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Abstract

Operation of GaAs Schottky-barrier IMPATT diodes is reported. We describe the technology, the electrical cha-
racterization and the microwave coaxial measurements. Efficiencies of 22% at 6.5 GHz and 18.5 % at 12 GHz were
obtained. Computer calculations indicate that the efficiency of these devices may be considerably higher.

The promises given by the GaAs IMPATT diodes are
fully held because we demonstrate clearly the possibi-
lity of obtaining C.W. efficiencies greater than 20%
in X band.
These results are better than the preceding best
GaAs world-results of Microstate, which were 17 % ,
and quite higher than the best results for Si IMPATT
diodes. The reasons which explain the superiority of
GaAs in front of Si are, now, well known :
~ The ratic between avalanche zone and transit zone
is smaller because the ionization rates of electrons
and holes are equal and are rapidly increasing func-
tions of the electric field.

~ The second derivative of the ionization rate in res-
pect to the electric field is smaller so that the
phase between electric field and current in the ava-
lanche zone is around ﬂ/z.

First we describe the technology of fabricating
our diodes, They are made from gazeous epitaxial N
layers grown on Si-doped, 3.2 10-3 Q.cm, substrates.
The junction is a gold Schottky-barrier, the barrier
height is 0.8 €V and the quality factor n increases
from 1.04 at 380°K to 1.29 at 300°K.

Figure 1 gives the schema of a typical diode. Af-
ter thinning the wafer to a total thickness of 35 pm
and realizing the Schottky-barrier junction, the gold
f£ilm is thickened up to 3 pm. Then a silver layer, 30
pm thick, is electroplated, for heat-sinking and easy
inverted mounting. Finally, 2 pm of gold are put down
to facilitate the mount-of the diode on the pillar. On
the other side of the wafer, gold electroplated con-
tact is realized on the ntt+ substrate., This is also a
Schottky-barrier, but forward biased. The thickness of
the gold layer is 2 um, to protect the diode during
the operation of thermal compression wire bonding. Cir-
cular mesas, defined by Si0, masking dots, are then
realized by etching from the n**+ side. Photo 1 of the
figure 2, taken with a S.,E.M., shows the shape of a
mesa of 80 mm diameter. On the photo 2, we can see
that there is no under-etching, and a good definition
of the working junction area. We have tried to respect
the theoretical angle of 70°, decreasing the electric
field on the edges near the junction. The individual
diodes are separated by cutting the silver pedestral
with a razor blade and mounted with soft solder in
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standard varactor packages S4

We describe now in detail the characterization
results for two representative series of diodes on
which the best efficiency results were obtained, i.e.
36 A and 8 A,

The doping concentration profile for the 36 A was
of the Read typez, while, for the 8 A, it was uniform-
ly decreasing towards the substrate. The’ growth-
process of the 36 A epitaxial layer has been especial-
ly programmed in accordance with the results of compu-
ter calculations of the theoretical efficiencies cor-
responding to various doping concentration profiles.
With our computer model, a flat profile gives a maxi-
mum theoretical efficiency of 17 % with the 8 A pro-
file this increases to about 19 %, while it can reach
28 9% with the 36 A profile. The epitaxial n layers
have about the same thickness, but for the 36 A, the
layer is fully depleted at breakdown and the optimum
frequency of operation corresponds to a transit-time
length at breakdown of about 6 pm. For the 8 A, the
depleted length at breakdown is only 3 ym and conse-
quently the optimum frequency is higher,

The breakdown voltages {extrapolated to O mA) are
60 ¥ 10 volts for the 36 A and 45 *+ 1 volt for the
8 A.

Figure 3 shows the series resistances viewed at
the package terminals, They have a very different be-
haviour,., Indeed, the value for the 36 A is very high
at small bias and then goes down to a quite small va-
lue, about 0.1 ohm, at breakdown. For the 8 A, the
law of variation with bias and the value at breakdown,
around 0.4 ohmsg, are more usual. The H.F. small si-
gnal impedances, shown on figure 4, corroborate the
preceding remarks. The encapsulated negative resis-
tance 1is rather small, about 10 ohms, but when refer-
red to the inner device terminals, this becomes about
200 ohms for the 36 A and 40 ohms for the 8 A,

Finally we make the output power measurements in
a carefully calibrated set-up, including filtering of
the second and third harmonics as well as of the sub-
harmonic 1/2.

The device was mounted in a two-slug 50 ohms coa~
xial cavity. To lower the contact losses, particularly
important at 12 GHz, and improve the measurements re-
liability, we realized special cavities where the



first slug is cut in the metal bulk and surrounds the

device.

With these cavities we obtained 18.5 percent ef-
ficiency with 500 mW output power at 12 GHz on the

8 A series. One can see, on figure 5, that half of

the diodes measured gave more than 16 % efficiency.

The comparison in efficiency and output power
between the two series is shown on figure 6. One may
point out that the 36 A have a better efficiency,

21.8 %, than the 8 A, but there are some restrictions

for the advantages to the 36 A :

- The optimum frequency of oscillation is about half
that of the 8 A ;

- The homogeneity of the results is less good because
only 40 % of the diodes have an efficiency greater
than 16 % ;

- The optimum temperature of the heat sink is lower,
0°C, than for the 8 A, about 20°C ;

- The output power and bandwidth are smaller than
for the 8 A.

We attribute the two last points to the lack of ava-

lanche uniformity in the diode. According to measure-

ments, not described here, only about 30 % of the

total device area actually works. The rather high
thermal resistance measured on these diodes, 30 to
45°C/W 1s also attributable to this phenomenon.

In conclusion, our basic objective of 20 % output
efficiency has been experimentally demonstrated. Ac-
cording to computer calculations, up to 30 % would
be possibie.

We are currently working towards improving the re-
producibility of the best results, increasing the
output power at high efficiency and evaluating the
reliability of these devices.

References

* This work has been supported by the "Centre National
d'Etudes Spatiales",

1 C. Kim
Device Research Conference, July 1971, Michigan,
rump session on microwave devices.

2 T. Misawa
So0lid State Elec., vol. 14, 1971, pp. 29-40.

& 80um

2 60ym

N

Ak
£
.g‘ | Au_ 3pm
] |
£ Au 2um
§ 2300 um Ag ~ AuSn

FIG. 1 - Schema of a Schottky-barrier avalanche

diode

Photo 1 : Photo of a 80 microns diameter
mesa

FIG.

Photo 2 : Photo of the working area and of
the side of the mesa
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FIG. 3 - Series resistances for 36 A and 8 A series
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FIG. 5 - Uniformity of the efficiency results on 8 A
series
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FIG. 4 - Microwave impedances for 36 A and 8 A series
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FIG. 6 - Best powers and efficiencies for 36 A and

8 A series



NOTES

CORRY MICRONICS. INC. AElI SEMICONDUCTORS LIMITED
P.0. Box 31, Corry, Pa. 16407 (814) 664-7728 LINCOLN
A COMPLETE LINE OF DISCRETE PASSIVE DEVICES INCLUD- GREAT BRITAIN
ING: FEEDTHRUS, TERMINATIONS, DIODE BIASING NETWORKS
AND E.M.I. FILTERS Microwave Diodes, Transistors and Components
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