The HKU Scholars Hub  The University of Hong Kong 7§ 1 e ,ﬁ_?ﬂ_. i ,Eé
i:?(f;ﬁ-‘_ & ;‘.:- § . . - - : ,- | d - :

|2 BAH
| #0| 54 |

1;};" ===/}
i

*w-“@

Title A dual-mode dual-band ring resonator bandpass filter with
controllable in-between isolation

Author(s) Sun, S

The 2011 Asia-Pacific Microwave Conference (APMC),
Citation Melbourne, Australia, 5-8 December 2011. In Proceedings of
APMC, 2011, p. 1082-1085

Issued Date | 2011

URL http://hdl.handle.net/10722/158788

. Asia-Pacific Microwave Conference Proceedings. Copyright ©
Rights \EEE




Proceedings of the Asia-Pacific Microwave Conference 2011

A Dual-Mode Dual-Band Ring Resonator Bandpass Filter with
Controllable In-Between Isolation

Sheng Sun

Department of Electrical and Electronic Engineering, The University of Hong Kong, Pokfulam Road, Hong Kong

Email:

Abstract — In this paper, a dual-mode dual-band bandpass
filter with controllable in-between isolation is presented using a
single microstrip ring resonator. By installing two dispersion-
controlled coupled-line sections on the ring resonator at the two
ports with 90°-separation, two transmission poles can be easily
emerged and distributed in each passband. Meanwhile, two
transmission zeros are generated between the two passbands,
which can be used to control the rejection level of the in-between
isolation. Instead of perturbing the gap distance between one of
the open ends of the coupled-line section and the ring, a pair of
open-circuited stubs is further installed along the symmetrical
plane of the ring resonator, which can effectively enlarge the
tuning range of the two transmission zeros. A prototype dual-
band filter is finally designed, fabricated, and verified through
the experiment.

Index Terms — Bandpass filters, dual-band, dual-mode,
isolation, ring resonators.

1. INTRODUCTION

Multi-band bandpass filters have been extensively studied
for the design of the multi-band radio frequency (RF) and
microwave wireless communication systems. In order to
satisfy the diversified spectrum requirements for the different
communication devices, the front-end module is always
preferred to have a compact size and the multi-band functions.
In other words, it is expected that the design parameters of a
multi-band filter, such as the fractional bandwidths (FBWs),
the locations of multiple operating frequencies, the rejection
skirts, as well as isolations, could be well controlled. Recently,
the dual- and triple-band bandpass filters using a single ring
resonator have been reported [1]-[4]. A set of two degenerate
modes of a ring resonator have been excited and utilized to
realize two separable transmission poles in each passband.

For the dual-band filters, the ratio between the second and
the first operating frequencies (f>/f;) can be adjusted by either
installing tuning stubs along the ring [1] or using a step-
impedance shaped transmission line [5]. However, the tuning
of these frequency ratios becomes complicated and even more
difficult if more than two operating passbands are desired for
those filters using only a single ring resonator. Especially, the
in-between isolation becomes more important if the two
passbands are close to each other, e.g., when f/f; < 2. It
implies that at least two transmission zeros should be
generated to control the rejection level between two
passbands. In our recent work [6], two identical coupled-line
sections are attached on the ring resonator at the two ports
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Fig.1. (a) Schematic of the proposed dual-band ring-resonator bandpass filter
with varied perturbation stub length (/,) and gap distances (g).

with 90°-separation. In this way, two degenerate modes can
be easily excited to construct two transmission poles for each
passband, where the ratio of two operating frequencies (f,/f;)
for the uniform ring resonator is smaller than 2. By adjusting
the small capacitive-coupled gap between one of the open
ends of coupled-line section and the ring, the rejection level
of in-between isolation can be tuned. When the two zeros are
close to each other, the rejection level becomes higher, while
the sharper rejection skirts require the two zeros far away
from each other. However, the range of this tuning is
restricted by the realizable distance of the gap.

In this paper, in order to enhance the tuning ability of the
in-between isolation, the two identical open-circuited shunt
stubs are further installed along the symmetrical plane of the
ring resonator, as shown in Fig. 1. By increasing the length of
the perturbation stubs, the distance of the in-between two
transmission zeros can be further enlarged. That means shaper
rejection skirts can be achieved rather than those of using
only gap perturbations. A prototype filter is designed and
fabricated. The measured results agree well with those
obtained from the ADS Momentum full-wave simulator [7].

II. DUAL-MODE DUAL-BAND FILTER DESIGN

Fig. 1 shows the physical schematic of the proposed dual-
band ring resonator bandpass filter. It consists of a single
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Fig.2. Magnitudes of the transmission coefficient (|Sz;|) for the different
extended length /1.

