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|^©få	òXÚ3 Si (001) �.þ��
ü¬ Tm2O3 ��, |^ X ��1>fUÌïÄ
 Tm2O3 �
éu Si �U� £. �Ñ Tm2O3 �éu Si �d�Ú�� £©O� 3.1 eV±0.2 eV Ú 1.9 eV±0.3 eV, ¿�Ñ

 Tm2O3 �B�°Ý� 6.1 eV±0.2 eV. ïÄ(JL² Tm2O3 ´�«ékcå�p k »0�ÿÀá�.

'�c: Tm2O3, X ��1>fUÌ, U� £
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1 Ú ó

Cc5, �X�>fEâ�uÐ, ��5�
8¤>´¥7á�zÔ��N (MOS) ¬N+�
A�º�Øä~�, 37á�zÔ��N|�A
+ (MOSFET) ¥� SiO2 »0�þÝ®²�Cþf
�B�A���. du MOSFET �¦>6¬�X
»�z�þÝ�~�
¥�êO\, ?�Ú~�»
�z��þÝò��¦>9õÑ:ìþ,, Ïd,

ÏéU
�O SiO2 ¤�»0����á�´?�
Ú �ì�º�¤¡��Ì�]Ô��. p k »
0�á�ÏÙ��0>~ê, �¢y� SiO2 k�
Ó��»�z�þÝ��¹e, äk���Ônþ
Ý, l
)û
 SiO2 Ï�CþÝ4�
�)��
B¯K. »0��¦>6Ì�É����B (direct

tunneling) Ú Fowler-Nordheim (FN) �Bùü«Å
��K� [1]. ùü«�B>6©O�

JDT =
q3(2ΦM − VOX)

4πhd2
OX

× exp
[
− 4πhdOX

h

√
qm∗(2ΦM − VOX)

]
,

JFN =
q3V 2

OX

8πhΦMd2
OX

× exp
[
− 8πhΦMdOX

3hqVOX

√
2m∗ΦM

]
,

ª¥ q �>f>þ, h � Planck ~ê, m* �>f
k��þ, ΦM �³^pÝ, VOX ´B�0��>
Ø, dOX ´�z��þÝ. l±þü��Búª�
±wÑ¦>6�³^pÝ�Cz
Cz, AO´
éu FN �B, ¦>6�³^pÝO�×�~�.

Sze[1] �ïÄ(JL²3��þÝ�u 4 nm ��
ÿ, 0��Ì��BÅ�� FN �B. ¤±éuäk
�½ÔnþÝ�p k »0�
ó, 7Läk�éu
7v
�����Úd� £5�y>fÚ�Ç
kv
��³^pÝ5~�¦>6. Ïd, U� 
£¤�ÀJÜ·�p k 0�á�¤��Ä�­�
Ï���.

8c, 3Ãõ�p k »0�ÿÀá�¥, Dè
�zÔduäkp�0>~ê (12—30)!���
�Y (5—7 eV) �`:¤�ékA^cµ�p k

»0�á�. Ù¥ Y2O[2−5]
3 , Pr2O[6,7]

3 , Er2O[8−11]
3

Ú La2O[12]
3 �Dè�zÔ®²Úå
�
ïÄ�

|�'5. �±þDè�zÔ�9­½5ÑØ
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Ð, 3ò»L§¥éN´)¤7�í�.¡�. â
©z�� [13], � Y2O3, Gd2O3, Pr2O3 �Dè�z
Ô�', Tm2O3 ² 900 ◦C N2 ò»�Ú7�.é
��A)¤7�í, ¦� Tm2O3 �¤�ékáÚ
å�p k »0�á�. �C Ji � [14] ��
|^
©få	ò (MBE) XÚ3 Si �.þ¤õ)�

ü¬ Tm2O3 p k »0���, ¿éÙL¡/mÚ
>Æ5�?1
XÚ�ïÄ. ��8c��, '
u Tm2O3 �éu Si �U� £Ú Tm2O3 B�°
Ý������knØÚ¢��¡�ïÄ��. �
©¥, ·�ÏL X ��1>fUÌ (XPS) ©Û�
{, é Tm2O3 �éu Si �U� £?1
ïÄ, (
Jw« Tm2O3 �éu Si äk��d�Ú�� 
£, �äk���B�°Ý.

