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A Self-Oscillation Type SAW Microgyroscope
Based on the Coriolis Effect of Progressive Waves
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(Hae-Kwan Oh - Ki-Sun Choi - Hyung-Keun Lee - Kee-Keun Lee - Sang-Sik Yang)

Abstract - An 80MHz surface acoustic wave (SAW)-based gyroscope utilizing a progressive wave was developed on a
piezoelectric substrate. The developed sensor consists of two SAW oscillators in which one is used for sensing element
and has metallic dots in the cavity between input and output IDTs. The other is used for a reference element. Coupling
of mode (COM) modeling was conducted to determine the optimal device parameters prior to fabrication. According to
the simulation results, the device was fabricated and then measured on a rate table. When the device was subjected to
an angular rotation, oscillation frequency differences between the two oscillators were observed because of the Coriolis
force acting on the metallic dots. Depending on the angular rate, the difference of the oscillation frequency was
modulated. The obtained sensitivity was approximately 52.35 Hz/deg-s within the angular rate range of 071000 deg/s.
The performances of devices with three IDT structures for two kinds of piezoelectric substrates were characterized. Good
thermal stability was also observed during the evaluation process.

Key Words : Coriolis force, Progressive wave, Surface acoustic wave (SAW), Self-oscillation, Micro gyroscope
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Fig. 2 Perturbed progressive wave due to Coriolis force

F EUeAy 20719 P f 33 o] Arp @zl
(Self oscillation) 2]

rlo
o,
A
o

¢
o
r

IN

fil

SAW

i 1 device

i Feedback
Phase- . foop
¢ | shift fiter [« | Filter ;

Coupling
network

Output

% 3 X7t U2l 3 2o E5cCtolof
Fig. 3 Block diagram of self-oscillation circuit

22 HA 24 ¥ AEdo|M

FHEAT} Aelzrmzo] A7 T 1y 24 ¢
o FEeAd S B0 Fx, 35 JAEA Tl dn ugdd
FHgAs T Aolzzzazo] HE5r] A= dALdE s
S 2AAAk s, b 7l F 128° YX LiNbOs¢t
ST-quartz7} olol aj=grt. 128° YX LiNbOz&= H] L%
717

(TCD, ~72 ppm/°C)E 7FA 2 )t} W, ST-quratz =
T kAL $4EAR(TCD: 0 ppm/°C ), ¥& 7] A2
AE(K=016%)5 7HA3 ok At 54S Ze T g
A7 AS ARSI, F 94 F o] QA7) Ao|RAFzEe
EAd F8 9IS F=AS #F A I6l

] -

Ao R 22513

=€
123 4F(K=556%)8 7HAAR, Fe& SEAQGF
=
3

Q

o, 2% 49} o] 37kA] v Fxo IDTE AASATH
Sk T Z(bidirectiona) = 7Hg €WrH el IDT FREA
SAWSl & 3, A <t /4 %9 BA(finger) S  1/49]
Ae T aEstslth. Single phase unidirectional
transducers (SPUDT)& A8 #29] A Atolel] A4 Z 2o €
ZAHE Fol, gxd Wk o & AATE AYAA, &
TR e A4S HA 3,

A

F

391



M7|1Es=gX 593 25 20104 2

AbsU, A9 2S5 ABE dta 1HAS M8E o] IA
2 i dsts

o
= el ATl

ol FrE ddEg S & g

o

(a)

Output

a3 4 dAE M ZtX] ctZ2 IDTel =% (a) Bidirectional
structure, (b) Single phase unidirectional transducers,
and (c) Split IDT

Fig. 4 Schematic of three different IDT structures (a)
Bidirectional structure, (b) Single phase unidirectional
transducers, and (c) Split IDT

