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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

\/f. Explain how a NAND/NOR latch store a bit. What is their limitation? (20-21, 19-20)
[3]
Answer:
A NAND/NOR latch can store a single bit of information (0 or 1) using cross-coupled logic gates. In
those latch the inputs are indicated by S(set) and R(reset) and outputs are indicated by Qn and |Q.

The process of storing bit of NAND Latch:

1. When S = R = 1, the latch maintains the current state. 8 {ost) R 0 Ot
2. When S =0 and R = 1, the output = 1 means set the latch. z ["L'-I"’ o
3. When S =1 and R = 0, the output = 0 means reset the latch. o 0 sl
a L 1
Limitations: i [ !
1 o a
1. When S = R =0, the output = invalid and latch throws ! o d
1 L |'_IH:IIIIII.1L"\-\.1
CITor. 1 I uichangred |
2. When Q= |Qn= same bit of value (0 or 1), the latch
level-triggered and it goes to race condition.
The process of storing bit of NOR Latch:
1. When S = R = 0, the latch maintains the current state. & (et) R O et
2. When S =0 and R = 1, the output = 0 means reset the latch. Ll
1) a i unchanged
3. When S =1 and R = 0, the output = 1 means set the latch. 0 i I | Dochanesd
a 1 4 &
Limitations: a 1 ! 0
1 il i) |
1. When S =R =1, the output = invalid and latch throws 1 a 1 L
1 1 i wrvalid
CITOoT. 1 | | wivalid

2. When Q= |Qn = same bit of value (0 or 1), the latch
level-triggered and it goes to race condition.

. What are the limitations of S-R flip flop? How can be resolved these? (20-21, 18-19)
[4]
The limitations and resolutions of S-R flip-flop are given below:

Indeterminate State:

= Limitation: When both inputs (S and R) = 1, the output becomes unstable.
= Solution: Use a J-K flip-flop, which toggles instead of becoming undefined when both inputs are high.

Lack of Clock Control:

= Limitation: Basic S-R flip-flops are level-triggered and may not reliably capture input changes.
=  Solution: Use a Clocked S-R flip-flop or a D flip-flop for stable, edge-triggered responses.

Glitches from Asynchronous Inputs:

= Limitation: Small timing differences can cause unstable output.
= Solution: Use a Clocked or Master-Slave flip-flop to synchronize inputs and prevent glitches.

Limited in Complex Circuits:

= Limitation: The S-R flip-flop’s simplicity restricts its use in advanced circuits.
= Solution: Use more versatile flip-flops like D or J-K flip-flops in complex designs.
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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

3. Define race-around condition in J-K flip-flop? How can you overcome the problem?
Explain with appropriate figure and waveforms. (20-21, 19-20) [5]
Answer:

In JK Flip-flop, if J=K=1, and if clk=1 for a long period of time, then Q output will toggle as long as CLK is
high, which makes the output of the flip-flop unstable or uncertain. This problem is called race around
condition in J-K flip-flop.

The truth table of the J-K flip-flop is given below:

J K Qn+1
0 0 Qn

0 1 0

1 0 1

1 1 mvalid

The invalid at J = K =1 is known as the race-around condition.

To overcome this condition, a Master-slave JK filp-flop is used.

-

Q=1

=i i o . L. LM el

R ol -|: 1 S
|

Explaination:

1. The master-slave flip flop is constructed by combining two JK flip flops.

2. These flip-flops are connected in a series configuration. In these two flip flops, the 1st flip flop work
as a "master", called the master flip flop, and the 2nd work as a "slave", called the slave flip flop.

3. When the clock pulse is true, the slave flip flop will be in the isolated state, and the system's state
may be affected by the J and K inputs. The "slave" remains isolated until the CP is 1. When the CP is
set to 0, the master flip-flop passes the information to the slave flip-flop to obtain the output.

‘/ How a NAND/NOR latch store a bit? (19-20) [2]

Answer:

NAND Latch
1. Setup: Made of two cross-connected NAND gates.
2. Inputs: S(Set) and R(Reset).
3. Operation:

= Set: S=0and R =1, makes output Q = 1.
= Reset: S=1, R =0, makes output Q = 0.
= Hold: S=1, R =1, keeps the last value of Q, storing a bit.
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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

NOR Latch:

1. Setup: Made of two cross-connected NOR gates.
2. Inputs: S(Set) and R(Reset).
3. Operation:
= Set: S=0and R = 1, makes output Q = 0.
= Reset: S=1, R =0, makes output Q = 1.
= Hold: S =R =0, keeps the last value of Q, storing a bit.

