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1-4-2.

(1)
EP Electro Polishing
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3-2-2. CLSM
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3-3. XPS X
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0.5 kV Zalar
42)

SiO2 0 nm 130 nm 17 0, 0.5, 1, 1.5, 2, 4, 
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1 10-10 Pa m3 s-1 m-2

10-11 Pa m3 s-1 m-2

10-8 Pa 10-10 Pa 2
2

4-2. 10-8 Pa

4-2-1. 10-8 Pa

4-1 10-8 Pa
4-1

Sample Path Blank Path
Switching Between Two Pumping Paths SPP 43,44,45)

10-8 Pa
10-11 Pa m3 s-1

4-1
8.09 mm

1.50 mmt S = B = 5.16 10-3 m3 s-1 N2 298 K
Test chamber

Blank chamber



#600 SUS304L
2 N2

:4.20 10-1 m3 s-1 1.90 10-1 m3 s-1

:1.03 10-2 m3 s-1

PFEIFFER VACUUM Sample Path
Blank Path

10-8 Pa B-A 10-9 Pa 
10-2 Pa 3 US

UB D

US

2

2 US D

46)

UB

Sample chamber
SUS304L 2

VS VB

9.8 10-2 m 2.2 10-1 m 1 m2

0.20 m2

VS VB V N2

: 1.90 10-1 m3 s-1

:1.03 10-2 m3 s-1 PFEIFFER VACUUM



4-1 10-8 Pa



1-1
10-8 Pa

US

2 11
C-1 9.31 10-1

 = 2 10.8%

10-8 Pa 4-2
10-8 Pa

150 64 h US

5.16 10-3 m3 s-1

US OFF  0 h 1.5 10-5 Pa
10 h 5 10-7 Pa 15 h

10-8 Pa 30 h US 8.60 10-8 Pa
5.0 10-8 Pa

UB US

D 4.20 10-1 m3 s-1

30 h D 3.20 10-8 Pa
2.20 10-8 Pa

4-2 10-8 Pa PUS



4-3
US US

US 1.07 10-7 Pa
US 7.93 10-8 Pa

2

1.4 10-10 Pa m3 s-1

1-2
10-8 Pa

8

9.5 10-12 Pa m3 s-1

10-8 Pa 1.0 10-11 Pa m3 s-1

4-3 10-8 Pa US



4-2-2. 10-8 Pa

10-8 Pa
200 mm 40 mm 2 mmt

59 2
2

2

4-4

a. Initializing 59 1.00 
m2 VS VB V

10-5 Pa
VS VB V

150
5 h 24 h

b. Outgassing measurement after
baking 2

VS, VB, V 50 % 1 h
VS VB V

10-5 Pa VS VB V
150 64 h

96 h VS VB

Test chamber US1 VS

VB Test chamber US1

CS S Test chamber CT

VS VB CS+ S 4-
1



CS + S + CT = S US1 D 4-1

S D

VS VB 4-2

CT = S US1 D 4-2

D D 4-1 4-2
CS S CS+ S Pa 

m3 s-1 4-3

CS + S = S US1 US1 4-3

CS Pa m3 s-1

CS  = S US2 US2 4-4

US2 VS VB Test 
chamber US2 VS VB

Test chamber S Pa m3

s-1 4-3 4-4

c. Outgassing measurement without
baking

50 % 1 h
10-5 Pa

VS VB V
Test chamber US1 Blank 

chamber UB1
VS VB CS+ S

4-5

CS + S + CT = S US1 D 4-5



S D

4-6

CB = S UB1 D 4-6

CB UB1

D

CB CT 4-5 4-6
CS S CS+ S Pa 

m3 s-1 4-7

CS + S = S US1 UB1 4.7

CS Pa m3 s-1

CS  = S US2 UB2 4-8

US2 UB2 VS VB

Test chamber Blank chamber
S Pa m3 s-1 4-7

4-8 S=1.00 m2

