Bulk Growth of GaN by HVPE
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Abstract

Bulk like GaN material (~3mm) was grown on the free
standing (FS) GaN layers by hydride vapor phase
epitaxial (HVPE). FS-GaN layers were obtained as a
result of high thermal stress built up between sapphire
substrate and the GaN layer during the cooling down
step, which resulted in spontaneous lift off of the GaN
layers. Bulk like GaN grown on FS-GaN exhibited good
structural and optical quality and the dislocation density
was in range of 10°-10° cm™.

INTRODUCTION

Bulk GaN substrates are still a big issue despite the
recent fast progress of this technology. Hydride vapor phase
epitaxy (HVPE) has proven to be an effective technique to
manufacture free standing (FS) GaN substrates. The approach
used by employing HVPE, is to grow thick GaN layers and
successively remove the substrate by the void assisted
method, laser lift off, or facet controlled epitaxial overgrowth
[1-3]. However, getting crack-free large size FS-GaN using
laser lift-off technique is not easy because of fracturing of
GaN during the laser irradiation. On the other hand FS-GaN
of high quality has been realized successfully by the void
assisted method and by facet controlled epitaxial overgrowth.
However, these methods require complicated processing of
substrate prior to growth process and are time consuming.

In this presentation we report our results on bulk like
GaN material grown on FS-GaN substrates which were
obtained as a result of spontaneous lift off. The spontaneous
lift off and the properties of heteroepitaxial and FS-GaN and
bulk like GaN material are discussed and presented.

EXPERIMENTAL

In this study, crack-free layers of thickness between 200-
350pm were grown initially directly on the sapphire substrate
by an optimized process [4]. All the layers were grown in a
horizontal HVPE reactor. The description of the reactor is
given elsewhere [4]. Afterwards, these layers were used for
overgrowth. However, due to high built up of stress between
sapphire substrate and the GaN layer, FS-GaN was obtained
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in considerably big pieces, i.e. (20x15)mm. The lift off
process was completely spontaneous and involved no prior
processing of the substrate or special step during the
deposition process. The thickness of FS-GaN layers was
between 400 to 650um. These thick FS layers were used to
grow bulk like GaN by HVPE as well (~3mm thick).

In order to understand the spontaneous lift off
phenomena, and to study the properties of heteroepitaxial,
FS-GaN and bulk like GaN, samples were characterized and
studied by different techniques. Differential interference
contrast optical microscopy (DIC-OM) and scanning electron
microscopy (SEM) was employed to study the morphology,
etch pit density and the cross-sections of the samples. Optical
quality was determined by the contactless electro-reflectance
(CER)- and photoluminescence (PL) spectroscopy. The
structural quality was checked by recording the symmetrical
(002) and anti-symmetrical (105) rocking curves (RC) by
high resolution X-ray diffraction (HR-XRD) and the stress in
the layer was probed by the micro Raman (p-Raman)
spectroscopy.

RESULTS AND DISCUSSION

To find the origin of spontaneous lift off, cross-sectional
SEM, CER- and PL spectroscopy were performed on as-
grown heteroepitaxial layers (300um). The results revealed
that the lift off is from the GaN instead of from the sapphire
substrate.

These non processed Ga-face FS-GaN layers were
employed for the growth of bulk like GaN of thickness
ranging between Imm to 3mm by HVPE. The morphology of
this bulk like GaN is dominated by the polygonal shaped pits.
Recently Lucznik et al [5] has reported in similar work, the
presence of such pits in bulk like GaN and that these pits
always recur themselves in successive growth process even if
they were first polished away. In our case we also overgrow
on some polished samples and indeed these pits re-appeared
in the grown material.
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Fig.1. GaN grown by HVPE: a) 300um thick hetero-epitaxial layer grown on sapphire in single process, b) 400um-650um thick FS-GaN obtained as a result
of spontaneous lift off, ¢) Imm-3mm thick bulk GaN grown on FS-GaN, d) Image of 1.5mm thick bulk GaN crystal. Pit like defects are visible in the image.

In order to count the defect density, the samples were
etched in a eutectic solution of NaOH and KOH [6]. The
defect density in these layers was on average of the order of
10° cm™ and in some cases even 10°cm™. The structural
properties were studied by recording symmetric (002) and
non-symmetric (105) scans employing HR-XRD. Non
polished samples showed very wide and non symmetric
peaks; however the full width half maximum (FWHM)
values decreased when the same samples were measured
after polishing.
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