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A1 A RI F (130A) 2 (A& A& "H"= AHH) A2 32 RI T (130B)>, #l1 A RI T % A2 22 RI F©
WAL e 2% Frol wet welHES e, thed 9 &M LH/L/M EE H/LH/LE
= H

EnASIRIRe 20] AlA|
(130)& 25F7174=] %3
5 F7], % 2 WA oF
ATt

30 Ve A ool A, WA = (130)8, A2 i RI & (130B)HEt} ©] v FHE 249 ¥§
Qli=, RylAoel M = (capping 1ayer) (131)2 E3tet 4=y, @d 77 o)A, =7 (132)E, -
L]—E]—‘{H H]—Q} Z—:}O]’ -5]']'/}- O]/g-g] Xﬂ (130C)E E@‘Q’ /})]—7] xﬂ _7%: (130(:)% Z—1 RI i RI —‘:
RIZ 7Hd & vk, 29 4 o ]/‘1, A7) A3=(E) (1300)& A1 A RI = (130A) £ A2 3 RI
(130B)Z} 593 RIE 7}2 &4 U}, o2 1A delA, 7] #1332 (1300)& A1 A RI = (130A)4 RIS} A2
RI % (130B)€] RI Atolol Q= 7k RIS 744 4 ok, delgoz, 47 A13% (13002 2" 3 RI
30B)& 23t 24ES /M F Ak A7) AT thee] dlaEAQ sdddA wA-ER] ' (12009 Al
> 4 Auh Lasz/H/L/H/L; Hasz/L/H/L/M;  L/H/L/H/Laszs  H/L/H/L/Hagsz;  Las=/H/L/H/L/Hasz; Has=
JU/M/L/M/Lys=;  Las=/L/H/L/H; Has=/H/L/H/L;  H/L/M/L/Lagsz;  L/H/L/M/Has=;  Las=/L/H/L/H/Hasz;  Hasz
/H/L/M/L/Uys=: L/Mas=/H/L/M/H; H/M/L/H/M/L; M/L/H/L/M; 2 o2 2%, ol& ugdA, ol HAIT §le=

"L"2 Al A RI S5 owlstar, ofd H7b7b fl= "H'= A2 LRI S5 2P@H. "Lag qu-z"oll B 72

(12009 &
ol of A2 28] (130)2 35718 2gst. 28 A oA, vA-wx] Y
kel

AT dE Eof, WAREA 29 (13002 oF 2 WA oF 20 7], oF 2 WA oF
10 71, ‘42 WA oF 12 571, oF 3 WA °F 8 F7], °F 3 UiA °F 6 U5 2HE

—

»
w3

SRy

ofj

o = M

- ~ - N st - d -
A RIE ZHe A3%E WS, "Hys qu-s"S L RIS Z2be A3%E oulen], W'e, me 17 % 42" 3

ko], T3 RIS 2t A3TS <fn it

7]l AbEE whe} T2, 8o "AH RI", "a RI" ¥ "FZF RI"S ohE Rl digk A #S guEt (dE &
). skt o]de] A dellA, & "A RI"&=, A1 A RI 5 %= A3F3 4 A
WA oF 1.7 B 1.759 WS EFect. s o] o] A dlelA], &o] "Il RI'=, A2
3 A ARgE A9, 9F 1.7 WA 9F 2.5 (& 59, 9F 1.85 o) WS EF3).
2 , & =, A7 AT @A AR A9, oF 1.55 WiA] oF 1.89 WHE
3Er, d@¥ A9olA, A RI, = RI % F7F Rl g HE9= B
A ] S, ARl <FZHRI < 2L

A3F (5) (1300)& 7] (132)2FE /W83 (separate layer) o2 AlxE 4 UL, %= 40 vl v} 2

of, F7] = vl F718k A S (131 Atelol wiAE 5 Slvk. A7) AT (5)L £ F7] (132) 2 -F
MESom Agd 4 glal, = 5l yER wpe} ol 7]k (110)3} thee] F27] (132) Abolel] wixd <=

.

= = i)

o, A3S(E) (1300)2, X 69 YeRd upel o], A3 5 (131) tialel = FF Tl Friste] F71H3RQ1
= of F7tHoR AhgdE 4 Ut

B (130)°) Al&3sh=d Zds hgdd 522 Si0,, Al0s, GeO,, Si0, AlOxNy, AIN, SiNx,
SiOXNy, SiuAIVOXNy, Tazo,—;, Nb205, TiOQ, ZI”Oz, TIN, MgO, MgFg, Ban,Can, SHOQ, HfOZ, Y203, MOO;;, Dng, Yij,
YRy, CeFs, A¥2, &4 F$FA (fluoropolymers), Z&p=vl-53% 11#2} (plasma-polymerized polymers), 2

=4k F3HA (siloxane polymers), AAM2=F| =ik Zgloln|= | E43 & o]W]= (fluorinated polyimides),
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[0033]

[0034]

[0035]

S=54l 10-2188706

Zjollgl2elm = (polyetherimide), ZEelolBl24E (polyethersulfone), Z2]3'd % (polyphenylsulfone),
ZZ7tHM9lE (polycarbonate), Zzjold#dl e Zee|o]E (polyethylene terephthalate), Zg|odall X
g#o]E  (polyethylene naphthalate), oFA™ &2} (acrylic polymers), $-el¥ &2} (urethane
polymers), Zgvlduelola & o|E (polymethylmethacrylate), W-2A XA Zol] AlR3s}7]o] 243 s17)
o Q1&8d g2 24 HZ JEiokd dH e E4S XS, Al A RI Foll AMgshed AEe 249
‘33 Qﬂ ’C_‘ SIOQ, A1203, GeOg, SIO, AleNy, SiOXNy, SluAl\,OXNy, MgO, MgAlqu, MgFg, Ban, CaFg, Dng, Yng,
YF;, 2 CeFsE XE3tth. A1 A RI Fol AFE3sl7] gk 849 A4 52 (dF £9], AlO; 2 MgAl,0,3 &
EZAA) Hisd 4 k. A2 2RI Foll AFEs7] 918 AFs 249 29 o2& SiALOWN,, Ta0s,
szoo, AIN 513N4, OXNy, SiOxNy, HfOQ, TiOQ, ZI'OQ, YzOg, AlgOg, MOO3 ‘;'l D}O]O}%E—ﬁé %i% E@?}D} 1%]2
W-2=F A Foll gk S22 AbA e, 53] SiNx 5 AlNx E2oA Hastd 5+ 3
M- E ANl Aom adE A, S, o5 Al A E (dE =

>{5‘.

rlo

AN (wurtzite))E 7FA 4 AL, AION 24 F+ZE 714 Zart §luh. gxdQl vpghask AION, I RI E4

2 30 atom® WA ¢F 50 atom®b BAE ¥ESFSFHA, ¢F 0 atom® WA F 20 atom®b AbA, = 2F 5 atom®b WA

ok 15 atomb AAE 2T & Utk diEAA vk SiALON, L RI =42, °F 10 atom% WA °F 30

atomb == ¢F 15 atom® WA °F 25 atom® AT, F 20 atom® WA &F 40 atomb H== <F 25 atomh WA oF

35 atom% LFW|EH 0 atom% WA <F 20 atom® _E% ok 1 atom% WA <F 20 atom®% A2, = 2F 30 atom’ Ud
o

o}
A Sk 50 atons AAE EHW - ok, AeE BAE oF 0EFAA Fast AE - A #3 2UE
Zte BAS d8ke A9, 22 A dlE AIN 2/5E SioNE &8 4 ok A2 LRI T H/E -23
B2 o Are 5HS 5AY 5 Advk. 2R A oolA, WEau A 4z AE Al o3 S4€ A
o= A2 i Rl T L/EE Ud—iiﬂﬂi]"é %ﬂ Aol A=, oF 8 GPa ©14F, <F 10 GPa ©], <F 12 GPa
o4, °F 15 GPa o4}, °F 18 GPa o4}, i o} 20 GPa 0|4 4 Utk PR ASolA, A2 1 RI 5 AL
94y Foz HFd 4 gl Weag Ay 55 5Ho2 & 5 o, o Y F2 vEA Ax 53
(repeatable hardness determination)S 9138 < 500 WA 2000mme] FAE 7Hd 4 Aot

Shup ool FA| del A, RRARMA] ZE® (130)9] T (8)9] HoE shve 54 33t 54 #MLE 238 F
ATH. A7) ALgE vle} e, 8o "F3t FA"E (nxd)ol o AAFHIL, 7|4 "n"& HE-FT9 RIE 9
vlete, "d's o) =El A FAE uFn. sk o] el Al ool A, whAb-A =Y (130)9] S50 Aol
Shub= 9F 2mm WA 9F 200nm, ©F 10nm WAl ¢F 100nm, <F 15mm IHZ] oF 100mnm, ¢F 15 WA ¢F 500mm, &&= ¢
15 WA oF 5000mme] HeolA Fe FTAS x3e £ uk, @ A doA], A7) HRAR-EX] =g (130) 90 A
RE 2 9 2mn WA 2F 200mm, 9F 10nm WHA] 2F 100nm, 9} 15nm WAl 2F 100nm, <F 15 WA 2F 500nm, H+=
oF 15 WA oF 5000nme] WA Fe FAE 77 7 ¢ vk, BE Ao, 7] wA-EH FE® O (130)
o] 259 Holm 3l o 50mm o] FsF TAES et 99 ASoA], 27+ A1 A RI =L oF 2m
WA °F 200nm, ©F 10nm WA 2F 100nm, °F 15mm WA °F 100nm, °F 15 WA ¢F 500mm, T <2k 15 W] oF
5000mm¢] LIl A F3t FAE zheth v A9elA, A7 A2 3R F2 oF 2m WA °F 200mm, °F 10nm
W] oF 100nm, °F 15nm W=] <F 100mm, <F 15 W] <F 500mm, %= oF 15 WA <F 5000mme] H oA @3 +
AS ZE=th, = e A9, 7#44 3% oF 2nm WA 2F 200mm, °F 10nm WA 2F 100mm, °F 15nm WA
°F 100nm, ©F 15 WA °F 500nm, T oF 15 WA F 5000me] HelelA F3 FAE zk=
‘%] (130)9] sl} ool Fof FAE Haskd F vk, g o]t FA oA,
[ S(E)9 T+ olE°] oF 500nm v =% HAaslerh, sl o] A 4

PRI (&) 2/mE 1 RI 2 7RI 29 239 =39 FAE= < 500nm #] ko] t},

]

3%
15
BB A el A,

il RI (&) ‘;‘/EEL
oA, iL RI & (&),

O{N o{x ﬂ'

g2l A el Fe el A Rl 2de] e Haskd

- =
AR, A RI BdE MR w3, SAd @dE 3 AR 9FE vAE 4 AF % A7 dEe] A4
A e, ¥ w2 Am Edela, mebA olgd 24 Hxstete A2, of7]d JlAE whake 3 4 A
TE FANTEA, BARE zww T Ak 7] A mel BEH FAL] REoRA A, ARl &
e g age] A T oF 60% 1L °F 50% m|%k, °F 40% w|wk, ©F 30% w|wk, °F 20% ®%E, °F 10%
vlgk, E= of 5% vvhe X ? otk A=A oR me FrpHoR, A Rl 239 ¢2 39 29 (5, 7
ol sk =, AR8AE 5 B 7] 5 D)ol F78 RIS flol wiAs= A RI 249 28 39 =
22 FAC oz ggsd 5 glrk. o2l AFH e AS daHE FA, 1 ARE e F7L 3R]
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[0040]

[0041]

[0042]

[0043]

[0044]

=50ol 10-2188706

on

o 10 A 27 7ol

gt 4 k. B o) ike] FA| el A, AV FUFE] ' M-8l i‘%& 3kt = o, 2 A3 AA

-golA :H ¥ 20129 11¥ 30Y¢ A}

WITH OPTICAL AND EASY-TO-CLEAN COATINGS"¢l mj== E3&|& #13/690,9043 0] 71%Hﬂ<>1 AL, o]9] HAAH]
q

W& FxeA of7je] E9j¥nt. 7] AA-&old ZHS ¢F Sm WA oF 50me] WA FAE 7HE F
N, EAs Ady 22 39 EAS XS ¢ vk, FE FA oA, A7 AA-&o)d ZHS o Im
WA 9F 40mm, °F Inm WA ¢F 30mm, ©F Inm WAl ©F 25mm, ©F 1nm WA ©F 20mm, ©F Inm WAl ¢F 15mm, ©F 1mm

WA ok 10nm, <F 5nm WA °F 50nm, <9F 10nm WA 2k 50nm, °F 15nm WA 2F 50mnm, 2F 7nm WA °F 20mnm, °F
7om WA F 15mm, °F 7nm WA oF 12mm TEE oF 7nm WAl SF 10nm, E o]E Alole] RE W9 W AH-H¢]d
A FAE 7 QU

F7HAQ1 29 (140)2 W=adx4g & v 55 L F Advk. 2R A delA, F7rE 29 (140)
2 AA-golgt =4 4 Jz=agxAd B 23S x4 A4 Gﬂoﬂ/ﬂ, B7] 23S AR-golg 4
2 thololr=-g ©AE Xt ol KUbAQ =W (140)2 °F Smn WA °F 20me] ®HNA FAE 7t
A 4 Jdrk. FAAAQ =29 (14009 A 1 SEAA AFE F A dE 59, tololEE-3 wae
AlFo =z mMxd F di, AF-&olgt 242 Tholof -3 wio] AT ol A2To= vixld 5 Ut
A71 A1T D A2F FAE FHAQ] ZE diE] AlsE HAd ¢ ATk dE Eol, ThololEE-3 ©aA9
AN1ZL ok Inm WA ¢k 20mm = ¢k 4mm A ¢F 16mm (B8 & o] FAFOR o 10m)Y FAS 7H4 & o
i, AlF-golgh A2F oF Inm WA ¢F 10mm (e F o FAFSRZ ¢ 6m)e FAE 7 4 dvh. tholo}
2e-3 IYS AMHAY FA4Y w4 (Ta-C), Ta-CH, R/EE a-C-HE XFT 5 .

o7le] Astd wpel o], 3t I (120)2, $WA-A] ¥ (130) 3 719 (110) Abolo wix]& = Sl&=, W]
2aAHYAG F (150) e T8 (T dz=agx4d Fo] &89 4A9)S I3 ¢ k. 22 A4 dolA,
A7 WA= HAg T (150) e Z'82 (X 79 vehd vkel 22 150 =+ £ 8o Yehd nhe} 22 3459
Zol) BA-X =H (130)9] S5 Abolol wixE). whA-wx] mHe] 7 AAM (5, =3 dX4g T (150) 7
719k (110) Afole] wixlel A1 AM, 2 2 EHX]J = Aol v g A2 M) AR e FAZ HE F
UAY Ee AR 43 FAE o JHE o dnk. A7) A 29 o AHe 22 AR
ZRE, oA, T 2/EE g T 5 ‘ﬂﬂr e AR OE 7 UY

W e XA (150) =+ =¥ (%

2 = o S x ety dwgAde 452 B, Al, Si, Ti, V, Cr, Y, Zr, Nb, Mo, Sn, Hf Ta 2 W
& X3t U3 Hxy T e Iy &8E F v 49 54 HAl o= Al0;, AIN, AION,, SisN,,

SiONy, SiALON,, tholol=, tpojolZE=-3 &4, SiC, Si0,C,, Zr0,, TiON, ¥ o]9 ZFFS ¥ghs - 9l
. A7 eI gAY 5 By 3R B =5 EF, Bv 2EE ATRE 2t 248 23 5 3
o], A%, <14 (toughness), & UvlRAy / dnk&AS 7). ]e =i lﬁé WAE T B IAHL
oF Snm WA oF 30mme] Z7] WSlelA UnAAE X3S F UTk. A oA, A7 WaeaHAY F Ee A
go AAol-73l x)23 1o} (transformation-toughened zirconia), H& <¢FA3} x23Yo}, = A23Y

¥ 7}

of-7st dFruUE 2 5 k. FA oA, aZHAY T Ee ZYS oF 1 WPawms sk
Q1A (fracture toughness) at< YER L, TAlo ¢F 8 GPas %Fsl= A= S e

= ° H = (&= 8ol e wpek
&) ZHE ) (345)F YEhE AME-FE T Y 5 28T & v OF Fol A8E A9, olgd
FE5& Yaadxa 28 (345)S A3, dF B9, WaadxA =8 (345)L SiALONS FA =
EFEE = ar, of7A] sk ol el Si, AL, 0 B N9 e FEES SUF Be A7) S8 wskEn
248 Tu= \:\:~5]_ OEAdS AFeslel dAE S glrh, olgldt Eli 2014 49 28UAe] E0E, uge] o