-20

-30

—40

=50

—-60

—70' f;l J{g

803 25 3 35 4

Fig. 3 Frequency responses of the proposed ring resonator under the weak
coupling.

open-stubs-loaded resonator and two identified coupled-line
sections. One of coupled-line arms can be extended to obtain
the controlled dispersions in both two passbands. As shown in
Fig. 2, the length of the extension, /; can be varied to achieve
the different transmission strengths over the concerned
frequencies. As /increases, the magnitude of the transmission
coefficients (|S,;]) can be shifted to the lower frequencies and
becomes smaller. In other words, the coupling at the left and
the right sides of the coupling peak (the maximum of |S;;|) can
be varied to be either smaller or larger, in order to arrange the
necessary couplings in both two passbands.

To obtain two transmission poles in both two passbands, at
least two degenerate modes should be excited in each
passband. As discussed in [6], by stretching the length of
stubs (one strip of coupled-line sections), the two first-order
degenerate modes (at f; and f5) were excited to form the first
passband, while the second passband was constructed by the
second-order degenerate mode at f; and one of the third-order

2,6 Z,%. C 7.2, 79

. £
Port lo———F+1"—"4 Port 2
Z,8/2 Z6/2

C

(b)

Fig. 4. Equivalent circuit model with lumped capacitor (C,). (a) Without
loading perturbation stubs. (b) With loading perturbation stubs.
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Fig.5. Frequency locations of the transmission zeros versus the length of

perturbation stubs (/,) under different lumped capacitors (Cy).
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degenerate modes at f; . In other words, as /. increases, the
two first-order degenerate modes shift down and away from
their initial locations in-between the two zeros, while the
other two higher-order degenerate modes shift down quickly
and construct quasi-symmetric responses about the zeros. As
shown in Fig. 3, two pairs of the degenerate modes of the ring
resonator can be properly arranged around 2.5 and 3.9 GHz,
respectively, while the two transmission zeros are generated
between two operating frequencies at £ and f,.

Fig. 4 shows the equivalent circuit model for the dual-band
ring resonator bandpass filters without and with the loaded
perturbation stubs. Z; and 6, indicate the impedances and the
electrical lengths of the single transmission line section, while
the even-mode and odd-mode impedances of the coupled-line
sections are denoted by Z. and Z,,, respectively. In addition,
the effect of the end-to-side coupling is approximately
modeled by a simple series lumped capacitor, C,. From the
circuit topology point of view, the T-junction is also
considered to identify the upper and lower transmission paths.
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Fig.6. S-magnitudes of the proposed dual-band filters with different isolation
level. (a) Magnitudes of the transmission coefficients (|S2i]). (b) Magnitudes
of the reflection coefficients (|S11]).

Obviously, the resonator in Fig. 4(a) can be considered as a
special case of the one in Fig. 4(b), if the length of the loaded
perturbation stubs are equal to zero (/, = 0). Fig. 5 plots the
frequency locations of the two transmission zeros versus the
length of perturbation stubs under different C,. These
simulated results are obtained from the ADS Schematic circuit
simulator [7]. Without considering the gap coupling (C, = 0
pF) and the perturbation stubs (/,), the two transmission zeros
are overlapped at 3.12 GHz. As I, is increased from 0 to 1.0
mm when C, = 0, two transmission zeros are away from each
other and reach 2.67 and 3.53 GHz, respectively, where the
ratio of two zero frequencies is about 1.32. If C, is increased,
it is found that the lower zero (f;,) is shifted down and the
upper zero (f;;) is shifted up. For higher frequencies, the
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Fig.7. (a) Photograph of the fabricated dual-band dual-mode ring resonator
bandpass filter. Dimensions: /.= 8.8, w = 0.2, s =0.24, g =0.2, [r=1.49, |,
=9, [,= 0.65, unit: mm. Substrate: RT/Duroid 6010 with 2 = 0.635 mm and
& = 10.8. (b) Simulated and measured S-magnitudes. (b) Simulated and
measured S-magnitudes.

wavelength of the standing wave along the ring is shorter.
Therefore, the end-to-side coupling of the gap has more
influence on the frequency variation of the upper zero, as
shown in Fig. 5.

On the other hand, the varied lengths of the perturbation
stubs along the symmetrical plane also affect the even-mode
resonant frequencies when the even- and odd-mode analysis is
applied [8]. Therefore, the coupling degree for each passband
has to be adjusted accordingly, by adjusting the slot width of
the coupled line (s) and the aforementioned extension with the
line length of /. As shown in Fig. 6, three different rejection
levels of isolation can be obtained from 35.6, 29.5, to 24.4 dB,
where s and /, have been optimized to achieve proper
couplings and small in-band reflection (< 20 dB) in both two
passbands.