5. Explain the synchronous/clocked S-R filp-flop with waveforms. (19-20) [4]

Answer:

A synchronous/clocked S-R flip-flop is a type of S-R (Set-Reset) flip-flop that includes a clock signal to
control when the inputs S (Set) and R (Reset) can affect the output. The flip-flop changes its state only during
a specific clock edge (usually the rising edge) if the clock signal is active, making it synchronous with the
clock.

Waveform:

) J
4 ] - _—
FF triggers " 1 — T}

o el e n
Tansine

T gy O
TEOETVE B

The waveforms in Figure show how a clocked S-R flip-flop operates:

1. Initial State: All inputs are 0, and Q is assumed to be 0. 5 R Q, Q
2. First Clock Pulse (Point a): With both S and R at 0, the flip-flop 2 g- [: T
remains in its current state (Q = 0). o 3 o 0
3. Second Clock Pulse (Point ¢): S =0 and R = 0, so the flip-flop | ? ; ; 'i'
sets Q to 1. : = : :
4. Third Clock Pulse (Point e): S =0 and R=1, so the flip-flop clears L 1 0
Qto 0. L L !

5. Fourth Clock Pulse (Point g): S=1 and R=0, setting Q to 1 again.
6. Fifth Clock Pulse: S=1 and R=0 again, so Q remains at 1 since it’s already high.

7. Invalid Condition: When S=R=1, this creates an ambiguous state and should be avoided.
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Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

6. What is a flip flop? Explain the function of a JK flip flop with suitable circuit diagram.
(18-19) [4]

Answer:

A flip-flop is a fundamental memory element in digital electronics that can store a single bit (0 or 1) of data.
J-K Flip-Flop

The J-K flip-flop is an improvement over the S-R flip-flop, as it eliminates the indeterminate (invalid) state
that occurs when both Set (S) and Reset (R) inputs are 1. Instead, the J-K flip-flop includes feedback that
allows it to toggle its output when both inputs are high.

Truth Table
15 T =k B | O |
J = }3 }3 Q 0 | o 0 o |
6 | o 1 1|
CLK— 0 | a 0 D |
O [ 1 1 0
—_ 0 1
K— » ); Q i | e a3
[T £ | A 1 D 1|
1 | 1 1 o |

Function and Operation

The J-K flip-flop’s operation depends on the values of J, K, and the clock:

When Clock is Low: The flip-flop maintains its previous state; inputs J and K have no effect.
When Clock is High (or on the rising edge, in edge-triggered designs):

= J=0,K=0:The flip-flop holds its previous state.
= J=0,K=1:The output Q is reset to 0,
. , K=0: The output Q is set to 1.

J=1
J =1, K =1:The output Q toggles (switches between 0 and 1) with each clock pulse.

AVAILABLE AT:


http://www.onebyzeroedu.com

Chapter 5 and 6 (Flip-Flop and Digital Arithmetic Operation)

AVAILABLE AT:
Onebyzero Edu - Organized Learning, Smooth Career
The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com)


http://www.onebyzeroedu.com

 Loashatl. B )
(] tlf.rh'*‘ﬁ"-P_C-,:'l.": [\[}‘J_uj.n{?

Pﬁﬂmia ﬁﬂd:’ﬁﬁﬂ, ) ¢$t lh%ﬂ_ﬂé“ﬂﬂ thi%?hﬁhﬁi[r'] ! ALAL

AV L':l'llul \ 'HG‘I”'[ :-. . |

1
= ‘ﬂlil"H““"": : + 0 iy ‘_rh i{

=+ | F
o R ;53 |
2 C.I (O

g ¥ i 1
£ ] & & o i i i

- g

Lebs” g xanper ohg
1100 p +
1110 L 460120

T1030 )ﬂjgjﬁ-_&ﬁf'

