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AZAE (120b)= digee R 59 Zo] (DOL) Abolell A€ Th. = 304 45 &3 g4 (310, 320)= #Hol:
slutbe] W4 (inflection point)< 7FAH, 47 &4F & 5 F o) gk
(CSy) H/me I HAa (CSyd =it Y 13 of

EAoR g T Qo vE e mEE 45 $9S e A AOWEE e ' o

=
=
6;4—6‘ 2= ohjr

o Ju
rlo
o
N
Ho
Ak
1o
=5
ra
=
5
9
)
=2
>
Al
4

]
Y™ (= 1904 110, 112)¢] A" 5 892 47 F89 4 99 (130) A Adw gl 93|
Fi1, o9 38Itse gEE AT T FA dE HA st o A"t Y] A @
AL, 2008 89 gAYl EHAE W 7} EFEY A61/087,3245 9 HAS FAEh
"strengthened Glass Articles and Method of Making"9l, Kristen L. Barefoot et al.ol 2|3l A
7ol ¥ m=E5S #18,075,9995 ¢ 7]AE™, o]e] HMAAQ W& FxEA E HAANY Egdr. w=
e}

5% 18,075,999 /1IAE vhsk ol, H m ANV A AT BE 4L 274 (A8 Fo), <1 m)
o% o fel AF (AF Fol, BeolE m AE)9 33 (breaking): 471 frel AF] BAWHY
BeaRsl 5 ] R AN 27 FUERE ohF 29 2 (ranching: D S| wel AA 20

HAE A (45 5o, 2k 5 com, = oF 2 inches)® Hoj= s} He] AHI W= (violent ejection);

4 BE As 5 o= e 27 5 Aok shutol o 54 stEnt.
F7) &0 "AA7] AL AT 2 "HA'E ZH, FFE, T ol T2 oW o AF ¢l Askd fE A
Eo AHI w= 522 33 (energetic fragmentation)d REZ on|dttl, HE, HAE L= oleh 7
= Bo] & "ol Z1AE Zstd fEleh 3 AR ¢ e v, olfE o AT A7) FE AFe
AP B AMA7] A AsS ZAsIed AFEEHA g,

2 (CS) & =9 Zo] (DOL)9] strE= A7) AR 9x o waa, HA e olstr §X & e oY
T 4= "53] A8,075,999% 0 wAlE vle} o], A (1) &
4 $E TEAUS 2t AFTHor Fald fool e HA = CTexl 2

olAL 7] e T =Rl A7F ZAFA] (triangle approximation)eol tiste] FA ™ (T sH& o
ERdck. fE1e AlsE FA (D g3k dEHoR Fstd f8 (5, AV o5 §8 ZEde] v AR
ea srE EFog s fEhol W3 (Taes 3h7] 528 2] 20 ol A}



[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

sS53d 10-1903219
CTaw (MPa) = -37.6(MPa/mm) - In(t)(mm) + 48.7(MPa),

oA71M, 7] CTax, 8 F4 (H+ ZHvE (mE EAFE, 9714 t <1 mme]¥, In(t)E A7 54
()9 A4 21 (natural logarithm) (base e)o]tT}.

[_’_ELN 3]

(CS-DOL)/(t-2 - DOL) = CTax.

[_,_-cl—xl 4]

(CS+DOL)/(t-2 +DOL) > CTax.

el ejrl, A7) g7ty dFuweAdAelE felE: oF 64 molh WA F 68 mol% Si0y °F 12
ol% WA <F 16 mol% Nas0; <F 8 mol% WA <F 12 mol% Al.0s; 0 mol% WAl 2F 3 mol% BsOs; <F 2 mol% WA <F
5 mol% Ky0; °F 4 mol% WAl 2F 6 mol% MgO; 2 0 mol% WA 2F 5 mol% Ca0; &37]4: 66 mol% < Si0, + By0; +
Ca0 < 69 mol%; Na,O + K.0 + B.O3 + MgO + Ca0 + SrO > 10 mol%; 5 mol% < MgO + Ca0 + SrO < 8 mol%;
(Na0 + By03) - Al;03 = 2 mol%: 2 mol% <Na)0 - Al;0; < 6 mol%; 2 4 mol% < (Nay0 + K:0) - Al 03 < 10

mol%E E33Th. 7] frEle, 20079 59 184t €, V= 7F 58&9 A60/930,808% 0] ¢-dHS F
Asl=, 2ol Ao "Down-Drawable, Chemically Strengthened Glass for Cover Plate"<l, Adam J.

al.oll 8] 2007d 74 2794l Q€ M558 A7,666,511500 71AE™, ofo] AAHA &
o] FxEA I WA EErt.

