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Abstract: Energy harvesting characteristics of trapezoidal piezoelectric cantilever generator, which has a lead zirconate
titanate (PZT) laminate film, were compared by longitudina (3-3) and transverse (3-1) modes. The PZT laminate film,
fabricated by a conventiona tape casting process, was cofired with Ag electrode at 850°C for 2 h. A multi-layered Ag
electrode by a planar pattern and an interdigitated pattern was applied to the PZT laminate to implement the 3-3 and
3-1 modes, respectively. The energy harvesting performance of the 3-3 mode trapezoidal piezoelectric cantilever
generator was better than that of the 3-1 mode. An extremely high output power density of 26.7 mW/cm?® for the 3-3
mode was obtained at a resonant frequency of 145 Hz under a load resistance of 50 kQ and acceleration of 1.3 G, which
is ~3-times higher than that for the 3-1 mode. Therefore, the 3-3 mode is considered significantly efficient for application
to high-performance piezoelectric cantilever generator.
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Ao &3 quality factor & &4 §F0] ilgE]ofo}
et [8]. AutA oz o] & AMY JEIY R
go] A& wigol] ot SHol =P (clamping)d #
wolA uiH goz ZAas Aoz Faste 4
F= Bt o5 Bsty] Yol SREH Fwol ¥
< 385 ¥e & Q=S yHlE =9i, 3H¥e
WA A He E820] HH|E &9 trapezoidal ¥
Bz gy U3 ARsh =W igey mHo
o] vluA ddstA wxE 4 Uk [9-14].
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Fig. 1. Cross-sectional schematic images of electric field
distribution for (@) transverse (3-1) mode and (b) longitudinal
(3-3) mode.
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2.1 PZT 2lO|HI0IE EE M=

2 Aot @A Aeel sute Hxsts] 9stel
dutAd o g AgE]= gHolm FfAE FAE o] &5ty
o} AF8El YEE soft Pb(Zr,Ti)0sAl A8 4A me
C(AC750, Hayashi Chemicals, Japan)g ©]&3I% 2
o], 8.3 & 27|19 AZA% AC750 t]jAZ(disk) A|HC]

I =742 Tablelo] YEFIT.

golz 7WA”E S2fE Azsty] Hsll Fuld &
A oo EFAq(purity 99.5%, Samchun Pure
Chemical, Korea), of&t2(purity 99.5%, Samchun
Pure Chemical, Korea), polyvinyl butyral (BM-SZ,
Sekisui, Japan), dibutyl phthalate (purity 99.0%,
Daejung Chemical & Metals, Korea) % 2AHA|
(BYK-111, BYK-Chemie GmbH, Germany)s Z|A
Hle2 A7 9 sttt 2gdd S8 (slurry)=
ZoZ7 AAY Yo £PsE T, e A5Y A
2340t E(¢=3 mm, 5 mm, 10 mm, 15
tolg olgstel 24X7t B9t £3 Rajstaion] @
(mesh) F+29] A3Ri(screen)2 °l&3 & <52
= #dst 272 AASS &, A5 BR7]E o] &st
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Table 1. Piezoelectric properties of commercia piezoelectric
material (AC750) produced from Hayashi Chemicals, Japan.

Piezoelectric properties Values
Sintering temperature (C) 850C
Curie temperature (Tc) 225T
Coupling coefficient (kp) 61.7%

Mechanical quality factor (Qm) 138

Piezoelectric charge constant (dss) 520%x10-12 C/N

Piezoelectric voltage constant (gss) 24x10-3 Vm/N

833T/ €o 2,462

tand 0.9%

o] -760 mmHg AlFEg 308 ot &2jg] Yo 7]
2 A7sieh. 22" S2iee Holm FiAY A
(TCA-2000, Techgen, Korea)s ARgsto]l ©E 24
o]E(doctor blade)2 FH 9F 40 yme I A
(green sheet)& A|xstY .

i)

