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Abstract

This paper discusses the results of a programme to investigate the burnout phenomena of
gallium arsenide Schottky barrier mixer diodes with regard to radar system t.r. cell leakage,
and describes the performance of X-band high burnout diodes.

Introduction

Microwave receiver reliability is largely
dependent on the burnout propertles of the
diode effecting fredquency changing or detec-
tion of microwave pulses. The deslign of poilnt
contact diodes to improve their capability as
regards reslstance to electrical overloads,
has been fully exploited. However with the ad-
vent of Schottky bvarrier diode and its asso=
ciated large contact area when compared with
point contact technology, a significant im-
provement in resistance to burnout was theo-
retically expecteds Practical experience how-
ever with transmit-receive radar systems,
where the mixer diode is protected by a t.re.
cell, soon indicated that the burnout cap-
ability of the Schottky barrier diode was not
necessarily better than the point contact type.

It was against this background that stud-
ies of the burnout of planar microwave diodes
were undertaken. The objective being to ob-
tain a better understanding of the burnout
mechanism and to realise the potential high
burnout and low noise figure capability of
these devices. This would lead to high per-
formance reliable microwave recelvers for
transmit-receive radar applicationse.

Diode Burnout

Mixer diode burnout as the result of t.r.
cell spike leakage, is a special case of diode
failure caused by an excessive electrical over
loade. The significance is that in this case
the te.r. cell leakage spike width is normally
shorter than the thermal time constant of the
mixer diode,with the result that the time is
too short for heat to be appreciably conducted
away during the duration of the spike from the
locality where it was generated.Thus,although
diode degradation may still be attributed to
high temperatures occurring at the metal-semi-~
conductor interface, resulting in diffusion,
alloying or melting,it 1is believed that this
is aggravated by severe temperature edge
effects. Short spike considenations also lead
to mixer diode burnout being specified in
terms of spike energy t.r. cell leakage,
rather than peak pulse powerl,

Diode Structure

Because of the high electron mobility of
gallium arsenide, compared with say silicon
or germanium, this material has the best per-
formance potential at microwave frequencies
and was consequently chosen as the semilcon-
ductor material for this study. Schottky
barrier diodes have been fabricated using
epitaxial gallium arsenide in the L.I.D.
structure to allow incorporation of a bonded
contact2. The use of wire pressure contacts

to the Schottky rectifying Junction has thus
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been avoided. The diodes have employed barrier
contacts of about 10 um diameter with a gold
overlay of about 15 um diameter to facilitate
thermocompression bonding of the gold contact
wire. For microwave testing, these devices
have been introduced into the X-band 1N23 en-
capsulation as shown in Fige.l, and r.f.matched
into a 1N23 test mount. Only devices with a
VeSeWere <le5:1 and an overall nolse figure
performance <6.5 dB (F.i.f« 1.5 dB) have been
accepted for burnout tests. Burnout evaluation
has been carried out using calibrated X-band
tere cells to provide information which 1s
directly applicable to practical systemsSe DeCe
spike tests have not been used so as to avoid
anomalous results. A diode has been assumed

to be burnt out when its noise figure perform-—
ance has deteriorated by 1ldB or greater.

Burnout Studies

Studies have been carried out into the
use of different barrier metals, effect of
orientation (<111> and <100>) of the gallium
arsenide material and the effect of different
contact geometries. To obtain a better under-
standing of the burnout mechanism, scanning
electron microscope and X-ray topographical
techniques have been employed to examine the
diode Jjunction both before and after diode
burnout .

Initial results of these studies are
briefly summarised below,

Examination of different barrier metals

has indicated that low noise figure (l.ee 5.2
to 6.5 dB) mixer diodes may be produced using
gold, titanium, nickel, molybdenum and rhodium
contacts. The use of nickel has resulted in
diodes exhibiting the best burnout resistance.
Safe t.r. cell leakage levels of about 0.5 e/s
have been established for several hundreds of
hours, and a level of up to 1.0 e/5 has been
observed. Inferior levels of about 0.1 to

0.2 e/s were exhibited by gold and titanium.

Examination of diodes produced on <111>
and <100> gallium arsenide orientated mat-
erlals, using nickel as the contact metal,has
demonstrated the supcriority of the 111>
material when processed in the same manner. A
direct comparison gilves a burnout level of
> 0.5 e/s for the <111> orientation, compared
with about 0.25 e/s for the <100>
orientation.,

Theoretically, the contact geometry should
have a marked effect on the diode burnout
performance, when considering t.r. cell leak-
age spikes which are shorter than the thermal
time constant of the diode. However examin-
ation of line contacts compared with conven-
tional circular contacts have at this time
not shown any significant difference in



