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conposedestrigtiond fi bers having a high nunerical apert"ure (N.A), desirably
‘| east one. Nunerical aperture is a function of the refractive indices of
two gl agmesuctierpl oyed as 10 core and cl adding gl asses in an optical fiber.
It |s.defined by the equation N.A = [err] where [err] and [err] are the
ref raéti veThimidveote isicorchrped: withefluarobioresiligaiel olagpeg) having bysicelcrrensdies thel sarticalgly | t
i s i medident ey teypysaascotaddinggiasses far ¢ladduiass fitrso Bispacific gpriicagen in thearrqduction afifiber ur e,
gl asses wigAuRgesipraisp ps entiga plgapnts in aphtyision pauinmedt ces nust be enpl oyed.
However, cBDIREs dear artio Rundlpstargcarprased gf glath fibess havingnd digh d‘l“'“&‘!"ﬁ'e?Pe dNA
pr oper t idegirabli ateast onezhyasrical gpertue i %f"%"c“f"b?fghec’PféPdt“‘lel"!?@Ps offtyo.glasse 2hest | aws
as cr¥cke’? 284 fipdding 9@?%%f"eﬂ"é’pté{’ﬁ'd'bg’e'éﬁé"’""?ﬂ Y BBP®URY c| addi ng gl asses must
be conp bI enduni ng sealing, redrawing and cooling steps. This neans that
consi der |o?{ hu%‘{z be given to such properties as coefficient of thermal

expansi %Breql noabl aaeaactwgtn@fces B o i@%ﬁ&@%ﬂ sbQhsh@RAIRNCY. It has been
the ppactipg mﬁ@ﬁ Bﬁent t, A5 GALICH oblaled ni fﬂ%fi’é’ &r@ﬂ% Bl%se@ hélihg wideRd ON
equi pnPrH;veBXnt@efﬂHlea inRlcEs Al Be B&E\Gﬁ%sﬂow&lé UohsdateBorCtise al8d BSgivanTo & Adrhbek bit O
ci r cul arotHapprysicat Prbpertids! a8 CHdl. MG hiioim b Strdh 1B 6, tred loMGsuchiawa las craicks | hie,
pl aced icBialeand o8RO ddfe kidbiaGing YRBseh SR BERRIING Quring SeAME) radraih@ehdcane.
Thi s cl adolagBRps. Thig andany thitndonsideeatior) thost | be piveh td1sueh peperfidscacetitdient bbtlermane
and r edreapansiorg glass. soifebegoirt, laed prask sparstios pnietic?S repeated a nunber of tines,
t he reSul ti hgs basndheepadiice hewtofapmdo pobiics Hibet aptic bundlee for ighk. visidnesguiament thien
used as raiftipleestepf Rroesps. d sdabier corenglesstie cast (i citswiant lbgrss pidhey clagiing) glgsp isndrayrt as
vi si on dehing & bar igthgr plaged dnside arlengthof lbiea.and tha glapes aneﬁecg@mmsw f cgng- Hhiselagh
numer i c&rneipapdkert iato npw bynglleg wigh pthas|piecesisf claheane and redrawy) agaiprffier e Eedgp $198 &
have oelreRepled p\purBbesof times, the %g'i"lglbé' 'es %H* a "%s‘bm eifhgrygngl. hey gf@ “°“é‘Pe°'an
appr opr | %46 eF @8?95’\’795%' 3?’51“‘1??’&‘”’5 thés' "H?é’F ex sp nsi o agh
rtur % h ﬁrglca

gl ass l’ st f{' I’IC
gl assegliﬁﬁtﬁg\e E@'e §t§' é ks T’ v'sf°c§'“ 'P ‘f%l ! on Fes %,'aig aﬁe“ﬁ' gach

her ure. E@J rela i al expa ns o eac ass m compa ‘f’
ot CL'IL Iy é\ eQYXUSt n %ﬁ& pt| Qo eltmrp‘ a§|§n re With'% e%h er
t he r 8t her Yy & |ous proce eretofore use orm ng 5 opt |c
bundl es. P her purpose i s to provi de cl addi ng gl asses haV| ng properties
such th d fibers can be drawn directly from adjacent glass nelts. A
further pudpRASFpokS ot iReRtith ko impMiths Yatik tebiiotbQsretB @O Rerdtdicra LsdG R Yber
gl assgs dotiedundie conpatible with |ead silicate core glasses having high
refracti veaiothdi G@ose 40t providé\ chiiding glissést iuGing PlapeIs BudhSthit @lap fiDars dn Bel drévin
opti c fidiredty frvaatja@niaglassinmeitisl cal aperture equal to or greater than one. Yet
anot her puApobe fusoseis ir providkea miladfi flugrolmkostitatrocisiding gesses that @re giramtiis withavi ng
a uni 0 U deadaiitAtneors alwssest hayingimigh refragtiveiindicbeidi ng a refractive index not over
1. 45,0 | i AcHl fughee Perpesedto Rpvidelfibpreptic éhernbrying @ nymecak aperture AgHel igton e@atPange
of [err]‘h‘ﬁfm?lot over 120 x [err], a softening point bel ow [er r%?f" and a 45
vi scosi ty %t apqier PYERee dUS pE?I’""?\Gt‘*‘“H'ME?”WB"’?F@'Gat 8'?%?8%“3"'3% n of
| nvent i °”PW°SF lﬁ‘F't’?'I'égr i@’é"' P 19 § ‘B(?fﬁl g_\';e cgeﬂ ?E‘E‘g : E}%eé g'éact of
ny i nve ‘Eﬁ’f e’ﬁ v (}?V&b Fhur8s( 1% @arelen SIR\fP

