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Table 2.1 Fatty Acid Salts

Surface Tension 10-3N/m

Fatty Acid
) ) Concentration of Fatty Acid
Fatty Acid / Kalium
) Salts
Salts Ratio
0.5 1.0 2.0
mol/mol
mass% mass% mass%
Potassium
C8-Kl1 1/1 61 46 33
Caprylate
Potassium
Cl12-K1 1/1 37 31 30
Laurate
Potassium
Cl16-K1 ) 1/1 69 62 53
Palmitate
Potassium
C18-K1 1/1 68 91 89
Stearate
Potassium
C18-K2 1/2 74 69 74
Stearate
Potassium
C18:F1-K1 1/1 28 29 28
Oleate
Potassium
C22-K1 1/1 70 71 72

Behenate




Table 2.2 Polishing Conditions (Single Side Polishing)

Polishing Pad

Polishing Pad Revolutions
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Work piece Revolutions
Polishing Pressure
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Slurry Flow
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Rodel Nitta MH-C15A
0.5s7"
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(p65mm)
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Fig.2.1 A schematic of the polishing experimental setup



2. 3 EMUMESRBRER
2. 3. 1 ERMESBHERLER

X 2.2z C8-K1,C12-K1,C16-K1 %~ L, 2.3 C18-K1, C18-K2,
C18:F1-K1,C22-K1 % =~ 3 . [ # #& 16 L F © 5 W & &
(C8-K1,C12-K1,C16-KDIZTZNENRE O EL H E V2T T, b
EL — MIERW. 260 TIECI2-KIDHEL — M2 & b &<,
FHHAESbHELMMNL oo, 2T CI2-K1 DO F£HIE B WA,
MEOSENEFTHY, ERABKNZL ol tEZDLND.

£72, CI8F1-K1 & CI2-K1 LR UC XH L —FEREMHS
THDHDZN, INOLRERERDPFERICENVE TS D2 ENFERELEE XD
nb.

C18-K1 & C22-K1 OHMEMEREIT LS Y82 R, HFEL —
MIEXEE 2mass% CTham & 72V, RmMIITEE 0.5mass%ll ET
FRENRELSRD2IZEVMNS 72D, 2B E D ICHEE 2mass%
FCEHEVBEOCHENEE CHY, Z O H L8 IBRE A Kk
DENX AW IR T L2HICLY, IR RMICEH X, FERERN L5
THLDEEZOLND.

£ 72, CI18-K2 X 0.5mass%, Imass% THFEE L — k23 & <,
SFEORBROPTCHREMEEZRLTWSD., 72, EmH I 45 FHOR
By 7o TRbMNALS o TS,
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2. 3. 2 HBEMERR

T, RARBY IO THEBEL—-FORGENEGH VDL ONL
38, CI18-K1, CI18-K2, C22-K1IZ2W T, JENiEIE ORBE O F %5
NBFICAD L9 ICHICEE 4mass% D A 7 U — % /ED | b L 7.

EHEMERELRS ) —HE

%%M%@f&X7)—ka®%ﬁ%H24:ﬁﬁ C18-K1
LR 2mass% £ TR E N WE EFHERE L, BE 2mass%h #i8 X
TOLRAICKHENGLS RS, Z2NEBEBESITH L CHEKREZS L
WEAAELTWESDN, BE 2mass% 2B E T O BELEN DK
ErRmLlholBtBZ3ZLbN5G.

C18-K2 IZIR £ 0.5mass% 7* 5 1lmass% DM T E EF N H Y, £
DBBERLNICHEVIEE 2mass% b I HICRKRES EHFLTWD.
CI18-K2 I VU T AAF 2 H CI8-KLIZTK L 25 TT v V2
SAKIZWT B WD TIERE 0.5mass% 2> 5 2mass% 12 B W TIL IR E #x
B (Iyotropic)i@ da ik iE°) » S (272 % . Z ™% C18-K1 X v k5 E
m <R, 2mass% UL ETIEAEMBE O HIZ LY, HITHENS
Kb DEEZLND.

C22-K1 X E 0.5mass% 75 Imass% £ CHEN EH L, B
Imass % 7 & 4mass%i’C“%iﬁ%%’#iﬁ*ﬁ&h%f%é. C22-K1 I
C18-K1 L 0 AKIZEIFIZ< <, IRE 0.5mass% 72> 5 Imass% £ TILE
Wi W& 8 25 B L/‘Cffll/ﬂdﬂifoté%, WWEMNS EAT L. BE
Imass% 7> 5 4mass% £ TIx C22-K1 (B 23 98 %, Fb &b 23 ik B
TTREO EARESHITR-oTWVDE EEILND.

P

E

ARSV—DHELHEMRE

27V —MELHEEREOBEKRTZHEST LA, NV F L7
Ja— gL AW RAZ7 U —L CI18-KI, C18-K2, C22-K1 & O LL#k %17
S, RV =F Lo 7Y a— VXK ERTUA, FEMTICIEE A
THEN L WEEBZILNLDTORBELTHWE. XZ7 Y =& LT
DFEENL Y 8 400 DR U = F L7 U aa—)b (PEG#400) O
K& (B 0,25,50,75, 100mass% ) ([ FHR A 0.8um O+ U T
Z 10mass% W L 7=. C18-K1, C18-K2, C22-K1 {IZD> W TIixK 2.4
ODF—HXEEIZL, BBEOCHRNEZ LA ERHEZRHEL .
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WMEOFHBAIZIATZ ) ¢ LBt sEFFCcCT2HEMHATH D
4mass%LL F & L7=. fH L, C18-K1, C18-K2 {Z -2\ T (X k5 3mPa-
s~100mPa*s I CIRENEZLLLTSEZELICS WD Z O
FHOREIZCHECE 2oz, BI2.5 120 REE L, £R BT
DIEFLODEEZT —NN—TEKRLTD.

PEG#400 IZHE N E L R DI LN » THEBBEEGICHEL —
F2E< 22, RmEHIIIHERN 80mPars £ TIEIE—E TE L
ETHNS 2. ZHITHERGI RDIICONTHERBLELS 2V
KRR IFIERCICR VKK O N T AR T H8EMB DR 725
Zo, FEL— FPELS R, RKEHIPMNS DD EEZI LN
5.