F& AFAE 433 A o] 9Hstv, A
o] 248 2 =ded P& vE £ A 4FY DT
Aol Sz A9 muedae] A E ofr|d ¢ glen
2, 3% 59 Zo] 4 IDTEHE 15 Ay APl A3
v, A7 W4 9 A4 2 AASET O xF 9, A
v 3. 4 (DY 2 2% 2 3989 3 gE
O AL 3T & A, 94 A o) oz Eolx A
Hi, FAgdste] Ao wejrl 2 ¢ gl Ad dA7E
E3lo] AFE, Cr/Au(50/200 nm)E 5% JEAY AR
A58} THE]

392

ol21 DT 2 T
615, |

i ald
e
L.

a3 5 8% dSAHe dA

Fig. 5 Design of metallic dots

Azpe A, HAH AHA 84AE =
Coupling of modes (COM)® 49 &8 33}
= 19 63 ZUH9-111 gH7)Ee
LiNbO39} ST-quartz® 3t} o™, IDTE 37H4 o & %
= W5 R AFEsd T 128° YX LiNbOs9e] A ST-quratz
BTt oF 20 dB o] &4ol AA ugkew, SPUDTF %7

F s mEdA MY B 54 u

o777 T T T T T 7T
-10
-20
-30
—_ -40
m
T 50
N 6off
»
70k
-80 —— SPUDT structure
~~~~~~~~~ Bidirectional structure 1
-90 | ---- Splitted electrodes B
_100...:.|.|.|.|‘...1
70 72 74 76 78 80 82 84 86 88 90
Frequency (MHz)
(@
0 T T T T T T T T T T ]
-10 = SPUDT structure E
20 - --- Splitted electrodes ]
~~~~~~~~~ Bidirectional structure| -
-30 | E
40
m 50
T w
S 0
R
-90
-100
-110
-120
Frequency (MHz)
(b)

a7 6 A== ChE IDTT7ZeF M7 ool w2 Fab
2 EHSy) (@) 128° YX LiNbOs (b) ST-quartz

Fig. 6 Simulated frequency response(Syi) depending on the
different IDT structures (a) 128° YX LiNbOs; (b)
ST—quartz



23 &8 32 A & &KX M

54 #ze) AFE: 29 73 2ok 24 sAze ww
WA A8 A wa HRE A% 20e $E), 9%
Aol7), @ 7Hel WElEehelel, LC W, RLC B,

LPF(Low pass filter) 2 T4 5] vl T&F7+= HW 53
F gy =& o]5% 77 ADS009 (Analog device, Ltd.)
g AHgsAT T oRrIe wH Fop AolE A4S
= "EZgo]ol= AD835 (Analog device, Ltd)H S Al&

sleh. 7 adel 9%9 @ 9ol LC 9 RLC 98 52
Fol s FAE E=T HE|FololE Fal Altd
=9 A3Ze LPF & Au 79 Fa71HE $3 A
A BAY 5 oAtk BeHeololE B Y B YA
7o dAFow 1 25 EHAA E 2 g
@ 9% B ANGERFALE) AEE el
= Aol itk g AE 9Ye BV(EE7], WEFelol
ole] sk GNDE Hzsghstgla, §,&8de she] =
g Fow AR A
Phase shifter TS emMixer [ pp
and amplifier ’4'—l|1—| 1
[iii'
SAW gyroscope
(@)

Amplifier

forreference

patt

Amplifier

for sensing

patt

Phase shifter )
and filters Mizer
(b)
28 7 58 2 V@ @ 5% HZ MAS () M
PCB

Fig. 7 The discrete testing electronics on a printed circuit
board (a) Schematic view of electric circuitry for
testing and (b) Completed PCB

a7 8 RWEAdT AolRazEo] Az FAHEo|T
128° YX LiNbOs¢} ST-quartz9lell &Fv &S AFHAE
B2 zelsle] 200 nm =ZsQh AR Az WS o] &35}
of HA7E A™H F, FE AFAE U=
= lift-off FHOR 50/200 nm FAZ F23g
= AZE pdedn zelzazarol 33k Aot} 37

