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A. Introduction

In general, the oscillator is a device that used in most circuits and system of
electronics, electrical, and telecommunications. There are several kinds of
oscillator contingent on frequency band use in a submission such as microwave,
audio, and radio frequency. An oscillator is a circuit that produces periodic electric
signals such as sine wave or square wave [1]. The application of oscillator includes
sine wave generator, local oscillator for synchronous receivers etc. An oscillator
consists of an amplifier and a feedback network. The working principle of an
oscillator is based on the concept of positive feedback and energy conversion from
a direct current (DC) source into an alternating current (AC) signal at a specific,
stable frequency [2]. Wien-bridge oscillators are typically used for frequencies less
than about 1MHz, with modern high-speed op-amps, it is possible to easily
configure a classic Wien-bridge oscillator at frequencies in excess of 10MHz. It is
construct from one operational amplifier and two groups of resistors and
capacitors in a way that looks like both types of feedback (FB), -ve FB used to get
voltage amplification and keep its constant level and the +ve FB is connected
through RC passive BPF to get desired output oscillation resonance frequency [3-
5].

The practical design of the Wien bridge type of RC oscillator discuss selective
amplifier, presenting design curves to determine characteristics such as frequency
stability, accuracy, and amplifier gain requirements. Based on Wien bridge
oscillation theory, these oscillators have butter characteristic such as an improved
bandwidth and stability, controlling input and output impedance, decreasing noise
and distortion [6]. Wien Bridge Oscillator Design, it is the purpose of this paper to
show how the exact amplitude and phase-shift characteristics of the Wien bridge
may be presented graphically and, in a form, directly useful for design purposes to
determine control element requirements, stability possibilities, and the effect of
bridge element tolerances on over-all operation [7].

Oscillators are widely used to provide clock and carrier signals in
communication and electronic systems, stable frequency are important
requirements [11-12]. Ring oscillators are attractive because of their simple
structure, high integration, and low power consumption, but their oscillation
frequency can vary significantly with temperature [13]. The simulation and
temperature performance of a Wien-bridge oscillator,a single op-amp with a
diode-based feedback circuit was used for amplitude stabilization. The study also
found that temperature variations affect oscillator parameters, including
frequency, highlighting the importance of temperature stability in accurate
frequency-generation applications [14]. Wien-bridge oscillator using field-emitter-
array vacuum transistors, the lower-than-expected oscillation frequency was
mainly caused by phase shifts in the amplifier. The study demonstrates the
potential of vacuum-transistor technology for high-frequency oscillator
applications [15]. From this studies that achieving a reliable oscillator requires
careful consideration of RC component selection, gain and amplifier
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characteristics, particularly when designing and simulating a variable-frequency
Wien-bridge oscillator.

B. Methodology And Mathematical Model
B.1. Basic Circuit And Operation

The Wien bridge circuit is generally agreed to be the most suitable for
variable frequency operation." The basic circuit is shown in Figure 1. It may be
operated as either an oscillator or as a frequency selective amplifier [7]. Wien's
bridge is used for precision measurement of capacitance in terms of resistance and
frequency. It was also used to measure audio frequencies. where w is the radian
frequency. If one chooses R1 = Rz and C1 = C2 then Rf= 2 Ri. The mode of operation
discussed is that where the theoretical balance conditions is shown in Equation

(1).

Amplifier

Stage __l_

Wien bridge
Figure 1. Basic Circuit of Wein-bridge Oscillator
fo=1/2nRi1C1=1/ 2nR2C2 (D

This is shown in the Figure 2. Such a feedback network is called lead-lag
network. This is because at very low frequencies it acts like a lead while at very
high frequencies it acts like lag network.
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Figure 2. Feedback Network_of Wein-bridge oscillator
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Wien bridge oscillator is designing, firstly using theoretical information
technology as shown in Figure 2. It includes a high-performance operational
amplifier and an RC positive feedback circuit in the closed loop as shown in Figure
2. In this work, the used op-amp is non-inverting. In order to get a Phase difference
of zero degree and a forward gain mostly a little more than one to satisfy
Barkhausen's condition.

