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A Compact Metamaterial Quad-band Antenna Based on Asymmetric
E-CRLH Unit Cell

Hien Ba Chu and Hiroshi Shirai*

Abstract—In this paper, a compact metamaterial quad-band antenna is presented. The antenna is
designed from a unit cell of asymmetric extended-composite right/left handed transmission line (E-
CRLH TL) as the main resonator part and a 50 Ω coplanar waveguide (CPW) as the feeding part. The
design concept and resonant frequencies are analyzed and discussed. The results show that the proposed
antenna exhibits four frequency bands covering GSM810, WLAN 2.45/5.5 GHz and WiMAX 3.5 GHz
bands. The overall size of the fabricated antenna is only 57.2mm× 31.2mm× 1.6 mm and is very small
compared with other proposed quad-band antennas. In addition, a good agreement can be seen among
the estimated resonant frequencies, HFSS simulated and measured results.

1. INTRODUCTION

Nowadays, the development of modern wireless communication systems requires compact devices to
work at different standards. It leads to the necessity of designing small antennas with multiband
operation [1]. Many studies on dual- and tri-band antennas have been reported while quad-band
antennas are seldom proposed. Compared with dual- and tri-band antennas, quad-band antennas
are more desirable for reducing the fabrication cost. Some types of quad-band antennas have been
designed by using conventional methods such as a monopole antenna [2], slot antennas [3–6], a fractal
antenna [7], a pentangle-loop antenna [8], and a Hilbert shaped antenna [9]. However, they still
have large size corresponding to the wavelength at their operating frequencies. Other more compact
techniques have also been presented in the literature based on parasitic elements [10], loops [11], and
matching networks [12].

Metamaterials provide a conceptual way to reduce the size of antennas for satisfying the
requirements of modern wireless communication systems. With metamaterial transmission line
approach, composite right/left handed transmission line (CRLH TL) and dual-composite right/left
handed transmission line (D-CRLH TL) were introduced in 2006 [13, 14]. These transmission lines have
been employed to design many compact dual- and tri-band antennas for wireless communications [15–
19]. In order to get more interesting properties, extended-composite right/left handed transmission line
(E-CRLH TL) has been developed [20]. This TL is also known as a generalized negative refraction
index transmission line (NRI-TL) [21].

Few antennas based on E-CRLH TL and NRI-TL were proposed up to now. A dual-band leaky
wave antenna comprising 10 NRI-TL unit cells is simulated in [22]. Another dual-band leaky wave
antenna is designed from 10 E-CRLH unit cells in [23]. These leaky wave antennas are used in specific
radar applications for their capability of beam scanning and high directivity. Ref. [24] presents a dual-
band antenna based on a modified asymmetric NRI-TL unit cell. This antenna has a compact size but
exhibits a very low gain at the operating frequencies. More recently, a multiband antenna based on one
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asymmetric E-CRLH unit cell is designed for quad-band [25]. However, the resonant frequencies have
not been analyzed yet.

The E-CRLH TL exhibits two RH and two LH bands. In our previous investigation [26], symmetric
E-CRLH TL can be applied to quad-, dual-, and tri-band applications by selecting cutoff frequencies of
the dispersion diagram in unbalanced, balanced, and mixed cases, respectively. In this paper, the design
scheme is now extended to be applied to asymmetric cases. By carefully choosing L-C lumped circuit
elements, one can analyze resonant frequencies of E-CRLH antennas. In order to show the realizability
of this design, a quad-band antenna has been made from a unit cell of asymmetric E-CRLH TL on a
co-planar printed circuit board. The proposed antenna in this paper has a compact size compared with
the previously proposed quad-band antennas. In the following Section 2, basic antenna design concept
is explained analytically first, and S11 simulated result is discussed. The antenna is fabricated, and its
performance is presented in Section 3. Finally, conclusions are made in Section 4.

