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Fig. 1. (color online) (a) The S-E spectra of nanocom-

posite films with different bilayers; (b) the incident
positron energy versus the number of bilayers in
the interface between the composites films and sub-

strate [31].

027801-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 66, No. 2 (2017) 027801

A SR & T2 AR 5N I 4% 2
SRR RL P B R A B KR B, S
i SRR R A B E AR, WTES Fe ) CdS
(1 % T2, Tripathi 25 32 5 18 00T T 25 1)
%755 M CdS:Fe Fiki, 7 BLKE & ] 2% 1 72 5 s
(1 AR VAT Fe MR E 38 I, 1] 4 1) CdS:Fe FihL
S RS B, R D BRI, i R I Fe? T ik
ﬁ%%ﬁ@ﬁﬁﬁw% i I IE R R A

%MT%%WFW%E%Vﬁ&ﬁ%%ﬁ%
w;ﬂﬂ&.&ﬁ@%&%#@%ﬁﬂ%ﬂ%
T2 J5 1, sy -1 5 A E ] £ InN:Fe {# I, Wang
282 133) 9 AL 2 b ) Fe YR IR M 1000 °C LT+
£ 1180 °C I}, InN:Fe j# i ¥y f 9 B 2 1% b7t
£1.2 x 10 em ™3, AR4EE 2 o 2 8 vE e ik b
SZHYE Ty, (Fe IR L) MAEL MR RN T
Fe 544 5] N B E AR 2 B 7R B T (1) = 22 A
. Yang %5 B4R IE o708 22 0 8 R 7 e
X 4 J@ A LA 25 SO DURR ) 45 B9 AN T Min WK % 45
4 GaN {8 B E 47 0 &, S-W B2k BoR KRB 21
GaN 5 2.8% Mn J5i 752 L) GaN [ i 2835 H
P—FhAbR, Ho BB/ X B, 2GR RBLT
A GaN:Mn I RZH (R = AS/AW) + 40823 A
Jo S SH -5 AR M 2 b B 2R AR AL

—u— Un(ioped I I . I
0.45 —®— 950 C 0-428
—A= 1000 °C g =
—V= 1050 °C G 0424 ®

<—1100°C & .

Il
—p— °C =
1150 £ 0.420

A

o »

g 0441 \‘: "

5]

g <o 0.416 ‘ ‘ ‘ ‘ 1

S 950 1000 1050 1100 1150 1
g << < Fe cell temperatu re/C

©n 0.43 8 ey

0 . 5 10
Positron energy/keV
B2 (MTREM) A Fe Y B ] 4 1K) InN [ 1E B 7
WL AR N S(B) ik 57
Fig. 2. (color online) S parameters of InN as a func-
tion of positron energy in positron annihilation mea-
surement. Dependence of S parameter on Fe cell tem-

perature is shown in the inset [33].
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Fig. 3. IR absorption of specimens unannealed and
annealed at 400 °C, 650 °C, 900 °C, 1000 °C. The il-
lustration shows the structure of [—Si02]?>~ (a); S pa-
rameters versus incident positron energy for SiO. /Si
specimens deposited by ECR-CVD (b) [38]
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Fig. 8. (color online) High momentum part of the positron annihilation distribution for Cu in-diffused GaAs:

Zn samples subject to isochronal annealing up to 750 K, which shows a maximum effect of the lifetime,

normalized to SI undoped GaAs reference (left part). The right part shows the ratio of high momentum
distribution to the bulk GaAs for different defects in GaAs from theoretical calculations [66].
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Abstract

Positron annihilation spectroscopy has unique advantage for detecting the micro-defects and microstructures in
materials, especially for investigating the negatively charged defects such as cation vacancies in semiconductors. It
is a powerful tool to characterize the important features for vacancy-type defects localized electron states within the
forbidden energy gap and cation vacancy which provides the key information about the type and distribution of micro-
defects. Positron annihilation lifetime and Doppler broadening spectroscopy are the major methods of analyzing the
vacancy formation, evolution and distribution mechanism. Importantly, the slow positron beam technique can provide
the dependences of surface, defect and interface microstructure information on depth distribution in semiconductor
thin film. Vacancy and impurity elements can change the ambient electron density in material. They also induce the
middle band, which will have dramatic effects on optical and electrical performance. And the variation of electron
density will exert furtherinfluences on the positron-electron annihilation mechanism and process. For the fundamental
experiments in semiconductors, fabrication technology, thermal treatment, ion implantation/doping, irradiation etc,
positron annihilation spectroscopy technology has been extensively applied to detecting the detailed electron density and
momentum distribution, and gained the information about microstructure and defects. It can guide the fundamental
researches in experiment and give optimal design of the technology and properties about semiconductors. In principle,
defect concentrations can be derived and an indication can be obtained about the nature of the defect. Results are
presented showing that cation vacancies can be easily detected. Also charge states and defect levels in the band gap
are accessible. By combining the positron annihilation spectroscopy with optical spectroscopies or other experimental
methods, it is possible to give detailed identifications of the defects and their chemical surroundings. The positron
annihilation spectroscopy technology is a very special and effective nuclear spectroscopy analysis method in studying
semiconductor microstructure. In this review, the research progress in applications of positron annihilation spectroscopy
technology to semiconductors is reported, which focuses on the experimental results from the Positron Research Platform
located in Institute of High Energy Physics, Chinese Academy of Sciences. Under different growth modes and ways
of treating semiconductors, the experimental results about the internal micro-defect formation mechanism of material,
evolution mechanism, and defect feature research progress are reviewed Future challenges including the analysis of electro-
positivity vacancy (i.e. oxygen vacancy) and of multi-ion implantation phenomena are also presented new technologies
such as digitization and new theory will make the positron annihilation spectroscopy portable and reliable.

Keywords: positron annihilation spectroscopy, semiconductor, electron density and momentum distri-

bution, microstructure
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