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Abstract. A prototype Wien-bridge oscillator was designed and constructed using a single Op-Amp with a diode-

bridge included in the degenerative-feedback path to provide amplitude stabilization of the output oscillations. 

A circuit simulator, PSpice version 10.0P was also used to simulate the circuit. The simulated results were 

compared with those measured with an oscilloscope for validation, and it had 90% accuracy. The relationships 

between the operating temperature and the settling time of the oscillator, as well as the resonant frequency, were 

investigated and derived. The resonant frequency of the constructed oscillator is adjustable between 142.86𝐻𝑧 

and 16.67𝐾𝐻𝑧.  The prototype circuit in this work that measures this range of frequencies was successfully 

analyzed, and the investigated effects of temperature variations on the output signals are presented in section 3. 

The results of the temperature response to the output bias voltage, source currents, and total power dissipation 

of the circuit are also presented. The overall results of the presented parameters show that the operating 

temperature of the oscillator (within a temperature limit) has an unpredictable effect on its output, which could 

adversely affect the performance of the oscillator where precision is of great importance. 

Keywords:  Wien-Bridge Oscillator, Temperature Stability, Resonant Frequency, Transient Response, Circuit 
Simulation, PSpice 

1. Introduction 

An oscillator is an electronic circuit that creates a continuous alternating current waveform output when 

supplying power via a direct current input. This work that was developed to promote technical skills in circuit 

design and prototyping and to expand the limits of the development of local content in Nigeria consists of a 

direct current supply as the only external source of the oscillator. This was achieved by conversion of the 

alternating current supplied by the power grid (from the electricity supply company) into direct current [1]. 

One could question the need to convert the direct current back into an alternating current using the oscillator 

after the initial conversion process. The problem is that the alternating current supplied by the source 

companies in Nigeria, Europe and the United Kingdom works with a fixed frequency of 50 Hz (60 Hz in some 

other countries), while many devices such as electronic circuits, laboratory devices, communication systems 
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and microwave devices require internally generated frequencies in the range from 300 MHz to 1 GHz or higher. 

It is, therefore, important to have a device that can generate these frequencies.  

On the other hand, a Wein-bridge oscillator is an electronic oscillator that generates sinus waves and uses 

a two-stage RC amplifier circuit, has a high-quality resonance frequency, low distortion and is useful when 

voting. It is an oscillator type that uses a resistance-capacitor network (RC) instead of the conventional 

inductor-capacitor swinging circle (LC) to create a sinus-shaped output waveform [2]. The Wein-Bridge, an 

alternating current version of the popular wheat stone bridge, is a combination of a standard/parallel RC 

network that is balanced at the frequency  𝑓𝑜 = 1
2𝜋𝑅𝐶⁄  [3].  Using the Wein-Bridge as positive feedback, the 

frequency-selective network creates an oscillator that works according to the Vienna Bridge principle with 

suitable negative feedback (resistance or non-linear network) with suitable negative feedback (resistance or 

non-linear network); Wein-Bridge-Oscillator [4]. 

The use of an operational amplifier in a Vienna Bridge Oscillator is one of the available methods for the 

construction of an oscillator. The project therefore aimed to use discrete components to create a prototype 

circuit that can measure a large range of frequencies by generating sinus waves, the results of which match the 

existing literature and also to examine how the results of the output signals can be influenced by different 

operating temperatures. Therefore, the main focus of this work is to simulate and create a prototype circuit 

with surgical amp and other discrete components and to examine the effect of temperature changes on the 

output of the Wein-Bridge Oscillator. The simulated results using PSPICE are then compared with those 

measured with the oscilloscope for validation.  

Many RC oscillators, including the Wein-Bridge Oscillator, control the vibration amplitude by integrating 

a temperature-sensitive resistance into the negative feedback loop. Thermistors and tungsten lamps are 

typically used for this purpose, and some studies on the behavior of the Win lamp were carried out in a Wein-

bridge oscillator and the effects of the temperature on the output of the oscillator [5]. In addition, [6] presented 

an RC oscillator that should maintain a stable frequency over a wide temperature range. The authors used a 

self-calibration oscillator to achieve ±0.4% temperature stability from 55℃ to 125℃. This is a great example 

of how oscillator design can ensure low distortion even with temperature changes. [7] and [8] have also done 

some work on various aspects of Wein-bridge oscillators, including the use of temperature-sensitive RC 

networks in the negative feedback loop. They also provided solutions for the design and operation of Vienna 

bridge oscillators, taking into account temperature effects and component selection. 

