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% Introduction - (I{ZE A4 AIE
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% CO, Snow Cleaning

% Argon Snow Cleaning

% CO, Pellet Cleaning

% Microcluster Beam cleaning
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1 EED /-4 Introduction

\ 0/0/Z = Aerosol:
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Particles, Films
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1 EED /-4 Introduction

VO EE HES EF
- Cryogenic aerosol snow cleaning
Dry ice snow
Argon snow
N Cryogenic pellet cleaning
Dry ice pellet
Ice pellet
- Electrohydrodynamic aerosol cleaning

Microcluster beam
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ME NH

Adhesive forces Detachment forces

Van der Waals force Gravitational, vibrational
Electrostatic force and centrifugal forces

Liquid bridge force —

oc d?
v Air current force
o d = B
\ < d’
Detachment force d?ord? ,
oC ocdord

Adhesive force

As particle size decreases, it becomes more difficult to remove
particles from surfaces
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SA=E ME gL

\ Cryogenic Aerosol:
Ice patrticles, solid CO, particles, solid argon particles
- Snow(~micron) and pellets(~mm)

Vlmpact & 55 - ZAIZ EIIK 22

The snew impacts
particles aevd the gas
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e Online and in-line A/ & Jt=

e Nontoxic, non-pollutant, nonflammable,
Inexpensive
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SA= ME K=

*Momentum & &

=i 2 Jf — film XA

« £ 9= S J(Thermophoretic effect)
*Freeze/Fracture effect — film x| A

255 9A1S OB S
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Dry Ice Snow Cleaning

1(&{8
Pressure
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4000
3000

2000

1000

7

1atm ™

\ Thermodynamics of Aerosol Formation

\ Properties of CO,

co,

u PHYSICAL

o PROPERTIES

B Liquid T CHEMICAL FORMULA
Critieal point MOLECL LAR WEIGHT
: SOLID STATE DENSITY
\EP id 505K, 72.85atm GAS STATE DENSITY
lasti Gas LIQUID STATE DENSITY

/ Triple point, 203K
14.7 ps S5atm

I d

Vs

SUPERCRITICAL STATE DENEITY
CRITICAL TEMFERATURE
CRITICAL PRESSURE
CRITICAL DENSITY
T.P. TEMPERATURE
T.P. PRESSURE
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QUANMTITY LUNITS

COz
44 .01 g/maole
1.6 g/ml

0.002-0.2 géml
0.7-1.2 géml
N4-12 g/ml

205 K
72.85 At
0.483 g/m|

203 K

£ atm




Dry Ice Snow Cleaning

Higher snow
conversion

PRESSURE-PSIA

N Two stage cooling

Carbon Dioxide Pressure-Enthalpy Diagram

§ EEES

ENTHALPY-BTU/LE
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Dry Ice Snow Cleaning ISR/ /A3

% From Gaseous CO,

Coagulation
0 %%
855,86 @ ®
— | 05%5% | = —p
00006’ o @ @ ‘ ‘
9
0 J

Liquid Droplet Nucleation *°°
Condensation

Buildup process
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Liquid—to—solid
transformation

Dry Ice
Snow !

~Several micrometers
~8% vyield




Dry Ice Snow Cleaning ISR/ /A3

% From Liquid CO,, Coauiator

[926) %%
000 9 ¢ Qo Q.
302 O [ |
%5000 @ ) Snow !
Gas Bubble Nucleation ~ ~°° Bubble explosion & Liquid—to-solid
Condensation Disintegration to Droplets transformation

~Several tens of micrometers
~45% vyield
Breakdown process

- Explosive shattering of liquid jet
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Dry Ice Snow Cleaning W& 2.4}

‘iﬁh
/X CO, gas + solid
Gas CO, cleaning
nozzle
Cleaning occurs wher
jet contacts surface.
Surface to be cleaned
54 atm liquid or
gas phase CO,
00
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Dry Ice Snow Cleaning =

VCR GASKET

VCR NUT
ORIFICE FERRULE
NQZZLE FERRULE
NOZZLE NUT
R S i
\\\\\..._‘ r_.,,' s::::.: \ g -t-:;:;!:‘.-:::;?:!;:;t-.::'E::;EE:.
T ,,,,.. \\\\\ N T BN
//// ik

e
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R,
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NOZZLE
ORIFICE
ORIFICE RETAINER
ORIFICE ADAPTER, VCR
CO, SUPPLY FITTING, VCR
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Dry Ice Snow Cleaning WAL=~ B~z Fs G