—|~
oo M
o
~
=

Trans. KIEE. Vol. 59, No. 2, FEB, 2010

A e 2R DT F2AS 35 QA 2HIYLS

W, Z7ke] A7) 14X06 cm’ o]t}

ot
rO
et
&
fass
o

Input Output
A IDT IDT =

(a) Piezoelectric

substrate (d) Al etching and PR remove

PR(AZ 4620)\

(e) PR pattern for
lift-off process

(b) Al deposition

PR(AZ 1512)
!
1T my

(c) PR coating and patterning
for resonator

(f) Cr/Au deposition
and lift-off of PR

O3 8 EHENMD Xo|2AF = ME FHET

Fig. 8 The fabrication procedure of SAW gyroscope

Reference
oscillator

Sensor
oscillator

| - Il
SPUDT and
Split finger IDT IDT

comb structre
(b)

O2 9 MAE Xo|Z2ARZT 2k AR

Fig. 9 The optical microscope views of the fabricated SAW
gyroscope

2 o
™
A fol
o
f
o

Af{‘uriolis :foutput - (f2 _fl ) (5)

393



M7|1Es=gX 593 25 20104 2

Tek Ju W aeq i«ro&ece M P DDy '[%k T [ B el Pros: Siulie
e—
"
Jrer Jsensor
=80.547MHz =80.843MHz
(@ (b)
a7 10 A7t Lz ols) FESE EHEtMu Xyl =
H AE (@) 7IELT7] (b) AXLT7

Fig. 10 Output signals of SAW oscillator operated by
self-excited oscillation (a) reference oscillator (b
sensing oscillator

4455 Agd AEE ZPA2Ye aY 113 2,
o)
(=}

Rate table Acutronics jit9] Acee37-TCN X &2 A

= - &Fe] ANt O‘O%H 2% 2708 24% 4 Ak A
2 SA3 27130 Fdo PCB #H714d EHed T 2
ol2xmxE FAs 32 7]¥-S Rate tabled] 9] gHt},
Rate table> % FFHol| 93 =d=M, ZEgS 9§
Ft FhEHE FX3 Hol Yo "t
j;]/ Chamber
I ..
" Output
signal Oscilloscope
Frequency
Counter
Control Unit
-rate, temperature Rate table
and humidity

28 1 UST NS e 5F Alay

Fig. 11 Experimental testing setup for the developed
gyroscope system

QR A ZH&ET L Ik uheh, A bR S FEkel W
et ZALEA7 e 54 AeAe 2oy s HEh
AE =29EY ¥ JPste AFzdadoe 22
Foln, &Adste] AF Ho] FIFE . v 7|+
W7 2L EA mEee JdonitH AH S
of, op-d Wk dojubA Gevh F 2 Sk Aol
= 543 R YAE Fote, % FoeIEHE ey
A e A¥& 20 °C oA 0 ~ 1000 deg/s 7+ 200
deg/s mttt FAstqinh a9 128 F4¥ Aol

Awolty, 4 g7l A, 128° YX LiNbOs7h
ST-quratzol ®l&| oF 68] o] Z=E HYTH128° YX
LiNbO; 7%=: 5235 Hz-deg s , ST-quartz 7H=: 8.74
Hz-deg s ). ol&ld Azte] 7p4 2 olf& 7IAATES
o] zpe] wjolty FWEAT AAo] Slof, VIAZARET
KHE 97be A714 dyA7L drlg 71 A duA =

394

Hi k2 ougit webs AZTAEEKIF 85
128° YX LiNbO3(K*=556%)= ST-quartz(K*=0.16%)
3 o & IFe JIPeguts AGA7IH, o= <l
& ZE & Pol v& ATA A WEAZIT. o A
AlEG ol RS T3 &3 Avtet A s

