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Third Semester B.E, Degree Exa IMnn, Feb./Mar. 2022
Analog and Dl.ltél.. ectronics

Time: 3 hrs. Q

18C533

ax. Marks: 100

Note: Answer any FIVE full gnw, ONE full qrﬂ,ﬁ- each module,

1 & Whatis biasing? Mention di binsing l,l:n:\hnﬁ:p.m.:‘r in voltage divider bias.
b. Explam relaxation oscil e % :: m:“ll
¢. Wnie a note on opto : G (06 Marks)
&7 ¢
v‘_\L OR
2 o - List advantages of s over passive filters, (6 Marks)
b. lagram, R-2R ladder type converter. {08 Marks)
c. Explain the performance parameters of op-amp (06 Marls)
3 a Exph?nﬁun't Care condition mé example. '& (04 Marks)
b. Reduce the following functions asing K-map tﬂﬂ:n%{b' %
F(P, Q. R, S)=Zm(0, .9, 10)+d(2, 1 Q) (08 Marks)
¢. Usmg Quine McClusky , simplify the on:
F(P, Q. R, 5)= Zm(0%; 5, 6,7, 11, 14 - ¢
Write the gate dia r the same. %r (08 Mark)
> ©
4 a Fmphinmm&ﬁnbl:mmmﬂh& ’ - (05 Marks)
b. Apply Quinc”McClusky me find the implicants for the Boolean
exXp a,b,c,d)=E » 1,9, 10,12, 13, 14, 15) [I".Iunt‘ﬂ
c. For W expression, @: logic diagramusing AOI logic for minimal sum. Obtain
minigmnal sum using K-
@._h,u.dpzm(bgg«!.ﬁ. 711,12 % 15) (08 Marks)
O Module-3
5 a Whatis types of h . Explain static 0 and static 1 hazard. (06 Marks)
b. Differenti een combinati sequential circuit, (06 Marks)
¢. Implemen llowing using P
Alx, y,z)=Xm(1,2,4,6)  *
B(x, y,z)=Zm (0, 1, 6,
Cx, y,2)= Em 2, 6) -
4 OR
6 & Implement the g function using 8:1 multiplexer:
fla, b, ¢, dfs2m (0, 1,5, 6,8, 10,12, 15) s o
(07 Marks)

- Realize llowing using 3:8 decoder:
: (0] ﬂ@fﬂmil.lﬁi.ﬂ} (ii) ffa, b,c) = Im (3, 5, 7)

| of 2
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a.  What are the three different models for writing a odu y in VHDL? Give example for

any one model. ' (046 Marky)

b. Derive characteristic equation for JK, T, D and ip flop. (08 Marks)

c. Give VHDL code for 4:1 multiplexer using jtional assign m@ (06 Marks)
(06 Marks)

a. Using structural model, write VHDL%{W Half Adder. ’
b. Derive the excitation table for J ﬂipl]anlanR%ﬂnpilmwmmeﬂh:
(08 Marks)

flop? Q)
c. With logic diagram, cxplain @vp. (06 Marks)
4
/" Modules
a. Define counter. D:sig@hmnous counter for @\mu 0,4,1,2,6,0,4 using TK
(08 Marks)

flip-flop.
b. Whatis shift mgi,ébﬁ.rim a ncat diagram, cxplafh 4 bit parallel in serial out shift register.
%- (08 Marks)

¢. Wntca no%%mﬁal parity checker. CJ (04 Marks)
ORr

s. With iagram, explain rin ; : (06 Mar

b. Desi implement MOD 5 counter usi flip-flop. Explain with timing

c. if"l:'ﬁ':‘:l;lnt: on parallel E;%wflh accumulator. n?) & l{:m
M

&
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Sub: | Analog and Digital Electronics Sub Code: | 18CS33 ‘ Branch: | ISE
Date: | Duration: | 3 Hrs | Max Marks: |100 Sem/Sec: | II1/ A, B and C OBE
Answer any FIVE FULL Questions MARKS | CO |RBT
1 a. What is biasing? Mention different BJT biasing techniques. Explain voltage 8 CO1| L2
divider bias.
Solution:

Transistor Biasing is the establishment of suitable dc-values such as IC, VCE, IB, etc., by
using a dc-source. When BIT is properly biased, amplification of signal takes place.
There are mainly three types of biasing a transistor: Base bias or Fixed bias, Collector-to-
Base bias, Voltage-divider bias.

