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Abstract:

In modern electronic systems, signal generators are
widely used in fields such as communication, signal
processing, and automatic control systems. High-quality
signal sources are key to ensuring system stability
and reliability, especially in testing and measurement
processes. Traditional signal generators often use complex
hardware designs and costly dedicated chips, making it
difficult to meet the cost and size requirements for mid-
to low-frequency applications. Therefore, it is important
to design a simple, cost-effective, and high-performance
signal generator based on general-purpose operational
amplifiers. In response to this need, this paper designs and
implements a sine wave and square wave signal generator
based on the UA741 operational amplifier, with a focus
on adjustable control of signal frequency and duty cycle.
By optimizing the design of the RC oscillation circuit and
feedback network, the sine wave generator can output
high-quality signals with low distortion, while the square
wave generator achieves flexible duty cycle adjustment
via adjustable resistors. Simulation results show that
these circuits exhibit good stability and flexibility, making
them suitable for communication, signal processing,
and automatic control systems. Despite achieving the
desired results, further research is needed in component
selection and circuit optimization to improve precision and
adaptability. Future work will focus on the automation of
circuit adjustment mechanisms and performance validation
under extreme conditions to meet more demanding
application needs.
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1. Introduction

With the rapid development of electronic technology, sig-
nal generators, as fundamental tools in electronic testing
and signal processing, have been widely used in fields
such as communication, automatic control, and audio pro-
cessing. Among them, sine wave and square wave signal
generators are key research topics in electronic circuit de-
sign due to their extensive demand in various application
scenarios. Sine wave signal generators are widely used in
audio signal processing and analog circuit testing due to
the stability of their output waveform and low distortion
characteristics. On the other hand, square wave signal
generators play a critical role in digital circuits, clock sig-
nal generation, and pulse width modulation (PWM) due to
their easily adjustable duty cycle.

This paper aims to design and implement a sine wave
and square wave signal generator based on the UA741
operational amplifier, with a focus on adjustable control
of signal frequency and duty cycle. By analyzing and op-
timizing the RC oscillation circuit and feedback network,
the design achieves high-quality, low-distortion sine wave
signal output and duty cycle-adjustable square wave signal
generation. The simulation results verify the effectiveness
and stability of the circuit design, showing its potential for

practical applications.

The structure of the paper is as follows: First, the circuit
design and simulation analysis of the sine wave signal
generator are introduced. Then, the design and implemen-
tation of the square wave signal generator are discussed.
Finally, a single op-amp signal generator with adjustable
duty cycle is proposed and its simulation is verified. In the
conclusion section, the research results are summarized,
and future improvements are suggested.

2. Circuit Design

2.1 Sine Wave Signal Generator Design

The sine wave signal generator is a common basic compo-
nent in analog circuits and is widely used in various elec-
tronic testing devices[1]. Its fundamental work is to give a
steady and low-distortion sine wave flag. This design uses
an RC oscillation circuit based on the UA741 operational
amplifier, where the oscillation is generated by the RC
network, and the output signal amplitude is controlled by
a diode voltage regulation circuit, ensuring that the output
sine wave has high quality[2].
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Fig. 1 Sine Wave Signal Generator

The circuit of the sine wave generator is shown in Fig. 1.
The core components include the operational amplifier, re-
sistors, capacitors, and diodes in the feedback network][3].
The oscillation frequency is determined by capacitors C1,

C2, and resistors R1, R2. By changing the parameters of
these components, frequency adjustment can be achieved.
In addition, diodes D1 and D2 are used to stabilize the
amplitude of the output waveform, ensuring low distortion



of the sine wave. The parameters of the circuit compo-
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nents are shown in Table 1.

Table 1. Parameters of the sine wave signal generator

Component Parameters
Operational Amp UA741CD
Supply Voltage +12V
Capacitors C1, C2 6uF
Resistors R1, R2 2Q
Resistors R3 7kQ
Feedback Resistor R4 3kQ
Adjustable Resistor R5 100kQ
Diodes 1BH62 (for stabilization)

2.2 Square Wave Signal Generator Design

The square wave flag generator is commonly utilized in
computerized flag handling circuits. Square waveforms
are widely applied in clock signal generation, power regu-
lation, and pulse width modulation (PWM) due to their
sharp transitions between high and low levels[4]. The plan
objective is to accomplish successful alteration of the

square wave recurrence and obligation cycle. The circuit
is based on the UA741 operational amplifier, and the fre-
quency and duty cycle of the output waveform are con-
trolled by adjusting the resistor and capacitor parameters
in the feedback network. Diodes ensure that the output
signal amplitude remains within the desired voltage
range[5].

