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A o2mm TFALOR, g =48 olu|x T (imaging sphere)Z AMg3dle] FoA F7 AR SHE AHo=R
ok 40% o]3}e] = A&k 7} (polar scattering angle)ol A, (1/steradian® ©9Z) ¢F 0.05 o]t 4tgd 3%
J% (scattered light intensity)E X8, (WAEA e SA4 9 kol 22) Unt2Al S yeldo
29 AL A, F7] AFL, 600m TG 2mm FHOZ, Ak & o|u|A] FE AFESIY] FolA] 3
AR SAE Ae=R, oF 202 o]3te] F Abet oA, (1/steradian®] ©9I=2) ¢F 0.1 o]3}¢] Atk F AEE
Egslhe (WAER] el 5449 vkel 2-2) UnlRAS yEkd,

St o] o] A o] AEL F FE Z/EE F vARE Y] BHEA A 3 FE AHTS yERLE §h o]
Ao FA dolA, 7] AES B B 99 (regime) (AF B0, F 400mm WA F 800mm FEE °F 450mm
A oF 92% o] (& E°], °F 98% ©]’) 9 (& WA-1kA] o xRt S74%)

°F 650mme] W)l AA o
H 3 FAES vepdo. 29 A odA, A7) AlEe 38t 3 el A ¢F 2% olst (e &
1% ©]3h) <] (22 RAR-UA] FHo|ARE SHH) Ho 3 WAMES vepdd. 7] AFL 7] 38

3z 5 = (oscillation amplitude)& 2zt Hy 3 F3&
F ARES JERd k. sy o] Al oldlA, Y] AFES oA WRARWX] FHddA

A

s
£ o o o T
2 oM o1’ 12

S
Aog 7 JAtel A oF 1% o]dte] A EEF WRAMS (photopic reflectance)d YERTH EE 14
A, A7 AFEE 9 10% mvke] 9.7 whAl-MEx] Al A e I-F AL (AF B9, 0-10%R)lAH =
Ae, &= Jo XEY dALES Yelhdn, 2Y A oollA], 7] - Ho LET HAREL oF 9% o] 3},
oF 8% ol3f, <F 7% olsk, <F 6% ok, <F 5% olsk, <F 4% o|sf, oF 3%, & oF 2% olstolt}.

PR A4, AFES, Y (illuminant)S AREste] WAL-EX] WA 2 A9, 7] 2% 2 (reference
illumination angle) 22 FE] <k 2% A oF 60%=2] HYNA YA =% ZF (incident illumination angle)2.
2 °F 10 H¥ (& E°], 5 °]3}, 4 oJst, 3 olak, 2 o]a} e oF 1 o]gh)e] (of7]e] 7|AlE wie} 2e) Z
T A W3k (color shift)E YeRITH disEA<l #9& CIE F2, CIE F10, CIE F11, CIE F12 % CIE D65 &
AL SUE EZEFSTE. St o] A oldlA, AES <F 0 WA 9 60 W el EE YA 29 7ol A
CIE L*, ax, bx A =& A|2=® (colorimetry system)ollA 2 mwke] b ks Yeld 4= o}, Melgoz =
FMow, 2F A4 49 AFS, o7l HeJH npot 22, 7|+FA (reference point) &ZF-H ¢F 2 wRko
7128 AA A3E Ze 2 GAIA AR e SAYE FAE A (B 534S A F3E (color
coordinates)) R/HF WRALE A} (e BRAME A Z35)S vERdTE. sy o] o] F-A) dollA, 7] 71+H
& Lrasbx A4 7 (BEE A H3E ax=0, bx =0 E& a*+=-2, bx=-2) E& 7|¥9 Fi& = vAME A (i
oAl A4 (0, OY & Uk, 7] 71" A% A ¥, 71ed A Hg 2 A FAx (ax B/EE bo)E

5 LR A oA, of7]el 7" FE Fed, F2 3 Ano dEgt
1 Aoz d4#xl, F2 F stollA #EHr).
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HhAR-A] 5192 Al A RT 5 2 A2 3L RI 58 233

T 9 A7 AL A RI Sl wix€ , dE IS & Aok 29 A el A, A7l F7I
= AES ¥3e ¢ ok, A7) da-ux] mEE Al A RI = L A2 1 Rl Fo] Wzdol YoEE thre
F71E A Stk A7) WA mEE oF 10 B 20 T 29 S 9l

9 FA) dofA, 7] B3 ZYe yxAHAAE TE& 2. a2 AAg ol 2¥¢E B, olyst T
52 AR ZE el wixlE = vk, orE A oo, Y] AT HAE 28-S RRA-ER] '3 7
I Afolo] wixlETE, EAQJ] WAIAYPAAY T2, A7]d FoE et e, wEIMA YR AE AE
oa) =AHH AR oF 8GPa WA oF 50GPad] oA H) AEZ Yekd 4 ok

A7 WA gAE T2 7193 AR ZE® Abold] wiXjE 4 Qlvh. HE Al dol A, 7] WAl A
9 A7 Weagx g Fol A1IFEH A2FE Atold mMAHES AIFE R A2EEs 2 Aok A
7] W-2=3 x4 S F7= 9F 200 nanometers WA 2F 3 micrometerse] WY 4+ ATt

A A ool A, AlE oF 1.8 23] 2dES e 55 TEE 5 Adu A SOl 288 5 de =4
AL

[e)
& SiN,, SiON,, SiALON,, AIN,, ALON, i o]e]

P8 FgolA, A7 AES, AA-gold A", dolohE=-g w4 ('DICY) 2¥, W-2IFAHAAd 1Y Ee
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5z 3} 3}
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15 F7], o9F 2 WX & 10 571, & 2 Wix] oF 12 F7], & 3 WX & 8 F7], & 3 UlA & 6 FU|E E29IE
T At

= 39 vebd -4 oa]ow, HAL-RE2] =29 (130)2>, A2 22 RI 5 (130B)Rt o @2 =45 248 ¥xga
T AE, F7HE A F (capping layer) (131)& X&e = k. Y FA| oA, F7] (132)&, = 3
of vteEbd whe} Zof, o}Ur ol A3T (1300)& e = k. 7] A3F (1300)> A RI, L Rl =& F
7t RIE 71 & Qdvk. 22 74 oA, 7] A3 (E) (1300)2 A1 A Rl = (130A) T A2 LRI &
(130B) 7 &Lt RIS 7}1—4 T dok. o2 FA oA, A7) #A3F (13002 Al A Rl F (ISOAH RIz} #)2

ofj

ORI Z (130B)¢] RI Atolo] Q&= 7+ RIZ 744 4 b, A&do=m A7 A3% (1300)< 2 3 RI
(130B) & =HeteE 2dES 7M. & k. A7) 73S o9 tx4d wigdel A dha-w=] =28 (120)9 A
4 Yok Las=/H/L/H/L;  Has=/L/H/L/H;  L/H/L/H/Las=; H/L/H/L/Mas=;  Lasz/H/L/H/L/Has=;  Has=

/L/H/L/H/Lx}}:ﬁ%; Lxﬂg%/L/H/L/H; Hxﬂg%/H/L/H/L; H/L/H/L/Lxﬂg%; L/H/L/H/Hxﬂg%; L/q]g%—/L/H/L/H/Hx]]g%—; Hxﬂg%
JH/L//L Laszs L/Maa=/H/L/M/H; B/M/L/H/N/L: W/L/H/LAMG 8 b 23, o]5 widelA, ofdl HAt gle
"L"& AL A RT & omstar, off 7P gle "H'e A2 2RI S5 U@, "Lag qu-z"oll W 7=

e

> - i = =) i = ¢t = d =
A RIZ 2H= AI3ZES 9Wslal, "Hys qo-s"S 3L RIS 2H= A3ZS oulsid, "N'e, RE 17 2 2 2" 24

Yatel, F7 RIS 2% AFS ov @,

oA7lel AR wRel 22, &of "A RI", "a RI" & "FTZF RI"S GhE RICl Widh Ao gks ovdit (& &

o], A RI < F%+ RI < aL RI). &} Wﬂ T ool A, &ol "A RI"=, Al A RI T E= A|3T3 A A
8 A, oF 1.3 WA oF 1.7 e 1.759] MeE EFTrh. St o] A dlolA], &of "i RI"E, A2
3Rl T EE AT A AHEH 73'%, oF 1.7 WA 2F 2.5 (dlE E9], oF 1.85 o)) WS Egtaelt)
Aw A doA, go] "F7F RI'E, A7) A3EH A AR AL, ok 1.55 WA °F 1.8¢9 WS
Zaeith, @y A9oA], A RI, i RI 2 3 Rl ulsh HYE= %7;3% T oAk 2Ey, gREe
ZA9-o A, wARER] =H (130)9] 52, A RI < 53 RI < a2 RI9] RIS a#f3ts dubgel #AE Zey
A3%F (&

300)& F7] (132)2H-E] /NEZF (separate layer) & AFE 4= 9Jal, % 4o Jepd npe}

) ,
o, #71 EE vrel 19 B0 3 (13D Aol MAR & A5 A7) ASFEDE Eak T (5
Aazoz A + 9, = 5ol thEhd sk gol, 1% (1103} vhrel F71 (132) Aolel WAE 5
ek, A3F(E) (1300€, % 69 vhehdl uksh gol, ARF (131) thAle] Ei= Y Fol Frhstel BrbAQ
29 (U0 ¥hHos A4gE &

(130)0l AMgat=d 43 fEde =dE: Si0,, Al;, GeOy, Si0, AlOxNy, AIN, SilNx,
SiOXNy, SluAl\OxNy, T3205, Nb205, TiOQ, ZTOZ, TIN, MgO, MgFg, Ban,Can, SHOQ, HfOZ, Y203, MOOg, Dng, Yij,
YF;, CeFy, L&A}, &2 A (fluoropolymers), Z&t=nl-%3 1582} (plasma-polymerized polymers), 4
Z2F $3A (siloxane polymers), AAAFEZAF, Zgoln=, B 43 Zgo|u]= (fluorinated polyimides),
Z@ollgl 2elm = (polyetherimide), Ee]olE]l2HE (polyethersulfone), F&]#ddE (polyphenylsulfone),
E# 7R Me]E (polycarbonate), Ee]olgdl El#Z&edo]E (polyethylene terephthalate), E&ollgdl tpx
2o]E  (polyethylene naphthalate), o}=¥ 3¥A} (acrylic polymers), $-#l8 %2 (urethane
polymers), EZzjWEwelo} g o]E (polymethylmethacrylate), W-2Z A4 Foll AFE3l7]ol HH3 17
of dgH o EF " Jjsiobd 4Ez & BdS Xt A1 A Rl T AMgsk=d 48s EE9
‘g‘i‘g‘i Gﬂi“i‘ Si02, A1203, Ge()z, Slo, AIOXNy, SiOxNy, SluAIVOXNy, MgO, MgA1204, MgFg, Ban, CaFg, Dng, Yng,
YF;, 9 CeFs& XFet). Al A RI Toll AME37] f1st 249 da F5 (& 59, ALO; 2 MgAlLO} %2
2 EHAA) HAsE = k. A2 1 RI Foll AREE7] F8] A Edo dY o2+ SiALOWN,, Ta0s,
NbOs, AIN, SioNi, AION,, SiON,, HfOs, TiOs, ZrOs, YiOp, AlOs, MoOy % TrololRE-8 vz Tt A2
IRl T 9/%EE U-23g9X4 Jol digt EZ it TS, 53 SiNX E= AlNx EZOA FHAsE 5 9
o AION, B4 2HA-=E ANl Aoz uHE = Jdy, F, oE2 AlNx 24 #F (dE &
AN (wurtzite))E 7F2 4= daL, AION A4 F+25 712 Zart gl d®2Q niehzdk AION, a2 Rl &2
H

S 30 atom® WA °F 50 atom®h BAZS ESFSFHA, °F 0 atom® WA ¢F 20 atomb AkA, TE= 2F 5 atom®b WA
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[0034]

[0035]

[0036]
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ok 15 atom® AHAE 2SS 4 Ak, dilxdd vhEAe SiALON, I RI EZ2, ¢F 10 atomk WA 2F 30

2]
atomh W= 9k 15 atom% WA F 25 atomb AT, F 20
35 atomh Fv]E, °F 0 atom® WA F 20 atomb == °F 1 atom® WA ¢F 20 atom® AbA, & <F 30 atom®% U]
2l oF 50 atomh AAE X 5 vt ded EFL of 30FFWIA FavF At F vk S 24ES
, 29 A o AIN 2/EE SiIONE 83 5 vk A2 1 Rl T E/EeE U-23

atomb WA °F 40 atom® == SF 25 atom®b WA 2k

Zh= 4SS Y3 49

YA T Ars B EAY F ook, 22 A ooA, WEFN|X] YA AE AlFe 3] SAHE A
o7, A2 1 Rl ¥ H/EE W-23dxA4 F9 HAN HAx=E, 9F 8 GPa o4, °F 10 GPa ©]/, <F 12 GPa
o], ¢F 15 GPa o], <F 18 GPa °©]/, T ¢F 20 GPa o] & k. EE HdA, A2 22 RI & 42
Tﬂ'%] ioi X]XLE] ’}l: 9)\—1—, lﬂﬁ:ir’/ﬂ»]*é <; = ’/l: S s — YT 7(5‘—]1; %‘Xé

gom o Y =& nrExF
=

i

Shut o] de] Al ofledl A, WA-REA] Z¥ (130)9] F (£)9 Aok shve 54 Fst 74 HAE £
ATE. 7] ARgE upe} ZFe ) Lo "F3F FA"E (nxd)ell o3 AAFIL, 7|4 "n"& AE-FT RIE
ek, "d"= S Eg4 FAE ougitt. sl oo A delA, va-REA] 29 (1830)¢] FE9 Aol=
sty= oF 2mm WA ©F 200nm, ©F 10nm WAl ¢F 100nm, °F 15mm 1H7<] oF 100nm, °F 15 WA ¢F 500mm, T+ ¢
15 WA oF 5000mme] HAA A Fst FAE 238 & vk, BE A Ao, 7] WAREA] Z® (130) oA
BE 52 9 2mmn WA 9F 200mm, °F 10nm WA <oF °—, 15nm WA 9F 100nm, ©F 15 WA 9F 500nm, T+
°F 15 WA oF 5000mme] HelelA #d FAE 247 7}7% T Atk 2R AFolA, 7] va-A] 29 (130)
59 Aok shvte ¢F 50mm ool B8t FAE vk, R AFOA, A4 A1 A RI T2 oF 2m
WA 2k 200mnm, °F 10nm WAl °F 100mnm, °F 15nm WA 2F 100nm, <F 15 WA <2F 500mm, H=+E oF 15 x| oF
5000me] "ol Fst FAE =t} & HAfolA, 429 A2 1 RI 2 <F 2mm WA ¢F 200mnm, ¢F 10mm
WA oF 100mm, ¢F 15mm WA ¢F 100mm, ©F 15 WA] <F 500mm, =& ¢F 15 WAl <F 5000mme] ®HLlolA Fe F
AS zk=th, = s AodA, 229 A3EE oF 2mm WA oF 200nm, ©F 10nm WA F 100nm, ©F 15nm WA
°F 100mm, ©F 15 WA ©F 500nm, 1= F 15 WA °F 5000me] WA B3 FAE 2=
R A ool A, J)“i A9 (130)9] st ool T e HAstE & vk, St o] A dlellA,
i RI F(&) 2/=® PRI F(5)9 FAE ol&°] oF 500m H|Rho] =T HAstE Tt s} o] A o

oA, LRI & (&), L} RI (%) /%= 2RI 2 FRI 59 239 28 77+ 9F 500mm 7] ghko]t),

H:

