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maining liquid material due to (1) thermal driven re- lease of dissolved
gases, (2) volatilization of compo- This invention relates to a method used
for mak-  nents comprising the resin, or (3) volumetric changes ing an
optical fiber.                               in the coating material
brought about by the thermally Performance characteristics of optical
fibers can   5   driven cross-linking activity. When the heating is rap- be
degraded by environmental elements. For exam-     id, those bubbles are
trapped in the polymer because pie, the interaction of water with the
surface of a silica  of the solid film which initially formed on the outer
sur- fiber produces surface modifications which can re-   face of the
polymer and the inner surface being duce the strength of the fiber. Any
small flaws on the  blocked by the cladding of the optical fiber. As more
surface can reduce the strength of the fiber and pro-  10  of the liquid
material cross-links, the bubbles are per- vide a site for moisture-induced
stress-corrosion    manently trapped in the solid polymer forming unde-
crack growth, which can lead to ultimate fiber failure.  sirable defects in
the desired solid polymeric coating Also over a period of time, hydrogen,
which can be   and causing increased microbending loss and/ora re- present
at the fiber surface at levels orders of mag-  duction of reliability due
to reduced coverage of the nitude higher than those found in the
atmosphere,  15  silica. can diffuse into an optical fiber and increase the
opt-  These and other problems are solved by a new ical loss in a signal
carried by that optical fiber.  manufacturing process for making an optical
fiber. In order to prevent such interactions, a hermetic  This
manufacturing process Includes the steps of: coating is applied to the
fiber for preventing deleteri-  heating and drawing material from an
optical fiber pre- ous environmental elements (typically, water and/or  20
form into an elongated moving optical fiber, coating hydrogen) from
interacting with thefiber. Such a coat-  the optical fiber with a
conductive material, deposit- ing acts as an impermeable hermetic barrier
between  ing a heat-curable liquid material on the optical fiber the fiber
and the environment. One such coating,     over the electrically conductive
material; inductively e.g., a carbon coating, is applied understable
ambient  heating the electrically conductive material on the conditions to
the outer surface of a silica cladding of  25  optical fiber by way of an
electromagnetic field; and the fiber by inducing decomposition of a
suitable car-  thermally conductively transferring heat from the bon
containing organic precursor gas, e.g., acety-   electrically conductive
coating to the heat-curable liq- lene, to form a thin carbon film on the
fiber surface,  uid material for transforming it into a polymeric solid. as
described by F. V. DiMarcello et al., in a U. S. patent  The following
advantages are achieved by the application, Serial No. 098253, filed
September 18,  30  foregoing method. The optical fiber continuously 1987.
Thickness of the carbon coating being applied  moves through the process
without any physical con- to the fiber is measured by moving the optical
fiber  tact. By induction, heat is directly transferred to the through an
electromagnetic field so that the conduc-  conductive carbon coating. From
the electrically con- tive carbon coating interacts with the
electromagnetic  ductive coating, heat also is quickly transferred by
field, as described by R. M. Atkins et al., in a U.S. pa-  35  thermal
conduction from the electrically conductive tent application, Serial
No.387,261, filed July 31,  coating into the heat-curable liquid material.
1989, and incorporated herein by reference. The opt-    The general
principles of inductive heating de- ical f iber thereafter typically is
passed through an ul-  scribed herein can be utilized over a wide range of
ra- traviolet light curable liquid material and an ultraviolet  dio
frequencies, typically from about 10 MHz to 150 lightfortransforming the
material into asolid polymer-  40   GHz, and can be applied to a wide
election of heat- ic jacket on the optical fiber.
