
lized in any form or by any means, 
lcopying, recording, or by any 
lout permission in writing from the 

In Data 

cleaning: fundamentals and applied 

ittal, 

ldex. 

Surface contamination-Prevention. 
Coatings. 6. Dust control. 1. Kohli, 

'ICE 
ionin this publication is accurate; however 
onsibility or liability for the accuracy or 
ng from, such infonnation. This book is 
y. Mention of trade names or commercial 
nt or recommendation for their use by the 
itability of any infonnation or product for 
the sole responsibility of the user. Anyone 
ion of materials or procedures mentioned in 
ly satisfied as to such suitability, and must 

mdards. 

Contents
 

Introduction	 XXXIII 

Rajiv Kohli and Kash Mittal 

PART I FUNDAMENTALS.......................... 1
 

1	 The Physical Nature of Very, Very Small Particles and
 
its Impact on Their Behavior . . . . . . . . . . . . . . . . . . . . . . . . . 3
 

Othmar Preining 

1.1	 Introduction................................. 3
 
1.2	 The Spectrum of Aerosol Particle Sizes . . . . . . . . . . . . . 3
 
1.3	 Atoms and Molecules-Concepts and
 

Dimensions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
 
1.4	 The Model of a Gas. . . . . . . . . . . . . . . . . . . . . . . . . . . 8
 
1.5	 Particles and Gas Molecules . . . . . . . . . . . . . . . . . . . .. 10
 
1.6	 Particle Interactions . . . . . . . . . . . . . . . . . . . . . . . . . .. 15
 

1.6.1	 Coagulation............................ 15
 
1.6.2	 Homogeneous nucleation . . . . . . . . . . . . . . . . .. 15
 
1.6.3	 Adsorption............................ 17
 

1.7	 Nanoparticles as Molecular Clusters " 18
 
1.8	 An Interaction Model for Nanometer-Sized Particles . .. 19
 
1.9 Concluding Remarks . . . . . . . . . . . . . . . . . . . . . . . . .. 21
 
Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23
 
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 23
 

2	 Elucidating the Fundamental Interactions of Very Small
 
Particles: Ultrafast Science . . . . . . . . . . . . . . . . . . . . . . . . .. 25
 

Carlo Altucci and Domenico Paparo 

2.1	 Introduction................................. 25
 
2.2	 Techniques for the Generation of Ultrashort Pulses. . . .. 27
 

2.2.1	 Basic concepts: mode locking and early
 
generations of ultrashort laser sources . . . . . . . .. 27
 

2.2.2	 Sub-lOO-fs pulses and chirped pulse
 
amplification . . . . . . . . . . . . . . . . . . . . . . . . . .. 31
 

2.2.3	 The few-optical-cycle regime. . . . . . . . . . . . . . .. 39
 

v 

Administrator
Typewritten Text
620.44 DEV





CONTENTS 

(CEP) , 48 
nilse 

54 
:s ill 

67 
67 

le . 69 
-gime . 71 
nic generation . 75 
nand 
It border line of 

85 
100 

ichemistry: 
tion states . 101 
tical concepts 
irmation and 

106 
~ and 1aser
)n . 108 
e-packet . 110 
ation and 
ng . 111 
's . 115 
s and Chemical 

120 
iabatic 

128 
lIography: UED 

137 
:s for Probing 
c and 

142 
145 

ement of SSHG 
150 
151 

~ probed by 
HG . 157 

162 
163 

CONTENTS	 VB 

3 Transport and Deposition of Aerosol Particles. . . . . . . . . . .. 189 
Daniel J. Rader and Anthony S. Geller . 

3.1	 Introduction . 189 
3.2	 Noncontinuum Considerations . 190 
3.3	 Lagrangian Particle Equation of Motion . 191 

3.3.1 

3.3.2 
3.3.3 

3.3.4 

Fluid-particle drag force . 192 
3.3.1.1 Fluid-drag force: assumptions 

and practical considerations . 194 
Gravitational force . 197 
Thermophoretic force . 197 
3.3.3.1 Continuum regime limit . 198 
3.3.3.2 Free molecule regime limit . 198 
Electrostatic force . 198 

3.4	 Inertial Effects . 199 
3.4.1 Nondimensionalization	 . 199 

3.5	 Drift Velocity . 201 
3.5.1 Gravitational drift velocity	 . 202 
3.5.2 Thermophoretic drift velocity	 . 203 
3.5.3 Electric drift velocity	 . 205 