_/l:
9

O_4w
(<3

)

oY

iy

Lo

PR A oellA, B3 FIHeA A RI Ed9 42 FHAsbE £ k. o]Ed AgHE AS dAE
Z = d

FAT, A RI E4& 34A0=E B3, Al S4E % Aro S vAE A 4% 9 Ax dEe 4
2w, d @ A 5dola, wabA o3 24E& HAslete A, of7]d 7iAE H“‘}E LI F !
e TAANIIHA, BEE AT & vk, A7) B 729 B4 FAY FEoEA FASH, A RI &
Ao Fg mE B4 FAQ oF 60% vnt, °F 50% ©|vF, °F 40% vk, °F 30% v|WF, °F 20% U]“J, ok 10%
vk, = oF 5% mRkE e ¢ 9l Aeror e FrtAo=w A RI E49 42 33t 39 (5, 7]
ol fgste= 5, AR S5 e 37 5 Dol FAR LRI 5 Aol MiX=HE A RI 249 BE 39 =
A FA oz Agstd 5 dr). o]Bo AFHE AS dAT AN, 1 ALEE e 77 3L RI
T WE EE iRy 23 YgAREH s T (BE FAL RI 5% 7|3 Ao g ad¥ o= H3ssit, o
A, FAE 2 RIF 9ol wiAE T2 A AFY dz=agx g dis) 8§ a3E M F drk. o3
T I RI Fo] oF 400mmE Zdshe &2 FAE Zra, WE23H A dUAr A Aol 95 49 Ao
2 % 12 GPaE ZHste= AEE Ze AF 53] #dAdo] ok, FAR LRI F (5, 718 dida= 5, AF
|2 & = F7] ) wixl®E A RI EZ29 &2 oF 150nm ©]s), F 120nm ©]3}, ¢F 110nm ©]3}, 100nm

90nm, 80nm, 70nm, 60nm, 50nm, 40nm, 30nm, 25nm, 20nm, 15nm, H=i= 9F 12nm ©]3}e] FAE 712 4 .
PR A oA, W-919 FV-5F F&, B AA o 8-99] vER uie} Zo], 11 ALE B3 YEhe 31
RI S5 X3 & Jvh. 29 FA dolA], F714Q 29 (140)2 o] W-91¢] 37]-5F 1L RI T &
wixld = QT (& B, F7HAR Z®EE A 39, R4 Z®, Be AA-goH IS 23T
Urh) . ATkrr, BH O AA 4 100 o5 dAlE ukel o], wig- v FAE Zte (& 59, ¢F 10m °]3},
ok 5nm o]sF B oF 2mm ©]3}) A RI T F7F=, i RI & 3t 9-919 37]-5 Fdd 7t 45,
= A Rl 52 Si0,, AFAE =& A-v& 5, Ee
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shit o] kel Al dlell A, RRAR-REA] =E (130)2 ¢F 800mm ©]3te] &4 FAE Zevh. AV WA =
B (130)& 2F 10mm WA 2F 800mm, °F 50nm WA] 2k 800nm, <F 100nm WA °F 800mm, °F 150nm WA <F
800nm, <F 200mm WA] 2F 800mnm, ©F 10nm WA ¢F 750nm, <F 10nm WA 2F 700nm, ©F 10mm WA] <k 650mm, <F
10nm WA °F 600nm, °F 10nm WA] 2F 550nm, <F 10nm WA ¢F 500nm, <F 10nm WA 2F 450nm, <F 10nm W A]
SF 400nm, ©F 10nm WA <2k 350nm, ©F 10nm WA °F 300mnm, <F 50 x| <¢F 300, % o]5 Alo]e] RE He %
AE-R9eA =23 FAE 7H & o,

Sty o] e A oA, A2 1 RI T (B)9 234 =94 FAc 54sE 5 Ak, dF 5o, 29 A
oo M, A2 LRI F ()9 =38 FA= < 100mm ©14F, <F 150mm ©]4F, °F 200mm ©]%4, F 500nm ©]/d<d
F vk, 23" FAE, 4 AR F(E) B vE T (8)o] de A-E2AE, vA-1A 2 (130) Wl
Aol LRI & (5)9 7419 AME ZFoltt. B2 4 doA, i-F% E4 (& 5o, AgE &= 4
Asts 24)& T3 2% 5 9de, A2 3 RI F(E)Y 239 =94 T, WA 28 & 594
FA9 30%E I} 5 Atk dE B, A7) A2 LRI F ()9 2 =84 FALE, TR 299
Z =82 TS oF 40% o7, °oF 50% o], °F 60% o], °F 70% o], °F 75% o4, W& oF 80% oY F
Ak, FrHAeR e dEAHo=w, FE Fye] xdH, B I-FE EEY F e, 1 24E 249
G, AF e F 7" (12009 HAE (5, AFEA S e 7|9 giHee 33 290 ) 500me] =
A FA] HANEZA EAstd & vk, AF Ev 3 ZE 4 500mme] HAMER ZASHH, A2 31
RI S(2)9 =3¢ =24 57 (= 2 245 =29 F7)= °F 50% o, °F 60% o7, °F 70% ©1%, °F
80% o], T oF 90% ol & vk HE A delA, vhA-wA] 2" dlel ddstal, a-Ag 549 o
ES &S B3, o7l e A" ukek 22, 9 WAL, W AN 822 YnfrAdS mEgk vERd
T UEF FAd whEold 4 9k, sk o] A ool A, A2 a1 RI T2 ¢F 1.858 Z¥Ee FHES
zte 24E& 3388 i, Al A Rl 52 ¢F 1.75 7Rk 2455 Zke 248 283 5 o, 2% 4
ol A, 47] A2 2RI & dstE £ s 248 28 4 Aok, 29 B4, 33t " (%
= 38 ZHY FAL A2 I RI T el wiA"E FdA) EE Al A RI 39 23" 725 ¢F 200 o]t
(5 =°1, °F 150mm ©]3F, F 100mm °l&}, °F 75mm o]}, Hi= oF 50mm olsh < = Utk

PR A delA, SRR ZE® (1830)2, & WA EW (122)04 SA4E AS- (A A7 W)
M (back surface)’dol A 4—-dz 29 (index-matching oils)& A&, & & &7 HHE 3l A
2o, AF vEZHE Y (dE Eol, & 194 11422 FE WAMS AASIE 45), 33 3 goo 4
ok 9% olst, °F 8% olat, °F 7% olst, °F 6% o]k, °F 5% olsk, °F 4% ©lsk, ©F 3% olsk, W& °F 2% ©|sh
o it F WMAES vEhdnk. (EEF W4 (photopic average)d + Ue) Bk WHARES °F 0.4% WA oF
9%, °F 0.4% X oF 8%, °F 0.4% WX °F 7%, oF 0.4% U)X oF 6%, Ei= ok 0.4% UK o 5% D o5 Apo] &

i

HAY 4 vk, 2E Ag-olA, AR ' (120)8 oF 450nm WA ©F 650mm, °F 420nm WA °F 680nm,
oF 420nm WA °F 700nm, °F 420mnm WA] °F 740nm, ©F 420nm WA] 2F 850nm, ¥ 9F 420mm WA °F 950mm e}
e vE 3 "l AA olddd B 3 WSS e oAk 2R A odlA, WA 329
(122)>, @3 3 ool 24, oF 90% o1, 92% o1, 94% o], 96% o1, L= 98% ol B & 73

Btk HEo) Qo] gle 3, Hd E e FREE oF 0% WA oF 10%9 A =T ZhellA
"1 (28y, oldd 54 = !

A (100)2, = 60 YeEbd niel o] WhAR-HEA]
e Ak, sk ool Al el A, A7) FrEAQl
&0l FH dEE, 2012 1149 30¢be] =¥, EHe] A o] "PROCESS FOR MAKING OF GLASS ARTICLES
WITH OPTICAL AND EASY-TO-CLEAN COATINGS"?! w®l= E3|& A|13/690,904%0 7]AEe] L, o]e] AAA<
e FxeA of7je] TdHrt. A7) AA-&old ZES °F 5mn WA oF 50me] WHHelA FAE M F
UL, Bt AR e IAY BAS 2T £ vk B2 A dolA, A7) A=l ZES oF Imn
WAl 9F 40nm, ©F Inm WA 9F 30nm, ©F 1nm WA F 25mm, ©F 1nm WA ©F 20nm, ©F 1nm WAl ©F 15mm, ©F 1mm
WA eF 10nm, ©F 5nm WA ©F 50mm, °F 10nm W= ©F 50nm, ©F 15nm WA 9F 50mm, ©F 7nm WA °F 20mm, ©F
7om WAl 9F 15mm, ©F 7om WAl F 12mm = ¢F 7om WA F 10mm, 2 olE Alole] EE HY 2 AME-HY

A FAE 7HE 4 i

_I

el

i

de o

odl o

=
[ep}

7R 5¥ (140)2 W=AdAY F B S5 XS 5 Ak, 9% A delA, FrHEl 29 (140)
< AA-gold =2 R WEARAAY 249 =¢s 2. 4 A Ao, 7] 292 AlA-gel =2



[0042]

[0043]

[0044]

[0045]

[0046]

9 thololE e~y ©AE X oy d FUFAQl ZW (140)2> oF Snm WAl oF 20me] WA FAE 7t
A 4 k. BEQ 329 (140) 9] TS VI FEAdA AFTE F A, dE £, 5}010}%‘1 Y gAhe
AlFoz mxEd F dir, AFG-Lolgr 54L& ool -3 w&io] A1F Aol A2 wjxd F At
A7 Al D AT FAE FHAQ ZE s AlsE HAd ¢ Tk dE Eol, thololEE-d ©@aA9
A1F5L oF Inm WA oF 20mm E+= 9F 4nm WAl ¢F 16mm (BE F ¢ FAFeZ oF 10m)e FAE 7F2 4= 2
i, Ag-golgk A252 oF 1 WA ¢F 10m (& & o FAXSE o 6m) o] FAE 71 5 v}, tholo}
2E-8 Y2 AMdAe] FAY &4 (Ta-C), Ta-C:H, R/FE+= a-CHE X3 5 o).

oA7]ell AFE wupek o], Fd 3™ (120), YWA-EA =29 (13003 713 (110) Apelel wixl=a < 9l=, U
2AHRAG F (150) == 28 (o] dz=agxd Fol €89 A9)s 3 ¢ k. 22 A4 delA,
71 WEAHRAAY S (150) Ee AP (= 79 vk wpep 22 150 H= &= 8ol Wbl whep 22 3459}
Zol) WA 5" (130) 9] 5 Abolel wix|Eth. whA-wEA] 9] 7 AA (F, d2AdxAg 5 (150) 3
719k (110) Afelell i€l A1 A, D Ya2FHRA F Aol viAE A2 ) AR g8 FAE 7 F
WY Ee AR 3 FAE o JHE ¢ k. A7) A 39 o AHe 22 AR
23E, A, A B/EE g 59T F dAY, BEE AR TE F Ut

WaAHgAA F (150) e 28 (s $7H40 39 (140) o2 Agd W-23gXA F/329)ol A8 o
A =4 7 g3E, diE, AgE, voloEE-3y B, ke o5 x3E X 5 vk A7
WA & £ =28 ik H43 229 das 2aFs, AT, s, giFs, Aesks
& "G/ ole] ¢S ¥y, hEHe T4 B, Al, Si, Ti, V, Cr, Y, Zr, Nb, Mo, Sn, Hf, Ta 2 W
5 ¥ttt Uamdxy & Be ZH 88" ¢ e 229 5A AA] olE AL, AIN, AION,, SiaN,,

SiON,, Si.ALON,, Tholole=  tlololr-d] ehi , : & zgat 4
o g7 WaIAAY B EE S9e £ GnBY 34, £t 249 nATRE 2t 298 3T 4 9
o, A%, A4 (toughness), Ei= vlrbwy / UmkEd e ANsG dE Sof, WsARAY 5 = age
oF 5m WA o 30me] A7) WA FeAe FFE ¢ Ack. A AolA, 4] vl

o
B2 Adol-73l X223 Yo} (transformation-toughened zirconia), -+ <9FA3} X|2F:Yo}, I
ofb-Ast dFMUE 233 5 k. FA oA, WaAHAE T Ee 1 =
Q174 (fracture toughness) #t& WERNIL, FAle] °F 8 GPaEs ZHsl= 74

471 aadAd 2 (= 7o vepd vkel 22 &dd T (150), t5 M E-5 = (= 8 yekd npep 2
=4E T (345 —% UE= ME-SE5 ® = o] AMgH -, ol E

=) = v

TES WEARAAY =Y (345) s TG, dE 50, W=AHAY =Y (345)L SIALONS =4 THiE
Ee ¢ 9lar, o71A ey o] Si, Al 0 BN wRE EEES S B A7) SlE dstEn
=4E Tle B3 vgeAde ARkl 42 ¢ ok o7 gl 2014 49 28U Aol EdE, EHe W

#Jo] "Scratch-Resistant Articles with a Gradient Layer'oL, H= ESESY A14/262,2245 ) = 1 AFA 5
1A= Q)

N

WeadAy & e @9 24 54 54 (1F Bo), 49)E AF] A8 WYY + Aok, sht o)
of Al delA, A7) WeAAAY F we aPe A2 gld AR Agd o, waaday & w
= omge) F EWAlA S48 Aow o 5Pa 14 oF 30GPa WSlOlH Al A=E itk shi ol

TFA delA, 7] Hz=agA
GPa WA ¢F 30 GPa, ¢ 9 GPa WA ¢F 30 GPa, 9} 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, ¢F 5 GPa WA ¢F 24 GPa, °F 5 GPa WA ¢F 22 GPa, °F 5 GPa
WA oF 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
WA oF 22 GPa B o]F Aleld] EE W9 % AEH-H0A A ArE deEbdth. st o] A dlell A,
A7) WA AAE ZELS 15 GPa 27, 20 GPa 23, EE 25 (Pa 272 A AEE ved £+ 9o}, skt

ol ae]l A ool A, 7] WA =& oF 15 GPa WA 9F 150 GPa, °F 15 GPa WA °F 100 GPa, =
oF 18 GPa WA <F 100 GPa ®ElolA Hdl AxE Yeldd. o Fxs &9 Zolo HYdd 44 FAHHE 73
Lo Aw ol old A AE S oF 50mm o] EE 100mm o4 (E S0, <F 100mm A <F 300mm,
[e]

°F 100nm WA °F 400mnm, <F 100nm WAl 2F 500nm, ©F 100nm WA <F 600nm, <F 200nm WA] F 300mm, <F 200
mm WA ¢k 400mm, °F 200nm WA €k 500nm, T ¢k 200mm WA 2k 600mm) ] ¢y ZlolE whg} yEhit).

