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ABSTRACT
This paper aims to generate the various waveforms commonly used in a 

laboratory. A computer is used to synthesize the waveforms. It makes use of software 
to synthesize the waveforms digitally and a Universal Serial Bus (USB) to parallel 
converter to transmit the digital version of the waveform to a digital to analog 
converter where it is converted to produce an analog waveform. A buffer is used to 
display the analog signal on an oscilloscope. Direct Digital Synthesis (DDS) is used 
to generate these waveforms. MATLAB simulation software is used to perform the 
DDS, and PROTEUS software is used for circuit design of the digital to analog 
converter. 
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1. Introduction
A function generator is a device, which

generates various types of waveforms like the 
sine wave, the triangular wave, the square 
wave, the saw-tooth wave, the staircase wave, 
the cosine wave, the ramp wave etc. 
Normally, analog circuitry is employed for 
the generation and conditioning of 
waveforms. However the circuitry is usually 
complex, expensive and at times bulky. 
In this paper, a Personal Computer (PC) is 
used to emulate a function generator, through 
the use of software and hardware (Hui & 
Ling, 2015; Zaheed, 2016). 

A major advantage of a computer based 
function generator is that its output 
frequency, phase and amplitude can be 
precisely and rapidly manipulated under 
digital processor control. It has the advantage 
of fine frequency and phase resolution and 

the ability to rapidly hop between 
frequencies. In place of complex hardware, 
software is used. The digital circuits used to 
implement the function generator do not 
suffer the effects of thermal drift, aging and 
component variations associated with their 
analog counterparts. Another important 
advantage is that the use of software enables 
us to generate any type of waveform whose 
mathematical formula is known. This is not 
possible in the case of a normal function 
generator. Hence the output waveform of any 
signal whose trigonometric or algebraic 
formula can be obtained using a PC based 
function generator (Kokolanski & Simic, 
2017).  

A function generator finds many 
applications in the laboratory. These 
include use in modulation, in clock 
generation, in telecommunications and in 
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many other applications. There is therefore 
a need for a low cost, large bandwidth, 
versatile and simple function generator in 
the laboratory setting (Simic, Kokolanski, 
Denic, Dimcev, Zivanovic & Taskovski, 
2017). 

2. System Design
2.1. Design of the Direct Digital

Synthesis Computer Program 
The flow chart shown in Figure no. 1 

is used to write the DDS program in 
Matlab.

Figure no. 1: Flow chart for DDS 

From the work specifications, the 
bandwidth required is from zero to 1 MHz. 
To satisfy Nyquist’s criterion, to sample 
and reconstruct a 1MHz signal, then the 
minimum sampling frequency would have 
to be at least twice that of the signal being 
sampled. A sampling frequency of 4MHz is 
thus chosen. 

For a maximum frequency of 1MHz, 
a 20-bit accumulator is used. Both the 
frequency register and the phase register are 
set to be 20-bit. The size of the look up 
table is chosen to be eight bits since the 
output of the look up table is going to eight 

bits digital to analog converter and to 
minimize the effects of phase truncation. 

2.2. Design of the Digital to Analog 
Converter

There are three possible digital to 
analog converter configurations to choose 
from: 

1) The weighted resistor digital to
analog converter; 

2) The R-2R ladder network;
3) A flash digital to analog

converter (DAC). 
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3.2. Practical Results 
To determine whether the circuit 

would work practically, the generated 
samples are passed through the sound card 
of the computer. The sound card is a digital 
to analog converter with a bandwidth of 
48000Hz. It can sample its input at a 
variable sampling frequency from zero to 
48000 Hz. For the experiment, a sampling 
frequency of 44000 Hz is chosen. This in 
effect set the frequency range of the sound 
card to 22000 Hz. The sound card is very 
sensitive to loading. A buffer circuit using 

the LM 334 operational amplifier, shown in 
Figure no. 8, is thus constructed to isolate 
the sound card from the oscilloscope. 
A monophonic audio jack is connected to 
the earphone port of the computer. Its 
ground is connected to the ground of the 
buffer circuit. Its other pin is connected to 
the non-inverting terminal of the 
operational amplifier. The buffer is 
designed to operate in its non-inverting 
mode in order to make use of its high input 
impedance for the isolation of the sound 
card.  

Figure no. 8: Buffer circuit 

The waveform displayed on the oscilloscope is shown in Figure no. 9. 

Figure no. 9: Practical result from sound card 
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4. Conclusion
The work in this paper succeeded in

synthesizing waveforms using software. 
It succeeded in creating an analog 
waveform using the sound card of the 

computer but failed to create an analog 
signal using the USB to parallel converter 
due to failure in the USB to parallel 
converter.
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