S / S Pa m3 s-1 m-2

4-4 10-8 Pa
 200 mm 40 mm 2 mmt 59 
1.00 m2 VS VB V

10-5 Pa

150 5 h 24 h
VS,VB,V 50 % 1 h



VS VB V
10-5 Pa

VS VB V
150 64 h 96 h

VS VB

VS,VB,V 50 % 1 h
10-5 Pa

VS VB V
US UB

2

1

4-4 10-8 Pa



4-2-3. 10-8 Pa

4-5 10-8 Pa 4
MG OMG MG+CP

OMG+CP A5052
3 h 90 h

90 h 8.3 10-9

Pa m3 s-1

2.8 10-10 Pa m3 s-1 30 8
5%

4-5 10 
100 10-7 Pa m3 s-1 m-2 10-9 Pa m3 s-1 m-2

-1

4
MG 100 %  OMG 49 %  MG+CP 47 %  OMG+CP 37 %



4-5 4
10-8 Pa



4-2 10-8 Pa 150 64 h
10-11

Pa m3 s-1 m-2  MG 9.0 10-11 Pa m3 s-1 m-2

OMG, MG+CP OMG+CP
2.4  4.8 10-11 Pa m3 s-1 m-2

4 4-4 

4-2 4 150
64 h 10-8 Pa



4-3. 10-10 Pa

4-3-1. 10-10 Pa

4-6 10-10 Pa
4-3

2 A=1.68 10-2 m3 s-1

B=3.19 10-3 m3 s-1 N2 298 K
Throughput method with 

modulated conductance 47,48,49)

A B 2

4-6

JIS grade 2
N2 :4.00 10-1 m3 s-1 N2

NEG N2 :4.00 10-1 m3 s-1 H2 saes group
10-10 Pa AT

0.5 10-10 Pa 9.99 10-3 Pa
2

JIS grade 2 VS

0.07 m2 1 m2

VS

V N2 : 3.20 10-1 m3 s-1

:  
3 10-3 m3 s-1



4-6 10-10 Pa



2-1
10-10 Pa

3
4 20

C-1 9.20 10-1

 = 2 11.7%

10-10 Pa 4-6 10-10 Pa
150 96 h

4-7 OFF
NEG ON

13 10-10 Pa 40
8 10-10 Pa

2-2
10-10 Pa

20

1.9 10-12 Pa m3 s-1

10-10 Pa 2.0 10-12 Pa m3 s-1

4-7 10-10 Pa



4-3-2. 10-10 Pa

10-10 Pa
200 mm 40 mm 2 mmt

59 . 2
2

2
A=1.68 10-2 m3 s-1 B=3.19 10-3 m3 s-1 N2 298 K

2

3

4-8

a. Initializing 59
1.00 m2 VS V

10-5 Pa
VS V
100 3 h 12 h

b. Outgassing measurement after
baking 2

2
VS V 50 % 0.5 h

VS V
10-5 Pa VS V

150 96 h
40 h A B 4 h

2 UA UB

CS AI

VS CS+ AI Sample Path



UA UB 2

UA UB

2
AI Pa m3 s-1 4-9 4-10

S=1.00 m2

AI / S Pa m3 s-1 m-2

c. Outgassing measurement without
baking 50% 0.5 h

10-5Pa VS

V 3

Pa m3 s-1 e

S

B

 = ( S B) e

4-8 10-10 Pa
200 mm 40 mm 2 mmt 59 1.00 m2

VS V
10-5 Pa

100 3 h 12 h
VS,V 50 % 0.5 h
VS V



10-5 Pa
VS V

150 96 h 40 h

VS,V 50 % 0.5 h

3 h

Se
S

B  = ( S B) e

2

4-8 10-10 Pa



4-3-3. 10-10 Pa

10-10 Pa
A5052

3h 70 h 4-9
MG OMG OMG+CP

3 MG+CP
70 h 9.5

10-9 Pa m3 s-1 8.3
10-11 Pa m3 s-1 110

5%

4-9 3 10 
100 10-7 Pa m3 s-1 m-2 10-9 Pa m3 s-1 m-2

3 MG
100 %  OMG 33 %  OMG+CP 24 %

4-9 3
10-10 Pa



4-4 10-10 Pa 150 96 h
 OMG+CP

2.0 10-12 Pa m3 s-1 OMG+CP
2.0 10-12 Pa m3 s-1 m-2 1 m2

10-12 Pa m3 s-1 m-2

MG 8.4 10-12 Pa m3 s-1 m-2

OMG, OMG+CP 2.0  3.9 10-12 Pa
m3 s-1 m-2 4

4-4 

4-4 3 150 96 h
10-10 Pa



4-4.