8?1% he Hun lils of V\%t un%e{ 0 ID

conpo§i tY Rt consi st essentially of 35 - 52% -

[err] the [err] +[err] being at |east 53% 10 - 19%/[err],
15 - mag’ oo b tltmr] + [err] being not over 36% and containing by
anal ySI S i kB of BBsOnAP SRS KW OpusRbdsdah iadShct BlinG GfveRtith 1©\ShamRPUL

1. 45 gnchublobifslicdid Gibdsbs hih coRbositiB@ Whidh, RXNRIAJNE bé&HBont) RbnsilY Bsortiamids 362%2%
[err] Thaioghas s anppind $ioNs Mcsieing bl WasEssIs 1ot 194 BLOL IS - PRNKIO, iHeandS + but
may contAio] bdig hét oadi@BY%, afth htaifieg bypanalyss henzb F, the glaskes ndving Shia@ivé iNGitBMOES.
These neoyer dboltut4s ana linear xYettididass! of ridoredl relbansia@t Bdt ovetiatias 180R6)10NTL. Upe iglassb %o
[err]. Homeositons preforably camstt pichesacdoostiuems ibueas oaitniragp Br &yt 5% olitartalh ether

avoi desd. oxides mreotmh drstanesseBiese mpy inaludmen orb% sikaline bart) rhatdh exidds@Dhendaverta¥er i cal
aper t ur eNagPeiipwever.tLiz @nand mefractors @xidgsespeh ag ZrPreshotid Helpveigedl ass is a

f I uor obor 0% Motert aPeekIN dnventien ippd St iy hevieg: a nmerizalj appriure) gieatamhan eagnaRdst s 2
wherein the cladding glass is a fluoroborosilicate having a composmon that, in weight percent, consists

2



EP 0 312 933 Bl essentially of 35 - 529 err], 12 - 23%[err], the [err] +
[err] being at |east 53% 10 -. 19%8203 15 - 19%([err], the [err] + [err]
bei ng not over 36% and cont ai ni ng a ¥y S 7 - 12%F, the glass having
a refractive index not over about f4% and coefficient of thermal expansion
not over about 120 x 10-7/ C. The core glass may be a lead silicate glass
havi ng a ésedntiag tof ¥%- 52918i0,,0L -28%| @5 thel SI0H + AIgGR(bemm lat 1643t §398 10 9 l19w6 BEGs, 15 -
parti cul ardwyK,iheEa0e +a8, 06 bbigg Gt a8:E 86%,C0d Sontining By @itdlyisia [7]- 1 2% fF, the plagdaagyd by
wei ght, 6f@factivéafdeiPhdove? 8bout B&anBicGalicBnt-of GRNBYExBa@on bd evePbifout12Bx@0T omit ent

bei n-68 - Tw/goregidssOm@ ot laat sticatepglassdwrviagig Iefradtiv ndex of at fedstgll.78s beal silicatey a
ref ractsi vglasseschasticwdrly buiteble as dorg @assgavonsish essantialyrof.fiupardestrbyowighie At 220« Rb0a2d1t ght
vi si on de¥% 808y 5% a8, fhe FBP b BeP comtent bisieg Fonfets eed QJ'P%@F alfierfoxides sych as

wher ei n t MO thed@ish asefrarﬂse idex &ﬂﬁm that, in weight percent,

consi sts es g%f‘Ye&"q v g’ﬂte'“p'f@s amiy "‘°°l°2“b°d\2‘§%§@°q’p"°tbh@' comppseq of
[err] be| rs| '2P g'assl'%’ CP '° "T in woighy percept; con ‘ﬁ%e“’[s ?'gz err]
bei ng % l zvg Z%P?d m'g; ?9 agg{g Hes
arefr act [ on
not over geéﬂ?tof (?b %E% ar]d ce Ic‘eﬁ'iofcl& earlgpﬁ'rse %mer{aar Cl e%by aser and
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cl addi ng, has a refractive index of about 1.48. However, that index
requires a core glass wth a refractlve I ndex of at least 1.79 to provide a .
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The invention is further illustrated with reference to conpositions: for
several cladding gl asses as set forth |n TABLE |. The conpositions are

