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Multiplexed Display

Introduction

In many applications we can reduce the number of
I/O pins required by time-multiplexing them. Typi-
cal examples include displays and keyboards. In this
lab you will display the last four digits of your BCIT
ID on the 4-digit 7-segment LED display.
A multiplexed display cycles through the digits,

turning on the appropriate segments for each digit.
If this is done fast enough then all four digits will ap-
pear to be on continuously.
The frequency at which you cycle through the dig-

its should be high enough that you cannot see the
LEDs turn on and off. A rate of 100 Hz is above most
people’s flicker fusion threshold. However, the pe-
riod should be long enough that the waveforms are
not affected by the rise and fall times of the circuit.

Components

You will need the same components, wired up in the
same way, as in previous labs that used the 4-digit 7-
segment LED display. The switch inputs will not be
needed for this lab.

Requirements

Your circuit should show the last four digits of your
BCIT ID on the display.
Each digit should be displayed at a frequency of

100+𝑛Hzwhere 𝑛 is the last two digits of your BCIT
ID number. Since there are four digits, your circuit
must divide the 50 MHz clock by 50×106/(4⋅(100+𝑛)).
The following table shows how the last digit of

your BCIT ID determines the order the display dig-
its are enabled:

last digit
of your ID

digit
sequence

0 3, 0, 1, 2
1 1, 2, 0, 3
2 0, 1, 2, 3
3 0, 1, 3, 2
4 2, 1, 3, 0
5 2, 1, 3, 0
6 1, 2, 0, 3
7 0, 2, 1, 3
8 0, 3, 2, 1
9 2, 0, 3, 1

For example, if your ID was A12345678 then you
would assert en0 (rightmost digit), then en3 (left-
most), then en2 and finally en1. This sequence
would repeat at 178 Hz and each digit would be
turned on for ≈ 1.4ms at a time (1/(4⋅178)).

CPLD I/O

The connections to the LED display are as shown in
previous labs.

Design Ideas

Your circuit will need a clock divider that controls a
digit counter. The digit counter will change once per
clock period (as given above). For the example pe-
riod given above the divider would count down from
50×106/4⋅178 − 1 ≈ 70 224 to zero.
Your digit counter can sequence over the enable

values (e.g. 4’b0001, 4’b1000, 4’b0100, 4’b0010) or
over a value that represents the digit of your ID (e.g.
3, 2, 1, 0).
The digit counter value is then used to enable

the correct digit enables (unless you used the en-
able value as the counter values) and the correct seg-
ment enables. This can be done with multiplexers or
lookup tables.
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https://en.wikipedia.org/wiki/Multiplexed_display
https://en.wikipedia.org/wiki/Keyboard_matrix_circuit
https://en.wikipedia.org/wiki/Flicker_fusion_threshold


Procedure

Draw a block diagram for a design that will meet the
requirements above. Write a Verilogmodule that cor-
responds to your block diagram. Create a project,
compile it, and configure your CPLD. Assign pin 12
to the 50 MHz oscillator input. Test your design and
make the measurements described below for inclu-
sion in your report.

Submission

To get credit for completing this lab, submit to the
appropriate assignment folder a PDF document con-
taining:

• The calculation of the clock divider value and
the enable sequence. Note that these will be dif-
ferent for each student.

• A block diagram corresponding to your design
(drawn by you, not generated by Quartus).

• A listing of your Verilog code.

• A screen capture of your compilation report
(Window > Compilation Report) similar to this:

• A photo of your breadboard distinctly showing
the last four digits of your BCIT ID on the four
LEDs. For example:

• A screen capture of the ’scope measurement
of the en0 signal including a frequency mea-
surement. The last two digits of the frequency
should match the last two digits of your ID. This
might look like Figure 1.

• A screen capture of the logic analyzer capture
of the en3 through en0 signals showing the re-
quired digit enable order. This might look like
Figure 2.
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Figure 1: ’Scope Capture.

Figure 2: Logic Analyzer Capture.
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