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Outline

- 111 and 100 

orientations 

- Analysis by x-ray diffraction

- Effects of titanium 

and annealing



How thin is “thin”?

Substrate

Film 

Nanometer to low Micrometer range

- Optimal Data Storage

- Highest Conductivity 

- Superior Oxidation Resistance

Why Silver?
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Looking at Crystal Orientations
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(100)

Face-Centered Cubic



Film Stresses – Thermal Strains
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Stress (σ)Stress (σ)

L

Substrate

L

Film ε=ΔL/L

Strain (ε)

σ = F/A



111 or 100?
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Current Model

Total Energy vs. 
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Deposition Chamber



E-beam system

B-field
∙ ∙
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Shields

Crucible

Ag/Ti Source

E-beam filament

Magnet

Molybdenum 

block

Evaporated 

particles

Substrate

~3x10-6 torr



Film Analysis

 sin2  dn

Image taken from:
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Experimental Results for Silver
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How Titanium Affects the Transition

(50 nm)
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How Temperature affects the transition

Preannealing

80deg C

90deg C

100deg C

120deg C

150deg C

200deg C

Annealing for 1 hour
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Effects of Temperature with Titanium
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Varying Annealing Time with constant Temperature

Transition fully occurs after extended annealing



Conclusions

Thank you to:

- Adam Silvernail, Brandon Hoffman and Shefford Baker

-The National Science Foundation

- SRI at Houghton College 

- CCMR REU at Cornell University

-Titanium sharpens orientation transition

-Effects of annealing temperature and time were measured

-Further studies

- Explore imaging of silver grains

-Verify results with other samples 



X-ray Analysis

111 111 111100 100 100

915nm Ag 1190nm Ag1065nm Ag
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Transition occurs ~1000nm

Bragg’s Law

nλ=2d∙sin(θ)



Substrate

100100 111111111

Thick Silver

Grain growth during annealing

111

Substrate

111 111 100100

100100 111

Substrate

111 111

Thin Silver

as deposited1 hour annealing2+ hours annealing

After annealing



Sample Preparation

Thickness
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111 100