gi ven on an oxide basis, with fl uq{) $i3gy shown separately on an 45

el enental basis. However, it will Dbe appremated that the fluorine is
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t enper at ures varyi ng {fAzfin 1250 15 Oais 1PEqui2iéd| f18f suédessful melting.
The nmelts were poured '?’4990 nol [dd5® ol 1Py 613x| d85(192€&n cn) patties
whi ch were anneal ed. att| ed5§ i188dl iABo| J&Bt nd prepar ed
for measurenent of vdrh @ ) phylsi'&4 108k 104 Bﬁs data are al so
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15.0  19Prgpertiey,compositipns agd propesties fc[rép(,afdltlonal comparajivp glasses prp ghown i FABLE 1 helows
12.5 18.5 [err], 15. 8 15.3 E}_g" 15. 8 17.8 17.5 F (anal .)
10. 1 8.0 10. 3 10. 1 9. ¥ ' - RI.
1.44, 2d.45 1.45 1.45_ 1 413 1 45 CITE 12 104 112
111 ~ 107 118 $. P 7 94528 |59 | 585 | B39 159 580
Appear ance cl ear £ar Ol QiE | GheY 357 9aT406C! Fkg.4 0| Dyaaydy Of
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9 . 10 11F @naty 14 [esrfl 132 | 10141. @3 B9.éa6 | 3327 40.6
36.4 44.0 [ﬁfrm.l 1350 14393 - 25186 | 18.46 8.} 16. 3
[err] 13.0} c18. 1 1325 1488. 8 - 1807 123 9.8 2p
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1.46 1.45 CT.E 132 14 0 123 S. P.
554 517 TABLE M sets f&tthZcompositiom2i8r 148 glasses particularly suitable 16@&5?@51@5%5@ Also Glvéipdire
clear oppdysical p@b@@gsforthecd@ggs opal TABLE I'll sets forth conpositions for
two gl @sses particularly suitable for core gl asses. Al so given are physi cal
properties for the gI asses. 35 TABLE I1aABLE B 14 40
[err] 30.5 - 29.8 PbO
63.7 70.1 BaO - - 5,8 140"
40 .‘ Si0, 305 298
PbO 63.7 70.1
BaO . 586 0.0
As; O3 02 0.2
S.P.(*C) 605 576
45 " Anneal Pt.(* C) 473 450
Strain Pt.(*C) 437 416
CTE (x 10~7/°C) 75 73
Refract. ind. 1.77 1.77
Viscosity at the Liquidus (Poises) | 50,000 § 40,000

50

Clad fiber was produced by melting core and cladding glasses in a double crucible apparatus generally
similar to that iflustrated in the Upton patent mentioned earlier. A lead silicate glass having the composition
of Example 13 in TABLE il was melted in the inner chamber. The cladding glass was melted in the outer
chamber, and had the composition shown in TABLE | as Example 2. The drawing temperature for the clad
fiber was about 820°C.

: The higher expansion coefficient of the cladding glass presented the potential problem of cracking.
Accordingly, the ratio of core diameter to cladding thickness was varied during the run. Since a ratio of 16:1
was specified for product purposes, the ratio was set initially somewhat higher at 20:1. When no cracking or

55
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[err] ' ' 0.2 S.P.([err])

605 . 576 45 : Anneal Pt.([err])
473 450 Strain Pt. ( O ’ _ 437 416 CTE (x [err])
75 73 Refract. Ind. EP 0.312 833 B 1.77 - 1.77 Viscosity at the

Li qui dus (Poi ses) 50,000 40,000 50 C ad fiber was produced by nelting
Cor e anginhed dafbel vig oBsen®8,ape faflb WasOftrdabed 16 RSICIAD kR rafdsda lerabkirgerae bbdotvgd. Thigl | ar
t 0 t hat confitmiSthitadneekphridioh isrhiidhOcan it ©IRiatedEn ititn @ds @asiableto mhiinisad iSothércat e
gl ass- hasquirsthetth peraa.MxoBactioroan trefintdriacatpivesed Be iglassés\Bastobbdrtedvas nelted in the

