
IEEE PHOTONICS JOURNAL, VOL. 16, NO. 6, DECEMBER 2024 6601805

Advanced Bends and Micro Ring Resonators in
Silicon Nitride Photonic Waveguides for C-Band

Jeong Hwan Song , Tangla D. Kongnyuy , Mathias Prost, Aritrio Bandyopadhyay,
Sarvagya Dwivedi , Member, IEEE, Diego Carbajal Altamirano, Cian Cummins, Sandeep Seema Saseendran,

Philippe Helin, Joost Brouckaert , and Marcus Dahlem , Senior Member, IEEE

Abstract—We present the design and experimental evaluation
of low-loss advanced bends in silicon nitride (SiN) waveguides for
the C-band. The advanced bends, with a radius of 25 µm, exhibit
a bending loss of approximately 0.025 dB per 90°, comparable to
the loss of a circular bend with a radius of 50 µm. Consequently,
the 25 µm radius advanced bend is proposed for routing in SiN
photonic integrated circuits to reduce the overall footprint. Fur-
thermore, the use of these advanced bends in micro ring resonators
results in quality factors of 5.8 × 103 and 5.5 × 104, with relatively
large free spectral ranges and extinction ratios for radii of 15 µm
and 25 µm, respectively.

Index Terms—Bends, integrated optics, ring resonators, silicon,
silicon nitride, silicon nitride bends, silicon nitride waveguide,
silicon photonics, waveguides.

I. INTRODUCTION

S ILICON Nitride (SiN) waveguides are transparent over
a wide range of wavelengths, making them suitable for

various applications, including visible and infrared light for life
science sensors, as well as O-, C-, and L-bands for data and
telecommunication systems. SiN waveguides are particularly
competitive with silicon (Si) waveguides for O-, C-, and L-band
applications due to several advantages. Compared to Si waveg-
uides, SiN-based photonic circuits exhibit lower nonlinearity,
lower propagation loss, and greater thermal stability. However,
SiN-based photonic circuits have larger footprints compared
to Si-based circuits due to the relatively low index contrast.
The footprints of photonic circuits are mainly dependent on
the critical radii of the bending waveguides. Typically, photonic
circuits with Si and SiN waveguides use minimum radii of 5 μm
and 50 μm, respectively. However, bends with these radii still
incur losses.

Efforts are ongoing to minimize the existing bending losses
of critical bending radii and to achieve smaller critical radii for
SiN photonic waveguides. For example, one classical approach
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Fig. 1. (a) Advanced bend configuration and its design parameters. (b) Zoom
in at near 45 degree angle with bending profile comparison of our work, a Bezier
and circular bends (ωmax is wider than ω0_B.). (c) Bending loss comprison.
Here, ω0_C and ω0_B are widths of a circular and a Bezier bends, respectively.

involves implementing an offset between bent and straight
waveguides [1], while another method uses special bends [2],
[3], [4], [5], [6], [7], [8]. In 2019, we proposed advanced
bends using waveguide widening with sinusoidally varying radii.
These advanced bends were experimentally demonstrated on Si
waveguides for the C-band and SiN waveguides for the infrared
wavelength of 850 nm [3], [4]. We believe that studying the
reduction of bend loss and radius for SiN bending waveguides
is of greater importance than for Si bending waveguides. Despite
the significance of this topic, there are few experimental results
in the literature regarding smaller radius SiN bending for the
C-band. Table I summarizes the experimental results of SiN
waveguide bends as reported in major journals [4], [5], [6], [7],
[8].

In this paper, we present the designs of the advanced bends
for the C-band along with measurement results of fabricated
structures on the SiN waveguide platform using IMEC’s pilot
line. We conducted measurements and analysis on the fabricated
SiN bends and present the results of micro ring resonators that
incorporated these advanced bends.

II. ADVANCED BENDS FOR SIN WAVEGUIDES

The design of the advanced bends is described by following
[4]. Fig. 1(a) shows the definition of parameters.

Lout (n) = R+
1

2

(
ω (n) +

1

k1
sin (4θn)

)
(1)
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TABLE I
REVIEW OF EXPERIMENTAL RESULTS OF SMALL RADIUS SIN BANDS SHOWN IN PUBLICATIONS

Lin (n) = R− 1

2

(
ω (n) +

1

k2
sin (4θn)

)
(2)

ω (n) = ωn−1 +
1
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(
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)
sin (4θn) , ω0 = C (3)

Here, R represents the minimum distance between point (0,
0) and the center of the bending waveguide (intuitively, the
value corresponds to the radius of a circular bend.), and θ and
n correspond to the angle of bends and the order of segments,
respectively. For example, Δθ = 1° and n = 1, 2, 3, …, 90
(integer) for 90° bends. θn = n×Δθ. k1 and k2 represent
bending coefficients. Optimized values of k1 and k2 were deter-
mined through 3-dimensional Finite-Difference Time-Domain
(3D-FDTD) simulations. ω(n) refers to the varying width of
the waveguide by segments and ω0 = C (constant). Here, C
= 1 μm as the initial waveguide width when n = 1. Finally,
the bend shape is described by following equation: (x, y) =
(L(n) cos(θn), L(n) sin(θn)). These equations can be univer-
sally used for designing bend shapes. When k1 and k2 approach
infinity, the radius becomes constant, resulting in a normal
circular bend.

