
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

&KDUDFWHUL]DWLRQ�RI�UHVLVWV�DQG�
DQWLUHIOHFWLYH�FRDWLQJV

3��6FKLDYRQH
/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH��&156

7KLV ZRUN�KDV�EHHQ�SHUIRUPHG�DW�)UDQFH�7pOpFRP�&1(7

DNQRZOHGJHPHQWV 6��%DFK��)��*DLOODUG��$��6FKLOW]��<��7URXLOOHU

&��'HIUDQRX[��(��-RXYH��)��/L��3��%RKHU

:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

2XWOLQH

'HWHUPLQDWLRQ�RI�'LOO�H[SRVXUH�SDUDPHWHUV�IURP�
UHIOHFWLYLW\��RU�HOOLSVRPHWULF��PHDVXUHPHQWV

$QWLUHIOHFWLYH�FRDWLQJV��ZLWK�IRFXV�RQ�6L21�



:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

'HWHUPLQDWLRQ�RI�SKRWRUHVLVW 'LOO�SDUDPHWHUV

/LWKRJUDSK\�VLPXODWLRQ�

$HULDO�LPDJH�Å UHVLVW�H[SRVXUH�Å UHVLVW�GHYHORSPHQW

UHVLVW�PRGHOV�LQFOXGH�UHVLVW�DQG�SURFHVV�GHSHQGHQW�SDUDPHWHUV�

*RDO��

)LQG�D�VLPSOH�PHWKRG��HDV\�WR�XVH��WR�DGMXVW�WKH�
SDUDPHWHUV�RI�WKH�UHVLVW�H[SRVXUH�PRGHO�XVLQJ�
FRPPRQ�HTXLSPHQW�RI�D�FOHDQ�URRP��RQO\�D�
UHIOHFWRPHWHU�

0RUH�HODERUDWH�VROXWLRQ�XVHV�HOOLSVRPHWU\

:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

5HVLVW�H[SRVXUH

,�OLQH�����QP��UHVLVW�EOHDFKHV�XQGHU�H[SRVXUH

5HVLVW�VLPXODWLRQ�PRGHOV�QHHG�WR DFFFRXQW IRU�WKLV�
EOHDFKLQJ�LQ�RUGHU�WR�DFFXUDWHO\�UHSUHVHQW�OLJKW�
SURSDJDWLRQ�DQG�SKRWR�FKHPLFDO�UHDFWLRQV�ZLWKLQ�
WKH�UHVLVW�ILOP

)LUVW�PRGHOHG�E\�'LOO�HW�DO��

0

0.02

0.04

0.06

0.08

0.1

0.12

1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9

Energy (eV)

E
x
ti
n
c
ti
o
n
 c
o
e
ff
ic
ie
n
t 
K

0m J/cm 2

100m J/cm 2

200m J/cm 2

800m J/cm 2

I-line
365nm



:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

%HHU�/DPEHUW�ODZ
,��LQWHQVLW\�ZLWKLQ�WKH�UHVLVW
α��DEVRUSWLRQ�RI�WKH�UHVLVW���P���
P��FRQFHQWUDWLRQ�RI�WKH�SKRWRDFWLYH�FRPSRXQG��3$&�

3$&�GHFRPSRVLWLRQ�UDWH

 !

+\SRWKHVLV��α FRQVWDQW�ZLWKLQ�WKH�ILOP

%��DEVRUSWLRQ�RI�IXOO\�EOHDFKHG�UHVLVW

$�%��DEVRUSWLRQ�RI�XQH[SRVHG�UHVLVW

'LOO�H[SRVXUH�SDUDPHWHUV























=− W]��W]�,
G]
W]�G,

α

































+−= %W]�$PW]�,
G]
W]�G,

��

���W]�P�W]�,�& 
GW
W]�GP

� 























−

%�RVH�$�H[S��&�G α%�&�W��$�H[S��,� α

:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

7UDQVPLVVLRQ�PHDVXUHPHQW

6SHFWURSKRWRPHWHU��KHUH�9DULDQ�&DU\��(�

4XDUW]�VXEVWUDWH
7UDQVPLWWDQFH�LV�PHDVXUHG�GXULQJ�H[SRVXUH

1HHG D�FDOLEUDWLRQ RI�WKH�VRXUFH

0 200 400 600 800 1000
0.25

0.3

0.35

0.4

0.45

0.5

0.55

0.6

Exposure dose (m J/cm 2)

