GLASS SUBSTRATE W TH REFRACTI VE | NDEX GRADI ENT AND
MANUFACTURI NG PROCESS OF SAME 5 The present invention
relates to the field of optical glass. It relates nore
precisely to glass substrates having atl east one
pattern wwth a refractive index gradient obtained by
i on exchange. The production of glass substrates

or 201 RSB SURSHRAEE Wik Rt A et IOEX CRARENE anp

subj ect of 10 NRRYFHYARINEPROCESS b BRMEC! whi ch

is, in partlcul ar to I ncrease mniaturization and to
better control the opti cal performance. d ass

ot ai nolBpSRor/ieBten FRAISA I bP S BhoPiH BsRaligelates more

10

20

25

30

\precﬁﬁﬁyqbf’guﬁéﬁnséﬁaﬂ@s&rmmg%aﬂéaﬁmﬁe Paktbrrr W refratctive index

pOtOIt ora(f tO producearras on the surface of
tgfed@nhgbtalme hwomexma@ge of the pattern). lon

oat t o ooe pgdiion edlaSd br OB R IRV I S of I8 pattams with »

gefraelivs inddx bfadienteimbbiptiatcBiaiRe the glade haBi badry thdaubject of
certain ions with different polari zab| lities have, in

gaaRy cdevelopmenls, thestrurpeemsof whisk ol e Partisuaranige increase
‘%ﬂﬁuétﬂh 40 864 t@Bgtténh%?ntW"tHB Bpt.éa‘?;be%%gﬁé‘e 20 The
1 on excﬁanels carrie Oc} eglassma

bat h of Gmﬁst albﬁraftésﬁ:@rfngnsmgct;uahg%atmrne dn% %Ien?rally obtained by a
tenper ature, enera et ween an 5 or a .
RIPELRS that comrings,agiem exchangsy elqbé@néﬁe Ralaelivecpdex gradient)

{Aeihd3 chh‘tr?o r?gbg_(@pr@cﬁﬁﬁhbgﬁ 6rPtlﬁegt%9H t&ldt dLhB “glass in the

i on- nown t e Yo
isj'ra?peocﬁfthegiwtem)rray be replaced with 25 pot aSSI um

_ copper.. far}g/or [ithiumions élsecf-H‘US_A_S 524 7

615 322'0 ﬁ&ch@g@ i‘%"l €8h 4 ar Juany, vegrs p Enpguce patterns

NeAViRg N#rddﬂd&ﬁndék EPeﬂnéht”l?i' gI%@%?ﬂclé@”ﬁ'lQ% f@éﬂﬁﬁfue based on
however . is also Known to Use thalliumas a dopant

i the aknlity thak@@’tam lmmtblchffeneot @pbatzsblilbewavaaln mgu!ar alkali

8] d to
A 15, R4S iR BRS R gt AR bRa b fy o pattem,
OPhe i leRetRIMyRAS c@fhéﬂ 896by treatisy trgaes W hibaih of ﬂiolten salts of
ions makes it possible to achieve a refractive inde

| 2aid| iopsn@lapabioh temperatureniganaraiio beaveee 24Q and 550°C, for
t%@‘bé@Hﬁg%r k %Yaﬂh qhggdééjr%d @?&%‘H :ﬁag{af %R Eidetric field may be

Iess 't 1°s ObServe
sapislidd toeacteldrate the igh-axshaleyetatps an i ntense yel | ow

coloration during the ion exchange caused by

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. Despite 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 comparable to that which is obtained with thallium while avoiding the
associated toxicity risks. Nevertheless, it is observed that soda-lime-silicate

glass develops an intense yellow coloration during the ion exchange caused by



2 the appearance of colloids resulting fromthe
reduction of Ag ions to Ag, even when the anount of
silver is low. Such coloration is not acceptable for
. optical glass. Nunerous sol utpons have been devel oped
) to overcone these 5 drawbacks. For the nost part,
tthesdppeRiratidePBBchlRids FSSURIrRY £OmM theredpoamef Agbesisf tocAg®, even
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ewben e anewd of 8ilver isclovsoBueh saleration isenot acceptable for optical
3@5@? -silicate glass type (US-A-3 873 408 and US-A-4
'037) and of the borosilicate glass type (US-A-3
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US- A- 6066273, US- A-2001/0003724, US-A-2003/0161048 and )
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D& oiSate? 4 of $agA RO 308 anata I fangmission coefficient at
7410%m (TLa1g) greater than or equal to 60%.

