https://alllabexperiments.com Support by Donating

B.Sc. (Hons) Sem-3

Digital systems and applications

Q. 1. Answer any five of the following : 5 x3

_ (a) Subtract decimal number 12 from decimal 9 using two’s
complement notation.

Ans. Consult yourbook.

(b) Describe with an example each of 1 -Byte, 2-Byte and 3-Byte
instructions in 8085 microprocessor. o
Ans. Consult yourbook. U v

(¢) The accumulator of 8085 microprocessor consains 5CH and

carry is set. What will the accumulator contain and carry contain
ollowing each instruction given below

(i) XRA A (i1))RAL
Ans. Consult yourbook.

~ (d) What is meant by the term edge clocked/triggered and draw a
ligital symbol of a negative edge triggered JK flip flop.

Ans. Clock Pulse Transition. The movement of a trigger pulse is always
a0to 1 and then 1 to 0 of a signal. Thus is takes two transitions in a single
signal. When it moves from 0 to 1 it is called a positive transition and when it

‘ves from 1 to 0 it is called a negative transition. To understand more take a
bok at the images below :

Positive pulse ~ Negative pulse
1765 Fee MECal
0 0
Positive Negative ; Negative Positive
edge edge edge adge

Definition of clock pulse transition

- Clock Pulse Transition. The clocked flip-flops already introduced are
ggered during the 0to 1 transition of the pulse, and the state transition starts
soon as the pulse reaches the HIGH level. If the other inputs change while
clock is still 1, a new output state may occur. if the flip-flop is made to then
= multiple-transition problem can be eliminated.

The muliti-transition proklem can be stopped is the flip flop is made to
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respond to the positive or negative edge transition only, other than responding
to the entire pulse duration.
{(e) Convert the hexadecimal number 8AD9, to its octal equivalent.
Ans. (BAD® = (7)
First change this number to its equivalent decimal number:
8% 162+ 10 %167 + 13 x16' +9x 16"
32768 + 2560 + 208 + 9
(35545),,
Now change this decimal number to octal:
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8 | 35545
8| 4443 |1
8| 555 |3
8| 69 [3-
gl 8 s
=g T

(105331),

S0, (EADD), = (105331},

(0 W’hat_ is the largest decimal value that can be represented in
binary using?

(i) one byte and (ii) two byte
Ans. (1) One Byte
Oue Byte means 8 bits,
Highest equivalent decimal number

=3
. = 956 - 1
| = 955
(i) Twa Bytes | https:/alllabexperiments.com

This is equal to 16 bits
Highest equivalent decimal numbor =216 _
= 655361
= 65535 A
(2) Explain rise time. Fall time and duty eycle of a square wave.

Ans. Rise Time (t )

Lt is the time taken by the output voltage tor current) o rise from 10% to
904% of its maximum value.

It primarily depends on diffusion capacitance Oy of the transistor.
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Fall Time ( t,‘) :
It is the time interval dwing which the cutput voltage (or current) falls
from 90% of its maximum value to 10%
Duty Cycle
It is defined as
Ry + Ry
D= R 2R,

- Where R, and R are the resistances through which the capacitor is charged
please ref. Q. 5 (a) also.

(h) Prove the following Boolean equations:

(i) (A+B)(A+ B)(A +()=AC
(i) ABC+ABC+ABC =A(B +C)
Ans. ()(A+ BYA+ B)A +()=AC

%x100%

Let y= (A+ B)(A+ B)Y(A + Q)= (Ad + AR + (BA + EBMA + C)
= (A AB +ABYA+C) [-- BB -G
= [A(1+B)+AB|(44C)

= (4+ABXA+C).

