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Overview of HgMnTe Semimagnetic Semiconductors

ZHU Liang-qing, CHU Jun-hao

(Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China)

Abstract: HgMnTe is a typical Mn-based II–VI narrow-gap semimagnetic semiconductor and has been

successfully applied in infrared photonic devices. Meanwhile, due to the existence of Mn ions, there

are two important magnetic interactions in HgMnTe material. They are d–d and sp–d magnetic inter-

actions. These two magnetic interactions make the HgMnTe material have some special photoelectric

and magnetic properties such as spin-glass transition, giant negative magnetoresistance, magnetically

driven insulator-to-metal, giant Faraday rotation, photoinduced magnetization and magnetic polaron

effects. Hence, the HgMnTe material has many potential applications such as magnetic optoelectronic

devices, quantum computation and quantum communication and may be a promising candidate material

for spintronics.
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1 HgMnTe LMNST
HgMnTe ��)),� Mn � II–VI +-%

�
	
��
��,�#.�*&�$	�

�� HgMnTe ���
����
�����

HgCdTe ��'��*���%�
�(+�&

/ [1−4] �#*���$	���01�		�

� Mn2+(S=5/2,L=0) 
�)'2'"�3��

� HgTe �� Hg2+ 
�*-����
���

�	�	���&'+
��	�

� [5] �

(1) Mn2+ 
��(/	������)4.

���,� sp–d 	
�����&'/*��

����	� g )��
������
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--��'+��--).5$(�	���

��.#+�����	�"�
�����
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�

(2) Mn2+ 
�/�)'2' Hg2+ 
�*

-����	&#
0�	��+*�.#+


�/�&&#	�������"�����

������+�	00�

(3) �+�����)	������

����, Mn � (� Fe �� Co ��61

�,) 	�
���%� HgMnTe � Mn2+ 
�

�-1	��,�-7.�"	����#�	

2���1-7�� Mn �, II–V +6	
�

��%� HgMnTe � Mn �23/���/��

II–VI +
���8
��/������,�

.54)'9.�+*��8
�*-�.#

05%�!� Mn 2�/!��'01.�+

*���)# HgMnTe
��&6���%�.
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��2$"�" ��05"��2:�

4� !	�/3%#3
������
 �

;��6<3=�HgMnTe 
�2�$(%#�

"*�27 [6−9] �
458 HgMnTe 
���

������*	 ��4�

2.1 HgMnTe 45678�9:78; Mn2+

<=9>
?

2.1.1 QRST

HgMnTe �+���� HgCdTe 
���

��6�9>7����: 1 ;<��@��

�.8�1 [10] �)� MnTe9�	 NiAs 85,

+*����� a=0.415 nm � c=0.671 nm :�

HgMnTe�	���+����;� Hg1−xMnxTe

� Mn�AÆ xB	8� 0 ≤ x ≤ 0.56=9;	

�
5(>7�<����8?='@� MnTe

00�>�����+.�
��>C+��

�$(01�: 2;<�?9�	�
����

�,� Mn AÆ.����"� [11] �

@ 1 HgMnTe ?ÆA::

2.1.2 UDST

� HgMnTe �+*@E�� Mn2+ 
�&

#4')"AÆ Hg2+ 
�� Mn2+ 
�
;�
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3d5 < �!!(/�� (3d 
(BB�*1/

�C�
A 3.5eV 8 [11]) �3 Γ @; �
�

:=	/*<B�: 3 �-%� Hg1−xMnxTe 


��
���/	�
� Mn2+ /! x ���

<C: [12] �3 HgTe .�
���� Γ6 �/

� Γ8 
(+���,�D
��*� Mn C'

Hg ��/3 Mn /!�=$� Γ6 � Γ8 F=>

 ��
���	"���E/.�����*

x =0.07 �� Γ6 �� Γ8 ��F���
��G

?����
DH��I>D!
&�?!�

@JA [13] �* Mn 
�/! x 2�E=$��


�0,�D���G�D�* 0.08 ≤ x ≤ 0.3

�� J.Kaniewski ,% [14] ��

KEFL�

4B�&"�@%�C!/FG� E
g
(x, T ) =

0.253+3.446x+4.9×10−4T −2.55×10−3xT (eV)�

���A' Hg1−xCdxTe �%�C!/FG�H
[15] �� HgTe .�
��2H Mn2+ 
�;(

���D��:%2H Cd,�+3I�-75

��31&��	��%�C!�(+���&

'$B!CG)'AÆ�/!�.#	�10

5!��+�
��DJ�Æ&#�+*&#

KL�)#��� HgMnTe � HgCdMnTe 
��

��&�+�
��MD�%�(+��

@ 2 HE Mn F II–VI INIJKA?ÆA

::O Mn JGÆH?IP

2.1.3 VÆ Mn2+ WXKUYLZ

JE	�
��+��	���� –-1(

���
��
(:L�ÆF��)ÆF3	�


��	� (�	�A�	%M�	�%&�,)