Rp
10kQ 20 %
- Key=A- -
_ o= slickice
H i =14.0V-
c
It
1T
1.0pF 2

v

I
82

u1

VCC ya741cD

v
‘RF
AN
100kQ ?[ o
A 1Na742A
D4

I 1N4T42A

Fig. 2 Square Wave Signal Generator

The schematic of the square wave flag generator is ap-
peared in Fig. 2. The circuit’s components and parameters

are shown in Table 2.
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Table 2. Parameters of the sine wave signal generator

Component Parameters
Operational Amp UA741CD
Supply Voltage +14V
Capacitor C 1uF
Resistor R1 5kQ
Adjustable Resistor Rp 10kQ(20% adjustment range)
Feedback Resistor R 2kQ

Diodes

1N4742A (for limiting)

2.3 Single Op-Amp Signal Generator with Ad-
justable Duty Cycle

To achieve more flexible square wave signal generation,
especially for precise duty cycle adjustment, a single op-
erational amplifier signal generator with adjustable duty
cycle has been designed. The circuit structure is shown in
Fig. 3. The design introduces two diodes (D1 and D2) and
an adjustable resistor (R5), allowing the duty cycle to be
adjusted over a wider range[6]. The circuit, shown in Fig.
4, includes two diodes, an adjustable resistor, and several
other resistors. These components form a feedback net-
work around the operational amplifier to adjust the duty
cycle. The addition of diodes causes the circuit to respond
differently to positive and negative voltages, resulting in
asymmetric high and low-level times. By adjusting the re-
sistance of the variable resistor R5, the diode conduction
current can be changed, thereby adjusting the duty cycle
of the output signal[7].

Fig. 3 Extended Circuit Structure
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Fig. 4 Single Op-Amp Signal Generator with

Adjustable Duty Cycle
The duty cycle (D) is defined as the ratio of the high-level
Thigh
Ttotal
x100%, where Thigh is the high-level time of the wave-
form, and Ttotal is the total period of the waveform. In
Figure 3-0, the key components of the circuit include two
diodes (D1 and D2), variable resistor R5, and resistors R2
and R3. These components, together with the operational
amplifier, form a square wave generator with adjustable
duty cycle.

time to the total period of the output waveform: D=

3. Simulation Results and Analysis

3.1 Sine Wave Generator Simulation

In the simulation environment, detailed tests on the sine
wave signal generator have been conducted. Fig. 5 and
Fig. 6 show the simulated sine wave output. The frequen-
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cy and peak-to-peak voltage of the sine wave are calcu-
lated as follows: For Fig. 5, the period T = 567.539/4 =

141.885 s, and the frequency f = 1/T = 1000/141.885

F:

TL e ls Time Channel A Channel B

L 46493 ms 206,628 mV

T2 e 4]| 47.061ms 206440 my

T2-T1 567.530 us  -187.750 uV

Timebase - Channel A
Scale: 200 us/Div Scale:

X pos.(Div): ] ¥ pos.{Div):

YT Add BIA A/B AC

| <

T Time Channel_A Channel_B

T 7| 46493 ms 206628 mV

T2 o«lel| 46503ms  -205.316 mV

T2-T1 99476 us  -411.943 mV
| Timebase - Channel A
| Scale: 200 usiDiv Scale:

X pos.(Div): 0 Y pes.(Div):

YT Add BIA AfB AC

0

— Channel B o
200 mv/Div (el 5 V/Div
0 ¥ pos.(Div): 0

Dc AC 0 DC

Fig. 5 Signal Waveform 1
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Fig. 6 Signal Waveform 2
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Overall, the circuit can output a stable sine wave under
various conditions, and the frequency and amplitude can
be controlled by adjusting the parameters of the RC net-
work. This feature makes the circuit suitable for applica-
tions that require high-quality sine wave signals, such as
frequency modulation broadcasting, audio signal process-
ing, and analog circuit testing[8].