2 ¢ �

|^ MBE XÚ3 p . Si (001) �.þ��

 6 nm þ�ü¬ Tm2O3 ��, �¬)�L§¥�
í©ØÚ�.§Ý©O� 2.67×10−5 Pa Ú 600 ◦C,

� ���>fUÌ (AES) ÿþ(Jw«�¬´
ÎÜzÆOþ'� Tm2O3 ��, p©Eß�>f
w�ºÿþw«�¬äk�Ð�ü¬(�9Í�
�.¡, äN)�[!��©z [14]. �¬ XPS

ÿÁ´3 PHI 5000 XÚþ?1�, ù@XÚ��

 Al Kα (hν = 1486.6 eV) � X 1l. Ø�AÏ`
², ×£�©ÛìÚ�¬Ñ¤��, ÏU� 20 eV,

Uþ©EÇ´ 0.1 eV. 3·��¢�¥, Ì�´×
£±eA�¸: Tm 4d, Si 2p, C 1s, d� (VB), O 1s

Ú O 1s �Uþ��¸.

�
üØ�. Si ±9k�U�3�.¡�
� XPS &Ò, )����vk²L Ar+ í��
�¬ (6 nm) � XPS Ì^5(½ Tm2O3 �d�>
�éu Tm 4d ¸�Uþ�±9 Tm2O3 �B�°
Ý. ��, �
U
3 XPS ÿÁ�Ó����ß
� Tm2O3 Ú Si �.�&Ò, ·�ò�¬?1 Ar+

í�, ¦ÙþÝ~���� 2 nm. XPS ¢�L§¥
kü:I�`²: �´3ÿþ O 1s Ú O 1s �Uþ
��¸�, �
;��. Si ±9k�U�3�.¡
�� XPS &Ò�Z6, ·�ÀJ����� (15◦)

1>få��; �´3?1 Ar+ í��, du��
þÝ��, ���í��m��þ��Ø, ·�À
J��ù���©üg?1í�, ±;�LÝí�

Bß��.

3 (J�©Û

æ^ XPS �{(½ü«á��U� £Ä
k´d Kraut JÑ� [15,16]. ·�òù«�{A^
u Tm2O3/Si þ, �Ñ(½U� £��n. ã 1

w « 
 n � � Tm2O3/Si É � ( � U � « ¿ ã.

� â © z � �, Si 2p ¸ � Si � d � > VB �
� (Ev) ´ 98.98 eV[17]. XJ·�é XPS ãÌ©
Û�Ñ Si 2p Ú Tm 4d ùü�Ì¸�m�Uþ
� (ESi 2p − ETm 4d ), 9 Tm 4d ¸Ú Tm2O3 �d�
>�m�Uþ� (ETm 4d − EvTm2O3), K�âã 1

, Tm2O3 �éu Si �d� £ ∆Ev Ò�±d±e
ªf�Ñ:

∆Ev = (ESi 2p − EvSi) − (ETm 4d − ESi 2p) −

(ETm 4d − EvTm2O3). (1)

Si 3¿§e�B�°Ý´®��, � 1.12 eV[1], �
âã 1, ���� Tm2O3 �B�°Ý, Tm2O3 �é
u Si ��� £ ∆Ec �Ò�±deª�Ñ:

∆Ec = EgTm2O3 − ∆Ev − EgSi. (2)

éu Tm2O3 �B�°Ý, â©z��, �±d XPS

Ìãþ� O 1s ¸Ú O 1s �Uþ��¸�å© �
�m�Uþ�(½ [18], Ïd Tm2O3/Si ��� £
Úd� £ÒÑ�±(½
. ±þ=� XPS �{
(½ Tm2O3/Si É�(�U� £��n.

ã 1 Tm2O3/Si É�(n��¹e�U�«¿ã

ã 2 ´�²í��c�¬� Tm 4d Úd�
� XPS Ìã. d�º� �æ^	í{5(½,

=÷d�Ì�å©>�Í�þ,Ü©­�	í,

�Ù��/D(�Ä���:, Xã 2(b) ¤«.
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ù«^5(½d�º��5�{®²�2�A
^¿�y¢´�1� [17−20]. lã 2 ¥�Ñ�
¬� Tm 4d Úd�º��, ��üö�m�Uþ
� (ETm 4d − EvTm2O3) � 173.8 eV± 0.1 eV.