3.6	 Eulerian Formulation . 205 
3.6.1 Particle diffusion coefficient	 . 206 
3.6.2 Nondimensional formulation	 . 208 

3.7	 Particle Transport and Deposition in a Parallel 
Plate Reactor . 209 
3.7.1 

3.7.2 
3.7.3 

3.7.4 

, 

Fluid transport equations . 211 
3.7.1.1 Flow field in the showerhead 

holes . 212 
3.7.1.2 Fluid transport between 

parallel plates . 213 
3.7.1.3 Summary: fluid flow analysis for 

the parallel plate geometry . 216 
Particle collection efficiency . 217 
Particles entering through the showerhead . 218 
3.7.3.1 External force limit . 219 
Particle traps/in situ nucleation . 220 
3.7.4.1 Efficiency for the Lagrangian 

formulation . 222 
3.7.4.2 Efficiency for the Eulerian 

formulation . 222 
3.7.4.3 External force limit . 223 





CONTENTS 

.ion from traps 
224
 

1. . 225
 
ilerian particle
 
1.	 . 226
 
efficiency . . . . . . . . . 229
 

229
 
230
 

mediate Peclet
 
230
 
233
 

s	 . 234
 
235
 

fects . 237
 
horesis . 238
 
ced deposition . 239
 

242
 
iowerhead holes . 242
 
parallel plates . 245
 
of critical Stokes
 

247
 
mensional results . 249
 
unbers . 250
 
yes . 252
 

254
 
255
 

isional results . 258
 
Guidelines . . . . . . . . . 261
 

264
 

'ace 
267
 

267
 
s	 . 268
 

273
 
;e in Surface Cleaning . 280
 
ince in Surface Cleaning 285
 
Ice in Surface Cleaning 286
 

CONTENTS 

4.7 Abrasive Erosion and Its Relevance in Surface Cleaning 
4.8 Summary . 
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

5	 Tribological Implication of Particles . 
Koji Kato 

5.1 Introduction	 . 
5.2 The Micro-Site for Generation of Wear Particles . 
5.3 Wear Modes and Particles	 . 

5.3.1 

5.3.2 

5.3.3 

5.3.4 

5.3.5 

5.3.6 

5.3.7 

Adhesive transfer of atoms in contact and 
separation . 
Adhesive transfer of flake-like particles in 
sliding contact . 
Micro-cutting and generation of fine 
feather-like particles in abrasive sliding . 
Surface plastic flow and a thin filmy wear 
particle generation by repeated contacts . 
Crack initiation and propagation in the 
subsurface of contact and generation of a 
flake-like particle by repeated contact . 
Tribo-oxidation and generation of 
particles of oxides by repeated contacts in 
air and water . 
Wear particles generated in sliding of steels 
in oil with additives . 

5.4 Wear Rate and Number of Generated Wear Particles .. 
5.5 The Size Distribution of Wear Particles	 . 
5.6 Concluding Remarks	 . 

5.6.1 Solid wear particles	 . 
5.6.2 Gas molecules by wear	 . 
5.6.3 Triboemission of electrons, ions, photons, 

and particles . 
Acknowledgement . 
References : . 

6	 Airborne Molecular Contamination: Contamination on 
Substrates and the Environment in Semiconductors and 
Other Industries . 

Taketoshi Fujimoto, Kikuo Takeda and Tatsuo Nonaka 

IX 

288
 
292
 
294
 

299
 

299
 
299
 
302
 

302
 

303
 

305
 

307
 

309
 

311
 

312
 
315
 
318
 
322
 
322
 
323
 

323
 
325
 
325
 

329
 





CONTENTS 

329 
330 

integration . 332 
iant . 332 
AMCs . 333 

olecular 
333 

problems in the 
336 

ffects . 337 
nolecular 

339 
mology transfer 
iI2A-TR . 343 
nology 
conductor 

343 
344 
345 

{sis . 345 
ntal) analysis . 350 

352 
352 

NH 3) and 
353 

~anic compounds .... 354 
phosphorus, 

365 
hod for 

367 
370 

)9 .	 376 

382 
rties of AMCs . 382 
the outdoor air .	 382 

384 
384 

oxanes, 
.hates and other 
ds . 386 

CONTENTS 

6.4.2 Examples of problems caused by AMC 
contamination . 
6.4.2.1 
6.4.2.2 
6.4.2.3 
6.4.2.4 

General. . 
Effects of ammonia . 
Effects of siloxanes . 
Effects of HMOS . 

