
This is an electronic reprint of the original article.
This reprint may differ from the original in pagination and typographic detail.

Powered by TCPDF (www.tcpdf.org)

This material is protected by copyright and other intellectual property rights, and duplication or sale of all or 
part of any of the repository collections is not permitted, except that material may be duplicated by you for 
your research use or educational purposes in electronic or print form. You must obtain permission for any 
other use. Electronic or print copies may not be offered, whether for sale or otherwise to anyone who is not 
an authorised user.

Kujala, Jiri; Slotte, J.; Tuomisto, F.
Acceptors in undoped GaSb; the role of vacancy defects

Published in:
Journal of Physics: Conference Series

DOI:
10.1088/1742-6596/443/1/012042

Published: 01/01/2013

Document Version
Publisher's PDF, also known as Version of record

Published under the following license:
CC BY

Please cite the original version:
Kujala, J., Slotte, J., & Tuomisto, F. (2013). Acceptors in undoped GaSb; the role of vacancy defects. Journal of
Physics: Conference Series, 443(1), 1-4. Article 012042. https://doi.org/10.1088/1742-6596/443/1/012042

https://doi.org/10.1088/1742-6596/443/1/012042
https://doi.org/10.1088/1742-6596/443/1/012042


This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 130.233.216.246

This content was downloaded on 08/06/2017 at 06:56

Please note that terms and conditions apply.

Acceptors in undoped GaSb; the role of vacancy defects

View the table of contents for this issue, or go to the journal homepage for more

2013 J. Phys.: Conf. Ser. 443 012042

(http://iopscience.iop.org/1742-6596/443/1/012042)

Home Search Collections Journals About Contact us My IOPscience

You may also be interested in:

Vacancy defects in III-nitrides: what does positron annihilation spectroscopy reveal?

Filip Tuomisto

Exchange and correlation effects in the strongly interacting He-Ps system

A Zubiaga, F Tuomisto and M J Puska

Defect properties of as-grown and electron-irradiated Te-doped GaSb studied by positron

annihilation

Li Hui, Zhou Kai, Pang Jingbiao et al.

Dominant intrinsic acceptors in GaN and ZnO

K Saarinen, S Hautakangas and F Tuomisto

PLS and PL of electron irradiated undoped GaSb

S K Ma, M K Lui, C C Ling et al.

Study of Neutron Induced Defects in Ceramics using the GiPS Facility

S May-Tal Beck, M Butterling, W Anwand et al.

Detection of vacancy-like defects during Cu diffusion in GaAs by positron annihilation

M Elsayed, V Bondarenko, K Petters et al.

Nano sulfide and oxide semiconductors as promising materials for studies by positron annihilation

P M G Nambissan

Positron study of native vacancies in doped and undoped GaAs

G Dlubek, O Brummer, F Plazaola et al.

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1742-6596/443/1
http://iopscience.iop.org/1742-6596
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.1088/1742-6596/265/1/012003
http://iopscience.iop.org/article/10.1088/1742-6596/443/1/012004
http://iopscience.iop.org/article/10.1088/0268-1242/26/7/075016
http://iopscience.iop.org/article/10.1088/0268-1242/26/7/075016
http://iopscience.iop.org/article/10.1088/0031-8949/2006/T126/024
http://iopscience.iop.org/article/10.1088/0953-8984/16/34/019
http://iopscience.iop.org/article/10.1088/1742-6596/443/1/012076
http://iopscience.iop.org/article/10.1088/1742-6596/265/1/012005
http://iopscience.iop.org/article/10.1088/1742-6596/443/1/012040
http://iopscience.iop.org/article/10.1088/0022-3719/19/3/004


Acceptors in undoped GaSb; the role of vacancy

defects

J Kujala, J Slotte and F Tuomisto

Department of Applied Physics, Aalto University, P.O. Box 11100, FI-00076 AALTO, Finland

E-mail: jiri.kujala@aalto.fi

Abstract.
The conventional lifetime setup was used to study Czochralski grown unintentionally p- and

n- type ([n]≈ 6 × 1017cm−3) GaSb bulk samples. Several approaches were used to analyze the
data. However, it was not possible to successfully analyze the obtained spectrums with the
conventional trapping model. From the analyzed data it was derived that the reason for p-type
behavior of GaSb was not VGa. Additionally, the role of gallium vacancy was studied and it’s
effect to lifetime values are shortly discussed.

1. Introduction
Gallium antimonide (GaSb) is an interesting material thanks to its applications in e.g. high
speed electronics. GaSb has Zincblende crystal structure and it has a relatively narrow band
gap of 0.73 eV. This makes GaSb useful in the fabrication of infrared detectors and sources. GaSb
has a melting point of approximately 700 K [1, 2, 3, 4]. The material can be lattice matched
with III-V compounds to form a substrate material for various optical communication devices.
Furthermore, GaSb has high electron mobility and saturation velocity, which can be utilized
in high electron mobility transistors [2]. To some extent, GaSb is a well known compound.
There are quite a few studies about it and its structural properties can be found from publicly
known sources for e.g. from [1]. However, there are still surprisingly few studies about vacancy
properties of said compound. What makes studies on GaSb even more demanding is the fact
that GaSb cannot be grown defect free. This makes e.g. the experimental determination of the
positron bulk lifetime in GaSb challenging.