C18-K1 & C18-K2 (I IZ K5 28 %) 3mPa-s THFEE L — k2 RIT &
<720, ¥ 100mPa+s £ TITIFIE — & (CI8-K1 T HE T FN %)
T 100mPa-s LA ECHFEL — MR TRV 4D 5. C22-KI1 [Tk E K
100mPa*s Tt — 7 %22 %5. HEMIZHKERFLEZTEXLDL DL
PEG#400 L [RIARICKE LR L HICHFEL — NN TR VB 51T T
ToH DN, CI8-K1, CI18-K2 iTWwInd —HMEL— NN ERFL,
MW L — h2HERFLTHLDL FRS. £72 C22-KIZEH LTS
WCHETT 2. 202 XV EUNDORKR FOEEL ST TWDAEE
PEDS E .

FHEH ST DWW TIEX CI18-K1 & C18-K2 (X PEG#400 L Y #2» < 72
H. ZHIFEBEOSEA E L ToOREICEID, AN X 5K
L7cdmEBbh s, C22-KI I RNPE WD, KEMlI M
<725 . ki 80mPa-s LL L Tix C18-K1, C18-K2, C22-K1 @\ 7
UH 2 PEGH400 E[RIERICHEIEE NIE < 72 0 IRKLAE & A UJE A2 72
VIRKL D=y POLPMERT L8, M5t Ebhbd.
A 8] o BF BESBR S5 12 B W TIL PEG#400 THFEE L — k2% 0 12 72
LK 80~100mPa+rs LA E CIXKERE PN EZ LV ELS R, i
NJRIK T C18-K1, C18-K2, C22-K1 O#ffEL — ML T &, FmH
S RaDETFTHRELD EEZBND.
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Fig.2.4 Influence of change in Concentration of Fatty Acid
Salts on Slurry Viscosity
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Fig.2.7 SEM micrographs of the dry C18-K2 (1mass%) Slurry
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i A
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Fig.2.9 Structure of the ISM Slurry
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Table 2.3 Polishing Conditions (Double Side Polishing)

Polishing Pad Rodel Nitta MH-C15A (¢320mm)
Over Plate Revolutions -0.25s7"
Under Plate Revolutions 0.75s7"
Work piece Alminosilicate Glass (@65mm)
Polishing Pressure 9.8kPa
Abrasive Grains Mirek E-10 (10mass%)
Slurry Flow 13.9cm’ * 57!
Polishing Time 7200s
<« Slurry
Load Load
Internal Gear
/,/ ,’,;’: A4 )-_ A l::\\ \\\
/’ f 1 A il 3 N \
/ T | g y
L N
\ - )
N 1 TN P
Glass Disk Over Platen
Carrier Sun Gear

Under Platen

Fig.2.10 A schematic of the polishing experimental setup
(Double Side Polishing)
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K2 1MIcHEE K EZRT. ISMWERXZ U —(EHMMAKATY
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ﬁﬁéiﬁfﬂy%wﬁﬁh%(om@%M& £) OB E =T
B <, ABOWERRSE CIIHEREN T &0 3 51T L4 R
yP@%@ﬁé@ﬂﬂ<ﬁﬂot%@&%z%né.

SR A VIS W TIEMAK AT U — Ik L ISMWFE X Z Y —DJ
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G5, K 2.8 OLEMOEEITH T AT 0 AT O i 2 BKkL 23 46
DG WVWAHICHmAY VN RKREL 2501 x L, ISM AT Y —T
T 2.8 OHFM ORI OB PNEMMICL VRIS T T X
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HTZATF 4 A7 REMNEMEICOWTIE, TORERNEY T O
MHETHDIN, MiAKAZ Y —Zx L ISMBHFERZ Y —F 550 1
UTFERy, ERMICARY., BT TACHEL, 7R
e b EMDEICL S THERNERLLEZOND. MiKkATY
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FEAZ Y —EFR 2.13 o Xy Lo =ik E N R
HIEWHER LR TCH T AT A7 FEH (VY WEERE) 2V 7T
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Fig.2.11 Comparison of stock removal (Double Side Polishing)
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Fig.2.13 Adsorption of fatty acid salts on surface
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2. 5 #8
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Fig.3.1 The method of a Tape Texturing
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— (CEBJRLEE 0.12um D £ ¥ A ¥ & 0.045mass%) = 500g A fv,
300rpm CATE @ KR (20 BEf & 40 BE[) EE L, BB X 0.2mm
ORIV zFLorf@rBEL, A7V —OHEIIRLIEL.
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Table 3.1 Tape Texturing Conditions

Texturing tape

Chiyoda 2501-NF

Disk

3.5inch P-sub

Disk revolutions 7.557"
Texturing time 20s
Texturing load 18.2N

Slurry flow

0.17cm?’/sx2side
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< | Slurry

Disk

Contact pad

Texturing tape

Fig.3.2 A schematic of the experimental setup
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0.17mass%, %0V 2 KETDHATV—%1ED, T2 XAF ¥ U 7
THBRAEIToT. ZOLEETNAIT 4 AZITIREH I DOEALLHDY
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ALl EORETCIEMITHENIFIE —EIWLRD. XA FVEL FIKHKL
iﬁﬁ@mﬁf%ét@,nxF&ﬁﬁﬁ%%bﬁf%zék%@
HMEDVETREEDE W 0.045mass%dH -V D@ EE L LD,

39



o
~

o
w
T

Removal Rate nm/s
(-]
N

0.1k | | |

0.0

Additive CaprylicLauric Stearic Oleic
free acid acid acid acid

Fig.3.3 Comparison of Removal rate (Fatty acid)
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Table 3.2 Properties of Slurry

) Surface tension Permeability
Fatty acid
x10-3N/m ]

Free 71 34.0
Caprylic acid 59 24.0
Lauric acid 23 0.3
Stearic acid 56 5.1
Oleic acid 26 4.0
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Fig.3.4 Correlation with a texturing performance and
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Fig.3.5 Correlation with Etching Rate and pH
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Tabled.3 Test slurry and their properties