T
ra
n
sm

is
si
o
n

Collimating lens

Passband Filte r

Photodiode Converter

R es ist coate d
quartz subs trate

Light source



:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

5HIOHFWLYLW\�PHDVXUHPHQWV

6WDQGDUG�ZDIHUV�DUH�XVHG

([SRVXUH�FDQ�WDNH�SODFH�EHIRUH��RU�GXULQJ��WKH�
PHDVXUHPHQW

0HUFXU\�;HQRQ�ODPS���:

%DQG�SDVV�ILOWHU��,�OLQH��

%HDP�VSOLWWHU�3KRWRGHWHFWRU

$FTXLVLWLRQ�DQG�WUHDWPHQW

5HIOHFWLYLW\ �RU HOOLSVRPHWULF� PHDVXUHPHQW

:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6HQVLWLYLW\�WR�UHVLVW�WKLFNQHVV

0.96 0.98 1 1.02 1.04
0

0.1

0.2

0.3

0.4

0.5

Thickness (µm)

7KLQ�ILOP�HIIHFWV�DUH�PXFK�PRUH�SURQRXQFHG�ZKHQ�
XVLQJ�UHIOHFWLYLW\�PHDVXUHPHQWV

$FFXUDWH�GHWHUPLQDWLRQ�RI�WKH�UHVLVW�WKLFNQHVV�LV�
QHFHVVDU\�DW�HDFK�PHDVXUHPHQW�VLWH

�ODUJH�ZDYHOHQJWK���&DXFK\�



:,6(��������������PDL���
�/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

,QGH[�IURP�UHIOHFWLYLW\�ILW

400 450 500 550 600 650 700
0

0.2

0.4

0.6

0.8

Thickness (nm)

R
ef

le
ct

iv
ity

900 1000 1100 1200 1300 1400 1500
0

0.1

0.2

0.3

0.4

Thickness (nm)
R

ef
le

ct
iv

ity

5HDO�SDUW�Q�RI�1�LV�VXSSRVHG�WR�EH�FRQVWDQW��XVHOHVV
ZLWK HOOLSVRPHWU\��

:KHQ�Q�LV�NQRZQ �DQG WKLFNQHVV PHDVXUHG���
DEVRUSWLRQ�FDQ�EH�FRPSXWHG�IURP�UHIOHFWLYLW\�
PHDVXUHPHQW�

)LW�RI�UHIOHFWLYLW\�YV�WKLFNQHVV�FXUYH�LV�D�VLPSOH�DQG�
DFFXUDWH�ZD\�RI�JHWWLQJ�Q

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

([SHULPHQWDO�SURFHGXUH
6WHS�E\�VWHS
5HIOHFWLYLW\

6WHS�E\�VWHS
(OOLSVRPHWU\

5HDO�WLPH
(OOLSVRPHWU\

0HDVXUH�Q &DOLEUDWH�OLJKW�VRXUFH

&RDW�VLOLFRQ�ZDIHU &RDW�VLOLFRQ�ZDIHU &RDW�VLOLFRQ�ZDIHU

([SRVH��VWHSSHU� ([SRVH��VWHSSHU�

5HIOHFWLYLW\ (OOLSVRPHWU\ ([SRVH��
HOOLSVRPHWU\

- WKLFNQHVV
- DEVRUSWLRQ�α

- WKLFNQHVV
- Q��N���!�α�

�����WKLFNQHVV
�����Q��N���!�α�

)LW�α�YV�GRVH�FXUYH
�!�$��%��&

)LW�α�YV�GRVH�FXUYH
�!�$��%��&

)LW�α�YV�GRVH�FXUYH
�!�$��%��&

1%��PRUH�VRSKLVWLFDWHG�$%&�H[WUDFWLRQ�SURFHGXUH�LV�SRVVLEOH



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

*RRG�H[SRQHQWLDO�EHKDYLRU�DOORZLQJ�$�%�&�ILW

2OLQ�2L5 ��PG 6KLSOH\�6357���
$ �����P����% �����P����& ������FP��P-����������$ �����P����% �����P����& ������FP��P-

5HVXOWV��UHIOHFWLYLW\�PHWKRG�

0 200 400 600 800 1000
0.2

0.4

0.6

0.8

1

1.2

Exposure Dose (mJ/cm2)

