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Abstract – In this paper, we present the design and 
fabrication of a ring-type MEMS gyroscope, which is 
composed of a soft polymer-structure and 8 separate 
driving and sensing coils. The bottom side of the ring 
structure is mounted, while the upper portion vibrated 
freely by the actuation of electromagnetic and inertial 
forces. For the prototype demonstration, a polymer 
molding, metal printing, and multilayer packaging 
process is developed. Realized by the highly flexible 
structure, the device is expected to greatly amplify the 
vibratory motion and therefore the resulting output 
signal. As such, the proposed device could be low cost 
and readily serve as a motion detector for a variety of 
applications. 

 
I. INTRODUCTION 

 
Gyroscopes, which measure the rate and angle of 

rotation, have a wide range of applications in many fields, 
such as military, automotive, leisure, and robotics. The 
applications of traditional gyroscopes are limited, mainly 
due to its structural complexity, high cost, and bearing- 
wear problems. Because of their great potential for wide- 
spread application, MEMS gyroscopes have received great 
attention in recent years [1-5]. Among the various types of 
MEMS gyroscopes, almost all of them are vibratory ones, 
which use vibrating structures (instead of complicated 
spinning and lubricated assemblies) to sense rotation. For 
the driving and sensing of vibration, electrostatic and 
piezoelectric forces are widely utilized to actuate the 
structures, while the variations in measured capacitance 
and piezoresistance are commonly employed to monitor 
the motion. It seems that silicon-based MEMS gyroscopes 
are advantageous, for example, they can be batch- 
processed with IC fab technology while their sizes and 
costs could be reduced significantly. However, there might 
be some remaining problems related to the fabrication of 
MEMS gyroscopes. In order to improve their sensitivity, 
many devices employ narrow gaps, 3D structures, or 
vacuum packaging, which make the fabrication process 
complicated, high cost, and usually low yield. 

In this paper, we present a novel ring-type MEMS 
gyroscope, which utilize electromagnetic forces to drive a 
soft polymer structure and sense its rotation by monitoring 
the variation in induced electro-motive forces. The device 
is easy to fabricate and expected to amplify the induced 
vibration and therefore the resulting output signal. As such, 
the proposed device could be low cost and readily serve as 
a motion detector for a variety of applications. 

 

 
 

Fig. 1. Schematic illustration of the gyroscope. 
 

  
 

Fig. 2. Operating scheme of the gyroscope. 
 

II. OPERATING PRINCIPLE 
 

A vibratory gyroscope takes advantage of the 
Coriolis effect to measure the angular motion of an object. 
It consists of a proof mass and a pair of driving and sensing 
elements. The proof mass is forced to harmonically vibrate 
by the driving element. When the mass is subjected to 
rotation, the induced Coriolis force would cause the mass 
to vibrate along the sensing direction. One can obtain the 
angular velocity by detecting the vibration in the sensing 
direction. Figure 1 is a schematic illustration of the 
proposed MEMS gyroscope, which is composed of a soft 
ring- structure and 8 separate driving and sensing coils 
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around the ring. The bottom side of the ring structure is 
mounted, while the upper portion is vibrated freely by the 
actuation of electromagnetic and inertial forces. Since a 
polymer structure is much softer than a silicon one, the 
required driving forces could be greatly reduced. In case 
that a magnetic field normal to the ring is applied, Lorentz 
forces are induced when currents passing through the 
metal coils. As illustrated in Figure 2, the Lorentz force 
acting on coil #1 would pull the ring-structure away from 
its center, if a current is fed through the indicated direction. 
Typically, coils #1 and #5 work as a pair to stretch the 
ring-structure, while coils #3 and #7 work oppositely to 
compress the ring-structure. AC currents that match the 
resonant frequency of the ring-structure are utilized to 
induce an amplified primary vibration. Meanwhile, the 
rotation of the device (with an angular velocity of Ω) 
around an axis normal to the ring would result in a 
secondary vibration, as illustrated in Figure 2. A Coriolis 
force is induced and the resultant force is expected to be 
45° from the primary vibration. In addition, the two 
vibration modes are mutually independent and spatially 
orthogonal. Monitoring of both the primary and secondary 
vibration is realized by detecting the induced electro- 
motive forces in the 8 metal coils. Usually, coils #1, #3, #5, 
and #7 are used to monitor the primary vibration, while 
coils #2, #4, #6, and #8 are utilized to sense the secondary 
vibration. 

