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BACKSCATTERING ANALYSIS OF AuGe-Ni OHMIC CONTACTS OF n-GaAs
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AuGe-Ni is widely used for the fabrication of ohmic contacts to n-GaAs.
The alloying behaviour of evaporated AuGe-Ni alloyed by furnace and Scanning
Electron Beam (SEB), is characterised by Rutherford backscattering with
2MeV He ions.

Since the formation of alloyed AuGe-Ni contacts involves redistribution
and diffusion of five components viz. Ga, As, Ni, Ge and Au, it is difficult
to separate the corresponding yeilds due to gold, Ga As, Ni and Ge in the
spectrum. The technique used in the investigation involves assumption of
depth distribution of elements and computing the resultant spectrum. This
is then compared with the experimental spectrum to give a measure of how
good the initial guess was. Successive iteration of this procedure will
eventually give the best fit to the experimental spectrum.

The RBS spectrum of a deposited AuGe-Ni metallisation is shown in Fig.l
in which the backscattering yeild is plotted versus channel number. The
beam energy is 2.0 MeV and is obtained from 3.0 MeV Van de Graff Generator,
beam current 20 microamps, chamber pressure 6 x 10 torr and run time 200
sees. The spectrum of the sample shows a peak at channel 363 correspond-
ing to He ions scattered off from the gold atoms in the 150 A AuGe-Ni evap-
orated on the surface. At lower channel numbers, the step in the spectrum
at channel 330 corresponds to the particles scattered off from the GaAs
surface. Because of the energy loss of the particles in traversing the AuGe
-Ni layer the GaAs edge is shifted to lower channel numbers than could be
observed in the absence of AuGe-Ni layer. The theoretical spectrum is plott-
ed in the same graph by considering the uniform distribution of Au, Ge and
Ni in a layer of thickness 150 A with atomic percentage composition 64.1,
23.7 and 12.2. The spectrum obtained by computer analysis for experimental
conditions closely fits with the experimental spectrum.

Fig 2 shows the random RBS spectrum for the sample which is subjected to
furnace alloying. The spectrum shows that the GaAs edge has shifted to high-
er channel numbers due to alloying. This indicates that AuGe-Ni layer on
the surface has been consumed. Comparison of peak heights corresponding
to gold for as deposited sample in Fig 1 and alloyed samples in Fig 2 show
that the surface concentration of gold drops from 100% to 37% during heat
treatment. Fig 3 shows the experimental spectra for alloyed samples with
metallisation thickness 150 A , 750A and 1350A . The shift in GaAs edge to-
wards higher channel numbers with increase in metallisation thickness shows
the increased outdiffusion of Ga and As for thicker metallisation layers.

The increase in penetration depth with increase in metallisation thickness
is in agreement with the prediction of Otsubo et al (2) on the basis of
their experiments on solubility of AuGe in GaAs. The increase in penetration
depth of gold might be responsible for increase in contact resistivity
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for thick metallisation layers (2,3). For metallisation thickness of 1350
, the penetration depth is greater than the typical epitaxial layer thick-

ness used for the fabrication of MESFETs of GaAs integrated circuits. There-
fore during alloying, the epitaxial layer under the contact gets damaged
resulting in a layer of high resistivity under the contact.

Fig 4 shows the RBS spectra of as deposited, furnace alloyed and SEB alloyed
contacts for metallisation thickness 150 . The figure shows that due to
SEB alloying, the sample undergoes less redistribution of gold compared
to furnace alloyed contacts. The penetration depth of gold in GaAs due to
SEB alloying is fotjfid to be 200 which is very much less than that of furn-
ace alloyed contacts. Fig 5 shows the RBS spectra of as deposited, furnace
alloyed and SEB alloyed contacts for metallisation thickness 900 . The
spectra shows negligible change in the surface concentration of gold due
to SEB alloying and the penetration depth is found to be 200 . This shows
that the penetration depth is independent of metallisation thickness for
SEB alloyed contacts.

The low penetration depth of contact constituents for SEB alloyed contacts
compared to furnace alloyed contacts makes this technique suitable for the
fabrication field effect transistors and integrated circuits. The alloy-
ing reaction is predominantly confined to the surface and epitaxial layer
gets almost undisturbed. These contacts are more reliable because of the
minimum Ga and As vacancy formation during alloying (4).
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Fig.1. Backscattenng spectrum for 2Mev He
backscattared from 150°A AuGe-Ni deposited
on GaAs before alloying. Spectra from
experiment. Computed spectra.
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Fig.2. Backscattering spectrum for 2Mev He
ions backscattered from 150°A AuGe-Ni deposited
and alloyed. Spectra from experiment.
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Fig .3. Backscattering spectrum for 2Mev He ions backscattered
from 150°A, 750°A and 1350°A of AuGe-Ni deposited and alloyed
in a furnace 150°A, 750°A, 1350°A
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Fig.4. R8S spectra of as deposited (....),
SEB alloyed ( ) and furnace alloyed (xxxx)
AuGe-Ni contacts on GaAs. Metallisation
thickness 150°A.

Fig.5. RBS spectra of as deposited (....),
SEB alloyed ( ) and furnace alloyed txxxx)
AuGe-Ni contacts on GaAs.


