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TRE EFFECT OF TEIIPERKWRE ON L S A OSCILLATIONS BETWEEN 26-40 C&Is.
Stephen E. Gibbs

R.R.E. Malvern, Worcs., &gland

Investigations have been carried out on the ef f eot of temperature upon
L+S.& oscillations, in the band 26 to 40 GHz. Measurements on

n -n -n-n GaAs ~sandwich! devices have been made over a range of ambient
temperatures -50°C to +1 OO°C. To avoid sigmif icant temperature gradients
within the active t nl region the PUI se length was ohosen to be short ccxn-
pared with the thermal time constant of the device (about 1ps) and the mean
input power was maintained at a low level.

The results are interpreted with the aid of a oomputer analysis of the
interaction between device and circuit. The simulation considers a
realistio device with doping contacts snd various random doping f luctua-
tions end attempts to explain some of the essential elements of the experi-
mental perf onsence.

Emertiental Results

me n+ n++
-n-n* layers used were made from vepour-phase grown GAs.

The epitaxial ayer had a thickness of 9.5 pm, a me
-3Of 2.31 15 css

y osrrier cgncent~ion
and a low field mobili~ of 6160 an /v.s. at 20 C.

msterie! was cut into approximately O.lmm x O.laus squares, giving devices
of about 5 ohms low field resistance.

These unencapsulated devices were placed acrose a ridge section v~ave-
guide cavity and pressure contact was made W. The complete microwave
oircuit is shown schematically in W. In some of the ridge cavity con-
figurations used the devices could be mechanically tuned over the range
26-40 GHz by short circuit adjustment.! In these non-localised circuits
the loading was optimised by en F-H tuner placed many wavelengths from the
cbsvice. The mode of operation has previously been shown to be a funda-
mental space chargm control mode.2

A bias pulse of length 300nS snd PRF 100 pps, was applied to the
device. When this was increased above the threshold pcint V I& .& (w)
the sample switched to point VII end stexted 0SCilk2thg d I -I

f requemy f. V1/Vth was typioally 3 and the current dXOP ~ about
0.2 to 0.3. th

Fig. 2 shows how, as the bias voltage was increased the ef f icienoy
increased to a nmximum value i f urliher increase of voltago caused a f al

off until at volta~ V2 the device stopped oscillating. The veLues of
V and T were to some extent dependent upon the circuit load which was

1?a justab e mainly by the E-H stub tuner. When the sample was at point

NOTES
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V I end just going out of oscillation at frequenoy C further adjustment of
t~e E-H tuner caused a switoh to a lQ; higher current level and oscillation
at a lower frequency f‘. The efficiency in this new mode was low but com-
parable with that for the previous frequency si~ ? at V2.

AS the Ambient temperate was increased V , V2$ V2-V1, and the msxjJwM
efficiency all decrease~ whereas the low fieli resistance increased.

(Z&Q) shows the v=iation of these parameters at different temperatures.
As the bias voltage approashea the lower cut off point VI, from above, the
f requenoy &cope by typically 50 to 1CMlM&z end then goes out of high fre-
quency oscillation and switches back to V . At lower temperatures, i.e.
higher values of low-field mobility this ~equenoy fall off 9CCU??S at
higher voltages. ~ The meaaur%d mobility varies f ram 4600 em /V.S. at 10O°C
to about 8000 em /V.S. at -50 C.

Computer Analysis - An Interpretation of the I&perimental Results

A computer analysis of a device in a atiple LCR parallel resonant
cirouit was programmed for various low field nobilities ‘~ 4 and various
doping profiles n(x) were specified as shown in (~. There are two
conditions necessary for the L.S .A. mode of operation.5$ G

(1) Small Siti Condition - that the space oharge accumulated per
cycle does not exceed a certain value.

(2) Space oharm Control Condition - that there is no net spaoe
char~ accumulated at the end of each r. f. cycle.

These general conditions will apply whatever the doping profile, hew-
ever any profile other than uniform will modify the initial space oherge
aoctiation at the start of each cycle. This modifies the allowed values
of the @owth end deeay f actora, to maintain conditions ( 1 ) end (2), henoe
the bias volta~s and r. f. voltages required for successful operation are
also shangwl. Hasty et al 7 have shown that a profile with a high
resistivi~ layer oan modify the I-V characteristic of the device. In many
of our devices similar effects were observe&, such profiles were analysed and
found to modify the operation characteristics in the desired way.

Frequency Variaticn with Bias Voltafze - (fiJ@

For lower bias voltages there is a higher space charge ~owth per
cycle - the r.f. voltage is predominantly in the steep negative mobiliti
portion of the v-F. characteristic - reeulting in an increaaed average de-
vice capacitance and a fall off in frequency. As the bias increases the
frequency rises and levels off at about 36 GHa.
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Hi@ Current Mode fl

If the cirouit Q is reduced such that the r.f, voltage no longer swings
below threshold for a suff ioient time to satisfy contition (2). Then the

s~ple no lower oscillates in the 36 GHz mode~ but at sae lower frequenoy
f in this case 28 GHz. (~) shows ma c~ge in operation snd it will
be seen that the mean current is now about I@ higher. The efficiency is
low end probably exists together with a 14 GHz signal as well.

Eff icienoy Variation with Mobiliw

(~) shows the varistion of efficiency for 3 values ~f p . It is
assumed that these correspond to device temperatures of -30 C, 25°C, and
llo”c. The doping profile used here had a 1@ random doping f luotuation
about a mean of 21 15. The maximum ef ioienoy attained was about 1~. at a
bias voltage of ~.’$ volts at p= 7500 cmA/volt sec. as p is decreased the
maximum ef f icienoy drops ad the operating voltage range diminishes.

The effect of larger doping inhomogeneities in the semple is too cause
an even higher initial space charge accumulattin. In practice this means
that operation is not obtained until the circuit Q is high enough to limit
the s ace chargw growth to a reasonable value required by condition (1).

$&ns~:~S the basic limiting factors of the effect of doping pro-
Superimposed on the curve is the experimental one showing

that a high Q ia needed before successful operation is attained.

Conclusiorm

It has been shown that the oombined effects of Unifom temperature end
doping fluctuations can severely limit the efficiency and mode of operation.
The high ambient temperatures cause a reduction in the peak to valley ratio
and thus maximum attainable efficiency - however this now occurs at a lower
bias voltage.

The doping fluctuations agpevata the situation by requiring a high
bias voltage before a high frequency control mode is possible - and them
at a much reduced ef f i cienoy. This mesna that even under pulsed condi-
tions breakdown may ocour before output is aohieved. The cavity Q must
be sufficiently high to ensure control of space chaxge.

With such doping profiles; CW operation not only causes reduction in
the peak to valley ratio because of device heating, but the irregularities
would enhance the already sigmificznt temperatexe gadients across the
active layer. Pnrther, the hi@er biaa voltagea required increase the
heat sinking problems.
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