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Correlation between Everson etch pits and material defects
of (112) B CdZnTe substrates

ZHOU Chang-He'*, YANG Jian-Rong’, ZHOU Mei-Hua’, XU Chao’
(1. University of Chinese Academy of Sciences, Beijing 100049, China;

2. Key Laboratory of Infrared Imaging Materials and Devices, Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China)

Abstract: By studying the relationship between Everson etch pits on CdZnTe (112)B surface and (111)B surface, the
correspondence of Everson etch pits on the (112)B surface and the defects in CdZnTe materials were revealed. The re-
sults show that the rod-shaped etch pits on the (112)B surface originate from the bulk defects in the material, or develop
from the residual pyramidal etch pits after the extending defects terminate. Three kinds of different pyramidal etch pits
on the (112)B surface come from the extending defects with the extending directions in <110>, <211> and <123>, re-
spectively. Results also show that the habit etching faces of some pyramidal etch pits on (111)B surface can no longer
form pyramidal etch pits on (112) surface. By observing the lateral shift of etch pits during prolonged etching, it was
confirmed that Everson etchant could only reveal the extending defects with the crystal orientations situated near the con-
nection line of [011] and [101] on the (112) pole figure. Based on the experimental results, the relationship between
etch pit density on CdZnTe (112)B surface and the defect density of CdZnTe materials was discussed. The results will
be helpful for HgCdTe molecular beam epitaxy to identify the defects in HgCdTe epilayers originating from CdZnTe sub-
strates and better control the quality of CdZnTe (112)B substrates.
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Fig. 1
(112)B surface

Everson etch pits of different shapes on CdZnTe
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Fig. 2 Changes of etch pit geometries and positions on the
(112) B surface during secondary etching
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Fig. 3 Relations of etch pits on the (112)B surface and flat-
bottom etch pits with different D/Ws on the (111) B surface
(a) micrographs of etch pits with different D/Ws on the (111)B

surface, (b) schematic diagrams of flat—bottom etch pits sec-
tioned by (112) plane, (c¢) micrographs of etch pits observed
on the (112)B surface coinciding with the geometries in (b)
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5t (a) [101 JH1a), (b) [011 JHa), (¢) [110 8, (d) [211]
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Fig. 4 Pyramidal etch pits of extending defects oriented in <
110> and <112> on the (111)B surface (a) [101] orietation,
(b) [011] orientation, (¢) [110] orientation, (d) [211] ori-

entation, (e) [ 121] orientation, (f) [112] orientation
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Fig. 5 Typical Everson etch pits on CdZnTe (112)B surface
(a) <110> extending defects, (b) <112> extending defects,
(c¢) <123> extending defects

J34h, (111) B ] HE T JE i 0 76 S0 A e i 26 11
Je 28 OV YT, e R AR (112) B 3R 1A, 52560t 0
GBI T HE TR J T b T Ao R A T A
RIS, Had B2 5118 (112) B 1 _E A gk
FATE ) B T T 2540 .
2.3 (112)B EHH PEPD 5 #f #} 1 {d R /5 2 B 2 [6]

il 4 4 A RE T Y A R [ 67 T 1L T A T
I, (111) A W EEHS 4 IR I Nakagawa J& 0 57 09 BF 5%
o, HA ZE Ty A A A B [110] ([101 ] A0
(011 ] ZR BT () 42 A R BE 9% 4 Nakagawa J& 1]
JE et Sk o0 i 4 2 A HC A R A B2 2 B ER THI A <110
> <112>FI<123>FE A fE AR AR . IRAE 2 &
PR SCER Y B RE AR AT IS (111) B 1A Everson Ji§ it
YU 5 (111) A 1] Nakagawa J& 0t 7 %5 )3 35 A 4
85 AR By A K (JEEBE <25 um) E(111)B AT
FCILT) A TR 6 Tl I 8 25 )67 B A 60 1 56 2R
W PEAT T EE, 45 SR B /% 9 o ok 3] T 48 7% 1140 )65
P EAA R AR XN S 2, 13X B Everson i 1l 551 %)
TR A R 2 6 T 114 A Bl R R A R A I
FE R B il A S0 R A T A LR B KA A S
B, I, 25 A B — 1 5T 45 5, Everson J& 1l
) RE 5 7 A e B B AL TR A B Lo ]
[ 101 LB py i kb . <l 6 255 Tk (111)
ATl B4R I b Nakagawa 5 T JGF 1ok 355 X 137 1) EE e
BB B ) 7 (112) B RS 4347, Everson J& 1 5]
7E(112) B AR 1 L aE 8 7R H B m) 75 76 [ oh B 521X
1 AE A BB, D HE T R ik b % R I BN T AR
(L) A B It 1) 0 A TR T8 e b

