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Required Tools and Technology

Software: NI Multisim 14.0 or newer v Install Multisim:
http://www.ni.com/gate/gh/GB

ACADEMICEVALMULTISIM/
uUs
v View Help:
http://www.ni.com/multisim/tec
hnical-resources/

MultisimLive v https://www.multisim.com/



http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/gate/gb/GB_ACADEMICEVALMULTISIM/US
http://www.ni.com/multisim/technical-resources/
http://www.ni.com/multisim/technical-resources/
https://www.multisim.com/

Lab 9: Flip-Flops

In the previous lab, you were introduced to the concept of sequential logic circuits by
examining latches. Particularly, you explored D and SR latches. In this lab, you will
explore sequential logic circuits by focusing on flip-flops. Flip flops differ from latches in
that they are edge triggered. Latches are level sensitive devices. Flip-flops can be
constructed from latches. Together, flip-flops and latches are the building blocks of
sequential logic circuits.

Learning Objectives
In this lab, students will:

1. Become familiar with the basic behavior of D, JK and T flip-flops

Explore variations of flip-flops in greater detail (i.e. master-slave relationships)

3. Gain an awareness of the versatility of the DFF and its application in other
circuits.

N

Expected Deliverables

In this lab, you will collect the following deliverables:

e Flip-flop analysis
e Conclusion questions




9.1 Theory and Background

What are Flip-Flops?

NEGATIVE-EDGE TRIGGERED
1-bit storage device

Data is stored on the
rising or trailing edge

Positive-edge triggered:

« Shift data on leading
edge

S I O B

input —» output

Negative-edge triggered:

+ Shift data on the
trailing edge

Figure 9-1 Video Screenshot. View the video here: https://youtu.be/zLZUjC5Zr-w

IE' Video Summary

e Flip-flops are 1-bit storage devices that store data on the falling or rising edge of
a clock signal

¢ |If a signal is transferred from input to output on the rising edge it is positive-edge
triggered

e |If a signal is transferred from input to output on the falling edge, it is negative-
edge triggered



https://youtu.be/zLZUjC5Zr-w

Flip-flops
e Flip-flops are the fundamental building blocks of sequential circuits.
e They are 1-bit storage devices that, unlike latches (which are level sensitive
devices) are edge-triggered.
e Data gets stored into a flip-flop at one of the edges of the clock signal, i.e. when
the clock input makes a transition from 0 to 1 or from 1 to O.

The timing diagram of a clock pulse is shown below:

wl | 1] |

Figure 9-2 Timing diagram of a clock pulse

Latch Feedback

e The state transitions of the latches start in the moment the clock changes to 1
and can continue for the entire period while it is active.

e Because of this, the output of a latch cannot be applied through combinational
circuits to the inputs of other latches triggered by the same clock signal.

e This fact represents a serious drawback when using latches as storage
elements.

e Flip-flops overcome this problem by triggering only during signal changes
(edges).

Latch feedback is illustrated in the figure below.

Combinational
L D Q

Circuit

ck Q}l—

Figure 9-3 Latch feedback




D Flip-flops (DFFs)

D flip-flops (DFFs) are very commonly used because they are perfectly suited for the
construction of sequential circuits.

« If the DFF transfers the input to the output on the rising edge of the clock signal
then it is said to be a positive-edge triggered D flip-flop or positive-edge DFF.

« If the DFF transfers the input to the output on the falling edge of the clock signal
then it is said to be a negative-edge triggered D flip-flop or negative-edge DFF.

e This mode of operation is signaled through the use of a circle on the clock input.
The image below shows the symbol for a positive-edge DFF (left) and a
negative-edge DFF (right).

e For both DFF circuits shown below, the small triangle on the clock input indicates
that the flip-flop will trigger only on one of the clock edges.

e The complemented output, Q is omitted in the graphical symbol when it is not
needed.

—t D QF— — D QF—

—MClk Q}— —>Clk Qb9—

Figure 9-4 Positive edge DFF (left) and negative edge DFF (right)

The operation of the positive-triggered D flip-flop is very simple:

e The output Q will go to the present state of the D input when the clock signal
changes from O to 1.

e The level present at the input will be stored in the flip-flop on the rising transition
of the CIk signal.




