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FA ] AR F®E wek AR Sl Wzsta, FF oolfd m"e] mixE vt He ve
(underlying substrates)®th 23X &3e & o Tiztsict, 2 AfoA, ojgst 23X &/ st
e, B4He=E oF 100mm WA oF 500mme] WA o] W ARE HolE zte EF Jd vd F
(single groove)S X33}, mAAA (microductile) 2 HAE FE33lct, A 23X +=, AB-FW
o4, vhE 7, FE 9/EE vkET 2 VJE B THAY &4l g FRkE ¢ vk FAE div
Fo] olggt A A L Ve TRAAQ E4do] Tdd HE ARdeA AsE o HFe] ofF fiEEs
As At dAgh 23 X7 AW 73t dERd ®, AFe] QF 2 Aol ol A AVE, ¢
2Eg ol onAe] &, FYE, 9@ wollx e IAE FEHY 5 e, F ARk T

&

[}

It @A 2a3dAs B3 HA A dasdels ke A A2 8 A#edd 9Fs v
o]

Stk B A 2AAA L vhE £43) R
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gige] g
S dst = HA

whebA, dinkRAd, i Rgel glar e B Aee e, MRS AW AE, 3ol Alx Wyl o
g dart v

79 HE e

W R eI, A AEe] A el AN St oldel Al elelA, 4] AEL AW

2 oA EEE g4 3 o Eude I # 39 TP sy ol A ddlA, 3] Fe

e e N e A L ) S

7] AFE, WA EWe] dhel, o 50m o4 (oF o1, o 100m o4, o 50m 4] o 300m, e 50
)3

mm WA 2F 400mnm, 2F 50nm WA 2F 500nm, ©F 50nm WA °F 600nm, ©F 50nm WA 2F 1000nm BEE= 2F 50mm Wi
2] ¢k 2000m)e] 99} Ze] (indentation depth)E& uwel, of7]el 7iAlE wie} 2, wW23H| A YR}
(Berkovich Indenter) A% Algd o] SHE L=, 12 GPa o’+s YERE U=Z YA S VeI

A7) AEL, o7ldl Z1AE ulel 22 Holu] AlE (Taber Test)E AFE-3}o] 500-Alo]E mlE Fo] WhA-HEX]
EH Ao SAE vke} 22 uetRAdS vEhdnh. sk oo A oldlA, Y] AEE 74 (aperture) &
z¥= glo] = E (hazemeter)S AME3le] SAHE Ao 2| ¢k 1% haze o]3tE X3l (WA-X] THAM =
A wel Z22) UntRAdS veda, 974 A7l FEE oF 8 me] AAE Zkerh. sk o4 A
dof A, A7) AEF F 12m olske], AXE Av)A 93] SHE A=, Pt AFY] RagE X Fse (WA
WA el S vkt 22) uintRAS dERdTE S o]l A oA, 7] AlF, 600nm ol
A 2mm FACE, Atk F48 olv|X| Tt (imaging sphere)E AME3le] FoA 2 iR FHH FHow,
oF 40 o]3te] = A& Z} (polar scattering angle)oll A, (1/steradian® ©$1&2) ¢ 0.05 o]&te] Abed 33
& (scattered light intensity)E X&3sh=, (WRAREXA] ZRd SHE viol 22) UviRAdS vebdth
g2l F9-ol A, 7] AFL, 600m FolH omm FHOR, Agk FSHE o] L5 ALt FabolM 423
AR SAHE AoR, oF 205 o]3te] = Ak Zol A, (1/steradian®] @ =) °F 0.1 o]ate] A&t F =&
ZEeE (AR a2 S4 9 vkel 22) wiRAdS YERT

Sty o] e A oY AES F FHE /T F AREY #A-AA e FE FsE YERIT. s o]
Aol A ool A, Y] AES Fs 3 A9 (regime) (& 59, °F 400nm WA °F 800nm HEi= ©F 450mnm

A ok 92% o] (A& o], <F 98% o) (7 WHAL-wrx] mwolAM Y S7g%)
W F FAES vepdoh. 29 A odA, A7) AlES 38t 3 el A ¢F 2% olst (g o], ¢
1% ©lsh) 9] (2] WAL-wx] oM S4%) Ho F VAMES Yepdd, A7) AlEe A7) #d 93
of 43 o 1 HAIE ¥JE o|sle] H FF £ (oscillation amplitude)S b HAd F F3& T+

o of
e
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I URAES UEd Atk S o)lake]l Al Ao, A AEES oA wal-wx] ZWHoAvE A9
Aoz A Pt A ok 14 o]sle] H EEF HEAME (photopic reflectance)S YERTH, WE LA oo
A, A7 AFES 9 10% mvke] @7 whAl-MEx] FHAabell A i Z-FF A} (AF B9, 0-10%R)lAH =
AE, &= Jo X EY dALES Yelhdn, 2Y A oo, 7] -l Hd L ET HARES oF 9% o] 3},
oF 8% ol3f, <F 7% ©lsk, <F 6% ok, <F 5% olsk, <F 4% o3k, °F 3%, & oF 2% olstolt}.

P22 Ag-olA, AF, FY (illuninant)& ARE3ste] RRAR-REA] TN 2 A9, 7% £ 7t (reference
illumination angle) &2 H-E] ¢F 2= x| ¢k 602 oA UAF &% ZF (incident illumination angle) 2.
2 °F 10 H¥ (& E°], 5 °l3}, 4 oJ3t, 3 olat, 2 o]a} e oF 1 ©]gh)e] (of7]e] 7AlE wie} ) 7
T A Wsk (color shift)E YeERITH disE#<l #9& CIE F2, CIE F10, CIE F11, CIE F12 3 CIE D65 &
oL SUE EZEFSE. st o] FA oA, AES < 0 WA F 60 W el EE A 29 ZollA
CIE L#, a*, bx A =3 A2 (colorimetry system)ollA 2 m]gke] b+ kS veld 4= Qlu}. Melxo=w wi=
F7rA o g, "2 A o] AFL, of7|e] AHeojH wpe} 22, 7R (reference point) SEF-E of 2 uw|Rke

S Zte 2 YgAblA RA-ER] gdel SA"E Fos A (B FHE A Z3E (color
coordinates)) H/WE WHALS A4} (s WAME A 2H31)S vepdth. sl oo 4 oollA, A7 71+H
2 Lraxbx M4 b (B A HH ax=0, bx =0 E& a*=-2, bx=-2) Ei= 7|¥9| F& Fi= WAL A 3
ol A4 (0, OY & Uk, A7) 71" A% A ¥, 71l A HE 2 A #Ax (ax BW/EE bo)E
D65 R/HE F2 39 stellA] #FATH. HE A dolA, of7je] 7" 33 deS, F2 FY &ax9 oY

1 =

22 B4 Zlste] & o mAMQ AoR R, F2 ¥4 sholA nahc,

-

shup ool Al ool A, RARA] F" e vl S5 XS 5 dvk dE S0l B2 A delA, AT
HA-A] FES A1 A RI 2 2 A2 3 Rl 2 Z3etE F7] (period)E E3ath, A7) F7]1= Al A RI
Z 2 A7) A1 A RI 24 X9 A2 3 RI, 5 2 8|S 238 ¢ gk, 22 A doA], 7] F7)
= A3TE TIE 5 AU V] AREA m"e AL A RI 5 R A2 a2 RI Fol WEol Yo es v
F71E A Slth A7) WA SR oF 10 B 20 T 29 ¢ 9l

2R A delA, A7) 33 ZES WA T 2. WaaHAd Fol x3dE A, olHd F
S AR 52Y el wiA " gdvk. thE A dlellA, A7l a3 gAY 28 SRR 2" 7]
& Abelell wiAlE Y. tEA QD WAAWAE T2, o7l Ao npeh g2, wlEaHA] 4iat A= AlF
& 4% Ao o 8GPa WA °F 50GPag] WA AW A=S verd 5 Ut

471 MEARAY T2 7133 RARA] 2" Abolo]l wixlE ¢ gk, R A ool A, A7) RRARA] A
B2 A7 A Ag Sol AT A2K-E Abolell wMiAH =S A2 B2 ARES IFE ¢ dv. A
7 W-2=3a g x4 F=9 F7= 9F 200 nanometers WA F 3 micrometers® WY 4 AT},

Al A ool A, AlES oF 1.8 23] 2dES Zie 55 TEE 5 Adu A SOl 282 5 de =4
3L

[e)
£ SiN,, SiON,, SiALON,, AIN,, ALON, = o]e]

WY AR, 47 AFES, AY-Fol4 mY, tholobEE-g Ba (DL =Y, W-2AgAY nY mE
ole] 2T P, RHHQl & EFY 4 Ak old@ BYL wAUA mY o] E WA-PA 27
55

47) AFE st ol el
4 g 20 o w37
=

g Aetd 5 du, 47 frels Helw e x

B7) 4 S (09) F& AT 2 WA BeHoR Zokd feo FUORRY HolE o 10me] Fo
ol (OL)Z 3% = vt

RAAHQ B4 W PR 3] PAT AP NEB Aolm FRAOT 3] HAF WPORRE s|Eiol
o FAAA FUSAY, T a7 FAT 2P, FTFED ol AYH EWS TFshe, o/l AW

TAH S AFAA GolstA 1AE Aol

A M371% 2 7] A 49 BRE s qAH gela, FTF B ¥ 5L ol A%
Ao EE EAYE AFHES omd oz olsd otk FuEE EWe ® O oldg AFs] b
EFHT, ¥ GAAN EQEM, B GAAe AvE THAY. SWe it ol A A8 dAstn, 44



[0021]

[0022]

[0023]

SS90l 10-1950564

ok
e
o,
i)
i
=
o
o2
ok
-
__)ﬂ‘
2
fo
o,
i)
S
B
ot
o
e
o,
ol
ok,
N
Ho
:%
2
ofl
)
v

A ellol utE AE| Zwwolt,
% 2% sht ol A ool whe A Sumolrt,
it oake] A ool me AFE] FHmo|T),
A ellol utE AE] ZwEoltt,
it oake] A ool me AFE] FHmo|T),
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16, 107 #EAS AREsto], thE Alopzil A v Fdstel Wb S yehlle A o 99 A%

7L, 10° FHAAE AFEEE], thE AlokZollA |, Q2 WhAl-wEx] gyo® Axtw, mwl AAl o 109 WAL

188, 107 #EA4E ALgste], the Alokzel A the FAstel whb A2 tehils 24 o 109 AF)

195, 10° #EAS ARSSte], thE AJopzellA, e whA-A] FHow Ak, 2y AA] o 119] vhAb

202, 10° #EAE AHgstel, thE Aokzel A thE Fastel b Age tEhlls A4 o 119 AE

= =
wbA} Aol o)
£ 218 9] ol % ;W Fre] grol mE 4w 49 oAeht el

Wy A7 Hek A g

ofst Fxi T A ol tial i FANA BEAD Aolm, olg] AA AES FukHE Ewle] AW

T 18 #Axsd, st ol A oo WE AE (100)S 71 (110), D A 7)ot wixE 33 mE
(1200 xgg & Utk 47 718 (11002 iy & w4 (112, 1149) 2 oy F x4 (116, 118)&
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[0027]
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S=54d 10-1950564

5 , AL dE T = dalel EE FrrHeR, A2 oY F 3W
(114) 2/E== dig §F 39 5 sk e = Ao wixld & k. A7) 33t 29 (12002 A=A 349
(122)5 @43t
471 B 1" (1200 Aol= shte] B4 Aok shte] S5 XFatt. &of "T'e O & T F
A, EE s o] ME-F& X ¢t olEe HE-F AR A JFE F Aok A7) ABE-
T2 Y BF e E ol tE EAZ FAE 5 vk, sy ol de] AelHd A oollA], o] A
H-22 o]& Alolo] vixl® 2 EZo] 715 (intervening layers)S 7F2 4 dtt. s} o]Ate] F+4] o
A, T2 By ol A4 R dE T F/Ee s o] EAE 3 $H T (interrupted layers) (5, A
2 2 EAE vE EAS e 3)E IR F Jdv. T EE AE-F, EASE AR (discrete
deposition) = 1% 2 FAHE Eslele, 7|eRobdA ¢zl ofd Wl o] P& = ). 3 o
Aol A dlelA, A7l T& FUA A% A T, e dEyoer, o4 EAdE A FAS AFESH

CEEECS

P ;Y (12009 FAE o Lm o3 F QAT A3 ool JAE P 5 dehlE A%S AT
b wg A4 dlA, 7] F =Y (1200 FAE o Lm WA ok 20im (AF Eo1, oF Lm A o 1o,
E o Lm WA oF 5m) ol WAL 5 ek,

of7lo] ALE mish R, Bol "MH" slERopl A LR ofW WS Agdtel EUYOR BAL ;.
% /mEE gAett A THAT. uAR BAe, ovld Adw e ge, 3¢ T Ak BT
AR, Bhe wwd 43 9EHES wpugen 2AL d4ddt 498 TEen, 9 w9 iAn B
Ak EW Aole] sht olabel 1 BAR, 2ol mudel @AW 49E LR B4 2L, oo 4
o wst gol, 2 THT & Avt

T 204 dpERA vle} o], 7] 3t =E (120)2 el T (1304, 130B)S XTI 4 e, WA =
9 (130)& Esgheteh. shu o)ide] FA] dlolA, A7) WA =29 (130)2 & ol F& Esste 571
(132)& 23 ¢ drk. skt o]de] A4 oA, & ol T2 AR bE =4ES Ze 3s 5HesE &
k. sl A dolA, F7] (132)= Al A RI & (130A) 2 A2 32 RI &= (130B)S Ed3t;. Al A
RI = 2 A2 32 RI 59 F4EdA 2ol 2k 0.01 o], 0.05 o)A, 0.1 o]A T 0.2 o] 4d & AUtk

A RI & (130A) 2 A2 I RI & (130B)S ¥gstx, ve F7171 A%
A1 A RI & (1304) 2 (A& H&)] "H"

= 20 UpEbd vhsh o], Ab7) whAl-mA mE (130)& tRe] 7] (132)F E#E 4 k. ©al F7]E A
9 CRE 2
H"= Z
SA-gA = (12009 BelE e et
5

) 1]
=S YehiiAl, g9 9 &A1 L/H/L/M E= H/L/H/LZ

ndiEth, = 29 AA] oA, HRAEA] = 3718 Xt 29 A oo, HAL-RER] =
(130)2 25F717h4] 28E = duh. odF £, WRARSA 38 (130)2 oF 2 WA <F 20 7], <F 2 WA oF
15 7], °F 2 WA °F 10 71, ¢ 2 WA ¢k 12 F7], ¢ 3 WA % 8 F7], ¢k 3 WA ¢k 6 F7IE 2T
T Ut

T 3o YERA A ool A, B :E (130)8, A2 i RI = (13B)REU ¢ v FdE 248 g
F e, F7rHel A = (capping layer) (131)& ¥EgHst o= vl 292 34 oA, F7] (132)&, = 3
of vtebd whe} o], skt o] A3F (1300)S X8 4 Q. 7] A3 (130C)> A RI, i RI E& F
7 RIE 7FE ¢ Aok, 22 FA oA, 7] AT (E) =

(130C)& A1 A RI 2= (130A) E: A2 1 RI
] A3= (1300) A1 A RI = (130A)9] RI=}F A2

ORI Z (130B)¢] RI Atolo] Q&= 3+ RIZ 714 4 b, A&dow A7 A13% (1300)< 2 3 RI
(130B)& Z7sle Z2HES 7H 4 Aok, A7) A3Ee thgd] dmAel Mo wA-wA =8 (120)9] A
2 4 Adv: Las=/H/L/H/L:  Hae=/L/H/L/H:  L/H/L/H/Las=:  H/L/H/L/Mas=:  Las=/H/L/H/L/Hags=: Hays=
JL/H/L/H/Las=;  Las=/L/H/L/H;  Haqs=/H/L/H/L;  H/L/H/L/Lgs=; L/H/L/H/Hq3=; Las=/L/H/L/H/Hqz=:  Has=
/H/L/M/L/Las=; L/Mxs=/H/L/M/H; H/M/L/H/M/L; M/L/H/L/M; 2 o8 2. o]& udalA, ot HAt §le
"L A1 A RI ZS oujsta, ofell W F 9 "H'E A2 i RI ZE oJuFTh, "Ly an a0l E 7]ES

ofj

5 - [ = =) U= d =
A RIE 2= ABES Aueha, "Hyg aus'S I RIE Zhs A3EE guisie], "W'e, 2E 1 5 2 27 S
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[0030]

[0031]

[0032]

[0033]

