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wherein |inear expan- |ower than that of the cIaddlng gl ass 'so that sion
coefficient (25-200[err] is plotted as a the core glass wll nDre_readlly
fl ow and cl ose function of wei ght percent'oxide in silica.for the hdle
during the fibre formng process. both -the [err] and [err] A

further advantage resulting fromthe- sub- 60 - systens.

stitution of [err] for a. portion of the GeQ2 125 Figure 5 is a graph
wherein softening point in b|nary [err] gl asses is evident from '
tenperature at equals [err] is:plotted as- a Figure 3 wherein refractive
index is plotted function of ‘wei ght percent [err], [err] or as a function
of wt.% conp05|t|on in the [err] for glasses in the [err] system It was
unex- 65 *SiO " and:[err] .systens. AR _ pectedIy found that t he
substltutron of . [err] 130 o :



4 1,521, 826.

4 for sone of the [err] in a gernmania silicate resultant glass is the sane

as that of the ger-' glass can result in a ternary glass having an 'mania
silicate glass since [err] is |l ess expen 20 .increased refractive index

even though the sive than [err]. For exanple, the refractive refractive

index of [err] is lower than that of index of a glass conprising 56.4

w.% [err]i{5, [err] . Mor'eover, such substitution results in and 43.6 -
W.% [err] Ts about' 1.5. Even very little change in expansion- 2
coefficient thoggh t he refractlve i ndex ofs,aogd ass com From Figure 3 it

can be seen.t hat=thes _ e = o '
25 conprisisg less than 70 wt. % SiO2 exhibit a, 36.2 wt.% P20 is also
about 1.5, this latter disgernible change in, refractive i ndex when

menti oned- gl ass woul d beo ch | ess expen- 10 [err] is substituted: for sorre
of the [err]. " sive thzgr-’t e former due to the. substitution It is further
not ed that for any gi vqng[ rr of ¢ P2_05,Jor;° nQst. of. t he ergl ol avel i .
t he rang bet ween 0 andt %0 W.% ' B Faf e@ Eo@ar’.fesﬁ/a das Hr &peft i Bs
of Ie[err] t he refmg-t ve index is highest when the gl asses in the
[err] systemvmth amount@of [err] present is 40-.60 w.% of those of the
[err] system the vvt%15 the total anount of dopant ([err] + Ge2). S
bei ng the same in both sastems :and thus It may be desirable to substitute
[err] for - reveals song,%f|the effects resulting froma some of the [err] .

inagerrranla S|I|cate§§re°“ <joartl‘;;‘tl substltutlong erp] for_[err] in .
ger 35 gI ass-even if (e r:gf _cE ve |gtd§< cgf heg Qg ac,,3|$| (gate' g asges;_ _
5 | 3 & 1,521, 826
5 [err] i+, 6 K S 1,521,826_
6 [err] 7 . : ' ' 1,521, 826 : '

7 .- 8. . 1,521,826

8 Ge2 gl ass, a positi vegv @ ﬂ Anp spgg,esgs oaraeéll r.ng §er@er€htﬁ.’re tsat :
tenperature at that the ®n ﬁseaed S not dueélgpla ® Hedl SWEcl Ee :
viscosity of the glags IS "' poise. mxing of the two substances. is .
believed . The annea§ing tpnperature increases with in- that this i ncrease _
in |ndex ari ses beceﬂasé of} creasing [err] content in the-glass, an effect -
5 a change in coord'l r;a np inper of some of L contgary £0 ghau, Q@used by
the addition of: 70"’u’tr‘ga=C58at%n8 faom ' 4 tﬁ 6§, RRoHh@& uB pants s[eFr]a,"on -
sof t eni ng tenmperat@re. &t | possi bl-e oxi de—extists i t“he“‘f ormBf fert]— -
mol ecul esv that dug 0 & change in coordination nunber which are linked

t oget her by weak . vgrfder pf sone of the Ge atons from4 to 6, the glass
Walls forces. The [etr],. no ecule i's made up has a rigid structure at the

| ower tenperatures 1§ <of|four 'identical tetrahydra with the phos- in .
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phorus atons

at the center. These tetrahedra peratures in the softening

‘that

tenperature range, are interconnected such that there is one non- these
bonds are broken, thereby' resulting in bridging oxygen in each tetrahedra.
I't is hypo- a lower viscosity. The softening point tem thesized that

t hese non-bridgi ng oxygen atons perature is of interest since fibres- are
drawn 15 produce the' change i*n ‘coordi nati on nunber of at-a .Viscosity
lear the' softening point tem 80- ger mani um at oivs and hence i ncyrease the
§e- perature viscosity. Afibre is nore easily drawn fract'ive indéex of the

