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Abstract: The current status of the research on mercury cadmium telluride (MCT) defects is reviewed

by summarizing and analyzing the related papers published in recent years. MCT offers significant

advantages over other similar semiconductors. This has made it to be the most widely used narrow

gap material in infrared focal plane array (FPA) devices. The defects in MCT epilayers can inhibit the

pixel performance and operatability of the FPA fabricated with this material. The type, orientation, and

growth temperature of the substrate etc. are the factors which have apparent effect on MCT epilayer

quality. To grow high quality MCT epilayers, different factors which may result in defects should be

further understood and controlled properly. Significant progresses have been made in the epitaxial growth

of MCT with the aid of various fabrication and characterization techniques.
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� MCT ��	"����

2 MCT ^_abc
MCT � � 	 � � � � � �% � � &

(void) [5−19] �# (threading) [13−25] ��  

(twin) [5,7,16,18,26−29] �! '#$ (cross hatch)
[5,6,13,15,22,28,30] �%% (hillock) [5,6,14,16,17,26,31,32] �

(" (crater) [5,12,26,33] �)� (misfit) [13,22,34,35] ��

� (needle) [5−7,9,36] �V � [29] ��� (loop) [37] �

	#� (triangular) [38] �$& (striation) [37] �*

& (ripple) [6] ��$ (terracing [37] � step[29]) �

�% (pinhole) [37] �&� (screw) [5,20] �+ (clus-

ter) [5,15,31] ����) (stacking fault) [26,29] ���

' [5,14,18,26,29,39,40] �(����)�	 �*+

��#	�� [26] !�"#� ('� void/hillock
[6,19]) ,�

-.

�(�MCT ��,�-�� (mi-

crodefect) [14] �$�� (macrodefect) [8,11,41] �

���� [11] "��$��	)!����

����	��� void ��� ��� mi-

crovoid [5,7] (,/�.)+ [15]) � small void [19]

� macrovoid (�	!� void) [8] �-��0�

microvoid���%� microtwin [5] � hillock [14] �
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3* [5] �4���� [17]/*��%� void��

� [5] / void ��%� microvoid � crater �+�

� [5] � [12] &Æ crater ��*���

��,-�"	.4+/5�5�&�'

��mismatch � misfit ',-�"��'� �

66�0�-/� [13] �����Æ misfit 4�

7(� [42] 8	�4�9���Æ�4�7)�

[43] 8�Æ7(�8.0 mismatch ")1):�

;�� void �2�'))/��14(7�.
[44] 8�0
7 A void is also a big hole or space [45] 8�

�12<7�788�
 hole concentration ��

	34��+*7�.88=��93��34

vacancy doped MCT ��	�"��;Æ void 4

(7�& [46] 8��4+��
�4��:�

MCT ���>;<5,�Æ�	�<�

-55(�<	?
��@)�!�1�	,�

��6�7	-=�����A8�<�-5
[8,22,28,38] ��.96	>�?	 Nomarski-�

7/B�-5 [9,15,22,28,38] �*�:�-5 (AFM)
[5−7,12,15,29,47]�0;���-5 (SEM) [5,11,12,38]�

@1���-5 (TEM) [5,12,18,24,25,27,29] ��C<

��2= (SIMS) [21,48,49] �8=AD9���2

= (FTIR) [26,41,48,50,51] �*.B3= [10,26,36] �X

1#C1= [9,15,16,30,38,39,52,53] ����4>-

DE [36] �:��;��? (LBIC) [36] -DE
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FTIR �!�7�,) �#,�=���G

>6 MCT ��	���-+D-��H?@
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3 de

>�	��
�� Cd1−zZnzTe(CZT) �

CdTe � CdMnTe � Si � Ge � GaA ,���

I$G����7 MBE/MCT/CZT8'H	JA

@.7� CZT��
K� MBE����	 MCT

��8�I;�J�

���K��� L����?�	��M


���@*!� �96	Æ6
,���


��� MCT ��	���/��	��
[26] � MCT 	 @>�G�� x 	�D�@

.� (6.461+0.020x)�CZT�+	�D� (6.481–

0.381z) [46] �-��(6�MCT � CZT	 @
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	 @8N:� [35,51,54,55] �I�:� [10,15,30] �

*� CdSe0.04Te0.96 
�	 @5�G�*��

MCT
�:� [56] �J�� [13]MN�O� MCT

�		��GO;��C�!�� MCT�		

,-O;��C	 @(����1��3
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�#�-)�.).F�
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 �-��	P��� MBE/MCT/CZT 2�)

R	 *>L [46] �4 CZT5�������#

����� ?*�;���P��CZT ��	

.Q�1� 30cm2 [54] ���D-H?@E7*

.F		��� Si [21] � GaAs ,
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MCTG���C4����!	 @(���1

���66+D�������)�.)�#
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@66� [13,22] ��� [13]�����!SB!O

B� MBE/MCT/CZT �+:C5	.)�C�

)�.)	���(�-P.

