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Abstract: The research progress of extrinsic doping of mercury cadmium telluride (Hg1−xCdxTe, MCT)

materials in recent years is presented. The extrinsic doping of MCT refers to that an impurity doped

is the element other than Hg, Cd or Te. The basic concept of a MCT crystal structure is described.

The fundamental principles of MCT doping and the methods for selecting dopant are discussed, with an

emphasis on the properties of some common dopant. In the design of a MCT detector, the control of the

space distribution and concentration of a dopant is very important.
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h �[]B/Æ�; (7) ���$�

E
d

=
13.6
ε2

(
m∗

e

m0

)
(eV) (8)

;	� m0 �����

 �$X�	��-`23\����

����� [23] ������

E
a

=
13.6
ε2

(
0.44 + 0.56

m∗
l

m∗
h

) (
m∗

h

m0

)
(eV) (9)

;	� m∗
l
���\���� m∗

h
�����

���

; (8) � ; (9) � � � � ) C

MWIR/LWIR/MCT 	�R�� E
d
���

E
a
�� x = 0.2 � m∗

l
≈ m∗

e
� m∗

h
≈ m0 �

m∗
e
/m0 = 0.007	� x = 0.3�m∗

e
/m0= 0.017[9]�

� ε = 17.8� x = 0.2�E
d
= 0.3 meV�E

a
= 11

meV	� ε = 16.5� x = 0.3�E
d

= 0.85 meV�

E
a

= 14 meV [9] � E
d
�',�'-F#��f

&��X�Æ�+,�;2	-F�	�

D*/&��� 77 K ��R�a0X0�

��

���#�)'3	���D&��

� N
a
�  �	���� ���� ���

�Æ��][
���e  ��2 Ea D& Na

��^�S,�����	�	��	 MCT �

�	�� E
a
' N

a
B x 
���U [9,24] �

(1)  � 4 × 1016 cm−3 < N
a

< 5 × 1017 cm−3

� 0.2 < x < 0.24 ����	����

E
a

= 22.7 − 1.42 × 10−5N1/3
a

(meV) (10)

(2)  � 2.5 × 1017 cm−3 < N
a

< 3.5 × 1017

cm−3 � 0.18 < x < 0.3 ����	����

E
a

= 91.1x− 6.93 (meV) (11)

(3) � 1.6×1016 cm−3 < N
a

< 4×1017 cm−3

� 0.2 < x < 0.24�	� (Cu �Ag �As � Sb) �

	����

E
a

= 10.6 − 1.4 × 10−5N1/3
a

(meV) (12)

�; (12) 	�� N
a

= 0 � E
a

= 10.6 meV ��

'�; (9) 2�� 11 meV f&2	/*�

(4) � 8 × 1016 cm−3 < N
a

< 1.5 × 1017 cm−3

� 0.18 < x < 0.37 ��

E
a

= 42.3x− 5.66 (meV) (13)

; (10) ∼ ; (13) ,��VW�+��-1��

��

2	�
\�g-FhÆ� [22] ��2�

�����
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(5)  � N
a
� 1 × 1017 cm−3 JW����

	 MCT(0.18 < x < 0.3) ��

Ea = 91x + 2.66 − 1.42 × 10−5N1/3
a

(meV) (14)

(6)  � N
a
� 3 × 1017 cm−3 JW�	��

	 MCT(0.2 < x < 0.24) ��

E
a

= 42x + 1.36 − 1.4 × 10−5N1/3
a

(meV) (15)

�3�U;�D [9] �Ea ������&�

MCT ��� p �1"�� Hg ��&�"��

��	�&���,��"�DK�=��D�

� 0.25E
g
∼ 0.75E

g
���� �%� [9] �

8 jkCN
���3���) MCT R��	���

$�
$�9� Hg *4� III *&*	)
$�

9� Te *4� VII *&*�

8.1 III fghij Hg OP@klF^

III*	��9� Hg*4����R���

	 In �'.Y��X� In (�UHX']�A

��E�� Hg*4�B�]��V�14 [9] �

In �)� In+
Hg
E� [25] ��'O� In ��

(.� ≥ 1× 1018 cm−3) �� In+
Hg
' V2−

Hg
�E)�

����	"�^&' (In+
Hg
−V2−

Hg
−In+

Hg
) [26] ��

�'� In ����; (16) V��

[In] = [In+
Hg

] + [(In+
Hg

− V2−
Hg

− In+
Hg

)] (16)

