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A Novel High-Gain Tetrahedron Origami
Syed Imran Hussain Shah, Dongju Lee, Manos M. Tentzeris, Fellow, IEEE, and Sungjoon Lim, Member, IEEE

Abstract—In this letter, a novel high-gain tetrahedron origami
antenna is introduced. The antenna comprises a triangular-shaped
monopole, a reflector, and two parasitic strip directors on a paper
substrate. The directors and the reflector are employed to increase
the antenna gain. The step-by-step origami folding procedure is
presented in detail. The proposed design of antenna is verified
by both simulations and measurements with a fabricated proto-
type. The antenna exhibits a 10-dB impedance bandwidth of 66%
(2–4 GHz) and a peak gain of 9.5 dBi at 2.6 GHz.

Index Terms—Directional antenna, director, high-gain antenna,
origami antenna, tetrahedron.

I. INTRODUCTION

ORIGAMI is a Japanese word meaning “paper folding.”
The associated concept has been used in many areas

such as biochemistry, robotics, energy harvesting, architecture,
medical devices, and spaceborne applications [1]. Its folding
and unfolding capabilities can present significant advantages in
electromagnetic (EM) applications. For instance, multifunction-
ality can be achieved by folding and unfolding while reducing
payload costs and overall volume [2]. Easy and fast designing
procedures are additional benefits of origami antennas.

Very few examples of antennas and RF circuits designed
with the origami concept can be found in the literature. One of
them is a 3-D origami antenna designed in an accordion shape,
proposed in [3]. Different ways of folding and unfolding opera-
tions can change the height of the antenna, and thus reconfigure
its frequency characteristics. In [4], a frequency- and mode-
reconfigurable quadrifilar helical origami antenna is presented.
In [5], an origami antenna is designed based on an origami spring
structure and the antenna. The antenna height is controlled by
pressing the spring base. In [6], an origami Yagi antenna is de-
signed for spaceborne applications, but the antenna can only be
folded using a servo motor. One of the well-known approaches
to obtain a relatively higher gain is the use of antenna arrays, in
which a number of antennas are appropriately arranged.

A common drawback of this technique is the associated level
of losses in the resulting complicated feed network [7]. In [8], a
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Fig. 1. Geometry of tetrahedron origami antenna: L1 = 31, L2 = 32, L3 =
20, Ld = 36, Wd = 3.8, D1 = 38.5, D2 = 20.5, D3 = 6, Lr = 193, Lg =
193 (units: millimeters).

high-gain antenna is implemented with a stub-loaded monopole
that features the large length of 100 mm over an infinite ground.
In [9], a high-gain antenna is obtained with a combination of
a substrate integrated waveguide (SIW) and metamaterial tech-
nologies. An artificial magnetic conductor is used for gain en-
hancement in [10]. In [11], a high-gain antenna is presented,
which uses stacked rings based on low-temperature cofired
ceramic (LTCC) multilayer technology. Metal-stacked rings are
used as directors to increase the antenna gain. Complementary
electromagnetic band-gap (EBG) structures have also been used
to improve the gain of antennas [12], with EBG geometries of
square and circular shapes being implemented with and without
vias. In [13], a high-gain antenna is realized by using frequency
selective reflectors (FSRs). The FSRs are installed at a height
of 49.6 mm on the large size ground plane. In [14], a high-gain
quasi-Yagi antenna is designed by using a parabolic reflector.

In this letter, a high-gain tetrahedron origami antenna is pre-
sented. The proposed antenna has high gain, a significantly more
wideband (66%) impedance bandwidth, and low cost, is sim-
ple, and can be easily fabricated using fast manufacturing tech-
nologies. The presented antenna consists of a triangular-shaped
monopole, a reflector, and two parasitic strip directors. Two
directors and a reflector play an important role to increase an-
tenna’s gain. A detailed step-by-step origami folding procedure
for the proposed antenna—which covers the 2–4-GHz frequency
range, with a measured peak gain of 9.5 dBi—is presented.