4-4-1.

10-8 Pa 10-10 Pa 2

2 3 h
70 h 4-5
4-10 2 10-10 Pa

MG 10-8 Pa
MG 10-10 Pa

1

2 OMG OMG+CP
10-10 Pa

1 OMG OMG+CP

17 15
1 4-10

2 OMG  OMG+CP

2
 MG  OMG  MG+CP  OMG+CP



4-5 2 3 70

4-10 2



2 4
4-6 10-8 Pa

MG 9.0 10-11 Pa m3 s-1 m-2 MG+CP OMG
OMG+CP 2.4 4.8 10-11 Pa m3 s-1 m-2 2
4 10-10 Pa MG 8.4

10-12 Pa m3 s-1 m-2 OMG OMG+CP 3.9 10-12 2.0
10-12 Pa m3 s-1 m-2 2 4  MG

50)

4-6 10-8 Pa 10-10 Pa
OMG OMG+CP

10-8 Pa 1.0 10-11

Pa m3 s-1 MG 8.0  10.0 10-11

Pa m3 s-1 m-2

OMG 1.4  3.4 10-11 Pa m3 s-1 m-2 OMG+CP
3.8  5.8 10-11 Pa m3 s-1 m-2 10-8 Pa

OMG OMG+CP
OMG 3.4 10-11 Pa m3 s-1 m-2 OMG+CP 3.8

10-11 Pa m3 s-1 m-2 10-10 Pa
2.0 10-12 Pa m3 s-1 MG

6.4 10.4 10-12 Pa m3 s-1 m-2

OMG 1.9  5.9 10-12 Pa m3 s-1 m-2 OMG+CP
0 4.0 10-12 Pa m3 s-1 m-2 2

4-6 2



MG
OMG, MG+CP, OMG+CP

4-11

MG 3
MG

a = 80 nm
MG AlOOH Al2O3

60 nm

OMG MG+CP OMG+CP
MG MG  OMG  MG+CP  OMG+CP
MG+CP OMG+CP CP

Al2O3

10 nm

MG+CP OMG+CP MG+CP
a = 33 nm

OMG+CP a =  nm
OMG MG+CP

 OMG CP MG+CP

OMG
10 nm a = 

nm MG+CP
OMG+CP a = 

nm Al2O3

10 nm



10-10 Pa MG 
 OMG  OMG+CP MG

OMG

OMG MG
Al2O3

10 nm

OMG+CP
CP

OMG+CP

OMG+CP

OMG+CP

4-11



4-4-2.

10-8 Pa 10-10 Pa 2

4-7 2 4
10 h 20 h

4-7
5000 A5052 6000 A6061 A6063

A5052
A6061 A6063

3
20 m 40 m 51,52)

10-8 Pa 10
MG 2.0 10-7 Pa m3 s-1 m-2

EL Ar + O2

EX
Initial 

pumping down MG
150 64

1

MG

MG+CP OMG OMG+CP 10 h
7.0 9.8×10-8 Pa m3 s-1 m-2 20 h 3.3×10-8 5.1 ×10-8 Pa m3 s-1 m-2

Ar + O2 EX EX mechanical 
grinding CP

Precision chemical polishing
3 Al2O3

MG+CP OMG+CP
CP

CP



OMG
OMG

4-7 2



2 4

4-8 10-10 Pa OMG OMG+CP
3.9 10-12 2.0 10-12 Pa m3 s-1 m-2

Precision chemical 
polishing

4-8 2



10-8 Pa
4

10-11 Pa m3 s-1 m-2 10-10 Pa
3

10-12 Pa m3 s-1 m-2

10-12 10-10 Pa m3 s-1 m-2

10-10 Pa m3 s-1 m-2

10-10 Pa
10-12 Pa m3 s-1m-2

10-12 Pa m3 s-1 m-2



4-12 1-5

4-12

CP EX
EX EL

OMG+CP
2.0 10-12 Pa m3 s-1 m-2

4-12

OMG+CP



5

5-1.

