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Research on physical properties of electrode interface on wide-gap semiconductor
by a new sress measurement by Raman spectroscopy
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In this stud¥, we analyzed thermal stress on several kinds of n-type widegap
semiconductors in contact with an electrode up to 200 using micro-Raman spectroscopy and compared
with those obtained by FEM analysis. The values of thermal stress were proportional to the

temperature We also calculated electron density, electron mobility, and resistivity in all of

cases. In GaN,the dislocation density increasing with thermal stress with stress-temperature
coefficient clearly. The density of lattice defects near the interface at 200 may be elevated by
high thermal stress in plane near the interface.The increase in the density of lattice defects may
be the reason why the resistivity values near the interface tended to increase significantly with
increasing temperature in comparison with those far from the interface. This would lead to a clear
increase In the switching power loss of widegap semiconductors with electrode film at high
temperatures in power electronics applications.
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Fig. 1: (a) Dimensions of n-type GaN crystal in
contact with the Au/Ti/Cr film electrode and the
conditions for 3D-Raman imaging measurement.
(b) In the case of the maximum z value (z = 148
um), we measured the region at 30 x 30 um? just
below the electrode.
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Fig.2: Temperature dependence of Raman spectra
for the E¥ mode near the interface in comparison
with those far from the interface in n-type GaN
crystal in contact with the Au/Ti/Cr film electrode.
(a): near the interface; (b): far from the interface.
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Fig.3: Temperature dependence of Raman

linewidth for the EY mode near the interface in
comparison with those far from the interface in n-
type GaN crystal in contact with the Auw/Ti/Cr
electrode film.
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Table L. Input parameters for FEM analysis 1n n-type

GaN in contact with the Aw/Ti/Cr electrode film. The elastic

modulus, the Poisson's ratio, the density, and the temperature dependent
linear expansion coefficient are denoted by E, v, p. and a, respectively.
Each value of those parameters is referred to in [3-8].

p

Substance E(GPa) v ; w(*10° °C)
(g/em™)
3.1%(26~100°C)
GaN 290° 0.20" 6.15°
3.84(150~-200°C)
Cr 279¢ 0.21¢ 7.19° 6.2¢
Ti 160¢ 0.32¢ 4.506"° 8.4¢
Au 79¢ 0.44¢ 19.32° 14.3°¢

131,161,171, “ 5], [8]
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Fig.4: The n-type GaN crystal in contact with the
Au/Ti/Cr electrode film was used for FEM
calculations.
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Fig.5: Temperature  dependence of the
experimental average values of

A0y _pianebased on room temperature near the
interface by 3D Raman spectroscopy and the ones
calculated by FEM analysis.
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Fig.6 Temperature dependence of the experimental
values of thermal stress near the interface the n-
type 4H-SiC crystal in contact with the Au/Ni film
electrode by Raman spectroscopy and the ones
calculated by FEM analysis.
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Fig.7: An example of the calculated spectra for the
LOPC mode and experimental spectra near the
interface of the n-type GaN crystal in contact with
the Au/Ti/Cr film electrode (200 °C).
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Fig.8: Temperature dependence of (a) electron
density, (b) electron mobility, and (c) resistivity
near the interface of the n-type GaN crystal in
contact with the Au/Ti/Cr film electrode by
spectral analysis in the LOPC mode in comparison
with those far from the interface.
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