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57 ABSTRACT 
A substantially continuous method for drying, consoli 
dating and drawing an optical waveguide preform is 
disclosed. A porous soot preform suspended from a 
substantially hollow longitudinal preform handle hav 
ing a longitudinal aperture therein is provided. The end 
of the hollow preform handle is connected to a source 
of gaseous drying medium, and a quantity of the gase 
ous drying medium is flowed through the aperture in 
the porous soot preform and through the porous walls 
of the preform thereby drying the preform structure. 
The extending end of the porous soot preform is heated 
to the consolidation temperature of the materials 
thereof to progressively consolidate the preform from 
the extending end thereof. The consolidated end of the 
preform is further heated to the drawing temperature of 
the materials thereof and a filament is drawn from the 
extending end of the consolidated preform. 

7 Claims, 7 Drawing Figures 
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METHOD FOR SUBSTANTIALLY 
CONTINUOUSLY DRYING, CONSOLIDATING 
AND DRAWING AN OPTICAL WAVEGUIDE 

PREFORM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Reference is directed to our co-pending applications 
Ser. No. 165,649, entitled "Support Member For An 
Optical Waveguide Preform", and Ser. No. 165,650, 
entitled "Method of Forming An Optical Waveguide 
Preform', both filed July 3, 1980. Further reference is 
directed to Ser. No. 155,422, filed by M. G. Blankenship 
on June 2, 1980 and entitled "Method and Apparatus 
For Forming An Optical Waveguide Preform Having 
A Continuously Removable Starting Member.” 

BACKGROUND OF THE INVENTION 

This invention relates to a method for making optical 
waveguides, and more particularly to a method for 
substantially continuously drying, consolidating and 
drawing an optical waveguide preform having a sup 
port member formed as an integral part of the preform 
body. 

Optical waveguides, which are the most promising 
medium for transmission of high frequencies, normally 
consist of an optical filament having a transparent core 
surrounded by a transparent cladding having a refrac 
tive index which is lower than that of the core. A very 
thorough and complete discussion concerning opera 
tional theories of optical waveguides is contained in 
U.S. Pat. No. 3, 157,726 issued to Hicks et al., and in the 
publication "Cylindrical Dielectric Waveguide Modes' 
by E. Snitzer, Journal of the Optical Society of Amer 
ica, Vol. 51, No. 5, pp. 491-498, May 1961. Other excel 
lent sources of information concerning optical wave 
guides are "Fiber Optics-Principles and Applications' 
by N. S. Kapany, Academic Press, 1967, as well as 
"Fundamentals of Optical Fiber Communications' ed 
ited by Michael K. Barnoski, Academic Press, 1976. 

Generally optical waveguides are made by either 
outside or inside vapor phase oxidation as hereinafter 
more particularly defined. The present invention is 
particularly suitable to the formation of optical wave 
guide preforms by the outside vapor phase oxidation 
process where a starting rod or tube is used as a starting 
member, bait, or mandrel, on the outside surface of 
which is deposited one or more layers of suitable mate 
rial. Ordinarily, the starting member or mandrel is re 
moved leaving the deposited structure as a preform for 
the subsequent waveguide. Where a tube is employed as 
a starting member and is either left in place or removed, 
a center hole exists in the same manner as if a solid rod 
was removed from the deposited material. The center 
hole must thereafter be closed before or during drawing 
and a solid elongated waveguide filament drawn. In the 
outside process, either the starting rod forms the core of 
the ultimate waveguide or the first deposited layers 
form the core of the ultimate waveguide, while the 
latter deposited layers form the cladding thereof. 
When a starting member or mandrel is used and is 

intended to remain with the structure to ultimately form 
the core of the waveguide, substantial exterior surface 
preparation such as cleaning, smoothing, or the like is 
necessary before deposition thereto may take place. In 
addition, if the starting member or mandrel is intended 
to remain and become the core of the waveguide, it 
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2 
must be a very high purity glass, and have optical prop 
erties equivalent to the quality of the waveguide core, 
for example, low signal attenuation and equivalent 
index of refraction. However, when the starting mem 
ber or mandrel is removed, other problems are pres 
ented. Among these problems are that the preform is 
free standing such that handling and further processing 
of the preform is made more difficult. For example, 
when the starting member or mandrel is removed the 
resulting preform is a porous structure having a central 
aperture. Such a porous structure must thereafter be 
consolidated into a solid structure and the central aper 
ture must be closed either by drawing or other prelimi 
nary processing well known in the art. Handling of such 
a porous structure during consolidation and subsequent 
drawing and/or hole closing requires special prepara 
tion and handling. One manner for preparing the porous 
preform for consolidation is to drilla hole through the 
structure perpendicular to the longitudinal axis thereof 
near one end of the structure to permit a platinum wire, 
or the like, to be passed through the drilled hole for 
hanging the preform vertically during consolidation. 
Unfortunately, however, the porous preform is struc 
turally vulnerable during such drilling operation and 
frequently leads to the destruction of the preform due to 
lengthwise splits or cracks and always allows liberated 
soot from the drilling to contaminate the center hole of 
the preform. 

DESCRIPTION OF THE PRIOR ART 

No prior art directed to a method of substantially 
continuously drying, consolidating and drawing an 
optical waveguide preform having a hollow preform 
handle or member embedded within the preform during 
the formation thereof and which remains with the pre 
form during subsequent handling and processing, while 
the starting member upon which the preform has been 
deposited is removed, is known to exist. However, some 
of the following art includes reference to the formation 
of an optical waveguide preform in connection with the 
fabrication of optical waveguides. 