3.2 Square Wave Generator Simulation

The square wave signal generator simulation results are
shown in Figures 2-1 and 2-2. By adjusting the adjustable
resistor Rp, significant changes in the duty cycle of the
waveform are observed. The frequency and peak-to-peak
voltage of the square wave are calculated as follows: For
Fig. 7, the period T = 2000/4 = 500 s, and the frequency
f=1/T = 1000/500 kHz = 2.000 kHz. For Fig. 8, the peak-
to-peak voltage Upp = 11.884V.
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Fig. 7 Signal Waveform 1
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The simulation results further verify the adjustability of
the duty cycle, proving that by adjusting the value of Rp,
the high and low-level times of the output waveform can

be flexibly controlled[9].

3.3 Single Op-Amp Signal Generator Simula-
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To further extend the application of the square wave sig-
nal generator, a single operational amplifier signal gen-

erator with adjustable duty cycle has been designed. The

simulation results are shown in Fig. 9 to Fig. 12.
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By adjusting the variable resistor RS, significant changes
in the duty cycle of the waveform were observed. The fre-
quency and peak-to-peak voltage of the square wave are
calculated as follows: For Fig. 9, the period T = 3340/4 =
835 ps, and the frequency f= 1/T = 1000/835 kHz = 1.978
kHz. For Fig. 10, the peak-to-peak voltage Upp =
15.517V. Fig. 11, when the variable resistor R5 is turned

all the way to the right, the duty cycle D = Thigh
Ttotal
x100%= 227120 _ 65 5304, 1n Fig. 12, when the variable
resistor R5 is turned all the way to the left, D = Thigh
Ttotal

217.227

x100%= = 26.02%. In summary, the duty cycle

can be adjusted within a range of 26.02% to 65.52%.

4. Discussion

The simulation results for the sine wave and square wave
signal generators lead to the following conclusions:

Sine Wave Signal Generator: The generator outputs
high-quality sine waves, with frequency and amplitude
easily controlled through the RC network. The diode volt-
age regulation reduces distortion, ensuring stability and
low distortion, making it ideal for applications like com-
munication systems and audio signal processing.

Square Wave Signal Generator: The design shows flexibil-
ity in frequency and duty cycle adjustment, validated by
simulations. This makes the circuit applicable to scenarios
like pulse width modulation (PWM) and digital signal
processing, particularly in applications requiring precise
control of signal period and duty cycle, such as clock sig-
nal generation[10].

Single Op-Amp Signal Generator with Adjustable Duty
Cycle: By incorporating diodes and a variable resistor, the
circuit achieves a wide range of duty cycle adjustment,
greatly enhancing its flexibility. The design is suitable for
scenarios that require precise duty cycle control in digital
signal generation. The duty cycle can be adjusted between
26.02% and 65.52%.

5. Summary

This study successfully designed and simulated sine wave
and square wave signal generators based on the UA741
operational amplifier, achieving effective control of signal
frequency and duty cycle. The simulation results verify
the correctness and reliability of the circuit design, show-
ing good stability and flexibility, making it suitable for a
wide range of applications such as communication, signal

processing, and automatic control systems. In any case,
there are still a few deficiencies in this think about. First,
although the circuit design is relatively simple, the accura-
cy and stability of the output signal may be limited by the
precision of the components and changes in environmen-
tal conditions in practical applications. Second, although
the single operational amplifier signal generator with
adjustable duty cycle achieves duty cycle adjustment, the
adjustment range is relatively limited, and its stability un-
der extreme conditions has not been fully studied. Finally,
although the simulation results demonstrate the feasibility
of the circuit, in actual hardware implementation, more
non-ideal factors such as parasitic capacitance and resis-
tance may need to be considered, which could affect the
circuit’s performance. Future research can be improved
in the following areas: First, optimize the selection of
components to improve the accuracy and temperature
stability of the circuit; second, extend the range of duty
cycle adjustment and study the performance of the circuit
under extreme conditions; finally, an automatic adjust-
ment mechanism can be introduced to enable the circuit to
adaptively adjust the output waveform parameters accord-
ing to different application scenarios. These improvements
will help enhance the performance of the signal generator
to meet more demanding application requirements.
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