AAAAAAAAAAA

Onebyzero Edu - Organized Learning, Smooth Career CamScanner

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.cor


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

_-

-t E:I' 1 E' _1_ e D |:|- -‘1 3 1‘
— e —— =t = Ao
6 8100 1060 1
EeYa F }
. Madipliepdin f
‘7'_::—_—_.':_.;_--—'-—'—-_'_"'_
e anayy e
i rT;: T8 1n] i If.l::;'_'.[}_‘{'l.'l,'l-n't-._fh
_..-—-—-—'—'_'_'_-_-_
Vi A 06
| o Bagne
- | © o (@D 4 )
11010 0}
# i S " x . o -
Dl"-ur "ISL'I':'}P\ & 1 -
e | |
- GDJ(“ " | T €PN
) g 7 | '?:ﬂtf\‘ﬁ
7 TEAE T S W.W{{;J
4 !
s |
ys
- 100 ) 11301 (ﬂwﬁ
— 480 :
G110
100 =11}
" ,_._g__-f}—j-ﬁ"l;_ i Eﬂrﬂdﬂifﬂ_:‘ 8o d
LEO Lo
%
S S
AVAILABLEATOnebyZero Edu - Organized Learning, Smooth Career CamScanner

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.cor


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

Z's Fﬂmplem::nlg ( addidlon 'and m‘r}}rtmahdr-i;

e —

]Z&F'.’Lﬁff ﬂ%na 513ne_d M’b@qﬂ

An E'.f“ﬁ'“‘i the cpmmea  epnvenhon .11?* tha b
& 0 ia e *sf"%n bit ﬁ_;@?ﬂﬁéﬂrﬁ*}'};. X ?D.‘i?{::w‘t
YWeova et o d A I Vi the ,;.&Ham l,_,,ﬁ— n,r?ﬂ-.i

. g

& eﬂgﬁ*{ﬂ avwbe - ::
mag 11;‘1'-\.3 < ::':ﬂlz}lu | -|
M’F e = | !

ml{ﬁff{}J = 422,
5;8‘"?"’:‘*@)4 ( -Ee

i qqhﬁrfrﬂ =l =192,
sigw bit (-) M&‘ﬂﬁ;%&ﬁ 5
J ‘s com Plcmm"'r R )

The 1's complement od binaay “mbmh_ oy
chomging ke bit o4o t and 1 2

v
JI4d V4 Sy
010 1ag —F A '-'-"E““T!""'-_h“dn J

AAAAAAAAAAA

i:ﬁa CamScanner


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

——————r— _1
>
£ &

R

1’LE. ohs @,,h?xmm%— 08 o hAAAY numbert D fiqad

B SR S e Y
) ‘TLEH g.,: ﬂﬂld-fﬂg i '}'ﬁ- "H-\f. lp.gu.g,l‘ f;nﬂﬂ'lcf"'ﬂ""‘&_ |

by ‘l' ﬁsxfhﬁﬂ .
P K TE| St AT

Lot el R b kb

| B el e e
F 5 |I O ;l_- 15 i AN '-".'.!'.!-1|'|-'1:|"'"

| '—'I?Ji 2 ~:t D.l_] i _’[ i .g;_:, it = G ) DT

| | Sign bt =z sgn

™ I --51—3 718

‘ 101101 > onginal
010010 — 115 complement—

_ Al s adding 1 with 17 mv“flfm"“’
3 e A0, 87 45
@iﬂﬂll e ew?'kcm*i‘rﬂ’éf 404 i

ﬁ SR F-ﬂ'-'.'qu:"- ¢ h Y "\"-ﬂ”“:}"ﬂ. ¢idy (2
IJm-sl Jl‘“" ¥ 57, g

‘!"‘LFﬁ el ﬂr‘u'{' ‘_'."“"-]"’IL'#
* Dle Deel n}aﬂ_ nwmber. (199 do 129 ) @4 203)
2@ e-bit e (B0 %, A% mlad e 16 bit

- -. -

p—

AAAAAAAAAAA
Onebyzelo Edu - Orgamzed Leammg Smooth Career CamScanner

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.cor


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

[_I ? e, =
{ f [\r_f:ﬂﬂa ‘? e F]:.rn?lf‘me‘-'ﬂ'} 553*‘::1‘-’1 Pellﬂfoﬂﬂl a
- 5&“5&:?1’13 mpeﬂmrﬁt}ﬂa 5 < |9 ~ g{;) _ f-i.l
ek T by =2 - il ¢ fom a
5
Q "95—% T @ Ve +55 |

egleast]

