1/28/2015

Topic for today:

More on memory circuits

Sequential Circuits

A sequential circuit consists of a feedback path, and employs
some memory elements.
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Sequential circuit = Combinational logic + Memory Elements

Recall: Flip-flop

A flip-flop is a 1-bit memory circuit.

Clocks

As the name implies, sequential logic circuits require

a means by which events can be sequenced.

State changes are controlled by clocks.

— A “clock” is a special circuit that sends electrical pulses
through a circuit.

Clocks produce electrical waveforms such as the
one shown below.
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Clocks

« State changes occur in sequential circuits only
when the clock ticks.

« Circuits can change state on the rising edge,
falling edge, or when the clock pulse reaches its
highest voltage.
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Sequential Circuits

« To retain their state values, sequential circuits
rely on feedback.

« Feedback in digital circuits occurs when an output
is looped back to the input.

» A simple example of this concept is shown below.
— If Qis 0 itwill always be 0, if itis 1, it will always be 1.
Why?
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Sequential Circuits

* You can see how feedback works by examining
the most basic sequential logic components, the
SR flip-flop.

— The “SR” stands for set/reset.

* The internals of an SR flip-flop are shown below,

along with its block diagram.
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SR Flip-Flop

» The behavior of an SR flip-flop is described by
a characteristic table.

* Q(t) means the value of the output at time t.
Q(t+1) is the value of Q after the next clock
pulse.

Q(t+1)

R

0 Q(t) (no change)
1 0 (reset to 0)

o] 1 (set to 1)

al undefined
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SR Flip-Flop

* The SR flip-flop actually
has three inputs: S, R, Present| Next
and its current output, Q. State | State

* Thus, we can construct
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Q(t) Q(t+1)

JK Flip-Flop

» If we can be sure that the inputs to an SR flip-flop
will never both be 1, we will never have an
unstable circuit. This may not always be the case.

» The SR flip-flop can be modified to provide a

a truth table for this 3 g g 2 stable state when both inputs are 1.
circuit, as shown at the o 1 o 0
right. o 1 1 0 » This modified flip-flop is
- Notice the two undefined | 1 § h called a JKflip-flop, —— J @
values. When both S 1 1 0 | undefined shown at the right. ~C
and R are 1, the SR flip- 4 & 4 uadesined Q
flop is unstable. K
9 10
JK Flip-Flop D Flip-flop
« Atthe right, we see —] » Another modification of the SR flip-flop is the D
how an SR’fIip—ﬂop i _l == | flip-flop, shown below with its characteristic table.
can be modified to K —! < d " * You will notice that the output of the flip-flop
create a JK flip-flop. remains the same during subsequent clock
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Q(t+1)

» The characteristic
table indicates that
the flip-flop is stable

. Q(t) (no change)
for all inputs.

0 (reset to 0)
1, (set to 1)
Q(t)
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pulses. The output changes only when the value
of D changes.

D s Q D Q(t+1)
o 0
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D Flip-Flop Sequential Circuits
] ) o « Circuits that change state on the rising edge, or
+ The D flip-flop is the fundamental circuit of falling edge of the clock pulse are called edge-
computer memory. triggered.

— D flip-flops are usually illustrated using the block
diagram shown below.
» The characteristic table for the D flip-flop is
shown at the right.

» Level-triggered circuits change state when the
clock voltage reaches its highest or lowest level.
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