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Abstract
In this paper, an original method for the complete optical characterization of thin films
exhibiting area thickness non-uniformity is presented. This method is based on interpreting
experimental data obtained using an original imaging spectroscopic photometer operating in
the reflection mode at normal incidence of light. A CCD camera is employed as a detector of
the photometer. The spectral dependences of the reflectance measured simultaneously by
individual pixels of the CCD camera correspond to the local reflectance of small areas of the
non-uniform thin films characterized. These areas form a matrix along a relatively large part of
the substrate covered with the non-uniform film. The spectral dependences of the local
reflectance measured by the individual pixels are treated separately by means of the
formulae for the reflectance valid for uniform thin films. The reason is that the local areas
corresponding to the pixels are sufficiently small so that the film characterized can be
considered to be uniform within these local areas. Using this approach, it is possible to
determine the values of the local thickness and local optical constants for every small area of
the matrix. Thus, in principle it is possible to determine the distributions (maps) of the local
thickness and the local optical constants of the non-uniform films simultaneously. This
method is used to characterize carbon-nitride thin films exhibiting only the thickness area
non-uniformity.

Keywords: non-uniform thin films, imaging spectroscopic reflectometry, distribution of the
local thickness

(Some figures in this article are in colour only in the electronic version)

1. Introduction

Thin films are utilized very frequently in practice. Many of
them exhibit area non-uniformity. For example, thin films
prepared by various plasma-chemical methods often exhibit
area non-uniformity in the optical parameters, i.e. in the
optical constants and thickness. It is known that the existence
of this non-uniformity can strongly influence the properties
of the thin films (see e.g. [1–6]). Moreover, area non-
uniformity can misrepresent the results of the characterization

of thin films if this non-uniformity is not taken into account
(see e.g. [1, 2, 4, 7]).

It is very difficult to perform a correct optical
characterization of non-uniform films by means of the standard
optical methods employed most frequently in practice (e.g.
photometric and ellipsometric methods [4, 7–9]). In many
cases of non-uniform thin films, the standard photometric
and ellipsometric methods cannot be used at all. Therefore,
it is necessary to develop new optical methods enabling
us to perform a complete optical characterization of films
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non-uniform in thickness and optical constants with sufficient
precision.

Imaging spectroscopic reflectometry (ISR) represents
such a new approach. Within the scope of this technique,
we developed a new method allowing us to perform the
complete optical characterization of non-uniform absorbing
thin films. Using this ISR method, it is possible to determine
the area thickness distribution along these non-uniform films
together with the area distribution of the spectral dependences
of their optical constants if a suitable dispersion model of
these optical constants is selected. In principle, an important
advantage of ISR consists in the possibility of using the
formulae corresponding to uniform thin films in the treatment
of experimental data. This ISR method is applied using an
imaging spectroscopic photometer (ISP) containing a CCD
camera as a detector. We developed an original ISP that can
be employed in both reflection and transmission modes [10].
This ISP is a two-channel instrument operating in ex situ mode
in contrast to a one-channel ISP operating in in situ mode
utilized for technological purposes [11].

In this paper, ISR is applied to non-uniform carbon-
nitride films because these films prepared by plasma-enhanced
chemical vapor evaporation deposition (PECVD) exhibit
relatively strong thickness non-uniformity along the surfaces
of silicon single substrates [7].

2. Experimental part

2.1. Sample preparation

The non-uniform carbon-nitride films were deposited by
dielectric barrier discharge with CH4/N2 gas mixture onto
silicon single crystal wafers at a pressure within a range
from 300 to 400 mbar. The details of preparing the carbon-
nitride films are described in [3]. Note that the carbon-
nitride films prepared in this way exhibited amorphous
structure.

2.2. Experiment setup

A schematic diagram of the ISP employed is presented in
figure 1.

