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Abstract: Micro-Raman spectroscopy is performed to characterize GaN films grown on the
patterned sapphire (0001) fabricated by wet chemical etching. The stress distributions are
characterized by the frequency shift in the micro-Raman spectroscopy measurements. Residual
stress state and carrier concentration in the mesa and wing region are assessed. The wing
region shows lower compressive stress and less carrier concentration in comparison with mesa
region. That is due to the interactions between sapphires and GaN as the result of diffe-
rences in the coefficients of thermal expansion are excluded in the wing region by adopting
maskless periodically grooved sapphire, thus less compressive stress and lower background
carrier concentration can be achieved by this method.
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1 Introduction

GaN-based bandgap semiconductors have
drawn a lot of attractions due to their current
and potentials toward optoelectronic devices™ ™,
However, large lattice mismatches between GaN
and the substrate often lead to high defect densi-
ties. Recent evidences have shown that the dis-
locations act as nonradiative centers, which in-
fluence performance and cause degradation of
GaN-based devices™. Many effective methods
have been developed to minimize dislocation den-
sities. Epitaxial-lateral-overgrowth (ELO) is
one of the most important techniques to reduce
[5]

dislocation densities Recently, high quality

GaN film grown on maskless periodically
grooved sapphire by wet chemical etching has
been reported®™. Compared with the usually
used patterned substrate made by dry etching,
wet etching can avoid the mechanical damages on
the grooved surface, which is promising way to
get higher quality GaN-based materials films.

In this paper, micro-Raman scattering spec-
tra were carried out to characterize GaN grown
on (0001) maskless periodically sapphire sub-
strates by metal organic chemical vapor deposi-
tion (MOCVD). Residual stress state and carrier
concentration in the mesa and wing region is as-
sessed. The wing region show lower compres-
sive stress and less carrier concentration in com-
parison with mesa region. That is due to the in-
teractions between sapphire and GaN as the re-
sult of differences in the coefficients of thermal
expansion are excluded in the wing region by
adopting maskless periodically grooved sapphire,
thus less compressive stress and lower back-
ground carrier concentration can be achieved by

this method.

2 Experiments

Unintentional doped 1. 5 pum thick GaN
films were grown on maskless patterned sap-

phire by MOCVD. Fig. 1 shows the schematic of

fabrication procedure for patterned sapphire.
The sapphire substrates were patterned along
with 3 ym wide mesa and 3. 5 pym wide wing
with standard photolithographic procedures,
which was obtained by wet chemical etching in
the solution of V(H,S0O,):V (H,PO,) =3:1,
followed by dipping in the solution of V(HF):V
(H,0)=1:10 for removal of SiO,. Thermal an-
nealing process was carried out at around 1 070
C, followed by the growth of thick GaN nuclea-
tion layer on the sapphire wafer at temperature
of 520 C. Typical GaN growth temperature is
1100 C. Trimethylgallium (TMGa) and am-
monia (NH;) were used as precursors for Ga
and N, respectively, and H, as carrier gas. Mi-
cro-Raman scatting experiments were carried out
in backscatting geometry at room temperature,
which were performed with multichannel modu-
lar triple Raman systems (JY-T6400), a 100X
microscope objective lens was used for focusing
the laser beam and collection of the scatter light.
Under such conditions, the spatial resolution of
instrument is about 1 pm, the solid-state diode
laser(532 nm) was used as an excited source.
Hot wet chemical etching was performed in a
mixture of H; PO, /H,SO, with a volume ratio of
3:1 at 280 'C for 15 min to reveal the density of
threading dislocations. The morphology and dis-
tribution of etch pits is measured by atomic force

microscopy (NanoScope [[[a-D3000 AFM).
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Schematic of the procedure for GaN grown on

Fig. 1
maskless periodically grooved sapphire by wet

chemical etching
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3  Results and Discussion