II. ORIGAMI ANTENNA DESIGN

For proof-of-concept purposes, the proposed antenna is
designed on a paper substrate in an origami tetrahedron shape,
as presented in Fig. 1. It consists of a triangular-shaped
monopole (the driven element), a reflector, and two directors.
The triangular shape of the driven element and the position
of the directors are chosen to connect the axis of the driven
element and directors and to separate the directors by a certain
distance from the reflector.

1536-1225 © 2016 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
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Fig. 2. Origami setup. (a) Four paper sheets. (b) Step 1a: folding and unfolding
along AA′. (c) Step 1b: folding and unfolding along BB′. (d) Step 1c: folding
and unfolding along CC′ and DD′. (e) Creased sheet. (f) Step 1d: folding for
complete star. (g) Step 3a: joining stars #1 and #2. (h) Step 3b: joining star
#3. (i) Three joined stars #1, #2, and #3. (j) After joining star #4. (k) Antenna
prototype top view. (k) Antenna prototype front view, side view, and back view.

The origami antenna design and folding process can be di-
vided in several steps, as presented in Fig. 2. First, four different
square paper sheets with the same area (270 × 270 mm2) and a
thickness of 0.25 mm are taken. These paper sheets are labeled
I–IV. Second, sheet I is selected as the substrate for the driven
triangular patch realized with a copper film tape, as well as
for the two antenna directors realized with two similar copper
strips with dimensions of 36 × 3.8 mm2. A 135 × 135-mm2

copper film tape is attached on a quarter-section of sheet I (top
right, next to the top left quarter including the driven antenna
and the director elements) to serve as the reflector for the an-
tenna. The conductivity of copper film is 4.4 × 105 S/m [15],
which is lower than the conductivity of regular copper, which is
5.96 × 107 S/m [16].

As a first step, P-I in Fig. 2(a) is marked with the segments
AA′, BB′, CC′, DD′, and the center point O; CC′ and DD′ are
diagonals; AA′ and BB′ are the horizontal and vertical median
lines. In step 1a, P-I is folded and unfolded across AA′, as
shown in Fig. 2(b). This creates a crease dividing the paper to
two half-sections. In step 1b, the sheet is folded and unfolded
along BB′ to add a second crease; the two creases now divide
the square sheet into quarters. In step 1c, the sheet is folded and
unfolded across CC′ and DD′, as represented by the dotted lines
in Fig. 2(d). These steps do therefore create creases dividing
the paper sheet into eight triangular sections, as presented in
Fig. 2(e). Folding A and A′ toward B and B′ (step 1d), P-I
becomes star-shaped, and its four arms are indicated as 1-N
(north), 1-S (south), 1-E (east), and 1-W (west) as shown
in Fig. 2(f).

In a second step, P-II, P-III, and P-IV in Fig. 1(a) are utilized.
Two copper films with different dimensions (270 × 135 mm2

and 135 × 135 mm2) are attached to one half-section of P-II and

Fig. 3. Simulated reflection coefficients at different (a) L1 and (b) L3 .

a quarter-section of P-III, respectively, to serve as the reflector
in the final antenna design. Steps 1a–d are then repeated with
P-II, P-III, and P-IV, resulting in three additional stars. At the
end of step 2, we will therefore have four different stars, which
can be labeled as stars #1, #2, #3, and #4 for P-I, P-II, P-III, and
P-IV, respectively.

In a third step, stars #1, #2, #3, and #4 are joined and glued.
As shown in Fig. 2(g), 1-S arm of star #1 is inserted into 2-N
slot of star #2. Next, 3-W arm of star #3 is inserted into 1-N
slot of star #1 as shown in Fig. 2(h). Three arms of star #4
are inserted into three slots of stars #1, #2, and #3 as shown in
Fig. 2(i). For instance, 4-S arm of star #4 is inserted into 1-W slot
of star #1 where the monopole and directors are realized. 4-W
and 4-E arms of star #4 are inserted into 2-W slot of star #2 and
3-N slot of star #3, respectively, where the reflector is realized.