mat ched, the
preferably
i'n Table I. 5?
: refractrvege
t enper at urg§
her et of or eg @o{
glasses.|n<ﬁh
optical wavEg
‘the above-nen
-1t is notgg
wavegurdes=b
t he' cl addi
purrty opt# &a
"With |ncre&s
content as Bv
an-anmount - 95
is suffi
refractive Fn
However , srr
in [errE i's
tem 353 hzgh
core coﬁpéﬁ'
refrac-2-the b

r [ err ]'.:1 g'r".as5 55
B

- AY,. a
. pr ese.nt U en
cati en STpUr i |
ten r&s per
t her &bf weVEn

concéhtgatgon
[err] TBer®dl
t he' exaangro
ef ficient ®f

heating rate

110 hour. Thg
cl addi ng, b@.t
that of thec
about 5 X 10;
conpar ed gpr
correspondgﬁg
wavegui de g
it may tolgra
~of the claéda
-l ess than sép
' To desigd a
nmeasur enent s.
substitution -

det er m ned. ﬂ<

of cl addi ngg
coefficient.
. point tenpera

Tlf) "Site

ai ng pornt tenperatures of the core The
re closely
core gl ass .

_ i f the 5Q fﬁg
[ err] glass and ferr]‘glass are 1,458; 1.608

ing a viscosity that 20 - and 1.507, respectively, as given
s. about 1-4 tines lower than the cladding 85 The

nfli ces of those binary glasses gl ass at t-he draw ng

% BabEe & v @ do got 4 goMan § @, Isumh Because of; the

Bd r bpefti®s "as gI&ssesWNA%rﬁbugh‘ﬂC afe srgnrfrcanthw of
[err] system higher than either a [err] glass or. a [err]
Ii des enbodyi ng such gl asses 25 gl ass, a fact in support of
i"oned are nore easily forned and have higher 90 theory.
hat the value of [err] in nunerical apertures than prior art
nese gl asses increases with an increase in In' general,
By £onsi-at of a Bi g [Qrrd coOnkenh o -
ggI%s? sAcPrast & |P‘C&°‘0réaa~ sdiga®n 'gemer%,l - An decr eases
ng contai ning glass. The core glass conprises a 30 Si 2
denced by gl asses BE = high purity optical glass contaiing
through Bl. This niay be due to the smaller of [err] and P20
rlent (o proyi de aunper of gernanrgnngtgﬁs amgrlable for a a
BX Sie@s8arg D &t i r@t@ &- Schdng@: i 8oo$d| nati on nunber.
F- . SThe rel & i Fe FmoRnts G Per?] @nd aFt MBugh the change
pss for these [err] arée selected to render the: .softening
Si2 content glasses, it is . not negative~- perature of the
e with that of 100 in GeQ2 containing glasses. Since the
hadei @ thvh eg fou ap 19 qed v i ndi ces of
Sjr ;Z“g[}isges % %ogd ﬁxgs?vg Eght § nu%,tr on, the core
B, are | ower than correspond- ' glass of t he - mavegurde of the
ing [err] glasses it is evident that the tron must  have a
y level not 40 _addition of [err] glasses in-'. exceeding
million of transition 105 creases the refractive indices'
ht el enent s. Thecpreferred claddrng material is | ow GeQ2
R S 0 2 88§ 8 aBsi §t§g a§ nﬁar@r ng an anount of
.expr. es’-sr an -rreasur-erre.nt-s - thatli s su:ff.r..cr ent to render
h co- were nade on a drfferentral di | atoneter, were
he cl addi ng conpatible with that 45 _generalry made at a
pf 600[err] G - of the core. The expansion coefficient of' the
Irnear expansi on coefficient was core nmay .equal that of the
Lt FalzuBat8d Fo t e Ber®] F afoel el freferably exceeds
Add? NG by eRpdhsidBnTcoBf fTcient of each ternary glass up to
[err] per degree C. to listed in Table | was neasured and
pvi de a.conpressive forge /in the cladding 50 wth the
gl ass nf ot ha [<er rg 3 WEi Gl s;rsngihe.msﬁhg resul t ant
“Sy St eth contai M 5 t'he Saife Emolint® of° “fibre; however
|y exceed that Si Q2. The change in expansron coefficient for
g by about 15.X 10[err]'ger each. conparrson was: found to be'

ree JeBr13 10-berEl's B Was IS I.er than t he ex-

D!