6.4.3 Chemistry of AMCs	 . 
6.4.3.1 

6.4.3.2 
6.4.3.3 

6.4.3.4 

6.4.3.5 

Monolayer and sub-monolayer
 
contamination .
 
Clausius-Clapeyron relation .
 
Outgassing phenomenon:
 
two-phase exponential
 
model of vaporization and
 
diffusion of contaminants .
 
Sticking probability, sticking
 
coefficient, and staying tendency .
 
Investigation of contamination
 
based on the "Organic Conceptual
 
Diagram" .
 

6.5 Examples of Application of Knowledge and
 
Technology .
 
6.5.1 

6.5.2 

6.5.3 

6.5.4 

Excursion of AMCs . 
6.5.1.1 Data analysis . 
6.5.1.2 Investigation of contaminant 

sources in cleanroom . 
Selection of construction materials
 
with fewer AMC contaminant
 
sources .
 
Chemical filter for air cleaning .
 
6.5.3.1	 Change of total organic 

concentration with time . 
6.5.3.2	 Change of siloxanes concentration 

in cleanroom air . . . . . . . . . . . . . . . . . 
6.5.3.3	 Effect of chemical filter . 
6.5.3.4	 Published reports on removal 

mechanisms. . . . . . . . . . . . . . . . . . . . . 
6.5.3.5 Other issues . 
Removal from the substrate surface 
(carbon chemistry) . 
6.5.4.1	 Cleaning technology using UV 

photoelectron with catalyst . 

Xl 

401 
402 
402 
403 
403 
403 

403 
408 

411 

414 

426 

432 
432 
432 

432 

435 
436 

436 

437 
439 

439 
441 

441 

441 





CONTENTS 

nology .	 443
 
443
 
444
 

nents for 
444
 

ization . 445
 
miques . 448
 
m cleanliness
 

448
 
449
 

)f AMCs . 449
 
rods . 449
 
s technology to
 

452
 
ne . 452
 
:rs . 452
 
.riment and
 
:nts . 452
 

454
 
/chemist to
 

454
 
455
 
456
 
456
 

al.	 . 475
 
vid M. Schaefer 

475
 
ie Adhesion . 478
 

487
 
In , . 492
 

on of Particles
 
493
 
497
 
498
 

itrols to Particle
 
nts . 503
 

CONTENTS 

8.1 Introduction	 . 
8.2 Electrostatic Charge Problems in Cleanrooms . 
8.3 Static Charge Generation	 . 
8.4 Insulators Versus Conductors	 . 
8.5 Cleanroom Electrostatic Management	 . 
8.6 Air Ionization for Static Charge Control . 

8.6.1	 Corona ionization . 
8.6.1.1	 AC ionizer . 
8.6.1.2	 DC ionizer . 

8.6.2	 Photoelectric ionization . 
8.6.3	 Radioisotope ionization . 
8.6.4	 Measuring ionizer performance . 

8.7 Air Ionizer Applications	 . 
8.7.1	 Discharge in process tools . 
8.7.2	 Flow benches and work surfaces . 

8.8 Conclusions . 
References . 

PART II	 CHARACTERIZATION OF SURFACE 
CONTAMINANTS . 

9	 Electron Microscopy Techniques for Imaging and 
Analysis of Nanoparticles . 

Zhong Lin Wang and Jean L. Lee 

9.1 Scanning Electron Microscopy	 . 

9.1.1	 Instrumentation . 
9.1.1.1	 Environmental scanning electron 

mIcroscope . 
9.1.2	 Signals produced by the SEM . 

9.1.2.1	 Imaging . 
9.1.2.2	 Composition analysis . 

9.2 High-resolution Transmission Electron Microscopy . 
9.2.1	 Main components of a transmission 

electron microscope . 
9.2.2	 The physics for atomic resolution lattice imaging 

9.2.2.1	 Phase contrast imaging . 
9.2.2.2	 Image formation . 
9.2.2.3	 Image interpretation of very thin 

samples . 

