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Figure 6.13 Set-up time and hold time 

6.7 The JK flip-flop 

The latch circuits previously described are not suitable for operation in synchronous 
sequential circuits because of their transparency. For synchronous circuits a clock 
signal is provided which governs the time at which the outputs of the memory elements 
are allowed to change state. In a synchronous circuit, flip-flops are used as the basic 
memory element, a typical example being the JKFF. Unlike latches, they only respond 
to a transition on a clock input or to a change in an asynchronous input such as Clear. 

The symbolic representation of the JKFF is shown in Figure 6.14(a) and the state 
table describing its logical operation is in Figure 6.14(b). The logical operation of this 
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Figure 6.14 The JK flip-flop (a) symbolic representation (h) state table (c) representation of JK flip-flop by an 
SR latch and two AND gates (d) K-map plot of O1td1  (e) state diagram (f) steering table 
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150 Digital logic design 

flip-flop differs in one respect from that of the SR latch in that it is allowable for J and K 
to be simultaneously equal to 1. When J = K = 1, the flip-flop toggles, i.e. in row 7 
the flip-flop changes state from 0 to 1, while in row 8 the converse action takes place. 
In rows 4 and 5 normal reset and set operations take place, as described for the SR 
latch in section 6.3. 

An examination of the state table shows that the flip-flop is turned on in rows 5 and 7, 
while it is turned off in rows 4 and 8. The turn on condition for Q is 

S = JKQ JKQ 

= JQ 

The turn off condition for Q is 

R= JKQ JKQ 

= KQ 

These two equations indicate that a JK flip-flop may be regarded as an SR latch 
preceded by two AND gates which implement the turn-on and turn-off functions 
respectively, as illustrated in Figure 6.14(c). 

The characteristic equation of the JK flip-flop is obtained by plotting the present 
state conditions on the K-map shown in Figure 6.14(d). After simplification, the 
characteristic equation can be written as 

Qr+at = (JQ + Ko 

The state diagram describing the terminal behaviour of the flip-flop is shown in 
Figure 6.14(e). Assuming that the flip-flop is clocked and is presently in the state 
Q = 0 with J = 1 and Ck changing from 0 to 1, it makes a transition to the state Q = 1. 
Similarly, in the state Q = 1 with K =1 and Ck changing from 0 to 1 it makes 
a transition to Q = 0. 

A steering table for the JK flip-flop derived from the state stable is shown in 
Figure 6.14(f ). Comparing the steering table of the SR latch and the JK flip-flop in 
Figures 6.7 and 6.14(f), it will be noticed that the JK flip-flop has more `X' or `don't 
care' input conditions. In practice, the increased number of `don't care' terms leads to 
simpler combinational logic when designing a sequential logic circuit. 

A JK flip-flop can be implemented by connecting the output of two AND gates in 
Figure 6.14(c) to the S and R inputs of the controlled latch shown in Figure 6.10(a). 
The Q and Q outputs of this latch and its clock connections are fed to the inputs of the 
two AND gates in conjunction with the J and K inputs, as shown in Figure 6.15(a). 
Notice that the AND gates are formed from two pairs of NAND gates in cascade, 
namely g5  and g7, and g6  and g8. Clearly, gates g7  and gl, and gates g8  and g2, give 
a double inversion and are redundant, thus reducing the JKFF to an array of four 
gates only, as shown in Figure 6.15(b). 

As in the case of the controlled latches described earlier in this chapter, the flip-flop is 
disabled when Ck = 0 and is active when Ck = 1. Unfortunately, the connection 
shown in Figure 6.15(b) exhibits instability when J = K =1 and Ck =1 due to the 
feedback of the complementary output signals to the input. The state diagram indi-
cates that under these conditions the Q output is oscillatory and will remain so until 
such time as the Ck makes a 1 0 transition when the clock is disabled. 

Qualcomm Ex. 1039 - 11/15



Latches and.flip7flops 151 

(a) 

Ck 
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Figure 6.15 (a) NAND implementation of JK flip-flop and (h) its reduced, form 

6.8 The master/slave JK flip-flop 

In order to overcome the difficulties described in the previous section, a master/slave 
JKFF can be used. It consists of two SR latches, the master and the slave, connected in 
cascade, as shown in Figure 6.16(a). The master is clocked in the normal way, while the 
clock signal to the slave is inverted. Assuming that changes in the J and K signals are 
only allowed to occur when the clock is low, the master then being disabled, changes in 
its output will take place on the rising edge of the clock pulse and these changes are 
transmitted to the input of the slave. However, no change can occur at the output of 
the slave until the rising edge of the inverted clock pulse, which is the trailing edge of the 
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Figure 6.16 (a) The master/slave (b) The timing diagram (c) The external state diagram 

Qualcomm Ex. 1039 - 12/15



152 Digital logic design 

clock pulse. Consequently changes in Q and Q which are fed back to the input of the 
master do not take place until the trailing edge of the clock pulse arrives. In terms of 
the state diagram shown in Figure 6.16(c), when J = K = 1, the transition of Q from 
0 —› 1 is made on the trailing edge of the clock pulse. The flip-flop will remain in that 
state until the trailing edge of the next clock pulse when the reverse transition will take 
place. The flip-flop is then said to be operating in a toggling mode which is analogous 
to the unstable oscillatory condition described earlier. However, the toggling of Q is 
now controlled while the condition J = K = 1 is maintained, and the flip-flop will 
toggle on the trailing edge of each successive clock pulse. Timing diagrams for the 
master/slave JKFF are given in Figure 6.16(b). 

