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Number Systems & Boolean Al pecimal, Hexadecimal Conversion frqy, ONe
. sial, PACR1E hy
_ Binary. 0¢ locbra, De-Morgan’s Theg, b
Jumber systems | lcan Al orem
Introduction to different ! bles — Rules and laws E,m_”,_o 5.55@
system to another. Boolean varia - Boolean expressions

0
Maps and their use for simplification

Logic Gates
R. XNOR: mi::azn representation and trug

R. XO
AND. NOR jo gates Simplification of CXpress;

Logic Gates — AND. OR. NOT. N i S
Implementation of Boolean expressions and Logic .

Combinational Logic Circuits

T e

2°s Comp q

dder, Full Adder, H:
Arithmetic Circuits — Addition, Subtraction. I’s 2 lement, Half A cl, I._:qm__Eans
u

Full Subtractor. Parallel and Series Adders, Encoder, Decoder ZE:N“MM_. 1_ Nmaowmmmw . _8 _ MUy,
to 1 MUX. Applications Demultiplexer — | to 2 DEMUX. I- 4 DE z ,.

Sequential Logic Circuits

Flip Flops = SR. JK. T. D. FF, JK-MS, Triggering Counters — 4 bit Up — Down Counters, >mw=n_=.c=g=m__
Ripple Counter, Decade CounterMod 3, Mod 7 Counter. Johnson Counter, Ring Counter ﬂmmmmﬁ_‘.m-u.#m__
Shift Register : Serial In Serial Out, Serial in Parallel Out, Parallel In Serial Out, Parallel In Paralle| Oy

Memory Devices
Classification of Memories - RAM Organization, Address Lines and Memory Sixe, Static RAM, EBE

RAM, ccll Dynamic RAM. D RAM, DDR RAM Read Only memory — ROM organization, Expanding memor,
PROM, EPROM, EEPROM, Flash memory Data Converters — Digital to Analog converters, Analog to Digita
Converters

000

¢ is Number system 7 Explain,

c._ #.f.__._.._
ANS.
neasuring o labelling objects. Numbers are used to per-
form arithmetic calculations. Examples of numbers are natyral
umbers, whole numbers, rational and irrational numbers

tc. 0 is also a number that represents a null value.

(1)) Octal number system

is a mathematical value used fi
A number or counting or . :
ns. In the octal number system, the base is 8 and it uses num-

bers from 0 to 7 to represent numbers. Octal numbers are

commonly used in computer applications. Converting an
octal number to decimal is the same as decimal conversion

and is explained below using an example

A number has many other variations such as even and 5 s : .
Example: Convert 215, into decimal.

odd numbers, prime and composite numbers. Even and odd
terms are used when a number is divisible by 2 or not,
whereas prime and composite differentiate between the
numbers that have only two factors and more than two
factors, respectively.

In a number system, these numbers are used as digits.
0 and 1 are the most common digits in the number system,

Solution: 215, =2x8*+1x8'+5x8

=2x64+1x8+5x1

128+ 8+5

141

iif) Hexadecimal Number system (Bh.2014)

that are used to represent binary numbers. On the other Ans. In the hexadecimal system, numbers are written or repre-

hand, 0 to 9 digits are also used for other number systems.

Let us learn here the types of number systems.

Q.2. Writc short notes of

(i) Decimal number system (Bh.2012,2016,2019)

Ans: The decimal number system has a base of 10 because it
uses ten digits from 0 to 9. In the decimal number system,
the positions successive to the left of the decimal point
represent units, tens, hundreds, thousands and so on. This
system is expressed in decimal numbers. Every position

shows a particular power of the base (10).

Example of Decimal Number System:
The decimal number 1457 consists of the digit 7 in the

units position, S in the tens place, 4 in the hundreds

position, and 1 in the thousands place whose value can be
Written as:
= (1X10°) + (4x10%) + (5x10") + (7%10°)
= (1x1000) + (4x100) + (5% 10) + (7x1)
1000 + 400 + 50 + 7
1457

sented with base 16. In the hex system, the numbers are
first represented just like in the decimal system, i.e. from 0
to 9. Then, the numbers are represented using the alphabet

fromAtoF.
Q.3 What is binary number system? Explain(Bh2010-O dd)

Ans.The binary number system is a base-2 number system. This

means it has only two different symbols or digits 0 and 1.
All binary numbers consists of a string of 0’s and 1’s. Ex-
amples of binary number are 10, 101 and 1011. A group of
eight bits is known as a byte and group of four bits is

known as nibble.

Like the decimal number system, binary number system
is also positionally weighted. In this system, the position
value of each bit corresponds to some power of 2. For an
example binary number is

(11o1011),
MSB LSB

The binary weights of above binary number is

& Scanned with OKEN Scanner
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1| Elect ronics

| e decimal number. pigil ? [13]
Digital-Electronics Q.5 Deter! Y =101 111 1i1c — RS Number System & Boolean Algebra
(110101 ) ___rs..:.m_ﬁ......n. 1011 00010 _Q_S (b) Aummv.__ : - s
_xMu+” 2240 2141 Ja...n_rm,_...._; _:..:_ :QHQH ?E_ :Gm__ ﬂﬁ.u thmcﬁ Hﬁcmuqou.&-
= x 71 s X & .
:_:E:Mu_xm_i X2+ 0x 0 . 2 | 256| Remainder
22 +1x27 . ANS. (n) I x5 0.7 Convert following numbers in Hexadecimar equivalent; 2| 1281 0 4
_ _ .._.Oxu_ ) 2 ! @h. G |
=8§+4+0+1+0+ M+.m. =32+16+0+4+0+| .:J. Eﬁmm.mmﬂs A_&__,,mm.manc__ﬁ_. m ww M "
=(13.375) Ans.(a) IN{CEET part .N. 8 0
=\12.2 0 8 + :
_ oy T e UL uAm..L:_ 16] 25 _ Remainda 214 0
Q.4 Convert following into octal rumoer = (1 ) emainder ST5 T o
(@)(247),  (6)(0.6875),(c) (3287.50),¢ (b) (1100.1011), 16 (25).,=(19),, 21 o
0 _
Ans.  (a)(247), u_xu:_xm”+cxm_+cxwa+_xm-_+,o._
8 | 247 | Remainder +1 x 3 i ~. (256),,=(100000000)..
o 167 3 2
5|30 |7 (@710=CEN My, 0.625% 16=10.0=A (¢) (10.625)
e R _ .— . 10
Mlunllo.l =8+4+0+0+ .wl +0+ m. . ._nﬂ.. Thus B.omuusu;v; Integer Part
v . m Ll Aum._mmmv_nﬁ:@.}u;. 2 | _Q Nﬂﬂmﬁ.ﬁﬁﬂ
(b)(0.6875 h =12+0.6875 HThgs ; g 0
...u.... - < <=0 Swithcarvofl$ bay AS_ Aum.mea 2 4 2 _i.l.
(0.6875) » § =55 =05 withcarry @~ =(12.6875),,. f | 2]1 ] 0
0.5 x §=4.0=0.0 with carry of 4 e (28)0 g1
s (0.6875),=(0.59), (c) (0.10101), g | . .
(0.6875),,=(0.54), R 16] 28 _ B inder Fractional part:
s =1x27+0x272 +1x27 + 9x 24 ixwu 0.625%x2=125 — |
() (328751)10 025x2=0.50 —
25%x2=0.50 - 0
_ _+c+_+c+ l ottt B -
nteger o o - = (0. VL, 2XZ2=1.0 — |
: nﬁm ' 2 3 32 © m.mmm&._a SR 5 (28)15=(1C)y4 (0.625) =(0
3287| Remainder " | . =(0.101),
8 | b:o. 0 Q.6.Convert : T AT (0.50)x16=8.00 - : El i
? i strin iR ! o ZSEICQEVU
8] si| 2 (2) (3A 2F),, into decimal B L (0.50),=(0.8), . (10.625),=(1010.101), |
8 u_ M __ M (b) 2F 9A),, into binary _ gL " (28:50),, = (ICS),, . O.w:m..ﬂ”hm the following decimal numbers in the binary form.
(c) (0.BF85),, into octal .._ﬁ : | () s g (i) 10.625 (iii) 0.6875
s (3287),,=(6327), Ans.(a) (3A.2F) Q.8.Convert following number in binary equivalent number: Ans.  (1)25.5:~ Integer part
. G . uotl .
Fraction: i (@) 37 (b) 256 (c) 10.625. 3 R, Kemndar
05] xmuhbmnmbm:ggn: = uxﬂo_ +_ox_aa+wx_mn_.+_mma. |B.2009] tMu. 12 finis )
0.08 x 8=0.64 = 0.64 with carry of ¢ , I Ans.(a) (37),
B p)
Q.mhHMHM.__MHD_._M#HE._DN@Q_-M "h.WnT—QIT_GlT—QM : .m,..u“ 6 () ————
| es . . 2’ 37 _ Remainder n .
0.12 x 8=0.96 = 0.96 with carmy of 2] 1811 4
0.96 x m"ummﬁomm E_.Egnﬂw = Amm. _ Wuﬁmv:ﬂ_ » | 2 0 0 m. 3 0 ——
TR b <t | 274 [ 1 .
0.68%8=5.44=044withcary of ) (2F9A),=(0010 11111001 1010); | | .,_
o (051), = | T = =
,ﬁ i =(00101111 1001 1010) S ; | al
r (3287.51),=(6327.405075, ¢ e 0 11 | |
2
¢ 1o 3
(c) (0.BF85) . =(0.1011111] 10000101); | (37),,=(100101),. ; 0 1]
1100

G Scanned with OKEN Scanner
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l_,rm_,mﬁcﬁ (25),,=(11001),
_u_,mn:u:m_ part :

0.5x2=1.0
Le,, (0.5),,=(0.1),
 Therefore, (25.5),,=(11001.1), Ans.
(ii) (10.625), , :— Integer part
Q R
10
M, = 5 0
-
3 = 2 l
2 - 1 0
2
(10),,=(1010),
0.625x2=1.250 0250 0500
) x 2 x 2
_ 0.500 1.000
I !
0 _
(0.625),,= (0.101),
. (10.625),,= (1010.101), Ans.
(iii) (0.6875),,
0.6875 03750 0.7500 0.5000
x2 x 2 X2 x 2
1.3750 0.7500 1.5000 1.0000
\ 2 v y
_ 0 _ _
sl Qu.mmq&_uu (0.101 Su Ans.

Q.10. What do you mean by signed numbers?

Ans.  In the decimal number system, plus (+) sign. is used

for positive number and minus (-) sign. is used for nega-
tive number. This representation of number is called signed

number.

[n digital number system, there is only two symbol (0

1). So, an additional bit is used as the sign. bit and is placed

as the most significant bit zero (0) is used 1o represent +ve
number and

_
0
_

oo o

l
I
0
Direct subtraction

1:'_"1—....

e s,
Using 1S complement
1110 7(l'scomp.
-0 1 01 —> of 1010)

10011
+ | =>(Adding cnd

0100  around carry)

Final answer

Q.11. Sybiract | 001 fi
Ans.
111

100 |
—00 10 direct subtraction 3

using one’s complement

0111
+0110 (I'scomp.of 1001)

. 1101

If there is no carry, answer is in s nc_zw_m_zma Ez: and

opposite In sign.

- 1'scomplementof 1101 =0010 and L6
Final answer=—0010.
Therefore it may be noted here
(i) Ifthere is no any carry, it means answeris in .._E._, Sign
with I's complement of result. |
(i) Ifthereis carry, we haveto add end annual mEQ to the
result and this is final answer. POk

Q.12. How we use 2’s complement for binary subtraction?

[Bh.20013,16|
(a) (1011), from (1100), and | RSP

% 8

Subtract.

(6) (11100), from (1001 1), using 2's complement repre
Senlation.
Ans. 2's complement of a binary number is equal to’the I's

complement of the number plus one

~. 2'scomplement of 2 _U_,_.zm_% number
= I’scomplement + |

2’s complement of 10 10
=01001+1=01010,

(a) Subtract (10 1), from (1 100),

i

om 0111 using one s comp| enent Mep), /
Og

2’s complement method
[ 100 (2’s
com
100 +0101 GZD:w
00 TR neglect carry

Final answer
) Subtract (11100),from (10011), direct sub:raction

(b
1001 1 2’s comp. Subtraction
~ 11100 | 010 ] .
01001 +00100 (2'scomp,

(f there is no carry then answer is in 2’ complement and

opposite in sign.

. 2’scomp. of I0111=01000+1=01001 and final answer
is—01001. :

Q.13. What is meant by codes ? [Bh.2012,2016,2018]

Ans. All digital system use some form of binary numbers
for their internal operations. But external signal (data)
may be numeric alphabets or special characters. For

operaion of digital system these data are to be con-

verted into binary format. These are various ways of

doing this and this process is known as encoding.
For encoding, there are various codes for different
purposes. Thesc are:-

1. Weighted codes

2. Non-weighted codes

3. Alphanumeric codes

4. Error detecting and correcting codes.

Q.14. What is weighted nd&E.L Explain in brief.
|Bh.20014,17]

Ans. Weighted binary codes are those which obey the
Positional weight principle. Each position of number
"epresents a specific weight. Binary codes and BCD
(Binary coded Decimal) codes are the example of

Weighted codes.

Binary codes: In this, the decimal numberare converted to

their binary equivalents.

Number System & Boolean Al gebra

BCD codes: In this code, each decimal digit is represented
by a 4-bit binary number. The positional weights, to the
binary bits in BCD code are 8-4-2-1 with 1 corresponding
to LSB and 8 corresponding to MSB. It is also known as 8-
4-2-1 code. This code is used in digital calculators, voltme-
ters etc.

295

BCD equivalent — 00100101
(164),, —(000101100100)BCD

It decimal number=

Q.15. What is Non-weighted codes? Explain in binary.
|IBh.20014,17]
Ans.In these codes, the positional weights are not assigned.
The example of non-weighted godes are excess-3 and gray
code.
Excess-3 code:- The excess - 3 code for » decimal number
can be obtained in the same manner as BCD expect that 3 is
added to each decimal digit before encoding it in binary.
For example to encode the decimal digit 5 into excess-
5 code, we have to add 3 to 5 and otain 8. The digit * s

encoded in equivalent to 4-bit binary code 1000.

Represent 32 into the excess-3 code

+:3 " 3
6 S
! X
0110 0101 (convert to 4-bit binary code)

LI

(add 3 to each digit)

Gray Code:-

because it has the advantage that only one bit in the nu-
merical representation changes between successive num-

bers. Its primary applications is in the location of angles on

a rotary shalft.
0-000
| -001
-011
3-010
4-110 ;

7-100

This code is often used in digital systems

& Scanned with OKEN Scanner
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5-111
6-101
7-100

ic codes?
Q.16. What do you mean by A Iphanumeric €0

(Bh.2001417]

m-
igned to represent MU

use an n-bit
code.

Ans.The alphanumeric codes are des
bers as well as alphabetic characters. If We o
binary code, we can represent 7n element using ers (10
There is need to represent more than by chara! g
digit, 26 upper case letter, 26 lower €as¢ letter) In m sz
H_J_m lower case letters and special control characters 10 "
transmission of digital information. For this reason the 10~
lowing two codes are normally used.

l.  Extended BCD Interchange code (EBCDIC)

American standard code for Information Interchange

(ASCII). .

|. EBCDIC:- It is based on the binary coded decimal for-

mat. This is an 8-bit code without parity. A nineth bit can be

added for parity.

2. ASCII:- 1t is a 7 bit code, with 7 bit we can code upto 128

character, which is enough for the full upper case and lower-

case alphabet, numbers, punctuation marks and control
characters. It is most widely used Alphanumeric code.

If a parity check is wanted, a parity bit is added to
basic 7-bit code in the MSB position.

|~

00 o

Q.18.1Vhat do

ANns.

_Tvvieqp Al
ne difference between ?.,:Eu_ ....
: " g

is not @ number system like binary, It
Ans. BCD  in which each decimal digj, encq
sinary equivalent. 1n binary code, comp),
pumber is converted Into _u__dm_.v,. _,n.._._:. But in
Jecimal digit is converted into binary indj

“_m L,
ed m_::
€ dog:

Vi
vou meant by crror m..ﬁnnt:% an

ing codes? . 4 #g |
When digital data or information is transmiy,
one system 10 the other mw.mﬁ_: Or Circuijt
may be occur due to electrical &ﬂ:&m:n
This means a signal corresponding to o may ¢
tolorlto0.In complex digital systems, E::am:ﬁ
bits per second are transmitted. Therefore ¥ ns of
(hat error is as minimum as possible and j;
detectable. O

A simple process of improving data transm
in digital system is by adding one additiona] pjy
data known as _um_.m% bit. This extra bit .,_h____msm th
detection of a single bit error in qmsmammﬂ_nz._: mm..n“
two type - (i) odd parity (ii) even parity,
This extra bit is transmitted with the code ang m:m
used at the receiving end to detect error. c&:.mue.i
bit we can only detect single bit error but can not
correct it. vt .

Hamming code is one bit error detecting and cor-
recting code.

ed m.g._
A0 ey,

In the

¥iE § F
- I

i

mmmmaﬁ_

ila e

Number System & Boolean Algebra

==

OBJECTIVE, Typg, g

conver! hexadecimal value 16 to decimag),

I H}H_HH_O (B) 1610
()1010 (D)2010
Ans. (A) . .

: WM%:&Z the following decimal number ¢ 8-Dit binary,
_.,E_E__E_M (B) 110111012
(C)101111012 (D) 101111002
AnS. T.&

3. Convert binary 111111110010 to hexadecimal,
(A)EE216 (B)FF216
C.2FE16 1 (D)FD216
Ans. (B)

4. Convertthef ollowing binary number to decimal.
Q:._.._ 12 ™
(A) 11 (B)35
©) 15 (D)10
Ans. (A) . - N

5. Convert the binary number 1001.00102 to decimal.
(A)90.125 (B)9.125
(C) 125 D) 12.5

Aus. (B) .

6. Deccode the following ASCII message. .
10100111010100101010110001001011001
01000001001000100000110100101000100
(A)STUDYHARD (B)STUDY HARD
(C) stydyhard (D) study hard
Auns. (B)

7. The voltages in digital electronics are continuously
variable. o
(A) True (B) False _
Ans.(B) . i

8.  Onechex digit is sometimes referred toas a(n):

(A) byte (B) nibble
(C) grouping (D) instruction
Ans, (B) _ T

% Whichofthe following is the most _...___.En_u. used alphanu-
meric code for computer input and output ?
(A) Gray (B)ASCII
(C) Parity (D)EBCDIC
Ans,(B) w4

0. |y

t typical PC uses a 20-bit address code, how much
Memory can the CPU address ?

(A)20 MB (B) 10 MB
©)1mB (D) 580 MB
Ans. (C)

3 ¢

12,

13.

14.

16.

b

18.

19.

20.

21.

UESTIONS
Convert59.7210to BCD.
(A)I11011 (B)01011001.01110010
©) 1011 (D)0101100101110010
Ans. (B)
Convert 8B3F16 to binary.
(A)35647 (B)011010

(C)1011001111100011 (D)1000101100111111
Ans. (D)

Which is typically the longest: bit, byte, nibble, word?

(A) Bit (B) Byte
(C)Nibble (D) Word

Ans. (D)

Assign the proper odd parity bit to the code 111001.
(A)1111011 (B)1111001
(O)0r111111 (D)0O11111

Ans. (B)

Convert decimal 64 to binary.
(A)01010010 (B)01000000
(©)o0110110 (D)01001000
Ans. (B)

Convert hexadecimal value C1 to binary.
(A) 11000001 (B) 1000111

(C) 111000100 (D) 111000001
Ans. (A)

Convert the following octal number to decimal.
178

(A)51 (B) 82
(C)57 (D) 15
Ans. (D)

Convert the following binary number to octal.
0101111002

(A)1728 (B)2728
(C) 1748 (D)2748
Ans. (D)

How many binary digits are required to count to 10010?

(A)7 (B)2

()3 (D) 100

Ans. (A)

The BCD number fordecimal 347 is..............
(A) 11001011 1000 (B)001101000111
(C)001101000001 (D)110010110110
Ans. (B) _

q._E.E::J, number for octal 458 is ............l .
(A) 100010 (B) 100101

(C) 110101 (D) 100100

Ans. (B)

G Scanned with OKEN Scanner
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i . 1-8] “¢ Dog] P
Digital m_mn:.nu_mm H 25 The Cctal qumbering system: Can }_m w L
22. Thesumof 11101+ 10111 equals covwereerret® o@ E:ﬁ:mnm tasks oi
(A)110011 (B) 100001 (B) groups binary numbers in groups ;
(C) 110100 . oL
(D) 100100 AGV saves time H
Ans.(C) . (D) simplifies tasks and saves time h.\.m.—m.ﬁ er ;
23. Convertthe following binary number 10 decimal- Ans. (D)
100110102 b i e 1
na number 11101s equa
(A)154 (B) 155 34. Thebinary qualto the dey,,, .
ﬁ pamansnpees ___ .
.4 C (A)3 ol el L — Logic Gates
24. The decimal number 1881 equal to the binary number ©7 (D) 14
== Ans. (D) e followi 0.1- pefinc logic gates ?
(A) 10111100 (B)0111000 . 35. Convertthclo ving octal number to bing ARS: Logic gates arc devices that have tw
(C) 1100011 (D) 1111000 768 ¥ | ogic gates are the basic el © or more inputs and one
Ans. (A) (A) 1101112 (B)I111102 | . e amtai will be o ements of a digital system. Each output.
| .— H % a . . -
25.  Convert the following binary number to octal. (C) 1111002 (D) 1001112 . . = B ; or low depending upon th n gate is given several inputs to act upon
0011010112 Ans. (B) | , Logic gates are the basic building blocks of djgj € combination of high and low i pon.
. ) _ombinations of input levels. Logi ot digital circuits. It : ; inputs used and the type of gate used.
(A) 1538 (B)3518 36. Convert 1100101 0001101012t . Logic gates can be i s a device which
o : 0 __.“.u.,.,E_._..am 57 . The input an MR Ioui can be implemented usi ] generates an output corresponding to the
M v Nw T i o B)UAG AR m ( praw symbol and truth ¢ N__n gates are having two states i.c. | s fpm—— e )
ns. -~ ol ; H .£. 10 : .
26. How many bitsareinan ASClII character? | M.NMHMM%_ T Ans. Inverter : NOT Gate: abie of (i) AND gate (i) NOR gate Am” _“M_.._J_um_”u cqoﬂ RSP e
. * - ’ X . gate .
(A)16 (B)8 37. Convert the followin : | 5% NOT gate is also k : |
. g decimaln C AN - g SO Known as Inverter. .
)7 gy e umber to octa, of the given input i.e ' It has only one input and on :
o p . when input is in logic 0 ¢ corresponding output. The i
Ans. ﬂ_ﬁu A)1348 : : | ! . # gic O state, output e ton % output 1s M—T..._ﬁw.m the nﬂqﬂﬁ:qﬂ_ﬂﬂn
: (A) (B) 4318 | 0 state. It is expressed as ogic | state and wh i .
27. A binary number's value changes most drastically when ©)3318 il = i AR XN \ Y=A en input is logic 1 state, output is logic
the is changed S : # e discrete NOT gate may b . .
: . Ans. (B : y be realized using transi i
(A)MSB (B) frequency (B) . : {35} be either OV or +5V. When A = g lragpsistors. The input A may i
38. Whenu : _ enA=0V, :
(C)LSB (D) duty cycle sing even parity, where is the _:__..5 bit through the resist _ » then Q, will be OFF. No Current flows R,
Ansiih) (A) Before H:w MSB (B)Afterthe LSB' """, Placed? | e« WY : ._u_. and there will be no voltage drop across the resi :
28. Convertdecimal 213 to bin (C) In the parity word (D) After ti N put voltage Y corresponds to +5 V. Wh ; n sistor. As R, y
(A) 1100110} (B) _uQ. Ans. (A) e 0dd parity bit transistor Q, is ON and th e Srpuk A 45 Y, the .
: 1010101 . L§E ko e output voltage Y =V,
. 39, . oA . _ ge = =y €O
MQ QHMV_S_ (D) 11100011 .wﬁmﬁ_m:..‘nl the following octal number to decimal, | CE(sa) COrTESponds to 0 V.
ns | "
: RER Symbol : The symbol i A
29. Thedeci : A e | he symbol is shown in Fig. (a .
> Eﬁ_:_m_::a_unq for octal 748 is ....ccevueee & MOW M.U.H (B) 17 Y w | e The circuit performs a basic logic _.__Nnmmw.z lled Transistor Inverter NOT Gate
(B)60 3 D)29 T output. called “inversion” or complementati L
MHVNN ﬁﬁ...u p Ans. AUV A V . % . .._..._.m_u_ P ation. The inverter has _H:.____ﬂ. m-.__u_hﬂ and one
ns. (B) 40. Co : o e output logic level for i : :
30. Thesu . nvert E:mQ 11001111 to hexadecimal. 3 R ENENgpa s opposie the logic level of its input. It i s
m of the two BCD numb (A)8F16 | . T put. It is expressed as Y = A
(A)0110 e ers, 0011+ 0011, s ... (C)DFI6 (B)CE16 s ruth Table -
S (D) 1100 Ans. (D) e
Ans. (A .
31. ﬁ.n:..‘nﬂw binary 01001110 _ g NE:_E._“ bt ey
to deci 216.
(A)4E o B e (B)985 .
(C)76 D) (D) 1123 5 _Vo|<
32. Whichi . . . Ananalogsi a) Symbol
o “HM_ IS not a word size ? fota __”Hq_:_cnwm_m:u_ has a range from 0V to 5V. §_..=E_“" |
©)l6 (B)28 (A)5 mber of analog possibilities within thisrang® |
B y
Ans. (B) (D)8 (C)250 Mmeoﬁ :
: Ans. (D) infinite m m :
I | '
DDD | ' “
GND ;
(c) Waveforms