XIll 

503
 
504
 
508
 
510
 
511
 
514
 
515
 
515
 
517
 
519
 
520
 
521
 
521
 
524
 
525
 
526
 
527
 

529
 

531
 

531
 

531
 

535
 
536
 
536
 
541
 
545
 

546
 
548
 
548
 
550
 

551
 





l 

CONTENTS 

and image simulation ..	 552
 
555
 
555
 

tacking faults .	 558
 

559
 
les-decahedron
 

562
 
on . 562
 
: to obtain a
 

563
 
,n Microscopy. . . . . . . .	 564
 

564
 
566
 

maging .	 568
 
s . 569
 
ements . 570
 

570
 
ties of
 

.opy of
 
576
 

SIS . 577
 

578
 
e and bonding in
 

oanalysis (EDS).	 . . . . . . 581
 
582
 
583
 

585
 
minant
 

585
 
(AES) . 586
 

586
 
ES . 586
 

.	 593
 
for characterizing
 

; . 594
 

600
 
; and future
 

scopy (XPS) . 601
 

CONTENTS	 xv 

10.3.1	 Background of XPS . 601
 
10.3.2	 Basic principles of XPS . 602
 
10.3.3	 XPS instrumentation . 611
 
10.3.4	 Applications of XPS for characterizing
 

surface contaminants . 613
 
10.3.5	 Recent developments and future
 

directions of XPS . 620
 
10.4	 Time-of-Flight Secondary Ion Mass
 

Spectrometry (TOF-SIMS) . 622
 
10.4.1	 Background of TOF-SIMS . 622
 
10.4.2	 Basic principles of TOF-SIMS . 622
 
10.4.3	 TOF-SIMS instrumentation . 628
 
10.4.4	 Applications of TOF-SIMS for
 

characterizing surface contaminants . 630
 
10.4.5	 Recent developments and future
 

directions of TOF-SIMS . 634
 
10.5	 Low-energy Ion Scattering (LEIS) . 635
 

10.5.1	 Background of LEIS . 635
 
10.5.2	 Basic principles of LEIS . 635
 
10.5.3	 LEIS instrumentation . 640
 
10.5.4	 Applications of LEIS for characterizing
 

surface contaminants . 641
 
10.5.5	 Recent developments and future
 

directions of LEIS . 645
 
10.6 Summary . 646
 
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 647
 

11	 Ionic Contamination and Analytical Techniques for
 
Ionic Contaminants . 653
 

Beverly Newton 

11.1	 What is an Ion? . . . . . . . . . . . . . . . . . . . . . . . . . .. 653
 
11.2	 Sources and Effects of Ionic Contamination in
 

Electronics Manufacturing. . . . . . . . . . . . . . . . . . .. 654
 
11.3	 How Does Corrosion Begin? . . . . . . . . . . . . . . . . .. 656
 
11.4	 Sources and Effects of Ionic Contamination for
 

Semiconductor and MEMS Manufacturing. . . . . . .. 656
 
11.5	 Ionic Contamination of Data Storage
 

Products. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 658
 
11.6	 Ionic Contamination of Cleanroom and
 

Packaging Materials . . . . . . . . . . . . . . . . . . . . . . .. 658
 





CONTENTS 

; emission . 

spectroscopy 

~ absorption 

sma/mass 

ctron emission 

ctroscopy 

copy (AES) . 
ectroscopy/ 
ir chemical 

luorescence 

=) . 
oresis (CIE) . 

cry for Thin 
.. " " " " " " " " .. " " " .. " " 

ne Molimard 

~t~' : : : : : : : : : : : : : : 

em ··· . 

cl~ 

2tion . 

660 
660 
661 
661 
661 

662 

663 

664 

665 

665 
666 

666 

667 
667 
671 
671 
672 

675 

675 
676 
676 
679 
680 
680 
681 
683 
684 

684 

CONTENTS XVII 

12.4.2 New developed method 
12.5 Conclusions 
References 

. 

. 

. 

