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Abgtract : This paper presents an overview of the history, modifications, characteristics, and applications of two
well known dielectric function models———the Forouhi-Bloomer model and the Tauc-L orentz model ——which
have been widely used for the extraction and parameterization of optical constants in semiconductors and dielec-
trics. Based on analysis of their inherent characteristics and comparison via demonstrative examples, deeper and

wider usage of the two models is predicted.
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1 Introduction

The optical constants (refractive index n and
extinction coefficient k) of materials (either in bulk
or thin film form) asfunctions of photon energy E
(or wavelengthA) areimportant for both basic sci-
ence and device applications. In general ,the optical
properties of any medium can be described by its
complex refractionindex ,N = n- ik,or complex di-
electric function§ =€1 - E2 ,where € isrelated to
N bye = N? ,0 thate: = i’ - K and€. =2nk. The
absorption coefficienta is directly related to k bya
=41 KA . Optical constants can be extracted from
optical transmission/ reflection and spectroscopic
ellipsometry measurements us ng various empirical
formulas'! ,effective-medium theories” ,or dielec-
tric function models (DFMs) ©® ' Of these approa
ches,DFMs are preferred in both extraction and
parameterization of optical constants because of
their Kramers Kronig consstency and their con-
venient analytic representation of semiconductor
dielectric regponses.

Many DFMs have been established ,including
the well-known Forouhi-Bloomer ( FB)™®! | Tauc
Lorentz ( TL )™ | Adachi®®® | standard critical
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point'® and damped harmonic oscillator model s’ .
The latter three are relatively intricate and mainly
apply to polycrystalline or crystalline semi-conduc-
tors (especially compound semiconductors) with
complex critical point structures. Compared to oth-
er DFMs . the FB and TL model s are much smpler ,
as they have the fewest fitting parameters (only
five). They are currently employed for several
kinds of amorphous®*” *  polycrystalline!™ **
and crystalline/ amorphous (c¢/ a) mixedphase
semiconductor thin films™* . The question arises
whether these two models can be applied to other
materials. In addition ,the original TL model is di-
rectly related to the FB model'* . The exploration
and comparison of their characteristics are thus
beneficial to their future applications. Although
people frequently extract and parameterize optical
constants with the FB and TL models,they pay lit-
tle attention to the models' inherent characteristics
and potential further applications.

In this paper ,we investigate and summarize
the history ,modifications,inherent characteristics,
and applications of the FB and TL models. We
compare the two models and propose new view-
points regarding their detailed applications. We
predict deeper and wider usage of the two models.
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2 Forouhi- Bloomer model

In 1986 ,Forouhi and Bloomer proposed a the-
oretical formulation of optical constants for amor-
phous semiconductors and dielectrics™® . With first-
order time-dependent perturbation theory ,they de-
rived the following smple expressonsfor the opti-
cal constants:

Am (E- Em)’
k(E) = 1
(8 E - BsE+ Cr D
Bo E+ Co
E) = no + 2
= = (2
where
2
BOZAQE&-%EE'FEFBB- E|2:B+CFB
Co :A(?EB-(EI%B"'CFB)%E&‘ZEFBCFB

Q:‘;‘ bce - Bk

Equations 1 and 2 are consstent with Kramers
Kronig analyss. This FB model provides a physical
picture of electronic transitions based on parabolic
valence and conduction bands. The five fitting pa
rameters are as follows: n. ,the refractive index of
the material at optical frequencies; Es ,the optical
gap in the FB model (referred to as the* FB gap”
hereafter) ; Am ,a constant that is proportional to
the ratio of the square of the position matrix ele
ment to the lifetime of the electronic trangtions;
Bm ,twice the energy difference between the cen-
ters of the valence and conduction bands;and Cs ,a
constant that dependson both As and Br.

In 1994 ,McGahan et al.™ modified the FB
model by taking into account the states in the gap
and/ or nonparabolic bands. However ,their modifi-
cation adds complexity and more fitting parame-
ters. Later ,Davazoglou'™ assumed k( E) in Eq. 1 to
be zero or a postive constant when E< Em in de
tailed use of the FB model. Thisis sometimesjusti-
fied experimentally ,snce some materials are trans-
parent below Ems or exhibit additional absorption
due to free carriers that are below Em and within
the near-infrared(IR) region.