6.9 Asynchronous controls (direct preset and clear) 

As well as the J, K and Ck inputs a master/slave JKFF may have one or two additional 
controls which allow both the master and the slave to assume one of their two states 
irrespective of whether Ck = 0 or 1. These asynchronous controls are usually called 
preset and clear. Most commercially available flip-flops are provided with a clear 
control whereas the preset control is not quite as common. The operation of these 
controls is described in the table shown in Figure 6.17(a) and a circuit including these 
controls appears in Figure 6.17(b). 

With both controls at 0 they are inactive, and the flip-flop is under the control of J, 
K and Ck. If Cl = 1 and Pr = 0 both master and slave are cleared so that Q. = Q = 0. 
If Cl = 0 and Pr = 1 the flip-flop is preset and Q. = Q = 1. Active high signals on the 
Pr and Cl lines will override signals on the J and K lines. These signals are normally only 
used during the asynchronous periods when the clock is low. Typically, the clear 
control might be used to clear all the flip-flops in an array when the power is first 
switched on. 

Forbidden 
Clear 

Preset 
Enable 

CI Pr Q 

1 

0 
0 0 

0 0 

(a) 

(b) 

Figure 6.17 (a) Pr and Cl control tabulation (b) Master/Slave .11(.1hp-flop with Pr and Cl controls 
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7 Counters and registers 

7.1 Introduction 

A counting circuit composed of memory elements, such as flip-flops and electronic 
gates, is the simplest form of sequential circuit available. All sequential circuits are of 
two types, (1) synchronous (clock driven) and (2) asynchronous (event driven). 
In synchronous circuits, changes in the circuit state are synchronised to the normally 
periodic clock pulses, whereas in event driven circuits state changes are governed by 
events such as, for example, the occurrence of a system fault. 

Counting circuits can be in either of the two categories described above. All counter 
circuits count clock pulses and store the number received in an array of memory 
elements. In the case of synchronous counters the flip-flops are all clocked at precisely 
the same instant in time, whereas in an asynchronous circuit only the least significant 
stage is clocked, and succeeding flip-flops are clocked at later times which depend on 
the flip-flop propagation times. Design of synchronous counters is generally more 
complex than that of asynchronous counters. 

Counters are fundamental and important components of a digital system and can be 
used for timing, control or sequencing operations. Alternatively, they can be used for 
frequency division and in some cases there may be a non-binary count, for example 
a Gray code counter or a BCD counter. In practice it would be most unusual for the 
logic designer to design a counter circuit since there are a large number available on 
MSI chips. Nevertheless, it is important that the reader should be aware of the basic 
design techniques employed. 

7.2 The clock signal 

An essential feature of a synchronous system is that flip-flops which are part of the 
system should all change at the same instant in time. This is achieved by the use of 
a synchronising signal which is foimally known as the clock. The clock signal is 
normally periodic, and there must always be a sufficient time period between adjacent 
clock pulses to ensure that the combinational logic has reached its steady state con-
dition before the next clock pulse in the sequence arrives. 

In general, as shown in Figure 7.1, an idealised form of clock signal will approximate 
to a square wave, and the period in the cycle when the clock is high is termed the active 
period. Flip-flop transitions, initiated by the synchronising clock, are arranged to take 
place on either the leading edge or, alternatively, the trailing edge of a clock pulse, and 
these two types of flip-flop operation should not be used in the same circuit. The active 
clock edge will initiate a change of state in a synchronous circuit providing there is no 
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Figure 7.1 The clock pulse 

other external input to the circuit. It should be recognised that transitions in do 
values from low to high and vice versa are never instantaneous, but providing t 
flip-flop changes take place during the course of the transition, the conditions i 
synchronous operation are satisfied. 

7.3 Basic counter design 

The simplest possible counter is the scale-of-two counter which has only two stat 
0 and 1. Since the output of the flip-flop can only exist in one of these states at any tii 
the counter can be implemented with a single flip-flop. 

One design technique is to draw up a state table in which the first column represei 
the present state of the counter while the second column gives the next state of t 
counter after the arrival of a clock pulse, as shown in Figure 7.2(a). The table identif 

Present Next 
state state JA KA 
At At+" 

0 1 1 X 
1 0 X 1 

Qt dter J  K 

0 0 0 X 
0 1 1 X 
1 0 X 1 
1 1 X 0 

Figure 7.2 Scale-of-two counter (a) State table (b) Steering table of .11<flimflop (c) Implementation 
(d) State diagram (e) Timing diagram 
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