S=50d 10-1950564

o7lell AR wheh Z2, &of "A RI", "a RI" & "FTZF RI"2 & RICl Widh Ad @& ot (& &
aL RD). skt ool A oollA, §of "A RI"=, Al A Rl 5 H= A3 7 A

o, I <

&8 A%, oF 1.3 WA oF 1.7 mE 1.759) WS TFRch sy olabel Al ool A, ol " RI"E, A2
BRI % wE A3ET @A AR AF, oF 17 WA oF 2.5 (g Ho), oF 1.85 ol4hel WelE Taact
WY A oelA, ol "F2 RIE, AVl AET WA AREE A%, oF 155 WA of 1se] wels
EgUT. BR AN, A R 2RI R B¢ R 9@ 9AE $RE 5 Atk et e

A4, WA =Y (130)8] F€, A RI < F3F RI < 3 RI9| RIS ejshs dubsel 872 2,

) (1300)2 F7] (132)ZFH /WEZF (separate layer) o= AFd & UL
, 71 BE vy F718 A8 F (131 Abelel mixlE = ATk A7) A3F(E
S =] , = 5ol yERA mRel o], TR (11003 v F7
o AZE(E) (1300)S, = 6o vpebd mpe} o], 7
] 7P o ® AMgE = QT

(131) wialel == 74y ol ?7}’5}04 1"%7%1?_

ol)l-

(130)°l A}&3st=d Hds fgAded E22: Si0,, Al0s;, GeO,, Si0, AlOxNy, AIN, SiNx,
SiOXNy, SiuAl\,OxNy, T3205, Nb205, TiOQ, ZYOZ, TIN, MgO, Mng, BaFg,CaFg, SHOZ, Hng, YzOg, MOOg, Dng, Yng,
YFy, CeFs, altAF, 24 T#A (fluoropolymers), Ze}=ul-53 1%} (plasma—polymerized polymers), 4
=2 F4A (siloxane polymers), AAAF =4k, Egoln=, =43} EZ2joju|= (fluorinated polyimides),
Zooe|Zo]u]= (polyetherimide), Zgjoe|2A2E (polyethersulfone) Z ¥ d4E (polyphenylsulfone),
Z#7tH o] E (polycarbonate), Z#ol€#d e|dZee|o|E (polyethylene terephthalate), Zglod# Y=
gy o]E  (polyethylene naphthalate), o} J_IZ]' (acrylic polymers), S-#® L&A (urethane
polymers), EzjWgretolad#o]E (polymethylmethacrylate), -2 XA Foll Ab&st7]el 4g &7
of 18¥ o B4 ¥ Jlsiol 4z o8 EZS Xt Al A RI T4 AHgsked AEs B9
E‘:ﬂ‘;‘:ﬂ Oﬂi"i‘ SiOQ, AlgOg, GGOZ, SIO, AIOXNy, SleNy, S1uAlvOXNy, MgO, MgAle4, MgFg, Ban, Can, Dng, Yng,
YFs, 2 CeFs & ¥8hsit}. A1 A RI ol AMEs7] 98t B4 A4 g2 (5 5o, AlLO; 2 MgAl0,Z &
2> oA HastE = Qv A2 1 Rl Tl AREsr] Y8 Astst 4o 29 o2& Si AlLON,, Ta0s,
Nb205, AIN, Si3N4, AIOXNy, SiOXNy, Hf02, Ti()z, ZI'OQ, YzOg, AlgOg, M003 Ui] E]—O]O]—%E_’Gé %i% E@@'E} ZﬂZ
s 2 e B3] SiNx BE ANk EHoA H A3} 2

E} AION, A& M- E AN Aoz 1HE F ), 5, o5& AlNx 24 T2 (dE B9, AHof
37

A (wurtzite))E 7FA 4 9lar, AION 24 x5 74 Fer) ok, hxE A<l ugA s AION, i RI &4

i

Il = /

o FIF
|
[>
i
)
ox
of\
=
=
rot

L 30 atom% WA <F 50 atom% X"\% ksl 9F 0 atom® WA F 20 atom® Ak, = °F 5 atomb WA
°F 15 atomb AtAZ ¥ F Aok, fEAH vz SiAlLON, I RI E2L&, °F 10 atomb WX °F 30

20 atom®% WA <F 40 atom® T 2F 25 atom® WA <F

atombh T oF 15 atom% WA °F 25 atom® A, <
= 9F 1 atom®b WA 2F 20 atom®b AFA, 2 <F 30 atom% W

35 atom% LFV|E 0 atom® WA <F 20 atomh H=+=

of
2l oF 50 atom®h AAE X 5 vk, Aed EFS o 30FFWA St A7ME F v o3 #4ES
e BAS U5k 4%, 2 A o AN L/EE SONE H8F F Atk A2 2RI F L/EE -2
WA Fo Are BdHS EAY 5 Adrh. 2E A deA], wE2FAA YA AT Ao o3 SAHE A
o7, A2 xRl F %E/E+= YW-23dxAH F9o AW HAEE, oF 8 GPa o4, <F 10 GPa o], <F 12 GPa
o], ¢F 15 GPa o]/, ¢F 18 GPa o]/, H& 9F 20 GPa o/ & Arvk. BE AH9-A, A2 LRI T EFLS
9d Fow HEAE £ 93, yaIHAY TS S5HoE T F qdon, o @i FTL HEH AHx =F
(repeatable hardness determination)& 93 ¢F 500 WX] 2000me] FAE 7} 4 Qlt}.

shuf o] ke] FA ool A, WARRER] ZH® (130)9 F (8)9 Hox e §F
ATk, of7]el ARgE wHE Q% g0 "Fst FA"E (nxd)ell 93 AAEHI, o7
e, "d"= o EY4 FAE ougtt. sk o]l FA deA], wA-EA]
= 9F 2mm WA 9F 200nm, 2F 10nm WAl 2F 100nm, <F 15mm 1HZ] oF 100nm, <F 15 W o}
15 WA oF 5000mme] HLAdA B FAE 2T 7 Jrt. BE FA oA, 7] WAREA FE® (130) 04
= =2 ok omm WA 2k 200mnm, °F 10nm WA ¢F 100nm, (Z,k 15nm WA 2k 100mnm, °F 15 WA ¢F 500mm, HE+=

fd
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[0034]

[0035]

[0036]

[0037]

[0038]

SSS0l 10-1950564

oF 15 WA oF 5000me] RSl FE FAE 47 7 drk. BR AS-olA, 7] WA ZE® 0 (130)
o] TEY Aok st ¢F 50mm o] FI FAE Zevh. €Y A, 2479 All A RI T2 ¢F 2m
W] °F 200mnm, °F 10nm WA 2k 100nm, <F 15nm WA] 2F 100nm, ©F 15 WA] ¢F 500mm, T+= <9F 15 WA oF
5000mme] WejelA F8 FAE Zreth, e Ao, Ao A2 AL RI T2 °F 2m WA °F 200mm, ©F 10mm
WA oF 100nm, °F 15nm WA F 100nm, °F 15 WAl <F 500nm, =& <F 15 WA F 5000mme] H$jolA Fsk F
AZE zZk=th, & gE Ag-olA, 2449 A3E oF 2m WA °—, 200nm, °F 10nm WA °F 100nm, °F 15mm WA
ok 100mm, <F 15 WA <F 500nm, Hi= oF 15 WA oF 5000mme] WlolM Bt FAE zhet).
P

_I

W A oA, B3 mE (130)9 d} o] F9o FAE st=l § ). sl o)de] FHAl ol A,
I RI *(—‘é—) Q/EE F3RI F(E) FAE o8] oF 500m v =% sk, s o]de] 74 4
of| A, RI = (8), F7RI (%) 2/xx= 11 RI 2 57FRI =9 2389 2849 FA= oF 500m 7] 7o},

HY A ool M, Fe "ol A Rl =] 2 Hiskd

5 2o A= AL AskA
Aut, A Rl 24 Baxon =3, FAd 245 2 4 YA
= 5]

} A% 9 Ax UE o

0 oox ox [|f

2 A

A e, o @$2 Ax Edola, wEhA oldd 2dE& Haslele AL, o7 71AE vALE 9 A4
T FAANIIEA, AEE AU F drk. A7) 28 29 B84 FA FEoEA FAEHHE, A RI &
A gt 2y =24 T oF 60% vINE, oF 50% wIwk, °F 40% v|uk, oF 30% WIwF, o 20% v|uk, °F 10%
vk, = oF 5% wRkE e ¢ Ut E—”.*—,ii e Bbde=, A Rl 49 &2 38t 3" (5, 7]
el g3t 5, AR S e 37 5 Do FAR LRI 5 Aol MXEHE A RI 2429 BE 9 =
A FA Foz Agstd 5 ). o]Bo AHE AS dA= AN, 1 ALEE e 77 3L RI
TS B2 EE gREY 23fARRY s S (B FAE RI % 7% Abo)S aRH o Wttt u
A, FAE 2 RIF 9ol wiAE T2 JAA AlFe dz=adgx gl dis) 8§ a3E M & Adrk. o3
A% I RI F°] oF 400mmE Zehe B2 FAE 2ra, W23 X 4R A Aol 95 49 Ao
2 °F 12 GPas ZHete AL Ze A5 53 #dAo] vk, FAE LRI T (5, 713 g3t 5, A
2 & e 37 )l wixl" A RI 49 42 ¢F 150nm ©]3k, F 120nm ©]3f, F 110nm ©]3}, 100nm,

90nm, 80nm, 70nm, 60nm, 50nm, 40nm, 30nm, 25nm, 20nm, 15nm, H=E <F 12nm ©]3}e] FAE 712 4 .
P A Ao, W-919] FV-5 F&, EW AA o 899 yErd nkef o], 1 ARE wF vElE 1
RI & X8 + 9 P2yl A oo A, R7FARD 9 (140)2 o] W-9¢] F7]-F 3L RI F9 G el
Hixld ¢ 9tk (& B, F7HAR] IR A-nE 39, A4 Z®, Be AA-goH I¥E 28T F
Aeh) . ATkrr, BH O AA 4 100 o3 CAlE uiel o], wig- v FAE b (dE 59, ¢F 10m °]3},
oF 5mm ©]3F FE 9F 2mm ©]db) A RI F9 FUk=, AL RI 52 ¥8sts W-99 F7]-5F Fd Fr7id H$-,
= A RI T2 Si0, FA4 e A-vpzF T, £

o]’ F)eo] 0.4 Q)= tlolo}R -3 E

aE ZFE A

Bl ool Al del A, WRAl-HbA] =¥ (130)& ¢F 800mm ©]&te] E#F FAE zZerh A7) vA-EA =

8 (130)S 2F 10mm WA °F 800mm, ©F 50mnm WA] 2F 800nm, <F 100nm WA °F 800mm, ©F 150nm WA <F
ok

800mnm, <F 200mm WA 2F 800mnm, °F 10nm WA ¢F 750nm, °F 10nm WA 2F 700nm, ©F 10mm WA] 9F 650mm, <}
10nm WA °F 600nm, °F 10nm WA] 2F 550nm, <F 10nm WA ¢F 500nm, <F 10nm WA 2F 450nm, <F 10nm WA
SF 400mnm, °F 10nm 1H7<] oF 350nm, °F 10nm WA ¢F 300nm, ©F 50 WA °F 300, & o]E Alole] RE W H
ABE-RIeA =24 FAE 7H & U,

sty o] e A oA, A2 2RI T (B)9 238 =894 T+ 543k 5 Ut odE 5o, 29
oA, A2 3 Rl T ()9 =34 F4A= °F 100nm o], °F oF %

, 150mm ©]2F, °F 200nm ©]7, °F 500nm o)A

F At 239 FA=, $ AR S(E) B 08 T (8)°] d& A5F2AE, AR 28 (130) Wl
ME 3 RI T ()Y 749 Axdd 3otk 22 34 ooA], 1-Fx 4 (& 59, dg=E &=+ 4

datE 54)S =3 238 F U5, A2 i Rl S(H)Y 23E E94 A=, WA 399 F 284
T”'ﬂ-/] 0% 294 ¢ Yo, dE o], AV A2 LRI T (8)9Y 23d &84 FA=, WA-EA 7259
T 24 TS oF 40% o7, °oF 50% o], °F 60% o]/, °F 70% o], °F 75% o4, W= oF 80% oY F
At FrHAH R me dEAo=w, 3 mye] xIH, EHE I-FAE 244 =, 1 FHE EHY

e A= Sl
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of| o]
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- o [e) kU

oY, o

(3

l

SO T S
(@2}
=
=]

. (e}
-7 FrUE 233 5 k. FA oA, eI HgAE T v 2P ¢F 1 WPams 2ee 3
’d (fracture toughness) #t& YERNIL, FAldl ¢F 8 GPaE ¥ sle A% #hS Yehdt

471 aadAd 2 (= 79 vepd vke 22) &d T (150), t5 A E-5 = (= 8 yekd npep 2
=) ZEE T (345 E HEE HBE-TE Ee 9d 55 XFE 5 v 4s ol AHEE A, olgd
TES WERARAAY =Y (345) s TG, dE 50, W=AHAY =Y (345)L SIALONS =4 THiE

= dES S7F B A7) A dstEn

23S 4 Qlar, A7) s oAk Si, Al, 0 ® N9 & =
ZAE T T AL ALLslol sawa 4= . o3 Ful 2014 49 28U EYH, dge) o
o] ”Scratch Resistant Articles with a Gradient Layer"?l, W= 53&&Y A114/262,22435.9 & t] A 3]

F v sht ol
o8, WeIRAY F E

= T F8LS oF 6 GPa WA 9F 30 GPa, <F
GPa WA <F 30 GPa, 2F 9 GPa WA 2k 30 GPa, <F 10 GPa WA <k 30 GPa, ¢F 12 GPa WA °¢ 30 GPa °F 5
GPa WA oF 28 GPa, 2F 5 GPa WA °F 26 GPa, <F 5 GPa WA 2F 24 GPa, 2F 5 GPa WX <F 22 GPa, ¢F 5 GPa
WA oF 20 GPa, °F 12 GPa WA <k 25 GPa, <F 15 GPa WA <F 25 GPa, <F 16 GPa WA <F 24 GPa, ¢F 18 GPa
WA oF 22 GPa B ©o]E Alole] BE Hg W *1H HeAel A A A& L‘rE}Lﬂfﬂr shib o] e FH A ool A,

471 Wz Z'8E 15 GPa %23}, 20 %3, EE 25 (Pa 272 A AEE ved £ 9T}, skt
1749 A Aol A, A7) AT A %8— ¢ 15 GPa W= °F 150 GPa, ¢k 15 GPa WA °F 100 GPa, &+
oF 18 GPa WA ¢F 100 GPa ®$lollA Hdl A=E depdith. Hu d=s o9 Zolo HHdd 44 SAHE 7H
e 75'5 grolth. ol#et Hdl A= F2 oF 50nm o] T 100mm ©]A (E o], 2F 100mm WA <F 300mm,
(e}

°F 100nm WA °F 400mnm, <F 100nm WAl 2F 500nm, ©F 100nm WA 2F 600nm, <F 200nm WA] F 300mnm, <F 200
mm WA 2F 400nm, <F 200nm WA] °F 500mm, = 2F 200mm WA oF 600mm) o] 2 zlo]E upz} yrebvict.