However ,there is a shortcoming in the origi-
nal FB model and the modified versons by McGah-
an et al.™™ and by Davazoglou™” ,and that is the
underestimation of band gap values. Thus the gap
values determined by these FB model s are signifi-
cantly less than those obtained by other physical

models**"! and are even unphysically negative in
ome cases ® . Fortunately,the Tauc rule,which
has been used very succesd ully for decadesfor gap
evaluation in indirect-gap semiconductors, yields
reasonable band gap values according to the rela
tion™®

a(E :ﬁEﬂ(E- Erac) 2 (3)

where Ba is a constant and Erac is the optical gap
(denoted as the" Tauc gap” hereafter) . The Tauc
gap can be easly deduced from optical transmisson
spectra usng linear extrapolation with what are
called Tauc plots by the relation'®
(- ﬁlnm”z (E-
where disthefilm thickness and T: is the magni-
tude of transmission,if T, =exp (- 0d) near the
fundamental absorption edge. This extrapolation
method is independent of the film thickness d. As
typical evidence of the shortcoming of the FB mod-
el ,we plot in Fig. 1 the experimental (solid curve)
and calculated (dashed curve,labeled FB) roomr
temperature optical transmisson spectrum in a
wide spectral range of 500 2500nm by means of
least-square analyss for a ¢/ a mixedphase B-
doped hydrogenated nanocrystalline S (ncS  H)

Etauc) (4)
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Fg. 1 Experimental optical transmisson spectrum
(solid curve) of B-doped nc-S: H thin film™! at room
temperature ,with the fitted results given by the FB
(dashed curve) , TL (dash-dotted curve) and mTL (dot-
ted curve) modelsin the wide spectral range of 500
2500nm Shown in the inset is the same experimental
spectrum(solid curve) in the narrow range of 500
770nm ,with the fitted results by FB (dashed curve) ,FB
(n) (dotted curve) and TL (n) (dash-dotted curve) .
Note that models used in the interband region only have
been labeled with” n” in the parentheses.

thin film deposited on glass substrate™™ , using
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Egs. (1) and (2) and the transmission equations
presented in Ref. [18]. The fit by FB is good,but
the yielded FB gap of 1 093eV is much smaller
than the average Tauc gap of 1 494eV. The corre-
sponding n and k are shown as dashed curves in
Fig.2.

(a) ]
0.11F B-doped nc-Si:H
3
L 3
[z
010} ey,
T .
hl: ‘t‘..*.
= .,
0.09F - - -FB "\m
------- TL ’4,,"5' T
0.08F creereeeees mTL TR
05 10 15 20 25 30
EeV?
(b) _
03} B-doped nc-Si:H J
A -
N ermiaim TL K4
T IRVOPPN mTL ‘,‘
L 4
0.1F K2
.’.ﬁ
Y
0 -.Kﬂ- v -
06 12 1.8 24

Fig.2 (a) Plotsof factor (rf - 1) "' versus E* for the
subgap refractive indices n; (b) Extinction coefficients k
caculated by the FB (dashed curves) , TL (dash-dotted
curves) and mTL (dotted curves) models for the B-
doped nccS H of Fig.1

Interband transitions cannot result in optical
absorption for E< Es®* ,while k(E) >0 for E<
Ers according to Eq. (1) . Therefore,the FB gap is
an average effective gap which may even be nega
tive if the FB model is usedin a wide spectral range
that includes both the above-band-gap and the be-
low-band-gap regions. Moreover it isimplicit with-
in Eg. (1) that it isclosely comparable to the Tauc
rulein the interband region (i.e. ,E> E; where E
isthe true optical gap).As a result ,the FB model
can be applied in the interband region (denoted as
FB(n)). The feadhility of FB(n) isillustrated in
the inset of Fig.1 ,where FB(n) (dotted curve) ac-
curately reproduces the experimental spectrum in
the narrow spectral range of 500 770nm ,revealing
a more reasonable FB gap of 1 502eV ,in contrast

to the FB gap of 1 093eV for the wide spectral re-
gion of 500 2500nm (dashed curve). Therefore,
the FB model used in the interband region (i.e. ,
FB(n)) yields reliable optical gaps (i.e. ,an accu-
rate approximation of the true optical gaps) and
optical constants. This presents a new viewpoint
for the application of the FB model.

