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A New Monocyclic Fluoropolymer Structure
For 157-nm Photoresists
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ALE wmm—pequirements for 157nm Resist

L ithogr aphy pr ocess Reguirementsfor 157nm resist

I S wafer

Resist coating

Exposure
Y YV VY v by o4y 157nmlight _
I—ﬁ—W—I Photo mask
Development (developer : TMAHag.) Solubility in alkaline soln.
Baking
. Heat resistance
(higher TQ)
Etching
e e B Etching resistance
Ashing
L == =" ]

S - ooamSeletem



AGC Our strategy -

Development of Monocyclic Polymer
containing essential functions

_ New fluor opolymer
1st generation polymer

: ASF-2
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ALL mmmm Char acteristics of ASF-2 L

F2
C\C “
F3C CFs
OH
Great!!! \ \ /'Improved
abs dissolution etching rate rgfractive
rate index n
[pkm- [nm/ j] [vsKrFresist]/I @157nm
ASF-2 185 | 155
FPR(ref) | 0.4 80 > | 155
target spec 0.2> >500 1>

Solublein : ketones(acetone, PGMEA)/ether s(THF)/ester s(Ethyl acetate)/
alcohols(methanaol,| PA)/fluorinated solvents(R-225)

Not solblein : water/saturated hydrocarbon(Hexane etc.)
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ALEC wmmm— Char acteristics of ASF-2 -\

Tg changes vs molecular weight
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ALL == 01 better dry-etching resistance »0\'
and resolution

Co-polymerization

Suitable Protecting groups
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ALE = introduction of protecting group to ASF-2 ’4."\.
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F3 CF3 reagent
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ALT == Characteristics of protected ASF-2 iy
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AGC == Characteristics of protected ASF-2 =y,
Transparency and Dark film thickness loss(Rmin)
Estimation of proper protection ratio
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ALE == Characteristics of protected ASF-2
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AL mmm—potterning of ASF-2 based resist R a9

MOM (32%) blocked AdM (32%) blocked CCOM (23% )blocked
ASF-2 based resist ASF-2 based resist ASF-2 based resist

8 70nm L/sm 80nm L/S

70nm L/S

75nm L/S

PB 100 PB 90 PB 100
PEB 100 PEB 80 PEB 75

150nm thickness
NA=0.9, 15/nm microstepper, Alt-PSM




AGL weem  Characteristics of MOM and AdM m‘
protected ASF-2 !

F> F2 (F32
C~cF C—~cCE ~~CF ,  Improvement of
dry-etching resistance

[

F3 CF3 F3 CF3 F3 CF3
OH OMOM OAdM 70nm L/S

K eeping

high transpar ency 65nm L/S

Polymer composition | Absorption drv-etching ratio
(OH/MOM/AdM: coefficient | 'Y gf 60nm L/S
mol%) (W m-1) (vsKrF resist)
ref) 73/ 27 /0 0.12 1.84
PB 100 /PEB 100
73.4/185/8.1 5 0.59 'both 1.7 ¢ 150nm thickness
69.3/184/12.3 Q 0.75 improved ' 1 62 NA=0.9, 157nm microstepper
ref.) 68/ 0 /32 1.51 1.43 Alt-PSM
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ALC m— Concept of copolymerization
Copolymerization of ASF-2 with acrylates or vinyl esters

Dissolution unit Just for dry-etching resistance unit
monomer R1 mol % monomer R2 mol %
> L
CHMA O 8~50 vinyl pivalate }< 20~35
vinyl cyclohexanoate O 10~35

Comonomer s can be introduced up to polymer dissolution limit in developer.
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ALEC wem Characteristics of co-polymers

Vinyl
cyclohexanoate

mmmmmmmm 5 |
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Next approach is

2

. . *(x/y): polymer
Absorption Coefficient (Um-1)  compositi

copolymerization with acid-deprotected type comonomers, having

bulky group R.

we will show you new data at SPI E 2005
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4EG E—— O mmary m

 Wehaveoptimized new monocyclic fluoropolymer ASF-2,
which has excellent transparency and dissolution behavior,
for 157nm resist polymer. Protection of hydroxyl group by
various protecting groups and copolymerizations of ASF-2
with some comonomer s wer e studied.

« Etchingresistance of ASF-2 was significantly improved
when CCOM group or AdM group were used as protecting
groups. And when both MOM and AdM group were
Introduced at the same polymer, etching resistance was also
Improved keeping high transparency.

« Weexamined the copolymerization with acrylates and vinyl

esters.
 60-nm line and space pattern in a 150nm thick film was
achieved.
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