
� 32 ��� 12 � � � 1

����� 1672-8785(2011)12-0001-09

���	
����������

�����������
(���������� �� 650223)

���������� (CTC) ��	��
�������� (MCT) 	�����

p-to-n 
 n-to-p 
����� CTC  
������!���"��"��#"
�����$
%��&'(��)�
�'(�������*++,�-� 
�.�/!0"1#�2�3��$%	 MCT/CTC 
1&�&�
��	����	�'(�)	������	!0"1#

���� TN305 ������ A DOI: 10.3969/j.issn.1672-8785.2011.12.001

Research Progress of Conductivity Type Conversion
of Mercury Cadmium Telluride Material

WANG Yi-feng, YU Lian-jie, HU Wei-min

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: Conductivity type conversion (CTC) describes the process resulting in a p-to-n or n-to-p

conductivity change in doped or unintentionally doped mercury cadmium telluride (MCT) materials. The

thorough understanding of CTC mechanisms involves the knowledge of diverse fields of electrical science,

physics, chemistry and etc.. The related progress to date has been primarily empirical. By summarizing

and analyzing some related papers published in recent years, this review describes the MCT/CTC research

progress of MCT/CTC with emphasis on ion beam milling techniques.
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Si�O �Cl�Br� I� [4] ����"90�>*

0%.12"0
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&������"�!��� ��*�%

�0>���� p >�� �>����

� MCT  ��"?8 Li � Cu � Ag � Au �

As � Sb � N � P � [4−5] ��>���
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1014 ∼ 1018 cm−3 91�����? 1014 cm−3 �

3�*$"!����? 1018 cm−3 ��>�
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)���� [9] ;%E 2002��I+�$�A?
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���5>� MCT ����U38E�Æ
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\VW5 G4 p77/cm−3 n77/cm−3

MBE ?B 1.0 × 1016 1.4 × 1017

MBE ?B 8.3 × 1015 1.1 × 1017

LPE ?B 1.6 × 1016 2.3 × 1016

#\V ?B 1.3 × 1016 2.6 × 1016

MBE As 1.0 × 1016 1.6 × 1017

MBE As 1.2 × 1016 1.8 × 1017
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#\V Cu 1.9 × 1016 1.0 × 1016
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y2
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�A8� yJ * Di <��Ci0 b� (0.1 ∼ 1)× 1013

cm−3 )'��� [14]�/]E
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Layer,#� CdTe)[\��N�R�*`V�%
[21] _C(/W��%"P���a,	%	
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20,22] �+�I38E�A���ijD_�

= 2 1234 y
J
5 t 6789> MCT :;< IBM =>?@

\VW5 Cb x Ar c( J/mA · cm−2 kbd2 / ` p77/cm
−3 ab

Bridgman 0.2 3l 0.6 10 1.0 × 1016 [23]

LPE 0.22 Ar+ < 0.6 ecD 7.8 × 1015 [9]

Bridgman 0.20 ∼ 0.23 3l 0.6 50 3.5 × 1015, ∼ 3.0 × 1016 [24]

= 3 Æ1ABCD [9,23,24] EF (3) >GH=EF

p77/cm
−3 #f (3) 1dc�e3 yJ /cm, t/s gfab

1 × 1016 y2
J

+ 3.64 × 10−2yJ = 3.12 × 10−7t [23]

7.8 × 1015 y2
J

+ 3.01 × 10−3yJ = 2.51 × 10−8t [9]

3.5 × 1015 y2
J

+ 1.58 × 10−2yJ = 1.11 × 10−6t [24]

∼ 3 × 1016 yJ = 1.16 × 10−5t [24]
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���+g&E4�"� IBM ���� ;
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%2��!��)������&��� p →
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� ��!� Cu [16,26] �Ag �Au [27] �As
[11,16,28−30] � Sb [22,28]  MCT (x = 0.2 ∼ 0.3) 
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http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.12, Dec 2011