These objectives are achieved in accordance with the invention by
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25 choosing the substrate from substrates that have a specific glass composition.
Said specific glass compaosition 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

30 glass having the following composition, in weight percentages:

SiO; 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%;

[ S o SRR, by o csvociay



A1203 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%
preferably 13.0 - 15.0% K209 - 4.0% TiO2 0 - 0.1%
total iron (expressed as Fe203) 0 - 0.03% preferably
0. 00§ay0. 01 % 5 redox (FEROL-oE0%, pesterdbip23:0 018.0%;
preferably 0.02 - 0.2; - -Sh2B - -- 0 - 0.-30; Ce2
0 -1K8%% and s3 0 - 0.8% ®Hréi®Pably 0.2 - 0.6% The
gl assisubstrate accordi ng t®_ihes. enbodi ment has,
afterq-'(?%e silver 10 ion exghghmg%: at the pattern or
pat t éstabirom (axprdsatd as FesO) Be 6.68%a oréfeeablp @005 g0 Sdler

cquAre1 (L EYOTHEN) ot nct 908 AR rePHNDRed Zover

5
t he—@btgbﬁe—t---h-i--e kress—of—thegalpgp—where—the—-on e
exchange”is carried out. In accordance with a second
enbodle@nt, the substrate i8-1&%mpahdrom 15 a gl ass
havi the follow ng conpositio i n weigh
per cgb%ges: Sioe 60.0 - 72 0‘%'{?0@? Qf%c??a%b@{ §6%.
70. 0% Tﬁé%%sléj&tratg%c@%dilﬁ’%% ehigdntbddinient hdd; 8fter the silver
CaO0 0 - 5% preferably 0 - 1.0% MO O - 5% o
10 poefexchiange]l ad thespattern o0 patters, -a seyiagipefiar sl yefladive index
-.3.0%., BaOQ 0 - 5% ferably, 0 - 09 ' P
Sl dpaRan gosartd; off SisRibly arealer M of S 1o 9-08. The
-refraBfife index@s ddéhticad oV8h the ehgeabickndsd of tife @fdssAbhere the ion
Na20 0 - 6% preferably O - 5.0% advantageously O -
FPORAngRITCYTIEdINt. preferably 0 - 3.0% total iron
(expresged. @3a566thG sebrtamBbEEAPtNe SibstutdFormed from
15 a glass having the following composition, in weight percentages:
" Si0, ' 60.0 - 72.0%, preferably 64.0 - 70.0%;
AlLO3 15.0 - 25.0%, preferably 18.0 - 21.0%;
CaO 0 - 5%, preferably 0 - 1.0%;
MgO _ 0 - 5%, preferably 1.0 - 3.0%;
20 ZnO 0 - 5%, preferably 1.0 - 3.0%;
BaO 0 - 5%, preferably 0 - 1.0%;
TiO, 0 - 5%, preferably 0 - 3.0%;
ZrQ, 0 - 5%, preferably 1.0 - 4.0%;
LiO 2.0 - 8.0%, preferably 3.0 - 5.0%;
25 Na:O 0 - 6%, preferably 0 - 5.0%,
advantageously 0 - 3.0%;
K0 0 - 5%, preferably 0 - 3.0%;
total iron (expressed as Fe,O;) 0 - 0.1%, preferably 0 - 0.08%;
redox 0.02 - 0.6, preferably 0.02 - 0.4,
30 As:0; 0-1.0%;
nS 0-1.0%;
SnO; 0-1.0%; and

impurities (HfO,, Cro03andfor P,03) < 0.5%.
Advantageously, the sum of the contents of Li;O, Na;O and K;O varies
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redox 0.02 - 0.6, preferably 0.02 - 0.4; 30 As2G3 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
Gronmrekies 10%. posstabtentent ob thesenoxdides helovatds trhakeshihpossible to
| ow t hermal expansi on coefficient a25-300, in

btaincal substratedbat dasaadoso theri@l 7expansiomh epefisient 0L25 300, in
content greater than 6% has the effect of increasin

pRdticuiaT BeGen 40 BRd 60of 1ALH avharees apéent greater teih 6% has
e sAbage AHERSIR e Rt a9 oot it beyond 000

t her malThexglass sabstratef dccordi ng ta2%is 3e0ohe Iem/bcﬁmmentmas after the

—K—t;——preferabty—between—-30-and-—45—x-10-+K-"—+n

silver varexchangt, a thermal exposionsaeffidient casmb betav B8 x 107 K™,

forped from a ass, having the foll ow ng conposition,
iﬁi’efﬁé?@'bitb%‘é@%’é%pélj‘é%‘}5 xd 0 62- 60. 0 - 80. 0%

P S BT B “hgﬁdQ%@?ﬁgf"ge'lo?%e PO "yt from

CglaSSZh@ng m@fcﬁloamhg/ compesitivaninOwéight pgr@ntegels 15 BaO
0- 4% OO0 - 2.0% prefera I t han, 0.,5% )
6.0 S‘gg 0% preferably 6. 085)68' /§A’ }@iﬁe@ay%ﬁdﬁbgf))‘)%'

prefeqahply 0 - 2.0% Li20 Og- gb, O%fefdraBiver.ahlge, 0% 20
Ti 02 0@42 0% preferablylesstﬁé\/n (}/ff totg i ron

(expt€Bed as Fe203) 0 - 0.8.0% 1(0, enrafﬂrqbla 10.Q- 489%;

04, CARO 0 © 0.1 5 pref or 85 0%: PROEGHH] ek RadB5%

| ess zd@mn 0.2% 25 The gl asg-syfgstrate according to
this third enbodi nent has, after the

BaO 0 —4%;
MgO 0 - 2.0%, preferably less than 0.5%;
Na,O 6.0 - 10.0%, preferably 8.0 - 8.0%;
KO _ 0 - 4.0%, preferably 0 - 2.0%;
LiO 0 - 1.0%, preferably 0%;
TiO, 0 - 2.0%, preferably less than 0.5%;
total iron (expressed as Fe,;05) 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 - 0.06%; and
SO; less than 0.2%.

