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Abstract Recent developments of the ultra-wideband

(UWB) planar antennas are reviewed, where the progress

inUWBplate monopole antennas, UWBprintedmonopole

antennas and the UWB printed slot antennas is introduced

and compared. In addition, the UWB printed antennas

with the band-notched functions are also presented.

Keywords planar antenna, ultra-wideband (UWB), printed

monopole, printed slot, coplanar waveguide (CPW)

1 Introduction

The ultra-wideband (UWB) antenna is a key component

of electronic counterwork equipment in the electronic

information warfare, which is also widely used in the

time domain systems such as impulse radars, etc. With

the development of high-speed integrated circuits and the

requirement of the miniaturization and integration, the

research and application of UWB planar antennas have

been growing rapidly. On February 14, 2002, the Federal

Communications Commission (FCC) of the United States

allocated the 3.1–10.6 GHz spectrum for commercial

application of UWB technology, which has sparked

renewed attention in the research of ultra-wideband planar

antennas. It is worth noting that the actual frequency range

used of an indoor UWB communication antenna in the

provision of UWB technology is from 3.1 to 10.6 GHz with

a ratio bandwidth of 3.4:1, while the antenna with a

ratio bandwidth not less than 10:1 is generally called the

super-wideband (SWB) antenna in antenna engineering.

Both types are reviewed in this paper. In the UWB system,

the former operates just like a kind of pulse figuration filter,

which requires the antenna to radiate pulses without distor-

tion. To that end, the UWB antenna should not only pos-

sess an ultra-wide impendence bandwidth, but also have
good phase linearity and an omni-directional pattern.

Hence, for this sort of UWB antenna some particular con-

siderations are entailed [1], which shall not be included in

this work.

The earliest antenna with wideband properties is the

biconical antenna made by Lodge in 1898. It can be

regarded as a uniformly tapered transmission line excited

by TEM mode to possess the ultra-wideband input impe-

dance characteristics. Its bandwidth is mainly influenced by

the ending reflection due to its limited dimensions.

Following improvements consists of Carter’s improved

match biconical antenna and conical monopole antenna
(1939), Schelkunoff’s spheroidal antenna (1941),

Kandoian’s discone antenna (1945), Brillouin’s omni-

directional and directional coaxial horn antenna (1948),

etc [2]. All these antennas are based on three-dimensional

structures with bulky volume. In the late 1950s and early

1960s, a family of antennas with more than 10:1 bandwidth

ratio was developed by V. Rumsey et al., which was called

frequency-independent antenna [3]. Classical shapes of such
antennas basically include the equiangular spiral antenna

and the planar log-periodic dipole antennas. These designs

reduce the volume, but the transfer of effective radiating

region for different frequencies results in waveform distor-

tion in transmitting pulse. Since the early 1970s, many new-

style ultra-wideband planar antennas have been proposed,

which can be summed up as three types, namely UWB

planar metal-plate monopole antennas, UWB printed
monopole antennas and UWB printed slot antennas, which

are introduced in order in the remaining parts.

2 UWB metal-plate monopole antennas

The widebandmetal-platemonopole antenna was first pro-
posed by G. Dubost in 1976 and was continuously devel-

oped [4]. Its impedance bandwidth has been broadened by
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optimizing the structure of the metal-plate monopole, such

as discs or elliptical monopole antenna [5], trapezium

monopole antenna [6], inverted cone monopole and leaf-

shaped planar plate monopole antennas and so forth, as

shown in Fig. 1. The planar inverted cone antenna (PICA)

designed by S. Y. Suh, as shown in Fig. 1(c) [7], provides

an impedance bandwidth ratio of more than 10:1, and a

radiation pattern bandwidth of 4:1. The one with two cir-

cular holes has extended the radiation pattern bandwidth

due to the effective changing of its surface current. In the

author’s laboratory, another leaf-shaped plate monopole

antenna with three circular holes was developed, as

shown in Fig. 1(d) [8]. It achieves an impedance band-

width ratio better than 20 : 1, covering the frequency

ranging from 1.3 to 29.7 GHz. As is well known, the rec-

tangular metal-plate monopole antenna is a wideband

metal-plate monopole antenna with the simplest structure

and a steady radiating pattern, but its impedance band-

width is only about 2 : 1 in the early period. In order to

realize the ultra-wideband properties, many methods have

been brought forward, such as using an offset feed, double

or three feeds, shortening post with beveling technique, etc.

