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Introduction: Moore’s Law




Courtesy of Joren Severi
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Moore’s Law:The number of transistors on microchips doubles every two years

1022

Transistors total

Transistors per year

1020
1018
1016
1014

1012

Number of rice grains
on a chess board

10° 4
1950

Global number of transistors manufactured

“umec

I
1960

I
1970

| |
1980 1990
Year

I
2000

I
2010 2020

Danilo De Simone, EUVL workshop. June 6, 2023. Leuven









Lithography

Si wafer + Transfer layer Apply resist Image transfer Post-exposure bake Transfer

Development
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Scaling is continuing enabled by the Lithography Roadmap

High NA EUV is the next step managing complexity, turn around time and cost
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Source: Paul Graeupner et al. EUV optics: status, outlook and future SPIE2022
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High NA EUV Lithography introduces the angstrom era of device scaling

1.7x smaller features, 2.9 increased density

Higher imaging contrast enables 40% improvement in LCDU
Reduction of multi patterning, less mask = less defectivity

Dose reduction with higher contrast, improved edge place error
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Critical features sizes and R&D timeline for device scaling
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Technology node|2

...the chemistry has been playing and still plays a big role in the Lithography Roadmap
The chemistry and the light-matter interaction in the CMOS technology landscape
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Lithography Patterning scaling
S1INE, 1INne

Resist

NQ/Novolac PBOCST gﬁgllgfg e PBOCST, Acrylate, MOR, others?

Light-matter interaction

non-ionizing radiation ionizing radiation
photochemistry radiation chemistry

M + hv (UV/DUV) 2> M* [C,H,0,.]+hv(92eV) > e/p+

DNQ = Diazonaphthoquinone More disruptive chemistry needed

" l"]'l e c PBOCST = t-BoC protected polyhydroxystrene 13
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Technology challenges towards the Angstrom era of device scaling
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shape. Stochastic failures must be considered.
* Metal containing resists have been introduced in the
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The scaling of feature sizes is challenging both Patterning
(materials) as Metrology equipment performance to
maintain the pace of their own “Resolution”.
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Dissociative Electron Attachment (DEA):

| AB + e~ - AB#~ > A*~ 4 B
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Thorman et al. Beilstein J. Nanotechnol. 2015, 6, 1904-1926
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Ultra-thin film materials
1. Material film thicknesses decrease as features scale down 3. Interface effects start dominating
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Resists and underlayers are becoming more and more interdependent by pushing down the feature size.

Mechanistic understanding, interface control and material engineering are key to enable disruptive efficient lithographic chemistry

-
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Ultra-thin films: Interfaces and cross-layer interactions start to
dominate. Proper layers matching is needed

Resist profile
resist - -
Ver/uL YuL > Ypr YuL < VPR
Surface energy mismatching ~ Surface energy matching  Surface energy mismatching
underlayer

resist

underlayer

Lead to nano-bridges Sweet spot Lead to line collapse

Surface energy matching of two the phases system, resist and UL, is a requisite.

Roberto Fallica et al. (2022)
https://doi.org/10.1117/12.2609485

lTn e c 17 Danilo De Simone, EUVL workshop. June 6, 2023. Leuven



- Proper matching with the EUV resist is needed

Deposited top layer, surface adhesion optimization (P28 L/S)
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Ultra-thin resist requires novel patterning solution

litho etch AFM / Actual film thickness after development
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Resist budget is very limited (10+20nm thickness)

X/

To prevent nano-failures the following are required:
«» Pattern transfer is prone to deliver nano-failures “ Resist with high etch resistance
(i.e., breaks) . % Selective deposition-etch
% Thin and fast etch underlayers

“ Higher etch selectivity
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Defect Reduction Using Selective Deposition (SD)  w
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MOR (16nm) SD is critical to defect reduction. Co-optimization of descum and SD shows that descum + SD does not

provide improvement over SD alone. SD increases CD and needs to be tuned with ML over etch

A. Krawicz et.al. / TEL / February 28, 2023 / SPIE PAPER NUMBER: 12499-5 mmec TEL



Metrology for film resist scaling to ultra-thin

*CAR on spin-on-glass

Target FT = 10nm Target FT = I5nm Target FT = 20nm

*imec BKM'’s for After Development Inspection (ADI) wafers. The images are acquired at 500eV, 8pA, 16 frames, using a Hitachi CG6300 — P32LS

AFM on CAR and spin-on-glass

5
-5

Target FT = 10nm Target FT = 15nm Target FT = 20nm Target FT = 25nm Target FT = 30nm

The AFM analysis shows that LS patterns are printed down to |0nm film thickness, thus indicating that the limitations
observed in the SEM images at 10nm target FT are related to metrology rather than patterning.

UME@C  Gian Lorusso et al. Metrology of Thin Resist for High NA EUVL, SPIE2022 2 Danilo De Simone, EUVL workshop. June 6, 2023. Leuven



Metrology for patterning roughness of ultra-thin resists
Impact of Signal-to-Noise Ratio (SNR) on unbiased roughness metrology

P32LS Experiment
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SNR < 2: values of unbiased LWR strongly SNR > 2 the roughness values are lower with the following resist
suggest a measurement artifact thickness order: 30nm < 25nm <20nm < [5nm
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Summary




Summary

= Moore’s law will continue
* The lithography roadmap enables the device scaling and high-NA EUV is the next step

=  Sub-10nm technology nodes show new challenges strictly connected to the feature scaling and the
material film thicknesses (3+30nm).

* Resists and underlayers are becoming more and more interdependent

* Mechanistic understanding, interface control and material engineering are key to enable
disruptive efficient patterning chemistry.

* The scaling of feature sizes is further challenging the metrology equipment performance to maintain the
pace of their own “resolution”.

* A comprehensive approach is needed to tackle all challenges at fundamental and patterning level.

= Enabling the high NA eco-system and address all high NA patterning challenges is the number one
priority of the imec Advanced Patterning Process Program in the next years
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