The detector in the sample channel of the ISP is a CCD
camera (Hamamatsu Digital CCD Camera Orca-II C4742-98-
26AG) and so the spectral local reflectances of small areas
on the non-uniform thin film corresponding to the individual
pixels of this camera are measured. Thus, the spectral local
reflectances are measured in the small areas forming a matrix
on this film. A sample holder is constructed in such a way
that the normal reflectance of the films is measured in the
individual pixels of the CCD camera within a range of 320–
810 nm. The concrete procedure for measuring the local
reflectance Rk,u corresponding to the individual elements of
the matrix, i.e. corresponding to the individual pixels, is
described in our earlier paper [10]. A very important part
of it is a proper adjustment of samples. It is necessary to
ensure the identical angular position of the studied and the
reference samples. We achieve this using the beam of an

Figure 1. Schematic diagram of the ISR experiment setup:
M—monochromator, XeLS—xenon light source, O—output of the
monochromator, BS1, BS2—beam-splitters, IM—imaging mirror,
CCD—CCD camera, PC—computer, H—holder of samples,
SS—studied sample, RS—reference sample, PD—photodetector,
HNL—helium–neon laser, AM—auxiliary mirror.

auxiliary He–Ne laser HNL and an auxiliary mirror AM (the
dashed line in figure 1). The position of the beam on the
output of the laser after its reflection on the mirror AM, beam-
splitter BS1 and the samples must be the same in both cases.
After finishing the adjustment of samples, the mirror AM is
removed from its position. Further steps of the procedure are as
follows.

(1) The reference sample RS is situated in the position of
the measuring channel. The signal S

k,u
MR(t1, λ) recorded

by the (k, u)th pixel of the CCD camera at time t1 and
wavelength λ is determined in the following way:

S
k,u
MR(t1, λ) = I0(t1, λ)η

k,u
M (λ)R

k,u
0 (λ), (1)

where the indices (k, u) belong to the (k, u)th pixel
(k = 1, . . . , A; u = 1, . . . , B, where A and B are
integers), I0(t1, λ) is the intensity of the output beam of
the monochromator at time t1 and wavelength λ, η

k,u
M (λ)

is the so-called apparatus function for the measuring
channel of the experiment setup corresponding to the
(k, u)th pixel (it includes the influence of the quartz
wedge-shaped beam-splitters BS1, BS2, the spherical
imaging mirror IM and the parameters of the CCD
camera) and R

k,u
0 (λ) is the local absolute reflectance of

the reference sample corresponding to the (k, u)th pixel.
In practice, one can select the reference samples, such
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as a silicon single-crystal wafer for which it holds that
R

k,u
0 (λ) = R0(λ). The signals S

k,u
MR(t1, λ) create the

image of the reference sample for the wavelength λ at
time t1.

At the same time t1 and the same wavelength λ,
the signal SRR(t1, λ) is recorded by the integrating
photodetector PD (Hamamatsu Si photodiode S1226-
8BQ/-8BK) in the reference channel:

SRR(t1, λ) = I0(t1, λ)ηR(λ), (2)

where ηR(λ) is the apparatus function for the reference
channel of the experiment setup. It includes the influence
of the beam-splitter BS1 and the parameters of the
photodetector PD. The signals S

k,u
MR(t1, λ) and SRR(t1, λ)

appearing in (1) and (2) are measured at a sufficient
number of wavelengths from the spectral range of interest.

(2) The sample measured SS is situated in the position of the
measuring channel. Then the steps of the measurements
described above are repeated with this sample. Of
course, these measuring steps must be performed at the
same wavelength as for the reference sample. In this
way, we obtain the following equations for the signals
detected by the individual pixels of the CCD camera
S

k,u
MS(t2, λ) and the integrating photodetector SRS(t2, λ)

at time t2:

S
k,u
MS(t2, λ) = I0(t2, λ)η

k,u
M (λ)Rk,u(λ) (3)

