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Transition From Surface Cavity Mode to Cavity
Mode in Deep-Grooved Parallel

Plate Waveguide
Yiming Zhu, Qingyun Sun, Jiaming Xu, and Lin Chen

Abstract—The parallel plate waveguide (PPWG) is an excellent
device for guiding and controlling at terahertz wave. When a deep
groove is integrated into a PPWG, only the surface cavity mode is
excited, which limits its applications in filtering and sensing. In this
paper, we demonstrated that in a double deep-grooved PPWG, both
fundamental and higher-order cavity modes can be observed. Our
experimental and simulation results show that the effective groove
depth of the fundamental cavity mode in the bottom deep groove
can be efficiently increased by cutting another shallow groove in
the top metal plate, facing the bottom deep groove. In addition,
the transition from the so-called surface cavity mode to traditional
cavity mode can be observed with increasing depth of the shallow
groove. These results may have applications in the multichannel
filtering and sensing field.

Index Terms—Terahertz wave, parallel plate waveguide, cavity
mode, deep groove.

I. INTRODUCTION

W ITH increasing research in the terahertz (THz) field,
many applications of THz have been found from basic

science to security inspection, medical imaging, and astronomy
in recent years [1]–[6]. The low-loss, undistorted THz pulse
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propagation in a parallel-plate waveguide (PPWG) has been
widely used in the field of THz in the past decade [7]. Based
on the excellent platform of the PPWG, several designs for
transverse magnetic (TM) [8]–[10] and transverse electric (TE)
[11]–[15] polarizations with resonant structure have recently
been published. In particular, a THz microfluidic sensor based
on PPWG with one groove has been presented [12]. By exciting
the cavity mode in a groove embedded within a PPWG, a narrow
resonance dip can be observed [13], [14] in the transmission
spectrum [12]. We note that all of the above work focused on a
shallow groove (the depth of the groove is the same as (similar
to) the width of the groove). The deep-grooved PPWG has not
been sufficiently studied because radiation cannot efficiently
penetrate into the deep groove, resulting in a similar resonance
mode to the shallow groove. Here, we call this type of cavity
mode the “surface cavity mode” [15]. In this paper, we report
on a new method to increase the field in a deep groove by
adding another shallow groove in the top plate, directly facing
the original bottom deep groove. By measuring the transmission
properties of PPWGs with double cavities of different depths, we
found that the field of the fundamental cavity mode can penetrate
into the deep groove if the top cavity has suitable depth, while it
can hardly occur in a structure with only a single deep cavity. In
addition, we also observed the transition from the surface cavity
mode to the conventional cavity mode. Meanwhile, more cavity
modes will emerge and the resonant frequency of fundamental
cavity mode will remain unchanged with increasing top groove
depth. The fundamental and higher-order cavity modes may
have potential applications in multichannel filtering and sensing.

II. EXPERIMENT AND RESULTS

The PPWG in this paper is similar to the metal/dielectric/
metal (MDM) structure [16] in the visible range, and we use
copper and air as the metal and dielectric material. As shown
in Fig. 1(a), there are two cavities located symmetrically on
both sides of the top and bottom plates. The bottom cavity
has a depth h2 of 1400 μm and width w of 400 μm. The top
cavity has the same width, but the depth h1 takes various values:
0 μm., 200 μm., 400 μm., 600 μm. and 800 μm. The gap spacing
between the two plates d is fixed at 800 μm. In the real sample,
a double-cylinder waveguide coupler is used to enhance the
relative amplitude of the transmission [15], and there are two
identical grooves on the coupler, which is perpendicular to the
propagation direction of the THz wave, making it easy to change
the depths of the cavities by substituting different metal blocks.
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Fig. 1. Schematic drawing with main dimensions of the sample.

Fig. 2. The waveforms of different THz signals:(a) measurement in dry air
without sample, (b) sample without cavity (reference), (c) sample with cavities
(represented by h1 = 800 μm.)

The length, width and height of the two grooves are 50 mm,
5 mm and 3 mm, respectively. There are also two micrometers to
finely adjust the displacement of the cavities and the gap spacing.

In the experiment, the resonant behavior of this PPWG
structure is observed using a commercial THz time domain
spectroscopy system (THz-TDS). The details of the experiment
settings are the same as described in our previous work [15].
The waveforms obtained in the time domain are shown in Fig. 2.
We used the signal of the sample with no cavity (Fig. 2(b))
as the reference and used the common divisor to calculate the
transmissivities rather than the signal with no sample (Fig. 2(a)).
The sampling time of the THz-TDS is approximately 200 ps in
the time domain; that is, after the fast Fourier transform (FFT),
the frequency resolution is approximately 5 GHz. Additional
oscillating attenuation tails are also observed in Fig. 2(b) and (c)
by inserting the structures, which may come from band stop
below cutoff frequencies and resonances induced by cavities.

