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Abstract— Next-generation multi-mode RF transceivers will
require fully-adaptive, high-frequency filtering components with
increased levels of spectral agility. Highly-selective single/multi-
band filtering actions for various signal-band selection processes
and flexible bandstop filtering functions for dynamic interference
mitigation will be highly desirable in these systems. Taking
into consideration the aforementioned needs, recent advances
in the field of adaptive-transfer-function filters are reported in
this paper. Specifically, multi-band bandpass filters (BPFs) with
tunable passbands, circuits with selectable BPF and bandstop-
filter (BSF) operational modes, and broad-band BPFs with
incorporated in-band controllable notches are presented.

Index Terms— Bandpass filters (BPFs), bandstop filters (BSFs),
dual-band filters, multi-band filters, notch filters, planar filters,
reconfigurable filters, tunable filters, wide-band filters.

[. INTRODUCTION

Modern trends towards universal RF wireless systems call
for highly-versatile high-frequency transceivers with multi-
functional operability to enable flexible radio access. In their
RF front-ends, tunable microwave filtering devices with fully-
reconfigurable transfer functions are highly desirable to fa-
cilitate the adaptive pre-selection of the signal(s) of interest
and/or the mitigation of the unwanted electromagnetic (EM)
interference and out-of-band noise [1], [2]. Whereas flexible
RF filters can pave the way to RF transceivers with reduced
complexity and enable the integration of new applications,
more stringent requirements need to be met that in turn
create challenges in terms of design, tuning principles, and
RF performance.

Over the last decades, a vast number of practical implemen-
tations of spectrally-agile high-frequency filtering components
have been reported to address the needs of a diverse number
of applications. Currently, research activities in the field of
reconfigurable microwave filters can be grouped into two main
categories, as follows:

o At the design level, the invention of innovative circuit
topologies that enable the synthesis of more-sophisticated
tunable filtering transfer functions. Among them, some
exponents of tunable filtering devices based on novel cir-
cuit architectures to be highlighted are quasi-elliptic-type
bandpass filters (BPFs) with tunable center frequency and
bandwidth (BW) and low in-band group-delay variation
[4], reconfigurable dual-mode BPFs with transmission-
zero (TZ) control [5], intrinsically-switchable filter banks

[6], and BPFs with ultra-large BW-tuning ratio [7].

o At the physical material/device side, the conception of
new tuning mechanisms that enable enhanced operational
performance to be attained. Some recent examples in
this context are microfluidically-reconfigurable BPFs with
improved power-handing capability [8] and switchable
BPFs that make use of a new set of RF switches using
phase change materials [9].

This review paper focuses on recent research findings in the
area of advanced adaptive-transfer-function filters for a variety
of applications. Specifically, multi-band BPFs with fully-
controllable transmission bands, double-functionality filtering
devices that simultaneously exhibit BPF and BSF operational
modes at the same filter volume, and wide-band BPFs with
embedded reconfigurable notches for dynamic in-band inter-
ference suppression are addressed.

II. ADVANCED RECONFIGURABLE MICROWAVE FILTERS

A. Multi-Band Bandpass Filters

Multi-band BPFs are expected to become essential high-
frequency components of modern multi-standard wireless
communications and multi-frequency radar architectures as
signal-preselection devices with the ability to simultaneously
select various sets of RF channels that are closely/widely
spaced in the frequency radio spectrum [10]. Spectral tun-
ability is a highly-desirable feature for these circuits to
make the referred multi-band signal-acquisition process com-
pletely dynamic towards the development of fully-adaptive RF
transceivers with increased levels of flexibility. Nevertheless,
although several solutions of tunable multi-band BPF configu-
rations have been reported in the last few years as in [11]-[15],
none of them exhibits all the required operational capabilities.
They are summarized as follows:

o Realization of multi-band bandpass transfer functions
with an arbitrary number of passbands.

o Independent reconfiguration of each transmission band in
terms of center frequency and BW.

o Generation of multiple out-of-band TZs that can be syn-
chronously tuned so that their passbands preserve highly-
selective transfer functions (i.e., quasi-elliptic-type sharp-
rejection transfer function) in all reconfigured states.
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Fig. 1. Conceptual coupling-matrix diagram and operational principle of the fully-tunable quasi-elliptic-type multi-band BPF concept in [17].
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Fig. 2. Photograph, measured power transmission (|S21|) and reflection (|S11|) responses for several example dual- and single-band BPF

states, and performance/capabilities of the developed fully-tunable quasi-elliptic-type dual-band BPF prototype in [17]. Integration concept:
microstrip lines (resonators and static impedance inverters) and lumped capacitors (variable/static impedance inverters and tuning elements of

resonators).