#o] "Scratch—Resistant Articles with a Gradient Layer"¢l, mlsF E& &Y A|14/262,22450) & o AA3]
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el A, A7) WA S £ 3292 o6 GPa IM °F 30 GPa, °F 7 GPa WA °F 30 GPa, °F
GPa WA °F 30 GPa, °F 9 GPa WA 2F 30 GPa, <F 10 GPa WA <F 30 GPa, ©F 12 GPa WA ¢F 30 GPa, <F
GPa WA <F 28 GPa, <F 5 GPa WA <F 26 GPa, ¢ 5 GPa WA <F 24 GPa, ¢F 5 GPa WA <F 22 GPa, <F 5 GPa
WA eF 20 GPa, ©F 12 GPa WA ¢F 25 GPa, F 15 GPa WA ¢F 25 GPa, °F 16 GPa WA °F 24 GPa, <F 18 GPa
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A 9k 1.5mm, °F 1nm WA F 1gm, 2F Inm WA F 0.5mm, 2F Inm WA F 0.2um, 2F 1nm WA 2F 0.1mm, ©F 1
mm WA 2k 0.05xm, 2F 5nm WA F 0.05um, °F 10nm WA 2F 0.05mm, 2F 15nm WA 2F 0.05mm, 2F 20nm WA
oF 0.05um, °F 5nm WA 2k 0.05mm, 2F 200nm LHX] oF 3m, ©F 400nm WA °F 3im, ©F 800nm WA °F 3um, %
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GPa ©]7F, 18 GPa o]/, 20 GPa o) 9] Z&=& yvebdtt. 7] st 39 (12009 =% °F 20 GPa %= 30
GPa7tA] & & vk, olfd SAE AE 2 oF 50m o] EE ¢F 100m o (A& Eol, °F 100mm W= F
300nm, <F 100nm WA] 2F 400mnm, ©F 100nm WA 2F 500nm, <F 100nm WA °F 600nm, <F 200mm WA 2F 300nm,
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9 (120) 2/=E AF (10000l o3 vrebd 5 k. sk o] A dlelA, ] Al (WA-ERE 29
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2 2}
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rig
e
o
g
0%
N
2
el
flo
0
N
2
ox
Lo o

o
o
frt
4r
0
12
[\
=)
2
1o
N
ol
1)

o o
0 i,
o €0 e}

o
=
=]
>
1= N
—_
—
= o

!
o ¢
2
e
o
—
)
R
=2
.
rﬂ:
N
=

— Oz;
F(‘
Ir
T
>
o
X o~ —~ 1= o r
Y
=5
b rlr
Tay’
- fel 2

r]I H)E: _|1
2
N
H
S
flo
_1)~
ox
o |z

o H
o,
K

oo

()

o

0

shuf o) ike] A eollA, 71EAH S CIE L*, a*, bx A A A|2=gl (EE A HFE ax=0, bx =0), F3iE (a*

2, bx=—2), L 7|3 F3g T wARE A FHFolA 9F (0.0)Y = k. ExEe dAFo] e 3, o

of 7lAE AF Lx HIEE VIEd FLsta, AA W FIES v A ke Aoz oldFoof ),

F9] 7lE=d AA Wslrt 7|l diste] e

HWE 3, A7) AEe] vAbE A AT 7)o vAg A Hxel vlaEc,

st o)de] B A oelA, FIbE A 9 ukAbE Ae] e AA) wiskE 1 vtk e

ATH. S} olidel B FA dolA, U] FIE A L/3EE A I

.8, 0.6, 0.4, 0.2, 0 @ o] Alo]o] BE W9 WU ABH-HAY & 9}, 7|FHo
2

0
A an=0, br=09] A5, A7] 71FH A Ashe 8] o

71 710l A HR ax= -2, br= 291 A, A7) 7SR AA Wsks g5 3o ofs Arte.

NEH A Wek =V (ak g5 42)° + (b gy +2))

71 71exol 7ol A xS A, 7] 7Ied AA WSk 8h 4ol ofe AlNtE.

o

2 LA oo A, 7] AEL, 7IEHe] v1Fe] A FHE, A FHF ax=0, bx=0 L FHE a*=-2, bx=—2 T o
% v}

Sl A 1FE A4 Wsh 2 viwe] HES, Fabg A (Et Fas 4 A1) % w4 4 (E
A e

, | 0
)] M o] BE YJAF 2H ZbellA] CIE L*, ax, bx A 73 A|=®lo=R oF -5 y#] <F
0, oF -4 WA &F 1, =% 9 4 UH & 0 EHollA (&4 dA-Ix] & =

e vekd 3 qn,

=)
~
1

o

stub ol el Al el A, 7] AlES ok 0 WA o 60% (i oF 0% WA oF 40% FEE oF 0% WA oF
Z)o] Wl el 2= A 2% Aol CIE L, ax, bx A 54 Alx~Flom, of 2 mwk (= oF 1.8 o3},
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[0085]

[0086]

[0087]

[0088]

[0089]

[0090]
[0091]

S=50dl 10-2188706

e
ol
—_

6 o8, 1.4 olah, 1.2 ola}, mi= o 1 oah)e] (AFS] w3 £9 2L olg W EAA
4E A0E) FaEolA br kS vhehd 5 qdvh, Fahgeld 4] b ghe] ek o

DA ool A, A7) AFES FY D65, A, D F2 dtel oF 0= WA oF 60=e] WY uloll YA =1 Zhel A
1.5 (d& Eo], -1.5 WA -1.2, -1.5 WA -1, -1.2 YA 1.2, -1 WA 1, -1 WA 0.5, =

-1 Wx 0) HY el (R i 2 diy W FdelA) Fabgol A ar e debdch. 2 A oo
2 39 D65, A, 2 F2 3tol] oF 0% WA ok 60%2 WY ol A =W oA ok -1.5 WA o

1.5 (d& E°1, -1.5 2, -1.5 WA -1, -1.2 WA 1.2, -1 BA 1, -1 WA 0.5, == -1 yx 0) H
9 ol (iA-H Fd 2 g Wl FaelA) FabEol A bxgks UERdITH

g9l A dell A, A7) AES 3 D65, A, E F2 kel oF 0% WA oF 609 W9 el A £ ZhellA
ok -5 WA oF 2 (of|Z E°], -4.5 WA 1.5, -3 A 0, -2.5 WX 0.25) H el (2 wA-k=

A1) REARE A axghS vERdTE. 22 A oodlA, 7] AF

zo] e el A 2= Zrel Al oF -7 WiF] oF 0 RS9 wlell (
ERTE,

shup o]kl Al oo AlF, e Skt o]kl AlFEe] WRAR-EA] W (122)2 ©F 400nm WA ©F 800nm R 9]l
Al gE g Ggel A F 95% o] (dE B, &F 9.5% o], °F 96% o1/, °F 96.5% ©lF, °F 97% o]/,
oF 97.5% o] A, oF 98% o]k, °F 98.5% o|AF i oF 99% o]xh) e Wit F FHES Yehd § gtk @ A
ool A, 7] AFE, e St o] AlFe] whA-EA EW (122)2 ©F 400nm A ©F 800nme] t”%ow %Lﬂ
g dodel AA oF 2% olet (& Eo], °F 1.5% olsk, °F 1% ©l3sf, °F 0.75% o]}, °F 0.5% o]},

0.25% olah)e] At F &S Yeld = k. ol # FiE 9 4 vAE 2 33 9 o9 *j
Hel (dE S0, 33 2 99 W, 100m HF B, 150m =HF B, 200m =HF B, 250mm
e, 280mm ¥ W9, EE 300mm I WDl A4 e AA B g g9 A4 BEE o
TA A, ol F HWE 2 EE g (WA EE (122) 2 odig AW (114) 25l dgi§)
¥ EE FHES 0 ﬂ) HW% e F ?ﬁr%%‘ T Atk Mo 5ol gl 3, Hi WAME EE R

=

AT (28, olY3 542 45 E= 60=2

Z4,
3T

=

_LL\__O]
S B9 D65, A, L F2 dlo] ok 0% A <k 60
A QAR FEHOA]) HRARE O A bxgkS U

(TowE &g
mﬁﬁx&ozirkﬂﬁ

A A dolA, st o] T o9 AF, e s o] e AF wA-wA] W (122)2 Fe o
FAel AA °oF 1% olsk, °F 0.7% °lst, °F 0.5% °]3}, °F 0.45% ©]3te] Wit 7HAF EEF NRAME
(visible photopic reflectance)& YEIE 4 o}, ol& XEH dAE k& ¢F 0° WA 2F20°, ¢F0°
Aok 400 EE ok 07 WA oF 6079 WY Wel YJAF 2= ZelA Yepd o 9l 047101
2o, TEI WAMES AL w9 o] wet 3t A Ed s YMES TS AIA AN
! Al F2 Z9F (CIE color space convention)¥ & <&z Fofo] ule},
WALl Fo] 3% (luminance), T 3A= (tristimulus) Y #oZ A= 4 15} H YEY NRAMELS, &

L_,
i

SY A ool A, 7] AE oF 10% miRte] @ WhARREA] FRolA £ = Z-F A (dE
0-10%=)ell SA4€, d-d H ¥EF TAbES yepdty, 9% A4 oo, 7] d- H FEY AR
°F 9% olst, °of 8% oIk, °F 7% o]k, °F 6% olsf, °F 5% o|sf, °F 4% o]}, °F 3%, Wi oF o, &
g TA delA, (5, & oA RE WAL FH S SAT F5) s o] AlFe WA-EA &
fe) o ok
o
?_]_

> o

=, %‘ -

Wo(122), A7) B FEF AR g olda WERE o 9o, wAlel oF 5.0 MW, °F 4,
3.0 W%k, 04 2.0 PRk, °F 1.5 WwF, E= oF 1.25 v|Rke] D65

ZFOR) oF 5 WA oF 605e] AAl JAF 2% ZF Wglel AA, Ho) whAbE A wst

NE £ & et
0]‘7] %}:% ax* %): (a*hlghest a*lnwext)oﬂ/ﬂ “’]EH tﬂﬁ]’ b* %): (b*hlghest b*l()\\est)oﬂ _1 “’]EH Eﬂﬂ', ax* 1;% b>1< %)\— E":l:_oﬂ
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10-2188706

s=s5
JeEr 4 gl

=

=

OO]: '\/ ((a*highest_a*lowest)2+(b*highest_b*lowest)Z)OH /ﬂ g’]r’H %i}

7]

[0092]

23]

W

0

[0093]

%
Al
ok
o
A

1.1%

hyA
il
=
=

%
\;l
A7 71
(ball-on-ring
°]

1% °17,

#ko] =4l

ety

1.2%,

~P0)
i
ok
oF
ul
=

2)
-
ok 40 GPa WX

o

p

=
=

ok 30 GPa WA oF

Al

iz,
2, 0.5% °]%F, 0.6% ©1%, 0.7% ©]’, 0.8% ]/, 0.9% |73,

st olgel oy F

S A dlellA,

-2y

2] o
2E &,

471 71 (110)
°F 110 GPa,

3L E]

Al

3z

oF 70 GPa WA ¢F 120 GPa,

epuiey

g =g (PS),
ol

ol A
gedd (P0) 2 Ale]EEEZE&ddA (A9

(&

L

o

¢k 30 GPa WA ¢F 70 GPa,

30 GPa WA

3Z
=

2
= oF 3% o)

o7
)
z
ZlolH 2ol = (PEDH A2 o5 1L
-
80 GPa,

3Z
=

%
ul

S TA A,
2.8%,

2= o

E
oF
o}
QoA B BEe]2A (elastic modulus) (
oF

AolM =dE

=

=
=3

Atk

=
2.6%,

el o]

3L E]
3z
=
o~
T

ok
o

3|

ek 60 GPa WA <F 120 GPa,

120 GPa9l
30 GPa U)X

1}

=
e
2.4%,

7] el ©A wEe
g}:

ok

a7k FERE (TPU),
-

glof ~H =,

ol A
gHldE&zgte]= (PV0),

ok

o
=

[
=

.

=
3z
=

3Z

(
)

71 718 (110) & f7185 E
o

2.2%,
90 GPa,

(*0),
Fehe
713 (110)

]—)

ok

S
FoA,
ok

S

=
oF 30 GPa WA

=
ola ¥ mEx},
7

3Z

E

1}

A7) A1 ok 1.45 U)X ¢k 1.559]

1.8%,

[e]
jez]
=

.

e =
, 1.3% ©]
=
o~

i
—

ok
o}

!

B

o

.

[e)
oF 50 GPa WA <F 120 GPa,

27k o]
A elol A,
10,

30 GPa WA

z
E
A,
1.2% ©]
°F 1.6%,
7% (110)
o
ok
o}
120 GPa,

=)
X e
(PMMA) & X%
A3t

3}
TEHA 2
™
S
O]—)
7\ (strain-to-failure)

71 713 (110)
A

100 GPa,

1
testing)
1.4%,

2 2]

h

Yephd 4
oF

o}

g
=)
=
°]
It

TA el

[0094]
[0095]

W
"

O

¢

B

ToH
&l

, rEE

L
L

]

o

o=
T

PolE AY e v-AskE

[0096]

AR
vo]

o]

o~
T

o

) el Alek 7]

Py T
T uE

A E (lithia)e]l ¢l
=

L

Fu

2]

(Bt A B v-7s)

olojs} g

o

T

, 27
i

N

=

[e)
<]

.

(o171l 71418 o

A mE AL

%S

, 7471 71% (110)
o]

o

.

o~
T

/5‘5}“: i\.iﬂ ‘Zﬂ_ (MgA1204)

[y
=

S}
A=
= 1l
=

=

o

o
=
L TAEA

SRR EES

=
o

3} ol Arel A oo 7] (110)

z:sl,
o]
5

[0097]

A+

&

w
ofp
,ﬂw
~

4 (110)2, H= &

vl

271 7

[0098]

oF 9% wRk, °F 8% ]

ok 10% w9k,

o

p.

92% o]
71 719 (110)

ok
2F

TA efellA,
91% o] Ei=
TA| el A,

is
ok
2F

kel
i

o,

TA 7t

ol &

& ek,
ok 90% ©]

<,

oF 39% o]

88% oI,

W (122)) Aol A

3
ar

Ap-7)

o
=
~
=

~

O

s
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[0099]

[0100]

[0101]

[0102]

[0103]

[0104]

S=S0ol 10-2188706

% ol whEel sht o]
1109 F 9 $4 g

(
1 (110)9] de], &, 3 =94 57 AgesES =3 AF (100)9] 48§

A7) A% (1100 tg v #4e Agstel A3 & Ak dg B, 37 7w 110 K% ge
MARA Re EFSHE A, BFE Y PES FA D% R £F AU g -y Y L B2
E 9 4% 29T 5 9o

PAAA, 71 (110)2 A8t 713s FAds7] 98 Askd 4 vk, of7]e] AR Bpef e, &of "A3 7]
AL, AE o], 7IWe] FHWelA 1 A& ool s u Z o]&9] o]2-uds FI, sFgHow s} 7
TE U 5 vk, a8y, 4F S8 2 SA A d9E A A8 71w FEE Alolol EHAAT
o] BYAE AU B d Hydyg e, vlefobilA 47 ve A3 Wi, Fs rws gA4gsil
= &84E 4 Q).

A7) 71 o) wE FA o slstHor Astd A, 7o THTAA o] FUS Axrt e At
3} AHE e o 2 o]2d & HAEAY - B wgdr. ol ud FAHL TAHo=m JHdM o 7
< o2 wEE f Z oS sk &89 Sxd VI¥E FANA FRdEY. §x 2H4E E 25, A
Az, A &x (e S25)9 A F, v 9 S22 A, od®, AAF 2 o9 fAkgE AR 2§t
A GAES ESSIAT, old AgEHA =, o] uE FA| g dHEIF rwe 2AH4E L A3 #
|omiY ZAigste 71w dAte 45 &9 (CS), 45 Y F9 Zlo] (e F9 zZlo])d o dytxow
AARE = AL 7|Eioke EYPArt A Aotk o2A, &7 545-3 8 71#e] ol w2y &
] F4 ol29] ik, Ak 9 Fakdy e, gy oo AlgEA %=, 948 Rt Yok sy
o] &F<el AXANA ddd F ATk, AV &89 x99 2w FHHLE °F 380TC WA oF 450TCe] R
o, WhHo| A AIZFE oF 15 & WA of 40A12F8] HHjoltk. a2y, ded A e &= B A AIRF
2 E AHgd 5 i

FrtRem, frE]l 7ol A Atole] AlH gl/EE ofdy WAE Zte, ths o] 2ud X6 A HE ol
gk Aol H-Alg ez, 20089 7Y 114Ak] S9E v= 7F 55E9 A161/079,995% 6] -AAS TS
™, 2009 7¥€ 10¥xz}e] wgeo] WA o] "Glass with Compressive Surface for Consumer Applications"Z &

i)

A W= 539 A112/500,650%5, 1714 F7] 71@e e R o SxolA v, A&5A, ol ud A
o AAAA Aster; g 2008d 79 209 LI v 7F 53]E A161/084,398% 0] AdAE FAEH,
2012:d 11¢¥ 20¥ Akl Christopher M. Lee 5ol <& e WA o] "Dual Stage Ton Exchange for Chemical
Strengthening of Glass"® S=% nx 53] §8,312,73950 71AEH, 7|4 #8 7|HL &5 o]2o07 34
AL SxollA o] wWBAZIAL, 2 vk Al SxEY O 42 sk &% oles e
A Zstdrt. v= 535E&Y A112/500,650% B Wl 53] A18,312,73959] HA A W& FxEA 7]

"
ol wsle] o3 gAdH sty Asle] Axs T JF (CD), ¥W (CS), ¥ F9 Zo] (DOL)2] Ihv g
71z38ke] AEslE ¢ duk. B (0SS vhddt dololA #3t fE U e 51 A 3" 5 Ay
AW CS #2 A3t 717 gl SHE CS (€SS E3E = Ak, #E 713 Yol &5 8 o 93
Wi 49 e Axd, CTE €S, 2493 57 t, 2@ DOLEYE AArE 4= vk, €S 2D DOLL 7] Eofol A
ez WES ARt EAHET. o)#d FuE Luceo Co., Ltd. (Tokyo, Japan)@lall A1Z+s, FSM-6000, 5=
= ol FAS A FE APdHo=E o]§ e JIFE AMES W $EHY A (FSM)<S Xs3kA| T, old
5 el w3 o] "Standard Specification for Chemically

