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from which the fiber is drawn. A fiber drawn from such a rod-in-tube
preform is more likely to This invention relates to a method of making
contain imperfections such as seeds, bubbles, glass optical fibers having a
cladding containing   and diameter upsets than a preform having little more
than one longitudinally-extending region    5    or no interstices. the
composition of which is different from that of    Optical waveguide fibers
having a plurality of cladding. Various types of optical fibers       light
transmitting cores are disclosed in U.S. including polarization preserving
single-mode fib-  Patents Nos. 3941474, and 4300816. In accord- ers and
fibers having multiple light conducting     ance with the teachings of
Patent No. 3941474 cores contain  such  longitudinally-extending    10
such a fiber is formed by a double crucible regions.
apparatus  the inner crucible having a plurality of U.S. Patent No.
4,395,270 discloses a single-      nozzle tips which form the cores. Fibers
formed mode fiber that is fabricated in such a manner as   by such
apparatus are Jimited in composition to to deliberately enhance
stress-induced birefring-   those which can be melted in crucibles. Also,
ence, thereby preventing or reducing rotation of   15   impurities can be
introduced into the fiber from the polarization plane of the signal
propagating    the crucible. U.S. Patent No. 4300816 suggests the
therethrough. That patent teaches that strain-       rod and tube technique
as being satisfactory for induced birefringence can be introduced by
forming multiple core fibers. Here a number of adding to diametrically
opposite sides of the core  rods, each consisting of core and cladding are
a pair of longitudinally-extending regions of glass   20   inserted in a
single tube, vacuum and heat are having a thermal coefficient of expansion
(TCE)      applied and a preform is manufactured. As men- different from
that of the  cladding glass.         tioned previously, it is difficult to
form circular Three manufacturing techniques are disclosed       cores by
that technique. in U.S. Patent No. 4, 395270. (1) A first glass rod
Attention is also directed to US-A-3455666 having a central core surrounded
by cladding    25   which describes a method of making laser com- glass is
placed centrally in a glass tube. Rods of   ponents in which a plurality of
longitudinally- glass having a TCE different from that of the
extending holes are formed in a block of glass and cladding glass are put
in the tube on opposite       a rod is inserted into each bore. The
assembly sides of the first rod. Rods of cladding glass are   thus formed
is heated at its lower end while being placed in the interstices. (2) A
soot preform is   30   suspended by the other end and while a vacuum
deposited on a rotating mandrel. In one embodi-     is applied to the said
other end. ment, mandrel rotation is halted to deposit one       It is an
object of the present invention to longitudinally extending region and then
rotated     provide a method of forming an optical fiber [err] to deposit
the other such region. In a modi-    having precisely shaped
longitudinally-extending fied  embodiment the mandrel continuously   35
regions such as stress rods or light conducting rotates and the deposition
burner is continuously   cores. supplied with reactant gas for forming a
base         An object of an aspect of the present invention cladding glass
and is also provided with pulses of   is to provide an improved method of
forming an a reactant gas for modifying the base glass to       optical
fiber having precisely positioned stress- form the diametrically opposed
regions. (3) A    40   applying rods of predetermined shape on dia-
chemical vapor deposition (CVD) process is modi-    metrically opposed
sides of an axial core. [err] by inserting a pair of tubes into the
substrate   According to the present invention there is tube when the
longitudinally extending regions       provided a method of forming an
optical fiber, are to be deposited. There is passed through the
comprising: substrate tube a gas which reacts to form par-   45   providing
a cylindrical preform of glass having ticles of a base cladding glass and
there is passed   a first composition, which preform is optonally through
the pair of tubes another gas which          provided with a centrally
disposed glass core reacts to form dopant glass particles which com-
surrounded by the glass of said first composition, bine with base glass
particles to form longitudinal  said glass core having a refractive index
greater strips of doped base glass within the tube.    50   than that of
said first composition; It is difficult to form fibers having stress rods
of  forming in said preform a plurality of longi- certain cross-sectional
shapes such as circular by   tudinally-extending holes; these techniques.
As discussed in U.K. Patent         providing a plurality of rods at least
a portion of Application G-A-2096,788  an optical fiber           which are
formed of a second glass composition preform can be assembled by inserting
circular   55   having a softening point lower than that of said rods of
high expansion glass into a silica tube      first composition when said
preform is provided along with silica rods and a centrally-located core
with said centrally disposed glass core and a preform. However, the high
expansion, stress-        refractive index greater than that of said first
applying rods deform  and fill the interstices       composition when no
such core Portion is pro- between adjacent silica rods, since the viscosity
60   vided in said preform: of the stress-applying glass rods is lower than
inserting a first end of a respective one of said that of the silica glass.
Another problem inherent   rods into each of said holes and continuing the
in the rod-in-tube technique arises from  the        insertion of said rods
until substantially the whole plethora of interstices between the
multiplicity of  length of each hole is Occupied by a respective rods that
must be assembled to form the preform    65   rod; 2 



3               EP 0147225 B1                       4 supporting the
opposite end of each of said         Figure 8 is a cross-sectional view of
a preform rods so that it cannot continue to fall into its     having
non-circular holes, corresponding hole as it is melted;
Figure 9 is a cross-sectional view of a glass heating that end of the
resultant assembly        tube employed in the fabrication of segment-
opposite the end from which said rods are sus-    5    shaped stress rods,
pended; and drawing a fiber from the heated end       Figure 10 is a
cross-section view of a clad, of said assembly.
