
Figure 6: Disk surface pressure comparison for air hockey and porous table designs. A) Air hockey design 

with low jet density. B) Air hockey design with high jet density. C) Porous table design
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INTRODUCTION

What is atomic layer deposition (ALD)?

▪ ALD is a vapor-based thin film deposition technique achieved by 

sequential exposure of reactant gases

Inverse Modeling

▪ Gap height is set → reservoir pressure computed

Force Balance

▪ Global Constraint in laminar flow interface
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2𝜋𝑟 𝒑 − 𝑝𝑎 𝑑𝑟 ▪ Inverse computational modeling is sufficient to predict disk 

flotation height 

▪ Air hockey table behaves similarly to porous table with 

improved sensitivity

Future Work

▪ Investigate if the Thin Film Flow Interface can be used

▪ Integrate flotation model into SALD diffusion model

▪ Examine methods to increase the stability of the substrate 

in the low deposition gap region

▪ Explore additional computational methods to analyze 

aerostatic bearings

Figure 5: Flotation height computation comparison

Figure 7: Flotation height curve geometric comparison 

▪ Analytical solution 

diverges from experiment 

as flotation height 

increases

▪ COMSOL model aligns 

well with experimental 

data

REGION OF 

INTEREST

▪ Uniform pressure 

distribution yields high 

stability and film stiffness

▪ Air hockey table 

approaches porous table 

solution as jet density 

increases

▪ Air hockey table design 

decreases flotation height 

sensitivity to pressure at 

low deposition gaps

Temporal ALD Spatial ALD

Film Characteristics: pinhole free, conformal, atomic level thickness

Applications: solar cell, nanolaminates, MOSFETs, CMOS

Project Objective:

Develop a computation model to predict the flotation height of 

substrate for various operating parameters in an “air hockey”  spatial 

ALD (SALD) reactor

Figure 1: Overview of atomic layer deposition: temporal and spatial.

Pressure Distribution:
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𝑘 ≡ 𝑝𝑒𝑟𝑚𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡 𝑚
𝐼0 𝑥 ≡ 𝑀𝑜𝑑𝑖𝑓𝑖𝑒𝑑 𝐵𝑒𝑠𝑠𝑒𝑙 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛

Assumptions:

• 𝜀 ≪ 1: 𝑇ℎ𝑖𝑛 𝐺𝑎𝑝 𝑃𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 (𝑑/𝑅)
• ෪𝑅𝑒 ≪ 1: 𝐶ℎ𝑎𝑟𝑎𝑐𝑡𝑒𝑟𝑖𝑠𝑡𝑖𝑐 𝑅𝑒𝑦𝑛𝑜𝑙𝑑′𝑠 𝑁𝑢𝑚𝑏𝑒𝑟
Limitations:

▪ Assumptions weaken as the gap increases

▪ Only valid for porous table

Air Hockey Table – 3D

▪ Periodic Boundary 

Conditions

▪ One reservoir 

pressure for all jets

Porous Table– 2D Axisymmetric

▪ Porous media interface

▪ Atmospheric pressure at edge of disk

Substrate

▪ No pressure constraint 

at disk edge

Figure 2: Lubrication theory model definition

Figure 3: Porous table model geometry

Figure 4: Air hockey table model geometry ▪ Mastraccio Fellowship & NSF
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