- (b) Circuit diagram
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Digital Electronics ~ _ s IC contains Six D Gate | Logic Gates
T | ri
. , « Inverter. 11 T i
®  Fig. (b) shows the pin diagram of a 7404, a 1 TL He AND gate proguces logis ._ oulput state when poy of its i
NOT oates. alie | state and _u_da_._nnm _n__m_n 0 at the Output :.,mzw ofits _ _=ﬁ._.=m m_qn N.i + 9V
= | _ | 8 e X nput is at logic
(ii) O_w Gate : PaT— expressed as Y A+ DB L sl whmion _.-= n B b e -
®  This circuit performs the function of logical add! d output is 10w when both the piscretc AND gates can be realized using diodes or transist
an . :

* ' - - -.ﬁ-_
The output is high even when any one input Is high

, ; : D
*  AND gate, il both the inputs are A = +5 v anq g = 4 y _:M“mﬁ.:w:ﬁ_um_nman A—FK}——Y
inputs are low. ¥

OFFAs @ result :a.n_._:.n,i flows through the resistor and there is no voltage D
®  OR gate produces and output state drop 4cross the resistor. The output Y will be +5 v, Similarly when both the mI_A.._lr
state. It is represented as Y = A+ B. : .nt flows through the resistor and there will be ne Voltage 4 inputs A =_.=_ ,_w arc 0V, :E:. both the diodes D, and D, are ON and act as i rzw nﬂﬂc Gate
o When A=0V, B =0V, both the diodes arc O.E... No n__._.:.”. _ ___.J Jiodes arc ON, and act as short circuit. Oup foy dort cireuit e output Y willbe 0 V. Practically, outputY is equal to 0.6 V input diode
across the resistor, Qutput Y = 0. When A= 45%, Bi=+5V, Dol ik or 0.7 V. which represents logic 0 state.

A .onsidered as logic | state. _
be +5V. In practical cases, output Y =5 - 0.7 = 4.3 V. which is also considercd as [0

input is in 10gIC _

. e any fits ;
of logic 1, even ifany oneo Input diode OR gq.

5 + 5V

mput Transistor AND Gate

whenA=B=0VorwhenA=0Vand B=4+5V orwhenA = +5 ﬁ,m{
v and B = 0 V, both the tran-sistors Q, and Q, are in OFF state. At
(he same time, transistor Q, gets enough base drive from the supply
(hrough resistor R, and hence Q, will be ON. Thus, output voltage
. Vs corresponds to o V. When both the inputs are equal to
Q.10 +5 V. transistors Q, and Q, will be ON, thus the voltage at the
Fiabl Se collector of transistor Q, will drop. Transistor Q, does not get
{ oltne TOW sufficient base drive and hence turns OFF. No current flows through
| s the coHector resistor R, of Q,, therefore no voltage drop across it.
Thus, final output voltage corresponds to +5V.
Symbol : The symbol is shown in Fig. 2.8 (a). o
: This circuit performs the function of logical multiplication and is expressed as Y = A - B. The output is high only when
input transistor OR Gate V/¢) qorltis od both the inputs are high.
When A=0Vand B =0V, both the transistors Q, and Q, are OFF. At the same time, transistor Q, eets sufficient base drive

-

=i}

: ; . - o 9eidic 0 Truth Table
from supply through R, hence Q, will be ON. Thus. output Y = V i €OITESponds to 0 V. When eithei inputs A'and B or “ :
both the inputs are equal to +5 V. then the corresponding transistors either Q, or Q, will be ON or both the transistors Q Inputs Output
and O will be ON. Therefore, the voltage at collector of Q, is Vs €Orresponds to 0 V. Thus Q, does not receive A B Y=A*B
sufficient base bias and turns OFF. Hence final output voltage corresponds to + 5 V (logic 1 state). : | 0 , 0 & i Y
_ - ToU e 0
Truth Table | | 0 w | m B
: Cid . : ' | 1 _
| Inputs Output ||,_.|_||.|..||\|. (a) Symbol |
A B Y=A+B i 7 - “ 8
0 0 0 Vee m m
0 d 1 A P fid] g RLe A= i
: 0 1 B el : - '
1 1 | 1 ,
—— S ) E B - |
(a) Symbol _ A
I _ i i
m E i |
Vee m _" 1112 | At GND y ||“E K forms
ave
hal A3 12 [1] [ [6] [5 B _ | | (b) Circuit dlagram (e) T ?
_ le_ _ wU _ | i " | ! . universal gatc 2 Realize OR gate using NAND gate
e I | I O.H. ff.____.v. NAND gate and NOR ﬂ_;ﬁm_ arc called as
_lul_.mvl‘ —ﬂl_ _. " : ’ mu__-ﬂ—.uﬂ— - .—,—._m mv‘_,—:uﬂ_— mm m:ﬂ...c-.. in —u_.? ﬁm— e m—._—u_._ﬁm. but E_.__u_‘ one E::.:.: d.___._ﬂ.____n—d__ 15 ﬁD_ﬂﬁﬁﬂ—:nﬂ_._. of the P
U T ST Tl Ts 6] [7 ! | " NAND gate means NOT-AND. It has two or i ) ot
ik G _ £all ; | ND gate can be easily obtained from the truth table of
 (b) Circuit diagram Y T . Otallinputs, — The truth able and NAND &7 ;
- . . == A » e,
(c) Waveforms Itis expressed mathematically as ﬁ...eﬂ. - he final outpu! of NAND ¢

AND gate by simply inverting it to

s AR R R
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Digital Electronics Uy B CS | :
~1eclroOniCs S
_— — l/ | E\E tiiit s dxce I S LK kum._ Fﬂmmn Gates m
i NOR mmﬁca | _uzn . c _ 'verse of the OR gate T E— E
# _u praw the sym .ﬂ. _MN O,...ﬂ_“._ € logical n:.:u:E_ ..._qa_.:_.:_ fo mx.“u%amm_a_n input conditions. " m
. praw sym bol of EA-OR gate and write its tryyy, table. ? and EX-NOR gates ? |Bh.2014,2017,2019] &
0" raw symbol, truth table and logical equation of gy op
05, EX-OR (Exclusive-OR) Gate : Symbol: The symbol is hoven i pig, (2
| tion gi [ .,
- The EX-OR cﬁm_.m lon gives high output when any one of its input is high. It is expressedas Y =A®B Y = AB+AB.
e EX-OR gate is mostly used as a comparator I -
A Y Y=A+*B | Truth Table -Ea
B B
0 ‘ (ii)
(a) Symbols _
.
|
“
. A I I “_ |
08 Ws dia
(b) Circuit diagram (c) Waveforms
(ii) NOR Gate:
® Symbol : The symbol is shown in Fig. (a)(i) and (ii).
¢ NOR . i . . - (b) Circult diagram (c) Waveforms
R gate actually means NOT-OR. It has two or more inputs, but only one output which is the complement of the logical
addition of two or more inputs. Truth Table . {i (i) EX-NOR Gate :

o  Symbol : The symbol is shown in Fig. (a).

o The EX-NOR gate can be expressedat Y=A®B=AB+ AB.

¢ The EX-NOR operation gives high output for both inputs low or both inputs high.
Truth Table ik

(1)

(i) (a) Symbol

(a) Symbols

(b) Circuit diagram

(€) Waveforms
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Digital Electronics _ J By
Solved Problems

: ZOmEHm
Example 1 : Realize the following function using NAND and

Y =(A+BC)(C+AB)

Solution : Y = (A + BC)(C+ AB)= AC+AB+BC+ABBC 3

=AC+AB+BC+0

= AC+AB+BC = AC+AB+BC

—
———

Applying De Morgan's theorem = AC-AB-BC

We can implement using NAND gates at this stagc.

O AC

To implement using NOR gates :

Il
2=
4
ol
21
.l.'
(o]
s ll|
+4
)

Y = AC-AB-BC

I
>
;
]
4
> |
..'
ws]
+
oo
+
ol
I
2> |
.|-
Ol
+
g
+
well
+
o
+
(@]

|
+
Ql

Co—

v
d

(@A) Y=A+BC+AC (®) Y =(A+B)-(A+()

Solution : A B
(a) Y=A+BC+AC
Y=A+BC+AC @
Applying De Morgan's theorem VY = mmﬁ_mm Fy 5
this can be implemented using NAND gates, —
....l-.lll.l..lll.lll —

e

11CS

=l (27

Y =(A +B):(A+C) Using De Morgan's heq .
rem

=A+B+A+C Using De Morgan’s theorem

-_— = = T
“}.W.T}.nﬂ}.m..*.}.mﬂwlll M.lll..ﬁ.uu

.B.
A B ¢

(& ]
i ]
/
&l

5

gxample 3 : Implement the following Boolean expression using NOR gates only
Y =A+BC+AC.

Solution : Y = }+|m.n+>0n}+}n+mn

_—

= A(1+C)+BC=A+BC=A-BC (Using De Morgan’s theorem)

WM = m+ C (Using De Morgan’s theorem)

um.m+mnM+m+mu}+m+m

Now, we can implement using only NORgates.

|

Example 4 : Implement the following Boolean expression using NOR gates only 'Y = ABC+AC.

Solut; s s
on: v = ABC+ AC = C(A + AB)
HOCW.T@V (. }+M.mnn}.+mv

=C(A+B)=C+A+B
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Digital Electronics '

guniversal gates Y = AB+ AB 4 Mwn;

: : iz ariable usin
Example 5 : Implement the following expression by minimizing the vari

Be

Solution: Y = AB+ AB+ABC+ABC
=A(B+B)+BC(A+A)

L

(-B+B=1and A+A=1) =A+BC

—— B
Y=A+BC=A-B

iy

C |
Q.5. Define Boolean Algebra and explain the law of boolean algebra ? _E_h:_a._m__u_

Or Mention any eight boolean law ? ] =_
Ans. Boolean algebra differs from ordinary algebra in a way that Boolean constants and variables are allowed to haye only ty,

values (0 or 1). ; ,
@ These variables represent a voltage level of a circuit. Boolean variables 0 and | do not represent :_m actual =H=E_un_. but

they represent the state of the voltage variable.
®  There are three basic operations in Boolean algebra :

(i) Logical addition (+) or OR operation.

(ii) Logical multiplication (-) or AND operation.

(iii) Logical inversion ( ~ ) or NOT operation.
Laws of Boolean Algebra :
A+B=B+A
AB = BA
A+(B+C)=(A+B)+C
A(BC) =(AB)C

(a) Commutative law :

(b) Associative law :

(c) Distributive law . A(B+C)=AB+AC _ & _
(d) AND laws . (1) A-0=0 . /
_ | (i) A-1=A , |
e (i) A-A=A
e iv) A-A=0
(e) OR laws : : (i) A+0=A .
b (i) A+1=]
(i) A+A=A
(ivV) A+A=]
(f)  Inversion law - Pl Sk
(g A+AB=A |
L.H.S.=A+AB=A(l +B) (o 1+B=1) _ _ %,
S IEATEAT Beaighn sttt wl G28
. A+AB=A | . . |
(hy A+AB=A+B
L.H.S.= A+AB.

F——.D—.——.ﬂm_ T . L o A

[2:9]
A i tes
A()+AB : : Logic Gates
B4 AR | Therefore, AB + AC = A(B + C). Duality theorem can be |
Al i3 ) ¢ _+mu: used for generating new expressions from the given m_
- A+AB+AB Boolean expressions. __w
} - Q.2. State and prove De Morgan’ b
~ gan’s first and second theorem :
= A+B(A+A) CA+A=1)  fortwovariables ? ._
=A+DB : .
S h Ans. De Morgan’s First Theorem : A +B= A - B. |
(1) Mr T i ®  Itstatesthat the complement of sum is equal to the product __
LHS.= A1+ AB of the complements. “
= MC+Wv+.}.m I —+WH: A A “
= A+A A AB |
= A+B(A+A) : |
|
= A+B=RHS (- A+A=)) B |
) A+AB T A+B ' . .__. ;
_L.m.m. = M.—+.}.m melo& = s m.
= MA_+WH+>W ¢ 1+B=1)
= A+AB+AB Proof of De Morgan’s First Thecorem 2
S n A Table: 1
= A+B(A+A) T _ _ —
~ . - A+B | A-B
= A+B(A+A) A B A B A+B (LHs) | (RHS)
— = -— o et 0 | 1 1
= A+B=RHS (- A+A=) : £ 1 1 : ﬂ : "
(k) Q#..+ B)(A +C) = A+BC { 0 0 u_..._ . ﬂ ﬂ M
LHS.=(A+B)(A+C) =A-A+A-C+B-A+B-C |1 1 | .
= A+AC+AB+BC Hence  L.HS.=R.HS.
= A(1+C+B)+ BC De Morgan’s Sccond Theorem & AB=A+B
= A+ BC=RHS (- 1+C+B=l) o It states that the complement of product is equal to the
‘ - f the complements.
Q.1. Explain duality thcorem with example ? R sum of the comp
1 a IC
Ans.The duality theorem states that, “The dual u_.n” m_u”.q”a. A AR VLHML,_. . A A 748
: fen'a B abin
expression can be obtained by replacinga binary 1 by B 8 B

0 and by interchanging the AND and OR operators . o
* A Boolean relation can be derived from another

relation by -
l. Changing an OR operation to an AND operation.

. 100.
2. Changing an AND operation to an OR operatio

\ . ,_.H?ﬁm
B B .

Morgan's Second Thecorem :

oof of D¢
s Table: 2

3. Complementing any 0 or | appearingin the expresston.
For cXamples;
(i) IfA+0=A, then the dua
This is obtained by n:u__mﬁm the 0o )
AND operation and complementing the w,.u}+ oE "
(i) Consider the expression (A ngOR operation | 1
Then by applying duality theorem, 1
(+) by AND operation (-
Operation (+).

A.B | AB A+B

" (LHS) | (RHS)
|
1
1
0

elation isA - e B
" OR Gﬁm_ﬁzﬂﬁ to A

B
1
0
!
0

_—0 o QO
e Bt B0

|

'
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[2-10]

Q.9. Describe Karnaugh Map with 3-variable K-map and dnl)

an.ﬂnwnu_ﬁ: Map

Karnaugh map is a graphical method used to simplify logic €qu

CIrcuit in a simple and systematic manner.

will have 24 = 16 cells.

There are 22 = 4 cells.

B
A

The Karnaugh map or K-map is made up of squares. Each square repre
combining terms and obtaining the minimal expression.
Each n variable map will consist of 2" cells or squares. Thus a3

Each cell within the K-map corresponds to the particular combination 0
For example, consider a 2-variable K-map.

B

mj

> >l

ma |

3-variable K-map :

able K-map ?

fthe input variables.

Upper left cell corresponds t0 AB
Upper right cell corresponds to AB

Lower left cell corresponds to AB
Lower right cell corresponds to AB

Note that only one variable changes when we move from one cell to adjacent cell in the K-map.

Lo

Bie g,

2N

ations or to convert truth tableto its nn:.mm_ucz din
sents one term. It is a systematjc Methog
od 1
Or

_variable map will have 2'=8cellsand 3 L.E:mr_n A
P

BC  BE-BC ~"BC- AL C n
i o0 ‘g1t 11 g OR AB 0 1
M.Hﬁ. Mo my Mms ms Mm 2 3
At Lmg | ms | my | mg AB | 6 7
AB & 5
4-variable K-map : e — - _
P >mnc Ch.«- €p. ' CD,..- CH AB“RB' AB ~ AB AR
°IN-00 .01 11,,.40 1 Sy . . CP 00 01 11 g
AB CD . _
Ay Mo | My | My [ my MW .0 1. 153542
AB | B - - ]
: D
AB o | CD ) _
11 12 | M3 | Mys | Myy 11 12 Hee bl e el a0
AB | = i
10 Mg _Hm My | My | | MM 8 o 11 _Hc__
Plotting a Boolean Expression : ————

® To plot a Boolean expression on the K-map, perform the following steps :
(1) Transform the Boolean equation to a sum of product SOp expression

(i1) Fill in the appropriate cells of the K-map by placing al

(SOP) expression.

Example : Consider the expression: Y = A (BC+BC)+ABC

Solution : Y == ABC+ABC+ABC

]

|

'n each cell corresponding to a term in the sum of product

gma_ pleet s
Truth Tabe
A B
C
0 Y
0
0 1 5 &
0 0 ABC = mg
0 . . s Nmn =My
L 0 0.
0 1
3 1 I — > ZBC = m;
- 0 0 0
1 0 i 0
: 1 0 0
¢-map representation 1 { 1 ;
BC BC Bc &t BeC
A 00 01 11 10
W“_. Ga | cm ||Oq Om

gxample 1 : Plot the following truth table on K-map.

Solution :

Example 2 ; Represent the following truth

K-map representation :

> Truth Table
A | B | Y
0 0 0
0 1 0
1 0 0
1 1 £ 1—T—>AB
B = -
m: m._.
A % L A
Noh - 0o 0;
.MH vl 9 1
il table on K-map.
A B ¢
:
E L |
»
o |
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Truth Table > Y
A B 2 0
0 0 0 m,_ 1 ——> ABCD = p
0 0 ¢ 0 :
0 0 1 w. 1 ——> ABCD = m
0 0 I u
0 1 0 ¢ ;
0 1 0 : ’ RROR
ﬁ_ . ; 0 1 > ABCD = M
0 1 1 . :
1 0 0 0 ¢ =1
3 - 0 1 1 > ABCD = m,
1 0 1 0 ¢ .
} 0 1 1 1 —— ABCD = Mi;
1. 1 0 0 ¢ |
1 1 0 1 &
1 1 1 0 0 1 1|5
p ] 3 1 1 > ABCD = my.
Solution : K-map representation
<0 &5  Co—=—CD—-CDr
AB 0d_ o1 - 11 A
AB
” 0o | 1, | 15 | 0,
AB "
01 4 Os 0, 1¢
AB
11 02 [ 0s3 | 145 | O,
AB
10 Og 1g 1y OE
Example 3 : Represent the given equation on K-map
Y = ABC+ABC+ABC+ABC+ABC
Solutlon: -y = ABC + ABC + ABC + ABC + ABC
i BC BC BC BC BC
i 00 01 11 10
Ap 1o 1, 0, 1,
Ay 04 1 1, 0¢

___n_nn:_,:::.-

(213

4 : Plot the given Boolean expressign on K-mg

; = L= ‘map. :
y = ABCD + ABCD + ABCD 4 px.=
O R e N v Pl

m- Ms Mg Mg

o

AB > D ¢p
bisd 00 01 11 10
iy 0o 0
00 11 0 |1,
AB
01 % | 15 | o Os
AB
113 | %2 | 0| 05 | 0,
”M Os 15 01 1o

L.H.S.=R.H.S.

Hence

A

| ——

J\_HW-.@HH+MHP+W

Solution : Output of NAND Gate |,

Output of AND Gate 2, Y,=(A+B):C
Output of AND Gate 3, Y,=B:C
Output of NOR Gate 4, Y=Y,+Y; : o
Y =(A+B).C+B-C =AC+BC+B-C=AC+B(C+C)=AC+B=AC-B
Y=(A+C) B iy
Example 2 : For the given function f =Xy +Xy, find the Siﬁ_n_:na of f.
Solution 3 S f= Xy+XY _
T = Xy+Xy
. Using De Morgan’s theorem

Further applying De Morgan’s theorem
. . o Aixlf.fmv.ﬁuﬁ.__.:%u
- (R 4Y): (AP =R

J+Xxy+Yyy
ﬁ... Mw..“c__ vﬁﬂ"ﬁ:

s with Boolean laws :

ﬂs_anu"mm_%_:@__aa__n....;__maﬁam_g

Logic Gates

L

- A — T — —— .
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(i) Y=(A+C)(A+D)(B+C)(B+D)

Solution :
(1) Y
Y

Il

(ii) (B+BC)(B+BC)(B+D
B+BC =

—
—
—_—

—

—_—
—_

a+OADIBOCD
(AA+AD+CA+CD)(BB*5 o
(A+AD+AC+CD) BeBot” +0U_
A[(1+D+C)+CD]+BIUFD+O)

(A +CD)(B+CD)

AB+ACD+BCD+CD

AB+CD(A +B+1)
AB+CD

(- 1+C+D=1)

(- A+B+1=1)

B(1+C)=B

B(B+BC)(B+D)

(BB+BBC)B+D
Em+9umm+mu“m+mcnm:+9um

¢-BB=0)

Example 4 : Draw the logical circuit diagram for Y = ABC+AB+AC.

Solution :

3.1

Ri Ao
>—

Example 5 : Prove that ABC+ABC+AB=AC+AB.

Solution : L.H.S. = ABC+ABC+AB=AC(B+B)+AB=AC+AB=RHS.