A5052
OMG+CP

1 10-5 Pa



5-2.

5-2-1.

2-2

2-2

5-1



5-1



5-2

2-2

OMG



5-2



2-3

30

5-3



5-3



5-4
OMG MG

CP
OMG+CP

5-4



OMG+CP

2-
2



5-2-2.

5-5

5-6

Z



5-6

5-5



OMG+CP
4.450 m2 420 L / sec

Viton
FKM-70 53) Kalrez

FFKM 53) O



5-3.

10
5.0 10-6 Pa 10-6 Pa

1 10-5 Pa

4-3-3
OMG+CP 10 7.0

10-8 Pa m3 s-1 m-2 1-1
Pa m3 m-2 s-1 m2

1-2 Pa
m3 s-1

Pa m3 s-1 1-1

Viton FKM-70 O
O 1 m 10 mm

O ORG = 0.03 m2

10 4.3 10-5 Pa m3 s-1 m-2

5-1
4.0 10-6 Pa

5.0 10-6 Pa

5-2
OMG+CP 4.0 10-6 Pa 2

8.0 10-6 Pa O



5-1

5-2



5-4.

A5052
OMG+CP

5.0 10-6 Pa 1 10-5 Pa

EFEM
Equipment of Front End Module

Laboratory

Particle Test Stand
EUV EUVL54) Extreme Ultra 

Violet Lithography 2016 ASML
2020 TSMC 5 nm55,56)

Technology Node

2017

EUV ASML

5-7
EUVL

EUV Mask
Low Contamination 57)



Zero-PWP Particle per Wafer per Pass 1

EUV
5-8

10-6 Pa

5-7 2018 Investor 
Day ASML, Industry Roadmap and Technology Strategy, Veldhoven, 
https://www.asml.com/en/investors/investor-days/2018, 2022.02.09

5-8 2016 
International Workshop on EUV and Soft X-Ray Sources, Amsterdam, 
https://euvlitho.com/source-workshop/2016-international-workshop-on-
euv-and-soft-x-ray-sources/, 2022.02.09



6

10-6 Pa 10-10 Pa
Pa

Pa m3 s-1 m-2

10h 1.0 10-7 Pa m3 s-1 m-2

1.0 10-10 Pa m3 s-1 m-2

MG
OMG CP
MG+CP OMG+CP

4
AFM CLSM OMG

OMG+CP
X XPS

MG AlOOH
OMG+CP Al2O3

OMG
Al2O3 OMG CP
MG+CP OMG+CP 

10h
MG  OMG  MG+CP  OMG+CP



4
1.0 10-7 Pa m3 s-1 m-2 OMG+CP

7.3 10-8 Pa m3 s-1 m-2

CP
8.3 10-8 Pa m3 s-1 m-2

OMG OMG+CP
1.0 10-10 Pa m3 s-1 m-2

4 10-12 Pa m3 s-1 m-2

6 10-12 Pa m3 s-1 m-2

OMG OMG+CP

A5052
OMG+CP

10h
1 10-5 Pa 5.0 10-6 Pa



10-8 Pa
10-10 Pa

1. 10-8 Pa

1-1. 10-8 Pa

10-8 Pa US

2
US

1-1-1

(1)
4-1 Sample chamber

S Pa m3s-1

58) G Pa
PURERON JAPAN

S 10-8~10-6 Pa m3 s-1

s Pa S Pa m3s-1

eff m3s-1 1.1

1.1Í ã
Í



eff P = 4.20 10-1 m3 s-1

p = 7.8 10-2 m3 s-1

O = 5.15 10-3 m3 s-1 1.2
Seff = 4.78 10-3 m3 s-1

1.2

(2)

G Pa
S Pa m3s-1

S 1.3 Pa

1.3

US US

S S US

1.4 C-1

1.4

ï
ã

ï

Ð

õ
ï

Ð

õ
ï

Ñ

ã
ËÍ

ã



(3)
1-1 US 2
S S US

C-1 C-1 8.97 10-1 9.99 10-1

C-1 < C-1> 9.31 10-1

US

C-1 P P

JCGM 100:2008, Evaluation of 
measurement data  Guide to the expression of uncertainty in measurement

