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Abstract
The optical properties of thin Sc films deposited in ultra high vacuum conditions have
been investigated in the 6.7-174.4 nm spectral range. Transmittance and multi-angle
reflectance were measured in situ in the 53.6-174.4 nm spectral range and they were
used to obtain the complex refractive index of Sc films at every individual wavelength
investigated. Transmittance measurements were made on Sc samples that were
deposited over grids coated with a support C film. The transmittance and the extinction
coefficient of Sc films at wavelengths shorter than 30 nm were measured ex situ. The ex
situ samples were protected with an additional top C film before removal from vacuum.
To our knowledge, these are the first optical measurements on Sc films reported in the
present spectral range.
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OCIS codes: 260.7200 Ultraviolet, extreme; 260.7210 Ultraviolet, far; 120.4530
Optical constants; 350.2450 Filters, absorption; 310.6860 Thin films: optical properties
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1. INTRODUCTION
The optical constants (i.e., the real and imaginary parts of the refractive index) of many
materials have not yet been measured in several regions of the extreme ultraviolet
(EUV), which refers here to wavelengths shorter than 200 nm. This is the case for most
materials of the lanthanide group, because their high reactivity versus residual gases,
even in UHV, adds to the general difficulty in performing optical measurements in the
EUV range. Sc and Y are often considered as members of the lanthanide group due to
their similar chemical properties. This paper addresses the optical properties of Sc films.
Scarce literature is available on the optical properties of Sc in the EUV. Optical
measurements on any kind of Sc samples have been restricted to wavelengths longer
than 225.4 nm: Weaver and Olson1 measured absorptivity on single Sc crystals in the
248.0-6200 nm range, and Sigrist et al.2 measured near normal reflectivity of Sc films in
the 225.4-5635 nm. They also investigated reflectivity at shorter wavelengths, but only
for Sc samples exposed to the air, which were most probably oxidized. Other than
optical measurements, electron energy-loss (EEL) measurements have been performed
on Sc samples by Brousseau-Lahaye et al.3, Cukier et al.4, and Onsgaard et al.5. Refs. 3
and 4 used the EEL measurements to obtain the loss function Im(1/), where  is the
dielectric constant;  equals the square of the complex refractive index of the material.
Brousseau-Lahaye et al. also calculated the complex dielectric constant of Sc films in
the ~22.5-200 nm range by applying the Kramers-Kronig (KK) analysis to the loss
function data. Sample preparation and handling is not clear either in BrousseauLahaye’s or in Cukier et al.’s papers, but to the best of our understanding their samples
were exposed to atmosphere and they were probably placed in contact with unspecified
solvents. The reactivity of Sc may have resulted in hydride and/or oxide formation,
apart from other possible contamination.
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Sc films have been proposed and used as a component for multilayer coatings designed
for the largest possible reflectance at wavelengths slightly longer than the Sc M edge
(~36 nm) and L edge (3.2 nm). Theoretical calculations of the optical constants of Sc in
the EUV have been performed by Uspenskii et al.6, but they provided no experimental
data. For some materials other than Sc also investigated in Ref. 6 for which
experimental data are available, the agreement with the theoretical calculations is poor.
The authors of this paper used those calculations in the design of Sc/Si multilayer that
were optimized for a large reflectance at individual wavelengths in the 35-50 nm
spectral range7,8, and in fact they fabricated multilayers with a remarkably high
reflectance. However, there was a large difference between theoretical and experimental
data, which may be due in part to optical constant inaccuracies.

The present paper addresses the lack of information on optical constants of Sc in the
EUV. The experimental techniques used are described in Section 2. Section 3 reports
the experimental data. The transmittance and reflectance measurements in the long EUV
(53.6 nm) were performed on freshly prepared Sc films. We also performed
transmittance measurements in the short EUV (<30 nm) on ex situ Sc films that had
been protected with a C film before extracted from vacuum. The optical constants n, k
and the loss function were derived in the 53.6-174.4 nm range; k was obtained in several
wavelengths and bands in the 6.7-30 nm range. The effect of sample aging under
vacuum was also investigated.
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2. EXPERIMENTAL TECHNIQUES
Sample deposition and optical measurements in the 53.6-174.4 nm range were
performed in a reflectometer equipped for in situ ultra high vacuum (UHV) thin film
deposition at the Instituto de Física Aplicada-CSIC, Madrid. The reflectometerdeposition system has been described elsewhere9,10. The system basically consists of
two interconnected UHV chambers: one for thin film deposition and the other for
reflectance measurements. Each chamber is pumped with an ion pump and a titanium
sublimation pump. The reflectometer chamber was baked out at 470 K. Sc lumps of
99.999% purity supplied by Stanford Materials were sublimated using W baskets and
boats. Sc films were deposited onto room-temperature substrates. The average
deposition rate ranged between 0.03 and 0.1 nm/s, with instantaneous rate peaks up to
~2 nm/s. These peaks were due to the fast evaporation of a certain small Sc particle
whose temperature would suddenly rise due to an enhanced thermal contact with the
boat or basket. The thickness of Sc films was monitored with a quartz crystal oscillator,
which was calibrated through Tolansky interferometry.

