(19) United States

12y Reissued Patent
Barefoot et al.

(10) Patent Number:
45) Date of Reissued Patent:

USOORE49530E

US RE49.,530 E
*May 16, 2023

(54) CRACK AND SCRATCH RESISTANT GLASS
AND ENCLOSURES MADE THEREFROM

(71) Applicant: Corning Incorporated, Corning, NY
(US)

(72) Inventors: Kristen L. Barefoot, Corning, NY
(US); Matthew John Dejneka,
Corning, NY (US); Sinue Gomez,
Corning, NY (US); Timothy Michael
Gross, Corning, NY (US); Nagaraja
Shashidhar, Painted Post, NY (US)

(73) Assignee: CORNING INCORPORATED.,
Corning, NY (US)

(*) Notice: This patent 1s subject to a terminal dis-

claimer.

(21)  Appl. No.: 16/746,545

(22) Filed: Jan. 17, 2020
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 9,290,407
Issued: Mar. 22, 2016
Appl. No.: 14/082.847
Filed: Nov. 18, 2013

U.S. Applications:
(63) Continuation of application No. 15/862,353, filed on
Jan. 4, 2018, now Pat. No. Re. 47,837, which 1s an

(Continued)
(51) Int. CL
CO3C 3/091 (2006.01)
CO3B 33/02 (2006.01)
(Continued)
(52) U.S. CL
CPC ......... CO3C 3/091 (2013.01); CO3B 33/0222
(2013.01); CO3B 33/04 (2013.01);
(Continued)

(38) Field of Classification Search
CPC ... C03C 3/091; CO3C 3/097; CO3C 21/002;
C03C 21/00; CO3B 33/0222; C03B 33/04;

(Continued)

(56) References Cited
U.S. PATENT DOCUMENTS

12/1967 Rinchart
8/1970 Doyle et al.

(Continued)

3,357,876 A
3,524,737 A

FOREIGN PATENT DOCUMENTS

DE 10130214 Al 1/2003
DE 102007009786 Al 8/2008
(Continued)

OTHER PUBLICATIONS

International Search Report and Written Opinion of the Interna-
tional Searching Authority; PCT/US10/46185; dated Mar. 22, 2011;
10 Pages; European Patent Office.

(Continued)

Primary Examiner — Jerry D Johnson
Assistant Examiner — Alan Diamond

(74) Attorney, Agent, or Firm — Troutman Pepper
Hamilton Sanders LLP (Rochester)

(57) ABSTRACT

A glass and an enclosure, including windows, cover plates,
and substrates for mobile electronic devices comprising the
glass. The glass has a crack imtiation threshold that 1is
suflicient to withstand direct impact, has a retained strength
following abrasion that 1s greater than soda lime and alkali
aluminosilicate glasses, and 1s resistant to damage when
scratched. The enclosure includes cover plates, windows,
screens, and casings for mobile electronic devices and
information terminal devices.

8 Claims, 8 Drawing Sheets

12




US RE49,530 E

Page 2
Related U.S. Application Data 8,586,492 B2* 11/2013 Barefoot et al. .......o........ 501/66
8,652,978 B2* 2/2014 Dejneka et al. ............... 501/66
application for the reissue of Pat. No. 9,290,407, 8,759,238 B2 6/2014 Chapman et al.
which 1s a continuation of application No. 12/838, 9,102,566 B2 82015 Sawada
490, filed on Aug. 18, 2010, now Pat. No. 8,586,402, BREATSIT L 0 22020 Bare 0ot et al
. L 2003/0045420 A1 3/2003 Koyama et al.
(60) Provisional application No. 61/235,767, filed on Aug. 5003/0100370 Al 15003 Tkenich: of al
21, 2009. 2004/0048729 Al 3/2004 Bitossi et al.
2004/0132606 A1 7/2004 Wolff et al.
(51) Int. Cl. 2005/0090377 Al  4/2005 Shelestak et al.
CO3B 33/04 (2006.01) 20050250635 AL 112003 Sicbers e ol
) 1 1CDCTS CL 4dl.
O35 33/09 (2006.01) 2006/0238100 Al 10/2006 Miyata et al.
Co3C 3/097 (2006.01) 2006/0255195 Al 11/2006 Chen et al.
CO3C 21/00 (2006.01) 2007/0090100 A1 4/2007 Yonai et al.
(52) US. CL 20080203894 Al $5008 Moata otal
1 1vVala cCl al.
CPC ............ CO3B 33/091 (2013.01); CO3C 3/097 500%/0750630 Al 10/2008 Yagg
(2013.01); CO3C 21/002 (2013.01); YO2P 2008/0286548 Al  11/2008 Fllison et al.
40/57 (2013.11); YI0T 225/12 (2015.04);, YI0T 2009/0129061 Al 5/2009 Fechner et al.
428/24777 (2015.01); YI0T 428/315 (2015.01) 2009/0142568 Al 6/2009 Dejneka et al.
. o 2009/0176038 Al 7/2009 Komori et al.
(58) Field of Classification Search 5009/0197048 A 27000 Amin of al
CPC ...... CO3B 33/091, Y02P 40/575 YIOT 225/125 2009/0202808 At: R/2009 Glaesemanﬁ et al.
Y10T 428/24777;, Y10T 428/315 2009/0220761 Al 9/2009 Dejneka et al.
See application file for complete search history. 2010/0045721 Al 2/2010 Schaum et al.
2010/0047521 Al 2/2010 Amin et al.
. 2010/0055876 Al 3/2010 Fukuyo et al.
(56) References Cited 2010/0151210 Al 6/2010 Ahimatani
-ﬁ 2010/0160141 Al  6/2010 Ikenishi et al.
U.S. PATENT DOCUMENTS 2010/0176100 A1 7/2010 Fukuyo et al.
TR 00T AL il Kol
4,018,965 A 4/1977 Kerko et al. 2011/0017297 Al 1/2011 Aitken et al.
4,166,745 A 971979 Araujo et al. 2011/0021004 Al 1/2011 Fukuyo et al.
4,259,118 A 371981 Sack 2011/0027971 Al 2/2011 Fukuyo et al.
4,396,720 A~ 8/1983 DBeall et al 2011/0027972 Al 2/2011 Fukuvo et al
4.468.534 A /1984 Boddicker 0110037140 A1 2011 T kY e
4,549,894 A 10/1985 Araujo et al. ; ) R A
5,219,801 A 6/1993 Shorrock et al. _ _
5277.946 A 1/1994 Nagai et al. FOREIGN PATENT DOCUMENTS
5.489.558 A /1996 Moffatt et al.
5,674,790 A 10/1997 Araujo EP 0793132 Al 9/1997
5741745 A 4/1998 Sehgal et al. GB 1212123 A 11/1970
5.770.535 A 6/1998 Brix et al. G 1329609 A 9/1973
5.801,109 A 0/1998 Nishizawa et al. JP 46-010430 B1  3/1971
5876472 A 3/1999 Gros et al. JP S4610430 B1  3/1971
6.066.273 A 5/2000 Yamaguchi et al. JP 47-2274 1/1972
6.096.670 A 8/2000 Tautenschlager et al. JP 47-002274 B 12/1974
6,187,429 Bl  2/2001 Weinberg et al. JP 72002274 B 12/1974
6.211.488 Bl  4/2001 Hoekstra et al. JP 56104747 A 8/1981
6268304 Bl  7/2001 Maeda et al. JP 60141642 A 7/1985
6319.867 Bl  11/2001 Chacon et al. JP 61053130 A 3/1986
6329310 Bl  12/2001 Peuchert et al. JP 64042025 A 2/1989
RE37.920 E  12/2002 Moffatt et al. JP S6442025 A /1989
6.676.878 B2  1/2004 O’Brien et al. JP 03-177333 A 8/1991
6.818.576 B2  11/2004 Ikenishi et al. JP 03237036 A 10/1991
6.831,029 B2  12/2004 Chacon et al. JP 04083733 A 3/1992
6.949.485 B2  9/2005 Nakashima et al. JP 04119942 A 4/1992
6.960.545 B2  11/2005 Wolff et al. JP 50069115 A 9/1993
6,992,026 B2  1/2006 Fukuyo et al. JP 07053235 A 2/1995
7.157.038 B2 1/2007 Baird et al. JP 07-202274 A 8/1995
7.169.688 B2  1/2007 Liu JP 11310431 A 11/1999
7341,966 B2 3/2008 Marques JP 2001106545 A 4/2001
7396,742 B2 7/2008 Fukuyo et al. JP 03177333 B2 6/2001
7.482.296 B2 1/2009 Messerschmidt et al. JP 2001305320 A 10/2001
7547613 B2  6/2009 Fukuyo et al. JP 2002-192369 A 7/2002
7.566.673 B2 7/2009 Kawai JP 2004-268104 A 9/2004
7592238 B2 9/2009 Fukuyo et al. JP 2004-299969 A 10/2004
7,615,721 B2  11/2009 Fukuyo et al. JP 20662929 A 3/2006
7,626,137 B2 12/2009 Fukuyo et al. JP 2006062929 A 3/2006
7.666.511 B2 2/2010 Ellison et al. JP 2007-290304 A 11/2007
7,732,730 B2 6/2010 Fukuyo et al. JP 2009-061462 A 3/2000
7825350 B2  11/2010 Fukuyo et al. JP 2009-072829 A 4/2009
7.871.903 B2 1/2011 Couch et al. JP 2009203154 A 9/2009
8.168.295 B2  5/2012 Murata JP 4490883 B2  6/2010
8,232,218 B2 7/2012 Dejneka et al. JP 2011213576 A 10/2011




US RE49,530 E
Page 3

(56) References Cited
FORFEIGN PATENT DOCUMENTS

KR 10-0626553 Bl 9/2006
KR 2007-0031467 A 3/2007
KR 10-0921662 B1  10/2009
KR 10-0934300 B1  12/2009
KR 10-0945980 Bl 3/2010
WO 2007079077 A2 7/2007
WO 2009/070237 6/2009
WO 2009/070237 Al 6/2009
WO 2010021746 Al 2/2010
WO 2010/129624 A 11,2010

OTHER PUBLICATIONS

U.S. Appl. No. 61/067,130;, by Matthew J. Dejneka et al, titled

“Fining Agents for Silicate Glasses”, filed Feb. 26, 2008.

U.S. Appl. No. 61/067,732;, by Matthew J. Dejneka et al, titled
“lIon-Exchanged, Fast Cooled Glasses” filed on Feb. 29, 2008.
U.S. Appl. No. 61/079,995, by Douglas C. Allan et al, titled “Glass

With Compressive Surface for Consumer Applications”, filed Jul.
11, 2008.

U.S. Appl. No. 61/084,398, by Christopher M. Lee et al, titled “Dual
Stage Ion Exchange for Chemical Strengthening of Glass™, filed Jul.
29, 2008.

U.S. Appl. No. 61/087,324;, by Kristen L. Barefoot et al, titled

“Chemically Tempered Cover Glass”, filed Aug. 8, 2008.

Deriano et al. “Physical and mechanical properties of a new
borosilicate glass”, Ann. Chim. Sci. Mat. 28 (2003) p. 55-62.
Deubener et al. “Crack t1 fracture toughness of base glasses for
dental restoration glass-ceramics using crack opening displace-
ments” Journal of the Mechanical Behavior of Biomedical Materials
4 (2011) 1291-1298.

Hornberger et al. “Microstructure of a high strength alumina glass
composite” Journal of Materials Research vol. 11 No. 4 (1996) p.
855-838.

Ito “Structural Study on Mechanical Behavior of Glass” Journal of
the Ceramic Society of Japan 112 (9) 477-485 (2004).

Kato et al. “Effect of densification on crack initiation under Vickers
indentation test” Journal of Non-Crystalline Solids 256 (2010) p.
1768-1773.

Seal et al. “Effect of phase separation on the fracture toughness of
S102-B203-Na20 glass” Bull. Mater. Sci., vol. 28, No. 5, Aug.
2005, pp. 457-460.

West et al. “Silica Fracture Part III: Five and six fold ring contrac-
titon models”, Journal of Materials Science 30 (1995) p. 6281-6287.
Wilantewicz “Vickers Indentation fracture inoptical glass compo-
sitions” Alfred University, 21 pgs.

Yoshida et al. “Crack growth in the high crack velocity region for
binary sodium silicate glasses™ Journal of the Ceramic Society of
Japan 108 (10) p. 948-951 (2000).

Appen and Fu-si, “electrical properties of aluminosilicate, borosilicate,
and aluminum borosilicate glasses” Solid State Physics 1(1), 1959.
pp 1529-1537 (translation attached).

Levitsky and Papko, “effect of composition and structural factors on

viscosity of borosilicate glasses and melts” Glass and Ceramics
2010, No. 11, pp. 6-9 (english translation attached).

Geisinger et al. “thermochemistry and structure of glasses along the
join NaAIS1308-NaBS1308”, Geochimica et Cosmochimica Acta,
1988, vol. 52, No. 10, p. 2405-2414.

Application No. 1533/DELNP/2012 Oflice Action Dated Jul. 23,
2018, India Patent Office.
Kingston, et al., “Compositional effects on fracture behaviour of

alkali-silicate glasses,” 2000 Blackwell Science Ltd., Fatigue Fract

Engng Mater Struct 23, pp. 685-690.

Deriano, S., “Physical and Mechanical Properties of a New Borosilicate
Glass,” Annales de chimie-science des materiaux 28 (2003) pp.
55-62.

Deubener, J.., “Crack tip fracture toughness of base glasses for

dental restoration glass-ceramics using crack opening displace-
ments,” Journal of the Mechanical Behavior of biomedical Mate-

rials 4 (2011) pp. 1291-1298.

Hornberger, H., “Microstructure of a high strength alumina glass
composite”, Journal of Materials Research 11 (1996) pp. 855-858.
Nakai, T., “Effect of aluminum 1ons on intrinsic sub-critical crack
growth in metaphosphate glasses,”, Journal of NonCrystalline Sol-
ids 353 (2007) pp. 2250-2257.

Seal, A., “Effect of phase separation on the fracture toughness of
S102—B2036—Na20 glass,” Bulletin of Material Science, 28
(2005) pp. 457-460.

Schgal, J, “Brittleness of glass,” Journal of Non-Crystalline Solids
253 (1999) pp. 126-132.

Simmons, C., “Effects of Phase Separation on Crack Growth In
borosilicage Glass,” Journal of Non-Crystalline Solids 38 & 39
(1980) pp. 503-508.

Taniguchi, T., “Deformation and fracture of soda-lime-silica glass
under tension by molecular dynamics simulation,” Journal of the
Ceramic Society of Japan 116 (2008) pp. 885-889.

West, J., “Silica fracture”, Journal of Materials Science 30 (1995)
pp. 6281-6287.

Yoshida, S., “Crack Growth in the High Cract Velocity Region for
Binary Sodium Silicate Glasses,” Journal of the Ceramic Society of
Japan 108 (2000) pp. 958-961.

Morris, D.J., “indentations Crack Initiation 1n Ion-exchanged
Aluminosilicate Glass,” Journal of Materials Science, 39 (2004), pp.
2399-2410.

Gross, T.M., “A Glass with High Crack Initiation Load: Role of
Fictive Temperature-Independent Mechanical Properties,” Journal
of Non-Crystalline Solids, 355 (2009), pp. 563-568.

Sehgal, Jeetendra, “A New Low-Brittleness Glass in the Soda-Line-
Silicate Glass Family”, Journal American Ceramic Society, 81 [9]
pp. 2485-2488 (1998).

Ito, Setsuro, “Structural Study on Mechanical Behavior of Glass,”
Journal of the Ceramic Society of Japan, 112 [9] pp. 577-485 (2004.
Kato, Yoshinari, “Fffect of Densification on Crack Initiation under
Vickers Indentation Test,” Journal of Non-Crystalline Solids 356
(2010) pp. 1768-1773.

Rizkala, A.S., “Effect of Nonbridging Oxygens on the Fracture
Toughness of Synthesized Glasses,” Br. Ceram. Trans. J., 91, pp.
12-15, 1992.

Yoshida, Satoshi, “Crack Initiation Behavior of Sodium Aluminosilicate
Glasses,” Journal of Non-Crystalline Solids, 344 (2004) pp. 37-43.
Wilantewicz, Trevor, “Vickers Indentation Fracture in Optical Glass

Compositions,” Fractrography of Glasses and Ceramics V pp.
131-151.

* cited by examiner



U.S. Patent May 16, 2023 Sheet 1 of 8 US RE49,530 E

A

ILL.LEI

] [ ]
o
LIiLE I L
bRl 0k
AL IEN NN NN INERN
LLISL.LRLILLLENLILN
bl

LRI NI
]

1

LLL LN

B bbb lbbh IRD | bbb hlh

IRENENENERERRNRELEN!

B . LLLELLIREILLLENL

Ehblbh kRl 1
. n

:
]
I
!

"1

T EREECRU T I BN BN | T 1w EERIE I R LICE [ I ECRCIE R I | IR ' CIEEERREEEE IR I B I CE R I IR BT B T TT v LI IR R I I IR I I RN | [ | R} s LI L o
LI LIL I I DS B I IR IR L LI BRI LI I R L L N L I NN B L I I L BRI I DL N I | LI DL IR I I N LR LI UL U B L LRI L B UL IR B L L L | LA LR L I LA B W IR L LR R I I NN | LI L I L L I L I LR | LI} UL LI IR U I UL B UL L UL B ' LI} LOR NN LI ML B UL UL I L B |
Rt Rrr Ry ey rrrar pagag L] LON RN B DL BN AL B DL | LOLELOL I B B LI N AL B BB L B B LN BN L B [BLIL B B B B B B I B | LN B B B B B B LR ] L OL I DL B L B RO B B LN LOL I DL B B BN I L BN AL I BN B L B [BLIN DL I DAL B DL B | rrrar g L B B B I B L ) (LB B L L
D N N N R I NI RN I I B LA IR I B I I IR T B IR I I B B IR T DRI IS T IR B I L I I I R R I e R I I I I I R I I N N e I I N I BERE R R B I I R N | - - LI B T Tt
L I I B B B B B B B I LI I I B e B B | 11 R I I B R B B IR | b B B B B B B B B B DN B B B B B B B [N B L B B L e B B | rr1rTt ottt L B B I I B B B N B B I B I B B B B B B N BN B B B B B B LI B I | 1111 =11 LI I B | 1 111111t ot
O L I BERE LRI I I BN IR R I BCRE RN I I N R I I I B IR I I C T TR B I DI BEECEERE I I R R RN ICRCE I B RERERE BN B SR I D IR I B I T IR I BRI R | (BT BRI B B NN B -
LRI T T I R R R O T R I I I N e I R R I R I R N I N I A I I N I I TR RN I I I I I R R T I R I R I R e I I I B I I I B I IO I BN IERE I I BRI BN RN IO N A N I I I T I IR |
et LU I I B I B D B B B L e B I B A B B I B I B B B B Bl B rmrrr1r11 111 [ I I I B B O R I I B B B B B L3 I U B i I IR B B B B B DR B B | rrrt 111t 11 O I e B B B I | 11 R I I M T B O D I B B N BN

T EE R I e R I I R R R I RERERN R I I . . R I I I I R R AL R B I R R I B I R I R BN I RO I RERE SEREIICEE I B B RN IO I R I A N R I I BRI TR |

I I R IR I I RCRE R B SR I R IERC IR IE I BN B BN I CERN ] LI BN I ' I R N I I NI R I R R R ICRCEN I I B RER T O B SR B T IERIC I BN I I 1 11 [ srvacaa

.. . 11 . 1 - .

I I B B B B B | 11 11t 111 1 1

T1 EE Il I EEI L IE NIl EEE Il EEL IR EIL IEER DDA

LR I R I N R I N I I A I I I I R I IR B A L LRI I B
et L B I B B B B B B B B B I B I B B B B I B BN B B R B B B

LR B R B LI AL B IR LA LI I B AL B L | LR} LRI L L BLER B B LR |

R N N I I A NI L IR IR I I BN B AR

. b Crrmt o orrrrTttr1tittro 11T o Cirr1itrin ot
LN N N RN R RN R N ]
L Hﬁﬂl“.ﬂxx‘]' L ' )

11
I L
TR A AT ARG
[ [ 1

U | [ | . | . 111"
[N R ] L L L RN ] L LN N R
T h ‘.%x\‘ TTTR AR 1'1‘:' “"121“""'

1.1 dEA T . E. 1 I EJ .0 . Ed I I M. IEdE .1 EJd .01 EJdI IEJI .01 Ed . idEJI IId1 .00 EJaE.
[ I N R I N BRI} (RN NN RN i [N IR RN N B N I
[ I I P O T NC O B A B L P I R L L N R T L E AR N I N N
srrdas P .. LB I I R I N R I A e S Fda L Pl sas P ASE Ndd ST LAd FIFPaS.

i man .
L] L R L R N
L 1 -, FJJ . FF, 20
R I XL 4 a.r1ra
FRERN I JF R ra-: o arsirr. s

rroamE L R R R I ] mEm Tl R IEERILO = [ N .

L L o I O I N I I O O A R o I I R I L N N !
A4 . F1ras. Faa . s 44 P P4, Tdd . S0 "dd SIFdde 1 dd .0 "Add. FIFAd. L IFE S FAddd P d. a0
rraa -

JIJVEFRRFAND
- croraa s

rer .- ENY Ny
LIRS 5 R B PR LR N DL R

R o I Y
' +

1
I ]

SRR
N AL
. ] "1 T

'
I hhbBh bRE N
LR I kkbhbEN hk bbbl Bk . kil k
I i Bl I kbR BDE ] bRl hh Bl Db b IRl bbb Bb bRl Dk
R I kb Nkl hME bbb N bk LR LR AR L R R LR
RN LN RN RN R Bl B bk IRE I bbbk Bh bRl Dhh
[EEREREINNTINENNNE Y]] LI RATINRERI RRENNRENE
ILL.LER I LLLENLILRILL. LI NLLIRN ILLLEL.LLEELL
1 [} 1k ] ] 1 [} W] [}
I Ililillllilllllilllil i .Illlillillll ]
. LELLLRLINL .
[} ]
] L] (] n
1 LL LL LL
i . rriEE 1w LI "m . 1 .
P N A s raa. - ca. tiEr s Rrad. L
r . 4. rr cersan
r ’ 110 L . . x 1 r : . . . 1.
aar - . . - . . . ra-oer r
r r . e . . ceer . e N LN sr e . ' Lr. . e O e B I P I .. . e . I I
. _— . . B . . . :
L ' et . B san . L .4 . . . ’ ’ LI ' . ' B .t . .
. . . . A . .. . PR . . . . . el - . PR . . . . . . . . PP . . .
L} L} L] L] ' LI
- 11 . . . .
. . - . . . . . . . . . . . N - . . . . . - .
. . - . . . . . . . . . . . . . . . . . . PR . . . . . . . e
. . . - M - . .. . . - . . PN . - . . . . .. . . . - . . . - . . ..



U.S. Patent May 16, 2023

210

Sheet 2 of 8 US RE49,530 E

FlG. 2

00
d l

N TR R
o ﬁ e " ‘.;'.é:E: X

".'-.'w\".'u
nu\*.t.
I|.K".".
M'ﬁ.
e
manLL
AL AL
o o

nh "
...........
a }‘ AT, A !
\\ AN N BREOOEN, ﬁ&%&a AR '"":l\
-Il'lll"l.l.l.l‘l.l-ll |I |I 1 l.l.l 1 -III.'I.l [ llll ! .l'. ll III -Il'l l'I =
l'.-;----_-l.-ll - R L y 1*I

A
AN W

[ ] II:'I.

