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Abstract: Algorithm for the realization of the broad range
of values of wide relative bandwidth (RBW) bandpass filter
is introduced. Algorithm is based on periodic ideal cells
each with short-ended stub. Theory is developed for a
symmetrical cell with proportional transmission lines,
nonuniform or uniform, in term of characteristic imped-
ance. The theory is applied for the uniform transmission
lines. Simple equation of the ratio between characteristic
impendence of the short-ended stub and the characteristic
impendences of the main lines is given for the broad range
of RBW. Realizable filters are for the very wide RBW up to
over 1.5 (150%). Technology is chosen in microstrip with
vias for the short ends. It is without coupling, without
defected ground structure (DGS) and only with a single
layer. The procedure is tested on the fabricated filters for
very wide RBW of 1.5 (150%). Agreement between mea-
surements and simulations is excellent.

Keywords: filter design; microstrip; microwave; periodic
structure; ultra wideband bandpass filter.

1 Introduction

Wide bandpass filters are important part of microwave
systems [1–4]. Many of them are for ultra wideband
communications spectrum from 3.1 to 10.6 GHz with
relative bandwidth (RBW) around 1.1 [1, 4]. All of them are
assumed to suppress DC and lower frequencies. It can be
done using coupling and short-ended stubs [1–4] or only
short-ended stubs [5–9]. Majority of them are done in

microstrip technology, the most use planar technology in
microwave systems. Some of them are also using defected
ground structure (DGS), coupling or multilayers [1, 4].
General problem is that there is no specific realizable al-
gorithmprocedure for the verywideRBW. The table in [10,
Table 6.1] gives, for example for 4 cells, characteristic
impedance of short-ended stub over 150 Ω for RBW = 1.33
and even over 200 Ω for RBW = 1.44. Value of 150 Ω as the
characteristic impedance of stubs can be realizable for the
common teflon substrates (i.e. d = 0.508 mm, εr = 2.1) but
very hard for thinner substrates or higher εr.

This paper introduces a realizable algorithm for the
range of values of RBW up to over 1.50 using only short-
ended stubs. The algorithm is based on the periodical array
of cells. Theory is developed for a symmetrical cell,
nonuniform or uniform, with proportional transmission
lines in term of characteristic impedance. The theory is
applied for the uniform transmission lines. For the filter of
RBW = 1.50 the optimized stub impedance is of the realiz-
able 123.4 Ω. Even all stub impedances for RBW = 1.50 are
managed to be the same in contrast to the various values in
[10]. Fabrication technology is the single layer microstrip.
The structure is without coupling and without defected
ground structure (DGS). The procedure is tested on the
fabricated filter for RBW = 1.5.

2 Theory

Considered general structure of the ideal lossless unit cell
is shown in Figure 1. It is something similar to the cell for
low-pass filter with open-ended shunt network in [11].
The shunt network in this paper is short-ended. All cell
networks are described, as in [11], in the form of ABCD
matrix. The cell consists of three networks: two networks
(N1 and N2) are cascaded and one network is shunted and
short-ended (N3). Network N2 is the same as N1 except
that the roles of its ports are reversed, so that At = D,
Bt = B, Ct = C, and Dt = A. Effectively, two identical net-
works of ABCD-parameters (A, B, C and D) are cascaded
back to back at port ➄ with the shunt network of
ABCD-parametersAs, Bs, Cs, andDs, whose other port➅ is
short-ended. In fact it is one T-junction. The cell is sym-
metrical but networks can be nonuniform or uniform
transmission lines.
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The shunt short-ended network N3 acts as a shunt
admittance Ys = Ds/Bs at port ➄, so it can be replaced by a
two-port network of ABCD-parameters 1, 0, Ys and 1 be-
tween ports ➂ and ➃ in Figure 2. Matrix with Ys is devel-
oped in (1).

