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L1 ﬂﬁﬂﬂil!ﬁh‘ﬁdueﬁdn)- 3 - k .

% fefoee it = SHm e e Wf, siw frew, geR aw A S w5
& wmﬁmmmam&mmaﬁﬁ%ammm&
I A B B

& 9% TRt WiHe S 3 R SiRH % fe feeme fivan s 2, fefvee oftte e 81 56 WK
TefSrest wfhe # aReg dew ® Saw Q) e o R

o ﬁﬁﬁwﬁaﬁmﬁaﬁm%ﬁmqﬁzmmm% fefsem somifea (digital
electronics) FEe Bl

farma St Q) wmt § st ™ R—
1. T@m e,
* 2, fefvea fammen
‘re T ﬁIT:IFI' (Analog Signal)

@ﬁhﬁmﬁ%mm@ﬁ%amﬂﬁvﬁiﬂw%ma—mnmﬁﬁaﬁfﬁmmﬁ%r
@ Sine wave, Triangular wave 3G G faee & IeE0 B

v
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—  aulimnaas e i

e g

2 Rfwea gragies

[ 13 | RfSre R (Digital Signal) ] |
® mm#am:«twmzelevel)miuuyfqraaweal,owaummghwm ‘

& w R

w ][_I N '

firn ; 1.2 Rfvem Rom

@ rshzﬂmrwami:mi-mmwﬁaﬁamﬁﬁl

1.4 | et Roerer e ffrem R 2 geen

(Comparison of Analog Signal and Digital Signal)

(UPBTE 2013, 14, 16)

RO

Rfdea siegitEd
Digital D Digital

Input igital | 5 Output
Signal

System Signal
firx : 1.3 Rfiva Rrew

# fafre frem & et Qe §—
1. fera-wemy (Flip-Flops),
2. 3= (Counter),
3. TEAMEE (Microprocessors),
4. fefea oo (Digital Calculators),
5. F (Computers)|

1.7 Iﬁﬁmﬁm%m (Advantages",of:l;)lgitél Systems) -

1. fefwea faen 91 Wiged (accuracy) 3= LR
" 9. §1 W IR (noise) F WA F TE 2
3. fefireet fireem, e fm 71 3 R A (reliable) TR {8

. fafed fmes & 99 S (communication) Frar A QI B

4
T o TR 4 1L T R | PR R 5. fefreet ferem W Foae (design) 3T 4 @ S 1
v-;w,ﬁéﬂﬁﬂﬁ i m’(lnﬁnite) R (Low %l High). 6. T W A9 F XA ag9 HA 9&a
b+ e (Continuous) (SR (Discréte): e fefrect Rt i qerAes < &
A I (Comparison of Analog and Digital Systems)
W [Emw g [T : vy P
I Sine wavo, Triangular wave e faa Ho'l .. e
) ] 1. |fadl W& (Signal Processed)
1.5 I it RAER (Analog Systems) 2. |Feed (Display) _ s
¢ TR (System) S Qe R (analog signals) R s w &, e fiwen e § 3. |RSEm (Accuracy)
o e frem & e T t— 4. |FeTEA (Design)
1. fFe (Filters), 5. [ (Memory)
o, qieT® (Amplifiers), 6. |a9 %1 %94 (Effect of temperature)
3. firm YO ( Signal Generators), 7. |9 ¥ W& (Effect of noise)
' 8. |fem & i FfRRA

4. v @t (Power Supplied)!
o ﬂuhmﬁuﬁmmmmacy)mﬁa%mﬂmwm

m | fRfrear fRirew (Digital Systems)
mﬁ&mmﬁﬁﬂ«mi.fxﬁmmﬂamio
m

fameadt (veliable) B 1

—

o T
@ ez fiee & W T TS O R, e

( Communication between systém) )

9. |35 (Examples)
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o e

S NI

R

4 . ,. L Rftrea st

[ 1.8 h“m (Number System)

o fefen P ¥ fm demsd R 3fm = o wemsll 9 el fren am 1
® = fyen (number system) 3‘1 ﬁ%ﬁiﬁ T W A Hi T %—

1. 3w T fawem (Decunal number system)

2. 7570 TR fred (Binary number system)

3. Jffeed T forew (Octal number system)

4. ¥R TR f (Hexadecimal number system)

® T T fren ¥ fy w S (base)m%smmmmmafmm (largest

value) T0% 30 A & #9 W R
i fren ot s aw
1. Decimal . G R ()
9. |Binary . - BT
3. |octal - E g
\ 4. " |Hexadecimal . S T

[ 1.9, I éﬁmnwﬁﬂaw (Decimal Number System)

@ ﬂw%ﬂmmﬂﬂ&ﬁﬁwﬁv@md%ﬁ%wmm%
® e T fawn ¥ 10 Rl s A9 4,0, 1,2, 3,4, 5,6, 7,8 791 9,
@ e TEH AW 10 B 2 99 R A wE 9 A A

Decimal Point

%%%ﬂ/%/

102 100 10° Tt 10?100
"=}800 =100 =10 =1 =01 =001 =0.001
! . R4

¢ R kg i ¥ g w 2fma T B wRRid F e w5

® mmamn{mm%mwmmwmm(wexghtedvnlue)ﬁm g

v e ¥ v T R A Rl o

MSD (Most Significant Digit)
% T WS F a8 don free @i T sfwm o 8, MSD weer 21

. LSD (Least Significant Digit)

& T T 7 9 Ho o W e wE we 8, LSD weent 81
FeTToT— 2w T 532.86 T yefvie wEm

— T
r

v v
N=5x10% +3x10' +9x10° +8x107! +6x107
Ra: 15

N= 15‘,3’2

Wmﬁﬁédmsaz.asm’mﬁhrmmm%r

rl- 10 @Rt 7R RIA (Binary Number Systern)
& aER TR s ) R i R 0 AW 1,
B aER TR e, éﬁmmfawﬁmmm%mﬂﬁmmmwmilm
T w4 2 A 2, e S TR A 10 € R
1.10.1 SR W @ 3fma § oReffa s

TR T = A ¥ T & e A v S R aw R "1 1om for i 8, W 1

AT T & 99 35 71 ) el 0 &1 S w9 o ) S e v ¥ g S
e I F N T e :

ITE— AT T4 1011.011 7 2Rt goviies w1 el
Ti—Step 1 :ﬁﬂmmﬁZ%;W%mﬁmﬁhEﬁw

v (LT DT
S o -

+ 0x2“ +1x224+ 1723

l]..

K . . Ra:l6- -

Step 2 : 2 gt
N=(1x27 +(0x 22)+(1x 24 + (1x 2%+ (0x 27+ (1x 2 D)+ (1x 29)
N =(1x8)+(0x 4) +(1x 2) +(1x 1) +(0x 0.5)+(1x 0.25) +(1x 0.125)
N=8+2+1+0.5+0.25+0.125 ’

N =(11.378),, " Ans.
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e var ey

Riea g fRfea s
© W TR H 30 2 B 2, N TR S e 1 g R i 1.10.3 3Rt 7 3 ,ﬁ o
& AR foy g o R e S AR ;o i 3 e ¥ Raffe ) & g <o e e 2 T e g
: : : & @ AR ¥ quwad A g ¥ 3w A2 R T 2, Fd 0 (carry) T &
2 22 20 21 gt g —mrimTm
: . e 0 @ 90w A e WA den T 8 I )
J T p— o | I e LSB - TR— 2RI GET (0.42)0 A A # witafda &em -
. 4 —
F @
Binary Point fd il i
frr s 17 “xa|e
: & e TR ) g e T o b e ¥R TR WA @A TR | | g X2
i 1 7% wren ¥ i T A o A el few ; — o
: : . 1 :
L. e i fefw (09w 1) R fag (bits) A FR €1 o1 € 7 T € e e o-fee o 08 \
y 1y : i : X2
ih f =
| © I 7w 9 g foe fore i A o B 2, Most Significant Bit (MSB) wee®l | | 036 x2
| ® < A Fae e T o el %9 9 8, Least Significant Bit LSB) Feemdd [ . 072 . x2
3 1.10.2 3Rr@ W B e 3 wRaffa s , A
i @ 2o e A A A ofeia F ¥ fig 2w o F w2 @ ffe el L (042);9 = (001101),
g & W e ¥ TvER duwa 3 R fe s ‘ i
| ¢ R o s e forg e ek ) 50 9 4 o 1 | T 5 b o 3 o a1 0 & A 3 (Conversion) T W g AR B 5 BT
TEE— (105),p FY TE & AT e _ @ & &< &
e . : I (85.63);o Tt AF F At FAw 85 . 63
2] 105 «—— 3 ¢ wen L ‘ I_J l—l
o 52 1 LSB ' Step 1: Q1% (integer) 3R fa= = aem +Q} ™ o
2| 26 0 i . . s fi
X —t s o T Rm:18 -
2| 13 tll 2| a2 1 LSB
lr_:___ . 2l a 0
2 2| 10 1
2| 1 1 e
0 1 MSB S—= 0
. 22 1
vIu 21 o0
. 0 -1 MSB
| Jueal 9 3 w9 § @t W (105)y9 = (1101001), Step 2 : Q% ) a7 ¥ qawy
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fRfsen gt
(85)10 = (1010101),
Step 8: i B wFd A o

063x2=12".

- 0.26x2=052

052x2=104

0.04x2=0,08

0.08 x2=0.16

MSB

LSB

a’—>oo>-ao»-

(063);p = (10100),
Step 4 : Step 2 3 Step 3 ¥ viom 7 e W

(8563);9 =(101010110100) .. Ans.

111 | sifeezn T Rt (Octal Number System)

& a'rmrmfwmmia"a'tl.
¢ AR T AR S AT AR F im0 7w &

0,1,2,3,4,5,6,and 7
& 3lam TR w afirwaw ffe | w7 g
e N RY & T W dARE TR weffa w0 @ awmE wh

MSB . LSB

8’ 81 G' Bn a-l 8—2 s~a
' Rer:19

& RIS T AT WO A 2 S W A R e TS F Ve U F A T W 7
o 1w s ¥ v W R Ry i e

1.11.1 Sifeew wom 3 3Ry § wRaffa aen

Sleee wea W e ¥ et & Ry st de ¥ @ 3w B 801 Y n e 2, i a

mmtmmmmﬁmmmmwmﬁmmm%w
W o W R I R

TSR e 645 H LR Feata 7w

™—

Step 1: RY T, atem ¥on '8 & W & ww AR ariw N=| 6| 4|5 |
T
6xg? + 4xa!

fm:1.10

+5x80

RfSea gragied 9
Step 2: 2T TEF
N=(6x8%)+(ax8"+(5x8°)
N=(6x64)+(4x8)+(5x1)
N=(421)y

1.11.2 3Ry @ @ Fidee ¥ oRafdd s

e W @) sieed wEw A vt w0 ¥ i 2feve O B 8 A AR A fa @ A
Yo e 3 B & R M AU 3 3w W e W e aeRd e T @ W 3

| T e T (204), H 3 # wRafda wem
m—

8] 204 4 LSD
8| 25 I
3 3 MSD

k]

R L1

& Yowel # IR w9 ¥ fra W (204)9 = (314)g.
1.11.3 Jifgea wam & ai § aRafiy a7
® ifed HE W 49 8" U ¥ T T SuweR W woA 7 Wt 4
¢ R TG F I & (0, 1, 2, oo 7) % it aAd e AR R g,
W @R —

000 :
001 -
010
011 °
100
‘101"
110

7 111
R : 1,12 sitren 7= &1 TR} qrars.

TAG— AT FE (364) Tt g & whtaida sy
Tw— g R ve = 364
& F Ve T 9 e e W
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3 6 4

011 110 100

& W % g SRe e H T
(364)g = (011110100)
1.11.4 T wom &Y sigea woa 3 aRtaffa s
& mswﬁmﬂmﬁnﬁaﬁam%mwaﬂmmaaﬁm%wmﬁém
a2 vAF A % f T g sitwen W fera < o #
TCEUI— AT T (11010010), FY Hae HEam ¥ witafin Hifwdl
wo— @ g T Fen = 11010010

3-3 fe | W T W
011 010 l010
Group3 Group2 Groupl
!y U U
3 2 2
fm:113

ﬂﬁﬂﬁmﬁyaﬁmmmmkfmoﬁmméﬁl
faea e = 322
(11010010) = (322)g

rl 12 l Mﬁl‘m 7} e (Hexadecimal Number System)

¢ taerdfora T faws = 3w "6 g B
© iav@mmﬁafmquﬁzmmxsﬁmél

$ %wimna'-mﬁgfa16mim%fzﬁ0ﬂ9ﬁa*ﬂfsﬁzmmm%m&&

C,D,E sRFam

& ﬁm@ﬁmwﬁmﬂ&mmam*mﬁmmé—
AT e

o 0

1 1

9 2

3 3

4 4

5 5

6 6
7 7
8 8
9 9
A 10
B 11
C 12
D 13
E 14
F " 15

frr : 1,14 deadedvm R & 7F
1.12.1 deerfmm 31 3R ¥ oRaffa s
& mﬁmﬁmmémmﬁﬁmtmmﬁw"“%WMWQ
Wﬁn‘%mmﬁmmﬁmﬁﬁﬁam%maﬁWWﬁﬁm
T T ¥ g 2 TR W 8
TR — YRR Tt 6DE @ 3w geaien @i wiey
TA— Step 1: < T TEREEE WO A 16 F TR F ¥ F WA FA

N=|6|D|E
ex162  +13x16!  +14x16°
fam:1.15

Step 2 : Zfewa TEF
N = 6DE = (6x16%)+(132x16Y) + (14x 16%)
N =(6x256)+(13x16)+(14x1)
N =(1758); '

a: © (6DE)s = (1758)y0

1.12.2 3Ry e & eew i ¥ oRafda &<

3 2T ve T TaERieN 3 RafT T % oy e TE R 16 { @R T &
S § A R A F R e e T 39 w9 d e W e demdte
WET W 8 I R
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mm%mzssmtwmmm

= 16] 259

16) 16
18] 1

o W IR W9 N o W
(259);9 = (103)(

1.12.3 R wem ) a3 uRaffa o

¢ YeRfirm & ww of% & RY(0,1,2,....,.9 TWA, B, C, D, E, F 1 1570 g B oy ¢

R R vt T —

'ﬂmc"bm:gmvcn‘-d&&-n'u:e; ~'o
N ) : N o= = i o ;

MII.HWNWW

e e AFB2 e whafhe i
T3 & T & 7S oiF F1 IR eI et W

A F B

1010 1111 mon

0010

Rften welegiPrew

ey 13

o ) i %0 HE W AT [
(AFB2);¢ = (1010111110110010),
1.12.4 TR Fom @ el § aRaffa s
& T O T darfemm X viafia w0 & fw LSB A w0 w0 4.4 form w1 g e o ¢
| T R R O & o I g 2w e @ I &
TIEO—FT HET (1100010111100010) , FT ¥ ek 71 R
W— A T F R A 44 f T IF IR W
(1100, 0101, /1110, 0010,
Group4 Group3 Group2 Groupl

l 4 i {
E 2

mﬂgﬁ#mm%wﬁgqcssz);
(1100010111100010),= (C5E2)y4
1.12.5 SR o @ s § wRafta s
$ ERfETE TE N AR ven ¥ el w0 ¥ foy e defond ve @ agad ¥ ofaf
A ¢, THH W] W@ A wen A e gen ¥ vk wn 4
TEV—IFLRAR (25B) 5 T IR Jois 71 FW
T@—Step 1: 9 g tTTrfma &0 &1 TR0 [

[2] [=]

0010 0101 1011

W SRt 69 =001001011011
Step 2 : TR TR F Faed & @F -
[oo] - o1l o11
1 1 3 3

am: § g YR §E @ SR T =(1133)g
(25B)y5 = (1133)g

1.12.6 3iaea e ¥ 2eRRma e nd S

T HE R AR G W FQ ¥ g wem s v ) aed & iy = €
T4 TR ¥ A IR T W @ a9 L )

TET— 3w A (615)g F ¥ qEEF 7 FA
TA— Step 1: 3 E IRA T T ;T [T

[e] (]

110 001 101
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=

: Istotce geiagIAaN | Terte getagiiad
TR TR Hew =110001101 m aR FaaH (Binary Subtraction) I ;
Step 2 : TFH ¥ 7 ¥ TIE Hﬂwgmaﬁwﬂ,.,m%ﬁaﬁﬂwﬂ?l
‘ 4 SUB BORROW
001 - {1000) 1101 " B
0 0 0
1 8 D 0 ; 0
1 0 :
2 @ v = ¥oa 1 & g (18D)ys | i 1 0 ‘1)
(615); =(18D)yq T 1 1
: e a1 B= 7 Fagez Fha
: . _ 2T ¥ A = (11011) 3 B=(10110)2 4
| 1.13 | il 5efARS (Binary Arithmetic) AT HE
3 J A—34 T A qe
s m;.%ﬁﬁ'g\ﬂﬁﬁaﬁm,wﬁamWaﬁEmér A=(11011);
& 37 CzrA (Binary Addition) T ¥R ¥ 5% HRTA SH—aRT] §aLaw, R < 09 B=(10110)2 :
f5 5 R 59 (ey) % o =@ 41 53 T4 NN T30 TewA (Binary Addition) F Ao 1 1 0 1
e ' . B— 1 0 1 1 0
T BT %sﬁm (Rules for Binary Addition) = 3 : 0 1
=27 v = 973 W e 55925z SUM aw CARRY wa €1 & < 413 7 afern & <ol T —
A - B SUM CARRY s A T Al T waE = (00101)2
0 0 0 0
0 1 1 0 (115 | argrt ks T (Binary Coded Decimal (BCD) Codel 4
1 ; L 0 BCD Cods 7 i Hiem f2re = oz aed 7 @1 T ¢
: : ; 1 m:BCDCndemﬁfmﬁfrzaﬁ?ﬂﬁirzﬁﬁsﬁrﬁmin
Zpo—arA T3 (10111), 34 (11001), F1 41 33 713 43 whm & e T & 7eE BCD #% W W W -
AR e " Docimal Namboe SR BELBCD Code 7%
Carry» 1 1 1 1 0 ? 0000 |
A 1 0 1 1 1 1 l 0001 |
B 1 1 0 1 1 2 | 0010
3 | 0011
Answer—1 1 0 0 ¢ 0 4 i 100
7, A 7 Al W 1 9 =(110000); 5 ! 0101
TER— AN WA (11000), 24 (1101); T 40 7@ FA0) 6 | 0110
A3 g Tl som @ am 7 | 0111
1 1 0 0 0 8 i 1000
]
+ 1 1 0 1 - ) ' 1001
1 0 0 1 0 1 TR —fay g 2 Te @ BOD Code ¥ WAty wim
(i) 95
7. 4 i Al wm w1 M =(100101), (i) 78
(iii) 164

==
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¥— (i) Decimal Number ﬂﬂ
1001 1000

3r; 98 & BCD o4& = 10011000

(ii) Decimal Number n

\

0111 1000

am: 78 ® BCD & = 01111000

(iii) Decimal Number [1]6]4]

. 0001 0110 - 0100
aw: 164 = BCD T&& = 000101100100
| 1.16 | vaw-3 B¥E (Excess -3 Code) |

@ Excess-3 Code BCD Code, 1 Wlewsg wid 31 BCDCodeﬁimmﬂaﬁiﬁ?m
Excess-3 Code W<t f&a1 v 21

@ N afw ¥ Ao TR F TEF Excess- Bﬁmﬂmal

mﬁft. o

m}-rmo’\.:so;'-,touo

-

q.

® i T 12 R BCD Code H WRafia & T 00010010 fr@d ¥ 7afs Excess-3 code M4
T & fre 2w w3 g R T @, IW: W AT 01000101 &AM

m—mmmwaﬁ Excess-} 13 # gRafdq s
()59
(ii) 403 '

* ¥—(i) Decimal Number

Rfra wwr
43 +3
+3
3: 592 # Excess-3 §&41® = 100011000101 1000 1100 0101
(592);0 = 100011000101
(ii) Decimal Number nu n
’ +3 +3
+3
0111 0011 0110

a7 403 F1 Excess-3 T& = 0111 0011 0110
(403)59 = 0111 0011 0110

@ Gray Code 3 Cyclic code &1 w1 R

Decimal

ol Gray code
0 0000 | &———
1 0001 | «——
2 0011 | &—
3 0010 | &—
4 0110 | «—
5 0111 | &
6 0101 | «—
7 0100

© 8 1101 ::]
9 | 1101 | «—
10 1111 | «&—
11 1110 | «—
12 1010 | «&—mm
13 1011, | &—mmmmm
14 1001 | ¥—mm
15 1000

m kil Gray Code ¥ s (Binary to Gray Conversion)
& W T §8 T TR By, By, By, By, ... By RemH
& m'mamﬂmmhm(cmycode)ﬁnﬂm
G, =B .
G;=B @B, W A
=B, 0B,
G,=B; ®B,

Scanned by CamScanner




—
0 _ }
DDCC 5 1101 1101 1100 1100
BBAA — 1011 1011 1010 1010
19976 1 1001 1001 o111 0110
' Result— (19976), Ans.
(i)
7238 — 111 010 011
237 — 010 011 11
162 1 001 110 010
Result— (1162)g Ans
(iii)
N
e

Gy =B, 0B, .
SRIE-—AGH 7@ 10111011 B} (Gray Code) H wfafin aifm
w— ’
Binary Code =

Gray Code = 11100110

1RIJIGET GO

118 | ¥ P o1 e 25 3§ wRady

“|(Conversion of Gray Code into Binary Code)

QR 2 #2 101010 R TR A Wakta T & fog B 71 o= v E—

Binary Code = 110011
Gray code = 1 0 1 0 1 0
| L") o))
Binary code = 1 1 0 0 1 1

I 1, § T HEER H AT T wl—

[ ftr TRV (Solved Examples)

(i) (DD CC);6+ (BBAA)js=( )¢
(ii) (723)g+ (237)g=( )s
(i) (10101100), - (00111000),=( ),

fifien gt

10101100
- 00111000
01110100
Result— (01110100)9
. TV 2. AT HEAT (11000), T4 (1101) , T 0T F1H S}

zﬁ—
11000

+ 1101
100101
T 3, AFAX WEAT (11100) 7T (01111) , T TNT F1A WA

m_
11100

01111
101011

ITE 4, FTFA HEAT (100110) o TGT (11101) 5 T ST 774 HQ

o
Borrow p b T |

100110
+ 11101
001001
T 5. IRINA WEAT 214 FN Hiaee ¥ qiafda sifeg)
m—

! 8214 6 4LSD
B[ 26 2
83 3
T MSD
Fiwd
THF = (326)g Ans.
T 6. T W& 3509 HY gaarSHiner § whatda sifaq)

m_

16/219 11—+B
16] 13 13—D
0

16]3509 5 —5 ILSD

MSD
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20

RfYen g

¥ 7% = (DB 5)y¢ Ans.
Fargron 7. eftrer H 35 1 afeew qedis A St
™ ’
83 3 41SD
8| 4 4
0 MSD i
SR JF = (43)g ; Ans,

TETO 8, WrgTdt T 1101.1 w1 et g o W)
TT—ehmE HeEw (M) =1x2% +1x22 4 0x 2! #1x20 +1x 27!

N=8+4+0+1+0.5

N =(13.5)0 Ans.

TEW 9. (475. 25)y W ftwe ¥ wftafia
w— (NM)=4x8%+7x8' + 5xs°+2xs"+5xa‘
N =256+ 56+ 5+ 0.25+ 0.078125

N=(317.32813);p Ans,

FE 10. (9B2 . 1A)y T Seftwer ¥ wftafifa i -
w— N=9x 167+ B(11)x 16" + 2x 16° + 1x 161 + A (10)x 1672

N =2304 +176 + 2+ 0.0625 + 0.039

N =(2482.1)¢ - Ans,

T 11, R g w2, tmiﬁrrammiuﬁaﬁhaﬁm-

(1) (101101)4
(ii) (11011011),

w—() T wTh

-1x25+0x2‘+1x23+1x22f0x21+1x2°

=382+ 8+4+1=(45),  Ans.

