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Abstract: Semi-insulating (SI) InP wafers of 50 and 75Smm in diameter can be obtained by annealing of undoped lig-

uid encapsulated Czochralski (LEC) InP at 930°C for 80h. The annealing ambient can be pure phosphorus (PP) or

iron phosphide (IP).The IP-SI InP wafers have good electrical parameters and uniformity of whole wafer. Howev—

er, PP-SI InP wafers exhibit poor uniformity and electrical parameters. Photoluminescence which is subtle to deep

defect appears in IP-annealed semi-insulating InP. Traps in annealed SI InP are detected by the spectroscopy of

photo-induced current transient. T he results indicate that there are fewer traps in IP-annealed undoped SI InP than

those in as-grown Fe-doped and PP-undoped SI InP. The formation mechanism of deep defects in annealed undoped

InP is discussed.
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1 Introduction

InP is an important semiconductor material for
the fabrication of opto-electronic and microwave
devices. The wide-band communication system of
40GB will appreciate and adopt InP-based devices
and components. To manufacture devices of superi-
or performance, such as heterojunction bipolar
transistor (HBT) and high electron mobility tran-
sistor (HEMT), semi-insulating (SI) InP substrate
with good uniformity and thermal stability is need-
ed. The commercial SI InP wafer is prepared by Fe
doving with a concentration for more than 10"°em™*
in the process of crystal growth'™”. However,

there are some disadvantages, such as out—diffusion
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of Fe into the epitaxial layer'”, and radial and axi-
al non-uniformity caused by impurity segregation
effects'™, ete. , of the SI InP substrate with high
concentration of Fe. These disadvantages are harm-
ful to the epitaxial growth and performance of InP-
based devices. Although new technologies for
growth, such as double crucible growth, have been
worked on to avoid the shortcomings of Fe-doped
ST InP'", SI InP with low concentration of Fe-dop-
ing and with good uniformity is still not available
reproducibly.

[t has been found that the carrier concentra—
tion of undoped LEC grown InP decreases signifi-

[ 8~ 10]

cantlv after annealine . SI sample can be ob-

tained by annealing undoped InP at high tempera-
[11= 13]

ture for several tens hours Reproducible
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preparation of standard SI InP wafers by using this
method has been limited due to the requirement of
high purity of undoped InP'"?.

In this paper. we report the reproducible
preparation of SI wafers at high temperature to an—
neal undoped InP in the ambient of pure phospho-
rus (PP) or iron phosphide (IP). The defects in
such SI InP wafers have been studied by using pho-
toluminescence (PL) spectroscopy and photo-in—

duced current transient spectroscopy (PICTS).

2 Experimental procedure

InP wafers were sliced from LEC grown n-—
type undoped InP ingots with diameters of 50 or
75mm. At room temperature, the free eleciron con-
centrations of the wafers are about (2~ 6) X 107
em” . Before annealing, the wafers were etched,
cleaned and dried. T hen, the wafers were put on a
wafer holder and charged into a quartz tube that
had been evacuated. A quantity of red phosphorus
or phosphorus mixed with iron powder were also
put into the tube to give more than 10’Pa of phos—
phorus pressure to avoid the decomposition of InP
wafers in the annealing process. The quartz tube
was evacuated to a pressure of 1.33Pa, was fused
and charged into a furnace. The temperature in the
tube was controlled by a computer in the whole
process of annealing. The wafers were annealed at
930C for 80h, then cooled to room temperature
slowly.

Samples of annealed undoped InP were mea-
sured by conventional Hall effect to get the electri—
cal parameters. PL spectra of annealed InP were
measured by using a Brucker ISF120 system at
10K. PICTS of undoped SI InP were obtained in a
home-made measurement system. One side of che-
mi-mechanically polished samples was used for the

measurements.