Sample Chelate agent pH
No.1 None 8.1
No.2 EDTA(ethylendiamine tetra acetic acid) 8.0
CyHDTA(trans-cyclohexane-1,2-diamine

No.3 ) ) 8.1
tetra acetic acid)
DTPA(diethylenetriamine-N,N,N’,N”’,N”-pen

No.4 ] ) 8.1
taacetic acid)

No.5 IDA(iminodiacetic acid) 8.1

No.6 En(ethylenediamine) 10.7
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Fig.3.6 Comparison of etching rate (Chylate)
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Fig.3.7 Comparison of a texturing performance (Chylate)
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Table 3.4 Properties of Test slurry

Sample Surface tension Permeability
x10-3N/m s
No.1 23 0.3
No.2 24 0.3
No.3 24 0.3
No.4 25 0.4
No.5 24 0.3
No.6 24 0.6
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Fig.3.8 Texturing Mechanism
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Fig.3.9 Comparison of Abrasive Grain Size

Table 3.5 Comparison of Abrasive Grain median Size

No.1 No.2
Reformed Time
nm nm
0 hr 183 211
20 hr 130 129

40 hr 129 127
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Fig.3.10 Comparison of a texturing performance
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Fig.3.11 Comparison of texturing surfaces at Reformed
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4. 2 BHREBAHZE
4. 2. 1 WENy FORE

LHA WFEE Sy Rix, & U 7 vibe =V 5 (PVDF)#§ & ¥k £
250nm D ERIR U B ERKL A N N-T X F LA/ AT I K (DMF)E
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WL, 2200 BRREIICTUIH T EITIVIERL L.
ZOWHOKFER A VICRT. £, WikD A, =KX 2 BHE CTER
WU B REL 2 EE L 7= &KX > 8B E & KRR E X v N (EFA
Pad :Epoxy Resin Fixed Abrasive Polishing Pad)b i fE L 7=. Z Ui,
RIS VU BB L E XA T2/ — L A ZTRFIEHERY T IR
LAl L ZEA L, 600CT 24 K MEABE/L L7 b DO THDH. FWE
Ny ROMEKEZR 4.1 12737

4. 2., 2 WEHOEMMEOERALZE

RA4E2DFMICTH 42T HiETERKRZIT RV, EHE
MEBRAT % OME NNy FOXREZ SEMEEICTHZL, LKL L.
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Matrix Resin ‘\ [ Abrasive grain
®

Fig.4.1 SEM micrograph and outline figure of polishing pad
cross section
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Table 4.1 Composition of the Polishing Pad

Volume Composition Mass Composition
Sample vol% mass%
Pad Abrasive Matrix Pore Abrasive Matrix
Grain Resin Grain Resin
LHA Pad 36.4 29.8 33.8 60.0 40.0

EFA Pad 37.1 56.4 6.5 52.7 47.3
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Table 4.2 Rubbing Test Conditions

Polishing Pad Size ¢l0mm
Rubbing Speed 10mm * s
Work piece (100) silicon wafer(¢100xt0.5mm)
Pressure 0.12kPa
Time 3s

Load

e AN
./
Polishing pad Wafer

Fig.4.2 A schematic of the rubbing experimental setup
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SERAELZHE Ny NONEREZFIM S 272010, B 4.3 127
TIHBEZM O CHERRZAT 2> 7. £, BFERB 21T 72 5 #ilc i,
A 4ICRTHIET, HESy FORBO 2T (v a=v7 24770
W, REAEZK - .

ERAMmAR (£ 1 HEHAEKR)

EEMEREZMRAET OHMNTHIMFERARE LTX 4.3 27T
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IC1000/SUBA400 % fH v, Afk 5 B& 4 #) BF BE (CMP: Chemical Mechanical
Polishing)iIC HH W H N TWAHMEXZ Y —ThHdx ¥4 v M SS-25
S50%ICAHMMLZbOWNo ), YU arvz—"HEEHRD 7Y
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REDOBZICLEY . ST, WHEMRAFE & OMB2 kAT O -
HIZ LHA #FEE /Ny R & EFA /Ny NI L 72K 2 KOH /KK
(N0.3) L B RT VU AKBRIENO DI ESELMERT Y — L OHE
H AT o 7=
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Table 4.3 Polishing conditions (the first experiment)

Polishing Pad |

) 0.5 s
Revolutions

] (100) silicone wafer
Work piece

(@100 x t0.5 mm)

Work Piece Revolutions 0.5s"
Polishing Pressure 9.3 kPa
Fluid Flow 167 mm°® s
Polishing Time 1800 s

Slurry or Lubricant

Carrier Load

Polishing pad

Fig. 4.3 A schematic of the polishing experimental setup
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Table 4.4 Conditioning conditions (the first experiment)

Polishing Pad
Revolutions

Conditioner

Conditioner Revolutions
Conditioning Pressure

Fluid Flow

Conditioning Time

0.5s!

Diamond tool ¢150mm
(Noritake SD200PA6 ; ¢20mm x 12)
0.5s"
5.3 kPa
254 mm® s

600 s

Diamond tool

Water
Polishing pad

Conditioner -}

Platen /

Fig.4.4 A schematic of the conditioning experimental setup
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Table 4.5 Polishing Pad and Fluid (the first experiment)

Test . .
Polishing Pad Polishing Fluid
Number
RODEL
1 Cabot SS-25 (50%)
IC1000/SUBA400
RODEL
2 Fujimi HP-20 (5%)
IC1000/SUBA400
3 RODEL KOH solution (10mol = m™?)
IC1000/SUAB400 +silica beads (250nm) 12.5mass%
4 RODEL piperazine solution (50mol * m™)
IC1000/SUBA400 +silica beads (250nm) 12.5mass%
5 EFA Pad KOH solution (10mol * m™)
6 LHA Pad KOH solution (10mol * m™)
7 LHA Pad piperazine solution (50mol * m™)
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COFE2MERBRCCHEALEME Yy NThoueT — L= v ¥ il
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EL, &% —EDOIREIZHE - 72/KIZ 50x50mm O HFE N> FORER
Z 600s IR L, 5 RllE®R, TOVHELMEZOMEE Lz, £,
ZORERAMEBEIREFICTHE Ny FREDOIEEZHEL .
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Table 4.6 Polishing Conditions (the second experiment)

Polishing Pad Size
Polishing Pad Revolutions

Work piece

Work piece Revolutions
Polishing Pressure

Fluid Flow
Polishing Time

¢0450mm

1s™!

