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[EZ] At the channel opening (x = 0) the precursor partial pressure equals the chamber value po,
and the flux is zero at the closed end (x = L).
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[&EZ] The Knudsen diffusion coefficient D_Kn is proportional to the product of the mean thermal

velocity v~ and channel height H:
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[ZZ] The change of partial pressure in the channel is expressed as the sum of the diffusion term

and the surface adsorption consumption term:
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[EEZ] The characteristic penetration length x_c represents the length scale at which diffusive

transport of precursor balances surface adsorption consumption:
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[&Z] The front position x_f{t) moves inward with time and is obtained from the following integral

relation.
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[&E2] Dimensionless parameter C_to (governing parameter determining whether precursor reaches
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[E 2] Spatial discretization uses N_x evenly spaced grid points along the channel length, and time

integration employs an implicit scheme for numerical stability:
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[EE2] Parameters extracted by fitting the model to TMA Al203 ALD:
- Sticking coefficient s, =~ 0.003 — 0.07
- Equilibrium constant of adsorption K ~ several Pa !

- Excellent agreement between simulation and experimental thickness profiles
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[#Z] In TiO2 ALD, TiCls tends to saturate more slowly than TMA in Alz03 ALD, indiicating that the

equilibrium constant K is smaller andyor the sticking coefficient so may differ from TMA.
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[&Z] As the channel narrows, C_tp scales as H 2 so a channel with initial AR=100 that has AR=200

after growth sees a 4x increase in C_tp, causing a sharp degradation in step coverage.
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[EE2] In this work, a diffusion-reaction physical model is presented for ALD thin film growth kinetics
in lateral high-aspect-ratio structures. The model combining Knudsen diffusion, Langmuir adsorption
kinetics, and channel narrowing accurately reproduces experimental thickness profiles for Al-20z and

TiO=2 ALD. An analytical approximate solution yields the key dimensionless parameter C_tp. Channel

narrowing is a critical factor for step coverage degradation at high cycle numbers. The sticking

coefficient s and equilibrium constant K can be extracted from experimental profiles.
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