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Abgtract : GaN buffer layers (thickness

60nm) grown on GaAs(001) by low-temperature MOCVD are investiga

ted by X-ray diffraction pole figure measurements usng synchrotron radiation in order to understand the heteroepita
xial growth features of GaN on GaAs(001) substrates. In addition to the epitaxially aligned crystalites,their corre-
sponding twins of thefirst and the second order are found in the X-ray diff raction pole figures. Moreover ,{ 111} @
scans withX at 55° reveal the abnormal distribution of Bragg diff ractions. The extraintensity maximain the polefig-

ures shows that the process of twinning plays a dominating role during the growth process. It is suggested that the
polarity of {111} facets emerged on (001) surface will affect the growth-twin nucleation at the initial stagesof GaN
growth on GaAs(001) substrates. It isproposed that twinning is prone to occurring on {111} B ,N-terminated facets.

Key words: X-ray diffraction; metalorganic chemical vapor deposition; nitrides

EEACC: 0590; 0520; 2520D

CL C number : TN304 055 Document code: A

1 Introduction

Research activitiesin GaN-based material s and
devices are flourishing. Up to date, most of the
GaN-based devices have been fabricated from hexa
gonal phase nitrides. However ,cubic GaN (c GaN)
can offer many advantagesover its hexagonal coun-
terpart ,including easy cleavage ,lower phonon scat-
tering ,and convenience for device structure desg-
ning and integrating when GaAs substrate is used.

One of the difficultiesin growing high quality
single crystal ¢ GaN is the strong tendency of
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twinning via stacking faults on {111} planes.
Therefore ,the preparation of ¢ GaN often suffers
from occurrence of multiple orientation and mix-
ture of phases if the nucleation and the growth
conditions are not optimized. In order to grow high
quality ¢ GaN layer ,it is necessary to gain a better
understanding of the nucleation and growth fea
turesof GaN on GaAs(001) ,especialy the early
growth stages of GaN buffer layer. In our previous
paper \we reported on the structural characteris
tics of the GaN/ GaAs(001) buffer layers with dif-
ferent thickness. We found the nomina {111} dif-
fractions could be detected very easily but cubic
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GaN (002) diffraction was unexpectedly weak. For
the sake of smplicity ,we did not take the twinning
into consderation in the calculation of phase con-
tent. However ,it might play a very important role
in the heteroepitaxy of GaN on (001) GaAs sub-
strate.

It is well known that the twin formation is a
very serious problem for the preparation of -
compound semiconductors®®'. Twinningin the dia-
mond cubic and zinc blende semiconductors can be
represented by a 60° rotation about the normal to
the {111} twinning planes and thus be easly ob-
served. Despite the importance of the problem ,rea
onable explanation for the features of twinning in
GaN grown on GaAs(001) has not yet been repor-
ted in literatures. It remains probably the most im-
portant problem in the epitaxial growth of GaN on
GaAs(001) substrate,especially for the low-temr
perature growth of buffer layer which is used as a
growth templet of the subsequently grown epitaxi-
al layer.

Studies by crosssectional transmisson elec
tron microscopy (XTEM) and high resol ution elec
tron microscopy (HREM) ™ ° of theinitial stages
of growth have been very useful inproviding struc
tural information about the heteroepitaxial growth
processes. However ,these techniques for the study
of orientation relationships are limited due to small
region detection. Moreover , sample preparation as
well as the evaluation are quite laborious. On the
other hand, X-ray diffraction (XRD) pole figure
measurements are nondestructive and can offer
phase identification and orientation relationship de-
termination. Some research groups’ ** have emr
ployed the XRD pole figure measurements to char-
acterize the film quality regarding preferential ori-
entations of the crystallites.

In this paper ,we study further the structural
characteristics of L T-MOCVD grown GaN buffer
layerson (001) GaAs by using synchrotron X-ray
pole figure and @ scan measurements. It provides
insghts into the underlying mechanism of GaN
buffer layer growth on (001) GaAs substrate.