AR Ny Ml
b RN v ol T AR Got SR ACEREERREE I L LT L R AR LAY (IR L AR A N ey
&l'l._'ﬂ'l:'.':.':'.:'.:' :::-I,:l:j.' .';':.':'.1':.:'1.1.:?::? 'n:"l.". I'-.':Z..':'.':::: \']L. L:ﬁl.':. %ﬁ%\&%ﬁﬁf:f:-Z:f-.:.::;l.:'.I'.":;'.::".:LlfZJ::%%?l::L:::::-IZ-L;::.':"" ...L'\.‘. ‘l\ T S A Y I :\
SN AR \‘%“‘H B H A
e L, (X aAN (Hn W o .:::::l‘i"\%j:j::ﬁi",:”%:{;}:.':j.:l""‘:::f..'{i::_':ﬁ' LT AN AR 1 G e
R R A R N SN T N
'4:1 .'II \ |'|,I ' "Illllh::-::.llll. .
1 [ [

A \

ot

N \ \ i
.

i
D
o
3

-

WL
S T T T N A

“Il AR 1 l'|l‘|l.1 . I|.- -II. I|r|.|ll|l.ll! AP 1 . ] .lll-ll.ili:llllllli '-l I. [ |.|I ) |1E:I l.ll
l.. |.l..l.. F |1I. T :. I|I U :':'II..... ] T . |I|:' - _||_Ir:'l:1:1 ] I1':|I1‘l.. 11 "_ [ 5 II.. 1. :
l‘. ‘.l'.. P L R N AR NN L L L LR ) LY . I'.:' 1 '-1'

LN, P, rrrr o II.:I.-|IIl| T O VEad -..l.lql R P W )

o i 1] vaimdara o vl Tlmaall . llh-.llull-l--..|l .”l. -II'I"I ."I.lH
* i R e
i e

SR I
IlII 10 | ] - LI B |I| . |.:.I|I 1q.1l .rd1‘l1-'lllll Illl = Bt X IIII“IIIIIIIII ) I :
TR i
11 l‘l"‘l%l a l..l.. LI | 1
o ".f'.}.' g \'\\: . PRI LA " )
AR L S S * o

1111111

lllll
lllllllll

11111111111
lllllllll

IIIIIII

'\.. . y ) i
'm "y N N R
ll II. Il ala i qI qII'I
A e
:l .| .'l. \ A L] .l:h Ill:::'lll ] A q. q.ll.
5 W ] L - o 'l.“ "'. n e
- NN i
[ y L] | L] -LF-IJ.' . qI qIlll
R Ny b '\'u, AL BRI
‘.l ! l..l.. . I:l:'l l' qI qIlll
| 1|
V'
1
%

X

i
y Y '
1 1 :t:. I\“‘-.l-. I\III 1 [ 11
R
\ N
¥ \\ :
\ RN
Lo T
N N
i’ i’
" N
" i
RN
N AN

lllll

3
Ny AR
11 lhll L0l I‘II'I 1L L
\ O

'
'y
"
'
'

)

-
\M

'
*y 'y
"
"

A
A
-

L

N 3

'
!

¥
1)
A

1
||||||||||||||||||
||||||||||||||||

A
H'H ) ﬁ?{:ﬁ \\ H &}C
; zs\ R %Nﬁ\\ RN
' %«\ TR
ﬁ&“\\h L'

N B
i
'i"'."-"- o
mL
R

AR ARAN

*@a%
R
el ﬁ&

"y
"y

"
N

)
i

.
LR

-
.

100-um

-

LU
\ !
Y

1011 qll

.. |
by X
AN i
e iy

1 1

0y W A
A )
) 31

X

—

. i -
- \” . .

\\N\ | ‘ \
\\tﬁ”& : Y g \i

| L I I | 1
W ! -I|I|I-Il.llll'l. [ LN 1 |.l 1 L)
1 mn 1] L IBERRREREEN] |II| ‘l nn
L LN | 1 1 T |.' nm | | [ ] K1
“.‘. .:.l:.| L l'| :I.l.. I‘ . . .llll
T e S N,
|l '. . .'.'I'|1'| (BT AN EL I NNN] Il. . |rl1l1' 111II
:.:": . ":" "':""::"'."- U ! SO
o e A geoRinty
I-':i‘jl .'.'I:.:-:l'l":...'l 1.11 l.l.l |"I ..'I 111 [
===+ l"l‘l |"|‘i 1 'llI ll1..l‘ IlI|I|I'|
e qlt N YL
P AN
I.l ‘lll.llllq.l'. l|. l‘l -. +4 LN [ ] IIIIII
R 3 AW
lqlI " I.l .:].Illi: \.I L] |l| l. " |lI [
1’ 1 1 i
=l | 11 1 [N 1
1] lll\ -I l. .ll '
1] " -I .‘Ll 1] "
X \ \ rd :" I-::I‘- i - | '.:1' :
O

S

\\\\\\\\\ W

S

"
L
)
R RN
1)
3
)

s

(a) 220



U.S. Patent

L}
hhilhda

nh
Iu-lu-lq'alnlnl-lqln-lnll
I‘|11'| [ ]

In-ln-l-l

"Rl A L]
LN T LI

L] LRI RN RN
LA R R L L L N L R AL L] LA RRRE L L L] L]

'II'I'I'|1I'I'I‘I'l"II'I'I1'|I‘i'l'l'lll'l'l'l'll'l'l'I'II'I'I'I'II'I'I'I'II'II'I'lII'I'I'l'lI'I'I'I'lII'I'I'III'I'I'|'|II'I'I'|II'I'I'|'|I'I'II'|
AR LA ELN L]

]
Ii‘l11l'l'|1'|l‘ll'|'|l|'l'|'|'|l'l'|1|ll'l'|'|'|l
TR i hld oy bR NN RNl MR h RN R N RN AR

May 16, 2023

(L} 1R
llllnlnlnllalalnlll'alnull'alnlnll

] L]
AL LA

L] L]
IR L L]

B RLLER! L1L]

LILIN

LI} LY

44 AN L LR NN LN N LR, LRI L IR LN R L LN L BN L L LEN L LR LLLE I|I|ll'|'|||l|l||
LR RN R R R R R R R AR LR LR RN LR R AR R RN RLERRIREERS N ERE RN |

R AR R R AR R R LI AR AR AR AN R R R L R R AR AR A RER N LR

L] ] L
'ullll-h‘ L

EREY
.l l'ullll'-'-

Sheet 3 of 8

LR NN A
BELLLERRIL

L] [ ] 1k
LR R R IR RN R R LR R AN IR R R R A Rl AR IR R N A AR AR R AR R AR A
AR LRl AR AN AR R IR R R R R AR R R R IRl AR IR R AR AR R IR R R R R A R R IR RN AR A RNl IR R IR IR

US RE49,530 E

E R L L IR L L A L R L L A R L IR A L AR R L AR R L R L L R L LA N L L L L L A R L R A R R L A L R R L R L L A N L RN R L LR L R L A A R L L R R L A L R L R A R L A N N L L R R LA A L A R R L L A A L R L A A L A N L I I N N N R R A L R R R A N I AL AL I N I

11117801

l‘i111l‘l'|'|'|l‘l
Rl

LI} ik LI | L] L]
I.-I.l-'.I.-I.-Il'.l.-l.lll.l.ll.l'.'.I.I-I-I.I.I.-I.-I'.-I.I.ll'.l..-l.ll.l.l.l.l'.'.l.l.ll'.l.l.lll.l.
lil\\li!lillii\\lil!ﬁllil\1l|11\l\11'll|1\\lil1\lI1'|'|'|l'l'|'|'|ll'l'|'|ll'|'|'|'|Il'|'|'|Il'l'|'|'|l'l'||'|ll'|'|'|'|l'l'|'|'||'l'|'|'|lll‘l'l'll'l"|'|ll'l'|'|'|l'l'|'||ll'|'|\Hl.l"lll.'|~'1.l.'l‘ll'|.'|.lilil.'|.\.l.l.'l‘l.'.l.I.I.IIIIl.l.lllllll.l.I.I.III.IIIlllllIIIlllIIIIlIIlIlIIIIIIIIlllllIlllIIIIIIIIlllllllllllllll
AL L L A A R L R R L R R R R AR R R L AR R R L IR I R A R R A R R R A A R L A R L R L A R L R L A R R R A R RN R R R R IR I ]
1 I'I"I‘Ill 'I"I"I"I"II'I ] 10k I1Thh bRl b [ ] ] I0hhbh [ ] ]

IR REERRE BRI
Iiilllill\llllillllllllil

L]
I.II.l--I.-I.-I
'|'|I'I'|11lli1'|'|
Ihdnnhd

I AR R AR ENL NN NN ]
A bdd LT LR,

11Iu.-1

I‘|11~1 411

Iiillliiillill
bddda b b4

DER N 4 4
bddaabdddabdldabklddaabhdd,
’ li111II‘i‘

LI |
hdddalbdda
L] 1Trbld4111k411
Iiiillli L] mn bl Al hwd
hdd aabddd-
AR AALEERNEEEERNRE R
hkd an hddd w bbbl dabihdsnbhddd
EEEEE R EEREEREER
Ii1"I“I‘11'I“II11II1111I‘111

Iiii!l!tliibti LERE ]
I--I.-I--I- -I-r-l-l-l-l- +4

hii--liiiil
bdda- e b4

AR AL L LR KR
.|.ul.|.|.u-.|.|.'.|'.l.|.|.u1|.|.4
AR L
YRR LN

e
nnn-lnnnunnnn

LR
LLER
LY

inhbd [ LR RN ERNENE ]
L-L-I'.'.llll-llll'-hlll--lll-I.llll-'.llll-l.ll'-hlll'.'.llll'.llll-'-
1 1111k L 1 I

i"l‘l" Wy i. ‘ll T
ARELL LAY ThLl-
NN
ORISR

11'|'|I'II'| lI'I‘|1'|I'I‘|
|iillll|l|

I|-I|-I-I-|I|I|-I|

[ R ERREREREE
Rdn b hhr

L]
1111 1I. L] 1
L] I..l. I|

1
(LI ]
bddaabdddalk

RXRR

AR
H" Hu”
TEKE

LI
bddda b b4

L]
IR ELELENTERER]
LRI .
haddn
b4

Eddd 2k
B b

L e T B A ey e T e i R R A iy
IR AR EE RN EEERANEERERERERN N
i bl N hlhd I.I:.-I:‘-I‘-I. L]

IR RRERAEE
[ L L] L]
hdd

11

bdddalbdda
T41 11411
LI ] L]

hdd A bk b q v bdd v kA Yl ha h

R ERAEEREREERERENERERENERRERENEREREENLERIREE N R
Bid o BRAN R BRI Ny BN a b N B BN BN N b R B bR by R R b RRN b b BRA AN AR RN AR AR RN
Iu-lu-l-l-lulul-l'a'aIulul--|Iu-lulll-llu-l-l'a'aIulu-l-l'alulul--ll-l-l-lull'alulullllulull'a'alulull'aluIll'.l-lulull'aIululul'alulull'a'alulull'allull'a
lI'I‘I'i'lI'I'|.'|~|II'I‘|1'|I'I [ ] L ] [ ] ]

L]

[ AR AANERLEEN]
AL LR LR L L R LR R L LR R L A R L R R R L L R R L A R R R L A R R R L L AR L R R L R R R L L A A R R R L A L R L L AR R R AR R R L L R L LR R R L AR R L L R R L]
L ] 1"

\1'|'|I111III‘1'|
. AL ELIEN]
--|-II.'aI.-I.ll'al.-l.ll-l-ll.l'a'al.l.ll-l.l.-l.l'a'al.

LR RN REEERLEERERN R RRENERE
Anhdld

IR RN R R R R IR R LN R RN ]
N EIEE R I EEE N E R EEEE R R EEEE R T LRI ERE
Ii111l1111li|11l|1111l111|I.Iii111ilii111I|'I'I'|II111
I EEERREEE!
11li11'|l1111|li111l1111l
nhaldn ik hddn

L] L] [ L] '
I.-I.I-I-I.I-I.-I-|-I.-I.-I-I.I.I.-I.-I--I.-I.-I-I-I..-I.-I-I.I.-I.-I--
'1l1111l

Ilnl-l--ulil-l
Fhti--Ft11
IF#!!'F‘!"'FF 1--
LER! I-I--I--I--I- -I-I.

114
l!iillliiii
bhdaabRAN

Badd vk b b

111111110 ITTTTIETT1T1T 0TI EAETIT1I 00T T1TI 0TI TERT1I1T0 0111111711171 1T1T1T0 081108100

B L AR R AR L R L LA R L R R R R L AN L]
T'" 9 b b ® Ty bR TR I BR T %11
L] I LI} LI | L]

IR REEREREER

" hhE1 RN RN EREREREREE! T'" T 19 9 BT T 11T hbha1hh
I LILI | L] LIL] lll.i"i.

'
RN R RN NN LN
bk L]

i
A b bRALLLARAI

LN ]
AL bR, L

] 1
LEERALL

I hhh LIL ]
I|I.l.l'a'al.lll'al.-ll'al.l.ll'«l-l-ll

LU ]
Ao bRA AL LERALL LR ]

MR B h NN RN R BN RN RN AN AR R BRI AN b R AR N R BN R llIllll\illllllIillllll.l"illillllll

11'|'|II11'|II11'|'|I11|'|

LR I LR L LN

I.Il'.l..ll'.l.l.l.l'.l.l.l.ll'.I.I.l.l'.'.l.l.lll.ll.l.l'.'.l.l.l.'.l.
L

IR RLEERIEEREEN R RE] ]

R I\1'|'|I111'||I11'|'|I\1'|'| 11'|'|I111'II11'| LEEERRERERIEERE]
EhY NN LR RN WL ]

LN l.l-l-l.-l.l'a'aI.I.lI'aI.I.Ill-l-l-l.ll'a|I.Il'a'al.ll'a'al.l.ll'alululllulululllllulull'a'alu
'iII'|'|'|'|I'I'|'|'|I'I'|.'|~'~II'I'|'|'| L 111 ] 'iII'I'|'|'|II'|'|'|II'I.'|'|'|I'I'|I'|II'|'|'|'|I'I'|'|'||'I'|'|'|II'I'|'|'|

" k11
LLLY

hh " L 1 - H
Iu_lu H- H“l*lﬁim I|.| .‘."l‘l Iu‘lu I"«‘H.

[ ] LI |
L LI

11k bk 1h LI | Kbl Ll | Thh A0 hE
I.I.-I.ll.l.I.l.l-I-.I.I-I.-I-.I.I.l.lll.I.I.l.ll.I.I.l.ll.-.I.I.lll.II.l.-Il.l. RN L L LA L L LR
'I'|'|'||'I '|'|||'I'|'|'|l'l'|'|'ll'l'|'|'|l'l
AL AR N AN
RLLEARR L LR
AR ERENERERE!
L] nh LILI]
dda b hadonbdd
Ll..LLYALL.L

I BN LIERRIEEEREEINENERENNE R NN RLER NI NRE SRR RNAN ] RN
11I1II‘I11

I11'I1|I1111Ii111li'11
L] LR LW I W B | hadah bd =h & 4 b had hdd v bbhdd sl badan
-I.-II-I.I.-I.l'.-I.-I.-I-I-.I.-I.-I'. bddaabd-da b bddabbddd-
111|l111lli‘|‘11ll111ll11

II1111I1111I|111II1111
LI TL ORI I L L B I ] LI LI ] 4 L] LI LI BT
Lllqullllklullkllllhk Ll|1llllhhll44kllilh1lll
(AR AREERRLEARRRRRRRERERRARRR L
] IR R L AN RN LN
L] aaahddh
I1111Ii111 1 1144110414
L] iiillliillliilllliii =n k Iliillli
lllqllll11hlllq.l{411lll A E NN T TN - lll
I1111II111II1111HI11
(X bdde n bk duh hahd
4--lillqIIii-qlillqllilqll+l-1illq
11 -Frhd1--Fr411-10t1-~-
LR -Ftlu-bl#i- Ftii

'|II1111II111II11'|'|I11|'|

I IEERERLEEELELEE
LI ] LR

AR REE IR EEREREENERE RN

iTa b kddanbhddd liiillliilll

k1 11bhkti111k44410

b hadaahudd
TR 11k t11-ht-1-FFtd XL 111
AR KR rnnnn--nn- rrn--n-nnnq-
SESER R SRR SERAALLLL
1 L[]

1
[ ]

(] l. Y
llIIIII.IIHIIIIlI.III III (LN | -.l [ L] l‘l"l 1 II
11 Innn [ | abraas saawda=a0a00

|II.'I|‘| "lllllllql!ll'llr ta1- III"II'II1 - r'rl1 1

'
r-r--!-l.l.llll.l.

L] L]
III‘I‘I'l Il11III'I'|'|'|I'I'II'|II'|'|'|'|I‘i'|
L] il hh LILIN ]

14
11-|!1I'|I
-I.I--I.-I-'.I.l.ll-

RERARREN
”nu Y

11 h LI | Thhlh LN (L] RN LN ] LA REREN N LI |
A b bR AL B RN LRI ERALL L IL I R LA AR R LA R R LR L L R L]
1k LN ] T3k h 1% 5% 8%11 49k L RRENE RSN ] T % bkl 144 11
L] 'llI.I LN ] l'l'll'll'lll LI | iilill‘lli\l"lill l'l'll.l I|I‘ll'|l
b bR AL L LR L L RN L LLR NN L LR LR, L s FE AN LE LR L LR L LN
[ ] L] 14 AR RN R LR AR R R RN R R RN LR R R RN R RN R RE RN N L] L] L]
illlllil\ll‘iiiliiilll th R RN b RN R BRI R R L] AR Ay RN NN R b b RN R N RN RN BN bR
-LLLE - -l - L LELNLLLENLLLLENSLILENLLLENILLLENLLLENSL . ..L088LLLENNLLEINLLLENLLLENN.LLENL
11k I'I'|'|'|I'I‘|I'|II'I'|11|1'|1'| ||1'iI'I'|'|'|I'I"|'|II'I'|'|'|I'I'|'|'II'I'|'|'|I'I'|'|'|I|'|'|'|II'I'|'|'||'I'|I||I'I'|'|'|II'|'|'|II'I'|'|'|I'I'||'|I'I'|'|'|I
'llilIillll|II|1'|'|||I|'||I|1'|I|I! (AL RN IR N R R R R A AR L R R AR L LR AR R AR A RN LR R AN L R NI ]
Lll-I'..l-l-l--lll'.'.llll'.llll'-'-llll|llll'.'.llll'.l.ll'.llll'.'-hill'.llll'.'.llll'-llll'.'.lll.'.llll'.
1'|II|1'|'|Ill1'|Ili!'l'll‘ll'|llll'l'lli!'l'llill'lllll'l'lll (AR ERENEREE

' LI} L]
l'Illl'a'allll'aIIll'a'allll'allll'allll'a'ailll'allll'a'a Ill'allll'a'alll'a'aulll'allll'«'a
'|II‘I1 [ AREERREEREN R RERN AR LEERIREREES N EERERA L IEENREREREEEREN |
1q LI ] ihh L] LILI | LI ] LI ] LA RLLERN LILE |

W "t"i'lu

L]
LLLL
b
A nhhhdn

LR LN N
LLRRLLL

"0 h kbR

'a
I.‘I.‘ll'l" 'l.'l.'l'l"l."l.“l'l" ".II..I l'h"l.'n'l‘l"' "l..l.‘l.' L0
"H.”'m‘ﬁlu"‘“ '“""II.

I.11111'I|'|I l'l 'I.I Il'l'l'll 1!"!“

14k L kb4 I.llu‘l I.I.‘Il Iullu‘ll

'I'|'|1II'|‘I'|'||'I'|'|'|l11'|'II'I'|11I I'|'|l|'|'|'|'|
L] L] LI | Inh LIL ]

LR R R LN
1904410
Thha iR
LY LI

L] LI

' . ‘ il ..'I .~'|~I.I 1.1.'I~'|.I‘I1 b ] '|.|| AL .II'I;I. 190k .1.'I~'III\ .~I~I|1. '|~I. 11.'I~'|.I'|
'al.'l. LT ERAL .I‘II'aI.I. l'a'al. .'l'l"‘.."lll .'l'll"‘l l'a'al.'l l-l.‘lll'alulu‘l 'a'al."a
'|I 194 ' h 11 IR RREN ] b bk

AR i.l.

PR LA

Tk

. X
LLL-
LI I ]

Y

Wk hRd b

SO U U IR

L]
LA R R L R AR R L AR R R L AR L LR L LA
1"

(AR EEERRIEE RN EERRENE RN
AL LN L T N
0L b bR L LN L LR LR,

LY
'|'|'|ll'l'|'|'|l'l It NEER
LA RN LREN L] LI}

LEREREE 1k
Eddi11b444-
EEERNTERERRE
bdddabdddt
EEERIEERENEREEN!
iiiilliilhliii '
LERERE] Ll
Iiilllii'l'l

kdddbb4dd0
11 hbd1 Y
LI !

LI ]
R L RN, LR AL L LR
'|Il'l'|'|'|II'|'|'|II'I'|'|'|I'I'||'|I'I'|'|'|II

1
LR R R EEER LI A AN LR RN R}
[INERRRRRLEENRERERRIERRERE LN

LI} LL LY
LA RN RLERENEEEE
lllilll|llllillil'liLllll'lIlll\hllilillll'lilllilllllilllliilililllllilllll

LLpLLLLnl LLR L L LAN N L L. NN LLLALL LN L L LY L LN LIl LL L,
Thhdd b Iill\llll'l'lllii INEARERLELRR R LN ERNLERRIR RN
l.l.-l.llll.l.-l.l'.l.l. Il'.I.I-I.-I-.-.I.l.ll'.l.l.l.ll.l.l.l.l'.-.l.l.lli.ll.l.-l l.I.I.lI'.I.I.ll'.l.l.l.ll.l..l.lll.l.l.l.l'.l.l.l.lll.l.l.
MEARLER R IR RS R LR L LN R RN R R AN RN N
L ER R L A T I RN L R L R R AR LR T R R R R N L AR RN R L L RN B

TLLLR ll-l-l-ll'al.l.l.l'a'a

L BLELELI I BN BN B B B AL LN B I B N BN A O]

] L]
EEERALL

LA R RIEEERREER RN R RN N R R RN N L]

L] 0L LR N AL LR LRI NLELN
[ NEEEEREERRR IR N RN ERNENN] ]

] LI |

L] ] L] LI ] [ LI

‘I‘I1'|ll'|'|'|II'I'|'|'|I'I'|I'|II'|'|'|1I'I'|'|'||'I'|'|'III'I'|'|'|I'I"|'|II'I'|'|'|I'I'|'||l'l'|'|'|ll'l'|'|'|l'i'l'|
LI | L] L] LI LI ] [ ]

L]
LRI RR RN EEERENREEREN RN ]
(A RNENELRRN] LI ]

LI
ThYhkb%14h
LI

hh
B8 Lk bRALLLEIDYL

"=
444

T 11

[ A REERREEREN]

L] L] LW}
'alllluillll'allll'a'al'all'ai

LN R LR IEE NN EERERERNEN ] T k1Y
L} LI ] LILIL ] ] LN L] LI |

l‘l"lil
LR )

L} LILN ]
A RLLER!