	RD�:<

TE��� MCT ���+D�+:	!SG

-Q�1H	R
��� [52]�DFR�+D

�	��
�EG� MBE/MCT/CZT(211)B�

�	S6 @>���� [57]��PUV (nanoin-

dentation)"�� MCT(x=0.3)	RD��)��

R�S��� 50GPa �W
�� 0.66GPa ��

TÆF�� MCT �
�PUV�@66UV

	R�G+�+:ÆF4H'�R��+�D

��+��W7 10% � 90% �"*�66��

	HD6X�D�G.)	�8#H!�X�

��G n KHI�9� p KHI�(D��D

P�	����)��9J [58] �H$�+D

����Y@I��
	��5<KJ [22] ��

� [35]"�� MBE/MCT(x=0.32)/CZT(211)�

��	T+D�56T+D�)�.)K
�

L/��G���C(�	:�+
M�+

*T+D����#)�.)5<KJ��

� [30] KG� MBE/MCT(211)B/CZT 	YZ+

D��� [34] N/� MBE/MCT/CdTe/Si(211)�

MBE/MCT/CdSeTe/Si(211)��96�	)�+

:�OP;(�,��G���LM	��F

��C	�D�
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�

����NZ�56#"#����Æ.)
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[5,34,47,59] � CdSeTe/Si [34,56,59] � CZT/GaAs [60]

,�NZ�%�(  @� MCT/MCT   

@ [5] �HgTe/CdTe   @ [23,25] ,6#�  @

NZ�	)��Y[P)R CZT ����=
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	-� (5K
)

��� ;T����>�	�.)K
 (dis-

location density) [9,15,28,34,35,38,47,51,59] ���K


(defect density) [14,21,33,34,36,48,54,56,59] �',-!

J�= 0',� [34,62] �'���� Sofradir

SU	 MBE/MCT/CZT @*	��K
;


200cm−2 �.)K
^
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/W [62] �(
��H�.);�,-K
�_

66���U
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http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.1, Jan 2011



4 � � 2011 \ 1 ]

(EPD) �
;T �����*�� MCT �

�	`K EPD ��1^
 105cm−2 	TT(

/W [25] ÆI� @:�	 MCT(211)B/CZT�

�	 EPD�;
 105cm−2 [30] Æ��� MCT�

�	 EPD�^
 104cm−2 	(/W [10,13,23,25] �

�� [20] MN��0HI�!0�HI�0.

C	 EPD�� 104cm−2 ∼ 107cm−2 �C	DI�

@�Y�G+:�X���]�� MCT �		

�2�+Z EPD 	��4[�+a�?Z EPD

	��4\ [51] �

�1#��EPD �,
.)K
 [51] ��


� @:���
��	SZ�:.)K
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5× 105cm−2 '��#�Z MCT ��Q�P

>[	����
P>I� @:�	����

2\��$	�5<	 MBE/MCT(211)/CZT 	

.)K
b 5× 104cm−2 �Z�G CZT ��

��	.)K
�9^ [15] �.)K
� MCT

���LM	��F������ [63,64] �R0A

���;T MCT���LM��	�-D	!

J�EG9O@��� 77K ��:.)K
H


106cm−2 '��*�� MCT ���LM	 R0A

G.)K
�C�/�\	I_�D [65] �]

��:^)M
4�'��+:4�	C5 ('

�X`%� void !E�9C,) �OB	.)�

pn 9C��#�.)K
�,��	��H

Z�� [13] �

��c MCT 	.)K
X 2;�T.)

