
!"#$%& '()*+,-./012/!

Photoemission study of gate insulator films for MOSFET 
34!56 

Satoshi TOYODA 
1 Department of Applied Chemistry, The University of Tokyo, Bunkyo-ku, Tokyo 113-8656, Japan 

2 CREST, Japan Science Technology Agency, Bunkyo-ku, Tokyo 113-8656, Japan 
*e-mail: toyoda@sr.t.u-tokyo.ac.jp 

 
1. 78  

! 9:;<=>?@ABC(ULSI)DE@AFG

GHIJKFLMNOPQR;ST-UFV-W

XY0Z[\*]^_`a(MOSFET)b1.c

deIfghi()*+,-D1 nm jklmn

opqPrist.uv;w1xyzp*^{

|[\I}i()*~�0�L��p��Gp

qPQR;��.UF���^(SiO2)-��FO

uU�F���^(SiOxNy)-Q}�E�0�

(high-k)UFVn-�'rub1��L�xzI

N��PrisO�OpL�;�^�����;

*]��0�;WXY��G. ¡�¢;£¤

.¥¦§¨©OpoPDp�prª�L«o;

()*+,-/���^Z¬.01®¯Fy

®.°±L²o³v��Pris´tmµ¶D

·¸//012/�'rP;�^�����¹

0�*]��Q}��º»¼½b¾k2¿°À

ÁÂ���OÃÃ;ÄÅÆÄÇ!()*+,-È¡'

�É�OPÊus 

 

2. ËÌ  

! ËÌDEÍ{|Î)ÏÐÑÒÓÔ·¸/Ò

ÓÕÖ(PF)×^_ØÙ)aÚ)Û]Ü^BL-2C 

IQrPNqusÝ¤GOPSiO2-;SiN-;

SiON-;high-kU(�)FV�'rP/012/`

Þß*|�àáOus�^�����°Àhi

uvIDâ01ãQ}�Xäåæ2/`Þß*

|;0�*]���çèhiuvIDéê`Þ

ß*|.àáëìíî�;½b¾k.�º»¼

2¿�³viuvID/01çèïkíî�I

ðñO;`Þß*|°À�Nqus!

!

3. �^����¹*]��0�2¿.°À!

! ���^��G()*+,-Z¬.�^��

��ò�óáhitGD()*�)ß0�ô�

�õ°hiuvIDö÷møisù»;high-k

()*+,-úmDû«o.ÒÓüýLpº�

PriIHþ��!;ËÌòI"�ÃÊL=Ê

oòLál�prGr#��Løis´tm;

$%÷&�±��IhiGGHI;�k.'r

�^����óáÂ�()hitGL²o³v

��Pris 

! *1 ISi�F-/SiÝ¤IQ+i°À,�-hs

.b/0���^����.â01ã`Þß*

|�%O1otGI}R;+,-��.â01

ã`Þß*|�2èhitGm;()*+,-

G���^Z¬.â01ã���3!Ev4�óáO

uslu;X äåæ`Þß*|(XAS)�'r;

ù5J2`Þß*|.6)ß��åæ0�óá

hitGm;7Xã80�óáOus9ÁÂ�

'ritGI}qP;�^�����óámÊ

* :;!3<4!â01ã`Þß*|G =äåæ2/`Þß*|�'ru�^����.óáÂ;3>4?

¡hi�^����.?@*;3A4-B0�*]��I}iCDÍ{|Î).�E*s!



!"#$%&'()*+),!-./012!345&

-.6789:;!34<=>4?!"@AB

CDEF4$%GH!4&IJKLM,NOKLMPQRS

T/UV%&NOKLMDWXYZ[\<]^_`ab

cDdefgDh0iB5j!34:kgf/

$lmKn"!