U.S. Pat. No. 3,884,550 to Maurer et al. teaches the 
formation of a large solid blank or boule from which 
rods, which are intended to form the starting member, 
are core drilled and thereafter ground and polished. 
Such rods are high purity and high optical quality glass 
if they are intended to be left as a core material of the 
ultimate optical waveguide. This reference also teaches 
a starting member formed by normal glass melting but 
cautions that such member may have an excessive impu 
rity level and must ultimately be removed. 
The stringent optical requirements placed on the 

transmission medium that could be employed in optical 
communication systems has negated the use of conven 
tional glass fiber optics, since attenuation therein due to 
both scattering and impurity absorption is much too 
high. Since pure fused silica has the lowest known opti 
cal attenuation of any glass in the red and near infrared 
portion of the spectrum where optical communications 
appear most promising, pure fused silica and doped 
fused silica were among the earliest considered materi 
als for use in the fabrication of optical waveguides. For 
example, single mode optical waveguides have been 
formed by inserting a titania doped silica fiber into a 
silica capillary. The tubing was heated and collapsed 
onto the central fiber, and the resulting cane was re 
drawn to waveguide dimensions. Waveguides produced 
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in this manner are sometimes unsatisfactory since nu 
merous tiny air bubbles and particles tend to form on 
the core-cladding interface resulting in light scattering 
sites and core diameter variations leading to very high 
attenuation. 

U.S. Pat. No. 3,737,292 issued to D. B. Keck et al., 
teaches forming a starting member by grinding out or 
core drilling the member from a solid blank or boule. 
The outside surface of this cylindrical starting member 
is carefully polished and cleansed to remove surface 
irregularities and contaminations which might later 
cause light scattering. Surface polishing may be 
achieved by mechanical polishing, fire polishing, laser 
milling, or the like. This patent teaches a particularly 
suitable method of smoothing the outside surfaces of the 
cylinder by first mechanically polishing and thereafter 
flame polishing the mechanically polished surfaces. 
Hydrofluoric acid washing of all surfaces is performed 
before and after all polishing operations to avoid con 
tamination. This patent teaches that, since the starting 
member is ultimately removed, it need be formed only 
of material having a composition and coefficient of 
expansion compatible with the waveguide cladding and 
core material thereafter deposited. This patent further 
teaches that the material does not need high purity and 
it may be formed of normally produced glass having 
ordinary or even excessive levels of impurities or en 
trapped bubbles that would otherwise render it unsuit 
able for effective light propagation. Alternately, the 
patent teaches that the starting member may be formed 
of graphite or the like. 

U.S. Pat. No. 3,775,075 issued to D. B. Keck et al. 
teaches a starting member formed in a manner very 
similar to that described in U.S. Pat. No. 3,737,292 here 
inabove noted. A difference from the hereinabove de 
scribed patent is that in this reference the starting mem 
ber is not removed and forms the core of the ultimate 
waveguide wherein purity of the material and surface 
treatment of the core member is particularly significant. 
Removable mandrels or starting members are taught 

in U.S. Pat. No. 3,806,570 issued to Flamenbaum et al. 
In this patent, the starting member or mandrel is taught 
to be a non-metallic dense material having a thermal 
expansion characteristic of less than ao-10. 
00-30X 10.7/C. and a melting point above approxi 
mately 1400 C. Such a material is illustrated as graph 
ite, fused quartz, glass-ceramic, or any crystalline re 
fractory ceramic having low expansion characteristics 
such as Al2O3, mullite, BN, SiC, and the like. 
A known method of producing a conventional opti 

cal fiber is disclosed in U.S. Pat. No. 3,227,032 to L. O. 
Upton. This method comprises inserting a rod of glass 
possessing the desired core characteristics into a tube of 
glass possessing the desired cladding characteristics. 
The temperature of this combination is then raised until 
the viscosity of the material is low enough for drawing. 
The combination is then drawn until the tube collapses 
around and fuses to the inside rod. This resulting combi 
nation rod is then further drawn until its cross-sectional 
area is decreased to the desired dimensions. This 
method is normally used to produce optical fibers hav 
ing large core and thin outside cladding. As for exam 
ple, the total diameter to the core diameter ratio of such 
a fiber might be 8:7. 
A removable mandrel for use in connection with 

forming optical waveguide preforms is described in 
U.S. Pat. No. 3,933,453 issued to G. E. Burke et al. 
According to this patent, a glass layer is formed at a 
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4. 
high temperature on a mandrel which includes a sup 
port rod or tube on which is disposed a layer of refrac 
tory metal wire, gauze, foil or the like. The mandrel is 
so constructed that stresses which theretofore have 
developed in the glass layer during cooling, are 
avoided, and the mandrel is easily removed from the 
glass layer, thereby forming a hollow glass cylinder that 
is free from cracks, checks and the like. 

