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POINT A
Transform the tuned amplifier studied in the previous exercise in a voltage controlled Colpitts oscillator whose schematic is shown in
Fig. 1. Note that the Varicap has been replaced by the capacitor CVaricap in order to simplify the simulation. In addition, resistor R4
has been inserted for avoiding a “floating” node at the connections between capacitors.

POINT B
Verify that the Barkausen condition on the loop gain is verified for the minimum and Fig. 1 Oscillatore di Colpitts maximum values of
the Varicap capacitance.  In  particular,  compute the product  Aβ  considering the value of  A obtained from the simulations

performed  in  the  previous  exercise.  Moreover,  compute β=
C1

C1+C eq

where  C eq≃C2+C varicap ,  verify  that  for  the  two

extreme values of CVaricap the product Aβ is larger than 1.

From previous simulations

A=gm(r0 // R0)=gm( r0 R0

r0+R0
)≃160,37

f_min f_max

β=
C1

C1+C eq

≃0,48

|Aβ|≃76,42≥1

Barkhausen condition is fullfilled

β=
C1

C1+C eq

≃0,66

|Aβ|≃105,87≥1

Barkhausen condition is fullfilled
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POINT C
Perform the “Transient Analysis” of the circuit reported in Fig. 1. For permitting the oscillations to start use a non zero initial
voltage condition on capacitor C1. For this purpose double click on C1 and set the parameter IC (Initial Conditions) to the desired
value, for example 1V. Verify if the circuit oscillates at the frequency expected for the two values of CVaricap.

After several attempt, center frequency is equal to 96MHz when C_varicap = 44pF

Oscillation frequency = 96 MHz
Vpeak=2,47V

After several attempt, center frequency is equal to 121MHz when C_varicap = 19pF

Oscillation frequency = 121 MHz
Vpeak=1,62V
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POINT D
Activate the option “Fourier Analysis” of “Transient Analysis”. Determine the amplitude of the first 10 harmonics of the output
signal and the related THD (Total Harmonic Distortion) for the two extreme values of CVaricap. N.B. For identifying the Center
Frequency to be used in the “Fourier Analysis” perform a preliminary "Transient Analysis" on the circuit. In the probe module
activate the function FFT on the voltage waveform and read the frequency of the first harmonic.

Cvaricap=44pF → oscillation frequency = 96 MHz
THD = 12,8%

Cvaricap=19pF → oscillation frequency = 96 MHz
THD = 8%

POINT E
Repeat points c and d for Ro=100 and Ro=10.000. Comment on the results.

Ro=100 Ohm instead of 1000 Ohm as in point C

Oscillation frequency = 98 MHz
Vpeak=0,89V
THD=6,27%
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Ro=10000 Ohm instead of 1000 Ohm as in point C

Oscillation frequency = 95 MHz
Vpeak=2,88 V
THD=14,41%
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POINT F
Acting on the loop gain Aβ , find out a way to reduce the distortion in one of the case previously analyzed.

Considering last case in point E, it is possible to reduce distortion inserting a matching network to adapt output. 

Oscillation frequency = 95 MHz
Vpeak=13,74 V
THD=0,95%
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