The glass substrate according to this third embodiment has, after the
silver ion exchange, a thermal expansion coefficient 025300 below 60 x 107 K",_

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 TL41¢ greater than or
equal to 80%, which corresponds to a slight yellow coloration.

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

The process for manufacturing the glass substrate comprising one or



silver ion exchange, a thermal expansion coefficient
a25 300 below 60 x 10-7 K-1, preferably between 30
and 45 x 10-7 K-1. Advantageously, the glass substrate
according to the invention hass at the ion pattern or
patterns, a light transm ssion coefficient TL410
ghe@tion pattemalsoIormasiuak subjetd ¥ thehpreerbinvestimmds to
a sllght yel | ow col orati on. Preferabl%gdthe substrate
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48 4@6"0%6 m@@ & 3%9“’?‘5‘%1_‘%% & presefte TetNgn Sledtric field for

subj ect | 'e assenbly to a tenperature that

aufficisntf iroenta Gl least: partiaMCreplacs ¢healallkalionetal gon Batai silver ions;
t he, presence of- an electric field for sufficient

t9 to at least partially replace the alkali netal

i ons wid)ostidneay s%@otmgaw% §le:§%?§té0l%ah||§’eétut%ﬁmémgn order to
the substrate to a heat treatnent in order to

diiffasss thet silyeg ionsdateralisin thearass.y in the gl ass. In

hach ofnaie 8 i AR diRoRr Bilet KBRS L3 B one or more

RIFUWH enditePhbitVardsaler for Bkampleca dHierige wrce nitfates Theesource of
ions iis applied to one sjide of the substrate in a

plveeionsols appkad i ope siggarefcthessstiptedera patlegnhgpan array of
AT S eBinE sRRbe, 168, SR Ry Tl HbEiAR BRpns of the

sspby i ofgsilviee |ode,swhaxlh fredrt éas, acgedmetf;orsmtalgleofortémplying the
ass a diff Ie of

rface of the |
vﬁwquaﬁatt%@ Qe ycfﬂrremharﬁéﬁe ot o0 Plass. 2 dliffusion mask
pat abl n'&wﬁths?ﬁéa’rgcahﬁaﬁe iSh- e?(Eﬁéh a@l%attrhénﬁaﬁaecnﬁf hEEeaPpropnate

or e , a nechani cal
nwmmnmlﬁ)racrtﬁalnmgmetshapleeofwhemtteamh'IFheqmaschay be, for example,

o PRIE Eosh et oo et Knogh EReBcfes ¢fofinography

NB&dionay | éﬂﬁur?g g8t é%rﬂpléoﬂ'@!heﬁéﬁﬂbaédnd&ﬂlé%rdé@hfrﬂﬁsk or else an
pattern&hé that is formed by diffusion froman ionic
avin

sipacmas g a pattesn empplemsantatyato tthe deadsid patiewsys) that is

_ t%?msé'dl b? dlffL?an from an ionic species having a lower mobility than the

mobility of the silver ions.

The side opposite the first side of the substrate in contact with the silver
jons is brought into contact with a bath of molten salts of a second ionic species
that allows the diffusion 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 nitraté 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
deposited 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



The side opposite the first side of the substrate in
contact with the silver 25 ions is brought into
contact with a bath of nolten salts of a second ionic
species that allows the diffusion of the al kali netal
ions comng fromthe glass, for exanple sodium
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'Iqtsﬁéogﬁoér']@rret allic silver (Ag) or ionic silver (Ag+)
deposedNben dhe ssmgple gilvet pattesubas raasefficient h;azedesmdm the silver
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C\Dﬁéﬁ W@ altbiis?hfe dRtretd! (fidtas t8hya ne hdﬁ@d ,tofcmlel aNGHer), it is
by a treat ment that ains to evaporate t i quid

precsssanhionaptiy ad elgrizode |ttv@alqoaatt@rrn(s)habiSaelggtrod@ imeayt be solid

7 EpBhiCAnd ay halE' yRuBRle 5% Atk Be ekl Tifothe siver

aeutterBy - t hus be connected di rectly to-t he-vol tage
generator So that the- jon exchange can take
duri ng Inrrithes| gase He sidgrobihe s%%&%mmﬂteéhea%@e coated with
h [
TRERA et Bafol 15 SA0A0E P BHARARs i SRk Gafl of acoeping
 thieraikalt metal dormnektraated fio tre glﬁ@s niecing slae pxd:tma@ml y
an el ectrode ttﬁ sai d atte@g Thi s elaectrod
r 1