Temperature changes can influence the outcome of a Wein-Bridge oscillator by changing the resistance 

of the temperature-sensitive components, which influences the automatic reinforcement and negative feedback 

mechanisms. These changes can, in turn, influence the frequency and amplitude of the oscillator [2]. For 

example, the resistance of a resistance changes with temperature and influences the resonance frequency and 

amplitude of the oscillator. Similarly, the capacity of a capacitor can also vary with the temperature and 

influence the resonance frequency and amplitude of the oscillator. This is due to a temperature-dependent RC 

time constant and a fixed input frequency to attribute to the middle frequency of the oscillator. One significant 

aspect of considering the temperature effects on the output of a Wien-bridge oscillator is that the circuit’s 

temperature-dependent properties can be used for measurement purposes in specific applications like 

temperature sensors [7, 8]. 

In summary, the impact of temperature on a Wien-bridge oscillator is mainly associated with the 

components used in the circuit, such as resistors, capacitors, and incandescent lamps used for automatic gain 

control. These components react to temperature changes in a way that contributes to maintaining the stability 

of the oscillator output and the low distortion [8]. However, fluctuating temperatures can affect the components 

of the oscillator, in particular the resistance and capacitors, which in turn can affect the outcome of the 

oscillator. In view of the fact that extreme temperature fluctuations could possibly affect the performance of 

the oscillator, it is recommended to select components based on the temperature range specified by the 

manufacturer during the design phase of electronic circuits in order to ensure optimal performance and 

longevity [9]. It is, therefore, important to take into account and examine the effects of the temperature when 

designing and operating a Wein-bridge oscillator and how these temperature changes change the output of the 

oscillator, especially if it is to be used in environments with considerable temperature fluctuations. 

In order to simulate the behavioral properties of the oscillation circuit, the PSPICE simulator was used to 

record potential problems in design before the PCB was established. The PSPICE is a circuit simulation 

program that affects a personal simulation program with an integrated circulation [10]. The use of the PSPICE 

simulator works for the Wein-ridge oscillator when reaction to each DC input in the operational amplifier by 
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using models to display the components in the literature. PSPICE was used in [11] to emulate operational 

amplifiers in which the distortion of audio signals in a circuit was recognized via a wide frequency range. [12] 

also used an interactive ambient design of PSPICE to examine the parameters and properties of operational 

amplifier circuits and the various variants of trans-impedance amplifiers with photodiodes. In particular, an 

analogous PSPICE macro model technique was presented for the parametric dependence of the surgical ampere 

[13], which uses an easy use of internal equations in both time and frequency domains for non-linear control 

of voltage and power sources. The macro-model, which made up the temperature dependencies of the main 

amplifiers' electrical parameters, resulted in the basis of this work. The PSPICE simulator is one of the many 

commercial software programs available for engineers who can increase the design efficiency, save time and 

reduce defects and electronic waste. For recent applications of the PSPICE software in electronic circuit design, 

see [14]. Also, see [15] for details on other simulation and modelling techniques of electronic circuits.  

Although the first operational amplifiers used complex vacuum tubes [16], they are versatile in their 

applications; they can sum, integrate, differentiate, or amplify a signal. These are the reasons they are termed 

operational amplifiers [17 - 19]. 

The pin configuration and circuit symbol of a typical eight-pin dual-in-line package (DIP) of an Op-Amp used 

in this project was adopted from [17]. Terminal 8 is unused, and terminals 1 and 5 are of little importance to 

this work. The five essential terminals include; 

− Inverting input; pin 2: an input signal applied to this terminal appears inverted at the output. 

− Non-inverting input; pin 3: signal applied to this terminal appears with the same polarity at the output.  

− Other terminals include: 

− Output; pin 6 

− Positive power supply; pin 7 

− Negative power supply; pin 4. 

