Surface Engineering
Introduction:




Why surface treatment is important?

= Soft lithography, microfluidics, thin film coating,
semiconductor cleaning process, etc.

= Surface properties: wettability, adhesion, biocompatibility

What kinds of methods can be used?

= Chemical methods
SAM: surface modification: hydrophilic vs hydrophobic
Piranha solution: surface cleaning (strong acid or base)

= Physical methods
Plasma
UV or UVO




. Surtace modification by
using SAMS

€ Various functionalities
€ Without damage to sensitive device structures

Hydrophobic: —CHj,—CF4,—Phenyl(CgHs)
Hydrophilic: —-OH,-COOH,-SH,—NH,

—~SH,-SiCl,,~Si(OR),
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Classification of surtaces
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Gl H-terminated Si (Si—H) NMe,+ terminated SAM

o COOH terminated SAM C(NH,),+ terminated SAM
PO,H" terminated SAM NiH,+ terminated SAM
Oxidized Si (Si—0O7) NMe,H+ terminated SAM

Hexaethylene glycol-SAM

G.M. Whitsides et al, Langmuir 1997, 13, 5355




Selective Growth of CNT Patterned colloidal crystals
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The use of chemicals?

-tricky

If surface reaction groups do not
exist?

Convenient & Defect free method?




2. Plasma—enhanced surface
modification
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Plasma cleaner  Reactive ion etcher
plasma ” l

Hydrophobic polymer Hydrophilic surface

< Sometimes, Plasma (O,) can cause damage ( to the microstructure
of polymer surface including PDMS.




3. UV/UVO assisted surface
modification

UV Light
FRLELRLRLRRI el

=

a: Hydrophobic b: hydrophilic
c: fog d: antifogging

Nature, 1998, 431 Angew. Chem. Int. Ed. 2002, 2067
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A Simple method for the attachment of
polymer films on solid substrates

Spin coating Easily removed

(physisorbtion) by rinsing with a
|::> solvent

Solvent washing

Spin coating & UV Strongly attached
(crosslinking) to the surface

Adv. Mater., 2003, 244




UVO (UV and Ozone)

UVO cleaning method
-Photosensitized oxidation process * Applications

-The contaminants are excited and Substrate cleaning prior to
dissociated by the absorption of
short-wavelength UV radiation

thin film deposition

Cleaning of silicon wafers,
lenses, solar panels, and
GaAs wafers

Etching Teflon and other
CLEANING RATE OF VARIOUS organic materials

EXPOSURE TYPES / SYSTEMS
Improve adhesion of
coatings on plastics

Increase hydrophilicity of
surface
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4. Lotus efrect
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Super-Water-Repellent Fractal Surfaces Langmu 2000, 16 T177-1752

T. Onda,*' S. Shibuichi,” N. Satoh,* and K. Tsuijii' Ultrahydrophobic Surfaces. Effects of Topography Length
Scales on Wettability

Didem Oner and Thomas J. McCarthy*
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Surface Effects from Nanostructure

Structural Color and the Lotus Effect®*

Zhong-Ze Gu, Hiroshi Uetsuka, Kazuyuki Takahashi,
e Nakajima, Hiroshi Onishi, Akira Fujishima, and

Osamu Safo® I
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Super-“Amphiphobic” Aligned Carbon Superhydrophobic Carbon Nanotube
Forests

Huanjun Li, Xianbao Wang, Yanlin Song, Yungi Liu,

Oianshu Li, Lei Jiang,* and Daoben Zhu Kenneth K. S. Lau,"" José Bico,} Kenneth B. K. Teo,§ Manish Chhowalla,"
Gehan A. J. Amaratunga, William I. Milne,§ Gareth H. McKinley,* and
Karen K. Gleason'




Reversible Super-hydrophobicity to Super-hydrophilicity Transition of Aligned
Zn0O Nanorod Films

Xinjian Feng, Lin Feng, Meihua Jin, Jin Zhai, Lei Jiang.* and Daoben Zhu
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