
FI Z I KA VOLUME 10 SUPPLEMENT 2, 1978 

Proceedings of the VI Yugoslav Symposium of tfie Physics 
of Condensed Matter, Krusevac, September, 18-22, 1978 

LATTICE DEFECTS nr QUENCHED p-TIPE GaAs 

S. Marie and M. Stoji6
Institute of Physics, Faculty of Science, Sarajevo 
"Boris Kidric" Institute of Nuclear Sciences, Belgrade 

Abstracts Thermal defects in p-type GaAs (free carrier concentra­
tion 2.2x1016 cm-3) have been studied. Defects created by
quenching from temperatures below 790 K, with formation energy 
of �=(0.6-0 •. §)eV, act as acceptors. By quenching from tempe­
ratures above ?90 K thermal defects are donors with the forma­
tion energy of �=1 .5eV. The acceptors induced below '790 K are_ 
considered as Cd atoms rearranged in crystals during the heating. 
Donors are explained as vacancy-impurity complex having dif­
ferent electrical activities in p-type GaAs (donor) and n-type 
GaAs (acceptors). 

1. Introduction

Physical properties of III-V semiconductors, particularly of GaAs, 
'have been studied extensively because of their application which 
increases rapidly. However, the effects of lattice defects on the 
properties of GaAs are far less known. For example, there are va­
rious explanations for the influence of Ga vacancies and As vacancies 
on the electrical properties, which are often considered to be ac­
ceptors or donors1 • 2,,). Because of such an uncertainty and having
in mind how important it is to know the real nature of defects we 
have taken the study of thermal defects in p-type GaAs as the aim 
of the present work. 

2. Experiment

Single-criistals of Cd doped p-type GaAs (free carrier concen­
tration 2.2xl0 6 cm-3) have been used in this work. The specimens 
of rectangular shape (18x2xl mm3) have been prepared by standard 
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technique (mechanical polishing end etching by solution of H2o,

30%H2o21conc.H2S0
4

=l:l1;). The same quenching procedure and measu­
ring technique have been used as in the case of n-type GaA/4). To 
prevent sample contamination during thermal treating the heating 
was performed in high vacuum (better than 10-6 mmHg). The maximum 
quenching tempe�ature was 
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Fig. 1. The concentration or tree carriers as a function 
of measuring temperature for various quenching 
temperatures. 

900 K, a few degrees below the decomposition temperature of GaAs 
(910 K). 

;. Results 

From Fig. 1 it is clear that the concentration of free car­
riers increases with increasing the quenching temperature up to 
790 K. Above this temperature the concentration of free carriers 
decreases. 

The concentration of thermally induced defects, assumed to be 
equal with the change in free carrier concentration, as a function 
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of reciprocal quenching temperature, T;
1, is shown in Fig. 2.

From the slopes of these curves the formation energies of 
thermal defects have been determined. For donor-like detects induced 
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Fig. 2. The equilibrium concentration of thermal 
acceptors and donors as a function of quenching 
temperature. 

bb quenching above 790 K the formation energy is determined as 
Ei•l.5o±o.1 e� and acceptor-like defects created below 790 K is 
estimated as .tj=0.6-0.B eV • 

. The isochronal annealing or quenched samples has been perfor­
med in the temperature range of 650-780 Kand three annealing stages 
have been discovered. These results are shown in Fig. 3 and they are 
nearly the same for the quenched n-type GaAs obtained earlier5). 
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4. Conclusions

According to the experimental results above, concerning the 
lattice defects study in quenched p-type GaAs, the following conclu­
sions can be drawn. 

By quenching of GaAs from temperatures of 750-900 K, nearly 
equal concentrations of defects are induced in both n-type and p-type 

GaAs (1014-1015 cm-3).
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Fig. 3. Remaining fraction of defects-(p
0
-pt)/(p

0
-pq) plotted

versus annealing temperature where p
0 

is the initial 
concentration of carriers, Pq-conc. after quenching,
and Pt-cone. after each cycle of annealing. Time inter­
val was 10 min. 

Quenching of p-type GaAs from temperatures below 790 K results 

in acceptor-like defects formation with the formation energy estima­
ted to be 0.6-0.8 eV. Buch a low formation energy suggests that the 
increasing of acceptor concentration is due to the certain ordering 
of the crystals during the heating. Probably atoms of Cd, which was 
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the main impurity introduced during the crystal growth t are repla­
ced from electrical inactive to the active places becoming acceptors. 

Above 790 Kit was established that the donor-like defects are 
formed. Their formation energy of � ... 1 • .50 eV is comparable to for­
mation energy of acceptors ill quenched n-type GaAs. These values 
and the annealing data support the idea that in p-type and n-type 
GaAs the same defects are created such as vacancy-impurity complex 
which are different in electrical activity. They are donors in p-type 
GaAs and acceptors inn-type GaAs.
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