9 =94 T+ °F I WA ¢F 5me] AL F ok, BE A oA, W
2aYgxA ZE B84 FA= F Imm WA F 3um, oF Inm WA <F 2.5um, &F Inm WA 2F 2um, ©F 1nm W
Al °F 1.5mm, ©F 1nm WA 2F 1gm, °F Inm WA °F 0.5mm, ©F 1nm WA 2F 0.2um, °F Inm WA 2F 0.1wm, 9F 1
mm WA 2F 0.05um, °F 5nm WA 2F 0.05mm, F 10nm WA F 0.05¢m, <F 15nm WA F 0.05um, <F 20nm WA
°F 0.05¢m, 2F 5nm WA 9F 0.05um, 9F 200nm WA 2F 3um, F 400nm WA °F 3um, ©F 800nm WA °F 3um, 2
olF Atole] BE WS H AE-HAY £ vk 2R A e, Y] aadAd 28 B4 FAE
oF Inm WA °F 25me] WY F Avk. BE BolA, A7 W-2aHAd 52 d3s we A-d3E &
°

sk 4 9lar, oF 200nm €]/, 500nm o] Ei= oF 1000mm o]l FAE 74 4 9l
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Sty o] e Al oY AE HoJk oF 500 AlelE $oll HolH Al wel vhAEA] 3 (122) Ao mRE
H o, gkt Wi os SAE vkel 22 UniEAgdoeR TiAlE 4 vk, thekst FE wiR A3,
Taber Industrieso] ¢J3] &% vlEA wlA] (abrasive media)E AFE38F=, ASIM D1044-99¢] WHAE Alg
wofl A & H el RS 9H]

= ]

214 Qltk. ASTM D1044-99¢} dAvtel WE vz W2 tE AZ9]
al E}

WHe7bsshal 54 7he R mE Ea ke E%ﬂ% AEsr] flske], thE Ble] whE wiA],
@H}X%H 71t 8L 2 (motion), ¥, &5 AREstel 44" o k. dE 5o, "vE A 202 BE
A ZeEhny o A 57 AR Al diel Ad@E 5 9le Aol vl ZiAE A ¢, Abghe e
= *Pﬁ‘rg EE At 3P e, F2 Fd 77 248 xdshs tE AEE Aol UirAe] Wt
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_16_



[0048]

[0049]

[0050]

[0051]

SSS0ol 10-1950564

e
»
i
i
i

HEHTE, of7]o] AREE Hiel T, TTt "HlolH A" ok 22T £3T &%= B oF 70%71A

= o4, Taber Industriesol|A &% Taber Linear Abraser 5750 (TLA 5750) % R ZZX|
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2 X E (source port)el AXa, 8§ mme AAS zt= A AFEste], AF Haze-Gard plus®E BYK Gardner
off 93] FHH dlo|=rHE AMEste] wlRW oA SAHE AR, ¢F 10% "R do]=E YERdT.

shub ool A oo AFE (10002 (o17]e 71AE =, F7FAQ 29 (140)S E3hshe) oW H7HAR] 78
o=z, 9 3y glo] oy s UwiEAS vtk 28 A deoA], 7] 101 = °F 9% ol&F, °F 8% |3},
oF 7% ©]3f, °F 6% olak, °F 5% |}, °F 4% ol3f, °F 3% o]sf, °F 2% ols}, °F 1% 1o} oF 0.5% ol3} T
ok 0.3% °lstd & Atk EE EAH A dolA, 7] AF (100)> °F 0.1% LH A<k 10%, <F 0.1% WA <F
9%, °F 0.1% WA °F 8%, °F 0.1% WA F 7%, °F 0.1% WA °F 6%, <F 0.1% WA % 5%, °F 0.1% WA °F 4%,
oF 0.1% WA °F 3%, ¢F 0.1% WA °F 2%, <F 0.1% WA °F 1%, 0.3% WA °F 10%, <F 0.5% WA <F 10%, °F
1% WA <k 10%, °F 2% WA F 10%, °F 3% WA oF 10%, °F 4% HA F 10%, °F 5% WA °F 10%, <F 6% HA
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9 2 M- A o] =25 YERATE
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2 e 5 g
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aoll A, 7] 713 oF 1.45 WA oF 1.559] Wl FdES
(11002 FHolx 5, Hojx 10, FHolkw 15 HE ZHolx: 20 M2 Ag  (ball-on-ring
H RAoZ, 0.5% oA, 0.6% 14, 0.7% ©]F, 0.8% o], 0.9% o], 1% o4, 1.1%
ol 4k, 1.2% o], 1.3% o], 1.4% oA 1.5% o] Wi 2% o]+l s} olake] thy 5 FwAle] ZwoA
o HHHYE (strain-to-failure)S YEFE F . 5F FA oA, 7] 7% (110)2 ¢ 2}
1.4%, °F 1.6%, °F 1.8%, <F 2.2%, °F 2.4%, <F 2.6%, °F 2.8%, & °F 3% o]’d9 skt o4 diy F+ 1H¥
el ol mielA Hit FAMPES Ve F Qi
3

AAE 719 (110)& °F 30 GPa WA ok 120 GPael ® 94 €A REu]~ (elastic modulus) (EE 9E8)E
Ueld 4= o, "2e Al A, 7] 7B 84 EEHaE 9F 30 GPa WA oF 110 GPa, °F 30 GPa WA oF

100 GPa, <F 30 GPa W= ¢F 90 GPa, °F 30 GPa W|=] °F 80 GPa, °F 30 GPa WA °F 70 GPa, °F 40 GPa WA
oF 120 GPa, ¢ 50 GPa WA <F 120 GPa, <F 60 GPa WA ¢F 120 GPa, & 70 GPa WX <F 120 GPa, ¥ °o]& A}

ole] RE W9l R An-wsd & vk,

b olgel Al clolAl, AR Jwe ABEAY £ o-gHE £ e, KOS £3T 5 A A
# el dmi s sl o, 9ne dRvedeelE fal,

o gFrlenzdeAoE feE TFATH FY WPA,
St olgel AEEel A AolA, 47 A% (110 (st

= 2
e ARA WL ETFF & QAY EE Aptelols Be, wAY TR THT & Uk skt o3

¢

&

e
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[0104]

[0105]
[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

o] uBtel oz dgdH A Aste] Are TA A (CD), &9 (CS), B S92 o] (DOL)e] e E el
7|Zste] A" 4 ok, i (CS)2 o3t ZololA A3t R W e B 2HAM SAE 5 dd
Ao CS #2 st 71 g™l S49 €S (CS)5E £33 4= Ak, f2 71 ol &5 538 o Jxs
HE 998 Y& AlxkE, CTe €S, &84 54 t, 2 DOLEFY AxkE 4= 9l S 2 DL 7] Eofll A
ez S AR SAHET. o)y d S Luceo Co., Ltd. (Tokyo, Japan)9lal A1Z+s, FSM-6000, 5=
= olet frAkgk A3 22 dPHoR olf Jhedk Ve ARES BH SEHY F4 FES ZFSA R, o]

Aste] A ¢kx, L S % DOLS FHA4sh= WS WAHo] "Standard Specification for Chemically
Strengthened Flat Glass"¢l, ASTM 1422C-99, % w* 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] AAAQ &S FxZ of7]d Edrt. x¥
9 SAZ, F9 719 B34y A, &9 33 AlF (S00)¢] e SAel &g, S0t AHA L
2 AR 2 449 w3 Wy, ol EFE WAo] "Standard Test Method for Measurement of Glass Stress-—
Optical Coefficient"©.2 ASTM ¥ C770-98 (2008)°l 7]A= L o]e] AAH W& Fx= of7)d &£44,
2 oHg Ay I 2, VlERokdA] dExl ol el oa 4", €S9 (T #Al= 582 69l
o3 AT}

(5814 6]
CT = (CS - DOL)/(t - 2 DOL)
A71M, ti el AEE BelA T (melth ¥ A ths AMelA, (T L (S H7bSAZ (PR

o7 BEAE L, B84 F7 t= micrometers (um) T millimeters (mm)E EA)¥ ™, DOL-S micrometers
(pm) 2 FAE T

shube]l Al oo, st 7] (110)2 250 MPa ©]%F, 300 MPa °©]%, olE E°], 400 MPa ©]’d, 450 MPa
o]4F, 500 MPa ©]4F, 550 MPa ©]4F, 600 MPa ©]4+, 650 MPa ©]4F, 700 MPa ©]4+, 750 MPa ©]%F W+ 800 MPa
ool TW (SE 7FE & Advk. A7) 23 713S 10m o)A, 15m o], 20um o4 (dAlE Eo], 25m, 30um,
35um, 40pm, 45pm, 50pm ©]4F)e] DOL /%= 10 MPa ©]4+, 20 MPa ©]%F, 30 MPa o], 40 MPa o4 (dE =
o], 42 MPa, 45 MPa, T 50 MPa ©]’H)o]X gk, 100 MPa ®|%F (dE o], 95, 90, 85, 80, 75, 70, 65, 60,
55 MPa °lah) @] CTE 7Fd <+ sitt. skt o]ke] 54 A delA, 73 7192 500 WPas ZFat= 1W CS,
15umE Z3}3k= DOL, 2 18 MPas Z3}38h= (T F s oS 2=

Z]ael AbgE ¢ Qe Wi e, RlE uE E 2wl agEAets, @7 dFvedYAolE #i
FAE v & dFVREAYACE Y 2AES Y F duh. olYd f2 2= ol u%
sl os) st or skl = Qlvh. shue] tiE el 28-S Si0, BO; R Na0E EFstaL, o7]A

(Si0p + Bx03) = 66 mol.%, 2 Nas0 = 9 mol.%elth. FA| oA, 7] F8 ==L 4 6 wt.%e] kst

Aol
5 wt. %7} H ==, 3
igl A oA, K0,

Mg0, ¥ Ca0 & A= s 9= X, 54 A4 oo, 7] 7ol AFEE fE 2AELS 61-75
mol.% SiO,; 7-15 mol.% AlsOs; 0-12 mol.% By0s; 9-21 mol.% Naj0; 0-4 mol.% K.0; 0-7 mol.% MgO; 2 0-3

mol.% Ca0E X3 4 9l

A7) e e = o di {8 2AES 60-70 mol.% Si0; 6-14 mol.% Al0s; 0-15 mol.% Bx0s; 0-15
mol.% Lis0; 0-20 mol.% Na)O; 0-10 mol.% K.O0; 0-8 mol.% MgO; 0-10 mol.% CaO; 0-5 mol.% ZrO,; 0-1 mol.%
Sn0y; 0-1 mol.% CeOz; 50 ppm PIRF As,05; 2 50 ppm ®|TF Shy0:E X &stal; 4714 12 mol.% < (Li0 + Na0
+K0) < 20mol.% 2 0mol.% < (MgO + Ca0) < 10 mol.%°]t}.

&7l 71

&

o Ad3gk & ttE R 78 RAEL: 63.5-66.5 mol.% Si0; 8-12 mol.% Aly,0s; 0-3 mol.% B,0s; 0-
5 mol.% Li0; 8-18 mol.% Na,0; 0-5 mol.% K,O; 1-7 mol.% MgO; 0-2.5 mol.% Ca0O; 0-3 mol.% ZrO,; 0.05-0.25
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[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

S=50d 10-1950564

mol.% SnOs; 0.05-0.5 mol.% CeOs; 50 ppm WFF Asy,Os; Z 50 ppm "RF Sh0sE X8I, 9714 14 mol.% <
(Lis0 + Nag0 + K0) < 18 mol.% 2 2 mol.% < (MgO + Ca0) < 7 mol.%°]T}.

A TA oA, 7o R Fdd dde dFEN=HAACE {7 RAAES dFY, Hojx shie] &7
4w wE A oo, 50 mol.%E ZFsHE Si0,, TS A dlolA FHoJ:E 58 mol.% Si0,, ¥ E T
TA oA HoJx 60 mol.% Si0E EF3tal, o714 H] (Al0; + BOy)/ANAA (5, /MEAL D)+ 1S

St o714 A7) AR HE mol %2 BAIE I, V] JEAE &2 55 AbstEolt. o] 7 RAEE,
EA A ool 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 Fgetar, o71A 71 Wl (Al + B/ ANEA (5, 7HEAS )2 16 233,

fu

ol

B
=)

T o2 A oelA, 7] 7]H2: 64-68 mol.% Si0y; 12-16 mol.% Nay0; 8-12 mol.% Al,O3; 0-3 mol.% BuOs;
2-5 mol.% K,0: 4-6 mol.% MgO; % 0-5 mol.% Ca0F EFshe de] dFnweAAlE f8 2485 23
T YL, 97]1M: 66 mol.% < Si0, + BO; + Ca0 < 69 mol.%; Na)O0 + KO0 + By03 + MgO + Ca0 + SrO > 10
mol.%; 5 mol.% < MgO + Ca0 + SrO < 8 mol.%; (NasO + By;03) — Als03 < 2 mol.%; 2 mol.% < Nas0 - Al.0s
< 6 mol.% 4 mol.% < (NaO + K;0) - Al,0s < 10 mol.%®|t}.

Aol A deoA, A7] 7182 2 mol% ]9 Al0; R/F= Zr0,, =5 4 mol% )49 Al0y /%= Zr0,

AgHo =z A7 75*3%‘ 7] (110)° ﬂi‘f T v-AsE ¢ e, f9 Ay rEs 233 5 k. 4

3 ) 2 AEkE], Mg0-Al1.05-Si0, Al=® (&,

MAS-A] =8y S Algal, 2/xs g-Ao u8A, B-2E54 ss, ©HA (cordierite), ¥ @F t]jag Aol

E (lithium disilicate)S ¥3g}el= F+ 2SS ¥9) A ¥3st 4 gk, 78 MY 73S

of7lell 71AE slstd et 3HE AFEste] AskE 4 Qo sk o] Al ool A, MAS-Al=El fE] ME
al

o 7)1 10,50, SG%elA ZakE 5 glar, oldl &) Mg ol thE 2Li'e] mES s 4= Q).

s o)Ak Al oo wE 71 (110)S <F 100pm WA °F 5 mm WY E8E FAZ M ¢ vk UiE 7
I+ (11009 &4 FAE °F 100pm WA F 500ime] HY (& E°], 100, 200, 300, 400 H=+& 500mm) <] T},
T oE g3 7l (11009 &394 FAE ¢F 500um WA ok 1000me] B9 (& E°], 500, 600, 700, 800,
900 T 1000m)olth. A7) 71% (110)& 2 1 mm 23} (2 Eo], < 2, 3, 4, == 5 m)e g% FAS
7 = ek, S o)l £ A delA, A7) 713 (110)2 2 mm o]3 T 1 mm IRk EE]H FAE
7b ok 7] 719 (110)2 B9 5o ¢S AlA E=e A7) 98 A dnkg F AW e A
g

WA =1

20 UER ble} o], WhAL-WRR] = -
g (130)o.23E 7|3 (110)9] wehd Aol (5, F ﬁ‘?ﬂ (114) b)) (% 10] =AE) D25 2 9

Rt

7] F R2¥ (114) ol A" vha-3= 39 (130)9 284 725 °F 0.1m WA oF 5me] HHd 5 3

A2 AgoA, F BW (114) ol Fze vhap-w2 59 (130)9] &84 F2= oF 0.01m WA °F 0.9
wn, SF 0.01m WA <F 0.8um, ¥ 0.01xm WA °F 0.7um, <F 0.01mm WA 2F 0.6um, <F 0.01mm WA F 0.5um,
°F 0.01gm WA <2k 0.4um, 2F 0.01xm WA °F 0.3m, <F 0.0Lwm WA 2F 0.2um, 2F 0.01wm WA 2k 0.1um, <F
0.02um WA 2F 1gm, °F 0.03um WA 2k 1gm, °F 0 O4um WA oF 1um, 2F 0.05um WA F 1gm, 2F 0.06um WA
°F 1im, 2F 0.07pm WA 2F 1gm, ©F 0.08m WA 2F 1ym, ©F 0.09m WA 2F 1gm, 2F 0.2mm WA °F 1im, <F
0.3im WA ¢F 5um, <F 0.4um WA F 3ym, °F 0.5mm WA ¢F 3m, <F 0.6pm A F 2im, <F 0.7um WA F 1
pm, 9F 0.8m WA ¢F Imm, HEE 9F 0.9mm WA oF Iim, B2 o]E Ato]o] BE W9 2 AHE-H WA F

Loox

_26_



SS90l 10-1950564

AT
[0121] of7lol 71AE AFe]l thEAQ A o= sh7] & 1-20] AFHT.
Z I
[0122] 12-% 33t 39S 28t umdd AF
A o A A2 ¢ B A ¢ C
= o] =HE =83 7 =4 E =83 7 =4 E g3 7
(nm) (nm) (nm)

ul Al 7] 1 1
12 Si0, 1.46929  |91.46 1.46929 83.02 43105 [79.41
11 ALON, 97879 |154.26 .97879 152.94 97879 |159.84
10 Si0, 46929 |21.74 .46929 27.14 43105 |26.53
9 ALON, 97879 |51.85 .97879 49.8 97879 |51.67
8 Si0, 46929 |14.03 .46929 17.12 43105 [15.47
7 ALON, .97879 2000 .97879 2000 .97879 {2000
6 Si0, 46929 |8.51 .46929 8.51 43105 [8.13
5 ALON, 97879 |43.16 .97879 43.16 97879 |45.34
4 Si0, 46929 |28.82 .46929 28.82 43105 |27.69

