OpfVMM F777/2, 7P7d

Ni-Ge Schottky diodes in application to the
electroreflectance measurements**

The Schottky diode technique for obtaining surface barrier eiectroreflectance spectra has been used successfully on /j-type Ge.
The fabrication process, 1-V characteristic of the Ni-Ge Schottky diode and eiectrorefiectance spectra of Ge in 2.1-2.3 eV region

using Schottky barrier technique are reported.

The eiectroreflectance is an efficient method in
investigations of not only spectroscopic aspects of
crystals but also of other interactions. Since it has
been shown [1, 2] that in low-held region the quanti-
tative electrorehectance spectra can be obtained
without the modulating from hat-band condition elec-
trorehectance measurements can be performed by using
the Schottky barrier technique [3]. Low-held elec-
trorehectance line shapes are scaled quadratically
with the applied modulating held, the invariant line
shapes being determined entirely by the intrinsic pro-
perties of the crystal itself [1]. These line shapes are
closely related to the third derivative of the dielectric
function [1, 2], consequently they are characterized
by the presence of strongly enhanced critical point
structures and strongly suppressed background effects.
The critical point energies and broadening parameters
can be, moreover, obtained directly from experimental
data without data reduction by Kramers-Kronig
analysis [4]. The metal-semiconductor conhguration
is ideal for high-resolution spectroscopy of semicon-
ductor materials having distinct advantages with
respect to other surface-barrier techniques [3-6].
Schottky diodes can be applied to a wide variety of
semiconductor materials, and permit to take the
measurements over wide ranges of temperature, sur-
face held and photon energies.

The Ni-n-type germanium Schottky barriers have
been obtained in our laboratory by the following
procedure: Before metal evaporation the reflecting
surfaces of the wafers of 1.8 Q cm and 12 Q cm /j-type
germanium were mechanically polished and etched in
CP4-A and in HF. It has been found [5] that nickel
is particulary well suited for electrorehectance appli-
cations, because of a relatively uniform transmittivity
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over a wide spectral region. The barrier-metal evapo-
rations were carried out in a liquid-nitrogen-bafhed
oil pumped vacuum system. The pressure during
evaporation was not higher than 7.5x 10*" Torr.
The metal thickness was monitored by measuring the
resistance between two contacts at the ends of a glass
slide adjacent to the sample. The single-pass transmit-
tance of the Ni films prepared in this manner was typi-
cally of the order of 65%. Ohmic contacts to the wafers
were fabricated by evaporating a layer of Au+1%
Sb on an appropriate face of the sample and then by
heating the sample under vacuum to a temperature
500°C for 5 min. Electrical connections to the barrier
and sample were made via silver paint.
Current-voltages characteristics were plotted, and
the extrapolation of the semilogarithmic plots of
forward 1-V characteristics to zero bias voltage gave
values for the saturation current /,. For a sample
of resistivity 1.8 Q cm a typical 1-V characteristic
corrected for the series resistance effect [7, 8] is
shown in fig. 1. The barrier height <2", estimated from

Fig. 1. Characteristic of Ni-Ge (1.80 cm, /j-type) Schottky

diode
......... *— forward bias
—x —x — forward bias

the value of /, 4.4x10 * A was equal to 051
+0.02 eV, whereas according to THANAILAKIis and
NORTHROP [9] = 0.44+0.02 eV for the resistivity
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ranging between 0.1-1.0 Q cm. The discrepancies in
results may be caused by different barrier fabrication
processes. THANAILAKis and NORTHROP [9] obtained
their Ni-Ge barrier by electron bombardment. The
value of barrier height ~ [10, 11] is also slightly
increased by the natural-oxide layer present between
the semiconductor and metal film, inevitable ill the
fabrication process used in our experiment. This oxide,
however, being sufficiently electrically and optically
transparent neither influences the basic metal-semicon-
ductor nature of the junction nor disturbs electro-
reflectance measurements [5].

