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Abstract

The recent development of blue and green light emitting diodes (LED) based on single quantum well structures made
from GaN and related materials (AlGaN, InGaN) has created many efforts to achieve a complete characterisation of
devices grown under various conditions. Here we report on CCM measurements on GaN thin films (¢=0.7-3.0 um)
grown by metal organic vapour phase epitaxy (MOVPE) and on 500 A InGaN films grown epitaxially on top of the
GaN thin films. The samples were analysed by broad beam channeling and channeling contrast microscopy (CCM),
using 1-2 MeV H' and He™ ions. Generally, very low minimum yields were found (ymi, =2-4%), indicating nearly
perfect crystal structures. The susceptibility to ion—beam induced damage was assessed by random and channeled 1
MeV He" irradiation and subsequent CCM analysis. CCM also revealed the presence pm-sized regions in the InGaN
films with increased In signal strength. The channeling PIXE data for 500 A thin films are found to be in excellent
agreement with the corresponding RBS results, allowing the determination of channeling yields of elements for which

RBS data is difficult to obtain. © 1999 Elsevier Science B.V. All rights reserved.

1. Introduction

The potential for the formation of devices op-
erating from the red to the UV region of the en-
ergy spectrum has attracted special attention to
GaN and related materials (e.g. InGaN and Al-
GaN) in recent years. Applications of short
wavelength photonic devices range from display
technologies and data storage to UV detectors.
Therefore many efforts to achieve a complete
characterisation of structures grown by various
techniques and under various conditions are made
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in order to optimise the device growth processes
[1-3].

Channeling contrast microscopy (CCM) used
with backscattering (BS) and proton induced X-
ray emission (PIXE) provides laterally resolved
information on the crystal quality of single crystal
and epitaxially grown samples, and the large re-
duction in the bulk signal also serves to increase
the sensitivity to non-substitutional impurities [4].
We have used CCM to investigate GaN and In-
GaN/GaN thin films grown by metal organic va-
pour phase epitaxy (MOVPE) on [000 1] oriented
Al,O; substrates. The relatively large beam flue-
nces used in CCM necessitate an assessment of the
beam damage produced. We report on damage
accumulation in GaN thin films for channeled and
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random implants of 1 MeV He*. Furthermore we
discuss preliminary results on micron sized regions
found in 500 A InGaN/GaN structures with in-
creased In signal intensity. Finally, channeling BS
and channeling PIXE data from these samples are
compared.

2. Experimental

The growth process is briefly described here,
details can be found in Ref. [5]. GaN thin films
were grown on [000 1] orientated sapphire (Al,O3)
by MOVPE. Trimethylengallium (TMGa), Tri-
methylenindium (TMIn) and NH; were used as
precursors. Prior to the deposition of the 0.7-3.0
pm thick GaN films at 1040°C, a 250-300 A thick
GaN buffer layer was grown at 530°C. A 500 A
InGaN layer was deposited on top of the GaN film
for a set of samples with different In mole fractions
and dopants (e.g. Zn, Si), at a growth temperature
of about 710°C in a N, and H, mixed ambience.

The measurements were carried out using the
nuclear microscope facility at the National Uni-
versity of Singapore [6]. For the micro-channeling
measurements a He™ and H™ beam of typically
100 pA were used. Channeling RBS spectra were
recorded with a 50 mm? PIPS detector of 12 keV
resolution at 160° scattering angle. PIXE spectra
were recorded with a 62 mm? Si(Li) detector at a
distance of 20 mm from the target. The targets
were mounted on a eucentric goniometer with a
24 mm translational range for both the x and the
y direction that allows rotations around the x and
the y axis with a resolution of 0.1 mrad. The
beam spot size was typically 1-2 pm for the CCM
measurements. The broad beam data was taken
in the same geometry, but the increased beam-
spot sizes of 300 um allowed currents of typically
1 nA.

3. Results and discussion
3.1. Beam damage

Fig. 1 shows the random incidence 1.5 MeV
proton backscattering spectrum of a 2.2 pm thick
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Fig. 1. Random and [0001] channeled 1.5 MeV H* back-
scattering spectra from a 2.2 pm GaN/ALO; sample, together
with the deconvolution of the signals from the elements present.
For Ga and N the surface energies are indicated.