EouE T el floiA, A7l e dFvmdolE fele: 4T
2 gde] 54 AgE 8 d2E] B 55 e § Aok shue EdehaL, 0471*1 5mol% < (RO + R'O
= AlOs - Zr0:) - B0s < 4 mol%el™, 4714 R& Li, Na, K, Rb, & Cs & 3shbe]al, R'2 Mg, Ca, Sr, ¥ Ba

Z Shtolty. WY FE dof Qloja], U] &ZE dFu=AIACE FEl= <F 62 mols WA < 70 mol.%
Si0; 0 mol% WAl 2F 18 mol% Als0s; 0 mol% WA 2F 10 mol% B.Os; Omol% WA 2k 15 mol% Li0; 0 mol% A

°F 20 mol% Na0; 0 mol% WA °F 18 mol% Ko0; 0 mol% WA 2F 17 mol% MgO; 0 mol% WA <F 18 mol% Cal; %
0 mol% A °F 5 mol% Zr0,5 XFATh. 7] Fels, 2008 1€ 2097t =99 v= 7F 58)&4 Al
61/004,67759 $HAL FHSE, ol WAo] "Glasses Having Improved Toughness And Scratch
Resistance"$l, Matthew J. Dejneka et al.oll ]3] 20083 114¥ 259 &9¥H vw= 5&&Y #112/277,57335.9
1A=, o]o] HAAS W& FxmA L WA Eddt.

T e T el oA, A7) &gy dFvmAAelE feli=: oF 60 mol% WA °F 70 mol% Si0; °F 6
mol% WAl °F 14 mol% Al.0s; 0 mol% WA °F 15 mol% Bs0s; 0 mol% WA <F 15 mol% Li0; 0 mol% WA <F 20
mol% Nas0; 0 mol% WA 2F 10 mol% Ky0; 0 mol% WA 2F 8 mol% MgO; 0 mol% WA <F 10 mol% Ca0; 0 mol% W
A ¢k 5 mol% ZrOy; 0 mol% WX <F 1 mol% SnOx; 0 mol% WX <F 1 mol% CeO.; <F 50 ppm W RF As,0s3; 2 <F
50 ppm "]9F] Shy0s; o714 12 mol% < Li0 + NasO + K20 < 20 mol% % 0 mol% < MgO + Ca0 < 10 mol%=
Eoreh. A7) frelss, 20089 249 264kl E9E vl= 58E A161/067,1305 9] WS v, ©



[0039]

[0040]

[0041]

[0042]

[0043]

SEE35] 10-1903219

el WAool "Fining Agents for Silicate Glasses"¢l, Sinue Gomez et al.ol 2]8] 2009 d 29¥€ 25U} &9
H ua B &Y A12/392,577F ] ZIAEW, o]9] AAA] &S FxRA B PAA e E9Hr).

T o2 g de dojA, 7] ¢y dFM=AYACIE FEE Si0, ® Na0E EFEI, A7IA 7] f7rE
T 25 Tiell A 35 kilo poise (kpoise)®l AEE 7HAW, 7|4 A =2Fo] 7r0, 2 Si0E F3st7] A3l 3

AE = S5 Tayt Topit B . 29 FF oo oA, 47 €248 dFneidgAcdE fa&: ¢ 61
mol % WAl ¢F 75 mol% SiOy; F 7 mol % WA ¢F 15 mol% Al,05; 0 mol% WA F 12 mol% B.Os; F 9 mol % Y

Al ¢F 21 mol% Nay0; 0 mol% WAl ¢F 4 mol% K0; 0 mol% WA ¢F 7 mol% MgO; 2 0 mol% WA ¢F 3 mol% Cal
S EFeth. 7] frEle, 20099 89 29Ut EUE ma vt 53 EY A161/235,7625.] WS TS}
=, Yol Aol “ercon Compatible Glasses for Down Draw"<Ql, Matthew J. Dejneka et al.oll 23 201043
8Y 10¢Atel 99 wo E5EY A12/856,8405 ¢ Z]AEW, o]9] HAAA LS Fx2A I @A

=99},
EouE 7 del eiA, 7 @7 dFv=ddlelE &

29 9uY E 3% AGER o|Fojzl Fomyy Aud %

F

= Aol 50 mol% Si0, X &Y & 2bs)
T 3o AAAE Edstar, o714 [(ALO;
(mol%) +B,0s (mol%)) /(> &Ze] I /HEA (mol%))] > 1ok, RE F& 4o oA, 7] ¢ze &4Fr
SAZAE F8=: 50 mol%® WA 2F 72 mol% SiOs; 2F 9 mol% WA <F 17 mol% Al.0s; ©F 2 mol% WA <F 12
mol% By0s; 2F 8 mol% WA ¢F 16 mol% NaO; 2 0 mol% WA ¢F 4 mol% K05 ¥3sstc}. Ar] 8=, 20094
89 2147l EE ww 7b 58EA A61/235,76759) $AWE FHshs, wWe WAl "Crack And
Scratch Resistant Glass and Enclosures Made Therefrom"¢l, Kristen L. Barefoot et al.o] & &] 20103 8¢
187t A€ v 53159 Al12/858,490%5 0 7IAE W, oo HAA &2 FxrEA B A T
.