U.S. Pat. Nos. 4,126,436 and 4,154,592, both issued to 
A. C. Bailey, teach a means for holding an optical wave 
guide preform from which the starting mandrel or bait 
has been removed. These patents teach that the blank 
can be flame-worked or otherwise shaped whereby one 
end is tapered to facilitate the starting of the draw while 
the other end is provided with a neck which fits into a 
handle. The handle comprises a rod and a slotted glass 
portion at the end thereof into which the preform is 
secured. The preform may then be introduced into the 
drawing apparatus by means of such a handle. 
A further illustration of attaching a handle to an opti 

cal waveguide preform is illustrated in U.S. Pat. No. 
4,157,906 issued to A. C. Bailey. In this patent, the 
starting mandrel or bait is removed. Thereafter, a han 
dle is formed consisting of a low expansion glass tube to 
which a short length of smaller diameter tubing is at 
tached. The patent teaches that quartz is a particularly 
suitable material for the tubing since it can withstand 
the 1600-1850° C. draw temperature without excessive 
distortion, and since it does not add impurities to the 
preform. Small bumps are flame worked into opposite 
sides of the end of the quartz tube which is thereafter 
inserted into the soot preform within the aperture 
formed by removing the starting mandrel or bait. After 
the tube is inserted, it is rotated about 90 to lock it into 
the preform by means of the bumps formed on the out 
side surface thereof. This patent also teaches that loose 
soot caused by the insertion of such a separate handle 
into the preform must be removed from the outside and 
inside surfaces of the preform before it is consolidated 
and drawn. 
A further illustration of attaching a handle to a pre 

form is illustrated in U.S. Pat. No. 4, 165,223 issued to D. 
R. Powers. This patent teaches forming a porous soot 
preform on a starting mandrel or bait which is subse 
quently removed. After the starting member is re 
moved, the preform is suspended from a tubular support 
by means of two platinum wires. Holes must be drilled 
through the upper portion of the porous preform to 
permit the insertion of the platinum wires therethrough. 
The wires are thereafter affixed to the tubular support 
member at a point above where an extending boss is 
formed in the support member. The lower portion of 
the support member comprising a gas conducting tube 
is inserted into the porous preform in the aperture re 
maining after the starting member or bait is removed. 
A means for pretreating the starting member or bait 

prior to the formation of a preform for an optical wave 
guide is illustrated in U.S. Pat. No. 4,204,850 issued to 
E. K. Dominick et al. This patent teaches applying a 
carbon coating over the starting mandrel or bait after 
which the preform is built up on the starting mandrel. 
The carbon coating permits easier removal of the start 
ing member and produces a smooth improved inner 
surface in the preform thereby eliminating flaws which 
otherwise may be present when the preform is drawn 
into a waveguide. 
A method of forming a low-loss optical waveguide 

from a porous soot body is set forth in U.S. Pat. No. 
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3,868,170, issued to R. D. DeLuca. The porous body is 
placed in a controlled environment in which a predeter 
mined desired concentration of gases is maintained. The 
porous body is heated below the sintering temperature 
of a glass to permit entrapped gas to escape therefrom, 
and the temperature is maintained until an equilibrium is 
reached between the partial pressure of the entrapped 
gas in the porous body and the partial pressure of the 
same gas in the environment. Thereafter, the porous 
body is further heated to at least the sintering tempera 
ture of the glass to sinter the soot particles and to form 
a consolidated dense member which may then be 
formed into a desired shape while within the environ 
ment. 
U.S. Pat. No. 3,933,454 issued to R. D. DeLuca 

teaches heating of a porous soot preform to a tempera 
ture within the consolidation temperature range of the 
materials thereof and maintaining the temperature for a 
time sufficient to cause the soot particles to fuse and 
form a dense glass layer, and simultaneously subjecting 
the soot preform to a stream of substantially dry chlo 
rine containing atmosphere. The chlorine permeates the 
interstices of the soot preform during the consolidation 
thereof and replaces hydroxyl ions by chlorine ions, 
thereby resulting in a glass article that is substantially 
water-free. 
A substantially continuous method of, and apparatus 

for, forming an article suitable for an optical waveguide 
preform wherein the starting member is continuously 
removed is disclosed in a U.S. patent application enti 
tled "Method and Apparatus for Forming an Optical 
Waveguide Preform Having a Continuously Remov 
able Starting Member' filed by M. G. Blankenship on 
June 2, 1980, Ser. No. 155,422. The preform is formed 
by providing a starting member or bait and applying the 
particulate material to the exterior surface of the start 
ing member to form a coating thereon. The coating is 
longitudinally translated while simultaneously addi 
tional particulate material is applied to the coating to 
form a preform body with the preform body thereafter 
being longitudinally translated. While longitudinally 
translating the preform body and applying additional 
particulate material to the end thereof, the starting 
member is continuously removed from the preform 
body leaving a longitudinal aperture remaining in the 
preform body. The so-formed preform body may there 
after be suitably heated, consolidated, and drawn into 
an optical waveguide. All of the preceding patents, 
applications, books, publications or articles are hereby 
expresely incorporated herein by reference. 
As used herein, vapor phase oxidation includes 

"chemical vapor deposition' and other vapor phase 
oxidation methods. The phrase "chemical vapor deposi 
tion' means the formation of deposits by chemical reac 
tions which take place on, at or near the deposition 
surface, a definition set forth on page 3 of the text 
"Vapor Deposition” edited by C. F. Powell et al., New 
York, John Wiley & Sons, Inc., 1966, which text is 
hereby wholly expressly incorporated by reference. 
Any other procedural variations well known in the art 
may be employed to affect the deposition of a suitable 
coating of glass by the chemical deposition process. 