Th94%h%

11111

10

LRIRR " WTh
LERYR L ERENE
A LL LRV LLL
T4k

LA ]

n";"‘u"-

L] Thhhb
B R LI R LR RNEY ]

Lok kk
S EIRT T R TRy Rl T A b bRy YT R BT 0D
LI | LI | LIR I | LN RN

(L Lk
BEALLLRILLEL ]
Tk bkl b b Lhbh bbbl bk

] Ik &
LR AN ] [}
IIIIII.I.'IIIIIIIIIIIIII'IIII

LR
LY

RNl 1

L]
[ L A
LLan L

T1T1 171111111 01T 1T EERT1TE1TT B R EETT RN EET I R REEE TR AN RN IR R TR ENER R ENI DN DR ENR R REEE NI IEE RN ENI R R EENR R R NINN RN ENEN IR N INNERNERENRENIND
R AL LI R R R L R R L L LR R LA R A R LR L A R R R R R R R R R AR AR IR R R R R IR R R AR R AR R R AR AR RN R RN R NI RRRE ]

ll-l-l-ll'aluIulul'a'alu'all'al-lulullu'alululllululullluluI|I|II|'aIIIII.I-I-I-II.I|I|I|III|I|I|I|II|I|I|I|II|II|I|III|I|I|I|II|I|I|IIII|I|I|I|II|I|I|I|III|I|I|I|II|I|I|I|II|I|II|I
LERENLRRENE] ERIY b bRl D hE LR NN RRYRREINNNE] Ehhil bbb b i Ihhhhl b 11 hbhbl Ehhlbhbhh [ uh ]

LRI RLELLN]
(AR RAN R REEN ]
LR LLLLALY

IR LR L AR R R ANl RN N RN
IR L LR L R LR R L IR R AR RN R L AN L LR
L]

. Ll.-ll'.l.l.l.l'.'.
Il“l‘|1ll'l'|'|'|l'l'|11ll'l‘|'|'|
1 ] 1 h L]

11k
'|'|IIIII|IIII
LN LLE RN NN
LLLLELLIREEL

i
LA

1k
EARR L L LEN DL LELRRLLLEE, T
B Rl bRl DRD
AR LN
L

EhE' T kbRl

A REIRRRIENREENERERN]
LLENLLLEINLLLENLLLEREL

."‘;'-" N

IR RLEEEREERRINERER]
LI ] bbb LI

Oy

L]
IR EE RN R RN N LERREEERR IR EEE!
I LN ] 1Rk Thhh LA RN

LY ] LIL |
AL AL LERA L LR LLL b bR

TT9hbT1958%114 01

W

l l"\ I: ‘I.

I bk
L RLN

LI}

LA R RLARERLLE RN L ]
1

AT e RNy L L ERLL LN I EE N L LA L LR L] LRI
1 L
LI} L] LI | LI} L]
lhkbillhllllkkllllk L] LI BERA LKL
11\II|1\1II'1\II‘I\\II!!II\II\II‘i\\IH
LI LI | L] 1 1 LN R} LI}
llhllll L] ll lh ELA AL LLR ]
T h%T" 50 %14 I IREERRRLERERILEER] 199 k%11 H
LRI NN LB R AN RN NLIENNEE] (LIRS RN AR R AR RN LI L RN L]
RLLLRLAI Hllllkkllllkllllhk ERAN L L LAN L LLAEN AL LARL L LAl LLANALLLAY
. 11\II|1\1I|'1\II|1\\I\11 (AR EE RN AR IR RN R LR N RLIEERRRERERIN R RE
' Ahhhhil IIIlliiIlllilIllilIlll\lllliIIllIIlillilllllillllillllillllll

bk
L] LN ]
LER R L EEA AL | RN L LR &L L] R LR R L LA L RN L] AR A AL L ARE LN BN DL LR bk (AR RN (B RERL] bRl bbbER bbbk
T N1 R Ty T T T T T Ty s T T T k1" R T R Ty I T T Ty e Ty T a1y " kT T bk bRl b R DY RN T b b1 B b bR b D hbhD bRl
'lllll'IIIll'l'lllll'lllll'l'lllll'llilll'lllll'l

IllI'lllll'l'lllll'lllll'lllll
TR RuEh '

L} |
Th95%k4111

L ]
L] L‘.'l'll‘l.'lll‘|'l
LERINERE R R IR EER RN R R R RN R R RN R ELEENEEE!

(M RL RN
(A REERNRI RN N

EEERN L L LLENLLLEAL k

AR RN LA R RN R R R AR RN R RN AN RN NN

BRI NI RERNER N
IR R R R L LR A L AR L R A R A R R R AR R R L A R AR L R R R R IR
1k 1 11 LY [ ] ]

hh
l-l.l.l'all.l.

LLy AL L LAY L L LAY N L LLANLLLLY.,

(A RN LN RE LI NEEREREREARIN L RN
l'.'.Il.llhl.l.l.l'.'.I.l.ll'.I.I.l.l'.'.l.l.l'.lI.I.lll.I.I.l.I'.I.I.llll.l.l.l.ll.l.l.l.ll'.l.
TT 3 YT kT 1 R T T T bR TS R T s T T b AN T 1 %11k
BTN kRN A R RS T kAT A R AN kRN R RN NN I WA N vk WA RN Rk WY h hE AT A R AN TN R %I RS R BT NN R EuN kBT TH bk uE kk kRN RkINY

R EANE
LLLRILL

]
[ ]
L
]

l'lllll'll

W
LN ] [ L ]
LI LLLRALL
'|I'|II'III'|III

TL bRl LLLED
Ty b 210 bbb

LEbkRILLL L]
 IEERINEENENEEER N RLIERE RN RN

Illlillll'l'llillillll'l'llll|ill|lilllliil|ll\ll|li'lllll'lllll'l'llll'l|llllilllliillllilllllllillillllllllllllll
LLLAY L L LRy L LLARNYNLLLELYL L LY.L L Ll

] [ ]
'al.l.l.ll.'.l-l-lll.l.l.l.

LLLNELLLEELL

[ ]

(R ANI N AN NN IR NN
I INN RN NERNl AN INRNRN] ]|
LEELLLEENLLLENLLLLELLIRLE
IRIRNERA RN AN INNEE] ]
AR IR NN IR NIIN NN N
R0 D LL bR LLLEI L LLERDLELLEI

] RILlbhbh b ] Bl b bRl

|ll'|IIIII'|IIIIIIIIIIIIII
L LR

1
bR L&
B 1Y b bRl b b b1 0 b bbbl

LI N LLLLYL LLEILYLEEBRLLLLI

'11I1111I1111IIi111I1111II1111I1111I111'Ili111I1I11II1111I‘|111II'I'I'|II‘I111II'I'I'|II'I‘I1'|I'I'II'|II'I'I'I'|I'I'I'l'll'l'l'I'III'I'I'I'II'I"I'lII'I'I'I'II'I'I'III'I'I'I'III'I'I'|'|I'|'I'I'|II'I'I'I'II'I'I"III'I'I'III'I'I'|'|I'I'I'I'|II'I'I'|'II'I"I1II1111I111'I\111II1II1IIII\II11IIII111IIIIHIIIIIIIII
'lllll'lIIll'l'lllll'lllll'l'lIlll'lllll'lllll'l
EAN AL LR LL LR, L LR LR
1T9%h%

llllllll\lllll\llllllll'
II'|'|II'I



U.S. Patent May 16, 2023 Sheet 4 of 8 US RE49,530 E

! I|.'l.'l.'l'l'l.'l.'l.'l.'l'|"|."|.'|.'| II::::::::.IIII

LR LA

' '.-.'.-.:.-.-:': -.:l-:-.

S

."-:-"u'u'-'-'."-

ll'«lllll'«llll'«'«

..-.'.-

1 1 1 T [ 1 1 ] [N . (] [ 1 1 1 [ L 11T 11hh
|llh|llliullllill||lll mmbhdkd sl &

=k=cd=rria . O RIEREN X 3 I i . . - . + .- = cacaa ke . - dd bbbk
FE - . . 1-F - P e -

I
I.I-.-I.I-I 'a

44-

|I|IIll|lHllIl!Hll|l
IF4dd-

rien- 'rrT1'

11
-
(L LR Illllillll 1I|IHIIIFHH|IIII|I|I|I|
.Iu‘ll'alulu ahddl Ilullll 444 - 4-
I1111III11llTI'rrT1"I111'r
. '

.-.-.'.*.*.-.v:'

LLL
l'allll'l 44

II.I. |l|l|il“|+1‘|1l_llllll HIIII

s d
L.
1|1.1-.||1.1|.,r

h| 1|‘|I .I‘.I“ “I_'Ir

: LA R ALK

“kFt1- - ’
1-l!ll|-!!l||ll|l|

'1l1'1|'|'r'r1' |11|
l|l||II|11--|‘!-ll|l||

441 =4
1 Tabhadd==Frilin
-|-|-.|.|.|.-J--||.+1|-|Lr

ek A b
. ' '
1!1 L] .I..I.'-I.‘-I‘ i ! ! i -'r'l-‘-‘-.'-.ll.l-l.‘-l
T1I171 11171
-

R

1171100117111

Il\l\llll"llllll I 1 h 1

BLLLLELLLE ILLLIIIIII
[ W]

"-‘n."n.'."u"u'-lv.n ‘n.‘n‘n.'-.'n.'-‘l

-_-_-‘._.-r-;«qu

iTI "1

1 1adah LI}

lll.lllll.
L]

ik LR
« T LRENL . ILNLLLLELLLE

L]
.“‘n.-l
'
L s T 4] RS
1411k 1-rrr . - kr Ii1'||||'l'|'|'||'|'|1'|
--r+-||-|-|--|-|]- [ -- . AR '
. rl-r‘i‘l_-_r.r.fli‘- .
SR AL L

ETRIEE
'iinﬂ-

-rfil-bb+1-

“Fhd
Trin g FmaEEag
I
L]

LA

l-lul:lu [LLLR]
|||| |r1'1"|111'|ll'|'|'|
11T ppr 'lIl:l

AN

' 1
1111 IrT1'1I1111II11
1 T - . ahhdl

v 11*1:;:|II"I::::::IIIII::'I.'I " : ) "nl'ﬁ';:l'.n :IL‘II..\"I‘I ! T 'ﬂ.' 1

i
|:|. ' |.:|.I|.1I|1|: "

4
I|I|-I|-I-|-

14 I|'1'1'I‘ 11"I‘|‘ . . . I1‘1"|"11'|‘|‘|‘ 'rl‘1‘1
Sk k! ] r L} r . . == r -4 rrr- - - UL ) |
T N R Y R R Y s . .. .. - . 1 ST T O R | I R IR LR

I:II 'I. '|~ ‘ .I‘ '||'|I:.I '|" '|~'| III‘I.I 'i.l 'II'| 11 i . I:.r ; - -I: ' . A 1. - ! . :. .+1 . 3 :Ir ! - K : . I. bl I.'| 14k ll‘l:l:li ]

]
Sl LRELL .HEERRN
hh

1 ] ]
b T U o
-I-L--l-l- FF-d-FF+

[ du
=kdd - L Edd=
1 k k

1) I.IIIIIII.I.I.III.I:I:II‘I

'
1 1 b 1 L} 1 1 L) L) L] L}
'I‘llﬁllllﬁhl\ l\l L) FEd1 4 - - =44 - . *q 1+ k - LA bk h LR LLE] Bk 1 BER W bhE

SRRAAIAR, NI AN IR e RO RO RUVARL U N L .-:-:'.-u.".'

-FF-: . - - - Ler FEdd oo | #d
AL LI L -I--I-I-I -I'I--I-I . Il44d=-=-F-44-FFF- -I-I--l--l

T T e e
.
A S e ey Ay LI
FH0 - b4A4- - Ltd=-F-44-FFF- ~FFfd -
] ﬁﬁl\ 1‘ ﬁ
lllllllllll. ILL .ERL

l'l'l‘l‘l"l"lillll |:|:|:::l:u:|:|:|:|:u'

A

-

Fedd==bbk-d LN Fddd - 1144 =d==kkl k4 Fddd
o L L o el == . ILkt1---1414-FF-1




U.S. Patent

May 16, 2023 Sheet 5 of 8

] EnnnEnny

L] 1 L O o o o M O o U M o o

FPRA L b pohd b p b dmm ppdmn phd ] pphdomnphyy
14 -t F4dd-rkxd da=-FF+d-

rTa - - rkrd=rrra=-=rxda

nn LI T1--rT1--rt11-FFt41--Ftd11
| dd s b hdds b hddnnbhdddnh ki
L] LLLR ||.
LLRRRRLLE LI RN
L] ] L L] LI |
AL EEEd--Fddd-] LI s oigma s bk kA
F11° 111111111 11 1 11 11° - [ o o | 1
DRI RN AL I | [BLEN I o LILEL R L N ] way s p hbdd b hhan AN
IR [ LRI a-r s b bdkd ook k4 [ ]
T11-rrua111
[l ]
[N
[ ]
h | | [ ]
[ ] IR IR ONDON [ ERRNIREERE
L] [ L] b TLLLERALY T LLLRNLLL
EELhh b LERRNRRREN ]
] LI ] LI | Bl b LI |
L3 I EEEN T EEEE R EL RN
1Thdi1rebdi1-Frt1--Ft11-14
[ NEENEENERNERNELENNELNEN]
L] - L ab+ddabbdd--F+d-=-F+Ei0-F10
#14i-FrFra1--F+t141 04141 -Frht111F+ - 1i--Ft11 k-r1

=FFt1-hFti
AR ENENERNERNN]

hdd mm phdd s b hbd a b hkdm s hddd kb=
] 3 +a.d

111
LI}
- b=

bt
Fedns
i .

rT

DR, “}“&'

t11-FFt1 rrii-Ftt11-rrrTa
rra s bbb nmpwny
4 +44-rFbdd

R

]
rd - a-=F

Ftd-=-Ft+t11-FF+id rti--Fr1i11 11" t1--F+tn 1i-rrr1 ri1iai- rt
ddd s p b s nppd g phnd s bhphyg g s pppdnn bk g b by npp sn b d A hbkpwn LI N ]
1--F4d44- rd--rddd- 4 --F4+dd-Fb4d--rra--} 1-rbda0LE -
t41-FFt1--Ftad1-rtr14-rktd-p~tt4i4d-Ft+td--Fri11-rrra1- Fal 1 1 H1--rta11
A RN NN EIERENEE RN R IR NLIEN IR RN ENRENSEERENERRNENE idsprinn
+dd=FFdd - -Fddd=-Fdad-rbdd R b=t d ==k dd -kt 3 k4 d==rdanaa
Ft1--rtd4-rtt4i-ttkr1--rti1Qttkt1--rrv1di-trra1--Frt1- t rri rTi 10k 1-FkTi-
L EERRREENEREIERRE SRR REEN) RE NN SR LN EEENRNE LN N IERERNEN |
F4d--rcrddd-FF4+d-rcrdd-=-rddd- F4d--Fxa -r a-=r 4 L - d h+4d--1
Ti4i-FrFtr1--Frt11-rt4d1-rtt1-"tr+t41-rrrd--Frti1-rtr T114% ~Trvi--r1011 trrT=rrr1--"rrv1--rTt11-rrr1--rti11
rdd s s bk d d s p bkl s b hhd s nphdd sy L] LI ] L] A s ppyy s ppwpy s nppdgnp kg
14-FEF+d +44 +4 F4d ciamrrra-=-rra-=rraa-bedd--F4dA
11--rT1 rri-rrT1--rr1i1-rktd-
IR RN R LI RN LI

11T rrTI=-=rTa1--r
1IT-~"rT11-rrrT1-rr
EEENEEEENEE L NENE RN NE RN E NN
4 11T ==rFrTi1a-rrTi-rrTAa-=-rTi3-rrTa-
1--1 *111=rrr1--rrt1--rri1-rrTr1--"rT11
tras e ppdd s ppdn s g nnp kg
L cimamrrda--rrd--r asrrda--rrana
T1 tr11==rrT11=-rrra-rrr1--rt1d-Freri-
' INEERNSEEEEREENEREENENNERERNENNENE!
1.1 craa==bkrda-rrrd-rbra-=-rraa-Frtd-
1T hRT*- 111 t1171-rrt1--rt1--tFttr1-rtktrdi--Frri1
Tiwn s s hdd tian s s gy s s bbkwnmnppdd g hhyn
L P R R I tmra=rrra==rra=-=-Fdaa-Ferdd-=-rida
1 111 Crrirtrria trrr-=rr11-rrrt1-ttra--rtid1-rktr1-
- [ L] [N L R DR A B RN I B | 1w e ppwy e nphdn by pphd sy
FE4a A d F4da.- L L LARREX da- 1121 - 1111 r1aa rvara=-=braa-rbdd bbb rad-rrra-
1 rT rrtdi--F - il l Yr="r11111111tCrT11 rT11-~rkr1=-=rri-=rt11-Frra1- 11
L] r LN L IR B L IR AL B R RN B N IT1 sy s ppygephphgupphgunnpwydn
1=-FF 1 | N I I I I TCEE R I T I traa=rrra=-=Fdd--brda-rrrd--rrana
1i-FFkri1--FTr11-rtT1--"rT11-rr111 Frr11- 111117111 r11 s rrT1--rrti11-kbktr-rrtr--rridi-fFrrTa-
L] *a s phwpd gy e pppy s ppyr o LN B I R R R N R R rppn s ppwn e s hpd s s gk gy pwn
a==kraa-rrda-=-rraa=-rraa-1rhk rTATA i rTAs s aTAAsFR LT s rra==rrara=rrra=-brdd-=-rdda-Frra-
T1 rr1--rt11-rrr1--rra1--r1i11i1 kr11 - "r111-1111=--"rT11° 1" s srT11-Fkrr--rtd--Ft441-FFt1--rT11
s hppd s gnprannbrwn kv pransr pepn e pprmnr g v pwn s s pwnd e p bkl s g n s bbby
TAar s FrTA AL ATAY mFETAIAC - cas s rraamrerrd - bdd - - e dd -k e - -4 dd
rk+t 1i-r t11rrT11TI1ICTrrTICC1c *1arrrrr-~rr11-rk¥d-rrt1-=rt1d4-FrFr+tiq-
Pedd s ppwdnm gy hpmy L] L] L] L LI R BRI BRI BN RN B ] 11 s pwq e p by e gy ppd g pphynm by
1=-FFda--rdad-r LECC sor b - da-riTa-=r1aa=-rra1--111-" caa=rrra=-=rrda-rrda-rbrd--r =rrda-
1" " r111°rFrT1-"r111° 1111 11 =rT11-rrr1--rti--trdi1-Fkrt1--r71i1n
Iaspran s pmaneppen g 1 raan s pphd s s by s hpdhy s hpk n bk sk by
Issppyneppnns =gnyn n o tann s s g s bppy s pwyn s gk k] by

- . srrTi - crFrTa1-01 179" PR BT T - - 1
Ftd1-ttta--trdd-rrra--F+di--rrvd1-rrra--rrv11-tkrd--h%i1-11711-r11 =CTrTi1i1-rrT1- 11 Trrii o t11r--rtd441-trrd--rta--rridi-rbkr1--Frai
red s b s b hpdnuppngnpprdanppwyenppyge pppyn b dnhphgnngpy LR BRI N B RN ] LI LB B tvan e ppwl s s hpndnbprppnnpprmpdnnphddnphmin

da=brrd=-=bardd- Ta==rra==rraa=rrrai==rraa=rbra==ciaaa=rraa=iraly-rraa-rraa- T=rrFraa o ra==braa- rd==kra-=rnx =rrdd==-Fddd

F =-trt+4i1-trrti--tt41-rr1r-rrra--rrd1-rrr1--rri1-r111--"rT1--rT7T1 FrTa--rTn [ T T B O N L O B - t111-rrr1--~Ftt11-tFkrtr-tFtrrdi--rri11-FFta1-

* sp b= g sy e p s p gy s Py s Py T E Ry R PR TP hran=pprn LN L B NI I I I LI B B o ey e s ppa s by s n g s np gy

l'l-*‘il-rrrl--r+ll-r aa=rrra=-=rddd-rrra-=-rrad-rrdta--rda-=-rraa hra- - L] T IR A B | 1t = car s rrad-rrra-=brda-Fbbrd-rbda--FFdd-FFrd-

Ft+14-F 1=2~rrt1di-rtkti1--Ftrv1--rr11-rtktri--rrvr11-rrr1--rtr11-rrT11-rrrT1" I11!'!11 (DL UL B D R U T DL BN B B | t1r1rrrr1--~rradi-trtr--Ftr1--Frtardi-trtti--Frr1i11
-hiiu--btl.‘hL!iI-b!ll-bbil-iﬁvl--pvll-bbtl--!!ll-!!tl--!!l--ﬁvlllI LI I B B | (DR DL DL B | [ sy s pepa g s ppwyg e nhwggnphpypd s b n g p gy

i + [ 3] F4dd-cbk4d- - ra--F+d - rraa -t aamrrra-=rrad-rraa-rrrd T A rrarc i a1 darasrererd - erdd- ra-=bkra-cbrad-rrdd--Fdana
rtd1--rt+t44-FF+4-Ft¥+4--Frdd4-Ft+1--F+t4i4-rttd--Ftt4d--F+44d-rkta--rri1-FFt+t Ft1d4d-FFid4-Frrna rrir-rrrid rr1r-rtktrTa--rra1--r = 111 1111111 rrrrcararrr--srrddcrerdi--btAd-brrd-bFbrrdi--Ft44-FFFA -

Sl p ] s hp A s p g p ks hwd o w ko phd o om ko n ke hedn p okl n o kg hhnE kg AR INENLEIRENRERERREENRNNERRENERELNENE [NLELI] L N R | rranr g pa v g e s p g s g g s b hpbkd s g s by g e gy

LR R Y R R R NI E N NN EEETE N X T RN A RN N I ECREN =krda==-rrar=rrrd==-rraa=-rrr Fdad-r h I rrar 1t r g ra==rraa=rrrd==rddabrdd-bbrd-=bddd-FEF+d-
t14i-rtFr+1--Frt+141-¢rt+t4141-¢rr+41--r+441-rtt+t1--r+11-¢rtFrt+t1-rttr--rta1d4-rtr+t4d--trr41-Frrt+t1-- 'H‘I“T1"r'r11'iiiil-_ﬂ1 T11-rrT1--rr7 Rl B *1rrtr111-1111r111-rrr1--rri1-rbkt1--F1Ti1--F111-FFt41--Ftd411

Pedmn b p b o b bbdmnpdd bbb ddnphbynnhbpfonppidquphbdgenppdqgepprpynappifuppyqs L] !--!!! L] LEANEEERERINERLNEENNE = v gvra s pan e p vy e e ped g ppp s bbby s p s by kg

44 -FF+Ed--F+Edd-F+dd-F 4T --rddd-FbEd--F4+dd-FREd - bdd -kt d -4 -k -kl - rra - brd - rrd -} =rrrd-=-rraa-braa-rrrd--rra A carrcrrarca1r 0 =rraa=rbdd--rddd-Fbrd--F+d--Fdaa-FEEd--FFdd

r+4--rt+t411-tt4d4-trtt+t4--Frt11-trtr+41--tr+44-trtrt+t1--t+4--trt+t44-rtkttr--tr+4141-trtrtd--trtr1-trra-rtta-=-rrrr1-rrta1--Frr11-rrti1--rta--tr11-rrrn ra1 1 1111 11rrrrra--~rrir-crrti--Frad-ttkt1-rrtr--rtdd4-tFrri-

ol dm phd s ks bkl s bk hhdnm ph o m b phd s phdd s k] s p ks s bk s bk s bl g p s s g s pk s gy s b s by s s g s ke Py RN INNNEERIENEIEERNEENENEENENNNE RN EENNEE RN NS LN NN

