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Aerosol Deposition (AD)

+ Room temperature, solid state deposition process for thick films
(>1um)

* Relies on aerosolized fine powder accelerated to high speeds
(>300m/s) within a vacuum environment for coating consolidation

« Capable of depositing ceramics, carbides, and metals with no
feedstock melting or substrate heating

« Enabling integrations of high melting temperature and/or thermally
sensitive materials
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Residual Stress in AD films ==

= Motivation for study
= Multi-layer integration, device building utilizing AD films | ik’

= Understand process parameter influence on stress,
coating formation dynamics, and resultant properties &

I£1203 Sub ADCu
= Common measurement techniques for thin/thick films

= X-Ray diffraction (W2 method)

= Neutron diffraction

= Additional method for accessing repeatability of process

= Substrate Curvature — Stoney Formula
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Residual Stress in AD films: e
Literature Survey

= Curvature based measurements — Schubert et al.

= Use of curvature to determine process gas influence on stress
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= XRD based measurements - Hoshina et al.
= Determined 180-250 MPa of residual stress in BaTiO3 films

Hoshina, Takuya, et al. "Size effect of nanograined BaTiO3 ceramics fabricated by aerosol deposition
method." Japanese Journal of Applied Physics 49.9S (2010): 09MCO02.




In-situ Curvature Measurements in Thermal gz
Spray

= Allows observation of coating dynamics
in real time

= Discrete measurements of stress during
deposition and cooling

= Now available as commercial tool
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Experimental setup for substrate deflection (e
from AD films

Center Point : 30mm
Range : £ 4mm
Resolution: £ 1uym

Preliminary measurements
and feasibility

, 1 DeS|gned and 3D printed substrate
holder/laser measurement fixture
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Expected substrate deflection in AD @&

= Back calculations of expected deflection based on expected
film stress, substrate dimensions and stiffness, and film

thickness
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Preliminary Experimental Results — Depositio@
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Preliminary Experimental Results — Etching

Al,O; on Glass
Highly damaging to substrate — Etches glass

Self limiting film growth — Requires harder substrate for deposition
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Substrate Deflection Measurements of AD =

Deposition
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Substrate Deflection Measurements of e
AD Deposition — Analysis

/ Laboratories
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Substrate Deflection Measurements of )

Laboratories
AD Deposition — Analysis
Plot of Peak Heights and Troughs 1ed
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Stress Calculations

7| Netora

= Prone to error —laser measurement and coating thickness

= Limited repeatability
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Stress Calculations
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"A" AD BaTiO, on (0001) Sapphire
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Comparison to Thermal Spray , (]
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AD Films under considerable compressive stress

In-situ substrate deflection measurement possible
= Linear deflection accumulation with film growth
= No fluctuations from temperature observed

= Somewhat responsive to parameter differences

With better measurement resolution, possibly a more rapid
way to measure film stress

Enables further in-situ investigation of films based on process
parameters (gas pressures, nozzle geometries, stand off
distance etc.)

Enables in-situ detection of film growth, delamination
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