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Abstract—We present first preliminary surface impedance
measurements on TI-1223 films in dc magnetic fields, in view
of potential applications for the next generation Future Circular
Collider (FCC-hh) at CERN. The TI-1223 samples were produced
through laser ablation, with nominal thickness of 1pum and grown
on a thick LaAlO3z substrate. The presence of TI-1212 phase
identified by XRD and BSE microscopy, could be avoided by
changing the oxygen partial pressure during heat treatment. The
high-frequency transport properties of the samples were char-
acterized using microwave resonant devices, at fixed frequencies
of 14.9 GHz, 24.2 GHz and 26.7 GHz, in the temperature range
40 K to 140 K. An external applied static magnetic field up to
12T was applied. Samples from subsequent batches exhibited
huge improvements in the microwave properties, confirming the
progress in the deposition technique.

Index Terms—Cuprates, laser ablation, microscopy, microwave
devices, surface impedance, thick films, superconducting materials
growth.

1. INTRODUCTION

ECENTLY, the microwave electrical conductivity of high
Rtemperature superconductors (HTS) in the mixed state
became of great interest. Indeed, there is a strong motivation
at CERN to understand whether HTS can be used to replace
copper as a coating of the beam screen for the operation of
next-generation particle accelerators, such as the Future Circular
Collider (FCC-hh) [1]. To mitigate the particles bunches insta-
bilities and carry the beam-induced image currents (up to a few
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GHz), low surfaceresistance R is required for the beam screens.
However, the need to operate in very strong static magnetic
fields up to 14T and at cryogenic temperatures in the range
50 K to 70 K [2], [3], and the requirement of direct deposition
of superconducting coatings onto the beam screen, put severe
challenges in the identification of suitable materials. Interesting
candidates are thallium-based cuprate superconductors, since
they can reach extremely high critical temperatures (7.): in
particular, TI-1223 has a nominal 7. of 125 K [4], which would
allow in principle operation at higher temperatures than, e.g.,
YBCO. Moreover, thallium cuprates could also be electrochem-
ically deposited [5], allowing the deposition process to be rapidly
scaled up to an industrial level, as it will be necessary to cover
a circumference length of about 90 km of beam screen.

In this work, we report the progress made in the deposition of
T1-1223 films and we discuss and compare the microwave prop-
erties of two TI-1223 samples coming from different batches,
after optimization of the deposition conditions. A huge progress
is evident among the different batches. By optimizing the depo-
sition process it was possible to avoid the presence of different
phases, and only the T1-1223 phase is present in the latest sample.
This progress was accompanied by substantial improvements
in the microwave performances, leading to a reduction of the
surface resistance Rs by a factor ~10 and a much stronger
resilience in a magnetic field.

II. SAMPLES REALIZATION
A. Film Deposition and Growth

Tl o.7 Pbg.2Bi g2 Sri6Ba g4 CajoCu 3 Ogqy, (T1-1223)
films, whose stoichiometry has been optimized to increase the
irreversibility field H;.. [5], [6], were grown with a Solid-
Phase Epitaxy Process. Single-crystal LaAlO3 (001) substrates
(10 x 10 x 0.5 mm?) were used. This substrate material was se-
lected due to its proven compatibility with Tl-based cuprates [7],
[8] and its suitability for microwave measurements, as its dielec-
tric permittivity remains nearly constant over a wide temperature
range. Precursor films were deposited on the substrates from an
homemade target prepared as described in [6] using a pulsed
laser deposition (PLD) system equipped with a Nd:YAG laser
(A = 1064 nm) operating at an energy density of approximately
2J-cm~2. The laser repetition rate was maintained at 5 Hz,
and the target-to-substrate distance was fixed at 3cm. The
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Fig. 1. BSE images of T1-1223 films grown on LaAlO3 (001). The top panel
(Sample I) shows uniform surface coverage by TI-1223 grains (light gray)
together with dark-gray and white secondary crystals attributed to complex oxide
formation. The bottom panel (Sample II) also exhibits good surface coverage,
with a noticeably reduced presence of secondary oxides.