1
i

A(T e B)(:ﬁ = C)

(A-1A+C)
= A(}i+ )

= A 1AC ' AA =0
= y = AC
Hence Proved: https://alllabexperiments.com

(i) ABC+ ABC+ ABT = A{B+0)

Let ¥= ABC+ ABC+ ABC
= AC{B+B)+ ABC
= AC+ ABC ( B+B =1)
= A{C+ BO)

= A(CHB) (~A+AB=A+B)



Y= A(B O (A+B=pB+ A)
Hence Proved. ;
Q. 2. (a) Simplify the function using K-Map
¥ {8, 6,7,10.1 1.13,14.15) :
and give the logic eircuit to real; ze this function.
Ans. K-Map _
F'(ABCD) = (3,6, 7,10, 11, 13 14 15)

YolCPl CD | cp | e |
e 1| : .
4B | 0 | . i Support by Donating
-;_-____w______i ——— .
AB | 4 & |
£ e

12 E‘W

https://alllabexperiments.com

Quad 1: My b+ iy, =CDH
Quad 2: m s Mgy by kg, = AC
Quad 3: Mg e tmy oy = BO
Pair 1 . Mt m o= ABD
(CD) +(AC) + (BC) + (ABD) . .,
(b) What is an cncoder? Draw a cireuit for a decimal to binary
encoder and explain its functioning. ' 7%
A-n;s;'Anencodcr 1sa la‘g‘iév eirenit which converts digits and/or some special
Symibo:ls‘:-po‘ a hmarycodod format. It hag » inputs and m outpts.
Q.3 (a) Draw a circuit for a 4 bit adder subtractor and explain its
' wérikijnt_g@ N iy 4%
Ans. The ‘addition and subtraction operation can be combined into pne
common ci_iﬁéuitrby innclading an exclusive —OR gale with each full-adder. A 4
bit adder-subtracior cireuit 18 shown is fig. The mode input m controls the
operativn.
- When M =90, the cirenit is an adder and when M = 1, the circuit becomes
subtractor, .
Eanhemlumve—ORgate receives input M and one of the input of B: When
M=0. we have B ® 0= B. The full adders receives. The value of B. the iput
carsy oz 0 "hnd‘}iﬁi"rguit_, performs A plus B,




When M =1, wehave B&® | =B and C =1

B, B, A
| U
FA o FA K

S,

. Fig. 4-bivadder-subtractor https://alllabexperiments.com
The B inputs are all complemented and 112 added thrsugh the mput ¢arry.
The cirveuit performs the operation A-plus the 2's complement of B, this give A—
B.

If we use two given number .

. A=1111and B~ 100, then cirenit work both ways like adder and subtracter

- and finally we get the result,

- (b) What arc shift registers? What type of shift register is the
fastest? Realize a 4-bit STPO shift register using block diagram of SR

flip flop. 7
Ans. See Q. 2, Page 201
Q. 4. (a) Explain working of a decade counter with the help of a
circuit diagram. e

Ans. DecadeCounter. A decade up counter can be designed using J-K
flip-flops. There are ten states in a decade counter, Four tlip-flops are required
for the purpose. The remaining six states are n used states.

The following table gives the count sequence and (fie (lip-flog inputs.

_(,’:mnle_r_ state : ; F?zpfﬂop inp:‘z.ts B
QJ‘ *Q‘z__- QJ Q‘u JB Kn ]1 Kz J-z. K, “13 1{3’
0 0 0 0 1 * 0] X 0 > 0 *
(6] 0 0 1 ¥ J 1 b o % ¢ ®
0 0 1 0 1 X X 0 0 X 0 X
0 0 1 1 * 1 X 1 1 X 0 A
0 SRS R 1 X O x R R
0 AN ey X 1 P RS S B gl n
0 1 i 0 i X 3 0 w 0 0 e
0 1 1 | X 1 X 1 b 1 1 X
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The K-mape are shown from which the minimized expressions are cbtained
as

