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FI' M GLASS SUBSTRATE W TH REFRACTI ON | NDEX GRADI ENT

- AND METHOD FOR MAKI NG SAME 5 The present invention

relates to the field of optical glass. It relates nore
precisely to glass substrates having at |east one
pattern with a refractive index gradient obtained by
i on exchange. The production of gI ass substrates

avi ng one o atterns w refractive index
SASS 0B sRATF vt REF&ACF]B%I INDENGRAQIENTHAND METHOD
subj ect of 10 many deygkop Iﬂﬁ%purpose of which

is, in particular, tomcrease mn| urization and to

better control the optical perfornmance. d ass
substr es co rising such patterns are %ene
P

obt ai néd'%ohrese tp'l”B%'é fevaies do e Held ofeplisal @aﬁihéhr@éates more
8188 4 b it oS BBkdep 8o e

phadightaggainedtbyeion Exchaage of the pattern). lon
exchan has. be ears to produce

pat t er ng'® WA O%O?Q%rsﬁcstq 'é@("'@g KPP gaterss with a
péfractivesindbk grﬁd@ni %b@ﬁé@e@@%dtr@n%la@%ﬁbbﬁéﬁ Yhé rbq}bject of

certain ions Wth different polarizabilities
pramy sigvelopanandsi theeparpasensf wbiche isbire marheudehatcgelncrease
man ion pattern. 20 The

ﬁ'aiﬁczﬁgﬁgé}l' ogaa??ﬁetrgﬁﬁtgﬁl%s)?ppp@aqg mahge glass in a

bat h ofGlaes kabsteates Sobiprisii §u¢r08§ttéﬁnsaarél @herally obtalned by a
tenperature, generally between 200 and

pragassitaak camhbiaes @nophAxehaRge diosehtatn t@ﬁdﬁﬁ'ﬁg@vq @@I@x gradient)
ﬁﬂd ebiedt I‘ithS%rfdlp%brd tWo@&ce@IpWeLsﬁdoﬁ ??%Cﬁ%ﬁaﬁéa&fet@ﬁehﬁllass in the

I'on-‘exc I'S nown
sbase of the mtm’e) may be replaced with 25 potassium

copper and/mi~I lithiumions sge US- A-3 524 737, US-A-3

615 3220N 4XENBROR. hag hpemyyped 1ike WARY a6 tef Prasiice pattems

ha¥ihacd 'ré’ﬁadtﬂr@eﬁdbi‘ g{z&?eﬁt ﬂ'ﬁbla%%aéﬁcle'ﬁ I é'&stégﬁﬁd%g%fe based on

however . i s al so“known to~use m as
thenabitityt thahkeéamt ropm\sthbdilé‘erarrb potaaabilities dmvehit paréivelar alkali

T Rk
DHE |d)@@x§|ﬁ%ﬁ1'gi‘ani§%a‘i’lnec9 bagby tr'e@ﬂn@’ﬂ?@@ﬁ% iNal BhtR of Yr%ten salts of

ions makes it possible to achieve a“refractive
B@delorﬁoﬁb@f dighe temperatureshgeerally dstweer 200 tamd 550°C for a

PRV TR BB ol 03505 G X 4 ns may
appllé?ed foEcceldraathe ion-exchange rate. '

It is well known that the sodium ions of a glass may be replaced with
potassium, copper and/or lithium ions (see US-A-3 524 737, US-A-3 615 322
and US-A-3 615 323). The variation of the refractive index in the final glass
remains modest however.

It is also known to use thallium-as a dopant ion that makes it possible
to create zones that have a higher refractive index. Déspite its toxic nature,
thallium is the most widely used ion for carrying out ion exchange on glass.

lon exchange with silver ions makes it possible to achieve a refractive
index level comparabie to that which is obtained with thallium while avoidihg the
associated toxicity risks. Nevertheless, it is observed that soda-lime-silicate

glass develops an intense yellow coloration during the ion exchange caused by
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gl ass devel ops an intense yellow col oration during the

« ion exchange caused by r 2 the appearance of colloids
-~ resulting fromthe reduction of Ag+ ions to Ag, even

when the amount of silver is how Such coloration is
not acceptable for optical glass. Numerous solutions

hm/apbmnde‘oélcom@ds resuitieyg roretichesiactién ef Agbasiesto Ag®, even
these sol uti ons have consi'sted in

For the nost fr
M&@ﬁb ien@mogaﬁe pilver g% Jaw. Suppcslaratians issuet aeseptalde for optical
PL £at ment by ion exchange, especially conpositions of
e alkali-silicate glass type (US-A-3 873 408 and
US- A- 4 NiGRerddi37)scdutibnsfl hdve bozarsi Hevslbped! &ssSotereme these

US-A-3 8 630, US-A-4 952 037, US-A 958 810,
ﬁsa%@ i’% fﬁ@sﬂ}&%@ﬂ o%@%?ﬁP'UthSAhE%Q%f%i@isn dgposing
$Betific @13&056&\535@8@ suftabi@Yol ?ﬂé%%@f\yéftldl)r%éxtﬁﬁéﬁ@é‘, %specially

process has al so been proposed for
gempoaitiogs aff the siikhli-silicate glasschpe G)Dds3 BEB-4B0aRBWS-A-4 952

B3} pod ST hEES UL vabe BB RGR:S BRSERD. PBupr b2 037, Us-A

sr% st USA-6065278] NostAeoah gz 7omt auswmogfm%gms and
gcass with silver Tons originating froman outsi

2:905/(%1%W7@kes it possible to format |east one

orrhett Tteriy Ao B on i R YU bRgn proposed for

ﬁmltir@/\theq}eﬂbwtngomf 4 bada-limeasilicate gka EI@AS@ BBe 46Bhre
speci fi % the invention ains to tain a gl ass
subst r PPIge Wefo U’éﬁrﬁf@%eé’% "&Yeﬂt@ésiﬁ t@n@DNtﬂﬁ’ pdaass pubstrate

?%H%lﬂg & LYlﬂ:fér oc te 2 rpénlr ﬂr@&bhﬁ& ngr’cﬂg)%lkél?h?e{téél\r/%ns of the

gl ass si de ern
plass withegilwar ibosOoﬂ@inatnag dfecpmhagreattseie tsbarceqrwbiq;haknakes it

to and ht transm,ssion coefficient at 410
HWS(IQIC@)Af%orB} @ q%lqg} pafem, iy PavtgRy baving acceptable
Eé?f&%é\'iﬁéeﬁbﬁacﬁém é’rYdf@Iegfh %ﬂ@rtﬁa%ﬂfgea"véll@ﬁ BSloration that is as

i nvention by choosing the substrate fro
W@BBt&Sale!ttlhat have a specific glass conposition.

