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from the atmosphere in the splicing region. Such ex- posed splicing regions
were cause of serious con- Background of the Invention
cern, because adsorption of water vapor or exposure to water drops leads
not only to long-term degradation This invention relates to a method and an
appa-   5   of the mechanical strength of the splicing, but also to ratus
for fusion splicing of carbon-coated optical fib-  an increase in signal
transmission losses. ers and for providing reinforced performance of the
Furthermore, the carbon coating layer is oxidized fused splicing in an
optical data transmission fiber.  atthe time of the fusionsplicing, and
there is a danger Of the various optical fibers known today, silica  that
the oxidization gas thereof will damage the opti- based optical fibers are
generally used with a coating   10  cal fiber and thus lead to a decrease
in strength. of an organic material, such as synthetic resin. The   An
example of a prior art fusion splicing method purpose of the coating is to
protect the exterior sur-  for carbon-coated optical fibers is disclosed in
EP-A- face of the fibers from being damaged by encounters  361 321; it
involves a prefusing step for removing the with foreign objects in the
environment, such as dust  carbon coating. particles and sharp objects, and
thereby to incur deg-  15 radation in fracture strength. However, this type
of  Summary of the invention coating cannot prevent the diffusion of
environmental substances, such as water and small molecules such     An
objective of the present invention is to provide as hydrogen, into the
fiber. If water molecules are ad-  a method of splicing protection so as to
prevent the sorbed onto the surface of silica based optical fiber  20
degradation in the mechanical strength and in the under stress, a fatigue
phenomenon can occur, lead-  performance of optical signal transmission.
ing to a time-dependent degradation in mechanical      For this purpose,
there is provided a fusion splic- strength.
ing method according to claim 1. Further, if hydrogen diffuses into the
silica based  There is also provided a reinforcing method ac- optical
fiber, light absorption loss due to molecular vi-  25  cording to claim 3.
In other words, the invention, in an bration of hydrogen molecules will
Increase; as well,  ancillary aspect, presents a method of depositing car-
absorptive losses due to OH radicals, formed by the  bon film on splicing
regions of a carbon coated optical reaction between dopants P205, GeO2 and
B203, can  fiber after it has been fusion spliced. also increase.
An optical fiber spliced by a method of the inven- To prevent such
performance degradation, an   30  tion not only has a high splicing
performance but also optical fiber construction shown in Figure 1 has been
may retain the original performance level with a pro- proposed. Asilica
based optical fiber 1, consisting of  tective film of carbon by preventing
the adsorption of a core la and a cladding lb, is coated with a carbon
moisture and diffusion of gaseous hydrogen into the film coating 2 of
10-100 nm thickness, made of car-  splicing points. bonaceous materials
such as amorphous carbon, fol-  35  An apparatus will also be described
which able to lowed furtherwith an outerorganic layerof resin coat-
perform fusion splicing in an atmosphere containing ing 3 to comprise a
carbon coated optical fiber 4. The  less than 0.5 percent (%) by volume of
oxygen, there- carbon film coating 2 on the optical fiberI Is generally  by
minimizing the loss of the existing carbon film dur- formed by means of
chemical vapordeposition (CVD)  Ing the splicing operation, and thereby,
the opportun- process.                                      40  ities for
moisture or carbon oxidization gas to come In the meantime, the demand for
long-distance  Into contact with the surface of the spliced region are
transmission of signals by optical fiber is Increasing,  reduced, and as a
result, the reduction In failure and since such fibers can only be produced
in a finite  strength of the splice can be controlled. length, the fibers
must be spliced to build a long-    Further, by performing the carbon film
deposition distance optical communication line. The fiber splic-  45
process by utilizing photo-assisted CVD techniques, ing techniques include
connector and fusion meth-  for example laser light, it becomes possible to
per- ods, but generally, arc fusion method, which involves  form a clean
splicing operation on precisely defined butting the fiber ends and fusing
the silica based opt-  splicing regions for carbon film recoating. ical
fiber by arc discharge, is accepted as being the most durable of the
available techniques.     5o   Brief Description of the Drawings In
practicing the fusion splicing technique, the resin coating 3 must be
removed from the fiber 4 be-   Figure 1 is an oblique view of an example of
a car- fore abutting the ends of the fibers and performing fu-  bon coated
optical fiber. sion splicing. In the process of fusion splicing, the
Figure 2 Is aschematic drawing toshow an exam- heat of fusing has an effect
of oxidizing the carbon   55  pIe of a splicing apparatus to perform
fiberspilcing in and destroying the coating 2 in the regions near the  an
atmosphere containing less than 0.5% by volume weld. Such a splicing region
of fiber I is unprotected  of oxygen. 