F4d - -F4dd-F R34 -FE4d--F4 444 - - rrdd - bbb - b3 - bR - - B - E - - 4= 4 4 3 Fhda--bra--rraa-rr s srraa-rraa-rrra==braa-berra- e dd b edd - b4 -4 -F R4S -

+414-rF+4--F+4141-F+t414-FFrt4--Ft+44-tr+t4--F+a1-FF+1-FFt4--Ft44-FF+41--F+441-FF F+i t11-FF+d Fta14d-Fkrrr--F+trd-Ftra-rrra1--rr7 st riTi-rrri--rrv11-bkrrr--ttr1-rbktd--Frd--F+441-FFE+4--Ftd44

Pd mw pd g p b s b bbdmm pbdd s b b nn b ddn bl s s b s mppdd s p s b A nppwd s by ] L sabhpngnprpdin s ppgunppgdnppens trrr s pn s pmny g ppypn s ks bk prdnn b gk g b nn Ak hRy e

+dd=FFdd - -Fddd-Fddd b bdd - bbb b=k - bR b Edd - bbb - b dd -k EAd ] Fdad=-FEFkrd Fdad=-Fbkrd=-=rdad=-bdaa=-bred==-rranq- s rra=rrra==rraa=brdd-crdda-t ==Fk4d-- dd=Fked=-=-F4dd

t1--r+t411-¢trtt4i-¢rtt4--Frt+t14-ttt4--rt14-trtrt4--trt1--trt11-rFkt1--tti4-rrt1--rt11 1--F ==rtidi-rr 1-r Frtdi-r i--FrrT11-FFt1d-

L EERE NI NE IR NL AR LI R LI E R EEEEREIEERNEIENNEEEERNE ENEN NE LR RN IERNEEIERNENEEERNENLEEDN | 111" FErE P [ EENENEEIENENREENENE NN

F4d--F4+d414d FE4+d-FF4d--F4+d4d-FF4+ F+4d4 FE4+4d--F4+d--F4+44-FEF=d F+4d4 FE4+d--F4+44-1F a==Fkrd-=-rraa-rr IR rraa-rTan a=bbkrd-rrrd=-=-F+dd-FF+A

t141-FF+1--F+11 Ftd411 Fr+4--F+411 Frtid Ft441-FF+1 FFt1d Frdi14 Fr+4--Fr+411 “Frt11-r+41-rrrr1--F714i-riR0E--177171-"FFT1I-TTT ==Frt+t1--rt11-FF+t41--F+11

Fdd s o bbdd s b bpd s bbb dmmpddd s b pddnnph s phbdnnbbdnnpbbddnpbbddenpbpadnppddnnpbdgnpbddnp i=spbwd=np =hbhwy s 0= nE=pwy i bbb bbb ddnphmdn

+44- +4- - -k4d4d- +4--14 - 44 --F4+dd - bR - - - A - +4--F444d- .- - - - - - - 4--F4ad-FF4d--F4ad

1--Ft41-FFt+d- ==Frt1d4-FFt1--Ft414-FFrt1-- ==t+41-rFrtd--Fr+t141-FFtd1--t 1i--r1d--F 1--Fr+41-FFt+d-

A m bk phd s n bl s bk A p b s hp A m b m m g nppd s p b d s n ph ] s b bk nm LI L Fdndspmy LN | Fdd g s b dnmpdg

Fdd s s b A p b s p b nm b d s p bl s n g n b b s ppd nmppd i phpd s s phd g s b b dnn bl s by L] L LI | Fhdd s kb nm b gm by

+44-FF+d--F+dd-F+dd -4 d - - A - R - - - b - - A A - - =k+ad-rta =k+d--F4dd-FFE4+d--Frda

- - L --Frt1d- 1--F 1-rFtd1-- - - 1- 1--Frt4i1-trFt1--Ft rti1--r 1-rkri-Ft¢t =-rrid- 1-

LI RN N ] k Fddn Fhd = o bhdd Fhddmn b d s kbhbd Fhddno by Fhdd = by i 8= phn s pddd LA LI ]

F+d--1F -k 1-F ==t 4 - 4 =-=-F+d4-F {-- ==} 41 - 4--F - {-- 1=-rr -==r d-FF4+d-FEFE4d--F4dd-F .-

t14i-rt+1--Fr+14i-¢rt+t414-rtr+t4--r+441-rtt+t41--Fr+41-rtkrt1-rtktt1i--rt4i4-rtr+t1--r+441-rr+1 FT11- FtTar-rr t11-Frr1 rri1-rt+441-FFri1--F+141-Frt4d--FT171-1rkF1T1-"- -- ==Ft11- ==t

Fdd mm b o m ppobd m bbbl mm b m p bbb s m b d o m bbbk s g nm pd o phwd nm phd s b hkd nm oy =k sehpdy s pprd s byl nmphdd s bbby by s hpry o py Fhdd s bphd mmpiy LN

LR N N N R R N N N IR O B N I T B I BN O B B N F4d FE4HA 14-FFx rda-brdd-rrdd--Fdaa- rd--Fxaa-r - - - - - 14-F- --r

rt4--rt+4i1-rtrt4-¢rrt4--Ftr141-ttrtd4i--tr+t14-ttrt+t4i-=-trt1=-=-tt14-rbkri1--ttr4i-rtrt1-=-rt44-Frrii- - =rtri--trd=--Frt41-FFti1--rtr1-Frra1--rr

A n bk pdd s s b A s b s b s b n phd n m bk ppk s p bR pk s p b nm = = = IR R EER SR NN LN Fhkenesprygsn

A4 --F4dd-FF4+d-Frdd--FFdd-FF4d--FdAd-F b - - -k - - - b - bR -- A

t141-¢rr¥+4--r+t411-rt414-ttrt4i--tr+44-rtt41--r+441-rtrt+t1-rtt4i--trt441-trkr1--Frt+t4141-Fr~F

Fdd mm hhd dn p bl n b bhbdmm pbddm b bed s ppdd s b hhd s b nn bbb b n s b o ppdnngp
- CRLE IR R N I R A I R I I I I BRI RE R I B N RO I R B N N LR I B

t44--tt441-Fb+4d-tbtd--rt44-Ftt4--btd4-tbtd--b+td--tt44-tbtd--t+t44-tbtd--tt44-rrad-brr1--tt44-trtd--t+44-bbtrd--tt1--bvad-brrd--ttdd-rretd--Fti4- TcrbTi-rbtd--Ft414-FFtA-
#ddnbbhdnnbbhddnbbddnbbbdnnbhndnbbbdnnbhmddnbbbodnbbbdnnbbddnbbbdnnbbddnbbbdnnrmdnsbmanabbbdnnbbddnpbbdnnbmadnbbddnbbbannpwdnnbbhdnnphddnbbbdsn . s bkdn bk d b hhdnn bhdd
bdd-cbddd-bbdd-bbdd-cbddd-bbddocabddd-bbddec-bdde-bbda-rbdde-bbdda-bbdde-bdbdd-bbdde-bbdde-bddd-bbbdecbdddoabboede-roda-bdadabbed-cbdadabbddacbedd-rtdd-FF4 bdd-redd-cbdda-bbma-
- - - S EEE 1-- - i==Ftdd4-FFtd=-Fbtr1==-tt1d-tbtd==-t444=-FFtr1==-Ftd-=t4td4-Frtd=-=ttd4=rttd==trd1=rrid1-Fbta1-=Fti1-~ - - - - “rrid 1=t
Y XY P EdA YLK NN b bwnsnbddunhbhdd s hhddn b hadnnbhmdnnbhddnbhbdnnbhbdd o b hmnnnbhddnbhhdnnbhdnnbbddnk bhmd b bmdn g d b
- - - hAAd - bR A - - 1--F4dd- B T A A I e [ F4dd-rb+d b4 Fhdd--b+da-bdad-bbdd--Fbx - B N T I
P44 --tt441-FF+d-Fbtd--Ft44-Fttd--Ft44-Ftbtd--Frd--tt44-tFktd--Fti1-FF 1--Fkti1-FF Frtd-trtd1--F+44-FF+t1-
#ddnbbhdnnbhwddnbhddnbbhnnnbhhddnbbbdnnbbnd s bdd s n kA A s b hhdnm bk A XN XK b wdd b rmd e b
F4d - - - 1- S kA - N P 14-FF4 P + ched - - 1 wd-rbwa-- bk
+44-tbtd--Ftd4-b+44-Fbt1--t+44-bt+t4--F+44 trd1-FbT1--71 Srt1--bTd1-bbtd--tt4a
bhdnmbhddn b bbdnbbbdmmbbhddn b bhbdnnbbddnbbhbhdnnbhbhin TR srbbdnbbhdmmbbhddnb hhdn
ddd-bbdde-bddd-bddd-bbdd-cbdddabbdd-- $dd b dad-bbdd--bda - R L
1= =Ftid1-0t+d- L EEE “Ftdd-FEtd--Ft FEtd==Ftta1==-rrd4-FF+ Fra=-=Fti1-FF+Ad “Frtr-rbtd--Frid-
wdd b bhdn n b md A n A dn b hmd nn b YRR .k XK " " shmdd s bR A n hpmd nn b . . . . shhd e sk hd A n by
F4d--bddd-Fbdd-bbdd--bddd-Fbdd--bddd-FFdd--F+d- + +A-- b4 - Fhdd--b4d--Frad-rrt +4d - + Fad-rbtd-bbtd--Ftan
4 4-FFtd--tt44-tt44-Frtd--ttd1-rbt4--F+44-FFL R RN + - et
wdnnbbd b bhd s bbb dnn bhddn b hd s hhdd n b hhd nn brwdssphdnn OO
#ddnbbhdnnbuddnbhddnbbhbdnnbhhddnbbhhdnnhhddn kb IR Ad s b hhdnnhhdnn . na srman s pmdd Ty )
bdd-cbddd-bbdd-bbdd-cbddd-bbddecobddd-bbdde-bbde-bdddo-bbdde-btddabbbdeabdddabbddarktd 44 rdd - bdd +d--t4
1-Fbtd--F+44-F+44-FF+Ad bt44-FE+A XK +1 + LR tt44-FFtd F 1 Ftd +44-FFT rrdd-tta14-t - --ttd4-tt
bhd s a bk dd n b kA n b hhdn . . LR Fhwdnn . . Anbbwdn i TR R
A=k bdde-btdd-bddd-bbad Pddd-Fb+d Fddd-FE+ LLd I I N o I N I o O T e A 1. - b dd -

kA s b bk mm b by} LR B I B LI

LA NN RN L RN RN Fhdd = pbddn s b dn b pdmn pdddnpbdy LA N LU LB L Fed mm by

Fdd=--bddd-FF4+d-FF+Ed=-=-FFdd - bhbddaabdddabbddaabdddabbddaabdd bhddaabdddabbdd s bdddabdddabbddarabdddabbddnnbdddabbddabbdda FE4d

+44-FFtd--Ft+t11-F+414- t . - - R RRER N R EERENERERERRERE - - - t1--Frdi1d-

Fwd o n hhd d o b bbdn bbhhdnnpbddn B hdd o bhdddn L] sk kbl s s bk d s p bk s bbb e

+4d-FF+d--F4+dd -4 - 1 - -
1--F+14-FFtd- 1--F+141 1110414 i--Fr+141-FFt+4d-

1
dd s b hddnn

1
Bdddabhhddnnhdddn
hdd hdddabbdda
LR EERERERN ]

Thhad

T b4 L]
dddabkbdda L]
IEEEENERRE] 1 IR EEENEREEN] L +1 Ft Ft4--r+14-FFt1d-

14 K] . - . .. .

]

AR EREREEERENERIEENERE
Bdd nn hdddn b hddn
4 Ldd . 44

-kF X XK - - - EE -
N Y NN YR XY YN
ddd b bdd e b dd b bdd o b bbd e bddd b bdd b bdd b bbd-
“Ft14-FEtd--Fti4-FFtd- -

brdd s pdddnppadnnbaddnpbdd « AEENENEE YRR R RN
bdd e bddd-bbdd-bbodecbddd-bbdd--bbdd-bbdd--tidi- NEERERAREEERRAEEEE
t44-FFtd-=Ft44-Frdd-FFti--tt44-FF+d--Ftid1-FFtd-
I Ny R Y Y I
L A N O N I [ 0 A B I ¥ iy T ([ A A R AP ¥ R i

~Ft+441-FF - +1- -kt 1
L] kb s b A n pphd o b s b s hpkdn
dabbddaabddda L] =kddd=FFdd ==k dd - -k ddd -k Rdd - brda

hd111b41i11 I ERREREERERNREERERERR-FFt1--Ft4i1-FF+t1-FFt1--Ftd41-Frt1-
rdds b hdd s bdddnhbddnahdddabhaddnbhddanbhadd L]

[
AAREERE R
Bddanhdddn
dddabbddaa

Eddabhhddnn
ddaabkdddak

1i--F =FF+q- - - 11 - - - - R A O -rt arrddi11bddiia
* LR Fdd b Pd mom pd o m b b mm kg * LA na AR L Laddn L]
(LN} (LR} LR N | Fddmmbpdd Pdmmpd Pdmompy Al b hadn LI ]

- - - =k4+dd - +4 - - 1-F - - =FF+d- 1 1 L] 4 IR R R R N R RN K ] LK ] ]
Ft1--trt44-¢rtr+4-rkt1--Frt44-rkt1--Frt14-FFrt4--F+t1- IR AR RN R R AR RN R R R AR ERE R R RN R R RN AR - FFt1--Ft 14 -FFtd-FF+d1--rtr1d-FFtq-
Sl m ppd nm ks bk sk hhd s phd s bk s n kg bk L] LI | dn b hadnn L] L] L] LI | L] LI | L] L] nnhddda b bddan hddd n hhdd s b hhd b IR R R RN N B RN N ]
] A= k4 - 1 -FF4+d--F4 - +4--F4+dd-r ==Fk4d- + 1 abhbddaabd L] L] IEN EEEERBRERR- F F+4 - -F4+dd-FF+d-Fbra=-=-Fddd=-Frdd-
+44-rFt+4d--Frt+t11-t+t44-rtrt1--r+t44-trtt4--Frt+t4i41-rkrt+1- 11 L] 111 bhdi11b4111 AR ENEERERERREN! RERERRERR) - Ft 141 -FF+1--F+d--Frdd-FFt+t1--F+d414
Fd mnw phdd s b hbd s b bbdmnbddd s bbb d s pdddnphwdnnbbdn inbhbhd nhhh L] dd v bddd b bddnn b L LN RNERR = F Fdhd v s bbdd s bbb d s b bbdmnbbddmbbhhdn
+44- +4 - - A-F4+dd-FF4d--bdda-FF4d-=-Fdad-FFEA - 14 . IERERN RN - F4+ 44 -FF4+d- - - - - - - 14

- L]
L Pl O U O o B O O B o U O O B o O U B O D O O LARENEERERNERERE

ol m p ] sk A A n p bk s s b b phdn sk kR fdnhhddanhd LA ENE LN Pddm b by L | FPdd o p bbby
A4 --F4dd-FF4+d-FF4d--FFdd-F R4 - - b A -k dd--F4d - 1. LR I EREENRERR-Frrd-- A4 -FF4d-FF4d--Fdad-rk4a-
+ ~FFtd1-- ~tt4i4-trEFkt1--F - ==F -t 1- 11 b4 =Fkt11- ==Frt1i-- L O B O |
LR} Fdd o pohkd m b hhdmm kAl bbb nm bk bR LR L] L] [ RN N Frdg s bbdd s b b s bbb mn b b phdn
+44- 1--F -k i- +4 - - - - =F -k i- LIE T 1 IER K K| = k444 - a==k4+d--F i- i--
Ft1--F+t44-FrF+4-FF¥t4--Ft44-FF+t1--F+t14-FFtd--F+1- LR 4 AR REEE R R R R R R R R R R R R R R R R R R RN R R R R R RN E R R R R RN N | LA ERRRE] - - - 1-FFt1- -=F 1 1-
L AR NN R R I NN N NN LN NEERE bhdd s h bk nv b ddn b hddanbhddda b bddn b hddanbhdddnbbddanbhdddnbbddanbddanbdddanbbddnabdddabbddanbhdddn IR ERY = kb d d m bbbl nm by bk Fhdd e pmdn
Fdd--b4dd-FF4d-F R4 -4 d-FF4d--F4dd-FF4d--F4d - PEREENSEY LEEENEEER- F F4+d--F4+dd-rrda-Fbda--brdd-Frdd-

(AR ERRERRY - F+441-FFtd--r¥t1--F+t11-Frti1--Ft1d

1 = 1
LN ] L L N E N ] Prdde b Qaddn b b e SN ERENEN NN IR NERRRESERENENNEENN]

LR LR NN RN sk b s m b ] s b A n b p kb s s b s b phd nn kA n kR

+44- +4 - - =k4+dd - +4--F4d +4--F4+4d-FF4+4 - RERIENNEILENCH IR 1-FF44-FF+A 1-F+44Lk IERERERREY - F+d4d-FF4+d--F+d--rrad-} -
i--trt14-ttt4-Frr+t41--tr+14-ttr+t4--r+t411-FFt41--rt1- IR REERSERREREERE R AR R R R RN R R R R R R R R R R R R R R R R R RS R AR R R AR A AR RN R REERERRILE LEARRERERE - F r ==~rt+4i1-rtkti-Ftrd--Ftt11-rrti-
L AR RN R LIS R NN LI LN RN NN N R b d v b bkl an b d A v b hddnn bdddn b bd A b hddn s hdddn b bdd v hddd b hddnn bl nnhdddn b bddnnhdddn b bddnnbhdddn bl s hEmad v b iR NN EE RN NIRRT NN
Fdd--bddd-Fb4+d-FFdd=-=-F+dd-FF4d--F4ddd=-FF4d--F4d- PREREEEE] dabbddaabdddabbddrabddaabdddabbddararbdddabbddaabdddabdddabbddaabdddabbddaabdddabbddabbdda-gdddabbdd Fh4dd - cbrdd-Fb4+d-Frdd-=-F =rrdd-
+44-FrF¥+t4d--Frt+t11-t+t44-FrtFrt1--t+t44-Ftt4--Ft+t4141-FFt1 LARENRERIE F+44-FFtd--Ft1--rt11 F+d--Ft11
bk Fdd b hbd m b hbd mm bbddn phbd nmbbd dn b phdnnbdi B hddnnbd ddd b b Fhddw s bbdnm b bkdmphhn bddnmbbbns
+4d-FF+d--F+dd-bEdd - REd - - - R - - - - IEERRNERRE - F4+d4 4 -FF4d--Frd--Fddd-FFrd-- 1.
L =FFtq- i-- 11~ - - ==F+t1i- 11110 LAERRERRER - 1i--Ft Frtid - F 1-
LA Fd nmphy Pdd o phddnm by Pl mompd o m bk Eaddn kbRl [JL L | Pdd s phwd mm g (LN} Pl nEpy
i1i--F =FF4+d- - - - +4 - - - - - i- 11 44 bk - - - 14 -FF4d- - - - i-
t4141-trFrt4--Fr+t11-Ft14-Ftrt4--Fr+441-Fbtd--F+11-FF+t1-SEEEIENN] 1110411 Ft14-Fkrt1--Ft1--Ftrv14-tFta1--Fr+t11
L] L Fhddnh inmbdd LB I ] L] L] Bhddnn hkd dn b b haddn b b hai Baddn b bhddnn hhddn b hhd Bdddnk LI ] Baddnbhbhd Bd d n b hhd n b hhdnn | A haid Fhwd o n hhd d o b hhdnh imm ki LI L L]
LI ] LB ] ki i s phdnn LELIL N LN ] Edddah A hdddnbhbdd Eadda b bddnbhbhaid Bdddnbhbhdd Badd o b bhdd had Edddnbhbhaid Baddnbhbhdd Eadd s hhddn b hhid [ L] Fwad L] ki LI ]
- - =FE4d - ==} i- 1-=-F4+44d- i-- i- L] Ak k L] L] 1 1 L] Ak L] L] L] L] 1 L] L] L] L] 1 LK ] - - - A= =rr - - - 4 -

-+ rrd
=FF - F =t =tt11-FrFtd1--Ft+td--rrvid1-FFtar--Fr+t11
RN IR RN I NI RN I N AR RN b d v s hddd v b b nnhdddn b hadn s hddnnbhdddn b bddanhdddnbbddnnbdddnbhmddnbbddnnhaddnbbddnnbdddnbbdadnbbadnnbdddn b AR SEENERNESERNNEESNNREENRNEENEENNYE RN
IR R N A Y TR N EERY LA dd s b bddaabdddabbddaabdddabbddabbddasbdddabbddasbdddabbddaabddanabdddabbddaabdddabbddaabdddabdddabbdd--b4d PR EREENEEEIIENEFIENEERENEEEIENERE
t 11 Frtd1--+F F 1 14-rhtr-1rt1- IRRRERENRREREE R ER RN R AR RN R R R AR R R AR A R AR I AR R R R AR AR R R R A AR R A R AR A R R A R AR R AR R AR RN R RBR - F FT1 - - Ft 11 -FFt1-rFtd--Ftd1-rrta-
L EERENEENEREIERRL SRR LI RE LR RN R LERN Y EENEN RE Y Eddds b hddnsbhdddr b hddnnhdddn b bddnbhbddashdddnbbhddnnbhwddnhbhddrnhdadrnbhdddnbbddrnhdaddnbbdwdrnhdddnbdddsbbddrn i iEEEEERNNEEEREREENENEIERNREENRNELN!
F4d--F4+dd-FF4+d-FF4d--F4dd-FFEd--F3dd-E4A-- -H44- IREEEEREEEEEE R R A N R R R R A N N A RN RN N RN - I F+4d - -Fxdd-FF4+d-FFdd -4 -k -
t141-FrFt+1--F+t14-Ft414-FFtd--F+t441-Ftt1--F+r117-0Frt1-SRERREEREEREREEREN R R EEEEEREEERREERE R EERE R R RN R RE RN R RN R R R R R RN AR R R R R AR RN R RRER R EREER R RERER R ERERRERREREREE - 11 F + +1 Ft +11
R RN RN RN LN LN NN LN NN NN bdd s s hdddn b hddnnbdddnbhbddnnbhddanbhdddnbbddrnbhdddabbddanhdddnbhdddnbhbddnnbhdddabbddnnbhdddabbdds b bdadrshdddnb b I NRENENENNENEERLENEREELENEENERNERENNE®.NE]
+A4d-FRAd - - R - - - - b - b - - EHd - 4 - R R R R EE R I E R R R EE R R R E R R R R E R R E R R R R R R R R R R R E R R E E R R R E R  E E R E R R R E R E EEE R R EEE R A EEEE R R - F 44 4 - kv d - - rrd - - b4 4 A - 4L - -k rda
kT LR Ftd-Frtd--F+411-FFtn Ft414-FF4 + Pt 14-FF 1i41-FF +1 t41-F¢F 1i41-FF 1 F 14-FF 11 - kit IR EREENNESR-FF+1--rtd44-Frt1-rktd--ktd1-Frta-
L IR RN NN RN IR RN I N NN RN RE o d s b bk d s s b d s bbb d nm b s bpd A m bbbl mn ppdd s bbb s s b d s b nn b mm b mp bl s s b ddn bbb s ddnpddnpbpdnnpad iEEEERENNEEENEREENENEEENNEEEERNENLN!
k4 +44 + FEhd4d=-=-bdda-bk+d--bddd-Fhdd=-=-F+da daasbdddabbddanbdddabbddaabddaabdddabbddaabdddabbddasbdddabdddabbddanbdddabbddaabdddabbddabbddaabddd-bb4d CHIENIEIIEIENENEENEENENEICNE XN N E ¥
t41-FrFt1--Fti1-rt14-Frtrtd--Frt14-Frtrt4--Fr+t11-rrt1-ERRREREARRARERERE RN AR RN R R AR R A AR R AR R R R R R AR R R R R R R A R AR RN R AR R AR A R AR AR AR R A RRER AR AR ERERR]Y -~ F 741 -r k1 --Ft1--Ft4i1-rtktta1--rt+ti1
Phdn s b d d n pphd s phhdmm ppd s pphd s ppd s phhdgnppyn . n . .= u . n . n . . n u .= . . . n . .= u . . n . . . .

