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Semi-Polar (11.2) GaN on m-Plane Sapphire by HVPE increases Optoelectronic Device

Performance

In the past decade, Group llI-nitride materials have been widely used for visible and ultraviolet
light emitting diodes and blue, violet laser diodes. Most of these optoelectronic devices are
typically fabricated on the conventional polar (0001) c-plane oriented substrate materials. Devices
grown on the polar substrate orientation suffer undesirable spontaneous and piezoelectric
polarization resulting in significant band bending in the quantum well. This reduces radiative

recombination efficiency and lowers device performance.

Now the technical team at Oxford Instruments-TDI, led by Dr. Alexander Usikov, has made
significant progress in solving this problem, and is working closely with a leading LED
manufacturer to fabricate these semi-polar GaN layer for optoelectronic devices. This would

increase radiative recombination efficiency and device performance.

In order to diminish these polarization effects, growth of GaN-related devices along semi-polar
and non-polar directions has been studied intensely. Using hydride vapour phase epitaxy (HVPE),
the team has grown high quality, semi-polar (11.2) oriented GaN on (10.0) m-plane sapphire with

an intermediate layer between the sapphire substrate and the GaN layer.

The semi-polar (11.2) GaN layers were grown in the temperature range from 930 to 1050°C in an
inert argon ambient at atmospheric pressure. Gallium and aluminum were used as metallic source
materials and hydrogen chloride (HCI) and ammonia (NH;) as the active gases for the HVPE
process. The epitaxial growth of GaN was performed at approximately 60m/per hour using an
intermediate layer deposited on m-plane sapphire followed by an undoped GaN layer. The

growth procedure results in high quality, semi-polar GaN layer with thickness up to 30 um.
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Figure 1 demonstrates the XRD w-scan rocking curve of symmetric

XRD intensity (counts)

3.0x10°

2 5x10° GaN (11.2) (11.2) reflex measured for a 2-inch (11.2) GaN/m-plane sapphire

2 0x10° wafer. The GaN layer thickness is about 25 pm. The XRD spectrum

1 5x10° has a full width at half maximum (FWHM) of 286 arc-sec, illustrating
s the high crystalline quality of the layer. The GaN layer also exhibits

1'0X102 smooth surface morphology with some macroscopic surface

>0x10 modulation.
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Figure 2 shows the optical micrograph (image width of 60 pm) of (11.2)

oriented GaN layer grown on m-plane sapphire.

Atomic force microscope (AFM) results show the rms surface roughness

of 3.7 nm for a 2umx2pum scan.
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Notes to editors

About Oxford Instruments plc

Oxford Instruments designs, supplies and supports high-technology tools, processes and solutions with a
focus on physical science, bioscience, environmental and industrial research and applications. It provides
solutions needed to advance fundamental nanoscience research and its transfer into commercial
nanotechnology applications. Innovation has been the driving force behind Oxford Instruments’ growth and



success for over 40 years, and its strategy is to effect the successful commercialisation of these ideas by
bringing them to market in a timely and customer-focused fashion.

The first technology business to be spun out from Oxford University over forty years ago, Oxford Instruments
is now a global company with over 1,300 staff worldwide and a listing on the London Stock Exchange (OXIG).
Its objective is to be the leading provider of new generation tools and systems for the Physical Science and
Bioscience sectors.

This involves the combination of core technologies in areas such as low temperature and high magnetic field
environments, Nuclear Magnetic Resonance, X-ray electron and optical based metrology, and advanced
growth, deposition and etching. Our products, expertise, and ideas address global issues such as energy,
environment, terrorism and health and are part of the next generation of telecommunications, energy
products, environmental measures, security devices, drug discovery and medical advances.

About Oxford Instruments Plasma Technology

Oxford Instruments Plasma Technology offers flexible, configurable process tools and leading-edge processes
for the precise, controllable and repeatable engineering of micro- and nano-structures. Our systems provide
process solutions for nanometre layer epitaxial growth of compound semiconductor material, etching of
nanometre sized features and the controlled growth of nanostructures. These solutions are based on core
technologies in plasma-enhanced deposition and etch, ion-beam deposition and etch, atomic layer deposition
and hydride vapour phase epitaxy. Products range from compact stand-alone systems for R&D, through batch
tools and up to clustered cassette-to-cassette platforms for high-throughput production processing.

TDI, a wholly owned subsidiary of Oxford Instruments, is a world leader in the development of Hydride
Vapour Phase Epitaxy (HVPE) processes and techniques for the production of novel compound
semiconductors such as GaN, AIN, AlGaN, InN, InGaN. Using TDI HVPE technology, Oxford Instruments can
produce templates for applications such as High Brightness Light Emitting Diodes (HBLEDs), Laser Diodes and
High Electron Mobility Transistors (HEMT).