Im

2.2 Trapezoidal cantilever generator H=

Azst PZT 4 29 AJE= gy ®(beam)
= Ol&s Als oYX sHHIAE9 dees 7HAlsH]
25t trapezoid Bgoz AHAStYc IH 29 U
P ZAXE AAE trapezoid:= 39.08 mmel 14.39
mmo] Zolg 2= £ 4o WA Wt oSt A
5lH 46.64 mmeo] ¥ Zo]2 ztr} 3-1 BEo] A
23 2(a)ollA B0l 4 AlEQ] mHHo] AW A
7Y, A= Al A2lE s 3 mm X 4 mm
o] AMF A= mjert mfefdEof ot 28 2(b)
9E 7dg ¢ A3 WHoR 3-1 wee
3719 trapezoidal I&ES 7AW, 100 pmo]
i} 500 yme] A HAZ A= IDE 25 74l
A2 uhE w0 @] wjge A3e Ao
AdEo] o A7 A5 A2E fgt 2719 A
Wesh el o 2ol galsich 1Y 29 o
oju]Al= AAl= AASE PZT 2tujyolE AlH9
ol£1 9tk MAY 7 By mEe) ¥

A2 A3 T8 2 oA 3 (Sejinsmark, Korea)ZS
AASE T, A3 OfAF(screen mask)= A= Adx
£ 125t9] 640 mesh, 25 ym2 opening size F+249
2 AdAsiRon, A0z 850°CoA SAl /g0l 7t
=5t Ag H|o]AE(WT-APPL7-1, Winner Technology,
Korea)g AMESIQIT. Elo|m 7jAH FAo= A &3t
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Fig. 2. Designed eectrode patterns (left) and practicaly fabricated
PZT laminates (right) for (@) 3-1 mode and (b) 3-3 mode.
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mm (=0])°] F7|2 7}X|= trapezoidal 2ol SUS
(stainless steel) 304 &4 7|oHS 7HElYY] dlo=2 30,
oo} Ao ¢Rls] RAEES O EAIE =Xt &
7192 E(PO1- 700-20, Korea)2 o]835to 65°C, 3.5 bar
oJA] 2087t SOt 719t Aglsto] trapezoidal cantilever
Rlzs19ict,

I

generators
2.3 /M| EM EI}

2 AFolN Alxe wed PZT 2fujylolE H39 U]
Al & WAL FE-SEM (JSM-7610F, JEOL, Japan)&
0] 8519t} AIAst trapezoidal cantilever generator?]
9JulE A(impedance) S ATHA 247](E4990A,
KEYSIGHT, USA)E o|8s5t3ion, X3} AgKresistive
load)o} Z7]o] whe &3 AY SHI Fuks 542 Y
7tst7] 9519 shaker (Bruel & Kjeer, 4809, Denmark), 1.

4 bipolar amplifier (NF, HSA4014, USA), functional
generator (Agilent, 33220A, USA), accelerometer
(SQ-S-32902Y, Sequoia, Italy)E AF&stIcHE 3).

Impedance Analyzer
L Amplifier

|

Fig. 3. Experimental set up for the measurement of electrical
properties for the trapezoidal piezoelectric cantilever generator.
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= 850°CollA 241t FQt AZASH PZT 2}n
Ulo]E WEo] wey Oy FE-SEM o]u]A] & Hoj&
. 33 4(a)= 3-1 o] sigsts AlH ©H £
E A At F 4719 For FAEoH,
7} 59 Aol A=o] ARelsta Qo 7P ofefl
of e YAAZL A7l E=0] FAHEA d= o
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Fig. 4. Cross-sectiona FE-SEM images of the PZT laminate films
co-fired a 850°C for 2 h. (&) 3-1 mode and (b) 3-3 mode.
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Al 300 pmE 7HAH A=50 FAAF AL A
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275 pme| TS 7HXu 10719] IDE A7t Ao
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Fig. 5. (@ Impedance and (b) capecitance of the trapezoidal
piezoelectric cantilever generator by 3-1 and 3-3 mode as a
function of frequency.
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Fig. 6. Frequency dependent output voltage of trapezoidd cantilever
generator by 3-1 mode and 3-3 mode.
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o Agol olzt °F 2.3 Vs FAISHAG. §F
3-3 Rt trapezoidal cantilever generator=
cof ge] WY &e Wil AF 700 keolH Ao 52
MY 31.8 Vimes YUERHQICE 2™ 88 trapezoidal
cantilever generator?] bending resonance frequency
oo ¥ H&t X3 (load resistance) F7| ¥s}of
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of wet AN, ojtf P £ e, Vit 2

% Y, RS $aPA3S Uepdct.
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3-1 2E9] HL, 600 QOIMEE &3 x2o] MqA
5] Z7tetttzh 1.8 kQolA &g 2.1 mWe] &2 A
=g Ueholnt. ¥d, 3-3 mEo] A | kQRE
2 HMalo] ZAsH] &71st7] Al&sEe] 50 kQOjlA]
7.5 mWeol o &3 ¥ 545 UEUAY. o=
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Table 2. Comparison of energy harvesting performance of the
trapezoidal piezodlectric energy harvesters by 3-1 and 3-3 modes.