segment-shaped stress rod, To form a single-mode fiber having polariza-
Figure 11 is a cross-sectional view of a preform tion retaining
characteristics the cylindrical glass  which is adapted to receive four
stress rods, preform comprises a centrally disposed glass   to      Figure
12 is a cross-sectional view of a preform core surrounded -by a layer of
cladding glass       employed in the fabrication of a multiple core having
a refractive index lower than that of the    optical fiber. core glass. A
pair of longitudinally-extending        It is to ber noted that the
drawings are illustra- holes is formed on diametrically opposed sides
tive and symbolic of the invention, and there is of the core. The rods,
which are inserted into the    15   no intention to indicate scale or
relative pro- holes, are formed of glass having a TCE different   portions
of the elements shown therein. from that of the cladding glass. In a
specific        According to -a first embodiment of this inven- embodiment,
four equally spaced holes are           tion there is initially formed a
single-mode formed around the core. Rods of glass having a      optical
fiber preform of the type shown in Figure TCE higher than that of the
cladding glass are   20   5. Whereas any vapor deposition technique suit-
inserted into one diametrically opposed pair of     able for forming the
preform of Figure 5 may be holes. The remaining pair of holes can remain
employed, preferred methods are disclosed in empty or can be provided with
a pair of rods of     EP-A-100174, having priority dates of 26th glass
having a TCE lower than that of the clad-    July and 29th September 1982,
filed 11th July ding glass.                                   25   1983,
published 8th February 1984. A preferred To form a fiber having multiple
light conduct-    method of forming the preform of Figure 5 is ing cores
the cylindrical preform comprises clad-   briefly described below. ding
glass and optionally includes a centrally        A porous preform  is
formed in accordance disposed core of glass having a refractive index
with the method illustrated in Figure 1. A handle higher than that of the
cladding glass. A plurality   30   10 of the type disclosed in U.S. Patent
No. of longitudinally-extending holes is formed in the  4,289,522 may be
employed. Handle 10 is a cladding glass preform. Rods of glass having a
tubular member having a ground glass joint 12 refractive index greater than
that of the cladding  at one end thereof. The large diameter end of the
glass are inserted into the holes.                  tapered mandrel 20
extends through handle 10 A vacuum connection may be attached to that   35
and is secured thereto by shims 18. The ends of end of the preform remote
from the end from         the mandrel are mounted in a lathe where it is
which the fiber is drawn to evacuate the gap        rotated and translated
as indicated by the between the rods and the longitudinally-extend-
arrows. The mandrel may be initially coated with ing holes. In a preferred
embodiment, a glass       carbon soot to facilitate removal of the soot
tube is fused to the preform prior to inserting the    40   preform. rods.
The vacuum connection is then affixed to        Fuel gas and oxygen or air
are supplied to the glass tube.                                     burner
24 from a source (not shown). This mix- Both the stress rods and the rods
of core glass   ture is burned to produce a flame which is are preferably
clad with a glass having viscosity   emitted from the burner. A gas-vapor
mixture is characteristics similar to those of the preform   45   oxidized
within the flame to form a glass soot cladding glass, and such rod cladding
glass may     stream 26 which is directed toward mandrel 20. have the same
composition as the preform clad-      Suitable means for delivering the
gas-vapor mix- ding.                                               ture to
the burner are well known in the art; for In the accompanying drawings:
an illustration of such means reference is made Figure 1 illustrates the
application of succes-   so   to U.S. Patents Nos. 3,826,560, 4,148,621 and
sive coatings of glass soot to a mandrel.           4,173,305. One or more
auxiliary burners (not Figure 2 is a cross-sectional view of a consoli-
shown) may be employed to direct a flame dated glass preform.
toward one or both ends of the soot preform Figure 3 is a schematic diagram
illustrating the  during deposition to prevent breakage. This drawing of a
rod or intermediate fiber from the    55    method can be employed to
produce any type of preform.
core index profile including step index and Figure 4 illustrates the
application of an outer  gradient index. For an illustration of suitable
cladding to the intermediate fiber.                 burners, reference is
made to U.S. Patents Nos. Figure 5 is a cross-sectional view of the pre-
3,565,345 and 4,165,223 and to the above form of Figure 4 after
consolidation thereof.  60   EP-A-100174. EP-A-100174 shows a burner Figure
6 is a cross-sectional view of the pre-    wherein a centrally located
orifice in the burner form of Figure 5 after it has been provided with
face is surrounded by three rings of orifices. The stress-inducing rods.
reactant compounds emanate from the central 



Figure 7 is a cross-sectional view taken along    orifice where they are
subjected to heat from a lines 7-7 of Figure 6,                        65
flame produced by the fuel gas and oxygen    5               EP 0147225 B1
6 emanating from the middle ring of orifices. A        After deposition of
particulate soot material to stream of oxygen, referred to as the inner
shield,  the extent required to form  preliminary soot emanates from the
inner ring of orifices this       preform 30, mandrel 20 may be removed
from the stream prevents reaction of the reactant com-       assembly by
pulling it out through handle 10, pounds at the burner face. Finally, a
stream of    5    thereby leaving a longitudinal aperture. Integral oxygen
referred to as the outer shield emanates     handle 10 provides a support
for subsequent from the outer ring of orifices. This burner design
handling and processing. is somewhat similar to that disclosed in U.S.
The ground glass joint portion of handle 10 is Patent ,No. 3,698,936 issued
to H. J. Moltzan, the  secured into a complimentary female ground Moltzan
patent differing in that it teaches an    10   glass joint member, whereby
drying gas may be annular slot for providing the inner shield and in
flowed through handle 10, into the preform aper- that it lacks the outer
shield orifices. The burner  ture and outwardly through the preform inter-
orifices are supplied by manifolds in a manner      stices. The steps of
drying and consolidating may similar to that taught in the Moltzan patent.
be performed in accordance with the teachings of Soot deposition means 24
may also comprise   15   U.S. Patent No. 4,125,388, which patent is hereby
nozzles such as those disclosed in U.S. Patent No.  expressly incorporated
by reference. As taught by 3,957,474 which emit reactant vapors which are
said patent, drying may be accomplished before heated by means such as a
laser beam to form a      or during the consolidation step. soot stream.
Drying can be facilitated by inserting a short A first coating 16 of core
soot is applied to   20   section of capillary tubing into that end of
porous mandrel 20 while it is rotated and translated for   preform aperture
opposite handle 10 as disclosed uniform deposition of the soot. Generally,
each      in EP-A-100174. After consolidation, aperture coating of glass
soot is formed of a plurality of   32 of preliminary consolidated preform
38 usually layers of soot, each layer being formed by a single  remains
open as shown in Figure 2. pass of the burner along the length of rod 20. A
25  A devitrified layer may form on the aperture- second coating 22 of
glass soot is applied over the  forming surface of the preform. In
accordance outside peripheral surface of first coating 16.     with
EP-A-100174 the aperture may be acid In accordance with well known practice
the        etched to remove the devitrified layer. In accord- refractive
index of coating 22 is made lower than   ance with EP-A-100174, an improved
soot lay- that of coating 16 by changing the composition of   30   down
technique prevents devitrification of the the soot being produced in flame
26. This can be    aperture-forming surface of the preform, and
accomplished by changing the concentration or       etching  of that
surface therefore  becomes type of dopant material being introduced into
the   unnecessary. EP-A-1 00174 teaches that end 34 flame, or by omitting
the dopant material. Man-     of the preform aperture is initially closed.