�+�

[In+
Hg

] = [In] − [(In+
Hg

− V2−
Hg

− In+
Hg

)] = N+
d

(17)

0; (17) 5�; (6) ���2��

n77 = [In]− [(In+
Hg

−V2−
Hg

− In+
Hg

)]+p77 −2[V2−
Hg

] (18)

��-� n77 = [In+
Hg

] = [In] � 100 % �V�

�)-.��S�� (1) [In] ≤ 1 × 1018 cm−3 	

(2) [V2−
Hg

] � [In+
Hg

] �� [In+
Hg

] � 2 × 1014 ∼ 1× 1018

cm−3 
��X0��V [27] �_�-.S�

(2)�Q��� Hg ^�B ≤ 250_�-��Q

���ia���U [V2−
Hg

] ≤ 1 × 1013 cm−3 [9] �

]��R��V��� Hg ^�S��E���

``	 Hg ���VW�

� 150 ∼ 450 _�-�U�� [In] = 1 × 1015

cm−3 �S����	 [28]\�`
"��)C�

�
� MCT(x = 0.2) 	 In ��	1"' Hg �

(
��`Æ�U��	(DB�1!BL��

In+
Hg
� V 2−

Hg
�B�"���	"� (In+

Hg
− V2−

Hg
)

 ���fg�-�U�� (��� 450_) �

5�BL �� < 1 × 1015 cm−3 ��� n77 �

[In+
Hg

] � [V2−
Hg

] &����; (6) ����

n77 = [In+
Hg

] − 2[V 2−
Hg

] + p77 (19)

� 250_��O Hg(�� n77 > p77 	�] Hg(

�� p77 > n77 ��'O�-���#�X0� V 2−
Hg

BL�Æ	�� 150_��#�� In+
Hg
�Æ��	


�KR�14�� (In+
Hg

−V2−
Hg

)  �����

-1���� [In]b� 2×1014 cm−3 -� 100 %

�V=-��
4 [9] ��� (In+
Hg

− V2−
Hg

− In+
Hg

)

^&'�O#������ ≤ 250 _�Q Hg ^

�ia� � [In] >∼ 1 × 1018 cm−3 ����Z

12]��V� �12 100 % �V�c��	

[28]' [25]
��� In+
Hg
� V2−

Hg
^&'
�"�

�#��ah'��� [9] �X�']-���

Hg ^�ia0���!^&'6.�

8.2 VII fghij Te OP@klF^

VII *&*�9� Te *4����R��

Hg��5W� VII*R�^&'VW [28,29] ��

���R�

b (I) (�)� I+
Te

[30] E�� Te*4�'�


���U���!� 100 % ��V [27,30] �'

In �)�.(�UHX']�d4 [27] ��-�

� 450 ∼ 600 _
���D! Hg (��

��� (1 ∼ 2) × 1018 cm−3 �'�b���D�

77 K ���	"S��

n77 + 2[V2−
Hg

] + [(I+
Te

− V2−
Hg

)] = [I+
Te

] + p77 (20)

;	������ (I+
Te
−V2−

Hg
)�
�Kj�

�'O� Hg (�� n77 �e� I+
Te
' (I+

Te
−V2−

Hg
)


��VW#���

n77 = [I+
Te

] − [(I+
Te

− V2−
Hg

)] (21)
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D& Hg (�R]�� p77 > n77 �

p77 → 2[V2−
Hg

] + [(I+
Te

− V2−
Hg

)] (22)

(I+
Te

− V2−
Hg

)  �Æ�����Y�+	/3�

I+
Te

+ V2−
Hg

↔ (I+
Te

− V2−
Hg

) (23)

0�)��b+��; (23) �'0�'-F

Æ��1Z&���2��Y�U [30] �

[(I+
Te
−V2−

Hg
)] = 3.8×10−21 exp

(
0.445
kB T

)
[I+

Te
][V2−

Hg
] (cm−3)

(24)

