Experiment No-7

AIM: Understand JK Flip-Flop and implement T-Flip Flop using NAND circuit of JX Flip Flop,

R iAo e

Learning Objectives:

1. Toimplement JK f.]lp flop ll‘Sing NAND gates and verify of its functionality.

2. To implement T flip flop using NAND gates and verify its functionality,
Components & Instruments required: 1C 7410, 7400, Power supply and LEDs,

' Theory: . .,

The logic Stmultms Whoi“lc g“‘l’UtS atany instant of tiine depend not only on the present input but also on
the past outp Sb‘}: ¢ ?3 Cf sequential circuits. ‘The simplest kind of sequential circuit which is capable
of storing onc bit ol information 13 called latch. The operation of basic latch can be modified, by

e

s providipﬁ al(; Sftlfilll(}nal con]tfol input that determines, when the state of the circuit is to be changed. The
4 Jatch with addi 'OF']“_"‘ ‘;10“"? input is called the Flip-Flop. The additional control input is citherthe clock
' or enable input. Flip flop is fomed using logic gates. Flip flop are fundamental building blecks inthe

memory of electronic devices. Each flip flop can store one bit of data. Based on their operations, flip
flops arc basically 4 types. They arc

: 1. S-Rflip flop
i 2. D flip flop
3. J-KAlip flop
4. T flip flop
J-K flip-flop: JK flip flop operates on sequential logic principle, where the output is dependent not only on
the current inputs but also on the previous state, There are two inputs in JK Flip Flop Set and Reset denoted
by J and K. It also has two outputs: Output and complement of Output denoted by Q and Q. The internzl
circuitry of a JK Flip Flop consists of a combination of logic gates, usually NAND gates as shown in Figure
1.
JK flip flop comprises four possible combinations of inputs:
J=0, K=0: In this state, flip flop retains its preceding state, It neither sets nor resets itself, making it stable.
J=0, K=1: This input combination forces flip flop to reset, resulting in Q=0 and Q=1. It is often referred to
as the “resct” state.
J=1, K=0: Here, flip flop resides in the sct mode, causing Q=1 and Q=0. It is known as the “set” state.
J=1, K=1: This combination toggles flip flop. If the previous state is Q=0, it switchesto Q=1 and vice versa.
This makes it valuable for frequency division and data storage applications.
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~ Figure 1; J-K Flip flop using NAND gate, Truth Table (here Qi=Q)
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Characteristic Table;

£ TR [ Ta _W Excitation table:
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. Characteristic Equation

. 1__3 u E_ - Qi = JQn +KQn

Illp-ﬂop T flip flop or to be precise is known as Toggle Flip Flop because it can able to toggle its output depending
gpon on the input. T, here stands for Toggle. Toggle basically indicates that the bit will be flipped i.e., either from |
u&f or from 0 to 1. The toggle or T-type flip-flop gets its name from the fact that its two outputs Q and Q invert
tom their previous state as it toggles back and forth every time it is triggered (T = 1). That is,
and Q outputs change to a “1” if it was “0”, and “0” if it was previously a “1” but only when the “T” input
ges HIGH, otherwise they do not change. Same is shown in Figure 2

¥ . F X a
: Clk T Qn+1 | Operation

¥k 0 x Qn Memory
1 0 On Memory

}_:}— & 1 ‘ Qv Toggle

Figure 2: NAND implementation of T-FF and Truth Table

Excitation Table:

T Qn Qn+1

X - >< Qn Qne1 T

0 0 0 0 0 0

5 ; : 0 1 1
1 0 1

! 4 ! 1 1 0

1 1 0
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d o Qu1 = TQn +TQn = T x0r Qn
Procedure:

1. Make the connections using IC 7400 and 7410 as given below

[ FLE [ [ ”ﬂ”””ljﬁ]ﬂ

M DD])F_W‘*

I

L—. l E | GND ! L‘ [—Ll I GND

THUNHOY JHUWUEEL
7400 Quad-Two input NAND 7410 Tripple three input NAND

2. Power on the IC-7410 and 7400 by connecting Vcc at pin 14 and GND at PIN 7.

3. Connect the "Clock 1Hz" button or pulse button as a CLK.

4. Apply the inputs as per characteristic table of JK FF and note the outputs in Figure 1, Update
the observation table of JK FF.

