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We,    CORNING        GLASS   impurity absorption is much too high. Thus,
WORKS, a corporation organised and exist-  unique methods had to be
developed for pre- ing under the laws of the State of New York,  paring
very high purity glasses in fibre optic United States of America, of
Corning New   form. Various methods employing the flame 5  York, United
States of America, do hereby   hydrolysis technique for forming glass
optical  50 declare the invention, for which we pray that  waveguide fibres
are taught in U.S.A. Patents a patent may be granted to us, and the method
Nos. 3,711,262; 3,737,292; 3,737,293 and by which it is to be performed, to
be particu-   3,826,560, the latter patent being directed to larly
described in and by the following state-  the formation of gradient index
fibres. In 10  ment:-                                     accordance with
one embodiment of the flame  55 This invention relates to optical fibres.
hydrolysis process a plurality of constituents High capacity communication
systems oper-  in vapour form  are entrained in a gaseous ating around
[err] Hz are needed to accommo-  medium in predetermined amounts and there-
date future increases in communication traffic.  after are hydrolyzed in a
flame to form a soot 15  These systems are referred to as optical corn-
having a predetermined composition. The soot  60 munication systems since
1015 Hz is within  is applied to the surface of a rotating cylin- the
frequency spectrum of light. Optical wave-  drical starting member. After a
first layer of guides, which are the most promising medium   soot is
deposited to form the core glass, the for transmission as such frequencies,
normally  composition of the soot is changed to form 20  consist of an
optical fibre having a transparent  the cladding glass. Heretofore, the
soot was  65 core having a refractive index [err] surrounded   either
sintered as deposited, or it was sintered by. transparent cladding material
having a   in a subsequent operation. After the starting refractive index
[err] which is less than [err].  member is removed, the resulting
cylindrical It has been known for some time that light  hollow redraw blank
is heated to a tempera- 25  can be propagated along a transparent fibre
ture at which the material has a low enough  70 structure having a
refractive index that is  viscosity for drawing and is drawn to reduce
greater than that of its surroundings, and clad  the diameter thereof until
the inner walls of fibres have been employed to transmit light  the hollow
member collapse. Continued draw- over relatively short distances. The
numerical  ing further reduces the fibre diameter until 30  aperture (NA)
of such a fibre, which is a   an optical waveguide fibre having the desired
75 measure of the light gathering ability thereof,  dimensions is formed.
In accordance with can be approximated by:                    another
embodiment of the flame hydrolysis process the' soot is deposited on the
inner [err]              (1)     surface of a glass tube, ad the resultant
struc- ture is drawn into a fibre.              80 where n is the average
refractive index of the  The value of A has been maintained rela- 35  core
and cladding and A is the refractive index  tively small in optical
waveguides for a num- difference between the core and cladding. In   ber of
reasons. The cladding of low loss optical conventional optical fibres [err]
is made quite   waveguides has usually been formed of a high large so that
the NA is large, and therefore   purity glass such as silica, whereas the
core  85 



the fibre is capable of gathering a relatively has been formed of the same
purity glass to 40  large amount of light emitted by a source.    which a
sufficient amount of dopant material The stringent optical requirements
placed   his been added to increase the refractive index on the
transmission medium to be employed  of the core to a value greater than
that of the in optical communication systems has negated   cladding.
Optical waveguides initially formed  90 the use of conventional glass fibre
optics, since   by the flame hydrolysis process employed 45  attenuation
therein due to both scattering and   multivalent metal oxides such as
titanium    2                                        1,521,826
2 oxide, tantalum  oxide and the like as the   example an attempt to
fabricate by the flame dopant material. An inherent problem of such
hydrolysis process an optical waveguide fibre waveguides  was: the
limitation of dopant.  having a core comprising 20 wt.% GeO2 and material
to no more than about 15 wt.%.   80 wt %  SiO2. The coefficent of expansion
70 5  Although fused silica has excellent light trans-   of such a: core
glass is about 19 X [err] per mission qualities in that absorption and in-
degree C, while the coefficient of thermal ex- trinsic scatterig of light
thereby is exception-   pansion of a pure fused silica cladding is about
ally low -the addition of an excessive amount   6 X [err] per degree C, and
the core-cladding of the aforementioned multivalent metal oxide   expansion
mismatch of about 13 points would 10   dopant material to increase the
refractive   probably cause the soot preform to crack dur-  75 index would
cause absorption of light energy   ing the soot consolidation process The
addi- and intrinsic scattering of light to increase to  tion of about 13-18
wt.% [err] to the [err] undesirable levels.
cladding glass will increase the expansion co- Pure germania also has
excellent light trans-   efficient thereof to a value within acceptable 15
mission qualities in that its absorption and  limnits so that preform
breakage can be avoided.  80 intrinsic scattering of light is exceptionally
However, as a consequence of the addition of low. Moreover, the refractive
index of. ger-  [err] to the cladding glass, the draw tempera- mania is
sufficiently greater than that of silica  ture of the cladding glass will
be between so that germania can be employed as a dopant  [err]. and 210C.
below that of the core glass, 20  to increase therefractiveindex of silica.
Initial  which is about [err] With this kind of  85 attempts to utilize the
flame hydrolysis process  viscosity difference, fibre diameter  control to
form germania-doped silica fibres were un  becomes a severe problem. Thus,
optical wave- successful since less than 1 wt.% of germania  guide fibres,
wherein germania is employed appeared. in the fibre. regardless of the
amount  as the refractive index increasing : dopant 25  of germanium
tetrachloride supplied to the   material in the core have had relatively
90 hydrolyzable mixture. It is theorized that the  limited A values.
combustion flame temperature, combined with    The small. A values of
optical waveguides the overall. furnace temperature of 1750-   has resulted
in numerical apertures that are [err]. employed in those methods is suffi-
much smaller than those of conventional 30  ciently high so that germania
tends to vola-  optical fibres. Whereas the numerical apertures  95 tilize
rather than. vitrify Available vapour   of commercial optical fibres or
light pipes of pressure data tends to support, such a theory.  the
conventional type may be as high as about However, glasses containing up to
100 wt.%    0.6, the numerical apertures of optical wave high purity
germania can be produced by the   guides have usually been between about
0.15 35  method disclosed in our Patent Specification   and 0.2
100 No. 1,415,141 which claims a  fused' oxide     Optical waveguides are
often grouped into glass, being either a tellurate glass or.a glass  cables
or bundles to provide redundancy in comprising at least one oxide selected.
from.  case of fibre. breakage and to transmit a 



[err], P20. and SbO,, comprising [err]  greater amount of the light
generated by a 40  [err], [err] or [err] in an amount in excess  source.