��	]>Æ���-D	aT�@���


�G MCT �C�1^��4H	 @(��'

�� MCT/Si 	 @(�� 19.3%� MCT/GaAs

	 �(�� 14.6%���@���
+I�

�� MCT �&�P�H�#.)�3*.)�

MCT/Si 	.)K
�1�b 5 × 106cm−2 [59] �

MCT/GaAs 	.)K
^� 106cm−2 �U�A

�4�M
�]_=�X 2 × 105cm−2 ,F

[66] �^�O]_�XT.)K
 [38] �J�

� [47] MN�G_A]_	 CdTe/Si �9�A�

*.]_	 CdTe/Si 	.)K
�XT,-

��U����XT	`
G]_^�	C�#

F9��
A�*.^�]_	���"�A

Gad<.)K
	XTG��	
�C�

�/!�b��D�;��%�%ad<.)K


� 105cm−2 V��66e�6X�'G]_M


�]_VC	^�C�`��� Hg ]c��

 ,M]_�XT( MBE/MCT ���	

.)��#Wb�f	\
 [28] �,<�E��

�P�	9JH`XT��� [40] "�� CZT

� CdTe���	 Te��'�#�� LPE/MCT

	�7^
	���G�� Hg $	�	]_�

9�: CZT ��	 Te ��'	K
4H'�

LPE/MCT/CZT ��A]_=	Æ?�^


��	���� [58] "��#.)� MCT 9J

��	���

4.2 jk?@
�� [19]"��
���G�%K�d�	

���C	�D�9O@������
 pn9g

3	.C�WD	�FPA �		+�	� MCT

Q���8�����c%�
����h#^


��<O;	�8��%%���K
	�8

��J�� [38]MN��
 MBE/CZT/Si�4T	

����M
 (250i ∼ 280i)�4�	 CZT�

�=8��>_	#�@*	��K
���

A�<:^)=�, MBE/MCT/CZT(z=0.04)

(211)B@*	��K
X 500cm−2 �.Q>;

< 0.1µm �Z@*��G LPE/MCT	@*��

�: [17] �J�� [14] MN��
��2[	�

��MBE/MCT(x=0.2 ∼ 0.6)/CZT	��K
^


 100cm−2 ∼ 200cm−2 (/WÆ�
���1	

�����K
^
 1000cm−2 ∼ 1500cm−2 (/

WÆ+�PaI$	����K
^
 3000cm−2

∼ 5000cm−2(/W�����MBE/MCT/GaAs�

MBE/MCT/Si@*	��K
8X 300cm−2

∼ 500cm−2 	`7 [67] �

; � ��  b j a # � e d (FWHM)
[16,28,30,35,56,67] 5�;T ���	�-D	F

��RJ FWHM �A��KG MCT��	

.)K
 [46] ��!)�K
 (misfit) G+D	

�D [35] �!"����������	��
[16,46] �FWHM�� 10arcs	 MCT=#�Q�a

\	 ��� [30]ÆSofradirSUMBE/MCT/CZT
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	 FWHM�� 25arcs [62] ��
 MBE/MCT/Si�

: FWHM �^
 55arcs ∼ 75arcs �C'���

+	 EPD �� 1 × 106cm−2 ∼ 5 × 106cm−2 [67] �

�
 MBE/MCT/CdSeTe/Si�:@*	��K


;
 500cm−2 '���+	 FWHM �� 103arcs
[56] �

��K
���LH��$	 ('���

	��M
�Hg �?���=8!��,��)

����� [33] �Æ�� SIMS �!G FTIR �

C�Xc9#$����<6 MBE �?P�

8�!��M
DI� MCT ���8�	�

� [48] �]���#�� MCT	�����e-

MCT �fH	g@H�� 1.6 hH��#I8

54T�c� 60%,F����<#����

�d?H�7<	�����;�XT#��

&�#I8�+�93W�3�	MJ���

� ?#I� `b�!�e6if2�D

- FPA ��	�	 ?�� =g����X

T#�	hB���

5 MCT ^_alman
� MCT ��� Hg f� ��.	Ci.

C�&6#��- Hg Ci*�� Hg Ci� Hg

�.�H0
 MCT	*������#�-

�����:�	W�=/��.��	�#

����#�� 4�6B	EG��-�"

#	TE [44] �Y�	12��!�A/	gD

SZ���%9K
	����� [68]U���

�*)"�� MCT �%��.�Ci,�W	

��*���	�#��,�%h 64 -*�	

 H6b������k���	SK�-+

EG6��#��RJ�#���5<���^


GI<E�9�M
�C	b��D���

�?\
���M
$d	j0�>_�k�

������	���?���,��	

��^
��XT [19] �

5.1 void jk

�A`	�.4+��- ��lc�-*

�",�A/*���mn*.��#	�C

=/��.��.�R��!S=+Iad<
[44] �void��
G���'��J�� [10]

MN�����	 MCT/CZT(x=0.04)(211)B�

��� void ��K
;
 1000cm−2 � 
�.

