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|^¤�$í���	òEâ, ¤õ��
äk7á - ý�N - ��N(�� HgCdTe |�A+ì�. 3Tì
�¥, *	��ß� Shubnikov-de Hass ��Úþf¿�²�, y²�¬äk�p��þ. ÿþ"|NC�^{�,

3 HgCdTe- Äì�¥*	��fÛ��A, L²�¬¥�3�r�g^ - ;�ÍÜ�^. |^ Iordanskii-Lyanda-

Pikus nØ, éÐ/[Ü
�fÛ��. d[Ü���g^©�U�>fßÝ�O�O�, ���� 9.06 meV.

�âg^©�U���g^ - ;�ÍÜXêÓ��>fßÝ�O�O�, ����°�þf²¥¤���
(J��.
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1 Ú ó

du�^u�Eg^ì�, Rashba g^ - ;
� Í Ü � ^ C 5 É �
2 � � ' 5 [1]. 3 ¢
�þ, ÿÁ"^|NC��fÛ��A [2] Úp
| Shubnikov-de Hass(SdH) ��¥�ûª�A [3]

´ïÄ Rashba g^ - ;�ÍÜ�^�ü«�Ã
ã. ÏL©Ûûª���, Ë���< [4] uy
3 HgTe/HgCdTe þf²¥�3ã�� Rashba g^
©�, T©�¤��� Rashba g^©�U���
� 35 meV, ù���u30 - 2xá�¥¤���
� [5−7]. |^»4>Ø, Hinz �< [8] uyg^©
�U�±3é���S (15—30 meV) ?1N�. Ï
d, ÄB���N HgCdTe �±@�´��g^ì
��kåÿÀá���.

8 c, 3 HgCdTe Ä � � � X Ú ¥ ' u �
f Û � � A � ï Ä � m k � �. d 	, ® � �
� HgTe/HgCdTe þf²á�þÏL©få	ò

Eâ�� [4,8], ¤�ép. �©ÏL¤�$í��
�	òEâ)�
 Cd ¤©� 0.22 � p . HgCdTe
��, ,�ÏL�4�z¦��L¡NC/¤�
.� [9,10], ��¤õ
äk7á - ý�N - ��
N (MIS) (�� HgCdTe |�A+ì�. ÏL^Ñ
$ÿÁ, ·�3 HgCdTe Äì�¥*	�
�fÛ
��A. [ÜT�A���g^©�U�>fßÝ
�O�O�, ���� 9.06 meV.

2 ¢ �

�©¥¤^� Hg0.78Cd0.22Te á�, ´æ^
L Te R�Ehª��	òó²)��. ¤^�
�.´ (111) ¬�� Cd0.96Zn0.04Te �.. )�L
�dXÝ� 99.99999%� Cd, Hg, Te �á�ÏL
p§Ü¤¼�. ��	ò�)�§Ý� 460 ◦C, �
��	ò�þÝ�� 10 µm. )�(å�, á�
²ò»?n¦/¤ Hg �  p .á�. ,�, ò p
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. HgCdTe �¬�¤ 0.5 cm×0.5 cm ���/, 3
w5L�¥?1�4�z, ¦�¬L¡/¤���
z�.

·�æ^
���ÿÁ�{ [11]. Xã 1(a) ¥
�ã¤«, �Ð�4�z�, 3�¬o�º�^7
á��o�>4 (^ 1—4 IÑ) /¤î0�>, ,
�3�¬L¡æ��ý�� (þÝ�� 100 µm), 2
3�þ�7á»4, ^>4 5 Ú\»4>Ø. du
ý���þ, ¤±I�\��»Ø (��� 200 V)
âUk�/UC�.�¥�>fßÝ. ÿÁL§¥,
^|R�u�¬L¡. �§Ý� 1.5 K �, ÿþ�¬
3ØÓ»Øe�Ñ$5�.