P. V. Anob improved its impedance bandwidth to 6 : 1 by

changing the location of the feeding [9]. M. J. Ammann

widened the bandwidth to 10 : 1 (VSWR( 3) by combin-

ing the short post and beveling technique [10], as shown

in Fig. 2. Some designs, such as double or three feeds [11],

not only consumedly widen the impedance bandwidth, but

also improve the stability of radiation pattern. The ultra-

wideband metal-plate monopole antennas always need a

perpendicular metal ground plane.

3 UWB printed monopole antennas

The UWB printed monopole antenna consists of a mono-

pole patch and a ground plane, both printed on the same

or opposite side of a substrate, while a microstrip line or

coplanar waveguide (CPW) is located in the middle of the

ground plane to feed the monopole patch. Compared with

the ultra-wideband metal-plate monopole antenna, the

UWB printed monopole antenna does not need a perpen-

dicular ground plane. Therefore, it is of smaller volume

and is suitable for integrating with monolithic microwave

integrated circuits (MMIC). To broaden the bandwidth of

this kind of antennas, a number of monopole shapes have
been developed, such as heart-shape, U-shape, circular-

shape and elliptical-shape, etc. A circular printed mono-

pole antenna designed by J. Liang and L. Guo, as shown

in Fig. 3(a) [12], possesses a ratio impedance bandwidth of

S11(210 dB exceeding 5.3 : 1, with the frequency range

from 2.27 to 12 GHz or above. The UWB printed mono-

pole antenna designed by J. H. Jung [13], as shown in

Fig. 3(b), has a trapezium transition in the monopole
patch and a rectangle slot in its ground plane, equivalent

to adding a matching network between the patch and the

ground plane, thereby broadening the antenna bandwidth.

It covers the frequency range 3.1–11 GHz with a mere size

of 16 mm6 18 mm. A printed elliptical monopole

antenna designed by C. Y. Huang [14] also uses a rectan-

gular slot in the ground plane to widen the bandwidth.

The circular printed monopole antenna with an annulus,
as shown in Fig. 4, possesses S11(210 dB from 2.127 to

12 GHz [15]. All these designs are fed by a microstrip line.

In the meantime some printed monopole antennas fed by

CPWs have been developed too, as shown in Fig. 5 [16,17].

The ratio bandwidth of the aforementioned antennas are

mostly about 3–7 : 1. Based on the idea to plate the discone

antenna, our group has developed a new type of modified

printed monopole antennas with super-wide bandwidth,
as shown in Figs. 6(a) and 6(b), which consists of a mono-

pole patch and a trapeziform ground plane with a

Fig. 1 Evolution from biconical antenna to metal-plate monopole antenna

Fig. 2 Metal-plate monopole antenna with short post
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Fig. 3 Microstrip-fed printed monopole antennas

Fig. 4 Printed circular monopole antenna with an annulus

Fig. 5 Printed CPW-fed monopole antennas
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tapered CPW feeder in the middle, achieving an imped-

ance bandwidth ratio that exceeds 10 : 1 [18–21]. To have

wider bandwidth, we have changed the rectangular patch

to an elliptical patch and optimized the dimension, as

shown in Fig. 6(c) [22]. This antenna achieves a mea-

sured impedance bandwidth exceeding 21 : 1, covering

the frequency range from 0.41–8.86 GHz, with good

omni-directional radiation characteristics and gain, as

shown in Fig. 7.

4 UWB printed slot antennas

A kind of tapered slot antenna with planar structure,

which was called the Vivaldi antenna, was proposed by

P. J. Gibson [23] in 1979. This antenna has a wide band-

width and a medium gain, but as an end-fire antenna, its

longitudinal dimension is large. Its impedance band-

width is inherently limited by the microstrip-to-slotline

transition. A printed two-side-antipodal exponential

tapered slot antenna proposed by E. Gazit [24] has

resolved the transition problem, though with a relatively

higher cross-polarization level. Later, the balanced anti-

podal Vivaldi tapered slot antenna introduced by J. D. S.

Langley [25], as shown in Fig. 8(a), restrained the cross-

polarization to be less than 217 dB, with a ratio band-

width of 15 : 1, covering frequencies from 1.3–20 GHz.

Figure 8(b) is a dual tapered UWB design using coplanar

waveguide feeding [26].

In recent years, many researches have been engaged in

the printed wide-slot antenna and have realized the ultra-

widebnad property through a combination of changing

the slot shape and using different feeding structures.

