'I.J. E — i

—



25. Full Subtractor @

s A ful.l. subtractor subtracts three 1-bit numbers.
. InFu.l::- A {Mmu-:nd.::l, B {Suhl;rnhmi} - Bix {BWTW ""‘)
. ﬂui‘.Fu‘ts 5 I}iffl.rt.nc!:- (D) 2 Borrow out {Bm‘t}

Luﬂir. Dinﬂru.m :

g ] __D D__. Difference (D)
Bin _Dﬂ—' Borrow eut (Bout)

Y
Y

=

Truth Table :

Al B [Ba] D [ Bus Boolean Expressions :

0O 0 La) o (]

T Y 1 _D_ " EB S ‘

YN E TN 1 = =

2 o Ty il (T B.. = AB + AB.. + B B
EWNTARGEEE

WECN 0 i Important :

£l 47 e B % 0 | Bl aalileackes e el

T e N i | sublraction of multi-bit numbers.




26.

Ri.!:!:rh. 2 Ca.rrﬁ Adder (RCA)

= It is a combinational circuit that adds
o It is fnrm«r.d. EH m:ndinﬂ 'l:n} fuu. adders .

L] c-n.'r“ru ﬂl-l.t .‘f ok Etlﬁl hﬁmﬂ“ tm'ﬂ_ i.l'l.. ﬂf Mﬂ.i -Eltﬂ-ﬁﬁ =
4 -Bit R:.F?Lt Cu.rrﬂ Adder :

multi- bit numbers .

A; B, A, B, A, B, A, B,
FA FA FA FA -r——ca
— =
= i i ]
53 5?_ 51 -Sﬂ
Truth Table (1-bit Full Adder) :
& B |G| SimiS) |G Features
(o} o 0 0 o " Simlﬂ.t to d.nslﬂn-
2 g ! 1 o * Uses n full adders
A - e | for n-bit addition,
_':: ; ; T ; L l:m-r:} riFFL:.i. frﬂm
LSB teo MSB.
1 #] 1 L] b |
1 1_ e L] o | | Note -
1 1 1 1 1

RCA s uid.u.l.ﬂ used in




7. Dr.l.a.ﬂ in Ri.ﬂ::le Cn.rrﬂ Adder @

 In RCA, carry has to propagate through all stages.
' -nurt.f-nrt., J:J.nﬂ increases with number :r_f bits

ﬂ.d.dt‘r'.'.i I.-I.h'.t 'I:-ﬂ.l"l"ﬂ Lﬂﬂk

or n-bit RCA, Ahead Adder are wsed.

A is AT B DSSS1 S
)e_:a_ﬁ nalysis i Impmt qu DSSSB TET 5
e
' | * RCA s easy but slow ]t""r
t — OfE l.l..u. ﬂ..d..dﬂf H
rx = Delay of f | large number of bits.
t, = Emﬂ Frupnﬂn‘:mn J-tla-ﬂ |* To-radack de._l_ﬂ_ﬁ advanced
tE = Su,m {KDE} d.-'l'-lnﬂl-:j :
|
'|.\,

={n1]t + by

‘1-!'.&1'.«!'. J.el.u.u == 48 {Linﬁm‘lﬁ Pr:q:or{'mnnj. to number nf hiﬁa}

E:nmpl.c :
or 4-bit adder, For &-bit adder,

Tea = 3t + tsj Toa = Tt + 15
H‘ﬂ Point :

Dg]_.nﬂ nf BCA increases linwl.:j with Aumber nf bits .



28. Carry Look Ahead Adder (CLA)

L CLA I'tdLl..l'.'.lS tt'l.l dﬁLﬂ.:j L::I cnmpuﬁﬂﬂ l.'..ﬂ.'l"'l"tl i.!'l.. ad.vmu.

o It uses Generate (G) and PmF-u.ﬁu:l:e (P) slsm:-ls.
Definitions :

Pﬁ:Fﬂ.ﬂntﬂ i FE = FI.; & Ei. EI{ F='1, carry will be Fmpnﬂn.hd}
Generate - G; = i'!'ii - B; - {If G= 1., :u.'r'ru will be ﬂmt'r‘n.&i}
':“""tl Equations : ‘ Civs = Gi + P+ C; |

4-Bit CLA Structuree :

Aa B‘& A; B; |ﬂ|| .E‘| Aﬂ Bn
4 } | { l | { !
PP G| [P G F G Po Go
I | o Ir '
Cout — Cnrrﬁ Lock Ahead Lnﬂi.r. ——
[ Sum, | Sums Sum, | Sumo
Advantages : u Key Point :
¢ Faster than RCA. ' CLA reduces dtln-ﬁ to
- El;I-I'TII:! is calculoted in Fn.ru-.u:l. | & Lﬂﬂ““lth"".“:- or constant

# Used in Hﬂh s.F-,-.ul ALU and processors . Level {1ﬂﬂl-tptﬂd-&ﬁt ﬂf n:l-




23 5 Eﬂﬂ"l‘Pﬂ.‘I' E.EU!"I. ﬂf Ad.d.!.‘l'&

Parameter

Ripplt Cu-rrs Adder (RCA)

Carry Look Ahead Adder (CLA)

Techni fue

{:nrr:j -rLFFLH f-rnm
LSE to MSB

Enrr‘H -:-anutHi. in n.-iwnl:t.
using P and G

No. of Full Adders

n

n {F[u.s look ahead Lnﬂu:.} .

Speed Slow {D‘I“H o< n) Fast {]:k!,u.u = c.nnsl:mqt,l"Lnsn}
I Hardware Less hardware More hardware
Complexity Simple More camplex
e st More
(= Ussd ;ﬁ il f_ientml. F“"‘F";* } _Hisl-r;__r.pu_d ALU,
small  systems Microprocessors
Summar

— RCA s :imph. and economical but slow.
— (CLA LS fu._f..l. but hardware is more .

—  For hiﬂh :-Fr.f.d. n.FFumti.nns CLA iz ]:lﬂ'.ftrrr.ci.