The FB(n) model is superior to the Tauc rule
in the investigation of thermal effects on optical
band gaps as well as optical constantsin the inter-
band region,as demonstrated by a typical p-type
ncS H example™ . This can be well understood
as follows. First ,there is some uncertainty in the
linear extrapolation of Tauc gap values for differ-
ent ectral ranges. In other words it is difficult to
determine the exact linear region of the experimen-
tal spectra that is suitable for linear extrapolation
at a given temperature. Thisresultsin deviations of
the Tauc gap values and eventually a smearing out
of the thermal behavior of the true band gaps with
the variation of temperature!™ . Second ,the optical
constants cannot be calculated by the above Tauc
rule alone ,since the dispersion equation for nc 9
H in the interband region is unknown. Finaly,
there are only five fitting parameters in the FB
model ,alleviating the problem of more fitting pa
rameters inducing more uncertainty in the fitting
procedure, particularly for temperature dependent
investigation.

There are several inherent shortcomingsin the
FB model and its variations'® :

(1) In the original FB formulation,k(E) >0
for E < Em ,which is unreasonable for undoped
semiconductors. After all ,many glasses are trans
parent. This was recognized by McGahan et al . *!
and Davazoglou!™"" .

(2) The original FB and its variations have k
(E) —constant when E - o ;both experimental and
theoretical results clearly indicate that k( E) goes
to 0 as 1/ E or faster when E - o. This limit is
particularly important for Kramers Kronig integra
tion.

(3) The origina FB and its variations use
Kramers Kronig integration from - o to + o to
calculate n( E) but do not incorporate time-reversal
symmetry ,which requires k(- E) = - k(E).

Degite the above fundamental problems,the
original FB model and its variations can extract or
parameterize optical constants of matter ranging
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from amorphous®” or polycrystalline™ to ¢/ a
mixed-phase(e. g. ,ncS H of Fig. 1) semicon-
ductors and dielectrics. Finally ,it is worth noting
that the preceding statements are related only to
the sngle FB model and that the original FB model
has been extended for use in crystalline semicon-
ductors (i.e.crystalline 9 (cS)) and dielectrics by
a multiple formalism (i. e. ,the superposition of
several single-FB terms) .

3 TaucL orentz mode

In 1996 ,to overcome the above listed short-
comingsin the FB model Jellison and Modine pro-
posed the empirical TL model for amorphous semi-
conductors and insulators'* . The imaginary part of
the dielectric function€.n ( E) is established by
multiplying the Tauc joint density of states by the
€, obtained from the classcal Lorentz oscillator
model ! :

€n(E) =2n(E) k(B

An Eon Co (E- En)? _ 1
X
= (Ez- E(z)TL)2+ Ci B E’ E> En
0, E< En
(5

The real part of the dielectric function€ir ( E) is
obtained by Kramers Kronig integration, and is
given by
2 ° &, €)

m e 52 Ezti (6)
where P stands for the Cauchy principal part of
the integral. Note that the integral is taken over
positive energies,so the above-mentioned time-re-
versal symmetry property need not be considered.
This integral can be solved in closed form as given
by Eq. (6) of Ref.[4]. There are five fitting pa
rameters in the above single TL model :the transi-
tion-matrix-element related An ,transition energy
Eor. ,a broadening parameter Cn ,the band gap
En. (TL gap) ,and the constant€:.. The multiple
TL model , which is the superposition of several
single- TL terms,e.g. ,double TL (2TL) ™" gen-
erally corresponds to multi-transitions.

As indicated by Eq. (5),the TL model in-
cludes only interband transitions; any defect ab-
sorption,intraband absorption,or Urbach tail ab-
sorption is ignored. Four variations of the TL
model have been proposed to remedy some of its
limitations.

In 2002, Ferlauto et al. modified the TL mod-

€im (B =€1e +

el to include of the exponential Urbach tail (a var-
iation we will denote as the TLU model) Y. The
TL U model seems more physically reasonable,and
it introduces three additional fitting parameters.
L ater ,Foldyna et al. extended the TLU model by
assuming a continuous first derivative of the die-
lectric function'® . In this case,there are only six
fitting parameters. In 2003, Nguyen et al. pro-
posed a generalized TL (GTL) model™' ,of which
the TL model is a special case. Very recently,we
empirically modified the TL model by extending
the non-zero part of €2n. ( E) to the whole spectral
range[24] without changing the expression of €1n
(E) (this modified version is denoted as" mTL”
hereafter) ,in order to include free carrier absorp-
tion and obtain a more reliable below-band-gap
ref ractive index for doped semiconductors such as
B-doped nccSi  H. The mTL does not induce any
additional fitting parameters.