2
rot
i
>
b1
K
WE,
[}
w
il
()
o
c
o
|
o,
ol
rlr
ok
= ¥
rlo

Strengthened Flat Glass"¢l, ASTM 1422C-99, % ™A o] "Standard Test Method for Non-Destructive
Photoelastic Measurement of Edge and Surface Stresses in Annealed, Heat-Strengthened, and Fully-
Tempered Flat Glass"$l, ASTM 1279.19779¢] 7]Al=m, o]o] AAAQl W& FxZ of7]d Egdrt. x¥
+9 AL, 79 7199 B=ad3 duE, &9 33 Al (S00) 9] s SAo) oEdTE. Sote AAA L
2 oAaF 2 43 wE EN, s
Optical Coefficient"©.= ASTM 3%
2 g A9y g e, Vs

E 5%+ WAo] "Standard Test Method for Measurement of Glass Stress-—
& C770-98 (2008)°ll 71 o]o] AR W& Fx= of7]d 944,
=]

opell A Azl ol el o SAHTE. CSe} CTe] #A= k4 60l
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[0105]
[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

S=50dl 10-2188706

CT = (CS - DOL)/(t - 2 DOL)

o714, = el A 22 A 5 (w)oltt. ¥ JRAle] ket A, T 3 (S vzt (WPa) 2
o171l A #A)

Ha, B84 F7 t= micrometers (um) ¥+ millimeters (mm)E FAEW, DOL-S micrometers
(pm) 2 FTAET

shube] FA delA, st 71 (110)2 250 MPa o], 300 MPa o], & E°], 400 MPa ©]/, 450 MPa
o]4F, 500 MPa ©]4F, 550 MPa ©]4F, 600 MPa ©]4+, 650 MPa ©]4F, 700 MPa ©]4+, 750 MPa ©]4F W+ 800 MPa
o]Ael ¥ CSE 7H2 4 Auk. A A3 7132 10mm o], 15mm ©]7%, 20um o] (& £9], 25um, 30um,
35um, 40um, 45um, 50pm ©]H)<2] DOL H /%= 10 MPa ©]4F, 20 MPa ©]4F, 30 MPa ©]4F, 40 MPa ©]% (dE &
o], 42 MPa, 45 MPa, T 50 MPa ©]’F)o] A9k, 100 MPa ®|%F (d& o], 95, 90, 85, 80, 75, 70, 65, 60,
55 MPa °lah) o] CTE 7Hd & vk, sl o]k 54 A delA, 73 7192 500 WPas Z¥at= 1H CS,
15umE Z3}3k= DOL, 2 18 MPas X338l (T F s oS zh=

e AREE G R ek, M G fE) 24l JelAkE, el G AAE f
o 1

‘;__JL_
(Si0y + By0s) = 66 mol.%, & Nas0 = 9 mol.%°]t}. A oA, 7] 78 ZHELS Hoj= 6 wt.%9 23}
KeX

= 5 wt. %7} ==, g}
, 2Y A delA | K0,
2l

Ng0, % Ca0 & Aol shbs v Zdth. 54 A oA, &7] 7ol ARed #2 2= 61-75
mol.% Si0s; 7-15 mol.% Al,0si 0-12 mol.% B,Os; 9-21 mol.% Na,0; 0-4 mol.% K,0; 0-7 mol.% MgO: % 0-3

mol.% Ca0E ¥+ 4 9},

&7 71l

_1>~I
0(

g = ohE diE fEl 24ELS 60-70 mol.% Si0y; 6-14 mol.% Al,0;; 0-15 mol.% B0s; 0-15
mol.% Li-0; 0-20 mol.% NasO; 0-10 mol.% K:;0; 0-8 mol.% MgO; 0-10 mol.% CaO; 0-5 mol.% ZrO;; 0-1 mol.%
Sn0y; 0-1 mol.% CeOx; 50 ppm PIRF Asy0s; 2 50 ppm H|9F Shy0:E XE&stal; 4714 12 mol.% < (Li0 + Na0
+K0) < 20mol.% ¥ 0 mol.% < (MgO + Ca0) < 10 mol.%°]|t}.

A7) el A ®= o2 g f7 2AELS: 63.5-66.5 mol.% Si0s; 8-12 mol.% Al,0s; 0-3 mol.% By0s; 0-
5 mol.% Liy0; 8-18 mol.% Nas0; 0-5 mol.% K,0; 1-7 mol.% MgO; 0-2.5 mol.% CaO; 0-3 mol.% ZrQ,; 0.05-0.25
mol.% SnO,; 0.05-0.5 mol.% CeOs; 50 ppm "|%F Asy,05; 2 50 ppm 7]%F Shy0sE E335tar; o714 14 mol.% <
(Lis0 + Nag0 + K0) < 18 mol.% 2 2 mol.% < (MgO + Ca0) < 7 mol.%°]T}.

54 A dellA, 7ldow Ak gy dFu=AgACE 8 2= dFAY, Aolx shte] gz
=4 2, 29 FA oA, 50 mol.%E ZFstE Si0,, thE FA oA HoJE 58 mol.% Si0,, B E ThE
FA gl Hol= 60 mol.% Si0,E ¥eHslal, oJ7|A] H] (Al0; + B0/ 7NAA (5, /MEAL He= 12 234
s, AA7IA A7) AR ¥ mol. %2 EAIEI, A7) MAAE SFEE a5 AbstEeltt. o] f7 2AAEL,
EAR A oo A, 58-72 mol.% SiOy; 9-17 mol.% Al,05; 2-12 mol.% By0s; 8-16 mol.% NaO; 2 0-4 mol.% K.0
S XFsta, o714 A7) b (AL + BO)/AMAA (5, MAAY 3H2 15 23,

T g 74 ddA, 47 7132 64-68 mol.% Si0y; 12-16 mol.% Na,0; 8-12 mol.% Al,03; 0-3 mol.% ByOs;
2-5 mol.% K:0; 4-6 mol.% MgO; %! 0-5 mol.% Ca0% EFshe de] dFu|weHdeAE fo ZAES L9
4 A3, Aq7]A: 66 mol.% < Si0, + BsO; + Ca0 < 69 mol.%; Na0 + K:0 + ByOs + MgO + Ca0 + SrO > 10
mol.%; 5 mol.% < MgO + Ca0 + SrO < 8 mol.%; (NasO + ByOs) - AlsO; < 2 mol.%; 2 mol.% < NaO — Al.0s

< 6 mol.% 2 4 mol.% < (Na0 + Ks0) - Al,0s < 10 mol.%°]T}.
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[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

S=S0dl 10-2188706

A, A7) 7]3Le: 2 mol% o149 Al0; B/ 7r0,, T3 4 mol% o)A Al0; /= 7r0,

A7 71 (110)0] ARA 71ag EFdehs 4, A7) 718, ALOE ¥ 5 o, 9EAde 38 5 9
o} SAd 712 Abgpolojel gtk AAA vlwe] digk vE A =24 A d dFrus 2/

o2l gk i
E= 299 (MgAl0)& E3Hget.

Hedom, 47 444 7% (110)e, 48 =& w-gskd & e, Fo Ak J19e 23 5 Aok
A3t %ﬂ H]E}E},] "ﬂit L150-A1,05-S10, ])\E" (Zy LAS- ] e %E] "“E]'U]y Mg0-A1,05-S10, ] =
VAS-Al2=8) F8] Mg, 2/EE g-Aed 1§A, B-2E7d ss, =HA (cordierite), B FHF v Al
E (lithium disilicate)s ¥gate F+ 2ANS £ lgheS 28 = vk 8 Ay 7S
A71ell Z1AE st st 3RS ARgste] AEE 4 9 TA ool A, MAS-AlZ=F f-7 Al
al

w719 10,50, 8ol AskE 5 gar, olo] ola) Mg o ol 2Li'e wae WA £ Q).

st o]+ FA del W Z1%k (110)2 °oF 100 WA oF 5 mm ®9e] 24 FAE 7HE & Uk dix 7
&+ (11009 E94 FA= °F 100pm WA °F 500ime] HY (& Eo], 100, 200, 300, 400 =+ 500um)©]Th.
T OE Ygx 71 (11009 283 FAE 9F 500im WA oF 1000me] B (A= E9], 500, 600, 700, 800,
900 FEx 1000m)elth. A7) 71 (110)& 2 1 mm 23 (& 0], 9 2, 3, 4, == 5 m) e 283 FAS
7b = vk, sk o)l 5 A delA, 7] 713 (11002 2 mn o]3t EE 1 mm HIRES] =23 FAE
7H g gk ] 719 (11002 2W 9 93-S AA T gaA717] g8 4 AvkE § AU B A
g 4 9.

L 20 YER vpe} o], WRAR-HEA] ¥ (130)5’_ ool & X £ 9lo], st o] e Fo] WRAR-HEA]
A9 (130) 2255 7% (110)9] yhi= 2l , T EH (114) el (&2 19 =AE) JzE 5 .

g (130)9 &84 A= 9 0.1m WA ¢F 5mel HAL 3
ot ‘337% BolA, F mH (114) 7ol Hze wA-3A 519 (130)¢] =24 F7= °F 0.0Lm WA °F 0.9
m, °F 0.01xm WA 2F 0.8um, °F 0.01pm WA 2F 0.7um, 2F 0.01um WA °F 0.6um, 2F 0.01gm WA 2F 0.5um,
oF 0.01um WA ok 0.4m, 2F 0.01lgm WA °F 0.3mm, F 0.01um WA 2F 0.2um, 2F 0.01wm WA <F 0.1um, <F
0.02im WA °F 1ym, F 0.03m WA 2F 1gm, °F 0.04xm WA 2F 1gm, °F 0.05pm WA 2F 1xm, 2F 0.06pm WA
F 1um, 2F 0.07pm WAl 2F 1gm, ©F 0.08m WAl 2F 1gm, ©F 0.09m WA 2F 1gm, 2F 0.2pm WA °F 1ym, <F
0.3um WA 2F 5um, °F 0.4um WA 2F 3pm, ©F 0.5wm WA F 3um, 2F 0.6pm WA F 2im, °F 0.7pm WA °F 1
m, °F 0.8um WA F lm, H= °F 0.9m WA oF I, B o5 Ale]o] = W B ABE-He] HAL
A

A7) F EW (114) Aol 2 zd wia-A] =2
™ 1 =+

71 71AE AFe] HEAQA 7A o= 7] E 1-20] AFHC).
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[0122]

[0123]

%
l2-2 &= 3HE e tyldY AF
T A& AP T AT
=g ZEE =H 2aE AT A ZEE AT A
(rm ]
L = i i T
S0 [T, 45920 i B ) 5 T =
ATON. [T 57879 1.97879 152,84 1.97579 159,54
S0r |1, 45920 Y5 R PR TIoE (%653
g ATON. 11 .597879 1.97579 49,8 1.97579 RT.ET
S | D i it R Ve b2 T3 {157
ki ATOH, 1597879 1.97579 2000 1.97579 2000
B 510z 1.46929 T. 46929 a.51 1. 43105 Bl
e s e g T e
4 310z 1,465929 T.46929 20.82 1. 43105 Z7.69
3 AIOH: |1.97379 1.97579 25,40 1.9757 28,38
z 510 1, 465929 1. 46929 459,724 1. 43105 45 55
f ATON, [1.97879 1.97879 g.49 1.97879 0. 14
el B R 1. 50542 1. 50542 T 50542
= T I A 2493773 2405, 44
AR 4 D A o B A A o
=4 Z4E =74 =45 £ =4E =94
A (m) 7 ( A_(im)
7] 1 1 1
Si0- 1.48114 95.1 1.48114 36.3 1.48114 81.55
AL1ON; 2.00605 154.99 2.00605 149.05 2.00605 150,12
S10, 1.48114 23.2 1.48114 25.06 1.48114 27.61
ATOLN, 2.00605 50.7 2.00605 48.53 2.00605 47.69
S10s 1.48114 14 .82 1.48114 16 1.48114 17 .43
ATON; 2.00605 2000 2.00605 2000 2.00605 2000
S10s 1.48114 8.7 1.48114 8.7 1.48114 8.7
ALON; 2.00605 43.17 2.00605 43.7 2.00605 43.17
S10s 1.48114 29.77 1.48114 29.7 1.48114 29.77
ATONy 2.00605 24.96 2.00605 24.96 2.00605 24.96
Si0- 1.48114 52.22 1.48114 58.22 1.48114 52.22
ATON; 2.00605 8.01 2.00605 8.01 2.00605 8.01
R 1.50542 1.50542 1.50542
218 ) 2505.75 491 .77 249123
AA o G 2A] o H A d ]
=4 =48 =] =4 E =4 zEE =283
A (m) 7 () A (om)
7] 1 1 il
S10- 1.48962 82.74 1.46929 85.06 1.49675 84,37
ALON, 2.07891 144.97 1.97879 150.86 2.06723 144 .46
S10, 1.48962 26.43 1.46929 26.54 1.49675 25.92
¢ A10Ny 2.07891 46.45 1.97879 48.63 2..06723 46.59
8 S10, 1.48962 17.08 1.46929 16.86 1.49675 16.56
7 A10,Ny 2.07891 2000 1.97879 2000 2.06723 2000
6 S10s 1.48962 8.73 1.46929 8.56 1.49675 8. 72
15 A10.Ny 2.07891 41.35 1.97879 44 .1 2.06723 41551
4 Si0, 1.48962 29.94 1.46929 29.35 1.49675 30.05
3 A1ON; 2.07891 23.5 1.97879 25.95 2..06723 23.42
2 S10, 1.48962 52.68 1.46929 50.28 1.49675 53.7
1 A10O:Ny 2.07891 7.36 1.97879 8.55 2.06723 7.21
7| 7 1.511 1.50542 1.50542
= 3 HE T 2481.22 2494.75 2482 .51
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S=501 10-2188706

* 2
I6% 2 IEE s HAF
T d ] T A T T AL

= T = ) e e [ i ToE D|2EF TEE X

(nm M {nm M {nm
EEI | 1 1 1
15 T 14688 a7 1.060T  |9.28 1407 &5
15 BRI Toma  |1e.1 109|162, 2 T Fim  |57.24
14 Sil: G I R 1.46%T |90 1009 718
13 HIOH 1900  |F4 1,004 |91 1FE  [18.17
1z Til: 14688 [A® 1.065%3 |3.95 10038 |[Z®
1 HI0H 1958 (43 1975/ [4.26 SRS B
10 Sil: 14688 |47 = 1.8809 |49 14071 B2
] A=A 19%a  |=.. 1.909 |2 .6l SRS EE I BT
] Sil: 1403 |55 1.&w3 |25 14010 2.0
T Py S 1959 |20 1FE |2
B Silk 140048 |55 18603 |55 14010 6.0
5 HI0H 19508 [#1 1.97813 [#.1 19 |54
1 S 14688 [5.5 1653 A5 14038 |25
E] HI0H 1558 |55 1.9/ |5.95 1H®m [
Z S 11663 [9.2 1&%9 |98 1403 [&.2
1 [ = B 1.97579  |8.5 1.0HE 9.4
B 5 15EL 1. 50512 1. 505%
T 0 28 5 a2 TE 0 .

