ELLIPSON

ELLIPSOM
AND

ke

Dr. Gilles Benoit
Massachusetts

Dr. Richard Sun


http://mit.edu/site/aboutsite.html

% General Applications
% Summary


http://mit.edu/site/aboutsite.html



http://mit.edu/site/aboutsite.html

7\

Als)T

NN 24

Nat

e electromagnetic in nature and require four basic
mpletely describe them.

o3
density: D
H and

L GGl
magnetic-flux density: B

four vectors, the electric-field strength is chosen to

e polarization state of light waves. It is because the force

on the electrons by E is much greater than by the magnetic-
iled of the wave when light interacts with matter. Once the

polarization of electric-field vector has been determined, the other

three vectors can be also determined based on Maxwell’s field

~ equations and the associated constitutive material relations.
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sider a linearly polarized plane wave which propagates
on and vibrates in the x-plane. The electric field of the

Is the dielectric constant; ¢ is the conductivity.
Je of the electric field strength.

/ |

Damped Term Undamped Term
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Absorbing Medium ——
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4

direction of
propagation

Rolf E. Hummel: Electronic Properties of Materials, Springer-Verlag, 2" Edition, 1997
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A
(a) (b)

The special cases of linear (a) and circular (b) polarization. In (a), the dashed line
indicates the locus of the terminus of the electric vector E. In (b), L and R represent the left- and
right-circular polarizations, respectively.

R.M.AAzzam & N.M. Bashara: Ellipsometry and Polarized Light, Elsevier Sci., New York, 1999
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The extremity of its electric field vector describes an ellipse

(a) (b)

(a) Elliptically polarized light; (b) decomposition of elliptically polarized light into two
(b) mutually perpendicular plane polarized waves P and S with a phase difference, Delta;
R.W. Pohl, Optik und Atomphysik, Springer-Verlag, Berlin, 1958
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between the major axis of the ellipse and the positive
he P. It defines the orientation of the ellipse (-90° < 6 < 90°).

) Ellipticity e, which is the ratio of the length of the semi-minor axis and that of its
- semi-major axis. e = a/b = Tan(g)

(3) Amplitude A, which is a measure of the strength of elliptical vibration. Its square is
proportional to the energy density of the wave. A = (a2 + b2)1/2

(4) Handedness, which is used to describe wave propagation sense. Right handed —
clockwise; Left handed — counter-clockwise when looking into the beam.
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incidence

Rolf E. Hummel: Electronic Properties of Materials, Springer-Verlag, 2"9 Edition, 1997
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Sin2g = SIiN2ySINA

Tan20 = Tan2yCosA
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Azzam & N.M. Bashara: Ellipsometry and Polarized Light, Elsevier Sci., New

The Poincaré-sphere representation of polarization. The longitude 26 and latitude 2e
determine a point P, that represents an ellipse of polarization with azimuth 6 and ellipticity angle
€. The lines of longitude and latitude represent the equi-azimuth and equi-ellipticity contours,
respectively. The correspondence between polarization states and points on the sphere is

indicated.
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Processing)
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(Real Time)

(Application
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Measured Data
¥

Measurement

k - Calculation ?
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| Monochromator

Estimated sample structure

- Film Stack and structure
- Material n, k, dispersion
- Composition Fraction of Mixture

N[0

. Native Oxide '

Si-25%Ge 3008
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2. Snell’s Law:

Ipsometry Equation

Coefficients:

4. Optical Constants
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| @ M films in structure
D
o1 i Ambient: 0 = Planar assumed

I i Layer 1 m Isotropic and
| homogenous

2/3 : Lf;lyer 2

@ Incident angle known

* Facts:

(i-1)/i ; * M layers + one substrate
d. % - M+1 interfaces
/(i+1)
,  Unknowns:
« Each layer thickness (m)

» Optical constants (n & k, 2m)

Substrate: s IEEE=ITEICII@ DTS
*One set of ¥ & A at each wavelength
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Measured Data

Estimated sample structure
- Film Stack and structure
- Material n, k, dispersion
- Composition Fraction of Mixture
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= Front Face | [Riiftes

b. Volume
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NK Profile:
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XTEM SE
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I BaCk Face — " Direct Technique Not Direct Technique

but NOT nondestructive but Nondestructive,
Quantitative and Inexpensive

(b) (c)
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a. Thickness
b. Volume
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NK Profile:
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Macroscopic Property

