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Abstract ; The study on As,-doped HgCdTe epilayers grown by MBE was presented. The electrical activalion of arsenic im-
purilies was achieved by annealing that caused As to occupy Te sites. By using the secondary ion mass spectrometry
(SIMS) and Hall measurements on the in situ arsenic doped HgCdTe epilayers, the results show that P-type MBE HgCdTe
can be obtained by doping with As, source and annealing with high temperature.
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Introduction

Photovoltaic HgCdTe IFPAs device has been the
focus of research in infrared technology over the last
decade. As reported, in situ doping technology was de-
veloped to prepare optimal PN heterojunction. Since

the successful incorporation of arsenic using Cd, As, was
firstly reported by Wu et al''! | arsenic-doping in MBE
HgCdTe has been extensively studied'”’. Because of
the low surface-sticking coefficient and ampheoteric do-

ping behavior of arsenic!®’

, arsenic is difficult to dope
and act as acceptor in HgCdTe. In this paper, the re-
sults of arsenic doping MBE HgCdTe using pure As,
source were presented. The arsenic impurities are acti-

vated by high temperature annealing“] as acceptors.
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1 Experiment

As-doped HgCdTe was grown by MBE on 3-inch
GaAs (211)B substrates in RIBER 32P MBE system.
HgCdTe was grown at 170°C and high purity arsenic
was used as doping elements. To avoid arsenic out-dif-
fusion from GaAs substrates, about 3 um CdTe buffer
layer was grown prior to the 6 ~ 7um As-doped
HgCdTe. 3 pm undoped HgCdTe was then grown to a-
void uncertainty of SIMS measurement on surface. The
growth details can be found elsewhere!®’.

The composition and thickness of samples were
measured by using infrared transmission curves and step
depth profiles ( Dektak 3). The x value of Hg, . Cd,Te

was 1n a range between 0.25 ~0.33. The arsenic con-
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centration was quantitatively analyzed by using a Came-
ca IMS-6f SIMS. The relative sensitivity factors ( RS-
Fs) for As in HgCdTe was used to analyze arsenic con-
centration. The details can be found in Ref[6].

The wafer was cut into small pieces ( 10 x
10mm*) for annealing. The electrical properties of
samples were measured by temperature-dependent Hall
measurements in Van Der Pauw configuration in a tem-
perature range of 300 ~ 12K at a magnetic field strength
of 0. 2T. The 3 um undoped HgCdTe layers were re-
moved by etching in order to prevent surface electron

effect on Hall measurements.

2 Results and discussion

Figure 1 shows the result of SIMS depth profile of
sample g257. The left axis is the counts of SIMS signal
and the right axis is the arsenic concentration. It is
clear that arsenic concentration keeps a stable level,
and the interface of doped and un-doped regions is
sharp. Figure 2 shows the arsenic concentration in the
epilayers as a function of cell temperature, showing lin-
ear dependence. The Arsenic cell temperature of 306°C
~335%C corresponds to the arsenic concentration of 2
x107cm ~® to 2 x 10" cm *, demonstrating that arse-
nic is successfully doped into HgCdTe. The arsenic
concentration can be controlled by adjusting arsenic cell
temperature,, and the concentration keeps a stable level
in whole HgCdTe layer.

Table 1 shows the Hall properties for the doped
samples annealed under 440°C/30min + 240°C/48hr
condition. Except the sample g266, all samples show
strong P-type properties in 77K.

In the semiconductor matenal, the hole concentra-
tion p can be calculated by Eq. 1. By considering two
kinds of carriers in the material, the Hall coefficient

can be calculated by Eq. 2, where b =u, /., is the e-
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Fig. 1 SIMS depth profile of sample g257
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tration p can be calculated iteratively by Eq. 1, then
the Hall coefficient can be obtain by Eq.2[¢).

The samples were measured by temperature-de-
pendent Hall measurements. The results are shown in

Figure 3. In the low arsenic-doped samples, the active

Table 1 Hall properties of As doped samples annealed under 440°C/30min +240°C/48hr
1 AsigFRERZENE 440°C/30min +240°C/48hr R A S E R XER

, 300K 300K 7K 71K :
Nemple % T"(‘Z:‘)m Hall Conc. Hall Mob. Hall Conc. Hall Mob. A“‘(e:l‘:_f‘;“c‘
(em™?) (em?/V s) (cm~?) (cm?/V s)
266 0.317 5.5 T2.80E+15  -8.44E+02  L.5IE+16 2.29E + 02 3.23E +16
261 0.304 5.45 ~4.82E+16  ~1.89E+02  6.50E+16 2. 40E +02 1.32E +17
§259 0.31 7 4.52E+17 5.55E +01 2.80E +17 1.95E +02 2.13E+17
§253 0.328 6.35 3.44E +17 9.49E +01 2.81E +17 1.93E +02 1.43E +18
251 0.287 7.9 9.47E +17 9.17E +01 1.00E +18 1.45E +02 4.65E +18
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Fig.3 The temperature-dependent Hall measurements
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energy can be analyzed and the active energy is lower
than metallic vacancy energy( ~15meV) (1, However,
in the heavily arsenic-doped samples, the curves are a-
clinic and the active energy can not be obtained.

