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Spin CoatingSpin-Coating
• Established method for photoresist (PR) coating
• Suitable for coating polymers oligomers and• Suitable for coating polymers, oligomers, and 

some molecules like phthalocyanine
• Typical concentration range 5-30 wt%, 1500-3000 

rpm for several μm thick film.
• Film thickness depends on the concentration and 
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Thermal EvaporationThermal Evaporation
• Use of shadow mask is possible if the mean free path (λ) is much greater than the source substrate• Use of shadow mask is possible if the mean free path (λ) is much greater than the source-substrate 

distance
• Film thickness sensor is used (Quartz crystal thickness monitor)
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Langmuir expression of rate of evaporation  (in kgm s )
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• Different Evaporation Methods:
Resistive heating: 1-10 nm min-1 Processes after reaching the substrateResistive heating: 1 10 nm min
Arc evaporation
RF heating
Electron bombardment

Processes after reaching the substrate

Laser ablation
Flash evaporation

P t l 40Pentacene on glass, 40 nm



Molecular Beam Epitaxy (MBE)Molecular Beam Epitaxy (MBE)
• Similar to the vacuumSimilar to the vacuum 

evaporation but employs 
ultrahigh vacuum (10-9 mbar) 
to eliminate the scattering. 
Makes the epitaxial growthMakes the epitaxial growth 
of crystalline film, multiple 
quantum well etc possible

• Directs the controlled beams 
of the required molecules (inof the required molecules (in 
Knudsen cells) towards a 
heated substrate

• Very slow process, usu single 
l d

y p g
monolayer per second

• GaAs crystal, phthalocyanine, 
perylene, etc. Usually cleaved 
surface of MoS2 HOPG andsurface of MoS2, HOPG and 
alkali metal halides are used 
as epitaxial substrate.
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SputteringSputtering
• Sputtering is based on the momentum exchange of accelerated ions• Sputtering is based on the momentum exchange of accelerated ions 

incident on a target (cathode for Ar+ ion); produced secondary electron 
are accelerated to anode and help to maintain the plasma

• Source of ion: glow discharge, optimum pressure is 25-75 mbar. g g p p
• For insulating source material, RF instead of DC sputtering is used. 
• Metal targets usually: polymer target is also possible
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Chemical Vapor Deposition (CVD)Chemical Vapor Deposition (CVD)

• Parylene (poly p xylylene): by pyrolysis of p xylylene dimer at 600 oC• Parylene (poly-p-xylylene): by pyrolysis of p-xylylene dimer at 600 oC
• Conformal coating on circuit board: insulating & moisture protection
• Preserving archival papers

http://www.scscoatings.com/parylene_knowledge/history.aspx



PECVD and MOCVDPECVD and MOCVD
• Plasma Enhanced CVD (PECVD): Plasma polymerization: Glow discharge• Plasma Enhanced CVD (PECVD): Plasma polymerization: Glow discharge 

polymerization
• MOCVD (Metallorganic) CVD: film deposition on a heated substrate
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takes place at 700 C and epitaxial growth happens

CH Ga AsH GaAs CH+ → +



Electrochemical MethodsElectrochemical Methods
• Electroplating of metals: deposition on the cathode anode generation of• Electroplating of metals: deposition on the cathode, anode generation of 

cation (anodization)
• Electrochemical polymerization via anodic oxidation
• Electroless deposition: e.g. Ag or Ni on polymer surface; catalytic activityElectroless deposition: e.g. Ag or Ni on polymer surface; catalytic activity 

of the polymer surface
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Inkjet PrintingInkjet Printing
• Direct-write fabrication method; wet-processing, reel-to-reel process
• Typical size of nozzle 20-70 μm droplet size 4-180 pl viscosiy 2 cP• Typical size of nozzle 20-70 μm, droplet size 4-180 pl, viscosiy 2 cP, 

surface tension 40 mNm-1; clogging of nozzle with partially dried ink is 
prevented by adding water miscible ethylene glycol 10-20 %



Sol Gel ProcessingSol-Gel Processing
Hydrolysis of alkoxide in a water alcohol mixture system• Hydrolysis of alkoxide in a water-alcohol mixture system, 
followed by polycondensation

• Xerogel, Aerogel

TEOSTEOS



Langmuir Blodgett(LB) TechniqueLangmuir Blodgett(LB) Technique
• Monolayer of amphiphilic compound on an air-water interface
• (2-D)G(gaseous state), E(expanded monolayer phase), C(condensed phase)
• At C phase: area per molecule equals the cross-sectional area of it (0.19 

nm2molecule-1) 



Wilhelmy PlateWilhelmy Plate
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Surface Tension (force/length, mNm-1)
Sphere has the smallest possible surface area to volume ratio
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Transfer ratio  (also called as deposition ratio)
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Chemical Self AssemblyChemical Self-Assembly
• Strong interactions btw the head group of the self-assembling molecule 

and substrate resulting in a chemical bond formationand substrate, resulting in a chemical bond formation
• R-Si(Cl)3 and Surface-OH; R-SH and Au; RCOOH and AgO/Ag to give –

CO2
-Ag+



Electrostatic Layer-by-Layer y y y
Deposition (LBL)



PhotolithographyPhotolithography
• Positive and negative resist
• Hg lamp (365 nm) to KrF (248 nm) to ArF(193 nm)



Soft LithographySoft Lithography
• In technology soft lithography refers to a family of techniques for• In technology, soft lithography refers to a family of techniques for 

fabricating or replicating structures using "elastomeric stamps, molds, 
and conformable photomasks“

• Used for features from micro to nanometer size

W

• Soft lithography includes the technologies of Micro Contact Printing 
(µCP), replica molding (REM), microtransfer molding (µTM), micromolding
in capillaries (MIMIC) and solvent-assisted micromolding (SAMIM) (From 
Xia et al ) Patterning by etching at the nanoscale (PENs) One of the softXia et al.) Patterning by etching at the nanoscale (PENs) One of the soft 
lithography procedures,

HW #3 Report on the Soft Lithography: Due by November 19



Dip Pen NanolithographyDip-Pen Nanolithography

• Dip Pen Nanolithography (DPN) is a scanning probe lithography technique where an 
atomic force microscope tip is used to transfer molecules to a surface via a solvent 
meniscus. This technique allows surface patterning on scales of under 100 nanometres

• The transfer of a molecular 'ink' from a coated AFM tip to a substrate was first reported 
b J hk d B tt i 1995 Th t h i f th d l d b h

W
by Jaschke and Butt in 1995. The technique was further developed by a research group 
at Northwestern University led by Chad Mirkin [1] who also introduced the term "DPN".



Gravure Printing for Flexible g
Electronics