2 Experiment

GaN buffer layers were depodted on GaAs
(001) by low pressure (10. 132kPa) MOCVD at a
low temperature of 530  which is the usua tem-
perature used to grow the buffer layer before the
high temperature epitaxial growth. Trimethylgalli-
um (TMG) and ammonia in Hz carrier gas were
used as Ga and N precursors, respectively. The
thickness of these buffer layers estimated from the
in dtu laser reflectivity measurements is about
60nm. These low-temperature MOCVD grown
buffer layers were then characterized ex stu by X-
ray diffraction pole figure measurements using syn-
chrotron radiation. An intense synchrotron source
was employed from B4 beamline at the Beijing Syn-
chrotron Radiation Facility (BSRF). The wave
length of theincident X-ray was set at 0. 154nm by
usng a S (111) monochromator.

3 Resultsand discussion

It has been reported that the cubic GaN (002)
diffraction of the MOCVD grown GaN/ GaA s(001)
buffer layers is extremely weak!" and even unde-
tectable'™ \whereas the { 111} diffraction could be
detected very eadly. In this study ,relatively thicker
buffer layers (thickness
further by using synchrotron radiation to get better
under standing of the phenomena mentioned above.
First of al ,we perform {002} polefigure measure-
mentson these GaN/ GaAs(001) buffer layers. Fig-
ure lisatypica experimental XRD {002} pole fig-
ure of these buffer layers. It can be seenin Fig. 1,
there are extra intensty maxima in addition to the
central cubic GaN (002) diffraction and the ani sot-
ropy of the intendty distribution is also obvious.
The weak central spot in the measured {002} pole
figure,with 2 3 orders of magnitude weaker than
that of the extra maxima ,indicates that the epitaxi-
ally aligned component of the asdeposted GaN
buffer layers with [001] orientation identical to

60nm) are investigated
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[110]

Fig.1 {002} XRD polefigure of the GaN/ GaA s(001)
buffer layers

that of the GaAs(001) substrateis very low. This
is the same as the result obtained from the XRD w-
scan analyss of GaN/ GaAs (001) buffer lay-
ers**™ We do not consider the cubic twinning in
the calculation of phase content in our previous a
nalyssi*! where we just point out that the rotation
about the normal to the {111} plane would weaken
the (002) diffraction. However , twinning might
play a very important role at the initial stages of
GaN heteroepitaxy on GaAs(001). The extra in-
tensty spots appear in the {002} pole figure (Fig.
1) are most probably due to the diffractions from
cubic twins. As before-mentioned ,twinning in zinc
blende semiconductors can be represented by a 60°
rotation about the normal to the {111} twinning
plane. Generally ,lattice plane (hkl) will change to
(h'K1') ater atwinning on the (HKL) twinning
plane ,and the new indexes can be expressed as

__2H
h =- h+H2+ K2+L2(Hh+ Kk + LI)
L 2K
k = k+H2+ K2+L2(Hh+ Kk + LI)
2L
" =- 1+ (Hh + Kk + LI)

H? + K+ L2

Thus ,pole figures in the presence of twinning
can be determined in principle. Figure 2 is the theo-
retically determined cubic GaN {002} pole figures.
Figure 2(a) shows the case of twinning of first or-
der.1-A and 1-B represent the twinning of first or-
der occurred on {111} A and {111} B planes of cubic

GaN matrix ,respectively. Obvioudy ,the measured
{002} polefigureis very different from Fig. 2(a).
S it would not be explained well if just the twin-
ning of the first order is consdered. Nevertheless,
the measured {002} pole figure is very smilar to
the theoretically predicted one in which twinning of
the second order is considered (Fig.2(b)) . In Fig.
2(b) ,2AA and 2-AB represent the twinning of
second order occurred on {111} A and {111} B
planesof 1-A GaN twins,respectively. Smilarly ,2-

X/(°)

Fg.2 Theoreticaly determined {002} polefigure con-
sidering twinning (&) Twinning of thefirst order ; (b)
Twinning of the second order