Sai d s osi t.ion.descri bed bel

That oM aricans, B ERERLOR B8 G B 2npesa Sivstrate that
@@mp%@@@isleéﬁ bhe |§@m@rﬁ'mlr@‘ at P&ridtlcRs i 'tﬁé’fr‘éﬁé’cttve index
outside of the silver pattern or patterns after

reiaﬂ@tﬂmﬁgﬁaw legatasheutside efdbemsdtec oneatar thami mrsequal to 0.03,

ﬁ et g@fﬁéteg Elﬁ‘?ﬁ W%éﬁ%ﬁh&(ﬁy& %Hg Fg}ﬁmbq}[smlssngn tosfficient at

e een{Elges) greater than or equal to 60%.

These objectives are achieved in accordance with the invention by
choosing the substrate from substrates that have a specific glass composition.
Said specific glass composition described below is that of the substrate before
the ion exchange and it corresponds to the composition of the glass located
outside of the silver pattern or patterns after the ion-exchange treatment.

In accordance with a first embodiment, the substrate is formed from a

glass having the following composition, in weight percentages:

Si0; : 67.0 -.73.0%, preferably 70.0 - 72.0%,;
Al>O3 0 - 3.0%, preferably 0.4 - 2.0%;
CaO 7.0 - 13.0%, preferably 8.0 - 11.0%;

MgO 0 - 6.0%, preferably 3.0 - 5.0%;
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SS2 67.0 - 73.0% preferably 70.0 - 72.0% A 203 0 -

. 3.0% preferably 0.4 - 2.0% CaO 7.0 - 13:0%

preferably 8.0 - 11.0% MOO - 6.0% preferably 3.0
- 5.0% 3 Na20 12.0 - 16.0% 3preferably 13.0 - 15. 0%
K20 0 - 4.0% Ti02 0-0.1% total iron (expressed as
Fe208)a,0 - 0.03% pref erably.0-489%, Brefditoly 8.02480%:
(FeQtgtal iron) 0.02 - 0.4, rgferably 0.02 - 0.2;
Sb20%2@ - 0.3% Cce2 0 -1.594.0dkd SB 0 - 0.8%

pref bly 0.2 - 0.6% The gl ass,.substrate according
to tﬁ.@ enbodi nent has, af't(gr@'tslr{(’é silver 10 ion

exc hm”ngldrora(texpdees?aas B, 00 - Oaﬂfﬁﬁr p&,fer@blgr&f.'oab F@019%;
the refractive index greater than or equal to 0.05,
pr of EROEH 0 SV OMIoM han or (biaD 4 orefepadly iz - 0.2
refragidye index is identigplpgauer the entire

t hi ckn%esgs/ of the glass V\/nesjei1 ?%fl on exchange is
carr Cef@zout . I n accordance Om1t5%aase¢cond enbodi nent,

t he strate is formed frgm a ass Vi he

foll %\l#gng conposition, in 1%#{?/"'653{%?@33) :‘8%00-2

60.0 - Ti s%ruﬁfsﬁé%bééfccﬁ&ing to thiz &Mbodethak® afer the silver
25.0% preferably 18.0 - 21.0% CaO 0 - 5% '
prrefexehange,oat the @ateny orattedng, predriationl ip thed rafrastive index

- HY% | . 0,40 3. 0% BaO 0 - ‘59
et tiar, of Sl 30,885, Bitpraot dpebe s8R sl o 0.08. The
Befodbtivedndex & ideblicalnsvel ehglenyirdl tHickneds Wthe Iglad Whére the ion

8. 0% &L,ef erably 3.0 - 5.0% 25 Na20 0 - 6%
gxehangdgisycanied gubo, advantageously 0 - 3.0% K20 O

- 5% q%%@@%@}%}'n&e%w 38%%?% E@@d@%@%ﬁ@é%ﬁ%g % f¥med from

Fe203) efera
a glass having the following composition, in weight percentages:
SiOq 60.0 - 72.0%, preferably 64.0 - 70.0%;
AlO3 15.0 - 25.0%, preferably 18.0 - 21.0%;
CaO 0 - 5%, preferably 0 - 1.0%;
MgO 0 - 5%, preferably 1.0 - 3.0%;
Zn0O 0 - 5%, preferably 1.0 - 3.0%;
BaO 0 - 5%, preferably 0 - 1.0%;
TiO, 0 - 5%, preferably 0 - 3.0%;
ZrO; 0 - 5%, preferably 1.0 - 4.0%;
Li,O 2.0 - 8.0%, preferably 3.0 - 5.0%;
Na,O 0 - 6%, preferably 0 - 5.0%,
advantageously 0 - 3.0%;
K0 | 0 - 5%, preferably 0 - 3.0%;
total iron (expressed as Fe;03) 0 - 0.1%, preferably O - 0.08%;
redox 0.02 - 0.6, preferably 0.02 - 0.4;
As:03 0-1.0%;
ZnS 0 -1.0%;
Sno, | © 0-1.0%; and

impurities (HfO,, Cr,03 and/or P,03) < 0.5%. _
Advantageously, the sum of the contents of Li,O, Na,O and K,O varies



10

15

20

25

30

redox 0.02 - 0.6, preferably 0.02 0.4; 30 As203 O -

«1.0% 2ZnS 0 - 1.0% Sn02 0 - 1.0% and inpurities

(Hf 02, Cr203 and/or P203) < 0.5% Advantageously, the
sum of the contents of Li20, Na20 and K20 varies 4
from3 to 10% A total content of these oxides bel ow

fiynimgkies10%. Portalbdentét ofolpledl M sbslohab %, fizkbs Bossible to
| ow t hermal expansi on coefficient a25-300, in

- patdin culsubsbatemtieat H8s andowwOtherhal exiiafsionhesefficieat 5300, in

content greater than 6% has .the effect of increasing -
pReicaribatvean 49 ank6? &ri0icKi' vehpreesa beytentigmate:, then 6% has