T

Circuit Inpu.h ﬂu.i:puh Boolean E::Ffu:-lnnl Lsed For
gk | Ao | Swgey| 2T 200 Addition of tuweo
C = A-B 1-bit Aumbers
2 5= A®aBaC, Addition of three
lchddar. ([FA BB | Swmy Sl o KB e | wEkE s
alf Subbractor [ A, B o SO (R o
Boi = A B {-bit numbers
PRI BN U I i e i S
r .B,u“_t = .A.E -+ AB;.H + E:Einl 1-bit numbers
A
CA (n-hit) |8 c Sa-i.e) Caut | Slow (Delay e n) General addition
| n=1,,0p R .
| |
LA (n-bit) ]E""' "'C_ Sact o) Cout | Fast (Delay = constant) | High speed additi
=18 L1

Exos. Tip (DSSSB TGT €5) :

* Learn truth tables and charackeristic ¢1u-u.‘t.:.m_'i. af all eirewts

* Und.l‘.r:ﬁmﬂ. H"rb d.f.ffi:rm hﬂthl“l\ ri?rlrﬂ MI"‘FH 'F-ﬂd. LWk- ﬂ.l'lﬁﬂrd. n.d.-:l.-:r:--

% Practice thh.-ms on adders and subtractors .




31. Minimization ﬂf- Boolean Expressions

u.si.nﬂ K-MnFE. ':Km'nau.ﬁ'h Mn!:s}

- K"mF " 5ra.P|\i:n.|. mebthod used *to minimize Boolean

r_xl:ra_'.sinn.s 1

s Tt Fruuidts simFlifiuﬂ. SOP (Sum nf Prnd.u:ts} or
POS {Frndu.ct n'f S-um:l] 'fo'l"rn
« It 1'|.-I'.LPE te reduce the number n'f ﬂn.‘tu, cost and

I:nu-t_'l‘ -I:DI'I.S-I.I.I'HFti.ﬂ‘H. -

- E—mn.F i aFFli.c.nbLa f-m' wp te 4 wariables {15 -:.l.-.l.l.s:l'.

Ad.wun‘l:nat.:

—+ Simple and systematic

Fewer _'.’c.-t.Fs than n.l.s-u.l:w-n.l-:. metheod
Eﬂiﬁ te handle den't care conditions

Gl'lﬂ:_‘ minimal :.J:Frl.-_:.!.i.un d.i.rtt’l‘.l.l:j

R

Important Points :

.'“h:ljn.unt cells d.i.ffe-r v unl:‘ one variable

Corners are adjacent te each other

Group sizes must be 1, 2, 4, 8, 16 ... (power of 2},
Use as I.u.rﬁ: groups as F-u-::.ii:L-u.-..

& W ke

Gn:ul:s may mrLuF but no cell can be l.-r_ft unused .

G |




32. K-Map for Two Variables

1. K-Map Struckure :

o B 1 Cell MNumbering :
ol ~ o AB
= e m, = AB
1 "':: "y m: = ABR'
= my = AB

2. EumFE:. ; ElmFLifE F(A,B) = Im(0, 2, 3)

S—“’P 1 : Place 1's in H.-mn.F

B B
A G 1
O 1 o
1 1 1
Groups
e [mg, my) — B Simplified Expression :

= ma) o A F=53+A

LE : ﬂd.ljn.mt cells are u:r‘t:.:nlltd or huri.:nn.tn.l.l.:l.

E.nl‘n:.r.l. are nl.su n.d,jn.-c.-:nt

M

I




@

K-Map for Three WVariables
:"Hn.F Structure :
Cell Numb-er[nﬂ {.ﬂccirﬂ.nl to Blmnr:jjl "
BC
MO0 oL it 1 me = 000 = AB'C
m = 001 = AB'C
o} Mg My My My m; = 010 = A'BC’
1 m m M o Mol Tl
]
ks 2 = ¢ me = 100 = AB'C'
ms; = 101 = AB'C
me = 110 = ABL’
m, = 111 = ABC
:xanh ; SEMFI.LfH FCA,B,C) = Im(0,1,2,5,6,7F)
1: Fl F:—m-n.F- 5;!:5’! 2 : Make qrowps
BC BC
(8] 0] 01 11 10 A . Q0 01 11 10
1 1 o 1 1 1 ‘ o I 1
0 1 1 1 l 0 (1 [ o T
e

r.'l'l'ln 5 "'H.} — ﬁIBr
(ma, ma) — BC’
{l’l‘l‘ ] MT.} .4 .A":

Fﬂ:"l‘lhl" :

S-imF Lifin:d E:Fr.u.:r.inn_:. :

F= AR + BC' + AC

Use 1.-:;:-3:5‘: Fm-:i.hll. groups to 3:\‘: minimum  terms




34. K-Map for Four Variables

G bR P:"HEF Structure

D Row & Column Order
AB 00 o1 11 10 (Gray Code)
o T =t 8, 0o, 01, 11, 10
gL el | el e | e
11 Mz | Mz | Mis | Mg
10 | ms I Dol B

| Quick View gf ﬁdjﬁﬂu

- ]

2. Important Note :
. CIFFmitz edges are adjacent. =

* Carners ore adjacent
o Tokal eells = 1&
. GrﬂuF size = 1, 2, %, 8, 16

+ 3

Hzmnrq_Tr:.:k'. Think nf K—mn.lz- as: o torwus I::I..r,mu’t.:l.
Lu.f‘l: is nd.jm:tnt to riﬂl-n.’t., top is nil.jnﬂtnt to bottom .

|




5. Example of 4-Variable K-Map @9

Exq.mFl-:. :
SI:::F- i: Fl H-mnr
cDh

AR (#]0] 11 = 10
o i (4] i
U S
01 0 4] 1
11 O 4] i
10 B a 1

; WHFE Fﬂfml.d.- :

:i} {mﬁ y TR, PO, ﬁ'lg] S B'DI

.3:-; {Hl!

3 (ms,

4 (s,

LF :

me, Mo, m4) —+ BD'
m3)] — A'CD
mis) — ABC

Simplify F(A,B,C,D) = Im{0,1,2,5,6,8,9,10,14, 15)

f_n’u.F 2 ¢ Make qroups

AB

[ ]¥]
L] ]

ol

11

10

5 imp'.lfl:d E :-‘.Fr-:-&:inn:- '

F=R8D + BD + ACD + ABC ]

Tru d.iffertnt ﬂrmFi.nﬂs to su.t minimum  number of terms

Above thr:Hinn has % terms which is minimal

Batch 6
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Don't Care Conditions in K—Ma!:

'-'nn.'t COTE ‘t’ﬁl"ﬂ'li I::':'} can, tﬂh"l- "il'ﬂl.'hl.l- ﬂ or 1 Hhiil‘i:‘lﬂll" I"'I.ll-Fi

o mi.nilrn'.z.l:. tl'u:. l:.:l:l:l-rrJ..ii.-nn..