A
bs

or
pt

io
n 

 (
1/

µ
m

)

0 200 400 600 800 1000
0

0.2

0.4

0.6

0.8

Exposure Dose (mJ/cm2)

A
bs

or
pt

io
n 

 (
1/

µ
m

)

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6SHFWURVFRSLF�HOOLSVRPHWU\

1.6

1.65

1.7

1.75

1.8

1.85

1.9

1.95

1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9

Energy (eV)

R
ef

ra
ct

iv
e 

in
de

x

0m J/cm ²

100m J/cm ²

200m J/cm ²

800m J/cm ²

I-line
365nm

0

0.02

0.04

0.06

0.08

0.1

0.12

1.4 1.9 2.4 2.9 3.4 3.9 4.4 4.9

Energy (eV)

E
x
ti
n
c
ti
o
n
 c
o
e
ff
ic
ie
n
t 
K

0m J/cm 2

100m J/cm 2

200m J/cm 2

800m J/cm 2

I-line
365nm

7KH�VDPH�NLQG�RI�DSSURDFK�FDQ�
EH�SHUIRUPHG�PRUH�HIILFLHQWO\�
XVLQJ�VSHFWURVFRSLF�
HOOLSVRPHWU\�

7KLFNQHVV�DQG�FRPSOH[�
UHIUDFWLYH�LQGH[�FDQ�EH�
GHWHUPLQHG�VLPXOWDQHRXVO\�

5HDO�WLPH�PHDVXUHPHQW�LV�
SRVVLEOH�



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

5HIUDFWLYH�LQGH[�IURP�HOOLSVRPHWU\

1.68

1.69

1.7

1.71

1.72

0 200 400 600 800 1000

Exposure dose (m J/cm 2)

R
e
fr
a
c
ti
v
e
 i
n
d
e
x
 N

0

0.01

0.02

0.03

0.04

E
x
ti
n
c
ti
o
n
 c
o
e
ff
ic
ie
n
t 
K

N

K

0.945

0.9475

0.95

0.9525

0.955

0.9575

0 200 400 600 800 1000

Exposure dose (m J/cm 2)

T
h

ic
kn

e
ss

 
(µ

m
)

6WURQJ �H[SRQHQWLDO��
YDULDWLRQ�RI�WKH�H[WLQFWLRQ�
FRHIILFLHQW

5HDO�SDUW�FKDQJHV�VOLJKWO\

7KLFNQHVV�YDULDWLRQV�DUH�GXH�
WR�H[SRVXUH�DQG�GLVSHUVLRQ�
RQ�WKH�SODWH
 !�QHHGHG�IRU�HDFK�PHDVXUHPHQW

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

$V�H[WUDFWHG�SDUDPHWHUV�ILW�ZHOO�H[SHULPHQWDO�GDWD�

'RVH�WR�FOHDU�IRU�GLIIHUHQW�GLIIXVLRQ�OHQJWKV�
�UHPDLQLQJ�UHVLVW PRGHO�SDUDPHWHU�

6LPXODWHG�YV�H[SHULPHQWDO�UHVXOWV

800 850 900 950 1000 1050
50

60

70

80

90

100

110

120

Resist thickness (nm)

D
os

e 
to

 c
le

ar
 (

m
J/

cm
2)



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

&RPSDULVRQ�RI�WKH GLIIHUHQW�PHWKRGV

5HVLVW��2OLQ�2L5��PG

$OO�PHWKRGV�JLYH�
FRQVLVWDQW�UHVXOWV

$�����P� %�����P� &��FP��P-�

7UDQVPLVVLRQ ���� ����

5HIOHFWLRQ
�VWHS�E\�VWHS�

���� ���� �����

(OOLSVRPHWU\
�VWHS�E\�VWHS�

���� ���� �����

(OOLSVRPHWU\
�UHDO�WLPH�

���� ���� �����

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0 200 400 600 800 1000 1200

Exposure dose (mJ/cm2)