	2:��� II–VI +6	
��
��+��

��M�9>7�Æ>7����$�)NG


�	�
�$(�	G53N� (@O T
d
) �

+����#�K�)NG
�FL+��+*

�-% c/a ��HP,1�"�85IM��

�+*�-%�#�J	N��@�"�	QO

3N��+� (@O C3v)[5,16−18] ��0 Mn2+ 


����� 6S5/2 �
�	� S=5/2�
��-1

OO� L=0��E5+���
����ÆF�

-1R2� Γ8(Td
) �-1�2� Γ7(Td

) �P�

�@
(��K?H�B	 0.0084 cm−1 [19] ��

SLÆF�%�B:	�,!$1 0.01 T ��@

ÆFM��PJ�)#��+��JE Mn2+ 


���
(�	���$���0
��Q�

� 6 2.��-1<��/�&QNRT	�
[20] �

@ 3 Hg1−xMnxTe ?OR::U Mn JG x S

Q?VS@

2.2 HgMnTe 4MNOP

1973!� Savage,% [21] WT3 HgMnTe �

	�A2$"+��FL�4/-�Mn 
�/

!'-7��	�A�$H�!D
�	�A

U- (χ−1)– D!XT;Q Curie-Weiss 3P��

+%U�T	$��QND!��GD
�	�

AU- (χ−1)– D!XTR
 Curie-Weiss 3P�

/�&T	=,���Dobrowolski ,% [22] +�

" Mn AÆ x ≥ 0.1 � HgMnTe �!�
�	�

XT�������VG� BrillouinR-	B�

FL5(�	�XT�1980 !�Nagata ,% [23]
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��G	� (S 15 Oe)  � Mn AÆ x =0.35 �

�����������AÆ HgMnTe �,�


�%M.�������1 Mn
�/�T6

ÆQU,�
� 4VY�#;5(�FL�

4�#��Brandt ,% [24−25] �D!G1 1 K �


�
��"��D HgMnTe (0.02 ≤ x ≤ 0.075)

����������Z+��D HgMnTe �

� Mn
��
��&��1!AÆ�G��D

HgMnTe��
��&�1986 !�C.Rigaux,%
[26] ���	
5S � HgMnTe ������

O�	�$����� (1) �� Lundgren,%"

&�[�����U,���74W\ HgMnTe

������O�	�
� [27−28] Æ(2) HgMnTe

�������D! (T
f
) � 0.25 ≤ x ≤ 0.45 6

=9'/AÆ x �=$#T�#!�
4VD

!]�3 HgMnTe �	
���WX58�

2.2.1 [R\][R^_`a

* Mn2+ 
�/!?G��HgMnTe 
��

	�A&X�GD����!D��
?74

;Q Curie-Weiss 3P�* Mn2+ 
�/!�!

�� HgMnTe 
��	�A�!D
Y^;Q

Curie-Weiss3P�P��GD
	�A�D!"

�-7R
 Curie-Weiss 3P�/�&T	=,

�� [23] �T	�AU- (χ−1) �D!�"�X

T%
_Z� Curie-Weiss �- T0 ` 19@�

L��)���9)��01	�
����

+�	
�����!D
MSO,1	�


���+�	
����)#�	�
�81

�0WE�'���
(����@�U0�

�ÆP��GD
�01MSO�Da�	�


���+�	
���+5X#Y �	�


�ZU���	�
�U0�#U09A��

�,+�	��'��	�
��	�/!D

H�.#/�&T	=,���V���3�4

�	�A� Brillouin R-[�G��!T\	

�V [29] �

2.2.2 bTc`a —— deUf\

A'�X� �4�H�* Mn2+ 
�/!

x ≥ 0.17 ���	4]E5��� HgMnTe 
�

&'/�&�����
� [24,30] ��1-7�

	�
�����@	Y�[\D! T
f
�*D

!G1#V��G�	�A&�WX�� (cusp)

