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Abstract

In chemical vapor deposition(CVD) tungsten silicide(WSix) dual poly gate(DPG) scheme, we observed the fluorine
effects on gate oxide using the electrical and physical measurements. It is found that in fluorine-rich WSix NMOS
transistors, the gate thickness decreases as gate length is reduced, and it intensifies the roll-off properties of transistor.
This i1s because the fluorine diffuses laterally from WSix to the gate sidewall oxide in addition to its vertical diffusion to
the gate oxide during gate re-oxidation process. When the channel length is very small, the gate oxide thickness is
further reduced due to a relative increase of the lateral diffusion than the vertical diffusion. In PMOS transistors, it is
observed that horon of background dopoing in p+ poly retards fluorine diffusion into the gate oxide. Thus, it is suppressed
the fluorine effects on gate oxide thickness with the channel length dependency

Keywords : Chemical Vapor Deposition (CVD), Tungsten Silicide (WSix), Dual Poly Gate (DPG), Fluorine,
Dichlorosiline (DCS), Monosilane (MS), Diffusion, NMOS, PMOS

I.M E

T AFY, dol gt AARuAY

(Sl{)I\e]p():t). of Electronic & Information Engineering, CMOS AolE AZoz =39 Eg A8 =2(Doped
" A8, SKatol Y 4 (F) HMEHATA Poly-Si) ¢ 3}sl 714  ZZHChemical Vaper

ol
WS ol &3 "l Ao =(WSix) S

(Memory R&D Divison, SK Hynix) Deposition) 7]
2ot $45 dAd § EdAbe]=(Polycide)E 974

© Corresponding Author(E-mail:jippsy @ync.ac.kr)
HodAl 2013311€920Y, 4S5 201492925



178 HAH MHZAO|E FY EZAHOE XM CMOS EHXAHO 0|X= E2E &3t 59 ¢
gt aA4ol 2 AMEETE 1 olf= EEAlol= B 9ol CVD 71HE o83 WSixsE SHshe AT
o] o A3 EAy Lo e mi$- ehbg el w CMOS A4S Aeate] AgPatgict. WA gk Edl
T Ho|7] wZolth BE ARgshe B2 EEfatol 2](Shallow Trench) 22F 2] 7]<( Device Isolation
= P4 FANA H2E Agrrel=E 2287 93 Technology)& ol-&ste] 22} 3+ #ej& A3 & &
e WFs 7kAaE Abgshsd o] 3goa Addoew CMOS d(Wel)& FAsksitt. FHeHoz AlolE
ZZH([F)0] Ao)E Abglute] FlH Ty ZZdo] Whe 2E5(Module) 34& 383 ‘Rj{—ﬂ AClE kst
A e WA= Gl dair s B2 dTEe] o F T 7K FAReR e WA dA absk
ogEd, 1% Fod A7e 2894 54" 24 (Thermal Oxidaton e F4F F =ehz=vut 23
54 G0 AolE stgute] B4 Wsle] ¥k A (Plasma Nitridation) 4 F7Hekidh ole ¥
F=o)l o}, (Boron)®] HF& 7] 9jgk HAolrt AolE 9 FA
gy Fxdo] EWAAHE A oo uke} vl ¥ =3 FL]X] e ZY HYEs TE%ta =Yoo=
25 A Ao gt A= g AlgA el Lin NMOS A9 2l PMOS A9 545 o2 Y3}
S0l g Atz 2 Y o], AoE A F Atk 1Ea %—3‘%94 23tE A8 5 dA49 &
Lightly Doped Drain(LDD) +%& %H&7] 18] (P) ]S &gt Felo] & Ao CVD WSixe} st=n}
= A FYstaL ool EFrds 22 HAYE 2= (Hardmask) &< & sk, AlolE 3|E Y (Gate
Ao o] 2% VM o]§3te] FUF Fste] & Patterning) ¥} Al°]E 21ZHGate Etching)S 233tz
do] mAs EWAAHY d3s Ad dolol] upgt 800 °C EAe &85 sto] A7 Al W Fehznt &
ATstant 1Ee] wHs A Ave FYE 224 4 FEI AolE ¥ HIE Y3 A Abshe
o] LDD o] F94% QI(P)e] AadagFoze] sHiks (Re-Oxidation) &4< st Al 2bshet A4S
AAAA A= AAAJ] A 7,301( ffective Channel 3 AlolE EAE 2 WSix F i) vhe S o]
Length)7} #robAl= 218 v WHoR 2 Ad 2 At o 017]"1 FEE HS ACE A 4zt A4
o] zh= 44} 54(Short Channel Effect)g 71413} ol AolE A F A A 44 Ak Apdolth =
A Wsixel 3l EZ"o] o] ¥4 Fall ikl
B =M 8 71 S 7o R ' Ee olFofZth & FAHOE LDD 7x2E AAstr] ¢l
fol=& /38 vhate] dial] 2ol Ad Aolol w APE  FHstaL  olojxd  Alo]E 2 o] A (Gate
£ CMOS E#A~H 8 9%(Threshold Voltage) <] Spacer) A 2 A$-2~/=d2(Source/Drain) ©]<
EYRoll-up) 543 vA= &S A8t Ed Y TS JAsAa, BEes 43 2 Gaks 94
A 2He] Ad o7t ZAad ue}, Z22d9] AoE RTARapid Thermal Annealing)E ?%-&3te] ojdg
S WeFom o] ghle] o FE Wil o= Ax EdA (Annealing) &5 1000 °C 20% &< st nf
2Ele] &z} EA &S =k T3 Al AREEe T A 38 RERZ 553 34S Pty 229
2o wet ZRY] vt G BE HaE 93 & Fe atolo] mE &z 549 WskE vlal &) 913
2dE A7 sk Dichlorosiline based WSix(DCS % WSlX9] =2k Al DCS WSixe MS WSIxE U+79]
WSix)et %ol 3xZ33F Monosilane based WSix(MS A ARE M2 AZETh
WSix)& AH&stel AEsHqith Ax® EWA2H
54 wds fs dA71A 43 AR B4S flel o Agda 3 £9|
SIMS, z2jal 294 54 dots flsl TEM £4<
A8 1. NMOS EMX|AEO| O|Xl= 228 =2
Iy 12 7 7K =4, & DCS9 MS WSix &2
o. Agds oA wks FAste] Alxg EdAAHO Ad
Aolol wE 8 g W3 Fo] EAS =43 g
AES 93t A} AFte =E AlolE & 7 olth ®E EdA 2O Ad #(Channel Width)&