3 Results

High purity of undoped InP with carrier con-

centration of 2X10%em ™ * and mobility of 4000cm’/
(V *s) can be changed to SI by annealing in PP
ambient. The resistivity and mobility of such a
sample are 10°Q * cm and 1800cm®/(V * s), respec—
tively. Good SI wafers with resistivity of higher
than 10'Q * cm, mobility of 3000cm’/(V *s) can
be obtained by annealing undoped InP with carrier
concentration below 6X10%¢cm™ *in IP ambient.

To check the axial uniformity of IP-SI InP,
two samples were thinned to different thickness for
Hall effect measurement. T he results are shown in
Fig. 1. It can be seen that the samples exhibit uni-

form SI property from surface to internal regions.
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Fig. I Resistivity profiles of two IP-8I InP sam-
ples  Before annealing, the two undoped InP

samples are in different carrier concentrations:
- 15 -3 15 -3
Curve a 2X10%em™ “and b 6X107em™ ",

PL spectra of four samples are shown in Fig.
2. The sample a is an as—grown undoped InP
wafer. The sample b and sample ¢ were annealed in
the ambient of PP and IP, respectively. Before an-
nealing, they were cut from one undoped InP wafer
with carrier concentration of 6 X 10" em™>. The
sample d is an annealed in IP ambient, and undoped
InP that has carrier concentration of 1.2X10"%cm ™’
before annealing. T he sample ¢ is the only semi-in—
sulating material among the four samples. A no-
ticeable broad PL peak at 1.30eV can be observed
in the PL spectrum of sample ¢, while there is no

such peak in the spectra of other three samples.
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Fig. 2 Photoluminescence spectra of four annealed Fig.3 PICTS spectra of two IP-annealed undoped

undoped InP samples at 10K Curve a: IP-annealed
SI InP: b: IP-annealed semiconducting InP: ¢: PP-
annealed semiconducting InP, and d: PP-annealed

SI InP  Before annealing, samples correspond to

curves a and ¢ were cut from one wafer. The curves

have been moved vertically for clarity.

The PICTS results of the samples of as—grown
Fe-doped and an IP annealed undoped SI InP are
shown in Fig. 3. Only two defects were found in the
undoped IP-SI InP sample. It seems that undoped
[P-SI InP has fewer defects than those in Fe-doped
SI InP and undoped PP-8I InP reported be-

[ 14.15]
fore .

4 Discussion

The low mobility and high resistivity of PP-
annealed InP imply the formation of compensation
semiconductor due to the annihilation of native
donor after annealing''*""". The uniformity of such
material will be poor as evidenced by PL mapping
which will be discussed in a separate publication. In
contrast, IP-annealed InP has good electrical prop-
erty and uniformity. This is the result of strong
compensation of Fe that was diffused into the
wafer in the annealing process. By comparison of
PL spectra shown in Fig. 2, it can be concluded that

the diffusion of Fe induces defects in addition to

SI InP samples at rate windows of 100/s (curve a)
and 50/s (curve b) respect ively The curves have

been moved vertically for clarity.

the wellknown mid-gap Fe™ /Fe™ defects in the
annealing process. T his statement can be supported
by the fact that there are no 1. 3eV peaks in the PL
spectra of as-grown Fe-doped SI InP"', PP-an-
nealed undoped SI and semiconducting InP and PP-
annealed Fe pre-doped InP'"*"™. The study in de-
taile of the formation and property of 1.3eV peak
related defect would be published elsew here.

On the other hand, PICTS of IP-annealed SI
InP indicates that two defects were formed in the
annealing process. The shallow one is around
0.2eV below conduction band and the deep one is
at 0.64eV below conduction band. The latter is
definitely a Fe deep acceptor level Fe’* /Fe™ . How -
ever, the origin of the shallow is not clear. A obvi-
ous fact is that the defects in [P-annealed SI InP
are much fewer than those in SI InP prepared by
annealing undoped''” and Fe pre-doped' ™ InP in
the ambient of PP. Since indium vacancy defect is
formed by the thermal dissociation of the hydrogen
indium vacancy complex ViHs'""', one possible rea—
son is that the diffusion of Fe atom into the wafer
leads to the occupation of a part of indium vacancy
site, preventing the further formation of defects in

the material.
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