[ 1 0
Ys 1

] =
⎡⎢⎢⎣ 1 0
Ds

Bs
1

⎤⎥⎥⎦ (1)

Developed matrix of the completed cell (AcBcCcDc) is
presented in (2)

[Ac Bc

Cc Dc
] = [A B

C D
] ⋅

⎡⎢⎢⎣ 1 0
Ds

Bs
1

⎤⎥⎥⎦ ⋅ [D B
C A

]
=

⎡⎢⎢⎢⎢⎣
AD + BC + Ds

Bs
BD 2AB + Ds

Bs
B2

2CD + Ds

Bs
D2 AD + BC + Ds

Bs
BD

⎤⎥⎥⎥⎥⎦ (2)

In an infinite cascade of the identical unit cells thewave
propagates along the structure only if |(Ac + Dc)/2| ≤ 1 [12],
which implies existence of passbands of the structure.
Symmetrical cell, Ac = Dc, simply implies |Ac| ≤ 1. After ar-
ranging matrix the final condition for the passband is in (3)

−1 ≤ AD + BC + DsBD
Bs

≤ 1 (3)

Incorporating reciprocity AD − BC = 1 then (3) becomes
(4)

0 ≤ 2AD + DsBD
Bs

≤ 2 (4)

Take attention on DsBD/Bs. In the center of the stop-
band Bs is changing the sign through value of 0 and the
admittance, Ys = Ds/Bs, is in infinity. In the center of the
pass band is Ys = 0 for Ds = 0.

If product DsBD does not have 0 in the same frequency
as Bs the whole expression is changing between minus
infinity and plus infinity. It produces fast changing of
passbands and stopbands. One way to prevent that is so-
lution with equal electrical lengths for all networks N1, N3
and N2 in Figure 1. In the same time, the solution need
proportional characteristics impedances Z on network N1
and Zs on short-ended network N3 on distance θ from the
beginning of each network as in (5)

Z(θ)
Zs(θ) = k (5)

Applying proportion (5) mathematical induction can
proves relation between parameters of the networks

As = A Ds = D Bs = B/k Cs = kC (6)

Now all is in the form of ABCD paramaters of the N1
network. Then relation (4) can be written as

0 ≤ (2A + kD)D ≤ 2 (7)

If network N1 is considered symmetrical, A = D, (7)
becomes (8) and depends only on A2 and k

0 ≤ 2A2 + kA2 ≤ 2 (8)

Relation (8) is always positive. For θ=0and lower θ it is
a stopband. 2A2 + kA2 = 2 corresponds to the beginning
A(θc1) and the end A(θc2) of the passband. θc1 and θc2 is the
first pair of θ which satisfy the equation. Periodicity is π.
The proportion (5) of the characteristic impedances k de-
pends on θc1 and θc2 through A2.

Z(θ)
Zs(θ) = k = 2( 1

A(θc1)2 − 1) (9)

In fact, if the beginning of the passband θc1 is known it
determines the proportion k = Z(θ)/Zs(θ). Equalizing (8)
with 0 determinesA = 0 for themiddle of the bandpass. It is
also valid, according to (6) and symmetry of N1, for the
short-ended network N3, A = D = As = Ds = 0.

For the filter formed by cascade of identical unit cells it
is important to match nominal impendence of ports
(commonly Z0 = 50 Ω) as much as possible. It was done by
matching Bloch impendence to the nominal impendence
Z0. Bloch impenance ZB is calculated as

ZB =
̅
B̅c

Cc

√
=

̅̅̅̅̅̅̅̅̅̅̅
(2 + k)B2

(2 + k)A2 − 2

√
(10)

In final, the cell in Figure 1 in an infinite cascade of
identical unit cells is a symmetrical cell. The whole cell is
determinated overABCDparameters of the networkN1. The
network N2 is symmetrical to the N1 and the short-ended

Figure 1: Scheme of a filter cell with ABCD matrix.

Figure 2: Developed scheme of a filter cell with ABCD matrix.
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networkN3 is equal electrical length andproportional toN1
in term of the characteristic impedance. The network N1 is
symmetrical but can be a nonuniform or a uniform trans-
mission line.

3 Algorithm for the uniform
transmission lines

The shape of the cell with θs = θ and the uniform trans-
mission lines is presented in Figure 3.

In the case of the networks as uniform transmission
lines ABCD parameters of the N1 network become

[A B
C D

] =
⎡⎢⎢⎣ cosθ jZsinθ
j
Z
sinθ cosθ

⎤⎥⎥⎦ (11)

For the N3 network are

[As Bs

Cs Ds
] =

⎡⎢⎢⎣ cosθs jZssinθs
j
Zs

sinθs cosθs

⎤⎥⎥⎦ (12)

Condition for the passband (8) becomes

−1 ≤ −1 + 2cos(θ)2 + cos(θ)2 Z
Zs

≤ 1 (13)

Diagram of (13) in Figure 4 is done for an arbitrary ratio
Z/Zs. Relation (7) has a period π and is presented in the
phase range from 0 to π. The result of the relation (13) is in
the range between −1 and +1 and corresponds to the
bandpass region.

