
Lawrence Berkeley National Laboratory
Recent Work

Title
MEASUREMENTS OF THE CRITICAL RESOLVED SHEAR STRESS FOR INDIUM DOPED AND 
UNDOPED GaAs SINGLE CRYSTALS

Permalink
https://escholarship.org/uc/item/74j6783g

Authors
Tabache, M.G.
Bourret, E.D.
Elliot, A.G.

Publication Date
1986

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/74j6783g
https://escholarship.org
http://www.cdlib.org/


• 
t 
l 

.. 

. f 

Llc._-'d-5 
LBL-21105 
Preprint 

JUN 1 8 1986 

UBF1ARY AND 
DOCUMENTS SECTION 

Submitted to Applied 
Physics Letters 

MEASUREMENTS OF THE CRITICAL 
RESOLVED SHEAR STRESS FOR 
INDIUM DOPED AND UNDOPED 
GaAs SINGLE CRYSTALS 

M.G. Tabache, E.D. Bourret, 
and A.G. Elliot 

January 1986 

Lawrence Berkeley Laboratory 
University of California 

Berkeley, California 94720 

Prepared for the U.S. Department of Energy 
under Contract DE-AC03· 76SF00098 

--0 

(jl 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any wan·anty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



0 

- 1 -

Measurements of the critical resolved shear stress for indium doped and 

undoped GaAs single crystals 

M. G. Tabache and E. D. Bourret 

Center for Advanced Materia 1 s, Lawrence Berke 1 ey Laboratory, 

University of California, Berkeley, CA 94720 

A. G. Elliot 

Optoelectronics Division, Hewlett-Packard Corporation, San Jose, CA 

95131 

ABSTRACT 

Direct measurements of the critical resolved shear stress of 

undoped- and i nd i urn-doped GaAs single c rys ta 1 s at high 

temperatures have been performed using dynami ca 1 compression 

tests. At the melting point the critical resolved shear 

stress of ·GaAs: In is only twice that of undoped GaAs. At low 

temperatures, the activation energy for the motion of 

dislocations is not affected by indium doping. From these 

findings we conclude that crystallographic glide is not the 

only cause of dislocation formation in these GaAs crystals and 

solution hardening is not responsible for the reduction in 

dislocation density in GaAs:In. 
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It has been suggested that dislocations in GaAs originate from 

crystallographic glide induced by excessive thermal stress associated with 

crystal growth. 1 -
3 Critical resolved shear stress (CRSS) values at the 

melting point on which these theories are based were estimated, by 

extrapolation of measurements at low temperatures, and vary in a broad 

range (from 7 to '60g mm-2
)

3
'

4 for undoped GaAs crystals. It has also been 

found that dislocation densities can be drastically reduced by intentional 

additions of dopants, in particular, indium. 5 However, the effects of 

isoelectronic dopants on the CRSS of GaAs have not been experimentally 

studied. It was suggested that doping with In increases the CRSS of the 

crystals. Duseaux and Jacob 6 
· were the first to report experimental 

results from crystals grown under known thermal stresses.·· They were able, 

in· some instances, to grow undoped and doped GaAs crystals with low 

dislocation densities under stresses 30 to 200 times higher than the 

published 3
'

4 estimated values of the CRSS. These results point to an 

important need for precise values of the CRSS at the melting point for 

doped and undoped GaAs crystals in order to understand the mechanisms for 

dislocation formation in GaAs and the role played by dopants. 

This 1 etter reports the first direct experimental measurements of 

the CRSS at high temperatures (350°C to 1100°C) for undoped and indium 

doped GaAs single crystals. The crystals used in this study were grown by 
' 

the liquid encapsulated Czochralski technique. All were grown under 

identical conditions in order to minimize differences in native defect 

concentration, stoichiometry, and residual stress that might influence the 

deformation behavior. The characteristics of the crystals used (including 

dopant concentration, average electrical resistivity and etch pit density) 

are shown in Table I. 

• 
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The specimens for the deformation tests were cut into prisms with 

square bases. The long axis oriented along the <321> direction was used 

as the compression axis so that deformation occurs by glide in a single 

slip system, in this case (lll} <10l>. The Schmid factor for this slip 

system is ll = 0.4667. The samples were carefully checked for perfect 

polish of the side faces and parallelism of the end faces, both being 

important factors for the uniformity of the deformation. 7 A schematic of 

the experimental setup is shown in Figure 1. The fixtures were built to 

fit a universal testing machine (Instron 1122}. For T < 800°C, the 

sample rests directly on the fixed Al 0 rod. For T > 800°C, the sample 
2 3 

is placed in an Al 0 crucible and held strain-free in the upright 
2 3 

position by a boron nitride ring. Sample and ring were then encapsulated 

with B 0 to prevent As loss. The use of liquid B 0 with a high hydroxyl 
2 3 2 3 

content (1200 ppm),_ which lowers its viscosity, was found to have no 

effect on the deformation tests. A nominal strain rate of i = l0-4 s-1 

was used for all tests. 

