
Micro- and Nano- Fabrication 
and Replication Techniques



Why do we have to write thing 
small and replicate fast ?



Plenty of Room at the Bottom
Richard P. Feynman, December 1959

How do we write it? We have no standard technique to do this now. But let 
me argue that it is not as difficult as it first appears to be. We can reverse 
the lenses of the electron microscope in order to demagnify as well as 
magnify. A source of ions, sent through the microscope lenses in reverse, 
could be focused to a very small spot. We could write with that spot like 
we write in a TV cathode ray oscilloscope, by going across in lines, and 
having an adjustment which determines the amount of material which is 
going to be deposited as we scan in lines. This method might be very 
slow because of space charge limitations. There will be more rapid 
methods. We could first make, perhaps by some photo process, a screen 
which has holes in it in the form of the letters. Then we would strike an arc 
behind the holes and draw metallic ions through the holes; then we could 
again use our system of lenses and make a small image in the form of 
ions, which would deposit the metal on the pin.



Plenty of Room at the Bottom
Richard P. Feynman, December 1959

A simpler way might be this (though I am not sure it 
would work): We take light and, through an optical 
microscope running backwards, we focus it onto a 
very small photoelectric screen. Then electrons come 
away from the screen where the light is shining. 
These electrons are focused down in size by the 
electron microscope lenses to impinge directly upon 
the surface of the metal. Will such a beam etch away 
the metal if it is run long enough? I don't know. If it 
doesn't work for a metal surface, it must be possible 
to find some surface with which to coat the original 
pin so that, where the electrons bombard, a change 
is made which we could recognize later.



Plenty of Room at the Bottom
Richard P. Feynman, December 1959

There is no intensity problem in these devices---not 
what you are used to in magnification, where you 
have to take a few electrons and spread them over 
a bigger and bigger screen; it is just the opposite. 
The light which we get from a page is concentrated 
onto a very small area so it is very intense. The few 
electrons which come from the photoelectric 
screen are demagnified down to a very tiny area so 
that, again, they are very intense. I don't know 
why this hasn't been done yet!



Fabrication of Nanomaterials 

• Top-down
– Begin with bulk materials that are reduced 

into nanoparticles
• Bottom-up

– Begin with atoms and molecules that can 
grown into zero, one, two an three-
dimensional nanostructures

• Hybrid



Top-down

• Mechanical energy
– Ball milling, polishing, grinding

• Thermal
– Annealing, evaporation, pyrolysis

• High energy
– Arch, laser, ion milling, reactive ion etching

• Chemical
– Chemical etching, CMP, electropolishing, anodizing 

• Lithographic
– Photo, e-beam, EUV, X-ray, μ-cp, NIL, Nanosphere

• Nature
– Erosion, decomposition, digestion



Bottom-up

• Gas
– Chemical vapor deposition, atomic layer deposition, 

MOCVD, MBE, ion implantation
• Liquid

– Self-assembly, supermolecule, reduction, template 
synthesis 

• Lithographic
– Dip-pen, block co-polymer, STM writing 

• Biological
– Protein, nuclear acid, crystal formation



Ancient Patterning

"This is the Elks' land". A greeting at the mouth of Dalbergsaa, Southern Dal. 

It seems that the carvings of Northern 
Scandinavia's including Kola Peninsula 
are the oldest. 
Large figures of ritual animals 
characterise the Mesolithic period 
mostly before c.4200 BC 



Writing by Inks

Writing Brush ~2000 Ys Quill Pen  ~1000 Ys



Chinese Replication

1041 and 1048 868 



Western Replication

1543 - 1610



Building a computer



First Integrated Circuit

1958 Texas Instruments 

"What we didn't realize then 
was that the integrated circuit 
would reduce the cost of 
electronic functions by a factor 
of a million to one, nothing had 
ever done that for anything 
before" - Jack Kilby 2000 Nobel 
Prize



metal-oxide-semiconductor field-
effect transistor (MOSET)



Moore’s Law



Tool Cost





Industrial Process

• Lithography
• Deposition
• Etching
• Planization
• Packaging



Optical Microscope



Limit of Photolithography

r = 1.22 x λ/(2 x N.A.)
N.A. = n x sin(θ) 



