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Abstract: A signal generator is used in many applications in electronic measurement and
teaching. Many types of signal generators are in a fixed operating mode with limited utilized
signals. This research aims to design a highly accurate multi-functional, multi-waveform
economic signal generator based on an Operational Amplifier (OP-AMP) that can provide
waveforms commonly used in electronics experiments. The output values of the waveforms of the
signal generator are square, triangle, and sine wave, and the output frequency was obtained in the
range of (50 Hz- 4 kHz). The signal generator designed in this paper is a simple, practical
experiment with low-cost features and an important application. A circuit of generator based on
OP-AMP employs resistors and capacitors to shape the output signals. Additionally, a volume
control component is integrated to allow for easy adjustment of the frequency. The research
achieved good results for sinusoidal, triangle, and square waves, where multiple frequencies up to
4KHz and different voltage peaks at +5V, +10V, and +15V were obtained.

Keywords: OP-AMP, Sinusoidal, Frequency, Square, Triangle, Multi-functional

1. Introduction

Different signal shapes can be generated at the output by a signal generator. The most
common signal shapes are sine waves, triangle waves, and sawtooth waves. The
frequencies of these signals range from a fraction of a hertz to hundreds of kilohertz.
Signal generatorsare very versatile because they provide differentwaveforms at different
frequencies and are used in a variety of applications [1] [2]. As a result of the rapid
progress witnessed by modern technology, which led to the development of signal
generators that provided functions and ease of use. When choosing a signal generator, the
following criteria must be taken into account [3] [4]:

e Frequencyrange: This description represents the range of frequencies produced
by the signal generator. Frequency ranges range from a few hertz (Hz) to high
megahertz (MHz).

o Types of waveforms: Different types of waves can be generated according to
requirements through signal generators.

e Accuracy: Signal generators are more expensive as they provide higher
accuracy.

The most prominent uses of signal generators are:

e Scientific research and development: Signal generators are used in laboratories
to develop and test electronic devices and devices.

o Education: Signal generators are an essential tool for teaching electronics and
electrical engineering concepts in academic scientific institutions.

e Quality control: They are used in manufacturing units to monitor the quality of
electronic products.
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e Repairand maintenance: In service and maintenance centers, faults are inspected, detected and repaired in electronic
devices using signal generators.
The previous examples represent a small part of the applications that use signal generators, and these applications are
increasing with the increase in technological progress [1].

2. Methodology

This section is the main part of this research regarding methods and approaches that must be achieved to proceed with
this research. The methodology of creating a function generator circuit using an operational amplifier (Op-Amp) involves
the following key steps:

i.  Selectionof Operational Amplifier (Op-Amp): Choosing a suitable Op-Amp for the circuit. LM741 general-

purpose Op-Amps was utilized.

ii.  Circuit Configuration: Designing the circuit using operational amplifiers, resistors, and capacitors. The
configuration may include a stable multivibrator circuits to generate specific waveforms such as square waves.

iii.  Adjustable Parameters: Incorporate adjustable components such as potentiometers or variable resistors to
control key frequency.

iv. Implementation: the overall circuit consists of two parts power supply and function generator. EAGLE CAD
software is used to design PCBs.

The block diagram of system is shown in Fig.1 below this block diagram is to explain further details of the hardware

that will be used for this system.

AC Source Step down AC to DC Smoothing

Transform Converter Network
15V Voltage
- Regulator
L
Op-Amp Op-Amp Op-Amp t1o0v
Voltage
Integrator Integrator Multivibrato
+15V
sinusoidal Triangle Square Voltage
Waveform Waveform Waveform

Figurel. A block diagram of system.

A.  System Summary

An analog function generator system is operated through a 220V and 50Hz supply. The AC-DC converter produces a
pulsating DC When the system is connected to the currentby its power cord, the AC — DC converter produces a pulsating
DC voltage of minimal ripple content due to the presence of a capacitance of 1000uF after the bridge rectifier.