TSl wE
W TG =

—
-
o
-

=1

L

00101101
—_—

e
2 D

= (2D)n

101 101 = (55)

— —

6 §

(i) e T = 1% 27 + 1% 206 +0x 25 +1x 2% +1x 2% +0x 2% +1x 2 +1x20
=219 ' Ans.

21

ffen g
11011011 = (DB)yg Ans.
ez D B
011011011 = (333 Ans
—_—
segemi= 08

TR 12, 3 W (2ACS) FY IR, SHfaree aur angdt F whtafid &0
TA—3TA RN (2AC5) 5 = 2x 163 +10x 167 +12x 161 + 5x 167
= (10949 Ans,

{ER¥TFE (24C5);6 = (0010 10101100 0101); Ans.
m&m—mém%ﬂ‘mmm%mmﬁwﬁﬂhﬁaﬁammmma

Fwd TEm w4 w1 R

000010101011 000 101
— e e e e e
0o 2 5 3 0 5

(2AC5);6 = (025305)g
(2AC5),5 = (25305)g ’
T 13, 9 T I i wr BCD ¥ uRafda sfi—

(a) 35 (b) 174 (c) 2479
m— ]
(@) Decimal 3 5
l l ‘Ans.
BCD 0011 0101
(®) Decimal 1. 1 4
- L : L Ans.

BCD 0001 0111 0100

(¢) Decimal 2 4 7 9
! ! 1 : Ani
BCD 0010 0100 0111 1001 ‘
T 14, Frt & BCD Praamam |ifgg— '
(a) (57)yp 7T (26)y9
- (b) (83)3 T (34)y9

(c) (569)5 T (687)1q
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S TN OAAYAL LR A —

B R RPN | piea R 2
Deg;w] 01 0113031 11 We add (0110), to only the invalid BCD numbers to get correct answer.
+26 0010 0110 1011 1111 0000 Incorrect sum
Carry—»_ |_T:][I] N 0110 0110 0110
Sum -3 [@ 0111 {1101 «— Invalid BCD and Carry =0 111 11
Final S
carry Valid BCD o m 0010\10100 0110
3 | 0 —— — —
™—(a) i
0110 Correct BCD answer
0111 1101  Incorrectsum . Qoo gpo1p g 20
+ 0000 0110  Weadd 6 for correction . | ! o g
1111 '
Carty 5 (')0“ S Therefore,  (569)y0 + (68710 = (1256)y0 Ans,
T T orrect resu "JRE 15, BT &7 F1g Excess-3 &g H 1A FaT—
S5d4r 4
We have to add 6 to the sum to correct it. (;) 16 ur29 *
Therefore, (57,9 + (26)10 = (83)10 Ans. ® )
® . T—(a)
Decimal 5 1000 Excess-3 for 5
ocime BCD + 4 + 0111 Excess-3 for 4
(83)0 1000 0011 9 =l==1r No carry
+(34)0 +0011 0100 00.11 subtract 3 )
: ’ Carry 1 1°00 Excess-3 for 9
! (1M, Sum: 1011 0111 Sum > 9, Carry =0 ,
il gl f
hg:erl;d \{‘%hg Hence, correction is required (®)
Thus, we add 6 to the invalid BCD, for correction. 16 06100 1001 Excess-3 for 16
1011 0111 e + 29 + 0101 1100 Excess-3 for 29
45 1001 1 01
+ 0110 0000 6 is added only to the invalid BCD. 01
C@y 1 J Propagate carry
1010 0101
I L‘lﬂ °_1r‘_¥ + 0011 Add 3 to correct 0101
1010 1000
0001 0001 0111 « Correct BCD result. -0011 Subtract 3 to correct 1010
! T i . FeTE 16. whafi wfi—
" Therefore, (83), + (34)10 = (1170 Ans. L (10111011)3 = (g = g
X .
569 0101 0110 1001 2 (010101005 = C)gray = (ho (UPBTE 2016)
+687 0110 1000 0111 ;q T, (2) (101110112 = (s = (g
0 1 111 4 10111011
1256 1011 1111% 10000 Tacorrect answer ] By
e N ;
S o, A | oo, @y s
carey } 4 ®aowon
L 2 7 3
Y
1 i
i
i SR

\
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u

(010111011); =(273)g
2. (2) (01010101)3 = (NGray
seseggieig

oo
——
—--—o
—.——
—— O
—.—
—-—
— -

(01010101); = (01111111) gy
(b) (01010101)2 = (")10

=(0x 27 +(1x2%)+ (0% 2%) £ (1x 2+ (0x 2%) + (1x 22+ (Ox 2)) + (1% 2°) *

=0+64+0+416+0+4+0+1
=85 .
(01010101); = (85),

Rfden wtgifen

Ans,

*Ans!

Ans

Vs

fefrza ORTF R 697 § wrmdl

et am fefeza farem 71 = Fifay
fefara forrm & o 7@ 3xwr fefaw
et am fefiem fres =1 geAem = amd
fufir=s T firem 7@ €2 WA B WAl
e T few A ¥ wEA L2
Tl T v B @ wea)
frg g A R -
(a) (1101011)3 = (Mg (®) (3578 = Mo
10. fr= dredfta oY B A ¥ wxfed-

P> s @

(o) (Ald)yq (b) (5C8)y6
11. = v domsd N afeen ¥ wfm-
(a) (2479 (b) (0.6874);9

12. ET0 H (101101); W e ¥ wefime—
13. 2 gf 2fem wem N Aprd ¥ wRR—

(a) 46 () 109 - (c)121 17’

14. fr @ v P ' '
(®(1011011-1101)5 = My = Mo = Mg = Mis
(8 (32875 = (g

(c)(200)10 = ()2

Qe Am fefrea firda & =01 wogd 47 39 Qe T

(c) (1359);5 = (N

© (328745158),0

(e) 135

(UPBTE 2013, 14, 16))

RiYen PgPea 25
15. (1537 3 (4BD)y ™ =R ¥ T (UPBTE 2012)
16. (11011),  3fa o Hwew § =l (UPBTE 2012)
17. (1384),9 ¥ (5CE) g ¥ TR & Tl (UPBTE 2011)
18. fA 5 T=A- (UPBTE 2010)
(a) (247)yp ® SFH () (06875)y R F7A
. (0(32875100009)p RFRE (@ (955), ¥ FFIREE
(e) (675.625);p ® FFeafm
19. fefafaa =t = 3—
(a) (11011011), = (g () (569N =2
(c) (47919 = M1 @ (10111011); =(Myo
20, T HEw = e § WEEa w0 W (g 7 v He
91, Teme v 1 TR § TR w4 9 A 7 A F e
22, sa T fF=m 9 TR
ERECTSER ]
| i iR R
(a) 1000 (v) 500 (c) 1024 (d) 2000
2. T wEw T AW g d—
(@4 (®)2 (© 16 @8
3. ewa U 214 F W TES 0—
(2) 214 (b) 300 (c) 326 (d) 200
4. T (614); T Tw TS T—
(2) 1000 (b) 614 () 305 () 250
5 waphifmifrd®
(a)2 (b) 4 ()6 @8
6. WhmifFfed '
(a)2 ) 4 ©6 @8
7. TE 1001 & 1S FEEAE T— 5
(a) 1001 (b) 0110 () 1010 (d) 1000
8. 111101 +011L10= ioveen :
(a) 11110.11 (b) 10110.11 (9101111 (d) 1011.10

(o

1.(c), 2. (), 3. (c), 4. (c),. 5. (d), 6.

®), 7. 0).8.0)

Scanned by CamScanner




s A n

Boolean Equation

Truth Table

[ Input | Output
Y

—llo|l~|lo|lw
—lolo|lo

| 2.1 | aRe (Introduction) ]

AND e & fagqa gemics

¢ o E 1 wer = e € R fefiren wffem & wim frn s &
€ AND, OR, NOT ¥firs wifes Xg i % wu § NOR, NAND, EX-OR  wfos ¥z &1

Logic Gates v —/ Bulb
Basic Gates Universal Gates Special Purpose fo : 2.3 AND iz =1 R T° 0
Cates

l‘ l 1 & gmafew ® Wy 6 € sseg W High frerT 9@ ® R High ¥ 991 123 &€ Low
 AND Gate + NAND Gate « Ex-OR Gate T Fa R § @9 0 792 Low il
* OR Gate * NOR Gate * Ex-NOR Gate = :
o o : 21 1R i & e I;E2.3 | OR %% (OR Gate) J

& OR 2 G 7or &1 siws STt € ) O (addition) ) awia §1 7F A didaw F A+
| z.zJAND?ra(ANDGa:e) ] o ol

(4 OR B) = (A + B) - Logical Addition
% T ) AR B ATARAR(A+B) T(AOR B) AT &
& OF %% wdd s g 0 & o0 Fadt T SNSTR &l €

Symbol of OR Gate
A
Y
B

f:24 OR W -

A —] > Boolean Equations
Input { n Y (Qutput) Y=A+B

f3:22AND %

& AND ¥ TF yem @ e siaet § 9 s qufa 1 a7 A Adaw (variable)¥ #9 A 3
(dot) TR WA Fran I 41
,—TAND B=A-B - Logical Multiplication
® MANFE R ARBITIFAEITRNABTAAND BATR ¥
o AND ¥ m T afus W 0 § au 3aw v o dm b
Symbol of AND Gate y
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- »
. 23 ' 5 . 3 , Rfer setegiPirs wifT Yea
. . Truth Table . Input Output
Truth Tabl
I Input Output . (4) Y)
A | B Y 0 1
0o 0- _ . 1 0
01 1 oo NOT ¥z & forea geia
10 1 ¢ NOTﬁzi:ma:ﬁW@ubble)mﬁaﬁm(mvemun)mﬁgimﬁawaﬂmﬁ
1 {1 1 SRRi T &
OR e &t e geaien _ !
® mmamif*@Wﬂzﬁ‘ﬂmghmﬁWaamﬂmmggzmaﬁwmgh » e A Bulb i
s\mngzaalnwmz}mmz‘rarﬂzuwg‘n . -
) ) "y R zmgam
I LB/ | ' F25-| NAND 92 (NAND Gate) . e = "ot oo ]
T . @ ,\Nnteaauoﬁmmmmae)mmammzmmemamm
¥ F NOT ¥ % e wehe fvw o # A wiom?t iz NAND e weem 21
& 38 ¥aR e ¢ fr NAND %2 AND % @@ NOT ¥ = s &

m-zson:‘rmﬂgagm .
‘. l 2.4 (NOT:‘lc(NOTGa:e) P IR L R
~e~NOTﬁzmmtrwmﬂz%fmmwmmmazmﬂ

' ® No'rﬁza:mtmm\an( —) BT e s & 7% NOT e Fehi (complement) ST9eg
W

& o i Y 2 T NAND T ¥ 95 7o See o afe =1 <ot @ ¥

A A-——1 Y=AB _ A’-—‘ AB
InputB } = B Y-8
-— —
NOT )

AND

. ) . firt : 2.8 Two Input NAND Gate firx: 2.9 Equivalent Cix-cuit'
¢ oA A 2D wH AR A XA TR b Truth Table '
. 7 =NOT 4 "Input Output
@ NOT % ® W (inverter) W a1 w1 &1 A0 !
Symbol of NOT Gate S
0 1.1
) /— Bubble repi'csents Inversion 1 0 1 ,
Input A ' - Output Y L 2 i
g e A < T A mmww'valmwﬂfmmﬁmuﬁam@ o
fm:1 26 NOT ¥ (nln) mﬁﬂn
Boolean Equation Booleait Equations
Y=4

& " NAND % ¥ fr o Tt
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v

Y=AB
M A.B AND 2 @ zafa  am s (Bar) NOT #2 ) zufar &1

% NAND %z 7 nfrrta 7z (universal gate) N 7 €, ﬁfzmﬁmﬁwm ORIT
NOT & % wm %1 wFa 2

T
l||

| 2.6 | NoR ¥z (NOR Gate)

& ORMH NOT iz % mn Frebe %13 W §2 NOR 72 W & 4 s 7@ 0% OR 2 %1 NO'H
2 % W ek fem T 2 @ wom 12 NOR e wremm € 1

¢ T ¥R @e ¢ 7 NOR %2 OR iz aw NOT %z @ wiaiwd &1

% a1 A NOR Nz @ % am1 v wferan ) gufw m &
Symbol
A+B
. -:Do; L :}>_¢_l>of__ﬁ
Input = - .
He B
AND NoT
fux: 2.10 Two Input NOR Gate firx : 2.11 Equivalent Circuit
Truth Table 1
Input Output
A B Y
0|0 1
0 1 0
1 0 0
1 1 0

Ex-OR W2 (Ex-OR Gate)

‘ Truth Table

‘® waafew A we 5 NOR % # anseqe a High &M 9@ & @R Low ¥ or< &Y,

feefadl A a3 7T Low B
Boolean Equations
& NOR Wz & firq gt wofiear -
Y=4+B

75} A+B, OR %z ®) Ty ? aw ar (Bar) NOT ¥z @ gwfar &1

® NAND*z%ﬂmNOR?ruﬂqﬁﬂ#ﬁEif"mvmﬁAND OR a1 NOT % & a1
i

3

ﬁzmaxomzmxomzmil

mma%mwmmfl
:mafaﬂﬁmw"

K Exclusive-OR
o ExOR#z @3

) mﬁnﬁax-onﬁzmma
Y=A8B8

) o

;212 EX-OR 2

mbol
e A

B

Boulean Equations

Qutput
Y

Input

Y=AGB

Y=AB+AD

Y =A@8=AB+AB

S| |—]|O

—~lo|l~|lolx

4
0
0
1

11

¢ wa e E e d fFEx-OR AT 22 I G B 6 TSR WA Low W B
v feafi & 3T32ge High #rd 6
# Ex.OR iz @ 7wam & feiwes fame &) gammmfi‘ﬂfmmél

B

l 2.8 'ﬁ'ﬂ'\fﬁﬂa(Uniuersal Gate)

]

(UPBTE 2015)
@ NnNDamNORm"ﬁrﬁaﬁamm% wﬁﬁﬁmﬂnWD OR, NOT &4 W &
i 1 fmim G 0w § '
2.8.1 NAND ¢ & sz & Rfv= f‘rﬁ_aﬂﬁﬂffn
(a) NAND 72 @ AND 72
s 24
% Ffay= 4 —‘ -
AND Tz % fai Y= AB i peTTea8
B —

@ mﬁrﬁhwﬁw}’:ﬁ
(b) NAND &1 w1 &% OR 12
# OR ™ ¥ fig
Y=A+8
# gsa Fesd RHS W fam W
Y=A+B=AB=A+B

AND gat« using NAND
w213
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(b) NOR #z %t wgraa & OR 2 x+B '
: (UPBTE 2013) ) So—] ) So— VK78
B Y=A+B

. @ OR e % OR using only NOR gates
Y=A+B Rex:2.19
¢ RHS W zaw F@ad o |
Y=A+B

ORgatef;:ingNANDgates L . Y=A+B=A+B A
1214 . H Input L
. (c) NOR iz =t wgraat & NOT 2 v=X .

(c) NAND 2 2t weraat & NOT ¥ ' :
A{D}-—Y=x % T A=B=A NOT gate using NOR gazes
i fm:220 .

@ FEA=B=A . [
R— ' © B JEIE Y=A+B=A+A
& AREY=AB=AA firn: 215 yed
BESa A " (d) NOR 7tz 2 wgraan & NAND iz
(d) NAND T %t Terar § NOR ¥ - @ NAND ¥ R
@ NORW®e¥fmY=-A4A+B=4.B Y=24.B
® RHS W 390 F& o1 W B =4+B
Y=.Z-§=A+B . NOR gate using only NAND gates & & ﬁ%‘ﬂ-_: _
(e) NAND ¥z %t weraan & Ex-OR fr:216 Y=A+B=AB
& ExOR % & fm ;
'Y=A®B
_ =AB+BA
# RHS W 3ad T o W
Y=AB+BA NAND gate using NOR gates
4 s _ . fm:2.21
@ WM X=ABam Z=AB
- iy () NOR e Fiweaar & Ex-OR #E
=X+ g i .
X ~ EX-OR using NANm[;g‘n:ls.l s Ex.OR P m ,
o fetin s i{:zd’.z T Y=AB+AB
: Y=X.Z=(AB.(AB) ® WNX=AB Z=A4B :
2.8.2 NOR ¥ 3} wgraan ¥ fftr= ek o Ffor 4 Y=X+2 ) IR
(a) NOR ¥tz %t wgraat & AND o & ga9 T o | Ex-OR using only NOR gates
(UPBTE 2013) Y=AB= Y-XtZ=XZ Prr:22
[:] ANDﬁEﬂ?RﬂY:A,B = — o
d =(AB)(AB)
® RHS W 390 T i W B _ =
e . o B =(AB+ AB)
Y=AB=4+B ) " firr: 2,18:AND gate using only NOR gates _#
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[ 2.9 | affvrm frm (Bolean Law)

HITE T 3.

e YoTeh & o Frw —

1. 7 faf@¥a fm (Commutative Law)
9. wg=d fram (Associative Law)

3, faqw fran (Distributive Law)

4. AND fm (AND Law)

5. OR f™ (OR Law)

6. T fram (Inversion Law)

2.9.1 w9-Rfa fraw (Commutative Law)

® aﬁfmﬂaﬂﬁmﬁmwmﬂM@Mnmt,mﬁnﬁwméu

15 A.B=B.A
29 A+B=B+A

® wmmnuﬂt&m—fzﬁﬁuﬁmﬁﬁnméﬁﬁammmmaﬁﬁz#m

w F R T v R

A ﬁ—— =A. .
@) ha— ) Y=AB @ Y=AB
Be—1

fire:2.23
@ mmmmmmmmmmmmmmmmmm
2.9.2 Wi o (Associative Law) '
& ﬁwﬂJﬂvﬁﬁiﬁmm@(Expmssion)ﬁWmﬁmﬁﬁﬁwmﬁl
15 (A.B.C= A(B.C)
23 (A+B)+C=A+(B+0)

® mmmﬂmtﬁmﬁﬁﬁwﬁmwﬂﬁmmxﬁmammmﬁm

w Y W T s

A .BC A AB
B
B = (AB)C
c B0 c
: () :
A AHBC) A A+B
B
B = (A+B)+C
c (B+C) ¢
®

frs : 2.24 w= fify

¢ T fAe A i wifa 9 U fRE R v HARE @, oo W T o

93ﬁmwm(msmbutwci,nw) ,
* mmﬁmaﬁawaﬁaﬁmﬁwﬂmmmmmmﬁmmh

N AB+O)= AB+AC

*C)
AB+AC

fux: zzs

] wmmmﬁﬂmmmﬁmqﬁmﬂmmmén
9.4 AND g (AND Law)
S A.NDf’mmNDmmm&mmémwﬁmﬁANDﬁmmtl
s mmvmman%wmﬁwmm%—
1- A0=0
22 Al1=4
35 AA=A
45 AA=0

A=l
) Y=10=0

A=0
far:2.26

2 fmAA= onzﬁ‘am%rmﬁwm)aﬁ‘mm%a\mmmmmwﬁm

& rmfﬂmmﬁmmgﬁzﬁm
9.5 OR fATm (OR law)

# ORﬁmons‘ﬁmmmmélmwﬁ"@ORﬁmmil
& e domivE W s1afa OR ¥ §9 WY@ Fod T YR 8—
: 15 A+0=A
2 A+1=1

39 A+A=A
4o A+A=1

¢ ::(A*A "“ﬁhm%ﬁ“ﬁﬁ?(maﬁmﬁzﬁsﬁmmma St
|
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& Rftren g

A=1

A=0
fim:2.27
& 70 f aw @ fam E e B
2,96 ¥4 PRI (Inversion Law) Vo
@ Inversion Law "NOT" afftert 71 wim Fwm 21 Frem & 3w & fi afk fned 4w w1 3
v fFm g @ o e ARl W dm '
A=A

¢ MA=0NA=170A=0,MTRFY = 4.

A=0 D¢A=l {>¢ 'Y=(K)=o

frr: 228

¢ AR i o W e 3 e o

Ak 1 37
. 7: - | Other Important A+BC= (A+B)(A+C)
e A+AB=A+B
At AB= A+B.
_ AfAB=A T
Xk SO "7 AB= A¥B
l 10; lﬁ-‘qﬂﬁm(De-Morgms Theorem):z ;o> e i = o R l

® f& nmmammmmmmmmﬂmmmﬁmmmm

wl—
1

] mm%mﬁﬁgﬂmﬂm,mkmmﬁw@htm%mmm
& fg g wieE = fag ¥ NAND 7o (NOT-OR) i gra weff o T &

B

NAND

NAND = Bubbled OR

=A+B

A
!:>B

Commutatwe law

el (o :Aésociaii\'e Law | i (ll-Bi6 = 4B 0

e o i AEBeC= AY(BAO

. I DlstnbuhveLaw T A (B+0)= AB+AC:-;

g ANDLaws K" ~,,A0 0 - -
e ;. 3 ' A124

B }u'."‘A' A=A+

' L Atl=ls
AtA=A

: A+A=1

B ..Invmion‘an . “A=A vt e '

fm:2.29

e

9 mm%mmm(sm)mmsﬁh 'ﬂﬁmﬂﬁﬁ%m—mzmﬁﬁ?%
TR AR M
& T Wi & 95 ¥ NOR 7@ NOTAND (Bubbledmn)mnzﬁ‘af-mw%l

X — A
A Y=A+B A — =A.B
mmnp i Saall o

NOR

fex:2.30

mm (Duullty Theorem). ;.

Il

3 mmmfﬁmwmﬁmmmimmmél
& IR v 9 e i —

1. 5% AND e # OR 3w ¥ w=ferd

2. Y% OR 3wyR Bt AND SR § aeferdi

3. =9% ¥ 0s 791 1s T H=AAR FAQ

TRTOT— T T AT G T G (Dual) T HHAU
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38 gm‘mﬁam’ -

SIESRE=A Y =(A+ B(A+ BJ(A+ B| __ Standard :
() A+AB=A+B 3 =(A+B(A+B(A+ B fandard POSee <
z 4 Y =(A+B(A+B+C) | Non-standard POS -
(c)A+A=1
) (A+B) (A+C)=A+BC ST e T s @ 3% 2ved SOP A POS W F AT —
Fei—(a) TER T ()R O A 70 TR ()R (+) D fw AW A (@)Y=AB+AC+BC
A(A+B=A b Y=A+B)(B+C)
Ei-co1 (©)Y=(A+B)(A+C)(B+C)
- B S Tw—(2) Y = AB+ AC+BC
© -A+AB=A+B Y =AB(C+0)+ AC(B+ B +BC(A+A)
A¥A=1 A= - ABC+ ABC+ ACB+ ACB+ BCA+ BCA
| (A+B(A+C)=A+BC"| ‘AB+AC=A(B+O = ABC+ ACB+ BCA+ ABC + ACB+ BCA
S —————— Y = ABC + ABC + ARC + ABC (+A+A=4) Ans
2.12' | wiffre e 2 W oA At At i ®) Y =(A+ B (B+ C)=(A+B+CO) (B+C+ AA)
epresentation for Logical Functions) - A+BC=(A+B(A+0)
¢ fod) o SRR A W 50 H 9 i - Y =(A+ B+C)(4+ B+ C)(B+C+ A)(B+C+ A) Ans,
1. Sum-of-Preduct (SOP) (©) (i) First, let us find the missing literal for each term as under :
2. Product-of-Sum (POS) Y= (A+B) (A+C) (B+ ()
Sum-of-Product (SOP) —_— =
& SOP i =iw% B o Frd gra dkam ¥ orwe & 4 & w9 ¥ wwfa I L-»mssinglixeralisA
Sum Missing literal is B
—» Missing literal is C
Y = AB + AC + BC ) . a
(ii) Secondly, we OR each term with (Missing literal or its complement).
Product Therefore, we have
Product of Sum (POS) Y=(A+B+CC)-(A+C+BB)(B+C+AR)
F-] Posimﬁmﬁaﬁméﬁﬁm%dw%mtwﬁaﬁﬁl — =
r__'——— Product ‘ . ;—v Missing literal ANDed with its complement
Y=(A+B) - B+ oOY@A+0 This term is ORed with the term formed by ANDing
- the missing literal with its complement
T T Sum . .
(iii) Lastly, we simplify the expression to get standard POS as under :
. . Y =(A+B+CC)(A+C+EB)(B+CT + AA)
2121 weé au AA-woed SOPE)I;O::::‘H on) But A+BC=(A+B) (A+0C) _
S unction — < -
(Standard and n— e TS Tt R F P Therefore, Y =(A+B+C)(A+B+0)(A+C+B)(A+C+ B (B+C+AB+T+A
P LT A T S stoty PO LIEE RS = o O(A4+C+B(A+C+B(B+T+4) :
i " Non-standard SOP Theref
Standard SOP" - erefore, (A+ B+C) (A+C+B)=(A+B+0) A
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40 Rfien @it
and (A+B+C)(B+C+ A)=(A+B+0)

s Y= (A+B+C)(A+B+T)(A+B+C)(A+B+7)
Each term consista of all the litcrals. Hence, this in the standard POS form.