TR b3 RBBLAGH6a BFAIEH B b apiLERERRBerong 0.6

t her maThexpastssubstete bbterda toals éﬁ’&ﬁbrﬂeérﬂbb@%éht Has /after the
K-1, preferably between 30 and 45 x 10-7 K-1. In
athemridaexchaigd) sathennatiexrdarsibmenefficiehe osslbstbede 60sx 107 K,

formed froma glass having the follow ng conposition,
pref ﬁ@bé)hbeb@%b?ﬂ apegd >§L®Og|K02 60.0 - 80.0%

pr g(f)/oer @gl(%cg%?lce f@ﬂb S{ﬁlﬁg %&en&gt{% sﬂﬁ%&%ﬁ?lf&é from a

Glass hading meébl%mwlmlgy:dnmxtidmﬁn Ofe'fg%tt pedetiht@% s:1 %

BaO 4% MO 0 - 0% nprefer |l e 5%
Cgt@@ - 10. 0% preferabI%);Q §8 )/8 eraNX@GGO 80.0%;
00/ g%ef erably 0 - 2.0% OLI%%) Befelja 5Dr83j/erabl y

O% 25 i02 0 - 2.0% prefer esst anO 5%

t ot aB2@s on (expressed as F62GD3)16£D%, Ereteréblyptet erdtd%:;
8% redox (FeO’tot I

pref@f’1 bly 0.02 - %'oéb% pj_'ef%r%lﬁyéq!sg(stggp)p P

0. 052moand SC3 Iess than ®-2%9,:25 The gl ass substrate

according to this third enbodi nent has, after the

si | vBaOj on exchange, a thefrma#t%xpansi on coefficient

a25- 0@ bel ow 60 x 10-7 K-} _5 gy, preferably less than 0.5%:

NayO 6.0 - 10.0%, preferably 6.0 - 8.0%;

K20 0 - 4.0%, preferably 0 - 2.0%;

Li-O 0 - 1.0%, preferably 0%;

TiO, 0 - 2.0%, preferably less than 0.5%;

total iron (expressed as Fe,0;) 0 - 0.1%, preferably 0 - 0.08%;

redox (FeOftotal iron) 0.02 - 0.6, preferably 0.02 - 0.4;

MnO 0 — 0.1%, preferably 0 - 0.05%; and
. 803 ' less than 0.2%.

The glass substrate according fo this third embodiment has, after the

silver ion exchange, a thermal expansion coefficient o2s.300 below 60 x 107 K7,
preferably between 30 and 45 x 107 K.

Advantageously, the glass substrate according to the invention has, at
the ion pattern or patterns, a light transmission coefficient TL41g greater than or
equal to 80%, which corresponds to a slight yellow coloration.

Preferably, the substrate according to the invention has an exchangé
depth greater than or equal to 200 ym.

The process for manufacturing the glass substrate comprising one or
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preferably between 30 and 45 x 10-7 K-1.

- Advant ageousl y, the glass substrate according to the

invention has, at the ion pattern or patterns, a
l'ight transm ssion coefficients TL410 greater than or
30 equal to 80% which corresponds to a slight yellow

aabes i Riteri afserfakthy onb%gﬁéé@éf il Sre86RONGEMEbH.O the

i nvention has an exchange epth greater than or equal
to 200 Dis pronesproecayisesdhe stansf ecansiatinggnt he gl ass

Forme SN BRIRER 4o S Blide R Foh B PRrddé Source of

giweeBisconpri ses the steps consisting in: a) bringing
the glass substrate into contact with an outside
sour ce Rirsubigatipgrthe gviyle msggmelyblioct tempetatirethat waries from 200

. 0 S
TEEEPY DB SBEi o 1 ROTIh, e e o
edufiicienictirheebdatfloast sartibilyc repiticd thee alkaliahetabtiis with silver ions;

partially replace the alkali netal ions with silver
i ; and c) optionally subjecting the substrate to a

heat t j At j t ' '
et TR RBieRio! o S dfd 135 ettt Hbraer o
aliffiese ther silvenonsdgtdpallyainidhe yiasfs. one or nore  known

mol ten silver, salts,. for exanpl.e a.chloride o

ni tr at dn StereaL e elsige soures et sivghionsamay e & befiptane or more
HridviPndiien Siles teafts e fdrearRgibt 8dhidHde2Br 3 hittht®f The source of
patterns of predefined shape. The pattern may be

diiver i isyaprliggstopnersida of sharabstiatesin aepatternsgr an array of

Nl PR AR AT o iteliBfh T Zbe T RBInEU oy ans of the

goasce af diifvbrsorey) whisk theaphdd & gbomictlyss@ndiadot Bapplying the

I on-exchange treatnent and that has appropriate
df?éﬂﬂe gRatigsp, Shtky fRrAng Y draseirface tdietheagliees a diffusion mask

. L hani .

BRI IR o bRl TR g oroprat
amda(’ljmgsplbr ebtining thé shaﬁa afrﬂieeiloatte)“heﬂ'h_etméﬂc mEyrl]:)e,- for example,
conductive or resin mask, or else an ion nmask havin

2 JeGhanal dhaslo mare AScpisineg, & de knawp &ahaiaias, of ithography
i ! Lt . | Coni o .
oy fidnt0 d SSRCH, KSRGRREFS) £5yABoFaso o
Tor rsisle feypusia patthen fcongplemediarpftot e dasistd atatterm(s) that is

DGR o HldF 5B 5 oS i, B o oiythan the
FA6KiIligof the silver ions.

The side opposite the first side of the substrate in contact with the silver
ions is brought into contact with a bath of molten saits of a second ionic species
that aliows the diff_usion of the alkali metal ions coming from the glass, for
example sodium nitrate and/or potassium nitrate. Preferably, a mixture having
equal parts of sodium nitrate and potassium nitrate is used.