This phenomenon must be caused by heavy arse-
nic-doping. In the heavy doping level, the interaction
of impurity atoms can not be ignored, and the impurity
energy levels become band. The impurity energy band
and valence band overlap, leading to complete ioniza-
tion of impurity atoms'®’.

Table 2 shows Hall properties for undoped samples
annealed under 440C/30min + 240°C /48hr. It shows
that the metallic vacancies were annihilated and the
samples were N-type. It is certain that the P-type prop-
erties in Table 1 are due to activated arsenic. This re-
sult indicates that arsenic can be activated by 440°C/
30min + 240°C/48hr annealing and occupy Te sublat-

tice as acceptor.

3 Conclusions
P-type MBE HgCdTe material can be obtained by
Table 2 Hall properties of un-doped samples annealed

under 440°C/30min + 240°C/48hr
2 dEie FRESRAE 440°C/30min + 240°C/48h iR N SR

RALLR

Sample  Thickness 300K 300K 77K 77K

Number  (um) Hall C.o;w. Halll Mob  Hall C—O;IC. Hal:l Mob
(em™°) {em?/V s) (em™") (em®/V s)

g233-20 9.5 -3.88E+15 -4.99E+03 -6.78E+14 -1.61E+04

g233 -5 9.8 -3.29E+15 -5.43E+03 -6.08E +14 -2.31E+04

g233 -5 9.8 -3.35E+15 -5.42E+03 -5.97E+14 -2.45E+(4

g233-7 1.2 -4 19E+15 -4.35E+03 -7.88E+14 -7.72E+03

233 -9 10.5 ~3.39E+15 ~5.54E+03 -4.49E+14 ~2.93E403

doping with pure As, source. The arsenic concentra-
tion keeps at a stable level in HgCdTe layer, and the
interface of doped and un-doped regions is sharp. Ar-
senic impurities can be activated by 440°C/30min +
240°C 748hr annealing and occupying Te-sublattice as
acceptors. Analyzing on the temperature-dependent
Hall measurements shows that the active energy of ar-
senic is lower than metallic vacancy energy. Compared
with the undoped samples, it is indicated that high
temperature annealing could activate arsenic atoms as
acceptors.

Acknowledgments :

The SIMS measurements were finished by Mr. Ma
Nong-nong in Tianjin Electronic Materials Research In-
stitute and Mr. Cao Yong-ming in Fudan University.
The authors would like to thank Fang Wei-zheng, Yang
Jian-rong, Du Mei-rong, and He Zhi-liang in the Re-
search Center for Advanced Materials and Devices for

technical assistances.

REFERENCES

[1]Wu O K, Kamath G S, Radford W A, ez al. Chemical do-
ping of HgCdTe by molecular-beam epitaxy [J]. J. Vac.
Sci. Technol. , 1990 ,A8(2) :1034-—1038.

[2] Arias J M, Shin S H, Cooper D E. P-type arsenic doping of
CdTe and HgTe/CdTe superlattices grown by photoassisted
and conventional molecular-beam epitaxy [ J]. J. Vac. Sci.
Technol: , 1990, A8(2) :1025~—1033.

[3]Rogalski A . Dual-band infrared detectors[ J]. SPIE 2000,
3948. 17—30.

[4]XU Fei-Fan, WU Jun, WU Yan, et al. DIFFUSION COEF-
FICIENT OF As in HgCdTe epilayers [1]. J. Infrared Mil-
m. Waves (#R4EN, BB, MHE, 5. As £ HgCdTe 4
EEFHTBERER A5 EKEFR), 2005,24(1):
7—10.

[5]He Li, Yang Jianrong, Wang Shanli, et al. A study of MBE
growth and thermal annealing of p-type long wavelength
HgCdTe [J]. I Crystal. Growth, 1997,175/176.677—
681.

[61WU Jun, WU Yan, CHEN Lu, et al. Sticking Coefficient of
As in molecular beam epitaxy of HgCdTe [1]. J. Infrared-
Millim. Waves ( 248, B 88, FRBE, . As 7F HgCdTe 5+ F
RAMEP R RE KM R 505 BRI FE) 2002,
21(5) :347-350.

[7]FANG Wei-Zheng, YANG Jian-Rong, CHEN Xin-Qiang, et
al. The acceptor properties of un-intentionally doped p-Type
MBE-grow Hgl — xCdxTe [ J]. J. InfraredMillim. Waves{ J5
BB R, R, % JFB5 P B MBE-Hg, _ Cd,Te
MREZ EHH. a5 5EHKEFHR),1998,17(1);
25—30.

[8]Kenworthy I, Capper P, Jones C L. Determination of accep-
tor ionisation in CdxHg, _ Te. [ 1] J. Semicond. Sci. Techn-
ol. , 1990,5:854—860.



