
ELEX 2117 : Digital Techniques 2
2022 Fall Term

D/A and A/D Conversion

Introduction

In this lab you will build a pulse-width modulation
(PWM) digital-to-analog converter (DAC) and use it
to implement a ramp-type analog-to-digital converter
(ADC). The ADC value will be displayed on an LED
display. You will test your design by comparing the
results to DMMmeasurements.
The design is composed of the following modules:

• an 8-bit PWM DAC

• a sawtooth waveform generator

• a multiplexed LED display (provided)

You must design the logic for the DAC and ADC
components, integrate it with the supplied code, and
demonstrate your design. Block diagrams and de-
scriptions of the DAC and ADC operation are given
below.

Circuit

The circuit consists of an RC low-pass filter (𝑅 =
1 kΩ, 𝐶 = 10nF, 𝑅𝐶 = 100 µs), an LM2903 dual ana-
log comparator, and a 5 kΩ variable resistor that you
can adjust to set the analog input voltage to the ADC:
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The output is open-collector so a pull-up resistor
must be configured on the corresponding CPLD in-
put (over).

HDL

The block diagram below shows an 8-bit PWM DAC
and ramp ADC:
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An8-bit counter, count, counts continuously from
0 to 255. The one-bit output, pwm, is turned on when
the counter is zero and is turned offwhen the counter
reaches the current DAC value, 𝑛. This results in a
waveform whose duty cycle is 𝐷 = 𝑛/256 and whose
average voltage is 𝑉𝑜 = 𝐷 × 3.3V (for a high-level
digital output voltage of 3.3 V). The RC filter smooths
out the pulses, resulting in a DC voltage of 𝑉𝑜 (with a
bit of “ripple”).

n

256

Vo

The value of 𝑛 is defined by another 8-bit counter
(labelled dac above). This counter is incremented by
1 each time the PWM counter reaches 255. This re-
sults in the value of 𝑛 increasing from 0 to 255 and
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then “wrapping around” back to zero. This produces
a “sawtooth” waveform consisting of “ramps”.
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The output of the comparator, labelled over, is
high when the voltage at IN+ is higher than the volt-
age at IN− and low otherwise.
When the DAC output ramp reaches the analog in-

put voltage being measured, the comparator output,
over, goes from low to high. On the rising edge of
over the value of dac is captured. This is passed on
to the LED display module (supplied and not shown
here).

Procedure

Build the circuit shown in the schematic above. For
example:

In the sample files, pwm is output on theCPLD’s pin
1 and over is input on pin 3. The +5, +3.3 supplies
and ground are available on the connectors on the top
right of the board.
.

Fill in the lab8.sv file with the code required to
implement the DAC and ADC described above, com-
pile your design, and program the CPLD.
Connect the CPLD and power it on. Adjust the

variable resistor as you measure the DC voltage with

a DMM at the IN− comparator input. You should be
able to adjust the voltage from 0 to 3.3 V.
Measure the AC and DC voltages at the IN+ com-

parator input. For an ideal sawtooth the DC value
should be approximately 1.65V and theRMSACvolt-
age be about 950 mV. The screen capture in Figure 1
shows an example of the waveform measured at the
IN+ comparator input and an example of the DC and
AC voltages measured:
The LED display should show two hex digits corre-

sponding to the analog input voltage (ideally, 00 for
0 V through FF for 3.3 V).
Prepare a table as shown below recording the hex

value on the LED display, the comparator IN+ volt-
age from the variable resistor as measured with a
DMM, the predicted voltage corresponding to the hex
value assuming ideal DAC and ADC operation1, and
the difference between the predicted and measured
values.

14 0.00 20 0.26 -0.26
31 0.49 49 0.63 -0.14
56 1.00 86 1.11 -0.11
81 1.50 129 1.66 -0.16
a8 2.00 168 2.17 -0.17
cd 2.49 205 2.64 -0.15
f1 3.00 241 3.11 -0.11
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Report

Submit a report to the appropriate assignment folder,
in PDF format, that includes the following:

• A listing of your Verilog code. Follow the course
coding guidelines.

• A compilation report similar to:

• The schematic generated from Tools > RTL
Netlist such as that in Figure 2.

1If your are using a spreadsheet the HEX2DEC function may
be useful.
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Figure 1: Screen capture showing the sawtooth waveform at the DAC output and various voltage measure-
ments
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Figure 2: Synthesis results generated by Quartus.

• A table similar to that above showing your ADC
results and the corresponding DMM voltages.

• A brief explanation of why the ADC outputs
do not match the voltages measured with the
DMM (Hint: What is the range of voltages for the
sawtooth waveform in the ’scope screen capture
above? What are 𝑉𝑂𝐿 and 𝑉𝑂𝐻 for Intel MAX II
CPLDs?2)

If you do not demo your circuit in the lab, submit
a video to the appropriate assignment folder show-
ing both the LED and DMM results simultaneously

2See Table 5-5 of theMAX II datasheet available on the course
website.

as you adjust the input voltage from 0 to 3.3 V. An
example video is available on the course website.

Hints

Measuring the comparator inputs and outputs with a
’scope or DMMmay help you narrow down any prob-
lems.
Results may be incorrect for inputs above 3 V be-

cause the comparator operation is only specified for
inputs up to supply voltage minus 2 V (5 − 2 = 3 V).

3


	Introduction
	Circuit
	HDL
	Procedure
	Report
	Hints