Solid dn &SR ity il i ARPUBHS BRGNS 108 alaths o the
Sélé@tréél’éﬁé QH' e o{;ttﬁgpéétL\éﬁf willAithe! st éﬁ%éd@ﬁﬂ sides of the

case e substrate opposite the sid
caleistatey whlchtmakes It\mssnﬂe u@nrmreasepme eataofidiffusion of the silver

abl f
PRBY uitpdng ‘olahsiind lREeiols foutBRa FeinRLOTMAS a: T g
the exciggsiokih ToRP rhéy aaryelt@cylaﬁgél &ktént Sa@utdieg on the

bet ween the baths or the” el éctrodes in contact
r@@pwttwwé |of/ the glassrwbstram uaed avdoarnis $higkresss, femexample from

Patoufdh Vit B Bkt R BB A T 62 §Mim,

and t heTieé additiodal Reutafedthfent apphed hange ﬂedmsasgomwmp b) aims
electric field may varytoalarge ext ent dependi ng
t Wperediffuse the ions in the ion pattern in a plane parallel to the first side of the
substrate. This treatment 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:

SiO; 71.6%,;



conductivity of the glass substrate used and on its

t hi ckness, for exanple from 0.1 to 1000 V/mm of gl ass
t hi ckness, preferably from1 to 200 V/mm The
addi ti onal heat treatnent applted, where necessary, in
step b) ains to rediffuse the ions in the ion pattern
in a plAy@; parallel to the firs0.8%;de of the 25
substrate, This treatnent is carrj ed out under known
tenperaﬁ@@e condi tions, for ex%ﬁﬁre 300 to 400C. The
gl ass gétrate accordl ng to t baventi on may be
used, in” particular, for formng dradient-index

| enses.Nakk foll owi ng exanpl es ™R&;it possible to

illustr athe invention 30 V\négg}n however limting
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consti t uents below, in the follow ng contents

expr esdethl érsnv@e:kpgessepeasd%aaoagesﬂ 01%;,@d71. 6% A1203

0. 8% MyO 3. 8% 14.0% 5 Sb2G3 0. 2%
t ot al i%@t‘?tgﬁ g)gssed as FeZCB) :01% and FeQ'total

i ron 0.fhe Jinsstfatb st & MASidedPsEUBrE vilera SbRAeS VB2 2nm.
thickness of 2.1 nm 10 The substrate was subjected to

an i on- By Habghate svasrawbieaied He aaemrbexcrfmg@sérﬁaénent in the

el tHtepdhupbif BOUE 15 @55 JeRE8 B0frd 7 RbhYdiiin section

salbag rtaé AA H08)i Mpeddavitd covmprisednipr sutitate 2| éqdlpﬁed with two
formn reserv0| rs, applied opposite one another.

craﬁfaaa mentss2ancha, PriEng rasenelsdaprliadapRegiis: ohe @nother The
o ga%eﬁfgqgsé?{ﬁnf @e%&{hﬁ@ﬂ ﬁ)otﬁé%%ﬂsﬁﬁtfﬁg%@' ali ddhesive 4

ct tothe co e reservolr
thmhralaeracﬂse& asha s2ahvevith msplece tuitip edntérts of the reservoir. The

platin mee ro 5and conne to a, volt

feHEPE 'ES'P” @ﬂ@ﬂgr\m@n@a BAWPRE ém'ﬂaaaapnnwoeﬁgm5 and 6
ed with a (1/1; wt/w)

%3%%&%%9&81% %@@lgrt]bﬂa% electric field was

Compartment 2 contained a bath 7 of AQNO; and compartment 3 was
filled with a (1/1; wt/wt) KNOs/NaNO3; 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
the bath 7 (direction of migration indicated by the arrows).

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
(nspo) and the light transmission at 410 nm (TL440), before and after the ion-
exchange treatment.

The values were the following:

o diffusion depth: 140 pm
*  Nsoo

before: 1.526

after: 1.630
¢ TlLao



20 applied between the electrodes 5 and 6, the alkali
nmetal ions of the glass were noved to the bath 8 and
were gradually replaced with the Ag' ions contained in
the bath 7 (direction of mgration indicated by the
arrows). The ion exchange was carried out at a

t enper at ure of b&@GE ILEY%I hours while applying an
electric field ﬁ%éﬁi_yw mm of gl ass thickness. 25 The
fol | owi ng wer e@ea&lr'e@ on the substrate: the depth of
di ff usgaAMPLEL2E Ag+ ions into the glass at the
exchange zone, the refractive index at 500 nm (n500)
and t h& substrater wasnfargiasn uaten 1be neerditionso frompepx@neple 1, but