Attenuation y due to random  fibre  105 of 1.0% by weight, and having a
cation im  bends, which can be caused by the cabling purity level, as
hereinbefore .defined, not ex- process, is given by the equation: Ceeding
10 ppm, by weight That patent specification discloses glasses having a-
high 45  germania content which can be produced by                  =-
. (2) the flame hydrolysis process by depositing the oxide particles as a
porous vitreous preform    where c and p are parameters related to the and
then consolidating this porous preform   geometry of the random bends and
fibre index 110 to a solid nonporous body. The temperature   gradient and a
is the fibre core radius. Exami- 50  must not exceed. about 1600 C. in any
case   nation of equation 2 shows that the distortion and should be
maintained during consolida-  loss y can be reduced by decreasing the core
tion, within a range varying between the mini-  radius, increasing [err],
or decreasing p and c mum  consolidation temperature of the glass   by
appropriate fibre packaging. The present 115. being produced and 'about
200[err] thereabove. invention has resulted from  an attempt to 55    It
was found that'by maintaining process   decrease fibre loss due to random
bends by temperature below  those that would cause  increasing .Because of
the relationship set volatilizatioan of [err] step ype optical wave  forth
in equation 1 such fibres will also exhibit guide fibres comprising
germania doped cores   an increased NA.                        120 could be
formed. However, the numerical      It is an object of this invention to
provide 60  apertures of' such fibres could not exceed about   an
economical and more easily formed optical 0.2 since only a limited amount
of GeO,   waveguide fibre that overcomes the heretofore: could be
incorporated into the fibre core due  note disadvantages. to a mismatch of
core-cladding characteristics    Another object of this invention is to
pro- 125 such as' thermal coefficient of expansion and   vide an optical
waveguide fibre having a high 65  softening point temperature. Consider,
for   numerical aperture.    . 3
1,521,826           3 A further object of this invention is to    Figure 6
is a graph wherein refractive index provide an optical waveguide in which
both  is plotted as a function of weight percent the thermal coefficient of
expansion and the   GeO2 for glasses in the [err] system. softening
temperature of the core are com-     Itis to be noted that Figures 1 and 2
of 5  patible with those of the cladding regardless  the drawings are
illustrative and symbolic of  70 ofthe difference between the refractive
indices  the invention, and there is no intention to of the core and
cladding.                  indicate scale or relative proportions of the
According to this invention, there is pro-  elements shown therein.
Further, it is to be vided an optical fibre comprising a cladding   noted
that the present invention expressly con- 10  layer formed of high purity
glass, and a core  templates both single mode and multimode  75 of high
purity glass containing an amount of  optical waveguides regardless of any
specific [err] and GeO2 to provide a refractive index   desvription,
drawing, or example set out herein greater than that of said cladding
layer, said   The  present invention  also  contemplates core glass having
a cation impurity level not  optical waveguides having cores with either a
15  exceeding 10 parts per million of transition   constant or gradient
index of refraction.  80 elements.
Referring to Figures 1 and 2, there is shown The waveguide of this
invention is an   an optical waveguide 10 having a cladding 



improvement over germania doped waveguides  layer 12 and a core 14.
According to this which have recently been employed in an  invention the
material of cladding layer 12 is 20  attempt to provide waveguides of
increased   relatively high purity glass and the material  85 numerical
aperture. The partial substitution   of core 14 is high purity glass
containing an of [err] for [err] in the [err], glass  amount of [err]
sufficient to in- system results in a decrease in the softening   crease
the refractive index of the core glass to point temperature with
substantially no change   a value higher than that of the cladding class.
25  in expansion coefficient. Depending upon the   In some optical
waveguides the cladding does  90 amount of [err] and [err] in the resultant
not exist as a distinct layer, the optical char- glass, there is often an
increase in refractive   acteristics of which differ markedly from those
index as compared with the corresponding   of the core or adjacent layer.
U.S.A. Patents [err] glass which contains the same   Nos. 3,647,406 and
3,785,718, disclose optical 30  amount of [err]. These features are advan-
waveguideswherein the refractive index gradu-  95 tageous in that they
permit high NA optical  ally decreases from a relatively high value at
waveguide fibres to be fabricated with less  the core to a lower value at
the fibre surface. difficulty than was heretofore encountered. By   Whereas
the cladding of an optical fibre con- adjusting the ratio of GeO2 to [err]
in the   ventionally comprises a layer of constant re- 35  core glass of an
optical waveguide fibre the   fractive index, it may be a layer in which
the 100 softening point temperature of the core glass  refractive index
continuously changes in a can be made compatible with that of the
decreasing manner, and indeed, the cladding cladding glass. Moreover, the
waveguides of   may contain a region having a refractive index the present
invention possess the advantages  that is higher than the next adjacent
layer 40  of germania doped fibres, viz., they are strong;   of smaller
radius but having a lower refractive 105 they do not absorb an excessive
amount of  index than the core. A few embodiments of transmitted light; and
they do not require a   this latter mentianed type of fibre are dis-
post-drawing heat treatment as in the case  closed in said patent No.