G void ���C�C�[���
	�D�'

��_-�.6#�- void ����0�.^


G void ��K
�C	�D�"`!/�

(
 HgH�9 Cd� TeH�18Ni*�

��	 MCT O ll3<I<E�9��;�

�#�^
	 Hg �.�: Hg �.	^
^


1016cm−3 ∼ 1017cm−3 �C'� MCT _ p K�

�� LPE/MCT ��\ p K�+�		+�	�

�[ pK��;�	<:XT�.^
�-j Te

d�� LPE/As h# MCT ��D-�	�


T��K
�T�.^
		� [69] �

�� [5] !6� void �� (%� microvoid �

crater) ( Te ��'�#��23�!�%$

1'�2%��3*	&���+)$���#

G BCF(Burton, Cabrera, Frank)��S�����

"� MBE/MCT ��)'�+12 BCF ��

S�	���J�� [14]MN�MBE/MCT/CZT

	 void��K
�	�(��	 Te��'j!

	�"��0��$	�mn�D� macrovoid

��_6�\]	� @* [8] ��� [7] &6

���SK��K microvoid ��	�#)Æ

� HgTe��microvoid��	�#���M
P

>f;�Y�
B!���M
G2\��M


�C	3<?
��2\��$	�� MCT

��eIQ�4T	 void ��K
 [14] �

�� [19] "�� MBE/MCT/CZT ���?

� void ��� void-hillock "#��	k<G�

�TE�"�!�'f
���G�%K�d�

	���C	�D��� [11] !6�:�� void

��'� MWIR/MWIR �	����LM	(

*48� 98%�+ LWIR/LWIR �	�	(*4

8� 100%�����	�� void ��%���

<G��k	�LM�+* LWIR/LWIR �	�

	'���	9 MWIR/MWIR �	�	H�"

�AG� void ��A/%ad<�4�	.)

K
�G MWIR/MWIR �	�9� LWIR/LWIR

�	�( void��P�	'�.)K
1���
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�%h void ��	�LM��.6�� IV ��

��-�,-*<
�664J	lo6X��

� [8]����-� void��� Kp!.�

E��!B!.Q	�<�-5DE���]

�J�
 ?fe!���#*�	�!�

�� [10] ���K� 10in MBE ��D

E��	 MCT/CZT(x=0.04)(211)B ����

void ��K
;
 1000cm−2 ��� [9] "��

(115)B � (113)B � (112)B � (552)B ,�� *

� MBE/MCT/CZT 	���*6'f�k@*

�(�M
b�	���*���"�L/M


	:��.)K
>;Æ�[f�lM
��

void��K
mm:��+*'��lM
�L

 *DI� (115)B *	�lM
2T� (112)B

� (552)B *	2��

5.2 hillock jk

�� [16] MN� MOVPE/MCT/CZT(552)B

	��SZ� MCT � (552)B *
	��=8

G� (211)B *
	���4,0	@*�N�

��0� (552)B �
�n� void ���5n*

6�� ���� hillock ��	.Q� 40µm ,

F�K
� 10cm−2 ∼ 50cm−2 �C��
 12µm ∼
14µm 		��� hillock ��	2H�
;


0.75µm�;��MCT(552)B � EPD��FWHM

��gL���N
)�#�	?
�!:n,

�*�G MCT(211)B �9��
9O@��

�
 MOVPE/MCT/CZT���>6 FPA	�

��(552)B����Q�ah	 *�J��

[32]MN�(
 CdTe/GaAs"#��	 @(�

4H���66 (100)� (111)�L	����

�� (100)�L	�Na
 (111)�L�4,0�

�� hillock���J�� [31]MN��3< (100)

 * 2◦ ∼ 8◦ 	 GaAs��� GaAs/Si��
��

	 MOVPE/MCT ����`K	 hillock ��

K
8X ;
 5cm−2 	`7��� [5] !6�

hillock ��M
 void � needle � (111) 7*
	

� ����*����M
4T���+��

���@*
	 Hg mp"�q��� CZT �

�
����� CdTe�$<7Q@*	(

����XT needle ��	K
 [36] ���>

���$	, hillock ��K
> ,)N�
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