and,.after the.,ion- exchange.treat t. The val ue r .
5 Firifien o the SHpss; SRR BRI ag it Tofl udf oo, in
WfighteperéeRtidfesain @t tHe 896stratétibtPathickeés-€qudtoBO mm-and— — — -
after: 81.0% EXAVPLE 2" A substrate was forned under -
fimthat dhel etectinsfield appdgd wascequal o Vimmwdiglassdhicknesat
t he gl conposition had the %si tion given bel ow,
in wei ai 2percentages~i n that the Substrate
had- a- tAy@kness-equal -to 3. 9-mM& Y% - in that the
electric field applied was equal to 2 V/Inmof glass
10 thickndd@0O si02 68.7% A1203 1B2%85 10 MyO 1.2%
- Li 20 3,49 total iron (expr essgag?as Fe203) 0.07%
Tio2 2.8% BaO 0.8% 15 Zr02 17 ZnO 1. 6%
total iron (expressed as Fe,0;)  0.07%;
TiO; 2.6%;
BaO 0.8%,;
15 ZrO, 1.7%;
Zn0O 1.6%;
Na20 0.1%;
KO 0.1%; and
A3203 0.5%.
20 The substrate had the following properties:
e diffusion depth: 220 pm
. N500
before: 1.5627
after; 1.665
25 ® TL410
before: 84.6%
after: 84.3%
EXAMPLE 3 |
A substrate was formed under the conditions from example 1, but
30 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 equal to 100 V/mm of glass thickness and in that
the ion-exchange time was equal to 6 hours.

SiOs 78.00%;



Na20 0.1% K20 0.1% and As203 0.5% 20 The
substrate had the follow ng properties: di f fusi on
dept h: 220 pm neon before: 1.527 after: 1.565 25
TL410 before: 84.6% after: 84 3% EXAMPLE 3 A
substrate was forned under the conditions from exanple
1, but AIZ9;, nodified in that th@ 00%ss conposition had
t he conpagsition given bel ow, wei ght percent ages,
in thalréppﬁe substrate had a thl'k?«%é’ss equal to 2 mm
in tha e electric field appd #@d was equal to 100
V/ nm of gl ass thickness and in that the ion-exchange
time waa@qual to 6 hours. Si0D.7T%;00% A1203 2. 00%
B203 12[" % Na20 6.7% CaO O'Cimlﬁ"gfﬂ o2 0.015% -
tofa -'rI ?1 (expressed asFe203) 05% and SO <
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O 0% othlof
10 di f?ungn ptl pm’ n500 efore: 1.489
after: MnG31 TL410 0.05%; and

S0; < 0.01%.

The substrate had the following properties:

e diffusion depth: 220 pm

* Nsgo
before: 1.489
after: 1.531

e TLao
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%,;
Na,O 13.8%;
K20 0.2%;
CaO 8.7%;
MgO 4.0%;
total iron (expressed as Fe;,0;)  0.08%; and
FeOftotal iron 0.25.
The substrate had the following properties:
e diffusion depth: 130 um
* MNsoo
before: 1.614
after: 1.619

5RLAZIRE6C FPhhoN NG Properties:—————— - -



15 before: 89.5% after: 86.8% COVWARATIVE EXAMPLE |
A substrate was fornmed under the conditions from
exanple 1, but 20 nodified in that the gl ass
conposition had the conpositign given below, in

wei ght percentages: SiO2 71.1% A1203 0.6% Na20
13.8% 25 L010,2% Ca0 8.7% MO 4.0% total iron
(expressed as Fe 03) 0.08% and FeQ'total iron 0.25.
30 The subst r abefareidBd.8% f ol | owi ng properti es:

di ffusi on dept er1§q$’ n500 before: 1.514 after:
1.619 10 TL4B b&fore: 80.0% after: 31.5%

COVPARQUMEWEXALMPLELﬂ)strate was forned under
the conditions fromexanple 1, but nodified in th

the gl As§ub @tﬁ@f@smasmrﬁm uﬁéeedh@o%qndlmsgfr@ah example 1, but
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TR T 1 s BORRRRE e et BoblRaf e e i

aEpyhtgseroastagesqin that fe Yasotbickgésswas fequiah s ¢ rarml the electric
that th - h I 19 h
§p%2 agg%l %@%ﬁg%‘ ge?,qay@n@%o? éaiagsa thltclgnes% and ' i tha? the ion-

exchange time was equal to 19 hours.

SiO; 83%;
AlO3 2%);

Na,O 4%,

KO 0.6%; and
B20O3 12%.

The substrate had the following properties:
' e diffusion depth: 220 pm
* Ns00
before: 1.480
after: 1.495
e TLao
before: 90.0%
after: 86.5%

It was observed 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 pym 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 TL4i, 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



o

K20 0. 6% and B203 12% 15 The substrate had the
follow ng properties: di ffusi on depth: 220 pm n5o0
before: 1.480 after: 1.495 20 TL410 before: 90.0%
after: 86.5% 1t was observed that the glass
conpositions fromexanples 1, 2 and 3 according to
t\Wwas iarcomnparativerasample bagiag @ kighdotahiren ontentat i on i n

the refractive .25 .index.at |ea equal to 0.038 over
2 dept T SUBSTaSES ag ApthikNGSS fod el gni 1 cant
reduct i PRe iigh Erenahgdcohfi@BaTI s e PRpEHIA oftthe S0bstrates are

nm that I's to say Wthout the appearance of an
uenlaéed biblable/2l | ow col oration. On the contrary,

conpar aﬁém%eveal ed a high level of
yel | owi #8; a | ow val ue of TL410, equal to
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variation in the refractive index, equal to O.
Bancaresositiqpgesin $akiaZe expeasset dn wsighimeseentages.

condi ti I [ e conposition

gi ven i ﬁﬂé&%ﬁ%@t@éi@rig@%@@% ‘ﬁ% @H per cent ages.