1.5 1.6

1.5

1.6

= 11

1-1 US C-1

P = 3.20 10-2 P = 9.64 10-3

1.03%

ã Å
ï

ï
ø ä â÷ Ã

ã



1-1-2

59,60) 1-2
eff

US

US Type A
1-6 Type B

eff

1-7

1-7

+

1-1 US P

P

s (Pam3s-

1) 
s (Pa) 

US

US (Pa) c-1 = US /
s

P

3.20×10-2

7.80×10-8 1.63×10-5 1.48×10-5 9.08×10-1 ( P)
1.45×10-7 3.03×10-5 2.76×10-5 9.11×10-1 9.64×10-3

3.15×10-7 6.58×10-5 6.14×10-5 9.33×10-1

7.20×10-7 1.50×10-4 1.47×10-4 9.78×10-1

6.78×10-6 1.42×10-3 1.27×10-3 8.97×10-1

8.02×10-8 1.68×10-5 1.55×10-5 9.27×10-1

1.02×10-7 2.13×10-5 1.93×10-5 9.07×10-1

2.00×10-7 4.18×10-5 3.84×10-5 9.19×10-1

4.00×10-7 8.36×10-5 7.65×10-5 9.15×10-1

8.01×10-7 1.67×10-4 1.59×10-4 9.47×10-1

6.00×10-6 1.25×10-3 1.25×10-3 9.99×10-1

c-1 9.31×10-1

ã
ø ÷

î í
ã

î í



1-2 US

US  = 1 5.4%
 = 2 10.8% 10-8 Pa

. 

Type A ( 1-5) ( 1-6)

Type B
1 1

( 1-7)

1-2 US

US : eff

0.066% Type B/

0.342% Type B/

0.290% Type B/

0.161% Type B/

0.577% Type B/

4.900% Type B/

61,62) 2.000% Type B/

US 1.035% Type A/

 = 1 5.445% 

 = 2 10.889% 



1-2. 10-8 Pa

10-8 Pa
10-8 Pa

 = S US US 1-8

S

US

US

1-8
S US

US US

1-2-1.