Example 6 : Simplify the given equation using Boolean laws. Y = A m+m9+ B)

Solution : Applying De Morgan’s theorem

Y =

Example 7 : For the given figure, derive the Boolean expression for Y

A
B

}+m+m9+muu}+m+m®ﬂ.9u

A+B+C(A-B)=A+B+A-

—  E—

B-Cr -

Logic Gates
A
B
L .ua,_?mmuﬁw+m,.o+mmu$+s.n+ BC
2 >n+mn+mmn»n+fn+m7 AC+B
Y= ACB
Y= (A+C)B
Y = AB+BC
gxample 8 : Prove that YZ+WXZ+WXYZ+WYZ=7Z
golution : LHS. = YZ+WXZ+WXYZ+WYZ=Z[Y + WX+ WXY + WY]
= Z[Y+W(X+ XY +WY] (- X+XY=X+Y)
= ZIY+W(X+Y)+WY]=Z[Y + WX+ WY + WY]
= ZIY+Y(W+W)+WX]
= Z[Y+Y+WX] C-Y+Y=1
= Z[1+WX] (o Y+Y=1)
= Z[1]=Z=RMHS. (- 1+ WX =1)
Example 9 : Draw the logical circuit diagram for Y = ABC+AB+AC.
Solution : A B ;
Yz Yg
=P .
Bl NE
o
U Obuain the following operations using only NOR 8ale% (Bh.2010Even,2016
() NOT  (b) OR (c) AND. o
Ans, We assume here 2-input NOR gates:
(a) NOT gate:

- — R
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Digital Elcctronics

I
-1

J._-_
A

(b) OR gate:

' ' » *Q D.—N. ..._.uw._m.__.—n.
If the output of the NOR gate is inverted as shown in fig.. it become

————

A YA+

3 =

A+B =A+ DB

to another NOR gate its o/p behgyes as AN
D

(¢) AND gate: If individual inout is inverted using NOR gate and then indul

gate operation.

y=A+B

=A.B=A.13

According 1o De'more

o >

O :F-I‘

! ool
}I‘
ot
@

Q.8 Obtained thie follovwing

(ct) NOIT (b) AND

. Letus assume 2-ip B BC
(2) NOT eate:

A 0—] Y=A

ether then o/p will be complement of

Ans

Ol

If both inputs are connected tog

input,
(b) AND gate: If the o/p of the NAND gate is inverted as shown in fig
A
B— T Y=AB-
= B=A.B
(¢) OR gate:
A o
A
ﬁlllllll-
_woi_/
| ;3

_._.m__.n-_ W—.ﬂﬁ: IR I

[2-17 |

|

2
e

Il

>l >

y=A.B

B
=D,

(Using De’morgan’s law)

09 prove the following using Boolean algebraic theorems.

) A+AB+A.B=A+B |Bh.2010 odd|

s, LHS = A+A.B+A.B
=A(l+B)+AB=A+AB T.I.mn:

~(A+B)(A+B)=A+B=R.HS,
Tx+ux.u:

) AB+AB+AB=A+B
[ HS.=A.B+A.B+A.B
-B(A+A)+AB=B+AB
=(B+ A)(B+ B)
=B+A=A+B=R.H.S.
(c)
ABC+ABC+ABC +ABC=AB+BC+CA
L.H.S.= ABC+ABC+ ABC + ABC |
= ABC+ ABC+AB(C+C)
= ABC+ ABC+AB
= ABC+ A(BC + B)
= ABC+ A(B + B)(C+B)
= ABC+A (B+C)
nMwﬂ+bm+}n .
=C(AB+A)+AB
=C(A+A)A+B)+AB
=C(A+B)+AB
= AC + BC+ AB=R.H.S
Q.10

Simplify the logical expression:

} — R A s
. (a) ABC+ ABCD +AC

Logic Gates

BC(1+ D)+ AC

I

}
>.mm_+>mu}mm+}m
AC(B+1)=AC 1=AC

(b) A+AB+ABC
=A+A BC [A+AB =A]

=(A+A)(A+BC)

=A (A+BC)

=A. A+ ABC=A(1+BC)

=A(1+B) (1+C)
=A(l.D=A.1=A

Q.11  Prove that:

Ans. (a)A+BC=(A+B)(A+C)

L.HS. =A+BC
=A1+BC=A(l +B)+BC
=A+AB+BC=A(1+C)+AB +BC
=A+AC+AB + BC
=AA+AC+ AB + BC
=A(A+C)+B(A+0)
=(A+C)(A+B)=R.H.S.

(b) A+A.B=A+B

LHS.=A+A.B

=A.1+AB
=A(l+B)+AB=A.1+ AB+AB
=A+AB+AB |
=A+B(A+A)=A+B.1

=A+B=R.H.S.

Simplify the following Boolean functions to a mini-

12009(A)]

Q.12

mum no. of literals.
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= = What is canonical forn of a logic expresyi,» D
- ’ o.—h rﬁ..__n.
-....H\_ X TX 4 «f ¢ y
minterns and maxterns.
() xy'z + xyz + xp’ \ns.  Whencachterm ofalogic expression contais o) Vari
s " . —.—I

(c)xy +x'z+4y=.
Ans. (a) x+xYy=x(y+1)+xy
=xytx+xy=y@x+x)+x
=y|l+x=x+y.

(b) x'y'z+x'yz+xy'
=x'z(y+y)+ay'=x'z.1 +xy’

=x'z+xy'

(c) xy+x'z+yz

Q.13 What do you mean by POS and SOP forms of Boolean
ulgebra.
Ans.  Logical functionsare expresed in terms of logical vari-

ables. The values taken by logical variables are in binary
form. Any logical function may be expressed in the follow-
ing two forms:-

(1) Sum of products form (SOP)

..m_._ , (i1) Product of sums form (POS)

1.  Sum of products forms:-A sum of products  expres-
sion consists of product terms logical added. A products
term is a logical product of many variables. The variables

may or may not be complemented. Examples of SOP are

(i) AB+AB+AB
(i) A+BC+AC
= (iii) ABC+AB+ABC+A
h3i; 2. Product of sums form:- (POS)
h £ e POS expression consists of sum terms logically multiplied.
prs A sum term is the logical addition of several variables. The
A ~variables may or may not be complemental exp. of POS
are - |
(i) (A+B)(A +B)
(i) (A+B)(A+B+C)(B+C)
(iii) (A+C)(A+B+C)(A+B+C)

sbles, then it 1s called a canonical or standarq formn o
: a

When a SOP form of logic expressiop i ins
2~

. each product term is called minterm g, doag
,

expression.

nonical forn
: . ariables. Canonical fi
minterm contains all varia Orm of a gy, of

product is also known as standard sum of products xp. ar
(1) y = AB+ AB
(i) y = ABC+ABC + 4 BC + ABC .

(iiy y = ABCD + ABCD+ ABCD + ABCD

P

Minterm

Similarly, whena product of sums form of logic expression
is in canonical form, each sym term is called a maxterp
and each maxterm contains all variables. The canonical POS
expression is also called maxterm canonical form or stan-
dard products of sums. Exp. are

() y=(A+B)(A+DB)

(i) y=(A+B+C)(A+B+C)(A+B+C)

ﬁ\\kq

Maxterm

Q.15
() (A+B)(B+C) (b)) A(A+B)
Any POS form can be converted into standard POS by

Convert the given expression into canonical form:

Ans.

ORing the terms in expression with terms. Formed by

ANDing the variables and its complement which are not

present in that term

(a) (A+ B)(B+C)
=(A+B+CC)(AA+B+C)

—
—

[AA =0]
(A+B+C)(A+B+C)(A+B+C)(A+B+C)
(A+B+C)(A+B+C)(A+B+C)

Marlerm

._.,__—n__ _..u._tr._- M knl _ @ “_ = .
D bns 8 A 915 29ldgigy STITREN - _ .romﬁ Gates
: 2l
000 ‘ci6nid 2151ps 0 1adnyn I8thiosq ®) AA+B)=(A + BB)(A +B)
D+E+A 000 g =(A+B)(A+B)(A+B)
D+d+A < 010 ¢ =(A+B)(A+B)
D+ H+A <00] ¢4 [ (A+B)(A+B)=(A+B)]
5 81T < o . Q16  Write the minterms clesignation for
(2.4.2.0 s WABCD (i) ABCD  (i#) ABCD
el )My = ' ANS.  For minterm designation 0 is written for a letter with

+m+wxu+m+.56+M+>:u+m+3u

a. barand a | for a letter without a bar. This binary number is
expressed as a decimal number and is written as a subscript
.__szi.,.ﬁ,.,.. oI MO\ 1oz swlaimod sty o 1.0 i
" ﬁﬂ?m,::__w“,ﬁ (i) ABCD
 pold5i1SY ¢ 015 91911 02,V 21 0 9ulov seardgil AT o I 11 1 =15 (decimal equivalent)
__ fmsj2ye 2id ABCD=m ..
Y A < 100=1 .onlsmissq (i) ABCD

Y A < 10=¢ .on lsmised

e 1011 =11 (decimal equivalent)
D A < 001 =5 onlsmised

DEA < 111 =T .o lsmissQ ABCD=m,,
ChENmL=y - (i) ABCD
NEA+DAA+DdA+Dd A= 1 0 0 0 =8 (decimal equivalent)

: ABCD=m;,.

210 1Y INDIHONDY Bii2) noizes 1z wnslood sil swlo2 1.0 .

LMD 210! 91l wimh hin oY inb

O+ 8 h+8h = Q.17  Write the maxterm designation for
AF R - N e A HHC
— . ) A+B+C (i)
[(A)E00S (A)200L.11d] DAN + (R + )=
O+&Ha+O+HAY A=y 2nh Ans. Maxterm anwmmzm:nn is similar to minterms designa-

og +8d+ OA+8A+8EA= tion except the difference that unbarred letters represent as
28+ 8+JA+UAS 0 and the barred letters represent as L
) i) A+B+C
q 9) = imal equivalent
umﬁw+}V+AW+UVmQﬂ+}v+Uﬁm +8)A+(Q+I)8A= 0 I 1= uiEnnH_E equivalent)
: A+B+C=m,;.

D8R+ 30A + 5G9 408 A + DTA +08A+08A+IIA=

[ = i) A+B+C
YA + DaA + D8A + DA +08A= (ii) |

g0 0™ 0 (decimal equivalent)

L]
[

A+B+C+m,

nd the complete expression for maxterms designa-

Q18 Fi
fion uw =N zﬁou_muh.umy.

- —e
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Usine De-morgan’s theorem

mu>w+>ﬁ+mm

— —— —

= AB.AC.BC

We can realize this expression using NAND gate onjy

[ 1

N..._ RS

B y=ABAC.B

() y=(A+B)C+ABC RO T,
=AC+BC+ABC = ALEASBE
= A(B+B)C+ (A +A)BC+ ABC = AB+AC +BC

(i1) Using product of sum form {2010 (old)]
y=(A+BC)(B+CA)

ABC + ABC + ABC + ABC + ABC
A

BC + ABC + A BC

= - = =(A+B)(A+C C

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

C B A ;
) using De-morgan’s theorem

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

=A+B+A+C+B+C

,, o 3 ; ;
We can realize this expression using NOR gate only.

ABC

R IS
Q.2 Design the circuir with only one ype of gates (NAND or
NOR) for the expression

V=(4+B+C)(B+Ca |Bh.201001d]
(1) Using sum of products form
Yy=(A+B+C)(B+CA)

=A(B+ N..}: BC(B + mmf,‘,

=AB+ACA +BCB+BCCA =(A+B)(A+C c

=AB+AC+BC+0 i
e 0 Q.3 Simplify wiyy, the he

Ans,

e Ip of karnaugh map
Y=AB + AR

R

[2-21
Logic Gates
A A A Yy=AB+AC.
B\_0 1
B 0ilCl | V.Ail._m ; ..D.n. Use karnaugly map to simplify
B | Y=ABCD+ABCD+ ABCD + ABCD + ABC D
[2004(A)]
Realize the si mplified output with the help of standard logic
AL first we put | for cach corresponding mintern i
. e S . Ans,
(jere first minterm is A B y .
and second minterm ._m AR oo\ 00 " 3 "
After that the two ﬂ;&.—ﬂnm“:__. squares m__.._D.s___.m:mw | are grouped .Mll| A " 3
toeether. For simplification it observed that which variable 00 )
is common to both squares. | _ - = -
Here B is common 1o both squares. Hence resyly js y= 0l 1]
o 3 7 ! 1
QA Simplify using k-map 1 : ) ACD
y=AB+ AB+ AB
) 2 6 14 10
Ans,  Here variable is 2. 10 _
| 7
Therefore no. of square will be 4, \
ALALA AB
B 0 |
o 0 2 . y=ACD+AB
el 3 . Realization of this expression using NAND eates
3
B 1 | [P el
7 A——— ACD
B _ S
Y=AB+ AB+ AB _
=AB+A(B+B)=AB+A ._ I
= B—— AR
=(A+A).(A+B)=1.(A+B)=A+B AB
QS Sin Plify the expression
Y=ABC + 7 BC + ABC using k-map method. y=ACD.AB
Ans,
=ACD+AB
AB == — 8
AR AR AB A
00 0l 11 10 =ACD+AB
g 0 2 6 3
N AN :
_ ~ Q.7 Given the logic equation
. 3 o s
( _ .u_"kk_hwﬁ.+hwﬁ.b+ ABC

(} Scanned with OKEN Scanner
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(a) make a truth table

(b) simplify using k-map

(c) realize y using NAND gate only.

Ans.

I|J|.
00
o1 |- I
. 10 !
BC
Y=BC+BD

(2) The truth table is given in table (1)

|puts

Output

B

i

T

l

T

e (=1 (=] [=] [=] (=] [=

|
_
_
_

) — ] — — —

EREED

C
0
0
0
0
0
0
_

0
0

0
0
0
0
0
0
0
0
[
_

|
1
l
1
_
l

1

111

(b) The k-map is shown in fig. (i)

AB
Oy 00 Ol 11 10

fig. (i)

— BD

Q.8 (a) Make a k-map Jor the function
— AB+ AC +C+AD+ ABC+ ABC

-wu

(b) Express y in standard SOP form

(c) Minimize it.and realize the minimized expression yy ing

NAND gates only..
Ans.
AB
cp\ 0021101 divrh I a0r10
0 |4 12___|IR _
00 : _
1 5 13 0
0l _ _ H
< N SR 18 ALl
TN 1 _ ! _
2 |6 14 |10 ¢
10 _ ...... 1 _ ...... }
fig. (i)

(a) k-map is shown in fig. (i)
b)y=3¥m(,3,6,7,8,9,10, 11, 12, 13, 14, 15)
(©y=A+C

Realization using NAND gate is shown in fig.

&

el
e I

>l

-

%”}:O HM._T

G

= =A+C.

(c) The NAND - NAND realization is given in fig. (ii). Q.9 Minimize the Jollowing functions and realize using M i

mum number of gates.

@ f, = Mﬁauwh_mb,_o__mﬂ_uv

J B2

>
wuaﬁﬁ 155
et adjacencies shown in fig,

_._mm:m ﬂﬁ.m

f=CD(A@B)+CD (AOB) + CD (A®B)CDA®B

- (AOB)(CD+CD)+A ® B (CD + CD)
Z(AOB)(COD)+(ADB)(COD

- M 114 A_Q,__ .Hau..— _.___ N-— L.u— MV

Be=-

—3ym(0,3,5,6,9,10,12,15)

CD (AGB)

(A® B)O(C @ D)

L4235 |

Q.10

Fbmmnnuﬂamm
' fnic: - sig ek
AB
CD\ 00 oI {1 10
o[ AT TU]
0l L
_+ ACD
i1 1 11

sk
/,i_

ABD

e
I
>|
|
+
>
vy,
O
~4-
>
O
w)

o h

T

oO>» olw>»> Wl >

Minimize the following expression using k-maps and
realize using NOR gates only

(
f (A,B,C,D)= Mm(1,2,3,5,6,7,9,10,11 ,13,14,15)

(b) w...ﬁ_?m,n. D) = Mm(1,4,6,9,10,11,14,15)
() f,(A,B,C,D)= Mm(2,7,8,9,10,12)

w . MM :
Ans. (a) The k-map is shown in fig. (1)

®) f, =¥ m(0,1,2,3,11,12,14,15)

B
n% 00 01 11 10

00 |

0l

10

~l
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f, =(C).(D)=C+D =
_ 01011, 55010 | (b) £,(A,B,C,D) = NIm(1,2,3,8,9,10,11,14)
) f,(A,B,C,D) =1m(1,4.6,9,10,11,14,15) - i
AB " c; . ” | _ _ CD\ 00 01 11 10
CD Y EE R e o —_— -
| _ | -
00 |° T » = 1 2lifvul )ik ot o) 00 | DLI},Tm
0 (B + C + D) Aﬁ 2o} e 2 : |
oo | ﬁﬁ»\ -ty b B § ¥ ° Nesp
—_— B r \ i
3|7 15[ |11 nAfox x [1* [ A°
] 0| 0 . 5] i .
2|6 ~ |14] |10 == - 0 0 L0 |0
10 E o-l.. ols| A+O y=C — | SH
e —. 013 Vinimize the following logic functions and realize us- 7 I_ B
N =~ 4 e | . / NOR gates. m.rm A+C
_ e ) - EipEg! "8 Ly 3 9 15)+d(2.13 minimized expression
“ Bt S DY — o £.(AB,C,D) = Zm(1,3,589,11,15) +d(213 T B DR+ T
f,(A+B+D)(A+C)(B+C+D) C 3 _ i #) £,(A,B,C,D) =Tm(1,2,3,8,9,10,11,14).d(7,15) 2
A D Kl 2
= . Ans. (@) _
5 Q.12. Simplify the expression given below using k-map. AB A _
() y=%(1,2,3,4,8,12)+d (0,5,7,9,10) |2005(A)} cp\ 00 o1 1. 10 Bo
= Ans. - 00 _ N ABC
_ / o f AB | e i | > f
] = i ¥ _ . Do— .
00 | (4] wnlSneDb
B Ui _ _H_ " \ N 1\ 1 "
- V | S BD |
D 0l | |1 X | X 14 | 10/ X C ._ .
() f5(A,B,C,D)=Tm(2,7,8,9,10,12) -] f—o B B )
2 S b W O CD AD B | ¥
(A+C+D) 11711 X N4 g .
AR 8 L\ Fig. (1) -
CD 00 01 1] \ 10 X . ma.., 0 minimized expression C |
il 10 _ -X ¢ 1 e , ; iton using k-map
0 4 5 ,H.I/ L0 (] f CD Minimize the four variable logic funcito
- .mID | e e N =ABC+BD+AD+ Q.14. Mi ———
L &n b : B,C,D)= ABCD+ ABCD+ ABC +ABD
_ | AB - L3 009(A)]
ol > |® |8 N B L AC+ABC+B 12009
@ -_T,_._Iw - 0) ) Y=AB+CD . 3 ADS. (i) Enter 1 in the cell with
3|7 EP |1 : (i) y =3(0,1,4,5,8,9,12,13) B s 21.B=1,C=0,D )
_* 61 @ A D orresponding to minterm ABCD
- 42 |6 14 |10 A
3 Q B
nm+0+g a>+m+o+_uv ‘w\
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e e —

AB

CD
CD 00

CD 01

CD 11 | _: _1 |1

e

00

J

CD 10

ACD

[2-26]

(ii) Enter - I's¢

(i) Enter - 1S in two cell corresponding to Mintery

m..ﬂ-I\F“Q-m"Q-OuD

(iv) Enter 1's in two cell corresponding to Ei__m_a._

m.n.l}“—u,mﬂc. D=1

(v) Enter - I’s in the four cells withA=] C= . .

corresponding to the term AC

(vi) Enter-1's in one cell nannm_.uc:&:m to minter,

e A=1,B=0,C=1 |
(vii) Enter - 1’s in the eight cell with B=,

minimized expression

f=B+AC+ACD

ooo :

orresponding to mintrem 1

S

AR

ARy

}..w..o

e .

) The logical gates are categorized into
(a) One group (b) Two groups
(c) Three groups  (d) Fourgroups: Ans.(c) 5

2 ~are basic gates ;
(a) NOT (b) NAND
(c)AND . () NOT,AND, & OR Anms.(d) 1.

3. are universal gates :

(a) NOT (b) NAND & NOR
(c) AND () NOT,AND, & OR ‘Ans.(b) 1,

i = are arithmetic gates
(a) NOT (b) NAND & NOR
(c) X-OR & X-NOR = (d) NOT,AND, & OR 'Ans.(c) 18

5, are the common forms of complex logic
gates
(a) OR-AND-Invert (OAI) 5
(b) AND-OR-Invert (AOD ;
(c) Both OAl and AOI
(d) None of the above Ans. (c)

6. What is the standard form of DCDYVS logic? 20,
(a) Differential Cascade Voltage Switch
(b) Differential Cascade Voltage Static
(c) Differential Complex Voltage Switch
(d) None of the above Ans.(a) 1.

7 What are the advantages of static complementary
gates?

(a) Reliable (b) Not easy to use 97,
(c) Not reliable (d) Reliable and easy to use
Ans. (d)

8. Who invented Boolean algebra? 93,
(a) Bardeen (b) Claude Shannon
(c) George Boole (d) None of the above  Ans. (¢)

9.  How many terminals do MOS transistors have?

(a) One (b) Two 24.
(d) Three Four Ans. (¢)

10. _ arec the alternative form of canonical form
(a) Sum of products  (b) Product of sums
(c)Bothaandb (d) None of the above Ans. (n)

1. The sum of products canonical forms also known as "
(n) Minterm expansion(b) Disjunctive normal form
(c)Bothaand b (d) None of the above Ans. (a)

12, The product of sums canonical forms also knownas 26,
(2) Maxterm expansion  (b) Conjunctive normal form
(c)Bothaandb (d) None of the above AnS. (a)

13, is an example of identity law 27.
(a) a+0=0+a=a (b) |+a=a+1=1
(c) ab=ba (@) a+(broy-(arbyre  Ans-()

4, is an example of dominance law

tal Elcctronics

.

OBJECTIVE TYPE QUESTIONS |

Logic Gates

e ——

(a) a+t0=0+a=a

(a) at0=0+a=a (b) 1+a=a+1=1
(c) ab=ba (d) aHb+c)=(a+b)y+c Ans. (b)

is an example of commutativity law

(a) at0=0+a=a (b) 1+a=a+1=]

(c)ab=ba (d) a+(b+c)=(at+tb)+c Ans. (c)
is an example of associativity law

(a) at0=0+a=a (b) 1+a=a+l1=]

(c) ab=ba (d) a+(b+c)=(atb)ytc Ans. (d)

is an example of distributive law

(b) 1+a=a+1=1

(c) atbc=(at+b)(atc) (d) a+(b+c)=(atb)tc Ans. (c)
Combinational logic is used to
(a) Compute outputs (b) Compute new states
(c)Bothaand b (d) None of the above Ans. (b)
The sequential logic contains
(a) Memory elements

(b) Memory is provided by feedback

(c)Bothaand b (d) None of the above Ans. (b)
____are the methods used to represent nega-
tive integer numbers

(a) 1’s compliment  (b) Sign magnitude

(c) 2’s compliment  (d) All of the above  Ans. (c)
How many types of number systems are there?

(a) One (b) Two

(c) Three (d) Four Ans. (d)
The base is 16 for number system

(a) Binary (b) Hexadecimal

(c) Decimal (d) Octal Ans. (b)
The American standard code for information inter-
change has characters

(a) 64 (b) 25 h

(c) 128 (d) None of the above  Ans. (c)

\Vhat is the standard form of ECDIC?