5. Verify the practical and theoretical values of JK-FF as per entries in observation table of
JKFF.

6. Similarly repeat step 4 and 5 for T FF of Figure 2.

7. Identify different sources of error in this practical.
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1C Diagram of T-FF using NAND Gates

Precautions:
1. Do not press the IC on breadboard until pins are aligned with pours.

2. Make connection properly.
3. There should rot any short circuit in the circuit. Avoid the heating of IC. Provide

proper clock pulse.

Learning Outcomes:
1. To learn the working of flip flops.

2. To test the IC of gates used.
3. To learn that how the present inputs and previous outputs effects present output.

Viva Questions:

1. What is the function of clock pulse?

2. What do you mean by race around condition?

3. How the race around condition can be removed?
4.

How to convert JK to T-FF.



n

-

'L it iation Table for JK F"'\)’\’I?l;l;shect of the student

J K | Q. [ Qui (Calculated using Characteristic equation) | Q1) (Observed using LED
: display of Digital trainer Kkit)

0| O 0 JQn + KQz=0.0 + 0.0=0.171.0-010 =0

[0 [ O[T Jerramod +0.10.01 11071 =1

3 f 01 1 | 0] JOn+KQy=0.0+0.00.141.0-010=0

o8 =1 1 JQn+ KQp=0.1 + 1.1=0.0+0.1=070 = 0

1 0 0 JQn+ KQn=1.0+ 0.0=1.1+1.0-140 = 1

’ 1|0 | 1 JQn+ KQn=1.1+0.1=1.0+1.1=0+1 = |

L [T 1T [0 Ja+Ron10+L0T1700-150 =1

; 7 1 I 1 JQn + KQu=1.1+ 1.1=1.0+0.1=00 = 0

=

T

Qn

. Observation Table for T Flip Flop

Qn+1(Calculated using Characteristic equation)

Q(n+1) (Observed using LED
display of Digital traincr Kkit)

of o TQn + TQn=10.0 + 0.0=0.1+1.0=0+0 =0
0 1 TQn + TQn= 0.1+ 0.1=0.0+1.1=0+1 =1
1 0 TQn + TQn=1.0 + 1.0=1.140.0=1+0 =1
1 1 TQn + TQn= 1.1 + 1.1=1.0+0.1=0+0 =0
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Figure 1: Rlock Diagram of the Experiment

. IC 7490 BCD Decade Counter: Itisa 14 pin IC, which can output the binary numbers
from 0000 to 1001. After 1001 it gets resets and again starts counting from zero, as shown
m Figure 3 & 4. Since, I1C 7490 gets reset after counting ten numbers, it is called MOD-
10 or Decade Counter. This IC takes 10 clock pulses to generates BCI) code
corresponding to each clock pulse. The outputs QA, QB, QC and QD are four bits of the
BCD code.

ClockInput 2(CLKB) [T 7 [1]) Clock Input 1 (CLKA)
Reset 1(R1) 2] 1] NC
Reset2(R2) (37} 17.] Output 1(Qa)
NC CA.'.J 0} output 4(Qd) -
vee [ 5} |78 6nd
Reset 3(R3) (%1 73] Output 2 {Qb)
ﬁeseN R [T 5} Output 3(Qe)

‘ Figure 2: PIN diagram of 1C-7490 ) oh s
IC 7490 consists of MOD-2 and MOD-5 counters. MoD-2 ‘coun‘tcr as output QA an

.CS Icoﬂu?u:nhg::; Zutput Qb, Qc and Qu (Qp is MSB and Qg is LSB of MOD-5 counter).
nt seauence of MOD-5 counter is 0> 1->2>3>4->0 and so on. The count sequence of
D2 o >0 and so on. It should be noted that external CLK signal is applied

2 i 1 PR o 5 -
o counteris 07 it Qa acts as clock for MOD-5 counter. This is shown in Figure

