Acid Amplifiers Designed For EUV Resists
Can Help Beat the RLS Trade-off
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. EUV Resist Goals

Resolution

Line Edge Roughness (LER)

Resolution

Sensitivity

RLS Tradeoff

Sensitivity

Minimize:

(Resolution)® x (LER)? x Esize = Z-Parameter
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How to Simultaneously Improve
Resolution, LER and Sensitivity?
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Acid Amplifiers
One possible way to effectively increase the quantum yield
of the resist is through the use of acid amplifiers (AAs).
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Proposed Mechanism
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AA Decomposition and Behavior in Resist

AA Decomposition

Acid Behavior
in Resist
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Kinetics
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Il. AA Decomposition Kinetics using
19F-NMR Spectroscopy

Solvent System for Kinetics Resist Polymer

0] 0]
@ Q/\SO / 50 wt % O ‘ 65/20/15
d6 OH o )V

Solvent system is a good model for resist environment

absorb the acid T077UR
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Reaction Rates Ratios
at 100 °C
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lll. Kinetic Modeling
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Thermal Stability Test

Thermal Acid Generator (TAG)

A 150 s oy HH ey Develop
> H+H;|lj: H+H|:I;||::H >
Bake HE W 13.4 pH

@ Passed 110 °C
O Passed 70°C

B Failed

77 B’ﬁ UNIVERSITYATALBANY

te University of New York



Acid Amplifier Examples

Unexposed Film
Thickness Loss (UFTL)
Test Results
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Modeling Results
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@ Passed 110 °C

O Passed 70 °C
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Thermal Stability and Modeled Activation Energy
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IV. Lithography

Resist Chemistry and Process

Develop

e Hemg
> w0 2y WEED
H H*H+ H+H*
: o H* {+ B+ / OH AA
Acid Amplifier (A})\ ohH e %\Affs’/o
~2 wt% 70 mM

| | HaC CH3
CH?’_?@I@?—CHB TN /J\
‘ ‘ i i e HiC—" \/I\/CHs
AN o OH-
CF,CF,CF,CF,—S—0"

°" 65/20/15 I
Polymer 7.5 wt% PAG 0.5 or 1 wt % Base

Resist Thickness 125 nm
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Fluorinated AAs Give Better
Sensitivity than Nonfluorinated

4,
0
35 5X - O— ﬁ@
Faster — 0
3 - 2 AA-1A
10X é\ 7.5 wt%
25 - Faster }

, No AA M/ <«

0—
(5| >/ // 7 @X/\
1L { @ 2 AA-1B 8.8 wt%

© g

A

005 01 045 02 025 03 310 mM AA
[Base]/[PAG]

E, (mJ/cm?)
O:(D:O

Process: PAB: 130°C /60
Tool: BMET PEB: 130°C /90
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Fluorinated Tosic Acid Shows Better Controlled
Acid Diffusion than Tosic Acid

Ec /EO
Base
o | 1A | 1B
0.35 1.1 6.8
0.5 1.1 > 3.5
0.8 1.2 >1.9*

Ec = Critical Dose

Dose resist starts to clear

outside the open frame

Using AA-1A
2-3 wafers cleared completely

*Did not reach Ec

Diffusion l’
Issue?

Ec =
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Outgassing vs. Dose
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Outgassing increases with dose as expected
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Acid Amplifiers Improve Sensitivity
And Are Not Photosensitive

OH
Control
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Effect of Trigger L N
and Acid Precursor NoAA i ProdlDrer,

60 nm L/S
E.i,e (MJ/cm?) 7.6 5.4 4.9
LER (nm) 4.0 4.7 4.2
Z-Parameter 26 26 19

Acid Precursors:
-CF, gives better sensitivity,
LER and exposure latitude

Triggers: -OH vs. -OAc

-OH gives better sensitivity

than -OAc E..,. (mJ/cm?) 1.9
LER (nm) 7.9
Process: Z-Parameter 26

Tool: BMET PAB: 130°C / 60
Base 0.5 wt% PEB:130°C/90

70 mM AA Develop: 45 sec 20 pEY UNIVERSITYATALBANY
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Secondary-Trigger PR

Acid Amplifier 0 Q
CF

20 8
50 nm Tr < I
ofg 15 - Lines/Spaces . 6 - AA Loading .
o —_—
~ = 5L |
210 6.7 wWt% 54+/+\4\4/+
— 14
\ 8 +
"
w 50 > . 2 - .
AA Loadi >0 nm
oading T Lines/Spaces |
0 ! ! ! ! \ ! ! ! \ \
0 0.05 0.1 0.15 0.2 0.25 0 6 8 10 12 14
AA Loading (mol/kg) Esize (mchmz)
Increased sensitivity without penality to LER.
Tool: BMET

Base 1 wt %
PAB 110°C /60 s

PEB110°C /60 s 21 /ﬁ UNIVERSITYATALBANY
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EL & Z-Parameter Mg\:s%l

30 s 30 - -
— S
& 25 ] c
o S
S 20" ] o 25 >
= e AA Loading
N 15 50 nm ] g
g 0 Lines/Spaces % 20 |
0 < g 50 nm
u% S+ AA Loading . s Lines/Spaces
N 15 L. ! ! ! !
0 é é 1‘0 1‘2 1‘4 0 0.05 01 015 0.2 0.25
Esize (mJ/cmZ) AA Loading (mol/kg)
Despite some loss in exposure latitude,
Overall gains in Z-parameter quite strong.
Tool: BMET

Base 1 wt %
PAB 110°C /60 s
PEB 110°C /60 s
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Acid Amplifier: Improved Image Quality

Resolution
40 nm 38 nm 36 nm 32 nm 30 nm
Ei,e (MJ/icm?) 21.7
LER (nm) 8.6

No AA
With AA

Ei e (MJ/icm?)
Tool: BMET LER (nm)
Base 1 wt %
PAB90°C/60s
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Improved Combined Performance

Z-Parameter = (Resolution)3 x (LER)? x Esize
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V. Conclusions

Kinetics

« Added base allows the comparisons between catalyzed and uncatalyzed
reactions.

« AA triggers significantly modify reactivity of AAs.

Modeling

» Predictions of the chemical reactivity.

Lithography Diffusion VS. Catalysis

* Fluorinated acids give better OH }<
+
performance than non-fluorinated acids. —"~—H H ®J\O/”

« No outgassing problems.

Acid Amplifiers are Capable of Simultaneously Improving
Resolution, LER and Sensitivity in EUV Resists
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