A
bs

or
pt

io
n 

(1
/µ

m
)

Reflectivity

Ellipsometry step/step

Ellipsometry real time

other resist (reflectivity)

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

$SSOLFDWLRQ�WR�&KHPLFDOO\�$PSOLILHG�UHVLVWV"

$EVRUSWLRQ�FRHIILFLHQW�GRHV�QRW�YDU\�VLJQLILFDQWO\�RU�
GRHV�QRW�UHIOHFW�3$&�GHFRPSRVLWLRQ�GXULQJ�
H[SRVXUH�

3RVW�H[SRVXUH�EDNH�SOD\V�WKH�PDMRU�UROH�LQ�WKH�
FDWDO\WLF�FKHPLFDO�UHDFWLRQV�

&�SDUDPHWHU�GHVFULELQJ�WKH�3$*�GHFRPSRVLWLRQ�UDWH�
XQGHU�H[SRVXUH�FDQQRW�EH�GHWHUPLQHG�E\�
DEVRUSWLRQ�PHDVXUHPHQW��

2QH�SRVVLELOLW\��)7,5�VSHFWURVFRS\

9DOLGLW\�RI�&�$��UHVLVW�VLPXODWLRQ�LV�TXHVWLRQDEOH��FI &��
0DFN�HW�DO���'��.DQJ�HW�DO��63,(����



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

)7,5�VSHFWURVFRS\�PHDVXUHPHQW

([DPSOH��,�OLQH�UHVLVW
DPSOLWXGH�RI�WKH�GLD]LGH�RI�WKH�SKRWRDFWLYH�FRPSRXQG�
LV�VLJQLILFDQW�RI�3$&�GHFRPSRVLWLRQ�NLQHWLFV

& ����� 0 200 400 600 800 1000
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Exposure Dose (m J/cm 2)

R
e
la
tiv
e
 p
e
a
k 
a
m
p
lit
u
d
e

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

&RQFOXVLRQ���VW�SDUW�

$�VLPSOH�PHWKRG KDV�EHHQ�SUHVHQWHG�WR�H[WUDFW�'LOO�
H[SRVXUH�SDUDPHWHUV XVLQJ UHIOHFWLYLW\
�HOOLSVRPHWU\��PHDVXUHPHQWV�

7KH�XVH�RI�VWDQGDUG�VLOLFRQ�ZDIHUV�FDQ�EH�SUHSDUHG�
XVLQJ�WKH�H[DFW SURFHVV WR�EH�VLPXODWHG�

6WHS�E\�VWHS�H[SRVXUH�XVLQJ�WKH�VWHSSHU�DYRLGV�GRVH�
FDOLEUDWLRQ�SUREOHP

5HDO�WLPH H[SRVXUH�DQG�ULJRXURXV�SDUDPHWHUV
H[WUDFWLRQ�LV�DOVR SRVVLEOH�XVLQJ�UHIOHFWLYLW\�PHWKRG�



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

$QWLUHIOHFWLYH�FRDWLQJV

:K\�$5&"

2SWLPL]DWLRQ�SURFHGXUH

6L21�SURSHUWLHV

/LWKRJUDSKLF�UHVXOWV

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

:K\�DQWLUHIOHFWLYH�FRDWLQJV�"

7KLQ�ILOP�LQWHUIHUHQFH�HIIHFWV�ZLWKLQ�WKH�UHVLVW��

VZLQJ���VLQXVRLGDO�YDULDWLRQ�RI�UHIOHFWLRQ�FRHIILFLHQW��GRVH�WR�
FOHDU��&'������ZLWK�UHVLVW�WKLFNQHVV

&'�GLVSHUVLRQ
VWDQGLQJ�ZDYHV�

air

resist

substrate

R1

R2

d



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

:K\�DQWLUHIOHFWLYH�FRDWLQJV�"�FWG�

5HIOHFWLRQ�IURP�WKH�VXEVWUDWH�

� UHIOHFWLYH�QRWFKLQJ
� VHQVLWLYLW\�WR�WKH�VXEVWUDWH�UHIOHFWLYLW\

$QWLUHIOHFWLYH�VWUDWHJLHV�

GLHG�UHVLVW��WRS�$5&��ERWWRP�$5&

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

7ZR�VWUDWHJLHV�IRU�ERWWRP�$5&

1� ������� L������ 1� ������ L�����

0 50 100 150 200 250
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ARC thickness (nm)

