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Abstract — Recent popularity in mobile electronics requires higher standard on the mechanical strength of electronic
packaging. Thus, the method of soldering between chip and substrate in electronic packaging process is changing from
conventional method using intermetallic compound to a new method using organic solderability preservative (OSP) in
order to improve the stability and the reliability of final product. Since current organic solder preservatives have several
serious problems like thermo-stability during packaging process, however, it is necessary to develop new OSPs having
thermo-stability. The main purpose of this study is to investigate the effect of MeOH/IPA (Isopropyl alcohol) ratio on the
fluxing of a new OSP, developed in previous research, andto find out an optimum formulation of flux components for
the application of the OSP in current packaging process. As a result of this study, it was revealed that higher MeOH/IPA
ratio in flux showed better performance of fluxing a new OSP.

Key words: Organic Solderability Preservatives, Fluxing, Thermal Stability, Solubility

LA B

portable network device & HHFY-E wlo]A= NSRS Al o

X‘]X]' ﬁH7] ]% H}-E_zﬂ 712]-4 o-]%l'?f}' :rLO = ,r]o]-o:] x-]7]7§'oi ?ﬂ
A4 EgFo g BT E 7] Yt 7|eS guldit} ], 2]. B
Xﬂ Ao AHgRoh % WA Bell ue} 2 7142 F22e o
% A Bt A2 FUE

PDA(personal digital assistants),

"To whom correspondence should be addressed.
E-mail: hchoi@cnu.ac.kr

402

2371 743] Hsgel we} CSP(chip scaled package), Flip-Chip
BGA(ball grid array) 5-2] SMT(surface mounting technology) E}
o] Az} WA F= o]_FL olom Hule] AETow 7 9B
o7} gl ol wpehA A1 F718HE F drop tests} 2 54 H
2EQ] FoAo] AX L uh3-5]. AAF H7)A] F-FE &) Bl
oJste] 7714, A o2 WA = 7|FAlelE AN RE
o = Aldollr o] Alz]ido] A} sz A1 REe] A A=dS o

uZ 4
=



7] &6 BEAIS] 7Y gl el i vske plaIeddT vige] 9% 403

F o8 I Qlek FHZol AdEE vEeA] FEE
& J= #7d0] 300 mm ©]5H0.5 ¥|A] oJshE SA5}E
& AWe] Bdo] FE WA e AR J53] FHksizln
drop test?} 2> F74 HAEE Aga o ofgt 545
Witk weba], AR Al & olei et WS S53P] flste] H
2] = el A= QI Ni/Au 7% (coating)®] ThA] A
5 3] AERISHH ).
& Ni/Au FH-2 Cu pad®} &0 E AJ0]9] NiySn, = (Ni-
Au),Sn, 0] w571 d5ES AT I3 Y(Ni-Au),Sn, 2] F
] 02 I3} drop test B bending test?} 1> TZ A F A Al
Hipd 59 54 At FEEEE Cu padd] ME2 1WA
HPH E= Cu pad9l £U & APolollA] AuE 23814 e 357t
shghEo] FAE F e AEiRe] tirE o, vhedlut 7] &
] K= (organic solderability preservativesy= Ni/Au T8-S thA]
S g = 1A AR D Ao R ERIFITHT, 8. f7]
%0 BEAIE Cu pad $loll £71E2 2 100~400 nm FAZ I}
o 714 74 Foll Cu pad AP, LAHA] T2 ks 5
THAoRE & B2 AR T Cu pads) £ = Alole] Avs
ETEFA] 92 CugSny U Cu,Sné] 5571 sl3l=2 BAAZ0EH
g AL A7 |AFE] Aes TV F & Ao=E 7|
HoH9). e, A AR AL Qs Ni/Au thAlE- 7] &1 BE
Al ZHE g7 EE ARgo] ARk 10w Q1A H o] gt
olgfgt YRS A} WA T F 378 Lol gJste] AL W)
7} iiskal GARby/do] Wolx)7] witel™ 1 AFE Cu pad?)
WA & B ouE, Adsid 5o 9717 38E%S 2dleitt
Cu padel] Ve TR F8E 7] £ BEAlE W7 A3 5 &
AZE ERE 2o mEEojok 3h, 71| ¥ FRF Cu padollA
A FAe| ZFalof shar, gk £ B H2E7g el post-fluxell 2
3to] A AA= oo gt} et ARk o ® AEE T gl f7]
&0 BEAE HEo olyst Qe s8] TEEA] &3k
om, H71A 3 F v1ASAd, WAR, AL pitting 52 o 7F
A AgFowr Qlato] A7 A] 5 218 FHaE fEskal ok,
AxrE 270 ZHE 7] &9 BEAE oY 71 d1714
(packaging) 3782 AX F A|ASK: 2 AAA71X] F7gelA =)
$ Q3% F& F shioltt. 18P g E2d (fluxing)oll AREEE=
E92(flux) 8] Ji B3 f7] &1 HEA| S} tlEo] o]Fo]
Aok 3h, 127] 3l EYA SHS RS sleteh= Alo] F
L8t} 7)) e s Y 99 dFEA AR T olaE
231U (Isopropyl alcohol)©] EHi=lo] Sl 2ksle] 100% ©]
S ZHAET Z23 Ayt TUEA 359 oy w-g s
a1, o] & ldsl] $13te] WekE(MeOH)] A 2 I A0 &S
zdsto] AT wfehA, & Aol Ueauhs sk
F71 &) HEAQ] E87d0l 2ol flux §H2 LFEA dw
oA g wgkEe] Fu vlE dejsie] 1o wE £Y
AEe] HgkE wEsielnt.