The tetrahedron origami antenna is then completed by cut-
ting unnecessary paper (bottom half) from the composite pro-
totype presented in Fig. 2(j). The resulting antenna prototype is
displayed in Fig. 2(k).

The antenna is excited via a 50-Ω subminiature-version-A
(SMA) connector. The inner pin of the SMA connector is con-
nected to the triangular-shaped monopole as shown in Fig. 1.
The outer ground of the SMA connector is connected to the
reflector as shown in Fig. 2(k).

The proposed antenna is simulated and analyzed using the
ANSYS High Frequency Structure Simulator. The utilized paper
substrate is modeled in the simulations with a relative permittiv-
ity εr of 2.2 and a dielectric loss tangent of 0.02. In the simula-
tion, the antenna is first designed around the center frequency of
2.6 GHz without the reflector, then the reflector is added to in-
crease antenna’s peak gain. The two directors are also added, to
further increase antenna’s peak gain. Fig. 3 shows the parametric
study for the dimensions of the triangular monopole. In Fig. 3(a),
the reflection coefficients are plotted by varying L1 from
25 to 35 mm while L3 is fixed at 21 mm. As L1 is increased
from 25 to 31 mm, impedance bandwidth increased, but fur-
ther increase in L1 deteriorates impedance matching. Therefore,
L1 = 31 mm is selected to achieve impedance matching over
2–4 GHz. In Fig. 3(b), the reflection coefficients are shown
by varying L3 from 18 to 22 mm. As L3 is increased from
18 to 20 mm, impedance bandwidth increases. However, fur-
ther increase in L3 decreases the impedance bandwidth. There-
fore, L3 = 20 mm is selected for the triangular monopole
design. Finally, the optimized dimensions of the three sides of
the triangular monopole are L1 = 31 mm, L2 = 32 mm, and
L3 = 20 mm.

Distance between the triangular monopole and reflector (D1)
is determined after considering directivity. Fig. 4 shows the
simulated peak gain versus at different D1 . At D1 = 38.5 mm,
the peak gain is 8.4 dBi, which is the highest peak gain with the
reflector. As shown in Fig. 5(a) and (b), the reflector increases
the peak gain from 4.6 to 8.4 dBi.
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Fig. 4. Simulated peak gain versus different D1 (mm).

Fig. 5. Simulated 3-D radiation patterns at 2.6 GHz. (a) Without the reflector
and director. (b) With the reflector and without directors. (c) With the reflector
and one director. (d) With reflector and two directors.

Fig. 5 shows the simulated 3-D radiation patterns of the an-
tenna at 2.6 GHz. In order to further increase directivity, direc-
tors are employed. Its length (Ld ) and width (Wd ) are 36 and
3.8 mm, respectively. Similarly, the distance between the tri-
angular monopole and director (D2) and the distance between
each director (D3) are optimized to achieve the highest peak
gain. In addition, the number of the directors is increased to
achieve higher peak gain. Fig. 6 shows the antenna’s peak gain
as a function of the number of directors (with equal spacing).
As shown, the antenna gain is maximized for two directors.
When additional directors are added, the antenna gain decreases.
Fig. 5(c) and (d) shows the simulated 3-D radiation patterns of
the antenna with one and two directors, respectively. Finally,
D2 and D3 are determined to be 20.5 and 6 mm, respectively.
The peak gain of the final antenna design is increased up to
10.3 dBi. The antenna maximum radiation direction is at an
elevation angle (θ) of 60°.

Fig. 6. Simulated peak gain versus the number of directors.

Fig. 7. Simulated and measured reflection coefficients of the proposed origami
antenna.

III. MEASUREMENT RESULTS

An antenna prototype was built on paper substrate in an
origami tetrahedron shape, and shown in Fig. 2(k). The reflec-
tion coefficient of the antenna was measured with an Anritsu
MS2038C vector network analyzer. In Fig. 7, both the simu-
lated and measured reflection coefficients of the antenna are
shown. These reflection coefficients show a –10-dB impedance
bandwidth of 66% covering the 2–4-GHz frequency range.