S
ub

st
ra

te
 r

ef
le

ct
iv

ity

0 50 100 150 200 250
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

ARC thickness (nm)

S
ub

st
ra

te
 r

ef
le

ct
iv

ity

�VWURQJ��DEVRUSWLRQ�%$5&

�XVH�LQWHUIHUHQFH ��DEVRUSWLRQ�
WR�FDQFHO WKH�UHIOHFWHG OLJKW�

ORZ�DEVRUSWLRQ�%$5&

�WKH�UHVLVW�GRHV�QRW��VHH�
WKH�VXEVWUDWH�DQ\PRUH�



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

��SDUDPHWHUV�VSDFH���Q��N��WKLFNQHVV��QRW�VKRZQ�

��ILUVW�OREHV��5�������

5HIUDFWLYH�LQGLFHV�RI�RSWLPXP�%$5&V

0

0.2

0.4

0.6

0.8

1

1.2

0.5 1 1.5 2 2.5 3 3.5

R
ef

ra
ct

iv
e 

in
de

x 
(im

ag
in

ar
y 

pa
rt

 : 
k)

Refractive index (real part : n)

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

%$5&�2SWLPL]DWLRQ

HYHU\WKLQJ�UHOLHV�RQ�D�SURSHU�
GHWHUPLQDWLRQ�RI�WKH�FRPSOH[�
UHIUDFWLYH�LQGH[�RI�WKH�
PDWHULDOV

0

0.2

0.4

0.6

0.8

1

1.2

0.5 1 1.5 2 2.5 3 3.5

R
ef

ra
ct

iv
e 

in
de

x 
(im

ag
in

ar
y 

pa
rt

 : 
k)

Refractive index (real part : n)

7KLFNQHVV�LV�GHGXFHG�IURP VLPXODWLRQV

'LUHFWO\�IURP�WKH RSWLPXP�%$5& DEDFXV� ZH�FKRRVH�WKH�VXLWDEOH�
PDWHULDOV



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6L21 EDVHG�$5&

3(&9'���SUHFXUVRU�JDVHV���VLODQH �6L+
�
��DQG�QLWURXV�

R[LGH�1
�
2���FDUULHU�JDV���QLWURJHQ

7ULNRQ 3ODQDU����
GHSRVLWLRQ�WHPSHUDWXUH������°

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6L21 ILOP�SK\VLFDO�SURSHUWLHV�

7ZR�SKDVH�VWUXFWXUH� !�6L LV�SURPRWHG��WKH�JDS�LV�
SXVKHG�WRZDUG�ODUJHU�ZDYHOHQJWK�

0.00

0.05

0.10

0.15

0.20

A
bs

or
ba

nc
e 

un
it

s

400140024003400

Wavenumber (cm-1)

N2O/SiH4=0.125

N2O/SiH4=0.25

N2O/SiH4=0.5

N2O/SiH4=1

N2O/SiH4=2

SiHNH

SiO

SiN



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

$WRPLF�FRPSRVLWLRQ�YV��1
�
2���6L+

�
UDWLR

�R[\JHQ�� VLOLFRQ���� QLWURJHQ�

0

10

20

30

40

50

60

70

0 10 20 30 40

N2O/SiH4 ratio

%
 a

to
m

ic

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6L21 UHIUDFWLYH�LQGLFHV

UHDO�SDUW LPDJLQDU\�SDUW

IURP�ERWWRP�WR�WRS��α ����������������



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

5HIUDFWLYH�LQGH[�YV��1
�
2���6L+

�
UDWLR

LQGH[�LV�HDVLO\�DGMXVWDEOH�GHSHQGLQJ�RQ�WKH�
DSSOLFDWLRQ

0.0

0.2

0.5

0.8

1.0

1.2

R
ef

ra
ct

iv
e 

in
de

x 
(i

m
ag

in
ar

y 
pa

rt
: k

)

