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Abstract— The paper proposes new fabrication process for a
planar circuits used at microwave and millimeter-wave
frequencies. Screen printing technology is demonstrated to
fabricate coplanar waveguides (CPW) lines as an impedance
standard line for on-wafer device measurements at millimeter-
wave frequency up to 110 GHz. The paper discusses the
assessment of a screen printing technology in the characteristic
of CPW lines fabricated on an alumina substrate usually adopted
on an impedance standard substrate (ISS). CPW lines was
printed by silver conductive ink and subsequent baking process
by hot plate in the nitrogen gas flowing. Feature sizes with
approximately 1.0 pm tolerance for signal lines were realized
successfully. The surface roughness of conductor was less than
0.5 pm. Printed transmission lines provides insertion losses of
0.17 dB/mm at 60 GHz and 0.30 dB/mm at 110 GHz and it was
better than plated CPW line being commercially available, i.e.
0.18 dB/mm at 60 GHz and 0.40 dB/mm at 110 GHz.
Furthermore, return loss is almost the same as commercially
available ISS, this means the transmission line patterns are
almost high precision as same as commercial ISS fabricated by
plating and etching. For contact reproducibility as important
performance in the measurement process, printed conductors
achieved more excellent reproducibility (N=10) than plated
conductors, i.e. less than 0.02 dB for magnitude and less than 0.1
degrees for phase in short circuits.

Keywords— Screen printing; On-wafer measurements;
Impedance standard substrate; Scattering parameters; Contact
reproducibility

I. INTRODUCTION

In recent years, the device electronics at millimeter-wave
frequency is demanded in the telecommunication sector. For
telecommunication device technology, applications require
not only performance but also light weight, ultra-slim. In
addition, cost efficiency is one of key factor to familiarize the
product to the public.

Set of conductor plating, photolithography patterning and
etching processes are commonly used in the traditional
passive device fabrication and packaging. The fabrication is,
thus, basically expensive and complex process. In addition,
the process have to spend much time and produces waste fluid
by the end of fabrication process. Recent interest in the
electronic applications is driven by not only the low cost and

Many laboratories have reported printing technology as
solutions for microwave and millimeter-wave circuit
fabrication. Some of reported research have achieved a loss
of 2.8 dB/mm at 100 GHz [1], 0.27dB/mm at 20 GHz [2] and
0.35dB/mm at 110 GHz [6]. The printing technologies for
microwave and millimeter-wave circuit fabrication processes
are yearly getting better. However, almost the research
employs an inkjet printing technologies in order to getting a
fine resolutions suitable for millimeter-wave circuit
fabrication processes. In the case of prototype circuit
fabrication, use of inkjet printing technologies provide
benefits, a lot of flexibility for circuit patterns and conductor
thickness, etc., but it stands up poorly to high-volume
productions due to low throughput process in general.

Screen printing technologies have to be a solution of
circuit fabrication process for high-volume productions. The
difficulties of adopting the screen printing process to
microwave and millimeter-wave circuits are control and
adjust of fabrication conditions, i.e. mesh count (resolution),
paste characteristics and baking temperature, etc.. We have
already successfully achieved fabrication process for DC
electrical circuit applications made of conductor paste with
very high-conductivity [7]. However, microwave and
millimeter-wave circuits requires not only high-conductivity
but also feature size, a cross sectional shape, surface
roughness and adhesion of line, and ground conductors on a
substrate.