[0124]
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S=501 10-2188706

Al o N A o N A 4 0
= =z =25 E9H F| 2E2E YA F| 2E2E =94 7
71 (m) 7 () A ()
ojf ] & 71 I 1 1
16 Si0s 1.47079 92.73 L. 47503 93.15 1.48114 88.58
18 A1ON; 1.95183 156.68 1.98174 162.83 2.00605 158.86
14 Si0; 1.47079 7 1.47503 15.52 1.48114 10..2
13 ATON; 1.95183 102.39 1.98174 74 .88 2.00605 95.49
2 Si0s 1.47079 27.78 1.47508 16.04 1.48114 20.08
Tht ATON; 1.95183 30.01 1.98174 60.83 2.00605 44 .79
10 Si0, 1.47079 64.5 1.47508 23 .28 1.48114 41.36
9 AT1ONs 1.95183 o A2 1.98174 49 .82 2.00605 40.02
8 Si0; 1.47079 29.06 1.47508 12.2 1.48114 19.18
T ATON;- 1.95183 2000 1.98174 2000 2.00353 2000
6 Si0, 1.47079 8.39 1.47503 8.3 1.48114 8.79
B ATON;- 1.95183 45.24 1.98174 46 .8 2.00605 42 .85
4 Si0, 1.47079 28.73 1.47503 29.1 1.48114 29.89
3 A1O.N; 1.95183 2721 1.98174 27 .4 2.00605 24.91
2 Si0, 1.47079 48 .4 1.47503 B51.3 1.48114 §2.26
1 A1O.N; 1.95183 9.21 1.98174 9 .4 2.00605 8
7|15 e 1.50996 1,511 1.50542
% g8 25 =7 2705.05 2680.86 2685.29
ZA o P A o Q A o R
= | =2 E 298 F|=ZE2E =93 F| =EE =94 F
7 (m) 7 (im) Al (im)
off Al] ol 1 1 1
16 Si0s 1.46774 89.81 1. 44178 92.97 1.4952 89.3
15 ATON; 2.04423 148.85 2.05892 149.36 2.08734 150.63
14 Si0s 1.46774 27.95 1. 47172 25,16 1.4952 9.14
13 A1ON; 2.04423 53 .42 2.05892 52.83 2.08734 98.24
2 Si0s 1.46774 39.06 1. 47172 38.26 1.4952 19.24
1l ATONs- 2.04423 40.17 2.05892 39.2 2.08734 40.7
10 Si0s 1.46774 4. 16 0L, 417 51.09 1.4952 39.66
9 ATON;- 2.04423 5.0 2.05892 oo 1T 2.08734 ar .o
8 Si0, 1.46774 26.97 1. 47172 24.75 1.4952 1782
T ATON;- 2.04423 2000 2.05892 2000 2.08734 2000
6 Si0, 1.46774 Bl 1. 47172 a0l 1.4952 8.72
B ATON;- 2.04423 42 .25 2.05892 42: 25 2.08734 41.04
4 Si0, 1.46774 29.16 1. 47172 29.16 1.4952 29.92
3 A1O.Ny 2.044723 24.84 2.05892 24,84 2.08734 23.26
2 Si0s 1.46774 50,45 1.47172 50.45 1.4952 53.63
1 ATO.N; 2.04423 8. 1€ 2.05892 8.19 2.08734 7.22
713+ R 1.50996 1.50996 1.50996
= I35t 7 F=A 2680.2 2673.64 2665.82

[0125]
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[0126]
[0127]

[0128]

SS53d 10-2188706
AA 4 S
= =4 =45 =284 F7 (i)
i A 71 1
16 510, 1.4952 92.38
15 AlON; 2.08734 150.06
14 Si0, 1.4952 10.05
13 AlON; 2.08734 96.93
12 Si0, 1.4952 18.89
11 ATON; 2.08734 41.87
10 Si0, 1.4952 40.14
9 A1ON; 2.08734 37.64
8 Si0, 1.4952 17,58
7 ALON; 2.08734 2000
6 S10, 1.4952 8.7
b A10N; 2.08734 41.04
4 Si0, 1.4952 29.92
3 ATON, 2.08734 23.26
2 Si0, 1.4952 53,83
1 ATONy 2.08734 7.22
7|32k R 1.50996
z = 2669.12
% 1 % 204 YERA whe} o] F3r dE5e] Fo FY4 A, P & FAE #E dx2ZgAd 5 (T
N A, ¥skd 7 Ak, TEC dig 284 74 Hele 1 3-49] vERd ukel S ¢ k. ATelA A
A 16-5 B 12-F EFdA, T 72 7P F 284 FAE 23, 3T 38 9 AFe] digte] dde A=
D YWaIHAdE FAdt. b2 S8 P 2 EEA FAE ZAEE wEoldE F e AR ol oo g
ot ey, olE 54 AAlA, FAL F (o] B, T (7)) 9 F oo dIdx G T (impedance
matching layer)2, 3t7] 3 3-4¢] Yebd wte} o], F7L S FAE 4] 9 & 23 2A A
(optical design freedom)o] gItte= AL 9w it}
Z 3
EHY 12-2 F3 3V gt & =M g4
= 2 A
12 [N 120
11 120 180
] 20 a0
g 40 05
2] 10 20
i 150 |=IHHN]
[ 5 =
=] =] 8]
E| 28 )
] 20 30
z A0 [=H]
I 5 12
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10-2188706

X 4

1Z0
180
i

]
45
]
]
=H]
40

5000
15
50
Bl
40
=]

I5

Gl

120

40

10
25
20
21

150

an
20
20
an

15
14
13
1Z

10

[0129]

[0130]

I

i
o

H_AIO
i
el

Rk

=K

I

i
o

70
‘_.v@O
o]
"
T
el

I

2]

_~
o

L
®
Nfo

me
™

™

ol

o]

9AE

s

A A

oy

B

(breaking vacuum) §1°]

-
AF

Hl ol A 1}

2]

)
—_—
o

‘Duo

el

Aelef el 71

o]

=0

H,

tut ool Al dlell A, 7

S

[0131]

)

(load lock) A

=3
=

B
~

3471 %

[0132]

M

P

)
B

QO

B
<

=

g

g (120)

ol A gt

[e]
R

=}
2

hel =

S

JJ)

[0133]

=]
T

HE (120) 2

3}
of

)

™ (122)9] WA Kol ok 0%l uwh

2

(122)9] WA 9] Ao oF 95%<] w

7 Al 58 (140)9) FA

R

o}
o

[0134]

7ok

KR
s

SiuAlvOxNy

=1
=

A ool A AlOxNy

12 Zoltt.

3]

REDRE

3]

t7] AA] dlel] <]

o=
- ©

*

Aol

__]_L

i3

Oo]:

[0135]

g i gt

A AR A

A,

vie)

A

[0136]
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[0137]

[0138]

[0139]

[0140]

[0141]

S=501 10-2188706

AA] o 1& AR AR Ao =xH oz wiAE I, @ 2 58 mol% Si0y, 16.5 mol% Al,Q;, 17mol% Na.O, 3
mol% MgO, 2 °F 6.5 mol% P059] WEA ZAHES 2t A3d &FuedgAolE 2 7] (201) gl ui]
H, =% (305, 310, 320, 330, 340, 350, 360, 370, 380, 390 2 400)S FEdetE, 12-% #3 Z¥ (3000

stoh, 7] 3k =®O(300) gk wRAR-wR] ZEe] S ould wix® (A E-F (345A-3451)& EFEHE)
T3 Ef}fﬁ&v}. AE T2E & 1 el (& 89 YelA F7E «AstE 2o
) 2 Zo] AdAE FAE ® 50 vEkdit.

l

Si0, % SiALON, T X5+ AJA-Industries Sputter Deposition ToololA HESA ZATEH] 23
=%

WtEol W), Si0E ©] HZE (ion assist)?t A Si BACERE DC WA AHEH s I AEa
STALON, =42 o] ®HzEe9} 37 RF T3 ¥ DC =3 e 23+¥ DC WA 2~HE e o8] Hatdct. g
AL 3" A7 A " 3" A Alelth. WHeA Thaw Aa B Akholal, "Aet (Bu 284) ThAae ok
2ojrh, AeZell FHE T 13.56 Mhzoll M F4 F3k (RF)olth. evgell 5% 99 DColtt,
WAL sg o] Fx7E wEojAlE 29 EHY 3 2042 % 69 Yeri.

F7] 39 T (340 ¥ 345A-1)2, AdAHow AU} RHES e T (F (340)) H A= vk 45, e
%QEEH e A FTo= vl Fo 2AES WIEAA A4 24E 79 (F (345A-3451)) & Zt=, U
o] 58 xgstar, a4, & 59 YeRd BRe} o], 2.015625F 2.0792 Al T gRHos mHE
J=12] FAwE, 7ledore] dExl Wl 7] xske]

2l

S/HY. S5 (345B-D H 345F-H)¢] =HES =4
BrrAvk. AA o Lo mel Al AlEE deh v dofe] Aol AA 1% offe] whARE §A vlae]
S8 W e o] WAAHA B kA vlarskel ] e wiekEA S e

¥ 5
HA o 19 72
= =71 =2 EEOn oA =8[BI =94 57 |
= A = =7 1
T 4T I 5i0: 1305] 1.453 57, Bdnm
S1ATOM, (3107 Z.015 147, 9
2 S10: T320] 1.453 20, 3o
Si-ATOM: 13307 Z.008 45, B3
3 Si0: 13407 1.483 1T, BEmm
S1-ATOM: T53454) Z.008 54, TTm
TIATOH. [345E] Z. 031 55, Bdnm
S1ALGH. T34500 Z.047 92, 95
STATON. (345007 2. 063+ 97, dlnm
S1ATOH: T345E] z.0 1219.5Tm
S1AT-0H: [345F] 2. 053+ 97, d1nm
SLALG: T3455) 2,047 92, 95mm
STATOM: T345H] Z.031* 55 . Bdnm
S1ALGH. T345T] Z.015 54, TTnm
! S10: T350] 1.455 5. 35
S1ATON: 13607 Z.015 45 980
a3 S10: T3] 1.453 33, Z1nm
STATON. 13807 Z.015 24 96nm
5 510z [330] 1.453 B0 T7nm
SIATON: (3927 2,015 5. T8
T % A5 =] 1500 I, 51005
& T ZE FA 2444 Bdnn
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[0142]

[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

S=501 10-2188706

A Al o 1o THEF DC/RF BEHEE ~EEY B 27

Z7E) ir =2 |HZ 25 [ 02 =5 | &I Wrf | &I Wdc | 51 Wrf |P (torr)
(scom) {scem) | (scom)

o5, 370, 0 ] 7.3 i 1] ] 7
340, 380,
370, 390
=10, 390, =0 0 0.5 =0 0 ] g
360, 780,

392
TAEL, 45T ] 0 0.5 EH] o0 ] |
T4EE, 345 ] ] 0.5 =0 el ] R
5T, 345 ] ] 0.5 =0 0 ] 3
TAED, 345F ] ] T.5 =0 0 ] 5

T5E 0 0 0.5 =0 =00 ] 7

71 wpeh Z2, Fst ;g el A dE 2IekE AlFS wAbE A EYS S
e}

2-3&, I
at7] A% BEES AR B AA] o 2-50lM, Fsh ™S SiALON, R Si0, T&, R °F 58 mol%

Si0;, 17 mol% AlyOs, 17 mol% Na;0, 3 mol% MgO, 0.1 mol% SnO, 2 6.5 mol% P.0so] WEA ZAES 2= 73}

Y Ed tig 2HE A S4E 44357 A8, 4 Z® 229 T2 o2 BXE AREete] o 50T &
ToA A&, &dFuE, AgE 9 dFuE 29E B F-29HEd, B2 23 vtadd B (4o
E5E DC, RF B RF S3% DC w34 2=HE P o8 Az dlolg] Aol g€k, 7] felv= 24
9 AF B 200C7HA 7FdEar, 3914 A4S 2 e g, AeE veA vhas A4, B4 R
MrE EEEta; o2 EFA JtAEA AMSHETE RF 39+ 13.56 Mhzoll A A& Bl FFEAL,

7247+ PAE S 2§38 71F (FFe g4EA) 2245 BFY #H3F E247] (spectroscopic ellipsometr
V)& AHESte] SAET. 549 SHES oo 2 AR ¢2-5e] digk ixbE AFEHS ANstEd AR
Aok, B2 AA de, oF 550mm e EAF Ao RRE MElE Ho| gk, HIYE 3 oY e &
A &Y Z4E S A&t

S AA o 2%, 3 7o YERA biel o], Astd ERv =AY AelE {8 71 (200) ol wiAE, A =29
A e EAA o R wiRE o 12-F Bt IS XS

Z7
o8 A o 28 £F
E3 =71 Ed BEDm A Z2E [EE =48 =4
SR = =7 T
T O 3R (1 Tila T.4575 T
STATOH: 7015 T4
Si0a T 350F T
STALGH: 7015 Bl
Ti0=a T. 4505 T2
WEIT WA [STALLH: 7015 B0Gmn (L= CF, =F 100m
o WA 2 5000m =] B9
Al 2rE )
3 5103 T. 4575 D
TTALOH; 7015 T
4 5103 T 4525 T
STALGH: 7015 st
E Si0a T 450F Bl
STALGH: 7,015 B
7T = IS = T. 51005
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s==4

[0149]

vie)

N

stoll 10 °

2]

F2 %

=i}
=

2]

9] YelATE. D65 F

Har, ax W bx & F7)F =8 (regular increments)olA 2 YAIRRE 0ZoA ¢k 60=7FA] WHEE AOL

2 5 109 g

(200) Zgoll =)

i

vz
qul

2l 7]

23]

Ead

2

]

=

605=2]
be 2

ok
o

0= WA
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N

Fod, ax

“H
H

O]

=

T00nm

WA =F 2000m 2] =S o

A 7hEa)

Brm

ok
A
I

=

(=13

=

o] Z} ("AOI")ell A AgkE] AL,

A ]
—1,-1; o

3
o]
H

=

ol TIHLTE,

17 nm
TZnm
(5=
TSnm
Z0nm
Z3nm
TSnm
Z]
2]

TSnm
aa=(-1)5)

el

1228
)
Taw, ]
B
Tl

T

Yol <
+(bs
El

o]

dlo] 10 °

7}

[€)

k:
}ﬂ'}\]'_ Ho]'z]
2

)

I

B
g

oz

o
Rl
(e}
Rl

=

o

1,45826
2. 018
1. 4555
Z.0I5
1,458260
Z.0I5
1. 4555
Z. 0I5
1. 4525

2,015
1.51005

F2 %
AFREE 0% A ¢k 60%=71A] WElE AOI

9] 6-

7 UAE
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D65 F
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=

# 8

ul

_?;;
650nm <]

=
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ol

= 12004 YERdTE.
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)
H
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ok
o}
T=
£ +F0.3
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Si0:—a

S 1ATLOH

Si0z-a

Tile-a

T1AT-OH:

5103
WAEATWMA [F1AT0N:
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A
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o HA o 39 £x
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[0155]

[0156]

[0157]

[0158]

[0159]

[0160]

2 R =Yl AR W AR slxste], =y A4
MEA g JeE Re® Wl

3

flo

ENY)

AA] 4 5
AA o 5=, & 100 vFERA wkel o], 2 micrometer WA WA F& EFI= 16-F F3 W L oF 58
mol% Si0;, 17 mol% Al,05, 17 mol% Nay0, 3 mol% MgO, 0.1 mol% SnO, and 6.5 mol% P,0s%] HWEAY ZAES 2zt
= Zste dFEu A ACE fE 7|Hs EFI.
I 10
A o 5o 22
TI= =7, A28 2= |22 ZEE T = (m)
(5500001 4 )
FH A = =
e e e B = i 510z T, 403 926
ATOH: 1.95174 1638
2z 510 T. 47003 15,7
ATOH 1.93174 2.3
3 g1l T 4703 IE.E
ATON T.93174 BZ.9
4 ik 1. 47503 2.5
ATOH T.98174 532
010z T.4TR03 12.5
b e B B e AN 1.938174 2000
5 510 T. 403 {ai]
ATON: 1.98174 45,5
B 510 T.4TR03 2.1
ATOH T.93174 2.4
7 Sl 1. 4703 B1.3
ATON T.958174 9.4
= = AT 7 1. 51005
= I° A 25654, 3
AA o 5%, 0.71%, 0.76%, 1.43%, 2 4.83%2] 0°, 30°, 45° 2 60° 9 A} =W Zo|A] De5 sl P
st w2 Yo A (F, A2 329 (122) 25 SHE) 9 ¥8Y HF WAES 4 e, A
Al o 5%, 99.26%, 99.21%, 98.54%, 2 95.14%<] 0°, 30°, 45° 2 60° 9 YA} =9 ZoA] D65 2w E}
B 9 d9d 2H (5, RRARERA 3W (122)S B8ty 349 oW xEY Fi FES 47 YE
=
AA d 5%, 4.80%, 4.99%, 6.36%, = 12.64%2] 0°, 30°, 45° 2 60° 9 YA =9 ZtoA De5 2w E}
Fst g J9goll A (5, WY F 1d (114) 2 vhA-A 39 (122)25H S4%9) 5 BT Hf T4}
&5 7z et AA o 5%, 95.18%, 94.99%, 93.61%, = 87.33%2] 0°, 30°, 45° % 60° 9o Ui} %
W Zbe A De5 v stel Fe dd e AA (5, uY 7 W (114) 2 s -2 19 (122) & S7s)e]
SA4YE) F XEY d7 59485 42 veRdg,

19] WA H (122) 2

B FohE W MAES A sk g
AL, 71 an, R b £H QAL (F, A0 = 0)e1M B
9 b 574 AAF (5, 401 = 1-60)1H Hold i ThE QA
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T 0%A 6059 AOT 2 F9) D65 L F2sfell A, AAl o 59 vl mw
¥3 ( F W (114))0] 3t HEALS
Ao AR, VlEEokdA &R ulel ol

2ol A & B A ar % br HEES



[0161]

