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Negative-tone imaging (NTI) process
for ArF immersion and EUV lithography
to improve ‘Chemical Stochastic’
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The Pattern shrinkage history FUJiFILM

Value from Innovation

Pattern shrinkage has been driven
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"The number of transistors and r
on a chip doubles every 24 mont hs
Gordon Moore

Technology and Manufacturing day, intel
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Pattern Shrinkage : “ Never Stop ” 15nm e
Resist materials development : “ Never Stop ” ~STOE
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The Pattern shrinkage history FUJIFIL

Value from Innovation

Pattern shrinkage has been driven by shorter exposure wavelength.

Too difficult to realize EUV lithography
for a long time
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The history of EUV lithography FUJIFILM

Value from Innovation

(" A ; .
The first paper of EUV lithography - by Prof. Kinoshita - (National Project )

= in Japan
The first announcement on EUV lithography @_

Extended Absiracts (The 47" Autumn :‘-.-1c-l.:tin: —_— 1 9 86 l l l
The Japan Society of Applied Physics
35 vears !l 1996
28-7T-15 Study on X-ray Reduction Projection [..ithl'.':l_gr:iiphj.

NTT ETL Hireo Kinoshita, Ryuji Kaneko, et al. Se I e te

\Anthony Yen, EUV lithography: From the very Beginning to the eve of manufacturing (SPIE 2016) y 20 1 1

EIDEC
2019

Waiting for EUV lithography for a long time.
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NEVER ™
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The Pattern shrinkage history FUJiFILM

Value from Innovation

Pattern shrinkage has been driven by shorter exposure wavelength.

Necessary to expand ArF immersion lithography
for realizing sub 20nm
instead of delayed EUV lithography

=> Born ‘Multiple Patterning’ technology
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The Pattern shrinkage history FUJIFIL

Value from Innovation

Pattern shrinkage has been driven by shorter exposure wavelength.

To realize * multiple patterning ’;
Developed new technology

was born by FUJIFILM
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Pattern Shrinkage : “ Never Stop ” 15nm ————
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The process flow of the lithography FUJiFILM

Value from Innovation

Resist coating Exposure & Bake Development
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Theory of Optical Contrast Utilization (PTI vs NTI)  FUJ:fILM

l l 1 1 1 1 1 1 Trench pattern
HEE .
Prepare Trench pattern Prepare Trench pattern

by PTI by NTI
. e~ -
: S -
SRR g Il‘ll"l
e T N—
-64 -48 -32 -16 O 16 32 48 64 -64 -48 -32 -16 O 16 32 48 64
Position (nm) Position (nm)
High resolution can be expected by strong contrast with NTI process. _—=
Resist materials development : “ Never Stop 7 ~STOE
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Theory of Optical Contrast Utilization (PTI vs NTI)  FUJ:iFILM

Value from Inn

l l l l l l Trench pattern

NN N P

Prepare Trench pattern Prepare Trench pattern
by PTI by NTI

NTI process- observed brllllant resolutlon useful for multiple patterning !!
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Res:st materlals development o Never Stop 7 SToP.
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What is NTI useful for ? For realizing small CD patterning FUJIFILM

Value from Innovation

Single Patterning Double Patterning Double Patterning
TCD=22nm TCD=22nm TCD=22nm
with Positive-tone with Negative-tone
Mask N N N Dark Mask __ N e | Bright Mask — —
22nm space l l l 22nm space l l 66nm space l , l l l l

mauE

Relative Intensity elative Intensity
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Impossible

Impossible

Light Intensity

A A
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-« x
Possible!
SSI :
-70 -60 -50 -40 -30 20 -10 O 10 20 30 40 50 60 70

High light intensity !!

-50 -40 -30 20 -10 0 10 20 30 40 50 60 7

NEVER
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What is NTI useful for ? For realizing small CD patterning FUJIFILM

Value from Innovation

Single Patterning Double Patterning Double Patterning
TCD=22nm TCD=22nm TCD=22nm
with Positive-tone with Negative-tone
Mask N N N Dark Mask __ N e | Bright Mask — —
22nm space 1 l l 22nm space 1 l 66nm space l , 1 l l l

. S EELL

‘ Developer_’ : Very imptnt Il Ultra pure _solve_nt has to be u_s_ed I] |

No pattern Patternable but ... | B | Brilliant paitern

NEVER

Resist materials development : “ Never Stop 7 ~STOP
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Advanced chips status UMM

In 2018 design rule

‘Qualcomm A By using ArF immersion multi-patterning
released SD 855 ! without EUV lithography.

Qualcomma

snapdragon

However, for next generation,
it necessary to use EUV lithography.