(100) silicon wafer
(@150%xt0.6mm)
1s™!

34.5kPa

1333mm°> = 57!

1800s

Table 4.7 Conditioning Conditions (the second experiment)

Polishing Pad Revolutions
Conditioner

Conditioner Revolutions
Conditioning Pressure
Fluid Flow

Conditioning Time

1s™!

Diamond toolg230mm

(Noritake SD100PA6;920mmx12)
1s™!

4.1kPa

254mm’ + s

300s (SUBA400),60s (LHA Pad)
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Table4.8 Polishing Pad and Fluid (the second experiment)

Test Polishing Pad Polishing Fluid
Number
8 Rodel SUBA400 Cabot SS-25 (50%)
9 Rodel SUBA400 Fujimi HP-20 (5%)
10 LHA Pad KOH solution (10mol * m™)
11 LHA Pad piperazine solution (50mol * m™)
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Fig.4.5 Surface of LHA Pad and EFA Pad. (a)LHA Pad surface
before rubbing experiment. (a’') LHA Pad surface
after rubbing experiment. (b)EFA Pad surface
before rubbing experiment. (b') EFA Pad surface
after rubbing experiment.
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Fig.4.6 Comparison of stock removal
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Fig.4.10 Influence of change in temperature of polishing pad
on removal rate.
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Fig.4.11 Influence of change in temperature of polishing pad
on surface roughness.
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Fig.4.12 Influence of change in temperature of polishing pad
on type D durometer hardness.
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4. 3. 4 BEBHMOFEHE
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Table.4.9 LHA Pad Wear

Test Thickness / um
Sample Conditioning Polishing
10 1.3 0. 1
1 1.2 <0.1
10000
I(D
° 1000} 19
£
= 100 +
8 © 13
e © 10+
(5]
S =
23 1}
= 5
= I 0.07 0.06
Za 0.1
S ©
0. 01

Fig.4.13 Comparison of consumption rate of abrasive grain

80



4. 4 H#HE

YU ary o — O/FEIZEB W T LHA #F B X o R L ilF B ok BF B
WAHhOMEL — e RmHAIEZMYLTHHESYy RTHODHZ L%
el L 7=

LHA WFEE X v RN O kL O fE 2 13 0% B AR i B 12 b X TH 200 4
DI 1D 1Dkl WEROREEYZ KIEICHIK TE 5.
DS LHAWE Xy FEHWHAIXREIZE L WHIFE > X7 A 0OHE
KNAREE R D .

S %IE LHAMFE Xy REHWEBIZEW T aryrvz—10
ﬁWﬁgﬁ@%mkﬁF@ @ﬂiﬁ@%mﬂﬂgfiééﬁlﬁA
MRy RPAHLVWERREICELWIFES AT LAZ2HEBL T 52 &I
HTHAD

& EXH
1) AEMH  BEEEE Ny N, EF#B, 39, 5 (2000),
83.
2) Emk, wRAL, M EBEE Y DK A BFE Sy BB %E,

%ﬁi%ﬁﬂéﬁﬁiﬁ%@%ﬁiﬁumn,ma

3) WHMR, AL @EET Y TTRADORRE & O M
B O S A E A~ OIS, B AR T S SCE C R, 57, 10(1991),
3314.

4 ) LAEEER : FEAN Y E IR CMP B, TERRAES , 60.

5) KRB, PHER, RINIKLE: vV arvo osEmft L (5
1 %&) FE® T %55, 55, 6(1989), 1085.

6) RE—&, a¥BE vV arvz— rouENMEKY LT
B?f%“jﬂﬁ, K5 B 05-154760.

7) L. M. Cook, J. Non-Crystalline Solids, 120, (1990), 152.

8) R, Wi FHE, BinE: YV aryvxz nogmit kT (F
3, HE LF¥45EE, 58, 11(1992), 1855.

9) Wk FHE, FEB, RilLFL: YV aryvz ogEmtE (5
2MW), B® L¥*2%, 56, 6(1990), 1046.

81



wORF/HF)ARE
)z —NBIEE®D

F5E HLLWVEEOEMN (35
HE/NY FIZKB2Y
CMP ~ D it A

u m

5. 1 #¥%E§

BAE, "=V Frarva—4% - ZEEF—27—2BEICMHEbN
TW5 CPUXR, #HEEM  ITEE -V —TFEr—va s Fiiflibh
TWHY AT AL LS EWVWo EEGMMBEEORWEERT N4 X1TLE
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Fig.5.1 CMP process of Silicon Oxide Layer
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Table 5.1 Composition of the Polishing Pad

Volume Composition Mass Composition
vol% mass%
Sample Pad
Abrasive  Matrix Abrasive Matrix
Pore
Grain Resin Grain Resin
LHA Pad
o 25.4 28.8 45.8 50.0 50.0
(Silica)
LHA Pad
] 23.7 26.9 49 .4 76.8 23.2
(Ceria)
LHA Pad LHA Pad

(ilicq) | (Ceria)

Fig.5.2 SEM Micrographs of Polishing Pad Cross Section
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Loose abrasive polishing Loose held abrasive polishing

Slurry Lubricant
(Abrasive grains + Additive + Water ) (Water or Water + Additive)
Load ¢ Load O
Wafer 8 Wafer 8 /_ Conditioner
0 0 S
LHA Pad
Platen Platen

Form polyurethane Pad

Fig. 5.3 A schematic of the polishing experimental setup
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Table 5.2 Conditioning conditions

Polishing Pad B

Revolutions 0-3s
Conditioner Diamond tool ¢150mm

(Noritake SD100PAG6 ; ¢20mm x 12)

Conditioner Revolutions 0.5s"
Conditioning Pressure 5.3 kPa
Fluid Flow 254 mm® s
Conditioning Time 600 s

Table 5.3 Polishing Conditions

Lapmastar LP-15

Polishing Machine .
(TAISEI Laping System)