Table T

. (1) Noise Figure Diode(z)
# Survival F.i.f. 1.5dB Exponent
0.12 0.25 0.5 0.75 1.0 dB 'nt Value
e/s e/s e/s | e/s e/s
Gold/GaAs (111) 100 60 20 0 5.3 to 6.5 1.10
Titanium/Gads (111) 50 15 0 52 £0 645 1.12
Molybdenum/GaAs (111) 100 80 35 0 5.6 to 6.5 1.15
Rhodium/GaAs (100) 100 100 50 20 0 548 t0 645 1.13
Nickel/Gahs (100) 100 80 50 10 0 5¢5 t0 645 % 1.06
Nickel/Gahs (111) 100 100 80 35 10 542 to 640 i 1,05
Silicon Point Contact 100 80 0 1.50
(1) Erergy levels obtained from calibrated t.re. cells. Duration of test = 10 mins

Criterion for failure

: 1 dB or more change in noise figure.

{2) Diode exponent 'n' derived from diode I-V characteristic of the form:

I

n- 1,0 for

IS[( exp%)—]] .

burnout characteristics,

Burnout Results

Typlcal burnout results and diode charac-
teristics are summarised in Table I and
typical dynamic noise figure performance as a
function of ters. cell spike leakage is illus-
trated in Fig.2. These not only Ilndicate the
dependency of burnout level on the diode
technology, but also show that the gallium ar-
senide Schottky barrier diode does not exhibit
any temporary deterioration effects. For the
dynamic test the te.r. cell splke width was
about 2 ns, and the peak power about 40 watts
for the maximum available energy level of
0068 e/So

Results of tests using r.f. spikes of
about 8 ns width, derived from a magnetron by
a pulse cancellation technique, indicated a
burnout level of about 2.5 e¢/s, peak power
about 20 watts, for diodes surviving the 2 ns
0468 e/ ter. cell level,

SeE«Me Studies

The results of examination of the burnt
out diode Junctions by scanning electron micro-
scope Techniques, have indicated that there is
no optical evidence associated with a device
which has failed by slow degradation, but in-
spection of instantaneous failures, which nor-
mally result in an o/c, often show that the
Junction has erupted due to dissociation of
the semiconductor. An example of a dlode
which has failed catastrophically is illus-
trated by the photographs of Fige.l. It is
suggested that the mechanism of the slow fail-
ure, usually resulting in a s/c, may be due to
the progressive diffusion of metal along dis-
locations or other available defects, to pen-
etrate the epitaxial layer to the substrate
material. Examination of this aspect by X-ray
topographical techniques i1s being carried out.

Conclusions

The results of this study to date, have

ideal characteristice.

indicated the feasibility of producing low
noise figure (<640 dB for Felefe= 1.5 dB)
X~band gallium arsenide Schottky barrier di-
odes, which will withstand t.r. cell leakage
levels in excess of 0.5 e/s and exhibit no
temporary deterioration effects. It is en-
visaged that further studies will increase
this level to about 1.0 ¢/s. Thils can be
directly compared with burnout levels of
about 0.2 e/s and noise figure performance of
>T«0 dB for present point contact technologye.

Acknowledgements

This paper incorporates work carried out
under a CVD contract and is published by
permission of the Ministry of Defence (Pro-
curement Executive).

Acknowledgement 1s made to Messrs.Gede
Halford and De.Fs Lloyd of S.VeTeLe for the
dynamic tests and to colleagues of the
Metallurgy Department, Hirst Research Centre
for S.E.M. studilese.

References

le Torrey, HeCe and Whitmer, G.As 'Crystal
Rectifiers', M«.IL.T. Radiation Laboratory Ser-
ies (McGraw-Hill, New York, 1948).

2e Oxley, TeHe, Summers, J. and Hansom, A.
'The Development of Gallium Arsenide Schottky
Barrier Diodes as Mixers and Detectors!,l.E.E.
European Microwave Conference, London,Sept.
1969,

Note: Eventual commercial exploitation, if
any, of devices or components covered by this
paper, will be undertaken by AE.I. Semicon-
ductors Ltd., Lincoln, Englande.

59



e
Sroe
ganese
i
B
mavEnLE
sRwEESS

Fig. 3(a) Example of Schottky barrier wire
bonded contact before burnout

!
i

dynamic overall noise figure, dBb

1§
8 OO N —X Fig. 3(b) Example of Schottky barrier wire
\\\Q_____o&ob__a,d/ bonded contact after catastrophic burnout
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Typical Ni/GaAs <111> diode
Dynamic overall noise figure as a function
of spike energy

One minute exposure tests to alternate short
(1.8 ns) and long (8.0 ns) spikes.

Highest available short spike energy = 0.68 @é
0 = 1.8 ns spike X = 8,0 ns spike

Fige 2 Summary of diode burnout performance

Fige. 3(c) Example of effect on metal-semi-
conductor Schottky barrier Jjunction after
catastrophlic burnout. (Bonded contact
wire and gold overlay removed by
chemical etching)
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