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193nm Dry & Immersion

Lithography

Now, there is
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evelopment of the material which hashigh
tfransparency and outstanding durability to
157/nm Laser

Transparency vs. Lifetime

2nd Target are

1st Target area
Teflon AF1600

Lifetime (J/cm2)

Source: Paul A. Zimmerman etal, 4th 157 nm Symposium, Yokohama, Japan, 08/2003.
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Our flacine)s from 9revious Words

— ————— - omm—

1. Comparison of Perfluoro polymers and
H-containing polymers

2. Effect of tertiary Hydrogen
3. Effect of substituent

e
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—— Perfluere H-Containing cl. PEPE
— -~ | Polymer Polymers (Fomblin)
(CYTOP) (AGC material)
Initial o)
Transmittance
Optical Low
Durability

anical
uralility, I ’

P and other type of polymer should be treated complementary

Low.

b

(il or grease) |

®0O or H should be necessary to improve transmission of polymer
®Fluorine content should be maximized in the polymer main chain
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Irradiation condition

Pulse E 0.07 mJ/cm2/pls
In-situ monitoring calorimeter
Atmosphere Pure N2

Dose /J AGC internal data

- Polymers that contain small number of tertiary
nydrogen showed better performance.
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fects of

~ 1) Minimum number of H - Less opportunity to react
2) Strong C-H bond - Slower H abstraction reaction
—

Ref. A.K.Chandra et.al. Int. J. Chem Kinet 35 130 (2003)
A.K.Chandra et.al. J.Phys.Chem. A 104 9244 (2000)

 Calculation of bond energies
Tertiary C-H(-(CF2)3-CH) Secondary CH (-CF2CHFCF2-)

mwl example :

Estimated by 96 kC&l/mOI

Ab initio theoretical
calculation
PBE1PBE/6-311+G(2d,p)
//B3LYP/6-311G(d,p) Immersion-157 Litho Symposium




rupture

20
Dose (J)

i A

. Existence of substituents such as CF3 units
““drops both mechanical and optical durability.
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.o CYTOP skeleton is suitable for high durability.
Moreover, Fluorine content should be maximized as
much as possible

 Tertiary hydrogen as well as ethereal oxygen (e.g.
PFPE) improve the initial transmittance.

=
be avoided in-

ant gro CF3,CF2CF
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- @CYTOP structure will be adopted as the platform
to keep high durabillity.

®|t should contain tertiary H or ethereal O in main
chains to achieve high transmittance.

ﬂm_dant

il
3, CF2 ) should be
provement of durability.
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© 5:membered rngs V;IhICh have one oxygen In the each rings.

« Tert-H or ethereal O is needed to Improve the transmittance.
1. Introduction of tertiary CH into main chain.

e 2//CF\ & Sc, “cr, =
y
H
— 5; 04 ﬂ
0 T ——
| . Introduction of ethereal oxygen into main chain.

Now under development
(It might need a different structure from CYTOP)
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Polyrmer ABS Cco-2
at L57nrr

Transmittance (%)

Basell

BVE-1H 0.02
CYTOP
— - 140 150 160 170 180, om0 200

Wavelength (nm)

-_ = [l =
@ Shift of absorption edge was observed without
significant deterioration of transmission
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S |n_situ Transmiss|on Irradiation condition

Pulse E 0.05 mJ/cm2/pls

Frequency 1000Hz

In-situ monitoring calorimeter
(Gentec)

®
o
53

Atmosphere
60%

40%

Transmittance (%)
o
O\O

0%

LG 20
P ~ Dose (J) -

;.\@- Mrablhw was significantly Improved.

@ Rapid transmission drop was observed.

40 60 80 100 120 140 160
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SRR —
— COF and C=0 or CF=CF are observed
— CH Is also observed after irradiation

= XPS analysis (Surface of Membrane)

— Decrease of CF2 and increase.of CF and CF3
-re obsened

WMr irradiation.
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~.surface. —
membrane
CaF,
<=

irradiation
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-1 -08 -06 -04 -02 O

Depth(um)
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::--il'-er-t-GH-suwived_;ter 150J Irradiation

= |t seems that decrease of CF2 content shows
crosslinking of the polymer. -

= |t seems that the control of crosslinking in the
surface should be important.

e'need teemuch more attention pw
ﬁnfi%w -
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A It succeeds in carrying out copolymerization

without a drop of transparency.
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Transmittance (%)

In-situ Transmission

PulseE(0.13mJ)

Experimental conditions
Broken Sample self-standing film
Film thickness about lum

Irradiation conditions

Pulse E 0.05 mJ/cm2/pls
Frequency 1000Hz

In-situ monitoring calorimeter

(Gentec)

Atmosphere

20 40 60 80 100
Dose (J)
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Evellzaiion Hesu
~ »Some of copolymers showed better dur:a_iﬁt'ythn
—BVE-TH——
»All samples after irradiation became so fragile,
therefore mechanical durability was not enough.

»The variation of results in the same samples is large.

=P To achieve better performance.........

ﬂnvesti ation of appropriat

composition of copolymer

€ Modification of purification method
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durablllty
- »We have synthesized some polymers along with the above
guideline. In our experiments, tert-CH showed good
mechanical durability as expected. Moreover, we have
found some possibilities to improve their optical durability.
» We will also focus on developing other types of
fluoropolymer to achieve longer lifetime. (e.g. ethereal

ﬁ:gen containing polymer) >
| /e have fou in materi uitable Tg for méEmg_

olecularweight is a issue for obtaining good
echanical strength.
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Possible Photoderadation

F
\ H
m Crosslinking
f=e =
b H
— o

orption | T ———

S H" ——  Chain Scission p

/ Crosslinking

F CF;, =CF or HF elimination
generation

COF,CF=C generation
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Experimental conditions
Sample self-standing film
Film thickness about 1um

Transmittance (A.U]
o
»

@%&Q% Irradiation conditions
0.4 Pulse E 0.1 mJ/cm?/pls
Broken after took the sample In-situ monitoring  calorimeter
__.....- AGC internal Data .
- __Dose (J) S —

__-'i‘-

‘Ell'ght change of coating process gave such a result. On the other hand,
a clear change was not observed in the mechanical property.
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