In this paper, we use screen printing technologies to
fabricate the coplanar waveguide (CPW) line structures. This
paper describes, the first time, to demonstrate an
implementation of screen printing technique to many sets of
CPW lines and short circuits, as high-volume productions, on
a substrate. The technique achieves over 260 CPW lines and
short circuits with 1.0 pum tolerance at the same printing
routine. We used a design rule of single layered CPW line with
50 pm width of signal line and 25 pm width of gaps in order
to comparing to conventional plated CPW line on impedance
standard substrate (ISS) provided from Cascade Microtech. A
thickness of metal conductor layer was initially 1.0 um as
same as commercial product, Cascade Microtech 101-190 ISS.
We report measurement results of dimensions results and
scattering parameter (S-parameter) for CPW lines fabricated

environmental friendly, furthermore substrate material by screen printing technologies. Then, probe contact
flexibility is demanded [1]-[5] from the mobile  reliability, i.e. reproducibility, is evaluated and discussion in
telecommunication and healthcare sectors. this paper.
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II. SAMPLE FABRICATION

A. Fabrication Process

In the screen printing process, we used Screen Hand
Printer ZT-320 provided from Process Service Co. Ltd..
Specification of screen mask with size of 320 mm x 320 mm
used in the process are CAL-640 of mesh count providing
39% of open area. Line conductor was formed by silver paste,
Daiken Chemical CA-T31, with contains 83 % silver and
provides 310 Pa.s viscosity at 25 °C. Then low resistivity,
typically 1.86x107° Q.cm, can be formally achieved by baking
at 150°C for 30 minutes.

In this paper, CPW lines were printed on an alumina
substrate by screen hand printer and formed by baking at
150 °C and above (300 °C, 400 °C, 500 °C, 600 °C and

800 °C) for one hour in order to lower resistivity of conductors.

260 patterns of CPW lines (Figure 1) and short circuits were
printed in the area of 29.0 mm x 20.5 mm. The printing
process was operated under atmospheric conditions and
subsequent baking process was carried out in nitrogen gas
flow due to preventing the oxidation of silver ink as
conductors.

For CPW at millimeter wave frequency, screen printing
technology shall realize high conductivity, contact
repeatability and small pattern with high resolution. Above
mentioned process can produce high conductivity silver
conductor, high adhesion characteristics and high resolution.

B. Design of Coplaner Waveguide

CPW lines with ground plane was formed on a 254 [Im
thick alumina substrate. The CPW line with ground plane are
widely used as the impedance standards for an on-wafer
measurements. A fabrication process providing the highest
precision dimensions are basically required for ISS, and thus
the printing technology should provide high-precision,
durability, reproducibility and reliability in the ISS
fabrication. This means that the demonstration of ISS
fabrication and measurements represents the capability of
fabrication technology. On the substrate in this paper, short
circuits, open circuits and transmission lines with length, L,
220 pm, 450 um, 900 pm, 1800 um, 3500 um, and 5350 pm,
were prepared. Target thickness of conductor is 1.0 pum.

C. Dimensional Measurements

A Keyence laser interferometer and precision X-Y stage
were used to measure the profiles of CPW transmission lines
formed at different baking temperature. Following dimensions
and structures were measured and evaluated for printed CPW
transmission lines;

e signal line width
e gap spacing between signal and ground lines

e uniformity of line width and gap spacing along with
length direction.

o thickness of conductor
e surface roughness of conductor

e edge contour of conductors

(a)
Fig 1 Transmission lines formed by screen printing technology, baking
temperature of (a) 150 °C, (b) 600 °C and (c) 800 °C.
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Fig 2 Cross sectional views of CPW lines formed by screen printing
together with CPW lines on a commercial ISS.
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Fig 3 dimensional measurement results of (a) signal line width and (b) gap
spacing. Error bars indicate their uniformities along with line length.
Broken red lines indicate design values of line and spacing of CPW lines.
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Figure 1 shows typical shape of CPW lines formed by
screen printing technologies and subsequent baking process
with various temperatures. For the samples, line patterns are
not uniform along with line length. In addition, conductor line
size was shrunk by baking at 800 °C, thus gap width was
widely. Other important parameter is edge contours of the
both signal and ground conductors (figure 2). Sharpness of
edge contours is getting better by increasing baking
temperature. Sharp edge at the signal line and ground lines are
achieved in the CPW lines formed by baking at 500 °C and
over. It seems to be likely as the shape of lines on ISS.
However, the edge of conductors are rounded for the CPW
lines formed at lower temperature, i.e. lower than 500 °C.

