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Output Improvement of Two-dimensional Audio Actuators by
Corona Surface Treatments to Increase Adhesive Properties of
Piezoelectric Materials
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Abstract  Recently, the performances of electrical and electronic devices are improving while the sizes are
becoming smaller. As sound-generating systems, the two-dimensional speakers have been developed in place of
conventional three-dimensional ones. Piezoelectric materials show the mechanical vibrations due to the voltage
applied from outside the materials. The early film speakers had a limitations of output power in that it was not
easy to make the conducting macromolecular films on the surfaces of the materials due to the internal chemical
properties of materials. We have adopted the corona surface treatment in order to improve the output
characteristics by increasing the adhesion of the coating material on to the surface of the center material of
piezo film. The results showed the improvement of output power in the wider range of operating frequencies.

Key Words : Piezo Propperty, Polyvinylidene fluoride, Corona surface treatment, Conductive macromolecular
compound, CMC, Sound pressure level(SPL)

.M =2 TF AFE S O ok el BANITRE
ARES BAS F Arnold 9} Crandalle] 9155 AA
19 A17] &, Preece ¢ Braun 7} 852 5492 Edlo]  x127tx) @ @ AFASd| 9)ste] ol 2(¢HA) EA(
‘A3, StAEt ITSRE Received: 30 August 2012 / Revised: 30 September 2012 /
AedAt @ 20129 8¢Y 304, £=ALRE : 2012 9¥ 30 Accepted: 12 October 2012
AAEA U} - 20129 109 12 "Corresponding Author: um@hansei.ac.kr

Information Technology, Hansei University, Korea

9] -



2Lt ER MO AR FA oI5t 0XY 2r|Q AlAHO| £3 HM

piezoelectric materials)oll ]38t &
piezoelectric property)o] &% o]
oz Aol 9iolA 17} 2l
ol-&ste] B ulRolA (FAA, At 5) Aty
AuE= @4 = gl o) dAstE 7)o
o oJate] oA AA = HYE UEhiE 4 5
3015}. o] A2 AAA H7A Adeiet R 71AE A
A5 #AE Jehe 5o,

=
o
[,

SEREER
5 1 wrhe 9ol el A7 el <lake] )
wol A 7Sl Wo] washe ubge] o ol

E9E e slelz &

e 240 4714 549

534 dgo 2 e thE Aog Foxin
B: s_é (1)
2 (DelA D = 24 o] EAsks A5 Bwe ¢
3 A< W WE(electric flux density vector), e o]
2 849 4714 $A%permittivity), £ vz &
o) 9B A 17k A A (electric field) WEf o]t} 5
9] W2 (Hooke's Law)oll 23te] tha 4lo] A H3ich
S=5sT @)
2 @dH S = %(stram), s Azolal

(compliance), L8]l
el F A ()3 (2 =
2 t&3 o] Fojxith

AT+ d’ {7} 3)

{T}+ |- {£}

{i}—

{p}=

21 3)ellA [d] = ez &34 944, [d'] =
a3} AL vehich, A5l 20l £ AAS e
T g8, 17t 9] A (ranspose) & L1e}
o 0 sz 549 ehlE A= 2ol
E(berlinite, AIPO,), AR~ A, 34 o =3}
o,
MHE 4R 24 BARA o2 B uy

(polyvinylidene fluoride, PVDF)2 AF&-3}%ith. PVDF

T K

[N
ol

<ol

3

Hﬂ 30,

o] =

= B3} &3} 229 (HFO: hydrofluoroolefin) S &%
(polymerization) k] A, A 2gl PVDFE 4%
o] FeprE EARA 7t =3 Aash, &4 A
(acids), 97](bases)dll <357 gkon siAld = Zg
A gre & Ehfol 177° C oA &