Diffraction Limit

Resolution = K x λ/(N.A.)
Depth of Focus = λ/(N.A.)2

K = 0.61



Methods of Photolithography

Wmin = k1 λ/NAWmin = k1 sqrt(λd)



Photolithography





Water Immersion Lithography

Air n= 1.0003
Water  n = 1.437

Resolution (R) = K x λ/(N.A.)
K = 0.25, NA ~1.4, λ = 193

R = 35 nm





Photolithography Process



Positive tone

Negative tone



RCA Cleaning (By Radio Corporation of America in 1965)

WashingRoom T5DI Water

Oxide and Dissolve 
Metals

～90℃10-201:1:5NH4OH(29%)-H2O2(30%)-
H2O

WashingRoom T5DI Water
Oxide and Dissolve 

Metals
～90℃10-201:1:5

HCl(37%)- H2O2(30%)-
H2O

WashingRoom T5DI Water

Spin Dry (In lad – N2 blow )

Dissolve surface Si02Room T10-20～2:100HF(49 wt %)-H2O

Oxide and Dissolve 
Organic and Metals

～90℃10-203:1H2SO4 (98%)-H2O2 (30%)
(Piranha Solution)

WashingRoom T5DI Water
Dissolve OrganicRoom T5Acetone
Dissolve OrganicRoom T5Trichlorothane

FunctionOperation 
Temperature

Procedure 
Time (min)

Volume 
ratio

Chemicals



Spin Coating Photoresist on Wafer

2-5 c.c PR on the Wafer

Wait for 5 to 15 second

•Photo resist：Shipley 1813

•Spin： 2000 rpm 5 s

4500 rpm 15 s

•Soft Bake：110℃ 60 s

•Exposure：7 s

•Developed：MF319 for 15 s

1

2

3

Choose the Spin Speed to control the thickness



Standard Mask Size: 5’’ × 5’’



UV light Off

UV light On

Align the pattern and Exposure

Align the pattern



Some Photoresist Need PEB (post exposure Bake)

SPR 510A

90 ℃, 90 s

SU-8 2015

65 ℃, 60 s

95 ℃, 60 s



Develop the Photoresist

•Photo resist：Shipley 1813

•Spin： 2000 rpm 5 s

4500 rpm 15 s

•Soft Bake：110℃ 60 s

•Exposure：7 s

•Developed：MF319 for 15 s



黃光室的黃光是很重要的



Lift OFF PROCESS BY ACETONE



Thermal Evaporator



Sputter



E-beam Evaporator



一儀器名稱
中文名稱：電子束蒸鍍系統
英文名稱：E-Beam

二. 儀器廠牌、型號及儀器購置年限
廠牌：聚昌科技 AST
儀器購置年限：民國92年7月
三. 重要規格
蒸鍍金屬: Ni、Ti、 Au、Al、 Pt 、Cr

RCAS E-Beam Evaporator



TI 50 nm



SEM image of Ti 50 nm on Si wafer



Ti 50 nm 

LIFT OFF



Ti 50 nm on Si 20 um  

Si

S1813

S1813

Si

Si

Si

Ti

Ti



SiS1813

Ti 50 nm on Si 5 um  

SiTi



Reactive Ion Etching



Reactive Ion Etching





ICP- “BOSCH” Recipe 
Etching & Sidewall Passivation Cycle

(a) Etch Step
Si substrate

PR or Metal

RF SF6 plasma

(b) Passivate Step
Si substrate

PR or Metal

RF CFX plasma

RF SF6 plasma

Si substrate(a’) Etch Step

PR or Metal



RF SF6 plasma

RF CFX plasma

RF SF6 plasma

The gases in RCAS

C4F8, CF4, CHF3, Ar, O2

The gases in NEMSRC

SF6, C4F8, CF4,  O2

RECIPE
TIME

Etch:   11.5 s          SF6(130sccm)  O2(13sccm)

Passivate: 7s          C4F8(85sccm)

SAMCO ICP (RECIPE)
Si etching     CF4 / O2= 30 / 10        

SiO2 ( on Si )CHF3 / Ar = 15 / 30



NEMSRC ICP 

51.2 um



Si ---S1813---ICP



NEMSRC ICP ：S1813 on Si  

The gases in NEMSRC

SF6, C4F8, CF4,  O2

RECIPE
TIME

Etch:   11.5 s    SF6(130sccm)  O2(13sccm)
Passivate: 7s   C4F8(85sccm)

