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» Trends in Microlithography
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> Introduction

» EUVL resist main issues & requirements

Sensitivity

v LER <£1.2nm
v/ Resolution <22 nm
v" Sensitivity <10 mJ/cm?
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» Effects of Polymer Bound PAG ) — )
CA(chemically amplified) resist

v LER - [Uniformal PAG diffuusion]

Acid labile
group

R; =H, CH; R, =functionalized (cyclo)alkyl
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v Resolution — [Low acid diffusion]

v Sensitivity — [Low E, deprotecting group ]
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» Synthesis(PBP monomer)
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°Y§ R = (alicyclo) alkyl
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» Polymerization(Anionic PBP)

Rl
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+SPh2 id labile group 5h2 id labile group

R, =H, CH; R, =functionalized

(cyclo)alkyl
Polymer Mw / Pd Tg (°C) R size
Polymer A 1,7%9/1.34 1175 small
Polymer B 1684/1.33 1174 medium
Polymer C 1701/1.32 117 alicyclic
Polymer D 1,789/1.34 98.9 long chain
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> Results & Discussion

» Measurement of acid diffusion length

v Modified Fick’s equation : Ld = AL = (2 x D x Tpgg)Y2
[Ld : diffusion length, AL : developed film thickness, D : diffusion coefficient, T, : PEB time]

ArF 193nm

o

2" layer

1%t layer

Si wafer

)

Exposure
PEB

SOB/PEB : 110°C /110 °C, Development : 2.38 wt% TMAH solution

1. PAG blending type

= 1stlayer : acid-labile group polymer (thick.: 500 nm)
= 2" Jayer : non acid-labile, developer soluble binder resin / PAG(thick.: 60 nm)

2. PBP type

= 1t ]ayer : acid-labile group polymer (thick.: 500 nm)
= 2 Jayer : developer soluble PBP(thick.: 60 nm)
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» Results & Discussion
» PAG blending type diffusion coefficient (D)

R CF, (CF,),CF; (CF).,CF,  A-cyclohexyl A-Ad
Anion
variation D 200.4 52.3 19.2 64.5 28.7
Measurement Condition * A: functionalized alkyl

= SOB: 110 °C, PEB: 110 °C
= SOB, PEB time: 60 sec
= Development time: 40 sec

Cation
variation R H CH, t-Bu Cyclohexyl Long chain
(C#>10)
D 200.4 214.7 217.2 200.5 114.9
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> Results & Discussion

» Polymer bound PAG diffusion length (Ld) & coefficient (D)

] R CH, t-Bu  Cyclohexyl Long chain( C # > 10)
Cation
variation
Ld(nm) 17.7 17.1 22.8 5.0
D 2.61 2.44 4.33 0.21
Anion R CF, (CF,),CF, A-cyclohexyl A-Ad
variation
Ld(nm) 155.1 58.7 70.6 41.6
D 200.5 28.7 41.5 144

* A: functionalized alkyl

KUMHO 7

PETROCHEMICAL

2010 EUVL Symposium, Kobe, Japan



> Results & Discussion

» E-beam Evaluation results of anionic PBP
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Polymer Polymer A Polymer B

Cyclohexyl

~

Polymer C

(Sensitivity:

Sensitivity increase
& profile improvement
by acid amplifier of Polymer A

\

400 uC/cm2->200 uC/cm?
Profile:

Undercut = vertical

Polymer D

Long chain(C#>10)

Resolution 64 nm hp 64 nm hp
Sensitivity 400 uC/cm? 400 uC/cm?
Ld(nm) i ilpdal
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> Results & Discussion

» 15t [ayer resin variation

111l

Polymer general form for
1st layer

SOB/PEB =110 °C/ 110 °C

Polymer Resin platform Diffusion Diffusion

Length(Ld) Coefficient(D)

Polymer E Acrylate Non H 205.0 nm 350.2
Polymer F CO/Acrylate Norbornene H 19.7 nm 3.2
Polymer G aCO/methacrylate  Norbornene CH, 15.2 nm 1.9
®Polymer H CO/methacrylate  Norbornene CH, 55nm 0.3
a: cycloolefin, b: Highest amount lactone(2 times 7
———————————————————————— KUMHO
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> Results & Discussion

» SOB/PEB variation of PAG blend type
ArF
1111

0):1C9) PEB(°C)

Polymer general form
for 2nd layer

- O—(:S):—CF3 + /O
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soluble

molety

Diffusion Length(Ld) Diffusion Coefficient(D)
363.4 nm
426.4 nm

432.3 nm

427.2 nm
510.5 nm
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» Measurement of diffusion length

» SOB/PEB variation of Anionic Polymer Bound PAG

Polymer general form
for 2nd layer

SOB(°C) PEB(°C) Diffusion length(Ld)  Diffusion coefficient(D)
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» Conclusion

€ We could measure diffusion length(Ld) through the modified
Fick’s equation [Ld = AL =2 x (D x TPEB)1/2 ]
€ We synthesized Anionic & cationic Polymer bound PAG
to compare acid diffusion length with blend PAG system
€ We could know that
v" Ld decreases as fluorocarbon figure increases
Ld was changed with resin platform of 1%t layer
Ld was increased as PEB temperature is increased
There was no big difference of Ld with cation size of PAG
Sensitivity was decreased with cation size of PAG

<X X X
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