¥ 11
[E 114] A4 of 50 tiaf 29 DEEE AMESH Y EW Hialg 2 Enps A 3y
(f, Lx, ax B b*)
TS, TR EOE, TR
A0T T | K ax T A0T v T* A% T
1] 0.7069 [5.38654 . [-2. 2225 -1 0729 (0 09, Z6ET |99 VIGR [0.0176 0. 248
! 0.70e8 |B.53845 |-2.22053 |-1. 0789 |1 99,2662 |99 V166 [0.017% 0. 2459
Z 0. 70ES. |E.352 -2, 2135 [-1 076 |2 00,2664 (99 VIET [0.0172 0. 24658
i 0. 06T [6.379. . |2 2023 -1 . TZ]3 99,7669 |59, VIGG [0.0167 0. 2456
El 07055 |6.9723 |2, 1868 |-1. 0625 |4 09,2675 |99, 7I6l |0.0I6 0. 2453
[ 0.7047_ [5.3652 |2, 1662 -1 1635 |6 99,2653 |59, V1G4 |0, 0151 0.Z245
[ 07037 69569 |2, 1415 -1 041906 09,2602 |99 VIET |0.014 0. 2446
T 07027 5. 5347 [-2. 1123 -1 0286 |7 99,2702 |89, VT |0.01Z27 0. 2447
g 07016 |6.3372 |-2.0780 |-1. 0136 |2 09 2713 (99 VI [0.0113 0. 2438
2] 0.700d - [6.53264 [-Z.0403 [-0.9959 19 99. 275 199,718 |0, 0096 0.243
10 06931 |6 3152 |-1,9986 [-0.9737 |10 99,2737 |99, 718k [0, 0077 0. 2423
11 0.6979 [6.3041  [-1.9522 [-0.9551 (11 99,2749 199719 |0, 0057 0.Z2416
12 06957 [6.2924 |-1.9016 [-0.9382 |12 09,2761 (99,7194 [0, 0034 0.2409
13 0.B856 [, 2035 [-1.6847V1 [-0.916Z |13 93,2772 (89,1596 [0, 001 0. 2400
14 06947 62749 |-1,7387 |-0.8932 |14 09,2781 |99, V202 |-0.0016. |0, 2593
15 0.6959 [6.2681 [-1.7267 |-0.8684 |15 99,2768 |99, VEOR [-0.0045 |0.Z25585
16 06934 [6.2636 |-1.6611 [-0.8449 |16 99,2793 |99, V207 [-0.0072 (0,237
i 0.B952  [B.ZRZ -1. 5923 [-0. 5199 |17 09,2794 |99, VEDT |-0.0105 (0. 2568
15 0.6935 |6 2641 |-1.5205 [-0.7345 118 09,2792 |99, V205 [-0.0135 . [0.Z236
19 06842 6. 2705 [-1,4453 -0, 7635 |13 93,2764 |89, V205 [-0.0I66 [0.2351
20 06955 |6 2819 |-1.3687 [-0.7431 |20 99. 27 99,7198 [-0.0202 (0. 2543
21 0. 6974 |5.2993 [-1.285d -0 7174 |21 93,2752 89191 -0 0237 |0.25335
22 0.7001 |6.3236 |-1.2084 [-0.6919 |22 09,2724 99,718 [-0.0273 |0.2526
23 07058 |5, 38T [-1. 1258 [0 BERR |23 09,2658 |99, VIER [-0.1051 0.Z2319
24 07082 |6.33967 |-1.0425 |-0.6414 |24 09,2643 99,7145 [-0.0347 [0.2511
25 0,738 |6, 4477 [-0,9652 -0, 6164 |25 99, ZR56 |59, V1ZR [-0.05385  |0.Z303
26 0.7207 |6.5102 |-0.8741 [-0.5315 |26 99, 2516 |99.7093 [-0.0422 (0. 2298
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S=501 10-2188706

¥ 1A (A%)
HkAL-S- . D65 2. D65
AOT ¥ L= ask b AOT Y Lx* ax b
27 0.729 6.5854 -0.7904 | -0.5664 | 27 99,2432 99.7066 | —-0.0459 0.2289
28 0.739 6.675 =0.7077 | -0.5400 | 28 99.2333 99.7028 | —-0.0496 0.2281
29 0.7506 6.7805 -0.6266 | -0.5147 | 29 99,2215 99.6982 -0.0533 02774
30 | 0.7643 | 6.9030 | —0.5476 | —0.4874 | 30 | 99.2078 | 99.6929 | —0.0568 | 0.2266
31 0.7802 7.0472 —-0.4712 | -0.4586 | 31 99.1919 99.6867 | —-0.0602 0.2257
32 0.7985 T.2125 ~(0. 398 ~0.4279 | 32 99.1736 99.6796 | —-0.0635 0.2248
33 0.8195 7.4024 =0, 3288 | =0 395 35 99.1525 99.6714 | -0.0667 0.2238
34 0.8435 7.6196 —-0.2625 | -0.3596 | 34 99,1284 99.662 —0.0697 0. 2227
35 0.8709 7.8669 =0:2007 | <0,.3204L | 35 99,101 99.6513 | -0.0725 0.2274
36 0.902 8.1468 —-0.1414 | -0.2752 | 36 99.0698 99.6392 SOL0T52 0.2201
37 100372 |8.4567 | —0.0861 | -0.9264 | 37 |99.0346 | 09 6255 | -0.0776 | 0.2186
38 0.9769 8. 7973 —0.0372 | =0.1764 | 38 98.9948 99.61 -0.0799 0207
39 1.0216 9.1699 0.0056 -0.1256 | 39 98.9501 99.5926 | -0.0821 0.2153
40 [ 1.0718 | 9.5758 | 0.0426 | -0.0743 | 40 | 98.8998 | 99.573 | —0.0841 | 0.2134
41 11281 10.0162 | 0.0743 =0./0225 |-41 98.8434 99.5511 [ -0.0859 0.2113
42 11512 10.4922 | 0.101 0.0294 42 98.7803 99.5265 | =0.0876 0.2091
43 1.2617 11.0049 | 0.1232 0.0814 43 98.7098 99.4989 | —-0.0892 0.2066
44 1.3404 11.5553 | 0.1413 0.1336 44 98.631 99.4682 [ -0.0907 0.2039
45 1.4283 12,1444 | 0.1557 0.1858 45 98.5431 99.4339 [ -0.0921 0.2009
46 1.5261 12.7732 | 0.1668 0.2381 46 98.4452 99.3957 | =0.0934 0.1976
A7 [ 1.6351 | 13.4424 [0.1751 [0.2004 |47 [08.3362 [99.353 |-0.0046 | 0.104
48 1.7564 14.1531 | 0.1811 0.3424 48 98.2148 99.3056 | -0.0957 0.1899
49 1.8913 14.9062 | 0.1854 0.3938 49 98.0799 99.2528 [ -0.0968 0.1855
50 2.0413 15,7024 | 0,1885 0.4444 50 97.9299 99.194 -0.0979 0.1806
all 2.2009 16.5427 | 0.1911 0.4936 Bl 97.7632 99.1¢ =0.0991 0. 1753
52 23981 17.428 0.1938 0.5409 52 97.5781 -0.1003 0.1695
53 2.5987 18.3592 | 0.197 0.5859 53 97.3724 98. =0.1017 0.1633
54 2827 193372 02012 [06283 |54 |07.1441 |08 0.1033 | 0.1566
o5 3.0804 20,368 0.2067 0.6676 Bb 96. 8908 98.785 =0, 1051 0.1495
56 3.3616 21 4375 | Q.2139 0.7037 56 96.6095 98. =0 1073 0.1419
57 136737 | 22.5619 | 0.2227 | 0.7365 |57 | 96.2975 | 08.5' ~0.1098 | 0.1338
58 4.0199 28,7372 | 0.2332 0.7658 58 95.9513 98. -0.1128 0.1252
59 4,404 24,9646 | 0.2453 0.7917 59 95.5672 98.26 =01, 1163 0.1162
60 4.8302 26,2453 | 0,.2587 0.8141 60 95.1411 98. -0.1203 0.1066
HiALS AlA] W3 Ebe ] 0.0024 Fag A ®#Hst= & | A 0.0001
= & YA (A0 = 0| 2L 1.9375 A AL (AOI=0 " )2 HFH | a1: 0.1961
°) 2 A0l = 32° A} AOI = 60 ° 7+A] 9] B9
[e]
1
HRALE AlA wHE || A 2.0142
= 4 |4} (A0l =| 1 3.1215
0°) 2 A0l = 33- 60
[0162] Aol
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[0163]

[0164]

[0165]

S=501 10-2188706

[ 11B] AA] of 5ol dial] F¢ F2& AH8e o W wiabg 3 b A F3 (Y, Lx, ax 2 b*)
HEALS: . F2 EE D)
AOT | Y L= as b AOT | Y L= s b
0 0.6618 5.9781 -0.7261 | -2.007 0 99.3206 99.7367 | —-0.0204 | 0.3099
1 0.6618 59776 —0.7239 | —2.006 Il 995207 99.7367 | —0./0205 | 0.3099
2 0.6616 5.9764 Q. 7173 | =2.0029' | 8 99.3208 99.7368 | —-0.0208 | 0.3098
%) 0.6614 5.9743 =0.7063 | =1.9975 [ 5 99.521 99.7369 | -0.0213 | 0.3096
El 0.6611 99715 —0.6912 | -1.9895 [ 4 90.8218 99 .737 —0:022 01,3095
5 0.6607 5.9682 -0.6721 | -1.9786 | 5 89.3217 99.7371 | -0.0228 | 0.3089
6 0.6603 5.9644 —0.6492 | —1.9641 [ 6 99,3221 99.7373 | =0.0238 | 0.3084
7 0.6599 5.9604 =0./623 -1.9452 | 7 899.37275 90 7o7h | =0.025 0.3077
8 0.6594 5.9564 -0.5939 | =1.921 8 99.823 99.7376 | -0.0262 | 0.3067
9 0.659 5.9626 -0.5624 | =1.8903 [ 9 99,3234 99.7378 | =0.0276 | 0.3056
10 0.6586 5.9495 -0.5281 | -1.8518 | 10 89,3237 99.7379 | -0.0281 | 0.304
11 0.6584 5.9473 —0.4947 | —-1.804 11 99,5289 99 738 —0.0306 | 0.3022
12 0.6583 5.9464 —0.4602 | -1.7451 | 12 99.524 99 733 010521 | 10120996
13 0.6584 5.9474 -0.4263 | -1.6736 | 13 99.3239 99.738 -0.0336 | 0.2969
14 0.6588 5.950% =0.3939 | -1. 588 14 99,3836 89,7378 | —00351 | ©.2935
15 0.6595 5.9569 —0.3639 | —1.4872 | 15 99.3228 99.7376 | =0.0364 | 0.2893
16 0.6605 5.9667 =0.337 -1.3704 | 16 99.3217 99.7371 | -0.0376 | 0.2846
17 0.6621 5.9805 =0.8138 | =1, 2379 | 17 99.3201 99.7365 | —0.0387 | 0.2791
18 0.6642 59998 -0.2945 | -1.0907 | 18 99.3181 98 7367 | —0.0396 | 0.2731
19 0.6669 6.0237 —-0.2781 | -0.9318 | 19 99.3153 99.7347 | =0.0403 | 0.2665
20 0.6703 6.0545 / -0.7634 | 20 99,3119 99.7333 | =0.0409 | 0.2596
21 0.6745 6.0925 =0.5919 | 21 99.3077 99.731% | =0.0414- | 0.2525
22 0.6796 6.1387 —0.423 22 99.3025 99.7297 | -0.0419 | 0.2456
28 0.6857 6, 1989 -0.2638 | 23 99,2964 99.7273 | =0.0423 | 0.2391
24 0.6929 6.259 3 -0.1213 | 24 99.2891 99.7245 | —0.0429 | 0.2334
9 0.7013 6.3349 215 —0.0024 | 25 99.2807 99.7212 | -0.0436 | 0.2286
26 0. 711 6.4227 —0.1957 | 0.0877 26 98.271 99.7174 | -0.0445 | 0.2251
27 0.7222 6.5235 -0.1697 | 0.1461 27 99.2698 99.7181 | =0.0457 | ©.223
28 0.7349 6.6383 —0.1376 | 0.1729 28 99.247 99.7081 | =0.0472 | 0.2222
29 0.7493 6.7685 —0.1003 | 0.1718 28 99.7596 99.7025 | =0.0489 | 0.2227
30 0.7656 6.9156 -0.0602 | 0.1502 30 99.2163 99.6962 | -0.0507 | 0.224
3l 0.7839 7.0812 —0.0203 | 0.1188 31 891979 99.689 —0.0525 | 0.2258
32 0.8046 7.2676 0.0152 0.0906 32 99.1772 99.681 -0.0541 | 0.2274
33 0.8277 7.4769 0.042 0.0793 33 99.154 98 672 —0.0554 | 0.2283
34 0.8538 T W 0.0557 0.0975 34 99.158 99.6618 | -0.0561 | 0.228
36 0.883 7.9761 0.0528 0.1547 35 99.0987 99.6504 | -0.0561 | 0.226
36 0.9158 8.2697 0.0302 0.2513 36 99.0658 99.6377 | —0.0852 | 0.2221
<1 09527 8.5911 —0.0099 | 0.3831 37 99.0289 99.6233 | —0.0536 | 0.2164
38 0.9941 8.9422 -0.0645 | 0.5402 38 98.9875 99.6072 | =0.0511 | 0.2093
1) 1.0405 9.5246 =0. 179 0.7072 59 08.941 99.5891 | -0.0481 | 0.2012
X 11B (A%)
9FALS. F2 =35 F2
AOL | Y L% ax b AOT | Y L= ax b
40 1.0925 9. 7396 —0.1976 | 0.8659 40 98.889 99.5688 | -0.0446 | 0.193
41 1.1507 10.1883 | -0.2644 | 0.9983 41 98.8308 99.5461 [ -0.0409 | 0.1855
42 1.2155 10.6716 | -0.3237 | 1.0895 42 98.7659 99.5208 [ -0.0374 | 0.1794
43 1.2878 11.1899 | <0.8713 | 1.1306 43 98.6936 99.4927 | -0.0342 | 0.1755
44 1.3681 11.7436 | -0.4048 | 1.1201 44 898.6133 99.4613 | -0.0315 ] 0.1739
45 1.4572 12.3332 | -0.4237 | 1.0639 45 98.5242 99.4265 [ -0.0295 ] 0.1749
46 1.5559 12.9689 | -0.4293 | 0.9737 46 98.4255 99.388 -0.0281 | 0.1779
47 1.6651 13.6215 | =0.4245 | 0.8651 47 98.3162 99.3452 —0.0272 | 0.1824
48 1.786 14.3216 | -0.4128 | 0.7541 48 98.1953 99.2979 | -0.0268 | 0.1876
49 1.9198 15.0605 | =0.3977 | 0.6554 49 98.0615 99.2455 [ -0.0265 | 0.1924
50 2.0679 15.8396 | -0.3825 | 0.5796 50 97.9134 99.1875 | -0.0263 | 0.196
51 2.9582 16.6606 | =0.3695 | 0.5329 51 97.7492 99.1231 [ -0.0259 | 0.1978
52 2.414 17.5253 | -0.3598 | 0.5165 52 97.5672 99.0516 | -0.0251 | 0.1972
53 2.6161 18.4358 | =0.3537 | 0.5274 53 97.3651 98.9721 | -0.024 0.1942
54 2.8406 19.3939 | -0.8505 | 0.5593 54 97.1406 98.8837 | -0.0226 ] 0.1888
575) 3.0901 20.4013 | -0.3488 | 0.6041 95 96.8911 98.7852 | =0.0209 [ 0,1816
56 3.3676 21.4598 | -0.347 0.6535 56 96.6136 98.6755 | -0.019 0.1731
57 3.6762 22.5706 | -0.3435 | 0.6999 57 86.3051 98.5533 [ -0.0172 | 0.164
58 4.0192 23.735 -0.3371 | 0.7375 58 95.962 98.4171 | -0.0155 ] 0.1548
59 4.4006 24.9539 | -0.3267 | 0.7627 59 95.5807 98.2654 | -0.0143 ] 0.1461
60 4.8243 26.2282 | —0.3118 | 0.7741 60 95. 157 98.0963 | -0.0136 [ 0.1383
BabE AA W H | A 0.0024 =g 44 Ag:= F2| A 0.0001
A= T3 AAF (A0I=0 | a1: 1.9498 AAL (AOI=0 ° )ZHE AOI | az: 0.1717
*)eF AOT = 24 ° AL9] = 60° 7kA o] HE
HAbE A Ast 89| A 2.0685
= 7 YAF (AT = 0| 3L: 3.1576
°) 2 A0l 25-60 °
Ako]
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[0166]

[0167]

[0168]

s==4

10-2188706

[E 11C] AA] o 5o sl FY D652 AFE3E & ¥ WhALS 2 F3kE A (3 (Y, L, ax 2 bx)
AL D65 =319 D65

