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Microelectronics Fabrication Process
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Classification of photoresist I

Source Resin
g-line 436nm Novolac
Near UV
i-line 365nm Novolac
KrF 248nm PVP
Deep UV ArF 193nm Acrylate
F, 157nm Material issues

ArF immersion

193nm = 134nm

1. Top coat on ArF resist
2. Water attack free resin

F, immersion

157nm =2 115nm

Material issues

EUV 10-14nm Material issues
E-beam 0.1A Acrylate, Novolac, Polystyrene
X-ray 5-15A Acrylate, Novolac, Polystyrene
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Chemical amEIification conceEt I
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Various mechanism in chemical am
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KrF Resin Structure DesiEnI

Acid Catalyzed Deprotection unit
Promotion of Photospeed in Exposure Area
Control Resolution

\ Acid Catalyzed Deprotection Unit :High Contrast Provider
—Large Hydrophobicity in Unexposed Area
—Large Hydrophilicity in Exposed Area

Main Backbone

Adhesion Promotion Unit Deep UV transmission
Aqgueous Development unit Thermal stability & Dry etch resistance
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(" )

c=0
SNe O Oz
OH © OH +
R1)\CFR2
Low Activation High Activation
Energy Energy
Good Resolution Themally Stable
Good CD-Bias Less LER
Low PEB Sensitivity Good Etch
Line Edge Roughness Performance
Out Gassing Relatively Low Margin

\ High PEB Sensitivity /
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Polymer synthesis
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Selection of Diazo PAG & Onium PAG

Better resolution and DoF
Higher transparency

Higher sensitivity
Thermally Stable
Lower transparency
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Keywords for Functional Design

Desion concept of Polvmer

T%

Y

Alicyelic

Methacryl / Acryl

Solubility

Base Polymer to

CH3

Solvent

-A—CHZ"? 7 LM

Dry Etching

N .
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Acid Labile unit
Alicyclic

Protection Group

Adhesion unit

Example : 2MAdMA/ MLMA by Fujitsu
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A N R IBM : Low Etch resistance
\ Fo \ Fo \ Fo \ Fo o Poor adhesion
i i

o o o] FUJITSU : High etch resistance
‘ ‘ ‘ High Resolution
% Conventional developer
NEC NEC : High etch resistance
COOR  COOH COOR  COOH OH Poor adhesion

Special developer
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Reticle E ‘
Loader Water supply

Inline Laser controller
Track Control Immersjon light Water
Software Optics s?)urce Purifier
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Projection
Liquid optics
recovery AN Resolution = k1 A. / NA

DOF=k2n\ / NA
- Improvement of DOF

D —
Immersion (Scanning motion)
liquid (water) Wafer
(index = n)

|

1

|

1

1 - Improvement of Resolution
1

|

1 NA=nSin6
|

Reference : Nikon, Tokyo Electron
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Development of Top Coat I

O Not dissolve resist film during coating.
- Need appropriate solvent

O Not dissolved to water but dissolved to alkaline

O Higher hydrophobic surface of the film for speedy scanning

© Prevent PAG and quencher from dissolving to water

O Optical characteristics : appropriate optical
constant n should be 1.333 ( n of water)
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Issue to Realize Immersion Lithography I

© Existing ArF scanner is not compatible with immersion lithograph.
-> Excess capital investment in new Fab.

O Requirement of material development for new resin system

O Adjustment PR transparency for different wavelength (134nm)

Solution : Development of new ArF resist

O Scanner lens contamination by dissolved photoresist component

O Immersion water attack photoresist top surface.

Solution : Top coat
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