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Overview

* Introduction
* Opportunity for improvement in post-etch roughness
« EPE control through use of selective etch
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Introduction

Inpria - Metal oxide (MOXx) photoresists
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Sn based — high EUV absorption

Fab compatible organic casting solvent
Fab compatible organic developer
Negative tone

Low Blur
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Resist Performance (RLS)

Full wafer 13 nm HP performance
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Inpria Resist for M2 Block Printing

P32 spacers on TIN Block litho on SoC SoC etch Low-k etch

f

Inpria resist

16 nm HP
M2 pattern etched into low-k

Oxide cap

Bekaert et al. SPIE 2017 Low-k layer
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Device Requirements Drive Adoption of Many Elements

Examples of adoption driven by fundamental functional material properties

70,3 ‘ — PP AR Inpria MOX
a0's E: Resist

: Platforms
Today
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Today, nearly two thirds of the

non-radioactive elements are
used in every chip!

L]
0nprla Courtesy Ben Eynon Siide 6



Opportunities for New Element in Patterning

Inpria is introducing new (metal) element at the litho cluster

« Adoption of such a new material can only be driven by major
gains in the performance and capabillities offered by the platform

* Full potential of MOx resists will be obtained as part of an
Integrated process, I.e., beyond the litho cluster

« Important to consider full value to integrated process (not only
RLS) while weighing the risk of introducing a new material
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Unigue MOx Properties Realized through Etch

« After develop, Inpria resists are hardmask-like materials, similar to TiN or
TIO,. Itis a patterned hardmask that is formed without a dry etch

« Patterns become inert to most e KL EL AL TS LB (2010
later processing - cses
— Litho Freeze Litho Freeze

The etch properties of Inpria materials create the opportunity for unique
Improvements at the intersection of litho and etch

— Greater reduction of LWR/LER post-etch
— Improving edge placement error through etch selectivity
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ROUGHNESS THROUGH ETCH
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Roughness through Etch
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Roughness through Etch

* Any etch operation can have some smoothing effect

* Intentional LWR smoothing also acts as a trim step. The limits of a trim step
IS the thickness of resist needed for pattern transfer.

Trim Etch

METAL-OXIDE EUV PHOTORESIST TRIM METHOD

No trim
24 T T T T T T

Loss of thickness needed

2o LSHT“'U- for pattern transfer
’E‘18
§16 \ 'd l
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F y =20.05-0.63"
12 R?=0.999

Reduction of LWR
1°a'5‘;'g‘;'1'o Loss of CD >

trim time (s)

h

* About 6nm CD trimming was achieved

* Such trimming process provides an option to enable EUV SADP

Onpria~ TEL

Mao et al. SPIE 2017

ﬁnpria “umec Side 1



Roughness through Etch
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Increasing
LWR as blur
dominates

Frequency distribution of LWR determined by both resist blur and etch

0npria Side 12



EPE CONTROL THROUGH USE OF
SELECTIVE ETCH
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Controlling EPE Budgets

« Smart material selections and creative integration schemes can
relax the EPE budget

- Example - sparse contact arrays

— Start with a pre-patterned template, e.g., an array of holes

« Patterned by two SADP processes or DSA
« These features define the edges

— Select the individual features required from the template

)
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Controlling EPE Budgets

« Create surfaces with multiple materials (two or more colors for etch)
Carbon SIO,

TIN

« MOX resists are a separate material used to select parts of the template
(another color) MOXx Resist

After O,
Ash
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Controlling EPE Budgets

Isotropic etch conditions enlarge the possible edge positions

Equivalent features

After O,
Ash

« Similar to a SADP process, critical edge definition can be off loaded to
another process

« Critical lithography step then becomes selecting the desired elements of the
template

« Key is having a hardmask patterned by developer, not a dry etch, and that
hardmask being a different etch color
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Conclusions

 MOX resists provide substantial opportunity for LWR
improvement through etch

— Truly evaluating RLS requires looking after etch

* Full potential of MOXx resists extends beyond RLS
— Unique etch properties: high selectivity, and separate etch “color

)

— Powerful integration schemes enabled

« Overall: MOX resists provide significant opportunities for
additional gain by co-designing litho & etch processes
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