SRS(t2, λ) = I0(t2, λ)ηR(λ), (4)

where Rk,u(λ) is the local absolute reflectance of the
studied sample corresponding to the (k, u)th pixel. The
signals S

k,u
MS(t2, λ) create the image of the studied sample

for the wavelength λ at time t2.
(3) The values of the ratio P

k,u
R (t1, λ) corresponding to

situating the reference sample into the measuring channel
at time t1 are determined in the following way:

P
k,u
R (t1, λ) = S

k,u
MR(t1, λ)

SRR(t1, λ)
= η

k,u
M (λ)

ηR(λ)
R0(λ). (5)

Similarly we obtain an analogous ratio P
k,u
S (t2, λ) of the

signals for the situation when the studied sample is placed
into the measuring channel at time t2:

P
k,u
S (t2, λ) = S

k,u
MS(t2, λ)

SRS(t2, λ)
= P

k,u
R (t1, λ)

Rk,u(λ)

R0(λ)
. (6)

In conclusion, we find

Rk,u(λ) = P
k,u
S (t2, λ)

P
k,u
R (t1, λ)

R0(λ). (7)

Using the arrangement described, it is possible
to determine the spectral dependence of the local
relative reflectance Rk,u(λ)/R0(λ) of the studied sample
corresponding to each pixel of the CCD camera owing
to the reference sample since the ratios P

k,u
S (t2, λ) and

P
k,u
R (t1, λ) are determined by means of this arrangement

quantitatively. Because the absolute reflectance R0(λ) of
the reference sample is known, it is possible to determine

the local absolute reflectance of the sample measured
corresponding to all the pixels too.

3. Data processing

The area of the non-uniform thin films imaged by our
spectrophotometer onto one pixel of the CCD camera is
a square of 37 × 37 μm2. The majority of thin films
non-uniform in thickness exhibit such a gradient of the
thickness distribution so that within this area these films
can be considered uniform in thickness. Only for the films
having extremely strong thickness non-uniformity is this
assumption not valid. Thus, for the majority of non-uniform
thin films, it is possible to suppose that the local reflectance
Rk,u measured by an individual pixel is expressed by the
known formulae valid for uniform thin films. This means that
the local reflectance Rk,u is given by the following formulae
[12, 13]:

Rk,u = |r̂ k,u|2, (8)

where

r̂ k,u = r̂
k,u
1 + r̂

k,u
2 exp(ix̂k,u)

1 + r̂
k,u
1 r̂

k,u
2 exp(ix̂k,u)

, (9)

r̂
k,u
1 = n0 − n̂

k,u
1

n0 + n̂
k,u
1

, (10)

r̂
k,u
2 = n̂

k,u
1 − n̂

n̂
k,u
1 + n̂

, (11)

x̂k,u = 4π

λ
n̂

k,u
1 d

k,u
1 . (12)

In the foregoing equations, the symbols n0, n̂, n̂
k,u
1 , d

k,u
1

and λ denote the refractive index of the ambient, complex
refractive index of the substrate, local complex refractive index
of the film, local thickness of the film and wavelength of
incident light, respectively. Note that the ambient consists
of air, and therefore n0 = 1. The complex refractive
index of the substrate and/or film is expressed as n̂ =
ns + iks and/or n̂1 = n1 + ik1. The symbols ns and ks

are the real refractive index and extinction coefficient of the
substrate, respectively, and the symbols n1 and k1 denote
the refractive index and extinction coefficient of the film,
respectively. The foregoing mathematical expressions for the
local reflectance Rk,u belonging to the individual pixels of the
CCD camera correspond to the reflectance of the absorbing
thin film deposited onto an absorbing substrate. Strictly
speaking, the optical model of the isotropic homogeneous
absorbing substrate covered with an isotropic homogeneous
absorbing thin film was thus employed for expressing the local
reflectance corresponding to the individual pixels of the CCD
chip.

