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The ‘swallow-tailed defect’ in MBE HgCdTe film

YANG Jin, KONG ]in—Cheng* , YU Jian-Yun, LI Yan-Hui, YANG Chun-Zhang,
Sheng, LEI Wen, ZHAO Jun’, JI Rong-Bin’

(Kunming Institute of Physics, Kunming 650223, China)

QIN Gang,

Abstract: The swallow-tailed defect is a typical defect in MBE HgCdTe which has a uniform and regular shape. The
morphology, structure and growth mechanism of swallow-tailed defect were investigated. Two raised swallow-tails are
major characteristic on the surface, and an inverted pyramid structure surrounded by (1T1), (TT 1), (1T1), (111) and
(211) crystal faces is demonstrated in the film of the defect. The swallow-tailed defect is (552)A twin defect, the differ-
ence of growth rate between (552) A twin crystal and (211) A matrix is the root cause of defect formation. The nucle-
ation sites and growth planes of (552) A twin crystal, (TT]) and (111) crystal plane, which determines the morphology
and structure of swallow-tailed defect, depend on different Schmid factor of 12 slip systems in HgCdTe.
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Fig.1 Surface topography of the swallow-tailed defect (a) op-
tical microscope images with 200 magnification, (b) optical
microscope images with 1000 magnification, (c) SEM image ,
Note (s): The arrays in (b) show different direction of raised
side in triangle defect. The four dash lines in (c¢) are outlines
of the defect. Capital A, B, C in (c) represent three EDS test

areas.
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Fig. 2 White light interferometry images of HgCdTe surface
(a) 100 pmx100 pm area, (b) defect marked in figure (a)

(c¢) triangular defects.
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Fig. 3 Cross-sectional SEM images at different positions, the
cross-sectional plane is (111) face (a) schematic of outlines
of swallow-tailed defect and cleavage positions A, B, and C,
(b) shows position A after FIB etching, (c-¢) represents posi-

tion A, B and C after cleavage, respectively.
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Fig. 4  Structure of swallow-tailed defect in epi-layer (a)

Schematic graph, (b) defect structure from Diamond software.

AR H AT , Hg Cd \Te = Fh JC K 153 I 22 7
2% VAN, 1E EDX IR0 22 i Fil A, 3t 2 IR st B A
J& T UL AR R o B SR R

Xof A7 SHE 2 IR I o 1 Tl 5 SR bR EAT TR



6 B T 4T AT R AR R R B 693

s PE 23T, 8 5 (a) i H HRXRD w—20 545 5L, 117
S v 7 A T AR R (331) 16 (20=62. 59°) ik 47 oK
(422) 1 (20=71. 69°) , LB (211) 5 (331) T #Y &
REAT FATH R 5, BI(211) &fiar . (331) fhif 5
PR 2% TS AT, WA R (211) FEAR P40 5 (331) 28
it S (b) Ry F AN AEAE TR IR BB 1) Bl 4 oK
TS, i rh A AR T 4R oK (422) 16 (20=T71. 2°) ,
i — 20 F B e IR BB SRR OKR (331) 2R A AH Y
XFIV G ZR o A7 HE )R8 Sl B ke 0 SR T %o 7 1) s £
BT S (K5 (e)) i AR AFE Bl AR 4R (331) (i Ak 4
(422) Je Ge(422) U, TiiT 50 & Fili 47 oA b 1o e Ak AR 107 S5
TP ORAFEAE (331) 22 fh 06 (RIS (d) ), 156 BH 25 i 4 oK
FMAEAE MR B ba , B Ab 5 22 vl J2 IR 690 oK R WA
R AR AR . AR R BB i A oK (422)
UG HiL R 22 16 G5 7E 150arcsec Fif 3T, H X W #f 1L 48
(422) I ML 2 1 55 7F 150~180 arcsec BT , 1M 1E 5
fiti AR TR 7 (422) 18 2 06 G £ 7E 70~90 arcsec 2
], (331) 2% fib AN A BUR 7 oK 2 a7 HH B0 < e 2 7 ik
B, T s el (422 ) K2 06 B 8 5

0 7 7 AR SE R AT ST G, 020 25 5
o (331) i1 S 06 SE B b2 (552) fi7 i W o THICo 7 T
mm A AR A A R L AR AR R (211D A 5
(552)AHLA 11| b e SR R B i X B DG &R L By
AR, AR 6 BT .

R1 “HREIKGREE A K AR RR H S E
Table 1 Elementary composition of HgCdTe in defect

area and normal area.

X I, L%y
A Hg26.90%, Cd19.66%, Te53.44%
B Hg27.35%, Cd20.15%, Te52.50%
C Hg28.71%, Cd19.40%, Te51.89%
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Fig. 5 HRXRD omega-2theta scan pattern, (a) HgCdTe
with swallow-tailed defect, (b) single crystal HgCdTe, (c)
CdTe buffer of HgCdTe with swallow-tailed defect, (d) CdTe
buffer of single crystal HgCdTe
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Fig. 6 Schematic of different atomic sequence along [111]
direction of (211) and (552) grain.
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Fig. 7 Bright field microscopy images of CdTe after Everson
etching (a) the typical triangle etch pits observed on type-I
CdTe, (b) surface turned to black and no etch pit found in
Type-1I CdTe
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Fig. 8 Bright field microscopy images of Te-terminated CdTe
and Cd-terminated CdTe (a) Te-terminated CdTe, (b) Cd-ter-
minated CdTe
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Fig. 9 HRXRD o -26 scan pattern (a) 2 pum HgCdTe on
CdTe/Ge, (b) 2 um CdTe on Ge
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