deposition was performed in an oxygen-rich atmosphere to
promote partial oxidation of the precursor materials, with a pure
oxygen partial pressure ranging from 10.7 Pa to 146.7 Pa in an
ultra-high-vacuum (UHV) base pressure of 1.3 x 1076 Pa. The
resulting film thickness for all samples was set to 1 pm. After
deposition, the samples were subjected to a high-temperature
reaction in a high-pressure furnace. The reaction was carried
out at 950 °C for 3 h under a static total pressure of 5 x 10° Pa
of pure Ar, with a partial pressure of 25 x 103 Pato 50 x 103 Pa
of O. This high-pressure environment was designed to stabilize
the thallium phase and promote epitaxial film growth. Two
sample series were prepared, each differing slightly in oxygen
partial pressure during the reaction step. Sample I and Sample
11 were processed under 40 x 10% Pa and 25 x 103 Pa of Oa,
respectively, resulting in differences in film quality. As reported
in [6], the stability range for obtaining a pure T1-1223 phase is
extremely narrow, and small deviations can lead to the formation
of competing T1-1212 or mixed phases.

B. Structural, Morphological and DC Transport
Characterization

A comparative analysis of Sample I and Sample II was
performed. Fig. 1 presents the Back-Scattered Electron (BSE)
micrographs of the two films. A slight reduction in oxygen
partial pressure during processing led to decreased formation of
secondary oxide phases that tend to segregate between T1-1223
grains. Based on Scanning Electron Microscopy (SEM) and
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Fig. 2. X-ray diffraction patterns of T1-1223 films on LaAlO3 (001). The 001
peaks confirm strong c-axis orientation of the TI-1223 phase. Secondary oxides
are marked with stars x, while the T1-1212 phase, more pronounced in Sample
I, is indicated by A (102 and 103 reflections).

Energy Dispersive X-ray analysis (not shown here), two main
secondary complex oxides were identified: SrCaCu 5 O5 and a
copper-free phase rich in barium and bismuth, attributed to Sr-
CaBi 3 BazO,, . These phases are clearly visible in Fig. 1, where
BSE images show dark-gray and white crystals, respectively.
Indeed, in Sample II the oxide phase is significantly reduced and
localized mainly at the film surface. These observations indicate
that a lower oxygen partial pressure during heat treatment limits
oxygen incorporation, leading to smaller grain size and fewer
surface oxides. X-ray diffraction (XRD) analysis (Fig. 2) con-
firms the growth of TI-1223 with a strong 00l c-axis texture and
the presence of secondary oxides (marked with stars). While the
differences between Sample I and Sample II are less pronounced
than in the SEM images, XRD reveals a slightly higher fraction
of T1-1212 in Sample I. This phase, which lacks c-axis orienta-
tion, is indicated by the 102 and 103 peaks (A). The combined
SEM and XRD analyses provide complementary insights into
the microstructure and phase purity of the film. DC transport
measurements of resistance as a function of temperature show
that both samples exhibit similar behavior, with a relatively sharp
superconducting transition around 116 K (Fig. 3). Despite the
presence of a minor TI-1212 phase, the observed transition is
primarily attributed to the majority T1-1223 phase, which is well
connected throughout the film.

III. MICROWAVE MEASUREMENTS: METHODS

We measure and compare the microwave surface resistance
of the two Tl-based samples with different growth processes
discussed above, with the clarification that Sample II has been
actually replaced by a twin.