6 � � 2011 = 12 >

WER�8F� CTC 
4�	 �RR�

CTCN n77 %��
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[1] ��

p  MCT �L6J n77 k@*3"P� CTC

�
4O��B�

�� [31] TU� MCT (0.2 ≤ x ≤ 0.22) 5�

iHE*� CTC N��P�� 100 l /20

d�� 50 l /75 d*�('�	S��L8 n+

"FN*�5� 300 l /20 d���� �m

�k@��� [20] TU�@h� 20 d�i�

MCT (x =0.226,0.28) ��5�c 3 × 103 min �

1 × 105 min 
'*��U=�!���7
4

#9��� [17] TU�� CdTe ��`N MCT

(x =0.23/p77 = 1.6 × 1016 cm−3) �5� IBM  

��8g`N� n+ NP� 20 d�i�HE)

*� n77 b&%� 3.6 × 1016 cm−3 �)J�F

 5× 1012 cm−3 �i�n1Rk@�;��MCT

(x = 0.22)  n+–n–p �3����i�@h 10

�A��+PÆ�� [17] �

�">� MCT/IBM�4�/����+


'�)�@"��a�k@�9kÆ�"?

8 Cu [16,26]�Ag� Au [27] �As [16,22,30]�. Sb [22]

���� Cu*3�L Cu��� (3.0 ∼ 4.5)×1016

cm−3 
�n77 b&%�c 2×1016 cm−3 k@J

�Fc 1× 1015 cm−3 �5j
'�!� 300

min (273 K�)� 50 min (293 K�) [26] �LT�K

� 100 d
8�6��� 273 K �� Ag >� (c

5.5× 1016 cm−3) N� Au >� (c 1.8× 1016 cm−3)

Njn1RI�!k@Jc 3 × 1014 cm−3 �

c 3× 1015 cm−3 '�b [27] �lOJ p �	

T� ≥ 120d�� As >� MBE N��� 20 d�

L6J n77 k@7'�b (c 3× 1015 cm−3) ��

	
' t ≥ 1 × 105 min [16] (Y" 1) �� 20 d

�jnd n77 �9�%"P�� As >� MBE

N (p77 ∼ 1×1016 cm−3)��&%��� 2.4×1017

cm−3 J�F�� 4 × 1015 cm−3 �)�BjT


4�1RIk@ [30] ����]6 – k� –

MQD?�+ As >� (c (2 ∼ 3)× 1016 cm−3)

N��20 d� n77 jT
4�1RI&%��

� 1.1× 1016 cm−3 k@J�F�� 3× 1015 cm−3

[22] �* As %C�� 20d��Sb >� (1.8× 1016

cm−3) N&%��� 1.8 × 1016 cm−3 k@J'�

�� 1.5× 1015 cm−3 �)i��
4n1R�
B [22] ��h@
���*AG+8�6��

;���P� yJ �)*3A��o8

IBM/CTCN'� ��� [32]TU����5

>� MCT/CTC��iHEER MCT (x =0.205)

 y
J
�'	� 160d�HE 2 h*�y

J
��l�

5 M<C=>?

�`���!�CEN�* IBM �

< [1] � p  MCT/CTC ��� H2 � Ar � Hg �

H2/CH4 Um��!�CE(*�%�RR?8

i�mCQ�ip�i"ZY�Um (RF) nY�

�J�O�np�.�OT��

��� Ar� Hg��!�
�CE�B�


4�kQ��B��oU��� [33]��E Ar

p%� RF nY��5>� MCT(x ≈ 0.21/p77 =

1 × 1016 cm−3)  yJ [\�� t =10 min �p

%� 0.05 Torr � RF nY� 70 ∼ 180 W (0.14 ∼
0.37 W · cm−2) *3�� y

J
≈ 200 µm �L3K

p%q7 0.10 Torr 
� y
J
Z��:;#R�+

*.�@"�� 0 < t ≤ 15 min(0.05 Torr, 180 W

RF nY� ∼ 300 V np) ,	�� y
J
�aE

�9�[&R��+Ql�S@)��mpC

�T�S�

y2
J

+ 1.6 × 10−2y
J

= 1.1 × 10−6t (8)

7I*\ (3) )�_C���-�OooJc

100 K ���(J y
J
≈ 0 �[&"FqEZY*

jT�bG+0W<Y [1] �� 295 K hm

T��� CTC N�� �
4 200 h 
'

#R1R�)J'�b [34] �-�5>� MCT

(x = 0.2/p77 = 5× 1015 cm−3) ���!�� (p%

c� 1×10−3 Torr)TT 5 min�(J y
J

= 250 µm
[35] �

���� H2 � H2/CH4 ��!�CE*
3���@�* MCT "F6�)P0�9

:��0�!CE (RIE)��/�56 Q

"?8 Hg �Hg(CH3 )2 � Cd(CH3 )2 � TeH2 �.