« Intrinsic switching-off of each of the transmission bands
(i.e., without RF switches) to control the number of active
channels in the frequency radio spectrum.

o Passband-merging capability to shape broader, and for
certain realizations, higher-order transmission bands.

Recently, a new philosophy for the implementation of
fully-adaptive multi-band BPFs that simultaneously offers
all the aforementioned features was reported. It enables the
highest reconfiguration capability to date for this class of
devices. Such a solution was initially proposed in [16] and
subsequently improved in [17] for higher-selectivity multi-
band BPF realizations. Its conceptual filter architecture and
operational principle are illustrated in Fig. 1. As can be seen,
it consists of the series cascade through impedance inverters
of replicas of a so-called “N-band quasi-bandpass section”

as basic building block of this multi-band BPF configura-
tion for an N-band transfer function design. Its constituent
N-band quasi-bandpass section is made up of two non-
resonating nodes (NRNs) and IV resonating nodes that interact
by means of impedance inverters. These resonators—each of
them shaping a different transmission band—are coupled to
the direct source-load path of the multi-band BPF without
direct interaction between them and result in the following
characteristics for the overall circuit:

e The multi-band BPF action is spectrally embedded in a
bandstop range of the entire transmission profile associ-
ated to the part shaped by the NRNs of the circuit.

o By making the resonating nodes and the resonator-to-
NRN impedance inverters tunable, respectively, spectral
reconfiguration in terms of center frequency and BW is



incorporated into the whole filter. Furthermore, since the
resonators that form different passbands in each quasi-
bandpass section do not directly interact between them,
the tuning process of each transmission band does not
significantly affect the remaining ones.

o The intrinsic switching-off of the passbands is feasible
by detuning the resonators and the resonator-to-NRN
impedance inverters—i.e., couplings—of those transmis-
sion bands to be commuted-off.

o By generating cross couplings between the NRNs of
adjacent quasi-bandpass sections, multiple out-of-band
TZs are produced for all tuned transfer-function states.

o Less impedance inverters can be used when a large
number of bands are desired—Ileading to compactness
and insertion-loss advantages—with regard to conven-
tional multi-band realizations that use parallelized filter
banks [3], [6].

A photograph and various example measured responses of

a UHF-band third-order two-band proof-of-concept microstrip
prototype are shown in Fig. 2 [17]. Mechanically-adjustable
trimmer capacitors are utilized as variable-reactance elements
that are either inserted into the resonating nodes—frequency
tuning—or into the adjustable impedance inverters between the
resonators and their adjacent NRNs—BW tuning—. Fixed ca-
pacitors and inductive/capacitive-type transmission-line seg-
ments are employed for the realization of the static couplings
between NRNs. As can be seen in Fig. 2, the simultaneous and
independent center-frequency and BW reconfiguration of the
transmission bands in quasi-elliptic-type dual-band bandpass
filtering mode is proven. Furthermore, the intrinsic switching-
off of one transmission band to attain single-band BPF states
is also verified.

B. Bandpass/Bandstop Filters

Microwave filtering devices with the ability to simultane-
ously exhibit BPF and BSF transfer functions at the same
filter volume will be highly desirable in next-generation RF
wireless systems to either enable the transmission of a desired
signal or to suppress an in-band EM interference that could
saturate the receiver. When employed in tunable multi-port
filtering networks as channelizing filters, they can result in
more-advanced levels of reconfiguration through the imple-
mentation of frequency-selective signal-routing paths that can
be flexibly switched-on/off. However, despite their potential
interest, the development of such high-frequency components
that simultaneously exhibit BPF and BSF transfer functions in
the same device can be a challenging task taking into account
the very different circuit topologies that are associated to a
BPF and BSF response (see, e.g., [18] and [19] for combline
BPF and BSF schemes, respectively). The complexity of such
a design could be even higher if frequency agility in terms of
center frequency and BW is also desired for both BPF and
BSF states.

