
CS251 – Spring 2008

Assignment 2.v2 – Clocked Logic

Bill Cowan

General Instructions. Consult the PDF given on the web site for instructions on how to draw timing diagrams.
The assignment is due at the beginning of class on May 30, 2008.

Question 1  Alarm Clock.

When the alarm clock that wakes you in the morning starts to ring you have three options.
1. Hit ‘snooze’, which turns off the alarm and starts a timer.
2. Hit ‘off ’, which turns off the alarm.
3. Hit ‘radio’, which turns off the alarm and turns on the radio.

The alarm clock has the following operational properties.
1. When the snooze timer gets to zero, the alarm goes on again.
2. While the snooze timer is counting neither the off nor the radio button have any effect.
3. When the radio is playing the off button turns it off; the snooze button has no effect.

(a) Once the alarm starts to ring this system has four states, and there are four events that cause the system
to change state. List the states and the events.

(b) Draw a state diagram.

(c) Given a clock that ticks once a second, use flip-flops and combinational logic to create a controller that
implements the system. The state must be encoded using two bits.
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Question 2  Extended version of Exercise B.40.

The exercise asks you to construct a timer that counts out Gray codes, which have the property that, as you

count only one bit ever changes from one count to the next.1 We start with an explanation of Gray codes,
which are pretty neat.

The table below shows you how Gray codes work.

As you can see the least significant bit counts up (0 1) then down (1 0); the next least significant bit counts
up (0 0 1 1), then down (1 1 0 0); and so on. Because of this pattern Gray codes have sometimes been called
binary reflection codes. Notice also that the final value is only one bit different from the first value, so that
Gary codes are ideal for cyclic counting.

Here’s how you construct an -bit Gray code.

1. The lowest order bit repeats the pattern  over and over.
2. Each higher order bit repeats the same pattern but with the number of ones and zeros doubled:

, etc.
3. The highest order bit goes through only the first half of the pattern for its bit position.

1. Gray codes were first used for telegraphy in the nineteenth century by Èmile Baudot, and continue to be
important in logic design because, if you sample them asynchronously, only one bit is changing, and get-
ting it wrong leaves you only off by one. You never get a value that is wildly different as you can get when
several bits are changing at once.

1 bit 2 bit 3 bit 4 bit

0 0 0 0 0 0 0 0 0 0

1 0 1 0 0 1 0 0 0 1

1 1 0 1 1 0 0 1 1

1 0 0 1 0 0 0 1 0

1 1 0 0 1 1 0

1 1 1 0 1 1 1

1 0 1 0 1 0 1

1 0 0 0 1 0 0

1 1 0 0

1 1 0 1

1 1 1 1

1 1 1 0

1 0 1 0

1 0 1 1

1 0 0 1

1 0 0 0

n

0 1 1 0, , ,( )

0 0 1 1 1 1 0 0, , , , , , ,( )
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(a) Below is an easy circuit that implements a cyclic one-bit Gray code counter using a master-slave flip-
flop. To its right, draw a timing diagram showing the clock, the D input and the Q output. Use the lasso
notation to show which edge causes which transition.

Hint. At the start of the diagram you do not know whether  is high or low. Show timing diagrams for
both cases to show that it doesn’t matter which it is.

(b) Below is an only slightly more difficult circuit that implements the high bit of a cyclic two-bit Gray
code counter. Draw a timing diagram of this circuit to its right showing the clock, , and . Write

on your timing diagram the two outputs that count in a two bit Gray code.

Hint. This time assume  is low when you start

(c) A three-bit Gray code counter is a bit more tricky. It’s easy to extend (b) to give the top two bits, and
it’s easy to replicate (b) to get the lowest order bit. But how do you get the counting synchronized? You
need to couple the two circuits together so that the beginning of a count on the slow circuit forces a state on
the fast circuit. Draw the circuit and a timing diagram to convince yourself that it is correct.

Hint. My solution uses four flip-flops to count the two high bits, two flip-flops to count the low bits, one
AND gate and one OR gate to synchronize the two circuits.

(d) Using this style of circuit, how many flip-flops would you need for an -bit counter? (There must be a
better way, and there is!)
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