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Day 208 Latch to Flip-Flop
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EX 208-1(1) : P335 STE-102-603 Line 21 ~

* 6.2.2 Flip-Flop Classification

* In the logic design world, a number of different flip-flop (FF) types are known.
The simplest one is the SR flip-flop (or set-reset flip-flop). One possible
implementation, using only NOR gates, is shown in Figure 6.3a. The logic
symbol for this circuit is given in Figure 6.3b. This circuit is similar to the cross-
coupled inverter pair with the inverters replaced by NOR gates. The second
input of the NOR gates is connected to the trigger inputs (S and R), which
makes it possible to force the outputs Q and notQ to a given state. These
outputs are complimentary. When both S and R are 0, the flip-flop is in a
quiescent state and both outputs retain their value. If a positive (or 1) pulse is
applied to the S input, the Q output is forced into the 1 state (with notQ going
to 0), Vice versa, a 1 pulse on R resets the flip-flop and the Q output goes to 0.
The length of the trigger pulse has to be larger than the loop delay of the
cross-coupled pair, as we have already noted.

* Figure 6.3 NOR-based SR flip-flop. (Continue to next page)
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EX_208-1(2) : P336 STE-102-604 Line 8K T

Figure 6.3 NOE-based SR flip-flop .«
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* The SR flip-flop can also be implemented with NAND gates, as shown in Figure 6.4.
As we can deduce from the circuit diagram and the characteristic table, the
quiescent state of the latch corresponds to both S and R high. A negative-going (or 0)
pulse on S or R respectively sets or resets the flip-flop. Having both S and R equal to
zero is forbidden. The small circles at the inputs of the NAND-gate SR flip-flop
indicate that the gate is triggered by a negative-going pulse, or operates on so-called
negative logic. This is in contrast with the NOR-based FF, which triggers on positive-
going pulses, and is therefore said to operate on positive logic.
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FX_208-2(1): P338 STE-102-606 ~ Line 14 £T

* 6.2.3 Master-Slave and Edge-Triggered FFs

* The JK flip-flop presented above is also called a latch. A flip-flop is a latch if the
gate is transparent while the clock is high (low) [Hill74], Any change at the
input is reflected at the output after a nominal delay. The latch is said to open
with the rising of the clock. Data is accepted continuously until the clock goes
down and the latch closes.

* The transparent nature of the latch can cause some severe problems. Consider
the simple circuit of Figure 6.7. As long as the clock is high, the output of the
flip-flop oscillates back and forth between the 0 and the 1 states. This
phenomenon is called a race (or race-around) condition and can only be
avoided by making the pulse width of smaller than the propagation delay of
the loop. Since the loop delay in the example is small, and probably smaller
than the pulse width, this situation has a major chance of occurring. The result
of this repetitive toggling is that the output is undetermined when the clock
goes low. Observe that a JK flip-flop has an intrinsic race problem when J and K
are high, as discussed earlier.
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EX_208-2(2): P338 STE-102-606 Line 15~ Line 28 & T
One way to avoid a race is to use the master-slave approach. Master-slave flip-flops are
built by cascading two basic flip-flops with opposite clock phases, as illustrated in
Figure 6.8. The first flip-flop, called the master, becomes operational when the clock
goes high. During this period, inputs J and K are enabled, and the intermediate signals
Sl and Rl can be changed. The feedback of the Q and notQ signals ensures that the flip-
flop acts as a JK flip-flop that toggles when both J and K are high. The not ¢ clock is low
in this time period, putting the second FF, called the slave, in the hold mode. This
prevents the changes in Sl and Rl from propagating to the Q and notQ outputs. On the
falling edge of the clock, ¢ goes down, freezing the state of the master latch. A very
short time later, the NAND input gates of the slave latch are enabled, and the changes
in Sl and Rl are propagated to the outputs. Due to this master-slave operation, there is
no limitation on the width of the clock pulse, since the master latch is disabled at the
time the outputs are changing, and no racing around can occur. In other words, the
master-slave principle makes sure that the feedback path of the flip-flop is always
interrupted either at the master or slave side. The pulse lengths of ¢ and not ¢ have to
be larger than the propagation delays of the master (slave) latches for this structure to
be functional.
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