: l » {6
{17 1 AT R v S t
i - {22 e s o
@ ~65-16% L

s E:_ﬁ'ﬁ[ﬂ 1/ ,fi;‘ ; |

i / BN e Rl
G5 — O 1000007 '

-

= ¢9) ;]“;'LJD TTI A4 4y 2/ cpmplemon’t

AAAAAAAAAAA

?Lig CamScanner

&

|-".|'"l


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

) - ¢5-58
J::"I 'f'w'En -H.& ﬂ.,ji,.
= LGB S :
or. ¢c5) el 8¥),
oy '—> '‘H0000 066, 0100000 1 10 _
priiaary fot1iire —4> oF

+ J__ : mnﬂr-
— S g [0TEIT1g > 23 = e

'I'r.rnl‘_v"'".

€)=

a9 —> 0000000 0101 1000 ol

FLoots 4 —4"
ﬂ,‘lﬂiiiili o

50 ; ol Y
1141 101 glrooce — e

!
i

Al ¢ ME-'T"EFA

Q‘EEP 11414

S an eyl 400100 0]
- O
g%~y 4144145190 m;uﬂﬂ

Vﬁﬁi REEERE g1100111
'mbﬂ}l- %ﬁ"ﬁi} .

Mow ke resdl s ]ﬂ.-&ﬂtjtﬂ &) r:-‘r_-.ﬂdii-u:ﬂﬂfh o

; k A i JL‘HHH!
m‘t&‘:?l:rﬁ ,_["I ']ILLL?J- Fase ‘ﬂ,l-_-,r_.i -III'_IJ %Iﬂi b I .;-.:,r':F

e

AAAAAAAAAAA

Onebyzero Edu - Organized Learning, Smooth Career CamScanner
mprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.cor



https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

T VSR S i . - L
C“*{ s nesuld rigil,lﬂ.l"ﬂ-

Eed
] Sd’;

k.

- Guﬁrl—':?rlrﬂl il "'!,--":l‘!|'1_l|!I|I

14124 1111 261160411 ‘
DOoDD dopy 1 0011000 — As3 " COMPiriment

+ 4

U 0 6011004 = <= |
0°0oo 0010011 2 315 trwplenl

-mﬁ:ﬁ@ﬂﬂggg e SHRDIF S

ﬁﬁ[}baijmmi

. —
S an =)

, J
MNOw {fﬁﬂuf’ﬂ.,'}_ }H; ﬂﬁéwu —fﬁ EIE‘E-IMI G 1

.I*E? -5 e ;m;al E_;.:ng}{.'ti-
g? il i ls | | : ‘

+24 —» 00400010

55 = 0O 1104
+ 29 —>[01011001

Efgn L'.#[_r} ' i

WPy The nesch oF 24455 [, g Eyghens
5.‘.551’1?:111 ' +%9 61 ﬂﬂﬂi-_f{:]c);; i

AAAAAAAAAAA

% CamScanner


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

Addert.
A ddert
|
=72 }
Hall adder. Full eaderu

g_‘l‘& e — - i 3
F:—ﬁﬁ: Decadew., Enecodern, holf {“déﬂﬂf J[ all ﬁd&ﬁ;l

enclided O, exoumn @ O A2 E':r%ﬁ_ﬁ"ﬂ
| <%0 [/ 212 —>@) Dedinatien

\1 () [H_M':;k Eiﬂuﬂﬂﬂ"*m
ﬁ}ljlmu ﬂcHEﬂ..q f @} oL L e

| ||I ) Pedoleam F,?:‘PIIIELE_E
\@J Logie apoet €

r : ~ K - s (8
Half ecdder {
5 Fﬂ-"l.l"l-_-ﬂ(-.'_"_}

165

AAAAAAAAAAA


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

A Paolean XN eas o™ s ]

Swmiz Al + AD = ABB 0w

{‘ﬂ-l"ln_xé E ﬁfb

@ L ﬂ.t‘d_fe ; %arlE‘ {;

e e
- — ! ___—-—'—-_. -
Feld -
2 adder s B,

AAAAAAAAAAA

i:ﬁa CamScanner


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

Trn?w* ‘I MF“’]F' ﬂ‘-—‘.’F. v ',E:M.‘It 5 WA Eil‘i
& [ Dol Bldes 12 7 4 Qar oA Gnm!