! Eo&p qrst/u2vw/&xyz{|}~

�D��z���/v�%���/��<��

%$�w4Vw��<j!"]^_`abD�

�/���4$%��l�&��2!34<�

�5j!"pfg&����: 0�/� $l

��}¡/¢£$?V<&¤¥���S$%V

!¦§<¨%©ª&3ª<��z���D«C

5j!"�l&3ª:¬12ª&®¯°5{

|}~D��z���:±²2!34<5³!"

#35&}¡/v!¤¥�D´V/µ¶$&

high-k}5j! HfSiON}/·$%}~�D�

�z���D«C:¸¹l"#DºC&»¼/

�§<½�z���¾ª!34<�f¿&SÀ

ºQÁÂD��fg�§z���� N-HfºQ

/Ã�ÄÅ$%V!34<kgf/?�l[3]"

3Dvw/{|}¡Æ����/µ¶2!34

/v�%&high-k{|}~Dz�����ÇÈ

�É:Ê�!34<=>4?!"z�����

�z�^ËÌÍDÎ�:��¾Ï!l�&ÐÑ

Ò�Ó}ÔB�ÕÖÌ�D×Øy_]�Ù4$

%ÚÛ1<ÜÝ5³!" 

 

4. SÀÁÂÞßàáâÈã¾�ÉD��  

! ä�§D±²åÈ:æçlèé5��2!å

È��Ò�®êë5Ó}Dàá67ì?ã¾o

í��<=>4?!"Ó}S<îï$%V�x

yz{|}ÔB�ÕÖÌfg�&��ðñDò

ó<Ã��ô¾ª%V!" 

! p4 /SiO2/SiNõö}:��$lºC:u2"

±²åÈ:�÷%��$løùä�§ÌúÙz

û:hüý^zÕþyÒ5��2!34/v¿

ã¾oí�É:!�$l"SiN}�RS<îï

$%U¿&SiONS$%V!34<¨%©ª!"

�l&"á1s øù#$ÌúÙzûDSÀ%×z

:��2!34/v�%&"á�p~/u2v

w?ºQÔÂ:©�%V!34Ú�f�l[4]"

Ð��ðñ:1V&z�^ËÌÍ&c4SÀ'

(D·ÛÄÅ:¸¹!34/v�%&high-k{

|}:1Vl)*+�ÕÖÌ,-�D×Øy_

]�Ù<=>4?�l[5]" 

 

5. �4�  

! ./ää�§�ä/v¿xyz{|}0%1

2^3¼D�§ÁÂ:kgf/$&4/]^_

`abÆz�����ÆSÀÁÂÞßã¾oí

�É/µ¶$%ÌúÙzû��:ï�l"ã¾

oí�ÉD��ÑÒ:1V!34/v�%&Ó

}ÔBD5ÜB678û'9:Ó}D;>-<

D;'�k=/Û1<ÜÝ5³!"Ð@A5,

-$l��ÑÒ� >L? 8]@Ì�ÕÖÌ�D×

Øy_]�ÙAç/B�gC&Ó}ÔBED�

DÛ1ÚE,$%V³lV" 

 

FG  

Ð@A:ïw/jl¿&HIJ?KL&M

Nyz:$%VlAVlOPQR&iSTQ

R&OP@üÀU� VWX&YZX&[\X&

)*+]^ÀÖ^Íy(STARC)Uv_)*+

`abÙcÕËyd(Selete)D@AeDf¦/

gFh$iH�2" 

 

jklm  

1. S. Toyoda et al., Appl. Phys. Lett. 87, 102901 (2005). 

2. R. Yasuhara et al., Appl. Phys. Lett. 89, 122904 (2006). 

3. T. Tanimura et al., Appl. Phys. Lett. 92, 082903 (2008). 

4. S. Toyoda et al., Surf. Interface Anal. 40, 1606 (2008). 

5. I. Oshiyama et al., Jpn. J. Appl. Phys. 47, 2379 (2008). 

p Kn!?*LK0?*oõö}DSÀÁÂÞßã¾oí�É"!