 

1.1 Op-amp operating mode and oscillator gain  

 

As an active element, the Op-Amp must be powered by a voltage supply (±Vcc). One practical limitation 

worth noting here is that the magnitude of its output voltage cannot exceed |Vcc| [20], [21]. 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:  

Positive saturation mode; 𝑉𝑜 = 𝑉𝑐𝑐         (1) 

Linear mode; −𝑉𝑐𝑐 ≤ 𝑉𝑜 = 𝐺. 𝑉𝑑 ≤ 𝑉𝑐𝑐        (2) 

Negative saturation region; 𝑉𝑜 = −𝑉𝑐𝑐        (3) 

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; 

𝐺𝑣  =
𝑉𝑜

𝑉𝑖
=  −

𝑅𝑓

𝑅𝑖
(4) 

Or as a non-inverting amplifier with a voltage gain given as [14]. 

𝐺𝑣  = 𝑉𝑜/𝑉𝑖 =  1 + 𝑅𝑓/𝑅𝑖                          (5) 

However, for sustained oscillation, the loop gain of the circuit must satisfy the Barkhausen criterion as 

shown in Equation 5, where 𝑅𝑓 and 𝑅𝑖 are resistors in the gain feedback network.  

2. Materials and methods 
 

The materials used during the construction of the circuit include electronic components listed in section 3.2, 

soldering iron, soldering lead, soldering pump, side cutter, picker, digital multi-meter, sandpaper, technician knife, laser 

jet printer, 12V mini hand-drill machine, electric iron, copper board, PCB foil, ferric chloride, as well as plastic Perspex 

and Uhu-plast adhesive gum for the casing and finishing. The construction was carried out in stages, which included the 

power supply, the oscillator circuit, amplitude stability, printed circuit board, and finally, the assembling stage. The block 

diagram of the Wien-bridge oscillator is shown in Figure 1. 
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Fig.1. Block Diagram of the constructed Oscillator 

 

2.1 Design methodology 
 

Designing the Wien-bridge oscillator revolves around the operational amplifier (Op-Amp) IC chip [22], 

[23]. 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 [17]. To determine the frequency of resonance 

(fo), equation (6) was employed [24], [25] with a fixed capacitor 𝐶 = 22𝑛𝐹 and a dual-gang variable resistor 

R = 50KΩ. 

𝜔𝑜 = 1
𝑅𝐶⁄ = 2𝜋𝑓0                                (6) 

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) 

𝑓𝑜(𝑚𝑖𝑛) =
1

2𝜋𝑅(𝑚𝑎𝑥)𝐶
 =   

1

2∗𝜋∗50∗103∗22∗10−9 = 145𝐻𝑧                       (7) 

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

𝑓𝑜(max) =
1

2𝜋𝑅(𝑚𝑖𝑛)𝐶
  =   

1

2∗𝜋∗390∗22∗10−9 = 18.5𝐾𝐻𝑧            (8) 

Note: 𝑅(𝑚𝑎𝑥) = 50KΩ, 𝑅(𝑚𝑖𝑛) = 390Ω and 𝐶 = 22𝑛𝐹 =  22 ∗ 10−9𝐹  

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 [3, 26]. In other 

words, the amplifier gain must initially be set to 3 to start oscillation. This was achieved using equation 9, 

which is critical to maintaining oscillations and keeping the circuit stable at the desired frequency. 

𝑅𝑓 = 2𝑅𝑖                                        (9) 

For numerical convenience and design purpose, Ri was chosen to be 10KΩ, thus, 𝑅𝑓 = 2 ∗ 10𝐾 = 20𝐾Ω. 

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 2.  

 

2.2. Construction steps 

The building of the Wien-bridge oscillator involved the assembling of discreet components on a Printed 

Circuit Board (PCB), which was prepared before this construction using the method carefully adopted from 

[27 - 30]. A summary of the components used for the construction is given below.  
 