The outside source of silver ions may also be formed from a solid layer
based on metallic silver (Ag®) or ionic silver (Ag") deposed on one side of the
substrate in the desired pattern or array of patterns. The solid layer may be
depos'ited by known methods, for example by screen-printing- of a paste based
on metallic silver or of a paste comprising a silver salt, especially a silver

chloride, nitrate or sulfate, and a polymer, by sputtering metallic silver or by
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that allows the diffusion of the alkali netal ions -

. comng fromthe glass, for exanple sodiumnitrate

and/ or potassiumnitrate. Preferably, a m xture having
equal parts of sodiumnitrategand potassiumnitrate is
used. The outside source of silver ions may al so be
ﬁep@@tﬂngﬁ BABIicTOtdriphiatga s;%r Bak essutidIRtabive? oﬁldrhd%r hitrate
(Ag) or ionic silver (Ag+) deposed on oné side of
<) §§h‘@t§t andr2 PR MRS ﬁ@lwe}ﬁhbv(ﬂ treatmentr thpt aimpde teefﬁn@rate the
Lkd layer may be deposited by known nethods,
\T d ‘Pﬁab
arrp] e by screen-printing of a paste based on
met al | Whesi theesingle sifvea paighe hegrpsufficidnt &igs by &hen the silver
sal.t, PeC|aIIy a silver chloride, nitrate or
gﬂﬁtwﬁ oM ALONHYPYHBITAYb§2IS RANEEH PhEAREATERY aeis gis aneplectrode
tﬁﬁa;@ thﬁ’serﬂ)%sizér‘lr{&té’q %‘%Hﬂ oy tﬁ@%rtbgfter%r%rﬁt'o# \so' that the ion
especially a silver Ior de rate —or
emd:ﬁaartge caamtaike nmmyai(mng fmaal fobwnhgb&;te[a bb.r eat ment t hat
ainms t vaporate the Waen t he si e. .
si | verIO @ﬁ&%sﬂ%aaesﬂ?mgg’ \yhgng he single Rt ig® qgsma" size or
ﬁ/hbMeche patfehd %Fé‘%lgc?ét@ £8tth %o@rdlgé(d té%‘n@ another) it is
pattern or said array acts as an ect may
ecRssary toapplytanielgctredelty said paewdg)t A @enﬁeo@e onaysbe solid

ot 2bsliffest 8 gRay T e ERab Skl e Sen kbR s the sitver
pakerdsngl e pattern is of small size or when the

patterns are discrete (that is to say, not joined to
one anét BiEH9r case, ithe s abthwssupstratg Cﬂ}ﬂﬂsﬁe dhe side coated with

BLBhER IS5 b0 LRy TR EHREIBI SR pocoping
Biezalkaluimeddlliend extradied $no|nv the glpas taring thé eﬁﬂletrig@r
ite the sid

case, the. si dts of t e substrate opﬁqa

coat ed™isSteP Dhesig 9‘%1F'C g'dein apPligat between; dhe baths or the

@I%@Mbﬁfé’ ip EBnt%Et erb@ﬁéét%ﬁ/ GARARRE st a%epéécaﬂg g‘IEeS of the
al ions extracted fromthe glass

sizsteste h\ah@b mahesttq:;mslsbhle o irdreass the fdtelod dnfmsampbf thé silver

bet t rod t

BB BTG Sasa o rirelof In Bin Ge iBtreiangs re. ne

subst f'ﬁﬁ@ elebireh fiBRK &fiay tval9S 4 bA ela@e'éb&éﬁtascﬁapbr\lmg on the

rate of diffusion of the sifver ions into the'g
eeitudieite pbihe glase @dz@etsrateh@seed)anémhmgnckness fazGexample from

G161t et st loknb S5 ey o6 1o SRS, "

i ts thie&adaBionbbfiegbtisadment apied) vhetré nb@@gse}ﬂ/rrﬁ‘ sﬂép b) aims
%)dass t hi ckness, preferably from1l to

wdiffuseatneniens in thayiarepattenmpni Qeﬁ‘anﬁh@aré”@let@etb@aﬂf?t siflg of the
St Phif%reatment is carried out under known temperature conditions, for

example 300 to 400°C.

The glass substrate according to the invention may be used, in
particular, for forming gradient-index lenses.

The following examples make it possible to illustrate the invention
without however limiting the scope thereof,

EXAMPLE 1

A substrate was formed from the glass composition comprising the-
constituents below, in the following contents expressed as weight percentages:

| Si0, 71.6%;
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to rediffuse the ions in the ion pattern in a plane

. parallel to the first side of the 25 substrate. This

treatment is carried out under known tenperature
condi tions, for exanple 300 to 400C. The gl ass
substrate according to the invention nmay be used, in
particpl@, for form ng gradi eptgg,ndex | enses. The
foll ow ng exanples nake it possible to illustrate the
i nvent C8% 30 wi t hout however Bi&¥ting the scope

t hereo MPLE 1 A substrate .formed fromthe

gl ass E\:Agrrposi tion conprising tﬁ\é@gtonst i tuents bel ow,
i n theNagDl owi ng contents expré¢gseg as wei ght

“percentages: SIQ2 71.6% r 7. Al1203 0.8% CaO 8.8%

MO 3. 3Na20 14. 0% 5 Sb2030@%» S8 0.1 % total

iron ( R essed as Fe203) O. 01&/0100nd FeQ'total iron

0.1. The substrate was a 5 cm Sided square with a

t hi cknextal iodn @xfresyved dOFEDg) subDMatandvas subj ected to

an ion-eé(}h?agge treatnment in the device represented

in fi giPR/®ETON ansverse sectPdn) and 1 b

(1 ongi THAisNBLirsRAVASE 5 Gh¥ided jé‘(guaj‘@ \/ﬁﬂké)thicﬂ_ﬁ@ssd&vi.?‘?nm.
conprised the substrate | equi pped wth two

conpar Thensghstraiadwas subjediad toeswr iai-esghamgel tredtment in the

OB RBFIALRRFLe A G IRE G o, B ot e soctor
alovg et A4 88sP TRAHeWEE tonsRRe! tHeOslhratent saa@ﬁea with two

the reservoir. The conpartnments 2 and 3 were eac
eqmPaEEENiF 2hard i femilen reseiyeirsdappiashappositeopme @nether. The

EArpl g BRSSP S0 MG LB H Sghosive 4

Which alsb/ attpd KINO A/ SdaNGdtintedpece to e koatents @€ tthié Geservoir. The

“field was é&&f i ed between, the el ectrodes 5 an

d 6,
cRRPEItNgNEs i WRe 8fRch rauigprgd witleaeplatinum electrode 5 and 6
connected to a voliage generator 9.