TAGE DIVIDER (EMITTER CURRENT) BIAS CIRCUIT:

Voltage divider bias is the most stable of the three basic transistor biasing circuits. A voltage divider

circuit is shown in the following Figure.

O ¥
Vee =V F . y
Rim—tk % RCIZI'LT_lL‘E_I'E
1’{_"
I y
12 :z——-f:— CE
10
Uf:“fc
Vi
Va < Rpm—-L
Ry=7 Ie

Ve>>¥ye

There is an emitter resistor R connected in series with Emitter terminal, so that the total de load in series
with the transistor 15 (R;- + R;). Resistors R, and R; constitutes a voltage V.
Applying KVL to the loop Ve, Ry, and Ra, we get;

Vee— LR — 1R =10 Or, LR, + IRz = Vg memmmmmmm e e (5}

We have; -r_f = !3 + 1;3

Voltage divider bias circuits are normally designed to have a voltage divider current I very much greater

than transistor base current I, i.e., [, == [ 3 T T e — {6)

Using6in5, LR + LR = Ve ie., LR+ Ra) =V Or, L =(Vee) /(R + Ry
W 1s the voltage across R, Le., Ve = 1R Or, Ve=(Vee *R3) /(R + Ry

W is the voltage across R Le, Ve=IR:

Applying KVL to the base-emitter loop; Vg—Vye— Ve =1 e, Vee=Vg-Vg

OL l';- = Irﬂ - ]rsg i_ﬁ_‘ !_,L_'RE = l’s - l’m&_‘ Ilf_‘ncﬁ‘ I.E = (Vn - VFE,JI’RE

Applying KVL to the collector-emitter loop; Vee—deRe— Vep —IcReg =10 [fe=1¢]
ie, Vee=Vee—Ie(Re+Re)




b. Explain relaxation oscillator

Solution:
Simple Square-Wave Relaxation Oscillator
RJ
voltage across C op amp output
+15V V) W)
V +15V | v

N R 7 O 2 N P N
IR . 1IN |

R T
15K i 15K —15V - -

F=22RC

Oscillator generally refers to the circuit which produces periodic and repetitive output
like a sine wave or square wave. An oscillator can be a mechanical or electronic
construction that produces oscillation depending on a few variables.

COl

L3

¢. Write a note on opto coupler
Construction:

All optocouplers consist of two elements; a light source (a LED) and a photosensor (a photoresistor,
photodiode, phototransistor, silicon-controlled rectifier (SCR), or triac); which are separated by a

dielectric (non-conducting) barrier.

Working Principle:

When input current is applied to the LED, it switches ON and emits infrared light; the photosensor then
detects this light and allows current to flow through the output side of the circuit; conversely, when the
LED is off, no current will flow through the photosensor. By this method, the two flowing currents are
electrically isolated. It consists of LED and photodiode; where the circuits are isolated elecinically. In the

following Figure, LED is forward biased, photodiode is reverse biased and output exists across R,

51 (signal 1) 82 (signul 2)

O .

Light sensor —

J—-T vy :

L 7hl

=+ Kw
T == 4

Y

IH}—

mf d\s

The Figure describes the basic operation of an optocoupler. When current is not being
applied via Pin

1, the LED is off, and the circuit connected to Pins 4 and 5 is experiencing no current
flow. When power

is applied to the input circuit, the LED switches on, the sensor detects the light, closes the
switch and initiates current flow in the output circuit, as shown in the Figure

—Ali—




a. Explain active filter. List advantages of active filters over passive filters.

