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Dry Deposited and Dry Developed EUV Photoresist System

» Dry photoresist manufacturability
= Stability, tunability

» Holistic patterning optimization
= Dose reduction
= Defect reduction

» Pillar imaging using dry photoresist
= Pillar stability and thickness scaling enabled by dry photoresist

» Dry photoresist processing at imec

» Summary
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Benchmarking - Spin on vs Dry Photoresist

Dry photoresist relaxes stability requirements

Wafer #1

In'

> Enhanced photosensitivity

Spin Coating

" Dry photoresist can utilize higher sensitivity 100000
ligands due to relaxed shelf-life
requirements

1000 hours =
Scanner adjustment required to maintain CD of aged resist

Wafer #1

" Spin on metal oxides limited stable ligands,
issues include material degradation over F e ' o
time and batch-batch variation B Too00 ﬂ-ﬂ#ﬁ % . s

Photoresist

> Homogeneous, all material designed for
photosensitivity

" Spin on materials contain stabilization
agents, adhesion promoters

Tightly spaced, small
metal-organic units
reduces blurring,

" Dry photoresist contains *only* higher photosensitivity

photosensitive materials, higher absorption
of photons and improved selectivity during
develop
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Benchmarking - Spin on vs Dry Photoresist

Dry photoresist has much larger defect free process window

Wet Develop Dry Develop

> Dry develop improves line
collapse margin

" Solvent dry induces
capillary forces and line
collapse

b e .
L, 5o &
aecn&ea-aaa‘t‘ee
g eosus cbo9ee 4 #vqs%%ﬁa&bﬁr a%

40nm pitch pillars 40nm pitch pillars

hv

== 1(z) = Ipe ™

- w
e0000OROOS Homogeneous Absorption

W

> Dry develop enables thicker cooliiNece o .

LA R A A A LR
180
(AR LR A XN N

(AR AR R LR
160 20 |
140 e
120
100
80
eeecnoceee 50 ]
40
LA R RN NN
it ecccsit 2;’ . 53nm 53nm 53nm

photoresist and higher total cecsssscss
LA A B B B B X2 N J
[ A A R R RN NN N J

i~

o (AR AR R LR
abSOrptlon secsssseee
Dry develop tuning Improves resist profile
2021 EUVL Workshop Confidential © Copyright 2021 Lam Research 4

j-wa ‘esuequosqy

Photons absorbed




EUV Dry Resist Enables In-situ Tuning - Faster Learning Cycles in R&D Phase

Vapor phase deposition, selective etch process conditions available for tuning

ﬁ :LJ.

Dry deposit - A

15t Cycle of Learning

Dry deposit - B

2" Cycle of Learning
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Metrology EUV Exposure
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Integrated universal underlayer breaks dose and LWR tradeoff

Exposed at IMEC

DtS (mJ/cm?) 62 52
Line CD (nm) 16.4 16.4
LWR,, piased 2.9 2.9

IMEC
Pitch
32nm

25nm Dry PR
25nm Dry PR Lam Universal UL
PECVD a-C o S
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Universal Underlayer Film Deposition Conditions

Integrated co-optimized universal underlayer delivers significant (>16%) DtS reduction
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IMEC NXE 3400
P28nm Line/Space

Dry resist CD tuning with dry development conditions for pitch 28nm L/S PR over a-carbon

EUV Dry Resist: Dry Development Enables Tunability of Resist Pattern

» Dry development parameters such as temperature and pressure can be optimized in-situ
» Faster cycles of learning to tune CD, resist profile and to minimize LWR
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CD SEM

Cross-section TEM

Pitch (nm) 28 28 28

Line CD (nm) 15.0 14.0 13.4
LWR ,biased (NM) 3.1 2.9 2.9

LWR=Line width roughness, CD=Critical dimension, X-section = Cross-section, SEM=Scanning Electron Microscopy, TEM=Transmission Electron Microscopy
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Holistic Approach to EUV Patterning of Pitch 32nm