The least-squares method (LSM) was used to treat the
experimental data using (8). Of course, the LSM had to be
applied for each local area on the film corresponding to the

3
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given pixel of the CCD camera. Within the LSM, the following
merit function Sk,u was employed:

Sk,u =
K∑

s=1

(
Rk,u

s − R′k,u
s

σ
k,u
s

)2

, (13)

where Rk,u
s and/or R′k,u

s denotes the theoretical and/or
experimental value of the local reflectance corresponding to
the (k, u)th pixel and wavelength λs . The symbol σ k,u

s and/or
K represents the standard deviation of R′k,u

s and/or the number
of measurements of the local reflectance, i.e. the number of
wavelengths, for which the local reflectance was measured by
the individual pixels.

The dispersion model of the optical constants of the
carbon-nitride thin films based on parameterization of the joint
density of states (JDOS) was employed within the processing
of the experimental data. The JDOS is defined, for example,
in [14–16]. The detailed description of the parameterized joint
density of states (PJDOS) model is presented in [17]. Within
the PJDOS model, the imaginary part of the dielectric function
εi(E) is expressed using the following formula:

εi(E) = J (E)

E2
= 1

E2

N∑
j=1

Jj→j∗(E), (14)

where E, N and Jj→j∗(E) denote the photon energy, number
of transitions and non-normalized JDOS corresponding to the
j → j ∗ transition, respectively. The quantity Jj→j∗(E) is
defined as follows [14–16]:

Jj→j∗(E) =
(

eh

m

)2 |pj→j∗ |2
4πε0B0

�j→j∗(E), (15)

where e, h, m, ε0 and B0 represent the electron charge, Planck’s
constant, electron mass, dielectric function of vacuum and
a certain part of the Brillouin zone of the corresponding
crystalline material, respectively. The symbol |pj→j∗ |2
denotes the squared momentum-matrix element. The symbol
�j→j∗(E) represents the JDOS function belonging to the
j → j ∗ transition. The explicit expression of �j→j∗(E)

is given in [17]. The symbol J(E) in (14) expresses a sum
of the above-introduced Jj→j∗(E) corresponding to all the
transitions in material forming the thin film.

The following parameterization of Jj→j∗(E) was
employed:

Jj→j∗(E) ∝ (E − Egj )
2(E − Ehj )

2, (16)

where Egj and Ehj denote the minimum energy limit (band
gap) and maximum energy limit of the transition j → j ∗,
respectively.

Note that the following equation is fulfilled [17]:∫ ∞

0
Jj→j∗(E) dE = Q2

j (17)

where Qj is the quantity proportional to the concentration of
j electrons in material.

From the foregoing, the following equation is derived:

εi,j→j∗(E) = 30Q2
j (E − Egj )

2(E − Ehj )
2

(Ehj − Egj )5E2

for E
gj

≺ E ≺ Ehj (18)

and

εi,j→j∗(E) = 0 for E out of E
gj

≺ E ≺ Ehj . (19)

Using the Kramers–Kronig relation [17], the contribution of
the j → j ∗ transition to the real part of the dielectric function
εr,j→j∗(E) could be analytically expressed as

εr,j→j∗(E) = κ

[
B ln

∣∣∣∣E + Ehj

E + Egj

∣∣∣∣ + C ln

∣∣∣∣E − Ehj

E − Egj

∣∣∣∣ − D

]
,

(20)

where

κ = 60Q2
j

π(Ehj − Egj )5
, B = Y (E) + X(E)

2E2
, (21)

C = Y (E) − X(E)

2E2
(22)

D = E2
gjE

2
hj

E2
ln

∣∣∣∣Ehj

Egj

∣∣∣∣ +
3
(
E2

hj − E2
gj

)
2

(23)

X(E) = 2E
[
Ehj

(
E2

gj + E2) + Egj

(
E2

hj + E2)] (24)

and

Y (E) = E2
(
E2

hj + E2
gj + 4EgjEhj + E2

)
+ E2

hjE
2
gj . (25)

Then the complete complex dielectric function of the material
of the carbon-nitride thin films is given as follows [17]:

ε̂(E) = 1 +
N∑

j=1

ε̂j→j∗(E), (26)

where

ε̂(E) = εr(E) + iεi(E) (27)

and

ε̂j→j∗(E) = εr,j→j∗(E) + iεi,j→j∗(E). (28)