3,785,718. There- of titania containing fibres.              fore, as used
herein, the term cladding means 45     Some preferred embodiments of this
inven-  that outer region of a fibre wherein an in- 110 tion are
illustrated in the accompanying draw-   significant amount of power is
propagated. ings in which:                                As will be
hereinafter described in greater Figure 1 is an oblique view of an optical
detail, the ratio of [err] to GeO2 is selected waveguide in accordance with
this invention.  to provide a core glass having a softening 50    Figure 2
is a sectional view taken at lines   point temperature that is compatible
with that 115 2-2  of Figure 1.                          of the cladding
glass. Since the core glass Figure 3 is a ternary diagram  in which
portion of a redraw blank produced by the refractive index is plotted as a
function of  flame hydrolysis process contains a hole that wt.% composition
in the [err]   must be closed, the core glass softening point 55  system.
temperature is preferably up to. about 50[err]C. 120 Figure 4 is a graph
wherein linear expan-  lower than that of the cladding glass so that sion
coefficient (25-200[err] is plotted as a   the core glass will more readily
flow and close function of weight percent oxide in silica for  the hole
during the fibre forming process. both  the  [err]  and  [err]         A
further advantage resulting from the sub- 60  systems.
stitution of [err] for a portion of the GeO2 125 Figure 5 is a graph
wherein softening point  in binary [err] glasses is evident from
temperature at  equals [err] is plotted as a   Figure 3 wherein refractive
index is plotted function of weight percent [err], [err] or   as a function
of wt.%  composition in the [err] for glasses in the [err]  system. It was
unex- 65  SiO  and [err] systems.                pectedly found that the
substitution of [err] 130  



4                                            1,521,826.
4 for some of the [err] in a germania silicate  resultant glass is the same
as that of the ger-' glass can result in a ternary glass having an 'mania
silicate glass since [err] is less expen  20 increased refractive index
even though the   sive than [err]. For example, the refractive refractive
index of [err] is lower than that of  index of a' glass comprising 56.4
wt.%  [err] 5   [err]. Moreover, such substitution results in  and 43.6
wt.%  [err] is about' 1.5.. Even very little change in expansion
coefficient  though the refractive index of a glass com- From Figure 3 it
can be seen that those glasses  prising 56.4 wt%  SiO2, 7.4 wt.% [err] and
25 comprising less than 70 wt.%  SiO2 exhibit a   36.2 wt.%  P20 is also
about 1.5, this latter discernible change in refractive index when
mentioned glass would be much less expen- 10  [err] is substituted for some
of the [err].  sive than the former due to the substitution It is further
noted that for any given [err]   of P205 for most of the [err]. level in
the range between 0 and 70 wt.%       Table I compares various properties
of  30 - [err] the refractive index is highest when the   glasses in the
[err] system with amount of [err]  present is 40-.60 wt.%  of  those of the
[err] system, the wt% 15  the total amount of dopant ([err] + GeO2).  SiO2
being the same in both systems, and thus It may be desirable to substitute
[err] for  reveals some of the effects resulting from a some of the [err]
in a germania silicate core   partial substitution of [err] for [err] in
ger  35 glass even if the refractive index of the   mania silicate glasses.
5                                                 1,521,826
5 [err]    6                                                    1,521,826
6 [err]    7                                     1,521,826
_       7    8                                       1,521,826
8 GeO2 glass, a positive value of An suggests  annealing temperature, that
temperature at that the increase is not due simply to ideal  which the
viscosity of the glass is 10"' poise. mixing of the two substances. It is
believed   The annealing temperature increases with in- that this increase
in index arises because of  creasing [err] content in the glass, an effect
5   a change in coordination number of some of  contrary to that caused by
the addition of  70' the Ge atoms from '4 to 6. Phosphorus pent-  [err] on
softening temperature. It is possible oxide exists in the form of [err]
molecules  that due to a change in coordination number which are linked
together by weak van der  of some of the Ge atoms from 4 to 6, the glass
Walls forces. The [err] molecule is made up   has a rigid structure at the
lower temperatures 10   of four 'identical tetrahydra with the phos-  in
the annealing range. At the higher tem-  75 



phorus atoms at the center. These tetrahedra  peratures in the softening
temperature range, are interconnected such that there is one non-  these
bonds are broken, thereby' resulting in bridging oxygen in each tetrahedra.
It is hypo-  a lower viscosity. The softening point tem- thesized that
these non-bridging oxygen atoms  perature is of interest since fibres- are
drawn 15   produce the'change in coordination number of  at a .viscosity
near the' softening point tem-   80 germanium atoms and hence increase the
re-  perature viscosity. A fibre is more easily drawn fractive index of the
glass.                if the softening point temperatures of the core The
refractive indices of pure [err] glass,  and cladding glasses are closely
matched, the [err] glass and [err] glass are 1,458; 1.608  core glass
preferably having a viscosity that 20   and 1.507, respectively, as given
in Table I.  is. about 1-4 times lower than the cladding   85 The
refractive indices of those binary glasses  glass at the drawing
temperature. of Table I which do not,: contain SiO,, such   Because of the
heretofore noted properties as glasses AA through AC, are significantly  of
glasses in the [err] system, higher than either a [err] glass or a [err]
optical waveguides embodying such glasses 25   glass, a fact in support of
the above-mentioned   are more easily formed and have higher  90 theory.
-It is noted that the value of [err] in  numerical apertures than prior art
waveguides. these glasses increases with an increase in  In' general,
the'cladding may consist of a high [err] content
purity optical glass such as' silica or a' silica In general, An decreases
'with increasing   containing glass. The core glass comprises a 30   SiO2
content as evidenced by glasses BE   high purity optical glass containing
an amount  95 through BI. This niay be due to the smaller  of [err] and P20
that is sufficient to provide number of germanium atoms available for a   a
refractive index necessary to obtain the de- change in coordination number.