Reflectance and transmittance measurements were performed in situ in the spectral
region 53.6 – 174.4 nm. The base pressure in the deposition chamber and in the
reflectometer (when isolated from the lamp-monochromator) were ~4x10-7 and ~3x10-8
Pa, respectively. The pressure in the deposition chamber increased during Sc deposition
up to ~1x10-6-1x10-5 Pa. After the deposition of Sc, the pressure in the chamber
decreased down to ~1-4x10-7 Pa, which was attributed to gettering properties of Sc for
H2. Within about 3 minutes from deposition the Sc sample was transferred in vacuum to
the reflectometer chamber for reflectance or transmittance measurements in the 53.6174.4 nm range. The total pressure in the reflectometer during reflectance/ transmittance
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measurements, i.e. when the reflectometer is connected to the lamp-monochromator
through a series of differential pumping devices, was ~1.5x10-7 Pa. The main
component of the residual atmosphere in the reflectometer during reflectance/
transmittance measurements was the non-oxidizing gas mixture continuously flowing in
the discharge lamp. A small fraction of this flow reached the UHV reflectometer
chamber through the multiple differential pumping arrangement. The gas mixture
composition was: 93% He, 3% Ne, 3% Ar, and 1% N2.

Two different kinds of substrates, one for reflectance and another one for transmittance
measurements, were used. Reflectance measurements were performed on Sc films
deposited over 50.8x50.8x3-mm3 float glass substrates that had been additionally
polished by the manufacturer. Transmittance measurements were performed in the 53.6104.8 nm range in situ by depositing Sc over a nickel grid previously coated with a C
film. The grids had square holes with the following nominal characteristics: 5-m bar,
7.6-m hole (that corresponds to mesh 2000), 36% open area. The grids were first
coated with a collodion film on which a thin C film was later deposited either by arcevaporation or with an electron beam. The collodion film was then dissolved and only
the C film remained over the grid. The procedure was performed according to wellknown transmission electron microscopy techniques11. C film thickness was of the order
of 10 nm.

Transmittance measurements in the 6.7-30 nm range were performed ex situ. Sets with
several grids were first coated with support C films according to the procedure
described in the previous paragraph. C deposition was performed in a single run to
guarantee constant C thickness through the set. Sc films of different thicknesses were
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deposited sequentially over each of the C coated grids of a set. To avoid contamination
of Sc films during the storage period necessary for sample transport to the
reflectometers for measurements in the 6.7-30 nm range, the samples were overcoated
with a protective C film before extracting them from vacuum. The protective top C film
was deposited in situ by electron beam evaporation, which was performed
simultaneously over all the samples of the set. The Sc samples were then C-Sc-C
sandwiches on a nickel grid support. The samples within a set only differed in the Sc
film thickness, and the effect of the grid and of the two C films results in a constant
reduction factor of the sample transmittance. Each of the two protective C films had
thicknesses in the 10-20 nm range. The variation of the C thickness throughout a set of
samples is within a 5% of the average.

Each set of samples was removed from vacuum and quickly placed along with dessicant
in plastic bags under dry N2. The samples were transported to the reflectometers of
LUXOR Laboratory (Padova) or of University of Pavia for short-wavelength
transmittance measurements. The samples were stored under vacuum and the total
period of time that they were out of vacuum before characterization was ~24-36 hours.