Resistors 

10KΩ x 2 (fixed) 

1KΩ x 1 (fixed) 

50KΩ x 2 (dual-gang variable) 

220Ω x 3 (fixed) 

 

Voltage Regulators 

LM317  

LM137  

Transformer 

15V/2A (center-taped) 

Capacitors 

22nF x 2 (fixed) 

100µF/35v x 2 (fixed) 

10µF/35v x 2 (fixed) 

2500µF/35v x 2 (fixed) 

Diodes 

1N4007 x 10  

IC 

UA741 Op-amp 
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The layout of the fabricated circuit is shown in Figure 2.  

 
Rf

 

Fig. 2. Prototype Wien-bridge Oscillator using Op-Amp (Designed with PSPICE) 

 
3. Results and discussion 
 
Simulations were carried out on the Wien-bridge circuit using an equivalent model circuit with 90% accuracy. The 

value of the Resistor, R was fixed at 10KΩ and the Capacitor, C at 22nF in the modeled circuit. Measurements were 

initially made at room temperature, and subsequently at varying operating temperatures. Meanwhile, software limitations 

[31-33] placed some restrictions on the number of components that could be simulated in a single circuit diagram. So, the 

Wien-bridge was simulated without the amplitude stability and the power supply sections of the circuit, and these had no 

significant effects on the results. The results obtained are presented in the succeeding sections. 

 

3.1. The oscillator output from PSPICE simulation at room temperature 
Figure 3 shows the sinusoidal output obtained by simulation with PSPICE at room temperature (27°C). Here, Vcc 

was set to ±10V, and the results of oscillation between t = 0 second and t = 100 milliseconds were skipped. This was 

because resultant waveforms within this time interval were found to be unstable and very low in amplitude. 

 

 
Fig. 3. Oscillator Output Waveform at Room Temperature from PSPICE (Vcc = ± 10v) 

 

3.1.1. The oscillator output from oscilloscope 

The image shown in Figure 4 is the output waveform obtained from the oscilloscope screen. It should be noted that 

this output was obtained from the complete oscillator circuit.  

Figure 5 shows the prototype of the Wein-bridge oscillator. 

 
V- 

 V+ 

 C 

 

A 

B 

°C 
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Fig. 4: Output Waveform of Wien-bridge Circuit Fig. 5: Prototype Wien-bridge oscillator 

 

3.1.2. Comparison of the PSPICE and oscilloscope outputs 
The output waveforms from PSPICE and the measurement from the oscilloscope are shown in Figures 3 

and 4, respectively. The output waveform of Figure 3 is seen to have flat amplitudes. This was because the 

diode bridge was not included in the circuit during the PSPICE simulation due to software limitations. In 

contrast, Figure 4 (output from the oscilloscope) shows a noise-free amplitude-stable waveform. This was 

because a diode-bridge was added to the Wien-bridge circuit before this oscilloscope output was obtained. 

Otherwise, both Figure 3 and Figure 4 are similar and they represent the desired sine wave outputs.  

 

3.1.3 Results of DC bias point 
The results shown in Table 1 were obtained by analyzing the circuit’s response to the basic DC sources, 

operating in conjunction with the resistive elements in the circuit at different temperatures. Parameters of 

interest (i.e., output bias voltage, source currents, and total power dissipation of the circuit) and how they are 

affected by temperature changes are extracted and summarized in Table 1. This result shows that a change in 

the operating temperature of the oscillator affects the bias voltage of the oscillator circuit minimally but in an 

unpredictable manner. This effect may not be considered significant but could have adverse effects where 

precision is of great importance. The results further show that the source currents and total power dissipated 

in the circuit remain constant for a wide range of temperatures (-125°C to 200°C) and increase slightly at 

temperatures above 200°C. 
 

Table 1. Resuls of DC Bias Point 

Temperature (oC) Voltage at output (µV) Source current (mA) Total power dissipation 

(mW) 