The refractive index n1(E) and extinction coefficient k1(E) are
connected with the real part εr(E) and imaginary part εi(E)

of the dielectric function by means of the following equations:

εr(E) = n2
1(E) − k2

1(E) (29)

and

εi(E) = 2n1(E)k1(E). (30)

By using (29) and (30), it is possible to calculate the spectral
dependences of the refractive index n1(λ) and the extinction
coefficient k1(λ) of the thin films under study because λ =
hc/E, where c is the velocity of light in vacuum.

From the foregoing, it is obvious that using the LSM, the
values of the local thickness dk,u and material parameters,
i.e. the parameters Egj , Ehj and Qj occurring in the
dispersion model used, are determined for each local area.
Using these material parameters, one can calculate the true
spectral dependences of the refractive index and the extinction
coefficient of the carbon-nitride films within the local areas
corresponding to the pixels of the CCD camera. This
means that the distributions (maps) of the thickness and
optical constants are determined in this way. The spectral
dependences of the optical constants of the silicon single

4



Meas. Sci. Technol. 22 (2011) 085104 M Ohlı́dal et al

Figure 2. Image of the film investigated for the wavelength of
440 nm.

Figure 3. The 3D distribution of the local thickness of the
carbon-nitride film selected determined using the ISR method.

crystal substrates were taken from the literature [18] and fixed
within the LSM employed.

4. Results and discussion

It was found that the best fit of the experimental data belonging
to individual pixels was achieved for the dispersion model
corresponding to two transitions of electrons, i.e. for N = 2 (see
equations (14) and (26)). The results presented in this paper
represent typical results of the optical characterization of non-
uniform carbon-nitride films studied using ISR. These results
were achieved for the film prepared using the ratio CH4:N2 =
1:10. In figure 2, the image of this carbon-nitride film obtained
by the CCD camera is presented for the wavelength of
440 nm.

In figure 3, the local thickness distribution of the carbon-
nitride film selected is presented.

This distribution corresponds to the CCD camera image
presented in figure 2. It was determined using the procedure
of ISR presented above. Of course, the same local
thickness distribution corresponded to images belonging to
other wavelengths exhibiting different area distributions of
the local reflectance values from that shown in figure 2.
From figure 3, it is seen that the film exhibited relatively
strong thickness non-uniformity. For the film selected, it
was found that the values of the material parameters of the
dispersion model were practically identical for all the local
areas belonging to individual pixels. Thus, the non-uniform

Figure 4. Spectral dependences of the refractive index n1 and
extinction coefficient k1 of the non-uniform carbon-nitride film
selected.

carbon-nitride film selected exhibited area uniformity in the
material parameters. The values of these material parameters
were found to be as follows:

Eg1 = (2.42 ± 0.03) eV, Eg2 = (11.34 ± 0.08) eV,

Eh1 = (44.81 ± 0.06) eV, Eh2 = (12.1 ± 0.6) eV,

Q1 = (32.9 ± 0.7) eV3/2, Q2 = (66.6 ± 0.9) eV3/2.

This means that this film was also uniform in the optical
constants along the area of the film. The spectral dependences
of the refractive index n1(λ) and extinction coefficient k1(λ) of
the film calculated using the values of the material (dispersion)
parameters introduced above are plotted in figure 4. From
this figure it is clear that the carbon-nitride film is an
absorbing film for a shorter wavelength of 500 nm. For
longer wavelengths this film is non-absorbing. Note that
the remaining carbon-nitride films studied exhibited evident
thickness non-uniformity.