curable polymers and thicknesses by appropriately Fibers processed as
described above are some-    selecting a frequency range and equipment that
is times performance-limited in certain applications be-  compatible with
the selected frequency range. cause ultraviolet light curable polymers
typically      A better understanding of the invention may be breakdown at
temperatures which are too low for  45   derived by reading the subsequent
detailed descrip- some high temperature environments.                 tion
thereof with reference to the attached drawing Alternative polymeric
materials are a group of   wherein: heat-curable polymers, which typically
break down at    FIG. l is a schematic diagram of an arrangement
temperatures high enough for many high temperature      for drawing an
optical fiber and of apparatus for environments. In the prior art, such
heat-curable poly-  50  controlling the drawing operation and the coating
mers are heated by moving the heat-curable liquid,      process; coated on
the optical fiber, through an oven. The       FIG. 2 is a diagram of a
section of optical fiber heat-curable liquid is heated by convection from
the    coated with a carbon coating; hot air in the oven. Under conditions
of rapid heating,  FIG. 3 is a diagram of a section of waveguide cav- the
polymer starts cross-linking, or cures, starting at  55  ity used in a
carbon coating thickness measure- the surface nearest the source of heat,
and a film      ment process; 



forms on the outer surface of the polymer coating.      FIG. 4 is a graph
of transmitted powerloss versus Continued heating causes bubbles to form in
the re-     the thickness of a conductive coating; 2    3
EP 0 437 937 B1                  4 FIG. 5 is a graph representing the
viscosity of a  sive carbon coating thickness is limited to maintain an
heat-curable polymer with reference to both tem-  acceptable level of fiber
strength. perature and the cross-linking of molecules;        Referring now
to FIG. 2, there is shown a diagram FIG. 6 is a graph of the logarithm of
the rate of   5   of the optical fiber 20 including a center core 21 and
the cross-linking with respect to the inverse of  cladding 22. Although not
shown in FIG. 2, there may temperature; and
be more silica layers in the core and cladding regions FIG.7 is a schematic
diagram of an illustrative ap-  of the optical fiber. Also shown in FIG. 2,
there are a paratus for heat curing a polymer coating on an  thin layer of
carbon 23, as represented by dots over- optical fiber by inductively
heating a conductive   10  all, and a solid polymeric jacket 26. coating
between the optical fiber and the heat-     After the carbon coating is
applied to the moving curable polymer.
fiber 20 of FIG. 1, the coated fiber moves on through Referring now to FIG.
1, there is shown a diagram  a radio frequency cavity 35 for measuring the
thick- of exemplary apparatus for drawing an optical fiber 20  ness of the
carbon coating. Radio frequency is an from a preform 24. The preform may
include silica   15  electromagnetic wave frequency intermediate be- glass
with predetermined dopants which will form an  tween audio frequency and
infrared frequency. Upon optical fiber having a low loss optical core
section that  exiting from the radio frequency cavity 35, the fiber is
surrounded by a cladding section. The core and   20 moves on through one or
more vessels 46 which cladding sections have different indices of
refraction  are filled with heat-curable liquid materials that are so that
light transmitted axially along the core is re-  20  subsequently
transformed into polymeric solids for tained within the core because of
internal reflections  coating the fiber 20 to protect its surface from
future and/or confinement which occur due to the stratifica-  mechanical
damage resulting from incidental or acci- tion of the refractive indices.
dental contact. This transformation to the polymeric A furnace 25 surrounds
at least the lower end of  solid is made by exposing the optical fiber to
another the preform 24 and heats that end to its melting or   25
electromagnetic field produced by a radio frequency softening temperature.
The fiber 20 is drawn from the  helically wound transmission line 47, a
travelling wa- end of the preform 24 at a velocity, or rate, that is
veguide transmission line, or a waveguide resonant known to produce the
elongated fiber 20 with a pre-  cavity. The polymer is quickly heated to a
desired determined diameter. Generally the fiber is drawn    temperature by
the transmission line 47 and can op- from the preform at a controlled
steady temperature  30  tionally be held at the elevated temperature in a
con- and velocity.                                        vection oven 50.
Once the polymeric coating is During the drawing operation, the fiber20
moves  formed and cured on the fiber 20, it is wound about through an
optional heater 30 for supplementing the  a capstan drive 48 and then onto
a reel 49 for storage residual heat in the fiber 20, if desired, and passes
a  and for convenience of handling until the fiber is in- thermometer, or
pyrometer, 31 for monitoring the   35  stalled in a transmission system.
Speed of the cap- temperature of the fiber 20. Temperature measured    stan
drive 48 and of the fiber are sentto the processor by the thermometer 31 is
applied through a lead 32   28 via a lead 61. to a detection, analysis and
feedback processor 28,     Two exemplary subsystems control the previous-
which produces a signal on a lead 33 for controlling  ly described optical
fiber drawing operation. Control- the temperature of the heater 30. In a
chamber 34, an   40  ling fiberdiameter by operation of thefurnace and the
exemplary mixture of acetylene precursor gas togeth-  drawing speed are
described in detail in a textbook, er with chlorine (in molecular or
compound form) and  entitled "Optical Fiber Telecommunications" edited by
an inert gas, such as nitrogen, argon, or helium, is ap-  S. E.