A= 84, 7
o] &= % S By

1 A%

1>

I o
o
fuj
=
(0
it

R Kodr
=Y
N

ot o
(e}
ol

7] g18) Abg

>
ol
=
o R

)
£opoh m

og
o
tlo
Ho
_O,L
2
=5
2
_}\J_tl
AC)
o2
1
o
KU
f o
= :{o
o%
1

Ay
2
il
-
=3
=)
K
=
o
ol
R
o T
il
o
oo
_OL
e
L,
ot

B K
)
o
o,
:{o
5 K
=S
=}
&
rlo
=
=)
L ox
T =
N
ol
W
(o
o =

q ok S

it
i)
lo,
i)
>
Hiv
&
D
4]
g
| o

T
u
1o
ey
by
Hiv
o
o
N
i
ol
|
)
+
Ry
fil
g =

E il
_O|Lv
X
o i
=
-
1o
ol
2]
jinc
Y
i
o
mX
ot K

o
£l
I

HE HU =2
ofy

o & T
o
frtl
>
o
s
tjo
2
o
>
N

e 2

NI

o

o

tjo

&
ol (L

I

2

N

Y

* oy

o off 1o rE o ope 2 Lo

7= o] <ol A7 H=d, v

>
fitl
N
iy
2

H
S
o

-1 ]Jr
molecule) 243l gk
Ty Aksle] a9 Agﬂ %*é A C=0, C-O-H,
COOH, -COO-, -CO- I
&2 F1 A7t ~7}Q Awrd 24ste) A3}
Z712 olsle] H&A o] 273l

3

-
X
i,
ui
o,
)
=
Sh
)
il
4
oX,
M
=
B
2

E ahje] olfmt FHRA SJlm BA 1 AL
(bridge) 7t B =0l B2 P42 b etk ¢ 9
o sz} W A2 AL, ) o] Ao
A5 Aelol] g 3o WES AR Ao AR
Age FEstel nEu P BANP oz S
oh AEA vhe B 9% welel G 4 BF
of A FFSA Ak, A=A e AEAE 2= 3
B2 P4¥0] gomz sjRelA] ke Aol B
& Evo] FUSA AR AmA e BEe g
of Ee] TRk % shte] A &4 BFL Aol
T o] st ACE e HEA Be] G 7}
QA vo] ASIAE 2= wF Aol AFL 54 2
b3, FEEE A T4 A%} 779 54
o Qse] WFe] F/Ho AFew, ARHow

