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� CMOS ì�A�º� �� 45 nm ±e, SiO2 ��»0�á�®²Ã{÷v5UÚõÑ�I�, ^p k á
�O� SiO2 ´7,ÀJ. ,
, dup k á�g��3Û�5, ��ì�Ù¦Ü©�oN5�, �)
éõ#�¯
KX.¡A5�!K�>ØO�![£Çü$�. �©{�£�
p k »0�3²¡.7Äì�¥A^�3�¯
K±9lá�!(�Úó²��¡æ��)û��, ­:0�
p k á�3#.��Nì�¥�A^, ¿Ð"
�
5�uÐª³.

'�c: p k á�, FinFET, �$Lì�, Á{ì

PACS: 77.55.+f

1 Ú ó

�X MOSFET ���Nì�U��½Æ±
Y�' �, ü��¡þ8¤�¬N+êþ¤�
êO\, Ó��¬�õÑ�Åìü$. � MOS ì
����ÝØä~��, �
³�á���A, ~
�æK��Ç, O�°Ä>6±9Jp>´ó�
�Ý, 7L~�»0����z�þÝ (equivalent
oxide thickness, {P� EOT). � 45 nm Eâ!:
�, �¦»0��=kA� SiO2 ©f�þÝ, Xd
�� SiO2 0��¬¦»4�B>6:ìO\, l

��õÑ:ìþ,, Ó��¬¦��[£Çò
z [1].

^p k á�O� SiO2, 3 EOT �Ó�cJe
O�ÙÔnþÝ, ¬ü$»¦>6�Ý. éu k �
� 20 �á�, ÙÔnþÝ�� SiO2 � 5 �õ, ^Ù
O� SiO2 �¦¦>6~� 2 � 3 �êþ?. ØL,
p k á�O� SiO2 ��»0�, Ø
äkp� k

�	, �I÷v±e�¦: � Si äk�Ð�9­½
5, ±;�p k á�� Si �.3p§eu)�A

/¤$ k .¡�; 3p§e©ª�±�¬�, ÄK
»¦>6ò¬÷X¬âm.£Ä, ��¦>6O�;
äk°��YÚp�³^, »�B>6�³^pÝ
�²��¤K�ê'X, °��YÚp�³^â�
±k�ü$»�B>6; $�"��Ú�½>Ö�
Ý, p k »0�� Si .¡�m�"��Ø=¬¦²
�>Ø £!C-V A5ÆC, �¬¦ MOSFET ¥
�L¡[£Çòz [1,2]. �é�Ü·�p k á�, �
.éNõ7á�zÔÐm
ïÄ, X Al2O3, TiO2,
HfO2 Ú ZrO2 �, Ù¥ HfO2 9 Hf Ä7�zÔäk
`É�0>A5, ´'�Ü·�p k »0�á��
®A^u 45 nm ��Nó²¥.

2 p k »0�¡��¯K9)û��

2.1 ppp k »»»000���¡¡¡������¯̄̄KKK

p k á�O� SiO2 ��»0�U
k�ü$
»4¦>6, �duá�g��Û�5±9�ì�
Ù¦Ü©oN5�¯K, p k »0�E�3�
Ø
v.
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2.1.1 p�"��ÝÚ��.¡A5
p k á�duÙ9­½5�, 3p§�ÈL§

¥¬�7��±9»>4u)�A)¤ SiO2 Ú7
�í, ��Ù���Ú»4�mN´u).¡�A.
X HfO2 � Si �m¬u)Xe�A/¤¥m� (X
ã 1)

2Si + HfO2 → HfSi + SiO2, (1)

/¤� SiO2 �¥m�0>~ê$, ��»0��
k�0>5Uü$, O� EOT. 
�¥m�äkp
��zÔ�²�Ý, ¬ü$��L¡16fßÝÚ
[£Ç. ,	, p k á��(¬§ÝÊH�$, 9?
n¬��SÜ�¬C�õ¬, õ¬�¬.�m�3
"�, ù
k"��¬.¬¤�¦>6�Ï�, �
�¦>6O�.

