Free-standing a-plane GaN substrates grown by HVPE
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ABSTRACT

A-plane free-standing GaN was grown on a-plane GaN templates by HVPE. A-plane GaN templates were grown on
r-plane sapphire by MOCVD with multilayer high-low-high temperature AIN buffer layers. A regrowth method was used
for growing GaN through HVPE. First, GaN was grown on a-plane GaN templates, followed by separating the a-plane
GaN film from r-plane sapphire using LLO. Then, the GaN films were regrown using HVPE. The resulting free-standing

GaN contained some voids, which causes to release the stress.
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1. INTRODUCTION

Recently, nitride-based optoelectronic devices have attracted attention. Because of wide band gap, nitride-based material
can be applied in visible or ultraviolet light-emitting diodes (LEDs)[1][2] and laser diodes (LDs)[3]. Conventionally, the
quantum well (QW) of LED or LD structures is grown on c-plane (0001) sapphire. InGaN/GaN or AlGaN/GaN structure
is usually used in QWs. Because c-plane GaN is polar face, QWs are grown on c-plane GaN that exhibits strong
electrostatic fields. The fields cause spatial separation of electrons and holes in the QWs[4]. The separation causes the
recombination ratio of carrier and influences the efficiency of optoelectronic devices[5]. This phenomenon is called the
quantum-confined stark effect (QCSE). The QCSE effect could be improved by growing QWs on semi-polar or

non-polar GaN. This has stimulated much research on a-plane GaN.

Because lattice constant of r-plane sapphire is similar to a-plane GaN, a-plane GaN is usually grown on r-plane sapphire.

Lattice mismatch causes dislocations or basal stacking faults (BSFs) for a-plane GaN grown on r-plane sapphire. These

dislocations increase the leakage current, thereby decreasing device performance. There are many techniques to reduce

dislocations or BSFs, such as flow-rate modulation epitaxy, lateral epitaxial overgrowth (LEO)[6][7], and sidewall lateral

epitaxial overgrowth (SLEO)[8]. The difference in thermal expansion coefficients of GaN and sapphire leads to a-plane
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GaN film crack during cool-down from growth temperature to room temperature. The epitaxial layers of GaN-based
devices have the same thermal expansion coefficient with free-standing GaN substrates. Therefore, GaN-based devices
grown on free-standing GaN substrates can diminish cracking. In addition to lattice constant of GaN matching with the
epitaxial layer of GaN-based devices, it can also reduce the dislocation density. Growing nitride-based devices on GaN
substrate can outperform sapphire[2]. Based on our research of using multilayer high-low-high temperature AIN buffer
layers for growing a-plane GaN on r-plane sapphire by metalorganic chemical vapor deposition (MOCVD)[9], we used
a-plane GaN film for the non-polar GaN template. We grew a-plane free-standing GaN using hydride vapor phase

epitaxy (HVPE) on a-plane GaN templates.

2. EXPERIMENT

Fig.1 shows the process of growth free-standing a-plane GaN. The a-plane GaN templates were growth using MOCVD
on r-plane sapphires. The a-plane GaN templates consists of three AIN buffer layers, which are a high-temperature AIN
bottom layer, a low-temperature AIN middle layer, a high-temperature AIN top layer. The high temperature AIN buffer
layer was grown at 800°C, and the low temperature AIN buffer layer was grown at 1000°C. The trimethylgallium
(TMGa), trimethylaluminum (TMALI), and ammonia (NH;) were used as precursors and hydride was carrier gas. The

2um a-plane GaN films were grown by MOCVD on the AIN buffer layer as a-plane GaN templates.

(a)

r-sapphire

(b) Growth GaN template

MOCVD-GaN
HT-LT-HT AIN

r-sapphire

(c) Growth GaN thick film
HVPE-GaN

MOCVD-GaN
HT-LT-HT AIN

r-sapphire

(d

separation

HVPE-GaN

MOCVD-GaN

HT-LT-HT AIN

r-sapphire

Figure 1 Process of producing a-plane free-standing GaN. (a) R-plane sapphire. (b) HT-LT-HT AIN buffer layer and 2um GaN grown
on r-plane sapphire using MOCVD. (c) First a-plane GaN grown on template using HVPE. (d) First a-plane GaN separated from
r-plane sapphire using LLO.
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The a-plane GaN thick films were grown on a-plane GaN templates using HVPE. GaN were formed by mixing GaCl and
NH; in HVPE system. The a-plane GaN thick films were used the two step growth methods. The first step, the growth
temperature was at 1000°C, and the growth pressure at 100 torr. The growth time was 40 minutes. The second step, the

growth temperature was at 1100°C, and the growth pressure at 100 torr. The growth time increased to 120 minutes.

After growth a-plane GaN thick films, we used the laser lift off technique to separate the GaN film and sapphire. The
laser is used the 355nm Nd:YAG laser. After laser lift off, the separated a-plane GaN films were call as “free-standing

a-plane GaN”.

3. RESULTS AND DISCUSSION

Fig.2 presents the optical image of free-standing a-plane GaN. From the image, we can observe the free-standing GaN is
not transparent crystal. The result is attributed to the surface is not much smooth. The surface morphology is shown in

Fig.3 by SEM images.

Figure 2 The optical image of free-standing GaN.

Fig.3 shows the SEM images of free-standing a-plane GaN. In the Fig.3(a), the SEM plane view of a-plane GaN, which
shows the stripes are along m-direction. The SEM tile and cross-sectional view are shown in Fig.3(b), which shows the
stripes are along m-direction more obviously. The growth rates in different orientation are +c-(Ga face), a-, m-
and —c-(N-face) in consequence for GaN. The N-face is a cliff, and the Ga-face is a gentle slope. Owing to the high
growth rate in HVPE system, the coalescence in m-direction is more obviously than growth using MOCVD system. In

the free-standing GaN surface, we can also observe the V-shape pits on the surface.
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From the SEM images, the cross-sectional morphology of free-standing a-plane GaN resembles the ELOG growth
method. Using the ELOG growth method can leave the voids to reduce the strain in the GaN films. In Fig3.(c) is the

SEM cross-sectional view, which shows the void in the a-plane GaN film. Thus, using the two step growth method can
produce the morphology which is similar to the ELOG. And we can reduce the process such as lithography or

evaporation.

Figure 3 (a) plane view (b) tile view and (c) cross-sectional free-standing GaN SEM images
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The Raman spectrum was used to observe the stress of a-plane GaN. The stress free GaN is 567nm™ in
Raman spectrum. We compared a-plane GaN before and after laser lift off. Before laser lift off, because the
lattice constant and thermal expansion coefficient are different with GaN and sapphire, the E2 high mode peak
of Raman spectrum of a-plane GaN is 567.53 nm™. Thus, which is compressive strain. After laser lift off, the
strain of free-standing a-plane GaN is relaxed, and the E2 high mode peak of Raman spectrum is 566.61 nm™.
The free-standing a-plane GaN is tensile strain. In the future work, we can homoepitaxial grow GaN on the

free-standing GaN to reduce the stress.

4. SUMMARY

The a-plane GaN was grown on a-plane GaN templates using HVPE. We use the HT-LT-HT AIN buffer layer to grow the
a-plane GaN templates by MOCVD. The free-stand a-plane GaN was obtained by laser lift off technique. From the SEM
images, the a-plane GaN surface is similar to the surface using the ELOG growth method. And we could find voids in the

a-plane GaN films, which can release the stress.
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