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A PRACTICAL REALIZATION OF THE VAN DER POL
OSCILLATOR ve E eos‘%t + a_s_E(scinwe
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Abstract

. _ _ whe i€ =
A source-coupled FET circuit is investigated both theoretically L
and experimentaily. It is shown that the input characteristic: - w. ' *“%4..

closely approximates the cubic i — ~av + bv8 so that with the . . . . . . .
addition of a simple tuned circuit, a Van der Pol oscillator is S the free-running amplitude.  This solution is valid

formed. The performance of this free running oscillator is shown for << 1. Also, for stable operation the Q-factor
to be in accordance with theory., (Q = RiwoL ) of the tank circuit, must be high

1. Introduction - and the ine quality

Consider o 11(;n-lmexmr clement having the cubic R L /C) ‘€ |/a- < Qr ( L/C) -'(s)

characteristic
i=-av 4 bvs o+ o.(1)  must hold for Q& 10. -

where v and i are the voltage and current respectively.
The non.linear resistance is therefore given by

A B
rR(w : bv? - 3

and it is seen that R(v) is negative in the vicinity of
v == 0. An oscillator is formed by connecting a RLC
parallel circuit across the non-linear element as shown
in Fig. 1. It should be noted that this non-linearity is
essential for stable operation.
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The differential ecquation describing the circuit may be
written in-the form X

g.3

oy T2 s - 2. Source-Coupled FET Circuit
V=-XW o(' . AV ) VW oV=eO Tt has been remarkeds that in all the literature ro-
++{® lating to the Vander Pol oscillator thero appears to be
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only one reference to a circuit which produces a close
approximation to the cubie v-1 characteristic necessary
for its realization, this being a twin-triode cathode-
coupled circuit.® Let us consider an analogous circuit
* shown in Fig. 2. using field effect transistors (FET).
With the feed-back capacitor removed, the circuit can be
redrawn for the purposes of analysis, as four 2-port
networks in cascade as shown in Fig. 3. The ‘A’
matrix for this circuit may be written in terms of the
A-matrices of the individual networks as given in eqn.
(6) above. '

Neglecting gd1 and gd2 in comparison with gm1 and gm2
respectively, we have :
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This gives

L oand R e 8
where G 3 and R 2,

With the feed-back applied and assuming that the capa-
citor C has negligible reactance at the operating fre-
quency, it is simple to show that the input impedance
is given by

R a
Zi 143 ° 4 3 oy (9)
n
1 -6 ) -4,
which upon substitution for a,, and a;s becomes:
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which can easily be made negative for normal values

of the FET parameters. Thus it is theoretically possible
to use the source-coupled FET circuit in a Van der Pol
oscillator. 1t has been shown experimentally (see below)
that the circuit has an almost cubic input characteristic.

Atlow frequencies, the reactance of the feed-back capa-
citor must be accounted for, and we must replace R o in
equation (8) by R 5 4 1/jw>. It may then be shown that
the circuit appearsasa negative resistance in series with
a negative capacitance. At high frequencies many capa-
citance effects must be considered and it may be shown
that the circuit appears as a negative resistance in series
with a capacitive reactance. This has been demonstrated-4
for the analogous twin-triode cathode-coupled circuit.

3. Input Characteristic

The input characteristic ebtained experimentally is
shown in Fig. 4 for the prototype circuit in Fig. 5.
A standard computer programme was used to obtain
a polynomial fit given by :

1 _ o ‘
Vy® GV, + R, I, -.-(ﬂ){l‘é 0.244%x 10" —0-463v

W, -3
+ ~0.522%10 v* . 0.036) v mA

-
v S -

Evidently the first and third terms are negligible giving
the cubic :

i=0.463v 4 00361V mA  ....(l])

W————

This ai)proxima,tion fitted the observed characteristic
to within 3% error in the negative resistance region, and
is shown by the broken lines in Fig. 4. The nogative
resistance inthe vicinity of v =0 is 1p 463i.e.2.16 kg
and is very close to the value 2.2k_gn_predicted by equa-
tion (10). Fig. 6 shows the variation of input negative )
resistance with source resistance Rg and the agreement
between observed and predicted values is excellent over

Y ere 69’ a wide range of Rg.
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The negative resistance was measured by displaying
the characteristic on a cathode ray oscilloscope and
decreasing a positive resistance connected in parallel
with the non-linear element, until the negative resistance
portion of the characteristic became horizontal. - In
order to estimate gm] and gy the source currents of

both FET's were monitored-for each setting of Rg and
a separate experiment was performed (vide Appendix)
to measure gy, as a function of source current (depend-

ence on drain voltage was negligible within the working
range) for each FET.

4. Free Running Oscillator

The consfants of the tank circuit used are given in

Fig. 5 for which fo = = 69.96 kHz. The

1
2nvY(LC)
Q-factor was measured to be 40 corresponding to a
value of R equal to 4.28 k o These values satisfy the
inequality (5) according to 107 <2160 <4281l. The
constant o is calculated tobe 0.0245 which is much less
than unity as required.

The free running amplitucie E was measured to be

2.68 V,the calculated value being E=_2A =29V

showing a discrepancy of 11),. The free-running
frequency varied from 72.971 kHz to 69.738 kHz as Ry,
was taken from zero upto 9 k.n. as shown in Fig. 7.
(A 2.5 mH inductor was insertud in the drain line of
T2 for this meagurement). Change in Rs and d.c.
supply voltage had little effect on frequency. The output
voltage variation with change in d.c. supply is shown in
Fig. 8. The output is practicelly constant at 1.83 V
(rms.). However, the output varied considerably with
R1 and Rs as shown in Fig. 9, (again with o 2.6 mH
inductor in the drain line of T2).

With a coil of less than 10 wH resonant with its self-
capacitance, good oscillations were achieved upto
8.6 MHz, with a sinusoidal output of over 2.6 V r.m.s,
The drain load consisted of only the 2.5 mH inductor

35



1-83v:

L
ou'tput Vrms (V)

&
v

dc. supply (V]
20 30

i

10

.

40

o

Fig8

output Vemg (V)

too 30'0
Fig.9.

With a coil of less than 10-H resonant with its self-
capacitance, good oscillations were achieved upto'8.6

MHz, with a sinusoidal output of over 2.5 V r.mas.
The drain load consisted of only the 2.5 mH inductor.

§. Conclusion

The oscillator circuit described should be noted for -

its output voltage and frequency stability with supply
voltage variation. The high frequency limit is set by the
FET performance and provided suitable FET’s and
tank circuits are used. operation could be extended
to the . VHF region and above. Various quantities of
interest such as the amplitude and frequency of oscilla-
tions and the percentage of harmonics in the output
can be accurately calculated at the design stage.
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Appendix

The measurement arrangement is shown in Fig. 10,
with an oscilloscope being used as the detector D. The
current is varied by changing the bias, eg and at each

setting, R is adjusted for zero indication in D, when it
can be shown that gm = 1/R. '
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