2. ANTENNA ANALYSIS AND DESIGN

The equivalent circuit of an asymmetric E-CRLH unit cell is shown in Fig. 1. In the horizontal branch, a
series L1-C1 resonator connects in series with a parallel L2-C2 resonator. The vertical branch contains a
parallel L3-C3 resonator in shunt with a series L4-C4 resonator. Impedance Zh of the horizontal branch
and admittance Yv of the vertical branch are given respectively by
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Figure 1. Equivalent circuit of an asymmetric
E-CRLH unit cell.
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By applying the periodic boundary conditions related with Bloch-Floquet theorem [27] to the
asymmetric unit cell, the dispersion relation is obtained as

cos(βd) = 1 +
ZhYv

2
, (8)

where β is the propagation constant for the Bloch waves, and d is the length of the unit cell. To realize
an antenna based on E-CRLH resonators in general N unit cells, the following resonant condition should
be applied:

βdN = nπ, (9)

where the resonant modal index n can be positive integers for RH bands, zero and negative integers for
LH bands. Therefore, one may calculate the resonant frequencies of an antenna based on N -asymmetric
E-CRLH unit cell as:
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2
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)
= 0, n = 0,±1,±2, . . . ,±N, (10)

which is a fourth order equation with respect to ω2. Since the proposed antenna has been built from
one unit cell (N = 1), possible resonant frequencies are calculated for even integer n from(
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In our previous paper [26], new closed-form solutions have been presented to determine the L-C
lumped circuit elements from cutoff frequencies of the desired dispersion diagram for a symmetric E-
CRLH unit cell in Fig. 2. In this paper, an asymmetric E-CRLH unit cell in Fig. 1 is chosen to design
the antenna because of smaller configuration than a symmetric E-CRLH unit cell. Closed-form solutions
can still be derived for the asymmetric E-CRLH unit cell by setting
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Figure 3. The configuration of the proposed antenna.
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These settings lead to ZhYv/2 = Z ′
hY ′

v , then one gets the same dispersion diagram between asymmetric
and symmetric E-CRLH unit cells.

Configuration of the proposed antenna has been built from one asymmetric E-CRLH unit cell in
Fig. 3. A CPW configuration with an FR4 substrate with dielectric constant εr = 4.4, tan δ = 0.02,
1.6 mm substrate thickness and 35 µm copper layer thickness is used in this study. As can be seen from
this figure, the antenna structure can be expressed by lumped elements. Capacitors C1, C2, C3 and
C4 are formed by interdigital capacitors while inductors L1, L2, L3 and L4 are realized by meander
strip lines. Dimensions of the proposed antenna are shown in Table 1. Design equations to calculate
the capacitance value of interdigital capacitors and inductance value of the meander strip lines can be
found in [28]. Then we get L1 = 25.9 nH, C1 = 2.62 pF, L2 = 22.3 nH, C2 = 1.93 pF, L3 = 8.36 nH,
C3 = 0.36 pF, L4 = 12.0 nH, C4 = 0.12 pF. Using Eq. (8), a dispersion diagram of the proposed
asymmetric E-CRLH unit cell is plotted in Fig. 4. The dispersion diagram is in an unbalance case with
two RH and two LH bands.

One may use the dispersion diagram to determine which resonant modal index n corresponds to
resonant frequencies of the proposed antenna. Possible resonant frequencies of the proposed antenna
are calculated from Eq. (11) for n = 0 as 0.41 GHz, 1.14 GHz, 2.38 GHz and 5.12 GHz. This corresponds
to βd = 0 in the dispersion diagram. Other possible resonant frequencies of the proposed antennas can
be obtained from Eq. (12) and βd = π in the dispersion diagram as (3.29 GHz, 5.69 GHz) for n = +1,
and (0.32 GHz, 0.92 GHz) for n = −1.

Table 1. The dimensions of the proposed antenna.