If a drel 20 is again rotated and translated to provide a    35   capillary
tube is inserted into that end of the soot uniform deposition of coating
22. The composite     preform end 34 will close during consolidation. If
structure including first coating 16 and second     no such plug is
employed, the entire aperture will coating 22 constitutes a preliminary
soot preform   remain open. In this event end 34 is heated and 30.
pinched shut after consolidation. In the manufacture of optical waveguides,
the    40  Preliminary  consolidated  preform  38  is materials of the core
and cladding of the wave-     stretched into an intermediate, large
diameter quide should be produced from a glass having        fiber which is
thereafter provided with additional [err] light attenuation
characteristics, and      cladding glass. The surface of preform  38 is
although any optical quality glass may be used,      prepared in a
conventional manner prior to fused silica is a particularly suitable glass.
For   45   deposition of the outer cladding. If it has been structural and
other practical considerations, it is  handled or permitted to become
dirty, several desirable for the core and cladding glasses to      cleaning
steps are typically required. It is washed have similar physical
characteristics. Since the    in deionized water and then washed in an
isop- core glass must have a higher index of refraction   ropyl alcohol
bath. It is then etched in HF to than the cladding for proper operation,
the core   50   remove a few microns of glass or about 1 % of the glass may
desirably be formed of the same type      article weight. Then preform  38
is rinsed in of glass used for the cladding and doped with a     deionized
water and degreased with isopropyl small amount of some other material to
slightly     alcohol. increase  the  refractive  index  thereof. For
The intermediate fiber can be formed in a example, if pure fused silica is
used as the    55   conventional draw furnace wherein the tip of the
cladding glass, the core can consist of fused silica  consolidated preform
from  which the inter- doped with a material to increase its refractive
mediate fiber is being drawn is heated to a index.
temperature which is slightly lower than the There are many suitable
materials that can        temperature to which the preform  would be
satisfactorily be used as a core dopant alone or in   60   subjected to
draw  optical fiber therefrom. A combination with each other. These
include, but     temperature of about [err] is suitable for a high 



are not limited to, titanium  oxide, tin oxide,     silica content preform.
A suitable method for niobium oxide, zirconium oxide, aluminum oxide,
forming an intermediate fiber is illustrated in lanthanum  oxide,
phosphorus oxide and ger-         Figure 3. Preform 38 is mounted in a
conventional manium oxide.                                  65   draw
furnace where the tip thereof is heated by 4    7               EP 0147225
B1                      8 resistance heater 40. A vacuum connection 42 is
glass by an amount sufficient to provide the attached to handle 10, and the
preform aperture is  desired birefringence. Although rods 60 may have
evacuated. A glass rod 43, which is attached to the  a uniform composition
throughout, it may be bottom of preform 38, is pulled by motor-driven
advantageous to employ composite rods which tractors 44, thereby causing
the intermediate fiber    5    comprise a core region of glass selected for
its TCE 45 to be drawn at a suitable rate. A rate of 15 to 23  and a
cladding region that is compatible with cm/min has been found to be
adequate. As the       preform cladding 56. It is thought that by employ-
intermediate fiber or rod is drawn, the aperture  ing a stress rod that is
clad with a glass of the same readily closes since the pressure therein is
low   composition as the preform cladding, the interface relative to
ambient pressure. The average dia-   to   between the rod and cladding will
be resistant to meter of an intermediate fiber that is to be       seed
formation during fiber drawing. If the stress employed as a mandrel upon
which cladding soot     rod contains a cladding layer 64, it may be is to
be deposited is preferably in the range of 4 to  advantageous to grade the
composition of the 10 mm.                                             core
portion 62 of the rod so that the coefficient of As shown in Figure 4,
intermediate fiber 45,   15   expansion of the glass at the center of the
rod is which comprises core region 46 and cladding        gradually matched
to that of the cladding portion region 47, is employed as a mandrel upon
which     of the rod to prevent breakage during fabrication soot coating 48
is deposited by burner 24. Coating  of the rod. Since some high expansion
glass 48 is generally formed of the same material as the  compositions
suitable for use as stress rods are cladding portion 47 of intermediate
fiber 45.  20   much softer than the silica cladding glass, it may The
resultant composite preform 50 is then       be advantageous to clad the
soft glass rod with a consolidated to form a solid glass draw blank 52 of
hard glass to preserve the shape of the rod during Figure 5. During the
consolidation process, com-   the drawing process. Without such hard glass
posite preform 50 is gradually inserted into a     cladding, the soft, high
expansion glass rod can furnace through which a consolidation atmos-   25
melt during the fiber drawing process and build up phere flows. The
atmosphere preferably contains    a pressure within the molten portion of
the helium and an amount of chlorine sufficient to dry  preform which can
distort the true size and shape the soot priortothetimethat consolidation
occurs.  of the stress rods in the resultant fiber. About 5 vol. % chlorine
is usually sufficient.       The following technique may also be employed
Whereas a preferred method of forming the   30   to prevent the rods from
melting and sliding consolidated preform  of Figure 5 has been
downwardly into the holes. Upper ends 65 of the described above, it can be
formed by other         rods can be enlarged so that upon insertion of the
methods such as the axial vapor deposition pro-    rods into holes 58, the
enlarged ends bind at cess disclosed in U.S. Patents Nos. 3,957,474 and
endface 53 and protrude from the preform. The 4,231,774. Indeed, any CVD
technique is suitable   35   enlarged end can be formed by heating the end
for the present method provided that it is capable  with a flame and
pressing the end against a surface of forming a high purity preliminary
consolidated  to cause it to bulge. It could also be formed by preform
havingaglass core surrounded bya layer     attacking a bead of molten glass
to the circum- of cladding glass. For example, layers of cladding
ferential surface of the end of a rod. The enlarged glass and core glass
can be formed on the inner   40   ends of the rods do not prevent
evacuation of the surface of a substrate tube in accordance with the  space
between the rods and the adjacent walls of teachings of U.S. Patent No.
4,298,364. The coated  the holes. tube is collapsed to form a solid glass
article      The stress rods can be formed of any of the similar to that
shown in Figure 5.                 stress rod glass compositions set forth
in U.S. Consolidated preform 52 comprises core 54 and    45   Patent No.