�Y@�#�#��	�A�
��	�]b

	"�	�������^�/�&�	��

���Z^
��������@����+

*c_01U,2$VY [23,31] �01 Mn2+ 


�/�ÆQ�4]E5�+*��8
�*-

d�* Mn2+ 
�/![��3V�D!G1	

Y�[\D! T
f
���Y� Mn2+ 
���X

#��,+�	
�����)�,�+�	

U0�)#01"94]E5�3N��#��

Mn2+ 
���+�	
�'(� Mn2+ 
�&

���C%�\e]^���d\�@)IZ�

��"������&��

2.3 HgMnTe 4WNOP

2.3.1 ghXiX]jkl
� HgCdTe �'����� HgMnTe �
�

01�f+*g_/!! (Hg)*� TeMn +*)

#��$��
[��]��'-7����

�
�

���!/!� Hg )*��
�_

p ,�),� Hg )*/!� 1016 ∼ 1017cm−3 �

#�����@JA%)4�@JA:! (�@

�@JA.% b = µe/µ
h
�F 100)�)#�?C

�D!6=9�`a� p ,Q`����&�


�\�,��),�)4@JA�]4(]

b cm2 · V−1 · s−1 �(�#��@JA�M�]

a cm2 · V−1 · s−1 Y` [32] �

2.3.2 mRn]opR – qrsZ
�M#.��	�L��b)	�� (ρ

xx
)

� µ2
B
�-�(�P� HgMnTe �	���GD


'/3	��=$#DH���	�=$(�

3VK (�Yc1
��AÆ�G?�/!) �

5ahDH�/�&�	��� [33−34] Æ*G?

�/!8�d�6=9��CGB!�F(]@

-�(�d�&���� – �����#��)

��'�	�eb=$�NG
���V��

������,��� Mn AÆ� Hg1−xMnxTe

�6B^+(�i-��	
���	"�A'

*	� ��4��	���	�
Q)�_

VY�
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(1) Erhardt ,% [35] B� (��+�c@U

,) �jc��A�0\G�^�\+�^@J�

&<B��\+�^jcM��G?�@J��

��G?������E+��#\G�^jc

�G?����cd����GDa	�
�0

11 Y� Mn2+ 
����+�	f����

1	�
�00��G?� (T	������

	���) �jc( Y��00���e3f

/3��+��)#\+�^jc<B"[:�

��A�#*	�=,�D!#!��1 Y�

Mn2+ 
���`1��	��5%f��+�

	#d(01�#�&��+��\G�^@J

<B"[:��A�G���)@J�&��

g\"���"�	����&��

(2) Wojtowicz ,% [36] B� (	����



U,) ��GD
���A�<B[:	�	

����M�
����

���&'-7

����A��X� �4�AÆFL�4/

-�=$	�
'�� ($[,) 	�����



DH���(�	���gR-he�+5

��G?��)�d).5F�jc@J�)

#�h=,�	�'Æ'	'����	��

�d(01��Y`&)����G?�-�

���/��	��/	��=,#DH�

(3) Shapira,%B� [42−44](
���ÆFU

,) ��	�
����,� sp–d 	
���'

��7]� Zeeman ���)#���&'��

	��ÆF��@���ÆD3�1d���

�
�����,	�
�
�01���f

2ÆF�Fermi 4�@Ji��3*-��"�

���@L���+��'�3i�.#(��

	������� – �����

2.3.3 ^_tXu`vw

�X� a-�� HgMnTe��b����

�+���ab���T� HgMnTe��b�&

g�$	��E&g��� Landau 
(�M�


������+�ab����)����

+�ab��	h1��b� Mn2+ 
���

����,j���-1(������3�

��bc!� Mn2+ 
�/!
��5(��

��ab�����&
�dK������

��k�c&"�@���[5% [9] �

2.4 HgMnTe 4dNOP

HgMnTe
�j"	���

KE�+L


�� �.��eGÆ%#"*�e;��

���	
���	"�


��

2.4.1 xyfx`a (z Zeeman vw)

01 HgMnTe
����	 &
�(+�

��
��f��
��

�E6$"*�

i�����	��
�
� B.L.Gelmount ,

% [45−46] Wj �" Mn AÆ� 0.13 ≤ x ≤ 0.15

6=9� Hg1−xMnxTe��	�%�
��



�� ��4/-� (1) � Hg1−xMnxTe �
�

�

k�[:���@�
X�T!
X�G


X���!
X ([X) 3�1/�(���

c@g��� �G
X (.X) 	h1$[��

�(���c@g���� (2) �,	�
��

@�
X��
�kA� 23 meV �3�1,	

�
	�$[��

� (3) /3	��=,�

�@�
X�X*���&����!�<"

