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*  Ewoaywyn

* Lab 1: Multisim Circuit Simulation and Basic Gates
e Lab 2: Truth Tables and Basic Logic Gates

 Lab 3: Logic Gates Explored and Boolean Algebra
* Lab 4: Karnaugh Maps

* Lab 5: Binary Conversion and Adders

* Lab 6: Encoders and Decoders

* Lab 7: Multiplexers and Demultiplexers

* Lab 8: Latches and Sequential Logic Circuits
 Lab 9: Flip-Flops

* Lab 10: Sequential Circuits - FSM
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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.
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Learning Objectives

In this lab, students will:
> 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)

» Gain an awareness of the versatility of the DFF and its application in other circuits.
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Expected Deliverables

In this lab, you will collect the following deliverables:
> Flip-flop analysis

» Conclusion questions
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Flip-Flops

> Flip-flops are the fundamental building blocks of

sequential circuits.

(a) Response to positive level

> They are 1-bit storage devices that, unlike latches

(which are level sensitive devices) are K

edge-triggered. e

(b) Positive-edge response

> Data gets stored into a flip-flop at one of the

edges of the clock signal, i.e. when the clock input v

Y Y

makes a transition from 0to 1 or from 1 to O. (c) Negative-edge response
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Latch Feedback

> 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.

> 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.

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

Combinational

> Flip-flops overcome this problem by triggering L Circuit D Q

only during signal changes (edges). Clk

ol
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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.
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D Flip-flops (DFFs)

> 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).

> 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.

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

—{D  Qf— —D QF—
—B>Ck Qf— —3>Clk Qf—
Positive edge DFF negative edge DFF
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D Flip-flops (DFFs) P

The operation of the positive-triggered D flip-flop is very simple:
> The output Q will go to the present state of the D input when the clock signal changes from 0to 1

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

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

= = __ DFlip-Flop

Q Clk ——

0
Xapaxtnpiotikn eficwon 1 o : : ! D Qi+ 1)
Q(t+1)=D + - D1 i 5 0 |0 Reset
E : : 1 |1  Set
4 Q 4 .
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D Flip-flops (DFFs)

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

»> 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.

D D D — QO
D latch D latch

(master) (slave)
En En

Clk . Dc
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D Flip-flops (DFFs)

> Another circuit having the
same  operation, but
implemented using fewer
gates, can be built from
three SR latches.
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Flip-flops

The timing characteristics of flip-flops include:

> the propagation delay (ypovoc kaBuotépnong dtadoonc) 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)

> the setup time (xpovoc npostopaociog)
> the hold time (xpovo¢ cuykpatnonc)

> the maximum frequency that can be applied to the clock signal and still have correct operation
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JK 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).

» 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)

J acts as a SET input and K acts as a RESET input.

The output changes only on one of the clock edges.

v v v v

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

» 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.
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JK Flip-flop (JKFF) _j

The golden rules of JKFFs are:

Xopaktnplotikn e€icwon

Q(t+l) = J Q' +K' Q
> If Jand K are 0, nothing happens.

> IfJand K are 1, Q toggles. JK Flip-Flop

> IfJ and K are different, then Q is always the same as J. J K jet+1)
0 0 | 0@ No change
0 I |0 Reset
10 |1 Set
1 1 | Q') Complement
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JK Flip-flop (JKFF)

> 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

¥ } JK Flip-Flop
D e p) |y - J K |[Q(t+ 1)
0 0 | Q@) No change
K {>o ——> Clk 0o 1 |0 Reset
1 0 |1 Set
Gk P> Clk il Q K 1 I | Q' Complement
(a) Circuit diagram (b) Graphic symbol

D=1JQ" +K'Q
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T flip-flop 2=F

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.

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

> It can be implemented using a DFF. Xapaktnplotikn eiowon
Qt+l) =T®Q =TQ' +TQ

T Flip-Flop
e I P — 1" [T Tlae+ 1)
g 0 | Q(f) Nochange
K o——— —PCk  p—— —PCk P/ I |O'(r) Complement
(a) From JK flip-flop (b) From D flip-flop () Graphic symbol
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Aueoec eloodol

Oplopeva flip flop StaBetouv emumAéov elcddouc, oL omoieg amokaloUvTal acUYXPOVEC elcodol.
> H elocoboc nov BetelL to flip flop oto 1 amnokaAeitat eicodoc apeonc O£onc (preset n direct set)

> H eloobdoc mou enavadépel 1o flip flop oto 0 amokaAeital slcodoc dpecov pundeviopou n
apeong enavadopdc (clear ) direct reset).

> ‘Eva Betikd akpomupodotnto D flip-flop pe evepyn xapnAa sicodo acvyypovou pundeviocpou,
NMAPOUCLALETAL TTOPOKATW.

Data D 0 Q
R Clk D | Q Q
Clock > Clk 0 X X |0 1
0’ o’ 1 T 00 1
R 1 T 1110
Reset T (c¢) Function table

(b) Graphic symbol
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