The figures below present the functionality of a positive-edge DFF:

Clk ———

0| a f 5 5
1| a 0 —! i i
e[ B : :
1| a N : T

Figure 9-5 Characteristic table (left) and diagram (right) for a positive-edge DFF

A flip-flop can be built using the following methods:

e Using two D latches arranged in a master-slave configuration, where one of them
is transparent during one semi-period of the clock period and the other
transparent during the other semi-period.

Note: another circuit having the same operation, but implemented using fewer gates,
can be built from three SR latches.

e Using of a single D latch and short pulses derived from the clock signal, which

cause of the latch to be transparent for only a brief moment. These circuits are
called pulsed latches or pulse-based flip-flops.

The timing characteristics of flip-flops include:

e the propagation delay from Clk to Q (the time needed for a value present on the
input to reach the output when the clock changes from 0 to 1)

e the setup time

e the hold time

¢ the maximum frequency that can be applied to the clock signal and still have
correct operation




The J K Flip-flop (JKFF)

Another type of flip-flop, one that is not as widely used as the DFF, but a more versatile
one, is the J K flip-flop (JKFF).

e The J K flip-flop is referred to as the universal bi-stable because it can easily
behave like any one of the others.

It has two data inputs, (J and K), a clock input, and two outputs (Q and Q)
e Jacts as a SET input and K acts as a RESET input.
e The output changes only on one of the clock edges.

e When both J and K are 1, the flip-flop toggles between opposite logic states each
time the clock signal changes from 0 to 1 or from 1 to 0.

e This circuit is like the one of a gated SR latch with an edge detector, with the
difference that the forbidden state (when both S and R are set to 1) is replaced
by the toggle state.

The golden rules of JKFFs are:

1. If J and K are different, then Q is always the same as J.
2. If J and K are 0, nothing happens.
3. IfJand K are 1, Q toggles.

The figures below present the way in which a J K flip-flop can be built using a DFF and
logic gates. The graphical symbol of the JKFF is also shown below, and its operation is
described by the characteristic table.

r ~ T

Figure 9-6 J K flip-flop built using a DFF and logic gates




Figure 9-7 Graphical symbol of the JKFF

g: @ Q(t) no change

0 1 0 reset
1 0 1 set
. 1 | at) toggle

Figure 9-8 JKFF characteristic table




The T flip-flop

A T flip-flop is a flip-flop whose output toggles between 1 and 0 each applied clock
pulse, when an input called T (from toggle) is active.

e The toggle mode of operation of a flip-flop is sometimes useful in synchronous
circuits.

e |t can be implemented using a DFF.

The figures below show the CLC for a TFF built using a DFF. The TFF graphical symbol
is also shown below, along with the TFF characteristic table.

D

—Ck Qf}—

Figure 9-9 CLC for a TFF built using a DFF

— NGk QF—

Figure 9-10 TFF graphical symbol

0 Q(t) no change
1 Q_(t-) toggle

Figure 9-11 TFF characteristic table




A T flip-flop can also be built using a J K flip-flop, having the inputs J and K tied
together, as shown below.

Figure 9-12 TFF built using a JKFF




9.2 Simulate: Building a Master-Slave D Flip-Flop
Instructions:

e Launch Multisim

e Connect the following circuit:
Q1

- a

Key =A Q
NAND2 NAND2 NAND2 NARD2
Q2 o
g < 5 O
4% NAND2 NAND2
NoT NAND2 NAND2
Clk
[0} [~
Key =B NOT
Figure 9-13 Circuit diagram
- Multisim: Ovoua apxeiou “9 Master-Slave DFF.ms14”.
514 MpoaoBnkn oTo zip file pe 6vopa "Lab9_ovouaremwvupyo_ AM.zip”

ﬁ i
b - MultisimLive: Ovoua apxeiou “9_Master-Slave_DFF.png”.
Schematic image MpoaoBnkn oTo zip file pe 6vopa "Lab9_ovoparemwvupyo_ AM.zip”

e Start the simulation
e Modify the inputs in order to understand its function

9-1 Is this circuit positive edge triggered or negative edge triggered? Explain why?

a) Positive edge triggered. It transfers the input to the output on the rising edge of the
clock signal

b) Positive edge triggered. It transfers the input to the output on the falling edge of
the clock signal

c) Negative edge triggered. It transfers the input to the output on the rising edge of
the clock signal

d) Negative edge triggered. It transfers the input to the output on the falling edge of
the clock signal