ALO.N, 97879 |25.49 .97879 25.49 97879 |28.38
2 Si0, 46929 49.24 .46929 49.24 43105 [45.85
1 ALON, 97879 |8.49 .97879 8.49 97879 |10.14
713 Rin| .50542 .50542 .50542
Z 3%t 39 T 2497.06 2493.73 2498 .44
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A 4 D A o E A o F
=3 =34 E 94 F| =42E 98 F| =48 =94 F
7 (im) 7 _(1m) A_(im)
&1 1 1 1
Si0, 1.48114 95.18 1.48114 36.3 1.48114 81.55
AlON; 2,00605 154.99 2.00605 149.05 2.00605 150.12
S10, 1.48114 23.23 1.48114 25.06 1.48114 27.6
A10.Ny 2.00605 50,7 2.00605 48.53 2.00605 47.69
510, 1.48114 14.82 1.48114 16 1.48114 17.43
AT0:Ny 2.00605 2000 2.00605 2000 2.00605 2000
S10 1.48114 8.7 1.48114 8.7 1.48114 8.7
5 ALON; 2.00605 43.17 2.00605 43 .17 2.00605 43.17
S10, 1.48114 29.77 1.48114 29.77 1.48114 29.77
A10.Ny 2.00605 24 .96 2.00605 24.96 2.00605 24 .96
Si0, 1.48114 52.22 1.48114 52.22 1.48114 52.22
A10.Ny 2.,00605 8.01 2.,00605 3.01 2.00605 8.01
o-7] 1.50542 1.50542 1.50542
28 T 2505.75 2491, 77 2491,23
AA 9 G A o H AA 4 T
=4 =4 E 294 F | 2EE =94 F| =2E =84 F
A (m) A () 7 (nm)
rod 1 1 1
Si0, 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
510, 1.48962 26.43 1.46929 26.54 1.49675 25,99
9 ATON; 2.07891 46.45 1.97879 48.63 2.06723 46.59
8 510, 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 S10, 1.48962 8,73 1.46929 8.56 1.49675 B 72
5 ATO:Ny 2.07891 41.35 1.97879 44 .1 2.06723 41.51
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 2342,
2 S10, 1.48962 52.68 1.46929 50.28 1.49675 53.7
il ATO:Ny 2.07891 7.36 1.97879 8.95 206723 T2
P B f-2 1511 1.50542 1.50542
Z 4 I35 FA 2481.22 2494.,75 2482.51
=z 2
16-% 338 Z8YS X33 AFE
AA o T AA o K AA o L
=3 =48 B4 FA|EHE = FA|2HEE =94
(nm) (nm) (nm)
ovd 1 1 1
Si0, 1.46929 91.07 1.46929 91.28 1.47079 88.31
A10.N, 1.97879 163.1 1.97879 163.28 1.95183 157.24
Si0, 1.46929 9.33 1.46929 9.01 1.47079 7.14
AIO,N, 1.97879 96.4 1.97879 97.14 1.95183 108.17
Si0, 1.46929 24.03 1.46929 23.95 1.47079 27.86
A10.N, 1.97879 41.3 1.97879 41.26 1.95183 31.47
Si0, 1.46929 47.23 1.46929 46.9 1.47079 63.22
AIO,N, 1.97879 38.69 1.97879 38.64 1.95183 30.41
Si0, 1.46929 20.25 1.46929 20.35 1.47079 27.81
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7 AION, 1.97879 2000 1.97879 2000 1.95183 2000
6 Si0, 1.46929 8.56 1.46929 8.56 1.47079 8.39
5 ATOLN, 1.97879 44 .1 1.97879 44 .1 1.95183 45.24
4 Si0, 1.46929 29.35 1.46929 29.35 1.47079 28.73
3 ATOLN, 1.97879 25.95 1.97879 25.95 1.95183 27.21
2 Si0, 1.46929 50.28 1.46929 50.28 1.47079 48.4
1 AION, 1.97879 8.55 1.97879 8.55 1.95183 9.21
7] 3 7 1.50542 1.50542 1.50996
= 33t 35 FA 2698.2 2698.6 2708.79
A o M AA 4 N A4 4 0
Z =z =45 29y F| 2EE 93 F| FEE 5938 F
A (m) Al (nm) A (nm)
o =] wod 1 1 1
16 Si0- 1.47079 92.73 1.47503 93.15 1.48114 88.58
15 AIOWN, 1.95183 156.68 1.98174 162.83 2.00605 158.86
14 Si0s 1.47079 Tt 1.47503 15.52 1.48114 10.2
13 ALOGN; 1.95183 102.39 1.98174 74 .88 2.00605 95.49
12 Si0- 1.47079 27.78 1.47503 16.04 1.48114 20.08
11 ATOLN, 1.95183 30.01 1.98174 60.83 2.00605 44.79
10 S10- 1.47079 64.5 1.47503 23.28 1.48114 41.36
9 ALOWN, 1.95183 27 A2, 1.98174 49 .82 2.00605 40.02
8 Si0. 1.47079 29.06 1.47503 12.2 1.48114 19.18
i ALON; 1.95183 2000 1.98174 2000 2.00353 2000
6 Si0s 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 A1ONy 1.95183 2720 1.98174 27 4 2.00605 24.91
2 Si0, 1.47079 48 .4 1.47503 81,3 1.48114 52.29
1 ATON, 1.95183 9.21 1.98174 9.4 2.00605 8
7] = =] 1.50996 1B 1.50542
= 33l 58 A4 27086.05 2680.86 2685.29
Al A P HA 49 Q O I N
Z =3 =45 293 F| =EE 294 F | =EE =9 F
7 (om) (i) (i)
of) A =71 1 1| 1
16 Si0; 1.46774 89.81 1.47172 92.97 1.4952 89.3
15 ATON; 2.04423 148.85 2.05892 149.36 2.,08734 150.63
14 Si0- 1.46774 27.95 1. 47572 25.6 1.4952 9.14
13 ALOGN; 2.04423 53.42 2.05892 52.83 2.08734 | 98.24
12 Si0- 1.46774 39.06 1. 47572 38.26 1.4952 19.24
11 ATON 2.04423 40.17 2.05892 39.2 2.08734 40.7
10 Si0- 1.46774 54.76 1. 47172 51.09 1.4952 39.66
9 A1ON 2.04423 35.8 2.05892 3617 2.08734 37,3
8 Si0s 1.46774 26,97 1. 47072 2.5 1.4952 17.82
7 ALOGN; 2.04423 2000 2.05892 2000 2.08734 | 2000
6 Si0- 1.46774 851 147172 8.51 1.4952 8:72
5 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 ATOLN; 2.04423 24.84 2.05892 24.84 2.08734 23.76
2 Si0s 1.46774 50.45 L. 47172 50.45 1.4952 53.63
1 ATON, 2.04423 8.19 2.05892 8.19 2.08734 | 7.22
7] = 521 1.50996 1.50996 1.50996
= st m19) FA 2680.2 2673.64 2665,82

[0125]
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[0126]
[0127]

[0128]

[0129]

SS90l 10-1950564

AA 4 S
= =4 =45 =214 F7 ()
i A rowd| il
16 510, 1.4952 92.38
15 ALON; 2.08734 150.06
14 Si0- 1.4952 10.05
13 ATON; 2.08734 96.93
12 Si0, 1.4952 18.89
il A1ON, 2.08734 41.87
10 Si0, 1.4952 40.14
9 A1ON; 2.08734 37.64
8 Si0, 1.4952 1%.58
7 A1ON; 2.08734 2000
6 S10- 1.4952 8.72
b A1ON; 2.08734 41.04
4 Si0, 1.4952 29.92
3 ATOLN, 2.08734 23,26
) Si0- 1.4952 53,63
1 ATON, 2.08734 7.22
7] Sl 1.50996
= TA 2669.12
3E 1R 2004 yER ukel gol, 3 BE Fo B FAE, M F FAE ZE daadxg T (F
NI A, ¥skd 7 Ak, TEC digk 284 74 Hele 1 3-49] vEbd ukel 2S¢ k. Ar)elA A
A 16-F % 12-F EFoA, 5 72 7FF & =98 FAE Za, 33 19 2 AlFed uste] e A=
D YWaIHAdE FAdt. & $& P 2 B FAE ZAEE wEoldE & e AR ol ook g
o ey, olE 54 AAlA, FAL F (o] B, T (7)) 9 F oo dIudx G T (impedance
matching layer)-<, 3 3o YER vke} o], AL Fo FAE A A Z B3t AA A
(optical design freedom)©o] gItte= AL 9w sttt
Z 3
EAQ 12-F 43 ZY o gk & T HH
= Ha A
12 60 120
11 120 180
10 20 30
9 40 55
8 10 20
7 150 5000
6 5 15
5 35 50
4 25 35
3 20 30
2 40 60
1 5 12
Z 4
EAQ 16-5 43t ZYol gt & T He
= Ha Hd
16 60 120
15 120 180
14 5 35
13 40 110
12 10 45
11 25 70
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s==s4

70
60
40
5000
15
50
40
40
60
15

20
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150
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AL 3" A7 AEgE 2 3" A4 Alolth, wbgA rtae AA 9 abhola, "FE (B BEA) JtAae ol2
Zolt}, A e FFE Y& 13.56 Mhzol A F4 F34= (RF)o|th. dFvgFd F349 39 E DColth
[0139] WA @R FR7E wrEolXE AvEE $4 24 E 6o YEhdt
[0140] F7] 39 F (340 E 345A-1)2, AAX 0T H4U ZAHES ZE F (F (340)) 2 A= vlugt 4§, 3}
SOREFEH v QA TOoE v Fo] 2AES WIAIA FAE FHE v (T (345A-3451))F e, o
ol =& ¥gsta, adA, & 5ol ekl ukek Zo], 2.0152RE 2.0792 A e dxdor FHEFO
S7tsttk. SE (845B-D % 345F-)9] =HELS SAEA AW, JiERobe 4 WRel 7]x3d
BrrATh, AA o 1o wet AlFtE AlES e 9 e Aol A 1% ofHfe] W& A wlale] w
FPE W Fg 7)o faadxg 2 etRA S vlaste] A JiAE WietRAd S UERAT
Z5
[0141] AA G 19 F=
= 71 &4 550mell A =HE B =84 T
T8 A - 7] 1
43} ¥ 1 Si0, (305) 1.483 87.84mn
Si ALON, (310) 2.015 147.92mm
2 Si0, (320) 1.483 20.32mm
Si,ALOWN, (330) 2.015 49.63mm
3 Si0, (340) 1.483 11.86mm
Si,ALON, (3454) 2.015 84.11mm
Si,ALON, (345B) 2.031x 88.54mm
Si ALON, (345C) 2.047x 92.98mm
Si ALON, (345D) 2.063x 97.41mm
Si ALON, (345E) 2.079 1219.51mm
Si ALON, (345F) 2.063x 97.41mm
Si ALON, (345G) 2.047x 92.98mm
Si,ALON, (345H) 2.031x 88.54mm
Si,ALON, (3451) 2.015 84.11mm
4 Si0;, (350) 1.483 8.38m
Si,ALOWN, (360) 2.015 45.98mm
5 Si0, (370) 1.483 33.21mm
Si,ALOWN, (380) 2.015 24.96mm
6 Si0, (390) 1.483 60.17nm
Si ALON, (392) 2.015 8.78m
7| - AS fre] (500) 1. 51005
_ = 3E] %7 2444 .64nm
X6
[0142] AA o 19 Wk DC/RF vH5A ~HEHH 34 =4
() Ar 38 | N2 38 | 02 && Al Wrf Al Wdc Si Wrf | P (torr)
(scem) (scem) (scem)
305, 320, 30 30 3.3 75 50 500 4
340, 350,
370, 390
310, 330, 30 30 0.5 200 300 500 4
360, 780,
392
345A, 3451 30 30 0.5 200 300 500 4
345B, 3450 30 30 0.5 200 300 500 3.5
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[0143]

[0144]

[0145]

[0146]

[0147]

[0148]

[0149]

SS90l 10-1950564

345C, 345G 30 30 0.5 200 300 500 3
345D, 345F 30 30 0.5 200 300 500 2.5
345E 30 30 0.5 200 300 500 2
B AA] o 2-3 & 2 B o 4
BEH Al o 2-32, of7]o] 7|AE nie} e, FE ZHO A dF X FsE AF WAE ~FEHS ¢
Z37] 93 mdwS ARgst. 2 AA o 2-504, 33 FmEe SiALON, ® Si0, =&, 2 ¢ 58 mol%
Si0,, 17 mol% Al,0;, 17 mol% Na,0, 3 mol% MgO, 0.1 mol% SnO, 2 6.5 mol% P,0s¢] HEAN XAES 2= 73}
H dFEA A ACE F 7|HE EFII.
Y B digk 245 A A4S AAs] A&, 4 Z® 22 T2 o) BEE AMESte] oF 50T &
TolM A, dFnE, deE 4 dFuE 2¢E £ F-2VEHE, B 23 vt e (d7hH e
ZHE DC, RF & RF F3HE DC w4 2=uE ™ol & e o)y ol FAddt. 7] dolde 24
o A F¢k 200C7HA 7F9Har, 394 AFE z2te gAe AR HT. AFRE weA JlaE A B4R
MNaE XFSta; o2 BEA JhxEA AMEEHCU RF H9E 13.56 MhzolA A E gz FFHA,
DC F91E= Si B, Al B2 2 J]E Blo®m FEdct.
Zrzvel A" F 2 fa e (3] deEA) 2245 B AY E47] (spectroscopic ellipsometr
V)& AHEste] SARET. SAHE FHEES 1 Os EWH A d2-59] dist g A~FEHS ALEiEd ALS
Aoy, 28 A o=, oF 550mm gl BAF 3R orRE AUE Ao ASstE, HYE 9§ o859 N&E #
ol vd FHE S Ag3
B A o 2=, ¥ 7o) YER ule} o], AstE dFn| A AClE fa 7| (200) Aol wi", Az
AR Ao ExpA o g wiRE o= 12-2 #3 ZES ¥Ier}
¥ 7
B AR o 29] Fx
= =71 =3 550mA X FHE A e |
= A - 7] 1
B8k kAL FY 1 Si0;-a 1.4826 87nm
Si,ALOWN, 2.015 149nm
2 Si0,-a 1.4826 20nm
Si,ALON, 2.015 50nm
Si0y-a 1.4826 12nm
Wz =4 | Si,ALON, 2.015 505mm (28, €F 100nm U]
= =] oF 5000nme] WA 7}
HA)
3 Si0s-a 1.4826 9nm
Si ALON, 2.015 48nm
4 Si0ya 1.4826 33m
Si,ALON, 2.015 25mm
5 Si0y—a 1.4826 60nm
Si,ALON, 2.015 8nm
71 - AS ¥ 1.51005
B A o 29 AFe] v WALES o2 Aok AF W ZF e £9 ZF ("A0IM)elA AxtHE, HF
WALE 2AERS ® 9o YEbWTh. D65 B9 R F2 B9 dtel 107 #wAA ] N2, wAF e =E 37
a1, ax @ bx > F714 FE (regular increments)olA =2 YAIZFE 0=oA < 60=71A W3lw AQL
e YA 29 Zoz ZEFHU. WAL S YepdE 322 & 100 YERd
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[0150] B A o 3&, AsE dFuxAAclE f 719 (200) ol wixE, AR AR Ao &Aooz )
A9 FE& ZE 10-F 23 ZES 2T A7 FEQ AUHQ] FAs £ 8ol vEkin
* 8
[0151] T AA] o 39] Fx
= 7] o) 550mmol A =4 E A e R
¥ A - 7] 1
st 3 1 Si0;-a 1.4826 79nm
Si,ALON, 2.015 170nm
Si0,—a 1.4826 12nm
W= e 24 | Si,ALON, 2.015 350mm (2, ¢k 100mm
B YA ok 2000mme] ¥ 9ol A
A D)
2 Si0,—a 1.4826 6nm
Si,ALOWN, 2.015 69nm
3 Si0a 1.4826 18nm
Si,ALOWN, 2.015 20nm
4 Si0-a 1.4826 23mm
Si,ALON, 2.015 15nm
713 - AS e 1.51005
[0152] R A o 3] ASEe] whe] RARES T AJoke] YAF 2w Zb = 2] Zb (MAOIM)elM ARt AL, H
& AR A EYS = lldA etk D65 3 B F2 9 Shell 100 wEAR] 72, Wb AR Y
S, ax B obx §e T4 SRl FH QAFRFE 0%olA oF 607k WEkE A0l E= AR =1 7t

* h
9. A el e vl SRS = 12004 dEhin

0153 =y A4 o 39 B AL, WA N D Si0, FO 6-F WA-A =R D wA-uA =] gl A
a5 FYS TP, 2W uw o 45 vag, B v o] 48 BRI A, ole-ux e FHe
AR dols] goz @ Fo| N, L HelE dlols o= v 39 Si0E FHsed AgHn. ofF

o)
Mol el QIAF 23 Zeld B A (58 ((araga-(-1) +(btaga-(-1))E AFgate], ax 2 br FE

(-1, ~Dol thstel) A ek 2 o 450m WA o 650me] T WAl AW WE WAES TRAG. T o
w A o] 39wy vla ol 49] W WA W AP 2 A wskE ek,
¥x9
[0154] 2 AA o 3 2 29 vl o 40 )3k Ht whALE 2 Al WH3)
A < B WAL (ax,bx) = (=1,-1)°l thst 2|
450-650nm (%) hiaal
=3 24 o] 3, 10-2 SiALON, == ALON, /[1.5 15
Si0,
=l H)ae] 4, 6-2 Nb0s / Si0, / 254 =2[0.3 7.9
g
[0155] ¥ 994 veRE v} o], EW Bl o 4% ¢ W& Hg vAMES e EA, E=3 JPg 2 AR HE S

vebkiyh, B AA] o] 32, WS RhAREO] ta F7EA]
2 AR Z"e) Az g Alge]l 7] xste], B A o 3
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[0156]

[0157]

[0158]

[0159]

[0160]

[0161]

SS90l 10-1950564

Al o 5
A o 5%, X 109 YERA mke} 2ol 2 micrometer WAI XA & 8= 16-F #3F 2 T oF 58
mol% Si0;, 17 mol% Al.05, 17 mol% Nay0, 3 mol% MgO, 0.1 mol% SnO, and 6.5 mol% P,0s%] W& ZAES 2zt
T AstE dFu A E 7 Vws Xt
F 10
AN o 59 %
SV F71, 489 A% ] =45 524 T4 (mm)
(550nmel A1)
FH A - 7]
st A¥ 1 Si0, 1.47503 92.6
ALON, 1.98174 163.8
2 Si0, 1.47503 15.7
AION, 1.98174 72.3
3 Si0, 1.47503 16.5
ALON, 1.98174 62.9
4 Si0, 1.47503 22.5
AION, 1.98174 53.2
Si0, 1.47503 12.5
W-==32924 F ATON, 1.98174 2000
5 Si0, 1.47503 8.3
ALON, 1.98174 46.8
6 Si0, 1.47503 29.1
AION, 1.98174 27.4
7 Si0, 1.47503 51.3
ALON, 1.98174 9.4
- - AS £ 1.51005
%: 7Y %7 2684.3

AAl o 5%, 0.71%, 0.76%, 1.43%, 2 4.83%2] 0°, 30°, 45° % 60° o YA = ZollA D65 FHstol] F
3 sy el AA (5, WA-RA EW (122)29E S49) 99 LEIY JF AHES 247 dehic, 4
Al o 5%, 99.26%, 99.21%, 98.54%, 2 95.14%9] 0°, 30°, 45° % 60° 9 JAF =9 ZolA D65 25}l
Aok A Aol AA (5, WA-RA BY (122) Fdele] Z4%) B FAEL 47 e
.

