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Abstract. We studied I-V curves of Au-TiB,-n-n*-GaAs and Au-TiB,-n-SiC 6H surface-barrier
structures. The structures were exposed to microwave treatments (frequency of 2.45 GHZ,
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irradiance of 1.5 W/cm~#, duration of 0-500 s). For these structures we measured how the
Schottky barrier height and ideality factor depended on microwave treatment duration. It
was shown that microwave treatments whose duration are up to 20 s do not impair the main
structure parameters, while those with duration of 0.5-10 s may even improve these param-

eters.
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1. Introduction

Interactions of various radiations with semiconductor
materials and device structures are intensely investigated
in recent years [1-5]. Of special interest among these stud-
ies are those dealing with effect of microwave radiation
on parameters of semiconductor devices. Such studies are
aimed at either search for new technological procedures
[1, 3, 6, 7] or investigation of mechanisms for semicon-
ductor device degradation [8-10].

The effect of microwave action on the Schottky-bar-
rier semiconductor device structures (that are used for
development of microwave diodes on their basis) is less
well understood. That is why the objective of our work
was to study the effect of microwave irradiation (fre-
quency of 2.45 GHz, irradiance of 1.5 W/cm?2, duration
of 0-500 s) on parameters of Au-TiB,-GaAs(SiC) sur-
face-barrier structures (SBSs).

2. Experimental details

The Au-TiB,-n-n*-GaAs SBSs studied were made on the
basis of n-n*-GaAs epitaxial structures (n-layer thickness
of about 3+5 pum, dopant concentration of about 1010 cm3).
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The n*-layer was ~ 300 um thick; the dopant concentra-
tion in it was ~2x10'8 cm™3. The Schottky barrier was
formed using magnetron sputtering of TiB, followed by
deposition of Au layer ~100 nm thick. The ohmic con-
tacts to the n*-region were formed using gold-germanium
eutectic.

The Au-TiB,-n-SiC 6H SBSs were prepared using also
magnetron sputtering of TiB, (layer thickness of ~ 50 nm)
onto a previously chemically cleaned substrate made of
single-crystalline n-type silicon carbide. (This material,
with dopant concentration of ~ 10'8 cm—3, was made us-
ing Lely technique.) After this a gold layer ~ 100 nm
thick was sputtered onto the TiB, layer. The barrier struc-
tures (diameter of 200 um) were formed using photoli-
thography. Ohmic contacts were formed using nickel sput-
tering and firing at a temperature 7 = 1000 °C followed
with gold plating.

3. Results and discussion

For SBSs of both types we took I-V curves, before as well
as after microwave irradiation for up to 500 s. Using the
theory of semiconductor rectification (see, e.g., [11]), we
determined the values of Schottky barrier height ¢g and
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Table 1. Barrier height @g and ideality factor n of Au-TiB,-n-n*-GaAs surface-barrier structures as function of duration of
microwave annealing (frequency f = 2.45 GHz, irradiance P = 1.5 W/cm?).

Schottky barrier parameters

Duration of microwave annealing, s

0 (initial) 0.5 1 5 10 15 20
op, eV 0.79 0.80 0.82  0.82 0.82 0.82 0.79
n 1.24 1.20 115 1.15 1.13 1.15 1.2

ideality factor n from the forward branches of /-V curves.
The results of determination of the above values for the
Au-TiB,-n-n*-GaAs SBSs exposed to microwave irradia-
tion are presented in Table 1 (for several rather low ex-
posure times).

One can see from the data presented in Table 1 that
no considerable degradation of parameters occurs after
microwave treatment with the specified durations. And
after microwave irradiation for 0.5-10 s the above SBS
parameters become even better.

If the time of exposure to microwave radiation is in-
creased over 20 s, then the SBS parameters begin to de-
grade: the exponential section of the forward branch of /-
V curve becomes shorter, the Schottky barrier height gg
decreases and ideality factor increases. Shown in Fig. 1
are I-V curves of the Au-TiB,-n-n"-GaAs SBSs as func-
tion of duration of microwave treatment. One can see
that some changes appear on both the forward and re-
verse branches of I-V curves. These changes are due to
degradation processes occurring in the semiconductor
space charge region. Such a conclusion is supported by
(1) an increase of the base resistance calculated from the
forward branch of I-V curve and (ii) an increase of re-
verse current.

The above results agree with the experimental data
obtained in [12]. These data evidence that deep-lying
centers appear in the epitaxial n-GaAs layer after short-
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Fig. 1. I-V curves of Au-TiB,-n-n"-GaAs surface-barrier struc-
tures for different durations of microwave annealing.
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term microwave treatment. The authors of [12] relate
appearance of these deep-lying centers to generation of
dislocations in GaAs resulting from relaxation of intrin-
sic stresses in the n-n"-GaAs structure enhanced by mi-
crowave treatment. It should be noted that the changes
on I-V curves observed by us were stable; they kept after
over-year storage at room temperature.

Similar changes of I-V curves after microwave irra-
diation were observed for the Au-TiB,-n-SiC 6H SBSs.
In some cases we detected parameter improvement for
several diode structures exposed to short-term (up to 10 s)
microwave treatment. Most of the samples, however, de-
graded even after microwave irradiation for 2-3 s. It was
found that silicon carbide diodes are less tolerant to ef-
fect of microwave radiation than gallium arsenide ones.
It seems to us, after analyzing a set of experimental data
concerning I-V curve changes after microwave treatment
for silicon carbide SBSs, that the main reason for degra-
dation of their parameters is a rather high heterogeneity
degree of the starting silicon carbide. This factor facili-
tates nonuniform absorption of microwave power in the
SiC near-surface layer, thus resulting in degradation of
SBS parameters.

It should be noted that presence in SiC of micropores,
another phase inclusions and growth defects of other types
remains, up to now, a serious problem. Its solution will
determine not only silicon carbide quality but, to a great
extent, progress of silicon-carbide electronics as well [13,
14]. It seems that absorption of microwave radiation by
the above defects favors both crystal transition into a
state of more thermodynamic equilibrium (at short-term
microwave irradiation) and generation of new metastable
states (at long-term microwave irradiation). Micromecha-
nism for this process is not clear yet, and some additional
researches are required to understand it.

4. Concluding remark

When developing GaAs- and SiC-based microwave de-
vices, one should take into account the experimental re-
sults concerning the effect of microwave treatment on
parameters of Au-TiB,-GaAs(SiC 6H) SBSs obtained by
us in this work.
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