o m?_‘l'
=}
o

i
i)

A

e
4

Kul
ol

N

N

o off

24 ¥

2-1. A2k U xiE
2 AeMs 7] &0 BEAL] 42 gl (allylamine;
Aldrich, 98%) ©]-g3}0] 7= 18} M E(Poly(vinyl pyridine)

A FFEAE A I[10], 2= o] A 2 A YT AHE-3F
Tl Cu-pad(4.5x4.5)%] XS 7] £ REAE ARESH] TH
5, wehe ) o)A e gekEe] EFHEAS ARgsle] EEAdet
Eye] Hats B s9l).

32

ot ok

22. §7| &0 BEH 8% =gt
TEASE | g& O|AZRHUST 100 mlE B2 H|A Y1
A 1 wi%] £7] 0 BEA7F 92 vAS ez ¢

T 40°CE FABATE,

2-3. 77| &0 EEAM I8

71491 Cu pad®] TS AA7 AR B2 (blowing)gh . 24 3
WE AT o]3E 40°Ce] 2ol = 7] £ BEA
glo] =130 vlFlell Pl Y 3h= dip-coating WS ©]8-3]
$It}. Dip-coating Al 15222 3F3ITE. FH F Cu padE N, 7+
225 o] &3t0] Cu pad?] %S UM siFr] FAl Al
(cleaning)at3itt. o)A oA 283 AR, o5 v
A 7kR FolFro] Cu WS 7] W o EZS AlAsISItt. o]
£ NiEsto] Addel] Ag ofe] /e AlEE st

2-4. [EI=l Cu pad®| ¥x2|

Cu padZ #7] &0 HEARE 793 T 1204% I3 oky
& grste] cu TS B = F Qe AE Iels] sl
A]2]71(A14, SCEF-301, Al2Fe] wi=-2] 1200C Digital 250x300x160)
= o] &3lo] 180 (BAITHESE 220 °CollM 1232 E BTt

25, B2 8 R
TP AR BePIab) I8 Fes gL Az 71E

o 248 EY2 §oe] thte] olaT 2A AT} 30| wehEo]
@ & Asketo] & ol el 100% §A%
= Ot FatE|e] Agel® w27 A 7] &
O REA 28E Atz SHAdaA] K8l o 2kE 7%k
olareYgEe] ] S-S delsle] o whE EYY A
o] Wk v WY1 Solh vihE v} o] o]
IS 10% D9l Fejate] Eed &S Alxslsic).

kS

4

S
2w

lo

AN

6. 27| &0 HEM F=H4 H MEZH =H

5249 B4 IR % Cu pad AlAES 9] 71528t Cu pad?
AEIR FH5AT)= Aol QT mebA Cu padd] TS &4
717 &3 vt 771 £ REAE ARV ES AAT F
FA7F 2 AR 94 Cu pad Q2] 2 EAJS dotr
| 130 sessile drop WS o] HFZF 24 7](drop shape
analyzer, DSA100, Kruss, Germany)E ©]-43}1 H&521S 7310
ok th o2 7] &9 REAE Y Cu pad?] ¥ A HF

g

Fe
¢

N 30 >

712 Z733t] Basigitt. rigo 2 TYE Cu padS BT
5] o] HE2e] WsE waslth. BeYe gt ol

FARZO| vlES 7 vh2A| § FE A go] P31 njo]7o|

FAYE Cu pads T 123 TG o)Zls v 25k

JolM 123 AlFERIAL, AArkag o8l w9 st o=
Xy }\]

Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008



404 olAiel - A - ola
Dip coating N Washing .
2 — 1\2
. by distilled water
40°C / 60sec ) blowing blowing
(2min)
N, pr—" Analyzing  qumm Baking <mm  Analyzing
blowing contact angle (220°C / 3hours) contact angle
Supersonic N. .
Fluxing — 2 — Analyzing
cleaning blowing contact angle
(1min) (1min)

Fig. 1. Experimental procedure.

A 287 e 272 ofe] AlBS ZAF)e] HHEES
olt}. M) AF o) A= Fig 10 =AEICE

[¢]

[L e |
A5 S oz IPAR] Ee] RS dletehs %PFM
mell e 3t e el 2 3 Olfoﬂ 59 52 <
oIt AA o S F8] S1810] FRIRE ]85t 3 EH
7158 BRI, oF&e] SEM ¥4 Fato] F4d =9
& wEsint
3. 84 | EE

3-1. §7| &0 2ZEH [

FAIZE ARAE 77} o) AZ AL 0.5 wi%, 1.0 wt%, 1.5
W%, 2.0 W%, 3.0 wt% FEZ 59 3 o]E Cu Pad 9] dip-
coatingdto] AF IuhS AT, FTHIRS S7d3ke] Fig. 2%}
e ~AERS A9 Fig 25 ARy, IR aials 247t
1,600 cm™, 1,410 cm™, 820 em'ellA] 54935 VRS & 4= 9l
o, atAp GeNo| vt EE T 979 AVt SRR
1 ¢ Sl ol ARARY] FEF IEFE Cu padel] HE]
= A 58 FAVE S7VeHA v AL, wheba 9=

ST
=T

rl

FTIR spectra after NSP coating

W

e
8 W
= 1.5 vt %
[
=
[l
g W
= 2.0 wt%

20wt ,T
2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600

Frequency (cri™

Fig. 2. FT-IR Spectrum of polymer layer coated on the surface of Cu
Pad with respect to coating solution concentration.

sjstgat

Hl46H H2= 2008 43

ol - A

Fig. 3. SEM photo of Cu Pad coated with 0.5 wt% polymer solution
(%500).

90

0+

49.7
50 I

Contact angle (%)

H &
£
R
-]

40

k]

After coating Aferbaking

Change of contact angles after microelectronic packaging pro-
cess (in case of using 100% IPA).

After fluxing
Fig. 4.

(absorbance)’} =71817| w0t
6 ﬂiw Cu Pad 9]e]l st
= 29 o}‘ﬁb} zbd SEM S

!

w
4

2. FEE Cu pad2| FOFYN
FE TEAS o) ATz LT 27 0.5 wi%, 1.0 wi%,
2.0 wt%, 3.0 wi% 5= 235|417 Cu Pad $Jol ZHs},
} 220 °ColA 3413 591 Ho]7] (baking)dt & A8 &4
Zgepgict. ofg] 7k R dAd s ARE-
ﬂ?ﬁ o), dAe] &, 18]3 E94 ¥, Cu Pad XS

#3190 3, 7 AFE Fig. S(a)~(e)oll YFERIS

AL AR ST BRI 5 9

25197



7] &6 BEAIS] 7Y gl el i vske plaIeddT vige] 9% 405

FTIR spectra (0.5 wt%) FTIR spectra (1.0 wt%)
After coating After coating
After baking W
1‘ 'T T 1& After baking
o W .
o Q
g T T c W
= =2 1«
Q o
g g i
< After fluxing
After fluxing
2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600 2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600
-1
Frequency (crmi™) Frequency (cm™)
(a) (b)
FTIR spectra (1.5 wt%) FTIR spectra (2.0 wt%)
After coating After coating
T T After baking
@ © After baking
o o
= c
o [
= =
@ ] After fluxin
g After fluxing 8 T ng
o< =y
T T T T T T T T T T T T T T T T
2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600

2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600

Frequency (cm™ Frequency (cri™

(c) (d)

FTIR spectra (3.0 wt%)

After coating

After baking

Ahsorbance

T After fluxing

T T T T T T T
2,200 2,000 1,800 1,600 1,400 1,200 1,000 800 600

Freguency (crm™

(e)

Fig. 5. FT-IR spectrum of Cu Pad surface (polymer solution concentration (wt%); (a) 0.5 (b) 1.0 (¢) 1.5, (d) 2.0, (e) 3.0).

Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008



N oX
_1
L
"
.—]
;T-.’
[
&
m
H_L_,
o ©
>
i)
ot
r.EL
l-n
rln

HEA 2 %*M:‘U} A}a}ﬂ S Tk #

g selsol ol 51505l §7] 8] MEADL 2] AASSEE
ofelsiey. o 2RE] B Aol TP #7] ol HEARE B4
AREEITL Gl A8} Belell uke A gslel AbgE S S B
o]a]— 2= 01911:]_ kA x%& f@(Flg 4 4 ) 6)01]}\1 H 2= e N]\/\O]
wlo]73 o)Fel El HEZe] Wa} gl Ao wol mHE 1
AL Blo] MAJEX] ¢k31 Cu pad®] X AkslE WAeHE TS
3 & 4= QlQleh. o] AZk= FRIRE W43 Avjel Uxsh= 24
I BTt olZle Fae] V1l #7] &Y HEAE AR
o] 2 2ol AAEE o w9 nlasile W AR &

QFgAd el Aol Asle= A o FRlE = ol

:to—

33. 87| &0 B2Ed E34

dmH o7 7] &1 BEA & 78 AL {7l F3HA
Gt Gull &, pH 28A 4 7]Et 147}2113 o]FojxIct. wket
A AR a1 B dTeA 9 2 post-fluxel] ok &3
SIb 7Aoo ® QR Al A7 3 Foll sl Al
TN S 2 A3l w2 et astct WA 71E
TN ARSEE 7] £0 BEA] & EE ol AR EE 3

Al g F o]AZEIUZFO] 80% oS AASh= Al A<lee]
T o] AT EAUT WS 7 AL FYE ailnt. @AE] 9] Cu
padE ALTIAE A F o] AT 7

A dzo] SoI8l= niFel |
3 (dipping)3te] 13 &3 AlAsI3ict. o] #ellA] Cu pad 3£l
19 ool AAE ok sARE o)z R AUYE whe AR - A
g o AU A Jehs Zle SR #RlE 5= 93l
th 3ol ©gsle] T9dE 3§ =59 A27](BRANSON,
US/B3510E-DTH)l 018l S5 HIA Fste] 13t =2
TAIH S 88, AATEAE ©]8610] Cu pad W5 cleaningdt
Atk Fig. 4= o7 o]aZ2AUT vhS AMEslo] ZE43 Cu
pad O] HEH2FS S Afolry. YA Foll FF70] Cu
pad 3] HF2pol| LA SiTE|ofok sk 522 WSk}
78] Q= Ao Hot EEo] AlYE o) FolAA] of Zle &
o Atk Fig. 59 6& @A 44901 Q= ZEAS A g6 =8
g3t Axtelnt. 1ol & ¢ 90l Cu pad 9 0] =2t
o7 o= AL IEEE S & F Sk oJ2 T E 2 ATelA
e 7] £ REAE olaxzddFo] T4

L7} £8E ZYA gdlo= FIFAEQl ZEo] o]Fo] |X] 9
55 A HA) olel wet ol AZ 2 AU Wighe-S A A
SH 3 9l 829 HIER EFs] Fdte] Heltt o
AF 9] 52 SN Aok 50 353 o) Fo] AA] 9k

3|55t H46H H|2S 20084 48

%70‘:' . O]Pg/\ 5]3_/\4

92

83.3

HH

T

60

£0.4

Contact angle (*)

50

HH&
=

40

30

After coating Afierbaking

Fig. 6. Change of contact angle after each micro-electronic packag-
ing process (in case of using commercial flux).