;	� k
B
�aMSc/Æ� [I] = [I+

Te
] + [(I+

Te
−

V2−
Hg

)] �' In $#� b�1`
"��)C
[28] �2� [I] = 1 × 1015 cm−3 ���)C"B

(I+
Te

− V2−
Hg

)  ��	"�	��� 150 ∼ 450 _


��-�U���'� [(I+
Te

− V2−
Hg

)] > [I+
Te

] �

77 K ��+��	"S��

n77 = [I+
Te

] − 2[V2−
Hg

] + p77 (25)

�O Hg(���-��!� 150_� 250_�

n77 > p77 	�-� ≥ 350 _�

p77 = 2[V2−
Hg

] (26)

� 500 _�� [I] = 1× 1020 cm−3 �#�D�1

�)C��+� Hg(U��5� [(I+
Te
−V2−

Hg
)] 	

[I+
Te

] � 77 K ���	"S��

n77 = [I+
Te

] − 2[V2−
Hg

] + p77 (27)

��� Hg(O� 1 atm(�&() �n77 > p77 	

� Hg (]� 1 atm�n77 < p77 	n77 �($U

�b� (0.1 ∼ 1)× 1019 cm−3 ��	 [28] ' [30] 


��� I+
Te
B V2−

Hg
^&'"���#'�
/�

I��
4'����X��-� ≤ 250_�Q

Hg ^�ia��b� 100 % ��V���

!^&'50H��

9 lkCN
� x ≥ 0.2 � I *	� Li � Rb [20] �

Cu � Ag � Au 5�9� Hg ������

� Hg ^�B Te ^��S����� MCT E

A� I *&*�	���C	$�))��
[31] �b� AgNO3 OM5!b_�; LPE/p�

MCT(x =0.23) �1 Ag �	 [32−33] �I�`\

NX� MCT �	�,$ci'�.��	 [34]

ci�� MBE/LWIR/MCT K	� Ag �
��

	KdVUH�)�
�0�	��K	��

	 [35]ci������0�	K
���	K

	� Ag ���ca�0,������Eah

��� [9] �

�
*#����	�+9� Hg*4�I

����']	�D���9���� [36] �

�E� Au ����d����R� [9,36] ��

j TeS����� Hg �����  ��O

#�0�'��� 185_���.� 50 %JW

�������� 	����'�%	���
'��BL� / ������VW�BRk'

kÆ��X����
*N��]��V��

� [9] ��	 [37]ci�� 500 ∼ 600_��0 CuU

H�� LWIR/MCT�������� ≤ 1× 1018

cm−3 �p77 ' Cu����	� 2.2× 1021 cm−3

� Cu��V� p77 = 5× 1019 cm−3 	��
��

ef	R��UHiaeb�	�	�	Æ�

�Rk'� � LPE/LWIR/MCT��	� Cu�

��12!� 100 % ��V [20] �

I * � 	 & * � B 4 � U H X ' O
[20,34−35,38] �'��\N	�	A�UH��

	���,��']��cUÆÆ/.+��

���	��[�� [9] �'��	�
*``

���� I *&* [9] �I Au �	� I *&*	

�
�.�����#��� Au �	�)�


�	�(�DKd� [27] �2	E�\()�

��	��R]�UHX�X� Au - ��^&

'�Æ�����R]��V"��DKR

]�U" [27] �� VLWIR (13.2 µm, 77 K) ldC

	�� Au ���)� Cu ��(�,*�[�

" (�B�*�(�,*�l:�) [39] �2	�

] As �	=5U�"'O� I *&*���1

2���ldC�� [40] �)����! As �

	��	"��K!����l:� [41] �
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10 m^CN
P � As � Sb � V *&*d�" [42] ��j

Te S���9� Hg *4�� Hg ��S( ( �

�d n �) 	�j Hg S���9� Te *4��

Te ��S( (��d p �)[43−44] ��.Æ	��

O#�O�j Te OM��	� V *	���D

K�X,� LPE	�0 V*&*�� MCT��

[P [9] �

�"�		�Ed�;�� As � As Y�

�)��R� As+
Hg
�� Hg ��D��)��

� As−
Te
�� Te ���	 [45] ci�� As �

	 /MBE/MCT 	� AsTe � AsHg �B AsHg-VHg

^&'�����$��!� 11.0 meV � 8.5

meV � 33.5 meV � AsHg-VHg �Æ��b� 10.5

meV �

�	2�le.���-�]����

V
5��; [46] � � As �gf����

���-� 100 % [9] ��V� As � MCT 	U

HX]�14���%&� �;[��+�

As+
Hg

+ V0
Te

↔ As−
Te

+ V0
Hg

+ 2h (28)