As can be seen in Figure 4, center of the bandpass
region logically corresponds to θs = π/2. Boundaries of the
bandpass are signed with θc1 for the lower frequency and
θc2 for the higher frequency. According to the mentioned
one can calculate useful bandpass filter characteristics.
Relation between boundaries is θc2 = π − θc1 and θc1 will be

replace in equations simply with θc. Relative bandwidth
(RBW) of the bandpass is

RBW = θc2 − θc1
1
2 (θc1 + θc2) = 2 − 4

π
θc1 = 2 − 4

π
θc (14)

θc = 2 − RBW
4

π (15)

For RWB = 2 value of θc becomes 0 and Z/Zs = k = 0 (Zs
approaches infinity). The proportion k in (9) for the char-
acteristic impedances for the lower RWB becomes

k = Z
Zs

= 2 tg2(θc) (16)

For the given RBW one can calculate boundary θc from
(15) and next calculate Z/Zs from (16). Dependence of (Z/Zs)
versus RBW is presented in Figure 5 in a calibration curve.
For better view presentation is for Z/Zs > 1 or Zs/Z > 1.

Figure 3: A unit cell made of uniform transmission lines of equal
lengths, θs = θ.

Figure 4: Value of (13) inside bandpass region versus θ for an
arbitrary ratio Z/Zs.

Figure 5: Calibration curve: dependence of Z/Zs or Zs/Z versus RBW.
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According to Figure 5 very high RBW needs huge ratio
between Zs and Z and it is not realizable. The same is valid
for the narrow RBW. Realizable RBW in microstrip tech-
nology is good for a wideband bandpass filter below
RBW = 1.6. Ratio Zs/Z > 1 corresponds to relatively narrow
stubmicrostrip line and is easier for realization of T-junction
close to ideal. The Bloch impedance in (10) gives

ZB = Z

cosθc

̅̅̅̅̅̅̅̅̅
1 − ( cotθ

cotθc
)2

√ (17)

As can be seen Bloch impendence is equal to Z/cos(θc)
for the center of the band-pass filter θ = π/2, cot(π/2) = 0. It
means that Z in the simulation process has the start value
of Z = Z0cos(θc) and need to be optimized for the whole
band-pass. Dependence of Z and Zs versus RBW for the
Bloch impendence is presented in Figure 6. The procedure
from the given RBW, to the value of Z according to the
Bloch impedance (Z0 = 50 Ω) and the value of Zs, is pre-
sented as an algorithm in (18)

θc = 2 − RBW
4

π Z = Z0cos(θc)  Z
Zs

= 2tg2(θc) (18a, b, c)

The high characteristic impedances Zs for the verywide
RBW aremuch smaller and realizable in comparation to the
same RBW from [10]: Zs = 65 Ω versus over 150 Ω for
RBW = 1.33 and Zs = 134.6 Ω versus over 250 Ω for
RBW= 1.50 (Over 250Ω is by interpolation from the element
values presented in the table in [10]).

4 Application to filter

Using previously developed equations ideal 4-cells filters
are simulated for RBW = 1.5 (150%), 1.33 (133%) and 1.0

(100%) around central frequency of 3 GHz. Ideal model is
presented in Figure 7 for four identical cells with corre-
spondence between π/2 and λ/4 (L/λ = 0.250 in Figure 7).
Simulation is done in program package WIPL-D [13]. The
Bloch calculations for the nominal 50Ω give: for RBW = 1.5
are Z = 46.2Ω and Zs = 134.6Ω, forRBW = 1.33 are Z = 43.3Ω
and Zs = 65 Ω and for RBW = 1.00 are Z = 35.4 Ω and
Zs = 17.7 Ω. Wider RWB gives easy realizable characteristic
impedances in contrast to very low impedance Zs = 17.7 Ω
for RBW = 1.00.