%J���@��
�k_�DH`l��)�

��0� Zeeman���	�$[�

/	�

�=,#DH���(�������@�
X

�X,/	��=$&�"j=,KDa��

��1,XV�[�,	��� 50l� (4) �#

Mn AÆ6=9���� Mn2+ 
��� s–d 


�hÆ�- N0α � 0.45 eV (�	�
�) �)4

� Mn2+ 
��� p–d
�hÆ�- N0β � –0.8

eV (+�	�
�) �

2.4.2 Rx`a (z Faraday esvw)

HgMnTe � Faraday ��FL����KE

i; ���$� Faraday �����31%

�� 1.3 µm ( 1.55 µm 6=9� HgMnTe ��

Faraday ��O���T	
�� 100 lY`�

� Tb3Al5O10 �61����
��#��	�

�@8 Faraday��O'��m� [47−48] ���

�	 �/-��nD�=	�	��
�
�

�
�$1%�C!�ml
gL HgMnTe E


L� Faraday�����7<&��
�G?

�F�	���
� [49] �#��XÆka-�
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� Mn � II–VI +	�
���L� Faraday �

��[:9)���i�c@�#��c@ (�

��c@���
(c@��� Mn2+ 
�9A


(	"�c@) 3 Faraday �����<B�

�PJ���

2.4.3 xyR{vw

1985 !� Krenn ,%��[���9ol

(SQUID)jpWj� HgMnTe
��^n(GD


 (4.2 K) �
�	����T��
g��+


���	����$	���	���4�

��#��
�	�,!Yc1 Mn AÆV�i


g��i�
,!��#��"&"�1V

YV������XU,�TB�
���0�

�� Mn
�(/	��� s–d
�����L

��)��� (1) �+i�
��o5%d+�

���L�(/)��������� Mn
�

���C%E$(
��	�AÆ�qOÆ (2)

�(/)��&����������&'�

���k�KL�&p�)����'���

l
��;	� Mn
��+5C@
���m

^2�	��V��/*aF"� HgMnTe��

� (
�) G?����	���
� [50−51] �

2.5 Mhi=jk

�	�
����G?��� (���)4)

�	�
���.��� sp–d	
����&'

��@����	��00�r#��&��V

�mH	�
���s�\�	q �̂�tB�

��N.�	��� (Magnetic polarons) ���

�Æ���� (1) �0	����T)�*-�

�3��[:�)1�0G?��	�
�.�

�	
������)4	����	���i

3 (��)43 + 	�
�) ��: 4 ;<Æ (2)

��	��� (BMP)�T)�*-�3�O��

�)1�
���	�
��(/G?�.��

��	g����Vg���,��2�EÆ�

u[,��	��� (Donor-BMP)�$[,��

	��� (Acceptor-BMP) ��: 5 ;<�

@ 4 InQlom

@ 5 vmn BMP

��	�����p	no�l� sp–d 	


����#K�\�	�
��/!���

Mop	qI"r��'3��	���L�

�@2:��� (1) �

/D!�	��	�


�/!���#����*B�"FL;a

F [40−41] Æ (2) �,	�
��

(&���

ÆF����wn�!D
E�����*B�

�+� Raman KLFL/*aF [52−55] �

3 HgMnTe OPLXY|}~Z�[
\

HgMnTe
�j"������
���%

�
�(+�&/.���	!�s����

&/���
�����
��)2:�qp


�� (1) �1��	�����&�&C6

=	�r+�e�Æ (2) �1	�
��G?�


���;(��� Zeeman����k�&�

���	
����[+*���b���1

k�	�
�����q�tgr�r%�g

r�sL
hÆ (3) �1� Faraday �����

�k�&��

����
t
� (<%�


���'1
����f) ���1g:!h-

'8��

�s�	��ca�tu�23

�Æ (4) �1��	�������k�&�^
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s!d (ut�() �

UGtu�u5�Æ

(5) �1
�	�����F(�

xr"�

���vv��F�
�tv���tv.�

�������

#����k��A��������p

����	�4y��	�&	�
F���


�
�
�	
Q@�����y��"��

.#F(���������%
�F���

� ����s�vv�

4 ]^
ew�vw
xdwjp�� �;�z

x �y�y�x �y�-zo�EU�t

v"{54"y�	<c��{X��z�5

(v{�^w
�� —— %�
����\v

(60821092)� 973 v{2@�w � —— 
��

����������"�\v (2007CB924902)

�op�

qr��
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