-I'it-!j e Hi:d. to ﬂ\ﬂ-hll.‘. t-ﬂ-l"&ll" ﬂfﬁuFi.

|F|.-I.‘. :
1 : Fl K"mF 'EK f-:rr' den't i:.-n.r::]
BC
o0 01 11 10
x i x 1
(] 1 1 4
+ -

I:F"'ln,'r'l‘u:' —- AR {uﬁn& X% at m.gJ

|:""1..""'=|-} — E'c-r

|:m=' “"I-:p} — A'D {ul-iﬂ-& ¥ oat M.g.}

.y Point
e don't care terms +o f-nrrﬂ. the Ln.rﬂas-t Fnaiihh qroups .

leads te minimum 3n’c.u auruel. !i.i.r'r'l.Fl.t'r' cirewits |

Step

A

Simplify F(A,B,C) = Zm(1,2,5,7), d = Zd(0,3,6)

2 : Make groups wsing X

BC 00

01

e 4

o

11

10

e ———

i

),

1

Elml:rl-ifi:ﬂ. Ex Eirl::-s'l.nru- :

F=AB + BC' + A'C




37. Grnuph‘uﬂ in K—Mn!:-s @

. 'Grnrups {iw-ps} are formed to eliminate variables .

e A wvalid group must contain un[.s 1's (or X's).

» GrnuF size must be 1, &, 4. 8. 16 ... {anar nf E}-
*  Make largest peossible groups first .

1- T':IFQE nf Grnu.Ps =

1 Cell 2 Cells & Cells 8 Cells 16 Cells

i e
1 v | » O - | 1 p | 1 i

1|1 |4 A

i x Y I 1l I

2. Rules fnr GrnuFinﬂ % ' e

* Groups can overlap.

« A cell may be included in more than one group.

e Use don't care (X) to f-n-r-m I.-uu-ﬂr_r groups .

*  After making groups, write the simplified expression .

Iml:_rnriunt -
Minimum number of literals =+ Minimum cost, power and :l.-:l.nﬁ




8. Essential Prime Im!:«lif;cmts (EPIE}

A prime impl.i.r:-nnt that covers at

least ome 1 which s not

covered EH any other I:rim:. i.ml:iicant is called Essential

Prime Implu'.:u.nt :

EPIE H'I.I.I.E-t- I}E. inr.lu.d.-nd. :.l'\. tl".t f;l'l.ﬂ..l. I.'E.FI"EE-E-EHH. .

:anlt. : Minimize F(A,B,C) =

tEF 1. i K " HEF

BC
£ o0 ot 11 10
— =
0 0 | | 1} 0
' i
1 0 | 1 Li || o
o, —_—

“‘.:I: v Grnl.r.l:ns { Prime IMPRCMH}

BC
00 o1 11 10

[T e
L el

i:zr-. & fﬂﬂ‘l) is covered -a:ml.u.‘ E:H B'C
Cell m¥ {1”.} is covered hH bodk.
=¢ Both PI, and PI, are essential

e — —

Im(1,3,7)

Pri.mu. IMFL;.E.H.H‘E.E :
PL,. = BC
PI, = AC

3 : Essentiol Prime ImFI,Lc_n.n.h
Frime (01) are essential.

SlmFﬂfE:d E:Fuﬁinn s |_F = B'C +AC

St




More Exn.m!}le.ﬁ

nple 1 F(A,B,C) = Zm(0,1,2,5,6,7)

1 : K-Map
BC Gmup: and Terms :
Q0 01 11 10 G, '[*-H'F' e iy op
) 1 O G, (eolumns 11 & 10) = B
1 0 1 4 1 Gy (bottem rew, 11 & 10) — A
Gy, ( column 01) I:Fn.ir:) — BR'C
2 Gr‘ﬂ-ups
BC Simpllfi.-ed. Expressions :
(#]0] 01 10 . :
= F=A+«B+A«+BC|
) 2 [ 1 | 1) A+ B

| T H \i 1 || ((A+A =1 cbsorbed by A"+ B) |

mple 2 : F(A,B,C,D) = ZIm(0,2,5,7, 8, 10, 13, 15)

WEr .F = -ﬁigl - BD- . E\.Il: 4 E

(Trﬂ on your awn}




40. POS (Prndur.t o:F Sumsj usi.nﬂ K-an

* For POS form, group the O's instead of 1's.
o The groups are used te obtain sum terms .
e The :F-'.nu.l. expression is Frmim:t a:f sum terms .

E:nml:rif. : SEMFlifH F(ﬂ,E} = HHEU, 2}
( Maxterms O and 2)

Step 1 © Mark 0's in K-Map

E SEEFE. GI"DHI:I 'ﬂr!
0 1 k
A 0 i
0 0 i A |—
a2 o [[0]]
i o0 i 1 0 l 1

The group  Covers A f_a'mr.c. A=0 in srnu.r.}}

POS ExFrr_sai_nn ' | F = I:Pl.:]'_l

i Note : For POS, use (unrlnhlu::] when cell has O
| and (variable') when cell has 1 in the group .