A dual power supply circuit is utilized to provide the necessary power supply for a function generator circuit
requiring both positive and negative voltages (+VCC). This configuration employs voltage regulator ICs, specifically the
LM7805, LM7810, and LM7815, to generate +5V, +10V, and +15V, respectively. Simultaneously, the LM7905,
LM7910, and LM7915 voltage regulator ICs produce -5V, -10V, and -15V, ensuring a symmetrically balanced dual
power supply. This setup caters to the requirements of the signal generator circuit, allowing it to operate effectively with
both positive and negative voltage values[6].

In a dual power supply configuration, the circuit incorporates voltage regulators such as LM7815, LM7915 for
+15V/-15V, and LM7810, LM7910 for +10V/-10V, providing a symmetric power supply. This dual power supply is then
connected to a signal generator circuit.The system generates three distinct waveforms:
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1. Square Wave: The circuit produces a square wave by controlling the timing of signal transitions using electronic
switches.

2. Triangle Wave: Utilizinga combination of capacitors, resistors, and operational amplifiers integrator circuits, the
circuit shapes a triangular waveform.

3. Sine Wave: Achieved through another integrator circuit, that is used to integrate triangular waveform to get
sinusoidal waveform. Fig. 2 illustrates system overview [6].

Step down Full-wave Smoothing Voltage Regulator Dual power
Center Tap bridge Rectifier Rectified voltage Supply

Transformer + . < 'I- - . + I + ? Iil . =g
i T ‘
+

Analog Function generator scheme
+ oo e

t

A r>

Figure 2. System Overview.

B. Center-Step Transformer

The working principle of a center-step transformer is similar to that of a normal transformer. The difference between
the two types is that its secondary windings are divided into two parts, thus two individual voltages can be obtained
across the two ends of the lines. As shown in Fig. 3, this type of configuration gives two phases across two parts of the
secondary coil, and the total wires composing it are three wires, where the middle wire, the center -step wire, and the
neutral wire are the same. Hence, this center-step connection is also known as a two -phase, three -wire transformer
system. The voltages, between line A and neutral and between neutral and line B are called VA and VB respectively. Both
voltages depend on the primary voltage as well as the turns ratio of the transformer [7].

N
V= ﬁ Ve (1)
N
Vg = N_2VP (2)
Line A
3
Va

¥
Vs Neutral Viotal

p
Ve

"

Line B

Figure 3. Center Tapped Transformer symbol.
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C. AC to DC Converter

This converter is known as a linear rectifier and capacitor. The line rectifier is a full-wave bridge rectifier unit
(KBU810) as shown in Fig.4 and consists of four diodes. This type of silicon rectifier was chosen in our design because
of some of its unique properties. It can hold high voltage from the mains well without dissipating much heat.

This converter hasa maximum recurring reverse voltage of 1000 V, a maximum average forward output current of 8
A, and amaximum forward voltage drop of 1 Vat 4.0 A DC per element. The operating and storage temperature range
of the KBU810 bridge rectifieris -65 to +150 °C. The rectifier converts the AC input voltage to a pulsating 100 Hz DC
voltage. The output voltage of the rectifier can be expressed by an equation as follows [8]:

2V
Ve = — (3)

m
Vin = V’E X Vems (4)
The root means square voltage, V, s = 15V
So,

2x2 %V 2x2Zx 15
Vi = - UL - = 13.504V

<7 4 =
® e Tl \\\\"7\7\\/\\/]

e
2<>~—8——

Figure 4. AC to DC Full Bridge Rectifier.

Smoothing capacitor are used to filter and smooth the waveform which is improve the average DC output of the
rectifier while reducing the Ac variation of the rectified output. Smoothing capacitors or tanks connected in parallel with
the load increases the average DC output level to a larger value where the capacitor acts as a strong device as shown in
Fig. 5 [8].

= Bridge
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Waveform

/ A/ v/ T/ \— irout
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Resultant Output Waveform

Figure 5. Full bridge rectifier with smoothing capacitor.

The maximum ripple voltage for a Full Wave Rectifier circuitis not only determined by the smoothing capacitor but
also by the frequency and load current, and is calculated as follows:
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Vr{'pp.te = % (5)
Where:
Ipc: represent the DC load current in Amps,
f: The frequency of the ripple or twice the input frequency in Hz,
C: The capacitance in Farads.