2,12.2 Minterm TUT Maxterm .
Minterm : Rvg€ SOP $HA F1 Y% Tefa@ o (torm) Minterm Feemm §1

Standard SOP formY=ABC ABT ABC
—— ———

t t t

Each individual term is called }ni;xterm

P - s

]

EIS ’mﬁ‘w*ﬂ(l(nmaugh Map)
& mﬁﬂm-map)mmﬂ%ﬁmMWMﬁﬁﬁl
@ K-mapzaﬁt‘ﬁa.aﬁf@aaaéw,séf&mmsﬂﬁﬁﬁ$m%1
@ n-éﬁv‘aﬂaK-map%mz"mmm%mmﬂmmﬂmmmél
@ wm2‘éﬁﬁiﬂ%‘ﬁﬁu%,SW%WBWW4W$WIGWK®@
iy A T w0 ¥ g T M A
2.13.1 2-3R%aw & fére K-map

Standard POS form Y= (A+B)- (A +B)

Each individual term is called maxterm
f1:2.31 Concept of maxterm and minterm.

Maxterm :Rveg POS $aR F Y% TR 7 (term) Maxterm w7 &1
Table - Minterms and Maxterms for three variables

R 5

".AZ+.B+:C="~_M; :
CA+BrC=ify
| A+BYCa My,

| AvBre=M,
1A+ BYC= My

1;..-,}’.‘ e e TP

\

IAE—2} Aftawst & T Minterm T Maxterm fftam
W— 7w & AT Minterm a8 Maxterm

S :
N DR
RN
8 SRS G
4 BS

maéﬂiﬂaAamB%m%mm\sﬁaﬁmzzﬁﬁm

Ao 1

0

1

firx : 2.32 Structure of 3-variable K-mip

¢ 2 ARdTa ¥ f orew ) I fi X i @

2.13.2 3-3RATe K-map
8 mA,BmcméﬁﬁmiﬁrﬁmﬂHﬁaﬁmﬁ:sﬁm
AB .
c 00 01 11 - 10
0
1

firr : 2.88 Structure of 3-variable K-map

@ A, B 7@ C 7.ficft A ag 71 & 2
2.13.3 4- &RJYTA K-map
@ A B Cum D =R dftdaw & forn fy Sl = ¥ 16

AB
10
cD 00 01 11

00

01

11

10

Rt : 2.34 Structure of d-variable K-map .
& K-map g A aw A W 70 & Y Kemap ¥ ", 7 T FeF T €
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(a) g (Pairs)
& T TW, & fdaq a0 I8 [F (complement) T T@ A 2

2 R K-map 3 gm 3 wim m A ' g
BC—— - -
A_EC_BC BC BC puir .
a - 7
Ao o 0]

S e

2.14 | K-t gry g e w7 wReftsor

(Simplification of Boolean Function Using K-Map)

Alofo|o]o

& T Y ER g GeE 9 R o wea e—

Y=4B

(b) 7€ (Quad)

® TS (quad) ¥ ARATA 7 A9 IH [F A W (eleminate) Fa1 T—
ABCDDO 01 11 10
wl]o[o]o]|o
ol 0 0 0 0

ufofoj)jojo

! pE— s (e Quad
ol [ 1

% frqmy K-map ﬁQuadﬁmWﬁmmiﬁﬁWﬁﬁﬁmﬁmﬂm%—
. Y =AB

(c) =& ( Octet ) )
@ =T (octet) T =X URTA 7 &% [® M YA (eleminate) F

CcD
00 01 1 10
ABN———— 77— Octet

oo|i1. | 1| 1| 1
altl |1l 1| L

nlofofoj|o

w/0o]O0Of[O0]O

£ f:szzx-mapﬂmﬂmw%mmWWﬁmmammmt— ‘
Y=4

AN 1 5 ey A G s L b

® s 3 77 T TR % SOP 9 % %Y K-map wefta fr 31
E2 K-mapﬁzﬂrsngz%ﬁuﬁwng,QmRmmmm

Q
CABZE ZB/AB AB 5P
_ At T-s
clo ! | 14___1_,'
c| © 1] i_l_i\ 0
\'n
§ TM P IEE
P =ABC + ABC
= AC(B+B)
- AT (B+B=1)
2 U QF IR
Q:ZBCi-ABE
-BCA+A
=BC (A+A=1}
2 W R FILE :
" R=ABC+ABC
= AB(C+0)
= AB
& I ST G F SR w w9 fe 9w d-

Y=P+@+R
Y=AC+BC +AB
e @ ¥OR 9 HaE 9 S T2 EN 9 e fra o wwa )
T 1— 27 7T ITAT G @t K-map BN AT @y |
Y = ABC + ABC + ABC
™

BC_— - -
A\_BC BC BC _BC ,?

A ]
1@

Ng
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o P¥f TR = ABC+ABC = 4B
¢ Q¥ amTR = ABC
"~ Y=7AB+4BC
® W TR Ry I A T e w
mz—mwmwrﬁmaﬁmr
Y = ABCT + ABC + ABC + ABC
T A B K- Y e w w
@ P ¥R SRR = ABT + ABC = AB
¢ Q¥ W 3R = ABT + ABC = BT
AB__  _
c\_AB__ 2B
[

c

AB
M[c
g
L—q
Y = AB+BCT

| ® T SSTYE A W
TR —yferar Pt g fivg i —

AB+BC+BT=C+4B

™
AB+BT+BC

=4B+T(B+B)
=AB+T

=C+4B

MRAALLL L TSR —y

i Y

1)

2.14.1 R0 T K-map %1 F32YE R 7 it
AB X5 AB AD AB AB AB

CDN\_00 01 11 10 CD\ 00 01 11 10 CDN\ 00 01 11 10

THo ar-n 00 m 00 | BD
) . T . TB /1

[l ] -
I ~=T=trrriv -t
cpo1 If_l‘l___l,‘\ o1fi1 _____:_1_3. 17 01 i 1:
- ™ T Lac
[} 1 ( ar \
cn11 R Neg U i u N T 4
T T 1 [l 2
cowo| |l 10 o 10 . [
. S L, | i
i’ A8 0
Y=AB+TB Y=AB+TB Y=AC+BD
XBTD
AB AB AB )
CDN\_00 o}/ 11 10 CON\ 00 01 11 10 CDN\_00 j01 11 10
t
oo [i1f a0 o |i1 L I
Al NN N (N (N NN AN SN O N Bt o §
o1 o ol 01 ‘ \ ;’(
1 UCD4 ARcD 11 \ g
10 i 10 10 ;'f‘t‘?‘.LJ
1 h L )
b ' '
B Nk 0
Y=AC+BD Y=AC+BD Y=BD k
AB AB : AB .

CD\ 00 01 inj 10 CD\ 100 01 i11} 10 D\ 0119/ ‘
cohaa [ promm SEEY T T \\ ’I '
oo| 1} S oolt1 | 1ifin! oo\ 1) 1, i

| Sem hio ] es=pes il Rl N N/ ¢
o| 1 nl 0 r o H
n| | nl 1 ‘ nle 1

| |
1 Y 10 :’f’.’t"i‘-' '.1 L 0T an
' 2 n o L S
U, : i ! . ™
Y=EC + ABD ‘ Y=FC+ABD. Y=BC
firx : 2.35 Some additional K-map grouping possibilities
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) 2rETen 11, WA FA— (UPBTE 301¢)

I(A-B.C.D)=Dn(0.1.3.u)
| w3 K-Map § &5 F0 W

Y =B(C8D) +AC

B B(CeD)
fim : 2.45 (b) : Realization with minimum number of fates

Minimized expression: Y =BCD+BCD + AC=B(CD+CD)AC

ExOR gtz .
Therefore, Y = B(C& D)+ AC
3Zre 10. K-map 311 f28 Y S & R/ HIA0)
Y =3m(4.5,89 11,12, 13,15
“a_
CDTp CTp CD CD
ABN\ 00 01 11 10 s — i
1800l o — Quad 1: BC me?'J,JTT!TZ:,i:-,L
ABCO ) 0‘ % 01 Q% fqamryg =BCD
] (= R¥fmsmcE ABCD
ABOL| ! 1;/0 0 sl e
I 16 Y=ABC-BCD+ABCD
ABU|ATTIHT T 0 WA SR T & T == h
) 12 ! h3 15| 14
] (] 1
ABrofu |iul ufo .
: " e Eedsd )/

T1ECTTE T
L’QuadZ:AD
Quad 3: AC Ciire R 3R -ro i ¢ e A g Tul ur oy
fox; 2.46 (a) : K-map simplification AND 2 3 T ) T ——
ABC o e
TR IRAmTE O IF @ Esay (UPBTE 2414)

NAND 7@ NOR ™2 & =@=7 & AND, OR 7@ NOT 2 ® m=ms
TA+B) Ex-OR 2 a7 OR 77 % 3% %=1 1) Ex-OR 7 & == o =)
NOT ™2 %1 w=g {3 =4 =95 &)

fe-ohfa wr A ot ) T W)

Y=C(A+B)+AD

AD

@ =~ 3 e A o P

D

SOP 7@ POS & wagd
1 ; 2.46 (b) : Realization veing minimum pumber of gates

10. K-&v & fafeq #fctam & =i © ven w e
. A% s w2 afm—
Minimized expression: Y = BC + AD+ AC =T (A+ B+ AD
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b2)

(1) Universal ¥ (b) Exclusive OR ¥z
12. OR ¥ ¥ 7 A A T QAR
13. NAND 2 %} wgrem @ Ex-OR = 9! gramgdi
14. P 9 v 91 fag Fife—
 @A+B(A+B(4+0)= AC
(b) ABC + ABC + ABC + ABC =AC

() ABC + ABC + ABC=A (B +C)

15. Fre1 9 wem R Faw ol e gm i w—
Y=ABC +ABC + ABC

16. K-map %} weraa & it 3fem wer =) g #ifog—
Y=ABC +ABC + ABC + ABC

17. f=1 % R Ex-OR ¥ 9 7eg A frg R—

Y=A®Bo&C®D
18. 7@ 2 7 2 AND,OR T NOT ¥ 3 fk NAND W firh NOR @ 7

19. R T 421 3 Wi R it e e a—
AND, NOR a1 Ex-OR

(UPBTE 2009),
f=ABC +ABC + ABC + ABC + ABC + ABC
agferda ne :
L IR M
. (@2 . ) 4 ©8 (16
2. O figa A iy 3 HE O 4—
()2 ®)4 ©5 @8
- 3., R W (567)g T e oA — : ‘
(a) (56T)0 (b) (88749 (©) (375)0 (d) 501
4. tverdfame wem womet &1 Yea —
(a) 6 b8 ()16 (dy10
5. AND, OR, NOT ifk feforeet siwted # wqaa e s §—
(a) Switch (b) R (c) ittt (d) TeiwTEE
6. 5% %2 %) UP Low 8% W O/P Low 8 8— '
(a) AND (b) NAND (¢) NOR (dOR
7. @ R 3 O/P 38 smen ¥ High €t & 7 7 & 59 389 G UP High 0 3 7% iz 84—
(a) Ex-OR (b) AND (¢ OR (d) NAND
8. o 7z 2} 0 VP 9 low 3 W 37& O/P low 2 37
(8) Ex-OR (b NOR () OR (d) AND
h-\-

iRl

9.

10.

11

| 12

i 16,

H 18.

i 19,

15.

17.

33

fir § 4 FH-1 SRYA ‘associative’ T —

(a) NOR (b) AND (c) OR (d) Ex-OR

e =% A+ B-C 74— ~

() A+B+C b ABC

() A+B+C d)A-B-C

TR T A e & 9 T fafg d—

(a) fefirea (b) Tl :
(c) (a) 7@ (b) G\ skl i
s st A Digital signal 71 ‘high voltage’ e 2— i
(@)0 ' M1 f
©2 @7 3w :
| T W A o —

(a2 ®) 8 ()10 (d) 16
. @F A+ BC+AB’ ® FriE #— oo

(a) A+ BC ' (b) B+ AC ;
(c) ABC @7 & = & |
P11 Identity effa 6 — i
A+B+C++N=4-B-C---N

(a) fe-wi7 =1 wom fram (b) fe-uif7 =1 fardim s

(c) OR ater @FHIAWT

@eF ABC--N = A+ B+C + -+ N Weffa &t ¢—

(a) fe-=i7 1 wem Fram (b)fs-urfa =1 f&diw fam

(c) OR o @FE I

e = (A + B)(A+ 0)(B+C) B o3 $W W WG BM—

(a)(A+B)-C ®) A+BC

©(A+BC @I

fou frm-wile =1 o ¥ w0 wg fem v 82

(a) IK fem-wile () D fem-varg

(©) RS frem-wim (@) T frm-wiw

MOS vf@r % we=il PMOS, NMOS, @@ CMOS ® & fs¥ 7= Power &3 € 87

(a) NMOS (b) CMOS
(<) PMOS (d) (@) )
. e w2 R O/P Y = 0% frg UP 8l— :
’ A
Y=0
B
(a) 00 (b) 01 ()10 @n

e =9 Y = (A+ B+ AB)C B WHl FW W IR §l—
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23.

24.

25.

(a) AC : (b) B '
©C ’ (d) 7 /A ¥ 0

. el s 2 3 forg A 3 — )
(n) 0010 (b) 00011 (c) 1000 (d) 0101 I
f3 w6z A switch open 83 W T (0) F 7 close T W lﬁwﬁam?lﬂﬁ?iﬂﬁm

IF FN— ]
A | B c
/ ey
£
(a) A+(B+C)D . L) A+BC+D
(c) A+(BC+D) (@) 7 A Fd T
Y wen C3 W A A wefifa W ww i—
Ry
—{ 1K
V(o)A
! Y
_\n_vu) Ry
— K
(a) 1111 (b)110011 (¢) 111100 (d) 1100 0011
fo X R B w1 dqu Wb Ry wffe i F g
X
Y
z
X/,
L2/
[ Ly %
@
X/ “Y_/ ’

~N

®)

1.(0), 2. (0), 3. 2), 4. (
15. (b), 16. (a), 17. (b), 18. (¢), 19. (c), 20. (b),

21, (d), 22. (a), 23. (b), 24. (c), 25. (d)
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8 maﬁrmkg@kﬁhmu aﬁmmzﬁr'ﬁl
® qﬁhaﬁmwﬁmﬁmosmmosnmuymmmén

3.3 [ﬁmﬁaﬂsﬁwﬁ&w 1CS(Characteristiés of Digital ICs)
#, fefe ICs ¥ v doiedl & A i T @ 9 7 AR —
1. Spee.d of Operation (Propagation Delay)

2. Power Dissipation
3. Fan-In
4. Fan-Out
5. Noise Immunity
-6. Operating Temperature
7. Current and Voltage Parameter
3.3.1 ®iz 3i1E FTWIF (Speed of Operation)
@ fzfea ICs A Speed of Operation 35% Propagation Delay F S ¥ o A IR R
2 e ofm ¥ I & e A0 & O T A% 3E g A o 8, 36 T H I
i %1 9 f5d (propagation delay ) F83 #1

@ Fwe aan i R IR A IC vwer 13 /A R R @nﬁm(r:mﬂy)km%mm{ﬂ

& TR W feardl 3 aRE TAl 9 2@ §C T IC War ) QA i At m -
1. agdeR (Bipolar), . 2. ZFR (Unipolar)!

® SR 1Cs TRReR 1o Fiirere a3l R ke (fabricate) Bl sy & am 3 smem WY
AR A WA (Bipolar Logic Family) avar Zfier i TR (Unipolar Logic

" Family) 71 Eo ] Erant beutic A
¥ a3 7 P R I R T, oV Lt 3 2 m i mHIGHaLO‘v ﬁmm y &-éapfa)mhwé HIGH
| 3.2 | il mffaur (Classification of Logic: Families) . 3 o R R Fe (tpyy) 1 7 Pt e
o = 3 et A & WA fed tpyy, AW tpyy F EA N WEAR MYWA {5 (Average Propagation Delay)
Digital IC m %'
; | : . tp = LPAL ;‘rm
Biylollr Unipolar
i oy
) e NMOS CMOS
* Resistor Tra 2
ngi: -1 nsistor . (P-channel MOSFET) (h?(-)csl!;;ln;l (Coﬁ(p)l;y;g’ury
« Diode Transistor )
Logie (DTL)
-+ Direct Coupled  gepoyrky Ecvitter Coupled
m’ym COTIL : l;:i:(ECl‘:)'
* Integrated Injecti
g jection . fri:s2
. ,::: :: okl Lngie (1T 3.3.2 WISR-&7T (Power Dissipation)
* Transistor Trunsistor
biyeerd ® WW%W%WWMW%HW%WWWW:wmeW

R :3.1 s e 1 affen w8, ﬁ‘rﬁ power dissipation F&d €
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s vsuiat

8 3 e TS S T R

3.3.7 Curreczt and Velatge Parameter

s TrmimmEITE RI|ITEEII

s T EEE IR IR S_ewWEE

S fﬂi:&:fﬁimmﬁ'ﬂ?\‘?“‘ﬁﬁ

t

| 1 | wiRe ;f%ﬂzwﬁﬁns (RTL) (Resistor Transistor Logic)

2 RTLS &l g_mrm?“« S e== ¢ ®RIL= o fafaenatat
s=h

s DILE=NAND RS msRsE N
§ DTLrnRTL#.g—:E S=s=maid

Scanned by CamScanner



e e -

3
}

® DOTL v NOR Be & mre wod @ b

L) — .‘A
: S I ,,,,,,,,, .,
\ P ————— — i J
: ' 8 i 3 "
¢ S e J
h I!«"‘ I}
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e » 3.0 wes g Wiy fex13.7DCTL

i mmhtmzmam‘no‘_n..mtﬁmﬁbfnﬂnfwuﬁ:m\tummmm'
= TRk W v &

R a.ansﬁmwﬁﬁnmqmo,wmmﬁﬁhmsmg: mcuﬁmmﬁ
A=D=0 ¥ B WWE Y=1 o !

1
!
5

¢ W EE LOW A m ik i T, T, e T, i
ST (V) HIGH &mi
® rﬂmmwwfﬂwmszmc}{m?h

8 = RE Eot PR (1L) (Integratéd Injection Lol ——— -
) 1!.4!Bﬂ%t‘ivwwmmwfwﬁﬁﬁmmmmﬁm g 'ij l‘r“ﬁm {IIL) Gntegrated Injection Log
- A=0 T B=) @ IIL (Integrated Injection Logic) DCTL ¥ = w ==z &1

[ Y=1
A=]1 @ B=0

& WA B HIGH ¥ a3 sz D, 71 D, fd 3w % O 70 & LOW amaege ¥ §
B i A=B=1 ¥ R IR Y= 0 9m )

8 ILAtHrmarm it R e = 8 (g 7ot
w TR = T A e R

@ Integrated Injection Logic LSI & fy ¥ Stz s == &

o 1L frem v A T e s e S i Se ms i e

DTL % ¢ty TR - ’
1 TTL ® ®w 33 &t ® W ¥FR TR @M (merging) & F % W% Merged Transister Logic S ST =3
2. R0 P = 25 s t -
abpag 4F - 0 W S v A fifveh R W T R (spac) TR R h
4oz =g " s IIL 79K (1L Inverter) . - - |
5. ¥ 1 ofimaw = 11 mW

8 IL weR AR fE Y i b

& WY, =0tmtwEQ,FF R ¥ dmaw ww BE R ;

B T AR B R 1 F o (sink) @ o w0 4 W L, Qp ¥ AW AR vl
T fmd gt @, AR A TR R T A

£

| 36 ID'h'e'ct bbﬁbl&di&iﬁéiﬂmogic (DCTL) 5 i

® DCTL W& RTL % gem % wwm 81 & ¥ Current Hogging ¥ 24 ¥ wrw DOTL w1
i 1 frm 3 4 '
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[LITL PN v\'l“kll'ﬂ

I Yo o3 ¥ (Qutput)
R ©®
Vee,
Vi — —
Ip, Q e v | &
) fire : 8.8 [IL ywat

@ A Y& ¥& Q, "OFF" d ¢ @ @, 'ON” o & A e LOW wa e #e

¢ waV; HIGH o & m ¥0 w0 A wE T = 1 A gm0 A Y a0, T

TRt Q, Atz B T & 7w Qg Fe-30F W A

® megml,%mm(sink)aﬁwﬁhmmélw#mm%h Vo T #G /]

v, = w1
1L % dmitee
1. R fed Wi R & sermred g
9. v 4u Wi 1= & wEEWR o &
3. Figure of merit =0.1t0 0.7J
4, ¥fém WA (packaging density) = 120 A 200 *U/mm?
5. fuftrt % FR 4% (space) T JETEA

[ 3.9 | 7o s wiiSrs (High Threshold Logic) (HTL)

@ HTL 9y NAND ¥ ® sifa swaew w1
@ HTL vRan =< v A w0 & =@
& HTL War A V,,  wa &t 7V om ¥ W Vyy
Threshold Voltage @ <afm & .
& DTL §fz ¥ TRiT & g W & S141E (zener diode) ”f’é}_
am 3= T A w0 ¥ @ W HTL # frefa g .
B -
8 HTLﬁDTL#mummmtfmaﬁmmm
TR = Iwm w@

Ry

wfws TRaEr

¢ DTL @ fim 1 (limited speed)
mwmmﬁmmél

® n‘.m:m%mﬂbaﬁm%ﬁ?ﬁﬁwmam%mmﬁmt,

8 ﬂquéraﬁmzwtqmtaﬁrﬁ!‘zrfm(emmer)mﬁzﬂmmmmmil

3.10.1 2-575% TTL NAND {4

. Zif3reR wiar® (TTL) (Transistor-Transistor Logic) - - ''% taxe
4 ¥ @ DTL W3 &7 T TR T T

Base

Emitter 1 e—— Collector

Emitter 2
firx : 3.10 Multiple Emitter Transistor

& GZ-WWLNANDﬁZﬁfﬂiﬁMWiﬁﬁAamBﬁ&zﬁﬂzﬂﬂ‘ﬂa‘!my

ey A Wi @
————0+Vee
B Totem polo
Ry output stage
Q }’/

A |
. Q D i\ +Vee.
/ \ e———aY Output Ry
Multiple l D,
emitter transistor | Q)
! B D!
a D,
‘ = Equivalent of Q
\ Transistor Q, is replaced by
Two input TTL NAND gate its equivalent

fi : 3.11 A g3z TTL NAND ¥ n 30081 36016 .