1 CUHSEHSUE ']—HEEFFEH'I & K = Mﬂ-F

Consensus |heorem :
AB + A'C + BC = AB + A'C
{The term BC is redundant and can be removed. )

. Us i.rlﬂ kK-M ap
Redundant terms appear due to uvarLa.FFinﬂ groups .
Remove the group which is rnot essential

.-xu.mlalt. : F{A..E, E} = AB + AC + BC
tep ¢ B K-an

o E.I;:F 2 Gruqu
A 00 a1 13 A Grnup 1 — AB
Q0 o ? [ | ] 1 G'ruup 2 - AC
LRSS = — e Group 3 = BC
OOl L T 5 T | 0
S — (G-rvn-u.F 3 LS radunJ.nnl:'

esult BH Consensus Theorem, remove BC .
SEmpﬂfi.ui E:Frtssiun; : | F= AB + A'C

Impnrtnn’f. : K-Mu.F n-utumntitnllﬂ removes redundant terms
i.f groups aore selected Frnrnrl:l ;

Batch 7 : Pages 37 - 42
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Neutral & S E.Lf -Dual Functions @

Jeutral Functions
Y fun.:.t-lu-n s newtral i.f it is indtptﬂd.tﬂl nf one or more variables
t behaves Llike a fn.m::ﬂnn wiikh ftwu- variables .

mFLt : F(A,B,C) = A+ B {Ind.ﬂfbr.nd.:nt -Df C)
Fitw 97D s 1,IF=A+BJ

SEI.:F—Du.n.I. Funetions
. fum:’f.lnn L5 ulf—d.u.nl l_f its dual s eﬂunl to ks t-anantnt
Ij: F is a fl.i-n.l;tinn. its dual Fd is obtained I.'lﬂ in‘l:crchnnﬂhﬂ.ﬂ

+ and ., and O and 1

Self-dual if F* = F' Properties :

mple : F(A,B) = A& B * Parity functions are
of F: F® = AB + A'B self-dual

slement of F i F' = (A@B) = AB + A'R' * NAND and NOR are
= F is self-dual . not  self-dual .

::xm TLP (DSSS5B TGT CS) :

Learn definitions with examples.

Id.-nrﬂ:i.fﬂ variables on which fum;’tin-ﬁ. s ind-:l:r:n:l:nt
Proctice jli.nd.ina dual and w.ri_fuinﬁ au.lf—d.unlltu ;




43. Realization ui Boolean Expressi-:-ns

- A Boolean expression  can be realized {implﬁmnﬁd] unin«s

logic gates.
*  Steps to realize any Boolean ecxpression -
1. Simplify the expression (using K-map / Boolean algebra).
2 Use basic gates (AND, OR, NOT) to implement
3. Draw the lagic diagram
Example : Realize F(A,B,C) = A'B + BC + A'C’

Step 1 - SlmPLL_fH using K =map

Grﬁﬂpi .
BC ; . =
A oo o1 11 10 o (AB) ~— pair (m,, Wi)
167 : : = « (BC) — pair (my. m7)
F 3 ' = (AC) — pair (mg, my)
1 1 O i o
SimFL:ﬁei EuFrtssiun } [ F = AB + BC + AL

Step 2 ¢ Logic Diagram

F- — f ]EI

B

5 = T e

A [ >e ; M
; [>e




4. Don't Care Conditions - More Exa.m!:lts

cample 1 : F(A,B,C) = Im(1,2,5) , d = £d4(0,3,7)

55;? 2 Make growps (use X)

BC BC
1 00 01 11 10 " 0o 01 11 10
AghCe L L ¥ o |G )|(x | %)
1 o o 1 X 1 o 0 [k‘_ ;|
WErLLEEN. fuﬁntd. ' SimPLi.f;.:d E:ll:l:lrt!:i'.uns -
Grn-u.P—'l. - {1,3) — AC -
Group-2 : (5,7) — AC B MR AR
r.n-ntph'. 2: FCAB.CY = Zmf{0,2,.%4,6) ., d= Ed{(1,3.5.7)
&p 4 5 K—ﬂu:l,F wiiklh X
BC St_cf_m 2 Gr‘nupl (8-cell ﬂ.l‘ﬂupj
A oo o1 11 10 _ oo o1 11 10
o 1 x X 1 1 X
1 1 k4 A 1 : i x

Su.mFLL:F'-.-:d. E:I'.F-Tl::.‘.li.ﬂﬂ 1 | F = 1 {ALL cells m'-.rcr:i}

T_Lg : Don't care terms are used to fn-rm lm'ﬂer groups and




. Hazard in Combinational Circuits

Hl;l.:purd. iz @ t-lrnl:mru.r_u wniwanked u-u..l.l‘.l:ru.t d!.n.nﬂ: when i.nl:luh
t.l‘l..d.nﬂﬂ
It occurs due teo d.i.ffurtni prﬁpﬁ.ﬂni-i.mt d.l.l.n.ﬁ,ﬁ in d-.-'.f_f'arlnt F-nl:hi
T-l__:h-njs gf Hazards :
Static Hazard - Dl.-.ip-uh should remain 1 (or 0) but :hﬂnsu
mnmunl:.nriLu.
D:jnu.mi.-:. Hazard - ﬂ'utput showld :hn.nﬂa once but -:Iu.nau
ntul.l'.'ul:rlt times
ample - Static-1 Hazard
metion F(A,B.C) = A'B + AR
LR i.nFut d\.ﬂ.nﬂ:: frnm [ARY = {‘:I,I.:l to {1.,":'] with © = 1

ek (Two-Level SOP)

i Dﬁ [:DD_ New Function
Sika = R

— E:M:dg : Add consensus term AR

L

AR

Important for DS55B TGT C3) :
Hazards occcur in multi-level circuits and u.ff:nl'. rtLi-u]:-ﬂLtH_.

A i w s ¥ » F LY B a i M




-

Hu'.l:i.Pln:tr selects one nf many i.ﬁFHl'.I and directs it to the nul:pu.l..

