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Letters

A Wideband Common-Mode Suppression Filter With Compact-Defected
Ground Structure Pattern

Zhibin Zeng, Yindi Yao, and Yiqi Zhuang

Abstract—A complementary-defected ground structure (DGS)
common stopband filter is proposed. The filter uses two kinds of
DGS patterns: a Π-shaped DGS pattern is used in both sides of
the filter and a button-headed H-shaped DGS pattern is adopted
at the middle of the filter. The filter utilizes the mutual inductance
and mutual capacitance that exists among the DGS patterns to
improve the in-band gain-flatness of the filter, which is useful to
broaden the bandwidth and improve the rejection ratio in the low
cutoff frequency. The simulated and measured results show that
the differential signal under the DGS filter is nearly intact and
the common-mode noise can be reduced by 15 dB from 3.2 to
12.4 GHz. The area of the filter is only 10 mm × 10 mm. The
fractional bandwidth of the stopband can reach 118%.

Index Terms—Common-mode, defected ground structure, dif-
ferential signaling, microwave filters.

I. INTRODUCTION

D IFFERENTIAL signals have been widely used in high-
speed board design for their high electromagnetic immu-

nity against conducted and radiated interfering signals, and low
electromagnetic interference (EMI) [1], [2]. However, in cir-
cuits that use differential routing schemes, a significant amount
of common-mode (CM) noise is easily generated by the ampli-
tude unbalance, timing skew, and crosstalk [2], [3], which have
a significant impact on the EMC performance of the system.

To suppress the CM noise, microstrip lines with defected
ground structure (DGS) have become a hotspot in microwave
integrated circuit design [4]–[7]. The DGS is realized by etching
periodic defected pattern on the backside of the metallic ground
plane, which can improve the bandpass filter high-frequency
performance. Generally, a single DGS filter has a small size
but insufficient bandwidth. Several methods have been used to
expand the bandwidth. Liu et al. [4] uses three periodic DGS
to broaden the bandwidth, where the bandwidth range is from
3.3 to 5.6 GHz and the area is 15 mm × 24 mm. Wu et al. [5]
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uses two U-shaped and one H-shaped-coupled patterned DGS
to broaden the bandwidth, where the bandwidth ranges from 3.6
to 9.1 GHz and the area is 10 mm × 10 mm. Wei-Tzong et al.
[6] uses seven DGS to broaden the bandwidth, where each side
uses three periodic dumbbell-shaped DGS, respectively, and in
the middle uses one C-shaped DGS. The bandwidth range is
from 3.4 to 10.9 GHz, while the area is about 42.2 mm ×
11 mm. Wu et al. [7] uses a reduced fractal DGS to broaden the
bandwidth, where the bandwidth is about 4.89 GHz and the area
is about 30 mm × 12 mm. Further studies for miniaturization
and bandwidth enhancement for the DGS filter are still essential.

To broaden the reject bandwidth, while keeping a small fil-
ter size, a novel approach for the design of a CM suppressed
wideband filter based on complementary structures is proposed
in this letter. The filter uses two kinds of DGS patterns: A Π-
shaped DGS structure is used at both sides of the filter, and a
button-headed H-shaped DGS is used in the middle of the filter.
As the DGS patterns are complementary and compact, there ex-
ist mutual inductance and mutual capacitance, which is useful to
broaden the bandwidth and the rejection ratio in the low cutoff
frequency by improving the in-band gain-flatness of the filter.
With a suitable design geometry of the structure, the stopband
bandwidth of the proposed filter over 15 dB ranges from 3.2 to
12.7 GHz, with the fractional bandwidth of the stopband being
118%, and it still maintains good signal quality for the differ-
ential components. Furthermore, a deeper CM suppression can
be achieved over 30 dB from 4.1 to 11.7 GHz if the distance
between DGS patterns increases to 6 mm.

II. ANALYSIS OF THE CM DGS FILTER

The whole geometric structure of this filter is shown in Fig. 1.
Differential-coupled microstrip lines are on the top layer. The
differential lines are “w” in width, and spaced out “s” apart.
Both of the identical Π-shaped patterned ground slots in the
opposite direction surround the button-headed H-shaped slot.
To avoid the excitation of CM noise, the defected ground slots
are symmetric to the central line between the differential signal
lines. A smooth transition at the junctions of DGS between the
slit and the square is used to improve the depth of stopband [8].

Since the DGS characteristics largely depend on the slot pat-
tern, equivalent circuit models are used to predict the character-
istics [4], [9]. The CM signals passing through the Π-shaped or
button-headed H-shaped ground slot can be modeled as an ideal
transmission line with even-mode characteristic impedance
and a parallel LC resonator cascaded on the ground plane.
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Fig. 1. Scheme of a compact three-pole DGS filter.

Fig. 2. Equivalent circuit of the compact three-pole DGS filter.

Therefore, the equivalent circuit model of the proposed filter can
be modeled by three parallel LC resonance circuits, as shown
in Fig. 2. The Ci and Li (i = 1, 2, 3) denote the equivalent
capacitance between two sides of the slit and the equivalent in-
ductance of the signal passing through the DGS, respectively.
Note that the three resonators are closely located; thus, mutual
capacitance and mutual inductance between any two resonators
need to be considered. Therefore, a more detailed equivalent
circuit of the proposed filter needs to be modeled, where LM i

and CM i (i = 1, 2, 3) are the mutual inductance and mutual ca-
pacitance, respectively. It is clearly seen that the CM noise can
be significantly blocked at the frequency range close to the res-
onance frequency of the LC resonator. The cutoff frequency is
mainly dependent on the dimensions of the etched pattern area
in ground plane [10].

To verify the effect of mutual capacitance and mutual induc-
tance, the CM filter unit in a PCB environment is simulated,
where the geometric parameters of the filter are shown in Ta-
ble I The simulation is performed using the full-wave simulator
HFSS [11] based on finite-element method.

The dielectric constant and loss tangent of the structure are
4.3 and 0.02, respectively. The parameters of the differential
signal of the coupled-microwave lines are 0.68 and 1 mm. The
magnitudes of differential insertion losses (|Sdd21|), return loss
(|Sdd11|), and common (|Scc21|) insertion losses obtained for

TABLE I
GEOMETRIC PARAMETERS USED IN THE TEST BOARD FABRICATION

Parameter R1 R2 R3 g1 g2 D L1 L2 h

Value(mm) 3.3 3.5 1.1 0.3 0.2 0.5 10 10 0.4

Fig. 3. Simulated return and insertion loss of the proposed DGS filter.

the CMF unit by full-wave simulator (HFSS), are given in
Fig. 3. The bandwidth of the wide stopband CMF is from 3.3 to
11.2 GHz for −20-dB suppression, and from 3.2 to 12.4 GHz
for −15-dB suppression, and the return loss Sdd11 is less than
−10 dB in the rejection band of CMF, which meet the design
requirements of Sdd11 in industry. Furthermore, it is clear that
the parameter value Scc11 is almost close to 0 dB, which means
the CM noises are reflected back toward the source nearly.

Two compared CM filters are also considered, which keep
the same DGS patterns but increase distance D to 3 and 6 mm,
respectively. The bandwidth of the filter A over 15-dB suppres-
sion is from 3.6 to 14 GHz. However, a stub over –15 dB exists
in filter A, which needs to be further suppressed. One method
is to adopt the proposed filter structure, which can improve the
in-band gain-flatness of the filter by utilizing the existed mu-
tual capacitance and mutual inductance. Another method is to
further increase the distance D. As shown in Fig. 4, when the
distance D is 6 mm, the bandwidth of the filter B over 15-dB
suppression is from 3.5 to 14.4 GHz. Furthermore, the CM noise
can be reduced by 30 dB from 4.1 to 12.3 GHz. Generally, the
cutoff level is defined by −15 dB, which is sufficient for solving
the signal integrity and EMI issues in high-speed digital circuit
applications. Obviously, filter B has the widest rejection band-
width over 15 dB, which is about 18% more than that of the
proposed filter. But the area of filter B is 22 mm × 10 mm,
which is about twice that of the proposed filter. Therefore, the
proposed filter has a more effect than that of filter B. The main
reason is that the effect of the mutual inductance and mutual
capacitance in the proposed filter play an important role in the
ground plane electric fields.

Figs. 5– 7 show the diagram of simulated current distribu-
tions at 5 GHz for the bottom view. It can be clearly seen that
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Fig. 4. Simulated results of the proposed DGS filter, filter A which has the
same DGS pattern, but a 3-mm longer spacing among DGS patterns, and filter
B which has the same DGS pattern, but a 6-mm longer spacing among DGS
patterns.

Fig. 5. Simulated ground plane electric field of the proposed DGS filter.

Fig. 6. Simulated ground plane electric field of filter A, which has the same
DGS patterns but a 3-mm longer spacing among DGS patterns.

there is a coupling between the DGS slots. The maximum elec-
tric field density value is fixed at 6.4448 × 103, 3.1784 × 103,
and 4.7142 × 103 V/m in Fig. 5, 6, and 7, respectively. The
maximum electric field density of them is at the same density
level. However, the electric field density distributed among the
DGS patterns of the proposed filter is obviously stronger than
that of the other filters. As we know, this effective capacitance

Fig. 7. Simulated ground plane electric field of filter B which has the same
DGS patterns but a 6-mm longer spacing among DGS patterns.

and inductance depend on the narrow- and wide-etched areas
in backside metallic ground plane, respectively. In Fig. 5, the
value of electric-field density is high among the whole DGS
structure, which plays an effective role in the mutual inductance
and mutual capacitance of the proposed filter. With the distance
D between the DGS patterns increase, the value of electric field
density between the DGS patterns decrease, which means the
values of the mutual inductance and mutual capacitance are de-
creased. The existed mutual inductance and mutual capacitance
among the DGS patterns of the proposed filter lowers the low
cutoff frequency. Furthermore, though the characteristics of the
compact pattern are changed compared to a longer space pattern,
the degradation is not significant whereas the size is substan-
tially reduced. It is determined by the geometry of the problem
and the materials involved, of which the existing mutual capaci-
tance and mutual inductance enhance the distribution of electric
field.

III. SIMULATION AND VERIFICATION

To confirm the above analysis, a test sample using the pro-
posed DGS structure was designed and fabricated on a FR4
substrate of dielectric constant 4.3. Its external dimensions are
60 mm × 60 mm, and the total thickness is 0.4 mm. The pa-
rameters of the differential signal of coupled microwave lines
are w = 0.68 mm and s = 1 mm, the odd- and even-mode
impedance of the coupled microstrip line above perfect ground
plane is 50 and 54 Ω, respectively. The parameters of the DGS
are shown in Table I.

The fabricated filter was measured using an Agilent E8363C
vector network analyzer. A comparison between the simulated
and measured results is shown in Fig. 8, where the dash dot line
indicates the measured results and the solid line indicates the
simulated results using HFSS software. The simulation results
show that the rejection band ranges of the CM filter are from 3.2
to 12.4 GHz for –15-dB suppression, and the differential-mode
signals are almost intact. It proves that the filter can efficiently
suppress the CM noise and still keep good signal integrity for
the differential signals. The measured rejection band ranges of
the CM filter are from 3.2 to 12.5 GHz for –15-dB suppression.
The simulated and measured return loss |Scc11| of the CM filter
is nearly 0 dB in the range of 3.2 to 13 GHz. The measured



1280 IEEE TRANSACTIONS ON ELECTROMAGNETIC COMPATIBILITY, VOL. 57, NO. 5, OCTOBER 2015

Fig. 8. Simulated and measured result of the proposed DGS filter with com-
parison with periodic DGS filter

results basically agree with the simulation data. The discrep-
ancy between the full-wave simulation and measurement may
be caused by the length of transmission line, the usual connec-
tors, manufacture tolerances, the dispersive nature of the FR4
material, and measurement error.

IV. CONCLUSION

A low-cost CM noise suppression filter for GHz differential
signals is proposed in this letter. The miniaturized filters using
complementary DGS have been designed, fabricated, and mea-
sured. Because complementary DGS patterns make the struc-
ture of the filter compact, the equivalent circuit includes mutual
inductance and mutual capacitance, which improves the gain
flatness of the proposed filter, and can be utilized to broaden the
rejection bandwidth. From the simulated and experimental re-
sults, the CM noise is reduced by 15 dB from 3.2 to 12.4 GHz,
whereas the differential signal is nearly intact. This structure
can be widely used in high-speed digital circuit system and
integrated system design.

ACKNOWLEDGMENT

The authors would like to thank Z. N. Shen, Associate Profes-
sor of circuit theory and EMC with the Department of Informa-
tion Engineering, College of CAPF, for support of this research
activity.

REFERENCES

[1] S. Connor, B. Archambeault, and M. Mondal, “The impact of common
mode currents on signal integrity and EMI in high-speed differential
data links,” in Proc. IEEE Int. Symp. Electromagn. Compat., Aug. 2008,
pp. 680–684.

[2] X. Duan, B. Archambeault, H.-D. Bruens, and C. Schuster, “ EM emis-
sion of differential signals across connected printed circuit boards in the
GHz range,” in Proc. IEEE Int. Symp. Electromagn. Compat., Aug. 2009,
pp. 50–55.

[3] R. Rimolo-Donadio, X. Duan, H.-D. Bruns, and C. Schuster, “Differential
to common mode conversion due to asymmetric ground via configura-
tions,” in Proc. 13th IEEE Workshop Signal Propag. Interconnects, May
2009, pp. 71–74.

[4] W. T. Liu, C.-H. Tsai, T.-W. Han, and T.-L. Wu, “An embedded common-
mode suppression filter for GHz differential signals using periodic de-
fected ground plane,” IEEE Microw. Wireless Compon. Lett., vol. 18,
no. 4, pp. 248–250, Apr. 2008.

[5] S.-J. Wu, C.-H. Tsai, T.-L. Wu, and T. Itoh, “A novel wideband common-
mode suppression filter for gigahertz differential signals using coupled
patterned ground structure,” IEEE Trans. Microw. Theory Techn., vol. 57,
no. 4, pp. 848–855, Apr. 2009.

[6] L. Wei-Tzong, T. Chung-Hao, H. Tzu-Wei, and W. Tzong-Lin, “An em-
bedded common-mode suppression filter for GHz differential signals using
periodic defected ground plane,” IEEE Microw. Wireless Compon. Lett.,
vol. 18, no. 4, pp. 248–250, Apr. 2008.

[7] M. Kufa and Z. Raida, “Lowpass filter with reduced fractal de-
fected ground structure,” Electron. Lett., vol. 49, no. 3, pp. 199–201,
2013.

[8] Z. Zeng, Y. Zhuang, Z. Shen, Y. Yao, and X. Xiang, “A novel sim-
ple wideband common-mode suppression filter,” IEICE Electron. Exp.,
vol. 11, no. 17, pp. 1–6, 2014.

[9] J. Shi, C. Shao, J.-X. Chen, Q.-Y. Lu, Y. Peng, and Z.-H. Bao, “Com-
pact low-loss wideband differential bandpass filter with high common-
mode suppression,” IEEE Microw. Wireless Compon. Lett., vol. 23, no. 9,
pp. 480–482, Sep. 2013.

[10] D. Ahn, J. S. Park, C. S. Kim, J. Kim, Y. Qian, and T. Itoh, “A design of
the low-pass filter using the novel microstrip defected ground structure,”
IEEE Trans. Microw. Theory Techn., vol. 49, no. 1, pp. 86–93, Jan. 2001

[11] Ansys, Inc. (2015). [Online]. Available: http://www.ansys.com/



<<
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /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