Is it true ?
More pattern shrinkage is needed ?
\_Impress Watch /| Possible to use EUV lithography for manufacturing ?
NEVER >
Resist materials development : “ Never Stop ” STOFP
International Workshop on Advanced Patterning Solutions, IWAPS 2021, 281-29t, October, 2021. Foshan, China Page 12



Moore’s low, still required ? FUJIFILM

Value from Innovation

Growing need for computational power
Data volume of global consumer IP traffic
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3. Increase # Transistors — I \
& Reduce data (Scale up) - . =

Scaling Machine learning

umec TR - "imet

Ryoung-Han Kim, imec, SPIE 2019

Fortunately or unfortunately,
Still needed to follow and proceed ‘Moore’s low’.

NEVER

Resist materials development : “ Never Stop 7 ~STOE
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The Pattern shrinkage history FUJIFIL

Value from Innovation

Pattern shrinkage has been driven by shorter exposure wavelength.

EUV lithography

to improve semiconductor manufacturing

ArF
(1 93nm) ArFi

(134nm> "
150 nm
90nm [

40nm
Pattern Shrinkage : “ Never Stop ” b

Resist materials development : “ Never Stop 7 ~STOE

International Workshop on Advanced Patterning Solutions, IWAPS 2021, 281-29t, October, 2021. Foshan, China Page 14




Why need EUYV lithography ? FUJIFILM
1st ; Pattern quality ; example

ArFi EUV

Source: Samsung

. . ‘c yy NEVER
Resist materials development : “ Never Stop 7 ~STOP
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Why need EUV lithography ? FUJIFIL

Value from Innovation

279 - | jthography steps ; example

15t step 2d step 3rd step 4th step, completed
Many steps and masks needed...

ArFi

-

1 step, completed
;EO;:"CG; icti :S H 4 k6 J) NEVER
Lithography steps example -Prepared by author Resist materials development : “ Never Stop 7 <STOFP
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Why need EUV lithography ? FUJIFILM

0.55NA EUV enables 3nm Logic
Total patterning cost comparison: ArFi, EUV 0.33, EUV 0.55
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Less complexity

Reduced number of
masks

LE-2 LE-3 LE-4 LE LE

immersion NXE (EUV 0.33) EXE (EUV 0.55) EUV lithography
| T - [-IE should be realized !!

Jan van Scoftt (ASML), EUVL symposium (2019).x.

NEVER
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Recent advanced chips status FUJIFILM

In 2019 (Reiwa 1 (F#1 T4))
Finally, EUV generation has come in 2019 !!
design rule was applied to HVM by usmg EUV Ilthography /]

(Qualcomm h HUAWEI Kirin 990 Series' o |
“ | Rethink Evolution 8 iinaa —_—T
ggp?irgg:r\:m World's st Flagship 5G SoC powered with 7nm+ EQVCH R . 128 34

...........................

865 5G Mobile Platform
; <l
\_K-tai. watch. impress )

SAMSUNG

EXynos _ ;
990 Already installed to HP; Sharp-

HP; Samsung 5G smart phone in 2020
. . ‘c yy NEVER
Resist materials development : “ Never Stop ” STOFP
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Recent advanced chips status
In 2020  Alr
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Resist materials development :
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FUJ:FILM

Value from Innovation

16-core

rillion

Operations per second

_ NaNNN

Advanced image signal processor HNew 4-core

Apple.com

T
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oPyY Secure Enclave

News.mynavi.jp

“ Never Stop ”

NEVER
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Recent advanced chips status FUJFIL

Value from Innovation

design rule

design rule

design rule

design rule

design rule
S

Pattern Shrinkage : “ Never Stop ” N,

Resist materials development : “ Never Stop 7 ~STOE
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Challenging of EUV resist FUJIFIL

Value from Innovation

I -

LWR =5.3 nm

i The resolution looks good enough.

NEVER

Resist materials development : “ Never Stop 7 ~STOP
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Challenging of EUV resist FUJIFILM

Value from Innovation
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However, ‘stochastic error’,
and “Nano-Pinching”
were observed.

=> Becomes an obstacle for HVM.

ﬂ

How to reduce ‘stochastic error’ ?
NEVER

Resist materials development : “ Never Stop 7 ~STOP
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Challenging of EUV resist FUJiFILM

Have you ever heard ? Bas:cally, it means..
What is the issues ? \ % O

Influence of pattern size shrinkage !

Why now ?? No issues before ?