The surface resistance is the real part of the complex surface
impedance Z; = R4 + 11X, [9], which represents the measur-
able response function of a material to an electromagnetic
field. The surface impedance is affected by the geometry
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Fig. 3. Resistance vs temperature for TI-1223 films on LaAlO3 (001). Both

samples show sharp superconducting transitions at ~116 K, due to the T1-1223
phase.

of the material: when the penetration depth of the conduct-
ing/superconducting material, grown on a highly resistive ma-
terial, exceeds the thickness of the superconducting coating,
Z is directly expressed as Z; = p/t, where p is the material
complex resistivity and ¢ its thickness [10]. By contrast, when
the thickness of the conducting or superconducting coating
exceeds the penetration depth, one has (in the local limit)
Zs = /27 f uop, where f is the frequency and j1( is the magnetic
permeability of vacuum. In our TI-1223 thick films, in the
normal state the electromagnetic penetration length (skin depth)
§ = (2pn /27 fro)~'/? is larger than t, so that Ry ,, = p,,/t. By
contrast, in the superconducting state the London penetration
depth cannot be assumed larger than ¢. Moreover, in the mixed
state the e.m. penetration depth is a complex function of tem-
perature and magnetic field [11], [12] and thus R, cannot be
expressed by a simple function of p. In the following we will
present raw data for R, recalling that only above T, they are
directly related to p,,.

The measuring technique, already extensively discussed in
previous works [13], [14], involves a pillbox-like dielectric
loaded resonator. A dielectric puck is hosted by a copper cavity,
and the TI-1223 film replaces part of one of the flat walls.
Depending on the combination of the dielectric crystal and res-
onator materials and dimensions selected, quasi-transverse elec-
tric modes (TE) were excited at different frequencies. Typical
values are: cavity radius = 12 mm; crystal material = Al,Os3;
crystal radius = 4 mm. Sample I was measured at 26.7 GHz
(TEp21 mode) in alow-field (1.2 'T') cryostat, while the improved
Sample II was measured in a high-field cryostat with a resonator
operating on TEg;; and TEg2; modes, at the frequencies of
14.9 GHz and 24.2 GHz, respectively. The temperature was
swept from 40 K up to 140 K and the magnetic field up to g H =
1.2T or 12T. The microwave measurements were performed
with a ZVA 40 Rhode & Schwarz vector network analyzer, con-
nected to the resonator via cryogenic and non-magnetic coaxial
cables. Quality factor ) of the resonator was collected as a
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Fig. 4. Temperature dependence of Rg, with and without a magnetic

field. (a) Sample I, f =26.7 GHz, poH =0T and 1.27T. (b) Sample II,
f=14.9GHz, poH =0T and 12T. Note in Sample I the large residual
resistance, the large absolute value of R4 and the strong effect of a moderate
magnetic field, and in Sample II the absence of all those effects, with particular
attention to the strong magnetic resilience.

function of 7" and of the applied magnetic field H . Temperature-
and field- induced changes of the quality factor reflected changes
in the surface resistance of the sample. A calibration of the bare
cavity was used to extract the absolute surface resistance. Since
the resonator is made of copper, absolute 17 are affected by a
large (systematic) uncertainty of several m2. Such effect is of
no particular relevance in the present case where the application
of a magnetic field determines large dissipation (differently
from high-resolution R measurements in superconductors for
accelerating cavities). A comprehensive description of the mea-
suring chain can be found in [13], where it is shown how to
extract the superconductor Z from the resonator microwave
characterization.