Figure 9 shows two kinds of printed wide-slot antennas

with different feeding structures. In Fig. 9(a) the wide-slot

antenna is fed by a cross-shaped feeding with a cross-

shaped stub at the end instead of the common opened

microstrip feeder, which is equivalent to introducing a

Fig. 6 UWB printed monopole antennas with trapeziform ground plane

Fig. 7 Simulated and measured VSWR, radiation patterns and gain of the Fig. 6(c) antenna
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resonance circuit and hence resulting in an impedance

bandwidth of 98% [27]. The slot antenna fed by a fan-

shaped stub togather with a strip line proposed by our

lab, as shown in Fig. 9(b), has achieved a bandwidth

of 114% by optimizing the length of the stub and the

size of the fan-shape [28,29]. Figure 10 shows two

Fig. 8 Printed tapered slot antennas

Fig. 9 Microstrip-fed rectangular slot antennas

Fig. 10 U-shaped microstrip-fed printed slot antennas

140 Shunshi ZHONG, et al.



printed slot antennas using U-shaped microstrip feed-

ings. Figure 10(a) adds a rectanglar patch in the middle

of the rectanglar slot and connect it with the ground

plane to achieve a measured impedance bandwidth of

111% [30]. In Fig. 10(b), by adding a rectanglar copper

sheet in one side of the microstrip to adjust the port impe-

dance of the antenna, its impedance bandwidth extends to

135.7%, covering frequencies 2.3–12 GHz [31].

The printed wide-slot antenna also has been designed to

use various shapes of the guide strip terminal of its CPW

feeder to excite the slot, and accordingly obtain the broad-

ening of its impedance bandwidth. The antenna shown in

Fig. 11(a) achieves an impedance bandwidth about 114%
[32], whose CPW terminal is a rectanglar patch with a

concave gap. The elliptical slot antenna with an elliptical

patch as its feed, as shown in Fig. 11(b), widens the

impedance bandwidth to 175%, covering frequencies from

1.3 to 20 GHz or above with a ratio bandwidth of about

15 : 1 [33].

Another type of printed slot antenna is the printed bow-

tie slot antenna, as shown in Fig. 12, which has the virtue

of simple configuration, wider bandwidth, lower cross-

polarization level and higher gain.

Figure 12(a) was designed at our lab, which widens the

impedance bandwidth by using a linearly tapered slot at

the joint of the coplanar waveguide and the bow-tie slot

[34]. In Fig. 12(b) a small bow-tie slot is added under the

bow-tie slot antenna, and excited by the coupling of the

coplanar waveguide. In addition, a tapered coplanar

waveguide feeder is applied, so that the antenna achieves

an impedance bandwidth of 123% [35].

A comparison of the main performances of several

UWB planar antennas is listed in Table 1. It is noted that

UWB printed monopole antennas have dimensions close

to those of UWB plate monopole antennas, whereas with-

out a perpendicular metal ground plane. For example, a

printed elliptical monopole antenna with a trapezium

ground plane has the dimension of only 0.196 0.16 ll
2,

Fig. 11 CPW-fed printed wide-slot antennas

Fig. 12 CPW-fed bow-tie printed slot antennas
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where ll is the wavelength of the lowest operating fre-

quency, and an impedance bandwidth of 21.6 : 1. UWB

printed slot antennas possess a relatively higher gain com-

pared with the other two types of UWB antennas, and a

relatively larger size.

5 UWB band-notched planar antennas

To avoid interference between the UWB system and the

wireless local area network (WLAN) 802.11a system with

5.15 to 5.825 GHz frequency band, a band-notch filter in

the UWB system is needed. To avoid adding filters and

possible interference with existing WLAN systems, UWB

antennas with band-notched characteristics have been

developed. The sail-boat antenna, as shown in Fig. 13(a),

achieves UWB property by using an inverse taper planar

patch, and forms the band-notch function near the 5 GHz

frequency by cutting two slots in the patch, which pos-

sesses a bandwidth of 3–11 GHz for VSWR( 2 except

frequencies neighboring 5.2 GHz [36]. A UWB circular

disc monopole antenna designed by our lab, as shown in

Fig. 13(b), provides the band notched function by insert-

ing an arched slot in the circular monopole patch [37]. The

antenna of Fig. 14 achieves the wide bandwidth property

by using a step-shape taper in the pear-shape monopole

patch, thus forming the band-notch function by intro-

ducing two parasitic printed patches [38].

6 Conclusions

The recent progress in the development of UWB planar

antenna technology has been reviewed. Some types of

UWB metal-plate monopole antennas, UWB printed

monopole antennas and UWB printed slot antennas are

presented. The comparison results indicate that the UWB

printed monopole antennas can realize relatively smaller

dimensions, and that the UWB printed slot antennas can

achieve relatively higher gain. Finally, some realization

manners for the band-notch function of UWB printed

monopole antennas have been introduced. Along with

the wide application of the UWB technology, compact

UWB antennas will achieve further development.