Figures 3 shows the measurement results of width of
signal line and gap spacing. Error bars indicate uniformity of
width and spacing along with line length. Signal width, as
shown in figure 3(a), depends on baking temperature.
Optimum dimension of signal line was realized by baking at
600 °C. Furthermore, very small distribution of the width
values was realized in the CPW lines formed at 600 °C. The
quality of signal line was comparable with the commercial ISS
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Table I. Thickness of conductors

Thickness (um)
Temperature Ground-1 Signal Ground-2
150 °C 2.22 1.17 2.70
300 °C 2.04 1.05 2.41
400 °C 1.77 0.9 2.07
500 °C 1.98 1.11 2.27
600 °C 2.01 1.32 1.56
800 °C 1.77 0.51 1.59
Table II. Surface Roughness
Temperature Surface Roughness (um)
Ground-1 Signal Ground-2
150 °C 0.24 0.30 0.31
300 °C 0.26 0.36 0.3
400 °C 0.28 0.40 0.29
500 °C 0.57 0.61 0.43
600 °C 0.38 0.40 0.38
800 °C 0.49 0.28 0.35

fabricated by plating and photolithography techniques. Gap
spacing, as shown in figure 3(b), also depends on baking
temperature. Baking temperature of 500 °C provides an exact
dimensions as same as design values. The temperatures of
400 °C and 600 °C produce gap close to a design value of gap
spacing. Other important dimensional factor is uniformity of
gap spacing along with line. The uniformity represented by
error bars in the figure is small, £4.0 pm in CPW formed at
500 °C and 600 °C baking temperatures.

Table I summarizes the measured conductor thickness of
conductors. Thickness of signal line are thinner than that of
ground lines. Open area on the screen mask for signal line is
smaller than printing area of ground lines due to line width
difference. Furthermore, amount of ink depends on open area,
and thus, thickness might be different for each pattern.
However, signal and ground lines thicknesses are independent
of baking temperature. They are almost 1.0 um for signal line
and 2.0 pm for ground lines, except in CPW lines formed at
800 °C.

Table II listed the evaluation results of surface roughness
of conductors which is important for insertion loss of
conductor at millimeter wave frequency. Low temperature
baking of 150 °C achieves better surface roughness. However,
higher temperature provides roughness of conductor by
dissipation of binder materials from the conductor ink.

III. Scattering Parameter Measurements and Results

A. Measurement System and Procedure

A Keysight Technologies (formerly Agilent
Technologies) N5250A constructed by E8361A vector
network analyzer and 1.0 mm frequency extension modules
with mm-Wave controller were used to measure the S-

parameter of CPW lines in the range from 10 MHz to 110 GHz.

1.0 mm coaxial probes, Cascade MicroTech Infinity SP-1110-
A-GSG-06 with 150 pm pitch, were used. Probes was
somewhat over driven in order to making good contact to
CPW, even if the thickness is difference of signal and ground
conductors of CPW. It is not need to worry about breaking a
probe due to soft conductor of CPW.
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Fig 4 Scattering parameter measurement result of 5250 pm-long
transmission lines formed bv screen printing technology. (a) Si,. (b) Si1.

First, TRL calibration was performed on Cascade
Microtech 101-190C ISS at the probe tips. In the case of
calibration at probe tip using ISS, “thru” line, L=220 um, is
used as “flush thru”, then, uncorrected factor of insertion loss
of “thru” line remained in VNA measurement results after the
on-wafer calibration. It thus provided “offset insertion loss” in
the measurement. In the investigation of insertion loss per unit
length, four sets of long CPW lines with five different lengths
were measured for each printed sample. After making loss per
unit length can be calculated from the slope of the graph. As
the result, “offset insertion loss” can be ignored from the
graph of length dependence of insertion loss, the insertion om
the measurement results.

Furthermore, measurement of a short circuit was
performed and repeated ten times (N=10) in order to
investigation of the contact reproducibility at a probe tip.
Contact reproducibility performance depends on capability of
hardness and adhesion of conductor metals of CPW lines.