IV. RESULTS

The temperature dependence of R, in nominally zero field
and with the application of a magnetic field perpendicular to
the sample surface are reported in Fig. 4. We first comment
on the measurements in zero dc field. As it can be seen,
large discrepancies emerge both in the normal and in the
superconducting state among the two samples. Although both
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samples exhibit a high critical temperature 7, ~ 118 K, corre-
sponding to the T1-1223 superconducting phase, Sample I (red
diamonds in Fig. 4(a)) shows clear traces of a second phase with
T 2na ~ 80K, corresponding to the undesired TI-1212 phase,
in agreement with XRD and BSE measurements in Section II.
Moreover, Sample I has an anomalously large normal state
R, = 10£2. Using the thin film approximation, with nominal
thickness ¢ = 1 um one would get a normal state resistivity (see
Section III) p,, = Rst ~ 1 mQcm, a rather large value among
the literature data [ 15],[16], [17]. Moreover, a very large residual
surface resistance of ~ 5€) appears at 78 K. The results on
Sample I point then to a rather inhomogeneous sample. We
remind that the microwave surface resistance is a volume probe
in thin films. The emerging framework is then of a sample where
the T1-1223 phase is present in a sufficient part of the volume to
give a well-detectable microwave transition, it is well connected
so that a sharp dc resistive transition could be measured, but it
is accompanied by large portions of other phases and possibly
large defects originating from the unmatched lattice mixture of
Tl phases, that give the large residual R. By contrast, Sample
II (red circles in Fig. 4(b)) is exempt from all these issues. The
normal state resistivity is estimated as p,, = Rst ~ 100 pQlcm,
a typical value for cuprates although on the lower edge of
the reported values for T1-1223 [15], [16], [17]. No particu-
lar residual R, is detected, and no clear signatures of second
superconducting phases exist.

‘We now comment on the response to a dc magnetic field. As
is apparent from Fig. 4, the application of a dc magnetic field
has a very different effect on Sample I and Sample II. In Sample
I a moderate field puoH = 1.2T produces a quite significant
widening of the superconducting transition (gray diamonds in
Fig. 4(a)), while in Sample II a very strong magnetic field
of upH = 12T determines a widening of the transition (gray
circles in Fig. 4(b)) that is not much larger than that produced
by a small field in Sample I. Sample II appears then much more
resilient with respect to the application of a dc magnetic field,
a feature beneficial for the envisioned application for the FCC
beam screen.

To better appreciate the field dependence of R in
T1-1223 samples, we report in Fig. 5 the field dependence
of the field-induced change in the surface resistance,
AR, = Rs(H) — R4(0), collected at 80K and 90K in both
samples. We observe the same R, reduction factor ~10 at both
temperatures at 1 T. Here the data are measured at frequencies
close enough so to avoid frequency-induced effects. In addition
to the smaller absolute values of R, in Sample II, even at larger
fields, we observe also a weaker field dependence (note the
log scale). This is a further indication that the improvement
of the sample crystalline quality led to a significantly stronger
resilience with respect to the application of a magnetic field.

V. COMPARISON WITH COPPER

The possible choice of T1-1223 as beam screen internal coat-
ing is mainly dictated by possible cryogenic needs to operate the
beam screen at (or above) 80 K [2]. Under such circumstances,
at the required magnetic fields of 14 T, no other superconducting
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Fig. 5. Field-induced change AR at fixed temperatures of 80 K and 90 K

measured at f = 26.7 GHz and 24.2 GHz for Sample I and II, respectively.

candidates exist. Thus, only a comparison with 12, of copper can
be tentatively provided.

The surface resistance R of Cu at 80 K can be estimated
from the dc resistivity: Ry = /27 f iopac/2. Using values for
Cu with RRR = 70 [18], as foreseen for FCC [2], at 24.2 GHz
one gets R ¢, (80K) ~ 15m(2 (we neglect a weak magnetic
field dependence). Fig. 4 yields for T1-1223 at 80K and 12T
R ~ 190 m in Sample I It is difficult to directly compare
those numbers, because the penetration depth at 12 T can exceed
the film thickness, thus increasing the value of R¢ with respect to
a thicker film [10]. Moreover, in the mixed state the penetration
depth is a complex quantity [19], which depends on the flux
density in a nontrivial way. Adding the fact that the films are only
at the beginning of the optimization process for high-frequency
vortex pinning, it is not unreasonable that optimized, thicker
films of TI-1223 could outperform Cu for the FCC beam screen
application. Clearly, additional work beyond this first report is
necessary.