 

 
 

Fig. 3. Design parameters of the gyroscope. 
 

TABLE I 
MATERIAL PROPERTIES USED FOR ANALYSIS 

 
 PDMS  Silicon 

Density (g/cm3) 1.0  2.4 
Young’s Modulus (Pa) 750 k 180 G 

Poisson’s Ratio 0.45 0.35 
 

III. STRUCTURAL DESIGN 
 

As illustrated in Figure 3, the main design parameters 
of the proposed ring-type gyroscope are the height, inner, 
and outer diameters of the ring structure, and the effective 
length of the coils. In order to investigate the dynamics and 
facilitate the design of the ring-type gyroscope, numerical 
simulation utilizing ANSYS (ANSYS, Inc.) is performed. 
The material properties used in the simulation are listed in 
Table I. It is noticed that the Young’s modulus of PDMS is 
about quarter million times of that of silicon, so it is 
feasible to deform a PDMS microstructure with some 

weak force. The first few mode shapes of the ring-structure 
is illustrated in Figure 4, while the actual order is 
determined by the aspect-ratio of the ring-structure. 
Among these vibration modes, mode (b) is intentionally 
induced to facilitate the sensing of rotation. If the inner and 
outer diameters of the ring-structure are fixed at 500 and 
1000 μm, respectively, the relationship between the height 
and the resulting resonant frequency of the ring-structure is 
shown in Figure 5. It is found that the resonant frequency 
drops rapidly from 40 to less than 10 kHz, when the height 
decreases from 100 to 400μm. Meanwhile, the increase of 
the outer diameter and the decrease of the inner diameter 
both raise the stiffness of the ring-structure, and therefore 
raise the resonant frequency. 

 

 
 

Fig. 4. Expected mode shapes of the vibratory ring. 

0

5

10

15

20

25

30

35

40

45

0 200 400 600 800 1000 1200 1400

Ring Height (um)

R
es

on
an

t F
re

qu
en

cy
 (k

H
z)

 
Fig. 5. Relationship between the height and the resulting 

resonant frequency of the ring-structure. 
 

In addition to resonant frequency, the amplitude of 
the forced vibration is also investigated. The amplitude of 
the primary vibration at resonance (P) can be determined 
by Equation 1: 
 

IBCQP P=                                 (1) 
 
where QP is the quality factor of the primary vibration, I is 
the amplitude of the AC driving current, B is the magnetic 
flux density, and constant C is determined by the 
geometries and material properties of the ring-structure. 
With the aid of ANSYS simulation, the values of constant 



C can be estimated numerically. Figure 6 shows the 
simulation result of a ring structure with inner and outer 
diameters equal to 600 and 1000 μm, respectively, and a 
height of 600 μm. Meanwhile, if the secondary vibration is 
induced, the amplitude of the secondary vibration (S) can 
be estimated by Equation 2: 
 

ωΩ= /PkQ2S S                             (2) 
 
where k is the gyroscopic coupling factor determined by 
the mode shapes of the radial and tangential displacements, 
QS is the quality factor of the secondary vibration, and ω is 
the angular frequency of the matched mode. Furthermore, 
the induced electro-motive force along a metal coil can be 
calculated by Equation 3: 
 

BLw)SorP(EMF =                       (3) 
 
where L is the effective length of the coil. The output 
signal is usually quite small, therefore auxiliary exciting, 
controlling, and sensing circuitry is often employed to 
ensure stable operation and amplified signal output. 

 

 
 

Fig. 6. Resulting deformation of a ring structure with Ri = 
600μm, Ro = 1000 μm, and a height of 600 μm. 