After fluxing

90

788
80 - =
T}
L
&
24 598 (s 1
g 60 |
5%8
g 505
(&)
s0 L 478 485
40
30
0 10 20 30 40 50 100
MeOH (vol%)

Fig. 7. Change of contact angle with respect to MeOH/IPA ratio after
fluxing.

b ol 2 vk AREE v o} nlarsted of

Holth o] 0 ZRE] & Aela] el 7] &) HEA

g = F Zojehs 7 atell Wiehe] s
gejslo] ZYAS R gdth 1 A3t Fig. 7904 B 5 9l5o] W)
ghee) shdo] S71eE F7t0] F7Fslo] Cu pad A% EH)
o= *c}%}fz} ﬂ%ﬂ OlTOVJ e ; Jﬂ 7k Asdet. 1—3— Eﬂ

K1) g

A gNog 747# 24 —5} Cu pad ;L;ﬂd—‘é— FT- IRE Hﬁo}O%

Fig. 8ol SASigIT). o1 A}, o) egoks g o a9
7] £ BHEAES Cu Pad2HE A3 AAT + g2 <&

of T
71 &
T AT, o] AT 7N WErSS Edkslo] ZTYA FAS
AZ3 F o]5 ol gaf ZEA3IFS HF-oll= Fig. 8ollM g o)
1ol 20% odd ul f7] £ BEAL A9 =)
st 4= QIGIT). weba] 2 AtellA P 7] &
o REA S ZYA fdo2ME vk do] 20% ol T
wo] Axshs Ao nt ek gl = Qi) o] 2HE 71E

[
o o
i 1o
<, ol

o F8R7] S0 REAGE Yol B AT AXT 7] &
o REAE ol aTRAdIuC dHLe JFS AN 2 0
= RS % 5 g



7] &6 BEAIS] 7Y gl el i vske plaIeddT vige] 9% 407

FT-IR data wath IPA content

IPAMe OH=5/5

MD H=644

MOH=78

MOH:S&

1 IPAMe0H=0/1
4

! i
}
$

2,000 1,500 1,000 500

Absorbance

IF Atde OH=100

Freguency (crm™)

Fig. 8. FT-IR spectrum of Cu Pad surface with respect to MeOH/IPA
ratio after fluxing.

rhu

4. 4

Poly(vinyl pyridine)l F53AE 3dste] f7] &0 HEA &
TREAEAL A B AP 545 Bkl oM EH A
Z/30l W WskE TEElth & Al R wEAE &

7] 4 BEAS] F9dols 7158 7] & BEA g 2
Hgho] & A vAl= Zlo® Rl S, 2 Aol o
Jet {71 &1 HEAS Afole 82 9 U9 Hee &=
°] 20% o Hojof g & ATt

o

=

P
T

=S 200595 A7 A7 1A S e e ALY
@A Z 10023250) A4 X|Lel] 2] sk Z 0 = o]of] ZA=R T

—_—

. Tummala, R., Rymaszewski, E. J. and Klopfenstein, A. G,
Microelectronic Packaging Handbook, International Thompson
Publishing, Vol. 2, 2nd Edition, New York(1997).

2. Tummala, R., “SOP: Microelectronic Systems Packaging Tech-
nology for the 21st Century,” Advancing Microelectronics, 26(3),
29(1999).

.Tee, T. Y., Luan, J., Pek, E., Limb, C. T. and Zhong, Z., 2004
Electronic Components and Technology Conference, 1088(2004).
4. Zhang, X., Tee, T. Y., 2004 Electronic Components and Technol-

ogy Conference, 593(2004).

.Tee, T. Y., Ng, H. S, Lini, C. T., Pck, E. and Zhong, Z., 2003
Electronic Components and Technology Conference, 121(2004).
6. Denis, V. and Gilles, C., Electronic Manufacturing Technology

Symposium, 18" IEEE/CMPT International., 101(1995).

7. Watanabe, Y., 2001 International Symposium on Advanced Pack-
aging Materials, 165(2001).

8. Lee, D.-J. and Lee, H.-S., “Major Factors to the Solder Joint
Strength of ENIG Layer in FC BGA Package, Microelectronics
Reliability, 46, 1119-1127(20006).

9. Chang, D., Bai, F., Wang, Y. P. and Hsiao, C. S., 2004 Electron-
ics Packaging Technology Conference, 149(2004).

10.Im, J. H,, Lee, H. J., Huh, K. M., Kim, C. H., Lee, H. S., Lee, C.

S. and Choi, H. S., “Preparation and Evaluation of Poly(vinyl

pyridine) Copolymers for Organic Solderability Preservatives]’

Polymer(Korea), 30(6), 519-524(2006).

W

W

Korean Chem. Eng. Res., Vol. 46, No. 2, April, 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