Exanpl eshd iem@xehahti€ condpioasraianeae prégerids of iverubsitates are
exanple 6 11 was a conparative exanple having a

and
heefiatedirhtable 8n content. The substrates had a
t hi CkneEiA‘MPEF"Qn The i on exchange conditions and the

propert 7 substrates are collated in table 1.
5 EXAMPAESUDstAED Was fouinetr ahdsr We econditions from example 1, but

f or ned- under -t he-condi ti ons fromex le | -,-having- .
| RoBiich 08 Thato e, BBY. orpaBition snaduie cRarabos iohanian below, in

P i tyhat i in th
ORGSR adhs ARSI HBLRPla fol HALKASE Shud 653 . n ha
sthes¢leatrieSiedd applied was equal to 60 V/mm of glass thickness and in that the

34-5% Sﬂﬂst%l@‘é}&ﬁé\b"rf&meaeumﬁﬂhbec&w'dlﬁéhsafrbmfvg){%mple—1',—h'avin'g"“"""“' S

ion-exchange time was equal to 5 hours.
Si0, 78.5%;
Al2Os 2.1%;
B20Os 12.4%;
CaO 0.02%;
BaO 0.02%;
NazO 6.5%;
K;O 0.01%;
Li,O 0.4%;
TiO, 0.03%;
total iron (expressed as Fe,0;)  0.02%; and
FeO/ total iron 0.20.
The substrate had the following properties:
¢ diffusion depth: 100 um
* Nspo
before: 1.485
after: 1.524
e ThLao
before: 90.7%



10 collated in table 2. EXAMPLE 9 A substrate was
formed under the conditions fromexanple 1, but

nodi fied in that the glass conposition had the
conposition given below, in weight percentages, in
that the substrate had a thickness equal to 2 mm in
that 15 the el egferi&7.0%el d applied was equal to 60

V/ mm of glass thickness and_in that the ion-exchange
time was equal to 5 hours. E78.59¢ A1203 2.1 %

001 % L1200, 4% 25 T o 003 |iotal Trof X ©
(expressed as Fe2@3) 0.02% and Fe@ total iron (Bo@@.)
The substrate had the folllowing properties:

' sitian dwaidht %000 pm 30 n500 beflore: 1.48% after:
1-&; + TLA410-bet ore:—90% 13— |attof87|0% TABRE——
1 4 EX.5 Ex. 6 (conp.)| Conjposit|lion (weight % .
2. ;04 0.8 2.4 0.8

CaO 9.0 8.9 9.0
MgO 3.9 3.8 3.8
Na20 14.0 14.0 1441
SO; 0.2 0.2 0.2
Total iron (expressed as Fe,0s) 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 3.5
Properties
Diffusion depth (um) 100 100 70
N500
- before 1.527 1.527 1.514
- after 1.630 1.630 1.619
TLa1o (%)
- before 91.3 90.9 89.1
- after 82.1 79.8 50.8




SiQ2 72.0 A1203 0.8 2.4 0.8 Ca0 9.0 8.9 9.0 MO 3.9
3.8 3.8 Na2014.0 14.0 14.1 S 0.2 0.2 0.2 Total
iron (expressed as Fe2Q3) 0.01 0.01 0.09 FeQ'total
iron 0.20 0.10 0.17 Exchange gonditions Electric
field (Vm) 20 20 20 Tenperature (C) 310 310 300

Time (hours) 4.0 4.0 3.5 PrpptE2es D ffusion depth
- fore 1.527 1,527 1.514 -

after 1.630 1.630 1.619 TL41BX(9) -| belk¥r8 91.3 90.9
g’-@&%—éﬁwd SBh el 7 ;2& 80/9? 502 60.4 66, 1 A120 16,6
1988), Ca0 MpO 1.10 1.00 ZnO B84 1.7 Tigg210.01 2.70
ZrQ2 1.4 1.9 Li20 2.3 2.2
Al,O3 19.9 19.3
Ca0o 0.03 0.06 T T
MgO 1.10 1.00
Zn0O 1.5 1.7
TiO, 0.01 2.70
ZrO, 14 1.9
Li,O - 23 2.2
Na,O | 5.3 49
K20 - 0.02
Total iron (expressed as Fe,Oa) 0.01 0.02
FeOftotal iron 0.30 0.23
Exchange conditions N -
Electric field (V/mm) 1.5 0
Temperature (°C) 300 315
Time (hours) 55 76
Properties
Diffusion depth (um) 150 310
Nso0
- before 1.518 1.630
- after _ 1.670 1.587
TL41o (%)
- before 90.6 84.3
- after 88.3 80.9
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Na20 5.3 4.9 K20 - 0.02 Total iron (expressed as
Fe203) 0.01 0.02 FeQ'total iron 0.30 0.23 Exchange
conditions Electric field (Vnmm 1.5 0 Tenperature
(C 300 315 Tinme (hours) 5.5146 Properties Diffusion
depth (pm 150 310 nano - before 1.518 1.530 - after
1.570 1.587 TL41o (% - beCBbAHVISO 6 84.3 - after