A o5&, 4.80%, 4.99%, 6.36%, = 12.64%¢] 0°, 30°, 45° % 60° 9 YA} =W Zbol A DE5 2w s}l
Ak ug Jdde] AdA (5, UE F 2W (114) 2 AR 19 (122)25F SA-E) F XEBEY g dkA}
£& Z+7F JERdTE. AA] o 5%, 95.18%, 94.99%, 93.61%, 2 87.33%¢] 0°, 30°, 45° = 60° 9 YA} =
W Zroll A De5 ZHstol| 3 wg o] AA (&, Y F %W (114) ¥ dx -2 39 (122)S 33ty

aY)
=)
5]
fm
i)

<

SAE) ¥ EEY Ay B 44 dehdg

A 2= 7F EE 0kolA 605=9] AT B g9l D65 B F2skel M, AA] o 59 @ W (5, wAR-TA 29
(122)) ¥+ #4 (5, = 19 HH}—HW FEW (122) R 5 w9 (114))o] F wkabg 5l Fabe A Has
3F 11 (GE 11A-1ID) el A depditt, gl A e, VlEEokil A el whe o], 5 W (114) 24

)

B ORag g wAeS AZste]l SRR, A wEs thgel 2o Y (asmas) Hbsbe) ) S A8

_&
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[0162]
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A= AL, o714 ax, B b2 724 QAR (5, A0T = 0)ollM & A5 AFe) ax H br HEE HERT, ax,
ks

Zrol A & A5 AFEe] ax B bx FAEE

[RRSani=
F 11

[F 11A] 2A] o 50 s F9Q D652 A3 4 ¥ vAbE 2 F3b8 A HF (Y, Lx, ax 2 bw)
HWEALS | D65 34, D65
AOI |Y L* ax b AOL |Y L* ax b
0 0.7069 6.3854 -2.2225  [-1.0799 |0 99.2661 99.7155  [0.0176 0.246
1 0.7068 6.3845 -2.2203  [-1.0789 |1 99.2662 99.7156  |0.0175 0.2459
2 0.7065 6.382 -2.2135  |-1.0756 |2 99.2664 99.7157 _ 10.0172 0.2458
3 0.7061 6.3779 -2.2023  |-1.0702 |3 99.2669 99.7158  |0.0167 0.2456
4 0.7055 6.3723 -2.1865 |-1.0628 |4 99.2675 99.7161  [0.016 0.2453
5 0.7047 6.3652 -2.1662  |-1.0533 |5 99.2683 99.7164  [0.0151 0.245
6 0.7037 6.3569 -2.1415  [-1.0419 |6 99.2692 99.7167  10.014 0.2446
7 0.7027 6.3475 -2.1123  |-1.0286 |7 99.2702 99.7171  ]0.0127 0.2441
8 0.7016 6.3372 -2.07838  |-1.0136 |8 99.2713 99.7176 _ 10.0113 0.2436
9 0.7004 6.3264 -2.0408  [-0.9969 |9 99.2725 99.718 0.0096 0.243
10 10.6991 6.3152 -1.9986  [-0.9787 |10 [99.2737 99.7185  [0.0077 0.2423
11 ]0.6979 6.3041 -1.9522  [-0.9591 |11  [99.2749 99.719 0.0057 0.2416
12 10.6967 6.2934 -1.9016  |-0.9382 |12 [99.2761 99.7194  [0.0034 0.2409
13 |0.6956 6.2835 -1.8471  [-0.9162 |13 [99.2772 99.7198  10.001 0.2401
14 10.6947 6.2749 -1.7887 |-0.8932 |14  [99.2781 99.7202  |-0.0016 0.2393
15 |0.6939 6.2681 -1.7267 _|-0.8694 |15  [99.2788 99.7205  [-0.0043 0.2385
16 0.6934 6.2636 -1.6611  |-0.8449 |16  |99.2793 99.7207 _ [-0.0072 0.2377
17 10.6932 6.262 -1.5923  [-0.8199 |17 |99.2794 99.7207  [-0.0103 0.2368
18 10.6935 6.2641 -1.5205  |-0.7945 |18  [99.2792 99.7206  |-0.0135 0.236
19 10.6942 6.2705 -1.4458 [-0.7688 |19  |99.2784 99.7203  [-0.0168 0.2351
20 |0.6955 6.2819 -1.3687  |-0.7431 |20  [99.2771 99.7198  [-0.0202 0.2343
21 10.6974 6.2993 -1.2894  [-0.7174 |21  [99.2752 99.7191  |-0.0237 0.2335
22 10.7001 6.3236 -1.2084  [-0.6919 |22  [99.2724 99.718 -0.0273 0.2326
23 10.7036 6.3557 -1.1258 |-0.6665 |23 [99.2688 99.7166  |-0.031 0.2319
24 10.7082 6.3967 -1.0423  |-0.6414 |24  |99.2643 99.7148  |-0.0347 0.2311
25 10.7138 6.4477 -0.9582  [-0.6164 |25  [99.2586 99.7126  |-0.0385 0.2303
26 10.7207 6.5102 -0.8741 |-0.5915 |26 [99.2516 99.7099  [-0.0422 0.2296
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E 11A (AS)
wEALS- . D65 =32 D65
AOT | Y L a b AOT | Y L a 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 | -0.5409 | 28 99.2333 | 99,7028 | —=0.0496 | 0.2281
29 0.7506 | 6.7805 | —0.6266 | =0.5147 | 29 09.2215 | 99.6982 | -0.0533 | 0.2274
30 0.7643 | 6.9039 | —0.5476 | -0.4874 | 30 99.2078 | 99,6929 | -0.0568 | 0.2266
31 0.7802 | 7.0472 | -0.4712 | -0.4586 | 31 09.1919 | 99.6867 | —=0.0602 0.2257
32 0.7985 | 7.2125 | -0.398 | -0.4279 | 32 09.1736 | 99.6796 | —0.0635 | 0.2248
33 0.8195 | 7.4024 | -0.3283 | -0.395 | 33 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 | -0.3214 | 35 99.101 99,6513 | =0.0725 | 0.2214
36 0.902 8.1468 | -0.1414 | -0.2752 | 36 99.0698 | 99.6392 | —=0.0752 0.2201
37 0.9372 | 8.4567 | -0.0861 | -0.2264 | 37 99.0346 | 99.6255 | =0.0776 | 0.2186
38 0.9769 | 8.7973 | -0.0372 | -0.1764 | 38 08.0048 | 99.61 -0.0799 | 0.217
39 1.0216 [ 9.1699 | 0.0056 | -0.1256 | 39 08.9501 | 99.5926 | -0.0821 | 0.2153
40 1.0718 | 9.5758 | 0.0426 | -0.0743 | 40 08.8998 | 99.573 | -0.0841 | 0.2134
41 1.1281 | 10.0162 | 0.0743 | -0.0225 | 41 08.8434 | 99.5511 | -0.0859 | 0.2113
42 1.1912 | 10.4922 | 0.101 0.0204 | 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
47 1.6351 | 13.4424 [ 0.1751 | 0.2904 | 47 08.3362 | 09.353 | -0.0946 | 0.194
43 1.7564 | 14,1531 [ 0.1811 | 0.3424 | 48 08.2148 | 99.3056 | -0.0957 | 0.1899
49 1.8013 | 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 07.9299 | 99.194 | -0.0979 | 0.1806
51 2.2079 | 16,5427 | 0.1911 | 0.4936 | 51 97,7632 -0.0991 | 0.1753
52 2.3931 |17.428 |0 0.5409 | 52 97.5781 -0.1003 | 0.1695
53 2.5987 | 18.3592 | 0 0.5859 | 53 07.3724 | 98, -0.1017 | 0.1633
54 | 2.827 19.3372 [ 0 0.6283 | 54 07.1441 | 98, -0.1033 | 0.1566
55 3.0804 | 20.363 |0 0.6676 | 55 96.8908 | 98,7851 | -0.1051 | 0.1495
56 3.3616 | 21.4375 | 0 0.7037 | 56 06.6095 | 98.67 -0.1073 | 0.1419
57 3.6737 | 22,5619 | 0 0.7365 | 57 96.2975 | 98.5¢ -0.1098 | 0.1338
58 4.0199 | 23,7372 | 0 0.7658 | 58 95.9513 | 98.41: -0.1128 | 0.1252
59 4,404 24,9646 | 0 0.7917 | 59 05.5672 | 98.26 -0.1163 | 0.1162
60 4,8302 | 26,2453 | 0 0.8141 | 60 95,1411 | 98, -0.1203 | 0.1066
WAbE A wE We .0024 T A WME= 4| A 0.0001
= 3 dA}F (A0I = 0| aL: 1.9375 AAH (AOT=0 ° Y2 X E | 31: 0.1961
°) = A0l = 32° A} AOT = 60 ° 7}#] 2] =%
[e]
]
HRALE AlA WHE | A 2.0142
A= 77 AAF (A0T =] 3: 3.1215
0°) B A0I = 33- 60
[0163] Aol
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[0164] [E 11B] AA] o 50 thall FY F2E 2183 o ¥ viAs 2 Fapd A F3E (Y, Lx, ax 2 bx)
) =98 m2
AL | Y Ls an b AOL | Y L - b+
0 lo06618 59781 |-0.7261 | -2.007 |0 [99.3206 | 99.7367 | -0.0204 | 0.3099
1 0.6618 5.9776 -0.7239 [ -2.006 i 99.3207 99.7367 —0.0205 0.3099
5 106616 |5.0764 | -0.7173 | -2.0020 | 2 | 99.3208 | 99.7368 | —0.0208 | 0.3008
3 0.6614 5.9743 -0.7063 | -1.9975 | 3 99.321 99.7369 =0.0213 0.3096
4 0.6611 5.9715 -0.6912 | -1.9895 | 4 99,3213 99,737 -0.022 0.3093
5 06607 59682 |-06721]-19786 |5 [99.3217 |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 99.3225 99 7375 -0.025 0.3077
8 106594 |5.9564 | -05939 | -1.921 |8 |99.323 | 99.7376 | -0.0262 | 0.3067
9 0.659 5.9526 -0.5624 | -1.8903 | 9 99,3234 99.7378 -0.0276 0.3056
10 0658 |5.9495 | -0.5291 | -1.8518 | 10 | 99.3237 | 99.7379 | -0.0291 | 0.304
Tl 0.6584 5.9473 -0.4947 | -1.804 il 99,3239 99,738 —0.0306 0.3022
12 0.6583 5.9464 -0.4602 | -1.7451 | 12 99.324 99.738 -0.0321 0.2998
13 106584 | 50474 | 04263 | -1.6736 | 13 [09.3230 [ 99.738 | -0.0336 | 0.2969
14 0.6588 5.9507 -0.3939 [ -1.588 14 99.3235 99.7378 —0.0351 0.2935
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 -0.3138 | -1.2379 | 17 99.3201 99.7365 -0.0387 0.2791
18 0.6642 5.9993 -0.2945 [ -1.0907 | 18 99.3181 99.7357 -0.0396 0.2731
19 | 0.6669 | 6.0237 | —0.2791 | -0.9313 | 19 | 99.3153 | 99.7347 | -0.0403 | 0.2665
20 0.6703 6.0545 -0.2671 [ -0.7634 | 20 99.3119 99,7333 —0.0409 0.25
21 10.6745 |6.09%5 9576 | —0.5910 | 21 | ©9.3077 | ©9.7317 | —0.0414 | 0.2
22 0.6796 6.1387 -0.2494 | -0.423 22 99.3025 99.7297 -0.0419 0. 2¢
28 0.6857 6.1939 -0.2409 [ -0.2638 | 23 99.2964 99.7273 -0.0423 0.2
24 106929 |6.259 [-02301 | -0.1213 | 24 | 99.2801 | 99.7245 | -0.0429 | 0.°
25 0.7013 6.3349 -0.2156 [ -0.0024 | 25 99.2807 99 7212 -0.0436 0.
26 0L T 6.4227 -0.1957 [ 0.0877 26 99.271 99.7174 -0.0445 0
7 107222 165235 | -0.1697 | 0.1461 |27 | 99.2598 | 99.7131 | —0.0457 | 0.
28 0.7349 6.6383 -0.1376 [ 0.1729 28 99.247 99.7081 -0.0472 0
29 0.7493 6.7685 ~0.1003 | 0.1718 29 99.2326 99.7025 -0.0489 0.
30 |0.7656 | 6.9156 | —0.0602 | 0.1502 |30 | 99.2163 | 99.6962 | -0.0507 | 0.
3l 0.7839 7.0812 -0.0203 [ 0.1188 el 99.1979 99.689 =0.,0525 0,
32 1028046 |7.9676 [0.0152 [ 00006 [32 [99.1772 |99.681 | -0.0541 | 0.
33 0LB2TT 7.4769 0.042 0.0793 33 99.154 99.672 —-0.0554 0,
34 0.8538 712 010557 0.0975 34 99.128 99.6618 -0.0561 0.
35 10833 |7.0761 |0.0528 | 0.1547 |35 | 99.0087 | 99.6504 | —0.0561 | 0.
36 0.9158 8.2697 0.0302 0.2513 36 99.0658 99.6377 —0.0552 0.
37 0.9527 8.5911 -0.0099 [ 0.3831 37 99.0289 99.6233 -0.0536 ',
38 00941 |8.0422 | -0.0645 | 0.5402 |33 | 989875 | 99.6072 | —0.0511 | 0.
[0165] 39 1.0405 9.3246 -0.129 0.7072 39 98.941 99.5891 -0.0481 0.
% 1B (%)
9EALS . F2 =95 P2
AOT ¥ L axk b AOT ¥ L ax b
40 | 1.0925 | 97396 | -0.1976 | 0.8659 | 40 | 98.889 995688 | -0.0446 | 0.193
41 [ 1.1507 | 10.1883 | -0.2644 [ 0.0983 |41 | 98.8308 | 09.5461 | -0.0409 | 0.1855
42 112155 |10.6716 | 0.3237 | 1.0895 |42 | 98.7659 | 99.5208 | —0.0374 | 0.1794
43 [ 1.9878 | 11.1899 | 0.3713 | 1.1306 |43 | 98.6936 | 09.4927 | -0.0342 | 0.1755
44 | 1.3681 | 11.7436 | -0.4048 | 1.1201 |44 | 98.6133 | 09.4613 | -0.0315 | 0.1739
45 | 14572 | 123332 | 04237 | 1.0639 |45 | 98.5242 | 09.4265 | -0.0295 | 0.1749
46 | 1.5559 | 12.0580 | -0.4203 | 0.0737 |46 | 08.4255 | 09.388 | -0.0281 | 0.1779
47 156651 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 | 981953 | 99.2979 | -0.0268 | 0.1876
49 | 1.0198 |15.0605 | -0.3977 | 0.6554 | 49 | 093.0615 | 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 [ 2.9232 |16.6606 | -0.3695 | 0.5320 |51 | 07.7492 | 09.1231 | -0.0250 | 0.1978
52 | 2.414 | 17.5253 | 0.3508 | 0.5165 |52 | 07.5672 | 09.0516 | -0.0251 | 0.1972
53 | 26161 | 18.4358 | -0.3537 | 0.5274 |53 | 97.3651 | 98.9721 | -0.024 | 0.1942
54 | 2.8406 |19.3030 | -0.3505 | 0.5503 | 54 | 07.1406 | 98.8837 | -0.0226 | 0.1888
55 3.0901 20.4013 | -0.3488 | 0.6041 55 96.8911 98,7852 -0.0209 0.1816
56 | 3.3676 | 21.4508 | -0.347 | 0.6535 |56 | 96.6136 | 98.6755 | -0.019 | 0.1731
57 | 3.6762 | 22.5706 | 0.2435 | 0.6099 |57 | 96.3051 | 98.5533 | -0.0172 | 0.164
58 | 4.0192 |23.735 | -0.3371 | 0.7375 |58 | 95962 98.4171 | -0.0155 | 0.1548
50 | 4.4006 | 24.9530 | -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
WALE 9 AE B | A 0.0024 E3g 44 @s= +4| A 0.0001
9= %7 A} (A0I=0 | 31: 1.9498 OJAl (AOT=0°)EZXE] A0l | IL: 0.1717
")} AOT = 24° Ao = 60 ° 7txe] W9
ghAbg A W3 HY | A 2.0685
= %3 A} (A0l = 0| 2: 3.1576
“) @ A0l = 25-60°
[0166] Aol
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[0167] [ 11C] AA o 50 tial F9 D65 AM&3E = W WhAbS 2 Fxe A 5% (Y, Lx, ax 2 bx)
HEAL-S- . D65 E3L. D65
AOL | Y Lx ax b 01 | Y L* ax b
0 4,7958 26,145 -0.7591 | -0.6773 0 95,1759 98,1039 0.0189 0.3086
1 4.7958 | 26.1448 | -0.7584 | -0.677 1 95.176 1 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 1 98.1044 | 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 126.137 | -0.7351 | -0.6663 | 6 95.1786 | 98.1049 | 0.0155 | 0.3073
7 4.7923 | 26.1347 | -0.7264 7 95.1704 | 98.1053 | 0.0143 | 0.3068
8 4.7915 | 26.1323 | -0.7164 3 95.1802 | 98.1056 | 0.0128 | 0.3063
9 4.7907 | 26.1301 | -0.705 9 95.1809 | 98.1059 | 0.0113 | 0.3038
10 147901 [26.1282 | -0.6924 | -0.6479 [ 10 [ 95.1816 | 98.1061 | 0.0095 | 0.3052
11 | 4.7806 | 26.1268 | -0.6785 .64 11 195.182 198.1063 | 0.0075 | 0.3045
12 14.7804 |926.1261 | -0.6633 .63: 12 [95.1822 [ 98.1064 | 0.0054 | 0.3038
13 | 4.7805 | 26.1265 | -0.6468 6B 13 1 95.1821 [ 98.1063 | 0.0031 | 0.3031
14 14.7901 |26.1281 | -0.6292 B 14 1 95.1815 [ 98.1061 | 0.0006 | 0.3024
15 14.7912 | 26.1314 | -0.6103 615 15 1 95.1803 | 98.1056 | -0.002 0.3016
16 1 4.7929 1926.1365 | -0.5904 | -0.6079 | 16 | 95.1785 | 98.1049 | -0.0048 | 0.3009
17 14.7955 |26.144 | -0.5694 | -0.6003 | 17 | 95.176 | 98.1039 | -0.0077 | 0.3001
18 | 4.799 26.1542 | -0.5475 | -0.5924 | 18 | 95.1724 | 98.1025 | -0.0107 | 0.2993
19 14.8035 |26.1675 | -0.5246 | -0.5844 | 19 | 95.1679 | 98.1006 | -0.0139 | 0.2986
20 [4.8093 |26.1845 | -0.501 | -0.5763 |20 | 95.162 | 98.0983 | -0.0172 | 0.2978
21 14.8166 | 26.2057 | -0.4766 | -0.568 21 105.1547 | 98.0954 | -0.0206 | 0.2971
22 14.8255 |26.2316 | -0.4516 | -0.5597 | 22 | 95.1458 | 98.0918 | -0.024 | 0.2964
23 14.8362 |26.92628 | -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
5 | 4.8641 | 26.344 | -0.3745 | -0.5342 [ 25 105.107 | 938.0763 | —0.0347 | 0.2943
26 | 4.8819 | 26.3955 | -0.3485 [ -0.5254 | 26 | 95.0892 | 98.0692 | -0.0383 | 0.2937
27 14,9025 | 26,4553 | -0.3226 | -0.5163 | 27 | 95.0685 | 98.0609 | -0.0419 | 0.2931
28 | 4.9265 | 26.5243 | -0.2971 | -0.5069 | 28 95.0445 | 98.0513 | -0.0454 | 0.2924
20 | 4.9541 | 26.6035 | -0.2721 | -0.497 20 195.0168 | 93.0403 | -0.0489 | 0.2918
30 [4.9857 [26.6939 | -0.2478 | -0.4866 | 30 [ 94.9852 |098.0276 | -0.0523 | 0.2911
31 [5.0217 |26.7965 | -0.2244 | -0.4755 | 31 | 94.9491 | 98.0131 | -0.0557 | 0.2903
32 150627 |26.9127 | -0.202 | -0.4635 | 32 | 94.008 | 97.9987 | -0.0589 | 0.2895
33 [5.1092 | 27.0435 | -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 52208 [27.3547 | -0.142 [ -0.4219 135 [94.7497 | 97.9333 | -0.0676 | 0.2866
36 |5.2872 | 27.5379 | -0.1245 [ -0.4059 | 36 | 94.6832 | 97.9066 | -0.0702 | 0.2854
37 15.3617 | 27.7415 | -0.1084 | -0.3889 | 37 | 94.6086 | 97.8767 | -0.0726 | 0.2841
38 [5.4451 |27.967 | -0.0935 | -0.3707 | 33 | 94.5252 | 97.8432 | -0.0749 | 0.2826
39 [5538 [928.2162 ] -0.0797 | -0.3515 139 [94.432 [97.8058 | -0.0771 | 0.2811
[0168]
® IIC (A%)
TR, IER s, I6h
] S L= an T 00 ¥ I an b
0[5 B2l [ 28, 4009 [O.067 | 0.9313 (40 94,5281 [ 97. 784 [ —0.0792 | 0.274
I (5.5 |28 7T | 00550 | 0. 9090 [ 41 Of 7174 | O7.77% | —0. 0811 [ 0.277%
47 [5.8062 |29, 1794 [ —0.04d5 | 0.7574 |42 | 04.0898 | 97.6658 | 0,083 | 0.Z7%5
I3 [B.0Z88 [ 29,4051 | —0.0344 | —0.7698 |43 [ 03.0411 | 97.6087 | -0.0848 | 0.2
I [B. 157 [9.5796 | 0.075 | 0.2 (44 |03, 7828 | 97.5444 | —0.0866 | 0. 2708
A5 [B. 3674 |30, 0058 | O.0162 | 0.2152 |45 | 03,6074 | 97. 4736 | —0.0853 | 0. 2662
A5 [B.55Rd [ 3078 | 00070 [ —0.1962 | 46 | 03,4133 | 97,5951 | 0. 00 0. 7557
I7 [B. 70 [ 312796 (00000 [—0.1581 47 | 93.1957 | 97.5082 | —0.0018 | 0762
I8 70079 [3L.805 [0.008 [ —0.179 |48 | 020616 | 97.217 | -0.09%6 |0 7566
IO [ 77507 [ 324151 [0.0068 [ —0.0992 |49 | 076097 | 97. 1056 | —0.0955 | 0. 7548
B0 [ 7.5505. | 39,0450 | 0.0237 | —0.0687 |50 | 024100 | 95.088 | -0.0975 | 0. 2507
T [ 7.0/9 397053 [0.092 [ 0.099. |5l o7 023 | 95,058 | -0, 0997 [ 0. 2463
E2 [ 8.7270 | 34,4551 [ 0.0405 | —0.0072 |52 |01, 7413 | 96,7144 [ -0. 1072 | 0. Z4IR
5 [8.614d |35 2311 [0.050% | 0.0939 |53 | O1.9546 | 95.5550 [ 0. 1049 | 0. 72367
B4 [0.0909 (36,0611 [0.0605 [0.05%2 |54 [ 00.029 | 95.3008 [ -0.108 |0 2315
F5 [9.50681 | 36,9447 [0.0715 [ 0.0522 |55 | O0.4605 | 95.1876 | -0.1116 |0 27062
FE [ 10.0229 [ 37,6094 [0.053 [ O.1I0l. |56 [ 99.995 | 95.07/3 [ -0.1155 | 0. 2208
F7 [ 10.5006 | 38,5787 | 0.0955 | O.1986 [ 57 | 9899000 | 95,7991 [ 0,12 T, 2149
g [ 1T.21 90 030 (0. 1006 | O.I6I5 |58 |98, 7506 | 95. 4795 | —0.1250 [ 029
B0 [ 11,5072 [ 41,0443 [ 0. 1721 [0.1847 |59 [ 88,073 | 95.1931 [ -0, 1306 | O, 2051
B0 [ 12.6407 | 42. 2160 | O. 1950 | 0. 206 B0 | 87,3278 | 94,8772 | 0. 1968 | 0. 1971
UFIfE HA] SR "H | A 0.0007 ENE @3 H== =& |4 00000
= 23 9ib (401=0| F: 1.2574 1} (40I=0" 1= E2E | T 0.1915
0169] Tigl 401 = BOE Aol 401 = B0 A L] ¥e
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[0170]

