
Lorentz Dispersion Model

Spectroscopic ellipsometry (SE) is a technique based on the measurement of the relative phase
change of reflected and polarized light in order to characterize thin film optical functions and other
properties. The measured data are used to describe a model where each layer refers to a given ma-
terial. The model uses mathematical relations called dispersion formulae that help to evaluate the
thickness and optical properties of the material by adjusting specific fit parameters. 
This application note deals with the Lorentzian dispersion formula.
Note that the technical notes «Classical dispersion model» and «Drude dispersion model» are com-
plementary to this one.

Theoretical model
The Lorentz classical theory (1878) is based on the
classical theory of interaction between light and matter
and is used to describe frequency dependent polariza-
tion due to bound charge. The bindings between elec-
trons and nucleus are supposed to be similar to the
that of a mass-spring system. 

Electrons react to an electromagnetic field by vibrating
like damped harmonic oscillators. The way the dipole
replies to a submitted electric field is given by the fol-
lowing equation of motion of a bound electron:

where:
• m d2r/dt2 is the acceleration force; 
• mΓ0 dr/dt is the viscous force; Γ0 is the damping

factor;

• mωt
2r is the Hooke’s force; m is the electronic mass

and ωt is the resonant frequency of the oscillator;
• -e Eloc is the local electric field driving force; e is the

magnitude of the electronic charge and Eloc is the lo-
cal electric field acting on the electron. The assump-
tion is made that the macroscopic and local electric
fields are equal and vary in time as eiωt.

The solution to the previous equation yields the expres-
sion for the amplitude of oscillation r depending on the
photon energy ω:

At low frequencies ω<<ωt, the amplitude r has a me-
dium finite value and is in phase with E.
At the resonance frequency ω ≅ ωt the amplitude is
imaginary and maximum when denominator is mini-
mum. More, at ω ≅ ωt there is a 90° phase shift be-
tween E and r. 
At high frequencies ω>>ωt, the amplitude r vanishes.

Fig. 1 Restoring force between the orbiting electron
and the atomic centre (Ref. 4).
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Fig. 2 The oscillator amplitude as a function of
frequency (Ref. 5).
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The induced dipole moment μ is related to r through
this relation:

The polarizability α(ω) is given by μ(ω)=α(ω)E(ω)
where:

Taking the sum of the single atom dipole moment over
all atoms in a volume, it comes that the polarization
per unit volume is given by:

The susceptibility χ(ω) is deduced from the previous
equation:

where the prefactor (Ne2/ε0m) is the plasma frequency
squared ωp

2.
The dielectric function is then given through this rela-
tion

The limits εs and ε∞ of the dielectric function respec-
tively at low and high frequencies are given by: 

The complex dielectric function can also be expressed
in terms of the constants εs and ε∞ by substituting
equations (8) into (7) which yields the following equa-
tion:

where εs is defined as: 

Lorentz model describes radiation absorption due to in-
ter-band transitions (quantum-mechanical interpreta-
tion). Interband transitions are transitions for which the
electron moves to a final state corresponding to a dif-
ferent band without changing its k-vector in Brillouin’s
first zone.

Extension to multiple oscillators
If there is more than one oscillator, the dielectric func-
tion is assumed to be equal to the sum of contributions
from individual oscillators. This situation fits better to
the case of real materials. 
In DeltaPsi2 software, the mathematical formulation
used for a collection of:
- three Lorentz oscillators is:

- N (N ≥ 1) Lorentz oscillators is:

Increasing the number of oscillators leads to a shift of
the peaks of absorption toward the ultraviolet region.

Fig. 3 The response of an oscillator amplitude to a periodic driving
force depends on the resonance frequency (Ref 5). 
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Fig. 4 Polarization of the electronic cloud due to external E-field.
(Hecht, Ref. 3)
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 The parameters of the equations
4 parameters may be used in the expressions of the
single Lorentz oscillator but it may be possible to char-
acterize the function with fewer coefficients.

Parameters describing the real part of the dielectric 
function
• The constant ε∞ is the high frequency dielectric con-

stant; it takes into account the contribution of high
energy inter-band transition. Generally, ε∞=1 but
can be greater than 1 if oscillators in higher energies
exist and are not taken into account.

