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Preparation of GaN-based cross-sectional TEM specimens by laser lift-off
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Abstract

Laser lift-off (LLO) technology is successfully used to prepare GaN-based TEM cross-sectional specimens. Detailed procedures of the
method to prepare the specimens are demonstrated. Large thin areas suitable for TEM analysis were obtained. TEM images of the resulting
GaN interface are studied, and the changes in structural quality are confined to approximately the first 250 nm of the epilayer. Clear TEM
images of the whole epilayer and the InGaN quantum wells and the HRTEM images of the superlattice layer are demonstrated, showing that

LLO is a quick and ideal method to study the crystal structure of the epilayer, especially if only the upper layers are of interest.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

In the past several years, the prospect of using GaN and
related alloys in electronic and optoelectronic devices has
drawn the attention of scientists and engineers alike (Pearton
et al.,, 2000). Despite the remarkable success of these
materials to date, significant problems remain in the creation
of GaN-based materials with high crystal quality. Due to the
different properties between GaN-based materials and the
substrates used, a high density of defects is introduced in
the GaN-based epilayer. The crystal defects greatly influence
the properties of these materials and their related devices.
Much attention has been paid to the crystal defects in these
materials. For instance, TEM and EDX have been widely
employed to study the defects and to analyze the composition
of different layers in the GaN-based epilayer.

Additionally, there are several major problems in
preparing GaN-based TEM samples due to the hardness
and mechanical instability of the sapphire substrates, which
are the most widely used. First of all, since sapphire is very
hard, cutting, polishing, dimpling and sputtering times are
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very long. Secondly, sapphire is easy to crack. It may crack
during any step of the above mentioned preparation
procedures. Thirdly, during the long process of sputtering,
the copper support ring and the glue are readily sputtered
away. So, it is really ideal to lift the sapphire substrate off
without introducing obvious crystal quality degradation.

Recently, Kelly et al. (1996) and Wong et al. (1998)
demonstrated a laser lift-off (LLO) technique with which the
GaN-based epilayer and the sapphire substrate can be
separated. Their method takes advantage of the different
bandgaps of GaN (3.4 eV) and sapphire (8.1-8.3 eV) to
locally decompose nitride materials at the interface between
the nitride films and the sapphire substrates. Stach et al.
(2000) have studied the lifted-off membranes by cross-
sectional TEM. They prepared their sample with seven free-
standing membranes originally deposited by HVPE to a
thickness of 7 um. In our experience, very thin free-standing
GaN-based membranes readily crack and are very difficult
to handle. Due to their serious mechanical instability, it is
very difficult to adjust the membranes if they are glued in
place, which is a necessity to ensure that observations are
along desired directions.

In this work, we demonstrate a new method to prepare
GaN cross-sectional TEM specimens by laser lift-off.
We characterize the structural integrity of the lifted-off
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films and demonstrate that only slight crystal quality
degradation is induced near the irradiated surface. Conven-
tional cross-sectional TEM images and HRTEM images are
presented. These images suggest that our method is nearly
ideal for GaN-based specimen preparation suitable for
cross-section TEM analysis, especially if only the upper
layers of the films are of interest.

2. Experimental procedure

The sample utilized here was a piece of InGaN multi-
quantum-wells (MQW) Laser diode (LD) wafer grown by
MOCYVD on a 430 pm thick sapphire substrate. The InGaN
LD structure consisted of a 25 nm GaN buffer layer, a 3 pm
thick layer of n-type GaN:Si, a 0.1 um thick layer of n-type
Ing.;Gag oN:Si, an Aly 14Gag g¢N:GaN strained-layer super-
lattices (SLSs) cladding layer consisting of 240 2.5 nm thick
Si-doped GaN layers separated by 2.5 nm thick undoped
Alg14Gag ggN layers, a 0.1 um thick layer of Si-doped GaN,
an Ing ;5Gag gsN:Ing oGag ogN MQW structure consisting of
four 3.5 nm thick undoped Ing;5GaggsN well layers
forming a gain medium separated by 10.5 nm thick Si-
doped Ing ,Gag ogN barrier layers, a 200 nm thick layer of
p-type Alg,GapgN:Mg, a 0.1 pm thick layer of Mg-doped
GaN, an Alj 14Gag gsN:GaN SLS cladding layer consisting
of 120 2.5 nm thick Mg-doped GaN layers separated by
2.5 nm thick undoped Al 14Gag gsN layers and a 0.05 pm
thick layer of p-type GaN:Mg.

The 8 mm X7 mm wafer sample was mounted face down
on a 12 mm X 10 mm X 0.8 mm piece of silicon wafer with
epoxy. The pieces were clamped together and heated to
solidify the epoxy. The sample was then irradiated from the
backside of the sapphire substrate with a KrF excimer laser.
The photon energy (5.0eV) is less than the bandgap of
sapphire (8.1-8.3 eV) but larger than the bandgap of GaN
(3.4 eV). The laser pulses thus pass through the sapphire
substrate and are absorbed at the interface between the GaN-
based epilayer and the sapphire substrate. The laser irradiation
induced the decomposition of the interfacial GaN into Ga and
N, gas with a single 600 mJ/cm? laser pulse. The entire sample
was transferred by rastering a 0.01 cm?® spot across it. The
sapphire substrate was then removed by heating the sample in
40 °C to melt the Ga-rich interface. A thin Ga-rich layer on the
surface of the exposed interface was easily removed with a 1:1
solution of HCI and deionized water.

The Si/adhesive/GaN structure specimen was then cut
into 2.5 mm X 4 mm pieces (Fig. 1). A piece of the specimen
was then bonded to another one by epoxy. The sample was
subsequently clamped and heated to solidify it, forming a
stable Si/adhesive/GaN-based membrane/adhesive/GaN-
based membrane/Adhesive/Si structure. Then the sample
was cross-sectionally cut into 0.5 mm thick pieces. One
piece of the samples was mounted on a steel holder with low
melting point wax, and then wet polished below 20 um with
progressively finer grit diamond lapping films. The film

Fig. 1. The Si/adhesive/GaN structure specimen prepared by laser lift-off.

mounted on the holder was carefully glued to a copper ring
with epoxy, leaving the hole of the ring uncontaminated by
the epoxy. The holder was heated to solidify the epoxy and
to melt the wax. Then the sample was carefully removed
from the hot holder to filter paper, where the wax was
removed with alcohol. The sample was then ion milled from
both sides. Milling was done for about 50 min at a voltage of
5kV and a current of 22 pA, with a tilt angle of 10°.
Because the thick and hard sapphire substrate was
substituted with Si, the whole preparation time was greatly
reduced and the possibility to successfully prepare a
specimen was enhanced. The TEM investigation was
carried out on a Tecnai F30 operated at 300 kV.

3. Result and discussion
Successful TEM specimens of the InGaN LD epilayer

were obtained with large thin areas suitable for TEM
observation. Fig. 2 shows the cross-sectional bright field

Fig. 2. Cross-sectional bright field TEM image of the InGaN LD films. The
arrow indicates the epoxy gap between the newly created GaN surfaces.
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