A 1‘ H i Mu}: hﬂ: 2" ‘;.H'P'Ll.tﬁ ¥ (28 .'IEI.IEE I.inu EI.FI.d. OuE ﬂl.l.trl.l.‘l =

& 1 q Hu.l.ti.pL:zl:r

L4

1 Ffud 4

| 46 Mu[.‘i‘.i.!:llaxe.rs I:D'u.tu. Sr.i.ec‘tnrsj

I = S, Se Y (Output)
| e 41 4] (] i
o MUk =9 o I,
g T N
5¢ Se (Saluct Lines) =
Lnﬁi.-r. Dtn.ﬂru.rn nf 4 : 4 TMUX]
5
- EuTI Applications :
b E‘II ,au. = Data rﬂﬁmﬂ_
| P8 L D - :D ®  Communication :!-:F!.E:rn:l
) A 1 - Im'l:rl-urrl.:n'ﬁns 1.‘.13“'.
i ——D,_ = oy funn:ti.m:t
L #* - .-.._ -D-




7. DEH‘LuLti.FI:.E.!‘.E.I‘E (Dﬂ.‘i‘.n I:lis‘tri.hutnrsj

D‘-EmuLl:LFLr_'rr.tr roubes one i.nl:lu.t. bo one uf many ul.l.tlz-u.’:.s
A 1: 2" DEMUX has cone ian.I:. n select lines and 2" -nwl:fnuti
] Du.muL';i.Pl::tr

|y _51 Sa . Outputs (only one is 1) 1|
4:4 Ti ﬂ G 'fn‘D' Y*'Y:-‘T‘?-ﬂ
DEHU.:\' T 0 Tl| = DI T‘ = T! = "'Fl =
2
_.-Tﬂ' 1 o Tl - Dr Tﬂ - T| = T’_ = 0O
i LT 1 e e T gD
5, S

gie DLn-srnm nf 1 : 4 /DEMUX;

A.FFLL:ﬁ.ti.nM :
Data distribution
- Hﬂmrﬂ J.t-r.‘;n—dinﬂ

e Communicaktion

s

Nete : MUY —» HM& te One DEMUX — One to HMH




Eﬁ.l.‘.ﬂd.!l'! ﬂ.l'l.li DEL‘.ﬂdE‘I"’S

. 2 Encoder

Y
3 q:2 (Ms8)

—J Encod
_ ncoder Y.

[LSB)

th Table (Assume one ingub is 1 at a time)

(BT | b e : A |
) O O 1 | L} a
] 4] i Q0 | D_ i
] 1 Lo o] 1 ]
| ] o] Q i i

cakions K:uhurd encoder Frirrila encader,
Daka mlnpﬂ;l;lﬂn. Iﬂh:rﬂnpl: eonbrol

Frcoders —— Many te Few

2 : & Decoder

- Y,

A a1
(s8] 2. 4 —=Y}

o Decader - Y,
[L5RB) T_,
Truth Table

A B Ta b b i Ta
o | o 1 L Q O
o 0 i 0 o]
i (] o | o
i 0 o o 1

Address d.und:.ﬂﬂ

Decoders —* Few te Many




49,

Prinri.l:ﬂ Encoders

In normal encoder | if more than one i.nF-ul'. iz 1 ot o time,
khe uu‘:Ful'. combination s inwvalid

-Prinri.ltﬂ encoder n.t:i.-ﬂn:l- o {i.:l:lll:l Fri.uri.l'.u ko i.nl:lu.lti..
The input writh Highﬁl: prierity fhig'lﬂ-nt order) is encoded .

E:wn:n.lzl.t. g 4 = F Fri.nrri!:nd Enr:.m:l.l:r {IJ hr.ﬂl‘\.“i Fri.nrH:H}

Lu-ﬂi.-: Dﬁ.a.sﬂn.m ¥
I, LI“.—--1 rD_ Priu-ri.I:H Ordar :
II = E}; _ il — IJ > Il - Il. E Iﬂ-
Iﬂ. = j — i (Hi.ﬂlu.r index =
. [ ¥ ] };,_
’ ==} I Y. Hiﬂhﬂll‘ Frﬂi.dritﬂ}
Truth Table :

I, L I, Ia 4 Ta WValid Oubput

] o] o] o] X X Mo input is 1

Mate :
0] 0 Q 1 8] ] I
o % -+ Dan't care

o | o | & o 0 1 I,

0 i | o o 1 o

1 o | o o 1 1 I,

i W | ® ® i q I, I:Hn.s'hul. Frml:-u_.,:l




0. Code Converters

Bhu.lr'-_.] to G“"d Code Converter

Conzecukive G‘r‘a.nd codes differ in nnLH one  bit
Used ko reduce errers  in l.-.-.-il::hi.nﬂ eireuiks

wth Table :
Birary (A B C) Gray (G & Gy)
Q - Lo aQ D_ Q ]
] o i ﬂ o 1
Q 1 Q 4] i 1
o 1 1 o i o
1 o o0 i i o
i | o] | 1 1_ i ™
1 1 Q 1 o |
1 i 1 1 o o

GMH ta Blrw.rﬂ Code Converber
gic Equu.ﬁuru :

EL‘G;|

El-c.,mr:.jj

Emm.h:r!

By = G; @G, @ G,

Lngir_ Equ.n.tu:ln_!. £

GI-A

GI-AEB|

Go = BOC |

Lnﬂ,l: Dhﬁrm g

Loai.n: D{u.ﬁru.m !

Ga

Gm._.] code is nok udﬂhtqd.. It = a .-,5;1.',; code .

Gy

Ga

o,
1. F
= P
o 1
« I
Lnﬂir_
B —
B
By —
B, —
2. E
« (]
=
« D
Lnﬂi.r.
D
o,
b,
EE —
)




Fn.ri.l:ﬂ Generators and Checkers @

n Parity Generator (4-bit)

by bit (P) is added se that tokal number of 1's is even
number of 1's in data is even — P = O

number of 13 in dota is odd — P = 1

En.ﬂrn:un

Equuﬁnn :
)D‘ D D |P=D,®D, ®D, @D,

{Pnntﬂ bit)

n Parity Checker (5-bit)

ks whether total number of 1's (including parity bit)
wan or mnok

wt = 1 -« Ewven parity (Ne errer)

wt = 0 — Odd parity (Error)

huﬂ.ﬂun }
P(Received)

! |-ﬂu1:Put-D,ED.$D,_$]},III-P

ld parity is similar EJIJ-FI:- invert the parity bit )
riby is used for error detection (not correction)




. Truth Table (1-bit) :

52. Adders - Carru Save Adder ((:SA}
* lsed in '[ﬁ.i.l‘. arithmebic circuiks Like m.u.l.l:iFLi-nrs

*  Adds three numbers of n-bits and gives Sum and {'.urrH.
s Sum and ':#.H'H are caloculated without waiting fnr carry
Frﬁpngn.l:i,nn

Loai.r. Di.n-.ﬂfm (1-bit) :

A

B -

Cin

-

T -
| Carry = AB + AC,, + BC,,
S Gy e |

A | B |ca| Sum | Camy
g | 4@ a ] a
s] | o 1 1 o
] 1 0 1 o
o ! i o i
L o ] 1 a
1 o 1 0 i
i i o o 1
i 1 1 i |
Mote

: C54A does not F-rul:nﬂnl'.l. carry to next :.tn.aq:.