- + - - =FE4+d--F 4 - F4+ - P C e e e e e PR P P e e = P P P P P f e e e e e e P f e e e e -
- ~rtt+1--¢tt+t411-rtt+t1--tt414-tFtr11--tr+4--r+11-rtt+t1--tr+41-rr4i1--tr4411-rbki41-trr+4--r+44-trta1-a2trv11-¢rtrt+t4i--trt+t4--tr14-¢rr+a--tr+441-rr+1--¢r+4141-tr+44-¢rrt+t1-20%14-trt+t4i--r441-trrt1-trtri1--rt41-rr+t1-
s = ped s pd ] b ] p bk s hhd ] mpph] mmpyy sk pkd s kb s k] s b hhd s g b sk by bld sm by n phhd s by s kA s s k] s bk s bk k] nm bk s pph] o bk p ks p bk s s bk g by ] mp bk mm pkh ] nm bk s p bk hhdd
L I T A e N A N O L A N N B A e N R I I N e A o e T I e e O R N e O N N LR RN N RN TN TR I T I R I B N O BRI B B O O
t+441-Frtt1--Ft+t41-t+t414-ttrt+t4--t+44-ttr+t4--Fr+4141-¢rrt+t4-trt+t1--tt+t44-trt+41--t+t44-Frr+t1--td41--trt+t441-ttt4--btr11-¢rtrt+t41--Frt+t441-tr+441-ttrt4--t+t414-trrd--t+tr1-trt+t4-rtt1--tt44d-trtd11rtt41-trrrd1-rti1--Frti1-trtr LRI
Py .L‘ Ad s b bdn s bbb dnn phdd s bbb dnnpbd s bhpnnnphfnm g A n g b n s b dn bbb nn b I+1 Ankbpddn s d s bbbk s s b A s p bl s s b nm bk t*i e hwg o} i+t LI t+1 L1 .l. LA RN N ] t*l L] .l- LERENRE RN l‘i‘! LI 'L.+‘l‘ A RELEENE RN h+t i

.- Ti-- - - - - -

- - - - - - - - -- - - -- - - -- - - X XK -- - - i- - -

US RE49,530 E



U.S. Patent May 16, 2023 Sheet 6 of 8 US RE49,530 E

f:ﬁ,_:{fif
=
e

2

\i‘sﬁ*\j‘i\éﬁ“
\\\

Y%\ \
ﬁ““ N | f

Il'll--l
.'.II..III.II T

AN

&

\‘” RN \
“-. WA
*%ﬁ\\"t

ll. "'\.-. "a"., Y

_

Z

EXE -r-.-.-l-n'q-.-u--
Imm =l A= Ik s bkd s o kAl
14 -Fktd-=Fkd-01=kild=1-ri=

] = \. [

IIJ_ ILJ_IJI Iiti |I_FJ11|1J Ib?_b_ || I Il': 11 Il:II }I || l
1-- |-||-|-|||-+-| RLAA RN 1-F HEh  hREIIRERLN |l|ll||+-| - L

. L X I =grra=es ELbIS kIR by chB Bl s hEN s hd- 1 ri=1--ra=- vaa:-r Fa::-=ra-a=r-ra="

1 ] SLEL.LRn ||||l.l.|l.|l|l.| | I

LR R NE LN Nk LR II'I1I1r1 - LGRS LERE L RICEN L R T X

LN RL LN RN |-|l|l|| L LN L L L NN RN LR RN LY LN

“hc -

Illlllllllllllll'll‘l III N L Illllll IR LR RN RE L Illl'llllllllllll Illlllllllllll
LB 1} ' L LI I L]

1= =1
I.-I II'-' .-II .I'I'.

' 'n'l'l'-".'n.:n.'-'u". "|".".'|'|."|'|'-" '|."|.

LsLrLans LI

I.I.l

'I'Illl'll'l.'llh'l'l' 1 1 L)
' 14 -F+4 - ko I' rd
' I1==p=pnm=] ' F '1 I F I ' I
: 1 1 ha 14~ F+d-=ga-1l=Fd1ld=1=Fa=- 44 - r
! 1III.I.I‘I III"I.I1I III.||.I1II 1 " I I.I1I lll1|.I1iIl1|1lllli I:l 1 lII illil L] l+I1I [ Iri+I1l [ IrII..'I:I l:lli dda I| |I|I| [ I1I1I [ lr|Il1l lllrllll l 1
| ' - - - -

[
I'l'll'lI-I'lI
. 1T"IIE 111
llllllllllll
'

|I
II'I'I II 'I II'I

I.I‘-I-II‘.I. illl

= =1 aw
'I"I'I rr1 e
TIFFRNIRF] LE LN |

R T T B |
ll'lllllll

R

LA

1k 1k
ll'lllllllll
Ihdd - s hdd- 1 hs
II..'I1I.‘II‘I1II

g -unan'.u'-'u'.ug-'

LEILLLLILL

l l:l1l Il I.l‘l II "I.l1l IIIH .l1 Il‘ 1 I:I:.l‘l\l h'l‘ l‘I

1 Ikk
AR L AR LR IR
i '

L] I'II'II'I'III 1k
AL LEEN LR I'lIII‘I'l
ll'lll'lllll L LI

I I:II ::: -'.':'uru‘-‘ .l | |.|ll|ll.l | l l"l.l:llll l.':.:.l. .

I
T 1Tt T
TN TER R K IR

-

: .III: :.:I: .\I ‘ v I.I1i :'|1|.|11:1:|1 I|'.:11|1|| .:I:.:I . ‘IIII.‘I‘ :|I1II.1 I:‘I 1|'I'i -j :|' t|11| .| Frd v : ; ra

I.-I.l

RN E .
.. 1‘:I:I.II.I‘|‘.1I.'I. 'I'r1 L T 111 11 1 1 |'||1|1||| I| 1|1||'-|
. |I ] . .- - SePmAt LAt Lt atrEraac o rAAc taALca

D I I N
I rll---'l-'l-- LRI RLEN AL I IR |
= LI B (B i I B

LELILN B L L)

l-I'
[ II IIIIIIII
I.II.IJI.II.I.II LR

|.'J"|'| '|.:|.'l"|"l .\ |'l."|'l'l."l'l."l.'J';".'l.':'}'l"::l.'l.'q"l" l.'|'l."|_4'."|'|."4. 4' b '|.'| . iy ::l" W :1'|'|."4 4' ) '|.'| A : "
.Il.i.|l|llil L] L II'lIIEI 'I:' 1 Y '

LI L | II.II.l.I L L
||Ih'|'|'|l

LT NN NN
" '|'|.'| |'| '|.'| Ly

l'I'I'III
. 'lllll'll'lll'lllil bW
I 'lllll'll‘l'lll' 'lll'l'lll

AR

. 'll'l'lllll ML LENNL LEEN LR I'lIII‘I'l
[ LILN L 'lllll'll'lll'lllll b 1
'l'lllll' B LERERLLEEN L I-|III-I'|

'I

-1
I'llll (L LIRS N ]
Ill"lll'll'l'lllllll

'.:.:..:.-.:.:..,.:.:.::::.'.-.:., -:"-.'-'-Z"-:-\'-.u!x T .-.1.'1 .-.“

=1 b "1 hh .
|1 AT LERIE |'|"1‘|1|.|1|1 YR
1
I.II.J I - J I.I.‘J.J 1. .I.‘J. J‘ " II.IJ-J I-L I“ 1. .I.‘J JI
ki ll‘i I'|I‘I I'|I‘II‘I'III|‘I'|'|“
aala a4 ' ' -
.

*11° rT1° rr1| 1
Fl'l'!l!l- 'Fl'
T ' srTa L]

|p'q||
n - LI r L] L .- = LI
e e e et e e g e s rae e e e e m et e s wae e = et O e O

1 1 h [ t” || \ | ” lqlh” | | ‘ ‘ 1 lqlh~ q | | ‘ ‘l.h qulhl h q .l~ t ‘. . ~th 1 “ ‘l \. . I.l .:.I. : :I -I. |-I- :I I..l-I .I. :. 1 .I B

e II|II I|I|I 'I: i " Wy : S r1 . i :Ii : ::.I : " :.: : : 1 : R I"I: ] I:'II :.:‘ ; " . : :: 1 L 1'l| l‘l 1 I.1 1 :II.1 CEER I‘1 1 ‘ - r | II l l | l '... ?:?ﬁﬁ..:ltl:ﬁ::::.: ."". y :' ."11."..':\%:. ?:\h:.:l:.}.:::l."".\‘.ﬁ.l \:.1-. :I:..'%. ‘# :. .H' .-'. ':l'xk..l :I'.l""H- .'ll:'l:.lﬁ%:l‘. l"'.::"' '.‘:::h ":l:l:ﬁ':‘::'ﬁ::.::ﬁl'l : : : : - R :
IIIII IIII \ |:|.| :III'::I |: '|l Iqln ‘|I| ." Ii:l‘ " |II|:|. Il'.lll|:ll Iq'.n -J: " IIII T llq* 41 11III|* 1I 0 :: |'|.' T IIII 'l"|.'|.4.l' ] 1 ll ' A i *llq -1| "|.' | llllll "|.:|..' 1 f.:n.lq:ljaf.:l:.: n 11|"| 1.|I1‘|1'.1.: :::1 11:|:|:|: 1'l11:l:l:'ll'l11:l:'l1'l"l.:l.|1!'I'" 1‘:::1 11:|:|:|11'1'1:l:l:1'1:|,|1l'|:1' 11;'1:|: :."1 1:::1'II'|:|:I"'I . 1'.' “||| Y 1.|I|1'|1 11:::1 IlI1 " |1ll|1||111'|11|.|‘|1:.ﬁ1"l1ll|111 11"':l:l1 ] ,'.'I'I : L 5 -u
. ' ...I."III‘ "|.||.'l RN .1 1 g II|l"|l‘| ."lII ‘I. |I .1 ey ' LN . i . 1 " " . O . .' SN T HR N e " I"ﬁﬁ. % ll ..\.I.HI"l '.l.qu.l 'I'."I'.'I '.'.l'H ..'I '....Il ":"."I L L] h::'.'ll... '.::L .Il'l .l'l ...'ﬂl ".'l"‘..‘ilﬁ. -'. 'l\ . l'I'I '..l| '.l. “.ﬁ.l '.::'H. I.'..l'I lql 1'1'\."!.'."‘... e e o
I.\'.\'l.ll..\'u.ll.'.\'lu.l.lu|-.|.||.l|.-.l "”."l"ﬂ“ I.-Iill-l |II H - 1 N ' “h 44 - '.l-li 'l'-l Ve e '-' .". '.I I'\I\ I\ nh II'.'. -“ . I\ L ] L I.'I.. I\ L] "\'. e I.'l..'| I\ ] l'|l"(l n '..'.I"I"II.'I.I'| I'Il OGN

| L K] ' L] I k4 thdd -1k 11 ] ‘I‘I k- ahd - 1hd1l 'l‘i‘I (B R EENERERE KRNI === || .l‘ .l.I‘lH .l.'I"I | “Il"‘ .l‘ 'll"I‘lil 1 % ‘ . || 1l || '|I'II'I' ] L]

|:|.| N I:l.ll Ii.l.l:l ' |'|."l|||I o :l:l Y ! :l:llli 1'| 1 |:||: i : :.:i: '11 h Il:i: T I.I.l:l:lllll:liili: :.:i: ' : 1l:l. ' : ! :I:d:: ) : "|1'||1 .l:I.I: i :l:l:i: : K :I:i: :. . I.i:l:dll:l:l:I: : ! :ili. I |1|' ': :lllII.I_ :ill:l:l: LTI L N ﬁ :II'I:I1 |1::|:::h:"1:.|.|:|:1'.11¥:::|::'1¥:::l:l'1 I'I:III:¥1 1:.|.1:::'| 1:|:|:|:::'\1' 1‘::-. 'I .':'." nr el "'."'|ﬁ.::::::%:::::l::::::ﬁﬂ-lﬁl_l::::l'l 4 1:“:';':'1%:'::IEI:II'I_II:I:::I'I'IIq:I:I::IH )| I-u_ul- . ._ _._- Dl T e

LN I. I 'l l I l‘ 4 I .. lI I '|- ' i L] l‘I 1 lI L] I I lI 'I 1 l ‘i lI ' l -I.l.lll‘IJI 'l. 'l 1 l'i‘I I l'i‘I . Ii‘I I '| i I L] : : I . ‘I' --.I-'-r- q ‘I‘ || LI} ‘ l 1 ‘ ‘Iq. L ‘I ‘ 1 ql. ! ‘ ‘l‘l‘l q .l || L] ‘l. ‘qlhl ‘I Y I-I. I.'- -' I.'l-'-'l.' l. -I-I.'.'.

e R e e A SR R R i R R R e

1 11 1
lllFll'lIl [ ] IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIII L] [BL JLESRL N O N LU D B D

N \'c.n'.'.'c.'.'. AN '.:f:I:': b :':':f

1”lrl||l|l|
F
'

: '.:4:.; ":':'.u','.".u': ) '.'.w O

bl : :.: b, AT ".:«.: AR, ‘.".:"-. AR, W bl ‘-.“:‘ "-."-."-: ,.u'-. A ‘-."-"-.: : e

ll.l ARy -.I'|I'|..|l|.l|.\I 1..: W 1N - o . RELELE Ill:lll R} . S '.l:l-:.:l ARATd e ) "\:1:".5‘.":: l:::%‘ q'. ":{' q.":"q:.:'.';ﬁ'ﬁ:. \%.:::':\: :'I ‘."‘II.I'.'q I"'l.:l:"\q.:l: :::'\..':::'..' 5 'l"ikqﬁ:l:l"l‘H :ll H:H‘\:::""l:::%ﬁ:. '.!" :':'. 1|"':":.'Il hy! ""'q l"% r- f . -:I- . I: . . I:': )

II'll' "llnll:l |'|II .l. ¥ 'n. 1!. .l:l 'y I.I:llll 1: 1 T 't1| |'-|‘: 1 '||11 1' 1|'||1 ! 1 N 'l' 3 "|".. '|‘|1| | 11 1' 1|'||1 ) AN 1:‘-' ':‘ 1: q'.'I .: : lin 11|1-| l.I.liI 1'|1|':1l AR EEERAN i.11l oy ! I1hl I'I'I'?I"I'I'. 1 :"11':"1 :':":"1'."1"1'|'|11'1"1'l':1:}':1:':':h:11 o | )| 1":':":@:‘1':':1: | :":':':bl : : :":":"1'|'1":"1'1"|':1:11 | :I:I:I:b'l : : :":":"1 ek 'II1.III'|'I ) i :':":'1"1 : :: 11':":": I":":"'l:::'lll"'l o :':- : :".":". :' :'. ': I - " :"- ': :'I": :

e e R iﬁ A A A AR+ £ 1
YR I'Iull'. 1L|Ll.1l1 "ll-ll'1l1" '-III II ' "'llll.ll. I| e vy : :".':'. .":".": : . :I:I: .:'. II:I:I:Ill‘-I:l:III: ‘ :I:I‘-I: . .":":'.: :lllll:l:l:ll |:I:|:Ill; |‘.I:I:II |: I|.:lu:lu:ll: ‘ul , Lo ILILI Lala IIII e ‘..I h . 'l"l"[ y I'll'l‘L‘I ! '|'q '.1 !'lll'q'...‘l!l'l‘..l y "I‘I‘L'I‘ ) !'lll'l....‘lql "‘.\‘ﬁ‘l "'l"l‘ﬁ_ " Hq.‘ "'l'.::_‘..'l' o "‘.\‘ﬁq “ q '1%.‘ 'Illl‘L '..lll '..:_\'I !'I!'l ‘| '11 N Lo T

'. . 1 .l . l I ' I I I ' I l.l '. Ill'l.ll lI I|‘-|I-I-I

II'I 1||||'|11'||1'||1|'|
i o raaE o oaimaa

l'Illl'llllllllllllllIl'II
LR RN N ELEEN ] L]

" ..I. I"‘ 1ll 1" 1 1lll.l‘I1I.I

LLI-rJLILAS.
L]

11'I‘::::::::1I ::,:,I'{\,:,ij .,.;.:ﬁ#. _-;h":::"-:'-:"'-:':‘-:"-."-. A, ‘l:'{‘::i"l\..n*'n.n.i‘h".'ﬂi‘l.\'.'.*h.\“'::i' SN
Tos "'.""‘

'I \.1,11 1y \\1'."'5'1:‘:"1 .',.:.‘ Y 1.1::1.:"'1 l:l:'l {\l‘-,‘i\l 11'.‘.. 'n: I 'r.': ‘I"qI:':'l""‘H “1.'1':“'.:1\:.: 'l‘ "I.'I,: : : :1:1,:\"'

41 h-I-I-Ih-i ahd- IERERRINE ERENE KK k- k41
1IIII '1 1.I.1il11II11 |.I‘iI1' _1|Ii. I1 I.I1I1 1.I.I'11 |.I.i|1' _III‘II 'I 1I 111' 1I.I‘I.11
=1al 4
1.- - |

1 l-II‘I'll h-I'l- 4

1
-.
1 .
v s e ERE N

nl 1Il|l||l||1l||

.II‘II II.I Il lllllllll nmn LL

-I-I ili ‘.‘I-II'.II‘I

i- '

l|I'l'|I'|IlI'|IlIlI IilI LI L] II'lllllllllIlI
. L l-I-l'll-II 'I 1 L] 4= 1 b hd- L]

..I.II.II.II .I.I.I .I.I.I.I.I.I..II.II .

I1I1I1 'Il:.:|:1'l1'|1"|1.lll1'l"l1"l1lll'l1'l 1|II.|II1 1 'I 'I II1|I1'I1'I11I.I|I1'.'I"I1"I1III'I1'I 1|II.|:I1 1I‘1IIII1|II‘1'I1lII1|I1:I:|II:I1 'I 1|II.|1I1 1 'I1l.:l1‘l1'l1'l1.ll1‘l1'.'l"l1.III1'I 'I 1“':“': 111I.I1I1|I 'I : . I..I.I
A A A R

LI LA LA} '| LI n' I.I'.'I'. -lll'l ql'l nh L AL .ll'l "| N LI/ '..'.l"'q"l'.\l
I'|1'|1'|1 IIII'II1%'I IIII1..I'|1 | | I'.1'.I'|'II1 111 1 1 III'I'II1'.1 : I'II11'.I'|'I I.I'.1‘I'I'II1.III'I:'I1'.1.III'I:I1¥I I 'I 10 : 1 1.l:II‘I'I'III.I‘I.I:'I1‘1.III'I:I1‘1 III1:::IL|I'II 1 :}I‘I'I 1 1'lI'I:'I1'|I.I'|I'I'II1'|1I

[ 'I‘I ] q'l 4 q‘ll'ﬂ "l:lql'ﬂﬁ.\ql Il'ﬁ..'i:. [l 'I‘|‘H'|‘qI'I.I|: L 1Iq- Hﬁ"q y I|Il’.l"ﬁlll“'l.'l q ] 'l‘qlﬁ'l‘llﬁ‘ I‘i‘lqllll“'l’.l‘ﬁlll“'l‘l I|q‘lIl .'LI: ‘q . L1 I‘i‘ . o lI;‘ q|IlllI|.'|l"|.

................................................................................................................................................................. L
RREERTEREELLENEERE T '|~ L LA LA ] l"ql o L' L L LA ql'll" |l'l 'll'l
2 . . ".'I.I"I.“'I.".bl_'lu'l'.".:"l "."'"I."I.'I""I."I.".".'I. 1-'1. 1-'1 -|-"I LA '.'I'I"'I"'I.'I"‘I u- LYY 1'-“" .“m“l

.1'””*1-:?*:"‘515{\:::"%""' A ~-~.i.-, A AR *-'*&"‘“‘"“‘* SRR 3 i

E‘ 1 'q L | ] | L] ' e
) it Y ey '.".:"". Yy wa -""."""..'."" LAY A i '."'. ::'.1"| "'."" R
11';1“ ""I.I.:. ."'.'I.'I. ] q'l \I\‘Iql\:lﬁ'l'll |'.'|::'{|"|q.'l:t:\1"l'l ;\'q 'l"..:"".'llql""'l.'l. "| ":'I.H'I. L L] \-I 'I'q:l'l'ql 'I..b:tl nl l.;'b ql{q&lﬁq .':HI"I. \'1. lll'q |.'|q "' q lihl'll ...... I

! '.'.;.:.!

.-I.-I I-I.
L

:I::I.I:IILI:::I : :l:.::: :Ll :.:.|:II| A :::: : k :::‘i:I'I L] Il:i:il 11 .I.I1 I‘.' 1:'!‘1: :|1I|II:1: :I : :L:iIii -1I.|i:: ; .:I I 1 1| I N I| Iil 1 I liI 1'11I.|1i 1|l1|.|I “ 1| :'::::::: I:I.:iI :'u‘:i:i: :'-1:::}!::1 ! II‘:::‘I‘I :::il‘il 1'1.:.:1: :I:1 II:‘hl:".‘ll:': |Il|-l-I re .1 .lll LI |.l- Il 1 ) .| 1 1 I'I1 II1 111

LL. I L. I. Ld. I.I.I Ll

'
ql'l"‘ "ql'l“ '|q'l'|.|.'|.l|'||I o W A
'r!1lll1' I| llll I'Il1l1II.II'Il1lII'IlIl1l1 h | 'I I I I 'I 1 1.I.II'Il1l1.II'II'Il1 1l Il1.1l'll'llll1lll'll1lI.IlII'I'1'1'I"I"I.1llllll.1.1 ) | I I 1 I 'I 1.Il1lll'll1 11 'I 'I 1 I I'I 1 1 'I l I h | I 'I 1 I 1 I 'I 1 I | | 'I 'I h | I I 'I 1 1 'I I'I 1 I 'I I | 1'II'Il1.IlII'II'Il1l I|.I| 1 |I .Il.I I|I I LR I|.Il| |.II I| I|I |I| 1
R -.
'

s e I
: N , , 1 . e e - .'.':b: : :':'“ y illlkl%.l.:'.l'l "-,'.'.":::Q'“ ".. L L] i‘l\%. A |.||I :"'"'1':::"-,': .:I% L] i‘l.l L L] n." AL l.%:_‘: B '1'1 l'l i‘\l\lq 1 ":'H::: "lt‘q"i l‘qﬁ "'l '.'I L] % .

|l'l.l LLL lllt‘q‘lll 1111

'.‘l' N .