Wien bridge oscillator is an audio frequency sine wave oscillator of high
stability and simplicity. The feedback signal in this circuit is connected to the non-
inverting input terminal so that the op-amp is working as a non-inverting
amplifier. Therefore, the feedback network need not provide any phase shift. The
circuit can be viewed as a Wien bridge with a series combination of R1 and C1 in
one arm and parallel combination of R2 and C2 in the adjoining arm. Resistors R3
and R4 are connected in the remaining two arms. The condition of zero phase shift
around the circuit is achieved by balancing the bridge. The series and parallel
combination of RC network form a lead-lag circuit. At high frequencies, the
reactance of capacitor C1 and C2 approaches zero. This causes C1 and C2 appears
short. Here, capacitor C2 shorts the resistor R2. Hence, the output voltage Vo will
be zero since output is taken across R2 and C2 combination. So, at high
frequencies, circuit acts as a 'lag circuit'. At low frequencies, both capacitors act as
open because capacitor offers very high reactance. Again, output voltage will be
zero because the input signal is dropped across the R1 and C1 combination. Here,
the circuit acts like a 'lead circuit'. But at one particular frequency between the two
extremes, the output voltage reaches to the maximum value. At this frequency
only, resistance value becomes equal to capacitive reactance and gives maximum
output. Hence, this frequency is known as oscillating frequency (f).

B.2. Op-amp operating mode and oscillator gain

As an active element, the Op-Amp must be powered by a voltage supply. One
practical limitation worth noting here is that the magnitude of its output voltage
cannot exceed |Vcc|. In other words, the output is dependent on and is limited by
the magnitude of the power supply voltage. Depending on the differential input
voltage (Vd), an Op-Amp can operate in Equation (2) to (4):

Positive saturation mode; Vo =Vcc (2)
Linear mode; -Vcc<Vo=G.Vd <Vcc (3)
Negative saturation region; Vo = -Vcc (4)

In this work, it is assumed that Op-Amps operate in the linear mode. Thus, the
output voltage of the oscillator is restricted by equation (1). Applying the Op-Amp
in any electronic circuit design involves configuring the Op-Amp as either an
inverting amplifier with voltage gain is shown in Equation (5);

Gv =Vo/ Vi= —Rf/Ri (5)

Or as a non-inverting amplifier with a voltage gain given as shown in
Equation (6) [8].
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Gv=Vo/Vi=1+Rf/Ri (6)

However, for sustained oscillation, the loop gain of the circuit must satisfy the
Barkhausen criterion as shown in Equation 6, where Rf and Ri are resistors in the
gain feedback network [9].

B.3. Design methodology

Designing the Wien-bridge oscillator revolves around the operational
amplifier (Op-Amp) IC chip. For this work, an Op-Amp (UA741 model) was used. It
is an 8-pin DIP IC with a high input voltage range, high input impedance, and
excellent temperature stability [10]. The frequency is shown in Equation (7).

w=1/ RC =2rfo (7)

Thus, fo can be varied for a range of frequencies determined by the variation
in R. Let fo(min) be the minimum frequency obtainable for the maximum value of
R called R(max) is shown in Equation (8)

fo(min)= 1/ 2nR(max)C (8)

The maximum resonance frequency fo(max) is obtained when R is minimum
(i.e. at R(min)) thus in Equation (9):

fo(max)= 1/ 2nR(min)C 9)

From Equation 5, where the amplitude gain is determined, the oscillator was
found to produce fine-tuned oscillation with the chosen value of capacitance, C. To
satisfy the Barkhausen criterion and keep the overall gain of the circuit as 1, the
Op-Amp must compensate by providing a gain of 3 or greater. In other words, the
amplifier gain must initially be set to 3 to start oscillation. This was achieved using
Equation 10, which is critical to maintaining oscillations and keeping the circuit
stable at the desired frequency [11].

