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Abstract: The crystalline morphology such as domain texturing, lattice tilting in a thick aluminum nitride
(AIN) film grown on a trench-patterned a-Al,O; template was investigated using X-ray diffraction
measurements. The results clearly demonstrated that the trench-patterned template has a strong

influence on the crystalline morphology in the thick AIN film. The crystalline morphology is anisotropic
between the [1150] and []j_QO] directions. The AIN film contains several crystal domains, arranged
along the [1120] direction and tilted toward each other in this direction but parallel to each other in the
[1100] direction. These results can be attributed to the influence of the growth mechanism of the AIN film
on the trench-patterned a-Al,O; template and the elastic relaxation of strain along the growth direction.
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1. Introduction

Aluminum nitride (AIN) has attracted a significant
amount of research interest in undeveloped fields such
as deep ultraviolet light emitting diodes, lasers and high
frequency electronic devices because of its wide
bandgap energy of 6.2 eV [1-3]. Because of a lack of a
large area bulk AIN substrate, epitaxial growth of AIN
films on a-Al;O3 substrates are promising substitutes. o-
Al>O3 substrates have been used for growing AIN films
because: (1) a-Al:O3 and AIN have similar crystal
structures, (2) their lattice and thermal mismatches are
small, and (3) a-Al,Os is cheap. Additionally, the use of
trench-patterned templates fabricated on a-AlxO3
substrates has been shown to improve the crystalline
quality of AIN films remarkably such as dislocation
density reduction and crack suppression [4,5]. As has
already been clarified in the previous report [5], the
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growth of the AIN films on trench-patterned templates
includes the epitaxial lateral overgrowth (ELO) at the
terrace, nucleation at the trench, and merging of the
grown crystals. Because of this complicated crystal

growth mechanism, there might be some crystalline
morphology variations such as domain texturing and
lattice tilting fluctuation in the films, which is still
unclear at present.

The elucidation of the crystalline morphology of
AIN films will allow us to not only understand the
detailed mechanisms of crystal growth, but also propose
practical process schemes for growing high quality
crystalline AIN films. In this article, we investigate the
crystalline morphology of a thick AIN film epitaxially
grown on a trench-patterned a-Al,O3 template using X-
ray diffraction.

2.Experimental details

The sample fabrication process is shown in Fig. 1.
Firstly, as shown in Fig. 1(a), a trench pattern was

formed in the []iOO] direction and periodically arranged

in the [1120] direction on a a-Al,0s substrate using a

reactive ion etching (RIE) technique. The orientation of
the a-Al>Os substrate is [0001]. Trench depth was set at
1.5 um, while terrace and trench widths were both set at
2.0 um. The trench-patterned a-Al,O3 template was then
used as a substrate for AIN film growth. Finally, as
shown in Fig. 1(b), a 8.6-um-thick AIN film was grown
using a low-pressure hydride vapor phase epitaxy
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(HVPE) system with infrared lamps as heaters. The
growth pressure was 30 Torr and the growth
temperature range was about 1400-1500°C. NHs, Al,
and HCI were used as source materials. N, and H, were
used as carrier gases. Figure 1(c) shows a cross-
sectional scanning electron microscopy (SEM) image of
the thick AIN film grown on the trench-patterned o-
Al,O3 template. Here, it can be observed that the voids

form tunnels running along the [1100] direction over the

trenches and are arranged periodically in the [1150]

direction at 4-pm intervals. In addition, because the
cross-section of the AIN film is not smooth and flat, the
SEM image shows the nonuniform colour in the whole
AIN film.
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Fig. 1. Schematic diagrams of the sample fabrication
process: (a) a trench-patterned a-Al;O3 template; (b) a
thick AIN film grown on the trench-patterned a-Al;O3
template. (c) Cross-sectional SEM image of the sample.
The white dashed line indicates the interface between
the grown AIN film and a-Al,O3 template. VCR and TR
indicate void-containing trench and terrace regions
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Fig. 2. Diffraction geometries of XRD for AIN (0004)
Bragg reflections along the directions of (a) [1150] and

(b) [ﬂoo] . Ko and K are incident and diffracted X-ray

beams, respectively. @, 6, and « indicate an incident
angle of the X-ray beam with respect to the film surface,
the Bragg angle and the tilt angle of (0004) planes with
respect to the film surface, respectively

In order to clarify the crystalline morphology of the
thick AIN film such as domain texturing and lattice
tilting, 26-0 X-ray difraction (XRD) measurements
were performed using the Bruker D8 Discover system
and the symmetric AIN (0004) Bragg reflection. XRD
measurements were performed with two kinds of X-ray
beam incidences which were perpendicular and parallel
to the trench direction. Figures 2(a) and (b) show
schematic diagrams of AIN (0004) XRD measurements

in the [1120] and [1100] directions, respectively. The

wavelength and the probe size of the X-ray beam were
0.15418 nm, and 100 um x 100 pum, respectively.