T U = gl oA, 7] de dFn=AgAelE frel= Si0,, AlOs, P05, B Aol shibe] ke
& AsE RO)S EFEaL, 9714 0.75 = [(P0s(mol%) + ROmol%))/ M0s (mol%)] < 1.20]m, of7]A
M05 = ALOs + BOsolth. R & ool QlojA, 7] &ze] dFv=AgAclE fE=: °F 40 mol%d WA oF
70 mol% SiOy; 0 mol% WA 2F 28 mol% ByOs; 0 mol% WAl 2F 28 mol% Al.Os; ©F 1 mol% WA ¢F 14 mol% P,0s;
2ok 12 mol% WA F 16 mol% R0; 2, EA3 F& oo qojA, 2F 40 WA <F 64 mol% SiOy; 0 mol% WA
¢F 8 mol% BxOs; <F 16 mol% WA <F 28 mol% AlOs; <F 2 mol% WA oF 12% P.0s; 2 F 12 mol% WA <F 16

mol% R,O0E X33t A7) fds, 20109 119 304 9% n=r 7} E3&5Y A61/417,9415 9] A4

5]

S FHslE, ¥ ®WAo] "lon Exchangeable Glass with Deep Compressive Layer and High Damage
Threshold"¢), Dana C. Bookbinder et al.oll 2a] 20113 11¢¥ 28UAtel 9% v=r E35& 9 #113/305,271%
of Z1AEH, oo HAA W& FxEA 2 WA Eert.

ohE @ ool oA, A7 dE] dF v =AYACE fEle Aolx oF 4 mol%e] P05 EFSHAL, o7]A
(M03(mo1%) /R0(mo1%)) < 1o]w | oJ7]4 M0s = Al,0y + By0s0]aL, &J7]A4 ROE A7) &Ze] dFu=4adeE
frefoll EAshs 47 Hool7F Folo] Fojtk. R A oo lojA, &7 d7F 9 o7F ol AbstE
Li:0, Na0, K0, Rb.0, Cs:0, MgO, CaO, SrO, Ba0, % Zn0= o]Foj7l o 2iE Heect, HE 74 4
oI, A7 F3E 0 mol% B0y EF3ICE. A7) f8l= el WAo] "lon Exchangeable Glass with High
Crack Initiation Threshold"¢l, Timothy M. Grossol €3] 2011d 11¥ 16¥ Ao &UH vz 7} E3&5 A
61/560,4343.0] 71A= ™, o] AAAl &L HFxzA B wWaro EdHc]),

T ooE FE ool Ao, 7] G dFueAdeAelE fEe Aok oF 50 mol%e] Si0, H Aok °oF 11
mol%e] Na, 05 XEF3sta, 7] 4F S8 Hojx <F 900 MPaeltt. HH F& ool glojA, 7] FEle ALO;
2 By0s, K0, Mg0 ¥ 7Zn0 & Hol% stUES EFsEaL, o7]A =340 + 27.1 - Al,05 - 28.7 - By0s + 15.6 - Na,0 -
61.4-K0 + 8.1+ (MgO + Zn0) = S8% 7 del delM, A7l el oF 7 mol% WA oF 26
mol% AlOs; 0 mol% WAl 2F 9 mol% B,0s; <F 11 mol% WA <F 25 mol% Na,0; 0 mol% WA F 2.5 mol% K,0; 0

0 mol%°]

:L

_10_
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1.5 mol% CaO

ok
-

0 mol% WA
A161/503, 73435l

=i
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8.5 mol% MgO;

ok

o}
Exchangeable Glass with High Compressive Stress"<l, Matthew J. Dejneka et al.ol] ¢
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CT2 = (CS2 - DOL2)/(t - 2 - DOL2).

aL,

[0068]
[0069]



[0070]

[0071]
[0072]

[0073]

[k 8]
CT = (CS1+DOL1)/(t - 2-DOL1)+ (CS2+DOL2)/(t - 2 - DOL2).
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