(a) Extended Binary Coded Decimal Interchange Code
(b) Extended Binary Coded hexadecimal Interchange
Code

(c) Extended Binary Coded Decimal Information Code |

(d) None of the above Ans. (2)
How many types of parities are there?
(a) One (b) Two
(c) Three (d) Four Ans. (b)
The ones complement of binary number 1010 is
(@) 0101 (b) 1010
(c)0110 (d) 1110 Ans. (2)
The 2's complement of binary pnumber 1010 is
=

0101 (b) 1010
- (d) 1110 Ans. (¢)

(c) 0110

e T
EE—
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28. The base is eight for S
{a) Binary number system (a) 100 gates (b) 10,000 to _ocbc%
) Dclviad (b) Hexadecimal (c) 10000 gates (d) None of the above _}:m
B Wil wany el (d) Octal Ans.(d)  33. How many gatcs does large-scale integration E.___”. ?
" ypes of 1C packages are there ? (a) 100 t0 10,000 gates (b) 10,000 to 100,000 m,..HE__,.,
(c) Three MMW Mﬁa (c) 10000 gates (d) None of the above _,.:_M o
ﬂ:—n F ¥ : - H . : =
30. Mﬁ.m are catésorized iito Ans. (b) 34. ”Hﬂ many gates does medium-scale integratioy con.
a) One . by o
(c) Three (b) Two (a) 100 to 10,000 gates (b) 10,000 to 100,000 gates
TV, i s (d) Four Ans. (b) (c) 10 to 100 gates (d) None of the above  Ans, (g
o y gates does ultra large scale integration 35, The base is ten for number system B3
i inary b) Hexadecimal
(a) 100 gat (a) Binary (
ﬁnw _o_..amom M (b) 1000 gates (c) Decimal (d) Octal A,
gates (d) More than 100,000 gates 36. The basc is two for number system A
Ans. (d) (a) Bina (b) Hexadecimal
32. How many gat . ! g Y e
o y gates does very large-scale integration (c) Decimal (d) Octal Ans. (a)
p0oo

_ Logic Gy,

what is a combinational circuir?

0.}

AnS:
the
dep®
cuithasn

[na combinational circuit, the output depends
ds upon

present inputs only. It means its output does not
t does no

ndonthe previous inputs. The combinational cir

o memory element. It consists of logic gates

only.
0.2 Wha

national circulls ?
The different characteristics of combinational cir-

¢ are the different characteristics of combi-

Ans.
cuits are :-

@ In combinational circuits, the output exists as long

2s the input present. .
(i) A combinational logic circuit can be fabricated

trom NAND or NOR gates. |

(i) A combinational logic circuit does not have 2

memory.
0.3. What is the difference

sequential Ewmnwﬂ.m‘.ﬁ.h-ﬁ.& ,,.5.__.

I BR-2005(A)2010Ever]

hetween EEEE:.%&

logic circuit and
able examples.
Aus.  Combinational Nﬁmw_ﬁ ckt - |
() Its output depends upon the m__:...:_f.mh_:mmna B

— %
hat in-

stant of :Em.

A__U It ﬁ_amm.ﬂﬂﬁ have a _ﬂmaﬁ:.u\ - --
back path from outpt

it to input
(i) It does not have a feed it _U

(¥) It does not have a clock signal .

Y) Its circuit is simpler than that of sequel

cuit,
() It s built using basic gate (AT

versal gat AZO_A, Z.}ZDV

(ial logic i

(vii)lts
vn_ examples are adder, subtractor, multiplexer,
2
multiplexer, decoder, encode, comparator etc.
Sequential logic circuit :-
[
(i) Its output depend upon the present input as well as
past Input/output.
() It has a memory
(iil) It has a feedback path from output to input
(iv) It may or may not have a clock signal

(v) Its circuit is more complex than th7t of a combina-

tional logic ckt.
(vi) It is built using basic gates and combinational logic

circuit

(vii)Its examples are flip-flop, counters, registers efc.

circuits of half adder and full adder
raw their truth tables.

Q.4 Draw the

and discuss their working. D
__ww-uccmﬁ%r 2004(A)]

Ans. Half Adder:

o Abinary half adderisac
adds two bits of binary data,

carry bit as the tWO output signals.
[t has two on¢ bit inputs A and B and two outputs sum

and carry.

ombinational logic circuit which

producing a sum but and a

Truth Table

Sum Carry

-

-
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Combinational Logic Circuits

r carry Cout

R_.. moH_._ . m i —
A ﬂﬂ._: MI@..__ mOF m.ﬁ.ﬁ n__._ ﬁ}m.}Ww.mimMm.}mu
Al 0O 0 1 0
— ¢ W . ;
Al 0 QG iU.H.I mm“”mmﬁ_“hau_nanzﬁ using NAND gates at this stage.
_n......_._n e _.bm.m__.._. mm”-ﬁ_: o mn_: O 5 P T i
. ation of full adder: o AB+AC. T
Sum HHG...)W. I' _L__n__mn :_%_n:_n_: it ﬁs * WOE AB _}Os wn_z
K-map for sum output K-map for carry output i S= ?@ E@O_q_
Logic implementation : II'. AB I'. AB = Canry Half adder - 1 Half adder - 2
.} .
B v‘mca S=A®B | | A
B Sum
Full Adder:
CamyC=A*B - . o o Carry=AB +AC. +BC.
s e A full adderis acombinational circuit that performs sum of 5
Logicimplementation of half adder using basic gates : three input bits. This circuit has three inputs and tw, e Cout
A B outputs. | | in
® The inputs A and B represent the two bits to be added
._q h .ﬁn . reprissents the carry from the previoys Full adder circuit using only NAND gates :
ower significant position. There are . b : .
and nm:w C.. P two outputs: sum S , The full adder circuit IS expressed using the following Applications of full adder : |
expressions . " 1. Used in digital computers.
Sum =AB +AB i 5 Ch 3 Full adders act as the basic building blocks of BCD
. adder IC 7483. |
C Q.5. Draw the circuits of half subiractor and full
Cary=A-B 1 - subtractor and discuss their working. Draw their
-Half Adder using only NAND gates . truth tables. - :
Consider the equation for sum, mE.._.. s | .I.....||| Or Dcfine sutractor and explain 1ts typc .
S & AB+AB Truth Table . o T Or Define half subtractor with truth table
Camy =  AB Inputs Outputs | —1—
5 = — M M B R s | Ans.
- AB+AB ¢ A A) . 0 0 0 Subtractor:
i "’ " o Q .
Applying De Morgan’s theorem, 0 m 1 0 1 i : 55 o The subtraction of two binary numbers can be nE.ﬁ _u”{
- - ; . 0 - : lement of the subtrachend and adding 1t
S = AB-AB G | 1 | — taking the comp eme
Now we can i . A | | o . . . wend. The rules of binary substiaction are as as
can implement using NAND gates, | fig o 0 0 1 8 L - Carry to minuend.
&y = _ 1 1 0 : follows :
Similarly, Cany = AB Co hA) . “. 1 0 1 0 : . | 0-0=0
w__“”_._qwu i :wn__.w is not of much practical use. A third H 1 1 1 T BCq 0—1=1(Borrow=1)
required for carry, thus giving rise el | | _ 1-0=1
M_thmwﬁﬁunw _mu.aw____ adder, which .is m: mnm&_.. _Mﬂ_”ﬁ“:__ﬁn K-map for sum: 1-1=0
IS, the third input being requi . ; i g
addition with carry. g required to perform the : e here are two types of binary subtractors :
ms = C.9A®B=C. (AB+ AB)+ m,__ A}m+}mw . Half subtractor 2. Full ...,,”:E_.mﬂn_“ e
in = (. Halfsubtractor: Half subtractoris a nmE?:EE:mﬁ_
" C(AB-AB)+G, (AB+AB)=G (AB-AB+Ci (A8 A) - cuit with two inputs and two outputs (difference an
Sum = HW inr~ —— n n 0
Cn + ABC,, + ABC,, + ABC;, — ...ulmu M..mv borroy )
= O_: me " }mv + ._..H_.___ ﬁ.}_
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a Truth Table
Inputs Outputs
A B Difference | Borrow
. A-B B
0 0 0 0
0 1 1 1
1 0 1 0
1 - 0
A B
Half
Subtractor
Difference Borrow
D
K-map for difference K-map for borrow
h..m B B ._u__._m = i B
Al o | @® Al o | @
Al @ | o Al © 0
Difference = AB + AB Borrow = AB
ﬂhrem

Logic implementation of half subtractor :

Difference = A@B

Borrow = AB

Logic implementation using basic gates :

A B

ik

. Difference = AB + AB

=Eorow = A8
B=AB

Half subtractor using NAND gates
The expression for difference

I
> |
o
I
ol

A
A
B

I
> |
o
1
el

(- A=A)

I
>
e
>

The expr
Logic im _,_E_aim:n:

A B

F

HDIHW_ v.ﬂm — 7B = Boroy

e Thehalf subtractor has a drawback that it can perform
subtraction of two binary bits, but while performing thig
subtraction, it does not consider the borrow from the
previous stage. i

Full Subtractor :

e The full subtractor is a combinational cirucit which
performs subtraction between two bits considering that a
1 has been borrowed from the previous stage.

7 ORI | A" ¥ |

Full
Subtractor

Bpo——— _[T0Bomon

- Table Truth Table
Inputs ___Outputs

B Difference Bo
{(A-B - w._ﬂ ‘

———o0Difference

R e

L
=2

= - OO OO
O 0O O - O

= OO =00
OO, OKRHO

K-map for difference

08,
A\, BEB_ BB, BB
/ i _“_.__5 ._._5 mm!

Rl 0 [D] 0
Al © gﬁm

BOITOW = .}..F__ +AB+BB.
in

ion of full subtractor using only NAND gates

Difference ™ B. DA®B

BormWe: AB;, +AB+BB,,
Now difference can be expanded as :

—

Difference =

m__,@}@mum;@%m;@

= ?s -(AB +>mvu_+ _”w|=. (AB+ mmm

Applying De Morgan’s theorem,
Difference =

B, .%m.}ﬂ%wﬂ%m,f}mi

?m__ .(AB- mmvf Tm (AB+, }ﬂ

mm: i Hmm ' }WV

B. -(AB- >.9-

Il
e I 1

“i

———

ﬂ.am&@f?ﬂ%m;p g

I

HIIIIIIH.HIlllulH
T; .Hmw.»m@?_ .ﬁm.}m_
We can implement using only NAND gates & this Sag°.

Borow=  AB,, +AB+BB;,

—

AB, +AB+ BB,, = Mm; .AB:BB,,

in

]

Combinational Logic Circuits
Illlllllllllll

Full subtractor using Half subtractor

Half subtractor - 1 Half subtractor - 2

) = UFQEEE

A3 AS338,

o >

Bormow

s

By

Q.6. What is encoder? Draw the logic circuit of decimal to

BCD encoder and explain its working.
Ans. Digital computers operates on binary system. But, .Em
work on decimal numbers and alphabets. A encoder 1s 2

device which converts alphanumeric characters to binary

codes. An encoder may be decimal to binary, sﬂﬁnnnmam_m
to binary, octal to BCD etc, Block diagram of encoder 1s

shown in fig.

e

e ——— T —

ENCODER P outputs

.||L|.|I

encoder

1

ninputs -

|

[t has n input lines and m output lines. Ata time only one of
the input lines is active and encoder converts is to a coded
inary output with m bits.
__u_lﬁmm_w ﬁmﬂmm: of a decimal to BCD encoder is shown in fig.
The encoder has 10 inputs (0 to 9) and 4 outputs a.._.
the BCD number. Thus itis 10 line to 4 line encoder. Deci-
mal to BCD equivalent number is shown in table (a)

G Scanned with OKEN Scanner
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Digital Electronics [ 3-6 ] ﬁw mbinational Log il i &n.p.:tﬁ..,._ Explain binary 1o &mn?? Combinational Logic Circuits
i b e —————— . — ihat ! ; S e R

Ty Logic circuit for decimal to BCD encodes. 03 | | _Ermc;o_u:_a_ Q.9. Explain with block diagram multiplexer and
Decimal digit BCD cod : ficital system: instructions as well as numbers are con explain ; g
i ¥s Nt | o— e V4 s 1! n,_u. by means of binary levels or pulse trains, |4 bits of *Plain its classification?[Bh.2004,2009,2014]
O TV O _..__“V. 1 . - . - . . . . . . .
ol 5 b r 3 00— Lf F— g character are e nﬁm__w._.aﬁ__w:.ﬁ_sa_ then 16 differ- >E.ﬁn multiplexer is a digital circuit which has many input
| o S ¢ L T 4 o— Umm Mﬂ} ] ont instructions are nwmm ; €. ; _m. Information is coded in _:_nm and one output line. The function of the multiplexer
§ o—— v. BCD outpy, pinary form- Bl Wewatson mm_am_ numbers and alpha- IS 10 select one of the input lines and connect it to the
) 0+ 40 -8 6 o—— i bhels. A decoder is a device which converts binary word Output.
3 / —0 Y, into alphanumeric n__m_.mﬁcﬁ ,_,.::m.:ﬁ input to a decoder ® The multiplexer is also known as data selector. The
VA R (R w o— . rc (he bit 1, om.,__i Ew: ns”,__uhzm:n:m. The output is the selection of desired input is done by means of selection
. . | . ine _ . .
d () |- 0--0 Block diagram of decimal to BCD encoder. | _..E_nm_u.a_‘_ﬁ__:mu %n_m:miﬁ_nzh M_. . lines.
Q.7 Explain octal to binary encoder. 2 Bit E:Ew.n.n. __nn::.__ﬁ . mc_.n_..- . ® Generally there are 2™ input lines and n selection lines
d 0 O 1 Ans. The truth-table for octal to binary 1s shown in table, |t has § This ﬁ_nncan._ 1S aiso nm M ine to4 line amnwam_. because whose bit combinations determine which input is to be
inputs (0 to 7) and three binary outputs (since 2'=§ we peeg only there are 2 Inputs an E.E.:m .A_unnm:mm 2* = 4), Table selected. The functional block diagram for multiplexer
6 0 _ 0 3 output lines). The rest of the circuit is similar to decimal { shows all the possible combination of input and output ; i S
: i . ) LY (abbreviated as MUX) is shown in Fig.
- 0 _ _ binary encoder. The logic circuit of octal to binary is shown in fig, words.
| This encoder consists of three OR gates. When any of inputs A A, - L
8 1 0 0 0 is high, the na.qn%a:am:m Om gate give _.:m: output, i.e., if we I,
press 3, v, and y, output will highand y, will low and it gives 01| ._ L,
9 1 0 0 | which is equivalent binary numb.r of octal 3. Q, Inputs 4 _ et l
- — Ifwe press 7, all the three OR gates give hi T s s =
From table (a). we can find the relationship between deci- ut is ___u_ Similarly w _ mw :u_ﬂn SEPI H__ﬁ : |
mal digit and BCD bit. mz.._nm_ﬁ:ﬁ -Sunilarly we can check the outputs for the remain- Lo : _
Thus we can write OR expression for v v_ v ' as - : B
y =8+9 . F¥p ¥ Y, andy, as Truth-table for octal to binary encoder +—! Q e
V. =5 3406% 1 Input Output
w.,_ H-H.__...._.w + 6+ 7 Y, Y, Yo
r= ] +3+547=9 0 0 -0:70 S
: Yo i ) . Q. m-1 S; Sy Ss
.,,H._:_ .__E help of this expression we can draw the logic I L “————
circuit of decimal to BCD encoder. When a hieh sional Select inputs
A . g T 9
Mﬁwww nmﬂm___ud_v vk ___5..“..:5 SEpOndiE CR gitss ) R Nk Q Fig. : Functional block diagram of a multiplexer
¢ output, e.o.. | i " G 3 . ; oy .
pears on only y u”n _cﬂ_,.._,_ru_.__._., mn,n__su_ “_zuE. 3 4, high ap- 3 0 1 71 H o Generallv astrobe (or enable) input is incorporated which
oy 73 Y1 Yo thus giving the BCD helps ir .ascading and it is generally active low which
code for decimal 4 25 0100. Similarly decimal input i 9.1 4 ;1 ,.0,40 P it : i
high comes on outputs v 2nd v and low on i n“m - ieh (a) gate structure means 1t performs its intended operation when it is low.
giving BCD o/p as __u_H,:..w e Y2 8ndY,, thus S Il 0 | e Standard ICs are available for: 2 : 1 MUX, 4 : 1 MUX, 8:1
| o / 6 YETET Truth table MUX and 16:1
% ° v, (LSB) 7 | Output o Use of multiplexers offers the following advantages :
28— g )] nput _ implification of logic expression is not required
0 o—rou— A, Ac-|-Yor-Yi-—r =Y L Simplifica gic exp q
| o- 00 T 0 0 O 2 |tminimizes the IC package count.
3 o—t-¢ _ / 3. Logic diagram is simplified.
— =¥ Yo (LSB) 0 _ 0 1 0 0 (1) 2:1 Multiplexer :A 2 :1 multiplexer is shown in Fig. It has
Ti& 0 two inputs I, and 1, and one output Y. The number of
0 ‘ :
| / ' select lines required are/is one only.
9
4o flh I I 0 0o 0 I
5 o——s // it - I, o——ni
u 1
6o * ﬂ O u., v.«_ : . M . 1
_ . " i« that for each : .. i | 1
7 © TI\\ ____.” ___65_..::_” characteristics of a decoder 15 _ﬁ_._‘_.n f | The Iy Multiplexer .u:”.. it
_ : oic |,
%ncﬁﬁ_}_. A, one and only one output 13 B nﬂu draw a ]
S o = dego " COMSists of AND gates. For simplIcity S, G
. *Oder whic, | . d four outputs. A €€
— . (M £ o- With |, 1has two 1nputs an ovide 2 out- 5
06 | \\ (\M3B) 7 on —— ° ¥:(MSB) k: Nputs would require 2" gates and pr
—- (s,

__u e ol
EIC ekt for oerg) 1o binary encoder
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1elkt
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| % 9y ﬁaEE:mma:chmmn Ciree. - m
Digital Electronics [3-8] - e é umm_a_ Electron dlmalyiess.. B g
- = e = i .5 . — - H 5
® The Boolean expression for the output is : *0 1 \‘:ﬁﬂm\%_mmz expression for outpyt —— Combinational Logic Circuits M
Y=13§ A 251 +5,58l +5.88 1 45 . Table : T _ B .
g .m« Y 4 y =5 5iS0l0 + D259k + 925,51, +3,5,S,1, +8,8 1, + Strobe Sel Mn s e i
when S=0,Y =1, — L ¢ £ Outputs 8l
y N8 S Il 0
| |+ ==l 295015 + 8,881 +5.55 | G So Y, Yo .
when S=1:Y=1I I 271914 1 be
. . ! Al 0 e logic diagram for 8:1 multiplexer is shoyy, st ol o e 0 0 H
® The logical diagram of 2 : | multiplexer is shown in F1g. 1 = I M ) 13 Shown in Fig. U .-d!--.—----d---...:...--d--!:, 1
Lo . T: = Y 010 gxplain with block diagram demultiplexer, g4 clasify 0 w . D 0 i
T the demultiplexer [Bh-2010,2016,201y : 4
Y =15 +1;S = g . . : : _ H |
| % A __m.cn_::_:_.u_num.. ..,_._an ams._z_:_u_n_xn_. Is adigital circuit which w |
I o _ . has one ..:ﬁ:n ._=.__m and many output lines, |t IS used to bl
Fig. : Logic diagram for 4:1 multplexer send a single Input on one of the output lines, thys it
8 ; Itiplexer : performs reverse operation of the multiplexer, The fyne. |
g (3) 8:1 Multip : | tional block diagram for a demultiplexer is shown in Fi |
Fig. : Loic diagram of 2:1 multiplexer e A S8inputmultiplexeris mrﬁwﬂﬂ in Fig. ,_._.dﬂ.m are 8 inputs 1 , Ithasone input and N outputs. The select input code %.:
(2) 4:1Multiplexer :A four input multiplexer is shown in [ wme J, WhiCh aEC mn_mn:{n_w m_.mz.mq::ﬂma to output y pattern) determines to which output line the data input .
Fig. There are four inputs I, I , I, and I, which are selectively depending on select input combinations. will be transmitted.
transmitted to output Y depending on select input e Here three select mn_u:_u.m_.m required as 2" = 8, where p js » In other words, the demultiplexer takes one input data
combinations. number of select lines i.e. n = 3. The truth table shoys source and selectively distributes it to 1 of N output
® Here two select inputs are required as 2° = 4, where n is various combinations of S ;, S, and S, and selected outpyt, channels. The number of select lines is n where 2° =N |
number of select lines i.e. n = 2. The truth table shows Table : Truth Table . i
various combinations of S and S, and selected output. Select inputs Output w_. _ L E o _
”u i S, S, So Y e r—) | Mn |
2 O - = S —0 = Select input |
0 & 2 : ; |
L B . 0 0 Io | . Demltiplexer B Fig. : Block diagram of 1:2 demultiplexer |
Lis .| Multiplexer 0 0 1 I . o (2) 1:4 Demultiplexer
. 0 1 0 I ® The block diagram of a 1:4 demultiplexer is as shown in
G 0 1 1 I, =5 Fig. It has only one data input D, two select inputs, one
|‘_ " : ‘ _ n |_ strobe G (or enable E) input and four outputs Y, Y, Y, and |
: 0 Iy i Y,. The ..robe G input may be active low (0) or active high
s o B 5 : 1 0 1 Is | (1) and it is used, for cascading. But the strobe (G) input is
Fig. : Block diagram of 4:1 multiplexer 1 1 0 I & normally active low (0). |
| Select Inputs Output 1 A 5 I S S S, e Thetruthtable ofa 1:4 demultiplexer is as shown in Table. k__
So S Y , 2 &t Ting From this table it is clear that D is connected to Y when _
0 0 I ' 1 | S.S. =00, it is connectedto Y, when S S =01 and so on. __
0 1 L . Types of Demultiplexers : B i 0. Hice G, Thosiobe |
e : . . = (). Thestrobe
i 0 I, B . * Thedemultiplexers are classified as follows : e | ,
1 ==k L m Ly . . 1line to2 line (1:2) demultiplexer. * input _ﬂ.nm% to be low i.e. G =0 in order to enable the
Table : Truth Table 1,0 2. 1lineto4 line (1:4) demultiplexer. demultiplexer.
The Boolean expression for outut | » L _”m“._ 3. 1Sineto8line (1:8) demultiplexer. 4. o IfG=1,thenall #_rn outputs will be 0, irrespective of any
e=h.= < - | ultiplexer ; llineto 16 line (1: : : data input and select inputs.
v=85 51,485 8 1. +SS,L+55,]; Y - Y 0 1 un_“_m ___“_.m A__._mv demultiplexer “
" | i u
The logic diagram for 4:1 multiplexer is shown in Fi I c ' i : ‘« a5 shown in Data Input
: wiin rig. 1 The block diagram of a 1:2 demultiplexer is as SnOW S
S 70 emuitiple
e Fig. It has one data input D and select lin¢ input m__”_ chn _ g plexer
Ge . . \ Strobe (G) or enable (E) input and two outputs 5_“_ mm g m
“ Is active low. D is connected to Y, ifS, = 0 ﬂ: .
: . . w 1 H 1 = O =V
S, S, g A :._E_E_w D is connectedto Y, if S, _ Eﬂ 0 irrespective Select Inputs
0 G =1, then both the outputs will be 108IC io. : Block diagram of a 1:4 demultiplexer
P Fig