Parameter Dimension Parameter Dimension Parameter Dimension Parameter Dimension

l 57.2 mm sC2 0.2 mm wL2 0.2 mm lC4 1.5 mm
w 31.2 mm lL1 8.8 mm hL2 4.0 mm wC4 0.4 mm
lf 9.0 mm wL1 0.4 mm lC3 2.0 mm sC4 0.2 mm
lC1 8.0 mm sL1 0.4 mm wC3 0.4 mm lL4 2.6 mm
sC1 0.3 mm lC2 8.0 mm sC3 0.2 mm wL4 0.3 mm
wC1 0.3 mm wC2 0.3 mm lL3 4.3 mm wL3 0.4 mm
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Figure 4. Dispersion diagram of the proposed
asymmetric E-CRLH unit cell.
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Simulated return loss of the proposed antenna from 0.1 GHz to 6 GHz is presented in Fig. 5.
Resonant frequencies of the antenna are simulated to be 0.38 GHz, 0.81 GHz, 1.05 GHz, 2.43 GHz,
3.32 GHz, 5.20 GHz and 5.45 GHz. These simulated results resemble theoretical calculations. It is
noticed that 7 resonance frequencies are appeared while one theoretically predicted resonant frequency
0.32 GHz of n = −1 mode is not observed. The difference between simulation and theoretical calculation
may come from parasitic effects by the mutual coupling between elements in the circuit. With S11 smaller
than −6 dB, the proposed antenna exhibits four frequency bands: 0.773–0.836 GHz, 2.35–2.55 GHz,
3.05–3.71 GHz and 4.88–5.81 GHz. These frequency bands cover four standard bands including GSM810,
WLAN 2.45/5.5 GHz and WiMAX 3.5 GHz bands. Fractional bandwidth of the antenna is found to
be 7.78% for the first (0.81 GHz) band, 8.16% for the second (2.45 GHz) band, 18.86% for the third
(3.5 GHz) band and 16.91% for the fourth (5.5 GHz) band.

3. FABRICATION, MEASUREMENT RESULTS AND DISCUSSIONS

A photograph of the fabricated antenna is shown in Fig. 6. Fig. 7 presents the measured return loss S11

of the antenna from 0.5 to 6 GHz. Measurements are executed by Agilent E8361A network analyzer in
an anechoic chamber and compared with the corresponding HFSS simulated results.

The first band (GSM810) and second band (WLAN 2.45 GHz) have been shifted by 50 MHz and
120 MHz, respectively. At the third band (WiMAX 3.5 GHz) and fourth band (WLAN 5.5 GHz), the
measured bandwidth is slightly wider than the simulated bandwidth. The normalized radiation patterns
of the antenna at different frequencies are shown in Fig. 8. As can be seen from Figs. 8(a) and (b), the
measured radiation patterns at 0.81 GHz and 2.45 GHz are not so good to compared with simulated ones
as a result of shifting of the resonant frequency of GSM810 and WLAN 2.45 GHz bands. Nevertheless,
the measured radiation patterns at these frequencies show omnidirectional radiation patterns which
are suitable for wireless communications. At WiMAX 3.5 GHz and WLAN 5.5 GHz bands, a better
agreement can be observed between measured radiation patterns and the simulated ones at 3.5 GHz and
5.5 GHz in Figs. 8(c) and (d). The shifting frequency in S11 and the difference between simulated and
measured radiation patterns may come from unstable FR4 substrate parameters and the manufacturing
tolerance of antenna dimensions. In addition, the SMA connector also affects the measured results
because of connection loss between the board and SMA connector. Gains of the proposed antenna are
estimated as 3.66 dBi at 5.5 GHz, 1.46 dBi at 3.5 GHz, −1.31 dBi at 2.45 GHz and −8.12 dBi at 0.81 GHz.
Due to the compact size, gains of the antenna are quite low at low frequencies.

Table 2 summarizes recently reported works about quad-band antennas including our design. Our
quad-band antenna has an electrical size 0.15λ0 × 0.08λ0 at the center frequency (0.805 GHz) of the

Figure 6. Fabricated antenna. Figure 7. S11 characteristics of the fabricated
antenna.
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lowest band (GSM810), and its size is very small compared with other antennas [2–9] designed by
conventional methods. Although that in [25] has been made from an E-CRLH unit cell, our antenna
can be designed by roughly one half size. The antenna in [29] has a similar electrical size to the proposed

(a)

(b)

(c)

(d)

Figure 8. Normalized radiation patterns at different frequencies. (a) 0.81 GHz, (b) 2.45 GHz, (c)
3.5 GHz, (d) 5.5 GHz.
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Table 2. The comparison with the previously proposed quad-band antennas.

Ref.