Transmittance measurements in Pavia were carried out with a calibration facility12
based on a grazing incidence monochromator13 and a soft X-ray source. The former is
equipped with a 600 lines/mm, 2-m radius, spherical grating working at an angle of
incidence of 88 or 86. The EUV radiation is emitted by a microfocus soft X-ray
source with interchangeable anodes. An electron beam emitted by a tungsten filament
(i.e. the cathode) is accelerated and focused on a target anode, stimulating the emission
of radiation from core shell energy levels of the target. The source was used with Al and

7

Mg anodes emitting L-band radiation14. The source was coupled to the monochromator
through a spherical gold mirror at 10 grazing angle in order to a) improve radiation
throughput and b) reject undesired high energy radiation. Remotely controlled actuators
allow translation of the samples across the monochromatic beam emerging from the exit
slit. The intensity of the incident and transmitted radiation is monitored by a channel
electron multiplier detector working in the photon counting mode. A data collection
system (counter plus PC) automatically collects data and operates the apparatus. The
emission bands of Al and Mg were used as a broadband source and individual
wavelengths could be selected and scanned within the bands.

The transmittance measurements in the 6.7-13.5 nm spectral region using several
anodes were performed in the soft X-ray test facility available in the LUXOR
Laboratory in Padova15. The EUV radiation is emitted by a microfocus soft X-ray
source with interchangeable anodes, the same model used in Pavia. The lines used to
perform the measurements are K B (6.7 nm), M Y (9.2 nm), K Be (11.4 nm) and L Si
(13.5 nm). Since no fine spectroscopic structures are expected from Sc in this spectral
region, the whole emission bands of B, Y, Be and Si were used as a radiation source and
no scanning through the bands was performed. The facility consists of a grazing
incidence monochromator with a 1200 lines/mm spherical grating, an exit slit, and a
toroidal mirror that focuses the beam onto the sample under test. The latter can be
moved independently in the three spatial coordinates in order to control the illuminated
area, and it can be extracted from the beam direction in order to measure the direct
beam. A channel electron multiplier detector working in photon counting mode detects
the direct beam or the beam transmitted through the sample.
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All measurements were performed over samples placed at room temperature.

3. EXPERIMENTAL RESULTS
Fig. 1 shows the transmittance measured for Sc films of different thicknesses. For in
situ measurements (53.6-104.8 nm), Fig. 1 represents the transmittance ratio of a film
plus substrate to that of the uncoated substrate in order to separate the absorption of Sc
from that of the C-grid substrate. For ex situ measurements (<30 nm), the
transmittance of a C-Sc-C-grid sample is normalized to the transmittance of a reference
C-C-grid sample prepared in the same set. The lines in this and other figures are drawn
to help the eye. In the 53.6-104.8 nm spectral range the transmittance of Sc increases
when decreasing wavelength and we expect that transmittance remains increasing
towards wavelengths shorter than 53.6 nm. Unfortunately there are gaps between the
ranges covered. A minimum in transmission was measured at ~27 nm.

The semi-empirical approach of Henke et al.16 allows calculation of approximate values
of transmittance of materials based on the assumption that condensed matter may be
modeled as a collection of non-interacting atoms. This assumption is generally
acceptable for wavelengths sufficiently far from absorption thresholds, and in any case
smaller than ~41 nm17. Outside the validity domain, the specific chemical state is
fundamental and direct experimental measurements must be performed. The
transmittance of Sc calculated with the Henke approach using the web page of the
Center for X-Ray Optics (CXRO) at Lawrence Berkeley National Laboratory18 shows
an absorption peak centered at ~32.7 nm, and a band of low absorption longward of this
wavelength. Our experimental measurements show a shift in the absorption peak
compared to calculations with the Henke model.
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By analogy with data obtained with Henke model, it is plausible to expect that Sc has a
low absorption band starting at 27 nm and connecting the spectral region measured on
ex situ samples with the transmittance measurements performed on in situ samples
above 53.6 nm. If this were true, Sc films would be a potential candidate for EUV
filters. The transmission band of Sc lies close to transmission bands of a few other
materials, such as Al, Sb, Be, Bi, Ge, Si, Ti, Yb19, etc., some of which have been used
as EUV filters. The peak position and bandwidth of Sc is different from those of the
other materials. This may give an opportunity to Sc either as a single-material filter or
in combination with one or more of the above materials if a narrower bandwidth is
desired. The low absorption of Sc in this band makes it suitable also for multilayers, and
Sc has already been used for this purpose in combination with Si7, 8.

Reflectance measurements as a function of the incidence angle were performed in situ
over freshly deposited Sc samples in the 53.6-174.4 nm spectral range. Fig. 2 shows the
reflectance as a function of wavelength for the measured incidence angles. The
reflectance measurements were performed in the horizontal plane of incidence of the
reflectometer. Sigrist et al.2 found that the reflectance of Sc at wavelengths longer than
225 nm decreases when Sc is exposed to the atmosphere. Tests on Sc films will show
below that the reflectance in the EUV is also reduced upon short exposure to air at low
pressure.

