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VAPOR-PHASE AXIAL DEPOSITION SYSTEM

Technical Field )
This invention relates to the fabrication of a

5 lightguide preform using vapor-phase axial deposition

techniques.
Background of the Invention
Lightguide fiber is drawn from a solid glass

cylinder or preform. One particular technique for

10 fabricating such a preform is described in U.S. Patent
.4,062,665 to Izawa et al., which issued December 13, i§77,
and is commonly referred to as the-vapot-phase axial
deposition (VAD) method.
: The VAD technique uses a refractory starting

15 member projecting axially into the central portion of an
elongated cylindrical chamber. The member rotates along
jts axis of rotation, which is coincident with the chamber
axis, as it is withdrawn therefrom. A glass raw material
is introduced into a high temperature portion of a flame

20 near the tip of a stationary torch producing a glassy
particulate or soot which is directed onto the end of the
rotating refractory starting member. A substantially
cylindrical boule of porous soot is formed on the starting
member as it is continuously withdrawn from the chamber at

':23 a rate equal to the growth rate of the soot upon the boule.

i The withdrawn soot boule is then subjected to an elevated
temperature to consolidate the porous material into a
solid, clear cylindrical lightguide preform. Such a

_ technique has been found capable of fabricating lightguide

30 preforms'from which low loss lightguide fiber has been
drawn. However, several problems are present with
presently known systems to perform this process.

It has been observed, for example, that the torch

flame in the prior known systems tends to wander and

35 flicker. This results in an inefficient and nonuniform
deposition of the soot, loss of reaétant materials, and a
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lack of repeatability between runs.

| Also, for various processing reasons, it is often
desirable to change the physical charactéristics of the
torch used in the prdcess. In the past, this has been a
relatively time consuming and expensive process..
Summary of the Invention .

We have discovered that flickering of the torch
flame can be reduced by each of several techniques; namely,
the use of a deposition chamber so shaped to avoid the
presence of dead spaces which give rise to non-constant gas
movement within the chamber, thereby causing flame flicker,
and the use of a more efficient exhaust system which

prevents: a) the presence of clouds of excess soot which
move about the chamber in uncontrolled fashion, and b)
variations in the chamber gas pressure (which cause flame
flicker) caused.by fluctuations in the exhaust system.
Further, a novel torch is provided allowing rapid and
simple changes in the torch ‘configuration and
characteristics.

Brief Description of the Drawing

FIG. 1 is an isometric view of the inventive VAD
chamber;

FIG. 2 is an isometric view of a soot torch used
in the VAD'chamber;

FIGS. 3, 4 and 5 are isometric views of the
innermost, intermediate and outer tubes of the torch;

FIG. 6 is a cross-sectional view of the soot
torch; '

FIGS. 7, 8 and 9 are exemplary end configurations
of the soot torch; -

FIG. 10 is a schematic view of the VAD system;

FIG. 11 is a side view of an exhaust tube; and

FIG. 12 is a cross—sectional view of a soot
collection chamber used in the exhaust system.
Detailed Description

FIG. 1 is an isometric view of the instant VAD

system, generally referred to by the numeral 5, comprised
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of a housing 10, a torch 12, an input section 14 and an

exhaust system 16 (also see FIG. 10).

The housing 10 has a short'cylindricai body 18
with front ‘and rear flanges 22 and 24, respectively. The
diameter of the cylindrical body 18 is greater than the
length thereof. A substantially planar, circular,
coverplate 26 is removably fastened to the rear flange 24
by bolts 28-28. A similar coverplate (not shown) is also
fastened to the front flange 24 during operation. An
arcuate shaped baffle 32 having an opening 34 therein is
mounted within the housing 10. The body 18 has an
elongated slot 36 and first and second ports 38 and 39,
respectively, therethrough. An arcuate plate 40 is
slidably positioned between opposed guide members 41-41 and

the cylindrical body 18.
The input section 14 is comprised of a hollow,

cylindrical member 46, a tapered section 52 and a hollow,

small diameter section 56 which passes through the port 39,
and terminates at the opening 34 in the baffle 32. A
starting member 58 which may be a hollow glass tube having
a rounded end portion 62 (e.g., 3 test tube) is removably
connected to a rotatable rod 64 which can move towards or