[0171]

[0172]

SEE4d
[£ 11D] 2A] of 591 thsl 39 F28 AL&F ¥ Tl wAbg 2 Fabd A HFE (V, Lr, ax D bs)
HLALS- . DF2 =78 DF2
AOL | Y L+ ax b AOT | Y L* ax b
0 4.7462 25.999 | -0.2777 | -1.0087 | 0 95.2355 | 98.1277 | =0.0182 | 0.3798
1 4.7461 25.9989 | -0.277 -1.0084 | 1 95.2355 | 98,1277 -0.0183 | 0.3797
2 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 05.2371 | 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
Sl 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 | 0.2308
¥ 11D (A%
BRALS . DF2 Za-% . DF2
AOT | Y AOI Y AOT ¥ AOT ¥ AOL 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 5.5723 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 19,0409 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 57 189.3978 | 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
dhAg A WE WY E | A 0.0007 Fo-& A ¥WI}= S| A 0.0001
F2 JA} (A0I=0%) S} | a1: 1.1994 2 QA (AOI=0° )EE | 11: 0.1456
A0 = 60% A}o] Bl AOI = 60° 7}x]¢9]
Gl
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7 120] YERE vl o], 2 micrometer WAIAHAA & st E 12-F F3 3y 2 AA]
748 dFuedEAelE f8 7|Hs 2.

#£ 12
A o 69 T2
IY /%5 —jrﬂ, Hed A4 (550nmell A) =HdE =4 FA (mm)
T HA = 7]
35t =¥ 1 Si0, 1.46929 91.46
AIO.N, 1.97879 154.26
2 Si0, 1.46929 21.74
AION, 1.97879 51.85
Si0, 1.46929 14.03
;H—iﬂa}‘vé AION, 1.97879 2000
1o Si0, 1.46929 8.51
AIO.N, 1.97879 43.16
2 Si0, 1.46929 28.82
ATON, 1.97879 25.49
3 Si0, 1.46929 49.24
AIO.N, 1.97879 8.49
- - AS f7 1.50542
% 3E %7 2497.06

AA o 6L 0.73%, 0.80%, 1.47%, = 4.85%¢] 0°, 30°, 45° L 60 ° ¢ YA} = Zol A D65 ZHatel] F
st g Fde HA (5, ¥A-EA Z2W (122)0 245 EH S4%) 9 YEY Hf vAES 47 EeRd,
£ 99.26%, 99.18%, 98.52%, = 95.13%%] 0°, 30°, 45° Z 60° ¢ YA} ™ Zto| A D65 F™S}ol

AA e

o g Qo] AA (F, WA-IA EA (122 ol

erde

=
4d) wd ¥EY PF FRes 747

e

8

A o 6 4.74%, 4.94%, 6.32%, Z 12.56%2] 0°, 30°, 45° 2 60° o YA} 9 ZrollA DE5 =W Ele| F

f

g 3 G dA4 (5, WA 2E (122) 2 OiH F 29 (1) 25E 4%) F XET Hip v}
&S 247 Yepdith, A o] 62 95.24%, 95.04%, 93.67%, R 87.42%2] 0°, 30°, 45° % 60° 2 YA} =9
Ztoll M et sbg Godol AA (5, WA-EH B (122) 2 Uy F 9 (114)S 539 $49) F L&Y

Bt FAES 47 ek
UAF 2 A4 EE 0= WA 6020 AOT B D65 B F2 stell, AA] o 69 & ®W (F, WA-EA wW
(122)) %+ ®#9 (F, = 19 W02 89 (122) 2 F 29 (114)°l oigh vhabg 2 Fabe A (e
A ol 59F AR WA o®, 3 13 (3 13A-13D)°ll WrERATE. Al Wk 3 AA] o 59 AT e
ARt
X 13

