658

IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 24, NO. 8, APRIL 15, 2012

Mie Scattering-Enhanced Fiber-Optic Refractometer

Guigen Liu, Yihui Wu, Kaiwei Li, Peng Hao, Ping Zhang, and Ming Xuan

Abstract— A Kkind of biconically-tapered optical fiber (BTOF)
modified by silica nanospheres is proposed to implement detection
of refractive index (RI), especially low RI, with strong nonlinear-
ity and enhanced sensitivity; this idea arose from an interesting
experiment with a BTOF whose surface was very rough. The
mechanisms of the nonlinear characters are investigated and
explained by the coupling effects of Mie scattering and multimode
propagation, and this phenomenon is repeated in several experi-
ments with different fibers. Measured sensitivity magnification of
more than 100 from a 2.8-um-thick and 14-mm-long BTOF after
modification by 400-nm silica nanospheres is shown in this letter.

Index Terms—Mie scattering, multimode

refractometer, tapered optical fiber.

propagation,

I. INTRODUCTION

IBER-OPTIC evanescent wave sensors (FOEWSs), espe-

cially those based on micro/nano wires, are very promis-
ing in label-free immunoassay with high sensitivity, in which
the alterations in refractive index (RI) due to protein binding
are detected [1]-[4]. But there are still some challenges that
have been blocking the commercialization of FOEWSs in the
authors’ opinion. In fact, they only show high sensitivity when
the surrounding RI is very close to that of the fiber [S]-[7],
therefore, they are infeasible in measuring RI much lower
than that of the fiber (normally around 1.46 for glass fibers),
e.g. some biomolecules have RI as low as 1.36 [8]. Many
groups have tried to improve the sensitivity by decorating
optical fibers with nanoparticles [9]-[13] which either intro-
duce localized surface plasma resonance absorption or increase
the effective cladding RI, however, their sensitivity remains
low when measuring low RI. During one of our attempts,
an experiment with a BTOF, which was accidentally etched
to be rough, showed high sensitivity over a wide RI range
of 1.33-1.465 (Fig. 1 (a)). The rough BTOF has a strong
nonlinear response and is rather sensitive to low RI, indicating
the potential to address the issue. However, rough fibers cannot

Manuscript received October 11, 2011; revised December 30, 2011;
accepted January 19, 2012. Date of publication January 24, 2012; date of
current version March 28, 2012. This work was supported in part by the
National Natural Science Foundation of China under Grant 11034007, in part
by the Knowledge Innovation Programs of the Chinese Academy of Sciences
under Grant KGCX2-YW-913-1, and in part by the High Technology Research
and Development Program of Jiangsu Province under Grant BE2009060.

G. Liu and K. Li are with the State Key Laboratory of Applied Optics,
Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, Changchun 130033, China, and also with the Graduate
School of Chinese Academy of Sciences, Beijing 100039, China (e-mail:
guigenliu@hotmail.com; likaiweil1@163.com).

Y. Wu, P. Hao, P. Zhang, and M. Xuan are with the State Key
Laboratory of Applied Optics, Changchun Institute of Optics, Fine Mechanics
and Physics, Chinese Academy of Sciences, Changchun 130033, China
(e-mail: yihuiwu@ciomp.ac.cn; hp312@126.com; zhangpingres@ 163.com;
xuanm @ciomp.ac.cn).

Color versions of one or more of the figures in this letter are available
online at http://ieeexplore.ieee.org.

Digital Object Identifier 10.1109/LPT.2012.2185786

(b)

5
5

Light scattering
Light out

Light in R P A7 AP
-q/ T~ /:"H‘-\g’;s

Tapered fiber

@
5

Transmission
N
5

(a) \
10 / \
V] — .
1‘32 1.34 1.36 1.38 1.40 1.42 144 146 148
Refractive index

o Silica nanosphere

Fig. 1.  (a) Transmission versus RI for a rough BTOF. Inset: scanning
electron microscope (SEM) image. (b) Schematic of a BTOF modified by
silica nanospheres.

be reproduced well, efforts are therefore devoted to artifi-
cially construct similar fibers modified by silica nanospheres
which introduce scattering losses from the evanescent field
(Fig. 1(b)). Silica nanospheres are chosen since they are
identical to fibers in material. In this Letter we are the first,
to our best knowledge, to demonstrate a transmission-loss-
based refractometer with wide detection range and enhanced
sensitivity based on the coupling effects of scattering losses
and multimode propagation.