4,395,270 and in GB-A-2,096,788. For cladding 56. One end is preferably
severed from    example, it may consist of silica doped with one or preform
52 to form a flat endface 53 as shown in  more of the oxides [err] Figure
7. Two holes 58 are formed in the cladding  ZrO2, and [err] If cladding 56
consists of pure on opposite sides of core 54 by any suitable       silica,
the stress rod can be formed of silica doped technique such as core
drilling, ultrasonic drilling,   50   with a plurality of oxides to provide
a refractive orthelike.Holes58mayterminatejustshortofone        index equal
to that of silica. For example, [err] end of preform 52 as shown in Figure
7, or they    could be doped with one of the following combina- may extend
entirely therethrough. Holes 58 are    tions of dopant oxides: [err] and
[err] or [err] and preferably treated to remove imperfections from    B203
or [err] and [err] the walls thereof. For example, the wall-forming    55
The assembly illustrated in Figures 6 and 7 is surfaces can be smoothed by
a diamond hone or      inserted into a conventional draw furnace and
grinding powder and/or etched with hydrofluoric    drawn into a fiber. A
glass rod 66 may be fused to acid. However, in a preferred technique, the
walls  the end of preform 52 to initiate the fiber drawing 



of holes 58 are smoothed by suspending the         process. During the
drawing process, rods 60 preform in a furnace and raising its temperature
to   60   soften and bond to the walls of holes 58. Thus, a level just
below that which would cause the      there is formed an integral optical
fiber containing preform to elongate. For high SiO2 content blanks  no
interstices, gaps, bubbles or the like. this temperature is in the range of
[err]     A vacuum connection is preferably secured to Into holes 58 are
inserted rods 60 of glass having  the top of draw blank  52 during the
fiber drawing a TCE that is different from that of the cladding    65
operation. This minimizes the amount of gas and 5    9               EP
0147 225 B1                     10 water vapor present in the gap between
rods 60     81 as indicated by the dashed lines. A segment- and the walls
of holes 58 and decreases the        shaped rod 81 can be inserted into
each hole 78. If likelihood that upsets will occur during this oper-
desired, the rod is first rotated in a lathe and ation. A preferred method
of attaching a vacuum    provided with a thin coating of cladding soot in
connection is as follows. Prior to inserting rods 60    5    the manner
illustrated in Figure 4. The cladding into holes 58, a tube 68 of high
temperature glass  soot is consolidated on the rod to form the clad, [err]
silica is fused to surface 53. The outer  sector shaped rod 83 of Figure
10. Rod 83 is diameter of tube 68 is preferably the same as that
substantially the same shape as hole 78 and just of preform 52. If. rods 60
had been inserted prior  slightly smaller than that hole. Rod 83 can be to
the fusion of tube 68 to preform 52, the softer   10   formed having a
cross-sectional area larger than glass within rods 60 could flow and fill
the gaps  that of hole 78, and it can be heated and stretched between the
rods and the preform. Thus, when       to decrease its cross-sectional area
to a value the vacuum is applied over end 53 of the preform,  sufficiently
small to permit insertion into hole 78. that vacuum would be prevented from
com-            As taught in the aforementioned U.S. Patent municating with
the lower ends of holes 58.   15   No. 4,395,270, a fiber may contain a
second set of The end of tube 68 opposite the preform may      discrete,
diametrically opposed longitudinally- be tapered inwardly. Such a taper can
be effected  extending regions having physical characteristics by
flameworking the tube. The diameter of the      which are different from
those of the first set of [err] end of the tube should be large enough to
stress-inducing regions. The fiber illustrated in [err] the insertion of
rods 60 therethrough. After   20   Figure 11 comprises core 85 and cladding
86. Two rods 60 have been inserted into holes 58, a glass
longitudinally-extending regions 87, which have a fitting 70 is fused to
tube 68. The end of fitting 70  TCE different from that of the cladding
region, are is provided with a ground glass joint 72 to which
diametrically opposed relative to core 85. Ortho- vacuum connection 74 can
be attached.              gonally disposed with respect to regions 87 is a
In an alternative method, tube 68 initially has no   25   second pair of
longitudinally-extending regions inward taper. Rods 60 are inserted into
holes 58   88 which may comprise a glass having a TCE after tube 68 is
fused to the preform. The preform  which deviates from that of cladding 86
in a is rotated and the end of tube 68 is flameworked   direction different
from the direction in which the to cause it to shrink inwardly.
TCE of regions 87 deviates from that of cladding The method of the present
invention can also   30   86. be employed to form single-mode optical
fibers       The fiber of Figure 11 can be formed by drilling having
non-circular stress rods. The preform for   four holes in a preform in the
manner described in one such fiber is illustrated in Figure 8 wherein
conjunction with Figures 6 and 7. Into two oppo- elements similar to those
of Figure 7 are repre-   site holes are inserted rods of glass having a
first sented by primed reference numerals. To form    35   TCE. For
example, if cladding 86 consisted of stress rods having the sector-shaped
cross-sec-    SiO2, rods 87 could comprise SiO2 doped with tion disclosed
in the aforementioned U.K. Patent   B203 and P205 while rods 88 could
comprise SiO2 Application GB-A-2,096,788, circular holes         doped with
[err] In the resultant fiber, regions 87 shown by dashed lines 76 can be
formed in          will be in a state of tension while regions 88 will
cladding 56' on opposite sides of core 54'.  40   be in a state of
compression. The effect of the two Holes 78 of irregular or non-symmetrical
shape   tensive regions is additive with that of the two can then be formed
by ultrasonic drilling. They    compressive regions, the resultant
combination could also be formed by core drilling circular    providing a
greater magnitude of stress-induced holes as indicated by dashed line
circles 76 and   birefringence than that which would be obtain- thereafter
selectively removing regions of the   '45   able with either regions 87 or
88 alone. cladding glass adjacent to holes 76. This could be   In a
modification of the embodiment of Figure accomplished by a reciprocating
diamond hone       11 two rods of high expansion glass are inserted or by a
reciprocating wire which extends entirely  into opposite holes and the
remaining two holes through hole 76. An abrasive slurry is flowed      are
left empty. The fiber drawn from such a through the hole to assist the
cutting action of the   so   preform  includes two diametrically opposed
hone or wire.                                      cylindrically shaped
holes which are orthogonally One or more circular stress rods formed of
soft  situated with respect to two tensive stress rods. glass could be
inserted into holes 78, and the     As in the previous embodiment, the
effect of the resultant preform could be evacuated and drawn     two empty
holes is additive with the effect of the into a fiber as described in
conjunction with   55   two tensive regions. 