A0 | Y L ax b A0 | Y L= as* b

0 4.7958 | 926.145 | -0.7591 | -0.6773 | 0 05.1759 | 98.1039 | 0.0189 0.3086
1 4.7958 | 96.1448 | -0.7584 | -0.677 1 05.176 98.1039 | 0.0188 0.3085
2 4.7955 | 26.144 | -0.7564 | -0.6761 | 2 95.1763 | 98.104 0.0185 0.3084
3 4.7951 | 26.1428 | -0.7531 | -0.6745 | 3 95.1767 | 98.1042 | 0.018 0.3082
4 4.7945 [ 26.1412 | -0.7484 | -0.6724 | 4 95.1772 198.1044 | 0.0174 | 0.308
5 4.7939 | 26.1392 | -0.7424 | -0.6696 | 5 95.1779 | 98.1046 | 0.0165 0.3077
6 4.7931 | 26.137 | -0.7351 | -0.6663 | 6 95.1786 | 98.1049 | 0.0155 0.3073
7 4.7923 | 26.1347 | -0.7264 | -0.6625 | 7 95.1794 | 98.1053 | 0.0143 0.3068
8 4.7915 | 26.1323 | -0.7164 | -0.6581 | 8 95.1802 | 98.1056 | 0.0128 0.3063
9 4.7907 | 96.1301 | -0.705 | -0.6532 | 9 05.1800 | 98.1059 | 0.0113 0.3058
10 14.7901 [26.1282 | -0.6924 | -0.6479 | 10 | 95.1816 | 98.1061 | 0.0095 0.3052
11 | 4.7806 | 26.1268 | -0.6785 | -0.6421 | 11 | 95.182 98.1063 | 0.0075 0.3045
12 14,7804 | 26.1261 | -0.6633 | =0.6359 | 12 95.1822 | 08.1064 | 0.0054 | 0.3038
13 |1 4.7895 | 26.1265 | -0.6468 | -0.6294 | 13 95.1821 | 98.1063 | 0.0031 0.3031
14 14.7901 [26.1281 | -0.6292 | -0.6225 | 14 | 95.1815 | 98.1061 | 0.0006 0.3024
15 |1 4.7912 [26.1314 | -0.6103 | -0.6153 | 15 | 95.1803 | 98.1056 | —0.002 0.3016
16 14.7929 [26.1365 | -0.5904 | -0.6079 | 16 | 95.1785 | 98.1049 | -0.0048 | 0.3009
17 1 4.7955 | 26.144 | -0.5694 | -0.6003 | 17 | 95.176 08.1039 | -0.0077 | 0.3001
18 | 4,799 26.1542 | -0.5475 | -0.5924 | 18 | 95.1724 | 98.1025 | —-0.0107 | 0.2993
19 | 4.8035 | 26.1675 | -0.5246 | -0.5844 | 19 | 95.1679 | 98.1006 | -0.0139 | 0.2986
20 14.8093 [926.1845 | -0.501 | -0.5763 | 20 | 05.162 08.0983 | -0.0172 | 0.2978
21 | 4.8166 | 26.2057 | -0.4766 | -0.568 21 195.1547 | 98.0954 | -0.0206 | 0.2971
22 14.8255 | 96.9316 | -0.4516 | -0.5597 | 22 | 05.1458 | 98.0018 | -0.024 | 0.2964
23 14.8362 | 26.2628 | -0.4262 | -0.5513 | 23 | 95.1351 | 98.0875 | —-0.0275 | 0.2957
24 | 4.849 26.3 -0.4004 | -0.5428 | 24 | 95.1222 | 98.0824 | -0.0311 | 0.295
25 |1 4.8641 [926.344 | -0.3745 | -0.5342 [ 25 | 95.107 | 98.0763 | -0.0347 | 0.2943
26 | 4,8819 | 26,3955 | -0,3485 | -0,5254 | 26 | 95.0802 | 98,0692 | -0.0333 | 0,2937
27 1490095 |26.4553 | -0.3226 | -0.5163 | 27 | 05.0685 | 983.0609 | -0.0419 | 0.2031
28 |14.9265 | 26.5243 | -0.2971 | -0.5069 | 28 | 95.0445 | 98.0513 | -0.0454 | 0.2924
29 14.9541 |26.6035 | -0.2721 | -0.497 29 1 95.0168 | 98.0403 | -0.0489 | 0.2918
30 [4.9857 | 26.6939 | -0.2478 | -0.4866 | 30 | 94.9852 | 98.0276 | -0.0523 [ 0.2911
31 15.0217 | 26.7965 | -0.2244 | -0.4755 | 31 | 94.9491 | 98.0131 | -0.0557 | 0.2903
32 | 5.0627 | 26.9127 | -0.202 | -0.4635 | 32 | 94.908 97.9967 | -0.0589 | 0.2895
33 15.1092 |927.0435 | -0.1807 | -0.4506 | 33 94.8615 | 97.9781 | -0.0619 | 0.2887
34 | 5.1616 | 27.1904 | -0.1607 | -0.4368 | 34 | 94,8089 | 97.957 -0.0648 | 0,2877
35 [5.2208 |27.3547 | -0.142 | -0.4219 |35 | 94.7497 | 97.9333 | -0.0676 | 0.2866
36 | 5.9872 | 27.5379 | -0.1245 | -0.4059 | 36 | 94.6832 | 97.9066 | -0.0702 | 0.2854
37 |5.3617 | 27.7415 | -0.1084 | -0.3889 | 37 | 94.6086 | 97.8767 | -0.0726 | 0.2841
38 | 5.4451 [927.967 | -0.0935 | -0.3707 | 38 | 04.5252 | 97.8432 | -0.0749 | 0.2826
30 55382 |28.2162 | -0.0797 | -0.3515 [ 39 | 94.432 97.8058 | -0.0771 | 0.2811
® IIC (A7

TS, Ih ErE ., oh

FTE] S I I+ ok T+ L0 [T T+ aF T

0[5 B4l 28,4000 | —0.0R7 | —0.3313 |40 [ 94,5281 [97.784 | —0.0782 | 0.7794

I (6 7577 |28, 7927 [ -0.0553 | -0, 3099 [ 41 o4, 7124 [ 97. 7175 | -0.0811 [ 0.27%

17 (5 A967. |29, 124 | -0.04d5 [0 2874 [42. [ 94.0539. [ 97.6658 | -0.084. | 0. 2755

I3 [6 02898 29,4051 [0, 0344 [ -0. 2630 [43. [ 99,9411 [ 97.6082_ | -0.0848 [ 0. 2733
I [6 I8 [29.5796 | 0.025 | -0.2991 |44 |99 7828 [ 97.5444 | -0.0866 | 0. 209

I5 [6 9624 [ S0, 4008 [ -0.0062 [ -0.2132 |45 | 99,6074 [ 97.4736 | -0.0863 | 0. 7662

5[5 e |40, 78 [-0.0079 [0 1862 |46 | 99,4193 | 97.0951 | —0.09 0, 2552

I7 [6. 79 [ol.2795 [0.0000. [-0.1581 |47 | 99.1997 | 97. 9082 | -0.0918 | 0. 262

I8 (7009 [oL.825 [0.008. [-0.129. |48 | 92,9616 [ 97.212 | -0.0996. | 0. 2565

I [ 70697 524101 [O.0i68 [-0.0992 [ 49 | 92,5997 [ 971056 | 0. 0955 | 0.2548

B0 [ 7.5506 | 50,0450 [ O0.0237. [ —0.0687 |60 |92 4109 [ 96,988 | —0.097% | 0. 2507

Bl [ 78700 [ 53,7055 [0.032  [—0.098. | Rl OF 0073 | 95, 558 | —0.0997 | 0. 2465

T [ 8. 2279 | 94,4541 | O0.0408 [ -0.0072 | b2 | 91,7413 [ 96. 7144 | -0, 1072 | 0. Z241R

FT [8.614d |5 2301 [O0.0502 [ O0.0233 | b3 |91 9546 [ 96,5559 | -0, 1049 | 0. 2967

FL [9.0°99 | O6.0611 |O.0603 [O.0542 |54 [ 90,929 [ 96.9009 | -0.109 | 02915

FE [ 9.5081 | 06,9447 [O0.0715 |[0.0822 |55 | 90,4608 [ 96,1876 | =0, 1116 | 0. 7262

FE [ 10,0020 | 57,6094 [ 0,083 0,110l |56 [ A9.946 [ 95.97/3 | -0,11F5 | 0. 720F

E7 [ 10.56806 | 58,8757 (00955 | 0,1366 |57 | 89,5800 [ 95.7981 | 0,17 0.2149

5 [ 1T.21 93,0319 ([0, 1086 [0.1RI5 |58 |88, 7566 | O5. 4735 | =0,1251 [0, 200

B0 (11,0972 (4. 04430, 22T [ 0. 1847 |59, |90, 0764 [95.1931. [ =0, 1306 | O, 2051

B0 [ 1Z.B407 [ 42,2165 (0. 1358 | 0. 208 B0 [ 57,0078 | 04,8772 | 01968 |0, 1971
EAE WA HEr o AT 0,007 ENE W "HEgs =% (A 0.0001

L o=z 9Uab (A01=0|3: 1.2574 A A (40[=0°*)ZEE (1 01915

T2} a0l = BOE Ao 401 = B0~ JHA ] ¥
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[0169]

[0170]

[0171]

S=501 10-2188706

[% 11D] AA] o 50 sl FY F2E AH-83F F ¥ vALs 2 Fapd A F3E (Y, Lx, ax 2 bx)
HLALS- . DE2 =78 DF2
A0 | Y L ax* b AOT | Y L ax b
0 4.7462 25.999 | -0.2777 | -1.0087 | 0 05.2355 | 98.1277 | -0.0182 | 0.3798
1 4.7461 25,9989 | -0.277 -1.0084 | 1 05.2355 | 98,1277 | -0.0183 | 0.3797
7 4.746 25,9985 | -0.275 -1.0075 | 2 95.2356 | 98.1277 -0.0186 | 0.3796
3 4.7458 25.9979 | —0.2717 | -1.0059 | 3 95.2353 | 98.1278 -0.019 | 0.3794
4 4.7455 25.9971 | —-0.2672 | -1.0036 | 4 95.2361 | 98.1279 -0.0197 | 0.3792
5 4.7452 25.9963 | -0.2615 | -1.0004 | 5 95.2364 | 98.128 -0.0205 | 0.3788
6 4.7449 25.9954 | -0.2546 | -0.9961 | 6 95.2367 | 98.1281 -0.0214 | 0.3783
7 4,7447 25,9947 | -0.2467 | -0.9906 | 7 95.2369 | 98.1282 -0.0225 | 0.3776
8 4.7445 25.9942 | -0.238 -0.9835 | 8 95.2371 | 98.1283 -0.0237 | 0.3768
9 4.7445 25.9941 | -0.2285 | -0.9745 | 9 95.2371 | 98.1283 -0.025 | 0.3756
10 | 4.7447 25,9945 | -0.2184 | -0.9631 | 10 | 95.2369 | 98,1282 -0.0264 | 0.3742
11 | 4.7451 25.9958 | -0.2081 | -0.949 | 11 | 95.2365 | 98.1281 -0.0279 | 0.3795
12 4.7459 25,9982 | -0.1977 | -0.9315 | 12 | 95.2357 | 98.1277 | -0.0293 | 0.3702
13 | 4.7471 26.0018 | —0.1875 | -0.9104 | 13 | 95.2344 | 98.1272 -0.0307 | 0.3675
14 | 4.7489 26,0071 | =0.1777 | -0.885 | 14 | 95.2326 | 98,1265 -0.0321 | 0.3643
15 | 4,7513 26.0142 | -0.1686 | -0.8551 | 15 | 95.2301 | 98,1255 -0.0334 | 0.3604
16 | 4.7545 26.0237 | -0.1604 | -0.8204 | 16 | 95.2269 | 98.1242 -0.0346 | 0.3559
17 | 4.7587 26.0359 | =0.1533 | -0.781 | 17 | 95.2228 | 98.1226 -0.0356 | 0.3508
18 | 4.7639 26.0511 | —0.1474 | -0.7373 | 18 | 95.2176 | 98.1205 -0.0364 | 0.3452
19 | 4,7703 26.0699 | -0.1426 | -0.6899 | 19 | 95.2111 | 98.1179 -0.0371 | 0.339
20 | 4.778 26.0928 | -0.1389 | -0.6399 | 20 | 95.2033 | 98.1148 -0.0377 | 0.3325
21 | 4.7874 26.1202 | —-0.1358 | -0.5888 | 21 | 95.1939 | 98.1111 -0.0382 | 0.326
22 | 4.7985 26.1528 | —0.133 -0.5384 | 22 | 95.1828 | 98.1066 -0.0386 | 0.3195
23 | 4.8116 26.191 | -0.1303 | -0.4909 | 23 | 95.1697 | 98.1014 | -0.0391 | 0.3135
24 | 4.8268 26.2356 | —0.1268 | -0.4483 | 24 | 95,1544 | 98,0953 -0.0396 | 0.3081
25 | 4.8445 26.287 | -0.1221 | -0.4126 | 25 | 95.1367 | 98.0882 -0.0403 | 0.3038
26 | 4.8648 26.3461 | -0.1159 | -0.3852 | 26 | 95.1164 | 98.0801 -0.0412 | 0.3006
27 | 4.8881 26.4135 | =0.1079 | -0.3671 | 27 | 95.0931 | 98.0707 | -0.0424 | 0.2987
28 | 4.9146 26.49 —-0.0982 | -0.3579 | 28 | 95.0665 | 98.0601 -0.0438 | 0.2981
29 | 4,9446 26,5764 | —0.087 -0.3566 | 29 | 95.0364 | 98.0481 -0.0454 | 0.2986
30 | 4.9786 26.6737 | —0.0751 | -0.3608 | 30 | 95.0024 | 98.0345 -0.0472 | 0.3
31 5.0169 26.7828 | -0.0634 | -0.3673 | 31 | 94.9641 | 98.0192 -0.0489 | 0.3018
32 5.0599 26.9049 | -0.0531 | -0.3726 | 32 | 94.921 | 98.0019 -0.0504 | 0.3034
33 5.1083 27.0411 | -0.0453 | -0.3727 | 33 | 94.8726 | 97.9825 | -0.0516 | 0.3044
34 | 5.1625 27,1929 | -0.0413 | -0.3643 | 34 | 94,8183 | 97.9608 -0.0523 | 0.3042
35 5.2233 27.3616 | —0.0417 | -0.3452 | 35 | 94.7576 | 97.9364 | -0.0523 | 0.3025
36 5.2912 27.5488 | —=0.0472 | -0.3145 | 36 | 94.6896 | 97.9092 -0.0516 | 0.2991
37 5.3672 27.7562 | —0.0576 | -0.2729 | 37 | 94.6136 | 97.8787 | -0.0502 | 0.2941
38 5.4519 27.9854 | —0.0722 | -0.2232 | 38 | 94.5287 | 97.8446 -0.0481 | 0.2878
39 5.5465 28.2381 | —-0.0899 | -0.1692 | 39 | 94.4342 | 97.8067 | -0.0455 | 0.2808
F 11D (A%
BRALS . DR2 =95 DF2
AOT | Y )i Y AT s AOT ¥ AQT Y
40 | 5.6517 28.5162 | -0.1092 | -0.1157 | 40 94,3289 | 97.7643 | -0.0425 | 0.2737
41 | 5.7687 28.8214 | -0.1283 | -0.0678 | 41 | 94.2118 | 97.7173 | -0.0395 | 0.2674
42 | 5.8986 29,1553 | -0.1456 | -0.0298 | 42 94.0818 | 97.665 | -0.0367 | 0.2625
43 | 6.0426 29,5197 | -0.1596 | -0.0044 | 43 93.9378 | 97.6069 | -0.0343 | 0.2594
44 | 6.2019 29,9162 | -0.1696 | 0.0071 |44 | 93.7785 | 97.5427 | -0.0324 | 0.2585
45 | 6.378 30.3467 | -0.175 | 0.0059 | 45 93.6024 | 97.4715 | -0.0311 | 0.2596
46 | 6.5723 30.8128 | -0.1762 | -0.0052 | 46 93.408 | 97.3929 | -0.0306 | 0.2625
47 | 6.7867 31.3163 | -0.1736 | -0.0222 | 47 | 93.1935 | 97.3061 | -0.0305 | 0.2666
48 | 7.023 31.8593 | -0.1682 | -0.0404 | 48 92,9571 | 97.2102 | -0.031 | 0.2711
49 | 7.2835 32.4437 | -0.1612 | -0.0552 | 49 92.6967 | 97.1044 | -0.0318 | 0.2752
50 | 7.5704 33.0717 | -0.1534 | -0.0632 | 50 92.4097 | 96.9875 | -0.0327 | 0.2782
51 | 7.8865 33.7454 | -0.1456 | -0.0622 | 51 92.0935 | 96.8585 | -0.0336 | 0.2797
52 | 8.2348 34,4671 | -0.1382 | -0.0514 | 52 91.7452 | 96.7161 | -0.0345 | 0.2793
53 |8.6184 35.2389 | -0.1315 | -0.0316 | 53 91.3615 | 96.5587 | -0.0353 | 0.277
54 | 9.0409 36,063 | -0,1251 | -0.0045 | 54 | 90,9389 | 96,3849 | -0,0361 | 0,2731
55 | 9.5062 36.9412 | -0.1189 | 0.0272 |55 90.4736 | 96.1929 | -0.0369 | 0.2678
56 | 10.0184 | 37.8753 | -0.1123 | 0.0609 | 56 89.9614 | 95.9807 | -0.0378 | 0.2616
57 | 10.5818 | 38.867 | -0.105 | 0.094 57 | 89.3978 | 95.7464 | -0.0389 | 0.255
58 | 11.2014 |39.9175 | -0.0964 | 0.1247 | 58 88.7782 | 95.4877 | -0.0405 | 0.2484
59 | 11.8821 |41.028 | -0.0864 | 0.1514 | 59 88.0975 | 95.202 | -0.0425 | 0.2422
60 | 12.6294 | 42,1994 | -0.0747 | 0.1734 | 60 87.3501 | 94.8866 | -0.0452 | 0.2367
dAlg A W3 WYE | A 0.0007 Eag A #®EE $| A 0.0001
2 A} (A0I=0%) S} | a1: 1.1994 X QA (A0I=0° )EX | 31: 0.1456
AOT = 60% A}e] B AOI = 60° 74x19] #

9
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[0172]

[0173]

[0174]

[0175]

[0176]

AA o 68, X 120] YERA uble} o], 2 micrometer WA A 35}
o 59} TYS A3 dFu|=AAE Fa 7#HS EF3).
¥ 12
A4 of 69 F2
ER=ES =77, EE (BE0nntl ] =28 (2o
e
FHE A - =]
el ket s R I 10z 1. 46929 g1. 46
AT0:H: 1.97879 154,26
2 H10: 1. 46929 21,7
AT 1.97879 B1. 85
510z T, 46929 14,703
W-2F WA AT 1.976579 2000
1E H10: 1. 46929 8.51
AT0H: 1.97879 4316
z o10: 1. 46929 20,82
ATTLH 1.97879 25. 49
3 S0z T 46920 49,74
AT 1.97579 g.43
- - LS 5] 1. EB0R4Z
R A58
AA] o 62 0.73%, 0.80%, 1.47%, 2 4.85%2] 0°, 30°, 45° © o] QA} %H
3t It g 2H (5, A 2H (122)025EH 5449 EEY ¥
A o 68 99.26%, 99.18%, 98.52%, = 95.13%¢] 0°, 30°, 45° 60 ° 9] <]
et g el A (F, WA #W (122)S E3he 5]
e T
A o 62 4.74%, 4.94%, 6.32%, 2 12.56%2] 0°, 30°, 45° 2 60° 9 A}
st ub ol A (F, vA-H W (122) 2 Y F EW (114) 02 5E
£S ZbzF eI, AA] o 62 95.24%, 95.04%, 93.67%, L 87.42%°] 0°, 30 °
Zyol| Al F3 T e HA (F, WAR-EX 3™ (122) 2 9| ¥4 (114)E
B F4&S 247 vepdg,
AF =1 7h B 0% WA 605=9] AOL B 9l D65 R F2 shell, AA] o 69 Tl
(122)) B F w9 (5, = 19 WA w2 (122) 32 5 %9 (114)°l gt
AA] o 59 e WAlo= ¥ 13 (Z 13A-13D) o] YERdTH, A W= ek
AALA Tk
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[0177]