-9 -



=

X| M123 A5

[
[

3| =

=1
=

A
(i}

E
S

oo I
T B drﬁm
S e
P ™
2R 56 5% TT 6T T
®a B mo ,mmﬂu N mamﬂqﬂmuﬁ]ﬂwl _
=Z T o e ol Lol e = 5 3
v E ~ LR g = x T ol > 5
W N o = xiiaﬂﬂfk < Sp
X N N = ﬂﬂWﬂw%h E =€ of
oA ﬂoﬂk.t@dlﬂ_ia - Hlmﬂﬂuﬂm7m.4xﬂ i 2o B o
53 Bpioni o zEfraic ; : . :
w M mﬁ%oﬂﬂmﬁ%% K wm%ﬂﬂ%%y m/ 0 a EC = £ MrL
0 e 0! _— — !
25 @J@ﬂﬁli K] ﬁmrﬁulmﬂ%ﬂ \ 82 o o
L.ct B ﬂHX ]1r,0| =n Y £= w0 N ol
2 do @ﬂ% s - o_ahdiamﬂm i B 20 0
o= Eﬂﬁﬂmo@ %W_zvibéP : T Z
- ]ovEmMmaﬂon =0 Jé_wﬁJA%e, ol O B
Y. TaIizh o  PreBIEC g W I
Pz 228555 B 4 TIEETES : s -
wo@Aama%ﬂ =< S N E o s llll]s g2 =
ok L o ok X ! z1 X o T M & = £ 2 =8 I
=21 == = Ho = = _ = ooy N o - 5 S g = o
iy oﬁwﬂbcug%w = Al_nf%&uﬂ%%m i S o2 M
o w2 g = .A%Eq&umﬂ] = i oo
8 8286 oM o o E of E )
~ .Ioongﬂd.ﬂoi Zem ———— ., O i
%ﬂ%@%m - #§ ™
curz sz £ g
ARG A=y g5 — -
- 3 2 TR TN oy o o 555 oo
37 gy mmom?.@ymlo SURT GRS 558 mo T
30 Eow S®x T x " m%mﬂﬁ%io S i
o B = o &mowwwwnmﬁﬁ wm@ﬂﬂﬂvzw _w_fmwueﬂ
— A 0 J.Jl — I
n WMAT%% mwm@mﬂhﬂmo moz.mm@xuVmo E%Mu_m %guid.wr
3 o BN a7ﬂzfuamqﬂ ﬂuwgﬂwg HEX & jmmeiﬂ%
o“_mﬂ%%ﬂu MW]lxﬂﬁ QQLW@&% e P oy N W
Bl =2z 0 .mMEﬂ@] R T @ R oM N o
~ 2 o s A D T 5 H % o) X T Yo T o X )
_un ol Mﬂ]y[ nrnnolnn ‘_IW.JI‘._‘ 3 X — o) . _nﬁ —_— ]],AOE
ol Z &e < i S g HE ,mlL ~ o ,X|_| o T o m° W XK XU B " ~ g B
=) Mﬁﬂuﬁfrmﬂm.mmuv@ﬂ% owEUrﬂVwaaaur o= W _oﬂ%fg
0 ca T 0 T o M R~ m_.ﬂ.oz%
_._._._ —_ e = ‘mﬂ e~ [l i N MWO 1 ﬂ Of 0 E.E _— = i _~ FLO #E 1 —
o o 5 ,muwmﬂ o Ho,._,_.A X ‘,Dll o ]v_AlWﬁ e i ‘Ul‘wu w = & < N i _ al i !
™ ﬂﬂm%ﬂzm_ﬁ@w%@% ~nERIEL o T
= }ﬂm_ﬁoﬂmi;%%%ﬂuﬁ ST Sl U ir T g ¢ e
= ﬂ;ﬁ@%_7@aﬂzagﬁﬂu %a_}?xo,@ B%%Om ol_z.mﬂLE
2 = oy M Mo BT T B N o N & oo M = b
I A wu_ﬂyﬂa mozﬂﬂ}ﬁﬁ B E T 3 STLR
mmﬂoivqﬂ% G Leﬂ%@x;ﬂo W iy ulo@(Awa_
.LP&HOﬁME ﬂﬁ.maiﬁzn_ HQQEH&%Q < M A Eﬂuwﬂ —
mwao_ziwzgw%w ;ad\élﬁT T e = ﬂuffﬂﬂw
Br oy & ,@ﬂ@@wﬂ'muﬂfw ) Koo &P L.Hﬂ.r%gﬁ
S o oer B o WG <o) D N oo M o - XN X X
ﬂEumuEum CHTEELN = T oo HT A I o
o TN RZ) xﬁ]i. Eorﬁeﬁ/ mh JHJIF
R o H o B g T IR p
S sty TS
EN ZQEWM_%%
WO S

E
- 93 -

L
ar

I IEPAIS IS LU P

hyA
ar

b= =l ol

=



F2LE HH XM2|o M=t

o o

Sratoll ©f

St O|XIH Q| A|ARIQ|

=

el Y 5 H (carbon nano

ool A n e

2 A ofste] =
tubes, CNT)7} 2121,

& BRI A Ao

ok 57 AR Bl
s AAso] 9ok,
ABES veh Witk A4 B4
W, 5719 2AIE A wet B o]FS 5t
S0 719 2 o} ol pdsopnt Ak

37 =y
H B

CNT,
Coating
Material

Piezo
Material
(PVDF) CNT,
Coating

Material

| Electrode

I3 2. od 21 T2 Hee xz

Fig 2. Bird’ s—eye view of piezoelectric material
film

SR AL R
HASEA, AEA 1
molecular compound, CMC), ¢! 4] SAFo] = (indium
tin oxide, ITO)", ®= ©haubi-% B (carbon nanotubes,
CNT)7F AHEE =), o] oA CNT9] Aol 7Hd -
1991 ol g =,

el 2 &4l 3195}

At} I FolA Follz B
)

=

=
9 F
H
=i

Jo (&
b
>
X
2
>~
I

o

?:FN
|
e

i)
2
o Hl o o o

o
o

o
o " o do

°
e ot [

fo ke
)
Y

o
2L
1o
N

2
o,
)
2
o
o
)
N
=
[
o
i)