V+ V- 

-125.0 -736.9 -1.006 -1.006 18.0 

-100.0 -735.7 -1.006 -1.006 18.0 

-75.0 -735.0 -1.006 -1.006 18.0 

-50.0 -734.8 -1.006 -1.006 18.0 

-25.0 -735.2 -1.006 -1.006 18.0 

0.0 -735.2 -1.006 -1.006 18.0 

25.0 -735.1 -1.006 -1.006 18.0 

50.0 -734.8 -1.006 -1.006 18.0 

75.0 -734.5 -1.006 -1.006 18.0 

100.0 -734.0 -1.006 -1.006 18.1 

125.0 -733.5 -1.006 -1.006 18.1 

150.0 -732.7 -1.006 -1.006 18.1 

175.0 -731.5 -1.006 -1.007 18.2 

200.0 -730.0 -1.006 -1.007 18.2 

225.0 -729.0 -1.007 -1.008 18.3 
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3.2. Transient Response at Different Temperatures 
A transient time analysis was carried out on the circuit with a temperature sweep for a range of 

temperatures of -125°C to -300°C. The run time was 600ms and data were recorded from t = 100ms. The 

maximum step size was set to 10µs. A summary of the results obtained is shown in Table 2. 

 
Table 2: Temperature Sweep for transient time, t = 0 to t = 600ms. 

 

T (°C) t (ms) T (°C) t (ms) 
-125.0 350.0 100.0 310.0 
-100.0 260.0 125.0 320.0 
-75.0 300.0 150.0 318.0 
-50.0 240.0 175.0 330.0 

-25.0 270.0 200.0 340.0 
00.0 276.0 225.0 375.0 
25.0 280.0 250.0 348.0 
50.0 288.0 275.0 376.0 
75.0 300.0 300.0 335.0 

 
Table 2 shows that transient time, t (ms) increases for a range of temperatures, T (-50°C to 125°C) and 

becomes unpredictable beyond this range. Thus, it was deduced that: if ‘t’ is the amplitude stability time 

(settling time) in milliseconds, and ‘T’ is the operating temperature of the oscillator in degrees Celsius, then 

 

𝑡 ∝  𝑇   Provided (-50°C ≤ T ≤ 125°C)       (10) 

Then,  

𝑡 = 𝑍T,             (11) 

where 𝑍 is a constant 

Equation (11) shows that for a unit time 𝑡 = 1𝑚𝑠 and a unit temperature 𝑇 = 1℃, 

𝑍 = 𝑡
𝑇⁄  (𝑚𝑠/°𝐶)                             

  (12) 

Equation (12) shows how the amplitude stability time is affected by a change in the operating temperature of 

the oscillator.  

 

3.3. Results of Resonant Frequency from Fourier Analysis 
 

Fast Fourier analysis was performed for the transient results presented in Table 2 using PSPICE, and the 

corresponding resonant frequencies (fo) were recorded in Kilohertz (KHz) against the operating temperatures 

(T°C) as shown in Table 3. 

 
Table 3: Resonant Frequencies at Different Temperatures  

 

T (°C) fo (kHz) T (°C) fo (kHz.) 

-125.0 0.720 100.0 0.720 
-100.0 0.720 125.0 0.718 
-75.0 0.720 150.0 0.718 
-50.0 0.720 175.0 0.718 

-25.0 0.720 200.0 0.718 
00.0 0.720 225.0 0.00 
25.0 0.720 250.0 0.250 
50.0 0.720 275.0 0.275 
75.0 0.720 300.0 0.300 
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Results presented in Table 3 show that the resonant frequency is constant, provided -125°C≤T≤100°C. 

That is 

𝑓𝑜 = 𝛽   Provided (-125°C≤T≤100°C),        (13) 

where 𝛽 is a constant with a unit in kHz. 

Comparing Equation (13) and Equation (6), it can be seen that; 

𝛽 =
1

2𝜋𝑅𝐶
                                                             (14) 

Since R and C are known variables, 𝛽 can be found from equation (14) as the resonant frequency.  
 

4. Discussions 
 
The DC bias point is crucial for proper circuit operation, particularly in oscillators like the Wien-Bridge. 

It determines the amplifier's operating point, affecting linearity and gain. Maintaining a stable bias point 

ensures consistent performance across varying temperatures. Table 1 illustrates the Wien-Bridge oscillator’s 

thermal stability. The output voltage slightly decreases from -736.9 µV at -125°C to -735.2 µV at 0°C, 

reflecting minor but significant temperature-induced effects. This change, influenced by the temperature 

coefficients of circuit components, demonstrates adequate stability within the design’s limits. However, a 

sharper decline to -175 µV at 225°C suggests the need for optimization at extreme temperatures due to parasitic 

effects. The source currents (V+ and V-) remain stable (~-1.006 mA) across the temperature range, ensuring 

consistent gain and reliable operation. Power dissipation stays nearly constant at 18 mW, with only a slight 

increase to 18.3 mW at 225°C, indicating high thermal efficiency. Overall, these results confirm a robust DC 

bias design suitable for the oscillator’s intended range. 