• The constant εs (εs>ε∞) gives the value of the static
dielectric function at a zero frequency. The difference
εs-ε∞ represents the strength of the single Lorentz os-
cillator. The larger it is then the smaller the width Γ0
of the peak of the single Lorentz oscillator.

Parameters describing the imaginary part of the sin-
gle Lorentz oscillator dielectric function
• ωt (in eV) is the resonant frequency of the oscillator

whose energy corresponds to the absorption peak.
When ωt increases then the peak is shifted to higher
photon energies. Generally, 1 ≤ ωt ≤ 20.

• Γ0 (in eV) is the broadening of each oscillator also
known as the damping factor. The damping effect is
due to the absorption process involving transitions
between two states. On a graphic representing εi(ω),
Γ0 is generally equal to the Full Width At Half Maxi-
mum (FWHM) of the peak. As Γ0 increases the width
of the peak increases, but its amplitude decreases.
Generally, 0 ≤ Γ0 ≤ 10.

Parameters describing the imaginary part of the mul-
tiple Lorentz oscillators dielectric function.
• fj (j = 1, 2 … N) term is the oscillator strength

present in the expression of the multiple Lorentz os-
cillator. As fj increases then the peak amplitude in-
creases, but the width of the peak γj decreases.
Generally, 0 ≤ fj ≤ 10.

• ω0j (in eV) (j = 1, 2 … N) is the resonant (peak) en-
ergy of an oscillator for a collection of several
Lorentzian oscillators. It is similar to ωt. Generally,
1 ≤ ω0j ≤ 8.

• γj (in eV) (j = 1, 2 … N) parameter is the broadening
parameter corresponding to the peak energy of each
oscillator. It behaves like Γ0. Generally,  0 ≤  γj ≤ 10.

Limitation of the model
The Lorentz oscillator is not suitable for describing the
properties (presence of gap energy and quantum ef-
fects) of real absorbing (amorphous, semiconductors)
materials.

Parameter set up
Note that: 
1. The Lorentzian dielectric function is available in the

Classical dispersion formula in the DeltaPsi2 soft-
ware.

2. The sign « » before a given parameter means that
either the amplitude or the broadening of the peak
is linked to that parameter. 

3. For each multiple oscillator the graphs show the dif-
ferent contributions (in red dashed lines) of the N
Lorentzian oscillators to the imaginary part of the
Lorentz dielectric function (in red bold line).

> Transparent Lorentz function 

- This function exhibits no absorption: Γ0=0. 
- This case corresponds to normal dispersion where

εr(ω) increases with photon energy. 

> Absorbing Lorentz function

- This function exhibits absorption: Γ0≠0. 
- The real part of the dielectric function increases with

increasing frequency (normal dispersion) except for a
region between [3eV - 4eV] where the dispersion be-
comes anomalous. The absorption peak is given by
the imaginary part of the dielectric function εi (ω) and
is always positive.

∞

Dielectric function of SiO2
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> Multiple oscillator Lorentz function

Applications to materials
The Lorentz oscillator model is applicable to insulators.
It describes well for example the behaviour of a trans-
parent or weakly absorbent material (insulators, semi-
conductors). The spectral range of validity of the
Lorentz formula depends on the material but usually
the fit is performed over the region ω<ωt for the single
Lorentz oscillator and ω<ωi in case of multiple oscilla-
tors where ωi is the transition energy of the oscillator of
highest order.

List of materials following single lorentz oscillator 
model

Representation of a Lorentz absorbing function

Dielectric function of CuPc described by 2 oscillators

Dielectric function of a green colored filter described by 4 oscillators

Materials ε? εs ωt Г0 S. R. (eV)
AlAs 1.0 8.27 4.519 0.378 0 - 3

AlGaN 1.0 4.6 7.22 0.127 0.6 - 4
AlN 1.0 4.306 8.916 0 0.75 - 4.75

Al2O3 1.0 2.52 12.218 0 0.6 - 6
AlxOy 1.0 3.171 12.866 0.861 0.6 - 6

Aminoacid 1.0 1.486 14.822 0 1.5 - 5
Au disc 1.0 2.409 1.628 0.708
Biofilm 1.0 2.12 12.0 0 1.5 - 5