E-:l uations
| Sum = AB B D C,

Applications -

*  Used in multipliers

. H{Hh speed adders

* Digital signal
processing

It saves bime in parbial product addibion

(52)




3. Comparators

Campnm s lu:n.nﬂd numbers

ﬂutp-uh indicate whether A > B, A = B o A < B

1-bit Comparator
gic Diagram
. — "_‘D A=>B
‘ - D— A =B
E ey e

2 —bit [.umpnmtnr
H_i.ll:. Dlnﬂmm ;
Ay Ay

' 1
— 1=kt

f.ump-u.rnl:-ar :: _—L-‘\}v—- A=>=B

—  1-bit

B, Be }_.-\F A<B

Equ.n.l.i.-nn_'. .

A>B - AB

A=R = AGB

|

A<B = A

an‘.l. :
= Compare M3B first.
s If M5Bs are tﬂ.u.-nl !

compare next  biks
* Can be extended to

n—hits

Used in J.ig'nt-nl systems decision ml:.i.ng. AL, serting eke

Batech 9 : Pages 43 - 48




Lif’cs-, Barriers and Basic D'i.ai.tu.l. Sgatems
. [ Elevator) Contrel 5-5il::m

s sequence counters ond decoders

Fharm !
F"rl.ari.h:j Controller e ‘ Maotar Lift
. Encoder | | (FsM) " | Brtvar Motaor
DL‘FI“".:I
omaktic Barrier Sﬂﬁlm o
mﬂmm Dl.sllt-nl :Hu*un: [TL.T S
. Ln-gir_ En-l:u
- i Controller Matlor Barrier . FL.,F—HQ.F.-;
le} (F5M) Diriver Motor CARRE £ Py
& *  Decoders
bi“‘FI’“H ! *  Timers
Indicaters
,.-"' e e e
g { Di.ﬂi.l:ul Electronics Y
s Li.shh *  Tickek vending machines |'I s the § ion
| n'l" all modern
krial auksmabion - St-l'_urﬁﬂ S-Hiﬂmd I'.

o

electronic :.H:tm |




55. Seven St.gmt.nl’. DispLa.q @
o A seven uﬂmunﬁ J.i.sFl.nﬁ has 7 LEDs (a to sjl used to

J.u:FLn.ﬁ decimal J.i.si.ti D to 9
e Tt can be wsed in Common Ancde {Eﬁn} ar Commeon Cathode {EE)

cmf‘uﬂumtinns.
Seqments (1 = ON_ 0 = OFF
a D;Ha-. groanks ¢ )
L s R LT LM - ) S
:I-" b 0 i 1 & i i O
9 1 0 1 1 0 o o
o omn 2 1 1 0 1 0 1
e = 3 1 _ i _ 1 i Y o |
— O .:I,F 4 Q i 1 0 1 1
d | _?_ 1 0 | 1 0 j | 1
ol I T RS B e
% -:: 5 7 1 1 1 " Tl T
L or OO node =
' g 1 1 1 1 1 1
1 « OFF, 0 = ON =
q 1 1 'l i 0 i
o Uze current llmi.tinﬂ
resistor wikth each
segment Applications

L Di.&i.t:d. clocks, Counters, Caleulabors, muuinﬂuuh-mnh,
Elevator floor indicators, etc




06, Rﬂﬁlﬁ ers
> A rnlsi.i':ar i & group n-f fi.i.i:-—fl.ops used Lo store H.nnrﬂ Lnfnrmﬂm.

4 Au.. fu.F_ftﬁFi ‘51"1.“ & Corrmumon. l..'-l..-ﬂ‘-l!.h
» Types - SISO, SIPO, PISO, PIPO (Parallel In Parallel Out}

1. 5150 (Serial In Serial Out)

Serial  _ ] Seriol

. —>| FRo Ry [—= s = FRps [——= o,
B |

CLK

2. SIPO (Serial In Parollel Out)
Serial
. — Ffo

T

FFy = +++ —= FF..,

CLK ———— l l

Qo Q, Q-1
3. PISO (Parollel In Serial Out) 4 PIPO (Parollel In Parallel Out)
Fﬂ - Fﬁ FI. o PH-—I
al
Po — L rro [ b ]— FF P 1 T I
: - 0 [ B vems PR ™ w
P1 il FF@ m— FF| e FF-,_l
Prvt * CLE ——4 l l
n.ﬂ QI. e ﬂ-‘ﬂ-l

Mote : Registers are bosic bwilding blocks of memory and digitel systems

=T

CL

CcL




Enurd'.&rs

counker s o iu:l_uuni.h.i. circunk  khak gees ﬂ".rmsh o,
" states

s bullt u:inﬂ 'fl.llﬂ'ﬁ.ﬂllﬁ.

EHn:Hrm {R"'P'F""} Counter
jﬂ:hrnnnu-i- Counter

synchronous {RLFFL:} Counter

e FF.n |_ - FI.'1 - 'FF= el -
1 CLK l 1
Qo Gy Qa
ﬂr\r.hrun-uus Counter
Ha Qa Q2
! 1 1
FFo FFy FFy

cations
squency J.luisiuun_ Ti.n'rmﬂr Diﬂi‘bﬂj. l’.l.#t]t.l. Event tu-u.n.l!.ina,

quence ﬂcru:rn]'.l.un:._ eke

wed sequence
f q.

Fanﬂnﬁan
d.t.Lu:j \

Note

s ALl flir—ths

receive clock

:Lunul.*.nn-:-nul.ﬂ =

* Faster and

mere  reliable




58. Shift Rl:ﬂi..ﬂ'.f.rs & Universal Sln.i.-_ﬁ: Rﬂﬁi.stﬁr

Shift R:ﬁinl:r
™ 5]-.';{4:.5. data l.z.ft or ri.ah’r. hu

one Fnllﬁmm:uhﬁimkpuhc.