Solution:

Filter is a frequency selective circuit commonly used in signal processing that
passes signal of specified range of frequencies and blocks the signals of
frequencies outside the band. Active filters are attractive due to their —

» Flexibility in gain control

* Small component size

* No loading Problem

* Pass band gain

* Use of the inductors can be avoided

Filters are useful in many areas of applications, such as Communication and Signal
Processing. They are found in electronic systems like Radio, Television,
Telephones, Radars, satellites, and Biomedical instruments.

Active filters offer the following advantages over Passive filters:

* Gain and frequency adjustment flexibility

* No loading problem & No insertion loss

* Size and weight

* Cost.

Most commonly used active filters are —

» Low-pass filter, High-pass filter, Band-pass filter, Band-stop filter (Band-reject
filter), and All-pass filter.

06
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b. Explain with diagram, R-2R ladder type D to A converter

Solution:

: In R-2R ladder, only two values, R and 2R are used. The circuit diagram is given below:

—
-
K

Each binary bit connects switch either to ground (non-inverting input) or to the inverting terminal of Op-

Amp. Due to virtual ground, both the positions of the switches are at ground potential, and currents

through the resistances are constant.

The current flowing through each of 2R resistances;
Vi Ve/2 Vg

Ji= 1% -
1 R 2

_ Ve/4 Vi
2R 4R 37 2R " BR
But, Vy = =LRy = =R (I + L + .+ Iy)

_ /@ -1

I
a 2R

. Vg Ve Ve
i.e., Vo= —FR [—.b1+ b; + u.+ﬁbﬂl

2R aRr
Or Vg = —"ER;[b27" + b27 + .+ b, 27"

IFR, =R, Vo= —Va[bs271+ b2 + .. +b,27"]

COl
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c. Define op-amp. Explain the performance parameters of op-amp.

Solution:
An Op-Amp is a direct-coupled high gain, high bandwidth differential amplifier

with very high value of input impedance and very low value of output impedance.

06




The ideal Op-Amp model was derived to simplify circuit calculations. The ideal
Op-Amp model makes three

assumptions:

1. Input resistance (impedance), Ri = o

2. Output resistance (impedance), Ro =0

3. Open-loop (differential voltage) gain, Ad = o

Based on these three assumptions,

other assumptions can be derived:

1.Since Ri=o0, [i=Ini=0

2. Since Ro=0, Vo= Ad * Vd

3. Zero DC input and output offset voltages

4. Bandwidth and slew rate are also infinite, as no frequency dependencies are
assumed.

S. Drift is also zero, as there is no changes in performance over time, temperature,
power supply variations, and so on

6. Since output voltage depends only on differential input voltage, it rejects any
voltage common to both inputs. Hence, common mode gain = 0

a. Explain don’t care conditions with an example.
Solution:
The Don’t Care conditions allow us to replace the empty cell of a K-Map to form a
grouping of the variables which is larger than that of forming groups without don’t
care. While forming groups of cells, we can consider a Don’t Care cell as 1 or 0 or
we can also ignore that cell. Therefore, the “Don’t Care” condition can help us to
form a larger group of cells.

Minimise the following function in SOP minimal form using K-Maps:

f=m(1, 5, 6, 11, 12, 13, 14) + d(4)

Explanation:

The SOP K-map for the given expression is:

COo3
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cD

00 01 11 10
AB
00
1

01 X 1 “ 1
11 1 1 \ 1
by —m

10

‘herefore, SOP minimal is,

f BC' + BCD" + A'C'D + AB'CD

b. Reduce the followingfunction using k Map S= F (A, B, C, D) = Xm
(0,1,4,8,9,10) +d (2,11)

Solution:

o

Th Tp op b

1 J Iz e
7 I i I\_X

‘n T2 -3 m a2 = =
a§'1]‘1\'"x r1 41;'1 :_I\. »; f.]

