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The PN Junction on a Variable 
Reactance Device for F.M. Production 
By D. C. Brown*, B.Sc., Ph.D., and F. Hendersont, D.C.Ae. 

A completely transistorized modulator has been developed 
for the production of frequency modulation of a 10Mc Is 
carrier. A frequency deviation of 100kc s is obtained by 
a change in the modulating signal of 0.15V and very 
good frequency modulation results with very little ampli- 

tude modulation. 

THE small signal equivalent circuit of a pn junction is 
shown in Fig. 1, Ri being the resistance across the 

junction, R2 the resistance of the bulk p- and n-type 
material and C5 the capacitance of the junction. When the 
reverse voltage applied to such a junction is increased, the 
width of the space-charge region increases, making CI 
decrease. The change in capacitance of a germanium pn 
junction (in which the density of donors in the base region 
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Fig. I. The small signal equivalent circuit of a an junction 

Fig. 2. (a) Grounded base and (b) grounded emitter colsfigutstioo of the 
variable reactance transistor 

to each case C1 > C 

is N1) with applied voltage V, is found to agree very closely 
with the theoretical relationship' 

C1 3.4 x 10-4  (NO pF/cm2 	 (1) 
If such a variable capacitance is placed in parallel with an 
inductor L and a capacitor C, then if C, is very much 
greater than C, the resonant frequency of the tuned circuit 
changes in a linear fashion with change in the voltage 
applied to the pn junction. 

A number of references occur in the literature to the use 
of this property for the production of frequency modula-
tion and for automatic frequency control". The change in 
collector impedance of a transistor as its emitter current is 
varied has also been used to produce frequency modulation'. 
However, the upper carrier frequency at which such a 
device can be used is dependent on the maximum frequency 
at which the transistor can operate. When the work 
described in this article was being done none of the avail-
able junction transistors were capable of operating at 
10Mc / s; so the latter method could not be used. Likewise 
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none of the available junction diodes had a sufficiently 
large capacitance to make them suitable for use at 10Mcis 
Hence it was decided to use the collector capacitance of an 
audio transistor as the variable reactive element. 

D. A. Thomas' deliberately used the damping effect on 
the oscillator tuned circuit of the variable output resistance 
of the transistor to obtain frequency modulation. The fre-
quency deviation produced by this method is related in a 
very non-linear fashion to the modulating signal. In order 
to make the frequency deviation of the oscillator depend 
purely on the change in capacitance of the pn junction an 
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Fig. 3. The etteivalest circuits of (a) the grounded base sad (b) the 
grounded coulter coaliguration of the variable reactance transistor 

As C1  , C it is neglected and rb, re , re, Co  and Ce  have their usual meaning 
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Fig. 4. Variation in frequency with bias voltage for the grounded emitter 

using an OC70 
Bias voltage voltage applied between collector and base 

oscillator is chosen (a transitron) so that the change in shunt 
resistance has little effect on the oscillator frequency. The 
operating conditions of the variable reactance transistor are 
so chosen that the output resistance does not change appre-
ciably as the applied voltage is altered. 

Two possible means of using a transistor in this fashion 
are shown in Fig. 2 and the equivalent circuits in Fig. 3. 
When a voltage is applied to the grounded base configura-
tion the percentage change in capacitance is greater than 
that of the grounded emitter configuration. This is illus-
trated in Fig. 4 which gives the change in frequency of an 
oscillator on applying a signal to a transistor in both the 
grounded base and grounded emitter configuration, the tran-
sistor being in parallel with the oscillator tuned circuit. The 
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