The transmittance as a function of thickness was used to obtain the Sc extinction
coefficent k, which is the imaginary part of the refractive index (N=n+ik; i: imaginary
unit), by using:
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where Ts and Tfs represent the transmittance of the uncoated substrate and of the
substrate coated with a Sc film, respectively, (in situ measurements) or the
transmittance of the reference C-C sample and of a C-Sc-C sandwich of the same
sample set, respectively (ex situ measurements). x stands for the Sc film thickness. For
the 53.6-104.8 nm spectral range Sc samples were prepared in which a new Sc film was
deposited over a first Sc film and this process was repeated several times. The
transmittance was measured for the uncoated substrate and after every Sc deposition
without breaking vacuum. A log plot of the transmittance versus thickness is shown in
Fig. 3. The transmittance of sets of samples prepared in the same run are also plotted for
some wavelengths below 30 nm. k values obtained from transmittance measurements
are displayed in Fig. 4a (Fig. 4b) as a function of wavelength above 50 nm (below 30
nm).

The reflectance measurements in the 53.6-174.4 nm spectral range were used to
calculate the optical constants of Sc. In the 53.6-104.8 nm sub-range, the real part of the
refractive index of Sc films was obtained from the reflectance measurements, once the
imaginary part (extinction coefficient) had been obtained from transmittance
measurements. In the 106.7-174.4 nm sub-range, in which the high absorption of Sc
turned transmittance measurements in a difficult task, both n and k were calculated by
fitting the multi-angle reflectance measurements.
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When the film is not completely opaque to radiation, the film/ substrate interface gives a
contribution to reflectance. In the optical constant calculation of Sc from reflectance
measurements we took into account the interface thin film/ glass substrate. In the
calculation we used optical constants of glass substrates previously obtained. The
amplitude reflectance of the vacuum/ thin film/ glass substrate multilayer is given by:

r
 r12
exp( 2i )
 01
s, p
s, p
1  r01 r12
exp( 2i )
s, p

r

s, p

s, p

(2)

where rijs, p are the Fresnel reflection coefficients at the interface ij for both parallel (p)
or perpendicular (s) electric vector. 0 stands for vacuum, 1 for the thin film, and 2 for
the substrate. The propagation function  is given by:



  k 0 x N1 2  N 0 2 sin 2



1

2

(3)

where  is the angle of incidence of the incident beam, x is the film thickness, N0 is the
refractive index of vacuum (N0=1) , N1 is the complex refractive index of the thin film,
and k0 is the free space wavevector.

Radiation emerging from the monochromator onto the sample is partially polarized. The
influence of polarization on reflectance can be described through a single parameter that
will be referred to as the degree of polarization p:

p

I p  Is
I p  Is
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(4)

where Ip and Is indicate the fraction of the incident intensity with the electric vector
parallel and perpendicular, respectively, to the plane of incidence. With this notation,
the reflectance (ratio of reflected to incident radiation intensity) of the vacuum/ thin
film/substrate multilayer for a certain degree of polarization is given by:

R

1 p
1 p
Rp 
Rs
2
2

(5)

where Rp and Rs are the intensity reflectance for p and s polarization, i.e. they equal the
square modulus of the amplitude reflectance for parallel and perpendicular incidence,
respectively, as they are given in Eq. 2.

The search for the refractive index of films was made by the minimization of the
following merit function:

s2 

 R

exp

 (i )

 R (i), n, k , p 

2

(6)

i 1,..., m

where Rexp(i) is the reflectance measured at the angle of incidence (i), and R(i),n,k,p
is the calculated reflectance for the trial value of the real part of the refractive index n,
using k values obtained from transmittance measurements as known parameters (53.6104.8 nm spectral range) or for the trial values of n and k (106.7-174.4 nm spectral
range). p for each wavelength in our monochromator had been previously determined.
The number of angles of incidence was m=9, namely 5º, 15º, 25º, 35º, 45º, 55º, 65º, 75º,
and 80º, all of them in the horizontal plane of incidence of the reflectometer. Regarding
surface roughness, a 0.6-nm RMS roughness was measured for the glass substrate by
means of atomic force microscopy. We assumed that the surface roughness after
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depositing Sc was not appreciably larger than for the bare substrate. The surface
roughness was neglected in the calculation. The optical constants n and k of Sc,
calculated with the above model, are plotted in Fig. 4a. The optical constants of Sc are
also shown in Table 1.