It can beinferred from Eq. (5) that the origi-
nal TL model used in a wide experimental spectral
range covering both the region of transparency
(or weak absorption) and the interband region
will yield almost the same fitting parameters as
those of the TL model used only in the interband
region (denoted as TL ( n)) . For example,we also
plot in Fig.1 and its inset the TL-(500 2500nm,
dash-dotted curve) and TL ( n)-(500 770nm,
dash-dotted curve) calculated transmission spectra
of B-doped nc-Si  H,respectively. The TL fit is
good except in the weak absorption region of 1750

2500nm (where free carrier absorption causes a
small decrease in the experimental transmission
minimum) ,and the TL (n) reproduces the experi-
mental data as well as FB ( n) ,with the fitting pa-
rameters At , Cn, Bon, En €1« of 55 449eV ,
0. 543eV , 3 295eV , 1 145eV , 4 028 for TL and
55 369eV ,0. 743eV ,3 418eV ,1 180eV ,4 746 for
TL (n).Both TL gap values-1 145eV for TL and
1 180eV for TL ( n)-are much smaller than the
corresponding Tauc gap of 1 494eV. The TL gap
is thus a mathematical gap rather than a real
physical one,owing to the empirical nature of the
TL model. This is because the components of the
L orentz oscillator and Tauc joint density of states
in€.n (E) may be suitable for describing the be-
low-band-gap and above-band-gap absorption,re-
spectively. The tradeoff between these two com-
ponents results in a smaller nominal band gap En
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(TL gap) than the true optical band gap Ey;,when
the TL model fits real data. Hence the absorption
below E; is actually embodied within the photon
energy range between En and Eg. It is no wonder
that the single or multiple TL models without any
modifications are usually capable of reproducing
the experimental data very well even below the
optical band gap (see Refs. [4,9,12,13] for sup-
porting examples) .

Nevertheless, when free carrier absorption
appears in the near-IR region for doped materi-
als, TL overestimates n in this spectral range (see
the TL fitting in 1500 2500nm of Fig. 1) since
k(E) isfixed at O for E < Ern. Fortunately,we
can resort to mTL to derive reliable optical con-
stants, especially for the below-band-gap refrac-
tive index for doped samples. Its reliability is evi-
denced by the satisfactory fit (dotted curve) in
Fig.1,with the fitting parameters A+ , Cn , Eor ,
Er, €10 of 54 88%V, 0 410eV, 3 312V,
0. 996eV ,2 751. The relevant n( E) and k( E) by
mTL ,shown as dotted curvesin Fig.2,are close to
those yielded by FB (dashed curves) and TL (dash-
dotted curves) . The n( E) of B-doped ncSi:H ob-
tained by mTL issmaller than that given by TL in
the low energy region,which is justified since the
calculated transmission extremes by mTL are blue
shifted from those by TL (see the spectral simula-
tion in 1500 2500nm of Fig. 1). The yielded
k(E) by mTL within the range of 0. 5 1 QOeV in
Fig. 2 shows the trend of the free carrier absorp-
tion effect ,indicating that the free carrier absorp-
tion increases with decreasing photon energy. Sim-
ilar phenomena regarding free carrier absorption
have also been reported in heavily doped poly-
crystalline silicon'® . The mTL model is also
workable for other B-doped ncSi H deposited
under different growth conditions ( not shown
here) . As a result ,we conclude that mTL is superi-
or to TL for doped samples.

The* subgap” (mainly below Ey, sometimes
below Eor) refractive index revealed by mTL or
TL (in the single or multiple form) for large
groups of matter, including B-doped ncSi H
(Fig.2(a)) ,glass™ ,hydrogenated amorphous car-
bon (aaC H)™ ,aSiN H™  high-k dielectric
Hf0.'?' | and ferroelectric Biszs Laoss TisOuwn
(BL T)™ (see also Fig. 3) ,are all found to obey
the oneoscillator Wemple-DiDomenico (WD)