;	�V0
Te
� V0

Hg
�!�!���	"�K� h

�!����L_�����)��bV�

[As−
Te

]
[As+

Hg
]

=
KAsP

2
Hg

p2
(29)

;	� KAs ��+/Æ� PHg � Hg (�� p �

�����`@�; (28) 	���	"���

K�I�; (29) ?@m�����K����

; (29) 	��%�� As ��� 100 % ��

V������X� [As+
Hg

] ���f��V�


�_��� [As−
Te

]/[As+
Hg

] (2e���	��

[As−
Te

]/[As+
Hg

] > 100 �����]��V [9] ��

V� MCT��-��B����	" (��) �

S������ [As−
Te

]/[As+
Hg

] ��$���� Hg

(�^��
*�c��� LPE ��	�	O

Hg (�3��%�[P���j Hg/MCT �/

K	(�� 'e�������\Ng8

���j Te S���'*/&���	�	E

� As ���Æ/ [As−
Te

]/[As+
Hg

] < 1 [9] �I�
�
�*m�.������ MOVPE/MCTK	�

]��V� [As−
Te

] ���� 2 × 1016 ∼ 2 × 1018

cm−3 
����� LPE � MBE K2/�VW

� n ���	���VWBL� As+
Hg
� V2−

Hg
�

`
"��)C���D�^&' (As+
Hg

− V2−
Hg

)

� (As+
Hg

−As−
Te

) ���+,��/,�h"DK

����
�=��D���� MBE/MCTK	�As)

�l�'�?�'E�� �'� As �� [As]

	��� [As] 5�b 2× 1018 cm−3 ����]

��V	� [As] > 2 × 1018 cm−3 � [As−
Te

] ��

�� 2 × 1018 cm−3 JW��V��)� ≥ 300

_�-��Q Hg ^�ia�@�T� < 250 _

�-��Q Hg ^�ia�6.���[VW�
n � MCT K��V��0 As � Hg �U� Te

��; (28) �D����WV Te ���U2 Hg

���I� Te �����+,������)
����EUR�d+[05�D!�VM�

	#&�
%&��	(��! [47−48] 5W�O

PHg ��#g3���	 [47] 23��Y�E)

��
Hg

i
+ As+

Hg
→ As

i
+ Hg

Hg
(30)

�

As
i
+ TeTe → As−

Te
+ Te

i
(31)

;	�Te
i
��8UH�C�)���S����

���� Hg
i
� As

i
� Te

i
��K���-1�

�
M�C<��EU�G1� (VTeVHg) �

	
�1���

As+
Hg

+ (VTeVHg) → As−
Te

+ 2VHg (32)

�	�G1� �K��UH���VHg �UH

��� Hgi 6. [48] ���� VHg � VTe D��

���� �+�UH��)Æ������2
��

[As]
L2

t
= KP 2

Hg
(33)

;	�L � MCT�/K�T�	t �ia�	

� Hg ^�(� PHg �� [As−
Te

]/[As] > 95 % 	 K

�
�'-����j�AA���UHX�
[As−

Te
]/[As] �1��� [As−

Te
]/[As] �C��V�
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�������UH	��6�0�+��/

K�($�; (33) +���/K�Z���	

[As−
Te

]/[As] �0�� (> 95 %) �X,6�D��

/K	��,�VnL���		12�-F

Æ��D�� Hg ^��B 300 ∼ 530 _�-�

S��� [As] � 1.1 × 1015 ∼ 4 × 1018 cm−3 
�

($	gC�� 100 %�VnL��; (34)	'

*)Z& [49]

[As]
L2

t
= 1.4× 1014 exp

(
− 1.30

k
B
T

)
(cm−1 · s−1) (34)

�	 [44] 