\ Tangential force(Removal) vs.Vertical force(Adhesion)

Cryogenic Particle

ollision Foree, F¢ Contaminant Particle

Boundary 1
undary layer Tangential Collision Force

Drag Force, Fr

Cofitact itdiu:, a

|

|
van der Waals Force, Fqw i
Electronic double layer Force, F..*p

MNormal Collision Force
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Dry Ice Snow Cleaning WAL=~ B~z Fs G

\ Characteristic time
2
_ d p,C

181 d,- Diameter of cryogenic particles

c

T

p,- Density of cryogenic particles
w: Viscosity of CO, gas

C.: Cunningham correction factor
Nozzle velocity, U,

................... ﬁ eeeeeeeee------- BoOUNdary layer

! :uo(l_ij
1 Surface Uoz-

Impact velocity, U
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Dry Ice Snow Cleaning WAL=~ Bz R

N\ 2He Y9 FI/vs. RIS T
Assuming o0 =0.63U,z and U, = 40m/s
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Dry Ice Snow Cleaning B//Z£21=]

\ 2051

Liiusl 002 PMASE GEMERATED 08 wiPall

CO2 PARTICLE

l wEaCT vELOCITY

Y A= LiOUD P
. 4 i
: o

EL.rHS"'Eh'E

fff/ff”
r

coZ YiEl E' PRESSLAE

._'__.-"'.r
- - r S
& - "'- e
: *"::‘J‘.?;"’}"‘f f’*"ﬂ - .
I_,-I 5..‘31"'-,. -]':'F'fi"l'l.l'-'l. Ok
| . FLASTC DEFORMATON

!-IJ‘-?. ACE F"H"SEIJFIE EH'E-TE'HUTI'LIT-.

Figure Removal of organic contaminants by solid-state
carbon dioxide per the theory of liguid-phase solvency.
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DIQVAILRS e\ A® CENGIT M Applications

\\ Removal of grease residue(organic films) deposited on silicon wafer
* 0
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BDIQVAILIS i [ A® [<Eal sl Applications

*Qptics

sLaser interferometers and mirrors
Silicon wafers

«Ceramics

*Flat panel Display substrates
*Printed circuit board

*Read/write head

*Medical products
«Semiconductor instrument
*Gyroscope s and microvalving
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Dry Ice Snow Cleaning BEEUES

c M2
o 2 AHO{ 1t
o AB=H o =
T S
e AN 2 A
o J| &t &=2f - Thermal shock
« 212 JIHl - Consumption and purity
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Argon Snow Cleaning ESI® /A3

\ Argon &/ A& S &

critical
poitt

Precool

lfq_ <= vap.

Expansion
vapor

[N
#——z0l. <=> wap.
[
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Argon Snow Cleaning BIW./~4-3

B wrgor /5 515

\ Buildup Breakdown
on/& A

~1lpm 8~15um
on & Xt on & Xt

*

-Joule-Thomson cooling effect S Jt
-Argon A4/ A2
-Argon 2 Xte| 30| & 20E XA
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Argon Snow Cleaning [ISIW AF X/ L0400

\

POINT OF USE FILTER
. 4:{
' LN, PRESSURE
N ?/ (T

)
M

e ’/— HEAT EXCHANGER

|

§ /¢ AEROSOL

g

PURGE
GAS
VACUUM CHAMBER l

PUMP

!
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Argon Snow Cleaning AYeJelllsr:1[e]gls

L BFEX K etel

Application | Technology | Purpose Wet Clean
Point Insertion Replacement

Dhelectnic DEAN, sorap Tes

etch logic reduction

Sputter DEAD Tield Mo

deposition inprovenent

(Fate metal DE AT Eeliability Tes

sthicides nprovemmnent

Idetal etch Advanced Tield Tes
logic inprovenent

Via etch DEAMN, Yield Yes
logic nprovemmnent

LPCVD DEAM Tield Mo

deposition inprovenent

Electrical Logic Tield Tes

probe inprovement
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