Ch

S=ACD+BD+B S =ACD + BD + BC

COo3
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c. Using QM method, simplify the expression f(p.q.r,s)= Xm(0,3,5,6,7,11,14)
Solution:




expression f(a,b,c,d)=Xm(1,3,6,7,9,10,12,13,14,15)

a. Explain entered variable map method CO3| L2
Solution:
Minimization procedure for VEM — Now, let’s see how to find SOP expression if a
\VEM is given.
1. Write all the variables(original and complimented forms are treated as two different]
variables) in the map as 0, leave 0’s, minterms and don’t cares as it is and obtain the
SOP expression.
2. (a) Select one variable and make all occurrences of that variable as 1, write]
minterms (1°s) as don’t cares, leave 0’s and don’t cares as it is. Now, obtain the SOP|
expression.
(b) Multiply the obtained SOP expression with the concerned variable.
3. Repeat step 2 for all the variables in the k-map.
4. SOP of VEM is obtained by ORing all the obtained SOP expressions.
b. Apply QM method to find the essential prime implicants for the Boolean CO1| L2




minimal sum. Obtain minimal sum using K-map

c. For the below expression, draw the logic diagram using AOI logic for

Solution:
HAZARDS & HAZARD COVERS

« The hazards cause the circuit to mal

STATIC-1 HAZARD

known as static-1 hazard (Figure: 3.34).

= Static-1 hazard ocours when
—= ¥=A+A" type of situation appears in a logic circuit.
—= A" makes a transition 1-3>0

= Here is how static-1 hazard oocurs:

at _its o

(5] (w
Figure 3.34: Static-1 hazard

a. What is hazard? List the types of hazards. Explain static 0 and static 1 hazard.

= The unwanted swiu:hing transient that may appear at the ocutput of a drcuit are called hazards.

= The main cause of hazards is the different pmmgﬁnn delays at different paths.
« Here we consider, 1) Static-1 hazard 2) Static-0 hazard & 3) Dynamic hazard.

= In a combinational dircwit, if output goes momentarily 0 when it should remain a 1, the hazand is

= An A+A" condition should always generate 1 at the output, i.e. static-1.
= But the NOT gate output takes finite time to become 1 following 130 transition of A.
= Thus for OR gate, there are 2 zeros appearing at its input for the small duration, resulting a 0

wut put.
= The width of this zero is in nanosecond order and is called a glitch.
= Im combinational circuits, static-1 hazard may not cause any serious problem.
But in sequential dircuit, static-1 hazard rn-v cause rnajl:r malfunctioning.

Ty = NOT gate delay

a 73 = OR gate delay
L= —L_——- = =
4

CO4
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STATIC-0 HAZARD
= In a combinational circuit, if output goes momentarily 1 when it should remain a 0, the hazard is
known as static-0 hazard (Figure: 3.36).
= Static-0 hazard occurs when
— Y=AA' type of situation appears in a logic circuit.
— A" makes a transition 0-31.
= Here is how static-0 hazard occurs:
= An AA' condition should always generate 0 at the output, i.e. static-0.
» But the NOT gate output takes finite time to become 0 following 01 transition of A.
# Thus for AND gate, there are 2 ones appearing at its input for the small duration, resulting a
1 at its output.
= The width of this zero is in nanosecond order and is called a glitch.

i = J ;= NOT pote delay
[ P £, = OR gaie delay
Telo—r ik
~{ v - T
A ¥ e —
e -
{al i
Figure 3.36: Static-0 hazard
e C " = A ——,
RO - i o
ik f\o/ {@ ul:\-.nj- i-"ﬁ'\l | —
gl o n -: TIER, L - __1—.
L= L
| I e B “|| | a—-i-» ;} i ) ¥
AB|fa) 1 B[} 1 D
€ |
() ¥=(B+0y (W) Chrcwil with stnteg -0 hagand i) F = i) a0 {if) Marsrd free coroun
[FLIn] L+

Figure 3.37; Static-0 hazard and its cover

b. Differentiate between combinational and sequential circuit.
Solution:

Combinational Circuit Sequential Circuit

1 It does not contain memory elements.

2 Output depends on the present state of input
only.

3 Its behavior is described by the set of output

functions.
4 Do not use the Feedback path.
5 Does not require a clock signal.
6 Faster than the sequential circuit.