There is a slight difference between the simulated and mea-
sured reflection coefficients, most likely due to minor fabrica-
tion and folding errors. However, both still show almost the
same –10 dB impedance bandwidth. A comparison between the
simulated and measured radiation patterns is presented in Fig. 8,
for frequencies of 2, 2.6, 3.2, and 3.8 GHz. As shown, the main
beam is directed toward θ = 60◦, because of the axis connecting
the driven antenna and directors. The simulated and measured
patterns show very good agreement at 2 and 2.6 GHz. However,
the discrepancy between the simulated and measured patterns is
observed at 3.2 and 3.8 GHz because permittivity and tangen-
tial loss of paper are characterized at 2 GHz. EM parameters
of paper are changed as frequency increases. In addition, the
assembly errors are more sensitive in high frequencies.

In Fig. 9, the simulated and measured peak gains are plotted as
a function of frequency. At 2.6 GHz, the measured peak gain is
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Fig. 8. Simulated and measured normalized radiation patterns on the yz-plane.
(a) 2 GHz. (b) 2.6 GHz. (c) 3.2 GHz. (d) 3.8 GHz.

Fig. 9. Simulated and measured peak gain and efficiency as a function of
frequency.

TABLE I
PERFORMANCE COMPARISON OF THE PROPOSED ANTENNA TO PREVIOUSLY

PROPOSED HIGH-GAIN ANTENNAS

Proposed in Frequency 10 dB Peak gain Technology
(GHz) BW (%) (dBi)

[9] 4.95–5.00 1.2 8 Stub-loaded monopole
[10] 5.58–6.03 9 10 SIW + Metamaterial
[11] 1.84–2.05 10.8 12.45 AMCs
[12] 36.0–37.2 3.2 8.1 LTCC
[13] 7.80–8.10 5 8.4 EBG
[14] 1.65–2.3 33 11.8 FSR
[15] 2.28–2.63 14 6.5 Parabolic reflector
This study 2.00–4.00 66 9.5 Origami

BW: bandwidth; AMCs: artificial magnetic conductors; LTCC: low-temperature cofired
ceramic multilayer; EBG: electromagnetic band-gap; FSR: frequency selective reflectors.

9.5 dBi, which is lower than the simulated peak gain of 10.3 dBi
because of dielectric loss from glues. In addition, it is observed
from Fig. 9 that the measured efficiency at 2.6 and 3.8 GHz is
76% and 43.5%, respectively.

In Table I, the performance of the proposed antenna is com-
pared to those of other high-gain antennas [9]–[15]. In addition
to its high gain, the proposed antenna shows features a much
wider (by almost one order of magnitude) –10-dB impedance
bandwidth. The manufacturing procedure of the proposed

antenna is much simpler and easier than those of the other
high-gain antennas, while the proposed antenna has very low
cost, as it can be easily fabricated on paper substrates.

IV. CONCLUSION

A novel high-gain tetrahedron origami antenna is introduced
in this letter. The antenna has an impedance bandwidth of 66%
(2–4 GHz) and a peak gain of 9.5 dBi at 2.6 GHz. Being de-
signed on a paper substrate, the proposed antenna is very low-
cost. The antenna origami-manufacturing procedure is very easy
and fast as it can be realized by just folding paper substrates.
In spite of 3-D configuration, the proposed antenna is very
effective for point-to-point wireless communication systems,
which need high-gain antennas with good impedance band-
widths. In addition, antenna covers are necessarily for outdoor
applications.

REFERENCES

[1] K. Miura and M. Natori, “2-D array experiment on board a space flyer
unit,” Space Sol. Power Rev., vol. 5, no. 4, pp. 345–356, 1985.

[2] S. Yao, X. Liu, and S. V. Georgakopoulos, “A mode reconfigurable No-
jima origami antenna,” in Proc. IEEE Int. Symp. Antennas Propag. Soc.
USNC/URSI Nat. Radio Sci. Meeting, Oct. 2015, pp. 2237–2238.