ã 1 (a) 3§Ý� 1.5 K e, »Ø� 200 V ��¬p�>{
Ç ρxx Úî�>{Ç ρxy �^| B �Cz� (Ù¥ ρxy 
��¿�²�^î�IÑ, J�´ ρxy ��$|[Ü�.
�ã¥�Ñ
�¬�ÿÁ(�:Àã, �/�Ú«�L«�
¬, J�¤�«�L«»Ø, �%��L«>4, Ê^Ú�©
O^êiIÑ, 3ÿÁL§¥, Äk¦ð½>6l>4 16�
>4 4, ÿÁ>4 2 Ú 3 �m�>Ø, 2¦>6l 46� 3, ÿ
Á 1 Ú 2 �m�>Ø, ,�òüg¤ÿ>Ø©OØ±¤\>6
��ü�>{Ç�, òùü�>{Ç��\���úª (��
ë�©z [11]) ¥Ò�� ρxx. éuî�>{Ç, 3 1 Ú 3 �m
\ð6, ÿÁ 2 Ú 4 �m>Ø, ,�3 2 Ú 4 �m\ð6, ÿ
Á 3 Ú 1 �m>Ø, òüg¤ÿ>Ø�²þØ±¤\>6�
� ρxy); (b) � ρxx ��$|��ã

3 (J9?Ø

ã 1(a) �Ñ
�¬3 1.5 K e»Ø� 200 V �
�p�>{Ç (ρxx)SdH ���Úþf¿�>{
Ç (ρxy) �^| B �Cz�. Xã¥¤«, l"

^|m©, ρxx Äk�X^|�O�O�, LyÑ
�f��^>{, 3�p|«Åì�Ú (�ã 1(b)),
ù�U5u 1) Vf�Óâ [12] ½ö 2) ²1>
� [13]. �^|pu 2 T �, ρxx m©Ñy SdH ��,
L²3 HgCdTe L¡��z��>?/¤
�.
�, =��>fí. Ó�, ρxy 3¤ÿÁ�^|��
S (0—9 T) þ�u", �3$|��S�^|�O
��5O�, ùÎÜ n .�.�¥>fÑ$�A
�. 3p|��S ρxy LyÑûÐ�¿�²�, ?
�ÚL²3 HgCdTe �¬¥/¤
��>fí. ^
��[Ü$|��S ρxy ���5Ü©, ·��
�
¿�ßÝ n = 7.90 × 1015 m−2. 3p|«, 5
¿�$|�[Üò�� (J�) ¿Ø�u¿�²�
�¥:, = ρxy 3p^|«Åì�e l
$|�
[Ü�, Ty�L²�¬¥�U�3²1>� [13].

ã 2 (a) ØÓ»Øe ρxx ����ê�^|�ê� SdH
���; (b)SdH ���¯�Fp�C��(J

�
y¢T(Ø, ·�?�Ú^¯�Fp�
C�ïÄ
 SdH ���. Xã 2(a) ¤«, ·�
�Ñ
ØÓ»Øe ρxx ����ê� 1/B �C
z�. ,�òT�?1Fp�C�, ��

ã 2(b). éun�ØÓ»Ø, lã 2(b) ¥�*	
���²w�¸, `²��>fí�Óâ
��
f�. �Ò´`, þã ρxx �¤LyÑ��^
>{Ø´5uVf�Óâ. �â��ªÇ f �
>fßÝ�'X n = 2ef/h, ��»Ø� 200 V
��>fßÝ� 7.61 × 1015 m−2, T�Ñ�u¿
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�ßÝ 7.90 × 1015 m−2, y²�¬¥(¢�3�
f�²1>�, T²1>�A5u HgCdTe N
á�. du¿�ßÝ�ÏLFp�C����ß
Ý'��C (���u 4%), ¤±�¬�Ñ$5
�Ì��ûu��>fí. d	, Xã 1(b) ¤«,
�3²1>�¤Úå��^>{Ì�Ly3 0.2
T< B < 2 T �^|��S, éu�$�^|�
� (0 T< B < 0.2 T), T�^>{�±�ÑØO. ¤
±, éu±e$^|��S (|B| 6 12 mT) ?Ø�
êâ, ·��Ñ
²1>��K�.