Wiy 'q"u-u-'- W '-'q"u-u--m-'-u-un LAARLARRERAREEAMN "u"-":‘n M "'u-'-"'-"n-u'-t"u.:'-"-'-":‘n"- .
rlIllll II [ Il'l'l (R} I'lII I'l'l'lll'l" I'l'l'-I'l'l.'I'lll'lll.llll:ll:.l:l:' '|.'| Il'lll:l:.l:.l:::l.l:'l'.' '.'I'l11'.'rr:.l:.ll-.-ll-.ll.l'll-.ll'.l'r I-'III'|11' rll‘r.l.l: :I||I-| ||-|:.|

------------

n K ' AR LI
I“"r1=""T11" . 'I'I 1 'I - 11t 1 . 1
' FEY: ' FEyIEF P PR (LB I DL B B R BN B B AL B (LI B [BLIL DL B B R LR N BN AL B | L] L BL I I B L B LR IR I RO | LI B



U.S. Patent May 16, 2023 Sheet 7 of 8 US RE49,530 E

B4 s IFEN AP
b alhlk

Fh St 1hkr .
] vl v
nl ' '
=L 41 - .
1 rr1-rr1|3-
L] wanm pkd b
'
'
'
1111
[ RN
a1 1
. 110"
I EEE RN o sra o '
1 I TR T
1 111 111 -
I EEENEEEN T
I A TR A O Y v -
11 T1T 1111t .
'EEEREEEEERE o o o
EEC RN BRI B A TR N R [
1 "rii1iciriri11tocand T
1 LI IR IRR RN O B UL DU T B A B I B A RN [
1 FTa T i an " .
1 FTT1" " 11711101101 1111 .
1 " 1 ' TR P '
1 LRI NI B DL LR AR AL O B AN B A | Trr T
L] Eaas=-1raa1- -1 - P LI - .. ..
|| T1- 1111111 i- 1 .
LK LRI L B R | [ T I L LI R
Rk LR I R R R R T T T TR .. .. ..
b1 1-ririnac- 11 [ B .-
LN R IR RN '
«h =rr1acc R ERC [
1 k1 L U T T O T T IO B O B |
[ LN | [ LI N B LN T I I TN T I IR LI B LELEL '
bk FFT T T
[ ] rra- 111 [ BRI
[ NN FER AT IYL 100 [T B T I [ '
Ak L R
] Ti1-kr11 11 -
e ] BLhwanbh=rmn [T T R L B I LRI L]
v b Fad=Fiaax 110 e e e .
hE- bk ElT1--111- 1 ot =ttt
1k [} LR LU B N B B | trr g ot
L [ B T N I AR O R R I LI I
N rk . . . .
'y 1 o o '
P
1hr-
[ [T RNN] ] [N B B I
LI EIIIIHLL IR
rr 1 N IR AR AR R T
i AN AR LI RN NN T T
- | LI s 4 £l =rRB 0D LLERALDE LI
R . . ' 111 ']
L) || Eknd B kb [ | [ ] LI B |
' [ ] LI B B B [ (L] ' | IIIH by alahill [ ] R T L
v b= . e ' 1 -% AR RN AN I L AR R LA R A A E ] -
k1 L T B B 1 Pt IhhLET1 |II1III|1HII
ok ki 1 [ I L L LA A Fllllﬁulll LA AEd B hhhul LI B |
==F- P o s b ad TR I EEEN T LI AR RLERD
| 1 11 otk AR ERT LY r|11ll'|llll_.lrr'l1l'l
g [N B R | 1 rra . o wd Bhh kA bk ILh=rwelln LI A
' ' ] [ L] | T bk rahd [ ] rrk L
(DR AL B R R O | 1l -kl hrair-1 41l 41T L b2 1140 0 1
LI B R | LI I td g p EER AN b hy s n BB b d g hbwd DN BRY 1 ' h
- . da- -k IIllll1--hillkLrilklbvlh-blll . t
Ftdva LBl h-rRl4i8riTih1a . .
AT IR ERRREIRERLY! T
bhd - T -
'
S ' P s
[ I . . 1 111 ra EbFrd4d*=-Ft11-rh1 bF11-1ht1
[ R R R N ahkdd b bdld hknn e L hdl '
.. . ' TR ] | Baabb40---a.0-LLRI bda.--0440
- 1
1 LI | 1
BN - Lk& Ra--LbR0 LB LRY
1'I1111HI11 Tyh0k010
AN R NEREEN RN
N LEEEREE]
e hwd Lk LN}
chbdd b Eaadb
11k -1
] kndghing o
* L]
1
=1
L]
1
| 11-ra1
1 " hEd s bal
L] (Y
1
'
ki
TLLLRIRRl
1--k42114%0k1h
]
Eti11d- 1 ] Famn*-
ii- Fhdnnnhred N npp Ll| L] 'l‘.F‘IiIIidll.II‘.I‘Il.l:lll:h-J l.-.‘i‘
ik -
1k 1ra1 EITREREER hﬁ H?hhﬁhﬁﬁﬁ11'ﬁhﬁ1!1rf11l inh-- rrii-rrT1 T1
hkn s hawl 1 d s bk el b B hdadsphnnn bkadanslprnns AN BERNNENENERNNE}I L]
e E L A L ELLL1H-L b add - - b4 1 IIERLEEER L
] . IR ERERNEN |
L] [ ] re il
I'11'r|T11-|111-||I1'Hli - .
na b bhrdhr bad s e s wdr a bl n
s lbha caaabrd--gaad=-iiaa-1k - 4
1 - 1
caad =k o= o aak=kd = kF- kLD, . k-
b B B e | 1=-r1110F rT11'Hr| L 11-haT
[ D L B B L O B LR LN ' Tha [BLILBLELIN B |
Fr aar: 1 ==11 .. L] [ BT F-a T =g 4
[ IR S | Fhr11- 11 dhirrd11vhv 0000 =-rana
LI RN ] Ewan b s o Rk 0p
s b - v s b - LI
1 | scr=bkrTac 11114k [ 11
LU L B | Prl v inny e KRy P
BRI LI AR i LR IO T L T I |
[ I | 1k FTa 11 1= hk11 - 1
L] ' e L 1 LRI BN L]
= - ' + - ' COE T T B T - T - L] L - L]
1 . | [ ra - .o [ NN N B B | r4d hrra rtd11bhrB1-00%41 HILYF Rt
LI | L] L | ' . e owd LR tade hhdn 11 dd b B r B0 n Db had [ EEENE LN
1 . 1 - 0 =0 rida - I L AL EY R EE! LA EERER!
1 . | .- = r ca= Ft40 r -1 -1 *hhtrrrrrtildl l?ilHl
' ' ' ' in 1 praog e phide pogr oppn IR LR NN LN NN ]
T L 1 ERC s =rd T r a1 rr R LT LTI RATEEN R K
idr 11 1 | B I | 1 1 H RN EREEIEEN IEENN LSRN N ]
L L] L] L L LI I hhs arra LI W | L B llllllll!irtllirk
4 A 4 P ' rhda rrlae =rrk kB4 FED R -
1111 m 1 - 1 1 Fa1Brl1t11h 0 #1--rEk1- kE%1- -bhT11-
LI | [ R | ne o pRE N [ ] 1 ' ]
el o LU LI B | 1 L] 1 bhdd L]
abhek LR - L 1%
1 L O O I | 11 1 (LN
IRk [ LI B L | I N RN RN ]
L. [ R T Tk -
r 1 Foa- 1 [ I N I A |
LI | NI L [ L] =h
rr ' b - ' - hm
11 L ] (BN | 1 -r 1 r
nhn rop o gk [ rer v hlle
kA 1 ' B ' B LEERER! T '
FT 1 111 1rrTi 1
(L | 1 ke (LN | r
44 - TN L] . k- - -
11 IiIHHII11'|||| 111 t
Ri IH LI I U DU I O O R I R B
EhbEN-abkdaaa EELENN -, q [ '
|| I[rli-lrfil\"1 - Ihrtdrartrrarorn 11 H
H LEE RN ETHE N L NN L |
- - LEER NN ] L I LI
11 -rh%1i-101hi F:1h-ki . [ B
'
- a y N
1 1 --rF4di11bT71 0 hbhbhTi [ |
ko N L ENNEREE RN [ | LI 1
.. [ ] | NI =a b+ d L bR TLEEL sl ha ok b
ITi\\I‘i!HIII! T-hF+tT5 0 b BN bE =il LI | -
DT ERENERLENNN ] IER L RN I0=Fkh (LI I B RN RN
LLL b A I
. [ ] 111 L |
P ' K|
' o
- A=k kRN L L L4 [ ]
e 11111kl .
o 1 " 1 e
. . f
= rrtd-1Fk4d1 1- "T1--ra11 1 [
T IR L EERE R E LN R RN R ] [ [
crrbddaabddd - FERd == - . '
. AR ERENERE 1
LI rrhEdan [ |
- - 444k [
1 1
o '
' r
]
'
1 r 1 .
LN | == hrwlhh 1 1
' s cabhsd 0L L
. [ ] 1
o '
o
'
'
'
L 111111 1111 Tl
T LI R I I A | LEL LN B B B N 1 d e
e e e N . e v oraabbeda '
. [ 1 1t 1T 11111t .
[} [ [ B DR A | 1t kv gnbkk "k 1 11 f‘ 1
. P I T TR I T T ---lx.llllu h 1
S - .. [ FtT - . ~ k ‘.
' L ] [N ij iJ t‘.
'
. LI [ . L
' o '
r
RN
. v |

------l----------I---------------l-----1

111 '
nhr ks bkl
Tl radbl} '
] 11Ir|ﬁ
Bhaodo g i

LRI |

I A T I I
ta=pradnle
-k . +

Faaa:- -
- ]
T
smanh

c1a il
I Bn n



U.S. Paten May 16, 2023 Sheet 8 of 8 US RE49,530 E

—r111111[111111L1\11lllllll\11111111111111L11111111\11111IL'l.'\.'l.l.'l.'l.'\.'l.'l.'I.L'\.\.'I'I.'l.'l.'l.'l.'l.'l.'l.\.'\.'I.'I.1.'l.\.'l.1.'l'l.".1.'|.'|.l.\.\'l'I.".'l.'l.'l.'I.'I.'l.\'\.'I.'I.L'L\.'I.'I.'l.'l.".'\.'l.'l.l.\'\.1'\.1.1.11.'I.'l'l.\'\.'l.'l.L'l.'\.'I.'l.'l.'L".'\.'I.'I.'l.'l.'\.'L'I.'L'l.'\.'l.'l."'l.".'\.'l.'I.I.'l.\.'I'I.'l.'l.'|.'\.'I.'I.'L'l.'\.'|.1.'l.'l.l.'\.1.ll1111L11111111111111111111111111L111111L1\111111\llllllLIﬁ

e
91000 - _
T

T

0

- : -

C

0

2

T

400 1

Crack Ini

el of ool of of of of of oFf of oF o oF oF of F o oF o o oF oF oF IF oF oFF IF oF oFF F oOF oF oFF FF oF el F aF ol FaF el FaF el Fafl FaF ol F e of of of of of oFf of of oFfF of o o oF oF o F o o oF oF oF IF JF oF IF oF IF JF oFF F oF F oF el F el Faf of o of FalF ol F aFf of oF of of of o of oF oFf oF oFf oFf f oFf o F of & F & o oF oFF oF oF oF IF oF oF F F oF F oF oF oF F el F el F o of oFF of of oF off o oFF o

Al,0, +B,0, -Na,0



US RE49,530 E

1

CRACK AND SCRATCH RESISTANT GLASS
AND ENCLOSURES MADE THEREFROM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

More than one reissue application has been filed for the
reissue of U.S. Pat. No. 9,290,407. The reissue applications
are the present application and U.S. patent application Ser.
No. 15/862,353. This application 1s a continuation reissue
application of U.S. patent application Ser. No. 15/862,353,
filed Apr. 1, 2018, which is an application for reissue of U.S.
Pat. No. 9,290,407, issued Mar. 22, 2016, filed as U.S. patent
application Ser. No. 14/082,847 on Nov. 18, 2013, which is
a continuation application of U.S. patent application Ser. No.
12/858,490, filed Aug. 18, 2010, now U.S. Pat. No. 8,586,
492, which claims the benefit of U.S. Provisional Applica-
tion No. 61/233,767, filed Aug. 21, 2009, each of which is

incorporated herein by reference.

BACKGROUND

The disclosure 1s related to glass enclosures, mcluding
windows, cover plates, and substrates for electronic devices.
More particularly, the disclosure relates to crack- and
scratch-resistant enclosures.

Glass 1s being designed into electronic devices, such as
telephones, and entertainment devices, such as games, music
players and the like, and information terminal (IT) devices,
such as laptop computers. A predominant cause of breakage
of cover glass 1n mobile devices 1s point contact or sharp
impact. The solution for this problem has been to provide a
bezel or similar protective structure to hold and protect the
glass from such impacts. In particular, the bezel provides
protection from 1mpact on the edge of the glass. The edge of
the cover glass 1s most vulnerable to fragmentation by direct
impact. Incorporation of the bezel limits the use of glass to
flat pieces 1n the device and prevents utilization of designs
that exploit the crystal-like appearance of glass.

SUMMARY

A glass and a glass enclosure, including windows, cover
plates, and substrates for mobile electronic devices com-
prising the glass are provided. The glass has a crack initia-
tion threshold that 1s sufficient to withstand direct impact, a
retained strength following abrasion that 1s greater than soda
lime and alkal1 aluminosilicate glasses, and 1s more resistant
to damage when scratched. The enclosure includes cover
plates, windows, screens, touch panels, casings, and the like
for electronic devices and information terminal devices. The
glass can also be used 1n other applications, such as a vehicle
windshield, where light weight, high strength, and durable
glass 1s be desired.

Accordingly, one aspect of the disclosure 1s to provide an
aluminoborosilicate glass comprising at least 30 mol % $10,
in some embodiments, at least 58 mol % S$S10,, 1n other
embodiments, and at least 60 mol % S10, 1n still other
embodiments, and at least one modifier selected from the
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group consisting of alkali metal oxides and alkaline earth
metal oxides. The aluminoborosilicate glass 1s 1on
exchangeable, and exhibits the ratio

Al, Oz (mol %) + B>,0O3(mol %)
xmodifiers (mol %)

A second aspect of the disclosure 1s to provide an alumi-
noborosilicate glass. The aluminoborosilicate glass com-

prises: 50-72 mol % S10,; 9-17 mol % Al,O5: 2-12 mol %
B,0O;; 8-16 mol % Na,O; and 0-4 mol % K,O, wherein the

ratio

Al O3 (mﬂl %) + B->0O; (II'lDl %)
xmodifiers (mol %)

> 1,

where the modifiers are selected from the group consisting
of alkal1 metal oxides and alkaline earth metal oxides. The
aluminoborosilicate glass 1s 10n exchangeable.

A third aspect of the disclosure 1s to provide a glass
enclosure for use 1n an electronic device. The glass enclo-
sure comprises a strengthened glass that, when scratched
with a Knoop diamond at a load of at least 5 N to form a
scratch of width w, 1s free of chips having a size greater than
three times the width w.

These and other aspects, advantages, and salient features
will become apparent from the following detailed descrip-
tion, the accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a 1s an schematic representation of a prior art glass
cover plate held 1n place by a bezel;

FIG. 1b 1s a schematic representation of glass cover plate
that 1s proud of the bezel;

FIG. 2a 1s a microscopic 1image of an 1on exchanged alkali
aluminosilicate glass of the prior art having a scratch formed
with a Knoop diamond at a load of 10 N;

FIG. 2b 1s a microscopic 1image of a strengthened alumi-
noborosilicate glass having a scratch formed with a Knoop
diamond at a load of 10 N;

FIG. 3a 1s a top view of a 1 kilogram force (kgf) Vickers
indentation 305 1n a soda lime silicate glass of the prior art
that had not been 10n exchanged;

FIG. 3b 1s a side or cross-sectional view of a 1 kgt Vickers
indentation 1n a soda lime silicate glass of the prior art that
had not been 10n exchanged;

FIG. 4 1s a side or cross-sectional view of a 1 kgt Vickers
indentation of an 1on-exchanged soda lime silicate glass of
the prior art;

FIG. 5a1s a top view of a 1 kgt Vickers indentation 1n an
aluminoborosilicate glass that had not been 10on exchanged;

FIG. 5b 1s a side or cross-sectional view of a 1 kgf Vickers
indentation 1n an aluminoborosilicate glass that had not been
10n exchanged;

FIG. 6 1s top view of a 30 kgt Vickers indentation of a 1on
exchanged aluminoborosilicate glass; and

FIG. 7 1s a plot of crack mnitiation thresholds measured of
aluminoborosilicate glasses as a function of AL,O,+B,0,—

Na, 0.

DETAILED DESCRIPTION

In the following description, like reference characters
designate like or corresponding parts throughout the several
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views shown 1n the figures. It 1s also understood that, unless
otherwise specified, terms such as “top,” “bottom,” “out-

ward,” “inward,” and the like are words of convenience and
are not to be construed as limiting terms. In addition,

whenever a group 1s described as comprising at least one of 53

a group ol elements and combinations thereot, 1t 1s under-
stood that the group may comprise, consist essentially of, or
consist of any number of those elements recited, either
individually or 1n combination with each other. Similarly,
whenever a group 1s described as consisting of at least one
of a group of elements or combinations thereof, 1t 1s under-
stood that the group may consist of any number of those
clements recited, either individually or 1n combination with
cach other. Unless otherwise specified, a range of values,
when recited, includes both the upper and lower limits of the
range as well as any sub-ranges therebetween. Unless oth-
erwise speciiied, all compositions and relationships that
include constituents of compositions described herein are
expressed 1n mole percent (mol %).

Referring to the drawings 1n general, 1t will be understood
that the illustrations are for the purpose of describing
particular embodiments and are not intended to limit the
disclosure or appended claims thereto. The drawings are not
necessarily to scale, and certain features and views of the
drawings may be shown exaggerated 1n scale or 1n schematic
in the interest of clarity and conciseness.

As used herein, the terms “enclosure,” “cover plate,” and
“window” are used interchangeably and refer to glass
articles, including windows, cover plates, screens, panels,
and substrates, that form the outer portion of a display
screen, window, or structure for mobile electronic devices.

Glass 1s being designed into mobile electronic devices,
such as telephones, and entertainment devices, including
games, music players and the like; information terminal (IT)
devices, such as laptop computers; and analogous stationary
versions of such devices.

In some instances, such designs are limited to a flat piece
of glass that 1s protected by a bezel; 1.e., a rim that 15 used
to hold and protect a glass window or cover plate 1n a given
device. An example of a glass cover plate or window that 1s
held 1n place by a bezel 1s schematically shown 1n FIG. 1a.
Cover plate 110 rests 1n rim 122 of bezel 120, which holds
cover plate 110 1n place on body 105 of device 100 and
protects the edge 112 of cover plate 110 from sharp impacts.

In order to exploit the crystal-like appearance of glass
windows, cover plates, and the like 1n such devices, designs
are being extended to make the glass “proud™ of the bezel.
The term “proud of the bezel” means that the glass extends
to the edge of the device and protrudes above and beyond
any bezel or rim of the device. FIG. 1b schematically shows
an example of a glass cover plate 110 that 1s proud of the
bezel 120 and 1s athxed to body 105 of device 100. Glass
cover plate 110 1s mounted on the surface of bezel 120 such
that edges 112 of glass cover plate 110 are exposed and
otherwise not covered by bezel 120. Edges 112 of cover
plate 110 extend to the edges of 107 of body 105.

The primary limitation to implementing a cover plate or
window that 1s proud of the bezel 1n such designs 1s the
iability of glass cover plate 110—particularly edges
112—to withstand direct impact, thus necessitating protec-
tion of edge 112 of glass cover plate 110 by bezel 120 (FIG.
1a). Furthermore, a glass cover plate 110 that 1s proud of the
bezel 120 (FIG. 1b) will have a greater chance of being
scratched during handling and use due to exposure of edge
112 of glass cover plate 110. In order to implement the
alforementioned new designs, a glass cover plate must there-
fore be better able to withstand direct impacts than those
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glasses that are presently used in such applications. More-
over, a glass must also be resistant to scratching and should
have a high retamned strength after being scratched or
abraded.

The predominant cause of glass breakage 1n applications
such as windshields or cover glass 1n electronic devices 1s
point contact or sharp impact. To serve as a cover glass or
other enclosure 1n such applications, the crack initiation load
of the glass has to be sufliciently high so that 1t can withstand
direct impact. The depth of the surface layers of the glass
that are under compressive stress has to be suflicient to
provide a high retained strength and increased resistance to
damage incurred upon being scratched or abraded.

Accordingly, a glass or glass article that 1s more resistant
to sharp impact and 1s be able to withstand direct or point
impacts 1s provided. Such glass articles include a windshield
or glass enclosure such as, but not limited to, a cover plate,
window, casing, screen, touch panel, or the like, for elec-
tronic devices. The glass enclosure comprises a strengthened
glass which does not exhibit lateral damage such as, but not
limited to, chipping when scratched at a rate of 0.4 mm/s
with a Knoop diamond that 1s oriented so that the angle
between the leading and trailing edges of the tip of the
Knoop diamond 1s 172°30' at a load of 5 N and, 1n some
embodiments, at a load of 10 N. As used herein, “chipping”
refers to the removal or ejection of glass fragments from a
surface of a glass when the surface 1s scratched with an
object such as a stylus. As used herein, “chip” can refer to
either a glass fragment removed during scratching of the
glass surface or the region on the surface from which the
chip 1s removed. In the latter sense, a chip 1s typically
characterized as a depression in the vicinity of the scratch.
When scratched, the glass article described herein does not
exhibit chipping (1.e., chips are not generated, or the glass 1s
free of chips) beyond a region extending laterally on either
side of the scratch track (i.e., the scratch formed by the
Knoop diamond) formed for a distance d that 1s greater than
twice the width w of the scratch and, 1n another embodiment,
three times the width w of the scratch. In other words,
chipping generated by scratching 1s limited to a region
bordering either side of the scratch track, wherein the width
of the region 1s no greater than twice (1n some embodiment,
no greater than three times) the width w of the scratch. In
one embodiment, the glass enclosure 1s proud of a bezel,
extending above and protruding beyond the bezel, 1n those
instances where a bezel 1s present. In one embodiment, the
glass enclosure has a thickness in a range from about 0.1 mm
up to about 2.0 mm. In another embodiment, the glass
enclosure has a thickness in a range from about 0.1 mm up
to about 2.3 mm and, in other embodiments, the glass
enclosure has a thickness of up to about 5.0 mm.

The scratch resistance or response of a glass enclosure to
scratching 1s 1llustrated in FIG. 2a. The glass shown 1n FIG.
2a 1s an alkali aluminosilicate glass having the composition
66 mol % S10,, 10.3 mol % Al,O;, 0.6 mol % B,O,, 14 mol
% Na,O, 2.45 mol % K,O, and 0.21 mol % SnQO,, wherein
the ratio (Al,O;+B,0, ) 2(modifiers), expressed 1n mol %, 1s
0.66. The glass was strengthened by 1on exchange by
immersion in a molten KNO, salt bath at 410° C. for 8 hrs.
FIG. 2a 1s a microscopic image of the glass having a scratch
210 of width w formed at a rate of 0.4 mm/s with a Knoop
diamond at a load of 10 N. Numerous chips 220 are formed
along scratch 210, with some chips extending from scratch
210 for a distance d exceeding twice the width w (2w) of
scratch 210. In contrast to the behavior of the glass shown
in FIG. 2a, the response of the glass enclosure and glasses
described herein to scratchung 1s 1llustrated 1n FIG. 2b. FIG.