dy=. 1; X =
Jy = Q9 K = @y g
J, = @@, K, = Q(!Ql
'Q:;Q:z
@,0,~ 00 01 11 10 \
001 |1 |x|1 oo-xxxx
01 x | x| x 1x| 011 1 |x]|1
1] x | % 111 | % [x
1011 |1 % 10] % | % % | %
Sy Ky
< .
Q.Q‘i 9200 @1 11 10 qug"%‘o 01 11 10
ool To 0] 00l > [x |+ | x
01 [1]x|0 01 x | x| x|x
1 x [ x| x| x] \ llmimlxx
10 > | % [ x| x 10/ 0 [0 [x|x
G T
Q& 00 01 11 10 &6 00 01 11 10
00[0 [« [x]0o 00)] 0| x|x
010 |x|x|0 01 % |0 |x]|x
1 Txxx x[1Ix|x
100 [x [>T 10[x [0 x]
\Q;Q«, ., ‘\QQ, K, Support by Donating
@, 6 5500 01 11 10 @, @5 500 01 11 10
00[0 [0 | x| x 00/ % [x[=]0
0110 |0 ! x 01| x| x|x|1
o1 x|x 11 x| % |x|x
10100 |x x| 10 x| x|x|x
/4 ' K,

The cu‘euﬂ; can be drawn using the above expressions.



{b) Draw the block diagram of a cathode ray oscilloscope and
explain how it is used to calculate amplitude and frequency of a -
sinusoidal wave. 7%

Ans. The cathode ray osecilloscope (CRO) provides a visual presentation of
any wave-form applied to the input tecminals. An electron beam is deflected as
it sweeps across the tube face, leaving a display of the applied signal.

Block Diagram

Amplitude https://alllabexperiments.com
suale
/// control
Vertical '
nput
signal
Horizontal :
Tnptit
syl
control
5 Sync:
Extemal sigral s
syne %
yhc Intemal

s\vne

The basic parts of a CRO are shown in Fig. above . We will first consider
the CRO's operation for this simplified block diagram. To obtained a noticeable
beam deflection from a centimeter to a few centimeters, the usuzl voltage applied
to the deflection plates must be on the order of tens to hundreds of volts. Since
the singals measured using a CRO are typically only a few volts, or even a few
millivolts, amplifier circuits are needed to increase the input signal to the voltage
levels required to operate the tube. There are amplificr sections for both the
vertical and the horizontal deflection of the beam. To adjust the level of a signal,
each mnput goes through an attenuator circwit which can adjust the amplitude
of the display.

Cathode ray Oscilloscope Operation.

For operation as an oscilloscope the electron beam is deflected horizontally
by a sweep voltage, and vertically by the voltage fo be measured. While the
electron beam is moved across the face of the CRT by the horizontal sweep
signal, the input signal deflects the beam vertically. resulting in a display of the
input signal waveform. One sweep of the beam across the face of the tube,
followed by a “blank” period during which the beam is turned off while being
returned to the starting point across the tube face, constitutes one sweep of the
bheam

https ://aIIIabexperiments.com
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A steady display is chtained when the beam repeatedly sweeps across the
tube with exaetly the same im age each sweep. This requires a gynchronization,
starting the sweep at the same point in a vepetitive waveform cyele. If the gipnal

18 properly synchronized, the display will be https://alllabexperiments.com
stationary, In the absence of syncthe picture TS PR e e e

will appear to drift or moye horizentally Sahipenins { 1

across the gereen, 2

Measurment Using Calibrated CRO
Scales. The oscilloscope tube face has a
calibrated scale to use in making amplitude
OI' tIMe measurements., Figure shows a
typical calibrated scale. The hoxes are divided
nte centimeters (em); 4 em on cach side of
center. Bach centimeter (box) is furtheyr
divided into 0.2-em intervals,

Amplitude Measurments. The vertical
scale is calibrated in either volts per
centimeter (Viem), or millivelts per centimotor (mViem). Using the scale setting
of the scope and the signal measured off the
face of the SCope; one can measure typically
peak topeak or peak voltages for an ae signal.

Example 1: Caleulate the peal-to-peak
amplitude of the sinnsoidal signal in Fig. if
the scope scale is sot to 5 mVien.

Ans, The peak to peak amplitude is

2%2.6 cm X om Viem — 26 mV

Example 2 : C-alcﬁlatg the amplitude
ofthe pulse signal in Fig. (scope selting
100 mV/cm), . '

Ans. The peak-to-peak amplitude is

(2.8em 1 2.4 co) x 100 mViem = 520 mV

=052V T
Tirme Measurcments : i ,{ : '. : e
Period. The horizontal scale of the e e HEEE

Scope can be used to measure time, 1n seconds ST et z:

(s), millisceonds (ms), microseconds (us), ar

bancseconds (ns). The interval of a pulse

from start tu end is the period of the pulse,
When the signal 15 repetitive, the period ic
one eycle of the waveform.

