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Strain relaxation in GaN layers grown on porous GaN sublayers
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We have studied epitaxial GaN layers grown by hydride vapour phase epitaxy (HVPE) on porous
GaN sublayers formed on SiC substrates. It was shown that these layers can be grown with good
surface morphology and high crystalline quality. X-ray, Raman and photoluminescent (PL)
measurements showed that the stressin thelayers grown on porous GaN wasreduced to 0.1-0.2 GPa,
whilethe stressin the layers grown directly on 6H-SiC substrates remains at its usual level of about
1 GPa. Thus, we have shown that growth on porous GaN sublayer is a promising method for
fabrication of high quality epitaxial layers of GaN with low strain values.

1 Introduction

Recently, much effort has been made to develop a tech-
nology that would allow growth of residual stress-free
epitaxial layers of GaN. Poor lattice match and differ-
ence in thermal expansion coefficients with foreign sub-
strates being currently used for epitaxial growth of GaN
layers make these layers quite strained, with average
value of biaxial stress ranging up to 1 GPa. This stress
affects both structural and electric properties of the lay-
ers and devices built on such layers cannot take full
advantage of intrinsic properties of GaN. Porous materi-
als seem to offer agood opportunity for epitaxial growth
of high-quality epitaxia films, asthey are expected to be
able to substantially reduce the strain in layers grown on
top of them [1]. Several attempts to use porous Si as a
substrate for epitaxial growth of different materials have
been already reported to be successful [2] [3]. Further
development of this idea naturally implies using a
porous layer of native material as a substrate for epitax-
ial growth. In this paper we for the first time report on
the successful growth of epitaxial GaN layers on porous
GaN sublayer formed on SiC substrates. The stress in
these layers as compared to GaN grown directly on 6H-
SiC substrates was investigated by x-ray diffractometry,
Raman spectroscopy and PL measurements. As a result,
we show that the value of the biaxia stresses in GaN
layers grown on porous sublayersis essentially less than
that in GaN layers grown directly on SiC substrates.

2 Experimental

The original GaN layers were n-type with concentration
Ng-N, of about 10" cm™3, grown by the HVPE tech-
nique [4] [5]. GaN epitaxial layers were grown using an
HVPE growth machine equipped with a resistively
heated furnace. In a horizontal open-flow reactor, HCI
gas reacted with liquid Ga metal to form GaCl gas,
which was transported to the growth zone of the reactor
and reacted with NH3 resulting in GaN deposition on

SiC substrates. Argon was used as a carrier gas. The
growth temperature was kept between 950 and 1050°C.
The substrates used were 6H-SIC. GaN layers being
deposited on (0001)Si face of the substrates were single
crystal exhibiting full width a a half maximum
(FWHM) of x-ray w-scan rocking curve of less than 200
arc sec. These layers were anodized in an HF solution
under ultraviolet light excitation to form porous GaN, as
described elsewhere [6]. The pore size was lessthan 0.3
pum. Epitaxia growth of cap GaN layers on porous sub-
layers was conducted by the same HVPE procedure..
The general characterisation of the layers was carried
out using scanning electron microscopy (SEM), atomic
force microscopy (AFM), reflection high energy elec-
tron diffraction (RHEED) and capacity-voltage mea
surements of Schottky barriers formed by mercury
praobe.
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3 Results and Discussion

We have observed successful epitaxial growth of the cap
GaN layerswith thicknesses ranging from 2 up to 70 pm
on porous sublayers with thicknesses from 1 to 10 um.
A comparison study of the properties of GaN layers
grown on porous sublayers and directly on SIC sub-
strates was conducted on 3 pm-thick layers, as this
thickness is used in most of current devices based on
GaN layers.

Figure 1 presents a SEM image of a cleaved edge of
GaN/porous GaN structure on SiC substrate. Itis clearly
seen that GaN/porous GaN interfaceis abrupt, and pores
do not lead to the formation of any visible defectsin the
cap epitaxial layer. The as-grown surface of cap epitax-
ia layers was smooth if their thickness did not exceed
10 um. The AFM study of the surface roughness showed
the presence of growth steps as high as 5 nm (Figure 2).

