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) Strong decrease in critical dimension on chips, with new ) EUV lithography
lithography method ) wavelenght;13,5 nm

) Ultra-clean vacuum

) Move from lenses to mirrors

———— e o L

source: ASML N, > ~~_source: Carl
— ~Zeiss SMT

Ultra-clean vacuum, the right level at the right location 13 April 2022



mig?ﬂ}'gt&
EUV LITHOGRAPHY *

) Strong decrease in critical dimension on chips, with new ) EUV lithography
lithography method ) wavelenght;13,5 nm

) Ultra-clean vacuum

) Move from lenses to mirrors

— A =,

source: ASML N, > ~~_source: Carl
— ~Zeiss SMT

Ultra-clean vacuum, the right level at the right location 13 April 2022



VACUUM

) Vacuum is a space devoid of matter and at zero pressure [Wikipedia]
) In practice a space at zero pressure and matter is not achievable
) 1012 mbar still contains 10° molecules per cm3
) 106 mbar will result in 1 mono layer growth per second

> Vacuum has many applications
) In “big science” starting at high vacu
) CERN and on the moon

) SEM

) Fluorescent light
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ﬂ Carbon contamination ASML
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‘Vacuum’ contains residual (hydrocarbon) contaminants

Hydrocarbons adsorb on (mirror) surfaces

EUV photons and secondary electrons cause = —
* Transformation of C,H, chains to aC:H SEMATECH MET, 2007
* Reduction of H-content with irradiation dose

* Radiation-induced outgassing of fragments

EUV lifetime issue ,‘
P
FIN ¥ ' .
ADT mirror, 2007
EUV optics lifetime, Radiation damage, contamination, and oxidation; M van Kampen (ASML); PXRNM workshop 2016
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)
Contamination measurement on TEM 7
Orthocoronavirinae

Example: Example:

C,H, contamination level via Carbon I HZOTEoGtgmlnatlon \I”a

Grown in STEM mode on sample ge o ol LR &IYo sgm_p €

Transmission loss in time
. - ) (
il N rea
<+ Transmission electron micrograph of a
F Y coronavirus
. (Wikipedia)
.., D est =0.02 nmh and 0.03 n/
Measurement examples, contrast difference on E
SiN window of measuring sample @950 kx. gr;;g o
Upper contaminated, lower clean (sample etching) ’ gigz U |
Left reference image, right image after focus st e fee2)
WindOW. omum 10.00 2000 30.00 40.00 50.00 60.00 70.00
Time [hr)
ThermoFisher
SSCIENTIFI'E
Contamination Control in the Electron Microscopy Supply Chain; Rients de Groot. (Thermo Fisher scientific); VCCN mini symposium 7 nov 2018 _
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EXAMPLE : EBL2

) EBLZ2 is a research facility at TNO to
facilitate EUV related contamination
research by exposing samples and
reticles to EUV radiation

) For this an ultra clean vacuum
system and particle “free” system is
mandatory
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CONTAMINATION BUDGET

) SyStemS approaCh User Requirements System
: : & Concept of Demonstration &
) Contamlnatlon bUdget Operations Validation
> The right level at the right location

System Integration

Requirements & & Verification

Architecture

) Sample route through EBL2

Component
Integration & Test

Procure, Fabricate, &
Assemble Parts

Sauser, Brian & Gove, Ryan & Forbes, Eric & Ramirez-Marquez, Jose. (2010). Integration maturity metrics: Development of an integration readiness level. Information
Knowledge Systems Management. 9. 17-46.
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COLLECTOR EXPOSURE
MODULE CHAMBER
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EBL2
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samples

G1: Pod present 1 OK

G2: Pod present 2 OK
A1 Pod Opener is busy
A2 Automatic Mode
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EBL2

ISO 4
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EBL2
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EXPOSURE

EBL2 CHAMBER
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Table 4-9 Exposure Chamber gualification requirements Table 4-2 Load Lock process requirements
EBL2 VACUUM : _ - o |
Requirement Value Unit
Total end pressure <1-210%| [mbar]
Total pressure <10® [mbar]
Partial pressure Hz <1Qi0 [mbar]
Partial pressure HaO <110 [mbar]

- Partial pressure Hz MNA
Partial pressure N2 Partial pressure H,O NA
Partial pressure Oz <1012 [mbar] Partial pressure N <107 [mbar]

) rmbar’ - 8
Partial pressure E H. 45-100 {integrated) Partial pressure O, <10 [mbar]

. Partial pressure C,H, 45-100 <10* [mbar]
Partial pressure — C4H, 101-200 Partial pressure — GgHy 101-200 <1010 [mbar]
He leak rate <1¥1010 [mbar.ll.ls] Partial pressure Ar NA

