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On the Dark Current in Mercury Cadmium
Telluride Photodiodes
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(Kunming Institute of Physics, Kunming 650223, China)

Abstract: For various infrared photoelectric detectors operating in the wavelength region from 1 µm to

30 µm, mercury cadmium telluride (MCT) has become the most important semiconductor material. To

obtain the best performance, the dark current in the MCT detectors must be minimized. By summarizing

and analyzing the related references published in recent years, the progress of the research on MCT dark

current is presented and the understanding and comprehension of the dark current in MCT photodiodes

are discussed.
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n<� [27] .�4 MATLAB )zCD�D�,

4�	
�|W (∂Δn

p
/∂t = 0) �Gf���Y�7

(G
L

= 0 �!f��� �����7���) �
<�	��VR006 (x = −x

p
� x = x

n
���

6 � ) �
�T�_�c.(H� * A
d
�)

!�S�d
� (r_!��
�) �

I
dark

(V, T ) = i0

[
exp

(
V

V
T

)
− 1

]
(34)

I0 = qA
d

(
D

h
p

n

L
h

+
D

e
n

p

L
e

)
(35)

V
T

=
kB T

q
(36)

=;� I0 �g�
��38tM
� [22] Æ V
T

��
ZÆL
h
��etM��Æ p

n
� nd0�

�eb�ÆL
e
�
7tM��Æn

p
� pd0�


7b�	
�
���_� =. ��
�78�

 =
� [26] 	@��
���
�U"*��
	�Æ (_m=;Y��� λ) [24] �

I(V, T ) = I
dark

(V, T ) − ig (37)

=;� V ���>��c�Vx
Z (�Z

V��V�ÆVU
) ÆT ����>��	e
��� T �����ad$W�{��!�x
��< IV R�Z`	Æ�A�
o,C_j�
�
�3��VZ V ��� T ��U��0�
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ho�� λ
c
��	�
��tp λ

c
�fczm

��| [36] 	
 =
� I(V, T ) /5.7ro&�
%	

r_G��&�GzC	!��
�����
��_�m�D�
�R!
	��"B4
;����3#��}@o��+�	,���
�������7�aN��B��D�
�
�L��,!�����&�
%;fc��
)yt� [2] 	��;�TU��
��_��
n 10−7 A [37] � 6.5 × 10−12 A [33] !�	
8 yglAz|g}~�

= (37) e���5��	 =
��\�
_	!� MCT ����]V}�R/��LS
�5����R��xy� [20] �!'B��	
�
�,_	�8?�.��/�!��
� ig

������_�mC��
� i
dark

(V, T ) I
�� I(V, T ) oI
	�
%�.��/�)�
0�$���$F��Z
i��� 7 � 	

! 7 {z{z{0|u{2 MCT (0|}
~2|u0} [24]

� 7 � � MCT �
������
%
[24] 	@!���5������
z���t
M
�
i R

diff
��� � – ^D
�
i

Rg−r ���Yf
�
i R
tunnel

���_ ~

�
i R

surface
65��;~�
i��Z�

�3�	C�0���`Z
i R
s
	�
��

%,~��Z
i�
�U��!

I
dark

= I
diff

[
exp

(
V − I

dark
R

s

V
T

)
− 1

]

+I
g−r

[
exp

(
V − I

dark
Rs

β
d
V

T

)
− 1

]

+
V − I

dark
R

s

R
surface

+ I
tunnel

(38)

=;� I
diff
�tM
�� I

g−r
� � – ^D


�� I
tunnel

�Yf
�	��tM
�~=\�
@����Æ� β

d
≈ 1 Æ� � –^D
��Y

�7as;3=�>4�� β
d

= 2 	S�tM

��^D
�0QD��3�?�

I
dark

= I
s

[
exp

(
V − I

dark
R

s

β
d
V

T

)
− 1

]

+
V − I

dark
Rs

R
surface

+ I
tunnel

(39)