However,  sired NA. The relative amounts of [err] and although the change
in [err] is less for these   [err] are selected to render the softening
tem- 35  high SiO2 content glasses, it is not negative   perature of the
core compatible with that of 100 in GeO2 containing glasses. Since the
refrac-  the cladding. It has been found that in order tive indices of
[err] glasses viz glasses  to avoid excessive light attenuation, the core
AY, 'AZ and BB, are lower than correspond-   glass of the waveguide of the
present inven- ing [err] glasses it is evident that the  tion must have a
cation impurity level not 40   addition of [err] glasses in-'. exceeding
ten parts per million of transition  105 creases the refractive indices'
thereof even at  elements. The preferred cladding material is low GeO2
concentrations.                    a silicate glass containing an amount of
[err] Thermal expression measurements which   that is sufficient to render
the' expansion co- were made on a differential dilatometer, were
efficient of the cladding compatible with that 45  generally made at a
heating rate of 600[err]C/   of the core. The expansion coefficient of' the
110 hour. The linear expansion coefficient was   core may equal that of the
cladding, but it calculated for the [err] range. The   preferably exceeds
that of the cladding by expansion coefficient of each ternary glass   up to
about 5 X  10-[err] per degree C. to listed in Table I was measured and
compared   provide a compressive force 'in the cladding 50  with the
corresponding glass of the [err]   which strengthens the resultant
waveguide  115 SiO2 system containing the same amount of   fibre; however
it may tolerably exceed that SiO2. The change in expansion coefficient for
of the cladding by about 15 X  10[err] per each comparison was found to be'
less than   degree C. -[err]5 X  10-[err]' which was smaller than the ex-
' To design an optical waveguide fibre in 55  perimental error in these
measurements. 'Thus,   accordance with the present invention the 120 the
substitution of [err] for [err] in the [err]   required' fibre NA is first
determined. Know- -SiO2 glass system does not result in any   ing the type
of cladding material 'to be em- appreciable change in expansion
coefficient.  ployed, the cladding refractive index [err] is The softening
point temperature, that tem-   known. For example, if the cladding material



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]   well known relationship results in a
softening point temperature that is lower than that of the corresponding
GeO2 65  -SiO,. glass. Also listed in Table I is the   the core refractive
index [err] is determined.    9       1,521,826
9 The total dopant. level of GeO  'and [err]  region of Figure 3 wherein
[err] content is can be determined from  Figure 3. If, for  less than 70
wt.%. To select. a core corn-  65 example, [err] is determined to be 1.48,
the   position in this-latter mentioned region a trial core glass will
contain about 74 wt.%  SiO2   and error method may have to be employed. 5
and 26 wt.% (GeO2 and [err]).               in order to optimize refractive
index, expan- Since the expansion of. a [err] glass  sion . and softening
point temperature of the is substantially the same as [err]  core and
cladding glasses.                   70 [err] glass having the same silica
content,    Due to the high purity glass which must Figure 4 can be used to
determine the amount  be employed for the core, the. redraw blank 10  of
[err] that must be present in the cladding  is prepared by a flame
hydrolysis process glass to match the expansion coefficient of  similar to
that disclosed in the aforementioned the cladding to that of the core. For
example,  U.S.A. patents Nos. 3,711,262; 3,737,292;  75 a core glass
containing about 30 wt.% dopant  3,737,293 and 3,826,560. In a manner which
material [err] has an expansion  is now conventional for making low loss
glass 15  coefficient of about 25 X  10 [err] per degree   optical
waveguide fibres, a layer of glass soot C., which corresponds to a cladding
glass of  is deposited on a cylindrical glass string 21 wt.% [err] and 79
wt.%  [err] Since the   member by means of a flame hydrolysis burner  80 *
expansion coefficient of the core may be up   to which fuel gas and oxygen
or air are sup- to 5 points higher than that of the cladding,  plied to
produce the flame. Liquid constituents 20  the cladding glass may contain
between about  required to form the glass soot are stored in 16-21 wt.%
[err], thereby providing an   containers having controlled temperatures. A
expansion coefficient between 20 and 25 X    suitable gaseous medium  such
as oxygen, 85 [err] per degree C.                         nitrogen or the
like is bubbled through the The softening point temperature of the
liquids where. predetermined  amounts of 25  cladding glass is determined
from curve 60   vapour form the liquids are entrained there- of Figure 5.
Due to the high softening point  with and carried to the flame. The amount
temperatures of germania silicate glasses, as   of each constituent
supplied to the flame is  90 illustrated by curve 62, a germania silicate
determined by the temperature of liquid and core glass will be harder than
the cladding  the rate of flow of the carrier gas through 30  glass at
fibre drawing temperatures. However,  the liquid. Some constituents, which
are in curve 64 illustrates the fact that the softening   gaseous form, are
supplied directly to the point temperatures of [err] glasses are  flame. In
the flame the constituents are oxi-  95 much lower than those of the
germania silicate   dized to form  glass soot that is directed system. It
has been found that there is no  toward the starting member. For a
step-index 35  interaction between P20, and GeO2 when   waveguide the first
applied soot layer, which.. these two oxides are present together, insofar
is to form the core, has a homogeneous com- as softening point temperature
is concerned.  position. To form a gradient index waveguide 100 Moreover,
since curve 62 in linear, the follow-   the flow rate of at least one of
the constituents ing relationship can be used for calculating   is varied
as taught in  U.S. Patent No. 



40  the softening temperature [err] of the ternary   3,826,560. After the
first soot layer reaches glass [err]                a predetermined
thickness the composition is changed, and a second soot layer, which will
105 yS      (4)      form  the waveguide cladding material, is deposited..
The first soot layer can be con- where [err] is the softening point
temperature  solidated prior to depositing the second soot. of the binary
glass [err] (y + z) SiO2 as  layer, or both soot layers can be
simultaneously determined from curve 64 of Figure 6, and   consolidated. In
view of the volatility of [err] 110 S is the decrease in softening
temperature of  and P20, the precautions set forth in our the binary [err]
glass per percent addi-  aforementioned Patent No. 1,415,141 pertain- tion
of [err] which has been determined  ing to soot deposition and
consolidation should from curve. 62 to be 4.52. The total amount  be taken.
