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Silicatene

 2D layer of silicon 
dioxide (SiO2)
 Silicatene

Figure from Büchner et al.
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Silicatene

 2D layer of silicon 
dioxide (SiO2)
 Silicatene

 Attachment via van 
der Waals forces

Figure from Büchner et al.
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 Silicatene has been fabricated
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 Single crystal Pd, Pt, Ru
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History

 Silicatene has been fabricated
 Single crystal Pd, Pt, Ru

 Evaporation of Si

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Even%20Hour%20CVC%20Evaporator.jpg
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History

 Silicatene has been fabricated
 Single crystal Pd, Pt, Ru

 Evaporation of Si
 Annealing

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Furnace%20Bank%20A.jpg
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Motivation

 Engstrom group specializes in Atomic 
Layer Deposition (ALD)
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Motivation

 Engstrom group specializes in Atomic 
Layer Deposition (ALD)

 ALD of silicatene not yet reported
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Fabricating Silicatene

 Deposition tools
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Fabricating Silicatene

 Deposition tools
 Evaporator

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Even%20Hour%20CVC%20Evaporator.jpg
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Fabricating Silicatene

 Deposition tools
 Evaporator
 ALD

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Oxford%20Flexal%20ALD.jpg
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Fabricating Silicatene

 Deposition tools
 Evaporator
 ALD
 Furnace

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Furnace%20Bank%20A.jpg
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Studying Silicatene

 Characterization Tools
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Studying Silicatene

 Characterization Tools

https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/Woollam.jpeg

 Contact Angle
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https://www.cnfusers.cornell.edu/sites/default/files/tool-
images/VCA%20Optima%20Contact%20Angle%20Goniom
eter.jpg

Studying Silicatene

 Characterization Tools
 Contact Angle
 Ellipsometry
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 Contact Angle
 Ellipsometry
 X-ray 

Photoelectron 
spectroscopy 
(XPS) 

Studying Silicatene

 Characterization Tools
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Studying Silicatene

 Characterization Tools
 Contact Angle
 Ellipsometry
 X-ray 

Photoelectron 
spectroscopy 
(XPS) 

 Angle resolved 
XPS
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Depositing metal substrates

 Metal substrates (Pd, Pt, Ru) deposited 
with electron beam assisted 
evaporator
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Depositing metal substrates

 Metal substrates (Pd, Pt, Ru) deposited 
with electron beam assisted 
evaporator
 Electron beam excites source atoms
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Depositing metal substrates

 Metal substrates (Pd, Pt, Ru) deposited 
with electron beam assisted 
evaporator
 Electron beam excites source atoms
 Atoms evaporate from source and deposit 

on substrate
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Atomic Layer Deposition

 SiO2 deposited 
with ALD
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 SiO2 deposited 
with ALD

 Two self-limiting 
reaction steps
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 SiO2 deposited 
with ALD

 Two self-limiting 
reaction steps



28
Engstrom

Research Group

Atomic Layer Deposition

 SiO2 deposited 
with ALD

 Two self-limiting 
reaction steps

 Å-level thickness 
control
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Atomic Layer Deposition

 SiO2 deposited 
with ALD

 Two self-limiting 
reaction steps

 Å-level thickness 
control

 High conformality
 High quality
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Contact Angle

 Small bead of liquid placed on each 
sample’s surface
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Contact Angle

 Small bead of liquid placed on each 
sample’s surface

 Angle of bead’s contact with the 
sample measured
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Contact angle data
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Ellipsometry

 Polarized light shined on sample
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Ellipsometry

 Polarized light shined on sample
 Change in polarization measured 
 Angle and phase
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Ellipsometry

 Polarized light shined on sample
 Change in polarization measured 
 Angle and phase

 Film thickness computed
 Å-precision
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Ellipsometry data

 Growth rate of 
~0.77 Å/cycle
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Annealing

 Normal ALD behavior observed
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Annealing

 Normal ALD behavior observed
 No silicatene
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Annealing

 Normal ALD behavior observed
 No silicatene
 To mimic established process, anneal 

for 10 minutes at 800°C
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Contact angle
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X-ray Photoelectron Spectroscopy

 X-ray beam incident on each sample
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X-ray Photoelectron Spectroscopy

 X-ray beam incident on each sample
 Electrons ejected
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X-ray Photoelectron Spectroscopy

 X-ray beam incident on each sample
 Electrons ejected
 Elemental composition and binding 

state found



44
Engstrom

Research Group

X-ray Photoelectron Spectroscopy

 More Si(2p) 
observed with 
more cycles

 Oxidation state of 
Si can be found
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X-ray Photoelectron Spectroscopy

 Attenuation of 
substrate 
signal with 
thicker film

Ruthenium
Silicon
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Angle Resolved XPS

 XPS conducted at several take-off 
angles
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Angle Resolved XPS

 XPS conducted at several take-off 
angles
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Angle Resolved XPS

 XPS conducted at several take-off 
angles
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Angle Resolved XPS

 Models based on sample structure
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Angle Resolved XPS

Before annealing
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Angle Resolved XPS

After annealing
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Conclusion

 SiO2 was deposited
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 SiO2 was deposited
 Silicatene was not fabricated
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Conclusion

 SiO2 was deposited
 Silicatene was not fabricated
 Future work
 Single crystal metal
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Figure from Büchner et al.
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