;[
2 R
o
o & op ok

IR
(o
at

N, b

)

i)

i

o T (o

1
i

e oo
w

Kool
o

Hr
o L

(1
20
g
1=
©

oﬂ,_o,[_ﬂ

it
lo
=
ox, 1o
it

ol
ol
f1

forlr

2
=)
2

2

=z

<

o 1

2 ox o fr & & o
Y

o = 1
Mg 2

i,
G oft [E
(it
lo

o

3

z
e oz
of
ol
X

o lof 2 o (i

—
2L
L 2

1o

ol

ol

N

rO
o,
-
=2,
>
rO
N
)
A,
rir

.k

oo djr S o

Fooft
o
QL
=)
XN
o
B>
Ac)
>,

__)li_r“
1=
12}
o
R
ot
A,
2L
&2
.}

o rlo
S

flo

rj&rﬁm

ol =
oft I R
=3
By
52
(o
(o
u
™
oft
o
ol
R

2

o
&2
rlo
™
offt

-
3

>
=
o

)
12
et
o

&‘3 ﬂllo

rir

ol
-

> oo 2 o0 N Q9 ox Home

o Y
1o
£,
-
ACh
e Mo x
A

1o ox
e
s
o)
o
b
0
ol
By

%]

& 57} Sik

A AeA v 382 &4 (polyanilone polyth-
iophene, PEDOT, polypyrrole, @ PPV %) 4% 343

ol59] 4 g, Vet AT EE T sk
B2 gAL A xso M T o] A3ks vkl
A 7 ek S99 AF PR AR aE
0550 T HAE (wt% ), A& vl 10-30 &
Sl 20-89 T % 2 A% 7)A vkid &
ofz Y, f-eEl oHZ, o 2=F, of|FA|
59 #5715 AFESTh &l o= ghet

5

¢
ot
ox
of
B

o 3K O

oln|= ojn|=

i
iy
B
o

o g

b
il
o e

e
Ac)

]
o
o 2

deelE, fuldeFate|=olt)

tr o

3. AMEl QL A=0|0|E| A|AE

a9 3= R 3R gu e WS o]gste] A
T4 18A BHCNT)S A8t do| 2 B2 2o
FHsto] Al2bsk AA g H or] e dFpofolE] AJ2H]
S vepdt o] AFL 9ol ojate] MEE = 4
%, FAAAY HAAE A fele d 72 glo] 1=
A EYS BANFS RIS A Bl W
o FoEE T4 gt

|

©

e
\



20124 108

NS

Xl Mi12# HM55

a2 3, F2LF BEH X2|F 2k HE
Fig 3. Two—dimensional film processed with
corona surface treatment

2ol uhe} Aeela,
A9 rolole) B

=

a2 4, 32L} XM2|5t0 MESH QL2 A|AE!
Fig 4. Audio system manufactured by adopting
corona surface treatment

A4 Ao Q5 Thsd AFelth Abgel el
B2 913 olel 71 Gehel Azl Tbsan, o714
o2 74 s FHE FolA QRE A4 A2 1
Ehal Seleh

v. & & Zot
1, &S 24
AFE AmA) vho] HF2] g & 9F-2 A5t
TSt 9R Al wF AS TEwk=r)
AL AvFo] ~E(silver-paste) = ALA &3
YAE AR AEAY HFEE ud At V)&

p
L

[e)
Age

o e FEERECREEE R CEE
o, A 23 v his) WA o] 51X ol
Fe) A AT 2R ghe) 17 el wete]
Aake 2AMo] AT, of EEeIAE ol A

%l

Z T A)

-0

¢

A~ T

[t
2o
forr

=2

|

ot 2(Ag) & AHEste] AniHo]
FYAE Y gAY S 0] 43}
(printing) $Fo 24 55
A A ZskAct.

O RNE HEA whel

spel Agk FF

9

=
Ar
X

3
Il

2

2
4

o

g T
i
i

i, 5

oZ
oft
(o
o

ol
o
1

o]

oIl e

TR
o,
&

o}
— IILJ
ol
TS
=

ki
A
2oy

o

(o
+

=

2L
o

oX, n

¢

oY)
)
U )

N
-

o ML fT

re
2l

it

>~
=

il

o
9

I
2

Fe2 2gE 2AY 5
(sound wave)i= v~ 22 13}
vebdTh W 19l 4ol
| 918 2897} vehdle 4Es
O 2AYR F7171 Al sheH16].