HfO

Hf-O Si-O Hf-Si

Si

ã 1 p k 0��7�.m�A/¤LÞ7�í� [3]

2.1.2 K�>ØLp
õ¬7��»>4�±ÏLN��,ëê¼

�Ü·�K�>Ø (Vth), ¿�ó²®²¤Ù, �´
p k 0��õ¬7�oN5' SiO2 �õ¬7�o
N5��õ. 3zÆí��È (chemical vapor depo-
sition, {P� CVD) L§¥, p k 0�¬Úõ¬7
�A)¤7zÔ�, ¦�¤�U?¹S� Vth ,p,
¬N+J±�°Ä, 
�ÃØXÛN�õ¬7��
,�¹ÑÃ{¼�Ü·� Vth.

2.1.3 [£Çòz
�>��S16f[£Ç�����û½


°Ä>6���, l
û½
ì��ó�ªÇ.
3 MOSFET ¥, �>��[£ÇÌ��ûu16
fÑ�, �)¥ÕÑ�!(fÑ�ÚL¡o÷ÝÑ

�:
1
µ

=
1

µC
+

1
µPH

+
1

µSR
, (2)

Ù¥ µC, µPH, µSR ©O´¥ÕÑ�!(fÑ�Ú
L¡o÷Ñ�Õg�3��[£Ç, µ �o�[£
Ç. þãn«Ñ�Ån�p�|rÚ§Ýk', 

�é|rÚ§Ý��65��Ø�Ó (Xã 2).

ã 2 3ØÓp�|ren«Ñ�Åné[£Ç�K� [1]

3|r�$�, [£ÇÌ�É¥ÕÑ��K�,
E¤¥ÕÑ��>Ö´�>��¥�>Ö!�z
�¥�>Ö±9�z��»4.¡¥�>Ö; 3|
r·¥�, [£ÇÌ�É(fÑ����; 3|r
ép�, [£ÇÉ�L¡o÷Ñ����. Ó�, 3
ØÓ§Ýe, þãn«Ñ�Åné[£Ç�K��
ØÓ. Ù¥¥ÕÑ��X§Ý�,p
~f, (f
Ñ��X§Ý�,p
Or, 
L¡Ñ��§ÝÃ
', �É|rK�.

�Xp k á�O� SiO2 ��»0�, ��[£
Ç²weü. Ù�U��Ï�´ Fischetti[4] �JÑ
�du^1(f���¥16fÍÜ���§(
fÑ� (remote phonon scattering, {P� RPS); �
´dp k á��SÜ�²Ú.¡�²����§
¥ÕÑ� (remote coulomb scattering, {P� RCS).
éu RPS, dup k 0����7á�zÔ, 
7
á�zÔkpÝ4z�7á - ��Ü, ù
^�Ü
¬�)$Uþ�^1(f, ^1(f���¥16
fÍÜ¬¦[£Çü$. Weber[5] �^¢�½þ/
�N
 RPS é[£Ç�K�, �Ñ3$|�d RPS
���[£Çòz�Ó 35%, 
3p|r�, RPS
é[£Ç�K���, �Ó 60%. ÏL3p k 0
�Ú Si ���m\�� SiOx .¡� (interfacial
layer, {P� IL) ±9^7á>4O�õ¬7ÑU
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{N RPS, �ÌJ,[£Ç. ,	, �X IL þÝ�
O\, RPS ±�ê5Æ~f, ù`²
Ñ�´�§
�. éu RCS, p k á�¥9ÙÚ SiO2 .¡��m
�"�Ñ�UE¤ RCS, ù«Ñ��´�§�, �
�|r¤�'. Weber[5] �ÏLÿ�ØÓ0�þÝ
¬N+� RCS N\[£ÇÓ|r��''X, (
½
 RCS ��^. ��/, 3$|r� RCS é[£
Ç�K�ÓÌ��^, �X|r�O\ÙK�~f,
RPS ÅìÓÌ�.

