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Semiconductor Varactors

T1 = Time constant of carrier 
recombination
T2 = Period of fundamental signal

CASE A

T1 << T2

CASE B

T1 >> T2



Conjectures

CASE A
Within the constraints of the network within which it is 
embedded, for a given incident power level supplied at the 
fundamental frequency, the DC voltage developed across the 
varactors will always be minimised.



CASE A
VOLTAGE SPECTRUM

Measured voltage of spectrum and gate circuit of a GaAs pHEMT with open circuits
at harmonics



Case B: Experimental Setup

Voltage Probe
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Current Probe
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Conjectures

CASE B
Within the constraints of the network within which it is 
embedded, for a given incident power level supplied at the 
fundamental frequency, the current limits and the amount of 
sub‐harmonic energy oscillating between the varactors will 
always be maximised.



CASE B: PN Junction Varactors
Type 1 : Abrupt Junction

Current measurement at varying power levels

I
Pin Pdc (centre tap 

voltage)
f0(dBm) 2f0(dBm) 3f0(dBm) 4f0(dBm) 5f0(dBm)

4.5 12.9 22.5 -22 .5 -15 -10.2
2.45 11.4 22.3 -20 -.5 -40 -40
1.14 6.3 22.1 -20 -6 -40 -40
0.44 2.1 21.8 -40 -4.5 -40 -40



CASE B: PN Junction Varactors
Type 1 : Abrupt Junction

Voltage across single 
device at various 
power levels



Instantaneous Power

Where
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CASE B: PN Junction Varactors
Type 2 : Hyper ‐ Abrupt Junction

Initially, additional inductance was added in series with the 
devices to ensure that no third harmonic current could flow.

The measured current 
was approximately 
sinusoidal and the 
measured voltage was

Pin Pdc f0 2f0 3f0 4f0 5f0 6f0
3.7 11.1 15.0 16.9 4.8 -6.7 6.2 13.3
2.12 5.7 2.0 9.4 -6.3 -4.4 -13.0 0
1.68 2.58 1.8 -1.0 - -23 -17 -
1.11 1.53 2.85 -7 - - - -



CASE B: PN Junction Varactors
Type 2 : Hyper ‐ Abrupt Junction



CASE B: PN Junction Varactors
Type 2 : Hyper ‐ Abrupt Junction



CASE B: PN Junction Varactors
Type 2 : Hyper ‐ Abrupt Junction

...and the measured value of energy is : 



Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic

Removing the series inductor produces a measured current of: 

Constant current at different power levels of 0,‐3,‐6,‐12 dB



Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic



Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic



Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic



Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic





Hyper Abrupt with Finite 
Reactance at the 3rd Harmonic

Measured Voltage
at Varying Power 
Levels



Energy Function in both 
Varactors

THEORY

MEASURED



Comparison of Theoretical
and Measured – Single Device

THEORY

MEASURED



Measured Effective Capacitance 
at Fundamental 

Third harmonic energy stored in external reactance 
≈ energy stored at fundamental in devices



Equivalent Circuit of Varactor
Pair

jI0 V

• Constant current generator
• Constrained such that voltage is always at 90o to the 
constant current generator

• N.B. Some resistance has to be added at the common 
junction to discharge the DC voltage at > modulation rate of 
the signals



Typical Application for PA

Output circuit for power amplifier producing an
approximately constant level of voltage at the
input to provide high efficiency over a high
dynamic range

jI0 VZ0

YIN

R



Conclusion 1

For large signals across varactor diodes, the non‐
linear equation

Is NOT valid



Conclusion 2

For PN junction devices, over many RF cycles, the
behaviour is totally governed by the sub‐harmonic
energy oscillating between the back to back
devices which is maximised within the constraint
of the network in which it is embedded.



Conclusion 3

Assuming discharge is accomplished at the signal
modulation rate, the equivalent circuit is simply a
current generator constrained by the phase of the
voltage across it always being at 90o to the current.



Conclusion4

Opens up a whole new field in non‐linear circuit
theory
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