D E} D __E—...-l:;}—r' 1 _ @mﬁh l“.|r
a0 ! ol b S =0 avid d =

70 T I - : i

G AL T S | P

G0 [ [ sty 1-—0e o o e 27
._;l T L : i I.: L_gmﬂ 5“lm=11-r1ﬂ”“ﬂ-‘-l

ey ] e

PR e G

) 1D ) |

-{}ﬂﬂlﬁﬂtﬂ E'::Lfi)nﬂ 55fh,n:

a: ABe+ PBE+NADE + ADC
= ARELABE 4 Aner AN e
=2 (o ran) + e(Aoen) |5
= Etﬂﬁaﬁj 4 ze( L,Agﬁ.‘) (/
> W =
= C@{F‘-'ﬂﬁ) . \y = A®B
2 e e@(p.@t:h)' ' ¥

Wy = A A A

Confy = Kpe + ADC 4 ABE +ADC
= ADC A+ ADE + A pe HDE

= ﬁQﬁe+5E) 3 pe(Arh)
= Aleope) +oC

. e - A

AAAAAAAAAAA


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

t’ﬂﬁ.;ﬁ' %“'I‘Eﬂa‘ J‘b\u addern,, o

Hau mﬂdﬂm Yo Jull addemﬁ

— 8

Tl addea = '._2 s ’Hﬁdf;ﬂfﬁﬁ'f{- ¥ .D{I-{:{P- a‘tﬂ:%ﬁ :

s : Lo A :
By ey W A e % La
—— D _
_1|-_- R a0 ) 4
W s Rz -‘,737 a
I "I .
E l Is_‘“"-"‘t:}“l'r'h'ﬁ'ﬂ.]ni
s | - .
a : A
S S \ 1 :

AAAAAAAAAAA


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

Iﬁ%“} Vi o |,
; | am ’ M .
-ﬂ§f1 *I-. ﬁ'{:- “*\iL ,ﬂll:l e
A== il ol AR
—» (@t |\
Oy — loliojlalial | ]
o e D IBT] £ /] ]
| 2.4 i
i S @; ’
S

‘t -_',H"f__:jl,!f1 ﬁ:‘qlﬂ"""l'li . %1:-;‘. |-"r

1'.- o . . i 1 ..
Ti- lE- it 11,-..*.1.9, P ] |_!- P e B el
] i i
| " O S
:- - _'-":I,.-_ﬂ':l' oy 1-'."- q I_.---_ . | - '..!--".;:' ] :.":||.:".. 1

- 376 0%

761 4
B ,:]-1 ,.1

L

B
§

of' 8 = 4

112 |
+L_uﬂ

] s

io, 3 1=

Tesl 2 vl g odT
s {75 Py |
@b s 1AL |
(RS 3BT Panalle].

. [}L@CE cft'aﬂ.rWH' Cq;bﬂ ?Mnllf'i.add&.ﬂ) L_LI______ ardes )

s

UR aa Panallel

lﬁj_

AAAAAAAAAAA
Onebyzero Edu - Organized Learning, Smooth Career CamScanner

The Comprehensive Academic Study Platform for University Students in Bangladesh (www.onebyzeroedu.com



https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

-9

';;Hfﬁ_ 'ﬁ;l;,,"l‘ I?L.r‘u-c.uﬁ-'d Pmt*'k”ﬁfl ﬁddf‘rﬂi H‘/’h d;-ﬁ'J 'Ifla{

A Mg TVEH 2T AqEly DI BT AN Ackeg,
i% !‘if’ﬁ ﬂ'ta?‘l Z{4Ar A (AT A =10 qur:‘?”
mBo 2 = (o 2,

G Panalle] addere [subinachn  using 2% complenent |
System 3 b 9 :

Uﬂcl,fﬂ,&\'”r‘md —]_L‘ﬂ _L:, T4 1L3% % o TR
. Hebid »J?ﬂaﬂﬂugf ﬂaltl?flz

i do ffi‘,ri:){i' I?hﬂ_ﬂ\“ﬁ'f addert =7 ]ﬂ*}cﬂml Mee ez m
2l ﬁ'in_e.ﬁtdﬁ C};{Jm{i 1 j{f @3 rppra L_ﬁqil E’ﬁ' |7 (4
. eic Mifs A