A7l Weadgx 4 78 B2e T 224 F2AE oF 1m WA F 5me] WD - Aok HE A oA, )
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[0047]

[0048]

[0049]

[0050]

SSS0ol 10-2047915

2~3PAG ZH EGH FAE o I WA ¢F 3pm, ©F Inm WA oF 2.5im, ¢F Inm WA °F 2um, ¢F Inm W
Al ¢k 1.5mm, 9F Inm WA F 1gm, 9F Inm WA] F 0.5um, ¢F Inm WA <F 0.2um, ©F Inm WA F 0.1mm, <F 1
mm WA 2k 0.05um, °F 5nm WA 2F 0.05mm, °F 10nm WA F 0.05¢m, <F 15nm WA F 0.05mm, <F 20nm WA
°F 0.05¢m, <F 5nm WA F 0.05um, 2F 200nm WA 9F 3um, F 400nm WA oF 3upm, ©F 800nm WA oF 3um =2

ofF Atole] mE W L AL-HAA £ vk RR FA o)A, 7] NaARAY 2P BH A
F lm WA oF 25mel WAL = A, TH ARAA, ] G-radAg FE AE i Az 24
o EFE 5 9L, oF 200m o], 500nm o] Ei= ok 1000m ol4ke] FAE 74 Qlek,

aur ool Al elle] AFEL Aok oF 500 Ate]lZ Foll HolH Algel whE RhARREX] gW (122) Aol vRE

ool g gl os) SAE ukel 22 dntRAdoR viAE & v v FEHe vkE Ag2,
Taber Industriesell 93 &F€ vl wjAl (abrasive media)E AF&3F=, ASTM D1044-99¢ WAlE A& =
W7} o], s]eRofel A Sheld k. ASTM DI044-999F Avhel WA bR wWMe e Ao yrtrge oy
A FEEES , U B vwhm wiA],

WS A 54 5w vhE EE vhE 42 AFE) sl
A=)

o]
dvbdle] 71sket W AE (otion), ¥, L AHESel AR 4 Ak g B, e AY 20 BE
A4 Fehs" o AW B2 AY BBl Bl HEF & A Aol vl AAE A e, AskE 5
2 oAsE EE AR myi 2o, T2 44 7] BAS TIPS B AEE Aol W4l 33
U RsE e A gol vhsh ge, Hel] Aol

3k, ASTM D1044-999] 5¥a w7 v del, o7]d| 1]
Hgr), 7)) Abeg vel e BT vHols] AFNS oF 22T 430 L% B oF 10%7hx At HEE ¥

3}5ti= g7 A, Taber IndustriesollA] &% Taber Linear Abraser 5750 (TLA 5750) % HZHAXE AlL&
Al WS 9wty TLA 5750% 6.7 mm ﬂﬁ«] ulR F = (abraser head)& zt& (S-17 v 528 ¥3}sh
ot 7 AE2 Holw Al Ir]r@r npRE 3, vk &4 Ve WHE -], dlol= (Haze) ¥ WE Fi}

|
& wX g (CBIDF) 574 RFE ARgstel B7beth. Helw AlgoM, 2t AE& vheshr] A& dape, &
= 5 3 & AAA R TLA 57509 T vl R 7] mHel
T EFgen. 7 AEe] gl Algstel] e 5171 del, inb] (abraser)

o,
I

[

[t
HU
u
()
3
22
mlu
=2

St o] FA dlel A, AE (100)2] WRAR-HEX] EW (122)2 HolW Algd] we vlREa, A7 AEFS A
2~ XE (source port)oll ZXa, 8 mme] AAS 2= FAE AFESIe], AE Haze-Gard plus® 2 BYK Gardner
of 93] FHH slo|=mHE AMEste] wlEW oA SAHE AR, ¢F 10% "wre] do]=E YERdT.

3

shub ool A oo AFE (100)> (o17]e 7IA= =, F7FAQ 29 (140)S E3shes) oW H7HAR] 28
o=, "9 Y glo] olHE UwtEAS vehdnk. 2E A doA, A7 611013% °F 9% olsf, °F 8% °ls}t,
oF 7% ©]3f, °F 6% olak, °F 5% oldF, °F 4% ©]3f, °F 3% olsk, °F 2% ola, °F 1% olaf, °F 0.5% o]3} HE=
°F 0.3% ©l3td & Atk BEH 5A A oA, 7] AF (100)> °F 0.1% LH 2] oF 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 °F 5%, °F 0.1% WHA <F 4%,
oF 0.1% WA °F 3%, <F 0.1% W= °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 °F 10%, °F 4% HA F 10%, °F 5% WA °F 10%, <F 6% A
oF 10%, °F 7% WA <F 10%, <F 1% WA F 8%, oF 2% WA F 6%, °F 3% WA oF 5%, L o5 Alolo] nE W
9 2 A=A o] =25 YERATE

A7 WetRAd S gFstalr] 9g AduF ] WS wE of 7)o e Ent. sk oo A ool A, WRAR-EEX
FH (122) el "ol Aol ola] mirg ASE (100)2, oS 5o, wA-EA 79 (122)¢] (vpd %9

2 S 38 A 918 80x80 micron 7Y EE s 80X80 micron 9o ZA o= F34d &
24 7 (AFM) ®¥ Z = o SA4E Ao ntRAgds veld & 9l o|& ARM Zd &
Mo g e RMS #1Z7], Ra A&7, & 1-A-7F (peak-to-valley) EH Eol¢ e TH 7AA7] EAE H7}

Y3 bo

@l
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[0051]

[0052]

[0053]

[0054]

2§ k. S o)Ak A oA, AE (100) (e FAHeR, v 1 (122)2 AEd Heoly
A&t wii o] oF 50nm ©]3f, oF 25nm ©]8F, ¢F 12mm ©]3}, ¢F 10mm ©]3}, H= oF Snm ©]ske] P EW

747 (Ra) #= depd < Qv

st ol el Al dell A, AE (100)2 WRAREA] F (122)0] EHlolH AlFel ofa) viiieg
of o8 ZAHE Ao, WrtnAL Yehd $ 9l CHI
Zemax IS-SA™ 7|45 Apete] Fald - wbAbE B3 5 (BRIF) = -
Atk o] 1T WAlA FHORRE o 85 YAb, B FIeA FHo

7+ Alg3le] I Alere 48 7HAEA, wE 2+Pi ~H Pt (steradians)
A abeh 3 E9S Egrh. she] A oelA, Al
F (100)2 Med Z= HYA, dF 5], AZ (polar angles) B2 1 <ol o WA F 10° 2
FE oF 80 " =® FabE b3S BAetal B A Akl A BIDFE AREstel S € , Wk S v
Ehdick, Zhe] WA w917 99 (azimuthal range)™ 45 532 4 IAY, e Wzt sebol

c 0 b

[}
(azimuthal angular slices)&, d& &9, Wz <

|

[¢]

(g
i)

oy gy X
Ol

(o
o

= 2 90" o 2RE Mg ALt A mpRe
Aol F AR S0 As-t-FES FTHNTI7] 8] vk BEke] Ao g A7l w7t waks Y
3= o] utdAE 4= itk s o)kl A ool A, AFE (1000, 2mm T4 2 600m FFOoE HAH o
A337] (monochrometer)@, 3ol 2 JAIZ CCBIDF EE=oA Radiant Zemax [S-SA =75 Al&3t=
g, R o157 WA oF 60° 9] W (elE Bol, FAHORE °F 20° HE= o 40°) Wiell 5 AbeE ZhellA A
78 A9, (1/steradian®] T Z) °F 0.1 w5k, 2k 0.05 ©]&}, 2F 0.03 °]&}, 2F 0.02 |3}, <k 0.01 ©]3},

ok 0.005 ©]3f, T+ ¢F 0.003 olske] WHA-REA] =¥ (120)04] SAE FoE A F AEE JEhd

Ak, FIoA £ JA=E, 71T AZE9 Y] (instrument software)ol 2l3] 180 ° PAFEA BEAIE & A+,

FaoA 052 ¢eld F k. st o] A dolA, Abd F AEe EHoly] AlFel o miiE MEo

upRE Beke] AAAo®w ZzZRQl whZh WIS wel SAHE ¢ vk, d AA delA, "ol AES ¢F 10

cycles WA ¢F 1000 cycles ¥ ol& Alo]e BE S AFEE 4 Ut} olF 33t AE #2 of b =3, o
o]

105 %3, oF 30% 23 EE 9 4552 x9es F A dow Add &3 F Ao o 1% vk, <k 0.5%
A

¢

O

ARAOoR, o7l AT ks o], £4 QARNA BIDF AFE T slol= HYu s A,
OJF REE MBS B FaelA AwE Fo F& SPAE P (EE WA 79 (12008 e
F, AE (1009 F9lA) Aghach, BIF Z4e, dlo|= 243} vmste], & o A 7 guew ok
% U 2 UgEE AT BIFE 02 T R PeAnow Awe 4L Absel sel, dF Bol, 43 H
ol AGNA vhE e MAHoR N WU ztow ARG HUHoR Frlse AL sFsA wrh
(o5& MY whEEE F Aol bg 2 dolth). Fi} dolxt WpHow of +/- 2.5EE W H
of AA WFE 54 YA BIDF) o8] H4E RE AR Fo ol

o =Y (120) R AF (0002 ME=A HIA4 FE AGel ol F4E Fwe WelA /A4 & Ak,
7)o ARG wsh e, "MEaA G4 AR AP telohRs dEmnA AR EWE §HIs]
49 wwol U@ oo =T skt wAS LBk M=ailA GYR = APE oF som WA ok
1000m (2 AR 29 me Fo) AA FA F, o g 29 WA 4 o2 4 FYHES
clelolEr WEmnA ShiAE AFES wA-MA EW (122) B 4 29 (12009 EW (EE AU
el A o| st olge] Fo EW)S s WA % of ) ol (¥ Hol, °F 100m X °F 600m

(& = 2}

o ®ee] AANE Ex HA 49} ZHols wel o] Yo rfE HU BrE SA4ste dAE xdeta, o
Wk o 2 QOliver, W.C.; Pharr, G. M. An improved technique for determining hardness and elastic modulus
using load and displacement sensing indentation experiments. J. Mater. Res., Vol. 7, No. 6, 1992,
1564-1583; 2 Oliver, W.C.; Pharr, G.M. Measurement of Hardness and Elastic Modulus by Instrument
Indentation: Advances in Understanding and Refinements to Methodology. J. Mater. Res., Vol. 19, No. 1,
2004, 3-20°] M=d WHS ARG of7]ol] ARRE wpol 2 Are Hu FARE ovidte ZlolAl, Bt
BEE YHlateE A2 ol

BHor, /27 Bt Jund o gud 799 (2amA G948 Agse An ge) vy 54
ol S4E AEE e g4 ZololA 24 99 (plastic zone)s) WAel J)elste] x7lel FrksH 2
o e £ 9m, 7 od S, U g sl doldd Hugk e 7] (plateawd] EERTh 1
oF, AuE Nzvt He sl Gyl st o A 4 Aol MR sk Agsth, mgel wlast
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A wskE vebd g olok 2yl A oellA, A7) AlEe QA 27 A 71 2 7 Afele] Aozt Ao
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A AE ke BASE F o RA4Q S, ol AFe Wwe] A4 U2 m: LD Ei OLED A9
e F5 Al AL (SnEE, F9 ge) 483 pawt

st o4l Al ol A, 71EHe CIE Le, ax, bs 4 %—X4 A (EE A L a0, be ), HE (ae=
2, bi=2), Ei 7|9 Fohg E b 4 AEN 94 0.09 F Ak MR dAife] gl @, o]
of AAE AE L AEE AR Dok, A tﬂi}cﬂ] G mAA e Ao olAsioler B, A
Fo A12A AA Ws gl dstel @49 8 AEE B Fohe A REs)

A%, A7) AF) Fohg
s, A7) AES] WALE A HEE 1w vk 4 Fxe va,

b olgel 54 A oA, Fahg A % A Ao 1Ed A s
ek, skt olel B4 A oA, 4] Frhe A 9/ s
1.8, 1.6, 1.4, 1.2, 0.8, 0.6, 0.4, 0.2, 0 ¥ °]&

AE ar=0, bx=09l F5, 471 1EH AR sk 3] £ 29 o) AL,

7Nz A W3k = A ((argp ) + (brag))

A7) 71EHe] A HE ar= -2, b= -2 A5, AV] 7IEH AA WEE 4] 39 93] AxtE)

Z)2d A W =y ((ax gz 42)° + (bt gz +2)0)
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>

71 1A ol 71l A #HERD B, 7] 713 AR Wsks e 40 o8 At

_ 2 2
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0 2 A ax=-2, b*=-2 F o=
a7k 2 Vel HES, R3g Ay (E: ErTJr% @“ AE) D WS A (EE

st ol el Al edlA, 7] AE2 ok 0 WA oF 60k (B oF 0% WA oF 40%= = oF 0% WA °F 30
=)o) W el 2 gab 2 7oA CIE Lx, ax, bx A 54 AJAROR, oF -5 WA oF 1, oF -5 WA <F
0, ¢ -4 WA o 1, = o 4 A <k 0 oA (22 WA FHA F48 Aom) WAREeA b+

e ek 4
S o] A Ao, 471 AFE ok 0 U oF 60 (i oF 0 U SF 40 i o 0 A o 0
£)9) 9] ol RE @A 29 FolA] CIE Ls, ax, bs 4 54 Axde

1.6 o3, 1.5 o]ah, 1.4 ola}, 1.2 oI, ®i ok 1 o]shel (AIFe] A
BE Aoz) Fahgold bs ke vhehd gl F3haolA A7) bs gl ae&% oF 59 4 itk

B A oo, A7) AFL #9065, A, 2L F2 sl o 0% vlA o aozacn W9l el GAF 29 2ol A
ok -1.5 %] ok 1.5 (& Sof, -1.5 WX -1.2, -1.5 Yx| -1, -1.2 WA 1.2, -1 =] 1, -1 Y] 0.5, &
S -1 U1A 0) 89 el (WA EW L 0 W EReNA) Fahgel A as w hebdich, 2R A o
A, A7) AES #9065, A, % F2 sol oF 0% UIA o 60E4 W el 9 2 2ol o -1.5 WA o