Polishing Pad Size ¢300 mm
Polishing Pad Revolutions 0.5s"

. Oxide Silicon Wafer(¢100mm)
Work piece o o

Nitride Silicon Wafer (¢100mm)

Work piece Revolutions 0.5s"
Polishing Pressure 9.3 kPa
Fluid Flow 167 mm?® s

Polishing Time 1800 s
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Table 5.4 Polishing Pad, Fluid and Work piece

Test
N Polishing Pad Polishing Fluid Work piece
0.
Oxide
No.l1 IC1000/suba400 SS-25(50%) o
Silicon
o ) 3 Oxide
No.2 LHA Pad (silica) KOH Solution (100mol/m”) o
Silicon
Oxide
No.3 LHA Pad (ceria) Water o
Silicon
) ) 3 Oxide
No.4 LHA Pad (ceria) KOH Solution (100mol/m”) o
Silicon
Nitride
No.5 IC1000/suba400 SS-25(50%) o
Silicon
o ) 3 Nitride
No.6 LHA Pad (silica) KOH Solution (100mol/m~) o
Silicon
‘ Nitride
No.7 LHA Pad (ceria) Water _
Silicon
) ) 3 Nitride
No.8 LHA Pad (ceria) KOH Solution (100mol/m”)

Silicon
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Fig.5.4 Comparison of stock removal
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Fig.5.5 Comparison of Removal Rate
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Fig.5.6 Comparison of Surface Roughness
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Range = 317nm
6= 92nm
No.l
o/SR = 0.16
Range = 91lnm
6= 23nm
No.2
o/SR = 0.08
Range = 289nm
c=112nm
No.3
o/SR = 0.14
Range = 182nm
6= 62nm
No.4
/SR = 0.10
2 2500m

Fig.5.7 Comparison of Within Wafer Non-uniformity
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Fig.5.8 Polishing mechanism of LHA Pad
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Fig.5.9 Comparison of stock removal (Silicon Nitride)
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Fig.6.1 CMP process of Metal Layer
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6. 2 HEBEAFX
6. 2. 1 WENy FORE

AC Pad I, BARICHFETLZT I/ BETHVIFL—FETLH D
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DKL ZE NE LTz %y ROEA S R O IR 23 B i 12 B 2 o0, 1
MM EMBOREBNL AL TWHENLTHDL. 20O &0 bR 2 5
BMICEEAELTEBLT, EHLLTWHEEICR S TWDHFENHED.

6. 2. 2 WMENRYFOCU'A1A REEERRAEB

RIELEZME Ny Fox L — hEick? Cu®' 44 v 0 WEMH
EHERT DO ACPadS i & 7 > =7 KT pHZREL -
Cu’' 4 A vk 50em’ ICREL, REMBOEEZNUEL T OEE
WERE L. Cu’" 4 4 AKDOEEIZ 296K ([T -7 F % 6 Wi
(21600s)i21&E L 7=

HEBICHWET A PE—2Z1X AC Pad S %2 50mmX10mmX Imm
T L, RBEAIEMAKIZ 6 FFREL, T 0% 333K T 6 i
MR L7ZboE2HWE., BEZOT A b E— 2% 333K T 6 R
WL, TAME —Z20EREWERTREERT-RTEEHHWT
0.0lmg AL £ TEHEBLEZ. C’'"f T Kz Co*'" 4 F v BEZ
200mol/m> (Z 7 % L pH1.4, pH2.1, pH3.1, pH3.9, pH7.0, pHS.3,
pHO 6 DK # HE L. £, ABREHITA pHIZ > & SET D
17 - 7.

102



Table 6.1 Component of Polishing Pad

Polishing Pad

Component

Silica Abrasive: 37 vol%

AC Pad S
Bond: 48 vol%(Glycine: 9w% in Bond)
Alumina Abrasive: 35 vol%
AC Pad A ) )
Bond: 45 vol%(Glycine: 9w% in Bond)
AC Pad $§ AC Pad A

Fig.6.2 SEM micrographs of the polishing pad cross section
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6. 2. 3 WERRAZE

ARAELIWE Ny FOWEMEGEZFMm T 572012, & 6.2 1273 T 5
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reagent @ 3mass% X WV HRKR D 7Z T ES Lo/ 0.5mass%IZ L
7o A #BRIT 1800s [H] 5 B 24T o 2.

MEEREFEER (F 2FEFHER)

TA vz —Ta R E Cu-CMP 1T 95 2 & DN A[REN &
OMEMRF T OHMTH 2MHERARKRE LT Cu Z2lF U ZAE (XN
U7 AZN) v a @i v arv@EE- R ) arED
WEBE R 2 17\, Cu &@i@?ﬂﬁﬁ%ﬁ%éﬂﬁbf:. AfF B R 1 A BB N
v K& LT ACPadS, P & L T 0.5mass%® 18 i b /K K 2 v,
F 6.5 R”THMEHITX L 600s [H] SElﬂ“Oﬁot.

5 i 5 &

MEL—FMEIE TV — OB ZOEELEEE T KT
0.0lmg DHEALFE T AW, TOELELEE LV ERDO L % G
BLMERR bR 207 — 22 LMEL—-FE2HEHLEZ. X
A &1 AFM(Nanopics2100)IZ TH UV = — N IZ DX 10 A #fllE L E D
R fE A2 AWV T2
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Table 6.2 Polishing conditions

Polishing Pad Revolutions 1s™!

Cu wafer (¢p100mm)

TaN layer wafer (¢100mm)
Work piece SiO; layer wafer(¢100mm)
Si3N4 layer wafer (¢100mm)
Poly-Si layer wafer (¢100mm)

Work Piece Revolutions 1s™!