US RE49,530 E

S

2b 1s a microscopic 1mage of an aluminoborosilicate glass
(64 mol % S10.,, 14.5 mol % Al,O,, 8 mol % B,0,, 11.5 mol

% Na,0, 0.1 mol % SnQO,; wherein the ratio (Al,O,+B,0,)/
2(modifiers), wherein Al,O,, B,O,, and Na,O modifier
concentrations are expressed m mol %, 1s 1.96) that 1s
representative  of those aluminoborosilicate glasses
described herein. The glass shown in FIG. 2b was 1on
exchanged by immersion 1n a molten KNO, salt bath at 410°
C. for 8 hrs. The glass shown 1n FIG. 2b has a scratch 210
of width w formed with a Knoop diamond at a load o1 10 N.
The chips 220 formed in the aluminoborosilicate glass
shown 1n FIG. 2b are significantly smaller than those seen 1n
FIG. 2a. In FIG. 2b, chip formation i1s limited to a zone
extending from an edge 212 of scratch 210 to a distance d.
The width d of the zone or region in which such chipping
occurs 1s significantly less than 2w. In other words, most of
the chips 220 seen 1n FIG. 2b extend for a distance d, which
1s less than about width w from crack 210. The glass retains
at least 30% of 1ts original load at failure and, 1n some
embodiments, at least 50% of 1ts original load at failure as
a determined by ring on ring measurements after scratching
with a 3 N Vickers load at a rate of 0.4 mmy/s.

The glass enclosures described herein comprise a
strengthened glass that deforms upon indentation under an
indentation load of at least 500 gf primarily by densification
rather than by shear faulting. The glass 1s free of subsurtace
faulting and radial and median cracks upon deformation and
1s consequently more resistant to damage than typical 10on-
exchangeable glasses. In addition, the glass 1s more resistant
to crack mitiation by shear faulting when strengthened by
ion exchange. In one embodiment, the glass enclosure
comprises an 1on exchanged glass and has a Vickers median/
radial crack initiation threshold of at least 10 kilogram force
(kgtf). In a second embodiment, the glass enclosure has a
Vickers median/radial crack mmitiation threshold of at least
about 20 kgt and, 1n a third embodiment, the glass enclosure
has a Vickers median/radial crack initiation threshold of at
least about 30 kgt. Unless otherwise specified, the Vickers
median/radial crack threshold 1s determined by measuring
the onset of median or radial cracks 1n 50% relative humidity
at room temperature.

In another embodiment, the glass enclosures described
herein are non-frangible. As used herein, the term “non-
frangible” means that the glass enclosures and the glass
comprising the glass enclosures do not exhibit forceful
fragmentation upon Iracture. Such forceful fragmentation 1s
typically characterized by multiple crack branching with
ejection or “tossing” of small glass pieces and/or particles
from the glass enclosure in the absence of any external
restraints, such as coatings, adhesive layers, or the like.
More specifically frangible behavior i1s characterized by at
least one of: breaking of the strengthened glass article (e.g.,
a plate or sheet) into multiple small pieces (e.g., =1 mm); the
number of fragments formed per unit area of the glass
article; multiple crack branching from an initial crack in the
glass article; and violent ejection of at least one fragment a
specified distance (e.g., about 5 cm, or about 2 inches) from
its original location; and combinations of any of the fore-
going breaking (size and density), cracking, and ejecting
behaviors. The glass enclosure and the glass comprising the
enclosure are deemed to be substantially non-frangible 1f
they do not exhibit any of the foregoing criteria.

The strengthened glass comprising the glass enclosure can
be strengthened by either thermal or chemical processes
known 1n the art. The glass, in one embodiment, can be
thermally tempered by heating the glass at a temperature that
1s between the strain point and the softening point of the
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glass, followed by cooling to room temperature. In another
embodiment, the glass 1s chemically strengthened by 1on
exchange i which smaller metal ions 1n the glass are
replaced or “exchanged” by larger metal 1ons of the same
valence within a layer of the glass that extends from the
outer surface of the glass to a depth below the surface
(commonly referred to as the “depth of layer” or “DOL”).
The replacement of smaller 1ons with larger 10ns creates a
compressive stress within the layer. In one embodiment, the
metal ions are monovalent alkali metal ions (e.g., Na™, K™,
Rb+, and the like), and 1on exchange i1s accomplished by
immersing the glass in a bath comprising at least one molten
salt (e.g., KNO;, K,SO,, KCI, or the like) of the larger metal
ion that 1s to replace the smaller metal 10n or 10ns (e.g., Na™
ions) 1n the glass. Alternatively, other monovalent cations
such as Ag™, T17, Cu™, and the like can be exchanged for the
alkal1 metal cations 1n the glass. The 1on exchange process
or processes that are used to strengthen the glass can include,
but are not limited to, immersion 1n a single bath or multiple
baths of like or different compositions with washing and/or
annealing steps between immersions.

The depth of the compressive stress layer (depth of layer)
present 1n 1on-exchanged glasses prevents the propagation of
flaws at or near the surface of the glass. Glasses such as soda
lime silicate and alkali aluminosilicate glasses deform with
a high shear band density. Such behavior 1s known to lead
to crack nucleation and propagation in the non-ion
exchanged versions of such glasses. An example of shear
fault formation and crack 1nitiation 1s shown 1n FIGS. 3a and
3b. FIGS. 3a and 3b are top and side (1.e., cross-sectional)
views, respectively, ol a 1 kilogram force (kgl) Vickers
indentation 305 1n a soda lime silicate glass that has not been
ion exchanged. Radial cracks 310 extend from the Vickers
indentation 305 (FIG. 3a) and shear deformation zone A.
Lateral cracks 317, median cracks 319, and subsurface shear
faults 315 are seen 1n the side view of the glass (FIG. 3b).
Shear faults 315 serve as initiation sites for lateral and
median cracks 317, 319.

The compressive stress created 1n the surface layers of 1on
exchanged glasses prevents or mitigates the propagation of
nucleated cracks, but does not totally eliminate shear defor-
mation. FIG. 4 1s a cross-sectional view of a 1 kgl Vickers
indentation of an i1on-exchanged soda lime silicate glass
having a compressive stress of 400 MPa and a depth of layer
of 13 um. Although mitigated, deformation still occurs by
the shearing mechanism and leads to crack initiation, as seen
in the shear deformation zone A. The compressive layer
prevents radial cracks 310 from extending far away from
their nucleation sites in the shear deformation zone A. Under
flexural loading, subsurface cracks 415 overcome the com-
pressive stress created by 1on exchange and propagate into
the central tensile region of the glass, thereby causing
failure.

To improve the mechanical properties of glass enclosures
beyond those of currently available 1on-exchanged glasses,
a glass having higher damage resistance 1s needed. Accord-
ingly, the glass enclosure described herein comprises an
ion-exchanged glass that does not exhibit deformation by
subsurface shear faulting, but instead exhibits indentation
deformation by densification when submitted to an inden-
tation load of at least 500 gif, which makes flaw/crack
initiation more diflicult. An example of deformation by
densification 1s shown 1n FIGS. 5a and 3b, which are top and
side views, respectively, of a 1 kilogram force (kgl) Vickers
indentation 1n an alkaline earth aluminoborosilicate
(EAGLE XG™_ manufactured by Corning, Inc.) glass that

has not been strengthened by 10n exchange. The top view
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(FIG. 5a) shows no radial cracks extending from the Vickers
indentation 505. As seen 1n the cross-sectional view (FIG.
5b), the glass deforms primarily by densification (region “B”
in FIG. 5b) with no shear faulting. A top view of a 30 kgf
Vickers indentation of an aluminoborosilicate glass having
the composition: 64 mol % S10,, 14.5 mol % Al,O;, 8 mol
% B,0O;, 11.5 mol % Na,O, and 0.1 mol % SnQO,; wherein
the ratio (Al,O;+B,0;)/X(modifiers), with Al,O;, B,O;,
and Na,O modifier concentrations expressed in mol %, 1s
1.96, and strengthened by 1on exchange by immersion 1n a
molten KNO; salt bath at 410° C. for 8 hours 1s shown 1n
FIG. 6. At maximum load, the indenter tip has a depth of
about 48 um. No radial cracks extend from Vickers inden-
tation 605.

The densification mechanism described hereinabove can
be attributed to the absence or lack of non-bridging oxygens
(NBOs) 1n the glass structure, high molar volume (at least 27
cm /mol), and low Young’s modulus (less than about 69
GPa) of the glass. In the aluminoborosilicate glasses
described herein, a structure having substantially no non-
bridging oxygens (NBO-free) 1s achieved through compo-
sitions 1n which the relationship

Al,On (mﬂl %) + B> Ox (HlDl %)
o>
zmodifiers (mol %) ’

(1)

where Al,O; and B,O; are intermediate glass formers and
alkali metal (e.g., 11,0, Na,O, K,O, Rb,0O, Cs,0) and
alkaline earth metal oxides (e.g., MgQO, Ca0O, SrO, BaQO) are
modifiers, 1s safisfied. Such modifiers are intentionally or
actively included in the glass composition, and do not
represent 1mpurities that are inadvertently present in the
batched material used to form the glass. To obtain sufficient
depth of layer and compressive stress by 10n exchange, it 1s
preferable that 0.9<R,0/Al,0;<1.3, wherein Al,O; and
R,O modifier concentrations are expressed in mol %. Given
a particular compressive stress and compressive depth of
layer, any 1on-exchangeable silicate glass composition that
obeys equation (1) and contains alkali metals (e.g., Li*, Na™,
K™) should have a high resistance to both crack initiation and
crack propagation following 1on exchange. Prior to 1on
exchange, such aluminoborosilicate glasses have a Vickers
median/radial crack mitiation threshold of at least 500 gf
and, 1n one embodiment, the glasses have Vickers median/
radial crack imtiation threshold of at least 1000 gf.

In some embodiments, the glass enclosure comprises,
consists essentially of, or consists of a strengthened glass
that, when 10n exchanged, 1s resistant to damage, such as
crack mitiation and propagation. The glass comprises at least
50 mol % S10, 1 some embodiments, at least 38 mol %
S10, 1n some embodiments, at least 60 mol % S10, 1n other
embodiments, and includes at least one alkali metal modi-
fier, wherein the ratio (AL O;+B,0;)/ Y (modifiers)>1,
wherein Al,O,, B,0O;, and modifier concentrations are
expressed 1n mol %, and wherein the modifiers are selected
from the group consisting of alkali metal oxides and alkaline
earth metal oxides. In some embodiments, (Al,O;+B,0,)/
Y(modifiers)=1.45. As the value of this ratio increases, the
damage resistance of the glass increases. In addition, an
increase 1n the ratio or a substitution of B,O,; for AL, O,
results 1n a decrease 1 Young’'s modulus. In one embodi-
ment, the Young’s modulus of the aluminoborosilicate glass
1s less than about 69 GPa. In one embodiment, the Young’s
modulus of the aluminoborosilicate glass 1s less than about
65 GPa. In another embodiment, the Young’s modulus of the
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aluminoborosilicate glass 1s 1n a range from about 57 GPa up
to about 69 GPa. In another embodiment, the strengthened
glass of the glass enclosure has a compressive stress of at
least about 400 MPa and a depth of layer of at least about 13
um, 1n another embodiment, at least about 235 um, and, 1n yet
another embodiment, at least about 30 um.

In one embodiment, the glass enclosure comprises, con-
sists essentially of, or consists of an 1on exchangeable
aluminoborosilicate glass that has been strengthened, for
example, by 1on exchange. As used herein, “ion exchange-
able” means that a glass 1s capable of exchanging cations
located at or near the surface of the glass with cations of the
same valence that are either larger or smaller 1n size. In a
particular embodiment, the aluminoborosilicate glass com-
prises, consists essentially of, or consists of: 50-72 mol %
S10,; 9-17 mol % Al,O;; 2-12 mol % B,0;; 8-16 mol %
Na,O; and 0-4 mol % K,O, wherein (Al,O;+B,0;)/2(modi-
fiers)>1, and has a molar volume of at least 27 cm”/mol. In
another embodiment, the aluminoborosilicate glass com-
prises, consists essentially of, or consists of: 60-72 mol %
S10,; 9-16 mol % Al,O;; 5-12 mol % B,0;; 8-16 mol %
Na,O; and 0-4 mol % K,O, wherein the ratio of concentra-
tions of Al,O; and B,O, to the total concentrations of
modifiers, (Al,O;+B,05)/2X(modifiers), 1s greater than 1,
and has a molar volume of at least 27 cm”/mol. In the above
embodiments, the modifiers are selected from alkali metal
oxides (e.g., L1,0, Na,O, K,O, Rb,0, Cs,0) and alkaline
earth metal oxades (e.g., MgQO, Ca0O, SrO, BaO). In some
embodiments, the glass further includes 0-5 mol % of at
least one of P,O., MgQO, Ca0, SrO, BaO, Zn0O, and Zr(,. In
other embodiments, the glass 1s batched with 0-2 mol % of
at least one fining agent selected from a group that includes
Na,SO,, Na(l, NaF, NaBr, K,SO,, KCl, KF, KBr, and
SnO,. The aluminoborosilicate glass 1s, 1n some embodi-
ments, substantially free of lithium, whereas 1n other
embodiments, the aluminoborosilicate glass 1s substantially
free of at least one of arsenic, antimony, and barium. In other
embodiments, the aluminoborosilicate glass 1s down-draw-
able by processes known 1n the art, such as slot-drawing,
fusion drawing, re-drawing, and the like, and has a liquidus
viscosity of at least 130 kilopoise.

Various non-limiting compositions of the aluminoboro-
silicate glasses described herein are listed 1n Table 1. Table
1 also includes properties measured for these glass compo-
sitions. Crack mitiation thresholds were measured by mak-
ing multiple indentations (indents) in the glass using a
Vickers diamond indenter loaded onto the surface. The load
was 1ncreased until formation of median or radial cracks
extending out from the corners of the indent impression was
observed at the surface of the glass in greater than 50% of
indents. Crack imtiation thresholds for the samples listed 1n
Table 1 are plotted 1n FIG. 7 as a function of ALLO;+B,0O5;—
Na,O 1n the glass samples.

Samples a, b, ¢, and d 1n Table 1 have compositions that
are nominally free of non-bridging oxygens; 1.e., AL,O,+
B,0O;—Na,O, or AlL,O;+B,0;—Na,0=0 (@(1.e. (ALO;+
B,O,)X(modifiers)=1). Regardless of whether B,O; or
Al,O; 15 used to consume the NBOs created by the presence
of the Na,O modifier in these sample compositions, all of
the above samples exhibited low (1.e., 100-300 gf) crack
initiation thresholds.

In samples e and {, however, an excess of B,O; 1s created
by increasing the Al,), content while decreasing the con-
centration of alkali metal oxide modifiers. For samples e and
f, (Al,O;+B,0;)/X(modifiers)>1. In these samples, the
crack mitiation threshold increases dramatically, as shown 1n
FIG. 7. Specifically, sample e exhibited a crack initiation
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threshold of 700 gf prior to strengthening by 1on exchange,
whereas sample 1 exhibited a crack initiated threshold of
1000 gf prior to strengthening.

Non-limiting examples of the aluminoborosilicate glasses
described herein are listed Table 2, which lists various

compositions and properties of glasses. Several composi-
tions (34, 35, 36, 37, 38, and 39), when 1on exchanged, have
crack initiation thresholds that are less than 10 kgf. These
compositions are therefore outside the scope of the disclo-
sure and appended claims and thus serve as comparative
examples. Among the properties listed in Table 2 1s the
coellicient of thermal expansion (CTE), given in units of
1x1077/° C. CTE 1is one consideration that is taken into
account when designing devices that develop minimal ther-
mal stresses upon temperature changes. Glasses having
lower C1Es are desirable for down-draw processes (e.g.,
fusion-draw and slot-draw) to minimize sheet distortion
during the drawing process. The liquidus temperature and
corresponding liquidus viscosity (expressed i kP (kilo-
poise) or MP (megapoise)) indicate the suitability of glass
compositions for hot forming the glass into sheets or other
shapes. For down-draw processes, it 1s desirable that the
aluminoborosilicate glasses glass described herein have a
liquidus viscosity of at least 130 kP. The 200P temperature
1s the temperature at which the glass has a viscosity of 200
Poise, and 1s the process temperature typically used in
manufacturing to remove gaseous inclusions (fining) and
melt any remaining batch materials. The columns labeled 8
and 15 hr DOL and CS 1n Table 2 are the depth of the
compressive layer and the surface compressive stress result-
ing from 1on exchange in 100% KNO; at 410° C. 1n 8 and
15 hours, respectively.

To maintain desirable 1on exchange properties for the
glasses described herein, the total alkali metal oxide modi-
fier concentration should equal that of Al,O; and any excess
(Al,O;+B,0,) that 1s needed should be made up with B,O,
alone to 1ncrease the crack initiation load. For optimum 10n
exchange, the aluminoborosilicate glass should the total
concentration of alkali metal oxide modifiers should equal
that of alumina—i.e., (L1,0+Na,O+K,O+Rb,0+Cs,O)
—AIL,O,— to achieve the greatest compressive stress and
depth of layer, with excess B,O; to improve damage resis-
tance of the glass. However, excess B, content should be
balanced against the rate of 1on exchange. For deep
(e.g.,>20 um) 10n exchange, the B,O, concentration should,
in some embodiments, be less than that of Al,O,. To achieve
the lowest level of melting defects such as undissolved batch
or gaseous 1nclusions, 1t 1s best to that R,0O/Al,0,>1.0 and,
preferably, between 1.05zR,0/Al1,0,;=1.2. Since this con-
dition would create NBOs, given by R,O—Al,0O;, enough
B,O; should, in some embodiments, be added to consume
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the excess modifiers (1.e., B,O;>R,0—Al1,0;) to maintain
damage resistance. More preferably, B,O,>2(R,0—Al,0,).

Divalent cations can be added to lower the 200 P tem-
perature (1.e., the typical melting viscosity) of the alumino-
borosilicate glass and eliminate defects such as undissolved
and/or unmelted batch materials. Smaller divalent cations,
such as Mg”*, Zn”*, or the like are preferable, as they have
beneficial impact on the compressive stress developed dur-

ing 1on exchange of the glass. Larger divalent cations such
as Ca**, Sr**, and Ba** decrease the ion exchange rate and

the compressive stress achieved by 1on exchange. Likewise,
the presence of smaller monovalent cations such as Li1* 1n the
glass can have a positive eflect on the crack iitiation
threshold, whereas larger 1ons such as K™ are not as desir-
able. In addition, whereas small amounts of K,O can
increase the depth of layer of the compressive stress region,
high concentrations of larger monovalent ions such as K*
decrease compressive stress and should therefore be limited
to less than 4%.

The aluminoborosilicate glass described herein comprises
at least 50 mol %, 58 mol % S10, 1n some embodiments, and
in other embodiments, at least 60 mol % S10,. The S10,
concentration plays a role in controlling the stability and
viscosity of the glass. High S10, concentrations raise the
viscosity of the glass, making melting of the glass difficult.
The high viscosity of high S10,-containing glasses frustrates
mixing, dissolution of batch materials, and bubble rise
during fining. High S10, concentrations also require very
high temperatures to maintain adequate flow and glass
quality. Accordingly, the S10, concentration in the glass
should not exceed 72 mol %.

As the S10, concentration 1n the glass decreases below 60
mol %, the liquidus temperature increases. The liquidus
temperature of S10,—Al,O,—Na,O compositions rapidly
increases to temperatures exceeding 1500° C. at S10, con-
tents of less than 50 mol %. As the liquidus temperature
increases, the liquidus viscosity (the viscosity of the molten
glass at the liquidus temperature) of the glass decreases.
While the presence of B,O; suppresses the liquidus tem-
perature, the S10, content should be maintained at greater
than 50 mol % to prevent the glass from having excessively
high liquidus temperature and low liqudus viscosity. In
order to keep the liquidus viscosity from becoming too low
or too high, the S10, concentration of the gasses described
herein should therefore be within the range between 50 mol
% and 72 mol %, between 58 mol % in some embodiments,
and between 60 mol % and 72 mol % 1n other embodiments.

The S10, concentration also provides the glass with
chemical durability with respect to mineral acids, with the
exception of hydrofluoric acid (HF). Accordingly, the S102
concentration 1n the glasses described herein should be
greater than 50 mol % 1n order to provide suflicient dura-

bility.

TABLE 1

C-::nmpc:siti-:rns and pr-:rperties of alkali aluminoborosilicate glasses.

Mol %

S10,

Al,O,

B->0;

Na,O

Sno,

Al,O; + B,O; - Na,O
Strain Point (° C.)
Anneal Pomnt (° C.)
Softening Point (° C.)

a b C d e f
64 64 64 64 64 64
0 6 9 15 12 13.5
18 12 9 3 9 9
18 18 18 18 15 13.5
0.1 0.1 0.1 0.1 0.1 0.1
0 0 0 0 6 9
537 527 524 570 532 548
575 565 564 619 577 605
711 713 730 856 770 878
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TABLE 1-continued
Compositions and properties of alkali aluminoborosilicate glasses.
Mol % a b C d e f
Coefficient of Thermal Expansion (x10~7/ 81.7 81.8 84.8 88.2 78 74.1
°C.)
Density (g/cm?® 2493 2461  2.454 2437 2394 2.353
Crack Initiation Load (gf) 100 200 200 300 700 1100
Vickers Hardness at 200 gf 511 519 513 489 475
Indentation Toughness (MPa m 0.5) 0.64 0.66 0.69 0.73 0.77
Brittleness (um 0.5) 7.8 7.6 7.3 6.6 6
IX at 410° C. for 8 hrs in 100% KNO;
DOL (um) 10.7 15.7 20.4 34.3 25.6 35.1
CS (MPa) 874 795 773 985 847 871
TABLE 2
Table 2. Compositions, expressed i mol %, and properties of alkali aluminoborosilicate glasses.
Composition (mol %)
Sample  S10, AlLO; B50; L1,0 Na,0O KO MgO CaO P,0O5 SnO, ZnO ZirO,
1 64.0 13.5 8.9 134 0.0 0.0 0.0 0.10 0.00
2 65.7 12.3 9.0 11.5 1.3 0.0 0.0 0.10 0.00
3 65.7 12.3 9.0 9.5 3.3 0.0 0.0 0.10 0.00
4 65.7 12.3 9.0 12.8 0.0 0.0 0.0 0.10 0.00
5 64.0 13.0 8.9 13.9  0.00 0.02  0.05 0.10 0.00
6 64.0 13.5 8.9 134  0.00 0.02  0.04 0.10 0.00
7 64.0 14.0 8.9 12.9  0.00 0.02  0.04 0.10 0.00
8 64.0 14.5 7.9 134  0.00 0.02  0.04 0.10 0.00
9 64.0 12.5 9.9 134  0.00 0.02  0.04 0.10 0.00
10 64.0 13.5 8.9 11.4  2.01 0.02  0.04 0.10 0.00
11 64.0 14.5 7.0 144  0.00 0.00  0.05 0.10 0.00
12 64.0 13.5 7.9 134  0.00 1.00  0.05 0.10 0.00
13 63.3 12.3 9.8 12.3 0.99 0.00  0.02 0.15 0.02
14 64.0 13.5 8.5 14.0  0.00 0.10
15 64.0 12.5 10.0 13.0  0.50 0.10
16 64.0 13.5 9.0 12.5 1.00 0.10
17 64.0 13.5 9.0 13.5 0.00 0.10
18 65.7 11.8 9.5 11.5 1.3 0.0 0.0 0.05 0.00
19 64.0 12.5 10.9 124  0.00 0.00  0.04 0.10 0.00
20 64.0 13.5 8.0 14.5 0.00 0.10
21 64.0 13.5 8.9 134 0.0 0.0 0.0 0.10 0.00
22 63.9 13.0 5.0 11.0 3.0 4.0 0.0 0.10 0.00
23 65.7 11.8 10.0 11.0 1.30 0.02  0.04 0.05 0.00
24 65.7 11.3 10.0 11.5 1.3 0.0 0.0 0.05 0.00
25 65.7 10.7 10.6 11.5 1.30 0.02  0.05 0.05 0.00
26 64.0 13.5 6.0 134  0.00 3.02  0.06 0.10 0.00
27 64.0 13.5 7.0 15.5 0.00 0.10
28 65.7 12.3 10.0 10.5 1.30 0.02  0.04 0.05 0.00
29 64.0 12.0 11.9 11.9  0.00 0.00  0.04 0.10 0.00
30 64.0 14.0 6.0 11.4  2.50 2.02  0.05 0.10 0.00
31 64.0 13.5 7.0 134  0.00 2.01 0.06 0.10 0.00
32 64.0 12.0 8.9 14.9 0.0 0.0 0.0 0.10 0.00
33 62.0 14.0 6.0 12.9  3.01 2.01 0.05 0.10 0.00
34 64.1 13.2 5.6 12.2  2.83 1.89  0.05 0.09 0.00
35 64.0 12.5 6.0 12.9  2.50 2.02  0.05 0.10 0.00
36 63.1 13.6 5.8 12.6 292 1.95 0.05 0.10 0.00
37 64.0 12.5 5.5 14.9 3.0 0.0 0.0 0.10 0.00
38 64.0 13.0 6.0 124  2.50 2.01 0.05 0.10 0.00
39 65.7 10.3 11.0 11.5 1.30 0.02  0.05 0.05 0.00
40 61.8 12.9 10.3 0.0 13.9 1.03 0.00 0.0 0.0 0.12 0.00 0.0
41 62.6 12.6 10.1 0.0 13.6 1.01 0.00 0.0 0.0 0.12 0.00 0.0
42 63.3 12.4 9.9 0.0 134  0.99 0.00 0.0 0.0 0.12 0.00 0.0
43 64.0 12.1 9.7 0.0 13.1 0.97 0.00 0.0 0.0 0.12 0.00 0.0
44 63.3 11.4 9.9 0.0 134  0.99 0.00 0.0 1.0 0.12 0.00 0.0
45 63.3 10.4 9.9 0.0 134  0.99 0.00 0.0 2.0 0.12 0.00 0.0
46 62.7 12.2 9.8 0 12.2 098 1.96  0.00 0 0.12 0.00 0
47 61.5 12.0 9.6 0 12.0 096 3.84  0.00 0 0.12 0.00 0
48 62.7 12.2 9.8 0 12.2 098 0.00  0.00 0 0.12 2.0 0
49 61.5 12.0 9.6 0 12.0 096 0.00  0.00 0 0.12 3.8 0
50 62.7 12.2 9.8 0 12.2 098 0.98  0.00 0 0.12 0.98 0
51 63.9 12.5 10.0 0 12.5 1.00 0.00  0.00 0 0.12 0.00 0
52 64.1 16.9 2.1 15.6 1.01 0.02  0.12 0.10
53 64.0 16.4 2.1 16.3 1.01 0.02  0.13 0.10
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Table 2. Compositions, expressed i mol %, and properties of alkali aluminoborosilicate glasses.