Figure 7. The soft stress rod glass would melt and   A multiple core fiber
may be formed by a flow into the interstices of the sector shaped
method similar to that described above. Whereas holes. However, the stress
rods are preferably     preform 52 of Figure 7 comprises a cladding 56
sector-shaped and clad with a glass of the same    and centrally disposed
core 54, a preform used in composition as that of cladding 56'.
Appropriately   60   the fabrication of a multiple core optical fiber
shaped rods can be formed by initially forming a   need not have such a
core, although it may glass cylinder by any suitable method such as
optionally include a core. melting, flame hydrolysis or the like. As shown
in  In an embodiment in which the initially formed Figure 9, cylinder 80 is
provided with an axial hole  preform comprises a core, preform 52 would be
82 and is then cut into four segment-shaped rods   65   provided with a
plurality of holes around core 54, 6    11              EP 0 147 225  B1
12 the number of such holes being sufficient to       was flowing, the
opening in the capillary tube provide the additional light-conducting
cores. Into  became sealed, and the preform was subjected to such holes are
inserted rods of high purity glass  gradient consolidation. having a
refractive index greater than that of       A vacuum connection was
attached to the preform cladding 56. The resultant fiber draw    5
handle, and the aperture of the consolidated blank is illustrated in Figure
12 wherein elements  preform was evacuated. A silica rod was fused to
similar to those of Figure 6 are represented by    the tip of the preform
which was then inserted primed reference numerals. The initially formed
into a draw furnace. The preform was heated to preform 52' may comprise
cladding 56' and a        about [err] and pulled downwardly at a rate of
centrally disposed core 54'. Four equally spaced    10   about 15 cm/min.
The diameter of the resultant holes can be around core 54'. Into each of
the     intermediate fiber was about 7 mm. After the holes is placed a rod
90 of core glass. As         intermediate fiber had been drawn to a
suitable described above, rods 90 can be of uniform         length, a 91 cm
long section was broken there- composition or of varying composition so as
to     from. exhibit a radially graded refractive index profile.   15  The
section of intermediate fiber was supported Also, rods 90 may be unclad,
but they are prefer-  in the lathe where it functioned as a mandrel for
ably clad with a glass having the same composi-   the deposition of
additional cladding soot. The tion as preform cladding 56'.
burner traversed the intermediate fiber until a If the initially-formed
preform has a uniform    sufficient number of layers were deposited to
composition throughout , ie. it initially has no   20   build up a coating
of SiO2 cladding soot. The core portion, then it can be provided with pre-
resultant composite preform  was gradually determined number of cores by
drilling therein    inserted into a consolidation furnace having a that
predetermined number of holes and placing     maximum temperature of 1450C
where it was a rod of core glass into each hole.
consolidated while helium  flowed upwardly A vacuum connection is attached
to the blank    25   through the furnace. The resultant consolidated as
described above to evacuate the gaps between    preform, which is shown in
cross-section in Fig- the rods of core glass and the adjacent walls of
ure 5, had an outside diameter of about 50 mm the preform holes to decrease
hydroxyl ion con-    and a core diameter of about 2.5 mm. One end of
tamination. The preform is then drawn into a fiber  the preform was severed
and polished smooth to having a plurality of light-conducting cores.  30
form a planar endface substantially perpendicular The following example
illustrates the manner in  to the preform axis. Two 7.0 mm diameter holes
which the method of the present invention can be   were core drilled
longitudinally through the con- employed to produce a polarization
retaining       solidated preform on opposite sides of the core at
single-mode optical fiber. The method described    a radius of 10 mm. in
conjunction with Figures 1 through 5 was   35     Two stress rods were made
by the method employed to produce an optical fiber preform.      disclosed
in U.S. Patent No. 2,823,995. A burner More specifically, a layer of carbon
soot was first  continuously traversed an alumina mandrel. Suf- deposited
along a 49 cm section of an alumina      ficient amounts of [err]  and
[err] were mandrel which tapered from about 5.5 mm to 6.5     supplied to
the burner to form glass soot having a mm in diameter. The previously
described burner   40   composition of 39 wt. % GeO2, 1 wt. % [err] and was
employed. Liquid [err] and liquid [err] were   60 wt. % SiO2. During each
subsequent burner maintained at [err] in first and second containers,
pass. the amounts of GeCI4 and [err] were the outputs of which were
connected to the         decreased to form a coating of core glass soot
burner. Silica was deposited on the mandrel for    having a decreasing
concentration of GeO2 and thirty minutes during which time oxygen flowed
45   [err] until the final burner pass deposited pure through the first
container at a rate of about 0.05  SiO2 soot. Thereafter, additional layers
of SiO2 slpm to form a layer of low expansion silica soot  soot were
deposited to form a coating of cladding having a thickness of about 1 mm. A
step index     soot over the core soot coating. The mandrel was core region
of [err] doped with 10 wt. % [err]       removed and the resultant porous
preform was was then deposited to a thickness of about 12 mm    50
subjected to gradient consolidation as described by bubbling oxygen through
both the first and      above. During the consolidation process, chlorine
second containers. The flow of oxygen to the       and helium flowed into
the preform aperture as 



second container was then stopped and pure [err]    described above. The
preform aperture closed soot was deposited on the surface of the core soot
during consolidation due to the low viscosity of until an outer diameter of
60 mm was achieved.   55   the core glass relative to that of the cladding
The soot preform was removed from the lathe,     glass. and the mandrel was
removed therefrom, the           The consolidated preform was inserted into
a integral handle remaining at one end thereof. A    draw furnace where the
tip thereof was heated to short section of capillary tubing was inserted
into  about [err] A glass rod was attached to the that end of the preform
aperture opposite the   60   bottom tip of the preform and it was stretched
handle. A drying gas consisting of helium con-     downwardly at a rate of
10 cm/min. to form a taining 5 volume percent chlorine was flowed
stress rod having an outside diameter of 6 mm. through the handle and into
the preform aperture.  The core portion of the rod had a diameter of 4.2 As
the preform was lowered into the consolida-     mm. The concentration of
GeO2 and [err in the tion furnace through which a helium flushing gas   65
core portion varied such that the refractive index 7    13               EP
0147 225  B1                    14 gradient of the core was characterized
by an          opposite the end from which said rods (60, 81, alpha of 2.