T LR THEREE R, v X (112) B 4 JiE 2 1

= ®(120)

-211) e
¢ ° ) o (31, .(-uo)
. .

(312) *
.

(-111) (-121)
e e ., (10

(132)

* e (o)

(101) o
L4 e “m(-m). . . *
. o U tom o ® . (20 ® w2
* ) .
12)
® (213, Qo . (beh L0230
B e : U@ g .
(1) (112) o01) ala) )
e o v @ v @ . e
H;Bl (M[::;) . (102) , (Sl;li
. ° . Y (@1-1p
. ® 5 (2m) L
(0-11) ﬂ-ﬂl(l.m . %
° . .
S0 eTem T,
° (2-11) [
. (2-11)
0-21) (132) [ co o *° m:”
i e

12 (3-21) (3-10) .
.

(2-31)
@

(321)

(-211) N [ )
. o (21). (-130)
. .

() *

(111) 121)
ce e .. (0
[ ]

101) o .
§ ° ) (213) (1) @
. et

@’
® (213, Qo
3 PRI

(& & (-112) (001)
e o .

(223 (u-:l‘:pm . (102) , g
. .
. ° ® (10

.
. . h12)2 1)
(X32) ux.u) rx-.m":) *

.
o (12), .

‘e (1
L]

.

. (2-1) (]

p-21) (32) ce o *° Bey
G e

(3-21) (3-10) o9

(121p
.

°
(2-31) )
.

.
(1-10)

(b)
6 CdZnTe 4 JEAF T i 2Bl B3 BB 1 ) Bl 1 A , [ v 28
TE 1R JE b 70 52 B RS B AR AE (111) A 2 1T WL 39 174 S {if ke
e 1 JBC i), A9 it e ORI XS5 19 1T AL 897.7 um % 670.7 um
(a) ¥ 5h M4834, (b) FEi K4911

Fig. 6 Orientation distributions of the extending defects in

CdZnTe substrate samples on the (112) polar figure. The dia-
mond points are the orientations of the extending defects ob-
served by etch pit real-time observation technology on the
(111)A surfaces . The observed area of the samples is 897.7 um
x 670 um (a) sample M4834, (b) sample K4911
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10. 245447 .

References

[1] Carmody M, Yulius A, Edwall D, et al. Recent progress in
MBE growth of CdTe and HgCdTe on (211) B GaAs sub-
strates [ J]. Journal of Electronic Materials, 2012,41(10) :
2719-2724.

[2] Wenisch J, Eich D, Lutz H, et al. MBE growth of MCT on
GaAs substrates at AIM [J]. Journal of Electronic Materi-
als, 2012,41(10) : 2828-2832.

[3] Gravrand O, Destefanis G, Bisotto S, et al. Issues in
HgCdTe research and expected progress in infrared detector
fabrication [J]. Journal of Electronic Materials, 2013, 42
(11): 3349-3358.

[4] Jerram P, Beletic J. Teledyne's high performance infrared-
detectors for space missions [J]. Proceedings of SPIE,
2019, 11180: 111803D01-111803D10.

[5] Gilabert U, Trigubé6 A B, de Reca N E W. Chemical etch-
ing of CdZnTe (111) surfaces [J]. Materials Science and
Engineering: B, 1994, 27(2): 11-15.