Te(CH3)2 ���fn����- Ar � N2 E4
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i�mCQ�(JrK [36] � H @�&�E

RIE/CTC O� �

-�5>� MCT(x = 0.21) 5� H2/ICP(p

%� 0.01 Torr � RF nY� 100 ∼ 300 W )'�

)) CE 5 min �(J y
J
b� 75 ∼ 80 µm )'

[37] ��O�!"ps (SIMS) p_r� H��M

�J y
J
)�� CTC ����bc� 3 × 1015

cm−3 ���ÆD\�� pn�5� 80dHE�

� �j5 10 lm&G+�)�S��%	

ICP ,	�� Au >� MCT �G+6� CTC
[37] ��� [33]TU���� H2/CH4 ��!��

��5>� MCT (x = 0.21/p77 = 1×1016 cm−3 	

x = 0.28/p77 = 5× 1015 cm−3)��� 0.05 Torr (RF

nY� 0.37 W · cm−2 �np� 300 V) <p%

�� y
J
�+G��!�*��p%�)�

�)�����CE
'� 10 min �+G CH4

�p& 0 &�J 0.05 Torr � MCT(x =0.21)  y
J

& 200 µm��J 120 µm	MCT(x =0.28) y
J
&

70 µm��J 10 µm��� [33]�18�LmCi

�� H2 C#c� 20%
�"Fop��'��

� [38]TU�Z� H2qCH4=5q1��!� (0.40

W · cm−2) ���5>� (x ≈ 0.3/p77 = 1.6 × 1015

cm−3) � As >� (x ≈ 0.3/p77 = 1.6 × 1016 cm−3)

MCT �V(E CTC ����5� 1 h CE*�

5>� MCT  y
J
≈ 90 µm �� 200 dT��

5� 17 h c� Hg HE���lO%� As

 ��� [39] �

�� [40] TU�� H2qCH4=3q1 ��!

� (0.40 W · cm−2) �CE 2 min �6� Au >�

MCT (x = 0.23/p77 = 1.2 × 1016 cm−3) � y
J

=4

µm ���5>� MCT (x = 0.23/p77 = 1.2 × 1016

cm−3) � yJ < 1 µm ��%	CE,	��

�5>� MCT (x = 0.31/p77 = 7.4 × 1015 cm−3)

� Au >� MCT (x = 0.31/p77 = 9.3 × 1016 cm−3)

� y
J

< 1 µm ��P�qrCE
'���

!����	��f<Y[\Js+0)
[1] ��� [41]18���5>� MCT (x =0.3)


���	�� ICP �� y
J

> 1 µm �(qr�

��5>�� Au >� MCT (x =0.31) CTC �

��@�PÆ H�� [37,42] �HE4N�7

W+rÆ [42] � (1) KsL'@ H �!	 (2)

H * Hg '@3*tC�	 (3) H � Hg �5� 

)	 (4) H *�".tt�"3*tC��

L�����$"!��&��ERsu

�1L4�u*����usv2�vXVD

vL, (�vL) ��Æ�R�� Burstein-Moss/

0�� MCT 
��a IBM � H ��!� �

*���L6J Burstein-Moss /0 [43−44] �

6 @AD
MCT ;D?8��;D�tt�"��>

4�" [1] ���
�h�� MCT/CTC A��

�i��;D��.��'�l=7()�

=7����HE��!�4� IBM �&9�

@9D\������� IBM �	�@9

(\=7:� MCT ���;D Hg �5�*

F%�
4Z�()����-�
�

��;D��=7J*�awÆ�"��t&

�.B�	;�A�C^��
���"

