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Motivation

•Spectroscopic Ellipsometry
•Determine the Optical Properties of combi-film grown by PLD

•Internal Photoemission
•Determine Barrier Height between film and magnetron sputtering



Compositional Gradient:
Pulsed Laser Deposition (PLD)

← Target A

← Laser plume

Step height ~ monolayer

Images: Nabil Bassim
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Exchange targets after 
(sub)monolayer wedge 
formation: ~ 30 pulses

Compositional Gradient:
Pulsed Laser Deposition (PLD)

Images: Nabil Bassim



Compositional Gradient:
Pulsed Laser Deposition (PLD)

Annealing results 
in uniform graded 
layer of any 
thickness

Switch  targets A and 
B “n” times for 
thicker layers

A
B

Images: Nabil Bassim





E
p

r
Ei

E
p

i

E
p

i E
p

r

Ellipsometry (Non-destructive, non-invasive, 
indirect technique, submonolayer sensitivity)

Spectral Range 1.5eV-9.0eV

•Thickness

•Index of Refraction (n,k)

SE gives us Δ and Ψ

d, n, k Band Gap



Modeling software: SE Studio by Dr. Nhan V. Nguyen



Fitting Data to Model
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n = A + B2 / λ2

λ is in Angstrom

•Fit Experimental Data to Cauchy Plot below the band gap, 
where sample is transparent
•Determine thickness

•Using the same data, assume thickness known, 
•Invert ellipsometry data to determine e1 and e2



Inversion of Ellipsometry
Data with linear fit to 
Determine Band gap energy
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Eg = 5.68 eV

Tauc Plot vs. Photon Energy for 2-0
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New Technique—New Wafer

Metal

Oxide

Semiconductor
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Si substrate injection

Metal gate injection

E1 interband transition of Si

IPE spectra for TaCN / SiO2 / Si
Similar for TaSiN / SiO2 / Si
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Combi-metal sputtering technique

Image compliments of Dr. Kao-Shuo Chang
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Yield1/2 vs. Photon Energy for 2.0V Potential at Row 1 Column 18
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Barrier Height = 3.96 eV



Published Metal Work Functions
Targets used: Ti, Ni, Pt
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Conclusion

• SE was used to determine band gap for 
Novel devices

• IPE was used to determine barrier height 
for CMOS devices

• Combi methods provide route to rapidly 
survey CMOS and Novel devices
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