= (38)78��m�ad�/= (23)�= (17)�

= (39) ?78�Cm�ad	
�
o�
���� IV R����-<�

�+�R��VZ02;�C��YtV3=\
>4	>�1Y
o95�!d���� [26] 	�
�Y>K�#�95������VZG��E
F;���'c�����Y
�5
U�Æ:
���D [26,38] 	��%8?�}�\
�H5
���I6!�P4 MATLAB 	�� lsqcurve-

fit() \
�H5�Df�Æ:D��I!���
��@=%,W~4�Æ:8?	�� [39]��

��Y'4Wc�`�`��D4�6_ IV a

d�95	�� [13]
o����>G����
��EF;�Hg �@xO��jxO���

� IV R�����	

(| } ~ �)
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����Æ 1672-8785(2012)09-0006-08

�������	
������

���������������
(���������� �� 650223)

����	�
�� 1 ∼ 30 µm ���������� !"�#$� (Mercury

Cadmium Telluride, MCT) %&�'()*+���,�-	'./�(012�
MCT �� ��3�456(7	8*�9:;!��<==>��?��@A
B�CD.EF MCT ���GH��3IJ KLM�!NO.	� MCT ���
GH��3EFPQRST,U	
"#$�#$�
���GH
���� 
��3
%&'()� TN305 *+,-.� A DOI: 10.3969/j.issn.1672-8785.2012.09.002

On the Dark Current in Mercury Cadmium
Telluride Photodiodes (II)

WANG Yi-feng, MAO Jing-xiang, LIU Li-ming, WANG Dan-lin

(Kunming Institute of Physics, Kunming 650223, China)

Abstract: For various infrared photoelectric detectors operating in the wavelength region from 1 µm to

30 µm, mercury cadmium telluride (MCT) has become the most important semiconductor material. To

obtain the best performance, the dark current in the MCT detectors must be minimized. By summarizing

and analyzing the related references published in recent years, the progress of the research on MCT dark

current is presented and the understanding and comprehension of the dark current in MCT photodiodes

are discussed.

Key words: mercury cadmium telluride; photodiode; infrared detector; dark current

9 VW/X0Y
������������1����

� (37) ���� V ���Æ�	
I(V, T )

V
⇒ ∂I(V, T )

∂V
=

1
R(V, T )

(40)

���R������1 [5−6,8,12,15,29,37,46,55−59]	

��� V ������������ R �

	���	����	��	
�	����
��1��
	
��
�������1	

��������	� IV �����
�
	�� (40) ��
�
�� RV �� [12,46,60] 	

�� [56–57]����� RV�����	
������������������ – ���
�2�������������������
��������������	�����
���
	�� [5]������1�� ���
����� – �����2���������
�� Poole-Frenkel����2�������	

3456Æ2012–04–22

789:ÆZ[; (1963-) �\�]^_`a�<bc�=d<>e�fg?hiÆ@jkl!
E-mail: wangyifeng63@sina.com
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�� [58] ������������1���
������	���1A�������
��Æ	����	� RV ���B���
��"
������2��������2
���#���������	�� [60]���

��� MCT�� �!"���������
�#�����#�����$�	���
$� RV ��������������	 
�%����%�����#����#��
��"��	&������&��'	���
(�� MCT  !	

�� [15,12,46] �����) RV *���
� ! !+Æ�Æ�,��	���� RV

�����"!-"����� – ����2�
���������������#��-"
�.$�1	) RV *������ !� n !

#��(�$��'%#����"%�.$�
1 R

s
�&�+Æ	/#$ !�
���+Æ

%�������% ���	0���� 50

mV ����	!"�'��(#	0#��)
(��)� 120 K)��$ Hg&����&!�2
('�%��)!!�*� 40 ∼ 60 K �	12
(�	$��������2� 60 ∼ 90 K ��

12(��*�#��)�	��('���	
3	��$��������2
���/�
+A#���&�,-���	*��)��
� �%��0��!����(#����
�&!�4�����+Æ��&��&��
��+'��&������$�*+��	