® sn:ﬁwz‘iDTLwﬂanmmaﬁmﬁmm%mwu@mmw@h
emitter configuiaion) g F1 74 & e FRo I feafam T (high switching speed) T9
k]

+3.10.2 Totem-Pole Output Stage

@ ﬁiﬁmﬁm@aa!nQ4ﬂm‘ﬂMéﬁﬁTotcm-Po]eOutputStazﬂm_t'
% Totam Pole 7z 24 3 21 1@ TR Q3 ¥ Q , ¥ "ON" e 819 Q;ON‘“‘
¥ 37ez HIGH @4 2 aa = Q4“0N"m%ﬁmwwﬂﬁ'\il
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2,103 Wired-AND TTL ¥

® wm-mmmﬁpﬁmﬁm‘mmﬁﬁmémmﬂmm
W ¥ 90 T SRR SR S e o & '

3.10.5 Totem-Pole HITYE 7T Open Collector FTTIE F e

le ard Open Collector Outputs

Comparison of Tote

T ( Pull up) =T Q,
N .8, B :
p— (Pullup B T A_m%
Resistor)
ST T A W wER gamzlﬁm (Qa)msa W'ﬁmm Q)
mm(Q‘)m%l @t )
3.10.6 TTL Subfamilies (TTL wabfich)
& TIL & % & 88 & §% 1 TTL Far F9 Sub-series ¥ 34 §f ¢ frd TTL
Sub-families ¥ T4 & v W 31
@ TTL Sub-families & $0 W@ 8 K t—
1. HIGH Speed @@ LOW Power TTL
2. Schottky TTL
3. Advanced Schottky TTL
4. Advanced LOW Power Schottky TTL
5. Fast TTL
3.10.6.1 HIGH Speed @1 LOW Power TTL
# 74 Series & 74L00 Series LOW Power TTL, T T4HOO Series HIGH Power TTL ®
EEEETGR]
& T "L 1 TR = F e H" 5= v @) v e
& TTL 74H00 Series % Jwai 3= 7 51 E'Tﬂfm'I'I'L'MLOO Senesﬂﬂmﬂm
sfirte 3w fm ¢ el v s P dm
3.10.6.2 Schottky TTL (¥iiza TTL)
& 74800 Series ¥R TTL 7 e wwa &1
# TTL ¥R  Schottky TTL %1 i sfewam et &1
% vow sl AR fed 2 e 3 ns 7w st v = 20 mW AT

fre: 3.12 Wired-AND Opentlun

Vo=X.Y=(AB), (CD)
3.10.4 Open Collector Output
® ﬁziomnmuuwrzﬁgznmnﬁzmmarfmwén
¢ wv:wmmnnﬁz%mi.m?mméﬁv‘mvﬁwﬁaRsmqaaﬁmfm
mt y

¢ r‘“ﬂtm Q *W!ﬁﬁﬂmmmé,s{mﬁ Open Collector Output #
w8t ' !

External pull up
resistance

f1:3.13 Open collector 2 input NAND gate !
® mm&mwmiﬁcv @ Open Collector Output ¥ & ¥ o ¥irw
 (external resistance) Ry ST 11 7 S Pull up Resistance Feer 31 ‘

& Open Collector 3@ 71 & T 7 ¢ f 3% T Common Pull up Resistance % ¥eaa & it

VAR Wired fre o w2, amwmvﬁzﬁmmwﬁﬁa‘u =¥

8 SchottkymﬁWﬁﬁmméﬂmm—qm%maﬁmﬁtmvﬁamw
W R

s 3nsW&?{Wﬁ%mLOWVoltageDmpDxpolemmeﬁaSchouknypole 3
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1 ON
-2
e

h:xlc;ﬁt‘i‘lﬁﬁ! fy: .15 B2 2T "

' ;ﬁmﬂmmﬂmtmmﬁzﬁmwmmmhmmtmw
¥ iy, T j TR R T @ i sk ccact |
fro g 49 gl = aohell “ . T & sfowas i 30 Wi

ﬁmmmmzﬁmmh
¢ Mmmﬂmmmmmmmﬁm

| scL3 T

[3—.11 [ﬁumrﬁ&s(scu (Emitter Coupled Logic) R -

(UPBTE 2915),

¢ mwﬂemmmmt,ﬁtmmmw by 3

e dreRm b )
¢ ECL@ o e 1 n sec ¥ Bz F@ § ECL A ¥ IR TATIE 0mW Ead

¢ (ﬁmmm(lctivcrtgion)immm(wnsume)mflmilﬂﬁzﬂs

©R A wa U
v
R, B Q
NOR
outpal
v
Dv Q‘
A B " & -
Inpst Irpet ! LV OR
Ry} output
s2v
R
51V
-
Emitter coupied

& Merental amphfiar
Rex: 3.16 Two input ECL OR/NOR gate

o PNTd2FER ECL OR/ NOR % = @ ma #

e Qluuq,zﬁm,o,twﬁazﬁﬁwsmﬂtmtlmﬁmmmmﬁf ¥
¢ g Q, 3w Q, fuww ofivt TR felfd TR (emitter coupled differeatiys

amplifier) ¥ t

B & CMOS & ¥ X n-channel @ p-channel 2
@

¢ leQ;mmﬂmmﬂtnmes 3 i e RA TR NOR 7

Ogmmfﬁfvl

1w;‘1¥<‘zafﬁyfwﬁ=r’a;
zﬁﬁmfﬁlnsxﬁ\ﬂml
q. 43-51=F (fan-out) sfewan F
o T @ e KA w7

cL &3

25 | T

2_gfﬁpﬁ;§ﬁ#mmmmzﬁ?mﬁmél

(MOSFET Circuits)

MOSFET #w = a3 i & fawfed v T 8 —
1. PMS2. NMOS3. CMOS _
&z (load) @ fmdl ¥ A Enhancement MOSFET #1 ¥am gt &1

MOS == a3
2 7 PMOS 9w &

NMOS &% ¥ f2 n-channel Enhancement MOSFET &1 %am &
#1 p-channel Enbancement MOSFET 1 ¥&m T Bl

et 1 s 0
A B W R

:
8
2
®

MOS T¥ZF TR (amplifier) T &z T3 (load resistance)
MOS @ 7 AFeRT s & @ A R T A

NMOS feadl 71 T2 Wede 3= ¥ 2l
. Voo
/-S-’::;. . .
R [
QG
Y=1 Ye1
Y=ADB A=0 P q A D, t—Q,
B Qe !-0’1 Q g1 9Q
Qe Q; . ‘L T
act as switches
A Q = Yo
i r —
Fa- 2inpt NNOSNAND pate . b “"IQ:
A=1 8
B:d & 1].‘2'
it ’
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o Fm3.17 ¥ 2.9 NMOS NAND % 7 vféz zvfa o &1

@ MOSFET Q, 37 Q, T fiaa # e #r 7xd §1 @, 7w Q,mﬂzzﬁmumnﬁz%

AT B R wffm wa &

© MOSFET Q, T e ) Wi mmen a7 &1

2- 7792 NAND 2 arfatyrr

¢ QW Q, Wix N N My fima =} Wit w7d 5} )

® STIEE Y=1 T4 5 M ¥ w9 A 77 % WM g OFF

® I ¥=0 T @ QM 3 O WE A 7w BHIGH )

3.12.2 CMOS #ifss

A B Y
0 0 1
0 1 1
1 0 1
1 1
2T NAND %z 1 sty

@ CMOS A arwd # T (complementary) MOSFET.

@ CMOS wlfs ¥ @ ¥} faw W p.2rsw am n-21gw MOSFETs ¥k g m &1

& CMOS mmﬂuﬂ‘mﬂmiﬁmﬁ:ﬁm(slow)imwwﬁamwmm%m
ey HIGH 3imen LOW ft o) sieen 3 4

3.12.2.1 CMOS Frrk
& A3 frx ¥ CMOS wadt <) <efa ma

a :;ﬂngzvi LOW ¥¥m ma gifinex @, OFF ¥ 71 @5, ON §im fired am3egz HIGH
|

() CMOS inverter positive voltage

Rfen
& NMOS 1 wim 20k Peaeel, Tre/smizye foareel b A g

B Q, Q; Output
0V (logic 0) | OFF | ON | Vpp(logic 1)
Vppllogic 1)| ON | OFF | OV (logic 0)

(b) Summary of operation

Rrt; 3,18 CMOS sk et 3 3ot

wil aRar . 69
@ <@ V; HIGH ¥ T gfwx @, ON % 71 @, OFF ¥im famd smszgz LOW Wt &mi
3.12.2.2 CMOS NOR %
¢ 9 R ¥ CMOS NOR e zwia w1 2

+ VDD
9 +VDD
Ao— Qi (PMOS) A il
Inputs .

B Qs (PMOS)

B
Y=A+B ———s Oulput
D]
| Q,(PMOS)
(a) CMOS, NOR Gate (b) Equivalent circuit

fire : 3.19 CMOS, NOR #z a1 e o

® Q, % Q, p-channel MOSFET ? = ¥ ¥ we 5y Tu & 7@ Q3 3R Q4 n-channel
MOSFET # & ¥ ¥ wwe fg m &)
FRANQ W FRIANTMATM AR BRQ, ™M Q, S AFmm ?

2

€ IR V=174 W9 T 93 Q, 74 Q, ON & 7w Q, 3k @, OFF &
9 FWE Y=0TWAATTE Q, 79 Q, OFF §i v Q4 3k Q, ON ?
A B Y
0 0 1
0 | 0 -
1 0 Q
1 |- 1 0

CMOS & &

L. ¥ & fm

2. Fan Out I= (¥Mw1 50)

3. ai‘wu‘ar{éi—hwsﬁmmvnm%l

4. Packaging Density 353 24 # fired CMOS kEoud ?Eﬂ. T WA (space) T §
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CMOS & 2
1. W R s (smm 25 @ 100 ns)
2. TTL ¥ wn wix

fiften WRPE| o oRaw

/ [ e (erdse) ) 7

1. Freafiefea ¥ A Q) i oo & o Reftd—
(a) TTL
"(b) ECL
(¢) MOS Logic
2. Wy ow gRer A w e 8
3. TR R W s i)
4. P IC W Refiess = fify
5 P froged fafae—
(a) Speed of Operation
(b) Power dissipation
(c) Fan In.N Fan Qut
() Noise Immunity
RTL A % w9} 82 few s
DTL ® =& B
DCTL ® wvw R o ffag
ITL R vom R 1L Wt @ s R
10. HTL SRWY 8 NAND ¥ 9 &R Saer w0 1 s7wed)
11, TTL 3} =37 ¥U Totem Pole Output VT ¥ 7 e §?
12 TTL +<30R ¥ i weed 9 e
3. BCL ¥ §573 [ &% T7 30 39 9 =em siwq
14. MOSFET ¥ 3 w1 s §? ssev ®if
15. CMOS ¥€ NMOS R wswsdi
PRESSSEES] ;
1. 7= 2 3k ) awW e Rfaw 10 sfiwsm wn R v

m NP

it

@ DTL (b) TTL

{© ECL A @I
9. e P W -

(2) NMOS (® RTL (o) TTL

(d) ECL

(UPBTE 2008, 15

(UPBTE 20154

3. i i 1 famad wfa sfwmm o §

() TTL (b) ECL (c) NMOS @RTL
e fre W e el e
v E}rhén (b) OR (c) NAND (d) NOT
8, HIL R (b) High Threshold Logic

(a) High Transistor Logic
" (¢) High Transistor Level

(d) High Threshold Level

r IV (Answers) J

1. (b), 2. (a), 3. (b), 4. (c), 5. (V).
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did R
; BRTAY i s :
1.1 I ﬁﬁlmfiu’lgﬁm? (Digital Display Devices) ) . 'J |

(UPBTE 2013) &
o fftea wffe ¥ WE T ey, wred R & @ A @ 412 @ ffe & 9 o s
(ltters) B SRR T (numericals) ¥ w9 ¥ faedd fird wm ¢, o fefireet e oferdl
(digital display devices) #Td ¥
o fefree foeed gfwml 2 s ) B
1. @ (Planar) 2. "m.-?\'ﬂ (Non-planar)
o Doy wh Sted T 7 (same planc) A AR ¢, wafs - g N W e faf

| o i,

Ed

73

Al v Wi, e R, T o Pt

LED @1 wam fafees feed Tferd 43 7.4mia feva,
14.mmamma&wmam%|
LEDﬁﬁhaﬁﬁqumﬂmmmméu
wﬁﬁwnaﬁfwm%aﬁmzﬁwﬂﬁaﬁnnt
2R 5 & g Fean o R
mifammmaz(va)wmomﬁaﬁ.szmm
ﬁméh«amﬁn\mwﬂwﬂamtl
maﬁmmﬂum(va)ﬂ(mcmmeﬂum
A3WA (saturation) IE ¥ o ¢ fawd LED ¥ 5w
e €9 R ST I O A
mzwnﬁmtmmmmﬂmwﬂ
fmm%wﬁﬁﬁﬁmﬁﬂﬁmwmﬁﬁzt
w0 3 s 1w R ¥ w9 A w fede R &

s LED e & e 8, 3w v sk e 1 7 B e § PN I HF
T am dew & R & w0 e &

LED feead feamdrm # 7l w3 1

. ¢ LED® s e 1.2 volt 39 510 20 mA ¥ e fog T & FT TR W G A

mwﬁﬁaﬁﬁmmélm:tﬁmaﬁ\ﬁtﬁmmmmﬂmwﬁil

mAmb ,
L] ;}g\\'!;f‘ Ilm et T (illuminated segmental) 3% B2 Afiza (dot matrix) Y . ) figt @ o LED = st w1 8
o A AT g —7-dmiee R, 143 foed, 9x5 T A, 5x7 T AW, ;.».“ED &am :
IELEED © B e LED ¥ Rfmam i—

¢ -2 A e wa: Neta el woanafa @ &
© Pl Zg@ (Nixie tube) T T-T e e

| 4.2 | o seesfs srale (Light Emitting Diode) .
@ LED U& ¥ & ST § ) whead a1 (forward bias) ¥ s i & &1
® LED foRreh quw sibrm & 7 i AT, SRF am e W frem w aw &

® Ya LED v SRS 3) Ser Q o o & o e 47 S w7 € e o e s
.ﬁwﬂm%nm(men)mmmmﬁl . '

N\

N
Anode LT Ccathode
®

Light Emitting Diode
f: 4.1 Light Emitting Diode

1. ¥9 90 (1 @ 2 V) 9% & R (5-20 mA)
2. T4 YR FHR 0 (10-150 mW)

3. 3-3% fafdn v

4. 3w 3 TTL (20 911 ® 9R1)

~ LLCD #t 3 Wat =3 (power loss)!
. 2. LCD t 3R ot F (FEM)1
3. i wewa & LED &1 worw e @ frard 7 2

.‘\:i | & feeet 3t (Liquid Crystal Display). © L J

LED %) 1 @ LCD 1 v 51 v st ) e w0} A fom w41
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LCD ﬁLEDﬁ&Q!ﬂWH‘R(power]oss)ﬂﬁmil 3@ LCD ® 38 TR W M fFa =
mfiﬁPowerbsaﬁmﬁlﬂ—%ﬁﬁa,mmml

:gl;mih:m(hﬁghtughnﬂm S wwwd ¢, waf LED v i wamer & e @ fand§
1

LCD ® < 37 (life time) ¥4 8 ¢ 70 R Wbem A v s sk Em b o )
LCD, AC A3 ar waftm 91 ¥ Fawad 3137 30 Hz R 1000 Hz (1 kHz) % &1 8 21
LCD 2 waR ¥ 3 t— - '
1. TfiF Weftn 799 (Dynamic scattering type)

2. B8 THE 29 (Field effect type)

T wheftn 779 LCD ¥ @ e i % ma ¥ 5a few 3 @ wa o A

|

R

T whefin 2179 LCD ¥ v fivg wnd e 59 Fveeet v A SIS FHETE (organic v

compound) B ¥ R 5 e ¥ Y W W T WA v 4

7 9 & 2 W g e Yqw f ¢ A e 4 & e @ s v sl
¥ Fv war qw) el ¥ scatter & W € a1 LCD A W w7 WEn g

e Ferdt 4
WeE TR XY LCD ¥ 7 W Srfhd wheftn 2y A 7 6

MWMWWWWWMQM 1

LCD & 3

1. Turn-on a4 Turn-off ¥4 sor g ¢ Pt 2 WW'VWMh
o, DC e Yo T W A i T R €, 3 3R AC T R A

TR VY 8 372 9 0% Tt e e ) it 4 R (electrodes) 31 T SR

. : Rox AT i
[ 4.4 | foereh o vt (Nixde Tube Display) e
o fd 4 CR'ED - gﬁﬂ t R W Nixie Tube Anm|: [——WL—QOV

i 7 fomd w1 e A
& el 7@ ¥ (& TE (anode) 77 fafi=
i
Yoz & IER T T 9 3 W@
3 & A B WA 2
3 fre 7 S (9% T AW) @ T
e B € ¥4 7% TR Activate T fFQ
EiLH
& fed derz ) mI F03 W, 38 $0i8 @ GE & 5 F13 (neon) Yo amaf@ @ 1@
7 37T F F0 Anode T3 Cathode ¥ 798 UF w9 (glow) 3071 §l & 791 ¥ Glow 3 1y
¥ sen i friy o fert @ A )

v_L

@

HHHHHl

fa : 4.4 Prllggm

l 7T B (Seven Segméﬂt‘bi'ssléy)'._- L

TR B it = g :
Glass . B ¢ 7T e R TLEDs g, b, ¢, d, e, f 70 g W4 fo s 2
ms““’ W ¢ LED wiad amm & v wsa @ 81 3 s LEDs & wierd aem A w0 39 A
: - 3% feem) #1784 2
A . 4>El“‘"’d" ; :; 3 T 8 W e wT ¥ Mg, b, ¢, d, e, [ TN g W F v P @ aw 0 H R
, ;? w1 F 0 q, b, ¢, d, e 7 [ 5 W fHa wm@
o) BB ¢ st i A fed ¥ LED 7 TS R O O w6 w0 & e e et
frx: 6.3 Liquid Crystal Display . g 3 % T g0 LED ¥ warfed ¥ A uw fifrem @t ) '
® LCD® I A et ol % e e Wi LED @ swim dm &) ‘ b -
o fafers fiee T WOads a1 AR B e T T R e T w f'-‘b
¢ LCD'R'TNREmﬂz@nﬁmmimmﬁammmﬂmﬁsooﬂzﬁ ' i3 & Nﬂhl.sldlmlnl(lio[lnddp)i.ll
. - e 'LED in the shape of the segment
_ amgfe R A.C. W ¥am fFa s d1 ' '
R -—4 'Y
LCD & &Y )

Standard form of seven segment display
fe:d5

1. LCD ¥ »fw =@ s gar ¥
2. LED % 3w LCD sR A &
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7 Rftre ey NWMMWWWWWW w
f.é'b f é‘ - = = [75 :l 14 Wm.(l”omun Segment Display) =+ - o U J
b t'[] 'b f .
= == - U&‘b f.g-'b ¢ 14-3m fEd 1 Wi T s A s o M e TR A M A
°' .c ”U “‘ °‘ 0" eU '° E[] ‘c & fm 4.0 ¥ 1437 fovd el o € it 7 5 7 e 9 e T
T T e gl
b o4 . . . N

ZINE

=, - -l
P P T Y T )
L4 e R
) U S I ¢
d d - g —2

d

14 Segment "M".Letter “2".Number 'G':Lpner
Display Device Display Display Display
R:49
& 1ImR Y 14mnmmmhmaﬁmmmmﬁmm
i 5% (0 3 9 7% o ) o o AR 27w a4 9) W@ e 8

>

Rex: 4.6 Various digits display :d w'.h seven segment display

& 7Aoo 2 wam & R 4
1. 317 G 29 (Common Anode Type)
2. Wmm(&mmon Cathode Type)
¢ ¥ O 70wt $ds 7.9 fred 9 e o3 4.7 7w 4.8 A W frm ma &)

e W@zmimmbs%mﬁmmm‘@zﬁﬁﬂmmé T
mmmﬂwmna%mmmuﬂﬁamtl

+Vee

[47 |2t ¥ ot (Dot Matrix Displiy) ~ - 17 = o+ |

i witR e
& I fe ¥ 3x 5T A, 5 x 72k Afvaw am 27 2 AT foed S smE R IR TR
% Dot matrix Display X 77 (& ®ie ¥ &ifis W S 4% o 00 (& @ 5 U (row) B

Common goude _ T = AN o e o s e TR R f
es e RN e 0 e a0
Q“R“k‘i‘% \}A "0 EEEE . Y
segments e (R ] . L
. sl DN RN
. N et . v
mrr::ln:‘limllm‘k 83 R} R} R} Ri R de_nemu e tes e . ‘o
iariroen point KK RN
: [ 3% 5 Dot Matrix Display 6 x 7 Dot Matrix Display 27 Dot Matrix Display
_ f: 4.7 Common Anode LED Display
o cere )
. . °
Beemal [~ . . .
. ¢ lmiting L] v s .
reiton $R 3R 3R R PPN . » ¢
(O ) L]
) .
“5"by 3 x § Dot Matrix ~ “B" by 5 x 7 Dot Matrix “T"by !‘Y Dot Display

Rm:da0

$ T ifrew e Y LEDs Sun LCDs AN ST i s imssiwadi® .

i @& Z&»ﬁ ng}' Z&ﬁ Zk” ;&a ZF’

"

Cemnon n'.hodl

- EI alswﬁmaﬁz (Binary Adder Clrciiits)
i °ﬁﬁmmmmwﬁmﬁmmmmmmm

frx: 4.8 Common Cathode LED Display
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7n f%ﬁrmvﬂﬂﬁﬂ

® TE R D W ¥ 3 -
1. T% @@ (Half adder)
2. 59 W& (Full adder)
4.8.1 ¥1% UsX (Half Adder)
% ¥I% U8 & SR (combinational ) @ wf¥ ¢ ik  Fgz 1w mmtl

B E% G A R fee wemsl B g ¢ fawd Q@ amep R =" (sum) am &

(carry)t
¢ VA deash A qw B ¥ g % X @ i s R yiw m
& W% T e ¥ @& Ex-OR ¥z aw g@n AND % wqa v v

A—) F—>Sum (S)
Toputs HA. Outputs
B——f —> Carry (€)

R : 4.11 Block diagram of Half Adder

A—

i : 4.12 Half Adder Circuit

® Ex-OR ¥ % 3137z {yz Hoash & dm g 8 ae AND e &l 313eye 3 3 1 4 (carry)
ot
@ Ex-OR ¥ Yo @ 2 (sum) -

S=AB+BA
® AND % & vy A &0 (carry)
C=AB
B % T T g el R e P e
Inputs Outputs

A B | Sum |Carry
V]

0 o] o
o | 1|1 ]o
1o | 1] o
v [ 1o

Rt g, TR B T,

4.8.2 Pl B (Full Adder)
(UPBTE 2012, 13, 14, 16) -

oo
b ¥4

T Y, IR T BRIt ”"‘.‘-‘

o e R we ¢ Ex-OR Tz ¥ 1@ HIGH s Tt A TR A wHgyy

7w AND e & sm3egz @ HIGH sz 3w & 9@ & R HIGH ®1

% T ¥ Q g A s 7 ¥ 3 TR TEn F g
mmaﬁwﬂﬂwmm‘mmﬂ#mmmwaﬁ}gﬁmw‘n‘m

mmwmmaﬁhimmnﬂzzﬁmﬂﬂfmammm
(]
A—) |—> Sum ()
B— FA.
c0—_ Carry (O
firx : 4.13 Diagram of Full Adder
A —* S—>|A §,F—=> Sum output S)
HA.l HA.2

B —] c l——B
Cin

i : 4.14 Full adder using half adders

— Carry output (C)

& ﬁmammﬂm%mméWMWﬂmmil
¢ ﬁmmmﬁﬁmﬂﬁsﬁﬁ%fmmmﬁﬂ.wﬁmﬂmﬂ .
& v afew 3 e 65 Ex OR ¥ 3 354 500 aek 7 4 1s 9 ¥6q 0dd ¥, T s9sege Sum 4

mghmaﬂamaawcnammmwmghm«cmmghimin_

e DAEANERL

A— 0B
pi ID N AJD Sum

{(A8B)Cin

Half Adder-2

Cy @
cﬂ

fird : 4.15 (a) Full adder using two half adders
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| ™\ s-AeBoc,
|/

D
e AC;,

fr: 4,15 (b)

P>

@ Full Adder? R afirs A firz R < &1 e ¥ 17 TR A, Bam C,,, 9 R@man mar &1 %

wam = ¥
" Sum(S)= A® B@ Cin
Carry(Co) AB+ AC,,, + BC,,,

En
al
2 07
1 Ty
PSR Ky,
S
1 0
, a0 1
RO e T PO I
1 1 1) i 1

m-»l\!ﬂﬂf(Encodels). » e e

(UPBTE2015)
.9 m\xzwmmmmmmmﬂwmmmm
TR, BCD etc.) & ey furel ¥ wRaffa & 81
® W TR A "n TR R {ER T T mt TR A SRR e o A

mmmmmmmmmm 81

®
B3

@

P Y
N » Encoder l }'m‘
T o—l— i
R : 4.17 v=iEe

mwwn'wﬂfzﬁmdﬂmmtamz&mm'm'ﬁzﬂfsﬁmd

TR W A A

Encoder % @ ST wean & Fre e St 1Y e e ST HOm T ST T
A0 8 T @ T A F @ R W 9 Active T &

Encoder Y& ¥R fd & & fadm @70 F1g (FR—Binary Number, BCD code,
Excess-amde)ﬁﬂwﬁaﬁﬂmﬁqﬂﬂﬁﬁmél

4.9.1 T=HIS & WK (Types of Encoders) .

&

b

D @ @ 2 &

R 7 frAfefan yoR & @ ™ -

1. W& et (Priority Encoder)

9. 27 ¥ BCD Tt (Decimal to BCD Encoder)

3. 3w | a0 TS (Octal to Binary Encoder)

4. YFrdfand | 5T st (Hexadecimal to Binary Encoder)

Priority Encoder & ¥732 %4 #! Priority d Tt § TR AW A A sfm oA @ v w "1 #
A = Priority drci 152 TRA B FHIST (51 A

2fgwe ¥ BCD Encoder #1 10:4 Encoder % %8 €

A—d

A—t
Ay—se
A—t
As—s 74147 i BCD
As—t Output
Ar—e
As—s
Ag——g )
i : 4.18 Logic Symbol of IC 74147

IC 74147 Decimal ® BCD Encoder &1 3233 ¢ =t 2 fox & gwiar mar 1.
mﬁmﬁﬁmﬂemwﬁﬁaimamaﬁm%

IC 74148 U& 3iwed ¥ T3 TR 2

i ¥ TR TR Q sia A T TR R e T

TR SiTed A A THR F ARG A 2:1 TRANTR ) 3 W R A AR T
W B
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TSI §e1agii1ae |

WWMMWWMWMMMM i

m (Decoders)

S o (GPBTE 2015)}
. TSN T e e & & nfrg, ) e @ 2" eeye A A wikaf w2
Wtﬁ.m%mﬁamminmﬂmvmmaﬁw

Do
| qws D
Input Line D, Output
Decoder [

| Dy

fr1: 4.19 Block Diagram of 2 Line to 4 Line Decoder’

© 24w foster ¥ e A4 7 B 2 TIGE 63 § 9 Dy, Dy, Dy 7 Dy S

Inputs Outputs
A B | D, o, | b | D
[SRCN I N A I
ISR S S N O
1o fo o {0
1 1 0 0 0 1

firx : 4.20 Truth Table of 2 Line to 4 Line Decoder

¢ fEae % W smege % fag ofer
Dy=AB
D,=A B
D2=A§
Dy=AB

& 294 W feRe @ afs -

Y

Dy=AD

D,=AB

Outputs.

