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UNIT II  OSCILLATORS    

Barkhausen criterion for oscillation - Phase shift, Wien bridge - Hartley and Colpitts 

oscillators - Clapp oscillator - Ring oscillators and crystal oscillators - Oscillator amplitude 

stabilization.  

 

 

2.5 crystal oscillators  

Crystal Oscillators can be designed by connecting the crystal into the circuit  such that it offers low 

impedance when operated in series-resonant mode  (Figure 2a) and high impedance when operated in 

anti-resonant or parallel  resonant mode (Figure 2b). 

 

In the circuits shown, the resistors R1 and R2 form the voltage divider network  while the 

emitter resistor RE stabilizes the circuit. Further, CE (Figure 2a) acts as an AC  bypass capacitor while 

the coupling capacitor CC (Figure 2a) is used to block DC  signal propagation between the collector 

and the base terminals.  

Next, the capacitors  C1 and C2 form the capacitive voltage divider network in the case of 

Figure 2b. In  addition, there is also a Radio Frequency Coil (RFC) in the circuits (both in Figure 2a  

and 2b) which offers dual advantage as it provides even the DC bias as well as frees  the circuit-

output from being affected by the AC signal on the power lines.  

On supplying the power to the oscillator, the amplitude of the oscillations in  the circuit 

increases until a point is reached wherein the nonlinearities in the  amplifier reduce the loop gain to 

https://www.electrical4u.com/types-of-resistor/
https://www.electrical4u.com/types-of-resistor/
https://www.electrical4u.com/voltage-divider/
https://www.electrical4u.com/voltage-divider/
https://www.electrical4u.com/what-is-an-oscillator/


ROHINI COLLEGE OF ENGINEERING & TECHNOLOGY 

 

EC8452 ELECTRONICS CIRCUITS-II 

unity. Next, on reaching the steady-state, the  crystal in the feedback loop  highly influences  the 

frequency of the operating  circuit. Further, here, the frequency will self-adjust so as to facilitate the 

crystal to  present a reactance to the circuit such that the Barkhausen phase requirement is  fulfilled.  

 In general, the frequency of the crystal oscillators will be fixed to be  the crystal’s 

fundamental or characteristic frequency which will be  decided by the physical size and shape of the 

crystal. However, if the  crystal is non-parallel or of non-uniform thickness, then it might resonate  at 

multiple frequencies, resulting in harmonics. Further, the crystal  oscillators can be tuned to either 

even or odd harmonic of the  fundamental frequency, which are called Harmonic and Overtone  

Oscillators, respectively. An example for this is the case where the  parallel resonance frequency of 

the crystal is decreased or increased by  adding a capacitor or an inductor across the crystal, 

respectively.  

  The typical operating range of the crystal oscillators is from 40 KHz to 100  MHz wherein 

the low frequency oscillators are designed using OpAmps  while the high frequency-ones are 

designed using the transistors (BJTs or  FETs).  

The frequency of oscillations generated by the circuit is decided  by the series resonant 

frequency of the crystal and will be unaffected by  the variations in supply voltage, transistor 

parameters, etc. As a result,  crystal oscillators exhibit high Q-factor with excellent frequency  

stability, making them most suitable for high-frequency applications.  However care should be taken 

so as to drive the crystal with optimum power  only. This is because, if too much of power is 

delivered to the crystal, then  the parasitic resonances might be excited in the crystal which leads to  

unstable resonant frequency. Further even its output waveform might be  distorted due to the 

degradation in its phase noise performance. Moreover it  can even result in the destruction of the 

device (crystal) due to overheat.  

Applications:  

Crystal oscillators are compact in size and are of low cost due to which  they are 

extensively used in electronic warfare systems, communication  systems, guidance systems, 

microprocessors, microcontrollers, space  tracking systems, measuring instruments, medical 
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devices, computers, digital  systems, instrumentation, phase locked loop systems, modems, 

sensors, disk  drives, marine systems, telecommunications, engine controlling systems,  clocks, 

Global Positioning Systems (GPS), cable television systems, video  cameras, toys, video games, 

radio systems, cellular phones, timers, etc.  

Oscillator amplitude stabilization.  

It is necessary to minimize the  distortion and reduce the output amplitude within acceptable 

range that circuit called amplitude stabilization circuit  

  

1. If the voltage gain of the amplifier portion of an oscillator is 75, what must be the   

attenuation of the feedback circuit to sustain the oscillation? 

 

2.  Generally describe the change required in the oscillator of problem (3) in order for  

oscillation to begin when the power is initially turned on? 

 

3.  A certain lead-lag circuit has a resonant frequency of 3.5 KHz. What is the rms output 

voltage if an input signal with a frequency equal to resonant frequency and with an rms value 

of 2.2V is applied to the input? 

 

4.  Calculate the resonant frequency of lead-lag circuit with R1=R2=6.2KΩ and  

C1=C2=0.02μf? 
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