Compartment 2 contained a bath 7 of AgNO3; and compartment 3 was
filled with a (1/1; wi/wt) KNOé/NaNOs, mixture. When an electric field was
applied between the electrodes 5 and 6, the alkali metal ions of the glass were
moved to the bath 8 and were gradually replaced with the Ag™ ions contained in
t_hé bath 7 (direction of migration indicated by the érrows).

The ion exchange was carried out at a temperature of 300°C for 4 hours
while applying an electric field of 38.1 V/mm of glass thickness.

The following were measured on the substrate: the depth of diffusion of
the Ag" ions into the glass at the exchange zone, the refractive index at 500 nm
(ns00) and the light transmission at 410 nm (TL44o), before and after the ion-
exchange treétrnent.

The values were the following:

o diffusion depth: 140 um
* Nsgo

before: 1.526

after: 1.630
. TL4-10
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noved to the bath 8 and were gradually replaced wth

. the Ag' ions contained in the bath 7 (direction of

m gration indicated by the arrows). The ion exchange
was carried out at a tenperatyre of 300C for 4 hours
whi | e applying -an electric field of 38.1 V/nm of gl ass
thi ckness. 25 gémprd:ad s ng were neasured on the
substrate: the depth of diffusion of the Ag' ions
into the gl assaf@r Bmé%xchange zone, the refractive

I ndex g n (n500) and the light transm ssion at
410 n . before and after the ion- exchange
treat mansubsthste vahs eformed eunder Y lcanliiehs B8 example 1, but

diffusion depth: 140 pm n5o00 before: 1.526 after: .
maoghiied inrithatothe glessosempositienshad éie cempmsitionxgivenebelow, in

Qb g, | TAER S i AABEE o 5.0 mman

imotmad Het élootricditld bpplhehwas ieguantod? Vanmbst gdés ihitkness.
wei ght _percentages, in that the substrate had a
t hi ckn® equal to 3.9 nm and 68.4%:hat the electric
field QB? ied was equal to 2 V /of gl ass thickness.
Sio2 68.7% A1203 18.9% 10 MyO't. 2% L120 3. 4%
total Mgéh (expressed as Fe203).296,07% Ti 02 2.6%
BaO 0.8%. 15 Zr02 1.7% 2ZnO 1 'Gf@_ Na20 0.1 % K20
0.1 % la d . 3.4 o,

total iron (expressed as Fe;,05)  0.07%;

TiO, 2.6%;
BaO 0.8%;
ZrO; 1.7%;
Zn0O 1.6%;
NaxO 0.1%;
K20 | 0.1%; and
As203 | 0.5%.

The substrate had the following properties:
o  diffusion depth: 220 yum

o Nsoo
before: 1.527
after: 1.565

s  TLso

before: 84.6%
after: 84.3%
EXAMPLE 3 |
A substrate was formed under the conditions from example 1, but
modified in that the glass composition had the composition given below, in
weight percentages, in that the substrate had a thickness equal to 2 mm, in that
the electric field applied was equair to 100 V/mm of glass thickness and in that
the ion-exchange time was equal to 6 hours.
. Si0, | 78.00%;
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As203 0.5% 20 The substrate had the foll ow ng

. properties: di ffusi on depth: 220,um neon before:

1.527 after: 1.565 25  TL410 before: 84.6% after:
84.3% EXAMPLE 3 A substrate was forned under the
conditions fromexanple 1, but 30 nodified in that

the gl a;s;aogorrpo& tion had the cpgpgsition given bel ow,
t

_ percentages, in that the substrate had a
th| ckne‘%)aequal

to 2 nmm in that2.9%he electric field
appl i e g\@i equal to 100 V/ m”m |.ass thickness and
in that e i on-exchange tine >*equal to 6 hours.
Si02 7840% 9 A1203 2.00% REOHK:12.9% Na20 6. 7%
Ca0 0.1% 5 Ti02 0.015% total |ron (expressed as
Fe203) 0994% MO 0.05% and &0B5%;0.01% The

substr qé%%ﬂ (é%bgegsgggg\gﬁgé pr %ggﬁs/l es: 10 diffusion

dept h: after: 1.531 TL410
15 bef CMBO 89.5% after: 86. 8%0.05%, and
SO, < 0.01%.

The substrate had the following propetrties:
o (diffusion depth: 220 um
* Nsoo
before: 1.489
after: 1.531
e Tl
before: 89.5%
after: 86.8%

COMPARATIVE EXAMPLE 1

A substrate was formed under the conditions from example 1, but

modified in that the glass composition had the composition given below, in

weight percentages:

SiO; 71.1%;
Al,O; 0.6%;
NaxO 13.8%;
KoO 0.2%;

Ca0O 8.7%;

MgO 4.0%;

total iron (expressed as Fe;O;) . 0.08%; and

- FeOftotal iron 0.25.

The substrate had the following properties: -
¢ diffusion depth: 130 ym
¢ 500
before: 1.514
after: 1.619
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COVPARATI VE EXAMPLE | A substrate was forned under the

~conditions fromexanple 1, but 20 nodified in that

the glass conposition had the conposition given bel ow,
in weight percentages: Si02 733.1 % A1203 0.6%
Na20 13.8% 25 K20 0.2% CaO 8.7% MO 4.0% total
iron (expressqgqg,as Fe203) 0.08% and FeO/total iron
0.25. 30 The substrate had the foll ow ng properties:

di ff usi on dept Hhefa8088@% n500 before: 1.514 after:

1.619 10 TL4 80.0% after: 31.5%
COVPARATI VE Exkﬁjﬁggég" A substrate was fprmegl under

t he conCOMPARRATIVENEXAMPILE 4, but nodified in that
the gl ass conp05|t| on had the conposition given bel ow,

in  weiyhtulstrRagdermed under thRecenditiens ﬁr%mr@@e:nple 1, but

S5, By FSSIAE bt B MR GE e bl '

|we|ghEpefwm@gets lrethm&*eh@gl@s thmkﬂxéstesequh@t&Mﬁinﬁ:@% electric
2% . Na20 4% . K20 0.6% .and B203 12% 15 The
QIR Rl n@s (@Al dp| o VIETrcS @res daickness and in that the ion-

exchange time was equal to 19 hours.