After data processing, the resonant behaviors of our sample
are as shown in Fig. 3. The left column of Fig. 3 shows the input
and output spectra obtained for different top cavity depths h1 . It
can be clearly seen that there exist low-frequency cutoffs of the
TE1 modes at a frequency of shown 0.1875 THz, which is deter-
mined by the gap spacing d = 800 μm. The blue lines represent
the FFT of the reference signal (Fig. 2 (b)), so they are identical
for the left panels in Fig. 3. The right column of Fig. 3 shows the
corresponding transmission curves determined in experiments
(dotted lines) for different top cavity depths h1 , compared with
their counterparts obtained in simulation (solid lines). The mea-
sured data were extended to 1.5 ns by adding zeros at the end of

Fig. 3. Resonant transmission behaviors of our sample. Left column: measured
input and output spectra: blue: input spectra (reference, all identical) green:
output spectra (sample). Right column: transmission curves for different groove
depths h1 , (a) h1 = 0 μm, (b) h1 = 200 μm, (c) h1 = 400 μm, (d) h1 =
600 μm, (e) h1 = 800 μm; dotted lines: experimental data, solid lines: simulated
results.

the data, allowing the numbers of transmission dips to be clearly
distinguished according to the curves. With increasing bottom
cavity depth h2 , more cavity modes can be observed.

III. ANALYSIS AND DISCUSSION

A. Formation and Transition of Modes

To understand the effect of the continuously varied top cav-
ity depth h1 , numerical simulations were performed using a



ZHU et al.: TRANSITION FROM SURFACE CAVITY MODE TO CAVITY MODE IN DEEP-GROOVED PARALLEL PLATE WAVEGUIDE 8500205

Fig. 4. 2D map of the transmissivity T versus the frequency ν and the top
cavity depth h1 . Horizontal white solid lines: the depths h1 investigated in our
experiment. Vertical white dashed lines: the central frequencies of the “m-2” and
“m-3” series of cavity modes. Horizontal white short dashed lines: trisection and
quinquesection of h2 = 1400 μm. Black marks: indicate the order of different
cavity modes.

Fig. 5. Electrical field distributions in cavities of “0-0” and “1-1” modes.
(a) & (b), “0-0” mode, (c) & (d) “1-1” mode.

commercial software package based on the finite element
method (FEM) [15]. In the simulation, the parallel plates with
resonant cavities are defined by the Drude model [17]–[20], and
we used a perfectly matched layer (PML) to eliminate the bound-
ary reflection. Under the condition that the bottom cavity depth
h2 and the air gap spacing d are fixed at 1400 μm and 800 μm,
respectively, we obtained the transmissivity of the PPWG T ver-
sus the frequency ν and the bottom cavity depth h2 , as shown
in Fig. 4 as a two-dimensional (2D) map.

Obviously, there exist seven modes and four series from the
low frequency to the high frequency, which can be distinguished
in the 2D map. To facilitate the discussion of these modes, we
denote them using the symbols “m-n”. The numbers m and n
in these notations stand for the number of standing wave anti-
nodes (maximum displacement in standing wave) in the top
and bottom cavities, respectively, which can be inferred from
the electrical field distributions of these modes (Figs. 5 and 6).
In particular, we use “0-0” to represent the mode of the lowest
frequency, for which no standing wave is formed in either the top

Fig. 6. Electrical field distributions in cavities of “m-2” and “m-3” series of
cavity modes. (a) “1-2” (b) “2-2” (c) “1-3” (d) “2-3” (e) “3-3”.

or the bottom cavity. The five horizontal white solid lines in the
map represent the depths h1 investigated in the experiment. As
shown in Fig. 3 (right column), our experimental and simulation
results agree well with each other except for the “0-0” mode.
Its mode bandwidth is narrower than the frequency resolution
of our THz-TDS, and therefore this mode cannot be identified
experimentally.