20144 38 ®MX3E ==X H 51 A 3 =
Information Engineers

Journal of The Institute of Electronics and

L

=

—
T

—m—MS WSix

AV @ constant current (V)

_0.6 I 1 1
0.1 1 10

Gate length (zm)

ZAol| w2 NMOS

—
e

drof %
i B | —

M Zold
W=10pmZ 1H)
NMOS threshold voltage roll-off characteristics
as the function of WSix deposition condition
(channel width W=10um, fixed).

WSix

9|

= =
&t =
[
=

#at Fo|(zH

N
N
)
>

£ o fu
12 o
6 =
- o
=
e

ke
i
pL
£

B\
ol
ol
u
fitl
re
1o

_‘C,i‘_
4x10°~2x10" (cm ) Z o] DCS WSix® 2
oMol TR FrrTh 1084 208 =
Hth e R Z2UL I3 MS WSix
O AxH ABNA AE Atstete] FA7} F7}
HolA Ht} 1 o

ZElol| A MS WSixe}
Az EAAAEHY £y AY
gitk. o1 &4 3t
Al %

2 sedAs e

N

My
rlo Fsi' ol

2o 2
o 15 o 12 [ ¥o

i olE &
[e) (e}
mde zo

DCS WSix

) o)
e e

7] A e Fot
(Channel Width)®l
Ay o= HA YRl E(Minimum Design
Rule)°] 1ym&iA 2d ZAolo] w3 Ay oz v
& gtol7] wiEelth & A3 el A
of sl DCS WSix

o]

2
=

wubal MS WSix E @A 2E ¢

179

Vol. 51, NO. 3, March 2014
— 1.15 T T T T T T ]
E
= ]
g 1or n = MS WSix 7]
L 1.05 e : !
2 1.05 5 .
e araa n
o "
S 100} L -
= [
Z i
= 095 . -
-
_-]
= L i
g 0.90
=
i 0.85 1 1 1 1 1 1 ]
2046 042 -0.38 034 -0.30

AVt @ constant current (V)

NMOSoll Al WSix gttt Z&F =7of s ZE
Mefnt Z3MF(@VDD=1.6V)2 =
2 W=10uim& 1H)

Threshold  voltage vs.  saturation  current
(@VDD=1.8V) as the function of WSix deposition
conditon in  NMOS(channel width  W=10um,
fixed).