7 Example: Adder, Subtractor, MUX, Encoders, etc.

It contains memory elements.

Output depends not only on the present inputs but also
on the past history of inputs.

Its behavior is described by the set of next-state

(memory) functions and the set of output functions.
Use Feedback path.

Most sequential circuits use a clock signal.

Slower than the combinational circuit.

Example: Flip Flops, Registers, Counters, etc.

CO4
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Solution:

c. Implement the following using PLA A=(1,2,4,6) B=(0,1,6,7) C=(2,6)




a. Implement the following function using 8:1 multiplexer 7 COs
F(a,b,c,d)=2m(0,1,5,6,8,10,12,15)

Solution:

':Lu_*i_uu.a,ﬁlﬂrl._aﬁ ﬁlﬂb‘-‘z'

! e

Do B0 Pa Dy Da b De DI
L Bl®l2l=+ele ] ]
o @l aleh @)= m—@f
| & a 6 a & a &
- - fe 4
Trupmestaloen — bogie
71‘; o L
‘r______.:.l‘]q
__r-._.—-————'--ﬁﬂ.
2: 1 =
Ei s L
s P—————— |
A O,
ol

[ LI

L < o

b. What is programmable logic array? How does PLA differ from PAL? 6 CO5
Solution:

. A programmable logic array (PLA) is a kind of programmable logic device used to
implement combinational logic circuits.




S.NOPLA

1. PLAstands for
Programmable Logic

Array.

2. PLAspeedis lower than
PAL.

3. The complexity of PLAIs
high.

4, Thecostof PLA s also
high.

5. Programmable Logic

Array is less available.

PAL

While PAL stands for Programmable
Array Logic.

While PAL's speed is higher than PLA.

While PAL's complexity is less.

While the cost of PAL s low.

While Programmable Array Logic is more

available than Programmable Logic

Array.
|

c. Realize the following using 3:8 decoder
1) f(a,b,c) =2m(1,2,3,4) 1ii) f(a,b,c) = Xm(3,5,7)

A - S0

R yob—— L F
o—eo 249 :4_ I g

a. What are the three different models for writing a module body in VHDL?
Give example for any one model
Solution:

The difference between these styles is based on the type of concurrent statements used:

¢ A dataflow architecture uses only concurrent signal assignment statements.
¢ A behavioral architecture uses only process statements.

¢ A structural architecture uses only component instantiation statements.

CO2
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library ieee:
uze ieee.std logic 1164.all;

entity half adder is
port (&, b: in std logic:
sum, carry_ocut: out std_logic):
end half adder;

architecture dataflow of half adder is
begin
sum <= & Xor b;
carry out <= a
end dataflow;

b. Derive characteristics equations for JK,T,D and SR flip flop 8 Co4
Solution:
'ﬁ'.rip-ﬁ?op_- D Flip-Flop:
SR )
a., s R SR SR s R D\\c‘ - =
a.] e | | s | o
= — - — 1 M »®
K Map
K Flipp—-FTop: T Flip-Filopm:
K T e 1
—— oo o 10 a1 L=
= o | a ] a F L] o EI
Lo ] o o
“a - T - 1 : o
1T ] o = 1T
The characteristic egquations for the latches and flip-flops discussed so far are:
O =585+ RQ (SR =10) (S5-R latch or flip-flop)
o G s GO (gated I latch)
o = D (D fAlip-flop)
Q" = DCE + OQ-CE" (D-CE fMip-flop)
o SO+ K'Q (J-K Mlip-flop)
O =T & Q@ =TQ" + T"Q (T flip-flop)
¢. Give VHDL code for 4:1 multiplexer using conditional assign statement.
Solution:
library IEEE; use IEEE.STD_LOGIC_l1164.all;
6