[OD-2 counter and its outpt 88 O
he state diacram for decade counter IS as:
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Qs 0: s Oy

0000 )~ 0001 @~- 0100
R
@ 1000 -@ 0101\
QAls output ¢f MOD-2 counter, and @5 Qe Qo are cutputs of MOD.6 countar

Figure 3: State diagram of MoD-10 Counter

— - : Truth table of Decade Counter
Co(::;t Output Bit ;":\;(t)crn for IC - Output of decade counter in decimal
| BT s 5 value
1 0 [0 0 0 0
2 0 o 0 1 1
K 0 0 1 0 2
4 0 [0 1 1 3
5 0 1 0 0 4
6 0 1 0 1 S
7 0 |1 1 0 6
S 0 |1 1 1 7
9 1 0] o0 0 8
10 1 0 0 1 9

Figure 4: Truth table of Decade Counter

IC 7447 BCD to seven segment decoder/driver IC: It is a 16 pin IC, which accepts a
 binary coded decimal as input and converts it into a pattern to drive a seven-segment for
to 9. BCD is an encoding method in which each digit of a number is

wn binary sequence (usually of four bits). It accepts four lines of BCD
orrespond to

~ displaying digits 0
~ represented by its o
(8421) input data and generates their complements internally. The outputs ¢
‘common anode (CA) configuration of seven segment as shown in Figure 5.
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B C LT BI/RBO R3! A GND

Figure 5: PIN diagram of IC-7447 and 7 segment display
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table and interval cireyig of 1C-7447,

v

‘2_ [ —

Lt I . R ‘J AR, I
. A-&.J,-——s._.ha.‘.,...._.. bl J PR £ sl ! x
! S || ¥ | wiy AELIERP o1
""_ ; o “TTN N\‘h__._b,__ s——
A » 1
; 9 P e e - L LT T R B
i R ENENEN 0 Tl
g 1 9 0 1 1 o U] {
i IR e e o e T L
X REEEEEER R S{vi1 |19 e
g . —4'-——-4'—-—<-~_.-——~~_..}-—._.
; e RS P RO T G M B BT
i [ I s 6 H5 T L = B 9
-‘\f, 6 o 1 1 0 0 1 0 0 0 o o
j A~-—\———Jﬁ.--_a~—__
i3 LN RS BN T e
; R it i 8 R R B T
i 2 ilio il e]ie]y
: ettt " | 0 [0 f 0 [
] 9Laolﬁtc_oooxo°
"?
ap Simplification
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er in order to design the co

mbinational circuit,

o D
B, 00 01 i1 10 a0 01 11 qp i 00 01 11 10
T2 o |1 1 o (M2]] o |1 1 oo {[1 [ 1 | 11| o
oo s ] 1l o I 1 o |l1|l o or [l |1 [ 111 1
x X x X 11 % X X X 11 X X X x
1 1 g X X 10 1 1 x X 10 1 1 X X
A+ C+BD+ED b=B+CTD+cCn ¢=B+C+D
™ ‘
R o
0 01 11 10 . c-D‘oo 01 11 10 AaN_00 01 11 10
= AB T7
12 o [ Gl ol Al e el e 1) o | o | o |
ool o [[allwc]% [ o |6 |2 or \[TTT 1| o |1
I x X x X 11 X X X X 11 ~x_~ x x x| |
| 1J 1 x x 10[ 1 | o x [ x| 10 |2 1 x j'
== e=BD+CD [=A+CD+RC+RD
4=BD+CD+BCD +BC+A
AP 00 ot __10_

00 0 0 1 1

o1 | [1 1 0 1

11 X X x X

10 1 1 X X

$=BC+CH+BT +B A

49




3, Scven SESHient l)l!fplny: Sc_vcn segment displays are 10 pin output display device that

prO\'ld?S a way to d‘lsplay Information in the form of images or text or decimal numbers,
which is an alternative to the more complex dot matrix disﬁléys Itis widely used in digital
clockS: bas'lc calcu!mm-& clectronie meters, and other clcct~rt.)nicA devices that displays
numecrical mfornmllonl. It consists of seven segments of light-emitting diodes (LEDs),
which are asgcmblgd like numerical g, According to the type Or"pplicati()n_ there are two
types of configurations of seven-segment displays: common anode display and common
cathode display as shown in Figure 6 ’

.