Simulated results for four identical cells are presented
in Figure 8a and b. As can be seen, S11 parameters are better
for the wider band-stop-filters. Logically, using Bloch
calculation (18), S11 parameters are totallymatched only for
the central frequency (3 GHz in Figure 8a) andmuch higher
on the boundaries. Optimization is in direction of equal-
izing maximums of the S11 parameters in the whole band-
pass region. In order to do that impendence Z calculated in
(18) need to be something lower. New optimized results are
presented in Figure 9a and b. Optimized results are for the
case with equal values of S11 for the first, sixth, third and
fourth maximums in the bandpass, Figure 9a. Optimized
values for RBW = 1.5 are Z = 42.4 Ω and Zs = 123.4 Ω and for
RBW = 1.00 are Z = 28.5 Ω and Zs = 14.25 Ω. Optimizations
were done manually.

Steepness of the filter is better for more cells but more
cells induce a longer structure. One cell longitudinal
dimension is λ/2. 4-cells filter is chosen as optimal and
for −3 dB criteria RBW is shifted only 3%. The wider filters
have also the better S11 parameters. Even all stubs for the
specified RBW are managed to be of the same value of
the characteristic impedance which is easier for the
fabrication.

5 Validation

Validation for θs = θ is realized in microstrip technique on
substrate FR-4, thickness d = 1.5 mm, relative dielectric
constant εr=4.6 (obtained from the company that fabricated
the structure) and tg δ = 0.02. It is a 4-cells filter with
RBW = 1.5 around central frequency of 3 GHz (from 0.75 to
5.25 GHz). Microstrip electromagnetic (EM) model is pre-
sented in Figure 10 in program package WIPL-D [13]. The
short-ended stubs correspond to a quarter of the guided
wavelength (λg/4) are realized using metallized vias. Its
comparison with the ideal model is presented in Figure 11.
Electromagnetic model has inserted losses, S21, induced by
dielectric losses of tg δ = 0.02. It induces relative non-
agreement in higher frequency edge of the filter. Agreement

Figure 6: Dependence of Z and Zs versus RBW for Bloch impendence
of 50 Ω.
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is very good in the low frequency edge. S11 is in a relative
agreement.

Fabricated model of the filter is presented in Figure 12.
Measured results in comparison with EM model are pre-
sented in Figure 13. After the measurement, we determined
that it is correct to put εr = 4.3 instead of initially obtained

εr = 4.6. Because of this, the EM simulation in Figure 13 is
slightly shifted towards higher frequencies. There is a very
goodagreement inS21 parameters betweenmeasured results
and EM model even at higher frequencies. It is a very good
agreement with modeling of losses. There are some small
ripples above 4 GHz in S21 measurement. S11 parameters are

Figure 7: Ideal model of a 4-cells filter with identical cells.

Figure 8: a, b: Three wideband filters in the ideal model of 4 cells according to Bloch impedance (15).

Figure 9: a, b: Three wideband filters in the ideal model of 4 cells with something lower Z.
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Figure 10: Electromagnetic model in WIPL-D. Dimensions are in mm. The ports are on 50 Ω short narrower lines (narrower than 42.4 Ω) at the
both ends.

Figure 11: Characteristics of the filter in ideal
and electromagnetic model.

Figure 12: Fabricated prototype of the filter.
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in disagreement especially in high at higher frequencies but
have accepted values, significantly lower than −10 dB.

6 Conclusions

This paper first presents algorithm for the broad range of
values of bandpass filters with ultra wide relative band-
width (RBW) up to over 1.50 (150%). The algorithm is based
on periodic ideal identical cells each with a short-ended
stub. First, it was explained for the case of a symmetrical
cell with proportional transmission lines in term of char-
acteristic impedance. In general case transmission lines
are symmetrical and nonuniform. The theory is applied to
the uniform transmission lines.

The procedure from the given RBW to the value of Z
according to the Bloch impedance (Z0 = 50Ω) andfinally the
value of Zs, is presented through simple equations. Char-
acteristic impendences are at first calculated according to
the Bloch impedance and then slightly optimized for the
optimal S11 parameters in the whole bandpass region of the
filter. Tables are not needed. Design curve of the ratio be-
tween characteristic impendences of the short-ended stub
and characteristic impendences of the main lines is also
given for the broad range of values of RBW. The advantages
are realizable (fabricable) characteristic impedances of the
short-ended stubs for very wide bandpass filters, wider than
around 1.30 (130%). The high characteristic impedances Zs
for the very wide RBW are much smaller and realizable in
comparation to the same RBW from the literature. Dimen-
sionof one cell equals λ/2× λ/4,where λ is thewavelength of
the central frequency of the first bandpass.