entity muxd is

port(de, d4di,

d2, d3: in STD_LOGIC_VECTOR(3 downto @);
s: in STD_LOGIC_WECTOR(1 downto @) ;

wi: out STD_LOGIC_WVECTOR(3 downto @));
end;

architecture synthl of mux4 is

begin

w S&lt;= d© when s = &S&quot;ee&quot; else
dl when s = &quot;el&quot; else

d2 when s = &quot;le&quot; else

d3;

end ;




a. Using structural model, write VHDL code for Half Adder. CO5 | L2
Solution:
library ieee:
uze ieee.std logic 1164.all:
entity half adder i=s —— Entity declaratio:r
port (&, b: in std logic:
sum, carry_ocut: out std_logic):
end half adder:
architecture structure of half adder is —— Architecture b
component xor_ gate —— Xor component decl:
port (i1, id: in atd logicy
ol: out =std_logic):
end component;
component and gate —— and conponent decl:
port (il, iZ: in std logics
ol: out std logic):
end component;
begin
ul: xor gate port map (il =» a, i2 =» b, ol =» sum);
wZ: and gate port map (il =» a, 12 =» b, ol =» carry out);
—— W2 can also use Poaiticnal Association
- =» ul: xXor gate port map (&, b, sSum
- =» ud: and gate port mep {(a, b, carry_out):;
end structure;
b. Derive the excitation table for JK flip flop and SR flip flop. How SR flip flop CO5| L2

is converted to T flip flop.

Solutions:
Present Next
s R state state
S R
o 1 1 . 0 0 0 X
o 1 o] 0
o © 1 1
o 1 1 0 e B
T e g 0 0 1
1 o [6) 1 = = .
i i X 0
1 o 1 1 ——— et
‘L Excitation table of SR flip flop
Invalid states

J




Present Next
J K state state
Qn Qn+'l
0] O 0 6]
Qn Qn+1. J K
0 O 1 1
8] 1 0 0 o o (¢} X
0] 1 1 0 0 1 i X
1 0 0 1 1 o - 1
1 (0] 1 1
1 1 X (8]
1 1 0 1
Excitation table of JK flip flop
i 1 1 0
Truth table of JKflip flop
c. With logic diagram explain JK flip flop.
Solution:
Toggles on leading SR Flip-Flop
edge of clock signal /"
\ L 3
j— o ) °Q

F Y

Clko—

Ko——— }

Circuit

D: o Q

X

In SR flip flop, both the inputs 'S' and 'R' are replaced by two inputs J and K. It means the
J and K input equates to S and R, respectively.
The two 2-input AND gates are replaced by two 3-input NAND gates. The third input of
each gate is connected to the outputs at Q and Q'. The cross-coupling of the SR flip-flop
permits the previous invalid condition of (S = "1", R = "1") to be used to produce the
"toggle action" as the two inputs are now interlocked.

If the circuit is "set", the J input is interrupted from the "0" position of Q' through the
lower NAND gate. If the circuit is "RESET", K input is interrupted from 0 positions of Q
through the upper NAND gate. Since Q and Q' are always different, we can use them to
control the input. When both inputs 'J' and 'K' are set to 1, the JK toggles the flip flop as
per the given truth table.