Year

Size

[mm × mm]

Electrical size

by lowest band

Operating

bands [GHz]

Gain

[dBi]

Substrate,

parameters

Design

methods

Ours

2017
57.2 × 31.2

0.15λ0 × 0.08λ0,

λ0 = 373 mm

0.773–0.836,

2.35–2.55,

3.05–3.71, 4.88–5.81

−8.12,

−1.31,

1.46, 3.66

FR4 substrate,

εr = 4.4,

tan δ = 0.02,

h = 1.6mm.

E-CRLH

unit cell,

CPW.

[25]

2017
64 × 56

0.19λ0 × 0.17λ0,

λ0 = 338 mm

0.862–0.912,

1.75–2.69,

3.40–3.69, 4.4–6.0

−3.38,

1.5,

1.6, 3.8

Rogers 5880,

εr = 2.2,

tan δ = 0.0009,

h = 1.575 mm.

E-CRLH

unit cell,

Microstrip line.

[4]

2015
56 × 44

0.30λ0 × 0.24λ0,

λ0 = 185 mm

1.575–1.665,

2.4–2.545,

3.27–3.97, 5.17–5.93

3.55,

3.93,

5.02, 4.86

εr = 3.5,

tan δ = 0.004,

h = 0.8mm.

T-shaped stubs,

E-shaped stubs,

Microstrip line.

[8]

2015
90 × 60

0.32λ0 × 0.21λ0,

λ0 = 280 mm

0.94–1.20, 2.23–2.43,

3.58–3.74, 4.93–5.29

5.47, 5.88,

1.97, 3.56

Flexible Rogers 5880,

εr = 2.2,

tan δ = 0.0009,

h = 0.127 mm.

Pentangle-loop

radiator,

CPW.

[29]

2013
31 × 21

0.13λ0 × 0.09λ0,

λ0 = 236 mm

1.25–1.28, 2.44–2.73,

3.17–3.82, 5.03–6.16

−4.88,

2.82,

1.84, 1.78

FR4 substrate,

εr = 4.4,

tan δ = 0.02,

h = 2.0mm.

CRLH unit

cell, Meander

monopole, CPW.

[5]

2012
42 × 36

0.23λ0 × 0.19λ0,

λ0 = 185 mm

1.54–1.70, 2.38–2.76,

3.20–3.77, 5.12–6.25

1.84, 1.81,

2.03, 2.80

FR4 substrate,

εr = 4.4,

h = 1.0mm.

Wide slots,

Microstrip

line.

[6]

2012
25 × 20

0.20λ0 × 0.16λ0,

λ0 = 124 mm

2.07–2.77, 3.30–3.80,

5.15–5.35, 5.70–5.89

2.6, 2.0,

3.2, 2.9

FR4 substrate,

εr=4.4,

h = 1.6mm.

L-shaped

slot, Rectangular

slot, CPW.

[3]

2011
60 × 53

0.32λ0 × 0.28λ0,

λ0 = 190 mm

1.525–1.625,

2.332–2.495,

3.42–3.7, 5.05–5.94

−1.0,

3.25,

2.0, 4.5

FR4 substrate,

εr = 2.7,

tan δ = 0.02,

h = 0.8mm.

Circular slots,

Concave slot,

Microstrip line.

[2]

2011
30 × 30

0.14λ0 × 0.14λ0,

λ0 = 218 mm

1.17–1.58, 2.4–2.70,

3.40–3.69, 4.70–5.50

0.51, 1.41,

2.68, 2.98

FR4 substrate,

εr = 4.4,

tan δ = 0.02,

h = 1.6mm.

Invert-C slots,

Invert-F strips,

Microstrip line.

[7]

2011
86 × 62

0.26λ0 × 0.19λ0,

λ0 = 335 mm

0.86–0.93, 1.69–1.73,

2.18–2.23, 2.67–2.73
1.0 ∼ 4.0

FR4 substrate,

εr = 4.7,

h = 0.78 mm.

Rectangular

fractal,

Microstrip line.

[9]

2009
52 × 49

0.15λ0 × 0.14λ0,

λ0 = 345 mm

0.868–0.870,

1.225–1.227,

1.71–1.99, 2.40–2.48

N/A

Arlon substrate,

εr = 3.38,

tan δ = 0.002,

h = 0.8mm.