Vibration mode 3-1 mode 3-3 mode
Resonance frequency (Hz) 148 145
Output voltage (Vims) 29 34.8
Power output (mwW) 21 75
Power density (mwW/cm®) 9 26.7
Normalized power factor (MW/G?- cm®) 5.3 15.8

3 F4E d2stol 23 A3 54S power density
2 UgUYY 3-1 259 3-3 LooA 212t 9 mW/
cm®Qt 26.7 mW/cm®2 FHArsr 2 9lch it &4
ZFote FA Y AlE 7HEE 1.3 G (gravity)E 2L
2{St normalized power factorz UERd 73 7tz
5.3 mW/G?- cm®} 15.8 mW/G? - cm®z2 ¥t 7%
stoj o2 & 20] w]walgic}. o]2 Eofo] 3-1 mE
of HJof 3-3 RE9 HL trapezoidal cantilever
generator’} of 38 o]} 43t U] SHH|AF A

ol AANEE FAAT 5 AT

-

2 dFoM = &4t 9 24E 7HXl= PZT 2
ojYjo]E =2LS o0]|83}a trapezoidal cantilever
generatorg A|x3st & 3-1 @ 3-3 A% geol o
2 @A oux spAY SA4S ula Bt
A PZT A=tel2 o] &sto] gHolm JjA™Y F3AZ
o ¥4 22 AEE AASHAH. 3-1 2
Ao WY A3 HEa 33 RE Pao]
S ]35I tF 29 Ag A=0] A
2tojylolE =53 850°ColA F AJZF ZoF
SEITH A &3SE PZT 2fojUlolE BE2 A
Moz A3 melo] WAL sl
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Vimss UEHHATH 541 2014 A & &5t
3-1 2t9] FL, 1.8 kQojlA 2tf 2.1 mW, 3-3 =
£9] 4L, 50 kQojA Ao 7.5 mWe 43t

E=t
T T o 4

==

M2 54 Yerth ol HY WEe shbsw
9 mW/cm®9} 26.7 mW/cm32 UEeRE 2 9lom, X
= 7t& &S of28] 1183t normalized power factor
2 $hbst Z12F 5.3 mW/G? - cm®e} 15.8 mW/G? -
cm’2 HigHs & Qlrt o] A2 RE, B AoA A
A3t trapezoidal cantilever generator: 3-3 2E9]
3% 3-1 2o} Hlwsto] of 3uf Fr 43t ofyX]|

SHAY 452 7P ST 4 ot

ZAle 2

B A7E 2017dE AASARIAL HUoR A
ofix 71 4B 1 A(KETEP)2] A4S ol 2383t o
A 7127 AR A+ ALY Y THN0.20152020104960).

REFERENCES

[1] Z. Abdin, M. A. Alim, R. Saidur, M. R. Islam, W.
Rashmi, S. Mekhilef, and A. Wadi, Renew. Sust. Energ.
Rev., 26, 837 (2013). [DOI: https://doi.org/10.1016/j.rser.
2013.06.023]

[2] M. A. Lazar, D. Al-Masri, D. R. MacFarlane, and J. M.
Pringle, Phys. Chem. Chem. Phys., 18, 1404 (2016). [DOI:
https://doi.org/10.1039/C5CP04305K]

[3] V. Kuhn, C. Lahuec, F. Seguin, and C. Person, |IEEE Trans.
Microwave Theory Tech., 63, 1768 (2015). [DOI: https/
doi.org/10.1109/TMTT.2015.2416233]

[4 M. Song, Y. Zhang, M. Peng, and J. Zhai, Nano Energy, 6,
66 (2014). [DOI: https://doi.org/10.1016/j.nanoen.2014.02.009]