Effective means for applying coatings by vapor phase 
oxidation is to sinter a soot layer of the desired material 
applied by the "flame hydrolysis' process, as hereinaf. 
ter defined, similar to that described in U.S. Pat, No. 
2,272,342 issued to J. F. Hyde or U.S. Pat. No. 2,326,059 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

6 
issued to M. E. Nordberg, both of which patents are 
expressly incorporated herein by reference. 
As will be understood, glass for optical waveguides is 

commonly formed by entraining a vapor in a carrier gas 
which is supplied to a deposition burner. The gas is 
reacted to deposit a soot of finely divided material. 
Early literature refers to the chemical process which is 
that of the Nordberg and Hyde patents, as flame hydro 
lysis. Recently, however, workers in the field have 
come to recognize that the chemical process is not hy 
drolysis but rather is oxidation. The "Handbook of 
Chemistry and Physics' describes oxidation as a process 
which increases the proportion of oxygen or acid form 
ing elements in the compound. On the other hand, hy 
drolysis is defined as a reaction involving the splitting of 
water into its ions in the formation of a weak acid or 
base, or both. The definition of oxidation better de 
scribes the process which occurs in vapor deposition 
processes of this type. In any event, the burner is used in 
the prior art in the same way. The term "oxidizing" is 
used herein in the alternative for hydrolyzing because it 
more precisely describes the chemical process involved. 
The resultant product is the same regardless of the term 
used to describe the process. 

"Soot' member, article, structure or preform as used 
herein is defined as a member, article, structure or pre 
form formed of soot particles adhered to adjacent parti 
cles but not sintered or consolidated, namely a porous 
unconsolidated structure. 
By the term "drying' as used herein is meant the 

removal of residual water in the glass, as generally 
understood in the art, including the removal of OH, H2 
and H2O. One explanation of residual water may be 
found in U.S. Pat. No. 3,531,271 issued to W. H. Dum 
baugh, Jr. 

SUMMARY OF THE INVENTION 

It is an object of this invention to provide a method of 
forming an article such as a dry optical waveguide. 
Another object of this invention is to provide a 

method of forming a porous soot preform suitable for 
optical waveguides wherein the preform may be easily 
and firmly handled and processed, including drying, 
consolidation and drawing, without deleterious effects 
upon the preform, and a method which overcomes the 
disadvantages heretofore noted. 

Briefly, according to the present invention, a substan 
tially continuous method for drying, consolidating and 
drawing an optical waveguide preform is disclosed. A 
porous soot preform suspended from a substantially 
hollow longitudinal preform handling having a longitu 
dinal aperture therein is provided. The end of the hol 
low preform handle is connected to a source of gaseous 
drying medium, and a quantity of the gaseous drying 
medium is flowed through the aperture in the porous 
soot preform and through the porous walls of the pre 
form thereby drying the preform structure. The extend 
ing end of the porous soot preform is heated to the 
consolidation temperature of the materials thereof to 
progressively consolidate the preform from the extend 
ing end thereof. The consolidated end of the preform is 
further heated to the drawing temperature of the mate 
rials thereof and a filament is drawn from the extending 
end of the consolidated preform. 
These and other objects, features and advantages of 

the present invention will become apparent to those 
skilled in the art from the following detailed description 
and the attached drawings, on which, by way of exam 
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ple, only the preferred embodiments of this invention 
are illustrated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view illustrating one embodi 
ment of an article suitable for the method of the present 
invention. 
FIG. 2 is an elevational view, partly in cross-section, 

of the combination of a starting member fitted into a 
handle in accordance with one embodiment of the pres 
ent invention. 
FIG. 3 is an elevational view of another embodiment 

of an article suitable for the method of the present in 
vention. 
FIG. 4 is an elevational view partly in cross section 

illustrating the formation of a porous soot preform suit 
able for use in connection with the method of the pres 
ent invention. 

FIG. 5 is an elevational view partly in cross section 
illustrating a finished soot preform wherein a handle 
forms an integral part thereof in accordance with the 
method of the present invention. 
FIG. 6 is a fragmentary, elevational, cross-sectional 

view illustrating an embodiment of means for further 
handling and processing of a preform in accordance 
with the present invention. 
FIG. 7 is a schematic illustration of the method of the 

present invention. 
DETAILED DESCRIPTION OF THE 

INVENTION 

It is to be noted that the drawings are illustrative and 
symbolic of the present invention and there is no inten 
tion to indicate scale or relative proportions of the ele 
ments shown therein. For the purposes of simplicity, the 
present invention will be described in connection with 
the formation of optical waveguide preforms and the 
waveguides themselves although this invention is not 
intended to be limited thereto. 

Referring to FIG. 1, there is shown an article or 
handle 10 suitable for use in connection with the 
method of the present invention as an integral handle 
for a porous soot optical waveguide preform. Handle 10 
may be formed by providing a standard-taper fused 
silica male ground glass joint member, such as that 
supplied by Quartz Scientific Corporation of Fairport 
Harbor, Ohio under Catalog No. QTJ-14/35-male. As 
received, such ground joint members have as an integral 
part thereof a fused silica tubing of approximately 13 
mm outside diameter and over 5 inches long extending 
from the ground joint end. All but about 30 mm of this 
fused silica tubing is cut off and the male ground end 
secured into a complementary female ground joint 
member also supplied by Quartz Scientific Corporation 
under Catalog No. QTJ-14/35-female. The thus com 
pleted assembly is then installed into one chuck of a 
lamp working lathe. A sufficient length of clear fused 
quartz tubing having an inside diameter of approxi 
mately 7 mm and an outside diameter of approximately 
9 mm is secured in the other chuck of the lathe. Fused 
quartz tubing of these dimensions appears to be particu 
larly suitable to closely fit over the starting mandrel or 
bait rod and minimizes the intersection region between 
the starting mandrel or bait rod and the integral handle 
which must subsequently be filled in by soot particles as 
hereinafter described. It is to be noted that the dimen 
sions and sizes herein set forth are not critical but 
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8 
merely illustrative of one embodiment of the present 
invention and form no part of the present invention. 
The fused quartz tubing is then abutted the modified 

