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Introduction

nvestigated system:. Mask in a vacuum chamber
Protection schemes:

0 Mask upside down Mask
(use of gravity) \

o Cover plate underneath EﬂT

(risk volume reduction)
Critical Surface\

0 Temperature difference

. \
(use of thermophoresis) Cover plate

2 And/or electric field
(use of electrophoresis)
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Introduction: leferent Pressure Regimes

10000
Air, T=293 K EContlnuum Reglme
| | |
1000 L p = 1013 mbar = 760 torr |
100 - Intermediate Regime
g Free Molecular Regime
o
© 10 -
>
[%)]
n
g
o
1
—e—Kn = 0.1: Continuum Regime Limit
—4—Kn = 10: Free Molecular Regime Limit
0.1
|p =0.066 mbar = 50 mtorr |
0.01
10 100 1000 10000

Particle Diameter d , [nm]

M intgl o) 2004 EUVL-Symposium

DIV ERSITY oF MissEsoTa



‘ Vacuum Chamber

Face-down wafer

10 cm

L i

Aerosol Injection

i |

Pump Pump
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‘Vacuum Pump-Down

Ref: Zhao’'s Ph. D Thesis, UMN, 1990

Mitrogen
Po = 650 Torr

=
¥ a0} To =25 °C 0!8
[ ~ = 4.0 sec ;
=™
40 F 10Y
.60 F 10°1
80 : L : : - L . 1072
(] 10 20 30 AL

System temperature abruptly decreases at initial pumping

Em) Supersaturation ®m) Particle formation
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Vacuum Pump-Down

80 —r—

_- Pumping time constant:

t=-t/In(P/PR)
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Clean Pumping Zone

w
o
I

1 2 3 4 5 6 7

N
o
LJ

(@)

Pumping Time Constant (sec)

# : Particles formed during pump-down

< : Clean pump-down
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Effect of Gap Spacing on Particle Deposition

During Pump-Down

Gap =10cm

C

]

Face-down

Ls

Face-up

h

Pump

Gap =0.5cm

B

Pump Pump

]

-

Stepl: Fast pump down with particle formation
Step2: Examine particle deposition on wafers
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\ Effect of Gap Spacing

Fast Pump-Down at T L11 sec

Gap =10 cm

o 1 DFF] Tue fiurg TG, 7004 1615040

Test [Ch Iest Hump B3EE

x

SEroon—N—o-—000 R | T
.................. Track a4

: Froiri sl inesliar e asd
L3

Face-down wafer after 10
cycles: 30 particles added

— Tl Mg O3, OO0 145445
Test 1 Tesi Mum 559

Final By LrntLnig 1 _dges

Tata 145 [ |

Faln 145 (14

Fre ] (4 k]

Lirs= (L]

516 [Ld pom

TaH 0.3 A

L]

Face-up wafer after 10 cycles:
142 particles added

[1 Face-down is not completely sufficient for protection



\ Effect of Gap Spacing

Fast Pump-Down at T L11 sec

Gap =0.5cm

= KMMHK
Face-down wafer after 10 Face-up wafer after 10 cycles:
cycles: No particles added No particles added

[1 Smaller gap spacing improves protection



Summary: Pump-Down

Place sensitive surface face-down to reduce
particle deposition

Reduce pump-down speed to avoid particle
formation

Reduce gap space with cover plate to further
protect the sensitive surface

0 10 cm gap: 30 particles added
0 0.5 cm gap: No particles added
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Aerosol Injection

eeeeeeeeeeee——
Face-down wafer P =30 mtorr

T=22°C

L i

Pump

_> 4_

Opposing Jets
125 nm PSL Particles
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Aerosol Injection

et OEF
I—| 'J Test ID: Test Num: 658
Analyzer Printing Wafer Dia: 150 Edge: 10
Face-down Total : 1479 (1479
Point & 1478 (1479)
Area H ] [q1)]
Line I [qny)
578 H 0.4 ppm
]—' — TRH  : 0.4 fAng.
H . n
Dia: 1.5 L: 20" et
‘ v \ :
E ]
Pump Pump :
Mixing ;
. n e | AR I e g Reject
Chamber L5 = MR R EEEEEEETS Track 384
L 10 T 0000000 mNME® N - B