I nnex—/chanber. The cl adding glass was nelted in the outer chanber, and had
t he con®ms i on shown in TABLE | as Exanple 2. The drawi ng tenperature for
the clad fiber was about [err]. The higher expansion coefficient of the

cl addi nd- gh Aupsobproaliicetatglags t'wegwdioemsrt'ar ip eI ORfcRt, copsiting PrRgentially b ARIF AgF Yy,
the rati o Y d%r@”’dr‘bﬁetﬂ]@rs‘@zo*cﬁ'?é?eIBP'PRga‘t'%F‘c”ﬁﬁeé% RetsBaPar P9 e Pritp B r un.
Si nce1&a r at iA Opbeingsnof oxRr36 %pandicontainingr By angysisdick? pﬁr poses, the ratio was set
initi‘all ocrac P 0.312 933 B1
o her 8t b o olsaR B SenaA MRS e QReERT 1o 5% Needh (s v ot o

some crack] i %%{orggs.r%as o e L R

t ol er at ed, i o mhni her "requi rerrents
permt. No reac bn ath e |nterface bet ween t He gl asses was observed. 5
dainms }, ﬁefdsyeré)hmro%abémcaatgﬁsg |h§\§'§ BétioR i RBRERES Wil otairth 1, 34 8idding
percent, cqqsisting essentially of 2% [err], 12 - 23%[err] the
[err] + [err] being at least 53% 10 - 19%/([err], 15 - 19%[err], the[err] +
[err] be&i NMheié ofa/idoroBrosiicaté GrlssCas it ciddihd@asds Yin am&bgrﬁé @ith/claim U2vHdten. thel §lasd. A

f | uor opor asms lairefat®re Gides So over stdOIOY.45a2n6 @ cobflidientofahemmal ekpandidnaavercbaitemperativg U

t 0 5 % Na28ngedf 258 CFA00E oftnot wed 1238t’¢ Qyl ass i n accordance with claim 1
consisting essentially of 46. 7% ([err], 15.0%err], 15.0%[err], 15.3% K20
and 8% 6. The usge of Bfivorgbesosilitate, clpdding rolsbbin @sjordapagtwith gleims ¢, or R frheroptaipipthodi t i on
i n accor daife82afd-t h cI aim1l, as a cladding glass. 5. The use of a

fl uor%borosr I | cat e ass as a cl addi n Iass I n accordance with claim4
wher ei n 7t hE? ?gsa Ty gb%%r"e%%l jng glap slrk s J‘? VR °'%iﬁ66t°’ﬁ°9f§‘s‘§‘ﬂdssg"“a"y of

coef fi zi ent® d‘f éf‘f’rﬁlegkdgﬂ? Qa0 ﬁ‘% B erature range of [err] of not
over [err] orosr .cate c dd g ccgr.dance
With S’ n%didg s&b?r vﬁ}e]:]egr tﬁe Epa {9?%9 oirtron 1,39}15@ sae 3$bn %g?%%i 2% S|6<§Clogér

fl uoroboros%lﬂ r,é T ﬁ‘; zg,q 2% accordance vm _
consi sting essen of g err] 15.0% [err], 15. 0%[err] 15 3 [err]

and 8% g, B.clad/yldsh agergécaaang rdoaarmw@%argnatnbae.ehrasmhw o s st CREPS el

consi sts esapideb 3t & Yudidbordstiicate 2bBiIbEHEsh having aXBiractive inki3Y o RY bver aioliet 4560n8 +

[ err]ss bei ngadasiidaastie §idsY halig -a dddfiicient]|of thidihal [expdndiont of &Y kdst rixNgoNOL, Ger
36% .15 - coBficidhr Of iérthalloxpanidiaofanatiyuamg ghss Bhing/hotinard tigh 38 % 1DT7her gragteraiadli Ng
to cl ai m Snhétaviegoa ghssiand telratape tolwoe gidss dimbterals ttheathicknessnd tHealadding glagsos ed
of a fl uorimingmotsavériabatt @0:t| addi ng gl ass having a refractive index of not
over, apout 1.45 and a 35 |l ead silicate core glass having a coefficient
of t Er 1B A elRpaleey ther Y acgerdaneg &ith Pigimy8 wherpiD thet ¢pee glessfiias @jcempositipn consisting|
expansi on ¥eentialk of fnpeege gs g‘l"@@tse"d&z?rd’ o8 TBHCSIONAH 03(§%Bafdy the fotabceptentgfe
than that ° frﬁ?oé’ﬁif‘%s‘b] and the ratio of the core glass dianmeter to

the thi q|1< lgd grass iber in a%gog ang \glh c?a?m Q re]rgin Ql?et co(r)evgqgssqgsog trefr%gi-vg' index of 1.76 -
% - 1.78.

12. A clad glass fiber in accordance with claim 8 wherein the core glass has a cosfficient of thermal
expansion of 75 - 100 x 10~7/°C and the cladding glass has a cosfficient of 80 - 120 x 10~7/°C.

50 13. Use of a cladding glass according to one or more of the claims 4 - 7 for a night vision device
embodying a plurality of clad glass fibers bonded togsther in a bundle, each clad glass fiber being
composed of a core glass and a cladding glass, the numerical aperture of the c¢lad fiber being at least
one.