[3] S. Yao, S. V. Georgakopoulos, B. S. Cook, and M. Tentzeris, “A novel
reconfigurable origami accordion antenna,” in Proc. IEEE MTT-S Int.
Microw. Symp., 2014, pp. 1–4.

[4] X. Liu, S. V. Georgakopoulos, and M. Tentzeris, “A novel mode and
frequency reconfigurable origami quadrifilar helical antenna,” in Proc.
IEEE 16th Annu. Wireless Microw. Technol. Conf., Cocoa Beach, FL,
USA, 2015, pp. 1–3.

[5] S. Yao, X. Liu, S. V. Georgakopoulos, and M. M. Tentzeris, “A novel
reconfigurable origami spring antenna,” in Proc. IEEE Antennas Propag.
Soc. Int. Symp., 2014, pp. 374–375.

[6] S. Yao, X. Liu, J. Gibson, and S. V. Georgakopoulos, “Deployable
origami Yagi loop antenna,” in Proc. IEEE Int. Symp. Antennas Propag.
USNC/URSI Nat. Radio Sci. Meeting, 2015, pp. 2215–2216.

[7] Z.-C. Ge, W.-X. Zhang, Z.-G. Liu, and Y.-Y. Gu, “Broadband and high-
gain printed antennas constructed from Fabry–Perot resonator structure
using EBG or FSS cover,” Microw. Opt. Technol. Lett., vol. 48, no. 7,
pp. 1272–1274, 2006.

[8] P. L. Werner, Z. Bayraktar, B. Rybicki, D. H. Werner, K. J. Schlager,
and D. Linden, “Stub-loaded long-wire monopoles optimized for high
gain performance,” IEEE Trans. Antennas Propag., vol. 56, no. 3,
pp. 639–644, Mar. 2008.

[9] Z. H. Jiang, Q. Wu, D. E. Brocker, P. E. Sieber, and D. H. Werner, “A
low-profile high-gain substrate-integrated waveguide slot antenna enabled
by an ultrathin anisotropic zero-index metamaterial coating,” IEEE Trans.
Antennas Propag., vol. 62, no. 3. pp. 1173–1184, Mar. 2014.

[10] W. C. Yang, H. Wang, W. Q. Che, Y. Huang, and J. Wang, “High-gain
and low-loss millimeter-wave LTCC antenna array using artificial mag-
netic conductor structure,” IEEE Trans. Antennas Propag., vol. 63, no. 1,
pp. 390–395, Jan. 2015.

[11] L. Sang, Z. Wang, R. Xu, and B. Yan, “A compact high-gain patch antenna
using stacked rings in LTCC technology,” J. Electromagn. Waves Appl.,
vol. 27, no. 3, pp. 330–337, 2013.

[12] G. Gnanagurunathan and K. Selvan, “Gain enhancement of microstrip
patch antenna by using complementary EBG geometries,” J. Electromagn.
Waves Appl., vol. 26, nos. 2/3, pp. 329–341, 2012.

[13] D. Kim and E. Kim, “A high-gain wideband antenna with frequency se-
lective side reflectors operating in an anti-resonant mode,” IEEE Antennas
Wireless Propag. Lett., vol. 14, pp. 442–445, 2015.

[14] Z. Hua, G. Haichuan, L. Hongmei, L. Beijia, L. Guanjun, and W. Qun, “A
novel high-gain quasi-Yagi antenna with a parabolic reflector,” in Proc.
Int. Symp. Antennas Propag., 2015, pp. 1–3.

[15] W. M. Haynes, Handbook of Chemistry and Physics, 91st ed. Boca Raton,
FL, USA: CRC Press, 2011.

[16] X. Liu, S. Yao, B. S. Cook, M. M. Tentzeris, and S. V. Georgakopou-
los, “An origami reconfigurable axial-mode bifilar helical antenna,” IEEE
Trans. Antennas Propag., vol. 63, no. 12, pp. 5897–5903, Dec. 2015.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 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 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