37HA & IDT%LZ/] 7%, SPUDT +*%7} v& +

1w W

gl'_‘,
4

7] .
49 YA DT TEE AgEE KU oA
@& Ak weld Al A8
T

o
O

el 50 % Hrel A @=th W SPUDT+
*}OI 1 fﬂga‘ﬁé TolA, of

gt 1 =e ArE 128° YX Lle03 713
2R} A 52.35 Hz-deg s

60— =— SPUDT
o Split IDT
0 —a— Bidirectial IDT /I
g 40
=
2 304
)
=
g
& 20
<
=
£
& 101
04
T T T T T T T T
0 200 400 600 800 1000
Input Rate (deg/s)
(@
60
—=—SPUDT
s —e—Split IDT
) —a—Bidirectial IDT
-
N
E 40 -
=<
>
2]
& 30
D
=
g
£ 204
-
=
£ 10
= A
O o — ————,
0 s———8=— "7
T T T T T T
0 200 400 600 800 1000
Input Rate (deg/s)
(b)

O3 12 IDT #+=of w2 ZHENTD Xjo|2A3= & F
o &3 (a) 128° YX LiINbO; (b) ST-quartz (X
25: 20 °C)

Fig. 12 Measured output frequencies depending on DT
structure at 20 °C (a) 128° YX LiNbO; (b) ST-quartz



128° YX LiNbO39] &

smme ewerdy 2ol
257 A, 248 7E
cmH, BAMSl @ WaES A WHL
Atk 719 13 20 °ColA 80 °C Aol A AZE Aol
/\:,v_L,] 71—1: tﬂ§}.z ];]] s} 734,1-011:]- /\]__Q_Q 7
YX LiNbOsel®, IDTi SPUDT Zolth.
% vivel walsh GANAL olE Fal, @AWt e
2A B4 Wah A239SE S B S

o2
JRFﬂE‘
2 fo
x5
o R

—=—20°C
[ e 40°C
4 60°C
50 A | v sC
:E' 40
<
z
£ 304 e
] 7
s- 7
E 20 M
H 7
= /
& 104 »
04 -

0 20 400 600 w0 1000
Input Rate (deg/s)

J% 183 2%o wE ZHENMIO Xo|2ATE £ Faip
£ (128° YX LiNbOs, SPUDT structure)

Fig. 13 Measured output frequencies under various
temperatures(128° YX LiNbOs, SPUDT structure)

3.4 B

7129 #A AA e AR AHE FA44, 7154, &
o} BAE FESuA A2 e gdegds 7k zhe]
2325 AA At sHUgAd s V) Aol a3
v 4oy FxAI J‘ﬁ o o)XY HH 7HE vE
o= Aol JhFatrlel, 2¥s, AWFTAA, L7,
FAsk Fo] 7lF3th. COM EEi_.l%‘g 23 Hz e mA
FE TIgen, 34 MHRE, Fk 5)F AAS 9
T ool e B9 Fx2E ARSI 4Rl
I IDT Tz 98 Ao]Zazmxo] JgS Felste] B

o, 128° YX LiNbOs$t# 7], SPUDTT-ZoA 7+%
o s Ygyow, 1 —rX]: 52.35 Hz/deg * s(y=
A), AP 0950tk E8 Fupgo] o] =Z(Noise) A
Holx= AL 34 LC, RLC ZE A9 <x¢}
g ate]l kel mpEE ¢F HAow oAt
> & =907 32 AdAe nEsHPLL 3 &2
Al, LC«RLC "E 9 AdANE T3l o]z

stal, FAl 2% oS AT 4 e xHW

Aol R 2T E A2 et} E),

E

[0
TN @ o B ME ob off ¥O fE O fE S R (K R oft

2

o ML

& o
)

F_Vfl 03“.,

ZAtel 2
o] =RLS 2000W%E AR (uSHsE
o2 AT AEe] NYS
2009-0081200)

Trans. KIEE. Vol. 59, No. 2, FEB, 2010

g a2 2

et

[1] M. Hashimoto, C. Cabuz, K. Minami, and M. Esahi,
"Silicon resonant angular rate sensor using
electromagnetic excitation and capacitive detection”,
Journal of Micromechanics and Microengineering,
Vol. 5, pp. 219-225, 1995.

[2] J. Soderkvist, "Micromachined gyroscopes”’, Sensors
and Actuators A, Vol. 43, pp 65-71, 1994.