Fig.3.41 = g *the inpus,,



Combinationa] [ ... .l plect —— e [3-11
R H 3-10 ] . O8ic Q_.ns. _w_m_\\w _/V Combinational Logic Circuits
Digital Electronics 5 C B w. Z . — =l
— X — 2 ? 14 |¢<_u
- ot dat2 Output lines A Y,
RvARvARv
Input D o— . — >Yo D*— , Y
"~ el i ot
R —— == oy, Select lines
e Y2 —t—t Fig. : demultiplexer Umﬁ_...“_._nﬁull
R .
+— — | - Y, muuaﬁ_n { : Implement a 1:4 demultiplexer using 1:2
] - . ' " r , s B e | ﬁ_nac_:ﬁ“mxnﬂm.
+— - S | 4,".. golution:
Fig. : Logic dingram of a 1:4 demultiplexer G I I B T = Bk
Table : Truth Table for 1:4 Demultiplexer p—t——t— <Y,
Strobe Inputs Outputs - | |
G Y Y Y3 S2 53
S5 | S Yo _ : H Fig. : demultiplexer using four 1:4 demultiplexers
o : | ; ; . : mHE._:U_m 4 : Implement a 1:32 demultiplexer using 1:8
0 0 1 l 0 1 l demultiplexers.
0 1 0 1 ! 0 H Solution : .
0 | l 1 1 ] 0
(3) 1:8 Demultiplexer : |
® The block diagram of a 1:8 demultiplexer is as shown in R Demultiplexer
Fig. It has only one data input D, three select inputs, one Fig. : Logic diagram of a 1:8 F_m:_:_::__n.ﬁ__ G,
strobe G or enable E input and cight outputs Y, through Table : Truth Table for 1:8 Demultiplexer
Y . ;
T : Strobe Select inputs Output . : :
oY, " ‘G S, S, So Y Fig. : Demultiplexer using two 1:2 demultiplexers
0 0 0 0 Yo | Example 2 : Implement a 1:16 demultiplexer using 1:8
_.III.Ina_\._ 0 D O 1 J_.u Q :. _
Data 0 v k v emultiplexers.
inpute—D —=oY, m - ] I 4“ . Solution : Data input
1:8 =g 0 1 0 0 Y, _ ° Y, D
Demultiplexer | “ , Y Eight 0 1 0 1 Ys : — D :
Y, | outputs 0 1 1 0 Ye . 1:8 :
Y, 0 1 1 1 70 |aaw, Demultiplexer ;
Strobe o oY, Q.11. Explain demultiplexer as decoder 2 “ ol Sy D6 s, S, S, =
G Ans. Demultiplexer as Decoder ' -« 71 . ;
52 S1_S Y7/ ® Demultiplexers are ‘commonly called decoders -
w H H Demultiplexers consist of | input data line. _=E= data line _ D S, S4 Sp “.«a . mum_ S
; is not present in decoder. Decoders are. zﬁ code . : i
Select inputs d 1:8 . : itinlexer using four 31:8 demultiplexers
: ; converters. They consist of number of __EE ___ﬁ an Demultiplexer : Fig. : demultip g .
Fig. : Block diagram of a 1:8 demultiplexer . |
] ) . number G_,.c::u:n lines. | G :
© Thetruthtable ofa 1:8 demultiplexer is as given in Table. 5 iy 2600 1 o Y
The strobe G input is normally active low, Thi Forexample, |:4 demultiplexer and 2:4 decoder., | o “wﬁ =
-rur__- it )
. - = 's shows RER Fig. : Demultiplexer using two 1:3 gemy __“. using 1:4
that _mm:..awm input G = 1, then all the outputs wil] pe g g m_:_s___n 3: Implement a 1:16 demultiplexe
irrespective of any data input and select inputs, | (1 ¢ : %E::.meﬂm . )

| mc_i_a: :
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Q.12. Explain code converters. _ N::.ﬂ&-wﬁ_
Ams. There is a wide variety of binary codes used In
digital systems. Some of these codes are binary-
coded-decimal (BCD), Excess-3. Gray. octal, hexa-
decimal etc. It is required to convert from onc code
to another. For example, the input to a digital system
may be in natural BCD and output may be 7-segment
LEDs. Therefore, the data has to be converted from
BCD to 7-segment code before it can be used to drive
the CED’s. Similary, octal and hexadecimal codes are
widely used in microprocessors, but input in the deci-
mal form. Hence coder converter is necessary for
converting the data from decimal to octal hexadeci-
mal form. The various code converters can be de-
signed using gates, multiplexer or demultiplexers.
A code converter can be constructed by cascad-
Ing a decoder and an encoder as shown in fig. De-
coder decodes the particular input and select a corre-

sponding output. And then encoder encodes the input
in particular pattern of bits.

‘TRRE Z,
Aot Z, _Ialln .
_ ” Decoder ; Encoder [ °B,
Bal Vo=l ” “
N 9 mr._

|

A codc converter assembled by cascading a decoder
and an encoder,
Q.13. Draw and explain the working of a 4bit adder

using suitable diagrans, if any.

_w__.mcamh:cuh:_mh:_&
One half adder and three full adders can be com-

bined to form a 4 bit parallel adder shown in fi

Ans.

g. The
Ing added are A, A, A, A, and BB

B,.A,and B, are the most significant di gits while

A, and B, are the least significant digits of these fwo

numbers.

A o A A, I
B a
e Ml LR B

L
I TR S VI e LA HA
Bt St DR 1
ﬁ.h m_ - mn m_ m___

4-bit binary adder circuit
There is no any carry for LSB, hence HA i Used fo;
LSB. For other 3 bits we need full adders. ,:mn half
adder has two inputs A , B, and produces c:.m.E;m of

either sum S, or CARRY C . CARRY is feq to neyt
full adder. Each of full addet has three inpys ang
produce outputs of sum or CARRY or both sy and
CARRY.

Let us add decimal number 13 and 1] to ‘give

decimal number 24. The equivalent binary addition ig

A;A,A\A,  B.B.BR
3-121 01,1141 01 ¢

Foraddition of this number, the adder circuit is

—|

— Ak R f—] m
h
oSt o T

The equivalent binary addition as

1111
+ 1111

11000

14, ’
Q4. Implemeny half adder using NOR gates only.

[2004(A)]
ddition of two one-bit num-

d to as ap half-adder, The symbol and

Ans, A logic circyit forthe a

bers s referre

CoHvauonal _..__uwmn o .
B.

¢ Half-adder is shown in fig, (a) ang (b
{ B are the two Inputs ang SUm anq S:u“

A an
fer®
| . the WO outpuls.
af A ruth-table we can say that carry, obeys the
Sk ¢ AND gate and sum follow the function of
il
wanmZm SR B
sum, s=AB+AB=A®B
carry, © = By 2
—
A ua — S (sum)
go— [ C(camy)

(a) symbol for a half-adder

Inputs | Outputs
— | —

A B|lS cl
ﬁ 0 010 O
0 | 1 0
1 011 O
R VP |
B
(b) truth table

[mplementation of an half-adder, using NOR gate is

shown in fig. (¢)

Combinational Logic Circuits

Realization of 4p half adder using NAND gate is
shown in fig.

Toi .

Oimplement a half-adder circuit using NAND gates
only, it is fecessary to replace the XOR and AND
gates by NAND gates. Fig. shows the impenetation.

AB
- 45 AB
| .Ua ._ Carry
B S
- =
B.AB
AB
AB+AB
—— Sum
A A.AB

Half-adder circuit using only NAND gate.
Q.16. Draw the logic circuit for 4 bit comparator.
Ans.  Figure shows the logic circuit for 4 bit compara-
tor. Here 4 XNOR gates is usec. Its output indicate

one (high) if both numbers are equal.

Ay
B,

: _ A=Bify=1

Magnitude comparator for two 4 bit numbers.

0aa

AB
m “.l.l. —
A+B=A.B=AB
— Carry
| & A
|
- Sum
B
Qs Realize Half-adder using NAND gate only.
Ang Half-adder US°

- For ammo_.mu:o: See _Eﬁmzn_ﬁ:o:
g NOR gate only.
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Digital Electronics

S —— e

1.  How many 3-line-to-8-line decoders are required foral-

10.

12.

14,

IS.

17.

Combinational [ g

——

Wmn Q_.n_:

N\

0f-32 decoder?

(A)1 (B)2

(©)4 (D)3

Ans, (C)

Convert BCD 0001 0010 0110 to binary.
(A)I111110 (B) 1111101
(C)1111000 (D) 1111111
Ans. (A)

Convert BCD 0001 0111 to binary.
(A) 10101 (B) 10010
(C) 10001 (D) 11000
Ans. (C)

How many data select lines are required for selecting
eight inputs?

(A)1 (B)2
(©)3 (D)4
Ans. (C)

How many 1-0f-16 decoders are required for decoding
7-bit binary number?

(A)S (B)6
(©)7 (D)8
Ans. (D)

The implementation of simplified sum-of-products
expressions may be easily implemented into actual logic
circuits using all universal............... gates with little or
no increase in circuit complexity. (Select the response

for the blank space that will BEST make the statement
truc.)

(A)AND/OR (B)NAND
(C)NOR (D) OR/AND
Ans. (B)

Which of the following statements accu rately represents
the two BEST methods of logic circuit sim plification?
(A) Boolean algebra and Karnaugh mapping

(B) Karnaugh mapping and circuit waveform analysis

(C) Actual circuit trial and error evaluation and waveform
analysis

(D) Boolean algebra and actual circuit trial and error
evaluation

Ans. (A)

Which of the following combinations cannot be combined
into K-map groups?

(A) Corners in the same row

(B) Corners in the same column

(C) Diagonal corners

(D) Overlapping combinations Ans.(C)

18.

19.

22.

A3

25,

AsA technician you are con _._.E:ﬁm with g L n
board containing dozens of IC n_:.E. You |
several readings at nuMerous _ﬂ n_:E.._:: th
¢ inconclusive because of their erratic gy
n_.“._m:”._n raults listed, sclect theone that mogg
M_:mm:w the ?.:EE:.. | .
(A)A defective I1C chip that is drawing eXcessiye =3
from the power supply | "
(B) A solar bridge between the inputs on the firg | Coi

on the board .
(C) An open input on the first IC chip on the pgq, d

Y chip thath .
(D) A defective output IC chip that has an interpg Opent,
Vee

m—.ﬂ—.—.
|
ye Es_”
e __.ﬂ_ﬂmm_._mu
e c_.;_...

Probably

Ans. (C)

Which gate is best used as a basic comparator?
(A)NOR (B)OR
(C) Exclusive-OR (D)AND
Ans. (C)

In VHDL, macrofunctions is/are:
(A) digital circuits.

(B) analog circuits.

(C) a set of bit vectors.

(D) preprogrammed TTL devices.
Ans. (D)

Which of the following expressions is in the product-gf.
sums form ?

(A)(A+B)C+D)  (B)(AB)(CD)
(C)AB(CD) (D)AB+CD
Ans.(A)

Which of the following is an important feature of the
sum-of-products form of expressions?

?.5 All'logic circuits are reduced to nothing more than
simple AND and OR operations.

(B) The delay times are greatly reduced over other forms.
%9 No signal must pass through more than two gates, not
Including inverters.

(D) The maximum number of gates that any signal mus
pass through is reduced by a factor of two.

Ans. (A)

An output gateis connected to four input gates; the circuit
.H_Ew.m not function. Preliminary tests with the DMM
__,:__Emm that the power is applied; scope tests show (ha!
the primary input gate has a pulsing signal, while the
'nierconneeting node has no signal, The four load gates

arcallon different ICs, Which instrument will best helP
Isolate the problem?

(A) Current tracer

B) Logic probe
HQGmn:_Encﬁm SiLaginy

(D) Logic analyzer AnS. E

30.

31,

33,

| Elecuvi

led to

cinputs ofa comparator. What are the Output [evels?

V>umur>mmu9>nmu_

_H_uu}.u» B= 0,A<B= I,LA=B=)
An;vmn 1,A<B=0,A=B=¢
HE}umuP}ﬁmu ,A=B=|

Ans. (C)

A logic probe is _,_.anaa on the output of 3
display indicatoris dim. A pulser s yse g
input terminals, but the output indication 4
f{__uﬁ IS #...a:w.w

(A) The output _&. &n gate appears to be open,

(B) The dim En__nmw_c: oh-the logic probe indicates that
the supply voltage is probably low,

(C) ,_,?m.w dim F&nm”.mn.: is a result of a pag ground
connection on the logic probe.

(D) The gate may be a tristate device.

Ans. (A)

Each 1" entry ina K-map square represents:

(A) a HIGH for each input truth table condition that
produces a HIGH output.

[B) a HIGH output on the truth table for all LOW input
combinations.

(C) aLOW output for all possible HIGH input conditions,

D) a DON'T CARE condition for all possible input truth
table combinations.

Ans.(A)

Looping on a K-map always results in the elimination of:

(A) variables within the loop that appear only in their
complemented form.

(B) variables that remain unchanged within the loop.

(C) variables within the loop that appear in both
complemented and uncomplemented form.

variables within the loop that appear only in their
uncomplemented form.

Ans. (C)

What will a design engineer do after he/she is satisfied
that the design will work?

(A) Put it in a flow chart

(B) Program a chip and test it |
(C) Give the design to a technician to verify the design
(D) Perform a vector test

Ans, (B)

What is the indication of a short on the input ofaload
gate?

(A) Only the output of the defective gate is affected.
(B) There is a signal loss to all gates on the node.

(C) The affected node will be stuck inthe LOW Eﬁﬂ_n.ﬁ
(D) Thereisa signal loss to all gates on the node, andt
affected node will be stuck in the LOW state.

th
(A

gateand the
neach of the
0€snot change,

(D)

[3-15]

Thebinary numbersA=1100and B= 5?

34,

J35.

38.

40.

47.

Combinational Logic Circuits

Ans. (D)

InHDL, LITERALS is/are:

(A) digital systems.

(B) scalars.

(C) binary coded decimals.

(D) a numbering system.

Ans. (B)

Which of the following expressions is in the sum-of-
products form ?

(A)(A+BYC+D)  (B)(ABXCD)
(C)AB(CD) (D)AB+CD
Ans. (D) i

A decoder can be used as a demultiplexer by cccveecseee «
(A) tying all enable pins LOW

(B) tying all data-select lines LOW

(C) tying all data-select lincs HIGH

(D) using the input lines for data selection and an enable
line for data input

Ans. (D)
How many 4-bit parallel adders would be required to add

two binary numbers each represening decimal numbers
up through 30010 ?

(A)] (B)2
(©)3 (D)4
Ans. (C)

Which statement below best describes a Karnaugh ».ap?
(A) A Karnaugh map can be used to replace Boolean
rules.

(B) Tk~ Karnaugh map eliminates the need for using
.AND and NOR gates.

(C, Variable complements can be eliminated by using
Kammaugh maps.

(D) Karnaugh maps provide a visual approach to
simplifying Boolean expressions.

Ans. (D)
A certain BCD-to-decimal decoder has active-HIGH

inputs and active-LOW outputs. Which output goes LOW
when the inputs are 1001?

(A)0 *~ (B)3 |
€)9 (D) None. All outputs are HIGH.
Ans. (C)

The design concept of using building blocks of circuits
in a PLD program is called a(n):

(A) hierarchical design.

(B)architectural design.

(C) digital design.

(D) verilog.

Ans.(A)
0oo
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" N ¥ —. -.*.Ih b
d explain the working Principle of a clock
oc

pravw ar 3 Ja.g.#.mm.zc — o men_zm:.mlm_ Logic Circuit
ﬁH,__ ;1__% and give the truth table, E__.mfm.ua_m_ PISsame as that of S-R flip-flop.
s what 1S clocked flip-flop ? Explajp g, Principle of |
(f o of clocked S=R flip-flop with gy, table, S I[I_Il Q |
e
nrm—.wﬂmﬂ :_.m_ﬂ E:Tﬁ_:: : . Clkom——] S-R
| s> ; Jified circuit of NAND SR latch s shown in Fig, flip-flop
L : Ro—0mnro_ et 25
(500 E 'Q .
t g _a_...mm. : Logic symbol a_.nEn_.:.E S-R E?:E._ I
Q.1 What is Flip-Flop? Explain some of its applicatior. R o- G Q Q3.0 §i¢ symbol n..mn_cnrna m“._ﬁ :__u..mcﬁ is shown in Fig.
[Bh.2014,2016,2019] _u._ | Es.u:n_. explain the working principle of a Clocked SR |
L Ip-Flop with Preset and Clear ? |
Ans. A Flip-Flop is a basic memory element used to stor¢ Reset) L] % OrDefine SR Flip-Flop and write its drawback ?
one bit of information. It has two stable states which are _ _F Q Rl 1 table details are same as that of NAND s Ans.In the flip-flop when the power is switched ON, the state ‘
cither low or high. It can be obtained by using NAND or NOR S o g The truth Tt R latch. of the circuit is uncertain.
gates. Most elementary form of a flip-flop is knwn as a batch. Case-(i) When S=R=0 n_ﬁ_an SR Flip- .E“ ﬂ : ® It may come to set (Q=1)orreset (Q =0) state. |
Since information is locked or latched in this circuit, this cir- ] ot i.ﬁ.: _.Eu._ . n._ 561 or reset the memory cell jn ®In many applications it is desired to initially set or reset the
- o | In this case, the control inputs have no control gyer it. The synchronism with a train of pulses known as clock. flip-flop i.. the initial state of the flip-flop is to be assigned.
cuit 1s known as a latch. This is shown in fig. below st ofp depend only on the logic levels present at g ysuchacircuit is shown inFig. and isreferredtoasaclocked  This is accomplished by using preset (7)) and clear (C)
.w | . = € other set-reset ﬁm-_ﬁv thmsﬁ. Enﬁm.
e _Wﬁmmma po o [nthis circuit, if a clock pulse is present (clk = 1), its operation  ® These inputs may be applied at any time between clock pulses
Case-(ii) When S = T and R =0 with output Q =, is exactly the same as that of Fig. and are not in synchronism with the clock. An S-R flip-flop
In this case both input of get G is low, hence out wi]| high ¢ On the other hand, when %m.n:m_n_.ﬁ _E_ma IS =.E present (clk with preset and clear is shown in Fig.
; and both input of gate G, is high and hence o/p will be low, =(), the gates G, and G, are inhibited i.e. their outputs are | vE.....,m_ (P,)

. : irespective of the values of S or R. |
This state is called set state.

¢In other words, the circuit responds to the inputs S and R
only when the clock is present.

In the latch circuits shown in fig. above, there is no possibil-  Case-(iii) When S=0and R =1 with o/pQ=0.

ity of entering in it. When the power is switched ON, the  Since signals at both inputs of gate G, are high and signals of

circuit switches to one of the stable states (Q=Tlor0)andit  bothinputs of gate G, are low, therefore output Q of gate G
- l

Is low and o/p U- of gate G, is high. This is known as reset .
state,

IS not position to predict the state. By some modification in

latch circuit ddifferent types of Flip-Flop are to be made,

Some application of Flip-Flop are:

. Case(iv) WhenR =1 andS =
(1) Used in storage circuit

In this case, the input si in-flop for
(11) Counter circuit T zo_ﬂv Signas R and 5 of the flip:flop e Clear (C))
; 0 : : 5 ; .
(iii) Shift register and _ i ates tobe zero, which is not allowed and Fig. : Clocked S-R flip-flop Fig. : S-R Nip-flop with presetand clear
(iv) ﬁa:..mucﬁﬂ. e therefore this Input condition is U_.c_._:um”nm. Truth fable is _.—.:_—u_n  Truth Table of S-R =_~T_._n._ﬁ % —:u_ = ﬁ..H 1 the circuit operates in accordance with the truth
o . | shown in table, B — - — | table of S-R flip-flop given in Table.
Flip-Flop as a memory element ;- Some modification is made : - Inputs g = = ill certai
iliiiciedit i Truth-table forR-S Flip-Flo 1 ; o [fP 0andC =1, the outrut of G, (Q) will certainly be 1.
| z it , m
| 0 behave as memory clement. There gre IWo P , S R m+ e Consequently all the three inputs to G, will be 1 which will
t . ; Tr S A ; ,
Inputs S (set) and R (reset). Leq a5 consider four combjpg. Iruth - 1able for R-S Fj p-Ilop { 0 v o: make Q = 0. Hence making P_= 0 sets the flip-flop.
tions of the input signals R and § R | < . 0 L : . ;
. S 0 Action 1 { 0 1 e Similarly if P, =1 and C =0 then the flip-flop is reset.
N A_H last .,_ﬁ ue | no change .!,_@..L..r 1 { ? @ The condition P =C =0 must not be used, since this leads to
sct h . T T e o
110 0 resct 1 the clock is present, the truth table of clocked S-R - \incertain state.
] 2 forbidden 1
II-IIII.II-I-l_lIIlIIIl.llIlIIIIII.._
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Sequential Logic Cirey
) i - - P 1
Digital Electronics ﬁ__lw _ P /m
'II]II = — — = i
- R ——oQ
* J S-R _
P, clko— Eﬁ-ﬂ_ﬂ_u
S o—— 2\ = C
F i r
CIK O _ﬂ_.m.zﬂu Fig. : S-R flip-flop converted into J-K E?:E.
I : ! . "
e @ A J-K flip-flop thus obtained is shown in Fig, Its truth tab),
- . _’Ia Q is eiven in Table, which is reduced to Table for nczﬁimznm.
. The table has been prepared for all the possible EEE:EEE

Cr
Fig. : Logic symbol of clocked SR Mlip-flop with preset and
clear

® In the logic symbol, bubbles are used for P and C_inputs
which means these are active low.

Table : Truth Table

Inputs Output Operation
¢lk E P, Q performed
0 0 ! 0 {Cex
0 ! ( 1 | Preset
Drawbacks of SR Flip-Flop :

()Both inputs should not be high when the clock is triggered.
This is considered an invalid input condition, and the
resulting output is not predictable if this condition occurs,

(1) The uncertainty in the state of an S-R flip-flop, when S =
R=1, can be eliminated, by converting it into a J-K flip-
flop.

Q.12Draw and explain the working princi ple of J-K flip-flop

and give the truth-table.

Or Draw and explain the working principle of J-K flip-flop

using nand gate 2,

Ans.JK Flip-Flo p:The uncertainty in the state of an S-R flip-

flopwhenS =R =1 can be eliminated by ing it
i TRl Y converting it into
aJ-K flip-flép. The data Eu:mm_im: m

atl] d K which are ANDeg
with Q and Q respectively, to obtain S and R Inputs i.e.
$=J.Q
R=K-.Q

of J and K inputs, and for each combination both the st
of the output have been considered.

Table : Truth Table for Fig.

dleg

e

Data inputs

Outputs Inputsto SREF | Qutpyt

J Ky 0 m_, _ S Ry Quss
0 0 0 1 0 0 |0
¥

® We obtain J-K flip-

0
Table : Truth Table of J-K 1l p-flop
Data mn_ux_r_mm Output
.u__._ —h_._ o: + 1
0 0 " Q
0 1 0
1 0 1
1 1 _M:

flop using NAND gates as shown in Fig.

°Q

_ Clear (C)
| Fig. : J-K flip-flop using NAND gates
oaic symbol of J-K flip-flop is shown in Fig.

| _-.n_n_ muq
So— g
_W mlm
; flip-flop
R Q
Oﬂ
Fig. : Logic symbol of J-K flip-flop

U3 What do you mean by race-around condition? Ex-

[Bh.2015,2017,2019]

plain in brief.