A limited number of filtering circuits providing the referred
BPF-to-BSF switching functionality have been recently pro-
posed in [20]-[24]. Nevertheless, they do not exhibit inde-

pendent control of poles and zeros for their BPF and/or BSF
states. In addition, most of them can hardly be scaled to higher-
order realizations. These limitations have been resolved in a
new type of fully-versatile BPF/BSF device published in [25],
in which frequency reconfiguration is achieved through TZ
reallocation. Indeed, by controlling the positions of multiple
generated TZs, adaptive bandpass-type transfer functions in
terms of center frequency, BW, and TZs are created. Further-
more, for specific spectral distribution of the TZs, virtually-
zero-BW states that result in the intrinsic switching-off of
the filter passband are attained, leading to a reconfigurable
bandstop-type filtering behavior.

The conceptual filter scheme and operational principles for
BPF and BSF modes of the frequency-agile BPF/BSF in
[25] are illustrated in Fig. 3. As observed, it is based on
the series cascade of double-TZ-creation cells that are shaped
by two resonating nodes that separately interact with the
same NRN through different static impedance inverters. In
this manner, two TZs are generated in the whole filter at the
resonant frequencies of the resonators. By making controllable
the natural frequencies of these resonators through variable-
reactance elements, the spectral positions of these TZs can
be modified so that the following capabilities are incorporated
into the overall circuit:

o By placing the two TZs of each double-TZ-creation cell at
different locations and the maximum power transmission
of all the cells at the same inter-TZ spectral position,
a bandpass-type response is synthesized. For these BPF
states, BW is defined by the closest-to-passband TZs
whereas out-of-band isolation (IS) performance—i.e.,
out-of-band BW and power rejection levels—is deter-
mined by the distribution of the remaining TZs.

o By generating the two TZs of at least one double-TZ-
creation cell at the same spectral position—that is equal
to the center frequency of those cells in BPF mode—, an
overall bandstop-type filtering action is attained.

From the above description, it is clear that the tuning of the
TZs gives rise to a full control of the spectral characteristics
of this BPF/BSF device. Advantages associated to this tuning
mechanism when compared to reconfigurable filter solutions
with inter-resonator variable couplings are as follows:

o It is suitable for very-high-frequency designs, in which
adjustable inter-resonator couplings for BW tuning can
be more difficult to realize and control.

o Lower in-band insertion-loss levels—this is especially
remarkable for narrow-BW states—are achieved [26].

« Independent control of each passband/stopband side by
only adjusting the TZs associated to it is feasible.

o When compared to a classic channelized filter bank, BPF-
to-BSF commutation is carried out without RF switches.

The schematic, photograph—modular two-stage assembly
and its constituent BPF/BSF cell—, and several example mea-
sured transfer functions of an experimental proof-of-concept
prototype that can be reconfigured in the range 2.9-3.6 GHz
are shown in Fig. 2. Substrate-integrated-waveguide (SIW)
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Layout, photograph, measured power transmission (]|S21|) responses for several example BPF and BSF states, and

performance/capabilities of the developed modular two-stage fully-reconfigurable BPF/BSF prototype in [25]. Integration concept: SIW
evanescent-mode cavity resonators integrated in a TMM 3 substrate and tuned by piezoelectric actuators.

evanescent-mode cavity resonators that are controlled through
piezoelectric actuators are used as resonating nodes, whereas
slot openings in the ground-plane layer of short-circuited mi-
crostrip lines are utilized to realize the couplings between the
resonators and the NRNs. As can be seen in Fig. 4, capabilities
related to center-frequency and symmetrical /assymetrical BW
tuning for BPF states, as well as BW and IS control for BSF
operational modes, are experimentally demonstrated.