�Uub��8Uub [1] ��%/]J���

;D)'�.���;D*�tCQ(\3*

��;D (����+wÆ�"�+F>4

�") )'��6�%v���01��8

�j0()��+���
�B���Z�

;D)P�!��
 ��SS(J5V 

�% [1] �� 10 �I8x�� [4] w518�

�� Hg �5Z.* MCT i n N�P�

tuqr��	�����+�N�� #5�

*()<wm<���<)��	��K �

MCT/CTC �'�	�
W3K
�"9�KN

>�'� ��7 ()�3KsLY	�

	P4xyMÆ;D.va�.��$"!

w.N��
� ��
	n�[\xw�F

���x ���O ��9/ �.�/*�

�n��	/]8-�

HI��

[1] Peter Capper, James Garland. Mercury Cadmium

Telluride: Growth, Properties and Applications [M].

New York: John Wiley & Sons, Ltd., 2011.

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.12, Dec 2011



8 � � 2011 = 12 >

[2] yxy�yJyÆ KLMNOPQR [M]. zz�
{za{z� 2005.

[3] S|zÆ TUVWXYZN[ [M]. zz�{za
{z� 2005.

[4] Mohamed Henini, Manijeh Razeghi. Handbook of

Infrared Detection Technologies [M]. London: Else-

vier Science, Ltd., 2002.

[5] Peter Capper. Narrow-gap II–VI Compounds for

Optoelectronic and Electromagnetic Applications

[M]. New York: Chapman & Hall, 1997.

[6] {{{�|}|Æ\]|}|\VÆ}��1~~
[J]. ^_, 2011, 32(1): 1–9.

[7] {{{�|}|Æ\]|~}�D~�}$~}�
�1��~~ [J]. KLQR`a, 2008, 24(3): 1–8.

[8] Shaw D, Capper P. Conductivity Type Conversion in

Hg1−xCdxTe [J]. Journal of Materials Science: Ma-

terials in Electronics, 2000, 11(2): 169–177.

[9] Mynbaev K D, Ivanov-Omskii V L. Modification

of Hg1−xCdxTe Properties by Low-energy Ions [J].

Semiconductors, 2003, 37(6): 1127–1150.

[10] Izhnin I I, Denisov I A, Smirnova N A, et al.

Ion Milling-assisted Study of Defect Structure of

HgCdTe Films Grown by Liquid Phase Epitaxy [J].

Opto-Electronics Review, 2010, 18(3): 328–331.

[11] Berchenko N N, Bogoboyashchyy V V, Izhnin I I, et

al. Conductivity Type Conversion in p-CdxHg1−xTe

[J]. Opto-Electronics Review, 2003, 11(2): 93–98.

[12] Holander-Gleixner S, Robinson H G, Helms C R.

Derivation of An Analytical Model to Calculate

Junction Depth in HgCdTe Photodiodes [J]. Journal

of Applied Physics, 1998, 83(3): 1299–1304.

[13] Chandra D, Schaake H F, Aqariden F, et al. p to

n Conversion in SWIR Mercury Cadmium Telluride

with Ion Milling [J]. Journal of Electronic Materials,

2006, 35(2): 1470–1473.

[14] Bogoboyashchyy V V, Izhnin I I, Mynbaev K D.

The Nature of The Compositional Dependence of

p–n Junction Depth in Ion-milled p-HgCdTe [J].

Semiconductor Science and Technology, 2006, 21(2):

116–123.

[15] Wang C, Smith D J, Tobin S, et al. Understand-

ing Ion-milling Damage in Hg1−xCdxTe Epilayers [J].

Journal of Vacuum Science and Technology A, 2006,

24(4): 995–1000.

[16] Pociask M, Izhnin I I, Dvoretsky S A, et al.

Ion-milling-assisted Study of Defect Structure of

Acceptor-doped HgCdTe Heterostructures Grown by

Molecular Beam Epitaxy [J]. Semiconductor Science

and Technology, 2008, 23(5): 5001–5005.

