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Some of the present and future
applications of nitride semiconductors

Motivation

‘*Extended defects such as threading dislocations
(TDs), stacking faults (SFs) and partial dislocations
(PDs) in nitride semiconductors act as scattering
centres for light and charge carriers and thus severely
limiting the performances of electronic and
optoelectronic devices [1].

“*Developing the capability to analyse extended defects and determine their types and
densities rapidly, with negligible sample preparation and without damaging the material
under investigation, represents a significant step forward for the development of high

guality material and will accelerate the production of new devices.

**Using electron channelling contrast imaging (ECCI), coupled with the acquisition of

electron channelling patterns (ECP) in a scanning electron microscope (SEM), provides

such a capabillity.

Demonstrating electron channelling in a SEM

Origin of electron channelling contrast “In ECCI TDs appear as spots with
black-white (B-W) contrast [2].
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(a) Multibeam ECCI showing TDs, atomic steps
and (b) ECP, both acquired at 30 keV

» Scan angle

0) **The dotted circle highlights a dislocation with
a screw component and the dotted rectangle
highlights an edge dislocation. The cross on
the ECP marks the Pattern centre (PC).

‘sSpatial and depth resolution
of tens of nanometres

ldentifying dislocation types in c- plane GaN using electron channelling

*»ldentification of individual dislocation types Is

performance.

“*In many cases pure screw dislocations are the
most detrimental to device performance, thus
differentiating between pure screw and mixed
dislocations becomes important [3, 4].

“*ECP gives crystal orientation from which
crystal planes can be indexed.

necessary to understand the role of TDs on device

*Kinematical simulations are used for indexing

“* By choosing an appropriate crystal plane
for channelling and from the direction of the
B-W contrast, TD types can be identified [5].
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(a) Experimental ECP, (b) Dynamical simulation

of ECP and (c) kinematical simulation of ECP
for incident electron beam energy of 30 keV)

Two-beam ECCI and ECP revealing dislocation | |
types: (a) & (b) ECCI from the same part of the B-W contrast directions for screw (a-d), edge (e-f)
sample acquired at g of (31-4-3) and (-1-34-3), and mixed (g-h) TDs and possible directions of

respectively. (c) & (d) ECPs which correspond  the B-W contrast of screw (i), edge (j) and mixed . . .
dislocations (k) for a g of (3 1-4-3). The dotted red of mixed dislocations for a g of

to the ECCI shown in (a) & (b)

< The circle indicates a screw dislocation, e §
the rectangle an edge dislocation, and the
octagon a mixed dislocation. The black and
white arrows highlight the change of contrast
for sub grains when g is changed. The cross
shows the position of the PC, the black
dotted lines highlight the diffracting planes
and the red arrow shows the direction of g.

Six B-W contrast directions of edge

(b) dislocations for a g of (31-4-3)

Twelve B-W contrast directions

arrow denotes the direction of g (-1-34-3)

Sample structure (a) -

Multiquantum wells
5x (4 nm m-InGaN/16 nm GaN)

900 nm m-GaN Buffer

LiAlO, substrate

Imaging stacking faults and partial
dislocations

(a) High magnification ECCI of

electron image of the same area.

INg 0.Gay osN/GaN MQW, (b) secondary

Summary

It was demonstrated that ECCI is an ideal technique for rapid and non-destructive
guantification of TD and SF densities in nitride semiconductors when compared to the
presently available techniques.

“*For the c-plane GaN sample, the total TD density was estimated to be 3.6+0.2x108cm
with pure screw of 7% followed by 42% of mixed and 51% of edge dislocations.

“*For the m-plane GaN buffer layer, the TD density was estimated to be 2.1+0.3x10°cm-2
and assuming the BSFs propagate through the entire sample; their densities were
estimated to be =0.6x104cm-.

**In order to increase the reliability of ECCI analysis for BSF densities without any
assumptions, BSF number densities (area densities) were also estimated and were of the

%Ergg 3 [0 @E-- order of ®9x107cm-2 with a corresponding PD density of =1.8x10%cm-2.
fa2%l ig E% “*The TD density and the BSF number densities for an m-plane In, ,,Ga, sN/GaN MQW
: b3 SABAI BGBC 1 % | structure were found to be 2.5+0.3x10°cm~ and =9.5x10’cm-~ respectively.
i 330 - SEEET ECCI *+*ECCI may also be applied to other materials with the wurtzite crystal structure and can
»§'§§ ' § “ss showing be combined with other SEM based characterisation technigues such as
T Y $F .= ) b el cathodoluminescence imaging and electron beam induced current.
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