According to Fig. 3, when the top cavity depth h1 is equal to
0 μm, where the PPWG consists of a single deep cavity structure,
there is only one mode (“0-0” mode) in the frequency range from
0.3 THz to 0.5 THz. Fig. 5(a) shows the electrical field distri-
butions of the “0-0” mode for h1 = 0 μm. We noted that the
“0-0” mode is an invert-phase coupling mode, and the majority
of its energy does not enter the space of the bottom cavity but
only gathers at the interface between the transmission channel
(spacing gap) and the cavity. Therefore, the mode should be
classified as a surface cavity mode compared to the traditional
cavity mode. Due to the great depth of the bottom cavity, it is
difficult for the electromagnetic wave of this mode to change its
propagation direction to enter the cavity, and hence the effective
depth is very short (approximately 1/3 of the bottom cavity). As
the top cavity depth h1 increases, the electromagnetic wave can
partially enter the top cavity but still remains largely restricted
in the interfaces of two cavities (shown in Fig. 5(b)). As the
top cavity depth increases further, a red shift of the central fre-
quency of the “0-0” mode is observed (shown in Fig. 4) because
of the increase in the optical path. However, the extent of the red
shift remains unchanged for a range of depths (200 μm to 400
μm.) due to the anti-symmetry property of this mode. As the
top cavity depth continues to increase, the growing symmetry
feature of the two cavities dampens the formation of the invert-
phase mode. As a result, the “0-0” mode gradually becomes
weaker and finally disappears (above 400 μm). Due to the de-
struction interference condition (because our device is a notch
filter), the phase change of the surface cavity mode’s electronic
field between two cavity interfaces should be an odd integer-
multiple of π, i.e., (2k + 1)π. In Fig. 5(a) and (b), for the “0-0”
mode, the electronic field phase changes only by π (from blue
to red) for the condition of k = 0. Furthermore, according to the
theory of mode coupling, the energy of the asymmetrical cou-
pling is intrinsically lower than the energy of symmetrical cou-
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pling, and therefore the surface cavity mode occurs at the lowest
frequency.

In contrast, when the top cavity depth h1 is not equal to 0 μm.,
three series of modes appear that do not exist in the single-cavity
structure (h1 = 0μm). According to Fig. 5(c), (d) and Fig. 6, all
these novel modes are traditional cavity modes, whose energy
can enter and fill the entire space of the bottom cavity. In these
cases, the effective depth is equal to the full depth of the bot-
tom cavity. This extraordinary phenomenon can be explained by
the electromagnetically induced transparency (EIT) effect [17],
[18]. According to waveguide theory, if only one deep cavity
exists in the PPWG, the bottom cavity is too deep for electro-
magnetic waves to propagate in it, so only the surface cavity
mode can be observed in the single-cavity structure (Figs. 4 and
5(a)). However, if there is another cavity in a symmetric position
with respect to the deep cavity, the electromagnetic wave can
change direction, enter shallowly to form a standing wave in the
vertical direction and eventually fill both cavities. Even if the
two cavities have the same large depth (h1 = h2 = 1400 μm.),
the standing wave can form because the top cavity significantly
changes the boundary condition (top of Fig. 4). Due to the inter-
ference conditions, the phase change of the electronic field from
the top cavity boundary to the bottom cavity boundary should
be an integer-multiple of π, i.e., kπ. In other words, the space
extension of the standing wave must be an integer-multiple of
wave node kλ/2. Considering that the propagating wave already
occupies one half-wavelength in transmission vertically and that
one cavity must contain at least one node to form the standing
wave, the integer k must be greater than or equal to 3 for the
cavity mode to occur. In terms of the notation “m-n”, the integer
k should be equal to m + n + 1. As the top cavity depth h1
increases, the optical path is elongated remarkably. As a result,
the cavity modes show a red shift to achieve longer wave nodes
or become higher order to allow more wave nodes to fill the
cavities (Fig. 4)

B. Periods of Higher Cavity Modes

In Fig. 4, the locations of the high-order cavity modes show
clear periods between them. These high-order modes can be
grouped into 2 mode series, “m-2” and “m-3”, with the two
frequency ranges of 0.395–0.425 THz and 0.440–0.475THz, re-
spectively. The vertical white dashed lines of Fig. 4 represent
the central frequencies of the “2-2” and “3-3” modes when the
structure is perfectly symmetrical (h1 = h2 = 1400 μm). We
also calculated the top cavity depths h1 of the “1-2”, “1-3”
and “2-3” modes, which have the same central frequencies as
the ones indicated by the vertical white dashed lines. The cor-
responding electrical field distributions are shown in Fig. 6.
Under the condition that the bottom cavity depth h2 is fixed at
1400 μm, when stable cavity mode is excited, the resonant
wavelength (frequency) is determined by the wave nodes n in
the bottom cavity. Then, the top cavity depth h1 only deter-
mines the wave nodes m in the top cavity and has nothing to do
with resonant wavelength (frequency). The field distributions of
modes of the same series are very similar except that there is an
additional standing wave node in the top cavity. The top cavity

depth h1 of the “m-n” modes at the frequencies mentioned is
determined to be

h1 =
2m − 1
2n − 1

h2 . (1)

