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AN ANALYSIS OF LSA RELAXATION OSCILLATIONS IN GaAs.

P. Jeppesen and B. Jeppsson

It has been shown Ill that many times oversized n-GaAs diodes when oper-
ated in a high impedance waveguide past structure oscillated in a LSA rela-
xation mode. It is the purpose of this paper to present a simple analysis
of the LSA relaxation mode and to show a new circuit suitable for operation
of epitaxial diodes in this mode.

Fig. 1 shows the X-band waveguide iris circuit, consisting of two shorted
high impedance parallel plate transmission lines, foreshortened to resonate
the device capacitance. In front of the iris is shown two ridge waveguide
quarter wavelength transformers for optimization of the diode i3ad impedan-
ce. Using epitaxial GaAs, 64 jm thick and doped to 1.8xlO5cm , 45W peak
power was obtained in this circuit at 10 GHi with an efficiency of 10%. In
a similar K -band circuit the same material yielded 25W peak power at 31AGHz with 5% efficiency. In high duty cycle experiments 75 mW average power
at 10 Giz and 45 mW at 31 GHz was obtained.

The transmission line equivalent diagram of the waveguide iris circuit
is shown in Fig. 2a, along with the circuit parameters. The total diode
load impedance is represented by an inductance in parallel with a resistan-
ce, Fig. 2b. Both the inductance and the resistance are frequency depen-
dent, their calculated values normallized to the diode low-field impedance
shown in Fig. 3.

Using the transmission line circuit of Fig. 2a time-domain computer simu-
lations, including internal diode space charge dynamics, resulted in the
steady state diode voltage waveshape shown in Fig. 4. The voltage is nor-
malized to the threshold voltage, VTH.

Design criteria and understanding of the LSA relaxation mode is gained
from a simple analysis of the oscillator shown in Fig. 5. The LSA diode is
represented by a piecewise linear current voltage characteristic and a to-
tal parallel capacitance C t = g(f)C , where C is the dielectric capaci-
tance of the active layer and g(f) a slightlyofrequency and voltage depend-
ent factor taking into account the electronic contribution to the total ca-
pacitance. The transmission line in Fig. 5 represents the two shorted par-
allel plate transmission lines forming the iris shown in Fig. 1. This line
is foreshortened to resonate the total diode capacitance at the fundamental
frequency f, when the following well-known condition is satisfiedt

221fff 1 o 1 ____
=tan [g(f2Ca 2fJ tn[7f fJ (1)

0 ~~~~~~0
Here c is the velocity of light, e the electronic charge, ji the low field
mobility, e the permittivity of GaAs, n the doping level and G the low
field conductanci. For a typiral set o? va4ues: f = 9 GHz, p °= 8000 cm2/V,
n0 = l.8xlO15cm , Y = 0.01Q2 , G = O.40§ and g(f) 14 the transmission B
line is short enough to be approximated by the inductance

L=yc (2)0
The same approximation in equation (1) also gives
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In agreement with experiments equation (3) shows the dependence of the
oscillation frequency on the adm ttance ratio, the doping to frequency ra-
tio and the length of the transmission line.

The voltage waveshape shown in Fig. 4 can be understood by estimating
the time constants involved below and above threshold. Below threshold the
device voltage rises approximately according to

V(t) = VBL - exp(-T-)] (4)

where the inductive time constant T' = G L. From equations (3) and (4) the
fraction, ts/T, of the period spendLbelow threshold is given by

ts e° n0 VBS 0f2 l2n( B(5)
T_i2g(f) f -VB 'TvTH

fWhen reaching V the device voltage will rise very fast because of the ne-
gative differenTial conductance, G1. The capacitive time constant for this
region of the waveshape is given by

Ct'C = Q y -G < 'TL (6)
.1 0 L

The same time constant is applicable when the device voltage decays
through the negative conductance region. Further analysis has shown that
the portion above threshold only slightly depends on bias voltage and is
shorter than the subthreshold portion for moderate bias levels. Therefore,
the observed voltage tuneability of the LSA relaxation mode is understood
from equation (4).

The fast rise of the device voltage to nearly full amplitude in the
first cycle after applying the bias pulse prevents domain formation and
thus eliminates fatal avalanching in the starting of long LSA diodes and
allows series operation of several such diodes.

In conclusion, for the LSA relaxation oscillator design criteria have
been established based on a simple analysis, which is in good agreement
with experimental results and with complete computer simulations.
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Fig. 1 X-band waveguide iris circuit
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Fig. 2a) Transmission line equivalent diagram
2b) Representation of total diode load impedance

Fig. 3 Frequency dependence of total diode load impedance

Fig. 4 Device voltage waveshape fron computer simulation
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Fig. 5 Simple LSA relaxation oscillator
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