Any glass layer containing GeO2 of dopant (x +y), as mentioned hereinabove,
and [err] should be produced by depositing 115 is that amount necessary to
provide a refrac-  the oxide particles as a porous vitreous body tive index
[err]. By a trial and error procedure  and then consolidating this porous
soot pre- different values of x can be assumed until. form to a solid
nonporous body. The tem- the desired softening temperature is obtained.
perature of both the flame and the atmosphere 55  It is. noted that a
ternary graph of softening   surrounding the preform should be low enough
120 point temperature would provide a direct  that the glass remains in
soot form rather than reading of temperature [err], thereby eliminat-
consolidating. during  deposition  from  the ing this trial and error
process.          flame. Moreover, the consolidation' tempera- Referring to
Figure 3, refractive index is  ture must not exceed about 160[err] and
should 60  relatively constant with respect to [err] con-  be maintained
within a range varying between  125 tent.. for concentrations of SiO2 over
70  the minimum consolidation temperature of a wt%  However, refractive
index is nonlinear  particular glass and about 200[err] thereabove. with
[err] or [err] concentrations in that    The starting member is removed,
and the    --resultant hollow redraw blank is heated to a   the fibre
drawing process. Since the coreglass temperature near the softening point
tempera-   has a higher softening point temperature than ture of the
material thereof whereby the vis-  the cladding glass, the hole in the
redraw blafik cosity of the material is low enough for draw-  cannot be
closed. TQ.prevent this problem the 5   ing. The redraw blank is then drawn
to reduce   core should have a softening point temperature  70 the
cross-sectional size thereof and to close the that is lower than
that of the cladding to such hole in the centre thereof. The drawing pro
an extent that the core viscosity is about 1-4-4 cess is continued until
the desired cross-  times lower thanthe claddingatdrawing tem- sectional
dimensions are achieved. Optical  perature. 10  fibres of the type to which
the present inven-   A  prior art technique for lowering the  75 tion
pertains are generally useful at wave-   softening point temperature of the
core in- lengths between: about 450 and 1350 mn. To   volved adding [err]
to the core glass. Addition be commercially accpetable, such fibres must
of [err] does not, however, increase, the re- -exhibit an attenuation less
than 100 dB/km    fractive index of-the core glass but increases 15
between 800 and 900 nm. Since fibres having   the thermal expansion
coefficient. To match  80 an attenuation less than 10 dB/kn between
this-increased thermal expansion coefficient of 800 and 900- nm have been
produced in  the core glass, more [err] must be.added to accordance with
the present invention, they are  the cladding glass, thereby bringing back
the useful as the. light propagating medium  in   viscosity mismatch
problem. To ovecome this 20  optical communication systems.
problem  of viscosiy mismatch a core. glass  85 



A specific example of designing an optical  additive is- needed which can
increase the waveguide of the present invention is as  refractive index and
decrease the viscosity follows. Based upon such considerations as   without
resulting in an increase in the. thermal the type of light source to be
employed and   expansion coefficient. 25  the types of bends to which a
fibre will be    In accordance with the- present invention  90 subjected a
specific numerical  aperture is  [eer] is substituted for a portion of the
[err] selected. This example will assume that. the   in the core to lower
the softening point tem- fibre.must have a numerical aperture of 0.24.
perature of. the core without lowering the core It will also be assumed
that the cladding   refractive index. At the 030 wt.%  dopant 30  material
is a boro-silicate glass which has a   level the change in refractive index
of SiO2   95 refractive index of about 1.458. From equation   due to [err]
and P20, is substantially linear 3 the refractive. index [err] of the core
is deter-   and is about the same for both  of these mined to be 1.477.
dopantp. Thus, if [err] is substituted for some To illustrate the primary
advantage.of the   of the [err] in the present example, the re- 35
waveguide of-the present invention, the diffi-  fractive index of the
resultant glass is sub- 100 culties encountered. in forming a prior art
stantially unaffected, provided that the [err] waveguide having a germania
silicate core   content remains unchanged. There is therefore will
initially be considered. From Figure 6 it   a 23 wt.%  ([err] . 77 wt.%
SiO2 is- determined that the core glass should con-   glass which has
substantially the same refrac- 40  sist of 23 wt%  [err] to provide a
binary  tive index and substantially the same expan- 105 GeQ2-SiO2 glass
having a refractive index   sion coefficient as 23 wt.%  [err] .77 wt.% of
1.477. Referring to Figure 4, the expansion   SiO2 glass. If Figure 5 is
used in conjunction coefficient of such a glass is about 20 X 10[err]
with equation 4 to select a ternary core glass per degree C. A pure [err]
cladding should   having an acceptable softening point tempera- 45  not be
employed with a core containing 23   ture, a trial and error approach may
have -to  110 wt.% [err] since the -expansion mismatch   be used. For
example, a core glass having the between the core and cladding would render
composition 5 wt.%  [err] 18 wt.%  GeO2. it difficult to consolidate  the
soot preform    77 Wt.%  SiO2  may be initially assumed. without it
breaking. Thus, a: borosilcate clad-   Referring' to curve 64 of Figure 5,
the soften- 50  ding having a roughly matching thermal ex-  ing point
temperature of the binary glass 115 pansion coefficient is selected. From
Figure 4   5 wt.% [err] . 95 wt.% SiO2 is 1430[err] Since it is determined
.that a cladding glass of 12   the assumed core glass contains 18 wt.%
[err] wt%  B204 88 wt%  SiO2 has, an expansion   the term  yS of equation 4
is equal to (18 coefficient of about 17 X  10[err] per degree   X  4.52)
or: 81.36[err]. The softening point 55  C. The. core having an expansion
coefficient  temperature of the assumed ternary glass, as 120 3 .>< .[err]
per- degree C. greater than the   determined  by  equation. 4, is
therefore cladding, the cladding will be put into. a. state   1348.64[err].
Since the assumed core -glass. has of  compression, thereby strengthening
the   a softening point temperature that is about resultant fibre. For this
combination of core   380C greater than that of the cladding, it is 60  and
cladding glasses the softening point tem-   unsatisfactory.