Milleretal., Academic Press, Inc., 1979, pp.263- plied to the hot moving
silica surface of the fiber 20  298. Such text is incorporated herein by
reference. for pyrolyzing, or inducing decomposition of the acet-  45
Another control system measures and controls ylene precursor gas, and
depositing a carbon coating  the thickness of the carbon coating that is
applied to uniformly around the periphery of the fiber. Chlorine  the
surface of the moving optical fiber 20 without is used as agetterforfree
hydrogen. The carbon coat-  physically contacting the fiber without the
polymer ing deposition process occurs in controlled ambient  coating. This
method for measuring and controlling conditions, which typically are
constant. While the fib-  50  the thickness of the carbon coating is
described in de- er is moving and without it contacting any apparatus,
tail in the previously mentioned, copending U.S. pa- 



the thickness of the carbon coating is controlled con-  tent application,
Serial No. 387,261. tinuously within tolerances to effectively hermetically
Referring now to FIG. 3, there is shown the car- seal the regions within
the outerdiameter of the clad-  bon coated optical fiber 20 moving through
longitudi- ding of the optical fiber 20 from any subsequent con-  55   nal
slots 130 and 132 in a section of waveguide 135, tact with either water or
hydrogen during fabrication,  being used as the cavity 35 of FIG. 1. From
the installation, or use of the fiber in a transmission sys-  source 41 and
the line 42 of FIG. 3, the waveguide in tem. At the same time,
vulnerability of the carbon  this example is energized with a propagating
electro- coating to cracking under tensile load due to exces-  magnetic
field. Slots 130 and 132 are cut along the 3    5
EP0437937B1                    6 centerlines of opposite broad faces of the
section of  Control of the process for coating the optical fib- waveguide.
The slots should be as narrow as reason-  er, as performed by the apparatus
presented in FIG. ably possible consistent with the fiber never contact-
1, is achieved by sensing and adjusting one or more ing the slot
boundaries.                      5   of the following four process
parameters: (1) the tem- Forconvenience in obtaining parts and the actual
perature of thefiber entering the precursor gas cham- sizes of those parts,
a section of WR90 waveguide  ber, (2) in the precursor gas chamber, the
concentra- and a klystron oscillating at 10.5 GHzwere chosen for  tion of
the acetylene gas including the carbon atoms the arrangement. A crystal
diode is used for the de-  to be deposited; (3) the acetylene gas pressure
in the tector at the output end of the waveguide 135. Match-  10  precursor
gas chamber; and (4) the time duration of ing sections are used for
connecting the klystron and  exposure of the hot fiber to the acetylene gas
in the the detector to the section of waveguide. At low inci-  chamber.
Upon close analysis, other arrangements - dent power levels, e.g., less
than 100 microwatts, the  which: (1) move the position of the precursor gas
output current of the detector is proportional to the  chamber; (2) change
the length of the precursor gas square of the electric field in the
waveguide. That out-  15  chamber; (3) change the mixture of the gases; (4)
put current is proportional to output power. The fore-  vary the speed of
the fiber draw; or (5) alter the tem- going specific items and parameters
are mentioned  perature of the furnace - fundamentally alter one or by way
of example. Other sizes, electromagnetic en-  more of the four described
parameters of the manu- ergy exciters, frequencies, and power levels also
are  facturing process. useful.                                       20
Once the uniformly thick conductive carbon coat- As previously mentioned,
the input signal, ap-  ing is in place, the optical fiber moves on through
the plied by the klystron in FIG. 3, creates a propagating  vessel 46 of
FIG. 1 for applying the heat-curable poly- electromagnetic field in the
section of waveguide. In  mer coating. Such polymers are heat setting
polymers the unlikely event that the arrangement is perfectly  that
initially are relatively low viscosity materials at matched, the magnitude
of the time averaged vertical  25  room temperature. These polymers
establish a net- electric field is constant along the entire axis of the
work structure that is cured or cross-linked into a sol- section of
waveguide 135 in the absence of the coat-  id polymer upon application of
heat. Typically curing ed fiber. In that case the position of the
fiberalong the  commences within the liquid material at the heat slot is
not important. In the more likely event that the  source and proceeds
through the material in a direc- arrangement is mismatched, there are
standing   30  tion away from the heat source. waves present and at least a
partially resonant con-  Referring now to FIG.5, three graphs are plotted