D;=AB

|
:D—

Dy=AB

firr .21 : 2 to 4 Line Decoder

! |

j' o 1074138 T 3:8 feavet & frwd Tz § 3 A 790 SR 71 70 8 A Bt 1 W 415

fga‘mhmearﬁamsmgzarﬁﬁﬁ%a
s feform el A Feavet A wRn @ e area 3R A woned ¥ wfiafda F@
] mmmmﬁﬁ'mmmiﬁmmmmaﬁ%mmmm
s Wa R A WA F o E—

1. fomt fegiet

2, vt feAret

ITII | TR (Multiplexers)

o

(UPBTE 2013, 15, 16)

® mwmmmemmmmmmmmm
¢ T F o do iR & ‘ .
@ mmmmtaﬁm"n"wﬁﬁwﬁmmmwtmm
& ' R A TR T S R mt TR T A tavaFa O ¢, 98 2™=n.
o E ¥ U5 FF (enable input) e § S FHHET (cascading) ¥ f omms
Do— MUX '
Dy —— I
Data I n:l ZT———---— | ;
Input Multiplexer ——>Y (Output B—t--o | oupw |
Dp—> H ——(----c |1
E— D:'H‘—ﬂ """" N
S SiS S.,: S[
firy : 4.22.1 An Equivalent Circuit

1 4.22 W

&

e fefvet Wik 3 P @ @ 301 &, RfE 98 R W AR R 7 6
2

% Multiplexer = 314 ¢ Tga-3 TR A R @_ﬁ FAR FAN
% Multiplexer 7 ® Enable/Disable ¢t ¥ ferg wra: 9 A ©F Enable fred T |
Low wfma 8t 8, i E = 0 3w § 8% W Multiplexer fav  aifgd yaRA w4 8

1:W(wire)ﬂmﬁmaﬂlﬁl _
Z.W(wire)@mmﬁﬁﬁzaﬁﬁmqﬁmﬁl
. 3. Tehckmr A T R o Rl S S e
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84 ] Rfden phegies { j’
4.11.1 TR & WBR (Types of Multiplexer) [ !
TR ¥ ¥ — !
1. 2:1 v :
2. 4:1 TREFR i
3. 8: 1 WA : o I
4.16: 1 TSR !
‘e 2: 1 AT ¥ Q TR, T AR TR I T QO (enable) W 6 1 30w W A
’ ’ . S S |
e [, |
Dy MUX Y (Output)
Enable Input E 550
8 (Select Input) i Dot
. m:«::mm 5,501 )
© &N T e W g pe—__/ v '
€ 2:1 Multiplexer ¥ 3G Y= 1 %adt 2 srawand # gmi )
w Y=ESDy+ESD, D, $15eDs
Y=E(Dy+SDy
® iu ¥ wewm A 2 : 1w w1 R pe— J sisi
. .5 o e :4.25.2 Realization of 4 : 1 multiplexer using basic gates
5D, Enable Select inputs Output
D 0 S, S, Sy Y
Output Y Dy
s " wid W |, o] |
- 1 0 0 1 | D |
fire: .24 Realization of 311 »E;"J;l:.(z. gates . l[)’: i —— g i (: zz !
@ 2: 1 WRARHRR Wil 4 ;1 WA X 4 T e 2 ¥R O a9 O SR o ] (StrEnbc 15,5, 1 1 0 0 Dy
@ 4:1 TRIdw A 7 Ty ™ High W 8 @ 0 W 1 8m orenable)  Selectinputs 1 1 0 I | D
: (3) Block diagram 1 1 1 0 Dg
Rrr:425.38: lmuhip.leur 1 1 1 1 D

(b) Truth table
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% Rfvm phwgir mm.mmm,wﬁfmﬂmmmﬂm u
!
| 4.12 | Rerefideewt (Demultiplexers) L. b B R L
(UPBTE 2018, 15) 4.1 16 femedre )
- e & amTR f
o forddwn & whawra wfe b o 1:2 foreddmn A 1 T D O mz*@ A T a4 IR R R
o l.zﬁmzﬁ\ﬁfu:nmlmﬂ% wge '
0 P A 7F [ mm s aEeg w b L :ﬁéﬁﬁaaﬁvﬁéu
© Peredmm AR ¥ favda sivhe B W (perform) w0 | & T8 1 : B FERR ﬁlmw‘gmm."}msﬂlﬂatml:w
® w&mmhmz-n-mmmﬂ&wmzmtﬁtﬁﬁuﬂuﬁﬂﬁl 3 &mmﬁxmw,xﬁmm4mﬁ?ﬁ“'
- & [C 74138, IC 74139, IC 74154 7 IC 74155 §9 femerm 1Cs
Dita _J oD i [ v s
input | pemutiplexer | o, Daa § [ 4.13 TR T fwe e ¥ e DLl
d«l:dcr é Outputs joput | e ¥ (Comparison of Mu]uPlexet and Demulﬂplexer) TR o8
Enable —¥ |
'_'OD.-I X
Sm-t S S0 et
Se;e:l inputs SEREgs
(a) 1 : n demultiplexer (b) Equivalent circuit - —
i 2, [3a v # s L et
¢ T W (enable input) FETEIRITR : @ (enable) 70wl w@ ki ?";3_ R TR . i m Tt .
o RTEATE & " ST A m" VAR VR F WA o= 2" T w v I mE — — G
® Demultiplexer ¥&z % wfFa wa: multiplexer Tz ¥ foeta &t & : 74 i ikl ! : A ' B 3
® Demultiplexer ¥ multiplexer ® vt F0 F=e e A T R s 3 AR/ STSTRE A A A : n=2™ n ___2m ) i ;
Mmmmwﬁﬂmmw:mmmm%l W[ [o T . S 2 ‘ ':_‘”'__."»:
£.12.1 BUER@TR & TR (Types of Demultiplexer) o SR - T e
fowweam & fret xR E— 6. | st for Many to 1 % 22 F&RX_ | 1 to Many @ 321 oot
L 1: 2 feneidtam b | 3 ', (Data Selector) (Data Dist{;hﬁwi) A
L2tk s, S i ,;-,7- T 27w fafro WeA@fFT  |TDM ¥ Receiving E.pdiitf
|| (TDM) % JFZn (Sending) g
Yo Dm 3 = n ‘“ o e
1:4 v (Inputs) H..H:}—Yo | 8 i)
Din=—pemultiplexer| ’l ™ |
Y2 Y o e 7
e : ’152{_)’- 10u 3 A g [] o '
’ NEFE | Meaet (Exercise)  #
s, 8 : = Y A : 3Z-Shrew % w7 wored & R X =rem Ffa (UPBTE 2012, 16)
fre : 4.7 Block Disgramof 1: 4 Ena LF 2 i Sgw (full add af: g ) 5 ‘
Dc:uldpll':? e frr:4.28 1: 4 demultiplexer i _ ulladder) qﬁqu.mm Uﬁﬁﬂf%iﬂﬁﬁmf: ! (UPBTEZOU)
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" | Riea dged

I = )

10. Liquid Crystal display W G wfira frwof feftrdi - ;
11. Multiplexers W @& fewod feafad? (UPBTE 2013, 15, 16

Full Adder ¥ W2 2 Half Adder 3 % v werfi 2 Rl (UPBTE 2010)§
ez el P 3 Rrd ek ) o} e e et
LEDs 7 LCDs ¥ 37 e Ry aw 371 T iy

7-Segment f&v@ 7 I oTeh F TR AW 14-Segment F W T W)
NixieT-T& ¥ am ¥ Wi §?

wfted TR |
TR H F TR T 2 line -to- 1 line TRIRRR H &S TRY 75 7@ WR-ARA
= 9 W

5.1 mﬁﬁtﬁamﬂrﬁﬁmwﬁz

it |(Combinational and Sequiential Clrcults) SRE R i ad AL

- B 511 sReTET A
12. Digital Fr¥ma ¥ Encoder 7% Decoder & =Tl %) Twgdl (UPBrEzats__) o e Wi § ek mmmﬁmenmwﬂmmm*w“m
13. Encoder ? 39 ¥ W 7 . s 4
14. Decoder 1 et i ' | ANTPENAY——— LT
15. et A fewedea § s e Ffd (UPBTE2013, 1§ & < 3fivs i AND, OR, NOT, NAND 7@ NOR & w2 & 33w &1
16. Demultiplexers & wfx avfy =il (UPBTE 2013, 15)8k - & ADDER 7% SUBTRACTOR ¥ ¥&% 32&w 8
oy v | ‘ | B 5.1.2 R wiée
1 LED frm wrm ¥ wd w1 &2 o frefrow o Y weds 1 9w B A T LR FAAH F {IR F WO AL
(a) Forward (b) Reverse (©) T @FNASE T R F S S (present state) W W ﬁﬁtﬂ_’_&“ﬁ R Y s # Tiﬂ B
2. Half Adder ¥ 74 R 1 W 80— : e ! :
. i | ﬂhﬁn’-‘a ™ Wihe H FRTR
w0 ®3 ©2 . a1 & Tt Cmbivgtioms! Ciesit T (Output
3. Full Adder ¥ 312z M TEm O 8— k- = ;
@4 ®5 ©2 @1 b i :
4 LCD wefifa wm #— ‘ e E e |1
(#) Liquid Crystal Device (b) Line Crystal Device - & (Meory) H
(©) Liquid Crystal Display (d) Line Crystal Display Sh eeeeen I i
5. 411MUXﬂWselect!‘»lﬂzﬁ?l? i 3 ¥ Rnﬂmtrmmmund&
(a)1 ®) 2 ©3 (d) 4 B T R T w6 wed ¢ fr fredfve afe ¥ A e R

2 Flip-Flops, Shift Registers @@ Counters &+ fa‘*“qma e F I ’ZI

(77 S (Answers) ) | . (52 [ Rt ip

L{a), 2. (¢), 8. (c), 4. (¢), 5. (b) ' el ¢ frm-wiv @ afes fefrea 3990 wign &)
S % W A yEend T i—ais 0 Re T Al 1 Ra

(UPBTE 2014)
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% Rfsen pheifew
® m-mﬁ&wmtfmnmnmmnﬁzmmhmmm

B, Q

B —3

fx : 6.2 Cross coupled Inverter

® W fax A NAND % 3 e @ fiera- it 1) e =) a4

® WﬂMNAND‘}ZWﬂfI?-'Immmdflmﬂﬂmmm’&(cmucoupied ,

invertor) W ¥¥ ¥
o faliRiwamer RS imkea e k1 AR idgm

© 0 T W Yl A e 70 W e w0 A v R, o @ i A N (latch) e

%
¢ ™ AR i § ek Q Raw Rz @ ) .
I B l'ﬁfj‘ﬁm (Clock Signal) J . (873 J '.
@ wF & R forw v 9 i o ¥ <ol
: High
| " ” \ > Time
- Lo \ X
Leading ‘mgyﬂc time ;;Lheng
Edge
frx : 5.8 it Rrem

® TS A X% T'second TE TR W Agw R e Fra- wﬁmm(clockme) '

™ ¥ Rrad s o P @ WSt fd
@ watw RRI-Tey N e wfiwdd Fa welE & gN e e )

@ wmammm%mm(lendingcdge) 7a 59 ¥ T ft (falling E 3

edge) T R &1

* oY 7 Tl BT I - mﬁﬁﬁaqnﬁmaﬂma\mmmmﬂ'hmn j ]

" gm ¥ wvf

| m_m'q 9

E[s-xﬂm—wﬁu (S-R Flip-Flop) s

@ a4 & NOR e wgad &t SR fier- vy #1 aften weffia fan man 2
@ T A NOR 2 3 win Fyre o org T ¢, 7 We 2 i NOR 2 1 #1 31372 NOR ¥z 2

¥ 7y ¥ Wa aa NOR 2 2 71 332y NOR 2 1 $ /e ¥ mu smmar )

NOR1
R
(Reset) Q
Inputs
Q
S
(Set) NOR 2
firx : 5.4 NOR ¥ SR frer-ueifa
S Q
R Q
frx 2 5.6 Symbol of SR flip-flop
R S Q Action
\ 0 0 |Last value| No change
0 1 1 Set
1 0 0 Reset
1 1 X Prohibited
State

fa% :5.6 S-R form-vaie i wea mfear
Case 1. R=0, S=0
& 3f% NOR ¥ T2 & W W 0 3ReE B 9 78 e, 3 fer- mm‘ﬂmﬁﬂ
WM e FRTE Q@ W wE T TIm
Case2. R=0, S=1
9 S=1, 37 NOR 2 2 91 3mE Q= 0.
T NOR 2 1 % 3 g 0 @ s
NOR 1 F T AR 0 A ARE Q=1.
T ¥ NOR 2 2 & A @ge 1 @ M 3, ar: 3Meqe @ = 0.
Case3. R=1, S§=0
& dfF R=1, 3@ NOR 1 ¥ g Q=0.

@ & & 5
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2

o  NOR:2 ¥ 2 Wx 0 & T

o :NOR2®ATEQ =1.

Cased. R=1, S=1

¢ WS=R= lmthQOQmmoﬁmtmmuw&immt

A Rrers-veila 3 7R m & frwda {

o fem W TR Q T STTR Q T FE ¥ Wi sw: R = §=1 7 ¥qw T ) 0§

w &

Rfdrem yetegifes

¢ mS=R=1%m & W fafr 3 RACE Condition 7 &

gl

TR Wi T8 o

FymAa v

e maah(cmmwmtmzﬁ'mnﬁzaninblezr?tilm-

e nmh(cmmghmhuﬁmﬁ{"Enﬂb"’"’ﬁf'W

9

.Dﬁézﬁqﬁ!ﬁﬁ

feefa ¥ e QW2 D

!

[ J K Reord-eita (JK Flip-Flop)

['s.5 | b Rera-oelfa (D Flip'Flop) “~< ¢

& RS fem-vl ¥ @ T MR R A9 S T A s o f

o RSP vl ¥ HIGH i 8 R e & e, S Tz HIGH o vt 8 7 LOW ez 9 ol
F0 ¥ Ry R T HIGH vl =t &1 v st feem-wetia 3 g Q freh 91 anavaan €1 &1

Do—

CLKo—

—CLK *

S Q—o°

R QF—°

f2%:5.7 D -Rem-oein
¢ WM R M SN FR S @au HIGH M AR w8
o Tra D feme-wele A 7= A 2 €1 D free-veie A e O 2 TR ) S 6 ¢ A

D

Q

Q

Ry : 5.8 Symbol of D flip-flop

¢ Dfem-vel ¥ T D o 9% STeeyz Q W W ¢ O 79 7% wits e CLK et w v

CLK D Qna1
0 x Q, (Last value)
1 (] LA

1

¢ J.K frem- mwmmmﬁhtmmmﬂﬁMMﬁ
) ﬁmnxm-mmmuammmiu

fre: 5.9 SRw

d—

firt : 5.10 Symbol of JK Flip-Flops |

e fmdJ 7w K 539 [e 8 TRes =1 w0 W au e

CLK J K {Qney Action
0 x x Q. | Nochange
1 0 0 Q. No change
1 0 1 0 Reset
1| 1| o | Set
1 1 ' 1 Q, Toggle

w1 6.1 J-K frm-w=ie 2) v oo
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IMTIN-YTIN ) 95 '

& TR F9 frem-Ter F1 ¢ & ¢ fomd ol fare et & a3
@ T TS T O F@ L I wﬂmtﬁmmmmmm*
A A @ w2

94
& W ¥ e = k= 1Rt -
& feafht ¥ Reeta-wlt toggle modo & B 4 Qg (race around eoudmon)iﬁtl

& g:"l;gﬂ; lﬁ Race Around Conditions f?ﬂﬁ S JE m-ﬁa fmv-valy @ mh'-

¢ mﬁaﬁwm—wh#miaﬁm-mmmmtwm(mm)mmj @ [Wﬁsmﬂypesomounm) AR
Rl : g = (UPBTE 2015, 1)
‘e TE QR SN R
: 1 d — 1. Uf55hA8 71 fivd T3 (Asynchronous or Ripple Counter)
CLK — 2. fF=RITA F18=T (Synchronous Counter)
' . 5.9.1 TR Fm (Rud BmR)
P THTE S A T e e G 6 RS- v WO e # 9 @ a9 v

F W F W -9 F FE 7T &7 T

f2x: 5.12 J-K Master-Slave Re-gaia : N . N
aster-Slave 3 iR aftmmwmmAiw @2 R a MR e, M

2! i
'5.7" | Q9w (“T"" Fiip-Floj -
l [ { e-Tlop! Si 3 & VR W wE ¢ e A e fagm €0 S - v @) ovave s F [
¢ T fRWN-WIT : A (toggle) fria-wafd M Togele Inputs I & o 4 g & Fe= ¥ ¢ fem-vel R sTawe i ) |
w0 & T I L°“°“[—.—L :
& Toggle Flip-Flop T ¥R #1 JK frm-wft @ ok oupu i T o Ta Q4 Ty Qg
ol J e K 2 o 2 N 1 v e e L Ik g : - FF-E
_ %aawmzzﬁ’-lafmé i »7"  <efan U— Qe
tl forr: 5.18 T-Rewm-gelft
@ | T |Quu . Q Qs
0 0 0 fam: 5.15 fag, ofetre woe g T-Rem-aeig :
‘ !
0 1|1 . & I E Toggle (1) fiem-Sey =1 Swdm 13 G 90 @ 7 1 T foe-veiy & 9% JK 8
1 0 1 3 fEr-mR A d mm s i R eaE A R i :
1 1 1 3 o3 % i frerm- mmawxmwugmﬁa’rz'mmmzﬁmﬁmmu

farst:5.14 T forew- vt &3 we anfva Qe AmT M@}

- Logic 1
¢ Tfwm- Wﬁmﬂ'l‘nggerl’ulseﬂwﬁﬁanggerPulse aﬁwm-wiﬂ
Ty e T ™ " -‘s-Qu
' FE-A |
¢ T Reem-fecily o v fvet #13R (ripple counter) & fan s 21 CLK e Lk -
'—5.8 [W (Counter) B : X '
(UPBTE 2012, 13, 1 _
3 6 . Counter Quiputs

firx : 5.16 Rz, eRveera wo=re gfdin J-K-Re.ovia
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9
5.9.2 B PR (Synchronous Counter) F __?up-l?!op Output | Output
o firsrm wraet f Tl wels wew Wl feera-vll 0 OF TR W o ' i Qc R TIOTR] e o : (Y)
o ftn TR AR T H T T = 0 R ' i
o A Rra ¥ 2 P W R Rt JK-Rr- it &1 3w ok feart fin f]‘.
it
& Ry T A -y e it e e e 3 ot ¢ R e B ropagation g - - Valid
delny)ﬂmmﬂmil TR ot
' Logie 1 i "l" ;
Ia Qa Jp Qpf—— l-'.-
l__ [Fea] s [rrB T
ia Invalid
Ky Ga Ky Qp ;:‘el!
CLK ’ .
UL A : ® W2 5,670 7 FHfE R R
fir 2 6.17 2 frg Resetemsy wmex 1 ‘ chn%n 0 1 .m
o MR R N TR 5 o R T, R T ) e A o weiw oI W | ,’ Ol LLLYD
stete dm 3 1{Wlo]1]n
for:5.19
; RN TR g : ) ’
5.10 mmu‘lagm' {(Modulus of Counter) | Step 3: FRE Y A T FA
: Y=Qc+Qp+@
° 2ﬂmﬂwamamon-4,mm%ﬂmammmﬁmn-sm_m'ﬂa%l A —

@ W TR nfg Row we W N wE w ¢,
gl MOD number = 2" _ b
0 T W WEEW 0 RE W e N e w § R w S e w w3

@ MOD-5 fivet Tt & @i wiew fam & vie man @

T — __ 3bitripple

ﬁagi:l 4+
TRN— WFE-5 I F AT B - | A L 4 leounter
Yot 5 e ) P e 3 i 8 g R T e e € o R Pt steps 3 Ly, PR QA—tJn "“ea—l:ac PR Qd
- = : Tt @ i ® > ©
. Step 1: MOD-5 13X 1 R SR WA o _ &) Q Q
. P o o ° R o ° A cr* -T CLR CLR
Stop 2 : R (resot) ®RWE ® Truth Table it v
Wt : . !
) frr : 6.18 State Di £ MOD-5 Rippl l_ : )
@ TR 0N 4w % Re RS (valid) * Gotater M Y-Q_G_
ﬁztmﬂﬂzmmmmm Reset logic .
Imct_ivu )] m . fir1:5.20 Logic diagram of MOD-5 ripple cug;-nter
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98 WW
5.11 | Rrsovrwr vd eRmpw avawex  govm
(Comparison of Synchronous and Asynchronous Counten) ‘
o) e
1. [dfimg
2. |wvwm ¥
3. |wwER. Mﬁm—wahvzwm,ﬂsmﬂmwﬁﬂwmm
ki R b "'ﬁ:{zmmﬂ%l
5. [ S ik it m'&aeﬁm;‘q?;mgag@@%ﬁ

[ 5.12 | @R R (Counter Application) -

& H‘ﬁmtmﬁ%m{wﬁﬂtﬁﬁmﬁﬁi— :

1.