Polishing Pressure 9.3 kPa

Fluid Flow 167 mm?® s
Polishing Time 1800 s, 600 s

Slurry or Lubricant

Carrier

Polishing pad

Platen’/f

Fig. 6.3 A schematic of the polishing experimental setup
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Table 6.3 Conditioning conditions

Polishing Pad -

s

Revolutions

Conditioner Diamond tool ¢150mm

(Noritake SDIOOPAG6 ; 920mm x 12)
Conditioner Revolutions 1 s
Conditioning Pressure 5.3 kPa
Fluid Flow 254 mm’® s
Conditioning Time 60 s

Diamond tool
Water '
Polishing pad
Conditioner ‘f>

Platen /

Fig.6.4 A schematic of the conditioning experimental setup
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Table 6.4 Polishing Pad and Fluid (the first experiment)

Test No. Polishing Pad Polishing Fluid
Glycine (0.2mass %) + H,0, (3mass %),
No.l1 IC1000/suba400
pH =6.0

No.2 AC Pad S H,O, pH = 6.9

No.3 AC Pad S H,0; Solution (0.5mass %), pH = 6.7
No.4 AC Pad A H,O, pH = 6.9

No.5 AC Pad A H,0, Solution (0.5mass %), pH = 6.7
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Table 6.5 Polishing Pad Fluid and Work piece

Work piece Polishing Pad Polishing Fluid
Cu AC Pad S H,0;, Solution (0.5mass %)
TaN AC Pad S H,0, Solution (0.5mass %)
Si0, AC Pad S H,0; Solution (0.5mass %)
Si3Ny4 AC Pad S H,0, Solution (0.5mass %)
Poly-Si AC Pad S H,0O, Solution (0.5mass %)
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6. 3 WRLEER
6. 3. 1 Cul'4F vmEHERR
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WESEREEKR LICS W, ZDO7H ACPad ®F L — bk #HIED Cu*' A
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Mok, B 610 ICHEHZLD Cu v z— 1 "DEHIRED AMF £ DO
a2 R . 6.7~69 R ENTWDHT —F X 5EEKLZRERD
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WFEEIZ DWW T No l ML TS, Zhidzy F o7
HENBLS BN TCNDTEDEEDILD. No.2 & Nod4 lTHITHEWET
HO, FEEOBEMSIEIFTR T LN TRV, Cul A F o O M
BROFERNSZE 2D L No.2 & Nod ITHEMBIER O BN E T3
WETHENEITLLEEZ BN SH.No.3 & NoSITxToh % No.l
FOMEENZ VDR, MM TIEIRL], RrizElmEaEnrdirl o
TW5S. ZNIT ACPad DEHEDF L — FENEK MDD R~ L K% 1E
DR AL TS ZEREREEZLND.

B L — &2+ 5 & No.liZxk L T No.2 & No.4 %3z i
THFENEAL TR W, 2% L No.3 iX No.l @ 4 #f2 & <, No.5
X No.l D 2L Edwvw.Cu? A F o Ol EERBROR RO ZNS I,
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L— @m0 eE i rlEHkR2 . B 6.11 IR THEAERN L Cu-CMP A
T = AXLF, KR WEBIEAKFET CuXRAITIEDS LT CuO X Cu0 72 &
DO CulBlbtBIRAREDO L VEBEREIN, THZ2BVIRLZ2DLEDD,
ACPad iZXf Lk KFKZMLEY EHEL — F2EmL< 225 DIER
DEIBRADT=ZALTHENEDLLOEZZ0ND. K6.120D X9
IZ ACPad 7» & IR L TX 72K L v KRB b /K3 T CuEmlic
EBN7Z CuO R Cu,0O 2 XD Cuib kLS nsd. HTE7 Cu
KM ACPad DF L — MEIEN B L, BEMMLIZES DR CuP A
FrEWELEVEIS. ZOF, ACPad ® % L — b #HIE O £ mfF i
DIHFFIVHR =N HITE Y pH DR WIRED/E S 4L, @ EE{L K FEKIC &K
D CuBETRNEDLN (BALBEBTEMMA TR ) ) cu*'a A
VAR T WVWIRREBICR o TWnE LD EEZ LN DS, AC Pad &R L
KFZEAKEOHMEEDEHAE, ZOA D=L THENEITT 0 TH
ML ACPad ICE LT OBAMEBEEIND Z IR, =y F I
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DFNRLRMMN . No.l ODFFEE X B = X237 U v Cu ik
B LB KFICELY Cu' A A BN E FEEICZ Y > F MR %
LD, FFEBE Ry RicXkw 7V v hERoBRELHZR 7Y v
vE CuRMBICHHBET L2 LDOMVIERL THRVIL-oTWND EE XD
no5? . 20O Nl OREITTyFUr7HERYHEVEE -
TWVWH2HD0EEZOLND . AFMEN»L b= v F U T EHETE D
No.2 & No 4 [ THEMMWIERM O LR BH T VD LFZE X HN5H. AC Pad
DO WERELZRRLIC LY Ty S AR CuRE LR, Nod DY
BNV XV NT LI FTHY, £/, FED 0.6um &
CUMNBE LD REWVWDTNo2 KV ol bDEEZOLND.
AFM %2> 5 % No.4 7 No.2 L W R&ELR BN TEALL TWHD DN 5 M
NP 5. No.3 & No5iEX 6.12 D K 912 ACPad IT# L 7-#4 (Cu
KL OL XV EEHEHE ) OALA CuPNBELONDIEEZEZLND D,
KEHMIDMANLS DD EEZHILD. No.3 & No.5D AFM 4 2>
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frE L, VRS- FPRICEMLLSTVWEDEEZ Z DN 5.
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Matrix resin

Fig.6.5 Cu complex structure of the chelate resin in AC Pad
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Fig.6.6 Correlation with Cu absorption and pH
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Fig.6.10 Comparison of Cu surface after polishing (AMF)
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Cu Layer

Cu Oxide Layer

»

Acidic Fluid

Polishing Pad

Abrasive Grain

Fig.6.11 Polishing mechanism of Cu-CMP

116



1

H, O, 2 (- OH)

Cu?*+2O0H-"

1

Cu+2 (- OH)
R (CH,COOH) ,+20H” = 2H,O0+R (CH,COO0-) ,

H2N—CH2COOH : Glycine

“N—EH.co0~,

N—CH2C00~
 N—CHzco0- ¥

N
N

| Chelate group | | '\_

| Matrix resin |

Cu Layer

Cu Oxide Layer

Abrasive Grain

Chelate Resin

Fig.6.12 Polishing mechanism of AC Pad
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Fig.6.13 Comparison of selective polishing
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119



ERMEBEMNEIX 11163 L @mL, T oAy r7Xza—YarnAELIC

<b\ﬁf§ﬁ¥£f‘a§>5_&%#ﬂﬁﬂbfc.