away from the center of the housing 10.
The torch 12 is comprised of a nozzle 112 and a

base 114. The nozzle 12 is comprised (FIG. 2) of an inner

glass tube 116, a plurality of intermediate glass tubes
118, 120 and 124 and an outer glass tube 126 all of which
are concentrically mounted one inside the other.
additionally, a iarge diameter cylinder or shroud 127
(FIG. 1) is slidably mounted on the outer glass tube 126
and extends beyond the end of the nozzle 112. The axial
position of the chroud 127 is adjustable to alter the '
focusing of the flame emanating from the nozzle 112 during

the soot deposition process.
The inner tube 116, as can be seen in FIG. 3, is
n 128

comprised of a first elongated, small diameter, sectio

having a bore 129 and a large diameter section 130. A
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plurality of splines 132-132 are fixedly mounted and
equally spaced about the periphery of the section 128. The
splines can comprise glass rods bonded to the tubing
section 128;' _

Each of the intermediate tubes 118, 120 and 124
is substantially the same, but of different diameters.
Accordingly, only the tube 118 (see FIG. 4) is described in
detail. The tube 118 has a substantially uniform diameter
bore 134, a plurality of fixedly mounted, equally spaced
splines 132-132 on the periphery thereof and a radially
extending flange 136 on one end thereof. '

The outer tube 126 (see FIG. 5) is similar to the
jntermediate tubes 118, 120 and 124, having a large
diameter bore 138, but not having any splines on the outer
surface thereof. A flange 136 radially extends from one
end thereof.

The concentrically mounted tubes 116, 118, 120,
124 and 126 extend into, and are held in place by, the base
114 as can be seen in the cross-sectional view of FIG. 6.
The base 114 is comprised of a plurality of annular support
members 140-140 and an annular top member 142. The support
members 140-140 and the top member 142, which may be a
Teflon polymer material or the like, are held between a top
plate 144 and a bottom plate 146 by a plurality of threaded
rods 148-148 which pass therethrough and are screwed into
the bottom plate 146. Each of the members 140-140 has an
opening 152 into the wall thereof to threadably receive a
gas line connector 153. Each of the openings 152-152
communicates with a respective.oné of a plurality of inner
annular chambers 154-154 via a respective one of é

‘plurality of channels 156-156. A plurality of washer

shaped spacers 158-158 are located between respective
flanges 136-136 of the intermediate tubes 118, 120 and 124
and the outer tube 126. A ferrule 162 having an axial
passageway 164 therethrough is threadably inserted into the
lowermost support member 140 while a locking nut 166 having
an opening 168 therein is threadably positioned thereon.
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aAs shown, the intermediate tubes 118, 120 and 124
are inside, and concentric with, the outer tube 126. The
splines 132-132 have an accurately machined thickness which
maintains a predetermined, spaced relation between said
The flanges 136-136 are positiohed between the ring
Additionally, the annular shaped

tubes.
support members 140-140.
spacers 158-158 are located between each flange 136.
Advantageously, the number of spacers 158-158 between each
flange 136 may be readily changed in order to alter the
height of one or more of the tubes relative to the other
tubes. Thus, the end configuration of the nozzle 112 may
be readily rearranged resulting in various configurations,
three of which are shown in FIGS. 7, 8 and 9.

In addition to the ability to alter the
configuration of the exhaust end of the nozzle 112, the
positioning of the inner tube 116 can be adjusted by moving
it forwardly or back through the ferrule 162 and then
locking it in place by means of the lock nﬁt 166.

The exhaust system 16 is shown in FIG. 10 and is
comprised of the serial combination of an exhaust tube 226,
an outlet pipe 227, a first injection venturi 228, a soot
collection chamber 232 and a discharge line 234 with a

second injection venturi 236 therein. A third injection

venturi 238 is connected to an air intake line 241 which

joins the discharge 1ine 234 for connection to an exhaust
hood (not shown). '

The exhaust tube 226 (see FIG. 11) has a
substantially hollow cylindrical output end 242 and a
flared intake 244 having a gradually turned back 1lip 245.
The tube 226 has a constricted throat section 246.
intermediate the output end 242 and the intake 244.