88.3 80.9 14 CLAI M J t
20 eash AalssorsiEG cATSREI bleast aneapeaaRer opined by a
%‘éﬂﬁ@ﬂf RS EQ&ﬁﬁ'thgeél !3“ IRES| %né Fag t@;ba Bs¥ With silver ions

I"'ver 'ions " orl ting froman outs esorce,
Mtgrrmt!ngs!mm anlmitside esosce ownedeinr sadasulisttads formed from a

sl the Tgloping e BBSHon 18 Wil B cRaRgeSo0: o -
Aot 0 500 ety gbin O proerdy 76w 728k

- 13. O0 preferably 8.0 - 11.0%
pr ef édzéhl y 3.0 - 5.0% 10 M?azexm prefem@l}O@/‘ﬂ 20%

Pot aCAT on (axpressed a¢ Feod) 0% §isioved 1 iy

0. 00R1g0 0. 01% redox (FeQ @ o)l pméra(%p@o- 8)0%;

preferably 0.02 - 0.2; 15 Sb2030- 0.3
Na-O 2.0 - 16.0%, preferably 13.0 - 15.0%;
K20 0-4.0%;
TiOs | 0-0.1%;
total iron (expressed as Fe,0;) 0 - 0.03%, preferably 0.005 - 0.01%;
‘redox (FeOltotal iron) 0.02 - 0.4, preferably 0.02 - 0.2;
Sbo03 0 -0.3%;
- Ce0, ' 0 -1.5%, and
SO; 0 - 0.8%, preferably 0.2 - 0.6%,

and wherein 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 ym and a
light transmission coefficient at 410 nm (TL41g) greater than or equal to 60%.

2. The substrate as claimed in claim 1, wherein 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, wherein the light
transmission coefficient TL41o is greater than or equal to 80%.

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

5. 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 from an outside source, wherein said substrate is formed from a
glass having the following composition, in weight percentages:

Si0O, 60.0 - 72.0%, preferably 64.0 - 70.0%;
AlO; 15.0 - 25.0%, preferably 18.0 - 21.0%;
Ca0 0 - 5%, preferably 0 - 1.0%;
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—-equal bp 200 pm—5—A-gl-asssypsaal &R

Ce®2 0 -1.5% and SO3 0 - 0.8% preferably 0.2 - 0.6%
and wherein said ion pattern has a variation in the
refractive index greater than or equal to 0.03, a
depth greater than or equal tes 100 pmand a 20 |ight
transm ssion coefficient at 410 nm (TL410) greater

t hanMgO equal to 60% 2. TheQs@35!preferably £0ai®%; i n
claiml, wherein the variation in the refractive

i nde$Nf%s greater than or equfl &% rreferablydl.8nt3@%ousl v
h I 0. §8.503. 0f-
greaggp than or equal to 88.503 %@?’F‘Swl 2?5 as

clained in.claiml1 or 2, wherein't
tran3i@ssi on coefficient TL4QO 5%, predarably @ h8r0%r7

equal, to 80% 4. The substrafe cl ai | n ong of
clai #6894 to 3, wherein the dbﬁtﬁ;"’ P@?‘Efgggftta 't‘gg%'or
| east "one ion pattern obtained by a 'treat

exchblagDng the al kali netal Do ppreferabl Gis$.0fict h

silver ions 30 originating froman outside, spurce,
wherein said substrate is fo?ﬂ%%“tPFJsPN%JV 0g'I ?élgg"'havi ng

the kgpl ow ng conposition, i —V@J’ogﬁltef@;%b tages: S 2
60.0 - 72.0% preferably 64.0 - 70.0% 203 15.0 -
25. Otetapireit érarsisped 8s 6e:,0:21. 0940.1%areferatyyd - 0.08%;
prefeécixbly 0- 1.0% 15 MO,

3. 094%9%0 0 - 5% preferabl Q%Ebéfé)’g%fg/gaebr"gglgéo'lqgé)%

prefegaply O - 1.0% Ti 2 00— hbfe preferably O -
3.0% 5 ZrQ2 0 - 5% preferably 1.0 - 4.0% Na20 0 -
6% BN& erably 0 - 5.0% adPant8%sously 0 - 3.0% K20
0 - 2Y referably 0 - 3.0% pl . i ron (expressed
as ng 0- 0.1% preferagl 31'8%’%6'.d08% redox 0.02
- 0. timporitde-abd), Cr.0s dior PROA< 0.83203 0 - 1.0% 2ZnS 0 -
1. 0% , L

’ and wherein 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 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, wherein 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, wherein it has a thermal
expansion coefficient dos.300 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, wherein the light
transmission coefficient TL4¢ is greater than or equal to 80%.