Truth Table:
Same Clock Input Output Description
as for Clk J K Q a’
SR X 0 0 1 0 Memory
Latch X 0 0 0 1 no change
W 0 1 1 0 Reset Q>>0
X 0 1 0 1
—J6 1 0 0 1 Set Q>>1
X 1 0 1 0
Toggle e 1 1 0 1 Toggle
action e 1 1 1 0




9 a. Define counter. Design synchronous counter for the sequence 0,4,1,2,6,0,4
using JK flip flop.
Solutions:

b. What is shift register? With a neat diagram, explain 4 bit parallel in serial
out shift register.
Solution:
A shift register is a digital memory circuit found in calculators, computers, and
data-processing systems. Bits (binary digits) enter the shift register at one end
and emerge from the other end.

CO4
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Parallel-in to Serial-out (PI1SO) Shift Register

The Parallel-in to Serial-out shift register acts in the opposite way to the serial-in to
parallel-out one above. The data is loaded into the register in a parallel format in which all
the data bits enter their inputs simultaneously, to the parallel input pins Pa to Pp of the
register. The data is then read out sequentially in the normal shift-right mode from the

register at Q representing the data present at Py to Pp.

This data is outputted one bit at a time on each clock cycle in a serial format. Itis
important to note that with this type of data register a clock pulse is not required to
parallel load the register as it is already present, but four clock pulses are required to

unload the data.

4-bit Parallel-in to Serial-out Shift Register

1 a Q Q Tl e
o o ° . Seria
FFA FFB FFC FFD Data out
CLK CLK CLK CLK
- |
R |
Pg Pc Pe Pa |

4-bit Paradlel Data Input

c. Write a note on sequential parity checker.

Solutions:
i ——pmd . ' i R
{ i \ 11 1
: , \" - -

T Block Diaaram State Graph for Parity Checker

for Parity Checker

The sequential eircuit must =rememberl whether the total number of T inputs received is even or odd;
therefore, only two states are required. We will designate these states as SO and S§1, corresponding
respectively to an even number of 1's received and an odd number of 1's received. We will start the
circuit in state S0 because initially zero 1's have been received, and zero is an evennumber.

As indicated in state graph (above Figure), if the circwit is in state 50 (even number of 1's received) and X
=1 i5 received, the circuit must stay in S0 because the number of 1's received is still even. However, it X
= | is received, the cireuit goes o state 81 beeause the number of 1% received is then odd.

Similarly, il the circwitis in stule S1 (odd number of 15 received) a 0 inpul causes no state change, but a

| causes a change to S0 because the number of 1's received is then even.

The output Z should be | whenever the circuit is in state S1 (odd number of 1's received), The output is

listed below the state on the state graph.

CO4
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a. With a neat diagram, explain ring counter

Solutions:
Working of Ring Counter

given below:

Ring counter’s state needs to be set before the operation. Since ring counter circulates 1 through all
stages, and there are no external inputs except the clock signal. So we need to set its state to initial
state 1000 manually. We need to set the first stage flip-flop and clear the rest of the stages to obtain|
the state 1000.The preset input pin is designed to do this function. The schematic of ring counter is

COs
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Qo Q Q2 Qs

| [, Set St Set DsétQ J

pClk Q- HClk QF PClk QF (PpClk Qi
|_ |_ Clr [ Clr [ Clr
Clk

Preset {>C l I T
First, we need to set the initial state 1000 through preset input.

Whenever the first clock edge hits the counter the outputs of each stage shifts to the nexf]
succeeding stage. And the output of the last will shift to the first stage making the state 0100.
Upon next clock cycle, each stage will update its state according to its input. So the 1’ will be
shifted to the third stage making the state 0010. Upon another clock cycle, the ‘1’ will reach the last]
stage making the 0001.
INow upon next clock cycle, ‘1’ from the last stage (flip-flop) will shift back to the first stage
making the initial state 1000. And it starts again from the first state repeating itself considering the]
clock signal is provided. This is how the data inside the ring counter circulates in the ring.
Ring counter divides the frequency of the clock signal by ‘n’. n is the bit size of the ring counter.
So ring counter can be used as a frequency divider.

b. Design and implement MOD 5 synchronous counter using JK flip flop.
Explain with timing diagram.