55 Patentanspriiche

1. Fluorborsilicatglas mit einer Zusammensetzung, ausgedriickt in Gewichtsprozenten, bestehend im
wesentlichen aus 35-52 % Si0Qz, 12-23 % Al203, wobei der Anteil SiO2 + Al,Oz wenigstens 53 %
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40 10. A clad glass fiber in accordance with claim8 wherein
gl ass has. a conposition consisting essentially of, in percent mm@m“ﬂ“l“‘
- 72% PbO, 28 - 32%err] and 0 -gf¥yespa a3 Bhe total content of

being 68 - 72% 11. A clad glass fiber in accordance with claim8 wherein

the core glass has a refractive index of 1.76 - 45 1.78. 12. Aclad

gl ass f bthe@rdefert vees obsed@n.ale xatid WasChaeasedBio\RB:dr Aithis taliesooeraackih@iwas dbhagved. This

coef f i ctwfimsothatt dncexparisiop xpsmal¢thoeanoife Prateti) Qutxthitdt is] degiraliiot th emiginize di iigthgt ass

has .a ctegifementa permisfNeggaction 3t $heyinterfaceybetvees the glegses werolerved. c| addi ng gl ass
accordrn to one or nore of the clains 4 - 7 for a night vision device
enbodyi FRIMS p uraI i ty of cI ad gI ass fibers bonded together in a bundle,

each cl osed. of a cor e Iass and a cl dfrng 5%' ass,
the nu §r Egr R it s el
Pat ent ans a3 nse Zu 3
ausgegdr uckt rozen egg% a'hs’dse} vvesentl i chen aus 35-52 %
[er r] 3.2- ﬁzﬁmébtrea[glte gre@shﬁ5ccg.e5ncé%ﬁut.mherwar ddnfinfnh ¥R ASNEHS 53 %

ot her defect was observed, the ratio was increased to 25:1. At this ratio
sone cr gcki M@rovessis @rah’ﬁﬁ achJah&e Gt EtbimBcohdiding Sd3oriXIR DN 36,90 IV, STBRREB, 032N be
t ol er at ed,1slowt AURQI5.3% KiGafda®i rabl e to minimize it if other requirenents
permis. No reaction at the interface between the gl asses was observed. 5

Cl ai ns8 4. Thefubalofr Diboradersiliceta tgiasg Ihadgy hevmipagtion i anfrdaict Wil claimnt, \ae ia Glatiding
percent, assisting essentially of 35 - 52%([err], 12 - 23%[err], the
[err] +[err] being at |least 53% 10 - 19% B203, 15 - 19% [err], the[err] +
[ er r L.bePnghagee efacifuonborogiicaln glassstaagiadiling giess imacepidance with clair4 yherein the glass A

f 1 uerobor Pireiraptve 3%1"8’5%0 PU§Y %RS’Eb‘r‘ifa?ﬂ‘Eé GRpifizient pithernal ?‘Eﬁ"?‘?fb?"%@ﬁt‘%‘r‘ﬂ‘?@h’@’ up
to 5 % NaZ®n9e s 25°&FP forieBuresi?Prlat @ gl ass in accordance with claim1
consistin essern 46. 7 15. 0% B2Q 15. 00/[ 15, 3% [err]
- 56 B e oiqloripls g gt g T AReR B S TR TSR | o
in accor dance aw t h claiml1, as a cladding glass. 5. The use of a

f1uor Obpl‘ Gﬁ\b gf&&taqw&l)@o?o%m@a?e aao‘alnaggk{;ig agcloﬁi%&:e'vﬂh @IQ@ r4%3%§ns¥&inﬂsgenﬁaﬂ%ﬂ
wher ei n t hg 78] §85 158% s30J, 85.08 L0 &1513188%nd 8% & out

coeffi zi ent of thermal expansion over the tenperat ure range of [err] of not
over 1 g0 @&d ?loass@bermﬂ'@reﬂrstﬁe Sbddig folile® EMRREIRRI dohdistd Ssarhiag) bk BY - B298SH0| 1B -
accopgancesw A0Cthaigis; 4 AYO;Deinylat f86st 56RN1TAI 15 BAD; LiBe BEODO % A5 eing 2ot oer The
use of a fIsuwQIDOEURID inadt-a2%laaggbetdg. gl ass in accordance with clains 4 or 5
consisting essentially of 46. 7% ([err], 15.0%([err], 15.0%[err], 15.3 K20
and 8% &. /8 clad\ gisadibg| ssding Irerclaimh@rhevimg & hemeilicatd epertgre gif a8 deastooneo snd beimg
consi sts asmeesed gl 4 fuorforgglicate SRYEifggless haviryy a reB@tive indeR 396t over pbout has frera | +
[ er r p5 bei rigpdatilicpte oore glask havipg -2 qopffitientrdf, thermal qxegnsipn of phiepst Bex 1§7AGH thver
36% 15 - cpYugigntpfythermalpxpansion gohepladding @lpsgbeing nopmere JpAn A0S0 H7 %@reatab*eerr di ng
to clai m 8"h&0ie ﬁg“é aAsPepd the|ratig nb fhe fop gigss dlamplan9rthe fisknestef Re¢latging gltgbsed
of a fl uort’SﬁSr"ﬁf)t ‘f'aB"a‘ttéol:I add| ng gl ass havr ng a refractr ve index of not