We here discuss about the optical constants obtained above. Calculations performed
with the Henke model are displayed in Fig 4b. The only experimental optical constants
available so far were those from Brousseau-Lahaye et al.3, which were obtained from
EEL measurements using the KK analysis. We calculated n and k from Ref. 3’s
dielectric constant and we plotted them both in Figs. 4a and 4b. The extinction
coefficient obtained with the emission bands of B, Y, Be, Si, and Al anodes is in good
agreement with the Henke model. Measurements performed within the emission band of
Mg match Henke’s data below ~28 nm, but the two figures suddenly disagree, as if the
onset of Sc were at a wavelength shorter than the prediction. As expressed above, the
Henke model is not accurate close to the absorption edges. Above 35 nm BrousseauLahaye’s extinction coefficient data decreases slightly, and it does not show a clear
transmission band; at 53.6 nm k is a factor of ten larger than our results on in situ
samples. The different behavior obtained by Brousseau-Lahaye et al. with respect to our
in situ measurements can be attributed to contamination of their samples, which were
apparently exposed to atmosphere, and/or to the approximations they used to obtain the
dielectric constant.

Summarizing, the optical constants of Sc show promising properties for filters or
multilayers in the observed band, but further research is desirable both to fill the
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spectral gaps that could not be covered in this research and to obtain in situ
measurements in the whole spectral range.

The present optical constants were used to calculate the loss function –Im(1/), with =
N2, for Sc films at wavelengths above 53.6 nm, which is shown in Fig. 5. The main
feature of the figure is the peak centered between 92.0 and 96.4 nm (12.86-13.48 eV). A
peak at 88.6 and ~89.2 nm (14.0 and ~13.9 eV) was obtained from EEL measurements
by Brousseau-Lahaye et al.3 and Cukier et al.4, respectively. Brousseau-Lahaye et al.3
performed EEL measurements also for Sc hydride and oxide, which displayed peaks at
72.1 nm (17.2 eV) and 87.3 nm (14.2 eV), respectively. As mentioned in the
introduction, the Sc metal samples measured in Refs. 3 and 4 had been apparently
exposed to the atmosphere. Sigrist et al.2 obtained the dielectric constant from Sc
samples that were exposed to the air and found a peak that they reported to be centered
at 95.3 nm (13 eV), even though the peak in Fig. 4 of Ref. 2 appears in fact centered at
~101.6 nm (12.2 eV). Sigrist et al’s samples were oxidized, as they deduced from a
broad peak of the loss function at 52.8 nm (23.5 eV). The present loss function data are
then obtained first time from samples that were kept under UHV. The peak position
seems to be independent of the sample being or not oxidized. The different peak
positions found in the literature might be explained on the limited accuracy of the
measurements, on the differences in sample preparation, and on sample reactivity under
exposure to the environment.

Aging effects over the Sc film reflectance were measured. The near normal reflectance
of a Sc sample, which will be referred to as sample 1, was measured soon after
deposition, and after 3-day storage under UHV. The sample was then exposed to two
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doses of air, which was allowed to flow into the chamber at a controlled pressure. The
reflectance was measured after each dose. The first dose was given under a pressure of
10-1 Pa for a total exposure of 2x105 L (1 Langmuir10-6 torr x s, 1 torr=133 Pa). The
second dose was given under a pressure of 27 Pa for a total exposure of 2x107 L. Table
2 displays the reflectance decay. One more sample (sample 2) was characterized both
freshly deposited and after a short storage period under UHV. The result is also
displayed in Table 2. These data show that there is a reflectance decay under small
doses of air and even under UHV. This reflectance decay on Sc is anyway smaller than
the strong aging effects recently measured on Yb films 19.