C. Wide-Band Bandpass Filters with Embedded Notches

After the U.S. Federal Communication Commission autho-
rized the use of frequency spectrum between 3.1-10.6 GHz
for ultra-wideband (UWB) applications, the development of

RF /microwave circuits with broad-band operational capabil-
ities has attracted a considerable attention [27]. Wide-band
pre-selection BPFs are strongly required by these systems,
for which a rich variety of solutions based on different
principles—e.g., BPFs made up of series cascades of lowpass
and highpass filtering sections [28], BPFs based on multi-
mode resonators [29], and transversal signal-interference BPFs
[30]—have been proposed during the last decade. However
these broad-band systems must coexist with a large plurality
of wireless applications in a congested radio spectrum that
may seriously affect their operation. To avoid it, the incorpo-
ration of controllable sharp-rejection notches in the low-loss
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Fig. 6. Photograph, measured power transmission (|S21|) responses for several example states, and performance/capabilities of the developed
wide-band BPF prototype with an embedded in-band tunable notch in [33]. Integration concept: microstrip lines (transmission-line paths and

resonators) + lumped capacitors (tuning elements of resonators).

passband range of the wide-band filter can be advantageous
to efficiently suppress blocking signals that could dynamically
appear in the receiver BW.

Examples of broad-band BPFs with embedded controllable
notches developed in planar schemes can be found in [31] and
[32]. However, they show some performance limitations, such
as the very-narrow frequency tuning range (1.1:1 frequency-
tuning ratio) of notches in [31] or the poor rejection capabili-
ties (=10 dB) of the reconfigurable in-band stopband in [32].

Recently, in [33], an interesting design concept that allows
the realization of highly-selective wide-band BPFs with con-
trollable deep-rejection stopbands inserted into its transmission
band was reported. Its conceptual circuit scheme and operating
principle is shown in Fig. 5. As observed, it is based on
a three-path transversal signal-interference circuit in which
one of these electrical paths is reused for both the wide-
band filtering and the tunable-notch-creation functionalities.
In particular, the broad-band filtering action is produced from
the feedforward signal-interference effect taking place between
the two transmission-line-type paths of the circuit as in [30],
whereas an absorptive notch is integrated into the passband
by using one of these paths along with a third resonator-
based one [34], [35]. This filter features half of the size of

a classic solution in which the wide-band transversal filtering
and absorptive filtering units are cascaded in series to synthe-
size the same transfer function. Moreover, several replicas of
this dual-function wide-band/tunable-notch filtering cell can
be connected in series to increase selectivity and add more
controllable notches to the transmission range.

The photograph and some measured power transmission
responses for different locations of the in-band notch of a
proof-of-concept prototype of the filter concept in Fig. 5
are provided in Fig. 6 [33]. A microstrip implementation
with mechanically-adjustable trimmer capacitors loading the
resonators of the absorptive-notch filter path is used for it. As
shown, this circuit features an absorptive notch that can be
tuned in the range 1.8-2.5 GHz having notch depths as high
as 36 dB within a low-loss passband centered at 2 GHz.

III. CONCLUSION

This paper has presented an overview of recent research
advances in the field of frequency-agile RF /microwave filters.
Different examples of adaptive filtering devices in alternative
technologies with beyond the state-of-the-art reconfiguration
capabilities have been reported. Among them, i) quasi-elliptic-
type multi-band BPFs with independently-tunable transmis-



sion bands for multi-standard RF systems, ii) filtering cir-
cuits that simultaneously feature BPF/BSF operational modes
with fully-controllable spectral characteristics, and iii) signal-
interference broad-band BPFs with embedded tunable notches
for in-band interference mitigation in UWB receivers. For
these filtering architectures, main operational principles and
experimental results of manufactured proof-of-concept demon-
strators have been described.

REFERENCES

[1] W.J. Chappell, E. J. Naglich, C. Maxey, and A. C. Guyette, “Putting the
radio in “Software-defined radio”: Hardware developments for adaptable
RF systems,” Proc. IEEE, vol. 102, no. 3, pp. 307-320, Mar. 2014.

[2] R. Gomez-Garcia, J.-P. Magalhaes, J.-M. Muiioz-Ferreras, J. M. N. Vieira,
N. B. Carvalho, and J. Pawlan, “Filling the spectral holes,” I[EEE Microw.
Mag., vol. 15, no. 2, pp. 45-56, Mar./Apr. 2014.

[3] J.-S. Hong, Microstrip Filters for RF/Microwave Applications, 2nd ed.
New York, NY, USA: Wiley, 2011.

[4] P. Wong and 1. C. Hunter, “Electronically tunable filters,” IEEE Microw.
Mag., vol. 10, no. 6, pp. 46-54, Sep./Oct. 2009.