The operation of electronic and electrical devices requires a dual power source as it provides negative and positive
voltage with the ground. Operational amplifiers are electronic equipment that require a dual power source. One of the
most important applications in which the dual power source is used is[9]:

1. A Dual Power Supply in OP-AMPs

OP-AMPs generally need to swing bipolar output voltages. One of them goes either positively or negatively in
response to the normal input signal range. Thus, OP-AMPs have two rails. So, to provide power to the OP-AMPs, a Dual
power supply is needed.

2. A Dual Power Supply in Generators

When running two different power circuits on the same Power Supply without taking it offline, a dual power supply
is needed. A dual power supply allows one to perform maintenance and other work on electrical equipment without
taking the device offline. The electronic equipment requires a DC power source in the range of 5 -15V. Most circuits
have individual step-down transformers and voltage regulatorsas shown in Fig. 6. For indication purposes, LED can add.

B1

BRIDGE
w 4 Ut LM78XX
y ) > 1IN of | > L -
| =z D1
4 w \ ' RI 470  REDLED
— 8 |+ (_,>] > o
= Cl g c3 . —
% 0.1u 5 -
T e o . . . o—GND
> > s 1
= n |+ & &
& 4 & c6 — ) > o2
=3 r - | ] ”
INPUT VAC 8 [coTen 0.1uF 5 R2 470E D2 DC QUTPUT
2! | ) : : GREENLED |
J ————
U2 | m79xx

Figure 6. Dual power supply.

D. General Purpose Operational Amplifier LM741

An Operational Amplifier, or op-amp, is an amplifying device designed to be used with external feedback
components between its output and input terminals. The feedback components determine whether resistance, capacitance,
or both, the amplifier can perform different operations, giving rise to its name of “Operational Amplifier”[12].

An Op-AMP s a three-terminal device that consists of two high-impedance inputs. One of the inputs is called the
Inverting Input. The other input is called the Non-inverting Input. A third terminal represents an output port voltage or a
current. In a linear operational amplifier, the output signal is the amplification factor, Called the amplifier gain (A)
multiplied by the value of the input signal. and depending on the nature of these input and output signals, there are four
different classifications of OP-AMP gain depending on the nature of input and output [13], Voltage, Current,
Transconductance and Transresistance. The output voltage from an Op-AMP is represent the difference between the
signals being applied to its two individual inputs. Fig. 7 shows the pin out of LM741 and the equivalent circuit [13].

Figure 7. LM741 pinout and Equivalent Circuit.
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E. Operational Amplifier as Multivibrator

The type of Op-amp Multivibrator is an astable oscillator circuit generates a rectangular output waveform using a
component RC that is connected to the Inverting input of the OP-AMP and a voltage divider connected to the other Non-
inverting input[14-17]. The OP-AMP is used in multivibrator circuits to remove uncontrolled switching operations. The
circuit in Fig.8[14] shows the multivibrator.

Capacitor

Voltage
Ve P

0 \ / Ve
Vour Vrer

2 3 k0 -
|3 0462 0 — Vour
< Jum Vaar

Flgure 8. Op-amp Multivibrator Voltages.

The reference voltage, Vref will therefore depend on the fraction of Vout fed back to the non- inverting input. This
feedback (B ) is given by the following [14][18]:

B= (6)

R1+R2
VOUT = VSATURATION

= Vour X B (7)

_ 2
Veer = Vour X Ry+Ry

Therefore:
+Vrer = +BVsar(8)
—Vizer = _JBVSAT (9)

t1 = t2, if the positive and negative values of the amplifier’s saturation voltage has the same magnitude and the equation

that gives the period of oscillation is:

1+,8

T=2RCxIn (10)

f=z (11)

F. Op-AMP as Integrator

An operation amplifier is used for differentiation and integration. In an integrated circuit, the outputis integrated with
the input voltage. A passive integrator uses resistors and capacitors [19]. An ideal OP-AMP integrator usees a capacitor
Ct, the connected between the output and the OP-AMP inverting input terminal, as illustrated in Fig. 9 [1].