VI. CONCLUSION

In this paper we have presented first, preliminary microwave
measurements performed on two TI-1223 samples, produced
at different stages of the optimization of the growth process.
Samples with 7, = 118 K, indicating TI-1223 phase, were suc-
cessfully grown. The surface resistance 7, has been measured
by varying the temperature in zero and fixed magnetic field,
or by varying the applied field at fixed temperature. With the
improvement of the deposition process the signatures of other
phases were no longer detected, and a reduction by a factor ~
10in R, and p,, was obtained. The improvement of the deposition
process brought as a consequence a much stronger resilience
to the application of a dc magnetic field, a required feature
for perspective applications of TI-1223 as a superconducting
coating for the FCC beam screen. Future work will be devoted to
a more extensive characterization of the field-dependent surface
impedance, in view of the extraction of the characteristic micro-
scopic vortex state parameters, for an accurate comparisons of
the performances with other superconductors.



MAGALOTTI et al.: MICROWAVE SURFACE RESISTANCE OF TL-1223 FILMS IN A DC MAGNETIC FIELD

—

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

REFERENCES

M. Benedikt et al., “FCC-HH: The hadron collider future circular collider
conceptual design report volume 3,” Eur. Phys. J. Spec. Top., vol. 228,
pp. 755-1107, 2018, doi: 10.1140/epjst/e2019-900087-0.

M. Benedikt et al., “Future circular collider feasibility study re-
port: Volume 2, accelerators, technical infrastructure and safety,”
Eur. Phys. J. Special Topics, vol. 234, pp.5713-6197, 2025,
doi: 10.1140/epjs/s11734-025-01967-4.

S. Calatroni, “HT'S coatings for impedance reduction in particle acceler-
ators: Case study for the FCC at CERN,” IEEE Trans. Appl. Supercond.,
vol. 26, no. 3, Apr. 2016, Art. no. 3500204, doi: 10.1109/TASC.2016.
2520079.

S. Calatroni et al., “Thallium-based high-temperature superconduc-
tors for beam impedance mitigation in the Future Circular Collider,”
Supercond. Sci. Technol., vol. 30, no. 7, 2017, Art. no. 075002,
doi: 10.1088/1361-6668/aa6bd0.

A. Leveratto et al., “Future Circular Collider beam screen: Progress on
T1— 1223HTS coating,” Superconductor Sci. Technol., vol. 33, no. 5,
2020, Art. no. 054004, doi: 10.1088/1361-6668/ab7fbd.

A. Leveratto et al., “HTS for future circular collider beamscreen: New
moderate high-pressure reaction for the synthesis of TI-1223,” [EEE
Trans. Appl. Supercond., vol. 35, no. 5, Aug. 2025, Art. no. 7500405,
doi: 10.1109/TASC.2025.3549739.

S. Phok et al., “Tl- and (Hg,Re)-1223 oxide films by spray pyrolysis for
practical applications,” Physica C, Supercond., vol. 372-376, pp. 876-879,
2002, doi: 10.1016/S0921-4534(02)00886-9.

X. Liang et al., “Synthesis of TI-2223 films, and their, mi-
crostructures, superconducting, magnetic, and microwave proper-
ties,” J. Alloys Compounds, vol. 983, 2024, Art. no. 173825,
doi: 10.1016/j.jallcom.2024.173825.

L. Chen, C. Ong, C. Neo, V. Varadan, and V. Varadan, Microw. Electron.:
Meas. and Materials Characterization. Hoboken, NJ, USA: Wiley, 2004.
[Online]. Available: https://books.google.it/books?id=1vmUdUXIBNIC

N. Pompeo, A. Alimenti, K. Torokhtii, P. V. Garcid, and E. Silva, “Substrate
and finite-thickness-induced uncertainties in surface impedance measure-
ments of thin conducting films,” IEEE Trans. Instrum. Meas., vol. 74,
2025, Art. no. 6000615, doi: 10.1109/TIM.2024.3509590.