Mmﬁ

I—fs l ﬁmw&mf (Shlﬂ Registers)

¢

et e A o W W 7 T fer- ity A g ferg- whﬁqamtlauﬁm;
Mﬂwmmmmﬁmemm(sh
mtﬁmnmmm’luﬁﬁﬁ mﬁmwﬁﬁmwaﬁﬁmmmi ;

(logic) 3itstyr ¥ g t

mww-whmmﬁmtlmm-

amlﬂzwhz‘rzmin

ift register) FEETl ]

n-ﬁzrﬁmﬁn-m-whﬂﬂtmﬂmﬁzwﬂu\zmtu

)

v b

il & I (common) FF & T Fat

9eI9-ged 9
T IR are e i T NI ) F i - IR
§'No.| Mode of operation |- . lmﬁm‘m":?’ i 3t - Commentr::

1. |Serial input serial —ia Data bits shift from left to
output (serial shift vp —s{FR[FE[FEI[FFO}-+ ovp [right by 1 position per clock
rights - cyc]e

2. |Serial input serial - Data bits shift from "Bht to
output (serial shift left) o - UP [eft by 1 position per clock.

3. |Serial input parallel [FF2[FFI[FFO] All output bits are made
output. available simultaneously

_ Outputs after 4-clock pu]a'és s
4. |Parallel input serial lnpuu All inputs are IO‘ded
output. ‘ i * * simultaneously but output
bit-by-bit.
['5.14 | s sifw Sifae (Mode of Operation)
s R T R e w0 F e e e -
1. Hif@s g HiRaa SEege (Serial Input Serial Output)
2. Wftast $7ge $efe AMETE (Serial Input Parallel Output)
3, e 7qe ¥iftge TR (Parallel Input Serial Output)
4. Yrea @R S SRR (Parallel Input Parallel Output)
5.14.1 Serial Input Serial Output (SISO)
b ﬁfrﬁm:ﬁﬁmamgzmmmzmmﬁmwél
Dy, D; @ D, @Q 1D, Q Dy Q
CLK
=ML

Rrt : 5.21 @Rw yAgz Hitaa smege
TR S TR B v Rl s AR, de, Q) =@2=Q, =@ =0
T T I G 4 97 F AT e 1111 TR e W e fen
A T T - U fag, - 3, - v 2, e et 1 aw fie- wﬁoﬁﬂﬂm

farse & s

g e T $Ae -t & e wifvge ¥ W €, o, mmﬁmﬁmtﬁm‘ﬂ*ﬁﬁ
firwe TR ¥ Sty & fafir e 9 i F wewa } ziw @
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(-) Serial In Serial Out
Serial Data .
Input Serial Data
— B-bits Output

(b) Serial In Parallel Out
———3  B.bits

s

MSB LSB

— s

Paralle]l Data
Outputs

Parallel Data
(c) Parallel In Serial Out _Ioputs
MSB LSB

s T )

8bits [———> Data
Output

(d) Parallel In Parallel-Out  p, 01101 pata Inpute
—

i

8-bits

Parallel Data 6u!puu

5.14.2 Serial Input Parallel Qutput (SIPO)
smoﬂmmﬁﬁﬁmﬂmmmimjtﬂmmamgzmm

SIPO W g 3w ailgtyd SISO = v g &
Dip—*Dy Qo D Q D; @ *Dy  Q
(S_rrinl data input) ~o> > > D
l‘ FF-0 FF-1 ’-( FE-2 FF-3
g | ,
@ Q &
je—————— Panllel outputs —————]

Rrv : 5.22 Iustration of serial input parallel output mode.

Q-

er-qeify i 101

5.14.3 Paralle] In Serial Out (PISO)
PISO ¥ 721 3 deret ¥ e fr wrn 81 el @ Wt amaeye @ Wt ¥ R

By B, B, By «— Panllel inputs
Shiftload |-
1) (2 3) (& s) g
" Serial
D,—#Dy Q D, Q D, @ Dy  Q— daa
. L output
r > > '
FF0 FF-1 FF-2 1 Fr3
CLKo—e é —
o : 5.23 Parallel in serial out shift register.
5.14.4 Parallel In Parallel Out (PIPO) .
# fas # Parallel In Parallel Qut ¥ 31 fyar w1 81
}4-——- 4 bit paralle! data inputs ———————|
BD B, By
LDD Q LD[ M. I—"D; Q LD, Q
: > r 3 &
|| Fro FF-| FF-2 . FF3
S gk
- sQr iq Y

k—— 4 bit panallel data outputs ———— ]

Rex : 8.24 Parallel in parallel out shift register,

pxpoﬁmﬁmﬁmmimmmmﬁmﬂméu

5 uihhw (Applfcaﬂon n( églslem) j

@ mmtmmé—
L3R 2N Fad
2. ¥ifad A dom TR Y
3. &} iew TRy
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H

4R v
L R e
& w Mfee Yy

/vl sl ) [/

L vk e ¥ e & A e
R UET @ a AR W e ey
L] m::mmwm-
W D Fup-Flop
M &K FpFop
(@ K Fup-Flop
@ NFep-Fep
4 Comdinatonal T Sequential Circuits ® w8 = w=@ &
L AT R T
A W TR rE
1 AR WD e SR - E W R m T o
& D Aol W AR Y e
A JX R W D I X Master Save FR-FR R FER

10 BTt (T -Flip-Flop) W ¥R 0878 10 ¥ d

neE|m e

12w AR T F R D S wmm e TR e

nmwsIseTRy

14 ST & IS ® WET W SRR U9 T Steps W TR W)

15 Symb.mwsﬂ.m:mmimmt”"m

18 Mﬁmxu%mﬂm?f?@u.\iecro:enﬁntﬁﬁ;'

ey v :

Lawmw . seawsmi-
(AP AR o2 M2 =

2 Race condition 799 B2 {—
(2) SS9 T2 ¥ (In combinational circuits)
() ST ¥82 ¥ (In asynchronous cireuits)
(dmwianqmwdms)
(@ ffmee ¥R X (1a digital cirvuits)

(©) 2n:1SRA

(UPBTE 2012)
(UPBTE 2011)
(UPBTE 2010)

(UPBTE 2014) }

(UPBTE 2012)

(UPBTE 2015, 16)

@Dn: 18R

fRera-wiia

w

10.

CMOS yiedt A—
(a) @ {faRT Nﬁmmwi‘ﬁmﬁmh

mdmﬂmmtr
(<\ﬁNﬁmﬁMvﬁwaﬂhﬁmwmmmmm

(ﬂuﬁmzmwwuhmawmh

. QRN (astable) FRATRT T -

(b) 1 ¥ 79 1 quasistablo states

(c) 2 quasistable states (@ v ® ®
f:qimmmtwhhmmosﬁsmmt—

(a) fetht 79 B OF +V tuee o
n}\f:ﬁmm“iqﬂ'pﬁﬁﬁ'u‘mtl
(c\htmmaﬁaﬁmiwmfwmmt.
mhﬁwmt‘.:ﬁmﬁwfmfmmmh

3 Tren ® wE TE R—

(2) 2 P RS (2-stable states)

(a) TR-FT WA ®) fedt =

(© Tra few FRIFtT
TR W —

(a) 1:bit B3 & (®)2-bit TT= &=

(© 3- bit = ¥ (d 4- bit ®t= A9

D fen-wis 3w T frem-Sis &1 3980 ma: .. ¥ WOR O #—
(T fRmf@®R () fe '? @ A
AR F TR (d) 2 e fw § ¥
T T3 (fastest AD) R —

(= F=R (b) TR 739 FRA
(o) "R TR T TR (d) 3@ =i FFFRU
60 T FET I ¥ o v w1 A - e i—
(a4 ®)6 (c) 8 (@10
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I ffven gdagiiven
1w e e gdec o) O 8-

(OEREEERUT (h) 1 Qe g
(1) # quaslatable Wiy ((URSLRIEATRTT
V0 SR e e Y8 R 18 et n) smvege )
(OR o [
(o) Infinite () Amblguonn o Indetarminate
10 K et et K g, o enge vy 8 oa it e ey di-
(a) SR fem-eity () K frery ety , e ti i {
() D et -weity () e ety . GG = :
1wyt s P ) A g ey - PIPI [ E VPR AV NN K DI 3 L J
(W) D O 8k o e . Ko rG.I T'Waﬂllm (Multivibrators) ’

16, =R K hen-wet g i o ey N T e o ) ¢
() W0 fhere et wetts yope m

(W) ffrew viethy & LUCRRVERT
(e) s feme it & o e K e we

() WD frer-vethe N o e K gy e
1000 K em-sieth ) ansege e ogglo’ w8, ag— -
(W= 1 K0 W J=0; K W) det; ke (o0 K0

17, U u\ng:’me 9 elock) ) weit® AN 92 kka &1 vi wdadal ) Doy e 1 flz 0 o) A o,
A

() M s, w2 bie w0 s w2 e veff
(bt fudvm vl ws abie W wss am g 7 - ety
(©) U d-bie g mee wen w7 frem-wotn e s s e

() ¥ 4-bie gt wmanet wen e (s me
18, vy ¥ el ke §—

(0) AND e (b) NAND e
() WyRfR M W () Ex-0n e

(W (Answen) )

1 (0,2 1), 3. (0), 4. (6), 6. (e}, 6. (e), 7. ), 8. (1), 0. ), 10, (o), 11, (), 12, o), 19, (0), 14, (), 4§
1B (), 10, (b), 17, (b), 18, (b). :

o aedmgdet on ylen wlhz & S T A (squnre wave) W etz wrm b
o yehagaduw Ratdn ot § ot eda (positive fesdback) & sfitmy m frdt wrm
N
o edtarden G d e 40l B—
1, qrfeer ar plt afitr wedlargdet (Antable or Free Running Multlvlbratlor)
2, nvii e ar wr-yile wedtarpdet (Mono stable or One-shot Multivibrator)
8. mf e ar foera-worla wedtargdat (Bistable or Plip-Flop Multlvlbrator)

| 6.2 lvﬁﬁuw(A-tnm;MunMimtb.)' T g i i)

® g oy de A fon s it v (tiggering pulse) % T (square wave) H912
w8, vadfyn vtz wyenn §)

© il ey B e v sl O 1t @ i w2 (quaskstable) 722 @ 4

-——

Nona Astable

Input | Multivibrator i l l
Output

i 16.1 Astablo Multivibrator
o gefam MR T TS A9 (square wave) ATZ wam B
wrdwomef) (Principle of Operation)
o oA fer 3 gl Q) am Q, m v wd qu vrdfam vz W T T
o wedade & iz A CF vowelimn § 9 wr-gmt % fom wiheds m wrd v
®  CE vwefiwrt & <ol v i § fond aqw Ry = 1, v wmftin 1wz R, = Ry,

b T QM I Qy ¥ T X am Q, A1 AT Q) % M gfim (coupled) T d1

Q
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T 61 1 el v R 1§ '

nvc,-hmimhhwammQ,amq,ﬁwmtﬁﬁmwmc,mc,‘
ard B e w3 3
wmﬁaﬁmq,ﬁaﬂmmﬂmtmmmﬂmﬂéﬂwxﬁmﬂ
Q,%m‘c\mwwﬁm!{ﬁﬁﬂmﬁﬁmﬁm(nognﬁvesi@ﬂ)ﬁm C, FEuQ, 58
hﬁmm%mﬁQ,ﬂ-m(cut-oﬁ)mmmtmq,aﬁﬁmehéamv‘,; ‘
¥ e o o
Q,tmﬁmmuﬂﬂmmmcl%mmqﬁthﬁmtﬁmﬁ‘

Q, ¥qtm (utumﬁon)ﬁﬁuﬁﬁmm%l 3
ﬁmc,tmﬁmmmm“ Q,ﬂ%ﬁqﬁt&ﬁfuﬁrﬂtmﬂmmtaqu-jr
e wow § i3
w frn & T le-aﬁm(cumfr)mﬂ.Q,mmﬁﬁmmémmc,-
mriﬂ'ﬂﬁﬂﬂml ";

ﬁ.s | AR YA (Monostable Multivibrator)

“mﬁmm@ﬁﬂmﬂmm(squamwuve)mﬁ?ﬂmﬂ%l B

®

$
$

etz weem g 1
R TR ) @ ®E-RT (half stable} ®2 g &1 i
mﬁaum&nmmmmw%memmm

T Monostable n
' \ Multivibrator
Output

Input
Rt : 6.3 Monostable Multivibrator

U3
(UPBTE 201288
¢ W R & 3R ON oz % v ¢ aw qF0 OFF R 3 dm &, AR

107

mﬁéﬁam}mﬁamuﬁwﬁﬁs.ﬂMWﬁaﬁﬂzﬁm Q, @ Q ¥IH

i
qﬁqudﬁamaﬁmmmiwmaﬁmq,m?ﬁm Q,ONTI
mq,mﬁuﬁaﬁéwmﬁwqﬁum;ﬂmﬁﬁml ’

@ aﬁrm()la:iam\m\émzwﬁw szmﬂwzﬁﬂéquaﬁﬁm

&

- F7 B T &1 I TR Qg 1 FAR T R T 2 T Qp T FT-IHE
(cut-off) s T 3t @ w §1

 fFm & a1 g Q,aﬂﬁﬁimaﬁmﬁm%ma ON @2 2 31 9 }1 78 9
wfiya 3 Quasi-stable ¥ ¥ ¥ A1
miﬁmmwﬁrmmmm%amwmmﬁm s R Re A A
Tl &l )
mnmmammmtwarﬁ{mwwaﬁm(Ql)%siwhﬂzmmu,

‘iﬁ@ﬁﬂm(mstable Multivibrator) e __l

(UPBTE 2015, 16).

T, ’
T Bistable T .
N * | Multivibrator 1
Output

Input
fira : 6.5 T3-RRE wedami

: ﬂuﬂh@ammﬁéﬁaéz(swblesme)ﬁﬂ%.mﬁﬁ'ﬂmﬁﬂmél

Wmmmmmﬁ(squarewave)%m(hnlfcycle)ﬂmﬁﬁme
7 TR TR GEd 1 WA S A F afem W w70 3 da
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#d-some (Principle of Operation)
9 wRfr ww auizmwﬂwﬁwssﬁzw‘mmifm‘:amql mQ, mm"‘ltl

¢ mo,mmo, HMNQ,mmoltwamﬁrma«dbackm

nd .

+Vee

R

|

Q Q:  Output

lfe—

¥ TRIGGER
INPUT1

Vps TRIGGER
INPUT 2

|1

fre : 6.6 wyey w1 ooy

® MHmwmfmmtﬁwmﬂmﬁmmm-mﬁm
@ W feh W IR Q) 1w Q@ ¥ wRR A 1, 4w 1, e W @ @ &

o ufemnmx,ﬂmmmmmq,m—mmmmtuqutn

W ¥ ufk vt o Q 1 An-wrww #m W wwmi
® ¥ fFm o wod & 99w Q, Ak F am Q, OFF sraem A 7 am wrdy
o WRA TRtTRRE ¥ Q) Tl s WO -

1. 7T Q( "OFF" a1 Q4 "ON"

2. 72T Q, "ON" T Q4 "OFF"

® mﬁnm}amwwwﬁﬂwmﬁqumﬁwmﬁamt

T g ( transition time) W i

Schmitt Trigger) . e
¢ vz R fafin <Rvg § < fefiree wenfirdl & s v a1
& A2 R 2 wnd v g AR & s w ke w &

® ﬁl7"-’z'“"'lmﬂi'ﬁ'(W!l’llﬂﬁﬂ(v:mitt»ex-v:oupled binary) W &% &1

&

ASar 2 0o

109

FICHTRIER T A/D, D/A &9 aga

I +Veo
Rg, Re,
B
Q Q
\ [
Ve, Vee, Vo
Yi
!
Ve Rg¢ 3Ry
y ¢ 4

firx : 6.7 Schmitt Trigger

® ﬁmﬁmﬁﬁnﬁﬁwﬁaﬂwﬁamﬂﬁ:ﬁwﬁmmﬁm#ﬁrmnmmhumm
5 fa
® mwmsmmﬁﬁémmzéﬁmﬂvn%mmﬂmmtn

TE-Home) (Principle of Operation)

@ fr3 6.7 ¥ fRme fom = vfteg weffm fem mm &1

@ TARWHR TR (V;) W0 @ 7= Q, "OFF R ¥ qu 7w @, "ON" i dar

6 fe fym & vftww ¥ 7z 9 & ) Fif=a 5 Upper Trigger Potential (UTP) 3@ Lower
Trigger Potential (LTP) 81 ¥ S wRwa &) t= fin s ¥ ot svaem & feaw w3 &

© UTP ¥ Ry Wy 9l V; FAH Vg } N it o e 78 7wt @, ¥ v 3w

A B wierd amw ¥} am am Q¥ A9 vk A W

& IR I V; w1, B oo ) v oad @ €, UTP % g arem amn LTP 3 g

g )

Q ﬁwzfmﬁvﬁwﬁmwﬂaﬁw%fmwgzﬁawﬂz{ﬁaﬁmﬁmﬂﬁﬁzﬁrmm

" Hysteresis F&am 81

Scanned by CamScanner



110
. T AR e AID, DIA TatH
- : , A
3. |wefm weEmn ﬂm-mm T 49 IR, s o mﬁmmmm@redsionrmmr)im%ﬁ(mnb)wm
4. [fer fom T TR S AU SR S (oD FE, T ’ 1@ g
: @ Frdw UTP aw LTP v
+VREF
L6.7 IAID'cNTD/A'Fﬁﬁ(A/D and D/A Converters) P—E—E—T_L‘

@ TEENRW, FOIRA T 2R R Faw aad Wi (fefres wnd) 2 when wa @ am fefaea s :
Y @ 3 T R e 1 gk Rl §o e Ge s F i 2

YA % e WG ¥Tel Analog to Digital Converter (A/D F7a&) et ¢
& fefores el @ Qe & wfaffa =) fFa Digital to Analog Conversion Teeidl @ 74 T8

foq wg@a womed Digital Analog Converter FEerd R
l 6.8 | Rfsea X vt TRl (Digital to Analog Converters)
% &ﬁzaﬁ@ahmaﬁmqawwmmwﬁﬁahmzyﬁmm

3 D/AmaidN:1w@@m%mﬁmiimmw%ﬁﬁD/AConverterﬁfsﬁrza
wﬁwwuﬁmﬁmw@aﬁﬁqﬁaﬁaméﬂémmﬁmﬁh .

T W fedme @ A
"“ — — %
N-Bit
Binary '_T_J DAC Vo
Input | o 1 | I 1
—_

fira : 6.8 D/A Converters

|76.9. I %&m%uﬁﬁfﬁm @ fiffrdi(Digital to Analog Conversion Techni@é

¢ fefiee A Qe § wafa 50 9 3 e 3
1. Wt wfai D/A FaET
2. R-2R W57 D/A &7
6.9.1 uREdt wRerelt D/A FaeR (Weighted Resistor D/A Converter)
o o 6.9 A e SRR Dl T 7 e Tt a1 & R Vage B A2

<utar &1

ik A

wasg

Dy Dy D, Do

llhﬂj

= .

7 s
Summizg o
point

Py - 6.9 D/A converter with binary weighted resistor (4-bit)

2 vﬁnuﬁmmﬁmﬁamﬁﬁﬁmh
@ -‘ﬂmifﬁizqaﬁzhvﬁﬁmmmvﬁﬁvﬁmmwﬁﬁﬁﬂﬁvﬁﬁwmhmdhpm

Curreat 3 TG = 7 &I

& w3 fmd 72 §9 3 i 8 Dy= Dy=D=Do= 1 ¥

Verr
Iy= =+
R

1, = YREF
27 ToR

I = VREF
T

Ve
lo=—gp

& mﬁﬁaﬁ%ﬁﬁﬁaﬁﬁuﬁi‘mﬁzmﬂw:‘ﬁﬁﬁm%mﬁmi\
I=Iy+L+I+13
=VT"” (1+0.5+0.25+0.125)

1=1875VREE -
R

) .
2 ﬁaa‘aﬁzzsﬁm@mﬁﬁ1sﬁfwmgzmmz‘fﬁhmmo%1.87svmm
Famam

Scanned by CamScanner




e

_ _
[ 6.10 | Bt 2 R it (Analog to Digital Converters)
e TR RETTRDACS

faw miwémvm:m&:m%mmﬁ ]
Sv.'m Egc 4
Input ADC : ODu‘l\]::]t
{
Vrer
fRa:610 ADC Converters

@ ADC ¥ Q %= ot @t 2, START =@ EOC
¢ START =31 ¥%3 ADC ﬂmmmﬁmhém EOC (End of Conversion)

& Tt R} fefem ¥ et 9 w0 A e 2
1. waffafy

5. ¥=RIRTAD FAaR
1. {E T AD T

2. Bfaee T AD w3327
8. FRT GRRATA/D T 4. frere we DA FaR
6. 3T TATAD T

6.11.1 WA erifmTe D/A TR (Successive Approximation A/D Converter)

® AD TR 7 U R A vt @ R Bit Weighting Conversion it 38

Vin

Start of conversion

Comparator (EOQ)
Control CLK
uait End of conversion
(EOQ)
MSB
6-bit l”"“‘_-.m
o VA repster
. converter sAn
Latelv

Buffer Register
D, Dy DyD, 13D, D, Dy

frv: 611 Sucisive approximation A/D converter

e
§

FRTFAR W AD, D/A ot 13

ST & START v 577 ) &2 o710 ¢ 7w o fage ) AR (clear) S0 )
TR T ST b A T -

1. D’A Converter

2. Successive Approximation Register (SAR)

3. Comparator

o ff 2 et ) fafies ¥ wRa 3 F g D/A 9930 91 e 9 O R feem

. ¥ T8 F=W (Compare) a1 T R

w7 D/A R 9 oTeq Qe e 3 A e @ DA SR A e fm &
W

Successive Approximation faf ¥ ¥a WA MSB ! Turn On 0 9@ ¢ 0 DA 92K ¥
TR T CETERE AT Y _

TR TR 7 Ve 97 ¢ 79 39 and @ 5 MSB z¥ e R 7 sy } Huw i m e
SARYTAMSB R &o =S R MSBR Tum On TR § e rm ma oo vt ¢ a a%
FR ¥ R LSB 71 i 1] frm v 41 79 D/A 5799 91 S e 1R 5 Wl
st & .

¥ ¥R Successive Approximation 7% MSB } 0% W & *R ¥ ¥ T g Turn On
& T 1 w8 e § 99 (check) T ¥ 9= EOC areeqe ofis @ 9 € 70 AD w9
FRR

1
2
3.
4
5,
6.
1
8.
9

. T T TR TR 3 Sy s (UPBTE 2012)
Schmitt Trigger ¥ous 31 -5 F @t ¥ =rew Fww .(UPBTE 2011)
. TR TR F e (UPBTE 2010)
. TRITGR ? SR T (UPBTE 2016)
TR TR 3 T 9 R ¥ e
RS R ) SR I e - 9w 26 (UPBTE 2012)
. TR TR R R T (UPBTE 2015, 16)
for o Fi 7d-fafe =1 wvfx St

. TRETR o e fm %aﬁvﬁﬁﬂmﬁml.