�
! V *	�)���

MCT	�V����M��6M�C< Hg��

���E��@�UH������
�� V*

	���T��()*4�)�
���0 Te

��� Te *4D��Æ� Te ����� Te �

�TUHf������UH�iU�<�E[

X��	�� Te ����8UH�12�
�

�����EUX'�	����)�6M�

'[��� As �VÆ�'�f&�

As�
!W[�"	/*����+)�

As ��V��'O�-�� ����6-�

�ia�������� Au �	 [9] �

11 MCT CNg?min
�
����� ≥ E

g
��.�j��Æ

�����	���������Æ��'�

Æ�	��
��� (� �Æ�	���.Æ

������c�6���
�(Æ�����

������) �����	Æ�
����

�,Æ�
��� –�� ������Æ��

#���� 8 �!�

� 8 "���@�'�dg3op��k@Y3 – Ghd@?@9UfVi

�	���	E�� (�0�V���

���Æ�Æ�Wg� (��
��X�0�

�h��	�
X�����n1h��^�

σ
h
	0����h��	�
X�����n

1h��^� σ
e
��L(�#��1�g��

� 8 �!�

(1) � σ
e
	 σ

h
��n1�������

3&
��XW���T8�fÆ�� (�

(�M��n1�
���X,d+�
�

��LX [1] �

(2) $#)�0 σ
e
� σ

h
� (�����

LX [1] �;*���LX���LX
	��

5������,���	�j�

(3) σ
e
≈ σ

h
��n1���Æ���Æ

���������j�#_��o6��

��2�����
�Yi��
6.	��

�������!3&��� (����

3&	���*BL�B����	T��Æ

� ��	� (� Cu � Au � Ni ��()&

*) -��>�3&	��)���n1h��

10−15 ∼ 10−17 cm2 [1] ��
*#����
3&

	� ������n1h���� [4] �

(4) σ
h

> σ
e
��n1���Æ.���

Æ����o6�"'��p���.+���

���Æ�� � σ
h

< σ
e
�#�D��)$#

�g��[0��!#�����3&�

0�j������� –�� �Æ_ [6,10]

�C���X η �
*#���

η =
����� – �� Æ

�j��Æ
× 100% (35)
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��12e��O�����2/�)�

�X η V�V*���3�E�-��	
*�

������ – �� ÆS(��; (35) 	�

�%���0�Æ/��XR]�

�
*#�����������D�

L0Æ9bqS�

Δp(��Δn) ∝ exp
(
− t

τ

)
∝ exp

(
−1

τ

)
(36)

;	�τ �������L5%������

�����l:�3&	��������R

]���; (36)�!�).�U��+)���

���l: τ r���
4�5Q�DEA�

#�������ÆV.�2	3&6s��

��D'V�	�
a@�

lX�+/3��� D�($��

kA�+�dj�� [12] � �
*� pn���

ldC�c������-`UH�Æe��

@�h���!�k	�Qi�jS����

)
���UH�
�� 'j�	��UH�

��; (37) V��

L
e

=
√

D
e
τ

e
, L

h
=

√
D

h
τ

h
(37)

;	� Le ���UH��� De ���UHU

Æ�L
h
���UH���D

h
���UHUÆ�

�����0lUH������qÆ��

lX�8��3
Nk�X��U�3&	�

↑→ �����l: ↓→ UH�� ↓→ UH�
↓→ lX�+ ↑→ ��ldCW�V� ↑ ��5
O��ldCW�V�������R]�

�����l: [3] ��+)�)  3&	��

)��0/����ldC"��d��

� R0A :� [6] ���� R0 �f$(���l

dC����W�A � pn �����R0 A '�

�����l:�#)��

R0A ∝ τ
e

(38)

R0A��V���D�����"�V* [50] �

�*/&�����l:�5O�)S(3&

	��G-���5O�����l:�_��
p��	��� MCT���
�W4

 [33] �

3&	�����������+�ZK
	YZ�I�C�%�!Yj���3&	��
��B��-��l��
*�c�3&	��
V (�V!������) ��Æ��	
��VO (����V!���0) �3&	
�'V���.����Æ�"�� 0.54 eV �

3&	�
*'�-.6S����
���
��3&	�	���Æ�"�� 0.3 eV �3

&	���
�;��3&	��
�����!3&�2	��
	�
3

&	��3&�63&	���� SRH 	��
3&l: τ

SRH
�L; (39) )C�

τ
SRH

=
1

N
t
v

th
σ

(39)

;	� Nt �3&	����� v
th
�(Æ��

��W��V�� σ �3&	� �(Æ��

��n1h�� τ
SRH

����#�� SRH 	

�&��
*�) τ
SRH
��$ [9] ��	 [26] 