O}/G[ ﬁab%t]t (:.Iﬂa Iass 1 er |n acc rdance Wq'f(!j g IP(%E aSSSSh haVI n O%OC(e)l.'I:l.f C%Tglnt
0 erima nt% vjleg %P S:%)hg tot coh o
expansi on fg er ng no greater than
that of the core g ass and the rati o of the core gl ass d| arreter to the

t hi ckness Obiad Bl@sscflbérdima&g)rdlhésﬁth%rrﬁ]@ WHRloinONE Eoré BIRs4t had @: rdiractv@ indb@ of fyec! ad
gl asgs fi berzsi n acecordance with claim8 wherein the core glass has a

conposition consisting essentially of, in percent by weight, 63 - 72% PbQ,
28 - 329%.[reeld gasdfidr in 68ddaice vﬁthezratrmtaahheceanuwembreog‘rasplm& 4 ddeffRidveionperGldl - 72
% 11. A clxpasigh efFs - fiddre10~7/nC andibe dadiing ghis¢ tms@lcasfiiniedt ofi9e r @20 toh& Cor e gl ass
has a refractive index of 1.76 - _ _

50 13. Use of a cladding glass according to one or more of the claims 4 - 7 for a night vision device
embodying a plurality of clad glass fibers bonded together in a bundle, each clad glass fiber being
composed of a core glass and a cladding glass, the numerical aperture of the clad fiber being at least
one.

56 Patentanspriiche

1. F‘|uorborsilicatglas mit einer Zusammensetzung, ausgedriickt in Gewichtsprozenten, bestehend im
wesentlichen aus 35-52 % Si02, 12-23 % Al O3, wobsi der Anteil SiO2 + Al2O3 wenigstens 53 %
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45" ' '1.78. 12. A clad glass fiber in accordance with claim rej
core glass has a coefficient of thermal expansion of 75 - 100 Br,mg l””"l
the cladding glass has a coeffici gplggfs 38gr 120 x 10-7/ C 50%°Te. wOr'g "%

a cl addi ng gl ass according to one or nore (% the clains 4 - 7 for a night
vi sion device enbodying a plurality of clad glass fibers bonded together in
a bundl e, eaetigt l1ads g BE®, 15-192% Q0] RgheCaunPawie B, Gaf + a\L0Q Mizhtghehd als 36 % Betriigt,

cl addi ng gl asd erritiett daetrndlysal7-12peFt ure of the clad fiber being at |east
one. 55 Patentanspruche 1. Fluorborsilicatglas mt einer Zusamensetzung,
ausgedr uckt Fluprb@siliatgles spohdwenmch i, wdlches wditerhid bisrzu s Bl antbilen aus 35-52 %

Si 2, 32-23 %[err], wobei der Anteil[err] +[err] wenigstens 53 %6 EP O
312 933 B3 Fluorl orsrlrcatglas nach Anspruch 1, bestehend imxwesenlichgn augp6,7 % SiOz, 158(% ggﬁa 159-19
%[err], 157829 K59* ¥eOuwf 8deF Anteil 8203 + Al 20a nlcht mehr als 36 %
betragt, ermttelt_durch Anal 7-12 % F

FI uor bor s |q’¢'%{’t° uag °'H?cﬁﬂ“°7&ﬁ§ﬂi?ﬁ5q!§?°%“‘" W@?‘cﬁ‘f&%“’%@?ﬁ”@%?ﬁﬁ" BP?’“E’L‘J‘ gls pin\impsn-

enthal f° 5 St bor si | i catgl as nach Anspruch 1, best ehend i m

X\esentl I \Cﬁ'er\]lefav oy & mZes(y?I %llc asgs ﬁ& %% m£n§e1u9 %.vé‘%gcgsms dh @ogg(%f &lgg 8
HF. 4. .l i srnaab it IS S ihddcde il
nach Anspruggh fo Cvontn Hrur.gé% o7/ NEk

Fl uor bgy si | i cat gl ases al's ein Umant el ungsgl as nach Anspr uch 4, vvobel das
A as el neg Bemehithg sihdstruorbsrRcdhinthkinteiBdkglasts %a@t%m]deﬂﬂnsﬁmaweﬂ SRS, enthaltend
Var meausdehniiegekness s zi iepben Oober den Tenper at ur berei ch von 25 -300 C von
nicht nehr als 120 x 10-7/ C aufweist. 15 6. Verwendung ei nes

FI uor bor st.| iveaventiuhg sites] lusgeglictiesnanainhysolasee madiainefrispAnsplichod aides, bestehend
ent hal nd Ve wesenllichen Bus3167 % Bi0¥ 1NA26 B2 Ck, 1m%m|®du|5g % Kefdand 8 % F.