ã 3 (a) ØÓ»Øe, "^|NC ρxx ��fÛ�
� (�
�ßå�, ã¥��3R���þ?1
²
£); (b) ò ρxx =z�^>���[Ü(J (Ù¥���
/L«êâ:, ¢�´[Ü�, ã¥��3R���
þ?1
²£)

ã 3 (a) �Ñ
ØÓ»Øe"^|NC (|B| 6
12 mT) �p�>{Ç�. Xã¤«, �X^|Å
ì l"|, ρxx ÅìO�, =3 B = 0 mT �L
yÑ��4��, ùL²3 HgCdTe ��>fí¥
*	�
²w��fÛ��A, V«�¬¥�3
�r�g^ - ;�ÍÜ�^. 3ÄB���N¥,
Ï~�3 D’yakonov-Perel’ (DP)[14] Ú Elliott-Yafet
(EY)[15−17] ü«g^µþÅn. �3�fÛ��A
���>fíXÚ, Ùg^µþL§´Ã�ü¥
%� DP Ån [14,18], ¿�TÅn�±ÏL Rashba
�^?1	>|N� [19] (�e¡ã 4 ¥�[Ü
(JgU). ÄuTÅn, ·��Ä|^ Iordanskii-
Lyanda-Pikus (ILP) nØ [20,21] [Ü¢�(J. Tn
Ø�Ñ, ^>�Ç

σ(B) − σ(B = 0) =
G0

2
[Ft(bφ, bs) − Fs(bφ)], (1)

Ù ¥ G0 = e2/2π2~, bφ = ~/4eDτφB, bs =
~/(4eDτsB). τφ Ú τs ©O´�µþ�mÚg^
µþ�m. Ft(bφ, bs) Ú Fs(bφ) �äNL�ª��
©z [21]. ILP nØ�·^u�Ñ« [20,21], �Ò´
` (1) ª¤á�^�´ B < Btr(Ù¥ Btr = ~/2el2,
l ´²þgd§). éu�©¤ïÄ��¬, 3¤
U ¢ y � ¤ k » Ø � � S, Btr þ � u 8.2 mT.
¤±, 3 |B| 6 5 mT �^|��S, ·�^ (1)
ª [ Ü
¢ � ê â. ã 3 (b) � Ñ
¢ � 
� ∆σ(B) = 1/ρxx(B) − 1/ρxx(B = 0) �[Ü
(J. lã¥�±w�, éuÊ�ØÓ�»Ø, ¢�
��nØ[Ü�þ¥yÑ�{���5, `
² ILP nØ�±éÐ/£ã·��¢�êâ.

ã 4 d[Ü���"|g^©�U ∆R Úg^¨;�
ÍÜXê α �>fßÝ n �Czª³

ÏL[Ü, ·���
 Rashba g^©�U ∆R,
uyT©�U�>fßÝ�O�O�. Xã 4 ¤
«, �±w�l��>fßÝ� ∆R = 6.95 meV
ÅìO����� 9.06 meV, L²·��±ÏL
»Ø5gdN��¬¥�g^ - ;�ÍÜ�^.
5 ¿ � [ Ü � � � ∆R � � u 3 HgTe/HgCdTe
þf²¥���� [4,8], ùÌ�´Ï��©¥¤
^� Hg0.78Cd0.22Te á�' HgTe äk���B
�°ÝE¤� [22,23]. g^ - ;�ÍÜXê α

´�Og^ì�����ëê [24]. �â'X
ª α = ∆R/2kF (Ù¥¤�Åê kF =

√
2πn), ·

�O�Ñ
g^ - ;�ÍÜXê, uyÙ�X>
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fßÝ�O�O�. Xã 4 ¤«, �X>fß
Ýl 7.16 × 1015 m−2 O�� 7.61 × 1015 m−2, α

l 1.64×10−11 eVm ÅìO�� 2.07×10−11 eVm.
5¿�3®��� InGaAs þf²¥ [25−27], �X
>fßÝ�O�, α þ¥yÑ~��ª³, �·�
�¢�(J��.