BA and 2-BB are the twinning of the second order
occurredon {111} A and {111} B planesof 1-B GaN
twins,regectively. It should be noticed that figure
1 can be explained satidactorily if {111} B planes
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are supposed to have a higher tendency to twin-
ning,i. e. the diffraction intensity from 2-BB is
much higher than the other twinning cases(Fig. 2
(b)) . Dudley et al. ™ investigated the influence of
polarity on twining in zincblende semiconductors
and found the nucleation of twins occurs preferen-
tially on {111} B faces. It seems the polarity of the
{111} facets emerged on (001) surface also affects
the growth-twin nucleation at the initial stages of
GaN growth on GaAs (001) substrates and the
twinning is prone to occurring on {111} B ,i. e. N-
terminated facets.

Then {111} @ scans are carried out by scan-
ning® from 0° to 360° with B fixed at 34 3° andX
at 55°. Figure 3 showsatypical {111} @ scan of the
low-temperature GaN buffer layers. As can be seen
in Fig. 3,{111} peaks of LT c GaN buffer layers
show a pronounced anisotropy and abnormal extra
peaks appear. In normal case without twinning ,on-
ly four peaks would appear every 90° ,correspond-
ing to theorderinginthefour 111 directions.But
the appearance of the four extra peaks near the
{111} A peaks at 45° and 135° needsfurther investi-
gation.
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Fig.3 {111}¢ scan withX at 55°

Therefore ,we have measured {111} pole fig-
uresfor the low-temperature GaN buffer layers by
fixing ® at 34 3°,then scanningX from 0° to 70°
and@ from 0° to 360°. Figure 4 is a representative
{111} XRD polefigure. The anisotropy inintensity
distribution is also obvious. There are extra inten-
Sty maxima besdes the normal four peaks at X =
55° with @ every 90°. As revedled in the {111} @

scan ,the extra maxima near the { 111} A peaks can
also beobservedinthe {111} polefigure. The extra
maxi ma cannot be explained completely by thefirst
order twinning. Figure 5 is the calculated {111}
polefigures (1-A ,2-AA ,etc. have the same mean-
ing as before) . Figure 5(a) isthe case of epitaxially
aligned GaN crystallites without twinning in which
only four peaks can be observed. Figure 5(b) isthe
case with the twinning of first order consdered,
there are 12 extra maxima besides the four peaks as
shownin Fig.5(a) . However ,only four spots cor-
responding to twinning of first order atX =16° can
be detected due to the tilt limiting in theX circle.
On the assumption of {111} B facets possess higher
tendency to twinning ,the {111} pole figure in the
presence of twinning of the second order is shown
in Fig.5(c) . Obvioudly ,if we superpose these three
polefiguresin Fig.5,we will obtain a {111} pole
figure very smilar to the measured one (Fig. 4) .
Therefore ,we conclude that twinning of the first
and the second order in GaN/ GaAs (001) buffer
layersis most likely responsblefor the extra maxi-
main the measured {111} polefigure (Fig.4).
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Fg.4 Measured {111} XRD pole figure of the GaN/
GaAs(001) buffer layers

4 Conclusion

GaN/ GaAs(001) buffer layers (thickness
60nm) grown by MOCVD have been investigated
by X-ray diffraction pole figure measurements u-
sing synchrotron radiation to better understand the
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growth features of heteroepitaxial GaN on (001)
GaAs substrates. Besdes the epitaxially aligned
crystallites their corresponding twins of first and
second order have been found in the X-ray diff rac-
tion pole figures. The observed twinning phenome-
na in nominal cubic GaN/ GaAs buffer layers are
probably responsble for the nearly undetectable
cubic GaN (002) diffraction and the high content
of hexagonal phasein this kind of buffer layersand
the consequently grown epilayer. The extraintens-
ty maxima in the pole figures shows that the
process of twinning plays a dominating role during
the growth process. It is suggested that the polari-
ty of {111} facets emerged on (001) surface would
affect the growth-twin nucleation at theinitial sta
ges of GaN growth on GaAs (001) substrates.
Compared to {111} A facets,{111} B facets would
show a higher tendency to twinning.
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