125 perature for the core and  cladding is 1485[err]  Since a core glass is
needed having a and 1310[err] respectively, values which are   greater
amount of: [err] than was present in obtained from  Pigure 5 This mismatch
of  the initially assumed composition, a core com- 175[err] in the
softening temperatures of the   position 10 wt.%  P205. 13 wt.%  [err] 77
65  core and cladding glasses creates problems in   wt.%  SiO2 might be
satisfactory. Again em-  130    11
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ploying equation 4 in conjunction with curve   constitute the fibre
cladding, is deposited until  65 64 of Figure 5, the softening point
tempera-  the diameter of the soot blank is about 2.5 ture is determined to
be 1262C. For this core inches. The soot blank is then cooled and
composition the softening point temperature  the starting rod is removed
from the soot 5  of the core is' about 48[err]. lower than that of   blank
by sliding the starting rod out of the the cladding, a relationship which
is desirable  soot blank. The soot blank is then consolidated  70 in that
it would enable the hole in the redraw    or sintered at a temperature of
about 1350[err] blank to be more easily dosed during fibre  in a- helium
atmosphere. After the soot is drawing.
consolidated, the blank has a diameter of about 10    Since the core and
cladding glasses of   1 inch and a length of about 4.5 inches. The optical
waveguide fibres must be extremely   blank is then heated to a temperature
of about  75 pure, the core glass having a cation impurity   16000C and
drawn in an oxygen atmosphere level not exceeding ten parts per million,
the  to the final optical waveguide dimensions. fibres of the present
invention should be pro-  An optical. waveguide produced in accor- 15
duced by the flame hydrolysis process. After   dance with the above example
was drawn to the core and cladding compositions are deter-  an outside
diameter of 125 m, the cadding  80 mined by some suitable method such as
that  thickness being about 50 jam. The waveguide described hereinabove,
the various parameters  thus produced had a numerical aperture of of the
flame hydrolysis apparatus such as tem-   0.155 and an optical loss of 9.6
dB/km at a 20  perature and flow rates of the constituents   wavelength of
820 nm. The glass composition supplied to the flame are determined' in a
of the core was estimated to be 5 wt.%  85 manner well-known to those
skilled in the art. [err], 6 wt.% GeO2 and 89 wt.%[err], and Due to the
volatility of [err] and [err], an   that of the cladding was found to be 5
wt.% amount of these oxides less than the theoretic-   B203 and 95 wt.%
[err] 25  ally calculated amount is actually deposited. Thus the flow
rates of the carrier gases                  Example 2. through the liquid
constituents which form    A soot blank containing core and cladding  90
these oxides must be empirically determined.  layers is' formed in
accordance with a method The following examples illustrate the manner
similar to that described in Example 1, ex- 30  in which waveguides of
different types and   cept that the core contains no silica. Oxygen
compositions are formed.                   is bubbled through [err] and
GeC14 which are maintained at [err] and [err], respec-  95 Example 1.
tively, to produce vapours which flow at 5.5 A specific example of forming
an. optical  litre per minute and 1.0 litre per minute, waveguide of the
present invention is as  respectively, to the burner. After a soot dia- 35
follows. A blank containing core and clad-   meter of 1.5 inch has been
built up on the ding layers is prepared by a method similar   1.4 inch
starting rod the core material gas 100 to that disclosed in the
aforementioned U.S.A.  flow stops and a flow of gases is initiated Patent
No. 3,737,292. Germanium  tetra-  for forming the cladding material. Oxygen
is chloride, GeCI4, vapours at a temperature of  bubbled through [err] that
is maintained at 40  [err] and silicon tetrachloride, [err], vapours
32[err]. and the resultant vapour is transported at a temperature of [err]
are fed to a flame   to the flame hydrolysis burner along with [err] 105
hydrolysis burner by means of a dry oxygen.  from a source which is
maintained at [err] carrier gas at flow rates of 0.4 litre per minute   The
flow rates of the oxygen through the SiCI4 and 2.0 litres per minute,
respectively. Phos-  and BC1 vapours are 2.0 litres per minute and 45
phorus trichloride, PCI3, vapours at a tem-  0.73 litres per minute,
respectively. After the perature of 35[err] are carried to the flame
diameter of the soot blank reaches 2.5 inches, 110 hydrolysis burner by
nitrogen flowing at a  it is cooled, and the starting member is re- rate of
0.5 litre per minute. Natural gas and   moved. The soot blank is sintered
at a tem- 



oxygen are fed to the burner at flow rates   perature of about 550[err]. in
a helium atmo- 50  of 8 and 8.5 litres per minute, respectively  sphere,
and the resultant redraw  blank is Glass soot from the flame hydrolysis
burner  thereafter heated to about 650[err] and drawn 115 is then deposited
on a borosilicate glass start-  in an oxygen atmosphere to form  a fibre.
ing rod having a 1/4 inch diameter. The   The composition of the core is 50
wt.% starting rod is rotated at about 60 RPM and   [err] and 50 wt.% [err]
the cladding being 55  is translated with respect to the burner at  50 wt.%
[err] and 50 wt.% [err]. The NA a rate of about 1 inch per second. The soot
of the resultant fibre is 0.77 which is greater 120 is deposited on the
starting rod until a dia-  than the value which can be obtained by form-
meter of about 1.5 inch is reached, the soot  ing a fibre core of either
100%  [err] or thus deposited constituting the fibre core. Gas   100% P20.
60  flow through the [err] and [err] is stopped,                Example 3.
and a flow of [err] is introduced into the    -In a process similar to that
described in  125 burner at a rate of 0.28 litre per minute   Example 1
first and second layers of soot are along with the continued flow of [err]
vapour   deposited on a 1/4 inch diameter starting rod. The resultant
[err]-SiO2 soot, which will  The soot forming constituents are [err]    12.