The output end 242 of the exhaust tube 226 is
in a mounting plate 247 (FIG. 10). The

fixedly positioned
is sealably fastened to a flange 248 on

mounting plate 247
a first end 249 of the outlet pipe 227.
The soot collection chamber 32, shown in cross

section in FIG. 12, is comprised of a cylindrical housing
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250 having top and bottom plates 252 and 254, respectively.
The top plate 252 has an opening 256 through which a
connecting pipe 229 from the venturi 28 passes and projects
into the central portion of the chamber 32. The housing
250 also has an opening 262 therein to receive a first end
264 of the discharge line 234. First and second concentric
cylinders 266 and 268 are mounted within the housing 250.
The first cylinder 266 is fixedly attached to, and depends
from, the top plate 252 and has an unattached end 269 in
spaced relation with the bottom plate 254. The second
cylinder 268 is fixedly mounted on the bottom plate 254,
within the first cylinder 266, and projects upward, towards
and in spaced relation to, the top plate 252.

The injection venturies 228, 236 and 238 are of
the known in-line, injection type manufactured, for
example, by the Nortel Machine Company, Buffalo, New York,
USA (model Aﬁ-lSOO, glass filled Teflon polymer). Filtered
compressed air is supplied to each injection venturi 228,
236 and 238 by controlled flow air pumps 272, 274 and 276,
respectively. As generally known, such injection venturies
operate to control the rate of gas flow therethrough in
response to the supplied rate of compressed air, and are
useful to control the pressure profile along gas flow
lines.

In the present arrangement, the operation-of the
injection venturi 236 influences the pressure measured at
Pl; in the housing 10, while the injection venturi 228
influences the differential pressure between the housing at
P; and the outlet pipe 227 at P,. Based upon the -
measurement of the differential pressure, the air pump 274

is adjusted until the desired pressure (e.g., standard

atmosphere 760 mm Hg) in the housing 10 is achieved. A

pressure measuring apparatus 277 references ambient room
pressure P, which is monitored by a barometer 278. The
differential pressure (P;-P5), monitored by a pressure
gauge 279 is nominally selected to a predetermined pressure

by adjusting the air pump 272 which controls the flow of
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gas through the injection venturi 228. The injection
venturi 238 is also useful to control the overall pressures
in the exhaust line 234.

- The meters 277 and 279 and the barometer 278 can
be of known type and can provide outputs connected to a
computer control (not shown) which provides a feedback
signal to the air pumps 272, 274 and 276 to control the
flow of air to the venturies 228, 236 and 238 to
continuously control the pressure within the system 16 and

the housing 10.
In operation (see FIGS. 1 and 10), the arcuate

plate 40 is moved within the guide members 41-41 to
position the axis of the nozzle 112 of the torch 12 at a
predetermined angle (e.g., 35°) to the axis of the starting
member 58 with the nozzle directed at the end portion 62
thereof. '

Gaseous reactants such as 8iCly; GeCly,; POCl3 or
the like, in an argon carrier gas, flow from a source, not
shown, into a flexible tube 176 and through the inner tube
116 as shown in FIG. 6. Other gases are caused to flow
through the channels 156-156 into their respective chambers
154- 154 and out the discharge end of the nozzle 112. Gases
such as SiCl, flow between the tubes 116 and 118, hydrogen
flows between the tubes 118 and 120, argon flows between
tubes 120 and 124 while oxygen flows between tubes 124 and
126. , -

The selection of the various gases, the flow
rates thereof, and the like, to produce the soot boule 62
is in accordance with prior known technology.

The nozzle produces a soot which is deposited to
form a rotating boule 302 as shown in FIG. 10. The soot
boule 302 is simultaneously rotated and withdrawn from the
VAD system 5 through the input section 14. 1Inert gas is
directed into the chamber 5 between the surfaces of the
growing porous boule 302 and the inner surface of the small
diameter section 56 of the input section 14 as indicated by
the arrows. The intake 244 of the exhaust tube 226 is
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located proximate the rotating soot boule 302. The
undeposited soot and gases are drawn into and through the
exhaust tube 226.