9.3 Simulate: Building a JK Flip Flop Using a DFF and Logic Gates

e Launch Multisim
e Connect the following circuit:

I —=—— X
9

uz2
- AND2
Key = A U1 p
). o Q
OR2 —hoik -0 b
Uﬁ RESET
0

o> s -
Key=8 NoT AND2 2Hz

Clk

7

Figure 9-14 Circuit diagram

e If you use MultisimLive you can build the following. It does not have a DFF, so
you have to build it with gates:

vi3s
16 13
us
0 U1z u11 X1

Ui4 12 U3
17 15 8 2 U1
> RS s S
1

9,

5V

9 4
5
i 6 5V

X4

U10

[=]

Clk —

D flip-flop

Figure 9-15 Circuit diagram




- Multisim: Ovoua apxeiou “9 JK-FF.ms14”.
eI=Ld Mpoo6rkn oTo zip file ye dvopa "Lab9 ovopatemwvupo AM.zip”
ﬁ A

- - MultisimLive: Ovopa apxeiou “9_JK-FF.png”.
Schematic image  TllpoaoBrikn oTo zip file ye 6voua "Lab9 ovouartemwvupo AM.zip”

e Start the simulation
e Vary the two inputs and observe what happens

9-2 Compare your results with the following characteristic table:

0:0 | au
I 0
1:0 1
1 1 Q(t)

Figure 9-16 JFKK characteristic table

a) They are the same
b) they are different

9-3 Based on the behavior, which interactive input is the J input and which is the K
input?

a) The “J” input is the top interactive input, input key A.
The “K” input is the bottom interactive input, input key B.

b) The “J” input is the bottom interactive input, input key B.
The “K” input is the top interactive input, input key A.

e Stop the simulation when you are done




9.4 Conclusion

9-4 Flip-flops are storage devices that:

A. Are level sensitive
B. Are edge-triggered
C. Work only when the clock signal is set to 1
D. Work only when the clock signal is setto 0

9-5 Some D flip-flops have a circle on the clock input. This indicates:

A. The current travels into the flip-flop in one direction

B. A negative edge flip-flop

C. The flip-flop will be triggered only on one of the clock edges
D. The Q output is equivalent to the D input

9-6 JK flip-flops are said to be versatile because:

A. They have two inputs, ‘set’ and ‘reset’

B. They can behave like any other flip-flop

C. The output changes only one of the clock edges
D. All of the above

9-7 If both inputs on a JK flip-flop are 1, then:
A. The Q output is always the same as the set input
B. The Q output is always the same as the reset input
C. Qtoggles
D. Nothing happens

9-8 T flip-flops can be built with which of the following:

A. JK flip-flop and an OR gate
B. D flip-flop and an XOR gate
C. JK flip-flop and an XOR gate
D. D flip-flop and an OR gate




9.5 Exercise: HDL - Verilog, D flip-flop

Mpawte pia HDL Trepiypagry ouptrepipopds yia 1o D flip-flop pe aocuyxpovo
MNdeVIoNO, Bdon Tou TTivaka aAnBeiag Tou. O aocuyxpovog undeviouodg va CUuBaivel
oT1o “1” Tou onparog “reset”.

OvopdoTe To module: “D_FF”

- verliog: Ovopa apxeiou “D_FF.v”.

MpooBrkn oTo zip file pe dvopa "Lab9_ ovouaremwvuuo_AM.zip”

9.6 Exercise: HDL - Verilog, T flip-flop

paywTte wia HDL Ttrepiypagr]) ouptrepipopds yia 1o T flip-flop kataokeuaopévo atmo
éva D flip-flop (Tng TTponyoupevng doknong) kai pia TuAn XOR, 611wg oTo figure 9.9.

OvopdoTe To module: “T_FF”

- Verilog: Ovopa apxeiou “T_FF.v”.

MpoaoBnkn oTo zip file pe 6vopa "Lab9_ovouaremwvupyo AM.zip”

9.7 Exercise: HDL - Verilog, JK flip-flop

YMAotroijote o€ yAwooa Verilog éva JK flip-flop kataokeuaouévo atrd éva D flip-flop
(To o1T0i0 10N KOTAOKEUAOCATE) KAl TTUAEG, OTTwG oTo figure 9.6.

OvopdoTte To module: “JK_FF”

- Verilog: Ovoua apxeiou “JK_FF.v”.