Typical Raman spectra for the sample is
shown in Fig. 2. Two dominant peaks in both
regions corresponded to E, (high) and A, (LO)
photon mode, which is in agreement with selec-

tion rules™™,

E, (high) photon mode is known to
be affected by stress, the E, Chigh) of mesa and
wing region is 570. 4 cm™ ' and 569.7 ecm ™', both
regions are larger than strain free crystal sample

whose E, mode is located at 567. 2 cm ',

so
both regions are under compressive stress. For
GaN, the E, (high) mode shifts linearly with
stress with 2. 9 em ' /GPa for biaxial stress .
The compressive stresses calculated in the mesa
and wing region are 1.1 GPa and 0. 86 GPa, re-
spectively. The mesa is under large compressive
stress than the wing region, so more relieved
stress was achieved in wing region by this method.
General crystalline quality can be accessed by the
width of the E, Chigh) line®. The line width of
E, (high) for the mesa and wing region is 2. 83
cm ' and 2. 57 em ! respectively, a minimum in

linewidth was detected in the wing region.
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Fig. 2 Micro-Raman spectroscopy of mesa and wing re-

gion for GaN grown on grooved sapphire

Hot wet etching with mixed H,PO,/H, SO,
solutions are performed to reveal the dislocation
distribution. It has been reported that hot wet
etching combining with AFM can effectively
characterize dislocations "', Typical AFM ima-
ges of the etched surface morphology of two
samples are showed in Fig. 3 with a measuring
scale of 20 pmX20 pm.

The diameter of the pits is almost uniform,

a_ |\
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Fig. 3 Etched surface morphology of GaN sample on

0 10.0

maskless periodically grooved sapphire

which have been attributed to the surface termi-
nation of threading dislocations. The pits are
regularly spaced and arranged, the pits concen-
trated in the mesa region, in contrast, the wing
region contains fewer etch pits. It displayed the
crystalline quality in the wing region is better
than that in the mesa region, which further con-
firmed the micro-Raman E, Chigh) linewidth ob-
servation.

In general, the carrier concentrations for
doped GaN can be obtained from Hall measure-
ments, but it was difficult to measure undoped
GaN because of high resistivity. It has been
proved carrier concentrations obtained from Ra-
man scattering methods and Hall measurements
agree well "7, From the energy position of the
LPP" mode we were able to estimate the free-
carrier concentration. The dotted line in the
Fig. 4 shows the experimental micro-Raman
spectra in the range from 720 cm™ ' to 770 cm ™',
The solid, dashed, and dotted lines are A (LO) +
LPP", A, (LO), and LPP", respectively. Since
the shape of the A, (LO) line is assumed to be
Lorentzian, experimental data was fitted by
Lorentzian fitting, a fairly good fit has been ob-
tained. The position of LPP" in the mesa and
wing region is 750. 88 cm ™! and 742. 65 cm ™! re-
spectively. A convenient empirical formula has
been proposed for deducing carrier density from
the observed frequency shift Aw (em™') of the
LPP" mode frequency?.
n= 1.1X10" ecm™* Ap™ ™

The free carrier concentration in the mesa
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and wing region determined from the formula is
8.65X10" em * and 4. 68X 10" cm™® respectively.

A minimum carrier concentration is shown in the

wing region.

I/a. u.

4 Conclusion

Using micro-Raman spectra, the stress and

L L L L L L : M M T
70 730 740 750 760 790 free carrier concentration in the wing and mesa
Raman  shift/cm™ regions of 1. 5 ym thick GaN films grown on pat-

tern sapphire substrates was studied. The re-
sults show that wing regions display a minimum
in compressive stress and a reduced carrier con-

centration compared to that of the mesa regions.

1/a. u.

That is dues to the interactions between sapphire

and GaN as the result of differences in the coeffi-

cients of thermal expansion are excluded in the

| L L 1 1
720 730 740 750 760 770 wing region by adopting maskless periodically
Raman shift/cm™ . .
grooved sapphire, thus less compressive stress
Fig. 4 Solid squares are the experimental micro-Raman data . .
and lower background carrier concentration can
from the mesa and wing region of GaN sample grown

) } be achieved by this method. In addition, narro-
on patterned sapphire. The solid, dashed, and dotted

lines are A(LO)+LPP", A, (LO), and LPP" , re-

spectively, obtained by fitting.

wer linewidth of E, photon mode reveals higher

quality GaN in the wing region.
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