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ABSTRACT

A new large signal mathematical model
of Gunn device at the state of harmonic
operation is presented. The locking
characteristic of fundamental wave
injection locking of mm-wave Gunn harmonic
oscillator is analvzed theoretically by
using this model. The theoretical results
have good agreement with experiment.

INTRODUCTION

The fundamental wave injection locking
of the second harmonic Gunn oscillators at

mm-wave band have been reported in
{1),(2}). It can increase the stability and
reduce the phase noise of the Gunn

harmonic oscillator. However, no theoretic
approach so far has been done to the
characteristic of this kind of injection
locking and the experimental results are
not complete.

The large signal characteristic of the
Gunn device at the state of harmonic
operation 1is the basis of analyzing the
nonlinear circuit relating to harmonic
oscillator. The model of Gunn device at
the state of harmonic operation commonly
used was first presented in (3). In that
paper, the author gave the mathematical
representation of the model and
analyzed theoretically the Gunn harmonic
ogscillator. But his model neglects the
nonlinear reactance and the effect of
harmonic RF voltage on device
characteristics.

In this paper, we put forward a novel
large signal mathematical model of Gunn
device at the state of harmonic operation.
The model 1is obtained on the basis of
device physics. Using this model, we
analyze the locking characteristic of the
fundamental wave injection locking of mm-
wave Gunn harmonic oscillator. The formula
which describes the relation between the
locking Dbandwidth and the injection power
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is deduced. Experiment has also been made
in V-band. The theoretical results have
good agreement with experiment.

MODEL OF DEVICE

Practical Gunn devices are usually
fabricated from epitaxial layers of GaAs
nt -n-n* sandwich configuration(see Fig.1l).
Since the length of the active n layer is
much smaller than the device diameter, a
one dimentional analytical model is

considered to study the large signal
characteristics of Gunn device.
X substrate
active
n+ contact
Au heat sink

Fig.1l Configuration of Gunn Device

Unlike the fundamental Gunn oscillator,
the voltage across the device not only has
fundamental RF component but also harmenic
RF component in the harmonic Gunn
oscillator. The total voltage across the
device in the harmonic Gunn oscillator can
be written as

v{t)=V0-V1COSwt-VZCOS(2wt+g) (1)

where V0 is the applied DC bias voltage,
V1, V2 are the fundamental and harmonic RF
voltage amplitudes across the device
respectively. According to the current
continuity equation and Poisson's
equation, the total current flowing
through the device which includes drift,
diffusion and displacement components is
given by

i(t) )zE(x,t) BEi(x,t) DE(x,t)
=-ED(E) 2 +EV(E) +E
S ox DX ot
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N’(X)
-qD(E) ————+qVv(E}Np (x)} (2)
X
where v(E) is the electric field induced
drift velocity of electrons in GaAs, D(E)

the diffusion coefficient of electrons

is

in GaAs, E(x,t) is the electric field as a
function of a space and time, ¢ is the
dielectric constant of the GaAs, q is the

electric charge and S is the cross-section
area.

nonlinear partial
It can be solved by

Eq.2 is a
differential equation.

the combination of finite-difference and
iterative methods(4). When i(t) is
obtained, we can easily know the large
signal admittance of Gunn device at the
state of harmonic operation through
Fourier analysis of i(t}).
i(t)z=TetIgCos({wt)+IsSin{wt)
+Tc2Cos (2wt )+ 15,Sin(2wt) (3)
+TesCos (3wt ) +Is3Sin(3wt)
+ ------
Gy=-Ia/V1
Bm: Is, /Vl
Gpe=— { IegCosp-Ts2Sing) /V2 (4)
Bpe= (IczSing+IseCosp)/V2
For the convenience of analyzing the
nonlinear circuit relating to Gunn
oscillator, we put forward a novel
mathematical model of Gunn device.
ig = v + ugV" + u.;\/'s
dig R s (5)
=Rt BVt + Byv
dt
where 16 ,ig stand for the current

components flowing through the conductance
and susceptance. This can be clearly seen

in Fig.2. The coefficients &, and @; can
be computed by the above numerical
results.

Fig.2 Equivalent Circuit of
Gunn Device
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INJECTION LOCKING CHARACTERISTIC

Fig.3 shows the equivalent circuit of
the second harmonic Gunn oscillator which
is injected by a fundamental wave signal
is{t).

is(t)=IsCos(wt+}) (6)
i +
i
. LhT\CI ®isct) v
v
+
- LZ"-\CZ G2 Ve

Fig.3 Equivalent Circuit of Harmonic
Oscillator

The circuit equations are

dv, dwv, 1 di
Cl——+Gl=—t—v, +—=—=zis(t)
dt dt L1 dt
(7)
dy, dv, 1 di
Co2m—e t G2 e g mmmm =
dt dt L2 dt
By using the above Gunn device
mathematical model and the method of
slowly changing phase and amplitude, we
obtain four expressions relating to
fundamental and harmonic amplitudes and
phases. The formula which describes the
relation between the locking bandwidth and
the fundamental wave injection power can
be deduced from these four expressions.
Af a’Pi/PO
= (8)
f b+cIPi/PO
where f is oscillating frequency, Af 1is
the locking bandwidth, Pi 1is injected
fundamental wave power, PO is the second
harmonic output power. The coefficients
a,b,c are relating to coefficients of
device mathematical model and Lhe
parameters of the equivalent circuit of

the harmonic oscillator.

EXPERIMENTAL AND THEORETICAL RESULTS

To verify our theoretical analysis, we
have measured the locking bandwidth of
fundamental wave injection locking of a
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Fig.4 Measurement of Locking Bandwidth
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Fig.5 Large Signal Admittance
of Gunn Device
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Fig.7 Theoretic and Experimental Results of Locking Bandwidth
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Fig.6 Coefficients of Mathematical Model of Gunn Device