Partial pressure Xe NA
Gr_ade 1 cleanlng,(addltlon'al Evacuation {pump down) time 15-20 [rmin]
requirements on used materials) Gato valve 1o VHL 50x336 | [mm?)

e
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MANUFACTURING

& Concept of Demonstration &
Operations Validation

System
Requifements & System Integration

) Used materials and design must allow cleaning Architecture S
) Resistant for wet chemical cleaning
) Resistant for required temperatures
) Surfaces must be reachable

Component

Component Design Integration & Test

Procure, Fabricate, &

) Machining equipment must be clean Assemble Parts

) Use of correct lubrication and cooling fluids

) Dedicated tools for clean products, no cross use of tools allowed
> During assembly prevent contamination of product

) clear instruction of staff
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PRODUCTION / DESIGN EXAMPLES

) Sample handling in exposure chamber EBL2
) Strong limitation on allowed materials
) Parts must be able to be cleaned

Ultra-clean vacuum, the right level at the right location
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VALIDATION CLEANLINESS;
OUTGAS MEASUREMENT;

Ultra-clean vacuum, the right level at the right location

User Requirements
& Concept of
Operations

System
Requirements &
Architecture




Pressure [mbar]

TNO 7
VALIDATE OUTGASSING

Mass spectrum after 10h pumping Test details
(pressure corrected) Sample Id: Pump speed [I.S'W]Z 25
1.B-05 Description: System: ATOM
mSample + background ~ mBackground

Date: 20-Nov-15 Ratio: IG/IRGA 0.6

Data filename: RGA Id: QMA 422: SN 44248116

Background file: lon gauge Id: IG (YEAQ7221)

Filename:

Operator: Sample Outgassing 200amu v7

Comments: Black coated stepper motor with sub-D connector, no vents to prevent for virtual leakage, no appearant
(visible) lubricationon outside

Outgassing rate at 1h: Outgassing rate at 10h:

Sample (background subtracted) (background) Sample (background subtracted) (background)
Qpoga [Mbar.l.s7] NA 7.50E-07 Quotal [Mbar.1.57] 8.79E-05 7.50E-08
Qipo [mbar.ls] NA 4.69E-07 Quip0 [mbar.ls'] 6.33E-05 3.30E-08
Qcyy<iotamu [mbar.l.s"] NA 8.41E-10 Qcyry<to1amu [Mbar.l.s '] 4.51E-07 1.40E-10
QcxHy>100amu [mbar.l.s™] NA 2.75E-11 Cxry>100amu [MPAr.LS 1.15E-07 1.72E-11
Qexy [mbar.l.s™] NA 6.68E-10 Cxty co 5.66E-07 1.57E-10
Pion gauge [Mbar] NA 3.00E-08 Pion gauge [Mbar] 3.52E-06 3.00E-09
Comments: High outgassing of H20 and CxHy, traces of CxFy/fluorocarbons (119, 135, 185 amu), high O2 traces

probably be due to virtual leakage
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GUIDELINE 12

PRODUCT CLEANLINESS WITH RESPECT TO PARTICLES AND CHEMICALS

) Released by the VCCN on October 14" 2021
» Joined effort by OEM and suppliers
» Using ISO standards and not internal/ companies standards

Zijn er nog vragen?
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Introduction

Scope

Normative references

Terms and definitions

General outline of this guideline

Surface cleanliness specification

5.1 General

5.2 Surface cleanliness levels with respect to particles
/ : 5.3 Surface cleanliness levels with respect to chemicals

User Requirements 5.4 Surface cleanliness with respect to trace elements

& Conceptof  pily AN W Demon=*-auon & Measurement methods

5 B 6.1 General
Operations Validation 6.2 Surface cleanliness with respect to particles

6.3 Cleanliness with respect to chemicals

INDEX OF GUIDELINE 12
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Machining
System Susternil y 74 Raw materials
Requirements & ettt ] 7.2 Machine conditions

& Verification 7.3 Product handling
7.4 Transport

N ‘ / 75  Surface treatment
] —m— Cleaning
Pt 8.1 Cleaning methods
%) - g
s Component 8.2 Cleaning agents
c, Integration & Test / 8.3 Evaluation of cleaning methods
£ 9 Assembly

10 Clean controlled environment
10.1 Contamination mechanisms
10.2 Clean controlled environment
Procure, Fabricate, & 10.3  Contamination control solutions

Assemble Parts 11 Packaging

12 Applications (best practises)

Architecture

121 Product cleanliness with respect to particles
12.2 Product cleanliness with respect to chemicals
12.3 Product cleanliness with respect to particles and chemicals
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The need for cleaner and cleaner products will increase in the future

To control cost, understanding the impact of a cleanliness requirement is needed from both the end
user and the supplier

This understanding should result in “the right level at the right location”
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