[0178]

¥ 13
(B 134) 24 o gof el 2¥ DeEE AFERE 2 EJA HhkA 3 EopE M Hy
(Y, L+, axr & b
HATE, I5S EOE, 0%
0l T L+ o T 0l T L+ o T
i T 7252 [6.5505 |-1. 1881 |~1.8069 |0 e i e 0,007 [0.2173
T U725 |5.5499 |-1. 1857 |-1.B07 |1 09, 7509 |99 0,008 [0.2174
7 U,7240 [6.5482 -1, 1796 |-, 8091 |2 oo, o9 00083 [0, 2178
3 T 7248 [6.5454 |-1. 1667 |~I.B1Z6 |3 o7 7503 |00 —O.0098 (0. 2177
i U 7247 [6.5415 |-1.1503 |-I.8075 |4 O R |00 0009 (0,219
5 U.7237 [6.5368 -1, 1292 |-1.8295 |5 o B 0, 0105 [0, 2152
B T.723] (65313 [-1. 1098 [-I.831 6 0T 7518 |99 —0.0116 [0, 2186
T U224 [6.552 |-1.0MEl |-1.8393 |7 e i e 00179 (0,219
i U727 [6.5187 |-1.0403 |-1.8457 |8 07, 7532 |99 = S L
g T, 7200 [6.512. |-1.0025 [~I.8585 |9 0T, 7530 |09 OO (0,22
] T 7202 [6.5055 | -0.9613 |-I.8604 |10 e T e = = T P
gl U105 [5.4993 |0, 0165 |~1.880d |11 R it 0. 0199. (0. 2211
7 U789 (5,494 [-0.9599 [=1.8915 [12 O, 7550 |09 =) R
3 U795 [6. 4895 [-0.8096 |-1.9023 (13 07 7564 |99 —0.0zAl (0. 2223
2 U8z 6. 4572 |0.766 |-1.0126 |14 O URRE |00 .06 (0. 2229
i T 7181 [6.4967 0. 7116 [-I.922 |15 07, 7557 |99 00299 (0. 2232
15 U783 [6.4887 |-0.6558 |-1.93 16 O 7564 |09 00313 (0. 225
7 T8 [6.4939 0. 50l -1 9369 |17 it e O.0598 (0. 2243
15 7100 [6.5028_ |-0.542 |-1.9404 |18 07, 7548 |00 0. 0969 [0, 2247
i U724 [6.5162 |0, 4551 |-1. 9418 [19 07,7533 |99 —0.0389. [0, 2240
70 U723 6538 [-0.429 |-.94 |20 0T 7613 |99 0. OAT3 (0,225
E 13A (A%
HHALS- . D65 T2, D65
Aol | v L ax AOT | ¥ ‘ b
21 0.7262 | 6.5593 -0.3741 0346 | 21 | 99.258 9.7126 0438 | 0.
22 0.7296 | 6.5907 -0.321 0251 | 22 | 99,25 7112 0462 | 0.
23 0.734 6.63 -0.2702 0109 | 23 ]99.25 9.7095 0484 | 0.
24 0.7393 | 6.6782 -0.2223 8017 | 24 | 99,245 9.7074 L0506 | 0.
25 0.7458 | 6.7363 -0.1777 8669 | 25 | 99. 9.7049 .0526 | 0.
26 0.7534 | 6.8058 -0.1368 8362 |26 |99.2 .7019 0544 | 0.
o7 0.7625 | 6.8879 -0.1001 7991 | 27 |99.22 9.6084 .0561 | 0.
28 0.7732 | 6.9842 -0.0679 7553 | 28 |99.2113 9.6942 0576 | 0.
29 0.7856 | 7.0962 -0.0403 7038 | 29 | 99,1989 6894 L0589 | 0.
30 0.7999 | 7.2258 -0.0178 6435 | 30 | 99.1845 9.6838 .06 0.
31 0.8164 | 7.3749 -0.0005 5735 | 31 | 99.168 L6774 0608 | 0.2
32 0.8354 | 7.5457 0.0115 4026 | 32 | 99.149 99.67 L0614 | 0.2
33 0.8569 | 7.7406 0.018 .,3096 | 33 | 99.1274 6616 .0618 | 0.
34 0.8815 | 7.9621 0.0189 .2029 | 34 | 99,1029 )9, 6521 062 0.2021
35 0.9093 | 8.2114 0.014 1738 |35 | 99.075 6412 0619 | 0.198
36 0.9407 | 8.4872 0.0038 .0477 136 | 99.0436 9.629 L0616 | 0.1936
37 0.9761 | 8.791 -0.0111 0156 | 37 | 99.0081 9.6152 061 0.1887
38 1.016 9.1241 -0.0303 7785 | 38 | 98.9682 )9.5997 0602 | 0.1834
39 1.0608 | 9.4881 -0.0532 6376 | 39 | 98.9234 9.5822 .0592 | 0.1777
40 1.1111 | 9.8844 -0.079 4943 | 40 | 98.8731 )9.5626 0579 | 0.1717
41 1.1673 | 10.3142 | -0.107 3501 | 41 | 98.8168 9.5407 0565 | 0.1652
42 1.2303 | 10,7788 | -0.1365 L2065 | 42 | 98,7538 5161 0548 | 0.1583
43 1.3006 | 11.2795 | -0.1664 .065 43 | 98.6835 .4887 058 0.1511
44 1.379 11.8175 | -0.1961 | 0.0727 44 | 98.605 4581 .0511 | 0.1436
45 1.4665 | 12,3937 | -0.2245 | 0.2053 45 | 98.5175 9.4239 .049 0.1357
16 1.564 13.0093 | -0.251 0.3316 46 | 98.42 9.3858 0468 | 0.1276
47 1.6725 | 13.6652 | -0.2748 | 0.4505 47 1 98.3114 .3434 .0447 | 0.1192
48 1.7932 | 14.3625 | -0.2952 | 0.5612 48 ] 98.1907 .2961 0425 | 0.1105
49 1.9275 | 15,1021 | -0.3117 | 0.663 40 | 98.0564 .2436 0404 | 0.1016
50 2.0767 | 15.8849 | -0.324 0. 7555 50 | 97.9072 .1851 ,0384 | 0.0925
51 2.2495 | 16.7118 | -0.3317 | 0.8384 51 | 97.7414 12 0366 | 0.0832
52 2.4267 | 17.5838 | -0.3348 | 0.9118 52 | 97.5572 .0476 .035 0.0737
53 2.6312 | 18.5019 | -0.3334 | 0.9756 53 | 97.3527 L0672 .0336 | 0.064
54 2.8583 | 19.4671 | -0.3276 1.0302 54 | 97.1256 8777 0325 | 0.0541
56 3.1103 | 20.4803 | -0.3178 1,0758 55 | 96.8736 7783 0317 | 0.0441
56 3.39 21.5427 | -0.3043 1.1128 56 | 96.5939 6677 0313 | 0.0339
57 3.7004 | 22,6553 | -0,2875 1.1416 57 | 96.2835 ,5448 0313 ] 0.0235
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S=501 10-2188706

I 13 (A&

H]"*}w D65 F& . D65

AOT | Y L a* b AOT | Y L* ax b

58 4.0449 | 23.8193 | -0.268 1,627 | 58 | 95,939 08.408 -0.0316 | 0.0131

59 4.4271 | 25.0359 | -0.2462 | 1.1766 | 59 | 95.5569 98.2559 -0.0324 | 0.0024

60 4.8511 | 26,3063 | -0.2227 | 1,1837 | 60 | 95,1328 98,0866 -0.0336 | -0.0083
*

HAbE A wg W E 74 9| A 0.0007 Fag Ax ®gEs | A 0.0001
A} (AOT=0E )8+ AOI=42E A}o] T:1.1994 | 58 QA (A01=0°) | I: 0.2271
=EE 00 = 60° 7}
PERL

HARE A W3 BYE 77 9| A 2.0189
Al (AOT=0%) 2 AOT=43-60% A} | I: 3.1420

[0179] o

[0180] [3% 13B] Al o 60 thall Y F2E 283 A ¥ viAs 2 Fape A F3E (Y, Lx, ax 2 bx)
HHALS . F2 Fits, B2
AOL | Y L= a b AOL Y L a b
0 107101 |6.4142 | -0.7229 | -1.0759 |0 | 99.2803 | 99.721 | -0.0074 | 0.2018
1 07101 |6.4142 [ -0.7216 | 1.0776 | 1 | 99.2803 | 99.721 | -0.0075 | 0.2019
2 107101 |6.414 | -07176 | -1.0828 |2 | 99.2803 | 99.721 | -0.0077 | 0.2021
3 107101 [6.4130 | -0.7111 | -1.0916 |3 | 99.2803 | 99.721 | -0.008 | 0.2025
4 o7t 6.4137 | -0.702 | -1.1041 | 4 | 99.2803 | 99.7211 | -0.0084 | 0.2031
5 lor7l 6.4136 | —0.6902 | -1.1207 | 5 | 99.2803 | 99.7211 | —0.0089 | 0.2039
6 1071 |64138 [ -06757 [-1.1414 |6 992803 |09 721 | -0.0095 | 0.2048
7 107101 |6.4144 | -0.6587 | -1.1666 | 7 | 99.2802 | 99.721 | -0.0103 | 0.206
8 107102 | 6.4154 | -0.6380 | -1.1967 |8 | 99.2801 | 99.721 | -0.0111 | 0.2073
9 107104 |6.4172 | -0.6165 | -1.2317 |9 | 99.2799 | 99.7200 | -0.0121 | 0.2089
10 107107 |6.4199 | -0.5914 | -1.272 |10 | 99.2796 | 99.7208 | -0.0132 | 0.2108
11 07111 |6.4236 | -0.5637 | -1.3176 | 11 | 99.2792 | 99.7206 | -0.0144 | 0.2128
12 | 0.7117 | 6.4287 | -0.5335 | -1.3683 | 12 | 99.2786 | 99.7204 | -0.0158 | 0.2152
13 07124 |6.4354 | -0.5008 | -1.4239 | 13 | 99.2779 | 99.7201 | -0.0172 | 0.2177
14 | 0.7134 | 6.4438 | —0.466 | -1.4836 | 14 | 99.2769 | 99.7197 | —0.0187 | 0.2204
15 07145 |6.4544 | -0.4991 | -1.5465 | 15 | 99.9757 | 99.7103 | -0.0204 | 0.2932
16 0716 |6.4673 |-0.3008 | -1.6112 | 16 | 09.2743 | 99.7187 | -0.0221 | 0.2262
17 | 0.7177 | 6.4829 | -0.3513 | -1.676 | 17 | 99.2726 | ©99.718 | -0.0238 | 0.2292
18 | 0.7198 | 6.5016 | —0.3112 | -1.7386 | 18 | 99.2705 | 99.7172 | —0.0256 | 0.232
19 [0.7222 |6.5238 | -0.2713 | -1.7967 | 19 | 99.268 | 99.7163 | -0.0273 | 0.2347
20 |0.7251 |6.5501 | -0.2323 | -1.8477 | 20 | 99.2651 | 99.7151 | -0.029 | 0.2371
21 10.7286 | 6.581 | -0.1949 | -1.8%9 |21 |99.2617 | 99.7138 | -0.0307 | 0.2391
20 10732 |6.6174 [ -0.16 [ -1.918 |22 |99.2576 |99 7122 | -0.0323 | 0.2406

[0181] 23 | 0.7373 | 6.6601 | —0.1284 | -1.9320 | 23 | 99.2529 | 99.7104 | —0.0337 | 0.2414
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[0182]

[0183]

S=501 10-2188706

¥ 13B <7ﬂ+)

HEALS E8 . F2

A1 Y L* ax b AOT | ¥ L* a b

24 1 0.7429 |6.7103 | -0.1008 | -1.9321 [24 |99.2473 | 99.7082 | -0.0349 | 0.2417
25 10.7494 | 6.7693 | -0.0778 | -1.9154 [ 25 [909.2408 [ 99.7057 | -0.036 0.2412
26 | 0.7571 |6.8387 | -0.0598 | -1.883 [26 |99.2331 |99.7027 | -0.0368 | 0.2401
27 10.7661 |6.9201 | -0.047 | -1.8367 |27 |99.224 99.6992 | -0.0374 | 0.2383
28 | 0,7767 | 7.0156 | -0,0397 | -1,7786 | 28 | 99,2134 | 99,6951 | -0.0378 | 0.2361
29 |0.789 7.1274 | -0.0376 | -1.7112 | 29 | 99.201 99.6902 | —0.038 0.2335
30 1 0.8035 | 7.2578 | -0.0409 | -1.6375 |30 | 99.1866 | 99.6846 | -0.0379 | 0.2307
31 10.8203 |7.4004 | -0.0493 | -1.5601 [31 [99.1698 | 99.6781 | -0.0376 | 0.2279
32 10.8397 |7.5847 | -0.0628 | -1.4804 |32 [99.1504 [ 99.6705 | -0.0371 | 0.2951
33 |0.862 7.7865 | -0.0814 | -1.3984 |33 | 99.128 99.6618 | —0.0364 | 0.2223
34 | 0.8876 | 8.0175 | -0.1055 | -1.3122 [34 |99.1024 |99.6519 | -0.0354 | 0.2197
35 |0.9167 |8.277 -0.132 |1 -1.2238 |35 ]99.0733 | 99.6406 | -0.0342 | 0.2172
36 | 0.9496 | 8.564 -0.1627 | -1.1341 |36 ]99.0404 ]99.6278 | -0.0328 | 0.2145
37 10.9866 | 8.8793 | -0.1972 | -1.0402 [37 |99.0033 | 99.6133 | -0.0311 | 0.2116
38 11.0281 [9.2931 | -0.2346 | -0.9392 |38 [08.9619 [99.5972 | -0.0291 | 0.2083
30 |1.0743 [9.5959 | -0.2741 | -0.8287 |39 |[0908.9156 [ 99.5792 | -0.0269 | 0.2043
40 |1.1258 | 9.998 -0.3141 | -0.7076 | 40 ] 98.8641 ] 99.5591 | -0.0246 | 0.1996
41 | 1,1828 | 10,4299 | -0,3529 | -0,5766 | 41 | 98,8071 [ 99,5369 | -0.0221 | 0,1942
42 | 1.246 10.8925 | -0.3887 | -0,4377 | 42 | 98.7438 | 99.5122 | -0.0196 | 0.1879
43 | 1.316 11.3867 | -0.4195 | -0.2946 | 43 | 98.6739 | 99.4849 | -0.0172 | 0.181
44 11.3934 | 11.9138 | -0.4437 | -0.1519 |44 [98.5964 | 99.4547 | -0.0149 | 0.1735
45 |1.4793 | 12.4757 | -0.4603 | -0.014 |45 [98.5105 [99.4212 | -0.0129 | 0.1658
46 | 1.5745 | 13.0742 | -0.469 | 0.1151 |46 | 98.4153 [ 99.384 -0.0113 | 0.158
47 | 1.6803 | 13.7114 | -0.47 0.2325 |47 ]98.3094 |99.3426 | -0.01 0.1503
48 | 1.798 14.3895 | -0.4646 | 0.3374 |48 [98.1917 [99.2965 | -0.0089 | 0.1427
49 11.9291 |15.1106 | -0.4545 | 0.4304 |49 | 98.0607 | 99.2452 | -0.0082 | 0.1352
50 | 2.0752 | 15.8768 | -0.4419 | 0.5185 |50 | 97.9146 | 99.188 -0.0075 | 0.1277
51 | 2.238 16.6898 | -0.4288 | 0.5895 |51 | 97.7517 | 99.1241 | -0.0069 | 0.1199
52 | 2.4196 | 17.5511 | -0.4171 | 0.6614 |52 |97.5701 | 99.0527 | -0.0061 | 0.1116
53 | 2.622 18.4618 | -0.4078 | 0.7317 |53 | 97.3677 | 98.9731 | -0.005 0.1026
54 | 2.8476 | 19.4228 | -0.4015 | 0.8015 [54 |97.1421 | 98.8843 | -0.0035 | 0.0926
55 | 3.0986 | 20.4347 | -0.398 | 0.871 55 | 96.8911 | 98.7852 | -0.0017 | 0.0816
56 | 3.3779 | 21.4979 | -0.3962 | 0.9380 |56 | 96.6118 | 98.6748 | 0.0005 0.0694
57 13.6883 |22.613 | -0.3949 | 1.0028 [57 |[96.3014 | 98.5519 | 0.003 0.0564
E 13B (A=)

WAkS, B2 T, B2

AOT | Y L= ax b# AOT | Y L asx b*

58 | 4.033 23.7801 | -0.3923 | 1.06 58 | 95.9568 | 98.4151 | 0.0055 | 0.0427
59 | 4.4155 |25 -0.3869 | 1.1077 |59 | 95.5743 | 98.2628 | 0.0078 | 0.0286
60 | 4.8397 |26.2731 | -0.3773 1 1.1433 |60 | 95.1501 | 98.0935 | 0.0098 | 0.0147
HEALS 1A "3 ®HY | A 0.0021 Fas A W3t 7 | A 0.0001