dition in the section of waveguide 135. In the mis-  to represent the
dynamics of curing a heat curable matched arrangement, there are positions
of greater  polymer. The thickness of the polymer and the rate of electric
field strength where more power is absorbed  curing depends upon more than
one parameter. by the conductive coating. A deliberate mismatch can   35
Curve 140 represents the viscosity versus tempera- be created by tuning
screws and/or irises in the wa-  ture of a typical resin in its uncured
state. Viscosity is veguide. In this mismatched case, the fiber is delib-
a physical property of a fluid or semifluid, which en- erately located in a
longitudinal position coincident  ables it to develop and maintain an
amount of shear- with an electric field maximum which corresponds to  ing
stress dependent upon the velocity of flow and to a minimum longitudinal
field gradient.        40  offer continued resistance to flow. Viscosity,
as read When the fiber 20, with the conductive carbon   on the lefthand
axis, is high for the precured resin at coating, moves through the
waveguide, the conduc-  low temperatures and falls with increasing tempera-
tive coating interacts with the electric field compo-  ture. Curve 141
represents the effect of cross-linking nent. Transmitted power is reduced
by the creation of  in a resin. As temperature rises, cross-linking
increas- an alternating current in the carbon coating. The  45  es and
therefore viscosity also increases, ultimately 



amount of power lost is a function of the conductance  transforming the
resin into a solid. Curve 142 repre- of the carbon coating on the fiber.
For a uniform out-  sents an indication of the overall effect of curves 140
side diameteroptical fiber, conductance of the carbon  and 141. Viscosity
decreases with temperatures ris- coating depends upon the conductivity of
the carbon  ing from low temperatures while temperature effects and the
carbon coating thickness, which is a variable.  5o  prevail over
cross-linking effects. When cross-linking Thus depending upon the variable
thickness of  becomes more prevalent at higher temperatures, vis- the
carbon coating, the detection, analysis, and feed-  cosity rises with
continuing increases in temperature back processor 28 will measure a
variable transmis-  until the material solidifies into the polymer. sion
loss for a constant input signal power at a given  Referring now to FIG. 6,
there is shown an exem- frequency.                                    55
plary rate curve. Curing speeds up with rising temper- FIG. 4 shows the
result of measurements 134,   atures. Polymers can cure at low
temperatures, but at 136, 137, 138 and 139 of transmitted power loss ver-
low temperatures more time is required to complete sus conductance or
thickness of some practical ex-  the curing process. Heat curable polymers
include amples of carbon coatings.                         materials such
as epoxies, polyesters, polymides, cy- 4    7                   EP 0 437
937 B1                 8 anate,  esters, and siloxanes.
bubbles, leaving the solid polymer coating free of de- To insure rapid
curing at high temperatures with-  fects. out first curing (or solidifying)
the outer surface of the  Alternative methods for induction heating of the
polymerand thereby entrapping bubbles, we have de-   5   fiber include the
use of various forms of waveguide veloped a new way to heat the liquid
material for cur-  cavity resonators. These resonators can be operated ing
it                                             at a variety of radio
frequencies. The choice of fre- Referring now to FIG. 7, there is shown a
short  quency is typically governed by a variety of factors, section of a
helically wound transmission line, or a  for example, commercial
availability of equipment, high Qquarterwave helical coil resonator47. An
outer  10  size, and, very importantly, the loss tangent proper-
coppershield 152 of a round cross-section coaxial ar-  ties of the resin
thatis applied overthe cladding of the rangement, having an area of
approximately 6.5 cm2  fiber. In reference to this latter situation, heat
will be surrounds a helically wound inner conductor 154.   developed in the
polymeric coating due to (1) thermal One end of the helically wound
conductor 154 is    conduction via the radio frequency heating of the car-
bonded to the outer copper shield 152 at a bonding   15  bon layer and (2)
loss tangent dissipation in the poly- point 155. The opposite end of the
helically wound  mer. With dual mechanisms for heat generation, the
conductor 154 is suspended in air with a small capac-  microwave frequency
may be chosen so that the loss itor plate 156 affixed thereto. Another
facing capaci-  tangent is sufficiently high that direct microwave tor
plate 157 is affixed to an adjustment screw 158 for  heating of the resin
assists the curing process. tuning the transmission line 47 to resonance.