II. EXPERIMENTS

Here, smooth BTOFs were made from commercial single-
mode fibers (SMF-28, Corning) through chemical etching [14],
and silica nanospheres were synthesized using the Stober
method [15]. The nanospheres were covalently immobilized
on smooth fibers following the protocols in [16]. In order
to quantify the influence of nanospheres, we first tested the
response of a smooth unmodified fiber to RI, after which the
same smooth fiber was modified by silica nanospheres and
then measured. The experiments were carried out with a simple
transmission measuring setup.

Measured results of a 2.8 xm thick and 14 mm long BTOF
were recorded in Fig. 2. For the unmodified BTOF (black
curve in Fig. 2 (a)), the transmitted optical power changes mar-
ginally (less than 10%) in the RI range of 1.33-1.39, however,
gradual power drop begins to appear when RI exceeds 1.39 and
becomes more pronounced when surrounding RI is closer to
that of fiber. For the BTOF modified by 400-nm nanospheres
(black curve in Fig. 2 (b)), transmission increases from 1 to
22.70 when surrounding RI increases from 1.33 to 1.41; on
the contrary, transmission decreases dramatically from 23.12
to 0.12 when surrounding RI increases from 1.43 to 1.46.
Thus, the modified BTOF has a detection range of 1.33-1.46
which is much broader than 1.39-1.46 of the unmodified one.
Both unmodified and modified BTOF respond nearly linearly
when surrounding RI is close to that of fiber core, thus a
linear fitting is performed in RI range of 1.44-1.46 and the
slope of fitting line is defined as sensitivity. The sensitivity
of the modified BTOF is more than 100 (100.89) times as
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Fig. 2. Measured and calculated transmission as a function of surrounding
RI for (a) unmodified and (b) modified BTOF. Both measured and calculated
transmission are normalized so that RI is 1.33 for the convenience of
comparison.
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Fig. 3. (a) Output power versus time during the modification process of the

BTOF. (b) SEM images of the modified BTOF.

high as that of the unmodified one, reaching a resolution of
1.8 x 1073 RIU (refractive index unit) if resolution is defined
as 3 times the ratio of noise to sensitivity. The resolution can
be further improved by reducing the comparatively large noise
of our spectrometer. Fig. 3 (a) verifies the scattering looses
during the immobilization process monitored at 633 nm. The
modified fiber was flushed by deionized water in the end and
no output power variation occurred, indicating the permanent
attachment of nanospheres to the fiber. The adherence of silica
nanospheres to the fiber surface is also shown by a SEM image

(Fig. 3 (b)).

III. THEORETICAL EXPLANATION

Theoretical simulations have been done to explain the exper-
imental results. In our case, silica nanospheres are assumed to
scatter light without absorption and mutual interferences. The
scattering losses from a single isolated spherical particle are
well established by the Mie theory [17], in which scattering
efficiency is defined as the fraction of power scattered by a
single particle. Let T, P;, and P,,; denote the transmission of
unmodified BTOF, input power and output power, respectively,
thus

Pour = PinT, (D

for the unmodified fiber, and

Pour = PinT exp(—=nQscaN), )

where #, Qscq, and N denote power fraction in the evanescent
field, scattering efficiency, and the number of nanospheres,
respectively, for the modified fiber. Based on the assumption
that all the scattered power is lost which is equivalent to
absorption loss, Eq. (2) is rational according to the model
of a fiber-optic absorbing sensor [14]. Equation (2) is further
proven by Fig. 3 (a), i.e., larger number N of nanospheres
introduces more losses.
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Fig. 4. Calculated (a) scattering efficiency and power fraction in the
evanescent field and (b) scattering-related transmission coefficient (SRTC) as
a function of surrounding RI. SRTC is normalized so that RI is 1.33 for the
convenience of comparison.

The transmission 7 of the unmodified BTOF, which is
described by multimode propagation [7], [18]-[19], is plotted
in Fig. 2 (a) (red curve). The difference between the experi-
ments and calculations is attributed to approximations in the
simulation of multimode propagation [18], [19].

Compared with Eq. (1), Eq. (2) has an extra component of
exp(—#7Qscq N), which is the contribution of scattering losses
and is here termed scattering-related transmission coefficient
(SRTC). SRTC depends on both # and Qg for certain N.
According to the SEM images, the N value is only roughly
estimated owing to the ununiformity of nanosphere distribu-
tion. Three N values of 8000, 9000 and 10000 are involved
in the calculations which are enough to reveal the influence
of N value and explain the experimental results.

