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1. Introduction

Aims of the investigations:
Description of indentation induced dislocations and cracks in GaAs and GaN
Correlation between dislocations and cracks

Different mobility of a- und p-dislocations in GaAs

P.D. Warren, P. Pirouz, S.G. Roberts: Phil. Mag. A 50 L23 (1984).

Anisotropy of cracking in GaAs

F. Bergner, U. Bergmann, M. Schaper, R. Hammer, M. Jurisch: Materialprifung 43, 117 (2001).

Few results of dislocation formation and propagation in GaN
M. Albrecht et al.: J. Appl. Phys. 92 2000 (2002).

Crack formation in GaN in comparison to GaAs less investigated
M. D. Drory et al. : Appl. Phys. Lett 69 4044 (1996).

Practical application: mechanical processing of single crystals (e. g. sawing)
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2. Experimental

Generation of dislocations and cracks by indentation tests (Vickers)

Evaluation of indentations tests:

Measurement of diagonals lengths and crack lengths
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Vickers hardness: HV=X=1-854 q d=3-(d, +d,)

Relative crack frequency: n(F) = %
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Crack resistance: F: n(F)=0.5
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Fracture toughness: K. :0.018-( k j 52
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Rissbildung und Versetzungsaktivitat in GaAs und GaN




3. Investigation of (001) GaAs wafers

Investigation of (001) GaAs wafers produced by Freiberger Compound Material

Vickers indentations in tellurium-doped GaAs, load: 1.0 N

a) SE image, load: 1.0 N, diagonals in <110> directions
b) SE image, load: 1.0 N, edges in <110> directions
c) AFM image, 60 um x 60 uym, diagonals in <110> directions

Crack system in agreement with results of Bergner et al. 2001
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Investigation of carbon-doped (001) GaAs ([C] = 6.2 x 101> cm™3)
MHP 100 micro hardness tester, Vickers indenter, RT, load: 0.02to 1.0 N

Vickers hardness (0.1 N <F < 1.0 N):
A-direction: (5.84 + 0.22) GPa, B-direction: (5.93 + 0.23) GPa
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Model of crack formation: Loold . 1'
Different probability of crack seeds due to different dislocation mobilities

Subsequent crack propagation independent from particular <110> direction
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TEM analysis of dislocations in GaAs

TEM preparation of Vickers indentations in carbon doped GaAs

a) Multiple-beam bright-field and b) two-beam bright-field (g = 220) TEM images
of a Vickers indentation in GaAs:C, load: 100 mN, (indented at TUD), c) scheme

Two beam case: minimal contrast for dislocation with g-b =0

Dislocation arrangement: eight dislocations arms in the <110> directions:
four dislocations arms parallel to surface, four dislocations arms directed into the
crystal, each arms consist of two branches, agreement with Warren et al. 1984
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TEM analysis of dislocations and cracks in GaAs in plane view

Cracks at indentation corner Cracks at indentation edge

Multiple-beam bright-field TEM Multiple-beam  bright-field ~ TEM

image, Vickers indentation in image, Vickers indentation in
GaAs:C, load: 0.04 N GaAs:Te, load: 0.04 N
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Analysis of cracks and dislocations in cross section

Observation of cracks seeds on plane view TEM images difficult

Cross section investigation of a Vickers indentation in GaAs, load: 1.96 N,
view on a <110> cleavage plane: a) Light microscopy, b) CL image

Cracks and slip lines beneath the indentation in LM image
No single dislocations visible in the CL image
Crack seeds beneath the surface expected

Aim: cross section TEM investigation of Vickers indentation
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4. Investigation of (0001) GaN single crystals

Single crystalline (0001) GaN, Vickers indentations at room temperature,

0.02 N t0 4.90 N, 10 indentations per load and orientation

Series 45°, 0,98 N: e) LM image, f) CL image, g) SE image, h) scheme
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TEM and AFM investigations of GaN

Two-beam bright-field TEM image, £=<2110>
Vickers indentation, series 0°, load: 0.25 N
long dislocations segments parallel to surface
line contrasts in CL images correspond to

dislocation bands in TEM images

AFM image, (7,86 um x 7,86 um),
Vickers indentation, series 45°, load: 0.49 N

Slip lines inside the indentation visible

L[ZTTO]
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Mechanical properties and crack formation in (0001) GaN

a) Vickers hardness
Series 0°: (12.31 £ 0.38) GPa
Series 45°: (12.10 + 0.55) GPa

b) Crack resistance:
Series 0°: F.=0.36 N, Series 45°: 0.28 N

c) Avarage crack length:
c=cy,Fac,=17.58 ym and a = 0.660

d) Fracture toughness
Series 0°: (1.170 + 0.093) MPavm
Series 45°: (1.144 + 0.059) MPavm
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5. Summary

Results: replication of known results, broader experimental investigations
Aim: Determination of the effect of dislocations on crack formation

GaAs: Cross section preparations of indentations for KL and TEM

investigations

imaging of crack seeds, differences between A- and B-cracks
GaN:  More detailed investigations of dislocations and cracks

Determination of Burgers vectors

Cross section investigations of indentations
Investigation of (111) GaAs and comparison with (0001) GaN
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