3. Results and discussion

Figure 3 shows the results of 20-a XRD
measurements from AIN (0004) lattice planes. Here, the
tilt angle o of (0004) planes with respect to the film
surface is determined by the difference between Bragg
angle 6 and the incident angle o of the X-ray beam with
respect to the film surface. It can be seen in Fig. 3(a)
that the 26-a. map of XRD in the [1120] direction

comprises multiple diffraction peaks with differences
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seen in tilt angles and peak intensities. This indicates
that the AIN film contains several crystal domains,

arranged along the [1120] direction and tilted toward

each other in this direction. Howerver, these multiple
diffraction peaks have almost the same value of 20. This
reflects that the difference in crystal constants of the
crystal domains in the AIN film is negligible. In

contrast, the 26-o. map of XRD in the [1100] direction

comprises a single peak, as shown in Fig. 3(b). This
indicates that the crystal domains in the AIN film are
parallel to each other in this direction. These results
demonstrate an anisotropic crystalline morphology of
epitaxial thick AIN films grown on trench-patterned o-
Al,O3 templates due to the anisotropy in structure of
trench- patterned templates.
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Fig. 3. 26-a maps obtained from XRD measurements on
AIN (0004) lattice planes in the directions of (a) [1120]

and (b) [1100]‘ Symbols 4, B, C, O, A’, B’, and C’
indicate main diffraction peaks

The above results can be attributed to the influence
of the complicated growth mechanism of the AIN film
on the trench-patterned a-Al,O3 template during HVPE
and elastic relaxation of strain along the growth
direction. As has already been clarified in the previous
report [5], there are four different types of AIN growth
at different locations on the trench-patterned a-Al.Os
template shown in Fig. 4: (I) vertical growth from the a-
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Al>O3 surface in the trenches, (I1) lateral growth from
the sidewalls of the o-Al,Os terraces, (lIl) vertical
growth from the top of the a-Al,Os terraces, and (IV)
lateral growth from Region Il over the trenches. Figure

5 illustrates a simple model showing the tilting of AIN
(1150) lattice planes in Region IV near sidewalls of
Region Ill. Because of elastic relaxation of the

compressive strain component in the [1120] direction
along the [0001] growth direction [6], AIN (1120)
lattice planes in Region IV near sidewalls of Region 111
are tilted toward the [1120] direction [7]. As a result,
AIN crystal domains in Region 1V are tilted toward this
direction as indicated by the white arrows in Fig. 4. In
contrast, the AIN film grows uniformly in the [1100]

direction on the trench and terrace, reflecting that
crystal domains in the AIN film are parallel to each
other in this direction.

I o-Al, O,

Fig. 4. The growth mechanism model for a thick AIN
film on a trench-patterned a-Al,O3 template. The white
arrows indicate the c-axis orientation of crystal
domains with respect to the surface normal in different
growth regions
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Fig 5. A simple model showing the tilting of AIN (1120)

lattice planes in Region IV near sidewalls of Region IlI.
& and & indicate compressive strains along the
[1120] direction near the AIN/a-Al,0s interface and AIN

surface, respectively



ISSN 1859 - 4603 - UED Journal of Social Sciences, Humanities & Education, Vol 7. No.5 (2017), 14-17

4. Conclusion

We investigated the crystalline morphology of the
thick AIN film epitaxially grown on the trench-patterned
a-Al,03 template by using XRD measurements. The
results clearly demonstrated that the crystalline
morphology of the thick AIN film is strongly influenced
by the trench-patterned template. The crystalline

morphology is anisotropic between the [1150] and
[1100] directions. The AIN film contains several crystal

domains, arranged along the [1150] direction and tilted
toward each other in this direction but parallel to each
other in the []iOO] direction. The results can be

attributed to the influence of the growth mechanism of
the AIN film on the trench-patterned a-Al,O3 template
during HVPE and elastic relaxation of strain along the
growth direction. The anisotropy in the crystalline
morphology of the AIN film corresponds to that of the
trench patterned a-Al.O3 template. Therefore, in order to
reduce this anisotropy, symmetric trench-patterned o-
Al,O; templates can be expected to facilitate crystal
growth. In addition, an AIN buffer layer may be grown
on the a-AlO3; substrate in order to reduce the large
lattice tilting fluctuation in the AIN film.
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NGHIEN CUU HINH THAI HQC TINH THE CUA MANG DAY AIN CHE TAO TREN BE PUQC
TAO RANH a-Al,03 BANG NHIEU XA TIA X

Toém tat: Hinh thai hoc tinh thé nhuw céu' trdc mién, sy nghiéng mang trong mang tinh thé& nhéom nitrua (AIN) da duoc nghién clru
st dung cac phép do nhiéu xa tia X. Cac két qua cho thay dé tao ranh a-Al,O; c6 anh hwdng manh dén hinh thai hoc tinh thé cta
mang AIN. Hinh thai hoc tinh thé ciia mang AIN c6 tinh chét bat dang hwong gitva hai huong tinh thé [1120] va [1100] - Mang tinh thé
AIN bao gom mot vai mien sap xép theo huéng [1120] va nghiéng theo cac géc khac nhau doi voi hwdng nay. Tuy nhién, cac mien
tinh thé ctia mang AN lai dinh hudng song song nhau trong huong [1100] - Cac két qua nay la do &nh hudng clia co' ché phat trién
ctia mang AIN trén dé tao ranh a-Al,Os va s gidn dan héi cia bién dang doc theo hwéng phat trién clia mang.

Tir khéa: mang AIN; mién tinh thé; nhidu xa tia X; d& dwoc tao rénh; ché tao tinh thé.
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