684 
689 
690 

13 Wettability Techniques to Monitor the Cleanliness 
of Surfaces 

William Birch, Alain Carre and Kashmiri L. Mittal 
. 693 

13.1 
13.2 
13.3 
13.4 
13.5 
13.6 
13.7 

Background and Introduction . 693 
Fundamentals . 694 
Theoretical and Experimental Investigations . 696 
Instrumentation . 700 
Examples of Applications . 705 
Recent Developments . 716 
Future Directions . 718 

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 721 

PART III METHODS FOR REMOVAL OF SURFACE 
CONTAMINATION . 725 

14 The Use of Surfactants to Enhance Particle Removal 
from Surfaces . 727 

Michael L. Free 

14.1 Introduction . 727 
14.1.1 Industrial perspective . 727 
14.1.2 Historical perspective . 728 

14.2 Surfactant Behavior in Solution . 728 
14.3 Interfacial Forces and Particle Removal . 734 

14.3.1 Introduction to interfacial forces . 734 
14.3.2 Measurement of surface forces . 736 
14.3.3 
14.3.4 
14.3.5 

14.3.6 
14.3.7 

14.3.8 
14.3.9 

Adhesion . 738 
Particle removal forces . 739 
Modification of surface forces using 
surfactants . 739 
Measurement of particle removal . 744 
Enhanced-particle removal results 
associated with surfactant use . 745 
Post-cleaning surfactant removal . 749 
Selection of surfactants for cleaning 
purposes . 750 





CONTENTS 

ing of 
noval using 

750
 
753
 
753
 

759
 

759
 
y Issues . 760
 
:nts
 

761
 
of ozone
iemicals . 762
 
epletion in the
 

772
 
776
 

of a VOC . 776
 
of VOC exempt. . 780
 

eading to smog
 
782
 

ed from VOCs . 785
 
789
 

of solvent 
cause of global 

789
 
;ulations affecting
 
mmg . 792
 
nt characteristics
 
'P.. ", . 795
 
~s of Solvent
 

796
 
797
 

it . 797
 
on . 802
 
:harge . 807
 
s recommended
 
ires . 809
 
tact . 810
 
act . 812
 

CONTENTS	 XIX 

15.4 

15.5 

15.6 
15.7 
15.8 

15.3.1.7 Carcinogenicity	 . 814
 
15.3.1.8 Protection from hazards . 815
 
15.3.1.9 Taking action	 . 820
 
15.3.1.10 Legal or regulatory hazards . 821
 
15.3.1.11 Economic hazards . 821
 

Solvent Selection via Solubility Parameters . 822
 
15.4.1 
15.4.2 
15.4.3 

15.4.4 

15.4.5 

Background . 823
 
The Kauri Butanol test . 823
 
The Hildebrand Solubility Parameter . 825
 
15.4.3.1	 A one-dimensional solubility
 

parameter . 826
 
15.4.3.2 Molecular forces . 827
 
Hansen Solubility Parameters (HSP) . 829
 
15.4.4.1 Solvent substitution with HSP . 830
 
Solvent substitution . 831
 
15.4.5.1	 Multiple components . 831
 
15.4.5.2	 HSP data and calculations . 833
 

Choosing Cleaning Solvents and Cleaning
 
Processes . 839
 
15.5.1 

15.5.2 

Choices of solvents 
15.5.1.1	 Chemical structure and 

atomic composition 
15.5.1.2 Technical data 
Cleaning/rinsing/drying processes 
15.5.2.1	 Solvent cleaning processes 
15.5.2.2	 Rinsing processes 
15.5.2.3	 Drying processes 
15.5.2.4	 Design features for 

environmental control 
15.5.2.5	 Multiple-stage processes 
15.5.2.6	 Selection of design features 

. 840
 

. 840
 

. 851
 

. 851
 

. 852
 

. 853
 

. 853
 

. 854
 

. 855
 

. 856
 
Control of Quality in Solvent Cleaning . 858
 
Avoiding Common Mistakes . 862
 
The Future of Solvents and Cleaning . 863
 
15.8.1 Customer preferences	 . 864
 
15.8.2 Environmental regulations	 . 865
 
15.8.3 Innovation	 . 866
 

15.8.3.1	 Business innovation . 866
 
15.8.3.2	 Technical innovation . 866
 
15.8.3.3	 Regulatory innovation . 867
 

References	 . 868
 





CONTENTS 

eaning . 

nistries . . . . . . . .. .. 
~r preparation . . .. .. 

ng Jet . 

oval . 
eters . 
efficiency . . . . . . . . . . 
nditions on the 

)p I:::.Pn and 

mgle e . 
ronment. . 
: the Air Jet 

od . 
ds . 