and becomes susceptible to absorption of moisture      Figure 3 is an
oblique view of an arrangement of 2    3                   EP 0 462 893 B1
4 the main components of an apparatus for providing  more when the splicing
operation is carried out in air. splicing reinforcement.
When the operation is carried out in an atmosphere Figure 4 Is a schematic
drawing to illustrate an  containing less than 0.5% oxygen by volume, there
Is example of the overall construction of the apparatus  less degradation
in the mechanical strength of the for providing splicing reinforcement.
5   spicing point, although the factstill remains thatsome bare fiber
surface has become exposed. Detailed Description of the Invention
Next step is to deposit carbon recoating to pro- vide protection of the
fused splicing point and the sur- The fusion splicing operation for carbon
coated  face. fibers is performed after removing the protective res-  io
Figures 3 and 4 refer to an example of the appa- in covering, such as UV
curable resin, from one end  ratus for applying such carbon recoating, and
Figure of two fibers to be spliced, and exposing carbon film.  3 shows the
placementof'the main components ofthe It is possible and, in fact,
preferable to perform  example apparatus. In this figure, 13 refers to a
re- the splicing operation in an atmosphere containing  flective type
heating means which consists substan- less than 0.5% by volume of oxygen.
Figure 2 shows   15  tially of an optical system including laser source 14,
an example of such an apparatus.                   a first reflector 15, a
first germanium lens 16, a sec- This fusion apparatus consists of an arc
gener-  ond germanium lens 17 and a second reflector 18; ating section
which contains electrodes 5 and two V-  and a parabolic mirror 19 serving
as a light focusing grooves (not shown) for holding the fibers in place,
device. The laser source 14 is preferably a carbon di- \,.,,   and a
sealable cover section 7 which houses the arc  20  oxide laser emitting a
beam of 10.6 pm wavelength. generating section. Each of the two V-grooves
holds    The laser beam from the laser source 14 reflects a fiber 4 and
provides the alignment of the fibers for  off the first reflector 15,
passes through the first and precision splicing. Perpendicular to the
lengthwise di-  second germanium lens to increase its beam size, re-
rection of the fiber, and located on the extension of  flects off the
second reflector 18 to arrive at the par- the electrodes 5 are a pair of
opposing electrode tips  25  abolic mirror 19 as parallel beams and
finallyfocuses 6. The cover section 7 is made of acrylic resin, forex-
at.the focal point of thermirror. As shown in Figure 3, ample, and includes
airexhaust port8, inert gas entry  the second reflector 18 and the
parabolic mirror 19 port 9 and a vent opening 10. A sensor tip 12 of an
are each provided with a slit 18 a and 19a, respective- oxygen meter 11 is
provided inside the sealable cover  ly, through which the fiber 4 is
threaded, so as to lo- section 7.                                    30
catethe spliced pointatthefocal pointof the parabolic The operation of such
an arc-fusion splicing ap-  mirror 19. paratus Is described in the
following. The carbon coat-  As shown in Figure 4, the above-mentioned com-
ed fiber I (hereinafter referred to as the fiber 1) being  ponents, the
second germanium lens 17, the second spliced in this example is of the
type, which was  reflector 18 and the parabolic mirror 19 are contained
shown in Figure 1, consisting of an Inner carbon film   35  in a gas tight
chamber 20, through which the fusion- coating 2 (hereinafter referred to as
carbon film 2)  spliced fiber 4 can passes through unrestrained. The and
outer resin coating 3 (hereinafter referred to as  chamber 20 Is equipped
with a gas inlet tube 21 for resin coating 3). The cutting operation of the
fiber 4  introducing reactant gases and an exhaust tube 22 to K.../  is
performed conventionally so as to produce mirror  connect with an exhaust
gas treatment facility (not finish on the end surfaces. The severed ends
are then   4o  shown). immersed in a solvent such as dichloromethane tore-
The firststep In the process of depositing carbon move the resin coating 3.
