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Abstract A series of Si doped GaN thin films grown on sapphire substrate were measured by Raman spectroscopy. Both
high-and low-frequency branches of the longitudinal-optical {LO) phenon and plasmon coupling modes ( LPP modes} were
resolved. With the increasing of doping level, the LPP mode shifts toward higher frequency. The two branches in each spec-
trum were independently lineshape-fitted based on scattering analysis, and plasmon frequency and damping constant were ob-
tained , thus the free carrier concentration and mobility could be deduced. The carrier concentratien derived from each branch
of the single spectrum coincidences with each other, and it is also consistent with infrared (IR} reflection and Hall results.
The mobility from the low branch fitting is in agreement with the IR values, and is about half values of the Hall mobility,

which is close to the conduction drift mobility in the regime of ionized impurity scattering. The high branch mobility is even

smaller, which implies some additional scattering effect.
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Fig.1 Raman spectra of GaN with different doping level.
The arrows point to the low-branch and high-branch of LPP
mode. The asterisks indicate the peaks from the sapphire
substrate
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Fig.2 Lineshape fitting of Eq. (3) to the LPP” in Raman
spectrum in sample 1 of GaN. The solid curve is calculated

and the dashed line is experimental data.
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Table 1 Fitting parameters of the LPP mode in the Raman spectra of GaN thin films
and the calculated carrier concentration and mobility
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1 239.4  6.18 x10"7 195.2 239 0.65 217.7  5.63 x 10" 451. 1 103 0.28
2 460.8 2.52x10® 324.3 144 0.45 437.0  2.27 x10'® 885.5 53 0.16
3 751.6  6.71x10™ 398.8 117 0.50 591.2 4.15x10'®  1589.8 29 0.13
4 1310.8 2.04 x 10" 571.0 82 0.46 1114.9  1.48 x 10" 338.1 139 0.78
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Table 1 The carrier concentration and mobility obtained
from infrared reflection and Hall measurement in Si-doped
GaN epitaxy films in Ref. {3]
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2 2.0 1.5 x10*8 320 1.6 x10'® 184 0.57
3 1.8 3,7 x10%* 234 4.8 x10'8 134 0.57
4 2.3 1.3 x19"* 178 1.4 x 10" 91 0.51
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ments in sample 1 ~3 versus carrier concentration

Mobility reciprocal derived from various measure-
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Table 3 The fitted parameters in Eq. {4) from the varia-
tion of the mebility reciprocal with carrier concentration in
various measurements
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