The correctness of the results obtained within the optical
characterization performed for the sample of the selected
carbon-nitride film is supported by the good agreement
between the experimental and theoretical data. This fact is
illustrated for the pixel selected in figure 5. Note that the
theoretical data were calculated using equation (8) on the basis
of the values of the parameters found using the LSM. The good
agreement between both the theoretical and experimental data
also indicates that the film under study was uniform in optical
parameters within the area imaged by our spectrophotometer
onto one pixel of the CCD camera, i.e. within the area of
37 × 37 μm2. In the opposite case, this good agreement
could not be achieved. In particular, the differences between
the experimental and theoretical values of the extremes in
the spectral dependences of the local reflectance should be
observed then. The foregoing statements concerning the local
uniformity of the film characterized are evident if one realizes
that the theoretical values of local reflectance were calculated
using the formula valid for the uniform slightly absorbing thin
film. Note that the same good agreement between both the
experimental and theoretical data of the sample characterized
was also achieved for the remaining pixels of the CCD
camera.
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Figure 5. Spectral local reflectance of the carbon-nitride film under
study corresponding to the selected pixel: the points denote the
experimental values and the curve represents the theoretical data.

The local reflectance values Rk,u were measured with
the relative accuracy of about 1%. Using a standard error
analysis, we found that the values of the local thicknesses in
the area distributions were determined with a relative accuracy
of 1–2%. The same conclusion concerning the accuracy was
established for the optical constants. Note that the precision
presented above corresponds to the statistical precision.

In conclusion, it should be pointed out that the transition
characterized by the material parameters Eg2 = 11.34 eV,
Eh2 = 12.1 eV and Q2 = 66.6 eV3/2 probably does not
represent a real transition. This statement is mainly supported
by the high value of Eg2. We therefore believe that the second
transition (j = 2) probably compensates some systematic
error occurring in the experimental data. We believe that
the influence of a certain nonlinearity of the CCD camera or
the influence of a light intensity background can cause this
systematic error in the experimental data. An analysis of the
systematic errors concerning the experimental data obtained
for the individual pixels of the CCD camera will be presented
elsewhere. However, the values of the material parameters
of the second transition indicate that the systematic error
considered cannot be important, which is implied by the fact
that the contribution of ε̂2→2∗(E) to ε̂(E) calculated using
these values of the material parameters is relatively small. Of
course, the first transition (j = 1) represents the real transition.

It should be noted that by means of ISR, similar results
for the optical characterization of the other carbon-nitride films
prepared by the same technological procedure as that for the
film studied here were obtained.

In conclusion, the following advantages and limitations
of the presented ISR method are summarized.

(1) In principle, the method can be applied to the
complete optical characterization of thin films exhibiting
area non-uniformity in thickness and optical constants
simultaneously.

(2) Relatively large areas of the non-uniform thin films can
be characterized as the consequence of imaging this
relatively large film area onto the CCD chip (in our ISP, it
is possible to imagine thin film areas up to 1 cm2).

(3) No limiting assumptions must be put on thin film area
non-uniformity if it is fulfilled that the local reflectance of
the film areas imagined onto individual pixels corresponds
to the reflectance of uniform thin films with a sufficient
accuracy. This means that general area non-uniformity
in the optical parameters of the thin films can be studied
under fulfilling this condition. For example, no form of
thickness non-uniformity must be assumed a priori. If
the local reflectance values cannot be approximated by
the reflectance of the uniform thin films, the procedure of
ISR presented here has to be modified (this modification
will be presented elsewhere too).

(4) Films exhibiting a relatively strong non-uniformity in
thickness and optical constants can be characterized using
this method (see figure 3).

(5) Within this ISR method, the dispersion models of
the optical constants of the non-uniform thin films
characterized can be used so that the values of materials
parameters of these films such as band gap can be
determined too. These dispersion models need not be
known a priori because they can be modeled and specified
by fitting the local reflectance data in the same way as
is performed by fitting the experimental data obtained
by the standard optical methods such as spectroscopic
ellipsometry (see e.g. [7, 8, 17]).

(6) In principle, the application of the method does not
depend on the structural properties of the analyzed
non-uniform thin films. Thus, the method can be
applied to characterizing amorphous, polycrystalline,
single crystalline and nano-structured non-uniform thin
films. Of course, suitable dispersion models must be used
to perform a successful and reliable characterization of
the individual films mentioned above.