Ay g4 S
| | | 1
| | | .I

I |
ais fiml = g T oy e,

” . = 4 . ; le] addert ’._
b g Ll awt|peldin ol
FYLeE3

AAAAAAAAAAA

Fos
,ﬁ.ﬁ CamScanner


https://v3.camscanner.com/user/download
http://www.onebyzeroedu.com

Chapter 6(Arithmetic Operation)

7. What is the limitation of a parallel adder? Using 74L.S83 ICs draw a 16/12 bit
parallel adder. (20-21, 18-19) [3]

Answer:
The main limitations of a parallel adder are:

1. Carry Propagation Delay: Each bit addition depends on the carry from the previous bit, which causes
a delay as it moves through each stage of the adder. This delay increases with the number of bits,
slowing down the adder.

2. Complexity: Larger adders need more gates and connections, increasing cost and size.

3. Limited Scalability: Due to the increased delay and complexity with each additional bit, parallel
adders are not efficient for high-bit operations, such as in 32-bit or 64-bit processors.

8. Explain how 2's compliment system can facilitate arithmetic operation in digital
computing. (20-21, 18-19) [3]

Answer:
The 2's complement system is widely used in digital computing to represent negative numbers and simplify arithmetic
operations, particularly subtraction. Here’s how it facilitates these operations:

1. Unified Addition and Subtraction:

= In2's complement, subtraction can be performed as addition, simplifying the circuit design.

= To subtract a number, simply add its 2's complement (invert all bits and add 1).

= This means a single adder circuit can handle both addition and subtraction, making it efficient
for hardware design.

2. Single Representation of Zero:

= Unlike other signed number systems, 2's complement has only one representation for zero,
reducing ambiguity in calculations.

3. No Special Circuit Needed for Sign:

= Positive and negative numbers can be added directly without separate circuits to handle the
sign, simplifying the hardware.
=  Overflow conditions are handled automatically when the sum exceeds the responsible range.

4. Efficient Use of Bits:

* In a fixed number of bits, the 2's complement system maximizes the range of representable
values, allowing both positive and negative values in a simple format.
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Chapter 6(Arithmetic Operation)

9. Draw a parallel adder/subtractor using 2's complement system and explain its
operation. (20-21) [6]
Answer:
Here’s a simplified description of the operation of the parallel adder/subtractor circuit:
1. Addition Mode (ADD =1, SUB =0):

= Control Signal: SUB = 0 disables certain AND gates
(2, 4, 6, 8) to hold their outputs at 0, while ADD = 1

enables AND gates (1, 3, 5, 7) to pass the By to B3 . &
values.

=  QOperation: The B register values Bo to B3 pass t
through OR gates to the adder, where they are added '
to Ao to As. | I

=  Carry-In: Co = 0, so no additional carry is added. ]

=  Qutput: The sum appears at outputs Spand Ss.

2. Subtraction Mode (ADD =0, SUB =1): l

* Control Signal: ADD =0 disables certain AND gates | *
(1, 3, 5, 7), while SUB = 1 enables the other AND
gates (2, 4, 6, 8) to pass Boand B3 values.

= Operation: The B register values By to B3 pass o
through OR gates to the adder, but with Co = 1, 1 b |
effectively converting B to its 2’s complement. =

*  OQutput: The adder performs A-B and the difference
appears at outputs Soand S3.

10. Design and explain the working principle of an 8-bit parallel adder. (19-20) [6]

Answer:

An 8-bit parallel adder is a digital circuit that performs the addition of two 8-bit binary numbers in
parallel. It adds each pair of corresponding bits from the two operands simultaneously, producing an
8-bit sum output.
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Inputs:

The inputs to the 8-bit parallel adder are two 8-bit binary numbers, typically referred to as A and B.
Each bit of A and B is represented as Ao to A7 and Bo to B, respectively.

Addition Process:

Each pair of corresponding bits (A; and B;) is added together. Additionally, a carry-in (Ci-1) from the
previous bit addition is included in the calculation. The carry-in (Ci-1) is usually set to O for the least
significant bit (LSB). The sum of each pair of bits, along with the carry input, is computed by the adder
circuit.

