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Introduction

 Motivation

While plasma can play a role in both “roughening” and “smoothing” of the
photoresist, the fundamental understanding of “texturing” mechanisms is
under-developed.




Introduction

Goals
Provide scientific principles of polymer texturing during plasma exposure.

Collaborative efforts:

UM College Park (Gottlieb S. Oehrlein), UC Berkeley (David B. Graves), Lam
Research Corp (Eric A. Hudson) , Dow Electronic Materials (C. Andes, D.
Wang, M. Li) R BSH %

67 4)(



Previous results from the beam system:
Synergistic ion/vacuum ultraviolet (VUV) and heating effect
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Previous results from the beam system:
Synergistic ion/vacuum ultraviolet (VUV) and heating effect
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Previous results from the plasma system:
Nanoscale roughness vs. buckling/wrinkling of a bilayer system
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Materials

Model 193 nm photoresist  Homo-polymer

Random terpolymer, supplied by
Dow Electronic Materials with a

Supplied by Dow Electronic
Materials with a film thickness

film thickness ~250 nm. Tg ~ ~240 nm

180°C, Mw = 10,000 g/mol

Without photoacid generator and

Without photoacid generator and base quencher

base quencher

CHj CHs,

%



Experimental setup

 Beaming source
lon gun (Commonwealth Scientific)
150 eV Ar ion, normal incidence
Xe VUV lamp (Resonance Ltd.)
147 nm photon (8.4 eV),457? (:
* Analysis tools

In situ VUV photolysis products: Positive lon Counting Residual Gas
Analyzer (Hiden)

Ex situ chemical modifications: Transmission FTIR (Digilab)
Ex situ surface roughness: Atomic Force Microscope (AFM, Veeco)



Transmission FTIR spectra of pristine polymers
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VUV effect — bulk modification (FTIR)
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VUV effect — bulk modification (FTIR)
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Surface roughness — lon/VUV

« lon fluence: 1x1018 ions/cm?, VUV photon fluence: 4.8x1017 photons/cm?

p-RAMA 193 nm PR p-MAMA
1.31 2.86 7.25
250C
2.32 4.04 32.85
65°C

 pP-MAMA is much rougher compared to 193 nm PR and p-RAMA under
the same condition.



Mass spectrometry: VUV photolysis

p-MAMA, 1 minute of VUV exposure, 65°C
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Mass spectrometry: VUV photolysis
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p-MAMA: VUV-sensitive, H ,, CO, CO,
and adamantane leaving group are
detected.

193 nm PR: the main products are H ,,
CO, CO, while small amount of
adamantane leaving group and free
lactone are detected.

p-RAMA: relative insensitive to VUV
exposure. H ,, CO, CO, are the main
products.
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Temporal evolution of adamantane leaving group:
temperature-dependence

c/s

VUV-only exposure for 1 hour. VUV was turned on at O minute and off at 60 min.

Adamantane leaving group (148)
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Higher substrate temperature corresponds to higher vapor pressure, and thus
increases the loss of adamantane leaving group.

The amount of adamantane leaving group loss is linearly proportional to
adamantane vapor pressure.

+5

C,, (-D*10

(5! E(O

T T T T T T T T T
50 100 150 200 250

1
300



Surface roughness vs. loss of adamantane

p-MAMA

Roughness caused by ion/VUV
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H
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7.25 10.91

p-MAMA, 65°C

p-MAMA, 55°C

p-MAMA, 450°C

H-MAMA, 25°C
193 nm PR, 65°C

193 nm PR, 25°C
" 20 40 60 80 100
Relative adamantane leaving group loss
Caused by VUV-only exposure

lon/VUV 55°C lon/VUV 65°C
21.33 32.85

e Surface roughness caused by ion/VUV

exposures is proportional to adamantane
leaving group loss resulting from VUV-
only exposures.

 What's the possible explanation for this

correlation?



Literature: dependence of the adamantane content on Tg of the
copolymers

Tg of 1-adamantyl mathacrylate copolymers
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* It has been shown that adamantane as the pendent group increases the Tg of
polymers.

 Losing adamantane content, ex: by VUV exposure, would lead to decreased Tg of
polymers.
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Literature: Tg vs elastic modulus of glassy polymers

Poly (n-propyl methacrylate) (PnPMA)
Poly (ethyl methacrylate) (PEMA) . .
Poly (isobutyl methacrylate) (PibMA) MMA copolymerized with ethyl

Poly(benzyl methacrylate) (PBzMA)
Poly (methyl methacrylate) (PMMA) . methacrylate and butyl methacrylate
PMMA

A PBzMA

v PIDMA
e PEMA

* PNnPMA

30 40 50 60 70 80 90 100 110

Glass transition temperature ( °C)
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Glass transition temperature provides basic information about the degree of
bonding and the relative mobility between the polymer chains.

In general, lower glass transition temperature refers to lower elastic modulus, for
homo-polymers and copolymers.



Surface roughness vs. loss of adamantane

p-MAMA

Roughness caused by ion/VUV
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Conclusions

* VUV photolysis:
VUV sensitivity: p-MAMA > 193 nm PR > p-RAMA.

p-MAMA is very VUV-sensitive. Besides H,, CO, CO,,
adamantane leaving group is one of the main photolysis
products.

Adamantane loss is highly dependent on substrate
temperature.

Adamantane loss is suggested to lower the Tg of the polymer
and decrease its elastic modulus.

 Enhanced surface roughness:

Simultaneous exposures, providing a combination of a surface
carbon-rich layer (~2 nm) by argon ion bombardment and a
VUV-modified layer.

Under the same condition, p-MAMA > 193 nm PR > p-RAMA.
Highly polymer-structure-dependent. !

It can be qualitatively explained by buckling/wrinkling theory.

Adamantane content/structure is a key factor for future design
of photoresist materials and etching processes.
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