The exposed ends ofthe fib-  film on the welded section of the fiber, is to
pass the er 4 are butted together and are then held in place in  spliced
fiber 4, as shown in Figure 4, through the the V-grooves. The tips of the
arcing electrodes 6 are  chamber 20, through the slits, 19a and 18a respec-
placed in the vicinity of the splicing point. The cover  45  tively, of the
parabolic mirror 19 and the second re- section 7 is evacuated through the
exhaust port 8,  flector 18, and place the joint at the focal point of the
and an inert gas is led into the cover section to pro-  parabolic mirror
19. ducs a concentration of oxygen of less than 0.5 % by   The next step is
to replace the atmosphere inside volume, to be confirmed by the oxygen
meter 11.    the chamber 20 with an inert gas, and then to intro- When such
a condition is attained, fusion splicing of  5o  duos reactant gases
through the gas inlet tube 21. the butted ends Is performed. After the
completion of  The gases used in this step are straight chain hydra- the
splicing process, the inert gas is exhausted   carbon gases, such as
methane, ethane, propane 



through the gas vent 10 so as to recover the gas.  and acetylene, cyclic
type hydrocarbon such as ben- In this condition, bared fiber surface Is
exposed  zene and halogen family hydrocarbon, such as di- In the vicinity
of the splicing point in the fiber 4, be-  55  chloroethane,
trichloroethane and Freon and a suit- cause a part of the carbon film 2 has
been burned off  able mixture of some or all of the preceding gases. due to
the heat of the splicing operation. The area of  The reactant gaseous
mixture is diluted with an inert the bared region of the carbon film 2
increases even  gas such as argon or nitrogen. The composition ofthe 3    5
EP 0 462 893 B1                6 reactant gas in side the chamber 20, in
particular in  paratus illustrated in Figure 2. The fiber 4 consisted the
vicinity of the fused spicing is preferably 50 to 80  of a 125 pm diameter
silica based optical fiber 1 hav- % methane by volume.
ing a coating of carbon film 2 of 0.05 pm thickness, At this stage in the
process, the laser source 14  followed by a resin coating 3 of 250 pm
thickness is activated and the laser beam is directed to the par-   5
made of UV-cured urethane acrylate. --    abolic mirror 19 which focuses
the beam at the focal  First, the fiber4 was severed with a fiber cleaver,
4-'   point. The laser source Is a carbon dioxide laser op-  and the
severed ends were immersed In dichlorome- erating at about 5 to 20 watts.
The focused beam  thane to remove about 15 mm of the resin coating 3 heats
the spliced point to a temperature In the range  from the ends. The cleaned
fiber ends with the bared of 700 to 1,000 "C. and the reactant gas in this
vicinity  10  carbon film 2 were placed and fixed In position in the Is
thermally decomposed to precipitate carbon (CVD  V-grooves. The interior of
the cover section 7 was reaction) on the spliced point surface. As the
reaction  evacuated and then flushed with nitrogen to achieve proceeds, the
surface gradually becomes coated with  an oxygen concentration of 0.05 % by
volume in the carbon film. To achieve its former state of uniform  fusion
environment. The flow rate of nitrogen was covering around thefused spliced
point, eitherthefib-  i5  0.05 litters/min. The voltage was applied to the
elec- er4 orthe mirror 19 can be moved slightly in the fiber  trodes 5 to
perform fusion splicing of the fiber 4. length direction. The thickness of
this carbon deposit  The spliced fiber was subjected to tensile testing
should be about the same as it was in the original car-  to evaluate its
strength, using the gage length of 300 bon film, usually in the range of 10
to 100 nm. The car-  mm and the pulling rate of 300 mm/min. The fracture
bon recoating can also overlap the original carbon   20  strength was 1.53
Kg at a 50% failure probability lev- film 2, which is present in the
vicinity of the fused  el, based on sampling of 420 fusion spliced speci-
spliced point. The spent gas and the residual reactant  mens. gases are
vented through the exhaust tube 22. The recoated spliced point to restore
the optical  Example 2 performance characteristics can be mechanically re-
25 inforced, as necessary, by reapplying a resin coating.  The fusion
spliced fiber 4 was next placed In the There is no restriction on the
method of forming this  apparatus shown in Figure 4 to perform carbon re-
resin layer, and such methods as heat shrinkable tub-  coating on the
surface of the spliced region. The laser ing or the use of a liquid resin
with UV-curing, for ex-  source 14 was a carbon dioxide laser of l0 W
output ample, can be utilized. It is preferable that the carbon   30
power, and the optics was adjusted to provide a beam coating layer not be
removed at the time of fusion  of 15mm diameter from the second reflector
18 to the splicing. The reason for this is that when the carbon  parabolic
mirror19. Thefeed gas delivered intothere- coating layer is removed, there
Is a danger that the  action chamber was Freon 211 diluted with ten times
surface of optical fiber 4 will be damaged.       the volume of argon gas.
