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Historical context: Chemical vapor
deposition process model-based design
and optimization

I Modeling, design, and experimental
evaluation of spatially programmable
CVD processes

I GaN MOVCVD modeling and process
optimization with Northrop Grumman

Extensive collaboration with Prof. Gary
Rubloff

Sampling tube

Feed tube

Linear motion

device

Hexagonal

showerhead

Exhaust port

Substrate

heater

Baffle

Feed tube

Capillary

sampling

tube

Future directions

I Atomic Layer Deposition simulation for aerospace
applications in collaboration with NASA

I Exploring the connection between graph theory and
deposition reaction networks
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Dynamic dimension reduction of deposition mechanisms

2M ⇔ D G0 =
1
ε0

(
K0[M]2 − [D]

)
mol s−1m−3

M ⇔ A G1 =
1
ε1

(K1[M]− [A]) mol s−1m−2

A → B F0 = k0[A] mol s−1m−2

Modeling equations for the heterogeneous tubular CVD system
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Factorization matrix
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ALD reaction sequence during a TMA exposure
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Reaction sequence for the subsequent water reactions
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Self−limiting
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