#  Lsed fur doka l‘.rmuftr,

d.r_l.u.u_l COMVErSLDn, | eke
4-bit Shift Register (Right Shift)

Serial

L

L. —* FFo (= FFy

FF; H FF_;. -

CLK

Qo

Mote -

Gy

(2

|

Q3

"Dn:ﬂdk:hr.kpalstrd.nln—
mmmﬂaf—ﬂ.uf-hu-.g

riﬂ'n.t :

® left shift is similar in
opposite  direction

Serial
Ot

s Can Fu-‘-fnrm - Hold, 5hift Ri.aht,

@ i

2. Universal Shuft Rcﬂi.!.l.'.-:r '[:'tl-hi.t.-]l

Sh.if t L-r.f t, and PFarallel Lead .
# Llses control inpuks 5y and Sa
L] Buil.t u-:-vi.nﬂ D Fl.:.r ] FLDF!.

Mode Selection Table

5 Se Made Uperatien
0 o Hold No change
0 | 1 | Shift Right | Mowm right
1 | o | swplep | Move Lt
1 1 | Parollel Load | Load data

APPL;I:ntmru. H

® Dok ‘Eru.ru.fu.r' Serial to |:|-|:|.r-|:|.|.-|.u.|.

conversion, Buffer :.hl:l-ranu.-ll?'tJ CPU daka

hnl‘u:l.l.i.nﬂ_ , Communication sycbems




9. DAC and ADC

DAL {D'.sn!.'.u.]. ko A'\ﬂlﬂs Cunm:rhr}
- Converts d-iﬂllﬂl ('hﬂﬂ.rﬂ} data
ko ww.los uul'.'Fu.l'. vul’(as:.f:.urr‘tnt
] T-ufu-_-l. - wti.ﬂh.‘.td, Resistor DACI
R-2R Leddar DAC. ske

basic 4-bit DAC (Weighted Resisker )

by b, by
] (4
8R. SR 2R % E.

Eﬂ wokion @ V..

by
4]

Where b, = 0 o 1

ﬁFF-lir_n.iLc-n:. '

(59)

2. ADC (Analeq to Digital Converter)
¢ Converts analog input voltage
into digikal (binary) output
Types - Flash ADC, SAR ADC,

Dual Slope ADC, ete

:Em.ih: ADC Block Di.l:uamm

Analog Digital
Tt — AP e S

1

Veltage

# DAC - Audic systems SiﬂnnL genarators Motor conkrol
* ADC - Data acquisibion Sensors, Communicobion aystems

Batch 10 : Pages 55 - 60




Surnm.n.rq a-F _T.mpnrl'.ml‘. Diﬂl‘l‘.ﬁl Electronics Topics @
Topic Eaﬂ Paints
i Gakes Bosic, Universal, Bubbled sn.tn = Muumﬁ blacks qf J.i.ai’:p.l. carcuiks
atial Circuiks Latehes mf—f'#flﬁ- (SR, JK, b, T:I_ Et-si.ihﬂ, Counters

rational Clrcwts

vanrabion

Adders, Subtractors, Multiglexers, Demaltipleecs,
Cn-mEmrn]:ur:l. f EH-LH‘I:I.-EFE i D‘Eﬂﬂdﬂf’l

K'Hn.F:. Don't care conditions, Ernupinﬂl EPIs, FOS, SOP

retic Circuits

RCA, C5A, CLA = used for fiul arithmetic operations

Cﬂﬂ“r’hrl E’iﬂﬂrﬂ — Grﬂﬂ ¥ Gmﬂ - Bh’lﬂfﬂ i Pﬂ.ritﬂ Emmhrl L ﬁhﬂ.ﬁhln
oy & Indicators | T 5:3an D-'.iI!Lﬂ-:!—, LEP ' Indicateors
P T Control sysbems, Diai.l'.p.l. systems Communication, Autemabion

M:.n.:.u.rm& wnsbrumenks | Cnrl-upub:r:.

cam Tips: (DSSSE TGT CS)

Learn truth tables and ﬂhmhriﬁihfﬂx:&bﬂ.ﬂun tables nf ﬂ‘l-l"'ﬂ“f-‘"
Undersbond :I.i.H-u.rurl.r.::. (H{..ﬁu va CLA i MUX = DE MLII, Erncoder wa DEI‘.‘G!I.’EI‘} :

Solve Fr«r_u'q.-uu.i year :Lul::lh:lns and time Hnurillf



61. Proctice Set - 1 (Eusu:. Lﬂﬂl.l.‘. & Boolean Alﬂabruj @

Ql. ELmFI.LfH the f-:uuwmﬂ Boclean expressions  using Boolean algebra :
(a) A+ A'B 5 Racall -
(b) (A + B)(A" + C) I A+AwA. A+A =1
|
|
|
|
|

(:) AB « AB' ».BC = B'C
(d) (A +B + C)(A" + B)
(e) (A +B)A+B +C)

AA = A, AA =0
A+0=A, A.1=A
(A+B) = A" B

(A.B) = A"+ B
Q2. Using K-map, minimize the following functiods—+—— ————— .

(a) F(A,B,C) = Im(1,3,5,7)
() F(A,B,C) = Im(0,2,%,6) + d4(1,3,5,7)
(e} F(A,B,C,D) = Im(0,1,2,5,6,8,1,13) + d{10, 14)
Q3 Convert the following to POS form using K-map :
F(A,B,C) = Zm(0,2,3,5,6,7%)
Q4. State Dual of the expression : F = A'B + AC' + BC
Q5. Simplify using Boolean algebra and verify using truth table !
F = (A + B)Y(A+ B) + (A.B)

Hnrha Dlﬁtr;bﬂ'ﬁuﬂﬁ X Qi {5‘ thi}} 'ﬁz [E H‘\ﬂ."'kl} G.?l' {3‘ mki]
Q% (1 mark) Q5 (5 marks) Total = 20 Marks




62. Proctice Set - 2 (Combinational Circuits) @

Qi D‘:iisn H-n.l.f Adder whng Lnai.; 5:.1;:: Write its truth table

Q2 Duiﬂn Full Adder usLns bwa Hnl.f Adders . Droaw the circuail
and write truth table .

| a3 E‘:;Lﬂﬂ. F“u,. .S-qLHrqi;Lpr uﬂ;inﬂ l.ﬂlﬂlr..ll: ﬂu.".ﬂl. and vnr;.fﬂ with
truth table .

| Q% A 4-bit binary number A = 1011 and B = 0110,

(a) Add A and B I.I.'I.Ll'l.ﬂ_ F.:.FFI.: 'Cn.rrld Adder. Show all :.l'.tp:l..
U:l-} What is the result usinﬂ E—nrr:j Look Ahlead Al:ldt'r‘?