Example 3:- Caleulate the period of the
waveform shown in It 1g, 20 usiem.
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- Measurement Using Caltbroied CRO Seales
Ans. For'the waveform of above Fig.
Period = 77=33 om x 20 (us/em = G4us
Frequem:y. The measurement of a repetitive waveform'’s period can be
used to caleulate the signal's frequency. Since frequency is the reciprocal of the
period.

o
LN
Example 4 : Detex*m_i-nc;f‘hc frEQueﬁ-d;:y of the wavelorm shown in
Fig. of last Ex. (scope setting at 5 wem)
Solution From the:"-wav_eform :
Beriod = P e Susfem = 16 s

Pulse width. The time
interval that g waveform is high
(or low) ig the pulse width of the
signal. When the waveform
edges po up and down instant]y
the width is measured from start
(leading edge) to end (trailing
edge) (sas Fig(a)) For 2
waveform with edges that rise or
fall over some time the pulee
width is measured between the
50% pointe as shown in Fig.(h).

Example 5 . Determine
the pulse width of the
waveformin Fig,

4 824

Pluse widih meqsurement
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Ans. Fora reading of 4.6 cm at the midpoint of the waveform the pulse
width is '
T =B om 5 2 ps/em = 9.9 LS
Pulse Delay. The time ;

t interval between pulses is called the pulse delay,
For waveforms, gg shown in Fig. the pulse delay is
midpoint (50% point) at the :

Measured between the
start of each pulse,

Support by Donating

raalls I ': "_' 7 " N

Seope sets; ng 50 u/em,

> the pulse delay for the waveforms of abhoye
Ans. From the wavefo

rme in Fig.
pulse delay = Tony =2 em x 50 ws/em = 100 us
Q. 5. (a) Draw the eircuit of an Astabl
imer IC and

e Multivi brator using IC 555
erive the e€xXpression for its

7%

explain itg operation. )
requency,



Ans. Astable Multivibrator. An
aatable or free running multivibrator ig a
gguare wave generator.

An astable multivibrator using 555 timer
is shown. Let us assume that the output isin
HICH state and the capacitor C is charging
through resistors R, and Ky [time constant
7= Ry + Ry Cl. When the voltage across
Clv,) reaches 2/3 V_,, the output goes LOW
and C starts discharging through Ry, with a
time constant T,= K. C. When v, drops below
V./3, the timer is triggered and the output
again goes HIGH. The capacitor U now again
starte charging towards V,, with the time
constant T, The various waveforms are
shown below. The charging and discharging
time intervals are given by

e A

33 Ve
BV F

—-——

Ve
>
R,
4 8
7 :
8
2 FE ]
E
et
. +
C'Luc
s PR Yo

| ,_i
0.01 n&

An Astable MillivibraiorUsing
555
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Waveforms of 555 Astable Mu itivibraior
'Phe charging and discharging time intervals are given by

T, = 0.7C@E,* Ry ()
and T, = 0.7CR, ' ..k
L 1 1.4
Therefore. e S = -
erefore. f TET T iRty + 2R (i)
and the duty eyele = S Ry x 100% (1)
Ry +2Ry :

From Eq. (iv) we note that the duty
can be made 50% (symmetrical square wave)
which will clamp the voltage across By
therefore if R, and Ry are equal, t; and

generate a sy nmetrical square wave by using the outpui «

¢ycle 1s always different from 50%. Tt

by connecting a diode across Ry,

when the capacitor 18 charging and
¢, will be same. It is also possible to

555 as clock input of



a T-type FLIP-FLOP with T = 1. The cutput of the FLIP-FLOP will be a
symmetrical square wave.
(b) Explain the working of a MASTER SLAVE JK flip flop using
logic circuit diagram. How does it overcome racing problem. Tha
Ans. The Master Slave J-K flip-flop. It is & cascade of two SR flip-flops.
The feed back from the outputs of the second act a= inputs of the first.

