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Oscillators

Circuits that produce a specific, periodic waveform without any input 
signal are called oscillators. We distinguish between:

 Sinewave oscillators: generate sinusoidal waveforms with a specific frequency 
(or period) and amplitude.

Relaxation oscillators: generate waveforms which are not sinusoidal, such as 
triangular, square, sawtooth.



Requirements for oscillations to occur

The fundamental characteristic of an oscillator is non linearity; in order to give 
rise to oscillations the system must be initially unstable. 𝑉𝑖𝑛 is a fraction of the 
output signal.

Figure 1: canonical form of a feedback system

Oscillations occurs when the 

feedback system is not able to find a steady-

state since its transfer function cannot be 

satisfied. This situations is mathematically known 

as “Barkhausen criterion”:

• |𝐴𝛽| = 1

• ∠𝐴𝛽 = 0



The Wien-Bridge is one of the simplest and best known 

oscillators and is largely used in circuits for audio applications. It 

is composed by a feedback mesh of resistors and capacitors R

and C, and a couple of resistors 𝑅1 and 𝑅2 that provides a 

specific gain. The loop gain results to be:

A𝛽(𝑗𝜔) = 
𝑗𝜔𝑅𝐶𝐴

1−𝜔2𝑅2𝐶2 +3𝑗𝜔𝑅𝐶

where

A = 1 + 
𝑅2

𝑅1

Figure 1: Wien-Bridge circuit schematic 

Wien-Bridge oscillator pt.1

Figure 2: Wien-Bridge circuit schematic 



Wien-Bridge oscillator pt.2
According to Barkhausen criterion (for a positive feedback system), we obtain:

 ∠A𝛽(𝑗𝜔) = 0 ⇒ 𝜔 =
1

𝑅𝐶
= 𝜔0

 𝐴𝛽 𝑗𝜔0 =
𝐴

3
⇒ 𝐴𝛽 𝑗𝜔0 = 1⇒ 𝑅2 = 2𝑅1

Summarizing, we have found two conditions to be satisfied in order to have a sinewave at the 
output at frequency 𝑓𝑜𝑢𝑡:

𝑓𝑜𝑢𝑡 =
1

2𝜋𝑅𝐶

𝑅2 = 2𝑅1



Wien-Bridge oscillator pt.3



Introduction of non-linear elements
The first Wien-Bridge stable oscillator was developed by Bill Hewlett in the late 1930s, as his Stanford’s 
Master thesis. He introduced a light bulb in order to stabilize the gain without producing distortion (HP 
200A).

A modern version of the lamp stabilised circuit is shown in figure 3. It is a 

property of filament lamps that the resistance of the tungsten filament 
increases in a non-linear manner as the filament heats up. The gain of the 
amplifier is set by 

𝐴 =
𝑅3 + 𝑅𝐿𝑎𝑚𝑝

𝑅𝐿𝑎𝑚𝑝

Therefore the greater the resistance of the lamp, the lower the amplifier 

gain. By choosing a suitable lamp, the gain of the amplifier can be 

automatically controlled over an appropriate range.

Figure 3: Basic lamp stabilized 

Wien-Bridge oscillator 



Lamp Stabilised Wien-Bridge Oscillator

Design formula:

𝑓𝑜𝑠𝑐 =
1

2𝜋𝑅𝐶

• 𝐼𝐶1 = 𝐿𝑀324 (OpAmp)

• 𝐶1 = 𝐶2 = 100𝑛𝐹
• 𝑅1 = 𝑅2 = 10𝑘Ω
• 𝑅3 = 68Ω
• 𝐿𝑎𝑚𝑝 𝑇1 5𝑉 45𝑚𝐴 𝑤𝑖𝑟𝑒 𝑒𝑛𝑑𝑒𝑑 𝑙𝑎𝑚𝑝
• 𝑆𝑢𝑝𝑝𝑙𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 ±9V

𝑓𝑜𝑠𝑐(𝑑𝑒𝑠𝑖𝑔𝑛) = 159Hz, 

𝑓𝑜𝑠𝑐(𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑) = 157𝐻𝑧

𝑉𝑝𝑝 = 1.2V



Diode stabilised Wien-Bridge Oscillator 
pt.1
An alternative to lamp stabilization is provided by using a pair of 

diodes in parallel with the feedback resistor as shown in figure 4. In 

this circuit, the ratio of the non-inverting amplifier is controlled by 

the ratio between 𝑅3 and 𝑅4. Initially, it will be slightly greater than 

3, in order to allow oscillations to start. Once the feedback signal 

from the output produces a waveform across 𝑅3 that approaches 

0.6𝑉𝑝𝑝, the diodes begin to conduct. Their forward resistance 

reduces, and since they are in parallel with 𝑅3, this reduces the 

value of 𝑅3 and the amplifier gain as well. A design example, for a 

𝑓𝑜𝑠𝑐 = 132𝐻𝑧, has been carried out with the following components:
Figure 4: Basic diode stabilized 
Wien-Bridge oscillator

• IC LM224N (OpAmp)

• 𝐶1 = 𝐶2 = 100𝑛𝐹
• 𝑅1 = 𝑅2 = 12𝑘Ω

• 𝑅3 = 80Ω
• 𝑅4 = 22Ω
• 𝑆𝑢𝑝𝑝𝑙𝑦 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 ± 9V



Diode stabilised Wien-Bridge Oscillator 
pt.2

Figure 5: Output waveform (left) and frequency spectrum (right)  

for a diode stabilised oscillator with large gain

As it can be seen from the output 

waveform, the main problem of the 

diode stabilised configuration is that 

the output is more prone to distortion 

that in the lamp stabilised circuit, as 

the diodes will tends to distort the 

waveform peaks if the gain set by 𝑅3
and 𝑅4 is slightly larger than needed. 

This also means that the oscillator’s 

output amplitude is somewhat 

restricted if distortion is to be 

minimized. Adding a lowpass filter 

could also improve the quality of the 

signal in terms of harmonics.