SiO; 83%;
AloOg3 2%;

NaO 4%;

K20 ' 0.6%; and
B2Os 12%.

The substrate had the following properties:
-~ e diffusion depth: 220 ym

*  Nso
before: 1.480
after: 1.495

o Tlag
before: 90.0%
after: 86.5%

It was obsetved that the glass compositions from examples 1, 2 and 3
‘according to the invention made it possible to have a variation in the refractive
index at least equal to 0.038 over a depth of at least 140 ym without significant
reduction in the light transmission measured at 410 nm, that is to say without
the appearance of an undesirable yellow coloration.

On the contrary, comparative example 1 revealed a high level of
yellowing, expressed by a low value of TL440, equal to 34.5%, and comparative
example 2 had a low variation in the refractive index, equal to 0.015.

EXAMPLES 4 TO 6

Substrates were formed under the conditions from example 1, having

the composition given in table 1, expressed in weight percentages.

Examples 4 and 5 were in accordance with the invention and example 6
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di ffusion depth: 220 pm neon before: 1.480 after:

. 1.495 20 TL410 before: 90.0% after: 86.5% It was

observed that the glass conmpositions fromexanples 1,
2 and 3 according to the invention nmade it possible
to have a variation in the refractive 25 index at

- hash cefiprkathve SkIBSleNeRinga BRI t'Ebté]ﬂro@ltcdn?éﬁt 140 pm

wi t hout_significant reduction’n the [ight

t r ansmi 146 Bibstretesuhadiadhicknesseh2 ewat is to say

wi t hou t n n el.l

col or atsnoh GRERBCE A oIS s fed Gibd sybstrates are
roeligilddad tablBiigh | evel of yell ow ng, expr essed by a

| ow val ye of TL410, equal to 34.5% and conparative

30 exaw variation in the refractive

I ndex, 0 'Egﬁ{yg

were for lég‘hbetr?dgrgr(%he condi |rlc;ns é?a)—(rgn&(g@(g%ﬁ e%&ﬁﬁ)le1 having
thiae composiien giveroisi tabler2, gixpeessen martixilghtlperesmagésed in
vvmght rc n es 4 and 5 were in

accord irﬁ? I%aqu\aﬂ@ L”"cﬁ? HredManpl e 6 11 was a
conpar &rthteV% examah ' b

comar TheEnSRRaGeh AR Ahgnd hlerE by 48 SEBkrates ar
eptidtsdge taldedi.t i ons and the properties of the .

substr collated in table 1. 5 EXAMPLES 7 AND

8 Subsmge'for med under the conditions from

exanpl & bubSpatendast REnATRAGEE tRg (ﬁin\dﬁlﬁan‘snfrbﬁp|e§a%ple 1, but
expressed in wei ght percentages. The substrates

mm@fmas@ that ﬂwmlasmﬁonmséwohaa@éhemmmw Mrt below in

B et AR g A RS L B 2R i v

tloan éldctrivnfie|fl rapplied anpl eubl td60 V/imedlbf fleds tickiwds dridein that the

| ass conposition had the conposition given below, in
sFon exchanr{:]% time was equal to 5 hourgJ J

SiO, 78.5%;
Al,Og 2.1%;
B203 12.4%;
CaO 0.02%;
BaO 0.02%;
NaO 6.5%;
K20 0.01%;
Li,O 0.4%;
TiO, 0.03%;
total iron (expressed as Fe,0s)  0.02%; and
FeO/ total iron 0.20.

The substrate had the follow'ing propetrties:
o (diffusion depth: 100 ym
¢ Nsgp
before: 1.485
' after: 1.524
e Tlagg
before: 90.7%



wei ght percentages, in that the substrate had a

. thickness equal to 2 mm in that 15 the electric field
appl i ed was equal to 60 V/mm of gl ass thickness and in
that the ion-exchange tinme was equal to 5 hours. Si02
78.5% A1203 2.1 % B203 12.4% 20 CaO 0.02% BaO
0.02% Na20 6% s7K@) 0.01% Li20 0.4% 25 Ti02
0.03% total iron (expressed as Fe203) 0.02% and
FeQ total iron 0.20. The dSABtkEdte had the foll ow ng

properties: a-Huster—depti—300-—pm-30—n500--before:
1.485 after: 1.524 TL4LO & 8re:| 90F9p12 | af tef: 6
LTRELE Bs S (o) O g
Camposition Oveiht943. 9 3.8 B.8 Na20 4.0 14.0 4.1 SO3
0oy 202 72.0 70.7 72.0
AloO3 0.8 2.4 0.8
Ca0 : 9.0 8.9 9.0
MgO 3.9 3.8 3.8
Naz0 14.0 14.0 14.1
S0; 0.2 0.2 0.2
Total iron (expressed as Fe,03) 0.01 0.01 0.09
FeOftotal iron 0.20 0.10 0.17
Exchange conditions _
Electric field (V/mm) 20 20 - 20
Temperature (°C) 310 310 300
Time (hours) 4.0 4.0 35
Properties
Diffusion depth (um) 100 100 70
Y
- before _ 1.527 1.527 1.514
- after 1.630 1.630 - 1.619
TLa10 (%)
- before 91.3 90.9 89.1
- after 82.1 79.8 -59.8




Total iron (expressed as Fe203) 0.01 0.01 0.09

- FeQ'total iron 0.20 0.10 0.17 Exchange conditions
Electric field (Vm) 20 20 20 Tenperature (C) 310
310 300 Tine (hours) 4.0 4.0453.5 Properties
Diffusion depth (pm 100 100 70 nano - before 1.527
1.527 1.514 - after 1.630ThHi3021.619 TL410 (%9 -

hefore 91 3 90.9 80 1 - after 82.1 79.8 59.8 13
TABLE 2 Ex. 7 Ex.. 8 Conppsi EixoR (wei gBk. 8 Si 2 68. 4
a1 {\I"\m 1n.n 4n.fa Ca r\. fats] n_ _ O 1 OO
F . . 0.01 2.7/0 Zr® 1.4 1.9 LiRO 2.3
280,Na20 5.3 4.9 K20 - D.0%g gotal ipggy (expressed
as Fe203) 0.01 0.02 FeQtotal iron 0.30 0.23
#ange conditions Electfic H6®Id (V3 1.59 0
T%r ature (C 300 315 0.03 0.06
MgO 1.10 1.00
ZnO 15 1.7
TiOg 0.01 2.70
ZrO; _ 1.4 1.9
LixO 2.3 2.2
Nazo . 53 4.9
K20 - 0.02
Total iron {(expressed as Fe,0s) 0.01 0.02
FeOltotal iron 0.30 0.23
Exchange conditions
Electric field (V/mm) 1.5 0
Temperature (°C) 300 315
Time (hours) 55 76
Properties
Diffusion depth (um) 150 310
Ns00
- before 1.5618 1.530
- after 1.670 1.587
TLa10 (%)
- before | 90.6 84.3
- after 88.3 80.9
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Time (hours) 5.5 76 Properties D ffusion depth (am