The experimental curves, obtained as load on the sample versus time, 

were transformed into resolved shear stress versus percentage glide 

strain. Figure 2 represents typical stress-strain curves for GaAs:In 

tested at different temperatures. A yield e 1 ongation stage is sometimes 

observed at the lower yield point which is attributed to inhomogeneous 
' 

slip. 8 Values of strains at the yield points decrease with increasing 

temperatures. The lower yield point of the stress-strain curves obtained 

under dynamical compression was chosen as a valid estimate of the CRSS for 

slip.
3

'
9

'
10 

An expression for the lower yield stress {'r9.y) has been 

derived from the yield point theory 8 as: 

(2 + m)-1 

Tg_y = Ci exp(E/(m + 2}kT) ( 1 ) 
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where C is a function of the strain rate, m is a kinetic factor 

characterizing the dependence of the dislocation velocity with stress and 

E is the activation energy for the motion of dislocations. Experimental 

values of the lower yield stress versus inverse temperature is shown in 

Fig. 3 for undoped and indium doped GaAs. The straight lines obtained by 

least-square fit were used to determine E/(m + 2) and the values of the 

CRSS at the melting point .. The results are ·summarized in Table II. 

Statistical analysis of the experimental data obtained from a large number 

of samples have shown that the values for -rll.y (or CRSS) are reproducible 

within ±12%. The value found of CRSS for undoped GaAs, 41 gm mm-2
, is 

consistent with that previously reported. 1
'
11 ForT> 390°C, the CRSS of 

GaAs:In is higher than that of undoped GaAs, while at lower temperatures 

it is lower. At the melting point, the CRSS of GaAs:In is only twice that 

of undoped GaAs. This increase is much too small to explain dislocation 

density reduction through reduction of crystallographic glide. It ·indeed 

indicates that crystallographic glide induced by thermal stresses is not 

the only cause for dislocation formation in GaAs. We suggest that indium 

doping inhibits dislocation formation by modifying the thermodynamic 

equilibrium of native defects. This modification, however, does not 

drastically increase the CRSS as previously suggested. 6 Rather, it 

appears to affect the formation of dis 1 ocati ons through the condensation 

and interaction of point defects. 

From· the slopes of log(-r
1

Y) versus 1/T, which equal E/(m + 2), we 

can obtain a value of the activation energy for the motion of the 

dislocation. The value of kinetic factor m for GaAs:In has not been 

reported; however, it can be estimated 12 to be 2.1 for a stress range 2-5 

J 
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kg mm-2
• This corresponds to the stresses incurred for temperatures below 

350°C. We then obtain for GaAs:In E = 1.23 eV. By using 1.2 < m < 1.6 

for the same stress range 7
'
13

'
14 for undoped GaAs, we calculate 1.18 eV < 

E < 1.33 eV. These approximate values indicate that In doping has very 

little effect, if any, on the average motion of freshly introduced 

dislocations at low temperatures. A similar conclusion was drawn in 

Ref. 11, where the authors found the same activation energies for the 

motion of ~ and ~ dislocations in both undoped- and indium-doped 

samples. Note that a high concentration of an isoelectronic dopant in 

silicon and germanium also resulted in no substantial change in the 

activation energy for dislocation motion. 15
'
16 It is not possible to 

determine the activation energy for the motion of dislocations at higher 

temperatures since the values of the parameter m have not been measured at 

1 ow stresses. However, the present resu 1 ts for 1 ow temperatures confirm 

recent conclusions 17 that indium doping does not reduce dislocation 

formation by simple solution hardening as had been proposed. 18 Solution 

hardening involves pinning of the dislocations at the solute location and 

should reduce their velocity. Electron microscopy studies of the deformed 

samples as well as precise measurements of dislocation velocities at high 

temperatures are now underway for further investigations of these results. 

In summary, dynamical compression tests at high temperature have 
' 

been performed for the first time on indium doped and undoped-GaAs single 

crystals. The results show that the CRSS of indium doped GaAs samples 

{[In] = 2.9 x 1019 cm-3
) is twice that of undoped GaAs. Indium doping, 

at the concentration used for this study, does not affect the activation 

energy for the motion of dislocations at temperatures below 350°C . . 
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TABLE I. Characteristics of the GaAs crystals .used for this study. 

Crystal Dopant concentration 

(cm-3
) 

undoped GaAs 

(RD2-301) 

GaAs: In 

(H276) 

N/A 

Average Etch pit density 

Resistivity (Q•cm) (dislocation density) 

7 X 106 2000 - 3000 

].8 X 10 7 0 - 100 
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TABLE I I. Va 1 ues of the CRSS at the me 1 ti ng temperature of GaAs and 

values of E/(M + 2). 

Crystal 

undoped GaAs 

(R02-301) 

GaAs: In 

(H276) 

Tly (or CRSS) 

(g mm-2) 

41 ± 5 

82 ± 10 

E/(m + 2) 

(eV) 

0.37 ± 0.02 

0.30 ± 0.01 

,, 
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FIGURE CAPTIONS 

FIG. 1. Schematic of the experimental set-up for the compression tests. 

FIG .. 2. Resolved ~hear stress versus percentage glide strain obtained from 

dynamic compression of indium-doped GaAs at various temperatures. 

FIG. 3. Experimental values of the lower yield stress versus inver~e 

temperature for undoped and indium-doped GaAs. 

' 
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