Fig. 13 UWB printed monopole antennas with band-notch function

Table 1 Comparison of UWB planar antennas

No. antenna type bandwidth/GHz

(VSWR( 2)

ratio bandwidth

(VSWR( 2)

gain/dBi size/(ll
2)

1 trapezoidal metal plate monopole [ 6] 1.07–12.2 11.4 : 1 0.5–4.5 0.896 0.89*

2 planar inverted cone antenna [7] 1–10 10 : 1 0.3–8.6 0.256 0.25

3 fan-shaped plate monopole [8] 1.3–29.7 22.8 : 1 3–5 0.356 0.35

4 circular monopole with a trapeziform ground plane

[20]

0.79–9.16 11.6 : 1 0.8–4.1 0.376 0.24

5 rectangular monopole with a trapeziform ground

plane [21]

1.76–8.17 10.7 : 1 0.65–4.2 0.356 0.30

6 elliptical monopole with a trapeziform ground plane

[22]

0.41–8.86 21.6 : 1 0.4–4 0.196 0.16

7 tapered slot antenna [26] 1.3–20 15.4 : 1 3.2–9 0.436 0.32

8 printed elliptical slot antenna [33] 1.3–20 15.4 : 1 ----- 0.396 0.39

* Ground plane dimension

142 Shunshi ZHONG, et al.



Acknowledgements This work was supported by the National Natural
Science Foundation of China (Grant No. 60571053), Shanghai Leading
Academic Discipline Project (No. T0102).

References

1. Chen Z N, Wu X H, Li H F, et al. Considerations for source
pulses and antennas in UWB ratio systems. IEEE Trans-
actions on Antennas and Propagation, 2004, 52(7): 1739–1748

2. Schantz H. A brief history of UWB antennas. IEEEAerospace
and Electronic Systems Magazine, 2004, 19(4): 22–26

3. Rumsey V. Frequency Independent Antennas. New York:
Academic Press, 1966

4. Dubost G, Zisler S. Antennas a Large Bande, New York:
Masson, 1976: 128–129

5. Agrawall N P, Kumar G, Ray K P. Wide-band planar mono-
pole antennas. IEEE Transactions on Antennas and Propa-
gation, 1998, 46(2): 294–295

6. Evans J A, Ammann M J. Planar trapezoidal and pentagonal
monopoles with impedance bandwidths in excess of 10:1.
IEEE Antennas and Propagation Society International
Symposium, Orlando. 1999, 3: 1558–1561

7. Suh S Y, Stutaman W L, Davis W A. A new ultrawideband
printed monopole antenna: the planar inverted cone antenna
(PICA). IEEE Transactions on Antennas and Propagation,
2004, 52(5): 1361–1365

8. Bai X F, Zhong S S, Liang X L. Leaf-shaped monopole
antenna with extremely wide bandwidth. Microwave and
Optical Technology Letters, 2006, 48(7): 1247–1250

9. Anob P V, Ray K P, Kumar G. Wideband orthogonal square
monopole antennas with semi-circular base. IEEE Antennas
and Propagation Society International Symposium, Boston.
2001, 3: 294–297

10. Ammann M J, Chen Z N. A wide-band shorted planar mono-
pole with bevel. IEEE Transactions on Antennas and
Propagation, 2003, 51(4): 901–903

11. Antonino-Daviu E, Cabedo-Fabres M, Ferrando-Bataller M,
et al. Wideband double-fed planar monopole antennas.
Electronics Letters, 2003, 39(23): 1635–1636

12. Liang J, Guo L, Chiau C C, et al. CPW-fed circular disc mono-
pole antenna for UWB applications. IEEE International
Workshop on Antenna Technology: Small Antennas and
Novel Metamaterials, Singapore, 2005: 505–508

13. Jung J H, Choi W Y, Choi J H. A small wideband microstrip-
fed monopole antenna. IEEE Microwave and Wireless
Components Letters, 2005, 15(10): 703–705

14. Huang C Y, Hsia W C. Planar elliptical antenna for ultra-
wideband communications. Electronics Letters, 2005, 41(6):
296–297

15. Kang Y C, Chiu C N, Deng S M. A new planar circular disc-
and-ring monopole antenna for UMTS/UWB dual-network
applications. Microwave and Optical Technology Letters,
2006, 48(12): 2396–2399

16. Fortino N, Kossiavas G, Dauvignac J Y, et al. Novel antennas
for ultra-wideband communications. Microwave and Optical
Technology Letters, 2004, 41(3): 166–169