% Ty https:/alllabexperiments.com
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When CK= 1, the firgt flip-flop s enabled and the outputs @, and @ respond
to inputs f and & as below
Truth Table of JK flip flop

» -mﬁuts ok Outputs
J" Nt -[{,,' - Ql;““]
[ 0 @,
1 0 =2
0 i 0
1 i ] . Support by Donating
Ea S

At this time; the second FLIP-FLOP ia inhibited because its clock is 1,OW
(CK =0). When CK goes LOW (G =1), the first FLIP-FLOP is inhibited and

the second FLIP-FLOP is enabled, because now its clock is HIGH (CK = 1).

Therefore, the outputs @ and @ follow the autputs &y, and @ ,, respectively
{second and third rows of Table). Sinco the second FLIP-FLOP simply follows
the first one, it is referred Lo 2 the stave and the first one as the master. Hence,
th’is:canfig_uration 18 referred o as master—elave (M-8) FLIP-FLLOP .

The Race Around Condition. The difficulty of both inputs 1 (S = R = 1)
1snot allowed inan 8-R flip-flop. Thie is clminated i a J-K [lip-flop by using the
feedback»conneti’on from outputs to the inputs of the gates (7, and G,.
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ALK Flip flop Using NAND Ruales
We assume that the mputs do not change during the clock pulse (CK-1),
This is not correct due to feedback connections.
Consider that the inputs are /= K = 1 and @ =0, and A pulse as shown
belaw is applied at the

e Trailing (negative)
Leading {positive) mat : edpe

edge \\"" e / |

Support by Donating

Sl / s
< "‘-‘p“'—*
— -
. A elock Pulse '

Clock Input. Afiers time interval At equal to the propagation delay through
two NAND gates in series, the output T
will change to @ = | {see fourth row :
of Table). Now we have .J =K=1aud ‘ I
@ = 1 and after another time miterval
of At the output will change back ta i v
@ = 0. Hence, we conclude that for J o s 0 )
the duration tp of the ¢lock pulse, the ! JK
output will escillate back and fortch €K o—-> FFE
between 0 and 1. At the end of the & - o g
clock pulse, the value of Q is
uncertain. This situation ig referred
to as the race-around condition.

The race-arovind condition can be
avoided if 2,< Ar< 7' However. it may o
be difficult to satisfy this 1aequality A Master-Slave J-K FLIP - FLOP
because of very amall propagation : Logic Symbol

delays in ICs A more practical



method for overcoming this difficulty is the use of the master-siave (M-S)
configuration discussed balow.

In this eivenit, the inputs to the gates (7, and G, donot change during Lthe
clock pulse, therefore the race-around condition does not exist. The state of the
master-glave FLIP-FLOP changes at the negatlve transition (trailing edge) of
the clock pulse. The logic symbol of a M-S FLIP-FLOP iz given in Fig.. At the
clock input terminal, the symbol > is used to illustrate that the output changes
when the clock makes a transition and the accompanying bubble signifies
neganve transition (change in CK frem 1 to 0).

Q. 6. (a) Draw labelled pin out diagram of 8085 microprocessor. 5

Ans. Functional Bloek diagram of 80854 Microprocessor

2¥ee
— ' __ o EBITINTLRNAL DATA BUS
SiD——f ¥ I i @ [\ N 45 l ﬁ 'r] 'T
s | : ] : 1
E ‘5 1 3 —s :\"[—- :A'.!I‘?—— ( /L. P——-*——‘v’_‘f O e Lt
SOD—=—{ FG F.mz r¥ Biti IS0 = 8 Bt "1XBi: B Ragl Bit C Reg
i ! Acc ff"i‘ Fhg SRUCNOY |13 B O Reel® Btk Re
TRAP ——emi ‘ , g [ .
(ST 7.5 o) et I } T7 8 Bit H Regl 8 Bit L Ree
RERBS —» gg !C:>; 3 WV 16-Bit stack pointer
RST 5.5 o & { cail Instraction |- 16-Bit program
INTR — S¢ 1 ; 3 ALU decoder and <ountzr :
N l; 227 = . S L“"“;’“"L' 16-Bit incrementey/ =
i [eycie Decreaveater Address: 3
A e | encoding latch Sl E'E"
CLOTK = Ty e &3l
%:_ £ e © 2 {AD; =40,
e Address
g S Data bis
S F g
joH = E e g
HOLD—— © et S
HLDA = S As—a
RESET I —] = | adtes
RESET OUT = Dus
b .