5��,�-��*�+Æ� RV�����B

����6,��#(	)� �%���-�
������'�+A#�$.(����1
"!6C�,��$ MCT/pn  ����.*
(#�������)���������6
,#�$� IV �+*/01��.2+	��
[8] ,�,- �! .2+�%/'����
MWIR/MCT �� �!���1���	

10 VWpq0Y
.�$����1��.��1�/� R0 �

#�
1

R0

= R−1
0

=
∂I(V, T )

∂V

∣∣∣∣
V =0

(41)

)Æ3�0�
1�0����/� R0 �'	

+A#� T ��Æ��2 R0(T )	
�4���

�.��1�#���� R0T ��	�� [5] 7
8����0-09�/#$� R0 � n-on-p

 �.:*#/3�����4/%/��
&!�4�
0 MCT ;4<��=��� 106

cm−2 �� R0T ���*���B5��	��
[52] 0��	� R0 �#��16�*�6C�
,��$ MCT  ����.*(#�15"�
��#�$*/01� IV ��*�	�� [51]

0���2��-�����$� R0 ��-	
$�� – ��$>7��	

�� �!8?�������0@	
R0A 3�2�$4�� (41) A�� R0 B� 
/3 A 	$����� J = I/A �1�

1
R0A

= (R0A)−1 =
dJ(V, T )

dV

∣∣∣∣
V =0

(42)

� (42) %�� R0A 616� #/3�6
?� �A��3
�
�� !���
[5−8,13,17,32−33,43,51−52,61−63]	���78��2Æ
� R0A(80 K)=4.6×107 Ω· cm2 [6,61] �R0 = 106 Ω
[37] � R0A(180 K, 500×500 µm2) =63 Ω· cm2 [7] �
R0A(180 K, 30×30 µm2)=14 Ω· cm2 [7] � R0A =

11.3 Ω· cm2 [33] � R0A > 10 Ω· cm2 [63] �	��
[43] 78�� MCT(x = 0.28)/MCT(x = 0.225) #

C� p-on-n 45 �� �!�� 60 K $	�

�+��*�� R0A 3��)�96D:��
:�.+	�� [13] �7�����)�#�
�D:����3&�(��#E+(���
R0A 3�����	�� [7] 	�.: / /3�

� R0A �16���2Æ�����:��*
� �� �����$���%F����8
��G'�%/�����	��39* ��
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�)� R0A �'53� pn  ��G
H;�
���*��#��G�	����:�)�
;4#���3�������<'B- [20] 	

)�.
=��� �!�+A"��
!� IV �+���4��� (�� [26] I 53

7) 	$�54� H = I2R
L

(R
L
�4��1) �

6+A�2�;!$�%754�&8'��
����"6,�#>!<=	.�$�54�
B-� 1/f 8��. [26] ��� �!��+A
�.�$ [26,59] 	3	.����������
6	B��	5�B�	).�>���'9
?9�" (�?�������-��) �
5�
� �!�+A">>@:�-��	�;?�
3���F�B���<�354��8��
-,��-����	D��
�('�@:�
.�5:��6���15:��� [29] 	

�� [62] �$�� MCT �� �!�8
������ R0A3��#��16��2+�
�=�� 1/f8������	 �%��6.	
n-on-p.!�	 p-on-n.!���:/ 
��
�=�� 1/f 8������� i

n
= 1 × 10−2I

sh


;A
��B/ 
���=�� 1/f 8��
����� i

n
= 6 × 10−4I

sh

;A��� I

sh
�

�$�� �!7J<�=K����	��
 �������"!���=)*3 1/f8�

A� )�(���(�		�=�A���
����1�	
11 rEstuvFG0wHxy

�8 !�9C	 pn  		��<:<�
pn  �
��'� pn  �:/ �L= �
�	6	:/ �	�7� n !;4� p-on-n  

. [14,30,35,40−43] �7� p !;4� n-on-p  .
[4−6,12−13,15,40,44−46] 	��"	/�;4<�
M���=< (cap layer)
$/�;4<�;�
��7J< (base layer) [26] ��D 6�>	/#�
SWIR  !"��7J<(�$��/��� n

!7J !�<A����� [26] 	���� 77

K $� n !7J !� 2 ∼ 20 µm �=	�3E

� [26] 	�� [40] ��������;A n-on-p

� p-on-n .� MCT !��"!	 1995 ?�

@�p-on-n�� �!�&2�+2 [26] 	$��
n !7J;4(��$��/��-� p-on-n

;4
�
�>��:	�' 1999 ?��ÆÆ
A>?F�3� p-on-n45 [47] 	:?
��
�8E		)&�(� n-on-p  .'#E+(
� p-on-n  .,? [48] 	����@*�+A#
��)8%+�<=����> Sofradir ?