Further improve LWR by >20% with Lam film stack and transfer etch Exposed at IMEC
Dry Development a-C HM Open TiN HM Open Strip / Clean
Pitch 32nm 32nm 32nm Micro-Bridge Defect Density vs. Dose
' W sinnnmnnm 18 0.5 _
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: S Dose (mJ/cm?)
mmm VB Defect Density =~ ====Avg Line CD (nm)
Cross-
section
_ Dry development enables large
microbridge process window
Line CD 15.8 14.9 15.4 15.8
No line break defect with thicker PR
LWR ,biased 2.9 2.6 2.6 2.2
Process imec NXE-3400 / dry development / Lam pattern transfer

Dry development enables large microbridge process window
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P40x70 Pillars - Dry resist in-situ tuning

Thickness optimization improves dose and LCDU

Exposed at ASML

Thickness
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Dose-to-size [mJ/cm?] 61 57 56
LCDU [30, nm] 2.14 1.74 1.63
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Thicker photoresist enables lower LCDU (~25%)
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P40x70 Pillars - Dry resist process tuning

Co-optimization of dry development with post exposure bake conditions Exposed at IMEC

Baseline Modified Enhanced
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Dose [mJ/cm?] 57 52 46
LCDU [3sig, nm] 1.74 1.91 1.85
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Co-optimization of PEB and dry development improves DtS (~20%)
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LOW MEEF fOl' PX4O-Py7O pi”arS Exposed at IMEC

<

P,40P,70 Mask CD 23.5 Mask CD 24.0 Mask CD 24.5 Mask CD 25.0 Mask CD 25.5 Mask CD 26.0

Dose 65 mJ/cm?

Photoresist Pillar CD vs. Mask CD

P,40P,70
=23 .
c Dry deposited and dry developed PR MEEF ~ 1.2
a 22 °
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Mask CD @ 1X (nm)

Pillars P,40-P,70 patterned with dry develop show low MEEF ~1.2
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Dry Photoresist Deposition and Dry Develop Tool Installed / Qualified at IMEC

EUV dry resist

A e i 1.,. S

tool at imec

Spec Value | Results at imec _ 25nm Dry PR on a-C

(RF?iizLuE/OSn) <32 nm <26 nm
Dose (P32) < 50 mJ/cm? <47 mJ/cm?
LWR (ADI) <3.0 nm 2.7 nm
LER (ADI) <2.3 nm 2.0 nm
WiW CDU (30) <1 nm 0.3 nm

Pitch 32nm
Dose 46.9 mJ/cm?
4 15_.5115:5515:@1%:5&155 i .:16,2
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Wafer CD M .1§éswa:swa:?1é71. 15.715:31%?1235. :22
arer ap 159158158158157158158 l15’4
157157157 15.2

Mean :15.7nm
3-sigma: 0.3 nm (1.7 %)
Range : 0.4 nm (2.2 %)

Line CD 15.7 nm
LWR bias 2.7 nm
CDU (30) 0.3 nm
Wafer CD Range 0.4 nm

LWR=Line width roughness, LER=Line edge roughness, ADI=After development inspection, WiW=Within wafer, CDU=Critical dimension uniformity, a-C = amorphous carbon
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Summary: Dry Deposited and Dry Developed Photoresist for EUV Patterning

» EUV dry resist offers a high-resolution, lower-defectivity, and greener solution for
(pitch<32nm L/S, pitch<40nm pillar) EUV patterning in the fab.

» EUV dry resist technology offers versatile in-situ tuning knobs for faster cycles of learning.

» EUV dry resist technology has been validated by dose-to-defectivity and process stability.

» Lam EUV dry resist tools have been installed and qualified at imec

= Suite of Lam tools including hard-mask deposition and pattern transfer etch will be used for process
integration research at iN3/iN2 and beyond.

Please direct questions to Nader Shamma
Email: nader.shamma®@lamresearch.com
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