[5] J.-S. Hong, “Reconfigurable planar filters,” JEEE Microw. Mag., vol. 10,
no. 6, pp. 73-83, Sep./Oct. 2009.

[6] A. C. Guyette, “Controlled agility: frequency-agile planar filters with
advanced features,” IEEE Microw. Mag., vol. 15, no. 5, pp. 32-42,
Jul./Aug. 2014.

[7]1 R. Gémez-Garcia, M.-A. Sanchez-Soriano, K. W. Tam, and Q. Xue,
“Flexible filters: reconfigurable-bandwidth bandpass planar filters with
ultralarge tuning ratio,” IEEE Microw. Mag., vol. 15, no. 5, pp. 43-54,
Jul./Aug. 2014.

[8] A. P.Saghati, J. S. Batra, J. Kameoka, and K. Entesari, “A miniaturized
microfluidically reconfigurable coplanar waveguide bandpass filter with
maximum power handling of 10 Watts,” I[EEE Trans. Microw. Theory
Techn., vol. 63, no. 8, pp. 2515-2525, Aug. 2015.

[9] M. Rais-Zadeh, J. T. Fox, D. W. Wentzloff, and Y. B. Gianchandani,
“Reconfigurable radios: A possible solution to reduce entry costs in
wireless phones,” Proc. IEEE, vol. 103, no. 3, pp. 438-451, Mar. 2015.

[10] M. Pal and R. Ghatak, “A distinctive resonance: multiband bandpass
filter design techniques using multimode resonators,” IEEE Microw. Mag.,
vol. 16, no. 11, pp. 3655, Nov. 2015.

[11] C.-F. Chen, “A compact reconfigurable microstrip dual-band filter using
varactor-tuned stub-loaded stepped-impedance resonators,” IEEE Microw.
Wireless Compon. Lett., vol. 23, no. 1, pp. 16-18, Jan. 2013.

[12] G. Chaudhary, Y. Jeong, and J. Lim, “Dual-band bandpass filter with
independenty tunable center frequencies and bandwidths,” IEEE Trans.
Microw. Theory Techn., vol. 61, no. 1, pp. 107-116, Jan. 2013.

[13] X. Huang, L. Zhu, Q. Feng, Q. Xia, and D. Jia, “Tunable bandpass filter
with independently controllable dual passbands,” IEEE Trans. Microw.
Theory Techn., vol. 61, no. 9, pp. 3200-3208, Sep. 2013.

[14] L. Gao, X.-Y. Zhang, B.-J. Hu, and Q. Xue, “Novel multi-stub loaded
resonator and their applications to various bandpass filters,” IEEE Trans.
Microw. Theory Techn., vol. 62, no. 5, pp. 1162—1172, May 2014.

[15] B. You, L. Chen, and X. Wen, “A high-selectivity tunable dual-band
bandpass filter using stub-loaded stepped-impedance resonators,” IEEE
Microw. Wireless Compon. Lett., vol. 24, no. 11, pp. 736-738, Nov. 2014.

[16] R. Gomez-Garcia and A. C. Guyette, “Reconfigurable multi-band mi-
crowave filters,” IEEE Trans. Microw. Theory Techn., vol. 63, no. 4, pp.
1294-1307, Apr. 2015.

[17] R. Gémez-Garcia, A. C. Guyette, D. Psychogiou, E. J. Naglich, and
D. Peroulis, “Quasi-elliptic multi-band filters with center-frequency and
bandwidth tunability,” [EEE Microw. Wireless Compon. Lett., accepted
for publication, 2016.

[18] I. C. Hunter and J. D. Rhodes, “Electronically tunable microwave
bandpass filters,” IEEE Trans. Microw. Theory Techn., vol. 30, no. 9, pp.
1354-1360, Sep. 1982.

[19] I. C. Hunter and J. D. Rhodes, “Electronically tunable microwave
bandstop filters,” IEEE Trans. Microw. Theory Techn., vol. 30, no. 9, pp.
1361-1367, Sep. 1982.

[20] Y.-M. Chen, S.-F. Chang, C. Y. Chou, and K.-H. Liu, “A reconfig-
urable bandpass-to-bandstop filter based on varactor-loaded closed-ring
resonators,” IEEE Microw. Mag., vol. 10, no. 1, pp. 138-140, Feb. 2009.