51.2 um



NEMSRC ICP ：S1813 on Si --20μm array

The gases in NEMSRC

SF6, C4F8, CF4,  O2

RECIPE
TIME

Etch:   11.5 s    SF6(130sccm)  O2(13sccm)
Passivate: 7s   C4F8(85sccm)



NEMSRC ICP 

Si 10 um Line 



NEMSRC ICP 

Si 10 um pillar



Si 5um Line 



The gases in NEMSRC

SF6, C4F8, CF4,  O2

RECIPE
TIME

Etch:   11.5 s    SF6(130sccm)  O2(13sccm)
Passivate: 7s   C4F8(85sccm)

NEMSRC ICP ：S1813 on Si 

5 um pillar 



Electron Microscope



TEM Image

λ = h/p = h/mv h /sqrt(2 meV)

100 kV = 0.00388 nm



E-Beam Lithography



E-Beam Lithography



E-beam Writer

Better than 10 nm lines over 4 inch wafer



EUV System



Laser Writing



Two Photon Writing



Two Photon Writing



Two Photon Writing



Interference



Interference



Interference Lithography



Holographic



Holographic



PDMS





Microfluidics by Soft Lithography



Microfluidics by Soft Lithography



Microfluidics by Soft Lithography



Microfluidics by Soft Lithography









Microfabricated Fluidic System by 
Soft Lithography



Integrated Detection System in 
Microchannel
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Introduction To Scanning Probe 
Microscopy



Scanning Probe Family



Scanning Tunneling Microscopy



Tunneling Current



STM



STM



STM



Atomic Force Microscopy











AFM Images

E Coli

Nanotubes

Protein

DNA



STM Lithography

Resist: Thiol



STM Lithography



Oxidation Lithography



AFM Lithography



Substitution Lithography



Dip-Pen Lithography





Dip-Pen Lithography



Dip-Pen Lithography



Dip-pen Lithography













Dip-Pen Array



Ultimate STM Lithography



Single Atomic Manipulation



Single Molecular Vibrational
Spectra by STM



Building Molecule Step by Step



Atomic Manipulation



Near-Field Microscope



Near-Field Images

DNA Nanosphere

Sperm



Near-Field Lithography



Replication



UV light Off

UV light On

Align the pattern and Exposure

Align the pattern



Stepper



E-beam Projection





Nanoimprint Lithography

Substrate

Mold
PMMA

Imprint

Remove 
Mold

RIE

Evaporation
Lift-off





Step and Flash Imprint Lithography



Nanoimprintors

NX-2000, Nanoimprintor, Nanonex



Imprinting Result



Challenges 

• Mask Fabrication (1:1)
• Lift-off process
• Resist
• Mask Design



Nanosphere LithographyNanosphere Lithography

Single layerSingle layer

Double layerDouble layer

Metal depositionMetal deposition

Metal depositionMetal deposition

LiftLift--offoff

LiftLift--offoff
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~1/4 D

~1/7 D



Optical Image of PS Template

800 nm PS



Nanosphere LithographyNanosphere Lithography

350 nm

400 nm

550 nm

880 nm



Single Layer TemplatesSingle Layer Templates

200 nm

550 nm280 nm



Double Layer TemplatesDouble Layer Templates

200 nm

550 nm400 nm



Soft Lithography



Soft Lithography





Micro-contact Printing



Micro-contact Printing



Micro-contact Printing
http://mrsec.wisc.edu/Edetc/nanolab/print/text.html



Micro-contact Printing



Self-Assemble Monolayer (SAM)

S-Au  25-30 Kcal/mole
Si-O 190 kcal/mole















Patterning of organic single 
crystals

Nature 444, 913-917(14 December 2006) 

















http://www.pnas.org/cgi/reprint/102/4/975



Fig. 11. A series of patterns that confine cells to approximately the same 
projected geometry (visualized by the actin cytoskeleton) but distribute the 
focal adhesions (FAs; visualized by immunostaining for vinculin) differently. 
The bottom row shows that new focal adhesions formed 1 h after release in 
areas that were inert to attachment of cells prior to release (arrowheads).



Soft-Lithography





Replication Result