+150 310 neon - before 1.518 1.530 - after 1.570
1.587 TL410 (%9 - before 90.6 84.3 - after 88.3 80.9

14 CLAIM5 1. A glass substratg conprising at Ieast

one ion pattern obtained by a treatnent for

exchangi ng the alkali metal cigpmsef the glass with

silver ions originating from an outside source,

char act &r Az#ass ﬁUbﬁa@tes@r@prsﬁmgtat iaast ionegon qratiem obtained by a

SR8 SOt LA B Wl BRI siver o
TQrigIAatingA\fiR03 h ou&ld)@/osomtrcﬁ eﬂ@éﬂa)ttéhﬂd iR @ﬁﬁ 4o s(bBtrate is

refer 8.0 - 11.0% OO0 - 6.0%

pfpémgg glgqng aglas @vi@g/ghqul!wm qqnggsmqa, lo%;aght percentages:
r ef Iy 130- 15. 0% 09 o
50 tﬁlgp iron (expressed as g &%606’ 6}?{;53%%0 072104”
pref exlgBd y 0.005 - 0.01 % Ok Sk, pr%éﬁgggto@,u 42{0%);
O 02 , preferably 0.0 0.2;. 15

%9(91 59 and SOB O - S?Q%T%Pér erelsrap %8@ 1b0%’%
and imgdhat said ion patterq @qp/o p]xé%,la@;yg)g_c@oy
refractive index greater than or’ equal 3
dept Ngzfkat er than or equal12.6 IKﬁ)O%npeafdrably 28.01-i th0%;
tran sion coefficient at,410 ,m (TL410) greater
t han equal to 60% 2. Th% §trate as clained in
cl ai mi@, characterized in tfhap 4dge variati on in the
refractive index is greater than or equal to 0.05,

advaneahEonexpresged as E6:Qah 8 BP3UqnEaferablp0@95 - 0.01%;

redox (FeO/total iron) 0.02 - 0.4, preferably 0.02 - 0.2;
Sbo0s 0 - 0.3%;

- Ce0q 0 -1.5%; and
S0; 0 - 0.8%, preferably 0.2 - 0.6%,

~and In that said ion pattern has a variation in the refractive index
greater than or equal to 0.03, a depth greater than or equal to 100 um and a
light transmission coefficient at 410 nm (TLa10) greater than or equal to 60%.

2. The substrate as claimed in claim 1, characterized in that the
variation in the refractive index is greater than or equal to 0.05, advantageously
greater than or equal to 0.08.

3. The substrate as claimed in claim 1 or 2, characterized in that the
light transmission coefficient TL4q is greater than or equal to 80%.

4. The substrate as claimed in one of claims 1 to 3, characterized in
that the depth is greater than or equal to 200 ym.

5. A glass substrate comprising at least one ion paitern obtained by a
treatment for exchanging the alkali metal ions of the glass with silver ions
originating from an outside source, characterized in that said substrate is
formed from a glass having the following composition, in weight percentages:

sio, 60.0 - 72.0%, preferably 64.0 - 70.0%:
AlbO3 15.0 - 25.0%, preferably 18.0 - 21.0%:
Ca0 | 0 - 5%, preferably 0 - 1.0%:
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3. The substrate as claimed in claim1 or 2,

. characterized in that the 25 light transm ssion

coefficient TL410 is greater than or equal to 80% 4.
The substrate as clainmed in ope of clains | to 3,
characterized in that the depth is greater than or
equaMg® 200 /gym 5. A gl asg-99hsirbfir8blgonpL Bong at
| east. one ion pattern obtained by a treatnent for
exchdA§l ng the alkali netal 9ofSb.direferablylia@s 3i%h

silver~Aons 30 originating fr [ Hr.ce,
char ?gtderi zed in that said s b%?)?’ji}gp#églygf'ng‘g trom a
gl as§idavi ng the fol | ow ng cORBEs| grefdtably® Y& 0ght
percentages: SIi2 60.0 - 72.0% preferably 64.0 -
70. 0402 A1208 15.0 - 25.0% Qré&feriipfeyahly 100 - 40060%
CaO 9y 5% preferably 0 - 1,0% =290 = nos .
or ef glr2g)bly 1.0 - 3.0% ZnO L) %é/?o’ﬁ)re rh) ?35})/156)@'
3. 0%NaxB8a0 0 - 5% preferabl-68%, prefRtablyT 02.0%,- 5%
preferably 0 - 3.0% 5 Zr02 0,- 5% preferably 1.0 -
4.0% Li20 2.0 - 8.0% pref%ﬁ"é?w@g%ﬁtﬁ?yos?’dﬂ%: Na20 0
- 6%¢. preferably 0 - 5.0% Y . ..0%
K20 0°- 5% preferably O - g@o%%’?ggﬁég%g}mior%rq%

( exptadglsean GxpeeaBas Be,0sD. 10 9. iheprefarably ®- 0.0B%08%

redox p.02 - 0.6, preferably 02, - 0.4; -
1. 09 e‘%ﬁ‘s 0- 1.0% Sn02 0 9-82.'5%» %fﬁﬁeraﬁﬁﬁ%ugﬁ'i es
(Hf OAs,Gy 2CBand/ or P203) <0.5%j @pd in that said ion

pattern has a variation in the refractive index

gr ea€B? than or equal to 0.03; 10%epth greater than or
equa 100 pmand a |ightyt . sgion coefficient
at 4§8b|%m(TL410) greater th%nﬁgj;%g%icgl to 60% 6. The

gl asnpwitiesr(@icg, @soahaoned,) 00d%j m 5, characteri zed
in that the 0,sumof the contents of Li20, Na20 and
K20 vardnés I tHat $aig ianpattern fias Juvaiatianeinathe refrasttye index

gfedtbAtHEP oPeqlal ©N810ACLEdHAR G rbSter MAhn 'dr 41 to 100 ym and a
light transmission coefficient at 410 nm (TL410) greater than or equal to 60%.