16

CONCLUSIONS
The optical properties of pure Sc films have been measured in the 6.7-174.4 nm spectral
range. To our knowledge they have been measured for the first time within the whole
spectral range. The optical constants n and k were obtained in the 53.6-174.4 nm range
using in situ multi-angle reflectance measurements (106.7-174.4 nm) and multi-angle
reflectance measurements along with transmittance measurements (53.6-104.8 nm). The
extinction coefficient k was obtained at several wavelengths and bands within the 6.7-30
nm using ex situ transmittance measurements over C-Sc-C sandwiches. The extinction
coefficient of Sc showed a peak at ~27 nm, whereas the Henke model predicts a peak
centered at 32.7 nm. The current data show a strong disagreement with the Sc optical
constants available in the literature, which were calculated using the Kramers-Kronig
analysis starting with electron energy loss spectra on Sc samples that were apparently
exposed to atmosphere. The difference was explained on the basis of the possible
contamination of the latter samples. The loss function was calculated from the optical
constants of pure Sc and it showed a peak centered at 92.0-96.4 nm. The position of the
peak agrees within the experimental accuracy with previously published data obtained
from electron energy loss spectra and from reflectance measurements on samples that
had been exposed to the atmosphere.

The present research shows that Sc films have a low-absorption region in the ~27-80
nm, assuming a smooth connection in the ranges that were not measured here, which
makes Sc a promising candidate material for EUV filters and multilayers.
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The aging of Sc films stored under UHV and later exposed to small doses of air under
low pressure showed a decay in the EUV reflectance, which highlights the importance
of measuring reflectance on samples deposited and maintained under UHV.
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Table 1.a The extinction coefficient of Sc films at wavelengths shorter than 30 nm.
wavelength (nm)

k

6.7

0.00270.0004

9.2

0.00480.0005

11.4

0.00700.0005

13.5

0.00930.0006

17.30

0.01510.0007

17.67

0.01490.0004

18.06

0.01900.0005

18.23

0.01550.0006

18.61

0.01530.0005

19.00

0.01670.0008

19.58

0.01770.0008

19.97

0.01940.0016

20.33

0.01980.0013

20.89

0.0240.003

21.32

0.0230.003

21.51

0.0230.003

24.67

0.1020.002

24.74

0.1000.002

25.00

0.0900.002

25.30

0.1110.003

25.74

0.1260.005
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26.17

0.1440.004

26.52

0.1840.014

26.78

0.1690.020

27.23

0.1940.005

27.68

0.1760.005

28.14

0.1620.007

28.59

0.1540.005

29.06

0.1340.004

29.52

0.1340.003
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Table 1.b The optical constants of Sc films at wavelengths longer than 50 nm.
wavelength (nm)

n

k

53.6

0.950.02

0.0410.003

58.4

0.910.02

0.0520.003

67.2

0.840.02

0.0830.003

73.5

0.780.02

0.1220.006

83.4

0.640.02

0.2950.010

92.0

0.560.02

0.3260.015

96.4

0.540.02

0.4090.015

104.8

0.520.04

0.540.04

106.7

0.550.03

0.670.04

113.5

0.570.03

0.690.04

120.0

0.670.03

0.820.04

124.4

0.710.02

0.870.04

132.0

0.800.06

0.950.06

141.2

0.760.07

0.910.07

149.2

0.810.07

1.010.05

155.7

0.880.07

1.030.05

174.4

1.100.06

1.150.04
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Table 2. Aging effects on the reflectance of Sc films that were stored 3 days in UHV
and exposed to two doses of air at low pressure. The doses are expressed in Langmuirs.
Sample 1

Sample 2

 (nm)



Fresh

3 d UHV

2x105 L

2x107 L

104.8

5

0.202

0.193

0.189

0.185

120.0

5

0.244

0.235

0.226

0.212

58.4

Fresh

3 d UHV

5

0.007

0.009

58.4

80

0.582

0.547

104.8

5

0.208

0.190

104.8

80

0.800

0.796
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Figure Captions
Fig. 1. The transmittance as a function of wavelength for Sc films of different
thicknesses. The transmittance is normalized to that of the grid-supported C film
substrate (in the 53.5-174.4 nm wavelength range), and to that of a reference C-C-grid
sample (in the 6.7-30 nm wavelength range)
Fig. 2. The reflectance of Sc films versus wavelength at nine angles of incidence
measured from the normal in the horizontal plane of incidence of the reflectometer.
Fig. 3. The logarithm of the transmittance versus Sc film thickness for several
wavelengths and the fitting with Eq. 1. Transmittance was measured for Sc films
deposited over a C film supported on a grid. Measurements at 9.2 and 13.5 nm were
performed on samples that had a passivating top C layer also.
Fig. 4. The logarithm of the optical constants of Sc as a function of wavelength in the
53.6-174.4 nm (a) and 6.7-30 nm (b). Calculations with Henke model and the optical
constants data from Brousseau-Lahaye et al.3 are shown for comparison.
Fig. 5. The loss function of Sc as a function of wavelength.
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