The spliced surface was Further, this invention provides a method of per-
35  heated to about 800 to 900 oC, and moved in one di- forming both fusion
splicing and carbon recoating op-  rection at a rate of 10 mm/min. Thus, a
carbon recoat- erations in one apparatus. This can be accomplished  Ing
consisting of amorphous carbon having a 100 nm by locating a part of the
optical system shown In Fig-  thickness was obtained. ure 3 inside the
cover section 7 of the splicing appa-  The splicing strength of the
recoated fiber was ratus shown in Figure 2. By combining the two appa-  40
similarly evaluated with the results of 1.5 Kg ata 50% ratuses, the cover
section 7 and the chamber 20 can  failure probability level and a static
fatigue coefficient be shared, and upon the completion of the fusion  (n)
of 200. splicing operation, the electrodes 5 can be moved away to be
replaced with the beam focusing system  Example 3 and a part of the optical
system to perform the recoat-  45 ing operation. By arranging the two
operations in the  The fusion splicing operation in a second prefer-
above-mentioned way, it becomes possible to carry  red embodiment was
carried out in the same way as 



out recoating operation on a freshly fused silica  that in the first
preferred embodiment, except in the based optical fiber surface, without
raising a possibil-  following details. The thickness of the carbon film 2
ity of contamination from intervening period of expos-  5o  was 0.02 pm,
and the inert gas used was He with the ure to the atmosphere.
oxygen concentration in the fusion environment of OA volume %. Examples
The spliced fibers were subjected to tensile test- Ing in the same way as
in the first preferred embodi- Example I
us   ment, and the failure strength at a 50% probability level was 2.07 Kg.
Fusion splicing operations were perfonmed on carbon coated optical fibers 4
using the splicing ap- 4    7                   EP0462893B1
8 Example 4                                          Claims Carbon
recoating was carried out as In the seo-  1. A fusion splicing method for
carbon coated opti- ond preferred embodiment with tih exception of me-
cal fibers in which, at the time of fusion splicing thane as the feed gas
diluted with argon at 10 times   5  of the carbon coated optical fibers,
the fusion the volume. The resulting recoating was amorphous      splicing
is conducted in an inert gas atmosphere carbon of 200 nm thickness. The
failure strength at    having an oxygen concentration of less than 0.6 the
same probability level was 2.00 Kg and the static  vol%; wherein said
fusion splicing Is conducted fatigue coefficient (n) was 200.
without the removal of the carbon coating on the 10      parts of the
carbon coated optical fibers which Example 5
are to be spliced. In this embodiment, the fusion splicing operation  2. A
fusion splicing method for carbon coated opti- was carded out in ambient
air without the cover sec-   cal fibers in accordance with claim 1, in
which tion 7. The fiber 4 used was the same.        15       carbon is
recoated on the fusion spliced part of In this case, it was observed that
about 5 mm of   the carbon coated optical fibers. the carbon film 2 was
lost due to oxidation. The result of strength testing using the same
procedure as In the  3. A reinforcing method for fusion spliced parts of
first preferred embodiment was 0.72 Kg ata 50% fail-  carbon coated optical
fibers in which, at the time ure probability level.
