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Abstract

Everyone who is an amateur or student interested in electricity or electronics needs a signal generator that can produce
different types of signals that must be located at the front edge. This requirement can often be met by equipment in the
laboratories or signal generators received at high prices under the project. This study focuses on the design of a low cost
signal generator having high accuracy and sensitivity. In previous studies, DDS (Direct Digital Synthesis) method was
implemented with FPGA and other high cost microcontrollers. With this study, the design of the high-accuracy signal
generator has been made simpler and more cost-effective thanks to the PIC microcontroller, which can be found easily in
the market. The device designed in the study is a digital signal generator that produces sine, triangle and square wave
which are created using decimal numbers in the microcontroller and converted to analog signal via DAC (Digital to
Analog Converter). Also, the digital potentiometer on the device, which is used as feedback in the circuit, allows us to
control the output signal. This study provides a solution for producing a low cost laboratory type signal generator having
high sensitivity, however this solution is not a new method. Satisfactory results have been achieved from the
implementation circuit.
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1. Introduction

There are some problems such as non-precision calibration adjustment, false wave generation,
frequency shift in analogue signal generators. The solution of such problems is to use a digital signal
source in the designs. In this way, the desired wave types can be seen more accurately and steadily.
PIC microcontrollers are used for the digital signal source in this study. The frequency and amplitude
values of the signal can be changed easily within certain limits on the designed device. The designed
signal generator generates the desired waveform up to 5 KHz. This value can be raised to higher
frequencies with a simple frequency multiplier. There are two known methods for generating signals
with a microcontroller. These are PWM (Pulse Width Modulation) and DDS methods.

In the PWM method, the PWM signal is generated by varying the duty cycle value. Each generated
PWM signal is sent to the integral receiver circuit and converted to a voltage level here. The output
signal is obtained after low pass filtering. The values of the low-pass filter are adjusted depending on
the maximum frequency of the output signal. The integral operation of the PWM method causes
frequency shifts. This is not a desirable process. In the DDS method, the digital signal to be
generated is stored into the register of the microcontroller. These stored values are sent from selected
port to the output of DAC (Digital Analog Converter) module respectively after processing of them
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using DDS method. Then, the generated analog signal is passed through a low pass filter circuit as in
the PWM method to obtain the desired signal. At this point, the shape of the generated signal is
clearer and its frequency is stabilized. Shoucheng Ding et. all have designed a dall-digital frequency
synthesizer technology with FPGA. The frequency was adjustable through10-bit phase accumulator
and the analog multiplier achieved amplitude modulation. And they used the direct numerical
frequency synthesizer based on FPGA[1]. Pranjal A. Charde et. all made Sine, Cosine, Square &
Saw tooth waveforms generator by using DDS Multiple waveform generator simulation in Multisim
Simulation Program. This design is useful for measuring signal values at high frequency
uptol00MHz and the power consumption is reduce up to 0.02720W. [2] Cao Xiaodong et. all
designed compact direct digital frequency synthesizer (DDFS) for system-on-chip (SoC). ROM size
is reduced 98% using QLA technique and QE-ROM technique. Their DDFS chip with core area of
1.6mm2 has been successfully fabricated using standard 0.35um CMOS process. And it consumes
167 mW at 3.3V and its SFDR is 61dB [3]. Liuying, Limin realized a function signal generator, with
MSP430 as control core, based on DDS chip AD9850, with adjustable frequency of the sine wave
signal, square wave and triangular wave signal. There is no obvious distortion on produced output
signals [4].Liu Ke et. all designed the method is based on characteristic of LC parallel circuits that it
improved the amplitude-frequency characteristic of output signal. By this method, amplitude
attenuation caused by DAC is compensated; amplitude frequency characteristic of DDS signal is
improved [5].

This study consists of 3 parts. While the first part of the study is interested in the introduction of the
method, the second part is gives an information about DDS method the obtaining of the output signal
using DAC, low pass filter and digital potentiometer. In the last section, it is given application phase,
and the output signal graphics.

2.a DDS METHOD (Direct Digital Synthesis)

The PWM fixed period square wave signal is generated by changing the duty cycle ratio. The higher
the duty cycle rate supplies the signal having higher output voltage. This voltage value is shown in
figurel [6].
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Fig. 1. Signal generation with PWM technique

Von is the upper value of the PWM signal. The parameter 1., is the time that the squared wave
remains at the maximum level and 7. is the period of the square wave. It is necessary to increase the
frequency of the PWM signal be able to provide higher frequencies. This means an extra cost.