GaN film on a Al,O; substrate, and its deconvo-
lution to the contributions from the different ele-
ments present, as calculated using experimental
non-Rutherford scattering cross-sections for N
and O by means of the BS simulation code SI-
MNRA [7]. The close agreement indicates that
proton backscattering is well suited for the anal-
ysis of samples a few um thick. Fig. 1 also displays
the [000 1] axially channeled spectrum with a ymi,
of 2% that indicates excellent crystal quality in the
surface region. The peak in the channeled spec-
trum near the GaN/Al,Os interface is due to the
amorphous GaN buffer layer mentioned above.
The GaN films did not show any contrast in axi-
ally or planar aligned CCM measurements.

The beam damage to the GaN crystal lattice,
both for random and channeled incidence of a 1
MeV Het beam, was assessed in the following
way: a 100x 100 pm? square was irradiated with a
fluence of 7.8x10'® He*/cm? with random inci-
dence, and a different region was irradiated with a
fluence of 7.4x10'® He*/cm? in a [000 1] axially
channeled geometry. Fig. 2 shows the CCM map
of the randomly irradiated region from a subse-
quent CCM measurement where PIXE and BS
spectra were simultaneously taken. A 1.5 MeV H*
beam was used in this analysis. Clearly both the
Ga-K X-ray yield and the backscattering yield
from the Ga (the integral over the Ga signal, see
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Fig. 2. 1.5 MeV H* backscattering CCM maps from the random implant. (a) The integral of the Ga backscattering signal is mapped.
(b) The Ga—K intensity is mapped. The gray-scale indicates intensity, darker regions have higher intensities.

Fig. 1, are markedly increased. Fig. 3 shows the
Ga-region of the BS spectra from both damaged
and virgin regions. TRIM [§8] results indicate that
the ‘end of range’ damage peak for 1 MeV He™ in
GaN is located at a depth of 2.3 um, below the
GaN/ALLO; interface, therefore the increased
backscattering yield throughout the GaN clearly
indicates that disorder was created in the GaN. No
channeling contrast was found in the region of the
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Fig. 3. The Ga-region in the channeled 1.5 MeV H™T back-
scattering spectra from damaged (full line) and undamaged
(dotted line) regions of the map in Fig. 2(a).

channeled irradiation. Fig. 4 shows the Ga region
of the BS spectra taken during the first and the last
20% of the channeled implantation. The spectra
are very similar, thereby confirming that only
negligible amounts of damage were produced.
These results indicate that CCM maps of GaN can
be taken without excessive damage to the lattice as
long as prolonged irradiation with random inci-
dence is avoided.
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Fig. 4. One MeV He™ [000 1] channeled spectra taken during
the 7.4x10' He*/cm? channeled implant. Spectra taken during
the initial 20% and the final 20% of the irradiation are shown.
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Fig. 5. Random and [0001] channeled 2 MeV He™ backscat-
tering spectra from 500 A Ing;GaygyN/GaN.

3.2. InGaN

Thermodynamic calculations predict the exis-
tence of a solid phase miscibility gap between InN
and GaN [9]. This might cause a phase separation
of InGaN into In-rich and In-poor regions, under
extreme conditions leading to the formation of In
‘islands’. This unstable nature is expected to play

an important role in the self-formation of quan-
tum dots of InGaN based structures [10]. It is also
of interest to understand possible growth condi-
tions for a controlled phase separation of InGaN.
Preliminary evidence for such a phase separation
was found in an undoped 500 A Ing; GaggN
sample. Fig. 5 shows the random and [000 1] ax-
ially channeled 2 MeV He™ RBS spectra of this
sample. Again excellent crystal quality is observed,
a ymin Of 2.2% was measured. Fig. 6 displays 2
MeV He™ CCM maps from this sample. Both the
RBS (Fig. 6(a)) and the PIXE In map (Fig. 6(b))
clearly show correlated regions of increased In
intensity. In non-channeled incidence the contrast
disappears. Experiments with a larger number of
samples are under way to clarify the nature of the
observed structures.