MpooBnkn aTo zip file pe dvopa "Lab9_ ovouaremwvuuo_ AM.zip”




Verilog
v

9.8 Exercise: HDL - Verilog, JK Behavior

pawTe kai eTaAnBevoTe pia HDL trepiypagry ouptrepipopdg yia 1o JK flip-flop, pe
aouyxpovo undeviouo oto “0” Tou oruartog reset.

- Verilog: Ovopa apxeiou “JK_Behavior.v”.
MpooBnkn oTo zip file pe dvopa "Lab9_ ovouaremwvuuo_AM.zip”

To Tmapatravw apyeio Ba epiExel 3 modules.

©¢Aoupe 2 modules Ta otroia 6a uAoTroiouv 1o JK-FF peg 2 TpoTTOUuC:

1.

payTe TTpWTA TNV XapakTneIioTiK e¢icwaon Tou JK flip-flop kai étreira deite Ti
atrotéAeopa divel 6tav Q=0 ) Q=1.

Xpnaoiyotroinote oto module pia evroAn if-else Tou va Baciletal oTnv TIPN TNG
TTapoucag kardotaong Q, otrwg Tr.x: If (Q==0)...else...

OvopdoTte To module: “JK_Behavior_a”.

E¢etdoTe TG emmnpedlouv ol gicodol J kal K Tnv €¢odo Tou flip-flop o kGBe
TTaAUO TOUu pPoAoyIOU. XPNOIKOTTIOINOTE KAl TNV EVTOAN case yia TIG JIaQOPETIKEG
€10000UG.

OvopdoTte To module: “JK_Behavior_b”.

Kai éva 1pito module:

3.

MNa 70 test Twv TTapatravw modules ypdwTte €va test bench to otmoio 6a peTaBdaAel
Ta PEYEDON WG €ENG:

» 210 0 nsec: clock=0

» Kabe 5 nsec: AvaoTpor] Tou clock (Mepiodog 10 nsec)
» 2T0 2 nsec: reset=1

» X210 3 nsec: reset=0

» 2704 nsec: reset=1

» 210 0 nsec: J=0, K=0

» 210 10 nsec: J=1, K=0

» 2710 20 nsec: J=1, K=1



© 0 o ©

> 2710 40 nsec: J=0, K=1
210 50 nsec: J=1, K=1
» 2710 70 nsec: $finish

A\

e AnuioupynoTte 2 wire, Ta QA, QB, woTe va dOKINACETE TAUTOXPOVA Kal Ta dUO
Tponyoupeva modules tou Trepiypayare. Awote oto “JK_Behavior_a” wg
£€€000 10 QA ka1 o1o “JK_Behavior_b” wg £€¢odo 1o QB.

e T[la 710 clock xpnoiyotroiciote pyia dour always.

e Na xpnoigotroijoete TNV €vioAr “$monitor” yia va eAéyete TIC €10000UC -
€€000UG. ATTEIKOVIOTE KATA OEIpd Ta ofjuaTa: time, reset, clock, J, K, QA, QB.

e H mTapatmdvw peTaBANTr time pag deixVvel TNV XPOVIKI OTIYUR TTOU EKTEAEITAI N
€VTOA; monitor. MTropei va xpnoiyoTroinBei m.x. wg €ENG:
initial $monitor("time=%3d", $time);
Quoika padi ue autr) TN PETABANTH PTTOPEITE VO XPNOIKMOTIOINCETE KA TIG
UTTOAOITTEG OTTWG, KATA O€Ipd, ¢nTEiTal TTIO TTAVW.

Acite 10 TTApadelypa HDL 5.5 (Morris Mano)

OvopdoTte To module: “t_JK_Behavior”.

2.€ KABE TTEPITITWON EAEYETE TIC KUMOTOMOPYEG YIA TNV CWOTH TIPE €6600U.

Kavte éva screenshot Twv KUMATOMOP@PWYV CAG Kal TTPooBEaTe TO OTO Zip file.
(MTTOPEI Va gival printscreen Tou UTTOAOYIOTH 1) hia QwToypagia Pe To KIvRTO 0AG)

- Picture: Ovoua apxeiou “JK_Behavior”.
MpooBnkn aTo zip file pe dvopa "Lab9_ ovouaremwvuuo_AM.zip”