In the DDS method, more accurate and faster results are obtained. Figure 2 shows the DDS block
diagram [7]. The digital values of the signal to be generated are stored in the register of the
microcontroller. These values are assigned related to the number of bits used in the microcontroller.
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Table 1 shows a sine signal table with 8 bits (28 = 256) and a step interval as average of 10. This
table is drawn based on the phase circle and the formula is 127+127*sin(((2*p1)/360)*Degree). The
number “127” in the form is equal to the half of the maximum decimal number that can be taken
from an 8-bit port (256/2 = 128). Each angle value of the sine is multiplied by the maximum decimal
value in the microcontroller. In order to make the output results as positive, the DC offset value is
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Fig. 2. Direct Digital Synthesis Method
added to the signal, where the signal changes into a sinusoidal signal ranging from 0 to 255.

Table 1. Digital values of signal that is desired to produce

Degree Formula Degree Formula
Result Result

10 127,000 190 127,000

20 149,053 200 104,947
30 170,437 210 83,563
40 190,500 220 63,500
50 208,634 230 45,366
60 224,288 240 29,712
70 236,985 250 17,015
80 246,341 260 7,659
90 252,071 270 1,929
100 254,000 280 0,000
110 252,071 290 1,929
120 246,341 300 7,659
130 236,985 310 17,015
140 224,288 320 29,712
150 208,634 330 45,366
160 190,500 340 63,500
170 170,437 350 83,563

180 149,053 360 104,947

Values in the microprocessor is also known as phase circle in the Figure 3 [8] .
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Fig. 3. Phase Circle

In the DDS method, This phase circle could be produced sinus signal. Then, step values in the circle
is recorded up to decimal points.

Each recorded value is routed to ports of microprocessor respectively as a result is signal developed.
Speed that each value has is responsible for change in the signal frequency. In the study, we
determine the signal frequency using Timer 1 interruption. If the required signal frequency increases,
the number of samples in the microprocessors decreases. In this study, the sampling number is 36
for 5SKHz. The DDS method program codes for the sinus signal we mentioned above as fallows.

Table 2. DDS Method Program Codes For The Sinus Signal

#include <16f877a.h>
#use delay(clock=20000000)
#include <math.h>
int sayi=36, carpan=10;
unsigned int sinewave[36];
unsigned int16 tmr;
#int_timerl
void kesme() {
if(i>36)
i=0;
output_b(sinewave[X]);
I++;
set_timerl (tmr);}
void main(){
setup_timer 1(T1 INTERNAL | T1 DIV _BY 1);
enable_interrupts(int_timer1);
enable_interrupts(global);
tmr=65536-(1000000/(hzz*36*0.2));
set_timerl (tmr);
for(int t=0;t<sayi;t++)
sinewave[t]=127+127*sin((P1/180)*t*carpan);
while(1);}

2.b Digital Analog Converter

Analog signal is determined using the conventional R-2R method as shown in the Figure 4.[9]
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Fig. 4. R-2R Method

Maximum output voltage is Sv. Output voltage is formulated below. We denote Vi as the
maximum voltage from microprocessor port, VAL as digital data that the microprocessor applies to
the DAC module, and N as the number there is apply to the DAC module.[10]

Vout = VierX VAL /28 [1]

2.c Low Pass Filter Module and Digital Potentiometer

The signal in the microprocessor changes rapidly at the output DAC module, therefore we should
filter the signal A simple low pass filter as shown in figure 5 cloud be used for this purpose (Figure

S)[11].
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Fig. 5. Low Pass Filter values

DS1868-10 digital potentiometer integrated is utilized to validate the output signal. Digital code of
the signal in the -microprocessor is both send to the DAC and DS1868-10. Output resistant and the
voltage change proportionally to Digital data that has been sent to DS1868-10These data are
checked against the output signal by applying them to the analog entry of the controller. The
resistance interval of DS1868-10 integrated is measured by dividing resistance value to 256.
10K€Q/256=39,0625Q2 is obtained.

3. The Application Phase

In this study, Microchip's PIC16F877A integrated circuit is used as a microcontroller. An output
signal having a maximum 5 KHz frequency values can be obtained from the circuit designed in the
study. However, a PIC microcontroller with higher oscillator frequency can be needed to obtain
higher frequencies. The microcontroller oscillator frequency in this study is 20 MHz. As another
method, a desired frequency can be obtained with a frequency multiplier / divider circuit. [12]

Figure 6 presents the circuit schematic of the study. Figures 7-8-9-10 present applied circuit and
resulting signals.
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Fig. 9. Triangle wave output

4. Conclusion
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In this study, we design a low cost high accuracy signal generator using the DDS method and PIC

microcontroller.
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The output signals could be sinus, triangle and square wave up to SKHz.
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maximum output value is 5v. Frequency could be increased using multiplier. The results suggest
that the error is less than 1% and there are no slips in the output frequency. This error is 5% in the
PWM method. In edition, our method could produce the output value accurately without the need of
high frequencies.
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