Ø
ü$[£Ç	, p k 0��¬¦��16
fßÝü$, ù´dup k 0��7���m�.
¡�²�Ý�, ��¥�16f�Ð¼��²¥.
o�, [£Ç�òzÚ16fßÝ�ü$Ñ��K
��ì��°ÄA5.

2.2 )))ûûû������

2.2.1 7áO�õ¬7��»4
Xc¤ã, p k 0�O� SiO2 ��»0��

�, �,�Ì~�
¦>6, %¦�K�>Ø,p,
ù´dp k/poly-Si .¡�¤�U?¹S�AE¤
�, §¦�¬N+J±�°Ä. 7áO�õ¬7�
�»>4¤�7,, ù´du7áÚp k 0��o
N5�Ð, �)�.¡"��, vk'Bß�A, �
Uk�ü$p k 0��¥�"��Ý. ù«ûÐ�
oN5¦�éK�>Ø����éõ¬7>4�
�N´, ^äkÜ·õ¼ê�7áO�õ¬7��
»>4=�¼�Ü·�K�>Ø [6].

8cÌ�kü«�{Ú\7á»4, �«´^
¥m�Y7á»4, ,�«´éu NMOS Ú PMOS
©Oæ^ØÓ�7á»4. cö´ÀJ�«äkÜ
·õ¼ê�7áá�, ¦Ù¤�U??u7�.B
�¥mX TiN, ù�7á»4¤�U?� Si ��Ú
d��ål��, NMOS Ú PMOS äké¡� Vth.
duù«�{�^�«á��»4, ���lf5
\L§, 3ó²þN´¢y. ØL, du Si �B�°
Ý� 1.1 eV, ^ù«¥B�7á¼��K�>Ø�
� 0.5 V, d�L�
Ã{÷v#ì���¦. �ö
´©O�é NMOS Ú PMOS ÀJÜ·�7á, ù
��±¼��$� Vth, �":´á��À�Úó
²\ó(J.

2.2.2 J,[£Ç���
[£Çû½°Ä>6, ��K�ì��5U.

3 45 nm !:Ú\p k 0��, .¡"�Ú�§(

fÑ��Ï�ü$
[£Ç, Ïd7Læ��é5
��J,16f[£Ç.

�
Uõp k 0�� Si �m�.¡�þ, Ï
~\\��þÝé�� SiOx ��LÞ�, ¦+�
�ü$
»0��o� k �, �du SiO2 � Si �
oN5Ð, .¡A5²wUõ. 7á»4é[£Ç
�kUõ�J. 7á¥gd>fßÝ��u�.
�¥16fßÝ, Ø´�)�§(fÑ�. ïÄL
² [4,7], 7á»4U
k�/³�p k 0�¥�$
U1Æ(f��.���¥�16fÍÜ, l
ü
$(fÑ�, Jp[£Ç. Maitra[8] ��Ñ, 3 Ninv

�$�, ÀJÜ·�7áO�õ¬7��»4�
±òd(fÑ����[£ÇJ, 19%. ,	,
Maitra[8] ��Ñ7á»4�Ú\�Ì~�
p k 0
�SÜ�N�²�Ý, l
~�
¥ÕÑ�.

8c;.�»(�X TiN/HfO2/SiOx, ¢�L
²¦^ TiN ��»>4'^õ¬7U
¼���
���[£Ç, �CuDÚ� SiO2/poly-Si »(�
�[£Ç (Xã 3). ,	, ÏLm�ÿþL¡Ñ�ü
ÕK���[£Ç, (JL²¦^7á»4U
³
�L¡Ñ� (Xã 4).