F2,���G� p-on-n/MCT @H [41] 	
p !;4���&�(��#E+(�<

A	�&�(� MCT ;4#C n-on-p  .	

��@@+Æ [44] 	 Hg &�8?	5����
�!��	A��	�,5  !��3�#E
+(�	<-5�����IA�� [20] 	��
,5 @H
�����"B@	0J/��
�$� (< 5 × 104 cm−3) 
3	�KB�%��
#?/����$���&�C6(�	��
NB3�Æ
AA(� (back-dope) ��	$�
-#� (3 ∼ 5) × 104 cm−3 ID [20] 	

�&�(�
�,�#E+(��<
A p ! MCT ;4��% C/��� [36] 	�
� [49] 78���0JCB/�������2
,�#C�����96D:�#E+ p !(
� MCT ;4
�@@�E+ MCT ;4
�
��;4��3���C/��Æ�DID	
�� [50] 78��#E+(��#C 256×256

E ! (λ
c
∼ 14µm � T = 55 K) �������

�F� 1 pA ·µm−2 	�� [44]78�#E+(�
��3����FC/��
� 1/15 	
12 G0wHz{

�� �!����
G���#�'%
#��%/��D 8 �% 1 �>	6�����
E� [26] �I�	���#�'%#���
����-"� p#� n#�������'%
#L���� –����������=���
����2�����2���������
�����?������F$'%#���
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'��
I 	%/'���-"
G%/�
�%/�����$�O���%/'%#�
������%/5:���������#�
������'������OL��%/#
(�$���������	

M 8 CPDGEQRPHCH (DIFJE�
STQGJIT 1)

D�1
�����FA�Æ��6,;!
$����2+ .�6�;	$� MCT ��
����5�#?-����J)���G�
������,;���&����=���

��	B@?���	� pn  � n !#�G
3�/(���	����C'B-	#��
'%#���5�H�F/����A�	�
57U��$��KI���0J�� (/#
$ MCT/pn  �J���2���! [26]) 	
����N/�J���LJ�(�$�� 
)���:�<-*JA#?K [20] �6	)
�� LWIR/MCT  !���K��+#�
O
[26] ��'	�/#+A�5����H-��
�$	D��
��������:���(�
$����L�16�	����N�OVJ
0Æ��	������'%#�� –����

�6��#��16�
��M [26] 	

�� [42] ����� �%��� p+–

n/MCT �� �!�� TAT �������
����������%�6�	�� [51] 0

���2��-�����$��� – ��$>
	7�����!"(#	�� [52]78�0#

K 1 LMNOPQMRSTUVWXYZ [26]

RPHCH LMWN
A MIXY 1/α JQONPZPQKQ[Q LORMRSNOS�PTI\QUQRV
B OSIXY 1/α JQONWQPT Q]IXY
C UYIQKQ[Q Q]UY�VTU^V n+ Y�VTR_XUY
D IXYINI\OQQ[Q WP^V�YQ`SXT
E UYINI\OQQ[Q WP^V�YQ`SXT�VTR_XUY
F Za UbZaWR
G cV� YQ`SXT
H SWOIQ[QTU WP^V�YQ`SXT
I _X[d Ub^V
J \[VY[d YQ`SXT
K ]ePH Ub^V�ZX[XY
L \Za[QQYPH UbZaWR
M \cV�[QQYPH YQ`SXT
N Pf]ZQ[QTU Ub^V
O OST[RQ[Q W\XP�VT[XYXP
P \Y^Y[QQZHPH W\XP�WP_^^V
Q 1/f _] W\XP�VT[XYXP
R T[ONQPfIQ]e[g W\XP�WP_^^V
S T[\ZhXQ[d W\XP�WP_^^V
T [iON[Q W\[i
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��� 90 K ������$�����.*(
#!�
0#�/� 90 K ������$��
��!�	�*��`����#�����Æ
��%�B�%�,J��� –����	��
[5]78�/#$�� �!� IV ��%���
�����% ���0���� 30 mV���
�	!"�'��(#	�� [53]78�K`a
]��% <-�'����	