H%, TOMEBETEZFEMAETLI2LEODICIETEZEDOT N4 AT = —n
T@ﬁ%%ﬁ%ﬁ%ﬁﬁ%%ﬁk%%_%ﬂé Fio, KEOMRBRIZ W Tk ik
fEAKRBZAKRKERNTEDR, BREICHTL2AMEFICT TS50, WFEKR L
LT7J<®1¢E%€0)7%’C“E?E§.T“%Z>J: 212 AC Pad (28 FRIL K & & A &
RBEFRILELIEPNLETHS.

1)

6 )

7)

2 EX#k
TR RS BRI K CMP i, TEMAES, 261,
M E R, BEERR, M)A R, MAHET, HHIEK K
LA« T I /BFAT Y —IC2LD Cu-CMP Fitk, BEL¥S
%ék%?ﬁ%@ﬁ%ﬁ%i%@wa,wu
M.Hariharaputhiran, J.Zhang, S.Ramarajan, J.J.Keleher, Yuzhuo Li,
and S.V.Babu: Hydroxyl Radical Formation in H,O,-Amino Acid
Mixtures and Chemical Mechanical Polishing of Copper, Journal of
Electrochemical Society, 147, 10 (2000), 3820.
RfGE S, WHEFEY, NEER, Lk z, REBES, 1WA H
o, R R 7 U — WP E AR &2 H v 72 Cu-CMP £ i, 18 % 4%
¥ SDM2001-176, 11(2001), 13.
K.OSSEO-ASARE and KAMAL K.MISHRA: Solution Chemical
Constraints in the Chemical-Mechanical Polishing of Copper:
Aqueous Stability Diagrams for the Cu-H,O and Cu-NH;-H,0
Systems, Journal of Electronic Materials, 25,10 (1996), 1599.
J.M.Steigerwald, D.J.Duquette, S.P.Muraka, and R.J.Gutmann:
Electrochemical Potential Measurements during the
Chemical-Mechanical Polishing of Copper Thin Films, Journal of
Electrochemical Society, 142, 7 (1995), 2379.
77 F V= a ML CMP G T &M & B R CMP
EEEL, RS L&, 38.
BRI T 52 = - B HI - BFET - BF BE A REEF L, TR A =, 232,

120



EBTE #HH

ARG, BEDD D2 BERBBEICH L2H LWIEEREEIE S R
TLAOMELEREBZREEL L, B FRNICTL28 L WIFETEORREIC
Lo, HHEMToEmiERL, Safifb, KEFEDILZBEEL TEML
TbOThs., UTIEETHLONLEERZLET .

LW T, ERMAFEN Lo BEA, FICEEDOLE a2 X b3
RKEpMECTHLI L2 EML, ZOMPETED —DICHEEMKK T B
(RPN BEHTE) ZAWVW2 HFERLY, xR AR TW5
MERLICES> TR WVWEREZRZ. S5, RFFEO B ML, K
WINEAHFEBETEEZN—RA L LEHLWHFETEZBEREL, 0% L
Bitd b2 ThHDHIEERL, TOEREEB I,

F2ETIE, IBIBRE (FFICAT T VBBV D LARAER) 2k
TAZY—ICMALFEICLIVMEEREIPM ETL2FLHAB L. LI
Ihix, AT U = o fE N ERE O (KA 258806 0 B = &2 ] ($)
W) THLEVWIAD=ALIZELDBbOTHDLIZ LN L. 2
NZEEICLUT, #Re L ITMMEROIEBE O S ZREM E LT
WML ISMBFERZ ) —Z2#8R1L7-.

BIETIE, 7TAVI=ZULACNIPAYXREBLET VLI F 4 27
DT —TTI7AFx VU THMLEOKER DR E1T - 7=, MigHl &
LTCE 70V rBEaT7 AV VRICE» L0, lliEa X MK
K hhrbrMILERERON LICHFST L2 ENHBHLE RMA L LT
X, 77 AF ¥ VU7 MITRICF L — MAIZRAT D ECED,
THERZHEVELSTICREMELZM LS LENARBTH D
Tl EMRELE. £, MEREOR#EL, IRAOIEICT XD HiZE
mamENmET s EbMHERLE.

BAETIE, E2E2O/BENLL, B2 EmMI EGWVWHEL — |
EERMANL S D 2T, KR A ofF B RRRLAE BRI WEH A S e
HRRKRL 2R (R) 70 ERD DL EB 2, R ZEEICHERFLR
U ECRL % N A (LHA: Loose Held Abrasive)f & O #FE X v K TH 5
LHA MRy FE2ER L. oA OWVWTHRF 21772 - 72k
B, YUV aryxz— OWHFBEIZE W T LHA #F B S v R % lE 5 iRz 4F
W AOMEL — RO EEMILTHIHESYy NTHDHZ L
ZREFR Lo, £ 70 LHA BB X v N ok o fE & 130302 B AR F B 12

121



%NT%ZWA@IW%Iﬁ FD 1 ED R RO BEIEY = KR

CHIM CTE D2 %2R L, LHABME Sy FEaHWHIXEREEICAN
OD/J\iib\EJH“ AT LD K fhz‘»EIﬁEk DT EmAEEH L.

BOS ETIE, B 4 ECRZEL LMK NS (LHA: Loose Held
Abrasive) i 1& O LHA WF B S > R % Ak % 89 8% 48 A9 o B (CMP: Chemical
Mechanical Polishing), #%F(ZJ& [ 4 # < (ILD: Inter Layer Dielectrics)
CMP (ILD-CMP)IZ i )& AT RE2N & 9 il & L, £ 70, & 1 MR (STI:
Shallow Trench Isolation) CMP (STI-CMP)IZ & i & FIHE 2> & 9 0> & IR
L. 20 ETY a2 VBALKE O CMP 23 W T LHA #FEE X v R i
WERERRKIUL EOMFE L — M EmNBSEEZ®mSZ L, U 3 BRI
T L ERMEE S FREMKMMELL L TH L2 L 2MRL L.
ILD-CMP Zxt L Cid&® Y 7 AV LHAWE X v FLIKDFMEE T CMP
DEFENRARETHD Z ENHMHLE. £/, STI-CMP W TbHE
U7 A0 LHAWE Ny FEKOMEEDNRG TH DL Z LM LK.