< o AgE7] A& F 7t
o w A% e =2 o X (Miller
Edge) S AHE3te] Alo]E Zol¢] g2 A &
2 571 F7(Capacitance—equivalent thickness, CET)
SAste] 1§ 3o YEplth Holzt 11 EdA A
Hol X = MS WSixZ A2t A|27} DCS WSixZ A
AE ARRT 2 3s 7 wslEgE 35 3 F
T AT oA =9 g AT EFEHY] ¢
g MS WSix dhike] o & grel Atstet FAE 7t
& Qi o] Abstut g WSl 7)1k
Yt =84 Atshe FA ] S7F Aol o
59 maell 2o abglut o)A
ZHA7)a 1 A
Aelo] Rkg-3to

]

=

=

ol

il

(Excess oxygen) °]5%
A Z Adol A Akao}
AE S7HA1Z1H Bhde



180 A

2 r T T
of

_ 2l

= L

S af8

S

LS —m— MS WSix
6 —o—DICS WSix i
—8_ i el L oo aal |;||-
0.1 1 10 100
Gate length (um)

a2 3. WSix 3= =Zof| w2 AHo|E Zol2t NMOS
CETR2te| A ACETE &2 A=t ZI =Mt
o Xol(zxd Z2 W=10umz 1H)

Fig. 3. NMOS CET vs gate length as the function of
WSix deposition condition. ACET means CET
difference between long and short channel
transistor(channel width W=10um, fixed).

1022
& 102
g
5 40
z 107
=
!
E 101
-
E 1018

—4— 800 °C anneal ]
107 ' : e
0 400 800 1200 1600 2000
Depth (4)

a2l 4. MS WSix/Poly-Si/Si-Sub &+8tollA{ 800 °C 0|
E X M3t M Fo EZEl %o & Wik
S22 SIMS ZZufgd

Fig. 4. Vertical SIMS profile of fluorine concentration

before/after gate re-oxidation at 800 °C in the
MS WSix/Poly-Si/Si-Sub  layers.

o] 4¢] CET+ MS WSix9} DCS WSix® A 2Hd A&
oA A A7t flgs & 4 Utk 1 304 A&
CET %9 ¥Wste= MS WSix&E AlZd Alge] 44 A
9 Zol7b 75pmell A 0.18umE A & ) %] 45A
gl o] AE 27ho® MS WSix Hbdhol| A €]
I'd Zojol wp skslet 7 wglel dish =g =
oy ol Agksith & Ad o)z} #ad
Aol E 4hshutel] AEFHE of

= Fzde e

Nt

=
KeN
=
2}

R=Rio}

ks

A2l 7Y E2/A0E XM CMOS EMXAH 0lX= 228

B
din
0x
i}

k=l

a8 5. MS WSix &2 Z=Z40|A 40um/0.35 ym zHEZ
0|& Z= NMOS ERMX|AEO| st 7[0|E &

stak FHel TEM ¥4

TEM image of gate oxide thickness for 40u
m/0.35um channel length in the MS WSix
condition for NMOS transistors.

=

A
- ©

wpeha] qbsbal FA ] FAaRE o]ojXitt
Aoz} Folol wel 7ZAas) r
% A 9¥H(Post thermal treatment)
A A3k (Re-oxidation) &74°] 800 °CellA
A3 o] w WSix o] ¥ gy o] 9d Z 20|
Al ES] ofeff kel Eeld w23 Akstet FAM o R
Fabga FA ACE W Fede 23 Ak
Ho o] At oJXTH1E 4 <t o]
s} 5kl

i o

—

tg— SEO

)
:

qu

ol
!
1>
=
)

e >
N
X

e
fi
T,
O
o2
r

Foo% 1B on
ol

o £ to
15 M
2
2

)
f dor o Y =
du

[o lo = g fo
fo &

4 = 1Ir
1o g

2
o
=)

AQZo)7h golAfE
7 FolAA ZEA. a8

o] SIMS =23+ (Profile

o ol My o
o

me o @ oz [0 ol

N
lo,
X
L
m

tlo

ol =dl ol e AlolE

2t A s gl ol

b o> g S

offt

4
ol
L
X,

1
o

BERYS
EEE!
AER R



20144 38 ®MX3E ==X H 51 A 3 =
and

Journal of The Institute of Electronics

o o o &
) L (—) —
T T T

2
s
T
1

AV @ Constant Current (V)

1 10
Gate length [um]

=2
s

=2
—

=13=13

WSix Ef2 &=
of zid Zol
W=10pmZ 1H)
PMOS threshold voltage roll-off characteristics
as the functon of WSix  deposition
condition(channel width W=10um, fixed).