1.5 (& £°], -1.5 WA -1.2, -1.5 WA -1, -1.2 WA 1.2, -1 WA 1, -1 WA 0.5, == -1 WA 0) ¥
S el (A W R oY W EReA) Rl A b*%k-% vhehule,

gl A ool A, 7] AlES F D65, A, B F2 skl oF 0= WA oF 60%=e] WM el A 2% ZelA
oF 5 WA oF 2 (dE B, -4.5 WA 1.5, -3 WA 0, -2.5 U|A] 0.25) ¥ mﬂ(omﬁu}%ﬂ_g@ﬂ
A1) AR axghs vEbdTh. SHE A ool A, A7) AlEE Fel D65, A, B F2 Shell oF 0% WA oF 60
EQ%ﬁ%Wﬂ%M}E%7MM1% 7 WA ok 0 9 il (A WRAR-RA] ROl A]) WOl A begke
ehaict

shup ool Al o] A, = sk o] Al WhARAl W (122)2 ©F 400nm WA oF 800nm R 9fl
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A e g odoell AA oF 95% o] (dlE B9, °F 9.5% ol <F 96% ©1/F, °F 96.5% ©]F, &F 97% °]X,
ok 97.5% o)A}, °F 98% o)Ak, °F 98.5% o)A} Wi ok 99% o]4h) Y H F FHES yEd 4 k. 2E A
dlel A, A7) AE, L st olie AlE el Whal-wrx] B (122)S 9F 400mm WA 2F 800mme] Mol A 33t
g dodel AA oF 2% ol (& Eol, °F 1.5% olaf, °F 1% ©lsl, °F 0.75% o|&}, °F 0.5% o3}, = °F
0.25% °olsh) el H:t F WAFES vepd = Qo). olE #F FYE 9 3 WS 3 39 9g oo duw
He (s B0, 2 3 g9 e, 100m 3 W9, 150mn IHF =9, 200m IHF W9, 250mm I
W], 280mm v WS, HE 300mm T ®9Dol AA Ee dAl Fs 9pg Joo] Ax wEE S vk 2H
TA A, o5 F WAME B FEE g2 (WAREA 329 (122) 2 oiE 2w (114) Bl ois] wRAL
& v 5SS 193 T S e F RS g vk HEY Aol fle &, Hi e B F
T o 0% WA oF 10=] WY el dr =% ZlAM SAET (2y, olgd SAHL 455 EiE 6059
JAF =1 Zhol|l A AlTE 4 ATh)

R A eolA, sl ool Al 49 AF, EE sk oo AlFe] WA B (122)8 33 b
FAel AA oF 1% olsk, °F 0.7% ©lst, °F 0.5% ©ld}, T °F 0.45% ©lste] Bt FHAF EEF WS
(visible photopic reflectance)& YUEIE 4 v}, ol& XEH ¥ALE g2 <F 0° WX ¢F20°, ¢F0° U
Zek 40° HE oF 07 WX ¢k 60° 9 WY el U 2R ZelA yEkd ¢ k. of7)el AH&E uieh
2o, XEY WRAMES AL w9 o] wt 3 ~FEL s WSS TS AIA AN w9 g s
s, X EF dAbES w3 CIE A4 37 29 (CIE color space convention)¥ 72 dazl zofof| wle},

% (luminance), ¥ 3A= (tristimulus) Y ez A" 4 vk, H
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A A oA, (5, w1 Z4S EAT MR EHS Z43 49%) sht ool AlEe] ubAl-wA ¥
W (122)€, 47 W EEZ WAL @ o] Uk 4 9owal, EAd oF 5.0 ugk, oF 4.0 wgk, of
3.0 wlwk, °F 2.0 Wk, oF 1.5 Wk, i oF 1.25 v|wke] D65 £ R/EE F2 FUE AHESt] (54 A
7NE z 7how) oF 5% x| oF 60l AA YA} 2w 7t Mglel AA, A wAE AA WslE dehdg
A7) 7S 2% B (@uigesa* e )N A HT W3E b B (Byignea b )N AT WL ax 2 bx 3t Lol
A A W3, EE F Y (@i a%ime) H Do b o) VoI ] WS e 5 T}
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qAs nRAe] oz, (2HN TEEA L TAss deks) Soagd (PS), (3EHA 2 Bdss ¥
Febe) EERdolE (PO), (ZdgaLaeols @ EZejdddzeuols $EHAE Laalt,
FEHA 2 BAss xaeis) ZodsHz, Zesdw (P0) 2 Al)|2YTeedm (Alo]2E-p0)S X3
S Atad SA, ZeudIeels (PV0), (2334 9 BA=2 ¥ites) Zovgueeladyoe
(PN S Z3hets o}3d mBa, d7kas Sed (TPU), ZeolelZolns (PEDY A2 o5 mPate]
=2 AN, od AFHE AL o, U EA nEAE GEA, ~EA, A, Ay, D A

2 54 3
Wy =g A oeld, J1R (110)e FAHeR nEA, Fehay W/EE 34 719 AT & Ak 4]
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-AIGE dZ=, 20089 7Y 119A] EH9E Hs 7F 53 EY A61/079,9955.¢] SAHAE F

Yxjof] wrdo] o] "Glass with Compressive Surface for Consumer Applications"® &%
1 A112/500,650%, 714 F7] 7182 e 529 9@ SxoA ts, A5F, o] ud A
shEm; 32008 79 299l AT W= 7 55 E A|61/084,398%5. 9] S-AAHAES FFsH,
201211 119 209 %}e Christopher M. Lee 5ol <3 el 83 ¢] "Dual Stage Ion Exchange for Chemical
Strengthening of Glass"® TF¥ "= 53 8,312,7395° 7IA=H™, 7|4 F 7|#S &F o202 3|4
H Al SxolA o] WBATZ|AL, I v Al SxHT T A RO &F oS ZE A2 Sx A
A ZEEv. "5 58E9 A12/500,6505 H "= 53 A8,312,739%.9] AAA W& FEEA 7]
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= 4 ATk, €S ¥ DOLL 7]& ool A
A HHS Abgste] =A-HETE, o83t S Luceo Co., Ltd. (Tokyo, Japan) @l AZFel, FSM-6000, -
Ao o]g 7ted 7|FE AMES 1Y S A (FAD)E 23Rk, o]
DOLS SHAsts W2 WAHo] "Standard Specification for Chemically
Strengthened Flat Glass"?l, ASTM 1422C-99, % W3] "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 &2 FxZ of7]d Edrt. x¥
<8 542, 78 7199 5249 A9, $8 BT Al (S00)Y gt 54 oEdth. S0CE AH}A L
2 AR 2 448 w3 Wy, ol EFE WAo] "Standard Test Method for Measurement of Glass Stress-—
Optical Coefficient"©. = ASTM 3 C770-98 (2008)°l 7]A= L oe] AAAQl W& Fx= of7]d £94,
2 dHg ARy Wi ge ) T)Eokell A dEl o]E el o8] SAEh. CSeF CTe #AE 48] 69
ol&l] AlsHrt:

(5814 6]

BN
Modr & Borfo
o R
18

e =

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

A7IA, te 8 AFY =348 FA (wolth. & A9 thekst AMoA, CT ¥ CS& wWrtg2=Z (MPa)=
o 7oA FAEHIL, 5814 F7 t+= micrometers (gm) ¥+ millimeters (mm)® XA ™, DOL-S micrometers
(pm) = FAHC},

shube]l Al del M, st 7] (110)2 250 MPa ©]%F, 300 MPa °]%, dlE E°], 400 MPa ©]’d, 450 MPa
o] 4k, 500 MPa ©]4F, 550 MPa ©]4F, 600 MPa o]+, 650 MPa o], 700 MPa o]+, 750 MPa ©]%F W+ 800 MPa
olAe] ®W (SE 712 = Ak A7) A3t 713e 10um ©)4F, 15m ©]AF, 20um ©]AF (oS Eo], 25um, 30um,
35um, 40pm, 45pm, 50pm ©]4)e] DOL /%= 10 MPa ©]4+, 20 MPa ©]%F, 30 MPa o], 40 MPa o4 (dE =
o], 42 MPa, 45 MPa, =X 50 MPa ©]4h)o]A|wk, 100 MPa w|%F (& Eo], 95, 90, 85, 80, 75, 70, 65, 60,
55 MPa °lah)e] CTE 7Hd + sitt. skt o]ke 54 A delA, 3 7192 500 WPas ZFat= 1EW CS,
15mE %338h= DOL, 2 18 MPaZ % Fste (T 5 kvt oS zrer).

71l AbgE = e iR e, NE o e 240l addXx s, dde dRr|=dYTelE f#¢



[0110]

[0111]

[0112]

[0113]

[0114]

[0115]

[0116]

[0117]

SEE6] 10-2047915

£AE B 9UR LRUmUL AL §2 2YEE WY F UG OIAT G 248 o 0k
Ao o3 e ow s & drk. el o ES Si0, BO; ¥ Na0E XF38laL, o714

ol A, 7] fr2l 245 HJolx 6 wt.%9] Absted
Aol 5wt %7t HE==, &t
gk fre] 2AEE, 2R A dedA, K0,
Mg0, B Ca0 T Aok stusE v gk, 54 A delx, 2] 7)ol ARgE fEl 2AHES 61-75
mol.% SiO,; 7-15 mol.% AlsOs; 0-12 mol.% By0s3; 9-21 mol.% Naj0; 0-4 mol.% K.0; 0-7 mol.% MgO; % 0-3
mol.% Ca0E X 4 QUr}.
A7) 7wl Hdd = vE di el 2AES 60-70 mol.% Si0x; 6-14 mol.% Al0s: 0-15 mol.% By0s: 0-15
mol.% Li0; 0-20 mol.% Nas0; 0-10 mol.% K;0; 0-8 mol.% MgO; 0-10 mol.% CaO; 0-5 mol.% ZrO,; 0-1 mol.%
Sn0,; 0-1 mol.% CeO; 50 ppm ®IRF As,03; 2 50 ppm H|9F Sh,0,& 2338Fal; 7|4 12 mol.% < (Li0 + Na0
+K0) < 20mol.% 2 0mol.% < (MgO + Ca0) < 10 mol.%°|t}.

A7) 7o) HA3 £ g2 QR F8 2AHES: 63.5-66.5 mol.% Si0y; 8-12 mol.% Al03;; 0-3 mol.% BsOs; O-
5 mol.% Lis0; 8-18 mol.% Na,0; 0-5 mol.% K:0; 1-7 mol.% MgO; 0-2.5 mol.% Ca0; 0-3 mol.% Zr0O,; 0.05-0.25
mol.% SnO,; 0.05-0.5 mol.% CeOs; 50 ppm "|%F Asy,0s; 2 50 ppm 7]%F Shy0sE E3Fstar; o714 14 mol.% <
(Lis0 + Nas0 + K0) < 18 mol.% 2 2 mol.% < (MgO + Ca0) < 7 mol.%°]T}.

54 A dolA, Tiwow HHI e dFvAdeelE fu 242 EFUIY, Aok shite] e
F% R, 2R A oA, 50 mol %% EF= Si0, THE A elolA Hol= 58 mol.% S0, B E OHE

T dell A Aojx 60 mol.% Si0F EFEFaL, 4714 Bl (Al0s + B0y /7HAA (5, MAAS )+ 15 =3

st 71 7] ARl Wi mol %® EAIH AL, V] ANEAE e 54 AdskEelt. o] fiE] 2=,
574 A oelA, 58-72 mol.% Si0x 9-17 mol.% Al0s; 2-12 mol.% BOs; 8-16 mol.% Na0: % 0-4 mol.%

g ZetaL, o71A 271 Bl (Al + B/ ANAA (5, AEAL] )2 15 A5

T g2 A4 dofA, A7) 712 64-68 mol.% Si0,; 12-16 mol.% Nas0; 8-12 mol.% Al,Os; 0-3 mol.% BsOs;
2-5 mol.% K:0; 4-6 mol.% MgO; % 0-5 mol.% Ca0E EFste 47w dFn=dgAcE e 248S 23T
I Jar, 99714 66 mol.% < Si0, + BO; + Ca0 < 69 mol.%; Na0 + K0 + By0; + MgO + Ca0 + SrO > 10
mol.%; 5 mol.% < MgO + Ca0 + SrO < 8 mol.%; (NasO + ByOs) - Als0; < 2 mol.%; 2 mol.% < NasO — Al.0s
< 6mol.% 2 4mol.% < (Na0 + K:0) - Aly0; < 10 mol.%©]T}.

Aelzel A oo, A7) 713 2 mol% o1l Al0; R/EE Zr0,, v 4 mol% ©)42] AlOs R/EE Zr0,

471 71 (110)0] 2AA 7|i& E3ehs 45, 7] 718, ALOE =3 ¢ e, 9dAdS 23E F 3

L ARAE 7R giF ge Add 242 AAd SdFrus 2/

_u
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o
N
r&;
r o
o >
&
o
<
I
o
O

(110)2, 73} =+ v-73d = Jde=, 79 Ay 7138 233 = 9.
A f2 Aty "ﬂif Li0-A1,05-Si0, Al=® (5, LAS-Al2H) f-2] A&y, Mg0-Al,05-Si0, Al=® (5,
MAS-A)2=8l) 2] Mgy, 2/ -4 ugA, B-2FFH ss, &AHA (cordierite), ¥ #F fag o]
E (lithium disilicate)S ¥3tale F < Aegtels 238 4 Ak, f2 A 73k
Aq7lo 71AE ey et F4e AMEste] st L} o] ike] A ool A, NAS-AlZ~ED 2] Al

o 719 LS, §8dolA Bakd 4 9w, ol s Mg o Wk 2Li o) ke WA % ),

X
o %
_Bi
o
u
ox
N
nﬁ
o
w
)
oo

¢

Sty o] e A oo wE 7]¥ (11002 ¢F 100 WA ¢F 5 mm HLe =34 FAHAE 7Hd 5 Aot di 7]
¥ (110)9] &84 FA= 2F 100 WA <F 500ume] B9 (dE £, 100, 200, 300, 400 E+&= 500um)©] T},
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[0118]

[0119]

[0120]

[0121]

[0122]

SS90l 10-2047915

EoE gx 713 (11009 E84 FAE ¢ 500mm WA oF 1000me] #BY (dS So], 500, 600, 700, 800,
900 T 1000gm)olth. A7) 719 (110)S ok 1 mm %23 (& So), ¢ 2, 3, 4, == 5 m) 9 =83 FAS
7HE 4 vk, s o)l 5A A dollA, A7) 71 (110)2 2 mm ©]3F E 1 mm vYHe] B4 FAE
7H 4 gk A7) 719 (11002 29W 9 93-S AA Ee gaA717] g8 4 dAvkE § AU B A

4 % vk

A RIEL

= 20 Yl wpe} o], whAl-wbx] z: 5
T8 (130) o255 713 (110)¢] vk Aol (5, & B4 (114) dol) (&= 1o =AE) A

71 F 2W (114) 7ol FaE vhA-A 39 (13009 =384 FA= < 0.1m WA oF 5me] WY = U
ok 2R ASolA, F 3 (114) Aol #&E whA-A] 28 (130)9] E84 77 9F 0.01m WA ¢F 0.9
m, °F 0.01gm WA F 0.8um, 2F 0.01xm WA 2F 0.7um, F 0.01gm WA F 0.6m, F 0.01gm WA 2F 0.5um,
F 0.01gm WA 2F 0.4/m, ©F 0.01pm WA 2F 0.3mm, <F 0.01pm WA F 0.2um, ©F 0.01gm WA F 0.1xm, ©F
0.02im WA 2F 1gm, °F 0.03m WA 2F 1gm, °F 0.04m WA 2F 1gm, °F 0.05um WA 2F 1gm, 2F 0.06pm WA
°F 1im, 2F 0.07pm WAl 2F 1gm, ©F 0.08m WAl 2F 1ym, 2F 0.09m WA 2F 1gm, 2F 0.2im WA °F 1ym, <F
0.3um WA 2F 5im, °F 0.4um WA 2F 3um, 2F 0.5wm WA F 3um, 2F 0.6pm WA F 2im, °F 0.7mm WA °F 1
m, °F 0.8um WA F 1, HE= °F 0.9m WA oF I, B o] Ale]o] E W B ABR-E9 Hd
ATt

oA7lel 714" AFe] ExAQ A o= sh7] & 120 Aledt.

