Extending Resolution of Soft Lithography

Methods to Reduce FeaTur‘e Size:
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Defect Patterning

TOPOlogically DireCted E?Ching Ag-on-Ag, Iiftffofphotoresist, SAM of HS(CHz)15CH3
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Local Disorders in SAMs:

 High disorders in the transition region between two planar
surfaces.

» Fligher disorders lead fo less etch resisting.

sl Nature 394, 868 (1998) ’



Below 30 nm Nanocontact Printing

Hard PDMS Soft PDMS Printing of
prepolymer, overcoat cast multilayer stamp
cast and cured and cured on silicon

« Hard PDMS reduces deformation.

 High molecular weight inks reduce mobility
and diffusive smearing.
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Soft Lithography for Microfluidics

Proprietary bonding technology

Sample Inlet by:
I ! ¥| - Pipetie tip Metering - Pecrmanent covering
- Luer connector Filtration/ - Peelable foils
| -~ Septum L~ Reaction Separation

Fluid actuation:

- Penstaitic pump

- Syringe pump

- Integrated system
- Micropump

« Active/passive valves
- Capillary forces

S

Mixing:

« Passive SnakeMocor
- Piezo technology
« Surface waves
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Surface Modification:
- Hydrophilisierung
- Hydrophobisierung

\

m Storage: ; 3 . e —

« Lyophilized reagent

« Liquid storage Stora
(blster of pouch) il mﬂ' . Micro valve technology

Detection

- Optical

- Electncal

- Electro-chemical

- Integration of sensors

Waste-
Management
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Microfluidic Channels

Small drills for inlets

PDMS with patterned
relief structure

Fabrication of microfluidic channels:

« PDMS piece is released from the master.

 Bond a standard glass slide on top of it.

* Typical microchannel width: tens of micrometers.
« The thickness of the channel is controlled by the

Othickness of the photoresist.
CELTRY
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Soft Lithography for Microfluidics

microfluidic channels in PDMS.
* Microfluidic channel finds applications in
- CPU cooling

- Lab-on-a chip devices

I‘i - Bio-sensors
B 27K AH
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PDMS Channel Advantages

» The PDMS Channels have advantages over Si or glass channels:
- Inexpensive
- Flexible and durable
- Simple to prototype

» Disadvantages: unstable in contact with some organic solvents
and at high temperagtures.
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Making Janus Particles

Flowing Polymerized
PDMS layer monomer objects PDMS device Glass slide
\ o

Objective {]

Transparency mask o
(field-stop plane) T
uv
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Reynolds number (Re) - a
dimensionless  parameter
that describes a fluid's
tendency to be turbulent.

R =vip/n R ~1<<2000

ﬂ Laminar Flow! Janus particles
SRV .
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Multilayer Soft Lithography - Microvalves

Steel tube conneciors  1Y90N tubing

Multilayer Soft Lithography

Blue control channels

- PDMS Chip oo ' -
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Microfluidics: Solving Mazes




Nature Mazes

Iridescent Nacre Nautilus

B 27k AY Nature 412, 819 (2001) i

National ChungHsing University



Nanocontact Printing
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SAMs Controlled Mineralization
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¥ 0.501 nm
0.288 nm
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a HS(CH,)45CO,H on Au
Nucleating plane (015)
d=35um; p=100 um

[Ca®] =10 mM; N= 100

b HS(CH2)220H on Au
Nucleating plane (0104)
d=50um; p=100 um
[Ca**] =10 mM; N = 100

¢ HS(CH,)11SO5H on Pd

Nucleating plane (001)

d=15um; p=30 um
[Ca®] =10 mM; N = 1,000

d HS(CH,);5CO,H on Ag
Nucleating plane (012)
d=15um; p= 100 um

[Ca®] =10 mM; N =100

Nucleating plane (012)
d=3um; p=10pum
[Ca®] = 100 mM; N = 10,000

HS(CH;)45CO,H (triangles) +
HS(CH,)45CH5 (stars) on Ag
Ca?] =100 mM

The densities of nucleation, uniform sizes and crystallographic
ﬁiem‘aﬁon are controlled by the micropatterned SAMs.
« Mucleation stems form a match between the pattern and

4%5rientation of ions adsorbed on the organic surface.
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SAMs Directed Growth of Large

Single Calcite Crystals

u-patterned
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of calcite

amorphous CaCO3

Patterned l Onented nucleation L] A = o H , C O > H , SO 3 H .

Site-specific nucleation of a nascent
calcite crystal occurred at the imprintec

SAM nanoregion.
Micropatterned frameworks act as sites

6B O e d O.0.0.6 for stress release. ”




Transfer Printing of Thin Films
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Vapor deposit SAM Print with Au—cﬂated stamp Remove stamp

10 um

E On Si On PET Printed capacitor on PET
i JACS 124, 7655 (2002) N
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Soft Lithography for Organic Light-

Emitting Diodes (OLEDSs)

stamp
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. o \ PDMS /

EL layer
ITO

Substrate

i

Lamination of thin metal electrodes on an electroluminescent
organic.
van der Waals interactions establish intimate contacts.
Reduced sensitivity to pinhole defects.
Patterned OLEDs with sub-100 nm features.

igh performance displays and memory.
8 27 kA% PNAS 101, 429 (2004) "
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SAMs Molecular Junctions for Molecular
Electronics

Si wafer Spin coat photoresist + Apply SAM + S R
lithography spin coat PEDOT:PSS &7
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SAMs Molecular Junctions for Molecular

Electronics

Spin Photoresist Expose Through Mask Develop Photoresist Cast in PDMS

W Use as Mold
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Micromolding Microfluidic Molding Spin-coating
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Apply PLGA solution Invert mold, seal to surface Apply PLGA solution to
Scrape to remove excess Perfuse PLGA solution by PDMS mold, Spin @ 2000 rpm
ﬂ applying negative pressure ﬂ
Bake mold+PLGA Bake mold+PLGA Bake mold+PLGA
Peel Scaffold from mould Peel PDMS from surface Peel Scaftold from mould
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