29t #(sound pressure level, SPL)S &2
UERZ] 918k HEolth o= &9 &% p, 7+ 97
& 55 po ok vl o= Ao yel levkE

W) AEE b Aow Thga o] Lehiir,

iy

lo &

e DA
ox
=

lo,

N

T
)
RO

e

o

O

gjx

2

Dy
Lp = 1010g10(72 )
Py

yZ8
=20log,,(—) [dB]
Po

4

21 (@A, py & 717 HSS YERH CGS Tl
A 23107 [pbar], MKS ©9]6ll A& 2x10° [N/m]& AF
o)l o] Ao|A p, = ZA o] HE 289 ms
Froltt. 2ol SI w9+ pascal (713 Pa)o]az, SPLY]
@t9= dB olt)h &) Foll A dd 7% 20 uPa rms ©]

L
L



2L EH MO AR N o

Bt O|RHE RC|2 AlAHISl &3 JHM

o 39 5 ) A olgd 4
A A=A Bhe) Ak sl of
sk L, [dB) 548

Netdtol W db ol

e(de)

o o

FO(Hz)

a8 5. F2LE M2|ofl 2l5t0] MZEst A|ARIC| S8
Foipo| M2= S Y L, [dB]

Output of audio system manufactured by
adopting corona surface treatment:
frequency vs. sound pressure level in Lp
[dBI

Fig 5.

a2 YA olgstel 2P 1A LA v

o

WA 0 sk el A AT ool AY

600hm ©1’% 70000hm lake] WelelA 2ol gk e
KX

9] oot 7w

k= A, 284
Azdle] §= (Ade, U, ade 5ol wel 59
T 99 54 245 %‘*30}5
Ade =4 & 5 7F Ak d
2,000Hz W 919l &85 27] 918
gHgkel 4000hm ©]7g 15000hm ]

),
o
Y J}m
mTruu
merNE
|
>
irzi
=l
)
o

O
ey
=2
sy
_0|L
I
It
=9

A 29 2209 Ay 228 Ausle] g9, o
& Sol AvY Foe] $H 5L FA717) 99

Me FA AEA 2o Aol
Ohmol3te] gkl Hw2 Mgt o WslolA A37

& 2% A%, 400 Bz olake] Fo5 telolNE £ 5
Aol dAFA e 1 9] Wele] gk 3k k400 Ohm &4
AAS A9, 100Hz 7] 34 diYgelx= £80]
AAE R ek=t) Z A Fo4 godoAe] &S A

Aaide A #HS 500hm ©]% 200 o]t go= M9

sok g2 SHelstel

V.2 B

4 &7 BF PVDFe] 99hd @42 ol gafe] &
G NEE WY S A29 ore aF 29A
B ATk 2179 E8 L A A ofe] A
2000 9te] iso] A5AL, FY L] 5w}
o Wk 712e &9t AW 72B ol oln} 2 FYg
WS A% &% S4o) Sdtia wadd 48
PVDFS) A, 27, 4% ) S38) 242
%), el TPz AwY B e el 5y,
SIRelA wF A% k] G AT B 5
490 543 912 5 ofe) ) sepolele] g aq0

1:‘

At EF PVDF ¢
FH&(conductive macromolecular compound, CMC)°e] 4
ht 2 FAYoR @Yl s ARsk Asg

£ 9o Zgse FHelsla, xHo 1L

o] FEE= AT 1H

QE

)
N
olr
é

=
ulo] Ao

z
B A=A o] gAEE F7hI71) Slste] ma
WAL olgatel, B EHS YA WA AwA
& YYAYoEA T F OMCTE 94T FE 4L
F gglov], £ <o AT FE F2 54
2 28 AR AA FAste] A Bulsha gl
Zzke] shefulelol] o) A5e) Wl Uig o &4 vl
A3 ARAR 9L ool M wolA Aga]
2 @) 0AE S RoRAE IHI5AS o gTon
W 282 Frote] AA EE 2EAE ALY )
Bl ol

Remarks: This work is an interim experimental result
modified, extended, and advanced from the conference
presentations (IWIT2011 at Ulji University, ACN2011
at Bruno University, ICAE 2011 at Ramada Jeju Hotel,
and 2011 IEEE Consumer Electronics, ICCE-Berlin,),
and the Journal of International Information Institute
(v.15, no.3, March, 2012).