model of the form!®

n“(B - 1= EE&l/ (B - F) (7)
where Eo is the single oscillator energy ,and Ea is
the dispersion energy. Experimental verification
of Eq. (7) can be obtained by plotting 1/ ( n* - 1)
versus E°,as shown in Figs. 2(a) and Fig. 3. The
resulting straight lines yield values of the parame-
ters Eo and Es. For instance, Ec and Es for the
mTL-yielded subgap n ( E) (within the range of
0. 50 1 58eV) of the B-doped ncSi  H in Fig.2
are 3 412 and 31 687eV ,respectively. In contrast,
the FB-yielded subgap n( E) cannot be well de
scribed by the WD model ,as confirmed by anoth-
er typical example of glass in Fig. 3,whose TL-
yielded subgap n ( E) turns out to be consistent
with its nature® . It should be noted that the
complete expression of €in ( E) remains un-
changed between mTL and TL. The refractive-in-
dex behavior’ s strict obedience of the WD model
in the subgap region is thus believed to be inher-
ent within the TL model and not the FB model.

09F O TLdata
Glass = === FBdata
-------- 2TL data

- Linear fit
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BLT(590)  (Ref[13])
5 10 5 20 25
EYeV?

Fig.3 Plots of factor (n?- 1) ! versus E? for the

subgap refractive indices n (open circles: single TL
model ; dashed curves: FB model ; dotted curves:double
TL model;solid lines:linear fits) of various semicon-
ductors and dielectrics

It is also a new finding that the subgap re-
fractive index revealed by the TL model is strong-
ly related to the one-oscillator WD model if the
TL model is fitted to real data,no matter which
kind of TL model isused (i.e. ,in asingle or mul-
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tiple form,or mTL) and regardless of the form of
the investigated materials (i.e. ,amorphous,poly-
crystalline,,or ¢/ a mixed-phase) . Then we are a-
ble to infer the following. In general , the single
TL corresponds to one dominant interband optical
transition,the double TL corresponds to two tran-
sitions,and so on. Since the single TL model is re-
lated to the single-oscillator WD model , and the
multiple-oscillator WD model has been demon-
strated to be equivalent to a one-effective-oscilla-
tor WD model'™ ;any multiple TL model is relat-
ed to the single-oscillator WD model.

The reason the TL model is strongly related
to the WD model is twofold. First,the TL model
reveals a more reliable dielectric response than
the FB model in the subgap region,where the re-
fractive-index behavior of large groups of matter
obeys the Sellmeier equation of theform n’(E) -
1=(Ao- 1) +Bo/ (C5- E) with Ao,Bo and Co
as fitting constants. E’ is generally much less than
C5 in the subgap region,and the Sellmeier equa-
tion is thus approximately equivalent to the WD
expression according to the relation (Ao - 1) +
Bo/ (C6- E°)= ((Ao- 1) C5+Bo)/(C5- E).
Second,when E< E; or when Ewn enough smaller
than E, the TL model approaches the classical
L orentz oscillator model of the form'*

AL

BL.- E-iCE ®
whose expression for the real part of the dielectric
function€ ( E) turns out to be equivalent to the
Sellmeier equation and subsequently to the WD
expression after using€: ( E) = n’ ( E) and neglec-
ting the broadening term G.. The other parameters
are the constant € » , amplitude A. and band gap
Eo . We adopt the WD model here rather than the
Sellmeier equation, because the WD parameters
have fundamental physical sgnificance and can
provide new indght into the microstructure of mat-
ter®!,

In combination with the WD model ,we can at-
tach new physcal sgnificance to the transtion en-
ergy parameter En of the TL model. & is the en-
ergy of the effective oscillator ,which is typically
near the main peak of theimaginary part of the die-
lectric function€ . It has been extended to measure
the energy diff erence between the’ centersof grav-
ity” of the valence and conduction bands,which is
indicative of an average gap of the materia'™ . This
average gap gives quantitative information about

€|_(E) =€ +

the* overal” band structure, differing from the
conventional optical gap such as Tauc gaps '
which probes optical properties near the f undamen-
tal band gap of the material . In the success ul usage
of the sngle TL model (usually for amorphous,
sometimes for ¢/ a mixedphase materials) , the
trangtion energy parameter BEr ,which is closdy
comparable to B and the peak energy of € 2, reflects
such overall band structure information. For exam-
ple, b =3 312eV and B = 3 412eV for the B-
doped ncS H by mTL in Fig. 1. In cases of the
multiple TL model (generally for multi-transtion
amorphous, polycrystalline materials) , multiple
Bor. parameters correspond roughly to different
trangition energies,or even critical points such as
E: ;however ,we can still resort to B for the afore-
mentioned“ overall” band structure information,
which may be further related to the specific bond
density of matter'®’.