Technology is chosen in microstrip with vias for the
short ends. The structure is without coupling and without
defected ground structure (DGS). The procedure is tested
on the fabricated filters for very wide bandpass RBW = 1.50
(150%). Agreement between measured filter and electro-
magnetic model for S21 is excellent. Measured S11 have
accepted values, significantly lower than −10 dB. Even all
stubs are managed to be of the same value of the charac-
teristic impedance which is good for fabrication.

Along with microstrip the algorithm can be also
applied to stripline and coplanar waveguide (CPW).

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: This work was financially supported
by Ministry of Education, Science and Technological Devel-
opment of the Republic of Serbia (Grant No. 451-03-68/2020-
14/200026).
Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.

References

[1] Z.-C. Hao and J.-S. Hong, “Ultrawideband filter technologies,”
IEEE Microw. Mag., vol. 11, no. 4, pp. 56–68, 2010.

[2] R. Zhang and D. Peroulis, “Planar multifrequency wideband
bandpass filters with constant and frequency mappings,”
IEEE Trans. Microw. Theor. Tech., vol. 66, no. 2, pp. 935–942,
2018.

[3] R. Zhang, S. Luo, and L. Zhu, “A new synthesis and design
method for wideband bandpass filters with generalized unit

Figure 13: Characteristics of the measured
filter and electromagnetic model.

D. Nesic et al.: Filters are for the very wide RBW of 150% 15



elements,” IEEE Trans. Microw. Theor. Tech., vol. 65, no. 3,
pp. 815–823, 2017.

[4] L.-T. Wang, Y. Xiong, and M. He, Review on UWB Bandpass
Filters, UWB Technology – Circuits and Systems, London,
Mohamed Kheir, IntechOpen, 2019. Available at:
https://www.intechopen.com/books/uwb-technology-circuits-
and-systems/review-on-uwb-bandpass-filters.

[5] M. S. Razalli, A. Ismail, M. A.Mahd, andM.N. Hamidon, “Compact
configuration ultra-wideband microwave filter using quarter-wave
length short-circuited stub,” in Proceedings of Asia-Pacific
Microwave Conference 2007, Bangkok, Thailand, 2007.

[6] J.-S. Hong and H. Shaman, “An optimum ultra-wideband
microstrip filter,” Microw. Opt. Technol. Lett., vol. 47, no. 3,
pp. 230–233, 2005.

[7] W.-T. Wong, Y.-S. Lin, C.-H. Wang, and C. H. Chen, “Highly
selective microstrip bandpass filters for ultra-wideband (UWB)
applications,” in Proceedings of Asia-Pacific Microwave
Conference 2005, Suzhou, China, 2005.

[8] M. S. Razalli, A. Ismail, M. A. Mahdi, and M. N. Hamidon, “Ultra-
wide band microwave filter utilizing quarter-wavelength short-
circuited stubs,” Microw. Opt. Technol. Lett., vol. 50, no. 11,
pp. 2981–2983, 2008.

[9] M. S. Razalli, A. Ismail, M. A. Mahdi, and M. N. Hamidon,
“Compact ultra-wide band microwave filter utilizing quarter-
wave length short circuited stubs with reduced number of vias,”
Microw. Opt. Technol. Lett., vol. 51, no. 9, pp. 2116–2119, 2009.

[10] J.-S. Hong, Microstrip Filters for RF/Microwave Applications,
Hoboken, New Jersey, John Wiley and Sons, 2011.

[11] D. A. Nesic, B. M. Kolundzija, D. V. Tosic, and D. S. Jeremic, “Low-
pass filter with deep and wide stop band and controllable
rejection bandwidth,” Int. J. Microw Wirel. Technol., vol. 7, no. 2,
pp. 141–149, 2015.

[12] D. M. Pozar, Microwave Engineering, New York, John Wiley and
Sons, 1998.

[13] Program PackageWIPL-D Pro v15, Belgrade, WIPL-D d.o.o., 2019.
Available at: www.wipl-d.com.

16 D. Nesic et al.: Filters are for the very wide RBW of 150%

https://www.intechopen.com/books/uwb-technology-circuits-and-systems/review-on-uwb-bandpass-filters
https://www.intechopen.com/books/uwb-technology-circuits-and-systems/review-on-uwb-bandpass-filters
http://www.wipl-d.com

	Ultra wideband bandpass filters with specified relative bandwidth
	1 Introduction
	2 Theory
	3 Algorithm for the uniform transmission lines
	4 Application to filter
	5 Validation
	6 Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