Acknowledgment: The author wishes to express his
thanks to Dr. Jeong-Jin Kang at Dong—Seoul
University and President Dong-Soo Lee and Mr. In
Suk Park at FILS Co., Ltd. for their assistances in the

- 96 -



20124 10&

Alsts| =2%x| M12# M55

experiments and important suggestions and ideas.
Without their help, this work would have been
impossible to complete.

]

ikl

fa

MO

[1] Preece, W. H. Proc. R. Soc. London, 30, pp. 408-411,
1879-1830.

[2] Amold, H. D., Crandall, I. B. Phys. Rev. 10, 22-38,
1917.

[3] Gautschi, G, “Piezoelectric Sensorics: Force, Strain,
Pressure, Acceleration and Acoustic Emission
Sensors, Materials and Amplifiers,” Springer, 2002.

[4] C. H Hong, D. J. Kim, H. J. Yun, “Air Supplying
System for DMFC using Piezo Actuators,” Journal
of the Korea Academia-Industrial cooperation
Society, vol. 11, no.3, pp. 1585-1591, March 2010.

dielectric and

piezoelectric properties of ferroelectric thin films

[6] D. Damjanovic, "Ferroelectric,
and ceramics,"Reports on Progress in Physics 61(9):
pp. 1267 - 1324, 1998.

[6] M. Birkholz, "Crystal-field induced dipoles in
heteropolar crystals - II. physical significance,”

Z. Phys. B 96 (3): pp. 333 - 340. Bibcode, 199%.
ZPhyB..96..333B,doi:10.1007/BF01313055.
http://www.mariobirkholz.de/ZPB199%5b.pdf.

[7] D. Kim, S. D. Park, J. H. Lee, J. J. Kim, J. H. Ahn,
G. S. Chung, S. G. Lee, “The Health-Care Garment
System using Digital Yarn and Pulse and
Respiratory Senor using PVDF Film,” Journal of
Korean Institute of Information Technology, vol. 8,
issue 3, pp. 87-95, March 2010.

[8] I S. Park, “A study on an experimental basis a
special quality character of thin film use in order to
TiN a conditioned immersion,” Journal of Korean
Institute of Information Technology, vol. 12, issue
11, pp. 4711-4717, March 2011.

[9] J. C. Jeon, Y. B. Lim, M. L. Choi, J. G. Yoo, S. M.
Bae, “Development of Ultrasonic Wave Analysis
Program for Effective Use of Ultrasonic Detector,”
Journal of the Korea Academia-Industrial coopera—
tion Society, vol. 10, issue 10, pp. 2609-2614, 2009.

[10] http://www.dynetechnology.co.uk/applications.

[11] http://en.wikipedia.org/wiki/Corona_treatment.

[12] MSIUSA.com, "Piezo Film Sensors,” Technical
Manual, Measurement Specialties, Inc., 1999.

[13] S. B. Yoon, R. Ryu, “Fabrication and analysis of
1=V characteristics of the solar cells based on the
MEH-PPV and PCBM,” Journal of Korean Institute
of Information Technology, vol. 6, issue 4, pp.
165-171, August. 2008.

[14] Katsunori Suzuki, “Study of Carbon-Nanotube
Web Thermoacoustic Loud Speakers,” Japanese
Journal of Applied Physics 50, 01B]J10, 2011.

[15] http://www.fils.cokr.

[16] http://personal.cityu.edu.hk/ bsapplec.

[17] Bies, David A., and Hansen, Colin, “Engineering
Noise Control,” 2003.

YOINIENY/ |

A 71 SR

<181 ¢ gkgFiEtal HAlEEtaBS)

+ 1991 : ("])Polytechnic University,
Dept. of Electrical & Computer
Engineering (MS)

+ 2003 : (U))New Jersey Institute of
Technology (NJIT), Dept. of Flectrical
& Computer Engineering (Ph.D)

TA, RA Lecturer (NJIT)

<1908 ~ 2003\ :

<2003 ~ 20049 NJIT #<Q)us~(Adjunct)
L2004 ~ 20079 ¢ e, e, Bl B
L0079 ~ @A) AL IT S g

<FRAIREOE <ML, mholA R A7) A AR

% This work was supported by Hansei university,

- 97 -




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /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

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