8

CS 

Pa m3 s-1



1-3 10-8 Pa
8 Q

Q CS

5.68×10-11 Pa m3 s-1

0.2 m2

2.8×10-10 Pa m3 s-1 m-2

SUS304L

8
Q 3.25 10-12 Pa m3 s-1 ( Q) 1.15 10-12 Pa m3 s-1

2.024%

1-3 10-8 Pa
CS 8

Q Q

CS (Pam3s-1) CS (Pam3s-1) 
Q

3.25 10-12

1 5.85 10-11 5 5.72 10-11

( Q) 
2 5.71 10-11 6 5.28 10-11 1.15 10-12

3 5.43 10-11 7 5.84 10-11

4 5.31 10-11 8 6.25 10-11

CS 5.68 10-11



CS 1-4
CS  = 1 5.83%
 = 2 11.7%

10-8 Pa

10-11 Pa m3 s-1

5.83%

ëòèí õ ëòèí  = 8.24%
16.5% 17%

CS 5.68×10-11 Pa m3 s-1

9.7 10-12 Pa m3 s-1

10-8 Pa 1.0 10-11 Pa m3 s-1

1-4 10-8 Pa

0.066% Type B/

0.340% Type B/

0.290% Type B/

US 5.445% 1-3 

CS 2.024% Type A/

 = 1 5.826% 

 = 2 11.652% 



2. 10-10 Pa

2-1. 10-10 Pa

10-10 Pa 3
4

A=1.68 10-2 m3 s-1

2-1-1
2-1 C-1 9.20 10-1

P = 2.20 10-2 P = 4.92 10-3 1.03%

2-1 P P

s (Pam3s-1) s (Pa) 
US

(Pa) c-1 = / s

P

2.20×10-2

1

8.00 10-8 5.62 10-6 5.07 10-6 9.02 10-1 ( P) 
1.00 10-7 7.03 10-6 6.36 10-6 9.05 10-1 4.92×10-3

2.01 10-7 1.41 10-5 1.26 10-5 8.94 10-1

4.00 10-7 2.81 10-5 2.46 10-5 8.75 10-1

8.03 10-7 5.64 10-5 5.04 10-5 8.94 10-1

2

8.04 10-8 5.65 10-6 5.36 10-6 9.49 10-1

1.02 10-7 7.17 10-6 6.56 10-6 9.15 10-1

2.02 10-7 1.42 10-5 1.24 10-5 8.73 10-1

4.02 10-7 2.83 10-5 2.48 10-5 8.76 10-1

8.01 10-7 5.63 10-5 5.17 10-5 9.18 10-1

3

8.05 10-8 5.66 10-6 5.28 10-6 9.33 10-1

1.02 10-7 7.17 10-6 6.78 10-6 9.46 10-1

2.01 10-7 1.41 10-5 1.32 10-5 9.36 10-1

3.99 10-7 2.80 10-5 2.56 10-5 9.14 10-1

8.00 10-7 5.62 10-5 5.16 10-5 9.18 10-1

4

8.02 10-8 5.64 10-6 5.56 10-6 9.86 10-1

1.02 10-7 7.17 10-6 6.99 10-6 9.75 10-1

2.02 10-7 1.42 10-5 1.37 10-5 9.65 10-1

4.05 10-7 2.85 10-5 2.65 10-5 9.30 10-1

8.01 10-7 5.63 10-5 5.10 10-5 9.06 10-1

c-1 9.20×10-1



2-1-2

2-2
 = 1 5.5%

 = 2 11.1% 10-10 Pa

2-2 10-10 Pa

US : eff

0.035%  Type B / 

0.321%  Type B / 

0.290%  Type B / 

0.145% Type B / 

1.443%  Type B / 

NEG 1.443% Type B / 

4.900% Type B / 

61,62) 2.000% Type B / 

US 0.535% Type A / 

 = 1 5.531% 

 = 2 11.061% 



2-2. 10-10 Pa

10-10 Pa
10-10 Pa

 = ( UB UA 2-1

A

B UA

UB

A 1
B 2

2-1
A B US

( UB UA 



2-2-1.

2-3 10-10 Pa
CS 20

Q Q

CS 8.36×10-12 Pa m3 s-1

10-13 Pa m3 s-1

4.5 10-2 m2

2.8×10-10 Pa m3 s-1 m-2

20
Q 2.63 10-12 Pa m3 s-1

( Q) 5.88 10-13 Pa m3 s-1 5.11%

2-3 10-10 Pa
CS 8

Q Q

CS (Pam3s-1) CS (Pam3s-1) 
Q

2.63×10-12

1 8.73×10-12 11 4.96×10-12 ( Q) 
2 1.20×10-11 12 1.37×10-11 5.88×10-13

3 1.09×10-11 13 1.06×10-11

4 7.30×10-12 14 4.96×10-12

5 7.12×10-12 15 5.27×10-12

6 7.31×10-12 16 1.09×10-11

7 6.44×10-12 17 6.18×10-12

8 7.02×10-12 18 6.10×10-12

9 1.15×10-11 19 6.46×10-12

10 1.07×10-11 20 9.05×10-12

CS 8.36×10-12



CS 2-4 CS

 = 1 7.6%  = 2
15.1%

10-10 Pa

10-12 Pa m3 s-1

7.8%
éòè õ éòè  = 11.03%

21.4%
CS 8.36×10-12 Pa m3 s-1

1.8 10-12 Pa m3 s-1

10-10 Pa 2.0 10-12

Pa m3 s-1

2-4 10-10 Pa
CS

A

0.035 Type B / 
0.321 Type B / 
0.290 Type B / 

B

( 2 ) 

0.074 Type B / 

0.356 Type B / 
0.290 Type B / 
0.074 Type B / 
0.356 Type B / 
0.290 Type B / 

US 5.531 2-3 

CS 5.109 Type A  /

 = 1 7.556 

 = 2 15.112 
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