The main limitations of the described ISR method are as
follows.

(1) The method is suitable for characterizing thin films
having a sufficiently low absorption within the spectral
region employed in the ISP. In other words, using the
method presented here, non-uniform thin films, both
the boundaries of which influence the measured local
reflectance, can be characterized using this method. If
absorption of the non-uniform film is too strong within the
spectral region considered and the lower boundary has no
influence on the local reflectance, then the method is not
usable for characterizing such films since it is impossible
to determine the values of the local thickness. Thus, the
method of ISR presented here is efficient for dielectric
and semiconductor thin films. For strongly absorbing
thin films such as metal films, this method is not usable
practically.

(2) If the dispersion model of the non-uniform thin film
characterized is complicated and contains a large number
of parameters, it is often impossible to determine the
values of all these parameters together with the local
thickness value by means of ISR in the consequence of
their mutual correlation within the LSM. In this case, it is
necessary to combine this method together with auxiliary
optical methods, for example, with standard spectroscopic
ellipsometry or standard spectroscopic photometry.
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5. Conclusion

In this paper, a new original method for the optical
characterization of non-uniform slightly absorbing thin films
based on imaging spectroscopic reflectometry (ISR) was
presented. An original imaging spectroscopic photometer
(ISP) operating in reflection mode was employed for obtaining
the experimental data. The spectral dependences of the
normal local reflectance corresponding to the individual
pixels of the CCD camera serving as the detector of the
ISP were treated using the LSM. Within the LSM, the
formula for the normal local reflectance of the uniform
absorbing thin film placed on an absorbing substrate was
used. When treating the experimental data, the dispersion
model based on the parameterization of the joint density
of electronic states corresponding to amorphous materials
was used. It was shown that in principle it is possible to
determine both the thickness and optical constant distributions
simultaneously in an independent way. This fact represents
an important advantage of this method. Moreover, it was
shown that using this method it is possible to determine
the values of the dispersion (material) parameters of the
films characterized in principle. The method was applied
to the optical characterization of the non-uniform carbon-
nitride films deposited by the dielectric barrier discharge
method onto the silicon single crystal substrates. Using this
method, the local thickness distributions were determined for
these films. Furthermore, it was shown that the carbon-
nitride films were uniform in optical constants. The spectral
dependences of the optical constants and area distributions of
the local thickness for the carbon-nitride film selected were
presented. It was also presented that the local thickness
values and spectral dependences of the optical constants of
the carbon-nitride films were determined with relatively high
accuracy. From this paper it is clear that the method of the ISR
described here is also usable for the optical characterization
of other non-uniform absorbing thin films described with
different dispersion models (e.g. for the dispersion model
presented in [19]). Of course, the method can be successfully
utilized for the complete optical characterization of non-
uniform non-absorbing thin films. In the paper, the practical
advantages and limitations of the ISR method presented are
also summarized. It should be noted that non-uniform thin
films often exhibit miscellaneous defects such as boundary
roughness (see e.g. [20]), optical inhomogeneity represented
by a refractive index profile across the film (see e.g. [20, 21]),
volume inhomogeneity corresponding to columnar structure
(see e.g. [22]), etc. These defects can be included in the
formulae for the local reflectance of non-uniform thin films in
a relatively easy way. It will be performed in our forthcoming
papers. However, on the basis of these formulae the optical
characterization of non-uniform thin films containing other
defects using ISR can often be very complicated or ambiguous
(this statement is especially true if the defects are combined).
In this case it is necessary to use some auxiliary methods.
For example, within the optical characterization of the non-
uniform thin films exhibiting columnar structure, it will be
reasonable to combine ISR with atomic force microscopy

because this technique enables us to analyze thin film columnar
structure quantitatively (see [23]). Examples of the optical
characterization of non-uniform thin films exhibiting further
defects will also be presented in our forthcoming papers.
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