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Outline

• My Background/History
– Coating Flows and Instabilities

• Current Research:
– Solar Coatings and Device Fabrication
– Energy Systems and Electric Vehicles
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My Background/History

• MIT BS and PhD – SiC ceramics, point
defects and diffusion studies, phase
equilibrium calcs

• University of Arizona – Lithium Niobate
defects, diffusion, ferroelectric thin films,
sol-gel coating solution chemistry, spin
coating, solar racing car team

• 2004: Rutgers – emphasis on solar coatings



Coating Quality
Research Group

www.coatings.rutgers.edu

Schematic Coater Cross-Section
from US Patent 6,708,701
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Striations in Sol-Gel PZT
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Schematic View

D. P. Birnie, III, “Rational Solvent Selection
Strategies to Combat Striation Formation during
Spin Coating of Thin Films”, J. Materials
Research, 16 (4), 1145-54 (2001)
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Laser Diffraction
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D. E. Haas and D. P. Birnie, III, in Sol-Gel
Commercialization and Applications (Ceramic
Transactions, Vol 123), (2001). Pp 133-138.
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Measurement of Thickness Evolution

D. P. Birnie, III and Manuel Manley, "Combined
Flow and Evaporation of Fluid on a Spinning
Disk", Physics of Fluids, 9, 870-875 (1997)
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Solvent Slopes
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Selecting a Solvent
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• Understanding How Coatings
Form

• Analysis of Coating Defects
– Unintended Thickness

Variations
– Roughness Assessment

• Coating Solution Chemistry
Studies – Surface Tension Effects

• Nanoparticle Containing Coatings
• Coatings Applications Areas

– Solar, Microelectronics,
Optical

Other Coating Quality Studies
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Ultra-porous TiO2 films

Self-assembled polystyrene

 Brunauer -Emmett -Teller (BET)  
Sample  

Ave.  
pore 
size 
(nm)  

Spec. surf.  

area (m
2
/g)  

Roughness  

factor (/!m)  

Porosity 

(%) 

A 1000  33.2  53 .7 61.5  

B 600  60.1  69 .7 71  

C 300  119.1  148 .1 70.4  

D 160  137.2  197 .1 65.8  

Nanostructured TiO2 films with
controllable porosity and pore size.

Templated TiO2 Network
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Templated TiO2 nanoparticles
(Degussa, P25)

↓ Pure P25 film

← Typical
templated P25
films with very
few cracking
and good
adhesion.

Prototype nanostructure

Dual-porosity P25 film
←
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• J Am Ceram Soc galley article….
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a b c

Non templated titania

Microstructure Comparison

Dual Porosity – Macro and Meso Pores

40% emulsion templated 20% emulsion templated 
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Porosimetry
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20% emulsion templated

40% Emulsion templated

Cell
Photo Current

(mA)
Photo voltage

(mV)
Fill

Factor
Efficiency

(%)
Thickness
(micron)

Non templated 0.96 0.68 0.74 2.17 17

20% emulsion templated 1.93 0.7 0.69 4.17 20

40% emulsion templated 1.49 0.64 0.67 2.86 29

I-V Characteristics
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Solar Car Racing Experience

1997 1999 20001998 2001 2002 2003

The Mule
Daedalus

Monsoon

Turbulence
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Connections??

• Fluid flow, rivulet formation, instability,
etc…. Connection to liquid lithium curtain
flow?

• Dense ceramic fabrication to prevent
erosion in plasmas?

• Coatings to prevent interactions??