Scattering efficiency Qg., and power fraction x versus
surrounding RI is plotted in Fig. 4 (a). In the calculations,
silica nanospheres have RI of 1.475 [20]. Clearly, scattering
efficiency Qjs., decreases as surrounding RI increases, on the
contrary, power fraction # in the evanescent field increases as
surrounding RI increases, especially # increases dramatically
when RI is close to 1.46. Therefore, RI dependence of SRTC
(Fig. 4 (b)) has two opposite trends: (1) In low RI range of
1.33-1.44, SRTC increases as Rl increases, which is because
of less scattering losses due to smaller scattering efficiency;
(2) In high RI range of 1.44-1.46, SRTC decreases immensely
as RI increases, which is because of more scattering losses
due to dramatically growing evanescent field.

The properties of SRTC give rise to the transmission
behavior of the modified fiber (Eq. 2), which is shown in
Fig. 2 (b) (curves 2-4). In low RI range of 1.33-1.44, the
transmission increases dramatically due to less scattering
losses as RI increases. In high RI range of 1.44-1.46, the
transmission decreases dramatically due to both more scat-
tering losses and weaker mode propagation as RI increases.
It also shows that the larger the N, the bigger the sensitivity
improvement. Calculated results when N is 9000 (curve 3) are
identical to experimental results (curve 1), and the differences
are attributed to the estimated N value, assumption of no
absorption by silica nanospheres, and approximations in the
simulation of multimode propagation [19], [20], etc.

The theoretical explanation is proved by several experiments
with repeatable phenomena. As shown in Table I, transmitted
power increases/decreases as RI increases from 1.33 to 1.41
for three modified/unmodified BTOFs, while it decreases
as RI increases from 1.43 to 1.46 for both modified and
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TABLE I
MEASURED POWER CHANGES FOR THREE DIFFERENT MODIFIED AND UNMODIFIED (IN PARENTHESES) BTOFS OPERATING AT
TWO WAVELENGTHS OF 458 AND 633 nm. D AND L DENOTE WAIST DIAMETER AND LENGTH OF THE BTOF, RESPECTIVELY
Fiber | (D =48 yum,L =4 14 mm) Fiber 2 (D = 2.8 yum, L = 14 mm) Fiber 3 (D = 2.8 um, L = 7 mm)
RI 1.33 to 1.41 1.43 to 1.46 1.33 to 1.41 1.43 to 1.46 1.33 to 1.41 1.43 to 1.46
change
T itted 458 nm 313 to 376 270 to 38 29 to 173 144 to 0 34 to 67 56 to 2
;fg‘vsv‘enrl e (667 to 584) (425 to 110) (141 to 108) (60 to 0) (505 to 425) (235 to 44)
change (a.u.) 633 nm 566 to 873 824 to 203 24 to 545 555to 3 71 to 157 143 to 7
(1517 to 1419) (1294 to 588) (425 to 302) (99 to 2) (1054 to 867) (618 to 121)

unmodified fibers. The experiments shown in Fig. 2 are those
of fiber 2 in Table I at 633 nm. Note that the transmitted
power 1is significantly reduced and thus the signal-to-noise
ratio is lower for the modified fibers.

It should be noted that there exists a turning (peak) point
around 1.43 (Fig. 2 (b)). Although the modified fiber has
enhanced sensitivities in low and high RI ranges, the sensitivity
is greatly reduced near the turning point which depends
on the fiber diameter, operating wavelength, size and RI
of nanospheres. However, discussion of the turning point is
beyond the scope of this Letter.

IV. CONCLUSION

Detection range broadening and sensitivity enhancement
for a fiber-optic refractometer using silica nanospheres have
been experimentally obtained and theoretically analyzed. The
transmission behavior of a modified BTOF is a coupling effect
of scattering losses and multimode propagation. The measured
sensitivity magnification is more than 100 for a 2.8 um thick
and 14 mm long BTOF after modified by 400 nm silica
nanospheres. This performance can be further improved by
the optimization of parameters such as diameter and RI of the
nanosphere and length and diameter of the BTOF.

REFERENCES

[1] A. Leung, P. M. Shankar, and R. Mutharasan, “A review of fiber-optic
biosensors,” Sensors Actuat. B, vol. 124, no. 2, pp. 688-703, Aug.
2007.