B. Results of Scattering Parameter Measurements

S-parameter measurement results of CPW lines are
shown in figures 4. There are averaged S-parameters for a
5250 um-long CPW line formed at each baking temperature.
From figure 4 (a), S1, insertion loss, is almost the same value
of CPW line on commercial ISS, 1.0 dB at 60 GHz and 1.5 dB
at 110 GHz, except for lines formed at 150 °C and 300 °C.
CPW lines formed at 150 °C and 300 °C have approximately
2.5 times loss of others. In addition, line formed at 600 °C
achieved no ripple on S, trace due to small S;;, reflection
characteristics, as shown in figure 4(b). Sii, reflection
characteristics, of CPW lines formed at 600 °C is the best
value in this paper. Reflection characteristics in the line are
most sensitive to signal width compared to gap width. Thus
almost 50 Q characteristic impedance in CPW lines formed at
600 °C is achieved by almost the same signal width of a
commercial CPW line. Furthermore, resulted Sy
characteristics also have a significant advantage over previous
research achievements [1, 2, 5, 6]. Other printed CPW lines
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generate large reflection characteristics over the entire
frequency range. This means that characteristic impedance of
printed CPW lines are out of match with characteristic
impedance 50 Q of a probe tip.

Relationship between S;; and Si, as shown in figure 5
can make an accurate understanding of an optimum
fabrication conditions for CPW lines formed by screen
printing technology. The best CPW line have usually low
reflection characteristics and low insertion loss. In this case, a
characteristic of the best lines are plotted at the top-right in
figure 5. Broken lines indicate 2-dimensional 2 ¢ distributions
as follows;

20(}\/[):2\/0_2(S1|)Su2 +07(8,,)S," +2r(8,,, 81, )0 (81, )o (S, )81, S (1)

Here, o(S11) and o(S12) are the standard deviations in
Si1 and Sy, r(S11, Si2) is the correlation coefficient between
Si1 and Sj. As the result, baking at 600 °C is the best
condition to provide low value and low distribution of
insertion loss, and in agreement with dimensional
measurement results.

From the results of insertion loss per unit length
(dB/mm) as shown in figure 6, CPW lines baked over 500 °C
achieved the same value of CPW on commercial ISS at 60
GHz and smaller value at 110 GHz. This means crystallization
of silver paste were accelerated over 500 °C.

C. Contact Reliability of Coductor Metal

Figures 7 show experimental standard deviation (N=10),
lo, of magnitude and phase of S;; values for short circuit
measurements. Ten discontact and recontact cycles were made
at the same probe position. Figure 7(a) shows contact
reproducibility of S;; magnitude of short circuit. Some of
difference can be shown, but difference, less than 0.003 dB, is
comparable to system drift. For phase measurement
reproducibility, CPW lines on ISS provides at least 0.10
degrees large deviation compared to printing CPW lines.
Mechanical properties of printing conductors is equivalent to
conductor formed by plated technology.

IV. Conclusions

This paper presented capability of screen printing as an
innovated fabrication technology to use for millimeter-wave
applications and precision measurement systems. CPW lines
formed at 600 °C baking achieved low insertion loss and low
reflection characteristics up to 110 GH and comparable to the
CPW lines on the commercial ISS. Screen printing technology
leads simultaneously to precision forming, mass production
and therefore cost efficiency and environmental acceptability.

Acknowledgment

This work was supported by the AIST’s strategic
project in 2014FY.

REFERENCES

[11 G. Shaker, M. Tentzeris, and S. Safavi-Naeini “ Low-Cost
Antennas for mm-Wave Sensing Applications using Inkjet Printing of
Silver Nano-particles on Liquid Crystal Polymers”, IEEE Antennas
and Propagation Society International Symposium 2010.

[2] O. Azucena, J. Kubby, D, Sarbrough and C. Goldsmith, “Inkjet Printing
of Passive Microwave Circuitry,” IEEE MTT-S Int. Microwave Symp
2008.

