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Characteristics in the motion of dislocations generated from scratches in GaAs doped with In at a 
concentration of 2 X 1020 atoms/cm3 are investigated and are compared with those in undoped 
GaAs. a dislocations in In-doped GaAs are found to be immovable under stress lower than 10 
MPa in the temperature range 350-750·C. Such immovability under low stress is not found for f3 
dislocations in In-doped GaAs and for both a and f3 dislocations in undoped GaAs. 

GaAs is attracting keen interest as the material for high­
speed and optical devices. Owing to its softness in mechani­
cal strength, bulk crystals of GaAs grown by the boat tech­
nique or the liquid encapsulated Czochralski (LEC) 
technique are usually dislocated at densities of about 104-105 

cm - 2. Dislocations act as effective gettering centers for im­
purities and microdefects around them and cause spatial in­
homogeneities in electrical and optical properties of a crys­
tal. Thus, GaAs crystals free from dislocations or with 
dislocations of extremely low densities are required in device 
production. It has been reported that doping with certain 
impurities is effective in reducing the density of grown-in 
dislocations. 1 Jacob et al. 2 have shown that the density of 
grown-in dislocations in a GaAs crystal is greatly reduced by 
the doping of isovalent impurity In at a concentration as 
high as an order of 1020 atoms/cm3

. The Nippon Telegram 
and Telephone group has succeeded in growing dislocation­
free crystals of GaAs 2 in. in diameter by the LEC technique 
with the doping ofln of the above concentration and protect­
ing the surfaces of the grown crystals from evaporation of As 
at high temperature. J The measurement of the dislocation 
mobility in In-doped GaAs crystals has been done by Matsui 
et al.4 and no detectable difference in the dislocation veloc­
ities has been found between un doped GaAs and In-doped 
GaAs. This seems to suggest that In atoms dissolved in a 
GaAs crystal do not offer appreciable resistance to the dislo­
cation motion. On the contrary, we have found a remarkable 
difference in the dynamic characteristics of dislocations in 
undoped GaAs and In-doped GaAs. This letter reports such 
characteristics. 

Specimens were prepared from two kinds of crystals: 
one is an undoped crystal grown by the boat technique with 
impurity Si at a concentration of order of 1013 atoms/cm3 

and the other a crystal doped with In at a concentration of 
2X 1020 atoms/cmJ grown by the LEC technique. Speci­
mens were in a rectangular shape approximately 2 X 3 X 15 
mm3 in size and with the long axis along [I TO] and the top 
and side surfaces parallel to (III) and (112), respectively. 
The surface of the specimen was finished by chemical polish­
ing with a reagent of 3H2S04 : 1 H 20 2 : 1 H 20 at 70-80 ·C. 

A scratch was drawn on the (I I I) or (TIT) surface of 
the specimen along the [1 TO] direction at room temperature 
with a diamond stylus. Such a scratch acted as a preferential 
generation center for dislocations upon stressing the speci-

men. The specimen was stressed at elevated temperatures by 
means of three-point bending with the bending axis parallel 
to the [112] direction in a vacuum better than IO- J Pa. 
Usually, the bending direction was such that the As (HT) 
surface was in tension. The displacement of dislocations gen­
erated from the scratch during the stressing was determined 
by the observation of dislocation etch pits on the As (HT) 
surface developed by the RC-l etchant. 5 The type of disloca­
tions under observation was determined by following the 
technique adopted by Mihara and Ninomiya. 6 

The distance traveled by the leading dislocation in an 
array of dislocations generated from a scratch during a given 
stress pulse was measured as the measure of the mobility of 
dislocations. Such arrays of dislocations developed by stress­
ing are shown in Fig. 1. In the undoped crystal both a and f3 
dislocations are observed to move at 450 ·C under any stress 
down to about 1 MPa. The travel distance of a dislocations 
under any stress is found to be much larger than that of f3 
dislocations, showing that a dislocations move more easily 
than f3 dislocations. This result is consistent with the data 
published so far by other authors. 7-1 0 The travel distances of 
both a and f3 dislocations in the In-doped crystal under a 
shear stress of 20 MPa at 450·C during a given stressing 
duration are smaller than those in the undoped crystal by a 
factor of about 2. Also in this case, the mobility of a disloca­
tions is found to be higher than that of f3 dislocations. An 
interesting fact is found when the applied stress is low. 
Namely, a dislocations generated from the scratch show no 
displacement under stresses lower than 10 MPa at 450 ·C 

n 

FIG. \. Etch pits of dislocation arrays emitted from a scratch in an In-doped 
GaAs crystal. 
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FIG. 2. Travel distances of a andp' dislocations at 450'C in the central part 
of the specimen plotted against the stressing duration under shear stresses T 

of 20 and \0 MPa. (a) Undoped GaAs; (b) In-doped GaAs. 

while fJ dislocations are observed to move under the same 
condition. 