ã 2 í��c�¬� Tm 4d Úd�� XPS Ìã, (b)

� (a) �ÛÜ��ã

ã 3 í����¬� Tm 4d Ú Si 2p � XPS Ìã

ã 3 ´í����¬� Tm 4d Ú Si 2p � XPS

Ìã. æ^±þÓ���{, 3ã 3 þ�Ñ�¬
� Si 2p Ú Tm 4d �¸ , ��üö�m�Uþ
� (ETm 4d − ESi 2p) � 77.9 eV ± 0.1 eV. �\�
§ (1), �� Tm2O3 �éu Si �d� £ VBO �
�� 3.1 eV±0.2 eV.

ã 4 �¬� O 1s Uþ�� XPS Ì (15◦ 1>få�
�), (b) � (a) �ÛÜ��ã

�
�� Tm2O3 �éu Si ��� £�, 7
Lk�� Tm2O3 �B�°Ý. l�nþù, X 1-
u�>f²L0�<ºÑ��L§¥¬�)ü«
Uþ��: �«´du�lf-uÚå�, ,	�
«´du>fld�-u���Úå�. éu�
��p k á�5`, du�lf-uÚå�Uþ�
�����u>fld�-u���Úå�Uþ
��, ¤±p k á��B�°Ý�±d O 1s Ú O

1s �Uþ��¸å© ��m���5(½ [18].

ã 4 w«
æ^���1>få�� (15◦) æ8
��² Ar + í���¬� O 1s Ú O 1s �Uþ�
� XPS Ì. ù����1>få���y
Ñ�
�1>f´5gL¡� Tm2O3 ���&Ò, 
;
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�
�. Si 9k�U�3�.¡��&Ò�Z6.

O 1s �Uþ��¸�å© ��æ^c¡J��
	í{5(½, Xã 4(b) ¤«. lã¥¤«� O 1s

Ú O 1s �Uþ��¸å© ��Uþ����¬
�B�°Ý� 6.1 eV±0.2 eV. du O 1s � XPS ¸
�°±9§�Uþ��¸rÝé�, ¤±3(½
B�°ÝþÑy
�é���Ø� (± 0.2 eV). ò
B�°Ý��\�§ (2), ���¬��� £�
� 1.9 eV± 0.3 eV.

8c�2�ïÄ� HfO2 p k »0�á��
éu Si �d� £!�� £ÚB�°Ý�©O
� 3.28, 1.46 Ú 5.1 eV[21] ½ 3.1, 1.5 Ú 5.7 eV[22].

��u HfO2 �U�(�, Tm2O3 á�LyÑ��
��� £�B�°Ý. lü$¦>6Ú�y»0
����5�Ý5ù, Tm2O3 w,�äk`³. ,
	, ��uë�©z [23,24] ¥�Ñ�Ù¦�
kd

3A^d��p k »0�á� (Y2O3, ZrO2, Ta2O5,

LaAlO3 �), Tm2O3 �éu Si �U� £ÚB�°
Ýêâ�LyÑ
��r�¿�å. Ïd, lU�
��Ý5w, Tm2O3 ´�«ékcå�p k »0�
ÿÀá�.

4 ( Ø

ÏL XPS ©Û��{é� �È� Tm2O3/Si

É�(�U� £?1
ïÄ. �Ñ
 Tm2O3 �
éu Si �d�Ú�� £©O� 3.1 eV± 0.2 eV

Ú 1.9 eV± 0.3 eV, ¿�Ñ
 Tm2O3 ���B�°
Ý� 6.1 eV± 0.2 eV. ��u8cïÄ�õ� HfO2

p k »0�á��U�(�, Tm2O3 äk���`
³. ±þïÄ(JL², lU���Ýw, Tm2O3 ´
�«ékcå�p k »0�ÿÀá�.
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Abstract

The single crystalline Tm2O3 films are deposited on Si(001) substrates by molecular beam epitaxy, by using x-ray photoelectron

spectroscopy, the valence and the conduction-band shifts of Tm2O3 to Si are obtained to be 3.1 ± 0.2 eV and 1.9 ± 0.3 eV, respectively.

The energy gap of Er2O3 is determined to be 6.1 ± 0.2 eV. The results of the study show that the Tm2O3 could be a promising candidate

for high-k gate dielectrics.
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