Note that the ring resonator presented in this work involves
two transmission paths with different electrical lengths. Both
of C,and /, can be controlled to perturb the phase difference
between these two paths, thus changing the locations of the
phase cancellation and shifting the transmission zeros. Similar
effect of the phase perturbation can also be achieved by
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changing the angle between input/output ports of the single
band dual-mode filter [9].

III. RESULTS AND DISCUSSION

To verify the performance of the above proposed structure,
a prototype filter circuit is designed and optimized with dual
passbands at 2.35 and 3.95 GHz in the ADS Momentum full-
wave simulator [7]. Fig. 7(a) shows the photograph of the
fabricated circuit. Fig. 7(b) shows its frequency responses
over a wide frequency range from 1.0 to 6.0 GHz. The
measured results show a good agreement with those obtained
from the simulation. The measured minimum insertion loss
achieves 0.7 dB in the first passband and 0.9 dB in the second
passband. As predicted, two transmission zeros are observed
at 2.83 and 3.51 GHz, respectively, which also results in a
23.7-dB isolation from 2.74 to 3.62 GHz.

IV. CONCLUSION

In this paper, a dual-band bandpass filter using a single
open-stub-loaded microstrip ring resonator has been
presented. The two transmission poles are generated in each
passband after installing two coupled-line sections at two
excitation ports. It has been shown that the tuning of two
transmission zeros becomes more flexible after loading the
perturbation elements along the symmetrical plane of the ring
resonator. Good isolation has been achieved experimentally
for the dual-band filter with f5/f; = 1.68.

ACKNOWLEDGEMENT

This work was supported by the Seed Funding Programme for
Basic Research, The University of Hong Kong (Project No.:
201101159011).

(1]

(2]

(3]

(4]

(3]

(6]

(7]
(8]

(9]

1085

REFERENCES

S. Luo and L. Zhu, “A novel dual-mode dual-band bandpass
filter based on a single ring resonator, ” I[EEE Microw. Wireless
Compon. Lett., vol. 19, no. 8, pp. 497-499, Aug. 2009

S. Luo, L. Zhu, and S. Sun, "A dual-band ring-resonator
bandpass filter based on two pairs of degenerate modes," /EEE
Trans. Microw. Theory Tech., vol. 58, no. 12, pp. 0-1, Dec.
2010.

Y.-C. Chiou, C.-Y. Wu, and J.-T. Kuo, “New miniaturized
dual-mode dual-band ring resonator bandpass filter with
microwave C-sections,” IEEE Microw. Wireless Compon. Lett,
vol. 20, no. 2, pp. 67-69, Feb. 2010.

S. Luo, L. Zhu, and S. Sun, “Compact dual-mode triple-band
bandpass filters using three pairs of degenerate modes in a ring
resonator,” IEEE Trans. Microw. Theory Tech., vol. 59, no. 5,
pp. 1222-1229, May 2011.

T.-H. Huang, H.-J. Chen, C.-S. Chang, L.-S. Chen, Y.-H.
Wang, and M.-P. Houng, “A novel compact ring dual-mode
filter ~with adjustable second-passband for dual-band
applications,” [EEE Microw. Wireless Compon. Lett., vol. 16,
no. 6, pp. 360-362, Jun. 2006.

S. Sun, “A dual-band bandpass filter using a single dual-mode
ring resonator,” [EEE Microw. Wireless Compon. Lett, vol. 21,
no. 6, pp. 298-300, Jun. 2011.

Advanced Design System (ADS), Agilent Technol., Palo Alto,
CA.

S. Sun and L. Zhu, “Wideband microstrip ring resonator
bandpass filters under multiple resonances,” IEEE Trans.
Microw. Theory Tech., vol. 55, no. 10, pp. 2176-2182, Oct.
2007.

A. C. Kundu and I. Awai, “Control of attenuation pole
frequency of a dual-mode microstrip ring resonator bandpass
filter,” IEEE Trans. Microw. Theory Tech., vol. 49, no. 6, pp.
1113-1117, Jun. 2001.




<<
  /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 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOlive-Italic
    /AnywhereButHome
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /ArialBlackForCAE
    /ArialBlackForCAE-Italic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /ArialForCAE
    /ArialForCAE-Bold
    /ArialForCAE-BoldItalic
    /ArialForCAE-Italic
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrowForCAE
    /ArialNarrowForCAE-Bold
    /ArialNarrowForCAE-BoldItalic
    /ArialNarrowForCAE-Italic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Burton'sNightmare
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier10PitchBT-Bold
    /Courier10PitchBT-BoldItalic
    /Courier10PitchBT-Italic
    /Courier10PitchBT-Roman
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Bold
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMonospacedBT-Regular
    /SymbolProportionalBT-Regular
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversLightCondensed
    /UniversLightCondensed-Italic
    /Univers-Medium
    /Univers-MediumItalic
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /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 true
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 6.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