=%}
o

z=dol| we

me i F

Fig. 6.

)
&

ERlile 21 A2eA o] AlolE Adste FA7}
Ao o] AlolE Abster FARY o 6A A= 2
o] B2t} o]2d A Mgt Fr)9 F7iv}
=¢34 7 7S ?ﬂs}b Wright¢] =2
Zol sl Wkt

Rl Ay,

w2 orle

ZER

RS

o= A o
Zago A v}

l'>

& o 2%
Channel Effect)g <A
#5102
o =
7(4 0] A ]

EA4 7<1 3H(Short
Ao Eo
A &S

[ex

’
r-m
rlo

I\
i)
o
t
o =

A=

fitl
>
2

2
o |o
o

= B e g
e
B

o
-
2
¥ Mo
Sy

£
A
o

2. PMOS EZMX|AHO DXz 22
a8 62 MS WSixet DCS WSix 9]
Z}7} A %23 PMOS E#A~E Q| Ad Zo

Z

rm
pol
1]

s =
=
tlo
o
gt oo
ol
e

=2

e

u}

181
Information Engineers  Vol. 51, NO. 3, March 2014
'] [ T T
Sl ]
= 4] g ﬁ’_
L B—H |
E "
S s d 8 1
- —m—NS WSix 4
sL ) — DCS g 1
-10 AT | L Ll Ly
0.1 1 10 100
Gate length [um]
a2 7. WSix 3z =7o| mE 71| |[E Zo| F PMOS
CETete| A ACET= 2 Adnt zI It
o xo|(xfd Z2 W=10pm=Z 1Y)

PMOS CET vs gate length as the function of
WSix deposition condition. ACET means CET
difference between long and short channel
transistor(channel width W=10um, fixed).

1= TE
=]

AQte]l wWalolt)
(Channel Width)& 10im= ¥3

Edx2Hel Ad
sttt Ad Adolo] o
Exdo] MS¢ DCS WSix

I
=

= A
‘i}t—’}oﬂ sl 22 54 HYs & F stk o&
NMOS F8ASY roll-off EAZE= Ao]et EFolth
PMOS9] roll-off §7d°] F7h¢] whate] dhaf 22 =
T Holw AL £ 9 uFeEy] f§ 2y oA
(Miller Edge) &S AREsto] AO]E Zo]o 3=

A &% 57} 57 (Capacitance equivalent thickness,
CED)E ZA43ste] 19 7o Yerlisich 1loA &
e gl%e] MS WSix #Heto g AzE PMOS Ed
A 2=HellA NMOS$H th2A 71 Afd st g2 A7k
APl E Abstet 7] Zpol7h mlmlaal, DCS WSix Hhe)
o7 AxH A7 AClE Atsiel Wt Fo]e FALG
S & & 4 gl ol MS WSix W o 2 Alzxd
PMOS E @A 2E 9] 3 - olo] e Bfaof 4] 9]
29 49 T A5E onEit

MS WSix=Z AZE PMOS E#dA~EA A3
Zz2go] ko] AL o]go W =7}
A& 7] Sls SIMS ZR#HAE FAske] 17 8l
skt A3l NMOS E @A 2EH 9
SIMS Z3de 2 e,
W51X9Jr =7 e‘\ﬂ% Aol A PMOS E#A| ~E 9
=39 AR AUt 2E-Y s =
Z e 23 Akste AWM= NMOS

