55 43 %55 1 10 AND/ NS Q= o 1 Vol. 43, No. 1
202442 J. Infrared Millim. Waves February,2024

XEHS:1001-9014(2024)01-0029-07 DOI: 10. 11972/j. issn. 1001-9014. 2024. 01. 005

ARIERKEEX CdTe/GaAs SMNEEIERE R FA
p =2 5y 0 p=A

kRE, MRH, B, EE%, MR, BITT, Anf"
(1. g IME I B A e L &, 1 200233 ;
2. EBERE FERRYETIT AT 204N E 5 S S0, i 200083)
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CdTe Frn Te 55 b B9 34 A, Cd 23450 B0 0 FT DAGE 5 22 3 b 20 A 3 B9 VR A 20 IR 980 B9 458 A, 5 0L ] B e 1K R &40
KU H MR TFRLETRD MR RFRERE R E . ZA R NEE CdTe/GaAs SNFEM AR T Y %H 1
FAIRANIE , I #— D & ok B AN B HeCdTe A1 RHE L4l

X B iE.CdTe; o FRAE; RWH G, 18 BE; KL LiE

FESES.047 SCERFRIRAD: A

Effect of different growth conditions on surface morphology and
optical properties of CdTe/GaAs epitaxial films

ZHU Chen-Wei'?, LIU Xin-Yang'?, WU Yan’, ZUO Xin-Rong’, FAN Liu-Yan’, CHEN Ping-Ping”,
QIN Xiao-Mei'
(1. Department of Physics, School of Mathematics and Science, Shanghai Normal University, 200233

2. State Key Laboratory of Infrared Physics, Shanghai Institute of Technical Physics, Chinese Academy of
Sciences, 200083)

Abstract: CdTe(211)thin films are grown on GaAs(211)B substrates by molecular beam epitaxy(MBE) , the influence
of different process conditions on the surface morphology and optical properties of the CdTe epitaxial films are stemati-
cally studied. The study shows that under certain growth temperatures, growing CdTe thin films in a Te atmosphere and
increasing the CdTe and Te beam ratio can significantly reduce the size and density of pyramid defects on the CdTe sur-
face. When the CdTe and Te beam ratio is 6. 5, the pyramid defects almost disappear, and the surface smoothness of the
material is significantly improved. X-ray diffraction(XRD)also shows that the crystal quality of CdTe has significantly
improved. Further Raman spectroscopy shows that with the increase of the CdTe and Te beam ratio, the A, peak of Te
weakens, and the intensity ratio of the CdTe LO and TO phonon peaks increases. Low-temperature photoluminescence
(PL) studies also show that with the increase of the CdTe and Te beam ratio, the reduction of Cd vacancies can reduce
the peak intensity of the deep energy level region related to impurity energy levels, while the half-width of the free exci-
ton peak related to crystal quality reduces, and the optical quality of the material is significantly improved. This study
explores the ideal process window and related mechanisms of CdTe/GaAs epitaxial materials, and provides a foundation
for further epitaxial high-quality HgCdTe materials using this as a buffer layer.

Key words: CdTe, molecular beam epitaxy, surface defects, Raman spectroscopy, fluorescence spectroscopy
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Table 1 Growth Conditions of CdTe Epitaxial Films
and Related Surface Defect Density and Half
Peak Width of XRD Swing Curve

. 3 LI FWHM
FEdh Pcd'rc:P'rc T(C) ) o -

(cm ) (RTCSCC)
FEdh 01 3.3 290 2. 4x10° 348
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Fig. 1(a) XRD w-20 scan results for CdTe(b)Sample 1 to 7 XRD rocking curve
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Fig. 2 (a)~(g)are SEM photos of CdTe samples 1~ 7
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Fig. 3 Relationship between the density of pyramidal defects

on the surface of different CdTe films and the beam ratio
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Fig. 4

(a)and(d)are the plans of CdTe sample 2 and sample 6, (b)and(d)are the stereograms of CdTe sample 2 and sample 6,

and(c)and(f)are the height change curves on any line on the surface of CdTe sample 2 and sample 6, respectively



2 L1 BN 5 K U IR B%

TO

LO

P & Q

Ff &k 08

Intensity(a.u.)

L L] L]
120 140 160 180
Raman shifticm™)

BlS CdTekdh1 % 72 KL
Fig. 5 Raman image of CdTe samples 1~ 7
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Table 2 Phonon Peak Position in CdTe Raman Spec-

trum
G Te(A,) TO LO
K 01 123.2 cm™ 138.3 cm™ 164. 4 cm™
FEfh 02 122.3 cm™ 139.3 ¢cm™ 165.6 cm™
K 03 122.6 cm™ 139.5 cm™ 165.4 cm™
FEfh 04 122.9 c¢m™ 139.3 ¢m™ 165.4 cm™
b 05 122.6 cm™ 139.3 e¢m™ 165. 1 em™
b 06 / 139.9 cm™ 166.7 em™
FEdh 07 122. 1 em™ 138.3 ¢cm™ 163. 4 cm™
3
8
2
B
g
£
R FE 06
140 1.:15 1.l50 1.l55 1.;’0 1.:55 1.70
energy(eV)
B 6 CdTef:fih 2 MRS 6 78 9 K N BEEU A YOG
Fig. 6 Photoluminescence spectra of CdTe sample 2 and

sample 6 at 9 K.
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