Dielectric Response: ¢

us-Massotti Equation

(N is the densit olarizable units)

~ Lorentz-Lorentz Equation

(f's are volume fractions for each polarizable components a & b)
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dielectric constant of g,

Philos. Trans. R. on, 205,1906, 237)

€h
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A.G. Bruggeman, Ann. Phys. (Liepzig) 24, 636 (1935)

del is also called Effective Medium Approximation ( ).
edia play exactly the same role. The effective dielectric
S given by the second order equation :

J

tion of the mixture i

The two materials plays the same role but they are in interaction. Each type of inclusion is in interaction
with the medium (it is supposed nevertheless spherical, depolarization coefficient equal to 1/3).
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subst (0.5)+
film (f.)+
substrate - (s vold (d 5-f)

surface roughness

| subst (0.5)
1 +fim (0.5)

R.W.Collins, et al., Thin Solid Films,313-314,1998, pp18-32
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XTEM SE
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Direct Technique Not Direct Technique
but NOT nondestructive but Nondestructive,

Quantitative and Inexpensive

(c)

(b)

Source: K. Vedam, Thin Solid Film14 (1998) pp. 1-9
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SE Model

Thickness (nm)| n@1550nm
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66.71 2.2825 i e

Si Substrate
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Dispersion:
- Isotropic
- Anisotropic

- Cauchy . -
- Sellmeier Anisotropic:
- Uniaxial X

- Exponential _ Uniaxial Y
- Tauc-Lorentz - Uniaxial Z
- Biaxial XYZ

IR Drude

=== Absorption Band 1
4

- Lorentz

Dispersion

Absorption Band 2

- Gaussian

=== Absorption Band |
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Dispersion

D]spers]gn (UV Con;tr]bu\t]on)lll :
UV Contribution

- Cauchy NK

- Cauchy g/g;

- Sellmeier

- Exponential

-Tauc-Lorentz

n=A+B/A*+C/A*
k=D+E/A*+F /2
e =A+BIX+CIA

& =DIA+EIX +FIX
g =1+ (A=A /(X - B)
g =C/ 1+ DIV ESEEE.
g =A+BLX +C(D+(E+F X)) 2)A
g =0

_ AEC(E-E,)’
((E*-E,)*+C*E*)E "™F-F0

&(E)

gi(E):O for E < Eg
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== |R Drude

Note: P is the polarization, 1/t the mean free pass
and 1/Lo the inverse of the plasma wavelength.

Dispersion
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Dispersion

=== Absorption Band 1

Absorption Band 2

=== Absorption Band j

- Lorentz

g, = AR (2 - L) |42 - L)% + 722

g = Af}//[(lz - Loz)2 + 7/2/12J
Note: A s the amplitude , Lo is the central

wavelength and yis the width of the band
or peak.

g, = A-imag(DoubleW(z))

g = A-real(DoubleW(z))
DoubleW(z) = (exp(—z°) - erfc(—iz)
z=@/L, —1/ )y
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ants or dielectric constants for bulk

and thickness for films
1d Composites
0y concentration determination

time monitoring for growth or etching
ics study

properties derived from optical /dielectric
constants
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e dielectrics, Semiconductors and their alloys

| coatings
onductor compounds
al films in Optical MEMS

» Flat Panel Display (FPD)

e Thin film transistors (TFT) stack

- » Conductive oxide: Indium Tin Oxide (ITO)
« Solar Cell Industry
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et. The selection and use of ellipsometer are
- application-oriented.

as advantages over many other techniques.

The ellipsometry is the based technique.
It is not direct readout type instrument.
Theretore:
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Ellipsometry has

sive than any other tools: Optical,
or structural) and chemical
sition, bonding). All these Information may be
from only one measurement.

astructive compared with SIMS for composition

ontact compared with four-point probe for

¥

- 4, Non-contact and no pattern needed compared with
Stylus profilometer for thickness

5. No vacuum requirement compared with all e-beam or
lon-beam based instrument
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plitude ratio) tha _
ition, as ellipsometer measures the polarisation
1d not the intensity, it Is less sensitive to light
ity fluctuations.

Information from ellipsometry is very
- sensitive to surface layers. Therefore, it is the best
non-destructive technique for thin film characterisation.
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