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Sinusoidal Oscillators 
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Transistor as an Oscillator: 

An oscillator is a device in which electrical oscillations (of voltages and currents) are produced without 

maintaining any external source. Input voltage required in such a self sustained oscillations is obtained from 

the output voltage of an amplifier. Thus an oscillator is a feed-back amplifier. A block diagram of such an 

amplifier is shown in fig. 1(a) and the circuit diagram of the oscillator shown in the fig. 1(b).  

 

 

 

 

  

 

 

 

 

 

 

 

 

 

In the circuit diagram L1 and L2 are two coils wound on the same core and hence are inductively 

coupled through their mutual inductance. The coil L2 is connected parallel to a capacitor C and this 

combination is called a tank circuit. The tank circuit is connected to the collector side. Therefore it is known as 

tuned collector oscillator. If the tank circuit is on the base side, it is known as tuned base oscillator. 

 

Working 
When the switch S is closed due to the biasing voltage VCC the collector current begins to flow. This 

current increases slowly due to the inductance coil L2. The inductive coupling between the coils L1 and L2 now 

causes a current to flow in the emitter circuit. As a result of this positive feedback also current in L2 increases 

and at a certain instant attains a saturation value i.e., there will be no further increase of magnetic field in L2 as 

a result of which the current and the magnetic field in L1 begins to fall. Consequently the collector current will 

also fall and the magnetic field produced by L2 falls after attaining the maximum value. The decrease of 

magnetic energy in the coil results in increase of electrical energy stored in the capacitor. In this way electrical 

Fig. 1(a) 

Fig. 1(b) 
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oscillations take place in the tank circuit. The frequency of this oscillator is equal to the frequency of the tank 

circuit which is equal to 
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Feedback Requirement for Oscillator i.e. Barkhausen Criterion:  
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RC Oscillators: 
 Two main commonly used RC oscillators are 

1. Wien-bridge Oscillators 

2. Phase shift Oscillators. 
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Crystal Oscillator: (Piezoelectric crystal) 

Principle:  If a voltage is applied across one faces of a crystal then a mechanical stress is produced along the 

other faces of the crystal. This effect is called piezoelectric crystal. Thus when a piezoelectric crystal is 

subjected to proper alternating voltage it vibrates mechanically. The amplitude of mechanical oscillation 

becomes maximum when frequency of applied voltage is equal to natural frequency of the crystal. 

Expression for resonant frequency: 

The equivalent circuit diagram of the crystal oscillators is shown in figure 1(a). 

 

 

The crystal is mounted horizontally between two metal plates as shown in figure. Using piezoelectric effect 

the crystal can be set into mechanical vibration with frequency depending on crystal vibration. So far as the 

electric properties are concerned a vibrating quartz crystal shown below in figure 1 (b) can be replaced by a 

equivalent LCR circuit shown in figure 1 (c), where L, C & R represent values similar to the mechanical 

properties of the crystal the mass, elasticity L, the L the damping respectively. C  represents the electrostatic 

capacitance between the electrodes with the crystals dielectrics.    

The circuit has two resonant frequencies: 

(i) The lower series frequency sf which occurs when /CL XX  .  

In that case   RXXRZ CL 
22   is minimum.  

And 
LC

f
LCLCC

L s






2

1111 2   

It is called the series resonant frequency. At sf the crystal acts as a series resonant circuit.  

(ii) The other parallel resonant condition pf  occurs when the reactance of the series LCR is equals the 

reactance of capacitorC . For which the series are becomes inductive and this inductive reactance 

becomes equal to the capacitive reactance of C . i.e.  
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It is called the parallel resonant frequency. At pf , the crystal act as a parallel resonant circuits. Usually, 

CC  , therefore sp f
LC

f 
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Thus the series resonant frequency and parallel resonant frequencies are equal. 

 

 

 

 

 

 


