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Motivation

eSpectroscopic Ellipsometry

*Determine the Optical Properties of combi-film grown by PLD

eInternal Photoemission

*Determine Barrier Height between film and magnetron sputtering
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Compositional Gradient:
Pulsed Laser Deposition (PLD)

Step height ~ monolayer
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Compositional Gradient:
Pulsed Laser Deposition (PLD)

Combinatorial Deposition (2 materials)
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Compositional Gradient:
Pulsed Laser Deposition (PLD)

Combinatorial Deposition (2 materials)

Annealing results
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layer of any
thickness

Switch targets A and
B “n’” times for
tthker Iaye rs Images: Nabil Bassim

NIST

National Institute of
Standards and Technology

Electronics and Electrical Engineering Laboratory
Semiconductor Electronics Division




- Binary diagrams
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Ellipsometry (Non-destructive, non-invasive,
Indirect technique, submonolayer sensitivity)

Spectral Range 1.5eV-9.0eV

SE givesus A and W

*Thickness

*Index of Refraction (n,k)

T
d, n, k >Band Gap
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Modeling software: SE Studio by Dr. Nhan V. Nguyen

B spectroscopic Ellipsometry Studio - SetB-Cut.epj =151 =]
File Edit “iew Materials Tools ‘Window Help

D= ®e|S 2 R BR[| 2] =] e >4 0] e > [0S %[ =]
JINIST Se Exp Format =fsitatL j| ' L [
SoUrces | x| =] =]
=-{__] Experimental Data |
B8 TazO5-BF00CUL. exp
& SE Fitti : Si/GTL-0/ - ] :
B T5205-B7S0CUE.exp Angle of SE Fitting Result: S5i/GTL-0/Ta205-B750Cut.exp_4
B8 TazO05-B900CUL . exp
B8 Taz05-B6S0CUL. exp Er—
Substraf Experimertal Data File:  Ta205-B750Cutexp Lrgle of Buciderce:  75.000 +4 0,000
Film 1
Film 2 Compl |+l [Comp2z [|wiz  [std  [Comp3 [w3  [5td  [Thickness [std
Aavbiex Substrate |Sijaw 1.000 0.000) 0.000 0.000] 0.000 0.00
Film 1 GTL-Gene 1.000 0.000 0.000 0.000 | 0.000 11783
Awhient |Air 1.000 0.000 0.000 0.000 0.000 0.00
— Grid =&
Fre Dispersion Hane:
1 Exp | SE Model Makerial
e | ' ' Tof| | smse S——
|
Workspacs alx] Fitting 1 Fit Type: Cos(Del) & Tan(Psi)
[ =@ SE Fitting
=188 SE Qutputs Ty # Data Toints: 97
o SIPGTL-0/Ta20S-BES0CUE. exp_1 |E
| SiGTL-0/Ta205-B750CuUt. exp_3 # Grid Pois: s00
| SI|GTL-0/Ta205-B750CuUt. exp_4
| SiGTL-0/Ta205-B900CuUt. exp_5 ML # Fit Daramsters: 10
| SiGTL-0/Ta205-B900CUt. exp_6
| SiGTL-0/Ta205-B900CuUt. exp_7 Least Squares: Thibdased
| SiGTL-0/Ta205-B900CuUt. exp_S
| SiGTL-0/Ta205-B650CUL. exp_9 ;
| SifGTL-0/Ta205-BES0CUE. axp_10 Xt _Setting
| SIGTL-0/Ta205-Be50CUt exp_11
| SIGTL-1/Ta205-B900CuUt exp_12 o = - -
SIGTL-1/Ta205-BIO0CUE. exp_13 ¥t Fitting Results I"I:: Graph I Error I Correlations I Input Model I Grid Model I

. SIGTL-1/Ta205-Ba00Cut. exp_14
9 DF Fitting

For Help, press F1 [ [ [ |
#l Start I |J ) m I“_;;i] 3] & = EI & |J [E Microsoft PowerPoink - [SE...I @9 Se - Microsoft Visual C++ ... Ilﬂ Spectroscopic Ellipsom... |5'31'-Q$’ HE®S  azoem

Electronics and Electrical Engineering Laboratory ler

Semiconductor Electronics Division 30N Tochology




Fitting Data to Model

*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 el and e2
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Tauc Plot vs. Photon Energy for 2-0
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Band Gaps (eV
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New Techniqgue—New Wafer
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Capacitance= 1x
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A potertial high-k process
Capacitance = 1.6 x
Leakage Current = 0.01 x
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Combi-metal sputtering technique

_distance between

X
guns & substrate

Image compliments of Dr. Kao-Shuo Chang
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Yield™ vs. Photon Energy for 2.0V Potential at Row 1 Column 18

Yield"? (arbitrary units)
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Y2 for Row 1 Column18

Barrier Height = 3.96 eV I

Barrier Height vs. Field
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Published Metal Work Functions
Targets used: Ti, Ni, Pt
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Barrier Heights (eV)
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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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