—>_<— > «

Jet distance: 1 cm _ o
Uniform deposition

Orifice diameter: 100 pm . 5
Re [1500; 125 nm particles at #injected 10
Particle velocity 080 m/s # added 0O10°

Sat Sep 18, 2004 18:33:48
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‘ Examine Ballistic Behavior

4" Witness wafer (face-down)

I—. ,_l Sat Sep 18, 2004 18:43:08
Face‘down onaluzer  Printing “a{lsséi[a?l 100 Edger 13 Test Num: 661
/ Total : & [€=9)
| Point HE- (&)
Area + 0 [¢n))
]_' (I Line : 0 [qn))
‘STS : 0.6 ppt
TRH : 0.4 ang.
I: ]
* Dia: 1.5" L: 20" *
Pump Pump § 1000
Mixing ”
Chamber L: 5" El eccccccccsena Reject
e Z32:295295323829 :
Jet distance: 1 cm
Orifice diameter: 100 um goa?tiﬁggcgs &?g\:\;[;%g
Re [J500; 125 nm particles p _ _
particle velocity (180 m/s No ballistic behavior occurred
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Summary: Aerosol Injection

Used opposing jets to provide uniform mixing
of aerosol

Achieved uniform deposition on the face-down
wafer

Observed no ballistic behavior at the injection
speed of 80 m/s at 30 mTorr
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‘ Thermophoresis Study

Injection speed 4.8 m/s at 400 mTorr

Mon Sep 20, 2004 11:42:17
Test Num: &71

Test ID:
Analyzer Printing Wafer Dia: 1850 Edge: 10
Total @ 298 (298>
Point : 288 (298
Area HE] [48))
Line + 0 405]
STS H 0.4 ppm
TRH H 0.4 Ang.
le4
®
£
S 1000
7 S
pe - i e
c 100 "
:' .
° Mo sseenswseaaag Track 384
OO0 QOO0 «~~ (O DM s ‘L_]."'.:__' T
; NOER

No heat applied

Before-count : 17
After-count: 298

Mon Sep 20, 2004 14:23:07

Test ID: Test Num: &73
Analyzer Printing Wafer Diar 150 Edge: 10
Total 18 as)
Point @ 18 18
Area + 0 [§2))
Line HEt] [§2))
STS H 0.4 ppm
TRH : 0.4 Ang.
led
"
E
S 1000
C
T 100
H @ .
E L= == = = e e e O o i e o s Y e e | ReJECt
f N Se eYREREEEEa S Track 384
DODO0OO0DO0OQC ™~~~ (NM™FLO M~ .- LL;’__ e
»

T =4 K/cm

Before-count : 16
After-count: 18
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‘ Thermophoresis Study

Injection speed 80 m/s at 30 mTorr

ot OFF Sat Sep 18, 2004 21:27:44
Test ID: Test Mum: &&7
Analyzer Printing Wafer Dia: 150 Edge: 10
Total : 2175 (2175
Point r 2176 (2175
Area ¢ 0 g1}
Line : 0 53]
STS 0.4 ppm
TRH 0.4 Ang.
led
o
“ 3
= = o
& 1000 Mo
s
E 100
s 4
oot :Noooooooocoo QE‘JQC{
= N NTTRerewegaga g Track 384

OT=1.5 K/cm
Before-count : 15
After-count: 2175

Sat Sep 18, 2004 23:31:1:

Test ID: Test Num: 669
Analyzer Printing Hafer Dia: 150 Edge: 10
Total 't 4B7 (487>
Point : 487 (487>
Area : D [q1)]
Line HE] 48}
STS D.4 ppm
TRH 0.4 Ang.
1ed

:

£ ~

& 1000 |¥

=

E 100 i

o

E TOO0OO0OO0OO0OOoODQOO0O0O0OQ RejQCt

e m;gg;g;;qnﬂ_qqqqq Track 384

o N W0
- e

T =11 K/cm
Before-count : 15
After-count: 487
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Summary: Thermophoresis Study

Use thermophoresis to prevent particle
deposition at 5 m/s at 400 mTorr

Observe more particle deposition at 80 m/s at 30
mTorr

Wil perform further systematic evaluations

o Pressure range: 20 mTorr ~ 100 mTorr
o Temperature range: 1 ~ 20 K/cm
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