Hilbert

shapes,

Microstrip line.

antenna, but that design used a thicker FR4 substrate.
It is found that the proposed antenna has low gain for low frequency bands. This characteristic

is typical for electrically small antennas. At higher frequencies, gains of the antenna are enhanced and
comparable with previous quad-band antennas. In addition, the proposed antenna has a better gain
at low frequencies than the reported dual-band NRI-TL antenna (−17 dBi at 0.9 GHz and −8 dBi at
2.4 GHz) in [24].
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4. CONCLUSION

A compact quad-antenna has been designed from one E-CRLH TL unit cell. Resonant frequencies of
the proposed antennas have been predicted from theoretical L-C lumped elements and compared with
simulated values as well as measured ones. Furthermore, the proposed antenna shows advantages of
small size, omnidirectional radiation characteristics, and easy fabrication of single copper layer on a
low cost FR4 substrate. The antenna has acceptable gain except at 0.773–0.836 GHz which should be
improved and is under investigation. Basically, the antenna is a candidate for wireless communications.

ACKNOWLEDGMENT

A part of this work has been supported by JSPS KAKENHI Grant Numbers, JP15K06083.

REFERENCES

1. Anguera, J., A. Andujar, M. C. Huynh, C. Orlenius, C. Picher, and C. Puente, “Advances
in antenna technology for wireless handheld devices,” International Journal on Antennas and
Propagation, Vol. 2013, Article ID 838364, 2013.

2. Lin, C. P., C. H. Chang, and C. F. Jou, “Compact quad-band monopole antenna,” Microwave and
Optical Technology Letters, Vol. 53, No. 6, 1272–1276, Jun. 2011.

3. Sun, X., G. Zeng, H. C. Yang, Y. Li, X. J. Liao, and L. Wang, “Design of an edge-fed quad-band slot
antenna for GPS/WiMAX/WLAN applications,” Progress In Electromagnetics Research Letters,
Vol. 28, 111–120, 2011.

4. Cao, Y. F., S. W. Cheung, and T. I. Yuk, “A multiband slot antenna for GPS/WiMAX/WLAN
systems,” IEEE Transactions on Antennas and Propagation, Vol. 63, No. 3, 952–958, Mar. 2015.

5. Xiong, L., P. Gao, and P. J. Tang, “Quad-band rectangular wide-slot antenna for
GPS/WiMAX/WLAN applications,” Progress In Electromagnetics Research C , Vol. 30, 201–2011,
2012.

6. Sun, X., G. Zeng, H. C. Yang, and Y. Li, “A compact quad-band CPW-Fed slot antenna for M-
WiMAX/WLAN applications,” IEEE Antennas and Wireless Propagation Letters, Vol. 11, 395–
398, Apr. 2012.

7. Aziz, R. S., M. A. S. Alkanhal, and A. F. A. Sheta, “Multiband fractal-like antennas,” Progress In
Electromagnetics Research B , Vol. 29, 339–354, 2011.

8. Liu, H., P. Wen, S. Zhu, B. Ren, X. Guan and H. Yu, “Quad-band CPW-fed monopole antenna
based on flexible pentangle-loop radiator,” IEEE Antennas and Wireless Propagation Letters,
Vol. 14, 1373–1376, Feb. 2015.

9. Azaro, R., F. Viani, L. Lizzi, E. Zeni, and A. Massa, “A monopolar quad-band antenna based on a
Hilbert self-affine prefractal geometry,” IEEE Antennas and Wireless Propagation Letters, Vol. 8,
177–180, Apr. 2009.

10. Risco, S., J. Anguera, A. Andujar, A. Perez, and C. Puente, “Coupled monopole antenna design for
multiband handset devices,” Microwave and Optical Technology Letters, Vol. 52, No. 10, 359–364,
Feb. 2010.

11. Xu, H., H. Wang, S. Gao, H. Zhou, Y. Huang, Q. Xu, and Y. Cheng, “A compact and low-profile
loop antenna with six resonant modes for LTE smartphone,” IEEE Transactions on Antennas and
Propagation, Vol. 64, No. 9, 3743–3751, Sep. 2016.

12. Anguera, J., C. Picher, A. Bujalance, and A. Andujar, “Ground plane booster antenna technology
for smartphones and tablets,” Microwave and Optical Technology Letters, Vol. 58, No. 6, 1289–1294,
Jun. 2016.