3T
=

SN

Hlﬂé

£ o] EAF F23 e

=



182 HAH MHZAO|E FY EZAHOE XM CMOS EHXAHO 0|X= E2E &3t 54 9
1032 _— T ' ‘ T | |} '
i WSix Poly-Si S|.02 Si-sub ]
HE 10° ; w P&
;i JAN ]
z 109
2
' 3
E 101 . ]
E {% @PMOS
E ]
: IOIE Iy ‘—:
[ —s—Ph doped poly-Si * Sl A
101?- —?—Bdeed Poly-Sj | g
0 500 1000 1500 2000
Sputter Denth (A a3 10. MS WSix gttt =zollA 40um/0.35 ym =&
putterDepth () 0|2 ZH= PMOS E#X|AE{of Ci3t Ho|E A
a8 8. MS WSix/Poly-Si/Si-Sub tatoll Af 800 °C Alo| et F el TEM g4t
E N A& M Fo| ZE2El sZo| X dist Fig. 10. TEM image of gate oxide thickness for 40p
S=29 SIMS ZZujed m/0.35um channel length in the MS WSix
Fig. 8. Vertical SIMS profile of fluorine concentration condition for PMOS transistors.
before/after gate re-oxidation at 800 °C in the
MS WSix/Poly-Si/Si-Sub layers. o  E#l(trap)¥ 7] wjEolzgtz It 18 9o
_ background %4 %3 }E‘:Oﬂ EE}E} Z299] = W
g oY Borondoping @ PATOS 35 Ao qud 4 ds AclE sk
< s Walel CETE 245} E/\lﬁ}‘ﬂ%tﬂ CET7} 242
-
= 3.0} E2HY A sEv F7HES onsith el A
=35 T —— g BF T 5 YRl ¥20) FE} 2B A0E A
S a0 NG oA} gasha ol Ezdel st 4ge o
= 45} g T ‘RAE}.
=501 & 102 MS WSixz A2 71 g} #e AdS
Z 55 ' | | ZH= PMOS EdlA 2E0)A] TEMO.Z 2@ o=
. 5 . 15 5.0E+15
T waeh £AE melET. 0 AW de Ade) AelE
Boron imp. dosage[#;’cmz) ~ - S
. Abstat FA O] AAA F8F FARRI 7Y wmgs &
a2l 9. MS WSix/Poly-Si/Si-Sub t—'|" oA 800 °C 7ol “ =
E % ASH N Bo Bzpl o 4 wa 1 aob O1E A1 S Aseh wadn deoR
o 29| SIMS = Zufel MS WSix ]iy oz Z‘HZ}H PMOS E%X]—/—:H ] 1 Fdl
Fig. 9. Vertical SIMS profile of fluorine concentration Ay #Ze AQdo A Aste FA ZFol7) gl ol
s 3 100K 8 00 118 L ot A % £ A A
ix/Poly-Si/Si-Sub layers.
g g et AR o ze) B4Le olAlshel Ezd €3t )
EWAAE g9 Qo EqH ARA Z2d9 o|E Abstet A S7F A Algtelr] wiitolt
SE7F e Aotk tigAl ER2Y w9 Aol A AARAAA ACE Atstute] FAE EWRA
PMOS®] 7Z-%-7F NMOSe| #l&l| 5u) A% 2}, Akshat 2B AA9 v Fag WMot 22tk NMOS E
FAe JEgS F FE2 EYAEIY As 4 WA ~Eol| A7 EANX 2 AdHold ue} T2
Hol F2olu =R o] PMOS EWA A~E A 4hslat of 2 ik gH= Q3| AlelE FAVE debAd )
FAC A= E29 9% B 44T F des T A F7t a9 oy FAE Asy] ¢
ougt), Tz ke nxE Bol ko] ujdt M= 2 2E W (Device Model Parameter)E v
A7 A wEw, FRdd ke BAR wgd ¢ AYI FEde] WAA WGt ¥HHom
G A AA =t o= e W E2do] A DCS WSix #Fere] AlS I g2 fieto g W Alo|E
714 Aol o3 FHEE W F49] dangling bond B4E o83 ¥4 AYS aesfof gtk



20144 38 ®MX3E ==X H 51 A 3 =
Information Engineers

Journal of The Institute of Electronics and

A= |

Ak
Akshat
=24
E2d 7Eol dal Hrletlr ZEs Atk

MS WSix BHehs o]-g-sto] #l2g NMOS E iz
oA A Zol7h Foldgs =
DCS WSix Bl o 2 A28k A5 Ht; 7HAsk=d] o]+
FE2H AE FHo g9
WSix whete]] EZ 3

a

A sk F Al

il
frtl
)
o

I

EXrE
!

fol
)
N
<

oft —
oX
ol
-1
)
41 do mx o
ol
——

>
o
1=
1=

e
By U

fo M 3

9,
00 =
o o2 o

o,
ful
9,
rO
ol
m™
)
{lind
POUSL=

Zpol & vjv] A
el gl gk
NMOS PMOS E @7 2~
sk wif- T3 MpRA o
G o 2 AA/AA el 3

o shbel tigtow A7E

o
frtl
:oé
1%
i
o,

Y
B

o,

Ll
:oé
il
ol
ol
~

(o}
:o‘I:‘
X

r
=

REFERENCES

[1] C. H. Kao, C. S. Lai and C. L. Lee, “Electrical
and reliability improvement in Polyoxide by
fluorine implantation,” Journal of Electorchem.
Soc.,, Vol. 154, Issue 4, pp. H259-H262, Feb.,
2007.