1

AR

optrcal maVedﬁrde fibre Tn 55 perrneﬁTaI eTror in these
' Thus, accordance with the present invention the 120 the
- [err] for [err] in the [err] required fibre NA is first
G\N—aé $|- Cﬁ: gd>a sb-emndo‘gs groghrgsr.gt E n ing the type
fertal® en} aﬁbrecrable Change™in eX ansron.
'pl oyed, the claddrng refractive. i ndex [err] is The softening
ture, that tem - known. For exanple, if the cladding materi al



60 perature at which the viscosity of a glass is 'is [err] doped with
[err] is taken to be 125 107.6 poise, is also listed in Table I. It is seen
1.458, the refractive index of silica. Using the that the partial

substitution of [err] for [err] wel | known rel ati-onship results in a
softening point tenperature that is lower than that of the corresponding
GeQ2 65 -SiO. glass. Also |isted in Table | is the the core refractive.
i ndex [err](_i,s deternined: 9 1,521,826 : o
9 The total dopant. level of GeO 'and [err] region of Figure 3 wherein

®

[err] content is7can be det erm'ggd from ils%?B If, for Iess t_hain 70 4

w.% To sel ect—a—core—corn _ N . 3
t he position in this-latter nmentioned region a trial core glass will
contain about 74 wt. % Si.Of and error nethod may have to be enployed. 5
and 26 wt.% (Ge® and [eg]) - " |in'order to optinize refractive
i ndex, expan- Since t he,"g"@x_l ansion of. a [erfr] glass . sion . .and softening
poi nt tenperature of thg3 $ssudstng alil ygtlhe sane:as [err] core-and
cladding glasses. =  E& |7 ® ® 3Z70 [efr] glass having the sane silica
content,.  Due to the Tiggh purity gl'ass v

determ ne the anmount be%eqgpl oyed for the -
[err] that nust be present |in the cladding
hydrol ysis process glass@ ¢ match the expar

oreSthe. redraw BPank 18 of
is prepared by a flame _ -
i ong EaEf i EiSend Yl ELoni FEE1 o
ddisdg t8 t Hatssf '

that disclosed .in the atgf ¢nentioned the cl B, gor g g For
exanple, > U S.A patent§35W8 B, B 1262, B,[737,89% 2 Y‘Bﬁ 8l sSeE g
cont ai ni ng about *30 wt . &FHdpart 3, 737, 293 jJand LGRS 56Q ¢ Bn & TRaneg gk ch
material [err] has an eR@afsion is now co entgarﬁé’ f o g&ﬁ’.g w EB6s5
gl ass 153 coefficient of fapout 25 X 10 [erf] p%%‘a degrtgé'g:ﬁcﬁdg' 283
wavegui de fibres, a layer ¢f glass soot C., -\/\hi%@%grr %@ﬁbc@: cf§a&ldi ng
glass of is deposited on & cylindrical glalss s’§,r§1§1ﬁ 25,' 8% 8¢ agcﬁaEQ.
Ww.% [err] Since the  nefBer by, mgans of k| flﬁﬁﬁydga%gi o S o3P *
expansi on coefficient. of Th& core-my be up t® w&EChgéJ__- 3 g jEyen
or air are sup- to 58ointg higher than th -of%ng gcl a ﬁ& ped] QY
produce the fl ane. _'Li;:;;qu_gd onstituents 20 fhe _glg%&l ng 8850 1Tk scqﬁtﬁﬁ'n _
between about regyi Bedito|formthe glass spot .g'rﬁemg‘gge’cﬁ ﬁr‘l'f_ _ E.'V\E.‘g’)&
[err], thereby pr Gﬁfi'g'l’_ng.ia'*g gont aimnens hayi nggﬁg gﬁgg SJ&-%ﬁ A -
expansi on coef fi ci®nt? bgtwgen 20 and 25 X | sUEtadER gIsbadss mesadn &ach
as oxygen, 85 [errg %r%deg ree & 1 .~ .nitrogen or ‘the
like is bubbled thtotgh«t h¢ The softening _pL)i- nt5CeeE@ EpE HEF he 8 B8 g
| i qui ds where. pregle@erm ngd anobunts of 25 c|§%;gg,.'g|@s§§§fzd§t el:.gi@ed
from curve 60 v%oﬂ} Bormthe 1iquids arel entpd.d @Et&?@-&ﬂ 2F Rl B
Due to the high sd&téni Bg pai n& i bh _andn'carri[_'@& z“% é"?lﬁﬁf@g h _g,rﬁf)_ﬁnt'
tenperatures of gernghi & si|Ki c8t ¥ glasKes® ps g_czf'géaﬁﬂa ;cg)_lgsg_i,tﬁjgntg-s'g"?.
supplied to the flan® i8 90 iT| Ustrat&d By| curyd %E,E‘g‘fig??;rﬁaﬁi%gsi EFe
det ermi ned by. the tege&at gre of |iquid and| corg,@%éﬁm TL dg hir @B & han
the cladding the rate &f fll ow of the carrifpr g8sst- r_?j}ﬁ&h:%(]ﬁ ss‘f‘g‘f&:g'
fibre draw ng tenperatures} However, the | -qui_§:§$ rﬁag&&nﬁtﬂ £ et o ;'\g;gg ch
are in curve 64 illustratedq the fact-that the Sgggt-euj-ﬁigﬁ-;é gdbealls fomEsare
supplied directly to the-gpc MNt &t e8Py aBures| of ggrﬁ;éj J &%eﬁn_aﬁ'es' H% 2 In
the flame the constituents{are oxi- 95 nuch |owé_r§ 'g‘st%ése"‘g'fstﬁ’eu. o