Outputs:

The outputs of the 8-bit parallel adder are the 8-bit sum (So to Sv), representing the result of the binary
addition.

11. Using 2's complement system performs the following operations:(19-20) [2]
i) -65-88
ii) 34+55
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Chapter 6(Arithmetic Operation)

12. Draw an 8-bit parallel adder using 74L.S83 ICs, which will be able to perform
both subtraction and addition operation. (19-20) [4]
Answer:
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I) Fan-Out

* Definition: Fan-out is the maximum number of inputs that a digital logic gate output can drive
without degradation in performance.

 Explanation: It represents the load capacity of a gate; higher fan-out means it can connect to
more subsequent gates.

* Importance: Essential for ensuring signal integrity across connected components in a circuit.
ii) Noise Immunity
* Definition: Noise immunity is a measure of a circuit’s ability to tolerate external electrical noise

without malfunctioning.

 Explanation: High noise immunity ensures that signals remain unaffected by minor fluctuations
or interference in voltage.

 Importance: Critical for reliable performance in environments with electrical interference, as it
prevents data corruption and errors.

iii) Propagation Delay

e Definition: Propagation delay is the time taken for a signal to pass from the input to the output
of a gate.

 Explanation: It measures the speed of a gate and affects the overall speed of digital circuits.

 Importance: Lower propagation delays allow for faster data processing in digital systems.



http://www.onebyzeroedu.com

IV) Characteristics of TTL Logic Gate

 Speed: TTL (Transistor-Transistor Logic) gates are relatively fast, with moderate propagation

delay.

e Power Consumption: TTL circuits consume more power than some other logic families, like
CMOS, but less than older logic types.

 Noise Immunity: TTL has moderate noise immunity, making it suitable for most
general-purpose applications.

* Fan-Out: TTL logic gates usually have a fan-out of 10, meaning they can drive up to 10 standard

TTL inputs.
e Voltage Levels: TTL operates typically at a 5V power supply with a distinct logic 0 (0V) and

logic 1 (~5V).
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A TTL NOR gate outputs a low (0) when any input is high (1) and outputs a high (1) only when all
inputs are low (0).

Working Principle:

1. The gate uses a multi-emitter transistor for the inputs. If any input is high, this transistor
conducts and keeps the output low (0).
2. When all inputs are low, no current flows in the input transistor, allowing the output to go high

(1).

This structure provides the NOR logic, where the output is only high if all inputs are low.
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6. a) Explain the working principle of CMOS NAND and NOR gates.

b) Draw the circuit diagrams of TTL NAND and NOR gates.

c) Compare various characteristics of TTL and CMOS logic gate.

i L] L] ¥ ¥
i } !l % § i |
e e e e e s e e e s e (S

Working Principle:

e When both inputs (A and B) are high (logic 1):

o Both nMOS transistors conduct, creating a direct path to ground, pulling the output to low
(logic 0).

o Both pMOS transistors are off, so no current flows from V_DD to the output.
e When either or both inputs are low (logic 0):

o At least one pMOS transistor is on, connecting the output to V_DD, so the output becomes
high (logic 1).

o At least one nMOS transistor is off, breaking the path to ground.
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Working Principle:

e When both inputs (A and B) are low (logic 0):

o Both pMOS transistors conduct, creating a direct path from V_DD to the output, pulling it to
high (logic 1).

o Both nMOS transistors are off, so no current flows to ground.
e When either or both inputs are high (logic 1):

o At least one nMOS transistor conducts, creating a path to ground, so the output is pulled low
(logic 0).

o At least one pMOS transistor is off, breaking the path to V_DD.
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TTL (Transistor-Transistor Logic) and CMOS (Complementary Metal-Oxide-Semiconductor) logic
gates differ mainly in power usage, speed, and noise resistance. TTL has higher power
consumption and faster switching but limited noise immunity and fan-out. CMOS uses less power,
has higher noise immunity, and can work over a wider voltage range, making it ideal for
battery-powered and complex digital circuits.

Characteristic TTL CMOS

Power Consumption High Low

Switching Speed Fast Initially slower but now fast
Fan-Out Capability Limited (~10) High

Noise Immunity Lower Higher

Input Impedance Low Very High

Supply Voltage Range Typically 5V 3V-15V (varies)

Cost Higher for high density Lower, scalable
Temperature Stability Moderate Better due to low power
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