òp k »4�ACEâ(Üå5U
?�
ÚUõ[£Ç. l 90 nm Eâ!:m©, ��N
�.¦^ACEâJ,[£Ç. AC©��ÛA
CÚÛ�ACü«, cö��ÏL3 Si1−xGex ì
C�þ	ò)� Si ½ Ge ¢y; �ö�é NMOS
Ú PMOS, ©OÏL�È�z7l�Ú3
«Ú¦
«�È SiGe ¢y. éu 45 nm 9±e!:ì�, �
�¦^Û�AC, òAC���p k »0�(Üå
5U
��p[£Ç$õÑ�ì� [9−11].

,
, éu)�3 Si1−xGex þ� Si ��, Ú
\ HfO2 ��»0��éACA�Ø�)K�, �
´ HfO2 � Si �.¡�²�Ý¬O\, Ì�´ Ge
¬*Ñ���¥Ú.¡?, �9­½5�� HfO2

u)�A [10,12]. ù�AC Si ��þÝk', =
� SiGe Ú HfO2 �ålk', �XAC Si �þÝ
�O\, .¡�²�Ý~� [10]. ÃØ¦^�ÛA
C�´Û�AC, Ñ¬k Ge *Ñ�¯K, ùØ=
��p k 0�Ú��m�.¡�²�ÝO�, �
¬O�»¦>6, Ì�du Ge *Ñ���9p k

0��¥Ú\�õ�², 
ù
�²¬O\�B>
6. ,	, Ge 3��¥*Ñ�¬Or¥ÕÑ�Ú(
fÑ�, K�[£Ç�J, [10]. ÏL3 HfO2 ¥\
\ N ��K�±O\Ù9­½5, ü$ Ge *Ñ�
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K� [12].� � �� � �� � ��� � �� � �� � ��
�� ��� �	 
� ）

�� ��� �	 
� ）
� �� 
 �
 � �� 
 �� � � �� � 
 �

� �� 
 �
 � �� 
 �� � � �� � 
 �

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

� " � � " # � " � � " $� � % & � ' ( �
ã 3 3ØÓ§Ýe>f[£Ç�k�|r�Cz
(a) HfO2/poly-Si; (b) HfO2/TiN[9]� � � �� � � �� � �� � �� � �� � ���� �	
 �� �
 ） � � � � � � � �� � � � � � � � � � � �� � � � � � � � � � � �� � � � � � � � � �� �  ! � " # $% & � � '

ã 4 HfO2/poly-Si Ú HfO2/TiN ü«»(�3L¡Ñ�üÕ�
^e���[£Ç, SiO2/poly-Si ��ëì [13]

3 p k á�3#.ì�¥�A^

3.1 333 FinFET ììì���¥¥¥AAA^̂̂

á���A´{N��Nì�º�?�Ú~
��­�Ï�. ,
, #�ì�(�Xõ»4(�
U
k�~�á���A, 3�y5U�cJe
#Nì�?�Ú�  [14]. Ù¥~��´V»4(
�, 3ù«(�¥, ü��é�»4����, ¦
4uÑ�p�>|¬�»4¶-, l
³�
¦
4aA³^ü$ (drain-induced barrier lowering, {
P� DIBL) �A¿O\
æK�{Ì. V»4(
�kéõ«, �â»4Ú��� ��©�n«Ä
�a.: ²¡.!R�.Úõ.. Ù¥õG|�A
+ (FinFET) ´�k¢^d���« (Xã 5), Ù�
�´ý��.þàÑ�p
��õGÔ, 
¦ü?
©O3Ùüà, ü»4;bÙý9, �+fmé�,
>63üý9NC6L. Intel úiu 2011 c 5 � 5
F\Ùò3 22 nm ó²� Ivy Bridge ?nì¥�¡
æ^ù«Eâ, ù±�¬òu 2011 c.þ�, 2012
cÐþ½. Intel 3ù±�¬¥UY¦^
p k »0
��ÚAC7Eâ, ¼�
�²¡.ì��\`�
�5U (Xã 6 Úã 7). �éu 32 nm ó²Eâ, $
>Ø�5UJ,� 37%, õÑü$ 50%±þ, ,

�E¤�=O\ 2%—3%.