Acapac-  20  Thus there has been described a method for itive probe 159
receives energy by way of a coaxial  making an optical fiber by depositing
the carbon coat- connector 160. The polymer coated optical fiber 20  ing on
the moving optical fiber and curing a polymeric moves along the center axis
of the helically wound  coating over the carbon coating by inductive
heating. conductor 154 to be heated. Such energy, when pro-  The apparatus
for performing this method for making vided in the radio frequency range of
frequencies,  25  and coating the fiber do not contact the fiber during
constrains the sizes of the parts of the helically  the manufacturing
operation. The described method wound transmission line 47 to convenient
sizes.    together with other methods made obvious in view An exemplary
helically wound transmission line  thereof are considered to be covered by
the append- 47 has been designed for operating at a frequency of  ed
claims. approximately 400 MHz. The helix of the exemplary  30 helically
wound conductor has 3.5 turns of copper wire with a helix outside diameter
of approximately  Claims 1.27 cm and a 0.63 cm pitch. Radio frequency power
at a level in a range of 1-  1. A process for making an optical fiber
comprising 150 watts is applied to the input coaxial connector  35  a core
and cladding, a hermetic coating on the 160. A level of power in that range
has been deter-   cladding surface of the optical fiber, and an or- mined
to be adequate to inductively heat the conduc-   ganic coating layer
overthe hermetic coating, the tive carbon coating on the fiber while the
fiber is mov-  process comprising the following steps: ing through the
transmission line 47 during the optical     heating at least an end portion
of an optical 



fiber fabrication process.                    40      fiber preform and
drawing material from the heat- Depending upon the speed the optical fiber
pro-    ed portion of the optical fiber preform into an duction process,
the desired polymer curing the tem-   elongated moving optical fiber
comprising a core perature, and the time required to cure the polymer,  and
a cladding; more than one of the transmission lines 47 can be
coating an entire circumference of the positioned in tandem for inductively
heating the con-  45  cladding surface of the moving optical fiber with
ductive carbon coating.                                a continuous layer
of carbon, said carbon layer Such inductive heating of the carbon coating
being thick enough to effectively hermetically heats the carbon coating
very quickly. In turn, heat  seal the optical fiber and, yet, thin enough
to from the carbon coating is thermally conducted quick-  avoid
vulnerability of the carbon coating to crack- ly into the heat curable
liquid material from its inner  so  Ing which could lead to a reduction In
the strength surface. Curing of the polymer occurs very rapidly     of the
fiber; commencing with the inner surface adjacent to the
depositing a heat-curable polymeric liquid carbon coating and moving away
toward the outer        material on an entire circumference of the carbon
surface of the polymer. Since the curing commences     coating on the
optical fiber; and at the inner surface of the polymer, any bubbles dif-
55    heat-curing the polymer by fuse to the outer surface of the liquid
material and es-    heating the carbon coating by induction; cape before
the liquid material is cured into a solid  and polymer. Thus the polymer is
cured rapidly from its in-     curing the polymeric material by conduo- ner
surface toward the outer surface without trapping  tion of heat from the
carbon coating whereby an    7                   EP 0 437 937 B1
8          c   L  M   S  * anate, esters, and siloxanes.
bubbles, leaving the solid polymer coating free of de- To insure rapid
curing at high temperatures with-  fects. out f irst curing (or
solidifying) the outer surface of the  Alternative methods for induction
heating of the polymerand thereby entrapping bubbles, we havede-   5
fiber include the use of various forms of waveguide veloped a new way to
heat the liquid material for cur-  cavity resonators. These resonators can
be operated ing it                                             at a variety
of radio frequencies. The choice of fre- Referring now to FIG. 7, there is
shown a short  quency is typically governed by a variety of factors,
section of a helically wound transmission line, or a  for example,
commercial availability of equipment, high Q quarterwave helical coil
resonator47. An outer  10  size, and, very importantly, the loss tangent
proper- coppershield 152 of a round cross-section coaxial ar-  ties of the
resin that is applied overthe cladding of the rangement, having an area of
approximately [err]  fiber. In reference to this latter situation, heat
will be surrounds a helically wound inner conductor 154.   developed in the
polymeric coating due to (1) thermal One end of the helically wound
conductor 154 is    conduction via the radio frequency heating of the car-
bonded to the outer copper shield 152 at a bonding   15  bon layer and (2)
loss tangent dissipation in the poly- point 155. The opposite end of the
helically wound  mer. With dual mechanisms for heat generation, the
conductor 154 is suspended in air with a small capac-  microwave frequency
may be chosen so that the loss itor plate 156 affixed thereto. Another
facing capaci-  tangent is sufficiently high that direct microwave tor
plate 157 is affixed to an adjustment screw 158 for  heating of the resin
assists the curing process. tuning the transmission line 47to resonance.