\�������2&��^<����
��)*bM����	�� [14] 2+� 77 K

$+# LWIR � VLWIR �� �!�����

O	���������� – ��(#�-"
�2����� Shockley-Read-Hall (SRH) �_c
�:<$>�	���96D:��0J�;
4+Æ;!$��$Æ�� !�-���
� – ��(#����,�6�������
�(#A��
��-	 �%���]^��
�����2�D16�96D: (�� LWIR

(λ
c
≈ 10 µm)/MCT�F� 0.7E

g

�?_�B��

���� – ���D� 0.5Eg) 	�� λc > 11 µm

����0�2$�/� 1× 1014 cm−3 ����
2����
2� 1/f8�	!"� !8��
23	�-��$�	�5	�� MCT ;4

��/�5�D��2$�`�78�����
0J�`d��e���5"^aÆ��2�
;4	

�� [54] ��������� �!� 1/f

8�"!��7Eba	�c�d�<_/
��*�j�8_/�	�ce# EG�j�
8%/�c<�)���C'%#��`&4
��j�8$�83�������b�&4
3
G��K83�����,�F8		�
%/�cF8
2� 1/fc%��������
� 1/f c	�� [55] 2+�A�#������
����Æ� MCT �� �! 1/f 8�	��
,J� 1/f 8��%/������'����

,�#�16�	

���
�a��f����=��g�
������(�
����f���Æ3"

!	��b��d"!��	J��
���
��1	�0Æ,��		cd!"eg�@:
2Æ^f������
O�#�%��ef
���	����&+�) R0AB3�)���
� �!*f�����!"	$'%#��
�����'%#���� –�������$
'%#������ff.�� [26] 	�� [55]

78�����)����#��������
���f���f
%>�2������2�
������������	3	�6!�h@
!�����Di	kh"-"������
�f	

13 VW\|}0w
%/�����8 !���/�"A�

[26] 	����0Æ� pn ��'	�/#$+
A� pn  
��&�J���%/
2���
�f	a�ig��� (LBIC) �	2+'�
�����b+� [64−65] 	

��3%/���3�5�����12
(����-#%/���'���
28��
0Æ !"A%/d�	d�&��%/���
c�.�3c<�'%<	�� [66]2+�d�

�� MCT  !������	�� [16] ���

n+–p/LWIR/MCT �� �!�%/'����
�d�%/'��	$�c3� p !%/<�

e� n+ #��������C	��j��
d�<���c���� IV �����%F
�	�� [67] ���g�� MCT  !����
��	

'%#)�&N/�����LJ*?)
[28] 	$� MCT;4;���� 6 ∼ 10 µm [22] �
�� MCT/pn 
��'%#Hh>�%/
�
�	0'%#�%/f���$�)��_/�
��������8?A�JL	��%/d�
6��3��� pn  ,j���:�E��i
	����&*�lJ��k�	#��/�0
��:���;4;�����%/��`b
����`b�i	%/���	&F���
�l�����A�A� [20] 	��,��K
jk��7�m-",1�l�d�%/��
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gm��@/,���)(�#�)�:#A
���2Æ���Eh	

� pn  �%/f���G;4�J)�:
�$>���45d� (heteropassivation)	3�
CdTeMj�k�/#a]��0J��"��	
 !NlB?3��d�+Æ [20] 	�� [5]��

�n� L�� CdTe/MCT d�45_/��

n-on-p/MWIR/MCT  !�� – �������
��	/#$� IV ��%��
G����%
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