Ans,Race Around Condition :

M[J=K=1and Q =0 and a pulse is applied at the clock
Input :

 YAfleratime interval At equal to the propagation delay through

“ONAND gates in series, the output will change to Q A _.
Now we have J=K=1and Q=1 and after another ﬂ_ﬂm
. - or
ierval of At the output will change back to Q =0. -

: illate
the a:_.ﬂ._s__._ H_ of the clock E:mn_ the E.Eu:ﬂ will oscillat

~ i
back and forth between 0 and 1.

' : in. This
f e end of clock pulse, the value of Q IS ::mm.:m
"Wation fs referreq to as the race-around condition,

3 ided if t < At
,___a face-arounq condition can be avoided _Tﬁ

a?ﬂq Smal| propagation delays in it.

; A More P

us :
¢ sfrm Emmﬁ?m_mfm A_S-mv n_u:mm_.:.m:c:.

< T,

| ; . . ity because
_E.a..,m: Itmay be difficult to satisfy the inequality b

: - difficulty isthe
ractical method for overcoming this difficuty

Sequential Logic Circuit

Trailing (negative) edge

0 T

Q.14 Draw the circuit diagram of master-slave flip-flop

and explain its working. |Bh.2014,2016,2019]
_}ambﬁﬁﬂ.m_m,..m JK Flip-Flop

® A master slave JK flip-flop is a cascads of two JK flip-flops,
with feedback from the output of the second to the inputs of
the first. Positive clock pulses are applied to the first flip-

flop and clock pulses are inverted before these are applied
to the second flip-flop.

® When clk = 1 the first flip-flop is enabled and the outputs Q.
and Q,, respond to the inputs J and K.

® Atthe same time, the second flip-flop 1s inhibited. gmz n_.r
=0, the second flip-flop is enabled and the first flip-flop is

inhibited. Therefore the outputs Qand Q follow the outputs

Q,and Q,,.

® Since the second flip-flop simply follows the first one, it is
referred to as the slave and the first one 25 the master. Hence
the configuration is referred as master-slave (M-S) flip-flop.

§ 0 e i
s—=—JoMb—Jomha it S les

——— — — — — — -

" —
—— e R A e —

ol

1 CM b G
Sk L _

—I__I..lll..l__l_l_l_ T X B T - . el

i - Ilw‘ln —

e
— =

Fig. : Master-Slave 3K flip-flop
@ The logic symbol of a M-S J-K flip-flop is shown in Fig.

T R R W YR BT S
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4%2_3 Sequential Logic Circuit

Sequential Logic ‘é _

Digital Electronics [4-5 ] Q:E: Afl; —
—_— " Ip-flop tri in thi i
P  The output Q,,, at the end of the clock _:__25 POsitive e g, ﬁq_.mmﬂ,aﬁz.ﬁms,&_ in this way is known as
q input D . S Q ip-flop.
e Hence we can say that the input data appears at i o
oIllIl . lIIl.u Q at the end of the clock pulse. 4 ; : :
J e Thus the transfer of data from the input to the Oty . ! | “
o @ M-S delayed and hence the name delay (D) flip-flop. The Duty 'S - _
L am_.%nu flip-flop is cither used as delay device oras a latch tg store _”m Q  Outpy
bit of binary information. ] ® The other
— . . in Fi | Ip-flops respond during tive edge of the
( — Q ) ,:_ﬁ :::.:m Eumﬂ_: __m as m:_cé: ____ Fig. | | () S-R Eﬁ.maﬁ clock pulse Ps resp uring negative
— — ' | “ “ " “ " " h el A8 '] . - .
m | ; i | i m i e give input S=R = 1, the we get a problem at the M__._nn C _”H called negative edge triggering flip-flops. Fig.
C h | " | _ ._ het . (here nO toggling between output and its ¢o 1, 'OWS how the Q output of such a flip-flop changes low to
Fi N logic symbol T . ". m m ipit g e or other any output will get. § VP high on the negative edge of the first clock pulse. It then
| _..m. - fmﬂﬂ.rm_u.. e JK flip-flop logic symbo : , _ . _ i no chang i gEL. 50 we cap- changes back to low on the next clock pulse negative edge.
© In this circuit, the inputs to the’gates G,M and G,M do not m =R= for the S-R flip-flop.
change during the clock pulse. therefore the race-around ok ! _ | qotuse . R
= . . _ | : ne methods and explain its type ?
condition does not exist. The state of the master-slave flip- a ! * ‘ _%.E_.___m:._mmﬂ_n. 1 _”mnmm P type clk | | .
_ . " eteool] e . : : '
flop changes at the negative transition of the clock pulse. |_ : - [l .,_.zmmm::n ‘ irs v _ [
p g e negati i p | “ _ , . “ " “ " s el of latches and flip-flops responding to clock input
Q.16  Draw the logic symbols and explain the operation of Fig. : D type flip-flop timing waveforms _.;nm:nm s clock pulse triggering which is mainly of two oﬁou -
. : 5 ¢
o il ripe 3_?.3 o : : : 1ypes - Fig. : Waveforms for negative edge triggering
Ans.  D-TypeFlip-Flop: @lnal-K :_.w-:a_uq ifJ u.F the _.mmc_m_nm.m__u-:cﬁ _m referred as 0 m%m:ﬁmnz:m_ (ii) Level triggering ® Fig. shows two different ways of showing types of edge
a T-type flip-flop and is as shown in Fig. Its logic symbo] s a Triggering Methods triggering clock.
nr_u_. i shown in Fig. _ Tiiogers on i
ﬁ —— = — pesitive edge yogaoe
) JIS ——Q ; _ Fi | . m y I | ¢
_ i ) % Figeliggrng L LD It —op=
o | IS T _ :
V G Elﬂv M ; J-K s : 5 V — R qp— Sa o
e e b , K> flip-flop 4 —— s_uMuu j { _ _ I— : —
K — T — i : level 2red :
‘F_\II I | . D | et o o _ Tﬁ%ﬁ&i zﬁgﬁﬁﬂ (a) Positive edga triggered (%) Negathve 6538 TS .
C, G ,_”n1 H.n, o o Level Triggering : e
: JK SR flip-flop converted b nn_mh waﬁh“mﬂwn“_ﬁﬂ.ﬂ_”wﬂﬁ : IK flip-flop converted I.  :Loglc symbol of negative [)Edge Triggering : s ® The result of digital circuit _.mmﬁwnn_nm to the level of nnw
R e t Into ¥trpe S 'Atypical clock pulse train is shown in Fig. putiscalled level riggering. Fig. shows two levels of cloc
“ys £ o0Es
— . . . WA clock pulse can be positive or negative. The pulse 80¢ ulse.
© The SR mma JK flip-flop czn be easily converted to D flip- @ It has only one input, referred to as T-input. Its truth table is | hrough Mﬂ far ot W from 0 to 1 and returns from 1 to 0. P High level
flop by simply addition of inverter as shown in Fig. The given in Table, | | » ._.u ) _“m.zm_ mcw . cred ositive edge and negative
symbol of negative edge triggered D flip-flop is shown in Table - . Y e | "WHIve fransition 1s defined as P 5 4
Fie. able : Truth Table of a T-type flip-flop rnsition is defined as negative edge.
® This flip-flop has only one input i.e. D input. The output Q clk Input Output Positive edge  Negative edge clk Low level :
will mc to Mman state that is present on the D input when Th Qn+1 Sy Y sl et vcw_m level triggered
negative edge of clock s aiven | K] : . d low level trigger
,_,mm_m ge of clock occurs. Its truth table is given in L 0 0 \ o There are high level triggered _Emrmmmﬂ A :ﬁwwﬁﬁ
| 3 a iatches. Data can be transferred from fe inPW B 5%
Table : Truth Table for a D-type lip-flop J 1 @: | Vo n_._m__._._mmr teuel E.m..m...mnﬂnn— latch, while the clock level is w_.:mﬁ
— | Time ~—— \ = : triceered latches
Input Output © From above table it is clear that if T = I, it acts as a toggl¢ VT s e ﬁ o edae or positive edge o Gimilarly data is rransferred in low level trigg
clk g e switch. For every clock pulse, the outnut Q changes. | _,5___” uﬁ,____ of responding to negative 45 <hile the clock signal is 10W: s
; ’ : . Caas edee tripeering : 6 . . 5.0
n Qn+1 © An S-R flip-flop cannot be converted into T-type flip-flop VEig h s edge triggering. Joe triggering flip-flop o Fig. shows WO different ways of showing type
za\ 0 0 sinceS=R = ] is not allowed. n_._m__zmhﬂﬁ.& :Dﬂ”___ the E_.ﬁ:u_.: _u—...m._.n.— ~ w ) of g first n—_unr qmmmn—.mzm n_ﬁ.ﬁw.
. 1 Q7.  Design a S-R {li By R 510 a high on the positive €05 * the second
1 gn a 5-R flip-flops using NOR gates a - e and back to a low on the positive edge 0

the truth table, Why S = 1, R = I condition is invalid in>
R flip-flop ?

m
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Triggers on
Triggers on
high laval
Q low level Q
IL—a j i
(a) High level triggering (b) Low level triggering

Fig.
Q.6. Define counter. Explain 3-bit up ripple ?&.:1:.2_25
counter?

Or Describe with diagram 3-bit twisted ring counter using D
flip-flops.

OrExplain the working of 4 bit ring counter with a ncat
diagram ?

Or Explain the working of 2 bit ring counter with a neat
diagram ?

Ans.

® Flip-flops can be connected serially to form counters.

® A counter can be defined as a logic circuit that counts the
number of clock pulses applied at the input. Each count, a
binary number is known as the state of the counter. Hence a
counter counting in terms of n-bits will have 2" different
states. The number of different states of the counter is known
as modulus of a counter.

® The Modulus of a counter represents the number of states
through which the counter passes during its operation.

® For example, a 2-bit ripple counter is called a 2*=4 states i.e.
MOD+4 counter.

a 3-bitripple counter is called a 2° = § states
1.e. MOD-8 counter.

® Hence, an n-bit ripple counter is known as modulo-N counter,
where MOD number = 2°,

® A counter circuit consists of flip-flops and combinational
elements. Counters can be classified as :

(1) Asynchronous counter (Ripple counter).

(1) Synchronous counter, on the basis of the manner in which
the flip-flops are triggered.

® In asynchronous counters the first flip-flop is clocked by
the external clock pulse and then each successive flip-flop is

clocked by the Q and Q output of the previous flip-flop. In

asynchronous counter, the flip-flops are not

) clocked
simultaneously.

® In synchronous counters, the clock Input
the flip-flops simultaneously. This
operation of synchronous counters.

Asynchronous (Ripple) Counter :

A 2-Bit Asynchronous Up-Counter

. Is applied to al]
Increases the speed of

[4-7]

{n countcr counts in such a way that the decimg] &

H_ ﬁ. k. .

B { the outpul increases with the successive Clock
0

(hen it is known as up-countcr.

Logic 1

Fig. : 2-bit asynchronous up counter

® Fio. shows the diagram of a 2-bit ripple up counter. A
counter uses 2 flip-flops. A flip-flop stores 1 bit, thereforg 5
bit counter requires 2 flip-flops and counts 22= 4 ﬂﬂnm._ :

® A toggle T-flip-flop or J-K flip-flop (with J and g inputg
connected to logic 1) can be used.

@ The clock input is connected to the flip-flop A ang th, 0
output of FF-A is connected to the clock input of Fr.g

2-bjt

Counter Operation :

1. Initially, both the outputs Q, and Q_ are in reset condition
therefore Q,Q, = 00. The flip-flops A and B are :mwﬂ?m
edge-triggered flip-flops.

2. When the first negative clock edge is applied to FF-A, it
toggles as T, = 1. Hence Q, changes from 0 to 1. The Q
output of FF-A is applied to the clock input of FF-B, mwsn“
Q, changes from 0 to 1, it is considered as a positive clock
edge by FF-B. Hence Q, does not change the state, since
FF-B is also negative edge triggered flip-flop.

Thus, after the first clock pulse, Q Q L=,

When the second falling clock edge is applied, FF-A
toggles again and Q, changes from 1 to 0. Thus, 1 to 0
transition of the output Q, Is treated as a negative clock
edge for FF-B and its output toggles and Q, changes from 0
to 1. +

Thus, after the second clock pulse,
Q;Q,=10
3. When the third negative clock edge is applied to FF-A, the
output Q, toggles again and Q changes from 0 to 1, The 0to
I transition of output Q, is treated as a positive clock edge
and FF-B output Q, does not change the state,
Thus, after the third clock pulse,
.0.=1]
negative clock edge, FF-A toggles and Q)
changes from 1 10 0. Hence this negative transition from 1 10

0is treated as g negative clock edge by FF-B and its outpY!
toggles and changes from | to 0.

4. At the fourth

Thus, afier the fourth clock pulse,

— e e ——

PRI =

Q,Q,=00
. Table
_ﬁ%\ m\mn::ﬁm_. outputs Stata | Decimal
- pulse ~ Qs Q. count
| O : - :
L 0 H H
i ﬁ 0 :
m_& ! 2 )
4 - 1 3
' 3
pr 19 . . _u
ok AR -
0 1 0 |_ 1 0
04
0 0 —l 1 1 0
Qg — — ——
) Fig. : Timing diagram
1.Bit Asynchronous Up Counter:
__.n_mm.nA - u ]
T, PrQ, _4__ P Q, j PR o el
H:H —d  FF-A FF-B FFC
C, C, C.
n_:n _— . < /
Fﬂr °Q 3Q,
Fig. : 3-bit ripple counter
¢ Fig. shows the diagram of a 3-bit ripple up counter. A

3-bit counter uses 3 flip-flops. Therefore, it has 2° = 8 states.
The clock input is applied to FF-A and Q, output of FF-A
acts as a clock input for FF-B and Q, output of FF-B acts as
the clock input for FF-C and Q.. output of FF-C acts as the
clock input for FF-D.

Counter operation :

L. Initially, all the outputs Q,, Qp Q; and Q, are in reset
condition, Therefore, Q, Q, Q, QA= 000. All the flip-flops are
negative edge-triggered flip-flops. .

2. When the first negative clock edge IS applied to FF-A, 1t
loggles as T, = 1. Hence Q,changes from 0 to 1. ﬂﬁ. Q,
output of FF-A is applied to the clock input of FF-B. Since
Q, changes from 0 to 1, it is considered as 2 positive edge
and FF-B does not change the state. Since Q,does not change
the state, FF-C is not triggered and Q, also does not change
the state, Hence, after the first clock pulse,

Q,QcQ Q00! »

3. When the second negative clock edge is 8IVen FF- e

changes from | to 0. Hence,a 1 100 transition is 8 NEE

[4-8) i e e
éﬁ& Logic Circuit

edge for FF-B, hence its Q, output changes from 0to 1.A0
o I transition in output Q, is treated as wcm_:..__m transition,
hence FF-C is not tri ggered, hence output Qcdoes not change
the state. Hence, after the second clock pulse,

Q,Q.Q,Q,=0010
4. When the third negative edge is given to FF-A, Q » Changes
from Oto 1. Therefore, positive edge for FF-B, hence Q does

not change the state and Q_also does not change the state.
Hence, after the third clock pulse,

Q, Q. Q,Q,=0011
5. When the fourth negative edge is applied to FF-A, 8
changes from 1 to 0. Therefore, negative edge for FF-B, hence
Qg changes from 1 to 0. Therefore, negative edge for FF-C,

hence Q. changes from 0 to 1. Hence, after the fourth clock
pulse,

Q, R Q;Q,=0100
6. When the fifth negative edge is applisd to FF-A, Q , changes
from Oto 1. Therefore, positive edge for FF-B, hence Q, does
not change the state and Q. also does noi change *he state.
Therefore, after the fifth clock pulse,

Q,Q.Q,Q,=010l
7. When the sixth negative edge is applicd to FF-A, Q, changes
from 1 to 0. Therefore, negative edge for FF-B, hence O
changes the state from 0 to 1. Therefore, positive ed” . tor

FF-C, hence Q_does not change the state. Therefore, after
the sixth clock pulse,

Q,Q.Q,Q,=0110

8 When t ¢ seventh negative clock pulse is applied, Q,

changes from 0 to 1, hence a positive edge for FF-B, hence
Q, does not change the state and Q. also does not change
the state. Hence after the seventh clock pulse,

_ Q,Q.Q,Q, =011l
9. In this way, the output state of flip-flop will change after the
occurrence of the negative edge of clock pulse.

10. Hence, this counter is called a binary counter. Also it is
calleda MOD-16 counter.

4-Bit Asynchronous Up Counter:

Logic 1
il = _H 2
T, o, W Pha b P Q
nn FFA | +— FF3 t+— FF-D
ek
' ' Y !
ﬂ._l n- 04“ nﬂ_

Fig.: 4-bitasynchronous up counter
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.nm — T | .l.l/m
Table : Truth Table A mode control input is uscd, so :E_.;_:n:
Clock Flip-flop outputs s Decimal M = 0. (he counter counts in ascending . de
o Qp o |0 Q | count : o. UP counting. ]
Initially 0 0 0 g0 | 1 0 M= 1. the _WE::E. counts in anmnn_am:
L | o | m-f 6] 12 2] 3 order i.c. DOWN counting g
2™ 0 0 1 4 H 3 l e WhenM=0. M=, gates I'and 3 are cnabled Wheregs
30} 0 0 1 o0 ) hR 3 oates 2 and 4 are disabled. Therefore, Q, gets Connecyey
4o | 0 { 0 0 | 5 & to the clock input of FF-B and Q gets connecteg 10 the
g | 0 1 0 | | 6 g clock input of FF-C. H_*.n:nn. the .nc:.z_ﬂ Counts in
6t | 0 1 ! 0 | = | 6 ascending order. Therefore, the circuit acts g a up
74 0 1 r 1 1 | B8 - counter. :
g | { . - 0o | o § e WhenM=1. M=0, gates 2 and 4 are enabled Wheregs
g% | 1 0 0 1 __ 10 0 cates 1 and 3 are disabled. Therefore, Q, gets Connecteq
10" 1 0 m R 10 to clock input of FF-B and Qg gets connected g the
1184 1 0 1 O 11 clock input of FF-C. Therefore the circuit acts as dowp
20 | -1 1 0 0 _ﬁ 13 1 counter and counts in descending order.
13%4 1 1 0 1 | 14 1 Frequency Division in Asynchronous Counters ;
14% ] 1 1 1 6 | 15 14 @ Thetoggle mode of flip-flop divides the clock mnﬁ_:mz.@
15" | 1 ! ! 1 | 16 | 55 by 2 . B
5 H__IM . “a.l__m @ If one cycle period of the clock signal is T sec then the

{ 2 3

AL
ERER R

RN ARRES

1121 | 1130 1_ T EHE

T R L P I P R FR R A A

Fig. : Waveforms for 4-bit asynchronous up counter
O“P Define Up/Down counter .Describe the workingof Up/

Down counter?

Or Define Up/Down counter
Counter with state diagram of a counter ?

Ans.We can design a counter which can count in ascending or

descending order, using the same circuit. It

status of mode selection input.

M = Up/Down
o

D) ‘

clock frequency f = = Hz.

The output of FF-A (i.e. the LSB) has a cycle period of

2T. Hence, frequency of output Q, uml_._,..u.w... The

period of Q, is 4T. Therefore, the. frequency of

S s ;
Qs =17 Similarly, the period of Q. is 8T.

Therefore, f] f=—.
lerelore, frequency I ==

Modulus ofa Counter:

and explain modulus ofa @

will count in
either upward or downward direction depending on the

kig. : Up/Down counter

The total number of discrete states through which a
counter can pass is called modulus of a counter.

A counter consisting of a flip-flop can count N = 2"
discrete states.

In this case, modulus of n-bit counter will be N and this
counter is called modulus N or Mod-N counter.

The maximum count that can be recorded by a binary
number counter consisting of n flip-flops will be (2°-1).
The states ofmod 4 counter are 0000, 0001, 0010, 0011.

State diagram of a counter :

Ihe state diagram of a counter represents the stales of a
counter graphically.

For example for a 3-bit up counter the state
shown in Fig,

diagram 15

Fig. - state diagram of a 3-bit up counter

amber written inside a circle represents
~ Whereas, the arrow shows the dir

the state
€ction of

nnﬁ_:ﬂm_ﬂ g ‘
pefine register .and explain shift register with jts type?

escribe working of SISO'shift register with prpe,
circuit diagram ?
Or pescribe working of PISO shift register with proper

ircuit diagram ? .
Registers :A group of flip-flops used to store a worg_ is
nown as a register. A flip-flop can store I-bit information,

0
0f

.}q_ m._

"o Thusan n-bit register has a group of n flip-flops and can

store any binary information or number containing p-

bits.

Shift Registers :
0 The binary data in a register can be shifted from one

stage to another stage within the register or into or out
of the register after application of the clock pulses.

» This type of shifting is essential for certain arithmetic
and logic operations used in miCroprocessors.

" The group of registers called ‘shift registers’ are very
important in applications involving storage and transfer
ofdata in a digital system.

Npesof Shift Registers. They are as follows :

%rial In Serial Out Shift Register (SISO) :

F. o — — ———— e O
.._.I.P. n__._.|||.II_Uw ﬁ_-.llu _Dn OnlllllDa Oy
W FF8 Cp e G | 0§
— —
: e 2y
JUL

cP

Fig, : Shift-left register

b

Sequential Logic Circuit

T RE raary L

7D

224
® Cons .crthe entry of the 4-bit binary number 1111 into
the 12gister, starting with the leftmost bt.

[nitially, the register is cleared.