[17] Izhnin I, Bogoboyashchyy V, Kotkov A, et

al. Type Conductivity Conversion in MOCVD

CdxHg1−xTe/GaAs Hetero-structures under Ion

Milling [C]. SPIE, 2005, 5957: 16–22.

[18] Belas E, Grill R, Franc J, et al. Formation and

Propagation of p–n Junction in p-(HgCd)Te Caused

by Dry Etching [J]. Journal of Electronic Materials,

2002, 31(3): 738–742.

[19] Shaw D, Capper P. The Kinetics of Conductivity

Type Conversion in HgCdTe by Ion Beam Milling

[J]. Journal of Materials Science: Materials in Elec-

tronics, 2008, 19(6): 965–972.

[20] Izhnin I I, Bogoboyashchyy V V, Sizov F F. Elec-

trical Characteristics Relaxation of Ion Milled MCT

Layers [C]. SPIE, 2005, 5881: 58810U.

[21] Haakenaasen R, Moen T, Colin T, et al. Depth and

Lateral Extension of Ion Milled pn Junctions in Cd-

HgTe from Electron Beam Induced Current Measure-

ments [J]. Journal of Applied Physics, 2002, 91(1):

427–432.

[22] Bogoboyashchyy V V, Izhnin I I, Mynbaev K D, et al.

Relaxation of Electrical Properties of n-type Layers

Formed by Ion Milling in Epitaxial HgCdTe Doped

with V-group Acceptors [J]. Semiconductor Science

and Technology, 2006, 21(4): 1144–1149.

[23] Wotherspoon J T M. Methods of Manufacturing a

Detector Device: US, 2095898 [P]. 1982-03-03.

[24] Belas E, Hoschl P, Grill R, et al. Deep p-n Junction

in Hg1−xCdxTe Created by Ion Milling [J]. Semicon-

ductor Science and Technology, 1993, 8(5): 1695–

1699.

[25] Izhnin I I, Dvoretsky S A, Mikhailov N N, et al. Ion-

beam-induced Modification of The Electrical Proper-

ties of Vacancy-doped Mercury Cadmium Telluride

[J]. Technical Physics Letters, 2008, 34(7): 981–984.

[26] Bogoboyashchyy V V, Elizarov A I, Izhnin I

I. Conversion of Conductivity Type in Cu-doped

Hg0.8Cd0.2Te Crystals under Ion Beam Milling [J].

Semiconductor Science and Technology, 2005, 20(4):

726–732.

[27] Bogoboyashchyy V V, Izhnin I I, Pociask M, et al.

Conduction Type Conversion in Ion Etching of Au-

and Ag-doped Narrow-gap HgCdTe Single Crystal

[J]. Semiconductors, 2007, 41(3): 804–809.

[28] Berchenko N N, Bogoboyashchyy V V, Izhnin I I, et

al. Defect Structure Rebuilding by Ion Beam Milling

of As and Sb Doped p-Hg1−xCdxTe [J]. Physica Sta-

tus Solidi (B), 2002, 229(1): 279–282.

[29] Chandra D, Schaake H F, Kinch M A, et al. Deacti-

vation of Arsenic as an Acceptor by Ion Implantation

and Reactivation by Low-temperature Anneal [J].

Journal of Electronic Materials, 2005, 34(2): 864–

867.

Infrared (monthly)/Vol.32, No.12, Dec 2011 http://journal.sitp.ac.cn/hw



� 32 ��� 12 � � � 9

[30] Izhnin I I, Dvoretsky S A, Mikhailov N N, et

al. Conductivity Type Conversion in Ion-milled p-

HgCdTe:As Heterostructures Grown by Molecular

Beam Epitaxy [J]. Applied Physics Letters, 2007,

91(13): 2106–2108.

[31] Belas E, Bogoboyashchyy V V, Grill R, et al. Time

Relaxation of Point Defects in p-and n-(HgCd)Te Af-

ter Ion Milling [J]. Journal of Electronic Materials,

2003, 32(3): 698–702.

[32] Izhnin I I. Temperature Stability of the IBM-formed

CdxHg1−xTe p-n Structure [C]. SPIE, 1998, 3890:

519–522.