For the “m-2” and “m-3” mode series, the denominators are
3 and 5, so we indicate the trisection and quinquesection of h2
by horizontal white short dashed lines in Fig. 4. It is clear that
the odd trisection and quinquesection (1/3, 3/3, 1/5, 3/5 and 5/5)
are the positions where the cavity modes are strongest, while the
even trisection and quinquesection (0/3, 2/3, 0/5, 2/5 and 4/5) are
the positions where the cavity modes are weakest and can be con-
sidered as the boundaries between these cavity modes. At other
frequencies, additional similar periodicities can also be found.
This feature can find potential applications in tunable channel
switches due to the rigorous periodical frequency change.

IV. CONCLUSION

This work demonstrates the transmission properties of a
PPWG with double cavities of various top cavity depths by
both experimental and simulation methods. We distinguished
two different types of modes in our sample, cavity modes and
interface modes and discussed the mechanisms and features of
their formation. The results indicate that the cavity modes are
generated by the standing waves between the cavity boundaries
and show a red shift with increasing cavity depth. Meanwhile,
the surface cavity mode corresponds to the asymmetrical cou-
pling in the interface and does not depend on the cavity depth.
Further study revealed that the traditional cavity modes appear
for the double-cavity structure, and the interface mode is ac-
tually a regression of the single-cavity mode. Some interesting
features of the unchanged cavity mode and the periodically al-
tering cavity modes provide new ideas for the development of
sensors and switches in the terahertz band.
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Technique, Université Paris-Saclay, France for his contributions
to the manuscript.

REFERENCES

[1] M. Tonouchi, “Cutting-edge terahertz technology,” Nature Photon., vol. 1,
pp. 97–105, 2007.

[2] M. Gerhard, C. Imhof, and R. Zengerle, “Low-loss compact high-Q 3D
THz grating resonator based on a hybrid silicon metallic slit waveguide,”
Opt. Express, vol. 18, 2010, Art. no. 11707.

[3] L. Chen et al., “Mode splitting transmission effect of surface wave ex-
citation through a metal hole array,” Light Sci. Appl., vol. 2, 2013,
Art. no. e60.

[4] P. A. George, C. Manolatou, F. Rana, A. L. Bingham, and D. R.
Grischkowsky, “Integrated waveguide-coupled terahertz microcavity res-
onators,” Appl. Phys. Lett., vol. 91, 2007, Art. no. 191122.

[5] A. L. Bingham and D. Grischkowsky, “Terahertz two-dimensional high-Q
photonic crystal waveguide cavities,” Opt. Lett., vol. 33, pp. 348–350,
2008.

[6] L. Chen, Y. M. Wei, X. F. Zang, Y. M. Zhu, and S. L. Zhuang, “Excitation
of dark multipolar plasmonic resonances at terahertz frequencies,” Sci.
Rep., vol. 6, 2016, Art. no. 22027.

[7] R. Mendis and D. Grischkowsky, “Undistorted guided-wave propagation
of subpicosecond terahertz pulses,” Opt. Lett., vol. 26, pp. 846–848,
2001.



ZHU et al.: TRANSITION FROM SURFACE CAVITY MODE TO CAVITY MODE IN DEEP-GROOVED PARALLEL PLATE WAVEGUIDE 8500205

[8] E. S. Lee and T. I. Jeon, “Tunable THz notch filter with a single groove
inside parallel-plate waveguides,” Opt. Express, vol. 20, pp. 29605–
29612, 2012.

[9] E. S. Lee et al., “Terahertz band gaps induced by metal grooves inside
parallel-plate waveguides,” Opt. Express, vol. 20, pp. 6116–6123, 2012.

[10] S. Harsha, N. Laman, and D. Grischkowsky, “High-Q terahertz Bragg
resonances within a metal parallel plate waveguide,” Appl. Phys. Lett.,
vol. 94, 2009, Art. no. 091118.

[11] R. Mendis and D. M. Mittleman, “An investigation of the lowest-order
transverse-electric (TE1) mode of the parallel-plate waveguide for THz
pulse propagation,” J. Opt. Soc. Amer. B, vol. 26, pp. A6–A13, 2009.

[12] R. Mendis, V. Astley, J. Liu, and D. M. Mittleman, “Terahertz microfluidic
sensor based on a parallel-plate waveguide resonant cavity,” Appl. Phys.
Lett., vol. 95, 2009, Art. no. 171113.