Rf=2Ri (10)
Where Rf is the feedback resistor connected from the output to the inverting

input of the Op-Amp and Ri is the resistor connected from the inverting input to
the ground. The overall circuit is shown in Figure 3.
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Figure 3. The proposed designed model

C. Implementation Results and Discussions

Figure 3 shows the simulated design for LF to HF output signals. The circuit of
the design is implemented using software Multisim program, which is a powerful
electronic simulation program mostly used to design, implement and simulate
electronic circuits and systems. The frequency values required to be obtained for
the signal generated in the designed circuit depend on choosing the values of
capacitances and resistors.

Simulation is carried out on the Wien-bridge circuit using an equivalent
model circuit with 90% accuracy. The value of the Resistor, R was fixed at 3304
and the Capacitor ,0.1puF in the modelled circuit. Measurements are initially made
at room temperature.

Wien-bridge oscillator was simulated without the amplitude stability and the
power supply sections of the circuit, and these had no significant effects on the
results. The circuit design for frequency control Wein-bridge oscillator is shown in
Figure 4 and it is achieved also all the parameters required are calculated.

Figure 4. Frequency control Wein-bridge Oscillator

The simulated circuit design for Wein-bridge oscillator is shown in Figure 5.
The design is simulated using feedback resistor (500k(l) and input resistor
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(220kQ). Figure 5 shows the different values of circuit parameters R = 3301, C =
0.1uF and simulated oscillation frequency at f = 4.59kHz for the circuit design.
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Figure 5. The simulated circuit design for Wein-bridge oscillator (f = 4.59kHz)

The simulated oscillation frequency for Wein-bridge oscillator is shown in
Figure 6. The design is simulated using feedback resistor (100k(l) and input
resistor (47k(). Figure 6 shows the different values of circuit parameters R = 1k Q,
C = 0.1pF and simulated oscillation frequency at f = 1.56kHz for the circuit design.

Figure 6. The simulated oscillation frequency for Wein-brldge oscﬂlator (f=
1.56k Hz)

The simulated circuit design for Wein-bridge oscillator is shown in Figure 7.
The design is simulated using feedback resistor (100kQ) and input resistor (47kQ).
Figure 7 shows the different values of circuit parameters R = 5k, C = 0.1pF and
simulated oscillation frequency at f = 314 Hz for the circuit design.
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Figure 7. The simulated circuit design for Wein-bridge oscillator (f = 314 Hz)

The simulated oscillation frequency for Wein-bridge oscillator is shown in
Figure 8. The design is simulated using feedback resistor (100kQ) and input
resistor (47k(). Figure 8 shows the different values of circuit parameters R = 10k
Q, C = 0.1pF and simulated oscillation frequency at f = 157 Hz for the circuit design.
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Figure 8. The simulated circuit design for Wein-bridge oscillator (f = 157 Hz)

The simulated circuit design for Wein-bridge oscillator is shown in Figure 9.
The design is simulated using feedback resistor (100kQ) and input resistor (47kQ).
Figure 9 shows the different values of circuit parameters R = 25k (), C = 0.1puF and
simulated oscillation frequency at f = 63.6 Hz for the circuit design.
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Figure 9. The simulated circuit design for Wein-bridge oscillator (f = 63.6 Hz)
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The simulated oscillation frequency for Wein-bridge oscillator is shown in
Figure 10. The design is simulated using feedback resistor (100k(l) and input
resistor (47k(1). Figure 10 shows the different values of circuit parameters R = 47k
Q, C = 0.1pF and simulated oscillation frequency at f = 33.5 Hz for the circuit
design.
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Figure 10. The simulated circuit design for Wein-bridge oscillator (f = 33.5 Hz)