:I Processing 

873
 

873
 
876
 
876
 
878
 
880
 
881
 
881
 
882
 
883
 
886
 
886
 
887
 

889
 

889
 
890
 
890
 
894
 

896
 

896
 
897
 
903
 

906
 
906
 
909
 
913
 
914
 
916
 
916
 

919
 

CONTENTS XXI 

18.1 Introduction.............................. 919
 
18.2 Microabrasive Technology. . . . . . . . . . . . . . . . . . .. 920
 
18.3 Fundamental Considerations. . . . . . . . . . . . . . . . .. 921
 

18.3.1 Removal of films. . . . . . . . . . . . . . . . . . . .. 922
 
18.3.1.1 Removal by delamination . . . . . .. 922
 
18.3.1.2 Removal by mechanical erosion. .. 923
 

18.3.2 Removal of particles. . . . . . . . . . . . . . . . .. 924
 
18.4 System Description . . . . . . . . . . . . . . . . . . . . . . . .. 925
 

18.4.1 Nozzle materials and design. . . . . . . . . . . .. 926
 
18.4.2 Type of abrasives . . . . . . . . . . . . . . . . . . .. 927
 

18.4.2.1 Selection of the abrasive . . . . . . .. 931
 
18.4.2.2 Abrasive quality. . . . . . . . . . . . .. 932
 

18.4.3 Air treatment. . . . . . . . . . . . . . . . . . . . . .. 933
 
18.4.3.1 Air drying . . . . . . . . . . . . . . . . .. 933
 
18.4.3.2 Oil contamination. . . . . . . . . . . .. 935
 

18.4.4 Dust collection . . . . . . . . . . . . . . . . . . . . .. 935
 
18.4.5 Recycling and secondary waste. . . . . . . . . .. 935
 
18.4.6 Static charging . . . . . . . . . . . . . . . . . . . . .. 936
 
18.4.7 Scalability.......................... 937
 
18.4.8 Costs............................. 938
 

18.5 Applications.............................. 938
 
18.5.1 
18.5.2 
18.5.3 

18.5.4 
18.5.5 
18.5.6 
18.5.7 

18.5.8 

18.5.9 

Removal of conformal coatings . . . . . . . . .. 938
 
Thin film removal. . . . . . . . . . . . . . . . . . .. 939
 
Removal of coatings on dental
 
components. . . . . . . . . . . . . . . . . . . . . . . .. 940
 
Cutting brittle materials. . . . . . . . . . . . . . .. 940
 
Precision deburring of metal components. . .. 941
 
Demarking......................... 942
 
Micromachining of three-dimensional
 
structures . . . . . . . . . . . . . . . . . . . . . . . . .. 944
 
Decorative engraving, etching,
 
and frosting . . . . . . . . . . . . . . . . . . . . . . .. 945
 
Miscellaneous applications. . . . . . . . . . . . .. 946
 

18.6 Advantages and Disadvantages. . . . . . . . . . . . . . . .. 946
 
18.6.1 Advantages......................... 946
 
18.6.2 Disadvantages....................... 947
 

18.7 Summary................................ 947
 
Acknowledgements. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 947
 
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 947
 





CONTENTS 

genic Aerosols . . . . . . .	 951
 
utterbaugh 

951 
sms . 953 
ynamic forces . 955 

956 

l Cryogenic 
958 

nts .	 961 
964 
965 
969 

; .	 970 
970 
974 
981 
984 
984 

..................	 987
 

987 
988 
989 
990 
990 
991 
992 
994 
995 

1S . 997 
ontrol . 997 
rol . 998 
)1 . 999 

1000 
1000 

Irces . 1001 

ities . 1001 

ondensation . 1002 

CONTENTS 

20.6.2.3 Static charge . 
20.6.2.4 Cleaning technique . 

20.6.3 Surface damage . 
20.7 Applications . 

20.7.1 
20.7.2 
20.7.3 
20.7.4 
20.7.5 
20.7.6 

Materials . 
Vacuum technologies . 
Optics . 
Hard drive disks assemblies and components 
Cleanrooms, process equipment, and tooling 
Other applications . 