Acapac-  20  Thus there has been described a method for itive probe 159
receives energy by way of a coaxial  making an optical fiber by depositing
the carbon coat- connector 160. The polymer coated optical fiber 20  ing on
the moving optical fiber and curing a polymeric moves along the center axis
of the helically wound  coating over the carbon coating by inductive
heating. conductor 154 to be heated. Such energy, when pro-  The
apparatusfor performing this method for making vided in the radio frequency
range of frequencies,  25  and coating the fiber do not contact the fiber
during constrains the sizes of the parts of the helically  the
manufacturing operation. The described method wound transmission line 47 to
convenient sizes.    together with other methods made obvious in view An
exemplary helically wound transmission line  thereof are considered to be
covered by the append- 47 has been designed for operating at a frequency of
ed claims. approximately 400 MHz. The helix of the exemplary  30 helically
wound conductor has 3.5 turns of copper wire with a helix outside diameter
of approximately  Claims 1.27 cm and a 0.63 cm pitch. Radio frequency power
at a level in a range of 1-  1. A process for making an optical fiber
comprising 



150 watts is applied to the input coaxial connector  35  a core and
cladding, a hermetic coating on the 160. A level of power in that range has
been deter-    cladding surface of the optical fiber, and an or- mined to
be adequate to inductively heat the conduc-   ganic coating layeroverthe
hermetic coating, the tive carbon coating on the fiber while the fiber is
mov-  process comprising the following steps: ing through the transmission
line 47 during the optical     heating at least an end portion of an
optical fiber fabrication process.                    40       fiber
preform and drawing material from the heat- Depending upon the speed the
optical fiber pro-    ed portion of the optical fiber preform into an
duction process, the desired polymer curing the tern-  elongated moving
optical fiber comprising a core perature, and the time required to cure the
polymer,  and a cladding; more than one of the transmission lines 47 can be
coating an entire circumference of the positioned in tandem for inductively
heating the con-  45  cladding surface of the moving optical fiber with
ductive carbon coating.                                a continuous layer
of carbon, said carbon layer Such inductive heating of the carbon coating
being thick enough to effectively hermetically heats the carbon coating
very quickly. In turn, heat  seal the optical fiber and, yet, thin enough
to from the carbon coating is thermally conducted quick-  avoid
vulnerability of the carbon coating to crack- ly into the heat curable
liquid material from its inner  5o  ing which could lead to a reduction in
the strength surface. Curing of the polymer occurs very rapidly     of the
fiber, commencing with the inner surface adjacent to the
depositing a heat-curable polymeric liquid carbon coating and moving away
toward the outer        material on an entire circumference of the carbon
surface of the polymer. Since the curing commences     coating on the
optical fiber, and at the inner surface of the polymer, any bubbles dif-
55   heat-curing the polymer by fuse to the outer surface of the liquid
material and es-    heating the carbon coating by induction; cape before
the liquid material is cured into a solid  and polymer. Thus the polymer is
cured rapidly from its in-     curing the polymeric material by conduc- ner
surface toward the outer surface without trapping  tion of heat from the
carbon coating whereby an    9             EP 0437 937 B1             10
inside-out curing occurs and any bubbles forming  2. Verfahren zur
Herstellung einer optischen Faser In the polymer via the thermal process
are driven  gemW& Anspruch 1, in welchem das Polymer in to and escape from
the outer surface of the poly-  zehn Sekunden oder einer kflrzeren Dauer
ge- mer coating priorto the transformation of the out-   5  hirtot wird. er
surface from a liquid to a solid state. 3. Verfahren zur Herstellung einer
optischen Faser 2. A process for making an optical fiber, in accor-
gemnill Anspruch i, in weichemn die elektrisch dance with claim 1, wherein
leitfihige Beschichtung erhitzt wird, wihrend the polymer Is cured in ten
seconds or  io    diese durch eine Vielzahl resonanter Kavitten less.
bewegt wird. 3. A process for making an optical fiber, in accor- dance with
claim 1 , wherein      Revendications the electrically conductive coating
is heat-  15 ed while it is moved through a plurality of reso-  1. Un
prochd6i de fabrication d'une fibre optique nant cavities.