3.3. PIXE channeling

The poor depth resolution of PIXE limits the
usefulness of the channeling PIXE technique for
thick targets because yn;, values can be derived
only for an average excitation depth. For a thin
film however, similar y.,;, values are expected from
PIXE and RBS measurements [11]. This is dem-
onstrated in Fig. 7. Nine 500 A InGaN films were
used, with In mole fractions between 0.01 and 0.16
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Fig. 6. Two MeV He™ backscattering CCM maps the sample described in Fig. 5. (a) The integral of the In backscattering signal is
mapped. (b) The In-L X-ray intensity is mapped. The gray-scale indicates intensity, darker regions have higher intensities.
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Fig. 7. Comparison of the PIXE and RBS channeling yields
measured for Ga and In from nine InGaN/GaN samples.

and other growth conditions varied, leading to
widely varying ymi, values. Two MeV He™ broad
beam channeling measurements were carried out,
simultaneously collecting PIXE and RBS spectra.
Fig. 7(a) shows the Ga PIXE yu, values as a
function of the Ga RBS yn, values, and Fig. 7(b)
shows the equivalent In data. In both cases a ‘total’
RBS ymin Was used, the integral of the region in the
spectra associated with the In or Ga in the InGaN
film. For the PIXE data, all In-L lines and the sum
of the Ga—K lines were used. The Ga data show a
linear correlation, but for low RBS and PIXE yy;,
values the PIXE data deviate from a straight line.
This is explained by the contribution to the Ga X-
ray intensity from the underlying GaN film.
However, the PIXE In y.;, values closely follow
the RBS data, with a slope close to unity and an
offset of 0.33%. PIXE channeling should therefore
enable one to obtain quantitative information on
the lattice position and crystal order of light ecle-
ments were RBS data is difficult to obtain, e.g. for
Al, Zn, and Si, which are commonly used as do-
pants in InGaN devices.

4. Conclusion

In conclusion, we have used the CCM mea-
surements to assess the GaN susceptibility to 1

MeV He* induced beam damage, and found that
negligible damage occurs for channeled irradia-
tions, while for random incidence the channeled
backscatter yield increases strongly at a dose of
7.8x 10, CCM was used to image regions of in-
creased In signal intensity, possibly indicating the
presence of phase-segregation effects. It was dem-
onstrated that channeling PIXE results correlate
closely to channeling RBS results for such films,
allowing the analysis of light elements were RBS
analyses might prove difficult.

References

[1] S. Nakamura, Solid State Commun. 102 (2-3) (1997) 237.

[2] R.D. Vispute, V. Talyansky, R.P. Sharma, S. Choopun,
M. Downes, T. Venkatesan, K.A. Jones, A.A. Iliadis, M.
Khan, J.W. Yang, Appl. Phys. Lett. 71 (1) (1997) 102.

[3] T.S. Cheng, C.T. Foxton, G.B. Ren, J.W. Orton, Yu.V.
Melnik, I.P. Nikitina, A.E. Nikolaev, S.V. Novikov, A.
Dimitiev, Semicond. Sci. Technol. 12 (1997) 917.

[4] M.B.H. Breese, D.N. Jamieson, P.J.C. King, Materials
Analysis Using a Nuclear Microprobe, Wiley, New York,
1996.

[5] G. Li, S.J. Chua, W. Wang, Suppression of thermal
convection and its effect on growth of GaN advanced
materials, Chem. Vapour Deposition 4 (5) (1998) 186.

[6] F.Watt, I. Orlic, K.K. Loh, C.H. Sow, P. Tong, S.C. Liew,
T. Osipowicz, T.F. Choo, S.M. Tang, Nucl. Instr. and
Meth. B 85 (1994) 708.

[71 M. Mayer, SIMNRA software package, Max-Planck-
Institut fiir Plasmaphysik, Boltzmannstr. 2, D-85748,
Garching, Germany.

[8] Ziegler, J.P. Biersack, U. Littmark, The Stopping and
Range of Tons in Solids, Pergamon Press, NewYork, 1985.

[9] 1.-H. Ho, G.B. Stringfellow, Appl. Phys. Lett. 69 (1996)
2701.

[10] Y. Narukawa et al., Phys. Rev. B 55 (1997) 1938R.
[11] K.H. Ecker, Z. Quan, Th. Schurig, H.P. Weise, Nucl.
Instr. and Meth. B 118 (1996) 107.