20.8 Summary and Conclusions . 
References . 

21	 Coatings for Prevention or Deactivation of Biological 
Contamination . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Joerg C. Tiller 

21.1 
21.2 
21.3 
21.4 
21.5 

21.6 
21.7 

21.8 

Introduction . 
Biological Contaminations . 
Means of Contamination . 
General Requirements for Self-cleaning Coatings . 
Laboratory Tests for Antimicrobial Activity 
of Coatings . 
Agents Against Biological Contaminations . 
Coating Methods . 
21.7.1 
21.7.2 
21.7.3 
21.7.4 
21.7.5 
21.7.6 
21.7.7 
21.7.8 
21.7.9 

Brush, pad, and roll coating . 
Dip and flow coatings . 
Spin coating . 
Spray application . 
Electroplating...................... 
Electroless plating . 
Sputtering . 
Physical vapor deposition . 
Chemical vapor deposition . 

21.7.10 Surface modification . 
Non-adhesive Coatings . 
21.8.1	 Coatings with hydrophilic polymers and 

hydrogels . 
21.8.2	 Ultrahydrophobic coatings . 

xxiii 

1002 
1002 
1003 
1003 
1004 
1007 
1007 
1008 
1009 
1009 
1010 
lOll 

1013 

1013 
1015 
1016 
1016 

1017 
1019 
1020 
1020 
1020 
1020 
1020 
1021 
1021 
1021 
1022 
1022 
1022 
1022 

1023 
1026 





CONTENTS CONTENTS XXV 

:t charge on 22.2.1.3 Importance of short range 
· ............... 1026 repulsive interactions .......... 1075 
· ............... 1027 22.2.2 Adsorption of ions on silica surfaces ...... 1077 

hibiting Coatings .... 1027 22.2.2.1 Structure of the silica-water 
· ............... 1028 interface ................... 1078 

stems ............ 1029 22.2.2.2 Interaction between metal 
robial surfaces...... 1038 cations and a silica surface...... 1079 
tion ............. 1039 22.2.3 Literature models describing wafer drying .. 1081 
iical action . . . . . . . . 1042 22.2.3.1 Spin drying ................ 1081 
· ............... 1044 22.2.3.2 Vertical Marangoni-based 
· ............... 1045 wafer drying ................ 1086 

vlultiple Action ..... 1047 22.2.3.3 Applicability of the model for 
· ............... 1047 vertical drying to a rotating 
· ............... 1048 wafer system................ 1089 
· ............... 1049 22.2.3.4 Limitations of the model for 

Ions ............. 1049 Marangoni-based drying ....... 1090 
· ............... 1052 22.2.4 Salt tracer tests ..................... 1091 
· ............... 1052 22.2.4.1 Interpretation of salt tracer tests .. 1091 
· ............... 1052 22.2.4.2 Available literature data ....... 1093 

lips.............. 1053 22.3 Experimental Details ....................... 1094 
· ............... 1053 22.3.1 Setups for wafer drying ............... 1094 
· ............... 1053 22.3.1.1 Spin drying ................ 1094 

22.3.1.2 Vertical Marangoni-based drying. 1095 

'"afer Drying. . . . . . . 
la, Sophia Arnauts, 
wine Kenis. 

1067 I 22.3.2 

22.3.1.3 Marangoni-based drying of 
horizontally rotating wafer. ..... 

Analytical techniques ................. 
22.3.2.1 Metal surface concentration 

1097 
1098 

by TXRF .................. 1098 
· ............... 1067 22.3.2.2 Surface tension by Wilhelmy 

· ............... 1067 plate method ............... 1100 
this work ......... 1068 22.3.3 Characterization of materials and products. 1101 
imonly used in 22.3.3.1 Wafers .................... 1101 
cturing ........... 1070 22.3.3.2 Liquid chemicals ............. 1101 

· ............... 1070 22.3.3.3 Metal salts ................. 1102 
.on gradient 22.3.4 Procedure for the salt tracer tests ........ 1102 
, based drying . . . . . . 1071 22.3.4.1 Spin drying ................ 1102 

· ............... 1074 22.3.4.2 Vertical Marangoni-based drying. 1102 
ns on silica. . . . . . . . 1074 22.3.4.3 Marangoni-based drying on a 
~s ............... 1074 rotating wafer ............... 1103 
ressure ........... 1074 22.4 Results of Salt Tracer Tests .................. 1103 

22.4.1 Spin drying ........................ 1103 