The as-grown surface of cap epitaxial layers was
also studied by RHEED after exposition to air. Figure 3
presents an RHEED image of a surface of cap GaN
layer with 3 um thickness. Vertical rods point out to
good flatness of the surface, while Kikuchi linesindicate
high crystalline quality of the surface.

The crystal quality of GaN layers was studied
through the measurements of a FWHM of the x-ray dif-
fraction rocking curves. The angular distribution of the
x-ray diffraction corresponding to (0002), (0004) and
(1124) reflections was measured by means of triple-
crystal diffractometry on CuK; radiation under condi-
tions of symmetrical and asymmetrical Bragg-geometry
as described elsawhere [7]. Diffraction curves were
measured for - and w-26 scanning modes (w,. and @y
FWHM, respectively). On the basis of measured param-
eters, the components of the microdistortion tensor €,,
and &,, were evaluated and the average size of grains
(average size of the coherent scattering areas) both in
the epitaxial layer plane 1, and along the c-axis 1,, was
determined. The data obtained on a 3 um-thick cap GaN
layer grown on a porous sublayer with the same thick-
ness and on a 3 um-thick GaN layer grown directly on
SiC substrate are presented in Table 1.

X-ray diffraction data showed that both origina
GaN layers grown on 6H-SIC substrate and cap GaN
layers grown on porous GaN had single crystaline
structure of wurtzit GaN. For both type of layers the
specific features of X-ray diffraction were as follows:

w>wg  for al  reflections; w0900, %%%;
wn 299200 1124 for grazing incidence geometry of asym-
metric  diffraction  (1124); w00, 0% 1ge%0%%

tg8%%%2. Thus, the diffraction spot was anisotropic and
elongated along the (0001) plane of the layer surface.

From the above features of the x-ray rocking curves we
conclude, according to [5] and [7], that the observed
diffraction anisotropy is caused by both the anisotropy
of grain size 1,<t, of the mosaic structure of the layers
studied and specific defects in grains (screw and edge
dislocations). The broadening of diffraction curves
obtained through a conventional «w- scan for the GaN
layers grown on porous sublayer results from the varia-
tion in the mosaic spread and may be related to reduced
grain sizein these layer. The small FWHM values of the
w-20 rocking curves prove the high crystalline quality
of the cap layers.

The N¢-N, concentration in cap layers as measured
by mercury probe at 1 MHz testing frequency ranged
from 1x10*° to 1x10'" cm’3,

The biaxial stressesin cap GaN layers as compared
to those in GaN layers grown directly on 6H-SIC sub-
strates were estimated according to the results of x-ray,
Raman scattering and PL measurements. The measure-
ments were performed on a 3 pm-thick cap GaN layer
grown on 3 um-thick porous GaN sublayer, and on a 3
pm-thick GaN layer grown directly on 6H-SiC substrate
during the same growth process.

As far as x-ray characterisation was concerned, the
calculations of biaxial stresses and strain along c-axisin
GaN layers were performed using measured values of
radius of curvature R and lattice constant c. The R value
was measured as described elsawhere [8], and the mea-
surements of lattice constants were performed using a
triple crystal modification of the Bond method [9]. The
measured values of R and lattice constant c
(Ac=%0.0001 A) as well as calculated values of biaxial
stresses 0, and strain £.=(c-Cg)/cy, where c;=5.1850 A is
arelaxed lattice constant for GaN [10], are summarised
in Table 2. The data presented in Table 2 show that both
GaN layers grown directly on SIC substrate and on
porous sublayers were tensile (0,>0), but tensional biax-

ial stress and strain in cap layers were significantly
reduced as compared to epitaxial layers grown on 6H-
SiC.

Raman scattering measurements were carried out at
room temperature using an Ar* laser (A=488 nm) as a
source of excitation. The scattered radiation was analy-
sed by a double grating monochrometer with computer-
controlled systems for scanning and data acquisition. A
back scattering geometry with the z direction parallel to
the optical axis of the crystal was employed. Figure 4

presents Raman spectra near E2 mode for a GaN layer
grown directly on 6H-SiC substrate (a) and for a cap
GaN layer (b) grown on porous GaN. The shift of the E2
line towards lower frequencies as compared to its posi-
tion for a strain-free sample (which in this case was a
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“bulk” GaN sample grown by HVPE under conditions
similar to those described in [11] with E2 mode peak at

567.8 cm™Y) points out to a tensile character of the in-
plain stress in the samples studied. At the same time,

from Figure 4 it is clearly seen that the shift of the E2
line for a cap layer grown on porous GaN is essentialy
less than that for a GaN layer grown on 6H-SiC sub-
strate. As estimated from Raman data according to [12],
the cap GaN layer had in-plain stress of 0=0.20 GPa.