[21] E. J. Naglich, J. Lee, D. Peroulis, and W. J. Chappell, “A tunable
bandpass-to-bandstop reconfigurable filter with independent bandwidths
and tunable response shape,” IEEE Trans. Microw. Theory Techn., vol. 58,
no. 12, pp. 3770-3779, Dec. 2010.

[22] J. Lee, E. Naglich, H. H. Sigmarsson, D. Peroulis, and W. J. Chappell,
“New bandstop filer circuit topology and its application to design a
bandstop-to-bandspass switchable filter,” IEEE Trans. Microw. Theory
Techn., vol. 61, no. 3, pp. 1114-1123, Mar. 2013.

[23] Y.-H. Cho and G. Rebeiz, “Two- and four-pole tunable 0.7-1.1-GHz
bandpass-to-bandstop filters with bandwidth control,” IEEE Trans. Mi-
crow. Theory Techn., vol. 62, no. 3, pp. 457-463, Mar. 2014.

[24] Y.-H. Cho and G. Rebeiz, “0.7-1.0-GHz reconfigurable bandpass-to-
bandstop filter with selectable 2- and 4-pole responses,” IEEE Trans.
Microw. Theory Techn., vol. 62, no. 11, pp. 2626-2632, Nov. 2014.

[25] D. Psychogiou, R. Gémez-Garcia, and D. Peroulis, “Fully-reconfigurable
bandpass/bandstop filters and their coupling-matrix representation,” JEEE
Microw. Wireless Compon. Lett., vol. 26, no. 1, pp. 22-24, Jan. 2016.

[26] D. Psychogiou and D. Peroulis, “Reconfigurable bandpass filter with
center frequency and bandwidth control,” Microw. Opt. Technol. Lett.,
vol. 55, no. 11, pp. 2745-2750, Nov. 2013.

[27] “Revision of part 15 of the Commission’s rules regarding ultra-wideband
transmission systems,” FCC, Washington, DC, Tech. Rep. ET-Docket 98-
153, FCC02-48, Apr. 2002.

[28] R. Gémez-Garcia and J.I. Alonso, “Systematic method for the exact
synthesis of ultra-wideband filtering responses using high-pass and low-
pass sections,” IEEE Trans. Microw. Theory Techn., vol. 54, no. 10, pp.
3751-3764, Oct. 2006.

[29] S. Shun and L. Zhu, “Multiple-resonator-based bandpass filters,” /EEE
Microw. Mag., vol. 10, no. 2, pp. 88-98, Mar./Apr. 2009.

[30] R. Goémez-Garcia and J.I. Alonso, “Design of sharp-rejection and low-
loss wide-band planar filters using signal-interference techniques,” [EEE
Microw. Wireless Compon. Lett., vol. 15, no. 8, pp. 530-532, Aug. 2005.

[31] M. Nosrati, N. Vahabisani, and M. Daneshmand, “A novel ultra
wideband (UWB) filter with double tunable notch-bands using MEMS
capacitors,” in 2013 IEEE MTT-S Int. Microw. Symp., Seattle, WA, USA,
Jun. 2-7, 2013.

[32] F. Wei, L. Chen, X.-W. Shi, and B. Liu, “Compact UWB bandpass filter
with tunable notch band based on folded SIR,” IET Electron. Lett., pp.
1229-1230, vol. 47, no. 22, Oct. 2011.

[33] D. Psychogiou, R. Gémez-Garcia, and D. Peroulis, “Signal interference
bandpass filters with dynamic in-band interference suppression,” in 20/6
IEEE Radio Wireless Symp., Austin, TX, USA, Jan. 24-27, 2016.

[34] D. Psychogiou, R. Gomez-Garcia, and D. Peroulis, “RF-design of
narrowband absorptive bandstop filters for UHF applications,” in 2015
IEEE Wireless Microw. Technol. Conf., Cocoa Beach, FL, USA, Apr. 13—
15, 2015.

[35] D. Psychogiou, R. Gomez-Garcia, D. Scarbrough, C. L. Goldsmith, and
D. Peroulis, “Design of high-Q) absorptive bandstop filters with static
and reconfigurable attenuation,” in 2015 IEEE MTT-S Int. Microw. Symp.,
Phoenix, AZ, USA, May 17-22, 2015.




<<
  /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