[3] M. Kurosawa, Y. Fukula and M. Takasaki, “A
surface acoustic wave gyro sensor’, Sensors and
Actuators A , Vol. 66, pp. 33-39, 1998.

[4] V. K. Varadan, W. D. Suh and P. B. Xavier,
“Design  and development of a MEMS-IDT
gyroscope”, SmartMaterials and Structures, Vol. 9,
pp. 898-905, 2000.

[5] S. Lee, J. Rhim, S. Park, S. Yang, “A micro rate
gyroscope based on the SAW gyroscope effect,
Journal of Micromechanics and Microengineering”,
Vol. 17, pp. 2272-2279, 2007.

[6] Gardner ], Varadan V, Awadelkarim O,”Microsensors
MEMS and Smart Devices”, New York: Wiley,
2001.

[71 H. Oh, W. Wang, K. Lee, and S. Yang, "Development
of new wireless SAW sensor for simultaneous
measurement of pressure-temperature and ID tag”,
Jon. J. Appl. Phys. Vol, 48, 066505, 2009.

[8] W. Wang, H. Oh, K. Lee, S. Yoon, and S. Yang,
"Enhanced Sensitivity of Novel Surface Acoustic
Wave  Microelectromechanical ~ System-Interdigital
Transducer Gyroscope”, Jpn. J. Appl. Phys. Vol. 48,
06FKO09, 2009.

[9] R.C. Woods, H. Kalami, B. Johnson, "Evaluation of a
novel surface acoustic wave gyroscope”, IEEE
Transactions on Ultrasonics, Ferroelectrics and
Frequency Control, Vol, 49, pp. 136-141, 2002.

[10] P.V. Wright, "Analysis and design of low-loss
SAW devices with internal reflections using
coupling-of-modes theory”, IEEE
Symposium, pp. 141-152, 1998.

[11] W. Wang, S. He, S. Li, "Enhanced sensitivity of
SAW gas sensor coated molecularly imprinted

Ultrasonics

polymer incorporating high frequency stability
oscillator”, Sensors and Actuators B, Vol. 125, pp.
422-427, 2007.

395



CHEEES

2X 59F 25 2010 2¢

A A A2 A
2 (R & H)
200 olFE i etn AxpFERE =,
20073 T 20099 T wiEhd A}
2009 T & tish HRAR BAL

396

FHA)EoF : SAW sensor
Tel : 031-219-2488

x : 031-212-9531
E-mail : nasahu@ajou.ac.kr

z 71 o (8 & %)
2003 29 ofFd] AAF TR £
2009 T & digk AAbaA.
FHAAEoF - SAWsensor, BIO MEMS
Tel : 031 - 219 - 2488
Fax : 031-212-9531
E-mail : fuguel @ajou.ac.kr

of & 2 (X ¥ 1)
mwu2l4¢m@}%@$§ﬁ
20109 @A 5 vhsh A4 sk

EREE
FBA 2ok SAW sensor
el : 031 - 219 - 2488
x : 031-212-9531
E-mail : nicelhk77@ajou.ac kr

of 7| 2 (= & R8)
1988\ Fuiga Hdxp A £
1993 University of Florida A& AA}
4.
2001 Arizona State University <=
Al E9.
QA oFdi gt AApF - Fag
FHAEE 1 SAW  AIA,
Energy harvester

el : 031-219-1848
Fax : 031-212-9531
E-mail : keekeun@ajou.ac.kr

Solar cell,

1980 Mg thetal 71AlF 8t kAl £,
1983 Mg thstal 71AlE st MAL 4.
1988%1  University of California at
Berkeley 7175k ¥pAF &9

AR olFoleta ARFET @
FoA R 1 mlo]a 2 4AFe] Mechanism
3} Actuation, Motion Control

Tel : 031-219-2481

Fax : 031-212-9531

E-mail : ssyang@ajou.ac.kr




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /DetectCurves 0.100000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