= 37 0.;*} (AOT=0 | 11: 1.9738 o A} (A01=0 " )2 2¥ | 1: 0.1879
©)9} A0I=55% Alol AOT = 60 ° 71#] o] ¥ ¢

HAbE WA WE Y| A 2.0412

= 43 YA (A0I=0 | IL: 2.2459

T) 2 A0I=56-60% AF

o]
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[0184]

[0185]

[0186]

S=501 10-2188706

[3 13C] AA o 69 3] F] D655 AFE-3F F B vhARE 9 F3je A HE (Y, Lx, axr 2 b*)
YIALS . D65 EaS . D65
AOT | Y L= axk b AOT | Y L= ak b
0 4.7393 25.9789 | -0.4402 |1 -0.9295 [ O 95,2449 98.1314 -0.0038 0. 8771
1 4,7393 25.9787 | -0.4395 | -0.9297 [ 1 95.245 98.1315 -0.0039 0.2771
2 4.7391 25.9782 | -0.4374 | -0.9303 | 2 95,2452 98.1315 —=0.0042 02772
3 4.7388 25.9774 | -0.4338 | =0.9314 [ 3 95.2454 98.1316 -0.0047 0.2774
4 4.7385 25.9763 | -0.4289 | -0.9328 [ 4 95.2458 98.1318 -0.0054 | 0.2776
5 4,738 25.975 -0.4226 | -0.9347 [ 5 95.2462 98.132 -0.0062 0.2779
6 4.7376 25.9736 | -0.4149 | -0.9368 | 6 95.2467 98.1321 -0.0073 0.2783
7 4.7371 25.9722 | -0.406 -0.9393 [ 7 95.2472 98.1323 -0.0085 0.2787
8 4.,7367 2o 971l -0.3958 | -0.942 8 95.2476 98.1325 -0.0099 0.2791
9 4.7363 25 07 -0.3845 | —-0.945 9 95,2479 98,1326 -0.0115 0.2796
10 4,7361 25.9694 | -0.372 -0.948 10 95.2481 98,1327 -0.0132 0.2801
11 4.7362 25,9695 | =0.8585 | =0.9512" | 11 95,248 98,1327 Q@151 0.,2807
12 4.7365 25.9704 | =0.3441 | =0.9543 { 12 95,2477 98.1325 -0.0171 0.2812
13 4. 7372 25.9725 | =0.,3289 | =0,9572 [ 13 95,247 98,1323 -0.0192 0,2818
14 4.7383 25,9759 | -0.313 -0.96 14 95,2458 98.1318 =0.0214 0.2823
15 4.7401 25.981 -0.2965 | -0.9623 | 15 95.2441 98.1311 =0 10237 0.2329
16 4.7425 25.9881 | -0.2795 | -0.9641 | 16 95,2417 98.1301 -0.026 0,.2833
17 4.7457 25,9975 | -0.2623 | =0.9653 [ 17 95.2384 98,1288 -0.0284 0.2837
13 4.7498 26.0098 | -0.245 -0.9657 | 18 95,2343 98.1272 -0.0308 0.2841
19 4 755 26,0252 | -0.2277 | =0,9651 [ 19 95,229 98,1251 -0,0332 0,2843
20 4.7615 26.0443 | -0.2106 | =0.9634 | 20 95,2225 98,1225 {10355 0,2844
Z 4.7694 26.0675 [ -0.1939 | -0.9604 | 21 95.2146 98.1193 -0.0379 0.2843
2 4 779 26,0956 | =0.1778 | =0,9559 [ 22 95,205 98,1155 -0.0401 0,2841
23 4.7903 26.1289 | -0.1624 | -0.9497 | 23 95.1936 98.1109 -0.0423 0.2837
24 4 8038 26.1683 | -0.1478 | -0.9418 | 24 95,1802 98.1056 —-0.0443 0.2831
¥ 13¢ (A%
HEALS . D65 =79 D65
AOT | Y L ax b A0T | Y L b
25 | 4.8195 | 26.2143 | -0.1342 | -0.9319 | 25 05.1644 | 98,0993 0.2823
26 | 4.8379 | 26.2679 | -0.1218 | -0.92 26 95.146 98.0919 0.2812
27 | 4.8592 | 26,3297 | -0.1107 | -0.9058 | 27 05.1247 | 98,0834 0.2799
28 | 4.8836 | 26,4006 | —=0.1008 | -0.8893 | 28 95.1002 | 98,0736 0.2783
20 | 4,9117 | 26.4817 | -0.0924 | -0.8703 | 29 05.0721 | 98,0624 0.2764
30 |4.9437 | 26.5739 | -0.0855 | -0.8489 | 30 95.04 98.0495 0,2742
31 |4.0802 |26.6782 | -0.08 -0.8248 | 31 05.0036 | 98.0349 0.9717
32 150215 |26.7959 | -0.0761 | -0.798 32 94.9622 | 98,0184 0.2689
33 | 5.0682 | 26.9282 | -0.0736 | —-0.7686 | 33 94.9155 | 97,9997 0.2657
34 |5.1208 |27.0763 | -0.0726 | -0.7364 | 34 04.8628 | 97,9786 0.2622
35 |5.18 27.2417 | -0.0731 | -0.7015 | 35 04.8035 | 97,9549 0.2583
36 | 5.2465 | 27.4257 | -0.0749 | -0.6641 | 36 94.7371 | 97,9282 0,.2541
37 |5.3208 |27.6299 | -0.0779 | -0.6241 | 37 94,6627 | 97,8984 0.2495
38 | 5,404 27.856 -0.082 -0.5817 | 38 94,5795 | 97,865 0.2446
39 |5.4967 | 28.1055 | -0.0872 | -0.5372 | 39 94.4867 | 97.8278 0.2393
40 | 5.6001 | 28.3803 | -0.0931 | -0.4909 | 40 94.3333 | 97,7862 0.2338
41 | 5.7151 | 28.682 -0.0996 | -0.443 41 04,2682 | 97,74 0.2279
42 | 5.8429 | 29,0127 | -0.1065 | -0.394 12 94,1404 | 97,6885 0.2217
43 | 5,9848 |29,3741 | —0.1134 | -0.3441 | 43 03.9984 | 97.6314 0.2153
44 | 6.1421 | 29,7683 | =0.1202 | -0.294 44 03.8411 | 97,5679 0.2087
45 | 6.3164 | 30.1971 | -0.1264 | -0.2439 | 45 93.6667 | 97,4975 0.2019
46 | 6.5093 | 30.6627 | —0.1318 | -0.1944 | 46 03.4738 | 97,4196 0.195
47 1 6.7226 | 31,1669 | —=0.1361 | -0.1458 | 47 03.2605 | 97,3332 0.188
48 |6.9583 | 31.7118 | -0.139 -0.0987 | 48 93.0247 | 97,2376 0.181
49 | 7.2186 | 32.2994 | -0.1403 | -0.0532 | 49 92.7644 | 97.1319 0.1739
50 | 7.5058 | 32.9316 | -0.1398 | -0.0099 | 50 92.4772 | 97,015 0.1668
51 |7.8225 |33.6104 | -0.,1372 | 0.0311 51 92,1604 | 96,8858 0.1598
52 | 8.1715 | 34.3376 | -0.1327 | 0.0694 52 01.8113 | 96,7431 0.1529
53 | 8.556 35115 -0.126 0.1049 53 91.4268 | 96,5855 0.146
54 | 89793 |35.9445 | -0.1174 | 0.1374 54 01.0034 | 96,4114 0.1393
55 | 9.4451 | 36.8276 | -0.1069 | 0.1667 55 90.5376 | 96,2193 0.1328
56 | 9.9574 | 37.7659 | -0.0948 | 0.1928 56 90.0252 | 96,0072 0.1265
57 | 10.5205 | 38.7609 | -0.0812 | 0.2157 57 89.4621 | 95,7732 0.1204
58 | 11.1392 | 39.8139 | -0.0664 | 0.2354 58 88.8433 | 95,5149 0.1145
59 | 11.8185 | 40.9263 | -0.0508 | 0.2518 59 88.1639 | 95.2299 0.1089
60 | 12.5641 | 42.099 -0.0347 | 0.2652 60 87.4183 | 94,9155 | -0.0649 | 0.1037
HEALS A s 5 | A 0.0007 =g A WA= 3 | A 0.0001
= $£2A A} (A0I=0%) | IL: 1.2616 YA (AOI=0 " )EX5-¥ | 31: 0.1838
9} AOI=60% Ate] A0 = 60 ° 74A] 2] =H 9]
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S=501 10-2188706

[(0187) [ 130] A of 6o ofa] ¥4 F28& AM8@ F Ew WAL 2 FIhE A FE (1, Le, ax % be)
HHALS, F2 Fa5, F2
AOT | Y * a b AOL | Y [ a b
0 4.717 25.9128 | -0.2697 | -0.7766 | O 95.2729 | 98.1426 | -0.005 0.2726
1 4.717 26.9128 | -0.2693 | -0.7771 | 1 95.273 98.1426 | -0.005 0.2728
2 4.717 20.9128 | -0.2682 | -0.7786 | 2 95.273 08.1426 [ -0.0052 0.2729
3 4.717 25.9128 | -0.2662 | -0.7812 | 3 95.278 08.1426 [ -0.0035 0.2788
4 4.717 25,9128 | -0.2634 | -0.7849 | 4 95, 2r3 98.1426 [ -0.0058 0.2738
5 4.717 26,9129 | -0.2599 | -0.7897 | 5 95.2729 | 98.1426 | -0.0063 0.2745
6 4.7172 | 25.9132 | -0.2555 | -0.7958 | 6 95.2728 | 98.1426 [ -0.0069 0.2754
7 4.7174 | 25,9139 | =0,2503 | =0.8031 | 7 95.2726 | 98.1425 | -0.0076 0.2765
8 4.7177 | 25.9149 | -0.2444 | -0.8119 | 8 95.2722 | 98.1423 | -0.0085 0.2778
9 4.7182 | 25.9164 | -0.2376 | -0.8221 | 9 95.2717 | 98.1421 | -0.0094 0.2793
10 |4.719 25.9186 | —-0.23 -0.8338 | 10 95.271 08.1418 | -0.0104 0.2811
11 4.72 25.9217 | -0.2216 | -0.847 11 95.2699 | 98.1414 | -0.0116 0.283
12 4.7214 | 25.9258 | -0.2124 | -0.8617 | 12 95.2685 | 98.1409 | -0.0129 0.2862
13 4.7232 | 25.9311 | -0.2025 | -0.8777 | 13 05.2667 | 98.1401 [ -0.0142 0.2876
14 14,7256 | 25,9379 | -0.192 | -0.8048 | 14 05.2644 | 98.1392 [ -0.0157 0.2902
16 4.7283 | 25.9463 | -0.1808 | -0.9127 | 15 95.2616 | 98.1381 | -0.0172 0.2829
16 4.7318 | 25.9567 | -0.1691 | -0.9311 | 16 95.258 98.1367 | -0.0188 0.2957
17 4.7361 | 25.9693 | -0.1571 | -0.9492 | 17 05.2538 | 98.135 -0.0204 0.2985
18 14,7412 | 25,0845 | -0.145 | -0.9666 | 18 05.2486 | 98.1329 [ -0.0221 0.3012
19 4.7474 | 26.0025 | -0.1329 | -0.9825 | 19 95.2425 | 98.1305 | -0.0238 0.3037
20 4.7546 | 26.0239 | -0.1211 | -0.996 | 20 95.2352 | 98.1275 | -0.0254 0.306
21 4.7632 | 26.0491 | -0.1097 | -1.0064 | 21 90.2266 | 98.1241 | -0.027 0.3079
22 4.7732 | 26.0786 | -0.0992 | -1.0129 | 22 95.2166 | 98.1201 | -0.0285 0.3092
28 4.7849 | 26.113 —0.0896 | -1.015 | 23 95.2048 | 98.1154 | -0.0298 0.81
24 | 4.7986 | 26.153 —0.0813 | -1.0123 | 24 95.1912 | 98.11 -0.031 0.3102
20 | 4.8144 | 26,1993 | =0.0743 | =1.0045 | 25 95.1753 | 98.1036 [ -0.032 0.3097
26 4.8327 | 26.2528 | -0.0688 | -0.9919 | 26 95. 167 98.0963 | -0.0328 0.3086
27 4.8539 | 26.3144 | -0.0649 | -0.9749 | 27 95,1358 | 98,0878 | -0.0334 0.307
28 4.8783 | 26.3852 | -0.0625 | -0.9542 | 28 95.1114 | 98.0781 | -0.0338 0.3048
20 | 4.9065 | 26.4662 | =0.0617 | =0.9306 | 29 95.0833 | 98.0669 [ -0.0339 0.3024
30 4.9384 | 26.5586 | -0.0623 | -0.9053 | 30 95.0512 | 98.054 -0.0339 0.2997
31 4.9751 | 26.6637 | -0.0644 | -0.879 | 31 95.0145 | 98.0393 | -0.0337 0.297
32 5.0169 | 26.7827 | -0.0678 | -0.8525 | 32 94.9727 | 98.0226 | -0.0332 0.2943
33 | 5.0642 | 26.917 =0.0725 | -0.8262 | 33 94,9253 | 98.0036 [ -0.0326 0.2017
34 5.1178 | 27.0677 | -0.0785 | -0.8001 | 34 94.8718 | 97.9822 | -0.0318 0.2892
35 5.1781 | 27.2362 | -0.0858 | -0.7738 | 35 94.8114 | 97.958 -0.0307 0.2867
36 5.2458 | 27,4238 | -0.0943 | -0.7466 | 36 04,7437 | 97,9309 | -0.0295 0.2842
37 |15.32156 | 27.6318 | -0.104 | -0.7174 | 37 04,668 97.9005 [ -0.0281 0.2814
38 5.406 27.8614 | -0.1147 | -0.6852 | 38 94.5835 | 97.8666 | -0.0264 0.2782
39 5.0 28.1141 | -0.1262 | -0.6492 | 39 94.4895 | 97.8289 | -0.0246 0.2745

[0188]
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S=50dl 10-2188706

E 13D (A%)
HHALS . F2 T4E, F2
AOT | Y L ax b AOL | Y L ar b
40 |5.6043 |28.3912 | -0.1379 | -0.609 |40 |94.3851 |97.787 | -0.0227 | 0.2701
41 57198 |28,6943 | -0,1494 | -0,5645 | 41 | 94,2695 | 97,7405 | -0,0208 | 0,265
42 |5.8477 129,025 |-0.1601 | -0.5163 |42 | 04,1416 |97.689 | -0.0189 | 0.2503
43 15,9802 |29.3852 | -0.1692 | -0.4654 |43 |94.0001 |97.632 |-0.0172 | 0.2531
44 16,1455 | 29,7767 | -0,1762 | -0,4132 |44 | 93,8438 | 97,569 | -0,0157 | 0,2466
45 |6.3183 1302017 | -0.1807 | -0.3611 |45 |93.671 |97.4993 |-0.0146 | 0.2399
46 | 6.5092 | 30.6624 | -0.1825 | -0.3104 |46 | 93.48 97.4221 | -0.0138 | 0.2333
47 16,7202 |31,1612 | -0,1815 | -0,2619 |47 [93,269 |97.3367 | -0,0135 | 0,2268
48 16,9533 |31.7004 | -0.1782 | -0.2162 |48 | 93,0359 |97.2421 |-0.0135 | 0.2205
49 |7.211 32,2825 | ~0.173 | -0.1729 |49 |92.7781 |97.1375 |-0.0138 | 0.2145
50 |7.4957 |32,9098 | -0,1667 | -0,1317 [ 50 | 92,4934 | 97,0216 |-0,0143 | 0,2085
51 |7.8103 [335846 | -0.1508 | -0.0017 |51 |92.1788 |96.8934 | -0.0149 | 0.2024
52 |8.1575 |34.3088 | -0.153 |-0.0522 [52 |91.8315 |96.7514 |-0.0155 | 0.1961
53 |8.5407 |35.0845 | -0.1466 | -0.0127 |53 |91.4483 |96.5943 | -0.0161 | 0.1894
54 |8.9632 |350134 | -0.1408 | 0.0269 |54 |91.0258 |96.4207 | -0.0165 | 0.1821
55 |9.4287 | 36.7969 | -0.1354 | 0.0662 |55 | 90.5603 | 96.2287 | -0.0169 | 0.1744
56| 9,941 37,7364 | -0,1301 | 0,1044 |56 | 90,0479 | 96.0166 | -0.0172 | 01663
57 110.5046 |38.7332 | -0.1243 | 0.1404 [57 |89.4843 [95.7825 |-0.0177 | 0.1581
58 |11.1238 |30.7882 | -0.1175 | 0.1729 |58 |88.865 |95.524 |-0.0184 | 0.1499
59 | 11,8037 | 40,9025 | -0.1092 | 0.2009 |59 |88.1851 | 95,2388 | -0,0197 | 0,1422
60 | 12,5498 42,0769 | -0.099 [0.2235 [60 |87.430 [094.9242 |-0.0215 | 0.1353
ke A ws ¥ | A 0.0006 e M wsE F3 | A0
e 3 YA (A0I=0%) | I 1.0146 A (AOI=0 " )Z-E] | a1t 0.1383
[0189] 9k AQI=60%= A}l AT = 60 ° 4= ©] H 9]
[0190] AN o 7
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