It has been found that the flared intake 244 with
the gradually turned back 1lip 245 is effective in removing
undeposited soot from behind the flared intaké as indicated
by the arrows. Additionally, the gradually turned back 1lip
245 substantially eliminates turbulence of gases at the
intake 245 which further enhances soot deposition on the
boule 302. '

The constricted section 246 of the exhaust tube
226 accelerates the flow of the combustion by-products and
undeposited soot extracted from the deposition chamber 5
and as a consequence, produces a forward pressure drop,
e.g., 1.2 mm Hg, between the chamber and the outlet pipe
227.

The exhausted gases and undeposited soot pass
from the exhaust tube 226, through the outlet pipe 227 and
the injection venturi 228 into the soot collection chamber
232. The chamber 232 performs the dual function of
extracting soot from the exhaust stream while providing
some degree of isolation between the housing 10 and
downstream pressure fluctuations. The soot collection
chamber 232 (see FIG. 12) provides a serpentine path for
the soot and exhaust gases directed therein. The exhaust
gases and soot are directed axially into the chamber 232

‘through the pipe 229. The exhaust gases exiting the inlet

pipe 229 expand radially outward and move upw&rd, toward

the top plate 252 where the gas again expands. This

process is repeated until the gaSes are finally exhausted

* through the opening 262 and pass into the discharge line

234. The heavier soot particles deposit on the bottom
plate 254 while lighter particulate deposit on the surfaces
of the cylinders 266 and 268 as well as the inside wall of
the housing 250.

The gases, with any soot residue therein are
moved through the discharge line 234 (see FIG. 10), under
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the control of the injection venturies 236 and 238, and
exit into an exhaust hood (not shown) .

It has been found that the configuration of the
housing 10 substantially eliminates large-secondary gas
circulation cells (i.e., chamber spaces providing unequal
heating and cooling of the various gases thereby giving
rise to non-uniform or non-constant gas flow patterns).
Such elimination of secondary gas circulation cells appears
to be due to the confinement imposed by the limited depth
of the housing 10. The ratio of the diameter of the
housing 10 to the housing depth should be greater than
1.5:1 while the ratio of the housing depth to the diameter
of the soot boule 302 is less than 3:1. In one embodiment,
the diameter of the housing 10 is 25 cm, the depth is
12 cm, and the boule diameter is 5 cm.

Additionally, as shown in FIG. 1, the elongated
axes of the nozzle 112, the boule 62; and the exhaust tube
226 are disposed in a common plane. This further reduces
secondary gas circulation. |

The foregoing deposition chémber arrangement and

exhaust system, it is found, results in a gas flow pattern

that substantially eliminates flame flicker and wander
resulting in a soot deposition process in which the

deposition rate, the density of the soot boule, the boule

growth rate and the shape of the deposition surface are
le to a degree not heretofore attainable.
The housing 10, the baffle 32, the end plates
be 226 are

reproducib

26-26, the input section 14 and the exhaust tu
fabricated from Pyrex glass. However, various other
glasses or metallic materials may be used.
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CLAIMS

1. A system for exhausting soot from a vapor-
phase axiai deposition chamber (10) including an exhaust
line (27) having first and second ends;

' CHARACTERIZED BY

a hollow, substantially cylindrical, exhaust tube
(26) having a flared intake (44) with a gradually turned
back lip (46) projecting into the chamber, an output end
(42) connected to the first end of the exhaust line, and a
constricted portion (48) intermediate said intake and said

output end; and

a collection chamber (51) connected to the second
end of the exhaust line to collect soot passing from the
deposition chamber via the exhaust tube and exhaust line.

2. The exhaust system as set forth in claim 1,
wherein the soot collection chamber is comprised of a
plurality of tubular members (57, 68, 66) mounted
concentrically to provide a circuitous path for the
exhausting soot to extract particles therefrom while
isolating the deposition chamber from downstream pressure
fluctuations.

3. The exhaust system as set forth in claim 1 or
2, comprising at least one in-line injection venturi'(zs)
in the exhaust line to cause gas flow through the system
for controlling pressures therein.