 
IV. FABRICATION PROCESSES 

 
As illustrated in Figure 7, a polymer molding, metal 

printing, and multilayer bonding/packaging process is 
developed to fabricate the prototype ring-type gyroscope 
for demonstration. First of all, a layer of 200 µm thick 
negative photo-resist (SU-8, MicroChem) was spin-coated 
and patterned on top of a clean silicon wafer to fabricate 
the mold used for duplicating the ring structure. After the 
SU-8 mold was fully cured, it was placed in a desiccator 
with a vial containing a few drops of 1H,1H,2H,2H- 
perfluorooctyl-trichlorosilane (Fluka) under vacuum for 2 
hours to silanize the surfaces. The purpose of silanization 
is to facilitate the removal of polymeric replicas (from the 
molds) after the following casting process. Meanwhile, a 
mixture of 10:1 PDMS pre-polymer and curing agent 
(Sylgard 184, Dow-Corning) was stirred thoroughly and 
then degassed under vacuum to remove trapped air bubbles. 
The casting and bonding process started with the 

deposition of a thin PDMS film on top of a clean silicon 
wafer. About one tenths of the PDMS mixture was spin- 
coated on the wafer at 2500 rpm for 30 seconds, which 
yielded a thickness of roughly 15 µm, and cured for 15 
minutes at 85ºC. Afterward, the rest of the PDMS mixture 
was poured onto the SU-8 mold, degassed, and cured for 2 
hours at 85ºC. Meanwhile, the metal coils were deposited 
on top of the 15 µm thick PDMS film by screen printing. A 
certain volume of the employed conducting silver paste 
(RF1008A, Hong How Technology) was printed and then 
baked for 30 minutes to solidify the coil structures. After 
thoroughly cured, the PDMS replica on the SU-8 mold was 
peeled off. 

 

 
 

Fig. 7. Fabrication process of the ring-type gyroscope. 
 
Once peeled off from the mold, the top side of the 

PDMS ring structure was then treated with a hand-held 
corona treater (BD-20AC, Electro-Technic Products), 
which ionizes surrounding air and creates localized plasma 
to activate the surfaces for irreversible bonding. The 
intensity of the corona was set at a relatively low level in 
order to produce a stable but soft corona with minimal 
crackling and sparking. The wire electrode was positioned 
roughly 3 mm above the treated surface, and scanned back 
and forth for 30 seconds to 1 minute, depending on the size 
of the surface. Meanwhile, the same surface treatment was 
also applied to the thin PDMS film. Afterward, the corona- 
treated surfaces were then pressed together and left 
undisturbed for at least one hour at 85ºC for the bonding to 
take effect. At the end, the required interconnections for 
currents feed-in and electro-motive forces feed-out were 
made by punching holes through the structure and by 
mounting the device into a customized housing. 

 
V. CONCLUSION 

 
This paper presents the design and fabrication of a 

novel ring-type gyroscope, which is composed of a soft 
polymer-structure and 8 separate driving and sensing coils. 
The gyroscope utilizes electromagnetic forces to drive a 
soft polymer structure and sense its rotation by monitoring 
the variation in the induced electro-motive forces. The 
bottom side of the ring structure is mounted, while the 
upper portion is vibrated freely by the actuation of 
electromagnetic and inertial forces. Numerical simulation 
is performed to investigate the dynamics of the ring 



structure, and the effects caused by a variety of design 
parameters. It is found that the resonant frequency drops 
rapidly when the height decreases. Meanwhile, the 
increase of the outer diameter and the decrease of the inner 
diameter both raise the stiffness of the ring-structure, and 
therefore raise the resonant frequency. For the prototype 
demonstration, a polymer molding, metal printing, and 
multilayer packaging process is developed. Realized by 
the highly flexible structure, the device is expected to 
greatly amplify the vibratory motion and therefore the 
resulting output signal. In addition, auxiliary exciting, 
controlling, and sensing circuitry is employed to ensure 
stable operation and amplified signal output. As such, the 
proposed device could be low cost and readily serve as a 
motion sensor for a variety of applications. 

 
ACKNOWLEDGEMENT 

 
The authors would like to thank the financial support 

from Chung-Shan Institute of Science and Technology for 
this research. The demonstrated devices were fabricated in 
the ESS Microfabrication Lab. at National Tsing Hua 
University, Taiwan. 

 
 

REFERENCES 
 

[1] N. Yazdi, F. Ayazi, and K. Najafi, “Micromachined 
Inertial Sensors,” Proceedings of the IEEE, vol. 86, p. 
1640, 1998 

[2] K. Maenaka, T. Fujita, Y. Konishi, and M. Maeda, 
“Analysis of a highly sensitive silicon gyroscope with 
cantilever beam as vibrating mass,” Sensors and Actuators 
A, vol. 54, p. 568, 1996. 