Transient response data in Table 2 reveal the relationship between temperature and settling time. Within 

-50°C to 125°C, settling time exhibits a linear trend, increasing from 240.0 ms to 320.0 ms as temperature 

rises. Beyond this range, transient behavior becomes unpredictable, highlighting the circuit’s limitations at 

extreme temperatures. This nonlinearity may result from temperature-dependent variations in 

transconductance and carrier mobility, impacting active components. 

The linear trend in settling times applies between -50°C and 125°C. Beyond this range, transient times 

become unstable, with significant variations at extreme temperatures. For instance, the transient time at -125°C 

is 350.0 ms, longer than 276.0 ms at 0°C but comparable to 375 ms at 225°C. This unpredictability suggests 

interactions among multiple variables, possibly due to active component behavior deviating from designed 

conditions or parasitic effects in extreme temperatures. The data show that outside -50°C to 125°C, the 

oscillator's response is unreliable. This limitation highlights the need to understand safe operating conditions 

and manage thermal impacts effectively. Additionally, Table 2 validates equation (10) only within the linear 

range of -50°C to 125°C. Managing thermal conditions remains crucial for wide-temperature applications. 

The resonant frequency of the Wien-Bridge oscillator is governed by its frequency-determining 

components, as shown in Table 3. Between -125°C and 100°C, the resonant frequency remains stable at 0.720 

kHz. However, it decreases slightly to 0.718 kHz at 150°C and significantly drops beyond 225°C. By 250°C, 

the frequency plummets to 0.250 kHz, suggesting component degradation or parasitic effects leading to 

operational failure. Extreme temperatures affect resistance, capacitance, and active device parameters like 

transconductance, preventing oscillations. 

In summary, the Wien-Bridge oscillator in the current work demonstrates robust performance and 

frequency stability within moderate temperature ranges up to 100°C. Beyond this threshold, temperature-

induced effects degrade stability, and it becomes unpredictable, necessitating design improvements such as 

effective heat management strategies, enhanced component selection, or temperature compensation 

techniques. These adjustments are critical for extending the functionality of the oscillator in high-temperature 

environments and ensuring its reliability under diverse operating conditions.  

 

5. Conclusion 

Since temperature variation impacts electronic components, the frequency of oscillation also shifts 

slightly due to changes in resistance and capacitance. Therefore, modelling these variations helps predict the 

performance of an oscillator circuit under thermal stress. While it is easy to design and build a sine-wave 

oscillator, such as the Wien-bridge oscillator, the results obtained have shown that a change in operating 

temperature unpredictably affects the bias voltage at the oscillator's output.  
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Further investigation into the temperature effect has shown that the amplitude stability time (t) and the 

resonant frequency (fo) of the oscillator are proportional to the temperature with a given temperature limit. 

The DC bias or operating point results in Table 1 showed that a change in temperature affects the “bias 

voltage at the output” of the oscillator. Though this observed effect was minimal, its effect is unpredictable 

and could pose a great challenge if not taken into consideration where precision and accuracy are of great 

concern in circuit design. The result further showed that the source current and the total power dissipated in 

the circuit remained constant except at very high temperatures above 225°C. Similarly, Table 2 gives a 

relationship between the operating temperature (T°C) and the stability time t (ms) of the oscillator. For 

temperatures greater than 125°C, the settling time becomes unpredictable. Therefore, equation (10) holds only 

when the operating temperature, T (°C) lies in the range -50°C→125°C. As shown in Table 3, a change in the 

operating temperature of the oscillator also affects the resonant frequency (fo) significantly for T > 100°C.  

Finally, in what follows the current work, implementing effective heat control strategies and utilizing 

electronic components with minimal temperature sensitivity is recommended to aid in reducing these impacts 

observed in the output results of the current work. 
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