20       of fusion splicing of the carbon coated optical fib- The fused
fibers were subjected to carbon re-      ers, the fusion splicing b
conducted in an inert coating of 500 nm thickness, following the same pro-
gas atmosphere having an oxygen concentration cedure as in the second
preferred embodiment. The      of less than 0.5 vol%; fracture strength was
0.7 Kg at the same probability        wherein said fusion splicing is
conducted level, and the fatigue coefficient (n) was 200.  25    without
the removal of the carbon coating on the parts of the carbon coated optical
fibers which Example 6                                             are to
be spliced; and wherein carbon is recoated on the fu- The fusion splicing
of a carbon coated optical fib-  sion spliced part of the carbon coated
optical fib- er4 was conducted in exactly the same way as in the   3o  ers.
first preferred embodiment, except that a carbon coated optical fiber 4
with a 0.05 m carbon coating  4. A reinforcing method for fusion spliced
parts of layer formed thereon was used, a flow amount of 0.4   carbon
coated optical fibers in accordance with litters/min of nitrogen gas was
introduced into the    claim 3, in which the carbon recoating of the fu-
cover section 7, and the concentration of oxygen   35  sion spliced part is
conducted by means of a CVD within cover section 7 was 0.5 vol%.
method using a radiation-type heating means. At the spliced point of the
carbon coated optical fibers 4 which were fusion spliced in this manner,
the  5. A reinforcing method for fusion spliced parts of carbon coating
layer 2 was subjected to oxidation in   carbon coated optical fibers in
accordance with a I mm area and removed. Furthermore, a tensile test  40
claim 3, in which the carbon recoating of the fu- was conducted on the
fusion spliced parts of the car-  sion spliced part Is conducted In a
temperature bon coated optical fibers 4 which were obtained and    range of
700-1 0000C. their failure strength was thus investigated. As a re- sult of
tensile tests which were conducted under the  6. A reinforcing method for
fusion spliced parts of 



same conditions as in the first preferred embodiment,  45  carbon coated
optical fibers in accordance with it was discovered that the failure
strength at which   claim 4, in which the radiation-type heating there was
a 50% failure probability level was 0.87 kg.  means b a laser. It Is clear
from the results of the preferred em- bodiments that carbon coating on the
fused spliced  7. A reinforcing method for fusion spliced parts of point of
optical fiber increases the mechanical prop-  5o  carbon coated optical
fibers in accordance with erties, such as the fatigue coefficient, and it
can also  claim 3, in which the thickness of the carbon re- be understood
that the environmental effects, such     coat layer is within a range of
50-200 nm. as water and hydrogen, are minimized. Further ad- vantage of the
present invention Is that by performing the fusion splicing operation in an
atmosphere of less  s5   PatentansprOche than 0.5 volume % oxygen, it is
possible to minimize the loss of mechanical strength.                   1.
Verfahren zum  VerschmelzungsspleiBen von kohlenstoffbeschichteten
Llchtwellenieitern, bei 5    7                   EP 0 462 893 B1
8      !       I   M   S Example 4
Claims Carbon recoating was carried out as in the sec-  1. A fusion
splicing method for carbon coated opti- ond preferred embodiment with the
exception of me-     cal fibers in which, at the time of fusion splicing
thane as the feed gas diluted with argon at 10 times   5  of the carbon
coated optical fibers, the fusion the volume. The resulting recoating was
amorphous      splicing is conducted in an Inert gas atmosphere carbon of
200 nm thickness. The failure strength at    having an oxygen concentration
of less than 0.5 the same probability level was 2.00 Kg and the static
vol%; wherein said fusion splicing is conducted fatigue coefficient (n) was
200.                       without the removal of the carbon coating on the
10      parts of the carbon coated optical fibers which Example 5
are to be spliced. In this embodiment, the fusion splicing operation  2. A
fusion splicing method for carbon coated opti- was carried out in ambient
air without the cover sec-  cal fibers in accordance with daim 1, in which
tion 7. The fiber 4 used was the same.        15       carbon is recoated
on the fusion spliced part of In this case, it was observed that about 5 mm
of   the carbon coated optical fibers. the carbon film 2 was lost due to
oxidation. The result of strength testing using the same procedure as In
the  3. A reinforcing method for fusion spliced parts of first preferred
embodiment was 0.72 Kg at a 50% fail-  carbon coated optical fibers in
which, at the time ure probability level.                        20
of fusion splicing of the carbon coated optical fib- The fused fibers were
subjected to carbon re-      ers, the fusion splicing Is conducted in an
inert coating of 500 nm thickness, following the same pro-   gas atmosphere
having an oxygen concentration cedure as in the second preferred embodiment
The       of less than 0.5 vol%; fracture strength was 0.7 Kg at the same
probability        wherein said fusion splicing Is conducted level, and the
fatigue coefficient (n) was 200.  25    without the removal of the carbon
coating on the parts of the carbon coated optical fibers which Example 6
are to be spliced; and wherein carbon is recoated on the fu- The fusion
splicing of a carbon coated optical fib-  sion spliced part of the carbon
coated optical fib- er4 was conducted in exactly the same way as in the
3o  ers. first preferred embodiment, except that a carbon coated optical
fiber 4 with a 0.05 m carbon coating  4. A reinforcing method for fusion
spliced parts of layer formed thereon was used, a flow amount of 0.4
carbon coated optical fibers in accordance with litters/min of nitrogen gas
was introduced into the    claim 3, In which the carbon recoating of the
fu- cover section 7, and the concentration of oxygen   3S  sion spliced
part is conducted by means of a CVD within cover section 7 was 0.5 voi%.