ã 5 FinFET (�«¿ã

FinFET �V»4 (½n»4) °Ä�ì�, »
4����>¡È�uÓº�²¡.ì�, Ó�,
¦^p k 0���»�z�U
ü$ EOT, ù
Ï
�¦� FinFET äk���»�z�>N Cox, Uõ

æK�A5, Or
»4é�����Uå. �
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»>Ø�umé>Ø�, ��>6�L�ª�

Id = µCd
W

L

(kT

q

)2

exp
(Vgs − Vth

M

)
, (3)

Ù¥

M =
(
1 +

Cd

Cox

)kT

q
, (4)

æK�{Ì�

S =
dVgs

d(log Id)
∝

(
1 +

Cd

Cox

)kT

q
, (5)

d (4) ª�� S �X Cox �O�
~�, ��>6
O���¯. FinFET ��U
³�á���A, �
p k Eâ�Ü�¦ì��� �m��.� � �� � �� � � �� � � �� � � �� � � �� � � � � � 	 
 � 	 � � 	 � � 	 
 � 	 �

庒
�

� 
 � � � � � � � �
ã 6 Intel 22 nm FinFET � 32 nm ²¡ì���Ï>6'�� � �� � �� � �� � � � � � � � � � � � � � � � � � � � �� � �

庒
	


 � � 
� � � 
� � � 
 � � � � � �
 � � � � �
ã 7 Intel 22 nm FinFET � 32 nm Ú 22 nm ²¡ì��
�Ý'�

,
, p k »0����ÔnþÝO�
>�
aA³^ü$ (fringe-induced barrier lowering, {P

� FIBL) �A [15], ü$
éá���A���U
å. Manoj[16] �ïÄ
�X»0� k ��O\ Fin-
FET ��5U�I�Cz, uy�X k ��O\,
ION �5O\
 IOFF ±�ê�ÝO\, DIBL ü$
�A�\wÍ, æK�{ÌÅìC�.

3.2 333���$$$LLL¬¬¬NNN+++¥¥¥AAA^̂̂

�$L (graphene) u 2004 c�uy, §´dü
�%�f|¤�8�·�G��(�, =ü��$.
�$L´­.þ��Ú�j��á���, �Pk
4Ð��>5Ú�95, ´�E¬N+�ýZá
�. 8cÌ�^ü«�{�E�$L|�A+, �
´3 SiO2 �.þé�$ü¬?1Å��á, �´
3 SiC �.þ	ò)�.

3 SiO2 �.þ�á��$L[£Ç¬É�¥
ÕÑ��K�, Ñ�´d SiO2 SÜ9 SiO2 ��$
L.¡þ�,�¤�. Shishir[17] �ïÄL², SiO2

��$L�m�p k 0�U
k�¶-¥ÕÑ�,
k�J,[£Ç (3¿§e�� 40000 cm2/V·s). ,
	, Moon[18] �ÏL3 SiC �.þ	ò)��$L,
(Üp k 0�� (Al2O3) Ú7á»4�EÑ
�«
|�A+, ¿ïÄ
ÙpªA5, ¢�L²ù«¬
N+kép���ªÇÚé$�¦>6.

� $ L B � � (graphene nanoribbon, { P
� GNR) ´�«k�°Ý��G�$L, 10 nm
±e��$LB��äk��N5�, ®ï�Ñ

�A�¬N+ GNRFETs, Ù(�Xã 8 ¤«, Ù
¥ HfO2 ��º� Si B�+��$L�m���
0��. HfO2 �ý��^U
Jp»>N¿�Ì
ü$»¦>6, l
J,
°Ä>6¿ü$
õÑ.� � � � � � � �� � � �

ã 8 �$LB��¬N+ (GNRFET) �(�«¿ã [19]
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3.3 333ÁÁÁ{{{ììì¥¥¥AAA^̂̂

p k á�Ø^u MOS ì��»0�	, �3
Ù¦�#.��Nì�XÁ{ì¥��
2�A
^. Á{ì´�«äk>{PÁA5��à�ì�,
Ù{��X6L�>6UC, ¿3>6����±
ð½. 8c®²uy
NõäkÁ{A5�á�,
¿JÑ
�A��.)ºÙÔnÅn, Ù¥�Ü©
�.þ���  (Oxygen Vacancy) �', �� �
/¤�[£´��>{Cz�PÁ�A�­�Ï
�. ��>0��p k 7á�zÔ, Ù7á - ��Ü
pÝ4z, éd�>f�åP�f, u)�z½�
��A¤I�Uþ��. Ïd, 3>|½9�^e,
ù
7á�zÔ¥´u/¤�� , ��� N´
3ÙSÜ[£. TA5¦�¯õp k 7á�zÔ
äkÁ{A5, X TiO2, HfO2, Nb2O5, Ta2O5, VO2,
SrTiO3 �, §�(ÜØÓ�7á>4X Pt, Cu, Al
���¤Á{ì.

ã 9 TiO2 Á{ì(��.ã [20]

Ù ¥, TiO2 � Á { A 5 ® u 2008 c
� Williams �uy [20], ¦���� Pt/TiO2/Pt Á
{ì(�Xã 9 ¤«. þÝ� D � TiO2 �Y3ü
� Pt >4�m, �>�Ý� w �Ü© (TiO2−x) �
,�� , äk$�>{�, m>�Ý� D−w �Ü
© (TiO2) ��,�� , äkp�>{�. 3dì
�üà\>Ø�, �� �£Ä¦�$>{«�p
>{«�>.[£, ì�o>{u)Cz. ÿÙ I-
V ­�¥yÑ¢�y�, `²äkÁ{A5. ��,
�.é Pt/TiO2/Pt (��Á{A5Ðm
�\ï
Ä. Szot � [21] @�ÙÁ{A5´d TiO2 � Mag-
neli (� Ti4O7 �m��CÚå� (Xã 10), 3�
�>|��^e, TiO2 ¥�)� Ti4O7 /¤ÎG[
j (Xã 11), [j¥��� �Ï�>, 3��>
|�^e, 9zÆ�A��ÎG[j"àu)d¬
�C��¬���C, �>5ü$. Williams ïÄ
| [21] 3é�"�§ÝØÓ� TiO2 0�?1¢�

�, JÑ TiO2/Pt .¡�AÄ³^�´��ì�>
{Cz�­�Ï�, ¦�@�	\>|3����
 ÷X[j[£�Ó�¬UC TiO2/Pt .¡³^°
Ý, l
UC�>A5.

TiO2 Ti4O7

ã 10 TiO2 ¥u)�C/¤�k�� � Ti4O7
[21]

TiO2
Ti4O7 Pt

ã 11 TiO2 ¥� Ti4O7 [j [21]

d	, HfO2, VO2 Ú SrTiO3 �äkÁ{A5,
Ù�ØÓ7á>4|Ü�¤Á{ì. Lee � [22,23]

�@3 Pt/HfOx/TiN/Si ±9 TiN/TiOx/HfOx/TiN �
(�¥uy
>Ø���>{m'�A, |^d
�Ak"�¤{C�Å�;ì (Resistive Random
Access Memory, {P� RRAM), Ù�U�)º´
>|�^e�)��� [jÚå>{Cz. Sun
� [24] uy Ti ���4� Ti/HfO2/InP (�äkÁ
{ÚÁNA5, ¢�L², \��>Ø�Ù¥yÁ
{5, I-V ­�Xã 12, 
\��>Ø�¥yÁN
5. Sun �éudy��Ôn)º´ HfO2/InP .¡
�¤�U?¹S�A��
>ÖÈ\, ¿JÑp k

0�� III-V x��N(Ük"��ûÐ�Á{Ú
ÁNì�. Yan � [25] ïÄ
 Au/SrTiO3/Pt (��
>Ò (electroforming) Úm'>{A5, JÑ
�«
nÜNS�� Ú.¡�AÄ³^K���.)
º
ÙÔnÅn. ,	, Menke � [26] é Pt/STO(Fe)
/Nb: STO (�?1
ïÄ, JÑ>{Cz´du
���3 Pt/STO(Fe) .¡NC±�í/ª�Ñ