[13] R. Mendis and D. M. Mittleman, “Comparison of the lowest-order
transverse- electric (TE1) and transverse-magnetic (TEM) modes of the
parallel-plate waveguide for terahertz pulse applications,” Opt. Express,
vol. 17, pp. 14839–14850, 2009.

[14] V. Astley, B. McCracken, R. Mendis, and D. M. Mittleman, “Analysis of
rectangular resonant cavities in terahertz parallel-plate waveguides,” Opt.
Lett., vol. 36, pp. 1452–1454, 2011.

[15] L. Chen et al., “Controllable multiband terahertz notch filter based on a
parallel plate waveguide with a single deep groove,” Opt. Lett., vol. 39,
pp. 4541–4544, 2014.

[16] L. Chen et al., “Observation of large positive and negative lateral shifts
of a reflected beam from symmetrical metal-cladding waveguides,” Opt.
Lett., vol. 32, pp. 1432–1434, 2007.

[17] L. Chen et al., “Observation of electromagnetically induced transparency-
like transmission in terahertz asymmetric waveguide-cavities systems,”
Opt. Lett., vol. 38, pp. 1379–1381, 2013.

[18] L. Chen et al., “Manipulating terahertz electromagnetic induced trans-
parency through parallel plate waveguide cavities,” Appl. Phys. Lett.,
vol. 103, 2013, Art. no. 251105.

[19] Y. M. Zhu, C. M. Gao, and L. Chen, “Terahertz transmission properties
of parallel-plate waveguide with double symmetrical resonant cavities,”
Optical Instruments, vol. 36, pp. 323–327, 2014.

[20] L. Chen, C. M. Gao, J. M. Xu, L. Xie, and Y. M. Zhu, “Terahertz trans-
mission properties of sub-wavelength hole array and bull’s eye structures
on aluminum slab,” Optical Instruments, vol. 35, pp. 1–6, 2013.

Yiming Zhu received the B.S. and M.S. degrees
in applied physics from Shanghai Jiaotong Univer-
sity, Shanghai, China, in 2002 and 2004, respec-
tively, and the Ph.D. degree in electronics engineer-
ing from the University of Tokyo, Tokyo, Japan, in
2008.

He is currently a Professor with the University
of Shanghai for Science and Technology, Shanghai,
China, and the Vice Director of the Shanghai Key Lab
of Modern Optical System. He has published more
than 70 papers on SCI journals.

Prof. Zhu received the Japanese Government (Monbukagakusho) Scholar-
ship in 2004.

QingYun Sun was born in Jiangsu, China, in 1993.
She received the B.S. degree from Nankai University,
Tianjin, China, in 2014. She is currently working to-
ward the M.S. degree at the University of Shanghai
for Science and Technology, Shanghai, China. Her re-
search interests include terahertz waveguides, broad-
band filters, and sensor chips.

Jiaming Xu was born in Shanghai, China, in 1989. He received the M.S. degree
from the University of Shanghai for Science and Technology, Shanghai, China,
in 2015. He is currently working toward the Ph.D. degree at the University
of Texas at Austin, Austin, TX, USA. His research interests include terahertz
waveguides and broadband filters.

Lin Chen was born in Jiangsu, China, in 1980. He
received the B.S. and M.S. degrees in electrical en-
gineering from Southeast University, Jiangsu, China,
in 2002 and 2005, respectively, and the Ph.D. degree
in optics from Shanghai Jiao Tong University, Shang-
hai, China, in 2008.

Since 2008, he has been with the College of
Optical-Electrical and Computer Engineering, Uni-
versity of Shanghai for Science and Technology,
Shanghai, China, where he is currently the faculty
of communication engineering. From 2007 to 2008,

he was with Avanex Corporation as Senior Engineer. From 2012 to 2013, he
was a Visiting Scholar with the State Key Laboratory of Millimeter Waves
(meta-group of Tie Jun Cui), Southeast University. He has currently been a
Visiting Researcher with Ultrafast THz Optoelectronic Laboratory, Oklahoma
State University, Stillwater, OK, USA. His research interests include terahertz
waveguides, metamaterials, and labs on chips. He had been designated a “Chen
Guang” Scholar in 2009, received the China Instrument Society Jin Guofan
Youth Award in 2011, and designated a Shanghai “Rising Star” Scholar in
2014. He has published more than 50 SCI papers and 20 patents. As the Project
Leader, he is also responsible for several national funding grants and grants
supported by the Chinese and Shanghai government.



<<
  /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