1,521,826 [err] which are mantained lysisi burner to  provide a soot of 22
wt Per-   65 at [err] respc-        cent [err] 12 per cent [err] and 66 wt
tively. To form  the first soot  layer, oxygen    percent [err].The soot is
deposited as a layer is bubbled through the [err] and   on a rotating and
tanslating borosilicate glass 5  [err]  at rates of 3.1 litres per minute,
0.3  tube having   an outside diameter of 6mm.As litre per minute and 1.0
litre per minute re-  the soot layer builds up the flow of dry oxygen   70
spectively,and the resultant vapours are fed   through  the [err] to the
flame hydrolysis flame. When the dia-   tinously decreased to yield  a soot
layer of meter of the fist soot coating reaches 1.5 inch,  radially
decreasing [err] and [err] content. 10 the gas flow through   the [err]
The reduction in oxygen flow   through  the is stopped the rate of oxygen
fow through   GeCl and [err] is obtiained by means of 'a the [err] is
increased to 2 litres per minute,  cam profile being selected to produce
the and [err] is fed to the flame at a rate of 0.3   desired ultimate
composition gradient. Control litre per minute.Soot deposition is continued
means such as that   disclosed in USA;Patent 15 until a diameter of about
2.5 inches is achieved.   No.3,826,560  is employed to vary  the flow The
soot blank is cooled and the starting rod   of liquid constituents.A
composite  strcture 80 is removed. The soot blank is sintered at about   6
inches lon g and 1.5 inch in diameter and 1000[err]  in a helium atmosphere
to form  a  having radially varying  composition is de- redraw blank that
is drawn at a temperature   posited in about 2 hours. This soot will form
20   of about 115o[err] in an oxygen atmosphere to   the core of the
resultant optical waveguide form  a fibre  having a numerical aperture of
and    has an axial refrative index of 1.49   85 about 0.307. The
composition of the- core is   measured at 589.3 nm. As the outside por- 12
wt.%  [err] 22 wt.%  [err] and 66 wt.%    tion of the first soot layer  is
reached, the flow SiO2, and that of the cladding is 20 wt.%    rate  of gas
through  the  [err] and  [err] is 25   [err]  and 80 wt.%  SiO2 .
ceased, and a 0.3 litre per minute flow of One of the advantages of the
present inven-   [err] is supplied to the  flame hydrolysis flame.    90
tion arises from the fact that most glass com   The initial 2 litre per
minute flow of oxygen positions in the ternary [err]    through the liquid
[err] is continued. A layer system have  refractive indices that are
greater of soot consisting of 20 wt. per cent [err] 



30   than those of the corresponding glasses of the   and 8O wt. percent
[err] is then deposited on binary  GeO -[err] system wherein the SiO2'  the
first soot layer. After consolidation, . this  95 content is the same. This
advantage can be   second soot layer forms .a layer of cladding illustrated
by comparing the fibre of the last   glass having a refractive index of
about 1.45 8. described example with similar fibres having   When the
diameter of the blank reaches about 35   germania  silicate glass cores.
The total dopant   2.5 inches, the flow of all gases and vapors level (P20,
+ [err]of the core. of the fibre   are stopped and the soot blank thus
formed  100 of Example 3 is 34 weight percent of the total   is cooled to
room  temperature. The starting glass composition. A fibre having a core
con-   rod is removed from the blank which   is then sisting of 34 weight
percent [err]   sintered in a furnace having  a helium atmo- 40   weight
percent [err]   would have a numerical   sphere at about 1000[err]. The
resultant redraw aperture of ony 0.297, whichis 0.01 less than   blank  is
placed in an induction furnace and is 105 that of the  fibre of Example 3,
If germania   drawn in an oxygen atmosphere at about were the only dopant
added to the silica to   115.'C. As the structure is drawn, it decreases
form  a fibre core, 36 weight percent GeO2   in diameter, and the central
hole collapses. 45   would be needed to provide a numerical aper-   Drawing
is continued until the final desired ture of 0.307, assuming that the
cladding corn-   waveguide dimensions are obtained. An optical 110 position
remained unchanged.                  waveguide  of this example may be
drawnto an outside diameter, of 5 mils. Example 4. The following specifc
example of a wave  WHAT WE CLAIM  IS:- 50  guide of the present invention
is.one having     1.  An optical fibre comprising a cladding a. gradient
index of refraction. Liquid [err]  layer formed of high purity glass and
core 115 is maintained at a temperature of 32[err] in a   of high purity
glass containing amount of first container, liquid [err] is maintained at
[err] and [err] to provide a refractive index 320C in a second container,
and liquid [err]  greater than that of said cladding layer, said 55  is
maintained at 35[err]. in a third container   core glass having a cation
impurity level not Dry oxygen is bubbled through these liquid  exceeding
10 parts per million of transition 120 constituents so that vapours  of
each are picked   elements. up thereby and delivered to the burner
2    A fibre    as claimed in claim  1 wherein oxygen is initially bubbled
through the [err],  said core eesentially consists of [err] and 60  [err]
and [err]. at 3.1 litres per minute, 0.3   [err] litres per minute and 2
litres per minute, re-  3. A fibre as claimed in claim   1 wherein  125
specivey. Under these conditions the vapours   said cladding layer contains
an amount of entaind with the oxyen are  hydrolyed and  [err] such that the
expansion coefficient 'of oxidzed within the flame of the flame  hyro- said
cladding layer is less than that of said    12
1,521,826                                       12 [err] which are
maintained  lysis burner to provide a soot of 22 wt. per-  65 at [err],
respec-  cent P20, 12 wt. per cent [err] and 66 wt. tively. To form the
first soot layer, oxygen   percent SiO The soot is deposited as a layer is
bubbled through the POCI, GeCI4 and   on a rotating and translating
borosilicate glass 5   [err] at rates of 3.1 litres per minute, 0.3  tube
having an outside diameter of 6 mm. As litre per minute and 1.0 litre per
minute, re-  the soot layer builds up, the flow of dry oxygen  70
spectively, and the resultant vapours are fed  through the [err], and [err]
liquids is con- to the flame hydrolysis flame. When the dia-  tinously
decreased to yield a soot layer of meter of the first soot coating reaches
1.5 inch,  radially decreasing [err]  content. 