male ground glass joint member 12 and a smooth butt 
seal 14 is effected. In making butt seal 14, care should be 
taken to assure that the two sections are aligned along 
their longitudinal axis and that the inside diameter of the 
fused silica tubing is not decreased. Once the seal is 
made, an outwardly extending protrusion or enlarge 
ment 16 having an outside diameter of approximately 13 
to 14 mm is made at a point approximately 95 mm from 
the ground joint end. As will be understood, this out 
wardly extending protrusion 16 will subsequently be 
covered by soot particles and will prevent the ulti 
mately formed preform and integral handle from sepa 
rating after the deposition is completed as hereinafter 
described. 
Beyond the outwardly extending protrusion 16, the 

fused silica tubing is heated and allowed to shrink some 
what in diameter until the inside diameter thereof is 
somewhat smaller than the outside diameter of the start 
ing mandrel or bait rod to be used. 

Thereafter, a means such as a small hook 18 is fused to 
the outside of handle 10 at a point intermediate the 
ground joint surface and the outwardly extending pro 
trusion 16, approximately 50 mm from the ground joint 
end. The assembly so formed is then removed from the 
lathe, allowed to cool, and the unused portion of the 
fused silica tubing is cut off. 

Referring additionally to FIG. 2, a starting mandrel 
or bait rod 20 is preferably slightly tapered from one 
end to the other although an untapered bait rod may 
also be used. For example, in the center region where 
the soot particles will ultimately be deposited, the taper 
may range from 5.5 mm at the small end to 6.5 mm at 
the large end. The small end of the starting mandrel or 
bait is inserted through the ground joint end of the 
handle and the clearance between the handle and the 
starting mandrel is monitored. Very small amounts of 
handle 10 are ground off repeatedly from the flame-nar 
rowed end of the handle at surface 22 until the outside 
surface of starting mandrel 20 makes contact with the 
inner surface of handle 10 at a point where the starting 
mandrel extends approximately 50 to 100 mm beyond 
the farthest edge of the soot deposition region. When 
the handle is properly positioned in the soot deposition 
region, a very small gap of approximately 0.1 mm will 
exist between starting mandrel 20 and the flame-nar 
rowed end of holder 10 to allow for expansion of the 
starting mandrel upon heating. The tip of handle 10 is 
then carefully tapered with a Carborundum wheel to 
form taper 24. To prevent stress concentrations at the 
point where starting mandrel 20 protrudes from handle 
10, taper 24 should be formed so that the wall thickness 
at surface 22 is as small as possible, preferably a feath 
ered edge. In this manner, the fused silica tubing sealed 
to the modified ground glass joint member 12 comprises 
integral extension 26 of handle 10. 

After starting member 20 is fitted at the small end of 
handle 10 at taper 24, the ground joint end is secured by 
disposing shims 28 in the space between starting man 
drel 20 and handle 10. Shins 28 may be formed of any 
suitable material such as fiberglass tape, glass electrical 
tape, metal, or the like. Such shimming should be done 
such that starting mandrel 20 is securely maintained 
within handle 10 at the ground joint end thereof but 
should not form a gas tight seal. Shims 28 should be 
spaced such that apertures or channels are provided to 
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termit the escape of gaseous material during at least a 
portion of the time that the subsequent soot deposition 
will take place. 

Suitable materials for starting mandrel 20 may be 
alumina, quartz, graphite, silicon carbide, or the like. 5 
Suitable materials for handle 10 may be quartz, fused 
silica, refractory material, or the like. The materials of 
both of these elements must be compatible with each 
other and with the ultimate soot material being depos 
ited. O 
FIG. 3 illustrates another embodiment of an integral, 

optical waveguide preform handle suitable for use in 
connection with the method of the present invention 
wherein handle 30 comprises a ground glass joint por 
tion 32, an outwardly extending protrusion or enlarge 
ment 34, a tapered section 36 and a hook 38. In this 
embodiment handle 30 may be made from substantially 
one piece of material or an extension to the ground glass 
joint portion may be of the same diameter as the ground 
glass joint portion and butt sealed thereto. Otherwise, 
handie 30 is fitted with a starting mandrei as described 
in connection with FIGS. 1 and 2. 
Handle 10 fitted with starting mandrel 20 as herein 

above described, is now suitable for deposition of soot 
thereon as illustrated in FIG. 4. As a further step in the 
preparation of such an assembly, a release agent, such 
for example as a carbon coating, may be applied to 
starting mandrel 20 and the extending portion of handle 
10. For an illustration of a suitable coating means, coat 
ing and method, reference is made to U.S. Pat. No. 
4,204,850 issued to E. K. Dominicket al. which teaches 
the application of a carbon coating. This patent is 
hereby expressly incorporated herein by reference. The 
assembly may then be mounted by means of starting 35 
mandrel 20 in a glass deposition lathe or any other depo 
sition apparatus well known in the art. 