Fl uorBor si | i cat ummant el ungsgl ases nach ei nem der AnsprUche 4 oder 5,

best ehend3 2 (lantelgiasfesap yebai [djecremaniplingsgipszpsaningggeung i gesntichers aus]35-53 %SKPZ203
15, 3 % K20 1683 & Bk, wgbei ferrinisi! Qs t a°§?@ﬁ ‘wepigTirns sael betréigt 10-19 % B, 03, wobei der
Ummant el ungé@?‘é@%sﬁﬁh@h%’%‘t‘fﬁ%‘ %%@@H‘t 1518 e Q god ?3!32 % anajysigrips F hestebts o,
Al 203, %&)e der Ante stens 53 % a 10- 19 %BZO
wobei der g{ a%q%ten g

T35 o8 arirr"rg R ki ':.z:. :;m L skrrrrzgg‘:gpv &1
EI ner nUITEf

ei nem Ej uor %Fn 4 étﬁﬁd*mmf‘{;rgfd# %9&9 hé’rsde m&iés@%%&&ﬁgmﬂﬂﬁs'& %m&l ur@l‘a

mehr al's et \Ugs Jurbrokd BEh GhiinBiuRblasds nich@hehEhid @%mﬁetrﬁ%tnem
\ar nmeausdehnungskoef fi zi enten von weni gstens 75 x 10-7J/C, wobel der

VI meaus o) IMaRgIGka5b! hath ARdprude 8, WIBBIRIAE RbrHGIE e Esmnitin€dtiung Qufweist, baBBHendiin® 30
X 10- 71/ Cwgsenitietion, dubgediiitit G Gevil@tsplotdntd) A8 63-72 ¥ @bl azB-37e% 1580, t unt D-60% BaO, :
Kengl asdur clwvoss derIsdntgahslt doi RHOe+ a0 sdmawdedigingsgl ases nicht nehr als etwa
20: 1 betrdgt. 10, Mantel gl asfaser nach Anspruch 8, wobei das Kerngl as ei ne
Zusamenst M;nglglastésaenasm Anspweti & lwebai dasri{evnglae pitdn Brénbungsiades gerdt, 76C ki, 78| apfweist.

Gewi cht sprozenten, aus 63-72 % PbO, 28-32 % Si2 und 0-6 % BaQ, - 35

wobej der12cbeptriolgerar vachAnsppch 8, YERe) 438 Kerpglas, einep r%'!‘ealli@hnmt’@zgga% PRs7Sr

nach Aﬂ’sprudPP ’81 “\7/(6ﬁé'f’d gas Imeanislyresalazeina ogffizianien MeIOridR X 1931 Crufpgist 1 78
auf wei st Ia faser na h Ans ruch 8 vvoger %as Ker s er nen
VAT maausdb’h rw em oder mehyr s?r c Ur, el
Umant el ung 'TkE 't'rgh 9(7 lghi, v Q'%a" g

Ver wen 3 ?j w%b antel sfaser aus ing und eme ntsepr

4 - 7 r e ne cht glchtvorrlchtunrg, rvvr r ﬁfs urc e ne |tr zahl von
Mant el gl agdvas@iatoRs € 1 N el nem BUndel zusarrrrengebunden sind, wobel jede
Mant el gl asfaser aus ei nem Kerngl as und el nem Unmant el ungs- 46 gl as

ZUSaMTeNgRs &b ad florodbiBsiidhts do NP Ednipotiton ARIstal estlBdseriBiRmBhtiva B8 saERIGBI®BNS

ei ns bei r agti2 aBevead, 0ok eB& on Si0; + AlLO; étant d'au moins 53 %, 10 & 19 % de B203, 15 2 19 %
de K20, la teneur en B203 + Al2O; n'étant pas supérieure 4 36 %, ot contenant & I'analyse 7 & 12 %
de F.

2. Verre au fluoroborosilicate selon la revendication 1, contenant en outre jusqua 5 % de NazO.
55
3. Verre au fluoroborosilicate selon la revendication 1, essentiellement constitué de 46,7 % de SiO2, 15,0
% de B2Q03, 15,0 % d'Alz O3, 15,3 % de K:QO ot 8 % de F.