83) are suspended; and drawing a fiber from the A 15 cm long silica tube
having an outside          heated end of said assembly. diameter of 50 mm
and a wall thickness of 2             2. A method in accordance with claim
1, mm was fused to the periphery of the planar    5    wherein the step of
providing a plurality of rods endface. of the consolidated preform. The
stress      comprises providing rods (60) having a cross- rods were
inserted into the holes that had been       sectional area slightly smaller
than that of said core drilled in the preform. The end of the silica
holes (58) except at said opposite end (65) tube   remote  from  the
preform  was then           thereof where the rod cross-sectional area is
[err] and caused to decrease in dia-   10   greater than that of said
holes, the step of meter. A glass fixture having a ground glass
supporting the opposite end of each of said joint at one end was fused to
the silica tube. A      rods comprising inserting the first end of a rod
vacuum connection was attached to the ground          (60) into a
corresponding hole (58) until the glass joint and a vacuum was pulled over
the          enlarged opposite end (65) thereof engages said flat surface
of the preform to effect an evacua-   15   preform and prevents further
entry of said rod tion of the space between the rods and the           into
said hole. adjacent walls of the core drilled holes. The           3. A
method in aecordance with claim  2, evacuated blank was inserted into the
draw fur-       wherein said preform has at the end from which nace where
the tip thereof was subjected to a         the rods (60) are to be inserted
a flat endface temperature of about [err] The resultant step-    20   (53)
to the periphery of which, prior to the step index, single-mode optical
waveguide fiber had        of inserting said rods (60), a glass cylinder
(68) a core diameter of about 8 [err] and an outside         is fused, and
wherein prior to heating and draw- diameter of 125 [err] The attenuation of
the            ing, a vacuum  connection (74) is attached to resultant
fiber was 4.5 dB/km at 850 nm, and the      said glass cylinder (68). beat
length L was between 2 and 3 cm.           25     4. A method in accordance
with any preceding An optical fiber having multiple light transmit-
claim, wherein the rods (60, 83) comprise a ting  cores  could  be
similarly constructed       glass core (62) surrounded by a layer of clad-
Indeed, the stress rods of the above-described        ding glass (64)
having a composition different specific example are formed of a glass
having a       from that of said glass core. refractive index greater than
that of the silica    30  5. A method in accordance with any preceding
cladding glass. Therefore, each stress rod of the     claim, wherein the
rods comprise a glass core fiber formed by the aforementioned example is
(62) surrounded by a layer of glass (64) having capable of propagating
light energy  when            the same composition as the preform cladding
properly excited by an input light beam              glass (56). 35     6.
A method in accordance with any preceding Claims
claim, wherein the holes (78) are of non-circular cross-section and the
rods (81, 83) have a cross- 1. A method of forming an optical fibre, com-
sectional configuration substantially the same as prising:
that of said holes (78). providing a cylindrical preform (38) of glass
40   7. A method in accordance with claim  1 having a first composition,
which preform  is         wherein the preform  has a centrally disposed
optionally provided with a centrally disposed         glass core (54, 54',
85) surrounded by glass (56, glass core (54, 54', 85) surrounded by the
glass      56', 86) of said first composition, said glass core 56, 56', 86)
of said first composition, said glass  (54, 54', 85) having a refractive
index greater core having a refractive index greater than that   45   than
that of said first composition. of said first composition;
8. A method in -accordance with claim  7 forming in said preform  (38) a
plurality of        wherein the step of forming holes comprises
longitudinally-extending holes (58, 78);              forming a plurality
of longitudinally-extending providing a plurality of rods (60, 81, 83) at
holes (58, 78) on opposite sides of said glass 



least a portion of which are formed of a second    so   core (54, 54', 85)
and wherein the glass rods (60, glass composition  having a softening point
81, 83) are of glass having a thermal expansion lower than that of said
first composition when         coefficient that is different from that of
said first said preform is provided with said centrally dis-
composition. posed glass core and a refractive index greater than that of
said first composition when no such    55    Patentanspruche core portion
is provided in said preform; inserting a first end of a respective one of
said     1. Verfahren zum  Herstellen einer optischen rods (60, 81, 83)
into each of said holes (58, 78)    Faser, bestehend aus: and continuing
the insertion of said rods until         Vorsehen eines zylindrischen
Rohlings (38) substantially the whole length of each hole is   60   aus
Glat mit einer ersten Zusammensetzung, occupied by a respective rod;
wobei dieser Rohling wahlweise mit einem zen- supporting the opposite end
of each of said        tral angeorndeten Glaskern (54, 54', 85) verse- rods
(60, 81, 83) so that it cannot continue to fall  hen ist, der von dem
Glas (56, 56', 86) der into its corresponding hole as it is melted;
ersten Zusammensetzung umgeben ist, wobei heating that end of the resultant
assembly   65    der Glaskern einen gegeniber dem  der ersten 8    13
EP 0147225 B1                       14 gradient of the core was
characterized by an        opposite the end from which said rods (60, 81,
alpha of 2.                                         83) are suspended, and
drawing a fiber from the A 15 cm long silica tube having an outside
heated end of said assembly. diameter of 50 mm and a wall thickness of 2
2. A method in accordance with claim  1, mm was fused to the periphery of
the planar    5    wherein the step of providing a plurality of rods
endface.of the consolidated preform. The stress     comprises providing
rods (60) having a cross- rods were inserted into the holes that had been
sectional area slightly smaller than that of said core drilled in the
preform. The end of the silica  holes (58) except at said opposite end (65)
tube remote from  the  preform  was then           thereof where the rod
cross-sectional area is [err] and caused to decrease in dia-   10   greater
than that of said holes, the step of meter. A glass fixture having a ground
glass        supporting the opposite end of each of said joint at one end
was fused to the silica tube. A   rods comprising inserting the first end
of a rod vacuum connection was attached to the ground        (60) into a
corresponding hole (58) until the glass joint and a vacuum was pulled over
the        enlarged opposite end (65) thereof engages said flat surface of
the preform to effect an evacua-   15   preform and prevents further entry
of said rod tion of the space between the rods and the          into said
hole. adjacent walls of the core drilled holes. The         3. A method in
accordance with claim  2, evacuated blank was inserted into the draw fur-
wherein said preform has at the end from which nace where the tip thereof
was subjected to a       the rods (60) are to be inserted a flat endface
temperature of about [err] The resultant step-   20   (53) to the periphery
of which, prior to the step index, single-mode optical waveguide fiber had
of inserting said rods (60), a glass cylinder (68) a core diameter of about
8 [err] and an outside        is fused, and wherein prior to heating and
draw- .iameter of 125 [err] The attenuation of the          ing, a vacuum
connection (74) is attached to resultant fiber was 4.5 dB/km at 850 nm, and
the    said glass cylinder (68). beat length L was between 2 and 3 cm.