1
12-% 3% IS ¥osts tadd AE
AA oA AA] 4 B AA 4 ¢
= =3 =4E =24 A =4E 24 77 =A% =84 57
(nm) (nm) (nm)

) A 7] 1 1
12 Si0, 1.46929 91.46 1.46929 83.02 1.43105 79.41
11 A10N, 1.97879 154 .26 1.97879 152.94 1.97879 159.84
10 Si0, 1.46929 21.74 1.46929 27.14 1.43105 26.53
9 A10N, 1.97879 51.85 1.97879 49.8 1.97879 51.67
8 Si0, 1.46929 14.03 1.46929 17.12 1.43105 15.47
7 ATON, 1.97879 2000 1.97879 2000 1.97879 2000
6 Si0, 1.46929 8.51 1.46929 8.51 1.43105 8.13
5 A10N, 1.97879 43.16 1.97879 43.16 1.97879 45.34
4 Si0, 1.46929 28.82 1.46929 28.82 1.43105 27.69

ALON, 1.97879 25.49 1.97879 25.49 1.97879 28.38
2 Si0, 1.46929 49 .24 1.46929 49 .24 1.43105 45,85
1 ATON, 1.97879 8.49 1.97879 8.49 1.97879 10.14
7] 7 1.50542 1.50542 1.50542
= 335t 718 T 2497.06 2493.73 2498.44
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A2 4 D A o E HAA 4 F

& =4 =325 £97 F| =48 294 7| F4E =93 F

7 (im) 7 (m) 7 ()
aj) 2] = 7] 1 1 1
12 Si0, 1.48114 95,18 1.48114 86.3 1.48114 | 81.55
i AlON; 2.,00605 154.99 2.00605 149.05 2.00605 150,12
10 Si0, 1.48114 23.23 1.48114 25.06 1.48114 27.61
9 A10.Ny 2.00605 50..7 2.00605 48.53 2.00605 47.69
8 Si0, 1.48114 14.82 1.48114 16 1.48114 17.43
7 AT0:Ny 2.00605 2000 2.00605 2000 2.00605 | 2000
6 510, 1.48114 8.4 1.48114 8.7 1.48114 8.7
5 A1ON; 2.00605 43.17 2.00605 43.17 2.00605 43.17
4 Si0, 1.48114 28.70 1.48114 29.77 1.48114 29.77
3 AlONy 2.00605 24,96 2.00605 24.96 2.00605 24.96
9 Si0, 1.48114 52.22 1.48114 52.22 1.48114 | 52.22
1 A10:Ny 2.,00605 8.01 2.,00605 8.01 2.00605 8.01
7] -2 1.50542 1.50542 1.50542
= At 38 T 2505.75 2491.77 2491.23

A 4 G A o H HAAL o T

= =4 =Z4E =94 F| =E2E =93 F| =dE =93 F

A _(im) () 7 (nm)
mj %) rod il 1 1
12 Si0, 1.48962 82.74 1.46929 85.06 1.49675 84.37
11 ALON, 2.07891 144 .97 1.97879 150.86 2.06723 144 .46
10 Si0, 1.48962 26.43 1.46929 26.54 1.49675 25.92
9 A1ON; 2.07891 46.45 1.97879 48.63 2.06723 46.59
8 Si0, 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 3.56 1.49675 8. 72
53 A10: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 23.42
2 S10, 1.48962 52.68 1.46929 50.28 1.49675 53.7
1 A1ONy 2.07891 7.36 1.97879 8.55 2.06723 7.21
71t e 1.511 1.50542 1.50542

[0123] = F5 58 FA 2481.22 2494.75 2482 .51
#Z 2
[0124] 16-% 48t 39S X2 F3= AF
AAL e g AA ¢ K AA 4 L
= =4 =4E =24 FA|=ZHEE B FA|2EE =3 7
(nm) (nm) (nm)

) A ed 1 1 1
16 Si0, 1.46929 91.07 1.46929 91.28 1.47079 88.31
15 AION, 1.97879 163.1 1.97879 163.28 1.95183 157.24
14 Si0, 1.46929 9.33 1.46929 9.01 1.47079 7.14
13 AION, 1.97879 96.4 1.97879 97.14 1.95183 108.17
12 Si0, 1.46929 24.03 1.46929 23.95 1.47079 27.86
11 AION, 1.97879 41.3 1.97879 41.26 1.95183 31.47
10 Si0, 1.46929 47.23 1.46929 46.9 1.47079 63.22
9 AION, 1.97879 38.69 1.97879 38.64 1.95183 30.41
8 Si0, 1.46929 20.25 1.46929 20.35 1.47079 27.81
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7 A1O\N, 1.97879 2000 1.97879 2000 1.95183 2000
6 Si0, 1.46929 8.56 1.46929 8.56 1.47079 8.39
5 ATON, 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 ATON, 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] 7 1.50542 1.50542 1.50996
= 335t I8 T 2698.2 2698.6 2708.79
A 4 M A o N A 4 0
= =4 =2E B84 F| 2E2E E9H F| FE2E =94 7
A (1nm) 7 (m) A (im)
o 7] F7 |1 1 1
16 Si0, 1.47079 92.73 1.47503 93.15 1.48114 88.58
18 ALON, 1.95183 156.68 1.98174 162.83 2.00605 158.86
14 Si0y 1.47079 7.3 1.47503 15.52 1.48114 10..2
13 AIONy 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
Tha AION, 1.95183 30.01 1.98174 60.83 2.00605 44 .79
10 Si0, 1.47079 64.5 1.47503 23 .28 1.48114 41.36
9 ATONs 1.95183 AL 1.98174 49 .82 2.00605 40.02
8 Si0,; 1.47079 29.06 1.47508 12.2 1.48114 18.18
T A1ON; 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 27.21 1.98174 27 .4 2.00605 24.91
2 Si0, 1.47079 48 .4 1.47503 B81.3 1.48114 §2.726
1 A1ON; 1.95183 9.21 1.98174 9.4 2.00605 8
715k %7 1.50996 L.5L1 1.50542
= 335t 7] FA 2705.05 2680.86 2685.29
) s | I 2 4 Q AA 9 R
= == =A% 29y F | =EE =94 7| =EE =94 F
Al (1m) 7 (im) Al (im)
off A]] ol 1 1 1
16 Si0y 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 Si0s 1.46774 27 .95 1.47172 25.6 1.4952 9.14
13 ATON; 2.04423 b3 .42 2.05892 02,83 2.08734 98.24
12 Si0s 1.46774 39.06 1.47172 38.26 1.4952 19.24
i 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 ATONy 2.04423 35.8 2.05892 3617 2.08734 3.3
8 Si0, 1.46774 26.97 L. 47172 24.75 1.4952 17.82
7 ALON; 2.04423 2000 2.00892 2000 2.08734 2000
6 Si0, 1.46774 Bl 1. 47172 8.0l 1.4952 8.72
5 AION, 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 AION, 2.04423 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.Ny 2.04423 8.19 2.05892 8.19 2.08734 7.22
715+ R 1.50996 1.50996 1.50996
= I35t 78 FA 2680.2 2673.64 2665.82

[0125]
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[0126]
[0127]

[0128]

[0129]

S=50 10-2047915

A S
= =4 =45 2214 T2 (m)
=j A 371 1
16 5102 1.4952 92.38
15 AlON; 2.08734 150.06
14 510, 1.4952 10.05
13 A1ON; 2.08734 96.93
12 Si0s 1.4952 18.89
Ll ATON; 2.08734 41.87
10 Si0, 1.4952 40.14
9 A1ON; 2.08734 37.64
8 Si0, 1.4952 17,58
7 A1ON; 2.08734 2000
6 Si0- 1.4952 8.72
b A10N; 2.08734 41.04
4 Si0, 1..4952 29.92
3 ATOLN, 2.08734 23.26
2 Si0- 1.4952 53.63
1 ATONy 2.08734 7.22
AL &2l 1.50996
%= 77 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}7] & 3-4o uehdl npe} o], 575 Fo F7A5 =47 A & Fsh AA A
(optical design freedom)©o] gItte= AL 9w sttt
Z 3
¥4 12-F 43 ZH digt F FA WY
o = 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 A
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
20
150
30
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20
30
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SS90l 10-2047915

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 A
T8 A - 7] 1
43} ¥ 1 Si0, (305) 1.483 87.84mm
Si ALON, (310) 2.015 147.92nmm
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 88.54nmm
Si ALON, (345C) 2.047% 92.98mm
Si ALON, (345D) 2.063x 97.41mm
Si ALON, (345E) 2.079 1219.51nm
Si ALON, (345F) 2.063x 97.41mm
Si ALON, (345G) 2.047% 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 60.17mm
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 35 N2 BE& 02 5& 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]

S=50ol 10-2047915

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
T AA] o 2-3 3 B Hlal o 4

B AAl o 2-32, of7|o] 7|AE nie} e, FE ZH A dE X FsE AF WiE ~FERS ¢
o7l gk REYE ARggt. B AA] o 2-5ollA], 3T FY-e SiALON, R Si0, TE, % ¢F 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 dFEr A ACE F V|HE LS
Y B U3 FdE B 4SS AAsr] A&, 4 ZE BFY T2 o HEE AMESY oF 50T &
ToA AEE, 4FnE, AgE @ dF2uy 23}Y wE FT-~FEHYE, £ B3 sl 8§ (4o
25E DC, RF = RF T3 ¥ DC 9+-84 =HEH o] A dols Ao e, 7] deojg= 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
Aok, 2 AA o, oF 550mm 3R] AP FHoRRE Mulw Ho| ASeE, HYS Y3 o5 A& ®
ol vd FHE S Ag3
B A o 2=, ¥ 7o) YER ule} o], AstE dFn| A AClE fa 7| (200) Aol wi", Az
A el EAtH o R HiXE FoR 12-F ¥st FY S ¥ gt}
¥ 7
B AAl o 29] Fx
= +7] =3 550mA X FHE 29 24 T
=3 vjA - 7] 1
38k kAL FY 1 Si0;-a 1.4826 87nm
Si,ALOWN, 2.015 149mm
2 Si0,-a 1.4826 20nm
Si,ALON, 2.015 50nm
Si0y-a 1.4826 12nm
WA | Si,ALON, 2.015 505mm (2, °F 100mm
= A ¢k 5000nme] WL NA 7F
WA
3 Si0s-a 1.4826 9nm
Si ALON, 2.015 48mm
4 Si0y-a 1.4826 33nm
Si,ALON, 2.015 25mm
5 Si0y—a 1.4826 60nm
Si,ALON, 2.015 8mm
71 - AS 7] 1.51005
B A o 29 AFe] v WALES o2 Aok AF W ZF e £9 ZF ("A0IM)elA AxtHE, HF
HALS AFE- L © 9o vEebdtl, D65 FY 2 F2 39 sholl 10° TR 7] %3, WA} Ak mgk A
a1, ax ¥ bx S F7)F F=8 (regular increments)olA] G2 AR FE 0= ok 60=7FA] H3FE AOI
EE YA 29 o m ZFRET. g} AGS YEhle X2 £ 109 YERAY
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[0150] wH AA o 38, A3l 2EreAYAClE #8] 71 (200) Aol wixl®, Mo AR Ao £=x}FHow )
AE T& 2 10-5 38 Z'HS ¥, A7) SEY AU FAE & 8d yEhdg
F 8
[0151] T AA o 39 %
= e e 550mel X A E 2 B84 T
=¥ wjA - od 1
33t 3E Si0,-a 1.4826 79mm
SiALON, 2.015 170nm
Si0y—a 1.4826 12nm
WA | SiALON, 2.015 350mm (28}, °F 100mm
= =] ek 2000mme] ¢l A
7P A)
2 Si0-a 1.4826 6nm
Si,ALON, 2.015 69nm
3 Si0,-a 1.4826 18mm
Si,ALON, 2.015 20nm
4 Si0-a 1.4826 23mm
SiALON, 2.015 15mm
7] 3 - AS ¥ 1.51005
[0152] T AA o 39 AFQ Tl HALEE T2 Alofe] Al W 7} T Z el ZF ("AOIM)elA ARt A, H
T TAE AFEHS = 1194 YeRdYh, D5 FY 2 F2 39 Sfoll 10 ° #ERbel| 7] %3, REAl AAFS S
AL, ax D bx ge FH FENAM 7 AREEH XA o 60=7tA] WEE A0l e A 28 Z

* 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 wiste]) M) A3k 2 oF 450mm WA oF 650mme] ¥ Wl A H wAES T F 9+
B A o 39 BW ona o 49] 3t wkhAbg 9 7P 2 AR WigkE dehd
#9
[0154] B A o 3 2R o8 o 4o tid et vk 2 Al ws)
A e it WALE (a%,bx) = (-1,-Dell oigk A=)
450-650nm_(%) B st
= AA 9 3, 10-F Si,ALON, T AION, /[1.5 1.5
Si0,
=9 owale 4, 6-% NbOs / Si0, / &FA #[0.3 7.9
g
[0155] F 9olM urebd wpe} o], B wlwl o 4% U Y it WARES JYehiwEA, =3 b & A WEE

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]

SSS0ol 10-2047915

AA] o 5
AAl o 5%, i 100] JreERd vke} Zol, 2 micrometer WA XY & EEStE 16-% B8t € R ¢F 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
© AstE RV =AgAClE fy 7ds EIE
# 10
AA] o 59 2
1Y /% 71, A&2 8¢ =4 =45 =4 54 (nm)
(550nmel| A1)
e I 7]
35t =¥ 1 Si0, 1.47503 92.6
ATOWNy 1.98174 163.8
2 $i0, 1.47503 15.7
ATONy 1.98174 72.3
3 Si0, 1.47503 16.5
ATOWN 1.98174 62.9
4 $i0, 1.47503 22.5
ATONy 1.98174 53.2
Si0, 1.47503 12.5
W-==32924 F A10,N, 1.98174 2000
5 Si0, 1.47503 8.3
ATONy 1.98174 46.8
6 $i0, 1.47503 29.1
ALO,N, 1.98174 27.4
7 Si0, 1.47503 51.3
ATONy 1.98174 9.4
- - AS 1.51005
& 29 T 2684.3

AAl o 55, 0.71%, 0.76%, 1.43%, 2 4.83%2 0°, 30°, 45° 2 60° ¢ YAl = Zol|A D65 xH el
g g g AAH (5, SRAREA 1Y (122)25F S49) °H X EY PG SRAMES 47 veRg. 4
Al o 5%, 99.26%, 99.21%, 98.54%, % 95.14%] 0°, 30°, 45° % 60° 9 JA} =™ ZboA DE5 Z s}
Fe 3g ddol AA (F, WA %W (122)S SH8te] S4H) B FAES 27 vEd
o}

