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Abgract : Raman spectra of undoped GaN and Mg-doped GaN films grown by metal-organic chemical-vapor depos-

tion on sapphire are investigated between 78 and 573K. A peak at 247cm” ' isobserved in both Raman spectraof GaN

and Mg-doped GaN. It is suggested that the defect-induced scattering is origin of the mode. The electronic Raman

scattering mechanism and Mg-related local vibrational mode are excluded. Furthermore,the differences of E. and
A1(LO) modesin two samples are a0 discussed. The stress relaxation is observed in Mg-doped GaN.
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1 Introduction

GaN is a new wide band gap semiconductor
material. In recent yearsit has attracted considera
ble attention because of the potential to fabricate
bright UV- and visble-light-emitting diodes ,power
devices, and lasers'. However , many aspects of
the light emisson process and physical properties
of GaN remain to be understood and improved?®*! .
The defects and impurities in GaN have very im-
portant affections on the electric transport and
light emisson properties of the material. Raman
scattering is a powerful technique for studying the
defects and impurities in material. The Raman
peaks which are located in the low-energy range
between 95 and 250cm”* in GaN on GaAs grown
by molecular beam epitaxy (MBE) were first re-
ported by Ramsteiner et al.'”. Segle et al.!
clamed that these peaks are only observable for
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GaN on GaAs. Subsequently ,Jiang et al.'® repor-
ted these peaksin MBE GaN layers grown on both
sapphire and GaA's substrates. Except the peak of
125cm”* (which has aso been observed in p-type
GaN and shows a weak temperature dependence,
thereforeit is even not clear whether this peak is
due to electronic Raman scattering (ERS) ') ,they
attributed the other peaks to electronic excitation
of donors.

Semiconductors contain a variety of electronic
excitations due to free and bound charges,and the
electronic excitations can couple to the lattice vi-
bration. The L O phonon-plasmon coupled mode at
room temperature (RT) has already been reported
in GaN®™ ™ but there are few reports about the
behavior of coupled mode at low temperature.

In this paper the Raman scattering spectra of
undoped GaN and Mg-doped GaN filmson sapphire
grown by metal-organic chemical-vapor deposition
(MOCVD) areinvestigated between 78 and 573K.
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A peak at 247cm” ' ,which is very consstent with
30. 7meV reported in Ref. [6] ,appears both in the
spectra of undoped GaN and Mg-doped GaN. The
origin of this peak is discussed. The differences of
E: and A1 (LO) modesin two samples are also dis
cussed and explained by the interplay of electronic
excitations and lattice vibration.

2 Experiment

The two samples studied in this work were
grown by MOCVD on sapphire substrates. They
have hexagonal structure and the thickness of the
films was about 3 m. The magnesum concentra
tion of p-type sample was 5 x 10”cm”°. The Raman
spectra were measured with a Jobin- Yvon T64000
Raman system in backscattering zZ( X, - )_deome-
try. The accuracy of measured phonon frequencies
was less than 0. 5cm™*. The line at 532nm of an
Ar” laser was used for excitation. The output pow-
er of laser is 500mW and the power on sampleisa
bout 3 2mW. The measure temperature was varied

between 78 and 573 K.

3 Resultsand discussion

Figure 1 shows the Raman spectra of undoped
GaN and Mgdoped GaN at 78K. A peak at
247cm ' isobserved in both spectra,and two addi-
tional peaks at 321cm ! and 65lcm ' are also ob-
served for Mg-doped GaN sample. In order to study
the origins of these peaks,temperature dependent
Raman scattering experiments were performed.
Figure 2 displays Raman spectra of Mg-doped GaN
from 78 to 573K. The spectra were normalized in
intensty by the peak height of the high frequency
E2 mode and shifted to vertical direction for com-
parison. The peak at 321cm ' is softened with the
rise of temperature and disappears above 150K.
Segle et al.'"" has reported a peak at 317cm " in
GaN and assgned it to an overtone process of a
coustic phonons. The peak a0 be reported in many
iomimplanted GaN samples and be attributed to

di sorder-activated Raman scattering (DARS) 2%

We suggested that it results from the DARS in-
stead of second-order scattering because it becomes
weaker with increasng temperature and shifts
33cm’* to low frequency between 78 and 100K.
The 651cm ' peak isonly observed at 78K it is as
signed to the local vibrational mode (LVM) for the
Mg—N bond™.