We compared between the advanced bend and Bezier bend as
shown in Fig. 1(a) and (b). The cubic Bezier curve is expressed
as P (t) = (1− t)3 P0 + 3(1− t)2tP2 + 3(1− t)t2P3 + t3P1

where the curve parameter (t) varies from 0 to 1. The curve is
defined by four coordinates P (t) = (x(t), y(t)). P0 at (0, 0)

andP1 at (R, R) are the starting and ending points, respectively.
The middle two points,P2 of (R(1−B), 0) andP3 of (R, RB),
are optimized by B (0 < B < 1).

Fig. 1(b) magnifies the bending profiles of the Bezier and our
method. The bending profile of the advanced bend resembles a
cubic Bezier curve when the Bezier coefficient (B) is 0.32. In
this case, the maximum distance (Lmax) between the center of
the waveguide and the center of curvature at 45 degrees, which
is the smallest radius of curvature, of a 90-degree bend matches
the advanced bend. The matched Lmax is 26.69 μm. A smaller
B is expected to have smaller bending losses than the circular
bend (c.f. B = 0.45, equivalent to the circular bend [9]). Fig. 1(c)
shows the simulation results of three bends when R = 25 μm.
Here, the widths of the waveguides, ω0, ω0_B, and ω0_C, are all
1 μm. The key difference in our approach is the widening of the
bending waveguides, even though the bending profile remains
similar. Wider waveguides have a higher effective index and
confinement factor, which can result in smaller critical bending
radii.

Another method is the Euler bend. The curvature of the Euler
bend increases linearly [6] (c.f. the curvature of a circular bend is
constant), leading to rapid curvature variation at the center and
a quick reduction in bending radius, resulting in high radiation
losses. Therefore, a partial Euler bend was introduced to reduce
high radiation losses in the center of the bend [8].

An interface between straight and bending waveguides can
cause losses due to the misalignment of their propagation axes.
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TABLE II
SIMULATION RESULTS OF ADVANCED AND CIRCULAR BENDS WITH

PARAMETERS

Therefore, special bends, such as Advanced (our method),
Bezier, and Euler bends, minimize this loss by gradually chang-
ing and optimizing curvature radii. Intentional offsets can also
be implemented [1], [5].

Width-widening Bezier bends, recently proposed as modified
Bezier bends, were introduced [7]. The approach of modified
Bezier bends requires the optimization of four coefficients to
find the optimal bend. However, our approach only requires two
coefficients, making it more efficient. The experimental data
from the literature [4], [7] clearly showed different results. For
example, for an advanced bend and modified Bezier bend with a
radius of 2μm in Si waveguides, the experimental bending losses
were 0.012 dB/90° [4] and 0.028 dB/90° [7] from our design
(advanced bend) and the modified Bezier bend, respectively.
For further comparison, circular bends with a radius of 2 μm
had losses of 0.079 dB/90° [4] and 0.066 dB/90° [7].

The SiN waveguide platform has the following parameters:
the refractive indexes of the SiN core and the oxide cladding
are approximately 2.0 and 1.44, respectively. For single-mode
operation, the chosen width and thickness of the core are 1000
nm and 400 nm, respectively at a wavelength of 1550 nm.

The advanced bends with radii of 15 μm, 20 μm, and 25
μm were optimized by 3D-FDTD simulations. The optimized
bending coefficients, widening width, and simulation results
with normal bends are summarized in Table II. The losses in
circular bends are nearly twice as high as those in advanced
bends. All simulations were implemented with a fundamental
transverse electric (TE) mode.

III. EXPERIMENTAL RESULTS

The test structures with the bends were fabricated on IMEC’s
SiN technology platform using the Low-Pressure Chemical Va-
por Deposition (LPCVD) process. The waveguide consists of a
∼400 nm-thick silicon nitride layer with top and under cladding
of ∼2.0 μm and ∼2.7 μm, respectively. The under-cladding
thickness of 2.7 μm is sufficient to prevent substrate leakage
during propagation. Additionally, this thickness is optimal for
the directionality of grating couplers used for fiber coupling.

The platform’s propagation losses for 1μm-width waveguides
range from 0.08 dB/cm to 0.4 dB/cm with a C-band light source
[10]. These propagation losses vary from wafer to wafer due to
differences in layer stacks. The pure propagation loss of a bend

Fig. 2. Measurement results: (a)–(c) Advanced bends and (d)–(f) circular
bends (solid line: 3D-FDTD, o and x: Measurement on different dies/wafers).

TABLE III
EXPERIMENTAL RESULTS OF ADVANCED AND CIRCULAR BENDS

with a 50 μm radius, excluding bending radiation loss, is 0.0006
dB/90° and 0.003 dB/90° when the propagation losses are 0.08
dB/cm and 0.4 dB/cm, respectively. A wider waveguide width
results in lower propagation loss compared to the 1 μm-width
waveguide. For a 2.5 μm-width waveguide, we measured prop-
agation losses of less than 0.05 dB/cm. Therefore, the advanced
bend benefits from reduced pure propagation loss due to the
increased width.

Fig. 2 shows the measurement results of advanced bends
and circular bends for comparison. As anticipated, advanced
bends exhibit significantly lower bending losses compared to
circular bends. Each measurement point is derived from a linear
fit to the data set of four different numbers of bends, providing
estimated bend losses across the full range of the C-band. The
measurement was implemented by a cutback method using a
TE mode source. The bending loss of the advanced bend with a
radius of 25 μm is below 0.03 dB/90° in the C-band range. We
summarized experimental results in Table III.

IV. DISCUSSIONS

A. SiN Photonics Integrated Circuit Routing Strategies

Fig. 3 shows the measured bending losses for a 50 μm radius
circular bend, commonly used in SiN photonic integrated cir-
cuits. The bend losses are approximately 0.015–0.032 dB/90° at
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Fig. 3. Measurement results of circular bends with a 50 μm radius. Different
shapes of polygons indicate different dies/wafers.

the wavelength of 1550 nm. Our measured results are consistent
with the reported bending loss of 0.036 dB per 90° [6] for circular
SiN bends. This range of losses is comparable to that of advanced
bends with a 25 μm radius. Consequently, utilizing an advanced
bend with a 25 μm radius instead of a 50 μm radius circular
bend for waveguide routing in SiN photonic integrated circuits
can significantly reduce the footprint.

B. Example SiN Ring Resonators Using Advanced Bends

The performance of SiN ring resonators with advanced bends
is improved due to low round-trip losses resulting from reduced
bending losses [11]. We fabricated ring resonators using these
advanced bends, with each ring composed of four advanced
bends. We used narrower bus waveguides than the 1μm-width
single-mode waveguide, specifically a 0.55 μm waveguide. This
narrower waveguide’s mode has better phase matching with
the concentric mode in the curved waveguide, leading to much
weaker excitation of higher-order components [12]. Fig. 4 shows
better symmetry of the field in the narrower straight waveguide.
Fig. 4(c) presents an experimental comparison using different
bus waveguides. In this experiment, the rings are circular, and
the gap between the ring and bus is 0.57 μm.

Fig. 5 shows the ring resonators using advanced bends with
a 15 μm radius. The quality (Q) factors, λ/Δλ (where λ is
the wavelength and Δλ is the 3 dB bandwidth), of two ring
resonators—one with circular bends and one with advanced
bends—were compared. The Q-factor and the extinction ratio
(ER) of the advanced ring resonator are higher than those of the
normal ring resonator. The free spectral ranges (FSRs) were
12.9 nm and 12.4 nm for the circular and advanced bends,
respectively. The ER is also an important characteristic of ring
resonators. A higher ER enhances modulation depth, which im-
proves the quality of the transmission signal (clear eye opening)
when using ring resonators as micro ring modulators. The same
conditions were used, including a narrowed bus waveguide of
0.55 μm and a gap of 0.57 μm.

Fig. 6 shows the highest Q-factor ring resonator from this
fabrication run. The FSR was 7.4 nm and the Q-factor was 5.5
× 104. In this case, we used 25 μm radius advanced bends to

Fig. 4. (a) and (b) Electrical fields of ring and bus for coupling, and (c)
measurement results of cases. All conditions are the same except the width
of bus waveguides.

Fig. 5. (a) Measurement results of fabricated ring resonators, (b) Q-factor
comparison, and (c) photo of ring resonator using advanced bends.

compose the ring and a narrowed bus waveguide of 0.55 μm.
The gap between the ring and the bus was 0.50 μm.

Additionally, we simulated the influence of thickness varia-
tions, as shown in Fig. 7. The results indicate that for thickness
variations up to 10 nm (from 400 nm to 390 nm), the change in the
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Fig. 6. The highest Q-factor among this wafer run. The ring resonator has
advanced bends with a radius of 25 μm, narrowed bus waveguide of 0.55 μm
and the gap of 500 nm.

Fig. 7. Advanced ring resonator simulations were conducted to examine the
effect of thicknesses of 400 nm(green), 392 nm(blue), and 380 nm(orange).
The colored lines represent the simulations, while the dotted line indicates the
measurement. The inset shows the simulation setup for 3D-FDTD.

Q factor is negligible. However, when the thickness is reduced
to 380 nm, the Q factor significantly decreases. The thickness
of the waveguide does not appear to influence the FSR.

V. CONCLUSION

Low-loss SiN bends were designed and experimentally
demonstrated for the C-band. The bending losses of the ad-
vanced bends were nearly half those of circular bends with the
same radii. Strategically, a 50 μm-radius circular bend can be
replaced by a 25μm-radius advanced bend, which has equivalent
loss but reduced footprint. We also fabricated and measured
micro ring resonators using advanced bends of silicon nitride
waveguides. These achieved Q factors of 5.8 × 103 with a
relatively large FSR of 12.4 nm and an ER of >30 dB when
the radius was 15 μm. Additionally, the Q-factor was 5.5 × 104

when the radius was 25 μm.

REFERENCES

[1] T. Kitoh, N. Takato, M. Yasu, and M. Kawachi, “Bending loss reduction
in silica-based waveguides by using lateral offsets,” J. Lightw. Technol.,
vol. 13, no. 4, pp. 555–562, Apr. 1995.

[2] M. Cherchi, S. Ylinen, M. Harjanne, M. Kapulaninen, and T. Aalto,
“Dramatic size reduction of waveguide bends on a micron-scale silicon
photonic platform,” Opt. Exp., vol. 21, no. 15, pp. 17814–17823, 2013.

[3] J. H. Song, T. D. Kongnyuy, N. Hosseini, A. Stassen, R. Jansen, and X.
Rottenberg, “Advanced waveguide bends for photonic integrated circuits,”
in Proc. 45th Eur. Conf. Opt. Commun., 2019, pp. 1–3.

[4] J. H. Song, T. D. Kongnyuy, P. De Heyn, S. Lardenois, R. Jansen, and X.
Rottenberg, “Low-loss waveguide bends by advanced shape for photonic
integrated circuits,” J. Lightw. Technol., vol. 38, no. 12, pp. 3273–3279,
Jun. 2020.

[5] J. H. Song, T. D. Kongnyuy, A. Stassen, V. Mukund, and X. Rottenberg,
“Adiabatically bent waveguides on silicon nitride photonics for compact
and dense footprints,” IEEE Photon. Technol. Lett., vol. 28, no. 20,
pp. 2164–2167, Oct. 2016.

[6] F. Gao et al., “Low-loss and compact bends on multi-layer SiN-on-SOI
platform for photonic integrated circuits,” IEEE Photon. Technol. Lett.,
vol. 33, no. 20, pp. 1131–1134, Oct. 2021.

[7] T. Sun and M. Xia, “Low loss modified Bezier bend waveguide,” Opt.
Exp., vol. 30, pp. 10293–10305, 2022.

[8] F. Vogelbacher, S. Nevlacsil, M. Sagmeister, J. Kraft, K. Unterrainer, and
R. Hainberger, “Analysis of silicon nitride partial Euler waveguide bends,”
Opt. Exp., vol. 27, pp. 31394–31406, 2019.

[9] H. P. Bazargani, J. Flueckiger, L. Chrostowski, and J. Azaña, “Mi-
croring resonator design with improved quality factors using quar-
ter Bezier curves,” in Proc. Conf. Lasers Electro-Opt., 2015, pp. 1–2,
doi: 10.1364/CLEO_AT.2015.JTu5A.58.

[10] P. Helin, N. Pham, S. Lenci, A. R. Chaudhuri, A. Firrincieli, and M.
Mannarino, “Silicon nitride photonic platform for sensing applications,”
in Proc. Int. Conf. Opt. MEMS Nanophotonics, 2019, pp. 38–39.

[11] J. H. Song, T. D. Kongnyuy, P. De Heyn, S. Lardenois, R. Jansen, and
X. Rottenberg, “Enhanced silicon ring resonators using low-loss bends,”
IEEE Photon. Technol. Lett., vol. 33, no. 6, pp. 313–316, Mar. 2021.

[12] Q. Xu, D. Fattal, and R. G. Beausoleil, “Silicon microring resonators with
1.5-μm radius,” Opt. Exp., vol. 16, pp. 4309–4315, 2008.

https://dx.doi.org/10.1364/CLEO&lowbar;AT.2015.JTu5A.58


<<
  /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