. L. A, : . - oug- IR - T <
germania silicate dized flo form glass sopt tbﬁt,g%-ﬁum t'b%ggstgbglg,- t
has been found that the¥e_ il ng Jgoward the| st g% gidh aﬁﬁt&u%’g gaegg
step-index 35 interactg@|betdees 20 aad Ge (2 gvgh m__g%v_&&e_a;u"” ,?,Fhé;f rst
appl i ed soot .| ayer, vvh'igﬁ".- | these twooxi dep are present together,insofar
is to formthe core, hag alhonbgeneaus, comf{ as soft#ning pgi nt teWperature
is concerned. positiong fg_forma gr adi.egt} i ndex wavegui de- 100 Moreover,
since curve 62 in |i neag,% ke &oldow o tdefflow rate of at |east one of
the constituents ing. r'e_Pé% ijonship can be uwspd for cal-culating  is varied
as taught in U S. Patent ‘§o. ~— .. .7 S S : :

glm2 B2 & &

i ch Just Figure 4 gan be used to.



40 the softening tenperature [err] of the ternary 3,826,560. After the

first soot |ayer reaches glass [err] a predeterm ned
‘thickness the conposition is changed, and a second soot |ayer, which will
105 yS (4) form the waveguide cladding material, is deposited..

The first soot |ayer ‘can be con- where [err] is the softenl ng poi nt
nperature solidated prior to depositing the second soot.- of the binary
giass [err] (y + z) SiQ2.as. |ayer, ror both soot ['ayérs can be W,

mul t aneously deternmined fromcurve 64 of Figure 6, and ‘consolidated. In
: e\g of the vol at| I|ty of [e”iszﬂg’ss |s the decrease i n softegning

e o - . : o P otH—tRe—ai nary [err]
gl ass cemnvadelue of & mgmntm@s mmre,l\lé\at m&@utt4¥ pertamra tion

of [ e] e TR g ideal e iR B PO the gl ds 1Q70peisen g
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60 perature at which the wscos1ty of a glass is  js SiO, doped. with B;Os, n,. is taken to be . 125
107 poise, is also listed in Table I. It is seen 1.458, the refractive index of silica. Usmg the
thamtﬂ the parualfsubsumuon of P,0; for G:.hOg well known relanonshlp
results in a softening point témperature that — .
is Jower than that of the corresponding GeO, : ' . J—T——H? (-3)
65 —SiO, glass. Also listed in Table I is- the the core refractwe index n, is determined.




A specific exanple of designing an optical additive is- needed which can

I ncrease the wavegui de of the present invention is as refractive index and
decrease.the viscosity follows. Based upon_such considerations as wi t hout
resulting in an increase in the. thermal the type of |ight source to be
enpl oyed and expansion coefficient. 25 the types of bends to which a

fibre will be. I n”accordance with the--present invention 90 subjected a
speci fi c—aaqerical aperture is [eer] is substituted for a portion of the -/
[err] selected. ThIS exanple will assunme that. the -in the core-to | ower [g

t he softening po§nt tem fi bre rrust have algﬂr@{;l cal aperture of 0. 24
perature of: the—cowe o S Rg—t-re—68 - 2 be—6 S
t hat the c™dddi ng Ther'elfak elcptantvbvel mﬂ@co And PIE "0 8iomsfof %8“!9 ah@w@(stozmpfemual 5
is a boro-silicat e“‘%"i e hfrﬂ’é 1%“" Buder t & Endlat n foeqlesep o oof geQ
of SId2 95 refraeg gs“@;ﬁd abg;}p wt tl, gl
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Empléye
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