[3] F. Ayazi and K. Najafi, “A HARPSS polysilicon vibrating 
ring gyroscope,” J. Microelectromechanical Systems, vol. 
10, p. 169, 2001. 

[4] J.-H. Weng, W.-H. Chieng, and J.-M. Lai, ”Structural 
design and analysis of micromachined ring-type vibrating 
sensor of both yaw rate and linear acceleration,” Sensors 
and Actuators A, vol. 117, p. 230, 2005. 

[5] A.J. Harris, J.S. Burdess, D. Wood, R. Langford, G. 
Williams, M.C.L. Ward, and M.E. McNie, “Issues 
associated with the design, fabrication and testing of a 
crystalline silicon ring gyroscope with electromagnetic 
actuation and sensing,” J. Micromech. Microeng. vol. 8, p. 
284, 1998. 

[6] K. Maenaka, S. Ioku, N. Sawai, T. Fujita, and Y. 
Takayama, “Design, fabrication and operation of MEMS 
gimbal gyroscope,” Sensors and Actuators A, vol. 121, p. 
6, 2005. 

 

 



<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Albertus-Bold
    /Albertus-ExtraBold
    /Albertus-Medium
    /AlbertusMedium-Italic
    /AntiqueOlive
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGOmega
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGTimes
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /Clarendon-Bold
    /Clarendon-Book
    /Clarendon-Condensed-Bold
    /ClarendonExtended-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Coronet
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CurlzMT
    /DFFangSong-Md-HK-BF
    /DFFangSong-W2-HK-BF
    /DFFangSong-W2-HKP-BF
    /DFFangSong-W4-HKP-BF
    /DFFangSong-W6-HK-BF
    /DFFangSong-W6-HKP-BF
    /DFGuYin-Md-HK-BF
    /DFGuYin-Md-HKP-BF
    /DFHei-Bd-HK-BF
    /DFHei-Bd-HKP-BF
    /DFHei-Lt-HK-BF
    /DFHei-Lt-HKP-BF
    /DFHei-Md-HK-BF
    /DFHei-Md-HKP-BF
    /DFHeiMedium-V30-UNI-H
    /DFKaiShu-Md-HK-BF
    /DFKaiShu-Md-HKP-BF
    /DFKaiShu-SB-Estd-BF
    /DFKaiShu-SB-EstdP-BF
    /DFKaiShu-W3-HK-BF
    /DFKaiShu-W3-HKP-BF
    /DFKaiShuW5-V30-UNI-H
    /DFKaiShu-W7-HK-BF
    /DFKaiShu-W7-HKP-BF
    /DFKai-XB-HK-BF
    /DFKai-XB-HKP-BF
    /DFMing-Bd-HK-BF
    /DFMing-Bd-HKP-BF
    /DFMingLight-V30-UNI-H
    /DFMing-Lt-HK-BF
    /DFMing-Lt-HKP-BF
    /DFMing-Md-HK-BF
    /DFMing-Md-HKP-BF
    /DFNHei-XB-HK-BF
    /DFNHei-XB-HKP-BF
    /DFNMing-XB-HK-BF
    /DFNMing-XB-HKP-BF
    /DFNYuan-MXB-HK-BF
    /DFNYuan-MXB-HKP-BF
    /DFNYuan-XB-HK-BF
    /DFNYuan-XB-HKP-BF
    /DFSoZing-Md-HK-BF
    /DFSoZing-Md-HKP-BF
    /DFWeiBei-Md-HK-BF
    /DFWeiBei-Md-HKP-BF
    /DFYanKai-W5-HK-BF
    /DFYanKai-W5-HKP-BF
    /DFYanKai-W7-HK-BF
    /DFYanKai-W7-HKP-BF
    /DFYanKai-W9-HK-BF
    /DFYanKai-W9-HKP-BF
    /DFYuan-Bd-HK-BF
    /DFYuan-Bd-HKP-BF
    /DFYuan-Lt-HK-BF
    /DFYuan-Lt-HKP-BF
    /DFYuan-Md-HK-BF
    /DFYuan-Md-HKP-BF
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MaiandraGD-Regular
    /Mangal-Regular
    /Marigold
    /MicrosoftSansSerif
    /MingLiU
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /Univers-Condensed-Bold
    /Univers-Condensed-BoldItalic
    /Univers-Condensed-Medium
    /Univers-Condensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /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 2.00333
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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