[3 13A] AA] o 6] disll &< D655 AHES A HW WAL 9 FabE A HE (Y, Lx, ax 2 bx)
HEARE, D65 FIE, D65
AOT |Y L ax b AOT Y L ax b
0 0.7252  |6.5505  |-1.1881  |-1.8063 |0 99.2597  |99.7131 _ [-0.0079 _ |0.2173
1 0.7251 |6.5499  |-1.1857  [-1.807 1 99.2598 99.7131 _ |-0.008 0.2174
2 0.7249 |6.5482  |-1.1786  [-1.8091 |2 99.26 99.7132  |-0.0083 _ |0.2175
3 0.7246  |6.5454  |-1.1667  |-1.8126 |3 99.2603 99.7133  |-0.0088  |0.2177
4 0.7242 ]6.5415  |-1.1503  |-1.8175 |4 99.2607 _ 199.7134  [-0.0095 _ [0.2179
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5 0.7237 6.5368 -1.1292 -1.8236 5 99.2612 99.7136 -0.0105 0.2182
6 0.7231 6.5313 -1.1038 -1.831 6 99.2618 99.7139 -0.0116 0.2186
7 0.7224 6.5252 -1.0741 -1.8393 7 99.2625 99.7141 -0.0129 0.219
8 0.7217 6.5187 -1.0403 -1.8487 8 99.2632 99.7144 -0.0144 0.2195
9 0.7209 6.512 -1.0026 -1.8588 9 99.2639 99.7147 -0.016 0.22
10 0.7202 6.5055 -0.9613 -1.8694 10 99.2647 99.715 -0.0179 0.2206
11 0.7195 6.4993 -0.9166 -1.8804 11 99.2653 99.7152 -0.0198 0.2211
12 0.7189 6.494 -0.8689 -1.8915 12 99.2659 99.7155 -0.0219 0.2217
13 0.7185 6.4898 -0.8186 -1.9023 13 99.2664 99.7156 -0.0241 0.2223
14 0.7182 6.4872 -0.766 -1.9126 14 99.2666 99.7157 -0.0264 0.2229
15 0.7181 6.4867 -0.7116 -1.922 15 99.2667 99.7158 -0.0288 0.2234
16 0.7183 6.4887 -0.6558 -1.93 16 99.2664 99.7157 -0.0313 0.2239
17 0.7189 6.4939 -0.5991 -1.9363 17 99.2658 99.7154 -0.0338 0.2243
18 0.7199 6.5028 -0.542 -1.9404 18 99.2648 99.715 -0.0363 0.2247
19 0.7214 6.5162 -0.4851 -1.9418 19 99.2633 99.7145 -0.0389 0.2249
20 0.7234 6.5348 -0.429 -1.94 20 99.2613 99.7136 -0.0413 0.225
E 13A (A%)
HAL S D65 =32 D65
AOT | Y L* ax b AOL | Y L ax b
21 0.7262 | 6.5593 -0.3741 | -1.9346 |21 |09.2585 | 99.7126 | -0.0438 | 0.225
28 0.7296 | 6.5907 =0.321 -1.9251 [ 22 |99.255 99.7112 | -0.0462 | 0.2248
23 0.734 6.63 -0.2702 | -1.9100 |23 ]99.2506 | 99.7095 | -0.0484 | 0.2244
24 0.7393 | 6.6782 -0,2223 | -1.8917 |24 ]99.2453 | 99,7074 | -0.0506 | 0.2238
25 0.7458 | 6.7363 -0.1777 | -1.8669 | 25 | 99,2388 | 09.7049 | -0.0526 | 0.2229
26 0.7534 | 6.8058 -0.1368 | -1.8362 | 26 | 99.2311 99.7019 | -0.0544 | 0.2218
27 0.7625 | 6.8879 -0.1001 | -1.7991 |27 |99.222 09.6984 | -0.0561 | 0.2205
28 0.7732 | 6.9842 -0.0679 | -1.7553 |28 ]99.2113 ]99.6942 | -0.0576 | 0.2188
29 0.7856 | 7.0962 -0.0403 | -1.7038 |29 ]99,1989 | 99.6894 | -0.0589 | 0,2169
30 0.7999 | 7.2258 -0.0178 | -1.6435 |30 ]909.1845 | 99.6838 | -0.06 0.2146
31 0.8164 | 7.3749 -0.0005 | -1.5735 |31 |99.168 99.6774 | -0.0608 | 0.212
32 0.8354 | 7.5457 0.0115 -1.4926 | 32 |99.149 99.67 -0.0614 | 0.2091
33 0.8569 | 7.7406 0.018 -1.3996 |33 [99.1274 | 99.6616 | -0.0618 | 0.2058
34 0.8815 | 7.9621 0.0189 -1.2929 |34 |99,1029 | 99.6521 | -0.062 0.2021
35 0.9093 | 8.2114 0.014 -1.1738 [ 35 | 99.075 99.6412 | -0.0619 | 0.198
36 0.9407 | 8.4872 0.0038 -1.0477 [ 36 [99.0436 | 99.629 -0.0616 | 0.1936
37 0.9761 | 8.791 -0.0111 | -0.9156 |37 ]99.0081 | 99.6152 | -0.061 0.1887
38 1.016 9.1241 -0.0303 | -0.7785 | 38 | 98.9682 99.5997 | -0.0602 | 0.1834
39 1.0608 | 9.4881 -0.0532 | -0.6376 | 39 | 98.9234 | 99.5822 | -0.0592 | 0.1777
40 1.1111 | 9.8844 -0.079 -0.4943 | 40 | 98 8731 99.5626 | -0.0579 | 0.1717
41 1.1673 | 10.3142 | -0.107 -0.3501 |41 [98.8168 | 99.5407 | -0.0565 | 0.1652
42 1.2303 | 10.7788 | -0.1365 | —=0.2065 | 42 | 98.7538 | 99.5161 | -0.0548 | 0.1583
43 1.3006 | 11.2795 | -0.1664 | —=0.065 43 ] 98.6835 | 99.4887 | -0.053 0.1511
44 1.379 11.8175 | -0.1961 | 0.0727 44 | 98.605 99.4581 | -0.0511 | 0.1436
45 1.4665 | 12.3937 | -0.2245 | 0.2053 45 98,5175 [ 99.4239 | -0.049 0.1357
46 1.564 13,0093 | -0.251 0.3316 46 | 98.42 09,3858 | -0.0468 | 0.1276
47 1.6725 | 13.6652 | -0.2748 | 0.4505 47 198.3114 ]99.3434 | -0.0447 | 0.1192
48 1.7932 | 14.3625 | -0.2952 | 0.5612 48 1 98,1907 | 99.2961 | -0.0425 | 0.1105
49 1.9275 | 15.1021 | -0.3117 | 0.663 49 98,0564 | 99.2436 | -0.0404 | 0.1016
50 2.0767 | 15.8849 | -0.324 0.7555 50 | 97.9072 99.1851 | -0.0384 | 0.0925
5. 2,2425 | 16,7118 | -0.3317 | 0.8384 51 | 97.7414 | 99.12 -0.0366 | 0.0832
52 2.4267 | 17.5838 | -0.3348 | 0.9118 52 1 97.5572 | 99.0476 | -0.035 0.0737
53 2.6312 | 18.5019 | -0.3334 | 0.9756 53 1 97.3527 | 98.9672 | -0.0336 | 0.064
54 2.8583 | 19.4671 | -0.3276 1.0302 54 1 97.1256 | 98.8777 | -0.0325 | 0.0541
55 3.1103 | 20.4803 | -0.3178 1.0758 55 [ 96.8736 | 98.7783 | -0.0317 | 0.0441
56 3.39 21.5427 | -0.3043 1.1128 56 | 96.5939 | 98.6677 | -0.0313 | 0.0339
[0179] 57 3.7004 | 22,6553 | -0.2875 1.1416 57 196.2835 | 98.5448 [ -0.0313 | 0.0235
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134 (A&
HHALE . D65 Fi14 . D65
AOT | Y L ax b AOT | Y Lo ax b
58 | 4.0449 | 23.8193 | -0.268 | 1.1627 | 58 | 95.939 93.408 -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
HhALS A w3 HeE 4 9| A 0.0007 Fag A4 ®WEE | A 0.0001
AF (ADI=05%) 9 ADI=42% A}o) a 1.1994 2 9} (A0I=0° ) | AL 0.2271
ZERE A0 = 60° 7}
# 2] ¥4

dhALS A W3 Wole £33 | A 2.0189
A (AOI=0%) 2 AOT=43-60% A} | 1@ 3,1420

[0180] o]

[0181] [3 13B] AA o 6o thal Fd F2S AR o W wAbs 2 F3tE A FH3 (Y, Lx, ar 2 bx)
HhALS . F2 E38 . F2
AOL | Y L ax b AOL | Y Lx ax b
0 0.7101 | 6.4142 | -0.7229 | -1.0759 | 0 99.2803 | 99.721 | -0.0074 | 0.2018
1 0.7101 |6.4142 | -0.7216 | -1.0776 | 1 99.2803 1 99.721 | -0.0075 | 0.2019
% 0.7101 | 6.414 -0.7176 | -1.0828 | 2 99.2803 |99.721 | -0.0077 | 0.2021
3 0.7101 | 6.4139 | -0.7111 | -1.0916 | 3 99.2803 | 99.721 | -0.008 | 0.2025
4 0.71 6.4137 | -0.702 | -1.1041 | 4 99,2803 | 99.7211 | -0.0084 | 0.2031
5 0.71 6.4136 | -0.6902 | -1.1207 | 5 99.2803 | 99.7211 | -0.0089 | 0.2039
6 0.71 6.4138 | -0.6757 | -1.1414 | 6 99.2803 1 99.721 | -0.0095 | 0.2048
7 0.7101 | 6.4144 | -0.6587 | -1.1666 | 7 99.2802 199.721 | -0.0103 | 0.206
3 0.7102 | 6.4154 | -0.6389 | -1.1967 | 8 99.2801 1 99.721 | -0.0111 | 0.2073
9 0.7104 | 6.4172 | -0.6165 | -1.2317 | 9 99.2799 | 99.7209 | -0.0121 | 0.2089
10 10.7107 16.4199 | -0.5914 | -1.272 [ 10 | 99.2796 | 99.7208 | -0.0132 | 0.2108
11 10.7111 [6.4236 | -0.5637 | -1.3176 | 11 | 99.2792 | 99.7206 | -0.0144 | 0.2128
12 1 0.7117 | 6.4287 | -0.5335 | -1.3683 | 12 | 99.2786 | 99,7204 | -0.0158 | 0.2152
13 1 0.7124 | 6.4354 | -0.5008 | -1.4239 | 13 | 99.2779 | 99.7201 | -0.0172 | 0.2177
14 1 0.7134 | 6.4438 | -0.466 | -1.4836 | 14 | 99.2769 | 99.7197 | -0.0187 | 0.2204
15 107145 | 6.4544 | -0.4201 | -1.5465 | 15 | 99.2757 | 99.7193 | -0.0204 | 0.2232
16 10.716 6.4673 | -0.3908 | -1.6112 | 16 | 99,2743 | 99.7187 | -0.0221 | 0.2262
17 107177 16.4829 | -0.3513 | -1.676 |17 [99.2726 |99.718 | -0.0238 | 0.2292
18 10.7198 |6.5016 | -0.3112 | -1.7386 | 18 [ 99.2705 | 99.7172 | -0.0256 | 0.232
19 10.7222 [6.5238 | -0.2713 | -1.7967 | 19 | 99.968 99.7163 | -0.0273 | 0.2347
20 10.7251 |6.5501 | -0.2323 | -1.8477 | 20 199.2651 | 99.7151 | -0.029 | 0.2371
21 10.7286 | 6.581 -0.1949 | -1.889 [ 21 |99.2617 | 99.7138 | -0.0307 | 0.2391
22 10,7326 | 6.6174 | -0.16 -1,918 [ 22 199,2576 | 99.7122 | -0.0323 | 0.2406
23 10.7373 | 6.6601 | -0.1284 | -1.9329 | 23 | 99.2529 | 99.7104 | -0.0337 | 0.2414

[0182]

_43_



[0183]

[0184]

T 13B (A%)

HEALS- | F2 T8, F2

AOT | Y Lx ax b AOT | Y L* ax b

24 10.7429 | 6.7103 | -0.1008 | -1.9321 [ 24 109.2473 | 09.7082 | =0.0349 | 0.2417
25 10.7494 | 6.7693 | -0.0778 | -1.9154 |25 [09.2408 [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 10.8035 [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 | 0.8397 | 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 108876 [8.0175 | -0.1055 | -1.3122 [34 |99.1024 | 99.6519 | -0.0354 | 0.2197
35 10.9167 |8.277 -0.132 1 -1.2238 |35 199.0733 |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 1 0.9866 | 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 [08.9156 [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 11.4793 | 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 ]198.3094 |99.3426 | -0.01 0.1503
48 1 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 | 0.5135 [50 | 97.9146 | 99.188 -0.0075 | 0.1277
51 | 2.238 16.6308 | -0.4288 | 0.5805 |51 [97.7517 [909.1241 | -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 | 98.8343 | -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 | 0.9389 |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=)

HEALS . 2 Fis, F2

A0 | Y Li ax b AOL | Y Lx ax 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 |59 195.5743 [98.2628 | 0.0078 | 0.0286
60 | 4.8397 | 26.2731 | -0.3773 | 1.1433 |60 | 95.1501 | 98.0935 | 0.0098 | 0.0147
HAbg A W =Y | A 0.0021 S8 A H3te 2 | A 0.0001

= F£A YgA} (A0I=0| 1: 1.9738 A} (AOI=0 " )2=F | 1: 0.1879
T)9) A0I=55% Alo] A0T = 60" 7t7] o] W9

dhAbg Az W He | A 2.0412

= F3F YAl (A0I=0| aI: 2.2459

T) 2 A0I=56-60% A}
C)]
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[0185] [3 13C] AA o 69 3] F] D655 AFE-3F F B vhARE 9 F3je A HE (Y, Lx, axr 2 b*)
HHALS-, D65 FE. D65
AOT | Y L= as b AOT [Y L= ak b
0 4.7393 25.9789 | -0.4402 | -0.9295 | O 95,2449 98,1314 -0.0038 0.2771
! 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 029772
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 05.2472 198.1323 [ -0.0085 | 00,2787
8 4,7367 25.971 -0.3958 | 0,942 8 95.2476 98,1325 -0.0099 0.2791
9 4.7363 25.97 -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 25.9605 | =0.3565 | =0.9512 | 11 95,248 98,1327 -0.0151 0.2807
12 4.7365 25.9704 | -0.3441 | -0.9543 | 12 95,2477 98.1325 -0.0171 0.2812
13 4. 7373 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 -0.0237 0.2829
16 4.7425 25,9881 | -0.2795 | -0.9641 | 16 95,2417 98,1301 -0.026 0,2833
l7d 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 ~0.10355 0.2844
il 4.7694 26.0675 | -0.1939 | -0.9604 | 21 95.2146 98.1193 -0.0379 0.2843
22 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

[0186] 24 4.8038 26.1683 | —0.1478 | -0.9418 | 24 95,1802 98.1056 -0.0443 0.2831
F 13C (A%)
BWHALS . D65 T4 D65
AOT | Y L ax b AOL |V L# b
25 | 4.8195 26.2143 | -0.1342 | -0.9319 | 25 95.1644 | 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
29 |4.9117 26.4817 | -0.0924 | -0.8703 | 29 95.0721 | 98.0624 0.2764
30 | 4.9437 26.5739 | -0.0855 | -0.8489 | 30 95.04 98.0495 0.2742
31 | 4.9802 26.6782 | -0.08 -0.8248 | 31 95.0036 | 98.0349 0.2717
32 |5.0215 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 94.8035 | 97.9549 0.2583
36 | 5.2465 | 27,4957 | -0.0749 | -0.6641 | 36 94,7371 | 97.9282 0.2541
37 15.3208 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 | -0.0536 | 0.2393
40 | 5.6001 28.3803 | -0.0931 | -0.4909 | 40 94.3833 | 97.7862 | -0.0528 | 0.2338
41 | 5.7151 28.682 -0.0996 | -0.443 41 94,2682 | 97.74 -0.0518 | 0.2279
42 | 5.8429 29.0127 | -0.1065 | -0.394 42 04,1404 | 97.6885 | -0.0507 | 0.2217
43 | 5.9848 29.3741 | -0.1134 | -0.3441 | 43 93.9984 | 97.6314 | -0.0495 | 0.2153
44 | 6.1421 29.7683 | -0.1202 | -0.204 44 03.8411 | 97.5679 -0.0484 | 0.2087
45 |1 6.3164 |30.1971 | -0.1264 | -0.2439 | 45 03.6667 | 97.4975 | -0.0472 | 0.2019
46 | 6.5093 30.6627 | -0.1318 | -0.,1944 | 46 93,4738 | 97.4196 | -0.0461 | 0,195
47 | 6.7226 31.1669 | -0.1361 | —=0.1458 | 47 93.2605 | 97.3332 | -0.0451 | 0.188
48 | 6.9583 31.7118 | -0.139 -0.0987 | 48 93,0247 | 97.2376 | -0.0443 | 0.181
49 | 7.2186 32.2994 | -0.1403 | -0.0532 | 49 92.7644 | 97.1319 | -0.0438 | 0.1739
50 | 7.5058 32,9316 | -0.1398 | -0.0099 | 50 92.4772 | 97.015 -0.0435 | 0.1668
51 | 7.8225 33.6104 | -0.1372 | 0.0311 51 92,1604 | 96.8858 | -0.0435 | 0.1598
52 | 8.1715 34.3376 | -0.1327 | 0.0694 52 91.8113 | 96.7431 | -0.044 0.1529
53 | 8.556 35.115 -0.126 0.1049 53 91.4268 | 96.5855 -0.0448 | 0.146
54 | 8.9793 35.9445 | -0.1174 | 0.1374 54 01.0034 | 96.4114 | -0.0462 | 0.1393
55 | 9.4451 36.8276 | -0.1069 | 0.1667 55 90.5376 | 96.2193 | -0.048 0.1328
56 | 9.9574 | 37,7659 | -0.0948 | 0.1928 56 90,0252 | 96.0072 | -0.0503 | 0,1265
57 10.5205 | 38.7609 | -0.0812 | 0.2157 57 89.4621 | 95.7732 | -0.0532 | 0.1204
58 11.1392 | 39.8139 | -0.0664 | 0.2354 58 88.8433 | 95,5149 | -0.0566 | 0.1145
59 11.8185 | 40.9263 | -0.0508 | 0.2518 59 88.1639 | 95.2299 | -0.0605 | 0.1089
60 12.5641 | 42.099 -0.0347 | 0.2652 60 87.4183 194.9155 | -0.0649 | 0.1037
BhALE A wE e | A 0.0007 Fig A3 wWge= % | A 0.0001
= 7 94} (A0I=0%=) | aL: 1.2616 QAL (AOI=0 " )=X-¥] | 11: 0.1838

