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OBJECTIVES & TARGETS

MATERIALS DESIGN & MODIFICATION
SPECIFICALLY FOR EUVL

Polymer Bound PAG

Compatibility- Improving acid uniformity
Enhanced lithographic properties such as
photospeed ( & LER)

AROMATICITY
Transparency
Etch Resistance




EUV RESIST PARAMETERS
Thin Film : 200 nm
Resolution : 35 nm
Sensitivity : < 10 MJ/cm2
Contrast: > 5
Etch Resistance : PHS

Adhesion
Low outgassing
Low LWR
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Chemically amplified resists (CAR) with PAG units in the polymer
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(by 'H NMR)

3000(2.0)
2500(1.8)

2800(2.0)

1900(1.6)




500MHz 'H NMR spectra of Poly(HOST-co-EAMA-co-PAG), using DMSO-d,. a)2 % PAG I

loading in the polymer ; b) 5% PAG loading in the polymer
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The Synthesis of Known
PAG Monomers & PAGs
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Poly(Hosty-co-EAMA-co-IPG)

- Tetrabutyl ammonium hydroxide (TBAH) (0.2 wt %); added
to control acid diffusion

- Solvent PGME

- Resist thickness 120 nm

- Post apply bake 100C/90 s

- EXxposure at LBNL

- PEB 105C/90 s

- Development 2.38 % TMAH 60 s

Same process used with polymer blend cationic PAG process.




EUV Images: PAG bound Vs Blend Nonaflate PAG
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Top-down Scanning electron micrograph images of 70nm (L/S) (1:1) pattern profile of a) Poly(HOST-co-EAMA-co-
PAG1); b) poly(HOST-co-EAMA)blend PAG3; c¢) Poly(HOST-co-EAMA-co-PAG2) and d) poly(HOST-co-

EAMA)blend PAG4. Images obtained under identical formulation conditions. 5% PAG incorporated in the main
chain of polymer and blended in the polymer matrix.



a) 45 nm Line (90 nm pitch) pattern profile of Poly (HOST-
co-EAMA-co-PAG2): 5% PAG containing nonaflate counter
anion in the main chain; b) Corresponding elbow pattern
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X = Nonaflate

> Tapping Mode

Surface Roughness (RMS) :0.45 nm

»Polymer Bound (Nf) PAG showed Less Surface Roughness than the
Blend PAG samples




Sample

poly(HOST-co-EAMA-co-PAG1)

poly(HOST-co-EAMA) blend PAG3
poly(HOST-co-EAMA-co-PAG2)
poly(HOST-co-EAMA)blend PAG4




X" = Nonaflate

X" = Nonaflate
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4230°C 0.2073% m\

37.90°C 1.056% Loss

149.96°C 8.703% Loss
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OUTGASSING DATA Canister Desorption

Products HE1PG HE(Nf) HE1PG HE(Nf)

Carbon dioxide 92.61 84.4 .

Norflurane 1.46 HEIPG
Methanol 0.5

Ethanol 0.58 X = Nonaflate
Acetone 1.57

Benzene 4.5

HE(NF)

X = Nonaflate



Photoacid Diffusion Coefficients via IDES
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Preliminary Initial Data

in collaboration with

Prof.Clifford L. Henderson

School of Chemical & Biomolecular Engineering

Georgia Institute of Technology

Resist Type D (cm?/s)
Blend 7 x 1013
Bound PAG 3 x 1013




Polymeric PAG’s:

IN-styrenesulfonyloxy-5-norbornene-2,3
dicarboxyimide (SSNI)
IIN-styrenesulfonyloxy phthalimide (SSPI)
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Lithographic evaluation:

A preliminary attempt has been made to image the covalent PAG bound polymer resist,
poly(HOST-co-EAMA-co-SSPI). The bases used were tetrabutyl ammonium hydroxide
(TBAH) and trioctyl amine. The resist formulated with TBAH, did not image. We are able
to obtain the image for the resist formulated with base, trioctylamine.
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Scanning electron micrograph of EUVL pattern profile of Poly(HOST-co-EAMA-c0-SSPI) : 8% PAG loading in the main
chain. 100 nm line (200 pitch) pattern was obtained using trioctylamine as base. Exposure done at Lawrence Berkeley
National Laboratory.

This resist show 100nm line (200 pitch) pattern at photospeed of 13.6 mJ/cm?. The acid
moiety is attached to the main chain after exposure, not free. Therefore a high dose was
required to print the features.




PROJECT SUMMARY

e Polymer bound PAG resists, poly (HOST-co-EAMA-co-PAG) have been
synthesized and evaluated as EUV resist materials with enhanced lithographic
properties such as photospeed and LER.

e The polymer bound PAG resists exhibited faster photospeed and lower LER than
the corresponding blend PAG resists, poly (HOST-co-EAMA).

e These results imply that this novel resist has advantages over conventional resists
and should be further explored for application in EUV lithography.

e Furthermore, use of different counter anions such as triflate and nonaflate
influenced the lithographic performance. Sub-100nm features were obtained with
enhanced lithographic performance using EUV exposure.

Keywords: Photoacid generator (PAG); hydroxystyrene (HOST); ethyl adamantyl
methacrylate (EAMA).




ACHIEVEMENTS
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Synthesis of photoacid generators (PAG)- both cationic
and covalent analogs.

Incorporation of PAGs Iinto polymeric microstructures
having aromatic and acid labile adamantyl groups.

Detailed characterizations of the resists by NMR, IR,
GPC.

EUVL exposure at U. Wisconsin at Madison, and LBL :
sub-100 nm images obtained

Assessments of photospeed and LER : 6.5 mJ/cm? and
LER 4.6 nm for poly(HOST-co-EAMA-co-PAG2)

Some very Iinitial determination of acid diffusion : blend
vs bound PAG (results not conclusive)
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