AAl o 5=, 4.80%, 4.99%, 6.36%, % 12.64%¢] 0°, 30°, 45° = 60° ¢ YA} =™ ZolA D5 s}
Fe g Jddd dx (5, ud F xY (114) 9 v 39 (122)25F S4%) 5 XEY Hd i}
&5 47 etk AA o 5%, 95.18%, 94.99%, 93.61%, % 87.33%¢] 0°, 30°, 45° % 60° o YA} %
W Zbel A D5 ZWEtel| F3t w1 el AA (5, Y F EWH (114) 2 shxp-iA 19¥ (122) & T3k

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]

SS=50dl 10-2047915

Ak ar, 714 ax, E be2 & YA (F, AT = 0)ollA B B AF ax 2 b+ AFE YERY, ax,
9 bx= A JAL (5, A0L = 1-60)0lA Fojl T e JA 21 Zho| A 2 A9 AF9 ax 2 bx HEE
[RRSani=
F 11

[F 11A] 2A] o 50 s F9Q D652 A3 4 ¥ vAbE 2 F3b8 A HF (Y, Lx, ax 2 bw)
HEALE |, D65 T35, D65
AOI Y L ax b AOI Y L* ax b
0 0.7069  |6.3854 |-2.2225 |-1.0799 |oO 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  16.3652  |-2.1662 [-1.0533 |5 99.2683 99.7164 |0.0151 0.245
6 0.7037  16.3569  |-2.1415 [-1.0419 |6 99.2692 99.7167 |0.014 0.2446
7 0.7027  16.3475 |-2.1123 [-1.0286 |7 99.2702 99.7171 |0.0127 0.2441
8 0.7016  |6.3372  |-2.0788 |-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 0.6991 [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 0.6967  |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 |0.001 0.2401
14 0.6947  |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  16.2636  |-1.6611 [-0.8449 |16 99.2793 99.7207 |-0.0072  0.2377
17 0.6932  |6.262 -1.5923 [-0.8199 |17 99.2794 99.7207  |-0.0103  |0.2368
18 0.6935  |6.2641 |-1.5205 [-0.7945 |18 99.2792 99.7206  |-0.0135  |0.236
19 0.6942  |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 0.6974  16.2993  |-1.2894 [-0.7174 |21 99.2752 99.7191  [-0.0237  |0.2335
22 0.7001  |6.3236  |-1.2084 [-0.6919 |22 99.2724 99.718 -0.0273  ]0.2326
23 0.7036  |6.3557  |-1.1258 |-0.6665 |23 99.2688 99.7166  |-0.031 0.2319
24 0.7082  16.3967  |-1.0423 |-0.6414 |24 99.2643 99.7148 |-0.0347  |0.2311
25 0.7138  |6.4477  |-0.9582 |-0.6164 |25 99.2586 99.7126  |-0.0385  |0.2303
26 0.7207  ]6.5102  |-0.8741 [-0.5915 |26 99.2516 99.7099  |-0.0422  0.2296
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[0163]

S=S06 10-2047915

E 11A (A%)
HEALS- | D65 =92 D65
AOT | Y L+ a b AOL | Y L 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 09.2333 | 99.7028 | -0.0496 0.2981
29 0.7506 | 6.7805 | -0.6266 | -0.5147 | 29 99.2215 | 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 99.1736 | 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 0,285
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 09.0346 | 99.6255 | -0.0776 0.2186
38 0.9769 | 8.7973 | -0.0372 | -0.1764 | 38 08.9948 | 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 98.8998 | 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 08.7803 | 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 08.4452 | 99.3957 | -0.0934 | 0.1976
47 1.6351 | 13.4424 | 0.1751 | 0.2904 | 47 98.3362 | 99.353 -0.0946 0.194
48 1.7564 | 14,1531 | 0.1811 | 0.3424 | 48 08.2148 | 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
51 2.2079 | 16.5427 | 0.1911 | 0.4936 | 51 97.7632 | 99.1286 | -0.0991 0.1753
52 2.3931 | 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 4 -0.1017 0.1633
54 2.827 19.3372 | 0.2012 | 0.6283 | 54 97.1441 | 98, -0.1033 0.1566
55 3.0804 | 20.363 | 0.2067 | 0.6676 | 55 96.8908 | 98.7851 | -0.1051 0.1495
56 3.3616 | 21.4375 | 0.2139 | 0.7037 | 56 96.6095 | 98.6739 | -0.1073 0.1419
57 3.6737 | 22,5619 | 0.2227 | 0.7365 | 57 96.2975 | 98.5503 | -0.1098 0.1338
58 4.0199 |23.7372 | 0.2332 | 0.7658 | 58 95.9513 | 08.4129 | -0.1128 0,252
59 4.404 24,9646 | 0.2453 | 0.7917 | 59 95.5672 | 98.26 -0.1163 0.1162
60 4.8302 | 26,2453 | 0.2587 | 0.8141 | 60 95.1411 | 98.09 -0.1203 0.1066
HhALg A wWsk HY | A 0.0024 Fag Az ¥wse= 53| A 0.0001
= 42 A} (A0I = 0| 3L 1.9375 AAE (AOT=0 ° Y= XE | a1: 0.1961

“) @™ A0l = 32° A} AOI = 60 ° 7+#] ] W9
[e]

1

HRARE AA wsk || A 2.0142

A= £4 |4 (A0l =| 1 3.1215
0°) = A0I = 33- 60

° Alo]
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[0164]

[0165]

[0166]

S=S06 10-2047915

[3 11B] AA] o 5ol ta] # F2& AFE o 9 whabg 3 Fabel A F3 (Y, Lr, ax B bx)
WHALS . B2 E8, F2
AOT | Y L= ax b AOL | ¥ L ax b
0 0.6618 | 5.9781 | -0.7261 | 2,007 | 0 99.3206 | 99.7367 | ~0.0204 | 0.3099
1 0.6618 | 5.9776 | -0.7239 | =2.006 | 1 99.3207 | 99.7367 | -0.0205 | 0.3099
2 0.6616 | 5.9764 | -0.7173 | =2.0029 | 2 99.3208 | 99.7368 | -0.0208 | 0.3098
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 0.6607 | 5.9682 | -0.6721 | =1.9786 | 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 0.6594 | 5.9564 | -0.5939 | -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 10.6586 | 5.9495 | -0.5201 | -1.8518 | 10 | 99.3237 | 99.7379 | -0.0291 | 0.304
11 10.6584 |5.9473 [ -0.4947 | -1.804 |11 [99.3230 | 99,738 | -0.0306 | 0,3022
12 10.6583 |5.9464 [ -0.4602 | -1.7451 | 12 [99.324 [99.738 | -0.0321 [ 0.2998
13 1 0.6584 |5.9474 | -0.4263 | -1.6736 | 13 [ 99.3230 | 99.738 | -0.0336 | 0.2969
14 1 0.6588 |5.9507 |[-0.3939 | -1.588 |14 [99.3235 |99.7378 | -0.0351 | 0.2935
15 1 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
171 0.6621 | 5.9805 [ -0.3138 | -1.2379 | 17 [ 99.3201 | 99.7365 | -0.0387 | 0.2791
18 1 0.6642 | 5.9993 | -0.2945 | -1.0907 | 18 [ 99.3181 | 99.7357 | -0.0396 | 0.2731
19 10.6669 | 6.0237 | -0.2791 | -0.9313 | 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 | 99.7317 | -0.0414 | 0.2525
22 |0.6796 | 6.1387 -0.423 |22 [99.3025 | 99.7297 | -0.0419 | 0.2456
23 | 0.6857 | 6.1939 -0.2638 | 23 [99.2964 | 99.7273 | -0.0423 | 0.2391
24 10.6929 | 6.259 -0.1213 | 24 | 99.2801 | 99.7245 | -0.0429 | 0.2334
25 | 0.7013 | 6.3349 -0.0024 | 25 [99.2807 | 99.7212 | -0.0436 | 0.2286
26 | 0.711 | 6.4227 0.0877 |26 | 99.271 99.7174 | =0.0445 | 0.2251
27 1 0.7222 | 6.5235 0.1461 |27 |99.2598 |99.7131 | -0.0457 | 0.223
28 |0.7349 | 6.6383 0.1729 |28 | 99.247 99.7081 | =0.0472 | 0.2222
20 10.7493 | 6.7685 0.1718 |29 [99.2326 | 99.7025 | -0.0489 | 0.2227
30 | 0.7656 | 6.9156 0.1502 | 30 |99.2163 | 99.6962 | -0.0507 | 0.224
31 10.7839 | 7.0812 0.1188 |31 [99.1979 [99.689 | -0.0525 | 0.2258
32 | 0.8046 | 7.2676 0.0906 |32 [99.1772 | 99.681 | -0.0541 | 0.2274
33 | 0.8277 | 7.4769 0.0793 |33 [99.154 99.672 | —0.0554 | 0.2283
34 10.8538 |7.712 0.0975 |34 | 99.128 99.6618 | —0.0561 | 0.228
35 |0.883 7.9761 0.1547 |35 [99.0987 | 99.6504 | -0.0561 | 0.226
36 | 0.9158 [ 8.2697 0.2513 |36 [ 99.0658 | 99.6377 | -0.0552 | 0.2221
37 10.9527 | 8.5911 0.3831 |37 [99.0280 | 99.6233 | -0.0536 | 0.2164
38 10.9941 | 8.9422 0.5402 |38 |98.9875 | 99.6072 | -0.0511 | 0.2093
39 11.0405 [9.3246 0.7072 |39 [ 98.941 99.5891 | -0.0481 | 0.2012
F 11B (A%)
HhALS | F2 T35, F2
AOL | Y Lx ax b AOT | Y L ar b
40 1 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 | 1.0805 |42 | 98.7659 | 99.5208 | -0.0374 | 0.1794
43 | 1.2878 | 11.1899 | -0.3713 | 1.1306 |43 | 08.6936 | 99.4927 | -0.0342 | 0.1755
44 | 1.8 11.7436 | -0.4048 | 1.1201 [44 | 98.6133 | 99.4613 [ -0.0315 | 0.1739
45 | 1. 12.3332 | -0.4237 | 1.0639 |45 | 98.5242 | 09.4265 | -0.0295 | 0.1749
46 | 1. 12,9589 | -0.4293 [ 0.9737 [46 [ 98.4255 |09.388 [ -0.0281 | 0.1779
47 | 1. 13.6215 | -0.4245 | 0.8651 |47 | 98.3162 | 99.3452 | -0.0272 [ 0.1824
48 | 1.7 14.3216 | -0.4128 | 0.7541 [48 | 98.1953 | 99.2979 | -0.0268 | 0.1876
49 | 1. 15.0605 | -0.3977 | 0.6554 |49 | 98.0615 | 99.2455 | -0.0265 | 0.1924
50 | 2. 15.8396 | -0.3825 | 0.5796 | 50 | 97.9134 | 99.1875 | -0.0263 | 0.196
5l [ 9. 16.6606 | -0.3695 | 0.5329 |51 [ 97.7492 | 99.1231 [ -0.0259 | 0.1978
52 |8, 17.5253 | -0.3598 | 0.5165 |52 | 97.5672 | 99.0516 [ -0.0251 | 0.1972
53 | 8 18.4358 | -0.3537 | 0.5274 |53 | 97.3651 | 98.9721 [-0.024 | 0.1942
54 | 2. 19.3939 | -0.3505 | 0.55093 [ 54 | 97.1406 | 98.8837 | -0.0226 | 0.1888
B |4, 20,4013 | -0.3488 | 0.6041 |55 | 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 | 96.3051 | 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 98.0063 | -0.0136 | 0.1383
WALE A W B | A 0.0024 T A W= 3| A 0.0001
P £7 PA} (A01=0 | 33: 1.9498 SIAF (A0T=0 ° )ZRE A0l | IL: 0.1717
)9k AOL = 24° Abo] = 60 ° 7kx] 9] 9]
HEALS Az @3 B\ | A 2.0685
= 738 YA (A0I = 0 a: 3.1576
*) B OA0I = 2560 °
Ako]
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[0167]

[0168]

[0169]

s==4

10-2047915

[3£ 11C] AA] o 5¢0 i3] FY D65 AFEH 7 W RARE 9 F3hgl A 3% (Y, Lx, ax E b*)
¥HALS . D65 E312, D65

AOI Y L ax bk AOT ¥ 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 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 | 98.1044 | 0.0174 0.308
5 4.7939 26.1392 | -0.7424 | -0.6696 B 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 26.1301 | -0.705 -0.6532 9 95,1809 98.1059 0.0113 0.3058
10 4.7901 26.1282 | -0.6924 | -0.6479 10 95,1816 98.1061 0.0095 0,3052
il 4,7896 26.1268 | -0.6785 | -0.6421 1l 95.182 98.1063 0.0075 0.3045
12 4,7894 26.1261 | -0.6633 | -0.6359 12 95.1822 08.1064 0.0054 0.3038
13 4.7895 26.1265 | -0.6468 | =0.6294 15 95.1821 98.1063 0.0031 0.3031
14 4.7901 26.1281 | -0.6292 | -0.6225 14 95,1815 08.1061 0.0006 0.3024
15 4,7912 | 26.1314 | -0.6103 | -0.6153 | 15 95.1803 | 98.1056 | -0.002 0.3016
16 4.7929 26.1365 | =0.5904 | =0.6079 16 95.1785 98.1049 —0.0048 0.3009
17 4,7955 26.144 -0.5694 | -0.6003 1% 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 4.8035 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
i 4.8166 26.2057 | -0.4766 | =0,568 24l 95.1547 98.0954 -0.0206 0.2971
22 4,.8255 26.2316 | -0.4516 | -0.5597 22 95.1458 98.0918 -0.024 0.2964
23 4,8362 | 26.2628 | -0,4262 | -0,5513 | 23 05.1351 | 98.0875 | -0.0275 | 0.2957
24 4,849 268.3 -0.4004 | -0.5428 24 95.1222 98.0824 A AN 0.295
25 4.8641 26.344 -0.3745 | -0.5342 25 95.107 98.0763 —0.0347 0.2943
26 4.8819 | 26.3955 | -0.3485 | -0.5254 | 26 95.0892 | 98.0692 | -0.0383 | 0.2937
27 4.9025 26,4553 | <0.39726 | =0.5163 2% 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
29 4.,9541 26.6035 | -0.2721 | -0.497 29 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
il 5.0217 | 26,7965 | =0.2244 | -0.4755 | 31 04,9491 | 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 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 | 3 94.8089 | 97.957 -0.0648 | 0.2877
35 5.2208 27.3547 | -0.142 -0.4219 38 94 . 7497 97.9333 -0.0676 0.2366
36 5.2872 27.5379 | -0.1245 | -0.4059 36 94,6832 97.9066 -0.0702 0.2854
37 B.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 38 94,5252 97.8432 -0.0749 0.2826
39 5.5382 28.2162 | -0.0797 | -0.3515 39 94.432 97.8058 =0L10771 0.2811
B IIC (AX7