Particulate material or soot which will ultimately 
form the porous article of the present invention, such as 
for example, an optical waveguide preform, is then 40 
deposited by means of one or more burners 40 over the 
extending portion of handle 10 including outwardly 
extending protrusion or enlargement 6 and that por 
tion of starting mandrel 20 over which it is desired to 
deposit such soot or particulate material. Any burners 45 
which provide a stream of particulate material that can 
be directed to starting mandrel are suitable for the pres 
ent purpose. For an illustration of a suitable burner, 
reference is made to U.S. Pat. No. 3,565,345. It will be 
understood that the terms "burner' or “burners' as 50 
used herein shall not be limited to burners as described 
above, rather shall include all other means suitable for 
generating and depositing particulate or soot material 
and including means for non-fuel fired heating of partic 
ulates using electrical resistance heating, plasma heat- 55 
ing, induction heating and the like. 
The paticulate material 42 which forms the soot coat 

ing over handle 10 and starting mandrel 20 may be any 
suitable material, as for example, in the formation of an 
optical waveguide preform, materials suitable for the 60 
core and cladding of an optical waveguide. Suitable 
means for delivering constituents to burner 40 may be 
any means known in the art, for an illustration of which 
reference is made to U.S. application Ser. No. 872,619 
filed Jan. 26, 1978 by M. A. Aslami now U.S. Pat. No. 65 
4,212,663 and U.S. Pat. No. 4,173,305 to M. G. Blanken 
ship, which application and patent are hereby expressly 
incorporated by reference. 
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It will be understood that the fabrication process in 

part described herein contemplates that the article being 
formed is disposed horizontally with particulate deposi 
tion occurring along a portion of the length of starting 
mandrel 20 and the extending portion of handle 10, 
however, the present invention also contemplates and 
includes vertical deposition as illustrated in the Figures. 
In the latter situation handle 10 and starting mandrel 20 
would, of course, be mounted and disposed in a gener 
ally vertical direction. 

Ordinarily, particulate material 42 is applied in a 
plurality of layers to form porous soot preform 44. As 
will be understood, burner or burners 40 are translated 
in the direction of arrows 46 while handle 10 and start 
ing mandrel 20 are rotated as illustrated by arrow 48 to 
achieve deposition of the composition, uniformity, and 
size desired. It will also be understood that the burners 
may be stationary while handle 10 and starting mandrel 
20 are translated and rotated, or the burners may be 
rotated or be ring burners while either the burners or 
handle 10 and starting mandrel 20 are translated. The 
present invention contemplates any combination of 
translation and rotation of the burners and the starting 
mandrel and handle so long as the deposition of the 
particulate material and its composition, uniformity and 
size is achieved as desired. 

Depending on the material being deposited and the 
materials of handle 10 and starting mandrel 20, it is 
sometimes preferred to provide heat from an auxillary 
burner 50 in the general location of the intersection 
between handle 10 and starting mandrel 20 to minimize 
any deleterious mechanical effects resulting from the 
repeated heating and cooling resulting from the transla 
tion of deposition burner or burners 46. As deposition 
proceeds, the particulate material or soot fills the inter 
section point and creates a strong bond between the 
deposited particulate material or soot and the extending 
portion of handle 10. As will be understood by one 
familiar with the art, by providing proper deposition 
soot density, the deposited soot will gradually fill in the 
irregularities created by the presence of handle 10, out 
wardly extending protrusion 16 and the intersection 
between extending portion of handle 10 and starting 
mandrel 20. As will be further understood, since the 
outwardly extending protrusion 16 extends into porous 
soot preform 44 a substantially integral unit comprising 
handle 10, starting mandrel 20, and preform 44 will 
result, whereby removal of the integral handle after 
deposition will be impossible without damaging or de 
stroying preform 44. 

After deposition of particulate soot material to the 
extent desired to form preform 44 has been completed, 
starting mandrel 20 may be removed from the assembly 
by pulling it out through handle 10 leaving a central 
longitudinal aperture 52 as illustrated in FIG. 5. Integral 
handle 10 provides support, and a strong and rigid 
means for subsequent handling and processing. The 
ground glass joint portion of handle 10 is secured into a 
complementary female ground glass joint member 54 to 
which is affixed an opposing hook 56. The joint is se 
cured by means of a wire 58 which is disposed about 
hooks 18 and 56 so as to maintain the male and female 
portions of the ground glass joint engaged. Wire 58 is 
preferably a platinum wire which is suitable to with 
stand the temperatures involved and substantially im 
mune from reaction with the materials involved, how 
ever, any suitable material may be employed. For exam 
ple, a thin silica rod flame formed to engage hooks 18 
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and 56 by bending over said hooks is also suitable for 
maintaining the male and female portions of the ground 
glass joint engaged. The porous soot preform 44 illus 
trated in FIG. 5 may now be consolidated into a solid 
preform and the central longitudinal aperture 52 closed. 
It will be understood that the consolidation of preform 
44 need not simultaneously include the closing of aper 
ture 52 rather aperture 52 may be subsequently closed, 
if desired. As will be understood, consolidation of po 
rous soot preform 44, closing aperture 52 and drawing 
the resulting consolidated structure into an optical 
waveguide may be performed during the same opera 
tion in a manner well understood in the art. In addition, 
when desired, a drying medium, such for example, as a 
chlorine containing gas may be flowed through the 
aperture in female ground glass joint member 54, handle 
10 and longitudinal aperture 52 through porous soot 
preform 44 in a manner as illustrated in U.S. Pat. No. 
4,125,388, which patent is hereby expressly incorpo 
rated by reference. Drying taught by said patent is ac 
complished before or during the consolidation step. 
When desired, the lower portion of aperture 52 may 

be fitted with a plug 60 to facilitate any gases flowing 
through aperture 52 to be transmitted through porous 
preform 44 as illustrated in FIG. 6. It will be understood 
that plug 60 may be a solid plug or one having an aper 
ture or orifice of suitable size depending on the pressure 
that is desired to be maintained within aperture 52 and 
across the porous walls of preform 44. 