IL
i

cf

R1
Vin O———AAN, -

—O Vout

R1

Figure 9. ideal OP-AMP integrator.
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Fromthe circuit display in Fig.9, it is shown thatpoint Y is grounded by a compensating resistor R1. Node X will also
be at ground potential, due to the virtual ground [17][20].

o=V =0 (12)

The input current to an OP-AMP is ideally zero, for the current flowing through the input resistor, due to Vin, also flows

through the capacitor Ct is given as: [9] [12]

_ Vin Ve _ V;_n
[=-= = (13)

_ p a0x—Voyr) _ . dVoyr)
I—Cfidt = Cf—dt (14)

When equating the two equations of I, we find:

d(Vour) (15)

U

Then Integrating both the sides of the above equation, as below:

ty. td(v,
[ 2 odt = —Cff ( ow).dt
o R1 o dt

f& dt = —C..V
o, Ry 7-Your

Therefore:
-1 t
Vour = Ejg Vin . dt (16)

The important advantage of an integrator is the large-constant, which results in the accurate integration of the input
signal [20]. Because the current flowing into the OP-AMP internal circuitry is zero, effectively all of the current flows
through the feedback capacitor Cf. This current charge the capacitor [21-24]. Because the capacitor is connected to the
virtual ground, the voltage across the capacitor is the output voltage of the OP-AMP [25]. Figure 10 shows an integrated
square waveform.

wl
o]

N N
/

ANANNNL
VY VVVV

Figure 10. :Input and Output square Waveform of an Integrator.

gl

)

By adding another inverting integrator, whereas the triangle-waveform is the input signal, the output signal is
sinusoidal but it will not be a sine function [26-30]. It will just be connection of multiple ¥ = x* as shown in Fig. 11.

Figure 11. Input and Output Waveform of an Integrator (Triangle Wave Input)
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3. Project implementation

A printed circuit board (PCB) is designed and implemented to simplify wiring by using EAGLE. The EAGLE is
defined as an electronic design automation (EDA) software that lets printed circuit board (PCB) designers seamlessly
connect schematic diagrams, component placement, and PCB routing. Fig. 12 shows the system’s schematic and layout.

ALl
g AFTER_REG-1 O——
- A N5 [TIENS I 15
¢ 2 O o u
- -

O 151

Lo L g
Tout
Q vz
AFTER REG-Z

ouT-2

GND

ouT2

Figure 12.:Project’s schematic.

After that, the electronic circuit of the system is manufactured in several steps. Finally, the PCB board is drilled and the
electronic components are on it. As shown in Fig.

Figure 13. System component installed on PCB

4. Results and Discussion

After soldered electronic components on the PCB, the project is tested. The results obtained in this project are
considered satisfactory because it is low cost. A wide range of frequencies was obtained for the three waves, sinusoidal,
triangle, and square, up to four Hz, as shown in Fig. 14.

NI-T ) UTD2102e  100MHz . 500MS/s mmm}
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Figure 14. (a)square, (b)Triangle, and (c)sinusoidal waveforms of the function generator.

5. Conclusions

The system that employsa 741 operational amplifierand a dual power supply circuit based on the 78 XX and 79XX
ICs has provento be a practical and affordable solution for waveform generation For the sinusoidal, a frequency range of
up to 4 kHz was obtained. For the triangle wave, a frequency range of up to 4.1KHz was demonstrated. Finally, the
frequency range of the square wave was investigated, where a maximum frequency of 4.3KHz was achieved.

Briefly, the signal generator incorporating the 741 operational amplifier and dual power supply circuit with three
choices of dual power supply has demonstrated efficiency, affordability, and versatility in waveform generation, making
it a valuable tool for electronics enthusiasts and hobbyists.

6. Recommendations
To enhance the performance and expand the capabilities of the system designed, here are recommendations.
e Frequency Range Expansion:
Explore options for expanding the frequency range of the function generator to cater to a broader range of applications.
e Compact Design:
Optimize the layoutand design of the circuit fora more compact by replacing LM741 which contains a single Op-AMP
in single chip by LM324 which contains Quad Op- Amp in a single chip.
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