1.8

2.0

2.2

2.4

2.6

R
ef

ra
ct

iv
e 

in
de

x 
(r

ea
l p

ar
t:

 n
)

0.0 0.5 1.0 1.5 2.0 2.5

N2O/SiH4 ratio

k(365)

k(248)

n(365)

n(248)

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

6ZLQJ�DPSOLWXGH�UHGXFWLRQ

6L21 � 1 ������� L�������RQ�6L
WKLFNQHVV���QP

0

10

20

30

40

50

2600 2800 3000 3200 3400 3600 3800 4000

248NM REFLECTIVITY ON SiON
248NM REFLECTIVITY ON Si

24
8N

M
 R

E
F

L
E

C
T

IV
IT

Y
 

RPM



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

/LWKRJUDSKLF�UHVXOWV

3RVLWLYH ���QP UHVLVW

VWHS KHLJKW ���QP

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

/LWKRJUDSKLF�UHVXOWV

���QP

6XPLWRPR�3$5����$���UHVLVW



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

SRVLWLYH����QP UHVLVW

�����P�OLQH�RQ�SRO\� ������P�OLQH�SRO\��190�

/LWKRJUDSKLF�UHVXOWV

:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

&RQFOXVLRQ���QG�SDUW�

(IILFLHQW�%$5&�RSWLPL]DWLRQ�FDQ�EH�DFKLHYHG

6L21�GXH�WR�LWV�VLOLFRQ�ULFK�DQG�HDVLO\�DGMXVWDEOH�
FRPSRVLWLRQ�LV D�JRRG FDQGLGDWH�IRU����QP�DQG�
���QP�OLWKRJUDSK\��

$FFXUDWH�UHIUDFWLYH LQGH[�PHDVXUHPHQW�LV D�NH\ SRLQW�



:,6(��������������PDL���
��/DERUDWRLUH�GHV�7HFKQRORJLHV�GH�OD�0LFURpOHFWURQLTXH

UHIHUHQFHV
F. H. Dill, W. P. Hornberger, P. S. Hauge, J.M. Shaw; "Characterization of positive photoresist"; IEEE Trans. on Electron Devices, 
ED-22, no 7, July 1975.

C.L. Henderson, C.G. Wilson, R.R. Dammel, R.A. Synowicki; "Bleaching-induced changes in the dispersion curve of DNQ 
Photoresists"; Proc. SPIE Conf., vol. 3049, 1997

C.A. Mack, T. Matsuzawa, A. Sekiguchi and Y. Minami, "Resist metrology for lithography simulation, Part 1: exposure parameters 
measurements", Proc. SPIE Conf., vol. 2725, 1996

P. Schiavone, S. Bach, "A new method of determination of photoresist Dill parameters using reflectivity measurements",              
Proc. SPIE Conf., vol. 3333 (1998)

P.Boher, C.Defranoux, J.P.Piel, J.L. Stehle, »Anew method of determination ofthe photoresist Dill parameters using Spectroscopic
ellipsometry", Proc. SPIE Conf., vol. 3678 (1999).

T. Ogawa, H. Nakano, T. Gocho, T. Tsumori, “SiOxNy:H high performance anti-reflective layer for the current and future optical 
lithography”, Proceeding of SPIE conference, Vol 2197, 1994, p 722.

T. Ogawa, A. Sekiguchi, N. Yoshizawa, “Advantages of a SiOxNy:H antireflective layer for ArF excimer Laser lithography”, Jpn. J. 
Appl. Phys., vol. 35, p. 6360, Part.1, No.12B, Dec. 1996. 

F. Gaillard, P. Schiavone, P. Brault, “Physical and optical properties of inorganic antireflective coatings”, J. Vac. Sci. Technol. 
A15(5), Sep/Oct 1997.

P. Schiavone, , C. Esclopé, A. Halimaoui , “SiON based antireflective coating for 193nm lithography ”, Proceeding of SPIE
conference, Vol 3678, 1999