10. Analog to Digital iR Digital to Analog # firmr ¥ wramdl

R - 11 Digital ¥ Analog ¥ =e %t faftrd] wrgd

12, ﬁigital to Analog Converters ‘é_m TR 8 ‘

13, Analog to Digital Converters } 1% 3 ¥ &2 (UPBTE 2013, 14)

14. Analog to Digital Converters % faferd 2 firem } W)
15. ¥Rifv TWRRAR A/D Converter &1 ¥
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agfaaeda we -
1. TRfew TR i Rfaw B o t—
(a) 1 (b) 0 () 2 (d) 4
2. TERfad Tedtarser ¥ ©faw B2 86 6—
(a) 1 (b) 0 (c)2 (d) 4
3. TRERIR I E—
(a) Toire e (b) Square wave FRE FTH |
(c) T B WeFy (d) T 1 SR FEAL
4. fefoem A Gt & aqem ¥ fore s am—
(a) Successive approximation (b) Dual slope
(c) Servo mechanism (d) R-2R Ladder
5. HMRfad & ol v Smi—
(a) 0 (b) 1 : (2 (@3

T (Answers)

1. (b), 2. (), 3. (b), 4. (d), 5. (b).
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7.1 ﬁﬂﬂm (Semlcondudor Memoty)

& ﬁn\ﬂuﬁzﬁﬂﬁammmﬁa%wwat&ﬂﬁaméﬁmmmﬁz;

(Information Bit) ® ©R & 81

& W ¥ F1 Wi feRE (Logical Sequence) AN Wiz ¥ wide 3 wram 2 &1

Semiconductor Memories

r

Random Access Memory (RAM)

—

Static Dynamic

EPROM
RAM RAM

Read Only Memory (ROM)

—

EEPROM

7.2 Randdm Access Memory (RAM)

® RAM & %f Trgw Wit ] fwst Rapid-Access Memory 31 ifd 3wdm ) § qur swa s

7Y #E § IR T MW RN

% RAM & dwREd 257 (Volatﬂé'wpe) mé foe Stored BT WeR 3% ¥ W wiE (Loss)

® Wi 81 T Temporary Storage W #%d £

$ RAM ¥ yem: Q TR §—
(a) Static Random Access Memory (SRAM) |
(b) Dyngmic Random Access Memory (DRAM)

7.2.1 Static Random Access Memory (SRAM)

® SRAM 2 Tl 3 THY 7% ©X al § 99 9% T o A Tl g
% o 9 TR G 4 T £ A Refresh T F avEvgwa A o B
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LR Al St ]

o o wrwm o €A ¢ am 7w wim dm
o SRAM TF Faster Memory # 7 17 %z ® refresh &0} ®) 3ravasa 7l €t

o v I Flip-flop A gn &

1 DC Voltage
Ty T "
Tg Te
T, Ty
I Ground
Bit Il].ine | Address Line Bit Ilfinc

722 Dynmlc Random Access Memory (DRAM)
@ DRAM 3 ®TRR Power Supply 31 ¥ a3 ) &%z R Refresh 0 W v oA
o T whem wE B ¢ aw v Slower feww &
© SRAM % 9 Charge ehw T ¥ e DRAM ¥ Charge o ¥
. Address Line

Ly

Transistor

Storage

T Capacitor

* Bit Line round

17

I dm
7.2.3 SRAM @41 DRAM & e

Basis for Comparison l SRAM DRAM
Speed Faster Slower
Size Large Small
Cost Expensive Cheap
Used in Cache Memory Main Memory
Density High Less
Construction Complex Simple
Memory requires 6 Transistor Only One Transistor
Charge Leakage Not Present Present
Power Consumption Low High

[ 7.3 [ Read Only Memory (ROM)”

35§

il

@ % TF Non-volatile memory & o s121 Power off 8 W W Loss & ﬂarél 3@ Permanent

Storage ¥ & 2
@ ROM ¥ §om: Q%N t—

(a) Erasable Programmable Read Only Memory (EPROM)
(b) Electrically Erasable Programmable Read Only Memory (EEPROM)

7.3.1 Erasable Programmable Read Only Memory (EPROM)
& EPROM T WWRwd 31t & R v & 83 W 3 310 A 90 @
® EPROM ¥ @ ! R (Erase) 7% ft @ 3 (reuse) * e 1w A1
& EPROM ¥ @ = R % % fY Ultraviolet Light (UV Light) %1 3% &0 &1

Floating
gate T\

Connection

/ to the top

T —

S~ G

Source

]
/... Channel _\Drain/

Bulk Silicon

firt + Diagram of EPROM
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18 e g

& EPROM 3 wd feafim (Testing and Debugging) ¥ f7q Convenient @11 1 yail fodt
External Memory & Sava 7& &t 21 ’

% EPROM ¥ 8% T <ITH (Static Power Consumption) 3% 8l & aat PROM =1 e -

Y (ol drE b o .
% EPROM ¥ 3t SR Personal Computers ¥ 21 81
7.3.2 Electrically Erasable Programmable Read Only Memory (EEPROM)
" & EEPROM & Programmable Memory ? fa? 21 #) X4 (Erase) 791 Reprogramme ¥}
C ¥ fan ofREd A B IR R
& EPROM # sy EEPROM ! Rifs%d %1 ¥ Ft A fg@ 7 &7 & 21
& EEPROM ¥1 (& f ¥4 Flash Memory # a1 3w Personal Computer ¥ 3@ &

Erase 3 Reprogramming ¥ €1 21

& EEPROM %4 ¥ ¥ 100000 254 R 3 /S W §51 8

7.3.3 EPROM 311 EEPROM # 3R
EPROM EEPROM

EPROM = Erasable Programmable Read ~ |EEPROM = Electrically Erasable
Only Memory Programmable Read Only Memory
Tl 2R H R/ FA F A UV light T8 T H S FA F A Electrical Signal
I =4 8 F I FAR 2
T A T W /e 97 R F ¥ (30 99 ) Remove FY 7 v T
EPROM Chip F! Remove & 1 wal 31 [l
EPROM W Tt 2ist 1 EEPROM & mied et 21

/(e (Exercise)

1. Friever A & 2Ry #1 A FAw
2. RAM vo1 ROM & 3R aagal

3. SRAM 1 farega avi1 HU '
4. Dynamicmﬂﬁammmu

5. EPROM @= EEPROM & & @argdi
6. SRAM @ DRAM 1 et Fiel
7. EPROM @ Srdsurel Tl

. 8. A aa AA-drererd AN B A

J /.

BRI e D

e

Example 1. Represent the decimal number 532.86 in terms of powers of 10.
Sol. The required representation is shown in fig.

N=5x102+3x101+2x 100+ 8x 107 + 6 x 1072

Example 2. Represent the octal number 645 in power of 8 and find its decimal

equivalent.
Sol. Step 1: Representation in power of 8.

A 4

6x8 4xg! s5xg°

Step 2 : Decimal equivalent
N =(6x8%)+(4x8)+(5x8)
=(6x64)+(4x 8)+(5x 1) =(421)yq Ans,
Example 3. Represent the hexadecimal number 6DE in the power of 16 and
obtain its decimal equivalent.
Sol. Step 1: Representation in the power of 16.

v
6x16° 13x 16 14; 16°
Step 2 : Decimal equivalent
N = DE=(6x16%)+(13x 16") + (14x 16°) -

=(6x256)+(13x 16) + (14 x 1) =(1758)19
(EDE);g = (1758);9 Ans.

Example 4. Express the number 423.6 in powers of 7 and find its decimal
equivalent. o

Sol. N = (423.6), i.e., the base is 7.
Step 1: Representation in powers of 7.

N=[4]2]3] e]
_

v v
ax7t 2xT' 3x7T0 gxT
Step 2 : Decimal equivalent
N =(4236); =(4x 1)+ (2x 1)+ (3x 70) 4 (6x T
=(213.857),4 Ans.

g:lample 5. Convert the binary number 1011.01 into its decimal equivalent.
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0 . RRenpmPe | R o

Step1,2and 3:

|1|o|1|1|-|o[j| _
‘ Laaxa?t=1
oxgl=0

L 1x20=2

Add all these vl

L—————1x2'=2

- ————ox2'=0

Y Y

Step 4 : Addition : . H
K (1011.01)9 = (11.25),9 Ans. 34
Example 6, Convert the octal number (314); into its decimal eqmvnlent.
Sol.
Step 1: Get the octal number H I O W
Step 2 : Write corresponding weights : | 82 | s! | §°
Step 3 : Multiply (columnwise) <(102] 8 | 4
Step 4 : Add contents of row-3 192+8+4=204
(314)5 (204)]0 Ans. R
Enmple 7. Convert the octal number (365.24)g into its equivalent decimal ,_ 4
number, B
Sol.
=
Decimal number,

D=(3x82)+(6x8)+(5x8%) +(2x87)+(4x87)
. =192+ 48+ 5+0.25+ 0.0625

D = 245,3125 Ans.

Exnmple 8. Convert the hex number (4C8.2);¢ into its equivalent decimal 3
number.

Sol.
|4|c|s|-|z|
‘ Laaxi6l= 0125
8x16°= 8000

L———12x16'= 102.000

Add all these

L 4x16"=1024.000
L L ALY
- Answer = 1224.125

1. Given Hox Number :
‘3 Multiply each digit by its positional weight .

(4C8.2);6 = (1224.126)39 Ans. 3§

F-xnmple 9. Convert (105),4 to the equivalent binary number.
Sol. We divide the given number by the radix or base of binary system which is 2.

.. . R
Step | Divide | Integer |Remainder Q
’ Quotient i 2108} Given number
(1) [105/2=].--52 1 LSB 2 % (1) LSB
) 5yjz =|..-26 0 a[1slo
(3) 13 0 P n 1
4 .- 6 1 OR 2[3 o
©) | e2=|.--3 0 201 |1
© | 32=z].--1 1 1isnot,/ L0 % MSB
= Msp  divisibleby
) V2 B L 2 hence i\ Remainders
stop here |
Column of
quotients
Binary Number = 1101001 ~Binary Number = 1101001
() ®)
Decimal to binary conversion
Thus (105);p = (1101001)9 Ans,

Example 10. Convert (204),, into its equivalent octal number.

Sol.

o We divide the decimal number by the radix (base) of octal system which is 8.
o The required conversion is as shown in Table P.1.12.6.

Divide | Integer |Remainder
Quotient
04/8=]..-25 4 LSD
575 =|..-3
5 0 3 |MSD

Declmal to octal conversion

(204)10 = (314)5 Ans.
A simpler method, to carry out the decimal to octal conversion is illustrated in fig.

QR

<—Given b
4 LSD

. 8lgS |1
3 MSD

P.1126.

=
2
o
&=

[d
[ =4
o

0

Not divisible” |7
byS8.Sostop. |
]

' Column of remainders
Colul'nn of  LSD=Least significant digit
quotients  MSD =Most significant digit

(204)10 (314)8 Ans.
Exnmple 11. Convert the decimal number 259 into its hex equivalent.
Sol. The conversion takes placo as follows :
The base is 16, so we divide the given number by 16.
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Step | Divide | Integer |Remainder QR
Quotient
(1) |2s%16=] .-16 3 3
s Lsp 3" LSD
@ | we=L.-1 1 | Or 0
@ | wme=| o 0 MSD 1" Msp
wotdivisble |
by16sostop . Remainder

o . (259)10 = (103)H
Example 12. Ponvert du.s decimal number 35 into radix 5 equivalent.
Sol. The base is 5, so we will divide the given number by 5 as shown in fig.

Step | Divide | Integer |Remainder QR
Quotient 5|35
M| sws=[-7 |- o |LsD 5| 7]0 LSD
@ | 5= 2 s|ij2 ¢t
3 us= 0 1 MSD SIS e
Decimal to radix 5 .
Hence the answeris: (35);p = (120)5

goxlnmple 13. Convert the decimal number (0.42),4 into binary.

Decimal fraction | X Base | Product | Recorded carry
042 x2
0.84 x2
0.63 " x2
0.36 x2
0.72 X2
So (0.42),9 =(0.01101)g
g.:lamplo 14. Convert (0.8);p to equivalent binary number.
Decimal fraction | Base Prgduct Reeo‘rded carry
08 - | x2| 1&_|... 1 MsB
06 xg | 13 | . 1
0z xe | b 0
04 x2 | bs | 0
08 x2 | \s 1 LsB
(0.42),p = (0.11001)

Example 15. Convert (0.6234),q into its equivalent octal number.
Sol. Table : Conversion of fractional decimal to octal

Decimal fraction | Base P_roduct Recorded carry
0.6234 x8 i:.gs_sv_z_ 3 MSD
0.9872 xs | 18976 | .7
0.8976 g | T8 | 7
01808 x8 | ldesa | 1
0.4484 g |dsmz| 3 LSD
(0.6234), = (0.47713)g Ans.
Example 16. Convert the decimal fraction (0.122),o to its equivalent hex number,
Sol.
Decimal fraction | x Base | Product Ricordud decimal | Hex
0122 x16= 1::9_5_2_ _________ 3 ------ »1 | MSD
0.852 x16= 15”?:_32 ________ 5 i b F
o232 |xi6=| 3m2 | LA R
i
0712 x16=| 11392 | 1 1------ B
SIS o ey s TR
0.272 x16= 4;352 : ------ »4 | LSD
(0.122),9 = (0.1F3B64) 5 » ‘ Ans.

Example 17. Convert (85.63),9 into its equivalent binary number.
Sol. Step 1 : Separate integer and fractional parts.
85.63

Y
Integer  Fractional

Step 2 : Convert the integer Step 8 : Convert the fractional part

)

1 LSB 063x2=1.26 | MSB
(1) 026x2=052 0

0 052%2=104 1
1

0

1

)

—|ta s
=1 e S 12

)

o)
0.04x2=008 0

tafta|ra]es|tafeaes

of—=|ta|n

7
MSB 0.08x2=0.16 0 LSB

[(0:63);0 = (10100);

+|(85)0 = (1010101)g

Step 4 : Combine the results of steps 2 and 3.
I (85.63);0 =(1010101.10100) Ans.
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' 1 0
Ixz2+9xxl+3x20 =6x87 +2x8' +3x8

1 Rt wwhew (240743=384+1643
b 2 =403
Example 18. (a) Convert the octal number (3 224 9x+3
Sot. er (364) into equivalent binary number, +240-400=0 @
Step 1: Given octal number 836 ] 4] Solving Equation (2) we get,
. o A x=16
Step 2 : Convert each digit into binary  : mmm (193) (623) Ans.
2 16 = 8
(364)g =(011110100), Ans. El ‘Example 22. (a) Obtain the 2's complement of (1011);.
Eumple 18. (b) Convert (364.25) into its equivalent binary number. e « Sol. Stip 1: Obtain 1's complement of the given number :
Sol. Follow the same procedure explained in the previous example i 1's complement of 1011 is 0100.
Step 1: Given octal number {a]ea]. [ 5] 3 Step 2:Add 1 to 1's complement :
Step 2: Convert each digit into binary  : | 011 uol 100 l ]010 l 101 ] 1's complemnt . 0100
. ‘
. (364.25)5 = (011 110 100.010 101), Ans. {. Add1 + 1
Enmple 19, Convert the hex number AFB2 into equivalent binary number. q- ' lement  : -
Sol. Each digit in the given hex number is converted into 4-bit binary numbers as shown - Z's complemen! m
inf 4 Hence the 2's complement of 1011 is 0101.
Given hex number A F B 2 : Example 22. (b) Obtain the 2's complement of (10110010),.
Each digit converted toita four | 1010 | 1111 | 1011 | 0010 f Sol. ;
bit binary equival Given number : 10110010
Fig. : Hex to binary conversion b - 1 lemnt 01001101
Hence (AFB2),4 = (1010 1111 1011 0010), Ans. i
Example 20. Convert (0.12E),¢ into equivalent octal number. Add1 : + 1
Sol. Step 1: Convert each hex digit into 4-bit binary word : y 2's complement 01001110
Given hex number| . 1 2 E !
[ l 1 l i T lj Example 23. Perform (9); - (5);0 using 2's complement method.
Hex to binary conversion Sol. Step 1: Obtain 2's complement of (5)9 :
Dinary number | . | 0001 | 0010 [ 1110 : Decimal Binary 2’'scomplement
, (o (010D, 1011
Step®, 3: Group the binary bits into groups of 3 bits and convert each group into an octal Step 2: Add (9)y0 to 2's complement of (5),9 :
number : ‘ o 1001
. 000 100 101 1_1_9 ¢~ Groups of 3 bits 2's complement of (5);9 1011
T T T T : Carry mn
0 4 5 6« Octal digits Discard Carry—{1] 0 1 0 0= (4)y9
(0.12E)y¢ = (0.0456) Ans. Final earry L+ Answer
Eumple 21. Determine the values of base xif: indicates that
() 21D, = (152), (ii) (193), = (623)g the answer is
" Sol. () (211), = (152) - ) positive a{nd in
2xx? +1xx! +1x: 0 -1x8%2+5x8' +2x8° gt form.
z:: +141=64+40+2 - o -0 = @10 Ans.
2x° +x+1=106 Example 24. Perform (4),9 - (9);¢ using the 2's complement method.
] 2e241-105=0 (1) Sol. Convert both the numbers to binary.
Solving Equation (1) we get, (4)10 = 0100, and (9),5 = 1001,
x=7
(211); = (152)g Ans.
() (193), = (623)4

— il
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Step 1: Obtain 2's complement of (9)0 :

Dic;lmal Binary 2's complement
Mo (1001), (o111
Step 2: Add (4) to 2's complement of (9),g :
(10 0100
2's complement of (9),9: o111
Carry: m

Finalcary —{0]1 0 1 1 i

L'Answex ‘s negative and in
the 2's complement form.
“0" carry indicazes that the result is
negative and in its 2's complement form.
Step 3 : Convert the answer into its true form :
Answer : 1 01 1 In2'scomplement form 1
Subtract 1: - 1
1010
Invert allbits: 0 1 0 1 Answer ir. true form.
Thus the answer is -(0101), i.e., (-5);o-
Example 25. Add (10111), and (11001),.
Sol. "
o The binary addition will take place column by column. The carry generated in the
addition of bits in the previous column is to be transferred to the next co.umn.
o Then in that column the addition of carry and the bits corresponding to <he two given
numbers is to be performed. '

Carry 1 1 1 1
A + 1 0 1 1 1
B 1 1 ¢ 0 1
Answer — 1 1 0 ¢ 0 0

So the result of addition is (110000),.
Example 26. Add 24 and 13 in binary.
Sol. Step 1: Convert the given numbers into binary numbers.

2|24

2[12]0 LSB 2|13
260 2] 51 LSB
2[ 3]0 2301
2111 21111
0|1 MSB 01 MSB

(@4)yp = (11000);  -.(13);0 =(1102),

Step 2 : Perform the binary addition.
Carry ]

Qo 1 1 0 0 0

BT

0 1
+13)0 + 1 !

)| 0 1 ¢ Answer
el = 1 0 0

‘Example 27. Subtract the decimal numbers (38);9 and (29)19 by converting them

into binary. ) o . -
Sol. S)tcp 1: Convert (38), and (39);p into their binary equivalents :

! 238 2|29
2(19]0 LSB . 2]/14]1 1SB
2|91 2(7/0 %
2141 2131
2120 21111
21110 : 0|1 MSB
0|1 MSB
. (38)0(100110); 2 (29)39 = (11101),
Step 2 : Perform the subtraction : .
Borrow 1 1 1
@910 1 0o 0 1 1 0
-@)0 - 1 1 1 0 1
() 0 0 1 0 0 1 « Answer
Example 28. Add (569),9 and (687);9 in BCD.
Sol.
569 — 0101 0101 1001
+687 — 0110 1000 0111
1 111
11 1 .
1256 1011 1111 0000
— —
InvaBd BCD Invakd BCD  Valid BCD .
with carry 1« Incorrect answer

Add (7110), to only the invalid BCD numbers to get corrcct answer.

1011 1111 0000 « Incorrect answer
+ 0110 0110 0110
1111, 11
1 0010 | 1] 0101 0110
1 l 1 !
0001 0010 0101 0110  « Correct BCD answer

(569),9 + (6875 = (1256)1
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Example 29. Perform the subtraction (4)19 - (7o using the 9's complement,
Sol. Step 1: Obtain 9's complement of (7) :

9's complement of 73 (9-7) = (2);9

Step 2 : Add (4);9 and 9's complement of (7); :
o - 0 1 0 0 « BCDof4

9's complementof (Tho=» + 0 0 1 0
1 1 0 ¢ Result K

L Final carry is 0. Hence result is negative, hence take 9's
complement of the result.

Step 8 : Take 9's complement of the result :
9 - 1 001
=6+ - 0 1 1 0 ¢ Resultobtained in step 2
_3 0 0 1 1 ¢ Finalanswer

(D10 = (Mo = (-0

Example 30. Perform the subtraction (9); - (4);9 in the BCD using the 10's
complement.

Sol. Step 1: Obtain the 10's complement of (4),g :
9's complement of 4 = 9- 4 = (5),

Add 1 + 1

10's complementof 4 —» G

Step 2 : Add (9)9 and 10's complement of (4, :

Oho - 1 0 01
+ @0 - 0 110
Carry -

1 1 11« Invalid BCDandecarry=0

Step 3: Add (B)0 4 0 1 1 0 & AddQ110) for correction

Discard final carry - m - & Answer is positive and in true

BCD form

- (910 - (430 = (B0
Example 31. Perform (3),9 - (8);9 in BCD using 10’s complement method.
Sol. Step 1: 10's complement of (8), :

10’s complement of (8), is (9-8)+1= 2

Step 2 : Add 3 and 10’s complement of 8 :

Gho - 0011
+@ho - + 0010 & 10's complement of 8
*Carry -+ 1 .

N l 0101 ' & Sumis negative

" Subtract the sum from O -

129

Final carry is 0. Hence sum is negative and not in its true form.
Step 3 : Obtain 10's complement of the sum:

1001

- 0101 «Sum
1

0100
Addl -5+ 1
Final Result : «~BCD 6
The result is negative.

(310 - (810 = (-Bho
Example 32. Perform (54),¢ - (22)19 in BCD using 10's complement.
Sol. Step 1: 10's complement of 22 :
9's complementof 22 - 99-22 = 77

Add1l - 1
10's complement of 22 = 78
Step 2 : Add (54),9 and 10's complement of (22);p :
Giyo - 0101 0 0
10's complementof @2))p » + 0 1 1 1 1000 «(T8)10
Carry = 1 11 i
Invalid BCD numbers —» 1100 1100
Step3:Add(O110); - 0110 11
Carry = 1 1
Discard final carry - m 0011 0 0 1 0 « Answeeris positive and
/% T3 . intrueBCDform

B (54)10 - (22)10 = (32)10
Example 33. Add (7);9 and (6); in excess-3.
Sol. Convert (7);9 and (6);g in excess-3.
(7)10 = (1010),,_3 and (G)m = (1001),,_1
Step 1: Add the two excess-3 numbers : _
1 0 1 0 « Excess-3for(T)yo
+# 1 0 0 1 « Excess-3for(@®)p

Final carry - 0 0 1 1 &Sum

Step 2: Carry is 1 so add 0011 to the sum:

0001 0011 «Sum
0011 0011 «Add(d)
0100 0110 ¢ Fing'swnxevcess.3

1 3
(7)10 +(") A - In'
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Example 34. Add (2)
10 and (3), in excess-3.
Sol. Convert the given decimal nl:mbers m:u excess-3.