4. A vapor-phase axial deposition system
including a deposition chamber 10 for fabricating a
lightguide soot boule (62) in which a boule starting means
(58) is rotated about and along an axis thereof within said
chamber and including means- (112) for projecting a stréam
of soot towards the starting meansd to form the soot boule;
thereon,

CHARACTERIZED IN THAT

the axes of the starting means and the soot stream

are in a first plane; and
said deposition chamber includes first and second

w)

e
Lt
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walls (24 and 26) disposed generally parallel to and on
opposite sides of the first plane, the distance between
said walls and said first plane being sufficiently close so
as to substantially eliminate flame flicker and wander
during the formation of the soot boule.

5. The vapor-phase axial deposition system as set
forth in claim 4, including an exhaust system having an
exhaust tube with a longitudinal axis in said first plane.

6. The system as set forth in claim 4 or 5,
wherein the distance between said walls is less than three
times the diameter of the soot boule to be fabricated.

7. A torch for use in an axial-phase deposition
system comprising plurality of coaxially aligned tubes

CHARACTERIZED BY
an inner tube (116) that is adjustable in an axial

direction relative to an outer tube (118).
8. The torch as set forth in claim 7, wherein

each of the inner tubes (116, 118, 120) has a plurality of
accurately machined splines (132) on the outer surface
thereof to maintain a predetermined distance between said

tubes.
9. The torch as set forth in claim 7, wherein

each of the tubes other than the innermost (116) thereof
has a radially disposed flange (136) on a first end

thereof.
10. The torch as set forth in claim 9, wherein

the radially disposed flanges are separated and held
between a plurality of annular spacer members (140).

7Y oum 2
Q . WIPO
eaanS
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AMENDED CLAIMS
(received by the International Buxeau on 22 September 1983 (22.09.83))

1. A system for exhausting soot from a vapor-
phase axial ‘deposition chamber (10) including an exhaust
line (27) having first and second ends;

CHARACTERIZED BY

a hollow, substantially cylindrical, exhaust tube
{26) having a flared intake (44) with a gradually turned
back lip (46) projecting into the chamber, an output end
(42) connected to the first end of the exhaust line, and a
constricted portion (48) intermediate said intake and said

“

output end; and

a collection chamber (51) connected to the second
end of the exhaust line to collect soot passing from the
deposition chamber via the exhaust tube and exhaust line.

2. The exhaust system as set forth in claim 1,
wherein the soot collection chamber is comprised of a
plurality of tubular members (57, 68, 66) mounted
concentrically té'provide a circuitous path for the
exhausting soot to extract particles therefrom while
isolating the deposition chamber from downstream pressure

fluctuations.
3. The exhaust system as set forth in claim 1 or

2, comprising at least one in-line injection venturi (28)

in the exhaust line to cause gas flow through the system

' for controlling pressures therein.

4. A vapor-phase axial deposition system .-
including a deposition chamber 10 "for fabricating a
lightguide soot boule (62) in which a boule starting means
(58) is rotated about and along an axis thereof within said
chamber and including means- (112) for projecting a stream
of soot towards the starting meansd to form the soot boule, N

thereon,

CHARACTERIZED IN THAT
the axes of the starting means and the soot stream

are in a first plane; and
said deposition chamber includes first and second

s o HI @
10 $$
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walls (24 and 26) disposed generally parallel to and on
opposite sides of the first plane, the distance between
said walls and said first plane being sufficiently close so
as to substantially eliminate flame flicker and wander
during the formation of the soot boule.

5. The vapor-phase axial deposition system as set
forth in claim 4, including an exhaust system having an
exhaust tube with a longitudinal axis in said first plane.

6. The system as set forth in claim 4 or 5,
wherein the distance between said walls js less than three
times the diameter of the soot boule to be fabricated.

7. (Cancelled)

8.  (Cancelled)

9. (Cancelled)

10. (Cancelled
11. (New) A torch for fabricating 1ightguide

preforms by the vapor-phase axial deposition process,
comprising a plurality of coaxially aligned elongated tubes,
characterized by a coaxially aligned inner tube (116) that '
is movable in an axial direction relative to the other

tubes (118, 120);
each of the inner and intermediate tubes having

a plurality of accurately machined splines (132) on the
outer surface thereof to maintain .a predeterm1ned distance

between said tubes; and
each of the plurality of outer tubes having a

radially extending flange (136) on a first end thereof
held between a plurality of annular spacer members (140)
to control the axial positioning of the tubes.
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