An Introduction to Atomic
Layer Deposition




Thin film:

Special properties of thin films:

* Different defect structures from bulk
* Quasi - two dimensional (very thin films)

 Strongly influenced by surface and interface effects
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Other De'pos'itibn Teéhhiques

CVD Process
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- Common Denominator

Step Coverage Example

conformal non-conformal

Step coverage of metal over non-planar topography.
(a) Conformal step coverage, with constant thickness on horizontal and vertical surfaces.
(b) Poor step coverage, here thinner for vertical surfaces.
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tomic

A thin film“nanomanufacturing” tool that allows for
ayer the conformal coating materials on a myriad of
surfaces with precise atomic thickness control.

eposition




" ALD Procedure
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" ALD Procedure
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& PeﬂribdicTabee of ALD Films

Oxide of this element has been deposited by the ALD community
Il Recipe for this material is available from CNT staff or customer base
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8
Thickness = .77 (# monolayers) -

Example:
If 1 monolayer =1 A

# monolayers =7

Reproducibility Y 7 v



100 nm
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" Advantageous Property

Epitaxial Growth Batch Process

Currant collectoe

Cathode (+)

Schematic of a 3D battery integrated in a Si- substrate.

- i Space Flight Center



o s
‘Building off a Commercial Reactor
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Commercial Options




In-House Experimental ALD System **
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en Source Solutions
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Generate
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the Valve
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Iterator = Cycles

No: Iterator+=1
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MicroPython pyboard

PYBv1.1

micropython
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Applications and Results ™

Effective area comparison

~1600 Au Coated Mirrors
4x10” curved
50 cm/20”diameter cartridge
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‘Blacker Than Black Carbon Nanotubes oy
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.“Build” Nanotubes - -~ . ™

Farmation of nanostructured catalytic membrane from AA0 Elam, Snurr,

Aalz0g 2 Wi
ALD ALD

AAD Pore Shrink Pore Deposition of
40 nm Catalytic Support

20-400 nm

reactant
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Farmation of nanotubes: Rubloff Group Nano capacitor elerments by Lee, Rublalf coworkers, Nature 2008-09
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