[11]

[12]

[13]

[14]

[15]

(16]

[17]

(18]

[19]

7200105

E. H. Brandt, “Penetration of magnetic AC fields into type-II su-
perconductors,” Phys. Rev. Lett., vol. 67, pp.2219-2222, Oct. 1991,
doi: 10.1103/PhysRevLett.67.2219.

N. Pompeo and E. Silva, “Reliable determination of vortex parameters
from measurements of the microwave complex resistivity,” Phys. Rev. B,
vol. 78, no. 9, 2008, Art. no. 094503, doi: 10.1103/PhysRevB.78.094503.
A. Alimenti, K. Torokhtii, E. Silva, and N. Pompeo, “Challenging mi-
crowave resonant measurement techniques for conducting material char-
acterization,” Meas. Sci. Technol., vol. 30, no. 6, 2019, Art. no. 065601,
doi: 10.1088/1361-6501/ab0e65.

N. Pompeo, K. Torokhtii, A. Alimenti, and E. Silva, “A method
based on a dual frequency resonator to estimate physical param-
eters of superconductors from surface impedance measurements in
a magnetic field,” Measurement, vol. 184, 2021, Art. no. 109937,
doi: 10.1016/j.measurement.2021.109937.

R. Awad and N. H. Mohammed, “Synthesis and electrical resistivity studies
of T1;_, pr,BagsCasCuzOg_s superconductors,” Supercond. Sci. Tech-
nol., vol. 17, no. 1, p. 35, Nov. 2003, doi: 10.1088/0953-2048/17/1/006.
R. Awad, A. 1. Abou-Aly, S. A. Mahmoud, and M. M. Barakat, “Thermal
expansion measurements using X-ray powder diffraction of T1— 1223
substituted by molybdenum,” Superconductor Sci. Technol., vol. 20, no. 4,
Mar. 2007, Art. no. 401, doi: 10.1088/0953-2048/20/4/017.

A. Abou Aly, I. Ibrahim, R. Awad, A. El-Harizy, and A. Kha-
laf, “Stabilization of T1— 1223 phase by arsenic substitution,” J.
Supercond. Novel Magnetism, vol. 23, no. 7, pp. 1325-1332, 2010,
doi: 10.1007/s10948-010-0776-y.

S. Calatroni, “Materials & properties: Thermal & electrical characteris-
tics,” 2020, arXiv:2006.02842.

M. W. Coffey and J. R. Clem, “Unified theory of effects of vortex pinning
and flux creep upon the RF surface impedance of Type-II superconductors,”
Phys. Rev. Lett., vol. 67, no. 3, pp. 386-389, 1991, doi: 10.1103/Phys-
RevLett.67.386.


https://dx.doi.org/10.1140/epjst/e2019-900087-0
https://dx.doi.org/10.1140/epjs/s11734-025-01967-4
https://dx.doi.org/10.1109/TASC.2016.2520079
https://dx.doi.org/10.1109/TASC.2016.2520079
https://dx.doi.org/10.1088/1361-6668/aa6bd0
https://dx.doi.org/10.1088/1361-6668/ab7fbd
https://dx.doi.org/10.1109/TASC.2025.3549739
https://dx.doi.org/10.1016/S0921-4534(02)00886-9
https://dx.doi.org/10.1016/j.jallcom.2024.173825
https://books.google.it/books{?}id$=$1vmUdUXlBNIC
https://dx.doi.org/10.1109/TIM.2024.3509590
https://dx.doi.org/10.1103/PhysRevLett.67.2219
https://dx.doi.org/10.1103/PhysRevB.78.094503
https://dx.doi.org/10.1088/1361-6501/ab0e65
https://dx.doi.org/10.1016/j.measurement.2021.109937
https://dx.doi.org/10.1088/0953-2048/17/1/006
https://dx.doi.org/10.1088/0953-2048/20/4/017
https://dx.doi.org/10.1007/s10948-010-0776-y
https://dx.doi.org/10.1103/PhysRevLett.67.386
https://dx.doi.org/10.1103/PhysRevLett.67.386


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


