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Additional Hints for Lab 4

Signal Names and Pinouts

The following screen capture shows the I/O signal
names I used. You are welcome to use the same ones.
The output-only signal is seconds_out and there

is a corresponding internal (to the architecture) sig-
nal named seconds which can be ‘read’ (e.g. decre-
mented or tested for zero).
I named the input signal run_stop_in so that the

debounced signal used in the architecture could be
named run_stop.

Timing Diagram for Rising Edge Detector

The following diagram shows the sequence of signal
values for the run_stop rising-edge detector.

run_stop 0 0 0 0 0 1 1 1 1 1 1 1

run_stop0 0 0 0 0 0 1 1 1 1 1 10

run_stop_rising 0 0 0 0 0 1 0 0 0 0 0 0

run (if initially 0) 0 0 0 0 0 1 1 1 1 1 10

0 0 0 0 01 1 1 1 1 1 0run (if initially 1)

clk

Note that all of the values change at the same time,
at the rising edge of the clock. The run_stop_in sig-
nal has been synchronized by the synchronous de-
bouncer.

State Transition Diagrams

We normally don’t consider counters as state ma-
chines, but if we did we might draw the state tran-
sition diagram for the counter as follows:
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where the state label (e.g. 𝑛) indicates the current
count value. The state transition diagram for the
time remaining counter, seconds would be as fol-
lows:

T n-1 0n
count=0

reset_n=0
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and the state transition diagram for the run/stop state
machine would be:

run=0 run=1

reset_n=0 or run_stop_rising

run_stop_rising

where run_stop_rising indicates a rising edge on
the run_stop input.

Troubleshooting Hints

It’s generally a good idea to design top-down (start
with the most general description of your design) but
implement bottom-up (implement and test the small-
est parts of your design). This is because it’s easier to
troubleshoot when there are fewer things that could
be wrong.
For example, in this lab you could start by im-

plementing the run/stop state machine. To test it
you could output the current value of the run state
and verify that it’s responding correctly to the dif-
ferent button presses. The you could implement the
counter that divides down the clock. You could dis-
play the most significant bits of the counter on the
LEDs and verify that the counter starts, stops and is
reset correctly. Finally, you can implement the time-
remaining counter.
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