25      4. A method in accordance with any preceding An optical fiber
having multiple light transmit-  claim, wherein the rods (60, 83) comprise
a ting  cores could  be similarly  constructed.       glass core (62)
surrounded by a layer of clad- Indeed, the stress rods of the
above-described      ding glass (64) having a composition different
specific example are formed of a glass having a     from that of said glass
core. refractive index greater than that of the silica   30  5. A method in
accordance with any preceding cladding glass. Therefore, each stress rod of
the   claim, wherein the rods comprise a glass core fiber formed by the
aforementioned example is       (62) surrounded by a layer of glass (64)
having capable of propagating  light energy when           the same
composition as the preform cladding properly excited by an input light
beam.            glass (56). 35     6. A method in accordance with any
preceding Claims                                              claim,
wherein the holes (78) are of non-circular cross-section and the rods (81,
83) have a cross- 1. A method of forming an optical fibre, com-
sectional configuration substantially the same as prising:
that of said holes (78). providing a cylindrical preform (38) of glass   40
7. A method in accordance with claim  1 having a first composition, which
preform  is       wherein the preform has a centrally disposed optionally
provided with a centrally disposed       glass core (54, 54', 85)
surrounded by glass (56, glass core (54, 54', 85) surrounded by the glass
56', 86) of said first composition, said glass core 56, 56', 86) of said
first composition, said glass  (54, 54', 85) having a refractive index
greater core having a refractive index greater than that   45   than that
of said first composition. of said first composition;
8. A method in accordance with claim  7 



forming in said preform  (38) a plurality of      wherein the step of
forming holes comprises longitudinally-extending holes (58, 78);
forming a plurality of longitudinally-extending providing a plurality of
rods (60, 81, 83) at     holes (58, 78) on opposite sides of said glass
least a portion of which are formed of a second    50   core (54, 54', 85)
and wherein the glass rods (60, glass composition having a softening point
81, 83) are of glass having a thermal expansion lower than that of said
first composition when      coefficient that is different from that of said
first said preform is provided with said centrally dis-   composition.
posed glass core and a refractive index greater than that of said first
composition when no such    55   Patentanspruche core portion is provided
in said preform; inserting a first end of a respective one of said   1.
Verfahren zum Herstellen einer optischen rods (60, 81, 83) into each of
said holes (58, 78)  Faser, bestehend aus: and continuing the insertion of
said rods until       Vorsehen eines zylindrischen Rohlings (38)
substantially the whole length of each hole is   60   aus Glat mit einer
ersten Zusammensetzung, occupied by a respective rod;
wobei dieser Rohling wahlweise mit einem zen- supporting the opposite end
of each of said       tral angeorndeten Glaskern (54, 54', 85) verse- rods
(60, 81, 83) so that it cannot continue to fall  hen ist, der von dem  Glas
(56, 56', 86) der into its corresponding hole as it is melted;
ersten Zusammensetzung umgeben ist, wobei heating that end of the resultant
assembly   65   der Glaskern einen gegenuber dem der ersten 8 l
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16 Zusammensetzung  groaeren  Brechungs-index          Anspruch, bei dem
die Locher (78) einen nicht besitzt; .
kreisformigen Querschnitt aufweisen und die Bilden einer Vielzahl von sich
in Langsrichtung   Stangen (81, 83) sine Querschnittskonfiguration
erstreckenden Lochern (58, 78) in dem Rohling       besitzen, die im
wesentlichen die gleiche wie die (38):                      .s5   det
Locher (78) ist. Vorsehen einer Vielzahl von Stangen (60, 81,        7.
Verfahren nach Anspruch 1, bei dem der 83), von denen wenigstens ein
Abschnitt aus         Rohling einen zentral angeordneten Glaskern (54,
einer zweiten Glaszusammensetzung gebildet ist,     54', 85) besitzt, der
von Glas (56, 56', 86) der die einen Erweichungspunkt, welcher niedriger
ersten Zusammensetzung umgeben ist, wobei als der der ersten
Zusammensetzung ist, wenn    to   der Glaskern (54, 54', 85) einen
Brechungsindex der Rohling mit dam mittig angeordneten Glas-
aufweist, der groger ist als der der ersten Zusam- kern versehen ist, und
einen Brechungsindex         mensetzung. aufweist, der groder als der der
ersten Zusam-        8. Verfahren nach Anspruch 7, bei dem der mensetzung
ist, wenn kein derartiger Kernab-        Verfalwrensschritt des Herstellens
von Lochern schnitt in dem Rohling vorgesehen ist;        t5   das Bilden
einer Vielzahl von sich in Langsrich- Einsetzen sines ersten Endes einer
jeweiligen     tung erstreckenden L6chern (58, 78) an gegen- Stange
(60,81,83) in jedes der Locher (58,78) und   uberliegenden Seiten des
Glaskerns (54, 54', 85) Fortsetzen des Einsetzens der Stangen, bis im
umfaIt und bei dem die Glasstangen (60, 81, 83) wesentlichen die gesamte
Lange jedes Loches mit     aus Glas bastehen, das einen thermischen Aus-
einer entsprechenden Stange besetzt ist;      20   dehnungskoeffizienten
besitzt, der sich von dam Abstutzen des gegenuberliegenden Endes jeder
der ersten Zusammensetzung unterscheidet. der Stangen (60,81, 83) in der
Weiss, daB es nicht weiter in sein zugeh6riges Loch fallen kann, wenn
Revendications es geschmolzen wird; Erhitzen desienigen Endes des
resultierenden    25  1. Procede pour former une fibre optique, com-
Aufbaus, das gagenuber dem Endo liegt, von dam      prenant les phases
suivantes: die Stangen (60, 81, 83) abgehangt sind; und          on r6alise
une preforme cylindrique (38) en un Ausziehen einer Faser aus dem erhitzten
Ende      verre ayant une premiere composition, cette pre- des Aufbaus.