6. The glass substrate as claimed in claim 5, characterized in that the

~sum of the contents of Li,O, Na,O and K,O varies from 3 to 10%.

- 7. The substrate as claimed in claim 5 or 6, characterized in that it has

~ a thermal expansion coefficient dls.30p below 60 x 107 K and preferably

between 30 and 45 x 107 K.

8. The substrate as claimed in one of claims 5 to 7, characterized in
that the light transmission coefficient TL4o is greater than or equal to 80%.

9. The substrate as claimed in one of claims 5 to 8, characterized in
that the depth is greater than or equal to 200 ym.

10. A glass substrate comprising at least one ion pattern obtained by a
treatment for exchanging the alkali metal ions of the glass with silver ions
originating frbm an outside source, characterized in that said substrate is
formed from a glass having the following composition, in weight percentages:

SiO; 60.0 - 80.0%, preferably 66.0 - 80.0%:
Al,O, 0 - 8%, preferably 1.5 - 8%;
B-O3 6.0 - 16.0%, preferably 10.0 - 14.0%;
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a thermal expansion coefficient a25_300 bel ow 60 x

»10"" K-1 and preferably between 30 and 45 x 10 7 K-1.

8. The substrate as clained in one of clains 5 to 7,
characterized in 25 that the$ight transm ssion
coefficient TL410 is greater than or equal to 80% 9.
The sulgstrate as cl ai med |r0.og@cypfprgfeqtélgq? & Pl 0.5%:
characterized in that the depth i's greater than or
equaano 200 pm 10. A gl ask—dGkistrate conprising at
| eas e ion pattern obt aldte%n/by a treatnent for
exchangi ng the al kali netal % of the glass with

silvitgOons 30 originating f20Mm ap}e@ﬂéﬁycp@ssmghqpyyo,
characterized in that said substrate is formed from a

gl as8'@fdvi ng the fol | owi ng &@nP81%i BigferahnDgt$.0%;

per opibages. S 02 60.0 - 40, DY, prelsrablor Se0 -

80.0%  A1203 0 - 8% preferably

16. O%Opreferabl y 10.0 - 1@O?/sﬂ%lpréﬁarat€£9©w 2. 0%

_prefg nyIessthanOS% Zn0 0 - 1 % BaO 0-4%

22.0% preferably I&SQ{JF(tarPT@f%@’@W |€?§SNIBQO 065?8;-
9 0
ool g gh O (e gler e

Y% prefera
2. 0%edoxdFefdiotal ifopgs t han 000594.6, podferatily 002 - 0.4;

d Fe203 O-O.looref 8%
ggxfgﬁ’gie(ngdtgt al )i ron) @Déo Pop"é’ erﬁBlé)/%r%E’gg/ ’U&
- 0.40, MO O -" 0.1 % prefieyAphy 2%, 0. 05% and SO3

| ess than 0.2% and in that said ion pattern has a
vari at iand im thet seid rer tpaltern hasxa ‘gﬁrattoer int teen refractlve index

St 0P P8y, BRI, LA b Fan 8l 1 A anc o

(idht- tndr&)m:gmeatcmefftdtm 410K Tlt&o)fgﬁ%’atel 1hanT6ﬁequaI to 60%.
substr aimed in claim10 aracterized in

that | h’é@g §8L§tﬁ%t?rﬁaﬂ claipschis elaine 48+ ¢h%ra@mnm$rretttat it has a
&el OV&}Q%%n%lon coe11f|0|enq r25e Qo%r %b|0¥1v é) Pt V\eeon, ??1 and preferably
between 30 and 45 x 107 K.

12. The substrate as claimed in claim 10 or 11, characterized in that
the light fransmission coefficient TLa1q is greater than or equal to 80%.

| 13. The substrate as claimed in one of ctaims 10 to 12, characterized
in that the depth is greater than or equal to 200 um.

14. A process for manufacturing the glass substrate as claimed in one
of claims 1 to 13, which comprises the steps consisting in:

a) bringing the glass substrate into contact with an outside source of
silver ions;

b) subjecting the whole assembly to a temperature that varies from 200
to 400°C, preferably 250 to 350°C, in the presence of an electric field for
sufficient time to at least partially replace the alkali metal ions with silver ions:
and |

¢) optionally subjecting the substrate to a heat treatment in order- to
diffuse the silver ions laterally in the glass.

15. The process as claimed in claim 18, characterized in that the

~ electric field varies from 0.1 to 1000 V/mm of glass thickness, preferably 1 to



12. The substrate as clainmed in claim10 or 11,

. characterized in that 20 the |ight transm ssion
coefficient TL410 is greater than or equal to 80% 13.

The substrate as clainmed in ope of clainms 10 to 12,
characterized in that the depth is greater than or
ogoal/nih. 200 pm 14. A process for manufacturing the

gl ass substrate as clained in one of clains 1 to 13, :

whi ch dénpiiiesprocess ast @pgn@cbmsptaumn@ﬂf ion: 1525:I'a)'acterlzed in that

51 L.at contact W
Sl BB dlFed BT 54 Bl Ordyrelifate MelSoRiber sans.
whol e agsamel prdcese dscaBRhed Ui e|d1rha14 bRAriseTharadied2ed in that
.to 400C, preferably 250 to 350C, in the presence of an

the.seyrce of sibyer ipas Is & gpkd lavenbasedren nostatlicistven
partially replace the alkali nmetal ions with silver
ions; 30 and c) optionally subjecting the substrate
to a heat treatnment .in order to diffuse the silver
ions laterally in the glass. 15. The process as
claimed in claim18, characterized in that the
electric field varies from0.1 to 1000 V/ mm of gl ass
t hi ckness, preferably 1 to 17 200 V/mm 16. The
process as clainmed in claim14 or 15, characterized in
that the outside source of silver ions is a bath of
one or nore nolten silver salts. 17. The process as
claimed in claim14 or 15, characterized in that 5
the source of silver ions is a solid |layer based on
metallic silver. :