It has been found, however, that drying of soot pre 
form 44 may also take place during consolidation of the 
preform and during drawing. It will be understood that 
consolidation will commence at the leading, extending 
end of said preform, therefore, drying may be continued 
by passing said drying gas through the remainder of said 
preform which still remains porous as illustrated in 
FIG. 7. To initiate the drying process, aperture 52 may 
be plugged by means of a plug 60 as illustrated in FIG. 
6. Preform 44 at the leading, extending end thereof is 
heated by heaters 62 to consolidate the leading portion 
of preform 44 into solid preform 64. The process may be 
continued to further heat solid preform 64 to the draw 
ing temperature of the materials thereof by means of 
heaters 66 and drawing solid preform 64 into fiber or 
filament 68 of desired size. As will be understood such 
a process may be continuous until substantially all of 
porous preform 44 is consolidated and drawn into fila 
ment 68. 
While preform 44 is consolidated and drawn into a 

fiber, drying gas, such for example as a chlorine con 
taining gas, may be introduced from a suitable source, 
not shown, as indicated by arrow 70. The drying gas is 
transmitted through the central aperture of female 
ground glass joint member 54, handle 10, the remaining 
portion of aperture 52, and, thereafter, through the 
remaining portion of porous preform 44 to the ambient 
environment as illustrated by arrows 72. In this manner 
the greatest drying of porous preform 44 may be 
achieved. 
For teaching of application of particulate material, 

consolidation, and drawing reference is hereby made to 
U.S. Pat. No. 3,659,915 to R. D. Maurer and P. C. 
Schultz, U.S. Pat. No. 3,711,262 to D. B. Keck and P. C. 
Schultz, U.S. Pat. No. 3,737,292 to D. B. Keck, P. C. 
Schultz and F. Zimar, U.S. Pat. No. 3,737,293 to R. D. 
Maurer, U.S. Pat. No. 3,775,075 to D. B. Keck and R. 
D. Maurer, U.S. Pat. No. 3,806,570 to J. S. Flamen 
baum, P. C. Schultz, and F. W. Voorhees, U.S. Pat. No. 
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12 
3,859,073 to P. C. Schultz, and U.S. Pat. No. 3,884,550 
to R. D. Maurer and P. C. Schultz, all of which patents 
are hereby expressly incorporated by reference. 
An example of forming an optical waveguide em 

ploying a method for forming a soot preform embody 
ing an integral handle is as follows. An integral handle 
was constructed, and fitted with a polished alumina 
starting mandrel as hereinabove described having di 
mensions as heretofore described. Soot deposition was 
achieved by a burner employing natural gas and oxygen 
flame with a nitrogen inner shield and an oxygen outer 
shield. The core was constructed of SiO2 while the 
cladding was 20% by weight B2O3 with the balance 
being SiO2. The starting materials were SiCl4, BCl3 and 
SiCl4 employing a delivery system as described herein 
above in the Aslami et al. application. The parameters 
for forming the porous soot preform was as set forth in 
Table I. 

TABLE I 
Core (cc/min) Cladding (cc/min) 

Natural gas- 2850 2050 
deposition burner 
Oxygen-deposi- 2100 830 
tion burner 
Nitrogen-inner 360 360 
shield 
Oxygen-outer 4800 3350 
shield 
Reactant bypass 360 360 
nitrogen 
BC3 O 150 
SiCl4 with 500 500 
carrier N2 
Natural gas- 2400 2400 
auxiliary 
burner 
Oxygen auxiliary 1400 1400 
burner 

Soot deposition continued until the core portion of 
the preform was approximately of an inch while the 
total outside diameter of the porous soot preform was 
approximately 15/16 inches. The length of the preform 
was approximately 10 inches excluding the integral 
handle. Deposition time was approximately 150 min 
utes. 
The porous soot preform so formed was suspended 

from a furnace drive mechanism and soaked in a helium 
and oxygen atmosphere for approximately 60 minutes, 
and thereafter driven into the furnace maintained at a 
temperature of 1830 C. The porous soot preform was 
consolidated into solid clear glass from which approxi 
mately 600 meters of fiber was drawn having a diameter 
of approximately 125u and coated with silane. The 
resulting optical waveguide had a numerical aperture of 
approximately 0.167, an attenuation at 820 nm of 7.9 
dB/kilometer, an a value of 31.03, and a core diameter 
of approximately 73.85u. 
The integral handle constructed and utilized as here 

inabove described provided excellent support for both 
the porous soot preform and the subsequently consoli 
dated preform during all handling and processing steps. 
The porous soot preform and the consolidated preform 
remained intact even in light of the stresses inherent in 
the composite due to the various materials involved. 
A specific example of the method of the present in 

vention of simultaneously drying, consolidating, and 
drawing an optical waveguide preform is as follows. An 
integral handle was constructed and fitted with a pol 
ished alumina starting mandrel as described in the pre 
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ceding example, and having dimensions substantially as 
heretofore described. The assembly so formed was dis 
posed in a glass deposition lathe by means of said start 
ing mandrel. Soot deposition was achieved by a burner 
employing a natural gas and oxygen flame with a nitro 
gen innershield and an oxygen outer shield. The desired 
or targeted compositional profile of the ultimate step 
type refractive index gradient optical waveguide was 
15% by weight GeO2 and the balance SiO2 core, sur 
rounded by a 10% by weight B2O3 and the balance 
SiO2 cladding. The starting materials were GeCl4, 
SiCl4, and B(OCH3)3 employing a delivery system simi 
lar to that as described in the hereinabove noted Aslami 
et al. application. The parameters for forming the po 
rous soot preform were as set forth in Table II. 

TABLE I 
Core (cc min.) Cladding (cc/min.) 