comprenant un coeur et une gaine, un enduit her- m6tIque sur la surface de
gamne de la fibre opti- que, et une couche d'enduit organique sur Ilen-
Patontansprfiche                             20       duit herm~tique, le
procdd6 comprenant fes dta- pee suivantes: W.1. Verfahren zur Horstellung
elner optischen Faser           on chauffe au moins une partie d'extr6mli-
mit oinomn Kern und einem Mantel, olner herme-     t:i d'une priforme do
fibre optique et on 6tire de tischen Beschichtung auf der Manteloberfliche
la matu~re A partir de la partie chauffie do la pr6- der optischen Faser
und einer organischen Be-  25  forme de fibre optique, pour don ner une
filbre op- schichtungslage (ibar der hermetischen Be-         tique
allongde, en mouvement, qui comprend un schichtung, wobei das Verfahren die
folgenden      coeur et une galne; Schritte umfalM:
on enduit la circonfbirence compl~te de la Erhitzen wenigstens eines
Endabschnitts       surface de gaine de la fibre optique en mouve- oiner
optischen Faservorform und Ziehen von   30   ment avec une couche continue
de carbione, cette 



Material aus dem erhitzten Abschnitt der opti-     couche de carbone 6tant
suff isamnment dpaisse schen Faservorform in eine langgestreckte, sich
pour enformer effectivement la fibre optique de bewegende optische Faser
mit einem Kern und        fagon hermitique, et btant nianmoins suffisam-
einem Mantel,                                      ment mince pour 6viter
que 1'enduit de carbione Beschichten eines gesammten Umfangs   3s      ne
soit vulnerable At la f issuration, ce qui pourrait dor Manteloberfiiche
der sich bewegenden opti-     conduire A une r~duction de la risistance
m6ca- schen Faser mit einer kontinuierlichen Schicht     nique de la fibre;
aus Kohlenstoff, wobei die Kohlonstoffschicht            on dipose une
matibre liquide consistant dick genug ist, urn wirkungsvoll die optische
Fa-  en un polymbre polymirisable par I'application de ser hermetisch
abzudichten und noch dflnn ge-  40  chaleur, sur une circonf6rence complite
do Ion- nug ist, urn die Verletzbarkelt der Kohlenstoff-   duit en carbone
sur la fibre optique; et schicht durch Risse, die zur Senkung der Festig-
on polymirise le polymbre par l'application keil: der Faser fihren, zu
vermeiden,              de chaleur par lee operations suivantes: Abscheiden
eines hitzehirtbaren flflssi-            on chauffe par induction 1'enduit
en carbo- gen Polymermaterials auf einemn gesammten   45     ne; et Umfang
der Kohlenstoffbeschichtung auf der op-           on polymrrisne le
polym~re par conduction *         t~~~~iechen Faser und.
de chaleur A partir do 1'enduit en cartbone, grAce I.
~~~~~Hitzeheirten des Polymers durch           A quoi I se produit une
polymirisation qui pro- Heizen  der  Kohlenstoffbeschichtung
greece de l'intilineur vers 1'ext6rieur, et des bulles durch Induktion und
so      6ventuelles qui soformentdans le polymbre sous H-lrten des
Polymermaterials durch Leiten     l'effet du processus thermique cont
entrathses von Wirme von dor Kohlenstoffbeschichtung,         vers Ia
surface extilrieure de I'enduit en polym~re wobel ein Hirten von der
Innenselts aus nach au-   et silos s'behappent par cette surface, avant la
Mon auftritt und sich in dem Polymer bildende Bla-  transformation do la
surface extirneure d'un 6tat sen durch das thermische Verfahren vor dem
55    liquide A un 6tat solide. Obergang der lu~eren Oberfiiche von einer
Flfssigkeit zu olnem Festk~rper zur luBeren     2. Un procbidA de
fabrication d'une fibre optique so- Oberfiiche der Polymerbeschichtung
getrieben       Ion Ia revendication 1, dans lequel werden und von dort
entweichen.                          le polymbre est polym~ris6 en dix
secon- 111111 11111 11111 11 1111 *   C   L   M   S    11
EP 0 437 937 B1                  12 des ou moins. 3. Un procedd de
fabrication d'une fibre optique se- Ion la revendication 1, dans loquel
5 1'enduit conducteur de l'lectricit6 est chauffd pendant qu'il estd6plac6
A travers un en- semble de cavit6s resonnantes. 10 15 20 25 30 35 40 45 50
55    