Sapphire
247
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FHg.1 Raman spectra of undoped GaN and Mg doped
GaN at 78K

Intensity/a.u.
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Fg.2 Raman spectra of Mg-doped GaN at tempera
ture between 78 and 573K

When the temperature is raised ,the 247cm™*

peak becomes strong at first, but then become
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weak agai n above room temperature and disappears
at about 500K. References[4,6] reported an ERS
mode at 247cm”* in GaN ,the frequency is consist-
ent with what we observed ,they attributed it to 1s
-3s trangtion of shallow donors. For resdual do-
nors the concentration is low ,it will be ionized
completely above room temperature ,and thereis no
chance to see the electronic trandtion mode of re-
sidual donors at high temperature. In our results,
the mode does not disappear up to temperature as
high as 500K ,s0 we consder that this mode has
different origin from which they reported.

Figure 3 shows the frequencies of 247cm’
peak as a function of temperature. Below room
temperature there are small changes in Raman
shift ,but above room temperature this mode shifts
to the low frequency quickly and becomes broader
with increasng temperature. It is known that the
frequency of local vibrationa modes has remarka
ble temperature-induced change, o we think this
peak resultsfrom defect-induced vibrational mode.
References|[ 13 ,14] reported another L VM mode of
Mg—N bond at 260cm™* in Mg doped sample ,clo-
ses to 247cm’*. However ,we exclude this peak re-
lated to Mg because we observe this peak in undo-
ped GaN sample s multaneoudy. Furthermore ,Ref-
erence[ 15] reported that the mode at 260cm™* ex-
hibits a temperature behavior smilar to that of the
host phonon ,which has a softening of about 6cm™*
from 4 to 590K. In our work (see Fig.3) ,the tem-
perature-induced frequency shift of the 247cm™*
peak between 78 and 500K is 12cm™*. It is larger
than the shifts of host phonons,which are 4 and
7cm ' for E2 and A1 (LO) modes respectively. We

1

attribute it to other defects. The absence of this
mode above 500K can be explained as the decompo-
sition of the defect. In order to prove this opinion,
we decrease temperature again. Figure 4 shows the
Raman spectra of Mgdoped GaN when is de
creased to room temperature and 78K again. The
arrow expresses the frequency of 247cm™* it can
be seen that thereis no peak at thisfrequency both
at room temperature and 78 K. This means recovery

incrystalinity at high temperature.
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Fg.4 Raman spectra of Mg-doped GaN when is de
creased to room temperature and 78K again

Table 1 lists the phonon frequency and the f ull
width at haf maximum (FWHM) of E: and
A1 (LO) modes at 78K and room temperature. For
E. mode,the FWHM of Mgdoped GaN is larger
than that of undoped GaN for about O 5cm ',
which can be attributed to the lower crystalline
quality due to heavy dopping. An interesting phe-
nomenon we observed is that the frequency of E:
mode in Mg-doped GaN shifts 1cm™* to low energy



638

26

side compared with GaN sample, and locates at
568cm’* at room temperature. This indicates the
relaxation of reddual stress existed in Mg-doped
sample'® . The tetrahedral radius of Mg is larger
than Ga and N. It iswell known that dopant atoms
which are large compared to the host lattice atoms,
can introduce compressive stress and make the E
mode shift to high energy. Popovici et al. ™ repor-
ted that some Mg-doped GaN samples have tendle
stress and suggested that the growth conditions,
not the Mg impurity ,are the major cause of stress
in Mg-doped sample. The two samples studied in
our work were grown on sapphire substrates by
MOCVD. We think an alternative explanation is
the electronrphonon interaction in Mg-doped sanr-
ple, because the E: mode displays asymmetric
structure and its intensity decreases with tempera
ture.