Y. Mitani, H. Satake, Y. Nakasaki and A.
Toriumi,  “Improvement of charge to
breakdown distribution by fluorine
incorporation into thin gate oxides,” Electron
Devices, IEEE Transactions on, Vol. 50, No.
11, pp.2221-2226, Nov., 2003.

[3] J. C. Lee, Y. P. Kim, Zulkarnain, S. J. Lee, S.

[2]

183
Vol. 51, NO. 3, March 2014

W. Lee, S. B. Kang, S. Y. Choi and Y. Roh,

“Study on electrical characteristics and
reliability of fluorinated HfO, for HKMG,”
Micorelectronic  Engineering, Vol. 88, pp.

1417-1420, Mar., 2011.

H. H. Tseng, P. J. Tobin, S. Kalpat, J. K.

Schaeffer, M. E. Ramon, L. R. C. Fonseca, Z.

X. Jiang, R. 1. Hegde, D. H. Triyoso and S.

Semavedam, “Defect passivation with fluorine

and interface engineering for Hf-Based

High-k/Metal gate stack device reliability and

performance enhancement,” Electron Devices,

IEEE Transactions on, Vol. 54, No. 12, pp.

3267-3275, Dec., 2007.

W. C. Wu, C. S. La;, J. C. Wang, ]J. H. Chen,

M. W. Ma and T. S. Chao, “High-performance

HfO?2 gate dielectrics fluorinated by

postdeposition CF4 plasma treatment,” Journal

of Electorchem. Soc, Vol. 154, Issue7, pp.

H561-H565, May., 2007.

P. J. Wright and K. C. Saraswat, “The effect

of fluorine in silicon dioxide gate dielectrics,”

Electron Devices, IEEE Transactions on, Vol.

36, No.5, pp.879-889, May., 1989.

D. G. Lin, T. A. Rost, H. S. Lee, D. Y. Lin, A.

J. Tsao and B. McKee, “The Effect of

Fluorine on MOSFET channel length,” Electron

Device Letters, IEEE, Vol. 14, No. 10, pp.

469-471, Oct., 1993.

Y. S. Kim, K. Y. Lim, M. G. Sung, et al,

“Low Resistive Tungsten Dual Polymetal gate

Process for High Speed and High Density

Memory Devices,” Solid State Device Research

Conference, 2007. ESSDERC 2007, 11-15, pp.

259-262, Sept., 2007.

Y. H S. Kim, S. D. Lee, S. M. Lee, I. S. Yeo

and S. K. Lee, “Low resistive tungsten dual

polymetal gate process for high speed and
high density memory devices,” Electrochemical
and Solid-State Letters, Vol. 2, No.2, pp.

83-90, Nov., 1998.

[10]M. Tachi, H. Hiroshi, M. Furuhashi and K.
Taniguchi, “Role of Boron Atoms on Fluorine
Diffusion under Various Stages of Annealing”,
Japanese Journal of Applied Physics Vol. 44,
No. 5A, pp.2902-2904, Nov., 2005.

[4]

[8]

[9]



184 B AH

z 5 HAH3Y

19851 & o ghal =38}t
SFAL

19879 @5 3)8}7] &9
A7 A sk A AL,

1995 gh=r g7 &9
A7) A& 8k} whAL,

20100 ~ A4 o] o) st
X%;(].XJE]:” = J—JJ—‘T‘

<FHARL bl A FA D Az>

¢ EERIEEE)
1992 AgA gt A
: Fota} AL,
1995 33238t 9l
A7) A A58t A4
L 2000 gk s r] =l
Q7143 8} uAL,
200011 ~ & A SK o]y WAl o4
SFHAROr: WA FTH W A

N XA

(650)

5| A2IAO|E 5 Z2|H0|E XA CMOS EBMXAE Okl Z28 51}

[}

M
din

7H
¥ S #(ga9)
199541 Q@oista dAp-esat
A
1998 3doh st A s gt
/H}\]_.
2009 < wHelsha A bkt

20143 ~ A A Aol T
AAARALG 2
<FH/ARE : FRAA U Aol T3>




<<
  /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 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /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 [545.000 394.000]
>> setpagedevice