We have examined the ageing process of the Ni-Ge
contacts and stated that this process is very slow and
the contacts are good for electroreflectance purposes
even after four weeks. The ageing process could be
observed on saturation current values  which slightly
decreased. The saturation current extrapolated from
1-V characteristic (see 6g. 1) measured several hours
after evaporation process was 7, = 4.4x 10" A and
after two weeks it decreased to the 7, = 4.0x 10"* A,
but this change in 7, value did not give a significant
increase in barrier height. It is supposed that the effect
connected with ageing process of silver paint electri-
cal contact is more significant and limits the period of
time in which Schottky barrier diodes are good for
electroreflectance measurements.

The block diagram of the measuring system used
to measurement of the electroreflectance spectra is
shown in fig. 2 and is similar to the systems previously

Fig. 2. Block diagram of the electronic and optical components
of the measuring system

7, 2,3 —mirrors, 4 —sample, 3 — photomultiplier, d —dc bias, 7 —square
wave generator, € — chopper

described in [12, 13]. The light source was a 150 W
halogen lamp. Monochromatic light was directed to
the Ge sample and the reflected beam was focused onto
a photomultiplier. The electronic diagram [13] is also

Ne-Gc

shown in fig. 2. To obtain the electroreflectance spectra
the specified energy range was divided into the requi-
red increments and then the monochromator was
adjusted to the appropriate point of the spectrum.
The output of the phase-sensitive detector with the
constant wavelength was then sampled, perforating
the required number of data which were next averaged
by computer. Then the averaged AT? data were divided
through the 7?data which were obtained also by phase-
-sensitive detection using signal from the chopper as
reference signal. The electroreflectance spectrum of
germanium obtained in the 2.1-2.3 eV region by using
Schottky diode from fig. 1 is shown in fig. 3. During
the experiment the value of 120 Hz square-wave modu-
lation voltage was 2.8 V and the value dc bias was
0.2 V.

Fig. 3. ElectroreHectance spectra of Ge (1.8 Hem, n-type)
in 2.1-2.3 eV region

The energy values of the 75\ and transitions

were calculated assuming the low held limit and

using the three-point method described by ASPNBS [4].
The three point method is based on the lower-energy
extremum yf, with coordinates (A7?2/7?" E"), the
higher-energy extremum 72, with coordinates (A7?2/7?g,
Eg), and the baseline A7?/7? = 0. Let

g = -(A7?27?9)/(AT?/7?) >0
be the asymmetry parameter. Then the energy gap E is
given by

E=E,+(Eg-EJ/(p)

where/(g) is a function of asymmetry ratio, g, plot-
ted in [4]. The energy values of transitions Ei, E i+ Ji
are equal to 2.12+0.02 and 2.31+0.02 eV, respecti-



B. Qies, A. Kisiel

vely. They are in good agreement with these reported
by AsPNBs [4].

Unfortunateiiy a suiBciently high barrier for eiec-
trorefiectance measurements on 50 Q cm p-type ger-
manium has not been prepared as yet. We had, howe-
ver, no diiBculties in measuring electrore&ectance
spectra of p-type germanium by means of eiec-
troiyte technique [14].

MpumeHeHnne gnopos bH-Ce LLOTTKM
0N N3MEPEHUS 3NEKTPOOTPaKeHUs

MpumeHeHa TexHuka auofos LUOTTKM ANnS  nonydeHus
3M1EKTPOOTPAKEHUS C NOBEPXHOCTHLIM 6apbepoM Ha Ce Tuna n.
OnucaHbl N3roToB/IEHWe, XapakTepuctuka 1-Y pauoga M-Ce
LUOTTKM ©n, B KayecTse MpuMepa, CNeKTP 3/1eKTPOOTPaXeHUs
nepexogos ™ wn B o6nactm aHeprum 2.1-2.3 3B, no-
NyYeHHbIA ana auoga LotTtkm M-Oe.

Ne-Ge gcA<MAY 4KM%M. ..
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