[33] Belas E, Franc J, Toth A, et al. Type Conversion

of p-(HgCd)Te Using H2/CH4 and Ar Reactive Ion

Etching [J]. Semiconducto Science and Technology,

1996, 11(3): 1116–1120.

[34] Belas E, Grill R, Franc J, et al. Dynamics of Native

Point Defects in H2 and Ar Plasma-etched Narrow

gap (HgCd)Te [J]. Journal of Crystal Growth, 2001,

224(1/2): 52–58.

[35] Savitsky V, Mansurov L, Fodchuk I, et al. Peculiar-

ities of MCT Ion Etching in rf Mercury Glow Dis-

charge [C]. SPIE, 1999, 3725: 299–303.

[36] Kim J, Koga T S, Gillis H P, et al. Low-energy

Electron-enhanced Etching of HgCdTe [J]. Journal

of Electronic Materials, 2003, 32(3): 677–685.

[37] Yong K D, Choi J H, Bae S H, et al. Junction For-

mation by Hydrogenation for HgCdTe Diodes [C].

SPIE, 2001, 4369: 412–418.

[38] Siliquini J F, Dell J M, Musca C A, et al. Char-

acterisation of Reactive-ion-etching-induced Type-

conversion in p-type HgCdTe Using Scanning Laser

Microscopy [J]. Journal of Crystal Growth, 1998,

184(2): 1219–1222.

[39] Smith E P G, Siliquini J F, Musca C A, et al. Mer-

cury Annealing of Reactive Ion Etching Induced p-

to n-type Conversion in Extrinsically Doped p-type

HgCdTe [J]. Journal of Applied Physics, 1998, 83(6):

5555–5557.

[40] Nguyen T, Antoszewski J, Musca C A, et al. Trans-

port Properties of Reactive-ion-etching-induced p-to-

n Type Converted Layers in HgCdTe [J]. Journal of

Electronic Materials, 2002, 31(3): 652–659.

[41] Park B A, Musca C A, Westerhaut R J, et al.

MWIR HgCdTe Photodiodes Based on High-density

Plasma-induced Type Conversion [J]. Semiconductor

Science and Technology, 2008, 23(5): 5027–5032.

[42] White J, Pal R, Dell J M, et al. p-to-n Type-

conversion Mechanisms for HgCdTe Exposed to

H2/CH4 Plasmas [J]. Journal of Electronic Materi-

als, 2001, 30(2): 762–767.

[43] Zha F X, Shao J, Jiang J, et al. ‘Blueshif’ in Photo-

luminescence and Photovoltaic Spectroscopy of The

Ion-milling Formed n-on-p HgCdTe Photodiodes [J].

Applied Physics Letters, 2007, 90(20): 1112–1114.

[44] Yang K, Lee Y S, Lee H C. Annealing Behavior of

Hydrogen-plasma-induced n-type HgCdTe [J]. Ap-

plied Physics Letters, 2005, 87(11): 1905–1907.

bcde News

fghijklmnopqrs

tuvwxyz

{ www.photonics.com |}~� �EF�

GN�BH�COPD1&QRE (ONR) 1
 
STUTÆFV�IG (LCITS) TWHH
IXYJ-K
LZM[�

1& NJ�KOGX�'TÆ ��
PQLM
NROST\�PTUV �Q
)��PD]-JW^	G#R
SX_HY
`�

Za �Q)T(bUNJEcQ)d[
efV
W`\]^�M[�-XY�_`�
gSTUTÆFV�IGZab[ �ST\
Ed[\h]i�-Æcj]^M[�

kST\d[h�de_Olm)nf
ghjQiljoST\�jEST\]-
�H�gh�-Hk`ap��cg[T]-
JU�GqbU�br�]-JEd[ST\h
[Tlc_`M[�g�m/Qd�n�ef
GXogM[�

p 1 qhstutirvwjstuv
klxmwxnyzyzot{|pw
q7 (}r�~{|�)

� }~�

http://journal.sitp.ac.cn/hw Infrared (monthly)/Vol.32, No.12, Dec 2011