THIFE, 66 T orE, o6

AOT TY L+ ak Tk A0 T Lo ak Tk

40 5 BAZT o8, 4909 [ 0.0 [ -0.3313 |40 04,5281 1 97.764 -0.07Z [0.2794

ES| 5RO [EECTEZT -0, 0663 [ -0.3093 1 41 o4 2124 1897 7T [ -0.0811 [ 0275

42 L.BORE. 29 1454 [ -0.0445 [-0.2874 | 42 94,0335 [ 97,6608 [ -0, 053 0275

43 0 EEE 29 4851 [-0.0344 [-0.2638 | 43 O3, 0411 18976052 [ -0.0848 [0.2733

44 B I8 29,0790 [ -0 02 T-002391 |44 U378 [ 8T . Rddd [ -0 0868 [ 0. 2708

45 b.ORZd |30 3038 [ -0.0062 [ 02132 | 45 O3 6074 [ 87 . 4736 [ -0, 0853 |0 2652

45 0. BEEd [50 FME [ -0.0079 -0, 1882 | 45 g3.4133 1 57, 3561 -0.09 0 2652

g7 bora T3l 2795 [0, 0001 -0 1681 147 3. 1987 197, 0052 [ -0.0918 [0 262

45 Tooma 310825 T0.002 -0. 125 40 02,9616 187 212 0. 0936 [ 0.2586

45 TERTT 52 4131 TO0I6E. [-0.0992 [ 49 02 6997 1897 1066 [ -0 0955 [0 2548

1=1H] . ERDR aa. 0489 10, 0237 0. 0637 [ &O 02,4109 T 896,958 =0, 0975 [ 02507

Bl T AR [533 753 0.032 0. 033 =5 02 0925 | 96. 555 -0.0997 [ 0.2485

L5 022 34 4531 [0 0d0a | -0, 007 | B 9l HMIZ [ 86,7144 | -0 102 10 2416

03 o.eldd 55 2311 [0 060D | O0.0233 bd 91 Ghd6 [ 86 5ERR | -0, 1049 |0, 2367

¥ 90299 (56 0611 [ 00603 | O0.0532 hd 90,929 95,3505 | -0.108 0 2315

ol . 5051 a6, 9447 10,0713 0. 0522 =t 90, 4605 [ 96, 1876 -0, 111 [ 0. 2262

LaTs] 100229 | 37. 85834 | 0,053 0. 1101 BR B9.94R O95. 9745 | -0, 1185 | 0.ZZ205

B 105886 | 35,8787 [ 0.0955 | 0.1566 =¥} B9, 3801 | 895, 75391 -0, 12 0. 2149

Lats) IT.21 39.9319 [ 0. 1086 | 0. 1RTE s B8, Ta0E | 895 4T9R | -0, 1251 | 0209

[=t2) 1T 8022 141 0443 [ 0, 241 0, 547 =42] 00 O7e3 [ 55,1531 =0, 1306 [ O 2031

=] 12 6407 | 42, 2168 [ 0, 1358 | 0. 206 Ja7H] BY. 3278 84,8772 | -0, 1368 | O, 1971
ShitE I HEE H s R W A W Eilts EA =i T | A 00001

L s AU2b (A0I=D |1 1.2574 Ut (A0I=0° JZRE |1 0.1915

T a2 AQI = BOE AR 40T = BO* FHA & BHHY
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[0170]

[0171]

[0172]

S=50 10-2047915

[% 11D] AA] o 50 sl FY F2E AH-83F F ¥ vALs 2 Fapd A F3E (Y, Lx, ax 2 bx)
HLALS- . DF2 =78, DF2
AOL | 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
¥ 11D (A%
BRALS . DR2 =% DF2
AOT | Y AOI Y AOI s 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 | 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 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 | 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
dhAlg A W3 W9 E | A 0.0007 S8 AA W= | A 0.0001
2 9JA} (A0I=0%) S} | a1: 1.1994 Z 9JA} (AOI=0° )= E | 31: 0.1456
AOL = 60%E A}o Bl AOI = 60° 7}1x]¢] #

9
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[0173]

[0174]

[0175]

[0176]

[0177]

[0178]

SS90l 10-2047915

7 120] YERE vl o], 2 micrometer WAIAHAA & st E 12-F F3 3y 2 AA]
7

Oﬂ 5% %%1% 3b dFr Aol E fel 7|as E3dtt,
X 12
A o 69 T2
I8/% —fﬂ, Agd A& (550nmell A) =FHE 4 57 (mm)
T A = 7]
3 =9 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—iﬂﬂﬁ A7 [ALON, 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 ¢ 1.50542
Z 39 T4 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,

A o 6 99.26%, 99.18%, 98.52%, H 95.13%2] 0°, 30°, 45° @ 60 ° o YA} =W Zto A D5 ZH S}l
Fe o gdde] A (F, A ¥ (122)8 e SAE) 9 ¥R gy B3es 474
YERATE

AA o 6 4.74%, 4.94%, 6.32%, = 12.56%2 0°, 30°, 45° % 60° ¢ YAl = Zol|A D65 xH ekl F
g 3 G dA4 (5, WA 2E (122) 2 OiH F 29 (1) 25E 4%) F XET Hip v}
OO

==

Zhol A st

ZbzF ebdith, AA] o] 62 95.24%, 95.04%, 93.67%, % 87.42%2] 0°, 30°, 45° % 60 ° <] YA} =
g @el AA (5, vA-EA E2W (122) B dE F 29 (1145 §3t9 S4€E) T ¥EY

it FIES 47 vepiinh
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 el 5ok FAY AR, & 13 (F 13A-13D)°l vEhdTh. A Wk e dA] o 59 $U WA oR
ARt
* 13
[3 13A] AA] o 6] disll &< D655 AHES A HW WAL 9 FabE A HE (Y, Lx, ax 2 bx)
WEALE, D65 F3E, 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 _ |99.7134  |-0.0095 [0.2179
— 40 —



S=S06 10-2047915

5 0.7237 16.5368 [-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 16.5252  |-1.0741 -1.8393 |7 99.2625 99.7141 -0.0129 [0.219
8 0.7217 16.5187 |-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 16.494 -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 16.4872 |-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 16.5028 |-0.542 -1.9404 |18 99.2648 99.715 -0.0363  [0.2247
19 0.7214 16.5162 |-0.4851 -1.9418 [19 99.2633 99.7145 -0.0389 0.2249
20 0.7234 16.5348 |-0.429 -1.94 20 99.2613 99.7136 -0.0413  [0.225
E 13A (A%)
HALE- | D65 T35 D65
AOT | Y Lx ax b AOT | Y L ak b
21 0.7262 | 6.5593 -0.3741 [ -1.0346 |21 |99.2585 | 99.7126 | -0.0438 | 0.225
22 0.7296 | 6.5907 -0.321 -1.9251 |22 ]99.255 99.7112 | -0.0462 | 0.2248
23 0.734 6.63 -0.2702 [ -1.9109 |23 |909.2506 | 99.7095 | -0.0484 | 0.2244
24 0.7393 | 6.6782 -0,2223 | -1,8017 |24 | 99,2453 | 99,7074 | -0.0506 | 0.2238
25 0.7458 | 6.7363 -0.1777 | -1.8669 |25 | 909.2388 | 09.7049 | -0.0526 | 0.2229
26 0.7534 | 6.8058 -0.1368 | -1.8362 |26 ]99.2311 | 99.7019 | -0.0544 | 0.2218
bl 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 | 99.1845 | 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 0.9003 | 8.2114 0.014 -1.1738 |35 | 99.075 09.6412 | -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 |08.9682 | 09.5997 | -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 ] 08.6835 | 09.4887 | -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 1 98.3114 |99.3434 | -0.0447 | 0.1192
48 1.7932 | 14,3625 | -0.2952 | 0.5612 48 ] 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
51 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 | 97.5572 |99.0476 | -0.035 0.0737
53 2.6312 | 18.5019 | -0.3334 | 0.9756 53 | 97.3527 | 98.9672 | -0.0336 | 0.064
54 2.8583 | 19.4671 | -0.3276 1.0302 54 | 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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I 13A (A%

HALS- | D65 4. D65
AL | Y Lx ax b AL | Y L* ax b
58 | 4.0449 | 23,8193 | -0.268 | 1.1627 | 58 | 95,939 03,408 -0,0316 | 0.0131
59 | 4.4271 |1 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 93,0866 -0.0336 | -0.0083
HAE A W B9E 2 9| A 0.0007 Eag A #HEE| A 0.0001
Ab (A01=0%) 9} A0I=42% A}o A 1.1994 | FA A} (A0I=0°) | AL 0.2271
ZERE A0l = 60° 7}
Ao HY

HAME A gt HAE 537 4| A 2.0189
Ab(A0T=0%) 2 AOT=43-60% A} | 31: 3.1420

[0180] ol

[0181] [Z 13B] 2A] o 60 tha] B F2E AL&3 & @ vAbg 2 Fabg A A% (Y, Lx, ax 2L bx)
HHALS . F2 E48 . F2
AT | Y Lx ax b AT | Y L ax b
0 0.7101 | 6.4142 [ -0.7229 | -1.0759 | © 99.2803 | 99.721 | -0.0074 | 0.2018
1 0.7101 | 6.4142 [ -0.7216 | -1.0776 | 1 99.2803 [ 99.721 | -0.0075 | 0.2019
2 0.7101 | 6.414 -0.7176 | -1.0828 | 2 99.2803 199.721 | -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 | 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 |6.4199 | -0.5914 | -1.272 |10 | 99.2796 | 99.7208 | -0.0132 | 0.2108
11 107111 [6.4236 | -0.5637 | -1.3176 [ 11 | 99.2792 | 99.7206 | -0.0144 | 0.2128
12 10,7117 |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 | 0.7134 |6.4438 | -0.466 | -1.4836 | 14 | 99.2769 | 99.7197 | -0.0187 | 0.2204
15 107145 | 6.4544 | -0.42091 | -1.5465 | 15 | 99.2757 | 99.7193 | -0.0204 | 0.2239
161 0.716 6.4673 | -0.3908 | -1.6112 | 16 | 99,2743 | 99,7187 | -0.0221 | 0.2962
17 107177 16.4829 | -0.3513 | -1.676 |17 199.2726 | 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 107222 |6.5238 | -0.2713 | -1.7967 | 19 | 99.968 99.7163 | —0.0273 | 0.2347
20 107251 16.5501 | -0.2323 | -1.8477 | 20 | 99.2651 | 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 10.732 | 6.6174 | -0.16 -1,918 |22 99,2576 | 99.7122 | -0.0323 | 0.2406
23 10.7373 | 6.6601 | -0.1284 | -1.9320 | 23 | 99.2529 | 99.7104 | -0.0337 | 0.2414

[0182]
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[0183]

[0184]

S=S06 10-2047915

¥ 13B (A%)

HhAL-S- . F2 E9% . F2

AT | 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 1 0.7494 | 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 10,7767 | 7.0156 | -0.0397 | -1,7786 | 28 ] 99,2134 | 99,6951 | -0.0378 | 0,2361
29 10.789 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 |35 199.0733 | 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 |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 | 0.5135 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 | 09.0527 | -0.0061 | 0.1116
53 | 2.622 18.4618 | -0.4078 | 0.7317 53 |1 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 | 0.9389 |56 | 96.6118 | 98.6748 | 0.0005 0,0694
57 13.6883 | 22.613 | -0.3949 | 1.0028 57 196.3014 | 98.5519 | 0.003 0.0564
E 13B (A%)

HRALS . F2 E95 . F2

AOL | Y L ax b AOL | Y Lx ax b

58 | 4.033 23.7801 | -0.3923 | 1.06 58 |1 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
HAbg A WSk B A 0.0021 Eng Az W= 52| A 0.0001

= A YA} (A0I=0| I: 1.9738 9 A} (A01=0 " )2 2¥ | 1 0.1879
)9k A0I=55% Alo] AOT = 60 ° 7k#] o] 9]

HhALE A W3 WY | A 2.0412

= 43 YA (A0I=0 | IL: 2.2459

T) 2 A0I=56-60% A}

C)]
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S=50 10-2047915

[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 F3-5, D65
AOT | Y L= axk b AOT | Y L* ak b
0 4.7393 25.9789 | -0.4402 |1 -0.9295 [ 0 95,2449 98.1314 -0.0038 0. 2771
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 e
3 4.7388 25.9774 | -0.4338 | -0.9314 [ 3 95.2454 08.1316 -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 =0.0393 [ 7 95.2472 98.1323 -0.0085 0.2787
8 4.7367 Al -0.3958 | -0.942 8 95.2476 98,1325 -0.0099 0.2791
9 4.7363 25 87 -0.3845 | —-0.945 9 95,2479 98,1326 =0Li0115 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 0151 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 -0.0237 0.2329
16 4.7425 25.9881 | -0.2795 | -0.9641 | 16 95,2417 98.1301 -0.026 0,2833
1% 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
21 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 0.23831
E 13¢ (A%
BHARS . D65 =35 D65
AOT | Y L* a* b* AOT ¥ L= ax b
25 | 4.8195 | 26.2143 | -0.1342 | -0.9319 | 25 05.1644 | 98.0993 | -0.0462 | 0.2823
26 | 4.8379 | 26.2679 | -0.1218 | -0.92 26 95.146 98.0919 | -0.048 0.2812
27 |1 4.8592 | 26.3297 | -0.1107 | -0.9058 | 27 05.1247 | 98.0834 | -0.0496 | 0.2799
28 | 4.8336 | 26.4006 | -0.1008 | -0.8893 | 28 95.1002 | 93,0736 | -0.051 0.2783
29 | 4.9117 | 26.4817 | -0.0924 | -0.8703 | 29 95.0721 | 98.0624 | -0.0523 | 0.2764
30 | 4.9437 | 26.5739 | -0.0855 | -0.8489 | 30 95.04 98.0495 | -0.0533 | 0.2742
31 | 4.9802 | 26.6782 | -0.08 -0.8248 | 31 05.0036 | 98.0349 | -0.0542 | 0.2717
32 |5.0215 |26.7959 | -0.0761 | -0.798 32 04,9622 | 98.0184 | -0.0548 | 0.2689
33 | 5.0682 | 26.9282 | -0.0736 | -0.7686 | 33 94.9155 | 97.9997 | -0.0552 | 0.2657
34 | 5.1208 | 27.0763 | -0.0726 | -0.7364 | 34 04.8628 | 97.9786 | -0.0554 | 0.2622
35 | 5.18 27.2417 | -0.0731 | -0.7015 | 35 94.8035 | 97.9549 | -0.0555 | 0.2583
36 | 5.2465 | 27.4257 | -0.0749 | -0.6641 | 36 94,7371 | 97.9282 | -0.0553 | 0.2541
37 |5.3208 | 27.6299 | -0.0779 | -0.6241 | 37 94.6627 | 97.8984 | -0.0549 | 0.2495
38 | 5.404 27.856 -0.082 -0.5817 | 38 94,5795 7.865 -0.0544 | 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 04.2682 | 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 | 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 1 6.7226 | 31.1669 | -0.1361 | -0.1458 | 47 03.2605 | 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 |7.8295 |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 01.8113 | 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 | 89793 |35.9445 | -0.1174 | 0.1374 54 | 91.0034 | 96.4114 | -0.0462 | 0.1393
55 | 9.4451 | 36.8276 | -0.10689 | 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 | 94.9155 | -0.0649 | 0.1037
HhAbg AR s W9 | A 0.0007 Fi& A3 W= 37 | A 0.0001
= $£2A QA (A0I=0%) | IL: 1.2616 YA (AOI=0 " )E5-¥ | 31: 0.1838