Q. QaQcQp = 0000
\When data 1111 is applied serially, L.¢.
D, =1,Q,QaQcQs = 0000
The application of first negative clock edge, sets
the rightmost flip-flop, then the data stored is
Q,QaQ:Qp = 0001
ng edge is applied, flip-flop Q, sets.

on the next falli ;
L in the register 1s

Therefore, the data

=0011
O.._ro.m O_ﬁ. OE 3 : 2 . |
. When the third falling edge 15 applied, flip-flop Q,
(il nerefore, the register contents become

C}Dm Oﬁ. OD =0111

egative clock edge gives

D.#Omonouu::

(i)

AT& \_;_An w-.u_._.ﬂT n

ghift-right register:

lnll
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Digital Electronics [4-1] ] cquentiad _bm_.” G 1 "
= ~y. " . ~ Fey,:
D e— .. rallel Out Shift Register (S1PQ) . Qujy .
o.—{D, aq, el al——in i Scrial In 1=. ] . / disableg 7 mme,_umzzm_ Logic Circuit
> FRA psaipt— D, Q[T ' e Q D, O’toey ® data is shifted serially to ri
. 4> FFB FEC l_v FF.D Q W00 erially to right from
. > FFA ~> FF-8 —> FFC w 0 | £ § When ; .
JLI S R0 0de contrg (M)i :
CP | o Bales2, 4 6 5. 5 connected to logic 1, AND
JLIL ' | et | e De Qi jf parale| mawa.f__ be enabled. This mode permits
. CP=— [ 0 ; . :.—W “. e . ift-
—u_n. : m_::uln_: _.ﬁﬂmm_n.—. 0, Qs m,.. Oy D FF-B —4> FF-C IAV FED aﬂ_nwm:c:. The M:mﬂh _ﬂ”._.._w__ﬂnﬂ E_.._n_ shift __N.ﬁ
st @ e I e . . ' fF-A ACComnl: -I1Zit operation can b€
' o o-ifn & 0 12, 0= Due Fig. : Scrial in pai “w_:a_ out shift repister q, A (L | EHM%__M_:& by connecting the output of each
S Fre > < | > FD |peuer @  The data is applied serially and the output g | = U] | N — oy _,EM nm:n.wua:.m_ input of the previous flip-
! cera parallely. Once the data is stored, each bit appegys e x\\\ F 0 W,.. } Q9. Define ::E:.ﬂ.”__._mw SIS ppica e UL D,
4 respective outputs and all the bits are 4 the b Q, siid i al Shift Register 1C 7495 with its feature
availap) e b G PIn configuration 7
simultancously. ¢ Output lines Ans. Univ W : ‘
e D e DI e I e O . - in parallel out regi ersal Shift Register 1C 7495 :
5 rra X parallel In Serial Out Shift Register (P1SO) ; __,E."E-.u__n_ in parallel out register output nn_ﬂma_nﬂnzunnﬂ
GRS R E S . oarallel out register, the data bits are | ®  1C7495;
A B ¢ 3 n _ﬁ:_:n_ inp el ; . e loaded 95isa TTL MSI shift register.
. | f ' | * _anmn_cm_m on 4-parallel input lines and the outputs ® Itisa4-bit shift rezists o .
CP1— SHIFT / [OAD - simu : lv on 4 parallel ; register with serial and parallel
— — 5 (aken m_E:_E:nczm y paraliel output lines. synchronous operatinz modzs
D=1 D, & ,H o, & i LS, | ; Define c=m_,,n_.mu_ m:__.ﬁ._ﬂnm_mﬁ_. m._z_ describe its operation ? % Because of its capability to operate in all the possible
FFA FFE > FFS - r pescribe the operation of Universal Shift Register ? modes, it is called as a universal shift register
" praw with neat sketch explain Universal Shift Register? Features :
cra— . . N:m Universal Shift Register :It is a shift register which can The important features of this chip are as follows
a ! _u_.. N3 ; . . & [ ] . . o e
ovet—To, e : N ey R < Fra p.. - it data in both directions as well as load it parallly. J ~ ¥1ENoR0US Shifkef capicity
N 0, OO0 Q1% S« FFC FED Thus this register 1s capable of performing three ®  Synchronous paralle! loading is possidle.
D FRA D> FFE > FFC FF-D operations : . ® It has separate clock inputs ong for shift operation and
| ok Moam e the oth ion.
Afer - — Fig. : Parallel in serial out shift register (1) parallel loading y mm_.,._ n._. for _ﬁwm_w aﬂ.ﬂnz.aﬂ : Lo Rhe 8
CP3 — - . ; : . ey i xpansion with shift right 15 possioiz. 1al means
® ; fling the data serially to the left : i
| ‘_ ._ _ :.._ this type n._a mr:.ﬁ.qnm_ﬂﬂ.w the bits are loaded Eu m_=. . D e cascading of two or more 7493 ICs for more han 4-bits 1
D,=1 0, G e &%  Cof—DPu m._az:mzncnm_w into their respective stages using parallel (iii) Shifting the data serially to m. ght.  cettle
—_ Fe | b FFo lines. A, B, C, D are the four input lines for loading the s The type of operation performed will be decided by the O o R
e data. The SHIFT/ [ OAD is the control input which status of the mode control input. . | sed naralle] ® Thepinconfiguration of IC 7495 is 2s shown in Fig. 1 and
. e . olC 1 ralic : ‘ ‘ Aino
cP4—s : permits shifting or loading operation of the register. $ e _zﬂm .E::.a_ - - ._cu_.n » a.ma ey mm__ | . Fig. 2 shows the internal logic diagram.
Fig. : Four bits 1111 being serially entered into shift-right - R R . and when it is at logic 0, it will shift the ama.mm:.m y. Clock wswr
register . e LOAD pin is low, gates G,, G,, G, ) When mode control is connected to ground, it will actas 1||.|>|.IJ&E_ " —Clock 2
® Initially, the _dm_mw.ﬁq IS .n_nE.nn__ s0Q, Q, Q. Q,= 0000. are enabled and the data is loaded in the respective abidirectional register. Vee O Qi Q Qs ) left shift
H_Wn: data 1111 is applied serially, leftmost bit is applied flip-flops. When the clock pulse is applied, the flip- ¥ It has separate clock inputs one for shift operation and
- Din = 1| zﬂﬁm with D=1 will SET and with D =() will RESET. other for load Dﬁmﬂﬂmmﬂ_.—.
(i) Onarrival of first negative clock edge, FF-A sets and the 2. When SHIFT/ | OAD pin is high, gates G, G, G, Operation: ie | jal input
stored word becomes Q, Q, Q, are disabled and gates G,, G,, G, arc enabled. This . When mode, control (M) I connected to logic 1, | Senal inp
. Q= _S_”._. allows the data to shift left from one stage 1o the AND gates 2, 4, 6, 8 will be enabled and AND gaies3
(i) Whenthe next negative clock edge is applied, FF-B sets. next. .3. 5. 7 will be disabled. The 4-bit binary data will I
. g b : : ied 1] |
| ¥ Q.Q: Q- Qp =1100 . be loaded parallely. The clock-2 input will _._wm m%_“__”& ceial A B C D Mode GND
(i) When the third falling clock edge is applied, FF-C o the flip-flops, since M = r}zwmmﬁ-_cm g ot ~ control
sets _
. and gate-9 is disabled. ionof 1C 7495
: ) i 0.AND .5 Pin configuration®
gl = QaQQcQy=1110 > When mode control (M) is connected to 108 M.ME__ b Table
(iv) On the fourth falling clock edge, gates 1,3, 5, 7 will be enabled and muﬁmu.m. : The
be disabled. The data will be shifted serially: :

QaQp Qe Qp =1111 i
ANB N Np clock-| input will be ut_“.:naE_rnz_?z%m.m:ﬁ.ﬂ
abled and

M =0, AND gate-9 is en
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Pin name Function State | _ bmnl .wh b%/,j
(1) Serial in Serial input _w 0 0  § 4/T
1 1
(2,3,4,5)A,B,C,D Parallel inputs w m 1 __..w ]
1
Mode (6) Mode control 4 w m _ | m 1
5
Clock - 2 (8) Clock for left shift and load 6 1 1 0 M
o 7 1 L 1 0
Clock - 1 (9) Clock for right shift The counter counts the first 5 states w_.au_imﬂlaf
Qa to Qo (10 to 13) Outputs resets after counting the first 4 counts, and
Fig. Internal logic diagram of IC 7495 K-map for output Y :

A, B, C, D are the inputs to the four internal flip-flops

with A acting as LSB and D as MSB. Q, through Q,are
the corresponding outputs.

©  Theinternal logic diagram of IC 7495 is as shown in Fig.

Paralel inputs
A
r \
EX6 A
Mode =) @) B Cum P
control _ 4
Serial T
input (1X) ol -
3) |4 5] |6 7] |8
Clock 1
right shift
Clock 2
lefl shift R R A
(load) ck ek ck
_.._.ME Q A Dﬁ D.n
X J
-
Outputs

Fig. Internallogic diagram of IC 7495
Example 1: Design a Mod-5 ripple counter.

Solution : AMod-5 counter will require 3 flip-flops. Therefore
2° = 8 states. Out of 8, we will count 5 states.

Logic Diagram :

Y= Qﬁ + ._.U.m ﬂ}
Fig. : K-map for output Y

3

Logic 1o 4 —
Ta P Q, |
TL— FrA
C, Q,

——

—_—

—

Fig. : Logic diagram

Latches constructed with NOR and NAND gates tend to
cemain in the latched condition due to which
configuration feature?

(a) Low input voltages (b) Synchronous operation

(c) Gate impedance  (d) Cross coupling ,

Ans. (d)

one example of the use of an S-R flip-flop is as ...........
(a) Transition pulse generator

(b) Racer

(c) Switch debouncer

(d) Astable oscillator

Ans. (¢)

The truth table for an S-R flip-flop has how many VALID

~entries?
(a) | (b)2
(c)3 (d)4
Ans. (¢) i

When both inputs of a J-K flip-flop cycle, the output will

[TIRRTIRTIALTIN T LA LLEE ]

(a) Be invalid (b) Change
(c) Not change (d) Toggle
Ans. (¢)

Which of the following is correct for a gated D-type flip-
flop? .

1 (a) The Q output is either SET or RESET as soonas the D

input goes HIGH or LOW :
(b) The output complement follows the input when
enabled

(c) Only one of the inputs can be HIGH at a time
(d) The output toggles if one of the inputs is held HIGH
Ans. (a)

A basic S-R flip-flop can be constructed by cross-coupling
of which basic logic gates?

(a) AND or OR gates  (b) XOR or XNOR gates

(c) NOR or NAND gates

(d) AND or NOR gates

Ans. (c)

The logic circuits whose outputs at any instant of time
depends only on the present input butalso on the past

outputs are called e s
(n) Combinational circuits (b) Sequential circuits

(c) Latches (d) Flip-flops

Ans. (b) |
Whose operations are more faster among the ﬂ”c__ai_:ﬁ
(a) Combinational circuits (b) Sequential circuits

(c) Latches (d) Flip-flops

Ans, (a)

OBJECTIVE TYPE QUESTIONS

) 5

10.

11.

12.

13.

14.

15.

Sequential Logic Circuit

How many types of sequential circuits are?

(a)2 (b)3

(c)4 (d)S5

Ans. (a)

The sequential circuit is also called ......covcuere «
(a) Flip-flop (b) Latch

(c) Strobe (d) Adder

Ans. (b)

The basic latch consists of ......cccceeneee

(a) Two inverters (b) Two comparators
(c) Two amplifiers (d) Two adders

Ans. (a)

In S-R flip-flop, if Q =0 the output is said to be..........
(a) Set (b) Reset

(c) Previous state (d) Current state

Ans. (b)

The output of latches will remain in set/reset untill........
(a) The trigger pulse is given to change the state
(b) Any pulse given to go into previous state
(c) They don’t get any pulse more
(d) The pulse is edge-triggered
Ans. (a)
What is a trigger pulse ?
(a) A pulse that starts a cycle of operation
(b) A pulse that reverses the cycle of operation
(c) A pulse that prevents a cycle of operation
(d) A pulse that enhances a cycle of operation
Ans. (a)
The circuits of NOR based S-R latch classified as
asynchronous sequential circuits, why ?
(a) Because of inverted outputs
(b) Because of triggering functionality
(c) Because of cross-coupled connection
(d) Because of inverted outputs & triggering functionality
Ans. (¢)

0ao
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E_nn_a:_cm . B [5-2] | Memory Devices | m
_ 3 - - | <
\ . No need to refresh | Above figure shows the DRAM cell. Information is stored | m
, [aster ina DRAM cell in the form of a charge on a capacitor and this -
o, Used um. nun_ﬁ memory charge needs to be periodically recharged. " M
_ it LATEESIEE For storing information in this cell, transistor T is turned ___
L e mu..“_un__m_..ﬁ . on and an appropriate voltage is applied to the bit line. This m
| o High R nczm.._z.ﬁ:a: a9 causes a known amount of charge to be stored in the capacitor. w
| Q4. EX _:E:. Dynamic RAM. What are characteristics of Afer the transistor is turned off, due to the property of the |
Uwﬂﬂﬂ_._n ﬁmﬁgﬁuﬁﬂﬂﬂ_ﬁ L8 R capacitor, it starts to discharge. Hence, the information stored l
B : s:DR IS atypco module that stores each bit of ell can be read correctly only if it is read before the
Q. I. Draw the RAM organization explain it briefly The memory unit E_“_ EM_M_ g :M ofts from the worg }: data within a separate capacitor. This is a proficient way Mﬂmﬂwmmmwz the capacitors drops _w,m_niwmaan threshold value.
Ans: In random-access memory(RAM) the memory cells can  that has been selected by the address and apply them jny, the to store the data in memory because it requires less - ic RAM g
be accessed for information transfer from any desired random output data lines. . | ohysical space to store data. Characteristics .4”;. H.Jﬁu_.:_n |
location. Communication between a memory and its Q 2. If the no of =n...§ lines in a Em:wc_.w is 10, ang daty DRAM can hold more amounts of data by a particular ® Short data lifetime __
environment is achieved H:E:w: data input and output lines, lines are 2. What will be m__n EMHM_._W ...HHF . chiip size, Capacitors in DRAM are need to be constantly »  Needs to be refreshed con T ;
address selection lines, and control lines that specify the Solution: Total memory SIze= w:_ datg __mﬁm _ recharged to keep their charge, thus, DRAM requiresmore o Slower as compared to SRAM ___
direction of transfer. =27 2= 1024* 2 bits . sower. DRAM, unlike SRAM, must be continually ,  (jco as RAM |
A block diagram of a RAM unit is shown below: Q 3. Explain Static RAM. What are characteristics of Static refreshed in order to maintain the data. This is done by B e |
st inpHx res RAM? : placing the memory on a refresh circuit that rewrites the o' Smaller in size
| Ans: Static Random }nnwmm Memory Is a type of RAM thy data mM.__E.E hundred times per second. The main memory ® Less expensive
| retains the information in its memory as long as power is _u_nm__w is senerally made up of DRAM chips. s  Less power consumption
siifplied. Static RAM provices faster ancess o the dets ml 5 : it i 5. What are differences between static RAM and Dynamic
. more expensive compared with DRAM. SRAM does not neeg Bit line Q5. s
 address lines . Memory Unit to be refreshed _um_.mnamn.m:w. This type of q.zmacq requires Word line Ang: Difference between SRAM an d DRAM :
oo i ..mr, words constant power. Thus this type of memory is called volatile | Below table lists some of the differences between SRAM
Write " n bits per word memaory. : .
SRAM memories are used to build Cache Memory, and DRAM:
The below figure shows a cell diagram of SRAM. A latch
is formed by two inverters connected as shown in the figure, C
v Two transistors T1 and T2 are used for connecting the latch .
iatuontnuilites with two-bit lines. The purpose of these transistors is to act as
The n data input lines provide the information to be stored sWwitches that can be opened or closed under the control of the
in memory, and the n data output lines supply the information word line.
coming out of particular word chosen among the 2* available Bit lines
inside the memory. The two control inputs specify the direction
of transfer desired. DRAM
The two operations that a random access memory can SRAM
W mq@_ﬁm:.. e 5._.._3 s :.wmn_ e dﬁ o m_mnm_ time, so it is faster | 1. DRAM has higher access time, SO IU1S
pecifies a transfer-in operation and the read signal specifies a 1. SRAM has lower access ' <lower than SRAM.
transfer-out operation. On accepting one of these control nn_,:vmqmn_ to DRAM.
signals. The internal circuits inside the memory provide the 2 DRAM costs less compared to SRAM.
desired function. The steps that must be taken for the purpose 7. SRAM is costlier than DRAM. e
of transferring a new word to be stored into memory are as Word line | . ower supply, 3. DRAM offers reduced power consump n__.
follows: i 3. SRAM requires sl consumes | due to the fact that the information is store
. Apply the binary address of the desired word into the For Read operation, the word line is activated by m__n which means this type of memory in the capacitor.
address lines. address input to the address decoder, The activated word __z.m more power. —
2. Apply the data bits that must be stored in memory into closes both the transistors (switches) T1 and T2. Then .::.. _u.u_ i [oas 4. Due to the small internal circuitry in the
the data input lines. values at points A and B can transmit to their respectiVe 2 4, Dueto complex internal circultry, frothe one-bit memory cell of DRAM, the large
3.  Activate the write input. lines. The sense/write circuit at the end of the bit lines sends . e capacity Is available compare storage capacity is available.
The memory unit will then take the bits presently available the output to the processor, BLReS | size of DRAM memaory chip. . :
in the input data lines and store them in the specified by the . For Write operation, the address provided to the _.,_n%ﬁ” same physica 5. DRAM has high packaging density.
address lines. The steps that must be taken for the purpose of activates the word line to close both the switches. Then :ﬁ ihe SRAM has low ﬁmnwmmﬂ:m density.
transferring a mE_..mn_ word out of memory are as follows: value that is to be written into the cell is provided through 4in -
. Apply E.m binary address of the desired word into the sense/write circuit and the signals in bit lines are then store _ -
address lines. _ the cell. .
2. Activate the read input. Characteristic of Static RAM
* Longlife PP NN
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Digital Electronics

m__mm mw__“”.__.mm: bipolar RAM with suitable diagram.
H:m.n:.. Ipolar memory cell (bipolar RAM) is a high-speed
711= access memory consists of a cross-coupled pair of
transistors. .
: Awv+..__~..@“.hn

Ry

X-Select

Y-Select

e Data Line 2
ata Line

.,_ummE.m shows bipolar RAM cell. The two multiple emitter
transistor are cross coupled to form a simple bistable latch. the
connections to the emitter allow the cell to be selected and
data to be entered or read out. When X, Y select lines are at
low voltage, current flows through transistor Q, or Q, to the
line which is at low voltage. When particular cell is selected
corresponding selct lines are raised at high voltage.

A typical static bipolar RAM chip has a capacity of 256
bits and an access time of 50ns .

Q.7. Briefly explain DDR RAM. What are advantages and
disadvantages?

Ans: DDR-RAM stands for Double Data Rate Synchronous
Dynamic Random-Access Memory. These are the computer
memory that transfers the data twi~e as fast as regular chips
because DDR memory can send and receive signals twice per
clock cycle as a comparison.

They are widely used in applications that are demanding
high speed, memory, for example, graphic cards that need to
access a large amount of information in a very short time to
achieve the best graphics processing efficiency to improve the
gaming.

DDRI1, DDR2, and DDR3 are the types of DDR RAM
memories that use the 2.5, 1.8, and 1.5V supply voltages
respectively, thus it produces less heat and provides more

efficiency in power management
Advantages of DDR RAM
¢ It offers much faster speeds than SDRAM.

Each generation of DDR are updated and following with
its successor DDR2, DDR3, DDR4.

Disadvantages of DDR RAM
It can’t be used with old motherboards.

Some machines support only slower RAM.
They are not physically fit in memory slots due to its

notches

e  There pinouts are totally different from others,

Q 8. Explain ROM organization briefly.

Ans: Read-only memory(ROM) is amemory unit that Perform
the read operation only; it does not #.._m____.m a write nmumg:aw.
This implies that the binary information stored in a RO m
made permanent during the hardware production of the yp;,
and cannot be altered by writing different words into it,

a ROM is restricted to reading words that are permanepy
stored within the unit. The binary information to be ﬂn_.nﬂ_w
specified by the designer, is then embedded in the unit to “.E._.q_.
the required interconnection pattern. ROMs come with specig
internal electronic fuses that can be programmed for a specifjc
configuration. Once the pattern is established, it stays withip
the unit even when power is turned off and on again.

Anm x n ROM is an array of binary cells organizegq
into m words of n bits each. As shown in the block diagram
below, a ROM has k address input lines to select one of 2k =
m words of memory, and n input lines, one for each bit of the
word. An integrated circuit ROM may also have one or more
enable inputs for expanding a number of packages into a ROM

with larger capacity.
k address input lines

mXxn __NOE__ 55
(m=:2K). 22

Y

n data cutput lines

ROMs find a wide range of applications in the design of
digital systems. As such, it can implement any combinational
circuit with k inputs and n outputs. When employed in a
computer system as a memory unit, the ROM is used for storing
fixed programs that are not to be altered and for tables of
constants that are not subject to change. ROM is also employed
in the design of control units for digital computers. As such,
they are used to store coded information that represents the
sequence of internal control variables needed for enabling the
various operations in the computer

Q.9. Explain the types of ROM briefly. What ar¢
advantages of ROM?

Ans: Following are the types of Rom:

| Programmable read-only memory (PROM) : PROM
Is read-only memory that can be modified only once by @ user:
PROMs are used in digital electronic devices to store _um::muma
data, The key difference from a standard ROM is that the data

-

LY

41 Electronics

pigit [5-4)

Seetar. S e 8 A L AL Yo e e

Memory Devices i

MHMMM_H into a ROM during manufacture, while with a PROM o

i ) .
¢ data is Enm_,mn._ama into them after manufacture.

! ELPROM (Erasable and Programmable Read Only
\emory): It is a type of PROM. It is a non volatile memory,
bec
mEmnn Dat

40 minutes.
EEPROM (Electrically Erasable and Programmable w

by exposing it to ultra-violet light for a duration ofupto

A combinational digital circuit which converts the one
form of data into the other or vice-versa is called as a
data converter.

quse it is not erased due to power on or off. EPROM canbe Classification of Data Converters :

G Scanned with OKEN Scanner

a converters are classified as follows:

Analog to Digital Converter (ADC)
Digital to Analog Converter (DAC)

read Only Memory): EEPROM is programmed and erased

electrically. [t can be erased and reprogrammed about ten o St ,__,_,

thousand times. Both erasing and programming take about 4 to * -1 \ _.”._.

10 ms (millisecond). In EEPROM, any location can be D to Aconverters Ato D converters |

selectively erased and programmed. EEPROMs can be erased i

one byte at a time, rather than erasing the entire chip. Hence, ... Y y
. the process of reprogramming is flexible but slow. i ﬁmﬂaﬁﬂw uﬂ w.mﬂw“ﬁm + “ {

' The advantages of ROM are as follows :

e  Non-volatile in nature
¢ Cannot be accidentally changed

¢  Cheaper than RAMs
® Easy to test
®

Staircase  Single siope Dual slopa
rampADC  ADC

Yoo & o

o T R \
Successve  Counter  Flashtype |

ADC  approximafon typeADC  ADC
ADC

Digital to Analog Converters : __

The combinational logic system whick converts the analog

y Ecﬂ.m - w.}.Em : signal to digital signal is called the digital to analog 8
) Staticand donot require Tairesing converter (D/A). In short, it is called as DAC. | » |
o  Contents are always known and can be verified _, I - 1N
Q. 10. Explain about Flash Memory. e | »,
Ans: Flash memory, also known as flash storage, is a type SEE— TR, L
of non volatile memory, that erases data in units Digitalinputs 4 3 - 0Q cutp |
_ called blocks and rewrites data at the byte level. Flash memory . _.
| is widely used for storage and data transfer in consumer devices, ;
enterprise systems and industrial applications. Flash memory 9
i__ _ |

retains data for an extended period of time, regardless of whether

a flash-equipped device is powered on or off.

Flash memory is used in enterprise data center SErver, o
1 1 o
ng technology, as well as in a wide range

of consumer devices, including USB flash drives = also known
as memory sticks — SD cards, mobile phones, di gital cameras,
tablet computers and PC cards in notebook computers.
The two main types of flash memory, io_ﬂ. flash and

NAND flash. The NAND type is found mainly in memory
| cards. USB flash drives, feature phones, smart phones.
Q.11. Define data converter and write its classification
L Or Definc data converter and explain digital to analog

[ ...ﬂ
converter with block diagram .

With block diagram explain digital to analog convert
g converter with type

storage and networki

er”?

Or and

Or Define digital to analo
one of them briefly ?

explain .
that before proce

Ans. It is often necessary
data, by a digital system, 1t ..
equivalent digital form. m_E_EJﬂ,._
data, it may be desirable that the __r 2
the digital form be converted bac el

Therefore, data converters are 1

systems.

nal result obtained

ssing the analog

it should be changed to an 4
after processing the

e analog form.
digital

Fig. : Block diagram of Digital to Analog CD/A) converter
The input to a DAC is an N-bit binary signal in parallel :

form. The analog output voltage V, is expressed by the

equation ,
N- N-2 . 2 ln .90 i

V, =K@V by +27 by Teentd b, +2' b, +2"by) il
where K is the proportionality constant. ,ﬂ

e The two types of commonly usced DACs are : d _.