[5] Q. Zhao, Y. Liu, L. Wang, H. Yang, and D. Cao, Int. J.
Pavement Res. Technol., In Press (2017). [DOI: https.//doi.org/
10.1016/j.ijprt.2017.08.001]

[6] S. Leadenham and A. Erturk, Nonlinear Dyn., 79, 1727 (2015)
[DQI: https://doi.org/10.1007/s11071-014-1770-X]

[7] H. Li, C. Tian, and Z. D. Deng, Appl. Phys. Rev., 1, 041301
(2014) [DOI: https://doi.org/10.1063/1.4900845]

[8] V. Anngpureddy, M. Kim, H. Paneedi, H. Y. Lee, S. Y. Chai,
W. H. Yoon, D. S. Pak, J J Choi, B. D. Hahn, C. W. Ahn,
J W. Kim, D. Y. Jeong, and J Ryu, Adv. Energy Mater., 6,
1601244 (2016). [DOI: https://doi.org/10.1002/aenm.201601244]

[9] E. K. Reily, F. Burghardt, R. Fain, and P. Wright, Smart
Mater. Sruct.,, 20, 125006 (2011). [DOI: https://doi.org/
10.1088/0964-1726/20/12/125006]

[10] R. Hosseini and M. Hamedi, J. Micromech. Microeng.,
25, 125008 (2015). [DOI: https://doi.org/10.1088/0960-1317/



A7 VAR & ste]=wAl, AI30d Al122 pp. 768-775, 2017'd 12: ©]

(11

(12]

[13]

[14]

[19]

25/12/125008]

S. B. Ayed, F. Ngar, and A. Abdelkefi, Proc. 2009 3rd
International Conference on Sgnals, Circuits and Systems
(SCS (IEEE, Medenine, Tunisia, 2009) p. 1. [DOI:
https://doi.org/10.1109/I CSCS.2009.5412553]

D. Benastiutti, L. Moro, S. Zelenika, and E. Brusa,
Microsyst. Technol., 16, 657 (2010). [DOI: https://doi.org/
10.1007/s00542-009-1000-5]

V. Annapureddy, H. Y. Lee, W. H. Yoon, H. J. Woo, J
H. Lee, H. Palneedi, H. J. Kim, J. J. Choi, D. Y. Jeong,
S. N. Yi, and J H. Ryu, Appl. Phys. Lett., 109, 093901
(2016). [DOI: https://doi.org/10.1063/1.4962047]

C. M. Kim, C. I. Kim, J. H. Lee, J H. Pak, J. H. Cho,
M. P. Chun, Y. H. Jeong, and Y. J. Lee, Trans. Electr.
Electron. Mater., 11, 206 (2010). [DOI: https://doi.org/
10.4313/TEEM.2010.11.5.206]

B. Tian, H. Li, N, Yang, H. Liu, and Y. Zhao, Proc.
2017 IEEE 12th International Conference on Nano/Micro

(16]

(17]

(18]

[19]

[20]

oA =

775

i O

Engineered and Molecular Systems (NEMS) (IEEE, Los
Angeles, CA, USA, 2017) p. 185 [DOI: https://doi.org/
10.1109/NEM S.2017.8017002]

Y. Chen, B. Lu, D. Ou, and X. Feng, Sci. China: Phys,,
Mech. Astron., 58, 594601 (2015). [DOI: https://doi.org/
10.1007/s11433-015-5692-5]

R. Paradies and P. Ciresa, Smart Mater. Sruct., 18,
035010 (2009). [DOI: https://doi.org/10.1088/0964-1726/18/
3/035010]

H. Yu, J. Zhou, L. Deng, and Z. Wen, Sensors, 14, 3323
(2014). [DOI: https://doi.org/10.3390/s140203323]

C. H. Nguyen, U. Hanke, and E. Halvorsen, Proc. SPIE
9799, Active and Passive Smart Sructures and Integrated
Systems 2016 (SPIE, Las Vegas, Nevada, United States,
2016) p. 97991C. [DOI: https.//doi.org/10.1117/12.2218843]

H. A. Sodano, J. Lloyd, and D. J. Inman, Smart Mater.
Sruct.,, 15, 1211 (2006). [DOI: https://doi.org/10.1088/
0964-1726/15/5/007]




<<
  /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
  ]
  /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 <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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.)
  >>
  /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