[2] P. Polynkin, A. Polynkin, N. Peyghambarian, and M. Mansuripur,
“Evanescent field-based optical fiber sensing device for measuring the
refractive index of liquids in microfluidic channels,” Opt. Lett., vol. 30,
no. 11, pp. 1273-1275, 2005.

[3] F. Gu, L. Zhang, X. Yin, and L. Tong, “Polymer single-nanowire optical
sensors,” Nano Lett., vol. 8, no. 9, pp. 2757-2761, 2008.

[4] G. Brambilla, et al., “Optical fiber nanowires and microwires: Fabrica-
tion and applications,” Adv. Opt. Photon., vol. 1, no. 1, pp. 107-161,
2009.

[5]

[6]

[7]

[8]
[9]

[10]

(11]

[12]

[13]

[14]

[15]

(16]
[17]
(18]

[19]

[20]

P. Wang, G. Brambilla, M. Ding, Y. Semenova, Q. Wu, and G. Farrell,
“High-sensitivity, evanescent field refractometric sensor based on a
tapered, multimode fiber interference,” Opt. Lett., vol. 36, no. 12, pp.
2233-2235, 2011.

C. R. Liao, D. N. Wang, X. He, and M. W. Yang, “Twisted optical
microfibers for refractive index sensing,” IEEE Photon. Technol. Lett.,
vol. 23, no. 13, pp. 848-850, Jul. 1, 2011.

J. Villatoro, D. Monzén-Herndndez, and D. Talavera, “High resolution
refractive index sensing with cladded multimode tapered optical fibre,”
Electron. Lett., vol. 40, no. 2, pp. 106-107, 2004.

J. Voros, “The density and refractive index of adsorbing protein layers,”
Biophys. J., vol. 87, no. 1, pp. 533-541, 2004.

F. Meriaudeau, A. Wig, A. Passian, T. Downey, M. Buncick, and T.
L. Ferrell, “Gold island fiber optic sensor for refractive index sensing,”
Sensors Actuat. B, vol. 69, nos. 1-2, pp. 51-57, Sep. 2000.

S.-F. Cheng and L.-K. Chau, “Colloidal gold-modified optical fiber for
chemical and biochemical sensing,” Anal. Chem., vol. 75, no. 1, pp.
16-21, 2003.

D. Monzén-Hernandez, D. Luna-Moreno, D. M. Escobar, and J. Vil-
latoro, “Optical microfibers decorated with PdAu nanoparticles for fast
hydrogen sensing,” Sensors Actuat. B, vol. 151, no. 1, pp. 219-222, Nov.
2010.

D. Vigegas, et al., “Sensitivity improvement of a humidity sensor based
on silica nanospheres on a long-period fiber grating,” Sensors, vol. 9,
no. 1, pp. 519-527, 2009.

S. Korposh, et al., “Fiber optic long period grating sensors with a
nanoassembled mesoporous film of SiO, nanoparticles,” Opt. Express,
vol. 18, no. 12, pp. 13227-13238, 2010.

Y. Wu, X. Deng, F. Li, and X. Zhuang, “Less-mode optic fiber evanes-
cent wave absorbing sensor: Parameter design for high sensitivity liquid
detection,” Sensors Actuat. B, vol. 122, no. 1, pp. 127-133, Mar. 2007.
W. Stober and A. Fink, “Controlled growth of monodisperse silica
spheres in the micron size range,” J. Colloid Interf. Sci., vol. 26, no. 1,
pp- 62-69, Jan. 1968.

T. Cass and F. S. Ligler, Immobilized Biomolecules in Analysis: A
Practical Approach. London, U.K.: Oxford Univ. Press, 1999, ch. 1.
C. F. Bohren and D. R. Huffman, Absorption and Scattering of Light
by Small Particles. New York: Wiley, 1983, chs. 3 and 4.

A. W. Snyder and J. D. Love, Optical Waveguide Theory. London, U.K.:
Chapman & Hall, 1983, chs. 11, 12, and 19.

P. M. Shankar, L. C. Bobb, and H. D. Krumboltz, “Coupling of modes in
bent biconically tapered single-mode fibers,” J. Lightw. Technol., vol. 9,
no. 7, pp. 832-837, Jul. 1991.

B. N. Khlebtsov, V. A. Khanadeev, and N. G. Khlebtsov, “Determination
of the size, concentration, and refractive index of silica nanoparticles
from turbidity spectra,” Langmuir, vol. 24, no. 16, pp. 8964-8970,
2008.




<<
  /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
  /CreateJDFFile false
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /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 "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