2. Experimental details
Czochralski grown bulk n- type ([n]≈ 6 × 1017cm−3) and unintentionally p-type GaSb was
measured. The standard sandwich setup was used, with a 22Na e+-source wrapped in a 1.5
µm thick nickel foil. Aforementioned sample package was placed on a copper holder, which was
in thermal contact with a closed cycle helium cryostat for the duration of the measurements.
The measurements were performed in vacuum of about 10−4 Torr at 30-300 K. To confirm the
validity of the results, the same measurement set were ran multiple times, in both directions(i.e.
from 30 K to 300K and vise versa). The positron annihilations in the source material, in the
covering Ni-foil and e+ annihilating as positronium was removed from raw spectra.
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3. Results
Results for the average positron lifetime (τave) in n-type and unintentionally p-type GaSb is
shown in Fig. 1. For the p-type GaSb, a plateau can be seen reaching from 30 K all the way
to 160 K. After this plateau, a gradual rise can be seen. In average lifetime, the increase is
approximately 10 picoseconds in the temperature range of 30-300 K. For n-type bulk GaSb, no
similar plateau can be seen. Here, τave rises gradually from about 255 picoseconds at 30K to
265 picoseconds at 300 K.

Figure 1. Average annihilation lifetimes τave for n- and p-type bulk GaSb (The lines are drawn
to guide the eyes).

A two component trapping model was used when extracting lifetime data from the spectrum.
Fig. 2 shows the resulted graphs for n-type and unintentionally p-type GaSb.

For unintentionally p-type GaSb, it can be seen, that at low temperatures, τ1 component is
around 70 ps and above 170 K, it starts gradually to increase to value of 170 ps at RT. Intensity
for this component is quite low; starting from 2-3 % and rising to 7 % at RT. The τ2 component
increases from 260 ps unto 280 ps at room temperature. Its intensity is high; over 90 % and
although its value is lower closer to the room temperature, it is still relatively high overall. Just
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Figure 2. Extracted components from positron annihilation data for GaSb

before room temperature,
I2 decreases strongly, being about 80 % at 300 K. For n-type GaSb, τ1 can be seen to stay
around 100 ps until 200 K when it slowly starts to rise, all the way to 150 ps. The intensity of
τ1 is around 3 %, until approximately 200 K point, where it increase to 10 %. τ2 increases first
slowly from 260 ps to 265 ps between 30-150 K and then increases faster, being 275 ps in 300
K. The intensity of τ2 of n-type GaSb is quite stable and stays over 95 %, until around 170 K,
it starts to decrease, being about 90 % at the room temperature.

4. Discussion
The best fit to the spectrum was obtained with a two component trapping model. In the Fig. 1
both curves drop to 250-254 ps, which is assumed to be the bulk lifetime for GaSb. At 30-150 K
τave in the p-type GaSb is constant at 257 ps. For n-type GaSb, a steady increase of 10 ps can be
seen in the average lifetime at 30-300 K. Approximately 5 ps of this increase is can be attributed
to thermal expansion. The two-trap analysis in Fig. 2 shows some peculiar behavior for both
samples. For both samples the intensity in τ2 is very high, suggesting saturation trapping.
However the temperature dependence of the τ2 component over the whole temperature interval
of the measurement is very strong, i.e. decreases with decreasing temperature over a temperature
range of almost 300 K. This could be an indication of a charge transition, as in [3]. As can be
seen from typical lifetime spectrum shown in Fig. 3, only one lifetime component is visible.

The average lifetime at 30 K is very close to the assumed bulk lifetime, i.e. the dominant
positron trap at 30 K has no open volume. Hence, we do not think that the reduction in lifetime
with decreasing temperature is due to a charge transition. Rather, that a negatively charged
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Figure 3. Raw spectrum from lifetime measurement at T=150 K

shallow trap (a negatively charged ion) starts to trap positrons with decreasing temperature.
This negatively charged ionic defect is most likely the one responsible for the unintentional p-
type behavior in as grown GaSb. A possible candidate could be the GaSb antsite. The vacancy
type defect that causes the average lifetime to increase with increasing temperature is most
likely a Ga vacancy. The fact that the shallow trap starts to compete as a trapping center with
the Ga vacancy already at room temperature could suggest that the vacancy is neutral.

5. Conclusions
We have used the conventional lifetime setup to study Czochralski grown unintentionally p- and
n- type ([n]≈ 6 × 1017cm−3) GaSb bulk samples. It was tentatively deduced that a Ga vacancy
causes the average lifetime to rise with temperature. Decrease in τave in low temperatures is
possibly due to a negatively charged ion. This trap was assumed to be the GaSb antisite.
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