1. " Verre au fluoroborosilicate dont |a conposition ponde
essentiellenent de 35 a 52 %de Si'C2, 50 12 a 23 % d' AI 203 ”ﬂ j““eﬂ!lll”“‘
Si 2 + A1203 6tant d' au noins 53E|Mb 319983 Y % de B203, 15 a 19

t eneur en B203 + A1203 n'etant pas superieure a 36 % et contenant a

| "analyse 7 a 12 %de F. 2. Verre au fluoroborosilicate solon |la

revendi @at Utilisatidn d'GrOVSe Ba Adord®broSiithte QydntiGLtompditith sbion Norddendi&ien B coMas tereau

f 1 uor obor odigidcaget € sel on | a revendi cation 1, essentiellement constitue de

46,7. % de Si 2, 15,0 % de B203, 15,0 % dAI 203, 15,3 % de K20 et8 %de F. 7

4. Urn¥ i5s abtilisationd dum verer pue fleprobbriosiisate romosi veire sl @lagagarselou e revendioaivn t4 danssel on

| a re¥endi lequeledln varre & uirindicy de ralragien pnasupdyiour 3 gnvirdh, 1,45 4t |up Seafiiciont ¢ dilptatioar r e

au f1 uor obBYBire nemsussrissr g 29 8 MPE/ Ce dpsdinigyelie de tompfratufes gemplis eaYS & Gi9t dans

s | ag¥8ffe I e verre a un indice de refraction non superieur a environ
1. et un coeff|C| ent de dilatation therm gque non su erleur & 120 x 10-1
C, dans 6+ Yiiiea ?’\/% &l Plarren P&f‘\iﬂ"é’gr°8k?ﬁﬁrsf*'§“ B{pyeRdioation 4ouy copfgpant er-outig
Utili%ati dH "de pl acage au fl uoroborosili cate seI on | a

r eye_ndl t{u? tlon Q'Hn ver% |§ r]et auorl uo%gxgr%ﬁ:iﬁgt;g sa on Ia rg %Hdlc |on E eNﬁ%en(t?ellement

Utili sa (o) ] q
Condlit 995 1 l§
revendi cat i Sn dj ou essentl eI emegjta constit {)fe de 4% o% c? 2, 15,0 %

de B2@3.g. 1lRpd dJQ/é}re'%la%Q& dahPlacdueld MSelPdh fidcadd Untlht dssentiolioméht 35k 135 6, &?Slﬁ?r re

pl aquee dar@ boUEAIGR, T Ben¥@lon Bicie+ I,BC 8ER FRMdire 3B 96896 ARDI%Lhd BTNk tedurA 52
% de Si 02, enliR0g +28, ikt g8 Jupshicurd £8EuI 15201655 @8 k10 A 2D BLRIFA @nalseNDI NS 53
%- 10 a 19 % de B203, |a teneur en B203 + A1203 n'etant pas superieure a 36
% 15 h9l9File die vikie Plagiide Aelbn Ia2reV6ndieatibn @, hyaatnare ymeertu®. nuirétique dthe rvaisr et

pl aqgge S otogwposéa diup wermal de plecage a8 flugghamntiliaatecayent we riridice ale néfraction e sepédawr BDI NS
un ef™ conpuwieos 1#5eh dipe veres dhenophupdasifivate e folotb rapdnd o saefficigritde dilatatiae tharmiquadi ce
de ref r actd'anmpioh 78 xptd{/&Gr leccopffigiant dp dilatatign dherrojauendu, vgrieeded plagsgs Aldtaptypas
silicate dwrdsiewrds Féljﬁﬂ?t%m“l?aeﬁfél qelubiit veiTe dglinPyet.cat fleoiaPRoR i iadkee e varefBi ns
75 X 10 71 "%”quﬂﬁé?ffq”d’%ﬁﬂe R!Péani'lééﬂ"h%séi‘Péf’%PﬁP‘ﬁf&ez% ver r e de pI acage

n' et S er| e r de ve
| e rappaﬁq's qt °é'e?j Qf 'q"gg%§ %Ez‘r’?zg?} ss?q]% Eg'lltage
n' 6t ant pafgc’:es%}]‘ g‘i’é‘p "rfgen g f? 7 &€ 58| on
la revendi cation ans a ue e verre de noyau est essentlellenent
ConStsbt "HS Filrd dQQHFr&%@E@geseBQ rl'éj%éndrcatgﬁ 86%ar§ | Ié) QeveP QQe ng u% ﬁ@ lnég QQ,GSI

et 0 a 6 %pRudiale 1,763 78€neur totale en aO ot ant 8 A 72

11. Fibre de verre plaquee selon la revendlcatlon 8, dans | aquel | e Ie verre
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