——— - 06
B T - \-\‘) R D=
. i ;
© 150 °C
* 300 °C " g
400 °C 5
500 °C 8
0600 °C
800 °C PR 22
A SLo- d
1SS ST e
03 026 022 018 014 0.1 006 0.02

Maximum of Sy (lin.)

Fig 5 Relationship between values of S, and peak values of S;; around 60
GHz (60 GHz + 5 GHz) for CPW lines formed by different baking
temperature together with ISS.

0

-0.1
o llossolissateoGHs o e 4.

€

£ -03 PO +

o Loss of ISS at 110 GH:;

8 .04 |--mT oA n T

% -0.5 /

2 y

— 06 960 GHz
07 T % 110 GHz

-0.8

0 200 400 600 800
Annealing Temperature (°C)

Fig 6 Insertion loss per unit length (dB/mm) of CPW lines formed by
screen printing technology. The both broken lines indicate insertion loss
per unit length of CPW lines on ISS.

0.1

o
S
=
S 001
s
z I
<1)
a i V1
o 0.001 M 'V
kst —150°C  —300 °C
S —600°C —800°C ---1SS
@ 0.0001
0 20 40 60 80 100

Frequency (GHz)

(2
_. 03 q
R °C —300°C , C e
5 400°C —500 °C YA
£ 02 | __go0°c —s00°C ™
5015 |---iss '
S 041 .
[ PR
9 0.05 By
B PP, =
g o0
K] 0 20 40 60 80 100
2]

Frequency (GHz)

(b)

Fig 7 Reproducibility performance for conductor formed by screen
printing technology, (a) S; magnitude, (b) S;; phase of short circuits.

(3]

1010

B. S. Cook, A. Shamim “Inkjet Printing of Novel Wideband and High
Gain Antennas on Low-Cost Paper Substrate,” IEEE Transaction on
Antenna and Propagation, vol. 60, no. 9, 2012.

F.Cai, Y.H. Chang, K. Wang, C. Zhang, J. Papapolymerou, “2.45 GHz
Low Cost Low Noise Amplifier on Flexible Organic Substrate,” IEEE
APMC, 2013.

W. Khan, A. Ulusoy, J.Papapolymerou, “D-Band
Characterization of Co-Planar Wave Guide and Microstrip
Transmission Lines on Liquid Crystal Polymer,” IEEE ECTC, 2012.

F. Cai, Y. Chang, K. Wang, W. T. Khan, S. Pavlidis, J. Papapolymerou,
“High Resolution Aerosol Jet Printing of D- Band Printed Transmission
Lines on Flexible LCP Substrate,” Digests of IEEE MTT-S
International Microwave Symposium (IMS) , pp. 1-3, June 2014.

M. Yoshida, “SCREEN PRINTING TECHNIQUE FOR PRINTED
ELECTRONICS,” Proceedings of Third International Conference in
Advanced Manufacturing for Multifunctional Miniaturised Devices,
August, 2014



	Welcome Page
	Hub Page
	Session List
	Table of Contents Entry of this Manuscript
	Brief Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Detailed Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	----------
	Abstract Book
	Abstract Card for this Manuscript
	----------
	Next Manuscript
	Preceding Manuscript
	----------
	Previous View
	----------
	Search
	----------
	Also by Masahiro Horibe
	----------


<<
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Gadugi
    /Gadugi-Bold
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /LeelawadeeBold
    /Leelawadee-Bold
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /LuzSans-Book
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftJhengHeiUIBold
    /MicrosoftJhengHeiUIRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftUighur-Bold
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MicrosoftYaHeiUI
    /MicrosoftYaHeiUI-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MT-Extra
    /MVBoli
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NirmalaUI
    /NirmalaUI-Bold
    /NSimSun
    /Nyala-Regular
    /OCRAExtended
    /OCRB
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUI-Semilight
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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 <>
    /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.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /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