�)�� . VO2 �Á{Ån�kØÓ, ïÄL
² [27,28], 7á - ý�N�C (metal-insulator transi-
tion, {P� MIT) ´��Ù>{Cz�­�Ï�.
3¿§e, >6!>|½1�-uÑUÚå VO2 u
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)�C, ØI�9-u�Ñ��~á6 (< 1 ps), 3
�E VO2 ����±�N´/��Ù�C�.§
ÝÚ¢£«�°Ý, ù¦� VO2 Á{ì�k2,�
A^cµ.� �� �� �� ��� �� � 	 � � 
 � 
 	 �� �


� � � � � � 	 � � �� 	 � � � � � � � � � � � � �
 � � � � �
ã 12 Ti/HfO2/InP (�� I-V ­� [24]

Á{ì�A^8c�?umu¥, Xia � [29]

ïÄ
^ TiO2 ���Á{ì� CMOS ·Ü�Ü6
>´, ÙU
ÐÚ¢yaq FPGA �õU. Pershin
� [30] JÑ
^Á{ì¢y�?§�[>´��
{.

4 o(�Ð"

� MOS ì�A�º� �� 45 nm ±e�,

^p k á�O� SiO2 ��»0�U
�Ì~�»
¦>6, 3÷v5UÚõÑ�¦�Ó�#Nì�º
�?�Ú� . ,
, ^p k 0�O� SiO2 q�5

ü�¯K, �´¤�U?¹S�A���K�>
ØO�, �´�§(fÑ����16f[£Çe
ü. ^7áO�õ¬7��»>4U
k��)þ
ã¯K, ¼�Ü·�K�>Ø¿³��§(fÑ�,
¦^ACEâU
?�ÚJ,[£Ç.

p k á�òUYA^u 22 nm ±e!:�7
Äì�¥. éuN7Ú SOI �²¡.ì�, I�Ï
é�Ü·�p k á�¿J,ó²Eâ, ±)û.¡
"�Ú[£Çü$�¯K. éu FinFET �áN.
ì�, p k »0�Uü$¦>6!J,ó��Ý,
�´¬\ì DIBL �AÚ FIBL �A. �$LPk
4p�[£Ç, k"��7���5���Ná�,
�$L����{±9Äu�$L��«¬N+
E3ïÄ¥, 3ØÈ�ò5k"¢yþ�. p k á
�3�$LÄì�¥ké��A^d�Údå, ò
üöéÐ/(Üå5U
¼�p5U�¬N+, �
EI�)ûp k á��"�Úó²�Ü�(J. d
	, Nõp k 7á�zÔX TiO2, HfO2, SrTiO3 �
äkÁ{A5, éù
7á�zÔ�ïÄkÏu?
�Ú
)Á{ì�d3Ån¿u÷Ù�5�A^
d�. Ø
Á{ì	, ÁNìÚÁaì�´ïÄ�
9:, Äuùn«PÁì��±�OÑ�`�êi
½�[>´, cÙ´#���?§�[>´�.
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Application of high-k dielectrics in novel
semiconductor devices∗
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Abstract

As the feature size of MOSFET scales beyond 45 nm, SiO2 as gate dielectric fails to meet the performance requirement because

of the high gate oxide leakage current. It is necessary to replace SiO2 with high-k materials. However, high-k materials as gate

dielectric have some limitations and are not expectedly compatible with the conventional structure, inducing new challenges such as

bad interfacial quality, increased threshold voltage, mobility degradation, etc. In this paper we review the problems encountered in the

introduction of high-k gate dielectric into planar devices and the solutions in terms of material, device structure and process integration.

Some novel applications of high-k materials in new devices and the future trend are also reviewed.

Keywords: high-k dielectric, FinFET, graphene FET, memristor
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