9. The substrate as claimed in one of claims 5 to 8, wherein the depth
is greater than or equal to 200 um. '

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 from an outside source, wherein said substrate is formed from a
glass having the following composition, in weight percentages:

S0, 60.0 - 80.0%, preferably 66.0 - 80.0%;
AlO3 0 - 8%, preferably 1.5 - 8%;
B.Os 6.0 - 16.0%, preferably 10.0 - 14.0%;

1 i _g_ 00_' e e e e i e e e
sy 080



Sn02 0 - 1.0% and 15 inpurities (H 02, Cr203andl or
P203) < 0.5% and wherein said ion pattern has a
variation in the refractive index greater than or
equal to 0.03, a depth greaternsthan or equal to 100 pm
and a light transm ssion coefficient at 410 nm
(TLAOBO greater than or equdl 2t@6phefer@blyTiess dhars6.5%;
substzrgfe as claimed in clajm d'st,/ wherein the sum of

t he contents of Li20 dnd K20 varies from 3
to 140 7. The substrate asocJ@%rred inclaim5 or 6,
wherein it has a thermal expansion coefficient

a25- 3gObel ow 60 x 10.7 K_10aRd0%y pfefecdblylesethaen.530;
and 45.x 10-7 K-1. 8. The bs te as. cl ' ne
of CII\% 5to 7, wherein t g’ @ﬂt/"e pfgfef?aﬁgen[?'b'rboﬁ’
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coeffpent— FLATO- +s—greate)-4eRH gfefgﬁgw 0tQ: @:% 9 —— e

The substrate as clained in one of clains 5 to
vvheré4l20the depth is great@r t®éanpmferhind% o 200 pm

pai ¢ 9 oot ai ned by a cr eaPadnt Do B RRE e R

al kaltbtateba(epptsedlasFag0g|08s8. 194, tgrefdrbvgro 1 ©08%;30
originating froman outside source, wherein said

substedee(feOietahiank r om a 02as@ 6hﬁ(ﬁfﬂ'§ib!m@ ORa1 @-6ini ng

or o 1801 366, 0 *80. 004 adoch - PEIAN G DB 4,

- 8%S®203 6.0 - 16. 0% prefessabbtymz%p - 14.0% 16
CaO 0 - 2.0% pr.efer, s than 0.5%, ZnO,0-
BaO 0 aqd/ow ip sai lg pﬁ\)tfeéperp%@yvqaréagynt L ihe rg%,@ctlve index

g;r@ﬁﬁeqotﬁ/aﬁec%re&g.ﬁ% (PO@fSrd%kHtB( gg thSr t¥ard 4t equaKfcpr‘laglp;n and a

0-- 2~0% 1.0% pre
Oight Tnaﬁenﬁ)sswm coeﬁscpnéaéﬂ 40 Inyn (Hsis0) tgheated e or equalito 60%.

0. 08% b f@%&%b%&e@%%?%lamm Aigh 15, GHiereln t has a thermal
pé)ﬁfa%rs% gOé}fI(Q anf ags.gog below 60 x 107 K™ and preferably between 30 and
45 x 107 K1,

12. The substrate as claimed in claim 10 or 11, wherein the light
transmission coefficient TLy4yg is greater than or equal to 80%.

13. The substrate as claimed in one of claims 10 to 12, wherein the
depth is greater than or equal to 200 pm.

14. A process for manufacturing the glass substrate as claimed in one
of claims 1 fo 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

c) 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, wherein the electric field
varies from 0.1 to 1000 V/mm of glass thickness, preferably 1 to 200 V/mm.



MOO - 0.1 % preferably O - 0.05% and SO3 |ess

than 0.2% and wherein said ion pattern has a

variation in the refractive index greater than or

equal to 0.03, a depth greateriythan or equal to 100 pm

and a 15 light transm ssion coefficient at 410 nm

( TL410) 1§r The eerotbss agr claimued ih cl&ifPo141dr 15hevherein the outside
substra%e as . clajmed in claim210, wh re%g [ s a

11t
{SRGR.OT SiVER NS §rR BaiBrafianeedl Mets MAlENsiveRsats x 10-7 -
1,0 andqpr I , - " q. _
The sub1s?'r gifug @Q&%ﬁ%ﬁ%@%@ﬁﬁagpygﬁqgiﬁr i@ \Z’\l/r\‘,iégégi tﬂ?% source of
tdilwet iogistis aZdlidraysrbasedon vwddlfic sihert TL410 is

greater than or equal to 80% 13. The substrate as
claimed in one of clains 10 to 12, wherein the depth

—is—greater—than—ofr—egual-—t0-200-pm—14—Aprocess-for——— - -

manuf acturing the gl ass substrate as clainmed in one

of clains 1 to 13, which conprises the steps
-consisting in: 25 a) bringing the glass substrate into
contact with an outside source of silver ions; b)

subj ecting the whole assenbly to a tenperature that
varies from 200 to 400C, preferably 250 to 350C, in
the presence of an electric field for sufficient tine
to at least partially replace the alkali netal 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, wherein the electric field

varies from0.1 to 1000 V/nm of gl ass thickness,
preferably 1 to 200 VVmm 17 16. The process as
claimed in claim14 or 15, wherein the outside source
~of silver ions is a bath of one or nore nolten silver
salts. 17. The process as clained in claim14 or 15,
wherein the source of silver ions is a solid |ayer
based on netallic silver.



