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Fig.1-1 Force and moment balance for spherical particle on a rigid
surface. (Adapted from Wang, 1990)
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Tablel-1 Estimated air jet velocity and density.

PulkPa] | 200 300 400 500 600

U; [m/s]| 124.3| 171.1| 188.3| 194.9| 200.0

Pilkg/m®]l 24 3.6 4.8 6.0 7.2
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Fig.1-2 Calculated Reynolds number at various conditions.
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Fig.1-3 Resuspension parameter, F*, for PSL particles on wafer and
glass surfaces at various nozzle pressures.
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Tablel-2 Experimental conditions.

Silicon wafer,
Quartz glass

Polystyrene latex (PSL),

Surface material

Particle material

Particle diameter, dp
Deposition method

Air pressure, Pu

Distance between surface
and nozzle-tip, I

Jet impinging angle, 6
Duration of air jet blow, td
Jetinterval, ti

Relative humidly

Carnauba wax
0.25,0.55, 1.1 um

Gravitational settling,
Inertial impaction

200~600 kPa

6 mm

30 deg
1.0s
3.0s
20~25%
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Fig.1-4 Flowchart of experimental setup.
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Fig.1-6 Experimental setup for preparation of particle-deposited plate by
gravitational settling and inertial impaction.
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Figl-7 Flowchart of deposition process using MAGE.
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Fig.1-9 Effect of deposition processes on removal efficiency (dp=0.55um)
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Fig.1-11 Effect of nozzle pressures on total removal efficiency.
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Fig.2-8 Influence of particle charge on removal efficiency of particles
deposited on SUS plate.
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(a). SUS-304 (2B grade)
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Fig.3-2 Scanning electron micrograph of SUS plates with various polishing grade.
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(d). SUS-304 (electrochemical-buffering-treated: MA grade)
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Fig.3-3 Principle of scanning tunneling microscopy.
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Fig.3-6 Comparison of removal efficiency of particles on SUS plate
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Fig.3-7 Comparison of removal efficiency of particles on SUS plate
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Fig.3-10 Scanning electron micrograph of particles used.



(c). Calcium carbonate particle
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&, HFLBERERAOMEICL ST, REET—HT 5.

3) 19V AB7I-)OFEEIL, NIVAIT Uy MESEIZICK L TR
WAL, F*EWVALT Uy MEFOKOBKE L TRHEATE, BEORHE
*FETHIENTES,

%280 [FREEG S ORTFRECRIZTRFOFEOLE] TH,

1)  RELEE EEOHE, HIOHBIZL-o TELIBERNE, BEY
BICKERPELRIZS AV, —F, RESEBEOSE, RNOENIEVEE
T, HFPEELTVAL, FBELTOAVESICHSRERFMETT 575, T
N ERTERERIFEZCEBHLELL. Jhid, BEENIPHENELT
{dvan der Waals T ICHRGEW N TH B Z L2 5.

E3ED [WIFREIIRIZTHTFB LUHREDORERIROEE| T,

1) FKEIMHCWEHE, REOMMOME L BT R FOREDHEITH 2 BFHRIC
£oT, BRERIEAT S, MEOMBENENFRETH 556, BRERIIRE
RENHNEL 225, MMOME L DREFPZ ) REVEHEE, FEREICHE
R, HOEREADHHPETHRERMET T4, Thid, KEOHIOEED, BRES
WCHRENICDENL D EEZLNS,

2) KHFERVEREOHE, REHTFLEBELT, EEEDELEEN/NIV



M EBREERIEV. #I, RELOEMEEFIRKEVHFTREERIETT5.
COEENS, REINDNSWVIZEEZF L %5, L, vander Waals D ICHF 5T 25 F
DEED, NFERIZL>TEATE0TH 5.
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NOMENCLATURE

A Hamaker constant [J]

A, cross-sectional area of nozzle [m?]

A, B constantin Eq. (1-21) [-]

B,  second virial coefficient [-]

Cp  drag force coefficient [-]

dp particle diameter [m]

d;, mediandiameter [m]

e elementary electric charge [1.6X 1019 C]

F_ 4 adhesion force [N]

F,.; adhesion force due to image force [N]

F ., adhesion force due to contact potential difference [N]
F;  aerodynamic drag force [N]

F,, vander Waals force [N]

F*  dimensionless resuspension parameter [=FJ/F, ] [-]
1 current [A]

k specific heat ratio [-]

1 distance between surface and nozzle tip [m]
M average molecular weight of air [-]

N particle number concentration [m-3]

n number of exposures to pulse air jet [-]

p number if elementary units of charge [-]

P, atmospheric pressure [Pa]

P, absolute pressure upstream of nozzle [Pa]
Q volumetric flow rate at pressure of P [m3/s]

Qr sampling volumetric flow rate at FCE [m3/s]

Re Reynolds number based on particle diameter [pj-uj °dp/u] [-]

R universal gas constant [JeK-lemol-!]



1)
2)
3)

4)
5)
6)
7

Iy fractional removal efficiency [-]

r; removal efficiency per pulse air jet [-]
r, total removal efficiency {-]

T temperature [K]

ty duration of air jet blow [s]

t; jetinterval [s]

u. air jet velocity [m/s]

Z separation distance between particle and surface [m]

Ye critical pressure ratio [N/m?]
H air viscosity [Pass]
6 Jetimpinging angle [-]

P density of air [kg/m?]
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