Table 1 Frequency and FWHM of host lattice phonons

78K 300K
wem | M/emt|lwem-t|M/ecm-?
c GaN 570 2.5 569 2.5
: GaN Mg | 569 3.0 568 3.2
GaN 740 5.3 736 9.0
A1(LO)
GaN Mg | 737 4.4 734 7.0

Another difference between the two ectrais
that the A: (LO) mode of undoped GaN has asym-
metric lineshape and shifts to high energy. For un-
doped GaN ,the A: (LO) phononis known to be at
733cm 1. The upshift can be explained by the
interplay of plasmon and longitudinal phonon in
GaN"®"  Figure 5 shows the A: (LO) mode of two
samples at 78K and room temperature. The E; line
of sapphire at 750cm * has been excluded from the
Raman spectra of studied samples. In order to ex-
clude this signal ,the Raman spectrum of sapphire

! and then

was normalized by Aig line at 417cm’
subtracted from the spectra of
A1 (LO) mode has a clear tail to the higher fre-

quency sde in the spectrum of GaN and becomes

samples. The

prominently at low temperature ,we attributed it to
the LO phonon-plasmon coupled mode (L PP*) al-
though the forbidden E: (LO) mode at 74lcm ' is

very close to the phonor-plasmon mode™ . If it is
the leaky-mode of E: (LO) ,it may be observed in
Mgdoped GaN , but this feature only appears in
GaN sample. Furthermore, E: (LO) mode can not
shift A1 (LO) mode to high frequency sde. From
the frequency of A: (LO) mode and the high fre-
quency tail becomes noticeable at low temperature,
we believe that the LPP" is more likely to be its
origin. At low temperature the collective excitation
of electron will become stronger so this mode be-
comes prominently. This implies that there are re-
sdua donors in unintentionally doped GaN and
shows n-type conductivity. For Mg-doped GaN the
A1 (LO) mode shows Lorentzian lineshape. Such
i nactive coupling between the L O phonon and the
plasmon in p-type GaN will be mainly attributed to
heavy damping of the hole plasmon®® .

GaN A (LO) GaN:Mg A (LO)
LPP
3
(
> RT
k=
78K

700 720 740 760 780 700 720 740 760
Raman shift/cm™!

Fig.5 Spectraof A1 (LO) mode at 78K and room tem-

perature The 0lid sguares are the Lorentz fit data.

Generally ,in the phonorn-plasmon-coupling re-
gime the unscreened L O phonon mode and the pure
plasma oscillation mode should be replaced by two
L PP coupled modes. However, the uncoupled
A1 (LO) mode always be found in some n-doped
N[22 Further-
more ,the intensty ratio of the unscreened L O pho-

non and the L PP mode depends on the carrier con-
[23]

semiconductors, including Ga

centration and the exciting laser energy ™ . Two
mechani sms are proposed in order to explain the
unusual behavior: (1) the presence of a thin sur-
face-carrier-depletion layer associated with a near-
surface band bending and (2) large-wave-vector-in-

duced decoupling of LO phonon and plasmon
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modes™ . For unintentionally doped GaN the carri-
er concentrationislow ,s0 the A: (LO) signal prob-
ably originates in the surface space-charge region
where there are no free carriers.

4 Conclusion

In conclusion, undoped and Mg doped GaN
films on sapphire grown by MOCVD were investi-
gated at low temperature. A peak at 247cm” ' was
observed in both Raman spectra. Temperature de-
pendent Raman scattering experiment of Mg doped
GaN shows the frequency and intensity changes of
this peak with temperature. We attribute it to the
def ect-induced vibrational mode. Furthermore,the
differences of the host phonon peaks between the
two spectra of undoped and Mg-doped GaN were
analyzed. The frequency shift and asymmetric line-
shape of E; and A: (LO) mode are explained by the
electrorrphonon interaction and phonorn-plasmon-
coupling ,respectively.
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