(b) Desecribe the varicus flags used in 8083 micraprocessor and
show their hit positions,
Ans. Flags are single bit registers used ta store certain conditions which
arise due to execution of certain arithmatic and logical operations. There are
five flip flops which are referred to as flags.

1. Zero (Z) )

2 Sign ) Support by Donatmg

3. Parity (P) https://alllabexperiments.com
4. Carry (CY) .

5. Auxiliary earry @A
Zerxo. If the result of an operaticn is zevo, the zero flag 1s set, otherwise it is
reset. :
Sign.If the result of an operation produces 1 as MSB in the accumulator,
the sion flag is set, otherwise it is reset,
; P;njf,y;; If the result of an operation makes the parity of the hits in the
accumulator even, the parity flag is set. otherwise it is reset.



Carry. If a carry is generated from MSB 2s a result of certain operation,
the carry flag is set (1), otherwise it is veset (0)

Auxiliary Carry. If an operation produces carry out from the lower order
four bits, the auxiliary carry flag is set otherwise it is reset. [t is used for BCD
arithmetic.

Flag Setting. A flag iz set by forcing the bit to | and reset by forcing the bit
to 0. These flags can be accessed by some mstructions alongwith the accumulator,

as a single process status word (PSW).
Organisation of PSW

15 14 13 42 1 10 9 § R T Dt e s
Ll alaTalafaTa] ST« faelxTe[x]c]
3 ' X = Unassigned = https://alllabexperiments.com

There arc two instructions STC (Set Carry) and €MC (Complement Carry)
which directly address the carry flag.

The flags are examined in conditional instructions to deterine if the specified
condition is true or false. The names and binary codes of the conditions are
givén below,

Condition name Flap status Binary ¢ode
NZ — Nut zewo Z=0 fia0e)
Z— Zearg Z=1 401
NE — No carry ¥ (i
¢ Carry C¥=1 a1y
£() o Parity odilf P=0 00
FPE— Patiiv gven P=1 1ot
P Pius $=0 110
A — Minus §=1] 11

{¢) Write an assembly language program tu multiply two eight bit
number 04 H and 05H. Numbers are stored in memory location 2000H
and 2001H. Store the result in 2002H. )

Ans. Consult your textbook.

: Q.7.(a) How Demultiplexing of address bus and data busisdonein
' 8085 microprocessor. Explain with the help of timing diagram. 10
Ans. Demultiplexer. A DMUX is a combination logic cirenit that recieves
information on a single line and transmits this information one of the many
ourput lines,

Demultiplexer performs the reverse operation of MUX. The functional
~dizoram of a DMUX is shown in Fig. (a). The circuit has one input signal m
~eontrol select inputs and n output signals. The select tnput code determines to
“which output the DATA input will be transmitied. As the sevial dats is changed
,?n parallel data, the multiplexer is also called a distributor or decoder.

¢ '8*
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| Truth Table for 1 to 4 DM UX
:ﬁ = Se]esctTl\'T;PI__{Ts T OUTPTT: S T
o S S[ ¥ - Ve 0 &
0 0 1 )()-*— -%) %i“—
0 1 0 1 0 (0]
1 0 0 8] 1 0
il £ Ee il e 0 1

m-cantrol select input
KE/T\M-\.
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Inpur S‘lgna‘f —_— L
@ {  DMUX Lﬁv‘c n=gatput
Data Input signals
| ¢ L J

Fig (a) Black diagram of DMUR
Logic circuit for 1 to 4 DMUX

Iy |
mumbers FDFF H and o107 - 5° PrORram to add uyo sixteen bit

- Ans, Consult Yyour iexthoglk. E