CaF2 1.0 2.036 15.64 0 0.75 - 4.75
CrO 0.687 3.1 8.0 1.694

Red Color 
Filter 

1.0 2.497 5.278 0 0.65 - 2 

GaAs Ox. 2.411 3.186 5.855 0.131 0.75 - 4.75
GeOx 1.0 2.645 16.224 0.463 0.6 - 4
H2O 1.0 1.687 11.38 0 1.5 - 6
HfN 1.0 3.633 8.452 0
HfO2 1.0 2.9 9.4 3.00 1.5 - 6

HMDS 1.0 2.1 12.0 0.500 1.5 - 6.5
ITO 1.0 3.5 6.8 0.637 1.5 - 6

o - LaF3 1.0 2.546 14.098 0.177 0.75 - 4.75
e - LaF3 1.0 2.521 16.842 0.670 0.75 - 4.75

LiGdF4:Eu3+ 1.0 2.256 16.594 8.416 1,0 - 6.5
LiNbO3 1.0 5.0 12.0 0

LTO 1.0 2.204 13.784 0
MgF2 1.0 1.899 16.691 0 0.8 - 3.8
MgO 11.232 2.599 1.0 0 1.5 - 5.5 
NBF3 1.0 2.503 13.911 0
NiO 1.0 121.480 3.470 0.360

∞      ε ∞     ωt   ε∞     εs
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List of materials following single Lorentz oscillator 
model

List of materials following multiple oscillator model 
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Materials ε? εs ωt Г0 S. R. (eV)
PEI 1.0 2.09 12.0 0 0.75 - 4.75
PEN 1.0 2.466 4.595 0 1.5 - 3.2
PET 1.0 3.2 7.0 0

PMMA 1.0 2.17 11.427 0 0.75 - 4.55
Polycar-
bonate

1.0 2.504 12.006 0 1.5 - 4

Polymer 1.0 2.3 12.0 5.0 0.75 - 4.75
PP 1.0 2.16 8.579 0.065 1.5 - 6.5

p-Si 1.0 12.0 4.0 0.5 1.5 - 5
Spincoated  
Polystryol

1.0 2.25 8.0 0 1.5 - 5

PTFE 1.0 1.7 16.481 0 1.5 - 6.5
PVC 1.0 2.304 12.211 0 1.5 - 4.75

Quartz 1.0 2.264 11.26 0
Resist 1.0 2.189 10.814 0.334 1.5 - 6.5

Sapphire 1.0 3.09 13.259 0 1.5 - 5.5
a-Si : H 3.22 15.53 3.71 2.14 1.5 - 6

a-Si 3.109 17.68 3.93 1.92 1.5 - 6
SiC 3.0 6.8 8.0 0 0.6 - 4
SiN 2.320 3.585 6.495 0.398 0.6 - 6

Si3N4 1.0 5.377 3.186 1.787 1.5 - 5.5
SiO2 1.0 2.12 12.0 0.1 0.7 - 5

SiO2 doped 
As

1.0 2.154 11.788 0 1.8 - 5

SiOxCHy 1.0 2.099 13.444 0 1.45 - 2.75
SiON 1.0 2.342 10.868 0 0.75 - 3
SnO2 3.156 3.995 4.786 1.236
Ta2O5 1.0 4.133 7.947 0.814 0.75 - 4
TiOx 0.290 3.820 6.50 0 0.6 - 3

YAG:Tb(10%) 1.0 2.545 10.342 0.793 1,0 - 6.5
Y2O3 1.0 2.715 9.093 0 1.55 - 4
ZrO2 1.0 3.829 9.523 0.128 1.5 - 3

    εs   ε∞    ωt  
CuPc

Green Color 
Filter

Pentacene/Si

e∞ 1.800 2.481 1.834

f1 0.140 0.00623 1.093

ω0,1 2.000 1.687 1.981

γ1 0.130 0.122 0.207

f2 0.400 0.0170 -1.539*

ω0,2 3.700 1.868 1.982

γ2 0.900 0.127 0.164

f3 0.140 0.00825 0.579

ω0,3 1.700 2.648 1.982

γ3 0.150 0.0717 0.133

f4 0.130 0.0109 1.524

ω0,4 2.550 2.789 3.100

γ4 0.950 0.162 11.005

Th
is 

do
cu

me
nt 

is 
no

t c
on

tra
ctu

all
y b

ind
ing

 un
de

r a
ny

 ci
rcu

ms
tan

ces
 - 

Pri
nte

d i
n F

ran
ce 

- 0
9/

20
06

Materials

Parameters

ε

TN08



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


