
CS251 – Spring 2008

Timing Diagrams

Bill Cowan
The purpose of this document is to put down on paper conventions we expect when you are drawing
timing diagrams, and to redraw several of the diagrams I drew on the board in class.

General comment. Diagrams should be drawn by hand on paper that is ruled both horizontally or vertically, or
on a computer using both horizontal and vertical guides to line things up.

Latches & flip-flops. Unlike the simple logic gates
(AND, NAND, OR, etc.) there is no standard way of
drawing more complex logic. To-day I did a little
research and came to the conclusion that the most
common way of representing latches and flip-flops is
the one shown to the right. On the left is a transparent

latch: when the gate, , is high (open) the output

is exactly the input, .When the gate is low (closed)

the ouput holds the value it had at the moment the

gate closed. To the right of the latch is a flip-flop. Its clock input, , has a little wedge, the standard symbol
to show that edges on that signal trigger changes in the output. When an low to high edge occurs on the

clock, the input, , is sampled and the value retained until the next low to high edge. The output, , is
the stored value.

1  Basic Elements

Low to high & high to low transitions. Note
that the transitions are drawn slightly sloped
because they are not really instantaneous.

Unknown signals & their transitions.
Unknown signals, such as data lines, which
may be either high or low, are drawn both
high and low. When they change to a
different unknown signal an X is drawn; when they change to or from a known signal one slanted edge is
drawn.

Clock signals. Every clocked circuit requires
a clock signal, which is normally drawn as
the top signal on a diagram. If an inverted
clock is used in the cirdcuit draw it as well.

Showing causal relationships. When a
transition is the cause of another transition
and we want it to be visible we draw a little
lasso on the ‘causing transition’ with a
pointer to the transition that is caused.
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Labels. Every signal should be labelled on
the left with a label that exactly matches
how the signal is labelled on the circuit
diagram.

Three-state outputs. A high-impedance signal
is drawn half-way between the high and low
signal levels.

2  Examples

Pathologies (hazards) of the D latch. In class we discussed the
pathologies of the D latch (p. 2.13 in the course notes), which has
the truth table shown immediately below.

To the right is a timing diagram
showing the pathology discussed in
class. In the timing diagram to the
right transitions 1, 2 & 3 are all
caused by changes in the clock, so
that they are guaranteed to be at least
one half a clock period apart.
Transition 4, by contrast is caused by
a change in the data and can come as
close as desired to the transition at 3,
with the result that the low state between 3 & 4 can be, and sometimes will be, arbitrarily short, short
enough that downstream logic cannot interpret it consistently. The result, which is called a logic pathology
or hazard, is non-deterministic, and unsatisfactory as part of a computer. Such pathologies are a fundamental
property of D latches, and can be avoided only by introducing constraints on when the data can change
compared to the clock, or on when the output will be sampled. Transitions 5 & 6 exhibit another example
of the same hazard.

These pathologies can
be removed completely
by using a pair of latches,
a master latch followed
by a slave latch, to
produce a master-slave D
flip-flop. How to build
one from two latches is
shown in the diagram to
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the right. I normally draw the D flip-flop as shown in the diagram to the far left, with the clock on top
matching an enable input on the bottom.

Let us now look at the same
timing diagram as above, applied to
the D flip-flop; it is shown to the
right. The output of the first latch,

, holds its signals for a clock cycle,
initiated by a rising edge on the
clock, except when they are caused
by a transition on the data input.
The output of the second latch only
has transitions that coincide with the
falling edge of the clock, so all its
states are held for at least a full clock
cycle. The result is to delay the
output by half a clock cycle. In general terms, while we call the latch a follow and hold device, with the
hold initiated by the rising edge of the clock and not guaranteed to have any minimum length of time, we
call the flip-flop a sample and hold device, with the incoming data sampled on the falling edge of the clock,
and held for at least a full clock cycle.

Timing of SRAM. In class I showed the timing of writing to and reading from SRAM based on a D latch.
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