forme ayant eventuellement une Ame en verre 2. Verfahren nach Anspruch 1,
bei dem der   30   (54, 54', 85) disposee en position centrale, entou-
Verfahrensschritt des Vorsehens einer Vielzahl      r6e par le verre (56,
56', 86) de ladite premibre von Stangen das Vorsehen von Stangen (60)
composition, ladite 3me en verre ayant un indice aufweist, die sine
geringfugig kleinere Quer-       de refraction supbrieur a celui de ladite
premiere schnittsfliche als die Locher (58) mit Ausnahme     composition;
an derem gegenuberliegenden Ends (65) aufwei-   35    on menage dons ladite
preforme (38) plusieurs sen, an dem die Stangenquerschnittsflache gro-
trous (58, 78) s'etendant longitudinalement; Bar ist als die der L6cher,
und wobei zu dam          on r6alise plusieurs tiges (60, 81, 83), au moins
Verfahrensschritt des Teils des gegenuberliegen-    une partie de ces tige
etant formee d'un verre den Endes jedes der Stangen das Einsetzen des
ayant une seconde composition presentant un ersten Endes einer Stange (601
in ein zugehoriges   40   point de ramollissement inf6rieur a celui de
ladite Loch (58) gehort, bis dessen vergr8Bertes gegen-    premiere
composition lorsque ladite preforme est Oberliegendes Endo (65) an den
Rohling angreift     pourvue de ladite ame en verre disposee en 



und ein weiteres Eindringen der Stange in das       position central. et un
indice de refraction sup6- Loch verhindert.
rieur a celui de ladite premiere composition lors- 3. Verfahren nach
Anspruch 2, bei dam der   45   qu'aucune telle ame n'est disposes dans
ladite Rohling an dam Ende, von dam die Stangen (60)       preforme;
einzusetzen sind, sine flache Endflache (53) auf-     on introduit une
premiere extremit6 de l'une weist, an deren Umfangsrand vor dem Verfah-
desdites tiges (60, 81, 83) dans chacun desdits rensschritt des Einsetzens
der Stangen (60) ein     trous (58, 78) et on poursuite l'introduction des-
Glaszylinder (68) angeschmolzen wird, und wobei   50   dites tiges jusqu'a
ce qu'a peu pres la totalit6 de la vor dem Erhitzen und Ausziehen ein
Vakuuman-        longueur de chaque trou soit occup6e par une schluB (74)
an dam Glaszylinder (68) angebracht     tige; wird.
on soutient l'extremit6 oppos6e de chacune 4. Verfahren  nach  einem
vorangehenden          desdites tiges (60, 81, 83) de maniere qu'elle ne
Anspruch, bei dem die Stangen (60, 83) einen    cs   puisse continuer A
tomber dans son trou corres- Glaskern (62) aufweisen, der von einer Schicht
pondant lorsquaelle est fondue; aus Mantelglas (64) umgeben ist, das sine
Zusam-      on chauffe l'extrdmitd de l'snsemble obtenu qui mensetzung
aufweist, die gegenuber der des          est opposee a cello par laquelle
lesdites tiges (60, Kernglases unterschiedlich ist.                     81,
83) sont suspendues; et on 6tire une fibre A 5. Verfahren  nach  einem
vorangehenden    60   partir de lextremit6 chauffee dudit ensemble.
Anspruch, bei dem die Stangen einen Glaskern          2. Procede suivant la
revendication 1, dans (62) besitzen, der von einer Glasschicht (64)
lequel la phase de realisation de plusieurs tiges umgeben ist, die dieselbe
Zusammensetzung wie       consists A realiser des tiges (60) ayant en
section das Rohling-Mantelglas (56) aufweist.               une surface
legerement plus petite quo cells 6. Verfahren  nacn  einem  vorangehenden
65   desdits trous (58), excepts 3 leur dite extremite g I
11111111111111111111111111I    17               EP 0 147  25 B1
18 opp,os6e (65) ouj la surface en section est sup6-    dications
pr6c6dentes, dans lequel les tiges corn- rieure a celle desdits trous, la
phase consistant a  prennent une Ame en verre (62) entouree par une
soutenir l'extr6mit6 opposoe de chacune desdites     couche de ve&re (64)
ayant la meme composition tiges comprenant l'introduction de la premiere
que le verre de gainage (56) de la preforme. extremit6 d'une tige (60) dans
un trou correspon-    5  6. Proc6d6 suivant l'une quelconque des reven-
dant (58) jusqu'h ce que 1'extr6mit6 opposee         dications prec6dentes,
dans lequel lea trous (78) agrandie (65) de cette tige vienne en contact
avec   ont une section transversale non circulaire et les lgrte pr6forme
etempiche une nouvelle p6n6tra-       tiges (81, 83) ont en section
transversale une tI~ de ladite tige dans ledit trou.
configuration qui est a peu pres la meme que 3. Proc6d6 suivant Ia
revendication 2, dans    to   celle desdits trous (78). lequel ladite
preforme comporte A 1'extr6mito par      7. Procede suivant la
revendication 1, dans laquelle les tiges (60) doivent etre introduites une
lequel la preforme comporte une ame en verre face d'extr6mite plate (53)
sur la p6ripherie de     (54, 54', 85) en position centrale, entouree par
du laquelle est fondue un cylindre (68) en verre avant  verre (56, 56', 86)
ayant ladite premiere composi- la phase d'introduction desdites tiges (60),
et dans    15  tion, ladite Ame en verre (54, 54', 85) ayant un lequel,
avant de chauffer et d'etirer, un raccord a  indice de refraction superieur
a celui de ladite depression (74) est fixe audit cylindre en verre
premiere composition. (68).
8. Proc6d6 suivant la revendication 7, dans 4. Proc6d6 suivant l'une
quelconque des reven-     lequel la phase de formation des trous comprend
dications precedentes, dans lequel lea tiges (60,   20   la formation de
plusieurs trous (58,78) s'etendant 83) comprennent une 3me en verre (62)
entour6e      longitudinalement de part et d'autre de ladite ame tjpar une
couche (64) de verre de gainage ayant         en verre (54, 54', 85) et
dans lequel les tiges de une composition difforente de celle de ladite ame
verre (60, 81, 83) sont en un verre ayant un en verre.
coefficient de dilatation thermique qui est differ- 5. Proced6 suivant
l'une quelconque des reven-   25   ent de celui de ladite premiere
composition. 30 35 45 50 55 60 65    