Natural gas-deposition 2450 3280 
burner 
Oxygen-deposition burner 2150 2650 
Nitrogen-inner shield 260 260 
Oxygen-outer shield 2650 3200 
Reactant bypass nitrogen 260 260 
SiCl4 with Carrier N2 500 500 
GeCl4 with Carrier N2 195 0 
B(OCH3)3 with Carrier N2 O 108 

Soot deposition continued until the core portion of 
the preform was approximately 15/16 of an inch while 
the total outside diameter of the porous soot preform 
was approximately 1 inches. The length of the preform 
was approximately 12 inches excluding the integral 
handle. Deposition time was approximately 180 min 
utes. 

After the porous soot preform was completed, it was 
removed from the glass deposition lathe and allowed to 
cool at which time the alumina starting mandrel was 
removed. 
The resulting preform within which the handle was 

embedded was attached to a length of fused silica sup 
port tube having a female ground glass joint member at 
the end thereof. The male ground glass joint member of 
the integral handle was joined to the female ground 
glass joint member of the support tube and secured by 
bending a short length of 3 mm fused silica rod around 
hooks extending from the male and female ground glass 
joint members respectively. The fused silica rod was 
bent around the hooks by means of a flame torch. 
The assembly so formed consisting of the porous soot 

preform and integral handle suspended from the silica 
support tube was then installed in a draw furnace for 
substantially continuous and consecutive drying, con 
solidation, and fiber drawing in a helium containing 
atmosphere. 
The open end of the silica support tube was con 

nected to the exit port of a bubbler containing freshly 
distilled SOCl2 (thionyl chloride) maintained at room 
temperature. The input port of the bubbler was attached 
to a source of helium gas set at a pressure of 1 psig. A 
silica plug was inserted into the aperture resulting from 
the removal of the alumina starting mandrel at the end 
of the preform opposite the integral handle. Helium 
flow was commenced through this closed system. At a 
pressure of 1 psig, gas flow through the SOCl2 liquid 
was observed and a flow of 20 cc/min. was measured. 
The thionyl chloride flow was continued as the soot 

preform was slowly lowered into the hot zone of the 
draw furnace maintained at a temperature of approxi 
mately 1900 C. The passage of the SOCl2 vapors was 
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14 
seen by the appearance of white fumes exiting the lower 
opening of the draw furnace. 
When the leading edge of the partially consolidated 

porous soot preform entered the hot zone and became 
fluid enough for drawing, the gas-tight seal of the dry 
ing gas system was broken by opening a petcock dis 
posed in the silica support tube. This action allowed 
vapors of SOCl2 to remain within the tube but substan 
tially eliminated any pressure within the aperture of the 
porous soot preform. 

Fiber was then drawn from the consolidated end of 
the preform with a static atmosphere of helium and 
SOCl2 within the center aperture of the preform. As 
fiber was drawn in this manner, the preform was gradu 
ally lowered into the furnace and the upper, incom 
pletely consolidated portions of the preform subse 
quently became fully consolidated. Vapors of SOCl2 
were evident throughout the consolidation and drawing 
process even after the pressure within the preform itself 
had been removed. 
The resulting optical waveguide had a numerical 

aperture (100% short) of approximately 0.221, an a 
value of 14.52 (step index), a core diameter of 59.7, a 
total waveguide diameter of 125, an attenuation at 820 
nm of 5.3 dB per kilometer, an attenuation at 900 nm of 
4.7 dB per kilometer, an attenuation at 1060 nm of 3.8 
dB per kilometer, and a OH content estimated at less 
than 5 parts per million. 
The optical waveguide formed by the continuous and 

consecutive drying, consolidation, and drawing method 
as hereinabove described provided an excellent optical 
waveguide that was "dry' as this term is understood in 
the art and defined herein. 
Although the present invention has been described 

with respect to specific details of certain embodiments 
thereof, it is not intended that such details be limitations 
upon the scope of the invention except insofar as set 
forth in the following claims. 
We claim: 
1. A method of forming an optical waveguide com 

prising the steps of 
providing a porous soot preform suspended from one 
end of a substantially hollow longitudinal preform 
handle, said porous soot preform having a longitu 
dinal aperture therein, 

connecting the other end of said hollow preform 
handle to a source of gaseous drying medium, 

flowing a quantity of said gaseous drying medium 
through said hollow handle, said aperture in said 
porous soot preform, and through the porous wall 
of said preform thereby drying the preform struc 
ture, 

heating the extending end of said porous soot preform 
to the consolidation temperature of the materials 
thereof to progressively consolidate said preform 
from the extending end thereof, 

heating the consolidated end of said preform to the 
drawing temperature of the materials thereof, and 

drawing a filament from said extending end of the 
preform while said preform remains suspended 
from said preform handle. 

2. The method of claim 1 further comprising the step 
of inserting a plug into said aperture in said porous soot 
preform before flowing said gaseous drying medium 
therethrough. 

3. The method of claim 1 wherein said gaseous drying 
medium is a chlorine containing gas. 
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4. The method of claim 1 wherein said filament is an 
optical waveguide. 

5. The method of claim 1 wherein said gaseous drying 
medium is flowed through the wall of the porous soot 
preform substantially continuously during said consoli 
dation and drawing steps. 

6. The method of claim wherein said gaseous drying 
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medium is maintained within said porous soot preform 
aperture and wall during said consolidation and draw 
ing steps. 

7. The method of claim 1 wherein said gaseous drying 
medium is a chlorine containing gas with a helium car 
rier. 

: 