59.9
50.5
52.3
55.2

Total

100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
99.00
100.1
100.1
100.1
100.1
100.0
100.0
100.1
100.0
100.0
100.0
100.0
100.0
100.0
100.1
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
100.0
99.9

Strain
pt. (° C.)

548
543
524
538
539
548
559

16.5
20.2
19.4
20.3

ROV/(ALO, +

Anneal
pt. (° C.)

605
603
580
593
590
605
01%

13

0.6
9.8
9.3
9.7

(R,O +
B503)

0.602
0.606
0.606
0.605
0.639
0.602
0.567
0.602
0.602
0.602
0.676
0.676
0.601
0.636
0.600
0.600
0.600
0.606
0.533
0.674
0.602
1.002
0.569
0.606
0.606
0.850
0.756
0.533
0.502
0.804
0.75%
0.717
0.903
0.903
0.949
0.903
1.002
0.897
0.606
0.644
0.644
0.644
0.644
0.644
0.644
0.689
0.77%8
0.600
0.600
0.644
0.600
0.877
0.940
0.727
0.647
0.659
0.487

Softening
pt. (° C.)

878

824
864
8&5

TABL

16.2
19.4
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H 2-continued

0.5 0.0

R,O/Al,O;

CTE x
10" K}

74.1

76.0
72.8
69.9

0.997
1.046
1.046
1.045
1.074
0.997
0.926
0.929
1.076
0.998
0.997
0.997
1.077
1.037
1.080
1.000
1.000
1.090
0.996
1.074
0.997
1.076
1.048
1.138
1.203
0.997
1.14%
0.964
0.997
0.998
0.996
1.246
1.141
1.141
1.237
1.141
1.438
1.151
1.249
1.160
1.160
1.160
1.160
1.261
1.381
1.080
1.080
1.080
1.080
1.080
1.080
0.979
1.052
1.013
0.960
0.974
0.719

Liquidus
T (° C.)

<750
<750
<750

0.1

(AlLO5 +
B>03)/(R,0 +

RO)

1.661
1.651
1.651
1.652
1.564
1.661
1.764
1.661
1.662
1.660
1.480
1.479
1.665
1.571
1.667
1.667
1.667
1.652
1.8°77
1.483
1.661
0.99%
1.759
1.651
1.651
1.176
1.323
1.875
1.994
1.244
1.319
1.395
1.108
1.108
1.053
1.108
0.99%
1.115
1.651
1.552
1.552
1.552
1.552
1.552
1.552
1.452
1.286
1.667
1.667
1.552
1.667
1.141
1.064
1.375
1.546
1.519
2.055

Liquidus
Viscosity
(Mpoise)

>1786
>9706

- ===

Density

200

(°C.)

1694

1690
1680

1684

g/em’

2.353
2.347
2.345
2.346
2.363
2.355
2.335
2.363
2.354
2.356
2.376
2.369
2.346

2.346
2.353

2.354
2.407
2.336
2.347
2.349
2.395

2.331
2.326
2.392
2.385
2.394
2.41%
2.409
2.414
2.411
2.444
2.406
2.431
2.35%
2.355
2.352
2.350
2.356
2.35%
2.369
2.386
2.395
2.432
2.383
2.354
2.425
2.433
2.399
2.412
2.413
2.399

Elastic

poise T modulus
(GPa)

62.3

63.4
62.2
62.7

0.0

Molar

Volume
cm>/mol

28.44
28.47
28.77
28.31
28.23
28.41
28.74
28.45
28.29
28.67
28.27
28.12
28.41

28.4
28.34

28.43
27.62
28.54
28.32
28.21
27.56

28.08
28.02
28.11
27.81
27.7

277.89
27.82
27.601
27.88
27.5

27.78
27.21

28.48
28.46
28.42

28.03
27.62
28.06
27.75
28.04
28.04
28.07
277.89
28.32
28.97
28.73
29.09

Shear

14

modulus

(GPa)

25.6

26.1
25.6
25.7
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2%
29
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31
32
33
34
35
36
37
3%
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
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H 2-continued

Table 2. Compositions, expressed i mol %, and properties of alkali aluminoborosilicate glasses.

560
528
534
563
546
542
547
523
539
569
518
522
545
546
556
521
517
513
564
547
528
509
557
550
532
538
540
533
538
522
537
521
517
518
520
519
508
500
524
526
507
507
513
489
666
620
S8

559.0
559.0
577.0

Poisson

ratio

0.219

0.21
0.21
0.21
0.21
0.223
0.209
0.216
0.219
0.214

sl ND tn L

0.212
0.224

0.217

0.222

625
577
590
620
599
597
600
574
595
628
570
578
596
604
60%
575
568
561
616
594
587
563
613
603
STT
587
591
581
588
564
586
561
567
569
572
571
556
547
573
573
557
554
562
539
726
679
643
609.0
610.0
631.0

Pre-IX Crack

893
804
864
900
804

820
874

871
864
831
798
777
872

883
826
882
802
770
830
839
803
830
754
827
739
805
811
831
824
785
785
809
791
796
781
795
791
1016
969
905

849.5
841.0
R77.7

mmitiation

load (gf)

1100
600
600
800

S00-]
500-
500-

000
000
000

500-

000

72.1
74.0 <730
78.4 <745
0.0 <715
74.8 <715
75.4
75.7 <720
<745
<720
<720
72.8
70.3 <705
78.2 <700
72.0 <700
81.8 1115
73.8
75.2
73.2
73.0 1050
<745
68.9
69.9 <745
79.5 975
75.4 045
78.0 R65
R7.7 <710
82.1 <730
84.9 <710
R5.7 <720
91.2 <710
82.1 <720
R3.7 820
79.4 <720
75.4 <710
74.0 <745
76.4 <700
76.0 <710
75.7 <745
74.5 <750
74.8
74.7 <700
74.0 955
75.4 <730
<710
R8.8 <930
9.3 1010
R7.4 1050
74.4
92.4
68.9
CS! DOL!
IX R hrs IX 8 hrs
(MPa) (um)
871 35.1
803 38.8
816 38.8
R03 36.1
R68 40.3
752 34.8
722 47.8
924 46
839 36.2
775 43.5
850 38.5
738 33.7
763 40.7
R08 40.5
691 33.7
R68 37.1
824 35.8
771 50.6

>474

>132346
>11212

>100

=663
4.72

>885
>518
>1212

>1698
1.26

1662

2053

>500
8.2
0.86

CS?
IX 15 hrs
(MPa)

762
782
701
840
707
O&7
877
790
732
792
086
716
757

641
810

747

1650

1732
1655
1669

1692

1665

1702
1663

1648
1689

1614
1671
1634
1663

1653
1480

166%

1679

1743
1727
1628

DOIL2,
IX 15 hrs

(um)

51.5
51.8
50.5
53.6
47.2
65.1
60.9
48.8
00.8
50.7
47.2
535.5
554

46.6
52.1

66

63.3
62.9
62.3
64.0
04.4
61.6

63.2
60.6

62.0

62.4
64.1
64.6
67.6

01.%
59.6
67.4
06.2
67.4
08.8
69.0
69.0
08.4
72.1
08.1
72.5
62.7
62.7
62.6
62.2
63.6
63.5

26.1
25.7
25.8
26.3
26.4
254

26.1
24.8

25.7

25.5
26.3
26.6
27.8

25.3
24.4
27.6
27.2
27.8
28.3
28.4
28.5
28.1
29.7
28.2
29.9

Damage
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Threshold (gf)”

>30000
>30000

29000
>30000

25000

21000



24
25
26
27
28
29
30
31
32
33
34
35
36
37
3%
39
40
41
42
43

45
46
47
48
49
50
51
52
53
54
55
56
57
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Table 2. Compositions, expressed i mol %, and properties of alkali aluminoborosilicate glasses.

0.21
0.21
0.21

&
6
7

0.221
0.219
0.219
0.217

0.21

0.216

0.21
0.21
0.21
0.2

7

7
5

0.208
0.213

Sample

O 00 ~1 O A W ho = OO 00 ] O W R

OG0 <] O o B D b o— OND G0 =] Oy I o b — D

B
— O

Damage Threshold (gf)*

500-1000

600

500-1000
300-500
300-500
300-500
200-300
200-300

>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000
>30000

25000
25000

20000-25000

20000
<25000

18000
15000
13000

10000
9000
8000
8000
6000
6000

19000
22000

8K/
8K/

623
791
870
847
814
825
794
801
747
803

694
707
690
089
611
533
806
753
712
720
716
574

1029
901
967
832

34.8
34.7

31.3
54.1
35.2
25.6
50.8
46.3
45.5
51.2
43.9
46.4

38.1
40.1
39.9
38.6
37.5
37.4
40.1
27

29.3
25

30.4
32.5

51.2
38.3
37.8
1%8.3

864
835

557
772
833

773
792
750
779
09%
761

06&
054
643
027
555
502
705
716
670
O8&
080
540

85&
964
790

Damage Threshold (gf)’

23000

11000

46.7
48

43
67.5
46.9

67

63.6
60.6
66.2
56.5
63.3

54.2
50.6
52.6
35

51.2
50.4
71.7
36.3
37.2
34.8
39.5
43.1

57.5
50.7
29

Damage 1]

30
30
29
30
30
30
30
30
30
30
30
30
30
30
30
30
30
25
25
25
23
22
21
20
20
20

D
-

I ON ON DO 00 AD O = L Lh 00 00

=
2 AD

20000
20000

18000

5000

10000-15000
10000-15000

10000-15000

hreshold (gf)
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Table 2. Compositions, expressed in mol %, and properties of alkali aluminoborosilicate glasses.

42 >30000
43

44 20000-25000
45

46 15000-20000
47 >30000
48 >30000
49 >30000
50 >30000

51 20000-25000
52

53

54 10000-15000
55 10000-15000
56 <10000
57 10000-15000

30

22.5

17.5
>3()
>30)
>3(0)
>30)

22.5

13.5

11.5

12.5

12.5

12.5

12.5

]Ccrmprf:s.sive stress (CS) and depth of layer (DOL) after ion exchange (IX) in 100% KNO5 at 4107 C. for 8 hrs.
?’CDmpressive stress (CS) and depth of layer (DOL) after ion exchange (IX) in 100% KNO5 at 410° C. for 15 hrs.

3After ion exchange (IX) in 100% KNO; at 410° C. for & hrs.
4After ion exchange (IX) in 100% KNO5 at 410° C. for 15 hrs.
>After ion exchange (IX) in 100% KNO; at 370 C. for 64 hrs.

Example

The following example 1llustrates features and advantages
of the glasses described herein, and 1s 1n no way mntended to
limit the disclosure or appended claims thereto.

The purpose of this example was to vernify that pre-ion
exchange crack resistance improves post-ion exchange
crack resistance 1 a glass. Samples of crack resistant

aluminoborosilicate glass having composition e 1n Table 1
(64 mol % S10,, 13.5 mol % Al,O,, 9 mol % B,0,, 13.5 mol
9% Na,QO, 0.1 mol % SnQO,) and a pre-1on exchange crack
initiation threshold of 1100 gram force (gf), were 1on
exchanged by immersion 1n a molten KNO; salt bath at 410°

C. for 8 hrs to achieve depths of layer DOL and compressive
stresses CS. One sample had a DOL of 55.8 um and a CS of

838 MPa, and another sample had a DOL of 35.1 um and a
CS of 871 MPa.

For purposes of comparison, samples of Corning
GORILLA™ Glass (an alkali aluminosilicate glass having
the composition: 66.4 mol % S10,; 10.3 mol % Al,O;; 0.60
mol % B,0O;; 4.0 mol % Na,O; 2.10 mol % K,O; 5.76 mol
% MgQO; 0.58 mol % CaO; 0.01 mol % ZrO,; 0.21 mol %
SnQ,; and 0.007 mol % Fe,(O3;) with a pre-ion exchange
crack iitiation threshold of 300 gf were then 10n exchanged
to closely match the compressive stress and depths of layer
of the samples having composition f, listed 1n Table 1. One

sample had a DOL of 34 uym and a CS of 751 MPa, and
another sample had a DOL of 35 um and a CS of 790 MPa.
Compressive stresses and depths of layer of the 1on
exchanged samples of composition f and GORILLA Glass
are listed 1n Table 3.

Following 1on exchange, Vickers crack initiation loads
were measured for each of composition { 1n Table 1 and the
GORILLA Glass samples. Post-ion exchange crack initia-
tion loads were measured using a Vickers diamond indenter
as previously described herein and are listed 1n Table 3. The
results of the crack initiation testing listed in Table 3
demonstrate that greater pre-1on exchange crack resistance
improves post-ion exchange crack resistance. The
GORILLA Glass 35 samples required loads of 5,000-7,000
gf to mitiate median/radial crack systems, whereas the
composition f samples required loads of greater than 30,000
of, or 4-6 times the load needed to 1mitiate such cracks in
GORILLA Glass samples, to mitiate median/radial crack
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systems. The GORILLA Glass samples fractured into sev-
eral pieces when the indentation load exceeded the measured

crack 1nitiation loads, and 1n all cases fracture was observed
by the point at which the load exceeded 10,000 gf. In

contrast, the composition f samples did not fracture at any of
the 1indentation loads (3,000 up to 30,000 gf) studied.

TABLE 3

Crack initiation loads of 1ion-exchanged glasses having
composition f (listed in Table 1) and Gorilla ® Glasses.

Pre-lon-Exchange Post-lon-

Crack Exchange Crack

Initiation Load DOL Compressive  Initiation Load
Glass (gh) (microns) Stress (VIPa) (gh)
Comp. 1100 55.8 838 30000+
Gorilla 300 54 751 7000
Glass
Comp. 1100 35.1 871 30000+
Gorilla 300 35 790 5000
Glass

While typical embodiments have been set forth for the
purpose of 1llustration, the foregoing description should not
be deemed to be a limitation on the scope of the disclosure
or appended claims. Accordingly, various modifications,
adaptations, and alternatives may occur to one skilled in the
art without departing from the spirit and scope of the present
disclosure or appended claims.

The mmvention claimed 1s:
[1. A glass comprising:
at least 38 mol % S10,;
at least 8 mol % Na,QO;
3.5-12 mol % B,0O,; and
Al,O;;

wherein a ratio

Al, Oz(mol %) + B,0O3(mol %)
Zmﬂdiﬁera(mﬂl %)

> |

2

the modifiers are one or more alkal1 metal oxide (R,0O) and
one or more alkaline earth oxide (RO);
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wherein Al,O; (mol %)>B,0; (mol %) and 0.9<R,0/
Al,0O;<1.3, wherein the glass 1s substantially free of
Li,O.]

[2. The glass of claim 1, wherein the glass is ion
exchanged and has a layer under a compressive stress of at
least about 600 MPa, the layer extending from a surface of
the glass into the glass to a depth of layer of at least about
30 pm.]

[3. The glass of claim 2, wherein the compressive stress
is at least about 800 MPa.}

[4. The glass of claim 2, wherein the glass has a Vickers
crack initiation threshold of at least about 30 kgf.]

[5. The glass of claim 1, wherein the glass is defined by
the equation

Al Oz(mol %) + B203(mol %) 1 45
> 1.45.
Zmﬂdiﬁers(mﬂl %)

]

[6. The glass of claim 1, wherein the glass comprises from
about 60 to 72 mol % S10,, about 9 mol % to about 17 mol

% Al,Q,, and about 8 mol % to about 20 mol % Na,O.}

[7. The glass of claim 1, wherein the glass comprises at
least one of MgQO, ZnQ, Ca0, SrO, and BaO ]

[8. The glass of claim 1, wherein the glass comprises
5.5-10 mol % B,0O,.]

[9. The glass of claim 1, wherein the glass comprises from
0 mol % to about 4 mol % K,O.}

[10. The glass of claim 1, wherein the glass is defined by
the following equation —3.7 mol %<X modiliers—
Al,05<2.99 mol %.]

[11. The glass of claim 1, wherein the glass is defined by
the following equation 1.0<R,0/Al,0,<1.3]

[12. The glass of claim 1, wherein the glass has a Young’s
modulus of less than about 69 GPa.]

[13. A glass comprising:

at least 58 mol % S10,;

at least 8 mol % Na,O;

2-12 mol % B,0O;; and

Al,O;;

wherein a ratio

Aleg (Hlﬂl %) + BgOg(I’I’lDl %)
s
Zmﬂdiﬁers(mﬂl %)

2

the modifiers are one or more alkali metal oxide (R,0O) and
one or more alkaline earth oxide (RO);
wherein 0.9<R,0/A1,03<1.3, Al,O; (mol %)>B,0; (mol
%), and wherein the glass 1s defined by the following
equation —3.7 mol %<¥ modifiers—Al,0;<2.17 mol
%.]
[14. The glass of claim 13, wherein the glass is defined by
the equation

Aleg (I'IIDI %) + BgO‘g (I'IIDI %) 1 45
= 1.9,
Zmﬂdiﬁers(mﬂl %)

]

[15. The glass of claim 13, wherein the glass comprises
from about 60 to 72 mol % S10,, about 9 mol % to about 17
mol % Al,QO,, and about 8 mol % to about 20 mol % Na,O.}
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[16. The glass of claim 13, wherein the glass comprises at
least one of MgQO, ZnO, Ca0, SrO, and BaO ]

[17. The glass of claim 13, wherein the glass comprises
3-10 mol % B,0,.]

[18. The glass of claim 13, wherein the glass is defined by
the following equation 1.0<R,0/Al,0;<1.3]

[19. The glass of claim 13, wherein the glass has a
Young’s modulus of less than about 69 GPa.]

[20. A glass comprising:

at least 58 mol % S10,;

at least 8 mol % Na,O;

2-10 mol % B,0O;;

Al,O3; and

wherein a ratio

Al O3 (mﬂl %) + B->O; (mﬂl %)
Zmﬂdiﬁers(mﬂl %)

> 1,

the modifiers are one or more alkal1 metal oxide (R,0O) and
one or more alkaline earth oxide (RO);
wherein 0.9<R,0/A1,0,;<1.3, and wherein the glass 1s
defined by the following equation —5.7 mol %<X
modifiers—Al,(05;<2.17 mol %.]
[21. The glass of claim 20, wherein the glass is defined by
the equation

Aleg (mﬂl %) - BzOg (HlDl %)
> 1.45.
Zmﬂdiﬁers(mﬂl %)

]

[22. The glass of claim 20, wherein the glass comprises
from about 60 to 72 mol % S10,, about 9 mol % to about 17
mol % Al,Q,, and about 8 mol % to about 20 mol % Na,O.]

[23. The glass of claim 20, wherein the glass comprises at
least one of MgQO, ZnQO, CaO, SrO, and BaO.}

[24. The glass of claim 20, wherein the glass comprises
3-10 mol % B,0,.]

[25. The glass of claim 20, wherein the glass is defined by
the following equation 1.0<R,0/Al,0,<1.3]]

26. An aluminoborosilicate glass comprising:

at least 58 mol % Si0,,

9-17 mol 9% Al,Q .,

2-12 mol Y% B,0;,

8-16 mol % Na,O;

>0-2 mol % SnQ,; and

0 mol 9% P,O;,

wherein

Al O3(mol %) + B> O3z;(mol %%6)
2modifiers (mol %)

wherein the modifiers are one or more alkali metal oxide
(R,0) and one or more alkaline earth metal oxide (RO),

wherein Al,QO; (mol 9%)>B,0; (mol %),

wherein 1<R,0 (mol %)/Al,0; (mol %)<1.3,

wherein the glass has a Vickers crack initiation threshold
of greater than 500 gf, and

wherein the glass is substantially free of lithium.

27. The glass of claim 26, wherein the glass comprises
from 60 to 72 mol % Si0.,.
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28. The glass of claim 26, wherein the glass is defined by
the equation wherein B,0; (mol %)>(R,0 (mol %)-Al,0;
(mol %)).

29. The glass of claim 26, wherein the glass is defined by
the equation

Al O3(mol %) + B>O3(mol %)
I < - < [.45.
2modifiers (mol %)

30. The glass of claim 26, wherein the glass has a molar
volume of at least 27 cm’/mol.

31. The glass of claim 26, wherein the glass is free of at
least one of arsenic, antimony, and barium.

32. The glass of claim 26, wherein the glass has a Vickers
crack initiation threshold of at least 1000 gf.

33. The glass of claim 26, wherein the glass, when ion

exchanged, has a Vickers crack initiation threshold of at
least 30 kgf.
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