17. Chen W S, Wu S C, Yang K N. A study of the printed heart
monopole antenna for IEEE 802.16a/UWB applications. IEEE
Antennas and Propagation Society International Symposium,
Albuquerque, New Mexico. 2006: 1685–1688

18. Liang X L, Zhong S S, Wang W et al. Printed annular mono-
pole antenna for ultra-wideband applications. Electronics
Letters, 2006, 42(2): 71–72

19. Bai X F, Zhong S S, Liang X L. UWB printed antenna with a
wing-shaped ground plate. Journal of Shanghai University
(Natural Science Edition), 2006, 12(2): 125–128 (in Chinese)

20. Zhong S S, Liang X L, Yao F W, et al. Ultra-wideband
printed antennas for communication applications. Journal of
Shanghai University (English Edition), 2006, 10(1): 48–52

21. Liang X L, Zhong S S, Wang W. Tapered CPW-fed printed
monopole antenna. Microwave and Optical Technology
Letters, 2006, 48(7): 1242–1244

22. Zhong S S, Liang X L, WangW. Compact elliptical monopole
antenna with impedance bandwidth in excess of 21 : 1. IEEE
Transactions on Antennas and Propagation, 2007, 55(11)
(Part 1): 3082–3085

23. Gibson P J. The Vivaldi aerial. In: Proceedings of the 9th
European Microwave Conference, Brighton. 1979: 101–105

24. Gazit E. Improveddesign of theVivaldi antenna. In: Proceedings
of Institute of Electrical Enginerring. 1988, 135(2): 89–92

25. Langley J D S, Hall P S. Newham P. Novel ultra-wide-band-
width Vivaldi antenna and low crosspolarisation.Electronics
Letters, 1993, 29(23): 2004–2005

26. Kim Y, Kwon D H. CPW-fed right-angled dual tapered notch
antenna for ultra-wideband communication. Electronics
Letters, 2005, 41(12): 674–675

27. Jang Y W. Broadband cross-shaped microstrip-fed slot
antenna. Electronics Letters, 2000, 36(25): 2056–2057

Fig. 14 UWB printed monopole antenna with two parasitic patches

UWB planar antenna technology 143



28. Yao F W, Zhong S S. A new broadband slot antenna with
a fan-shaped microstrip feed. Chinese Journal of Radio
Science, 2005, 20(5): 675–677 (in Chinese)

29. Yao F W, Zhong S S, Wang W, et al. Wideband slot antenna
with a novel microstrip feed. Microwave and Optical
Technology Letters, 2005, 46(3): 275–278

30. Sadat S, Fardis M, Geran F, et al. A compact microstrip
square-ring slot antenna for UWB applications. IEEE
Antennas and Propagation Society International Sym-
posium. Albuquerque, Mew Mexico, 2006: 4629–4632

31. Chang D C, Liu J C, Liu M Y. Improved U-shaped stub
rectangular slot antenna with tuning pad for UWB applica-
tions. Electronics Letters, 2005, 41(20): 1095–1097

32. Hsu S H, Chang K. Ultra-thin CPW-fed rectangular slot
antenna for UWB applications. IEEE Antennas and
Propagation Society International Symposium, Albuquerque,
Mew Mexico. 2006: 2587–2590

33. Angelopoulos E S, Anastopoulos A Z, Kaklamani D I, et al.
Circular and elliptical CPW-fed slot and microstrip-fed anten-
nas for ultra-wideband applications. IEEE Antennas and
Wireless Propagation Letters, 2006, 5: 294–297

34. Niu J W, Zhong S S. A CPW-fed broadband slot antenna with
linear taper. Microwave and Optical Technology Letters,
2004, 41(3): 218–221

35. Angelopoulos E S, Anastopoulos A Z, Githonas C E, et al. A
modified bow-tie slot antenna fed by a CPW-to-CPW trans-
ition loaded with inductively coupled slots for ultrawide-band
applications. IEEE International Workshop on Antenna
Technology: Small Antennas and Novel Metamaterials.
Singapore, 2005: 513–516

36. Suh S Y, Stutzman W L, Davis W A, et al. A UWB antenna
with a stop-band notch in the 5 GHz WLAN band. IEEE/
ACES International Conference on Wireless Communi-
cations and Applied Computational Electromagnetics, 2005:
203–207

37. Qu X A, Zhong S S, Wang W. Study of the band-notch
function for a UWB circular disc monopole antenna.
Microwave and Optical Technology Letters, 2006, 48(8):
1667–1670

38. Kim K H, Cho Y J, Hwang S H, et al. Band-notched UWB
planar monopole antenna with two parasitic patches. Elec-
tronics Letters, 2005, 41(14): 783–785

144 Shunshi ZHONG, et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


