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Abstract
Colpitts Oscillators have been widely studied in the past. But the 
effect of feedback delay has not been studied in the past. Only 
recently a paper entitled “A Colpitts Oscillator: A New Look” has 
been submitted as student paper to the present URSI 2014 from 
Sir J. C. Bose Creativity Centre, SKFGI, India. In this paper, the 
locking phenomenon in a Colpitts oscillator has been presented. 
To the best of the knowledge of the authors, no such work has 
been reported in the past. This work is mainly based on circuit 
simulation results and numerical experiments which are carried 
through the use of TINA and MATHCAD softwares.
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I. Introduction
The injection locking technique has gained a lot of attention 
over the last three decades in communication systems and signal 
processing circuits. Interesting applications including injection 
locked frequency dividers, frequency multipliers, quadrature VCOs 
and alternative to a PLL structures have gained immense interest 
in the communication society because of easy implementation, 
simple and less complex structures. Hence the attention requires 
in depth analysis of the injection locked oscillator. The phenomena 
is well discussed by R. Adler, K. Kurokawa, L. J. Paciorek in 
the era of 1960-1970s while a more precise analytical model to 
estimate the spectrum of the injection locked oscillator (ILO) 
by Maffezzoni et.al., Razavi. Nonlinear phase macro-modeling 
techniques are also used by Lai and RoyChowdhury to model the 
ILO. But no such method discuss about the effect of the feedback 
delay on the locking characteristics of the oscillator. In this paper 
we tried to establish the effect of feedback delay in ILO has been 
established for the Colpitts oscillator.  To establish the theoretical 
analysis results obtained from TINA and Mathcad software are 
included.

II. Large signal trans-conductance of the transistor in 
presence of feedback delay
A physical Colpitts oscillator is shown in the Fig 1(a) and its 
corresponding equivalent circuit is shown in Fig. 1(b). Assuming 
that the input between the base and emitter is a periodic signal 
with amplitude Vs it can be shown that the large signal trans-
conductance is given by,
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where, ( )Ts VVx /=  and . Now with the feedback the 
collector current becomes,

ssmc VVGi ).(=      (2)
Now assuming the delay in the feedback path to be τ  we can 
write from the figure,

              (3)

Now plugging equation (3) into equation (2) we have,

(4)

Rewriting the equation (4) with the help of equation (1) one 
gets, 

where we have, equivalent trans-conductance gain to be,

 (5)

Fig. 1: (a) The Colpitts Oscillator and (b) Equivalent circuit model 
of the oscillator.

III. Deviation from System Equations
To derive the system equation let us assume that the oscillator 
output and synchronization source are expressed by the following 
equations respectively,

  (6)

where, φ is phase difference between the syne signal and the 
oscillator. Therefore the instantaneous frequency jω can be 
expressed as,

    (7)

To calculate the system equation we need to have the equivalent 
oscillator’s tank circuit admittance which is given by,

 (8)
Therefore from equation 5(a), 5(b) and (6) we get,

 (9)
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Now, let us put, ss VRI = . Therefore we have, GVI ss =  which 
we replace in the equation (9) to get,

 (10)
Recalling the expression of equivalent trans-conductance from 
equation (5) we get from equation (10),

or, (11)

where, 
T
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Now using the following mathematical transformations,

we can write the expression (11) to be as,

 (12)

And the corresponding phase equation to be, 

 (13)

Rewriting, x
C
Cy

2

1=  we have, . Thus we can 
write, 

                    

Replacing,   in the previous equation we 
can write,

     (14)

Therefore we have,  which can be rewritten as,
                          

 (15)
Now changing for, t →T where, 

22
.

C
gtT m= we get,

 (16)

Similarly for phase we can write, 

Thus we have, 

With some proper mathematical analysis we get,

 (17)

Equation (16) and (17) are utilized for numerical simulation in 
the MATHCAD.

IV. Results
The corresponding system equations i.e. equation (16) and (17) 
derived in the earlier section have been utilized in the MATHCAD 
software for the numerical results. The results indicate that the 
presence of the delay in the feedback path for the ILO is degrading 
the response for both amplitude and phase which is indicated in 
Fig. 2 and 3. A corresponding circuit level simulation using the 
TINA is implemented using the circuit 1(a).  The circuit level 
simulation is also shown in the Fig. 3 which also supports both 
the theoretical and numerical results.

Fig. 2: Amplitude variation in presence of delay and without delay in 
the circuit. Simulation results are obtained from MATHCAD.

Fig. 3: Steady State Phase Variation in Presence of Delay and 
Without Delay in the Circuit. Simulation Results are Obtained 
from MATHCAD



IJECT Vol. 6, IssuE 1, spl-1 Jan - MarCh 2015

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  129

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

V. Conclusion
From the numerical and simulation results it is clear that the 
presence of feedback path delay the system’s steady state 
amplitude and phase response degrades which is verifies the 
theoretical analysis. The synchronization characteristic in presence 
of feedback path delay is different from that without the presence 
of delay. Incidentally it supports the fact that the Barkhausen 
Criterion needs to be revised.