[0187] 2} AOI=60% A}o] AOT = 60 ° 747 9] H 4
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S=50 10-2047915

[(0188] [ 130] A of 69 ofal ¥4 F28 AL8@ F Ew WAL 2 FIhE A FE (Y, Ls, ax % be)

HHALS, F2 Fo5, F2
AOT L a b AOT | Y L a b
0 i 25.9128 | -0.2697 | -0.7766 | 0 95.2729 | 98.1426 [ -0.005 0.2726
it 717 26.9128 | -0.2693 | -0.7771 | 1 95.273 98.1426 | -0.005 0.2726
2 Y1 20.9128 | -0.2682 | -0.7786 | 2 95.273 08.1426 [ -0.0052 0.2729
3 #1% 25.9128 | -0.2662 | -0.7812 | 3 95.273 08.1426 [ -0.0035 0.2738
4 fil b 25.9128 | -0.2634 | -0.7849 | 4 95, 2F8 98.1426 [ -0.0058 0.2738
5 717 26.9129 | -0.2599 | -0.7897 | 5 95.2729 | 98.1426 | -0.0063 0.2745
6 7172 | 25.9132 | -0,2555 | -0.7958 | 6 95.2728 | 98.1426 [ -0.0069 0.2754
7 7174 | 25.9139 | -0.2503 | -0.8031 | 7 95.2726 | 98.1425 | -0.0076 0.2765
8 7177 | 25.9149 | -0.2444 | -0.8119 | 8 95.2722 | 98.1423 | -0.0085 0.2778
9 7182 | 25.9164 | -0.2376 | -0.8221 | 9 95.2717 | 98.1421 | -0.0094 0.2793
10 718 25.9186 | -0.23 -0.8338 | 10 95.271 08.1418 | -0.0104 0.2811
11 it 25,9217 | -0.2216 | -0.847 11 95.2699 | 98.1414 | -0.0116 0.283
12 7214 | 25.9258 | -0.2124 | -0.8617 | 12 95.2685 | 98.1409 | -0.0129 0.2862
13 723: 25.9311 | -0.2025 | -0.8777 | 13 05.2667 | 98.1401 | -0.0142 0.2876
14 725 25,9379 | -0,192 | -0.8048 | 14 05.2644 | 98.1392 [ -0.0157 2002
16 728 25.9463 | -0.1808 | -0.9127 | 15 95.2616 | 98.1381 | -0.0172 2929

3

3

4

4

S

6

7

H
oo

Al oAl T Tl S T S ] N N R N N SN S TSN SN TN N AR N T N YA S M N e A e
~1

2

5 0

3 0.
16 7318 | 25.9567 | -0.1691 | -0.9311 | 16 95.258 98.1367 | =0.0188 0.2957
17 7361 | 25.9693 | -0.1571 | =0.9492 | 17 95.2538 | 98.135 -0.0204 0.2985

12 [25.9845 | -0.145 | -0.9666 | 18 95.2486 | 98.1329 [ -0.0221 0.3012

19 7474 ] 26.0025 | -0.1329 | -0.9825 | 19 95.2425 | 98.1305 | -0.0238 0.3037
20 7546 | 26.0239 | =0.1211 | =0.996 | 20 95.2352 | 98.1275 | =0.0254 0.306
21 7632 | 26.0491 | -0.1097 | -=1.0064 | 21 95.2266 | 93.1241 | -0.027 0.3079
22 7732 | 26,0786 | -0.0992 | -1,0129 | 22 95,2166 | 98.1201 | -0.0285 0.3092
28 7849 | 26.113 —-0.0896 | =1.015 [ 23 095.2048 | 98.1154 | -0.0298 0.31
24 7986 | 26.153 —-0.0813 | =1.0123 | 24 95,1912 | 98.11 —0.031 0.3102
25 8144 | 26.1993 | -0.0743 | -1.0045 | 25 95.1753 | 98.1036 | -0.032 0.3097
26 8327 | 26.2528 | -0.0688 | -0.9919 | 26 95, 157 98.0963 | -0.0328 0.3086
27 8539 | 26,3144 | -0.0649 | =0.9749 | 27 95,1358 | 98.0878 | -0.0334 0.307
28 8783 | 26.3852 | =0.0625 | =0.9542 | 28 095.1114 | 98.0781 | -0.0338 0.3048
29 9063 | 26.4662 | -0.0617 | -0.9306 | 29 95.0833 | 98.0669 | -0.0339 0.3024
30 9384 | 26.5586 | -0.0623 | -0.9053 | 30 95.0512 | 98.054 —0.0339 0.2997
31 9751 | 26.6637 | -0.0644 | -0.879 | 31 95.0145 | 98.0393 | -0.0337 0.297
32 0169 | 26.7827 | -0.0678 | -0.8525 | 32 94,9727 | 98.0226 | -0.0332 0.2943
33 0642 | 26.917 —-0.0725 | -0.8262 | 33 94.9253 93.0036 | =0.0326 0.2917
34 1178 | 27.0677 | -0.0785 | =0.8001 | 34 94.8718 | 97.9822 | -0.0318 0.2892
35 1781 | 27,2362 [ -0.0858 | -0,7738 | 35 04.8114 | 97.958 —0.0307 0.2867
36 2458 | 27,4238 | =0.0943 | -0,7466 | 36 04,7437 | 97,9309 | -0.0295 0.2842
37 32156 [ 27.6318 [ -0.104 | -0.7174 | 37 04.668 97.9005 [ -0.0281 0.2814
38 .406 27.8614 | -0.1147 | -0.6852 | 38 94.5835 | 97.8666 | -0.0264 0.2782
39 D 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]

SE506 10-2047915

¥ 13D (A%)
HHALS-, F2 348 2
AOT | Y L= a b AOL | Y T ax b
40 | 5.6043 28.3912 | -0.1379 | -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 | 0.2531
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 | 7.211 32.28%5 | -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 | 7.81083 33.5846 | -0.1598 | -0.0917 |51 [92.17838 | 96.8034 | -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 35.0134 | -0.1408 [ 0.02690 | 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 | 0.1663
57 | 10.5046 | 38.7332 | -0.1243 | 0.1404 |57 | 89.4843 | 95.7825 | -0.0177 | 0.1581
58 | 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
HhAbg A WHE B9 | A 0.0006 Fag A ®HglE F5 | A0
= F3 9A} (A0I=0%) | 2@ 1.0146 AL (A0I=0 " )= 5-¥| | 21t 0.1383
9} AQI=60% Atol AOL = 60 ° 7471 ¢] ® 9

AN o 7

149) eERA Bk} 7o) 2 micrometer WA XA =& xIeE 12-Z F3 FE 2 A4

o 59 Td3 A3t dFvmAYAlE frel VHe R

% 14
Al o 79 =
218/%F fﬂ,@%%i@<%§ =4 E ¢4 77 (i)
T (550nmel| A1)
T A - 571
et e 1 Si0, 1.48623 86.6
Si,ALOWNy 2.03056 145.8
2 Si0, 1.48623 19.2
Si,ALONy 2.03056 48.0
Si0, 1.48623 11.7
jwiﬂmﬂﬂ SiALON, 2.03056 2000.0
f Si0, 1.48623 10.2
Si,ALONy 2.03056 42.0
2 Si0, 1.48623 32.7
Si,ALOWN, 2.03056 23.6
3 Si0, 1.48623 95.0
Si,ALOWN, 2.03056 7.4
- - AS ¥ 1.511
& 29 T 2482.16

B AAl o 8-11
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[0195]

[0196]

[0197]

SS50dl 10-2047915

B AL o 8112, of7]el Z1Al® wkep o], Wi B WA AAg A "] A o E EFeke AFE
o] WhALE A EYS 5] 9 RAPS AREETh. B AA] o 8-116l4, #d w"2, F 15-18¢] 1
bl mke} ko] AION, 2 Si0, &, 2 °F 58 mol% Si0,, 17 mol% Alx0;, 17 mol% Nas0, 3 mol% MgO, 0.1 mol%
Sn0, % 6.5 mol% P.05°] Wi AES zte Ast dFv=AACE f& 7|ws 2. =R A
g-11e isl AHEH =¥ A 9 e did FHE B 4L By AA] o 2-59F fARSE WAoo dojxl
=
X 15
2y A o 89 %
FY/5 fﬂ A4 B EA =HE 24 A4 (mm)
il (550nmel| A1)
T A - 7] 1
338} FE 1 AION, 2.00605 32
Si0; 1.48114 12
j—éiﬂ%‘]*é AION, 2.00605 2000
10 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
% 39 £ (m) 2219.7
% 16
2R AA] o 99 =
Y/5 ﬂfﬂ, g4 A|Ed =4E Z24 54 ()
5 (550nmel] A1)
T HA - od 1
F3 29 1 AL0,N, 2.00605 25
Si0, 1.48114 25
i%—iﬂﬂ%il*é AL0,N, 2.00605 2000
10 Si0, 1.48114 8.78
AION, 2.00605 44.19
2 Si0, 1.48114 32.41
AION, 2.00605 24.3
3 Si0, 1.48114 58.55
AION, 2.00605 7.47
- - AS ¥ 1.50542
% 729 F7 (m) 2225.7
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[0198]

[0199]

[0200]

[0201]

SS50dl 10-2047915

X 17
28 A ¢ 109 1=
Y/5 fﬂ, A4 B EA =HE 24 5 (m)
T (550nmel| A1)
T A - o 1
38 :Y Si0, 1.48114 2
1 ATON, 2.00605 25
Si0, 1.48114 25
i% 2= YRPAAG [ALON, 2.00605 2000
10 Si0, 1.48114 8.78
AL0,N, 2.00605 44.19
2 Si0, 1.48114 32.41
ALON, 2.00605 24.3
3 Si0, 1.48114 58.55
ALON, 2.00605 7.47
- - AS e 1.50542
% 729 77 (m) 2227.7
X 18
2 AN ¢ 119 1=
FY/5 fﬂ A4 B E4 =HE 24 A4 (i)
T (550nmel| A1)
T A - o 1
sl e 510, 1.48114 100
1 ATO.N, 2.00605 34
Si0, 1.48114 15
i% 2= YWAAG [ALON, 2.00605 2000
10 Si0, 1.48114 8.78
AL0,N, 2.00605 44.19
2 Si0, 1.48114 32.41
AION, 2.00605 24.3
3 Si0, 1.48114 58.55
AION, 2.00605 7.47
- - AS 1.50542
Z 39 A (m) 2324.7

=
Zb vehdiv, = 15-162, 9.2 W A of 99 WA sEde] dfs,
RRAL AVEE Z47E UEhdieh = 17-18,
E B ARE Wb e 77 yEbdag

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

[0203]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

SS50dl 10-2047915

Z 19
2 A o 8-119 F3t A
W AN e R W wH Y zhe] A R a-A H- (AR AN RE AR
A, R et W Aok AT E71-5|5) A=A 47| H- 500mel] 3L
(%) () 0-60%, D65 H| el A-AF =|(AE =°f, Si0)| A5 Z2e &
F2, 24l 71 AE (29 & (m) =0 =4 (mu) |
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
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D65 2 F2 F Bl uis] oF 3 mivke], 427 QJARl A 60 ° 7R Alokztel A, H_*} Al MeE vE
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L rlo
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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 %
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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 AR AR e=xpAo g wiXEa, 2 °F 65 mol% Si0,, 5 mol% B0s;, 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

on =4 =HE =24 FA ()
v A 7] 1

16 Si0, 1.4952 92.4
15 Si,ALON, 2.08734 150.1
14 $i0, 1.4952 10.1
13 SiALON, 2.08734 96.9
12 Si0, 1.4952 18.9
11 Si,ALON, 2.08734 41.9
10 Si0, 1.4952 40.1
9 SiALON, 2.08734 37.6
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o], H&
= 13.56 Mhzoll A

A Si B ZHE DC W

7}5_% A~ 9 Aso)a,

T4 Faa (

A3 D0 wgA solE ] o)
Aelr (EE B84 Ahae of2
sl Fd AT el

RF) o]t}

8 Si0, 1.4952 17.4

7 SiALOWN, 2.08734 2000.0

6 Si0, 1.4952 8.7

o SiALON, 2.08734 41.0

4 Si0, 1.4952 29.9
SiALOWN, 2.08734 23.3

2 Si0, 1.4952 53.6

1 Si,ALON, 2.08734 7.2

713k e 1.50996

= 2661.9
AJA-Industries Sputter Deposition Toololx WFS-A

oA A~y o8 FHar;

A B

s E el o

STALON, ZHe
23" 479 4

Al o 129 F3 ZHS FAgstr] Hd AMEE 2HEE T4 27102 % 21004 YR
F 21
Al o 120 st ~HEHY T 2
= Al DC T}¢) I RF 9}9] | Si RF 39 | Ar 35 [N, 3% 0, 3= 713 T (C)
(0 (0 (0 (sccm (sccm) (sccm)
Si,A10,N, 300 200 500 30 30 0.5 200
Si0, 50 (&3l A 50 (&3l 500 30 30 3 200
) MED

Al el 12 3 22 %S 23914 uERd 38 S4S ekt % 22v U B FabE el (F WA B
= 2-d 5AE ARgste]) Zlse] Wiy, Wl W 8 A v RERRE 549 S yEhin, ¥ 232
(2= FAS AFgste]) o WA xHozRE SAE o whab A4S vehdc
X 22
Zlgke] pd), W FAE EFehal, TA-RA mRgelA SAHE sler, A4 o 129 ¥ 4%
B} 2 EEIET
F9 D65
CIE X 0.2874 CIE X 0.3163
y 0.3227 y 0.3323
Lx 30.00 Lx 97.26
a* -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
A
CIE X 0.4235 CIE X 0.4534
y 0.4082 v 0.4061
Lx 29.27 Lx 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
7 2.45 7 32.33
B F2
CIE X 0.3567 CIE X 0.3820
N 0.3623 v 0.3690
L* 29.34 Lx 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
7 4.63 7 63.00
* 23
[0215] 22 9Al-x] Fdel A HAE Aoz, AAl o 129 F3t AE
13 3 WRALS 6 20 ° 40 ° 60 °
el stp pol |+  |stp pol B+ |stp pol H++ |stp pol Bt
D65
CIE X 0.2422 0.2383 0.2356 0.2732
N 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
Z 3.37 3.11 3.18 6.54
A
CIE X 0.3640 0.3610 0.3608 0.4067
y 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
7 1.09 1.03 1.05 2.11
F2
CIE X 0.3111 0.3071 0.3038 0.3390
N 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
7 1.96 1.85 2.01 4.23
[0216] AAL o 12+, WRA-R] Bt SHE ez, 5] & 249 YERd viel e AE 2 JES e
T 7hel ge o7l AAE uie} e WEmH R GAAES ALEEe] SA Y
F 2
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