Based on the relation between WD and TL ,an-
other criterion is proposed for judging whether the
quantum size effect (QSE) is prominent within ¢/
a mixed-phase material s such asB-doped ncS H
(where S nanocrystals are embedded in an amor-
phous S matrix) from the viewpoint of €1 (E) :the
decrease in the subgap refractive index of the mate-
rial is primarily ascribed to the average gap B ex-
panson ,which provesto be equivalent to the meth-
od of Ref.[30]. When B islarger than that of ¢S
(i.e. ,4 0eV ,see Ref. [26]) it implies prominent
QSE. Otherwise it implies negligible QSE. B of
the sngle TL model also reveals smilar qualitative
information about QSE ,snce it approximates k.
This criterion gives us a straightforward and con-
venient way to judge the degree of QSEfrom either
B or Bon . For instance, Bor. =6 508eV and B =
7.902eV for the intrinsc ncS  H™'. Both of
these values are sgnificantly different from that of
¢ S ,whichisanindication of QSE. Thisisreasona
ble since the grain sze of theintringc ncS His
only about 3 5nm ,less than the usual sze limit of
5nm for consderable QSEin ncS H.

Mass density and information about coordina
tion number can also be deduced from the TL fit-
ting parameters in conjunction with the WD mod-
el. The parameter Ei,which is a measure of the
strength of interband optical transitions and is
nearly independent of K ,is found to follow the
smple relationship Es =B N¢ZaNe in a variety of
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crystalline covalent and ionic solids and liquids. Nc
is the coordination number of the cation nearest
neighbor to the anion,and Z, Ne,B are con-
stants®! . In a diamond-type structure of ¢S ,N¢ =
4 with Bo =4 0eV and E« =44 4eV. The WD mod-
el was extended to amorphous semiconductor and
glasses®” by the proposed relation Ei/ Ei = %/
P*) (N&/ N¢) ,wherep is the mass density ,and a
and x refer to amorphous and crystallineforms,re-
spectively. This relationis also expected to hold for
mixed-phase materialslike ncS H ,with the pos
sible distinction of constantP. Therefore, Es mainly
reveal sinformation about density and coordination
number (see Ref.[29] for supporting examples) .

Finally ,smilar to the FB model , which has
been success ully extended to crystalline semicon-
ductors and dielectrics®™ ,we can al s predict that
the (single or multiple) TL model may be applica
ble for the optical characterization and microstruc-
ture investigation of many other covalent and ionic
material s ,including more than 100 widely different
wlids and liquids presented in Refs. [ 26] and
[27] ,whether fully or partially crystalline and a
morphous ,provided the refractive-index dispersion
behavior of these materials falls into the pattern
described by the WD model and their subgap opti-
cal absorption is adequately small.

4 Further discussion

In addition to the above investigations of the
FB and TL models, we give an overview of the
characteristics and applications of these two mod-
es:

Although the FB and TL models can be used
inthe near IR to ultraviolet spectral range ,only FB
(n) ,and not TL (n) ,can yield reliable optical gaps
of the material being studied. The TL gap is a
mathematical one that is due to the empirical na
ture of the TL model ,while the true band gap can
be derived from the TL-yielded k( E) by means of
methods such as a Tauc plot. When fitted to real
data,the TL model can yield more reliable optical
constants (n( E) and k( E)) than the FB model ,es
pecially the subgap n( E). The TL-yielded subgap
refractive index is found to be strongly related to
the WD model ,on the basis of which we can gain
indghtsinto the microstructure of matter and ex-

tend the applications of the TL model. Neverthe
less,we think that the FB and TL models are not
applicable to all kinds of semiconductors or insula
tors, but mainly to amorphous ones, since they
were originally proposed for amorphous material s.
Both can be extended to be applied in multiple
forms for polycrystaline or crystaline materials.
When the FB and TL models (or their modified
versons) are not workable for specific substances
with complex critical point structuresor in the case
of other spectral (e. g. ,far-IR) regions,one may
resort to other DFMs,including the Adachi mod-
el®® or the classcal Drude model for reasonable
determination of the optical constants.

5 Conclusions

The history ,modifications,characteristics and
applications of the well-known FB and TL dielec
tric function models have been investigated. Com-
parison is made between these two models using
typical examples. New perspectives in the inherent
characteristics of the two models are aso pro-
posed ,which will facilitate their deeper and wider
usage in many other semiconductors and insule
tors.
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