1. Weighted-Resistor D/A converter and d_
7 R-2R Ladder D/A converter.

.

___
(1) Enﬁ:_n;-wnm.ﬁﬂ. P..Pnc:cﬁ.ﬁ.:. . W
Fig. shows the logic circuit of a binary weighted resistor J

type D/A converter (DAC).
It uses a network of binary w
amp summing amplifier.

eighted resistors and op-

The resistors 2'R =2R,2°R = 4R,...,2"R are fromthe

network of binary weighted resistors.
There are n number of digitally controlle

switches used one per digit bit.
They are SPOT type switches.

n d electronic
-_ .
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Digital Electronics

cted .
er conne resistors 2R,

®  Thusthe binary weighted resistors can be eith |
ough s, e asdias M :
to the ground or negative reference ..._d:.wmm (-Vy) thrott o Then-bil digital ”_.E.q. :E_. o _mm__w and d, as LSy
digitall _ S,y Sy eees Ope ; back resistor 1e out .
" Dm...._um:M:Mc__”ﬂ.”____mﬂﬂw..”“ﬁ“:m_ of various switches, the o R isthe R __ put n__._:n_;.
- .f L
\ @.III e —
@ | R i
_m. IR TaYE T R
|
i
]
I
I
b
4 1
¥ JW.-I q%u
; c) Resistors i
(a) Reslstors in series (b) Resistors In parallel (c) R+R = N_._mmm_._mm... LT

R+R=2R 2RII2R=R

2R (A R

2R
© v,

2R , _”v 2R 2R
©
VR ._ T 5

(d) Simplified equivalent circult (e) Final equivalent circuit

Re
— ﬁx ._{.m V
H__._ — —_n_l.Nl_“N.Q_.TM}mNIQM +.::+-Nﬂ_ﬁm ? 1%

V

]

Bi o] Ve
inary weighted 2 * Note that d, dy, ..., d, are binary digits and can have a

. 2R
resistors . Summing  Analog output .
(~R) mﬁﬁm volizge value either ‘0’ or ¢1°.
= ’ J\‘ z 4
mﬂ m.m . % X ly = .MFT_ 27! +d, 272 +.td, m-_.u_
__ _ i i
| | i The output voltage V, is given by 158
__ __ T __ ﬁﬁ_ - _n, ﬁ,_u Wiat
: __n _qlf.l H —— = VR (Reference vollage) R
(LS _,MAM G 14 s =g .|m.mT_ 40,22 4. £d. M-L
bit g S i . ,
n-bit digital input —»{ This s the required expression for output voltage.

I
f R, <R

Y Vo=V [d e, 2% s, i

w g
: .ﬂ MH.EEEEM the values of d , d,, ... d_in the abo¥e
quation, we cap obtain the value of the nczn%ea_._a

analog output +s_”mmm %
Th fore ¢
€ use of 3 Neégative reference voltage (-Vg) B

Fig. : Binary weighted resistor type DAC

:
ﬂ

can w_m expressed as the sum of the i, dividual
flowing through the weighted resistors currents

__.._ = : +~m +:..:+m__.h

-]

. A

{ H___ ’
currents 4, 4R, ..., 2'R respectively as shouwn : _mag.

Integrator

c_.m_.:__ Elcctronics ] . ) : m mhm ] : R il
— [o===m=eceeaaa, o TR S —
! M ®  Fig. shows the circuit diagram of a binary ladder type D/

pnalog inpu! __ c ¥ A converter with sets of identical resistors R and 2R.
o B | R i © Itconsists ofa R-2R ladder network and op-amp inverting

A h LA~ amplifier.

ATy 5 _ ®  The value of resistor R can be between 2.5 kQ to 10 k€.
| ® The resistor 2R can either be connected to the reference
|
I

e

voltage (-V_) line or grounded through controlled
switches S,,S,, S, ..., S..

e  The simplified circuit of a 3-bit (d, d,, d, = 100) binary
ladder type DAC is shown in Fig.. This simplified circuit
is further reduced to the equivalent circuit shown in Fig.

The equivalent resistance to the left of node (A) in Fig. is

T -

T=1 o b AND
Y T [ N-bibinary %TQIO
Y T-FF counter Gale

fa)
._“ . _ only 2R and the node G is at virtual ground potential.
2R
0 0 0666 =T,
Do P Clock puisa © R ® e_“wﬁ ® R
Advantages : G V,
1. Simple implementation.
: . 2R 2R 2R 2R
2.  Easy computations.
Disadvantages :
-Vq

The accuracy and stability depend upon the accuracy of

the resistors used. Fig. : A simplified 3-bit R-2R ladder type PAC

® As the two resistors R and 2R are in parallel with each

2. Itrequires a wide range of resistor values.
_ 3. The use of wide range of resistor values restricts its use. other, their parallel combination results in a resistance of
_ It has a poor resolution for limited range of resistors. 2R/5.
| 4. A veryhigh wattage resistor is required for MSB position. ©  The voltage at the node (A) is given by
| 5. A precision resistor is required for each bit position of
_ digital input. 2R 2R

- M X DY
(2) R-2R Ladder Type D/A Converter : : 5h .. [2R AT ; 4
+| = g
3 3

The binary ladder network largely overcomes the problem
of the weighted resistor network. °
This type of circuit also has a resistive network to produce
binary weighted currents but uses only two values of
resistors, namely R and 2R.

- . Re 2R\, -Vq \Y
It uses a ladder network containing series-parallel V,=- R V. =— = | S I%.
SEEE:DEEqﬂ.._c_,mmmﬂcan?m_:mmmm:amm. u

The ouput voltage of an op-amp inverting amplifier is
given by :

e @  For adigital input of d, d,d; =100, the analog output
® ORf ®FROF 8
D . . YR
G A produced is =
Analog output -
2R 2R R SR vaage  Q.12. Define analog to digital converter and explain
ol JM. its type ?
S, A S b S A | Or Define analog to digital converter write its type
i 9 | i | and explain briefly one of them ?
A SEIRE : s Ans. In electronics, an analog-to-digital converter is a
- :
| _ _ | L : system that converts an analog signal, such as a
(LSB) dpo-mmmcgdy o8, oly (MSB) sound picked up by a microphone or light entering.

e it digital nput ———> Types of ADC :

Fig. : A n-bit R-2R ladder type DAC

G Scanned with OKEN Scanner



= [5-7] Memory
Digital Electronics This results in high V., thus enabling e AN Eﬁ
®  Analog to Digital converters are of following types - ’ the clock pulses reach .:J_.m. slock (clk) ms_uc_._ te =
(A) Ramp (Staircase Ramp) type ADC. the counter which was initially clear. The S:Ezs
(B) Dual Slope ADC. trom 00 ... 0010 I1... 111 when 2V Clock __.H“ SOy
(C) Successive Approximation type ADC. applied. : " g
Dual-Slope Analog to Digital Converter: o Atthenext nE.nr pulse 27, the counter jg ﬂmmaa
®  Both the drawbacks of a single-slope ADC are overcome becomes 1. This controls the state c.w S which R m_.aa
in the Dual-Slope ADC. o position 1 at T, thereby connecting —y ¢, i oy
Principle of Operation : the integrator. ._;.:w E:.ﬁ i n.;. the ntegrator Now wzwgs.
°  Fig. shows the functional block diagram of a Dual-Slope move in the positive direction. The coupe, nazz_”m S
ADC. It consists of four major c_nm_.,,ﬁ count until V', .n V.18 SOONAS Ve goes POsitiye at .”_,nm :
l. an integrator, 2. a comparator, 3. a binary counter and goes low m.:m_u__zm. the AND gate. The COunter ﬁ:e fn
4. a switch driver, T flip-flop. counting in the absence of the clock Pulses %
®  This circuit is provided with a single-pole double throw waveforms of voltages V  and V _are showy in Em., ._,,_5
electronic switch. The initial state of the circuit Is Vol ) Pl
such that : a5
I~ The output of the integrator is small and positive, ’ t

50 that the output of the comparator is low. Thus,
the AND gate is disabled.

2. The counter is kept reset, so that Y output of all
flip-flops in the counter are reading 000 ... 00.
3.  The toggle mode flip-flop is kept reset.
7 A
Anaiog input “ _'u.a\T “
i | ]t votage
._.....,H.u.llllllw ' “ R - _ﬂu_._.ﬁ_-_.-ﬁ_.
§ ﬁ AL "
RO m_ ' S ! Ay 4
[ - I
I |
I |
]
Y THF s N-btbrary ek AND
ome | \Gae
£
_.._| _ - A
= Digital outputs Clock puise

igital Converter

The conversion process begins at t = ( with the switch Sj

=

. e P S R — — — —  —

— e —— — — — —

T, T, -”
g.: Waveforms of Dual-Slope Analog to Digital ﬁn:ﬂn_._n_.

Fig. :

Advantages :

ks
2,
3.
4,
3
6.

Emmnﬁimmﬁ '

Itis simple and relatively inexpensive
It has high conversion accuracy.,
It is more stable and of Jow cost.

Itis not affected by time, temperature and input voltage.

: m_cmm =c:n_..._==.manE_amn:_mE:ﬁ stability.
Itis less sensitive to noise. , |

in position 0, thereby connectin l. It has lar o
: __ g the analog vo g€ conversion time as ¢ d
the inut of the : g voltage V to ompared to any other
: he integrator. The Integrator output i - 2 ”wo
. as v :
i ) _ X ; ery low speed of conversion.
0. ._M..._. .._.._nmﬂ =—| =<1t
0 T
Comparison of Dya| Slope and Ramp type ADC
Dual Slope ADC
s 4 . Staj
u _n ”mm large conversio, time, : Aircase Ramp type ADC
. t has VEery ogq — ’ : _._m_m ‘
— e = 0d accuracy, x cOmparatively |ower conversion time
: € conversion time i S:Mmﬁ.f..ffi!f.! It has COmparatively Joyw it .
4. The conversion time is msnnwmsn fémﬁma: fiiese .nc_.mnw‘.
analog input, ent of . 'ME 1S variable.
€ conversijop

—

%

time depends on analog input.

[5-8]

Wﬁ\_a\_\i : il Rl Memory Devices
m__nnmmm?n Approximation Type ADC : ® Fig. (b) illustrates a 4-bit conversion process. When bit
wod " comparato D, Is turned .c:. __J_m.. output exceeds the analog signal and
N . e [t therefore bit D, is turned off. When the next three
- | Dala ready successive bits are turned on, the output becomes
* ﬁ.n% approximately equal to the analog signal.
et Advantages :
£ i e massi %ﬁuﬁms . Itis more simple.
2. Ithas low resolution.
Analog refarence " 3. It has high speed of conversion.
Register = 4. It has constant conversion time.
I TTT 5.  Itcan produce n-bit of A/D conversion with only n-
ﬂu Dn ﬂ__ ﬂ__..

(a) Block diagram of Successive Approximation ADC

'Fig. : Successive Approximation Analog to Digital

e - Fig. (a) shows the block diagram of a successive

]

e o,

(b) Conversion process for a 4-bit converter
Converter

approximation ADC. It includes three major elements :

the DAC, the successive approximation register (SAR)
and the comparators.

—ric

clock pulses.
Disadvantages :

. The logic circuit is complex.

2. It is more expensive.
3. Itrequires DAC.

Comparison of Dual Slope and Successive Approximation
Methods of ADC

Dual Slope ADC
Successive Approximation ADC

. It has large conversion time.

1. It has moderately large conversion time.

D 2. It is faster.
0 ]
2. Itisslower.

3. Itis very cheap.

It has moderate cost.

3
4. Itisused in all those applications which
4

. It is used in data acquisition system.
need very high accuracy.

The conversion technique involves comparing the output Q.8. Explain 8-Bit up Compatible A/D Converters with

of the DAC V, with the analog input signal V, . The digital

8-Channel Multiplexer ?

input to the DAC is generated by using the successive AnS. General Description :

approximation method. When the DAC output matches o

the analog signal, the input to DAC is the equivalent digital

signal.

The successive approximation method of generating input

to the DAC is similar to weighing an unknown material
(e.g. less than | gram) on a chemical balance with a set of
such fractional weightas '/, g, '/, g, /, getc.

The weighing procedure begins with the heaviest weight
('/, g) and subsequent weight (in decreasing order) are
added until the balance is tipped. The weight that tips the
balance is removed and the process is continued until the ©
smallest weight is used.

In the case of a 4-bit ADC, bit D, is turned on first and
the output of DAC is compared with an analog signal. If
the comparator changes the state, indicating that the output @
generated by D, is larger than the analog signal, bit D, is
turned off in the SAR and bit D, is turned on. The process
continues until the input reaches bit D

The ADC0808, ADC0809 data acquisitiof component is

a monolithic CMOS device with an 8-bit analog-to-digital
converter, 8-channel muitiplexer and microprocessor
compatible control logic, The 8-bit A/D converter uses
successive approximation as the conversion technique.

The converter features a high impedance chopper .

stabilized comparator, a256R voltage divider with analog
switch tree and a successive approximation register. The

8-channel multiplexer can directly access any of 8-single-
ended analog signals.

The device eliminates the need for external zero and full-

scale adjustments. Easy interfacing to microprocessors is

provided by the latched and decoded multiplexer address
inputs and latched TTL TRISTATE outputs.

The design of the ADC0808, ADC0809 has been
optimized by incorporating the most desirable aspects of
several A/D conversion techniques. The ADC0808,
ADCO0809 offers high speed, high accuracy, minimal

RN
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ili ninimal power
temperature dependence, excellent long-term accuracy and repeatability, and consumes 1 PROVIEL,

make this device ideally suited to applicati and machine con
pplications from process:
For 16-channel multiplexer with common output (sample/hold port), scc ADCO0816 data sheet. (See AN

information.)
Features :

I. Easy interface to all MiCroprocessors.

2. Operates ratiometrically or with 5 V DC or analog span adjusted voltage i
- No zero or full-scale adjust required.

8-channel multiplexer with address logic.

- 0Vto5 Vinput range with single 5 V power supply.

Outputs meet TTL voltage level specifications.

. Standard hermetic or molded 28-pin DIP package.

28-pin molded chip carrier package.

Specifications of ADC :

®  The following specifications are usually specified by the manufacturers of A/D converters :

mﬂmm
ﬁ:@

trol to consumer and automotive ap

: E._mm
E_nmzazm

247 for Mor

I.. Resolution : The voltage input change necessary for a one-bit change in the output is called the resolution, | can
also be expressed as a percentage. The resolution in terms of voltage is the full-scale input voltage divided by the

total number of bits.

Vs

2" -]

x100

% Resolution =

accuracy of an A/D converter is the maximum deviation of the digital output from the ideal linear line.

stable digital output. This conversion time is also called as speed.

straight line.

cause the digital output to change one bit minus the ideal voltage change necessary to change one bit
any point decrease or skip one or more codes. This is called the monotoxicity of the A/D converter.
Analog input voltage : This is the maximum allowable input voltage range

Format of Digital output : An A/D converter can be made for any standard digital code

Quantization error : The approximation process is known as
Is known as quantization error.

SOLVED PROBLEMS

Example 1: The LSB of a 3-bit DAC represents (.2

words : (i) 011, (ii) 110 ?

The weight of the LSB is 0.2 V. Therefore, the weights of the other bits are 0.4 d

(1) The output voltage for input 011 will be Vi=0+04V+02v=g 6V ek

(i1) The output voltage for input 110 will be Vi=0.84+04+0=12 <.

The LSB of 3-bit DAC is 0.5 V. What value of voltage E:__ be _
(1) 011, (ii) 1102

The weight of the LSB is 0.5 V. Therefore, the weights of

(1) The output voltage for input Oil will be

(i) The output voltage for input 110 wi] b

What is the full-scale output of a 5-bit bin

V. What value of voltage will

Solution :

Example 2 :
represented by the following codes

Solution :

Vi=0+025V+05v=075y
¢ Vy=0.125+0.25 + 0 = 0 375V

Example 3 : i
ary weighted resistor for logic ‘0’=0 Vv and logic

Accuracy : The accuracy of the A/D converter depends upon the accuracy of its circuit components, The relatiye
Conversion time : The conversion time is the time required for conversion from an analog input voltage to the
Linearity : Linearity is conventionally equal to the deviation of the performance of the converter from a best

Differential linearity : The differential linearity is defined as the maximum amount of voltage change necessary to

Monotoxicity : In response to a continuously increasing input .signal, the output of an A/D converter should not at

quantization. The error due to the quantization process

be represented by the following binary

the other bits are 0,25 v and 0.125 V respectively.

¢ P*=+]0 V?

al Electront® — [ 5-10
full-scale out =L .
The fu output for DAC g given a - gaees | ) Memory Devices
2N -]
Va=| 5n Y whete g seral 2 -
£ T T X 10296875y
. A 10-bit DAC has a step s; :
cd: Al P size of 5 mV, g

ma_”_m__“: . Total number of steps = 2¥_ | weulate the full-scale output voltage.
sol =29—1 = 1023 . |

V. = Total number of steps x Step size

=1023 x5mV=5.115v
mﬁaw_n 5: What is the resolution in volts, for 5 6-bit DAC, with +10 V full-scale output voltage ?
. - _
cteny  Resalmon,  Sop X Vps = S x10=01587v
gxample 6 : An 8-bit A/D converter has a maximum voltage of 15 V. What voltage change would each bit represent ?
; Vs 15
Solution Resolution TR 2 =58.82mV
gxample 7 For a 6-bit binary R-2R ladder, assume ‘0’ =0 V and ‘1= +10 V. Find the output voltage for following digital
inputs : (i) 1010001, (ii) 0011001, (iii) 111011, (iv) 100111

Solution :

v, = Ves[d 27+, 27 44327 40, 27 +d, 2% 444,27

(i)

(i1)

—
—
S

——
-

(iv)

Example 8

Solution :

(i)

(ii)

Example 9 ;A 4-bit D/A converter produce

Solution :

101001 :
V, =10[1x27" +0x 272 +1x27 +0x27 +0x27 +1x27°] = 6.40625 V

0011001 :
.5,usaxu-_i:m-u+:H-__+_i-:cxm-__+fuf x2771=1.953V
111011 :
V, LE_xM-_ixw.fxm.ﬁ?ml_ixm.f_xmju@.m_mda
| =
100111 :

V. =10[1x2" +0x27 L0x22 +1x27 +1x27 +1x27°])=6.09375V
0~ & | .

. Calculate the analog output for 3-bit weighted resistor type DAC for inputs :

. . .o.ucﬁmﬁ_nﬁn;.u_cﬁ.

(i) 10110, (ii) 10001. Assume logic

K - -
Vo = VR E_m-_i_wm-:&mfa._m +d, 2]

10110 : ] -u
V |_2_x._.-_t...ﬁ-f&-JE +0x27]
._”_._l s

=6.875V

10001 : &
2 +0x27 +1x27]

Vs _ jo[ix2" +0x27 +0%

ode of 100%. What will be the value of

= 5,31 £4.5 V foran input ¢

s an output voltage 0

D)
¢ an input code of 00117

output voltage fo
= LH
. +ﬁf 2

. 7,
Vo = Visld, 2 44,27+
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=4.5[0x27" +0x 272 +1%x27 +1x27']
. =0.84375v
Xample 10 : Ifan 8-bit A/D converter is driven b

time.

Solution -

Example 11 : The LSB

n 8
Toax = (2" =1) clock periods = 2.—1 = 2 =1

ya 200 kHzclock, find (1) Maximum conversion time, (2) Average cony ersion

=1, C.
P 300 1.275 mse

of 3-bit DAC represents 0.2 V, What value will be represented by following binary words 9 .

(i) 100, (ii) 110 2

Solution :

Let the 3-bit digital word to the DAC be ddd.d, isthe MSB and d, is the LSB.

Vo=Vr[d, 27" +d, 2% +d,27%)

The LSB intends the smallest change i.e. the resolution is 0.2 V. ’
Therefore the output for (001) is 0.2 V.

1. 100

2.110

A 5_” _ 02 1.6V
[d, 27 +d,22+d,27] [0x27'+0x27 +1x27]
|
Vo =Vrl[d; 27" +d,22+d,27%]=1.6[Ix27' +0x 22 +0x23]=0.8V
Vo=V [1x27" +1x272 +0x27%]=1.2V |
5,
oao |
‘ |
|
_
_
6.
|
_
|
|
|
.
|
8,
J,
10,

R i AT A T L L e g P i, AL i

Memory Devices
TYp
QUESTIONS
(°) _a;ﬂm_ ; ﬁm 4GB1o 13 Gp
S _.:_u ns. (a) ‘
Ma bits L. The full form of ROM s -
\ hard Jisk can store upto (b) Random only memory
(3) Terabyt€ (c) Read one memory
) Gigabyte i)
) megaby1e€ 12. DVD stangs for:
M_._m. (a) (2) Digital versatile Disc
| Kilobyte (KB)= (b) Q.m.ﬁm_ Versatile Device
1024 bytes (c) Digital Versatile Drive
(3) Libiis Ans. (a)
(b) i 12. A........is2 portable storage device.
©)8 @ (2) Compact Disc
ik i (b) USB Flash Drive
Raw facts ::i. have been collected but not organizeg (c) Digital Video disc
are known as . Ans. (a)
(a) Data 13. Which is used to record movies with high quality of
(b) None of these video and sound :
(c) Information () DVD
Ans. (a) (b)CD
Primary memory is of ......... types - ......... and ......... (c) USB flash drive
(a) two, RAM, ROM Ans. (a)
(b) TWO, CD, DVD 14. mE.._.EEu data a CD can store ?
(c) three, RAM and ROM (a) 650 MB to 900 MB
Ans. (2) (b) 450 MB to 900 MB
| Terabyte (TB) = Mu - .u_m o mw
ns. |2
E_uv e 15. Which can be attached to any USB port 2
M W ”NM Mmm (a) USB flash drive
c
(b) CD
Ans. (a) . () DVD
How many types of ROM are there : Aus. 16)
(@) three (6. 1 Nibble = wuuussesens b,
Ag four Q& 4
(c) two (b) 8
Ans. (a) and e s (c)2
Binary 0 and 1 represents two States wue asilh |
(2) OFF, ON {7. Full form of IPOis: ﬂ
(b) None of these (a) Input, Process, LAlipl
formation, Process, output
(€)ON, OFF o _ . t, output
Process, InNput,
Ans, QL q ding / writing information from Mu__m a) »
e 1S USed for readin ' ata permanently .
a CD, 18, _a__wwm_n.:i stores the dafa p
(2) CD drive () *
(b) ; (b) Both
Pen drive
(¢) None () EPE
A Ans. (2)
_UNHM. Aﬂnv ﬁﬂ L . )
VD

storage capacity varics frOMm cwseeee”
(@)4GB o 17GB

®)2GBto17GB
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arge amount of data permapg,,

Digital Electronics
i i i e ST T P — . s
19.  Processed data are called ... ‘ 21, Which devicestorea |

(a) None (a) secondary ) SlOERgS

(b) Information (c) primary

(c) Input Ans. (a)

Ans. (a) 22. One byte is capable of holding ........... character
20. A combination of 8 bits makes a : (a) one (b) three

(a) byte (b) gigabyte | (c) two

(c) nibble Ans. (a)

Ans. (a)

0aag
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