method using a radiation-type heating means. At the spliced point of the
carbon coated optical fibers 4 which were fusion spliced in this manner,
the  5. A reinforcing method for fusion spliced parts of carbon coating
layer 2 was subjected to oxidation in   carbon coated optical fibers in
accordance with a 1 mm area and removed. Furthermore, a tensile test  40
claim 3, in which the carbon recoating of the fu- was conducted on the
fusion spliced parts of the car-  sion spliced part is conducted in a
temperature 



bon coated optical fibers 4 which were obtained and    range of 700-10000C.
their failure strength was thus investigated. As a re- sult of tensile
tests which were conducted under the  6. A reinforcing method for fusion
spliced parts of same conditions as in the first preferred embodiment,  45
carbon coated optical fibers in accordance with it was discovered that the
failure strength at which   claim 4, in which the radiation-type heating
there was a 50% failure probability level was 0.87 kg.  means is a laser.
It is clear from the results of the preferred em- bodiments that carbon
coating on the fused spliced  7. A reinforcing method for fusion spliced
parts of point of optical fiber increases the mechanical prop-  5o  carbon
coated optical fibers in accordance with erties, such as the fatigue
coefficient, and it can also  claim 3, in which the thickness of the carbon
re- be understood that the environmental effects, such     coat layer is
within a range of 50-200 nm. as water and hydrogen, are minimized. Further
ad- vantage of the present invention is that by performing the fusion
splicing operation in an atmosphere of less  55   PatentansprOche than 0.5
volume % oxygen, it is possible to minimize the loss of mechanical
strength.                   1. Verfahren zum  VerschmelzungsspleiSen von
kohlenstoffbeschichteten Lichtwellenleitern, bei 5    9        -      '  EP
0 462 893 B1                 10     1       Cliii Ilij 111   A ! welchem
zum Zeltpunkt des Verschmelzungs-      7. Verfahren zum Verstarken von
verschmelzungs- spleifens derkohlenstoffbeschichteten Lichtwel-
gespleilten Abschnitten von kohlenstoffbe-
lenleiterdasVerschmelzungsspleigen in einer In-   schichteten
Lichtwellenleitern nach Anspruch 3, ertgasatmosphfre mit einer
Sauerstoffkonzen-      bet welchem die Dicke der Kohlenstoffwiederbe-
tration von weniger als 0,5 Vol.-% durchgeffhrt   5  schichtungsschicht In
einem Bereich von 50 nm wird; wobei des Verschmelzungsspleilen durch-
bis 200 nm liegt. geffhrt wird, ohne die Kohlenstoffbeschichtung auf den zu
spleienden Abschnitten der kohlen- stoffbeschichteten Lichtwellenleiter zu
entfer-  Revendicatlons nen.                                      10 1. Un
procede de raccordement parfusion pour des 2. Verfahren zum
VerschmelzungssplelSen von          fibres optiques revetues de carbone,
dana le- kohlenstoffbeschichtsten Uchtwellenleitern nach   quel, au moment
du raccordement parfusion des Anspruch 1, bei welchem derverschmezungsge-
fibres optiques revetues de carbone, le racoorde- spleilte Abschnitt der
kohlenstoffbeschichteten   iS  ment parfusion eat effectuh dens une
atmosphe- Lichtwellenleiter mit Kohlenstoff wiederbeschich-  re de gaz
inerte ayant une concentration en oxy- tet wird.
gene inferieure A 0,5% en volume; et dans lequel Is racoordement par fusion
est effectue sans en- 3. Verfahren zum Verstarken von verschmelzungs-
lever le revbtement de carbons sur les parties gesplelSBten Abschnitten von
kohlenstoffbe-  20   des fibres optiques revetues de carbone qui doi-
schichteten Uchtwellenlsitern, bei welchem zum    vent btr raooordees.
