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Abstract— This paper describes waveform generator using a 

microcontroller 8051. The waveforms are used to analyze 

any electronics system. Different types of waveforms are 

generated with the help of system like saw tooth, sine wave, 

triangular wave and square wave. Here, we can generate 

waveform with minimal use of electronics components. The 

system provides good accuracy because of programmable 

device like microcontroller 8051. The waveforms are 

digitally-controlled to achieve the required wave shape. The 

single chip microcomputer of waveform generator offers the 

reprogrammable, simplified hardware, decreased power 

consumption and high efficiency system. The system is 

implemented in Proteus software. Proteus and Keil software 

are used for simulation.                                             
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I. INTRODUCTION 

Educational institutions and colleges as well as test 

engineers need a function generator that generates certain 

shapes of waveforms at a wide range of frequency. The 

performance of most electronic systems under test and in 

operation using the waveform generator are basically to 

extract vital information based on the generated signals 

displayed on a scope, and in some other case be used to 

initiate control for systems as per the the need of user. 

Various techniques have been adopted in the past, but with 

the use of microcontroller, it is possible to design user 

friendly, flexible, reliable and accurate system. The pattern 

for the generation of waveform is find out and generated 

digital signal as per the required waveform. The same 

discrete signal given to the Digital to Analog (ADC) 

Converter for converting into corresponding analog signal. 

The operation carried out at very high speed. The output of 

DAC is in the form current . to convert into analog signal 

(voltage form), current to voltage converter is designed to 

obtain the waveform. For generating waveform with smooth 

transition and without glitiches, we have used high 

performance faster microcontroller and DAC 0808.Practical 

result shows the high in performance, integrating more 

functions such as to generate square, ramp, sine, and 

triangular wave signals in the micro-controlled synthesized 

function generator [7]. In addition, problem on stability, 

accuracy, reproducibility, and the need to change external 

components when certain desirable parameters are to be 

obtained have been achieved. 

The control program stored into the on-chip ROM 

of the microcontroller which used to generate the required 

waveform according to the user need. To reduce the 

components and instrument cost a software-based system is 

to be designed and built. It is possible to proceed. By 

building algorithms to generate the various waveforms and 

control programs the required waveform can be generated 

with a minimum number of components. Reducing the 

components and adopting software increase the reliability of 

the system and flexibility of the system. 

A. Generation of Waveform 

The generation of a waveform using an 89C51 

microcontroller utilizes an algorithm that consists of many 

subroutines to produce the required waveform. Therefore, 

each subroutine takes execution time which is different from 

that of another wave generation and depending on the 

instructions used in the subroutine time duration is different 

for each waveform. 

The creation of a square wave used the approach of 

setting the output port for half duration and resetting for 

another half duration (i.e. 50% duty cycle). 

The triangular wave can be generated using a 

software up/down counter, the rate at which this counter is 

incremented (or decremented) determines the frequency and 

accuracy of the generation process. It also can be achieved 

based upon either resetting the up/down counter at the start 

of each cycle.  

The saw-tooth wave algorithm is achieved by using 

software based on up/down counter that is incremented with 

a suitable STEP value upto maximum value 255 and then 

reset to the value 0. The same thing is repeated forever. 

The generation of a sine wave using a 

microcomputer algorithm is time consuming. It is therefore 

inappropriate in high frequency applications to calculate the 

sine wave values. An alternative approach to find out values 

at each degree and to store the sine values in a defined array 

The second approach is preprogrammed into on-chip code 

memory (ROM). Alternatively, the sine values may be 

stored in external volatile memory (RAM), the values 

having first been calculated by the microprocessor during 

the initialization period prior to generator startup. 

II. SYSTEM DESIGN 

 

Fig. 1: Block Diagram of Waveform Generator using 

Microcontroller 89C51 

Fig. 1 shows the block of waveform generator using 

microcontroller 89C51. The system consists of following 

components: 

- Microcontroller 89C51 

- DAC 0808 

- I to V converter 

- Oscilloscope 

- DC Regulated Power Supply 
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The microcontroller which is the brain and control circuit 

behind the entire design circuitry is controlled with a written 

program stored into its read only memory (ROM). The co-

ordination of the system’s operation are with the direction of 

the written program, allowing: 

1) Conversion ofnumerical value of zeros and ones to their 

corresponding time varying current value. 

2) The time varying current value is converted into 

corresponding voltage value.  Comparing the numerical 

value based on the calculated time delay in other to 

interpret it in the corresponding current train before it is 

being sent to the digital-analogue converter unit. 

In this paper, the circuit design using a digital-

analog converter, current-voltage converter and a few other 

basic electronic components to achieve the final generation 

of the waveform in the analog signal to be displayed on a 

oscilloscope. The power supply provides the voltage and 

current requirement for effective performance of the 

proposed system. 