Solutions:

Step 1:

Determine the number of flip flop needed
Flip flop required are

2">N

Mod 5 hence N=5

s N

527 =5

N—=3ie3 flip flop are required
Step 2:

Type of flip flop to be used: JK flip flop
Step 3:

1) Excitation table for JK flip flop

Qn Qni1 J K
a (0] a >
(0] 1 1 >
1 (0] 4 1

MNow, we can derive excitation table for counter using above table as follows:

2) Excitation table for counter

Present state Next state Flip flop Input

Q. Qs Qa Qec=1 | Qp+1 | Qa1 | Je Kc B Kz Ja K.
0 0 €] 0 (9] 1 x 0 0 by 1 s
0 0 1 0 1 0 x 1 1 x x 1
8] 1 O 2] 1 1 < x = 0 1 =
8] 1 1 1 0 (0] x x = 1 x 1

1 0 8] 0 0 0 1 0 8] > 0 s
1 0 > 3 * » * » x x =
1 1 8] > x x * x P B = b
1 1 = B x b x x > * =
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Step4

K-map simplification ror K R e = P —
2:Qa 00 o1 11 10
For Jo Qc
o * 3 T (4}
00 01 1 10 i - - - -
QC Kp — QA
0 |0 0 1 0 For T
1 " X m " ~QrQx [ o1 11 10
— Qe
J,=QpQy o | l T = +——T— I T
FO{KC 1 a * x x
T4 = Qe
Qi (00 |01 1 10 o
QC ~Qe Qs | i) I o1 1 | 10 |
Q','
0 [x X X X 3 E : : s
I u - — [ - s - :
Ke=1 o
Step 5 Logic Diagram
1 Qs Iy Qg I Qg =
[ y P
|— L Q-,, L Q—_n Ee gc
High n
cp QCMSB)
Oia-_'LSB,- o=
Output

c. Write a note on parallel adder with accumulator.
Solution:
Parallel Adder with Accumulator:

In computer circuits, it 1s frequently desirable to store one number in a register of flip-flops (called an
accumulator) and add a second number to i, leaving the result stored in the accumulator,

One way to build a parallel adder with an accumulator is to add a register to the adder as shown in the

tollowing Figure.

L | | — | L | | —y

i1 i [ (1 ) i) i 1y
) Accumiulator
N T ™ Register
CE 5 D Cl D CE o D Cl n 2
| [ [ [ 2
—1 Full —1 Full —1 Full —1 Full
,, Adder o ... .. Adder | ... Adder Adder |

r r 1 r

Suppose that the number X' x,, . . vy is stored in the accumulator. Then, the number ¥ v, .y is
applied 1o the Tull adder imputs, and aller the carry has propagated through the adders, the sum of X and ¥




appears at the adder outputs. An add signal (Ad) is used to load the adder outputs into the accumulator
flip-tlops on the rising clock edge. It s, [, the next state of tlip-flop x; will be 1. It 5; (), the next state
of tlip-tflop x, will be 0.Thus, x,* 5, and it 4d [, the number X in the accumulator is replaced with the
sum of X and Y, lollowing the rising cdge ol the clock,

Observe that the adder with accumulator is an iterative structure thatl consists of a number of identical
cells. Each cell contains a full adder and an associated accumulator flip-flop. Cell ¢, which has inputs ¢
and y;and outputs ¢, = { and x;, is referred 1o as a typical cell,

Belore addition can take place, the accumulator must be loaded with X, This can be accomplished in
several ways, The easiest way is Lo [irst elear the accumulator using the asynchronous elear inputs on the
flip-flops, and then put the X data on the Y inputs to the adder and add to the accumulator in the normal
way. Alternatively, we could add multiplexers at the accumulator inputs so that we could select either the
Y input data or the adder output to load into the accumulator. This would eliminate the extra step of

clearing the accumulator but would add to the hardware complexity.
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