Zeitpunkt des Verschmelzungsspleilens der kohlenstoffbeschichteten
Lichtwellenleiter des  2. Un procode de raccordement parfusion pourdes
Verschmelzungsspleillen in einer Inertgasatmo-    fibres optiques revetues
de carbons selon la re- sphire mit einer Sauerstoffkonzentration von   25
vendication 1, dens lequel un nouveau revete- weniger als 0,5 Vol.-%
durchgsffhrt wird;         ment de carbons eat form6 sur la partie raccor-
wobel des Verschmelzungsspleien durchge-         dee par fusion des fibres
optiques revetues de ffhrtwird, ohne die Kohlenstoffbeschichtung auf
carbons. den zu spleiSenden Abschnitten der kohlenstoff- beschichteten
Lichtwellenleltbr zu entfernen;  3o  3. Un proc6d6 de renforcement pour des
parties und                                               racoordees par
fusion de fibres optiques reve- wobel der verschmelzungsgespleilgte
Abschnitt     tues de carbons, dans lequel, au momentdu rao- der
kohlenstoffbeschichteten Uchtwellenlelter     cordement par fusion des
fibres optiques reve- mit Kohlenstoff wiederbeschichtet wird.
tues de carbons, on effectue Is raccordement par 3s     fusion dens une
atmosphere de gaz inerte ayant 4. Verfahren zum Verstirken von
verschmelzungs-      une concentration en oxygne Infnrieure A 0,5% 



gespleibten Abschnitten von kohlenstoffbe-        en volume; schichteten
Lichtwellenleitern nach Anspruch 3,        dans lequel on effectue Is
raccordement bei welchem des Wisderbeschichten mit Kohlen-     parfusion
sansenleverlerevltementdecarbone stoffdesverschmelzungsgespleillten
Abschnitts  40  sur lea parties des fibres optiques revetues de durch sin
CVD-Verfahren unter Verwendung el-      carbons qui dolvent etre
raccord6es; nes Heizmlttels vom Strahlungstyp durchgefGhrt         et dans
lequel on forms un nouveau reve- wird.
tement de carbons sur la partie raccordee parfu- sion des fibres optiques
revetues de carbons. 5. Verfahren zum Verstarken von verschmelzungs-  45
gespleillten Abschnitten von kohlenstoffbe-    4. Un promcde de
renforcement pour des parties schichteten Lichtwellenleitern nach Anspruch
3,   raccordees par fusion de fibres optiques revS- bei welchem des
Wiederbeschichten mit Kohlen-     tues de carboneselon la revendication 3,
dans le- stoff des verschmelzungsgespleliBtn Abschnitts    quel la
formation du nouveau revitement de car- in sinem Temperaturbereich von 700C
bis  5o      bone sur la partie raccorde parefusion et effec- 1000GC
durchgefuhrt wird.                         tuee par un procede de depot
chimique en phase vapeur utilisant des moyens de chauffage du 6. Verfahren
zum Verstarken von verschmelzungs-      type A rayonnement. gespleiBten
Abschnitten von kohlenstoffbe- schichteten Lchtwellenleitsrn nach Anspruch
4,  55  5. Un procode de renforcement pour des parties bei welchem des
Heizmittel vom Strahlungstyp      raccordees par fusion de fibres optiques
revS- sin Laser ist                                     tues de carbons
selon la revendication 3, dans le- quel la formation du nouveau revterment
de car- 6    11                 EP 0 462 893 B1                 12    1
Ill|llI 1111 | bone de la partie raccord6e pat fusion est offeo- tuee dans
une plage de temp~rature de 700- 1000C. 6. Un procede de renforcement pour
des parties   5 raccord6es par fusion de fibres optiques rev6- tues de
carbons selon la revendication 4, dans le- quel les moyens de chauffage du
type A rayon- nement consistent en un laser. 10 7. Un proc6db de
renforoement pour des parties raccord6es par fusion de fibres optiques
rev,6- tues de carbon. selon la revendication 3, dans le- quel l'epaisseur
de la couche de nouveau revbto- ment de carbone est comprise dans une plage
de   15 50-200 nm. 20 25 30 35 40 45 50 55 7    