Fitting the E2 line to the Lorenz function gives the fol-
lowing values for FWHM'’s in the samples studied: 3.7

cm't for GaN layers grown on 6H-SiC substrate and 3.1

cm® for cap GaN layers grown on porous sublayer,
again supporting the improvement in the crystalline
structure of these layers as compared to GaN layers
grown directly on SiC substrates.

The photoluminescence was excited by a pulsed
nitrogen laser with 2 kW pumping power. The position
of the maximum of luminescence spectra taken at 77 K
corresponded to neutral donor-bound exciton recombi-
nation in GaN [13]. This exciton peak maximum for the
cap GaN layers was blue-shifted by 22 meV relative to
that for GaN layers grown on 6H-SiC, whose maximum
corresponded to 3.449 eV. According to [13], this
clearly pointed to a reduction of stress in the cap layer
by (0.9 GPa. Also, the FWHM of the excitonic peak for
the cap GaN layer was reduced to as low as 20 meV
compared to that of the GaN layer grown on 6H-SIC
substrate (FWHM of 32 meV). Thisfeature indicated an
improvement in the crystalline structure of GaN layers
grown on porous GaN.

Comparison analysis of the x-ray, Raman and PL
data shows that the value of the biaxial stresses in cap
GaN layers grown on porous sublayers is substantially
less than that for the GaN layers grown directly on 6H-
SiC substrates. The discrepancy in the absol ute values of
the biaxial stresses as measured by different methods
can be possibly attributed to the fact that these different
methods were calibrated using different standards for
“strain-free” GaN.

4 Conclusion

Summarizing, we grew high quality GaN layers on
porous GaN, for the first time. Porous GaN was formed
from GaN layer deposited on 6H-SIC substrate. The
crystal structure and stress in GaN layers grown by
HVPE on porous GaN was investigated. AFM and
RHEED studies showed that the layers possessed
smooth surfaces, while PL and Raman measurements
pointed to high crystalline quality of the layers. Specia

emphasis was put on studying the biaxial stresses and
strain in the layers. X-ray, Raman and PL measurements
showed that the stress in the layers grown on porous
GaN was reduced to 0.1-0.2 GPa. Thus, we have shown
that porous sublayer allows the growth of high quality
GaN with substantially reduced strain as compared to
those grown directly on 6H-SiC substrates.
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FIGURES

Figure 1. SEM image of a cleaved edge of GaN/porous GaN/
SiC structure (SiC is not shown).

Figure 3. RHEED pattern obtained from as-grown GaN layer
grown on porous GaN.

\__/ :
20 .
: Figure 4. Raman spectra near E2 mode for a GaN layer grown
: : : : directly on 6H-SiC substrate (a) and for aGaN layer (b) grown
1BBE 1500 20PEB 2580 3088 9588 o on porous GaN.

Figure 2. AFM image of a surface of a GaN layer grown on
porous GaN (top) and an AFM profile of the surface (bottom)
corresponding to a line as indicated by arrow on top AFM
picture. As seen from the profile, the growth steps do not
exceed 5 nm.
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TABLES

Table 1. FWHM s of rocking curves, microdistortion tensor components and grain sizesin the structures studied.

Structure 0002 0002 0004 e, 1074 e, 1074

type O Wa W o 22 = Ty, Hm Tz, Hm
angl e sec. | angle sec. | angle sec. | angle sec.

&GN SsiC 136 23 130 38 1.22 3.10 1.14 4.85

GaN por - 633 40 610 86 2.80 14. 60 0.27 2.96

&N SsiC

Table 2. Radii of curvature, biaxial stresses, lattice constants
and strain in the structures studied.

Structure R, m 0, GPa c, A £, 103
type

GaN si C - 6.5 + 0.64 5.1792 - 1.12
GaN por.- |- 10.8 + 0.12 5.1801 - 0.94
GaN si C
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