FBOmETIE, FI3RILBWVWTAROHEMMILT (F27AF ¥ v
MI) WKL THFL—FHADRAEDNTHLZENHHALTWD D, K
PNy FOBIERMICFL— MR LZEEL (LFEHES L) HF
BENy FIZBELEBD O 2 BERWICHET 2N X L — #
& #F B& »X >~ K (AC Pad : Involving abrasive grains and chelating resin
polishing pad)Z &L L 7. TN ExHWD Z L IZXVILFEHD RN
(BREAMOKRE W) FEREZ#EMN LR Cu-CMP O AR & £ - 72
& Z A, ACPad & 0.5mass% & WO RRE D (REAMODZR2V) @
BefbAKHFAKE DOMAEEIET Cull Xt LEWHFE L — b & BAF 7 & mH &
oL, FIZT VI TR Z Wiz AC Pad DIFEM.R LS BRI ThH 2
ZEMNHEB L. £/, Cu-CMPIZEB W T A by /i —fHE L THE S A
VT AZNTh 2D TaNIZK T 25 Cu O BRMFEMEIT 1:163 L m <<, 7
Ay 7RI =Yg URELRRSWHIFEFETH L 2 &b B
L.

122



RBICAMAETEHELNTERREERZRLZE LD D.

[1JHARATHDTI Y ar T — NI LTEHALXLOMEREEZFR
HIT 2R ANAME Xy REBRE L, RN OHE T 2K 5
BEHE~DOEZBR VT,

[2] >V a v @BibED CMP ICHRRENOMFE T ENESH kS Z &
o~ LT

[ 3] Cu-CMP IZxF L THERL (BEMAIIEN) &% L— b ({LERIEM)
ExzNa (EE) LEMBETZREZH#ATYO THEL, Zhi
HAWTZH LW GEO TREME Z & M ic L.

(4] b0H L WAFE T HEHEFEICXI Y BEY N ERGICAD
WHFEN TN EBR L, FEN T 2ZHT 5EF - FEIR . L3
PEXOREMRERICEHIC LEEKREAWMEE~OBITHN AR L 2
5.

123



#

AL ED DHITHTZV, ¥l ZHE, ZHEBY I LA HE
TERPZRFPRBA/B L AT AT R2HERZOA LT HHARICLLY
EEH L ET.

S LI, KX OERICEL, EEARIHEZ2HB I L b, TF
HEK>o TWEEEZEFLEAGTELERTFTRFREYDE LFHER O
HERER, MEEMAE, PRRFEMV AT LALFEHOTRFEH
b I A HE TERTRFFEE dE R X7 L L5 5 50E 5
JEDFESRAEFITELSMILHE L LT £

Fle, AL EDDICHTEV ZH OIS E LEHEAAESH Y
RN =—U I T RROARKIE K, UHEKZIZILO T 5H5SD
P4DF 7t NICHEAMBHEASHOE 2~ K& RKRICEHOE E
FLET.

RBICHEZRHRBR~OAFZEZFHF AL TWVWELEEELEKASHT
JVETr e R=—0 I T ROEREEEE D VCHEAESE Y
ARy Ty R7 7L —y7oln=FEkk MEOFERTZK > T
Wil FE LAt 2 V25 X=—UIF RSDP40DK
HEHSEZIZILOET D) VT T A=K 2 D8 KD ZEE
BLOHEMRI LTABRILOERITR bR Z 2T &
2, T T XBICELS E#H L ET.

124



KX DO EIZULT O XD

M
o
2
—
i

oo =

1) BMBEMAY T AT 4 A7 ERXZ Y — 0B —IENEBEE O
PEMEREIC R D0 B —  AEHEER, &L, HIRE, £ x KH
Jo, KB TS UE, 20044 9 H 6 HEAF, 2005 4F 8 #
¥ E .

%3 =

1) TAHIT 4 AT AT =T 27 2AF v Vv 7T LI :
Ve g, B, PR T, RN LF 458, 2004 4 11 A 12
H % 7.

2) TNAIT 4 AIZHTZ7AF ¥ V7 MIT K EMTEREDHE
o R, BRTE, F2EH21IEEESYCRY T HA—F
T & N —Fm U4, 11(2003).

%4 =

1) Polishing Pad with Loose Held Abrasive Structure: M. Sato,
T.Nonami, J.Ishizaki, Journal of the Ceramic Society of
Japan, Supplement 112-1, PacRimb5 Special Issue, 112 [5],
S1341-S1346 (2004).

2 ) Development of Environment-Friendly Polishing Pad:
M.Sato, T.Nonami, dJ.Ishizaki, the 5th International
Meeting of Pacific Rim Ceramic Societies Abstract Book,
(201-P-22), P2717.

3) MK NOME Ny FORME : EEH, BRT, LoEH, 4
IRFE —, Gk Rl B, 2002 g L% =K F R = 2l EH 2
A LR, P412.

5 &
1) LHAWE Ry FIZkbd> ) ar@BibiEomE . xR, &

125



2)

Yixaxd

6]
1)

2)

I, BIRTF, HME LyraibmCE, EfRP.

BRI N AW EE Ny Ko B (2) R, BFIR T, £t K,
AR =, FeEFf, 2008 F & L2 R FRSFINGEES
ol U Gm SC 5, P259.

=y

=
Polishing of Copper on Involving abrasive grains and chelating
resin polishing pad: M. Sato, T. Kameyama, T. Nonami, This
paper will be contribute to Journal of the International Precision
Engineering and Nanotechnology.

BRRLN D AFEE Sy Ik 2 Cu OFFE : M, TRF, A
s IE =, 2003 4 FF % L% = k& K& S0 6l 51 & o T S0
P274.

3) MR NAFE Ny FIck s CudDifFE: fiEaxk, iR =, 2004

FHREILZRRFRFANEHRE MM CE, PIGT.

126




<<
  /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 /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /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.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