� p �� n � MCT �l:Æ���	0��
<0�R]l:�' 310_��ia�)�In �
	 n � /MBE/MCT(x =0.23) � 420 _�� Hg/H

&r	ia�l:qS [51] ��+�i&'��
�BJqS�

 � SRH 	�������ci [9] �
(1) p � MCT (x = 0.2 ∼ 0.4) 	� SRH 	�

���0�� 0.5E
g
∼ 0.75E

g
3 [52] �

(2) ���	 /LPE/MCT(x =0.22) 	� SRH

	����0�� 20 meV3 [53] ����0��
5 meV 3�� Ag '��=[6	�����6
	��
�^&'��	 V2−

Hg
� Ag ��E[�

(3) ���b� 0.05[V2−
Hg

] ����	�	�
(Cu � Au � As) �	 /LPE/MCT(0.2 ≤ x ≤ 0.5)

��	�
�>�Æ)�� SRH 	���Æ�

"� 30 meV 3�)�� In �	������

�	"� SRH 	� [40] �

(4)��\N����0 SRH	���R]

� 3×10−13[As]1.44 cm−3��*/&� [As]=1×1016

cm−3 �l:�S((��	� 1/10 [51] �
6 [As] � +� N

t
≈ 1 × 1010 cm−3 �'S�	
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���������BL���)���
�

	/,��

(5)2	�*�
12�(Æ���l:Æ

�' (In, As) �	 /MBE/MCT(0.22 ≤ x ≤ 0.31)

���f&2	/* [54−55] ��	�� n ���

	9�Æ)�� SRH 	���Æ�"��b 5

meV 3	� p ���	� SRH 	�����$

��b 11 meV3��� ���5� Ntσ =0.75

cm−1 �

��	�� SRH 	���b� 0.1[V2−
Hg

] �

��
���� SRH 	����� (0.002

∼ 10)[V2−
Hg

] 
� [9] � As �	 /MOVPE/p �

MCT(0.28 ≤ x ≤ 0.42) � SRH 	����

10−11[As]1.353 cm−3 [56] ��	 [As]=1015 ∼ 1017

cm−3 ��� SRH 	���D [V2−
Hg

] [40] � [As]
[51] �($#��`@�DK�=��D SRH 	

����BL��I� .+)�(��"?

@�
�tZ [9] ����
%&��LXV"

�%���
\3	$ [57] �

�	 [17]23� Hg
i
� TeHg � SRH	��#

�����D��� [Hg
i
] ∝ PHg � [TeHg ] ∝ 1/P 2

Hg
�

��
V�� PHg �-���'�� [Hg
i
]+[TeHg ]

0���,���'� SRH	�����,��

I��.���	�(�������l1X

h���
����l: [58] ���l1X0

-��"�V�-���.�m/+� PHg U�

h�[��,� (��.%��j) [9] ��
�

�BL���D���($�)��D��2	

�+( PHg �-�	� [V2−
Hg

] Uj/Æ [17] �

D����+( [V2−
Hg

]�#��+(�
BL�

��	�
4�!� [Hg
i
] � [VTe ] �.+���

\&� [V2−
Hg

] �(�/Æ� [9] �

.�E>��BL�S�	��^&'�

�� SRH 	���
"�?@�s�
\�

[26,59] �

12 WLn
�	��.Æ MCT ���������1

"&��
�������� /��"���9

�	�(�,&(]�UHX]�B	���

�,�"���-.	��D!�)��-

�	���kV"I@�
jlm��u [9] �

�j Hg/LPE 	� V *&*)��	��+

nl:�5O��[�"�`@j Te/LPE �R

��	[����I���	?0�X0�

#�1!� V *&*��	�12�tD	

/[P [9] � MBE/MCT ��� V *&*��
	D%�$#%&��UjUH�,���

K�.����2	m�BLJ�	5O V *

&*��V�?@����̀ @�v)C��

5W����#kw�I?��n4"�.��

�v)CB�����+]��.�#o

�.Æ UHÆ� [60] �_��0F-V?@�

MCT ���	��� [9] ��]�	����	
���' MCT	[n%����BL
���

E)����R]��	�������pq

��BL'��	�
��3	�+����

W�
\�\)�)�� SRH 3&	���"

%&?@�s#& [9] �
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