In common cathode seven segment displ

| ays. all the cathode connections of LED segments
are connected together to logic 0 or or

; g p O ound. We use logic | through a current limiting
resistor to forward bias the individual anode terminals ato g (we may also connect without

using aresistance). Whereasall the anode conncctions of the LED segments are connected
together to logic 1 in a common anode seven segment display. We use logic 0 through a

current lim_iting resistor to the cathode of a particuiar segment a to g (we may also connect
without using a resistance).

I :
s éa X ‘
L —
=BT
1

~ Common anode seven Segment display Common cathode seven segment display
b (LED will glow with input LOW) (LED will glow with input HIGH)

. Figure 6: Common Anode, Common Cathode Display
Procedure:

7.1 Power On the ICs: IC-7490: PIN 5 to Ve and PIN 10 to GND, IC-7447: PIN 15 to
Vee and PIN 8, 7-Segment displagfz PIN 8 and or 3 to Vec through a resistance to
provide less than 5V to power on display IC.

.|

72 Connection diagram: - The output of IC-7490 is connected to IC7447 decoder and
decoder output to 7-segment display unit. Make the connections as shown in Figure 7,
as per case-2 of observation table.

“, -3 Case-1 of Observation table:

7.3.1 Master CLK of 1Hz taken from Trainer module is connected at PIN -14 of IC-
7490,

7.3.2 PIN-12 is not connected to PIN-1 of IC-7490

‘ :14 Case-2 of Observation table:

- 741 Master CLK of 1Hz taken from Trainer module is connected at PIN -14 of |C-
: 7490,
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742 PIN-12is connected tq PIN-1 of1C 749
7490,
7.5 Case-3 of Observatijoy, table:
7.5.1 Master CLK o :

-
t 1Hz {a X H
ken from Trainer module is not con

Observation Table

nected at PIN -14 of IC-

SrNo | Changes in connectj i
‘ 1on diagram of Figure 7 Expected Observed
‘\ . S \ Sequence
| 1) Mastcr CLK of 1Hz taken from Trainer module I -
: 5y comnected at PIN -14 of IC-7490 gng 021220
- |caser 1 ) PIN-12is not connected to PIN-] of IC-7490
1) M
‘ ¥ ) y 2soter CLK of 1Hz taken from Trainer module
i Case s nnected at PIN -14 of IC-7490 and 0>1>2>3>4
) PIN-12is connected to PIN-1 of 1¢.749¢ 23763758
290
ey 1) Master CLK of 1Hz taken from Trainer module
1s not connected at PIN -14 of [C-7490 and 02132534
2) PIN-12is not connected to PIN-1 of IC-7490 >0
3) Master CLK of 1Hz taken from Trainer module
IS connected at PIN -1 of IC-7499

D1
7 segment display

13 12 11 10 9 15 14
+5V DCo— 16

7447

(4

L2}
N

-
-4

5 1C2
7490
Clock &————114

2 3 6 7 10

Figure 7: Connection diagram as prer CASE-2

- 8 Precautions:

-+ 8.1 Do not press the IC on breadboard until pins are aligned with pours.
8.2 Make connection properly.

8.3 There should not any short circuit in the circuit.

-~ 8.4 Avoid the heating of IC.

. 8.5 Provide proper clock pulse.
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. W'nich type of seven segment display IC is used in this experiment?
Y,

o oWhat should be the value of a, b, ¢, d, e, fang g, if we have to display 6?
What do you understand by MOD-10 counter?

_{:;_z- earning Outcomes (c'xpccted).:
-.,;e,%ﬁ 1 Connect the circuit diagram using breadboard, and
0:2 Use 1C7490 as MoD-2. MoD-5 and MoD-10 Coup
10.3 Identify Common anode and common cathode dj

10.4 1dentify faults in the connection diagram.,

Digital Trainer module.
ter.

splay.

earning Outcomes (What I have learnt):

1C Connection Diagram:
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