13. Caloz, C. and T. Itoh, Electromagnetic Metamaterials Transmission Line Theory and Microwave
Applications, John Wiley & Sons, 2006.

14. Caloz, C., “Dual composite right/left-handed (D-CRLH) transmission line metamaterial,” IEEE
Microwave and Wireless Components Letters, Vol. 16, No. 11, 585–587, Nov. 2006.



Progress In Electromagnetics Research C, Vol. 81, 2018 179

15. Lee, W. H., A. Gummalla, and M. Achour, “Small antennas based on CRLH structures: Concept,
design, and applications,” IEEE Antennas and Propagation Magazine, Vol. 53, No. 2, 11–25,
Apr. 2011.

16. Li, L., J. Zhen, F. Huo, and W. Han, “A novel compact multiband antenna employing dual-band
CRLH-TL for smart mobile phone application,” IEEE Antennas and Wireless Propagation Letters,
Vol. 12, 1688–1691, Dec. 2013.

17. Ibrahim, A. A., A. M. E. Sfwat, and H. El-Hennawy, “Triple-band microstrip-fed monopole antenna
loaded with CRLH unit cell,” IEEE Antennas and Wireless Propagation Letter , Vol. 10, 1547–1550,
Dec. 2011.

18. Ryu, Y. H., J. H. Park, J. H. Lee, and H. S. Tae, “Multiband antenna using +1, −1, and 0
resonant mode of DGS dual composite right left handed transmission line,” Microwave and Optical
Technology Letters, Vol. 51, No. 10, 2485–2488, Oct. 2009.

19. Quang, H. N. and H. Shirai, “A compact tri-band metamaterial antenna for WLAN and WiMAX
applications,” Proc. of International Conference on Electromagnetics in Advanced Applications,
133–136, Sep. 2015.

20. Rennings, A., S. Otto, J. Mosig, C. Caloz, and I. Wolff, “Extended composite right/left-handed
(E-CRLH) metamaterial and its application as quadband quarter-wavelength transmission line,”
Proc. of Asia-Pacific Microwave Conference, 1405–1408, Dec. 2006.

21. Eleftheriades, G. V., “A generalized negative refractive index transmission line (NRL-TL)
metamaterial for dual-band and quad-band applications,” IEEE Microwave and Wireless
Component Letters, Vol. 17, No. 6, 415–417, Jun. 2007.

22. Ryan, C. G. M. and G. V. Eleftheriades, “A dual-band leaky-wave antenna based on generalized
negative-refractive-index transmission-lines,” Proc. of IEEE International Symposium on Antennas
and Propagation, 1–4, Jul. 2010.

23. Duran-Sindreu, M., J. Choi, J. Bonache, F. Martin, and T. Itoh, “Dual-band leaky wave antenna
with filtering capability based on extended-composite right/left-handed transmission lines,” Proc.
of IEEE MTT-S International Microwave Symposium Digest , Jun. 2013.

24. Abdalla, M. A. and M. A. Fouad, “CPW dual-band antenna based on asymmetric generalized
metamaterial π NRI transmission line for ultra compact applications,” Progress In Electromagnetics
Research C , Vol. 62, 99–107, 2016.

25. Gao, X., T. J. Jackson, and P. Gardner, “Multiband open-ended resonant antenna based on one
ECRLH unit cell structure,” IEEE Antennas and Wireless Propagation Letters, Vol. 16, 1273–1276,
May 2017.

26. Chu, H. B. and H. Shirai, “Analysis and design of E-CRLH TL characteristics with new closed-form
solutions,” Progress In Electromagnetics Research C , Vol. 68, 163–178, 2016.

27. Pozar, D. M., Microwave Engineering , John Wiley & Sons, 2012.
28. Booket, M. R., M. Veysi, Z. Atlasbaf, and A. Jafargholi, “Ungrounded composite right-/left-handed

metamaterials: Design, synthesis and applications,” IET Microwaves, Antennas and Propagation,
Vol. 6, No. 11, 1259–1268, May 2012.

29. Shu, P. L. and Q. I. Feng, “Design of a compact quad-band hybrid antenna for
COMPASS/WiMAX/WLAN applications,” Progress In Electromagnetics Research, Vol. 138, 585–
598, 2013.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