[0187] 2} AOI=60% A}e] AOL = 60 ° 71A]2] He
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[(0188] [ 130] A of 69 ofal ¥4 F28 AL8@ F Ew WAL 2 FIhE A FE (Y, Ls, ax % be)
T 2 EEESND
AOT | Y L a* b AOL | Y L ax* b
0 4.717 25.9128 | -0.2697 | -0.7766 | 0 95.2729 | 98.1426 | -0.005 .2726
1 4.717 26.9128 | -0.2693 | -0.7771 | 1 95.273 98.1426 | -0.005 0.2726
2 4.717 20.9128 | -0.2682 | -0.7786 | 2 95.273 08.1426 [ -0.0052 0.2729
3 R I 25,9128 | -0.2662 | -0,7812 | 3 95.273 08,1426 | -0.0055 0.2733
4 4.717 25.9128 | -0.2634 | -0.7849 | 4 95. 2713 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 | 25,9189 | =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 938.1423 | -0.0085 0.2778
g 4.7182 | 25.9164 | -0.2376 | -0.8221 | 9 95.2717 | 98.1421 | -0.0094 0.2793
10 |14.719 25.9186 | -0.23 -0.8338 | 10 95.271 08.1418 | -0.0104 0.2811
11 4.72 25,9217 | -0.2216 | -0,847 14 95.2699 | 98.1414 | -0.0116 0.283
12 4.7214 | 25.9258 | -0.2124 | -0.8617 | 12 95.2685 | 98.1409 | -0.0129 0.2852
13 4.7232 | 25.9311 | -0.2025 | -0.8777 | 13 95.2667 | 98.1401 [ -0.0142 0.2876
14 14,7255 | 25.9379 | -0.192 | -0.8048 | 14 05.2644 | 98.1392 [ -0.0157 0.2902
15 4.7283 | 25.9463 | -0.1808 | -0.9127 | 15 95.2616 | 98.1381 | -0.0172 0.2929
16 4.7318 | 25.9567 | -0.1691 | -0.9311 | 16 95.258 98.1367 | -0.0188 0.2957
1 4.7361 | 25.9693 | -0.1571 | -0.9492 | 17 95.2538 | 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 0.31
24 | 4.7986 | 26.153 —-0.0813 | -1.0123 | 24 95.1912 | 68.11 -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 95.157 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 93.054 -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 ]15.0642 | 26.917 —0.0725 | -0.8262 | 33 94,9253 | 98.0036 [ -0.0326 0.2917
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 04.8114 | 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 5.3215 [ 27.6318 | -0.104 | -0.7174 | 37 94,668 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

[0189]
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[0190]
[0191]

[0192]

[0193]

[0194]

SS90l 10-1950564

£ 13D (AH)

HhAbE, F2 TAE. F2

AOT | ¥ [ ax b3 AOL | Y L= ax b

40 | 5.6043 28.3912 | ~0.1879 | -0.609 40 94.3851 | 97.787 -0.0227 | 0.2701
41 | 5.7198 28,6943 | -0,1494 | -0.5645 | 41 94,2695 | 97,7405 —-0.0208 | 0.265

42 | 5.8477 29.025 -0.1601 | -0.5163 | 42 94.1416 | 97.689 —0.0189 | 0.2593
43 | 5.9892 29.3852 | -0.1692 | -0.4654 | 43 94.0001 | 97.632 -0.0172 | 0.2631
44 | 6.1455 29,7767 | -0,1762 | -0.4132 | 44 93.8438 | 97,569 —0.0157 | 0.2466
45 | 6.3183 30.2017 | -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 | 6.7202 31,1612 | -0.1815 | -0.2619 | 47 93,269 97,3367 —-0,0135 | 0.2268
48 | 6.9533 31.7004 | -0.1782 | -0.2162 | 48 93.0359 | 97.2421 —-0.0135 | 0.2205
49 |1 7.211 32.2826 | ~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 33.5846 | -0.1598 | -0.0917 | 51 92.1788 | 96.8934 —0.0149 | 0.2024
62 | 8.1676 34.3088 | -0.153 -0.0522 | 52 91.8315 | 96.7514 —-0.0155 | 0.1961
03 | 8.5407 35.0845 | -0.1466 | -0.0127 | 53 91.4483 | 96.5943 -0.0161 | 0.1894
54 | 8.9632 35.9134 | -0.1408 | 0.0269 54 91.0258 | 96.4207 —0.0165 | 0.1821
50 | 9.4287 36.7969 | -0.1354 | 0.0662 H 1) 90.5603 | 96.2287 -0.0169 | 0.1744
56 | 9,941 37,7364 | -0.1301 | 0,1044 56 90.0479 | 96.0166 —-0,0172 | 0.1663
57 10.5046 | 38.7332 | =0.1243 | 0.1404 87 89.4843 | 95.7825 —-0.0177 | 0.1581
o8 11,1238 | 39.7882 | ~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 87.439 94.9242 —0.0215 | 0.1353
Shabg A W3 59| A 0.0006 Fabg A ®MI= 734 A0

= 24 94 (A0I=0%) | 12: 1.0146 AAF (AOI=0 " )= ¥ | 11: 0.1383

9} AOI=60% A}o] AOT = 60 ° 7kA°] H 9

/\l/\] Oﬂ 7
AA o 72, E 149 YERH vke} o], 2 micrometer WA A x3tsle 12-% 3% 3" 9 A4
o 59 FA7 A3t dRv=AAolE fel 7)ES X3
% 14
AA o 79 T2
AR /F —jﬂl, Aed 4124 =48 Z84 FA ()
T (550nmef| A1)
T A - &7
33} ¥ 1 Si0, 1.48623 86.6
Si,ALON, 2.03056 145.8
2 Si0, 1.48623 19.2
Si,ALON, 2.03056 48.0
Si0; 1.48623 11.7
;H—iﬂw‘l*é Si,ALOWN, 2.03056 2000.0
1o Si0, 1.48623 10.2
Si,ALON, 2.03056 42.0
2 Si0, 1.48623 32.7
Si,ALON, 2.03056 23.6
3 Si0, 1.48623 55.0
Si,ALON, 2.03056 7.4
- - AS e 1.511
& 29 T 2482.16

_47_



[0195]

[0196]

[0197]

SS90l 10-1950564

R A o 8-112, o7]e] 71| wieh o], v 9 =T XA e "] A & Eshe AE
o] WhALE A EYS 5] 9 RAPS AREETh. B AA] o 8-116l4, #d w"2, F 15-18¢] 1
bl vhe} ko] AION, 2 Si0, &, 2 <F 58 mol% Si0;, 17 mol% Al,0s, 17 mol% Na,0, 3 mol% MgO, 0.1 mol%
Sn0, % 6.5 mol% P.05°] Wi AES zte Ast dFv=AACE f& 7|ws 2. =R A
8-119 il A8H IH &4 @ 7] dist 24E B 342 B AA] o 2-59F fAFSE Ao ® dojzl
=
X 15
=8 A o 89 tx
FY/5 —fﬂ, A4 B &4 =HE 24 A (mn)
T (550nmel| A1)
T A - 371 1
33t 79 1 AL0,N, 2.00605 32
Si0y 1.48114 12
U-==E A AL, 2.00605 2000
10 Si0, 1.48114 8.78
AIOWN, 2.00605 44.19
2 Si0, 1.48114 32.41
AIOWN, 2.00605 24.3
3 Si0, 1.48114 58.55
ALON, 2.00605 7.47
- - AS f2 1.50542
% 39 £ (m) 2219.7
% 16
2R AA] o 99 =
Y/5 ﬁ:—ﬂ, g4 B2 =4E 2214 F4 (i)
5 (550nmel] A1)
T HA - od 1
F3 29 1 ALO,N, 2.00605 25
Si0, 1.48114 25
ﬂ—iaﬂ]‘w ALON, 2.00605 2000
1o Si0, 1.48114 8.78
AIO.N, 2.00605 44.19
2 Si0, 1.48114 32.41
AIO.N, 2.00605 24.3
3 Si0, 1.48114 58.55
AIO.N, 2.00605 7.47
- - AS f7 1.50542
% 729 F7 (m) 2225.7
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[0198]

[0199]

[0200]

[0201]

SS90l 10-1950564

X 17
B9 A ¢ 109 F&
AY/F —jrﬂ, Aed 4124 =4E 284 FA ()
T (550nmef| A1)
T A - 7] 1
sl e 510, 1.48114 2
1 ATO.N, 2.00605 25
Si0, 1.48114 25
=22 A4 AN, 2.00605 2000
1o Si0, 1.48114 8.78
ALO,N, 2.00605 44.19
2 Si0, 1.48114 32.41
ALO,N, 2.00605 24.3
3 Si0, 1.48114 58.55
ALO.N, 2.00605 7.47
- - AS e 1.50542
T A9 77 (m) 2227.7

¥ 18
2 AN ¢ 119 1=
FY/5 —f?l, A4 B &4 =HE 24 A4 (mm)
T (550nmef| A1)
T A - 7] 1
33} 71 510, 1.48114 100
1 A1ON, 2.00605 34
Si0, 1.48114 15
i]—if/_ﬂ] A4 [AION, 2.00605 2000
1o Si0, 1.48114 8.78
ATON, 2.00605 44.19
2 Si0, 1.48114 32.41
ATON, 2.00605 24.3
3 Si0, 1.48114 58.55
ATON, 2.00605 7.47
- - AS 1.50542
% 729 F7 (m) 2324.7

£ 13-1E, oA w3 A4 o 89 vl wRel o,
7 ehith, ® 15162, 24 = 84 o 99] wAl-w Ewel del,
W A 27 e, £ 1718,
E¥ 0 AR WA A 247 e,

EH A o] 8-119] Sk e i 199 fokdn
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[0202]

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

SS90l 10-1950564

¥ 19
2 AA 4 g-119 #3I A%
W A o (WA 3d v EY 2o AR FAS 2R FH- (Mg =29 AF9]
AME, XEY H| g Nk AAZY F7-F(|5)9 A-A (oil B 500mmel] -
(%) (¥4) 0-60%, D65 Ei|Abd] A-xF B2 So]. $i0,) X4 BA <
F2, A 71 HE |29 & () o =7 (m) (%)
8 7.85 1.1 12 0 97.6
9 4.9 2.7 25 0 95.0
10 4.9 3.0 27 2 94.6
11 1.3 2.2 115 100 77.0

%13, 15, 17, 2 199 yERd upe} o], R AHA] of 8-112, 33 3¢ d9ed ZA, vhh o %2 60° 9
JoRztell oigh §RAbE R, 87, 207, H 40 ° o oigk Alopztel wisl, W& wRALE (5, oF 10% W 3 oF 8%
ulke]l 7S Yepdth, 2y AAl o 112 8°, 20°, 40° 2 60° 9] Aokzbe] tha] mjg @S whAlg (dF
So], oF 7% o]ate] Hul W vHAME)S JERATk. 87, 207, 2 40 ° 9 Aokl A, H@F wAbgS Tl
=, °F 2% M.

1

i

It

H

14 2 200] VFER R} o] m AA] of 8 B 112 D65 B F2 3 EFel djal] °F 2 ﬂl‘{sﬂ, T2 JALE
ol A 60 ° 7FX 2] Alefzte A, WRAL AMAFS UERdTE = 16 F 1894l UERH Hle} o], ]

D65 2 F2 F Bl uis] oF 3 mivke], 427 QJARl A 60 ° 7R Alokztel A, H_*} Al MeE vE
}.
A o 8-118 mE w2 3H R gl
oF 14 GPa W] <F 21 GPa ESlNA 73

L rlo

al

HOAA o 8-119] #F38F A2 BEH vl o 49 vluEc, HrkE 38t A5 F02 2 D65 FY Skl 34
Z

2R oF 0melA o Gomel wel el AL %

o

mH<e ARESE, ax 2 bx HAE (-1, -Doll diste]) M) wist 2 oF 450mm WA oF 650mme] T Helel A
A Fd WSS 2. B v o 45 o WG Ho TARES YEARE, 0% WA 60%2] Alokzte
we} desl o & A wstE =3k YERd.

Al ¢ 12

2N o 1285 A2 AR expA oz wiXEa, 2 °F 65 mol% Si0,, 5 mol% By0;, 14 mol% Al,0;, 14 mol%
Na0, 2 2.5 mol% Mg09 WEAY ZAEES 2te Asie dFuedAelE f8 7|&del mAd &8 E&sh

i, 3 20004 wERd wpe e, 16-T Fet 28-S I

F 20
AA o 129 T2

= =4 =45 =4 57 ()
o Al 7] 1

16 Si0, 1.4952 92.4
15 Si,ALON, 2.08734 150.1
14 $i0, 1.4952 10.1
13 Si,ALON, 2.08734 96.9
12 Si0, 1.4952 18.9
11 SiALON, 2.08734 41.9
10 Si0, 1.4952 40.1
9 SiALON, 2.08734 37.6
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8 Si0, 1.4952 17.4
SiALON, 2.08734 2000.0
6 Si0, 1.4952 8.7
B SiALON, 2.08734 41.0
4 Si0, 1.4952 29.9
SiALON, 2.08734 23.3
2 Si0, 1.4952 53.6
1 Si,ALON, 2.08734 7.2
RS e 1.50996
= A 2661.9
Si0, % SiAlLON, & X% AJA-Industries Sputter Deposition Toolold ¥Hg-A AHE ] s
ghEo] AT}, Si0s o2 Hxel g Si Bl RRE DC WA AdE e o8 A SiALON, EAe
o] 159} S FR 3 ¥ DC =HEE 3% 23E DC vh&d =HEI" ] o3 7};2}%1:}, EAL 3" A A
2l 93" AA Alelnt. kg vhaE A 9 Abdolal, A" (BE BEAY) Jhae of=olrt. Ay
EE Y 13.56 Mhzoll A 4 Fakg RE)olth. dFnwel o 5d 9e DCO]B‘r.
AA e 129 A8t IHE FAds] f) AR R 2HEE e 212 F 21004 dEdn
* 21
AAL o 120 gk 29HY T4 21
24 1 DC 99 | Al RF 3+¢] | Si RF 99 | Ar &8 |N, 58 0, 58 71 T (0)
m a ") (scem (sccm) (sccm)
SiA 10N, 300 200 500 30 30 0.5 200
Si0; 50 (2% M| 50 (&3 500 30 30 3 200
E) MED

Al ¢ 1285 F 22 2 7 2304 vERA 33 54 el
AF

3 22+v =
£ o2-W S Abgste]) Jgel dY, W EW L vA-gH EW REERE S48 3L
(F-11 Z4E ALgste]) 9F WA FHORRH 4 Ao v} Age dehiy
£ 22
el wio), W EWE TS, WA-EA BN S48 Aow, AA o 129 3 4%
HAL A EEEE.
4 D65
CIE X 0.2874 CIE X 0.3163
y 0.3227 y 0.3323
L 30.00 L 97.26
ax -4.10 ax* 0.61
b -3.19 b 0.96
X 5.55 X 88.59
Y 6.23 Y 93.09
Z 7.53 Z 98.43
el A
CIE X 0.4235 CIE X 0.4534
y 0.4082 y 0.4061
L 29.27 L 97.40
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ax —-4.43 ax 0.76
b -4.22 b 1.12
X 6.17 X 104.33
Y 5.95 Y 93.43
Z 2.45 Z 32.33
el F2
CIE X 0.3567 CIE X 0.3820
y 0.3623 y 0.3690
L 29.34 L 97.38
ax -3.05 ax 0.45
b -3.29 b 1.02
X 5.88 X 96.67
Y 5.97 Y 93.39
Y/ 4.63 Z 63.00
* 23
[0215] QA WhAR-A] el A S Aom, AA o 129 #3 AT
1A EW 9 |6 20 © 40 © 60 °
T stp pol 3t [stp pol W3t |s+p pol 3t |stp pol 3t
D65
CIE X 0.2422 0.2333 0.2356 0.2732
y 0.3095 0.3047 0.2694 0.2944
L 17.12 15.88 13.99 25.12
ax* -8.84 —-8.55 —-3.43 -1.27
b -6.00 —6.48 -10.16 -7.81
X 1.82 1.62 1.51 4.13
Y 2.33 2.08 1.73 4.45
Y/ 3.37 3.11 3.18 6.54
A
CIE X 0.3640 0.3610 0.3608 0.4067
v 0.4136 0.4058 0.3765 0.3953
L 15.59 14.34 12.65 24.36
ax* -10.20 -9.35 -5.95 —4.42
b —-8.26 -9.27 -12.66 -8.67
X 1.78 1.59 1.44 4.33
Y 2.02 1.79 1.51 4.21
Z 1.09 1.03 1.05 2.11
F2
CIE X 0.3111 0.3071 0.3038 0.3390
y 0.3523 0.3412 0.3045 0.3362
L 15.73 14.37 13.00 24.88
ax* —-6.94 —-5.85 -1.41 -1.37
b —-6.41 —7.63 -11.68 -8.55
X 1.81 1.61 1.56 4.41
Y 2.05 1.79 1.56 4.38
Y/ 1.96 1.85 2.01 4.23
[0216] AAD e 12, WA w2l SA4E Ae®, s8] i 240 ek wheh 2, A= 9 gES ekt
TS ZE odvlel AR wkeh 22 w23 eAbE AMgEEtel SR
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