10  the gas flow through the [err] The reduction in oxygen flow through the
is stopped, the rate of oxygen flow through   GeCI and [err] is obtained by
means of a  75 the SiCI, is increased to 2 litres per minute  cam  profile
being selected to produce the and [err] is fed to the flame at a rate of
0.3  desired ultimate composition gradient. Control litre per minute. Soot
deposition is continued   means such as that disclosed in U.S.A. Patent 15
until a diameter of about 2.5 inches is achieved.  No. 3,826,560 is
employed to vary the flow The soot blank is cooled, and the starting rod
of liquid constituents. A composite structure  80 is removed. The soot
blank is sintered at about  6 inches long and 1.5 inch in diameter and
1000[err] in a helium  atmosphere to form  a   having a radially varying
composition is de- redraw blank that is drawn at a temperature   posited in
about 2 hours. This soot will form 20  of about 11500C in an oxygen
atmosphere to  the core of the resultant optical waveguide form a fibre
having a numerical aperture of   and has an axial refractive index of 1.49
85 about 0:307. The composition of the core is   measured at 589.3 nm. As
the outside por- 12 wt.% [err], 22 wt.% P20, and 66 wt.%   tion of the
first soot layer is reached, the flow [err], and that of the cladding is 20
wt.%   rate of gas through the [err] is 25 [err] and 80 wt.%  [err]
ceased, and a 0.3 litre per minute flow of One of the advantages of the
present inven-   [err] is supplied to the flame hydrolysis flame.  90 tion
arises from the fact that most glass com-   The initial 2 litre per minute
flow of oxygen positions in the ternary [err]   through the liquid [err] is
continued. A layer system have refractive indices that are greater   of
soot consisting of 20 wt. per cent [err] 30  than those of the
corresponding glasses of the   and 80 wt. percent [err] is then deposited
on binary [err] system wherein the SiO2   the first soot layer. After
consolidation, this  95 content is the same. This advantage can be   second
soot layer forms a layer of cladding illustrated by comparing the fibre of
the last  glass having a refractive index of about 1.458. described example
with similar fibres having   When the diameter of the blank reaches about
35  germania silicate glass cores. The total dopant  2.5 inches, the flow
of all gases and vapors level [err] of the core of the fibre   are stopped
and the soot blank thus formed 100 of Example 3 is 34 weight percent of the
total  is cooled to room temperature. The starting glass composition. A
fibre having a core con-   rod is removed from the blank which is then
sisting of 34 weight percent [err] and 66   sintered in a furnace having a
helium atmo- 40  weight percent [err] would have a numerical  sphere at
about 1000[err]. The resultant redraw aperture of only 0.297, which is 0.01
less than   blank is placed in an induction furnace and is 105 >
that of the fibre of Example 3. If germania  drawn in an oxygen atmosphere
at about were the only dopant added to the silica to   1150[err]. As the
structure is drawn, it decreases form  a fibre core, 36 weight percent
[err]  in diameter, and the central hole collapses. 45  would be needed to
provide a numerical aper-  Drawing is continued until the final desired
ture of 0.307, assuming that the cladding corm-  waveguide dimensions are
obtained. An optical 110 position remained unchanged.
waveguide of this example may be drawn to an outside diameter of 5 mils.
Example 4. The following specific example of a wave-    WHAT WE CLAIM  IS:-
50  guide of the present invention is one having   1. An optical fibre
comprising a cladding a gradient index of refraction. Liquid GeCI4  layer
formed of high purity glass, and a core 115 is maintained at a temperature
of 32[err]. in a  of high purity glass containing an amount of first
container, liquid [err], is maintained at  [err] and [err] to provide a
refractive index [err] in a second container, and liquid [err]  greater
than that of said cladding layer, said 55  is maintained at [err]. in a
third container  core glass having a cation impurity level not Dry oxygen
is bubbled through these liquid  exceeding 10 parts per million of
transition 120 constituents so that vapours of each are picked  elements. 



up thereby and delivered to the burner. The   2. A fibre as claimed in
claim I wherein oxygen is initially bubbled through the [err],  said core
essentially consists of [err] and 60  [err] and [err] at 3.1 litres per
minute, 0.3   [err] litres per minute and 2 litres per minute, re-    3. A
fibre as claimed in claim 1 wherein 125 spectively. Under these conditions
the vapours  said cladding layer contains an amount of entrained with the
oxygen are hydrolyzed and   [err] such that the expansion coefficient of
oxidized within the flame of the flame hydro-  said cladding layer is less
than that of said    13                                      1,521,826
13 core by an amount between 0 and 3 X 10-    an amount between 0 and 3 x
[err] per C. per [err]                                       8. A fibre as
claimed in claim 1 wherein  25 4. A fibre as claimed in claim 3 wherein
the amount of [err] present in said core glass the softening temperature of
said core glass  is 40-60 wt.%  of the total amount of [err] 5  is less
than that of said cladding layer by   and [err] present therein. up to
about [err]                              9. A -fibre as claimed in claim  1
having 5. A fibre as claimed in claim 1 wherein   a light attenuation of
less than 100 dB/km  30 said core has a gradient refractive index.   at
wavelengths between 800 nm and 900 nm. 6. A fibre as claimed in claim  1
wherein    10. A fibre as claimed in claim 1 having 10  said core has a
substantially constant refrac-   a light attenuation of less than 10 dB/km
at tive index.                                  wavelengths between 800 nm
and 900 nn. 7. A fibre as claimed in claim 1 wherein     11. An optical
fibre substantially as de- 35 said core glass comprises [err] and   scribed
with reference to the accompanying SiO2 and said cladding glass layer
comprises   drawings. 15  [err] and  SiO2, said core containing [err]
12. A method of making an optical fibre amount of [err] that is sufficient
to reduce the   substantially as described with reference to softening
temperature of said core glass to a   the accompanying drawings. value
which is less than that of said cladding glass by an amount between 0 and
[err], and            ELKINGTON  & FIFE, 20  said cladding layer having an
amount of                Chartered Patent Agents, [err] that is sufficient
to increase the expan-   High Holborn'House, 52/54 High Holborn, sion
coefficient of said cladding layer to a           London, WC1V 6SH. value
greater than that of said core glass by         Agents for the Applicants.
Printed for Her Majesty's Stationery Office by the Courier Press,
Leamington Spa, 1978. Published by the Patent Office, 25 Southampton
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