éuÄB���N (X InGaAs), �â k · p �
6nØ [28], g^ - ;�ÍÜXêdeª�Ñ:

α =
~2Ep

6m0

〈
Ψ(z)

∣∣∣∣ d
dz

( 1
EF − EΓ7(z)

− 1
EF − EΓ8(z)

)∣∣∣∣Ψ(z)
〉

, (2)

Ù¥ EP ´ k.p �p�^ëê, Ψ(z) ´>f�Å
¼ê, EΓ7 Ú EΓ8 ©O´g^©�� Γ7 Ú�pd
� Γ8 ��>U. l�§ (2) �±�Ñ α Ì�düÜ
©�z|¤ [29,30]: 1) ���¥ (�©¥� HgCdTe
�.�) >|k'�|Ü© αf , Ú 2) ��ØëY5
k'�.¡Ü© αi. �C, Nitta �< [30] �[ïÄ

��°Ý©O� 5 nm Ú 10 nm � InGaAs þf
². uy3�°�� (10 nm) ��¬¥, �X>fß
ÝO�, g^ - ;�ÍÜXê α ¥y~��ª³, �
®�����°Ý�� (> 10 nm) � InGaAs þf
² [25−27] ��. ,, 3��°Ý� 5 nm ��¬¥,
¦�%uy α �>fßÝ�O�O�, �·�
¤*	��(J��. Grundler 3��°Ý� 4 nm

� InAs þf²�*	�
Ó��y� [31]. ·�¤
*	�� α �>fßÝ�O�O��y�, é�
U´du>fÉ��r�.¡Ñ�¤��. éu·
�� HgCdTe �.��¬Ú���Ä�þf²�
¬, .¡é>f�Ñ��^ér, ¤±��ØëY
5k'�.¡Ü© αi ég^ - ;�ÍÜXê��
zå�
����^, Ï¦ α �>fßÝ�O�
O�. ��, éu���°�þf² [25−27], αi É
�³�, >f�Ñ$1�Ì�É²¥>|�K�.
d�, αf ég^ - ;�ÍÜXê��zåÌ��^,
l¦ α �>fßÝ�O�~�. �[�)º�
k�3nØþ?1��\�&?.

4 ( Ø

ÏL��	òEâ, ��¤õ
äk MIS (�
� HgCdTe |�A+ì�. 3Tì�¥, ·�*	�
�ß� SdH ��Úþf¿�²�, y²�¬äk�
p��þ. ïÄ"|NC�^{�, *	��f
Û��A, L²�¬¥�3�r�g^ - ;�ÍÜ
�^. d[ÜT�A���g^©�U�>fßÝ
�O�O�, ���� 9.06 meV. dg^©�U
���g^ - ;�ÍÜXêÓ��>fßÝ�O�
O�, ����°�þf²¥¤��(J��.
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Abstract

HgCdTe-based metal-insulator-semiconductor field effect transistor is fabricated by low-cost liquid phase epitaxy technique.

Clear SdH oscillation in ρxx and quantum Hall plateaus of ρxy are observed, indicating that it is a good transistor. By measuring

the magnetoresistance near zero field, we observe the weak antilocalization effect in our sample, suggesting a relatively strong spin-

orbit coupling. The experimental data can be well fitted by the ILP theory. The fitting-obtained spin-splitting energy increases with

increasing electron concentration, and the maximum reaches up to 9.06 meV. From the obtained spin-splitting energy, we calculate the

spin-orbit coupling parameter and find that it increases with increasing electron concentration, which is contrary to the observations in

a wide quantum well.

Keywords: two-dimensional electron gas, HgCdTe, weak antilocalization effect
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