Figures 2(a) and 2(b) show the distances traveled by 
leading dislocations of a andfJ types at the central part ofthe 
specimen plotted against the stressing duration for the un­
doped and the In-doped crystals, respectively. The magni­
tudes of the stress shown in the figure are those of the shear 
stress at the center of the specimen. The data points located 
on the top of the figure mean that the dislocations generated 
from the scratch have left the specimen. The slope of the 
curve may be regarded as the apparent velocity ofthe leading 
dislocation. 

Figure 3 shows how the distance traveled by the leading 
dislocation of a type varies along the length of the specimen 
in the undoped and the In-doped crystals when the maxi­
mum stress at the specimen center is 20 MPa at 450°C. The 
stressing duration is 15 s for the undoped crystal and 30 s for 
the In-doped one. In the bottom of the figure the variation of 
the shear stress along the length of the specimen is shown. 
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FIG. 3. Variations in the travel distances ofleading a dislocations at 450'C 
along the specimen length in the undoped and In-doped GaAs. The lower 
part of the figure shows the variation of the applied shear stress. 

The stress decreases linearly with the distance from the 
specimen center. The variation of the travel distance along 
the length is quite different between the undoped crystal and 
the In-doped crystal. The motion of a dislocations in the In­
doped crystal is known to be impeded drastically under low 
stresses. They are practically immobile under stresses lower 
than 10 MPa. Such immobilization under low stresses is not 
observed for fJ dislocations. The above characteristics in the 
dislocation motion have been observed commonly over the 
temperature range 350-750 °C that is adopted in the present 
investigation. The details of the results of measurements on 
dislocation mobility in the In-doped GaAs crystal in com­
parison with those in the undoped crystal or in crystals 
doped with other kinds of impurities will be published else­
where soon. 

Dislocation immobility under a low applied stress in the 
presence of impurities has been found in silicon crystals 
doped with oxygen or nitrogen by means of in situ x-ray 
topography.' 1 The effect has successfully been interpreted in 
terms of locking of dislocations by impurities due to the de­
velopment of impurity clusters at the dislocation core. In the 
case of In-doped GaAs, only a dislocations suffer strong 
locking due to impurity In. Thus, it is natural to think that a 
dislocations in a GaAs crystal have strong interaction with 
In atoms by some means that is absent for fJ dislocations. 
Possibly, the core structure is important in developing clus­
ters of In atoms there. 

The density of dislocations in a GaAs crystal is thought 
to increase at the time of crystal growth mostly by means of 
multiplication of dislocations that are generated at some ir­
regularities in the grown crystal under thermal stress. The 
multiplication process needs the motion of all the types of 
dislocations included in a loop as easily visualized in the 
Frank-Read mechanism. If a dislocation of any orientation 
is immovable, the whole process does not work and leads to 
no increase in the dislocation density. We propose that the 
success in growing so-called dislocation-free crystals of In­
doped GaAs by the LEC technique is due to the pinning of a 
dislocations due to In atoms under a reduced thermal stress 
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that prevents the dislocation multiplication. 
This work has been supported partially by Special Co­

ordination Funds for Promoting Science and Technology 
from the Science and Technology Agency, Japan. The un­
doped crystal used in the experiments was supplied by Sumi­
tomo Electric Industries Ltd. to which the authors express 
their gratitude. 

'Y. Seki, H. Watanabe, and J. Matsui, J. Appl. Phys. 49, 822 (1978). 
'G. Jacob, M. Duseaux, 1. P. Farges, M. M. B. van den Boom, and P. J. 

328 Appl. Phys. Lett, Vol. 48, No.5, 3 February 1986 

Roksnoer, J. Cryst. Growth 61, 417 (1983). 
'H. Kohda, K. Yamada, H. Nakanishi, T. Kobayashi, J. Osaka, and K. 
Hoshikawa, J. Cryst. Growth 71, 813 (1985). 

4M. Matsui, T. Kazuno, and T. Yokoyama (private communication). 
'M. S. Abrahams, J. Appl. Phys. 35, 3626 (1964). 
oM. Mihara and T. Ninomiya, Phys. Status Solidi A 32, 43 (1975). 
7S. A. Erofeevaand Yu. A. Ossipyan, SOy. Phys. Solid State 15, 538 (1973). 
'V. B. Osvenskii, L. P. Kholodnyi, and M. G. Mil'vidskii, SOy. Phys. Solid 
State 15, 661 (1973). 

oS. K. Choi, M. Mihara, and T. Ninomiya, Jpn. J. Appl. Phys. 16, 737 
(1977). 

IOH. Steinhardt and P. Haasen, Phys. Status Solidi A 49, 93 (1978). 
"M. Imai and K. Sumino, Philos. Mag. A 47, 577 (1983). 

Yonenaga, Sumino, and Yamada 328 Downloaded 30 Aug 2011 to 130.34.134.250. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions


