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Abstract—A compact microstrip tri-band bandpass filter (BPF)

using the modified triple-mode resonators to reduce the size is
presented. The center frequencies of the first and the third
passband can be conveniently controlled by tuning the
dimensions of the short stub and square ring, whereas the second
passband frequency is fixed. Moreover, the filter has been
implemented with multi-transmission zeros to improve the
selectivity and upper-stopband performance. To verify the
proposed approach, a prototype of tri-band BPF centred at
2.4/3.5/5.2 GHz for WLAN/WiMAX applications is designed and
fabricated for demonstration, indicating good agreement with the
theoretical expectation.

Index Terms—Tri-band bandpass filter, triple-mode resonator,
fractional bandwidth.

I. INTRODUCTION

The demands of multiple separated frequency bands for
filters become more and more important in wireless
communication applications. Low cost and easy integration
are the key issues in microwave circuit. To meet these
requirements, the new wireless LAN standards have been
developed. The development of transmission standards
brought the rapid growth of front-end RF devices and circuits.
The most important issue is the multi-band operation ability.
In the wireless communication system, filters with small size,
low cost, easy fabrication, higher performance, and
multi-frequencies have attracted much interest. Usually, dual
and tri-band filters can be realized with the stepped-impedance
resonators because of their multiband behavior [1]-[4]. In
[1-2], the dual and tri-band filter was realized by cascaded
multiband resonators. In [3], the tri-band bandpass filter was
designed using a combined quarter-wavelength resonator. A
tri-section stepped-impedance resonator [4] could also be used
to design the tri-band filter; by properly determining the
impedance ratio, three passbands at any desired frequencies
can be obtained. However, the resonance frequencies of the
stepped-impedance resonator are dependent, complicating the
filter design.

Another widely used method to design tri-band filters is the
stub loaded resonator (SLR) [5-7]. The three desired
frequencies can be conveniently controlled by tuning the
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Fig. 1 Conventional crossed open and short stub loaded resonator
(a) Crossed open and short stub resonator. (b) Odd-mode equivalent
circuit. (¢) Even-mode equivalent circuit. (d) Part I of even-mode
equivalent circuit. (¢) Part II of even-mode equivalent circuit.

lengths of half-wavelength resonator, open/short-stub [5] and
[6], open stub loaded and quarter-wavelength resonator [7].
Recently, a new method to design tri-band bandpass filters
based on square ring short stub loaded resonators has been
presented [8]. The square ring loaded resonator (SRLR) has
been successfully proven in the design of a tri-band filter [9].
The SRLR can generate a tri-band response by tuning its
geometric parameters and realize the high-order tri-band.
However, for these structure difficult tuning of center
frequencies and the selectivity needs to be improved. By
employing dual-mode resonators, i.e., crossed open-short stub
loaded resonators and tri-section stepped impedance
resonators, the tri-band bandpass filter with controllabed
bandwidths has been presented [10]. The disadvantage of this
method is that the relatively complex structure can make the
design difficult.

In this letter, the modified triple-mode resonators for
designing a miniaturised tri-band bandpass filter is proposed.
It is found that the first and third resonant frequencies can be
easily controlled by changing the dimensions of the short stub
and square ring, whereas the second passband frequency is
fixed. Moreover, the filter has been implemented with
multiple transmission zeros, resulting in high selectivity.
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II. ANALYSIS AND DESIGN OF PROPOSED FILTER

Fig. 1(a) shows the layout of crossed open and short stub
loaded resonators consists of a common microstrip
half-wavelength resonator, an open stub and a short stub
loaded. For odd-mode and even-mode excitation, the
equivalent circuit are shown in Figs. 1(b) and (c). To get a new
resonator with similar characteristics, the open stub replaced
by square ring as shown in Fig. 2(c) and (d).

The layout of proposed tri-band filter is shown in Fig. 3. In
addition, to improve the selectivity of the filter, the
skew-symmetrical 0° feeding structure [11] is introduced to
realize input and output ports of the filter. Which could create
extra transmission zeros at the adjacent three passbands, sharp
passband skirts of the filter have been observed. This coupling
structure makes a very compact circuit. The filter is
constructed on a substrate with relative permittivity of 4.4,
thickness of # = 0.8 mm and loss tangent of 0.0009.

A. Characteristic of the Crossed Stub Loaded Resonators

In addition, Z; and Z, are the characteristic impedance of the
half-wavelength line and the stub, and L,, L, and L; denote the
lengths of half-wavelength resonator, short stub and open stub,
Y denotes characteristic admittance of the central resonator
and the stubs, and 6, 6,; and 6, denote the electrical lengths of
half-wavelength  resonator, short-stub and open-stub,
respectively. The resonator is symmetrical and thus odd- and
even-mode analysis can be used for characterization. The
input admittance of the crossed resonator is

Y, = jY 2tan@+tand , —cotd, 0
1—-tan f(tan@+tan 6, —cotb,,)

Firstly, a special resonance condition will be considered.
When 6=90°
2+(tang, —coté, )/ tand

Y, = lim jY =0
" 9%00] 1/ tant9—(tant9+tant9s2 —cot@sl) @)

Actually, this special frequency is the second resonant
frequency f, of the crossed resonator. The first resonant
frequency f; and third resonant frequency f; can be obtained
from the condition Y;, = 0. From (1)-(2), the first and the third
resonant conditions can be expressed as

{2 tan(k, *90°) + tan(k, *6,,) — cot(k, *8,,) = 0

(3)
2tan(k, *90°) + tan(k, *6,,) — cot(k, *6.,) = 0

Where k; = fi/f; and k, = f3/f5, according to (3), we could
obtain the frequency ratio values (k;, k;) from the given stub
lengths 6, and 6y,. Similarly, the stub lengths can be deduced
from the given frequency ratios according to (3).

As analyzed in [6], by tuning the short stub length from 1°
to 80, k; varies from 0.97 to 0.35. While tuning the open stub
length from 10° to 90° , k, varies from 2.8 to 1.01. To sum up,
the first three resonant frequencies can be controlled
effectively by tuning the physical parameters of the crossed
resonator.
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Fig. 2 (a) Crossed open and short stub resonator. (b) Conventional
filter using crossed open and short stub resonator_structurel (W, =
1.5Smm, W) = W5 = W, = 0.5mm, W, = lmm, L, = 24.2mm, L, =
3.8mm, L3 = 7.8mm, §; = 0.5mm). (c) The proposed filter using
modified resonator structure2 (L; = 6mm, L, = 0.3mm). (d) The
proposed filter using modified resonator_structure3 (L3 = 8mm, L, =

0.3mm).
L
I
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Fig. 3 Layout of the proposed tri-band bandpass filter
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As above analysis and discussion in [5], the first odd- and
even-mode frequencies of crossed open and short stub loaded
resonartor (Fig. 1) can be calculated approximately as follows:

-_ ¢ 4)
f. odd1 5 L ﬁge
- < )
Sevan 2(L, +2L,)[e,
¢ (6)

f;'ven =
ANTRETAN

While ¢ is the light speed in free space, & the effective
dielectric constant of the substrate.

Equation (4) is based on the special case: Z; = 2Z, = Z;.
From (4)-(6), when L, > 0 and 2L; < L; we could obtain fyen <
Jodd1 < fevenz- Thus, the first three resonant frequencies of the
crossed open and short stub loaded resonartor could be
controlled by tuning Z,, L, and L;.

B. Characteristic of the Modified Resonators

The basis structure of a crossed stubs loaded resonator is
shown in Fig. 2(a). To reduce the size of filter, to get a new
resonator with similar characteristics, the open stub replaced
by square ring as shown in Fig. 2(c) and (d). The simulated
insertion loss characteristics of different structures under the
weak coupling as shown in Fig. 4. To obtain desired center
frequencies of three passband at 2.4, 3.5 and 5.2 GHz, the
physical length L; and L4 are chosen to be L; = 7.8mm with
structure 1, L; = 6mm, Ly = 0.3mm with structure 2 and L; =
8mm, L, = 0.3mm with structure 3, while the other dimensions
are fixed. The frequency characteristic of the proposed
resonator (Fig. 2(d)) can be fully demonstrated as in Fig. 5,
which illustrates the change of the first three resonant
frequencies of the filter under the different square ring length
Lj; and the short stub length L), while the other dimensions are
fixed. From Fig. 5(a), it can be seen that by changing the
short-stub length L;, the third passband frequency fiyen, can be
shifted within a wide range, meanwhile, when fo4q; and feyen:
are fixed. In addition, Fig. 5(b) shows the simulated insertion
loss of the filter in cases of different length L,, the first
passband fe.n; can be shifted within a wide range, when feyenn
and fyqq; are fixed. So in the filter design, to obtain desired
passband frequencies, f,q4q; can be determined by adjusting the
length of the L; then fi ., can be controlled simply by tuning
the length of short stub L,, and fe.eny can be determined by
adjusting the length of L;.

C. Tri-band bandpass filter design

To verify the above-mentioned analysis, a tri-band
bandpass filter is designed. The layout of the proposed
tri-band filter is shown in Fig. 3. In addition, by using the
skew-symmetrical 0° feeding structure [11], the filter was
implemented with ten transmission zeros. Six transmission
zeros near the edges of the three passbands are produced to
achieve good selectivity. Meanwhile, good lower and upper
stopband is achieved by another transmission zeros. Finally, a
compact tri-band BPF with center frequencies of passband at
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Fig. 4 Simulated frequency response S,; parameters of resonator
under different structure.
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Fig. 5 Simulated frequency response S,; parameters of resonator
under the weak coupling with different (a) L; and (b) L,.

2.4, 3.5 and 5.2 GHz is designed. After optimization using
Ansoft HFSS 10.0, the dimensions for this filter are
determined as: Wy = 1.5mm, W, = 0.5mm, W, = 0.8mm, L, =
12.95mm, L; = 9mm, L, = 5.85mm, L; = 3mm, L4 = 3.62mm,
Ls = 2.95mm, Lg = 4.7mm, L; = 3.2mm, Lg = 0.3mm, Ly =
3.15mm, L,y = 1.3mm, L;; = 2mm, S; = 0.2mm, S, = 0.95mm,
S; =0.76mm and via diameter is 0.5mm.
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Fig. 6 Measured and simulated results of the tri-band bandpass filter.

Fig. 7 Photograph of the fabricated tri-band bandpass filter.

III. MEASURED RESULTS AND DISCUSSIONS

A prototype is fabricated to demonstrate the design
strategies, the photograph as shown in Fig. 7. The size of the
tri-band bandpass filter is 17.4 mm * 13.4 mm (approximately
0.2545 * 0.194,, 4, is the guided wavelength on the substrate at
the center frequency of the first passband), indicating quite
compact design. The measurement is accomplished using
Agilent 8753ES network analyzer. For comparison, the
measured results and simulation results are shown together in
Fig. 6. The measured 3-dB fractional bandwidth for the three
passbands (2.4, 3.5 and 5.2 GHz) are found to be 142MHz
(5.9%), 139MHz (3.9%) and 140MHz (2.7%), respectively.
The measured minimum insertion losses including the loss
from SMA connectors are 1.1, 1.1, and 1.3 dB, while the
return losses are greater than 14, 18 and 16 dB, respectively.
Six transmission zeros are generated near the passband edges,
resulting in sharp roll-off rejection. Meanwhile, good stopband
rejection is achieved by another transmission zeros.

In addition, Table 1 illustrates the comparisons measured
results of proposed filter with those previously tri-band BPF
structures were also used triple-mode resonator. This presented
tri-band BPF is with advantage of compact size and very good
selectivity and upper-stopband performance.

IV. CONCLUSION

A novel compact tri-band bandpass filter using the

modified triple-mode resonators to reduce the size is presented.

The centre frequencies of the three passbands can be
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conveniently controlled to the desired values and ten
transmission zeros are realised at the adjacent three passbands,
resulting in very high selectivity. Good agreement is observed
between the experiments and theoretical analysis, indicating
the validity of the proposed design strategies.

Table 1 Comparisons of Measured Results for Several Tri-band Bandpass
Filter Structures

Filter Transmission Return Effective Upper Insertion
structure zero loss circuit size stopband loss
(No.) (dB) (Z0) (-20dB) (dB)
Ref. [5] 4 <16 0.38%0.15 >4 (2.5fy) 0.8/0.5/1.2
Ref. [6] 4 18/11/20 0.23x0.19 >6.5 (2.7f) 1.4/1.1/1.7
Ref. [7] 3 20/27/22 0.23x0.30 >4.5(2.5f) | 0.3/0.3/0.2
Ref. [8] 3 16/15/14 0.20x0.27 >5 (2.7/0) 1.2/1.1/1.5
Ref. [10] 6 20/20/15 0.20x0.23 >6.5 (2.7/0) 1.0/1.2/1.6
This work 10 14/18/16 0.25%0.19 >9 (3.7fy) 1.1/1.1/1.3
REFERENCES

[1]11Y. P. Zhang and M. Sun, “Dual-band microstrip bandpass filter using
stepped-impedance resonators with new coupling schemes,” I[EEE Trans.
Microw. Theory Tech., vol.54, n0.10, pp.3779-3885, Oct. 2006.

[2]C. E. Chen, T. Y. Huang, and R. B. Wu, “Design of dual- and triple
passband filters using alternately cascaded multiband resonators,” IEEE
Trans. Microw. Theory Tech., vol. 54, no. 9, pp. 3550-3558, Sep. 2006.

[3] C. H. Lee, C. I. G. Hsu, and H. K. Jhuang, “Design of a new tri-band
microstrip BPF using combined quarter- wavelength SIRs,” I[EEE Microw.
Wireless Compon. Lett., vol. 16, no. 11, pp. 594-596, Nov. 2006.

[4] C. L G Hsu, C. H. Lee, and Y. H. Hsieh, “Tri-band bandpass filter with
sharp passband skirts designed using tri-section SIRs,” IEEE Microw.
Wirel. Compon. Lett., vol 18, no 1, pp 19-21, Jan 2008.

[5]F. C. Chen, Q. X. Chu, and Z. H. Tu, “Tri-band bandpass filter using stub
loaded resonators,” Electron. Lett., vol 44, no 12, pp 747-749, Jun 2008.
[6] Q.X. Chu, F.C. Chen, Z.H. Tu and H.Wang, “A novel crossed resonator
and its applications to bandpass filter,” JEEE Trans. Microw. Theory Tech.,

vol 57, no 7, pp 1753-1759, Jul 2009.

[71 M. T. Doan, W. Q. Che, K. Deng, and W. J. Feng, “Compact Tri-band
bandpass filter using stub-loaded resonator and quarter-wavelength
resonator,” In Proc. Int. Conf. Microw. China-Japan Joint, pp 1-4, Apr
2011.

[8IM. T. Doan, W. Q. Che, and C. D. Pham, “Novel Compact tri-band
bandpass filters using square ring short stub loaded resonators,” In Proc.
Int. Conf on Advanced Technologies for Communications., pp 55-57. Oct
2012.

[9] J. Z. Chen, N. Wang, Y. He, and C. H. Liang, “Fourth-order tri-band
bandpass filter using square ring loaded resonators,” Electron. Lett., vol
47,10 15, pp 858-859, July 2011.

[10] M. T. Doan, W. Q. Che, and P. L. Nguyen, “Tri-band bandpass filters

Int. Conf on Advanced
Technologies for Communications., pp 187-190. Oct 2012.

[11] C. M. Tsai, S. Y. Lee, and C. C. Tsai, “Performance of a planar filter
using a 0° feed structure,” IEEE Trans. Microw. Theory Tech., vol 50, no
10, pp2362-2367. Oct 2002.

using dual-mode resonators,” In Proc.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