III. METHODOLOGY AND IMPLEMENTATION 

Fig. 2: Implementation of Waveform Generator using Microcontroller in Proteus 

Fig. 2 shows the implementation of proposed system in 

Proteus software. The design flow is divided into two viz., 

the hardware and the software. 

A. Hardware Unit: 

1) Microcontroller: 

The system is designed around the ATMEL AT89C51 

microcontroller. The AT89C51 microcontroller is a 

complete computer on a single chip. This is because it has 

read only memory (ROM), Random Access Memory 

(RAM) and central processing unit (CPU) embedded in it. 

The AT89C51 is a low-power, high performance CMOS 8-

bit microcomputer with 4k bytes of memory. Following are 

the features of AT89C51, 

1) 8051-based Fullly Static 24MHz CMOS controller 

with 32  I/O Lines 

2) 2 Timers/Counters 

3) 6 Interrupts/2 Priority Levels 

4) UART 

5) Three-Level Program Memory Lock  

6) 4K Bytes Flash Memory 

7) 128 Bytes On-chip RAM 

2) Digital to Analog Converter (DAC0808) 

The DAC0808 is used to convert digital format to 

corresponding analog signal for waveform generation. It is 

an 8-bit monolithic digital-to-analog converter (DAC) 

featuring a full scale output current settling time of 150 ns 

while dissipating only 33 mW with ±5V supplies. No 

reference current (IREF) trimming is required for most 

applications since the full scale output current is typically ±1 

LSB of 255 IREF/256. Relative accuracies of better than 

±0.19% assure 8-bit monotonicity and linearity while zero 

level output current of less than 4 µA provides 8-bit zero 

accuracy for IREF≥2 mA. The power supply currents of the 

DAC0808 is independent of bit codes, and exhibits 

essentially constant device characteristics over the entire 

supply voltage range. The DAC0808 will interface directly 

with popular TTL, DTL or CMOS logic levels. Features  

1) Relative accuracy: ±0.19% error maximum  

2) Full scale current match: ±1 LSB 

3) Fast settling time: 150 ns  

4) Noninverting digital inputs are TTL and CMOS 

compatible  

5) High speed multiplying input slew rate: 8 mA/µs  
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6) Power supply voltage range: ±4.5V to ±18V 

7) Low power consumption: 33 mW @ ±5V 

The output of DAC0808 is time varying current 

signal and it is necessary to convert in voltage signal. For 

conversion, the LM741 operational amplifier (OPAMP) is 

used in current to voltage converter configuration. All units 

are controlled through DC regulated power supply. 

B. Software Unit: 

1) Keil 

The software design adopts Keil μvision language. Keil 

μvision is used to develop program in Embedded C. The 

Keil μvision Software development programs are used to 

assemble C source files, link and locate object modules and 

libraries, create HEX files, and debug target program. 

For saw-tooth and triangular waveforms, assume 

that one cycle involves 256 (maximum) increments, 256 

(maximum) decrements and 512 comparisons. The rate of 

decrement of the counter for sawtooth and triangular 

waveforms is determined by its clock.  

2) Proteus: 

The Proteus Design Suite is wholly unique in offering the 

ability to co-simulate both high and low-level 

microcontroller code in the context of a mixed mode SPICE 

circuit simulation. With this Virtual System Modelling 

facility, we can transform product design cycle and lower 

costs of development. 

Proteus VSM improves efficiency, quality and 

flexibility throughout the design process. 

Proteus Virtual System Modelling (VSM) 

combines mixed mode SPICE circuit simulation, animated 

components and microprocessor models to facilitate co-

simulation of complete microcontroller based designs. It is 

possible to develop and test such designs before a physical 

prototype is constructed. 

Proteus VSM also provides extensive debugging 

facilities including breakpoints, single stepping and variable 

display for both assembly code and high level language 

source. 

IV. RESULTS 

  
Fig. 3: Generation of Square waveform 

The different waveform generated using Protes and Keil. 

Algorithms are written in Keil using Embedded C. The 

Algorithm consist a program which generates different 

waveform like square wave, sine wave, triangular wave and 

saw tooth wave. The program converted into HEX file and 

same file is dumped in microcontroller for performing 

required operation of waveform generation. The results are 

shown in below figure.  

 
Fig. 4: Generation of Sine waveform 

 
Fig. 5: Generation of triangular waveform 

 
Fig. 6: Generation of sawtooth waveform 
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V. CONCLUSION 

Waveform generator using microcontroller 89C51 is 

designed and built. The experimental results show that a 

various generated waveform with accuracy and sharp edge. 

It uses less number of components as compared to 

traditional waveform generator and provides high flexibility. 

It is easy to program to achieve different frequency signal. 

By using higher version microcontroller and digital to 

analog converter, we can generate higher accuracy 

waveform. The clock frequency of microcontroller is used to 

generate frequency for different waveforms. It is useful in a 

wide variety of applications like test measurement, signal 

processing and communications. 
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