The simulated circuit design for Wein-bridge oscillator is shown in Figure 11.
The design is simulated using feedback resistor (100kQ) and input resistor (47kQ).
Figure 11 shows the different values of circuit parameters R = 330(), C = 1pF and
simulated oscillation frequency at f = 476 Hz for the circuit design.
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Figure 11. The simulated circuit design for Wein-bridgleioscillator (f=476 Hz)

The simulated circuit design for Wein-bridge oscillator is shown in Figure 12.
The design is simulated using feedback resistor (100kQ) and input resistor (47k(Q).
Figure 12 shows the different values of circuit parameters R = 330Q, C = 10 pF and
simulated oscillation frequency at f = 47.7 Hz for the circuit design.
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Figure 12. The simulated circuit design for Wein-bridge oscillator (f =47.7 Hz)

The simulation results of the measured frequency are from LF (33.5 Hz), to

HF (4.59K Hz) and other important parameters with related are presented in Table
1.

Table 1. Experimental Reading parameters values

No. Feedback Parameters Resistor Capacitor Oscillation
Frequency

Feedback Input
Resistor Resistor

1. 500kQ 220kQ 330Q 0.1pF 4.59kHz

2. 100kQ 47kQ 1kQ 0.1pF 1.56kHz

3. 100kQ 47kQ 5kQ 0.1pF 314Hz

4. 100kQ 47kQ 10kQ 0.1pF 157Hz

5. 100kQ 47kQ 25kQ 0.1pF 63.6Hz

6. 100kQ 47kQ 47kQ 0.1pF 33.5Hz

7. 100kQ 47kQ 3300 1uF 476 Hz

8. 100kQ 47kQ 330Q 10pF 47.7 Hz

The main contribution of this work is the simulation-based demonstration of
frequency control in a Wien-bridge oscillator. The study demonstrates through
simulation based that the Wien-bridge oscillator is an effective and reliable circuit
for variable-frequency signal generation from 33.5 Hz to 4.59 kHz. The operational
amplifier maintains a stable gain ratio of approximately 3, satisfying the
Barkhausen criterion required for the initiation and sustained operation of
oscillations. The simulated frequencies show close agreement with theoretical
calculations, while minor discrepancies are attributed to component tolerances,
non-ideal op-amp dynamic characteristics, and parasitic effects within the
simulation model; the accuracy is particularly good at lower frequencies. The
results confirm that the oscillator frequency is primarily controlled by the RC
network, where smaller resistance-capacitance products produce higher
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frequencies and larger products produce lower frequencies. For example, R = 330
Q and C = 0.1 pF produces approximately 4.59 kHz, whereas increasing the
resistance to 47 kQ with the same capacitance reduces the frequency to
approximately 33.5 Hz.

D. Conclusion

The schematic diagram of designed circuit is comprised from operational
amplifier has absolute gain equal three. This is can only be achieved after
Barkhausen's oscillation condition is satisfied. Among the results recorded in Table
1 regarding the values of the measured oscillating frequencies for the designed
circuit. Given the successive and tremendous development in the industry of high-
performance integrated circuits, it will soon be easy to obtain an operational
amplifier that will make the design of this type of oscillators with very high
frequency specifications possible, available and applicable. The operational
amplifier for LM 741 was used in this design as well as the oscillation frequencies
can be adjusted to suitable value. It turns out that the feedback parameters and
capacitors have the most prominent role in determining the maximum and
minimum frequency resulting from the design according to Equation (1). Wien
bridge oscillator, are capable of introducing output signal with high performance
characteristic for low to high frequency so that a Wien bridge is chosen for
achieving frequency range (35.5Hz to 4.59kHz). Overall, the findings validate the
theoretical operation of the Wien-bridge oscillator and demonstrate its suitability
for LF-to-HF frequency control, while providing useful guidance for component
selection and reducing design errors and testing requirements before practical
hardware implementation.
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