Let us imagine ; 64nm L/S 32nm L/S 16nm L/S 8 nm L/S
I H H Huge impact
No impact
Previously Just past !l Future!!
. . ‘e yy NEVER
Resist materials development : “ Never Stop 7 ~STOP
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Stochastic factors in lithography FUJIFILM

Value from Innovation

Resist coating Exposure Post exposure Development
Bake
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PAG Diffusion
ITTusSI . .
Quencher Photon ) Dissolving
Polymer De-protection
i i Poor photon number Location of Dissolving locality
Materials location : ) i : :

Exposure locality reaction points Swelling behavior
. . B ,, NEVER™

Resist materials development : “ Never Stop ” < STOFP
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Stochastic factors in lithography FUJIFILM

Value from Innovation

2) Chemical Stochastic

i i Poor photon number Location of Dissolving locality
Materials location ) , . . : i
Exposure locality reaction points Swelling behavior
. . . ,, NEVER ~
Resist materials development : “ Never Stop ” STOFP
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How to reduce the stochastic factor ? FUJIFIL

Value from Innovation

( photon shot noise ) ||| |
< Cause : light source > Poor photon number. ﬁ Y

S

= O &

2) Chemical Stochastic

< Cause : resist materials and processes >
The materials location randomness, the reaction randomness in the film.

The dissolving randomness during the development process.

NEVER

Resist materials development : “ Never Stop 7 ~STOE

International Workshop on Advanced Patterning Solutions, IWAPS 2021, 281-29t, October, 2021. Foshan, China Page 26



How to reduce the stochastic factor ? FUJIFIL

Value from Innovation

( photon shot noise )
< Cause : light source > Poor photon number. ﬁ7

=> The resist materials can help it.
Introduce the function of ‘catch more photon'.

2) Chemical Stochastic

< Cause : resist materials and processes >
The materials location randomness, the reaction randomness in the film.

=> The functionalized materials are effective.

The dissolving randomness during the development process.

=> Organic solvent development is effective.

NEVER

Resist materials development : “ Never Stop 7 ~STOE
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How to reduce the stochastic factor ? FUJIFIL

Value from Innovation

2) Chemical Stochastic

< Cause : resist materials and processes >
The materials location randomness, the reaction randomness in the film.

=> The functionalized materials are effective.

The dissolving randomness during the development process.

=> Organic solvent development is effective.

NEVER

Resist materials development : “ Never Stop 7 ~STOE
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How to reduce the stochastic factor ? FUJIFIL

Value from Innovation

2) Chemical Stochastic

< Cause : resist materials and processes >
The materials location randomness, the reaction randomness in the film.

=> The functionalized materials are effective.

The dissolving randomness during the development process.

=> Organic solvent development is effective.

NEVER

Resist materials development : “ Never Stop 7 ~STOE
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Stochastic factors in lithography FUJIFILM

Value from Innovation

4 A
Resist coating Exposure Post exposure Development

Bake
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PAG Diffusion
ITTusSI . .
Quencher Photon _ Dissolving
Polymer De-protection
N
i i Poor photon number Location of Dissolving locality
Materials location : ) i : :
Exposure locality reaction points Swelling behavior
. . B ,, NEVER™
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How to reduce the stochastic factor ? NTI process FUJiFILM

Value from Innovation

Resist coating Exposure & Bake Development
TMAH aq.
na R PTI (Positive Tone Imaging)
Y N N
oy )
' \|| Organic
process Solvent
is expected to reduce ‘Chemical Stochastic’. T R RN
Organic compounds with organic solvent. . NTI (Negative Tone Imaging) y
Dissolving smoothly ? Less Swelling ?
\< J I
] ] y ,, NEVER
Resist materials development : “ Never Stop 7 ~STOE
International Workshop on Advanced Patterning Solutions, IWAPS 2021, 281-29t, October, 2021. Foshan, China Page 31



How to reduce the stochastic factor ? NTI process FUJiFILM
In situ dissolving behavior evaluation by usinqg High Speed AFM.

[ Development Positive-tone Negative-tone A
time ( . \
Negative-tone : extremely better LWR
14.8 mJ 14.8 mJ
LWR=4.8nm LWR=3.0nm
r:-'[‘ . =T ) r_' ”?'—1 ¥=] -« ‘13 : ‘j:;ﬁ 2 r _:‘ 3 ‘
T 1
i .' | :-i g l F
i ¥ . ; .‘ 4 : : i _j‘ ; L" E’ |
Exposed with SFET Exposed with SFET

Resist materials development : “ Never Stop 7 ~STOE
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Value from Innovation
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Resist materials development

International Workshop on Advanced Patterning Solutions, IWAPS 2021, 281-29t, October, 2021. Foshan, China
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Summary AlalalL

Negative-tone imaging, NTI, using organic solvent developer,
showed excellent improving the lithographic performance
both ArF immersion lithography and EUV lithography.

ArF immersion ; With multiple-patterning,
successfully patternable for 10 / 7 nm and beyond

EUV ; successfully reduced ‘Chemical Stochastic’ issue.
=> Expected to apply the real EUV lithography generation !!

If you have any questions, comments, or would like to communicate with me,
please let me know.
You can send me an e-mail.

toru.fujimori@fujifilm.com
NEVER

Resist materials development : “ Never Stop 7 ~STOE
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