Q5. Drow the Ln-sni.: d.hsrn.rn. n-f 4 - bit c-nrr-;j Lock Ahead Adder

Q6. Compare Rippla Carry Addar and Carry Look Ahsad Adder
on the basis nf d.l!.ﬂdd. hordware ond .':-F-:atl.

Q7 Imphmnﬁ the fﬁl.l.q-u-.nﬂ trpﬂulﬂﬂ u-ii.n.ﬂ basic ﬂnh'-:- ;
FCA,B,.C.D) = Tm(0.1,2,5,6,90,10, 14)

Arswer M {fm' Silf Frn.u:hiu]

HA : Sum = A @ B, Carry = A.B

FA Sum = A @SB @ Ca, Cout = AB + BCin + ACia

FS : D= A@&@B @& Bin, Bout = (A'B) + (Bin(A @ B)')

| Marks Distribution ! Eech @ = 2 tse 3 marks Tektal = 20 Marks
|




63 Proctice Set - 3 (anumtml Cireuits - FLLF FLﬂFS)

Q1. Drow the circuit imarnm nf SR Fl.i.p—Fi.nF uiLn-s NOR -sntl-l.
Derive its characteristic table .

5 = @W/’J S
H i _,..H:f___ﬂh__“1|

22, Drow the circuwit ﬂ.i.u.ﬁr‘n.m nf JKE FL-i.F"FI.uF Mmﬂ MAMD ﬁn':u.l.
Derive its characterizstic table

Q3. Show that JK Fup—Fl.u-F- woarks as Tﬁﬁal.l- Fl:.F—Fl.nF when J = K = 1.

I:}r

0%, Drow the circuit J.Ln.ﬂr‘-nm nf D FEF-FLnF u.i;nﬂ MAMD ﬂn".-r_:.
Derive its characteristic table .

@5 Draw the circuit diagram n‘f T Fup—Flﬂp wsing JK Fu.p-Flnp-.
Derive its characteristic table .

as. Di-ffl.rthﬂ-nh: between SR, JK, D and T FLLP—FLOP:

Marks Distribution Each @ = 3 to & marks
Total = Eﬂ Hnrk_i




64. Practice Set - 4 {K-Hu.ps & Lnﬂlﬂ. Minimization )

Q1. Minimize the following funcbions using K-map :
(o) F(A,B,C,D) = Im(0,1,2,5,6,8,9,13,14,15) + 43,7, 11)
(b) F(A,B,C) = TIM(0,1,3,4%4,6) + d(2,5)
Q2 Find the essential prime implicants of
FCA,B,C,D) = Im{1,3,7, 11,15)
Q3  Using K-map, minimize to minimum SOP and minimum POS
F(A,B,C,D) = Im(0,2,5,6,%8,19,10,14)
Q4. What are the advantages of using K-map over algebraic
methods ?
Q5 Simplify wsing K-map (with don't care conditions) :
F(A,B,C,D) = Zm(1,2,4,%,8,10,11,15) + d(0,3,5,12,13, 14)

CD
Important AB 00 o1 11 10
# Group lorgest 1% (or 0% for POS). 0L ] T 0
# Use don't care (X) to form bigger groups. o1 1 b 1 0
* Number of groups should be minimum . 14 | © 1 | T
goiall ol i |1 et

Marks Distribution : Each G = 4 Marks Total = 20 Marks

Batch



| 65. Proctice Set - 5 [HUK, DEMUX, Encoders & Dt.c.nd.ars:l @E

Q1. Implement the function F(A,B,C) = Im(1,2,5,8) wusing #:1
Multiplexer. Show the data inputs and select Llines.

Q2 Implement the function F(W,X,Y,Z) = ZIm(0,1,2,5,9,13)
using 8 : 1 Multiplexer,

Q3  Explain with diagram hew 1 : 4 Demultiplexer works.

Q4. Realize the function F(A,B,C,D) = Em(2,4,66,8,610,12,14)
wsing 1 # Demultiplexer.

@G5 Draw the logic diagram of 8 : 3 Encoder Write its truth table.

Q6 Draw the logic diagram of 3 : 8 Decoder Write its truth table.

Q7 What is the use of priority encoder? Design 4 : 2 priorily
encoder and write truth table .

Key Points to Remember :

MUX — Hmﬂ te One [(Data Selector)
DEMUX —+ One to Many (Data Distributor)
Encoder — Converts 2" inputs to n outputs

* % % *

Decoder — Converts n i.np-u.tn ko 2™ ﬂ'u“'.'F-l.l.".i

Marks Distribution @ Each G = 2 to 3 marks Tetal = 20 Marks

: Pn.ge:-‘. 61 - 66 (Practice Questions fur DSSSB T



[ CS)

66. Practice Set - 6 (Hi.ac-:ll.untnuﬁ & Short .r'ﬁ'-nswtr} @ |
@1, Design a 3-bit Binary to Gray code converter.
G2 Design a Gray to Binary code converter.
Q3 Design a 4-bit Parity Generator. Write its truth table
Q4. Design o 5-bit Parity Checker. How does it detect errors?
Q5. Compare Synchronous and Asynchronous Counters.
Q& Draw the logic diagram of 3-bit Synchronous Up Counter.
Q7. What are Hazards in combinational circuits? Explain static
and dynamic hazards
QA8  Exploin the working of 7-Segment Display. Write the segment
pottern to display decimal digit ‘5' [assume common cathode).
Q9. Differentiote between DAC and ADC.
@10 Write any four applications of Digital Electronics.
DSS5B TGT (€5 = Exam Tips
% Practice truth tobles ond characteristic tobles of oll flip-flops
# Focus on K-map problems (3 & % uvariable)
* Understand timing diagrams of sequentiol circuits
* Solve previous year guestions for betler preparation. al
Marks Distribution : Each Q = 2 Marks Total = 20 Marks
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