[6] LIU Cong—Feng, FANG Wei-Zheng, TU Bu-Hua, et al.
Morphology characteristics of etch pits on CdZnTe crystals
developed by usual etchants [J]. Infrared and Laser Engi-
neering(iuy\m% , HEE, WRAAE, S TREER SR
JEMFR PR RS . NS BETIIE), 2006, 35
(6): 759-763.

[7] SUN Shi-Wen, SUI Song-Yin, He-Li, et al. X-ray dif-
fraction topography and etched surface morphology of
CdZnTe single crystals [J]. J. Infrared Millim. Waves ( f)
30, BEWAED, 0], A5 . R A A0 X ST AT ST S
SIS . A EERIEFR), 2015, 34(03)
291-296.

[8] Rudolph P. Dislocation cell structures in melt—grown semi-
conductor compound crystals [J]. Crystal Research and
Technology, 2005, 40(1-2): 7-20.

[9] Rudolph P. Dislocation patterning and bunching in crystals
and epitaxial layers — a review [1]. Crystal Research and
Technology, 2017, 52(1): 1600171.

[10] CUI Xiao—Pan, FANG Wei~Zheng, ZHANG Chuan-Jie,
et al. Characteristics of CdZnTe defects revealed by etch
pits [J]. Infrared Laser Engineering ( HEIREE | aqEmg, 5k
RN, &5 . WEAFERADRLE Mt S FCBR B R ERTY . £05h
5 I#), 2010, 39(3): 405-410.

[11] Cui X P, Fang W Zh, Sun S W, et al. Characteristics of
the dislocations in CdZnTe crystals revealed by etch pits
[T]. Journal of Crystal Growth, 2011, 321(1): 40-44.

[12] Yu H X, Yang ] R, Zhang ] J, et al. Measurement and



438 g hh 5 2 oKk I e 40 &

evaluation of the defects in Cd,_Zn Te materials by observ-
ing their etch pits in real time [1]. Journal of Crystal
Growth, 2019, 506: 1-7.

[13] Zhou C H, Yang J R, Yu H X, et al. Study of the extend-
ed defects in CdZnTe crystal [J]. Journal of Crystal
Growth , 2020, 544 125725.

[14] Everson W J, Ard C K, Sepich J L, et al. Etch pit charac-
terization of CdTe and CdZnTe substrates for use in mercu-
ry cadmium telluride epitaxy [J]. Journal of Electronic
Materials, 1995, 24(5): 505-510.

[15] GU Hui-Ming, YANG Jian—-Rong, CHEN Xin—Qiang, et
al. Difference of EPDs on (111)B and (211) B faces of
CdZnTe crystals by using Everson etch. [J]. Journal of
Syntechtic Cyrstals (LW, B @58, BRBTR, &,
CdZnTe KRB A (211) B T F A4 i ol 0 2% 32 7
25, NIEEEFH), 1999, 28(02):172-176.

[16] Burgess L., Kumar F J, Mackenzie J. Orientation depen-

dence of etch pit density in (111) and (211) CdZnTe
Everson etch [J]. Journal of Electronic Materials, 2015,
44(10): 3277-3282.

[17] Yang J R, Gu H M, Chen X Q, et al. Dislocation assess-
ment of CdZnTe by chemical etching on both 111B and
211B faces [J]. Journal of Crystal Growth, 2002, 234(2-
3): 337-342.

[18] Shen J, Aidun D K, Regel L L, et al. Etch pits originat-
ing from precipitates in CdTe and Cd,_Zn Te grown by the
vertical Bridgman—Stockbarger Method [T]. Journal of
Crystal Growth , 1993, 132(1-2): 351-356.

[19] LIU Cong-Feng, YANG Jian—Rong. Application of Ever-
son etchant for characterization of dislocations in CdZnTe
material [J]. Infrared (X I, 17 HE 5% . Everson & 1l
T 2 A Bl B 58 A4 BLOL B R O L . 405N ), 2004, 12
17-27.



	引言
	2.1　体缺陷在碲锌镉衬底(112)B面形成的Everson腐蚀坑
	2.2　延伸缺陷在碲锌镉衬底(112)B面形成的Everson腐蚀坑
	2.3　(112)B面的PEPD与材料延伸缺陷密度之间的关系