Step 1: Add the two Pxcess-3 numbers (")10 = (0101)45_3,(3)yp = (0110) 555

1 01 «Excess-3for @)
11

0
+ 0 0 «Excess-3for @
fan \ ho
Finslary (0] 10 11

Step 2: Carry is 0, so subtract (0011) from the sum :

101! «Sum
- 0011 «Subtract(d)
1000 ¢ Final sum in excess-3
—
Gho

(D10 + (30 =)o
Enmple 35. Prove that (A+ B+ AB) (A + B)(AB)=0

Sol. LHS=(A+B+ AB)(A+B)(AB
But A+AB=A ... Refer to Ex. 2.6.1.
LHS = (A+B)(A+ B)(AD
=(AA+ AB+ AB+BB)AD

B-B=Band AB=AB=B(A+A)= AB
LHS=(A+AE¢F_)(§ID
=[A1+B)+B)(AB

But A-A= Aand

But 1+B)=1 ~LHS = [(A-1)+ B)(AB)
LHS=(A+B)(4B) ..since A-1= 4
= AAB+ ABB
Bul Ad = 0and BB=0
LHS=0+0=0 ... Proved
Enmple 36. Simplify : ABCD + ABCD.
Sol. =ABCD ABCD = ACIXB+B)
But (B+B)=
Y= ACD Ans.
S Exnmple 87 Simplify the following expression ;
Y=(AB+A+AB)
Sol. ' =(AB+A+AB
But H{ A+B .. De-Morgan’s first theorem
)-(A+B+]¢AB) .
But A+A=4_
. Y =(A+ A+B+4B

m 11

Now use De-Morgan's second theorem which states that,
AeBC=3 BT
Y=A-BAB '
But A=Aand B=B
: Y =A-B-AB
But AB=(A+B) . De-Morgan's second theorem
Y=A B(A+E)= AAB+ ABB
" But AA=0and BB=0
D Y=0B+A4-0
=0+0 .since 0-B=0and A-0=0
. Y=0 :
Exnmple 38. Simplify the following Boolean expressions :
1. AB+AB+AB+AB
2, ABC+ABC+ABC
Sol.
1 Y = AB+ AB+ AB+ AB
=B(A+A)+RA+A)
=B+B ..since (A + A)=1
Y=1 ... since B+B=1
2. Y = ABC+ ABC+ ABC
= ACB +B+ABC
= AC+ABC
= AC+ABC
=C(A+AD
=Y=C(A+B ..since A+ AB=A+B
Example 39. Prove the following Boolean identifies :
(i) A+AB+AB=A+B
(ii) AB+AB+AB+AB=1
Sol.
) LHS= A+ AB+AB=A+B(A +4)
=A+B() .since A+A=1
LHS= A+ B=RHS.
() LHS= AB + AB+ AB+ AB = AB+ AB+ AB+AB
=(A+A)B+(A+AB
=B+B ..since A+A=1
=1 ...since B+B=1
LHS=1 : ... Proved.

Example 40. Simplify the expression glven below.
Y=AB+(A+B)@A+B).
Sol. Step 1: Bring the given expressxon in SOP form.
Given expression : =AB+(A+B(A+D
= AB+(AA + AB+ AB+BB)
Step 2 : Search for common factors and sunphfy
Y = AB+ AA+ AB+AB+ BB
= AB+AB+BB+AA+ AR
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But AB+AB=ABBB Band A4 =0
Y= AB+B+AB=B(A+1)+AB
But (4+D=1
Y=B+AB=B(1+3)=B .. since (1+ A) = |

Y=B Ans.
This is simplified expression. .

Example 41. For the K-map shown in figure or write the simplified Boolean
expression.

Sol. \AB g in AB Pair1: BT
c AB AB A
00 - 01 11 10 ¢ 00 %lB Al‘? ‘}OE

Toj o 1] 1] 1

\
-tk Lol pair3: AT
1

e K 2
ciffofo| 1|0l cil oo |l o
4 3 1 [3 . 4 sl 6}
L»Pair2: AB
(a) Given E-map (b) Grouping
Simplified Boolean expression : Y = BC + AB+ AC . Ans.

o @ e
Example 42. For the Kamaugh map shown in figure obtmn the simplified
Boolean equation.

Sol. \AB AB Group 1: AT
c AB AB AB AB c KBF AB AB
00 01 11 10 00| 01 11 10
Tof1|1]1fo To| T[T 1 o
o [\ 3 4 o 0 ‘: I 2
cifo|1|1]1 cif o [ [T
‘ 7 o ‘toeE #'T. §
L Group 2: AC
_ Group3:B -
(a) Given K-map (b) Simplification
Simplified Boolean expression : ¥ = AC+AC+ B : Ans.
m @ ®
Example 43. Write the slmplx!' ed Boolean expression ﬁ-om the K-map given in
Sol. B ) B Quad2:T
; AB| AB AB 4B
¢ Iog %31; '}? 1}05 ¢ 00 01 1110
Tol 11|11 (1) O A )
o - - o Y e : H
cif 1o |o}1 cif o fo]|n
4 3 b -ta’ 4 5| bi '[d -
Quad formed - ;
. by folding——-l
. . Quad1:B
(a) Given K-map (b) Simplification

Simplified Boolean expression : Y = B +C

Rire 133
Example 44. Write the simplified Boolean equation £rom the K-map shown in
- figure.
i : . Group 2:AC
AB AB
c AB AB AB AB c AB l‘ AB AB AB
00 01 11 10 00 ; 11 10
. Tol 1| 1|0 || TOIL[A o[
0 1 3 2 o i [) 1 3 : 2
cif1|ofo]1 cil | ofo|n
4 5 7 8 & il 5 1 “kd-
Group1: B
(a) Given E-map (b) Simplification

Simplified Boolean equation: Y = EH ZF v

M@
Example 45. A logical expression in the standard SOP form is as follows :
: Y=ABC +ABC +ABC +ABC
Minimize it using the K-map technique.
Sol.
Step 1: Prepare the l{-rg_ap and place 1's and 0’s as shown in fig.
ABC = MZ,EE = mo,ZBC= mg, A._B.C= mg

Ans,

BC
A\ BC BC BC BT
N0 01 11 10

Aof 1 o | 1] 1
o 1 3 - 2

Al © 1 0 0

. ; I
Step 2: Locate the isolated 1's and encicle them.
8o - — Pair 1: AB
A BC BC BC BT A BC BC BC| BC
00 01 1 10 00 01 11] 10
Kol 1{o] 1|1 K[| o |1 [T
of 1 e 3l R i e
At o]l 1 o]0 Arffo ({12 o | o
7 I | B P I I
.—,“IPnir 2:AC—
ABC

Step 3: Identlfy the pau's

g
Pau-l Pair 2 Isolated 1
This is the minimized expression.
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Example 46. For the logical expression given below-draw the K-map and obtain
the simplified logical expression.
Y=Im(1579 111315
Realize the minimized expression using the basic gates.
Sol. The given expression is,
Y=my+mg+mqgt+tmg +myy +my3 My
It can be expressed on K-map as shown in fig.

CD
AB TD T CD CD
00 01 11 10

o —Quad1:TD

ABoo| ©

i
)
: A

mo| o |IT]TH 0| eSS
"

4 sl 1 §
._I_-__‘I
ABn| o |WTV[TTH| 0
17 I i T
[ - Quad 3: AD
AB1| o [fu| 1] 0
R Il ) O V1 IS 1)
The simplified logical expression is given by,
Y= CD + BD + AD (1)

i) l !
Quadl Quad2 Quad3
Minimized expression Y =D(C +B+4) -(2)
~ Example 47. Minimize- the following Boolean expression using K-map and
realize it using the basic gates.
‘ Y=Im(1 35913 13)
Sol. The given expression can be expressed in terms of the minterms as,
Y =my+mg+ms+mg+myy+my

CD
AB TO TO CD CD
00 01 11 10

ABoo| ©

<
’

Quad 1:BD

-z

-
—..‘__
3

10

—

' d2:CD
ABO1| 0 Q“-a

o
-2
£3

—

lemm—-}-==g}

=

AB 11| 0

o

:":.I.._

AB10| 0

oo
|
o

The corresponding K-map is shown in fig.
The logical expression is given by,
Y= BD + @ ()

! !
Quad1l Quad2

) 135
: ‘ y =D{B+C)
This is the mirimized logical expression.

Realization
The minimized exp!

vy=B+CD
=%

D
Relation with minimum number of gates.

ression is the realized as shown in fig. P.2.13.4(b).

Example 48. Minimize the following expression using K-map and realize using

the basic gates.
Y=Im@, 291611 14 15)

Sol.
- Group_‘l
aB\. CD TD/CD CD
00 01 11 10
T ‘: 1 | : T
. &Bool o || o |1 G b
ol - 3 7 9
ABO1{ 0 { O | O | O
4 3 1 [
asu| o | o | U] i d—
ol vl bl 4 SeougoRs
pe ' )
AB1o| o | {13 | i1 _| 1| Group2
gl tel TTATT Yo
L LGroup 2 ol
Group 1: BCD “F
(a) K-map simplification. d
A AC .
C+D
D Y=B(C+D)+AC
D .
E g(C +D)
(b) Realization with mini ber of gates.
Minimized expression : Y= EéD +BCD + AC
=B(CD+CD)+ AC
EXOR gate

Y =B(C® D)+ AC
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Example 49. Simplify the expression given below “!iﬂE K-map. The don’t care

conditions are indicated by d( ).
Y=Im(13 71} 15)+ d(, 2 5).
Sol. The given equation is,
Y=!"l+m3+m7 +mll+ml§+ d(0.2,5)
Regular minterms so enter 1's Dm o

conditions so
enter x marks -

The required K-map is shown in fig. P.2.13.11. -

D :
ABN. TP Tp cp cp / Growr2:AB
00 01 11 10

RN (RSN P o
ABoof{x ] 1] _:l_r | _x 4— Don't care conditions
' ] I 2| aretreatedas 1's
[ )
AB 01 x |
4 117 ¢
']
_AB 11 Y
V] IERE) B U )
i
AB 10 i ‘J
8 ] 91 10
Group 1:CD
».Simplified equation is Y =CD+AB.

Example 50. Minimize the SOP expression given below using K-map.
Y=2m(},371}15)+Zd(0, 2 5 8 14).
Sol. The required K-map with don't care conditions.
CD

AB CO Tp CD CD
0 01 11 10

AB 00 ':;_-_"-_-_-_. -':} -_._-’f,“ Group 2: AB
T [ -
Bl
ABo1) 0 | x |in| o
4 s ! 17 6
'l
AB11| o [ 0 [in] x
12| 13 | P .T
1 B
AB1o| x [ o [i1i] 0 - I
) ol X1l
l———-Gmupl :CD
Y =CD+AB

Example 51. Minimize the following expression using K-map.
Y=Im(0 1581314 15)+d(3 4710 11).

R 137

Sol. Refer fig. for the required K-map.

Group 3: AT

CD
Th| T cD CD
AP 00‘701 110

ZB 00

" Group2:D
AB 01

i
'

AB 11| 0 |1
)
|
|
|

AB 10| ©

[——Grcup 1:AC

Y = AC+ D+AC
m @ @
Y =D+(AC+AC)
TEXKoR
Y=D+(A-0O) Ans.
Example 52. Minimize the following standard POS expression using K-map
Y=IIM(0,22357
Sol.
1. The given expression is in the POS form. It can be written in terms of the maxterms as
follows :

Simplified equation

: Y= A{o"’zb{aMs)l’*,
2. The three variable K-map for POS form is shown in fig.

BC BC BC Group 1 Group 3:B+CT
A0 01 11 10 A o/ o1 1u/1o0
Ny . :
of Mo | My | My | M 0.0y 1 |10} [{0¢—Groupl:A+C
2> [~ —_——
_____V
1 My [ Ms | My [ M 1 1 [0 Tlop] 1
9 1Y

3. Enter a 0 corresponding to each maxterm in the given expressmn as shown in fig.
P.2.15.2(b):
4. Three groups are formed as shown in fig. P.2.15.2(b).
. Minimized expression is as follows :
Y =(A+C)(A+C)B+T) : Ans.
Example 53. Find the expression for the outp: . in the POS form for the K-map
shown in fig.
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BC
A 00 01 11 10
,= JL.,::.";::,- b o=
01:0_ _-'t)__A__QL__-(_),w—— Group 1: A
E t B & C are eliminated
1 1] | ol
(it ]
— Group2: T
A & B are eliminated
Sol.
« Note that two quads have been encircled in fig. P.2.15.3.
o When a quad is encircled, two variables which change will get eliminated.
o Expreseion for output in the POS form is as follows :
.
Y=A
L Group 2
Group 1

Ans.
Example 54, Write the simplified expression for output in the POS form for the

following expression : N
Y=NM@02%37

Sol.

1. The given expression is,

Y = MgMoM3M;

2. In the K-map enter 0's corresponding to these maxterms and enter 1's in the remaining
cells as shown in fig. P.2.15.4(a). )

3. Group the zeros as shown in fig. P.2.15.4(b) fo

BC BC Mo M; My BC Group1:A+C
A 00 01 11 10 A 00, 01 11 10

r the further simplifications.

4 ' ¢ N .
ofof1]o0o] 0O o[y 1 fioi[l0
N
B ; )
i1 v o] 1|1 o]
$ 4 il
L—M7 s L—Gmup2:ﬁ+'C
(a) (b) Simplification using K-map.
4. Simplified equation using K-map is as follows :
Ars,

Y =(4+0)(B+0)
Examplo 55. Writo the expression for ouput in the PO!
shown in fig. '

S form for the K—ma|;

139

The 03 in four corners

form a quad. Hence
9.variables which change

will get eliminated

-

Y=B+D

Sol. Expression for output
Example 56. For the K-map shown in fig. write the expression for output in the

POS form.
Sol. The expression for output is
CD
AB\ 00 01 1 10
ooffot | 1| 1|1
Groupl:(A+C+D)— ¢
' I (- __-“/.—/GmupZ:A+B+1§
o1l |0} 0 o) 1
.

‘
11 1 1 0 0
! E«———GroupS:K&C
1
i
f

100 1 1 10 0

[y

Y =(A+C+D)(A+B+D)(A+C)
(1 2 (&)
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) ‘ Rften wwe

faftr (Procedure)
(l)NANDﬁzﬂmmﬂmﬁﬁﬁimlC7400%-‘t6ﬁz%mfﬁll%m

i @ ¥5-a¢ W o wA b

@ ¥ W 1C 9 fA-14 W ++ V,,, (= +5V) 701 - 7wmmmtl

(3) fewe feara Sw, &0 A- TR 2FéTA W am e Sw, &W B- Wzﬁiﬁwmmaﬁ’é‘@
S TR R WG T, NAND ¥ ¥ ameqe &1 dewn w4 '

YA ST - ) Y Sl o W R €1 9 R input(s) W output T # 7

sy ¥, I LED Yo & em aw qod fwdta fie swren 8 W LED 3 wa &
Q.

T B i

T -2

A (Object)

XOR 791 NAND % %) 33 = 3% 9man! (half-adder) tﬂ -3 (half subtractor) #1
O FC 99 3T FA-AEH FT T FA

39l 0 gl (Apparatus and Devices)
- Ae-ar2, Tt Wa-wwi- 5V, 500 mA, ICs—7400 T8 7486, g3 9 CRO, WediHiet e

" LED ¥¥%=x @R

m(’l‘hcory)
m—m«:ﬁwmz-ﬁmm(sum)m*ﬁ(m)mmmélmmmﬁ’m

. Fam 2-fae T TR W AT T W T R

- T O TR F FI-aRE w: i 2.2 79 o 24 e X wafva 3w
wfteg-ame@r-(Circuit Diagram)

1x0R (IC-7485)

N NAND Used
2 —ror,

fx : 2.1-Half Adder circuit Using XOR and NAND gates.

. ETG-UR & W el 1 Filors Aoid
Input Output ;

A B Sum Carry _ Logic Relations

0 0 0 0 () Sum=AB+AB=A®B

0 1 1 0 where .

2 0 1 0 ©=Symbol of Ex-OR

1 1 0 1 (i) Carry =A.B=A.B=
NAND and NOT

f1: 2.2- Truth Table of Half-Adder Circuit
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Doa s el ey
A XOR
>—~ Diff=A®B
B
A
B o
Borrow = AB
NAND  NOT

Ry 2.3- Half-Subtractor Circuit.

FIG-HE TR B el-TMI U o2
Input Qutput
A B Diff. Carry Logic Relations
0 0 0 0 Difference =4-B+A-B=A8 B |
0 1 1 1 Borrow =4 -B = 4B ‘.
-1 0 1 0 =Not A,1 NAND (A and B).ard NOT
1 1 0 0

fra : 2.4 - Truth Table of Half-Subtractor Circuit
fAftr (Procedure)
(1) Half-Adder ® ¥ 3R 35 Wea-afernt F1 TAH—
@ firm ¥ orgE WReg A Fa-AE W HARE FW
() @ ¥ 1Cs-7486 T 7400 H fFA-14 W +5V 701 fi7-7 WA ¥7F Lok
_ (iii) f 9 FE@ A LEDs TeRR 1 F Wd-Afer 91 el 5 ¢
(2) Half-Subtractor # §t=r 3t 302 weg-afere 1 Fe—
(iv) fort ¥ argem vha 3 ¥e-A W wafm @ &
(v) S fafir (i) @ (i) 7% A gk w@ &

A mﬂ 254

wan a3

F2v (Object) ) =
XOR 7 NAND 72 wgm 7 Fall Adder Lk b hs

3921 vd g (Apparatus and Devices)
-4, T W g 5V, 00 =4
e, zeA-es CRO 772 == a7

1Cs-74%6 7 7400, LED

Rz (Theory)

W-WWmﬁ?ﬁmfmm?lF?z’%mfT;ﬁ'ﬂ"‘:’ﬁ“w?ﬁ
34 wa o 2 3
wmﬁﬁmmmﬁs—aas
Inputs [ Qutputs .
4| B| c | Sum [Carry
0 0 0 0 0
o |o] 1 0
o | 1|0 1 0
0 |al | 1 0 1
1 /0] ¢ 1 | o :
1o 1 0 | 1 .[SoSum |
1 1 0 0 1 BE+EB] +C 1=5!
1 [ 1] 1 1 ]+CHsg {
I B+CUsE I
br De Morgz='s Thecrem.
| =C[4B-35<THeE ]
by De Margan's Thacre= |
Sum=CETEH <Cls !
. =Ce[4s5 |

¥, C FR— Wa I 198 91 carry 81

& Sum=C® [AS B]

T8 W& Carry = ABC + ABC + ABC + ABC
= C(AB+ AB)+ AB(C+0)
=0ASB+AB

TA D [}

=[C(A8 B).[A B)

(RFC+T=1)
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w

Rivew wigirs l e 147

oRvw SRW (Circuit Diagram) W e
XS — G (Carry) \ ; T (Object) ) '
R Adder] ey G () D_“c“‘" ' JK Rer-weils 9 F-ar (Truth-table) R wfe 5701
N ! {Adde Sum . mmgﬁaﬁ (Apparatus and Devices)
L TRNTAN] v feferm 3 @@ ftfezs @K $2IC 7404, IC 7408, IC 7411, IC 7474, IC 7476
TS (V0 7488 (10 Tt (Theomy)
A le(\_\' WS ( e fivem 3 fes ©92 U 50 €2 € 9 Sequential € & Combinational Cireuit
s L4 Dﬁ ey 5 w3 $5 W AR 5 ¢ 995 Sequential Circuit ¥ 3R T 41 Flip-Flop, Sequential Circuit
ST x5 XOR =AeBeC . Al
l‘ 2 - & A
i { | . JK Flip-Flop
! ° ! - 12‘] JK Flip-flop, SR Flipfop F2TFR =1 H
y L s T‘l-?_./ | Carry .
e ) WR |0 g
o R As )
where Y,=ASB
v 31 O Creeit Disgmam of 2 Pelladder weing
XOR and NAND putes
=xn TraoadTre) -
L TR RS OISR TR P NS TN TR
wTRITEE IS ‘
LR b Sl S S aahiani il T3 S Mg N
a
R Characteristic Table
cx | J | Y | Q<1 | Comme
0 X { X 2 QW E NC
1 { 0 | | Q& | NC
1 | o ! 1 { 0 | Besm
1 1 | 0 1 3=
1 ! 1 | 1 QW | Teme
== (Proced=)
DICE T T= I iy are=?
= =t
a
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ug P —— 1y

T WS

3¢YG (Object)
Counser ) fearA H TR TA-TAE g
IS T4 GRWTET (Apparatus and Devices)
fefest 1.C. 3 fee, 1C 7473, 74L.S08, 741,532, T4LS04
mﬁl (Theory)
fefiree wfde % vl 9 wrom w0 et 3 ) Fem Fed & W 39 - 1 wg R d
forml Tl vem el s @ W & i

High

J Q

Q
N
K q
FFO
CLK
Rre1 8.1 Logic Diagram of a 3-bit Synchronous Counter.
1 2 3 4 5 6 7 8
CLK

Q:

fw 1+ 5.2 Timing Diagram of a 3-bit Counter.

faftl (Procedure) )
1. Fers & g TR WA e B TR SO
2. Up/Down T & 3vdm #7a g¢ Up Counter a1 Down Counter 1 531 T
3. faq M7 Count Sequence F WA w0

oo

yiTeT
wan w16

334G (Object)
£ |
8 bit D/A FALF it am FEH FA

JET01 04 gﬁﬁlﬁ (Apparatus and Devices)
¥t fre DA FFIE

Dl,\(;:;:tril yfeyy f 3 T T 4 7@ Vggr Reference Voltage #1

VREF
+
Dj D, D, Do

fr : 6.1 D/A Converte.

ﬁﬁl(?rocedure)
| vie & v fee g @ ¥ 4 fald § 6w

:,ﬂnﬁﬁarﬁiﬁﬁﬁ;&h!ﬁﬁ|
3, T ferg a2 83 = f 3 Dy = Dy = Dy = Dy = 1 ¥
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- ODD SEMESTER EXAMINATION (U.P), DECEMBER-2019
fRfoen getagiaw
(Digital Electronics)
Code: 2110
i - . Third Semester . .
Time:2.30 Hours] ' -+« [Maximum Marks: 50
Notes: |
(i) Attempt all questions. .
" (ii) Students are advised to specially check the Numencal Data of question paper in
both versions. If there is any difference in Hindi translation of any question, the
students should answer the question accarding to the English version.

" (ii) Use of Pager and Mobile Phone by the studenta is.not allowed.
He--a ¥l & IW A -

1. ﬁmﬁﬁﬁﬁﬁm#maﬁq— : [2x 6=10]'
() Frfofan &1 ot #ife— .
() (6476)g =()yg - (if) (466)g =( ),
(i) 10110010z =( Jgray - .~ (iv) (BAD)yg =(),

(v) (497B)g =( )y .
() I's Feciti= faft gro-frt ww R 5 Ffm—

()101111-100101 (i) 1‘100110-_10111.01-
(%) frafafes 7=/ 9 7@ Fifm—
(i) (6243)g ~ (44685)g (ii) (lACD)le + (6CDB)y6 .
2. Frfefaa & @ Rl =) il & s Sifsm— [4x 8=12]

(31) NOR 72 %! ¥gaa & AND, OR w1 NOT ¥=rer ¥g wRd 7yl
(“q')mmuﬁﬁummm&maﬂoﬁzmmaﬁwaﬁmmmﬁm
/ FRTOTE T |
(%) mﬁﬁamﬁﬁﬁ@Nmﬂaﬂmmaaﬁﬁ#ﬁaaﬁ*waﬁmwﬁzm .
- R Huge g
(a)ﬁﬂwaﬁkmapmmﬁmamwﬂ*mmaeahseaﬁm:
" f(A,B,C,D)=Zm (3,4, 5,79, 13, 14, 15)
(A y = AB+A(B+Q+B(B+C)3%WH1WM@WWWW

. F F dive S IEa)
3. frfefae & | fFe 9 il % o difom— Bx4=19
(aw)z}mmém@wmﬂzaﬂmﬁmmmmqﬁmam@mgﬂm
- o mice sitag
(F) T T T FF 98- 7ﬁnﬁemmﬁwaﬁﬁ 27 T T I 2
' WWI oo |

(]) BCDtoDemmulﬁ'aﬁzt W feuuit fafaw)
(E)JK ﬁmmwmﬁamﬁwaﬂﬁwmm m—wﬁmmﬁmﬁfﬁaﬁl

(@)
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4. ﬁ%’fﬁ:ﬁﬁﬂﬁ?ﬁz‘twﬁmﬂm— [2x 4=8]
(a)4hﬁﬂmmmvﬁvuaﬁammﬁﬁhml .
() JAVERT TVI% F1 FREY Reg SRE H 75T § FAHl :
(H)mmﬁmﬁmﬁmmmmﬁmﬁﬁml

5. frefafad % 8 fosi & Wil % W Jfie— -+ [2x4=8]
" (&) Successive Approximation ¥R F ADC vﬁwmmmmm'
(7) RAM 71 ROM ¥ 3R ®e g

(¥) EPROM #9Rt 3 feoquit feifirg) o
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